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̂˨˴ млмΦу 

 

˭͍͙͊ͫͤͦͤ͟Σ ͔ͪ͒͊͟ͼ͜ΎΣ ͍͙͍͔͒͊ͼΈ ͜ ͍͙͎͍ͦͭͦ͡Ό͍͊; 

˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ ˿Φ ˸͔͊͊ͪͤ͊͟͟ 

˨ͪͯͯ͟ΊͭΈͫΎ ͎͒ͤͦ͘͜ ͘ ͪ͜΄͔ͤͤΎͣ ͍;͔ͤͦ͝ ͙ͪ͊͒ ˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 

͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˢΦ ˿Φ ˸͔͊͊ͪͤ͊͟͟  

(ͨͪͦͭͦͦ͟͡ Ѕ мн ͍͒͜ нпΦлпΦнлмт .ͪ) 

 

˾͔͒͊͟ͼ͚ͤ͊͜ ͔͎ͦ͟͜͡Ύ: 

˹Φ ˤΦ ˴ ͦ;͔͚ͯ͋ ς ͒ ͦͭͦͪ͟ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪΤ  

ˤΦ s Φ ˴ͦͫΎ͟ ς ͒ ͦͭͦͪ͟ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪΤ  

̐Φ ˻ Φ ˶ ͔͋͒͜Έ ς ͒ ͦͭͦͪ͟ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪΤ  

̅Φ ˸ Φ ˶ ͙ͣ͊ͤ ς ͒ ͦͭͦͪ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪΤ  

˱Φ ˽ Φ ˸ ͎͍͙͚ͦͦ͘ ς ͒ ͦͭͦͪ͟ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪΤ 

˸Φ˸Φ ˤ͔͔͒ͣ͒Ί͍ ς ͒ ͦͭͦͪ͟ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΤ 

́Φ˴Φ ˽ͦΎ͍ͪͦ͊͟ ς ͒ ͦͭͦͪ͟ ͎ͨͦͭͦͦ͜͜͡͡;͙ͤͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΤ  

˻Φ s Φ ˹ ͊ͯͣͤ͊͟͜ ς ͟ ͙͊ͤ͒͒͊ͭ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΤ  

˱Φ ˻ Φ ˿͔͎ͤͪ͜Έ͍ͦ ς ͟ ͙͊ͤ͒͒͊ͭ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ;  

˻Φ ˥ Φ ˿ ͭ͊ͻ͔͍͙; ς ͒ ͦͭͦͪ͟ ͙͔ͣͫͭͼ͍͍͍ͭͦͤ͊ͫͭ͊͘Σ ͨͪͦͺ͔ͫͦͪΤ  

ˤΦ ˻ Φ ̇ ͙ͤ͟͜ ς ͒ ͦͭͦͪ͟ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό͍͍͒ͨͦ͒͊͜͜͡Έ͙͚ͤ ͔ͪ͒͊ͭͦͪ͟ύΤ  

˿Φ ˿ Φ ˨ ΊͤΊ͍͗ͤͦ͜͟ ς ͟ ͙͊ͤ͒͒͊ͭ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ό͍͍͒ͨͦ͒͊͜͜͡Έ͙͚ͤ ͔͔ͫͪͭ͊ͪ͟ύΦ 

 

˭͍͔͔͙͚͊ͭͪ͒͗ͤ ˾͜΄͔ͤͤΎͣ ͔͎ͦ͟͜͡͝ ˸˻˹ ͙̂ͪ͊ͤ͟͝  

Ѕ мслп ͍͒͜ нн ͎ͪͯ͒ͤΎ нлмс ͪͦͯ͟ Ύ͟ ͺ͊ͻ͍͔ͦ ͍͙͒͊ͤͤΎ ͘ ͺͦͫͦ͜͡ͺ͜͝ 

 

̂ ͍ͤ͊ͯͦͦͣͯ͟ ͗ͯͪͤ͊͜͡ ͍͙͍ͫͭ͜͡ΌΌͭΈͫΎ ͚ͤ͊͋͜͡Έ΄ ͊ͭͯ͊͟͡Έͤ͜ ͔͙ͨͪͦ͋ͣ͡ 

ͺͦͫͦ͜͡ͺ͜͝ ͙ͤ͊ͯ͟Σ ͎͊ͤͭͪͦͨͦͦ͜͡͝Σ ͔͎ͪ͜͜͡͝ ͭ͊ ͔͎ͣͭͦ͒ͦͦ͜͡͝ ͫͯ;͊ͫͤͦ͝ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜Φ 

˻͙͍͙͚ͫͦ͋͡ ͊͟ͼ͔ͤͭ ͫͨͪΎ͍ͣͦ͊ͤͦ ͤ͊ ͊ͤ͊͘͜͡ ͔͙ͨͦͫͭͤ͊ͫ͟͡;͙ͤͻ ͙ͨͪ͊ͭ͟͟ ͍ ͍ͯͣͦ͊ͻ 

͎ͦ͋͊͡͡Έ͙ͤͻ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͚͜ ͭ͊ ͪͦͫ͟-ͯ͟͡Έ͙ͭͯͪͤͻ ͍͊͘Ί͚ͣͦ͒͜ ͫͯ;͊ͫͤͦ͝ ͼ͙͍͊͘͜͜͡ͼ͜͝Τ 

͔͙ͨͪͦ͋ͣ͡ ͎ͭͪ͊ͤͫͯͣ͊ͤͣͯ͘͜Φ ́͊ͦ͗͟ ͯ ͗ͯͪͤ͊͜͡ ͔͔ͦͪͫͤͦ͟͡ ͎ͤ͊͊͡Έͤ͜ ͔͙ͨͪͦ͋ͣ͡ 

ͺͦͫͦ͜͡ͺͫΈͦ͟-͍͎ͫͭͦ͜͡Ύ͎͒ͤͦͦ ͙͔ͦͫͣͫͤͤ͡Ύ ΄ͭͯ;͎ͤͦͦ ͔͔ͤͭͭͯ͜͟͡Φ 

ˬͯͪͤ͊͡ ͪͦͪ͊͘ͻ͍͙͚ͦ͊ͤ ͤ͊ ΄͙͔ͪͦ͟ ͦͦ͟͡ ;͙ͭ͊;͍͜Υ ͔͍ͫͭͯ͒ͤͭ͜Σ ͎͍ͣ͊ͫͭͪ͊ͤͭ͜͜Σ 

͍͊ͫͨͪ͊ͤͭ͜͜Σ ͍͙͊͒͊͟͡;͍͜Σ ͍ͤ͊ͯͦ͟ͼ͍͜Σ ͯͫ͜ͻΣ ͻͭͦ ͼ͍͙͊ͭ͜͟ΈͭͫΎ ͔͙ͨͪͦ͋ͣ͊ͣ͡ 

͔͙ͨͦͫͭͤ͊ͫ͟͡;͎ͤͦͦ ͍͎ͤ͊ͯͦͦͦ͟ ͙͒ͫͯͪͫͯ͟Φ 

 

ϭ ˿ͯͣ˨˽̂ ͔ͣͤ͜͜ ˢΦ ˿Φ ˸͔͊͊ͪͤ͊͟͟Σ нлмт 
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˥˶˻ˣˢ˶̎˹˱ ˤˮ˴˶ˮ˴ˮ ˿̂̉ˢ˿˹ˮ̆ ̇ˮˤ˱˶˱˭ˢ̇˱˯˹ˮ̆ ˽˾˻̇˩˿˱ˤ 

 

̂˨˴  141.7+167                ʕ ΦˢΦ ͙͙̇ͤ͟  

˿͚ͯͣͫͦ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͎͎͙ͨ͒͊ͦ;͔͙͚ͫ͟  
͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˢΦ˿Φ ˸͔͊͊ͪͤͦ͟͟ 

 

˽˩˾˩˶˻˸ ˤ ̇ˮˤˮ˶ˮ˭ˢ̇ˮ˻˹˹˻˸ ˾ˢ˭ˤˮ́ˮˮ ˮ ˩˥˻ ̇˩˹˹˻˿́˹̍˩ 
˻˾ˮ˩˹́ˢ̇ˮˮ 

ˤ ͫͭ͊ͭΈ͔ ͒͊ͤ ͙͊ͤ͊͘͡ ͙͙͙ͫͭͦͪ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͙ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͍͒ͯͻ 
͍͔͍͔͚ͭ ͼ͙͍͙͙͊͘͡ͼ͙͙Υ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͙ ͔ͭͻ͎͔͚ͤͦͤͤͦΦ ˻͍͚ͫͤͦͤͦ ͊͟ͼ͔ͤͭ ͔ͫ͒͊ͤ͡ 
ͤ͊ ͪ͊ͫͪ͟·͙͙ͭ ͫͯ΅͙ͤͦͫͭ ͔͔ͨͪͦͣ͊͡ ͍ ͼ͙͍͙͙͊͘͡ͼ͙ͦͤͤͦͣ ͍͙͙͙ͪ͊ͭ͘Σ 
͍͔͎ͦ͋ͯͫͦͤͤͦͦ͡͡ ͎͙ͦ͋͊͊͘͡͡ͼ͙͔͚Φ ˥͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ 
͔͔ͦͣͨͫͤͦ͟͟͡ ͎͔͙͙ͦͨͦͭ͡;͔͔ͫͦ͟Σ ͎͔ͦΉ͙ͦͤͦͣ͟;͔͔ͫͦ͟Σ ͎͔ͦͯ͟͡Έ͔ͭͯͪͤͦ Ύ͍͔͙͔ͤ͡Σ 
͔ͦͭͦͪͦ͟ ͦ͊͘͟·͍͔͊ͭ ͣͦ΅͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͍͔ͫ ͫͭͦͪͦͤ· ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ 
͍͍͔͔ͦ͊ͣ͟͡·ͻ ͍ Ήͭͦͭ ͨͪͦͼ͔ͫͫ ͦ͋΅͔͚ͤͦͫͭΦ ˩͖ ͣͦ͗ͤͦ ͔͔͙ͦͨͪ͒ͭ͡Έ ͊͟͟ ͨͪͦͼ͔ͫͫ 
͔͙ͦͫ͊͋ͤ͡͡Ύ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻΣ ͔͙͙ͭͪͪͭͦͪ͊͡Έͤ·ͻΣ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ·ͻΣ 
͎͍͔ͦͫͯ͒͊ͪͫͭͤͤͦ-͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͙ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͋͊ͪΈ͔͍ͪͦΣ ͦͭͦͪ͟·͔ 
͙͙ͦͪͯ͘͡Όͭ ͤ͊ͪͦ͒· ͎͒ͪͯ ͦͭ ͎͒ͪͯ͊ ͙Σ ͤ͊ͪΎ͒ͯ ͫ Ή͙ͭͣΣ ͔ͨͪ͒ͦͻͪ͊ͤΎΌͭ ͙ͻ ͦͭ  
͔ͤͯͨͦͪΎ͒ͦ;͔ͤͤ·ͻ ͍͔ͤ΄͙ͤͻ ͍͔͚͍͙͚ͦ͒ͫͭ͘Φ ˿͔͎ͦ͒ͤΎ ͣͦ͗ͤͦ ͙͍ͦͤͫͭ͊ͭͪͦ͊ͭ͟ΈΣ 
;ͭͦ ͍͔͔ͫͦͪͣͤͤ͊Ύ ͼ͙͍͙͙͊͘͡ͼ͙Ύ ͤ͊ͻ͙ͦ͒ͭͫΎ ͤ͊ ͔͔ͨͪͦͣͤͦͣ͡ Ή͔ͭ͊ͨ ͍͔͎ͫͦͦ 
͍͙͙ͪ͊ͭ͘ΎΦ ˤ͙͙͒ͣͦΣ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͔ͣͤΎͭΈ ͔͎͙ͫͭͪ͊ͭΌ ͍͙͙ͪ͊ͭ͘ΎΣ ͨͦͫͦ͟͡Έͯ͟ 
;͔͍͔ͦ͡;͔͍ͫͭͯ ͎͔ͯͪͦ͗͊ͭ ͔͙͔ͦ͋ͦͫͭͪͤ ͎ͦ͋͊͡͡Έͤ·ͻ ͙͙͍ͪͫͦ͘͟Φ ̉ͭͦ ͦͤ͊͘;͔͊ͭ 
͙͔͔͙͔ͣͤͤ͘ ͔͎͙͙ͫͭͪ͊ͭ ͍͙͙ͪ͊ͭ͘ΎΚ ˻͋·;ͤͦΣ ͍͔ͦͭ;͊Ύ ͤ͊ ͔͎ͤͦΣ ͎͍ͦͦͪΎͭ ͦ͋ 
͙͔͔͙͙ͣͤͤ͘ ͼ͔͔͚͡Σ ˹ͦ ͊͘ ͊͗͒͟·ͣ ͤ͊͋ͦͪͦͣ ͼ͔͔͚͡ ͫͭͦΎͭ ͼ͔͙ͤͤͦͫͭΦ 
ˤ͔͚͊͗ͤ΄͙͙ͣ ͙͘ ͙ͤͻ ͤ͊ ͍͔͔ͫͦͪͣͤͤͦͣ Ή͔ͭ͊ͨ Ύ͍͡ΎΌͭͫΎΥ ͙͗ͤ͘Έ ;͔͍͔ͦ͊͟͡Σ 
͍ͫͦ͋ͦ͒͊Σ ͙͍͒ͦͫͭͦͤͫͭͦΣ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡ΈΣ ͎͙ͯͣ͊ͤͣ͘Σ ͔͙͙͔ͤͤ͊ͫ͡Σ ͊ͦͤͤͦͫͭ͘͟Έ ͙ 
͎͙͔͒ͪͯ. 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͼ͙͍͙͙͊͘͡ͼ͙ΎΣ ͙ͭͪ͊͒ͼ͙ͦͤͤ͊Ύ ͼ͙͍͙͙͊͘͡ͼ͙ΎΣ ͔ͭͻ͎͔ͤͦͤͤ͊Ύ 
ͼ͙͍͙͙͊͘͡ͼ͙ΎΣ ͎͙ͦ͋͊͊͘͡͡ͼ͙ΎΣ ͔͔ͨͪͦͣ͡ ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ͼ͔͙ͤͤͦͫͭ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ 

 
ˤ ͤ͊΄͔ ͙͙͒ͤ͊ͣ;͔ͤͦ ͙ ͙͍͔ͨͪͦͭͦͪ;͙͍͔ͦ ͍͔ͪͣΎΣ ͍ Ήͨͦͻͯ ͫͦͼ͙͊͡Έͤ·ͻ 

͙͍͊ͭ͊ͣͦ͘͟͟͡ ͙ ͔͍ͤ͊ͪ͊͘Ό΅͙ͻ ͙ͨͪͪͦ͒ͤ·ͻ ͊ͭ͊ͫͭͪͦ͟ͺ ͡Ό͙͒ ˭͔͙ͣ͡ ͍͔ͫ 
͍͙͔ͤͣ͊ͭ͡Έ͔͔ͤ ͍͎͡Ύ͒·͍͊ΌͭͫΎ ͍ ͍͔ͫͦ͋ͫͭͤͤ·͚ ͙ͦ͋͟͡Σ ͦͫͣ·͙͍ͫ͊͡Όͭ ͨͪͦ΄͔ͦ͡Σ 
͔ͫͭͪͣΎͭͫΎ ͨͦͤΎͭΈ ͔͔͙͍ͨͪͫͨͭ͟· ͋ͯ͒ͯ΅͔͎ͦΦ ˶Ό͙͒ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͣ·΄͔͙ͤ͡ΎΣ 
ͯ;͔ͤ·͔ ͙ ͺ͙ͦͫͦ͡ͺ· ͎ͨͦ͊͊͡ΌͭΣ ;ͭͦ ͋ͯ͒ͯ΅͙͚ ͍͔͟ ͔͔ͤͫͭ ͍ ͔͔ͫ͋ ͙͍͔ͨͪͦͭͦͪ;͙͍·͔ 
͍͙ͦͣͦ͗ͤͦͫͭ͘Υ ͊͟͟ ͍͔ͭ͊͘͡Σ ͭ͊͟ ͙ ͯͨ͊͒͊͟Φ ˸· ͍͔ͫͭͯͨ͊ͣ ͍ ͎͔ͣͤͦͦͣͪͤ·͚ ͙ͣͪ ͙ 
͍͙͔ͦͤ͊ͭ͘͟ ͍ͤͦ͊Ύ ͔ͣͦ͒͡Έ ͙͍͚ͣͪͦͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ 

˸͙ͪ ͔͔ͯͫͭͪͣͤ͡ ͟ ͍ͤͦͦͣͯ ͎ͦ͋͊͡͡Έͤͦͣͯ ͨͦͪΎ͒ͯ͟Φ ˣͯ͒ͯ΅͔͔Υ ͙ͣ͊ͤͭ ͙ ͎͔ͨͯ͊ͭΦ 
˽ͪͦ΄͔ͦ͡ ͔ͯ͗ ͍͔ͫͪ΄͙ͦͫ͡ΈΦ ˩͎ͦ ͣͦ͗ͤͦ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈΣ ͔͔ͨͪͦͫͣ·͙͍ͫ͊ͭ͡ΈΦ ˹ͦ 
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ͭͦΣ ;ͭͦ ͋·ͦ͡Σ ͔ͤ ͙͔͙ͣͤ͘΄ΈΦ ˢ ͋ͯ͒ͯ΅͔͔ ς ͦͭͪ͟·ͭ͊Ύ ͙ͫͭͪ͊ͤͼ͊Υ ͨͪͦ΄͡·͔ ͎ͦ͒·Σ 
͔͒͊͡ ͤ·͔ͤ΄͙͔ͤ ς ͫͦ͒͊͘Όͭ ͙͡΄Έ ͔ͭ ͙ͪ͊ͣ͟Σ ͍ ͦͭͦͪ͟·ͻ ͔͙ͨͦͦͤ͟͡Ύ ͙͍ͤ͊ͫͭͯͨ΄͔͎ͦ 
̆̆˱ ͍Φ ͍͙ͨ΄ͯͭ ͍͙ͫͦ ͙ͫͭͪͦ͟Φ ˴͊͟ ͯͤ͊ͭ͘ΈΣ ;ͭͦ ͤ͊ͫ ͔͗͒ͭΚ ˴͊͟ ͎͊͘͡ΎͤͯͭΈ ͊͘ ͔͔ͨͤͯ͡ 
͍͔͔͙ͪͣͤΚ  

ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͍ ͺ͙ͦͫͦ͡ͺ͚ͫͦ͟ ͙͔͔ͭͪ͊ͭͯͪ͡ ͔ͯ͒͡Ύ͔ͭͫΎ ͙ͨͪͫͭ͊͡Έ͔ͤͦ 
͍͙͙͔ͤͣ͊ͤ ͔͔͙ͭͦͪͭ;͔ͫͦͣͯ͟ ͦͫͣ·͔͙ͫͤ͡Ό ͔͍ͨͪͦͭͦ͟ ͋ͯ͒ͯ΅͔͎ͦΣ ͦͤͦ ͍ 
ͫͯ΅͔͍͔͚ͫͭͤͤͦ ͔͔͙ͫͭͨͤ ͍͙͙͊ͫͭ͘ ͦͭ ͍ͭͦͪ;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟ ;͔͍͔ͦ͊͟͡Σ ͦͭ 
͙ͦͤͫͦ͒͊͟͡ͼ͙͙ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͔͍ͨͪ͒ͦ·ͻ ͫͦͼ͙͊͡Έͤ·ͻ ͙ͫ͡ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ 
͙͔͗ͤͤͤͦ͘ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͼ͔͔͚͡ ;͔͍͔ͦ͡;͔͍ͫͭ͊Φ ˽͔͔ͪ͒ ͦ͋΅͔͍ͫͭͦͣ ͙ͫͭͦͭ ͊͒͊͘;͊ 
͍·͋ͦͪ͊ ͔͎͙ͫͭͪ͊ͭ;͔͎ͫͦͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͙ ͙ͫͦ͒͊ͤ͘Ύ 
ζ͙ ͔͍ͤͫͭͪͯͣͤͭͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͋ͯ͒ͯ΅͙ͣηΦ ˴͍͊ͦͦ͟ Ήͭͦ ͋ͯ͒ͯ΅͔͔ ͤ͊΄͔͎ͦ ͦ͋΅͔͍ͫͭ͊Κ 
˴͍͊ͦ͟· ͭͦ;͙͟ ͪͦͫͭ͊ ͍ͤͦ·ͻ ͼ͔͔͚ͤͤͦͫͭΚ ˾͊ͫͪ͟·͙ͭΌ ͔͙ͫͦ͒ͪ͗͊ͤΎ Ή͙ͭͻ ͍͍ͦͨͪͦͫͦ ͙ 
Ύ͍͡Ύ͔ͭͫΎ ͼ͔͡ΈΌ ͒ ͚͊ͤͤͦ ͫͭ͊ͭΈ͙Φ 

͙͍͙͙̇͊͘͡ͼ͙Ύ ͍͙͔ͦͤ͊ͭ͘͟ ͦͦͦ͟͡ ррлл ͔ͭ͡ ͤ͊͊͒͘Φ ̏ͭͦ ζΉͨͦͻ͊͡Έ͔ͤͦ 
ͫͦ͋·͙͔ͭ ͋ ·ͦ͡ ͍ͫΎ͊ͤͦ͘ ͫ ͍͙͍͔͙͔ͦͤͤͦͤͣ͘͟ ͍͎ͤͦͦͦ ͙ͭͨ͊ ͯ͟͡Έͭͯͪ· ͡Ό͔͚͒Σ 
͍ͨͦ·΄͔͙͔ͤͣ ͪ͊ͼ͙͙ͦͤ͊͊͘͡ͼ͙͙ ͙ͻ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͍͙͍ͨͦͦ͘͡΄͔͚ ͔͔ͦ͋ͫͨ;͙ͭΈ ͔ͯ͗ 
͔ͤ ͨͪ ͦͫͭͦ ͯ͒͊;͔ͤͦ ͍·͙͍͙͔͗͊ͤΣ ͊ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔͔ͤ͊͒͗ͤͦ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤη  
[7, 6]Φ ˽ͦΎ͍͙͙ͫ͡Έ ͙ͤ͊ͤ͘Ύ ͙ ͔͙ͯͣͤΎΣ ͦͭͦͪ͟·͔ ͍͙͙ͨͦͦ͘͡͡ ͡Ό͒Ύͣ ͙͒ͦͨͦͤͭ͡Έ 
͎͍ͦͭͦ·͔ ͙ͨͪͪͦ͒ͤ·͔ ͙ͫͭͦ;͙͙ͤ͟ ͙͙ͨͭ͊ͤΎ ͙ ͔͙ͣ͊ͭͪ͊͡· ͒͡Ύ ͙͙͗͡΅͊ ͍ͤͦ·͙ͣΣ 
͍͔ͫͦ͒͊͊ͣ͘·͙ͣ ͙͙ͫ͊ͣͣ ͡Ό͒Έ͙ͣΦ ˻ͻͦͭ͊ ͙ ͙͔ͫͦ͋ͪ͊ͭ͡Έ͍ͫͭͦ ͔͙͙ͫͣͤͫ͡Έ 
͍͍ͫͦͭͦͦ͒ͫͭͦͣ͟ ͙ ͚ͦ͋ͪ͊͋ͦͭͦ͟ ͔͙ͣ͘͡Σ ͊ ͔ͨ΅͔ͪ· ͙ ͙ͤ·͔ ͯͪ͟·͙ͭΎ ς ͔͙ͫͦͦͪͯ͗ͤΎ͙ͣ 
͙͘ ͦ͋ͪ͊͋ͦͭ͊ͤͤ·ͻ ͔͔͍͒ͪΈ͔͍ ͙ ͔͚͊ͣͤ͟Φ 

˻͍ͫͤͦͤ·ͣ ͊͟;͔͍ͫͭͦͣ ͯ͟͡Έͭͯͪ· ͙ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͫͭ͊ͦ͡ ͭͦΣ ;ͭͦ ͼ͔ͤͤͦͫͭΈ 
͙͙͗ͤ͘ ;͔͍͔ͦ͊͟͡ ͨ ͔͔ͦͫͭͨͤͤͦ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎ͊ͫ͡Έ ͤ͊ ͍͔ͫ ͔͔͋ͦ͡ ΄͙͙͔ͪͦ͟ 
ͫͦͦ͋΅͔͍ͫͭ͊ ͡Ό͔͚͒Φ ˴ ͤ͊;͊ͯ͡ ͤ͊΄͔͚ Ήͪ· ͍ ͪΎ͔͒ ͯ͟͡Έͭͯͪ ͍͙ͦͨͦͭ͊ͫ͡͡Έ ͍͔͊ͨͦ͒͘Έ 
͔ͤ ͙͚ͯ͋Φ ˻͍͔͔͒ͤͦͪͣͤͤͦ ͍͙͙ͫͭ͊ͤͦͫ͡Έ ͔͔͋ͦ͡ ͙͒ͺͺ͔͔ͪͤͼ͙͍ͪͦ͊ͤͤ·͙ͣ ͍͙͒· 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˻͍͙͋ͪ͊ͦ͊ͫ͘͡Έ ͎ͦͪͦ͒͊ ͊͟͟ ͼ͔ͤͭͪ· ͯ͟͡Έͭͯͪ· ͙ ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ 
ͫͦͼ͙ͯͣ͊ ͙ ͋ͦ͡Έ΄͙͔ ͫͦͦ͋΅͔͍ͫͭ͊Υ Ήͭͤͦͯ͟͡Έͭͯͪͤ·͔ ͙ ͫͦͼ͙͊͡Έͤͦ-͙͙ͨͦͭ͡;͔͙͔ͫ͟ ς 
͎͍ͦͫͯ͒͊ͪͫͭ͊Σ ͙͔͙͙ͣͨͪΦ ˿ͺ͙͍ͦͪͣͪͦ͊ͫ͡Ύ ;͔͍͔ͦ͟͡ ͊͟͟ ͎͔͔ͣͤͦͦͣͪͤͦΥ ͙͋ͦ-Σ ͫͦͼ͙ͦ-, 
ͯ͟͡Έ͔ͭͯͪͤͦ ͫͯ΅͔͍ͫͭͦΦ ̏ͭͦ ͦͤ͊͘;͊ͦ͡ ͍ ͔͙͙͚͟͡ ͔͔ͨͪͦͣ͡ ͍ͦ ͍͔ͫͣ ͔ͫͨͦͫͦ͋ 
͙͔͚͍͗ͤͯͫͭͪͦͫͭ͊͘ homo sapiensΣ ͍ͦ ͍͔͚ͫ ͙͙͙ͫͭͦͪ Ή͎ͭͦͦ ͪͦ͒͊ ͙͍͗·ͻ ͫͯ΅͔͍ͫͭ ͤ͊ 
͔͔ͨ͊ͤͭ͡ ˭͔ͣ͡Ύ ς ͍ ͙ͦͤ͊͘͟͡ ;͔͍͔ͦ͡;͔ͫ͊͟Ύ ͼ͙͍͙͙͊͘͡ͼ͙ΎΦ  

ˤ ͙͙͙ͫͭͦͪ ;͔͍͔ͦ͡;͔͍ͫͭ͊ ͔ͨͦͫ͡ ͎ͭͦͦΣ ͊͟͟ ͦͤͦ ͔͔ͨͪ΄ͦ͡ ͦͭ Ήͨͦͻ͙ ͍͍͍͊ͪ͊ͪͫͭ͊ ͟ 
ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ͦ͋·;ͤͦ ͍·͔͒͡ΎΌͭ ͙͔ͭ͊͟ ͙ͭͨ· ͼ͙͍͙͙͊͘͡ͼ͙͎ͦͤͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ: 
͙ͭͪ͊͒ͼ͙ͦͤͤ·͚ ͙ ͔ͭͻ͎͔ͤͦͤͤ·͚Φ ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͔͍ͨͪ·͚ ς ͙ͭͪ͊͒ͼ͙ͦͤͤ·͚ ͙ͭͨ ͙ 
͍͚ͭͦͪͦ ς ͔ͭͻ͎͔͚ͤͦͤͤͦ ό͔͎ͦ ;͊ͫͭͦ ͤ͊͘·͍͊Όͭ ͊ͨ͊͒ͤ͘·ͣύ,  ͍͔ͤͣ ͔ͪ΄͊Ό΅ͯΌ ͪͦ͡Έ 
͙͎͔ͪ͊ͭ ͙͔͔͙͔ͨͪͣͤͤ ͍ͤͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ͨͪ;͔ͣ ͔ͤ ͭͦ͡Έͦ͟ ͙͍͍͔ͨͪͦͦ͒ͫͭͤͤ͘·ͻΣ 
͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͪͦͫͭΣ ͤͦ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡ ͫͦͼ͙͊͡Έ͎ͤͦͦ 
͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͙ͦͣͣͯͤ͊͟͟ͼ͙͚ ώмлΣ нлςннϐΦ ˴͊͗͒·͚ ͙͘ ͙ͤͻ 
͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͔͍ͣͤͦ͗ͫͭͦͣ ͔ͦͤͪͭͤ͟͟·ͻ ͦ͋΅͔͍ͫͭ ς ͼ͙͍͙͙͊͘͡ͼ͙͚Φ 

ˮ͘ ͔ͭͻ ͼ͙͍͙͙͊͘͡ͼ͙͚Σ ͦͭͦͪ͟·͔ ͍·͔͙͒͡͡ ͙ ͙ͦͨͫ͊͡ ͍ ͍͔ͫͦ ͍͔ͪͣΎ ˢΦ ͚͙́ͦͤ͋  
όнм ͼ͙͍͙͙͊͘͡ͼ͙ΌύΣ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ͙͔ͨͪͤ͊͒͗͊ͦ͡͡ ͟ ͙ͭͪ͊͒ͼ͙ͦͤͤͦͣͯ ͙ͭͨͯΦ 
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͙́ͪ͊͒ͼ͙ͦͤͤ·͔ ͯ͟͡Έͭͯͪ· ˴͙ͭ͊ΎΣ ˮ͙͙ͤ͒Σ ͙͊ͤͭ;͙ͤͦͫͭΣ ͔͍͔͚͎ͪͦͨͫͦͦ͟ 
˿͔͔͍͔͍ͪ͒ͤͦ͟ΈΎ ͙͔ͣΌͭ ͍ͫͦΌ Ύͪͦ͟ ͍·͔ͪ͊͗ͤͤͯΌ ͔ͫͨͼ͙ͺ͙ͯ͟Φ ͙̏ͭ ͯ͟͡Έͭͯͪ· 
͙͎ͤͦ͒͊͟ ͔ͤ ͍͙͙ͫͭ͊͡ ͍͔͚ͫͦ ͼ͔͡ΈΌ ͔͍͙͔ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ͙ͣͪ͊Σ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͍͙͊ͫͭ͡ 
;͔͍͔ͦ͊͟͡ ͤ͊͒ ͙͚ͨͪͪͦ͒ͦΦ ̏ͭͦͭ ͙ͭͨ ͍͙͙ͪ͊ͭ͘Ύ ͔ͨͪ͒΄͔͍͍ͫͭͦ͊͡ ͔ͭͻ͎͔ͤͦͤͤͦͣͯΣ 
ͦͭͦͪ͟·͚ ͍͙ͦͤ͘͟ ͍ ͔͍͔͚ͪͦͨͫͦͣ͟ ͔͎͙͔ͪͦͤ ͙͔ͨͪͣͪͤͦ ͍ мп-мс ͍͍Φ 

˿͍͔͙ͭ͊ͤͦͤ͡Ό ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͔ͨͪ͒΄͔͍͍͙ͫͭͦ͊͡ ͍͔͒ ͣͯͭ͊ͼ͙͙ 
͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͯ͟͡ΈͭͯͪΦ ̏ͭͦ ς ͯ͟͡Έͭͯͪ͊ ͙͊ͤͭ;͎ͤͦͦ ͙ͣͪ͊ ͙ ͯ͟͡Έͭͯͪ͊ 
͔͍͔͚͎ͪͦͨͫͦͦ͟ ͻ͙͙͎ͪͫͭ͊ͤͫͦͦ͟ ͔͔͍͔͍ͫͪ͒ͤͦ͟ΈΎΦ ˿͙͔ͤͭ͘ ͙ͻ ͙͔͙͚͒ͦͫͭ͗ͤ ͍ Ήͨͦͻͯ 
˾͔͔ͤͫͫ͊ͤͫ͊ ͙ ͒͊͡Έ͔͚ͤ΄͔͔ ͍͙͙͔ͪ͊ͭ͘ ͍ͤͦ·ͻ ͙͍͔ͣͪͦͦͪͤ͘͘;͔͙ͫ͟ͻ ͙͔͚͒ ͍ Ήͨͦͻͯ 
˾͔ͺͦͪͣ͊ͼ͙͙ ͙ ˽͍͔ͪͦͫ΅͔͙ͤΎ ͫͺ͙͍͙ͦͪͣͪͦ͊͡ Ύ͒ͪͦ ͙͔ͫͫͭͣ· ͼ͔͔͚ͤͤͦͫͭΣ ͤ͊ 
ͦͭͦͪ͟·ͻ ͍ͦͫͤͦ͊ͤ͊ ͔ͭͻ͎͔ͤͦͤͤ͊Ύ ͼ͙͍͙͙͊͘͡ͼ͙ΎΦ ͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣ ͨͪͦͼ͔ͫͫͦͣ ͔͖ 
͍͙͙ͪ͊ͭ͘Ύ ͫͭ͊͡ ͔ͭͻ͙ͤͦ͟-͔ͭͻ͎͙ͤͦͦ͡;͔͙͚ͫ͟ ͎͔ͨͪͦͪͫͫΦ 

˽͙ͪ ͻ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟ ͙͋͊ͫͤ͘·ͻ ͼ͔͔͚ͤͤͦͫͭ ͔ͭͻ͎͔ͤͦͤͤ·ͻ ͯ͟͡Έͭͯͪ ͔͔ͫ͒ͯͭ͡ 
͍·͔͙͒ͭ͡Έ ͙͙͔ͨͦͤͣ͊ͤ ͙ͨͪͪͦ͒· ͊͟͟ ͔͎͙ͤͦͪ͊ͤ;͔͎ͫͦͦ͟ ͙ͣͪ͊Σ ͦͭͦͪ͟·͚ 
͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͔ͦͫͦ͋ͦΣ ͔͊ͦͤͦͣͪͤͦ͘͟ ͯͨͦͪΎ͒ͦ;͔͔ͤͤͦ ͔ͨͦ͡ ͦ͋Ά͔͍ͭͦ͟Σ 
͍·ͫͭͯͨ͊Ό΅͙ͻ ͔͙ͣ͊ͭͪ͊ͦͣ͡ ͙ ͔͙ͪͫͯͪͫ͊ͣ ͒͡Ύ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 
˽͔͎ͪ͒ͨͦ͊͊ͦͫ͡͡ΈΣ ;ͭͦ Ή͙ͭ ͔ͪͫͯͪͫ· ͔͎͙͋ͪ͊ͤ͘;ͤ· ͙ ;͔͍͔ͦ͟͡ ͙͔͔ͣͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ 
;͔ͪͨ͊ͭΈ ͙ͻ ͙͘ ͙ͨͪͪͦ͒· ͔͎͙ͤͦͪ͊ͤ;͔ͤͤͦΦ ˽͙͍ͪͦͭͦͨͦͦ͗ͤͦͫͭ͡ΈΌ Ή͙ͭͣ ͍ͯͫͭ͊ͤͦ͊ͣ͟ 
͋·ͦ͡ ͙ͭͪ͊͒ͼ͙͔ͦͤͤͦ ͙͙͔ͨͦͤͣ͊ͤ ͙ͨͪͪͦ͒· ͊͟͟ ͙͍͎͗ͦͦ ͎͙ͦͪ͊ͤͣ͊͘Σ ͚ͣ͊ͦ͡ 
;͙͊ͫͭ;͚ͦ͟ ͎ͦͭͦͪͦͦ͟ Ύ͍͡Ύ͔ͭͫΎ ;͔͍͔ͦ͟͡Φ ˤ ͙͔͔ͫͫͭͣ ͙͙͒ͦͣͤͪͯΌ΅͙ͻ ͙͔͗ͤͤͤ͘·ͻ 
ͫͣ·͍ͫͦ͡ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͙͔͊ͤͣ͊ͭ͘ ͼ͔ͤͤͦͫͭΈ 
͙͍ͤͤͦ͊ͼ͙͚ ͙ ͎͔ͨͪͦͪͫͫ͊Σ ;͔͎ͦ ͔ͤͭ ͍ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͦ͋΅͔͍ͫͭ͊ͻΦ  

ˮ͔͒Ύ ͎͔ͨͪͦͪͫͫ͊ ͔ͭͫͤͦ ͍ͫΎ͊ͤ͊͘ ͫ ͦͫͦ͋·ͣ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤͣ͡ ͦ ͍͔͔͙ͪͣͤ ͙ 
͔͔͙͍͙͔ͨͪ͗͊ͤͣ ͍͔͔͙ͪͣͤΦ ˤ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͯ͟͡Έͭͯͪ͊ͻ ͙͙͔͒ͦͣͤͪͯͭ 
͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͦ ͼ͙͙͟͡;͔ͫͦͣ͟ ͍͔͔͙ͪͣͤ όζ͍ ͔ͫ ͍͍ͦͪ͊͘΅͔͊ͭͫΎ ͤ͊ ͎͙ͪͯ͟ ͍ͫͦΎη). 
ζ˭ ͚ͦͦͭͦ͡ ͍͔͟η ͭ͊ͣ ͍͔͎ͫ͒͊ ͍ ͨͪͦ΄ͦͣ͡Σ ͎͔͒ ͙͙͗͡ ͎͔͙ͪͦΣ ͙͔͙ͫͨ͊ͫͭ͡Σ ͔ͣͯ͒ͪͼ·Σ 
͍͙͍ͦͫͭ͊΄͙͔ ͍ͫΎ΅͔ͤͤ·͔ ͙͎͙ͤ͟ ͙ ͍͔͙͊ͨͦ͒͘Σ ͨͦ ͦͭͦͪ͟·ͣ ͒ͦ͗ͤ͊͡ ͙ͫͭͪͦͭΈͫΎ 
͍͔͙͍ͫͨͪ͊͒͊͡Ύ ͙͗ͤ͘ΈΦ ˤ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͔͗ ͯ͟͡Έ͔ͭͯͪ ͙͙͔͒ͦͣͤͪͯͭ ͙͔ͤͦ ͙͙͔ͨͦͤͣ͊ͤΥ 
͍͔ͪͣΎ ͔͙ͤͦ͋ͪ͊ͭͣͦ ͙ ͔ͫͭͪ͊͡ ͍͔͔͙ͪͣͤ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͙͘ ͨͪͦ΄͎ͦͦ͡ ;͔͔ͪ͘ ͤ͊ͫͭͦΎ΅͔͔ 
͟ ͋ͯ͒ͯ΅͔ͣͯΦ ˽͙ͪ;͔ͣ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͙͔͔͚͒ ͎͔ͨͪͦͪͫͫ͊ ͋ͯ͒ͯ΅͔͔ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ 
͊͟͟ ͯ͡;΄͊Ύ ͙͗ͤ͘ΈΣ ;͔ͣ ͍ ͤ͊ͫͭͦΎ΅͔ͣΦ ζ˭ ͚ͦͦͭͦ͡ ͍͔͟η ς ͍ ͋ͯ͒ͯ΅͔ͣ  
ό͔͚́Ύͪ ͔͒ ͔̊͊ͪ͒ͤ ζ́ ͦ;͊͟ ˻͔͎ͣ͊ηΣ ͍ ͔ͪͯͫ͡ Ή͎ͭͦͦ ͙͙ͨͦͤͣ͊ͤΎ ͺ͙͍ͦͪͣͪͦ͊͊ͫ͡Έ 
͙͔͒Ύ ͙ͦͣͣͯͤͣ͊͘͟ύΦ 

͔́ͻ͎͔ͤͦͤͤ·͔ ͦ͋΅͔͍ͫͭ͊ ͫͪ͊ͯ͘ ͔͗ ͔ͨͦͫ͡ ͍͔͎ͫͦͦ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͤ͊;͙ͤ͊Όͭ 
͍͔͚͍͍ͦ͒ͫͭͦ͊ͭ͘Έ ͤ͊ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ͍͊ͫͭ͊͘͡ΎΎ ͙ͻ ͍͙͙͔͒ͦͣͤ͘ΎͭΈͫΎΦ 
ˮ͎ͤͦ͒͊ Ή͙ͭ ͙͔͔͙ͣͤͤ͘Ύ ͍͙͙ͫͭ͊ͤͦͫ͡Έ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͍͔͎ͦͤͤͦͦ ͊͘ͻ͍͊ͭ͊Σ 
͙ͦͦͤ͊͘͟͡ͼ͙͙Σ ͤͦ ;͊΅͔ ς ͙͎ͭͦͦͣ ͨͪͦͼ͔͍ͫͫͦ ͎͒ͦͦͤΎΌ΅͔͚ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙Σ 
ͦͭͦͪͯ͟Ό ͋·͙͡ ͍·͔ͤͯ͗͒ͤ· ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͦ͋΅͔͍ͫͭ͊ ͨͦ͒ 
͍͔͙͔͒͊ͤͣ͡ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ˽͔͍͙ͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͤ͊΄͔͚ ͔ͫͭͪ͊ͤ ͣͦ͗ͤͦ 
͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ ͦͫͦ͋·͚ ͍͙͒ ͎͒ͦͦͤΎΌ΅͔͚ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙Φ ˹͊ Ήͭͦͣ Ή͔ͭ͊ͨ 
͔ͭͻ͎͔ͤͦͤͤ͊Ύ ͼ͙͍͙͙͊͘͡ͼ͙Ύ ͤ͊;͊͊͡ ͍ͤͦ·͚ ͼ͙͟͡ ͍͔͚ͫͦ Ή͙͙ͫͨ͊ͤͫ͟ ͍ ͙ͪ͊͘͡;ͤ·͔ 
ͫͭͪ͊ͤ· ͙ ͔͎͙ͪͦͤ· ͔ͨ͊ͤͭ͡·Φ  
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͔́ͻ͎͔ͤͦͤͤ·͚ ͙ͭͨ ͍͙͙ͪ͊ͭ͘Ύ ͍ ͤ͊͘;͙͔ͭ͡Έͤͦ ͋ͦ͡Έ΄͔͚ ͔͔͙ͫͭͨͤΣ ;͔ͣ 
͙ͭͪ͊͒ͼ͙ͦͤͤ·͚Σ ͙ͯͤͺ͙ͼ͙͔ͪͯͭ ͦ͋΅͔͍͔ͫͭͤͤͯΌ ͙͗ͤ͘ΈΦ ˮ ͭͦΣ ;ͭͦ ͣ· ͤ͊͘·͍͔͊ͣ 
͔͎ͫͦ͒ͤΎ ͨͪͦͼ͔ͫͫͦͣ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Σ Ύ͍͡Ύ͔ͭͫΎ ͨͪͦ͒ͯͭͦͣ͟ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ 
͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ˻ͤ͊ ͍͔ͤ͒ͪΎ͔ͭͫΎ ͍ ͙ͪ͊͘͡;ͤ·͔ ͔͎͙ͪͦͤ· ͙ͣͪ͊Σ ͔͔ͨͪ͗͒ 
͍͔͎ͫͦ ;͔͔ͪ͘ ͔ͭͻ͙ͤͦ͟-͔ͭͻ͎͙ͤͦͦ͡;͔ͫͯ͟Ό Ή͙ͫͨ͊ͤͫ͟ΌΣ ͨͦͪͦ͗͒͊Ύ ͼ͔͡·͔ Ήͨͦͻ͙ 
͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͦ͋΅͔͍ͫͭΣ ͔͔͍ͨͪͦ͒Ύ ͙ͻ ͤ͊ ͔ͪ͡Έͫ· ͔ͭͻ͎͔͎ͤͦͤͤͦͦ 
͍͙͙ͪ͊ͭ͘ΎΦ ˸͔͙ͦ͒ͪͤ͊͘ͼ͙Ύ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͙ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͚ 
͔͔͔ͨͪͪ͊ͫͭ͊ͭ ͍ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ό ͙ ͔ͤ͊ͫͭͯͨ͊ͭ ͔͔ͨͪͦͣ͡ ͍ ͼ͙͍͙͙͊͘͡ͼ͙ͦͤͤͦͣ 
͍͙͙͙ͪ͊ͭ͘Φ ˤ ;͔ͣ ͫͯͭΈ ͔͔͎ͨͪͦͣͤͦͦ͡ Ήͭ͊ͨ͊Σ ͔͔ͦͨͪ͒͡Ύ͔͎ͣͦͦ ͎͙ͦ͋͊͊͘͡͡ͼ͙͔͚Κ 

˥͙ͦ͋͊͊͘͡͡ͼ͙Ύ ς Ήͭͦ ͦ͋Ά͔͙͍ͭͤ͟·͚ ͫͦͼ͙͊͡Έͤ·͚ ͨͪͦͼ͔ͫͫΣ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ 
͎ͦͭͦͪͦͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͪ͊ͫͭ͊͘Ό΅͊Ύ ͍͙͍͊ͣͦͫ͘Ύ͘Έ ͙ ͍͙͍͙͙͊ͣͦ͊ͫͣͦͫͭ͘͘Έ 
ͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ Ή͙ͦͤͦͣ͟͟Σ ͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͙͔ͫͫͭͣΣ 
ͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ͯ͟͡ΈͭͯͪΣ ͊ ͔ͭ͊͗͟ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ;͔͍͔ͦ͊͟͡ ͙ ͦͪͯ͗͊͟Ό΅͔͚ 
͔ͫͪ͒·Φ ˤ ͍͔ͦͫͤͦ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͔͙͗ͭ͡ ͍͙͙͔ͪ͊ͭ͘ ͙͍ͣͪͦ·ͻ ͪ·͍ͤͦ͟ ͍͍ͭͦ͊ͪͦΣ ͎ͯͫͯ͡Σ 
ͭͪͯ͒͊Σ ͙͊ͨͭ͊͊͟͡Φ ̏ͭͦ ͍ͤͦ͊Ύ ͙ͫͭ͊͒Ύ ͙͔ͤͭͪͤ͊ͼ͙͙ͦͤ͊͊͘͡ͼ͙͙ ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͙ 
͎͙͒ͪͯͻ ͫͺ͔ͪ ͙͙͗ͤ͘ ;͔͍͔ͦ͡;͔͍ͫͭ͊Φ 

ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͙͔ͣΌͭͫΎ ͙ͪ͊͘͡;ͤ·͔ ͨͦ͒ͻͦ͒· ͨͦ ͻ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟ 
ͫͯ΅͙ͤͦͫͭ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Φ ˤ ;͔ͣ ͙ͻ ͔ͫͨͼ͙ͺ͙͊͟Κ 

1. ͙̏ͦͤͦͣ͟;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒Φ ˻ͤ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ό ͊͟͟ ͔͋ͯͪͤͦ 
͍͙͙͔ͪ͊ͭ͘ ͙͍ͣͪͦ·ͻ ͪ·͍ͤͦ͟Σ ͙͔ͤͭͪͤ͊ͼ͙͙ͦͤ͊͊͘͡ͼ͙Ό ͻͦ͘Ύ͚͍͍͙ͫͭͦ͊ͤΎΥ ͙ͨͪͦͫͻ͙ͦ͒ͭ 
ͫͦͣ͡ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ͎͙ͪ͊ͤͼΣ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍͔͙͚ͫͣͪͤͦ 
Ή͙͙ͦͤͦͣ͟͟Σ ͙͍͔͔͙͔ͨͪ͒ͤ ͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ͤͦͪͣ ͙ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍ ͍͔͍͙͔ͫͦͦͭͭͫͭ ͫ 
͙ͤͦͪͣ͊ͣ ͍͔͒ͯ΅͙ͻ ͫͭͪ͊ͤΦ ͙̏ͦͤͦͣ͟;͔ͫ͊͟Ύ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ 
͙͔ͤͭͪͤ͊ͼ͙͙ͦͤ͊͊͘͡ͼ͙͙ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͭͪ͊ͤͫͤ͊ͼ͙͙ͦͤ͊͊͘͡ͼ͙͙ ͙ 
͙͍͔͙ͯͤͪͫ͊͊͘͡ͼ͙͙ ό͙͍͔͔͙͔ͨͪ͒ͤ ͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ͤͦͪͣ ͍ ͍͔͍͙͔ͫͦͦͭͭͫͭ ͫ ͔͙ͭͣΣ ;ͭͦ 
ͫͺ͙͍͙ͦͪͣͪͦ͊ͫ͡Έ ͍ ͼ͔ͦͣ͡ ͍ ͙͍͚ͣͪͦͦ Ή͙͔ͦͤͦͣ͟͟ύΦ 

2. ͎͙̏ͦͦ͟͡;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒Φ ˻͍ͫͤͦͤ·͔ ͨͦͤΎ͙ͭΎ Ή͚ͭͦ ΄ͦ͟͡·Υ Ή͎͙ͦͦ͟͡;͔͔ͫͦ͟ 
͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ό͔͍͔ͤͪ͊ͤͦͣͪͤͦͫͭΈ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ;͔͍͔ͦͦͣ͟͡ ͙ͨͪͪͦ͒ͤ·ͻ 
͔͍ͪͫͯͪͫͦύΤ ͙͙ͨͦͭ͡;͔ͫ͊͟Ύ Ή͎͙ͦͦ͟͡Ύ ό͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͦͤ͟ͺ͙ͭ͟͡·Σ 
͍ͦͨͪͦͫ· Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Σ ͦ͋Ά͔͙͔͙͔͒ͤͤ ͙͙͚ͯͫ͡ ͫͭͪ͊ͤ ͒͡Ύ 
͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍·͙͍͔͙͗͊ͣͦͫͭ ͤ͊ ͔͔ͨ͊ͤͭ͡ύΦ 

3. ˴ͯ͡Έ͎͙ͭͯͪͦͦ͡;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ό ͍ ΄͙ͪͦͦͣ͟ 
ͼ͙͍͙͙͊͘͡ͼ͙ͦͤͤͦͣ ͔͔ͦͤͭͫͭ͟͟Φ ˥͙ͦ͋͊͊͘͡͡ͼ͙Ύ ς ͍͔͙͒ͯ͒ͤ·͚ ͨͪͦͼ͔ͫͫ ͔͍ͨͪͪ͊΅͔͙ͤΎ 
͍͔ͫͦ͋΅͔͎ͦ ͍ ͔͔ͦͫͦ͋ͤͤͦ ͙ ͔͎ͦͫͦ͋ͤͤͦͦ ͍ͦ ͍͔ͫͦ͋΅͔͔ ͙ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͍͔ͫͦ͋ͦ͒ͤͦ 
͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͙͔͚͒Φ ˥͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͊͟͟ ͔͙͔ͦͭͪ͊͗ͤ ͦͤ͟ͺ͙ͭ͊͟͡ ͔ͣ͗͒ͯ 
͔ͣͦ͒ͪͤͦͣ ͙ ͔ͨͦͫͭͣͦ͒ͪͤͦͣΣ ͔ͣ͗͒ͯ ˭͊ͨ͊͒ͦͣ ͙ ˤͦͫͭͦͦͣ͟Φ ̏ͭͦ ͊͘͟͡Ό;͙͔ͭ͡Έͤ·͚ 
Ήͭ͊ͨ ͍͔ͫͦ͋΅͔͚ ͎ͦ͋͊͡͡Έ͚ͤͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙Φ 

4. ˴͔ͦͣͨͫͤ͟͡·͚ ͨͦ͒ͻͦ͒Φ ˥͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔͔ͦͣͨͫͤͦ͟͟͡ 
͎͔͙͙ͦͨͦͭ͡;͔͔ͫͦ͟Σ ͎͔ͦΉ͙ͦͤͦͣ͟;͔͔ͫͦ͟Σ ͎͔ͦͯ͟͡Έ͔ͭͯͪͤͦ Ύ͍͔͙͔ͤ͡Σ ͦ͊͘͟·͍͊Ό΅͔͔ 
ͣͦ΅͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͍͔ͫ ͫͭͦͪͦͤ· ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ ͍͍͔͔ͦ͊ͣ͟͡·ͻ ͍ Ήͭͦͭ 
ͨͪͦͼ͔ͫͫ ͦ͋΅͔͚ͤͦͫͭΦ ˩͖ ͣͦ͗ͤͦ ͔͔͙ͦͨͪ͒ͭ͡Έ ͊͟͟ ͨͪͦͼ͔ͫͫ ͔͙ͦͫ͊͋ͤ͡͡Ύ 
͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͔͙͙ͭͪͪͭͦͪ͊͡Έͤ·ͻΣ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ·ͻΣ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤͦ-
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͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͙ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͋͊ͪΈ͔͍ͪͦΣ ͦͭͦͪ͟·͔ ͙͙ͦͪͯ͘͡Όͭ ͤ͊ͪͦ͒· ͎͒ͪͯ ͦͭ 
͎͒ͪͯ͊ ͙Σ ͤ͊ͪΎ͒ͯ ͫ Ή͙ͭͣΣ ͔ͨͪ͒ͦͻͪ͊ͤΎΌͭ ͙ͻ ͦͭ ͔ͤͯͨͦͪΎ͒ͦ;͔ͤͤ·ͻ ͍͔ͤ΄͙ͤͻ 
͍͔͚͍͙͚ͦ͒ͫͭ͘ ώмсΣ нмς22]. 

˻͋ͦ͋΅͔͔ͤͤͦ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͣͦ͗ͤͦ ͒͊ͭΈ ͔ͭ͊ͦ͟Υ ˥͙ͦ͋͊͊͘͡͡ͼ͙Ύ 
͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͍͔͙ͫͣͪͤ·͚ ͨͪͦͼ͔ͫͫΣ ͍͙͍͊ͣͦͫ͘Ύ͘·͍͊Ό΅͙͚ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͔ 
ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͔͙͒ͤͯΌ Ή͙ͦͤͦͣ͟;͔ͫͯ͟Ό ͙ 
ͦ͋΅͔͍͔ͫͭͤͤͯΌ ͙͔ͫͫͭͣͯ. ˥͙ͦ͋͊͊͘͡͡ͼ͙Ύ ς ͫͦ͗ͤ͡·͚Σ ͎͔ͣͤͦͦͣͪͤ·͚ ͺ͔͔ͤͦͣͤΣ 
ͦͭͦͪ͟·͚ ͍͟͡Ό;͔͊ͭ ͦ͋Ά͔͙͍ͭͤ͟·͚ ͙ ͫͯ͋Ά͔͙͍ͭͤ͟·͚ Ή͔͔ͣͤͭ͡·Σ ͍͙͡Ύ͙͔ͤ ͦͭͦͪ͟·ͻ 
͔͙͔ͫͭͪͣͭ͡Έͤͦ ͔ͪ͊ͫͭͭΣ ͊ Ήͭͦ ͙͙͔͊ͭͯ͊ͪͯͭ͘͟͡ ͍ͦͨͪͦͫ ͦ ͔͔ ͔ͫͭͪͯͭͯͪ͟ ͙ ͫͯ΅͙ͤͦͫͭΦ 
˴ͦͤͼ͔͙ͨͭͯ͊͊͘͡ͼ͙Ύ ͨͪͦͼ͔ͫͫ͊ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͔͒͊ͭ ͍͙͔ͦͫͤͦ͊ͤ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ 
͒͊ͤͤ·͚ ͨͪͦͼ͔ͫͫ ͙ͫͦͫͭͦͭ ͙͘ ͍͒ͯͻ ͍͔͚ͯͪͦͤ ς ͔͔͍͔͚ͫͭͫͭͤͤͦΣ ͔͍ͤͯͨͪ͊͡Ύ͔͚ͣͦ 
͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͙ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͙͍͔͚ͫͯͫͫͭͤͤͦ͟Σ ͎͙͔͚ͦͪ͊ͤͯͣͦ͘Σ ͍ͯͨͪ͊͡Ύ͔͚ͣͦΦ 

˩͔͍͔ͫͭͫͭͤͤ͊Ύ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ ς Ή͍ͦ͡Όͼ͙ͦͤͤ·͚ ͨͪͦͼ͔ͫͫ ͍͙ͦͫͨͪΎ͙ͭΎ 
͙ͪ͊͘͡;ͤ·͙ͣ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ·͙ͣ ͙ͭͪ͊͒ͼ͙Ύ͙ͣ ͙͔͙͚͒ͦͫͭ͗ͤ ͎͙͒ͪͯͻ ͯ͟͡Έͭͯͪͤ·ͻ 
͙ͭͪ͊͒ͼ͙͚Φ ̏ͭͦ ͍͙ͦͫͨͪΎ͙͔ͭ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍͒ͦ͋ͪͦͦ͡Έͤͦ ͙ 
͍͙͙͊ͫͭ͘ ͦͭ ͍ͯͪͦͤΎ ͍͙͙ͪ͊ͭ͘Ύ ͚ͭͦ ͙͙͡ ͙͚ͤͦ ͙ͭͪ͊͒ͼ͙͙Σ ͔͔ ͔͙͗͊ͤ͡Ύ ͍͙ͯͫͦͭΈ ͙ ͤ͊ 
͙͔ͨͪ͊ͭ͟͟ ͙͔͙ͨͪͣͤͭΈ ͔ͭ ͙͙͡ ͙ͤ·͔ ͙͔͙͒ͦͫͭ͗ͤΎ ͎͙͒ͪͯͻ ͯ͟͡ΈͭͯͪΦ 

ˮ͍͔ͫͯͫͫͭͤͤ͊͟Ύ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ ς Ήͭͦ ͨͦͨ·ͭ͊͟ ͍ͤ͊Ύ͊ͭ͘Έ ͙͚ͫͦ͡ ͙͙͡ ͎͙͙͒ͪͯͣ 
͔͙ͣͭͦ͒͊ͣΥ ͦ͋ͣ͊ͤͦͣΣ ͔͔͙͔ͯ͋͗͒ͤͣΣ ͨͦ͒ͯͨͦͣ͟ ͔ͭ ͙͙͡ ͙ͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ 
͙͔ͣͪΦ ˽͙ͪ ΉͭͦͣΣ ͨͦͫͦ͟͡Έͯ͟ ͙͍͔ͫͯͫͫͭͤͤ͊͟Ύ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͍ͫΎ͊ͤ͊͘ ͫ 
͙ͤ͊ͫ͡Έ͍͔ͫͭͤͤ·ͣ ͍͔͔͙͔ͤ͒ͪͤͣ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻΣ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻΣ ͼ͔ͤͤͦͫͭͤͦ-
͙͍͔ͣͪͦͦͪͤ͘͘;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡Σ ͭͦ Ήͭͦ ͔͍ͪͦ͡Όͼ͙ͦͤͤ·͚ ͨͪͦͼ͔ͫͫΦ ˹͙͙͔͊ͫ͡ 
͔ͤ ͔ͣͦ͗ͭ ͙͒ͭ͡ΈͫΎ ͍͔;ͤͦΣ ͦͤͦ ͔͔ͨͦ͋͗͒͊ͭ ͍͔͔ͪͣͤͤͦΣ ;͙͊ͫͭ;ͤͦ ͙͙͡ ͔͙ͭͪͨͭ 
͔͙͔ͨͦͪ͊͗ͤΦ ˽ͦΉͭͦͣͯ ͙͍͔ͫͯͫͫͭͤͤ͊͟Ύ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͻ͔͙͔͊ͪ͊ͭͪͯͭ͘͟ ͔͔͙͙ͨͪͭͤ͘ ͚ͭͦ 
͙͙͡ ͙͚ͤͦ ͫͭͪ͊ͤ·Σ ͔͙͎͙͙ͪ͡Σ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙͔͙͒ ͙ ͫͭ͊ͭΈ ͙͍͔ͯͤͪͫ͊͡Έ͚ͤͦΣ 
͍͔ͫͦ͋΅͔͚Σ ͊͋ͫͦ͡Ό͚ͭͤͦ ͼ͔ͤͤͦͫͭΈΌΦ ˽ͦΎ͍͔͙͔ͤ͡ ͚ͭ͊ͦ͟ ͔͔͙͙ͨͪͭͤ͘ ͔ͦͭͪ͊͗͊ͭ 
͔͙͔ͦͫ͊͋ͤ͡͡ ͎͙͒ͪͯͻ ͫͭͪ͊ͤΣ ͔͙͎͙͚ͪ͡Σ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͙͔͚͒Σ ͦͭͦͪ͟·͔ ͔ͤ ͎͙ͫͣͦ͡ 
͔ͯ͒ͪ͗͊ͭΈ ͙͍ͫͦ͗͡΄͔͔ͫΎ ͍ ͙͔ͣͪ ͍ ͚ͭͦ ͙͙͡ ͙͚ͤͦ ͙ͦ͋͊ͫͭ͡ ͍͍͔͙͔ͪ͊ͤͦͫΦ ˹͊ͪͯ΄͔͙͔ͤ 
͍͍͔͙ͪ͊ͤͦͫΎ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͍͙͊ͭ͊͘͟ͼ͙͙ ͍͔ͪ͊ͤͦͤ͊ͨͪ͊ͤͤ͘͡·ͻ ͙ͫ͡Σ ͦͭͦͪ͟·͔ 
͍͔͊ͪ͘΄͊ΌͭͫΎ ͔͔͙͔ͫͭͪͣͤͣ͡ ͟ ͙͍͔͚ͫͯͫͫͭͤͤͦ͟ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Φ 

˨ͦ ͍͚ͭͦͪͦ ͍͙ͨͦͦͤ͡· ̆̆ ͍͔͊͟ ͫ͊ͣ͊ ͙͔͒Ύ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Σ ͎͔ͨͪͦͪͫͫ͊ ͙ ͙ͻ 
͔͗ͫͭ͊͟Ύ ͍ͫΎ͘Έ ͫ ͼ͔ͤͤͦͫͭΎ͙ͣ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͔ͤ ͍͙͙ͫͭ͊ͫ͡Έ ͨͦ͒ 
͔͙͔ͫͦͣͤͤΦ ̏ͭ͊ ͼ͙͍͙͙͊͘͡ͼ͙Ύ ͒͊͊͡ ;͔͍͔ͦͯ͟͡ ͎ͣͤͦͦ ͙͔͙͚͒ͦͫͭ͗ͤ ς ͤ͊ͯͯ͟ ͙ ͍ͤͦ·͔ 
͔ͭͻ͎͙͙ͤͦͦ͡Σ ͯͯ͡;΄͔͙͔ͤ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘Σ ͔͙͔ͨͪͦ͒ͤ͡ ͙͙͗ͤ͘Σ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Σ 
͍͙͍ͪ͊͊͘Ό΅͙͔ͫΎ ͔͙͍ͪ͊ͭͤ͟·͔ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͙͡;͙ͤͦͫͭΦ  

ˤ ͍͙ͯͫͦ͡Ύͻ ζ͎ ͙ͦ͋͊͊͘͡͡ͼ͙͙ ͨͪͦͼ͔ͫͫ· ͼ͙͍͙͙͊͘͡ͼ͙ͦͤͤ·ͻ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͚ 
͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͦͫͯ΅͔͍ͫͭ͡ΎΌͭͫΎ ͍ ͣ͊ͫ΄͔ͭ͊͋ ͍͔͎ͫͦ ;͔͍͔ͦ͡;͔͍ͫͭ͊Φ ˻͙ͤ ͎ͯ͋ͦͦ͟͡ 
͙͍͔ͨͪͦͭͦͪ;͙͍· ͙ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͙͙͔ͪͫ͘͟ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͼ͙͍͙͙͊͘͡ͼ͙͙η [7, 8]. 
˻͍ͫͤͦͯ Ή͎ͭͦͦ ͙͙ͪͫ͊͘͟ ͍ͫͦͫͭ͊͡ΎΌͭ ͦͪ͟·ͫͭͤ·͔ ͙͔͔ͤͭͪͫ· ͭͪ͊ͤͫͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ 
ͦͪͨͦͪ͊͟ͼ͙͚Φ ˣ͔͔ͤ͊͒͗ͤͦ͘ ͔͙ͯͫͭ͊ͪ͡ ͔͍͔͙͍ͤͫͨͪ͊͒͡·͔ ͔ͣͻ͙͊ͤͣ͘· ͔ͦ͋ͣͤ͊ ͔ͣ͗͒ͯ 
Ή͙ͦͤͦͣ͟;͔͙ͫ͟ ͙ͫ͡Έͤ·͙ͣ ͙ ͫ͊͋͡·͙ͣ ͫͯ͋Ά͔͙ͭ͊ͣ͟Φ ͔͍͔̉ͦ͡;͔͍ͫͭͦ ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ 
ͫͦͫͭͦΎ͙͙ͤ ͎͚ͯ͋ͦͦ͟͡ ͙ ͔͙͚ͤͦ͋ͪ͊ͭͣͦ ͼ͙͍͙͙͊͘͡ͼ͙͚ͦͤͤͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙Σ 
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͙͙ͫͣͨͭͦͣ͊ͣ ͚ͦͭͦͪͦ͟ Ύ͍͡ΎΌͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͎ͦ͋͊͡͡Έͤ·͚ Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͙͙ͪͫ͘͟Σ 
ͤͦ ͙ ͙͙ͪͫ͘͟ ͯͫͭͦΎ͍΄͙ͻͫΎ ͼ͔͔͚ͤͤͦͫͭΣ ͙͙ͪͫ͘͟ ͍͔͎ͫͦ ͎ͭͦͦΣ ;ͭͦ ͣͦ͗ͤͦ ͍ͤ͊͊ͭ͘Έ 
ͼ͔ͤͤͦͫͭͤ·ͣ ͙͔ͫͦͤ͊ͤͣ͘Φ  

͔͍͔̉ͦ͡;͔͍ͫͭͦ ͦ͊͊ͦͫ͘͟͡Έ ͔͔ͨͪ͒ ͎ͣͤͦͦ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·ͣ ͼ͙͍͙͙͊͘͡ͼ͙ͦͤͤ·ͣ 
͍·͋ͦͪͦͣΦ ˤ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͔͔͍͔ͤ͊͒͊ͭͤͦ͟ ͍͙ͦͫͨͪΎ͙͔ͭ ͎͙͒ͪͯͻ 
ͼ͙͍͙͙͊͘͡ͼ͙͚Σ ͔ͤͼ͙͍͙͙͍͔ͦ͊ͤͤͦ͘͡ ͦͭͤͦ΄͔͙͔ͤ ͟ ͙ͻ ͔͔͙ͤ͊ͫͤ͡Ό ͊͟͟ ͟ ζ;͙ͯ͗ͣη 
ͦ͊͊ͦͫ͘͟͡Έ ;͔͍ͪ͊ͭͦ ͔͎͙͍ͤ͊ͭͤ·͙ͣ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ͙ͣ ͒͡Ύ ͔͔͙ͤ͊ͫͤ͡Ύ ͚ͫ͊ͣͦ 
͚͊ͨ͊͒ͤͦ͘Φ ˿͙ͭͯ͊ͼ͙Ύ ͍͙ͫͭ͊ͤͦͭͫΎ ͍͔ͫ ͔͔͔ͣͤ ͙͔͚ͦͤͭͪͦͪͯͣͦ͟͡Σ ͔͒͊͗ ͔͔͚ͯͫͭͪͣͤͤͦ͡ 
͟ ͊ͭ͊ͫͭͪͦ͟ͺ͔Σ ͎ͦ͒͊͟ ͙͔͒ͪ͡· ͚ͦ͒ͤͦ ͙͙͡ ͔ͤͫͦ͟͡Έ͙͟ͻ ͫͭͪ͊ͤΣ ͯͭͪ͊;͙͍͊Ύ ;͍͍ͯͫͭͦ 
͔ͪ͊͡Έ͙ͤͦͫͭΣ ͤ͊;͙ͤ͊Όͭ ͍͔͙ͪͭΈ ͍ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͚ͭ͊ͦ͟ ͍͙͊͘͟ͼ͔͙ͤͤͦͫͭ ͊͟͟ 
͔͙͔ͫ͊ͣͦͪ͊ͣͪͯͣ͊͟͡Ύ ζ͙ ͫ͟͡Ό;͙͔ͭ͡ΈͤͦͫͭΈη ͚ͦ͒ͤͦ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͤ͊ͼ͙͙Σ 
͔͙͍͔͎͒ͤͫͭͤͤͦͦ ͍ ͙͔ͣͪ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͎͍ͦͫͯ͒͊ͪͫͭ͊-͙͔͒ͪ͊͡Σ ͨͦ ͫͭͦͨ͊ͣ ͎ͦͭͦͪͦͦ͟ 
͒ͦ͗ͤ͡· ͔͍ͫ͒ͦ͊ͭ͡Έ ͍͔ͫ ͫͭͪ͊ͤ· ͙ͣͪ͊Φ ˣ͔͔ͦ͡ ͎ͭͦͦΣ Ήͭͦ ͎͍ͦͫͯ͒͊ͪͫͭͦ ͋ͯ͒ͭͦ ͋· 
͙͔͔ͣͭ ͍ͨͪ͊ͦΣ ͙ͨͪ ͔͔ͨͦ͒͒ͪ͗͟ ͔͎͙ͫͭͪ͊ͭ;͔͙ͫ͟ͻ ͔͍ͨ͊ͪͭͤͪͦΣ ͔͙͍ͦͪͪͭͪͦ͊ͭ͟͟Έ 
ͼ͙͍͙͙͊͘͡ͼ͙ͦͤͤͯΌ Ή͍ͦ͡Όͼ͙Ό ͎͙͒ͪͯͻ ͫͭͪ͊ͤ ͫ ͨͦͣͦ΅ΈΌ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͙ 
͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͙͔͍ͤͫͭͪͯͣͤͭͦΦ ˽͔͊ͪͭͤͪ͊ͣ ͦ͊͘͟·͍͔͊ͭͫΎ ͋ͦ͡Έ΄͊Ύ ;͔ͫͭΈΣ 
͍͔ͫͦͨͪͦͦ͗͒͊ͣ͊Ύ ͡Έ͎͙ͦͭ͊ͣΣ ͊ ͫͭͪ͊ͤ͊ͣ-͙͙͔͒ͫͫ͒ͤͭ͊ͣ ͎ͪͦ͘Ύͭ ͍͔͙͙ͫͫͭͦͪͦͤͤͣ 
ͫ͊ͤ͟ͼ͙Ύ͙ͣ ͙ Ύͪ͡·ͦͣ͟ ͙͔͔͚ͤͦͫͭ͡ ͊͘͡Φ 

˽ͪͦͼ͔ͫͫ ͫͦͼ͙͊͡Έ͚ͤͦ Ή͍ͦ͡Όͼ͙͙ ͤ͊ ͤ͊΄͔͚ ͔͔ͨ͊ͤͭ͡ ͨͦ͒ͦ΄͔͡ ͟ ͙͙ͪͭ͟;͔͚ͫͦ͟ 
ͺ͔͊͘ ͍͙͎ͣ͊ͪͦͫ͒͊͟Σ ͎ͦ͒͊͟ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͦ͋΅͔͍ͫͭ͊ ͙͎͔͒ͦͫͭ͊ͭ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ 
͎ͨͦͪͦ͊Φ ˻͋΅͔͍ͫͭͦ ͍͔ͫͭͯͨ͊ͭ ͍ ͔͙ͨͪͦ͒ ͫͦͼ͙͊͡Έ͎ͤͦͦ ͙ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͻ͊ͦͫ͊Σ ͎ͦ͒͊͟ 
͙ͦ͒ͤ ͡Ό͙͒ ͙͔͙͍ͨͪ͒ͪ͗͊ΌͭͫΎ ͍͙͍ͯͫͭ͊ͤͦ΄͔͚ͫΎ ͙͔ͫͫͭͣ· ͼ͔͔͚ͤͤͦͫͭ ͙ ͔͙͔ͤͣͤͤͦ͘ 
ͨͦ͡Έͯ͘ΌͭͫΎ ͙ͫͨ·ͭ͊ͤͤ·͙ͣ ͙ ͙͍ͫͨͪͦ͋ͦ͊ͤͤ·͙ͣ ͔͙ͣͭͦ͒͊ͣΦ ˹ͦ ͍͔ͫ ͋ͦ͡Έ΄͔͔ ;͙ͫͦ͡ 
͡Ό͔͚͒ ͨ·ͭ͊ΌͭͫΎ ͚͙ͤ͊ͭ ͊͡Έ͔͙͍ͭͪͤ͊ͭ·Φ  

ˤ͔ͦͣͦ͗ͤ͘ ͙͡ ͙͍ͦͤͫͭͪͯͭͤ͟͟·͚ ͍·ͻͦ͒ ͙͘ ͔ͨͦͭͤͼ͙͊͡Έͤͦ ͔͙͍͚͒ͫͭͪͯͭͤͦ͟ ͺ͊͘· 
ͼ͙͍͙͙͊͘͡ͼ͙͎ͦͤͤͦͦ ͍͙͎ͣ͊ͪͦͫ͒͊͟Σ ͙͘ ͻ͙͊ͦͭ;͔͙ͫ͟ ͙͋ͺͯͪ͊͟ͼ͙͎ͦͤͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͍ 
͊͟;͔͍͔ͫͭͤͤͦ ͍͔ͤͦͦΣ ζ͋ ͔͔ͦ͡ ͍·͔ͫͦͦ͟η ͫͦͫͭͦΎ͙͔ͤ ;͔͍͔ͦ͡;͔͚ͫͦ͟ Ή͍ͦ͡Όͼ͙͙Σ ͎ͦ͒͊͟ 
͡Ό͙͒ ͍ͫͭ͊ͤͦΎͭͫΎ ͻͦ͘Ύ͔͍͙͊ͣ ͍͔͚ͫͦ ͍͔͚ͫͦ͋ͫͭͤͤͦ ͫͯ͒Έ͋·Κ ˸·ͫ͡Έ ͦ ;͔͍͔͔ͦ͟͡ ͊͟͟ 
ͫͯ΅͔͍͔ͫͭ ͔ͫͦͤ͊ͭ͘͡Έͤͦ-͍ͭͦͪ;͔ͫͦͣ͟Σ ͊͟͟ ͫͯ͋Ά͔ͭ͊͟ Ή͍ͦ͡Όͼ͙͙Σ ͍͔͍͔ͦͭͭͫͭͤͤͦͣ ͊͘ 
͍͔ͫ ͙͍͔͗ͦ ͤ͊ ͔͔ͨ͊ͤͭ͡Σ ͙͔͒Ύ ͔͙ͣ͘͡ ͊͟͟ ζͦ ͋΅͔͎ͦ ͒ͦͣ͊η ͍͊͗ͤ͊ ͍ ͍͔͔ͫͦͪͣͤͤͯΌ 
ΉͨͦͻͯΦ ˿͔͚;͊ͫ ͊͟͟ ͙͎ͤͦ͒͊͟ ͦͫͭͪͦ ͍ͫͭ͊Όͭ ͍ͦͨͪͦͫ· ͔͔ͨͪ͒ ;͔͍͔ͦ͡;͔͍ͫͭͦͣ  
ͦ͋ ͦͭͤͦ΄͔͙͙ͤ ͟ ͙͔ͨͪͪͦ͒Σ ͔͔ ͔ͪͫͯͪͫ͊ͣ ͙ ͟ ;͔͍͔ͦͯ͟͡Φ ˩͙ͫ͡ ;͔͍͔ͦ͡;͔͍ͫͭͦ  
͔ͤ ͫͦͤ͟ͼ͔͙͔ͤͭͪͪͯͭ ͍͚ͫͦ ͙͔͔ͤͭͭ͟͡͡ ͙ ͔ͪͫͯͪͫ· ͒͡Ύ ͔͔ͨͪͻͦ͒͊ ͤ͊ ͤͦͦͫͺ͔ͪͤͯΌ 
͎͙ͦͪ͊ͤ͊͘ͼ͙Ό ͍͔ͫͻ ͫͭͦͪͦͤ ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ ͦ͋΅͔͍ͫͭ͊Σ ͭͦ ͦͤͦ ͔ͣͦ͗ͭ 
ͦ͊͊ͭ͘͟ΈͫΎ ͔͔ͨͪ͒ ͙͡ͼͦͣ ͎ͦ͋͊͡͡Έ͚ͤͦ ͒ͯͻ͍ͦͤͦ-͍͍͔͚ͤͪ͊ͫͭͤͤͦ ͊ͭ͊ͫͭͪͦ͟ͺ·  
[15, 162ς164]. 

˿͍͔͔ͦͪͣͤͤ·͚ Ήͭ͊ͨ ͍͙͙ͪ͊ͭ͘Ύ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͍͔ͫ ;͊΅͔ ͤ͊;͙͔ͤ͊ͭ ͙ͦͨͫ·͍͊ͭΈͫΎ 
ͤ͊ Ύ͘·͔͟ ζ͟ ͊ͭ͊ͫͭͪͦͺ͙ͣ͊͘ηΦ ˻ͤ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ζ͟ ͔ͦͤͼ ͙͙͙ͫͭͦͪη  
ό̅Φ ̅ͯͯ͟Ύͣ͊ύ ώммϐΣ ͊͟͟ ζͨ ͍ͦͦͪͦͭͤ·͚ ͨͯͤͭ͟η ό̅Φ ˴͊ͨͪ͊ύ ώсϐΣ ͊͟͟ ζͫ ͍͔͙͔ͭͦͤͦͤ͟͡ 
ͼ͙͍͙͙͊͘͡ͼ͙͚η ό˿Φ ͙͎̆͊ͤͭͤͭͦͤ͟ύ ώмоϐΣ ͊͟͟ ζ͍ ͔͟ ͙͋ͺͯͪ͊͟ͼ͙͙η  
ό̏Φ ˶͊ͫͦ͡ύ ώуϐ ͙ ͒ͪΦ ˤ͔ͫ Ήͭͦ ͻ͔͙͔͊ͪ͊ͭͪͯͭ͘͟ ͔͔ͨͪͦͣ͡ ͍ ͼ͙͍͙͙͊͘͡ͼ͙ͦͤͤͦͣ 
͍͙͙͙ͪ͊ͭ͘Φ ˹͔ͫͣͦͭͪΎ ͤ͊ Ύ͍ͤͦ ͍ͯ͘;͊΅͙͔ ͔͍ͭͪͦ͗ͤ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͫͦͫͭͦΎ͙ͤΎ 
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ͼ͙͍͙͙͊͘͡ͼ͙͙ ͍ͪΎ͒ ͙͡ ͭͦ͟ ͙͘ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ͔͒ͦͨͯͫ͊ͭ͟ ͍ͦͣͦ͗ͤͦͫͭ͘Έ 
͔͚͍͙͔͒ͫͭͭ͡Έ͎ͤͦͦ ͍͔͊ͪ͘΄͔͙ͤΎ ͔͔ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎΦ ˾͔;Έ ͙͔͒ͭ ͔͔ͫͦͪ͟ ͦ 
͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͍·͙ͪ͊͋ͦͭ͟ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͍ͤͦ·ͻ ͔͎͙͚ͫͭͪ͊ͭ ͼ͙͍͙͙͊͘͡ͼ͙͎ͦͤͤͦͦ 
͍͙͙ͪ͊ͭ͘ΎΣ ͍ͤͦ·ͻ ͒ͯͻ͍ͦͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΦ 

˩͙ͫ͡ ͍͔ͪͤͯͭΈͫΎ ͙͘ ͎͒ͦͦͫͪͦ͡;͚ͤͦ ͔͔͙͍ͨͪͫͨͭ͟· ͍ ͤ͊΄͙ ͙͒ͤΣ ͭͦ ͍͙ͫͭ͊ͤͦͭͫΎ 
ΎͫͤͦΣ ;ͭͦ ͔͙͍͔͒ͤͫͭͤͤͦ ͪ͊ͯͣͤ͘·͚ ͨͯͭΈ ͔͔͙ͨͪͦ͒ͦͤ͡Ύ ͙͙͍ͪͫͦ͘͟Υ Ήͭͦ ͨͯͭΈ 
͒͊͡Έ͔͚ͤ΄͔͎ͦ ͍͙͙ͪ͊ͭ͘Ύ ͔͙ͤ͊ͯͦͣ͟͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ͻ ͎ͪ͊ͯͣͤͦͦ͘ ͙͔͔͙ͨͪͣͤͤΎ ͤ͊ 
͍͔ͦͫͤͦ ͙͎͒͊ͦ͊͡ ͙ͪ͊͘͡;ͤ·ͻ ͯ͟͡ΈͭͯͪΣ ͫͦͼ͙͊͡Έͤ·ͻ ͎ͪͯͨͨΣ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͙ 
͍͔͔͙͔ͤ͒ͪͤ ͍ͤͦ·ͻ ͒ͯͻ͍ͦͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΦ ˤ͊͗ͤͯΌ ͪͦ͡Έ ͍ Ήͭͦͣ ͍͔ͦͨͪͦͫ ͔ͣͦ͗ͭ 
ͫ·͎ͪ͊ͭΈ ͺ͙ͦͫͦ͡ͺ͙ΎΣ ͙͔͎͔͙ͫͤͪͭ͊͟Σ ͊ ͔ͭ͊͗͟ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͔͚ͤ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ 
͎͙ͭͪ͊ͤͫͯͣ͊ͤͣ͊͘ ͙ ͺ͎͙͙ͯͭͯͪͦͦ͡ [15, 85ς90]. 

˿͔͙ͪ͒ ͎͙ͣͤͦͻ ͦͼ͔ͤͦ͟ ͨͪͦͼ͔ͫͫ͊ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Υ ͫͯ΅͔͍ͫͭͯΌͭ ͊͟͟ 
͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔Σ ͭ͊͟ ͙ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·͔Φ ̅Φ ̅ͯͯ͟Ύͣ͊ ͫ;͙͔ͭ͊ͭΣ ;ͭͦ ζͯ ͙͔͙͔ͫͤ͡ 
͍͙͍͙͙͙͊ͣͦ͊ͫͣͦͫͭ͘͘ ͙͍͔͔ͨͪ͒ͭ ͟ ͪͦͫͭͯ ͙͔͎͗ͤͤͤͦͦ͘ ͍ͯͪͦͤΎ ͍ͤ͊ͪͦ͒ͦΣ ͟ 
͍͙͍͔͙ͦͤͤͦͤ͘͟Ό ͔͙͚͒ͤͦ ͔͚ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͙͔ͫͫͭͣ·Σ ͙͔͙͍͚ͦͪͤͭͪͦ͊ͤͤͦ ͤ͊ 
͔ͭͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͼ͔͙ͤͤͦͫͭΣ ͙ͫ;͔͔ͤͭ͘ ͙ͫͭͣͯ͡ ͟ ͨͦ͒;͙͔͙ͤͤΌ ͎͙͒ͪͯͻ ͎͍ͦͫͯ͒͊ͪͫͭη 
ώмнΣ прϐΦ ˤ ͭͦ ͔͗ ͍͔ͪͣΎ ͫͯ΅͔͍ͫͭͯΌͭ ͙ ͨͪΎͣͦ ͙͍ͨͪͦͭͦͨͦͦ͗ͤ͡·͔ ͦͼ͔͙ͤ͟ ͙ 
͎ͨͪͦͤͦ͘·Φ 

ˤ ͔͔ͦͤͭͫͭ͟͟ ͔͙͙ͨͪͦ͋ͣ͊ͭ͟͡ ͫͦͼ͙ͦͯ͟͡Έ͎ͭͯͪͤͦͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔͔ͫ͒ͯͭ͡ 
ͦͫͦ͋ͦ ͔ͪ͊ͫͫͣͦͭͪͭΈ ͍͔͒ ͎ͪͯͨͨ· ͔͍͙͚ͨͦͫ͒ͫͭ͡ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ ͎͔ͨͪͦͪͫͫ͊Σ 
͔͍ͨͪ͊Ύ ͙͘ ͦͭͦͪ͟·ͻ ͦ͋Ά͔͙͒ͤΎ͔ͭ ͨͪͦͼ͔ͫͫ· ͍ ͍ͦͫͤͦͤͦͣ ͙͔͎͙͍ͤͭͪ͊ͭͤ·͔Σ 
͙͍ͨͪͦ͒Ύ΅͙͔ ͟ ͪ͊ͣ͘·͍͙͊ͤΌ ͎͙ͪ͊ͤͼ ͍͙ͤͯͭͪ ;͔͍͔ͦ͡;͔͍ͫͭ͊Σ ͊ ͍ͭͦ ͪ͊Ύ ς ͤ͊ͦ͋ͦͪͦͭΣ 
ͨͪͦͼ͔ͫͫ· ͔͙͔͎͙͍͒ͤͭͪ͊ͭͤ͘·͔Σ ͔ͦͭ͒͡ΎΌ΅͙͔ ͙ ͦͭ͒͊͡ΎΌ΅͙͔ ͎ͪͯͨͨ· ͡Ό͔͚͒ ͎͒ͪͯ ͦͭ 
͎͒ͪͯ͊Φ 

˴ ͔ͭͻ͎͙ͤͦͦ͡ΎͣΣ ͦͭͦͪ͟·͔ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͙͔͎ͤͭͪ͊ͼ͙͙Σ ͦͭͤͦͫΎͭͫΎΥ 
ͭͪ͊ͤͫͨͦͪͭͤ·͔Σ ͙ͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·͔Σ ͦͫͦ͋ͯΌ ͪͦ͡Έ ͙͘ ͙ͤͻ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ 
͎ͦ͋͊͡͡Έͤ͊Ύ ͔ͫͭΈ ˮ͔͔ͤͭͪͤͭΦ ˻ͤ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͦ͋Ά͔͙͒ͤΎͭΈͫΎ ͡Ό͒Ύͣ ͫ ͦ͋΅͙͙ͣ 
͙͔͔͙ͤͭͪͫ͊ͣ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͎ͭͦͦΣ ͍ ͚͊ͦ͟͟ ͔ͫͭͪ͊ͤ ͙ ͤ͊ ͊ͦͣ͟͟ ͪ͊ͫͫͭͦΎ͙͙ͤ ͎͒ͪͯ ͦͭ 
͎͒ͪͯ͊ ͙ͦͤ ͙͍͗ͯͭΦ ˽͙ͪ Ήͭͦͣ ͙ͤ;ͭͦ ͔ͤ ͔ͣ΄͔͊ͭ ͦ͒ͤͦͣͯ ;͔͍͔ͦͯ͟͡ ͯ;͍͍͊ͫͭͦ͊ͭΈ ͍ͦ 
͎͙ͣͤͦͻ ͙ͭ͊͟ͻ ζ͎ ͪͯͨͨ͊ͻ ͨͦ ͙͔͔ͤͭͪͫ͊ͣηΦ ˩͔͍͔ͫͭͫͭͤͤ·ͣ ͔ͨͪͨΎ͍͙͔ͭͫͭͣ ͒͡Ύ ͚ͭ͊ͦ͟ 
͙͔͎ͤͭͪ͊ͼ͙͙ ͒ͦ ͙ͫͻ ͨͦͪ Ύ͍͡Ύ͔ͭͫΎ Ύ͘·͍ͦ͟·͚ ͋͊ͪΈ͔ͪΦ ˻͒ͤ͊ͦ͟ ͫ ͨͦΎ͍͔͙͔ͤͣ͡ 
Ήͺͺ͔͙͍ͭͤ͟·ͻ ͙͔ͫͫͭͣ ͚ͦͤ͊ͤ͡-͔͔͍ͨͪͦ͒͊ ͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤ ͙ Ήͭͦͭ ͋͊ͪΈ͔ͪ 
ͤ͊;͙͔ͤ͊ͭ ͙ͫ;͔͊ͭ͘ΈΦ ˤ͔ͪͦΎͭͤ·ͣ ͔͍͙͔ͫ͒ͫͭͣ͡ ͙͔͎ͤͭͪ͊ͼ͙͙ ͔͋ͯ͒ͭ ͙͔͙͔ͫͤ͗ͤ 
ͯ͟͡Έ͎ͭͯͪͤͦͦ ͙ͪ͊ͤͦͦ͋ͪ͊͘͘ΎΣ ͨͦ͒ͭΎ͎͙͍͙͔͊ͤ ͍͔ͫͻ ͫͭͦͪͦͤ ͙͙͗ͤ͘ ͟ ͔ͭͣ ͦ͋΅͔͍ͫͭ͊ͣ ͙ 
ͫͦͼ͙͊͡Έͤ·ͣ ͎ͪͯͨͨ͊ͣΣ ͎͔͒ ͎͔ͨͪͦͪͫͫ ͙͔ͣ͊ͫͣ͊ͤ͟͡Φ ̏ͭͦ ͻͦͪͦ΄ͦ ͍͙͒ͤͦ ͤ͊ ͙͔͔ͨͪͣͪ 
͍͔͔͚ͫͦͪͣͤͤͦ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Σ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͔͚ͫΎ ζ͊ ͔͙͙ͣͪ͊ͤ͊͘͟ͼ͙͔͚η 
ͫͦͼ͙͍ͯͣͦ ώпΣ смς62].  

ˤ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪ ͔͙͔ͤ͊ͯͦͣ͟͟ ͔ͭͻ͎͙͙ͤͦͦ͡ Ύ͍͡ΎΌͭͫΎ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͣ 
ͺ͊ͭͦͪͦͣ͟ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͍͚ͦͫͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ 
ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ ˽͙͍͍ͪͦͦ͒ͫͭͦ͘ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͨͪͦ͒ͯ͟ͼ͙͙ 
͔͚ͫ;͊ͫ ͍͙ͫͭ͊ͤͦͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͍ͦͫͤͦͤ·ͻ ͍͙͚ͯͫͦ͡ ͔ͯͫͨ΄͚ͤͦ ͙͔͎ͤͭͪ͊ͼ͙͙ ͚ͭͦ ͙͙͡ 
͙͚ͤͦ ͫͭͪ͊ͤ· ͍ ͫ͊͒͟͡·͍͊Ό΅ͯΌͫΎ ͙͔ͫͫͭͣͯ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͦͭͤͦ΄͔͙͚ͤΦ ͔̒͒ͪͤ͊Ύ 
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Ή͔͎͔͙ͤͪͭ͊͟ ͙ Ύ͔͒ͪͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͦͭͤͦͫΎͭͫΎ ͟ ͚ͭͦ ͔͎͙͙͊ͭͦͪ͟ ͍·͙ͫͦ͟ͻ 
͔ͭͻ͎͙͚ͤͦͦ͡Σ ͦͭͦͪ͟·͔ ͔͔ͦͨͪ͒͡ΎΌͭ ͍ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͔͔ͣͪ ͙ͨͯͭ ͒͊͡Έ͔͚ͤ΄͔͎ͦ 
͍͙͙ͪ͊ͭ͘Ύ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ˻͙ͤ ͫ͊ͣ·ͣ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤ·ͣ ͦ͋ͪ͊ͦͣ͘ 
͍͙͡ΎΌͭ ͤ͊ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟Σ ͦ͋΅͔͍͔ͫͭͤͤͦ ͙͙ͨͦͭ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͍ 
ͫͭͪ͊ͤ͊ͻ ͙ ͍ ͫͺ͔͔ͪ ͔͎͍͔ͣ͗ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͦͭͤͦ΄͔͙͚ͤΦ 

ˤ ͭͦ ͔͗ ͍͔ͪͣΎ ͫ͊ͣ͊ ͙ͨͪͪͦ͒͊ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ ͎͔ͨͪͦͪͫͫ͊ ͊͟͟ 
ͫ͊ͣͦͯͫͦͪ͟ΎΌ΅͔͎ͦͫΎ ͙ ͍͙͍ͫ͊ͣͦͪ͊͊͘Ό΅͔͎ͦͫΎ ͨͪͦͼ͔ͫͫ͊ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͭͦͣͯΣ 
;ͭͦ ͔ͤͦ͒ͤͦͪͦ͒ͤͦͫͭΈ ͍ ͔͎ͦ ͔͔͔͙͙ͪ͊ͫͨͪ͒ͤ͡ ͔ͣ͗͒ͯ ͎͍͙ͦͫͯ͒͊ͪͫͭ͊ͣΣ ͯ͟͡Έ͙ͭͯͪ͊ͣ ͙ 
ͦ͋΅͔͍͔ͫͭͤͤ·͙ͣ ͎͙ͪͯͨͨ͊ͣ ͔͋ͯ͒ͭ ͍ͦͪ͊ͫͭ͊ͭ͘ΈΦ ́͊ͣΣ ͎͔͒ ͎͔ͨͪͦͪͫͫ ͍͙ͨͪͦ͒ͤͯͫ͡Ύ 
͙͔͔ͤ͊͋ͦ͡ ͔͒͊ͦ͟͡Σ ͦͤ ͙ͨͪͦͫͻ͙ͦ͒ͭ  ͔͔͋ͦ͡ ͋·ͫͭͪͦΦ ˿͍͔͍͔ͦͦͭͭͫͭͤͤͦΣ ͪ͊ͪ͘·͍ ͔ͣ͗͒ͯ 
Ή͙͙ͭͣ ͍͒ͯͣΎ ͨͦ͡Ό͙ͫ͊ͣ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͙ͦͭͫͭ͊ͦͫͭ͡ ͔ͪ͊ͫͭͭ ͍͔ͫ ͋·͔͔ͫͭͪΦ 
˽͙͔͙͔ͪͣͤͭ͡Έͤͦ ͟ ͍͙ͦͭͫͭ͊͊ͤΌ ͍ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙ͤͦͦ͡Ύͻ Ήͭͦ Ύ͍͔͙͔ͤ͡ 
ͨͦͯ͡;͙ͦ͡ ͍͙͔ͤ͊͊ͤ͘ ζͼ͙ͺͪͦ ͍͚ͦ ͪ͊ͪ͘·͍ηΦ ˻ͤ ͦͻ͍͊ͭ·͍͔͊ͭ ͙ ͦͫͭ͊͡Έͤ·͔ ͙ͦ͋͊ͫͭ͡Φ 

ˬ͙ͤ͘Έ ͫͦ ͍͔͔͎ͪͣͤͤͦͦ ;͔͍͔ͦ͟͡  ͊ ͍ͤ͊ͫͦ͘͟Έ ͨͪͦͤ ͙ͤ͊͘ ͊ ͔ͭͻ͙ͤ͟ ͚ͦ ͙ 

ͭͻ͔ͤ ͎͙ͦͦ͡Ύ͙ͣ [17, 108ς120]Φ ͍͔͍̂͒ͦͭ͡ ͔͙͔ͦͪͤ ͍ͫͻ͔ ;͔͍͔ͦ͡;͔ͫ͟ͻ͙ ͔͔͚ͨͦͪͭ͋ͤͦͫͭ 
͔͎ͫͦ͒ͤΎ ͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ ͔ͭ ͻ͙͚ͤͦ͟  ͙͍͔͔ͫͦͪͣͤͤ ·͙ͣ ͔ͭ ͻ͎͙ͤͦͦ͡Ύ͙ͣ ͔͒͊͗  ͍͚ͭ͊ͦ͟ 
ͫͺ͔͔ͪΣ ͊͟͟ ͙͙ͤͭͣͤ͊Ύ ͙͗ͤ͘Έ ό͙͔ͤ͊ͨͪͣͪΣ ͙͍ͨͪͦͭ ͦ͊͘;͊ ͭͦ;ͤ·͔ ͔͙ͭ͊͋ͭ͟͡  ͙
͙ͤΆ͔͟ͼ͙͙Σ ͫͦ͒͊ͤͤ͘·͔ ͤ ͊ ͍͔ͦͫͤͦ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͔͋ͦͭͻ͎͙͚ͤͦͦ͡Τ Ήͪͦͭ ͙;͔ͫ͊͟Ύ 
ͣͯ ͘·͊͟Σ ͙͊ͨͫ͊ͤͤ͊͘Ύ ͤ ͍͊·ͫͦͦͭ͟ͻ͔͎͙ͤͦͦ͡;ͤ·ͻ ͤ ͙͔ͦͫͭ͡ΎͻύΦ 

ˤ͔ͫ Ήͭ ͦ ͍͙ͫͭ͊ͤͦͭͫΎ ͦͨ͊ͫͤ· ͣ  ͍ ͍ͫΎ͘  ͙  ͫ ͔ͭ ,ͣ ;ͭͦ  ͙͔͔͍͊ͤͭͪͫͦ͊ͤͤ͘· ͚  ͍
ͨͦͯ͡;͔͙ͤ  ͙ ͙ͨͪ͋·͔͡ ͚ ͦͭ ͔͙ͪ͊͊͘͡ͼ͙  ͙ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͨ ͔ͪͦͭ͟ ͍ͦ  ͍
͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤͦ ͚ͫͺ͔ͪ ͔͙͔͋ͤͫ͘ ͔ͣͦ͗ͭ ͊ͣ͊͘͡;͙͍͊ͭΈ ͔͎͙͍ͤ͊ͭͤ· ͔͔ͪͯ͘͡Έͭ͊·ͭ 
ͦͭ ͙͔͔͙ͨͪͣͤͤΎ Hi-Tech.  Hi-Tech ς Ήͭͦ ͍·͙͔ͫͦ͟Σ ͙͔͔ͤ͊͋ͦ͡ ͍ͤͦ·͔ ͙ ͎͔͙͍ͨͪͦͪͫͫͤ·͔ 
͔ͭͻ͎͙͙ͤͦͦ͡Σ ͦͭͦͪ͟·͔ ͍͟͡Ό;͊Όͭ ͤ͊ͤͦΣ- ͙͋ͦ,- ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·͔Σ 
͎͙͙͍ͦͤͭͤ͟·͔ ͙ ͫͦͼ͙͊͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡.  ʕͭͦ ͔͗  ͍͔ͪΎͣ ͤ͊ͯ;ͤ-ͦͭͻ͔ͤ ͎͙ͦͦ͡;͔ ͔ͫͦ͟ 
͙ͤ͊ͤ͘ ͔ ͔͔͒͊ͭͫ͡Ύ ͍͔ͫ ͔͔͋ͦ͡ ͍͙͙͊ͫͣ͘· ͣ ͦͭ ͔͙ͣͤͤΎ ͦ͋·;ͤ ·ͻ ͡Ό͔͚͒Σ ͦͭͦ͟ ͪ·͔ 
͍·ͫͭͯͨ͊Ό ͭ  ͙ ͊͟͟ ͔͙͔ͨͦͭͪ͋ͭ ͙͡ Hi-Tech-ͨͪͦ͒ͯͭͦ͟ ,͍  ͙ ͊͟͟ Ή͔ͫͨͪͭ͟· ͙ͨͪ ͦͼ͔ͤ͟ ͔
͍·ͫͦ͟ͻ͙ ͭ ͔ͻ͎͙ͤͦͦ͡ ͚[16, 28].  

˻͔͙͔͋ͦͫͭͪͤ ͎ͦ͋͊͡͡Έͤ·ͻ ͙͙͍ͪͫͦ͘͟Σ ͔ͨͦͪͦ͗͒ͤͤ·ͻ ͔ͭͻ͎͔͚ͤͦͤͤͦ 
ͼ͙͍͙͙͊͘͡ͼ͙͔͚Σ ͍͙ͫͭ͊ͭ ͍ͦͨͪͦͫΥ ͣͦ͗ͤͦ ͙͡ ͍·͚͙ͭ ͙͘ Ή͙ͭͻ ͙͙͍ͪͫͦ͘͟Σ ͔ͤ ͔ͣͤΎΎ 
͙͚͋͊ͫͤͦ͘ ͙͔ͫͫͭͣ· ͼ͔͔͚ͤͤͦͫͭ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͯ͟͡Έͭͯͪ·Κ ̏ͭͯ ͙͔ͫͫͭͣͯ ͼ͔͔͚ͤͤͦͫͭ 
͙͔ͨͪ͒ͭͫΎ ͔ͣͤΎͭΈΣ ;ͭͦ ͔͔͙͔ͨͪͦ͒ͦͤ͡ ͎ͦ͋͊͡͡Έͤ·ͻ ͙͙͍ͪͫͦ͘͟ ͔͔ͨͦͭͪ͋ͯͭ ͙͔͔͙ͣͤͤ͘Ύ 
ͼ͔͔͚͡ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ ͔͔ Ή͙ͭ;͔͙ͫ͟ͻ ͔͎ͪͯ͡Ύ͙͍͍ͭͦΦ ˭͊ͦͤ͟ ͔ͭͻ͙ͤͦ͟-
͎͙͎ͯͣ͊ͤͭ͊ͪͤͦͦ ͋͊͊ͤͫ͊͡ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡Σ ;ͭͦ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͎͔ͨͪͦͪͫͫ ͔͔ͦͨͪ͒͡Ύ͔ͭ  
͍͙͙͔ͪ͊ͭ͘ ͯ͟͡Έͭͯͪͤ·ͻ ͔͎ͪͯ͡Ύ͍ͭͦͪͦ ͍͔͔͙ͨͦ͒ͤΎ ͙ ͣ·΄͔͙ͤ͡Ύ ;͔͍͔ͦ͊͟͡Φ ˾ͦͫͭ 
ͣͦ΅͙ͤͦͫͭ ͔ͭͻ͎͙͚ͤͦͦ͡ ͔͔ͭͪ͋ͯͭ ͍·͙ͪ͊͋ͦͭ͟ ͍͔ͫ ͔͔͋ͦ͡ ͫͦ͗ͤ͡·ͻ ͍͍͔ͤͪ͊ͫͭͤͤ·ͻ 
͎͙ͦͪ͊ͤ;͙͔͔͚ͭ͡Φ ˢ ͙ͪ͊͒͊͟͡Έ͔ͤͦ ͙͔͔͙͔ͣͤͤ͘ ͼ͔͔͚ͤͤͦͫͭ ͦͤ͊͘;͔͊ͭ ͔͔ͨͪͻͦ͒ ͦͭ 
͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͟ ͍ͤͦͦͣͯ ͙ͭͨͯ ͼ͙͍͙͙͊͘͡ͼ͙͎ͦͤͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ς 
͙͙ͨͦͫͭͤ͒ͯͫͭͪ͊͡Έͤͦͣͯ ώнΣ српϐ ͙ NBICS ͼ͙͍͙͙͊͘͡ͼ͙͙ [16]. 

˿ͯ΅͔͍ͫͭͯΌͭ ͙ͪ͊͘͡;ͤ·͔ ͍͙ͭͪ͊ͭͦ͟͟ ͙͙ͨͦͫͭͤ͒ͯͫͭͪ͊͡Έ͎ͤͦͦ ͦ͋΅͔͍ͫͭ͊Φ ˻͋·;ͤͦ 
͔͎ͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊Όͭ ͊͟͟ ͔ͨͪͦͫͭͦ ͔͙͔ͨͪͦ͒ͦ͗ͤ͡Σ ͦͫͦ͋·͚ Ήͭ͊ͨ ͔ͭͻ͎͔͎ͤͦͤͤͦͦ 
͍͙͙ͪ͊ͭ͘ΎΦ ˤ Ήͭͦͣ ͫͯ͡;͔͊ ͔ͤ ͍͙ͫͭ͊ͭͫΎ ͔ͨͪͦ͋ͣ͊͡ ͙͔͔͙ͣͤͤ͘Ύ ͙͋͊ͫͤ͘·ͻ ͼ͔͔͚ͤͤͦͫͭΣ 
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͔ͪ;Έ ͙͔͒ͭ ͭͦ͡Έͦ͟ ͦ ͔ͭͻ ͔͔͔ͨͪͣͤ͊ͻΣ ͦͭͦͪ͟·͔ ͍ͤͦͫΎͭ ͍ͤͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͦ͋ͪ͊͘ 
͙͙͗ͤ͘Σ ͫͦͼ͙͊͡Έͤ·͔ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Σ ͦͭͤͦ΄͔͙ͤΎ ͔ͣ͗͒ͯ ͎͍͙ͦͫͯ͒͊ͪͫͭ͊ͣΦ ˤ ͔ͪͯͫ͡ 
͎ͭ͊ͦͦ͟ ͨͦ͒ͻͦ͒͊ ͍͙ͦͤ͊͘͟͡ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͚ͯͫͭͦ;͙͍͎ͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͊͟͟ ͎ͨͪͦͦͤ͊͡ͼ͙͙ 
͔͎ͫͦ͒ͤΎ΄͔͎ͤͦ ͔ͭͻ͎͙ͤͦͦ͡;͔͎ͫͦͦ͟ ͎͔ͨͪͦͪͫͫ͊ ͫ ͔ͤͦͭͦͪ͟·͙ͣ ͙ͨͪͪͦ͒ͦ͊͘΅͙ͭͤ·͙ͣ 
͎͙ͦͪ͊ͤ;͔͙ͤΎ͙ͣΦ ˽͙ͪ ͔͎ͫͦ͒ͤΎ΄͙ͤͻ ͔͔ͭͤ͒ͤͼ͙Ύͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ Ήͭ͊ ͍ͭͪ͊ͭͦ͊͟͟ 
͍͔͔͒ͭ ͟ ͦͫͯ΅͔͍͔͙ͫͭͤ͡Ό ͦͤ͟ͼ͔ͨͼ͙͙ ζ͘ ͎ͦͦͭͦͦ͡ ͙͙ͣ͊ͪ͒͊͡͡η. 

˹ͦ ͍ͦͣͦ͗ͤ͊͘ ͙ͤ͊Ύ ͭͦ;͊͟ ͔͙ͪͤ͘Ύ ͙ ͙ͤ͊Ύ ͔͎͙ͫͭͪ͊ͭΎ ͎ͦ͋͊͡͡Έͤ·ͻ 
ͼ͙͍͙͙͊͘͡ͼ͙ͦͤͤ·ͻ ͔͔͔ͨͪͣͤΦ ˿ Ή͚ͭͦ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͙͙ͨͦͫͭͤ͒ͯͫͭͪ͊͡Έ͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ 
͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͨͪͦͫͭ·ͣ ͔͙͔ͨͪͦ͒ͦ͗ͤͣ͡ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ˩͎ͦΣ ͔͔ͫͦͪ͟Σ 
͔͔ͫ͒ͯͭ͡ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈ ͊͟͟ ͔͔ͨͪͻͦ͒ ͟ ͍ͤͦͦͣͯ ͙ͭͨͯ ͼ͙͍͙͙͊͘͡ͼ͙͎ͦͤͤͦͦ 
͍͙͙ͪ͊ͭ͘Ύ ς NBICS ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͭͻ͎͔ͤͦͤͤ͊Ύ ͼ͙͍͙͙͊͘͡ͼ͙Ύ 
ͨͪͦͻ͙ͦ͒ͭ ͔ͤͫͦ͟͡Έͦ͟ Ή͍ͭ͊ͨͦ ͍͔͚ͫͦ Ή͍ͦ͡Όͼ͙͙Υ ͙͙ͤ͒ͯͫͭͪ͊͡Έͤ·͚Σ 
͙͙ͨͦͫͭͤ͒ͯͫͭͪ͊͡Έͤ·͚ ͙ ͍͔ͫͭͯͨ͊ͭ ͍ Ήͭ͊ͨ NBICS ͟ ͍͔͎͔ͦͤͪͤͼ͙͙Φ 

˿͔͎ͦ͒ͤΎ ͣͦ͗ͤͦ ͙͍ͦͤͫͭ͊ͭͪͦ͊ͭ͟ΈΣ ;ͭͦ ͍͔͔ͫͦͪͣͤͤ͊Ύ ͼ͙͍͙͙͊͘͡ͼ͙Ύ ͤ͊ͻ͙ͦ͒ͭͫΎ 
ͤ͊ ͔͔ͨͪͦͣͤͦͣ͡ Ή͔ͭ͊ͨ ͍͔͎ͫͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ ̏ͭͦ ͔͙͔ͨͦͦ͗ͤ͡ ͍͒͊ͤͦ ͔ͯ͗ ͦ͋ͫͯ͗͒͊Όͭ 
ͺ͙ͦͫͦ͡ͺ·Σ ͫͦͼ͙͎͙ͦͦ͡Σ ͙͙͙ͫͭͦͪ͟Φ ˤ͙͙͒ͣͦΣ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͔ͣͤΎͭΈ ͔͎͙ͫͭͪ͊ͭΌ 
͍͙͙ͪ͊ͭ͘ΎΣ ͨͦͫͦ͟͡Έͯ͟ ;͔͍͔ͦ͡;͔͍ͫͭͯ ͎͔ͯͪͦ͗͊ͭ ͔͙͔ͦ͋ͦͫͭͪͤ ͎ͦ͋͊͡͡Έͤ·ͻ ͙͙͍ͪͫͦ͘͟Φ 
˹ͦ ͍͙͔ͦͤ͊ͭ͘͟ ͍ͦͨͪͦͫΥ ;ͭͦ ͦͤ͊͘;͔͊ͭ ͙͔͔͙͔ͣͤͤ͘ ͔͎͙͙ͫͭͪ͊ͭ ͍͙͙ͪ͊ͭ͘ΎΚ ˻͋·;ͤͦΣ 
͍͔ͦͭ;͊Ύ ͤ͊ ͔͎ͤͦΣ ͎͍ͦͦͪΎͭ ͦ͋ ͙͔͔͙͙ͣͤͤ͘ ͼ͔͔͚͡Φ ˹ͦ ͊͘ ͊͗͒͟·ͣ ͤ͊͋ͦͪͦͣ ͼ͔͔͚͡ 
ͫͭͦΎͭ ͼ͔͙ͤͤͦͫͭΦ ͔̇ͤͤͦͫͭΈ ς Ήͭͦ ͦ͋Ά͔͙͍ͭͤ͊͟Ύ ͤ͊͘ ;͙ͣͦͫͭΈ ͎ͣͤͦͦͦ͋ͪ͊ͤ͘·ͻ 
͔͍ͦͣͨͦͤͤͭͦ͟ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭΣ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͦͭͦͪ͟·ͻ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ  
͔ͨͦͭͪ͋ͤͦͫͭΎ͙ͣ ͙ ͙͔͔͙ͤͭͪͫ͊ͣ ͫͯ͋Ά͔͍ͭͦ͟ ͦ͋΅͔͍ͫͭ͊ ό͍ͫͦ͋ͦ͒͊Σ ͡Ό͍͋ͦΈΣ 
͙͙ͫͭͤ͊Σ ͍ͭͦͪ;͔͍ͫͭͦΣ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡ΈΣ ͒ͦ͋ͪͦΣ ͍͔ͫͦͫͭΈ ͙ ͭΦ͒ΦύΦ ͔͙̇ͤͤͦͫͭ 
ͫ͊ͤ͟ͼ͙͙ͦͤͪͯΌͭ ͭͦͭ ͙͙͡ ͙͚ͤͦ ͙ͭͨ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ ͙ͨͪͫͯ΅͙͔ ͔ͣͯ ͼ͔͙͡Φ ˮ ͎ͭͦ͒͊ 
͍ͦͨͪͦͫ ͦ ͔͎͙͙ͫͭͪ͊ͭ ͍͙͙ͪ͊ͭ͘Ύ ͍͔͔͚ͫͦͪͣͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͭͪ͊ͤͫͺ͙͔ͦͪͣͪͯͭͫΎ ͍ 
͔ͨͪͦ͋ͣͯ͡ ͼ͔͔͚ͤͤͦͫͭ ͙ ͙ͻ ͙͔͔͙͚ͣͤͤ͘Φ 

˻͙͒ͤͣ ͙͘ ͙ͤͻ Ύ͍͡Ύ͔ͭͫΎ ͙͔͙ͤͭͤͫͺ͙͊͟ͼ͙Ύ ͤ͊ͯ;ͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͍ͫΎ͊ͤͤ͘·ͻ 
ͫ ͙ͨͦͫͦͣ͟ ͭͦ;͔͟ ͪͦͫͭ͊ ͍ͤͦ·ͻ ͼ͔͔͚ͤͤͦͫͭ [16, 29]Φ ͙̏ͭ ͭͦ;͙͟ ͪͦͫͭ͊ ͎ͣͦͯͭ 
͍͙ͦͤ͊ͭ͘͟Έ ͍ ͡Ό͋·ͻ ͫͺ͔ͪ͊ͻ ͯ͟͡Έͭͯͪ· ς ͔ͤ ͭͦ͡Έͦ͟ ͍ ͔ͤ͊ͯ͟ ͙ ͍͔͔͚ͫͦͪͣͤͤͦ 
͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͤͦ ͙ ͍ ͙͙ͨͦͭ͡;͔ͫͦͣ͟ ͙ ͍͍ͨͪ͊ͦͦͣ ͙͙ͫͦͤ͊ͤ͘Σ 
͔͙͎͙͙ͪ͡Σ ͍͍͔͙ͤͪ͊ͫͭͤͤͦͫͭΣ ͙͍͔ͫͯͫͫͭ͟Σ ͺ͙ͦͫͦ͡ͺ͙͙Φ ˮͻ ͤ͊͒ͦ ͍·Ύ͍͙ͭΈ ͙ 
͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͭ͘͡ΈΣ ͤ͊ͫͦ͟͡Έͦ͟ ͙ͦͤ ͙͔͗ͤͫͨͦͫͦ͋ͤ͘· ͙ ͙͔͊͟͟ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͎ͣͦͯͭ 
͍·͍͊ͭ͘ΈΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ;͔͍͔ͦ͡;͔͍ͫͭͦ ͦ͊͊ͦͫ͘͟͡Έ ͔͔ͨͪ͒ ͎͍͙ͣͤͦͦ͊ͪ͊ͤͭͤ·ͣ 
͍·͋ͦͪͦͣ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͙ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͼ͔͔͚ͤͤͦͫͭ ͍͔͚ͫͦ Ή͍ͦ͡Όͼ͙͙Φ ˤ ;͔ͣ ͙ͻ 
ͫͯͭΈΚ ˴͍͊ͦ͟ ͍·͋ͦͪ ͔ͨͪ͒ͨͦ;͙͔͔ͭͭͤ͡Κ 

̂ ;͔͍͔ͦ͡;͔͍ͫͭ͊ ͔ͫͭΈ ΄͊ͤͫ ͚͙ͤ͊ͭ ͍·ͻͦ͒ ͙͘ ͎ͦ͋͊͡͡Έͤ·ͻ ͙͙͍ͪͫͦ͘͟Σ ͤͦ ͒͡Ύ 
Ή͎ͭͦͦ ͙͔ͨͪ͒ͭͫΎ ͚͙ͨͪͦͭ ;͔͔ͪ͘ Ήͨͦͻͯ ͒ͯͻ͍͚ͦͤͦ ͔ͪͺͦͪͣ͊ͼ͙͙ ͙ ͍·͙ͪ͊͋ͦͭ͟ ͍͚ͤͦͦ 
͙͔ͫͫͭͣ· ͼ͔͔͚ͤͤͦͫͭΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͍·͘·͍͊Όͭ ͙͔ͭ͊͟ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ 
ͼ͔͙ͤͤͦͫͭ, ͟ ͦͭͦͪ·͔Σ ͤ͊ ͤ͊΄ ͍͎͘͡Ύ͒Σ ͦ͋ͪ͊ͯ͘Όͭ ͙͎͙͊ͫͦͦ͟͡;͔͔ͫͦ͟ 
͍͙͔ͦͫͤͦ͊ͤ ͤ ͍͚ͦͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ˻͍ͫͤͦͤ͊Ύ ͼ͔ͤͤͦͫͭΈ ς ͙͗ͤ͘Έ ;͔͍͔ͦ͊͟͡, 
͔ͦͭ͒͡ΎΌ΅͊Ύ ͼ͙͍͙͙͍͔ͦ͊ͤͤͦ͘͡ ͙͔͚͍͗ͤͯͫͭͪͦͫͭͦ͘ ͫͦͦ͋΅͔͍ͫͭ ͡Ό͔͚͒ ͦͭ 
͒ͦͼ͙͍͙͙͍͎ͦ͊ͤͤͦͦ͘͡Φ ˬ͙ͭΈΣ ͫͯ΅͔͍͍ͫͭͦ͊ͭΈ ͤ͊ ͤ͊΄͔͚ ͔͔ͨ͊ͤͭ͡Σ ͍͙͋ͪ͊ͭΈ 
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ͦͪͯ͗͊͟Ό΅͙͚ ͙ͣͪ ͍ ͍͖ͫͦ ζ̒η ͙ ͙ͯ͘͡;͊ͭΈ ͍ ͙ͣͪΣ ͍͔ͫΣ ;͔ͣ ͭ· ͎͋ͦ͊ͭΣ ς Ήͭͦ ͔͍ͨͪ͊Ύ 
͔ͨͪ͒ͨͦͫ·͊͟͡Σ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤͦ ͍͙͔ͯͫͦ͡ ͡Ό͋·ͻ ͎͙͒ͪͯͻ ͼ͔͔͚ͤͤͦͫͭΦ 

ˬ͙ͤ͘ΈΣ ͤ͊ ͦͭͦͪͯ͟Ό ;͔͍͔ͦ͟͡ ͙͔͔ͣͭ ͍ͨͪ͊ͦΣ ς Ήͭͦ ͍͔ͨͦͤͦͪͦͤͦ͟͡ ͋·͙͔ͭ ͙ 
ͨͦͤͦ͡ͼ͔͔ͤͤͦ ͍͔͍͔͙͔ͯ͒ͦͭͦͪͤ͡ ͍͔ͫͻ ͔ͪ͊͡Έͤ·ͻ ͙͙ͫͭͦͪ;͔͙ͫ͟-͔ͦͤͪͭͤ͟͟·ͻ 
͔͔͚ͨͦͭͪ͋ͤͦͫͭΣ Ήͭͦ ͪ͊ͫͪ͟·͙͔ͭ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͙͔ͫͦ͒͊ͭ͘͡Έͤ·ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘Σ 
͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͚ͫͨͦͫͦ͋ͤͦͫͭ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͍͔͊ͪ͘΄͊Ύ ͙͔͗ͤͤͤ͘·͚ ͨͯͭΈΣ 
͊͗͒͟·͚ ͎ͣͦ ͫ͊͊ͭ͘͟Έ ς Ύ ͔ͫ͒͊͡͡ ͍ Ήͭͦͣ ͙͔ͣͪ ͍͔ͫΣ ;ͭͦ ͎ͣͦΣ Ύ ͙͗͡ ͔ͤ ͪ͘ΎΦ  
̉ͭͦ͋· ͙͗ͤ͘Έ ͼ͍͔͊͡Σ ͎͔ͨͪͦͪͫͫ ͨͪͦ͒ͦ͗͊ͫ͡͡ΎΣ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͎͙͔ͫͦ͊ͫ͡Σ 
͎͙͊ͪͣͦͤ͊͘ͼ͙Ύ ͦͭͤͦ΄͔͙͚ͤΣ ͔͔͙͍͔ͭͪͨͦ͡ ͤ͊ͻ͔͙͔ͦ͗͒ͤ ͎͍͙ͫͦ͊ͫͦ͊ͤ͡Ύ ͔͙͚ͣͤͤΣ 
͍͙͙͔͔͊ͣͦͨͪͣͣ͘͡·ͻ ͒͡Ύ ͪ͊ͤ͘·ͻ ͎͍ͦͫͯ͒͊ͪͫͭ ͙ Ή͍ͭͤͦͫͦΣ ͍͊ͫͫͦ͟͡ ͙ ͫͦͼ͙͊͡Έͤ·ͻ 
͎ͪͯͨͨΦ 

ˮ͔͒͊͡ ͙͙͗ͤ͘ ͙ ͍ͨͪ͊ͦ ͤ͊ ͙͗ͤ͘Έ ͍͟͡Ό;͊Όͭ ͍ ͔ͫ͋Ύ ͼ͔ͦͫͭͤͯ͡Ό ͙͔ͫͫͭͣͯ 
͍͍͔ͤͪ͊ͫͭͤͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͙ ͍͍ͨͪ͊ͦ·ͻ ͦͭͤͦ΄͔͙͚ͤΦ ˤͦͨͪͦͫ ͦ ͍͔͙ͨͪ͊ͦͣͪͤͦͫͭ 
͔͚ͫͣͪͭͤͦ ͙͊ͤ͘͟Σ ͦ͋ ͍͙ͯͫͦ͡Ύͻ ͔͖ ͚ͨͦͤͦ͡ ͔ͦͭͣͤ·Σ ͙͔͒Ύ Ή͍͙͙ͭ͊ͤ͊͘Σ  
͙ͨͪͤͼ͙ͨ ͙͡;͚ͤͦ ͔͙͍͔͙ͤͨͪͦͫͤͦͤͤͦͫͭ͟Σ Ή͙ͭ;͔͙͔ͫ͟ ͔ͣͦͣͤͭ·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ 
͔͔͚ͨͪͫ͊͒ͦ͟ ͎͍ͦͪ͊ͤͦΣ ͔͙ͪ͊ͤͣ͊ͼ͙ͦͤͤ·͙ͣ ͨͪͦͼ͔͙͒ͯͪ͊ͣ ͙ ͔͔͙͍͙ͨͪͫͨͭ͊ͣ͟ ͎͔͚ͤͤͦ 
͙͔͔͙͙ͤ͗ͤͪ ς ͍͔ͫ Ήͭͦ ͍͔ͫͦͦ͋ͪ͊ͤ͘·͔ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͔ͨͪͦ͋ͣ͡· ͍ ͦͫͣ·͔͙͙ͫͤ͡ 
͍ͨͪ͊͊ ͤ͊ ͙͗ͤ͘ΈΦ 

ˮͭ͊͟Σ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͍͚ͦͫͤͦͤͦ ͔ͭͪͤ͒ ς ͪͦͫͭ ͼ͔͙ͤͤͦͫͭ ;͔͍͔ͦ͡;͔͚ͫͦ͟ 
͙͙͗ͤ͘Φ ̏ͭͦͭ ͔ͭͪͤ͒ ͍·͔ͪ͊͗͊ͭͫΎ ͍ ͙͔͙͙ͫͤ͗ͤ ͍ͯͪͦͤΎ ͙͙ͤ͊ͫ͡ΎΣ ͯ͟͡Έ͔ͭͯͪ 
͔͙͋ͦͨ͊ͫͤͦͫͭ͘Σ ͔͊͋ͦͭ͘ ͦ ͙͙͗ͤ͘ ͎͙͒ͪͯͻ ͡Ό͔͚͒ ͙ ͔͔͙ͫͭͪͣͤ͡Ό ͟ ͔͙ͨͪͦ͒ͤ͡Ό ͙͙͗ͤ͘Φ 
ˮ͔ͣͤͤͦ ͔͚ͫ;͊ͫ ͍͊͗ͤͦ ͙͔͙ͣͤͭ͘Έ ͙͙͔ͨͪͦͪͭͭ ͼ͔͔͚ͤͤͦͫͭ ͍ ͙͙ͫͦͤ͊ͤ͘ ;͔͍͔ͦ͊͟͡ ͍ 
ͨͦ͡Έͯ͘ ͔ͭͻΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͒͊ͭΈ ͔͔͙͔͋ͫͫͣͪͭ ͙ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͔͋͗͊ͭ͘Έ 
͎ͦ͋͊͡͡Έ͚ͤͦ ͊ͭ͊ͫͭͪͦ͟ͺ·Φ ˨͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͔͔͙͋ͫͫͣͪͭΎ ͎͍͚͊ͤͦ͡ ͼ͔ͤͤͦͫͭΈΌ 
͒ͦ͗ͤ͊͡ ͫͭ͊ͭΈ ͙͔͒Ύ ͫ͊ͣͦͫͦͻ͔͙ͪ͊ͤͤΎΦ 

ˬ͙ͤ͘ΈΣ ;ͭͦ͋· ͋·ͭΈ ͔͚͍͙͔͒ͫͭͭ͡Έ͚ͤͦ ͼ͔ͤͤͦͫͭΈΌΣ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͍͚ͫͦ͋ͦ͒ͤͦ. 
˴͍͊ͦͦ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤ Ή͚ͭͦ ͼ͔͙ͤͤͦͫͭΚ ˿͍ͦ͋ͦ͒͊ ς Ήͭͦ ͍ͦͣͦ͗ͤͦͫͭ͘Έ 
ͫ͊ͣͦͪ͊ͫͪ͟·͙ͭΎΣ ͔͙ͫ͊ͣͦͪ͊͊͘͡ͼ͙͙Σ ͔͚͍͙͒ͫͭΎ ͨͦ ͍͔ͫͦ͋ͫͭͤͤͦͣͯ ͔͙ͪ͊ͯͣͤ͘Ό ͙ 
͍͔͚ͫͦ ͍͔ͦ͡Φ ˻͋͊͒͊ͭ͡Έ ͍͚ͫͦ͋ͦ͒ͦ ͔ͤͨͪͦͫͭͦΣ ͙͋ͦ ͦͤ͊ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͍·͋ͦͪ ͙ 
͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈΦ ˹͔ ͫͯ͡;͚͊ͤͦ ̏Φ ̅ͪͦͣͣ ͍ͤ͊͊͘͡ ͦ͒ͤͯ ͙͘ ͍͙ͫͦͻ ͙͎ͤ͟ ζx ͔͎͍ͫͭͦ ͦͭ 
͍ͫͦ͋ͦ͒·ηΦ ˣ͔͘ ͍ͫͦ͋ͦ͒·Σ ͔͋͘ ͍·͋ͦͪ͊ ͙ͤ͊͊͟͟Ύ ͔͙ͣ͊ͭͪ͊͡Έͤ͊Ύ ͔͔ͦ͋ͫͨ;͔ͤͤͦͫͭΈΣ 
͍͒ͦͪͦ͘Έ͔ ͙ ͎͋͊ͦͨͦͯ͡͡;͙͔ ͔ͤ ͎ͣͦͯͭ ͒͊ͭΈ ͦ΅ͯ΅͔͙͔ͤ ͨͦͤͦͭ͡· ͙͙͗ͤ͘Φ ˾͙͊͘͡;ͤ· 
͎͙ͪ͊ͤ ͍͎ͫͦ͋ͦ͒ͤͦͦ ͍·͋ͦͪ͊Υ ͦͭ ͍ͫͦ͋ͦ͒· ͭͪͯ͒͊ ͒ͦ ͍ͫͦ͋ͦ͒· ͣ·͙ͫ͡Σ ͦͭ ͍ͫͦ͋ͦ͒· 
͔ͪ΄͊ͭΈ ͒ͦ ͍ͫͦ͋ͦ͒· ͔͚͍͍͒ͫͭͦ͊ͭΈΦ 

˿͔͎ͦ͒ͤΎ ͍ͫͦ͋ͦ͒͊ ͍·͋ͦͪ͊ ͍·΄͊͡ ͊͘ ͎͙ͪ͊ͤͼ· ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͔͙͚ͨͦ͋ͯ͗͒ͤΦ 
˻ͤ͊ ͫͭ͊͊͡ ͍͔͚͊͗ͤ΄͔͚ ͼ͔ͤͤͦͫͭΈΌΣ ͍ͨͪ͊ͦͣ ͤ͊ ͍·͋ͦͪ ͒͡Ύ ͍ͤ͊ͪͦ͒ͦ ͍ 
͎͍͙ͣͤͦͦ͊ͪ͊ͤͭͤͦͣ ͍͔ͪ͊ͪͭ͘·͍͙͙͊ͤ ͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊Σ ͔͔͙ͦ͋ͪͭͤΎ 
ͫ͊ͣͦ͋·͎ͭͤͦͦ ͦ͋ͪ͊͊͘ ͙͙͗ͤ͘Σ ͍͔ͫͦͦ͋ͪ͊ͤ͘·ͻ ͼ͔͔͚ͤͤͦͫͭΣ ͍͔͎ͫͦ͋ͫͭͤͤͦͦ ͫͦͼ͙͊͡Έͤͦ-
Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͚͍ͯͫͭͪͦͫͭ͊Σ ͍͔͚ͫͦ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙͔ͫͫͭͣ·Φ ˿͍ͦ͋ͦ͒͊ 
͙ͤͺͦͪͣ͊ͼ͙͙ ͙ ͍ͦͤͭ͊ͭͦ͟͟ ͔ͣ͗͒ͯ ͡Ό͒Έ͙ͣΣ ͍ͨͪ͊ͦ ͍·͙͋ͪ͊ͭΈ ͔ͣͫͭͦ ͙͔͗ͭ͡Έ͍ͫͭ͊Σ 
ͨͪͦͺ͔͙ͫͫΌΣ ͍ͫͦ͋ͦ͒͊ ͍·͔͒͊͘ ͙ ͍͍ͦͪ͊͘΅͔͙ͤΎ ͤ͊ ˾͙ͦ͒ͤͯΣ ͍ͫͦ͋ͦ͒͊ ͤ͊ͯ;͎ͤͦͦ 
͙ͨͦͫ͊͟ ͙ ͍ͭͦͪ;͔͍ͫͭ͊Σ ͍ͫͦ͋ͦ͒͊ ζ͋ ·ͭΈ ͙ͫ͊ͣͣ ͚ͫͦ͋ͦηΦ ˤ͔ͫ Ήͭͦ ͙ Ύ͍͡Ύ͔ͭͫΎ 
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͍ͦͫͤͦͤ·͙ͣ Ή͔͔͙ͣͤͭ͊ͣ͡ ͼ͔͙ͤͤͦͫͭ ͍ͫͦ͋ͦ͒͊Φ ˤ ͙͍ͣͪͦͦͣ ͫͦͦ͋΅͔͍͔ͫͭ ͔͎ͫͦ͒ͤΎ 
͔ͪͦ͘͟ ͪ͊ͫ΄͙͔ͪͤ· ͎͙ͪ͊ͤͼ· ͔ͪ͊͡Έ͚ͤͦ ͍ͫͦ͋ͦ͒·Φ ͔̂ͣͭΈ ͍͔͍͔ͦͭͭͫͭͤͤͦ 
ͨͦΈ͍ͦ͊ͭ͘͡ΈͫΎ ͍͚ͫͦ͋ͦ͒ͦ ς Ήͭͦ ͦ͒ͤ͊ ͙͘ ͍͔͚͊͗ͤ΄͙ͻ ͊͒͊͘;Φ 

˿͍ͦ͋ͦ͒͊ ς Ήͭͦ ͔ͨͪ͒ͨͦͫ·͊͟͡ ͙ ͍͙͔ͯͫͦ͡ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͚ͭ͊ͦ͟ ͼ͔͙ͤͤͦͫͭ ͊͟͟ 
͙͍͒ͦͫͭͦͤͫͭͦΦ ˨͙͍ͦͫͭͦͤͫͭͦΣ ͊͟͟ ͙ ͍ͫͦ͋ͦ͒͊Σ ͍͍ͦ͘·΄͔͊ͭ ;͔͍͔ͦ͊͟͡ ͤ͊͒ ͙ͣͪͦͣ 
͎͙͒ͪͯͻ ͫͯ΅͙ͻΣ ͔͔͒͊ͭ͡ ͔͎ͦ ͣ·ͫ͡Έ ͙ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͙͚ͨͦ͒ͤͤͦ͡ ͍͔ͪ΄͙͚ͤͦ ͋·͙ͭΎΦ 
ˮ͔ͣͤͤͦ ͦͤͦ ͍͔͔ͯͭͪ͗͒͊ͭ ͍ͪ͊ͤͦͼ͔ͤͤͦͫͭΈ ͡Ό͔͚͒ ͎͒ͪͯ ͎͒ͪͯͯΣ ͍͔͙͡;͙͔ ͙ 
͙ͯͤ͊͟͡ΈͤͦͫͭΈ ͚͊͗͒ͦ͟ ͙͡;͙ͤͦͫͭΦ ˹͔͔͙ͭͪͨͣͦͫͭΈ ͟ ͡Ό͋·ͣ ͺͦͪͣ͊ͣ 
͔͚ͦ͒ͤͦͫͭͦͪͦͤͤ ͍͙͙͙͊ͫͣͦͫͭ͘Σ ͙͙͔͙ͨͪͤ͗ͤΎ ͙ ͙͔͙ͯͤ͗ͤΎΣ ͙͙͙͒ͫͪͣͤ͊͟ͼ͙͙ ͙ͦ͒ͤͻ 
͡Ό͔͚͒ ͎͙͙͒ͪͯͣ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͙͍͒ͦͫͭͦͤͫͭ͊Φ ˨͙͍ͦͫͭͦͤͫͭͦ 
͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͍͙͔ͦͭͫͯͭͫͭ ͙͙ͤ͊ͫ͡Ύ ͙ ͫͭͪ͊ͻ͊Σ ͔͍͙͙ͤͤ͊ͫͭΣ ͔ͫͤͦ͟ͺ͙͙ͦ͋  
[1, 694ς695]. 

˨͙͍ͦͫͭͦͤͫͭͦ ς Ήͭͦ ͍ͫͨ͊͡ ͪ͊ͯͣ͊͘ ͙ ͍͔͙ͫͦͫͭΣ Ήͭͦ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͒͡Ύ ͎͊͗͒ͦͦ͟ 
͙͔ͣͭΈ ͭͦͭ ͎ͪͯ͟ ͍͔͔͎ͤͯͭͪͤͤͦ ͙ͣͪ͊Σ ͯ͒͊͟ ͦͣͯ͟ ͋· ͭͦ ͙ͤ ͋·ͦ͡ ͍ͻͦ͒ ζ͋ ͔͘ 
͔ͪ͊ͪ͘΄͔͙ͤΎη ͍͔ͦͫͨͪ΅͔ͤΦ ̏ͭͦ ζͣ ͚ͦ ͙ͣͪη, ͖ͣͦ ͍͔͔ͫͦͪͦͤͤͦ͟Σ ͙ͤͭͦ͟ ͙ ͙ͤ;ͭͦ ͔ͤ 
͔ͣͦ͗ͭ ͣͤͦΌ ͨͦͣ·͊ͭ͟ΈΦ ˨͙͍ͦͫͭͦͤͫͭͦ ς ͯ ͔͙͔ͣͤ ͫͦͻͪ͊ͤΎͭΈ ͨͦͪΎ͒ͦ;ͤͦͫͭΈ ͍ ͡Ό͋·ͻ 
͙ͫͭͯ͊ͼ͙ΎͻΦ ˻΅ͯ΅͔͙͔ͤ ͍͔͎ͫͦ͋ͫͭͤͤͦͦΣ ͍·͎ͫͦͦͦ͟ ͙͍͒ͦͫͭͦͤͫͭ͊ ς ͍ͦͭ ;ͭͦ ͔͚ͫ;͊ͫ 
ͤͯ͗ͤͦ ͡Ό͒ΎͣΥ ͙ ˾ͦ͒ͯΣ ͙ ͊͗͒ͦͣͯ͟ ͤ͊ͪͦ͒ͯΣ ͙ ͊͗͒ͦͣͯ͟ ;͔͍͔ͦͯ͟͡Φ 

͔͍͔̉ͦ͡;͔͔ͫͦ͟ ͙͍͒ͦͫͭͦͤͫͭͦ ς ζΧͣͦͪ͊͡Έͤ·͚ ζ͙ ͫͭͦ;͙ͤ͟ηΣ ͦͭͯ͒͊͟ 
͙ͨͦ͒ͨͭ·͍͔͊ͭͫΎ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͍͔ͫͻ ͍ͦͫͤͦͤ·ͻ ͍ͨͪ͊η ς ͍ͨͪ͊ ͊ ͤ͊ ͍ͫͦ͋ͦ͒ͯΣ 
ͫͦͼ͙͊͡Έͤ·͔Σ ͯ͟͡Έͭͯͪͤ·͔ ͍ͨͪ͊͊ ͙ ͎͙͔͒ͪͯΣ ͍ ͙ͻ ͍͍͔͙͙ͪ͊ͤͦͫΣ ͙͔͔ͫͤͭ͘ ͙ 
͔͔͙͙ͤ͒ͣͦͫͭ͡Σ ͔͋͘ ͍·͔͔͙͒ͤ͡Ύ ͙͊͟͟ͻ-͙͋ͦ͡ ͙͘ ͙ͤͻ ό͙͔ͤ͊ͨͪͣͪΣ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻύ ͊͟͟ 
͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤ·ͻΦ ˨͙͍ͦͫͭͦͤͫͭͦ ;͔͍͔ͦ͊͟͡ ͔ͭ͊͗͟ ͦͤ͊͘;͔͊ͭ ͔͍͔ͤͫͪ͊ͤͤͤͯΌ 
ͼ͔ͤͤͦͫͭΈ ͎͊͗͒ͦͦ͟ ͙͙͍͙ͤ͒͒͊Σ ͎͊͗͒ͦͦ͟ ͔ͦͭ͒͡Έ͎ͤͦͦ ;͔͍͔ͦ͊͟͡ ͍ ͔͎ͦ ͍ͫΎ͘Ύͻ ͔ͣ͗͒ͯ 
͡Ό͒Έ͙ͣΦ ˴ͦͤͼ͔ͨͭ ͙͍͒ͦͫͭͦͤͫͭ͊ ;͔͍͔ͦ͊͟͡Σ ͨͦ ͔̆͊͋ͪͣ͊ͫͯΣ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͍ͦͫͤͦͯ 
ͫͭ͊ͭͯͫ͊ ͎ͪ͊͗͒͊ͤΣ ͍͙͊ͣͤͦ͘ ͙ͨͪͤ͊͘Ό΅͙ͻ ͎͒ͪͯ ͎͒ͪͯ͊ ͍ ͊͟;͔͍͔ͫͭ ͫͯ͋Ά͔͍ͭͦ͟ ͍ͪ͊ͤ·ͻ 
͍ͨͪ͊ ώмпΣ мрςмтϐΦ ˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͔ͯ͗ ͍ ͔ͤͣ ͔͙ͫͦ͒ͪ͗ͭͫΎ ͍͙͔ͦͫͤͦ͊ͤ ͤ ͔͙͙ͤ͊ͫ͡Ύ 
͊͟͟ ͍·ͫ΄͔͎ͦ Ή͙ͭ;͔͎ͫͦͦ͟ ͙ͨͪͤͼ͙ͨ͊ ͙͙͡ ͊ͦͤ͊͘͟ ͦͭͤͦ΄͔͙͚ͤ ͔ͣ͗͒ͯ ͙͙͍͙͙ͤ͒͒͊ͣΣ 
͙ͻ ͫͦͦ͋΅͔͍͙ͫͭ͊ͣΣ ͙ͫͭͪ͊ͤ͊ͣ ς ͊ͦͤ͊͘͟Σ ͦͭͦͪ͟·͚ ͔ͤ ͔͒ͦͨͯͫ͊ͭ͟ ͙ͫ͟͡Ό;͔͙͚ͤΣ ͊ ͍ 
͙ͨͪ͊ͭ͟;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͔͙ͤͤ͊ͫ͡Έ͍͔͔ͫͭͤͤͦ ͙͍͔͙͔ͫͦͨͪͦͭͤ͡Φ 

˨͙͍ͦͫͭͦͤͫͭͦ ͙ ͍ͫͦ͋ͦ͒͊ ͍͙͙͊ͣͦͨͪͦͤ͊͘͟Όͭ ͎͒ͪͯ ͍ ͎͒ͪͯ͊Φ ˣ͔͘ ͍ͫͦ͋ͦ͒· ͔ͤͭ 
͙͡;͙ͤͦͫͭΣ ͔ͤͭ ;͔͍͔ͦ͡;͙ͤͦͫͭΣ ͔ͤͭ ͙ ͙͍͒ͦͫͭͦͤͫͭ͊Φ ̏ͭͦ ͻͦͪͦ΄ͦ ͔΅͔ ͙ͨͦͤͣ͊͡ 
ˮΦ˴͊ͤͭΣ ͍ͫ͊͊͘͟΄͙͚Σ ;ͭͦ ͙͍͒ͦͫͭͦͤͫͭͦ ͍·΄͔ ͍ͫΎ͚ͦ͟ ͼ͔ͤ·Σ ;ͭͦ ͍ͫͦ͋ͦ͒͊ ͔ͫͭΈ 
͍͙͔ͦͫͤͦ͊ͤ ͙͍͒ͦͫͭͦͤͫͭ͊ ;͔͍͔ͦ͊͟͡ ͙ ͍ͫΎ͎ͦͦ͟ ͎ͪ͊ͯͣͤͦͦ͘ ͔͔͍ͫͭͫͭ͊Φ 

ˤ͔͚͊͗ͤ΄͔͚ ͼ͔ͤͤͦͫͭΈΌ ͍͔͔͙ͫͦͪͣͤͤͦͫͭ ͍·͔ͫͭͯͨ͊ͭ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡ΈΦ ˹͙;ͭͦ 
͔ͤ ͍ͦͣͯ͘΅͔͊ͭ ͋ͦ͡Έ΄͔Σ ;͔ͣ ͔ͤ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡ΈΦ ˿͍͔͙͍ͨͪ͊͒ͦͫͭ͡Έ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ 
͊͗͒ͦͣͯ͟ ͊͘΅͙ͭͯ ͔͎ͦ ͙͙͗ͤ͘Φ ˿͍ͦ͋ͦ͒͊ ͙ ͙͍͒ͦͫͭͦͤͫͭͦΣ ͔͖ ͔͙ͪ͊͊͘͡ͼ͙Ύ ͔ͫͦ͒͊ͭ͘ 
͍͔͔ͯͪͤͤͦͫͭΈ ͍ ͨͪͦ;͙ͤͦͫͭ ͙͔͗ͤͤͤ͘·ͻ ͔͍ͯͫͭͦΣ ͔͙ͤ͊͒͗ͤͦͫͭ ;͔͍͔ͦ͡;͔͙ͫ͟ͻ 
ͦͭͤͦ΄͔͙͚ͤΣ ͔͒͊ͭ ͍·͙͔ͫͦ͟ ͫͦͼ͙͊͡Έͤ·͔ ͎͙͙͊ͪ͊ͤͭΦ ˽͔ͦ͋͗͒͊Ό΅͊ΎΣ ͔͙͔ͪ͊ͯͣ͊͘͡Ύ 
͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡Έ ς Ήͭͦ ͭͦͭ ͙͔͒͊͡ ;͔͍͔ͦ͡;͔͍ͫͭ͊Σ ͊͘ ͦͭͦͪ͟·͚ ͙ͫͭͦͭ ͋ͦͪͦͭΈͫΎΦ 
˻͔͙͔͋ͦͫͭͪͤ ͎ͦ͋͊͡͡Έͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͤ͊΄͔͎ͦ ͍͔͔͙ͪͣͤ ͙͙ͯͫͦ͡͡ ͍͙͙͔ͤͣ͊ͤ ͟ 
͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Φ ˿͍͔͙͍ͨͪ͊͒ͦͫͭ͡ΈΣ ͊͟͟ ͙ ͍ͫͦ͋ͦ͒͊Σ ͙ͦ͊͊ͫ͘͟͡Έ ͍ ͼ͔͔ͤͭͪ ͙͔͚͚͒ͤͦ 
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͔͙͙ͨͦͣ͟͡Σ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ·ͻ ͍ͫͨͦͪͦ ͙ ͦ͋΅͔͍͔ͫͭͤͤͦ-͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͨͦͭͪΎ͔͙͚ͫͤΦ 
˹͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͔͖ ͦͫͣ·͔͙ͫͤ͡Ύ ͫͭ͊͊͡ ͍͔͚͊͗ͤ΄͔͚ ͊͒͊͘;͔͚ ͙ ͒͡Ύ ͍͎ͣ͊ͫͫͦͦͦΣ ͙ 
͒͡Ύ ͔͔͙ͭͦͪͭ;͔͎ͫͦͦ͟ ͙ͫͦͤ͊ͤ͘Ύ 

ˮ͔ͣͤͤͦ ͨͦΉͭͦͣͯ ͍͔ͦͪ͊ͫͭ͊ͭ͘ ͪͦ͡Έ ͙ ͤ͊͘;͔͙͔ͤ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ͍ ͍͙͙͙ͪ͊ͭ͘ 
͍͔͎ͫͦ ͙͍͎ͣͪͦͦͦ ͫͦͦ͋΅͔͍ͫͭ͊Φ ˽͙͍ͪͤ͊͊͘Ύ ͤ͊͘;͙ͣͦͫͭΈ ͦ͋΅͔;͔͍͔ͦ͡;͔͙ͫ͟ͻ 
ͼ͔͔͚ͤͤͦͫͭΣ ͔ͤ͡Έ͘Ύ ͔ͤ ͙ͦ͋ͪ͊ͭͭΈͫΎ ͟ ͙͔͔͒ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Σ ͍·ͤͦ΄͔͚ͤͤͦ ͍͔͚ͫ 
͙͙͔͚ͫͭͦͪ ͫͦͼ͙ͯͣ͊Φ ˤ·ͫ΄͊Ύ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡Έ ς ͔͙͔ͫͨ͊ͫͤ ͙͙͗ͤ͘ ͤ͊ ͔͔ͣ͘͡Σ 
͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͍͔ͫͦ͋΅͔͎ͦ ͙ͣͪ͊ ͔͊͒͊ͭ͘ ͣ͊ͫ΄ͭ͊͋ ͙ ͊͟;͔͍ͫͭͦ ͡Ό͋·ͣ ͔ͪ΄͔͙ͤΎͣ ͍ 
ͫͦ͗ͤͦͣ͡ ͙͙͔͊͋ͪͤͭ͡ ͔͚ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͙͙͗ͤ͘Φ ͙͍͙͙͍̇ͦ͊ͤͤ͘͡·͔Σ ͙ͨͦ͒ͤͤͦ͡ 
͍͔͙͍ͫͨͪ͊͒͡·͔ ͦͭͤͦ΄͔͙ͤΎ ͍ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤͦͣ ͦ͋΅͔͙͙ͤ ͙ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭͦ ς Ήͭͦ 
͍͔͔͙͔ͤ͡ ͍͔͔͙ͪͣͤΦ ˽͙ͪ͘·͍ ͟ ͔͍ͭͦͪ͗ͫͭͯ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ͋·͡ ͙ ͔ͦͫͭ͊ͭͫΎ ͙ͦ͒ͤͣ 
͙͘ ͫ͊ͣ·ͻ ͣͦ΅ͤ·ͻ ͙ ͙ͨͪͭΎ͎͔͊ͭ͡Έͤ·ͻ ͤ͊ ͔͔ͣ͘͡Φ ˣͦͪΈ͋͊ ͊͘ ͔ͨͦ͋͒ͯ ͙͔͒͊͊͡ 
͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ͍ ͔͒͊͡ͻ ;͔͍͔ͦ͡;͔͙ͫ͟ͻ ͍͔ͦͦͪͯ͗͊ͭ ͍͔ͫ ͡Ό͔͚͒ ͚͒ͦ͋ͪͦ ͍͙ͦ͡ 
͔͍ͣͯ͗ͫͭͦͣ  ͙ ͔͚ͤ͊͒͗͒ͦΣ  ͍·͙ͫͦͣ͟ ͎͙ͯͣ͊ͤͣͦͣ͘Φ 

˹͔͙͙͔ͤ͊ͫ͡ ͍  ͦͭͤͦ΄͔͙ͤΎͻ ͔ͣ͗͒ͯ ͡Ό͒Έ͙ͣΣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͔ ͫ͊ͣͦͼ͔͙ͤͤͦͫͭ 
͙ͻ ͙͙͗ͤ͘ ͙ ͙͍͒ͦͫͭͦͤͫͭ͊Σ Ύ͍͡Ύ͔ͭͫΎ ͔͙ͦͤͪͭ͊͘͟͟ͼ͙͔͚ ͎ͦͦͭͦͦ͘͡ ͍͙ͨͪ͊͊͡ 
͍͍͔͙ͤͪ͊ͫͭͤͤͦͫͭ ώоΣ рнς53]. ˿͔ͣΈΎ ͊͟͟ ͍͚ͦͫͤͦͤͦ ͙͙ͤͫͭͭͯͭ ͍͙͍͍ͦͫͨͪͦͦ͒ͫͭ͊͘ 
ͼ͙͍͙͙͊͘͡ͼ͙͙ ͙ ͍͔͎ͫͦ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͪͦ͒͊ ͙ ͊ͦͤͤͦͫͭ͘͟Έ ͊͟͟ ͍͔͔ͫͦͪͣͤͤ͊Ύ 
ͼ͔ͤͤͦͫͭΈ ͦ͋Ύ͔͊ͭ͘͡Έ͎ͤͦͦ ͒͡Ύ ͍͔ͫͻ ͔͍͙ͫ͒ͦ͊ͤ͡Ύ ͊ͦͤͯ͘͟Σ ͔ͭ͊͗͟ Ύ͍͡ΎΌͭͫΎ 
ͼ͔ͤͤͦͫͭΎ͙ͣ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͔͚ͨͪͦͣͤͦ͡ Ήͨͦͻ͙Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͨͦͯ͡;͔͊ͣ 
͍͔ͫͦͦ͋ͪ͊ͤͯ͘Ό ͙͔ͫͫͭͣͯ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΣ ͦͭͦͪ͊͟Ύ ͙͔͙͔ͦͪͤͭͪͯͭ 
;͔͍͔ͦ͡;͔͍ͫͭͦ ͤ͊ Ή͍ͦ͡Όͼ͙Ό ͍ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ˹ˣˮ˴˿ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ  

̏ͭͦ ͔͙͍͒ͤͫͭͦ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͼ͔͔͚ͤͤͦͫͭ ς ͙͚ͭͦͤ͟ ͙͎͙͊ͫͦͦ͟͡;͔͙͚ͫ͟ ͚ͫͦ͡ 
ͤͦͦͫͺ͔ͪ· ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ͫͨ͊ͫ͊Ό΅͙͚ ;͔͍͔ͦ͡;͔͍ͫͭͦ ͦͭ ͎͙͔ͯ͋ͭ͡Έ͎ͤͦͦ ͔͚͍͙͒ͫͭΎ 
͍͔͍͔͙ͫ͒ͦͦͤͤͦͫͭ͘͡Φ ˩͎ͦ ͙ͫͭͦͤ;͔͙͔ͤ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ό 
͙͎͙͊ͫͦͦ͟͡;͔͙ͫ͟ͻ ͒·ͪ ͍ ͤͦͦͫͺ͔͔ͪ ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ;͔͔ͪ͘ ͦͭͦͪ͟·͔ ͔͋ͯ͒ͭ ͙ͨͪͦͤ͊ͭ͟Έ 
ͦ͋ͯ͡;͔͙͔ͤ ͙ͫͦ͋͊ͤ͊ͣ͘͡ ͍͔͍͔͙ͫ͒ͦͦͤͤͦͫͭ͘͡Φ ˤ ͤͦͦͫͺ͔͔ͪ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͔ͯ͗ 
͔͔͔ͨ͊ͣͤͭ͡ ͍ͦͨͪͦͫΥ ˹ ͔ ͔͔ͤ͊ͣͪͤͦ ͙͡ ;͔͍͔ͦ͡;͔͍ͫͭͦ ͎͔ͫͦͪͭΈ ͍ Ύ͔͒ͪͤͦͣ ͊͒ͯ ͨͦ 
͍͔ͫͦ͋ͫͭͤͤͦͣͯ ͔͙͗͊ͤ͡Ό ͙͙͡ ͙͘-͊͘ ͔͎ͤͪ͊ͯͣͤͦͦ͘ ͙͔ͨͦͨͯͫͭͭ͡Έ͍ͫͭ͊Κ 

ˤͦͭ ͨͦ;͔ͣͯ ͙͍͔͊ͫͯ͗͊ͭ͘͡ ͚ͫ͊ͣͦ ΄͙͚ͪͦͦ͟ ͎ͨͪͦͨ͊͊ͤ͒· ͙͎͙͊ͫͦͦ͟͡;͔͙͚ͫ͟ 
͙͔͙͍ͣͨͪ͊ͭΣ ͙͔ͦ͗ͤͤ͘͡·͚ ˢΦˢΦ ˥͔͚͍ͯͫͤͦ·ͣ ͍ ͙͔͍ͤͭͪΈΌΣ ͔ͦͭͦͪͦ͟ ͦͤ ͒͊͡ ͍  
˹ΈΌ-˯͔ͦͪ͟ ͔ͤ͊͊ͤͯͤ͟ ͔ͭͪͭΈ͔͎ͦ ͭ·ͫΎ;͔͔͙ͭ͡ΎΥ ζʕ  ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͯ ;͔͍͔ͦ͡;͔͍ͫͭ͊ 
͔ͤͭ ͦ͋Ά͔͙͒ͤΎΌ΅͔͚ ͙͔͙͒Σ ͔ͤͭ ͦ͋΅͔͎ͦ ͣͦͪ͊͡Έ͎ͤͦͦ ͎͙ͦͪͦͤͭ͊͘Φ ̒ ͒ͯͣ͊ΌΣ ͙͔ͣͤͤͦ 
͔͙͙͔ͤͤ͊ͫ͡ Ύ͍͡Ύ͔ͭͫΎ ͚ͭ͊ͦ͟ ͙͔͔͚͒Φ ˹͔͙͙͔ͤ͊ͫ͡ ͔ͫͭΈ ͍ͤͦ͊Ύ ͒ͯͻ͍ͦͤͦ-͙ͨͪ͊ͭ͟;͔ͫ͊͟Ύ 
͍·ͫͦͭ͊Σ ͦͭͦͪͯ͟Ό ;͔͍͔ͦ͡;͔͍ͫͭͦ ͒ͦ͗ͤͦ͡ ͍͘ΎͭΈΦ ̏ͭͦ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· 
ͦͤͦ ͎ͫͣͦͦ͡ ͍·͙͗ͭΈΣ ͙ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͎ͫͣͦͦ͡ ͔͔ͯ͋ͪ;Έ ͙͔͙͒ͦͫͭ͗ͤΎ 
ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ̏ͭͦͣͯ ͔ͤͭ ͙͚ͤ͊ͦ͟͟ ͊͡Έ͔͙͍ͭͪͤ͊ͭ·η [3]. 

˨͊ ͡Έ͔͚ͤ΄͔͔ ͍͙͙͔ͪ͊ͭ͘ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍͙ͨͦͫͭ͊ͦ͡ ͔͔ͨͪ͒ ͯ͟͡Έ͚ͭͯͪͦ ͍ͤͦͯΌ 
͊͒͊͘;ͯ ς ͙ͯͫͭͪ͊ͤͭΈ ͺ͙͙͘;͔͔ͫͦ͟ ͙͙͔ͤ͊ͫ͡ ͙͘ ͫͦͼ͙͊͡Έ͚ͤͦ ͙͙͗ͤ͘Σ ͙ ͨͦ ͦͭͤͦ΄͔͙ͤΌ 
͟ Ή͚ͭͦ ͊͒͊͘;͔ ͙͍ͨͪ·;ͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͍ͫͭ͊ͤͦΎͭͫΎ ͣ͊ͦ͡ ͙͍ͨͪͦ͒ͯͭͤ͟·͙ͣΦ ˹͍͔͚ͦ΄͙͔ 
͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͒ͦ͗ͤ͡· ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ 
͔͎ͨ͊ͤͭ͊ͪͤͦͦ͡ ͙ͫͦͤ͊ͤ͘Ύ ώфΣ 159ς160].  
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˥͙͔ͯͣ͊ͤͭ͊ͪͤͦ ͍͍͔ͯͪ͊ͤͦ΄͙͍͙͔͊ͤ ͋·ͫͭͪͦ ͍͙͍ͪ͊͊͘Ό΅͙ͻͫΎ ͔ͭͻ͎͙͚ͤͦͦ͡ 
ͤ͊ͫͭͦΎ͔ͭ͡Έͤͦ ͔͔ͭͪ͋ͯͭ ͍͔͙ͦͫͦ͋ͦ͗͒ͤΎ ͪ͊ͯͣ͊͘ ͦͭ ͔͙͎͙ͪͦͤͦ͘͡-͙͔͎͙͒ͦͦ͡;͔͙ͫ͟ͻ ͨͯͭ 
ς ͙ ͋ͦ ͙ͤ͊;͔ ͔͎ͦ ͙͔ͤͦͫͭ͡Έ ͔ͦ͋ͪ;͔ͤΦ ˽͙ͪͻ͙ͦ͒ͭͫΎ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͍ ͙ͦ͋ͦͪͣͦͣ͘ 
͋ͯ͒ͯ΅͔ͣ ͙͋ͦ͡ ;͔͍͔ͦ͡;͔͙͚ͫ͟ ͪ͊ͯͣ͘ ͔͔͔ͨͪͪ͊ͫͭͭ ͙͔ͤͪͼ͙Ό ͙͔͎͙͒ͦͦ͡;͔͎ͫͦͦ͟ 
͙͍͙ͣͪͦͦͫͨͪΎ͙ͭΎΣ ͙͋ͦ͡ ͙͔͎͙͙͒ͦͦ͡Σ ͙͍ͤ͊ͦ͗͡΄͙ͫΈ ͤ͊ ͔͙͔͋ͫͨͪͣͪͤ·͔ 
͔ͭͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͍͙ͦͣͦ͗ͤͦͫͭ͘Σ ͙ͯͤ;ͭͦ͗͊ͭ ͼ͙͍͙͙͊͘͡ͼ͙ΌΦ 

͙͍͔̂ͤͪͫ͊͡Έͤ͊Ύ ͙͙ͫͭͦͪΎ ς Ήͭͦ ͙͔͎ͤͭͪ͊͡Έͤ͊Ύ ͔ͣͦ͒͡Έ ͨͪͦ΄͎ͦͦ͡Σ ͦͭͦͪ͊͟Ύ 
͍͟ ͡Ό;͔͊ͭΥ ͦͫͣͦ͟ͺ͙͙͘;͔ͫͯ͟ΌΣ ͙͎͙͋ͦͦ͡;͔ͫͯ͟Ό ͙ ͫͦͼ͙ͦͯ͟͡ΈͭͯͪͤͯΌ ͙͙ͫͭ͊͒ 
Ή͍ͦ͡Όͼ͙͙ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙ͨͦͫͯ͟ ͍ͤͦ·ͻ ͼ͔͔͚ͤͤͦͫͭ ͙ ͙͔͗ͤͤͤ͘·ͻ ͼ͔͔͚͡ ͍͔ͤ 
ͪ͊ͦ͋͘΅͊Ό΅͙ͻ ;͔͍͔ͦ͡;͔͍ͫͭͦ ͙͔͎͙͚͒ͦͦ͡Φ ̉ͭͦ ͔͗ ͔͊ͫ͊ͭͫ͟Ύ ͙͎͙͊ͫͦͦ͟͡;͔͚ͫͦ͟ 
͔ͤͨͦͤͦͭ͡·Σ ͦͤ͊ ͙͔ͫͤͣ͊ͭͫΎ ͙ͨͪͤΎ͙͔ͭͣ ͻͦͭΎ ͋· ͚ͦ͒ͤͦ ͦ͋΅͔ͤ͊͘;͙͚ͣͦ ͼ͔͙ͤͤͦͫͭΦ 
˿ͯ΅͔͍͔ͫͭͯͭ ͙͡ ͭ͊͊͟Ύ ͼ͔ͤͤͦͫͭΈΚ 

˽͙ͦ͒ͤͣ͊ΎͫΈ ͨͦ ͙ͨͪ;͙͍͚ͯ͒ͦ͡ ͔͙ͫͭͤ͡ͼ͔ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ Ή͍ͦ͡Όͼ͙͙  
͙ ͎ͣͤͦͦͪ͊ͭͤͦ͟ ͍ͫͨͦͭͤͯ͟΄͙ͫΈ ͤ͊ ͔͔ ͔ͫͭͯͨͤΎͻΣ ;͔͍͔ͦ͡;͔͍ͫͭͦ ͒ͦ΄ͦ͡  
͒ͦ ͎ͭͦͦ Ήͭ͊͗͊Σ ͤ͊ ͦͭͦͪͦͣ͟ ͔͎͙͊ͭͦͪ͟;͔͙͚ͫ͟ ͙͔͙͍ͣͨͪ͊ͭ ͙ ͔͎ͦ ͙͍ͨͪͦͦ͒ͤ͘·͔ ͎ͣͦͯͭ 
͙͍ͦͤͫͭͪͯͪͦ͊ͭ͟ΈͫΎ ͔ͫͦͤ͊ͭ͘͡ΈͤͦΣ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͎ͪ͊ͣͦͭͤͦ ͙͔͎͙͍͎ͤͭͪͪͦ͊ͤͤͦͦ 
͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͙ͤ͊ͤ͘ΎΦ ˴ͦ͡Έ ͫͦͪͦ͟ ͒͊͡Έ͔͚ͤ΄͊Ύ ͙ͦͫͣ͟;͔ͫ͊͟Ύ Ή͍ͦ͡Όͼ͙ΎΣ 
͔͙ͫ͡ ͦͤ͊ ͍ ͙ͨͪͤͼ͙͔ͨ ͍ͦͣͦ͗ͤ͊͘Σ ͔ͣͦ͗ͭ ͋·ͭΈ ͭͦ͡Έͦ͟ ͍ͯͨͪ͊͡Ύ͔͚ͣͦΣ ͭͦ ͙ 
͍ͯͨͪ͊͡ΎͭΈ ͔Ό ͫͨͦͫͦ͋ͤͦ ͭͦ͡Έͦ͟ ͙͔ͫͦͤ͊ͤ͘Σ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͍·͙͍ͫͭͪ͊͊Ό΅͔͔ 
͔͎͙ͫͭͪ͊ͭΌ ͙ ͙ͭ͊ͭͯ͟͟Φ 

˽ -͔͔ͦͨͪ͗ͤͣͯΣ ͦ͒ͤ͊ͦ͟Σ ͦͫͭ͊ΌͭͫΎ ͦͭͪ͟·ͭ·͙ͣ ζ͟ ͡Ό;͔͍·͔ ͍ͦͨͪͦͫ·η: 
ͫͨͦͫͦ͋ͤͦ ͙͡ ͍ ͙ͨͪͤͼ͙͔ͨ ͙͔ͫͦͤ͊ͤ͘ ͍·͍ͪ͊ͭΈͫΎ ͙͘ ͔ͭͦͭͣͤͦ-͍͊ͤͦ͟͡·ͻ ͨͯͭ ͤ͊ 
ͨͪͦͫͭͦͪ· ͙ͦͫͣ͟;͔͙ͫ͟ ͔͔͍͎ͪ͊ͤͭͤͦͦ͡ ͫͣ·͍͙ͫͦͦ͋ͪ͊ͦ͊ͤ͘͡Ύ ͙ ͔͔ͯͫͨͭ ͙͡ ͙͔ͫͦͤ͊ͤ͘ 
͔ͣ͘͡Ύͤ ͍͙ͦͫͦͭΈ ͙ͦͫͣ͟;͔͙͔ͫ͟ ͫͣ·ͫ͡· ͋·͙ͭΎΚ ˾͔΄͊Ό΅͔͚ ͔ͨͪ͒ͨͦͫ·͚ͦ͟͡ ͒͡Ύ 
͔ͫͣͤ· ͔͎͙ͫͭͪ͊ͭ;͔͙ͫ͟ͻ ͫͣ·͍ͫͦ͡·ͻ ͙ͦͦͪ͒ͤ͊ͭ͟ ͔ͣͦ͗ͭ ͋·ͭΈ ͒͊͡Έ͔͚ͤ΄͔͔ 
͍͙͔͙͔ͨͪͦ͒͗ͤ ͍ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͔͙͒ͤ͊ͭͯͪ͊͊͘͡ͼ͙͙ ͙͔ͤͦͫͭ͡Ύ ͙͔͔ͤͭͭ͊͟͡͡ ͫ 
͙͙͙ͫͣ͋ͦͭ͊͘ͼ͙͔͚ ͔͎ͦ ͺͦͪͣΦ 

˶͙ ;ͤͦͫͭΈ ͊͟͟ ͙͔ͫͫͭͣ͊ ͤ͊͘;͔͙͚ͤΣ ͍͙͍ͦͨͦͭ͡΄͙ͫΈ ͍ ͙͙͍ͦͣͣͯͤ͊ͭͤͦ͟͟-
ͫͣ·͍ͫͦͦͣ͡ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͯ͟͡Έͭͯͪ·Σ ͦ͊͘͟·͍͔͊ͭ ͍͙͡Ύ͙͔ͤ ͤ͊ ͣ·΄͔͙͔ͤ͡ ͙ 
͍͔͔͙͔ͨͦ͒ͤ ͡Ό͔͚͒Σ ͊ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͤ͊ ͻͦ͒ ͙͍ͣͪͦ·ͻ ͫͦ͋·͙͚ͭ ͍͔ͤ ͦ͒ͤͦͤ͊͘;͚ͤͦ 
͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͔͔͎ͭͫͤͦͦ͡ ͙͍͙ͨͪͫͯͭͫͭΎ ͫͯ͋Ά͔ͭ͊͟Φ ˤ͔͔͔ͤͭͫͤ͡·͔ ͔ͨ͊ͪ͊ͣͭͪ· ͋·͙ͭΎ 
͍ͨͦͦ͘͡ΎΌͭ ͍·͔͙͒ͭ͡Έ ͒ͯͻ͍͔ͦͤͦ ͔͔͙͔͋ͫͫͣͪͭ ͙͡;͙ͤͦͫͭΥ ͨͦ͊͟ ͫͯ΅͔͍ͫͭͯΌͭ 
ͦ͋΅͔͍ͫͭͦ ͙ ͯ͟͡Έͭͯͪ͊Σ ͍ ͙ͻ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͙͍͗ͯͭ ͍͔ͫ ͙͡;͙ͤͦͫͭΣ ͙͘ ͔͚͍͙͚͒ͫͭ 
ͦͭͦͪ͟·ͻ ͫ͊͒͟͡·͍͊͊ͫ͡Έ ˮ͙ͫͭͦͪΎΦ 

˨͊Σ Ήͭͦ ͭ͊͟Φ ˮ ͔͙ͫ͡ ͔͔͔ͨͪ͒ͦ͗ͤͤͦ͡ ͫͦ;͔͙͔ͭ͊ͤ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΣ 
͙͔͙ͦͪͤͭͪͯΌ΅͙ͻ Ή͍ͦ͡Όͼ͙Ό ͼ͙͍͙͙͊͘͡ͼ͙͙ ͍ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͔͔ ͎͙͙ͯͣ͊ͤͫͭ;͔͎ͫͦͦ͟ 
͍͍ͦ͘·΄͔͙ͤΎΣ ͔ͤ ͚ͤ͊͒ͯͭ ͔͙ͨͦ͒͒ͪ͗͟ ͍ ͎͔ͦͼ͙͍͙͙͊͘͡ͼ͙ͦͤͤ·ͻ ͼ͔͍ͤͭͪͦ ͙ͣͪ͊ ͙ 
͎ͪ͊͗͒͊ͤ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͫͭͪ͊ͤΣ ͭͦ ͣͦ ͎ͯͭ ͍ͦͦ͋͊͒͊ͭ͘͡Έ ͊ͭ͊ͫͭͪͦ͟ͺ͙;͔͙ͫ͟ ͔ͫͼ͔͙͙ͤ͊ͪ 
͔͍ͭͦͪ͗ͫͭ͊ ͍͔͍͔͙ͫ͒ͦͦͤͤͦͫͭ͘͡Φ 

˿͎ͦ͊ͫͤͦ͡ ˢΦ˽Φ ˹͔͊͊ͪͭ͘ΎͤͯΣ Ή͙͍ͫͨ͊ͤͫͤ͟·͚ ͪͦͫͭ ͡Ό͚͋ͦ ͼ͙͍͙͙͊͘͡ͼ͙͙ 
͔͙͔ͤ͋͗ͤͦ͘ ͍·͘·͍͔͊ͭ ͔͎͙͍ͤ͊ͭͤ·͔ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ Ή͎ͭͦͦ ͪͦͫͭ͊ όΉ͎͙ͦͦ͟͡;͔͙͔ͫ͟ 
͔ͨͪͦ͋ͣ͡·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙ͯͤ;͔͙͔ͭͦ͗ͤͣ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Τ ͎ͯͪͦ͊͘ 
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͙͔͔͙ͫ͊ͣͦͫͭͪ͋ͤ͡ΎΤ ͯͭͪ͊ͭ͊ ͫͣ·ͫ͊͡ ͙͙͗ͤ͘Σ ͍ͫΎ͊ͤͤ͊͘Ύ ͫ ͙͔ͦͪͤͭ͊ͼ͙͔͚ ͤ͊ 
͔͙͔ͨͦͭͪ͋ͭ͡Έ͍ͫͭͦΣ ͙ ͭΦͨΦύΦ ˤ͙ͦͤ͊͘͟Ό΅͙͔ ͙͙ͪͫ͘͟·Σ ͍ ͙ͫͯ͡ ͔͔͚͋ͯ͒ͪ͗ͤͦ͘ 
Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙ ͍ͦͪͦͫ͘΄͙ͻ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘Σ ͎ͣͦͯͭ ͔ͪ͊ͪ͘΄͊ͭΈͫΎ 
͔ͨͯͭͣ ͙ͫͦ͒͊ͤ͘Ύ ͍ͤͦ·ͻ ͙͔ͫͫͭͣ ͼ͔͔͚ͤͤͦͫͭΣ ͍ͤͦ·ͻ ͙͔͎͙͚͒ͦͦ͡Σ ͎͙ͦͪ͊ͤ;͙͍͊Ό΅͙ͻ 
Ή͙ͫͨ͊ͤͫ͟Ό ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͙ ͍ͤ͊ͨͪ͊͡ΎΌ΅͙ͻ ͍͙͙͔ͪ͊ͭ͘ 
ͼ͙͍͙͙͊͘͡ͼ͙͙ ͍ ͍͔ͤͦͦ ͪͯͫͦ͡Φ  

˴͊͟ ͔͗ ͔ͪ͊ͪ΄͊ΌͭͫΎ Ή͙ͭ ͔ͨͪͦ͋ͣ͡· ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͯ ͤ͊ͫ ͤ͊ ͙͔̂ͪ͊ͤ͟Κ ˹͊ 
ͤ͊΄ ͍͎͘͡Ύ͒Σ ͙͔ͣͤͤͦ ͍ ͙͔̂ͪ͊ͤ͟ ͫͯ΅͔͍ͫͭͯΌͭ ͔ͨͦͭͤͼ͙͊͡Έͤ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ 
͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͫͦͼ͙͎͙ͦͯͣ͊ͤͭ͊ͪͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙͍ͤͤͦ͊ͼ͙͎ͦͤͤͦͦ 
͍͙͙ͪ͊ͭ͘Ύ ς ͍ ͍ͫΎ͙͘ ͫ ͔ͭͣΣ ;ͭͦ ͦ͋΅͔͍ͫͭͦ ͯͫͭ͊ͦ͡ ͦͭ ͔͍ͪͦ͡Όͼ͙ͦͤͤ·ͻ ͔͔͍͍ͨͪͦͪͦͭͦΣ 
ͤͦ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͙͍͔ͨͪͫͯͭͫͭͯͭ ͦ͋΅͊Ύ ͔͍͔͍͔ͤͯ͒ͦͭͦͪͤͤͦͫͭ͡Έ ͫͯ΅͔͍ͫͭͯΌ΅͙͙ͣ 
ͫͦͼ͙͊͡Έͤ·͙ͣ ͙͙͙ͤͫͭͭͯͭ͊ͣ ͙ ͔͙ͨͪͦͭ͊ͣ͟Φ ˿ͭͪ͊ͤ͊ ͙͍͔͗ͭ ͍ ͔͙ͨͪͦ͒ 
͔ͪͺ͙͍͙ͦͪͣͪͦ͊ͤΎΣ ͤͦΣ ͔͍͙ͤͪ͊͘Ύ ͤ͊ ͍͔͔ͨͦͫͣͫͭͤͯΌ ͯͫͭ͊ͦͫͭ͡Έ ͦͭ Ή͎ͭͦͦ 
͔ͪͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙ ͙͙ͪͭͯ͟͟ ͔ͯ͗ ͔͙͍ͪ͊ͦ͊ͤͤ͘͡·ͻ ͔ͪͺͦͪͣΣ ͦ͋΅͔͍ͫͭͦ ͫ 
͔͙͔ͦ͒ͦ͋ͪͤͣ ͙ͦͭͤͦͫͭͫΎ ͟ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύͣ ͙ ͔ͨͪͦͭ͊ͣ͟ ͫͦͼ͙͊͡Έͤ·ͻ 
͔͎͙ͪͦͪ͊ͤ͊͘ͼ͙͚ ͙ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͚Φ ˻͋΅͔͍ͫͭͦ ͎͍ͦͭͦͦ ͟ ͍͔͔͙ͤ͒ͪͤΌ ͍ͤͦ·ͻ 
ͫͦͼ͙͎͙ͦͯͣ͊ͤͭ͊ͪͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͫͨͦͫͦ͋ͤ·ͻ ͯͯ͡;΄͙ͭΈ ͙ͫͭͯ͊ͼ͙Ό ͍ ͔ͫͭͪ͊ͤΣ ͙ 
͔͔ͪͨͤͭ͟ ͙͙͔ͨͦͤͣ͊ͤ ͎ͭͦͦΣ ;ͭͦ ͫͯ΅͔͍ͫͭͯΌ΅͙͔ ͙͙ͭͯͨ͟ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ 
͍͙͙ͦͤ͘͟͡ ͙͔ͣͤͤͦ ͙͘-͊͘ ͙͎͙͍͙ͤͦͪͪͦ͊ͤΎ ͔ͨͪͦ͋ͣ͡ ͯ;͔ͭ͊ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͺ͊ͭͦͪ͊͟Φ 
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SUMMARY 
V.A. Tsykin. Transformation in civilizational development and its valuable 

orientations. 
The article gives an analysis of the history of origin and interaction of the two 

branches of civilization: traditional and technogenic. The main emphasis is on 
revealing the essence of the crisis in civilizational development, conditioned by 
globalization. Globalization is a complex geopolitical, geoeconomic, geocultural 
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phenomenon that exerts a powerful influence on all aspects of the vital activities of 
communities involved in this process. It can be defined as the process of weakening 
traditional, territorial, sociocultural, state-political and economic barriers that isolate 
peoples from each other and, at the same time, protect them from unordered 
external influences. Today we can state that modern civilization is at a critical stage 
of its development. Apparently, it is necessary to change the development strategy, 
since mankind is threatened by the aggravation of global crises. What does it mean 
to change the development strategy? Usually, when answering it, they talk about 
changing goals, but behind each set of goals are values. The most important of them 
at the present stage are: human life, freedom, dignity, justice, humanism, non-
violence, legality and others. 

In the context of the problems of sociocultural interaction, two groups of 
consequences of scientific and technical progress must be specially considered, the 
first of which unites processes in the main integrative process leading to the erosion 
of boundaries within human life, and the second, on the contrary, disintegrative 
processes that separate and Separating groups of people from each other. 

Technologies that promote integration include: transport, communication, a 
special role is played by the global Internet. It allows people with common interests 
to unite, regardless of the country and the distance they live from each other. At the 
same time, nothing prevents one person from participating in many such ζinterest 
groupsη. A natural barrier to such integration is still the language barrier. However, 
with the advent of effective online translation systems in real time and this barrier 
begins to disappear. The likely consequence of integration will be a decline in cultural 
diversity, pulling all sides of life to those societies and social groups where progress is 
greatest. This is clearly seen in the example of modern globalization, accompanied 
by the ζAmericanizationη of societies. 

In the modern world, science-intensive technologies are the determining factor of 
economic development and the fundamental basis for ensuring national security. 
The production of high-tech products is now becoming one of the main conditions for 
the successful integration of a country into the emerging system of international 
relations. Nuclear energy and nuclear technologies belong to that category of high 
technologies, which largely determine the ways of further development of 
technogenic civilization. They have the most direct impact on socio-economic, social 
and political processes in countries and in the sphere of interstate relations. 

Key-words: civilization, traditional civilization, technogenic civilization, 
globalization, fracture of civilization, values of civilization. 
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͙͙͙ͫͭͤͤͦͫͭ ͔͙͙ͭͦͪ ͨͦͫͭͦΎ͎ͤͤͦͦ ͎͔ͨͪͦͪͫͫ͊ ͪ͊ͯͣ͊͘Σ ͙ͪͪ͊ͼ͙͙ͦͤ͊ͣ͘͡Σ ͍͔͙͔ͦͫͦͤ ͙ 
ͦͫͣ·͔͙͔ͫͤ͡ ͔͎ͤ͊ͦͨͤͤͦͦ͟͡ Ή͎ͭͤͦͪ͊ͺ͙;͔͎ͫͦͦ͟ ͙ ͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͔͙ͣ͊ͭͪ͊͊͡Σ 
͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌ΅͔͎ͦ ͦ ͙ͤ͊͡;͙͙ ͫͯ΅͔͍͔ͫͭͤͤ·ͻ  ͙ͦͭ͡;͙͚ ͍͍͔ͤͪ͊ͫͭͤͤ·ͻ ͤͦͪͣΣ 
ͦ͋·;͔͍͊Σ ͯ͟͡Έͭͯͪͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΣ ͙͔͗ͤͤͤ͘·ͻ ͼ͔͔͚͡ ͔ͦͭ͒͡Έͤ·ͻ ͦ͋΅͔͚ͤͦͫͭύΦ ˮͻ 
͔ͦͫͦ͋ͤͤͦͫͭΈΌ ͔ͫͭ͊ͤͭ ͦͭ͊͘͟ ͦͭ ͙͙ͣͦͤͫͭ;͔͚ͫͦ͟ ͙ ͔͔ͨͪͻͦ͒ ͟ ͨ͡Ό͙͙ͪ͊ͫͭ͡;͔͚ͫͦ͟ 
͙͔͊ͪͭͤ͟ ͙ͣͪ͊Υ ͊͟ͼ͔ͤͭ ͔͔͙ͨͪͤͦͫͭͫΎ ͫ ͙ͨͦͫ͊͟ ͍͙͚ͦͫͤͦ͊ͤ ͔͚ͨ͊ͤͭ͊ͪͤͦ͡ 
ͼ͙͍͙͙͊͘͡ͼ͙͙ ͤ͊ ͙ͯ͘;͔͙͔ͤ ͫ͊ͣͦ͋·ͭͤ·ͻ ͦ͊͟͡͡Έͤ·ͻ ͼ͙͍͙͙͊͘͡ͼ͙͚Φ ˤ ͼ͔͔ͤͭͪ 
͍͙͙ͤͣ͊ͤΎ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ͫͭͦΎͭ ͔ͨͪͦ͋ͣ͡· ͍·Ύ͍͔͙ͤ͡Ύ ͔ͣͻ͙͍͊ͤͣͦ͘ ͙ͻ 
ͨͦΎ͍͔͙ͤ͡Ύ ͙ ͙ͫ;͔͍͔͙ͤͦͤ͘ΎΣ ͍·͔͔͙͔͒ͤ͡ ζ͗ ͙͔ͤͤͤ͘·ͻ ͼ͙͍ͦ͟͡η ͙ͪ͊͘͡;ͤ·ͻ 
ͼ͙͍͙͙͊͘͡ͼ͙͚ ͙ͫͻͦ͒Ύ ͙͘ ͙͔ͣͣ͊ͤͤͭͤ·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭΣ ͔͔ͦͨͪ͒͡Ύ͔ͣ·ͻ ͍ 
͙͔͙͙͒͊ͫͭ͡;͔ͫͦͣ͟ ͟͡Ό;͔ ͊͟͟ ζ͒ ͯͻη, ζ͗ ͙ͤ͘Έη, ζͫ ͣ·ͫ͡η. 

˭͔͒ͫΈ ͔͔ͫ͒ͯͭ͡ ͯ͊͊ͭ͘͟Έ ͤ͊ ͦͤ͟ͼ͔ͨͼ͙͙ ˹Φ ˨͙͔͍͎͊ͤͫͦͦ͟͡Σ ˻Φ ͔͎͔̊ͨͤͪ͊͡ ͙  
ˢΦ ͚͙́ͦͤ͋Σ ͦͭͦͪ͟·͔ ͨͦ͒;͔͙͍͙ͪ͊͟͡Σ ;ͭͦ ͔ͤ ͫͯ΅͔͍͔ͫͭͯͭ ͔͙͚͒ͤͦ ͙͙͙ͫͭͦͪ 



ʌʽʣʦʩʦʬʽʷ ʥʘʫʢʠ: ʪʨʘʜʠʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ, 2017, ˉ 1 (15) 

22 

 

;͔͍͔ͦ͡;͔͍ͫͭ͊Σ ͊ ͤ͊͘;͙ͭ ͙ ͔͙͚͒ͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ͊ ͭͦΣ ;ͭͦ ͤ͊͘·͍͊Όͭ ͍͔͙͚ͫͣͪͤͦ 
͙͙͔͚ͫͭͦͪΣ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͙͙͔͚ͫͭͦͪ ͦ͊͟͡͡Έͤ·ͻ ͼ͙͍͙͙͊͘͡ͼ͙͚Σ ͙͔ͣΌ΅͙ͻ 
͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͚ ͊ͣͤͯͭ͘͟·͚ ͻ͔͊ͪ͊ͭͪ͟Σ ͤͦ ͍͔͔ͣͫͭ ͫ ͔ͭͣ ͫͻ͙͔ͦ͗ ͍͔͙͔ͤͯͭͪͤͤ 
͔ͣͻ͙͊ͤͣ͘· ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎΦ ́͊͟Σ ˹Φ ˨͙͔͍͙͚͊ͤͫ͟͡ ͍·͔͒͡Ύ͔ͭ мл ͫ͊ͣͦ͋·ͭͤ·ͻ 
ͼ͙͍͙͙͊͘͡ͼ͙͚Σ ˢΦ ͚͙́ͦͤ͋ ς ͫͤ͊;͊͊͡ нмΣ ͊ ͔͊ͭͣ͘ ͙ͫͦͪ͊ͭ͟͡ ͙ͻ ;͙ͫͦ͡ ͒ͦ моΣ 
͙ͫ͟͡Ό;͙͍ ζ͍ ͔͔ͭͦͪͦͫͭͨͤͤ·͔η ͙  ζͤ ͔͍͙͒ͦͪ͊ͭ͘·͔ηΣ ˻Φ ͔͎͔̊ͨͤͪ͡ ς 8. 

˸͎͙͔ͤͦ ͨͦͤΎ͙ͭΎ ͙ ͔͔͙ͭͦͪͭ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· ͍͍ͤͦΈ ͙͔ͨͪͦ͋ͪͭ͊Όͭ ͍ͫͦΌ 
͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͍ ул-ͻ ͎ͦ͒͊ͻ ͨͪͦ΄͎ͦͦ͡ ͔͙ͫͭͦͭ͡ΎΦ ˨͙ͫͯͪͫ͟ ͔͚ͨ͊ͤͭ͊ͪͤͦ͡ 
ͼ͙͍͙͙͊͘͡ͼ͙͙ ͨͪͦ͒ͦ͗͊͡ΌͭͫΎ ͙ ͔͎ͫͦ͒ͤΎΣ ͭ͊͟ ͊͟͟ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻΣ 
ͫͦͼ͙͊͡Έͤ·ͻΣ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻΣ ͤ͊ͼ͙ͦͤ͊͡Έͤͦ-ͯ͟͡Έͭͯͪͤ·ͻ ͙ͪ͊͘͡;͙͚Σ 
͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ-͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͎͙ͪ͊ͤͼ ͍͔ͫ ;͔͍͔ͦ͡;͔͍ͫͭͦ ͔ͨͪ͋·͍͔͊ͭ ͍ 
͙ͦͨ͊ͫͤͦͫͭ ͙͘-͊͘ ͎͙͍ͯͯ͋͡΄͙ͻͫΎ ͎ͦ͋͊͡͡Έͤ·ͻ ͙͙͍ͪͫͦ͘͟ ͙ ͙ͤ͊͡;͙Ύ ͍͔ͫͦͪ΄͔ͤͤ·ͻ 
͔͍ͫͪ͒ͫͭ ͍͎ͣ͊ͫͫͦͦͦ ͙ͯͤ;͔͙ͭͦ͗ͤΎΦ ˣͯ͒ͯ΅͔͔ ͍͔͚ͫ ͔ͨ͊ͤͭ͡· ͍͙ͫͭ͊ͤͦͭͫΎ 
͔͔͔͔ͤͦͨͪ͒ͤͤ͡·ͣΦ ˽ͦΉͭͦͣͯ ͊͟ͼ͔ͤͭ ͔͔͙ͨͪͤͦͫͭͫΎ ͤ͊ ͙͙ͪͭͯ͟͟ ͔͎͙͍ͤ͊ͭͤ·ͻ 
͔͍͙͚ͨͦͫ͒ͫͭ͡ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͙ ͍·Ύ͍͔͙͔ͤ͡ ͍͊ͭͭͪ͊ͭͦͪͦ͟ 
͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͫ͊ͣͦͫͦͻ͔͙͔ͪ͊ͤͤ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͤ͊ ͊͟;͔͍͔ͫͭͤͤͦ ͍ͤͦͦͣ ͍͔ͯͪͦͤ 
͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙Φ ˤ ͼ͔͔ͤͭͪ ͍͙͙ͤͣ͊ͤΎ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ͔ͨͪͦ͋ͣ͡· ς 
ͫͦͦͭͤͦ΄͔͙ͤΎ ͦ͊͟͡͡Έͤ·ͻ ͼ͙͍͙͙͊͘͡ͼ͙͚ ͙ ͔͚ͨ͊ͤͭ͊ͪͤͦ͡Σ ͙͔͙͔͍ͪͭͪ͟ 
ͼ͙͍͙͙͊͘͡ͼ͙͎ͦͤͤͦͦ ͎͔ͨͪͦͪͫͫ͊Σ ͼ͔͔͍͡·ͻ ͍ͯͫͭ͊ͤͦͦ͟Σ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͔͚ͨͯͭ 
͔͔͙ͨͪͦ͒ͦͤ͡Ύ ͙͙ͪͫ͊͘͟ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ͍·͔͔͙͔͒ͤ͡ ͍͔͍ͭͦͪͦ͟ 
͋ͯ͒ͯ΅͔͎ͦ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͎͙͔͒ͪͯΦ  

˸· ͔ͦͫͦͤ͊ͣ͘ ͍͔ͫ ͎͙͔ͣͤͦͦͦ͋ͪ͊͘ ͍ͭͪ͊ͭͦͦ͟͟ ͨͦͤΎ͙ͭΎ ζͼ͙͍͙͙͊͘͡ͼ͙Ύη 
͙͔ͣΌ΅͙ͻͫΎ ͤ͊ ͔͎ͫͦ͒ͤΎ΄͙͚ͤ ͔͒ͤΈ ͙ ͒͡Ύ ͙͔͎͙͋͊ͤ͘Ύ ͙͙͙͒ͫͯͫͫ͟Σ ͔ͤ Ύ͍͡ΎΌ΅͔͚ͫΎ 
ͼ͔͡ΈΌ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͙Σ ͫͪ͊ͯ͘ ͎͍͙ͦͦͦͪͣͫΎΣ ;ͭͦ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͣ ͼ͙͍͙͙͊͘͡ͼ͙Ό ͊͟͟ 
͙͙ͫͭͦͪ;͔͙ͫ͟ ͙ ͔͙͙ͭͪͪͭͦͪ͊͡Έͤͦ ͙͍ͫͦ͗͡΄ͯΌͫΎ ͫͦͼ͙͊͡ΈͤͯΌ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ό 
ͦ͋΅͔͍͔͚ͫͭͤͤͦ ͙͙͗ͤ͘ ͙ ͯ͟͡Έͭͯͪ·Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅ͯΌͫΎ ͍͔ͫͦ͋΅͔͚ ͍ͫΎ͘ΈΌ 
͙͙͍͙͍ͤ͒͒ͦΣ ͙͙͡ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͫͦͼ͙͊͡Έͤ·ͻ ͍͙͚ͦ͋ͪ͊ͦ͊ͤ͘ ͫ ͼ͔͡ΈΌ ͔͔ͦ͋ͫͨ;͔͙ͤΎ 
͙͔ͦͭͤͦͫͭ͡Έͤͦ ͚ͯͫͭͦ;͙͍͎ͦͦ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ͙ ͍͙͙ͫ͊ͣͦͪ͊ͭ͘Ύ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ 
ͫͦͦ͋΅͔͍ͫͭ͊Φ 

ˤͦͨͪͦͫ ͦ ͔ͪ͊͡Έͤͦͣ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ ͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͔͙ͪ͊͒͘͡͡ 
͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ͤ͊ ͍͒͊ ͙͍ͨͪͦͭͦͨͦͦ͗ͤ͡·ͻ ͎͔͊ͪ͡ΎΦ ˻͙͒ͤ ͙ͨͪͤ͊͘ΌͭΣ ;ͭͦ ͨͪͦͼ͔ͫͫ 
͔͔ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͤ͊;͊ͫ͡ΎΦ ˨͎͙͔ͪͯ ͎ͨͦ͊͊͡ΌͭΣ ͔ͪ͊͡Έͤͦ ͫͯ΅͔͍ͫͭͯΌ΅͙͙ͣ ͭͦ͡Έͦ͟ 
ͦ͊͟͡͡Έͤ·͔ ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ͊ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͦ ͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͙͡΄Έ ͨͯͫͭ·ͣ 
ͨͦͤΎ͙͔ͭͣΦ ˩΅͔ ͍ ͤ͊;͔͊͡ ̆̆ ͍͔͊͟ ˻Φ ͔͎͔̊ͨͤͪ͡ ͙ͤ͊ͨ΄͔ͭΥ ζ̉ ͔͍͔ͦ͡;͔͍ͫͭͦ ς Ήͭͦ 
͎͙ͦͦͦ͘͡;͔͔ͫͦ͟ ͨͦͤΎ͙͔ͭ ͙͙͡ ͔ͨͯͫͭͦ ͍ͫͦͦ͡η ώммΣ мрмϐΦ ˢ ͍ ͤ͊;͔͊͡ ͔ͯ͗ ͤ͊΄͔͎ͦ 
͔͙ͫͭͦͭ͡Ύ ˿Φ ͙͎̆͊ͤͭͤͭͦͤ ͍ ͙͎͔ͤ͟ ζ˿ ͍͔͙͔ͭͦͤͦͤ͟͡ ͼ͙͍͙͙͊͘͡ͼ͙͚η ͙͍͔ͦͭͫͭ͊͊ͭ ͙͔͒Ό 
ͦ͋ ͍͙͙ͦͭͫͯͭͫͭ ͔͙͚͒ͤͦ ͙͍͚ͣͪͦͦ ͼ͙͍͙͙͊͘͡ͼ͙͙ ώмлΣ млϐΦ ˿͔͙ͪ͒ ͔͍͔͔͚ͨͦͫ͒ͦ͊ͭ͡͡ 
ͤ͊ͼ͙͙͙ͦͤ͊ͫͭ͡;͔͙ͫ͟ͻ ͙͔͎͙͚͒ͦͦ͡ ͙͙͡ ͫͭͦΎ΅͙ͻ ͤ͊ ͙ͨͦ͘ͼ͙Ύͻ ͔͙͎͙͎ͪͦͤͦͦ͘͡ 
ͺ͔͙ͯͤ͒͊ͣͤͭ͊ͣ͊͘͡ Ή͙ͭ ͍͎͘͡Ύ͒· ͤ͊ ͙͙ͫͭͦͪΌ ͊͟͟ ͎͔͙͙ͤ͊ͪͦͣͦ͗͒ͤ 
ͼ͙͍͙͙͊͘͡ͼ͙ͦͤͤ·ͻ ͣͦͤ͊͒ ͋ͯ͒ͯͭ ͍·͘·͍͊ͭΈ ͙ͤ͊͋ͦ͡Έ΄͙͚ ͙͔͔ͤͭͪͫ ͙ ͍͔ͫͫͭͦͪͦͤͤΌΌ 
͔ͨͦ͒͒ͪ͗ͯ͟Σ ͭ͊͟ ͊͟͟ ͫͯ͗͊ͭ͡ ͍͙͔ͦ͋ͦͫͤͦ͊ͤͣ ͙͔͚͒ ͍͔͚ͫͦ ͔ͫͨͼ͙ͺ͙;͙ͤͦͫͭΣ 
͎͙͙͋ͦͦ͋ͪ͊ͤͤͦͫͭ͘ ͙ ζ͍ ͔͙͚ͦ͟͡η ͯ͟͡Έͭͯͪͤͦ-͙͙ͫͭͦͪ;͔͚ͫͦ͟ ͙͙͙ͣͫͫΦ ˹ͦ ͯ;͔ͤͦͣͯ ͔ͤ 
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͔͔ͫ͒ͯͭ͡ ͙͙͒ͭ ͤ͊ ͍ͨͦͦ͒ͯ ͙͔͎͙͚͒ͦͦ͡Σ ͙ͦͭͪͼ͊Ύ ͔ͤ͊ͦͨͤͤ͟͡·͚ ͺ͙͊ͭ͟;͔͙͚ͫ͟ 
͔͙ͣ͊ͭͪ͊͡Φ ˢ ͦͤ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ͋ ͦ͋ͪ͊ͭͤͦͣΦ 

˿͙͙ͭͦͪͦͤͤ͟ ͔͙͙ͭͦͪ ͙͙͍͎ͦͪͦ͊ͤͤͦͦ͘͡ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ͼ͙͍͙͙͊͘͡ͼ͙͚ ͔ͤ 
ͯ;͙ͭ·͍͊Όͭ ͔ͤͫͦ͟͡Έ͙͟ͻ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭΦ ˤͦ-͔͍ͨͪ·ͻΣ ͍ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͙͙͙ͫͭͦͪ 
͙ͨͪͦͫͻ͙͙ͦ͒͡ ͔͔ͨͪͦͣͤ͡·͔ ͫͦ͋·͙ͭΎ ͻ͔͊ͪ͊ͭͪͤ͟·͔ ͒͡Ύ ͍͔ͫͻ ͫͦͦ͋΅͔͍ͫͭΣ ͙ ͍ͦ-
͍ͭͦͪ·ͻΣ ͍ͦͣͦ͗ͤͦ͘ ͍͙ͯͫͭ͊ͤͦͭΈ ͙ͨͪ;͙ͤͤͯΌ ͍ͫΎ͘Έ ͔ͣ͗ͯ ͫͦ͋·͙ͭΎ͙ͣ 
͙ͨͪͦͫͻ͙͍ͦ͒΄͙͙ͣ ͍ ͪ͊ͤ͘·ͻ ͔͎͙ͪͦͤ͊ͻ ͙ ͔ͪ͊ͤͦ͘ ͍͔ͪͣΎΦ ˮ͙͙ͫͭͦͪ͟ ͍͙͙ͯͫͭ͊ͤͦ͡Σ ;ͭͦ 
ͯ͟͡Έͭͯͪ͊ ͔͔͎ͫͪ͒ͤͦ ͔͙ͨ͊ͦͭ͊͡͡ ͋·͊͡ ͫͻ͚ͦ͒ͤͦ ͒͡Ύ ͍͔ͫͻ ͔͎͙͍ͪͦͤͦ ͔͔͙ͪ͊ͫͫͤ͡Ύ 
͔͍ͨͪ͒ͦ͟ ͍͔͔͎ͫͦͪͣͤͤͦͦ ;͔͍͔ͦ͊͟͡Σ ͔͙͙ͤͦͭ͡;͔ͫ͊͟Ύ ͔͍ͪͦ͡Όͼ͙Ύ ͙ͨͪͦͦ͘΄͊͡ ͔͔͋ͦ͡ 
͙͙͡ ͔͔͔ͣͤ ͔͍͙͙ͤ͊ͫͣͦ͘ ͍ ͔͙ͫͣ ͔͎͙ͪͦͤ͊ͻ ͔ͨ͊ͤͭ͡·Σ ͫͻ͙͙ͦ͗ͣ ͋·͙͡ ͙ ͙ͨͪ;͙ͤ· 
͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͎͍ͦͪͦ͒ͦΦ ˤ͔͍ͨͪ·͔ ˴Φ ͔̒ͫͨͪͫ ͙ͦ͋ͪ͊ͭ͡ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͭͦΣ ;ͭͦ ͍ 
͔͔͙͔ͫͪ͒ͤ I ͭ·ͫΎ;͔͔͙ͭ͡Ύ ͒ͦ ͤ͊΄͔͚ Ήͪ· ͙ͨͪͦͦ͘΄͙͡ ͙ͫͤͻͪͦͤͤ·͔ ͯ͟͡Έͭͯͪͤͦ-
͒ͯͻ͍ͦͤ·͔ ͨͪͦͼ͔ͫͫ·Σ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͦͭͦͪ͟·ͻ ͫͭ͊ͦ͡ ͨͦΎ͍͔͙͔ͤ͡ ͍͔͔͎ͫͦͪͣͤͤͦͦ 
;͔͍͔ͦ͊͟͡ ώмнΣ онϐΦ ˤ Ή͚ͭͦ ͔͗ ͍ͫΎ͙͘ ͻ͙ͦͭͣ ͔͙ͦͭͣͭͭΈ ͎͙͔ͨͦͭͯ͘ ͦ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ 
͔͙͎͒ͤͦͦ ͨͪ͊Ύ͘·͊͟ ώтϐΦ ̏ͭͦ ͙͡΄Έ ͣ͊͊͡Ύ ;͊ͫͭΈ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭ ͍ ͨͦ͡Έͯ͘ 
ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ͔͙͚͒ͤͦ ͍͔͙͚ͫͣͪͤͦ ͙͙͙ͫͭͦͪΦ 

˽ͦ ͤ͊΄͔ͣͯ ͔͙ͣͤͤΌΣ ͙͔͔ͤͭͪͫ ͟ ͦ͊͟͡͡Έͤ·ͣ ͼ͙͍͙͙͊͘͡ͼ͙ΎͣΣ ͍·ͪ͊͗͊Ό΅͙ͣ 
ͯ͟͡Έͭͯͪͤͦ-͙͙ͫͭͦͪ;͔͙͔ͫ͟Σ Ή͙ͭͤ;͔͙͔ͫ͟Σ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔ͦͭ͒͡Έͤ·ͻ 
ͦ͋΅͔͚ͤͦͫͭΣ ͍ ͍͔ͫͦ ͍͔ͪͣΎΣ ͋·͡ ͍·͍͊ͤ͘ ͔͔͙͔ͫͭͪͣͤͣ͡ ͨͦͤΎͭΈ ͍͔͙͔ͫͦͦ͋ͪ͊͘ 
͙ͪ͊͘͡;ͤ·ͻ ͔͎͙ͪͦͤ͊͡Έͤ·ͻ ͫͦͼ͙͍ͯͣͦ ͙ ͙͙͒ͤ͊ͣͯ͟ ͙ͻ ͍͙͙ͪ͊ͭ͘ΎΦ ˹ͦ ͙ͪ͊͒͊͟͡Έͤ·͔ 
͙͔͔͙ͣͤͤ͘Ύ ͍͔ͫͻ ͫͺ͔ͪ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ ͤ͊ ͔͔ͪͯ͋͗ ̆̆ ͙  
··L ͔͙͚ͫͭͦͭ͡ ͍͙͙ͦ͋ͯͫͦ͡͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙ͦ͋ͪ͊ͭͭΈ ͋ͦ͡Έ΄͔ ͍͙͙ͤͣ͊ͤΎ  
ͤ͊ ͙ͪ͊͘͡;͙Ύ ͔ͣ͗͒ͯ ζͫ ͚ͭ͊ͪͦη ͙ ζͤ ͍͚ͦͦη ͼ͙͍͙͙͊͘͡ͼ͙Ύ͙ͣ ό͙͔ͨͦͤͣ͊ͣ·͙ͣ 
͔͔ͫͦͪ͟ ͊͟͟ ͎ͦ͋͊͡͡Έͤ·͔Σ ;͔ͣ ͊͟͟ ͦ͊͟͡͡Έͤ·͔ ͺ͔͔ͤͦͣͤ·ύΣ ͫͦͤ͟ͼ͔͙͍ͤͭͪͪͦ͊ͭΈͫΎ ͤ͊ 
͔ͨͪͦ͋ͣ͊͡ͻ ͺ͍͎͊ͦͦͦ͘ ͔͔ͨͪͻͦ͒͊ όͦͭ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͟ ͔ͭͻ͎͔͚ͤͦͤͤͦΣ  
ͦͭ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͟ ͙͙ͨͦͫͭͤ͒ͯͫͭͪ͊͡Έ͚ͤͦΣ ͊ ͔͔͒͊͡ ͟ b.L/{-ͼ͙͍͙͙͊͘͡ͼ͙͙ύΦ  
ˤ ͚͒͊ͤͤͦ ͍ͫΎ͙͘ ͍͊͗ͤͦ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͦ͊͟͡͡Έ͔ͤͦ ͙ ͎ͦ͋͊͡͡Έ͔ͤͦ ͙͔͔͙ͣͪͤ͘Ύ 

ͼ͙͍͙͙͊͘͡ͼ͙͙ ͔͍͙ͤͨͪ͊͡Έͤͦ ͋·ͦ͡ ͋· ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ ͍͙͙͊ͣͦͫ͘͟͡Ό;͊Ό΅͙͔Φ 
˽͔͍͔͙ͪ͒ͫͭ͊ͤ͡Ύ ͦ͋ ͦ͋΅͔͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͔ͤ ͙ͫ͟͡Ό;͊Όͭ ͦ͊͟͡͡Έͤ·͔ 
͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˽ͦ ͔͙ͣͤͤΌ ˶ΦˮΦ ˹͍͙͍͚ͦͦͦ͟Υ ζ˸ ͙͍ͪͦ͊Ύ ͼ͙͍͙͙͊͘͡ͼ͙Ύ ͊͟͟ 
͔ͦͤͪͭͤͦ͟͟-͙͙ͫͭͦͪ;͔͔ͫͦ͟ ͨͦͤΎ͙͔ͭ ͔ͦͭͪ͊͗͊ͭ ͫͦͼ͙͊͡Έͤ·͚ ͎͔ͨͪͦͪͫͫ ͦͭ 
͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ;͔͔ͪ͘ ͔͎͙ͪͦͤ͊͡Έͤ·͔ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͟ ͙͍͚ͣͪͦͦΧη [5, 53].  
˩͔ ͔ͨͪ͒·͙ͫͭͦͪΎ ͤ͊;͙͔ͤ͊ͭͫΎ ͍ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ ͦ͊͟͡͡Έͤ·ͻ ͼ͙͍͙͙͊͘͡ͼ͙ΎͻΣ ͍ 
ͦͭͦͪ͟·ͻ ͙ͨͪ ͔ͫͭ;͔͙͙ͤ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭΣ ͫ͊͒͟͡·͍͙͊ͫ͡Έ ͍͙ͯͫͦ͡Ύ ͔͔͙ͨͪͪ͊ͫͭ͊ͤΎ ͍ 
ͦ͋΅͔͙͍ͣͪͦ·͔Φ ˤ ͔͍͔͒ͪͤͣ ͙͔ͣͪΣ ͎ͦ͒͊͟ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͍͙͙ͦͤ͊͘͟͡Σ ͫͯ΅͔͍͍͙ͫͭͦ͊͡ 
͙ ͙ͫ;͔͙͊͘͡ ͎͍͊ͤ͡·ͣ ͦ͋ͪ͊ͦͣ͘ ͍ ͦ͊͟͡͡Έͤ·ͻ ͪ͊ͣ͊͟ͻΣ ͤ͊ ͔͔͔͔ͦͨͪ͒ͤͤͦ͡ ͍͔ͪͣΎ ͙ͦͤ 
͍͔ͫ ͔͗ ͙͙͙ͨͪͤͣ͊͡ ͍͙͙͍͊ͣͪͦ͘͟·͔ ͣ͊ͫ΄ͭ͊͋·Σ ͦͻ͍͊ͭ·͍͊Ύ ͤ͊͘;͙͔ͭ͡ΈͤͯΌ ;͊ͫͭΈ 
;͔͍͔ͦ͡;͔͙ͫ͟ͻ ͦ͋΅͔͚ͤͦͫͭΣ ͙͎͒ͦͫͭ͊Ύ ͙ͨͪ Ήͭͦͣ ͍·͚ͫͦͦ͟ ͔͔͙ͫͭͨͤ ͙ͯͤͺ͙͊͟ͼ͙͙ 
ͺͦͪͣ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟Σ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙ ͯ͟͡Έ͚ͭͯͪͤͦ ͙͙͗ͤ͘ ͤ͊ 
͋ͦ͡Έ΄͚ͦ ͔͙͙͙ͭͪͪͭͦͪΦ ˹ͦ ͍͔ͫͦ͒͊͊ͣ͘·͔ ͙ ͔͙͍͔ͯ͒ͪ͗͊ͣ·͔ ͙͚ͫͦ͡ ͍͔͍͙͊ͦ͊ͤ͘Ύ Ή͙ͭ 
ͦ͋΅͙ͤͦͫͭ ͍͔ͫͦͪ͟ ͙ͪ͊ͫͨ͊͒͊ͫ͡ΈΣ ͊͟͟ ͭͦ͡Έͦ͟ ͼ͔͙ͤͭͪͪͯΌ΅͊Ύ ͙ͻ ͙ͫ͊͡ ͔͍ͦͫ͊͋͊͊͡͡Φ 
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́͊͟ ͙ͨͪͦͫͻ͙ͦ͒ͦ͡ ͙ ͫ ͙ͦͦͤ͊͟͡͡Έͤ·͙ͣ ͙͔͙ͣͨͪΎ͙ͣΣ ͍͔ͫͦ͒͊͊ͣ͘·͙ͣ 
͔͍͔͚͙͙ͪͦͨͫͣ͟ ͍͔͍͔͊ͦ͊ͭ͘͡Ύ͙ͣΦ ˴͙ͦͦͤ͊͡͡Έͤ͊Ύ Ή͙ͫͨ͊ͤͫ͟Ύ ͔ͫ͒͊͊͡͡ ͍ͦͣͦ͗ͤ͘·ͣ 
͙͔ͫͦ͒͊ͤ͘ ͦ͋΅͔͎ͦ ͪ·ͤ͊͟Σ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙Ό ͔͙ͣ͊ͭͪ͊͡Έ͎ͤͦͦ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Σ 
͍͔͙͔ͯͫͭ͊ͤͦͤ͡ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͙ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͍ͫΎ͔͚͘ ͔ͣ͗͒ͯ 
͙ͪ͊͘͡;ͤ·͙ͣ ͔͎͙͙ͪͦͤ͊ͣΣ ͙͎ͣͪ͊ͼ͙Ό ͔͔͙ͤ͊ͫͤ͡ΎΦ ˥͍͊ͤ͡·ͣ ͔ͤ͒ͦͫͭ͊ͭͦͣ͟ ͫͭ͊͊͡ 
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͙͍͔ͦͭͫͭ͊͊ͣ͊Ύ ͙͔͒Ύ ͔͍ͨͪͦͫͻ͍ͦ͒ͫͭ͊ ͔͍͔͚͙ͪͦͨͫ͟ͻ ͯ͟͡Έͭͯͪͤ·ͻ 
ͼ͔͔͚ͤͤͦͫͭ ͙ ͫͨͦͫͦ͋͊ ͙͙͗ͤ͘Σ ͔͍͔͍ͤͪ͊ͤͫͭ͊ ͼ͙͍͙͙͊͘͡ͼ͙͚Σ ͍ ͔͔͙͙ͫͭͪͣͤ͡ 
ͼ͙͍͙͙͍ͦ͊ͭ͘͡Έ ͎͙͔͒ͪͯ ͤ͊ͪͦ͒· ;͔͔ͪ͘ ͙͍͙͍͙͔ͨͪ͊ͤ ͔͍͔͚͎ͪͦͨͫͦͦ͟ ͙͍͔͙ͣͪͦͦͪͤ͘͘Ύ 
͙ ͙ͯͤ;͔͙͔ͭͦ͗ͤ ͔͎͙ͪͦͤ͊͡Έ͎ͤͦͦ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͙ͪ͊ͤͦͦ͋ͪ͊͘͘ΎΦ ˽ͦ͊͟ ͔ͭͻ͙ͤ;͔͔ͫͦ͟ 
͔͍ͨͪͦͫͻ͍ͦ͒ͫͭͦ ͍ͦͫͭ͊͊ͦͫ͡Έ ͊͘ ͙͙ͦͦͤ͊ͭͦͪ͊ͣ͘͟͡Σ ͙ͣ ͍ͯ͒͊͊ͦͫ͡Έ ͔͙͍ͯ͒ͪ͗͊ͭΈ 
͔ͨͦͦͪͤͤ͟·͔ ͔͙͙͙ͭͪͪͭͦͪ ͨͦ͒ ͔ͦͤͭͪͦͣ͟͡Σ ͤͦ ͍ͦͪͦͫ͘΄͙͚ ͍͔ͭͦ͊ͪͦͦ͋ͣͤΣ 
͔͔͔ͨͪͣ΅͔͙͔ͤ ͔͙ͣ͊ͭͪ͊͡Έ͎ͤͦͦ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙͘ ͙͙͚ͣͭͪͦͨͦ͡ ͙͍͔͙ͨͪ͡ ͟ 
͋·ͫͭͪͦͣͯ ͍͔͙ͦ͊͒ͤ͡Ό ͔͔͙ͤ͊ͫͤ͡Ύ ͙͚ͦͦͤ͟͡ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͙ͫͣ͟ ͙͍ͤͤͦ͊ͼ͙Ύ͙ͣΦ ̏ͭͦ 
͔ͫ͒͊͡ ͦ͡ ͔͙͔ͯ͒ͪ͗͊ͤ ͊͘ͻ͍͊;͔ͤͤ·ͻ ͔͎͙͍ͪͦͤͦ ͙ ͙͍ͨͪͦͭͦͫͭͦΎ͙͔ͤ ͍ͣ͊ͫͫͦ·ͣ 
ͤ͊ͼ͙ͦͤ͊͡Έͤͦ-͍͙͔ͦͫͦ͋ͦ͒ͭ͡Έͤ·ͣ ͍͙͔͙͒͗ͤΎͣ ͍͒ͦͦ͡Έͤͦ ͊ͭͪ͊ͭͤ͘·ͣΦ ˤ͍͒ͦ͋͊ͦ͟Σ 
;͙͔ͫͤͤͦͫͭ͡Έ ͔͔͙ͤ͊ͫͤ͡Ύ ͙͚ͦͦͤ͟͡ ͋·͊͡ ͎ͤ͊ͣͤͦͦ ͋ͦ͡Έ΄͔͚Σ ;͔ͣ ͍ ˩͍͔ͪͦͨΦ 
˩͍͔͙ͪͦͨ͊͘ͼ͙Ύ ͙ͣͪ͊ ͙͙͔ͨͪͤͯ͒ͭ͡Έͤ·͙ͣ ͔͙ͣͭͦ͒͊ͣ ͨͦ͊͊͊͘͟͡ ͍ͫͦΌ 
͔ͤͫͦͫ ͭͦΎ͔ͭ͡ΈͤͦͫͭΈΦ  
ˤ ͔͔͙͔ͫͪ͒ͤ ̆̆ ͔͙ͫͭͦͭ͡Ύ ͤ͊;͊ͦͫ͡Έ ͙͍ͨͪͦͭͦͫͭͦΎ͙͔ͤ ͫͦͼ͙͙͙͊ͫͭ͡;͔͚ͫͦ͟ ͙ 

͙͙͙͊ͨͭ͊ͫͭ͟͡;͔͚ͫͦ͟ ͙͔ͫͫͭͣΣ ͊͗͒͊͟Ύ ͙͘ ͦͭͦͪ͟·ͻ ͔͙ͫͭͪͣ͊ͫ͡Έ ͟ ͙ͫͦ͒͊ͤ͘Ό 
͙͍͚ͣͪͦͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ˽͙ͪ Ήͭͦͣ ͔ͣͭͦ͒· ͍͙ͦͫͭ͊͊ͫ͡Έ ͔͙͔ͤͣͤͤ͘·Σ ͙͡΄Έ 
͍͔ͯͫͦͪ΄͔͍͍ͤͫͭͦ͊ͫ͡Ύ ͙ ͫͭ͊͡ ͔͔ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘ ͙͔ͨͪͣͤΎ͔ͣ·͚ ͔ͭͻ͙ͤͦ͟-
͔ͭͻ͎͙ͤͦͦ͡;͔͙͚ͫ͟ ͔ͨͦͭͤͼ͙͊͡Φ ˿͍͔͍͔ͦͦͭͭͫͭͤͤͦ ͍͙ͦͪͦͫ͘͡ ͙͙ͪͫ͟ ͙͔͔͙ͨͪͣͤͤΎ 
Ύ͔͎͒ͪͤͦͦΣ ͙͎͙͋ͦͦ͡;͔͎ͫͦͦ͟Σ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͙ͦͪͯ͗ΎΦ ˶ͦ͊͟͡Έͤ·͔ ͙͔͔ͤͭͪͫ· ͍͍ͤͦΈ 
͒ͦ͗ͤ͡· ͋·͙͡ ͋·ͭΈ ͙͔͔ͨͪͤͫͤ· ͍ ͔͍͗ͪͭͯ ͙͔͔ͤͭͪͫ͊ͣ ͋ͦͪΌ΅͙ͻͫΎ ͙͔ͫͫͭͣΦ 
˽ͦ ͤ͊΄͔ͣͯ ͔͔͙ͯ͋͗͒ͤΌΣ ͙͔ͭ͊͟ ͦ͋΅͙ͤͦͫͭΣ ͍͔͔ͪͣͤͤͦ ͙͔ͨͪͦ͋ͪͭ͊Ό΅͙͔ 

͙͍ͣͪͦ·͔ ͣ͊ͫ΄ͭ͊͋·Σ ͔ͤ ͎ͣͦͯͭ ͔͔͍ͨͪͭͤ͒ͦ͊ͭΈ ͤ͊͘·͍͊ͭΈͫΎ ͔ͨ͊ͤͭ͊ͪͤ͡·͙ͣΣ ͨͦͭͦͣͯ 
;ͭͦ ͙ͻ ͔͙͍͒ͤͫͭͦ ͔͔ͦ͋ͫͨ;͙͍͊ͦͫ͡Έ ͔ͣͻ͙͊ͤ;͔͙ͫ͟ ͔ͨͯͭͣ ͙͔͙ͨͪͤͯ͗͒ͤΎΣ ͊ ͔ͤ 
͎͙ͦͪ͊ͤ;͔͙ͫ͟ ς ;͔͔ͪ͘ ͙͔ͦͫͦͤ͊ͤ͘ ͦ͋΅͙ͤͦͫͭ ͼ͔ͤͤͦͫͭͤ·ͻ ͍ͯͫͭ͊ͤͦͦ͟ ͙ ͼ͔͔͚͡Σ 
͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͔͔ͫ͋Σ ͊͟͟ ;͙͊ͫͭ ͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͙͔ͫͫͭͣ·Φ 
˶͙΄Έ ͍ ͦͤ͟ͼ͔ ̆̆ ͔͙ͫͭͦͭ͡Ύ ͨͪͦΎ͍͙͊ͫ͡Έ ͔͔ͭͤ͒ͤͼ͙Ύ ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͔͙͚͒ͤͦ 

͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͼ͙͍͙͙͊͘͡ͼ͙͙ ζʕ  ͍͔ͦͫͤͦ Ή͎ͭͦͦ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͨͦ͒ͻͦ͒͊ ͟ ͔͔ͨͪͦ͋ͣ͡ 
ͼ͙͍͙͙͊͘͡ͼ͙͙ ͔͙͗ͭ͡ ͔ͪ͊͡Έͤ·͚ ͺ͊ͭ͟ ζ͎ ͙ͦ͋͊͊͘͡͡ͼ͙͙η ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͙͙ͪ͊ͭ͘ΎΣ 
;͊ͫͭͦ ͙ͦͨͫ·͍͔͊ͣ·͚ ͊͟͟ ͍ͦͪ͊ͫͭ͊͘Ό΅͊Ύ ͼ͔ͦͫͭͤͦͫͭ͡Έ ͙ͣͪ͊η [1, 30]. 
˥͙ͦ͋͊͊͘͡͡ͼ͙ΎΣ ͍͙ͫͭ͊ͤͦͭͫΎ ͺ͊ͭͦͪͦͣ͟Σ ͍͙͍ͦ͋ͯͫͦ͡΄͙ͣ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͙͚͒ͤͦ 
͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ˻ͤ͊ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͙͔͙͙ͯͫͤ͡ ͍͙͍͊ͣͦͫ͘Ύ͔͚͘ ͙ 
͍͙͍͙͙͔͚͊ͣͦ͊ͫͣͦͫͭ͘͘ ͔ͣ͗͒ͯ ͔ͦͭ͒͡Έͤ·͙ͣ ͫͺ͔͙ͪ͊ͣ ͙ ͫͦͼ͙͙ͯͣ͊ͣΣ ͍ ͔͍ͨͪͯΌ 
ͦ;͔͔ͪ͒Έ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻΣ ͺ͙͍ͤ͊ͤͫͦ·ͻΣ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻΣ ͫͦͼ͙͊͡Έͤ·ͻΣ ͯ͟͡Έͭͯͪͤ·ͻΣ 
͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻΣ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͙ ͎͙͒ͪͯͻ ͍ͫΎ͔͚͘Σ ͙͍͔͙ͯͤͪͫ͊͊͘͡ͼ͙͙ ͙ 
ͭͪ͊ͤͫͤ͊ͼ͙͙ͦͤ͊͊͘͡ͼ͙͙ ͼ͔͎ͦͦ͡ ͪΎ͒͊ ͙͔ͫͫͭͣ ͙ ͨͦ͒ͫͭͪͯͭͯͪ͟ ;͔͍͔ͦ͡;͔͚ͫͦ͟ 
͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 
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ˣͦ͡Έ΄͙͍ͤͫͭͦ ͍͍͊ͭͦͪͦ ͔ͫͦͫͪ͒ͦͭ͊;͙͍͊Όͭ ͍͔ͫͦ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͫͦͼ͙͊͡Έͤ·ͻ  
ό͊ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻύ ͔͊ͫͨͭ͊͟ͻΣ ͔͍ͨͪ͒ͫͭ͊͡ΎΎ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ό ͍ 
͍ͦͫͤͦͤͦͣ ͊͟͟ ͫͦͼ͙͊͡ΈͤͯΌ ͙͔͎ͤͭͪ͊ͼ͙ΌΣ ͍ͫΎ͊ͤͤͯ͘Ό ͫ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ 
ͼ͔ͦͫͭͤͦ͡-͍͙͍͊ͣͦͫ͘Ύ͎͊ͤͤͦͦ͘ ͔͎ͨ͊ͤͭ͊ͪͤͦͦ͡ ;͔͍͔ͦ͡;͔͍ͫͭ͊Φ ˹ͦ ͨͦ ͤ͊΄͔ͣͯ 
͔͙ͣͤͤΌΣ Ήͭͦ ͔ͤ ͨͦͤ͡·͚ ͍͎͘͡Ύ͒ ͤ͊ ͔ͨͪͦ͋ͣͯ͡Φ ̂ͨͯͫ͊͟ΌͭͫΎ ͍ͦͨͪͦͫ·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ 
͙͔͎ͤͭͪ͊ͼ͙͔͚ ͦ͋΅͔͍ͫͭ͊ ͙ ͙ͨͪͪͦ͒·Σ Ύ͍͡ΎΌ΅͔͚ͫΎ ͔͚ͫͪ͒ͦ ͙͙ͦ͋ͭ͊ͤΎ ;͔͍͔ͦ͡;͔͍ͫͭ͊ 
͙ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͔͚ ͔͎ͦ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͙ͣ ͔͙ͪͫͯͪͫ͊ͣΦ ˤͦͪ͊ͫͭ͊͘Ό΅͔͔ 
͙͍͔ͨͪͦͭͦͪ;͙͔ ͍ ͙͔͔ͫͫͭͣ ζ;͔͍͔ͦ͡;͔͍ͫͭͦ ς ͙ͨͪͪͦ͒η͊ ͙͙ͤͼ͙͙͔ͪͯͭ ͔͙͔ͦ͋ͦͫͭͪͤ 
͎͙͒ͪͯͻ ͙͍͔ͨͪͦͭͦͪ;͙͚Σ ͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒Έ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͙ ͍ ͔͔ͤ͒͊ͦͣ͟͡ 
͋ͯ͒ͯ΅͔ͣ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͊ͤͭͪͦͨͦΉ͎͙ͦͦ͟͡;͔ͫͦͣͯ͟ ͙͙ͪͫͯ͘͟Φ ˩͎ͦ ͔ͪ͊ͪ͘΄͔͙͔ͤ 
͍ͫΎ͊ͤͦ͘ ͫ ͙ͨͦͫͦͣ͟ ͍͚ͤͦͦ ͔͙ͣͦ͒͡ ͼ͙͍͙͙͊͘͡ͼ͙͎ͦͤͤͦͦ ͍͙͙ͪ͊ͭ͘ΎΣ ͙͔͔͙͔ͣͤͤͣ͘ 
ͦ͋΅͔͔ͨ͊ͤͭ͊ͪͤ͡·ͻ ͼ͔ͤͤͦͫͭͤͦ-ͼ͔ ͔͍͡·ͻ ͙͔͙͍ͦͪͤͭͪͦΦ ˽ͦΉͭͦͣͯ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ 
͒ͦ͗ͤ͊͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͊͟͟ ͙͔ͫͫͭͣͤͦ-Ή͍ͦ͡Όͼ͙ͦͤͤ·͚ ͨͪͦͼ͔ͫͫ 
ͦ͋΅͔͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͙͔͎ͤͭͪ͊ͼ͙͙ ͙ ͔͔͙ͦ͋ͪͭͤΎ ;͔͍͔ͦ͡;͔͍ͫͭͦͣ ͼ͔͙ͦͫͭͤͦͫͭ͡Σ 
͔͎ͨͪ͒ͨͦ͊͊͡Ό΅͙͚ ͔ͤ ͭͦ͡Έͦ͟ ͙͔ͫͦ͒͊ͤ͘ ͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ͤͦ ͙ ͔͙͚͒ͤͦ 
͎ͦ͋͊͡͡Έ͚ͤͦ ͫͦͼ͙͙͚ͦͨͪͪͦ͒ͤͦ ͙͔ͫͫͭͣ· ζ;͔͍͔ͦ͟͡ ς ͦ͋΅͔͍ͫͭͦ ς ͙ͨͪͪͦ͒͊η ͤ͊ 
͙ͨͪͤͼ͙ͨ͊ͻ ͦ͟Ή͍ͦ͡Όͼ͙͙ ώуϐΦ  
ˮͫͨͦ͡Έͯ͘Ύ ͍ ͒͊͡Έ͔͚ͤ΄͔ͣ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͨͦͤΎ͙͔ͭ ζ͎ ͙ͦ͋͊͊͘͡͡ͼ͙͙η ͍ Ήͭͦͣ 

ͫͣ·͍ͫͦͦͣ͡ ͤ͊͘;͔͙͙ͤΣ ͣ· ͔ͣͦ͗ͣ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͔͔ ͤ͊;͊ͦ͡ ͔͔ͫ͒ͯͭ͡ ͔͙ͦͭͤͫͭ ͟ 
ͦͤ͟ͼͯ ̆̆ ͔͙ͫͭͦͭ͡ΎΦ ̏ͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͨͦΎ͍͔͙͔ͤͣ͡ ͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔͚ͫͦ͟ ͙ͤ͊ͯ͟ 
ό͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ;͔͍͔͔͙ͦͦͪ͊ͣͪͤͦͫͭ͘͟͡ ͙ͨͪͪͦ͒ͤ·ͻ ͙͔ͫͫͭͣύ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 
͍͎ͤͦͦͦ ͙͙͙ͣͪͦͨͦͤͣ͊ͤΎΣ ͙͋͊ͪͯ͘Ό΅͔͎ͦͫΎ ζΧͤ͊ ͔͍͔͙͙ͨͪ͒ͫͭ͊ͤ͡ ͤ͊΄͔͎ͦ ͔͎ͣͤͦͦ͘ 
͙ͣͪ͊ ͊͟͟ ͼ͔͎ͦͦ͡Σ ͊ ;͔͍͔ͦ͡;͔͍ͫͭ͊Σ ͊͟͟ ͍͙͍͊ͣͦͫ͘Ύ͎͊ͤͤͦͦ͘ ͙͍͎ͣͪͦͦͦ ͫͦͦ͋΅͔͍ͫͭ͊Σ 
ͯ ͎ͦͭͦͪͦͦ͟ ͦ͋΅͊Ύ ͫͯ͒Έ͋͊ ͙ ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈ ͊͘ ͋ͯ͒ͯ΅͔͔ ͔ͨ͊ͤͭ͡·η ώфΣ ммпϐΦ ́͊͟Σ 
͍ мффн ͎ͦ͒ͯ ͤ͊ ͍͔ͫͦ΅͙͙͊ͤ ˻˻˹ ͍ͨͦͫΎ΅͔ͤͤͦͣ ͙ͨͦͫͯ͟ ͔͚ͨͯͭ ͔ͪ΄͔͙ͤΎ ͙͙͚ͪͫͤͦ͘͟ 
͒͡Ύ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͙ͫͭͯ͊ͼ͙͙Σ ͋·͙͡ ͍·ͪ͊͋ͦͭ͊ͤ· ͍͔ͫͦͣͫͭͤ·͔ ͔ͪ΄͔͙ͤΎΣ 
͔͙͍ͨͪ͒ͯͫͣ͊ͭͪ͊Ό΅͙͔ ͙͔͔͙͔ͣͤͤ͘ ͼ͔ͤͤͦͫͭͤ·ͻ ͍ͯͫͭ͊ͤͦͦ͟ ͦ͋΅͔͔͎ͨ͊ͤͭ͊ͪͤͦͦ͡ 
ͣ·΄͔͙ͤ͡ΎΦ 
˽͔͊ͤͭ͊ͪͤ͊͡Ύ ͼ͙͍͙͙͊͘͡ͼ͙ΎΣ ͍ ͭͦͣ ͍͙͔͒Σ ͍ ͚ͦͭͦͪͦ͟ ͦͤ͊ ͤ͊;͙͔ͤ͊ͭ 

ͺ͙͍ͦͪͣͪͦ͊ͭΈͫΎ ͍ ͦͤ͟ͼ͔ ̆̆ ͔͙ͫͭͦͭ͡ΎΣ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͫͤΎ͙͔ͭ ͯ͟͡Έͭͯͪͤͦ-
͙͙ͫͭͦͪ;͔͙ͫ͟ͻΣ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͎͙ͦͪ͊ͤ;͔͙͚ͤΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͙ͻ ͔͔ ͔ͦͣͨͦͤͤͭ͟· 
͙ ͔͙͍͒ͤͫͭͦ ͫͦͼ͙͊͡Έ͚ͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͦ͋΅͔͍͔͚ͫͭͤͤͦ ͗ ͙͙ͤ͘ ͍ ͦ͋΅͔͔ͨ͊ͤͭ͊ͪͤͦͣ͡ 
ͣ͊ͫ΄͔ͭ͊͋Σ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͍͔͔͚ͤͯͭͪͤͤ ͔͔͚͙ͨͪͫͭͪͦ͟ ͦ͊͟͡͡Έͤ·ͻ ͦ͋΅͔͍ͫͭΣ  
͊ ͔ͤ ͍͔ͤ΄͔͎ͤͦ ͍͔͍͙͊ͦ͊ͤ͘ΎΦ ˻ͤ͊ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͤ͊ͣ ͊͟͟ ͊͟;͔͍͔ͫͭͤͤͦ ͍ͤͦ͊Ύ 
͙͔ͫͫͭͣͤ͊Ύ ͼ͔ͦͫͭͤͦͫͭ͡ΈΣ ͍͙ͦͤ͊͘͟Ό΅͊Ύ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͍͔͎͔ͦͤͪͤ͟ͼ͙͙ 
͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·ͻ ͫͦͼ͙͊͡Έͤ·ͻΣ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻΣ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻΣ 
͙͙ͨͦͭ͡;͔͙ͫ͟ͻΣ ͙ͨͪͪͦ͒ͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͍ ͙͍ͣͪͦͦͣ ͣ͊ͫ΄͔ͭ͊͋Φ ˤ͔ͦͪ͊ͫͭ͊ͭ͘ 
͍͙͍͙͙͊ͣͦ͊ͫͣͦͫͭ͘͘Έ ͦ͊͟͡͡Έͤ·ͻ ͔͎͙͍ͪͦͤͦ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͺ͎͔͍ͪ͊ͣͤͭͦΦ 
˴͙͙ͪͫͤ͘·͔ ͙͙͡ ͙͒ͫͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ Ύ͍͔͙ͤ͡Ύ ͍ ͦ͒ͤͦͣ ͔͔ͫͭͦͪ͟ ͎ͦ͋͊͡͡Έ͚ͤͦ 
ͼ͙͍͙͙͊͘͡ͼ͙͙͚ͦͤͦ ͙͔ͫͫͭͣ· ͫͦ͒͊͘Όͭ ͎ͯͪͦͯ͘ ͙ͫͭ͊͋͡Έ͙ͤͦͫͭ ͎͙͒ͪͯͻ ͔͍ͫͭͦͪͦ͟Φ ˮ ͍ 
ͭͦ ͔͗ ͍͔ͪͣΎ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͋·ͫͭͪͦͣͯ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΌ ͨͦ ͍͔͚ͫ ͔͔ͨ͊ͤͭ͡ ͔ͭͻ 
ͺͦͪͣ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟Σ ͫͦͼ͙͊͡Έ͚ͤͦ ͙ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙͙͗ͤ͘Σ ͙͍ͭͨͦ ͯ͟͡Έͭͯͪ·Σ 
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͙͚ͤ͊ͤ͘ ͙ ͼ͔͔͚ͤͤͦͫͭΣ ͦͭͦͪ͟·͔ ͍͙͙ͦͫͨͪͤͣ͊ΌͭͫΎ ͊͟͟ ͙ͦͨͭͣ͊͡Έͤ·͔ ͙ ͙͔͔ͤ͊͋ͦ͡ 
Ήͺͺ͔͙͍ͭͤ͟·͔ ͒͡Ύ ͍͔͍͔͙ͯ͒ͦͭͦͪͤ͡Ύ ͙͡;ͤ·ͻ ͙ ͦ͋΅͔͍͔ͫͭͤͤ·ͻ ͔͔͚ͨͦͭͪ͋ͤͦͫͭΦ ˿͊ͣ 
ͨͪͦͼ͔ͫͫ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͔͚ͨͦͭͪ͋ͤͦͫͭΣ ͙͍ͭͨͦ ͔͙ͣ͊ͭͪ͊͡Έ͎ͤͦͦ ͙ ͯ͟͡Έ͎ͭͯͪͤͦͦ 
͔͔͙ͨͦͭͪ͋ͤ͡Ύ ͙ ͍ͦ͋ͪ͊ͦ͘ ͙͙͗ͤ͘ ͔ͭ͊͗͟ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͎ͦ͋͊͡͡Έͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ 
͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͨ͊ͤͭ͊ͪͤ͊͡Ύ ͼ͙͍͙͙͊͘͡ͼ͙Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ  

ͤ͊ͣ ͊͟ ͟ ͊͟;͔͍͔ͫͭͤͤͦ ͍ͤͦ͊Ύ ͙͔ͫͫͭͣͤ͊Ύ ͼ͔ͦͫͭͤͦͫͭ͡Έ ;͔͍͔ͦ͡;͔͍ͫͭ͊Σ 
͍͙ͦͤ͊͘͟Ό΅͊Ύ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͍͔͎͔ͦͤͪͤ͟ͼ͙͙ ͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·ͻ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻΣ 
͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻΣ ͫͦͼ͙͊͡Έͤ·ͻΣ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͯ͟͡Έ͙ͭͯͪͤͻ ͙ ͙ͨͪͪͦ͒ͤ·ͻ 
ͨͪͦͼ͔͍ͫͫͦ ͍ ͔ͨ͊ͤͭͨͪͤͦͣ͡ ͣ͊ͫ΄͔ͭ͊͋Φ  
ˤ͔͚͊͗ͤ΄͙ͣ ͺ͊ͭͦͪͦͣ͟Σ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙ͣ ͙͔͎ͤͭͪ͊ͼ͙͙ ͙ ͙͔͙ͤͭͤͫͺ͙͊͟ͼ͙͙ 

͍ͫΎ͔͚͘Σ ͍ͫͭ͊ͤͦΎͭͫΎ ͔͍ͪͦ͡Όͼ͙ͦͤͤ·͔ ͨͪͦͪ·͍· ͍ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-
͙ͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙ͤͦͦ͡Ύͻ ς ͨͦΎ͍͔͙͔ͤ͡ ͍ͤͦ·ͻ ͔͍ͫͪ͒ͫͭ ͙ ͍ͫͨͦͫͦ͋ͦ 
ͻ͔͙ͪ͊ͤͤΎΣ ͨͦͯ͡;͔͙ͤΎΣ ͔͔͙ͨͪͪ͊͋ͦͭ͟ ͙ ͔͔ͨͪ͒͊;͙ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ζ˥ ͙ͦ͋͊͊͘͡͡ͼ͙Ύ ς 
ͨͦ ͙ͫͯͭ ͔͒͊͡ ͦ;͔͔͚ͪ͒ͤͦ Ήͭ͊ͨ ͙͔ͤͭͪͤ͊ͼ͙͙ͦͤ͊͊͘͡ͼ͙͙Σ ͍ͦͫͤͦ͊ͤͤ·͚ ͤ͊ ͍͙͙͙ͪ͊ͭ͘ 
͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡η [6, 3]. ˽ͦΎ͍͔͙͔ͤ͡ ͙͔͔ͤͭͪͤͭ͊Σ ͊͟͟ ͙ͫͭͦ;͙ͤ͊͟ 
ͦ͋΅͔͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͙͔ͫͫͭͣ· ͍ͫΎ͙͘Σ ͍͙ͨͦͦͦ͘͡͡ ͫͤΎͭΈ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·͔ 
͎͙ͦͪ͊ͤ;͔͙ͤΎ ͔͔ͨͪ͒͊;͙ ͡Ό͋·ͻ ͙ͦ͟͡;͔͍ͫͭ ͙ͤͺͦͪͣ͊ͼ͙͙ ͙ ͔ͫ͒͊ͭ͡Έ ͔͔ 
ͦ͋΅͔͚͒ͦͫͭͯͨͤͦΦ 
˸· ͔ͨͪ͋·͍͔͊ͣ ͭͦ͡Έͦ͟ ͍ ͫ͊ͣͦͣ ͤ͊;͔͊͡ ͙ͨͯͭ ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ  

͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ͤͦ ͔ͯ͗ ͔͚ͫ;͊ͫ ͔ͣͦ͗ͣ ͚͙ͤ͊ͭ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭ͊ ͔͔ 
͍͔͙ͫͭ͊ͤͦͤ͡ΎΥ 

- Ή͙ͦͤͦͣ͟;͔ͫ͊͟Ύ ͙͔͎ͤͭͪ͊ͼ͙ΎΣ ͍ͫΎ͊ͤͤ͊͘Ύ ͫ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔͙͎͒ͤͦͦ ͪ·ͤ͊͟Σ 
͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙Ύ ͔͙ͣ͊ͭͪ͊͡Έ͎ͤͦͦ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͍͔ͤ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ 
͔͎͙ͪͦͤ͊͡Έͤ·ͻ ͺ͍͊ͭͦͪͦ͟Σ ͺ͙͍ͤ͊ͤͫͦ͊Ύ ͙͔ͫͫͭͣ͊ ͙ ͍͙͔͋͊ͤͦͫ͟͟ ͔ͦͨͪ͊ͼ͙͙ ͨͦ ͍͔ͫͣͯ 
͙ͣͪͯ ͙ ͭΦ͒Φ ˻͎͙ͪ͊ͤ͊͘ͼ͙ͦͤͤ·͙ͣ ͺ͙ͦͪͣ͊ͣ ͺ͙͍ͤ͊ͤͫͦͦ-Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͔͙͍͒ͤͫͭ͊ 
͍ͫͭ͊ͤͦΎͭͫΎ ͭͪ͊ͤͫͤ͊ͼ͙ͦͤ͊͡Έͤ·͔ ͦͪͨͦͪ͊͟ͼ͙͙Σ ˻˿́Σ ˸ˤ̅Σ ͺ͙͍ͤ͊ͤͫͦͦ-͍͙͔͋͊ͤͦͫ͟͟ 
ͯ;͔͔͙ͪ͗͒ͤΎ ͙ ͎͙͔͒ͪͯΤ 

- ͔͙͒ͤ·͚ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͚ͫ͟ ͫͨͦͫͦ͋ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Φ ͔͔̉ͪ͒͊ ͤ͊ͯ;ͤͦ-
͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͔͍ͪͦ͡Όͼ͙͚ ͦͤ͟ͼ͊ ̆̆ ͔͙ͫͭͦͭ͡ΎΣ ͤ͊;͍͊΄͊ΎͫΎ ͫ ͙ͪ͊͒͊͟͡Έͤ·ͻ 
͙͔͔͙͚ͣͤͤ͘ ͍ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͤ͊ͯ͊͟ͻ ͙ ͔ͭͻ͎͙ͤͦͦ͡Ύͻ 
͙͍͔ͨͪͦ͡ ͟ ͍ͣ͊ͫͫͦͦͣͯ ͙͙͍͙ͭͪ͊͗ͪͦ͊ͤΌ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͔ͭͻ͙ͤͦ͟-
͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͍͙ͤͦͤͦ͟ ͔͒͊͗ ͍ ͫ͊ͣ·ͻ ͔ͦͭ͒͊ͤͤ͡·ͻ ͎ͯͦ͊͟͡ͻ ͔ͨ͊ͤͭ͡·Τ 

- ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔͎ͨ͊ͤͭ͊ͪͤͦͦ͡ ͔͔͎ͫͪ͒ͤͦ ͊ͫͫ͊͟͡Σ ͒͡Ύ ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡ 
͎ͦͭͦͪͦͦ͟ ͔͙͔ͨͪ͗ͤ ͔͔ͨͣͤͤ͡·͔Σ ͙͔͎͙͒ͦͦ͡;͔͙͔ͫ͟Σ ͔͙͎͙ͪͦͤ͘͡·͔Σ Ή͙ͭͤ;͔͙͔ͫ͟ 
ͺ͊ͭͦͪ͟· ͯͫͭͯͨ͊Όͭ ͔ͣͫͭͦ ͫͦͼ͙͊͡Έ͚ͤͦΣ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙ͫͭ͊͋͡Έ͙ͤͦͫͭ ͙ 
͔͔͙ͨͦͭͪ͋ͤ͡ΌΤ 

- ͙͙ͨͦͭ͡;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊Σ ͊͒͊͘;͔͚ ͚ͦͭͦͪͦ͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͍͔ͫ 
͔͔͋ͦ͡ ͍ͫͦ͋ͦ͒ͤ·ͻΣ ͔͔͊ͪͨͤͤ͘͟͡·ͻ ͙ Ό͙͙ͪ͒;͔͙͙ͫͣ͟ ͙ ͍͍͔ͤͪ͊ͫͭͤͤ·͙ͣ ͙ͤͦͪͣ͊ͣ 
ͺͦͪͣ ͍͔͎ͫͦͣͫͭͤͦͦ ͋·͙ͭΎ ͡Ό͔͚͒ ͙ ͍ ͔͍͔͙͙ͨͪ͒ͦͫͭ͊ͤ͡ ͍͔ͫͦ͋΅͙ͻ ͍ͨͪ͊Σ ͍ͫͦ͋ͦ͒Σ 
͎͙͚͊ͪ͊ͤͭΣ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͯ;͍͍͊ͫͭͦ͊ͭΈ ͍ ͔ͪ΄͔͙͙ͤ ͍͙ͫͦͻ ͔ͫͯ͒͋ ͙ ͔ͫͯ͒͋ ͤ͊ͼ͙͙Σ 
ͫͭͪ͊ͤ·Σ ͙ͣͪ͊Φ ˽͙ͪͤͼ͙ͨ· ͙ ͙ͨͪ͊ͭ͊͟͟ ͙ͤ͊͋ͦ͡Έ΄͔͚ ͍ͫͦ͋ͦ͒· ͒͡Ύ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ 
;͙ͫ͊͡ ͡Ό͔͚͒ ͙͍͒͊ͤ͊͘ ͍ͫΎ͊ͤ͘· ͫ ͔͙͔͚͒ͣͦͪ͊ͭ͟Σ ͨͦΉͭͦͣͯ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ 
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͔͙͒ͣͦͪ͊ͭ͟;͔͙ͫ͟ͻ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͔͙͍ͪ͗ͣͦ ͔ͭ͊͗͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͙ͤ͊ͣ ͊͟͟ 
͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· ώоΣ омς32]; 

- ͫͨͦͪͭ ͔ͭͦ͗ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͙͔͙͒ͤͭ;͙ͤͦͫͭΣ 
͎ͦ͒͊͟ ͼ͔͡ΈΌ ͙͙͚ͯͫ͡ ͍͙ͫͭ͊ͤͦͭͫΎ ͔ͨͦ͋͒͊ ͤ͊ ͙͍ͣͪͦ·ͻ ͔͍͔͍ͨͪͤͫͭ͊ͻ ͙ ͙͍͔ͣͪͦͦ 
͙͙͔ͨͪͤ͊ͤ͘Φ ˹͙͔͊ͨͪͣͪΣ ;͔͙ͣͨͦͤ͊ͭ ͙ͣͪ͊ ͨͦ ͺͯͭ͋ͦͯ͡Σ ͙͙͡ ˻͙͙͚͙͔ͣͨͫ͟͡ ͙͎ͪ·Τ 

- ͪ͊ͫ΄͙͔͙ͪͤΌ ͍ͫΎ͔͚͘ ͔ͣ͗͒ͯ ͔ͦͭ͒͡Έͤ·͙ͣ ͔͎͙͙ͪͦͤ͊ͣ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙ͭͯͪͣ͘Φ 
˽͔ͯͭ΄͔͍͔͙ͫͭͤͤ͟ ͔ͣͦ͗ͭ ͙ͦͤ͊ͦͣͭ͘͟ΈͫΎ ͫ ͙͙͔͚ͫͭͦͪ ͫͭͪ͊ͤ·Σ ͙͙ͨͦͭ͡;͔͙ͫͣ͟ 
͚͍ͯͫͭͪͦͫͭͦͣΣ ͯͤ͊ͭ͘Έ ͦ͋ ͦ͋·;͊Ύͻ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ ͍ ͔ͭͦ͗ ͍͔ͪͣΎ ͍͙ͦͫͭ͊ͭΈ 
͙ͤͺͦͪͣ͊ͼ͙Ό ͦ ͔͔ͫ͋Φ ͔͔͙͔̂ͪͨͤ͟͡ ͙͙ͭͯͪͫͭ;͔͙ͫ͟ͻ ͍ͫΎ͔͚͘ ͔ͨͦͣͦ͗ͭ ͙ͨͦͦ͗ͭ͡Έ 
͔ͦͤ͟ͼ ͙ͣ͊ͤͨͯ͡Ύͼ͙Ύͣ ͍ͣ͊ͫͫͦ·ͣ ͙͔ͫͦͤ͊ͤͣ͘ ͔ͣͫͭͤ·ͻ ζ͍ ͔͚ͦ͗͒ηΣ ͍͔͒Έ 
͍͙ͫͭ͊ͤͦͭͫΎ ͍ͦͣͦ͗ͤ͘·ͣ ͨͦͯ͡;͊ͭΈ ͙ͤͺͦͪͣ͊ͼ͙Ό ͙͘ ͫ͊ͣ·ͻ ͙ͪ͊͘͡;ͤ·ͻ 
͙ͫͭͦ;͙͍ͤͦ͟Τ 

- ͍͔͙͔ͫͭ͊ͤͦͤ͡ ͔͚ͨ͊ͤͭ͊ͪͤͦ͡ ͦ͋΅͙ͤͦͫͭ ͔͍ͤͦͣͦ͗ͤͦ͘ ͔͋͘ ͨͦΎ͍͔͙ͤ͡Ύ 
͎ͦ͋͊͡͡Έͤ·ͻ ͯ͟͡Έͭͯͪͤ·ͻ ͙͍͔͙͚ͯͤͪͫ͊͡Σ ͦͭͪ͊͗͊Ό΅͙ͻ ͦ͋΅͔;͔͍͔ͦ͡;͔͙͔ͫ͟ ͼ͔͙͡ ͙ 
ͼ͔͙ͤͤͦͫͭΦ ˽ͪͦͼ͔ͫͫ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͙ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͍͒ͦͦ͡Έͤͦ 
͙͍͔ͨͪͦͭͦͪ;͙͍Φ ˿ ͚ͦ͒ͤͦ ͫͭͦͪͦͤ· ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍·͍͙͍͙͔ͪ͊ͤ͊ͤ ͔ͦͭ͒͡Έͤ·ͻ 
͔͎͙͍ͪͦͤͦ ;͔͔ͪ͘ Ήͫͨͦͪͭ͟ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͙ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͙͍ͤͤͦ͊ͼ͙͚ ό͙ ͍͔ͦͤͤ·ͻ 
͙ ͙͍͍͔ͨͪͦͦ͒ͫͭͤͤ͘·ͻύ ͙͘ ͍·͍͙ͫͦͦͪ͊ͭ͘͟·ͻ ͫͭͪ͊ͤ ͍ ͦͭͫͭ͊Ό΅͙͔Φ ˮͻ ͙ͣͨͦͪͭ ͙ͨͪ 
͍͙͙ͦͭͫͯͭͫͭ ͍͔͙ͤͯͭͪͤͤͻ ͯ͟͡Έͭͯͪͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͊͒͊ͨͭ͊ͼ͙͙ ͟ ͙͔ͣΌ΅͔͚ͫΎ 
͙͔͔ͫͫͭͣ ͫͦͼ͙͊͡Έͤͦ-͙ͨͪͪͦ͒ͤ·ͻ ͦͭͤͦ΄͔͙͚ͤΣ ͔͙͙͔ͤͨͦͤͣ͊ͤ ͼ͔͔͚͡ ͙ ͔͍͙͚ͨͦͫ͒ͫͭ͡ 
͙͔͔͙ͨͪͣͤͤΎΣ ͔ͤͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͫͨͦͫͦ͋ͤͦ ͔ͦͪͤͤ͟·ͣ ͦ͋ͪ͊ͦͣ͘ 
͙͔͙ͣͤͭ͘Έ ͙͍ͫͦ͗͡΄ͯΌͫΎ ͙͔ͫͫͭͣͯ ͦͭͤͦ΄͔͙͚ͤ ζ;͔͍͔ͦ͟͡ - ͦ ͋΅͔͍ͫͭͦη ͙  ζ;͔͍͔ͦ͟͡ - 
͙ͨͪͪͦ͒͊η ͙ ͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ ͙͍͔͙ͨͪͫͭ ͟ ͔͎͒ͪ͊͒͊ͼ͙͙ ͙͋ͦ͡ ͟ ͙ͯͤ;͔͙ͭͦ͗ͤΌ 
ͦ͊͟͡͡Έ͚ͤͦ ͯ͟͡Έ͚ͭͯͪͤͦ ͦ͋΅͙ͤͦͫͭΦ ˽ͦΉͭͦͣͯ ͤ͊ͪΎ͒ͯ ͫ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫͣ͟ 
͍͙͔͊ͣͦͦ͋ͣͤͦͣ͘ ͔ͤͦ͋ͻ͙ͦ͒ͣ ͍͙͔͊ͣͦͦ͋ͣͤ͘ ͼ͔ͤͤͦͫͭͤͦ-ͼ͔͔͍͡·͙ͣ ͍͙ͯͫͭ͊ͤͦ͊ͣ͟Σ 
ͦͭͦͪ͟·͔ ͋· ͎͙ͦͪ͊ͤ;͔͙ͫ͟ ͎͙ͣͦ͡ ͋·ͭΈ ͍͔͔ͨͭͤ͡· ͍ ͫ͊ͣͦ͋·ͭͤͯΌ ͯ͟͡ΈͭͯͪͤͯΌ 
͙ͫͭͯ͊ͼ͙ΌΦ ˻;͔ͤΈ ͍͊͗ͤͦΣ ;ͭͦ͋· Ή͙ͭ ͼ͔ͤͤͦͫͭͤͦ-ͼ͔͔͍͡·͔ ͦ͋ͪ͊͘· ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 
͋·͙͡ ͔ͤ ͭͦ͡Έͦ͟ ͦ͋΅͔ͤ͊͘;͙ͣ· ͙ ͔ͤ ͭͦ͡Έͦ͟ ͙͔͙ͣ͡ ͋· ͔ͨͪ͒ͨͦͫ·͙͊ͣ͟͡ ͍͔͚ͫͦ 
ͭͪ͊ͤͫ͡Ύͼ͙͙ ͔ͯ͗ ͙ͤ͊͡;ͤ·͚ ͍ ͔ͣͫͭͤ·ͻ ͯ͟͡Έͭͯͪ͊ͻ ͔ͨͦͭͤͼ͙͊͡Σ ͤͦ ͙ ͋·͙͡ ͋· 
ͪ͊ͼ͙ͦͤ͊͡Έͤͦ ͍ͦ͋ͦͫͤͦ͊ͤ·Σ ͔͊ͦͤͦͣͪͤ͘͟· ͙ ͎͙ͣͦ͡ ͋·ͭΈ ͍͔͔ͨͦ͒ͪ͗ͤ· 
͎͔͙͍͚͊ͪͯͣͤͭͪͦ͊ͤͤͦ ͙͙͔ͪͭ͟͟Φ ˤ ͙͍ͨͪͦͭͤͦͣ ͫͯ͡;͔͊Σ Ήͭͦ ͙͔͔ͨͪͦ͋ͪͭͭ ;͔ͪͭ· 
͙͙͙͍͙ͨͪͣͭ͊͘ͼ͙͙Σ ͙ͨͪͫͯ΅͙͔ ͍͚ͣ͊ͫͫͦͦ ͯ͟͡Έ͔ͭͯͪΣ ͦͭͦͪͯ͟Ό ͔ͭͦ͗ ͣͦ͗ͤͦ 
͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ ͙͔ͨͪͣͪ ͯ͟͡Έ͚ͭͯͪͤͦ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Φ 
˽͔ͪͦ͋ͣ͊͡ ͫͦͦͭͤͦ΄͔͙ͤΎ ͎ͦ͋͊͡͡Έ͚ͤͦ ͙ ͦ͊͟͡͡Έ͚ͤͦ ͯ͟͡Έͭͯͪ·Σ ͔͎ͫͦ͒ͤΎ 

ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ ͼ͔͔ͤͭͪ ͺ͙ͦͫͦ͡ͺ͚ͫͦ͟ ͔ͪͺ͔͙͙ͫ͟͡ ͙ ͔͚ͫ;͊ͫ ͔ͤͭ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ 
͍ͨͦͭͦͪΎͭΈ ͍͔ͫ ͎͔͊ͪͯͣͤͭ· ζ͘ η͊ ͙ ζͨ ͙͍ͪͦͭηΦ ˸· ͋· ͻ͔͙ͦͭ͡ ͍·͔͙͒ͭ͡Έ ͙ͦ͒ͤ 
͍͊͗ͤ·͚ ͒͡Ύ ͤ͊΄͔͎ͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͊ͫͨͭ͟Υ ͙ͣͪ ͍͔͎ͫ͒͊ ͋·͡ ͙ ͔ͦͫͭ͊ͤͭͫΎ 
͔ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘Σ ͔ͨ͊ͤͭ͊ͪͤ͊͡Ύ ͼ͙͍͙͙͊͘͡ͼ͙Ύ ͔ͤ ͔ͫͣͦ͗ͭ ͔͙ͦͭͣͤͭΈ ͎͙ͣͤͦͦͦ͋ͪ͊͘Ύ 
ͯ͟͡Έͭͯͪͤ·ͻ ͺͦͪͣΦ ˹͙͍͔͙͍͙͔ͪͦ͊ͤ͡ ͺ͊ͭ͊͟ ͙ͨͦͯ͟͡͡Έ͙ͭͯͪͤͦͫͭ ͙͡΄Έ ͫͨͦͫͦ͋ͤͦ 
͙͍͔͙ͨͪͫͭ ͟ ͙͍͍ͨͪͦͭͦ͋ͦͪͫͭͯ ͙ ͎͙ͯͯ͋ͭ͡Έ ͙͙ͪͫ͘͟Φ ˥ͦ͋͊͡͡Έͤ͊Ύ ͯ͟͡Έͭͯͪ͊ ζΉͭͦ ς
͍ͤͦ͊Ύ ͍ͦͣͦ͗ͤ͊͘Ύ ͒ͯͻ͍ͦͤ͊Ύ ͍·ͫͦͭ͊Σ ͦͤ͊ ͒ͦ͗ͤ͊͡ ͙͍ͤ͊͒ͫͭͪ͊͊ͭΈͫΎ ͤ͊͒ ͯ͟͡Έ͚ͭͯͪͦΣ 
ͦͭͦͪ͊͟Ύ ͫͯ΅͔͍͔ͫͭͯͭ ͍ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͔͙ͤͯͫͭͪ͊ͤͣͦͣ ͎͙͙ͣͤͦͦͦ͋ͪ͊͘Φ ˻ͤ͊ 
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͒ͦ͗ͤ͊͡ ͋·ͭΈ ͙͊ͣ͟͟-ͭͦ ͎͙͒ͪͯͣ ͍͔ͯͪͦͤͣΣ ͦͭͦͪ͟·͚ ͔ͤ ͙͔ͫͤͣ͊ͭ ͔ͨͪ͒·͒ͯ΅͔͎ͦη  
ώнΣ мрϐΦ ́͊͟ ͔͗ ͔ͦͫͭ͊ͭͫΎ ͦͭͪ͟·ͭ·ͣ ͍ͦͨͪͦͫ ͦ ͫͨͦͫͦ͋͊ͻ ͚ͭ͊ͦ͟ ͭͪ͊ͤͫ͡Ύͼ͙͙Φ ˸· 
͍·͙ͫ͊͊͘͟͡ ͍͙ͫͦ ͔͙ͫͦͦ͋ͪ͊͗ͤΎ ς Ήͭͦ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͔ͤ ͔ͣͻ͙͊ͤ;͔͔ͫͦ͟Σ ͊ 
͎͙ͦͪ͊ͤ;͔͔ͫͦ͟ ͔͙͍͒ͤͫͭͦΦ ˹ͦ ͔ͯ͗ ͔͚ͫ;͊ͫ ͔ͣͦ͗ͣ ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ ͍ͦͫͤͦͤ·ͣ 
͙͔͙͔ͪͭͪͣ͟ ͦͭ͋ͦͪ· ͒ͦ͗ͤ͊͡ ͫͭ͊ͭΈ ͫ͊ͣͦͼ͔ͤͤͦͫͭΈ ͙͙͗ͤ͘Σ ;͔͍͔ͦ͡;͔͔ͫͦ͟ 
͙͍͒ͦͫͭͦͤͫͭͦ ͊͟͟ ͎͊ͦ͘͡ ͎͙ͯͣ͊ͤ͊͘ͼ͙͙ ͙ ͫͦͻ͔͙ͪ͊ͤͤΎ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ 
˻͍ͫͤͦͤ͊Ύ ͪͦ͡Έ ͍ Ήͭͦͣ ͨͪͦͼ͔͔ͫͫΣ ͨͦ ͤ͊΄͔ͣͯ ͔͙ͣͤͤΌΣ ͔͊ͪͨ͘͟͡Ύ͔ͭͫΎ ͊͘ 

ͤ͊ͯ;ͤ·ͣ ͙͔ͤ͊ͤͣ͘Φ ˹͙ ͍ ͔͚ͦ͟ ͔͔͙ͫͭͨͤ ͔ͤ ͯͣ͊͡ΎΎ ͙͍͒ͦͫͭͦͤͫͭ ͎͙͒ͪͯͻ ͫͺ͔ͪ 
ͯ͟͡Έ͚ͭͯͪͤͦ ͙͙͗ͤ͘ ͦ͋΅͔͍ͫͭ͊Σ ͣ· ͫ;͙͔ͭ͊ͣΣ ;ͭͦ ͙ͨͪͦͫͻͦ͒Ύ΅͙͔ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ 
͔ͤ͊ͯ͟ ͨͪͦͼ͔ͫͫ· ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͔͔ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͔͙ͨͪͪ͊ͫͭ ͔͎͙ͪͦͤ͊͡Έͤ·͔Σ 
͔ͦͣͣͪ͟;͔͙͔ͫ͟ ͙͔͔ͤͭͪͫ·Σ ͙͔͎͙͍ͤͭͪͪͦ͊ͭΈ ͙ͪ͊͘͡;ͤ·͔ ͤ͊ͯ;ͤ·͔ ͙͒ͫͼ͙͙ͨͤ͡·Σ 
͍·͚͙ͭ ͊͘ ͍͙ͫͦ ͎͙ͪ͊ͤͼ· ͙ ͙ͦ͋ͪ͊ͭͭΈͫΎ ͟ ͙͔͗ͤͤͤͦͣͯ͘ ͫͣ·ͫͯ͡ ͯ͟͡Έͭͯͪ·Φ ˹͊ͯ͊͟ 
Ύ͍͡Ύ͔ͭͫΎ ͦ͋ͪ͊͘ͼͦͣ ͙͍͔ͯͤͪͫ͊͡Έ͎ͤͦͦ ͙͍͔͙ͣͪͦͦͪͤ͘͘Ύ ό͔͙͒ͤ·͔ ͫͭ͊ͤ͒͊ͪͭ· 
ͤ͊ͯ;͙ͤͦͫͭύΣ ͔͙͒͊ͣ͟͡ ͦͭ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͙ ͔͙͎͙ͪͦͤ͘͡·ͻ ͙͔͎͙͚͒ͦͦ͡Σ ͭ͊͟ ͊͟͟ ͍ ͔͚ͤ 
͙͍͔ͨͪͫͯͭͫͭͯͭ ͔ͣͦͣͤͭ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͔ͫ͊ͣͦͪͺ͔͙͙ͫ͟͡Φ ͙̏ͭ ͙ ͎͙͔͒ͪͯ ͺ͊ͭͦͪ͟· 
͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͭͦͣͯΣ ;ͭͦ͋· ͙͔ͣͤͤͦ ͍ ͤ͊ͯ;ͤͦͣ ͍ͭͦͪ;͔͍͔ͫͭ ͣ· ͙͙ͫ͊͟͡ ͍͙ͦͫͤͦ͊ͤΎ 
ͼ͔ͤͤͦ ͫͭͤͦ-ͼ͔͔͍͡·ͻ ͦ͋ͪ͊͘ͼ͍ͦ ͋ͯ͒ͯ΅͔͚ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ 
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1. ˨͙͙͎͔͙͚ͤͫ͟͡ ˥Φ˥Φ ζ˴ ͔ͦͤͼ ͙͙͙ͫͭͦͪη ͙͙͡ ͔ͫͣͤ͊ ͼ͙͍͙͙͊͘͡ͼ͙͚Κ ѷ 
˥Φ˥Φ˨͙͙͎͔͙͚ͤͫ͟͡ ѷѷ ˤͦͨͪͦͫ· ͺ͙ͦͫͦ͡ͺ͙͙Φ ς1991. ς ЅоΦ ς ˿ Φ нфς42. 
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5. ˹͍͙͍ͦͦ͊͟ ˶ΦˮΦ ̇ ͙͍͙͙͊͘͡ͼ͙Ύ ͙ ͯ͟͡Έͭͯͪ͊ ͍ ͙͙ͫͭͦͪ;͔ͫͦͣ͟ ͨͪͦͼ͔͔ͫͫ  
˶ΦˮΦ ˹͍͙͍ͦͦ͊͟  ˤͦͨͪͦͫ· ͺ͙ͦͫͦ͡ͺ͙͙Φ ς1982. ςΦЅ млΦ ς ˿ Φ роς63. 

6. ˻ͫ͊͒;͊ΎΦ ˮΦ ˸Φ ˥͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͙ ͎͍ͦͫͯ͒͊ͪͫͭͦΥ ͍͔ͤͦͦ ͍ ͔͎͙͍͙͙ͪͯͪͦ͊ͤ͡ 
Ή͙͙ͦͤͦͣ͟͟ ͍͙ͪ͊ͭ͘·ͻ ͫͭͪ͊ͤΦ ѷ ˮΦ ˸Φ ˻ͫ͊͒;͊Ύ ѷѷ ˸͙͍ͪͦ͊Ύ Ή͙ͦͤͦͣ͊͟͟ ͙ 
͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͔ ͦͭͤͦ΄͔͙ͤΎΦ ς 2002. ς Ѕ ммΦ ς ˿ Φ оς14.  

7. ˿͙ͭ͊ͪͦͫͭͤ ˿ΦˢΦ ̂ ;͔͍͔ͦ͡;͔͍ͫͭ͊ ͋·͡ ͔͙͒ͤ·͚ ͨͪ͊Ύ͘·͟ ώ͔̏ͭͪͦͤͤ͟͡·͚ 
͔ͪͫͯͪͫϐΦ ς 2014 ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨ͊ ͟ ͔ͪͫͯͪͫͯΥ  

http://www.philology.ru/linguistics1/starostin-03a.htm 
8. ̂ͪͫͯ͡ ˢΦ ˨Φ ˥ͦ͋͊͡͡Έͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͙ͤ͊ͯ͟ ѷ  

ˢΦ˨Φ ̂ͪͫͯ͡ ѷѷ ˤͦͨͪͦͫ· ͺ͙ͦͫͦ͡ͺ͙͙Φ ς 2013. ς Ѕ ммΦ ς ˿ Φ ммнς122. 

http://www.philology.ru/linguistics1/starostin-03a.htm
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9. ̂ͪͫͯ͡ ˢΦ˨ΦΣ ̂ͪͫͯ͡ ́ΦˢΦ ˥͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͍ ͔͔͙͍͔ͨͪͫͨͭ͟ ͚ͯͫͭͦ;͙͍͎ͦͦ 
͋ͯ͒ͯ΅͔͎ͦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ς 2013 ς ˾͔͙͗ͣ ͒ͦͫͭͯͨ͊ ͟ ͔ͪͫͯͪͫͯΥ   
http://e -notabene.ru/lr/article_794.html 

10. ͙͎̆͊ͤͭͤͭͦͤ ˿Φ ˿͍͔͙͔ͭͦͤͦͤ͟͡ ͼ͙͍͙͙͊͘͡ͼ͙͚Φ ς ˸ΦΥ ˻˻˻ ζˮ ͔͒͊ͭ͘͡Έ͍ͫͭͦ 
ˢ˿ή, 2003. ς слоΣ ώрϐ ͫΦ 

11. ͔͎͔̊ͨͤͪ͡ ˻Φ ˭͊͊ͭ͟ ˩͍ͪͦͨ·Φ ˻;͔͙ͪ͟ ͣͦͪͺ͎͙͙ͦͦ͡ ͙͍͚ͣͪͦͦ ͙͙͙ͫͭͦͪΦ  
мΦ ˥͔΄ͭ͊͡Έͭ ͙ ͔͚͍͙͔͒ͫͭͭ͡ΈͤͦͫͭΈ ѷ ˽͔ͪΦ ͫ ͔ͤͣΦΣ ͍ͫͭͯͨΦ ͫ͡Φ ͙ ͙͔ͨͪͣ;Φ ˴ΦˢΦ ˿͍͊ͫΈΎͤ͊Φ 
ς ˸ ΦΥ ˸·ͫ͡ΈΣ мффоΦ ς ссоΣ ώмϐ ͫΦΣ м ͡Φ ͨͦͪͭͪΦ 

12. ͔̒ͫͨͪͫ ˴Φ ˿ͣ·ͫ͡ ͙ ͤ͊ͤ͊͘;͔͙͔ͤ ͙͙͙ͫͭͦͪΥ ˽͔ͪΦ ͫ ͔ͤͣΦ ς ˸ΦΥ ˽͙ͦͭ͡ ͙͒͊ͭ͘Σ 
1991. ς рнт ͫΦ ς ό˸·͙͔͙ͫͭ͡͡ XX ͍ ΦύΦ 
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͔͔͙ͭͦͪͭ;͙ͤͻ ͙͚͒ͫͯͫ͟͜ ͙͍ͨͪͫΎ;͔͙ͤͻ ͼ͚͜ ͔ͨͪͦ͋ͣ͜͡Φ ˢͤ͊ͯ͘͜͡ΌͭΈͫΎ ͺ͙͊ͭͦͪ͟ 
͍͙͍ͨͯ͡ ͤ͊ ͝͝ ͍͔ͫͭ͊ͤͦͤͤ͡ΎΣ ͚͍͙͍ͤ͊͊͗͜͡΄͙ͣ ͔͔ͫͪ͒ Ύ͙͟ͻ Ί ͫͦͼ͙ͦͨͪͪͦ͒ͤ͊͜ 
͎ͦ͋͊͊͘͜͡͡ͼ͜ΎΦ ˻͍͋͐ͪͯͤͭͦͯΊͭΈͫΎ ͍͔͔ͭͪ͒͗ͤͤΎ ͨͪͦ ͔ͭΣ ΅ͦ ͭ͜͡Έ͙͟ ͊ͪ͊͘͘ ͙ͣ 
ͫͭ͊Ίͣͦ ͍͙ͫ͒͊ͣ͜͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͨ͊ͤͭ͊ͪͤͦ͡͝ ͼ͙͍͊͘͜͜͡ͼ͜͝Φ ˹͊͒͊ΊͭΈͫΎ ͍͙ͤ͊͘;͔ͤͤΎ 
ͨͦͤΎͭͭΎ ζͨ ͔͊ͤͭ͊ͪͤ͊͡ ͼ͙͍͊͘͜͜͡ͼ͜ΎηΣ Ύ͟ Ύͫͤͦ͟͜ ͍ͤͦͦ͝ ͙͔ͫͫͭͣͤͦ͝ ͼͫͤͦͫͭ͜͜͜͡ 
͡Ό͍͒ͫͭ͊Σ ΅ͦ ͍͙͙ͤ͊͟Ί ͍ ͤ͊ͫ͒ͦ͜͟͡ ͍͔͎͔ͦͤͪͤ͟ͼ͜͝ ͔ͦͤͦͣ͟͜;͙ͤͻΣ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻΣ 
ͫͦͼ͊͜͡Έ͙ͤͻΣ ͙ͨͦͭ͜͡;͙ͤͻΣ ͯ͟͡Έ͙ͭͯͪͤͻ ͭ͊ ͙͙ͨͪͪͦ͒ͤͻ ͨͪͦͼ͔͍ͫ͜ ͯ ͔ͨ͊ͤͭ͊ͪͤͦͣͯ͡ 
͍͙ͣͪ͜͜Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͼ͙͍͊͘͜͜͡ͼ͜ΎΣ ͎ͦ͋͊͊͘͜͡͡ͼ͜ΎΣ ͔ͨ͊ͤͭ͊ͪͤ͊͡ ͼ͙͍͊͘͜͜͡ͼ͜ΎΦ 
 

SUMMARY 
D.I. Bondarenko. Philosophical discourse of the concept of ζplanetary 

civilizationη. 
In the article the author defends the idea that at the beginning of the third 

millennium the question of the formation of a planetary civilization is topical. 
Discussions about the essence of this phenomenon have been conducted since the 
end of the XVIII century and continue till now. The period of the forcible conquest 
and spread of European culture, science and technology is replaced at the end of the 
20th century by the process of the organic connection and development of common 
targets and values for humanity. Therefore, the planetary civilization is regarded as 
a qualitatively new systemic integrity, resulting in the merging of interconnected 
social, economic, technological, political and natural processes on a global scale. This 
process is inevitable and although we are only in the beginning of its formation, we 
can point out many examples of such integration. The most important factor 
affecting the emergence of a planetary society is social and natural globalization, 
and the driving force of scientific and technological progress. 

The problem of the correlation between global and local culture, is today at the 
center of philosophical reflection and now there is no need to repeat all the 
arguments "for" and "against." We would like to single out one important aspect for 
our research: the world has always been and will remain diverse, the planetary 
civilization can not abolish the diversity of cultural forms. Leveling the fact of 
multiculturalism is only capable of leading to confrontation and deepening the crisis. 
Global culture "is a new possible spiritual height, it must be built on a culture that 
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exists in a fundamentally unremovable variety. It must be some other level that does 
not remove the previous one". 

The question of the methods of such a translation remains open as well. We 
expressed our views - this should not be a mechanical, but an organic unity. But even 
now we can say that the main criterion for selection should be the self-worth of life, 
human dignity as a pledge of humanization and preservation of civilization. 

The main role in this process, in our opinion, is assigned to scientific knowledge. 
In no way diminishing the merits of other spheres of cultural life of society, we 
believe that the processes occurring in modern science testify to its ability to develop 
regional, commercial interests, integrate various scientific disciplines, go beyond its 
borders and turn to the vital meaning of culture. Science is a model of a universal 
worldview (unified scientific standards), far from political and religious ideologies, 
since it is a moment of critical self-reflection. These and other factors contribute to 
the fact that it is in scientific creativity that we seek the foundations of value-
oriented models of a future civilization. 

Keywords: civilization, globalization, planetary civilization. 
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[10, 767ςтсфϐΦ ˿͙͔ͦ͒͊ͪͤ͡ ͫ ˹͙ͼ΄͔ ͔͎ͦ ͍͔͔͙ͫͦͪͣͤͤ͟ ˤΦ ˿͍ͦͦ͡Έ͔͍ ͍ ζ˿ ͦͺ͙͔η: 
ͻ͙͙͍ͪͫͭ͊ͤͫͭͦ ς Ήͭͦ ζͫ ͔͔ͨͦ͡ ͔͍͔͔͍ͤ͗ͫͭͦ, ͙ͪͯͭͤ͊ ͣ͊ͫͫηΣ ͦͤͦ ͪ͊ͫͫ;͙ͭ͊ͤͦ ͤ͊ 
͔͎ͤͪ͊ͣͦͭͤ·ͻ ͔ͨͪͦͫͭͼ͍ͦΦ ˨͙ͫͭ͊ͤͼ͙͍ͪͦ͊ͫ͡Ύ ͦͭ ͻ͙͙͎ͪͫͭ͊ͤͫͦͦ͟ ͍͔ͪͦͯ;͔͙ͤΎ  
ˢΦ˹Φ ˥͔ͪͼ͔ͤΣ ͙͍ͨͫ͊΄͙͚ ζ˿  ͎ͭͦͦ ͔͔͎͋ͪ͊ηΣ ;ͭͦ ͻ͙͙͍ͪͫͭ͊ͤͫͭͦ ͍͙͍͔ͪ͊͒͊͊ͭ͘ ;͔͍͔ͦ͊͟͡ 
ζͤ ͊ ͚͊ͦ͟͟-ͭͦ ͙͔͒͊͡ ͙ ͤ͊ ͎͊ͦͦ͟͟-ͭͦ ͫͦͭ͊͟ηΣ ͍͔ͫ ͔͙͎͙͙ͪ͡ ͍͔ͨͪͦͨͦ͒ͯΌͭ ͣͦͪ͊͡Έ 
͙ͨͦͦͪͤͦͫͭ͟ ͙ ͍͒ͦ͋ͪͦͦ͡Έͤͦ ͍ͪ͊͋ͫͭ͊Φ ˿͙͔ͦ͒͊ͪͤ͡ ͫ ˥͔ͪͼ͔ͤͦͣ ˮΦ˩Φ ˾͔͙͙ͨ ͍ ͙ͨͫΈ͔ͣ 
͟ ˤΦˤΦ ˿͍ͭ͊ͫͦͯ ͨͦ ͍ͨͦͦ͒ͯ ͍͙ͫͻ ζ˭ ͊ͨͦͪͦ͗ͼ͔͍Υ ζʕ ͔ͫ ͻ͙͙͍ͪͫͭ͊ͤͫͭͦ ς Ήͭͦ ͍ͪ͊͋ͫͭͦΣ 
Ήͭͦ ͙͔͔ͫͣͪͤͤͦ ͙͚͍ͫ͊ͣͦͯ͋ͫͭͦ ͍͔͎ͫͦΣ ;ͭͦ ͔ͫͭΈ ͯ͡;΄͔͎ͦ ͙ ͎ͫ͊ͣͦͦ ͎͎͒ͦͪͦͦͦ ͙ 
͎ͫ͊ͣͦͦ ͍·͎ͫͦͦͦ͟ ͍ ;͔͍͔͔ͦ͟͡Σ ς Ήͭͦ ͊ͫͭͪ͊͟ͼ͙ΎΗη [12]. 
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 ˣ͍͊ͤͪͦͭͫͭͦ͟ ͍͔ͪ· ͍͙͎ͨͦ͒ͤͯͦ͡ ͙͙͔̆ͪͫͭ͊ͤͫͦ͟ ͦ͋΅͔͍ͫͭͦ ˥͔͙͙ͪͣ͊ͤ ͍ ͦͤ͟ͼ͔ 
60-ͻ ͎͎Φ ̆̆ ͍Φ ͤ͊ ͎͍ͦͭͦͤͦͫͭΈ ͟ ͫ͊ͣͦͪͦͫͨͯͫͯ͟Φ ˽͙ͯ͋ͯ͟͡Ό΅͙͔ͫΎ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ 
ͻ͙ͪͫͭͦͺ͙͔ͦ͋ͫ͟ ͙ Ό͒ͦͺ͙͔ͦ͋ͫ͟ ͔ͭͫͭ͟· ͣͤͦ͗͊ͭ ͔͙ͫͦͣͤͤΎΣ ͙͙͙ͪͭ͟͟ ͙ ͔͙ͦͭͭͦͪ͗ͤΎ 
͙͔ͦͭͤͦͫͭ͡Έͤͦ ͍͔͙͊ͣ͟ ͫ͊͒͟͡·͍͍͊΄͙ͻͫΎ ͔͔͙͍ͫͭͪͦͭͨͦΦ ˹͔ ͫͭ͊ͦ͡ ͔͎ͫͨͦͦ͡ 
͔͙ͨͦͦͤͤ͟͡Ύ ˣ͙͙͙͋͡Υ ͍ ͔͚ͤ ͔ͤͭ ͙ͤ;͔͎ͦ ͙͘ ͎͙ͣͤͦͻ ͙͔ͪ͘;͔͙͚ͤ ͙̆ͪͫͭ͊ ͤ͊ 
͔͍͔͎͔͒ͪͤͪ;͔ͫͦͣ͟Σ ͙ͤ;͔͎ͦ ͔ͤͭ ͙͘ ͔͍͎͔͙͚͊ͤ͡ ͦͭ ̅ͦͣ· ͫ ͙͔ͪ͘;͔͙ͤΎ͙ͣ ͙̆ͪͫͭ͊Σ ͦͭ 
͙͙̅ͨͨ͊͡ όͦͭͤͦ΄͔͙ͤΎ ͔ͣ͗͒ͯ ͙̆ͪͫͭͦͣ ͙ ˸͎͙͚͊͒͊ͤͦ͡ύΣ ͦͭ ˽͔ͭͪ͊Φ ˤ V ͍Φ Ή͙ͭ ͙ 
͎͙͔ͣͤͦ ͎͙͔͒ͪͯ ͔ͭͫͭ͟· ͍͔ͦ͡Ό ͔͙ͨͫͦͨ͊͟ ˢͺ͙͊ͤ͊ͫΎ ͋·͙͡ ζͦ ͔ͭͫ;͔ͤ·η ͦͭ ˣ͙͙͙͋͡Φ 
ˣͦ͡Έ΄͙͍ͤͫͭͦ ͙͎ͤ͟ ˤ͔ͭͻ͎ͦͦ ˭͍͔͊ͭ͊ ζ͒ ·΄͊ͭ ΄͍͙͙ͦͤͣͦͣ͘ ͙ ͺ͊΄͙ͣͦͣ͘η  
όˢΦ ˸Φ ˸͊͊͟΄͍ͦύΦ ˤ ͙ͤͻ ͍ͦ͋ͦͫͤͦ·͍͔͊ͭͫΎ ͙͙ͫͭͦͪ;͔͔ͫͦ͟ ͍ͨͪ͊ͦ ͔͍͔͔͍ͪ ͤ͊ 
͙ͯͤ;͔͙͔ͭͦ͗ͤ ͎͙͒ͪͯͻ ͍ͤ͊ͪͦ͒ͦ ͙ ͤ͊ ͙͍͔ͣͪͦͦ ͎͍ͦͫͨͦ͒ͫͭͦ ώ5Σ нпϐΦ ˹͊ͨͪ͊΄͙͍͔͊ͭͫΎ 
͍ͦͨͪͦͫΥ ͊͘;͔ͣ ͤ͊ͣΣ ͍ͫ͊͡Ύͤ͊ͣΣ ͙͔ͭ͊͟ ͻ͙͙ͪͫͭ͊ͤͫͦ͟-͙͔͚͙͔ͯ͒ͫ͟ ͯ;͙͔ͭ͡ΎΚ ˽͙͍͔͔ͪ͒ͣ 
͙ͭͪ ͼ͙ͭ͊ͭ· ͙͘ ˣ͙͙͙͋͡Φ ζ˴ ͎ͦ͒͊ ͔͗ ͍͍͔͔͒ͭ ͔ͭ͋Ύ ˥ͦͫͨͦ͒ΈΣ ˣ͎ͦ ͍͚ͭͦΣ ͍ ͭͯ ͔ͣ͘͡ΌΣ 
ͦͭͦͪͯ͟Ό ˻ͤ ͟͡Ύͫ͡Ύ ͦͭͼ͊ͣ ͍͙ͭͦͣΣ ˢ͍ͪ͊͊ͣͯΣ ˮͫ͊͊͟ ͯ ͙ ˮ͍͊ͦͯ͟Σ ͒͊ͭΈ ͔͔ͭ͋ ͫ 
͋ͦ͡Έ΄͙͙ͣ ͙ ͻͦͪͦ΄͙͙ͣ ͎͙ͦͪͦ͒͊ͣΣ ͦͭͦͪ͟·ͻ ͭ· ͔ͤ ͙ͫͭͪͦ͡Σ  ˮ ͫ ͙͒ͦͣ͊ͣΣ 
͔ͤ͊ͨͦͤͤͤ͡·͙ͣ ͍ͫΎ͙ͣ͟ ͒ͦ͋ͪͦͣΣ ͦͭͦͪ͟·ͻ ͭ· ͔ͤ ͤ͊ͨͦͤ͡Ύ͡Σ ͙ ͔ͦͦ͒͘͟͡Ύ͙ͣΣ 
͍·͔ͫ;͔ͤͤ·͙ͣ ͙͘ ͊ͣͤ͟ΎΣ ͦͭͦͪ͟·ͻ ͭ· ͔ͤ ͍·͔ͫ͊͟͡Σ ͫ ͍͙͎͙͙ͤͦͪ͊͒ͤ͊ͣ͟ ͙ 
͙͙ͣ͊ͫͤ͊ͣ͡Σ ͦͭͦͪ͟·ͻ ͭ· ͔ͤ ͙ͫ͊͒͡Σ ͙ ͔͋ͯ͒΄Έ ͔ͫͭΈ ͙ ͤ͊ͫ·΅͊ͭΈͫΎη όˤ͙͔ͭͦͪͦ͊ͦͤ͘͟Σ 
6: 10 ς 11). ζ˴ ͎ͦ͒͊ ͍͍͔͔͒ͭ ͔ͭ͋Ύ ˥ͦͫͨͦ͒ΈΣ ˣ͎ͦ ͍͚ͭͦΣ ͍ ͔ͣ͘͡ΌΣ ͍ ͚ͦͭͦͪͦ͟ ͭ· ͙͔͒΄ΈΣ 
;ͭͦ͋· ͍͔ͦ͊͒ͭ͡Έ ͔ΌΣ ͙ ͙͎͙ͦͤͭ͘ ͦͭ ͙͡ͼ͊ ͍͔͎ͭͦͦ ͎ͣͤͦͦ;͙͔ͫͤͤ͡·͔ ͤ͊ͪͦ͒·Χ͔ͫͣΈ 
͍ͤ͊ͪͦ͒ͦΧ ˮ ͔ͨͪ͒͊ͫͭ ͙ͻ ͔͔ͭ͋ ˥ͦͫͨͦ͒ΈΣ ˣ͎ͦ ͍͚ͭͦΣ ͙ ͙ͨͦͪ͊͘΄Έ ͙ͻΥ ͎ͭͦ͒͊ ͔͚ͨͪ͒͊ ͙ͻ 
͊͘͟͡Ύ͙ͭΌΣ ͔ͤ ͍͚ͫͭͯͨ͊ ͫ ͙͙ͤͣ ͍ ͫͦΌ͘ ͙ ͔ͤ ΅͙͊͒ ͙ͻη όˤ͙͔ͭͦͪͦ͊ͦͤ͘͟Σ тΥ м ς 2). 
ζˮ ͔͙͔ͫͭͪ͋ͭ ͍͔ͫ ͔ͣͫͭ͊Σ ͎͔͒ ͤ͊ͪͦ͒·Σ ͦͭͦͪ͟·͙ͣ ͍· ͍͔͔͔ͦ͊͒ͭ͡Σ ͙͙ͫͯ͗͡͡ ͎͋ͦ͊ͣ 
͍͙ͫͦͣΧη όˤ͙͔ͭͦͪͦ͊ͦͤ͘͟Σ мнΥнύΦ 

ˣ͙͙͙͋͡Σ ͙͒͊ͤͤ͘·͔ ͍ ͔ͪ͊ͤͦ͘ ͍͔ͪͣΎ ͪ͊ͤ͘ΎͭͫΎ ͎͒ͪͯ ͦͭ ͎͒ͪͯ͊ ͙͚ͫͦ͡ 
͔͎͊ͦ͗ͤͤͦͦ͘͡ ͍ ͙ͤͻ ͊ͪ͘Ύ͒͊Σ ͤ͊ ;ͭͦ ͙ͦ͋ͪ͊ͭ͡ ͍͙͙͔ͤͣ͊ͤ ˢΦ ˿͙͔͎ͭͪͤ͒͋ͪ ͍ ͔ͪͦͣ͊ͤ 
ζ˻ ͙͙͚͒ͤͦ͟ηΦ ˤ ˣ͙͙͙͋͡ ͔ͨ;͙͊ͭ ·±LL ͍͔͊͟Σ ͙͔͍ͣ΄͔͚ͫΎ ͯ ͔͎ͤͦΣ ζ͒ ͎ͦͦ͡ ͙ͦͨ͊ͫ͟͡Έ 
ͦ͋͊͘͡ ͙ ͔͍͙ͤͤ͊ͫͭΈΣ ͙͋ͦ ͦͤ͊ ͭͦ͡Έͦ͟ ͙ ͔ͤ͊ͭ͘ ;ͭͦ ͙ͪ͘·͎͊ͭΈ ͨͪͦ͟͡Ύ͙ͭΎ ͙ ͙ͨͪ͘·͍͊ͭΈ 
ͤ͊ ;ΈΌ-ͭͦ ͎͍ͦͦͯ͡ ͊ͪ͟· ͔͔ͤ͋ͫͤ·͔Τ ͫͦ͟͡Έͦ͟ ͋· ͙ͤ ͙ͫͭ͊͡͡ ͔͔ ς ͍ͫΌ͒ͯ ͤ͊ͭ·͊ͫ͟͡Ύ Ύ 
ͤ͊ ͨͪͦ͟͡Ύ͙ͭΎΣ ͦͭͦͪ͟·͔ ˨͍͙͊͒ ͙͙͡ ˮ͔͔͙ͪͣΎ ͨͦͫ·͊͡Όͭ ͍͎ͪ͊͊ͣΦ ˤͦͭΣ ͟ ͙͔ͨͪͣͪͯΣ 
͙ͣͦͭͫ͡Ύ ˮ͔͔͙ͪͣΎΥ ζˮ ͭ͊͟Σ ͔͚ͨͪ͒͊ ͫ·͍͔͚ͤͦ ͙ͻ ͎ͦͦ͒ͯ͡ ͙ ͍͔͎͙ͨͦ͒ͪͤ ͙ͻ ͔ͣ;ͯΤ ͒͊ 
͋ͯ͒ͯͭ ͔͗ͤ· ͙ͻ ͔͔͋͒ͭͤ͘·͙ͣ ͙ ͍͍͙͒ͦ͊ͣΣ ͊ ͣͯ͗ΈΎ ͙ͻ ͒͊ ͋ͯ͒ͯͭ ͔ͨͦͪ͊͗ͤ· 
͔ͫͣͪͭΈΌηΣ ͙ ͭ͊͟ ͔͔͒͊͡ ͙ ͍ ͭͦͣ ͔͗ ͒ͯͻ͔η [13, 586]. 

˭͊ ͍͔͒ ͭ·ͫΎ;͙ ͔ͭ͡ ͔ͨͪ͋·͍͙͊ͤΎ ͍ ͻ͙͙͚ͪͫͭ͊ͤͫͦ͟ ͯ͟͡Έ͔ͭͯͪ ;͔͍͔ͦ͡;͔͍ͫͭͦ ͔ͤ 
͎ͫͣͦͦ͡ ό͙͙͡ ͔ͤ ͊͘ͻ͔ͦͭͦ͡ύ ͍͙ͦͫͦͭΈ ͙ ͙ͨͪͤΎͭΈ ͍ ͍ͫͦΌ ͨͦͭ͡Έ ͙ͨͪͤͼ͙ͨ·Σ 
͔͊ͦ͗ͤͤ͘͡·͔ ͍ ͻ͙͙͍͔ͪͫͭ͊ͤͫͭ ͍ ͊͟;͔͍͔ͫͭ ͍͙͚ͦͫͤͦ͊ͤ ͫͦͼ͙͊͡Έ͚ͤͦ ͙͙͗ͤ͘ ͙ 
ͯ͟͡Έͭͯͪ·Φ ˨͍ͯͻͭ·ͫΎ;͔͔͙͚ͭͤ͡ ͨͯͭΈ ͍͔͔͙ͤ͒ͪͤΎ ͻ͙͙͍ͪͫͭ͊ͤͫͭ͊ ͍ ;͔͍͔ͦ͡;͔͔ͫͦ͟ 
͋·͙͔ͭ ͙͔͔ͣͭ ͤ͊ ͺ͙͙ͤ΄͔ ͔͍͔͙͔ͤͯͫͦͤ Ή͎ͭͦͦ ͯ;͔͙ͤΎ ͍ ͙ͫͯ͡ ͔͎ͦ 
;͔͍͔͔͔͙ͦͦͤͫͦͪ͊ͣͪͤͦͫͭ͘͟͡Σ ;͔͍͔͔͍͔͍͙ͦͦͤͫͦͦͭͭͫͭ͟͡ΎΦ ˹͊ ͨͪͦͭΎ͔͙͙͗ͤ ̆̆ ͫͭΦ 
ͻ͙͙͍ͪͫͭ͊ͤͫͭͦ ͍ ͙͙ͫͦͤ͊ͤ͘ ͍͔ͨͪͦͫ΅͔ͤͤ·ͻ ͡Ό͔͚͒ ͔͍͙ͨͪͪ͊ͭͦͫ͡Έ ͍ ͔͙͚ͤ͟ ͍͙͊ͭ͊ͣ͘Σ 
͔ͨͪ͒ͪ͊ͫͫͯ͒ͦ͟Σ ζ͍  ͙͍ͪ͊ͫ͟·͚ ͍͔ͨͦͪͻͤͦͫͭͤ·͚ ͦ͋ͪΎ͒η όˤΦ ˤΦ ˣ·;͍ͦ͟ύΦ  
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ˮ͍͔ͫͭͤ͘·͚ ͔͎ͭͦͦ͡ ̆˱̆ ͍Φ ˨Φ̅Φ ̊ͭͪ͊ͯͫ ͫ;͙ͭ͊͡ ͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ˮ͙ͫͯͫ͊ 
ͺ͙͊ͤ͊ͭͦͣ͟-Ή͙ͤͭͯ͊ͫͭͦͣ͘Σ ͍ͦͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· ͯ;͔͙ͤΎ ͎ͦͭͦͪͦͦ͟ ͔ͤ Ύ͍͡ΎΌͭͫΎ 
͊ͭͯ͊͟͡Έͤ·͙ͣ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪΦ ˤ͙͍ͫͣ͊ͭͪ͊ΎͫΈ ͍ ͙͙ͫͭͦͪΌ ͻ͙͙͍ͪͫͭ͊ͤͫͭ͊Σ ˤΦˤΦ 
˾͍ͦ͊ͤͦ͘ ͙ͨͪͻ͙ͦ͒ͭ ͟ ͍·͍ͦ͒ͯΣ ;ͭͦ ͻ͙͙ͪͫͭ͊ͤͫ͊͟Ύ ͙͙ͫͭͦͪΎ ͔ͤ ͨͦͯ͡;͙͊ͫ͡ΈΣ ͨͦͭͦͣͯ 
;ͭͦ ͻ͙͙͍ͪͫͭ͊ͤͫͭͦ ͙͍͔ͨͪͤͫͦ͡ ͍ ͙ͣͪ ͪ͊͒ͦͪ͘ ͙ ͍ͪ͊͗͒ͯΦ ͙͙̆ͪͫͭ͊ͤͫ͊͟Ύ ͡Ό͍͋ͦΈΣ 
͙͙͙͔ͪͦͤͪͯͭ͘ ͦͤ ͍ ζ˻ ͍ͨ͊΄͙ͻ ͙ͫͭ͡ΈΎͻη ͦ͊͊͊ͫ͘͟͡Έ ζ͡ ͔͒Ύ͚ͤͦ ͫͦͫͯ͡Έ͚ͦ͟ηΣ ͦͭͦͪͯ͟Ό 
͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙ͦͨͭ;͔͎ͫͦͦ͟ ͦ͋ͣ͊ͤ͊ ͣͦ͗ͤͦ ͙ͨͪͤΎͭΈ ͊͘ ͊ͣ͊͘͡Φ  

ζ˾ ͔͙͎͙ͦͤ͘͡·͔ ͙ͪ͊ͫͨͪΣ ͦͭͦͪ͟·͔ ͭ͊͟ ;͊ͫͭͦ ͨͦͭͪΎͫ͊Όͭ ͙ͣͪ ͙ ͙͍͊͊͘͡Όͭ ͔͎ͦ 
͍ͪͦ͟ΈΌΣ ͙͎ͤͦ͒͊͟ ͔ͤ ͔͍ͨͪ͒ͫͭ͊͡Ύ͙͡ ͚ͫͦ͋ͦ ͙ͤ;͔͎ͦ ͎͎͒ͪͯͦͦΣ ς ;͙͔ͭ͊ͣ ͍ ζ́ ͪ͊ͭ͊ͭ͊͟ͻ 
͙ ͙ͨͫΈͣ͊ͻη ˮΦ ˴͊ͤͭ͊Σ ς ͔ͪͦͣ͟ ͎͙͚ͪ͊ͤͦ͊ͫ͘͡ ͙͘-͊͘ ͼ͔͍͚ͪͦͤͦ͟ ͍͔ͪ·η [4, 178]. 
˶͙͔͒ͪ· ͍ͦͫͤͦͤ·ͻ ͔͙͎͙ͪͦͤ͘͡·ͻ ͦͤ͟ͺ͔͙͚ͫͫ ͊͘͟͡Ό;͙͙͡ ͔ͣ͗͒ͯ ͚ͫͦ͋ͦ ͔͎ͤ͊ͫͤ͡·͚ 
ζͨ ͊ͭ͟ ͦ ͔͔͙͙ͤͤ͊ͨ͊͒ͤηΣ ͒͊͋· ͔ͤ ͍͔ͦͭ͊ͭ͟͡Έ ͙ͫ͡· ͦͭ ζͫ ͍Ύ΅͔͚ͤͤͦη ͋ͦͪΈ͋· ͊͘ ͯͣ· 
͙ ͔ͫͪ͒ͼ͊ ͙ͣͪΎͤ ͙ ͔ͭͻΣ ͭͦ͟ ͔΅͔ ͔ͤ ͙ͦ͋ͪ͊ͭͫ͡Ύ ͍ ͍͔ͪͯΦ ˽͔͔͙͙͔ͪͣͪ Ήͭͦ ͔ͤ ͔ͣͦ͗ͭ ͔ͤ 
͋·ͭΈ ͍͔͔ͪͣͤͤ·ͣΣ ͙ͭ͊ͭ͟;͔͙ͫͣ͟Σ ͍͔͒Έ ͍ͦ ͍͔ͫͻ ͦͤ͟ͺ͔͙ͫͫΎͻ ͙͔ͨͪͤ͊͒͗ͤͦͫͭ͡Έ ͟ 
͙͚ͤͦ ͍͔͔ͪ ς ͔͍͒͊ ͙͡ ͔ͤ ͋ͦ͡Έ΄͙͚ ͎͔ͪͻΣ ;͔ͣ ͨͪͦͫͭͦ ͔͍͔͙͔͋ͪ͘ ώсΣ млсϐΦ ˻͋͊ͫͭ͡Έ 
͍͔ͪ· ͍ ͻ͙͙͍͔ͪͫͭ͊ͤͫͭ ͙ ͎͙͒ͪͯͻ ͔͙͙ͣͦͤͦͭͫͭ;͔͙ͫ͟ͻ ͔͙͎͙ͪ͡Ύͻ ς Ήͭͦ ͦ͋͊ͫͭ͡Έ 
ͭͪ͊ͤͫͼ͔͔͎ͤ͒ͤͭͤͦͦ ͙ ͨͦͭͦͣͯ ͔͎ͤ͒ͦͫͭͯͨͤͦͦ ͙ͤ ͙ͨͦͤ͊ͤ͘ΌΣ ͙ͤ ͦͨ·ͭͯ ;͔͍͔ͦ͊͟͡Φ 
͙͙̆ͪͫͭ͊ͤͫ͊͟Ύ ͍͔ͪ͊ ς Ήͭͦ ͒͊ͪ ˣ͙͚ͦ͗Σ ͙͙͔ͨͪͤͣ͊ͣ·͚ ͙͔ͫͣͪͤͤͦ ͙ ͎͋͊ͦ͒͊ͪͤͦ͡ 
͔͙ͭͣΣ ͭͦ͟ ͔͎ͦ ͙͒ͦͫͭͦͤΦ ˮ͙ͫͭͤͤͦ ͍͔ͪͯΌ΅͙͔ ͔ͦ͒͊ͪͤ· ˣͦ͗Έ͔͚ ͎͋͊ͦ͒͊ͭ͡ΈΌΣ 
ζͦ ͔ͭͣ;͔ͤ· ͔ͨͪͫͭͦͣ ˣ͙͙ͦ͗ͣη ͙ ͨͦͭͦͣͯ ͊͟͟ ͋· ͔͔ͫ͋ ͔ͯ͗ ͙ ͔ͤ ͙͔ͨͪͤ͊͒͗͊ͭ͡Σ 
͔ͦͫͦ͋ͤͤͦ ͔ͭ ͙͘ ͙ͤͻΣ ͦͭͦͪ͟·͔ ͙ͫͭ͊͡ ͺ͙͙͊ͤ͊ͭ͊ͣ͟ ͍͔ͪ·Σ ͊͟͟ ˿͍͊ͦͤ͊ͪͦ͊͡Σ ˶Ό͔ͭͪ ͙ 
͒ͪΦ ˽ͦΉͭͦͣͯ ͔͒͊ͦ͟͡ ͔ͤ ͊͗͒͟·͚Σ ͊͘Ύ͍͡ΎΌ΅͙͚ ͫ ͙͋ͭΈ͔ͣ ͔ͫ͋Ύ ͯ͊ͦͣ͟͟͡ ͍ ͎ͪͯ͒ΈΥ ζ̒  
͍͔ͪͯΌ΅͙͚ηΣ ͍ͭ͊ͦ͟·ͣ Ύ͍͡Ύ͔ͭͫΎΦ 

˹͔ ͙͔ͨͦͨͪ͊ͭͫΎ ͙͡ ͍ͨͪ͊ͦ ;͔͍͔ͦ͊͟͡ ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ ͙ͭ΄͙͔ͤ ͔͙͔ͤ͊͒ͤ ͫͦ ͍͙͙ͫͦͣ 
ͣ·ͫ͡Ύ͙ͣ ͍ ͍͔ͦͫͪͫͤ͟·͔ ͯͭͪ͊ ͤ͊΄͙ͻ ͎͍ͦͪͦ͒ͦ ό͊ ͤ͊΄͔͎ͦ ͎ͦͪͦ͒͊ ͯ͗ ͭͦ;ͤͦύΣ 
͎ͦ͊͡΄͔͊ͣ·ͻ όζͫ  ˣͦ͗Έ͔͚ ͨͦͣͦ΅ΈΌηύ ͎͙͙͋͊ͣ͡ ͙͍͔ͪ͊͒ͦ΅͙͊ͤΎ͙ͣ ͙͘ 
͍͍ͨͪ͊ͦͫ͊ͤ͡·ͻ ͍ͫͦ͋ͦͪͦ ͙͍͙ͣͦͭ͊ͣ͡ ͙ ͻ͍͙͊͊ͣ͡ ͎ͦͫͨͦ͒ͯΦ ˹͔ ͯ΅͔ͣ͡ΎΌͭ ͙͡ Ή͙ͭ 
͙͍͔ͪ͊͒ͦ΅͙͊ͤΎ ͙ ͎͙͔͒ͪͯ ͫͨͦͫͦ͋· ͎ͨͪͦͨ͊͊ͤ͒· ͍͍͙ͨͪ͊ͦͫ͊͡Ύ ͔͙͎͙ͪͦͤ͘͡·͔ ;͍͍ͯͫͭ͊ 
͔ͭͻΣ ͯ ͎ͦͦ͟ ͙͙͙ͫͣͨ͊ͭΣ ͙͔ͤ͊ͨͪͣͪΣ ͟ ˨͔͍͔ ˸͙͊ͪΎΣ ˢ͊͡͡ͻͯ ͙͙͡ ˣ͔ͯ͒͒Φ ˮ ͊͟͟ ͋·ͭΈ 
͔ͭͣΣ ͭͦ͟ ζ͙ ͍͔͔ͫͨͦ͒ͯͭη ͍ͫͦ͋ͦ͒ͯ ͍͔͙ͫͦͫͭΣ ͦͭͦͪ͊͟Ύ ͔ͫͭΈ ͍͍͔ͨͪ͊ͦͦ ͔͔͙͔͊ͪͨͤ͘͟͡ 
͍͔͎ͫͭͫͦͦ͟ ͙͍͔͙ͣͪͦͦͪͤ͘͘ΎΣ ͦͭͦͪ͊͟Ύ ͦͤ͊͘;͔͊ͭ ͍͔͙͔ͦͫͦ͋ͦ͗͒ͤ ͍͔͙ͫͦͫͭ ͦͭ 
͔͙͎͙͎ͪͦͤͦͦ͘͡ ͍͙͡Ύ͙ͤΎΣ ͦͭ ͔͙͎͙ͪͦͤͦ͘͡-͎͙͒ͦͣ͊ͭ;͔͙ͫ͟ͻ Ή͙ͭ;͔͙ͫ͟ͻ ͤͦͪͣ ͙ 
͔͙͙͚ͨͪ͒ͨͫ͊ͤΣ ͙ ͦͭͦͪ͊͟Ύ ζͫ ͍͔ͨͦͫͦ͋ͫͭͯͭ ͪ͊ͫ΄͙͔͙ͪͤΌ ͦ͋Ά͖ͣ͊ ͙͡;͚ͤͦ ͍ͫͦ͋ͦ͒·η 
[3, 54]. 
 ˻͒ͤ͊ͦ͟ ͤ·ͤ;͔ ͤ͊ ͔͙͔ͨͦͭͪ͋ͭ͡Έͫͦͣ͟ ͍͔͒ͦͪ ͣͦ͒͊ ͤ͊ ͔͙͎͙ͪ͡ΌΦ ˣ·ͭΈ 
͎͙ͣ͊ͪͤ͊ͦͣ͡ ͨͦ ͦͭͤͦ΄͔͙ͤΌ ͟ ͍͍ͨͪ͊ͦͫ͊ͤͦͣͯ͡ ͻ͙͙͍ͪͫͭ͊ͤͫͭͯ ͫͭ͊ͦ͡ ͊͟͟ ͋· 
͔͙͙ͤͨͪ͡;ͤ·ͣ ͍ ͤ͊΄͔ͣ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤͦͣ ͔͔͊ͪ͊͡Φ ˮ ͨͦ͒ ͔͚ͦͨͦ͟ ͎͍͔͚ͦͫ͊ͫͭ͡ 
͍͍͙͔ͨͪ͊ͦͫ͊͡ ͫͭ͊ͦ͡ ͍·ͫͭͯͨ͊ͭΈ ͊͟͟ ͙͍͙͔͎͙͍ͨͪͪͦ͊ͤͤ͊͡Ύ ͔͙͎͙ͪ͡ΎΦ ͔͍͙͙̇ͪͦͤ͟͟ 
͚͙͍ͤ͊ͦͦ͘͡ ͻͦͭΎͭ ͙͍͍ͨͪͫͯͭͫͭͦ͊ͭΈ ͍ͦ ͍͔ͫͻ ͫͺ͔ͪ͊ͻ ͦ͋΅͔͍͔͚ͫͭͤͤͦ ͙͙͗ͤ͘Φ ˻͙ͤ 
͍͔ͫͦͭͯΌͭΣ ͙͔ͤ͊ͨͪͣͪΣ ζͤ ͔ ͨͪͦͻ͙ͦ͒ͭΈη ͍ ΄ͦ͊͟͡ͻ ͔̉ͻ͍ͦ͊ ͙ ˣ͙ͯͤͤ͊Σ ͙͍ͯͫͣ͊ͭͪ͊Ύ ͍ 
͙ͻ ͫͦ;͙͔͙ͤͤΎͻ ͎ͨͪͦͨ͊͊ͤ͒ͯ ͍͚ͫͦ͋ͦ͒ͤͦ ͡Ό͍͙͋Φ ˻͙ͤ ͔͗ ͔ͤͨͪͦ;Έ ͙ͭͻͦΌ ͫ͊ͨͦΌ 
ζ͍ ͙ͨ͊ͪͭΈη ζ˭ ͊ͦͤ͟ ˣ͙͚ͦ͗η ͍ ΄ͦ͟͡Έͤ·͔ ͎ͨͪͦͪ͊ͣͣ·Φ ˻͙ͤ ͙͍ͤ͊ͫͭ͊͊Όͭ ͤ͊ 
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͙ͫ͟͡Ό;͔͙͙ͤ ͙͘ ͔͔ͪͨͪͭͯ͊ͪ͊ ˹͍͙͙͎ͦͦͫ͋ͪͫͦͦ͟ ͔ͭ͊ͭͪ͊ ͔ͦͨͪ· ˾Φ ˤ͎͔͊ͤͪ͊ 
ζ́ ͎͔͚͔͊ͤͪ͘ηΣ ͔ͤ ͙͍ͯͫͣ͊ͭͪ͊Ύ ͍ ͔͚ͤ ͒ͦͫͭ͊ͭͦ;͎ͤͦͦ ͙͔͔ͨͭͭ͊ ͟ ͍͍͙ͨͪ͊ͦͫ͊͡ΌΦ  

˿ ͍͙͚͊͒ͤͦ͘ ͔͙ͣͭͦ͒;ͤͦͫͭΈΌ ͔͙ͪ͊͟͟͡͡Έ͚ͤͦ ͎͚ͨͪͦͨ͊͊ͤ͒ͦ ό͔ͭ ͙ͪͣͤ 
ζͨ ͎ͪͦͨ͊͊ͤ͒͊η ͍ͦͫͻ͙ͦ͒ͭ ͟ мснн ͎ΦΣ ͎ͦ͒͊͟ ͨ͊ͨ͊ ˥͙͎͙͚ͪͦͪ XV ͫͦ͒͊͘͡ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ό 
ͨͦ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΌ ͍͔ͪ·ύ ͍ͤͯ΄͔͊ͭͫΎ ͙ͪͦͫͫΎͤ͊ͣ ό͙ ͙ͯͪ͊ͤ͟ͼ͊ͣΦ ς ˤΦ˴Φύ ͣ·ͫ͡Έ ͦ 
ͭͦͣΣ ;ͭͦ ͦ͋ͪ͊΅͔͙͔ͤ ͤ͊ͪͦ͒͊ ͍ ͔͙͎͙ͪͦͤͯ͘͡Ό ͍͔ͪͯ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͒͡Ύ ͔͙ͫͨ͊ͫͤΎ 
˾͙͙ͦͫͫ ͦͭ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͙͎͙͙ͤͣ͊͘͡ ͙ ͍͔͔͙ͫͭͪͤ͊͘ͼ͙͙Σ ͊ ͔͍͔ͤͪͯΌ΅͙͚ ͍ ͍́ͦͪͼ͊ 
͔ͨͦͭͤͼ͙͊͡Έͤͦ ͔͙͙ͤͨ͊ͭͪͦͭ;͔ͤ ͙ ͔͋͒ͯ͘ͻ͍͔ͦͤΦ ˿͊ͣͦ ͨͦͤΎ͙͔ͭ ζ͒ ͯͻ͍ͦͤͦͫͭΈη 
͔͎͍͋ͦͦͦͪͦ͘;ͤͦ ͔͍ͦͭͦ͗͒ͫͭ͡Ύ͔ͭͫΎ ͫ ͔͙͎͙ͪͦͤͦͫͭ͘͡ΈΌΣ ͊ ͍͍͔͔ͤͪ͊ͫͭͤͤͦ 
͍͔ͨͪͦͫ΅͔͙͔ͤ ͔͙ͣͦͦ͒͗͡ ͎͍ͦͫͯ͒͊ͪͫͭͦ ͔ͤͨͪͦ;Έ ͔͔ͨͪ͒͊ͭΈ ͨͦ͒ ͨ͊ͭͪͦͤ͊ͭ ͼ͔͍͙ͪ͟Φ 
˾͔͙͎͙ͦͤ͊͘͡Ύ ͙͔͎͙͒ͦͦ͡Ύ ͨ·͔ͭ͊ͭͫΎ ζ͍ ͙͍ͫͭͪ͊͊ͭΈͫΎη ͍ ΄ͦ͟͡Έ͔ͤͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘  
όͨͦ͒ ͔͎ͨͪ͒ͦͦͣ͡ ͔͙ͦͤ͊ͦͣͤ͘͟͡Ύ ͔͔͚͒ͭ ͫ ͔͙͎͙͚ͪͦͤͦ͘͡ ͯ͟͡Έ͚ͭͯͪͦύΦ ˮ͔ͫͨͦͤͤͤ͡·͔ 
͔͙ͪ͊͟͟͡͡Έ͎ͤͦͦ Ή͙ͤͭͯ͊ͣ͊͘͘Σ ͍͍͊ͪ͊͘΄͙͔ͫΎ ͍͍ͨͪ͊ͦͫ͊ͤ͡·͔Σ ͊͋͘·͍͊Ύ ͦ 
͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͚ͤͦ ͔͔͙ͦͭ͒ͤͤͦͫͭ͡ ͎͍ͦͫͯ͒͊ͪͫͭ͊ ͦͭ ͼ͔͍͙ͪ͟Σ ͙ͨͯ͋ͯ͟͡Όͭ ͫͭ͊ͭΈ͙ ͫ 
͙ͨͪ͘·͍͙͊ͣ ͟ ͙͔͔͙ͣͤͤ͘Ό ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͫͭͪͦΎ ͤ͊ ͍͍ͨͪ͊ͦͫ͊ͤ͡·ͻ ͍ͦͫͤͦ͊ͻΦ 
˽͍͙͔ͦͦͭ͘͡͡Έͤͦ ͙ͫͨͪͦͫͭΈΣ ͊ ͨͦ;͔ͣͯ ͔ͤ ͤ͊ ͣͯͫͯ͡Έ͙ͣ͊ͤͫ͟ͻΣ ͙͔ͤ͊ͨͪͣͪΣ ͍ͦͫͤͦ͊ͻ 
͙͚ͪͦͫͫͫͯ͟Ό ό͙ ͙ͯͪ͊ͤͫͯ͟͟ΌΦ ς ʕ Φ˴Φύ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤͦͫͭΈ ζͨ ͙͍͔͙ͪͫͭ ͍ ͍͔͍͙͔ͫͦͦͭͭͫͭη 
ͫ ͙͚ͫ͊ͣͫͦ͟͡ ͼ͙͍͙͙͊͘͡ͼ͙͚ͦͤͤͦ ͔ͣͦ͒͡ΈΌΚ ˽͔͍͙ͪ͒ͫͭ͊ͣΣ ͔ͪͦͤͤͦ͘ ͔͊ͣ͘;͔͊ͭ  
̏ΦˢΦ ˴͍ͪͦͭͦ͟Σ ;ͭͦ ͙ ͭ͊͊͟Ύ ͙͙ͤͼ͙͙͍͊ͭ͊ ͨͦͯ͡;͙ͭ ΄͙ͪͦͯ͟Ό ͔ͨͦ͒͒ͪ͗ͯ͟Φ ˮ ;ͭͦ ͎ͭͦ͒͊Κ 
[6, 105ς106]. 

ˢ͎͔ͨͦͦͭ͡· ͙ ͍ ͤ͊;͔͊͡ ˱˱˱ ͭ·ͫΎ;͔͔͙ͭ͡Ύ ͔͍͙ͫͪ͡Έͤͦ ͨͪͦ͒ͦ͗͊͡Όͭ ͒ͦ͊͘͟·͍͊ͭΈ 
͍͊ͫͭ͡Ύͣ ͔͔ͨͪ͒ͪ͗͊΅͙ͣΣ ;ͭͦ ͻ͙͙͍ͪͫͭ͊ͤͫͭͦ ͍͙ͦͫͨͭ·͍͔͊ͭ ͔ͤ ͪ͊ͪͯ͘΄͙͔͔͚ͭ͡Σ ͊ 
͔ͨͪ͒͊ͤͤ·ͻΣ ͔ͤ͊͒͗ͤ·ͻΣ ͊ͦͤͦͨͦͫͯ͘͟͡΄ͤ·ͻ ;͔͍ͤͦ͡ ͦ͋΅͔͍ͫͭ͊Φ ˽ͦ;͔ͣͯ ͋· ͙ ͔ͤͭΥ 
͍͔͒Έ ͔͔͙͒ͦ͋ͪͦ͒ͭ͡ ͙͙͎ͫͭͤͤͦͦ ͻ͙͙͙ͪͫͭ͊ͤͤ͊ ͍ ͔͎ͦ ͙ͫ͊͋ͦͫͭ͡Φ  

ˤ ͙͙ͫͻ͚͊ͫͭͫͦ͟ ͙ͭͪ͊͒ͼ͙͙ ς ͔͙͔͋ͫͫͭͪ͊ͫͭΣ ͔͍͙ͤͦͣͯͭͣͦͫͭ͘Έ ͯͣ͊Σ 
ζͤ ͔͍͔͔ͨͦ͒ͪ͗ͤͤͦͫͭΈη ͔͎ͦ ͙ͤ;͔ͣͯΣ ζͫ ͔͔ͪ͒;͔ͤͦ ͍͙͙͔ͤͣ͊ͤη ͙ ͙ͯͣ͡Έͤ·͔ ͔ͫ͘͡·Φ 
˴͊͟ ͍͔ͫ Ήͭͦ ͔ͣͦ͗ͭ ͔ͤ ͍͙ͨͦͤͪ͊ͭͫΎ ͍͊ͫͭͤ͡·ͣ ͙͙ͨͦͭ͊ͣ͟͡Σ ͔͙ͫ͡ ͔͒͊͗ ͙ͦͤ ͔ͤ 
ͨͪͦͫͭͦ ͔͍͔ͤͪͯΌ΅͙͔Σ ͊ ͍͔ͪ͊͗͒͋ͤ· ͟ ͻ͙͙͍ͪͫͭ͊ͤͫͭͯΣ ͤͦ ͙ͫͨͦ͡Έͯ͘Όͭ ͔͙͎͙ͪ͡Ό ͍ 
͍͙ͫͦͻ ͼ͔͡ΎͻΦ ˻ͭ ͍ͫΦ ͊ͨͦͫͭͦ͊͡ ˽͍͊͊͡ ͙ ͍ͫΦ ˮ͙ͯͫͭͤ͊ ͙̅ͦͫͦ͡ͺ͊ ͙ ͣͯ;͔͙ͤ͊͟Σ ;͔͔ͪ͘ 
˻͙͎͔ͪͤ͊ ͙ ͔͙́ͪͭͯ͊ͤ͊͡͡Σ ͍ͫΎ͙͔͔͚ͭͭ͡ ˢͺ͙͊ͤ͊ͫΎ ˤ͔͙͎ͦͦ͟͡ ͙ ˣ͔͎͊͗ͤͤͦͦ͡ ˢ͍͎͙ͯͫͭͤ͊ 
͎͙͍ͯͦ͒͊͡Ύ ͎͔͙͊ͨͦͦͭ͡;͔ͫ͊͟Ύ ͙͙ͤ͡Ύ ;͔ͭͦ͟ ͔͙͍͔ͨͪͦͫ͗͊ͭͫ͡Ύ ͙ ͍ ͤ͊΄͙ ͙͒ͤ  
[9, 52ςроϐΦ ˤ͔ͫ Ήͭͦ ͙ͫͣͨͭͦͣ· ͊͊ͭ͊͘͟ ͔͙͎͙͙ͪ͡Φ ˤ ͙͎͔ͤ͟ ζ˽ ͦ;͔ͣͯ ͎͙͙͔͊ͦͤͪͯͭ͘ 
ͻ͙͙͍ͪͫͭ͊ͤͫͭͦη όмфупύ ͋·͍΄͙͚ ͙͊ͭͦ͟͡;͔͙͚ͫ͟ ͍ͫΎ΅͔͙ͤͤ͟ ˿͊͡Έ͍͊͒ͦͪ ͔͚͔̅ͪͫ͒ͦ͟Σ 
͙͎ͤ͊ͤͤ͘·͚ ͙͘ ͦͤ͊͡ ͼ͔͍͙ͪ͟ ͊͘ ͍͔ͫͦ ͍ͦ͡Έͤͦͣ·͙͔ͫ͡Σ ͙ͨ΄͔ͭΣ ;ͭͦ ͻ͙͙͍ͪͫͭ͊ͤͫͭͦ 
͍͔͊ͪ͘΄͔͊ͭ ͍͚ͫͦ  ͙͔͗ͤͤͤ͘·͚ ͼ͙͟͡Σ ͦͤͦ ͙͙ͫͭͦͪ;͔͙ͫ͟ ͙͙͗ͦ͘͡ ͔ͫ͋Ύ ͙Σ ͊͟͟ ͍ͫΎ͙͚͟ 
͙ͯͣͪ͊Ό΅͙͚Σ ͔ͨͦͪ͊͗ͤͤ·͚ ͎͙ͯ͋ͦͣ͟͡ ͔ͫͪͦͦͣ͘͟͡Σ ͍͔ͨ͊͒͊ͭ ͍ ͎͙͊ͦͤΌΦ ͔͍̇ͪͦ͟Έ ͍ 
Ήͭͦͣ ͔͔ͦͤͭͫͭ͟͟ ͊ͤ͘Ύͭ͊ ͙͡΄Έ ζͨ ͙ͪͯͪ͊͟΄͙͍͙͔͊ͤͣη ͙ͯͣͪ͊Ό΅͔͎ͦΣ ͔ͤ ͔͔͋ͦ͡ ͎ͭͦͦΦ 
͔́Σ ͭͦ͟ ͫ;͙͔ͭ͊ͭ ͙͙͍̆ͪͫͭ͊ͤͫͭͦ ζͻͦͪͦ΄͙ͣηΣ Ύ ͔͍̇ͪͦ͟Έ ζͨ ͦ͡ͻͦη͚ ͨͯͫͭΈ ͨͦͨͪͦ͋ͯΌͭ 
͔͙ͪ͊͒ͭ͘͡Έ ͔ͭͦ͡ ͦͭ͊͟ ͙ ͔͎ͦ ͯ͡·͋ͯ͟Φ  

˸͎͙ͤͦͣ ͍͔͔ͫͦͪͣͤͤ·ͣ ͎͙͙ͯͣ͊ͤͭ͊ͪΎ ͙ ͔͔͍͙ͫͭͫͭͦͫͨ·͔ͭ͊ͭ͡ΎͣΣ ͊͟͟ ͍ ͍͔ͫͦ 
͍͔ͪͣΎ ͙ ˶͊ͨ͊ͫͯ͡Σ ζ͎ ͙͔ͨͦͭ͊͘ ͦ ˣ͎͔ͦη ͔ͤ ͤͯ͗ͤ͊ ͙ ;ͯ͗͒͊Σ ͙͋ͦΣ ͎ͫͦ͊ͫͤͦ͡ ͔͚Σ ͙ͣͪ 
͒͊ͤ ζ͍  ͙͔ͦ͋͊͒͊ͤ͡η, ζ͍  ͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͔͚͋͋ͫͦͣͯ͟͡ ;͔͍͔ͦͯ͟͡ηΦ ͔́͊ͦ͟ ͙͔͚ͯ͒ͫͦ͟-
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ͻ͙͙͔ͪͫͭ͊ͤͫͦ͟ ͙͙͔ͨͦͤͣ͊ͤ ͙ͣͪ͊ ͙ ͔ͣͫͭ͊ ;͔͍͔ͦ͊͟͡ ͍ ͔ͤͣ ͦͭͪ͟·͍͔͊ͭ ͎͒ͦͪͦͯ ͒͡Ύ 
ͨͦ͒;͙͔͙ͤͤΎ ͙ͨͪͪͦ͒· ͔͔ͫ͋Σ ͊ ͔͔ͭͨͪΈ ͔ͯ͗ ͙ ͟ ͦ;͔͍͙͒ͤͦͣͯ ͔͔  
͎͔͙ͪ͊ͪ͊͋ͤ͘͡Ό ώммΣ онς33]. 
 ˨͡Ύ ͙͊ͤͭ;͎ͤͦͦ ;͔͍͔ͦ͊͟͡ ͙ͣͪΣ ˴ͦͫͣͦͫ ͍ ͼ͔ͦͣ͡ ͔ͫͭΈ ͔͍͔͔͋ͦ͗ͫͭͤͤͦ 
ͫͯ΅͔͍ͫͭͦΣ ͊ ͔͍͔͋ͦ͗ͫͭͤͤͦͣͯ ͔ͤ ͙ͨͪͫͭ͊ͦ͡ ͔͔͔͍ͨͪͭͪͨ͊ͭΈ ͙͔͊͟͟-͙͋ͦ͡ ͙͔͔͙ͣͤͤ͘ΎΦ ˿ 
ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ˽͙ͺ͎͊ͦͪ͊ ͙ ͙ͪ͊ͤͤͻ ͙ͨͺ͎͔͚͊ͦͪͼ͔͍Σ ˴ͦͫͣͦͫ ͍͔;͔ͤ ͙ ͔͙ͤͯͤ;͙ͭͦ͗ͣΦ 
˨͔͙͎ͣͯͪ ͍ͫͦ͒͊͊͘͡ ͔͎ͦ ͨͦ ͍͔;ͤͦͣͯ ͙ ͍͔ͫͦͪ΄͔ͤͤͦͣͯ ͦ͋ͪ͊͘ͼͯΦ ˨͡Ύ ͔͍͔͚͎ͪͦͨͫͦͦ͟ 
͙͊ͤͭ;͎ͤͦͦ ͙ͫͦͤ͊ͤ͘Ύ ͻ͔͊ͪ͊ͭͪͤͦ͟ ͔͍͔͙͔ͦ͋ͦ͗ͫͭͤ͡ ͙ͨͪͪͦ͒· ό˴ͦͫͣͦͫ͊ύΣ ͎͔͒ ͦͤ͊ 
͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͍·ͫ΄͊Ύ ͼ͔ͤͤͦͫͭΈΦ ˤ ͙͔͚͚͋͋ͫͦ͟͡ ͔͗ ͙ͣͺ͎͙͙ͦͦ͡ ͙ͨͪͪͦ͒͊ ς 
͙͡΄Έ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έ͔ͤͦ ͔͍ͫͪ͒ͫͭͦΣ ς ͔ͫͪ͒͊ ͙͙ͦ͋ͭ͊ͤΎ ς ͔ͫͦ͒͊ͤͤͦ͘ ̒ͻ͍͔ ͒͡Ύ ͍͔͎ͫͦͦ 
ͤ͊ͪͦ͒͊Φ ˤ ͫ͊ͣ·ͻ ͔͍ͨͪ·ͻ ͙ͫͭͻ͊ͻ ˣ·͙ͭΎ ;͙͔ͭ͊ͣΥ ζˮ  ͫ͊͊͘͟͡ ˣ͎ͦΥ ͍͙ͫͦͭͦͪͣ 
;͔͍͔ͦ͊͟͡ ͨͦ ͦ͋ͪ͊ͯ͘ ˹͊΄͔ͣͯΣ ͨͦ ͙ͨͦ͒ͦ͋Ό ˹͊΄͔ͣͯ ͙ ͒͊ ͍͊͒͡·;͔͍ͫͭͯΌͭ ͙ͦͤ ͤ͊͒ 
ͪ·͙͋͊ͣ ͙͙ͣͦͪͫͣ͟Σ ͙ ͤ͊͒ ͙ͨͭͼ͙͊ͣ ͔͔ͤ͋ͫͤ·͙ͣΣ ͙ ͤ͊͒ ͫͦͭͦͣ͟ ͙ ͤ͊͒ ͍͔ͫΌ 
͔͔ͣ͘͡ΌΧη όˣ·ͭΦ мΤ нсύΦ ͔́͊ͦ͟ ͦͭͤͦ΄͔͙͔ͤ ͟ ͙ͨͪͪͦ͒ͤͦͣͯ ͙ͣͪͯ ͣͦ͗ͤͦ ͍ͯͫͦͤͦ͡ 
ͦ͋ͦͤ͊͘;͙ͭΈ ͊͟͟ ͍͔ͪ͊͗͒͋ͤͦͫͭΈ ͙ ͙͔͙͔ͯͤ͗ͤΦ ˹͔͍ͦͣͦ͗ͤͦ͘ ͔͔ͫ͋ ͍͙ͦͦ͋ͪ͊ͭ͘Έ ;ͭͦ-
͙͋ͦ͡ ͔ͨͦ͒ͦ͋ͤͦ ͍ ͙͊ͤͭ;͙ͤͦͫͭ ͯ ͔͍͙͒ͪͤͻ  ͎͔͍ͪͦ͟ ͙͙͡ ͯ ͎͙͒ͪͯͻ ͔͍͔͚͙ͪͦͨͫ͟ͻ 
͍ͤ͊ͪͦ͒ͦ ώммΣ ооςопϐΦ ˮ ͨͦͭͦͣͯ ͊ͭ͊ͫͭͪͦ͟ͺ͙;͔͔ͫͦ͟ ͔͙͔ͦͫ͊͋ͤ͡͡ ͙͔͚ͯ͒ͫͦ͟-
ͻ͙͙͚ͪͫͭ͊ͤͫͦ͟ ͔͙͎͙͚ͪͦͤͦ͘͡ ͍ͫͦͫͭ͊͡ΎΌ΅͔͚ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͔ͫͯ͟͡Ύ͙͍ͪͦ͊ͤͤͦͣ͘ 
͙͔ͣͪ ͍ͦ ͎ͣͤͦͦͣ ͔͔͔͔ͨͪ͒ͦͨͪ͒ͤͦ͡ ͔ͭ͊͗͟ ͔͔ ͍͋͊ͦ͘·ͣ ͊ͤͭͪͦͨͦͼ͔͙ͤͭͪͣͦͣ͘Σ 
ͣͤͦ͗͊΅͙ͣ ͎ͦ͋͊͡͡Έͤ·͔ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡·Φ  

͙͙̇ͤ;ͤ·͙ͣ ͍·͎͡Ύ͒Ύͭ ͙ͨͪͭΎ͙͊ͤ͘Ύ ͔͙͎͙͙ͪ͡ ͤ͊ ͙ͣͦͤͦͨͦ͡Ό ͍ ͙ͦ͋͊ͫͭ͡ 
͙ͣͦͪ͊͡ ͙ ͤ͊ ͍ͦͨͦ͡΅͔͙͔ͤ ͍͍͔͙ͤͪ͊ͫͭͤͤͦͫͭΥ ͙ͦ͋ͫͯͪ͊ͤͭͣ͘͟ ͙ ͎͙͒ͦͣ͊ͭͣ͘ ͙ͣͦͪ͊͡ 
ͻ͙͙͍ͪͫͭ͊ͤͫͭ͊ ͦ͋΅͔͙͍͔ͫͭͤ͘·Σ ;ͭͦ ͔ͤͦ͒ͤͦͪ͊ͭͤͦ͟ ͨͦ͒;͔͙͍ͪ͊͟͡ ˣΦ ˾͔͊ͫͫ͡Σ ͍͊ͭͦͪ 
͙͎͙ͤ͟ ζ ˽ͦ;͔ͣͯ Ύ ͔ͤ ͻ͙͙͙ͪͫͭ͊ͤͤη όмфнтύΦ ˮ͙ͫͭͦͪΎ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭΣ ;ͭͦ ͍͔ͪ͊ 
͋·͊͡ ͎͍͊ͤ͡·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͙͙ͤ͊ͫ͡Ύ ͙ ͙ͫͭͪ͊͒͊ͤΎΣ ͫ͊ͣ·ͣ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͣ 
͔͎ͨͪ͒ͦͦͣ͡ ͒͡Ύ ͔͔͙͚ͨͪͫͭͯͨͤ͡Σ ͍͊ͦ͟͟·͙ͣ Ύ͍͡ΎΌͭͫΎΣ ͙͔ͤ͊ͨͪͣͪΣ ͯ͗͊ͫ· ͔͍ͪͫͭͦ͟·ͻ 
ͨͦͻ͍ͦ͒ͦ ͙ ͙ͦͤͫͭ͟͟· ό͔ͦͫͤΎ͔͚ͣͦ ͔ͪͫͭͦͣ͟ ͙͊ͭͦ͟͡;͔͚ͫͦ͟ ͼ͔͍͙ͪ͟Σ ͦͭͦͪ͊͟Ύ ͊͡;ͤͦ 
͊͘ͻ͍͊ͭ·͍͊͊͡ ͙͙ͪͯ͒ͤ͟Σ ͔ͨͦͣͫͭΈΎ ͙ ͨͪͦ;͔͔ ͍ ͙͙̉͡Σ ˽͎͍͔͊ͪ͊͊ ͙ ͎͙͒ͪͯͻ ͫͭͪ͊ͤ͊ͻύΣ 
͔͙͗ͫͭͦͦͫͭ͟ ͔͔ͫͣͪͭ͡Έ͎ͤͦͦ ͙͍ͨͪͦͭͦͫͭͦΎ͙ͤΎ ͙͍͊ͭͦͦ͟͟͡ ͙ ͔͍ͨͪͦͭͫͭ͊ͤͭͦ 
όˤ͊ͪͺ͔͔͍ͦͦͣͫ͊͟͡Ύ ͤͦ;Έ ͙ ͨͪΦύΣ ͙͎͙͔ͫ͗͊ͤ ͔͔͙ͪͭ;͔͙ͫ͟ͻ ͍ͭͪ͊ͭ͊ͭͦ͟Σ ͔͔͙͍ͪͭͦ͟ ͙ 
ζ͍ ͔͒ΈͣηΣ ͙͍͔͍ͯͪͫͭ͊͘ ͔͊ͫ͘͟·Φ ˸͙ͪΣ ͔͔ͫ͒͊ͣ͡ ζ͔ ͔͙ͪͭ;͔͔ͫͦ͟η ͊͘Ύ͍͔͙͔ͤ͡Σ ͋·͡ ͋· 
͎ͣͤͦͦ ͯ͡;΄͔ ͙ ;͙΅͔ ͔͋͘ ͍͔ͪ· ͙ ͼ͔͍͔͚ͪ͟Φ ˻͍͚ͭͫͭ͊ͤͦ ͙͔͔ͤ͗ͤͪ ͨͦͪͯ;͙ͤ͟ ͔̅͒ͦͪ 
˨͔͍͙͚ͦͫͭͦͫ͟ ͙ͨͫ͊͡ ͍ ͍͔ͫͦͣ ͫͭ͊ͪͦͪͯͫͫͦͣ͟ ͔͒ͦͣΣ ͊͟͟ ͤ͊ͣ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎΣ ͙ͫ͡Έͤͦ 
͔͍͔͙ͨͪͯ͡;͙͍͊Ύ ͦͨ͊ͫͤͦͫͭΈΣ ͍͔ͯͭͪ͗͒͊ΎΣ ;ͭͦ ͔͙ͫ͡ ͙͡΄͙ͭΈ ;͔͍͔ͦ͊͟͡ ͍͔ͪ· ͍ ˣ͎ͦ͊ ͙ ͍ 
͍͔ͫͦ ͔͔͙͔͋ͫͫͣͪͭΣ ͭͦ ζͭ ͎ͦ͒͊ ͙ͤ;ͭͦ ͔ͯ͗ ͔ͤ ͔͋ͯ͒ͭ ͔͍͍͔͋ͤͪ͊ͫͭͤͤͦ͘Σ ͍͔ͫ ͔͋ͯ͒ͭ 
͍͔ͨͦͦͤͦ͘͡Σ ͔͒͊͗ ͊ͤͭͪͦͨͦͺ͎͙͊Ύη.  

ˢ͔͙ͭͫͭ·Σ ͔͔ͯ͋͗͒͊ͭ ˣΦ ˨͙ͦͤ͘͟͟ ͍ ͙͎͔ͤ͟ ζx ͎ͦ ͊͟͟ ͙͡͡Ό͙͘Ύη ό˸ΦΣ нллуύΣ 
͒ͦ͗ͤ͡· ͎͙ͦͪ͒ͭΈͫΎ ͔ͭͣΣ ;ͭͦ ͙ͦͤ ͔͙͊ͭͫͭ· ͙ ͔ͤ ͙͊ͤͣ͊ͭ͘Έ ͙͙͔ͨͪͣͪͤ;͔ͫͯ͟Ό 
͙ͨͦ͘ͼ͙ΌΣ ͨͦͭͦͣͯ ;ͭͦ ͔͙͊ͭͣ͘ ς ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͦ ͍͎͒ͦͪͦͦͦ͘Σ ͔͍͙͙͎ͤ͊ͫͣͦͦ͘ ͔͙ͣͤͤΎΦ 
˹͙;ͭͦ ͔ͤ ͔ͣ΄͔͊ͭ ;͔͍͔ͦͯ͟͡Σ ͋ͯ͒ͯ;͙ ͔͙͊ͭͫͭͦͣΣ ͋·ͭΈ ͫ;͙͍͊ͫͭ͡·ͣΣ 
͍͍͔ͯͪ͊ͤͦ΄͔ͤͤ·ͣΣ ͎ͯ͋ͦͦ͟͡ ͙͔͙͎͔ͤͭͤͭͤ͡͡·ͣ ͙ ͍·ͫͦͦͣͦͪ͊͟͡Έͤ·ͣΦ ˶Ό͙͒ ͍͍͔ͦͫ 
͔ͤ ͤͯ͗͒͊ΌͭͫΎ ͍ ͔͙͎͙͙ͪ͡ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͋·ͭΈ ͻͦͪͦ΄͙͙ͣ ͙ ͒ͦ͋ͪ·͙ͣΦ ˹͊ Ήͭͦͣ 
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ͫͭͦΎͭΣ ͣͤͦ͗͊ ͪΎ͒· ͔͙͍͊ͭͫͭͦΣ ͎͙͚͙͔͊ͤͫ͟͡ ͙ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͔ ͔͙͙͊ͭͫͭ;͔͙͔ͫ͟ 
͎͙͙ͯͣ͊ͤͫͭ;͔͙͔ͫ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙Σ ˢ͔͙ͣͪ͊ͤͫ͊͟͟Ύ ͔ͫͯ͟͡Ύͪͤ͊Ύ ͙ͦ͊͟͡ͼ͙ΎΣ 
˸͔͗͒ͯͤ͊ͪͦ͒ͤ·͚ ͔͙͙͊ͭͫͭ;͔͙͚ͫ͟ ͊͡ΈΎͤͫΦ  

˽ͦͤΎ͙ͭΎ ͦ ͔͒ͦ͋ͪ ͙ ͔͘͡ ͔ͤ ͍͙͊ͫ͘Ύͭ ͦͭ ͔͍͙ͫ͒ͦ͊ͤ͡Ύ ͔͙͎͙ͪͦͤ͘͡·ͣ ͎͒ͦͣ͊ͣΣ ;ͭͦ 
͍͙͒ͤͦΣ ͙͔ͤ͊ͨͪͣͪΣ ͍ ͔͙͒ͭͫ͟ͻ ͫͦͼ͙͊͡Έͤ·ͻ ͦͭͤͦ΄͔͙ͤΎͻΣ ͍ ͦͭͦͪ͟·ͻ ͙͍ͨͪͫͯͭͫͭͯΌͭ 
ͣͦͪ͊͡Έͤ·͔ ͤͦͪͣ·Σ ͙ͨͪ ͭͦͣΣ ;ͭͦ ͔͙͒ͭ ͔΅͔ ͔ͤ ͍͍͔ͦ͡;͔ͤ· ͍ ͔͙͎͙ͪ͡ΌΦ ̂ ͍͎ͪͦͫͦͦ͘͡ 
͔͔͙ͤ͊ͫͤ͡Ύ ͍ ͤ͊΄͔͚ ͔ͫͭͪ͊ͤ ͼ͔͙ͤͤͦͫͭ ͙ ͙ͨͪͤͼ͙ͨ· ͦ͋΅͔;͔͍͔ͦ͡;͔͚ͫͦ͟ ͙ͣͦͪ͊͡ 
͋·͙͡ ͙ ͍ ͔͙͙͊ͭͫͭ;͔͙͔ͫ͟ ͍͔͔ͪͣͤ͊Φ 
 ˿͊ͣ ;͔͍͔ͦ͟͡ ͔͔ͤͫͭ ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈ ͊͘ ͍͔ͫͦ ͋ͯ͒ͯ΅͔͔Σ ͊ ͔ͭ͊͗͟ ͊͘ ͍͙͙͔ͪ͊ͭ͘ 
͍͔͚ͫͦ ͔ͨ͊ͤͭ͡·Σ ͎͍͙ͦͦͪͭ ͍͔ͦͫͤͦ͊ͭ͡Έ Ή͍ͦ͡Όͼ͙͎ͦͤͤͦͦ ͔͙͙͊ͭͫͭ;͔͎ͫͦͦ͟ ͎͙ͯͣ͊ͤͣ͊͘ 
˨͗Φ ͙̆͊ͫ͟͡Φ ˹͊ ͔ͫͯ͟͡Ύͪͤ·ͻ ͙ͨͦ͘ͼ͙Ύͻ ͦ͊͘͟·͍͔͊ͭͫΎ ͙ ͔͙͎͙ͪͦͤ͘͡·͚ ͺ͙ͦͫͦ͡ͺ-
Ή͙͔ͫͭͤ͘͟ͼ͙͙͊ͫͭ͡ ˹ΦˢΦ ˣ͔ͪ͒Ύ͔͍Σ ͙ͨ΄ͯ΅͙͚ ͍ ζ˿ ͣ·͔ͫ͡ ͍ͭͦͪ;͔͍ͫͭ͊ηΣ ;ͭͦ 
ζͤ ͊ͫͭͯͨ͊Όͭ ͍͔͔ͪͣͤ͊ ͍ ͙͙͗ͤ͘ ;͔͍͔ͦ͡;͔͍ͫͭ͊Σ ͎ͦ͒͊͟ ͦͤͦ ͒ͦ͗ͤͦ͡ ͨͦͣͦ;Έ ͫ͊ͣͦ 
͔͔ͫ͋Σ ͍ͦͫͦͤ͊͘Σ ;ͭͦ ͍͙͔ͦͭͫͯͭͫͭ ͭͪ͊ͤͫͼ͔͔͚ͤ͒ͤͭͤͦ ͨͦͣͦ΅͙ ͔ͤ ͔ͫͭΈ 
͔͋ͫͨͦͣͦ΅ͤͦͫͭΈΣ ͙͋ͦ ͔͔͋ͫͦͤ͟;ͤͯΌ ͙͔ͣͣ͊ͤͤͭͤͯΌ ͨͦͣͦ΅Έ ͚͔ͤ͊͒ͭ ;͔͍͔ͦ͟͡ ͍ 
͔͔ͫ͋ ͫ͊ͣͦͣΣ ͔͙ͫ͡ ͔͔͒ͪͤͭ͘ ͪ͊ͫͪ͟·ͭΈ ͍ ͔͔ͫ͋ ͍ͭͦͪ;͔͙ͫͣ͟ ͊ͭͦͣ͟ ͍͔ͫ ͙ͫ͡· ˣ͎ͦ͊ ͙ 
͙ͣͪη͊ [1Σ ͫΦ нрс]. ˿͎ͦ͊ͫͤͦ͡ ͔͙͎͙ͪͦͤͦͣͯ͘͡ ͙ͣͺͯ ˣ͔ͪ͒Ύ͔͍͊Σ ͔͙͔ͦͭͫͭͯͨͤ͡ ˣ͎ͦ͊ ͦͭ 
͙ͣͪ͊ ͍ͦ ͙ͣΎ ͪ͊ͫͪ͟·͙ͭΎ ͍ͭͦͪ;͔͚ͫͦ͟ ͍ͫͦ͋ͦ͒· ;͔͍͔ͦ͊͟͡ ͔ͫͭΈ ζΉ͔͙ͦͭͪ͘;͔ͫ͊͟Ύ 
͚ͭ͊ͤ͊η ͻ͙͙͍ͪͫͭ͊ͤͫͭ͊Φ ˣ͎ͦ ͔ͤ ͭͦ͡Έͦ͟ ͍ͦͫͭ͊͡Ύ͔ͭ ;͔͍͔ͦ͊͟͡ ͔͋͘ ˿͍͔͚ͦ ͔͙ͨͦ͒͒ͪ͗͟Σ 
ͤͦ ͔ͤ ͔ͤ͊ͭ͘ ͙ ͔͒͊͗ ζͤ ͔ ͻͦ;͔ͭ ͤ͊ͭ͘ΈΣ ;ͭͦ ͍͙ͫͦͭͦͪͭ ;͔͍͔ͦ͟͡ηΦ ˿͎ͦ͊ͫͤͦ͡ ˣ͔ͪ͒Ύ͔͍ͯΣ 
͍ ͔͙͚ͤ͟ ͔ͣͦͣͤͭ ͙͔͙͒ͦͫͭ͗ͤΎ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͔͙ͪͦͫͭ͘͡ ό͔͚ͫ ͔ͣͦͣͤͭ ͍͒͊ͤͦ ͯ͗ 
͙ͤ͊ͫͭͯͨ͡Φ ς ˤΦ ˴Φύ ˣ͎ͦΣ ͍͙͍ͦͫͭ͊ ͙ͣͪΣ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ͔͎ͦ ͍ ͔͔͋ͪ͊͒͘͘͡Έ͔ͤͦ 
ͪ͊ͫͨͦͪΎ͔͙͔͗ͤ ;͔͍͔ͦ͊͟͡Φ ̏ͭͦͭ ;͔͍͔ͦ͟͡ ς ζͫ ͣ·ͫ͡ ͍ͭͦͪ;͔͍ͫͭ͊ηΣ ͎͔͚ͪͦΣ ͎ͨͦͯ͋ͦ͡Σ 
͔ͤͫͦ͟͡Έͦ͟ ͍͙͙͔͔͒ͦͣͤͤͤ͘·͚ ζͫ ͍͔ͪͻ;͔͍͔ͦ͟͡η ̅Φ ˹͙ͼ΄͔Σ ͔͔ͤ͊͒ͤͤ͡·͚ ͍͔͙ͫͣ 
͙͙͍ͨͦͭͤ͘·͙ͣ ͦͤͤͦͭ͊͟ͼ͙Ύ͙ͣ ͍ ͒ͯͻ͔ ζ˿ ͔͔ͪ͋ͪΎ͎ͤͦͦ ͍͔͊͟η.  

˨͔͔͙ͦ͋ͪͦ͒ͭ͡ ͻ͙͙͍ͪͫͭ͊ͤͫͭ͊ ς ͙͔͙͔ͣͦͫͪ͒͡Σ ͙͔ͫͦͫͭͪ͊͒͊ͤΣ ͔͍͔͗ͪͭͤͤͦͫͭΈΣ 
͡Ό͍͋ͦΈ ͟ ˣ͎ͦͯΣ ͨͪͦ΅͔͙͔ͤ ͍͎͍ͪ͊ͦΣ ͔͔͙͔ͨͪͪͤ͘ ͟ ͎͋͊͊ͣ͡ ͙ͣͪ͊ ͔͎ͫͦΣ ͍͔ͪ͊ ͍ 
͎͊ͪͦ͋ͤͯ͘Ό ͙͗ͤ͘ΈΣ ͍͔ͪ͊ ͍ ͔͙͔ͫͨ͊ͫͤ ͒ͯ΄͙ ς Ήͭͦ ͙͔͒͊͡Έͤ·͔ ͔͔͙͒ͦ͋ͪͦ͒ͭ͡Σ ͙ 
ͨͦͭͦͣͯ ͔͙͍ͤͦͤͫͭͪͯͭͤ͟͟·͔Φ ˮ͙ͣ ͣͦ͗ͤͦ ͍͍͍ͪͯͦͦ͒ͫͭͦ͊ͭ͟ΈͫΎΣ ͍͔ͪ͊͘ ;ͭͦΣ ͙ͨͪ 
͙͙ͫͦ͒͊ͤ͘ ͦ͋΅͔͍ͫͭ͊Σ ͫͦͫͭͦΎ΅͔͎ͦ ͙͘ ͎͔͍͊ͤͦ͡Φ ˮͻ ͔͍ͤͦͣͦ͗ͤͦ͘ ͊ͫͭ͟͡Έ ͍ ͍͙͔ͦͫͤͦ͊ͤ 
͔͙ͨͦͫͭͪͦͤΎ ͎͍ͦͫͯ͒͊ͪͫͭ͊ ͒͡Ύ ͔ͪ͊͡Έͤ·ͻΣ ͔ͣͤ͘·ͻ ͡Ό͔͚͒Φ ˨͡Ύ ͔͙ͨͦͫ͒ͤ͡ͻΣ ͍ 
͔͔ͨͪ;͔ͤ ˮΦ ˣ͔͙ͪͤ͊͡Σ Ύ͍͡ΎΌͭͫΎ ζͣ ͔͍ͯ͗ͫͭͦΣ ͚ͫͭͦͦͫͭ͟Έ ͍ ͔͔͋͒Σ ͦ͋΅͔͍͔͔ͫͭͤͤͦ 
͔͙͔ͫͯ͗ͤ͡Σ ͨͦͪΎ͒ͦ͟Σ ͙͒ͫͼ͙͙ͨͤ͊͡Σ ͫ;͊ͫͭΈ͔Σ ͙ͫͭ͊͋͡ΈͤͦͫͭΈΣ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡Έ ͙Σ ͍ 
͔͍ͨͪͯΌ ͦ;͔͔ͪ͒ΈΣ ͙͡;ͤ͊Ύ ͙͙ͤͼ͙͙͍͊ͭ͊Σ ͙͔ͦ͋͊͒͊ͤ͡ ͙ͤ͊ͤ͘Ύ͙ͣ ͙ ͙͚ͫͦ͡Σ 
͔ͤͦ͋ͻ͙ͦ͒ͣ·͙ͣ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͍͔ͨͦͫͭ͊ͤͤ͡·ͻ ͼ͔͔͚͡η ώнΣ мрнϐΦ ˻͙ͤ ͔͗ 
Ή͔͎͙͙ͤͪͪͯ͘Όͭ ͔ͤͦΎ͘·;͔͍ͫͭͦ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͍͔ͫͭͫͦͣ͟Σ ͔ͫͯ͟͡Ύ͙͙͍ͪͪͦ͊ͤͤͦͣ͘ 
͙͔ͣͪΣ ͍ͯͫͭ͊΄͔ͣ ͦͭ ͻ͙͙͎ͪͫͭ͊ͤͫͦͦ͟ ͍·ͣͦͪͦ;͔ͤͤͦ ͔͍͔͎͋ͦ͗ͫͭͤͤͦͦΣ ͔͒͊͡Ό΅͔͎ͦ 
͡Ό͔͚͒ ζͫ ͊͋͡·͙ͣηΦ ˿͍͙͚ͦͪͦ͗ ͔͒ͤΈΣ ͤ͊;͍͊΄͙͚ͫΎ ͍ нлмн ͎ΦΣ ͔͔͔ͨͪͦ͒ͦͭ͡Σ ͍͔ͪΎͭ 
͙͙ͫͭͦͪͦͤͤ͟ ͍͍͎ͨͪ͊ͦͫ͊ͤͦͦ͡ Ύ͘·;͔͍ͫͭ͊Σ ͍ͫͦͪͦ͗ΈΌ ͤͦ;ΈΣ ͤ͊;͍͊΄ͯΌͫΎ ͍ фуу ͎ΦΣ ͙ 
͍͍͙ͦͪ͊ͭͭ͘ ͍ͫ͊͡Ύͤ͊ͣ ͣͯ͒ͪͦͫͭΈ ͔͍ͨͪ͒ͦ͟Φ ͙͙͙͚̆ͪͫͭ͊ͤͫ͟ ͔͗ ͔ͭͦͼ͔͙ͤͭͪͣ͘Σ ͎͍ͦͦͪΎͭ 
͎͎͙ͪ͊ͣͣ͊ͭͦͦ͡ ͦͤ͟ͼ͊ ̆̆ ͍ΦΣ ͔͔ͦ͋ͪ͊ͭ͟ ͔ͫͣͪͭͤ·ͻ ͤ͊ ͙͍͔ͨ͊ͫͫͤͦ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͍ 
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͙͔ͣͪΣ ͫͦ͒͊ͤͤͦͣ͘ ͊͟͟ ͔́ͫͭ͟ ˤ͔͙͎ͦͦ͟͡ ͍́ͦͪͼ͊Φ ζˮ ͣ ͔ͦͫͭ͊ͭͫΎ ͭͦ͡Έͦ͟ ͤ͊͋͡Ό͒͊ͭΈΣ 
ͨͪͦ;͙ͭ·͍͊ͭΈΣ ͍ͭͦͦ͊ͭ͟͡Έ ͙ ͍ͦͫͻ͙΅͊ͭΈͫΎ ͣͯ͒ͪͦͫͭΈΌ ͔͎ͦ ˢ͍ͭͦͪ͊η [7, 275]. 
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SUMMARY 

V. Kosyak. Secularization european community. 
It traces the development of secularism from its genesis in the Middle Ages to 

the present day. Comprehend the conditions and factors that guide the process of 
emancipation of Christianity in the Renaissance, New Era, and energizing them in 
modern times. The reasons of bankruptcy claims ζthe only true doctrineη a 
monopoly in the field of morality. Substantiates the prospects of the international 
atheist movement oschestvlyaemogo relevant organizations, alliances, coalitions. 

The virtues of Christianity are mercy, compassion, sacrifice, love of God, 
forgiveness of enemies, contempt for the blessings of the world, faith in the afterlife, 
faith in the salvation of the soul are ideal virtues, and therefore unconstructive. They 
can be guided, perhaps, by creating a society consisting of angels. They can not be 
placed in the basis of building a state for real, earthly people. For the latter, in the 
list of I. Berlin, "courage, fortitude in trouble, public service, order, discipline, 
happiness, stability, justice and, first and foremost, personal initiative, knowledge 
and strength necessary to achieve the goals". They also energize neo-paganism in a 
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modern secular, secularized world, tired of the Christian escheat of the divine, 
making people "weak." The day, which began in 2012, will overcome, believe the 
supporters of Orthodox paganism, the swarm night, which began in 988, and return 
the wisdom of the ancestors to the Slavs. Christian theocentrism, say 
grammathologists of the late twentieth century, condemns mortals to passive 
existence in a world created as the Text of the Great Creator. "They can only observe, 
read, interpret and admire the wisdom of its author". 

Keywords: secularization, desacralization, Christianity, Bible, clerics, advocates, 
faith, morality, the environment, atheism. 
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͙ͤ͊ͤ͘Ύ ͋ͯ͒ͯͭ ͍͍͔͔͒ͤ· ͍ ͦ͋ͦͪͦͭ ͨͦ ͔ͭͣ ͔͗ ͔ͫͭΎͣΣ ;ͭͦ ͙ ͔͔͔͒ͤ͗ͤͦ ͦ͋ͪ͊΅͔͙͔ͤΣ ͙ 
;ͭͦ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͔ Ήͭͦͣͯ ͔͙͔ͪ͊ͫͫͦͤ͡ ͔͙ͨͪͪ͊ͭͭ͟ ͋·ͭΈ ͔͔͙͔͒ͤͣ͡ ͤ͊ 
͙͔ͤ͊ͤ͘κ͔͙͔ͤͤ͊ͤ͘Σ ͊ ͔ͫͭ͊ͤͭΣ ͊͟͟ ͙ ͍ ͫͯ͡;͔͊ ͔͔͎͒ͤ͗ͤͦͦ ͦ͋ͪ͊΅͔͙ͤΎΣ ζ͘ ͙ͤ͊ͤΎ͙ͣ ͟ 
͔ͦͨ͊ͭ͡κ͙ͤ͊ͤ͘Ύ͙ͣ ͟ ͙͍͔͙ͤͫͭͼ͙͙η [4, 22]  

˻ͤ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟Σ ;ͭͦ ͣ· Ύ͍͡Ύ͔ͣͫΎ ͍͙͔͔ͫ͒ͭ͡Ύ͙ͣ ͔͙͔ͫͭͪͣͭ͡Έ͎ͤͦͦ 
ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͍͎ͣͪͦͦͦ ͨͦͪΎ͒͊͟Σ ͎͔͒ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͔ͤͪ·ͤͦ;͎ͤͦͦ ͦ͋Ά͔ͭ͊͟  
ό͔ͤ-͍ͭͦ͊ͪ͊ύ ͍͙ͫͭ͊ͤͦͭͫΎ Ύ͍͔͙͔ͤͣ͡ ͎͙ͣ͊ͪͤ͊͡Έͤ·ͣΦ ˮ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͙ͤ͊ͤ͘Ύ ͔ͤ 
Ύ͍͡Ύ͔ͭͫΎ ͙ͫ͟͡Ό;͔͙͔ͤͣΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͔͙͚ͪͭͪ͟Σ ͎ͫͦ͊ͫͤͦ͡ ͦͭͦͪͦͣͯ͟ 
ͫͦͼ͙͊͡Έͤ͊Ύ ͼ͔ͤͤͦͫͭΈ ͙ͤ͊ͤ͘Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔͎ͦ ͤ͊͘;͙ͣͦͫͭΈΌ ͍ ͔͔͒͡ 
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ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͡;͙ͤͦͫͭΣ ͔ͭͪΎ͔ͭ ͍͔ͫͦ ͤ͊͘;͔͙͔ͤ ͙ ͔͊ͣͤ͘Ύ͔ͭͫΎ ͙͙ͯͭͭ͊ͪͤ͡·͙ͣΣ 
ͪ·ͤͦ;ͤ·͙ͣ ͦͼ͔͙ͤ͊ͣ͟Φ 

ˤ ͪ͊͋ͦͭ͊ͻ ͙ͨ͊ͭͪ͊ͪͻ͊ ͎͊ͨ͊͒ͤͦͦ͘ ͔͔͔ͣͤ͒͗ͣͤͭ͊ ˽Φ ˨͔ͪͯͪ͊͟ ͔ͫͦ͒ͪ͗͊ͭΈͫΎ 
͙͙͔͋͘͟͡ ͟ Ήͭͦͣͯ ͔͙ͫͦͦ͋ͪ͊͗ͤΎΦ ˤ͙͔ͫͨͦͣͤ͊ͭͫΎ ˿ͦͪ͊ͭ͟Σ ͦͭͦͪ͟·͚ ͫ;͙ͭ͊͡Σ ;ͭͦ ͼ͔͡Έ 
͙ͤ͊ͤ͘Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͔͚͍͙͙ͫͦ͒ͫͭ ͙ͫ͊ͣͦͨͦͤ͊ͤ͘Ό ͙ ͍͙͙ͫ͊ͣͦͪ͊ͭ͘Ό ͙͡;͙ͤͦͫͭΦ 
ˮ͔ͣͤͤͦ ͔ͭ͊ͦ͟ ͍͙͔ͭͦͦ͊ͤ͟͡ ͙ͤ͊ͤ͘Ύ ͍ ͔ͭ;͔͙͔ͤ ͍͒ͯͻ ͭ·ͫΎ; ͔ͭ͡ ͙͔ͣͦ͡ 
͔͔ͦͨͪ͒͡ΎΌ΅͔͔ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͔͍͔͚͚ͪͦͨͫͦ͟ ͙͔ͫͫͭͣ· ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙Σ ͍͔ͫͦ͋ͫͭͤͤͦΣ 
͒͡Ύ ͎ͫ͊ͣͦͦ ͨͦͤΎ͙ͭΎ ͙ͤ͊ͤ͘ΎΦ ˽Φ ˨͔ͪͯͪ͟ ͙ͨ΄͔ͭ ͦ ͭͦͣΣ ͊͟͟ ͙͔͙͙ͣͤͫ͘͡Έ Ύ͘·͍ͦ͟·͔ 
͍·͔͙ͪ͊͗ͤΎ ͊͘ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡ΎΦ ˤ ͨͪͦ΄͔͒΄͙͔ ͍͔͔ͪͣͤ͊ ͔ͤ ͔ͯͨͦͭͪ͋͡Ύ͙͡ 
͔ͭ͊ͦ͟ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤΣ ͊͟͟ ζ;͔͍͔ͦ͟͡Σ ͦͭͦͪ͟·͚ ͍͔͔͊͒ͭ͡ ͙ͤ͊ͤ͘Ύ͙ͣηΦ ˥͍͙͙ͦͦͪ͡Υ 
ζͦ ͍͋ͪ͊ͦ͊ͤͤ͘·͚Σ ͯ;͔ͤ·͚ ;͔͍͔ͦ͟͡ηΦ ˻͍͋ͪ͊ͦ͊ͤͤ͘·͔ ͡Ό͙͒ ς Ήͭͦ ͙͡ͼ͊Σ ͦͭͦͪ͟·͔ 
͙͔͙ͣ͡ ΄͙ͪͦͯ͟Ό Ή͙ͪͯ͒ͼ͙ΌΣ ͋·͙͡ ͍ ͫͦͫͭͦΎ͙͙ͤ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͔͔͋ͫ͒ͯΣ ͙͙ͨͫ͊͡ ͤ͊ 
ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͔ ͔ͭͣ·Φ  

˭͙͔ͤ͊ͤ ͔͎ͫͦ͒ͤΎ ς ͙ͤͺͦͪͣ͊ͼ͙ΎΣ ͦͭͦͪ͊͟Ύ ͙͔͔ͣͭ ͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͼ͔ͤͤͦͫͭΈ ͙ 
͍͔͔͒ͭ ͟ ͨͦͯ͡;͔͙ͤΌ ͔ͦͤͪͭͤ͟͟·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ ̏ͭͦ ͔ͤ ͦ͋΅͔͔ ͙͔ͤ͊ͤ͘Σ ͊ ͙͔ͤ͊ͤ͘ 
͍·ͫͦͦ͟ ͔ͫͨͼ͙͙͙͍͔͊ͪͦ͊ͤͦ͘͡Φ ˤ·͍ͦ͒Υ ͍͔ͤͦͦ ͦ͋΅͔͍ͫͭͦ ͔͒ͦ͗ͤͦ͡ ͋·ͭΈ ͍ͦͫͤͦ͊ͤͦ ͤ͊ 
͙͙ͤ͊ͤ͘Σ ͔ͦͭͦͪͦ͟ ͎͙͍ͦͪ͊ͤͦ͊ͤͦ͘ ͍ ͍͙͔͒ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ͙͒ͫͼ͙͙ͨͤ͡Σ ͊ ͔͎ͦ 
;͔͙ͤ͊ͣ͡ ͒ͦ͗ͤ͡· ͋·ͭΈ ͡Ό͙͒Σ ͦͭͦͪ͟·͔ ͍͔͊͒͡Όͭ ͔ͫͨͼ͙͊͡Έͤ·͙ͣ ͙ͤ͊ͤ͘Ύ͙ͣ ͍ 
ͪ͊ͤ͘·ͻ ͦͭͪ͊ͫ͡Ύͻ ώоϐΦ  

ˤ ͔ͪ͊͋ͦͭ ζ˿ ͦͫͭͦΎ͙͔ͤ ͔ͨͦͫͭͣͦ͒ͪͤ͊η ˬΦ-̅Φ ˶͙ͦͭ͊ͪ ͔ͫͦͫͪ͒ͦͭͦ;͙͍͔͊ͭͫΎ ͤ͊ 
͍͔ͦͨͪͦͫ ͦ ͔ͦͪͤͤͦͣ͟ ͙͔͔͙͙ͣͤͤ͘ ͫͨͦͫͦ͋͊ ͔͎͙͙ͭͣ͊͡ͼ͙͙ ͙ͤ͊ͯ͟Φ ˤͦ ͍͔͔ͪͣͤ͊ 
˽͍͔ͪͦͫ΅͔͙ͤΎ ͤ͊ͯ͊͟ ͙͍͒ͦ͋͊͊ͫ͡Έ ͫͦͼ͙͊͡Έ͎ͤͦͦ ͙͙ͨͪͤ͊ͤ͘ΎΣ ͙ͫͨͦ͡Έͯ͘Ύ ͫͫ·͙͟͡ ͍ 
͒ͯͻ͔Υ ͔͙͔ͫͯ͗ͤ͡ ͙͔͔ͤͭͪͫ͊ͣ ͎͔ͨͪͦͪͫͫ͊Σ ͤ͊ͪͦ͒͊Σ Ή͙ͣ͊ͤͫͨ͊ͼ͙Ύ ͙͡;͙ͤͦͫͭΦ ˹ͦ 
ͨͦ͒ͦ͋ͤ·͔ ͔͔ͫͤͭͤͼ͙͙ ͍͔ͦͭͪͦͤͤͦ͟ ͪ͊ͫͻ͙͙ͦ͒ͫ͡Έ ͫ ͔͔ ͙͔ͣͣ͊ͤͤͭͤ·ͣ ͙ͨͪͤͼ͙ͨͦͣ 
Ή͙͙ͣͨͪ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͦͫͤͦ͊ͤΎΦ ˮ ͤ͊ ͔ͫͣͤͯ ͫͭ͊ͪͦͣͯ ͙ͨͪͤͼ͙ͨͯ ͔͎͙͙ͭͣ͊͡ͼ͙͙ 
͙ͨͪ΄͊͡ ͔͎͙͙ͭͣ͊͡ͼ͙Ύ ͪ·ͤͦ;ͤ͊Ύ ͊͟͟ ͔͙͍͔͒ͤͫͭͤͤ·͚ ͎͔͊ͪͯͣͤͭΣ ͦͭͦͪ͟·͚ ͣͦ͗ͤͦ 
͔ͫͪΈ͔ͤͦ͘ ͙͙ͨͪͤͣ͊ͭΈ ͍ͦ ͍͙͙͔ͤͣ͊ͤΦ  

ˤ ͭͪͯ͒͊ͻ ˬΦ-̅Φ ˶͙ͦͭ͊ͪ͊ ͔ͫͦ͒ͪ͗͊ͭͫΎ ͪ͊ͣ͘·΄͔͙ͤ͡ΎΣ ͦͭͦͪ͟·͔ 
͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤ·ͣ ͦ͋ͪ͊ͦͣ͘ ͊ͫ͊͟ΌͭͫΎ ͔͎ͪͫͯͪͫͤͦͦ ͫͭ͊ͭͯͫ͊ ͙ͤ͊ͤ͘Ύ ͍ 
͍͔͔ͫͦͪͣͤͤ·ͻ ͦ͋΅͔͍ͫͭ͊ͻΦ ˮ͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ ͫ;͙͔ͭ͊ͭΣ ;ͭͦ ͙͔ͤ͊ͤ͘ ͙ ͙ͤͺͦͪͣ͊ͼ͙Ύ 
͙ͫͨ·͙ͭ͊͡ ͎͙͔ͯ͋ͦ͟͡ ͙ ͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·͔ ͙͔͔͙ͣͤͤ͘ΎΦ ˤ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒ΈΣ ͔ͦͭͣ;͔͊ͭ 
ͦͤΣ ͙ͻ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͍͔ͫ ;͊΅͔ ͎͙ͦͪ͊ͤ;͙͍͔͊ͭͫΎ ͙ͫͭͯ͊ͼ͙Ύ͙ͣΣ ͎ͦ͒͊͟ 
͔͍͙͔ͨͪ͒͊ͪͭ͡Έͤͦ ͙͍͔ͫͭͤͦ͘Σ ;ͭͦ ͙ͦͤ ͍͔͍ͦͫͭͪ͋ͦ͊ͤ· ͙ Ήͺͺ͔͙͍ͭͤ͟·Σ ͭͦ ͔ͫͭΈ 
͔ͨͪͺ͙͍ͦͪͣ͊ͭͤ· ό͍͔͊͒ͦͣͦ͘ ͍͔͍ͦͫͭͪ͋ͦ͊ͤ·ύΦ ˮ͔͔ͣͭͫΎ ͍ ͍͙͒ͯΣ ;ͭͦ ͙ͤͺͦͪͣ͊ͼ͙Ό 
͙ͫͦ͋ͪ͊ΌͭΣ ͙͙͊ͤ͊ͪͯ͘͡Όͭ ͙ ͫͦ͒͊͘Όͭ ͍ͫͤͦ͊ ͙͡΄Έ ͎ͭͦ͒͊Σ ͎ͦ͒͊͟ Ήͭͦ ͔ͨͦͤͦ͘͡Φ ͚́͊ͦ͟ 
ͨͦ͒ͻͦ͒ ͙͔͔ͣͭ ͍ ͍͔͚ͫͦ ͍͔ͦͫͤͦ ͙͔͒Ό ͙͔͙ͫͫͭͣͤͦͫͭΣ ͎ͦ͒͊͟ ͫͤ͊;͊͊͡ 
͍͙͍͔ͯͫͭ͊ͤ͊͊ͭͫ͡ΎΣ ͦ ;͔ͣ ͤͯ͗ͤͦ ͯͤ͊ͭ͘ΈΦ ̏ͭͦ ͍͔ͫͦͣ΅͔͊ͭͫΎ ͫ ͔͍͙ͭͪ͋ͦ͊ͤΎ͙ͣ 
͎͎ͨͪͦͪ͊ͣͣͤͦͦ ͨͦ͒ͻͦ͒͊Σ ͎͔͒ ͔͒ͦͨͯͫ͊ͭͫ͟ΎΣ ;ͭͦ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͔ͫͦ͒͊ͭͫ͘Ύ ͭͦ͡Έͦ͟ 
͎ͭͦ͒͊Σ ͎ͦ͒͊͟ ͨͦͤΎͭͤͦΣ ͊͟͟ ͔͔ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈΦ  

ˤ ͨͪͦͼ͔͔ͫͫ ͙ͭ͊͟ͻ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͚ ͡Ό͋͊Ύ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ;͔ͪͭ· 
ͦͣͨ͟ΈΌ͔͚ͭͪͤͦΣ ͊ ͔ͨͪͺ͙͍ͦͪͣ͊ͭͤ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍ͫͭ͊ͤͦΎͭͫΎ ͔͎ͦ͟͡ 
͙͔ͣͪ͘Ύ͔ͣ·͙ͣΦ ˻ͤ͊ ͍͙ͫͭ͊ͤͦͭͫΎ ;͊ͫͭΈΌ ͙͔ͫͫͭͣ·Σ ͍ ͚ͦͭͦͪͦ͟ ͙ͨͪͦͫͻ͙ͦ͒ͭ 
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͙͙ͦͨͭͣ͊͘ͼ͙Ύ ͍ͫΎ͙͘ ζ͍ ͻͦ͒͊η ͙ ζ͍ ·ͻͦ͒͊ηΣ ͎͙͙͒ͪͯͣ ͍͙ͫͦ͊ͣ͡Σ ͔͔ ζΉͺͺ͔͟ ͙͍͙ͭͤͦͫͭη 
ώпΣ осϐΦ ˣ͔͔ͦ͡ ͎ͭͦͦΣ ͊͟͟ ͙ ͍ ͎͙͒ͪͯͻ ͙͔ͫͫͭͣ͊ͻΣ ͍ Ή͚ͭͦ ͍͙͔ͦͤ͊ͭ͘͟ ͦͤͭͯͪ͟ ͚ͦ͋ͪ͊ͭͤͦ 
͍ͫΎ͙͘Υ ;ͭͦ͋· ͍ͨͦ·͙ͫͭΈ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͔ͫͫͭͣ·Σ ͤͯ͗ͤ͊ ͙ͤͺͦͪͣ͊ͼ͙ΎΣ ͊ ͊͟͟ 
͙͔͙͙ͪͭͪ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͙͍͔ͨͪ͒ͯͫͣ͊ͭͪ͊ͭͫΎ ͦͭ͋ͦͪ ͚ͭͦ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͦͭͦͪ͊͟Ύ 
͍ͨͦ·΄͔͊ͭ Ήͭͯ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΦ  

˨͔͚͍͙͔ͫͭ ͺ͊ͭͦͪ͊͟ ͔ͨͪͺ͙͍͙ͦͪͣ͊ͭͤͦͫͭ ͫͦ;͔͔ͭ͊ͭͫΎ ͫ ͔ͭͣ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭͦͣΣ 
;ͭͦ ͙ͤͺͦͪͣ͊ͼ͙ΎΣ ͊͟͟ ͔ͯ͗ ͨͦ͒;͔͙͍ͪ͊ͦͫ͟͡Έ ͍·΄͔Σ ͍͔ͫ ;͊΅͔ ͍͙ͫͭ͊ͤͦͭͫΎ ͍ͭͦ͊ͪͦͣΦ 
ˬΦ-̅Φ ˶͙ͦͭ͊ͪ ͔͊ͣ͘;͔͊ͭΣ ;ͭͦ ͍ ͙ͤͺͦͪͣ͊ͼ͙͚ͦͤͤͦ ͫͺ͔͔ͪ ͍͔ͫ ;͊΅͔ ͪ͊͋ͦͭ͊Όͭ 
ͪ·ͤͦ;ͤ·͔ ͔ͣͻ͙͊ͤͣ͘·Σ ͦͭͦͪ͟·͔ ͎ͨͦͣͦ͊Όͭ ͦͼ͔͙ͤͭΈ ͔͔ͫͭͨͤΈ ͔͔ 
͔ͨͪͺ͙͍͙ͦͪͣ͊ͭͤͦͫͭΦ ˨͔͚͍ͫͭͯΎ ͍͔ͫͦͣͫͭͤͦΣ ͍͒͊ ͍ͤ͊͊ͤͤ͘·ͻ ͺ͊ͭͦͪ͊͟ ͙͍ͨͪͦ͒Ύͭ ͟ 
͍͙͍͔͙ͦͤͤͦͤ͘͟Ό ͙ͫͭͯ͊ͼ͙͙ ͍͔͔͙ͨͦͫͭͫͦͪͣͤͤͦͫͭΣ ͍ ͔ͦͪͤ͟ ͙͔ͣͤ͘ΎΎ ͙ͨͪ Ήͭͦͣ ͍͔ͫ 
͔͙͔ͫͭͪͦͤ ͔͔͍͔ͫͭͫͭͤͤͦ ͤ͊ͯ;͎ͤͦͦ ͙ ͫͦͼ͙͊͡Έͤͦ-͎͙͎ͯͣ͊ͤͭ͊ͪͤͦͦ ͙ͤ͊ͤ͘ΎΦ ˽͔͍ͪ·͚ 
ͺ͊ͭͦͪ͟ ς ͔͔͙͔ͫͭͪͣͤ͡ ͟ ͔ͨͪͺ͙͍͙ͦͪͣ͊ͭͤͦͫͭ ς ͍·͘·͍͔͊ͭ ͙͔͙͔ͫͤ͗ͤ ͫͭ͊ͭͯͫ͊Σ ͊ ͭͦ ͙ 
͙͙͔ͦͭͣͪ͊ͤ ͍͔ͫͻ ͍͙͍͒ͦ ͙ͤ͊ͤ͘ΎΣ ͦͭͦͪ͟·͔ ͦ͊͘͟·͍͊ΌͭͫΎ ͔͍͔͍ͤͦͫͭͪ͋ͦ͊ͤͤ·͙ͣ ͙ 
͔ͤΉͺͺ͔͙͍ͭͤ͟·͙ͣΦ ͙͔́͊͟Σ ͔ͫ͊͗ͣ͟Σ ͙͒ͫͼ͙͙ͨͤ͡· ͊͟͟ ͺ͙ͦͫͦ͡ͺ͙Ύ ͙͙͡ Ή͔͙ͫͭͭ͊͟ ͔ͤ 
͍͔ͦͭ;͊Όͭ ͙͔͙ͪͭͪ͟Ό ͔ͨͪͺ͙͍͙ͦͪͣ͊ͭͤͦͫͭΣ ͎ͭͦ͒͊ ͊͟͟ ͙ͯ͘;͔͙͔ͤ ͺ͙͍ͤ͊ͤͫͦ ͙͙͡ 
͔ͣ ͔͔ͤ͒͗ͣͤͭ͊Σ ͙͍ͤ͊ͨͪͦͭΣ ͍͔͍ͯ͒ͦͭͦͪ͡ΎΌͭ Ήͭͦͣͯ ͙͔͙ͪͭͪ͟ΌΦ ˽ͦΉͭͦͣͯ ͍͔ͯͪͦͤΈ 
͙ͤ͊ͤ͘Ύ ͍ ͙ͦ͋͊ͫͭ͡ ͺ͙ͦͫͦ͡ͺ͙͙ ͙͙͡ Ή͔͙͙ͫͭͭ͟ ͔ͨ͊͒͊ͭΣ ͊ ͍ ͙ͦͭͪ͊ͫ͡ ͺ͙͍ͤ͊ͤͫͦ ͙͙͡ 
͔͔͔ͣͤ͒͗ͣͤͭ͊ ς ͔ͪ͊ͫͭͭΣ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍ ͔ͭͻ ͫͺ͔ͪ͊ͻ ͙͚ͤ͊ͤ͘Σ ͦͭͦͪ͟·͔ ͙͔ͣΌͭ 
͎͙ͨͪ͊ͣ͊ͭ;ͤͯΌ ͍͔ͤ͊ͨͪ͊ͤͤͦͫͭ͡ΈΣ ͦ͊͘͟·͍͊ΌͭͫΎ ͔͔͋ͦ͡ ͍͔͍ͦͫͭͪ͋ͦ͊ͤͤ·͙ͣΦ ˤ 
ͫͦͼ͙͊͡Έͤ·ͻ ͤ͊ͯ͊͟ͻ ΉͭͦΣ ͙͔ͤ͊ͨͪͣͪΣ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍ ͙ͦ͋͊ͫͭ͡ ͭͪ͊ͤͫͺ͔ͪ͊ 
͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ͦͤ ͦ͊͘͟·͍͊Όͭ ͍͙͡Ύ͙͔ͤ ͤ͊ ͪ·ͤͦ͟Σ ͙ ͨͦͭͦͣͯ ͤ͊ ͙ͻ ͍͔͔͙͔ͨͪͦ͒ͤ 
͔͎ͦ͟͡ ͨͦͯ͡;͙ͭΈ ͺ͙͙͍͙͔ͤ͊ͤͫͪͦ͊ͤΦ ˿͔ͨͼ͙͙͊ͫͭ͡·Σ ͙͔͔ͤͭͪͫ· ͦͭͦͪ͟·ͻ ͍ 
͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͙͔͙͔ͪͭͪͣ͟ ͔ͨͪͺ͙͍͙ͦͪͣ͊ͭͤͦͫͭ ͣͦ͗ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ 
Ή͙ͦͭ͘͟;ͤ·͔ ͙͙͡ ͔͙͔͒͊͟͡ ͦͭ ͙͙ͨͪ͊ͭ͟͟Σ ͦ͊͘͟·͍͊ΌͭͫΎ ͤ͊ ͦ͋ͦ;͙͔ͤΦ 

ˤ͔ͫ ͔ͦͭͣ;͔͔ͤͤͦ ͍͔͔͒ͭ ͟ ͎ͯ͋ͦͦͣͯ͟͡ ͙͔͔͙ͣͤͤ͘Ό ͙͍ͣͦͭ͊ͼ͙͙ ͍ ͨͦͯ͡;͔͙͙ͤ 
͙ͤ͊ͤ͘ΎΦ ˻͔ͭͣ;͔ͤͤ·͔ ͙͔͙͙ͪͭͪ͟ ͎ͣͦͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͨͦ ͦͭͤͦ΄͔͙ͤΌ ͟ 
͙͙͙͙͍ͤͫͭͭͯ͊ͪͦ͊ͤͤ͘͡·ͣ ͙͔ͫͫͭͣ͊ͣ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙ͤ͊ͤ͘ΎΣ ͤͦ ͙ ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό ͍ 
ͼ͔ͦͣ͡Υ ͙͍͙ͣͦͭ͊ͣ ͨͦͯ͡;͔͙ͤΎ ͙ͤ͊ͤ͘Ύ ͒ͦ͗ͤ͡· ͫͭ͊ͭΈ ͍ͫͦ͊͡ ζ͟ ͊͟ Ύ ͎ͣͦͯ ͍ͨͦ·͙ͫͭΈ 
͍͙ͫͦ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͊ͪ͊͋͊ͭ͘·͍͊ͭΈΚη, ζ͟ ͊͟ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍͙ͨͦ͡Ύ͔ͭ ͤ͊ ͣͦΌ 
͔ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤͦͫͭ͟͟ΈΚηΦ ̊ͦ͊͟͡ ͋ͦ͡Έ΄͔ ͔ͤ ͙͍ͨͪ͊ͤ͊͘ ͎͍͙ͦͭͦͭΈ ͚͒ͦͫͭͦͤ·ͻ 
͎ͪ͊͗͒ ͊ͤΦ ˮ͘ ͔͔ͤ ͍·ͨͯͫ͊͟ΌͭͫΎ ͙͡΄Έ ͔͔͋ͦ͡ ͍͙͊͟͡ͺ͙ͼ͙͍ͪͦ͊ͤ·͔ ͡Ό͙͒Σ ͦͭͦͪ͟·͔ 
ͪ͊͋ͦͭ͊Όͭ ͔͔͋ͦ͡ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΈͤͦΦ ˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ς ͙͡΄Έ ΄͊ͤͫ ͨͦͯ͡;͊ͭΈ 
͋ͦ͡Έ΄ͯΌ ͊ͪ͊͋ͦͭͤͯ͘Ό ͨ͊ͭͯ͡ ώсΣ сϐΦ ́ͦ ͔ͫͭΈ ͙͔ͤ͊ͤ͘ ͙ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍ ͒͊ͤͤͦͣ 
ͫͯ͡;͔͊ ͔ͭͪΎΌͭ ͍ͫͦΌ ͫ͊ͣͦͼ͔ͤͤͦͫͭΈΣ ͊ ͍͙͙ͦͫͨͪͤͣ͊ΌͭͫΎ ͎ͫͯͯ͋ͦ ͊͟͟ ͔ͪͫͯͪͫΣ ͍ 
;͙͊ͫͭͤͦͫͭ ͍ ͔͔͒͡ ͨͦͯ͡;͔͙ͤΎ ͔͙ͨͪͣͯ΅͔͍ͫͭ ͤ͊ ͪ·͔ͤ͟ ͭͪͯ͒͊Φ 

ˤ ͍ͫΎ͙͘ ͫͦ ͍͔ͫͣ Ή͙ͭͣ ͙͍͔͙͔ͯͤͪͫͭͭ ͔ͭͪΎ͔ͭ ͺͯͤ͟ͼ͙Ό ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͔͍͒͊ͦ͡Σ 
͊ ͨͪͦ͒ͯͼ͙͔ͪͯͭ ͙͡΄Έ ͔͔ͦͣͨͭͤ͟ͼ͙͙Φ ˿͔ͭͯ͒ͤͭ͊ ͔ͯ͗ ͔ͤ ͔͒ͦ͗ͤ͡ ͔͍͙ͭͪͦ͗ͭΈ ͍ͦͨͪͦͫ 
ζΎ͍͡Ύ͔ͭͫΎ ͙͡ Ήͭͦ ͙͙ͫͭͤͤ·ͣΚηΣ ͊ ͙͡΄Έ ͍ͦͨͪͦͫ ζ͒ ͡Ύ ;͔͎ͦ Ήͭͦ ͤͯ͗ͤͦ ͙ ͣͦ͗ͤͦ ͙͡ 
Ήͭͦ ͨͪͦ͒͊ͭΈΚη ˤ͔͙͔͊͒ͤ͡ ͔͔ͦͣͨͭͤ͟ͼ͙͔͚ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͙ͭ͊ͣ͟Σ ͔ͦͭͦͪͦ͟ ͔ͨͪͦ͒͊ͭͫΎΦ 
˿͔͍͔͒ͦ͊ͭ͡͡Έͤͦ ζͨ ͔ͪͪ͊͟΅͔͊ͭ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͔͔ͦͣͨͭͤ͟ͼ͙ΎΣ ͦͭͦͪ͊͟Ύ 
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͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͎͙͙͒ͪͯͣ ͙͔͙ͪͭͪ͟Ύ͙ͣΥ ͙͙͔ͫͭͤͤͦκ͔ͦ͗ͤͦ͡Σ 
͍͔͙͍͔ͫͨͪ͊͒ͦ͡κ͔͍͔͙͍͔ͤͫͨͪ͊͒ͦ͡ ͙ ͭͦͣͯ ͔ͨͦ͒ͦ͋ͤͦη [4, 124].  

˿͔͙ͪ͒ ͔͙͍ͨͦͫͭͣͦ͒ͪͤͫͭͦ ͔ͤ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͔͚ͦͫͦ͋ͤͤͦ ͙ͫͦͤͤͦͫͭ͟͡ 
ͫͺ͙͍ͦͪͣͯͪͦ͊ͭ͡Έ ͍͔ͫ ͔ͭ ͔͍͙ͫ͒ͫͭ͡ΎΣ ͦͭͦͪ͟·͔ ͫ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͍·͔ͭ͊͟Όͭ ͙͘ 
͙͍͔͔ͨͪ͒ͤͤ·ͻ ͦͤͫͭ͊ͭ͊͟ͼ͙͚Φ ˤ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒Έ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔͙ͨͦͦ͗ͤ͡Ύ ͚ͭͦ 
͍͔͚͊͗ͤ΄͔͚ ;͙͊ͫͭ ͦͪͨͯͫ͊͟ ͤ͊ͯ;͎ͤͦͦ ͙ͤ͊ͤ͘ΎΣ ͦͭͦͪ͊͟Ύ ͔ͤ ͔ͣͦ͗ͭ ͋·ͭΈ 
͔͍ͨͪͦ͋ͪ͊ͦ͊ͤ͊͘ ͍ ͍ͭͦ͊ͪΦ ˤ͔͒Έ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͙ͤ͊ͤ͘Ύ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͎ͤͦͦΣ ͙ͤ͊ͤ͘Ύ 
͙͍͔ͣͪͦͦͪͤ͘͘;͔͎ͫͦͦ͟ ͔͍ͤͦͣͦ͗ͤͦ͘ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έͤͦ ͫ͊͊ͭ͘͟ΈΣ ͍ ͙͔͊͟͟ 
͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͔ͪͯ͘͡Έͭ͊ͭ· ͦͤͦ ͍͙ͦͨͦͭͭͫ͡ΎΦ ˿͔͍͙͔͒ͫͭͣ͡ Ή͎ͭͦͦ ͒ͦ͗ͤͦ͡ ͋·ͭΈ  
ό͊ ͍ ͤ͊΄͔ ͍͔ͪͣΎ ͔ͭ͊ͦ͟ ;͊ͫͭͦ ͣͦ͗ͤͦ ͤ͊͋͡Ό͒͊ͭΈύ ͎͙͔ͯ͊ͫ͊ͤ ͔ͭͻ ͫͺ͔ͪ 
͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟Σ ͦͭͦͪ͟·͔ ͔ͤ ͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤ· ͒͡Ύ ͨͦͯ͡;͔͙ͤΎ 
͔͎͔͋ͦͭ͊͊ͭ͘͡͡Έ͚ͤͦ ͍·͎ͦ͒· όΉ͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙͙͡ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ύΦ ˻͒ͤ͊ͦ͟ ͔ͤ 
͔͔ͫͪͭ͟Σ ;ͭͦ ͔ͨͦ͒ͦ͋ͤͦ ͫͦͫͭͦΎ͙͔ͤ ͔͒͡ Ύ͍͡Ύ͔ͭͫΎ ͎͙͔͚ͨ͊ͭͦͦ͡ ͍ ͔ͤ͊ͯ͟ ͊͟͟ 
͎͙ͦͪ͊ͤ;͔͚ͫͦ͟ ͙͔͔ͫͫͭͣΣ ͦͭͦͪ͊͟Ύ ͍͔͔͒ͭ ͟ ͔͔ ͔͎͒ͪ͊͒͊ͼ͙͙Φ 

ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ˬΦ-̅Φ ˶͙ͦͭ͊ͪ͊Σ ͔͍͋ͯͫͦͤͦ͘͡Σ ͔ͤ ͦͻ͍͊ͭ·͍͊Όͭ ͍͔ͫͻ ͔͍͊ͫͨͭͦ͟ 
͔ͨͪͦ͋ͣ͡· ͔͎͙͙ͭͣ͊͡ͼ͙͙ ͙ͤ͊ͤ͘Ύ ͙ ͫͭ͊ͭͯͫ͊ ͔͎ͦ ͙͔͔͚ͤͦͫͭ͡Φ ˭Φ ˣ͊ͯͣ͊ͤ ͦ͋ͪ͊΅͔͊ͭ 
͍͙͙͔ͤͣ͊ͤ ͤ͊ ͚ͭ͊ͦ͟ ͔ͣͦͣͤͭ ͔ͨͪͦ͋ͣ͡· ͊͟͟ ͔͙͔ͫͭͪͣͭ͡Έ͔ͤͦ ͙͔͙͔ͫͤ͗ͤ ͙ͪͦ͡ 
͙͍͔͙͔͍ͯͤͪͫͭͭͦ ͙ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͔͙͊͊͒ͣ͟;͔͙ͫ͟ͻ ͫͦͦ͋΅͔͍ͫͭ ͍ ͍ͤ͊͊ͤͤͦͣ͘ 
ͨͪͦͼ͔͔ͫͫΦ 

˹·͔ͤ΄͙͚ͤ ͙͙ͪͫ͘͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͦͤΣ ς Ήͭͦ ͙͙ͪͫ͘͟ ͙͙͍ͤͫͭͭͯͭͦ 
͙ ͙͒ͦͭͪͤ͟Σ ͦͭͦͪ͟·͔ ͙͒ͦͫͭ͊ͫ͡Έ ͍͔͔͙ͫͦͪͣͤͤ͊ͣ͟ ͍ ͔͍ͤ͊ͫ͒ͫͭͦ͡ ͦͭ ͔ͨͪ͒·͒ͯ΅͙ͻ 
͍͔͔ͪͣͤΦ ˮ͙ͤͫͭͭͯͭ· ͙ ͙͒ͦͭͪͤ͟· ͋·͙͡ ͍ ͍͔ͫͦͪ΄͔͍͔ͤͫͭ ͙͍͊͒͊ͨͭͪͦ͊ͤ· ͟ ͚ͭͦ 
ͫͦͼ͙͊͡Έͤͦ-ͯ͟͡Έ͚ͭͯͪͤͦ ͔ͪ͊͡Έ͙ͤͦͫͭΣ ͦͭͦͪ͊͟Ύ ͔͎ͫͦ͒ͤΎ ͔͙͔ͫͭͪͣͭ͡Έͤͦ ͙ͫ;͔͔͊ͭ͘Φ 
͙͍͔͙͔̂ͤͪͫͭͭΣ ͯͻͦ͒Ύ΅͙͚ ͍͙͙ͫͦͣ ͦͪͤ͟Ύ͙ͣ ͍ͦ ͍͔ͪͣΎ ˿͔͔͍͔͍ͪ͒ͤͦ͟ΈΎΣ ͙͔ͨͪͦ͋ͪ͡ 
͍ͫͦΌ ͙͊ͫͫ͟͡;͔ͫͯ͟Ό ͺͦͪͣͯ ͍ Ήͨͦͻͯ ˸͔ͦ͒ͪͤ͊Φ ζ˹ ͙͔͙ͦͫͭ͡ ͙ͤ͊ͤ͘ΎΣ ͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ 
͍ͤͦ·ͻ ͙ ͙͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͭ͡ ͫͭ͊ͪ·ͻ ͙͙ͫͭͤ ͙͙͙ͨͪ͋͗͊ͫ͡͡Έ ͟ ͍͊ͫͭ͡Ύͣ 
͔͔ͨͪ͒ͪ͗͊΅͙ͣ ͙͙͡ ͔͒͊͗ ͍͙ͫͭͯͨ͊͡ ͫ ͙͙ͤͣ ͍ ͔ͦͤͯͪͤ͟͟ͼ͙Ό Χ ͦ͊͘͟·͍͊ΎͫΈ ͍ ͼ͔͔ͤͭͪ 
͙͙ͤͫͭͭͯͼ͙ͦͤ͊͡Έ͚ͤͦ ͔͙ͫͭ ͙ ͍ ͎͔ͪ͊ͤ ͍·ͫ΄͔͎ͦ ͒ͯͻ͍͎ͦͤͦͦ ͍͙͔͊ͭͦͪͭͭ͊η [1, 162] 

˿͔͎ͦ͒ͤΎ ͫͦͫͭͦΎ͙͔ͤ ͔͒͡ ͔ͦͪͤͤ͟·ͣ ͦ͋ͪ͊ͦͣ͘ ͙͔͙ͣͤͦͫ͘͡Έ ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ 
ͪΎ͒͊ ͙ͨͪ;͙ͤ ς ͙ͫͭͻ͙͚ͤ·ͻ ͪ·ͤͦ;ͤ·ͻ ͙ͫ͡Σ ͔͙ͣ͒͊-͔ͫͪ͒·Σ ͼ͔ͤͤͦͫͭͤ·ͻ ͙͔͙͍ͦͪͤͭͪͦ 
˽͔ͦͫͭͣͦ͒ͪͤ͊Φ ͔́ͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ ͎ͦͤ͊͟ ͔͍ͨͪͪ͊΅͔͊ͭ ͙͔͔ͨͪͦ͋ͪͭͤͤ·͔ ͙ͤ͊ͤ͘Ύ ͙ 
͍ͤ͊·͙͟ ͍ ͔ͤͤͯ͗ͤ·͚ ͎ͪͯ͘Σ ͋·ͫͭͪͦ ͫͦͪ͊͟΅͊Ύ ͫͪͦ͟ ͙ͻ ͙͎͙ͨͪͦ͒ͤͦͫͭΦ ͙͍͔͙͔̂ͤͪͫͭͭ· 
͔ͤͯͦͤͤͦ͟͡ ͔ͭͪΎΌͭ ͺͯͤ͟ͼ͙Ό ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͎͍͙ͨͦ͒ͦͭͦ͟Φ ˮͣ ͍͔ͫ ͔͔͋ͦ͡ 
ͫͦ͗ͤͦ͡ ͙͍ͦͤͯͪͪͦ͊ͭ͟͟Έ ͫ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͙ͣ ͺ͙ͦͪͣ͊ͣ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ 
͔͔͎͍͙ͨͪͨͦ͒ͦͭͦ͟ ͤ͊ ͪ͊͋ͦ;͔ͣ ͔͔ͣͫͭ ͙ ͔͒͊͗ ͫ ͪ͊ͭͦͫͪͦ͟͟;ͤ·͙ͣ ͙ͯͪͫ͊ͣ͟ ͙ 
͔͙͙ͫͣͤ͊ͪ͊ͣΣ ͦͭͦͪ͟·͔ ͍ͨͪͦͦ͒ΎͭͫΎ ͍ ͍·ͻͦ͒ͤ·͔ ͙͒ͤΦ ˨͔͊͗ ͭͦ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭͦΣ ;ͭͦ 
͍ ͔͔͔ͨͦͫ͒ͤ͡ ͍͔ͪͣΎ ͔͗͊͡Ό΅͙ͻ ͍͙ͫͭͯͨͭΈ ͍ ͍ͯ͘· ͔ͤ ͔ͯͣͤΈ΄͙ͦͫ͡ΈΣ ͔ͤ ͍͒ͦ͋͊͡Ύ͔ͭ 
͙͙ͦͨͭͣͣ͊͘Φ ˿͔ͨͼ͙͙͊ͫͭ͡· ͔ͤ ͔͋͘ ͍͙ͦͫͤͦ͊ͤΎ ͍͙͒Ύͭ ͍ ͙͍͔͙͔͔ͯͤͪͫͭͭ ͔ͣͫͭͦ 
͍͔͔͎ͪͣͤͤͦͦ ͔͙ͯ͋͗΅͊ ͒͡Ύ ͔͙ͣͦͦ͒͗͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͔͙͋ͪ͊͋ͦͭ͘ͼ·Φ 

˿ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒͊-͔͚ͫͪ͒ͦ ͔ͭ͊͗͟ ͍ͫΎ͊ͤ͊͘ ͔ͫͪΈ͔ͤ͊͘Ύ ͔ͨͪͦ͋ͣ͊͡ 
ͫͦͼ͙͊͡Έ͎ͤͦͦ ͫͭ͊ͭͯͫ͊ ͙ͤ͊ͯ͟ ͙ ͍͔ͫͻ ͔ͭͻΣ ͭͦ͟ ͟ ͔͚ͤ ͙ͨͪ;͔͊ͫͭͤΦ ˿͔͎ͦ͒ͤΎ ˿˸ˮ 
͔͍͙͙ͨͪͪ͊ͭͫ͡Έ ͍ ͎͍͊ͤ͡·͚ ͙ͫͭͦ;͙ͤ͟ ͙ ͔͍ͫͪ͒ͫͭͦ ͨͦͯ͡;͔͙ͤΎ ͍͙͔͊ͭͦͪͭͭ͊Φ ˾͔ͨͯͭ͊ͼ͙Ύ 
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͍͔ͫ ;͊΅͔ ͙͎͔͒ͦͫͭ͊ͭͫΎ ͊͘ ͔͔͙ͨͪ͒͊ͣ͡ ͙͍͔͙͔ͯͤͪͫͭͭ͊Σ ͊ ͪͦ͡Έ ͤ͊ͯ;͎ͤͦͦ ͦ͋΅͔͍ͫͭ͊Σ 
͔͙͔ͣͤͤ ͎ͦͭͦͪͦͦ͟ ͪ͊ͤΈ΄͔ ͙͔ͣͦ͡ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͔ͤͯͦͤͤͦ͟͡ ͙͔ͫͤ͗͊ͭͫΎΦ 
ˮ͍͔ͫͭͤ͊͘ ͔͔ͫͤͭͤͼ͙Ύ ˾Φ ˨͔͊ͪͭ͊͟ ζΎ ͣ·ͫ͡ΌΣ ͔͍͔ͫ͒ͦ͊ͭ͡͡ΈͤͦΣ Ύ ͫͯ΅͔͍ͫͭͯΌη ͍ͯ͘;͙ͭ 
͔͔ͭͨͪΈ ͙ͤ͊;͔Υ ζͦ ͋ͦ ͔ͣͤ ͎͍ͦͦͪΎͭΣ ͔͍͔ͫ͒ͦ͊ͭ͡͡ΈͤͦΣ Ύ ͫͯ΅͔͍ͫͭͯΌηΦ ˿͔͍ͪ͒ͫͭ͊ͣ 
͍͚ͣ͊ͫͫͦͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ͔ͤ ͻ͍͔͊ͭ͊ͭ ͍͔͔͙ͪͣͤΣ ;ͭͦ͋· ͔͔͡͡ΎͭΈ ͍ͫ͊ͯ͡Σ ͦ͒ͤ͊ͦ͟ ͙ͣ 
ͻͦͪͦ΄ͦ ͔ͯ͒͊ͭͫΎ ͯ͟͡Έ͙͍͙͍ͭͪͦ͊ͭΈ ͨͦͨͯ͡ΎͪͤͦͫͭΈΦ ˨͙͔ͭ͡͡Έͤ·͚ ͙ ͭΎ͔͗͡·͚ ͙ͨͦͫ͟ 
͙͙ͫͭͤ· ͔ͤ ͙͎͔ͨͪͦ͒ͤ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͙ͨͪͦͫͻ͙ͦ͒ͭΈ ͤ͊ ͎͊͊͘͡ͻ ͙͙ͨͯ͋͟͡Σ ͍͙͙͔ͤͣ͊ͤ 
͚ͦͭͦͪͦ͟ ͦͤ ͍ͪΎ͒ ͙͡ ͙͍͔ͨͪ͡;͔ͭΦ ζ˿  ͎ͭͦͦ ͍͔͔͙ͪͣͤ ͊͟͟ ͙͍͔ͫͭͤͦͫͭ͘Έ ͊ͤ͘Ύ͊͡ ͔ͣͫͭͦ 
͍ͫ͊͡·Σ ͔͍͔͙ͨͪͨͦ͒͊͊ͭ͡ ͔͔͚ͦ͒͗͟͡͡ ͍·͔ͤͯ͗͒ͤ· ͍ͫͭͯͨ͊ͭΈ ͍ ͫͦͫͭΎ͙͔͊ͤ͘ ͫͦ 
ͫͨ ͔͙ͦͪͭͫͣͤ͊ͣΣ ͍͔͙͒͊ͣ͘͘ Ήͫͭͪ͊͒·Σ ͔͙͔ͨͦ͋͒ͭ͡Ύ͙ͣ ͔͔͚ͦͭͪ͡Σ ͔͙͙ͭͪͪͦͪͫͭ͊ͣ Χ ͙ ͍ 
͙ͭ͊͟ͻ ͫͦͫͭΎ͙͊ͤ͘Ύͻ ͯ ͙ͤͻ ͣ͊ͦ͡Σ ͊ ͭͦ ͙ ͍͍͔ͦͫ ͔ͤͭ ΄͍͊ͤͫͦ ͔͙ͨͦ͋͒ͭΈη [1, 168]  

˾Ύ͒ ͙͙ͦͫͭͪͦͪͭ͟;͔͙ͫ͟ͻ ͔͊ͣ͘;͙͚͊ͤ ͦ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͤ͊ͯ;ͤ·ͣ ͦ͋ͪ͊ͦͣ͘ 
͙͊ͤͣ͊ͭ͘ΈͫΎ ͍ ˿˸ˮ ͙ͨͦͫͦͣ͟ ͙͙ͫͭͤ· ͍·ͫ͊͘͟·͍͔͊ͭ ͙͍͔ͫͭͤ͘·͚ ͺͪ͊ͤͼ͙͚ͯͫ͘͟ 
ͫͦͼ͙͎ͦͦ͡ ˽Φ ˣͯͪ͒Έ͔ ͍ ͔ͪ͊͋ͦͭ ζ˻  ͔͔͍͙͔͙͙ͭ͒ͤ͡ηΦ ˮ ͔͒ͦ͡ ͔͒ͫ͘Έ ͍͍͔ͦͫ ͔ͤ ͍ 
͍͙͙ͦͭͫͯͭͫͭ ͙͔͔ͤͭͪͫ͊ ͯ ͙͙ͨͯ͋͟͡Φ ˾͔͙͗ͣ ͪ͊͋ͦͭ· ˿˸ˮ ͍ͭ͊ͦ͟Σ ;ͭͦ ͙ͨͦͫ͟ ͙͙ͫͭͤ· 
͔͙ͣͭͦ͒͊ͣ ͙ͤ͊ͯ͟ ͭͯͭ ͍ͦͦ͋΅͔ ͦ͊͘͟·͍͔͊ͭͫΎ ͔͍ͤͦͣͦ͗ͤ͘·ͣΦ 

˽Φ ˣͯͪ͒Έ͔ ͍ ͍͔͚ͫͦ ͔ͪ͊͋ͦͭ ζ˻  ͔͔͍͙͔͙͙ͭ͒ͤ͡η ͙ͦͨͫ·͍͔͊ͭ ͔͙ͦͫͦ͋ͤͤͦͫͭ 
͔ͨͦͫͨ΄͚ͤͦ ͙͙͙͗ͯͪͤ͊ͫͭ͟͡Σ ͍ͫͭ͊Ύ ͦ;͔ͤΈ ͔ͫͪΈ͔ͤͯ͘Ό ͔ͨͪͦ͋ͣͯ͡ ͦ 
͍͙͊ͣͦͦͭͤͦ͘΄͔͙͙ͤ ͔ͣ͗͒ͯ ͣ·΄͔͙͔ͤͣ͡ ͙ ͫͦͪͦͫͭ͟ΈΌΦ ˻ͤ ͦ͋ͪ͊΅͔͊ͭ ͍͙͙͔ͤͣ͊ͤΣ 
;ͭͦ ˿˸ˮ ͦ͋·;ͤͦ ͦͭ͒͊Όͭ ͔͙ͨͪͣͯ΅͔͍ͫͭͦ ͔ͦͫͦ͋ͤͤͦͣͯ ͙ͭͨͯ ͯ;͙͍͊ͫͭͤͦ͟Σ 
ζ͋ ·ͫͭͪͦ͒ͯͣ͊ͣηΦ ˸ͦ͗ͤͦ ͙͡ ͣ·͙ͫͭ͡Έ ͤ͊ ͙ͫͦͪͦͫͭ͟Κ ˮ ͔ͤ ͔͔ͦ͋ͪ͊ͭͫ͟Ύ ͙͡ 
͔͔͍͙͔͙͔ͭ͒ͤ͡Σ ͔͍ͨͪ͒ͦͫͭ͊͡ΎΎ ͍ͫͦͦ͡ ͙͡ͼ͊ͣΣ ͦͭͦͪ͟·͔ Ύͦ͋͟· ͫͨͦͫͦ͋ͤ· ͣ·͙ͫͭ͡Έ ͍ 
͔ͯͫͦͪͤͤͦͣ͟ ͔͔ͭͣͨΣ ͙͔ͣͭΈ ͔͒ͦ͡ ͙͡΄Έ ͫ ζfast-ǘƘƛƴƪŜǊϥ͙͊ͣηΣ ͣ·ͫ͡Ύ΅͙͙ͣ ͋·͔͔ͫͭͪ 
͍͔͚ͫͦ͋ͫͭͤͤͦ ͔͙ͭͤΦ  

ˮ͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ ͊͒ͯͣ͘·͍͔͊ͭͫΎΣ ͨͦ;͔ͣͯ ͔ͫͭΈ ͡Ό͙͒Σ ͫͨͦͫͦ͋ͤ·͔ ͍͔ͦͭ;͊ͭΈ Ή͙ͭͣ 
͊͋ͫͦ͡ Όͭͤͦ ͔ͦͫͦ͋ͤͤ·ͣ ͍͙ͯͫͦ͡ΎͣΣ ͨͦ;͔ͣͯ ͯ ͙ͤͻ ͍·ͻ͙ͦ͒ͭ ͣ·͙ͫͭ͡Έ ͍ ͍͙ͯͫͦ͡ΎͻΣ 
͙ͨͪ ͦͭͦͪ͟·ͻ ͙ͤͭͦ͟ ͔ͯ͗ ͔ͤ ͣ·͙ͫͭ͡Φ ˩͎ͦ ͍͔ͦͭͭ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͭͦͣΣ ;ͭͦ ͙ͦͤ ͣ·ͫ͡Ύͭ 
ζ͎ ͍ͦͭͦ·͙ͣ ͙͔͒Ύ͙ͣη.  

ζ˥ ͍ͦͭͦ·͔ ͙͔͙͒η τ Ήͭͦ ͙͔͙͒Σ ͍͔ͯͫͦͤͤ·͔ ͍͔͙ͫͣΣ ͋͊ͤ͊͡Έͤ·͔Σ ͦ͋΅͙͔Σ ͔ͤ 
͍·͘·͍͊Ό΅͙͔ ͍͔͙͚ͦͪ͊͗ͤ͘Τ Ήͭͦ ͔ͭ͊͗͟ ͙͔͙͒Σ ͍͔ͯͫͦͤͤ·͔ ͍͔͙ͫͣ ͒ͦ ͎ͭͦͦΣ ͊͟͟ ͍· ͙ͻ 
͍͙͙ͯͫͦ͡Σ ͨͦΉͭͦͣͯ ͔ͨͪͦ͋ͣ͊͡ ͍͙ͦͫͨͪΎ͙ͭΎ ͔ͤ ͍͙ͫͭ͊ͭͫΎΦ ˴͎ͦ͒͊ ͔ͪ;Έ ͙͔͒ͭ ͦ͋ ͯͫͭͤͦͣ 
͍·͔͙͙ͫͭͯͨͤ͡Σ ͙͎͔ͤ͟ ͙͙͡ ͔͔͍͙͙ͭͦͤͤͦͣ͘͡ ͫͦͦ͋΅͔͙͙ͤΣ ͎͍͊ͤ͊͡Ύ ͊͒͊͘;͊ 
͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͍͔͍͍ͫͦͦͭͭͫͭͦ͊ͭΈ ͍͙ͯͫͦ͡Ύͣ ͍͙ͦͫͨͪΎ͙ͭΎΣ ͒͡Ύ ;͔͎ͦ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ 
ͤ͊ͭ͘ΈΣ ͎͔ͪ͊ͫͨͦ͊͊ͭ͡ ͙͡ ͫͯ͡΄͊Ό΅͙͚ ͦ͒ͦͣ͟ ͒͡Ύ ͪ͊ͫ΄͙ͺ͍͙ͪͦ͟ ͎ͭͦͦΣ ͦ ;͔ͣ ͍ 
͒͊ͤͤ·͚ ͔ͣͦͣͤͭ ͎͍͙ͦͦͪͭͫΎΦ ˢ ͎ͦ͒͊͟ ͍· ͍·͔͔͒͊ͭ ζ͎ ͍ͦͭͦ·͔ ͙͔͙͒ηΣ ͔ͨͪͦ͋ͣ͊͡ 
͔ͦͭͨ͊͒͊ͭ ͫ͊ͣ͊ ͚ͫͦ͋ͦΦ ˴͙ͦͣͣͯͤ͊͟ͼ͙Ύ ͍͙͔ͦͤ͊ͭ͘͟ ͎͍͔ͣͤͦͤͤͦΣ ͨͦͭͦͣͯ ;ͭͦ ͍ ͊ͦͣ͟͟-
ͭͦ ͫͣ·͔ͫ͡ ͔͔ ͔ͤ ͫͯ΅͔͍͔ͫͭͯͭ ώнϐΦ ˻͔͋ͣͤ ͋͊ͤ͊͡ΈͤͦͫͭΎ͙ͣΣ ͦ͋΅͙͙ͣ ͔͙ͣͫͭ͊ͣ ͔ͫͭΈ 
͙ͦͣͣͯͤ͊͟͟ͼ͙ΎΣ ͔͙͍͔͒ͤͫͭͤͤ·ͣ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ ͚ͦͭͦͪͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͫ͊ͣ ͺ͊ͭ͟ 
ͦ͋΅͔͙ͤΎΦ ˽͔͙ͪͣͯ΅͔͍ͫͭͦͣ ζͦ ͋΅͙ͻ ͔ͣͫͭηΣ ͔ͫͭΈ ͭͦΣ ;ͭͦ ͍͔ͫ ͫͨͦͫͦ͋ͤ· ͙ͻ 
͍͙͙ͦͫͨͪͤͣ͊ͭΈ ͙ ͍͙͙ͦͫͨͪͤͣ͊ͭΈ ͎͍͔ͣͤͦͤͤͦΥ ͍ ͍͙͒ͯ ͍͔͚ͫͦ ͋͊ͤ͊͡Έ͙ͤͦͫͭΦ ˤ ͙ͦͭ͡;͙͔ 
ͦͭ ͦ͋΅͙ͻ ͔ͣͫͭΣ ͣ·ͫ͡Έ ͨͦ ͔͔͔͙ͦͨͪ͒ͤ͡Ό Ύ͍͡Ύ͔ͭͫΎ ͨͦ͒ͪ·͍͚ͤͦΥ ͦͤ͊ ͤ͊;͙͔ͤ͊ͭ ͫ 
ͪ͊ͪͯ͘΄͔͙ͤΎ ͎͍ͦͭͦ·ͻ ͙͔͚͒Σ ͊ ͔͊ͭͣ͘ ͒ͦ͗ͤ͊͡ ͙͍͔͙ͨͪͫͭ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͙͒ͤͤ͡·͔ 
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ͼ͔ͨͦ;͙͟ ͔͙͚ͪ͊ͫͫͯ͗͒ͤΦ ̏ͭͦ ͙͔͊ͤͣ͊ͭ͘ ͔͔ͤͦͭͦͪͦ͟ ͙ͦ͟͡;͔͍ͫͭͦ ͍͔͔͙ͪͣͤΣ ͤͯ͗ͤͦ 
͍·͍͙͒ͤͯͭΈ ͼ͔͡·͚ ͪΎ͒ ͨͦͫ·ͦ͟͡Σ ͍ͫΎ͊ͤͤ͘·ͻ ͍͙ͫͦ͊ͣ͡ ζͫ ͔͍͔͒ͦ͊ͭ͡͡Έͤͦη, ζ͘ ͤ͊;͙ͭη, 
ζ͍ ͍͙͒ͯ ;͔͎ͦηΦ ˹ͦ ͔ͭ͊ͦ͟ ͍͔ͪ͊ͪͭ͘·͍͙͔͊ͤ ͣ·΄͔͙ͤ͡Ύ ͔ͤͪ͊ͪ͘·͍ͤͦ ͍ͫΎ͊ͤͦ͘ ͫͦ 
͍͔͔͔ͪͣͤͣΦ 

˥͍ͦͦͪΎ ͦ͋ ͯͨͦͣΎ͎ͤͯͭͦͦ ͪͦ͒͊ ζfast-thinkerϥ͊ͻη- ͍͔͎͊ͫ͒͊ͭ͊͘Ύͻ ˿˸ˮ 
όΉ͔ͫͨͪͭ͊͟ͻΣ ͔ͦͣͣͤͭ͊ͭͦͪ͊͟ͻΣ ͔͍͔ͦ͋ͦͪ͊ͭ͘͡ΎͻύΣ ˽Φ ˣͯͪ͒Έ͔ ͙͙ͪͦͤ;ͤͦ ͔͊ͣ͘;͔͊ͭΥ 
ζ;ͭͦ͋· ͋·ͭΈ ͫͨͦͫͦ͋ͤ·ͣ ζ͒ ͯͣ͊ͭΈη ͍ ͍͙ͯͫͦ͡ΎͻΣ ͙ͨͪ ͦͭͦͪ͟·ͻ ͙ͤͭͦ͟ ͔ͯ͗ ͔ͤ 
͔͒ͯͣ͊ͭΣ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͋·ͭΈ ͎ͦͫͦ͋ͦͦ ͪͦ͒͊ ͣ·͙͔͔ͫͭͣ͡͡ ώнϐΦ ˹ͦ ͍͔ͫ ͔͒ͦ͡ ͍ ͭͦͣΣ ;ͭͦ 
ͯ͟͡Έ͙͍͙͔ͭͪͯͭͫΎ ͍͙͔͊ͭͦͪͭͭ ͙͔ͣͤͤͦ ͎ͭ͊ͦͦ͟ ͪͦ͒͊ ζͣ ·͙͔͔͚ͫͭ͡͡η - ͙͔͔͚ͤͦͫͭ͡ 
ζ͘ ͙ͤ͊ͤΎη όͨͦ ͙ͨͪͤͼ͙ͨͯΥ ζͦ ͋ͦ ͔ͣͤ ͎͍ͦͦͪΎͭΣ ͔͍͔ͫ͒ͦ͊ͭ͡͡ΈͤͦΣ Ύ ͫͯ΅͔͍ͫͭͯΌηύΦ ˽͙ͪ 
Ήͭͦͣ ͔͎͙͙͙͔ͭͣͪͯͭͫ͡Ύ ͙ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͚ ͙͔͍ͤ͊ͤ͘·͚ ͨͪͦ͒ͯͭ͟ ς 
͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͚ fast-food. 

˿͔ͨͼ͙͙͊ͫͭ͡· ͯ͊͘͟·͍͊Όͭ ͙ ͤ͊ Ύ͍͔͙͔ͤ͡ ͭ͊͟ ͤ͊͘·͍͔͎͊ͣͦͦ ζ͗ ͙ͯͪͤ͊ͣ͊͘͡η. 
͙̏ͭͣ ͍·͔͙͔ͪ͊͗ͤͣ ͙ͣ͊ͪͪͯ͟ΌͭͫΎ ͔ͤ ͫͭͦ͡Έͦ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡ ͙͍͔͚ͫͭͤͦ͘ ͙ͦͭͪ͊ͫ͡Σ ͫͦ͟͡Έͦ͟ ;͔ͪͭ͊ ͍͔͔͚ͫͦͪͣͤͤͦ 
Ήͨͦͻ͙Σ ͔͔͔ͦͨͪ͒ͤͤ͊͡Ύ ͔͒ͺͦͪͣ͊ͼ͙Ύ ͯ͟͡Έ͚ͭͯͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͦͭͦͪ͊͟Ύ ͍͙͔ͦͤ͊ͭ͘͟ 
͍ ͍͙ͯͫͦ͡Ύͻ ͦͦͫͫ͊͟͡͡Έ͎ͤͦͦ ͪͦͫͭ͊ ͍ͨͦͭͦͦ͟ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ͔͙͙͙̆͊ͪ͊ͭͪͫͭ͟͟ 
͙͎͗ͯͪͤ͊ͫͭͫͦͦ͟͡ ͙ͫͦͤ͊ͤ͘Ύ ͙ ͣ·΄͔͙ͤ͡Ύ όζͭ ͙͍ͦͪͦͨͦͫͭ͡Έη, ζͫ ͙͙͍ͭͯ͊ͭͤͦͫͭΈη, 
͔͔͙͔ͫͭͪͣͤ͡ ͟ ͙ͨͯ͋͡;͙ͤͦͫͭ ͙ ͍ͤͦ͊ͼ͙ΎͣΣ ͋ͦ͡Έ΄͚ͦ ͔ͯ͒͡Έͤ·͚ ͍͔ͫ 
ζ͍ ͔͙ͪͫ͊͡Έ͙ͤͦͫͭη, ζͣ ͔͙͚ͤͤη ͙ ͭͦͣͯ ͔ͨͦ͒ͦ͋ͤͦύ ͙͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͫ͡Έ ͔͒͊ͦ͟͡ ͊͘ 
͔͔ͨͪ͒͡· ͫͺ͔ͪ· ͔͔ͦͣͨͭͤ͟ͼ͙͙ ˿˸ˮΣ ͍ ;͙͊ͫͭͤͦͫͭ ͍ ͦ͋͊ͫͭ͡Έ ͙ͤ͊ͯ͟Φ ˮ͎ͤͦ͒͊ ͔͙ͫͪ͒ 
͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͎͍ͪͯͦ͟ ͤ͊ͯ;ͤ·ͻ ͙͍ͪ͊͋ͦͭͤͦ͟ ͙ͦͤ ͔͒͊͗ ͙ͫͭ͊͡ ͫ;͙ͭ͊ͭΈͫΎ ;͔ͣ-ͭͦ 
͙͔ͤ͊ͨͦ͒ͦ͋ ͙ͨͪͤ͊͊͘͟ ͻͦͪͦ΄͔͎ͦ ͍ͯͫ͊͟Φ ˽͎͊ͯ͋ͤ·͔ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ Ή͎ͭͦͦ ͍͔ͯ͡;͔͙ͤΎ 
͍͔ͫͦͪ͟ ͙͒͊͡ ͦ ͔͔ͫ͋ ͤ͊ͭ͘ΈΦ ˭͔͊ͣͭͤͦ ͙͙ͫͤ͊ͫ͘͡Έ ͦͤ͟ͼ͔ͨͭͯ͊͡ΈͤͦͫͭΈ ͍ͭͪͯ͒ͦΣ 
ͨͦΎ͍͙͊ͫ͡Έ ζͤ ͊ͯ;ͤ͊Ύη ͙ͫͦͪͦͨͫ͟ΈΣ ͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͎͙͔͙͙ͨͪͪͭ͟ͼ͙ͣ͘Σ 
ζ͍ ͔͙ͪͫ͊͡ΈͤͦͫͭΈηΣ ͔͔͙͔ͫͭͪͣͤ͡ ͟ ͙͎͍ͪͦ·ͣ ͙͙͙ͫͭͫͭ͡;͔͙ͫͣ͟ ζͤ ͊ͻͦ͒͊ͣ͟η, 
͙ͨͯ͋͡;͙ͤͦͫͭΣ ͯ͗͊ͫ͊Ό΅͊Ύ ͙ͦͣͨ͟͡Ύ͙͍ͭͤͦͫͭΈΦ ˽͔͍͔͔͔ͪͦͫͭͨͤͤͦ ͤ͊͘;͔͙͔ͤ ͙ͨͪ ͍͔ͫͣ 
Ήͭͦͣ ͔ͯ͒͡Ύͦͫ͡ΈΣ ͔͔͍͔ͫͭͫͭͤͤͦΣ ͙͍͔͔ͨͪ͊ͭ͟͡͡Έ͚ͤͦ ζͯ ͍͔ͨ͊ͦ͟͟ηΦ ˿ͭ͊ͦ͡ ͚͔ͪ͊ͤ͟ 
͔͙ͨͪͦ͋ͣ͊ͭ͡;ͤͦ ;ͭͦ-ͭͦ ͒ͦ͊͊ͭ͘͟Έ ͙͙͡ ͍͔͎ͦͨͪͦͪͤͯͭΈΣ ͍͙ͯͫͭ͊ͤͦͭΈ ͍͙ͤͦͤͯ͘ ͙ 
͙͎͙ͦͪͤ͊͡ΈͤͦͫͭΈΦ 

˻͋ͦ͋΅͊Ύ ͙͍͔͔͔ͨͪ͒ͤͤͦ ͍·΄͔Σ ͣͦ͗ͤͦ ͙͍ͦͤͫͭ͊ͭͪͦ͊ͭ͟ΈΣ ;ͭͦ ͙ͨͪͦͫͻ͙ͦ͒ͭ 
͔͔ͦͪͤͤͦ͟ ͙͔͔͙͔ͣͤͤ͘ ͙͔͙͍ͦͪͤͭͪͦΦ ˮ͔ͣͣ͊ͤͤͭͤ·͔ ͙ͤ͊ͤ͘Ό ό͍ ;͙͊ͫͭͤͦͫͭΣ ͙ͤ͊ͤ͘Ό 
ͤ͊ͯ;ͤͦͣͯύ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͦͭͦͪ͟·͔ ͔΅͔ ͍͔ͫͦͫͣ ͔͍ͤ͒͊ͤͦ ͫ;͙͙ͭ͊ͫ͡Έ ͎͙͊ͪ͊ͤͭ͊ͣ 
͔͎ͦ ͍͙ͦ͋ͦͫͤͦ͊ͤͤͦͫͭ ͙ ͙͔͔͙ͨͪͣͣͦͫͭ͡Σ ͔ͭͪΎΌͭ ͍͔ͫͦ ͍͙͡Ύ͙͔ͤΦ ˮ͔͒ͭ ͔ͪ;Έ ͦ ͙ͭ͊͟ͻ 
͙ͨͪͤ͊͊͘͟ͻ ͙ͤ͊ͤ͘Ύ ͊͟͟ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͦͫͭΣ ͙͔͙ͫͫͭͣͤͦͫͭΣ ͔͙͍͔ͤͨͪͦͭͦͪ;͙͍͙ͦͫͭΣ 
͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ ͺ͊͡Έ͙ͫͺ͙͊͟ͼ͙͙Σ ;ͭͦ ͋·͙͡ ͙͙ͭ͊ͣ͟ ͤ͊͘;͙ͣ·͙ͣ ͍ 
͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫ͟ͻ ͎ͨͪͦͪ͊ͣͣ͊ͻ ͔͙͙͍͙͍ͤͦͨͦͭͫͭͦ͘Σ ͔͙ͨͦͨͨͪ͊ͤͼ͔͍ ͙ ͙ͻ 
͔͍͔͔͚ͨͦͫ͒ͦ͊ͭ͡͡Φ ˭͊ͭͦ ͤ͊;͙ͤ͊Όͭ ͙͙͍͒ͦͣͤͪͦ͊ͭΈ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊Σ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͔ 
ͫͦͼ͙͊͡Έͤͦ-ͯ͟͡Έ͚ͭͯͪͤͦ ͔͎͙͙ͭͣ͊͡ͼ͙͔͚ ͙ͤ͊ͤ͘ΎΦ ̂ͨͦͣΎͤͯͭ·͔ ͙ͤ͊ͣ ͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ 
͔͙ͫͪ͒ ͙ͤͻ ͔ͦͭͣ;͊Όͭ ͔ͦͣͣͪ͟ͼ͙͙͊͊͘͡ͼ͙ΌΣ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔ͫͯ͟Ό 
͙͙ͯͭ͊͘͡ͼ͙ΌΣ ͍͙͡Ύ͙͔ͤ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒͊-͔ͫͪ͒·Φ 
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ˤ͙͡Ύ͙͔ͤ ͙ͭ͊͟ͻ ζ͍ ͔ͤ΄͙ͤͻη ͺ͍͊ͭͦͪͦ͟ ͔ͤ ͔ͦͫͭ͊ͭͫΎ ͔͚ͤͭͪ͊͡Έͤ·ͣ 
͙͔ͦͭͤͦͫͭ͡Έͤͦ ͍͔͙ͤͯͭͪͤͤͻ ͙͔͙͔͍ͪͭͪ͟ ͦͼ͔͙ͤ͟Φ ˮ͎ͤͦ͒͊ ͺ͔ͯͤ͒͊ͣͤͭ͊͡ΈͤͦͫͭΈ ͙ 
͙͔ͫͫͭͣͤͦͫͭΈ ͙͚ͤ͊ͤ͘ ͍ ͔ͦͭͣ;͔ͤͤͦͣ ͔͔͊ͫͨͭ͟ ͨͦΎ͍͡ΎΌͭͫΎ ͊͟͟ ͔͙͔ͤ͒ͦͨͯͫͭͣͦ 
͍͍ͣͦͭͦͫͭͦΣ ͨͦͭͦͣͯ ;ͭͦ ͔ͤ ͍͔ͦͭ;͊Όͭ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙͙ͯͭ͊͘͡ͼ͙͙Φ 
˨͔ͦ͊͊ͭ͘͟͡ΈͤͦͫͭΈ ͙ ͨͦͤͦͭ͊͡ Ύ͍͡Ύ͔ͭͫΎ ͔͙͔͔͚ͤͨͪͣͣͦ͡ ͨͦ ͔͙ͫͦͦ͋ͪ͊͗ͤΎͣ 
͔͙͚͚ͣ͒ͤͦ ͔͙͍͙ͦͨͪ͊ͭͤͦͫͭ ͙ ͎͙͙͒ͪ͊ͣ͊ͭͯͪΦ 

ˤͫΎ;͔͙͔ͫ͟ ͨͪΎ͙͔͚ͣͦͤͤ͡·͔ ͙ ͔͔͙ͫͭͪͦͭͨͤ·͔ ͍͔͔͙ͯͭͪ͗͒ͤΎ ͦ ͍͔͒ͯ΅͔͚ ͙ͪͦ͡ 
͔͔͙ͭͦͪͭ;͔͎ͫͦͦ͟ ͙ ͤ͊ͯ;͎ͤͦͦ ͙ͤ͊ͤ͘Ύ ͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͙͔͍ͤ͊ͤ͘·ͻ ͦ͋΅͔͍ͫͭ͊ͻ 
͔͔ͫ͒ͯͭ͡ ͪ͊ͫͼ͔͙ͤͭΈ ͊͟͟ ͍͔ͨͦͪͻͤͦͫͭͤ·͔ ͙ ͯͨͪͦ΅͔ͤͤ·͔Φ ˽͙͍͔ͪͦͭͦͪ;͙͍͔ͦ ͍͙͡Ύ͙͔ͤ 
͔ͦͭͣ;͔ͤͤ·ͻ ͺ͍͊ͭͦͪͦ͟ ͤ͊ ͤ͊ͯ;͔ͤͦ ͙͔ͤ͊ͤ͘ ό͔ͦͫͦ͋ͤͤͦ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤͦ ͙ 
͙͍͔ͣͪͦͦͪͤ͘͘;͔͔ͫͦ͟ύ ͙ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙ͤͣ ͫͭͪͯͭͯͪ͟· ͫͺ͔ͪ· ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ 
ͤͯ͗͒͊ΌͭͫΎ ͍ ͔ͨͦͫ͒ͯ͡Ό΅͔ͣ ͨͦ͒ͪͦ͋ͤͦͣ ͙ͯ͘;͔͙͙ͤΦ 
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1. ˣ͊ͯͣ͊ͤ ˭Φ ˮ͙͍͙͙͙͍͔ͤ͒͒ͯ͊ͪͦ͊ͤͤͦ͘͡ ͦ͋΅͔͍ͫͭͦ κ ˭Φ ˣ͊ͯͣ͊ͤ ς ˸ΦΥ ˶͎ͦͦͫΣ 

2005. ς офл ͫΦ  
2. ˣͯͪ͒Έ͖ ˽Φ ˻ ͔͔͍͙͔͙͙ͭ͒ͤ͡ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐ κ ˽Έ͔ͪ ˣͯͪ͒Έ͖Τ ͔ͨͪΦ ͫ 

ͺͪ͊ͤͼΦ ́Φ ˢ͙͙͍͚ͤͫͣͦͦΣ ̑Φ ˸͍͚͊ͪͦͦ͟ τ ˾͔͙͗ͣ ͒ͦͫͭͯͨ͊Υ 
http://bourdieu.name/content/burde-o-televidenii-i-zhurnalistike 

3. ˨͔ͪ͊ͪ͟ ˽Φ ˽͙͙͙ͦͫͭ͊ͨͭ͊ͫͭ͟͡;͔͔ͫͦ͟ ͦ͋΅͔͍ͫͭͦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐ κ  
˽Φ ˨͔ͪ͊ͪ͟ κκ ˹͍ͦ͊Ύ ͙͙ͨͦͫͭͤ͒ͯͫͭͪ͊͡Έͤ͊Ύ ͍ͦͤ͊͡ ͤ͊ ˭͔͊ͨ͊͒Φ ˢ͎͙ͤͭͦͦ͡Ύ κ ͔ͪ͒Φ  
ˤΦ˶Φ ˮ͔ͤͦͣ͘ͼ͔͍ ς ˸ΦΥ !ŎŀŘŜƳƛa, 1999. ς ˾͔͙͗ͣ ͒ͦͫͭͯͨ͊Υ ƘǘǘǇΥκκǿǿǿΦƛƛǊ-
mp.narod.ru/books/inozemcev/index.html  

4. ˶͙ͦͭ͊ͪ ˬΦ̅Φ ˿ͦͫͭͦΎ͙͔ͤ ͔ͨͦͫͭͣͦ͒ͪͤ͊ κ ˬ͊ͤ ̅ͪ͊ͤͫͯ͊ ˶͙ͦͭ͊ͪΤ ͔ͨͪΦ ͫ 
ͺͪ͊ͤͼΦ ˹ΦˢΦ ̊ͣ͊ͭͦ͟Φ ς ˸ ΦΥ ˮͤ-ͭ Ή͔͙͔ͫͨͪͣͤͭ͟Φ ͫͦͼ͙͎͙͙ͦͦ͡Τ ˿˽͋ΦΥ ˢ͔͔͚ͭ͡ΎΣ мфууΦ ς 
мсл ͫΦ 

5. Freed M. Latour, Lyotard, and The Problematics of Legitimation // Angelaki: 
WƻǳǊƴŀƭ ƻŦ ǘƘŜ ¢ƘŜƻǊŜǘƛŎŀƭ IǳƳŀƴƛǘƛŜǎΦ нллрΦ ±ƻƭΦ млΣ Ѕ оΦ tΦ фф ς 114. 

6. Lyotard J.-F. Political Writings / Jean-CǊŀƴœƻƛǎ [ȅƻǘŀǊŘΦ ς London: UCL Press, 
1993. ς 353 p. 

7. Social Legitimation of Knowledge - Comparative Perspectives 
http://www.awhamburg.de/en/research/working-groups/social-legitimation-of-
knowledge.html 

REFERENCES 

1. Bauman Z. Individualizirovannoye obshchestvo / Z. Bauman ς M.: Logos, 
2005. ς 390 s.  

2. Burd'yo P. O televidenii [Elektronnyy resurs] / P'yer Burd'yo; per. s 
frants.  
T. Anisimovoy, YU. Markovoy τ Rezhim dostupa: 
http://bourdieu.name/content/burde-o-televidenii-i-zhurnalistike 

3. Draker P. Postkapitalisticheskoye obshchestvo [Elektronnyy resurs] / P. 
Draker // Novaya postindustrial'naya volna na Zapade. Antologiya / red. V.L. 

http://bourdieu.name/content/burde-o-televidenii-i-zhurnalistike
http://www.awhamburg.de/en/research/working-groups/social-legitimation-of-knowledge.html
http://www.awhamburg.de/en/research/working-groups/social-legitimation-of-knowledge.html


ʌʽʣʦʩʦʬʽʷ ʥʘʫʢʠ: ʪʨʘʜʠʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ, 2017, ˉ 1 (15) 

48 

 

Inozemtsev ς M.: Academia, 1999. ς Rezhim dostupa: http://www.iir-
mp.narod.ru/books/inozemcev/index.html  

4. Liotar ZH.F. Sostoyaniye postmoderna / Zhan Fransua Liotar; per. s 
frants. N.A. Shmatko. ς M.: In-t eksperiment. sotsiologii; SPb.: Aleteyya, 1988. ς 160 
s. 

5. Freed M. Latour, Lyotard, and The Problematics of Legitimation // 
AnƎŜƭŀƪƛΥ WƻǳǊƴŀƭ ƻŦ ǘƘŜ ¢ƘŜƻǊŜǘƛŎŀƭ IǳƳŀƴƛǘƛŜǎΦ нллрΦ ±ƻƭΦ млΣ Ѕ оΦ tΦ фф ς 114. 

6. Lyotard J.-F. Political Writings / Jean-CǊŀƴœƻƛǎ [ȅƻǘŀǊŘΦ ς London: UCL 
Press, 1993. ς 353 p. 

7. Social Legitimation of Knowledge - Comparative Perspectives 
http://www.awhamburg.de/en/research/working-groups/social-legitimation-of-
knowledge.html 

 
˾˩˭̑˸˩ 

.˸ .˸ ʕ ͔͔͒ͣ͒Ί͍. ˶ ͔͎͙ͭͣ͊͘͜͜ͼ͜Ύ ͘ ͤ͊ͤͤΎ ͍  ͟ ͔ͦͤͭͫͭ͟͜ ͘ ͤ͊ͤͤΊ͍͙ͻ ͫ ͯͫͨ͜͡Έ͍ͫͭ. 
˿ͭ͊ͭͭΎ ͙͍ͨͪͫΎ;͔ͤ͊ ͔ͨͪͦ͋ͣ͜͡ ͔͎͙ͭͣ͊͜͡ͼ͜͝ ͤ͊ͤͤ͘Ύ ͍ ͫͯ;͙͊ͫͤͻ ͫͯͫͨ͜͡Έ͍ͫͭ͊ͻ 

ͤ͊ͤͤ͘Ί͍͎ͦͦ ͙ͭͨͯΦ ˽͍ͪͦ͊ͤ͊ͦ͊ͤ͘͜͜͡ Ή͙͔͎͙ͨͫͭͣͦͦ͡;͔͙͔ͫ͟ ͙ͤ͊ͫ͒͜͟͡ ͒͜͝ ͙ͭ͊͟ͻ 
;͙͙͍ͤͤ͟͜ ͔͎͙ͭͣ͊͜͡ͼ͜͝ Ύ͟ ͙ͨͪͤͼ͙ͨ ͔ͨͪͺ͙͍ͦͪͣ͊ͭͤͦͫͭ͜ ͯ ͍͙͙ͪͦ͋ͤͼ͍ͭ͜ ͤ͊ͤͤ͘ΎΣ 
͔ͦͣͪ͟ͼ͊͊͘͜͜͡ͼ͜Ύ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ ͍ͨͪͦ͒ͯͭ͟͜Σ ͍͙͍ͨ͡ ͍͊ͫͦ͋͘͜ ͍ͣ͊ͫͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ 
ͤ͊ ͙͒ͦͫ͒ͤ͜͡ͼΈͯ͟ ͒͜Ύ͡Έͤͫͭ͜ΈΦ ˻͙ͨͫ͊ͤ͜ ͙ͣͤ͘͜ ͍ ͫͭͪͯͭͯͪ͟͜ ͙ͤ͊ͯ͟Σ ͙͍ͣͦͭ͊ͼ͜͝ ͯ 
ͫͺ͔ͪ͜ ͍͙ͦͫͭ͜Σ ͺͦͪͣ͊ͻ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͙ͪͦ͋ͦͭΣ ΅ͦ ͍͙͙͊͟͟͡ΌͭΈͫΎ 
͒͜ΊΌ ͙͒͊ͤͻ ;͙͙͍ͤͤ͟͜Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔͎͙ͭͣ͊͜͡ͼ͜ΎΣ ͤ͊ͤͤ͘ΎΣ ͤ͊ͯ͊͟Σ ͔ͨͪͺ͙͍ͦͪͣ͊ͭͤͫͭ͜ΈΣ ͤ͊ͤͤ͘Ί͍͜ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͙͊ͫͦ͋͘ ͍ͣ͊ͫͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͍ͦͫͭ͊͜Σ ͍͔͙͔ͯͤͪͫͭͭ͜Φ 

SUMMARY 
M.M Vedmedev. Legitimation of knowledge in context of knowledgeable 

societies. 
The article is devoted to the problem of legitimation of knowledge in 

knowledgeable societies. The author dwells on the works of Z. Bauman, P. Bourdieu, 
P. Drucker and other researchers in this area. The special attention is paid to the 
theory of legitimation of knowledge of J.-F. Lyotard.  

The epistemological consequences of the influence of socio-economic and 
cultural factors of legitimation of knowledge are analysed in modern societies. It is 
necessary to determine such factors: principle of performativity in the production of 
knowledge, commercialization of intellectual products, influence of mass media on 
research activity. The described changes in the structure of science, motivation in the 
field of education, forms of organization of research activity have been determined 
by the influence of these factors. 

The principle of performativity means that information is gathered together, 
analysed and generated only when it can be justified in terms of utility criteria. It 
changes the disciplinary structure of science. Knowledge that cannot be justified in 
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terms of efficiency and effectiveness will be downgraded or even abandoned. For 
example, aesthetics and philosophy cannot easily be justified in terms of 
performance, while finance and management are straightforwardly defended.  

Reputation are made and unmade by large outside the university walls, with 
diminishing role assigned to the once crucial peers judgement. In shaping hierarchies 
of influence, notoriety replaced fame, public visibility elbowed out scholarly 
credentials, and so the process is not so much controlled, as buffeted by agencies 
specialising in the management of public attention. 

Today the system of teaching is not directed to train more enlightened 
citizensτonly professionals who perform better. The acquisition of knowledge is a 
professional qualification that promises a better salary. 

A conclusion on deeply contradictory character of influence on knowledge of 
socio-economic and cultural factors of legitimation has been made in the article. 

Kay words: legitimation, knowledge, science, performativity, knowledgeable 
societies, media, education, university. 
 

 
̂˨˴ молΦо                   ˻ Φ˸Φ ˴ͦͪͤ͜Ίͤͦ͟ 

˿ͯͣͫΈ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͎͙͚͊ͪ͊ͪͤ ͍͔͙͔ͯͤͪͫͭͭ͜ 

˿́˩˾˩˻́ˮ˽ˮ ˤ ˿́˾̂˴́̂˾˱ ˾̂̊˱˯˹ˮ̆ ˿ˮ˶ ˿̂˿˽˱˶̎˹˻˲ ˨̂˸˴ˮ 

ˤ ͫͭ͊ͭͭ͜ ͊ͤ͊ͯ͘͜͡ΊͭΈͫΎ ͣͫ͜ͼ͔ ͜ ͪͦ͡Έ ͔͔͙͍ͫͭͪͦͭͨ͜ ͍ ͫͭͪͯͭͯͪ͟͜ ͪͯ΄͚͙ͤ͜ͻ 
͙ͫ͡ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Σ ͝ͻ ͍͘ϥΎͦ͘͟ ͘ ͔͙ͨͦͭͪ͋͊ͣΣ ͔͔͙ͤͭͪͫ͊ͣ͜Σ ͼ͙͙ͤͤͫͤͣ͜͜ 
ͦͪ͜Ίͤͭ͊ͼ͜Ύ͙ͣΣ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙͙ͤͣ ͍͙ͯͫͭ͊ͤͦ͊ͣ͟Φ 

ˢ͍ͭͦͪ ͙ͨͪͻ͙ͦ͒ͭΈ ͒ͦ ͍͙͍ͫͤͦͯ͟Σ ΅ͦ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ 
͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͊͘ ͍ͫͦΊ͙ͪ͒ͤͣ͜ ͊ͤ͡ͼΌ͎ͦͣΥ ͔͙ͨͦͭͪ͋ ς ͔͔͙ͤͭͪͫ͜ ς ͼͤͤͫͤ͜͜͜ 
ͦͪ͜Ίͤͭ͊ͼ͜͝ ς ͍͙ͯͫͭ͊ͤͦ͟ ς ͔͔͙͙ͫͭͪͦͭͨΦ ́͊͊͟ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͎ͪͦ͘͡Ύ͙ͤͯͭͻ 
͍͔ͯͭͦͪͤΈ ͫ͊͒͊͟͡Ί ͍͎ͫͦͦ ͪͦ͒ͯ ͦ͒͟ ͔ͪ͊͟ͼ͜͝ ͊͋ͦ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟. 
˾ͦ͘΄͙ͺ͍͙ͪͯ͊ͭ ͣͫͭ͘͜ ͼΈ͎ͦͦ ͦ͒ͯ͟ ς ͤ͊͘;͙ͭΈ ͚͙ͨ͒ͭ͜͜ ͒ͦ ͙ͫ͊ͣͻ ͫͨͦͤͯ͊͟͡Έ͙ͤͻ 
͙ͨͪ;͙ͤΣ Ύ͟͜ ͍͙͙͙͊͟͟͡͡ ͙͒ͤ͊ͣͯ͜͟ ͜ ͙͍͊ͭ͊͘͟͜ͼ͜Ό ͒͊ͤͦ͝ ͙͒ͯͣ͟Σ ͪ͊͟΅͔ ͙ͪͦͯͣͭ͘͘͜ ͝͝ 
͔ͫͨͼ͙ͺͯ͜͟ ͭ͊ ͍͙͍͊ͫͭͦͫͭ͜͡Σ ͘ΩΎ͍͙ͫͯ͊ͭ ͙͍ͣͦ͗͜͡ ͤ͊ͨͪΎ͙ͣ͟ ͝͝ ͍͙ͪͦͭͯ͘͟ ͜ ͨͪͦΎ͍͙ ͯ 
͚ͣ͊͋ͯͭͤΈͦͣͯΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͫͯͫͨ͜͡Έͤ͊ ͒ͯͣ͊͟Σ ͔͙ͨͦͭͪ͋Σ ͔͔͙ͤͭͪͫ͜Σ ͼͤͤͫͤ͜͜͜ ͦͪ͜Ίͤͭ͊ͼ͜͝Σ 
ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͍͙ͯͫͭ͊ͤͦ͟Σ ͔͔͙͙ͫͭͪͦͭͨΦ 

 
̂ ͫͯ;͚͊ͫͤ͜ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ ͜ ͚͊ͪͯ͋͗ͤ͘͜͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ͨͦͤΎͭͭΎ ͔͔͙ͫͭͪͦͭͨ ͍͙͍͗͊ΊͭΈͫΎ 

͙͒ͦͫͭΈ ;͊ͫͭͦ ͍ͫͭͦͫͦͤͦ ͎ͫ͊ͣͦͦ ΄͙͎ͪͦͦͦ͟ ͜ ͎ͪͤͦͣ͊ͤͭͤͦͦ͘͜͜ ͊͘ ͍ͫͦΊΌ ͍͗͊ͤͪͦͦΌ 
͔ͫͨͼ͙ͺͦ͜͟Ό ͦͯ͟͡ ͍ͨͦͫͭ͊ͤͦͦ;͙ͤͻ ͔ͨͪͦ͋ͣ͡ ͜ ͔͙ͭͣ͊ͭ;͙ͤͻ ͙͚͒ͫͯͫ͟͜ ς ͍͒͜ 
͔͔͙ͭͦͪͭ;͙ͤͻΣ ͺͦͫͦ͜͡ͺͫΈͦ͟-͍͙ͤ͊ͯͦ͟ͻΣ ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;͙ͤͻ ͪͦͪͦ͋ͦ͘͟ ͒ͦ ͫͦͼ͊͜͡Έͤͦ-
͙ͨͪ͊ͭ͟;͙ͤͻ ͜ ͙ͨͦͭ͜͡;͙ͤͻ ͎ͨͪͦͪ͊ͣΦ ˨͙ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͔͔ͤͭͪͫ͜ ͒ͦ ͔͔͙͍ͫͭͪͦͭͨ͜ 
ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͙͒ͭͯ͟ΊͭΈͫΎ ͔ͪ͊͡ΈͤͦΌ ͙ͫͭͯ͊ͼ͜ΊΌΣ Ύ͊͟ ͍͙ͭ͊͜͟Ί ͘͜ ͍͔ͫ ͋͜͡Έ΄ 
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͍͔͎ͫͨͦͭͦͪͤͦͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͦ͋ͪ͊͘͜ ͙͚ͫͨͪͤΎͭͭΎ ͡Ό͙͒ͤͦΌ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͍ͫͭͯ͜Φ 
˽͔͙ͪͦ͋ͣ͡ ͍͔ͯͭͦͪͤͤΎ ͜ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͔͔͙͍ͫͭͪͦͭͨ͜ ͍͙͍;͊ΌͭΈͫΎ ͍ ͫͦͼ͊͜͡Έ͚ͤ͜ 
͙ͨͫͻ͎ͦͦ͜͡͝Σ ͺͦͫͦ͜͡ͺ͜͝Σ ͫͦͼ͎ͦͦ͜͜͡͝Σ ͯ͟͡Έͭͯͪͤͦ͝ ͎͊ͤͭͪͦͨͦͦ͜͡͝Σ ͔͒͜͝ ͭ͊ ͦͤ͟ͼ͔ͨͼ͜͝ Ύ͙͟ͻ 
͍͙͙͊͟͟͡ΌͭΈ ͚͙͚ͫͭ͜͟ ͜ ͍͍͙͚͗͊ ͔͔ͤͭͪͫ͜ ͔ͤ ͙͡΄͔ ͯ ͔͎͍ͭͤͦͦ͜͡Σ ͯ͟͡Έ͎͍ͭͯͪͦͦ͜͡Σ 
ͫͦͼ͎͍ͦͦ͜͜͡Σ ͊ ͚ ͯ ͔͍͙͍ͨͪ͒ͫͭ͊ͤ͟͜ ͤ͜΄͙ͻ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻΣ ͊ ͭ͊ͦ͗͟ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͤ͊ͯ͟Φ 
͙͙͚̊ͪͦ͟ ͔ͫͨͭͪ͟ ͼ͙ͻ ͦͤ͟ͼ͔ͨͼ͚͜ ͭ͊ ͔͚͒͜ ͍͙͍͒ͪ͊͜͟Ί ͍͍͒ͨͦ͒ͤ͜͜͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍ 
͔͔ͤͭͪͨͪͭ͊͜ͼ͜͝ ͔͔͙͍ͫͭͪͦͭͨ͜ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Υ ͍͒͜ ͍͙ͤ͊ͯͦͦͨͦ͒͋ͤ͟͜ͻ ͫͨͪͦ͋ ͝ͻ 
ͨͦΎ͔ͫͤͤͤΎ ͒ͦ ͍ͪͦͤ͘͜;͊ͤͤΎ ͼ͙ͻ ͫͨͪͦ͋ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͫͯͭͦ ͍͙ͤ͊ͯͦ͟ͻ ͨ͒͜ͻ͍ͦ͒͜Φ 

˽͙ͪ ͼΈͦͣͯ ͙͒ͯͣ͟ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ΅ͦ͒ͦ ͙͙ͨͪͪͦ͒ ͜ ͫͯͭ͜ ͔͔͙͍ͫͭͪͦͭͨ͜ 
͔ͤͦ͒ͤͦͤ͊͘;ͤ͜Φ ˻͒ͤ͜ ͍͍͊͗͊ΌͭΈΣ ΅ͦ ͔͔͙͙ͫͭͪͦͭͨ ͫͯͫͨ͜͡Έͤͦ͝ ͍ͫ͒ͦͣͦͫͭ͜͜ 
͍ͫͭͦͪΌΌͭΈͫΎ ͔ͫͨͼ͊͜͡Έͤͦ ͜ ͒͜ΌͭΈ ͤ͊ ͍ͦͫͤͦ͜ Ύ͎ͦͦͫ͟Έ ͔͍͎ͨͤͦͦ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͙͊ͨͭͯ͘Σ 
Ύ͙͚͟ ͍ͨͦͤͫͭ͜Ό ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͨͪͦͼ͔ͫͯ ͫͦͼ͊͊͘͜͜͡ͼ͜͝ ͜ ͔ͤ ͔͔ͨͪ͒͋͊;͊Ί ͤ͊Ύ͍ͤͦͫͭ͜ 
;ͯͭͭΊ͍͙ͻ ͔͍͊ͫͨͭ͟͜ ͙͚ͫͨͪͤΎͭͭΎΦ ˱ͤ΄͜ ͍;͔ͤ͜Σ ͍͙ͤ͊ͨ͊͟Σ ͍͍͒ͦ͒͜ΎͭΈ ͍͔͙ͯ͟͡ ͪͦ͡Έ 
;ͯͭͭΊ͍͎ͦͦ ͍͒ͦͫ͒ͯ͜ ͍ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔͔͙ͫͭͪͦͭͨͯΦ ͔́ͪͭ͜Σ ͎ͨͦͦ͒͗ͯΌ;͙ͫΈ ͘ ͒ͯͣͦ͟Ό ͨͪͦ 
͙ͫͭͻ͚ͤͫͭ͜͜Έ ͍͙͙͔ͤͤͤͤ͟Ύ ͔͔͙͎ͫͭͪͦͭͨͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͊͟ͼ͔ͤͭͯΌͭΈ ͍͎ͯ͊ͯ ͤ͊ ͍ͫ͒ͦͣͦ͜͝ 
͙͙ͨ͒ͭͪͣ͜͟ ͜ ͙͍͔ͨ͒͗ͤͤ͜͡Ύ ͔͔͙͍ͫͭͪͦͭͨ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙͊ͨͪͦͪͤ͜ͻ ͔ͫͯ͒͗ͤΈΣ 
͔ͫͨͼ͊͜͡Έͤͦ ͍͍͍͙ͨͪͦ͊͒͗ͯ͊ͤͻ ͍ ͍ͣ͊ͫͦͯ ͍ͫ͒ͦͣͫͭ͜͜ΈΦ 

̂ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͫͦͼ͊͜͡Έ͙ͤͻ ͔͔͙͍ͫͭͪͦͭͨ͜ ͒ͦͼ͜͡Έͤͦ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ Ύ͟ 
͙ͨͫͻ͎ͦͦ͜͡;ͤͯΣ ͭ͊͟ ͜ ͫͦͼ͊͜͡Έͤͯ ͙ͫͭͦͪͦͤΣ ͙ͨͪ;ͦͣͯ ͼ͜ ͔͙͊ͫͨͭ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙ͨͦͤͤ͜ 
͍͊͘Ί͍ͣͦ͒ͦͨͦͤΌ͍͙͊ͭ ͙ͦ͒ͤ ͎ͦ͒ͤͦͦΦ ˿͔͔͙ͭͪͦͭͨ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͙͚ͫ͊͒ͤ͟͡Σ 
͔͙͚ͦͣͨͫͤ͟͟͡ ͙ͨͫͻ͎ͦͦ͜͡;͙͚ͤ ͜ ͫͦͼ͊͜͡Έ͙͚ͤ ͫͨͦͫ͋͜ ͙ͦͭͪͣ͊ͤͤΎ ͜ ͨͦ͒͊͡Έ΄ͦ͝ 
͔͔͙ͨͪͪͦ͋͟ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ΅ͦ ͔͎ͪͯ͡ΌΊ ͎͋͊͊ͭͦ ͨͪͦͼ͔͍ͫ͜ ͡Ό͒ͫΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ́ͦͣͯ 
ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟ ͙͍͙ͨͦͣͦͣ͟͡ Ί ͍͔͔ͭͪ͒͗ͤͤΎ ͨͪͦ ͔ͭΣ ΅ͦ ͚͎ͦͦ ͍͙͙͔ͤͤͤͤ͟Ύ ͣ͊Ί ͨ͒͜ 
ͫͦ͋ͦΌ ͙͡΄͔ ͙ͨͫͻ͎ͦͦ͜͡;ͤͯ ͍ͦͫͤͦͯΣ ͔͒ ͔ͤ ͍͙͊͗͒͘ ͍͒ͦ͋ͪ͊͗͊͜ΌͭΈͫΎ ͔ͪ͊͜͡͝ 
ͫͯͫͨ͜͡Έ͎ͤͦͦ ͙͗ͭͭΎΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ͤ͘Ύ͙ͭ ͘ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͔͔͙ͫͭͪͦͭͨͯ ͔͍ͣ͊ͪͦ ͙ͣͫͭ͜;ͤͦͫͭ͜Σ ͙ͨͦ͊͊ͭ͘͟ 
͚͎ͦͦ ͍͘ϥΎͦ͘͟ ͘ ͤ͜΄͙͙ͣ ͪͯ΄͚͙ͤͣ͜ ͙ͫ͊ͣ͡ ͍͊͒͘Ύ͙͟ Ύ͙ͣ͟ ͙͔ͫͫͭͣ͊ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ 
͊ͪͦ͒͗ͯ͘ΊͭΈͫΎΣ ͫͭ͊ΊΣ ͍͙Ύ͍͡ΎΊͭΈͫΎ ς ;͙ ͭͦ ͯ ͍͙͎͡Ύ͒͜ ͍ͪ͊ͦͦ͘͝ ͔ͪ͊͟ͼ͜͝Σ ;͙ ͭͦ ͯ ͍͙͎͡Ύ͒͜ 
͚͎ͫͭͦͦ͜͟ ͫͭ͊ͤͯ ͼ͜Ί͝ ͙͒ͯͣ͟Σ ͙͙ͭ͊ͣ͟ Ύ͟ ͔͙ͨͦͭͪ͋Σ ͔͔͙ͤͭͪͫ͜Σ ͼͤͤͫͤ͜͜͜ ͦͪ͜Ίͤͭ͊ͼ͜͝ 

˽ͦ;͔ͤͣͦ ͘ ͔ͨͦͭͪ͋Σ ͣ͊Ό;͙ ͤ͊ ͍ͯ͊͘͜Σ ΅ͦ ͘ ͨͪͦͼ͔ͫͦͣ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͫͯͫͨ͜͡Έͤͦ͝ 
͙͒ͯͣ͟ ͍ͨͦϥΎ͊ͤ͘͜ ͙ͨͪ͊ͭ͟;ͤͦ ͍ͫ͜ ͘ ͙ͤͻ ς ͜ ͔ͣ͊ͭͪ͊͜͡Έͤ͜ ό͔ͦͤͦͣ͟͜;ͤ͜ύΣ ͜ ͒ͯͻ͍ͦͤͦ-
͔͎͒ͦͦ͜͜͡;ͤ͜Σ ͜ ͫͦͼ͊͜͡Έͤ͜Σ ͜ ͙ͨͦͭ͜͡;ͤ͜Φ 

 ˱ͫͭͦͪ͜Ύ ͍ͫͤͯ͊ͤͤ͜Ύ ͺ͔͔ͤͦͣͤ͊ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͔͔͙͍ͨͪͦͤͦ͟͡ ͨͦ͊ͯ͘͟ΊΣ ΅ͦ 
͔͙ͨͦͭͪ͋ ͣ͊ͫ ͔ͤ ͨͪͦͫͭͦ ͙ͨͪͫͦͪ͟ΌΌͭΈ ͙͒ͤ͊ͣͯ͜͟ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Σ ͊ ͚ ͍͙ͫͭͯͨ͊ΌͭΈ 
͍ Ύͦͫͭ͟͜ ͝͝ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͎ͤͦͦ ;͙͙ͤͤ͊͟Σ ͦͫ͟͜͡Έ͙͟ ͣͫͭ͜ΎͭΈ ͍ ͫͦ͋͜ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜ΈΣ Ύ͊͟ 
͍͒͜;͍ͯ͊ΊͭΈͫΎ ͡Ό͒Έ͙ͣ ͍ ͔͍͙ͨͤͻ ͍ͯͣͦ͊ͻ ͙͗ͭͭΎ ͜ ͍͙ͪͦͭͯ͘͟Φ ˻͍͔͔͋ͯͣͦͤ͡ ͔͙ͨͦͭͪ͋͊ͣ 
͍͔ͫͭ͊ͤͤ͡Ύ ͣ͊ͫ ͒ͦ ͚͒ͫͤͦͫͭ͜͜ ͙ͭͣ ͜ ͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͍͒͜ ͋ͯ͒Έ-Ύ͎ͦͦ͟ ͤ͜΄͎ͦͦ ͍͔ͫͭ͊ͤͤ͡ΎΣ 
΅ͦ ͍ͦͤͦ ͫͨͪΎ͍͔ͣͦ͊ͤ ͤ͊ ͙͍ͨͪͫͦΊͤͤΎΣ Ύ͔͟ ͔͒͊ͭͤ͘ ͍͙͙͊ͨͦͤͭ͘ ͔͒ͺ͜ͼ͙ͭ ͍ ͙ͭͻ ;͙ 
ͤ͜΄͙ͻ ͔͔͔ͣͤͭ͊͡ͻ ͝ͻ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˽͎͔ͪ͊ͤͤͤΎ ͒ͦ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͔ͨͪ΄ͦ;͔͎͍͙ͪͦͻ ͔ͨͦͭͪ͋ ͫͨͦͤͯ͊͟Ί ͡Ό͔͚͒ ͒ͦ 
ͨͪͦΎ͍ͯ ͙͍͊ͭͤͦͫͭ͟͜Σ ͒ͦ ͔͍͙ͨͤͻ ͍͙ͪͦͯͣͦ͘ͻ ͜ ͔ͣͦͼ͚ͤͦ͜-;ͯͭͭΊ͍͙ͻ ͨͪͦͼ͔͍ͫ͜Φ ˻ͫͭ͊ͤͤ͜ 
ͨͦ;͙ͤ͊ΌͭΈ ͍͙͙ͪ͊͗͊ͭͫΎ ;͔͔ͪ͘ ͯͣͦͤ͊ͫͭͪͦ͝Σ ͦͼ͙ͤ͜͟Σ ͔ͫͯ͒͗ͤͤΎΣ ͍ͦ͡Έ͍ͦ͜ 
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ͫͨͦͤͯ͊ͤͤ͟ΎΣ ;͔͔ͪ͘ ͝ͻ ͍͊͘Ίͣͦ͒͜ΌΣ ͍͊͘Ί͙͔ͣͦͨͪͦͤͤͤͤ͟Ύ ͜ ͙ͭͭ͘͡ΎΦ ͯ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͼΈ͎ͦͦ 
͜ ͫ͊͒͊͟͡ΊͭΈͫΎ ͔ͭ͊͟ ͼ͔ͫͤ͜͜͡ ͒ͯͻ͍ͦͤͦ-͙ͨͪ͊ͭ͟;ͤ͊ ͍͔ͯͭͦͪͤͤΎΣ Ύ͟ ͫͯͫͨ͜͡Έͤ͊ ͒ͯͣ͊͟Φ ̂ 
͚ͤ͜Σ ͙ͤ͋͜ ͍ ͔͒ͪ͊͘͟͜͡Σ ͤ͊͘ͻͦ͒ΎͭΈ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͣͫͭ͘͜ ͜ ͻ͔͊ͪ͊ͭͪ͟ ͭ͜Ί͝ ͔͙ͨͦͭͪ͋Σ Ύ͊͟ 
͍͙͙͊͊͟͟͡͡ ͝͝ ͒ͦ ͙͗ͭͭΎΣ ͫͭͯͨͤ͜Έ ͝͝ ͍͙͍͊͗ͦͫͭ͜͡ ͒͡Ύ ͡Ό͔͚͒Σ ͔͎͙͍ͤ͊ͨͦͫͭ͜͡͡Έ ͜ 
͎͔ͨͪ͊ͤͤͤΎ ͙͙͒ͦ͋ͭͫΎ ͝͝ ͍͔͊͒ͦͦͤͤ͘͡ΎΦ 

͍͔̂ͫ͒ͦͣͤ͜͜͡ ͜ ͍͊ͭͯ͊ͦ͊ͤ͘͟͜͜͡ ͍ͣ͊ͫͦ͜ ͔͙ͨͦͭͪ͋ ͭͦͣͯ ͦ͋ϥΊ͙͍ͭͤ͟͜ ͜ ͍͙Ύ͍͡ΎΌͭΈͫΎ 
ͪͯ΄͚ͤͦ͜Ό ͙ͫͦ͡Ό ͔͊ͪͦ͒͗ͤͤ͘Ύ ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Σ ΅ͦ ͍͙ͫͭͯͨ͊ΌͭΈ ͍ 
Ύͦͫͭ͟͜ ͙ͨͪ;͙ͤ ͜ ͙͍͍ͣͦͭ͜ ͙ͪͤ͘͜ͻ ͫͯͫͨ͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͨͪͦͼ͔͍ͫ͜Σ ͙͙ͨͪͭ͊ͣ͊ͤͤͻ 
͚ͫ͊ͣ͜ ͙ͨͪͪͦ͒͜ ͜ ͔ͣͻ͊ͤͣͯ͘͜ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͼ͜Ί͝ ͙͒ͯͣ͟Φ 

˾͊ͦͣ͘ ͘ ͙ͭͣ ͍͙͍͊͗ͦ͡ ͔͙͙ͨ͒ͪͫͭ͜͟͡Σ ΅ͦ ͔͙͍ͤͭͤͫͤͫͭ͜͜Έ ͨͪͦͭ͊ͤͤ͜͟Ύ ͫͯͫͨ͜͡Έͤͦ-
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͨͪͦͼ͔͍ͫ͜Σ ͊ ͔ͨ͊ͪ͊͡͡Έͤͦ ͘ ͙͙ͤͣ ς ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͜ ͍͙͔ͪ͊͗ͤͤΎ 
ͣ͊ ͍͙ͫͦͻ ͦͼͤͦ͜;͙ͤͻ ͔ͫͯ͒͗ͤΈ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͍ ͨͪΎ͚ͣ͜ ͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͤ͊Ύ͍ͤͦͫͭ͜ ͊͋ͦ 
͍͒ͫͯͭͤͦͫͭ͜͜ ό;͍͊ͫͭͦͦ͟͝ ͊͋ͦ ͍ͨͦͤͦ͝ύ ͔ͪ͊͡Έ͙ͤͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͒͡Ύ ͍͔͊͒ͦͦͤͤ͘͡Ύ 
͍͊ͭͯ͊ͦ͊ͤͦ͘͟͜͡͝ ͍ͣ͊ͫͦͦ͝ ͔͙ͨͦͭͪ͋Φ ̒͟ ͨ͒͊ͯ͘͜͟Ί ͔ͫͯͪͫ͟͟ ͍ ͫͭͦͪ͜͜ΌΣ ͍ ͪ͊͘͜ ͤ͊Ύ͍ͤͦͫͭ͜ 
ͭ͊ ͍͜͡Έ͎ͤͦͦΣ ΄͙͎ͪͦͦͦ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͭ͊͟ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͙͒ͤ͊ͣ͊͜͟ ͫͯͫͨ͜͡Έͤͦ͝ 
͙͒ͯͣ͟ ͎ͪͦͦͪͭ͊͘ΊͭΈͫΎΣ ΅ͦ ͙͍ͤ͊͊͘ΊͭΈͫΎΣ ͍ ͔͙ͪ͗ͣ͜ ͚ͤ͊ͪ͊͟΅͎ͦͦ ͙ͫͨͪΎͤͤΎΣ 
͍ͦͫΎ;͔͎ͤͦͦ ͙͙͍͙ͨͦͭͤͣ͘Σ ͊ ͭͦ ͜ Ύ͍ͫͪ͊ͦ͟ ͔͔͙ͨ͒ͤͫͤͣ͜ ͔ͣͦͼ͚ͤͦ͜-;ͯͭͭΊ͍͙ͣ 
ͫͯͫͨ͜͡Έ͙ͤͣ ͤ͊ͫͭͪͦΊͣΦ ̂ ͙͔ͨͪͦͭ͗ͤͦͣͯ͡ ͍͙ͨ͊͒ͯ͟ ͍͙͙ͤ͊͟Ί ͙ͨͪͦͭͪ͜;;Ύ ͣ͗͜ 
͍ͣ͊ͫͦͦΌ ͔ͨͦͭͪ͋ͦΌΣ ΅ͦ ͊͘Ύ͍͙͊͡ ͨͪͦ ͔͔ͫ͋ ͜ ͔ͪ͊͡Έ͙͙ͤͣ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ ό͊͋ͦ 
͔ͤ͒ͦͫͭ͊ͭͤΈͦΌ ͍ͨͦͤͦͭͦΌύ ͝͝ ͍͔͊͒ͦͦͤͤ͘͡ΎΦ ˤͦͤͦ ͔ͣͦ͗ ͍͙͙͙͊ͭ͟͟͡ ͯ ͫͯ͋ϥΊͭ͊͟ 
͔ͣͦͼ͚͔ͤ͜ ͔ͤ͊ͨͪͯ͗ͤͤΎΣ ͨͦ;ͯͭͭΎ ͔ͤͫͨͦͦ͟ΌΣ ͜ ͔ͦ͋ͯͪͤͤΎ ς ͭͦ͋ͭͦΣ ͍͔͙ͫͭ ͒ͦ 
͍͙ͨ͒͜΅͔ͤͦ͝ ͜ ͔͙ͤͫͨͪΎ͙͍ͭͦ͡͝ ͔͙͍ͪ͊ͭͤͦͫͭ͟͜ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Φ ̂ ͣͪͯ͜ ͗ ͤ͘ΎͭͭΎ 
͙ͨͪͦͭͪ͜;;Ύ ΄͡Ύͻͦͣ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͊ͭͯ͊ͦ͊ͤͦ͘͟͜͡͝ ͔͙ͨͦͭͪ͋Σ ͙ͦ͟͡ ͫͯ͋ϥΊͭ͟ ͫͯͫͨ͜͡Έͤͦ͝ 
͙͒ͯͣ͟Σ ͣͦ͗ͤ͊ ͙ͫ͊͊ͭ͘͟Σ ͙͍͊͘͡ΊͭΈͫΎ ͘ ͚͎ͦͦ ͦ͋ϥΊͭͦͣ͟Σ ͭͦ͋ͭͦ ͙͍ͨͪ͊ͫͤ͡ΌΊ ͣͫͭ͘͜ ͼ͜Ί͝ 
͔͙ͨͦͭͪ͋Σ ͔͙͍ͪ͊ͭͤͫͭ͟͜Έ ͙͒ͯͣ͟Σ ΅ͦ ͙͊ͪͦ͒͊ͫ͘͡ΈΣ  ͍ͨͦͫͭͯͨͦͦ ͎͊ͫ͊͘Ί ͜ ͍ͦͤ͊ ͍͙;͔ͪͨͯΊ 
͔͔ͫ͋Φ ͔̇ ͜ ͪͦͯͣͦ͘͘͜͡Σ ͔͊͒͗ ͙ͤ͊͘͟Ί ͍ ͙͗ͭͭ͜Σ ͊ ͤ͊͘;͙ͭΈΣ ͜ ͍ ͍͚ͣ͊ͫͦ͜ ͍ͫ͒ͦͣͦͫͭ͜͜Σ 
͍͒͜;ͯͭͭ͜ ͔ͫ͊ͣ ͔͔͒͗ͪͦ͡Σ Ύ͔͟ ͙͍͔ͨͪͦ͡ ͒ͦ ͝͝ ͨͦΎ͍͙Φ ζ˽ ͔ͦͭͪ͋͊ ΦΦΦ ς ͙͍ͨͫ͊ ˥͔͎͔͡ΈΣ ς 
͙ͨͪͦͭͪ͜;;ΎΣ ΅ͦ ͍͒͜;͍ͯ͊ΊͭΈͫΎΣ Ύ͔͟ ͣ͊Ί ͣͫ͜ͼ͔ ͍͔͔͙ͫͪ͒ͤ͜ ͎ͫ͊ͣͦͦ ͙͍͎͗ͦͦ ͫͯ͋ϥΊͭ͊͟Σ ͜ 
͔͔ͨͪͻ͙ͦ͒ͭΈ ͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͔͊ͨͪ͘;͔ͤͤΎ ͼΈ͎ͦͦ ͔͔͊ͨͪ͘;͔ͤͤΎΣ Ύ͔͟ ΅͔ Ί ͎ͦ͊͡ 
ͫͯ͋ϥΊ͙͍ͭͤͫͭ͟͜ΈΦ ˭͍͔͊͒ͦͦͤͤ͡Ύ ͍͍͒ͤͦ͜͡ΌΊ ͙ͣͪ ͣ͗͜ ͫͯ͋ϥΊͭͦͣ͟ ͜ ͦ͋ϥΊͭͦͣ͟Σ ͭ͊͟ Ύ͟ 
ͦ͋ϥΊ͙͍͔ͭͤ͟Σ ΅ͦ ͫͭͦͭ͝Έ ͨͦ ͚ͭͦ ͋͜͟Σ ͙ͨͦ͟ ͍ͨͪͦ͒ͦ͗ͯΊ ͍͙ͫͤͯ͊ͭ͜ ͙ͨͪͦͭͪ͜;;Ύ ό͔ͨͦͭͪ͋͊ύΣ 
ͤͣ͊͘͜ΊͭΈͫΎ ͍ ͼ͚͜ ͚͎ͦͦ ͦ͒ͤͦͪ͒ͤͦͫͭ͜͜ ͍͊͒͘Ύ͙͟ ͚͎ͦͦ ͘ϥΊ͒ͤ͊ͤͤΌ ͘ ͫͯ͋ϥΊ͙͍͙ͭͤͣ͟ ζ  
[2, 393]. 

˾͊ͦͣ͘ ͘ ͙ͭͣ ͔͒͊ͦ͟͡ ͔ͤ ͎ͦ͗ͤͦͦ͟ ͪ͊ͯ͘ ͔͊ͪͦ͒͗ͤͤ͘Ύ ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͯͫͨ͜͡Έͤͦ͝ 
͙͒ͯͣ͟ ͍ͨͦϥΎ͔͊ͤ͘ ͘ ͒͜ΊΌ ͨͦͭͯ͗ͤͦ͝ ͪͯ΄͚ͤͦ͜͝ ͙͙ͫ͡Σ Ύͦ͟Ό ͍͙ͫͭͯͨ͊Ί ͍͊ͭͯ͊ͦ͊ͤ͊͘͟͜͡ ͍ 
͍͚ͣ͊ͫͦ͜ ͍ͫ͒ͦͣͦͫͭ͜͜ ͔ͨͦͭͪ͋͊ όΎ͟ ͫͤͯ͜Ό;͔ ͙ͨͪͦͭͪ͜;;ΎύΦ ̂ ͚ͭͦ ;͊ͫ Ύ͟ ͦ͒ͤ͜ ͔͙ͨͦͭͪ͋ 
ͭ͜͡Έ͙͟ ΅͔ ͍ͤ͊ͪ͊͘͜ΌͭΈΣ ͫ͊͒͊͟͡ΌͭΈͫΎΣ ͊ ͤ͜΄͜ ͙ͫ͊ͫ͟͡͡ΎΣ ͔͊͡ ͍ ͙ͫͯ͡ ͙ͪͤ͘͜ͻ ͙ͨͪ;͙ͤ 
ό͙ͤ͊ͨͪ͊͒͟͡Σ ͔ͪ͊͡Έͤͦ͝ ͙͍ͣͦ͗ͦͫͭ͜͡ ͝ͻ ͔͎ͪͯ͡Ύ͎ͪͤͦͦ ͍͔͊͒ͦͦͤͤ͘͡Ύύ ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͍ 
ͫͭ͊ͤ͜ ͍͎͒ͤͦͫͤͦͦ͜ ζͫ ͨͦͦ͟ΌηΣ ͺͯͤ͟ͼ͜Ό ͪͯ΄͚͙ͤ͜ͻ ͙ͫ͡ ͔͊ͪͦ͒͗ͤͤ͘Ύ ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ 
ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͔͋ͪͯͭΈ ͤ͊ ͔͔ͫ͋ ͔͔͙ͤͭͪͫ͜ ͡Ό͔͚͒Σ ͫͦͼ͊͜͡Έ͙ͤͻ ͫͨ͜͡ΈͤͦͭΦ 

˭ϥΎ͍͡ΎΌ;͙ͫΈ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͔ͨͦͭͪ͋ ͜ ͔͎͋ͪ͊͘͜Ό;͙ ͘ ͙͙ͤͣ ͚ͤ͊ͭͫͤ͜͜΄͙͚ ͍͘ϥΎͦ͘͟Σ 
͔͔͙ͤͭͪͫ͜ ͍͙ͪ͊͗͊ΌͭΈ ͔ͫͨͼ͙ͺ͜;͔ͤ ͍͔ͫͭ͊ͤͤ͡Ύ ͡Ό͔͚͒ ͒ͦ ͙ͭͻ ͦ͋ϥΊ͍ͭ͟͜ ͚͒ͫͤͦͫͭ͜͜Σ Ύ͟͜ 
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͔͍ͨͪ͒ͫͭ͊͡ΎΌͭΈ ͒͡Ύ ͙ͤͻ ͍͔͙ͯ͟͡ ͙͗ͭͭΊ͍ͯ ͤ͊͘;͙ͣͫͭ͜Έ ͜ ͔ͣͦͼ͚ͤͯ͜ ͙͍͙͍ͨͪ͊͋ͫͭ͜͡ΈΦ 
˽͍ͦͪͤ͜Ύͤͦ ͘ ͔͙ͨͦͭͪ͋͊ͣ ͍͙ͦͤ ͍͙ͫͭͯͨ͊ΌͭΈ ͍ Ύͦͫͭ͟͜ ͋͜͡Έ΄ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έ͎ͦͦ 
ͫͨͦͤͯ͊͟͡Έ͎ͤͦͦ ͙͍ͣͦͭͯ ͔͊ͪͦ͒͗ͤͤ͘Ύ ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Φ ̂ ͔ͨͪ΄ͯ 
;͔͎ͪͯ ͭͦͣͯΣ ΅ͦ ͔ͨͦͭͪ͋͊ ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͔͔ͤ͊ͫ͊ͣͨͪ͒ ͤ͊ ͔͔ͨͪ͒ͣͭ ͝͝ ͍͔͊͒ͦͦͤͤ͘͡ΎΣ ͊ 
͔͔ͤͭͪͫ͜ ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͭ͜ ͫͦͼ͊͜͡Έͤ͜ ͍͙͙͒ͤͦͫͤ͜Σ ͙͙ͤͫͭͭͯͭ͜Σ ͍͙ͯͫͭ͊ͤͦΣ ͍͒͜ Ύ͙͟ͻ 
͔͙͊͗ͭ͘͡Έ ͪͦͨͦ͒͘͜͡ ͔͔͍ͨͪ͒ͣͭ͜Σ ͼ͔͚ͤͤͦͫͭ͜Σ ͎͋͊͡Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͍͔͊͒ͦͦͤͤ͘͡Ύ 
͔ͨͦͭͪ͋Φ 

̒͟ ͪͯ΄͚ͤ͊͜ ͙ͫ͊͡ ͙͙͒ͤ͊ͣ͜͟ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͎ͪͤͦͦ͘͜ ͪͦ͒ͯ ͔͔͙ͤͭͪͫ͜ 
͔͔ͤ͊ͫ͊ͣͨͪ͒ ͍͙Ύ͍͡ΎΌͭΈ ͔͔ͫ͋ ;͔͔ͪ͘ ͚ͫͭͯ͜͟Σ ͔ͣͦͼ͚ͤͦ͜ ͙ͤ͊ͫ;͔ͤͯΣ ͔ͤͨ͒ͪͦ͋ͤͯ͜ ͍͎ͯ͊ͯ 
͡Ό͔͚͒ ͒ͦ ͙ͪͤ͘͜ͻ ͺ͍͊ͭ͟͜ ͜ ͚ͨͦ͒͜Σ Ύ͍͙΅ ͜ ͨͪͦͼ͔͍ͫ͜Σ ;͔͔ͪ͘ ͝ͻ ͙͍͔͊ͭͤ͟ ͋͊͗͊ͤͤΎ 
͍͙͍͙͙ͫͦͭ͡ ͝͝ ͍ ͍ͫͦ͝ͻ ͔ͫͯ͒͗ͤͤΎͻ ͜ ͦͼͤ͊͜͟ͻΣ ͔ͣͦͼ͚ͤͦ͜-͍ͦ͡Έ͍͙ͦͻ ͊ͭ͊͟ͻΣ ͍;͙ͤ͊͟ͻ ͜ 
͒͜ΎͻΦ ˽͙ͪ;ͦͣͯ ͭ͜ ͨͦ͒͜͝ ͊͋ͦ Ύ͍͙΅͊ ͚͒ͫͤͦͫͭ͜͜Σ Ύ͟͜ ͍͙͙͊͟͟͡ΌͭΈ ͒ͦ ͔͔ͫ͋ ͔͔ͤͭͪͫ͜ ͔ͤ 
͙͡΄͔ ͔͙ͦͪͣ͟ͻ ͡Ό͔͚͒Σ ͊ ͚ ͋͜͡Έ΄ͦͫͭ͜ ͔͔ͤ͊ͫͤͤ͡ΎΣ ͭͦ͋ͭͦΦ ͨͦͪͦ͒͗ͯΌͭΈ ͍͙͚ͣ͊ͫͦ 
͔͔ͤͭͪͫ͜Σ ΄͍͙͒ͦ͟ ͨͦͭͪ͊ͨ͡ΎΌͭΈ ͍ ͼ͔ͤͭͪ ͫͯͫͨ͜͡Έͤͦ͝ ͍͎͙ͯ͊ ͜ ͙͋ͪ͊͘ΌͭΈ ͍ͤ͊ͦͦ͟͡ ͔͔ͫ͋ 
͔͋͘͜͡; ͙ͪͤ͘͜ͻ ͒ͯͣͦ͟Σ ͦͼͤͦ͜͟Σ ͔ͣͦͼ͚͜Φ 

̒͟΅ͦ ͣͫͭ͘͜ ͜ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͔͔͍ͤͭͪͫ͜͜ ͪͦ͘ͻͦ͒ΎͭΈͫΎΣ ͭͦ ͪͦ͘΄͍͊ͪͦͯΌͭΈͫΎ ͜ 
͙͒ͯͣ͟Σ ΅ͦ ͝ͻ ͍͙ͪ͊͗͊ΌͭΈΣ ͊ ͤ͊͘;͙ͭΈΣ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͤ͊ ͝ͻ ͍ͦͫͤͦ͜ ͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ 
͔ͣͦ͗ ͙͋ͯͭ ͨͪͦͼ͔ͫͦͣ ͙͒ͦͫͭΈ ͙͍͙ͭͪ͊ͣ͡Σ ͊ ͭͦ ͜ ͍ͦͫͣ͘͜ ͔͍͔ͤ͊ͪ͘΄͔͙ͤͣΦ ˤ 
ͦͫͭ͊ͤͤΈͦͣͯ ͍͙ͨ͊͒ͯ͟ ͍ͯͭͦͪΌΊͭΈͫΎ ͔ͤ ͙ͣͦͤͫͭ͜;ͤ͊Σ ͍ͤͯͭͪ͜΄ͤΈͦ ͼͫͤ͊͜͜͡ ͒ͯͣ͊͟ 
ͫͨ͜͡Έ͙ͤͦͭΣ ͊ ͨ͡Ό͙ͪ͊ͫͭ͜͡;ͤ͊Σ ͪͤͦͣ͊ͤͭͤ͊͘͜͜ ͒ͯͣ͊͟ Ύ͟ ͫͯͯͨͤͫͭ͟͜Έ ͙ͪͤ͘͜ͻ ͙ͨͦ͘ͼ͚͜ ͨͦ 
͚͒͊ͤ͜ ͔ͨͪͦ͋ͣ͜͡Φ ˢ ͍͔ͯͭͦͪͤͤΎ ͎͊͊͘͡Έͤͦ͝ ͙͒ͯͣ͟Σ ͒͊ͭͤͦ͘͝ ͙ͫͭͣͯ͡Ό͍͙͊ͭ Ί͒ͤͫͭ͜Έ 
͍;͙͍ͤ͟͜ ͜ ͚͒͜ ͡Ό͔͚͒Σ ͍͙ͫͭͯͨ͊Ί Ύ͟ ͔ͪͯ͘͡Έͭ͊ͭ ͎͋ͯ͘͜Σ ͙ͭͭ͘͡Ύ ͫͨ͜͡Έͤͦͫͭ͜ ͔͔͍ͤͭͪͫ͜͜ 
΅ͦ͒ͦ ͝ͻ ͣͫͭͯ͘͜Σ ͎͙͙͙͋ͤ͡ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͜ ͔ͣͦͼ͚ͤͦ͜-;ͯͭͭΊ͍͎ͦͦ ͔͔͙͍ͨͪ͗͊ͤͤΎΦ 
͙͔̊ͪͦ͟ ͦͦ͟͡ ͍͔͗ ͤ͊Ύ͍͙ͤͻ ͯ ͡Ό͔͚͒ ͔͔͍ͤͭͪͫ͜͜Σ ͊ ͭ͊ͦ͗͟ ͍͙͚ͨͦͫͭͯͨͦ ͜ ͙͒ͦͫͭΈ 
΄͍͙͙͚͒͟Σ ͯ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻΣ ͝ͻ ͨͦ͒͊͡Έ΄͙͚ ͍͙ͪͦͭͦ͘͟ ͜ ͎͙͔ͨͦ͋ͤͤ͡͡Ύ ς ͍͙͍͙͚͊͗͡ 
;͙͙ͤͤ͟Σ ΅ͦ ͍ͦ͋ͯͣͦ͡ΌΊ ͒͊ͭͤͫͭ͘͜Έ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͙͙ͭͪͣ͊ͭ ͨ͒͜ ͔ͦͤͭͪͦͣ͟͡ 
͚ͤ͊ͪͤͦͣ͊ͤͭͤ͘͜͜͜΄͜ ͨͦ͒͜͝Σ ͺ͙͊ͭ͟Σ Ύ͍͙΅͊ ͜ ͨͪͦͼ͔͙ͫ ͚͒ͫͤͦͫͭ͜͜Σ ͊ ͙ͨͪ ͣͤ͘͜͜ ͙ͫͭͯ͊ͼ͜͝ ͯ 
ͫͯͫͨ͜͡Έ͍ͫͭ͜ ΄͍͙͒ͦ͟ ͔͔͙͙ͨͪͣ͊ͭ͟ ͍ͫͦΌ ͍͎ͯ͊ͯ ͘ ͎ͦ͒ͤͦͦ ͦ͋ϥΊͭ͊͟ ͤ͊ ͤ͜΄͙͚Φ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͍ ͍ͦͫͤͦ͜ ͔ͫͯ͒͗ͤΈ ͜ ͦͼͤͦ͜͟ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͔͗͊ͭ͡Έ ͔͙ͨͦͭͪ͋ 
ͭ͊ ͔͔͙ͤͭͪͫ͜ ͣ͊ͫΦ ˾͊ͦͣ͘ ͘ ͙ͭͣ ͤ͊ ͻ͔͊ͪ͊ͭͪ͟Σ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜ΈΣ ͙ͫͭ͡Έ ͜ ͔ͣͦͼ͚͙͚ͤ͜ 
͚ͤ͊ͫͭͪ͜ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͔͙ͤ͊͋Ύ͙͚͟ ͍͙͍ͨ͡ ͤ͊͒͊ΌͭΈ ͼͤͤͫͤ͜͜͜ ͦͪ͜Ίͤͭ͊ͼ͜͝ ώрϐΦ 
ˣͯ͒ͯ;͙ ͍ͫͨ͊ͦͣ͡ ͍͎ͪͦͯͣͦͦͦ͘ ͜ ;ͯͭͭΊ͍͎ͦͦΣ ͍͙ͦͤΣ ͣͦ͗ͤ͊ ͙ͫ͊͊ͭ͘͟Σ ͍ͤ͊ͦ͒ΎͭΈ ͫͯ͋ϥΊͭ͟ 
ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͤ͊ ͍͍͙͚͒ͨͦ͒ͤ͜͜ ͦ͋ϥΊͭ͟Σ ͍ͯͣͦ͘͡ΌΌͭΈ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͍͒ͤͦ͜΄͔ͤͤΎ 
͒ͦ ͤΈ͎ͦͦ ͜Σ ΅ͦ ͔͒ͯ͗ ͍͙͍͊͗ͦ͡Σ ͒ͦ ͫͦͼ͊͜͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ ͤΈ͎ͦͦΦ ͔̇ 
͍͒ͤͦ͜΄͔ͤͤΎ ͔ͣͦ͗ ͙͋ͯͭ ͙͙͍͙ͨͦͭͤͣ͘ ͊͋ͦ ͔͎͙͍͙ͤ͊ͭͤͣΣ ͭͪ͊ͨ͡ΎΊͭΈͫΎΣ ͜ 
͔͚ͤͭͪ͊͡Έ͙ͤͣΦ 

˿͊ͣ͜ ͼͤͤͫͤ͜͜͜ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͫ͊͒͊͟͡ΌͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͯΎ͍͔ͤ͡ΈΣ Ύ͟͜ ͎͒ͦͨͦͣ͊͊ΌͭΈ 
͡Ό͒Ύͣ ͍ͯͫ͒ͦͣ͜͡Ό͍͙͊ͭ ͍ͫͦ͝ ͔͙ͨͦͭͪ͋ ͜ ͔͔͙ͤͭͪͫ͜Σ ͍͙͒͊͊ͭ ͋͜͡Έ΄-͔ͣͤ΄ Ύͫͤͯ ͦͼͤͯ͜͟ 
͙ͪͤͣ͘͜ ͦ͋ϥΊͭ͊ͣ͟ ͚͒ͫͤͦͫͭ͜͜Φ ˻ͫ͟͜͡Έ͙͟ ͼͤͤͫͤ͜͜͜ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͍ͨͦϥΎ͊ͤ͘͜ ͘ ͔͙ͨͦͭͪ͋͊ͣ ͔ͤ 
͔͔͔͋ͨͦͫͪ͒ͤ͘ΈͦΣ ͊ ;͔͔ͪ͘ ͼͤͤͫͤ͜͜͜ ͯΎ͍͔ͤͤ͡ΎΣ ͭͦ ͍͙ͦͤ ͍͒ͪͤ͘͜͜ΎΌͭΈͫΎ ͔͒Ύͦ͟Ό 
͍͔͒͒͊ͤͫͭ͜͜͡Ό ͍͒͜ ͙ͫ͊ͣͻ ͔ͨͦͭͪ͋Φ ͔̇ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͍͒ͤͦͫͤͦ͜ ͍͜͡Έͤͦ͝ ͙ͫͯ͋ͦͪ͒ͤ͊ͼ͜͝ 
ͼ͔͚ͤͤͦͫͭ͜ ͍ ͫͭͪͯͭͯͪ͟͜ ͍ͣ͊ͫͦͦ͝ ͍ͫ͒ͦͣͦͫͭ͜͜Σ ͊ ͫ͒ͦͣ͜͡ ͊͘ ͼ͙ͣ ͒ͦ ͎ͭͦͦΣ ΅ͦ ͍ Ύͦͫͭ͟͜ 
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͍͋͊ͦͦ͘͝ ͼͤͤͦͫͭ͜͜Σ ͍͔ͭͤͦ͜͡͝ ͍ ͭͦͣͯ ;͙ ͤ͜΄ͦͣͯ ͦ͋ϥΊͭ͟͜ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Σ ͣͦ͗ͯͭΈ 
͍͙͙ͫͭͯͨ͊ͭ ͔ͤ ͙͡΄͔ ͔ͣ͊ͭͪ͊͜͡Έͤ͜Σ ͔ͦͤͦͣ͟͜;ͤ͜Σ ͔͊͡ ͜ ͚ͤ͊ͪͤͦͣ͊ͤͭͤ͘͜͜͜΄͜ ͒ͯͻ͍ͦͤͦ-
͔͎͒ͦͦ͜͜͡;ͤ͜Σ ͙ͨͦͭ͜͡;ͤ͜ Ύ͍͙΅͊ Φ  

˿͒͜͡Σ ͦ͒ͤ͊͟Σ ͍͙͙ͤ͊ͭ͘Υ ͫͯͫͨ͜͡Έͤ͊ ͒ͯͣ͊͟ ͔ͤ ͋ͯ͊͡ ͋ ͤ͊ͫͭ͜͡Έ͙͟ ͔͙͍ͦͨͪ͊ͭͤͦΌ ͯ 
͍ͫͦ͝ͻ ͔ͪ͊͟ͼ͜Ύͻ ͤ͊ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͺ͙͊ͭ͟Σ ͨͦ͒͜͝ ͜ ͨͪͦͼ͔͙ͫΣ Ύ͙͋͟ ͍ͦͤ͊ ͙͍ͦ͗͊͊͡ ΅ͦͪ͊ͯ͘ 
͍͙͟͡Ό;ͤͦ ͨ͒͜ ͨͪΎ͙ͣͣ ͍͙͍ͨͦͣ͡ ͔ͨͦͭͪ͋Σ ͔͔͍ͤͭͪͫ͜͜ ͊͋ͦ ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ίͤͭ͊ͼ͚͜Φ ˹͜Σ 
͍ͣͦ͊ ͔ͤ ͚͔͒ ͨͪͦ ͔͔͎ͨͪ͡Ύ͒ ͝ͻ ͪͦ͜͡ Ύ͟ ͍͙ͦͫͤͦͤͻ ͪͯ΄͚͙ͤ͜ͻ ͙ͫ͡ ͔͊ͪͦ͒͗ͤͤ͘Ύ ͜ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͪ͊͟ͼ͚͜ ͜ ͍ͫͭ͊ͤ͜ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Φ ˸͍ͦ͊ ͙͡΄͔ ͨͪͦ ͔ͭΣ ΅ͦ ͒͡Ύ ͋͜͡Έ΄ 
ͪ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͙ͤͣ ͼ͜Ί͝ ͪͦ͜͡ ͙ͨͪͪͦ͒͊ ͫͯͫͨ͜͡Έͤͦ͝ ͙ͨͫͻ͎ͦͦ͜͡͝ ͣ͊ͫΣ ͭ͊͟ 
͙͋ ͍͙͙ͣͦͭΣ ͍͙͙͒͊͜͡͡ ͍͒ͦͻ ͙͍͙͊ͭͤ͟ͻ ͨͦͣ͜;͙͍ͤ͟͜Σ ͙͒͊ͭͤ͘ͻ ͤ͊͘;ͤͦ ͙͙ͫͦͪͦͭͭ͟ ;͊ͫ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Σ ͭͦ͋ͭͦ ;͊ͫ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͔ͤΌ ͍͎ͫͦͦ ͦͼͤͦ͜;ͤͦ-
ͼ͎ͤͤͫͤͦͦ͜͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͔͍͙ͨͤͻ ͚ͨͦ͒͜ ͜ ͺ͍͊ͭ͟͜Φ ͙͙́͊ͣ͟ ͨͦͣ͜;͙͙ͤ͊ͣ͟ ͍͙ͫͭͯͨ͊ΌͭΈ 
ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͍͙ͯͫͭ͊ͤͦ͟ ͭ͊ ͔͔͙͙ͫͭͪͦͭͨΦ 

˽͔͔͍ͪ͋ͯ͊Ό;͙ ͍ ͭͫͤͦͣͯ͜ ͍͘ϥΎͯ͘͟ ͘ ͼ͙͙ͤͤͫͤͣ͜͜ ͦͪ͜Ίͤͭ͊ͼ͜Ύ͙ͣΣ ͍͙ͦͤ 
ͫ͊͒͊͟͡ΌͭΈͫΎ ͯ ͭͦͣͯ ͍͙ͨ͊͒ͯ͟Σ ͙ͦ͟͡ ͼ͔ͤͤͫͤ͜͜ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͙ͦ͒ͤ ͦ͋ϥΊͭ͟Σ 
͙ͤ͊ͨͪ͊͒͟͡Σ ͨͪͦ Ύ͔͟-͔ͤ͋ͯ͒Έ Ύ͍͙΅͔Σ ͔͔͙ͨͪͤͦͫͭΈͫΎ ͊͘ ͎͊ͤ͊ͦ͜͡ΊΌ ͤ͊ ͍ͫ͜ ͫͻͦ͗͜ 
Ύ͍͙΅͊Σ ͯ ͔ͪͯ͘͡Έͭ͊ͭ͜ ;͎ͦͦ ͯ ͍͒ͤͦ͜΄͔ͤͤ͜ ͒ͦ ͦͫͭ͊ͤͤ͜ͻ ͜ ͍ͯͭͦͪΌΊͭΈͫΎ ͔͍ͨͤ͊ 
͍ͯͫͭ͊ͤͦ͊͟Φ ˹͚͊;͊ͫͭ͜΄͔ ͍ͦͤ͊ ͫ͊͒͊͟͡ΊͭΈͫΎ Ύ͟ ͔ͪ͊͟ͼ͜Ύ ͤ͊ ͔ͦͪͣ͟͜ ͙ͫͭͦͪͦͤ ͎͒͊ͤͦͦ 
Ύ͍͙΅͊Σ ͻͦ;͊ ͭͪ͊ͨ͡ΎΊͭΈͫΎΣ ΅ͦ ͜ ͤ͊ ͚͎ͦͦ ͼ͙͚ͫͤ͜͜͡ ͨͪͦΎ͍Φ 

ˤͭͪͯ;͊ͤͤΎ ͍ͯͫͭ͊ͤͦͦ͟ ͍ ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͎͊ͪͦ͗ͯ͘Ί ͙ͭͣΣ 
΅ͦΣ ͫͨͪ͊ͼΈ͍ͦͯΌ;͙ ͣ͊ͦ͡ ͔ͤ ͔ͨͪ΄͙͙ͣ ͯ ͍͍͒ͨͦ͒͜͜Έ ͤ͊ ͔ͭ ;͙ ͤ͜΄͔ ͊ͭͯ͊͟͡Έ͔ͤ Ύ͍͙΅͔Σ 
ͨͦ͒͜ΌΣ ͍͙ͦͤ ζͯ ͊͒͊͟͡ΌͭΈη ͙͒ͤ͊ͣͯ͜͟ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͙ͣ͊ͫͦͻ ͦͼͤͦ͜;ͤͦ-ͼ͙ͤͤͫͤ͜͜ͻ 
ͫͯ ͔͒͗ͤΈ ͯ ͔ͭ͊͟ ͪͯͫͦ͡Σ Ύ͔͟ ͍͍͒ͨͦ͒͊͜͜Ί ͝ͻ ͣͫͭͯ͘͜Φ ˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ ͍ ͙ͫͯ͡ ͍ͫͦΊ͝ 
͙͙ͨͪͪͦ͒ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͍͙ͯͫͭ͊ͤͦ͟ ͍͙Ύ͍͡ΎΌͭΈͫΎ ͍ͫͦΊͪ͒ͤͦ͜Ό 
͍͙͔͔ͨͪ͒͗͊Ό;ͦΌ ͎ͨͪͦͪ͊ͣͦΌ ͍͙ͪͦͭͯ͘͟ ͜ ͨͪͦΎ͍ͯ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Φ ˤ͙ͦͤ 
͍͙ͤ͊͘;͊ΌͭΈ ͫͻ͙͡Έͤͫͭ͜Έ ͫͯ͋ϥΊͭ͊͟ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͒ͦ ͙͚ͫͨͪͤΎͭͭΎ ͙ͪͤ͘͜ͻ ͦ͋ϥΊ͍ͭ͟͜Σ 
͊ ͫ͒ͦͣ͜͡ ͊͘ ͼ͙ͣ ͜ ͒ͦ ͍͙͔ͪ͊͗ͤͤΎ ͍͒ͤͦ͜΄͔ͤͤΎ ͒ͦ ͙ͤͻΦ 

˭͍͙͒ͫ͜ ͪͦͯͣͦ͘͘͜͡Σ ;ͦͣͯΣ ͙ͫͨͪ͊Ό;͙ͫΈ ͤ͊ ͫͺ͍ͦͪͣͦ͊ͤ͜ ͍͙ͯͫͭ͊ͤͦ͟Σ ͫͯͫͨ͜͡Έͤ͊ 
͒ͯͣ͊͟ ͍͔͍͔ͨͤͤ͜΄͔ ͜ ΄͍͙͒΄͔ ͦͪ͜ΊͤͭͯΊͭΈͫΎ ͯ ͍ͨͦͫΎ͔͒ͤͤͦͣͯ͟ ͙͗ͭͭ͜ ͔͔ͫͪ͒ 
͍͔͙͎ͦͦ͟͡ ͪͤͦͣ͊ͤͭͭ͘͜͜Ύ ͺ͍͊ͭ͟͜ ͜ ͚ͨͦ͒͜Σ Ύ͍͙΅ ͜ ͨͪͦͼ͔͍ͫ͜ ͚͒ͫͤͦͫͭ͜͜Φ ˽͙ͪ ͼΈͦͣͯ ͤ͊ ͝͝ 
ͦͼͤ͜Ό͍͊͡Έͤͯ ͔ͪ͊͟ͼ͜Ό ͍͙͍ͨ͊͡Ί ͯ ͔ͨͪ΄ͯ ;͔͎ͪͯ ͔ͫ͊ͣ ͔ͭΣ ΅ͦ ͎ͯͦ͒͗ͯ͘ΊͭΈͫΎ ͘͜ 
ͣͫͭͦͣ͘͜ ͍͍͒ͨͦ͒ͤͦ͜͜͝ ͍͙ͯͫͭ͊ͤͦ͟Φ ́ͯͭ ͣͦ͗ͤ͊ ͔͎͙ͫͨͦͫͭͪ͊ͭ͜ ͜ ͙͙͍ͨͦͭͤͯ͘Σ ͜ ͔͎͙͍ͤ͊ͭͤͯ ͝͝ 
ͪͦ͡ΈΦ ˽͔ͪ΄͊Τ ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͯ ͭͦͣͯ ͍͙ͨ͊͒ͯ͟Σ ͙ͦ͟͡ ͣͫͭ͘͜ ͼ͜Ί͝ ͍͙ͯͫͭ͊ͤͦ͟ ͔ͤ 
͔͔ͨͪ΄ͦ͒͗͊͟Ί ͊͋ͦ ͍ͤ͊ͭ͜Έ ͎͒ͦͨͦͣ͊͊Ί ͫͯͫͨ͜͡Έ͚ͤ͜ ͒ͯͣͼ͜ ͺ͍͙ͦͪͣͯ͊ͭͫΎ ͍ ͪͯͫ͜͡ 
͙͚ͫͨͪͤΎͭͭΎ ͍͙ͤͦͻ Ύ͔͚ͦͫͭ͟ ͦ͋ϥΊͭ͊͟ ͜ ͚͙͊ͣ͊ͭ͘ ͨͦ ͍͒ͤͦ͜΄͔ͤͤΌ ͒ͦ ͙ͤͻ ͍͔͊͗ͤͯ͘Σ 
ͫͦͼ͊͜͡Έͤͦ ͤ͊͘;͙ͣͯ ͙ͨͦ͘ͼ͜ΌΦ ˤ ͤ͜΄ͦͣͯ ͨͪΎͣͦ ͙͔ͨͪͦͭ͗ͤͦͣͯ͡ ͍͙ͨ͊͒ͯ͟ ͫͯͫͨ͜͡Έͤ͊ 
͒ͯͣ͊͟ ͫͭ͊Ί ͍͎ͫͦͦ ͪͦ͒ͯ ζ͗ ͔͍ͪͭͦΌη, Ύ͊͟ ͍͙͒ͦͪ͊ͫ͜͡Ύ ͚ͫͭ͊ͪ͜ ͍ͯͫͭ͊ͤͦͼ͜Σ Ύ͊͟ ͍͔͗ ͔ͤ 
͍͍͒ͨͦ͒͊͜͜Ί ͤ͜ ͨͦͭͦ;͎ͤͦͦ ͔ͣͦͣͤͭͯΣ ͤ͜ ͒ͯͻͯ ;͊ͫͯΣ ͤ͜ ͔ͨͦͭͪ͋͊ͣ ͫͯͫͨ͜͡Έ͎ͤͦͦ 
͍͙ͪͦͭͯ͘͟Φ 

˨͡Ύ ͘ϥΎ͍ͫͯ͊ͤͤΎ ͔ͣͻ͊ͤͣͯ͘͜ ͍͙͍ͨͯ͡ ͍ͯͫͭ͊ͤͦͦ͟ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͯͫͨ͜͡Έͤͦ͝ 
͙͒ͯͣ͟ ͍͙͍͊͗ͦ͡ ͙ͣ͊ͭ ͤ͊ ͍ͯ͊͘͜Σ ΅ͦ ͍͙ͦͤ ͫͤͯ͜ΌͭΈ ͜Σ ͭ͊͟ ͙͋ ͍͙͙ͣͦͭΣ ζͨ ͪ͊ͼΌΌͭΈη ͔ͤ 
͙ͨͦͦ͒ͤͼ͜Σ ͊ ͍ ͫͯͯͨͤͦͫͭ͟͜Σ ͍͒ͦ͋ͪ͊͗͊͜Ό;͙Σ ͦ͗ͤ͊͟ ͔ͦͪͣͦ͟Σ ͦ͒ͤͯ ͘ ;͙͔͙ͫͤͤ͡ͻ 
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ͫͭͦͪͤ͜Σ ͍͘ϥΎ͍͘͟͜Σ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ Ύ͍͙΅͊Σ ͦ͋ϥΊ͙͒ͤ͊ͤͻ ͍ ͤ͟͜ͼ͔͍ͦͣͯ ͪ͊ͻͯͤͯ͟ 
͔͔͙ͫͭͪͦͭͨͦͣ ς ͦ ͋ͪ͊ͦͣ͘ ͜ ͨͦ͒ͦ͋ͦΌ Ύ͍͙΅͊ ͍ ͼͦͣͯ͜͡Φ  

˽͙ͭ͊ͤͤΎ ͨͪͦ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͨͦͤΎͭΈ ζͫ ͔͔͙ͭͪͦͭͨη, ζͯ ͍ͫͭ͊ͤͦ͟η͊, 
͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͍ͨͦͪͤ͜Ύͤͦ ͍͒͊ͤΌ ͫͭͦͪ͜͜Ό ͔͒ͦͫ͒͗ͤ͜͡ΈΣ Ί ͙ͨͦ͟ ͙͚͙͒ͫͯͫͤͣ͟͜Φ ˻͒ͤ͜ 
͙͙͒ͦͫ͒ͤ͜͟͡ ͫͻ͙͡Έͤ͜ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͔͔͙ͫͭͪͦͭͨ Ύ͟ ͎͙͍͙͚ͦͤͭͤ͟͜ ͔͔͔ͣͤͭ͡ ͍͙ͯͫͭ͊ͤͦ͟Φ 
˱ͤ΄͜ ͦͭͦͭͦ͗ͤΌΌͭΈ ͨͦͤΎͭͭΎ ζͯ ͍ͫͭ͊ͤͦ͊͟η ͜ ζͫ ͔͔͙ͭͪͦͭͨηΦ ͔́ͪͭ͜ ͍͍͊͗͊ΌͭΈΣ ΅ͦ 
ͫͨͦ;͊ͭͯ͟ ͯ ͡Ό͔͚͒ ͺͦͪͣͯΊͭΈͫΎ ͍ͯͫͭ͊ͤͦ͊͟Σ ͊ ͨͦͭͣ͜ ͔͔͙ͫͭͪͦͭͨ ͍ͤ͊ͨͦͤΌΊͭΈͫΎ 
͍͍͙͒ͨͦ͒ͤͣ͜͜ ͼ͚͜ ͍ͯͫͭ͊ͤͦͼ͜ ͣͫͭͦͣ͘͜Φ ͔͍͔̉ͭͪͭ͜ ͫͻ͙͡Έͤ͜ ͍͍͙͊͗͊ͭ ͔͔͙ͫͭͪͦͭͨ ͺͦͪͣͦΌ 
͍͙͔ͪ͊͗ͤͤΎ ͍͙ͯͫͭ͊ͤͦ͟Σ Ύ͊͟ ͤ͊͒͊Ί ͔͔͙ͫͭͪͦͭͨͯ ͔͍ͨͤͯ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͜ 
͔͙͍ͤͭͤͫͤͫͭ͜͜ΈΦ ˹͊ ͤ͊΄ͯ ͒ͯͣͯ͟ ͍ͯͫͭ͊ͤͦ͊͟ ͜ ͔͔͙ͫͭͪͦͭͨ ͍͙Ύ͍͡ΎΌͭΈͫΎ ͙͙ͨͦ͒͋ͤͣ͜Σ 
ͦ͒ ͙͙ͤͦͪ͒ͤͣ͜ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙͙ͤͣ ͍͔ͯͭͦͪͤͤΎ͙ͣΣ ͔ͨͪͦͭ ͔͔͙ͫͭͪͦͭͨ ͣ͊Ί 
͋͜͡Έ΄ ΄͙͙͚ͪͦ͟ ͔ͦͤͭͫͭ͟͟Φ ˤ͙ͦͤ ͍͍ͫͨ͒ͤͦͫ͜͜ΎͭΈͫΎ ͣ͗͜ ͫͦ͋ͦΌ Ύ͟ ͍͙͍͔͒ͦ ͜ ͍͔ͪͦ͒ͦ 
ͨͦͤΎͭͭΎΦ ͍̂ͫͭ͊ͤͦ͊͟ ͫͻͦͨ͡ΌΊ ͜ ͔͔ͨͪ͒͊Ί ;͍͔͊ͫͭͦ͟Σ ͊ ͔͔͙ͫͭͪͦͭͨ ς ͎͊͊͘͡Έ͔ͤΦ 
˿͔͔͙ͭͪͦͭͨ ͜ ͍ͯͫͭ͊ͤͦ͊͟ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ Ύ͟ ͫͭ͊͒͜͝ ͍͒ͦͪ͊ͤͤ͘͜Ύ ͜ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ 
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͍͙͒ͤͦͫͤ͜Σ ΅ͦ ͪͦͯͣ͘͜ΌͭΈͫΎ Ύ͟ ͼͫͤ͊͜͜͡ ͙͔ͫͫͭͣ͊ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻΣ 
͍͙͋ͦͪ;͙ͻΣ ͍͙ͫ͒ͦͣ͜ͻ ͍͘ϥΎ͍͘͟͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͘ ͙͙ͪͤͣ͘͜ ͙ͫͭͦͪͦͤ͊ͣ ͦ͋ϥΊ͙͍ͭͤͦ͟͝ 
͚͒ͫͤͦͫͭ͜͜Φ 

˿͙͍ͣͦ͜͡;ͤͦΣ ΅ͦ ͍͔ͨͪ΄͔ ͨͦͤΎͭͭΎ ζͫ ͔͔͙ͭͪͦͭͨη ͋ͯͦ͡ ͍͍͔͔͒ͤͦ ͍ ͤ͊ͯͯ͟ ͍ ͙ͤ͘͟͜ 
ζ˿ ͯͫͨ͜͡Έͤ͊ ͒ͯͣ͊͟η ͔͙͊ͣͪ͊ͤͫ͟Έ͙ͣ͟ ͙ͨͫͻ͎ͦͦͦͣ͡ ̂Φ ˶ͨͨͣ͊ͤͦͣ͜Φ ˤͤ͜ 
͍͙͙͍͍͍ͦͪͫͭͦͯ͊͟ ͔ͭͪͣͤ͜ ͫͦͼ͊͜͡Έ͙͚ͤ ͔͔͙ͫͭͪͦͭͨΣ ͍͙ͤ͊͘;͊Ό;͙ ͚͎ͦͦ Ύ͟ 
ͯͨͦͪΎ͍͒ͦ͊ͤͯ͟Σ ͫͻ͔͙ͣ͊ͭ;ͤͯΣ ͔͔͍͒ͭͪͣͤͦ͊ͤͯ͜ ͯ͟͡ΈͭͯͪͦΌ ζ͟ ͙͊ͪͭͤͯ͟ ͍ͫͭͯ͜η ͍ ͎͍ͦͦ͜͡ 
͡Ό͙͙͒ͤΦ ˤͤ͜ ͔͗ ͍͍͊͊͘͟ ͤ͊ ͍͒͜ ͚͍͙͍ͤ͊͊͗͜͡΄͜ ͙ͨͪ;͙͙ͤ ͔͔͙ͫͭͪͦͭͨ͊͘͜ͼ͜͝Φ 

˽͔ͪ΄͊ ͙ͨͪ;͙ͤ͊ ͨͦ͡Ύ͎͊Ί ͍ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙ͨͪͤͼ͙ͨͯ ͔ͦͤͦͣ͟͜͝ ͙ͯͫ͘͡ΈΣ 
ͻ͔͎͊ͪ͊ͭͪͤͦͦ͟ ͒͡Ύ ͍ͨͦͫΎ͔͎͒ͤͤͦͦ͟ ͡Ό͒ͫΈ͎ͦͦ͟ ͙͔ͣͫͤͤ͡ΎΦ ˨͙͚͊ͤ ͙ͨͪͤͼ͙ͨ ͦͤ͊͘;͊ΊΣ 
΅ͦ ͡Ό͙͒ ͔ͤ ͎ͨͪ͊ͤͯͭΈ ͔͎͍͙ͪ͊ͯ͊ͭ ͤ͊ ͍͙ͤ͊ͦ͟͡΄ͤ͜ Ύ͍͙΅͊ ͔ͦ͗ͤ͟ ͪ͊͘ ͨͦ-͍ͤͦͦͣͯΣ ͊ 
͍ͨ͒ͦ͒͜ΎͭΈ ͝ͻ ͨ͒͜ ͍͔͗ ͤ͊Ύ͍ͤ͜ ͔͎͊ͭͦͪ͟͜͝Φ ̂ ͼ͙ͻ ͍͙ͨ͊͒͊͟ͻ ͍ͨͤ͊͊͘͜͡Έ͙͚ͤ ͨͪͦͼ͔ͫ 
͙͊͘͡΄͊ΊͭΈͫΎ ͤ͊ ͍ͪͤ͜͜ ͔͋ͯ͒ͤͤͦ͝ ͍ͫ͒ͦͣͦͫͭ͜͜Σ ͔ͦ͋ͣ͗ͯΌ;͙ͫΈ ͙͗ͭͭΊ͍͙ͣ ͍͒ͦͫ͒ͦͣ͜Σ 
͍͙͊ͫͤͦ͊ͤͣ͘ ͤ͊ ͙͍͙ͭͨͦͻ ͒͡Ύ ͒͊ͤͦ͝ ͫͨ͜͡Έ͙ͤͦͭ ͯΎ͍͔ͤͤ͡ΎͻΦ ˹͍͙͊ͦ͟͡΄͚ͤ͜ ͍ͫͭ͜ 
͡Ό͙͙͒ͤ ͣ͊Ί ͔͍ͨͤ͜ ͔͔͔͙ͣͤͭ͡ ͍ͦ͒ͤ͊ͦͦͫͭ͟͜Σ ͊ ͍͍͒ͣͦ͊͜ ͍͒͜ ͔͔͙͍ͫͭͪͦͭͨ͜ ͍͙͎ͣ͊͊͊͡ ͋ 
͍͒͜ ͡Ό͙͙͒ͤ ͚ͨͦͫͭͤͦ͜͝ ͎͙ͤ͊ͨͪͯ ͍͎͙ͯ͊ ͜ ͔͔͍͙ͨͪͭͦͪ͊͡ ͋ ͫ͊ͣ ͨͪͦͼ͔ͫ ͙͗ͭͭΎ ͍ 
͔ͤͫͤ͟͜;͔ͤͤͯ ͙ͤͯ͘͟ ͨͪͦ͋ ͜ ͙ͨͦͣͦ͟͡Σ ;͊ͫͦͣ ͔͔͔ͤ͋ͨ͘;͙ͤͻΦ ˨͡Ύ ͙͍͎ͨͪͦ͒ͯͭͤͦͦ͟ 
ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͔͔͙ͫͭͪͦͭͨͯ ͔ͤͦ͋ͻ͒ͤͦ͜ ͪͦ͘;͔͍͍ͤͦͯ͊ͤͤ͡Ύ ͙͍ͤ͒͒ͦͣ͜͜ 
͍͙ͤ͊ͦ͟͡΄ͤΈͦ͝ ͚͒ͫͤͦͫͭ͜͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͨͪͦͼ͔͍ͫ͜ ͔͎͙͊ͭͦͪ͊͘͟ͼ͜͝Φ ˽͙ͪ ͼΈͦͣͯ 
͔͎͙͊ͭͦͪ͊͘͟ͼ͜Ύ ͔ͣͦ͗ ͎͙ͪͦͦͪͭ͊ͭͫ͘Ύ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͊͋ͦ ͎͙͍͙ͦͤͭͤ͟͜ͻΣ ͊͋ͦ 
͊ͺ͔͙͍͙ͭͤ͟ͻΣ ͊͋ͦ ͍͔͍͙ͨͦ͒ͤͦ͜͟ͻ ͍͙ͫ͊͒ͦ͟͡ͻ ͙ͨͫͻ͙͜͟ ͙͍ͤ͒͒͊͜͜Φ  

˨͎ͪͯ͊ ͙ͨͪ;͙ͤ͊ ͔͔͙ͫͭͪͦͭͨ͊͘͜ͼ͜͝ ͍ͨͦϥΎ͊ͤ͊͘ ͘͜ ͊͘ͻ͙ͫͭͦͣ ͎͍͙ͪͯͨͦͻ ͼ͔͚ͤͤͦͫͭ͜ Ύ͟ 
ͫͯͭͦ ͫͦͼ͊͜͡ΈͤͦΌ ͺͯͤ͟ͼ͜ΊΌΣ ΅ͦ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͯ ͍͙͎͡Ύ͒͜ ͍͔͔ͯͭͪ͒͗ͤͤΎ ͍ͫͦΊ͝ 
͔ͤͫͻͦ͗ͦͫͭ͜Σ ͔ͫͨͼ͙ͺ͜;ͤͦͫͭ͜Φ ˻͋ͪ͊ͤͦ͘ ͊͗ͯ͟;͙Σ ͔͔͙͙ͫͭͪͦͭͨ ς ͼ͔ ͺ͔ͦͪͭͼΎΣ Ύ͊͟ 
͊͘ͻ͙΅͊Ί ͙ͭͪ͊͒ͼ͜͝Σ ͎ͨͦ͡Ύ͙͒Σ ͔͔ͨͪͦͤ͊ͤͤ͟ΎΣ ͼͤͤͦͫͭ͜͜ ͙͍ͤ͒͒͊͜͜Σ ͚ͦͣͯ ͙͊ͭ͘΄ͤͦ ͊͘ 
͙ͫͭͤ͊ͣ͜ ͼ͜Ί͝ ͺ͔ͦͪͭͼ͜Σ ͋ͦ ͭ͊ͣ ͍ͤ͜ ͍͒͜;͍ͯ͊Ί ͔͔ͫ͋ ͍ ͔͔͋ͨ͘ͼ͜Φ ́ͦͣͯ ͋ͯ͒Έ-Ύ͔͟ 
ͨͦͫΎ͎͊ͤͤΎ ͤ͊ ͔͔͙͙ͫͭͪͦͭͨ Ί ͊ͣ͊͘ͻ ͤ͊ ͔͔͋ͨͯ͘͟ ͙͍ͤ͒͒͊͜͜Σ ͍ͤ͜ ͪͦ͘ͼͤ͜ΌΊ ͭ͊͟͜ ͒͜͝ ͜ Ύ͟ 
͊ͣ͊͘ͻ ͤ͊ ͍͙ͦͫͤͦ ͍͎ͫͦͦ ͍͎ͫͭͦ͜͡Ύ͒ͯ ώсϐΦ 
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˿ͦͼ͊͜͡Έͤͦͣͯ ͔͔͙ͫͭͪͦͭͨͯ ͙ͨͪͭ͊ͣ͊ͤͤ͜ ͔͍ͨͤ͜ ͍͙͍͊ͫͭͦͫͭ͜͡Σ ͭ͊͟͜ Ύ͟ 
͔͔͔ͯͨͪ͒͗ͤͫͭ͜ΈΣ ͙͎ͪ͒ͤͫͭ͜͜ΈΣ ͦͼͤ͜Ό͍͊͡Έͤ͊ ͍͔͊͋͊ͪͤͫͭ͘͜͡ΈΣ ͦ͒ͤͦͤ͊͘;ͤͫͭ͜ΈΣ 
͔͔͔͙͍ͪͨͪͤͭ͊ͭͤͫͭ͘͜ΈΦ ˤ͊ͪͭͦ ͎ͪͦ͘͡Ύ͙ͤͯͭ ͝ͻ ͋͜͡Έ΄ ͔͒ͭ͊͡ΈͤͦΦ 

˹͚͊͋͜͡Έ΄ Ύ͍ͫͪ͊ͦ͟Ό ͜ ͙͍ͭͨͦͦΌ ͍͙͍͊ͫͭͫͭ͜͡Ό ͔͔͙͍ͫͭͪͦͭͨ͜ Ί ͔͔͔ͯͨͪ͒͗ͤͫͭ͜ΈΦ 
˶Ό͙͒ ;͊ͫͭͦ ͣͦ͗ͯͭΈ ͙͚͙ͫͨͪͣ͊ͭ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͘ ͔͍ͨͤͦΌ ;͊ͫͭͦ͟Ό ͔͔͔ͯͨͪ͒͗ͤͦͫͭ͜Σ 
͍ͤ͊ͭ͜Έ ͔ͤ ͍͙͊͗͒͘ ͪͦͯͣ͘͜Ό;͙ ͼ͔Φ ˤ͙ͦͤ ͔͔͍ͨͪ͋ͯ͊ΌͭΈ ͯ ͍͚ͨͦͤ͜ ͔͍͔ͯͨͤͤͦͫͭ͜Σ ΅ͦ ͝ͻ 
͔͎͙͍͔ͤ͊ͭͤ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͡Ό͙͙͒ͤΣ ͎͙ͪͯͨ ͡Ό͔͚͒ ͊͋ͦ ͨͦ͒͜͝ ͍͙͙͔͊ͤ͟͟͡ ͝ͻ 
͔͎͙͍͙͙ͤ͊ͭͤͣ Ύͦͫͭ͟Ύ͙ͣ ͊͋ͦ ͎ͨͦ͊ͤͦΌ ͍͔ͨͦ͒ͤͦ͜͟ΌΦ ˸͙͙͚ͤͯ͡ ͔͎͙͍͙͚ͤ͊ͭͤ ͍͒ͦͫ͒͜ 
͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͯ;͙͊ͫͤͦͣ͟ ͎͙ͪͯͨ ͔ͣͦ͗ ͨͦͭͣ͜ ͔͍͙ͨͪͦͭͯ͊ͭͫ͟Ύ ͤ͊ ͍ͫ͜ͻ ;͔͍ͤ͜͡ ͼ͜Ί͝ 
͎͙ͪͯͨΦ ˤ͙͍͊ͫͭͫͭ͜͡Έ ͔͔͔ͯͨͪ͒͗ͤͦͫͭ͜ ΅ͦ͒ͦ ͤ͜ͺͦͪͣ͊ͼ͜͝ κ ͚͒ͫͤͦͫͭ͜͜Σ ΅ͦ ͙͚ͫͨͪͣ͊ΊͭΈͫΎ 
ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͙ͤ͊ͫͭͯͨͤͣ ;͙ͤͦͣΥ ͡Ό͙͒ͤ͊ ͫͨͦ;͊ͭͯ͟ ζͫ ͊ͤͯ͟Ίη ͔͔͒͗ͪͦ͡ ͍͙͍ͨͯ͡ ͜ 
͙͡΄͔ ͨͦͭͣ͜ ͔͔ͨͪͻ͙ͦ͒ͭΈ ͒ͦ ͙͍͎ͫͣͫͦͦͦ͡ ͣͫͭͯ͘͜ ͦͣͯͤ͊͟͜͟ͼ͜͝Σ ͭͦ͋ͭͦ ͒ͦ 
͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ ͍͔͗ ͔͎͊͒͊͒͘͘͜͡Έ ͺͦͪͣͯΊͭΈͫΎ ͙͙͍͔ͨͦͭͤ͘ ͊͋ͦ ͔͎͙͍͔ͤ͊ͭͤ ͍͔ͫͭ͊ͤͤ͡ΎΦ 
͔̇ Ί ;͊ͫͭͦΌ ͙ͨͪ;͙ͤͦΌ ͙͍͙ͣͦ͗͡ͻ ͙ͨͦͣͦ͟͡ ͜ ͔ͤͭͦ;͔͚ͤͦͫͭ ͯ ͙ͨͪ͊ͭ͟;͚ͤ͜ 
͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͔͚͒Φ 

˱ͤ΄ͦΌ ͍͙͍͊ͫͭͫͭ͜͡Ό ͫͦͼ͊͜͡Έ͙ͤͻ ͔͔͙͍ͫͭͪͦͭͨ͜ Ί ͝ͻ ͙͎ͪ͒ͤͫͭ͜͜ΈΦ ˨͡Ύ ͔͔͙͍ͫͭͪͦͭͨ͜ 
ͻ͔͊ͪ͊ͭͪͤ͟͜ ͫͭ͊͋͜͡Έͤͫͭ͜Έ ͜ ͔͍͙͍ͦͤͫͪ͊ͭͤͫͭ͟͜Έ ͨͪͦͭΎ͎ͦͣ ͍͎͎͒ͦͦͦ ͔ͨͪͦ͒ͯ͜ ;͊ͫͯΦ ˿͔͊ͣ 
ͭͦͣͯ ͡Ό͙͒ ͘͜ ͔͔͙͙ͫͭͪͦͭͨͤͣ ͙͔ͣͫͤͤ͡Ύͣ ͜ ͍͔ͨͦ͒ͤͦ͜͟Ό ͣͦ͗ͯͭΈ ͯͫͨ͜΄ͤͦ 
͙ͨͪͦͭͫͭͦΎ͙ͭ ͪ͊ͼͦͤ͊͜͡Έ͙ͤͣ ͎͔͊ͪͯͣͤͭ͊ͣΣ ͋ͯ͒Έ-Ύ͚͟͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͫͨͪΎ͍͚ͣͦ͊ͤ͜ ͤ͊ ͝ͻ 
ͣͤͯ͘͜Φ ˢ͔͡ ͙ͨͪ ͼΈͦͣͯ ͙͎ͪ͒ͤͫͭ͜͜Έ ͔͔͙͍ͫͭͪͦͭͨ͜ ͔ͤ ͊͋ͫͦ͡Όͭͤ͊Σ ͣ͝ ͍͙͍͊ͫͭ͊͡ ͭ͊ͦ͗͟ ͜ 
͔͍ͨͤ͊ ͙ͨ͊ͫͭ͡;ͤͫͭ͜ΈΦ ˶Ό͙͒ ͣͯ͘΄͔ͤ͜ ͙͍͍͙ͨͪͫͭͦͫͦͯ͊ͭͫΎ ͒ͦ ͣͤ͘͜Σ ΅ͦ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͍ 
ͫͯͫͨ͜͡Έ͍ͫͭ͜Σ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͜ ͫͦͼ͊͜͡Έͤ͜ ͔͔͙͙ͫͭͪͦͭͨ ͫͻ͙͡Έͤ͜ ͒ͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜͝ ͨ͒͜ 
͍͙͍ͨͦͣ͡ ͦ͋ϥΊ͙͍͙ͭͤ͟ͻ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ ͜ ͙ͨͦͭ͜͡;͙ͤͻ ;͙͙͍ͤͤ͟͜Σ ͻͦ;͊ 
͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͼ͔ ͙͒ͦͫͭΈ ͍ͨͦ͜͡ΈͤͦΦ ˥ͤͯ;ͫͭ͟͜Έ ͔͔͙͍ͫͭͪͦͭͨ͜ ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͯ 
͙͎͍ͦͪͯ͊ͤͤ͟͜ ͼ͔͚ͤͤͦͫͭ͜Σ ͍ͯͫͭ͊ͤͦͦ͟Σ ͙͍ͣͦͭ͊ͼ͚͜Σ ͔͔͚ͣͦ͒͡ ͍͔͙ͨͦ͒ͤ͜͟ ͍ ͚ͭ͜ ;͙ ͤ͜΄͚͜ 
͙ͫͭͯ͊ͼ͜͝Φ ̒͟΅ͦ ͡Ό͙͒ͤ͊ ͎͍ͦͭͦ͊ ͙͚͙ͫͨͪͣ͊ͭ ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ Ύ͊͟ ͔ͤ ͎͋͊͘͜ΊͭΈͫΎ ͘ ͝͝ 
͔͔͙͙͙ͫͭͪͦͭͨͤͣ ͯΎ͍͔ͤͤ͡Ύ͙ͣ ͜ ͔ͫͯ͒͗ͤͤΎ͙ͣΣ ͭͦ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ζ͡ ͦͣ͊͟η 
͔͔͙͎ͫͭͪͦͭͨͤͦͦ ͙͔ͣͫͤͤ͡ΎΦ ˢ͔͡Σ ͙ͭͣ ͔ͤ ͔ͣͤ΄͔Σ ͡Ό͙͒ͤ͊ ͔ͤ ͔ͣͦ͗ ͙ͣͭͭΊ͍ͦ ͙͙ͣͤͭ͘͜ 
ͪ͊ͯͪͫ͟ ͍͔͗ ͫͺ͍ͦͪͣͦ͊ͤͦ͝ ͙͒ͯͣ͟Σ ͚͝ ͫ͊͒ͤͦ͟͡ ͍͙͚͙ͭ ͊͘ ͙ͪ͊ͣ͟ ͍͎ͫͦͦ ͍ͨͦͫΎ͔͎͒ͤͤͦͦ͟ 
͙͚ͫͨͪͤΎͭͭΎΦ 

˸ͪͯ͜͟Ό;͙ ͨͪͦ ͚͍ͣͦͪͤͫͭ͜͜Έ ͊͋ͫͦ͡Ό͎ͭͤͦͦ ͙͔ͤͤͤͤ͘͟Ύ ͔͔͙͍ͫͭͪͦͭͨ͜Σ 
͙͙͒ͦͫ͒ͤ͜͟͡ ͫͻͦ͒ΎͭΈͫΎ ͤ͊ ͒ͯͣͼ͜ ͨͪͦ ͔ͭΣ ΅ͦ ͘ ͙ͨͤͦͣ͡ ;͊ͫͯ ͔͔͙͙ͫͭͪͦͭͨ 
͍͙͒ͦͣͤ͘͜ΌΌͭΈ ͍͚ͫ͜ ͣͫͭ͘͜Σ ͔͊͡ ͍ͨͦͤͫͭ͜Ό ͙͙ͤͤͯͭ͘͟ ͔ͤ ͣͦ͗ͯͭΈΣ ͭ͊͟ Ύ͟ ͍͙ͫͭͯͨ͊ΌͭΈ 
͔͙ͤͫͭͪͯͣͤͭ͊ͣ͜ ͍ͫ͒ͦͣͦͫͭ͜͜ ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˹͔ ͫͤͯ͜ΌͭΈ ͊͋ͫͦ͡Όͭͤͦ ͍ͦ͒ͤ͊ͦ͟͜ 
͔ͨͪͦ͋ͣͤ͜͡ ͙ͫͭͯ͊ͼ͜͝Σ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ Ύ͙͟ͻ ͨͦͭͪ͋ͤ͜͜ ͭ͜ ;͙ ͤ͜΄͜ ͫͦͼ͊͜͡Έͤ͜ ͔͔͙͙ͫͭͪͦͭͨΣ 
ͭͦͣͯ ͝ͻ ͣͫͭ͘͜ Ί ͙͍͙ͣͤͣ͜͡ ώпΤ тϐΦ 

˻ͼͤ͜Ό͍͊͡Έͤ͊ ͍͔͊͋͊ͪͤͫͭ͘͜͡ΈΣ Ύ͟ ͦ͒ͤ͊ ͘͜ ͤ͊͘;ͯ΅͙ͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͫͦͼ͊͜͡Έ͙ͤͻ 
͔͔͙͍ͫͭͪͦͭͨ͜Σ ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͎͍͙ͦͦͤͣ͡ ;͙ͤͦͣ ͍ ͝ͻ ͤ͊ͦ;ͤͦͫͭ͜Σ ͍ ͔ͪ͊͡Έ͙ͤͻ ͒͜Ύͻ ͜ 
͍;͙ͤ͊͟ͻ ͡Ό͔͚͒Φ ˹͙͊ͨͪ͊͒͟͡Σ ͔͔͙ͫͭͪͦͭͨ ͔͎͙͍͎ͤ͊ͭͤͦͦ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͋ͯ͒Έ-Ύ͙͟ͻ 
͙͍ͤ͒͜ ͍͒͜͜ ͊͋ͦ ͎ͪͯͨ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͔ͤ͊ͨͪͯ͗ͤͤΎ ͣ͗͜ ͙͙ͤͣ ͘ ͯͫͣ͊͜ ͙ͤ͊ͫ͒͊ͣ͜͟͡ ς 
͍͒͜ ͦ͋ͪ͊͘ ͒ͦ ͺ͙͘͜;͎ͤͦͦ ͙ͤ͊ͫ͡Έ͍ͫͭ͊Φ 
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͙́͊ͣ͟ ;͙ͤͦͣΣ ͫͦͼ͊͜͡Έͤ͜ ͔͔͙͙ͫͭͪͦͭͨ ͔ͤ Ί ͔͚ͤͭͪ͊͡Έ͙͙ͤͣ ͘ ͭͦ;͙͟ ͦͪͯ͘ 
͎͊ͫͦͦ͟͜͜͡;͎ͤͦͦ ͨ͒͜ͻͦ͒ͯΦ ˿͔͔͙ͭͪͦͭͨ͊͘͜ͼ͜Ύ ͋ͯ͒Έ-Ύ͎ͦͦ͟ Ύ͍͙΅͊ ͍͙͊͗͒͘ ͔͔ͨͪ͒͋͊;͊Ί 
͚͎ͦͦ ͦͼͤͯ͜͟Σ Ύ͊͟Σ ͯ ͍ͫͦΌ ;͔͎ͪͯΣ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͪΎ͒ͯ ;͙͙͍ͤͤ͟͜Υ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͊͟ 
ͦͼͤ͜ΌΊ ͜ ͪ͊ͯͪͫͯ͟ ͦͼ͙ͤ͜͟Σ ͦͫ͟͜͡Έ͙͟ ͦͼͤ͊͜͟ ζͨ ͙ͪͤ͊͘;͔ͤ͊ ͒͡Ύ ͎ͭͦͦΣ ΅ͦ͋ 
ͯͨͦͪΎ͍͙͒ͯ͊ͭ͟Σ ͔͎ͨͦ͡΄͍͙ͯ͊ͭ ͜ ͔͎ͪͯ͡Ό͍͙͊ͭ ͡Ό͒ͫΈͯ͟ ͒͜Ύ͡Έͤͫͭ͜Έη ώмΣ рϐΦ ˻ͼͤ͊͜͟ 
͋ͯ͒Έ-Ύ͎ͦͦ͟ ͫͦͼ͊͜͡Έ͎ͤͦͦ Ύ͍͙΅͊ ͙ͤͦͫͭΈ ͔ͤͦ͋ϥΊ͙͍͙͚ͭͤ͟ ͻ͔͊ͪ͊ͭͪ͟Σ ͭ͊͟ Ύ͟ ;͊ͫͭͦ 
͔͙͊͗ͭ͘͡Έ ͍͒͜ ͔͔͙͍ͫͭͪͦͭͨ͜ ͙ͭͻΣ ͻͭͦ ͦͼͤ͜ΌΊΦ ˽͙ͪ ͙͙ͦ͒ͤ;͚ͤ͜ ͦͼͤ͜ͼ͜ ͔͙ͤͣͤͯ;͔ 
͙͊͘͡΄͊ΌͭΈͫΎ ͨͦ͊͘ ͍͎ͯ͊ͦΌ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͦ͋ϥΊ͙͍ͭͤ͟͜ ͙ͦͤ͊͘͟ ͫͯ͋ϥΊͭ͊͟ ͦͼͤ͜Ό͍͊ͤͤΎΣ ͊ 
͙͔ͦͭͪͣ͊ͤ ͔͔͙͔ͫͭͪͦͭͨͤ ͔ͫͯ͒͗ͤͤΎ ͍ͤ͊ͨͦͤΌΊͭΈͫΎ ͻ͙͙͙͋ͤͣ ͯΎ͍͔ͤͤ͡Ύ͙ͣΦ 

˿ͦͼ͊͜͡Έͤ͜ ͔͔͙͙ͫͭͪͦͭͨΣ ͨ͒ͦͪ͜͟ΎΌ;͙ͫΈ ͭ͊ͦ͗͟ ͍͙ͫͯͦͪͣ ͎ͦ͜͡;͙ͤͣ ͊ͦͤ͊ͣ͘͟ 
͙͔ͣͫͤͤ͡ΎΣ ͍ͦͦ͒͜͡ΌͭΈ ͍͙͍͊ͫͭͫͭ͜͡Ό ͦ͒ͤͦͤ͊͘;ͤͦͫͭ͜Φ ͔̇ ͦͤ͊͘;͊ΊΣ ΅ͦ ͘ ͙͍ͨͪͦ͒ͯ 
͎ͦ͒ͤͦͦ ͜ ͎ͭͦͦ ͗ ͦ͋ϥΊͭ͊͟ ͦ͒ͤͦ;͊ͫͤͦ ͔ͤ ͣͦ͗ͯͭΈ ͘ϥΎ͍͙͙ͭͫΎ ͍͒͊ ͔͔ͫͯͨͪ;͙͍͙͡ͻ ͙ͦ͒ͤ 
ͦ͒ͤͦͣͯ ͔ͫͯ͒͗ͤͤΎΦ 

˾͔͔͔͙͍ͨͪͤͭ͊ͭͤͫͭ͘͜ΈΣ Ύ͟ ΅͔ ͦ͒ͤ͊ ͍͙͍͊ͫͭͫͭ͜͡Έ ͫͦͼ͊͜͡Έ͙ͤͻ ͔͔͙͍ͫͭͪͦͭͨ͜Σ 
ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͍ ͭͦͣͯΣ ΅ͦ ͔͔͙ͫͭͪͦͭͨ͊͘͜ͼ͜Ύ ͍͙ͫͭͯͨ͊Ί ͫͨͪͦ΅͔͙ͤͣ ͫͨͦͫͦ͋ͦͣ 
͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͔͍ͨͤͦ͝ ͪͤͦͣ͊ͤͭͤͦͫͭ͘͜͜͜ ͔͋͘͜͡;͜ Ύ͍͙΅Σ ͙ͪͫΣ ͦͤ͊͘͟ ͜ ͭΦͨΦ ˽͙ͪ ͼΈͦͣͯ 
͟͜͡Έ͊͟ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͘ϥΊ͒ͤͯΌͭΈͫΎ ͍ ͙ͦ͒ͤΣ ͙͒ͦͫͭΈ ͙͚ͨͪͦͫͭ ͦ͋ͪ͊͘Σ Ύ͙͚͟ 
͔͍ͨͪ͒ͫͭ͊͡ΎΊ ͜ ͍͙ͪ͊͗͊Ί ͫͯͭͤͫͭ͜Έ ͍ͫ͜Ί͝ ͎͙ͪͯͨΦ 

̒͟ ͨͦ͊ͯ͘͟Ί ͙ͫͭͦͪ͜;͙͚ͤ ͍͒ͦͫ͒͜ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Σ ͝͝ ͦ͋ϥΊͭͦͣ͟ ;͊ͫͭͦ 
ͫͭ͊ΌͭΈ ͙ͦ͒ͤͦͭͨͤ͜Σ ͎͋͊͊ͭͦ ͍ ;ͦͣͯ ͫͻͦ͗͜ ͊͘ ͣͫͭͦͣ͘͜ ͜ ͫͭͪͯͭͯͪͦ͟Ό ͺ͙͊ͭ͟Σ ͨͦ͒͜͝Σ 
Ύ͍͙΅͊Φ ͔̇ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͎ͭͦͦΣ ΅ͦ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͙ͤͻ ͘ ͋ͦͯ͟ ͣ͊ͫ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͔͍ͨͤͦΌ ͦ͒ͤͦͣ͊ͤͭͤͫͭ͜͜Ό ͜ ͚ͫͭͫͭ͜͟͜ΌΥ ͊͘ ͙͙ͭͣ ͺ͙͊ͭ͊ͣ͟Σ ͨͦ͒͜Ύ͙ͣΣ 
Ύ͍͙΅͙͊ͣΣ ͤ͊ Ύ͟͜ ͫͯ͋ϥΊͭ͟ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͔͎͍͍ͪ͊ͯ͊ ͔͍ͤͦ͒ͤͦͪ͊ͦͦ͘Σ ͊ ͙ͭͣ ͋͜͡Έ΄͔ 
͔͒ͯ͗ ;͊ͫͭͦΣ ͺͦͪͣͯΊͭΈͫΎ ͜ ͍͔͊ͭͪ͒͗ͯ͘ΊͭΈͫΎ ͔͔͙ͫͭͪͦͭͨ ͚͎ͦͦ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͙ͤͻΦ ̂ 
͙ͭ͊͟ͻ ͍͙ͨ͊͒͊͟ͻ ͨͪͦΎ͍ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͣͦ͗ͤ͊ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͔ͪͯ͘͡Έͭ͊ͭ 
͍͔͔͒ͤͫͤͤ͜Ύ ͪ͊ͤ͜΄͔ ͫͺ͍͙ͦͪͣͦ͊ͤͻ ͍͙ͣ͊ͫͦͻ ͦͼͤͦ͜͟ ͒ͦ ͦ͋ϥΊͭͯ͟ ͚͒ͫͤͦͫͭ͜͜Σ Ύ͙͚͟ 
͍͙͙͍͒ͫ͜͡Ύ ͍ ͙͚͒͊ͤ ͔ͣͦͣͤͭΦ ˿͔͊ͣ ͍͊͒͘Ύ͙͟ ͤ͊Ύ͍ͤͦͫͭ͜ ͭ͊ ͙͍͗ͯ;ͦͫͭ͜ ͔͔͙͍ͫͭͪͦͭͨ͜Σ Ύ͟͜ 
͔ͤͫͯͭΈ ͍ ͫͦ͋͜ ͣ͜ͼͤͦ ͍͔͔ͦͪͤͤ͟͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͣ͊ͫ ͒ͦ ͫͻ͙ͦ͗ͻ ͦ͋ϥΊ͍ͭ͟͜ ͚͒ͫͤͦͫͭ͜͜Σ 
ͣͦ͗ͤ͊ ;͊ͫͦͣ ͔͎͙ͫͨͦͫͭͪ͊ͭ͜ ͙ͣͭͭΊ͍ͯ ͔ͪ͊͟ͼ͜Ό ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Σ Ύ͚͟͜ ͔ͤ 
͔͔͍͙ͨͪ͒ͯ͊͡ ͔ͭͤͤͤ͘͜͟Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻΣ ͎͍͙ͪͯͨͦͻ ͒ͯͣͦ͟Σ ͎ͦͫͭͪ͜ ͙͒ͫͯͫ͟͜͝Σ 
͍͎͙͍͔͒ͦͦͭͪ͊͡ ͍͙͍ͪ͊ͤͤ͘͜Ύ ͎͊͊͘͡Έͤͦ͝ ͭͦ;͙͟ ͦͪͯ͘Φ 

ˤ͙͍͊ͫͭ͊͡ ͔͔͙ͫͭͪͦͭͨͯ ͍͙ͨ͒͜΅͔ͤ͊ ͔ͣͦͼ͚ͤͫͭ͜͜Έ ͙ͨ͒ͫ͜͡ΌΊ ͦͼͤ͜Ό͍͊͡Έ͙͚ͤ 
ͻ͔͊ͪ͊ͭͪ͟ ͔ͫͯ͒͗ͤΈ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Φ ̂ ͍͚ͣ͊ͫͦ͜ ͍ͫ͒ͦͣͦͫͭ͜͜ ͔͔͙͙ͫͭͪͦͭͨ ͙͍ͦ͗͊ΌͭΈ 
͍͊͒͘Ύ͙͟ ͎͋͊͊ͭͦͣͯ ͍ͣͫͭͯ͜ ͫͦͼ͊͜͡Έͤͦ͝ ͨ͊ͣϥΎͭ͜Φ ˭͔͔͔͙͚ͦͫͪ͒͗ͤ ͍ ͚ͤ͜ ͍ ͙͚ͫͭͫ͜͡Σ 
ͦͤ͟ͼ͔͍͚ͤͭͪͦ͊ͤ͜ ͺͦͪͣ͜ ͚ͪͤͦͫͭͦͪͦͤͤ͘͜͜ ͍͒ͦͫ͒͜ ͡Ό͔͚͒Σ ͝ͻ ͦͼ͙ͤ͜͟ ͙͙ͣͤͯ͡ͻ ͚ͨͦ͒͜Σ 
Ύ͍͙΅Σ ͨͪͦͼ͔͍ͫ͜ ͙ͦ͒ͤͣ ͪ͊ͦͣ͘ ͍͙͙͍͊͡ΌͭΈͫΎ ͍ ͦ͒ͤͦͤ͊͘;ͤͯ ͔ͪ͊͟ͼ͜Ό ͫͯͫͨ͜͡Έͤͦ͝ 
͙͒ͯͣ͟ ͤ͊ ͍ͦͤ͘͜΄͚ͤ͜ ͦ͋ϥΊͭ͟Φ 

˽͙͍ͦͣͭ͜΄͙ ͔͍ͨͤͯ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͯ ͍͙͍ͨ͜͡ ͤ͊ ͍ͣ͊ͫͦ͜ ͦͼͤ͜Ό͍͊͡Έͤ͜ ͔ͪ͊͟ͼ͜͝ ͝ͻ 
͍͙ͦͫͤͦͤͻ ͪͯ΄͚͙ͤ͜ͻ ͙ͫ͡ ͜ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ;͙͙͍ͤͤ͟͜Σ ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘ 
͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͔͊ͪͦ͒͗ͤͤ͘Ύ ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͔͙ͫͫͭͣ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ 
͊͘ ͍ͫͦΊ͙ͪ͒ͤͣ͜ ͊ͤ͡ͼΌ͎ͦͣΥ ͔͙ͨͦͭͪ͋ - ͔͔͙ͤͭͪͫ͜ - ͼͤͤͫͤ͜͜͜ ͦͪ͜Ίͤͭ͊ͼ͜͝ - ͍͙ͯͫͭ͊ͤͦ͟ - 
͔͔͙͙ͫͭͪͦͭͨΦ ˿͔͊ͣ ͯ ͚ͭ͊͟͜ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ όΎ͍ͤͦ ͊͋ͦ ͔ͤΎ͍ͤͦΣ ͍ ͎ͪͦͦͪͤͯͭͦͣͯ͘ ͊͋ͦ 
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͎ͦͪͤͯͭͦͣͯ͘ ͍͙͎͡Ύ͒͜ύ ͊͘Ύ͍͡ΎΊ ͨͪͦ ͔͔ͫ͋ ͯ ͨͪͦͼ͔ͫ͜ ͙͙͒ͤ͊ͣ͜͟ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ 
ͫͨ͊Ύ͙͚ͤ ͙ͫ͊ͣͣ ͙͗ͭͭΎͣΣ ͫͯͫͨ͜͡ΈͤͦΌ ͙ͨͪ͊ͭͦ͟͟Ό ͊ͤ͡ͼΌ͎ ͎ͪͦ͘͡Ύ͙ͤͯͭͻ ͍͔ͯͭͦͪͤΈΦ 
˶͙͊ͤ͟ ͼΈ͎ͦͦ ͊ͤ͡ͼΌ͎͊Σ ͍͘Ύͭ͜ ͍ ͙͔ͫͫͭͣ͜ ͍͘ϥΎ͍͘͟͜ ͜ ͍͊͘Ίͣͦ͒͜͝ ͙ͦ͒ͤ ͘ ͙ͦ͒ͤͣΣ 
ͫ͊͒͊͟͡ΌͭΈ ͍͎ͫͦͦ ͪͦ͒ͯ ͦ͒͟ ͔ͪ͊͟ͼ͜͝ ͊͋ͦ ͤ͊Ύ͍͎ͤͦͦ ͫͭ͊ͤͯ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟Φ 
˾ͦ͘΄͙ͺ͍͙ͪͯ͊ͭ ͣͫͭ͘͜ ͼΈ͎ͦͦ ͦ͒ͯ͟ ς ͤ͊͘;͙ͭΈ ͚͙ͨ͒ͭ͜͜ ͒ͦ ͙ͫ͊ͣͻ ͫͨͦͤͯ͊͟͡Έ͙ͤͻ 
͙ͨͪ;͙ͤΣ Ύ͟͜ ͍͙͙͙͊͟͟͡͡ ͙͒ͤ͊ͣͯ͜͟ ͜ ͙͍͊ͭ͊͘͟͜ͼ͜Ό ͒͊ͤͦ͝ ͙͒ͯͣ͟Σ ͪ͊͟΅͔ ͨͦ͋͊;͙͙ͭ ͜ 
͙ͪͦͯͣͭ͘͘͜ ͝͝ ͍͒ͣͤͤ͜͜͜ ͙͙ͪͫ ͭ͊ ͍͙͍͊ͫͭͦͫͭ͜͡Σ ͯΎ͍͙͙ͭ ͙͍ͣͦ͗͜͡ ͤ͊ͨͪΎ͙ͣ͟ ͝͝ ͍͙ͪͦͭͯ͘͟ ͜ 
ͨͪͦΎ͍͙ ͔ͤ ͭ͜͡Έ͙͟ ͍ ͫΈ͎͔ͦͦ͒ͤͤ͜Σ ͔͊͡ ͜ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯΦ 

  
˶˱́˩˾ˢ́̂˾ˢ 

 мΦ ˢͪͯͭΌ͍ͤͦ͊ ˹Φ ˨Φ ˽͔ͪͦ͋ͣ͡· ͚ͫͭͪͯͭͯͪͤͦ͟ ͙͎͍͙͙͙ͤͫͭ͟͡Φ ς ˸ Φ Υ ˹͊ͯ͊͟Σ мфупΦ 
ς 247 c. 

нΦ ˥͔͎͔͡Έ ˥ΦˤΦ̅Φ ̏ͤͼ͙͔͙ͦͨ͒͟͡Ύ ͺ͙ͦͫͦ͡ͺ͙ͫ͟ͻ ͤ͊ͯ͟Φ ́Φ мΦ ˹͊ͯ͊͟ ͎͙͙ͦ͟͡Φ ς ˸ ΦΣ 
ζ˸ ·ͫ͡Έη, 1974. ς прн ͫ. 

оΦ ˥͍ͪ͊ͤͦͫ͊͟Ύ ˾Φ˸ΦΣ ˴͙ͪ͗͊ͤͫ͊͟Ύ ̑Φ˿Φ ͍́ͦͪ;͔͍ͫͭͦ ͙ ͔͔͙͔ͨͪͦ͒ͦͤ͡ 
͔͔͙͍ͫͭͪͦͭͨͦΦ ς ˿ ˽͋ΦΥ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ˻˸˿Σ мффпΦ ς мфн ͫΦ 

пΦ ͙̏ͭͤ;͔͙͔ͫ͟ ͔͔͙ͫͭͪͦͭͨ· ͍͔͔͙ͨͦ͒ͤΎΦ κ ˽ ͦ͒ ͔ͪ͒Φ ˢΦ˴Φ x ͚͙͊͋ͯͪͤ͊Φ ς ˶ ΦΥ 
˹͊ͯ͊͟Σ мфурΦ ς онр ͫ. 

рΦ ˭͍͒ͪ͊ͦͣ·͍ͫͦ͡ ˢΦ˥Φ ˽͔͙ͦͭͪ͋ͤͦͫͭΦ ˮ͔͔ͤͭͪͫ·Φ ͔͙̇ͤͤͦͫͭΦ ς ˸ΦΥ ˽͙͙ͦͭ͒͊ͭ͘͡Σ 
1986. ς нно ͫ. 

6Φ ˶͙ͨͨͣ͊ͤ ̂Φ ˻͋΅͔͍͔͔ͫͭͤͤͦ ͔͙͔ͣͤͤ ς ˸Φ Υ ˮ͙ͤͫͭͭͯͭ ̅ͦͤ͒͊ 
ζ˻ ͋΅͔͍͔͔ͫͭͤͤͦ ͔͙͔ͣͤͤη, 2004. ς оуп ͫΦ  

7. ˿͍͚͍ͭ͊ͪͦͦͭͦ͊ ˥ΦˤΦ ͙̏ͭͤ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍͔͔͙ͨͦ͒ͤΎ ͙ ͍͔ͤ΄͙ͤͦͫͭ ͍ 
͍͙͙͙ͦͫͨͭ͊ͤ ͎ͦͪͦ͗͊ͤ κκ ͙̏ͭͤ;͔͙͔ͫ͟ ͔͔͙ͫͭͪͦͭͨ· ͍͔͔͙ͨͦ͒ͤΎΦ ς ˶ ΦΥ ˹͊ͯ͊͟Σ ˶͔͙͎ͤͤͪΦ 
ͦͭ͒Σ мфурΦ ς ˿ . 22ς33. 
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ˢ˹˹˻́ˢ̇ˮ̒ 
ˢΦ˹Φ ˴͙͔ͦͪͤͤͦ͟Φ ˿͔͔͙ͭͪͦͭͨ· ͍ ͔ͫͭͪͯͭͯͪ͟ ͍͙͒͗ͯ΅͙ͻ ͙ͫ͡ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ 

͔͙ͣͤͤΎΦ 
ˤ ͫͭ͊ͭΈ͔ ͙͙͔͊ͤ͊ͪͯͭͫ͘͡Ύ ͔ͣͫͭͦ ͙ ͪͦ͡Έ ͔͔͙͍ͫͭͪͦͭͨͦ ͍ ͔ͫͭͪͯͭͯͪ͟ 

͍͙͒͗ͯ΅͙ͻ ͙ͫ͡ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͔͙ͣͤͤΎΣ ͙ͻ ͍ͫΎ͘Έ ͫ ͔ͨͦͭͪ͋ͤͦͫͭΎ͙ͣΣ 
͙͔͔͙ͤͭͪͫ͊ͣΣ ͼ͔ͤͤͦͫͭͤ·͙ͣ ͙͔ͦͪͤͭ͊ͼ͙Ύ͙ͣΣ ͫͦͼ͙͊͡Έͤͦ-͙ͨͫͻ͎͙ͦͦ͡;͔͙͙ͫͣ͟ 
͍͙ͯͫͭ͊ͤͦ͊ͣ͟Φ 

ˢ͍ͭͦͪ ͔͔͒͊ͭ͡ ͍·͍ͦ͒Σ ;ͭͦ ͔͙͔͊ͪͦ͗͒ͤ͘ ͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙͔ͫͫͭͣ· 
ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͔͙ͣͤͤΎ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͨͦ ͼ͔ͨͦ;͔͟Υ ͔͙ͨͦͭͪ͋ͤͦͫͭ - 
͙͔͔ͤͭͪͫ· - ͼ͔ͤͤͦͫͭͤ·͔ ͙͔ͦͪͤͭ͊ͼ͙͙ - ͍͙ͯͫͭ͊ͤͦ͟ - ͔͔͙ͫͭͪͦͭͨ·Φ ˮ͔ͣͤͤͦ ͍ 
͚ͭ͊ͦ͟ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ όΎ͍ͤͦ ͙͙͡ ͔ͤΎ͍ͤͦΣ ͍ ͍͔ͪ͊ͪͤͯͭͦͣ͘ ͙͙͡ ͍͔ͫͪͤͯͭͦͣ 
͍͙͔͒ύ ͊͘Ύ͍͡Ύ͔ͭ ͦ ͔͔ͫ͋ ͍ ͨͪͦͼ͔͔ͫͫ ͙͙͙͒ͤ͊ͣ͟ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͔͙ͣͤͤΎ ͼ͔ͨΈ 
͔ͪ͊ͫͫͣͦͭͪͤͤ·ͻ ͍͙͚ͦ͋ͪ͊ͦ͊ͤ͘Φ ˭͍͔ͤΈΎ Ή͚ͭͦ ͼ͔͙ͨΣ ͍͘Ύͭ·͔ ͍ ͙͔͔ͫͫͭͣ ͍ͫΎ͔͚͘ ͙ 
͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͎͒ͪͯ ͫ ͎͒ͪͯͦͣΣ ͍ͫͦͫͭ͊͡ΎΌͭ ͍͔͎ͫͦͦ ͪͦ͒͊ ͦ͒͟ ͨͪͦΎ͍͙͍΄͔͚ ͔ͫ͋Ύ 
͔ͪ͊͟ͼ͙͙ ͙͙͡ ͍͙͍ͯͫͭ͊ͤͦ΄͔͎ͦͫΎ ͫͦͫͭͦΎ͙ͤΎ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͔͙ͣͤͤΎΦ 
˾͊ͫ΄͙ͺ͍ͪͦ͊ͭΈ ͔͙͔ͫͦ͒ͪ͗͊ͤ Ή͎ͭͦͦ ͦ͒͊͟ ς ͤ͊͘;͙ͭ ͚͙ͨͦ͒ͦͭ ͟ ͙ͫ͊ͣͣ 
͙͔ͨͦ͋ͯ͒ͭ͡Έͤ·ͣ ͙ͨͪ;͙ͤ͊ͣΣ ͍·͍͍͊͘΄͙ͣ ͙͙͒ͤ͊ͣͯ͟ ͙ ͙͍͙͊ͭ͊͘͟ͼ͙Ό ͎͒͊ͤͤͦͦ 
͔͙ͣͤͤΎΣ ͯ͡;΄͔ ͍͙͔ͯ͒ͭΈ ͙ ͨͦͤΎͭΈ ͔͎ͦ ͙ͦͭ͡;͙͔ͭ͡Έͤ·͔ ;͔ͪͭ· ͙ ͍͚͍ͫͦͫͭ͊Σ 
͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͍ͦͣͦ͗ͤ͘·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͔͎ͦ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͨͪͦΎ͍͔͙ͤ͡Ύ ͔ͤ ͭͦ͡Έͦ͟ 
͍ ͤ͊ͫͭͦΎ΅͔ͣΣ ͤͦ ͙ ͍ ͋ͯ͒ͯ΅͔ͣ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͦ͋΅͔͍͔͔ͫͭͤͤͦ ͔͙͔ͣͤͤΣ ͔͙ͨͦͭͪ͋ͤͦͫͭΣ ͙͔͔ͤͭͪͫ·Σ 
ͼ͔ͤͤͦͫͭͤ·͔ ͙͔ͦͪͤͭ͊ͼ͙͙Σ ͫͦͼ͙͊͡Έͤͦ-͙ͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͍͙ͯͫͭ͊ͤͦ͟Σ 
͔͔͙ͫͭͪͦͭͨ·Φ 

 
SUMMARY 

O.N. Korniyenko. Stereotypes in the structure of the driving forces of public 
opinion. 

The article analyzes the place and role of stereotypes in the structure of the 
driving force of public opinion, their relation with the needs, interests, values, socio-
psychological attitudes. 

The basis of the judgments and assessments of public opinion are the needs and 
interests of the masses. However, the nature, orientation, style and emotional public 
opinion are influenced by extraordinary value orientation. 

But public opinion would not have been so prompt in their responses to a 
variety of facts, events and processes if it had revived each time only under the direct 
influence of the needs, interests or values. This happens because in addition to these 
factors the nature of social psychology of the masses provided two active assistants 
that can significantly reduce the formation of public opinion, it is the formulation of 
its estimated-value treatment to certain events and facts. These assistants are 
considered to act as social and psychological attitudes and stereotypes. 

The author concludes that the emergence and formation of public opinion are 
carried out by the chain system: needs - interests - the value orientation - installation 
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- stereotypes. Thanks to this sequence (either explicitly or implicitly, in the expanded 
or collapsed form) in the dynamics of public opinion formation the circuit of 
considered ingredients declares itself. The links of the chain, taken in the system of 
communication and interaction with each other, constitute a sort of code or a 
reaction manifested itself in a steady state of public opinion. To decrypt the content 
of this code ς is to see the motives that caused the dynamics and the revitalization of 
this opinion, to understand better its characteristics and properties, possible 
directions of its development and manifestations, not only in the present but in the 
future. 

Key words: public opinion, needs, interests, values, social attitudes, stereotypes. 
 

 

̂˨˴ 316.77 (02)          s Φ˸Φ ̋ ͔͙ͪ͋ͤ͊ 

˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ 
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ ˿Φ ˸ ͔͊͊ͪͤ͊͟͟ 

 

̇˱˹˹˻˿́˱ ́ˢ ˸˩́ˢ˾˩˥̂˶̒́ˮˤˮ 
̒˴ ˿˻̇˱˻˴̂˶̎́̂˾˹˱ ˭˨˻ˣ̂́˴ˮ ˻˿˻ˣˮ˿́˻˿́˱ 

 
̂ ͫͭ͊ͭͭ͜ ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͔ͤͭͦͭͦ͗ͤͫͭ͜Έ ͨͦͤΎͭΈ ζͼͤͤͦͫͭ͜͜η ͭ͊ 

ζͣ ͔͔͎ͭ͊ͪͯ͡Ύ͙͍͙ͭηΦ ˸͔͊ͭͪ͊͜͡Έͤ͜ ͭ͊ ͒ͯͻ͍ͦͤ͜ ͼͤͤͦͫͭ͜͜ Ί ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ 
͍͙͙ͫ͊͒ͦͣ͟͡ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ ͫͦͼͯͣͯ͜ ͭ͊ ͡Ό͙͙͒ͤΦ ˭͊ ͍ͫͦΊΌ ͫͦͼͦͯ͜͟͡ΈͭͯͪͤͦΌ 
ͫͯͭͤͫͭ͜Ό ͍͙ͦͤ Ί ͎͊͊͘͡Έ͙͙ͤͣ ͍͔ͯͤͪͫ͊͜͡Έ͙͙ͤͣ ͙͊͋ͫͭͪ͊ͭ͊ͣ͟Φ ˤ͙΅͜ ͼͤͤͦͫͭ͜͜ 
͔ͪ͊ͯ͘͜͡ΌͭΈͫΎ ͍ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͍;͙ͤ͊͟ͻΣ ͙͡΄͔ Ύ͟΅ͦ ͍͙ͦͤ ͍͔͔ͨ͒ͭͪ͒͗ͤ͜͜ ͭ͊ 
͍͊ͭͯ͊ͦ͊ͤ͘͟͜͜͡ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭ͊ͣ ς ͎͙͙ͨͪͦͪ͊ͣͤͣ ͍͙͒ͦͦ͊ͣ͘͡ ͭ͊ ͙͊͋ͦͪͦͤ͊ͣ͘Σ 
΅ͦ ͦͤͭͪͦ͟͡ΌΌͭΈ ͒͜Ύ͡Έͤͫͭ͜Έ ͙ͦͫͦ͋Φ ˨͍͙ͦͦ͒ͭΈͫΎΣ ΅ͦ ͫͺ͔ͪ͊ Ί͒ͤͦͫͭ͜ ͭ͊ 
͋ͦͪͦͭΈ͙͋ ͼ͔͚ͤͤͦͫͭ͜ ͭ͊ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͍ͭ͜ ς ͼ͔ ͫͺ͔ͪ͊ ͙ͨͪ͊ͭ͟;ͤͦ-͒͜Ύ͡Έ͎ͤͫͤͦͦ͜ 
͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍ ͝͝ ͫͦͼͦͯ͜͟͡Έ͙ͭͯͪͤͻ ͍͙ͣͪ͊͜ͻΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͼͤͤͦͫͭ͜͜Σ ͔ͣ͊ͭͪ͊͜͡Έͤ͜ ͼͤͤͦͫͭ͜͜Σ ͒ͯͻ͍ͦͤ͜ ͼͤͤͦͫͭ͜͜Σ 
͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍ͭΣ ͔͔͎ͣͭ͊ͪͯ͡Ύͼ͜ΎΣ ͙ͦͫͦ͋ͫͭͭ͜ΈΣ ͫͦͦͯ͜͟͡Έͭͯͪͤ͊ ͒͜Ύ͡Έͤͫͭ͜ΈΦ 

 
ˤͫͭͯͨΦ ͙͙̒ͣ͟ ͍͙͙ͨͪͦ͒ͤͣ͜ ͍͙͙ͨͪ͊͊ͣ͡Σ ͍͙͒ͦͦ͊ͣ͘͡ ͭ͊ ͔͔ͦ͋ͣ͗ͤͤΎ͙ͣ 

͔ͪͯ͟ΊͭΈͫΎ ͡Ό͙͒ͤ͊ ͯ ͍͚ͫͦ͝ ͙͍͊ͭͤͦͫͭ͟͜Σ ͤ͊ Ύ͟͜ ͼ͜͜͡ ͍ͦͤ͊ ͦͪ͜ΊͤͭͯΊͭΈͫΎ ͯ 
ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦͣͯ ͍ͫͤͯ͊ͤͤ͜͜Σ ΅ͦ ͒͡Ύ ͔ͤ͝ ͋͜͡Έ΄ ͯͫΈ͎ͦͦ ͍͊ͪͭͯΊ ͜ Ί ͔ͣͭͦΌ ͜ 
͙ͨͪͤ͊͘;͔ͤͤΎͣ ͝͝ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ ς ͯͫ͜ ͼ͜ ͙ͨͭ͊ͤͤΎ ͍͙͊͘͘;͚͊ ͍͒ͤͦͫ͜ΎͭΈ ͒ͦ 
͔͙͔ͫͭͤ͘͟ͼ͚͙ͤ͜ͻΣ ΅ͦ Ί ͙͙ͤ͊ͪ͗ͤͣ͜ ͊ͣͤͤ͟͜Ύ͙ͣ ͍͔ͯͭͦͪͤͤΎ ͙ͫͣͫͯ͡ ͡Ό͒ͫΈ͎ͦͦ͟ ͋ͯͭͭΎΦ 
̇͜ ͙ͨͭ͊ͤͤΎ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͭ͊͟͜ ͦ͋ΩΊ͙ͭ͟Σ ΅ͦ ͯ ͍͚ͫͦ͝ ͫͯͯͨͤͦͫͭ͟͜ ͨͦΊ͒ͤͯΌͭΈͫΎ 
͔͎͊ͭͦͪ͟͜Ύ͙ͣ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͍ͭ͜ ͭ͊ ͼ͔͚ͤͤͦͫͭ͜Φ ˸͔͔͎ͭ͊ͪͯ͡Ύ͙͍͙ͭ ͭ͊ ͼͤͤͦͫͭ͜͜ ͊ͭͯ͊͟͡Έͤ͜ 
ͯ ͫͺ͔ͪ͊ͻ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͭ͊ ͫͦͼ͊͜͡Έͤͦ͝ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜Σ ͯ ͝͝ ͔ͣ͊ͭͪ͊͜͡Έ͙ͤͻ ͭ͊ 
͒ͯͻ͍͙ͦͤͻ ͫͺ͔ͪ͊ͻΣ ͘ ͙ͫͭͦͪ͜;͎ͤͦͦ ͎ͨͦ͡Ύ͒ͯ ͭ͊ ͘͜ ͼ͍͊ͦͫͭ͜͟͜ ΅ͦ͒ͦ ͔͔͙͍ͨͪͫͨͭ͟ 
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͚ͣ͊͋ͯͭͤΈ͎ͦͦΦ ̂ ͫͯ;͚͊ͫͤ͜ ͙͔ͫͫͭͣ͜ ͡Ό͙͍͍͒ͤͦͤ͊ͫͭ͊͘ ͭ͊ ͫͯͫͨ͜͡Έ͙ͤͻ ͤ͊ͯ͟ ͯΎ͍͔ͤͤ͡Ύ 
ͨͪͦ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭ ͭ͊ ͼͤͤͦͫͭ͜͜ ͔͔͍͙͙ͨͪͭͦͪͫ͡Ύ ͤ͊ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͜ ͨͦͤΎͭͭΎΣ Ύ͟͜ 
͍͙͍͗͊ͤ͜ ͍ ͎͋͊͊ͭΈͦͻ ͎͊ͯ͘͡Ύͻ ͤ͊ͤͤ͘ΎΦ ˻͔ͭ͗Σ ͯͭͦ;͔ͤͤͤΎ ͤ͊͘;͔ͤͤΎ ͭ͊ ͍͘ΩΎ͍͘͟͜ ͼ͙ͻ 
ͨͦͤΎͭΈ Ί ͊ͭͯ͊͟͡Έ͙ͤͣ ͘ ͎ͨͦ͡Ύ͒ͯ ͔ͭͦͪ͜͝ ͦͣͯͤ͊͟͜͟ͼ͜͝Σ ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ ͔͎ͪͯ͡Ύͼ͜͝Σ 
ͯ͟͡Έ͎ͭͯͪͦͦ͜͡͝Σ ͔ͭͦͪ͜͝ ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔ͭͦͪ͜͝ ͣͦͪ͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
͍͍ͨͪ͊ͦͤ͊͘;͙ͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͔͎ͪ͜͜͡Ί͍͍ͤ͊ͫͭ͊͘ ͭͦ΅ͦΣ ͊ ͭ͊ͦ͗͟ ͯͫ͜ͻ ͎͔͚͊ͯ͘͡ ͤ͊ͤͤ͘ΎΣ 
͍ͨͦΩΎ͙͊ͤ͘ͻ ͘ ͺ͍ͦͪͣͯ͊ͤͤΎͣ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͭ͊ ͍͙͍;͔ͤͤΎͣ ͍͙ͻ͍͙ͦͤͻ ͨͪͦͼ͔͍ͫ͜Φ 

ˢͤ͊͘͜͡ ͦͫͭ͊ͤͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ ͨͯ͋͊͜͟͡ͼ͚͜Φ ˽͔ͪͦ͋ͣ͊͡ ͼ͔͚ͤͤͦͫͭ͜ ͔ͤ ͍ͭͪ͊;͊Ί 
͍͚ͫͦ͝ ͊ͭͯ͊͟͡Έͤͦͫͭ͜Φ ̂ ͦͫͭ͊ͤͤ͜ ͙ͪͦ͟ ͔͔͍ͨͪ͊͗͊ΌͭΈ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͯ Ύ͙͟ͻ 
͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͝͝ ͤ͊͘;͔ͤͤΎ ͯ ͍͘ΩΎͯ͘͟ ͘ ͨͪͦͼ͔͙ͫ͊ͣ ͎ͦ͋͊͊͘͜͡͡ͼ͜͝Σ ͙͗ͭͭ͜ 
͎ͪͦͣ͊͒ΎͤͫΈ͎ͦͦ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Σ ͔ͭͦͪ͜͝ ͍͙ͻ͍ͦ͊ͤͤΎΣ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ώрΣ сΣ тΣ млϐΦ ˭͍ΩΎ͙͘͟ ͼ͔͚ͤͤͦͫͭ͜ ͭ͊ ͍͙ͨͪͦ͒ͤ͜ͻ ͙͍ͭͨ͜ ͔͎ͪͯ͡Ύͼ͜͝ ͍͔͙ͨͦ͒ͤ͜͟ 
͎ͪͦ͘͡ Ύͤͯͭ͜ ˤΦ˨Φ ˽͊͡ͻ͍͙ͦͣΦ ˤͤ͜ ͍͍͊͗͊Ί ͙͍͙͙ͨͪͦ͒ͯͭͤͣ͟ ͎͊ͫͦͦ͟͜͜͡;ͤ͜ ͦͤ͟ͼ͔ͨͼ͜͝ 
ͫͦͼ͊͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ό˩Φ ͎͔̊ͨͪ͊ͤͪΣ ˥Φ ˻ͨͦͪͭ͡Σ ˽Φ ˤ͔ͪͤͦͤΣ ˴Φ ˸͙ͦͪͪͫΣ ˸Φ ˾͙ͦ͟; ͭ͊ 
ͤ͜ΦύΣ ͯ Ύ͙͟ͻ ͍͔͒͒ͪ͊͘͜͟͡ΌΊͭΈͫΎ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͙͎ͭͨͦͦ͜͡;͙ͤͻ ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ίͤͭ͊ͼ͚͜ 
͙͍ͤ͒͒͊͜͜ ͯ ͚͎ͦͦ ͍;͙ͤ͊͟ͻΦ ˽͙ͪ ͼΈͦͣͯ ͍͔͔͒ͦ͒ͤͦΣ ΅ͦ ͣ͗͜ ͔ͭͪͣͤ͊͜͡Έ͙͙ͤͣ 
ό͙ͨͦ͗ͭͭΊ͍͙͙ͣΣ ͔͙͔ͫͭͤ͘͟ͼ͚͙͙ͤͣ͜Σ Ύ͙͙ͣ͟ Ί ͍ͫͦ͋ͦ͒͊Σ ͙͗ͭͭΊ͍͜ ͎͋͊͊͡Σ ͍ͪͤͫͭ͜͜ΈΣ 
͍ͤͯͭͪ͜΄ͤΎ ͎͊ͪͣͦͤ͜ΎΣ ;ͯͭͭΊ͍͊ ͡Ό͍͋ͦΣ ͣͯ͒ͪͫͭ͜Έύ ͭ͊ ͔ͤͫͭͪͯͣͤͭ͊͜͡Έ͙͙ͤͣ 
ό΄͊ͤͦ͡Ό͍͋ͫͭͦΣ ͨͦͪͤͫͭ͟͜͜ΈΣ ͒ͪͯ͗ͤͫͭ͜ΈΣ ͻ͙ͭͪͦ΅͜ύ ͼͤͤͦͫͭ͜Ύ͙ͣ Ί ͫ͊͒ͤ͟͜͡ ͍͙͙͒ͤͦͫͤ͜Σ 
͙ͤͦ͜͟͡ ͜ ͦͤ͟ͺͭͤ͜͟͜͡Σ ΅ͦ ͍ͦ͋ͯͣͦ͡ΌΊͭΈͫΎ ͯ͟͡ΈͭͯͪͦΌ ͭ͊ ͫͦͼ͊͜͡Έ͙͙ͤͣ ͍͙͙ͦ͋ͫͭ͊ͤ͊ͣ 
ώуΣ мпнϐΦ ̋ͦ͒ͦ ͔͙ͨͪͦ͋ͣ͡ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͍ͭ͜Σ ͍ͦͤ͊ ΅͔ ͭ͜͡Έ͙͟ ͍ͤ͊͋ͯ͊Ί ͍͎ͫͦͦ 
͍͎ͤ͊ͯͦͦͦ͟ ͍͔ͯͫ͒ͦͣͤͤ͜͡ΎΦ ˿͔͊ͣ ͍ ͤ͊΄͙ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͊ͨͦ͘;͍͊ͭͦ͊ͤͦ͟ ͝͝ 
͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΦ ˸͙ ͍͍͊͗͊Ίͣͦ ͊͘ ͔ͨͦͭͪ͋ͤ͜ ͨͦͨͯ͡Ύ͙͍͙ͪͯ͊ͭ͘ ͝͝ ͜Σ ͤ͊ͫ͟͜͡Έ͙͟ ͼ͔ 
͙͍ͣͦ͗ͦ͡Σ ͍͙͍ͫͭ͜͡Ό͍͙͊ͭ ͝͝ ͤ͊͘;ͯ΅͜ ͔͙͊ͫͨͭ͟ ώммΣ мнΣ моΣ мпϐΦ 

˸͔ͭͦΌ ͒͊ͤͦ͝ ͫͭ͊ͭͭ͜ Ί ͎͙͔ͨͦ͋ͤͤ͡͡Ύ ͯΎ͍͔ͤ͡Έ ͨͪͦ ͫͺ͔ͪͯ ͔͔͎ͣͭ͊ͪͯ͡Ύͼ͜͝ ͍ 
͡Ό͒ͫΈ͚͟͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˻ͫ͟͜͡Έ͙͟ ͼͤͤͦͫͭ͜͜ ͍͙͊͘͘;͚͊ Ί ͍͙͙ͫ͊͒ͦͣ͟͡ ͍ ͙͔ͫͫͭͣ͜ ͍͙΅͙ͻ 
͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͍ͭ͜Σ ͙ͣ ͍͍͊͗͊Ίͣͦ ͊͘ ͔ͤͦ͋ͻ͔͒ͤ͜ ͍͙͍͔ͫͭͤͤ͜͡Ύ ͼ͜Ί͝ ͔͎͊ͭͦͪ͟͜͝Σ Ύ͊͟ Ί 
΄͙ͪͦͦ͟ ͍͙͍͗͊ͤͦΌΣ ͔͊͡ ͔ͤ ͍͙͊͗͒͘ ;ͭͦ͜͟ ͍͙ͤ͊͘;͊ΊͭΈͫΎΦ ˻͔ͭ͗Σ ͍͙͙ͦͫͤͦͤͣ 
͍͊͒͊ͤͤ͘Ύ͙ͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ΊΥ 

мΦ ˿ͺͦͪͣͯ͡Ό͍͙͊ͭ ͔ͨͪͦ͋ͣͯ͡ Ί͒ͤͦͫͭ͜Σ ͍͘ΩΎͯ͘͟ ͭ͊ ͍͒ͣͤͤͦͫͭ͜͜͜Σ ͔͔ͫͯͨͪ;ͤͦͫͭ͜ 
ͣ͗͜ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭ͊ͣ ͭ͊ ͼͤͤͦͫͭ͜Ύ͙ͣΤ 

нΦ ˤ͙͍͙͙ͫͭͭ͜͡ ͎͍ͦͦͤ͜͡ ͺ͔͔͎ͤͦͣͤͦͦ͜͡;ͤ͜Σ ͎͙͍ͦͤͭͤ͟͜͜Σ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤ͜Σ 
͔͎ͨͪ͊ͫͦͦ͟͜͡;ͤͦ-͒͜Ύ͡Έͤͫͤ͜͜ ͔͙͊ͫͨͭ͟ ͼ͙ͻ ͔͎͚͊ͭͦͪ͟͜Τ 

оΦ ˤ͙ͤ͊͘;͙͙ͭ ͫͦͼͦͯ͜͟͡Έͭͯͪͤ͜ ͍͙ͯͣͦΣ ͊͘ Ύ͙͟ͻ ͼͤͤͦͫͭ͜͜ ͔͔͍ͨͪͭͦͪΌΌͭΈͫΎ ͤ͊ 
͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭΦ 

̂ ͚͒͊ͤ͜ ͫͭ͊ͭͭ͜ ͍ͦͫͤͦͤͦΌ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦΌ ͊ͫ͊͒ͦ͘ΌΣ ͤ͊ ͨ͒͐ͪͯͤͭ͜͜ Ύͦ͟͝ 
͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͔ͨͪͦ͋ͣ͊͡Σ Ί ͔͎ͨͪ͊ͫͦͦ͟͜͡;ͤͦ-͒͜Ύ͡Έ͙͚ͤͫͤ͜ ͨ͒͜ͻ͒͜ ͒ͦ ͪͦͯͣͤͤ͘͘͜Ύ 
ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ ͫͯͭͤͦͫͭ͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ̂ Ύͦͫͭ͟͜ ͍͙͒ͦ͒͊ͭͦ͟ͻ ͔͙ͣͭͦ͒͟ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͤ͊ͣ ͍͙͙͙͚ͦͪͫͭ͊ͤ͟ ͺͦͫͦ͜͡ͺͫΈ͙͚͟Σ ͎ͦ͜͡;͙͚ͤΣ ͎͍͙ͤͫͭ͜͜͡;͙͚ͤ ͊ͤ͊͘͜͡ 
ͨͦͤΎͭΈΣ ΅ͦ Ί ͔͔ͨͪ͒ͣͭͦͣ ͎ͪͦ͘͡Ύ͒ͯΤ ͍ͨͦͪͤ͜ΎͤͤΎ ͔͍ͭͫͭ͟͜ ͨͯ͋͊͜͟͡ͼ͚͜ ͭͦ΅ͦΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˤ ͎ͦͤͭͦͦ͜͡;ͤͦͣͯ ͍͙ͣͪ͜͜Σ Ύ͟ 
͍ͫ͊͒ͦ͟͜͡ ͡Ό͒ͫΈͦ͟͝ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜Σ ͼͤͤͦͫͭ͜͜ ͭ͊ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭ Ί ͙͙ͪͤͣ͘͜Σ 
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͍ͨͦΩΎ͙͊ͤͣ͘Σ ͔͊͡ ͍͔͔͙͙͒ͦͪͣͤͣ͜͟͡ ͺ͔͔͙ͤͦͣͤ͊ͣΦ ̇ͤͤͦͫͭ͜͜ ͭ͊ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭ Ύ͟ 
͔ͪ;͍ͦ͜ ͺ͙͊ͭͦͪ͟Σ ͺ͙ͦͪͣ ͫͯͫͨ͜͡Έͤͦ͝ ͍ͫ͒ͦͣͦͫͭ͜͜ ͭ͊ ͙͍ͤͦͪͣ͊ͭͤ͜ ͯ͟͡Έͭͯͪͤ͜ ͍͔ͯͭͦͪͤͤΎ 
ͣ͊ΌͭΈ ͍͔ͨͪͦ͒ͤ͜ ͤ͊͘;͔ͤͤΎ ͯ ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΦ ˽ͦͤΎͭͭΎ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͍ͭ͜ ͭ͊ 
ͼ͔͚ͤͤͦͫͭ͜ Ί ͙͋͘͡Έ͙͙ͣ͟ ͊͘ ͍ͫͦͣ͝ ͤ͊͘;͔ͤͤΎͣΣ ͔͊͡ ͔ͤ ͙͙ͭͦͭͦ͗ͤͣΣ ͣ͊ΌͭΈ 
ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͍ͣ͗ͤ͊ͯͦ͜͟͜ ͤ͊͘;͔ͤͤΎΦ 

˸͔͔͎ͭ͊ͪͯ͡Ύ͙͍͙ͭ ς ͍͙΅͜ ͔͎ͪͯ͡Ύ͙͍͙ͭΣ ͫ͊͒ͤ͟͜͡ ͭ͊ ͍ͣͫͭͦͤ͘͜͜Σ ͚ͤ͊͋͜͡Έ΄ ͤ͊͘;ͯ΅͜ 
ͭ͊ ͔ͤͨͦ͒ͦ͊ͤ͜͡ ͘͜ ͯͫ͜ͻ ͎͙͍͊ͦͪͭͣ͜͡Σ ͤͦͪͣΣ ͍͙ͨͪ͊͡ ͭ͊ ͤ͜΄͙ͻ ͎͙ͨͪͦͪ͊ͣͤͻ ͍͊ͫͦ͋͘͜Σ ΅ͦ 
͔ͪͯ͟ΌͭΈ ͡Ό͒ͫΈͦ͟Ό ͒͜Ύ͡Έͤͫͭ͜ΌΦ ˸͔͔͎ͭ͊ͪͯ͡Ύ͙͍͙ͭ ͊͘ ͍ͫͦΊΌ ͙ͨͪͪͦ͒ͤͦΌΣ 
ͫͦͼ͔͎ͦͦͦ͜͟͜͡;ͤͦΌΣ ͫͦͼͦͯ͜͟͡ΈͭͯͪͤͦΌ ͫͯͭͤͫͭ͜Ό Ί ͦ͋ΩΊ͙͍͙͙ͭͤͣ͟Σ ͭͦͣͯ ΅ͦ ͣ͊ΌͭΈ 
͔͔͒ͭͪͣͤͯ͜Ό;͔ ͨ͒͐ͪͯͤͭ͜Ύ ͒͡Ύ ͝ͻͤΈ͎ͦͦ ͍͔ͯͭͦͪͤͤΎΣ ΅ͦ ͨͦ͡Ύ͎͊Ί ͍ ͔ͪ͊͡Έ͙ͤͻ ͊ͦͤ͊͘͟ͻ 
͙͙ͨͪͪͦ͒Σ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͯ͟͡Έ͙ͭͯͪ ͭͦ΅ͦΦ ˢ͔͡ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭ ͫͯ͋ΩΊ͙͍ͭͤ͟͜ ͊͘ 
ͺͦͪͣͦΌ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ζ͍ ͙ͦͤ͊ͤͤ͟ΎηΣ ͔ͪ͊͊͘͜͡ͼ͜͝ ͯ ͙ͨͪ͊ͭ͟ͼ͜ ͔ͦͪͣͦ͟͝ ͙ͦͫͦ͋ ͘ ͝͝ 
͔͍ͤͨͦͭͦͪΌ͍͙͊ͤͣ ͍͎ͫͭͦ͜͡Ύ͒ͦͣ ͭ͊ ͙ͨͪ͊ͭ͟;ͤͦΌ ͒͜Ύ͡Έͤͫͭ͜ΌΦ ̇ͤͤͦͫͭ͜͜ ͊͘ ͍ͫͦΊΌ 
͙ͨͪͪͦ͒ͦΌ ͭ͊ͦ͗͟ ͯ ͔͒Ύ͙͟ͻ ͍͙ͨ͊͒͊͟ͻ ͍͙ͦͤͯ͟ΌͭΈ ͪͦ͡Έ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͍ͭ͜Σ ͭͦͣͯ ΅ͦ Ί 
ͫͯ͋ΩΊ͙͍͙͙ͭͤͣ͟ ͍͙͙ͫ͊͒ͦͣ͟͡ ͍͎ͫͭͦ͜͡Ύ͒ͯ ͭ͊ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˤ͙ͦͤ ͗ Ί ͜ ͦ͋ΩΊ͙͍͙͙ͭͤͣ͟Σ 
ͭͦͣͯ ΅ͦ ͫͤͯ͜ΌͭΈ Ύ͟ ͔ͪ͊͡Έͤ͜ ͦ͋ΩΊ͙ͭ͟Σ Ύ͟͜ ;͎ͦͦͫΈ ͦ͟΄ͭͯΌͭΈΣ ͙ͨͪ͒͊ͭͤ͜ ͒͡Ύ 
͍͔͊͒ͦͦͤͤ͘͡Ύ ͔ͨͦͭͪ͋ ͙͍ͤ͒͒͊͜͜ ͭ͊ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ 

̇ͤͤͫͭ͜͜Έ ς ζмΦ ˤ͊ͪͭͫͭ͜Έ ;͎ͦͦ-͔ͤ͋ͯ͒Έ ͯ ͎ͪͦ΄͍ͦͦͣͯ ͍͙͔ͪ͊͗ͤͤ͜Τ ͼͤ͊͜Φ нΦ ́ ͔Σ ΅ͦ 
ͣ͊Ί ͔͍ͨͤͯ ͔ͣ͊ͭͪ͊͜͡Έͤͯ ͊͋ͦ ͒ͯͻ͍ͦͤͯ ͍͊ͪͭͫͭ͜ΈΤ ͔͍͙͚ͨͤ ͔͔ͨͪ͒ͣͭΦ ˸͔͊ͭͪ͊͜͡Έͤ͜ 
ͼͤͤͦͫͭ͜͜ ς ͯͫ͜ ͔͔͙ͨͪ͒ͣͭΣ ͦ͋ΩΊ͙ͭ͟ ό͔ͣ͘͡ΎΣ ͍͋ͯ͒͜͜͡Σ ͍ͨͦ͋ͯͭͦ͜ ͔ͪ;͜ύΣ ΅ͦ ͣ͊ΌͭΈ ͔͍ͨͤͯ 
͍͊ͪͭͫͭ͜ΈΣ ͼͤͯ͜Φ ˽͔͔ͪͦͼͤ͜Ό͍͙͊ͭ ͼͤͤͦͫͭ͜͜ ς ͔͚ͫͪͦͤͦ͘ ͔͔͎ͨͪ͡Ύ͙͒͊ͭ ͎ͨͦ͡Ύ͙͒ ͤ͊ 
͙͗ͭͭΎ ͜ ͣͤ͘͜Ό͍͙͊ͭ ͍͙͚ͫͭͦͫͨͪͣ͊ͤͤ͜Ύη [9 ,944]. 

˻͔ͭ͗Σ ͼͤͤͦͫͭ͜͜ ς ͼ͔Σ ͨͦ-͔ͨͪ΄͔Σ ͔ͣ͊ͭͪ͊͜͡Έͤ͜ ͔ͪ;͜Σ Ύ͟͜ ͼ͍͊͜͟͡ΎͭΈ ͡Ό͙͒ͤͯΣ ͭͦͣͯ 
΅͔ Ί ͦ͋ΩΊ͙ͭ͊ͣ͟ ͝͝ ͔ͨͦͭͪ͋Φ ˽ͦ-͎͔͒ͪͯΣ ͼ͔ Ύͫ͟͜Έ ͒ͯͻ͍ͦͤ͜ Ύ͍͙΅͊Φ ˢ͔͡Σ ͦͫ͟͜͡Έ͙͟ ͼ͔ 
͍ͫͦͦ͡ ͯ ͨͦ͋ͯͭ͜ ͍͙͍͗͊ΊͭΈͫΎ ͔ͤ ;͊ͫͭͦΣ ͜ ͫͦͪ͟͜΄ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͯ Ύ͙͟ͻͦͫΈ 
͔͎ͭͪͣͤͦͦ͜͜͡;͙ͤͻ ͤ͊͘;͔ͤͤΎͻΣ ͊ ͔ͤ Ύ͟ ͔͋ͯ͒ͤͤ͊ ͔͔ͫͣ͊͟͡Σ ͭͦ ͤ͊ ͍ͪͤ͜͜ ͍ͣͦͤͦ͝ ͤͭͯ͜͝ͼ͜͝ 
͒͡Ύ ͎͋͊͊ͭΈͦͻ ͫͯ͋ΩΊ͍ͭ͟͜ ͍͔ͣͦͤͤ͡Ύ ͍ͦͤͦ Ί ͔ͤ ͍ͦͫͣ͘͜ ͙ͪͦͯͣͣ͘͘͜͡Φ 

ˤ ͎͚͊ͤͫ͜͡Έ͚͟͜ ͍ͣͦ͜ ͍ͫͦͦ͡ ͼͤͤͫͭ͜͜Έ ό͍͊ͪͭͫͭ͜Έύ ͨͦͤ͊͘;͊ΊͭΈͫΎ Ύ͟ ǾŀƭǳŜΦ ͚̇͜ 
͔͙ͣͤͤ͜͟ ͨͦͻ͙ͦ͒ͭΈ ͍͒͜ ͙͊ͭͤͫ͡Έ͎ͦͦ͟ ͒͜Ί͍ͫͦ͊͡ ǾŀƭŜƻΣ ΅ͦ ͣ͊ͦ͡ ͍͙ͻ͔͒ͤ͜ ͤ͊͘;͔ͤͤΎ 
ζ͋ ͙ͯͭ ͣ͜ͼ͙ͤͣΣ ͙ͪͨͣ͟͜͟ηΣ ͊ ͨͦͭͣ͜ ͤ͊͋ͯͦ͡ ͪͦͣ͊ͭͭ͘͝Ύ ͨͦͻ͙͒ͤ͜ͻ ͤ͊͘;͔ͤΈΣ ͯ ͭͦͣͯ 
;͙ͫ͜͡ ζͣ ͙͊ͭ ͼͤͤͫͭ͜͜ΈΣ ͦ͟΄͍͙ͭͯ͊ͭΣ ͍͍͙͊ͪͭͯ͊ͭηΦ ˤͦ͒ͤͦ;͊ͫ ǾŀƭŜƻ ͦͤ͊͘;͊Ί ͭ͊͟͜ 
͍͙͍͊ͫͭͦͫͭ͜͡Σ ͺͯͤ͟ͼ͜͝ ͔ͪ;͔͚ ͊͋ͦ ͫͯ͋ΩΊ͍ͭ͟͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͍͙ͦͤ͊ͤͤ͟Ύ ͤ͊ͣͪͯ͜Σ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͍͙͍ͨͯ͡Τ ͙ͫͯ͡Σ ͎ͣͦͯͭͤͫͭ͜ΈΣ ͙ͫͣͫ͡Σ ͤ͊͘;͔ͤͤΎ ͒͜͝Τ Ί 
͍ͯͣͦͦΌ ͔͔͍͎͙ͨͪ͊Σ ͯͫͨ͜ͻͯ ͭͦ΅ͦΦ ώмΣ 1лррϐΦ ˭ͪͦͯͣͦ͘͜͡Σ ΅ͦ ǾŀƭǳŜ ς ͼͤͤͫͭ͜͜ΈΣ ͍͊ͪͭͫͭ͜Έ 
ς ͣͨ͜͜͡ͼ͙ͭͤͦ ͔͎͋ͪ͊͘͜Ί ͯ ͫͦ͋͜ ͼ͜ ͤ͊͘;͔ͤͤΎΣ Ύ͟͜ ͊ͭͯ͊ͯ͘͟͜͡ΌͭΈͫΎ ͯ ͙ͪͤ͘͜ͻ ͙͍͙ͫͣͫͦ͡ͻ 
͙ͫͭͯ͊ͼ͜Ύͻ ͍͍͙͍ͫͦͦ͗͊ͤͤ͡ΎΦ  

˭ ͎ͨͦ͡Ύ͒ͯ ͔͔ͨͪͫ͜;͎ͤͦͦ ͎ͪͦͣ͊͒Ύ͙ͤͤ͊Σ ͍ͦͦ͒ͤͤ͜͡Ύ ͔ͣ͊ͭͪ͊͜͡Έ͙͙ͤͣ ͼͤͤͦͫͭ͜Ύ͙ͣ 
ό͔ͪ;͙͊ͣΣ ͎ͪͦ΄͙ͣ͊ύ Ί ͊ͫ͊͒ͦ͘Ό ͫͦͼ͔͎ͦͦͦ͜͟͜͡;ͤͦ͝ ͭ͊ ͔ͦͤͦͣ͟͜;ͤͦ͝ ͊͘ͻ͙΅͔ͤͦͫͭ͜ 
͙ͦͫͦ͋Φ ˤͦͦ͒ͤͤ͜͡Ύ ͔ͣ͊ͭͪ͊͜͡Έ͙͙ͤͣ ͼͤͤͦͫͭ͜Ύ͙ͣ ͯ ͍͙ͨ͒͜΅͔ͤͦͣͯ ͪͦͣͪ͘͜͜ ό͎ͪͦ΄͙ͣ͊Σ 
͔͔͍͔͙͙ͨͪͭͦͪͤͣ ͤ͊ ͊ͨͭ͊͟͜͡Σ ͋ͪͦ͘ΊΌύ Ί ͤ͊ͪ͘Ύ͒͒Ύͣ ͺ͍ͤ͊ͤͫͦͦ͜͝Σ ͫͦͼ͊͜͡Έͤͦ-
͙ͨͦͭ͜͡;ͤͦ͝Σ ͎͔͙ͦͨͦͭ͜͡;ͤͦ͝ ͎ͣͦͯͭͤͦͫͭ͜ ͙ͦͫͦ͋Σ ͔͔͊͋ͨ͘͘;ͯΌ;͙ ͝͝ ͪͯͻ ͨͦ ͔ͫͭͯͨͤΎͣ 
ζͅ ͙ͤ͊ͤͫͫͭ͜η ς ζͣ ͎͊ͤ͊ͭη ς ζͦ ͎͊ͪ͜͡ͻη ς ζ͒ ͙ͭ͊ͭͦͪ͟η ͜  ͭ͊͟ ͒͊͜͡Φ 
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˸͔͊ͭͪ͊͜͡Έͤ͜ ͼͤͤͦͫͭ͜͜ ͯ ͺ͔͔͎ͤͦͣͤͦͦ͜͡;ͤͦͣͯ ͍͙ͣͪ͜͜ ͣ͊ΌͭΈ ͎͋͊͊ͭͦ ͺͯͤ͟ͼ͚͜Υ 
1. ˸͔͊ͭͪ͊͜͡Έͤ͜ ͼͤͤͦͫͭ͜͜ ς ͼ͔ ͔ͪ;͜Σ ͫͯ͋ΩΊ͙͍ͭͤͦ͟ ͔͎͙͍͊ͭͦͪͦ͊ͤ͘͟͜ όͦͼ͔ͤͤ͜͜ 

ͭ͊ ͨͦͤ͊͘;͔ͤ͜ύ Ύ͟ ͙͊ͫͦ͋͘ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͔ͨͦͭͪ͋Φ ˢ͔͡ ͔ͪ;͜Σ ͨͦͤ͊͘;͔ͤ͜ Ύ͟ 
ͼͤͤͦͫͭ͜͜Σ ͦ͋ΩΊ͙͍ͭͤͦ͟ ͒͊ͭͤ͘͜ ό͔ͪ͊͡Έͤ͜ ͼͤͤͦͫͭ͜͜ύ ͊͋ͦ ͔ͤ ͒͊ͭͤ͘͜ όͯΎ͍ͤ͜ ͼͤͤͦͫͭ͜͜ύ 
͍͊͒ͦͦ͘͡ΈͤΎ͙ͭ ͍͙ͤ͊͘;͔ͤ͜ ͔͙ͨͦͭͪ͋Τ 

2. ˸͔͊ͭͪ͊͜͡Έͤ͜ ͼͤͤͦͫͭ͜͜ Ί ͔͔ͨͪ͒ͣͭͦͣ ͜ ͨͪͦ͒ͯͭͦͣ͟ ͡Ό͒ͫΈͦ͟͝ ͨͪ͊ͼ͜Σ ͘ ͝ͻ 
͍ͨͪͦ͒ͯͯ͊ͤͤ͟Ύͣ ͍ͨͦΩΎ͙͚͊ͤ͘ ͍͙ͪͦͭͦ͘͟ ͤ͊ͪ͘Ύ͒Έ ͨͪ͊ͼ͜Σ ͔ͭͻ͎͚ͤͦͦ͜͡ ͔ͣ͊ͭͪ͊͜͡Έ͎ͤͦͦ 
͍͙͙ͪͦ͋ͤͼ͍ͭ͊Σ ͙͍͙ͨͪͦ͒ͯͭͤ͟ͻ ͙ͫ͡Σ ͍͙͙ͪͦ͋ͤ;͙ͻ ͍͙͒ͤͦͫͤ͜Φ ˴͙͚ͦ͗ͤ ͙ͫͭͦͪ͜;͙͚ͤ 
͔ͦͤͦͣ͟͜;͙͚ͤ ͯ͊͒͟͡ ͍ͨͦΩΎ͚͊ͤ͘͜ ͘ ͺ͍ͦͪͣͯ͊ͤͤΎͣ ͙͔ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡ΎΣ ͍͍͎ͨͪ͊ͦͦͦ ͭ͊ 
͙ͨͦͭ͜͡;͎ͤͦͦ ͦͤͭͪͦ͟͡Ό ͜ ͊͘ͻ͙ͫͭͯ ͍ͦͦ͒ͤͤ͜͡ΎΣ ͔͔͔͋ͪ͗ͤͤ͘ΎΣ ͪͦͨͦ͒ͯ͘͜͡ ͭ͊ 
͔͔ͨͪͪͦͨͦ͒ͯ͘͜͡ ͔ͣ͊ͭͪ͊͜͡Έ͙ͤͻ ͼ͔͚ͤͤͦͫͭ͜Φ ˻͔ͭ͗Σ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͔ͣ͊ͭͪ͊͜͡Έ͙ͤͻ 
ͼ͔͚ͤͤͦͫͭ͜ Ί ͨ͒͐ͪͯͤͭ͜Ύͣ ͼ͙͍͊͘͜͜͡ͼ͜͝ ό͍͙ͪͦͭͯ͘͟ ͤ͒ͯͫͭͪ͜͜͝Σ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͎ͤͦͦ 
͎͔ͨͪͦͪͫͯΣ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͔͍͙͒ͪ͗͊Σ ͍ͨͪ͊͊Σ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͊͘ͻ͙ͫͭͯΣ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ 
ͫͯͫͨ͜͡Έ͙ͤͻ ͍͙͒ͤͦͫͤ͜ ͭ͊ ͙͍ͤͫͭͭͯͭ͜͜ύΤ 

3. ˸͔͊ͭͪ͊͜͡Έͤ͜ ͼͤͤͦͫͭ͜͜ Ί ͫ͊ͪ͋ͦͣ͟Σ ͭͦ͋ͭͦ ͦ͋ΩΊͭͦͣ͟ ͫͯ͋ΩΊ͙͍͎ͭͤͦͦ͟ 
͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͎͍͋͊͊ͭͫͭ͊Σ ͙ͤ͊ͦͨ͟;͔ͤͤΎ ͦ͟΄͍͙ͭͦͤͻ ͎͋͊͡Φ ˣ͔͔͔ͨͦͫͪ͒ͤ͘Έͦ ;͙ 
͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ͟ όͯ ͍͙͎͡Ύ͒͜ ͦ͟΄͍͙ͭͦͤͻ ͔͍͍͔͍͊ͤͭ͟͜͜͡ύ ͍͙ͦͤ Ί ͊ͫ͊͒ͦ͘Ό ͜ ͍͙ͯͣͦͤͣ 
͙͍ͫͣͦͦͣ͡ ͎ͣͦͯͭͤͦͫͭ͜ ͙ͦͫͦ͋Σ Ύ͊͟ ͙͙ͤͣ ͍ͦͦ͒͜͡ΊΤ 

4. ˸͔͊ͭͪ͊͜͡Έͤ͜ ͼͤͤͦͫͭ͜͜ Ί ͦ͋ΩΊͭͦͣ͟ ͔͙͍͎ͪ͊ͭͤͦͦ͟ ͍͔ͫͭ͊ͤͤ͡Ύ ͡Ό͙͙͒ͤ 
͒ͦ ͍ͫͭͯ͜Σ ͊ͫͦ͋ͦͣ͘ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͔͔ͫ͋ Ύ͟ ͫͯ͋ΩΊͭ͊͟ ͯ͟͡Έͭͯͪͤͦ͝ ͍ͭͦͪ;ͦͫͭ͜. 
˸͔͊ͭͪ͊͜͡Έͤ͜ ͼͤͤͦͫͭ͜͜ Ί ͔ͪ;͙͊ͣΣ ΅ͦ ͍͙͍͗͊ΌͭΈͫΎΣ ͍͙͙ͦͪͫͭ͊͟ΌͭΈͫΎΣ 
͍ͨͦͪΎ͍͒ͦͯ͟ΌͭΈͫΎΣ ͍͒ͦͫͦͤ͊͟͡ΌΌͭΈͫΎΣ ͨͦͪ͊͟΅ͯΌͭΈͫΎ ͦͫͦ͋ͦΌ ͯ ͝͝ ͔͚͋ͯ͒ͤͤ͜ 
͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜Φ ˨ͦͣ͊΄ͤΊ ͍͙ͤ͊ͻ͙͒ͤ͜ͼ͍ͭͦΣ ͤ͊͊͡΄͍ͭͯ͊ͤͤΎ ͍͙͒ͦͣ͜͟Σ ͭ͊͟ͼ͍ͭͦΣ 
͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͦ͒Ύ͎ͯΣ ͍͙΄͙͍͊ͤ͊͟Σ ͔ͯͤ͊ͪͤ͟͜͡ ͙͔ͣͫͭͼ͍ͭͦΣ ͎͙ͦͪͦ͒ͤͼ͍ͭͦΣ 
͍͍ͭ͊ͪͫͭͦ͟͜͟Σ ͍͙ͫ͊͒ͤ͜ͼ͍ͭͦΣ ͍͙͙ͭ͊ͪͤͤͼ͍ͭͦΣ ͨͭ͊ͻ͍͙ͤ͜ͼ͍ͭͦΣ ͙ͨͪ͊͒ͤ͟͜͡ ͙͔ͣͫͭͼ͍ͭ͊ ς ͼ͔ 
͎͊ͯ͘͜͡ ΅͙͎ͪͦͦ ͊͘ͻ͔ͦͨͤͤ͡Ύ ͡Ό͙͙͒ͤ ͔ͣ͊ͭͪ͊͜͡Έ͙͙ͤͣ ͼͤͤͦͫͭ͜Ύ͙ͣ ͔͋͘ ͙ͨͪͣͯͫͯΣ 
ͨͪ ͊ͼ͜ ͘ ͡Ό͍͋ͦΩΌ ͒ͦ ͔ͪ;͔͚Φ 

˨ͯͻ͍ͦͤ͜ ͼͤͤͦͫͭ͜͜ ͯ ͍͎ͫͭͦ͜͡Ύ͒͜ ͡Ό͙͙͒ͤ ς ͼ͔ ŎǊŜŘƻ ό͍ͨͪͦ͒ͤ͜͜ ͔͎͍ͤͭͪͦ͊ͤ͜͜ 
͔͙͔ͫͭͤ͘͟ͼ͚ͤ͜͜ ͦͪ͜Ίͤͭ͊ͼ͜͝ύΣ ΅ͦ Ί ͍ͦͫͤͦͦΌ ͝͝ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦͫͭ͜Σ ͪͦͯͣͤͤ͘͘͜Ύ ͙ͫͣͫͯ͡ 
ͭ͊ ͔͙ͣͭ ͙͗ͭͭΎΦ ͍͔̂ͫ͒ͦͣͤͤ͜͡Ύ ͔͔ͫ͋ ͤͦͫ͜Ίͣ ͍͙͙ͫͦ͟ͻ ͒ͯͻ͍͙ͦͤͻ ͼ͔͚ͤͤͦͫͭ͜ Ί ͊ͫ͊͒ͦ͘Ό 
͍͎͙ͫ͊ͣͦͨͦ͊Φ ˢ͔͡ ͫͦͼͯͣ͜ ͍ͨͦ͊͗͊Ί ͦͫͦ͋ͯΣ Ύ͟΅ͦ ͔ͤ ͫͭ͜͡Έ͙͟ ͍͙ͤ͊͘Ί ͤ͊Ύ͍ͤͫͭ͜Έ ͯ ͔ͤ͝ 
͍͙͙ͫͦ͟ͻ ͒ͯͻ͍͙ͦͤͻ ͼ͔͚ͤͤͦͫͭ͜Σ ͫ͟͜͡Έ͙͟ ͍͒ͣ͜͜;͊Ί ͍͍͒ͨͦ͒ͤͫͭ͜͜͜Έ ͝͝ ͍;͙͍ͤ͟͜ 
͔͍͙͒͊ͪͦ͊ͤͣ͟͡ ͣͦͪ͊͡Έ͙ͤͣΣ ͍͍͙ͨͪ͊ͦͣ ͊͋ͦ ͙ͨͦͭ͜͡;͙ͤͣ ͙ͨͪͤͼ͙ͨ͊ͣΦ ̂ ͫͺ͔ͪ͜ 
͒ͯͻ͍͙ͦͤͻ ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ίͤͭ͊ͼ͚͜ Ύ͍ͫͪ͊ͦ͟ ͍͙͍ͫͭ͜͡ΌΊͭΈͫΎ ͙ͨͪͦͭͪ͜;;Ύ ͣ͗͜ ζͫ ͍ͦͦͣ͡ ͜ 
͒ͦͣ͜͡ηΦ ˿͊ͣ͊ ͨͦ ͫͦ͋͜ ͼͤͤͫͭ͜͜Έ ͔ͤ Ί ͔͎ͪͯ͡Ύ͙͍ͭͦͣ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˤͦͤ͊ Ί ͙͡΄͔ 
͍ͫ͊͒ͦͦ͟͡Ό ͙͙͊ͪͭͤ͟ ͍ͫͭͯ͜Σ ͯ Ύ͚͟͜ ͍͔͒͒ͪ͊͘͜͟͡ΌΊͭΈͫΎ ͔ͭΣ Ύ͟ ζͨ ͍͙ͦͤͤͦ ͙͋ͯͭη, 
ζ͋ ͔͊͗͊ͤηΣ ͔͊͡ ͔ͤ ͔ͭΣ ΅ͦ Ί ζͫ ͍ͨͪ͊͗ͤͣ͜ηΣ ͫͤͯ͜Ό;͙ͣ ͯ ͙ͨͪ͊ͭ͟;͚ͤ͜ ͒͜͝Φ  

˸͔͔͎ͭ͊ͪͯ͡Ύ͙͍ͭ ς ͼ͔ ͎͙͊ͦͪͭͣ͡ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͙͚͟ ͍ͨ͒͊͒ͤ͜͡ΌΊ ͫͦ͋͜ ͤ͜΄͜Σ ͋͜͡Έ΄ 
ζͫ ͊͋͟͜͡η ͔͎ͪͯ͡Ύ͙͍͙ͭΦ ˭͍͙͊͘;͚͊ ͙ͦͫͦ͋ͫͭͫͭ͜Έ ͤ͊͘Ί ͨͪͦ ͍ͫͦ͝ ͫ͊͋ͦͫͭ͟͜͡Υ ͤͦ͜͡΅͜Σ 
͙ͨΎͼ͍ͭͦΣ ͔ͤͨͦ͒ͦ͊ͤ͊͡ ͗͊͒͋ͤͫͭ͜͜ΈΣ ͔ͤͦͤͭͪͦ͟͡Έ͍ͦ͊ͤ͜ ͔ͫͫͯ͊͟͡Έͤ͜ ͔͙ͨͦͭͪ͋Φ ˢ͔͡ ͔ͫ͊ͣ 
͝͝ ͫ͊͋ͦͫͭ͟͜͡ Ί ͔͔͙͒ͭͪͣͤ͊ͤͭ͊ͣ͜ ͎ͭͦͦΣ ΅ͦ ζ͟ ͔ͪ͒ͦη Ί ͙͍͙ͪ͊ͫͣ͟Σ ͍͙ͫͦͦͣͦͪ͊͟͡Έ͙ͤͣ ͜ 
͎ͯ;ͤͦ ͔͍͙͊͒͊ͪͦ͊ͤͣ͘͟͡Σ ͊ ͍͙ͫͨͪ͊ Ί ͔ͨͫ͟Έ͙͙ͣ͟Φ 
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́ͦͣͯ ͯ ͤ͜Ύͦͣͯ͟ ͪ͊͘͜ ͔ͤ ͣͦ͗ͤ͊ ͔ͣͻ͊ͤ͜;ͤͦ ͦͭͦͭͦ͗ͤΌ͍͙͊ͭ ͒ͯͻ͍ͦͤ͜ ͼͤͤͦͫͭ͜͜ ͜ 
͔͎ͪͯ͡Ύ͙͍͙ͭΦ ͔́͊͟ ͦͭͦͭͦ͗ͤΌ͍͊ͤͤΎ ͙ͤͦ͜͟͡ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͯ ͨͦͨͯ͡Ύ͙ͪͤͻ ͫͦͼ͊͜͡Έͤͦ-
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔ͨͪͦͭ͊͟ͻΣ ͔͒ ζ͍ ͙ͻ͍ͦ͊ͤͤΎ ͼ͔͚ͤͤͦͫͭ͜η ͙͚ͫͨͪͣ͊ΊͭΈͫΎ Ύ͟ ͍͊͒ͦ͘͜͡Έͤ͊ 
͔ͣͭ͊Σ ͜ ͔ͤ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͙ͨͭ͊ͤͤΎ ͨͪͦ ͍͔͔ͨ͒ͭͪ͒͗ͤͤ͜Ύ ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ίͤͭ͊ͼ͚͜ ͯ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͍;͙ͤ͊͟ͻΦ 

˹͔͔ͪͦͪͤͤͤ͘͘͜Ύ ͼ͔͚ͤͤͦͫͭ͜ ͜ ͔͎ͪͯ͡Ύ͙͍͍ͭ͜ ͙ͣ ͯ͋͊;͊Ίͣͦ ͯ ͫͯ;͊ͫͤͦͣͯ 
͔͔͙ͭͦͪͭ;ͤͦͣͯ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͘ ͙͍ͤͦͪͣ͊ͭͤͦ-͍͍ͨͪ͊ͦͦ͝ ͙͙ͨͪͪͦ͒ ͒ͯͻ͍͙ͦͤͻ 
ͼ͔͚ͤͤͦͫͭ͜Σ ͔͒ ͍͔ͫͭͪ͒͗ͯΊͭΈͫΎΣ ΅ͦ ͼͤͤͦͫͭ͜͜ ζΧ͔ͤ͊͗͊ͭ͡Έ ͒ͦ ͙͔͙ͫͫͭͣ ͫͦͼ͊͜͡Έͤͦ-
͙͍͙ͤͦͪͣ͊ͭͤͻΣ ͣͦ͋͊͘͜͜͡ͼ͚͙ͤ͜ͻ ͭ͊ ͔͎͙͍͙ͤͭͪ͊ͭͤ͜ͻ ͔͎ͪͯ͡Ύ͍ͭͦͪ͜ ͙͗ͭͭΎΣ ͍͔͙ͨͦ͒ͤ͜͟ 
͙͍͍ͤ͒͒͜͜͜Σ ͫͦͼ͊͜͡Έ͙ͤͻ ͫͨ͜͡Έͤͦͭ ͜ ͫͦͼͯͣͯ͜ ͍ ͼͦͣͯ͜͡Σ ͎ͫͯͯ͡ΌͭΈ ͍͙͍͙͊͗ͣ͡ ͔͔͒͗ͪͦͣ͡ 
ͫͦͼ͊͊͘͜͜͡ͼ͜͝ ͙ͦͫͦ͋Σ ͣͪͦ͜ΌΣ Ύͦ͟Ό ͘ ͔ͪ΄ͭͦΌΣ ͍͙ͣͪ͜ΌΊͭΈͫΎ ͡Ό͒ͫΈ͔͟ ͙͗ͭͭΎΦ Χˤͫ͜ ͔͒͜͝ 
ͯ ͫͺ͔ͪ͜ ͼ͔͚ͤͤͦͫͭ͜ ͍͙ͦͤͯ͟ΌͭΈ ͔͍ͨͤͯ ͺͯͤ͟ͼ͜ΌΣ ͔͎ͪͯ͡ΌΌͭΈ ͭ͜ ;͙ ͤ͜΄͜ ͍͙͙͒ͤͦͫͤ͜ 
͡Ό͔͚͒Σ ͍͙ͫͭͯͨ͊Ό;͙ ͙͊ͫͦ͋͊ͣ͘ ͚ ͦ͋ΩΊ͙ͭ͊ͣ͟ ͝ͻͤΈͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜η [2, 179ς180]. 

˭͍͙;͚͊ͤͦΣ ͒ͯͻ͍ͦͤ͜ όͫͯ͋ΩΊ͙͍ͭͤ͟͜ύ ͼͤͤͦͫͭ͜͜ ͣͦ͗ͤ͊ ͍͍͙͊͗͊ͭ ͙͍͙͙ͤͦͪͣ͊ͭͤͣ 
Ύ͍͙΅͙͊ͣΣ ΅ͦ ͺͯͤ͟ͼͦͤͯ͜ΌͭΈ ͯ ͫͯͫͨ͜͡Έ͚ͤ͜ ͍ͫ͒ͦͣͦͫͭ͜͜Φ ˢ͔͡ ͫͯͭΈ ͙ͨͭ͊ͤͤΎ ͨͦ͡Ύ͎͊Ί ͯ 
ͭͦͣͯΣ Ύ͟ ͔ͫ͊ͣ ͍͙ͦͤ ͯ ͚ͤ͜ ͺͯͤ͟ͼͦͤͯ͜ΌͭΈΚ ̇ͤͤͦͫͭ͜͜Σ ΅ͦ ͍͟͡Ό;͔ͤ͜ ͒ͦ ͫͦͼ͊͜͡Έͤͦ-
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͍ͨͪͦͭ͟͜Σ ͎ͨͪͦͪ͊ͣ ͍ͦͫͭͤ͜Έͦ-͍͙ͻ͍ͦͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ί ͙ͤͦͪͣ͊ͣ-
͍͊͒͊ͤͤ͘Ύ͙ͣΣ ͙ͤͦͪͣ͊ͣ-ͼ͜͡Ύ͙ͣΦ ˤ͒ͦͣ͜͜ ͯͭͦͨ͜;ͤ͜ ͔͙ͨͪͦͭ͟ όΎ͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ 
ζͅ ͍ͦͪͣͯ͊ͤͤΎ ͍͔ͫ͋͜;ͤͦ ͍͙ͪͦͤͯͭͦ͘͝Σ ͎͚͊ͪͣͦͤͤͦ͜͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜ηΣ ͯ Ύ͙͟ͻ ͣͦͪ͊͡Έͤ͜Σ 
͔͔͙ͫͭͭ;ͤ͜Σ ͫͦͼ͊͜͡Έͤͦ-͙ͨͦͭ͜͡;ͤ͜ ͼͤͤͦͫͭ͜͜ Ί ͙ͤͦͪͣ͊ͣ-ͣͪ͜Ύ͙ͣΣ ͙ͤͦͪͣ͊ͣ-
͔͎͔͙͒ͦͦͣ͊ͣ͜͡Φ ˸ͦͪ͊͡Έͤ͜ ͼͤͤͦͫͭ͜͜Σ ΅ͦ ͍͙ͤ͊͘;͊ΌͭΈͫΎ Ύ͟ ͋͊͗͊ͤ͜ ͊͋ͦ ͎͋ͦͦͤ͊͒͊ͤ͜ ͯ 
͎͋͊͊ͭΈͦͻ ͔͎͚͙ͪͤ͜͜͡ͻ ͔͎͒ͦͦ͜͜͡ΎͻΣ ͊͋ͦ ͙ͦͨͫͯΌͭΈͫΎ Ύ͟ ͔ͤ͊͗ͤ͜͡ ͔͙ͦͪͣͣ͟ ͤ͊ͪͦ͒͊ͣ ͯ 
͔͙͙ͤͪͭ͟;͙ͤͻ ͔͎ͭͤͦͦ͜͡;͙ͤͻ ͭ͊ ͙ͫͭͦͪ͜;͙ͤͻ ͍ͦͨͦ͒͊ͤͤ͜Ύͻ ό͍͒ͫͯͭͤͫͭ͜͜Έ ͍͚ͤ͜ ͯ 
ζ˭ ͦͦͭͦͣͯ͡ ͍͜ͼ͜η ͡Ό͍͒ͫͭ͊ύΣ Ί ͙ͨͪͦ͒ͯͭ͊ͣ͟ ͍ͭͦͪ;ͦ͝ ͯΎ͍͙Σ ͙ͤͦͪͣ͊ͣ-ͣ͜ͺ͎͔͙ͦͦͣ͊ͣ͡Φ 
˹͍͊ͭ͜Έ ͼͤͤͦͫͭ͜͜Σ ΅ͦ ͎ͨͪͦͨ͊ͯΌͭΈͫΎ ͍͍ͨͪ͊ͦͦΌ ͍ͫ͒ͦͣͫͭ͜͜ΌΣ ͍͙͊͘͘;͚͊ 
͔͔͍ͨͪͭͦͪΌΌͭΈͫΎ ͤ͊ ͔͎ͪͯ͡Ύ͙͍͙ͭ ͒͜Ύ͡Έͤͦͫͭ͜ ͙͡΄͔ ͨ͒͜ ͣ͜ͼ͙ͤͣ ͙ͨͪͣͯͫͦͣΦ ˻͔ͭ͗Σ 
ͼͤͤͦͫͭ͜͜ ς ͼ͔Σ ͔ͨͪ΄ ͊͘ ͍͔ͫΣ ͊͋ͫͭͪ͊͟ͼ͜͝Σ ͍ͯͣͦͤ͜ ͙ͦͤͫͭͪͯͭ͟͟Φ  ˨͚ͫͤͦ͜Σ Ύ͟ ͙ͫͭͤͤ͜͜Σ ͭ͊͟ ͜ 
͙͍ͨͦͣͦ͟͜͡ ͔͒͜͝ ͜ ͎ͨͦ͡Ύ͙͒ Ί ͼͤͤͦͫͭ͜Ύ͙ͣΣ ͔͊͡ ͙͡΄͔ ͘ ͎͍͎͊͋ͫͭͪ͊ͦ͊ͤͦͦ ͎ͨͦ͡Ύ͒ͯ ͤ͊ 
͙ͤͻΣ ͯ ζ͍ ͔͒͒͊ͤͤ͜͜͡η ͍͒͜ ͍ͫͨͪ͊͗ͤΈͦ͝ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ ͫͦͼͯͣͯ͜Φ ˤ͙ͦͤ ͔ͤ Ί 
͔͎ͪͯ͡Ύ͙͍͙ͭ͊ͣ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔͊͡ ͍͙ͦͤͯ͟ΌͭΈ ͙͔ͪͭͪ͊͟͜͡Έͤͯ ͪͦ͡ΈΣ ͭͦ͋ͭͦ Ί ͣͪͦ͜ΌΣ 
͊ͫͦ͋ͦͣ͘ ͦͼͤ͜Ό͍͊ͤͤΎ ͍ͫͨͪ͊͗ͤ͜ͻ ͡Ό͒ͫΈ͙͟ͻ ͍;͙͍ͤ͟͜Φ ̂ ͼΈͦͣͯ ͔ͫͤͫ͜ ͍͙ͦͤ ͍ͤ͊ͫͨͪ͊͒͜ 
͍͙ͦͤͯ͟ΌͭΈ ͍͊ͫͤͯ͡ ͺͯͤ͟ͼ͜ΌΣ ͔͎ͪͯ͡ΌΌ;͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͫͦͼͯͣͯ͜ ͒ͦ ͔ͦͪͣͦ͟͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 

˹͍͊ͫͨͪ͊͒͜ ͔ͨͪͦ͋ͣ͊͡ ͙ͨͪͦͭͪ͜;;Ύ ͣ͗͜ ͍͙΅͙͙ͣ ͼͤͤͦͫͭ͜Ύ͙ͣ ͭ͊ ͙ͨͪ͊ͭ͟;͙͙ͤͣ 
͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭ͊ͣ ͡Ό͒ͫΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͔͗ ͎ͪͦ͘͡Ύ͒͊͊ͫ͡Έ ˱Φ ˴ ͊ͤͭͦͣΣ ͜ ͋ͯ͊͡ ͣ͝ 
͍͙ͪ͜΄͔ͤ͊Φ ˢ͔͡ ͨ͒ͤ͜͜͡ ͨ͒͜ͻ͙ͦ͒ ;ͦͣͯͫΈ ͍͊͋ͯ͊͘ΌͭΈͫΎΣ ͊ ͯͭͦͨ͜;ͤ͜ ͔͙ͨͪͦͭ͟ ͨ͒͜ 
͍͙ͤ͊͊ͣ͘ ζ͜ ͍ͤͤͦ͊ͼ͚͙ͤ͜ͻ ͍͙ͻ͍͙ͦͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡η ͨͪͦ͒ͯͯ͟ΌͭΈͫΎ ͯ ͍͔͙͚͟͜͡ ͟͜͡Έͦͫͭ͟͜Φ 
˿͊ͣ ˴͊ͤͭ ͍ͫͦΌ ͨͪ͊ͼΌΣ ͼͦͣ͜͟͡ ͙͍ͨͪͫΎ;͔ͤͯ ͍͙ͤ͊͘;͔͚ͤ͜ ͔ͨͪͦ͋ͣ͜͡Σ ͍͍ͤ͊͊͘ 
ζ˽ ͎͙ͪ͊ͣ͊ͭ;ͤͦΌ ͎͊ͤͭͪͦͨͦͦ͜͡ΊΌηΦ ˴͊ͤͭ ͔ͣͤͯ͜Ί ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͍ͨͦͫ͒ͦͤͦ͜͡͝ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͣͦͪ͊͡Έ͙ͤͻ ͜ ͍͍͙ͨͪ͊ͦͻ ͼ͔͚ͤͤͦͫͭ͜ ͍ ͍͔ͨͦ͒ͤ͜ͼ͜ ζͻ͔͊ͪ͊ͭͪͦͣ͟ηΣ ͯ 
͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͘͜ ͙͔ͫͭͣ͡ ͍͔ͣͦͤͤ͡Ύ ͍͊ͫͤͦ͡͝ ͔ͨͦͻ͙Φ ˶͙΄͔ ͔͒Ύ͟͜ ͫͯ͋ΩΊ͙ͭ͟ ͺͦͪͣͯΌͭΈ 



ʌʽʣʦʩʦʬʽʷ ʥʘʫʢʠ: ʪʨʘʜʠʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ, 2017, ˉ 1 (15) 

64 

 

ͯ ͫͦ͋͜ ͭ͊ͯ͟ ͒͊ͭͤͫͭ͘͜Έ ͍ͦ͜͡ όͻ͔͊ͪ͊ͭͪ͟ύΣ ͍͊͒͘Ύ͙͟ Ύ͚͟͜ ͔ͪ͊ͯ͘͜͡ΌͭΈͫΎ ͙ͨͪ͊ͭ͟;ͤ͜ 
͙ͨͪͤͼ͙͙ͨΣ ΅ͦ ͍͙ͦͤ ͙͙͙ͨͪͨͫ͊͡ ͝ͻ ͫͦ͋͜ Ύ͟ ͔͒΅ͦ ͔͔ͤͣͤͤ͘͜ ώоΣ рпмϐΦ 

̆ͦ;͊ ΅͔ ͍͒͊ͤ͜ ͙ͪͣͫΈ͟͜ ͙͙͔ͣͫͭ͜͡͡ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊͟͡ ͨͦͤΎͭͭΎ ζmodus vivendiη 
͔ͫ͊ͣ ͒͡Ύ ͨͦͤ͊͘;͔ͤͤΎ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜Σ ͔͍ͤͭͦͪΌ͍͎͊ͤͦͦ ͫͨͦͫͦ͋ͯ ͙ͨͪ͊ͭ͟;͎ͤͦͦ 
͍͔ͭͤͤ͜͡Ύ ͎͊͊͘͡Έ͍͙ͤͦ͒ͦͣ͜ͻ ͼ͔͚ͤͤͦͫͭ͜Φ ζVivendiη ͤ͜Ύ͟ ͔ͤ ͣͦ͗ͤ͊ ͙ͪͦͯͣͭ͘͘͜Σ Ύ͟ 
ζͤ ͍͊;͔ͤͫͭ͜Έη ͊͋ͦ ζͦ ͍ͫ͜;͔ͤͫͭ͜ΈηΣ ͤ͜ ͙ͭͣ ͋͜͡Έ΄͔ Ύ͟ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͍͔ͣͦͤͤ͡ΎΣ ͭͦͣͯ 
΅ͦ ͍ͦͤͦ Ί ͙ͨͪ͊ͭ͟;ͤͦΌ ͙͗ͭͭΊ͒͜Ύ͡Έͤͫͭ͜ΌΣ ͨͪͦͫͭͦͪͦͣ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͭ͊ ͯ͟͡Έ͎ͭͯͪͤͦͦ 
͍͙ͫ͊ͣͦΎ͍͔ͤͤ͡Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ζVivendiη ͭ͊ͦ͗͟ ͔ͤ Ί ͙ͣͫ͟Έ ͍ͦͤ͘͘͜ ͍ͤ͊͜Ό͍͙͊ͤͣΦ 
MoŘǳǎ ǾƛǾŜƴŘƛ Ύ͟ ͫͨͦͫ͋͜ ͋ͯͭͭΎ Ί ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͣ ͤ͊͒͋͊ͤͤΎͣΣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ 
͎͋͊͊ͭΈͦͻ ͍͙͍ͨͪͦ͋ͯ͊ͤΈΣ ͫͨͪͦ͋ ͙ͪͤ͘͜ͻ ͍͙͒͊͡ͻ ͭ͊ ͔͍͙ͤ͒͊͡ͻ ͍͍͊ͪ͊ͤͭ͜͜ ͍͔͙ͨͦ͒ͤ͜͟Φ ˹͊ 
΄͡Ύͻͯ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͨͦ΄͍ͭͦͻ͙Σ ͙͒ͪ͊ͣ͊ͭ;ͤ͜ 
͙ͯ͒͊ͪΣ ͊ ͭͦ͒͜ ͙͍ͣͦ͗͜͡ ͒ͯ΄͔͍ͤ͜ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜͝Σ ͚͙ͤͫ͊ͭ͜Σ ͔ͣͭ͊ͣͦͪͺ͙ͦ͘ ͭͦ΅ͦΦ 
˽͔͔͍͔ͪͭͦͪͤͤΎ ͼ͔͚ͤͤͦͫͭ͜ ͤ͊ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͯ ͍ͤͯͭͪ͜΄ͤΈͦͣͯ ͍ͫͭ͜͜ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͯ ͙ͨͪ͊ͭ͟;ͤͦ-͒͜Ύ͡Έ͙ͤͫͤ͜ͻ ͍͙ͫ͊͒ͦ͟͡ͻ ͝͝ ͍͍ͫͭͦ͒ͤͦ͜͜΄͔ͤͤΎΦ ˽ͪͦ 
ͼͤͤͦͫͭ͜͜ ͤ͊͘Ί ͦ͗ͤ͊͟ ͍ͦͫ͜;͔ͤ͊ ͡Ό͙͒ͤ͊Φ ˽͔ͪͦͭ ͒͊ͭͤͦͫͭ͘͜ ΅ͦ͒ͦ ͔͔ͦ͋ͣ͗ͤͤΎ ͜ 
͙͊͋ͦͪͦͤ͘ ͍;͙͍ͤ͟͜Σ ΅ͦ ͨͦͭͪ͋ͤ͜͜ ͒͡Ύ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͔ͭͤͤ͜͡Ύ ͼ͔͚ͤͤͦͫͭ͜Σ Ί 
͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͣ ͒ͦ͋ͯͭͦͣ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ́ͦ͋ͭͦ ͔ͭΣ ΅ͦ ͔ͣͤͯ͜ΊͭΈͫΎ ζͣ ͯ͒ͪͫͭ͜Όη, 
ζͫ ͍ͦͫͭ͜ΌηΣ ͫͺ͔ͪͦΌ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜Σ ͫͺ͔ͪͦΌ ͪ͜΄͔ͤΈΣ ͍ͤ͊ͭ͜Έ ͚ ζͦ ͔͔͋ͪ͗ͤͫͭ͜Όη Ί 
͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͙͗ͭͭΊ͍͎ͦͦ ͍͒ͦͫ͒ͯ͜Φ  

ˢ͔͡ ͔ͤ ͭ͜͡Έ͙͟ ͔͔͙͙ͭͦͪͭ͟Σ ͊ ͚ ͫͯ;͊ͫͤ͜ ζͨ ͙͙ͪ͊ͭ͟͟η ͔͙͍ͤͭͤͫͤͦ͜ ͍ͨͪͦ͒ͦ͗ͯΌͭΈ 
͍͙͍;͔ͤͤΎ ͍͔ͪ͋͊͡Έ͙ͤͻ ͍͙͍ͫͦ͡͡Ό͍͊ͤΈ ͨͪͦ ͼͤͤͦͫͭ͜͜ ͭ͊ ΄ͦ͟͡ΎͪͫΈ͔͟ ͦͼͤ͜Ό͍͊ͤͤΎ 
͍ͪͤ͜Ό ͍͙ͪͦͭͯ͘͟ ͒͊ͭͤͦͫͭ͘͜ ͺͦͪͣͯ͡Ό͍͙͊ͭ ͼ͜ ͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎ ͍ Ύͦͫͭ͟͜ ͙ͨͦ͊ͤ͊͘͟͟ 
͍͙ͪͦͤͯͭͦͫͭ͘͜ ͙ͫ͊ͣͻ ͼ͔͚ͤͤͦͫͭ͜Φ ˹͙͊ͨͪ͊͒͟͡Σ ͯ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ˾ΦˤΦ ˴͊͊ͣ͊͗͡ ͍ͫ͜ 
ͼͤͤͦͫͭ͜͜ ͺ͊ͻ͍͜ͼ͍͜ Ό͙͙ͪ͒;͙ͤͻ ͤ͊ͨͪΎ͍ͣ͜ ͍͔͔͒ͤͫͤ͜͜ ͒ͦ ͫͺ͔͙ͪ ͝ͻ ζ̒-ͦͤ͟ͼ͔ͨͼ͜͝η. 
˻͍͙͚͋͐ͪͯͤͭͦ͊ͤ ͚ͭ͊͟͜ ͨ͒͜ͻ͒͜ ͙ͭͣΣ ΅ͦ ζͨ ͪͦͺ͔͚ͫͤ͊͜ ̒-ͦͤ͟ͼ͔ͨͼ͜Ύ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ 
Ί ͔͎ͤͭͪ͊͜ͼ͚ͤͦ͜Ό ͊ͤͦ͟͡Ό ͙͔͙ͫͫͭͣ ζͦ ͙ͫͦ͋ͫͭͫͭ͜Έ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎ ς 
ͨͪͦͺ͔͚ͫͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜Έ ς ͯ ͍͙ͣͦ Ό͙͙ͪ͒;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ηΦ ˭͎͒ͤͦ͜ ͘ ͔ͤΌ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ 
͍͙ͫ͊ͣͦͤ͊͘;͔ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ΅ͦ͒ͦ ͤ͊ͨͪΎͣͯ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͍ 
͔͙ͦͤͪͭͤ͟͟ͻ Ό͙͙ͪ͒;͙ͤͻ ͨͪͦͺ͔ͫ͜ΎͻΣ ͦͤͫͭͪͯ͟ΌΌͭΈͫΎ ͔͙ͭ͊ͦͤ͡ ͜ ͙ͫͭ͊ͤ͒͊ͪͭ 
ͦͼͤ͜Ό͍͊ͤͤΎ ͔͔ͫ͋ Ύ͟ ͫͯ͋ΩΊͭ͊͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͊͊͒͊͘͟͡ΌͭΈͫΎ ͍͙ͦͫͤͦ 
͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͙ͫͭ͡Ό ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͚͔ͣ͊ͫͭͪͤͦͫͭ͜ ͍ Ό͙͙ͪ͒;͚ͤ͜ 
ͨͪͦͺ͔ͫ͜͝ ώпΣ рϐΦ ˹͊΄ͯ ͙ͨͪͤͼ͙͍ͨͦͯ ͔͎ͤͦ͒ͯ͘ ͍͙͙͍͊͘Ί ͔͔͍͔ͨͪͭͦͪͤͤΎ ̒-ͦͤ͟ͼ͔ͨͼ͜͝ ͤ͊ 
͍͙͚ͨͪͦ͒ͤ͜ ͔͔͒ͭͪͣͤͯ͜Ό;͙͚ ͜ ͔͔ͫ͊ͣͦ͒ͭͪͣͤͯ͜Ό;͙͚ ͺ͊ͭͦͪ͟ ͍ ͎͍͔͍͚͋͊͊ͭͦͪͤ͜͜ 
ͫͭͪͯͭͯͪ͟͜ ͍͍ͫͭͦ͒ͤͦ͜͜΄͔ͤͤΎΦ ˢ͍ͭͦͪͦͣ ͎͒͊ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͙ͦͪͫͭ͊ͤ͟͜ ͪͤ͘͜͜ 
͔͙͙ͣͭͦ͒͟ ͍͔͍͎ͪ͋͊ͦ͊ͤͦͦ͘͜͡ ͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎ ͔͔͙ͪͫͨͦͤ͒ͤͭ͊ͣ ͔ͫͯ͒͗ͤΈ ΅ͦ͒ͦ ͍ͫͦΊ͝ 
ζ̒-ͦͤ͟ͼ͔ͨͼ͜͝ηΦ ˤ͔͗ ͫ͊ͣ ͺ͊ͭ͟Σ ΅ͦ ͔͙ͫͭͯ͒ͤͭ ͍͙͍ͫͦ͡͡Ό͍͊ΌͭΈͫΎ ͍ Ύͦͫͭ͟͜ 
͍͙ͨ͒͒ͦͫ͒ͤ͜͜ͻ ͫͯ͋ΩΊ͍ͭ͟͜ ͯ ͍ͤ͊ͯͦͦͣͯ͟ ͒ͦͫ͒͜͜͡Σ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͔ͭΣ ΅ͦ 
͍͔͒͒ͪ͊͘͜͟͡ΌΊͭΈͫΎ ͙͡΄͔ ͍ͦͤ͘͜΄͚ͤ͜ ͍͔ͪͤ͜Έ ζ̒-ͦͤ͟ͼ͔ͨͼ͜͝ηΦ ˢ͔͡ ͙͒ͦͫ͒ͤ͜͡ͼΎ ͔ͫ͊ͣ 
ͼ͚͜Σ ͍ͫ͒ͦͣͦ͜ ͜ ͨ͒͜ͼ͔ͤͯͪͤͦ͘ ͣ͊ͤ͜ͺ͔͍͙͚ͫͭͦ͊ͤ ͔͔͙ͪͫͨͦͤ͒ͤͭ͊ͣ ͘ ͔͍ͤͨͦͤͦΌΣ ͊ ͭͦ ͚ ͘ 
͚͔ͣ͊͗ ͊ͤ͘͟͜;͔ͤͦΌ ͍͙΅ͦΌ Ό͙͙ͪ͒;ͤͦΌ ͍ͦͫͭͦ͜Ό ͍͔ͪ͋͊͡Έ͙͚ͤ ͔ͣ͊ͭͪ͊͜͡ 
͍͙͙͍ͦͪͫͭͦͯ͟Ί ͒͡Ύ ͪͦͨͦ͒ͯ͘͜͡ ͍͔͔͙͒͒ͪ͊ͤ͘͜͟͡ͻ ͍͊ͪ͊͜ͼ͚͜ ζ̒-ͦͤ͟ͼ͔ͨͼ͚͜η ͤ͊ Ύͫͤͦ͟͜ 
ͤ͊͘;ͯ΅͜ ͍ͪͤ͜͜ ζͤ ͙͘Έ͙͚͟ ͔͙͍͙͚͒͊͒͊ͨͭͤ͘η, ζͫ ͔͔͚ͪ͒ͤ͜ ͙͍͙͚͊͒͊ͨͭͤη, ζ͍ ͙͙͚ͫͦ͟ 
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͔͎͙͍͙͚ͤͭͪ͊ͭͤ͜η, ζ͍ ͙͙͚ͫͦ͟ ͍ͭͦͪ;͙͚η ώпΣ орϐΦ ˹͍͊ͫͨͪ͊͒͜Σ ͤ͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͯ 
͔͒ͦͫ͒͗ͤͤ͜͜͡ ͍͔͔͒͒ͪ͊ͤ͘͜͟͜͡ ͪͤ͘͜͜ ͍ͪͤ͜͜ ͍͙ͪͦͭͯ͘͟ ͍͔ͣͦͤͤ͡Ί͍͙ͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ 
͔͍ͫͭͯ͒ͤͭ͜ ͣͦͦ͒͡΄͙ͻ ͭ͊ ͫͭ͊ͪ΄͙ͻ ͍ͯͪͫ͟͜Σ ͊ ͭ͊ͦ͗͟ ͜ ͙͚ͪͤ͘͜ ͦ͋ͫΎ͎ ͍͙͍͎ͫͦͤͦͦͦ͟͡ 
͊ͨ͊ͫͯ͘ ͯ ͫ͊͋ͦ͟͡- ͭ ͊ ͒ͦ͋ͪͦ ͍͙͎ͫͭ͊Ό;͙ͻΦ 

ˤ͙͍͙ͫͤͦ͟ ͘ ͎͒͊ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͜ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍ͪͦ͒ͦ͘͜͟ ͯ 
͒͊ͤͦͣͯ ͤ͊ͨͪΎͣͯ͟Φ -̒ͦͤ͟ͼ͔ͨͼ͜Ύ ͘ ͝͝ ͔ͣͦͼ͚͙͙ͤͣ͜ ͭ͊ ͎͙͍͙͙ͦͤͭͤͣ͟͜ ͍͙͙ͫ͊͒ͦͣ͟͡ Ί 
ͻ͔͙͙͊ͪ͊ͭͪͫͭͦ͟͟Ό ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦͫͭ͜ ͙ͦͫͦ͋Φ ˿͔͊ͣ ͍ ͫͺ͔ͪ͜ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦͫͭ͜ 
ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͜ ͙͍ͦͣͯͤ͊ͭͤ͟͜͟͜ ͒͋ͤͦͫͭ͘͜͜Σ ͜ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έ͎ͦͦ ͊͋ͦ 
͔ͦͨͦͫ ͔͍͎ͪ͒ͦ͊ͤͦͦ͟ ͔͎͍ͪ͊ͯ͊ͤͤΎ ͤ͊ ͙ͫͭͯ͊ͼ͜Ό ͍͎ͤ͊ͯͦͦͦ͟ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˽͔ͪͦͭ 
͙ͦͫͦ͋ͫͭͫͭ͜Έ Ί ͫͦͼ͊͜͡Έ͙ͤͣΣ ͫͦͼͦͯ͜͟͡Έ͙ͭͯͪͤͣ ͍͔ͯͭͦͪͤͤΎͣΣ Ύ͟ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͍ 
͙͍͚͊ͭͤ͟͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˿͍ͨͪ͊͗ͤ͜ ͼͤͤͦͫͭ͜͜ όͯ ͒͊ͤͦͣͯ ͍͙ͨ͊͒ͯ͟ Ό͙͍ͪͫͭ͜ύ ͒͊ͭͤ͘͜ 
ͨͪͦΎ͍͙͙ͭͫΎ ͙͡΄͔ ͍ ͔ͪ͊͡Έ͙ͤͻ ͒͜Ύ͡Έ͙ͤͫͤ͜ͻ ͙ͫͭͯ͊ͼ͜ΎͻΣ ͍ͨͦΩΎ͙͊ͤ͘ͻ ͘ ͣͦͪ͊͡Έ͙ͤͣ ͭ͊ 
͍͍͙ͨͪ͊ͦͣ ͍͙͋ͦͪͦͣΣ Ύ͟ ͔ͪͯ͘͡Έͭ͊ͭ ͍͙ͫ͒ͦͣ͜ͻ ͪ͜΄͔ͤΈΣ ͯ Ύ͙͟ͻ ͤ͊ ͙͔͙ͨͪͦͭ͗ͤ͡ͻ 
͍͔͊͗͡Ύͻ ͤ͊ ͍͔ͨͦ͒ͤͯ͜͟ ͙͍ͤ͒͒͊͜͜ ͒͜ΌͭΈ ͙ͭ͊͟ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭΣ Ύ͟ ͍ͫͦͫͭ͜Έ ͜ 
͙͙͍ͦͪͫͫͭ͟͜͡ΈΣ ͤ͊ͤͤ͘Ύ ͍͊ͦͤ͘͟͜ ͭ͊ ͎ͤ͊ͣ͊͊ͤͤΎ ͙͙ͤͣ ͍͙͍͙ͦ͗͊ͭ͘͡Σ ͔͔ͦ͋ͪ͗ͤͫͭ͜Έ ͭ͊ 
ͯ͘ͻ͍͊ͫͭ͜͡ΈΣ ͫͭͪ͊ͻ ͔͔ͨͪ͒ ͨͦ͊ͪ͊ͤͤ͟Ύͣ ͭ͊ ͗͊͒͋ͤͫͭ͜͜ΈΦ ̇ͤͤͦͫͭ͜͜ Ί ͍͊͘;͔͙͙ͤͣ 
͍͙ͫͦ͊ͣ͡Σ ͍͙͙ͯͣͦͤͣ ͨͦͤΎͭͭΎ͙ͣΣ ͙ͨͦ͟ ͍͙ͦͤ ͔ͤ ͔͍ͪ͊ͦ͊ͤ͘͜͜͡ ͯ ͍;͙ͤ͊͟ͻΦ ˿ͺ͔ͪ͊ 
͍;͙͍ͤ͟͜Σ ͒͜Ύ͡Έͤͫͭ͜Έ ͙ͦͫͦ͋ ς ͼ͔ ͫͺ͔ͪ͊ ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ ͫ͊ͣͦ͊ͭͯ͊͊͘͟͜͡ͼ͜͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ̐͒ͤͫͭ͜Έ ͭ͊ ͋ͦͪͦͭΈ͋͊ ζ͍ ͙΅͙ͻη ͼ͔͚ͤͤͦͫͭ͜ ͭ͊ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͍ͭ͜Σ ͝ͻ 
ͦͤ͟ͺ͙ͭ͜͟͡Σ ͙ͨͪͦͭͫͭͦΎͤͤΎΣ ͒ͯ΄͔͍ͤ͜ ͜ ͒ͯͻ͍ͦͤ͜ ͋͜ͺͯͪ͊͟ͼ͜͝ ͜ ͺͯͭͯ͊͟͡ͼ͜͝ 
͍͔͒͒ͪ͊͘͜͟͡ΌΌͭΈͫΎ ͔ͤ ͍ ͔ͫͭͯ͒ͤͭͫΈ͙͟ͻ ͔ͭͫͭ͊ͻΣ ͔ͫ͋ͭͦ ς ͻͯ͒ͦ͗ͤ͜ͻ ͍ͭͦͪ͊ͻ ͤ͊ ͊͒͊ͤͯ͘ 
͔ͭͣͯΣ ͊ ͍ ͍ͦͪͦͭ͊͘ͻ ͒ͦ͜͡ ͔ͪ͊͡Έ͙ͤͻ ͚ͫͯ͒͜Σ ͍ͨͪͦͯͪͦͪ͟͜Σ ͫ͒͜͡;͙ͻΦ 

 
˶˱́˩˾ˢ́̂˾ˢ 

1. ˨͍͔ͦͪͼ͙͚͟ ˮΦ ̆Φ ˶͙͊ͭͤͫͦ͟-͙͚ͪͯͫͫ͟ ͍ͫͦ͊ͪ͡ΈΦ ˻͟Φ рл ллл ͍ͫͦ͡Φ ˮ͒͘Φ н-͔Φ - 

˸ΦΥ ˾͙͚ͯͫͫ͟ Ύ͘·͟Σ мфтсΦ - млфс ͫΦ 
2. ˭͊ͣͦͪͫΈ͊͟ ˶Φ ˱Φ ˹͙͍ͦͪͣ͊ͭͤͦ-͍͍ͨͪ͊ͦ͊ ͙ͨͪͪͦ͒͊ ͒ͯͻ͍͙ͦͤͻ ͼ͔͚ͤͤͦͫͭ͜ κ  

˶Φ ˱Φ ˭͊ͣͦͪͫΈ͊͟ κκ ˢͭͯ͊͟͡Έͤ͜ ͔͙ͨͪͦ͋ͣ͡ ͔͍͙͒ͪ͗͊ ͜ ͍ͨͪ͊͊Υ ˭͋Φ ͤ͊ͯ͟ ͨͪ͊ͼΈΦ  
ˤ͙ͨΦ спΦ ς ˻͔͒ͫ͊Υ ͙͙̑ͪ͒;ͤ͊ ͔ͭͪ͊ͭͯͪ͊͜͡Σ нлмнΦ ς срл ͫΦ ς ˿Φ мту ς 184. ς ˾͔͙͗ͣ 
͒ͦͫͭͯͨͯΥ http://nbuv.gov.ua/UJRN/apdp_2012_64_26 

3. ˴͊ͤͭ ˮΦ ˢ͎͙ͤͭͪͦͨͦͦ͡Ύ ͫ ͎͙ͨͪ͊ͣ͊ͭ;͔͚ͫͦ͟ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ κκ ˮ͙ͣͣ͊ͤͯ͡ 
˴͊ͤͭΦ ˿ͦ;Φ ͍ с-͙ͭ ͭͭΦ ́Φ сΦ ς ˸ ΦΥ ˸·ͫ͡ΈΣ 1966. ς тпо ͫΦ 

4. ˴͊͊ͣ͊͗͡ ˾Φ ˤΦ ˽͙ͫͻ͎ͦͦ͜͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ̒-ͦͤ͟ͼ͔ͨͼ͜͝ 
͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ κ ˾ͯͫ͊ͤ͊͡ ˤ͙͙͍ͦͦ͒ͣͪͤ͊͜͡ ˴͊͊ͣ͊͗͡Φ ς ˢ͍͔ͭͦͪͺΦ ͙͒ͫΧ ͒ͦͭͦͪ͊͟ 
͙ͨͫͻͦ͡Φ ͤ͊ͯ͟ (19.00.07 ς ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͭ͊ ͍͍ͦ͊͜͟ ͙ͨͫͻ͎ͦͦ͜͡ΎύΦ ς ˴ΦΥ ˹͊ͼΦ ͍͔͙͔ͯͤͪͫͭͭ͜ 
ζ˻ ͫͭͪͦ͘Έ͊͟ ͔͊͊͒ͣ͟͜Ύη, 2010. ς рл ͫΦ 

5. ˶͔͍͊͊ͪ͊͘ ˢΦ ˻Φ ˸ͦͪ͊͡Έͤͦ-͔͙ͭ;ͤ͜ ͼͤͤͦͫͭ͜͜ ͎ͪͦͣ͊͒ΎͤͫΈ͎ͦͦ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ Υ 
͎ͣͦͤͦͪ͊ͺ͜Ύ κ ˢ͊͡͡ ˻͔͍ͫͤ͊͟͜͡͝ ˶͔͍͊͊ͪ͊͘Φ ς ˻ ͔͒ͫ͊ Υ ˤ˸ˤΣ нлмсΦ ς нрф ͫΦ 

6. ˸͙ͦͦ͒͡;͔ͤͦ͟ ˤΦ ˤΦ ˸͔ͦ͒ͪͤ͊͘͜ͼ͜Ύ ͼ͔͚ͤͤͦͫͭ͜ ͍ ͯͪ͊ͤͫ͟͝Έͦͣͯ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͜ 
͙͊ͫͦ͋͊ͣ͘ ͍͙ͦͫͭ͜ όͺͦͫͦ͜͡ͺͫΈ͙͚͟ ͊ͤ͊͘͜͡ύ Υ ͎ͣͦͤͦͪ͊ͺ͜Ύ κ ˤ͔͙͊ͤͭͤ͡ ˤ͍͙ͭͦͪͦ͜͟; 
˸͙ͦͦ͒͡;͔ͤͦ͟Φ ς ˴ Φ Υ ˭ͤ͊ͤͤΎ ͙̂ͪ͊ͤ͟͝Σ нлмлΦ ς оуп ͫΦ 

http://nbuv.gov.ua/UJRN/apdp_2012_64_26
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7. ˹͊ͯ͊͟ ͜ ͼͤͤͦͫͭ͜͜ ͡Ό͒ͫΈ͎ͦͦ͟ ͋ͯͭͭΎΥ ͔ͦͭ͟͟͡Φ ͎ͣͦͤͦͪ͊ͺ͜Ύ κ ˢ͡Έ;ͯ͟ ˸Φ ˽Φ  
ͭ͊ ͤ͜ΦΤ ͊͘ ͎͊͘Φ ͔ͪ͒Φ ͒-ͪ͊ ͺͦͫ͜͡Φ ͤ͊ͯ͟Σ ͨͪͦͺΦ ˤΦ ˽Φ ˸͔͡Έ͙ͤ͊͟Φ ς ˶Έ͍͍͜Υ ˶˹̂ 
ͣ͜Φ ˱ Φ ̅ ͪ͊ͤ͊͟Σ нлмрΦ ς 451 ͫ Φ 

8. ˽͊͡ͻ͍ͦ ˤΦ ˨Φ ˹ͦͪͣ͊ ͙ ͔͙͔ͦͭͦͤͤ͟͡ ͍ ͦ͋΅͔͍͔ͫͭΦ ͙̅ͦͫͦ͡ͺͫͦ͟-
͔͔͙ͭͦͪͭ;͔͔ͫͦ͟ ͍͍͔͔͙͔͒ͤ ͍ ͫͦͼ͙͊͡ΈͤͯΌ Ή͎͙ͭͦͦ͡Ό κ ˤ͙͙͊͒ͣͪ͡ ˨͙͙͔͍͙ͣͭͪ; 
˽͊͡ͻ͍ͦΦ ς ˿ Φ-˽͔͔͎ͭͪ͋ͯͪΣ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ͙͙̑ͪ͒;͔͎ͫͦͦ͟ ͙͙ͤͫͭͭͯͭ͊Σ нлммΦ ς 775 ͫ Φ  

9. ˿ͯ;͙͚͊ͫͤ ͭͯͣ͊͡;͙͚ͤ ͍͙ͫͦͤ͟͡ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΥ млл 000 ͍ͫ͜͡ κ ˭͊ ͎͊͘Φ 
˾͔͒Φ ˤΦ ˤΦ ˨ͯ͋;͙ͤͫΈ͎ͦͦ͟Φς ̆ ΦΥ ˤ˨ ζ̊ ͦ͊͟͡η, 2009.ς мллу ͫΦ 

10. ˿ͯ;͊ͫͤ͜ Ί͍͔͚ͪͦͨͫΈ͟͜ ͯ͟͡Έͭͯͪͤͦ-͙ͫͭͦͪ͜;ͤ͜ ͼͤͤͦͫͭ͜͜ ͍ ͔ͦͤͭͫͭ͟͟͜ ͍͙͙͍͟͟͜͡ 
͎ͦ͋͊͊͘͜͡͡ͼ͜͝ Υ ͎ͣͦͤͦͪ͊ͺ͜Ύ κ ˢΦ ˱Φ ˴ͯ͒ͪΎ;͔ͤͦ͟ ͭ͊ ͤ͜Φ ς ˴ ͙͍͝ Υ ͔̅ͤͫ͜͟Σ нлмпΦ ς ппм ͫΦ 

11. ͔͙̋ͪ͋ͤ͊ ˢΦ ˸Φ ˴͔͎͙͙͊ͭͦͪ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͍ͭͦ ͙ ͔͔͎ͣͭ͊ͪͯ͡Ύͼ͙͙ ͍ 
ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͚ͤͦ ͙͔͔ͫͫͭͣ ͙͊ͤ͊͊͘͡ ͔ͣͻ͙͍͊ͤͣͦ͘ ͫͦͼ͙ͦͯ͟͡Έ͚ͭͯͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 
κˢ͚ͤ͊ͭͦ͜͡ ˸͙ͻ͚͍͙͊ͦ͡; ͔͙̋ͪ͋ͤ͊ κκ ˢͭͯ͊͟͡Έͤ͜ ͔͙ͨͪͦ͋ͣ͡ ͺͦͫͦ͜͡ͺ͜͝ ͭ͊ ͫͦͼ͎ͦͦ͜͜͡͝Φ 
˹͍͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;͙͚ͤ ͗ͯͪͤ͊͡Φ ˤ͙ͨΦ мнΦ ς ˻ ͔͒ͫ͊Σ нлмсΦ ς мтф ͫΦ ς ˿ Φ 166 ς 168. 

12. ͔͙̋ͪ͋ͤ͊ ˢΦ ˸Φ ˸͔͔͎ͭ͊ͪͯ͡Ύͼ͜Ύ Ύ͟ ;͙͙ͤͤ͟ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟ IƻƳƻ {ŀǇƛŜƴǎΥ 
ͺͦͫͦ͜͡ͺͫΈͦ͟-͎͊ͤͭͪͦͨͦͦ͜͡;ͤ͜ ͭ͊ ͺͦͫͦ͜͡ͺͫΈͦ͟-ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;ͤ͜ ͍͙͙ͣͪ͜ κˢ͚ͤ͊ͭͦ͜͡ 
˸͙ͻ͚͍͙͊ͦ͡; ͔͙̋ͪ͋ͤ͊ κκ ̅ͦͫͦ͜͡ͺ͜Ύ ͙ͤ͊ͯ͟Υ ͙ͭͪ͊͒ͼ͜͝ ͭ͊ ͍ͤͤͦ͊͜ͼ͜͝Φ ˹͍͙͚͊ͯͦ͟ 
͗ͯͪͤ͊͡Σ Ѕ н όмнύΣ нлмрΦ ς ˿͙ͯͣ Υ ˤ͙͒Φ ˿ͯͣ˨˽̂ ͣ͜Φ s Φ˿Φ ˸ ͔͊͊ͪͤ͊͟͟Σ нлмрΦ ς  
˿Φ мпл ς 152. 

13. ͔͙̋ͪ͋ͤ͊ ˢΦ ˸Φ ˿ͦͼͦͯ͜͟͡Έͭͯͪͤ͊ ͔͎ͪͯ͡Ύͼ͜Ύ ͯ ͔ͭͻ͎ͤͦͦ͜͡Ύͻ ͍ͣ͊ͫͦͦ͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ Υ ˸͎ͦͤͦͪ͊ͺ͜Ύ κ ˢ͚ͤ͊ͭͦ͜͡ ˸͙ͻ͚͍͙͊ͦ͡; ͔͙̋ͪ͋ͤ͊Φ ς ˴Φ : s ͔͍͙͍͊͒ͣ͒͊͟Σ 
2013. ς нлл ͫΦ ό˿͔ͪ͜Ύ ζ˸ ͎ͦͤͦͪ͊ͺη). 

14. ͔͙̋ͪ͋ͤ͊ ˢΦ ˸Φ ͍̅ͦͪͣͯ͊ͤͤΎ ͫͦͼͦͯ͜͟͡Έ͙ͭͯͪͤͻ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͍ͭ͜ ͍ 
͔ͭͻ͎ͤͦͦ͜͡Ύͻ ͍͙ͻ͍ͦͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ κ ˢ͚ͤ͊ͭͦ͜͡ ˸͙ͻ͚͍͙͊ͦ͡; ͔͙̋ͪ͋ͤ͊ κκ ˽͔͎͎͒͊ͦ͜;ͤ͜ 
͙ͤ͊ͯ͟Υ ͔ͭͦͪ͜ΎΣ ͫͭͦͪ͜͜ΎΣ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Φ ˹͍͙͚͊ͯͦ͟ ͗ͯͪͤ͊͡Φ ς Ѕ т όрмύΣ нлмрΦ 
ς ˿ ͙ͯͣΥ ˤ͙͒Φ ˿ͯͣ˨˽̂ ͣ͜Φ ˢΦ˿Φ ˸ ͔͊͊ͪͤ͊͟͟Φ ς рлу ͫΦ ς ˿ Φ 485 ς 498. 
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Akademvydav, 2013. ς нлл ǎΦ ό{ŜǊƛȅŀ ζaƻƴƻƘǊŀŦηύΦ 

мпΦ {ƘŎƘŜǊōȅƴŀ !Φ aΦ CƻǊƳǳǾŀƴƴȅŀ ǎƻǘǎƛƻƪǳƭ ǘǳǊƴȅƪƘ ƳŜǘŀǊŜƘǳƭȅŀǘȅǾƛǾ Ǿ 
tekhnolohiyakh vykhovnoyi Řƛȅŀƭ ƴƻǎǘƛ κ !ƴŀǘƻƭƛȅ aȅƪƘŀȅƭƻǾȅŎƘ {ƘŎƘŜǊōȅƴŀ κκ 
Pedahohichni nauky: teoriya, istoriya, innovatsiyni tekhnolohiyi. Naukovyy zhurnal. ς 
Ѕ т όрмύΣ нлмрΦ ς Sumy: Vyd. SumDPU im. A.S. Makarenka. ς 508 s. ς S. 485 ς 498. 

 
ˢ˹˹˻́ˢ̇ˮ̒ 

ˢΦ˸Φ ͔͙̋ͪ͋ͤ͊. ͔͙̇ͤͤͦͫͭ ͙ ͣ ͔͔͎ͭ͊ͪͯ͡Ύ͙͍ͭ· ͊͟͟ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ·͔ 
ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙͡;͙ͤͦͫͭΦ  

ˤ ͫͭ͊ͭΈ͔ ͍ͦ͋ͦͫͤͦ·͍͔͊ͭͫΎ ͔͍͔͙͔ͤͫͦͨ͊͒ͤ ͨͦͤΎ͙͚ͭ ζͼ͔͙ͤͤͦͫͭη ͙ 
ζͣ ͔͔͎ͭ͊ͪͯ͡Ύ͙͍ͭ·ηΦ ˸͔͙͊ͭͪ͊͡Έͤ·͔ ͙ ͒ͯͻ͍ͦͤ·͔ ͼ͔͙ͤͤͦͫͭ Ύ͍͡ΎΌͭΈͫΎ 
͔ͤͦ͋ͻ͙ͦ͒ͣ·͙ͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ ͫͦͼ͙ͯͣ͊ ͙ ;͔͍͔ͦ͊͟͡Φ ˽ͦ 
͍͔͚ͫͦ ͫͦͼ͙ͦͯ͟͡Έ͚ͭͯͪͤͦ ͫͯ΅͙ͤͦͫͭ ͙ͦͤ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͙͘ ͔ͫ͋Ύ ͍͔ͫͦ͋΅͙͔ 
͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͊͋ͫͭͪ͊ͭ͟·Φ ˤ·ͫ΄͙͔ ͼ͔͙ͤͤͦͫͭ ͔͙ͪ͊ͯ͘͡ΌͭͫΎ ͍ 
͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͨͦͫͭͯͨ͊͟ͻ ͙͡΄Έ ͍ ͭͦͣ ͫͯ͡;͔͊Σ ͔͙ͫ͡ ͙ͦͤ ͔ͨͦ͒͒ͪ͗͊ͤ· ͙ 
͙͙͍͊ͭͯ͊ͪͦ͊ͤ͘͟͡· ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍͙ͭ͊ͣ ς ͎ͨͪͦͪ͊ͣͣͤ·͙ͣ ͔ͪ͊ͪ͘΄͔͙ͤΎ͙ͣ ͙ 
͔͙͊ͨͪͭ͊ͣ͘Σ ͙ͦͤͭͪͦͪͯ͟͡Ό΅͙͙ͣ ͙͍͊ͭͤͦͫͭ͟Έ ͙͙͍͙ͤ͒͒͊Φ ˨ͦ͊͘͟·͍͔͊ͭͫΎΣ ;ͭͦ 
ͫͺ͔ͪ͊ ͔͙͍͒ͤͫͭ͊ ͙ ͋ͦͪΈ͋· ͼ͔͔͚ͤͤͦͫͭ ͙ ͔͔͎ͣͭͪͯ͡Ύ͙͍͍ͭͦ ς Ήͭͦ ͫͺ͔ͪ͊ 
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͙ͨͪ͊ͭ͟;ͤͦ-͔͒Ύ͔ͭ͡Έ͎ͤͦͫͭͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͙͡;͙ͤͦͫͭ ͍ ͔͔ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ·ͻ 
͙͔͔͙ͣͪͤ͘ΎͻΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͼ͔͙ͤͤͦͫͭΣ ͔͙ͣ͊ͭͪ͊͡Έͤ·͔ ͼ͔͙ͤͤͦͫͭΣ ͒ͯͻ͍ͦͤ·͔ 
ͼ͔ͤͤͦ ͙ͫͭΣ ͔͔͎ͣͭ͊ͪͯ͡Ύ͙͍ͭΣ ͔͔͎ͣͭ͊ͪͯ͡Ύͼ͙ΎΣ ͙͡;ͤͦͫͭΈΣ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ͊Ύ 
͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΦ 

SUMMARY 
A.M. Scherbina. The values and the metaregulaters as social-cultural 

atributes of man. 
The article explains the discrepancy between the concepts of ζvaluesη and 

ζmetaregulatersη. Material and spiritual values are essential components of the life 
of the individual and of society. In its socio-cultural entity they represent universal 
and common abstracts. Higher values are realised in individual actions only if they 
are maintained and updated of metaregulaters ς the software permissions and 
prohibitions, that control the activity of the individual. It is proved, that the sphere of 
unity and struggle of values and metaregulaters is a sphere of practical activity of 
personality, which development in its social and cultural dimensions. 

Self-concept, with its emotional and cognitive components are characteristic of 
individual persons. It appears in the field of identity and communication skills, and 
the ability to direct or indirect response to the situation of a scientific experiment. 
But personality is social, socio-cultural entity, as realized in activity. These values (in 
this case lawyers) can occur only in situations of real activity-related legal and moral 
choice, as a result of conscious decisions in which the opposing arm on individual 
behavior are still metarehulyatyvy as conscience and self-interest, knowledge of laws 
and attempt to abuse them, caution and audacity, fear of punishment and greed. 
Values are memorized words, conventional concepts until they are realized in deeds. 
The scope of actions the person's activity - is the sphere of social and cultural self-
actualization. The unity and struggle "higher" values and metarehulyatyviv their 
conflict, confrontation, emotional and spiritual bifurcation and fluctuations in 
student not reflected tests, that is - fiction on the topic, and in the back lot of real 
trial, prosecutors and investigators. 

Keywords: values, material values, spiritual values, metaregulaters, 
metaregulation, self-development of man, the social-cultural activities. 
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̅˱˶˻˿˻̅˿̎˴˱ ˽˾˻ˣ˶˩˸ˮ ˻˿˸ˮ˿˶˩˹˹̒ ˴˻˹ˤ˩˾˥˩˹́˹ˮ̆ ́˩̆˹˻˶˻˥˱˯ 
 

̂˨˴  ллмΦу                            ʕ Φ˶Φ ͚̉ͯͦ͟  
˹͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔ͭͻͤ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͙̂ͪ͊ͤ͟͝ 

 ζ˴ ͙͍ͫ͝Έ͙͚͟ ͔ͨͦͭ͜͡ͻͤ͜;͙͚ͤ ͙ͤͫͭͭͯͭ͜  
͔ͣͤ͜͜ ˱͎ͦͪΎ ˿ͦͪͫ͜͟Έ͎ͦͦ͟η 

 
˸˩́˻˨˻˶˻˥˱̉˹ˮ˯ ˱˹˨ˮˤ˱˨̂ˢ˶˱˭˸ ̒˴ ˻˿˹˻ˤˢ 
˾˻˭˴˾ˮ́́̒ ˿˻̇˱ˢ˶̎˹˻˲ ˽˾ˮ˾˻˨ˮ ˱˹˹˻ˤˢ̇˱˯ 

 
̂ ͫͭ͊ͭͭ͜ ζ͔͎ͣͭͦ͒ͦͦ͜͡;͙͚ͤ ͙͍ͤ͒͒ͯ͊ͣ͘͜͜͜͡η ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͒͡Ύ 

͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͪͦͯͣͤͤ͘͜Ύ ͡Ό͙͙͒ͤ Ύ͟ ͭ͊ͦ͟͝ ͫ͊͒ͤͦͫͭ͟͜͡Σ Ύ͊͟ ͔ͤ ͔ͪ͒ͯͯ͟ΊͭΈͫΎ ͒ͦ 
ͦ͊͟͡͡Έͤͦ͝ ͙͙ͣͤͦ͗ͤ ͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͔͔͔͍ͣͤͭ͜͡Σ ΅ͦ ͍͙͒ͦͦͦ͘͡͡ ͍ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
ͺ͔͔ͤͦͣͤ͊ ͍ͤͤͦ͊͜ͼ͜͝ ͍͙͙ͤ͊ͭ͘ ͔͙͚ͤͨͪͤΎ͙ͭͤͣ ͍͔͔ͪͤͤͤ͘Ύ ͒ͦ ͦͤ͟ͼ͔͍ͨͭ͜ ͺͦͫͦ͜͡ͺ͜͝ 
͍ͫ͒ͦͣͦͫͭ͜͜Φ  

ˤ͙ ͙͍ͦͪͫͭͦͯ͟Ό;͙ ͔ͪͦͪͦ͋ͤͯ͘͡ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟Ό ͙ͨͪ͊ͭ͟;ͤͦΌ ͺͦͫͦ͜͡ͺ͜ΊΌ 
ͦͤ͟ͼ͔ͨͼ͜Ό ͔ͤͭͪͫͯ͋͜ΩΊ͙͍ͭͤͦͫͭ͟͜ ͍͎ͣͦͤͦͦ ͍͊͘Ίͣͦͪͦͯͣͤͤ͘͜ΎΣ ͙͍͔ͨͪͪͭ͊ΊͭΈͫΎ 
͍͎ͯ͊͊ ͒ͦ ͨͦΊ͒ͤ͊ͤͤΎ ͙ͪͤ͘͜ͻ ͡Ό͔͚͒ Ύ͟ ͍͊͘Ί͍ͣͦ͒ͦͨͦͤΌΌ;͙ͻ ͍ͫͤͯ͊ͤ͜ΈΣ ͍͙͊ͫͤͦ͊ͤ͘ͻ 
ͤ͊ ͔͒ͣͦͤͫͭͪ͊ͼ͜ΎͻΣ ΅ͦ ͙͍ͯͣͦ͗͡͡ΌΊ ͍͔ͭͦͪͤͤΎ ͍ͤͤͦ͊͜ͼ͚͜Φ ˻͍͋͐ͪͯͤͭͦ͊ͤ͊ 
͍͊ͭͦͪͦͣ ͦͤ͟ͼ͔ͨͼ͜Ύ ͔͒ͣͦͤͫͭͪ͊ͼ͚͜ Ύ͟ ͍ͦͫͤͦ͊ ͙͙͍ͨͦͭͤͦ͘͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ 
͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͍͙͍͊͗͊͡ ;͙͊ͫͭͤ͊ ͨͦ͒ͦ͊ͤͤ͡Ύ ͔͔ͫͤͼ͊ͣͯ͘͜͜͡ ͭ͊ ͻͦͣͯ͘͜͡ 
͍͔͔͒ͦ͒ͤͤΎͣΣ ΅ͦ ͔͒ͣͦͤͫͭͪ͊ͼ͜Ύ ͫͭ͊Ί Ί͙͙͒ͤͣ ͫͨͦͫͦ͋ͦͣ ͍͙Ύ͍͔ͤͤ͡Ύ ͯͤ͊͜͟͡Έͤͦͫͭ͜ 
Ύ͟ ͍͙͍͊ͫͭͦͫͭ͜͡ ͙͍ͤ͒͒͊͜͜ ͨͦͼ͍ͤͦ͊ͤͦ͜͝ ͤ͜΄͙ͣΦ ˨͔ͣͦͤͫͭͪ͊ͼ͜ΎΣ Ύ͟ ͍ͨͦͭͦͪΌ͍͊ͤ͊ 
ͤ͊ͦ;ͤ͊ ͔͔ͨͪͤͭ͊͘ͼ͜Ύ ͙͍ͤ͒͒ͦͣ͜͜ ͯͤ͊͜͟͡Έͤͦͫͭ͜ ͍͎ͫͦͦ ͍ͫͤͯ͊ͤͤ͜ΎΣ ͔͔ͨͪ͒͋͊;͊Ί 
ͤ͊Ύ͍ͤͫͭ͜Έ ͒͊ͭͤͦͫͭ͘͜ ͒͜Ύ͙ͭ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ ό͙͔ͦͫͣͫͤͦ͡Σ ͍ͫ͒ͦͣͦ͜Σ ͤ͊͘Ό;͙ 
͙ͤ͊ͫ͒͜͟͡ ͍ͫͦ͝ͻ ͚͒͜ύΦ ̅͊ͭ͟ ͚ͤ͊ͣͯ ͙ͪͦ͋ͭͤ͊͜͟ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͍͔ͪͦ͋ͦͭͦ͒͊ͼΈ ͤ͊ 
͍ͨ͒ͫͭ͊͜͜ ͔͒ͣͦͤͫͭͪ͊ͼ͚͜ ͍͙͍ͤ͊͘ ͤ͊Ύ͍ͤͫͭ͜Έ ͨͪͦͦͪͦͫͭ͘͜ ͍ͫ͒ͦͣͦͫͭ͜͜ ͯ ͺͦͪͣ͜ 
͒͊ͭͤͦͫͭ͘͜ ͔͔ͨͪ͒͋͊;͍͙ͯ͊ͭ ͔ͪͯ͘͡Έͭ͊ͭ ͒͜Ύ͡Έͤͦͫͭ͜ ͒ͦ ͙͍͎͊ͭͤͦͦ͟ ͨͦ;͊ͭͯ͟ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͎͍͙͊ͪ͊ͤͭͯ͊ͭ ͚͎ͦͦ ͙ͦͭͪͣ͊ͤͤΎΦ  

͍͔̂ͫ͒ͦͣͤͤ͜͡Ύ ͍ͫͦΊ͝ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͔ͤͫͨͪͦͣͦ͗ͤͦͫͭ͜ ͙͋ͯͭ ͫͯ͋ΩΊͭͦͣ͟ 
͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͔͋͘ ͎͙͒ͦͨͦͣͦ ͤ͜΄͙ͻ ͍͙ͤ͊ͤͦ͘ ͊͘ ͎͍ͦͦͤͯ͡ ͍ͯͣͦ͊ ͒͡Ύ 
͍͎ͫ͒ͦͣͦͦ͜ ͍͊ͫͤͯ͊ͤͤ͘Ύ ͍͔ͦͤͤ͟ͼ͚͜Σ ΅ͦ ͊ͨͦ͘;͍͊ͭͦͯ͟ΌͭΈ ͍ͤͤͦ͊͜ͼ͚͔ͤ͜  ͨͦΊ͒ͤ͊ͤͤΎ 
͡Ό͔͚͒ ͯ ͍ͤͦͯ ͫͨ͜͡ΈͤͦͭͯΦ  

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͫ ͍͔͔ͯͪͤΣ ͫͯ͋ΩΊͭ͟Σ ͊ͭͦͪ͟Σ ͍ͤͤͦ͊͜ͼ͜ΎΦ 
 

˭͍ͣͫͭͦͤͦ͜ ͔͎ͣͭͦ͒ͦͦ͜͡;͙͚ͤ ͙͍ͤ͒͒ͯ͊ͣ͘͜͜͜͡ ͨͪͦͨͦͤͯΊ ͍͙͒ͦͫ͒͗ͯ͊ͭ͜͡ ͫͯͫͨ͜͡Έͤ͜ 
ͨͦ͒͜͝ ͍ ͔ͭͪͣͤ͊͜ͻ ͍͊͘Ίͣͦ͒͜͝ ͙͍͍ͤ͒͒͜͜͜Σ ͔͔͊ͨͪ͘;ͯΌ;͙ ͍ͤ͊ͯͦͫͭ͟͜Έ ͙ͦͨͫͯΣ Ύ͙͚͟ ͎͔ͨͪ͊ͤ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͙ͤ͊͘;͔ͤͤΎ ͔͚ͫͯͭͤͦͫͭ ό͙͊ͦͤ͘͟ ͫͭͦͪ͜͜͝Σ ͙͊ͫ͟͡Σ ͤ͊ͼ͜͝Σ ͙ͣ͊ͫΣ ͭͦ΅ͦύΣ 
΅ͦ ͍ͯͣͦ͘͡ΌΌͭΈ ͨͦ͒͜͝ ͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͋͊͗͊ͤΈ ͭ͊ ͚͒͜Φ ˤ͙ͤ͊͘Ό;͙ 
͍ͫͤͯ͊ͤͤ͜Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦͫͭ͜ Ύ͟ ͍͍͔͙͚ͫͭ͊ͤͦͤ͡ ͺ͊ͭ͟Σ ͘ Ύ͙ͣ͟ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ ͣ͊ΌͭΈ 
ͪ͊ͻ͍͙ͯ͊ͭͫΎ ͫͯͫͨ͜͡Έͤ͜ ͙ͤ͊ͯ͟Σ ͔͎ͣͭͦ͒ͦͦ͜͡;͙͚ͤ ͙͍ͤ͒͒ͯ͊ͣ͘͜͜͜͡ ͔͔͊ͨͪ͘;ͯΊ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͍͎ͤ͊ͯͦͦͦ͟ ͍͙ͪ͜΄͔ͤͤΎ ͙ͨͭ͊ͤͤΎ ͨͪͦ ͔ͭΣ ;͙ͣ Ί ͡Ό͒ͫΈ͊͟ 
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͙͍ͤ͒͒ͯ͊͜͜͡Έͤͫͭ͜ΈΦ ̂ ͒͊ͤͦͣͯ ͍͙ͨ͊͒ͯ͟Σ ͊͘ ͍͙͚ͦ͋͐ͪͯͤͭͦ͊ͤ ͎͔͊ͪͯͣͤͭ ͙͚ͨͪͣ͊ΊͭΈͫΎ 
͔ͭ͊͘Σ ΅ͦ ͙ͣ ͔ͤ ͫͨͪͦͣͦ͗ͤ͜ ͍͙͙ͫͭͦͪͭ ͍͙;͔͙͚ͪͨͤ ͜ ͭͦ;͙͚ͤ ͔͔ͨͪ͜͟͡ ;͙͙͍ͤͤ͟͜Σ Ύ͟͜ 
͍͙ͤ͊͘;͊ΌͭΈ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͫͭ͜ΈΦ ́ͦ͋ͭͦ ͍͙ͤ͊ͤͦ͘Σ ΅ͦ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͚͒͜ ͭ͊ 
ͼ͙ͤͤͫͤ͜͜ͻ ͔ͫͯ͒͗ͤΈ ͡Ό͙͙͒ͤ ͍͙͍ͨ͊͡Ί ͔͋͘͜͡; ;͙͙͍ͤͤ͟͜Σ ͜ ͋ͯ͒Έ-Ύ͊͟ ͔͔ͦ͋ͣ͗ͤ͊ ͝ͻ 
ͫͯͯͨͤͫͭ͟͜Έ ͔ͤ ͔ͣͦ͗ ͙͋ͯͭ ͍͙ͤ͊ͤ͊͘ ͦͫͭ͊ͭͦ;ͤͦ ͔͔͒ͭͪͣͤͯ͜Ό;ͦΌ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͫͭ͜ΈΦ 
˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡ ͡Ό͙͒ͤ͊ ͨͦ;͙ͤ͊Ί ͎ͪͦ͘͡Ύ͙͒͊ͭͫΎ Ύ͟ ͭ͊͊͟ ͫ͊͒ͤͫͭ͟͜͡ΈΣ Ύ͊͟ ͔ͤ 
͔ͪ͒ͯͯ͟ΊͭΈͫΎ ͒ͦ ͦ͊͟͡͡Έͤͦ͝ ͙͙ͣͤͦ͗ͤ ͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͔͔͔͍ͣͤͭ͜͡Φ 

ˤ͙ͤ͊͘;͊Ό;͙ͫΈ ͔͎ͭͪͣͤͦͦ͜͜͡;ͤͦ ͊ͤ͊͘͘;͙ͣͦ ͔ͤ͊ͫͭͯͨͤΦ ̂ ͚͒͊ͤ͜ ͫͭ͊ͭͭ͜ ͍ͤͤͦ͊͜ͼ͜Ύ 
ό͍͒͜ ͊ͭ͡Φ in ς ͍͍͔͔͒ͤͤΎ ͭ͊ novation ς ͍͔ͤͦύ ͪͦͯͣ͘͜ΊͭΈͫΎ Ύ͟ ͍͍͍͔͔ͤͦͦ͒ͤͤΎΣ ͔ͭͪͣͤ͜Σ 
΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͣͤ͘͜ όͯ ͤ͊ͯͼ͜Σ ͔ͭͻͤ͜ͼ͜Σ ͙͔ͣͫͭͼ͍ͭ͜Σ ͭͦ΅ͦύΣ Ύ͟͜ 
͍͙Ύ͍͡ΎΌͭΈ ͍ͤͦ͜ Ύͦͫͭ͟͜Φ ̅ͦͪͣ͊͡ΈͤͦΣ ͙ͨͪͫͯͭͤͫͭ͜Έ ͍ͤͦͦ͝ Ύͦͫͭ͟͜ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͤ͊ 
͍ͨ͒ͫͭ͊͜͜ ͔͙͍ͤͣͦ͗ͦͫͭ͜͡ ͔͍͙ͪ͒ͯͯ͊ͭ͟ ͍͙Ύ͍͔͔ͤ͡ ͒ͦ ͫͤͯ͜Ό;͙ͻ ͍ͪ͊͘͘͟͜ ͍͔͙ͨͦ͒ͤ͜͟Σ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͯ͟͡Έ͙ͭͯͪ ͊͋ͦ ͊͘ ͤ͊Ύ͍ͤͦͫͭ͜ ͔͔͊ͨͪ͘;͔ͤͤΎΦ  

́͊ͦ͗͟ ͊ͤ͊͘͘;͙ͣͦΣ ΅ͦ ͙͔͙ͫͫͭͣ͊ͭ;͔ͤ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͭͪͣͤͯ͜ ζ͜ ͍ͤͤͦ͊ͼ͜Ύη 
ͨͦ;͙ͤ͊Ί ͍͍͙͊ͫͭͦͫͦͯ͊ͭͫ͘Ύ ͯ ͫͦͼ͊͜͡Έ͚ͤ͜ ͎͊ͤͭͪͦͨͦͦ͜͡͝ ό͙ͤ͊ͨͪ͊͒͟͡ ͯ ̆Φ ˣ͔͊ͪͤͭ͊ ώмϐύΣ 
͔͒ ͼ͙ͣ ͔ͭͪͣͤͦͣ͜ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͊ ͍ͦͫͤͦ͊ ͯ͟͡Έ͙ͭͯͪͤͻ ͚ͨͦ͒͜Σ Ύ͟͜ 
͙͍ͨͪͦͭͫͭ͊͡ΎΌͭΈͫΎ ͙ͭͪ͊͒ͼ͜ΎͣΣ ͔ͨ͊ͭͭͪͤ͊ͣ όͪ͊͊ͣ͘͘͟ύΦ   

˽ͦͤΎͭͭΎ ζͣ ͔͎ͭͦ͒ͦͦ͜͡;͙͚ͤ ͙͍ͤ͒͒ͯ͊ͣ͘͜͜͜͡η ͋ͯͦ͡ ͍͔͊ͨͪͦͨͦͤͦ͊ͤ͘ ˯͔ͦ͘ͺͦͣ 
͔͔̊ͯͣͨͪͪͦͣ ώнϐΣ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͨ͒͜ͻͦ͒ͯ ͍͎͊ͫͤͦ͊ͤͦͦ͘ ͍͚͊ͫͭͪͫ͜Έ͙ͣ͟ 
͔ͦͤͦͣͫͭͦͣ͟͜ ˴͊ͪͦͣ͡ ˸͔͎͔ͪͦͣ ͘ ͔ͣͭͦΌ ͨͦ͒ͦ͊ͤͤ͡Ύ ͔͔ͫͤͼ͊ͣͯ͘͜͜͡ ͭ͊ ͻͦͣͯ͘͜͡ ͍ 
͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͔͒ͦͫ͒͗ͤͤ͜͡ΎͻΣ ͔͍͎͒ͭ͊ͦ͊ͤͦͦ͘͜͡ ͍ ͫͭͯ͒͜Ύͻ ˶Ό͍͎͒͊͜ ͺͦͤ ˸͔ͫ͊͘͜Σ 
̅ͪ͒ͪ͜͜ͻ͊ ͺͦͤ ˥͊Ί͊͟Φ 

˭͍͔͔ͪͤͤͤΎ ͒ͦ ͔͎ͣͭͦ͒ͦͦ͜͡;͎ͤͦͦ ͙͍ͤ͒͒ͯ͊ͣͯ͘͜͜͜͡ ͍ͨͦΩΎ͔͊ͤ͘ ͘ ͍͙͒ͪͭͦ͜͟Ό 
˸͔ͫͦͣ͘͜ ͔͙͚ͤͨͪͤΎͭͤͫͭ͜Ό ͦͤ͟ͼ͔͍ͨͭ͜ ͺͦͫͦ͜͡ͺ͜͝ ͍ͫ͒ͦͣͦͫͭ͜͜ ͍ͫͭͦͫͦͤͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
ͺ͔͔ͤͦͣͤ͊ ͍ͤͤͦ͊͜ͼ͚͜Φ ˭͔ͦͪͣ͊͟Σ ͯ ͒͊ͤͦͣͯ ͍͙ͨ͊͒ͯ͟Σ ͍ͪ͊ͻ͍ͦͯΊͭΈͫΎΣ ΅ͦ  
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͒͜͝ ͍ͫ͊ͣͦͫ͒ͦͣͦͫͭ͜͜ ͙͍ͤ͒͒͊͜͜ Ύ͟ ͨͦ;͊ͭͯ͟ ͊ͤ͊ͯ͘͜͡ ͍ͫ͊ͣͦ͒ͤͦ͜΄͔ͤͤΎ 
ͫͯ͋ΩΊͭ͊͟ ͙ͣ ͙ͦͭͪͣͯΊͣͦ ͔ͨͪͦ͋ͣͯ͡ ͔͔ͫ͊ͣͦ͊ͨͪ͘;͔ͤͤΎ ό͙ͨͪͫͯͭͤΌ ͍͔͗ ͯ ͫͭͯ͒͜Ύͻ 
̅͜ͻ͔ͭύΥ ͍ͫ͊ͣͦͫ͒ͦͣͫͭ͜͜Έ ͔ͤ ͔ͣͦ͗ ͙͋ͯͭ ͔͍͙͙ͨͪͤͤͣ ͺ͔͔ͤͦͣͤͦͣΣ ͦͫ͟͜͡Έ͙͟ όΎ͟ 
͍ͨͦ͊͊͘͟ ˸Φ ̅ͪ͊ͤ͟ύ ͍͔͔ͪͤͤͤ͘Ύ ͫͯ͋ΩΊͭ͊͟ ͒ͦ ͎ͫ͊ͣͦͦ ͔͔ͫ͋ ͙ͤ͘΅ͯΊ ͫͯ͋ΩΊͭ͊͟ 
͔͔͍ͨͪͭͦͪΌΌ;͙ ͚͎ͦͦ ͤ͊ ͦ͋ΩΊͭ͟Φ   

˸͔ͭͦ͒ͦ ͎ͦ͜͡;͙͚ͤ ͙͍ͤ͒͒ͯ͊ͣ͘͜͜͜͡Σ ͍͊͒͘Ύ͙͟ ͫͭͯ͒͜Ύͣ ͚̅ͪͦ͒͊Σ ˽͔͊͗͜ ͜ ˿ͦͫͫΌͪ͊Σ 
;͔͔ͪ͘ ͔͎͊ͭͦͪ͟͜͝ ͭͦ͜͡ ό͔͒͊ͭͤ͘ ͒ͦ ͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎύΣ ͍͔ͨͦ͒ͤ͊͜͟, ͒ ͜Ύ ͭ ͊ ͍ͣͦΣ͊ ͍͍͙ͦ͒ͭΈ 
͍ͫͤͯ͊ͤͤ͜Ύ ͫͦͼ͍͎͊ͦ͊ͤͦͦ͘͜͜͡ ͫͯ͋ΩΊͭ͊͟ Ύ͟ ͔͍͙ͨͪͤͤͯ ͍ͯͣͦͯΣ ΅ͦ ͣ͊Ί ͙͋ͯͭ ͤ͊Ύ͍ͤͦΌ Ύ͟ 
͔͔͍ͨͪ͒ͯͣͦ͊ ͊ͭͯ͊͊͘͟͜͡ͼ͜͝ ͍͔ͫͭ͊ͤͤ͡Ύ ͡Ό͙͙͒ͤ ͒ͦ ;͎ͦͦͫΈΦ  

˾͎ͦ͘͡Ύ͒͊Ό;͙ ͒͊ͤͯ ͔͔͍ͨͪ͒ͯͣͦͯ ͍͔ͫͭ͊ͤͤ͡Ύ ͡Ό͙͙͒ͤ ͒ͦ ;͎ͦͦͫΈΣ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͎͍͙ͤͫͭ͜͜͡;͎ͤͦͦ ͍ͨͦͦͪͦͭͯΣ ͊ͨͦ͘;͍͎͊ͭͦ͊ͤͦͦ͟ ͍͍͒ͣͦͦ͜Ό ˥ͯͣ͋ͦ͡Έ͒ͭ͊ ͍͒͜ 
ͤͦͣͤ͊ͣͯ͘͜͜͡Σ ͎͒ͤͦ͘͜ ͘ Ύ͙ͣ͟  ͍ͣͦ͊ ͍͙ͭͯͣ͊͡;ͯΊͭΈͫΎ Ύ͟ ͙ͨͪΊ͒ͤ͊ͤͤΎ ͔ͣͤ͜ ͒ͦ ͔ͪ;͔͚Σ 
͝͝ ͍ͫͤͯ͊ͤͤ͜Ύ ͨͦ;͙ͤ͊ΌͭΈ ͍͙Ύ͍͡Ύ͙ͭ ͯ ͎͙ͪ͊ͣ͊ͭ;͙ͤͻ ͦͤͫͭͪͯ͟͟ͼ͜ΎͻΦ ́͊͟͜ ͦͤͫͭͪͯ͟͟ͼ͜͝ ͯ 
ͺͦͪͣ͜ ͎͙ͪ͊ͣ͊ͭ;͙ͤͻ ͦͤ͊͘;͔ͤΈΣ ΅ͦ ͣ͊ΌͭΈ ͎͊͊͘͡Έ͔ͤͦ͒ͦͫͭͯͨͤ ͍ͫͤͯ͊ͤͤ͜ΎΣ 
͔͔ͨͪͤͭͯ͘ΌͭΈ ͡Ό͙͒ͤ͜ ͔ͪ͊͡Έͤͫͭ͜Έ ͔͋͘ ͙ͨͦͫ͊ͤͤ͡Ύ ͤ͊ ΅ͦͫΈ ͫͯͭͦ ͫͯ͋ΩΊ͙͍͔ͭͤ͟Φ 
˽͙ͪ͊͒͟͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͎͙ͦ͜͟͡Σ ͍͙͊ͫͤͦ͊ͤ͘ͻ ͤ͊ ͙͊ͫͦͣ͊ͭ͟͜ͼ͜ ό͔ͨͦͦ͗ͤͤ͡ΎͻΣ Ύ͟͜ 
͙͚ͨͪͣ͊ΌͭΈͫΎ ͔͋͘ ͍͔͔͒ͦ͒ͤͤΎύΣ ͍͊ͫ͒͘͜;ͯΊ ͙ͤ͊͒͡΄͍ͦͫͭ͟͜Έ ͙ͨͦͫ͊ͤ͡Έ ͤ͊ ͔ͪ͊͡Έͤͫͭ͜Έ 
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ͫͤͯ͜Ό;ͯ ͊͘ ͔͙ͣ͗͊ͣ ͍͔͙͊ͨͪͦ͊͒͗ͤ͘ͻ ͤ͊͘;͔ͤΈΦ ˤͪ͊ͻ͍ͦͯΌ;͙ ͦͫͭ͊ͤͤΊ ̑Φ ˥͔͊͋ͪͣ͊ͫΣ 
ͯ ͔ͣ͗͊ͻ ͦͤ͟ͼ͔ͨͭͯ ͍͔ͣͦͤͤ͡Ί͍͎ͦͦ ͊ͭͯ͟Σ ͫͯ͡΄ͤͦ ͨͦ;͙ͤ͊Ί ͍͙ͤ͊͘;͙͊ͭ ͫͯ͡ͻ͊;͊ Ύ͟ 
͎͒͊ͭͤͦͦ͘ ͙ͪͦͯͣͭ͘͘͜ ͔͔ͫ͋Σ ͍ͫͦΊ ͣͫ͜ͼ͔Σ ͍͙ͻͦ͒Ύ;͙ ͘ ͔ͤͭͤ͜ͼ͜͝ ͍ͣͦͼΎ [3]Φ ˸͍ͦͤ͜ 
͍͙͍͙ͫͦ͡ ͔͙͒ͤͭ͜ͺͯ͜͟ΌͭΈ ͙ͫ͊ͣͻ ͔͔ͫ͋Σ ͍͙ͦͤ ͍͔͔ͫ͊ͣͦ͒ͤͫͤͦ͜ ͔ͦͣͤͭͯ͟ΌͭΈ ͙ͫͣͫ͡ 
͍͙͔͎ͪ͊͗ͤͦͦ ͯ ͙ͤͻ ͣͫͭͯ͘͜Σ ͦͫ͟͜͡Έ͙͟ ͍͙ͦͤ ͣͦ͗ͯͭΈ ͍͙ͫͤͯ͊ͭ͜ ͭ͜͡Έ͙͟ ͍ ͍ͯͣͦ͊ͻ 
͍ͦͦ͒ͤͤ͜͡Ύ ͍ͣͦͦΌ ͍ͣͦͼ͔ͣ ͜ ͫͯ͡ͻ͊;͔ͣΦ ˹͊ ͚͎ͦͦ ͒ͯͣͯ͟Σ ͍ ͤ͊ͫ͒ͦ͜͟͡ ͍͟͡Ό;͔ͤͤΎ 
ˤ͎͔ͭͭͤ͜΄͚ͭ͊ͤͦͣ ͜ ˻͙ͫͭͤͣ͜ ͎͙ͨͪ͊ͣ͊ͭ;͎ͤͦͦ ͔ͦͤͭͫͭͯ͟͟ ͒ͦ ͺͦͪͣ͊͡Έ͎ͤͦͦ ͊ͤ͊ͯ͘͜͡ 
͔ͣͦ͗ ͊ͨͦ͘;͍͍͙͊ͭͦͯ͊ͭͫ͟Ύ ͍͙͚ͦ͋͐ͪͯͤͭͦ͊ͤ ͊ͤ͊͘͜͡ ͡Ό͙͙͒ͤ Ύ͟ ͫͦͼ͍͎͊ͦ͊ͤͦͦ͘͜͜͡ 
͍ͫͤͯ͊ͤͤ͜ΎΣ ΅ͦ ͣ͊Ί ͍ͫ͒ͦͣͫͭ͜͜Έ ͭ͊ ͍ͫ͊ͣͦͫ͒ͦͣͫͭ͜͜ΈΦ ́ͦ͋ͭͦ ͺͦͫͦ͜͡ͺ͜Ύ ͍͙ͣͦΣ ͊ ͔ͤ 
͍ͫ͒ͦͣͦͫͭ͜͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͍͊ͫͤͦͦ͘͟ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͚ͫͭͯ͒͜Φ 

̑Φ ˥͔͊͋ͪͣ͊ͫ ώпΣ 346ς354ϐΣ ͒ͦͫ͒͗ͯ͜͡Ό;͙ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙͍ͨͯ͡ ͍͙ͣͦ ͤ͊ 
ͦͣͯͤ͊͟͜͟ͼ͜Ό ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦΣ ͙͍͔ͨͪͪͭ͊Ί ͍͎ͯ͊ͯ ͒ͦ ͎ͭͦͦΣ ΅ͦ ζ͎ ͙ͪ͊ͣ͊ͭ;ͤ͜ ͍͙ͨͪ͊͊͡ 
͍͙ͤ͊͘ΌͭΈͫΎ ͊͘ ͭ͊͟͜Σ Ύ͟͜ ͎͊ͪ͊ͤͭͯΌͭΈ ͔͙͒ͤͭ͜;ͤͫͭ͜Έ ͤ͊͘;͔ͤͤΎ ͍͙ͣͦͤͻ ͍͙͍͍ͫͦ͜͡Σ 
ͦ͒ͤͦ;͊ͫͤͦ ͙͍ͯͣͦ͗͡͡ΌΌ;͙ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜ ͔͔͔ͤͨͪ͒͋͊;͔͔ͤ ͍͙͍͗͊ͤͤΎ ͼ͙ͻ 
͍͙͍͍ͫͦ͜͡ηΦ ˴ͦͤͫͭ͊ͭͯΌ;͙ ͒͊ͤͯ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍ͤ͜ ͙ͨͦͫ͊͡ΊͭΈͫΎ ͤ͊ ͔ͨͦͦ͗ͤͤ͡Ύ 
˥ͯͣ͋ͦ͡Έ͒ͭ͊Σ ΅ͦ ζ˴ ͔ͦ͗ͤ ͪͦͯͣͤͤ͘͜Ύ ͍͙͊͗͒͘ Ί ͍ͦ͒ͤͦ;͊ͫ ͔ͤ-ͪͦͯͣͤͤ͘͜ΎΣ ͦ͗ͤ͊͟ 
͎ͦ͒͊͘ ͍ ͒ͯͣ͊͟ͻ ͜ ͨͦ;ͯͭͭΎͻ Ί ͍ͦ͒ͤͦ;͊ͫ ͪͦ͋͗ͤͫͭ͘͜͜Όη [3, 68.]. ́ͦ͋ͭͦΣ ͦͫ͟͜͡Έ͙͟ 
͔ͤͭͪͫͯ͋͜ΩΊ͙͍ͭͤͫͭ͟͜Έ ͍͎ͣͦͤͦͦ ͍͊͘Ίͣͦͪͦͯͣͤͤ͘͜Ύ Ί ͊͘ ͍ͫͦΊΌ ͙ͨͪͪͦ͒ͦΌ ͎ͯͦ͒͊Σ ͍ͦͤ͊ 
͔ͤ ͍͙͟͡Ό;͊Ί ͪͦ͋͗ͤͫͭ͘͜͜Έ ͙ͨͦ͘ͼ͜͝ ͍ͣͦͼ͍͜Σ ͊ ͔͔ͨͪ͒͋͊;͊Ί ͝͝Σ ͍ͫͭͦͪΌΌ;͙ ͨͦΊ͒ͤ͊ͤͤΎ 
͍͊͘Ί͍ͣͦ͒ͦͨͦͤΌΌ;͙ͻ ͍ͫͤͯ͊ͤ͜ΈΣ ͍͙͊ͫͤͦ͊ͤ͘ͻ ͤ͊ ͔͒ͣͦͤͫͭͪ͊ͼ͜ΎͻΦ 

ˤ ͍ͯͣͦ͊ͻ ͙ͦͨͫͯ ͫͯͫͨ͜͡Έ͙ͤͻ ͚ͨͦ͒͜ ͍ ͔ͭͪͣͤ͊͜ͻ ͍͊͘Ίͣͦ͒͜͝ ͙͍͍ͤ͒͒͜͜͜ ͍͙͒ͦͦ͒ͭΈͫΎ 
͍ͪ͊ͻ͍͍͙ͦͯ͊ͭΣ ΅ͦ ͦ͗ͤ͊͟ ͎ͦ͒͊͘ ͍ ͒ͯͣ͊͟ͻ ͜ ͨͦ;ͯͭͭΎͻ Ί ͍ͦ͒ͤͦ;͊ͫ ͪͦ͋͗ͤͫͭ͘͜͜ΌΣ ͊͘ 
Ύͦ͟Ό ͙ͨͪͫͯͭͤΊ ͍͔͔ͯͫ͒ͦͣͤ͜͡ ͔ͤ-ͪͦͯͣͤͤ͘͜ΎΦ ́ͦͣͯ ͙͡΄͔ ͤ͊ͦ;ͤ͊ ό͔͙ͣͨͪ͜;ͤ͊ύ 
͔͒ͣͦͤͫͭͪ͊ͼ͜Ύ ͍ͫͦ͝ͻ  ͙͍͔͚ͣͦ͗ͦͫͭ͡ ό͔͚͒͋ͤͦͫͭ͘͜Σ ͯͣͤ͜ΈΣ ͤ͊ͤ͘ΈΣ ͍͒ͦͫ͒ͯ͜ ͭ͊ ͭͦ΅ͦύ Ί 
͍ͦͫͤͦ͊ ͍͙͒ͦͪ͜Σ Ύ͊͟ ͍͙Ύ͍͡ΎΊ ͍ͫͦΌ ͙ͨͪͫͯͭͤͫͭ͜Έ ͯ ͙͙͍͙ͨͦͭͤ͘ͻ ͦͣͯͤ͊͟͜͟ͼ͜ΎͻΦ 
˭͍͊ͫͤͦ͊ͤ͜ ͔ͤ ͤ͊ ͔͒ͣͦͤͫͭͪ͊ͼ͜Ύͻ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͤ͜΄͎ͦͦ ͣ͊ΌͭΈ ͎ͪͦ͘͡Ύ͙͒͊ͭͫΎ Ύ͟ 
͔͍͋ͨ͒ͫͭ͊ͤ͘͜͜ ͺ͊ͤͭ͊͘͜͝Φ  

ˤ͍͒ͨͦ͒ͤͦ͜͜Σ ͨͦ͒͊͊ͤͤ͡Ύ ͔͔ͫͤͼ͊ͣͯ͘͜͜͡ ͭ͊ ͻͦͣͯ͘͜͡ ͨͦ͡Ύ͎͊Ί ͯ ͭͦͣͯΣ ΅ͦ  
͔͒ͣͦͤͫͭͪ͊ͼ͜Ύ ͫͭ͊Ί Ί͙͙͒ͤͣ ͫͨͦͫͦ͋ͦͣ ͍͙Ύ͍͔ͤͤ͡Ύ ͯͤ͊͜͟͡Έͤͦͫͭ͜ Ύ͟ ͍͙͍͊ͫͭͦͫͭ͜͡ 
͙͍ͤ͒͒͊͜͜ ͨͦͼ͍ͤͦ͊ͤͦ͜͝ ͤ͜΄͙ͣΦ ˹͍͊ͭ͜Έ ͍ͫͭͦͫͦͤͦ ͍͊ͫͤͦ͡͝ ͫ͊ͣͦͦͼ͙ͤ͜͟ ͔͒ͣͦͤͫͭͪ͊ͼ͜Ύ 
ͫͭ͊Ί Ί͙͙͒ͤͣ ͔͍͙͊͒͊ͭͤͣ͟ ͫͨͦͫͦ͋ͦͣ ͔͔͍͙ͫ͊ͣͦͨͪͪ͜͟ ό΅ͦ ͔͒ͦ͋ͪ ͍ͯͫ͒ͦͣ͜͡ΌΊ 
͙͚ͦ͗ͤ͟ ͔ͫͨͦͪͭͫͣͤύΦ ˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ ͯ ͍ͫͦΊͣͯ ͫͯͫͨ͜͡Έͤͦͣͯ ͍ͫͤͯ͊ͤͤ͜͜ ͙͍ͤ͒͒͜͜ 
͔͒͊ͭͤ͘ ͔ͨͪ΄-͘-͍͔͊ͫ ͤ͊ ͔͒ͣͦͤͫͭͪ͊ͼ͜ΌΦ ˹͍͊ͭ͜Έ ͫ͊ͣͦͦͼͤͯ͜͟ ͙͍ͤ͒͒͜͜ ͺͦͪͣͯΊ ͯ 
ͤ͊ͫ͒ͦ͜͟͡ ͍ͫͦΊ͝ ͫͨͪͦͣͦ͗ͤͦͫͭ͜ ͔͙͍͒ͣͦͤͫͭͪ͊ͭͤͦ ͍͙Ύ͍͙͙ͭ ͍͊ͫͤͯ͡ ͯͤ͊͜͟͡Έͤͫͭ͜ΈΦ  

ˤ͙͍͊͗ͫͭ͜͡Έ ͍͙͎͒ͪͭͦͦ͜͟ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͣ ͙͍ͤ͒͒ͯ͊ͣͦͣ͘͜͜͜͡ ͺͦͫͦ͜͡ͺͫΈ͎ͦͦ͟ 
ͨ͒͜ͻͦ͒ͯ ͨͦ͡Ύ͎͊Ί ͯ ͙ͨͪͤͼ͙͍ͨͦͦͣͯ ͤ͘Ύͭͭ͜ ͘ ͊ͭͯ͊͟͡Έ͎ͤͦͦ ͎ͪͦ͘͡Ύ͒ͯ ͔͙ͨͪͦ͋ͣ͡ 
͔ͤͨͪͦͦͪͦͫͭ͘͜ ͍ͫ͒ͦͣͦͫͭ͜͜Σ Ύ͊͟ ͍ͭͯͪ͋ͯ͊͊͡ Ί͍͔͚ͪͦͨͫΈ͙͟ͻ ͺͦͫͦ͜͡ͺ͍͜ ͋͜͡Έ΄ ͤ͗͜ 
ͫͭͦͭͭ͜͡ΎΦ ˨͔ͣͦͤͫͭͪ͊ͼ͜ΎΣ Ύ͟ ͍ͨͦͭͦͪΌ͍͊ͤ͊ ͤ͊ͦ;ͤ͊ ͔͔ͨͪͤͭ͊͘ͼ͜Ύ ͙͍ͤ͒͒ͦͣ͜͜ 
ͯͤ͊͜͟͡Έͤͦͫͭ͜ ͍͎ͫͦͦ ͍ͫͤͯ͊ͤͤ͜ΎΣ ͔͔ͨͪ͒͋͊;͊Ί ͤ͊Ύ͍ͤͫͭ͜Έ ͒͊ͭͤͦͫͭ͘͜ ͒͜Ύ͙ͭ 
ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ ό͙͔ͦͫͣͫͤͦ͡Σ ͍ͫ͒ͦͣͦ͜Σ ͤ͊͘Ό;͙ ͙ͤ͊ͫ͒͜͟͡ ͍ͫͦ͝ͻ ͚͒͜ύΦ ˸͍͊ͫͦ͊ 
ͦ;͔͍͙͒ͤͫͭ͜Έ ͔͙͍͎͒ͣͦͤͫͭͪ͊ͭͤͦͦ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͫͦͼ͊͜͡Έ͙ͤͻ ͍͘ΩΎ͍͘͟͜ ͯ ͫͯ;͊ͫͤͦͣͯ 
ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͍͒ͦͣ͊͜ ͤ͊ͣ ͯ ͍͙͎͡Ύ͒͜ ͚ͤ͊ͣͯ ͪͦ͋ͭ͊͜͟ ͍ͪͦ͋ͦͭͦ͒͊ͼ͔ͣΦ ̅͊ͭ͟ ͚ͤ͊ͣͯ 
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͙ͪͦ͋ͭͤ͊͜͟ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͍͔ͪͦ͋ͦͭͦ͒͊ͼΈ ͤ͊ ͍ͨ͒ͫͭ͊͜͜ ͔͒ͣͦͤͫͭͪ͊ͼ͚͜ ͍ ͙͍ͤ͊͘ ͤ͊Ύ͍ͤͫͭ͜Έ 
ͨͪͦͦͪͦͫͭ͘͜ ͍ͫ͒ͦͣͦͫͭ͜͜ ͯ ͺͦͪͣ͜ ͒͊ͭͤͦͫͭ͘͜ ͔͔ͨͪ͒͋͊;͍͙ͯ͊ͭ ͔ͪͯ͘͡Έͭ͊ͭ ͒͜Ύ͡Έͤͦͫͭ͜ ͒ͦ 
͙͍͎͊ͭͤͦͦ͟ ͨͦ;͊ͭͯ͟ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͎͍͙͊ͪ͊ͤͭͯ͊ͭ ͚͎ͦͦ ͙ͦͭͪͣ͊ͤͤΎΦ ˾͙͙ͦ͋ͭͤ͜͟ ͘ 
͔ͤͨͪͦͦͪͦ͘Ό ͍ͫ͒ͦͣͫͭ͜͜Ό ͍ͪͦ͋ͦͭͦ͒͊ͼΌ ͔ͤ ͨͦͭͪ͋ͤ͜͜Φ  

˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͺ͔͔ͤͦͣͤ͊ ͍ͤͤͦ͊͜ͼ͚͜ ͤ͊ ͍ͦͫͤͦ͜ ͔͎ͣͭͦ͒ͦͦ͜͡;͎ͤͦͦ 
͙͍ͤ͒͒ͯ͊ͣͯ͘͜͜͜͡ ͦ͊ͯ͘͟͜͡͡Ί ͙͚ͨͪͤΎͭ͜ ͒ͦ ͍͎͙ͯ͊ ͍͙͍͊ͫͭͦͫͭ͜͡ ͡Ό͙͙͒ͤ ͒ͦ ͒͊ͭͤͦͫͭ͘͜ 
͙͋ͯͭ ͤͦͫ͜Ίͣ ͔ͣͭͦ͒ͯ ό͙ͤ͊ͭ͘ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͚͒͜Σ ͍͙ͯͣͦ ͝ͻ ͯͫͨ͜΄͎ͤͦͦ ͚͔͒ͫͤͤͤ͘͜ΎΣ ΅ͦ 
͍͒ͦͦ͘͡ΎΊ ͙͍͙ͦͭͪͣͯ͊ͭ ͔͔ͨͪ͒͋͊;͍͙͚ͯ͊ͤ ͔ͪͯ͘͡Έͭ͊ͭύΦ  

́͊͊͟ ͣͤ͊͘͜ ͺͦͫͦ͜͡ͺͫΈͦ͟͝ ͙ͨͦ͘ͼ͜͝ ͫͭ͊Ί ͍͊ͫͤͦͦͣ͘͟ ͒͡Ύ ͔ͤ ͙ͭͪ͊͒ͼ͚͎ͤͦͦ͜Σ 
ͪͦͯͣͤͤ͘͜Ύ ͤ͊ͤͤ͘ΎΦ ˹͊ ͍͒ͣͤͯ͜͜Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͍͒͜ ͤ͊ͤͤ͘Ύ ͙͙ͫͭͤ͜Σ Ύ͊͟ Ύ͟ ͍͙ͨͪ͊ͦ͡ 
͍͙͒ͦͦ͒ͭΈͫΎΣ ͤ͊ͤͤ͘Ύ ͔ͣͭͦ͒ͯ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͤ͊ ͍ͨ͒ͫͭ͊͜͜ ͍͙͒ͦͪ͜ Ύ͍͔ͤͦ͡͝ 
ͦ;͍ͯ͊ͤͤ͜͟ΎͣΦ ˨͍ͦͪ͊͜ Ί ͍͙͟͡Ό;ͤͦ ͫͯ͋ΩΊ͙͍͔ͭͤ͟ ͍͔ͫͭ͊ͤͤ͡ΎΣ ͦͫ͟͜͡Έ͙͟ ͍͙͊͗͒͘ ͫͤͯ͜Ί 
͙͍ͣͦ͗ͫͭ͜͡Έ ͒͡Ύ ͔͙ͫͨͭ͟ͼ͙ͣͯ͘Σ ΅ͦ ͤ͊ͪͦ͒͗ͯΊ ͔͍ͤ͒ͦͪͯ͜Τ ζͫ ͍͙ͯͣͤ͊ͭͫ͜Ύ ͣͦ͗ͤ͊ ͍ 
ͯͫΈͦͣͯη ό˾Φ ˨͔͊ͪͭ͟ύΦ ̒͟΅ͦ ͍ͣͦ͊ ͚͔͒ ͨͪͦ ͙ͪͯ͘͟ ͍͙͒ͦͪ͜ ͒ͦ ͔ͣͭͦ͒ͯΣ ͭͦ ͣ͊Ίͣͦ 
͍͙ͦͤͫͭ͊ͭͯ͊ͭ͟Σ ͨͪͦ ͤ͊Ύ͍ͤͯ ͔͍ͤ͒ͦͪͯ͜ ͡Ό͙͙͒ͤ ͫͦ͋͜Σ ͦͫ͟͜͡Έ͙͟ ͔͔ͫ͊ͣͦͨͪͤͭ͊͘ͼ͜Ύ 
͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͍͙͟͡Ό;ͤͦ ͯ ͺͦͪͣ͜ ͔͙͍͎͒ͣͦͤͫͭͪ͊ͭͤͦͦ ͍͔ͨͦͭͦͪͤͤΎ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ 
͚͒͜ ͘ ͔͔ͨͪ͒͋͊;͍͙ͯ͊ͤͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ό͔ͣͭͦ͒ύΣ ΅ͦ ͦͤͫͭ͊ͭͯ͟ΊͭΈͫΎ Ύ͟ ζͣ ͦ͗ηͯ. 
˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ ͺ͔͔ͤͦͣͤ ͔͍͙ͤ͒ͦͪ͜ ͍ͣͫͭͦͤͦ͘͜ ͍͙Ύ͍͡ΎΊ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ 
͔ͤͫͨͪͦͣͦ͗ͤͦͫͭ͜ ͔͙ͤͫͭ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͍ͫͦ͝ ͍ͫͦ͊͡ ͭ͊ ͍;͙͙ͤ͟Σ ͋ͦ ͝ͻ ͤ͊ͫ͒ͦ͜͟͡ 
ͯΎ͍͡ΎΊͭΈͫΎ ͍͙͊͗͒͘ ͔ͤͦ͒ͤͦͤ͊͘;͙ͤͣ ό͔ͤͨͪͦͦͪͫͭ͘͜Έ ͍ͫ͒ͦͣͦͫͭ͜͜ύΦ 

˽͙͍ͪͦͭͫͭ͊͡ΎΌ;͙ ͤ͊ͤͤ͘Ύ-͔ͣͭͦ͒ͯ ͤ͊ͤͤ͘Ό-͙͙ͫͭͤ͜ ͍͙͍͊͗ͦ͡ ͨ͊ͣΩΎ͙ͭ͊ͭΣ ΅ͦ 
͙ͫͭͤͯ͜ ͯΎ͍͡ΎΌͭΈ Ύ͟ ͍͙ͤ͊͘;͔ͤͤΎ ͍͙ͦ͋ͫͭ͊ͤ ͔͔͙ͤ͊͗ͤ͘͡ͻ ͍͒͜ ͍ͦ͜͡ ͭ͊ ͋͊͗͊ͤΈΦ ́ͦ͋ͭͦ 
͙͚ͨͪͤΎͭͭΎ ͒ͦ ͍͎͙ͯ͊ ͦ͋ΩΊ͙͍͙ͭͤ͟ͻ ͍͙ͦ͋ͫͭ͊ͤ Ί ͙͔͔ͦͫͣͫͤ͡ ͭ͊ ͍͔ͫ͒ͦͣ͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ 
͍ͫ ͎ͦͦ ͍͘ΩΎͯ͘͟ ͘ ͚͒ͫͤͫͭ͜͜ΌΣ ͫͤͯ͜Ό;ͦΌ ͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ ͍ͫ͒ͦͣͦͫͭ͜͜Φ ̂ ͍͙ͨ͊͒ͯ͟ ͘͜ 
ͤ͊ͤͤ͘Ύͣ ͔ͣͭͦ͒ͯΣ ͙ͨͪͫͯͭͤΊ ͙͡΄͔ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͎ͫ͊ͣͦͦ ͔͔ͫ͋Σ ͭͦͣͯ ͔ͭ͊͟ ͤ͊ͤͤ͘Ύ 
͔ͣͦ͗ ͔͔͍͍͙ͦͨͦͫͪ͒ͦͯ͊ͭͫ͟Ύ ͙ͫͭͤͦ͜ΌΣ ͊ ͭ͊ͦ͗͟ ͔ͣͦ͗ ͎͍͙ͤͦͪͯ͊ͭ͜ ͝͝Φ ˹͙͊ͨͪ͊͒͟͡Σ 
͙ͦ͟͡ ͔͎͙͚ͨ͒͜͡͡ ͫͦ͒͊ͭ͡ ͙ͦͭͪͣͯΊ ͍͒͜ ͙ͦͣ͊ͤ͒ͪ͊͟ ͦͣ͊ͤ͒ͯ͟Σ ͍ͤ͜ ͔͒͊ͭͤ͘ ͔͙͍ͣͨͪ͊ͭͤͦ͜ 
͍͙͊ͭͯ͊ͯ͊ͭ͘͟͜͡ ͔ͣͭͦ͒ ͊͘ ͙͎ͫͤ͊ͦͣ͡Σ ͔ͤ ͣ͊Ό;͙ ͤ͜Ύ͎ͦͦ͟ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͚͒ͫͤͫͭ͜͜ΈΣ ͒ͦ 
Ύͦ͟͝ ͍ͤ͜ ͔͋ͯ͒ ͍͙͚͊ͫͭͦͫͦ͊ͤ͘Φ ˸͍͙͊ͫͦͣ ;͙ͤͦͣ ͊ͭͯ͊͊͘͟͜͡ͼ͜Ό ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͚͒͜ ͘ 
͔͔ͨͪ͒͋͊;͍͙͙ͯ͊ͤͣ ͙ͤ͊ͫ͒͊ͣ͜͟͡ ͤ͊ ͍ͦͫͤͦ͜ ͙͎ͫͤ͊ͯ͡-͙ͦͣ͊ͤ͒͟Σ ͯ ͺͦͪͣ͜ ͔ͫͨͼ͊͜͡Έ͙ͤͻ 
͍ͤ͊͘͟͜Σ ͙ͣ ͍͙Ύ͍͡ΎΊͣͦ ͍ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎͙͍͊ͦͪͭͣ͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͎ͨͪͦͪ͊ͣΦ 

́͊ͦ͗͟ ͔ͭͪ͋͊ ͍͙͊͊ͭ͘͟ ͤ͊ ͺ͔͔ͤͦͣͤ ͔͎͊ͣͭͦ͒ͦͦͣͯ͘͜͡Σ Ύ͙͚͟ Ί ͍͙ͪͤͦ͒͘͜ 
͊͒͊ͨͭ͊ͼ͜͝ ͒ͦ ͋ͯͭͭΎ ͍ ͍ͯͣͦ͊ͻ ͫͯͫͨ͜͡Έ͎ͤͦͦ ͔͔͊ͨͪ͘;͔ͤͤΎ ͙͍ͫͨͦ͗;ͦ͝ ͼͤͤͦͫͭ͜͜ ͙͙ͫͭͤ͜ 
Ύ͟ ζ͘ ͍͔͊͒ͦͦͤͤ͡Ύ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ͝ ͎ͫͨͪ͊η͙Σ ͦͫ͟͜͡Έ͙͟ ͍͙ͤ͊ͤͤ͘Ύ ͍ͫͤͯ͊ͤͤ͜Ύ 
ͦͫͭ͊ͤͤΈͦ͝ ͔͔ͨͪ͒͋͊;͊Ί ͍͙ͤ͊ͤͤ͘Ύ ͍ͫͤͯ͊ͤͤ͜Ύ ͫͯ͋ΩΊͭ͊͟Σ Ύ͟ ͫ͊ͣͦ;͙ͤͤͦ͝ ͫͯͭͤͦͫͭ͜Φ 
ˣͯͭͭΎ ͡Ό͙͙͒ͤ ΄͡Ύͻͦͣ ͍͙͙͍͗͊ͤͤΎ ͍ ͯ͟͡Έͭͯͪ͜Σ ͔͒ ͍ͦͫͤͦͤͦΌ ͼͤͤͫͭ͜͜Ό ͍͙ͤ͊͘ΊͭΈͫΎ 
͙͍͍ͨͪͫͭͦͫͦͯ͊ͤͫͭ͜ΈΣ ͙ͫͭͣͯ͡ΌΊ ͔ͨͦͭͪ͋ͯ ζ͒ ͙͊ͭ ͙ͦͨͫ Χ ͍ͫͭͯ͜Σ ͍ Ύͦͣͯ͟ ͤ͊͘;͔ͤͤΎ ͪͯͻͯ 
ͭ͊ ͚͎ͦͦ ͺͯͭͯ͊͟͡ͼ͜͝ ͎ͤ͊͋͊͊ͭͦ ͍͙͍͊͗͜͡΄͔ ͊͘ ͍͙ͤ͊͘;͔ͤͤΎ ͫͭͪͯͭͯͪ͟Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜Σ 
͚͙ͨͦͫͭͤ͜ͻ ͍͔͙͡;͙ͤη [5]. 

́ͯͭ ͍ͣͦ͊ ͚͔͒ ͨͪͦ ͙͍ͦͫͦ͋ͯ͡ ͙͍͊ͭͤͫͭ͟͜Έ ͡Ό͙͙͒ͤΣ Ύͯ͟ ͣͦ͗ͤ͊ ͦͤ͊͘;͙͙ͭ Ύ͟ 
͙͍ͫͨͦ͗͊ͼΈ͊͟Φ ζ˿ ͙͍ͨͦ͗͊;η ͍͙͍ͯͫ͒ͦͣ͜΄͙ ͔͔͔ͤͨͪ͒͋͊;͍ͯ͊ͤͫͭ͜Έ ͍ͤ͊ͫ͒͜͟͜͡ ͍͊ͫͤͦ͡͝ 
͙͍͊ͭͤͦͫͭ͟͜ ΄ͯ͊͟Ί ͨ͡Όͪ͊͡Έͤͯ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͪͤ͘͜ͻ ͙͍͔ͫͣͫͦͯͭͦͪͤ͡Έ ͒͡Ύ 
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͙͙͍͎ͫͭͯ͊ͭͤͦͦ ͙͍ͨͪͫͭͦͫͯ͊ͤͤΎ ͔͔ͫ͋ ͒ͦ ͙͚ͨͪͤΎ͙ͭͤͻ ό͙͍͙ͫͨͦͯͫ͟͡ͻύ ͨͪͦͼ͔͒ͯͪ 
͔ͪͦͤͫͭͪͯ͟͟ͼ͜͝ ͙͍ͫͣͫ͜͡Σ Ύ͟͜ ͒͡Ύ ͙͍ͨͪͫͭͦͫͯ͊ͤͤΎ ͒ͦ ζͤ ͍͙ͦͻ ͍͙ͦ͋ͫͭ͊ͤη ͊ͣͤ͘͜ΌΌͭΈ 
͍͔͔ͯͫ͒ͦͣͤ͜͡ ͔ͤͤ͊ͤͤ͘Ύ ͤ͊ ͔͒ͣͦͤͫͭͪ͊ͼ͜Ό ͔͍͍ͦ͊͟͜͟ͼ͜͝ ͤ͊ͤͤ͘Ύ ͔͔ͤͭͪͨͪͭͯ͜Ό;ͦΌ 
͔͔ͦͣͨͭͤͭͤͫͭ͟͜Ό όζͤ ͙͋͜ ΅ͦͫΈ ͤ͊͘ΌηύΦ ͙́ͣ ͙ͫ͊ͣͣ ͔͔ͤͭͪͨͪͭͯ͜Ό;͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ 
͚͒ͫͤ͘͜ΌΊ ͍ͫͦΊͪ͒ͤͯ͜ ͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜Ό ͤ͊ͤͤ͘ΎΣ Ύ͟ ͎ͨͦͭͪ͋ͤͦͦ͜ ͒͡Ύ ͯͫͨ͜ͻͯ ό͊ͪ͟ΩΊ͙ͪΣ 
͒ͦ͋ͪͦ͋ͯͭͯΣ ͙͋ͫͯ͟͡ ͣ͒͗ͯ͜͜ ΧύΣ ΅ͦ ͍ͦͪͤ͟͜ΌΊͭΈͫΎ ͎͊ͫͦͦ͟͜͜͡;͙͙ͤͣ ͍͙͍ͨͪ͊͒͊ͤͤΎ͙ͣ 
ͭ͊ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Σ ͍͍͋ͯ͒ͦͯΌ;͙ ͡Ό͙͒ͤͯ ͍ ͨͦͭͦ;͙͚ͤ ͔ͣͦͣͤͭ ͙͙͍ͫͭͯ͊ͭͤͦ-
ͦ͊͟͡͡Έͤͦ͝ ͙͙ͣͤͦ͗ͤ ͪͯ͘;͙ͤͻ ͙ͨͪͤͼ͙͍ͨ͜ ͙͍ͨͪͫͭͦͫͯ͊ͤͤΎ ͒ͦ ͍͙ͯͣͦͤͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜Φ 
̒͟ ͤ͊ͫ͒ͦ͜͟͡  ͔͒ͦͤͫͭͪͯ͟ΌΊͭΈͫΎ ͼͤͤͫͭ͜͜Έ ͨͦΎ͔ͫͤͤͤΎ ͭ͊ ͪͦͯͣͤͤ͘͜ΎΣ ͊ͭͯ͊ͯ͘͟͜͡ΊͭΈͫΎ 
ͼ͍ͤͯ͊ͤͤ͜Ύ ͔͙͙ͨͪͫͭ͗ͤͻ ͍ͪ͊͘͘͟͜Φ ˹͙͊ͨͪ͊͒͟͡ ͙ͫͭͤ͊͜Σ Ύ͟΅ͦ ͍ͦͤ͊ ͔ͤ ͎͊ͪ͊ͤͭͯΊ ͯͫͨ͜ͻͯΣ 
͔ͤ ͙͚ͨͪͣ͊ΊͭΈͫΎ Ύ͟ ͼͤͤͫͭ͜͜Έ ͜ ͔ͣͦ͗ ͙͍͊ͭͤͦ͟ ͊ͣͤ͘͜Ό͍͙͊ͭͫΎ ͤ͊ ͍ͪͭͯ͊͜͡Έͤ͜ ͦ͋͜ͼΎ͙ͤ͟ 
͙͋͊͗͊ͤͻ ͎͋͊͡Φ  

̅ͯͤ͟ͼͦͤ͊͜͡Έͤͦ ͔͎͊ͣͭͦ͒ͦͦͣ͘͜͡ ͨͦ͡Ύ͎͊Ί ͯ ͔ͪ͒ͯ͟ͼ͜͝ ͔ͣͭͦ͒ͯ ͒ͦ ͔ͪͼ͔ͨͭͯΣ ΅ͦ 
͍ͨͪͦͦͯ͟ΊͭΈͫΎ ͙͍ͫͨͦ͗͊ͼΈ͙ͣ͟ ͍͔ͫͭ͊ͤͤ͡Ύͣ ͒ͦ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͚͒͜ ͘ 
͔͔ͨͪ͒͋͊;͍͙ͯ͊ͤͣ ͭ͊ ͙͋͊͗͊ͤͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣΣ Ύ͔͟ ͊ͭͯ͊ͯ͘͟͜͡Ί ͍͒ͦͣͤͯ͊ͤͤ͜Ύ 
͔ͦͨͪ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͎ͭͦͨͦͦͯ͘͜͡Ό;͙ͻ ͙͊ͫ͟͡ͺ͊͜͟ͼ͚͜Σ 
͚͍ͪͯͤͯ͊ͤͤΎ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜͝Φ ˭͊ ͙ͭ͊͟ͻ ͍ͯͣͦ ͍ͤͤͦ͊͜ͼ͜Ύ ͨͦͫͭ͊Ί Ύ͟ ͫͭͦͪͦͤͤΎ ΅ͦ͒ͦ 
͡Ό͙͙͒ͤ ͨͦ͒͜ΎΣ ΅ͦ ͔͎ͫͨͦͫͭͪ͊ͦͫ͜͡Ύ ͍ ͯΎ͍͔ͤͤ͡Ύͻ ͨͦ΄͙͔͙ͪͤͻ ͒ͦ ˹͍͎ͦͦͦ ;͊ͫͯΣ ͙ͦ͟͡ 
͔ͪ͊͟ͼ͜Ύ ͍͎ͤͦͦͦ ͍͙͍ͤ͊͊͊ͫ͘͡Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭͦ͟͟Ό ͙͎ͤ͊͒ͨͪͪͦ͒ͤͦͦΣ ͊ ͍͔͔ͫͭͦͪͤ 
͡Ό͙͒ͤͦΌ ς ͤ͊ͫ͒ͦ͜͟͡ ͍ͫ͒ͯ͊ͤͤ͜͡Ύ ͍́ͦͪͼΌ ͊͋ͦ ͍͔ͭͤͤ͜͡Ύͣ ͫͤͯ͜Ό;͎ͦͦ ͔͒͊͜͡Έ͎ͤͦͦ 
ͪ͊ͯ͘͘͟Φ ˿͔͊ͣ ͭ͊ͯ͟ ͔ͪ͒ͯ͟ͼ͜Ό ͙ͣ ͔͎ͫͨͦͫͭͪ͊͜Ίͣͦ ͯ ͍;͔ͤͤΎͻ ͨͪͦ ͍͙͚ͪ͊ͦ͘͘͟ ͔ͣͭͦ͒Σ 
͊ͨͦ͘;͍͙͊ͭͦ͊ͤ͟ͻ ˢ͙͔͔ͪͫͭͦͭͣ͡ όˣ͔ͦͤ͟Σ ˨͔͊ͪͭ͟Σ ˶Ύ͚͋ͤ͜ͼΣ ˥͔͎͔͡ΈΣ ˸͊ͪͫ͟ ΧύΣ Ύͯ͟ 
ͨͦ;͙͊͡ ͍ͫ͒ͦͣͦ͜ ͔͔͊ͨͪ͘;͍͙ͯ͊ͭ ό˶ͦͭ͊ͪ͜ύ ͊ͨͦ͘;͍͊ͭͯ͊ͤͤ͟Ύͣ ͙͙͙ͪͭ͟͟ ͺͦͫͦ͜͡ͺ͜͝ 
˸͔ͦ͒ͪͤͯΦ  

˿͙͍ͨͦ͗͊ͼΈ͙ͣ͟ ͍͔ͫͭ͊ͤͤ͡Ύͣ ͔͎͊ͣͭͦ͒ͦͦͣ͘͜͡ ͚ͪͯͤͯΊ ͔ͭͦͪ͜Ό Ύ͟ ͼͤͤͫͭ͜͜Έ 
ͦͫ͟͜͡Έ͙͟ ͙ͦͨͫΣ ͔͒ͣͦͤͫͭͪͯΌ;͙ ͒͜Ό ͊ͦͤͯ͘͟Σ ͔͔͊ͨͪ͘;ͯΊ ͪͦͯͣͤͫͭ͘͜Έ ͙͊ͣͤ͘͜ ͙͙ͫͭͤ͜ ͤ͊ 
͎͊ͫͦͦ͟͜͜͡;ͤͦ ͔ͨ͒ͪͨͤ͜͟͜͜͡ ͍ͪͭͯ͊͜͡Έͤ͜ ͦ͋͜ͼΎ͙ͤ͟ ͎͋͊͡Φ ˤ͍͒͋ͯ͊͜ΊͭΈͫΎ ͎͍ͤͦͪͯ͊ͤͤ͜Ύ 
͙͙ͫͭͤ͜ Ύ͟ ͔͔͔ͣͤͭ͊͡Σ ΅ͦ ͔͔͍ͦͨͦͫͪ͒ͦͯ͟Ί ͍͘ϥΎͦ͘͟ ͚͒͜ ͡Ό͙͙͒ͤ ͘ ͦ͋ΩΊ͙͍͙͙ͭͤͣ͟ 
͔ͪ;͙͊ͣΦ ˽ͦ΄͙͔͙ͪͤͣ ͨͪͦΎ͍ͦͣ ͎ͭ͊ͦͦ͟ ͎͍ͤͦͪͯ͊ͤͤ͜Ύ ͣͦ͗ͤ͊ ͍͙͙ͤ͊ͭ͘ ͔͙ͫͨͭ͟ͼ͙ͣ͘ 
͍ͫͭͦͫͦͤͦ ͍ͤ͊ͯͦͦ͟ ͤ͊ͤͤ͘ΎΦ ̒͟ ͍͊ͯ͘͟Ί ˽Φ͔͚̅Ί͔ͪ͊͋ͤ͒ ζΧ͍͔ͤ͊ͯͦ͟ ͤ͊ͤͤ͘Ύ ͔ͤ ͔ͣͦ͗ 
͍͍͙͊͗͊ͭͫΎ ͍͔ͯͤͪͫ͊͜͡ΈͤͦΌ ͣͪͦ͜Ό ͔͔͍͎͙ͨͪ͊ηΣ ͦͫ͟͜͡Έ͙͟ ͤ͊ͯ͊͟ ς ͼ͔ ζ͒ ͔ͦͫ͒͗ͤͤ͜͡ΎΣ 
͔͍͔ͫͪͦ͊ͤ͟ ͎͔ͨͪ͊ͤͤͤΎͣ ͦ͋ΩΊ͙͍ͭͤͦͫͭ͟͜ηΦ ́ͦͣͯ ζΧͪ͜΄͔ͤͤΎ ͍ͫͭͦͫͦͤͦ ͙͚ͨͪͤΎ͙ͭͻ 
ͼ͔͚ͤͤͦͫͭ͜ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͝ͻ ͔ͦͤͭͫͭ͟͟͜ ͙ͤ͊ͯ͟ ͔ͤ ͔͙ͤ͊͗ͭ͡Έ ͚ͫ͊ͣ͜ ͤ͊ͯͼ͜η  
[6, 176]. 

̒͟ ͍͒ͦͣͦ͜Σ ͔ͫ͊ͣ ͺͦͫͦ͜͡ͺͫΈ͊͟ ͔ͫͨͯ͟͡Ύͼ͜Ύ ͨͪͦ ˢ͋ͫͦ͡Όͭ Ύ͟ ͫͯͭͤͫͭ͜ΈΣ 
͔ͨͪ΄͙ͦͨͪ;͙ͤͯ ͭ͊ ͔ͣͭͯ ͔ͪ;͔͚Σ ͊ͨͦ͘;͍͊ͭͦ͊ͤ͊͟ ΅͔ ˢ͙͔͔ͪͫͭͦͭͣ͡Σ ͨͪͦͨͦͤͯΊ 
͔͍͔ͤ͒ͪ͜ͺ͔͍͙͚ͫͦ͊ͤ͟͡ ͙ͦͨͫ ͔͔͙ͨͪͤͯͭͦ͟͝ ͘ ͎ͤ͜ ͤ͊ ͎͍ͦͦͯ͡ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΣ ΅ͦ ͔ͤ ͭͯͪ͋ͯΊͭΈͫΎ ͨͦͻ͔ͦ͒͗ͤͤΎͣ ͔͙ͣͭ ό͔ͤ ͍ͫͯͣͤ͊͜ΊͭΈͫΎύΦ 
ζ̇ ͜͡Έ͍ͦ͊ ͙ͨͪ;͙ͤ͊ηΣ ͊͘ ˢ͙͔͔ͪͫͭͦͭͣ͡Σ ͫͤͯ͜Ί Ύ͟ ͔͍ͤ͒͜ΩΊͣͤ͊ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ 
͔͔ͤ͊͗ͤͦ͘͡͝ ͍͒͜ ͍ͦ͜͡ ͭ͊ ͋͊͗͊ͤΈ ͡Ό͙͙͒ͤ ͚͒ͫͤͦͫͭ͜͜Σ ͊ ͭͦͣͯ ͡Ό͙͒ͤ͊ ͫͭ͊Ί 
͍ͦ͋ͦ͘ΩΎ͊ͤͦ͘Ό ͪ͜΄ͯ;͔ ͭ͊ ͍͍ͨͪ͊ͤͦ ͍͙͍͙ͦͤͯ͊ͭ͟ ͝͝ ͍͍͙͊͘͟͜͟Φ ͔̇ ͚ͤ͊͋͜͡Έ΄ ͨͦͣͭͤͦ͜Σ 
Ύ͟΅ͦ ͍͔͙ͪͤͯͭͫ͘Ύ ͒ͦ ͔͍ͤ͒͊ͦ͡͝ ͙ͫͨͪͦ͋ ͔ͪͺ͔ͫ͟͜͡͝ ͔͒͜͝ ˢ͋ͫͦ͡ΌͭͯΣ Ύͯ͟ ͚͙͍͒ͫͤ͘͜ 
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ˢ͍͔͚ͪ͜͡ ˢ͍͎͙ͯͫͭͤΦ ˤͦͤ͊ ͍͙Ύ͍͙͊͡ ͙͡΄͔ ζDens sub ratione deitatisηΣ ͭͦ͋ͭͦ 
͍͙͔͙ͦͪͣ͊͟͡ ζͦ ͋ͪ͊͘ ˣ͙͚ͦ͗η ͍ ͙ͦͫͦ͋ͫͭͫͤͦͣͯ͜ ͍͔ͫͭ͊ͤͤ͜͡ ͒ͦ ͍ͫͭͯ͜ Ύ͟ ͦ͋ͪ͊͘ ͎ͭͦͦΣ 
ͻͭͦ ͎͍͙͚ͦͦͤ͡Σ ͡Ό͙͋ͭΈΣ ͊ͪ͊͟ΊΣ ͦ͋ͯͪΌΊͭΈͫΎΣ ͻ͊͘Ύ͚ͤͯΊΣ ͍͙Ύ͍͡ΎΊ ͭ͊ ͍ͤ͊ΩΎͯ͘Ί ͍ͫͦΌ 
͍ͦ͡ΌΣ ͣ͊Ί ͙ͨ͒͒͊ͤ͜ͻΦ  

˭͍͊ͫͭͦͫͯ͊ͤͤΎ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ζͤ ͔͍͒͊͊͡ ͫͨͪͦ͋͊ ͔ͪͺ͔ͫ͟͜͡͝η ͍ͨͦΩΎ͊ͤ͊͘ ͘ ͙ͭͣΣ 
΅ͦ s ͍͎͙ͯͫͭͤΣ ͙͍ͪͦͪ͘͟΄͙ ͨ͒ͨͦͪ͜Ύ͍͒ͦ͊ͤͫͭ͟͜Έ ͙͍͊ͭͤͦ͟͝ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͦ͒ͤ͜Ί͝ ͡Ό͙͙͒ͤ όΎ͟ ͨ͒͒͊ͤͦ͜͝ύ ͤ͜΄͚͜ ͡Ό͙͒ͤ͜Σ Ύ͊͟ ͦͣ͊ͤ͒ͯ͟ΊΣ ͺ͙͊ͭ͟;ͤͦ 
͍͙Ύ͍͙͍΄͙ ͺ͔͔ͤͦͣͤ ζ͡ Ό͙͒ͤ͊-͊ͭͦͪ͟ηΣ ΅ͦ ͍͙͊͗͒͘ ͔ͪͯ͟ΊͭΈͫΎ ͍͔͙͙ͫͭͦͪͤͣ 
͔͍ͨͪͫͦͤ͊ͦ͊ͤͦ͘͜͡Ό ͨͦͫͭ͊ͫͫ͜Ό ζͣ ͔͙ͭ ͯͫ͜ͻ ͔ͪ;͔͚η ͭ͊ ͤ͊Ύ͍͙͙ͤͣ ͍ ͦͭͦ;ͯΌ;͚͜ 
͚͒ͫͤͦͫͭ͜͜ ͙ͦͤͫͭͪͯͭ͊ͣ͟͟Σ ͍ͦ͋ͦ͘ΩΎ͍͊͘ ͡Ό͙͒ͤͯ ͙͋ͯͭ ͙ͭͣ ͻͭͦ ͪ͜΄ͯ;͔ ͭ͊ ͍͍ͨͪ͊ͤͦ 
͍͙ͦͤͯ͟Ί ͙ͦͣ͊ͤ͒͟Φ ˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ ͙ͤͣ ͋ͯͦ͡ ͍͙͒ͪͭͦ͜͟Σ ΅ͦ ͦͪ͘͜Ί͍ͤͭͦ͊ͤ͊ ͍ͪͦ͜Ό 
͡Ό͙͒ͤ͊ ͣ͊Ί ͭͪ͊ͤͫͼ͔͔͍ͤ͒ͤͭͦ͊ͤͯ ͔ͣͭͯΣ Ύ͊͟ ͫͨͪΎ͍ͣͦͯΊ ͝͝ ό͍͋ͯ͊͟͡ΈͤͦΥ ζͪ ͊͋ 
ˣ͙͚ͦ͗η).  

ˢͭͯ͊͊͘͟͜͡ͼ͜Ύ ͨͦͤΎͭͭΎ ͡Ό͙͒ͤ͊-ͫͯ͋ΩΊͭ͟Σ ͍ͨͦΩΎ͊ͤ͊͘ ͘ ͒͜Ύ͡Έͤͫͭ͜Ό ˾Φ ˨͔͊ͪͭ͊͟Σ 
͍ͣͫͭͦͤͦ͘͜ ͔͔͊ͨͪ͘;͍ͯ͊͊͡ ͍͔͔͒ͤͤ͘Ύ ͪͦͯͣͤͤ͘͜Ύ ͡Ό͙͙͒ͤ ͒ͦ ͊ͭͦͪ͊͟Σ ͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ 
͔ͭΣ ΅ͦ ͔ͭͪͣͤ͜ ͡Ό͙͒ͤ͊-͊ͭͦͪ͟ ͙ͫͭͦͪ͜;ͤͦ ͍͙͙ͤ͟ ͤ͊͘;ͤͦ ͨͤ͘͜͜΄͔Σ ͯ ͤ͊ͫ͒ͦ͜͟͡ 
͎ͤ͊ͫͭͯͨͤͦͦ ͔͔͊ͨͪ͘;͔ͤͤΎ ͡Ό͙͙͒ͤ Ύ͟ ͫͯ͋ΩΊͭ͊͟ ό͙ͤ͊ͨͪ͊͒͟͡ ͯ ͺͦͪͣ͜ ͦͤ͟ͼ͔ͨͭͯ 
ζͫ ͔ͣͪͭΈ ͫͯ͋ΩΊͭ͊͟η). 

̒͟΅ͦ ͨͦ΄͙͔͔ͪͤ ͫΈ͎ͦͦ͒ͤ͜ ͨͦͤΎͭͭΎ ͡Ό͙͒ͤ͊-͊ͭͦͪ͟ ͎ͪͦ͘͡Ύ͙͒͊ͭ ;͔͔ͪ͘ 
ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ζͨ ͙͚͒͒͊ͤ͜ηΣ ͭͦ ͫͭ͊Ί ͙ͨͦͣͭͤͣ͜Σ ΅ͦΣ ͙ͤ͊ͨͪ͊͒͟͡Σ ͻ͙͙ͪͫͭΎ͍ͤͫͭͦΣ 
͚͒ͫͤ͘͜ΌΌ;͙ ͍͍ͨͪͦͨͦ͒ͯ͊ͤͤ͜Ύ ͡Ό͍͋ͦ͜ ͒ͦ ͙͋͗ͤ͡Έ͎ͦͦΣ ͒ͦ͊͡Ό;͙ ͙͒ͪ͊ͣ͊ͭͣ͘ 
͙͍͔ͨͪͦͭͫͭ͊ͤͤ͡Ύ ͍͔͚͒ͣͤͤͦͫͭ͜͜ ͎ͦͫͨͦ͒͊ͪΎ ͜ ͪ͊͋͊Σ ͙ͨͪͦͫͭͣ ͙ͫͯͣ͊ͪͤͣ ͦ͋ΩΊ͒ͤ͊ͤͤΎͣ 
ͯͫ͜ͻ Ύ͟ ζ͋ ͍ͪ͊ͭ͜η ͜ ζͫ ͔͔ͫͭͪηΣ ͍ͫͭͦͪΌΊ ͫͯͭͦ ͫͯͣ͊ͪͤͯ Ί͒ͤͫͭ͜Έ ͡Ό͔͚͒ ͯ ͣ͊ͫͯΣ ͙ͤ͊ͪͦ͒Σ 
ͭͦ΅ͦΦ ͙́ͣ ͙ͫ͊ͣͣ ͍ͦͤͦ ͍ͭͪ͊;͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙͊ͫͤͯ͊ͭ͘ ͍ͤͦͯ ͫ͊͒ͤͯ͟͡ Ί͒ͤͫͭ͜Έ 
͎ͪͤͦͦ͘͜Φ ˽͔ͦ͒͋ͤ͜ ͫͨͪͦ΅͔ͤͤΎ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͯ ͦͤ͟ͼ͔ͨͭ͊ͻ ͔͋ͪ͊ͣͯ͘͜͜͡͡Σ 
ͣͯ͡Έ͙ͭͯ͟͡Έͭͯͪ͊ͣͯ͘͜͡Σ ͦͣͯͤͣͯ͘͟͜Σ ͤ͊ͼͦͤ͊͜-ͫͦ͡ͼ͊ͣͯ͘͜͜͡Σ ζ˾ ͎ͯͫͫͦͦ͟ ͙ͣͪ͊η, ͭͦ΅ͦΦ 
˿͙ͣͫ͡ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͭ͊ͦ͟͝ ͫͨͪͦ΅͔ͤͦ͝ ͔ͪ͒ͯ͟ͼ͜͝ ͨͦ͡Ύ͎͊Ί ͯ ͭͦͣͯΣ ΅ͦ ͒͡Ύ 
͍͔ͯͭͦͪͤͤΎ ͎ͫͯͣ͊ͪͤͦͦ ͦ͋ΩΊ͒ͤ͊ͤͤΎ ͡Ό͔͚͒ ͔ͤ ͔ͭͪ͋͊ ͍ͫͭͦͪΌ͍͙͊ͭ ͔͎ͣͭͦ͒ͦͦ͜͡ΌΦ 
˨ͦͫͭ͊ͭͤΈͦ ͚͍ͫͦͤͫͭͪͯͦ͊ͤͦ͟͝ ζ͟ ͙͙͊ͪͭͤ͟ ͍ͫͭͯ͜ηΣ ΅ͦ͋ ͙͙ͦͭͪͣ͊ͭ ͍ͦͤ͘͜΄͚ͤ͜ ΅ͦ͒ͦ 
͡Ό͔͚͒ ͔ͪͯ͟Ό;͙͚ ͝ͻ ͒͜Ύ͙ͣ ό͙͒ͯͣ͊ͣ͟Σ ͋͊͗͊ͤͤΎ͙ͣΣ ͼͤͤͦͫͭ͜Ύ͙ͣ ͭ͊ ͭͦ΅ͦύ ͪ͊ͦ͘͘͟ 
ό͙͎ͨ͊ͪ͊͒ͣ͊ύΣ Ύ͙͚͟ ͘ΩΊ͒ͤͯΊ ͝ͻ ͯ ͙ͣ͊ͫΣ ͍ͤ͊ͭͦͨΣ ͙͊ͫ͟͡Φ 

˿͍ͭͦͫͦͤͦ ͔͍ͦ͡Όͼ͜͝ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ ͍ͤͤͦ͊͜ͼ͚͜Σ ͔ͨͪͦ͋ͣ͊͡ ͎ͭ͊ͦͦ͟ 
ͫͯͣͯΌ;͎ͦͦ ͨͦΊ͒ͤ͊ͤͤΎ ͤ͊ͤ͘Έ ͯ ͔ͣͭ͊ ͤ͊ͯͯ͟Σ Ί͒ͤͫͭ͜Έ ͍͙ͤ͊ͯͦ͟ͻ ͜ ͔ͭͻͤ͜;͙ͤͻ 
͔͒ͦͫ͒͗ͤ͜͡ΈΣ ͍ ̂ͪ͊ͤ͟͜͝ ΅͔ ͊͘ ;͍͊ͫ͜ ˿˾˿˾Σ ͍͙ͤ͊͘;͊͊ͫ͡Ύ ;͔͔ͪ͘ ͔͙ͭͪͣͤ͜ 
ζͨ ͔͔͍͔ͪͭͦͪͤͤΎ ͙ͤ͊ͯ͟ ͯ ͔͔͔͋ͨͦͫͪ͒ͤ͘Ό ͍͙͙ͪͦ͋ͤ;ͯ ͙ͫͯ͡η, ζ͜ ͔ͤͭ ͎ͪ͊ͼ͜Ύ ͙ͤ͊ͯ͟ ͜ 
͙͙ͨͪ͊ͭ͟͟ηΦ ˻͒ͤ͊͟ ͯ мффп ͪͦͼ͜ ͨͫ͜͡Ύ ͍͙͎ͦͦ͡΄͔ͤͤΎ ˤ͔͍ͫͫͭͤ͜ΈͦΌ ͫͨͦ͜͟͡Ό 
͙ͭͪ͊ͤͫ͒ͫͼ͙͙ͨͤ͊ͪͤ͜͡ͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ό͍͊ͫͤͦ͊ͤͦ͘͝ ˬΦ ˽͔͊͗͜ύ ζ˴ ͍͔ͦͤͤͼ͜͝ 
͙͒ͫͼ͙͎ͨͤ͊ͪͤͦͦ͜͡ ͍͔͔͔ͫͯͪͤͭͭͯ͜η ͎͔ͨͪ͊ͤͤͤΎ ͍͔ͫͭͦͪͤͤΎ ͍͔ͯͤͪͫ͊͜͡Έ͙ͤͻ ͨͦΊ͒ͤ͊ͤΈΣ 
͔͍ͣͭ͊ͦͤͫͭͪͯͭ͟͟͜ ͋ͯͦ͡ ͍͙ͤ͊ͤͦ͘ ͻ͙͙͋ͤͣΦ 

ˤ͙͔ͦͪͣ͟͡ΌΌ;͙Σ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͎ͣͭͦ͒ͦͦ͜͡;͎ͤͦͦ ͙͍ͤ͒͒ͯ͊ͣͯ͘͜͜͜͡Σ 
͍͔͒ͦͣͦͤͫͭ͜͡Έ Ύ͟ ͍ͦͫͤͦͯ ͍͔ͫͭͦͪͤͤΎ ͎ͫ͊͒ͤͦͦ͟͡ ͔͎ͦͣͨͫͤͦͦ͟͟͡ Ί͒ͤ͊ͤͤΎ ͙ͪͤ͘͜ͻ 
͡Ό͔͚͒Σ ͙ͤ͊ͨͪ͊͒͟͡ ͯ ͎ͪͯͨͯ ͙ͣ͗͒ͫ͜ͼ͙͙ͨͤ͊ͪͤ͜͡ͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡Σ Ύ͟͜ ͙͒ͦͭͪͣͯΌͭΈͫΎ 
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͙ͨͪͤͼ͙ͨͯ ͙͒ͫͼ͙͎ͨͤ͊ͪͤͦͦ͜͡ ͍͔͔͔ͫͯͪͤͭͭͯ͜Σ ͍͙Ύ͍͡ΎΊͣͦ ͔͙͍ͤͣͦ͗ͫͭ͜͡Έ ͔͙͙ͦ͋ͣ͗ͭͫΎ 
͍ ͙ͦͨͫ͜ ͯ;͙͍͊ͫͤ͟͜ ͎ͫ͊͒ͤͦͦ͟͡ ͔͎ͦͣͨͫͤͦͦ͟͟͡ Ί͒ͤ͊ͤͤΎ ͤ͜ ͔ͭͪͣͤͦͣ͜ ͊ͭͦͪ͟Σ ͤ͜ 
͔ͭͪͣͤͦͣ͜ ͫͯ͋ΩΊͭ͟Φ ̂ ͎ͪͯͨ͜ ͙ͣ͗͒ͫ͜ͼ͙͙ͨͤ͊ͪͤ͜͡ͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡ Ί͒ͤ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ͊͟Σ 
ͻͣ͊͜͜͟Σ ͺ͙͊͘͜͟Σ ͔͔͙͋ͪͤͭ͊͟͜͟Σ ͎͋ͦͦ͊͜͡Σ ͺͦͫͦ͜͡ͺ͊Σ ͫͦͼ͎ͦͦ͊͜͡Σ ͙ͨͫͻ͎ͦͦ͊͡Σ ͔͔ͤ͗ͤͪ͊͜ 
͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͎ͭͦͦΣ ΅ͦΣ ͙ͤ͊ͨͪ͊͒͟͡Σ ͡Ό͙͒ͤ͊-ͺ͙͘͜͟ 
ͪͦͯͣ͘͜Ί ͔͙͍ͤͣͦ͗ͫͭ͜͡Έ ͍͙ͪ͜΄͙͙ͭ ͔ͨͪͦ͋ͣͯ͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙͡΄͔ ͺ͙͙͘͜͟Σ ΅ͦ ͪͤ͘͜͜ 
͡Ό͙͒ Ύ͟ ͯ;͙͙͊ͫͤ͟ ͎ͭ͊ͦͦ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ί ͪͤ͘͜͜ ͺ͊ͻ͍͜ͼ͜Υ ͙͚ͦ͗ͤ͟ ͔ͨͪͫͦͤ͊͡Έͤͦ ͣ͊Ί 
ͤ͊ͤͤ͘Ύ ͭ͊ ͍͒ͦͫ͒͜Σ Ύ͙ͣ͟ ͤ͜΄͜ ͔ͤ ͍ͦͦ͒͜͡ΌͭΈΦ ˤ͍͒ͨͦ͒ͤͦ͜͜Σ ͭ͊͊͟ ͎ͪͯͨ͊ ͍ͫͭͦͪΌΊͭΈͫΎΣ 
͋ͦ ͔ͦ͗ͤ͟ ͘͜ ͯ;͙͍͊ͫͤ͟͜Υ ͍ͯͫ͒ͦͣ͜͡ΌΊ ͍ͫͦΌ ͙͒ͫͼ͙ͨͤ͊ͪͤͯ͜͡ ͔͔ͦ͋ͣ͗ͤͫͭ͜ΈΣ ͍ͫͦΌ 
͔͙͍ͤͣͦ͗ͫͭ͜͡Έ ͙͋ͯͭ ͊ͭͦͪͦͣ͟ ό͍ͯͫ͒ͦͣ͜͡ΌΊΣ ΅ͦ ͔ͨͦͭͪ͋ͤ͜ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ 
͚ͦͣͯ ͔͍͔ͤ͒ͦͣ͜ύΤ ͊ ͭ͊ͦ͗͟Σ ͍ͯͫ͒ͦͣ͜͡ΌΊ ͍ͫͦΌ ͔͙͍ͤͣͦ͗ͫͭ͜͡Έ ͙͋ͯͭ ͫͯ͋ΩΊͭͦͣ͟ 
͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͔͋͘ ͎͙͒ͦͨͦͣͦ ͤ͜΄͙ͻ ό͍ͤͦͫ͜͝ ͤ͊ͤͤ͘Ύ ͨͪͦ ͚ͦͣͯ ͔͍͔ͤ͒ͦͣ͜ύΦ  
̂ ͍͊͊ͤͦͣͯ͘͟ ͍͙ͨ͊͒ͯ͟ ͙͚ͦ͗ͤ͟ ͔ͦͪͣͦ͟Σ Ύ͟ ͯ;͙͊ͫͤ͟ ͎͍͒ͦͦͦͪͯ ͨͪͦ 
͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͯ͜͡ ͍ͫͨͨͪ͊͜ͼΌΣ Ί ͔ͤ ͫͯ͋ΩΊͭ͟ ;͙ ͊ͭͦͪ͟Σ ͊ Ί ͚ͭͦ ͻͭͦ ͙͒ͦͭͪͣͯΊͭΈͫΎ 
͙ͨͪͤͼ͙ͨͯ ͙͒ͫͼ͙͎ͨͤ͊ͪͤͦͦ͜͡ ͍͔͔͔ͫͯͪͤͭͭͯ͜ ό͔ͤ ͍ͭͪͯ;͊ΊͭΈͫΎ ͯ ͍͙ͫͨͪ͊ ͤ͜΄͎ͦͦ Ύ͟ 
ͤͦͫ͜Ύ ͤ͜΄͙ͻ ͤ͊ͤ͘Έ ͭ͊ ͯͣͤ͜ΈύΦ 

˻ͫ͟͜͡Έ͙͟ ͍ͨͪ͊ͦ ͤ͊ ͍͒ͦͪͯ͜ ͤ͜΄͎ͦͦ ͍ ͍ͯͣͦ͊ͻ ͙͒ͫͼ͙͎ͨͤ͊ͪͤͦͦ͜͡ ͍͔͔͔ͫͯͪͤͭͭͯ͜ 
͙͍ͤ͒͒͜͜ ͙ͦͭͪͣͯΊ ͙͡΄͔ ;͔͔ͪ͘ ͤ͊ͦ;ͤͯ ͔͒ͣͦͤͫͭͪ͊ͼ͜Ό ͍ͫͦ͝ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ 
ό͔͚͒͋ͤͦͫͭ͘͜Σ ͯͣͤ͜ΈΣ ͤ͊ͤ͘ΈΣ ͍͒ͦͫ͒ͯ͜Σ ͭͦ΅ͦύ ͍ͤ͜ ͔ͣͦ͗ ͍͙ͤ͊͘;͙͊ͭͫΎ ͔ͭͪͣͤͦͣ͜ 
ζͫ ͍͔͔ͯͪͤη. 

˶Ό͙͒ͤ͊-͍͔͔ͫͯͪͤΣ ͔ͪͯ͟Ό;͙ͫΈ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύͣ ͍ͫͦΊ͝ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ 
͔ͤͫͨͪͦͣͦ͗ͤͦͫͭ͜ ͙͋ͯͭ ͫͯ͋ΩΊͭͦͣ͟ ͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͔͋͘ ͎͙͒ͦͨͦͣͦ ͤ͜΄͙ͻΣ ͫͭ͊Ί 
͍͙ͫ͒ͦͣͣ͜ ͯ;͙͊ͫͤͦͣ͟ ͍͔ͦͤͤ͟ͼ͚͜Σ Ύ͟͜ ͊ͨͦ͘;͍͊ͭͦͯ͟ΌͭΈ ͍͔ͤͦ ͨͦΊ͒ͤ͊ͤͤΎ ͡Ό͔͚͒ ͯ 
ͫͨ͜͡Έͤͦͭͯ ͒͊ͭͤͯ͘ ͍͙ͪ͜΄͙͙ͭ ͊ͭͯ͊͟͡Έͤͯ ͔ͨͪͦ͋ͣͯ͡ ό͍͔ͫͭͦͪͤͤΎ ͫͯ͋ΩΊͭ͊͟ ͍ͤͤͦ͊͜ͼ͜͝ύΦ  
́͊ͦ͗͟ ͡Ό͙͒ͤ͊-͍͔͔ͫͯͪͤ ͪͦͯͣ͘͜Ί ͔ͤͫͨͪͦͣͦ͗ͤͫͭ͜Έ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͭ͊͟͜ ͔͙ͨͪͦ͋ͣ͡ 
͡Ό͙͒ͤͦΌ-͎͔͊ͤͭͦͣΣ ͦͫ͟͜͡Έ͙͟ ͍͔ͫͤ͊͘Ό;͙ͻ ͔ͤ ͫͤͯ͜ΊΣ ͊ Ύ͟΅ͦ ͫͤͯ͜ΊΣ ͭͦ͒͜ Ύ͟ ͼ͔ ͋ͯͦ͡ 
ͨͦ͊͊ͤͦ͘͟ ͍ ζx ͔͊ͤͭ͟͜η ˽͊ͭͦͤͦͣ͡Σ ͚ͦͣͯ ͍͔͗ ͤ͜;͎ͦͦ ͔ͤ ͨͦͭͪ͋ͤͦ͜ όͤ͊ͤͤ͘Ύ ͜ ͨͤ͊ͤͤ͘͜Ύ 
ͯ ͔ͨͪ΄ͯ ;͔͎ͪͯύΦ ˻͋ΩΊ͒ͤͯΌ;͙ͫΈ ;͔͔ͪ͘ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͔͔ͫ͋ ͔ͤͤ͊͘Ό;͙͙ͣΣ ͍͔͔͙ͫͯͪͤ 
͍ͫͭͦͪΌΌͭΈ ͔͙͍͎ͦͭͤͦͦ͟͟͡ ͫͯ͋ΩΊͭ͊͟Σ ͙ͤ͊ͨͪ͊͒͟͡ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͍͙ͻͦ͒ͯ 
͡Ό͙͙͒ͤ ͯ ͦͫͣͦͫ͟ ό͍͙͚͒ͦͣ͜ ͙ͨͪ͊͒͟͡ ͯͫͨ͜΄͎ͤͦͦ ͍͔ͫͭͦͪͤͤΎ ͔͙͍͎ͦͭͤͦͦ͟͟͡ ͫͯ͋ΩΊͭ͊͟ 
͍͙ͪ͜΄͔ͤͤΎ ͫ͊͒ͤͦ͟͡͝ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͦ͜͡͝ ͔͙ͨͪͦ͋ͣ͡ύΣ Ύ͙͚͟ ͙ͤ͊͘͟Ί όζͫ ͔ͣͪͭΈ 
ͫͯ͋ΩΊͭ͊͟ηύ ͨͫ͜͡Ύ ͯͫͨ͜΄͎ͤͦͦ ͍͔͊ͪ͘΄͔ͤͤΎ ͎͙ͨͪͦͪ͊ͣ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ  

˻͒ͤ͊͟Σ ͍͊͊ͤ͊͘͟ ͔ͫͣͪͭΈ ͫͯ͋ΩΊͭ͊͟ Ί ͔ͫͣͪͭΈ ͔̅ͤͫ͊͜͟Σ ͦͫ͟͜͡Έ͙͟ ͫͭ͊Ί ͙͍ͨͪͦ͒ͦͣ 
͒͡Ύ ͊͘ͼ͍͔͊ͤͤ͜͟͡Ύ ͍͔͔͙ͫͯͪͤ͊ͣ ͤ͜΄ͦΌ ͔ͨͪͦ͋ͣͦ͡Ό ͘ ͙ͤ͊ͫͭͯͨͤͣ ͨͦ;͊ͭͦͣ͟ 
͔ͤ͊ͪͦ͒͗ͤͤΎ ͍͎ͤͦͦͦ ͫͯ͋ΩΊͭ͊͟ Ύ͟ ͍ͭͦͪͼΎ ͙ͤ͊ͫͭͯͨͤͻ ͍ͤͤͦ͊͜ͼ͚͜Φ  

ˤ͙͍͊͗ͦ͡ ͙͒ͦ͒͊ͭΣ ΅ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͡Ό͙͙͒ͤ-͍͔͔ͫͯͪͤ͊ ͔ͤ ͔͔ͦ͋ͣ͗ͤ͊ ͦ͒ͤ͜ΊΌ 
͙͡΄͔ ͔ͫͣͪͭΌ ͫͯ͋ΩΊͭ͊͟Φ ̂ ͙ͪͤ͘͜ͻ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ ͯ;͔ͤͤΎͻ ͔ͭͻͤ͜;ͤͯ ͭ͊ 
͔ͭͻ͎ͤͦͦ͜͡;ͤͯ ͔͍ͦ͡Όͼ͜Ό ͍ͨͦΩΎͯ͘ΌͭΈ ͘͜ ͨͦΎ͍ͦΌΣ ͭ͊͟ ͍͊ͤͦ͘͝Σ ζ͊ ͪͣ͜͝ ͔͙͋ͪͦ͋ͭͤ͘͜ͻη 
όͤͦ͒͜͜ ͊͗ͯͭ͟Έ ς ζͪ ͔͔͍ͪͤ͊͘ ͍ͭͪͯ͒ͦ͊ ͊ͪͣ͜ΎηύΣ Ύͯ͟ ͍ ͤ͊΄͚͜ ͔͎ͭͪͣͤͦͦ͜͜͡͝ ͣͦ͗ͤ͊ 
͍͙ͤ͊͘;͙͙ͭ ͍͙ͫͦ͊ͣ͡ ζͫ ͔ͣͪͭΈ ͊ͭͦͪ͊͟η ͜  ͔ͤ͊ͪͦ͒͗ͤͤΎ ͍͔͔ͫͯͪͤ͊Φ   

˿͍͔͔ͯͪͤ ͫͤͯ͜Ί ͔ͪ͊ͯ͘͜͡Ό;͙ ͍ͤ͊ͫͭ͊ͤͦͯ ˿ͦͪ͊ͭ͊͟ ͨ͊ͣΩΎ͙ͭ͊ͭ ͨͪͦ ͍ͫͦΌ 
͔ͤ͒ͦͫͦͤ͊ͫͭ͟͜͡ΈΣ ͍ͫͦΊ ͔ͤͤ͊ͤͤ͘ΎΣ ͤ͊͘Ό;͙ ͔͔ͫ͋ Ύ͟ ͙͒ͫͼ͙ͨͤ͊ͪͤͦ͜͡ ͔͔͎ͦ͋ͣ͗ͤͦͦΣ 
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ͭͦͣͯ ͍ͫ͒ͦͣͦ͜ ͍͔ͪͭ͊͘ΊͭΈͫΎ ͒ͦ ͍ͫͦͪ͊ͭͫ͟͜Έ͎ͦͦ͟ ͔ͣͭͦ͒ͯ ζͣ ͊Ί͍͙͙ͭ͟ηΣ ΄ͯ͊͟Ό;͙ ͙ͭͻ 
ͻͭͦ ͣ͊Ί ͔͍͔ͤ͒ͦͣ͜ ͚ͦͣͯ ͤ͊ͤͤ͘ΎΣ ͔ͪ͊ͯ͘͜͡Ό;͙ ͙ͭͣ ͙ͫ͊ͣͣ ͍ͫͦΌ ͍͔͔ͫͯͪͤͤͯ 
ͫͨͪͦͣͦ͗ͤͫͭ͜Έ ͙ͫͭ͊ͭ ͫͯ͋ΩΊͭͦͣ͟Υ ͙ͭͣΣ ͻͭͦ ͍͙͍ͯͫ͒ͦͣ͜ ͍ͫͦΌ ͔͊͗ͤͫͭ͘͜͡Έ ͍͒͜ 
ͦ͋ΩΊ͙͍ͭͤͦͫͭ͟͜ ͭ͊ ͒ͦ͊͡Ί ͍ͫͦΌ ͔͔ͦ͋ͣ͗ͤͫͭ͜Έ ͨͦΊ͒ͤ͊ͤͤΎͣ ͍ͫͦ͝ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͘͜ 
͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ ͤ͜΄͎ͦͦΦ ͙́ͣ ͙ͫ͊ͣͣ ͍͙Ύ͍͡ΎΊͣͦΣ ΅ͦ ͍ͤͤͦ͊͜ͼ͜Ύ Ύ͟ ͫͦͼ͊͜͡Έ͔ͤ Ύ͍͙΅͔ 
͔͒ͣͦͤͫͭͪͯΊ ͙ͨͪ͊ͭ͟;͔ͤ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͨͪͤͼ͙ͨͯ ͍͒ͦͨͦͤΎ͡Έͤͦͫͭ͜ ͡Ό͙͒ͤͦΌΣ ΅ͦ 
͍͙ͯͫ͒ͦͣ͊͜͡ ͍ͫͤͯ͊ͤͤ͜Ύ ͦ͋ΩΊͭ͊͟Φ ˹͔͔͊͗ͤͫͭ͘͜͡Έ ͦ͋ΩΊ͙͍ͭͤͦͫͭ͟͜ ͔͒ͣͦͤͫͭͪͯΊͭΈͫΎ 
͍͔͔ͫͯͪͤͯ ͍ͫͤͯ͊ͤͤ͜Ύͣ ͚͎ͦͦ ζͤ ͔ͤ͊ͤͤ͘ΎηΣ ͋ͦ ͯ ͍͙ͨ͊͒ͯ͟ ζ͘ ͤ͊Όη ͦ͋ΩΊ͙͍ͭͤͫͭ͟͜Έ ͍͔͗ 
ͫͭ͊͊͡ ͔͊ͣͤͤͦ͘͜Ό ͤ͊ ͦͤͫͭͪͯͭ͟͟Σ ͍͒ͦ͜͡Έͤͯ ͺ͊ͤͭ͊͘͜ΌΦ ˤ͍͒ͨͦ͒ͤͦ͜͜ ͍ͣͦ͊ ͔ͣͦ͗ ͚͙ͭ ͔ͤ 
ͭ͜͡Έ͙͟ ͨͪͦ ͔͙͍ͦͭ͟͟͡-ͫͯ͋ΩΊͭ͊͟Σ ͊ ͚ ͨͪͦ ͡Ό͙͒ͤͯ-ͫͯ͋ΩΊͭ͊͟Σ Ύ͊͟ ΅͔ͦ͒ͤͤͦ ͍͙ͪ͜΄ͯΊ 
ͪͤ͘͜͜ ͔͙ͨͪͦ͋ͣ͡Σ ͍͙ͣͪ͊Ό;͙ ͭ͊ ͤ͊ͪͦ͒͗ͯΌ;͙ͫΈ ͯ ͝ͻ ͍͙ͪ͜΄͔ͤͤΎͻΦ  

˭͒͊ͭͤͫͭ͜Έ ͍͔͔ͫͯͪͤ͊ ͍͙ͫͭ͊͊ͭ ͫͯ͋ΩΊͭͦͣ͟-͍ͭͦͪͼ͔ͣ ͍͙ͪ͜΄͔ͤͤΎ ͙ͪͤ͘͜ͻ ͔ͨͪͦ͋ͣ͡ 
͔ͤ ͔͔͊ͨͪ͘;ͯΊ ͙͍ͣͦ͗ͫͭ͜͡Έ ͪͦ͡Έ͍͎ͦͦͦ ͝ͻ ͍͙ͪ͜΄͔ͤͤΎ ͡Ό͙͒ͤͦΌ-͊ͭͦͪͦͣ͟Φ ˶Ό͙͒ͤ͊-
͊ͭͦͪ͟ ͙͡΄͔ ͎ͪ͊Ί ͔͍ͨͤͯ ͪͦ͡Έ ό͙ͤ͊ͨͪ͊͒͟͡ ͔͒ͣͦͤͫͭͪͯΊ ͍͊͟͜͡ͺ͊͜͟ͼ͜ΌύΣ ͊͘ 
͊͡΄͙ͭͯͤ͊ͣ͟ Ύͦ͟͝ ͍͙͊͗͒͘ Ί ζͪ ͔͙͔͗ͫͪηΦ ˶Ό͙͒ͤ͊-ͫͯ͋ΩΊͭ͟ ͍ͫͭͦͪΌΊ ͯͤ͊͜͟͡Έ͔ͤΣ 
͙͎ͦͪͤ͊͜͡Έ͔ͤ ͪ͜΄͔ͤͤΎΦ ́ͦ͋ͭͦ ͔ͦͤͭͫͭ͟͟ ͍ͤͤͦ͊͜ͼ͚͜ ͍͙Ύ͍͡ΎΊΣ ΅ͦ ͍͔͔ͫͯͪͤ ͔͒͊ͭͤ͘ 
ͨͪͦΎ͍͡Ύ͙ͭ ͔͔ͫ͋ ͜ ͫͯ͋ΩΊͭͦͣ͟Σ ͜ ͊ͭͦͪͦͣ͟Σ Ύ͟΅ͦ ͣͦ͗ͤ͊ ͒ͦͫΎ͎͙ͤͯͭ ͎͋͊͗͊ͤͦͦΣ 
͍ͨͦͭͦͪΌΌ;͙ ͍͒ͦͣͯ͜ ͪͦ͡Έ ζ͋ ͔͘ ͙͍͙ͦͫͦ͋͡ͻ ͙ͯͫ͘͡Έη.  

͍͔̂ͫ͒ͦͣͤͤ͜͡Ύ ͍ͫͦΊ͝ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͔ͤͫͨͪͦͣͦ͗ͤͦͫͭ͜ ͙͋ͯͭ ͫͯ͋ΩΊͭͦͣ͟ 
͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͔͋͘ ͎͙͒ͦͨͦͣͦ ͤ͜΄͙ͻ Ί ͎͍ͦͦͤ͊͡ ͍ͯͣͦ͊ ͒͡Ύ ͍͎ͫ͒ͦͣͦͦ͜ 
͍͊ͫͤͯ͊ͤͤ͘Ύ ͍͔ͦͤͤ͟ͼ͚͜Σ ΅ͦ ͊ͨͦ͘;͍͊ͭͦͯ͟ΌͭΈ ͍ͤͤͦ͊͜ͼ͚͔ͤ͜ ͨͦΊ͒ͤ͊ͤͤΎ ͡Ό͔͚͒ ͯ ͍ͤͦͯ 
ͫͨ͜͡ΈͤͦͭͯΦ ̒͟΅ͦ ͔ͭ͊͟ Ί͒ͤ͊ͤͤΎ ͨͦ;͙ͤ͊Ί ͍͍͒ͭͦͪ͜ΌΊͭΈͫΎ ͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ ͔͙ͦͤͪͭͤ͟͟ͻ 
ͯ;͙͍͊ͫͤ͟͜Σ ͭͦ͒͜ ͝͝ ͍͙ͤ͊͘ΌͭΈ ͍͙ͤͦͣ ͫͦͼ͊͜͡Έ͙ͤͣ ͙ͤͫͭͭͯͭͦͣ͜Σ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜Ό ͨͦ͒͜ΊΌΦ 
̂ ͍͊͊ͤͦͣͯ͘͟ ͔ͦͤͭͫͭ͟͟͜ ͣ͊Ί ͙͋ͯͭ ͙ͪͦͯͣͣ͘͘͜͡Σ ΅ͦ ͭ͊͟ ͍͊ͤ͘͜ ͍͊͒ͤ͜͡ ͙ͫͭͪͯͭͯͪ͟Σ 
͎ͪ͊ͭͦͦ͟͜͡;ͤ͜ ͍͙͙͒ͤͦͫͤ͜ Ί ͫͨͪͦ͋͊ ͍͙͙ͨͦ͋͊ͭ͘ ͡Ό͙͒ͤͯ ͝͝ ͍͔͔ͫͯͪͤͤͦ͝ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ 
͙ͤͫͭͭͯ͜ͼͦͤ͊͜͡Έͤͦ͝ ͤ͜͜ͼ͙͍͙͊ͭ͜Σ ͒ͦ ͍ͤͤͦ͊͜ͼ͚͜Φ 

˽͙ͪͦͭͫͭͦΎͤͤΎ ͍ ͡Ό͙͒ͤ͜ ͒͊ͭͤͦͫͭ͘͜ ͙͋ͯͭ ͫͯ͋ΩΊͭͦͣ͟ ͜ ͊ͭͦͪͦͣ͟ ͙͒ͪ͊ͣ͊ͭ;ͤͦ 
͍͙Ύ͍͙ͦ͡ ͔͔ͫ͋ ͯ ͊ͨͦ͘;͍͚͊ͭͦ͊ͤ͟͜ ͪͦͨ͊͒ͦͣ͘ ˿˾˿˾ ͔͒ͤ͒ͯͫͭͪ͊͊͘͜͜͜͡ͼ͜͝ ͙̂ͪ͊ͤ͟͝Σ Ύ͊͟ 
ͤ͊͋ͯ͊͡ ͺ͙ͦͪͣ ͔͎ͪͦͤ͊͊͘͜͜͡ͼ͜͝Φ ˤ͙͙͙ͤ͟͡ ͤ͒ͯͫͭͪ͊͜͜͡Έͤ͜ ͭ͊ ͨͦͫͭͤ͒ͯͫͭͪ͊͜͜͡Έͤ͜ 
͔͎͙ͪͦͤ͜Φ ͔͙̆͊ͪ͊ͭͪͯ͘͟Ό;͙ ͙ͪͤ͘͜ͼΌ ͤ͒ͯͫͭͪ͊͜͜͡Έ͎ͤͦͦ ͫͨͦͫͦ͋ͯ ͍ͫͤͯ͊ͤͤ͜Ύ ͡Ό͙͙͒ͤ ͭ͊ 
ͨͦͫͭͤ͒ͯͫͭͪ͊͜͜͡Έ͎ͤͦͦ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͣͦ͗ͤ͊ ͍͙͊͊ͭ͘͟ ͔ͤ͊ͫͭͯͨͤΦ ˱ͤ͒ͯͫͭͪ͊͜͡Έͤ͊ 
͡Ό͙͒ͤ͊ Ί ͭ͊͊͟ ͫͦͼͦ͜-͎͋ͦͦ͜͜͡;ͤ͊ ͫͭͦͭ͊͜Σ Ύ͊͟ ͯͤ͜ͺͯ͜͟Ί ͍ͫͦΌ ͙͗ͭͭΊ͍ͯ ͯͤ͊͜͟͡Έͤͫͭ͜Έ ͨ͒͜ 
͙͍ͫͭ͊ͤ͒͊ͪͭͦ͊ͤ͘͜ ό͎ͯ͊͊͘͡Έ͔ͤͤ͜ύ ͍͙͎͙ͣͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͨͪͦͺ͔͚ͫͤ͜͜ύΦ 
ˤ͊͊ͤ͊͘͟ ͯͤ͜ͺ͊͜͟ͼ͜Ύ ͔͒͋͘͜͡Έ΄͎ͦͦ ͔͔ͨͪͤͭͯ͘ΊͭΈͫΎ ͔͒ͣͦͤͫͭͪ͊ͼ͜ΊΌ ͍ͨͦͫΎ͔͒ͤͤͦ͟͝ 
͒͊ͭͤͦͫͭ͘͜ ͊ͭͦͪ͊͟ ͒͜Ύ͙ͭ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ ό͒ͦ ͨͦ;͊ͭͯ͟ ͍ͫͦ͝ͻ ͚͒͜ ͣ͊Ί 
͔͔ͨͪ͒͋͊;͍͙ͯ͊ͭͫΎ ͝ͻ ͤ͊ͫ͒ͦ͜͟͡ύΣ ͊ ͭͦͣͯ ͚͎ͦͦ ͒͜Ύ͡Έͤͫͭ͜Έ ͍͙͊͗͒͘ ͔͔ͨͪ͒͋͊;͍ͯ͊ͤ͊Σ 
͍ͨͦͭͦͪΌ͍͊ͤ͊Σ ͤ͊;͔ ͊ͦͤ͘͟ ͙͙ͨͪͪͦ͒Φ ˿ͯͫͨ͜͡Έͤ͊ ͦͼͤ͊͜͟ ͭ͊ͦ͟͝ ͡Ό͙͙͒ͤ ͔ͣͦ͗ 
͚͒ͫͤ͘͜Ό͍͙͊ͭͫΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͨͦͤΎͭͭΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜ΎΣ Ύ͊͟ ͍͍͊͗͊ΊͭΈͫΎ ͍͙΅ͦΌ ͯ 
͡Ό͙͙͒ͤ  ͒͊ͭͤͦ͘͝ ͍͙͙ͨͦͭͦͪͭ ͔͋͘ ͙ͨͦͣͦ͟͡ ζͦ ͔ͨͪ͊ͼ͜Όη ͍ͫͦ͝ͻ ͼ͔ͫͨͪ͜͡Ύ͍͙ͣͦ͊ͤͻ ͚͒͜ 
͊͘ ͙͙ͦ͒ͤͼΌ ;͊ͫͯ ͋͜͡Έ΄ͯ ͟͜͡Έͫͭ͟͜Έ ͍ͪ͊͘͜ ͤ͗͜ ͤ͜΄͊ ͡Ό͙͒ͤ͊Φ ˭͒͊ͭͤͫͭ͜Έ ͍͙͙ͨͦͭͦͪͭͫΎ 
͊͘ ͙͙ͦ͒ͤͼΌ ;͊ͫͯ ͋͜͡Έ΄ͯ ͟͜͡Έͫͭ͟͜Έ ͍ͪ͊͘͜ ͫͭ͊Ί ͔͔͒͗ͪͦͣ͡ ͝͝ ͫͯͫͨ͜͡Έ͎ͤͦͦ ͍͙ͤ͊ͤͤ͘ΎΣ 
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͎͍͙͊ͪ͊ͤͭͦ͊ͤͻ ͎͋͊͡Φ ́ͦͣͯ ͤ͒ͯͫͭͪ͊͜͜͡Έͤͯ ͡Ό͙͒ͤͯ ͔͍͊͒͊ͭͤͦ͟ ͍ͨͦͪͤ͜ΌΌͭΈ ͘͜ 
ͣ͊΄͙ͤͦΌΦ  

˽ͦͫͭͤ͒ͯͫͭͪ͊͜͜͡Έͤ͊ ͡Ό͙͒ͤ͊ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͒͊ͭͤͫͭ͘͜Ό ͔͔͔͋ͪ͗ͤͤ͘Ύ 
͍͔͔͔ͫͯͪͤͭͭͯ͜ ͍ͫͦΊ͝ ͙ͨͪͪͦ͒ͤͦ͝ ͯͤ͊͜͟͡Έͤͦͫͭ͜Σ ͍͙ͪ͜΄ͯΌ;͙ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜Σ ͍͙͊͗͒͘ 
͔ͫ͟͟͡Ό͙͍ͤ͘͜ ͊͒͊͘;͜Σ ͦͫ͟͜͡Έ͙͟ ͍͔ͨͦͭͦͪͤͤΎ ͝͝ ͪ͜΄͔ͤͤΎ ͫͭ͊Ί ͫͨͦͫͦ͋ͦͣ ͋ͯͭͭΎ 
͚͍ͫͦͤͫͭͪͯͦ͊ͤͦ͟͝ ͔ͭͻ͎ͤͦͦ͜͡͝Φ ˭ͪͦͯͣͦ͘͜͡Σ ΅ͦ ͙͚ͭ͊͟ ͍͔ͪͤ͜Έ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ ͔ͭͻ͙ͤ͜͟Σ 
Ύ͙͚͟ ͍͒ͦͦ͘͡ΎΊ ͍͘͜͡Έ͙͙ͤͭ ͡Ό͙͒ͤͯ ͍͒͜ ͍ͨͦͫΎ͔͎͒ͤͤͦͦ͟ ͍͔ͨͦͭͦͪͤͤΎ ͔ͦͨͪ͊ͼ͚͜ 
ό͔ͯͨͦ͒͋ͤͤͤ͜Ύ ͡Ό͙͙͒ͤ ͙ͫ͊ͣ͡ ͙͙ͨͪͪͦ͒ύ Ί ͤ͊ͫ͒ͦ͜͟͡ ͙ͫͭͦͪ͜;͎ͤͦͦ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ 
͔ͭͻͤ͜;͎ͤͦͦ ό͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦύ ͨͦͫͭͯͨͯΦ ˤ͊͊ͤͯ͘͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͔ͤ ͣͦ͗ͤ͊ ͍͔͙ͫͭ͘ ͒ͦ 
ͨͦͤΎͭͭΎ ζͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤ͊ ͒͜ΎηΣ ͦͫ͟͜͡Έ͙͟ ͙ͨͪ ͍͙ͪ͜΄͔ͤͤ͜ ͔ͫ͟͟͡Ό͙͍͙ͤ͘ͻ ͍͊͒͊ͤ͘Έ 
͔ͪͯ͘͡Έͭ͊ͭ ͔ͤ ͔ͣͦ͗ ͙͋ͯͭ ͍͙͊͗͒͘ ͔͔ͨͪ͒͋͊;͍͙ͯ͊ͤͣΣ ͭͦͣͯ ͝͝ ͒͜͝ ͔ͣͤͯ͜ΌͭΈ ͔ͭͪͣͤͦͣ͜ 
ζͭ ͍ͦͪ;ͫͭ͜Έη. 

˹͔ ͍͊͗͊͘Ό;͙ ͤ͊ ͔ͭΣ ΅ͦ ͍ ͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͯ;͔ͤͤΎͻ ͔ͭͪͣͤ͜ ζͨ ͦͫͭ͜ ͤ͒ͯͫͭͪ͊͜͡Έ͔ͤη 
͍͙͍͗͊ΊͭΈͫΎ ͔͒͋͘͜͡Έ΄͎ͦͦ ͍ͫͭͦͫͦͤͦ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͍ͤͦ͊ͼ͚͜Σ ͍ͫͭͦͫͦͤͦ ͙̂ͪ͊ͤ͟͝ 
ͭ͊ͦ͗͟ ͣͦ͗ͤ͊ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͍͙͚͊͊ͤ͘͟ ͔ͭͪͣͤ͜Σ ͔ͤ ͍͊͗͊͘Ό;͙ ͤ͊ ͨͦͣͭͤͯ͜ 
͍͒ͫͯͭͤͫͭ͜͜Έ ͍ ̂ͪ͊ͤ͟͜͝ ͍ͤͦͭͤ͜Έͦ͝ ͙͍ͨͪͦͣͫͦͦͫͭ͜͡Φ ˤ ͒͊ͤͦͣͯ ͍͙ͨ͊͒ͯ͟ ͍ͪ͊ͻ͍ͦͯΊͭΈͫΎΣ 
΅ͦ ͍ͤͦ͊ ͔ͭͻͤ͊͜͟ ͍͔͗ ͫͭ͊͊͡ ͍͙ͣ͊ͫͦͣ ͔͔͔ͣͤͭͦͣ͡ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͨͦ͋ͯͭͯ 
ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͙͙ͪͦ͒ͤΣ ͔ͦͪͣͦ͟͝ ͡Ό͙͙͒ͤΦ ˤ͊ͪͭͦ ͙ͨͦͫ͊ͭͫ͡Ύ ͤ͊ ͍͒ͦͣͯ͜ ͒ͯͣͯ͟  
˸Φ ˤ͔͔͋ͪ͊Σ Ύ͙͚͟ ͍͍͍͊͗͊Σ ΅ͦ ͔͍ͦ͡Όͼ͜Ύ ͔ͭͻ͙ͤ͜͟ Ί ͔ͪ͊͡Έͤͫͭ͜ΈΣ ͒͊ͭͤ͊͘ ͙͍͙͒ͭͯ͊ͭ͟ 
͡Ό͙͒ͤ͜ ͙ͫͨͦͫͦ͋ ͝͝ ͍ͨͦͫΎ͔͒ͤͤͦ͟͝ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ ώтϐΦ 

˭ ͙͔ͨͪͦͤͤͤͤ͟Ύͣ ͍ͤͦͭͤ͜Έͦ͝ ͔ͭͻ͙ͤ͜͟ ͍ ͨͦ͋ͯͭ ͣͦ͗ͤ͊ ͍͔͙ͫͭ ͍ͣͦͯ ͨͪͦ ͣͤͯ͘͜ 
͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜Σ ͻͦ; ͯ ͒͊ͤͦͣͯ ͔ͦͤͪͭͤͦͣͯ͟͟ ͍͙ͨ͊͒ͯ͟ ͙ͣ ͣ͊Ίͣͦ ͍ͫͨͪ͊ͯ ͘ 
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SUMMARY 
V. L. Chuiko. Methodological individualism as a basis of disclosing the social 

nature of innovation. 
In the article the concept of ζmethodological individualismη is used to justify 

the understanding of human as such complexity that can not be reduced to a local 
plurality of interconnected elements, that allowed in the research of the 
phenomenon of innovation to recognize unacceptable an appeal to the concepts of 
the philosophy of mind.  

The concept of intersubjectivity linguistic understanding, which developed by 
communicative practical philosophy, is used to draws attention to the combination 
of different people as complementary beings, which base on the demonstrations, 
that make possible to create innovations. The concept of demonstrations as a basis 
for positive communication is justified by the author and considered as an important 
part of overcoming essentialism and holism by proving that demonstration is the 
only way to identify the uniqueness as properties of an individual, that is appreciate 
by other. The demonstration as a recurring visual presentation of the uniqueness of  
individual existence, presupposes an ability to act purposefully (comprehended, 
deliberately, with knowing about the consequences of their actions). The fact of 
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hiring of an employee demonstrates that the employer based on demonstrations 
found a transparency of consciousness in the form of an ability to predict results of 
activity before the active beginning of an activity and to ensure it is received.  

The awareness of the individual failure to be the solver of the problem without 
the help from others recognized for the main condition for the conscious founding 
conventions which starting an innovative combination of people in a new 
community. 

Key words: sovereign, subject, actor, innovation. 
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ͦͨ͊͡;͍ͯ͊͊ͫ͡ΎΦ ˸͊͋ͯͭΈΣ ͚ͤ͊Ύ͍ͫͪ͊͟͜΄͙ͣ ͙ͨͪ͊͒ͦͣ͟͡ ͼ͜Ί͝ ͔͍ͦ͡Όͼ͜͝ Ί ͔ͨͪ΄͜ ͍͒͊ ͘ 
͍͙ͨͦͦͤͦ͡Ό ͔͒ͫΎ͙ͭͭͭ͜͡Ύ ͨͫ͜͡Ύ ˨͎ͪͯͦ͝ ͍͍ͫͭͦͦ͜͝ ͍͚͙ͤ͜Φ ͔͚̇ ζ͘ ͙͚ͦͦͭ͡ ͍͜͟η ͍ ͫͭͦͪ͜͜͝ 
͔͙͊ͣͪ͊ͤͫ͟Έͦ͟͝ ͔͙ͦͤͦͣ͟͜͟ ͻ͔͙͍͍͊ͪ͊ͭͪͯ͊ͫ͘͟ΎΣ ͍͒͊͊ͦͫ͘͡Ύ ͋Σ ͔͒͊͜͡Έ͙ͤͣ ͋͊͊ͤͫͦͣ͡ 
ͣ͗͜ ͙ͫͭͪͣͣ͜͟ ͍͙ͪͦͭͦͣ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͜ ͪͦͫͭ͊ͤͤ͘Ύͣ ͒ͦ͋ͪͦ͋ͯͭͯ ͨͪ͊ͼΌΌ;͎ͦͦ 
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͔͔ͤ͊ͫͤͤ͡Ύ ˿̊ˢΦ ˸͔ͦ͒ͪͤ͊͘͜ͼ͜Ύ ͍͙͙ͪͦ͋ͤ;͎ͦͦ ͦ͋͊͒ͤ͊ͤͤ͡Ύ ͙͍͙ͨͪͦ͒͊͡ ͒ͦ 
͋͘͜͡Έ΄͔ͤͤΎ ͙͍ͨͪͦ͒ͯͭͤͦͫͭ͟͜ ͨͪ͊ͼ͜Σ ͊ ͙͙ͪͦ͋ͭͤ͜͟Σ Ύ͟͜Σ ͫͭ͊Ό;͙ ͍͔ͫ ͋͜͡Έ΄ ͼ͙ͤͤͣ͜ 
͙͍͊ͭͦͣ͟Σ ͎͙ͣͦ͡ ͍͙͎͙ͣ͊͊ͭ ͍͙ͨ͒͜΅͔ͤͤΎ ͙ͦͨ͊ͭ͡ ͨͪ͊ͼ͜Φ ˽ͪͦͭΎ͎ͦͣ ͯͫΈ͎ͦͦ 
ͨͫ͜͡Ύ͍ͦΊ͎ͤͤͦͦ ;͊ͫͯ ͍͙ͪͦͭͦ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͍͍ͫͯͨͪͦͦ͒͗ͯ͊ͫΎ ͪͦͫͭ͊ͤͤ͘Ύͣ 
͒ͦ͋ͪͦ͋ͯͭͯ ͍͙͘;͚͙͊ͤͻ ͙͍ͪͦ͋ͭͤ͜͟͜Σ ͙͊ͪͨ͊ͭ͘͡ Ύ͙͟ͻ ͙ͨ͒ͤͣ͊ͫ͜͜͡Ύ ͫ͒ͦͣ͜͡ ͊͘ ΄͍͙͒ͦ͟ 
ͪͦͫͭ͊͘Ό;ͦΌ ͙͍ͨͪͦ͒ͯͭͤͫͭ͟͜Ό ͨͪ͊ͼ͜Φ ˾ͦ͋ͦ;͜Σ ͍ ͍ͫͦΌ ;͔͎ͪͯΣ ͍͍͒ͨͪ͊͜͡Ύ͙ͫ͡Ύ ͍ 
͎͙͙ͣ͊͊ͤ͘ ͜ ͍͙ͭͪ͊;͙͊͡ ͭ͊ͣ ͍͔ͫ ͋͜͡Έ΄͔ ͜ ͋͜͡Έ΄͔Σ ͙ͫͨͪΎΌ;͙ ͨͦ͒͊͡Έ΄ͦͣͯ 
͋͘͜͡Έ΄͔ͤͤΌ ͙ͨͦͨͭͯ ͤ͊ ͍͙͔ͪͦ͋ͤ͜͡ ͙͙ͤͣ ͗ ͍͙ͭͦ͊ͪ ͜ ͎͙ͨͦͫͯ͡Φ 

˽͙ͦ͟ ͔͔͎ͤͪ͜ΎΣ Ύ͊͟ ͔ͤ͊ͪͦ͒͗ͤ͊ ͼ͜ΊΌ ͔͔ͨͭ͡Ό ͍͎ͦͪͦͭͤͦͦ͘ ͍͘ϥΎͯ͘͟Σ ͣͯ͘΄͍ͯ͊͊͡ 
͔͙͊ͣͪ͊ͤͫ͟Έͯ͟ ͔ͦͤͦͣͯ͟͜͟ ͪͯͻ͙͊ͭͫΎ ͍͔͔ͨͪ͒Σ ͺͦͫͦ͜͡ͺͫΈͦ͟-͔ͦͤͦͣ͟͜;͔ͤ ͤ͊ͤͤ͘Ύ 
͔͔͙͍ͨͪ͗͊ͦ͡ ͍͙͚͊ͫͤ͡ ζ͘ ͙͚ͦͦͭ͡ ͍͜͟ηΦ ̒ͪ͊͘͟ ͍ ͼ͔͚ ;͊ͫ ͍͙͒͊ͭͤ͜ ͙ͯͣ ͤ͊ ͟΄ͭ͊ͭ͡ ˽Φ 
˿͔͊ͣͯ͡Έͫͦͤ͊ ͨͪ͊ͼΌ͍͙͊͡ ͤ͊͒ ͔͔͍͔ͨͪͭͦͪͤͤΎͣ ͔ͦͤͦͣ͟͜;ͤͦ͝ ͔ͭͦͪ͜͝ ͍ ͤ͊ͯͯ͟ ͘ 
ͣ͜ͼ͙ͤͣ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͣ ͺ͔ͯͤ͒͊ͣͤͭͦͣΦ ˽͍ͦͫͭͯͨͦͦ ͤ͊ ͔ͨͪ΄͙͚ ͨ͊ͤ͡ ͍ 
͔ͦͤͦͣ͟͜;ͤͦͣͯ ͤ͊ͤͤ͘͜ ͍͙͚΄͙͡ ͍͙ͭͦͤ;͔ͤ͜ ͟͜͡Έͫͤ͟͜͜ ͭ͊ ͙͙ͫͭ͊ͭͫͭ;ͤ͜ ͔͙ͣͭͦ͒ ͊ͤ͊ͯ͘͜͡Σ 
͊ ͔͙ͦͤͦͣͫͭ͟͜ ͨͦ;͙͊͡ ͍͙͋ͯ͒ͯ͊ͭ ͫ͊͒ͤ͟͜͡ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͔ͣͦ͒͜͡Σ Ύ͟͜ ͒ͦ ͙ͫͻ ͨͪ͜ 
ͫ͊͒͊͟͡ΌͭΈ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͯ ͍ͦͫͤͦͯ ͼ͜Ί͝ ͍ͤ͊ͯͦͦ͟͝ ͦ͋͊ͫͭ͜͡Φ ˹͔ͣ͊Ί ͤ͜;͎ͦͦ ͙͍͎͒ͤͦͦ ͍ 
ͭͦͣͯΣ ΅ͦΣ ͪͦ͋͡Ύ;͙ ͍ͫͦΌ ͪͦ͋ͦͭͯ ͜ ͔͎ͫͨͦͫͭͪ͊͜Ό;͙ ͊͘ ͋ͯͪͻ͙͍͙ͣ͡ ͪͦͫͭͦͣ 
͔͙ͦͤͦͣ͟͜͟Σ ͔͙ͦͤͦͣͫͭ͟͜ ͨͫ͜͡Ύ͍ͦΊͤͤͦ͝ ͔ͨͦͻ͙ ͍͍͙͊͗͊͡ ͔ͭ͊͟ ͍͙ͫͭ͊ͤͦ΅͔ ͪ͜;͔͚ 
ͤͦͪͣͦΌΥ ͔ͦͤͦͣ͊͟͜͟ ͨͪ͊ͼΌ͍͊͊͡ ͭ͊͟Σ Ύ͟ ͍ͦͤ͊ ͍͙ͨͦͤͤ͊ ͋ͯ͊͡ ͨͪ͊ͼΌ͍͙͊ͭ ς ͜ Ύ͟ ͍ͦͤ͊ 
͍͙͊͗͒͘ ͔͋ͯ͒ ͨͪ͊ͼΌ͍͙͊ͭΦ 

˽ͦ͒͋ͤ͜͜ ͎͙ͨͪͦͤͦ͘Σ ͍͊ͫͤͦ͊ͤ͘͜ ͤ͊ ͊ͯ͊͘͟͡Έͤͦͣͯ ͍͘ϥΎͯ͘͟Υ ζͪ ͍͙ͦͭͦ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͜ 
͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜Ύ ͎͔͚͊ͯ͘͡ ͙͍ͨͪͦͣͫͦͦͫͭ͜͡ ς ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍͙͙ͪͦ͋ͤ;͎ͦͦ 
ͨͪͦͼ͔ͫͯ ς ͙ͦͨͭͣ͊͘͜ͼ͜Ύ ͼͤ͜ ͨͪͦ͒ͯ͟ͼ͜͝ ͜ ͎ͨͦͫͯ͡ ς ͋͘͜͡Έ΄͔ͤͤΎ ͍͔ͯͨ͟͜͡Έͤͦ͝ 
ͫͨͪͦͣͦ͗ͤͦͫͭ͜ ς ͪͦͫͭ͊ͤͤ͘Ύ ͙͍ͫͨͦ͗͊ͤͤΎηΣ ͋ͯ͒ͯΌͭΈͫΎ ͤ͊ ͨͪΎ͚ͣ͜ ͚ͤͤͦ͜͜͡͝ 
͔͊͗ͤͦͫͭ͘͜͡ ͜ ͔ͤ ͍ͪ͊ͻ͍ͦͯΌͭΈ ͪΎ͒ ͎ͪ͊͒͜Ί͍ͤͭ͜ ͔͚ͤͤͤͦͫͭ͜͜͜͡Σ ͍͙͙ͦͫͤͦͤͣ ͔͔ͫͪ͒ Ύ͙͟ͻ 
͍͙ͫͭͯͨ͊ΌͭΈ ͋͘͜͡Έ΄͔ͤͤΎ ͫ͊͒ͤͦͫͭ͟͜͡ ͜ ͔ͤͦ͒ͤͦͪ͒ͤͦͫͭ͜͜ ͍ͤͯͭͪ͜΄ͤΈͦ͝ ͙ͫͭͪͯͭͯͪ͟ 
͍͍͎ͫͭͦͦͦ͜ ͙ͪͤͯ͟ ͜ ͪͦͫͭ͊ͤͤ͘Ύ ͍͍ͪͤ͜͜ ͍ͪͭͯ͊͊͘͜͜͡ͼ͜͝ ͙͍ͫͨͦ͗;͎ͦͦ ͙ͨͦͨͭͯΤ ̈́ ͦ Ύͫͤͦ͟͜ 
͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͍͒͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͒ͯͫͭͪ͊͜͜͡Έ͎ͤͦͦ ͫͨͦͫͦ͋ͯ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊Σ ͔ͭͣͨ 
͍͙ͪͦͭͯ͘͟ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ Ύ͟͜ ͪ͊ͤͦ ;͙ ͨͤͦ͘͜Σ ͤ͊ ͒ͯͣͯ͟ ͪΎ͒ͯ ͺ͊ͻ͍͜ͼ͍͜Σ 
͒ͦͫΎ͎ͤͯͭΈ ͙͙ͪͫ ͙͎ͫͤͯ͡Ύͪͤͦͫͭ͜Σ ͊͘ Ύͦ͟͝ ͨͦ͒͊͡Έ΄͙͚ ͻ͔͊ͪ͊ͭͪ͟ ͜ ͫͭͯͨͤ͜Έ ͣͤ͘͜ 
ͫͦͼ͊͜͡Έ͙ͤͻ ͙͔ͫͫͭͣ ͨ͒͜ ͍͙͍ͨͦͣ͡ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͙Ύ͍͙ͭΈͫΎ ͙ͨͪͤͼ͙͍ͨͦͦ 
͚͍͙͙ͣͦͪͤͫͤͣ͜͜Φ ́͊ͦ͗͟ ͍ ͔ͦͤͭͫͭ͟͟͜ ͨͦ͒͋ͤͦ͜͝ ͚ͤͤͦ͜͜͡͝ ͔͔͒ͭͪͣͤ͊͜ͼ͜͝ ͎͊ͯ͘͜͡ 
͙͍ͨͪͦͣͫͦͦͫͭ͜͡ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎΣ ͍ ͋͜͡Έ΄ͦͫͭ͜ ͍͚ͫͦ͝Σ Ύ͟ ͍͙͟͡Ό;ͤͦ ͭͪͯ͒ͦͣͫͭ͜͟͜Σ ΅ͦ 
͍͙͎ͣ͊͊ΌͭΈ ͚͎ͨͦͫͭͤͦͦ͜ ͙ͨͪͪͦͫͭͯ ͪͦ͋ͦ;ͦ͝ ͙͙ͫ͡Σ ͊ ͔ͦͭ͗Σ ͍͙ͪͦͭͦ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡Σ 
͍͟͡Ό;͊Ό;͙ ͜ ͤ͊ͯͦͣͫͭ͟͜͟͜Σ ͔ͤ ͔ͣͦ͗͘ ͙ͫͨͪ;͙͙͙ͤͭ ͚ͨͦͫͭͤ͜ ͔ͣ ͍͔͊ͫͦ ͔͋ͪͦ͋ͭͭ͘͜ΎΦ 

́͊͟Σ ˨Φ ˨͚͊ͣͦͤ͒Σ ͍ͪͦͨͦ͒͊͘͜Ό;͙ ͨͪͦ ͫͭͦͪ͜͜Ό ͫ͜͡ΈͫΈ͎ͦͦ͟ ͎͍ͦͫͨͦ͒͊ͪͫͭ͊ ͍ 
ˢ͍ͫͭͪ͊͜͡͝ ͯ ·L· ͫͭΦΣ ͍͔ͪͭ͊͘Ί ͍͎ͯ͊ͯ ͤ͊ ͙͚ͤ͊ͫͭͯͨͤ ͺ͊ͭ͟Υ ζΧ͙ͦ͟͡ ͤ͊ ͼ͔͚ ͙͔ͦͤͭͤͤͭ͟ 
͙͙ͨͪ͋ͯ͡ ͔ͨͪ΄͜ ͔͔ͨͦͫͤ͡ͼ͜ ͘ ͍͙̐ͪͦͨΣ ͍͙ͦͤ ͨͦ͋͊;͙͙͡ ͔͔͙͚ͤ͘͡ ͊ͤ͒͡΄͊ͺͭΣ 
͙͙͚ͨͦͪͭ͟ ͎͋͊͊ͭͦΌ ͙ͪͦͫͤͤͫͭ͜͡ΌΦ ˽ͦ͒͋ͤͦ͜ ͔͙͊ͣͪ͊ͤͫ͟Έ͙ͣ͟ ͔ͦͤͦͣͫͭ͊ͣ͟͜ мфрл-ͻ 
ͪͪΦΣ ͍͚͊ͫͭͪ͊ͫ͜͡Έ͟͜ ͔͔ͨͦͫͤ͡ͼ͜ ͍͙ͪ͜΄͙͙͡Σ ΅ͦ ͔͔͍ͫͨͦͫͭͪ͗ͯ͊ͤ͊ ͙͙ͤͣ ͙͊ͪͭͤ͊͟ 
͍͙͘;ͤ͊ ͒͡Ύ ͼ͙ͻ ͣͫ͜ͼΈ ͜ ΅ͦ ͭ͊͟ ͔͋ͯ͒ ͍͙͊͗͒͘Φ ˤ͙ͦͤΣ ͔ͤ ΄ͦ͒ͯ͟Ό;͙ ͎ͪͦ΄͔͚Σ ͨͦ;͙͊͡ 
͍͙͋ͯ͒ͯ͊ͭ ͺ͔͙ͪͣ ͜ ͪ͊ͤ;ͦ ͤ͊ ͔ͣ͘͜͡Σ ΅ͦ ͍͒͊͊͊ͫ͘͡Ύ ͣ͝ ͪͦ͒Ό;ͦΌη [2, 69]. 
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˻͒ͤ͊͟ ͍ͫͯͦͪ͊ ͔ͪ͊͡Έͤͫͭ͜Έ ͒͊͊͡ ͨͪͦ ͔͔ͫ͋ ͙ͤ͊ͭ͘ ͍͔͗ ͍ ͔ͨͪ΄͜ ͔͒ͫΎͭΈ ς 
͍͒͊͒ͼΎͭΈ ͍ͪͦ͟͜Φ ͔͔͙̅ͪͣͪ ͙ͪͦͯͣ͘͘͜͡Σ ΅ͦ ͍ ͍͚ͤͦ͜ ͪ͊ͤ͟͜͝ ͍ͤ͊ͫͨͪ͊͒͜ ͎ͤ͊͋͊͊ͭͦ 
ͨͦͫͯ΄͙͍͡Σͦ ͤ͗͜ ͍͙ͦͤ ͙͒ͯͣ͊͡Φ ˲ͣ ͨͪͦͫͭͦ ͨͦ΅͙͊ͫͭͦ͡ ό͊͋ͦΣ ΄͍͙͒΄͔Σ ͔ͤ 
ͨͦ΅͙͊ͫͭͦ͡ύ ͙͙ͨͪ͋ͯͭ ͤ͊ ͙͔ͦͤͭͤͤͭ͟ ͭͦ͒͜Σ ͙ͦ͟͡ ͣ͊ͭ͟͜͡ ͍͋ͯ ͍ ͫͭ͊ͤ͜ ͙ͦͨͭͣ͊͡Έͤͦ͝ 
͍͍͎͙ͪͤͦ͊͜ ς ͭͦ;ͼ͜ ζ͘ ͦͦͭͦ͡͝ ͔͔͙͙ͫͪ͒ͤηΣ ͍ Ύ͚͟͜ ͙͋ͯ͡ ͍ͫ͜ ͍͙ͯͣͦ ͒͡Ύ ͯͫͨ͜΄͎ͤͦͦ 
͍͔͔͒ͤͤΎ ͫ͜͡ΈͫΈ͎ͦͦ͟ ͎͍ͦͫͨͦ͒͊ͪͫͭ͊Φ ˨ͦ ͼΈ͎ͦͦ ͒ͤΎ ͍ ˢ͍ͫͭͪ͊͜͡͝ ͣͦ͗ͤ͊ ͚͙ͤ͊ͭ͘ ͙ͫ͒͜͡ 
͙ͭͻ ͦ͘͡΅͙͊ͫͤͻ ͔ͨͪ΄͙ͻ ͍ͪͦ͟͜ ς ͔͊ͤ͒͋͊ͤ͘͜ ͺ͔͔ͪͣͪͫΈ͟͜ ͙͙͋ͯ͒ͤ͟ ͔͔ͨͦͫͪ͒ 
͍ͫͨͪ͊͗ͤͫͤ͜͜Έͦ͟Ό ͔ͨͯͫͭ͜͡Φ 

̇ͦͣ͜͟͡ ͚͍ͣͦͪͤͦ͜Σ ͔ͨͪͦ͒͜ ͙ͦͨͭͣ͊͡Έͤͦ͝ ͍͍͎͙ͪͤͦ͊͜ ͍ ͫͭͦͪ͜͜͝ ͔͙͊ͣͪ͊ͤͫ͟Έͦ͟͝ ͭ͊ 
͍͍ͫͭͦͦ͜͝ ͔͙ͦͤͦͣ͟͜͟ ͔ͭ͗ ͚ͨ͒͜͜΄͍ͦ ͒ͦ ͤ͟͜ͼΎΦ ˿͙ͣ͋ͦ͘͜ ͣ͗͜ ͍͙ͨ͒͜΅͔ͤͤΎͣ 
͙͍ͨͪͦ͒ͯͭͤͦͫͭ͟͜ ͜ ͪͦͫͭ͊ͤͤ͘Ύͣ ͊ͪͨ͊ͭ͘͡ ͨͦ;͍͊ ͍͙͙͊ͭͫ͡Ύ ΅͔ ͍ мфтл-ͭ͜ ͪͪΦ ˭͎͒ͤͦ͜ ͘ 
͙͙͒͊ͤͣ ͊͘ нлмо ͪ. ͪΎ͍͙͚͒ͦ ͨͪ͊ͼ͍͙ͤ͜͟Σ ͚͊ͤ͘Ύ͙͚ͭ ͍ ͫͺ͔ͪ͜ ͙͍͎ͨͪͦͣͫͦͦͦ͡ 
͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ͭ͊ ͎ͨͦͫͯ͡Σ ͊ͪͦ͋͘͡Ύ͍ ͤ͊ мо҈ ͔ͣͤ΄͔Σ ͤ͗͜ ͍ мфто ͪ. όͨͫ͜͡Ύ 
͙͎͍ͦͪͯ͊ͤͤ͟Ύ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͤ͜ͺ͡Ύͼ͜͝ύΣ ͔͍ͤ͊͗͊͘Ό;͙ ͍ͤ͊ͭ͜Έ ͤ͊ ͔ͭΣ ΅ͦ 
͙͍ͨͪͦ͒ͯͭͤͫͭ͟͜Έ ͊͘ ͼ͔͚ ͔ͨͪͦ͒͜ ͪͦͫ͊͘͡ ͤ͊ млт ҈Σ ͊ ͭ͊͟͜ ͍͙ͭͪ͊ͭͤ͜ ͫͭ͊ͭͭ͜Σ Ύ͟ ͙͗ͭͦ͡Σ 
͍ͦͫͭ͊͜ ͜ ͔͙ͣ͒ͼ͙ͤ͊Σ ͋͘͜͡Έ΄͙͙ͫ͡Ύ ͎͍͋͊͊ͭͦͪ͊ͦͦ͘ ώрϐΦ 

˥͔͊ͭ͊͘ ²ŀǎƘƛƴƎǘƻƴ tƻǎǘ н ͫ͜;ͤΎ нлмл ͪ. ͍͙ͨͦ͒ͦͣ͊͜͡Σ ΅ͦ ͊͘ ͔ͨͪ΄͔ 
͔͒ͫΎ͙ͭͭͭ͜͡Ύ ··L ͫͭΦ ͔ͤ ͋ͯͦ͡ ͍͔ͫͭͦͪͤͦ ͎͗ͦ͒ͤͦͦ ͍͎ͤͦͦͦ ͪͦ͋ͦ;͎ͦͦ ͣͫ͜ͼΎΦ ˹ͯ͡ΈΦ 
͎́͊ͦͦ͟ ͔ͤ ͋ͯͦ͡ ͘ ;͍͊ͫ͜ ˤ͔͙ͦ͟͡͝ ͔͔͒ͨͪͫ͜͝Φ ˣ͜͡Έ΄ ͎ͭͦͦΣ ͔ͦ͗ͤ͟ ͔͒ͫΎ͙ͭͭͭ͜͡Ύ ͍ 
ͨͫ͜͡Ύ͍ͦΊ͙͚ͤͤ ͔ͨͪͦ͒͜ ͟͜͡Έͫͭ͟͜Έ ͪͦ͋ͦ;͙ͻ ͣͫ͜ͼΈ ͋͘͜͡Έ΄͍ͯ͊͊ͫ͡Ύ ͔ͤ ͔ͣͤ΄͔ ͤ͗͜ ͤ͊ 
нл҈ ώсϐΦ ˹͍͊ͭ͜Έ ͍ мфтл-͜ ͪͪΦΣ ͭͦ͋ͭͦ ͍ ͔ͨͦͻͯ ͎ͫͭ͊ͺ͡Ύͼ͜͝ ͜ ͔͔͎͔͙ͤͪͭ;ͤͦ͝ ͙͙ͪ͘͟Σ ;͙ͫͦ͡ 
ͪͦ͋ͦ;͙ͻ ͣͫ͜ͼΈ ͪͦͫͦ͘͡ ͤ͊ нт҈Φ ˽͙͒ͫͯͣ͜͟ ͍ͭͪ͊;͔͎ͤͦͦ ͔͒ͫΎ͙ͭͭͭ͜͡Ύ нллл-ͻ ͔ͤ 
ͣͦ͗ͯͭΈ ͔ͤ ͍͙͙͙͊ͭ͟͟͡ ͙͍ͨͦ͒ͯΣ Ύ͟΅ͦ ͎͙͊͒͊ͭ͘Σ ΅ͦ ͭ͜͡Έ͙͟ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙ͨͪͪͦͫͭͯ 
ͨͪ͊ͼ͔͎͒͊ͭͤͦͦ͘ ͔͔ͤ͊ͫͤͤ͡Ύ ͔ͦͤͦͣ͊͟͜͟ ˿̊ˢ ͔ͨͦͭͪ͋ͯΊ ͙͙ͨͪ͋ͤͦ͘͡ ͣ͜͡Έ͚ͦͤ ͍͙ͤͦͻ 
ͪͦ͋ͦ;͙ͻ ͣͫ͜ͼΈ ΅ͦͪ͜;ͤͦΦ ˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ ͊͘ ͼ͜ ͔ͨͪ΄͜ ͔͒ͫΎͭΈ ͍ͪͦ͟͜ /̊ˢ 
͔ͤ͒ͦͪ͊ͻ͍͙ͯ͊ͫ͡Ύ ͙͋͘͡Έͦ͟ мл ͣͤ͡. ͪͦ͋ͦ;͙ͻ ͣͫ͜ͼΈΣ Ύ͟͜ ͍͊ͪͭͦ ͋ͯͦ͡ ͋ ͍͙͙ͫͭͦͪͭΣ ͔͊͡ 
Ύ͟ ͜ ͭ͊͟ ͜ ͔ͤ ͘ϥΎ͍͙͙ͫ͡Ύ ώтϐΦ 

˴͙ͦ͡ ͔͍ͤͪͤͫͭ͜͜Έ ͒ͦͻ͍ͦ͒͜ ͔ͭ͊͘͜͡͡ ͒ͦ ͍ͪͤ͜ΎΣ ΅ͦ ͔ͤ ͔͎ͫͨͦͫͭͪ͊ͦͫ͜͡Ύ ͘ мфнф ͪ., 
ͫͭ͊ͦ͡ ΎͫͤͦΣ ΅ͦ ͙ͨͦ͒͡ ͪͦͫͭ͊͘Ό;ͦ͝ ͙͍ͨͪͦ͒ͯͭͤͦͫͭ͟͜Σ Ύ͟͜ ͍ мфрл-͜ ͪͪΦ ͙͊͘͡΄͙͊ͫ͡Ύ ͯ 
ͪͦ͋ͦ;͙ͻΣ ͔͔ͭͨͪ ͚͔ͣ͊͗ ͍ ͍ͨͦͤͦͣͯ ͦ͋ͫΎ͘͜ ͒ͫͭ͊͜ΌͭΈͫΎ ͍͙͊ͫͤ͊ͣ͟͡ ͔͋ͤͫͯ͘͜ ͭ͊ 
͍͔ͤͫͭͦͪ͊ͣ͜Φ ̉͊ͫͭ͊͟ ͨͪ͊ͼ͜ ͍ ͫͯͯͨͤͦͣͯ͟ ͤ͊ͼͦͤ͊͜͡Έͤͦͣͯ ͒ͦͻͦ͒͜ ͪͦ͘͜͟ ͔ͣͤ͘΄͙͊ͫ͡Ύ 
ͤ͊ ͭ͜͡ ͋͘͜͡Έ΄͔ͤͤΎ ;͙͊ͫͭ͟ ͊ͨͭ͊ͯ͟͜͡ ͜Σ ͫͯ͒Ύ;͙ ͘ ͯͫΈ͎ͦͦΣ ͍ͨͪͦ͒ͦ͗ͯΊ ͍ͫͦΊ ͍͜͡Έ͔ͤ 
ͨ͊͒ͤͤ͜ΎΦ ˩ͨͦͻ͊ ͙ͦͨͭͣ͊͡Έͤͦ͝ ͍͍͎͙ͪͤͦ͊͜ ͚ͨ͒͜͜΄͊͡ ͒ͦ ͤ͟͜ͼΎΣ ͜ ͍͍ͫͭͦ͊͜ ͔ͦͤͦͣ͊͟͜͟ 
͍ͫͭͯͨ͊Ί ͍ ͍ͤͦͯ ͔ͪͯΦ 

ˤ͙ͤ͊͘;͊͡Έ͙ͤͣ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͼ͜Ί͝ ͍ͤͦͦ͝ ͔͙ͪ ͋ͯ͒ͯͭΈ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͜ ͙ͣͤ͘͜ ͯ 
͍͙͒ͤͦͫͤ͊͜ͻ ͣ͗͜ ͨͪ͊ͼ͍͙͙ͤ͊ͣ͜͟ ͜ ͣ͊΄͙͙ͤ͊ͣΦ ˤ ͤ͟͜ͼ͔͍ͦͣͯ ͨ͒ͫͯͣͯ͜͟ ͼ͔ ͪͯ͘΄͔ͤͤΎ 
͙ͣͯͫͭ͘Έ ͤ͊ͫ ͔͔͎ͨͪ͡Ύ͙ͤͯͭ ͔ͦ͒ͤ ͘ ͍͙͋͊ͦ͘ͻ ͯΎ͍͔ͤ͡Έ ͨͪͦ ͔ͭͻ͎ͤͦͦ͜͡͝Υ ͨͪͦ ͔ͭΣ ΅ͦ 
ͣ͊΄͙͙ͤ ς ͼ͔ ͊ͫ͋͘͜ ͋͘͜͡Έ΄͔ͤͤΎ ͙͍ͨͪͦ͒ͯͭͤͦͫͭ͟͜ ͨͪ͊ͼ͍͙͍ͤ͜͟͜Φ ˭͊ͣͫͭ͜Έ ͼΈ͎ͦͦ 
ͣ͊΄͙͙ͤ ͫ͊ͣ͜ ͔͔͍ͨͪͭͦͪΌΌͭΈͫΎ ͤ ͊ͨ ͪ͊ͼ͍͙͍ͤ͜͟͜Σ ͊ ͔ͣ͗͊ ͣ͗͜ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ ͨͪ͊ͼ͜ ͜ 
͊ͨͭ͊ͯ͟͜͡ ͙͍ͪͦͣ͊͘ΊͭΈͫΎ ͭ͊͟ ͙ͫ͡ΈͤͦΣ Ύ͟ ͙ͤͦ͜͟͡ ͪ͊ͤ͜΄͔Φ 

˭ͪͦͯͣͦ͘͜͡Σ ͪͯ΄͚͙ͤͣ͜ ͺ͊ͭͦͪͦͣ͟ ͍ͫ͜ͻ ͼ͙ͻ ͨͪͦͼ͔͍ͫ͜ Ί ͔͙ͤͫͭͪͣͤ͊ ͔ͫͨ͊ͤͫ͟͜Ύ 
ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˽͙ͪ ͼΈͦͣͯΣ ͔ͤ ͙͍͒͡Ύ;͙ͫΈ ͤ͊ ͚͍ͤ͊ͦͣͫͭͦ͘ ͋͜͡Έ΄ͦͫͭ͜ 
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͔͔͍ͫͨͪͭ͟͜ ͘ ͊ͦͤͦͣ͘͟ ˸ͯͪ͊ ς ͔͔͍͔͙ͨͪͪͤͣ͜ ;͊ͫͦͣ ͜ ͙ͨͪ͊ͭͦ͟͟Ό ͍͙ͨͪ͊ͦͣ͡Σ ͎͒ͤͦ͘͜ ͘ 
Ύ͙ͣ͟ ͦ͋;͙ͫ͡Ό͍͊͡Έͤ͊ ͨͦͭͯ͗ͤͫͭ͜Έ ͙͙ͨͪ͋ͤͦ͘͡ ͍ͨͦ͒ͦΌΊͭΈͫΎ ͦ͗ͤ͟͜ му-нп ͣͫ͜Ύͼ͜Σ ς 
͔͒͊ͦ͟͡ ͔ͤ ͍͔ͫ ͒ͦ ͤ͟͜ͼΎ ͍ͯͫ͒ͦͣ͜͡ΌΌͭΈ ͙ͤ͊ͫ͒͜͟͡ ͼΈ͎ͦͦ ͔͔ͫͨͦͤͤ͟ͼ͊͜͡Έ͎ͤͦͦ 
ͪͦͫͭ͊ͤͤ͘ΎΦ 

̂Ύ͍ͭ͜ΈΣ ΅ͦ ͍͙ ͫ͒͊͜Ί͔ͭ ͍ ͍͊ͭͦͣͦ͋͜͡Έ ͜ ͨͦ;͙ͤ͊Ί͔ͭ ͪͯͻ͙͊ͭͫΎ ͘͜ ΄͍͙͒ͫͭ͟͜Ό  
мл ͣ͟ κ ͎ͦ͒Φ ˤ͙ ͔͔͒ͭ͝ ͦ͒ͤͯ ͻ͍͙͙ͤͯ͡Σ ͨͦͭͣ͜Σ ͍ͨͦ͒ͦΌΌ;͙ ΄͍͙͒ͫͭ͟͜ΈΣ ͎͙͔ͪͦͦͤͭͫ͘Ύ 
͒ͦ нл ͣ͟ κ ͎ͦ͒Σ ͔͔͒ͭ͝ ͭ͊͟ ΅͔ ͻ͍͙͙ͤͯ͡Σ ͍ͤͦͯ͘ ͍ͨͦ͒ͦΌΊ͔ͭ ΄͍͙͒ͫͭ͟͜Έ ͭͦ΅.ͦ  
˽ -͍ͦͫͨͪ͊͗ͤΈͦͣͯ ͙͍͙͒ͤͣ ͍ ͼΈͦͣͯ ͙ͨͪ͊͒͟͜͡ Ί ͔ͤ ͫ͊ͣ ͺ͊ͭ͟ ͍ͨͦ͒ͦΊͤͤΎ ΄͍͙͒ͦͫͭ͟͜Σ 
͊ ͍͒ͫͭ͊ͤ͜ΈΣ Ύͯ͟ ͍͙ ͔͔͋ͯ͒ͭ ͙ͨͪͦ͗͒͗͊ͭ͝ ͊͘ ͦ͒ͤͯ ͻ͍͙͙ͤͯ͡ ;͔͔ͪ͘ ͔͒Ύ͙͚͟ ;͊ͫΦ ˤ 
͔ͨͪ΄ͯ ͻ͍͙͙ͤͯ͡ ͍͙ ͔͔ͨͪͦ͒ͭ͝ ͙͙ͨͪ͋ͤͦ͘͡ мсл ͣΦ ̂ ͔ͭͪͭΌ ͻ͍͙͙ͤͯ͡ ͤ͊ ΄͍͙͒ͦͫͭ͟͜  
пл ͣ͟ κ ͎ͦ͒ ς ͙͋͘͡Έͦ͟ ссл ͣΦ ̂ ͨϥΎͭͯ ͻ͍͙͙ͤͯ͡ ͙ͨͪ ΄͍͙͒ͦͫͭ͟͜ ͙͙ͨͪ͋ͤͦ͘͡ мсл ͣ͟ κ 
͎ͦ͒ ͍͙ ͨͦ͒ͦ͊͡Ί͔ͭ ͍͔͗ ͋͜͡Έ΄͔ нΣс ͣ͟Φ ̋ͦ͋ ͍͙͙ͦͤ͊ͭ͟ ͍͔ͫ ͔ͭ ͗ ͔ͫ͊ͣ ͍ ΄ͦͫͭͯ 
ͻ͍͙͙ͤͯ͡Σ ͍͊ͣ ͙ͤ͊͒ͦ͋ͭ͘ΈͫΎ ͋͜͡Έ΄ ΄͍͙͙͚͒͟ ͍͊ͭͦͣͦ͋͜͡ΈΣ ͊ ͭ͊ͦ͗͟ ͎ͦͤͦ;͙͚ͤ ͔ͭͪ͟Φ 
͔͔́ͨͪ ͯΎ͍ͭ͜ΈΣ ͤ͊ͫ͟͜͡Έ͙͟ ΄͍͙͒ͦ͟ ͍͙ ͔͔͋ͯ͒ͭ ͪͯͻ͙͊ͭͫΎ ς ͜ Ύͯ͟ ͍͒ͫͭ͊ͤ͜Έ ͍͙ ͨͦ͒ͦ͊͡Ί͔ͭ 
͍ ͦͫͭ͊ͤͤΌ ͻ͍͙͙ͤͯ͡Σ ς Ύ͟΅ͦ ͔͔͋ͯ͒ͭ ͍ͨͦ͒ͦΌ͍͙͊ͭ ΄͍͙͒ͫͭ͟͜Έ ͍͒͊͒ͼΎͭΈ ͫͣ͜ ͍ͪ͊͘͜Η 
˽͙͙ͪ͋ͤͦ͘͡ ͫͭ͜͡Έ͙͟ ͪ͊͘ ͦ͋;͙ͫ͡Ό͍͊͡Έͤ͊ ͨͦͭͯ͗ͤͫͭ͜Έ ͍ͨͦ͒ͦ͊ͫ͝͡Ύ ͘ ͔ͣͦͣͤͭͯ 
͍͙ͤ͊ͻͦ͒ͯ ͔͎ͤͭͪ͊͜͡Έͤͦ͝ ͣͪͦͫ͜͟ͻ͔͙ͣ ͍ мфру ͪΦ ͔͚̇ ͔͍ͪͦ͡Όͼ͚͙͚ͤ͜ ͨͪͦͼ͔ͫ 
͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͔ͤ ͭ͜͡Έ͙͟ ;͔͔ͪ͘ ͙͔ͨͪͫͦͪͤͤ͟Ύ ͔͍ͭͣͨ͜ ͪͦͫͭ͊ͤͤ͘ΎΣ ͔͊͡ ͜ ;͔͔ͪ͘ ͔ͭΣ ΅ͦ 
ͼ͔ ͙͔ͨͪͫͦͪͤͤ͟Ύ ͙͍ͭͪ͊Ί ͍͔͗ ͭ͊͟ ͍͎͒ͦͦΣ ΅ͦ ͦ;͍ͯ͊ͤ͜͟͜ ͪ͜;ͤ͜ ͔͙ͭͣͨ ͙ͨͪͪͦͫͭͯ 
͒ͦͫΎ͎͊ΌͭΈ ͙͍͍͙͒ͦ͗ͤͦ͝ ͍͔͙͡;͙͙ͤΦ 

˨ͦ ͔ͪ;͜Σ ͍͍͒ͨͦ͒͜͜Έ ͤ͊ ͙ͨͭ͊ͤͤΎ ͨͪͦ ΄͍͙͒ͫͭ͟͜Έ ͍͊ͭͦͣͦ͋͜͡Ύ ͨͫ͜͡Ύ 
͍͒͊͒ͼΎ͙ͭͫ ͔͙͎ͣͪ͊ͭͤͦͦ͟ ͍ͨͦ͒ͦΊͤͤΎ ς млул ͣͤ͡ ͣ͟κ͎ͦ͒Φ ˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ ͊͘ 
ͦͫͭ͊ͤͤΌΣ ͍͒͊͒ͼΎͭΈ ͍ͦͫΈͣͯΣ ͻ͍͙͙ͤͯ͡ ͍͙ ͨͦ͒ͦ͊͡Ί͔ͭ ͍͒ͫͭ͊ͤ͜ΈΣ ΅ͦ ͍͙ͫͭ͊ͤͦͭΈ 
͙͙ͨͪ͋ͤͦ͘͡ у ͣͤ͡ ͣ͟Φ ˽ϥΎͭΈ ͻ͍͙͙ͤ͡ ͘ ͭ͊ͦ͟Ό ΄͍͙͒ͫͭ͟͜Ό ς ͜ ͍͙ ͤ͊ ˸͊ͪͫ͜Φ ͔͚̇ 
͙ͨͪ͊͒͟͡ ͍͒ͦͦ͘͡ΎΊ ͙ͨͦ͊͊ͭ͘͟Σ ͔ͤ ͍͒͊Ό;͙ͫΈ ͯ ͙ͨͦ͒ͪͦ͋ͼ͜Σ ͤ͊ͫ͟͜͡Έ͙͟ ͫͯ;͙͚͊ͫͤ ͫͭ͊ͤ 
ͦ͋ ;͙ͫ͡Ό͍͊͡Έͤͦ͝ ͔ͭͻ͙ͤ͜͟ ͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͍͒͜ ͎ͭͦͦΣ Ύͦ͟Ό ͍ͦͤ͊ ͋ͯ͊͡ ͍ мфрл-͜ ͪͪΦΣ ͙ͦ͟͡ 
͘ϥΎ͍͙͙ͫ͡Ύ ͔ͨͪ΄͜ ͔͎ͤͭͪ͊͜͡Έͤ͜ ͣͪͦͫ͜͟ͻ͔͙ͣΣ Ύ͟͜ ͔ͤ ͎͙ͣͦ͡ ͨͦͻ͍͙͙͊ͭͫ͡Ύ ΄͍͙͒ͫͭ͟͜Ό 
͙ͦ͋ͪͦ͋͟ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ 

˿͍͍ͭͦ͊͜ ͺ͍ͤ͊ͤͫͦ͊͜ ͙ͪ͊͘͟ нллу ͪΦ ͊͟ͼ͔͍ͤͭͯ͊͊͡ ͍͎ͯ͊ͯ ͎͋͊͊ͭΈͦͻ ͺ͊ͻ͍͜ͼ͍͜  ͍
ͦ͋͊ͫͭ͜͡ ͺͦͫ͜͡ ͦͺ͜͝ ͙ͤ͊ͯ͟Σ ͫͦͼ͎ͦͦ͜͜͡͝Σ ͔͙ͦͤͦͣ͟͜͟ ͤ͊ ͤ͊ͫ͒͊͜͟͡ͻ ͼΈ͎ͦͦ ͔͔͔͍͎͋ͨͪͪͤͦͦ͘ 
͍ͨͦ͒ͦΊͤͤΎ ͦ͋;͙ͫ͡Ό͍͊͡Έͤͦ͝ ͨͦͭͯ͗ͤͦͫͭ͜Φ ˭͔ͦͪͣ͊͟Σ ͙ͨͭ͊ͤͤΎ ͨͪͦ ͔ͭΣ ;͙ ͔ͣͦ͗ ͼ͔͚ 
ͨͪͦͼ͔ͫ ͙͍͔͙ͨͪͫͭ ͒ͦ ͍ͨͦͤͦ͝ ͔ͪͫͭͪͯͭͯͪ͊͘͟͜ͼ͜͝ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͭ͊ ͔͙ͦͤͦͣ͟͜͟ ͍ ͼͦͣͯ͜͡ ͍ 
͚͙ͤ͊͋͗͡;͜ ͙ͪͦ͟ ͜ ͔͒ͫΎ͙ͭͭͭ͜͡ΎΦ  

 ˭͔ͣ ͭͦΌ ͔͒ͣͦͤͫͭͪ͊ͼ͜͝ ͔͍ͭͣͨ͜ ͍͙ͪͦͭͯ͘͟ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͔͔ͤ͊͒ͣͦ 
͟͜͡Έ͊͟ ͨ ͙͍ͪ͊͒͟͜͡Φ  

˾ͦ͋ͦͭ͊ ͍͍͙͙͍͊ͭͦͪͦ͋ͤ͟͜ ͤ͊͒ ͙͔͙ͫͫͭͣ͊ͣ ͔͔͔ͨͦͨͪ͒͗ͤͤΎ ͔ͭͤͤͤ͘͜͟ΎΣ ͍͊͒͊ͤͤ͘Ύ 
Ύ͙͟ͻ ͎͙͊ͨͦ͋͊ͭ͘͜ ͍͊͊ͪ͜Ύͣ ͍ нллуςнллф ͪͪΦΣ ͔͍ͦ͡Όͼ͜Ύ Ύ͙͟ͻ ͍͙ͨͦͤͤ͊ ͋ͯ͊͡ ͙͍͔͙ͨͪͫͭ 
͒ ͦ ͨͦΎ͍ ͙ ͙͔͙ͫͫͭͣ ͍͎͊ͭͦͤͦͣͤͦͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍͔͊ͭͦͣͦ͋ͣ͜͡, ͔͔͍͙ͨͪͭͦͪ͊ͫ͡Έ ͯ 
ͨͪͦͼ͔ͫ ͔͍ͪͦ͡Όͼ͚͙͚ͤ͜Φ ˹͔ ͙ͣͤͯͦ͡ ͚ ͪͦͯ͟Σ Ύ͟ ͦͣͨ͊ͤ͟͜Ύ DƻƻƎƭŜ ͔͔͍ͨͪͤͭͯ͊͊͘͡ 
͍ͨͦͤͫͭ͜Ό ͍͙͚͊ͭͦͤͦͣͤ ͍͊ͭͦͣͦ͋͜͡ΈΣ ͙͚͒͊ͭͤ͘ ͔͔͍͙ͨͪͫͯ͊ͭͫΎ ͨͦ ͍͙͘;͚͙͊ͤͻ ͎͒ͦͪͦ͊ͻ 
͔͔ͫͪ͒ ͤ͜΄͙ͻ ͣ͊΄͙ͤΦ ˨ͦ ͔͔ͭͨͪ͜΄ͤΈ͎ͦͦ ;͊ͫͯ ͍ ͭͪΈͦͻ ΄ͭ͊ͭ͊ͻ ς ˹͔͍͊͒͊Σ ˴͊͜͡ͺͦͪͤ͜Ύ ͜ 
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͙̅ͦͪ͒͊͡ ς ͙͋ͯ͡ ͙͚ͨͪͤΎͭ͜ ͙͊ͦͤ͘͟Σ ΅ͦ ͍͒ͦͦ͘͡ΎΌͭΈ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ό͘ ͔͍͙͙ͨͤͣ 
͔͔ͦ͋ͣ͗ͤͤΎ͙ͣύ ͔͙͋ͨͦͭͤ͘͜͡ͻ ͍͍͊ͭͦͣͦ͋͜͜͡ ͤ͊ ͎͒ͦͪͦ͊ͻ ͎͊͊͘͡Έ͎ͤͦͦ ͙͍ͦͪͫͭͯ͊ͤͤ͟ΎΦ 

˨͔΅ͦ ͔ͨͦ͒͋ͤ͜ ͍͍͒͋ͯ͊ͦͫ͜͡Ύ ͜ ͍ ͫͺ͔ͪ͜ ΄ͭͯ;͎ͤͦͦ ͔͔ͤͭͭͯ͜͟͡Φ ̂ нллф ͪ.Σ ͣ͊͋ͯͭΈΣ 
͚ͤ͊͋͜͡Έ΄ ͍ͪ͊͗͊Ό;͙ͣ ͙ͨͪ͊͒ͦͣ͟͡ ͔͔͍͎͙ͨͪ͊ ΄ͭͯ;͎ͤͦͦ ͔͔ͤͭͭͯ͜͟͡ ͋ͯ͊͡ ͫͭͦͪ͜͜Ύ 
͔͔͎͙ͨͪͣͦ ͍͔͎ͫͭͦͪͤͦͦ L.a ͔ͫͯͨͪͦͣͨ͟ϥΌ͔ͭͪ͊ 5ŜŜǇ .ƭǳŜ ͤ͊͒ ;͔ͣͨͦͤͦͣ͜ ͍ͫͭͯ͜ ͘ 
΄͊ͻ͍͜ ˥͊ͪͪ͜ ˴͍͙͊ͫͨ͊ͪͦͣΦ ˢ͔͡ ͜ ͤ͊ ͼ͔͚ ͪ͊͘ ͔ͪ͊͡Έͤͫͭ͜Έ ͔͔͍͔ͨͪͪ΄͙͊͡ ͍ͫ͜ 
ͦ;͍ͯ͊ͤͤ͜͟ΎΣ ͙ͦ͟͡ L.a ͔͍͙ͨͪ͒ͫͭ͊͊͡ ͤ͊΅͊͒͊͟ 5ŜŜǇ .ƭǳŜ ς ͔ͫͯͨͪͦͣͨ͟ϥΌ͔ͭͪ 
WatsoƴΣ Ύ͙͚͟ ͍͘Ύ͍ͫΎ ͊͘ ͙ͯ͒͟ ͋͜͡Έ΄ ͍͔͊͗͟ ͍͊͒͊ͤͤ͘Ύ ς ͔͔͍͚ͭͤͯ͘͜͜͡ ͎ͪͯ-͍͙ͭͦͪͤͯ͜͟ 
ζJeopardy!ηΦ ̂ ΄͊ͻ͊ͻ ͎͍ͪ͊ͼ͜ ͨ͒ͨͦͪ͜Ύ͍͒ͦͯ͟ΌͭΈͫΎ ͗ͦͪͫͭͦ͟ ͙͙͊͒͊ͤͣ͘ ͍͙͙ͨͪ͊͊ͣ͡Σ 
ͭͦ͋ͭͦ ͪͦ͋͡ΎͭΈ ͔ͭΣ ΅ͦΣ Ύ͟ ͙ͣ ͒ͯͣ͊ΊͣͦΣ ͣ͊Ί ͚ͤ͊ͪ͊͟΅͔ ͍͙ͻ͙͙ͦ͒ͭ ͒͡Ύ ͦͣͨ͟ϥΌ͔ͭͪ͊Φ 
̂ ζJeopardy!η ͍͔ͫ ͍ͦͫͣ͘͜ ͤ͊͜͟΄͔Υ ͼ͔ ͎ͪ͊Σ ͍ Ύ͚͟͜ ͊͒͘͜ΌΊͭΈͫΎ ͙ͨͪ͊ͭ͟;ͤͦ 
͔͔͔͙͚ͤͦ͋ͣ͗ͤ ͙͍ͣ͊ͫ ͤ͊ͤ͘Έ ͜ Ύ͊͟ ͍͙͎ͣ͊͊Ί ͙ͫ͊͒ͤ͟͡ͻ ͍͙ͤ͊;ͦ͟ ͪͦͯͣͤͤ͘͜Ύ ͍͙ͣͦΣ 
͍͟͡Ό;͊Ό;͙ ͍ͤ͊ͭ͜Έ ͙͗͊ͪͭ ͜ ͎ͪͯ ͍ͫ͜͡Φ ̂ͫͨ͜ͻ ²ŀǘǎƻƴ ͍ ζJeopardy!η ͔ͤ ͭ͜͡Έ͙͟ ͍ͪ͊͗͊Ί 
ͯΎ͍ͯΣ ͊ ͚ ͣ͊Ί ͍͔͙͔͟͡ ͤ͊͘;͔ͤͤΎ ͘ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͭͦ;͙͟ ͦͪͯ͘Υ ͺ͙͊ͭ͟;ͤͦ L.a ͍͔͗ 
͍͍͙͒ͦ͒ͭ͜Έ ͦͣͨ͟ϥΌ͔ͭͪͯ ͍͙͍͊͗ͯ͡ ͪͦ͡Έ ͍ ͙ͭ͊͟ͻ ͦ͋͊ͫͭ͡ΎͻΣ Ύ͟ ͔͙ͣ͒ͼ͙ͤ͊ ͜ 
͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͟͜͡Ί͍ͤͭ͜ ώмΣ осϐΦ 

ˤ͙ͻͦ͒Ύ;͙ ͘ ͍͙΅͔͎ͫ͊͊ͤͦͦ͘͟Σ ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦΣ͟ ΅ͦ ͍ ͚͙ͤ͊͋͗͡;͜ ͙ͪͦ͟ 
͜ ͔͒ͫΎ͙ͭͭͭ͜͡Ύ ͚͔ͣ͊͗ ͍ͫͣ͜ ͤ͊ͣ ͍͔͔͒ͦ͒ͭΈͫΎ ͙ͭͤͯͭͫ͘͜͟Ύ ͘ ͍ͪ͊͗͊Ό;͙͙ͣ ͯΎ͍ͯ 
ͨͪͦΎ͍͙͊ͣ ͎͔ͨͪͦͪͫͯΦ ˱  ͍ͣͦ͊ ͔ͤ ͭ͜͡Έ͙͟ ͨͪͦ ͔ͭͻͤ͜;ͤ͜ ͍͙͙ͤͦͤ͟ Ύ͟ ͭ͊͟͜Υ ͍͙͍ͨ͡ ͙ͤ͊͋ͪ͊Ί 
͔͍ͦ͋ͪͭ͜ ͎͔ͨͪͦͪͫͯ ͤ͊ ͙ͪͤͦ͟ ͨͪ͊ͼ͜ ͜ ͤ͊ ͔ͦͤͦͣͯ͟͜͟ ͍ ͼͦͣͯ͜͡Φ ˴͜͡Έͫͤ͟͜͜ ͙ͣͤ͘͜ ͍͔͗ 
͒ͦͫΎ͎͙͡ ͭ͜Ί͝ ͔ͣ͗͜Σ ͙ͦ͟͡ ͻ͙͍ͤͯ͡΄  ͙;͔͔ͪ͘ ͔ͣ͗͜ ͙ͣͪ͜Σ ͙͍͔ͨͪ͒ͯͭΈ ͒ͦ ͨͦΎ͍͙ ͍͙ͤͦͻ 
Ύ͔͚ͦͫͭ͟Σ Ύ͟͜ ͔ͤ ͍͊͒͊͟͡ΌͭΈͫΎ ͍ ͎͊͊͘͡Έ͙͚ͤͦͨͪͤΎͭ͜ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͍͊͘Ίͣͦ͒͜Ό 
͔ͭͻ͎͚ͤͦͦ͜͡ ͜ ͔ͦͤͦͣ͟͜;͙ͤͻ ͨͪͦͼ͔͍ͫ͜Φ 

˻͒ͤ͊ ͘ ͒ͯͣͦ͟Σ Ύ͊͟ ͔͍ͤ͊ͨͤͦ ͔͋ͯ͒ ͔͔͎ͨͪ͡Ύͤͯͭ͊Σ ͼ͔ ͒ͯͣ͊͟ ͨͪͦ ͔ͭΣ ΅ͦ 
͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜Ύ ͎͍͙ͦͦͤͣ͡ ;͙ͤͦͣ ͎͊ͪͦ͗ͯ͘Ί ͍ͣ͊ͦ͊͟͜͡͡ͺ͍͙ͦ͊ͤͣ͜͟ ͨͪ͊ͼ͍͙ͤ͊ͣ͜͟ ͘ 
͙ͤ͘Έ͙ͣ͟ ͍͔ͪͤͣ͜ ͍͙ͦͫͭ͜Φ ͔̇ ͙ͨͪͨͯ΅͔ͤͤΎ ͍͙ͻ͙ͦ͒ͭΈ ͘ ͔͔ͨͪͦͤ͊ͤͤ͟ΎΣ ΅ͦ ͭ͊͊͟ 
ͪͦ͋ͦͭ͊ ͍͙͊͘͘;͚͊ ͙ͤͦͫͭΈ ͙͙͚ͪͯͭͤͤ ͻ͔͊ͪ͊ͭͪ͟Φ ˻͒ͤ͊͟ ͊ͣͫͭ͘͜Έ ͎ͭͦͦΣ ΅ͦ͋ 
͊ͫͨͦͦ͘͟Ό͍͙͊ͭ ͔͔ͫ͋ ͼ͜ΊΌ ͒ͯͣͦ͟ΌΣ ͚͔͊͒ͯͣ͊ͭͫ͘ΎΣ ͤ͊ͫ͟͜͡Έ͙͟ ΄͍͙͒ͦ͟ 
ͪͦ͘΄͙ͪΌΌͭΈͫΎ ͔ͣ͗͜ ͨͦͤΎͭͭΎ ζͪ ͙ͯͭͤ͊ηΦ ˴͙ͦͫ͡Έ ζͪ ͙ͯͭͤͤͦΌη ͙͍͙ͤ͊͊͘͡ ͪͦ͋ͦͭͯ ͤ͊ 
͍͔ͦͤ͟Ίͪ͜Φ ̂ ͤ͊΄ ;͊ͫ ͼ͔ ͍͔͗ ͔͒͊ͦ͟͡ ͔ͤ ͭ͊͟Φ ˭ͪͦͯͣͦ͘͜͡Σ ͨͪͦͺ͔ͫ͜͝Σ Ύ͟͜ ͔ͤ 
͔ͨͦͭͪ͋ͯΌͭΈ ͙͍ͦͫͦ͋ͦ͡͝ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝Σ Ύ͟ ͜ ͪ͊ͤ͜΄͔ ͍͒ͤͦͫ͜ΎͭΈͫΎ ͒ͦ ζͪ ͙͙ͯͭͤͤͻηΣ ͔͊͡ 
͙ͨͪ ͼΈͦͣͯΣ ͘ ͎ͦ͡Ύ͒ͯ ͤ͊ ͭΣ͔ Ύ͟ ΄͍͙͒ͦ͟ ͪͦͫͭͯͭΈ ͙͍ͣͦ͗ͦͫͭ͜͡ ˽˭ ͒͡Ύ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ 
ͭ͊ ͎͙͍͊ͦͪͭͣ͜͡ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΣ ͍͔͙͡;͔ͤ͘ ͊ ͟͜͡Έͦͫͭ͟Έ ͙͋͜͡ͻ ͦͣͪ͟͜ͼ͍͜ ͘ ͍͙΅ͦΌ 
͍ͦͫͭͦ͜Ό ͭ͊ͦ͗͟ ͣͦ ͗ͯͭΈ ͘ ́͜ ͍ͭͦͻ͙ͤͯͭͫΎ ͘ ͭ͜ΊΌ ͗ ͔ͨͪͦ͋ͣͦ͡Ό ώоΣ мнуϐΦ 

˹͍͊ͫͨͪ͊͒͜ ͙͔͙ͨͪͣͭͤ͟͟ ζͪ ͙͙͚ͯͭͤͤη ͔ͤ ͍ͦͫͣ͘͜ ͨ͒͜ͻ͙ͦ͒ͭΈ ͒͡Ύ ͙ͦͨͫͯ 
ͨͪͦͺ͔͚ͫ͜Σ Ύ͟͜ Ί ͚ͤ͊͋͜͡Έ΄ ͍ͣͦͪͤͦ͜͜Ό ͔͍͗ͪͭͦΌ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˣ͜͡Έ΄ ͭͦ;͙ͤͣ 
͍͙͒͊ΊͭΈͫΎ ͤ͜΄͙ ͚ ͙͔͙ͨͪͣͭͤ͟͟ ς ζͨ ͔͔ͪ͒͋͊;͍͙͚ͯ͊ͤη. ͙̉ ͔ͣͦ͗ ͤ͜΄͊ ͡Ό͙͒ͤ͊ 
͍ͤ͊;͙͙ͭͫΎ ͭͦͣͯΣ ΅ͦ ͍͙ ͙͔ͪͦ͋ͭ ͍ ͪ͊ͣ͊͟ͻ ͍ͫͦ͝ͻ ͍͙ͨͦͫ͊͒ͦͻ ͍ͦ͋ͦϥΎ͍͘͟͜Σ ͔͒ͭ͊͡Έͤͦ 
͍͙͍;͙͍΄͙ ͙ͦͨͫ ͍͊΄͙ͻ ͚͒͜Κ ͙̉ ͣͦ͗ͤ͊ ͍͙ͦͫͦͭ͝ ͍͊΄͔ ͔͔ͪͣͫͦ͡Σ ͍ͨͦͭͦͪΌΌ;͙ ͊͘ 
͍͙͊ͣ ͭ͜ ͍͊͒͊ͤͤ͘ΎΣ ͪͦ͋ͦͭͯ ͤ͊͒ Ύ͙͙ͣ͟ ͍͙ ͍͔͗ ͍͔͊ͪ͘΄͙͙͡Σ ͨͦ͒͋ͤͦ͜ ͒ͦ ͎ͭͦͦΣ Ύ͟ ͙ͨͪ 
͎͍ͨ͒ͦͭͦ͜ͼ͜ ͒ͦ ͙ͫͨͭͯ͜ ͯ;͔ͤΈ ͍͙ͦͤͯ͟Ί ͙ͨͪ͊ͭ͟;ͤ͜ ͍͊͒͊ͤͤ͘ΎΚ ̒͟΅ͦ ͼ͔ ͭ͊͟Σ ͭͦ ͼͦͣ͜͟͡ 
͚͍ͣͦͪͤͦ͜Σ ΅ͦ ͎ͦ͒ͤͦͦ ͪ͊ͯ͘ ͘ϥΎ͍͙ͭΈͫΎ ͎͙͊ͦͪͭͣ͡Σ Ύ͙͚͟ ͔ͣͦ͗͘ ͍ͤ͊;͙͙ͭͫΎ ͙͙ͪͦ͋ͭ 
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͍ͫΌ ͪͦ͋ͦͭͯ ς ͊͋ͦ ͤ͊͘;ͤͯ ͝͝ ;͙͊ͫͭͤͯ ς ͊͘ ͍͊ͫΦ ˽͙ͪ;ͦͣͯ ͚͍ͣͦͪͤͫͭ͜͜Έ ͔ͫ͊ͣ ͎ͭ͊ͦͦ͟ 
͍͙ͪͦͭͯ͘͟ ͚ͨͦ͒͜ ͎͍͋͊͊ͭͦͪ͊ͦͦ͘ ͋͘͜͡Έ΄ͯΊͭΈͫΎ ͍ ͣͪͯ͜ ͍͔ͫ ͋͜͡Έ΄ ͎͙͎͋ͦͦͦ͟͡ 
͙͔ͨͪͦͤͤͤͤ͟Ύ ͍ ͤ͊΄͔ ͙͗ͭͭΎ ͎ͭ͊ͦͦ͟ ͺ͔͔ͤͦͣͤ͊Σ Ύ͟ ζ͍ ͔͙͟͜͡ ͒͊ͤ͜ηΥ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͙͋ͪ͊͘ΌͭΈ ͔͚͍ͤͣͦͪͤͯ͜ ͟͜͡Έͫͭ͟͜Έ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͙ͨͪ͊ͭ͟;ͤͦ ͨͪͦ ͍ͫ͜ ͔͙͊ͫͨͭ͟ ͍ͫͦΊ͝ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͜ ͘ ͍͔͙ͦ͟͡Ό ;͊ͫͭͦ͟Ό ͚͍ͣͦͪͤͦͫͭ͜͜ ͣͦ͗ͤ͊ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ ͼ͜ ͒͊ͤ͜ 
͍͟͡Ό;͊ΌͭΈ ͒ͦ͊͒ͤ͟͜͡ ͍͒ͦͣͦͫͭ͜͜ ͨͪͦ ͍͔͙͡;͔ͤͯ͘ ͟͜͡Έͫͭ͟͜Έ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍͙ͤ͊;ͦ͟ ͜ 
͔ͦͨͪ͊ͼ͚͜Φ ́͊͟ ΅ͦ ͙͊͘͡΄͊ΊͭΈͫΎ ͙͡΄͔ ͒ͦ;͔͙͊ͭͫ͟Ύ ͒ͤΎΣ ͙ͦ͟͡ ͘ϥΎ͍͙ͭΈͫΎ ͍͙ͭͦͤ;͔͙͚ͤ 
͎͙͊ͦͪͭͣ͡ ͣ͊΄͙͎ͤͤͦͦ ͍ͤ͊;͊ͤͤΎΣ Ύ͙͚͟Σ ͎͙͙͍͊͋͘͡΄͙ͫΈ ͍ ͙͊͘͡΄͔ͤ͜ 
͔͔͙͙ͨͦͨͪ͒ͤ͊ͣ͟-͡Ό͒Έ͙ͣ ͼ͙ͺ͍ͪͦ͜ ͙ͫ͒͜͡Σ ͫ͊ͣ ͍ͫΈͦͣͯ ͍ͤ͊;͙ͭΈͫΎΦ 

˭ ͼΈ͎ͦͦ ͍͙͙͍ͨ͊͡Ί ͍͙͍ͫͤͦͦ͟Σ ΅ͦΣ ΄͍͙͒΄͔ ͊͘ ͍͔ͫΣ ͍͒͜ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ ͍ 
͚ͣ͊͋ͯͭͤΈͦͣͯ ͔ͤ ͍ͪΎͭͯΊ ͤ͜ ͙ͦͭͪͣ͊ͤͤΎ ͍͒ͦ͒͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜Σ ͤ͜ ͍ͦͫͦΊͤͤΎ ͍͙ͤͦͻ 
͍͙ͤ͊;ͦ͟Φ ˤ͘Ύ͙ͭΣ ͙ͨͪͣͪͦͣ͜Σ ͔͎͔͎͍ͪͤͭͤͦͦ͜͡ ς ͍͊ͪ͜͟͜͡Σ ΅ͦ ͔ͫͨͼ͊ͯ͘͜͜͡ΌͭΈͫΎ ͤ͊ 
͔͔ͤͭͪͨͪͭ͊͜ͼ͜͝ ͔͎͔͍ͪͤͭͤͫ͜Έ͙͟ͻ ͍ͤͣ͘͜͟͜Φ ̋ͦ͋ ͙ͫͭ͊ͭ ͺ͊ͻ͍͜ͼ͔ͣ ͍ ͼ͚͜ ͎͊ͯ͘͜͡Σ ͨͦͭͪ͋ͤͦ͜ 
͔͒ͯ͗ ͍͎͒ͦͦ ͍;͙͙ͭͫΎΥ ͍͙͊͘͘;͚͊ ͤ͊ ͍ͦͫͦΊͤͤΎ ͼ͜Ί͝ ͨͪͦͺ͔ͫ͜͝ ͚͔͒ ͔ͤ ͔ͣͤ΄͔ 
͙ͭͪͤ͊͒ͼΎ͙ͭ ͍ͪͦ͟͜Φ ˻͒ͤ͊͟ ͦͣͨ͟ϥΌ͔͙ͭͪ ͙͙ͫͭͪͣͣ͜͟ ͔͙ͭͣͨ͊ͣ ͎ͤ͊͒ͦ͊ͤ͘ΎΌͭΈ ͡Ό͙͒ͤ ͯ
͍ ͒͊ͭͤͦͫͭ͘͜ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͙ͤͣ͘͜͟Φ ́͊͟ ΅ͦ ͍͔͗ ͊ͪ͊͘͘ ͣͦ͗ͤ͊ ͔͎ͦ͟͡ ͯΎ͍͙͙ͭ ͚ͣ͊͋ͯͭͤΊ 
ς ͙ͨͪ;ͦͣͯ ͙͒ͦͫͭΈ ͙͋͘͡Έ͔͟ ͚ͣ͊͋ͯͭͤΊΣ ς ͍ Ύͦͣͯ͟ ͙ͨͪ͊ͭ͟;ͤͦ ͍ͫΌ ͪͦ͋ͦͭͯ ͊͘ 
͔͎͔͎͍ͪͤͭͤͦͦ͜͡ ͪͦ͋͡ΎͭΈ ͣ͊΄͙͙ͤΦ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͍͔͗ ͍ͦͫͣ͘͜ ͫͦͪͦ͟ ͦͣͨ͟ϥΌ͔͙ͭͪ ͍ͤ͊;͊ͭΈͫΎ ͔͎ͦ͟͡ ͜ ΄͍͙͒ͦ͟ 
͍ͦͫͦΌ͍͙͊ͭ ͍ͤͦ͜ ͍͙ͤ͊;͙͟Σ ͙͍ͦͫͦ͋ͦ͡ ͍ ͙ͭͻ ͍͙ͨ͊͒͊͟ͻΣ ͙ͦ͟͡ ͯ ͙ͤͻ ͔͋ͯ͒ ͒ͦͫͭͯͨ ͒ͦ 
͍͔͙͎ͦͦ͟͡ ͦ͋ͫΎ͎ͯ ͙͒͊ͤͻ ͒͡Ύ ͍ͤ͊;͊ͤͤΎΦ ˤ ͔ͨͪ΄ͯ ;͔͎ͪͯ ͨ͒͜ ͯ͒͊ͪͦͣ ͙ͦͨͤΎͭΈͫΎ 
͙ͨͦ͘ͼ͜͝ ͨͦ;͍͎͊ͭͦͦͦ͟ ͍ͪͤ͜ΎΦ ˽ͪͦ ͔ͭΣ ΅ͦ ͼ͔ ͍͔͗ ͍͍͒͋ͯ͊͜ΊͭΈͫΎΣ ͍ͫ͒͜;͙ͭΈ ͪΎ͒ ͙͒͊ͤͻΦ 
˭͔ͦͪͣ͊͟Σ ͍ ͦͫͭ͊ͤͤ͜ ͔͒ͫΎͭΈ ͍ͪͦ͟͜ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͙͔ͤ͗ͤͤ͘Ύ ͔ͪ͊͡Έ͙ͤͻ ͊ͪͨ͊ͭ͘͡ 
͍͙͙͍ͨͯͫͤ͟͟͜ ͔͍ͦ͒͗͟͜͡Φ ˽͙ͪ ͼΈͦͣͯ рл҈ ͘ ͙ͤͻ ͣͯ͘΄͔ͤ͜ ͙͋ͪ͊ͭͫΎ ͊͘ ͪͦ͋ͦͭͯΣ Ύ͊͟ 
͔ͨͦͭͪ͋ͯΊ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ ˣ͜͡Έ΄ ͎ͭͦͦΣ ͍͙ͪͦͭͦ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͔͗ 
͙͍͍ͨͪ͘͜ ͒ͦ ͤ͊͘;͎ͤͦͦ ͫͦͪͦ͟;͔ͤͤΎ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͒͡Ύ ͨͪ͊ͼ͔͍͊͡΄͍ͭͯ͊ͤͤΎ ͍ͤ͊ͭ͜Έ 
͍͙͍ͫͦͦ͊͟͟͜͡ͺ͍͙ͦ͊ͤ͜͟ͻ ͨͪͦͺ͔͍ͫͦͤ͊͜͜͡ ͯ ͎͋͊͊ͭΈͦͻ ͦ͋͊ͫͭ͡ΎͻΣ ͍͟͡Ό;͊Ό;͙ 
Ό͙͔ͪͫͨͪͯ͒ͤͼ͜ΌΣ ͙͗ͯͪͤ͊ͫͭͯ͜͟͡Σ ͤ͊ͯͯ͟ ͜ ͺ͊ͪͣ͊ͼ͔͍͙ͭͯ͟Φ ́͊ ͗ ͒ͦ͡Ύ ;͔͊͟Ί ͜ ͤ͜΄͙ͻΥ 
͋͜͡Έ΄ͫͭ͜Έ ͍͙͍͒͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊͟ ;͙ ͤ͊͜͟΄͔ ͍ͨͦϥΎ͊ͤ͘ ͘͜ ͙ͪͯͭͤͦΌ ͜ Ί 
͔͔ͨͪ͒͋͊;͍͙͙ͯ͊ͤͣΣ ͭͦ͒͜ Ύ͟ ͡Ό͔͚͒Σ Ύ͙ͣ͟ ͍ ͔ͨͪ΄ͯ ;͔͎ͪͯ ͨ͊ͭ͡ΎͭΈ ͊͘ ͨͦ-
͍ͫͨͪ͊͗ͤΈͦͣͯ ͍ͭͦͪ;ͯ ͪͦ͋ͦͭͯ ͭ͊ ͍ͤͤͦ͊͜ͼ͚ͤͯ͜ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͍͒ͤͦͫͤͦ͜ ͔͎ͤ͋͊͊ͭͦΦ 

̒͟ ͭ͜͡Έ͙͟ ͣ͊΄͙͙ͤ ͍͘͜ΈͣͯͭΈͫΎ ͊͘ ͼΌ ͙ͪͯͭͤͤͯΣ ͔͔ͨͪ͒͋͊;͍ͯ͊ͤͯ ͪͦ͋ͦͭͯΣ ͡Ό͙͒Σ 
Ύ͟͜ ͍͙ͦͤͯ͟ΌͭΈ ͝͝ ͊ͪ͊͘͘Σ ͭͤͯͭ͘͜͟ΈͫΎ ͘ ͔͔͋ͨͪ͘ͼ͔͔͙͙͒ͤͭͤͣ ͭͪͯ͒ͤͦ΅͙͊ͣ ͙ͨͪ ͫͨͪͦ͋͜ 
͍͙͊͒͊ͨͭͯ͊ͭͫΎ ͒ͦ ͍͙ͤͦͻ ͔͚ͪ͊͜͡Φ ̂ ͙ͣͤͯͦͣͯ͡ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ 
͙͋ͯ͡ ͙͒ͦͫͭΈ ͍ͯ͘Έ͔ͦͫͨ͟ͼ͍͙͙͊ͦ͊ͤͣ͘͜͜͡Σ ͍ͨͦ͋͊͘͡ΎΌ;͙ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ Ύ͙͚ͫ͟Έ ͙ͦ͒ͤ 
͔ͫͭͦͪ͟ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͊͘ ͪ͊͘Σ ͍͊͒͘Ύ͙͟ ;ͦͣͯ ͯ ͚͊ͤ͘Ύ͙ͭͻ ͍ ͤΈͦͣͯ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͋ͯ͊͡ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͔͔͚͙ͨͪͭ ͍ ͍ͤͦ͜ ͎͊ͯ͘͜͡Φ ˭͊ͪ͊͘ ͙ͫͭͯ͊ͼ͜Ύ ͍ͦͫͣ͘͜ ͤ͜΄͊Φ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͫͭ͊ΌͭΈ ͨͦ-͍ͫͨͪ͊͗ͤΈͦͣͯ ͍͔ͯͤͪͫ͊͜͡Έ͙͙ͤͣΣ ͜ ͝ͻ ͍͙͍ͨ͡ ͔͋ͯ͒ ͍͒͜;͍͙ͯ͊ͭͫΎ 
͍ͦ͒ͤ͊ͦͦ͟ ͙ͫ͡Έͤͦ ͯ ͍ͫ͜ͻ ͫͺ͔ͪ͊ͻΦ ˤ͔͙͊͟͡ ͚͍ͣͦͪͤͫͭ͜͜Έ ͎ͭͦͦΣ ΅ͦ ͍ ͣͪͯ͜ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͔͋ͤͫ͘͜-͔ͣͦ͒͜͡ ͙ͨͪ͊ͭ͟;ͤͦ ͯ ͍ͫ͜ͻ ͫͤͯ͜Ό;͙ͻ 
͎͊ͯ͘͡Ύͻ ͔͋ͯ͒ ͔͎͙ͫͨͦͫͭͪ͊ͭͫ͜Ύ ͙͔ͤ͗ͤͤ͘Ύ ͔͙ͨͦͭͪ͋ ͍ ͨͪ͊ͼ͜ ͡Ό͙͙͒ͤ ς ͜ ͙͍͙ͤ͗ͯ͊ͭͫ͘Ύ 
͍ͦͤ͊ ͔͋ͯ͒ ͔͒ͯ͗ ΄͍͙͒ͦ͟Φ ̂ ͚ͭͦ ͔͗ ;͊ͫ ͣͦ͗ͤ͊ ͔ͤ ͍͙ͫͯͣͤ͊ͭͫ͜ΎΣ ΅ͦ ͍ ͍͙ͤͦͻ 
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͎͊ͯ͘͡ΎͻΣ Ύ͟͜ ͘ϥΎ͍͡ΎͭΈͫΎ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯΣ ͘ ͎ͫ͊ͣͦͦ ͔ͣͦͣͤͭͯ ͝ͻ ͔ͤ͊ͪͦ͒͗ͤͤΎ ͋ͯ͒ͯͭΈ 
͙͍͊ͭͤͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ ͍ͫ͜ ͦͫͭ͊ͤͤ͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͘͜ ͍ͫͭͯ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͘ ͔ͣͭͦΌ 
͔ͦͤͦͣ͟͜͝ ͍͙ͭͪ͊ͭ ͤ͊ ͔ͨͪͫͦͤ͊͡Φ ˹͙͊ͨͪ͊͒͟͡Σ ͭ͊͟͜ ͦͣͨ͊ͤ͟͜͝Σ Ύ͟ DƻƻƎƭŜ ͜ CŀŎŜōƻƻƪΣ 
͙ͫͭ͊͡ ;͙͊ͫͭͤͦΌ ͙͗ͭͭΎ ͍ͫ͜ͻ ͜ ͎ͦ͗ͤͦͦ͟ ͜ ͎͙͒ͦͣͦͫ͡Ύ ͦͫͣ͟͜;͎ͤͦͦ ͪͦͫͭ͊ͤͤ͘Ύ 
͊ͨͭ͊͊͘͟͜͜͡ͼ͜͝Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͨͪ͊ͼΌ ͍ͦͫͣ͘͜ ͔͍͔͙͎ͤͦͦ͟͡ ς ΅ͦ͒ͦ ͝ͻ ͪͦͣͪͯ͘͜ ͜ 
͍͙͍ͨͯ͡ ς ;͙ͫ͊͡ ͡Ό͔͚͒Φ ̐ ͍ͫ͜ ͍͙ͨ͒ͫͭ͊͜ ͍͍͙͊͗͊ͭΣ ΅ͦ ͔͔͍ͨͪ͊͗ͤ͊ ͋͜͡Έ΄ͫͭ͜Έ ͍͙ͤͦͻ 
͎͔͚͊ͯ͘͡ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͔͋ͯ͒ ͍ͫͭͦͪΌ͍͙͊ͭͫΎ ͜ ͍͙͍͙ͪͦ͊ͭͫ͘Ύ ͊͘ ͎͊ͤ͊ͦ͜͡;͙ͤͣ 
ͫͼ͔ͤ͊ͪ͜ΊͣΦ 

ˤ͔ͫ ͼ͔ ͍͊ͯ͘͟Ί ͤ͊ ͔ͭΣ ΅ͦ ͙ͣ ͍ͫͭͯͨ͊Ίͣͦ ͍ ͔ͨͦͻͯ ͣͤ͘͜Σ Ύ͟͜ ͋ͯ͒ͯͭΈ 
͍͍͙ͫͯͨͪͦͦ͒͗ͯ͊ͭͫΎ ͦͦͫ͊͟͡͡Έ͙ͤͣ ͙ͭͫͦͣ͟ ͤ͊ ͔ͦͤͦͣͯ͟͜͟ ͜ ͫͯͫͨ͜͡Έ͍ͫͭͦΦ ˽ͪͦ 
͋͜͡Έ΄ͫͭ͜Έ ͔͔ͪͦͣͤ͒͊͟ͼ͚͜Σ Ύ͟͜ ͍͙͊͘͘;͚͊ ͙ͦͭͪͣͯΌͭΈ ͣͦͦ͒͜͡ ͡Ό͙͒Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ 
͔͙ͫͭͯ͒ͤͭΣ ͤ͊ ͨͦ;͊ͭͯ͟ ͊ͪ͟ϥΊ͙ͪΣ ΄͍͙͒΄͔ ͊͘ ͍͔ͫΣ ͣͦ͗ͤ͊ ͔͋ͯ͒ ͙͊͋ͯͭ͘Φ ˾͔͊͡Έͤͫͭ͜Έ 
ͭ͊͊͟Σ ΅ͦ ͍ͤ͊ͭ͜Έ Ύ͟΅ͦ ͍͔ͫ ͙͙ͪͦ͋ͭ ͍͙ͨͪ͊͡ΈͤͦΣ ͭͦ͋ͭͦ, ͎͙ͨͪ͊ͤͯͭ ͙͒ͦ͋ͯͭ͘ ͍͙΅ͯ 
͍ͦͫͭͯ͜ ͜ ͍͔ͫΈ ;͊ͫ ͍;͙͙ͭͫΎ ͍ͤͦͦͣͯΣ ͍͔͙͡;͔ͤͦͣͯ͘ ;͙ͫͯ͡ ͡Ό͔͚͒ ͍͔ͫ ͦ͒ͤͦ ͔ͤ 
͚͔ͤ͊͒ͭ͘ΈͫΎ ͣͫ͜ͼΎ ͍ ͍͚ͤͦ͜ ͔ͦͤͦͣ͟͜ͼ͜Φ 

˽ͦͪΎ͒ ͘ ͔ͨͦͭͤͼ͚ͤͦ͜ ͚͍ͪͯͤͤͦ͜Ό ͒͜ΊΌ ͤ͊ ͙͗ͭͭΎ ͔͙ͦͪͣ͟ͻ ͡Ό͔͚͒ ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊ 
͍ ͼͦͣͯ͜͡ ͙͍͔ͭͪ͊͡ ͔͋ͪͦ͋ͭͭ͘͜Ύ ͜ ͔͍ͤͨͦͤ͊ ͚͊ͤ͘Ύͭͫͭ͜Έ ͍ͫͭ͊ͤͦ͡ΎͭΈ ͤ͊͘;ͤͯ ͎͊ͪͦͯ͘͘ ͜ 
͒͡Ύ ͔͙ͦͤͦͣ͟͜͟Φ ͚́ͦ ͙͚ͫ͊ͣ ͍͙͚ͦͪͦͭͤ͘ ͍͘ϥΎͦ͘͟ ͣ͗͜ ͙͍ͨͪͦ͒ͯͭͤͫͭ͟͜Ό ͨͪ͊ͼ͜Σ 
ͪͦͫͭ͊ͤͤ͘Ύͣ ͊ͪͨ͊ͭ͘͡ ͜ ͋͘͜͡Έ΄͔ͤͤΎͣ ͙͍ͫͨͦ͗;͙ͻ ͍͙ͭͪ͊ͭΣ Ύ͙͚͟ ͭ͊͟ ͔ͺ͔͙͍ͭͤͦ͟ 
ͨͪ͊ͼΌ͍͊ ͍ ͒ͦͫ͜Σ ͔͋ͯ͒ ͍͙ͪͦͪ͊ͤ͘͜Φ͚ ˹͔͙͚͊ͪͦ͒͗ͤ ͙ͤͣ ͙͙͍͙͚ͨͦͭͤ͘ ͔ͺ͔ͭ͟ ͍͔͗ 
͙ͤ͗ͯ͘ΊͭΈͫΎΥ ͙ͣ ͔͎ͫͨͦͫͭͪ͊͜Ίͣͦ ͦͦͫ͊͟͡͡Έ͔ͤ ͪͦͫͭ͊ͤͤ͘Ύ ͔͍ͤͪͤͦͫͭ͜͜ ͔ͤ ͭ͜͡Έ͙͟ ͍ 
͒ͦͻͦ͒͊ͻΣ ͊ ͚ ͍ ͙͍ͫͨͦ͗͊ͤͤ͜Φ ˹͊ р҈ ͚͎ͤ͊͋͊͊ͭ΄͙ͻ ͔͚ͫͣ͜ ͍ ͙͚͒͊ͤ ;͊ͫ ͙ͨͪͨ͊͒͊Ί 
͚͔ͣ͊͗ пл҈ ͍͙ͭͪ͊ͭΣ ͜ ͼΎ ͔͔ͭͤ͒ͤͼ͜Ύ ͒ͦ ͔͒͒͊͜͡ ͋͜͡Έ΄ͦ͝ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͜͝ ͙͍ͫͨͦ͗͊ͤͤΎ 
ͤ͊ ͍͔ͪͻͤ͜ͻ ΅͊͋͡Ύͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͫͻ͍ͦ͒͜, ͔͍ͤ͊ͨͤͦ, ͍͙ͨͪͦ͒ͦ͗ͭΈͫΎΦ ˤ͙͙ͪͦ͋ͤ;͜ 
͍͙͙͒ͤͦͫͤ͜ ͙͊͘͡΄͊ΌͭΈͫΎ ͎͍͙ͦͦͤͣ͡ ͔ͣͻ͊ͤͣͦͣ͘͜ ͔͔ͨͪͪͦͨͦ͒ͯ͘͜͡ ͍͔ͯͨ͟͜͡Έͤͦ͝ 
ͫͨͪͦͣͦ͗ͤͦͫͭ͜ ͍ ͙ͪͯ͟ ͙͍ͫͨͦ͗͊;͍͜Φ ̒͟΅ͦ ͔͎͒ͪ͊͒͊ͼ͜Ύ ͼΈ͎ͦͦ ͔ͣͻ͊ͤͣͯ͘͜ 
͍͙ͨͪͦ͒ͦ͗ͭΈͫΎΣ ͙ͣ ͔ͭͤͣͦͫ͘͜͟Ύ ͘ ͔ͨͪͦ͋ͣͦ͡Ό ͍͒ͫͯͭͤͦͫͭ͜͜ ͭ͊ͦ͟͝ ͟͜͡Έͦͫͭ͟͜ 
͙ͨ͊ͭͦͫͨͪͦͣͦ͗ͤ͡ͻ ͙͍ͫͨͦ͗͊;͍͜Σ Ύ͟ ͔͊ͤͦ͋ͻ͒ͤ͜ ͊͒͡Ύ ͨͦ͒͊͡Έ΄͎ͦͦ ͪͦͫͭ͊ͤͤ͘Ύ ͤ͊΄ͦ͝Σ 
ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͤ͊ ͍͙͚ͣ͊ͫͦ ͙ͪͤͦ͟Σ ͔ͦͤͦͣ͟͜͟ ͙[3, 74]. 

ˤ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͍͙ͪͦͭͯ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙ͣ ͙͙ͦͨͤͣͦͫΎ ͍ 
͙ͨͪͤͼ͙͍ͨͦͦ ͍͚ͤͦ͜ ͒͡Ύ ͔͔ͫ͋ ͙ͫͭͯ͊ͼ͜͝Σ ͙ͦ͟͡ ͙͙ͤͭ͘͘ΈͫΎ ͭͪͯ͒ͦͣͫͭͫͭ͜͟͜Έ ͯ ͍ͫ͜ͻ ͔͋͘ 
͍͙ͤΎͭͯ͟ ͔ͫͭͦͪ͊͟ͻ ͔͙ͦͤͦͣ͟͜͟Φ ˻͒ͤ͊͟ ͼ͔͚ ͔͔ͨͪͻ͒͜ ͔͍ͤͦ͋ͦϥΎ͍ͦͦ͘͟ ͔͋ͯ͒ ͙͙ͤͦͫͭ 
ͨͦͫͭͯͨ͊͡Έ͙͚ͤ ͻ͔͊ͪ͊ͭͪ͟ ͜ ͔͎ͦ͟͡ ͍͙ͨ͒͒͊͊ͭͫ͜Ύ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΌΦ ˹͙͊ͨͪ͊͒͟͡Σ ͍͒ͦͣ 
͔ͫͭͦͪ͊ͣ͟ ς ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͜ ͦͻ͙ͦͪͦͤ ͍͒ͦͪͦ͘ϥΎ ς ͒ͦ ͙ͫͻ ͨͪ͜ ͍͍͒͊͊ͦͫ͡Ύ ͯͫͨ͜΄ͤͦ 
͙ͨͪͦͭͫͭͦΎ͙ͭ ͚͍ͪͯͤͤͦͣͯ͜ ͍͙͍ͨͯ͡ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ Ύ͟͜ ͍͔͗ ͊͘Ύ͍͙͙͡ ͨͪͦ ͔͔ͫ͋ ͯ 
͍ͫ͜ͻ ͤ͜΄͙ͻ ͫͺ͔ͪ͊ͻ ͔͙ͦͤͦͣ͟͜͟Φ ˱ͪͦͤ͜Ύ ͍ ͭͦͣͯΣ ΅ͦ ͚ͫͭͫͭ͜͟͜Έ ͼ͙ͻ ͍͒ͦͻ ͔͍ͫͭͦͪ͟͜Σ ͍ 
͔ͪͯ͘͡Έͭ͊ͭ͜ Ύͦ͟͝ ͍͙͙ͭͪ͊ͭ ͤ͊ ͦͻͦͪͦͤͯ ͍͒ͦͪͦ͘ϥΎ ͜ ͍ͦͫͭͯ͜ ͋ͯ͒ͯͭΈ ͍͙ͫͭ͊͊ͭ ͍͔ͫ ͋͜͡Έ΄ ͜ 
͋͜͡Έ΄ ͦ͋ͭΎ͙͍͙͙͗ͣ͡Σ ͔ͣͦ͗ ͙ͫͨͪΎ͙ͭ ͤ͊ͪͦͫͭ͊ͤͤΌ ͔͎͙͍͙ͤ͊ͭͤͻ ͔͔ͭͤ͒ͤͼ͚͜ ͊͘ ͝ͻ 
͔͙ͣ͗͊ͣΦ 

˭ͪͦͯͣͦ͘͜͡Σ ͚ͣ͊͋ͯͭͤΊ ͔͋ͯ͒ ͍͙ͤ͊͘;͙͊ͭͫΎ ͔ͤ ͭ͜͡Έ͙͟ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΦ ˾ͦͯͣͤ͘͜΄͔ 
͎ͪͦ͘͡Ύ͙͒͊ͭ ͝ͻ ͍ ͔ͦͤͭͫͭ͟͟͜ ͤ͜΄͙ͻ ͤ͊͘;ͯ΅͙ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͜ ͔͎ͦͦ͟͜͡;͙ͤͻ ͔ͨͪͦ͋ͣ͡Σ 
͙ͭ͊͟ͻ Ύ͟ ͫͭ͊ͪͤͤ͜Ύ ͔͔ͤ͊ͫͤͤ͡ΎΣ ͣͤ͊͘͜ ͣ͊ͭͯ͟͜͡ ͭ͊ ͍͙;͔ͪͨ͊ͤͤΎ ͔͍ͪͫͯͪͫ͜Φ ̉͊ͫͭͦ 
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ͨͪͦͪͦͯ͟ΌͭΈΣ ΅ͦ ͍ͤ͊ͫͨͪ͊͒͜ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯΣ ͙ͦ͟͡ ͫͭ͊ͪͤͤ͜Ύ ͨͦͦͤͤ͟͜͡Ύ ͍ͨͦͦΊ͎ͤͤͦͦ 
͋ͯͣͯ ͍ͤ͊ͪͦ͒͗ͯ͊ͤͦͫͭ͜ ͙͍͔͔ͨͪ͒͘ ͒ͦ ͫͦͪͦ͟;͔ͤͤΎ ͔ͦͤͦͣ͟͜;ͤͦ ͙͍͎͊ͭͤͦͦ͟ 
͔͔ͤ͊ͫͤͤ͡ΎΣ ͤ͊ͣ ͍͔͔͒ͦ͒ͭΈͫΎ ͙ͣ͊ͭ ͍ͫͨͪ͊ͯ ͘ ͔ͨͪͦ͋ͣͦ͡Ό ͔ͤͫͭ͊;͜ ͪͦ͋ͦ;ͦ͝ ͙͙ͫ͡Σ Ύ͊͟ 
͍͔͔͒͘ ͍͔ͤ͊ͤ͜ͼΈ ς ;͙ ͍ͤ͊ͭ͜Έ ͊ͭ͘Έ͙ͣ͊ͪͭΈ ς ͋ͯ͒Έ-Ύ͟͜ ͙ͤ͊ͫ͒͜͟͡ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝Φ 
˹͊ͪͦ΅͍ͯ͊ͤͤΎ ͔͍ͭͣͨ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͤͤͦ͊͜ͼ͚͜ ͍͙͊͘͘;͚͊ ͭͪ͊ͭͯ͟ΊͭΈͫΎ ͍͙͟͡Ό;ͤͦ 
Ύ͟ ͭ͊ ͔͟Σ ΅ͦ ͔ͦͣͨͤͫͯ͟Ί ͙͙ͫ͡Σ ͒͊ͭͤ͘ ͜ ͍͙ͣͤͣͯ͊ͭ͘͜͜͜ ͊͋ͦ ͍ͤ͊ͭ͜Έ ͍ͨͦͤͫͭ͜Ό 
͔͚͍͙ͤͭͪ͊ͯ͊ͭ͘͜͡ ͍͙͍ͨ͡ ͤ͊΄ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͍͙ͤ͊ͦ͟͡΄ͤΊ ͔͔͍͙ͫͪ͒ͦ΅͔Φ ˣ͜͡Έ΄ ͎ͭͦͦΣ 
͍ͫͯͦͪ͊ ͚͒ͫͤͫͭ͜͜Έ ͭ͊͊͟Σ ΅ͦΣ Ύ͟΅ͦ ͔ͤ ͍͙͙ͨͦͫͭ͊ͭͫΎ ͘ ͔ͤ͊͗ͤͦ͡Ό ͍͎ͯ͊ͦΌ ͒ͦ ͍ͤ͊ͫ͒͜͟͜͡ 
͍͙ͪͦͭͯ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͜ ͔ͤ ͙͍͙ͨͪͫͭͦͫͯ͊ͭͫΎ ͒ͦ ͙ͤͻΣ ͣͦ͗ͤ͊ ͙͙͙ͦͨͤͭͫΎ ͍ ͙ͫͭͯ͊ͼ͜͝ 
ζ͜ ͔͒͊͡Έ͎ͤͦͦ ΄ͭͦͪͣͯηΣ ͙ͦ͟͡ ͤ͊ ͤ͊ͫ ͦ͒ͤͦ;͊ͫͤͦ ͋ͯ͒ͯͭΈ ͍͙͍͙ͨ͊ͭ͡ ͍͒ͪ͊ͯ͘͜ ͙ͭͪ 
͔͔ͭͤ͒ͤͼ͜͝Υ ͪͦͫͭ͊͘Ό;͊ ͔͍ͤͪͤͫͭ͜͜ΈΣ ͔͋ͪͦ͋ͭͭ͘͜ΎΣ ͍͙͙͊ͤ͊͟͟͡ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜ΊΌΣ ͜ ͣͤ͊͘͜ 
ͣ͊ͭͯ͟͜͡Σ ς Ύ͟͜ ͋ͯ͒ͯͭΈ ͍͙͍͙ͪͦ͊ͭͫ͘Ύ ͙ͨͪ͊ͭ͟;ͤͦ ͔ͨ͊ͪ͊͡͡ΈͤͦΣ ͍ ͔͒Ύ͙͟ͻ ͍͙ͨ͊͒͊͟ͻ 
͙ͨͦͫ͡ΌΌ;͙ ͦ͒ͤ ͊ͦ ͒ͤͯ. 

̂ ͍ͪͦͣͦ͊͘ͻ ͔ͣ΄͊ͤ͟ͼ͍͜ ˴͔ͪͣͤ͜Ί͍ͦ͝ ͙͙͒ͦͤ͡ ͪ͊͘ ͯ ͪ͊͘ ͨͪͦͫ͊ͯ͟͟Ί ͺͪ͊͊͘ 
ζͨ ͙͍͒ͪͤ͊͜ ͔ͭͻ͎ͤͦͦ͜͡ΎηΦ ˹͜ͻͭͦ ͔ͤ ͍ͫͯͣͤ͊͜ΊͭΈͫΎΣ ΅ͦ ͍ͤͦ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͒͊ͭͤ͘͜ 
͍͙ͨ͒ͪ͊ͭ͜͜ ͍ͫͤͯ͊ͤͤ͜Ύ ͼ͙͜͡ͻ ͎͔͚͊ͯ͘͡ ͊͋ͦ ͙͙ͣͤͭ͘͜ ͒ͦ ͔͍ͤͨͤ͊ͤͤ͘͜Ύ ͔͍͙͚ͨͤ ͔ͫͭͦͪ͟ 
͔͙ͦͤͦͣ͟͜͟ ͜ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Φ ͙̉ ͔ͣͦ͗ ͙͚ͫͭͪͣ͜͟ ͍͙ͪͦͭͦ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͙ͨ͒ͪ͊ͭ͜͜ ͍ͫΌ 
͙͔ͫͫͭͣͯ ͭ͊͟Σ ΅ͦ ͍ Ύ͙͚ͫ͟Έ ͔ͣͦͣͤͭ ͤ͊ͣ ͍͔͔͒ͦ͒ͭΈͫΎ ͍ͨͦͤͫͭ͜Ό ͝͝ ͔͔͍͙ͨͪ͋ͯ͒ͯ͊ͭΣ 
Ύ͟΅ͦ ͙ͣ ͻͦ;͔ͣͦ ͔͔͎͙͋ͪͭ͘ ͍͙͘;ͤͯ ͒ ͡Ύ ͤ ͊ͫ ͫ ͙͔ͫͭͣͯ ͫ ͯͫͨ͜͡Έ͎ͤͦͦ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊Κ  

̂ ͋ͯ͒Έ-Ύͦͣͯ͟ ͍͙ͨ͊͒ͯ͟ ͡Ό͍͒ͫͭͦ ͫͭͦͭ͝Έ ͤ͊ ͨͦͪͦ͘͜ ͎ͦ͋͊͡͡Έͤͦ͝ ͔͚ͤͤͤͦͫͭ͜͜͜͡ ͍ 
͍͙ͪͦͭͯ͘͟ ͍ͫ͜ͻ ͫͺ͔ͪ ͫͯͫͨ͜͡Έ͎ͤͦͦ ͙͗ͭͭΎΣ ͍͟͡Ό;͊Ό;͙ ͜ ͔ͦͤͦͣ͟͜;ͤͯΣ ͍͙͙͊ͤͯ͟͟͡  
͔͙ͭͣͨ͊ͣ ͎͔ͨͪͦͪͫͯ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 

 ̇ Ύ ͔͔ͫͨͦͤͤͭ͊͟ ͪͦͫͭ͊ͤͤ͘Ύ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͔ͭͻ͎͚ͤͦͦ͜͡ ό͍ͤ͊ͭ͜Έ ͔ͤ ͔͋ͪͯ;͙ ͒ͦ 
͍͎͙ͯ͊ ͍͙΅͎ͦͦ ͔ͪͯ͘͡Έͭ͊ͭͯ ͝ͻ ͍͙ͪͦͭͯ͘͟Σ Ύ͟͜ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ͍͊͗ͦ͟ ͍ͤ͊ͭ͜Έ ͯΎ͍͙͙ͭύ 
͔͙ͤͣͤͯ;͔ ͔ͦͤ͊ͣͤͯ͘Ί ͫͦ͋ͦΌ ͔ͤ͟͜ͼΈ ͍͙ͪ͜ ͍ ͦͣ͊ͤͯ ͙͍ͯ͒͒ͭ͜͡ ͜ ͙ͫͨͪ;͙͙ͤͭΈ ͊͘ 
ͫͦ͋ͦΌΣ Ύ͟ ͣͤͣͯͣ͜͜Σ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜Ό ͋͜͡Έ΄ͦ͝ ;͙͙͊ͫͭͤ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊Σ ͊ ͔ͦͭ͗ 
͍͙ͨͦ͋͊ͭ͘Έ ͋͜͡Έ΄ͫͭ͜Έ ͨͪͦͺ͔͚ͫͤͦ͜ ͚͊ͤ͘Ύ͙ͭͻ ͡ Ό͔͚͒ ͍ͫͦ͝ͻ ͪͦ͋ͦ;͙ͻ ͣͫ͜ͼΈΦ ˩ ͦͤͦͣ͊͟͜͟ 
͍ ͼΈͦͣͯ ͔ͦͤͭͫͭ͟͟͜ ͙͔ͨͪͪ;͔ͤ͊ ͤ͊ ͍͙ͪͦͭͦ͘͟ ͨͦ ͙ͤ͘ͻ͚͒ͤ͜͜ ͫͨͪ͊͜͜͡ ;͔͔ͪ͘ ͍ͨͦͫͭͯͨͦ ͔
͎͊ͫ͊ͤͤ͘Ύ ͙͍ͫͨͦ͗;͎ͦͦ ͙ͪͤͯ͟Σ ͭ͊͟ Ύ͟ ͔ͫ͊ͣ ͨͪ͊ͼ͍͙͙ͤ͜͟ Ί ͙͍ͫͨͦ͗͊;͙͊ͣ ͍ͫΈ͎ͦͦ 
͍͙͙ͪͦ͋ͤ;͎ͦͦ ͨͪͦͼ͔ͫͯΣ ͊ ͙͔ͫͫͭͣ͊ ͍͙͙ͪͦ͋ͤ;͙ͻ ͍͙͒ͤͦͫͤ͜ Ί Ύ͟ ͫͺ͔ͪͦΌ ͔ͪ͊͊͘͜͡ͼ͜͝ 
ͤ͟͜ͼ͔͍͎ͦͦ ͨͪͦ͒ͯͭͯ͟Σ ͭ͊͟ ͜ ͔͔͍͙ͫͪ͒ͦ΅͔ͣ ͒͡Ύ ͔͊ͪͦ͒͗ͤͤ͘Ύ ͍͎ͤͦͦͦ ͙ͭͨͯ 
͙͍͙ͨͪͦ͒ͯͭͤ͟ͻ ͙ͫ͡Φ  
 

˶˱́˩˾ˢ́̂˾ˢ 
1. ˣ͊ͪͪ͊ͭ ˨Φ ˽͔͔͔ͦͫ͒ͤ͡ ͙͔͔͙͔ͦ͋ͪͭͤ͘ ;͔͍͔ͦ͡;͔͍ͫͭ͊Υ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ 

͙͔͔ͤͭͭ͟͡͡ ͙ ͔ͦͤ͟ͼ Ήͪ· IƻƳƻ ǎŀǇƛŜƴǎ κ ˨͔͚͗ͣͫ ˣ͊ͪͪ͊ͭΦ ς ˸ΦΥ  
ˢ͡Έ͙ͨͤ͊ ͤͦͤ-ͺ͙͟΄ͤΣ нлмрΦ ς олп ͫΦ 

2. ˨͚͊ͣͦͤ͒ ˨͗Φ ˴ͦ͊ͨͫ͡͡Υ ˽ͦ;͔ͣͯ ͙ͦ͒ͤ ͦ͋΅͔͍ͫͭ͊ ͍·͙͍͗͊ΌͭΣ ͊ ͎͙͔͒ͪͯ 
͙ͯͣͪ͊Όͭ κ ˨͔͗͊ͪ͒ ˨͚͊ͣͦͤ͒Φ ς ˸ ΦΥ ˢ˿́Σ нлмсΦ ς тсу ͫΦ 

3. ̅ͦͪ͒ ˸Φ ͔́ͻ͎͙͙ͤͦͦ͡Σ ͦͭͦͪ͟·͔ ͙͔ͣͤ͘Ύͭ ͙ͣͪ κ ˸͙͊ͪͭͤ ̅ͦͪ͒Φ ς .˸: 
ζ˸ ͊ͤͤΣ ˮ͍͍͊ͤͦ ͙ ͔͔̅ͪ͋ͪη, 2014. ς нсу ͫΦ 
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4. ͙̅ͪ͒ͣ͊ͤ ˸Φ ˴͙͙͊ͨͭ͊ͣ͘͡ ͙ ͍ͫͦ͋ͦ͒͊ κ ˸͙͊ͪͭͤ ͙̅ͪ͒ͣ͊ͤΦ ς ˸ΦΥ ˹͍͔ͦͦ 
͙͔͒͊ͭ͘͡Έ͍ͫͭͦΦ ς 2016. ς нуу ͫΦ 

5. The Economic Report of the President, 2013, Table B-47  
[˩͔͙͚ͭͪͦͤ͟͡ ͔ͪͫͯͪͫ]. ς 2013. ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯ ͒ ͦ ͔ͪͫͯͪͫͯ: 
http://www.whitehouse.gov/sites/default/files/docs/erp2013/full_2013_economic_
report_of_the_president.pdf. 

6. Neil Irwin, ζAughts Were a Lost Decade for U. S. Economy, Workersη, 
Washington Post,  January 2, 2010 [˩͔͙͚ͭͪͦͤ͟͡ ͔ͪͫͯͪͫ]. ς 2010. ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯ 
͒ ͦͪ ͔ͫͯͪͫͯ: http://www.washingtonpost.com/wpdyn/content/article/2010/01/01/
AR2010010101196.html. 

7. Neil Irwin, ζAughts Were a Lost Decade for U. S. Economy, Workersη, 
Washington Post,  January 2, 2010 [˩͔͙͚ͭͪͦͤ͟͡ ͔ͪͫͯͪͫ]. ς 2010. ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯ 
͒ ͦͪ ͔ͫͯͪͫͯ: http://www.washingtonpost.com/wpdyn/content/article/2010/01/01/
AR2010010101196.html. 
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ˢ˹˹˻́ˢ̇ˮ̒ 
ˮΦˢΦ ˿͔͎͙͔͍ͤͪΦ ˤ͙͡Ύ͙͔ͤ ͍͙͙ͪ͊ͭ͘Ύ ͔͙ͤ͊ͯͦͣ͟͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͤ͊ 

Ή͙ͦͤͦͣ͟;͔ͫͯ͟Ό ͫͺ͔ͪͯ ͋·͙ͭΎΦ 
ˤ ͫͭ͊ͭΈ͔ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͨͦͨ·ͭ͊͟ ͺ͙ͦͫͦ͡ͺͫͦ͟-͙͍͔ͣͪͦͦͪͤ͘͘;͔͎ͫͦͦ͟ 

ͦͫͣ·͔͙ͫͤ͡Ύ ͍͙͡Ύ͙ͤΎ ͔͙ͤ͊ͯͦͣ͟͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͤ͊ Ή͙ͦͤͦͣ͟;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯΦ 
ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͫͯ΅ͤͦͫͭΈ ͙͎͙͊ͫͦͦ͟͡;͔͙ͫ͟ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡ ͙͔͔͙ͣͤͤ͘Ύ 
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SUMMARY 

I.A. Snegirev. The influence of the development of science-intensive 
technologies on the economic sphere of being. 

In the article an attempt is made to philosophically and ideologically interpret 
the interpretation of the influence of science-intensive technologies on the economic 
system. The essence of the axiological consequences of changing representations 
from ς ζthe machine as a means of increasing the productivity of workersη on ς 
ζmachines that themselves become workersη is analyzed.  

Particular attention is paid to the possible transformations of the labor market 
in the context of the progress of information technology, the rate of which is 
constantly accelerating. From the positions of the methodology of nonlinear 
forecasting, the error of linear causality in the problem of the influence of 
information technologies on the world economy is shown.  

The development of information technology, we find ourselves in a 
fundamentally new situation for yourself when reduced complexity in all the sectors. 
However, this transition will not necessarily wear progressive nature and easily 
succumb to predict. For example, two sectors ς higher education and health care ς is 
still able to withstand the ravages of new technologies that have declared 
themselves in all other sectors of the economy. The irony is that the stability of these 
two sectors, which resulted in the cost of health care and education will become 
more and more burdensome, may contribute to the rise of negative trends beyond. 

Of course, the future will be determined not only by technology. It makes more 
sense to consider them in the context of other important social and environmental 
problems such as aging population, climate change and resource depletion. Most 
predict that fact in the future when the aging generation of the postwar boom, birth 
rates will reduce the economically active population, we have to deal with a 
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shortage of labor, which would nullify ς and even outshine ς any effects automation. 
Artificial rate of innovation is usually treated exclusively as a compensating force can 
minimize or even neutralize the impact of our operations on the environment. 
Moreover, the harsh reality is that, if not taken with due attention to the effects of 
technology and does not adapt to them, you can be in a situation of "perfect storm" 
when we both will influence just three trends: growing inequality, unemployment, 
caused automation and climate change ς which will develop almost simultaneously, 
in some cases increasing each other. 

Key words: automation, information technologies, economic system, 
nonlinearity, robotization, labor market. 
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͔ͭͻ͎͚ͤͦͦ͜͡Υ ͊ύ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͭ͊ ͙ͤ͊ͤͦͤ͊ͯ͟Τ ͋ύ ͔͋ͦͭ͜ͻ͎ͤͦͦ͜͡͝ ͭ͊ ͔͙͋ͦͣ͒͜ͼ͙͙ͤΣ 
͍͟͡Ό;͊Ό;͙ ͎͔ͤͤͯ ͔͔ͤ͗ͤͪ͜͜ΌΤ ͍ύ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͍͟͡Ό;͊Ό;͙ ͍͚ͤͦͭͤ͜͜ 
ͦͣͨ͟ΩΌ͙͎ͭͤ ͜ ͍ͤͦ͜ ͙͊ͫͦ͋͘ ͦͣͯͤ͊͟͜͟ͼ͜͝Τ ͒ύ ͎͙͍ͦͤͭͤ͟͜͜ ͙ͤ͊ͯ͟Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͎͙͍ͦͤͭͤ͟͜͜ 
͔͚͙ͤͪͦͤ͊ͯ͟ [7, 2ςмрϐΦ ˴ͦͤͫͭ͊ͭͯΊͭΈͫΎ ͭ͊ͦ͗͟Σ ΅ͦ ͊ͪ͊͘͘ ͼ͜ ͎͊ͯ͘͜͡ ͡Ό͒ͫΈͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͒ͦͫΎ͎͙͡ ͎ͭ͊ͦͦ͟ ͍ͪͤ͜Ύ ͔ͤͫͭͪͯͣͤͭ͊͜͡Έ͎ͤͦͦ ͍͙ͪͦͭͯ͘͟Σ ͙ͨͪ Ύͦͣͯ͟ ͍͙ͦͤ 
ͣ͊ΌͭΈ ͍͙͙ͫͭͯͨͭ ͍ ͔͙͍ͤͭͤͫͤͯ͜ ͙͔͎͔͙ͫͤͪͭ;ͤͯ ͍͊͘Ίͣͦ͒͜ΌΣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ Ύͦ͟͝ ͔͋ͯ͒ 
͍͔ͫͭ͊ͤͦͤͤ͡Ύ Ύͫͤͦ͟͜ ͍ͤͦͦ͝ ͔͔ͫͯͨͪͤ͊ͤͦͭͻ͙ͤͦͤ͊ͯ͟Σ ΅ͦ ͍͙͍͒ͪ͊͜͟Ί ͔͔ͨͪ͒ ͡Ό͙͒ͤͦΌ ͜ 
͡Ό͍͒ͫͭͦͣ ͍ͤͦ͜ ͎͙͙ͦͪͦͤͭ͘ ͍͊ͫͤͦ͡͝ ͔͍ͦ͡Όͼ͜͝ Ύ͟ ͭͪ͊ͤͫͺ͙͍͎ͦͪͣ͊ͭͤͦͦ ͨͪͦͼ͔ͫͯΣ 
͙͚ͦͭͪ͟ ͍͔ͯͫ͒ͦͣͤͦ͜͡ ͍ͤ͊ͨͪ͊͡ΎΊͭΈͫΎΦ ˽͔͙͒ͪͫͣͦ͜͟͡Σ ΅ͦ ͒͡Ύ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͝ͻ 
͔͍ͦ͡Όͼ͜͝ ͜ ͪͦͯͣͤͤ͘͜Ύ ͭ͜Ί͝ ͪͦ͜͡Σ Ύͯ͟ ͍͙ͦͤ ͣͦ͗ͯͭΈ ͍͎͙͒ͪ͊ͭ͜͜ ͯ ͍͙͍ͪͦͭͦ͘͟͜ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͜ ͡Ό͙͙͒ͤΣ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙͒ͦͫ͒͗ͯ͊ͭ͜͡ ͝ͻ ͍ ͔ͦͤͭͫͭ͟͟͜ ͍͊͘Ίͣͦ͒͜͝Σ ΅ͦ 
͙͔͎͚ͫͤͪͤͦ͜ ͍͊͘Ί͙ͣͦͨͦͫ͡ΌΊͭΈͫΎΣ ͦͭͪ͊͟ ͘ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό ͍͟͡Ό;͊Ί ͜ 
ͫͦͼ͎͔ͦͯͣ͊ͤͭ͊ͪͤ͜͜ ͤ͊ͤͤ͘Ύ ς S.  

NBICS ς ͼ͔ ͍͔͎͔ͦͤͪͤͭͤ͟͜ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤ͜͜͡ ͔ͭͻ͎ͤͦͦ͜͡͝Φ ˴͍͔͎͔ͦͤͪͤͼ͜Ύ ό͍͒͜ 
͎͚͊ͤͫ͜͡Έ͎ͦͦ͟ ŎƻƴǾŜǊƎŜƴŎŜ ς ͫͻ͔ͦ͒͗ͤͤΎ ͍ ͚ͦ͒ͤ͜ ͭͦ;ͼ͜ύ ͦͤ͊͘;͊Ί ͔ͤ ͭ͜͡Έ͙͟ 
͍͊͘Ί͙͚ͣͤ ͍͙͍ͨ͡Σ ͔͊͡ ͜ ͍͊͘Ί͙͔ͣͦͨͪͦͤͤͤͤ͟Ύ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͙ͦ͟͡ ͔ͣ͗͜ ͣ͗͜ ͔͙͙ͦͪͣͣ͟ 
͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣ ͙ͫͭͪ͊ΌͭΈͫΎΣ ͊ ͎͋͊͊ͭͦ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͙͙ͤ͊͟ΌͭΈ ͔ͫ͊ͣ ͍ ͪ͊ͣ͊͟ͻ 
͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͦ͜͡͝ ͙ͪͦ͋ͦͭ ͤ͊ ͙ͫͭͯ͟ ͔͚ͦ͋͊ͫͭ͡Φ ˹͍͊͊ͤ͘͜ ͔ͭͻ͎ͤͦͦ͜͡͝ Ί 
͍͔͎͔͙͙ͦͤͪͤͭͤͣ͟ ͙ͣ͗͒ͫ͜ͼ͙͙͙ͨͤ͊ͪͤͣ͜͡ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ ͦͫ͟͜͡Έ͙͟Σ ͨͦ-͔ͨͪ΄͔Σ ͍͙ͦͤ 
͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͍ͦͫͤͦͤ͜ ͤ͊ͨͪΎ͙ͣ͟ ͔͎ͤͭͪ͊͜͡Έͤͦ͝ ͔͍ͦ͡Όͼ͜͝ ͤ͊ͯ͟ ͨͪͦ ͡Ό͙͒ͤͯΣ 
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ͫͯͫͨ͜͡Έ͍ͫͭͦ ͜ ͙ͨͪͪͦ͒ͯΣ ͊ ͍ͫ͜ ͔͙ͦͣͨͦͤͤͭ͟ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͍͔͎ͦͤͪͯ͟ΌͭΈΣ ͍ ͪ͊ͣ͊͟ͻ 
͙͎͙ͨ͊ͪ͊͒ͣ ͫ͊͒ͤͦͫͭ͟͜͡ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͯ ͍͙͎͡Ύ͒͜ ζ͟ ͜͡Έͼ͔͍ͦ͝η ͙͔͙ͫͫͭͣ ͝ͻ 
͙͔͎͚͎ͫͤͪͤͦͦ͜ ͍͊͘Ί͙͔ͣͦͨͦͫͤͤ͡ΎΦ ˽ͦ-͎͔͒ͪͯΣ ͍ͣͦ͊ ͚͔͒ ͨͪͦ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͯ͜͡ 
ͫͨ͜͡Έͤͫͭ͜Έ ͊͘ ͔ͣͭͦ͒ͦͣΣ ͔͊͒͗ ͯ ͍ͫ͜ͻ ͊ͤ͊͘͘;͔͙ͤͻ ͪͦ͒͊͘͜͡ͻ ͔ͭͻ͙ͤͦͤ͊ͯ͟ ͍͔͡Έ͙ͣ 
͊ͭͯ͊͟͡Έ͙ͤͣ Ί ͭΎ͗ͤͤ͜Ύ ͒ͦ ͍͙͍;͔ͤͤΎ ͙ͫ͊͒ͤ͟͡ͻ ͙͔ͫͫͭͣΣ ΅ͦ ͍͙͍ͫ͊ͣͦͪͦ͊͘ΌͭΈͫΎΣ ΅ͦ 
͔ͨͦͭͪ͋ͯΌͭΈ ͔͍ͣͭͦ͒͜ ͭ͊ ͎͙͍͙ͦͤͭͤ͟͜ͻ ͨ͒͜ͻ͍ͦ͒͜ ͔ͭͦͪ͜͝ ͫ͊͒ͤͦͫͭ͟͜͡Φ ˽ͦ-͔ͭͪͭΊΣ 
͊ͭͯ͊͟͡ΈͤͦΌ Ί ͜ ͝ͻ ͎ͦͤͭͦͦ͜͡;ͤ͊ ͫͨ͜͡Έͤͫͭ͜ΈΥ ͍͙ͦͫͤͦ ͍͔ͫ͊ͣͦͭͦͪͤͤΎ ͙͙ͨͪͪͦ͒Σ ͙͍͗ͦ͝ 
ͭ͊ ͔͙͍ͤ͗ͦ͝Σ ͨͪͦΎ͍͡ΎΌͭΈͫΎ ͤ͊ ͙ͫͭͯ͟ ͺ͔͔͍ͤͦͣͤ͜ ͍͍͊ͤͭͦͦ͟͝ ͔ͭͦͪ͜͝Σ ͔ͭͦͪ͜͝ 
͎ͫ͊ͣͦͦͪ͊ͤ͊͘͜ͼ͜͝Σ ͔ͭͦͪ͜͝ ͍͍͊ͤͭͦͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍ ͦ͋͊ͫͭ͜͡ ͤ͊ͤͦͣ͊ͫ΄͍ͭ͊͋͜ [2, 65ς68]. 

ζ́ ͔͔͙ͭͪ͊͒ͪ;ͤ͊η ͦͤ͟ͼ͔ͨͼ͜Ύ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͍͔͎͔͙ͦͤͪͤͭͤ͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ Ί 
͔ͭͻ͙ͤͦͪ͊ͭ͟;ͤͦΌΦ ˤͦͤ͊ ͫͭͪͯͭͯͪͤͦ͟ ͍͍͙ͫͨ͒ͤͦͫͭ͜͜ΈͫΎ ͘ ;͙ͦͭͪͣ͊ ͍͙͙͋͊ͦͣ͘ 
͔͒͊͜͡Έ͙͙ͤͣ ͔͔͔͙͙ͣͤͭ͊ͪͤͣ͡ ͤ͊ͤͦͦ͋ΩΊ͙ͭ͊ͣ͟Υ ͙͊ͭͦͣ͊ͣΣ ͎͔͙ͤ͊ͣΣ ͔͚͙ͤͪͦͤ͊ͣ ͭ͊ 
͙͋ͭ͊ͣ͜Φ ˽ͪͦͼ͔ͫ ͍͔͎͔ͦͤͪͤ͟ͼ͜͝ ͔͔ͨͪ͒͋͊;͊ΊΣ ΅ͦ ͤ͊ ͍ͪͤ͜͜ ͤ͊ͤͦͣ͊ͫ΄ͭ͊͋͊ ͙͊ͭͦͣΣ ͦ͒͟ 
˨˹˴Σ ͔͚͙ͤͪͦͤ ͭ͊ ͙͋ͭ͜ ͨͦͫͭ͊ΌͭΈ Ύ͟ ͭ͊͟͜Σ ΅ͦ Ί ͍͊͘Ί͙͙ͣͦ͊ͣͤͤͣ͘͜Φ ˭͍͙͒ͫ͜ ͍͙ͭ͊͜͟ΊΣ 
΅ͦ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͨͦͫͭ͊ΌͭΈ ͍ b.L/-͔ͦͣͨͫ͟͟͜͡ ͙͔͎͔͙ͫͤͪͭ;͙ͤͣ ͔ͨ͊ͪ͊ͣͭͪͦͣ 
ͨͦͪΎ͒ͯ͟Σ ͊ ͨͪͦͼ͔ͫ ͔͍ͦ͡Όͼ͜͝ ͍͔͎͔͙ͦͤͪͤͭͤ͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͫ͒ͯ͜͡Ί ͝ͻ ͎ͦ͜͡ͼ͜Φ  

͙͚̇ͫͤ͜͜͡ ͎ͪͦ͘͡Ύ͒ ͨͪͦͼ͔ͫͯ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͙͔͎͚ͫͤͪͤͦ͜ ͍͘ΩΎ͎͊ͤͦͦ͘ ͔ͦͣͨͫͯ͟͟͡ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔͋ͦͭ͜ͻ͎ͤͦͦ͜͡͝Σ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͜ ͎͙͍͙ͦͤͭͤ͟͜ͻ ͤ͊ͯ͟ 
͍͙Ύ͍͡ΎΊͭΈͫΎ ͼͦͣ͜͟͡ ͚͔͙͒ͫͤͤͤͣ͘͜ ͍ ͔ͦͤͭͫͭ͟͟͜ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ͝ ͙͎͙ͨ͊ͪ͊͒ͣ 
͙͔͎͚ͫͤͪͤͦ͜͝ ͫ͊͒ͤͫͭͤͦͫͭ͟͜͜͡Φ ˽͙ͪͤͼ͙ͨ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ͝ ͫ͊͒ͤͫͭͤͦͫͭ͟͜͜͡ ͫͭ͊Ί 
͙ͭͪ͊ͤͫ͒ͫͼ͙͙ͨͤ͊ͪͤͣ͜͡ ͙ͨͪͤͼ͙ͨͦͣ ͭͪ͊ͤͫͺ͙͍͙ͦͪͣ͊ͭͤͻ ͫͦͼͦͯ͜͟͡Έ͙ͭͯͪͤͻ 
ͨͪ ͙͊ͭ͟͟ [5, 55ςсоϐΦ ̇Ύ ͔ͭ͊͘ ͼͦͣ͜͟͡ ͔͔͙͍ͨͪͦͤͦ͟͡ ͍ͯ͘;͙ͭΈ ͍ ͪ͊ͣ͊͟ͻ 
͔͙ͨͦͫͭͤ͊ͫ͟͡;ͤͦ͝ ͙ͤ͊ͯ͟Σ ͍ ͔ͦͤͭͫͭ͟͟͜ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ Ύͦ͟͝ ͔͎ͣͭͦ͒ͦͦ͜͡;͙͚ͤ ͙ͨͪͤͼ͙ͨ 
ͨͤ͊ͤͤ͘͜Ύ ͜ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͫ͊͒ͤͦͫͭ͟͜͡ ͨͦͫͭ͊Ί Ύ͟ ͙ͨͪͤͼ͙ͨ ͎͍ͫ͊͒ͤͦͦͪ͊ͤͦ͊ͤͦ͘͟͜͡͝ 
͎͍͔͍͋͊͊ͭͦͪͤͦ͜͝ ͔ͪͺ͔ͫ͟͜͡͝Φ ˢ͔͒͗ ͚͍͙͍ͤ͊͊͗͜͡΄ͦΌ ͙ͪͫͦΌ ͔͙ͨͦͫͭͤ͊ͫ͟͡;ͤͦ͝ ͙ͤ͊ͯ͟ 
͍͙ͫͭͯͨ͊Ί ͔ͪͺ͔͙͍ͫͤͫͭ͟͜͡Έ ͝͝ ͫͯ͋ΩΊͭ͊͟Σ Ύ͙͚͟ ͍ͯͫ͒ͦͣ͜͡ΌΊ ͔͔ͫ͋ ;͙͊ͫͭͤͦΌ ͍ͫͭͯ͜Σ ΅ͦ 
͎ͫ͊ͣͦͦͪ͊ͤͯ͘͜ΊͭΈͫΎΣ ͍ ͚ͭ͜ ͣͪ͜͜Σ ͍ Ύ͚͟͜ ͍ͤ͜ ͚͎ͦͦ ͨͤ͊͘͜ΊΣ ͦͤͫͭͪͯ͟ΌΊ ͜ ͘ Ύ͙ͣ͟ 
ͦ͒ͤͦ;͊ͫͤͦ ͍ͫͭͯͨ͊Ί ͍ ͦͣͯͤ͊͟͜͟ͼ͜ΌΦ ˽͙ͪͤͼ͙ͨ ͔ͪͺ͔͙͍ͫͤͦ͟͡͝ ͫ͊͒ͤͫͭͤͦͫͭ͟͜͜͡ 
͍͙ͫͭͯͨ͊Ί ͔ͤͫͭͪͯͣͤͭͦͣ͜ ͔͔ͣͪ͗ͤͦ͝ ͔͎ͤͭͪ͊͜ͼ͜͝ ͔͙ͨͦͫͭͤ͊ͫ͟͡;ͤͦ͝ ͙ͤ͊ͯ͟ ͜ ͙͒͊ͤͻ 
͔ͭͻ͎͚ͤͦͦ͜͡Σ ͊ ͭ͊ͦ͗͟ ͙ͨͪͤͼ͙ͨͦͣ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͙͔͎͚͙ͫͤͪͤ͜ͻ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ 
ͨͪͦͼ͔͍ͫ͜Φ  

˨͙͚͊ͤ ͨ͒͜ͻ͒͜ ͍͔͔͙͚ͪͤͤ͘ ͒ͦ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͔͎ͤͭͪ͊͜ͼ͜͝ ͍͎ͤ͊ͯͦͦͦ͟ ͙͔ͣͫͤͤ͡Ύ ͍ 
͔ͦͤͭͫͭ͟͟͜ ͍ͤͦͦ͝ ͔͙͔ͣͭ͊ͫͫͭͣͤͦ͝ ͙͎͙ͨ͊ͪ͊͒ͣΣ ͎͍ͦͦͤ͊͡ ͍͎ͯ͊͊ Ύͦ͟͝ ͫͦͤ͟ͼ͔͍ͤͭͪͦ͊ͤ͊ 
ͤ͊ ͨͪͦͼ͔ͫ͊ͻ ͍͙͙͔ͤͤͤͤ͟Ύ ͫͭͪͯͭͯͪ͟Σ ΅ͦ ͎ͫ͊ͣͦͦͪ͊ͤͯ͘͜ΌͭΈͫΎΣ ͔͔͔͙ͣͪ͗͒ͤͭͤͻΣ 
͔͚͙ͤͤͤ͜͜͡ͻ ͙͒ͤ͊ͣ͜;͙ͤͻ ͙͔ͫͫͭͣ͊ͻΣ ͜Σ ͔͍͋ͯͣͦͤͦ͘Σ ͔ͭͻ͎ͤͦͦ͜͡ΎͻΣ ͦͭͪ͟͜ ͙͔͎͚ͫͤͪͤͦ͜ 
͍͔͎ͦͤͪͯ͟ΌͭΈΦ ˴͔ͪͯΌ;͙ͫΈ ͙ͨͪͤͼ͙ͨͦͣ ͫ͊͒ͤͫͭͤͦͫͭ͟͜͜͡Σ ͣͦ͗ͤ͊ ͫͺ͍͙ͦͪͣͯ͊ͭ 
͔͎ͫͭͪ͊ͭ͜;͙͚ͤ ΄͡Ύͻ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ b.L/ Ύ͟ ͎͔͎ͪͦ͊ͯ͗ͤͦͦ͘͡ ͜ 
͎͔͎͋͊͊ͭͦͭ͊ͨͤͦͦ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͨͪͦͼ͔ͫͯΦ  

˽͙ͪͪͦ͒͊ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͨͪͦͼ͔͍ͫ͜ ͭ͊͊͟Σ ΅ͦ ͍͙ͦͤ ͣ͊ΌͭΈ ͍͔͙͚͊ͣ͋͊ͤͭͤ͜͡ 
ͻ͔͊ͪ͊ͭͪ͟Φ ˽͙ͪ ͼΈͦͣͯ ͍͙͍͊͗ͦ͡ ͨ͊ͣΩΎ͙ͭ͊ͭΣ ΅ͦ ͔͔ͫͪ͒ ͔ͫͨͭͪͯ͟ ͙͍͙ͣͦ͗͡ͻ 
͔͚ͭͪ͊ͭͦͪ͟͜ ͍͙ͪͦͭͯ͘͟ ͙͔͙ͫͫͭͣ ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͜ ͔ͤ͋͊͗͊ͤ͜ ͍͙͊ͪ͊ͤͭ͜Σ ͍ͤ͊ͭ͜Έ 
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͊ͭ͊ͫͭͪͦ͟ͺ͜;ͤͦ͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ [6, 28]. ˽ ͙ͪ͊ͭ͟;͔ͤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͔͎͔͙ͦͤͪͤͭͤ͟ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͻ͔͙͍͙͔͊ͪ͊ͭͪͯ͊ͭͣͭ͘͟ΈͫΎ ͙͙ͭ͊ͣ͟ ͙͍ͦͫͦ͋ͦͫͭ͡Ύ͙ͣΥ 

ς ͍͔͙͙͍ͫͨͪͦͤͫͭ͟͜͡Έ ό͍ͤͦ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͫͺͦͪͣͯΌͭΈ ͔͍͙͙ͤ͒ͣͯ ͔ͭͻͤ͜;ͤͯ 
ͤ͜ͺͪ͊ͫͭͪͯͭͯͪͯ͟Σ Ύ͊͟ ͍͙͒ͦͦͭ͘͡Έ ͣ͝ ͙͙ͨͪͦͤ͊ͭ͟ ͯ ͍ͫ͜ ͫͺ͔͙ͪ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ 
͔ͨ͊ͤͭ͊ͪͤͦ͡͝ ͼ͙͍͊͘͜͜͡ͼ͜͝ύΤ  

ς ͔͔͔ͤͦ͋ͣ͗ͤ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͒ͦͫͭͯͨͤͫͭ͜Έ ό͙͍ͣͦ͗ͫͭ͜͡Έ ͙͙ͦͭͪͣ͊ͭ 
ͤ͜ͺͦͪͣ͊ͼ͜Ό ͨͪͦ ͋ͯ͒Έ-Ύ͟͜ ͨͪͦͼ͔͙ͫ ͜ ͍͙͍͊ͫͭͦͫͭ͜͡ύΤ  

ς ͔ͨͦͭͤͼ͊͜͡ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͡Ό͒ͫΈͦ͟͝ ͍ͫ͒ͦͣͦͫͭ͜͜ ͜ ͭ͊͜͡ ό͔͔ͭͪͦͤͤ͟͜͡ ͙ͣͨ͊ͤͭ͜͡ 
͜ ͺ͙͘͜;ͤ͜ ͙ͣͦ͒ͺ͙͊ͭͦͪ͜͟ ͍͒ͦͦ͘͡ΎͭΈ ͨͦͨ͜͡΄͙͙ͭ ͙͍ͣͦ͗ͦͫͭ͜͡ ͡Ό͙͙͒ͤύΤ  

ς ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜Ύ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ ͦ͋͊ͫͭ͜͡ ͔ͤ͊ͤͦ͋ͦͭ͜ͻ͎ͤͦͦ͜͡͝ 
͍͒ͦͦ͘͡ΎͭΈ ͍ͫͭͦͪΌ͍͙͊ͭ ͙͜͟͡Σ ΅ͦ ͍ͪ͊ͻ͍ͦͯΌͭΈ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͔͎ͦͤͪͭͤͦͦ͟͟ ͎͔ͤͦͣ͊Σ ΅ͦ 
͒͊ͫͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙͙ͯͤͤͯͭ͟ ͨͦ͋͜;͙ͤͻ ͔ͺ͔͍ͭ͟͜ύΦ 

ˤ ͼ͙ͻ ͍ͯͣͦ͊ͻ ͨͦͫͭ͊Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͨͦΎ͍͙ ͍͙ͤͦͻ ͔͍ͣͭͦ͒͜ ͦͼ͙ͤ͜͟ 
͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͙͒͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͔͔͙͙ͫͨͪͭ͘͟Φ ˿͔͔ͪ͒ ͍͙ͦͫͤͦͤͻ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͻ ͤ͊ͨͪΎ͍ͣ͟͜ ͍ ͒͊ͤͦͣͯ ͔ͦͤͭͫͭ͟͟͜ ͍͙͒͜͡ΎΌͭΈ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ, 
ͺ͎ͯͭͯͪͦͦ͜͡Ό ͭ͊ ͔͔͙ͫͨͪͭͯ͘͟Σ ΅ͦ Ί ͭͫͤͦ͜ ͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤͣ͘Φ͙ ˻ͼͤ͊͜͟ ͙ͫͨͪ͊ΊͭΈͫΎ 
ͤ͊ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͍ͤ͊ͫ͒͜͟͜͡Τ Ύ͟΅ͦ ͍ͣͦ͊ ͚͔͒ ͨͪͦ ͫͦͼ͊͜͡Έͤ ͭ͜ ͎͊ͯͣ͊ͤͭ͊ͪͤ͜ ͔͜ͺ͔ͭ͟ ͙
͔ͦͤͪͭͤͦ͟͟͝ ͍ͤͤͦ͊͜ͼ͜͝Σ ͙͍ͦͫͦ͋ͦ͡ ͍͔͒͒͊ͤ͜͡Σ͜ ͊ ͭ͊ͦ͗͟ ͙ͨͪͪͦ͒ͤ ͜ ό͙ͤ͊ͨͪ͊͒͟͡Σ 
͔͎ͦͦ͟͜͡;ͤύ͜ ͙ͤ͊ͫ͒͜͟͡ ͋͜͡Έ΄ ͔͍͙͙ͪͫͭ;͙ͤͣ όͻͦ;͊ ͜ ͔ͣͤ΄ ͚͙ͤ͊͒ͤͣ͜ύ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͝ͻ 
ͺ͎ͯͭͯͪͦͦ͜͡;͔ͤ ͔͔ͨͪ͒͋͊;͔ͤͤΎΦ ˨͡Ύ ͎ͦ͗ͤͦͦ͟ ͘ ͼ͙ͻ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͙͔ͫͫͭͣͤͫͭ͜Έ 
͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ;͔͔ͪ͘ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͫͭ͜͜͡ΈΦ ˻ͫͭ͊ͤͤΎ ͍ ͦ͗ͤͦͣͯ͟ ͍͙ͨ͊͒ͯ͟ ͣ͊Ί 
͟͜͡Έ͊͟ ͍͍ͪͤ͜͜Φ ˹͊ ͒ͯͣͯ͟ ˱Φ s ͫΊΊ͍ͦ͝Σ ζͭ ͔ͻ͔͔͙ͤͦͫͨͪͭ͊͘͟ ͭ͊ ͝͝ ͫͦͼ͎͙͚ͦͯͣ͊ͤͭ͊ͪͤ͜͜ 
ͤ͊ͨͪΎͣͦ͟ ς ͙ͦ͒ͤ ͘ ͟͡Ό;͍͙ͦͻ ͺ͍͊ͭͦͪ͟͜ ͚ͫͭͦͫͭ͜͟͜ ͜ ͍͙͙͍͗͊ͤͤΎ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͍ 
Ύͦͣͯ͟ ͔͔ͫͪ͒ ͍ͫ͜ͻ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͔ͨͪ΄͙͚ ͨ͊ͤ͡ ͍͙͍ͫͯ͊ΊͭΈͫΎ ͍ͤͤͦ͊͜ͼ͚ͤ͊͜Σ ͊ 
͎͍ͦͦͤͦ͡Ό ͍ͫ͊͒ͦͦ͟͡Ό ͨͪͦͫͭͦͪͯ ͚ͨͦ͒͜ ͫͭ͊Ί ͍͔ͫͭͦͪͤͤΎ ͜ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ 
͔͍ͨͪͦͭ͟͜Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͔͍ͨͪͦͭ͟͜ ͙ͪ͊͒͊͟͡Έͤͦ͝ ͔͔͍͙ͨͪ͋ͯ͒ͦ ͔͔͍͙ͫͪ͒ͦ΅͊ 
͙͍ͨͪͦ͗͊ͤͤΎ ͡Ό͙͙͒ͤ ͜ ͔ͤ͝ ͫ͊ͣͦ͝η [1, 65ς66].  

ˤΦ x ͍ͯ͒͊ͤͦ ͍͍͊ͨͪͦͨͦͤͯ͊͘ ͔ͣͦ͒͡Έͤͯ ͜ ͔͔ͤͭͪͨͪͭ͊ͼ͜Ό ͫͦͼ͎ͦͯͣ͊ͤͭ͊ͪͤͦ͜͜͝ 
͔͔͙͙ͫͨͪͭ͘͟ ώ3, 24ς34]. ˤ Ύͦͫͭ͟͜ ͍͙ͦͫͤͦ ͒͡Ύ ͔͔͙ͫͨͪͭ͘͟ ͙͍͙ͫͭͯͨ͊ΌͭΈ ͤ͊ͤͤ͘Ύ ͘ 
ͦ͋͊ͫͭ͜͡ ͤ͊ͯ͟ ͨͪͦ ͫͯͫͨ͜͡Έ͍ͫͭͦ ͜ ͡Ό͙͒ͤͯ ͭ͊ͦ͗͟ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍ͤ͊ͯͦ͟͜ ͭ͊ ͔ͭͻͤ͜;ͤ͜ 
ͤ͊ͤͤ͘ΎΦ ˭ͤ͊;ͯ΅͙͙ͣ Ί ͔ͤ ͭ͜͡Έ͙͟ ͭ͜ ͤ͊ͤͤ͘ΎΣ Ύ͟͜ ͍͔ͭͤ͜͜͡ ͍ ͍ͤͤͦ͊͜ͼ͜͝Σ ͊ ͚ ͔͔͍ͪ͊ͤͭͤ͜͡ 
͎͙ͨͪͦͤͦ͘ ͜ ͦͼ͙ͤ͜͟ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍͎ͤ͊ͯͦͦͦ͟ ͜ ͔ͭͻͤ͜;͎ͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟Φ ˱ͫͤͯΊ ͜ 
͍ͦͪͦͭͤ͊͘ ͔͊͗ͤͫͭ͘͜͡Έ: ͔͋͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎ ͫͦͼ͎͙ͦͯͣ͊ͤͭ͊ͪͤ͜͜ͻ ;͙͙͍ͤͤ͟͜ ͔͙͍ͤͣͦ͗ͦ͡ 
͎͍͙ͨͪͦͤͦͯ͊ͭ͘ ͜ ͦͼͤ͜Ό͍͙͊ͭ ͔͔͙͍͙ͨͪͫͨͭ͟ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ Ύ͟ ́ͭͯ;͙ͤͻ ͦΩ͋Ί͍ͭ͟͜ Σ ͭ͊͟ 
 ͙͙ͨͪͪͦ͒ͤ͜ͻ ͨͪͦͼ͔͍ͫ͜Φ ́͊͟Σ Ύ͟΅ͦ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͦͫͭ͊ͤͤ͜ Ύ͟ ͍͙͒ͪͭ͜͟͜ ͙͔͙ͫͫͭͣΣ ͭͦ ͫ͒͜͡ 
͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͺ͊ͭͦͪ͟ ͡Ό͒ͫΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͔ͨͦͭͪ͋ͯΊ ͍͙͍;͔ͤͤΎ ͘ ͙ͨͦ͘ͼ͚͜ 
͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͜ ͫͦͼ͊͜͡Έ͙ͤͻ ͤ͊ͯ͟Φ 

ˤ͙͍͊͗ͦ͡Ό ͍ͫ͊͒ͦͦ͡Ό ͔ͭͻ͔͔͙ͤͦͫͨͪͭ͘͟ ͙ Ί ͝͝ ͔͎͙ͤͯͣ͊ͤͭ͊ͪͤ͜ ͚͔͔͔ͣͤͭ͡, ΅  ͦ
ͭ͊ͦ͗͟ ͙ͤͦͫͭΈ ͙ͣ͗͒ͫ͜ͼ͙͙͚ͨͤ͊ͪͤ͜͡ ͻ͔͊ͪ͊ͭͪ͟Φ ˣͯ ͒Έ-Ύͦͣͯ͟ ͔ͭͻͤ͜;ͤͦͣͯ ͔͍ͨͪͦͭͦ͟͜ 
͔ͤͦ͋ͻ͒ͤ͊͜ ͼͫͤ͜͜͡ ͊ ͔ͭͻͤ͜;ͤ ͊ ͦͼͤ͊͜͟Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͔͎ͤͭͪ͊͜ͼ͜Ό ͙ͪͤ͘͜ͻ ͍͙ ͍͒͜ 
͔ͭͻͤ͜;ͤͦ͝ ͔͔͙͙ͫͨͪͭ͘͟Φ ˴ͪͣ͜ ͎ͭͦͦΣ ͔ͤͦ͋ͻ͒ͤ͊͜ ͦͼͤ͊͜͟ ͘ ͭͦ;͙͟ ͦͪͯ͘ ͙͒ͫͼ͙ͨͤ͜͡Σ ΅  ͦ
͊ͤ͊ͯ͘͜͡ΌͭΈ ͙͍ͣͦ͗ͯ͡ ͍͊͘Ίͣͦ͒͜Ό ΄ͭͯ;͎ͤͦͦ ͦ͋ΩΊͭ͊͟ ͘ ͔͙͔ͦͫͫͭͣͦ͟Ό ͜ ͙͍ͣͦ͗͜͡ 
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ͫͼ͔ͤ͊ͪ͜͝ ͍͙ͪͦͭͯ͘͟ ͨͦ͒͜ ͚͙͎ͨͪͪͦ͒ͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟ Ύ͟ ͍ ͚ͫ͊ͣ͜ ͔͍ͨͪͦͭͦ͊ͤ͟͜ ͚͙͔ͫͫͭͣ,͜ 
ͭ͊͟ ͜ ͍ ͍ͦͤ͘͜΄ͤΈͦͣͯ ͨ ͍ͦ͒ͤͦ͜΄͔ͤͤΌ ͒ͦ ͔ͤ͝ ͔͔͍͙ͫͪ͒ͦ΅͜Φ  ʕ͙͊ͫ͟͡;͚ͤ͜ ͔͔ͤ͗ͤͪ͜͜͝ 
ͦ͋ΩΊͭͦͣ͟ ͦͼ͙ͤ͜͟ ͍͋ͯ ͨͪͦ͒ͯͭ͟ ͔͔ͤ͗ͤͪͤͦ͜͝ ͍ͭͦͪ;ͦͫͭ͜Σ ͊ ͭ͊ͦ͗͟ ͙͙ͪͦ͋ͫ͡Ύ ͙ͫͨͪͦ͋ 
͍ͪ͊ͻ͍͙ͯ͊ͭ ͚͎ͦͦ ͍͙͍ͨ͡ ͤ͊ ͙ͨͪͪͦ͒ͯΦ ˽͍ͦͫͭͯͨͦͦ ͔ͭͻͤ͜;ͤ͜ ͍͙͍ͨͪͦ͋ͯ͊ͤͤΎ ͙ͫͭ͊͡ 
͍͒ͦͨͦͤΌ͍͙͊ͭͫΎ ͔͎ͦͦ͟͜͡;ͤͦΌΣ ͙͎ͭͦͫͦͦ͟͟͜͡;ͤͦΌ ͜ ͤ͜΄͙͙ͣ ͍͙ ͙͒͊ͣ ͔͔͙͙ͫͨͪͭ͘͟ 
͍ͤ͊ͫ͒ͦ͜͟͡ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͍͙͍ͨͯ͡ ͔ͭͻ͙ͤ͜͟ ͤ͊ ͙ͨͪͪͦ͒ͯ. ˭ ͙ͨͤͦͣ͡ ;͊ͫͯ ͘ΩΎ͍͡ΎΊͭΈͫΎ 
ͫͦͼ͎ͦͯͣ͊ͤͭ͊ͪͤ͊͜͜ ͦͼͤ͊͜͟ ͔ͭͻ͙ͤ͜͟Σ ;ͦͣͯ ͙ͫͨͪΎͦ͡ ͪͦͯͣͤͤ͘͜Ύ ͔ͤͦ͒ͤͦͤ͊͘;͙ͤͻ 
ͫͦͼ͊͜͡Έ͙ͤͻ ͜ ͎͊ͤͭͪͦͨͦͦ͜͡;͙ͤͻ ͍ͤ͊ͫ͒͜͟͜͡ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͎ͤͦͦ ͎͔ͨͪͦͪͫ.ͯ 

˹͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ͍͙ͪͦͭͯ͘͟ ͡Ό͒ͫΈͦ͟͝ ͼ͙͍͊͘͜͜͡ͼ͜͝ ͔͔͙ͫͨͪͭ͊͘͟ ͔ͭͻͤ͜;͙ͤͻ ͜ 
͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͍ͤͤͦ͊͜ͼ͚͜ ͔ͤ ͔ͣͦ͗ ͍͙͋ͯ͒ͯ͊ͭͫΎ Ύ͟ ͍͙͟͡Ό;ͤͦ ͍ͤͯͭͪ͜΄ͤΈ͍ͦͤ͊ͯͦ͊͟ 
ͨͪͦͼ͔͒ͯͪ͊Σ ͍ͦͤ͊ ͙ͤͦͫͭΈ ͔͍͙͚ͣͭ͊ͤ͊ͯͦ͟ ͻ͔͊ͪ͊ͭͪ͟Σ ͙ͨͪͨͯͫ͊͟Ό;͙ ͦͼͤͯ͜͟ ͍ͤ͊ͯͦͦ͟-
͔ͭͻͤ͜;͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͜ ͙ͨͪͦͨͦ͘ͼ͚͜ ͘ ͙ͨͦ͘ͼ͜͝ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͔͎ͫͨͦͫͭͪ͊͜;͊Φ ˭ ͎ͦ͒ͤͦͦ 
͋ͦͯ͟Σ ͔ͭͻ͔͔͙ͤͦͫͨͪͭ͊͘͟ ͔ͤ ͣ͊Ί ͍͙͙ͦ͒ͭͫ͘Ύ ͒ͦ ͍͎ͤ͊ͯͦͦͦ͟ ͍͊ͪ͊ͤͭͯ͜Σ Ύ͟΅ͦ ͤ͊ͯͯ͟ 
͔͍ͨͪ͒ͫͭ͊͡Ύ͙ͭ Ύ͟ ͔͙͚ͦͪͣ͟ ͫͦͼ͊͜͡Έ͙͚ͤ ͙ͤͫͭͭͯͭ͜ ͊͋ͦ Ύ͟ ͙͍ͦͫͦ͋ͯ͡ 
͙ͤͫͭͭͯ͜ͼ͍͊ͦ͊ͤͯ͘͜͜͡ ͺͦͪͣͯ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͘ ͤ͜΄͎ͦͦ ς ͍ͦͤ͊ ͔ͤ ͣ͊Ί ͔͙ͤ͊͗͊ͭ͡ ͜ ͒ͦ 
Ύ͎ͦͦͫ͟Έ ͤ͜΄͎ͦͦ ͫͯͫͨ͜͡Έ͎ͤͦͦ ͙ͤͫͭͭͯͭͯ͜Φ ́͊͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͔͔ͫͨͪͭͤ͊͟ ͒ͯͣ͊͟ ͔ͣͦ͗ 
͙͋ͯͭ ͎͍͊ͤ͊͗ͦ͊ͤͦΌ ͯ ͍͙ͨ͊͒ͯ͟Σ ͙ͦ͟͡ ͍ͦͫͤͦ͊ ͦͼ͙ͤ͜͟ ͍ͤ͊ͯͦͦ͟-͎͒ͦͫ͒ͤͦͦ͜͡ ͊͋ͦ 
͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͎ͤͦͦ ͔ͨͪͦͭͯ͟ ͊͒͊͘ΊͭΈͫΎ ͍͙͟͡Ό;ͤͦ ͔͋ͤͫ͘͜-ͫͨ͜͡ΈͤͦͭͦΌ ͊͋ͦ 
͍͙͙͊͒ͤͣ͡ ͙ͫͭͪͯͭͯͪ͊ͣ͟Σ ͊͋ͦ ͔͍͙ͨͤͣ ͫͦͼ͊͜͡Έ͙ͤͣ ͎͙ͪͯͨ͊ͣΦ ˾͔ͯ͘͡Έͭ͊ͭͦͣ 
͔͔͙͙ͫͨͪͭ͘͟ ͣ͊Ί ͙ͫͭ͊ͭ ζͦ ;͙΅͔͔ͤη ͊͋ͦΣ ͭͦ;ͤ͜΄͔Σ ͎ͯ͊͊͘͡Έ͔͔ͤͤ ͤ͊ͤͤ͘ΎΣ ͍ Ύͦͣͯ͟ 
͔͋ͯ͒ ͍ͣͤͣͦ͊ͤ͊͘͜͜͜ ͔͔͎ͨͫͭͣͦͦ͜͜͡;ͤ͊ ͎͍͊ͤ͊͗ͦ͊ͤͫͭ͜ΈΣ Ύ͊͟ Ί ͔͍͙͙ͪͫͭ;ͤͦ ͼͤͤͦ͜Ό ͍ 
ͨͪͦͼ͔ͫ͜ ͨͤ͊ͤͤ͘͜ΎΣ ͔͊͡ Ύ͟ ͔͔͔ͣͤͭ͡ ͤ͊ͤͤ͘Ύ Ί ͚͎ͦͦ ͙ͫͭͦͭͤͣ͜ ͔ͤ͒ͦͦͣ͜͟͡Φ  

˹͍͔͊ͯͦ͟ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͔ͦͨͪͯΊ ͤ͊ͤͤ͘ΎͣΣ ΅ͦ ͒͊Ί ͍ ͦ͗ͤͦͣͯ͟ ͔ͦͤͪͭͤͦͣͯ͟͟ 
͍͙ͨ͊͒ͯ͟ ͚ͤ͊͋͜͡Έ΄ͯ ͚͍ͣͦͪͤͫͭ͜͜Έ ͙ͦͭͪͣ͊ͤͤΎ ͔ͪͯ͘͡Έͭ͊ͭͯΣ ͔͍͊͒͊ͭͤͦ͟ ͍͒ͦ͋ͪ͊͗͊͜Ί 
͚͒ͫͤͫͭ͜͜Έ ͜ ͝͝ ͙ͣͤ͘͜Φ ˨͡Ύ ͔͙ͨͦͫͭͤ͊ͫ͟͡;ͤͦ͝ ͙ͤ͊ͯ͟ ͻ͔͙͊ͪ͊ͭͪͤͣ͟ Ί ͨͦ͒ͦ͊ͤͤ͡Ύ 
͙͍ͪͦͪͯ͘ ͦ͋ΩΊͭ͊͟ ͜ ͫͯ͋ΩΊͭ͊͟Σ ͍ͤ͊ͯͦ͟͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔ͤ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍͔͔͒ͦͪͣͤ͜͟͜͡ ͍͒͜ 
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͫͯ͋ΩΊͭ͊͟Τ ͯ ͨͦ͜͡ ͦͪͯ͘ ͙ͤ͊ͯ͟ ··˱ ͫͭΦ ς ͔ͤ ͙ͨͪͪͦ͒͊ ͫ͊ͣ͊ ͨͦ 
ͫͦ͋͜ Ύ͟ ͭ͊͊͟Σ ͊ ͍͊͘Ίͣͦ͒͜Ύ ͡Ό͙͙͒ͤ ͘ ͙ͨͪͪͦ͒ͦΌΦ ˭ͤ͊;͙ͭΈΣ ͍͙͙͋͊ͦͣ͘ ͙͔ͪͭͪ͟͜Ύ͙ͣ 
ͦͼ͙ͤ͜͟ ͍͙ͫͭͯͨ͊ΌͭΈ ͣͦͪ͊͡Έͤͦ-ͼͤͤͫͤ͜͜͜Φ ˨͡Ύ ͍͎ͤ͊ͯͦͦͦ͟ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͍͙͍͔͊͗͡ 
ͼ͔ͫͤ͜͜͡Σ ͔ͤͺ͍͔ͦͪͣ͊ͦ͊ͤ͘͜͡ ͙͚ͫͨͪͤΎͭͭΎΣ Ύ͔͟ ͒ͦͨͯͫ͊͟Ί ͜ ͙͍͔ͤͭͯͭͤ͜͝ ͔͔ͨͪ͒͋͊;͔ͤͤΎ ͘ 
͔͍ͨͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͍͍͊ͪ͊ͤͭ͜͜ ͚ͤ͊͋͜͡Έ΄ ͚͍͎ͣͦͪͤͦͦ͜Φ 

˹͍͔͊ͯͦ͟ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͣ͊Ί ͤ͊͘;ͤ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͜ ͔ͪ͊͡Έͤ͜ ͔ͪͯ͋͗͜ ͍ 
͔͔ͨͪ͒͋͊;͔ͤͤ͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦΦ ˽͔͔͍͎͙ͪ͊͊ͣ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ Ί ͚͎ͦͦ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ 
͍ͦ͋͐ͪͯͤͭͦ͊ͤͦͫͭ͜ ͜ ͍͒ͦ͊ͦͦͫͭ͘͟͜ ͍ͫͦ͝ͻ ͍͔͔ͭͪ͒͗ͤΈΣ ͫͨͪͦ͋͊ ͔͍͙ͦͨͪͯ͊ͭ 
͙͊ͦͤͦͣͪͤͣ͘͟͜ ͤ͊ͤͤ͘Ύͣ ͒͡Ύ ͍͙ͨ͒͜΅͔ͤͤΎ ͚ͤ͊͒ͤͦͫͭ͜͜ ͎͍ͨͪͦͤͦ͘͜Φ ˻͒ͤ͊͟Σ ͘͜ 
͎ͪͦ͘͡Ύ͒ͯ ͎͙ͨͪͦͤͦͫͭ͊͘ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍͙͟͡Ό;͔ͤ͜ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͍͙͍ͨ͊͒ͦ͟͜ ͺ͙͊ͭͦͪ͟ ͜ 
͍͙͍ͨ͡ ͫͯ͋ΩΊ͍ͭ͟͜ ͙ͫͭͦͪ͜;ͤͦ͝ ͒͜͝Σ ͔ͨͪͦͭ ͔ͫ͊ͣ ͍͙ͦͤ ͒͊ͭͤ͘͜ ͙͙ͪͦ͋ͭ͘ ͍͙ͪ͜΄͊͡Έ͙͚ͤ 
͍͙͍ͨ͡ ͤ͊ ͍͙͋ͪ͜ ͫͦͼ͊͜͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͍ ͭͦ;ͼ͜ ͋͜ͺͯͪ͊͟ͼ͜͝Φ ˿͒͜͡ ͭ͊ͦ͗͟ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ 
ͤ͊ ͔ͭΣ ΅ͦ ͔͙ͨͦͫͭͤ͊ͫ͟͡;ͤ͊ ͤ͊ͯ͊͟ ͎ͪͦ͘͡Ύ͒͊Ί ͡Ό͙͒ͤͦͣͪͤ͜͜ ͙͔͙ͫͫͭͣΣ ͊Σ ͤ͊͘;͙ͭΈΣ ͝͝ 
͍ͣͪͯ͊ͤͤ͜͟Ύ ͯ͟͡ΈͭͯͪͤͦΣ ͎͊ͫͦͦ͟͜͜͡;ͤͦΣ ͍͎ͫͭͦ͜͡Ύ͒ͤͦ ͍͔ͦ͋ͯͣͦͤ͜͡Φ ̂ ͍͘ΩΎͯ͘͟ ͘ ͼ͙ͣ 
͔͒͊͜͡ ͼͤͤͫͤͦ͜͜ ͔͚ͤͭͪ͊͡Έ͎ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ͨͦͫͭͯͨͦͦ ͍ͭͪ͊;͊Ί ͔ͫͤͫΦ ˢͭͯ͊͟͡Έ͙ͤͣ 
͍͙͒͊ΊͭΈͫΎ ͨ͒͜ͻ͒͜ ͒ͦ ͨͤ͊ͤͤ͘͜Ύ ͚ͣ͊͋ͯͭͤΈ͎ͦͦΣ ͍͙ͻͦ͒Ύ;͙ ͘ ͍ͯͫͭ͊ͤͦͦ͟ ͔ͭͦͫͯ ͫͯ;͊ͫͤͦ͝ 
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͔͙ͨͦͫͭͤ͊ͫ͟͡;ͤͦ͝ ͙ͤ͊ͯ͟Υ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͤ͊ ͼ͙͚ͫͤ͜͜͡ ͙͗ͭͭΊ͍͙͚ ͍ͫͭ͜ ͡Ό͙͙͒ͤΣ ͪ͜΄͔ͤͤΎ 
͔ͨͪͦ͋ͣͤͦ͡-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͊͒͊ͤ͘ΈΣ ͍͙͍;͔ͤͤΎ ͡Ό͙͙͒ͤͦͣͪͤ͜ͻ ͙͔ͫͫͭͣΣ 
΅ͦ ͍͙͍ͫ͊ͣͦͪͦ͊͘ΌͭΈͫΎ ͭͦ΅ͦΦ  

ˤ ͫͯ;͊ͫͤͦͣͯ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͙͙ͪ͘͟ ͫͭ͊Ί ͙͊ͭͪ͋ͯͭͦͣ ͫͦͼ͔ͦͦͤͦͣ͜͟͜;͎ͤͦͦ ͜ ͍ͤ͊ͯͦͦ͟-
͔ͭͻͤ͜;͎ͤͦͦ ͎͔ͨͪͦͪͫͯΦ ˤ͙͙ͪͦ͋ͤͼ͍ͭͦ ͔ͣ͊ͭͪ͊͜͡Έ͙ͤͻ ͎͋͊͡ ͚ͤ͊ͭͫͤ͜͜΄͙ͣ ;͙ͤͦͣ 
͍ͨͦΩΎ͔͊ͤ͘ ͘ ͍͙͙ͪͦ͋ͤͼ͍ͭͦͣ ͙͙͍ͪ͘͟͜Φ ˿ͯ;͙͚͊ͫͤ ͔ͭ͊ͨ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͔ͨ͊ͤͭ͊ͪͤͦ͡͝ 
ͼ͙͍͊͘͜͜͡ͼ͜͝ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͍ͪͤ͘͜ΎͤͤΎͣ ͝ͻ ͦ͋ΩΊ͍ͣ͜Σ ΅ͦ ͜ ͫͭ͊ͦ͡ ͍ͦͫͤͦͦΌ ͒͡Ύ 
ͪͦͯͣͤͤ͘͜Ύ ͫͯ;͎͊ͫͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊ Ύ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͙͙ͪͯ͘͟Φ ̂ ͭ͊ͦͣͯ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͜ 
͙͙͙ͪ͘͟ ͤͦͫΎͭΈ ͔͚͙͚ͤͤͤ͜͜͡ ͨͪͦͼ͔ͫͯ͊͡Έ͙͚ͤ ͻ͔͊ͪ͊ͭͪ͟Σ ͤͣ͊͘͜Ό;͙ ͍͒ͣͤͤͫͭ͜͜͜Έ ͣ͗͜ 
ͫͯ͋ΩΊͭͦͣ͟ ͜ ͦ͋ΩΊͭͦͣ͟Φ ̂ ͚͒͊ͤ͜ ͙ͫͭͯ͊ͼ͜͝ ͔͍͙ͤͤ͊͘;͔ͤͦͫͭ͜ ͍͔͡Έ͙ͣ ͔͚ͫͪͦͤͦ͘Ό 
͔ͨͪͦ͋ͣͦ͡Ό ͫͭ͊Ί ͍͙͋ͪ͜ ͔͔͍͙ͪ͊ͤͭͤ͡ͻ ͔͙ͣͭͦ͒͟ ͍͙ͨͦ͋ͯ͒ͦ ͎͙ͨͪͦͤͦͤ͘ͻ ͦͼͤͦ͜͟Σ 
͙͒͊ͭͤ͘ͻ ͍ͪ͊ͻ͍͙ͯ͊ͭ ͦ͋ΩΊ͙͍ͭͤ͟͜ ͔͔ͭͤ͒ͤͼ͜͝ ͍͙ͪͦͭͯ͘͟ ͚ͨͦ͒͜Σ ͔͔͔ͣͪ͒͗ͤͭͤ͜ ͔ͺ͔͙ͭ͟Σ 
͙ͨͪͻ͍ͦ͊ͤ͜ ͙ͤ͊ͫ͒͜͟͡ ͡Ό͒ͫΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˹͚͊͋͜͡Έ΄ ͨͦ΄͙͔͙͙ͪͤͣ ͔͙͙ͣͭͦ͒͊ͣ͟ Ί 
ͺ͚ͦͪͫ͊ͭ ς ͔͙͚ͦͣͨͫͤ͟͟͡ ͨ͒͜ͻ͒͜ ͒ͦ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͜ ͍ͨ͊ͤͯ͊ͤͤ͡ΎΣ ΅ͦ ͙ͫͨͪ͊ΊͭΈͫΎ 
ͤ͊ ͪͦ͋ͦͭͯ ͘ ͔͔͙͙ͫͨͪͭͤͣ͟ ͍͍͙͍͙ͫͨͭͦ͊ͪͫͭ͊ͣ͜Σ ͭ͊ ͎ͪ͊ͯ͒ͫͦͪͫͤ͟͜Σ ΅ͦ 
͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͍ ͚͎ͦͦ ͪ͊ͣ͊͟ͻ ς ͊ͯ͘͡;͔ͤͤΎ ΄͙͎ͪͦͦͦ͟ ͎͊͊ͯ͘͡ ͒ͦ ͊ͤ͊ͯ͘͜͡ ͚ 
ͦͼ͙ͤ͜͟ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͙ͤͻ ͍ͤͤͦ͊͜ͼ͚͜Φ 

˸͔͎ͭͦ͒ͦͦ͜͡Ύ ͺ͚ͦͪͫ͊ͭͯ ͙ͨͪͤͼ͙͍ͨͦͦ ͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͍͒͜ ͙ͭͪ͊͒ͼ͚͎ͤͦͦ͜ 
͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͭ͊ ͺ͎ͯͭͯͪͦͦ͜͡͝ ͜ ͔͎ͫͭͪ͊ͭ͜;͎ͤͦͦ ͍ͨ͊ͤͯ͊ͤͤ͡ΎΤ ͍ͦͤ͊ ͔ͤ ͍͙ͦ͒ͭ͘ΈͫΎ ͒ͦ 
͔͔ͨͪ͒͋͊;͔ͤΈΥ ͺ͚ͦͪͫ͊ͭ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͔͎ͣͭͦ͒ͦͦ͜͡Ό ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͨͪͦͼ͔ͫͯΣ Ύ͙͚͟ 
ͫͨͪΎ͍ͣͦ͊ͤͦ ͤ͊ ͍͔ͫͭͦͪͤͤΎ ͎͊͊͘͡Έ͎ͤͦͦ ͋͊;͔ͤͤΎ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͯ ͍ͫ͜ͻ ͯ;͙͍͊ͫͤ͟͜ ͭ͊ 
͎ͤ͊ͣ͊͊ͤͤΎ ͍ͪ͊ͻ͍͙ͯ͊ͭ ͭ͊ ͙͙ͨ͒ͭͪͣ͊ͭ͜ ͍ͫ͜ ͊͘ͼ͍͔͊ͤ͜͟͜͡ ͙ͫͭͦͪͦͤ ώпΣ млфϐΦ ̂ 
͎͊͊͘͡Έͤͦͣͯ ͍͙͎͡Ύ͒͜ ͺ͚ͦͪͫ͊ͭ ς ͼ͔ ͔ͣͭͦ͒Σ ͔ͭͻ͎ͤͦͦ͜͡ΎΣ ͨͪͦͼ͔ͫ ͍͔ͫͭͦͪͤͤΎ ͎͊͊͘͡Έͤͦ͝ 
͙͙͊ͪͭͤ͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͪͦ͋͡Ύ;͙ ͙ͨͪ ͼΈͦͣͯ ͊͟ͼ͔ͤͭ ͤ͊ ͍͙͍ͪͦͭͦ͘͟͜ 
͙ͤ͊ͯ͟Σ ͍͙͙ͫͦ͟ͻ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔͙ͦͤͦͣ͟͜͟Φ ˻͍ͫͤͦͦΌ ͺ͚ͦͪͫ͊ͭͯ ͨͦͫͭ͊Ί 
͙͔ͫͫͭͣ͊ ͔͍ͣͭͦ͒͜ ͔͔ͫͨͪͭͤͦ͟͝ ͦͼ͙ͤ͜͟ ͔͎ͫͭͪ͊ͭ͜;͙ͤͻ ͤ͊ͨͪΎ͍ͣ͜ ͫͦͼ͊͜͡Έͤͦ-
͔ͦͤͦͣ͟͜;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟Τ ͙ͨͪ ͼΈͦͣͯ ͍͎ͯ͊͊ ͔͔ͦͫͪ͒͗ͯ͘ΊͭΈͫΎ ͤ͊ ͦͼͤ͜ͼ͜ ͍͙ͪͦͭͯ͘͟ 
͍ͤͤͦ͊͜ͼ͚͜Σ ͙͒͊ͭͤ͘ͻ ;͙͙͙ͤͭ ͙͊ͪ͒ͤ͊͟͡Έ͙͚ͤ ͭͪ͊ͤͫͺ͙͍͙͚ͦͪͣ͊ͭͤ ͍͙͍ͨ͡ ͤ͊ 
ͫͯͫͨ͜͡Έ͍ͫͭͦ ͍ ͔͔ͫͪ͒ͤΈͦ- ͭ ͊ ͍͎͍͚͒ͦͦͫͭͪͦͦ͟͜ ͔͔͙͍ͨͪͫͨͭ͟͜Φ  

͙́͊ͣ͟ ;͙ͤͦͣΣ ͤ͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ͍͙ͪͦͭͯ͘͟ ͔ͨ͊ͤͭ͊ͪͤͦ͡͝ ͼ͙͍͊͘͜͜͡ͼ͜͝ Ί ͍ͫ͜ 
͍͙ͨ͒ͫͭ͊͜ ͎͍͙͙ͦͦͪͭ ͨͪͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͦͣͨͫͯ͟͟͡ ͍͙͙ͫͦ͟ͻ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ 
(NBICύ Ύ͟ ͎ͫ͊͒ͤͦͦ͟͡Σ ͎͔͎͋͊͊ͭͦ͊ͫͨͭͤͦͦ͟ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͺ͔͔ͤͦͣͤ͊Φ ˤ͙͙ͤ͊͟Ί 
͔ͭͻ͎ͤͦͦ͜͡;ͤͦ ͔͔͍ͦͨͦͫͪ͒ͦ͊ͤ͊͟ ͍͔͎͔ͦͤͪͤ͟ͼ͜Ύ ͣ͗͜ ͔ͣ͊ͭͪ͊͜͡Έ͙͙ͤͣ ͍ͪͤ͜Ύ͙ͣ 
͔ͪ͊͡Έͤͦͫͭ͜ ͜ ͎͙͍͙͙ͦͤͭͤͣ͟͜ ͍ͪͤ͜Ύ͙ͣ ͡Ό͒ͫΈ͎ͦͦ͟ ͍͒ͦͫ͒ͯ͜Φ ˽ͦͫͭ͊Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ 
͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͨͪͦͼ͔ͫ ͍͔͎͔͎ͯͦͤͪͤͭͤͦͦ͟ ͪͦ͘΄͙͔ͪͤͤΎ ͙ͨͪ͊ͭ͟͟ ͔ͭͻͤͦͯ͟͡Έͭͯͪͤͦ ͝
͎͊ͤͭͪͦͨͦͦ͜͡;ͤͦ ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͔ͣ͒͊͜ͼ͜͝Σ ΅ͦ ͔͙͍ͪͯͪͫͤͦ͟ ͨͦͪͦ͒͗ͯΌͭΈ ͎͙͋ͪ͒ͤ͜͜ 
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{¦aa!w¸ 
S.V. Sumchenko. Converging Technologies: Philosophical Aspects of 

Understanding  
The article defines the concept of ζNBIC-convergenceη; at the modern stage of 

civilization development of humanity converging technologies: nanotechnologies, 
biotechnologies, information technologies, cognitive technologies create an 
intensive synergetic interaction that opens up new prospects for evolution as a 
transformation process which is consciously directed. NBIC are interdisciplinary 
converging technologies. The concept of the association of converging technologies 
is technocratic. Nanotechnology stand as a synergistic order parameter in the NBIC, 
and the evolution of converging technologies follows their logic. It is stated that a 
holistic consideration of the process of formation of the synergetic complex of the 
associated converging technologies is considered in the context of the 
methodological paradigm of synergistic complexity. The principle of methodological 
complexity becomes transdisciplinary principle of transformative socio-cultural 
practices.  

The need for the emergence of new methods of evaluation the effectiveness of 
these technologies and expertise in terms of ambiguous nature of innovation 
processes is indicated. Among the main research directions in this context allocate 
forecasting, futurology and expertise, which are closely interconnected. The 
consistency of the expertise, which is implemented through the interdisciplinarity 
approach is reveals. The components of techno-social expertise are analyzed. It is 
stated that techno expertise and its humanitarian area is one of the key factors for 
the sustainability and survival of society. Expertise of technical and technological 
innovation is a meta scientific character. 

Key words: high technologies, NBIC, convergence, the paradigm of synergetic 
complexity, techno-social expertise, forecasting, foresight, crowdsourcing. 
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ͣ͊ͤͨͯ͜͡Ύ͙͍ͭͤͦ͝ ͫͯͭͤͦͫͭ͜ ͫͦͼ͎͙ͦͯͣ͊ͤͭ͊ͪͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ς ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ 
͍͚ͤ͜ ͭ͊ ͔͔ͦͪͫͤ͟͜͡ ͙͍ͣͦ͗͡ ͜ ͍͊ͪ͊ͤͭ͜ ͙ ͨͦ͒ͦ͊ͤͤ͡Ύ ͼ͜Ί͝ ͔͔͔͙ͤ͋ͨ͘͟Φ ˽ͦ͒͊ͤ͜ 

http://www.multitran.ru/c/m.exe?t=6565914_1_2&s1=%F2%E5%F1%ED%EE%20%E2%E7%E0%E8%EC%EE%F1%E2%FF%E7%E0%ED%ED%FB%E9
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͍ͦͫͤͦͤ͜ ͔͒ͺͤ͜͜ͼ͜͝ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜Σ ͤ͊ ͝ͻ ͍ͦͫͤͦ͜ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͍ͦͫͤͦͤ͊ 
͔ͣͭ͊ ͝ͻ ͍͔͔ͨͪͦ͒ͤͤΎΦ ˾͙ͦ͋ͭΈͫΎ ͎ͤ͊ͦͦͫ͡ ͤ͊ ͍͙͚ͫͦ͟͜ ͔͔͔ͤ͋ͨ͘ͼ͜ ͭ͊ ͔ͤΎ͍ͤͦͣͯ 
͍͙͍ͨ͜͡ ͤ͊ ͫͦͼͯͣ͜Φ ˿͍͔ͭͦͪͤͤΎ ͙ͫ͡ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔ͦͨͪ͊ͼ͚͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ 
͍͍͒ͨͦ͒͜͜Έ ͫͯ;͙͊ͫͤͣ ͍͙͙͊ͣ͟͟͡ ͍͙ͪͦͭͯ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ 
˴ͦͪͦͭͦ͟ ͙ͦͨͫͯΊͭΈͫΎ ͫͭͦͪ͜͜Ύ ͍͔ͫͭͦͪͤͤΎ ͙ͫ͡ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔ͦͨͪ͊ͼ͚͜, 
͍͊ͯ͘͟ΌͭΈͫΎ ͍ͦͫͤͦͤ͜ ͍͊͒͊ͤͤ͘ΎΣ ΅ͦ ͙͙ͤͣ ͍͙ͪ͜΄ͯΌͭΈͫΎΦ  

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͫͦͼ͎ͦͯͣ͊ͤͭ͊ͪͤ͜͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͣ͊ͤͨͯ͜͡Ύ͙͍ͭͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ 
Hi-Hume ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜Σ ͔ͫͨͼ͊͜͡Έͤ͜ ͔ͦͨͪ͊ͼ͜͝Σ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ 
͔ͦͨͪ͊ͼ͜͝Σ ͙͙ͫ͡ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔ͦͨͪ͊ͼ͚͜Φ 

 

ˢͭͯ͊͟͡Έͤͫͭ͜Έ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˣͯͪͻ͙͍͙͚͡ ͎͔ͨͪͦͪͫ ͔ͦͣͨͫͯ͟͟͡ b.L/{ 
͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͙͔ͨͪͫͦͪͤͤ͟Ύ ͣͤ͘͜ ͍ ͦͭͦ;ͯΌ;ͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜Σ ͊ ͍͙͙͊ͤ͟͟͜͡ ͙ͤͣ 
͔ͺ͔͙ͭ͟ ͍ͫͭͦͪΌΌͭΈ ͍͔͙͡;͔ͤ͘͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͒͡Ύ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ͙͍ͤ͒͒ͯ͊͜͜͡ΈͤͦΌ ͜ 
͔͙͍ͦͭͤͦ͟͟͡Ό ͍ͫ͒ͦͣͫͭ͜͜ΌΦ ˹͚͊͋͜͡Έ΄ Ύ͍͙ͫͪ͊ͣ͟ ͙ͨͪ͊͒ͦͣ͟͡ ͙ͭ͊͟ͻ ͣ͊ͤͨͯ͜͡Ύͼ͚͜ Ί 
ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜Σ ͜ ;͙ͣ ͍͙΅͙͚ ͍͔ͪͤ͜Έ ͍͙ͪͦͭͯ͘͟ ͜ ͫͺ͔ͪ͊ ͦͻ͔ͦͨͤͤ͡Ύ 
ͤ͜ͺ͔͔͍͙ͦͫͪ͒ͦ΅͊, ͙ͭͣ ͔͔͔ͤ͋ͨ͘;ͤ͜΄ͦΌ ͍ͦͤ͊ ͫͭ͊ΊΦ ˭͍͙;͚͊ͤͦΣ Ύ͟ ͜ ζ͟ ͙͊ͫ͡;ͤ͊η 
͍͚ͤ͊͜Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͚͍ͪͯͤͯ͊ͤͤΎΣ ΅ͦ ͍͙ͫͭ͊ͭΈ ͔͍ͨͤ͜ ͊͒͊͘;͜ 
͔͔ͨͪ͒ ͫͦͼͯͣͦͣ͜ ͭ͊ ͔͍͙͒ͪ͗͊͊ͣ ς ͊͒͊͘;͜ ͔ͤ͒ͦͨͯ΅͔ͤͤΎΣ ͔͔͔ͨͦͨͪ͒͗ͤͤΎ ͭ͊ 
͊͘ͻ͙ͫͭͯΦ ˢ͔͡ ͔͔ͤ͊ͫͤͤ͡Ύ ͊ͤ͊͘͘Ί ͔ͤ ͭ͜͡Έ͙͟ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͍͙͍ͨͯ͡Υ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͙ͫͭ͊͡ ͚ͤ͊͋͜͡Έ΄ ͙͍͙͙ͨͪ͋ͯͭͦͣ͟Σ ͚ͤ͊͋͜͡Έ΄ ͔ͦͣͪ͟ͼ͚ͤͦ͜ ͔ͺ͔͙͍͙͙ͭͤͣ͟Σ 
͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜Ό ͔ͭͦ͜͡Ό ͫͭ͊ΌͭΈ ͡Ό͙͒Σ ΅ͦ ͙͚ͨͪͣ͊ΌͭΈ ͯ;͊ͫͭΈ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ 
͍ͫ͒ͦͣͦͫͭ͜͜Φ ˤ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͍ ͔ͣ͗͊ͻ ͎ͦ͗ͤͦͦ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍͙͙ͤ͊͟Ί ͎͙͋ͦ͊͟͡ 
͔͔ͫͯͨͪ;ͤͫͭ͜Έ ͣ͗͜ ͙͙ͭͣΣ ͻͭͦ ͚͒ͫͤ͘͜ΌΊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͯͫͨ͜͡Έͤͦ͝ ͭ ͙͍͊ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ 
͍ͫ͒ͦͣͦͫͭ͜͜Σ Ύ͊͟ ͍ͫͭͦͪΌΊ ͍ͤͦͯ ͔ͪ͊͡Έͤͫͭ͜ΈΣ ͜ ͍ͦͫͤͦͤͦΌ ͣ͊ͫͦΌ ͔͔ͤ͊ͫͤͤ͡ΎΣ Ύ͊͟ ͍ 
͙ͫͯ͡ ͔ͫͨͼ͙ͺ͙͜͟ ͍ͫͦΊ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͤ ͣ͊Ί ͒ͦͫͭͯͨͯ ͒ͦ ͙ͫͭͤͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭ͊ Ί 
ͦ͋ϥΊͭͦͣ͟ ͣ͊ͤͨͯ͜͡Ύͼ͚͜Φ  

˸͔ͭ͊ ͒͊ͤͦ͝ ͫͭ͊ͭͭ͜ ͨͦ͡Ύ͎͊Ί ͯ ͙ͪͦͪͭͭ͘͟͜ ͚ͤ͊͋͜͡Έ΄ ͔͔͔ͤ͋ͨ͘;͎ͤͦͦ ͔͊ͫͨͭͯ͟ 
ͣ͊ͤͨͯ͜͡Ύ͙͍ͭͤͦ͝ ͫͯͭͤͦͫͭ͜ ͫͦͼ͎͙ͦͯͣ͊ͤͭ͊ͪͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ς ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍͚ͤ͜ ͭ͊ 
͔͔ͦͪͫͤͤ͟͜͡ ͙͍͙ͣͦ͗͡ͻ ͍͍͊ͪ͊ͤͭ͜͜ ͨͦ͒ͦ͊ͤͤ͡Ύ ͼ͜Ί͝ ͔͔͔͙ͤ͋ͨ͘͟Φ 

̒͟ ͋ͯͦ͡ ͍͊͊ͤͦ͘͟ ͯ ͤ͊΄͙ͻ ͔͔ͨͦͨͪ͒ͤ͜ͻ ͪͦ͋ͦͭ͊ͻ ώмлϐΣ ͨͦͤΎͭͭΎ 
ͫͦͼ͎ͦͯͣ͊ͤͭ͊ͪͤ͜͜͜ ͊͋ͦ Iƛ-IǳƳŜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͙͒ͦͫͭΈ ΄͙͔ͪͦ͟ ͭ͊ ͣ͊Ί ͎͋͊͊ͭͦ 
͍ͭͪ͊ͭͯ͊ͤ͟ΈΦ ˻͍ͫͤͦͤ͜ ͘ ͍͙ͤ͊͘;͔ͤΈ ͼΈ͎ͦͦ ͔͔͔ͣͤͭͯ͡ ͔ͦͣͨͫͯ͟͟͡ NBICS Ί ͙͙ͭ͊ͣ͟Φ 
˽͒͜ ͫͦͼ͎͙͙ͦͯͣ͊ͤͭ͊ͪͤͣ͜͜ ͊͋ͦ Hi-Hume ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣ ͪͦͯͣ͘͜ΌͭΈ ζͭ ͔ͻ͎ͤͦͦ͜͡͝ 
͙ͣͤ͘͜ ͡Ό͒ͫΈͦ͟͝ ͍ͫ͒ͦͣͦͫͭ͜͜η ώпΣ тмϐ ͊͋ͦ ͍ͤ͊ͭ͜Έ ζͭ ͔ͻ͎ͤͦͦ͜͡͝ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ͝ ͙ͣͤ͘͜ 
͡Ό͙͙͒ͤη [1, 24]. ˿͊ͣ͊ ͗ ͡Ό͙͒ͤ͊ ζͪ ͎ͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͫͦͼ͔ͦͭ͜ͻͤ͜;ͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͊ ͝͝ 
͍ͫ͒ͦͣͫͭ͜͜Έ ς Ύ͟ ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͦ͋ϥΊͭ͟Σ Ύ͙ͣ͟ ͣͦ͗ͤ͊ ͔͍͙ͪͯ͊ͭ͟Σ ͊͒͊͘Ό;͙ ͔͍ͨͤͯ 
͎ͨͪͦͪ͊ͣͯ ͚͒͜η ώнΣ фоϐΦ ̂ͪ͊ͤͫ͟͝Έ͙͚͟ ͙͒ͦͫ͒ͤ͜͟͡ ˤΦ ͔̉΄ͦ͟ ͪͦͯͣ͘͜Ί ͨ͒͜ Iƛ-Hume 
ζ͍ ͙ͫͦ͟͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͔͔ͨͪ͒ͣͭͦͣ Ύ͙͟ͻ Ί ͔͔͍͔ͨͪͭͦͪͤͤΎ ͋ͦͫͦ͜ͼ͊͜͡Έͤͦ͝ ͙͙ͨͪͪͦ͒ 
͡Ό͙͙͒ͤΣ ͭͦ͋ͭͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ύ ͝͝ ͎͔͔͙ͤͭ;͎ͤͦͦΣ ͎͙͍ͦͤͭͤͦ͟͜-͎ͦ͜͡;͎ͤͦͦ ͚ 
ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͍ͦ͒͟͜η [14, 101].  
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ζ˻ ͋ϥΊͭͦͣ͟ Iƛ-IǳƳŜ ͔ͭͻ͎͚ͤͦͦ͜͡ Ί ͡Ό͙͒ͤ͊ ͍ ͯͫ͜ͻ ͝͝ ͍͙ͣͪ͊͜ͻΣ ͭͦ͋ͭͦ 
˸ͪͦͦͫͣ͜͟͟Σ ΅ͦ ͦͻͦͨ͡ΌΊ ͍ͫͭ͜ ͡Ό͒ͫΈ͙͟ͻ ͎͔͍ͤ͜Σ ͡Ό͒ͫΈ͙͚͟ ͎͔ͤͦͣΣ ͎͔ͤͦͦ͒͟Σ 
͔ͭͫͤͫͭ͜͜͡ΈΣ ͡Ό͒ͫΈͯ͟ ͔͚͙͔ͤͪͦͫͫͭͣͯΦ ˭ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͎ͫ͊͊ͤͦͦ͘͟Σ ͔͎ͦ͟͡ ͙ͪͦͯͣͭ͘͘͜Σ 
;ͦͣͯ ͼΌ ͔͎͊ͭͦͪ͟͜Ό ͔ͭͻ͎͚ͤͦͦ͜͡ ͨͦͤ͊͘;͊ΌͭΈ ͔ͭͪͣͤͦͣ͜ ζ͎ ͔ͯͣ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ηζ [7].  

˿ͯͭͤͫͭ͜Έ ͔ͭͻ͎͚ͤͦͦ͜͡ Iƛ-Hume ς ͯ ͣ͊ͤͨͯ͜͡Ύ͙͍ͭͤͦͣͯ ͻ͔͊ͪ͊ͭͪ͟͜Φ ˤ ͍ͯͣͦ͊ͻ 
͎ͦ͋͊͊͘͜͡͡ͼ͜͝ ͚ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͔͍ͪͦ͡Όͼ͜͝Σ ͍͔ͦ͋ͯͣͦͤͦ͡͝ ͍͙͙͙ͫͦͣ͟ 
ͤ͜ͺͦͪͣ͊ͼ͚͙͙ͤͣ͜ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ ͣ͊ͤͨͯ͜͡Ύͼ͜Ύ ͫͭ͊Ί ͔ͤ ͙͡΄͔ Ύͫͤͦ͟͜ ͤ͜΄ͦΌΣ ͔͊͡ ͚ 
͙͍ͣͦ͗ͦ͡Ό ͯ ͍͒ͤͦ͜΄͔ͤͤ͜ ͒ͦ ͍ͫΈ͎ͦͦ ͔͔ͤ͊ͫͤͤ͡Ύ ͍ͫͭͯ͜ ώмрΣ мррϐΦ 

Hi-IǳƳŜ ͤ͊͘;ͤͦ ͍͒ͪͤ͘͜͜ΎΌͭΈͫΎ ͍͒͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͒ͯͫͭͪ͊͜͜͡Έ͎ͤͦͦ ͚ 
͒ͦͤ͒ͯͫͭͪ͊͜͜͡Έ͎ͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭΦ ˭ͤ͊;͙͚ͤ ͍͙͍ͨ͡ ͼ͙ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͊ ͫͦͼͦͯ͜͟͡Έͭͯͪͤͯ 
͎͊ͯ͘͡Έ ͨͦΎͫͤΌΊͭΈͫΎ ͙ͭͣΣ ΅ͦ ͍͊͘Ίͣͦ͒͜Ύ ͯ͟͡Έ͙ͭͯͪ ͚ ͍͙͙ͫͦ͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ς ͼ͔ 
ͤ͜ͺͦͪͣ͊ͼ͚͙͚ͤ͜ ͨͪͦͼ͔ͫΦ ˤ͙ͫͦ͟͜ ͫͦͼ͎ͦͯͣ͊ͤͭ͊ͪͤ͜͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ Ί ͙͔ͫͤͭͦͣ͘ ͙ͤ͊ͯ͟Σ 
͙͔ͣͫͭͼ͍ͭ͊ ͜ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͤ͊ͤͤ͘Ύ ώоΣ нпнϐΦ 

˽͔͔ͪ͒ͯͫͣ͜Σ ͒ͦ Iƛ-IǳƳŜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͣͦ͗ͤ͊ ͍͔͙͒ͤͫͭ͜ ͔͙͎͍ͣ͊ͪͭͤͦ͟͜ ͜ ͔͋ͤͫ͘͜-
͔ͭͻ͎ͤͦͦ͜͡͝Σ ͍͔ͦͫͤͦͤ ͍͊͒͊ͤͤ͘Ύ Ύ͙͟ͻ ς ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍͔ͨͦ͒ͤͦ͜͟Ό ͙͍ͫͨͦ͗͊;͊Σ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͤͦͻΣ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͙͍ͫͣͦ͜͡;͙ͤͻ ͜ ͔ͣͦͼ͚͙ͤ͜ͻ ͔ͨͦͭͪ͋Σ ͊ ͭ͊ͦ͗͟ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͔ͨͪͫͦͤ͊ͦͣ͡Σ ͔ͦͪͣ͊͘͟Σ ͔͋ͤͫ͘͜-͙͙͎ͤ͗ͤͪͤ͜͜Σ ͦͪ͜Ί͍͙͚ͤͭͦ͊ͤ ͤ͊ 
͍͔ͫͭͦͪͤͤΎ ͍͙ͤͦͻ ͔͋ͤͫ͘͜-͔͍ͨͪͦͭ͟͜Τ ͔͙͙͎ͪͤ͗ͤͪͤ͜͜Σ ΅ͦ ͚͊ͣ͊͘ΊͭΈͫΎ ͔͎ͪͦͪ͊ͤ͊͘͜ͼ͜ΊΌ 
͔͋ͤͫ͘͜-͔͍ͨͪͦͭ͟͜Τ ͙͍ͪͦ͘͟͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ΅ͦ ͍ͯͨͪ͊͡ΎΌͭΈ ͙͙ͪ͊ͣ͘͟ ͯ ͎͊ͯ͘͜͡ ͔͋ͤͫͯ͘͜Τ 
ͦͯ͟;͎ͤ͜-͔ͭͻ͎ͤͦͦ͜͡͝Σ ͤ͊ͼ͔ͤ͜͜͡ ͤ͊ ͍͔ͫͭͦͪͤͤΎ ͔͋ͤͫ͘͜-͙ͦͣ͊ͤ͒͟Σ ͣ͘͜ͼ͔ͤͤͤΎ 
͍ͤͯͭͪ͜΄ͤΈ͙͍͎ͦͦͪͨͦͪ͊ͭͤͦͦ͟ ͒ͯͻͯΣ ͙͍͍ͣͦͭͯ͊ͤͤΎ ͔ͨͪͫͦͤ͊ͯ͡Σ ͎͊ͨͦ͋͊ͤͤ͘͜Ύ ͊͋ͦ 
͔ͯͫͯͤͤͤΎ ͦͤ͟ͺ͍ͭ͜͟͜͡ ͯ ͔͙͍ͦͭ͟͟͜͡Φ ́͊ͦ͗͟ ͒ͦ Iƛ-IǳƳŜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͒ͤͦͫ͜ΎͭΈͫΎ  
PR-͔ͭͻ͎ͤͦͦ͜͡͝Σ ͍͙ͫͦ͟͜ ͔ͨͦͭͭ͜͡ͻ͎ͤͦͦ͜͡͝Σ ͔ͭͻ͎ͤͦͦ͜͡͝ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍͚ͤ͜Φ 

̒͟΅ͦ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͍ͤͦ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ Ύ͟ ͋ͪͦ͘ΌΣ ͭͦ ͔ͤͦ͋ͻ͒ͤͦ͜ 
͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ͍͙ͦͤ ͒͊ͭͤ͘͜ ͔͙ͦ͋ͪͤͯͭͫΎ ͒͡Ύ ͡Ό͍͒ͫͭ͊ ͊ͭ͊ͫͭͪͦ͟ͺͦΌΣ ͔͊͒͗ ͍ Ύͦͫͭ͟͜ 
͔ͤͫͭͪͯͣͤͭ͊͜ ͙͙ͨͦͭ͜͟͡ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜ ͦͤ͊͘;͊Ί ͍ͨ͊ͤͯ͊ͤͤΎ ͎ͦ͒ͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊ 
΄͡Ύͻͦͣ ͔ͦ͋͒ͯͪͤͤΎ ͤ͊ͪͦ͒ͯ ͤ͜΄ͦ͝ ͙ͪ͊ͤ͟͝Φ 

͔͔̅ͤͦͣͤ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜ Ί ͦ͋ΩΊͭͦͣ͟ ͙ͣ͗͒ͫ͜ͼ͙͙ͨͤ͊ͪͤ͜͡ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ 
˨͔ͦͫ͒͗ͤͤ͜͡Ύͣ ͔͍͙ͨͤͻ ͚͎ͦͦ ͔͔͔͍ͣͤͭ͜͡ ͚͙͊ͣ͊ͫ͘͡ΎΥ ˩Φ ́ͦͺ͔ͪ͡ ό͍͍͊ͤ͊ͯ͊͘͜͡ 
ͺ͔͔ͤͦͣͤ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜ ͘ ͙ͨͦ͘ͼ͚͜ ͤ͊ͫͭ͊ͤͤΎ ζͭ ͔ͪͭΈͦ͝ ͻ͍͙͜͡η ͍͙ͪͦͭͯ͘͟ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊ύΦ ˭ͤ͊;͙͚ͤ ͍͔ͤͫͦ͟ ͯ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͫͯͭ͜ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͔͙ͤ͊͗ͭ͡Έ  
˽Φ ˿ͦͪͦͤͯ͟͜Σ ˽Φ ˨͔ͪͯͪͯ͟Σ ˸Φ ˴͔͊ͫͭ͡ΈͫͯΦ ˲ͻ ͦͤ͟ͼ͔ͨͼ͜͝ ͎͋͊͊ͭͦ ͍ ;ͦͣͯ ͙ͫͭ͊͡ ͍ͦͫͤͦͦΌ 
͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͔͙ͪͤͦͭͦͪͤ͘͜͟ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍͚ͤ͜Φ  

˻͙͒ͤͣ ͘ ͚͔ͤ͊ͨͪ΄͙ͻ ͺ͊ͻ͍͜ͼ͍͜ όͨͪ͊ͼ͜ Ύ͙͟ͻ ͒ͦͫͭͯͨͤ͜ ΄͙ͪͦͦͣͯ͟ ͦͯ͟͡ ;͙ͭ͊;͍͜ύΣ 
Ύ͙͚͟ ͎ͪͦ͘͡Ύ͍͒͊ ͺ͔͔ͤͦͣͤ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍ͦΊͤΣ ͍͋ͯ ˸Φ ˸͊͟͡ΌΊͤ ͯ мфсл ͪͦ͊͟ͻ  
̆̆ ͫͭͦͭͭ͜͡ΎΦ ˤͤ͜ ͎͙͍ͨͪͦͦͦͫ͡Σ ΅ͦ ͍ ͤ͊΄ ;͊ͫ ͔ͦͤͦͣ͟͜;ͤ͜ ͍͘ϥΎ͙͘͟ ͜ ͍͙͙͒ͤͦͫͤ͜ ͍͔ͫ 
͋͜͡Έ΄͔ ͙ͤ͊͋ͪ͊ΌͭΈ ͺ͙ͦͪͣ ͦ͋ͣͤͯ͜ ͤ͊ͤͤ͘Ύ͙ͣΣ ͊ ͔ͤ ͍͙ͭͦ͊ͪ͊ͣΦ ˢ ͙͊ͫͦ͋͘ ͍ͣ͊ͫͦͦ͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ ͫ͊ͣ͜ Ί ͍͙͙ͤͦͣ ζͨ ͙͙͙ͪͪͦ͒ͤͣ ͔͙ͪͫͯͪͫ͊ͣηΣ ΅ͦ ͙ͨͪͣͤͦ͗ͯΌͭΈ 
͎͍͋͊͊ͭͫͭ͊ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ώ8]. ͔̂͗ ͍ ͚ͭͦ ;͊ͫ ͋ͯͦ͡ ͍͒ͦͣͦ͜Σ ΅ͦ ζ͜ ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜η 
͍͔͔͒ͭΈͫΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͚ͤ͊͋͜͡Έ΄ 
͔͔͍ͨͪ͒ͦ͜ ͙ͪͦͪͦ͋͘͟ ͙ͭͻ ;͍͊ͫ͜Φ ˱ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͋ͪͦ͘Ύ ͺͦͪͣͯΊ ͍ͤͦ͜ ͯΎ͍͔ͤͤ͡ΎΣ 
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͙ͨͪ;ͦͣͯ ͍͔ͫͦͻͦͨ͡ΌΌ;͙͚ ͍͙͍ͨ͡ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͔͔͍͙ͫͪ͒ͦ΅͊ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ 
͎ͭͦͦΣ ΅ͦ ζ͘ ͔ͣͤ͊ ͯ͟͡Ύ ͔͔ͭͨͪ ς ͤ ͔ ͋͜͡Έ΄͔Σ ͤ͗͜ ͔ͫͦ͡η [8, 7]. 

˽ͤ͘͜͜΄͔ ͔ͭͪͣͤ͜ ζ͜ ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜η ͍͙͙͙ͦͪͫͭ͊͟͡ ͯ мфур ͪΦ ͯ ˴͙ͭ͊͝Σ 
͙ͨͪ;ͦͣͯ ͙ͫͨͪ͊Ό;͙ͫΈ ͤ͊ ͨͪ͊ͼΌ ͍͒͊ͤΈ͙͚ͦͭ͊ͫ͟Έ͎ͦͦ͟ ͔͔͙ͭͦͪͭ͊͟ ͍͚ͤ͜  ˿ͯͤΈ-͙̇͘Φ ˤ 
ͭͪ͊ͭ͊ͭ͟͜ ζ˸ ͙͔ͫͭͼ͍ͭͦ ͍͚͙ͤ͜η ͍ͤ͜ ͊ͤ͊͘͘;͍͊Υ ζ̂  ͋ͯ͒Έ-Ύ͚͟͜ ͍͚ͤ͜͜Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ 
͚ͤ͊ͪ͊͟΅͊ ͙ͨͦͭ͊͜͟͡ ͍͙ͦ͒ͭ͘ΈͫΎ ͒ͦ ͊͘ͻ͔ͦͨͤͤ͡Ύ ͔͍͙͒ͪ͗͊ ͍ ͼͦͣͯ͜͡ΦΦΦ ˭͙͒ͦ͋ͯͭ ͫͦͭͤ͜ 
͔͔͎ͨͪͣͦ ͯ ͋ͦΌ ς ͼ ͔͔ͤ ͔ͣ͗͊ ͙͔ͣͫͭͼ͍ͭ͊Φ ˽͙͙͒ͦͪͭ͜͟ ͙͍͙ͫͯͨͪͦͭͤ͊͟ ͔͋͘ ͋ͦΌ ς ͦͫΈ 
͍͔ͤ͜ͼΈ ͙͔ͣͫͭͼ͍ͭ͊η [6]. 

̒ͯ͟ ͗ ͫͯͭͤͫͭ͜Έ ͣ͊Ί ͨͦͤΎͭͭΎ ζ͜ ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜ηΚ ˱ͫͤͯΊ ͔͋͘͜͡; ͍͙ͤ͊͘;͔ͤΈΣ 
͙ͣ ͎ͪͦ͘͡Ύ͔ͤͣͦ ͔͒͟͜͡Έ͊͟ ͚ͤ͊͋͜͡Έ΄ ͨͦ΄͙͔͙ͪͤͻΦ  

̂ ͚ͤ͊͋͜͡Έ΄ ͎͊͊͘͡Έͤͦͣͯ ͔ͫͤͫ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜ ς ͼ͔ ͫͯͯͨͤͫͭ͟͜Έ 
͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͔ͣͻ͍͊ͤͣ͘͜͜ ͭ͊ ͔ͦͨͪ͊ͼ͚͜ ͘ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͚ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ 
ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͙ͦͭͪͣ͊ͤͤΎ ͔͙͍ͦͨͪ͊ͭͤͦ͝ ͔͔͍͎͙ͨͪ͊ ͤ͊͒ ͍͎ͦͪͦͦͣΦ ˤ͔͔͒ͤͤΎ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜ ͔͔ͨͪ͒͋͊;͊Ί ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͒ͦͻ ͙͍ͭͨ͜ ͋ͪͦ͘͝Υ ͎ͨͪͦͪ͊ͣͤͦ-
͔ͭͻͤ͜;ͤͦ͝ ͭ͊ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ώрΣ нуϐΦ ˽͙͙ͪ͊͒͊ͣ͟͡ ͎ͨͪͦͪ͊ͣͤͦ-͔ͭͻͤ͜;ͤͦ͝ 
͋ͪͦ͘͝ ͍ ͤ͜ͺͦͪͣ͊ͼ͚͚ͤ͜͜ ͍͚͙ͤ͜ ͣͦ͗ͯͭΈ ͎͍͙ͫͯͯ͊ͭ͡ ͦͣͨ͟ΩΌ͔ͭͪͤ͜ ͍͙ͪͯͫ͜Σ ͻ͔͊ͪͫ͟Έ͟͜ 
͙͊ͭ͊͟ ͭͦ΅ͦΦ 

̂ ͙ͤ͘͟͜ ˨Φ ˽ͪͦͦ͟ͺϥΊ͍͊ ζ˱ ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜ ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͦ͘͡;͙ͤͤͫͭ͜Έη 
͍͔͔ͤ͊͒ͤͦ ͔ͭ͊͟ ͍͙ͤ͊͘;͔ͤͤΎΥ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜ ς ͼ͔ ͒͜͝Σ ͪͦͨͦ͘;͊ͭ͜ ͒͡Ύ 
͒ͦͫΎ͎͔ͤͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͔͔͍͎͙ͨͪ͊ ΄͡Ύͻͦͣ ͍͊͒͊ͤͤ͘Ύ ΄͙ͦ͒͟ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ 
ͨͪͦͼ͔ͫ͊ͣΣ ΅ͦ ͋͊ͯ͘ΌͭΈͫΎ ͤ͊ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ͊ͻ 
͙͍͙ͫͯͨͪͦͭͤ͊͟ ͙ͨͪ ͦ͒ͤͦ;͊ͫͤͦͣͯ ͊͘ͻ͙ͫͭ͜ ͍͊ͫͤͦ͡͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͨͪͦͼ͔͍ͫ͜Σ ΅ͦ 
͋͊ͯ͘ΌͭΈͫΎ ͤ͊ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ͊ͻΦ ˻͍ͫͤͦͤ͜ ͔͙ͣͭͦ͒ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜ ς ͍͋ͦͯ͊ͤͤ͟͡Ύ ͊͋ͦ ͍͔ͫͨͦͭͦͪͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍ͨͦͭͦ͟͜ ͭ͊ 
ͨͪͦͼ͔͍ͫ͜ ͙͚ͨͪͤΎͭͭΎ ͪ͜΄͔ͤΈ ͙͍͙ͫͯͨͪͦͭͤ͊͟ ώмнϐΦ 

˭͊ ͍͙ͤ͊͘;͔ͤͤΎͣ ͔ͨͪ΄͎ͦͦ ͙͊ͫͭͯͨͤ͊͘͟ ͙͔͒ͪͭͦͪ͊͟ ͔͔̅͒ͪ͊͡Έ͎ͤͦͦ ͎͔͍͊ͤͭͫͭ͊ 
ͯͪΎ͍͎͒ͦͦͦ ͍͘ϥΎͯ͘͟ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͜͝ ˾ͦͫ͜͝ ˤΦ ˸͔͊ͪͦͣͤ͊͟͟Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜ ς ζͼ͔ 
͔ͦͣͨͫ͟͟͡ ͊͘ͻ͍ͦ͒͜ ͜ ͔ͦͨͪ͊ͼ͚͜Σ ΅ͦ ͍ͨͪͦ͊͒ΎͭΈͫΎ ͍ ͦͤ͟ͺ͙ͭͤ͜͟͡ͻ ͙ͫͭͯ͊ͼ͜ΎͻΣ ͍ Ύ͙͟ͻ 
ͤ͜ͺͦͪͣ͊ͼ͜Ύ Ί ͍ͦ͒ͤͦ;͊ͫ ͋ͪͦ͘ΊΌΣ ͔ͪͫͯͪͫͦͣ ͜ ͔ͣͭͦΌη [13, 7]. 

ˤ͙ͻͦ͒Ύ;͙ ͘ ͍͙΅͔͍͎͊͊ͤͦͦ͘͟Σ ͪͦͯͣ͘͜ΊͣͦΣ ΅ͦ ͔ͣͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜ ς 
͙͙ͨͦͫ͊͋ͭ͡ ͣͦͪ͊͡Έͤ͜ ͭ ͊ ͔ͣ͊ͭͪ͊͜͡Έͤ͜ ͙͙ͫ͡ ͙͍͙ͫͯͨͪͦͭͤ͊͟ ͊͋ͦ ͔ͦͤͯͪͤͭ͊͟͟ ͭ͊ 
ͣ͘͜ͼ͙͙ͤͭ ͍͊ͫͤ͜͡Φ ˤͦͤ͊ ͔͔ͨͪ͒͋͊;͊Ί ͔ͪ͊͊͘͜͡ͼ͜Ό ͊͘ͻ͍ͦ͒͜ ͎͙ͨͪͦͨ͊͊ͤ͒ͫͭͫΈ͎ͦͦ͟ 
͍͙͍ͨͯ͡ ͤ͊ ͍ͫ͒ͦͣͫͭ͜͜Έ ͡Ό͙͙͒ͤ ͍ ͔͎͒ͦͦ͜͜͡;͚ͤ͜ ͭ͊ ͔ͣͦͼ͚͚ͤ͜͜ ͫͺ͔ͪ͊ͻΦ ˽͙ͪ ͍͔͔͒ͤͤ͜ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜ ͤ͊;͔͋ͭͦ ͔ͤͣ͊Ί ͡Ό͒ͫΈ͙͟ͻ ͔͍͗ͪͭΣ ͍͙͙͙͒ͣͻ ͚͍ͪͯͤͯ͊ͤΈΦ ˢ͔͡ 
ͼ͔ ͭ͜͡Έ͙͟ ͤ͊ ͔ͨͪ΄͙͚ ͎ͨͦ͡Ύ͒ ͜ ͍ ͼΈͦͣͯ ͙ͪ͟ΊͭΈͫΎ ͍ͦͫͤͦͤ͊ ͔͔͔ͤ͋ͨ͊͘͟Υ ͔͙͍͒ͫͭͪͯͭͤ͟͜ 
ͨͪͦͼ͔͙ͫ ͍ ͫͦͼͯͣ͜͜ ͙͍ͨͪͦ͒͘ΎͭΈ ͒ͦ ͨ͊͒ͤͤ͜Ύ ͔͙ͦͤͦͣ͟͜͟Σ ͔͊ͤͨ͊͒ͯ͘ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊Σ 
ͣͦͪ͊͡Έ͎ͤͦͦ ͍͙͔ͫͤ͊͗ͤͤΎ ͭ͊ ͔͍͙ͤͪ͘͜ ͔͔ͤ͊ͫͤͤ͡Ύ ͭͦ΅ͦ ς ͭ ͙ͻ ͍ͤ͊ͫ͒͜͟͜͡Σ Ύ͟͜ ͍͙͊͘͘;͚͊ 
͙ͨͪͭ͊ͣ͊ͤͤ͜ ͜ ͍͙͘;͚͙͊ͤͣ ͍͚ͫ͜Έ͍͙ͦͣ͟ ζ͍ ͙͙͙͒ͣͣη ͦͤ͟ͺͭ͊ͣ͜͟͡Φ ˱ Ύ͟ ͯ ͍͙͘;͚͚͊ͤ͜ 
͍͚ͤ͜͜Σ ͔͍͒ͪ͗͊͊ ͍͙ͨͦͤͤ͊ ͔ͤ ͙͡΄͔ ͦ͋ͦͪͦͤΎ͙ͭͫΎΣ ͊ ͚ ͍͔͙ͫͭ ͤ͊ͫͭͯͨ͊͡Έͤ͜ ͒͜͝ ͨͦ 
͍͒ͤͦ͜΄͔ͤͤΌ ͒ͦ ͎͔͊ͪͫͦͪ͊Φ ˴ͪͣ͜ ͎ͭͦͦΣ ͔ͤͦ͋ͻ͙͒ͤͣ͜ Ί ͍͙͔ͪͦ͋ͤͤ͡Ύ ͔͎ͫͭͪ͊ͭ͜͝ ͭ͊ 
͙͙ͭ͊ͭ͟͟ ͍͔͔͒ͤͤΎ ͋ͦͪͦͭΈ͙͋ ͍ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦͣͯ͜ ͨͦ͜͡ ͭ͊ ͍͔ͫͭͦͪͤͤΎ ͫͭͪͯͭͯͪ͟Σ͙ Ύ͊͟ 
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͔͋ͯ͒ ͚͙͊ͣ͊ͭͫ͘Ύ ͊ͤ͊ͦͣ͘͜͡ ͭ͊ ͋ͦͪͦͣ͘ ͔ͤͦ͋ͻ͒ͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͒͡Ύ ͋ͦͪͦͭΈ͙͋ ͤ͊ 
͍͙͔͔͔ͨͪ͒͗ͤͤΎ ͔ͦͨͦͤͤͭ͊. 

̒͟ ͍͊ͫ͒͘͜;͙͊͡ ͙ͨͪ͊ͭ͊͟͟ ͍ͦΊ͙ͤͤͻ ͦͤ͟ͺ͍ͭ͜͟͜͡ ͨͪͦͭΎ͎ͦͣ ͦͫͭ͊ͤͤ͜ͻ рл-сл ͍ͪͦ͟͜, 
͍͙͘;͚͊ͤ͜ ˭˿ Ί ͊͋ͫͦ͡Όͭͤͦ ͔͋ͨͦͣ͘͜;͙͙ͤͣ ͍ ͍ͦΊ͙ͤͤͻ ͦͤ͟ͺͭ͊͜͟͡ͻΣ ͍ Ύ͙͟ͻ ͔͎ͪͪͯ͜͡Ύͪͤ͜ 
ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͙͍͔͚͒ͪͫͤ͜͜ ͔͙ͣͭͦ͒ ͚͋ͪͦͤͦ͘͝ ͋ͦͪͦͭΈ͙͋ Ί ͔͍ͨͪ͊͡ΌΌ;͙͙ͣ 
όˤΩΊͭͤ͊ͣΣ ˢͺ͎͊ͤͫͭ͊ͤ͜Σ ˱ͪ͊͟ ͭͦ΅ͦύΦ ˿͙ͨͪͦ͋ ͍͙͊͒͊ͨͭͯ͊ͭ ͍ͣ͊ͫͦ͜ ͊ͪͣ͜͝ ͍͙ͨͪͦ͒ͤ͜ͻ 
ͪ͊ͤ͟͝ ͍ͫͭͯ͜ ͒ͦ ͚͒͜ ͍ ͙ͭ͊͟ͻ ͟ ͦͤͺͭ͊͜͟͡ͻ ͍͙Ύ͍͙͙ͫ͡Ύ ͔͍͙͙ͤ͒͊ͣ͡Φ  

˹͊ ͒ͯͣͯ͟ ˥Φ ˽ͦ;͔ͨͼ͍ͦ͊Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͼ͙͍͊͘͜͜͡ͼ͜Ύ ͔ͤ ͙͚ͫͨͪͣ͊Ί ͚͒͜ ͯ 
ͺ͙͘͜;ͤͦͣͯ ͨͪͦͫͭͦͪ͜Σ ͔͔͎ͨͪͣͦͯ ͍ͦͤ͊ ͍͋͊;͊Ί ͍ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦͣͯ͜ ͜ ͍ͪͭͯ͊͜͡Έͤͦͣͯ 
ͨͪͦͫͭͦͪ͊ͻ ώфϐΦ ́ͦͣͯ ͫͭͪͯͭͯͪ͊͟ ͚͙͋ͪͦͤ͘ͻ ͙ͫ͡ ͔͔͍ͨͪ͊͗ͤͦ͝ ͋͜͡Έ΄ͦͫͭ͜ ͪ͊ͤ͟͝ ͍ͫͭͯ͜Σ 
͊͒͊ͨͭͯΌ;͙ͫΈ ͨ͒͜ ͍͙͙͙͟͟͡ ͜ ͎͙͊ͪͦ͘͘ ͔͔͋ͨ͘ͼ͜ ͍ ͫͯ;͊ͫͤͦͣͯ ͍ͫͭ͜͜Σ ͊ͤ͊͊͘͘͡ ͣͤ͘͜Φ ˤ ͝ͻ 
ͫ͊͒͟͜͡ ͘ΩΎ͍͙͍ͫΎ ͍͙͚ͤͦ ͔ͦͣͨͦͤͤͭ͟ ς ͫ ͙͙͡ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔ͦͨͪ͊ͼ͚͜Φ 

˭͊ ͦͼ͙ͤ͊ͣ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͍͚ͫ͜Έ͍ͦͦ͟͝ ͍͙ͫͨͪ͊Σ ͯ ͙ͤͤ͜΄ͤΈͦͣͯ ͫͭͦͭͭ͜͜͡ ͚ͤ͊͋͜͡Έ΄͔ 
͋ͯ͒ͯͭΈ ͔͍͊ͭͪ͋ͯ͊ͤ͘͜ ͔ͫͨͼ͊͜͡Έͤ͜ ͔͙ͣͭͦ͒ ͔͎͊͒ͪͫͤͦͦ ͍͙͍ͨͯ͡ ͤ͊ ͔͔͒͗ͪͦ͡ ͎͙͊ͪͦ͘͘Σ 
΅ͦ ͐ͪͯͤͭͯΌͭΈͫΎ ͤ͊ ͔ͭͻ͎ͤͦͦ͜͡;͚ͤ͜ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚͚ͤ͜͜ ͔͔͍ͨͪ͊͘͜ ͙ͨͪͦͭ͋ͦͪ;ͦ͝ 
͙ͫͭͦͪͦͤΦ ˴ͪͣ͜ ͎ͭͦͦΣ ͫͯ;͊ͫͤ͜ ͙ͨͦͭ͜͡;ͤ͜ ͊͋ͦ ͍ͦΊͤͤ͜ ͍͙ͯͣͦ ͣͦ͗ͯͭΈ ͙͍͔͙ͨͪͫͭ͘ ͒ͦ 
͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͨͪͻ͍͙ͦ͊ͤͻ ͔͍ͣͭͦ͒͜ ͍͙ͪ͜΄͔ͤͤΎ ͙͍͙ͪͦ͘͟ͻ ͙ͫͭͯ͊ͼ͚͜Σ 
Ύ͟͜ ͍͒ͤ͊͘͜;͊ΌͭΈͫΎ ͍͙͙ͫͦͣ͟ ͍͔ͪͤͣ͜ ͺ͙͘͜;͎ͤͦͦ ͭ͊ ͙ͨͦͭ͜͡;͎ͤͦͦ ͙͙ͪͯ͘͟Σ ΅ͦ ͔ͤ 
ͣͦ͗ͤ͊ ͍ͨͦͪͤ͜Ύ͙ͭ ͘ ͙͙ͨͪͭ͊ͣ͊ͤͤͣ ͙͊ͫ͟͡;ͤͦͣͯ ͍͚ͫ͜Έ͍ͦͦͣͯ͟ ͙͍ͨͪͦͭ͋ͦͪͫͭͯΦ ̇͜ 
͔ͦͨͪ͊ͼ͜͝Σ Ύ͟͜ ͔ͤ͊͗͊ͭ͡Έ ͒ͦ ͔ͫͨͼ͊͜͡Έ͙ͤͻΣ ͍͙͎ͣ͊͊ΌͭΈ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͤ;͙͔ͫ͡Έ͙ͤͻΣ 
͔͊͡ ͙ͨͪ ͼΈͦͣͯ ͍͙͔ͫͦͦ͟ͺ͔͙͍͙ͭͤ͟ͻ ͙ͫ͡ ͜ ͍͊ͫͦ͋͘͜Σ Ύ͟͜ ͒͊ΌͭΈ ͎ͣͦͯ͘ ͒ͦͫΎ͎͙ͭ 
͔͎ͫͭͪ͊ͭ͜;͙ͤͻ ͊͋ͦ ͔͙͍͙ͦͨͪ͊ͭͤͻ ͼ͔͚͜͡Φ 

˿ͨ ͔ͼ͊͜͡Έͤ͜ ͔ͦͨͪ͊ͼ͜͝ ͍ͨͪͦͦ͒ΎͭΈͫΎ ͔ͤ ͭ͜͡Έ͙͟ ͯ ͍ͦΊ͙͚ͤͤ ;͊ͫΣ ͔͊͡ ͚ ͯ ͙͙͚ͣͪͤΣ 
ͨ͒͜ ;͊ͫ ͙͍͙ͪͦ͘͟ͻ ͙ͫͭͯ͊ͼ͚͜ ͜ ͚͙͋ͪͦͤ͘ͻ ͦͤ͟ͺ͍ͭ͜͟͜͡ ͭ͊ ͍ͦΊͤ ͤ͊ ͔͎ͫͭͪ͊ͭ͜;ͤͦͣͯΣ 
͔͙͍ͦͨͪ͊ͭͤͦͣͯ ͭ͊ ͙ͭ͊ͭ͟;ͤͦͣͯ ͍ͪͤ͜ΎͻΦ ˤ͙ͦͤ ͭ͊ͦ͗͟ ͣ͊ΌͭΈ ͔͔ͭͤ͒ͤͼ͜Ό ͒ͦ ͍͙ͪͦͭͯ͘͟ ͜ 
ͨͦ͒͊͡Έ΄͎ͦͦ ͪͦͫͭ͊ͤͤ͘Ύ ͝ͻ ͣͫ͜ͼΎ ͭ͊ ͪͦ͜͡ ͯ ͎͍͊ͪ͊ͤͭͯ͊ͤͤ͜ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͔͔͙͋ͨ͘͟ 
͙ͪͤ͘͜ͻ ͪ͊ͤ͟͝ ͍ͫͭͯ͜Φ 

˽͔ͪͦͭ ͍ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͙͡΄͔ ͔͒Ύ͟͜ ͔͍͙͒ͪ͗͊ ͣ͊ΌͭΈ ;ͭͦ͜͟ ͔ͪͦͪͦ͋ͤ͘͜͡ 
͙͙͒ͦͭͪͤ͟ ͍͙ͪͦͭͯ͘͟ ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͫ͡ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔ͦͨͪ͊ͼ͚͜ ό͊͋ͦ ͝ͻͤ͜ͻ ͎͍͊ͤ͊ͦ͜͡ύΣ 
͔͔ͫͪ͒  Ύ͙͟ͻ ͣͦ͗ͤ͊ ͎͙͊͒͊ͭ͘ ˿̊ˢΣ ˤ͔͙͙ͦ͋ͪͭ͊ͤ͟͜͡ΌΣ ˾ͦͫ͜ΌΣ ̅ͪ͊ͤͼ͜Ό ͭ͊ ˱ͪ͊͘͝͡ΈΦ ͔̇ 
͔ͤ ͍͙͍ͨ͊͒ͦͦ͟Σ ͭͦͣͯ ΅ͦ ͫͯ;͊ͫͤ͜ ͙͙ͪ͘͟ ͣͦ͗ͯͭΈ ͙͍͔͙ͨͪͫͭ͘ ͒ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͙ͨͪͻ͍͙ͦ͊ͤͻ ͔͍ͣͭͦ͒͜ ͝ͻ ͍͙ͪ͜΄͔ͤͤΎΣ Ύ͟͜ ͣ͊ͦ͡ ͫͻͦ͗͜ ͘ ͍͙ͯͣͦ͊ͣ ͍͔͔ͨͪͦ͒ͤͤΎ 
͍͙͘;͚͙͊ͤͻ ͔ͦͨͪ͊ͼ͚͜ ͭ͊͟ ͍͎͊ͤͦͦ͘ ζ͟ ͙͊ͫ͡;͎ͤͦͦη ͍͜ ͚ͫΈ͍͎ͦͦͦ͟ ͙͍ͨͪͦͭ͋ͦͪͫͭ͊Φ ̇͜ 
͊͘ͻ͙ͦ͒Σ ͋͜͡Έ΄ͫͭ͜Έ Ύ͙͟ͻ ͔ͤ͊͗͊ͭ͡Έ ͒ͦ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔ͦͨͪ͊ͼ͚͜Σ ͔ͨͦͭͪ͋ͯΌͭΈ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͤ;͙͔͙ͫͤͤ͡ͻ ͜ ͍ͦ͒ͤͦ;͊ͫ ͍͙͔ͫͦͦ͟ͺ͔͙͍͙ͭͤ͟ͻ ͙ͫ͡ ͭ͊ ͍͊ͫͦ͋͘͜Σ ΅ͦ 
͒͊ΌͭΈ ͎ͣͦͯ͘ ͒ͦͫΎ͎͙͊ͭ ͔͎ͫͭͪ͊ͭ͜;͙ͤͻ ͊͋ͦ ͔͙͍͙ͦͨͪ͊ͭͤͻ ͼ͔͚͜͡Φ 

ˤ͔ͨͪ΄͔ ͍ ͍ͫͭ͜͜ ͙͙ͫ͡ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔ͦͨͪ͊ͼ͚͜ ͙͋ͯ͡ ͫͺ͍ͦͪͣͦ͊ͤ͜ ͯ мфрн ͪͦͼ͜ ͍ 
˿̊ˢ ͨ͜ ͒ ͍ͤ͊ͦ͘Ό ͍͚ͫ͜Έ͊͟ ͔ͫͨͼ͊͜͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΦ ˲ͻ ͍͙ͦͫͤͦͤͣ ͙ͨͪͤ͊͘;͔ͤͤΎͣ 
ͯ ͙͙͚ͣͪͤ ;͊ͫ ͋ͯ͊͡ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍ͯͣͦ ͜ ͔͔͔͋ͨͦͫͪ͒ͤ͘Ύ ͯ;͊ͫͭΈ ͍ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͙͍͙ͨ͒ͪͤ͜ͻ ͊͟ͼ͚͜ ͭ͊ ͙ͨ͊ͪͭ͊ͤͫ͘Έͦ͟͝ ͍͚͙ͤ͜ ͤ͊ ͙͊ͦͪ͒ͦͤͤ͘͟ͻ ͔͙ͭͪͭͦͪ͜Ύͻ ͘ ͔ͣͭͦΌ 
͔ͯͫͯͤͤͤΎ ͯͪΎ͍͒͜ ͪ͊ͤ͟͝ ͊͋ͦ ͤ͊͒͊ͤͤΎ ͎͙͒ͦͨͦͣͦ ͔͙ͨͪͦ͊ͣͪ͊ͤͫ͟Έ͙ͣ͟ ͔͙ͪ͗ͣ͊ͣ ͯ ͝ͻ 
͋ͦͪͦͭΈ͋͜ ͙ͨͪͦͭ ͍ͤͯͭͪ͜΄ͤΈͦ͝ ͙ͦͨͦ͘ͼ͜͝Φ ˴ͪͣ͜ ͎ͭͦͦΣ ͔͔ͨͪ͒͋͊;͊ͦͫ͡Έ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͯ 
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͍͍ͪͦ͒ͯ͊͘͜͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͙͍͔ͦͤͤ͘͜͡ ͍͙͊ͫͤ͡ͻ ͎ͪͦͣ͊͒ΎͤΣ Ύ͟͜ ͙ͫͭ͊͡ 
͊ͪͯ͘;͙͙ͤ͊ͣ͟Σ ͭ͊ ͍͚ͫ͜Έ͍͔͙ͦͦͨͦͦͤͤ͟͡ͻΦ ̂ ͍ͦΊ͙͚ͤͤ ;͊ͫΣ ͪͣ͟͜ ͍͔͔͙ͤ͊͒ͤͻ ͍͊͒͊ͤ͘ΈΣ 
ͤ͊ ͙ͤͻ ͨͦ͊͒͊ͦͫ͟͡͡Έ ͚͔͒ͫͤͤͤ͘͜Ύ ͍͍ͪͦ͒ͯ͊͘͜͡Έͤͦ-͙͍͔͚͙͒ͪͫͤ͜ͻ ͔ͦͨͪ͊ͼ͚͜ ͍ ͙ͭͯ͡ 
͙͍͙ͨͪͦͭͤ͊͟ ͜ ͙͋ͪ͊ͤͤ͘Ύ ͍͍ͪͦ͒ͯ͊͘͜͡Έ͙ͤͻ ͙͒͊ͤͻ ͍ ͔͔ͤͭͪͫ͊͜ͻ ͎͍ͯͪͯͨͦ͊ͤΈ ͚͙͋ͪͦͤ͘ͻ 
͙ͫ͡ ˿̊ˢ ͤ͊ ͔ͭ͊ͭͪ͜ ͍͚ͫ͜Έ͍͙ͦ͟ͻ ͚͒͜ ώ11, 15]. 

˹͊ ͍ͨ͒ͫͭ͊͜͜ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͚͍͎͋ͦͦͦͦ ͍͒ͦͫ͒ͯ͜Σ ͯ нллс ͪͦͼ͜ ͋ͯ͊͡ ͍͔ͫͭͦͪͤ͊ 
͎ͨͪͦͪ͊ͣ͊ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙ͪͦͭͯ͘͟ ͺ͍ͦͪͣͯ͊ͤΈ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔ͦͨͪ͊ͼ͚͜ ͚͙͋ͪͦͤ͘ͻ ͙ͫ͡ 
˿̊ˢΦ ˻͍ͫͤͦͤ͜ ͙ͯͫ͘͡͡Ύ ͙ͨͪ ͼΈͦͣͯ ͙͋ͯ͡ ͔͔͔ͦͫͪ͒͗ͤ͘͜ ͤ͊ ͝ͻ ͚ͤ͊;͙͔ͫͤͤ͜͡΄ͦͣͯ 
͔ͦͣͨͦͤͤͭ͟͜Σ Ύ͙͚͟ ͔͔͍ͨͪ͋ͯ͊Ί ͯ ˿ͯͻ͙ͦͨͯͭͤͻ ͍͚ͫ͜Έ͊͟ͻΦ ˥͍ͦͦͤ͊͡ ͔ͣͭ͊ ͼ͜Ί͝ ͎͙ͨͪͦͪ͊ͣ 
ς ͍͙ͨ͒͜΅͔ͤͤΎ ͙͍ͣͦ͗ͦͫͭ͜͡ ͭ͊ ͒͊ͭͤͦͫͭ͘͜ ˿˿˻ ͒ͦ ͍͔ͨͪͦ͊͒͗ͤͤΎ ͎ͦ͋͊͡͡Έͤͦ͝ 
͔͙ͤͭͪ͊͒ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜ όǳƴŎƻƴǾŜƴǘƛƻƴŀƭ ǿŀǊŦŀǊŜύΦ ˹͊ ͒ͯͣͯ͟ ͔͙͊ͣͪ͊ͤͫ͟Έ͙͟ͻ 
͍͚ͫ͜Έ͍͙ͦ͟ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡Σ ͍ͦͤ͊ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͒͜͝Σ Ύ͟͜ ͣͫͭ͜ΎͭΈ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ 
͍͚ͫ͜Έ͍͙ͦ͟ͻ ͭ͊ ͍͍͚ͤ͊ͨͫ͜͜Έ͍͙ͦ͟ͻ ͔ͦͨͪ͊ͼ͚͜Σ ͚ͤ͊;͊ͫͭ͜΄͔ ͙͍͙ͭͪ͊͡ͻΣ ΅ͦ ͚͒ͫͤ͘͜ΌΌͭΈͫΎ 
͔͒͋͘͜͡Έ΄͎ͦͦ ;͔͔ͪ͘ ͣͫ͜ͼ͔͍͜ ͙͙ͫ͡ ͊͋ͦ ͍͚ͫ͜Έ͊͟Σ Ύ͟͜ ͒͜ΌͭΈ ͨ͒͜ ͍͙͎͡Ύ͒ͦͣ ͍͚ͫ͜Έ͟ ͤ͜΄ͦ͝ 
͙ͪ͊ͤ͟͝Σ ͫͨ͜͡Έͤͦ ͘ ͙͙ͤͣ ͊͋ͦ ͊͘ ͝ͻ ͎͒ͦͨͦͣͦͦΌ. 

˨ͦ ͙͍͙ͭͨͦͻ ͍͊͒͊ͤ͘Έ ˿˿˻ ͍͒ͤͦͫ͜ΎͭΈͫΎΥ 
1) ͪ ͔͚͙͒ ͭ͊ ͫͯ;͊ͫͤ͜ ͚͍͋ͦͦ͜ ͒͜͝Τ 
нύ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͔ͦͨͪ͊ͼ͜͝ όPsy-Ops); 
оύ ͒ͦ͋ͯͭͭ͘Ύ ͍͍ͪͦ͒ͯ͊͘͜͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͊͘ ͤ͜͜͡ΊΌ ͺͪͦͤͭͯΤ 
4) ͪ ͦ͋ͦͭ͊ ζͼ͙͍͜͡Έͤͦ͝ ͊͒ͣͤͫͭͪ͊͜͜ͼ͜͝η ό͊ͯ͘͡;͔ͤͤΎ ͤ͊ ͍͚ͫ͜ ͋͜͟ ͔͔ͤ͊ͫͤͤ͡ΎύΤ 
5) ͫ ͍͔ͭͦͪͤͤΎ ͎͔͙͊ͤͭͯͪͤͻ ͔͔ͣͪ͗Τ 
6) ͍ͤ͊;͊ͤͤΎ ͔͙ͤͦͣͤ͘͜ͻ ͚͊ͪͣ͜Σ ͨͦ͜͡ͼ͚͙ͤ͜ͻ ͜ ͔͔͍͙͋ͨͦ͘͟ͻ ͙ͫ͡ όͭ͊͟ ͍͔͊ͤ͘ 

ζͨ ͙͔ͪͣͤͦ͗ͤͤΎ ͙͙ͫ͡η); 
7) ͨ ͦ΄ͯ͟Σ ͔͍͊ͯ͊͟ͼ͜Ύ ͚ ͍͒ͦͫͭ͊͊͟ ͔͙ͨͦͦͤͤ͡ͻΣ ͊ͪͯ͘;͙͍ͤ͟͜Τ 
8) ͣ ͔͙͒;ͤ͊ ͎͒ͦͨͦͣͦ͊Τ 
9) ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͫͭͪͯͭͯͪͯ͟ ͔ͫͨͼͫͯ͗͋͡ ͜ ͍͚ͫ͜Έ͍͙ͦ͟ͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜ ͘ ͔ͣͭͦΌ 

΄͙͎͍ͨͯͤͫͭ͊ ͊͋ͦ ͙ͤ͘΅͔ͤͤΎ ͡Ό͔͚͒Σ ΅ͦ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭΈ ͎͊ͪͦͯ͘͘ ͔͍͒ͪ͗͊͜ ό͍ ͭͦͣͯ 
;͙ͫ͜͡ ͜ ͤ͊ ͔͙ͭͪͭͦͪ͜͝ ͤ͜΄͙ͻ ͔͍͒ͪ͗͊ύΤ 

10) ͨ ͎͍͒ͦͭͦ͊͜͟ ͒ͦ ͔͔͍͍ͨͪͦͪͦͭ͜Σ ͍͔ͨͦ͊ͤͤ͡Ύ ͔͙͍ͪ͗ͣ͜Τ 
11) ͍͙Ύ͍͔ͤͤ͡ΎΣ ͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜Ύ ͭ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͼ͔͚͜͡ ͒͡Ύ ͍͙͊ͫͤ͡ͻ ͍͊ͫͦ͋͘͜ 

͔ͯͪ͊͗ͤͤΎΤ 
мнύ ͙͔͙͙͊ͤͭͭͪͦͪͫͭ;ͤ͜ ͔ͦͨͪ͊ͼ͜͝Φ 
˿͊͒͟͡ ͙ͫ͡ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔ͦͨͪ͊ͼ͚͜ ͙ͪͤ͘͜ͻ ͪ͊ͤ͟͝ ͍͊ͪ͜ΌΊͭΈͫΎ ͙͒ͦͫͭΈ ΄͙ͪͦͦ͟Σ ͍ 

͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͫͯͯͨͤͦͫͭ͟͜ ͭ͊ ͔ͨͪͦͪͭͭͤͦͫͭ͜͜͜ ͎ͤ͊͊͡Έ͙ͤͻ ͊͒͊͘;Σ ͔͊͡ ͍͙͊͗͒͘ ͫͤͯ͜ΌͭΈ 
Ύ͟ ͣͤͣͯͣ͜͜ н ͙͙ͭͨ ͍ͨ͒ͪͦ͒͘͜͜͜͡Υ ͍͙͍ͫͦͦ͊͟͟͜͡ͺ͍͙͚ͦ͊ͤ͜͟ ͚͊ͪͣͫ͜Έ͙͚͟ ͔ͫͨͼͤ͊͘Σ ͭ͊͟ ͜ 
͙ͨ͒ͪͦ͒͘͜͜͡Σ ΅ͦ ͍ͨͪͦͦ͒ΎͭΈ ˱˽˿˻ ς ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͔ͫͨͼ͊͜͡Έͤ͜ 
͔ͦͨͪ͊ͼ͜͝Φ ́ͦ͋ͭͦ ͙ͭ͊͟ͻ ͫͦ͋͜Σ ͊͘ ͝ͻͤͣ͜ ͍͙ͤ͊͘;͔ͤͤΎͣΣ ζ͍͚ͫ͜Έ͍͙ͦ͟ͻ ͔ͨͦͭͭ͜͡ͻ͎ͤͦͦ͜͡η͍, 
Ύ͟͜ ͨͪ͊ͼΌΌͭΈ ͤ͊͒ ͙ͭͣΣ ΅ͦ͋ ͔͍͙͒ͣͦͪ͊ͯ͊ͭ͘͜͡ ͙ͨͫͻ͎ͦͦ͜͡;͙͚ͤ ͫͭ͊ͤ ͍͎ͦͪͦ͊ ͚ 
͙͙ͣͯͫͭ͘ ͚͎ͦͦ ͒ͦ ͙ͨͦͪ͊͘͟Φ ˢ͔͡ ͭ͊ͦ͗͟ ͨͪ͊ͼΌΌͭΈ ͘͜ ͼ͙͍͜͡Έ͙ͤͣ ͔͔ͤ͊ͫͤͤ͡ΎͣΣ 
͎ͦͭͯΌͭΈ ͐ͪͯͤͭ ͒͡Ύ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔ͦͨͪ͊ͼ͚͜ ͜ ͚͊ͣ͊͘ΌͭΈͫΎ ͍͚ͫ͜Έ͍ͦͦ͟Ό ͙͊ͤ͊ͭͦ͜͟͡ΌΦ 

̂ ΄͙ͪͦͦͣͯ͟ ͔ͫͤͫ͜ ͔ͫͨͼ͊͜͡Έͤ͜ ͔ͦͨͪ͊ͼ͜͝ ς ͼ͔ ͔ͦͨͪ͊ͼ͜͝Σ ΅ͦ ͍ͨͪͦͦ͒ΎͭΈͫΎ ͘ 
͔ͣͭͦΌ ͙ͦͭͪͣ͊ͤͤΎ ͤ͊͘;͎ͤͦͦ ͙ͨͦͭ͜͡;͎ͤͦͦΣ ͍͚ͫ͜Έ͍͎ͦͦͦ͟Σ ͔ͦͤͦͣ͟͜;͎ͤͦͦΣ 
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ͫͦͼ͊͜͡Έ͎ͤͦͦΣ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜, ͙ͨͫͻ͎ͦͦ͜͡;͎ͤͦͦ ͭ͊ ͤ͜΄͙ͻ ͔ͺ͔͍ͭ͟͜Σ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ 
͒ͦ͋ͯͭͭ͘Ύ ͭ͊ ͙ͯͭͪͣ͊ͤͤΎ ͍͙͍ͨͯ͡ ͤ͊ ͍͙ͤ͊͘;͔ͤ͜ ͼ͜͡Έ͍ͦ͜ ͫͦͼ͊͜͡Έͤ͜ ͎͙ͪͯͨ ͭ͊ ͫͯͫͨ͜͡Έͤͦ-
͙ͨͦͭ͜͡;ͤ͜ ͦ͊͟͡ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͙͍͙ͨͪͦͭͤ͊͟ ό͊ ͭ͊ͦ͗͟ ͔͍ͨͤ͜ ͍͔͍͙ͪͫͭ ͍͎͊ͫͤͦͦ͡ 
͔͔ͤ͊ͫͤͤ͡ΎΣ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͊ͯ͘͡;͔͎ͤͦͦ ͍ ͦͤ͟ͺͭ͜͟͜͡ύΣ ͜ ͍͙͎ͣ͊͊ΌͭΈ ͯͤ͊͜͟͡Έ͙ͤͻ 
͍ͫͨͦͫͦ͋͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΣ ͙ͭ͊ͭ͟;͙ͤͻ ͙͚͍ͨͪͦͣ͜Σ ͦͫͤ͊΅͔ͤͤΎ ͭ͊ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͎ͦͫͦ͋ͦͦͦ 
ͫ͊͒ͯ͟͡Φ 

ˤ ͤ͊΄ͦͣͯ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͙ͣ ͍ͦͫͤͦͤͯ ͍͎ͯ͊ͯ ͙ͨͪ͒͜͡ΎΊͣͦ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͣ ͔ͦͨͪ͊ͼ͜ΎͣΣ Ύ͟͜ Ί ͨͪΎ͙͙ͣͣ ͙ͤ͊ͫ͒͊ͣ͜͟͡ ͍͙ͪͦͭͯ͘͟ ͫͺ͔͙ͪ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͔͔͔͍͙ͣͪ͗ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͊ ͤͦ͒͜͜ ς ͍͙ͫͭͯͨ͊ΌͭΈ ͊ͭ͊͊ͭͦͪͦͣ͘͟͜͡ ͜ 
ζ͘ ͍͙͊ͣͦͤͦͣ͟η. 

 ˽͙ͫͻ͎ͦͦ͜͡;ͤ͜ ͔ͦͨͪ͊ͼ͜͝ ό͎͊ͤ͡Φ PSYOP) ς ͔ͦͣͨͫ͟͟͡ ͊͘ͻ͍ͦ͒͜Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί 
͔͔ͨͪ͒͊;ͯ ͍͙͋ͪ͊ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͙͊ͯ͒ͭͦͪ͜͝ ͒͡Ύ ͍͙͍ͨͯ͡ ͤ͊ ͔ͣͦͼ͚͙͚ͤ͜ ͫͭ͊ͤ ͜ ͫͨͦͫ͋͜ 
͙͔ͣͫͤͤ͡ΎΣ ͊ ;͔͔ͪ͘ ͔ͤ͝ ͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ͟ ͤ͊ ͍͔ͨͦ͒ͤͯ͜͟ ͭ͊ ͪ͜΄͔ͤͤΎ ͯͪΎ͍͒͜Σ ͎ͪͯͨ ;͙ 
͔͍͒ͪ͜͜͡Φ ˤ͙ͦͤ ͣ͊ΌͭΈ ͍͙͐ͪͯͤͭͯ͊ͭͫΎ ͤ͊ ͔ͪ͊͡Έͤͦͫͭ͜Σ ͔͙ͭͣ͊ͭ͊͟ ͭ͊ ͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ 
͍͙ͨͦͤͤ͜ ͎͍͙ͯͦ͒͗ͯ͊ͭͫ͘Ύ ͣ͗͜ ͫͦ͋ͦΌΣ ͊ ͚͍ͦͤͫͭͪͯͦ͊ͤ͊͟ ζͪ ͔͊͡Έͤͫͭ͜Έη ͣ͊Ί ͙͋ͯͭ ͭ͊͟ 
;͙ ͤ͊͜͟΄͔ ͙͚ͨͪͤΎͭͤͦΌ ͒͡Ύ ͋ͯ͒Έ-Ύͦ͟͝ ͙͊ͯ͒ͭͦͪ͜͝Φ ˤ ͊ͪͣ͜͝ ˿̊ˢΣ ͙ͤ͊ͨͪ͊͒͟͡Σ ͒͜ΌͭΈ 
;͙͙ͦͭͪ ͎͙ͪͯͨΣ ΅ͦ ͚͊ͣ͊͘ΌͭΈͫΎ ͙ͨͫͻ͎ͦͦ͜͡;͙͙ͤͣ ͔ͦͨͪ͊ͼ͜Ύ͙ͣΦ ̐ ͍ͤ͊ͭ͜Έ ;ͭ͊͜͟ 
͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍ͨͪͦ͒ͯͭ͟͜Υ ͋͜͜͡ ς ͼ͔ ͦͺ͜ͼ͚ͤ͜͜ ͊͘Ύ͍͙ ;͙ ͒͜͝ ͤ͜͜ͼ͊ͭͦͪ͊͜ 
͊͋ͦ ͫͭͦͪͤ͜Σ ͭͫͤͦ͜ ͍ͨͦΩΎ͙͊ͤ͘ͻ ͘͜ ͙ͤͣΤ ͫͪ͜͜ ς ͙ͦ͟͡ ͍͊͗ͦ͟ ͍͙ͤ͊͘;͙͙ͭ ͔͔͒͗ͪͦ͡ 
ͤ͜ͺͦͪͣ͊ͼ͜͝Τ ;ͦͪͤ͜ ς ͙ͦ͟͡ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ͤ͊͒ͻ͙ͦ͒ͭΈ ͙ͤ͋ͭͦ͜ ͍͒͜ ͍ͦͪͦ͗ͦ͝ ͙ͫͭͦͪͦͤΣ ͊ 
͍ͤ͊ͫͨͪ͊͒͜ ͎ͪ͊Ί ͤ͊ ͙ͦͪͫͭ͟Έ ͔͎ͫͭͪ͊ͭ͜;͙ͤͻ ͔͔͍ͤͭͪͫ͜͜ ͤ͜͜ͼ͊ͭͦͪ͊͜ όΎ͙͚͟Σ ͯͭͣ͜Σ 
͔͔͊ͨͪ͘;ͯΊ ͙ͨͪ;͔ͭͤͫͭ͜ΈύΦ 

ˤ͙͍͙ͫͤͦ͟Φ ˿ ͙͚ͭͪͣ͜͟ ͍͙ͪͦͭͦ͘͟ ͔ͦͣͨͫͯ͟͟͡ NBICS ͨ ͙͍͙ͪͦ͒ͭ͘Έ ͒ͦ ͙͔ͨͪͫͦͪͤͤ͟Ύ 
ͣͤ͘͜ ͍ ͦͭͦ;ͯΌ;ͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜Σ ͊ ͍͙͙͊ͤ͟͟͜͡ ͙ͤͣ ͔ͺ͔͙ͭ͟ ͍ͫͭͦͪΌΌͭΈ ͍͔͙͡;͔ͤ͘͜ 
͙͍ͣͦ͗ͦͫͭ͜͡ ͒͡Ύ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ͙͍ͤ͒͒ͯ͊͜͜͡ΈͤͦΌ ͜ ͔͙͍ͦͭͤͦ͟͟͡Ό ͍ͫ͒ͦͣͫͭ͜͜ΌΦ 
ˤ͙ ͻͦ͒Ύ;͙ ͘ ͊ͤ͊ͯ͘͜͡ ͙ͪͤ͘͜ͻ ͍͙ͤ͊͘;͔ͤΈ ͫͦͼ͎͙ͦͯͣ͊ͤͭ͊ͪͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͙ͣ ͋͊;͙ͣͦΣ 
΅ͦ ͫͯͭͤͫͭ͜Έ ͔ͭͻ͎͚ͤͦͦ͜͡ Hi-Hume ς ͯ ͣ͊ͤͨͯ͜͡Ύ͙͍ͭͤͦͣͯ ͻ͔͊ͪ͊ͭͪ͟͜Σ ͙ͨͪ;ͦͣͯ 
͙͚ͫͭͪͣ͜͟ ͍͙ͪͦͭͦ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͫͨͪͦ΅ͯΊ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͭ͊ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͭͻ͎͚ͤͦͦ͜͡ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ͍ͫ͒ͦͣͫͭ͜͜Ό ͭ͊ 
͍͔ͨͦ͒ͤͦ͜͟Ό ͡Ό͔͚͒ ͤ͊ ͔͍ͣ͗͒ͪ͗͊ͤͦͣͯ͜ ͍ͪͤ͜͜Φ ͔̇ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͚͎ͨͦͫͭͤͦͦ͜ 
͍ͭͪͯ;͊ͤͤΎ ͍ ͤ͜ͺͦͪͣ͊ͼ͚ͤͯ͜ ͫͺ͔ͪͯΣ ΅͔ͦͫͯͤ͒ͤͦ͟͝ ͙ͨ͒ͣͤ͜͜ ͊͋ͦ ͙͎͍ͦͪͯ͊ͤͤ͟Ύ 
ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͨͦͭͪ͋ͤ͜ͻ ͍ͤ͊ͫͭͪͦ͝ ͭ͊ ͍͎ͫͭͦ͜͡Ύ͒ͯ ͔͍͙ͨͤͻ ͫͦͼ͊͜͡Έ͙ͤͻ 
͎ͪͯͨ ͭ͊ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍ ͼͦͣͯ͜͡ ͍ ͔͔ͤͭͪͫ͊͜ͻ ͣ͊ͤͨͯ͜͡Ύ͍ͭͦͪ͜Φ  

 ͔̇ Ί ͺͦͫͦ͜͡ͺͫΈͦ͟Ό ͔ͨͪͦ͋ͣͦ͡Ό ͎͊͊͘͡Έͤͦ͡Ό͒ͫΈ͎ͦͦ͟ ͣ͊ͫ΄ͭ͊͋ͯΣ ͭͦͣͯ ΅ͦ 
͊͘;ͨ͊͜Ί ͍͔ͫ ͔͋͘ ͍͙͟͡Ό;͔ͤͤΎ ͡Ό͍͒ͫͭͦΣ ͡Ό͙͒ͤ͊ ͨͦͫͭ͊Ί ͍͔͗ ͔ͤ Ύ͟ ͚͙͚ͫ͊ͣͦͫͭͤ͜ 
ͫͯ͋ϥΊͭ͟Σ ͊ ͔͔ͨͪ͒ͣͭ ͒͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ;ͯ͗ͦ͝ ͍ͦ͜͡Φ 

 ˤ͊͊ͤ͊͘͟ ͙͍ͦͫͦ͋ͫͭ͜͡Έ ͍ͨͦͤͦΌ ͣͪͦ͜Ό ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͙ͨͪ ͍͔͔͒ͤͤ͜ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍ͦΊͤΣ ͔ͣͭͦΌ Ύ͙͟ͻ Ί ͔ͨͦͫ͊͋ͤͤ͡͡Ύ ͣͦͪ͊͡Έ͙ͤͻ ͜ ͔ͣ͊ͭͪ͊͜͡Έ͙ͤͻ ͙ͫ͡ 
͙͍͙ͫͯͨͪͦͭͤ͊͟ ͊͋ͦ ͔ͦͤͯͪͤͭ͊͟͟ ͭ͊ ͣ͘͜ͼ͔ͤͤͤΎ ͍͙͊ͫͤ͡ͻΦ ˤ͙ͦͤ ͔͔ͨͪ͒͋͊;͊ΌͭΈ 
͔ͪ͊͊͘͜͡ͼ͜Ό ͊͘ͻ͍ͦ͒͜ ͎͙ͨͪͦͨ͊͊ͤ͒ͫͭͫΈ͎ͦͦ͟ ͍͙͍ͨͯ͡ ͤ͊ ͍ͫ͒ͦͣͫͭ͜͜Έ ͡Ό͙͙͒ͤ ͍ 
͔͎͒ͦͦ͜͜͡;͚ͤ͜ ͭ͊ ͔ͣͦͼ͚͚ͤ͜͜ ͫͺ͔ͪ͊ͻΦ ˻͍ͫͤͦͤ͜ ͔͙ͣͭͦ͒ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜ ς 
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͍͋ͦͯ͊ͤͤ͟͡Ύ ͊͋ͦ ͍͔ͫͨͦͭͦͪͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍ͨͦͭͦ͟͜ ͭ͊ ͨͪͦͼ͔͍ͫ͜ ͙͚ͨͪͤΎͭͭΎ 
ͪ͜΄͔ͤΈ ͙͍͙ͫͯͨͪͦͭͤ͊͟Φ 

 ˱ Ύ͟ ͯ ͍͙͘;͚͚͊ͤ͜ ͍͚ͤ͜͜Σ ͔͍͒ͪ͗͊͊ ͍͙ͨͦͤͤ͊ ͔ͤ ͙͡΄͔ ͦ͋ͦͪͦͤΎ͙ͭͫΎΣ ͊ ͚ ͍͔͙ͫͭ 
ͤ͊ͫͭͯͨ͊͡Έͤ͜ ͒͜͝ ͨͦ ͍͒ͤͦ͜΄͔ͤͤΌ ͒ͦ ͎͔͊ͪͫͦͪ͊Φ ˴ͪͣ͜ ͎ͭͦͦΣ ͔ͤͦ͋ͻ͙͒ͤͣ͜ Ί 
͍͙͔ͪͦ͋ͤͤ͡Ύ ͔͎ͫͭͪ͊ͭ͜͝ ͭ͊ ͙͙ͭ͊ͭ͟͟ ͍͔͔͒ͤͤΎ ͋ͦͪͦͭΈ͙͋ ͍ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦͣͯ͜ ͨͦ͜͡ ͭ͊ 
͍͔ͫͭͦͪͤͤΎ ͫͭͪͯͭͯͪ͟Σ͙ Ύ͊͟ ͔͋ͯ͒ ͚͙͊ͣ͊ͭͫ͘Ύ ͊ͤ͊ͦͣ͘͜͡ ͭ͊ ͋ͦͪͦͣ͘ ͔ͤͦ͋ͻ͒ͤͦ͜͝ 
ͤ͜ͺͦͪͣ͊ͼ͜͝ ͒͡Ύ ͋ͦͪͦͭΈ͙͋ ͤ͊ ͍͙͔͔͔ͨͪ͒͗ͤͤΎ ͔ͦͨͦͤͤͭ͊ ς ͙ͫ͡ ͔ͫͨͼ͊͜͡Έ͙ͤͻ 
͔ͦͨͪ͊ͼ͚͜Φ ˤ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͙ͣͤ͘͜ ͻ͔͊ͪ͊ͭͪͯ͟ ͎͊ͪͦ͘͘ ͤ͊ͼͦͤ͊͜͡Έ͚ͤ͜ ͔͔͋ͨ͘ͼ͜ 
͍͚ͫ͜Έ͍ͦͦ͟-͙ͨͦͭ͜͡;͔ͤ ͔͍͙ͪͤ͟͜ͼ͍ͭͦ ͍͙͔͙ͪͦͤͤ͘ͻ ͪ͊ͤ͟͝ ͎ͪͦ͘͡Ύ͒͊Ί ͙͙ͫ͡ ͔ͫͨͼ͊͜͡Έ͙ͤͻ 
͔ͦͨͪ͊ͼ͚͜ ͍ ͪͦ͜͡ ͎ͦ͒ͤͦͦ ͘͜ ͎͍͙ͦͦͤ͡ͻ ͔͍ͤͫͭͪͯͣͤͭ͜͜ ΅ͦ͒ͦ ͍͙ͦͤ͊ͤͤ͟Ύ ΄͙͎ͪͦͦͦ͟ ͦ͊͟͡ 
͍͊͒͊ͤ͘ΈΣ Ύ͟͜ ͍͙͙ͤ͊͟ΌͭΈ Ύ͟ ͯ ͙͙͚ͣͪͤ ;͊ͫΣ ͭ͊͟ ͜ ͍ ͙͍͚ͪͦ͘͟͜ ͙ͫͭͯ͊ͼ͜͝ ͊͋ͦ ͍ ͻͦ͒͜ 
͚͍͙͋ͦͦͻ ͚͒͜. 
 

˶˱́˩˾ˢ́̂˾ˢ 
1. ˨͔͡Ύ͎͙ͤ ˸Φ ˥Φ ˸͙͍͚ͪͦͦ ͙͙ͪͫ͘͟Υ ˻͋΅͊Ύ ͔͙ͭͦͪΎ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ κ  

˸Φ ˥ Φ ˨͔͡Ύ͎͙ͤΦ ς ˸ ΦΥ ˮ˹̅˾ˢ-˸Σ нллоΦ ς оооͫΦ 
2. ˬ͍ͯͦ͊͟ ˩Φ ˢΦ Hi-IǳƳŜΥ ͙͙͒ͤ͊ͣ͊͟ ͎͙ͪ͊ͤͼ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͙͔ͫͫͭͣ κ  

˩Φ ˢΦ ˬ͍ͯͦ͊͟ κκ ˤ·ͫ΄͔͔ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍ ˾͙͙ͦͫͫΦ ς 2009. ς Ѕ млΦ ς ˿ Φ фнς96. 
3. ˬ͍ͯͦ͊͟ ˩Φ ˢΦ IƛƎƘ-¢ŜŎƘΥ ͺ͔͔ͤͦͣͤΣ ͺͯͤ͟ͼ͙͙Σ ͺͦͪͣ· κ ˩ΦˢΦ ˬ͍ͯͦ͊͟Φ ς 

́ͦͣͫ͟Υ ˮ͒͘-͍ͦ ͎́ͦͣͫͦͦ͟ ͎ͦͫΦ ͔ͨ͒Φ ͯͤ-ͭ,͊ 2007. ς отс ͫΦ 
4. ˬ͍ͯͦ͊͟ ˩Φ ˢΦ Iƛ-¢ŜŎƘ ͙ Iƛ-IǳƳŜΥ ͍ͤͦ·͔ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͎͍͔ͨͦ͒ͦͭͦ͟ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͊͡ κ ˩Φ ˢΦ ˬ͍ͯͦ͊͟ κκ ˤ͔͙ͫͭͤ͟ ́˥˽̂Φ ˿͔͙ͪΎΥ ˥͙ͯͣ͊ͤͭ͊ͪͤ·͔ ͙ͤ͊ͯ͟ 
όΉ͙ͦͤͦͣ͊͟͟ύΦ нллрΦ ς ʕ ·ͨΦ р όпфύΦ ς ˿ Φ тлς72. 

рΦ ˴ͦ;͔͍ͭͦ͟ ˤΦ ˤΦ ˿ͦͼ͙͎͙ͦͦ͡Ύ ͔ͣ͗ͯ͟͡Έͭͯͪͤ·ͻ ͙ͪ͊͘͡;͙͚ κ ˤΦ ˤΦ ˴ͦ;͔͍ͭͦ͟Φ ς 
˸Φ Υ ˿ͦͼ͙ͯͣΣ нлллΦ ς нру ͫΦ 

сΦ ˶ͨ͊ͤ͜͟ ˤΦ ˱ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͔͔͋ͨ͊͘͟ ͙̂ͪ͊ͤ͟͝ ͍ ͍ͯͣͦ͊ͻ Ί͍͔͎ͪͦͤͭͪ͊͜ͼ͜͝ 
ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ˤΦ ˶ͨ͊ͤ͜͟Σ ̑Φ ˸͙͔͊ͫͣͤͦ͟͟Σ ˤΦ ˬ͔͜͡ͻ͍ͦͫΈ͙͚͟Φ ς ˾͔͙͗ͣ 
͒ͦͫͭͯͨͯ : http:// mobile.pidruchniki.com/15800119/politologiya/ ponyattya_ 
zmist_zagroz_informatsiyniy_bezpetsi 

7Φ ˶ͯ͟ΈΎ͔ͤͼ ˤΦ Φ˿ ˥͙ͦͪͦͤͭ͘· ͎͙͙͙ͯͣ͊ͤͭ͊ͪΥ ͔ͨͪͦ͋ͣ͊͡ ͨͦͫͭ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ 
͋ͯ͒ͯ΅͔͎ͦ κ ˤΦ ˿Φ ˶ͯ͟ΈΎ͔ͤͼΣ ˻Φ ˿ͦ͋ͦ͡Έ κκ ̅ͦͫͦ͜͡ͺ͜Ύ ͍͙ͦͫͭ͜. ς Ѕ 3 (5). ς2006. ς  
˿Φ мпрς164. 

8. ˸ ͊͟͡ΌΉͤ ˸Φ ˽͙͙͔ͦͤͣ͊ͤ ˸͔͙͒͊Υ ˤ͔ͤ΄͙͔ͤ ͪ͊ͫ΄͙͔͙ͪͤΎ ;͔͍͔ͦ͊͟͡ ώ͔́ͫͭ͟ϐ κ 
˽͔ͪΦ ͫ ͎͊ͤ͡Φ ˤΦ ˹͙͔͍ͦ͊͊͟͡Τ ˭͊͟͡Φ ͫͭΦ ˸Φ ˤ͍͙͍͊ͦ͊͡Φ ς ˸ΦΤ ˬ͍͙͚ͯͦͫ͟͟Υ ζ˴ ˢ˹˻˹-
͔ͨͪͫͫ- η̇, ζ˴ ͯ;͍ͦͦ͟ ͔ͨͦ͡η, 2003. ς псп ͫΦ 

фΦ ˽ͦ;͔ͨͼ͍ͦ ˥Φ ˾ͦͫ͜Ύ ͜ ̂ͪ͊ͤ͊͟͝ ͯ ͍͍͔ͫͨͫͭ͊ͤͤ͜͜͡ ͝ͻ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟-
͎͙ͨͪͦͨ͊͊ͤ͒ͫͭͫΈ͙͟ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ˥Φ ˽ͦ;͔ͨͼ͍ͦΦ ς ˾͔͙͗ͣ 
͒ͦͫͭͯͨͯ : http:// osvita.mediasapiens.ua/material/33291 

млΦ ˽͔ͪͦͦͨͤͦ͟͟ ˣΦ ˿ͦͼ͎ͦͯͣ͊ͤͭ͊ͪͤ͜͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Υ ͣ͊ͤͨͯ͜͡Ύ͙͍͙͚ͭͤ ͔͊ͫͨͭ͟Φ κ  
ˣΦ ˽͔ͪͦͦͨͤͦ͟͟ κκ ̅ͦͫͦ͜͡ͺ͜Ύ ͙ͤ͊ͯ͟Υ ͙ͭͪ͊͒ͼ͜͝ ͭ͊ ͍ͤͤͦ͊͜ͼ͜͝. ˹͊ͯ͟Φ ͗ͯͪͤ͊͡Φ ς ˿͙ͯͣΥ 
˿ͯͣ˨˽̂ ͔ͣͤ͜͜ s Φ ˿Φ ˸͔͊͊ͪͤ͊͟͟Σ нлмрΦ ς Ѕ м όммύΦ ς ˿ Φ 84ς92. 
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11. ˿ ͔͔͍ͣͤͦ ˿Φ ˤ͚ͦͫ͊͟ ͔ͫͨͼ͙͊͡Έ͎ͤͦͦ ͤ͊ͤ͊͘;͔͙ͤΎ ͙͙͊ͪͣ ˿̊ˢ κ ˿Φ ˿͔͔͍ͣͤͦ 
κκ ˭͔͔͊ͪͯ͋͗ͤͦ ͍͔͔ͦͤͤͦ ͔͙͔ͦ͋ͦͪͤ͘Φ ς 1986. ς Ѕ сΦ ς ˿ Φ мрς22. 

мнΦ ˿͙͍͊͟͡ ˤΦ ˱ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͍͚ͤ͊͜ ͙ͨͪͦͭ ͙̂ͪ͊ͤ͟͝Υ ͣ͜ͺ ;͙ ͔ͪ͊͡Έͤͫͭ͜ΈΚ 
ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ˤΦ ˿͙͍͊͟͡Φ ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ http:// intkonf.org/slivka-vv - 
informatsiyna-viyna-proti-ukrayini-mif-chi-realnist/  

моΦ ̅ͦͣͤ͜ ˻Φ ˿ͯͭͤͫͭ͜Έ ͨͦͤΎͭͭΎ ζ͜ ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͔͔͋ͨ͊͘͟η ώ˩͔͙͚ͭͪͦͤͤ͟͡ 
͔ͪͫͯͪͫϐ κ ˻Φ ̅ͦͣͤ͜Σ ˻Φ ˾ͦͫΈΦ ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯ: 
defpol.org.ua/site/ index.php/en/publikaci/ doc_download/25 

14Φ ͔̉΄ͦ͟ ˤΦ ̅Φ ˻ ͫͯ͋ͫͭ͊ͤͼ͙ͦͤ͊͡Έ͙ͤͦͫͭ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͪ͊ͯͣ͊͘Σ 
͙ͨͫͻ͎͔͔͙͔ͦͤͭ͟ ͙ Iƛ-IǳƳŜ ͔ͭͻ͎͙ͤͦͦ͡Ύͻ όͤ͊ͭͯͪͺ͙ͦͫͦ͡ͺ͔ͫͦ͟ Ή͔ͫͫύ κ ˤΦ ̅Φ ͔̉΄ͦ͟ κκ 
˿ͦͼ͙͊͡Έͤ͊Ύ Ή͙ͦͤͦͣ͊͟͟Φ ς 2009. ς Ѕ мΦ ς ˿ Φ фн-106.  

15. ͍̉ͯͣ͊ͦ͟ ˢΦ ˹Φ ˥͙ͦ͋͊͊͘͡͡ͼ͙ΎΦ ˴ͦͤͭͯͪ· ͼ͔͎ͦͫͭͤͦͦ͡ ͙ͣͪ͊ κ ˢΦ ˹Φ ͍̉ͯͣ͊ͦ͟Φ 
ς ˸ ΦΥ ˽͔ͪͦͫͨͭ͟Σ нллрΦ ς пол ͫΦ 
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͊͟ͼ͔ͤͭ ͤ͊ ͍·͚ͫͦͦ͟ ͙ͦͨ͊ͫͤͦͫͭ ͙ ͔ͤΎ͍ͤͦͣ ͍͙͡Ύ͙͙ͤ ͤ͊ ͫͦͼ͙ͯͣΦ ˿͙͔ͦ͒͊ͤ͘ ͙ 
͍͙͙͔ͪ͊ͭ͘ ͙ͫ͡ ͔ͫͨͼ͙͊͡Έͤ·ͻ ͔ͦͨͪ͊ͼ͙͚ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͍͔ͦͭͭ 
͍͔͔ͫͦͪͣͤͤ·ͣ ͍·͍ͦ͊ͣ͘ ͍͙͙ͪ͊ͭ͘Ύ ͙ͣ͊ͤͨͯ͡Ύ͙͍ͭͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ 
͙ͤͺͦͪͣ͊ͼ͙͎ͦͤͤͦͦ ͦ͋΅͔͍ͫͭ͊ ͍ ͼ͔ͦͣ͡Φ ˴ͪ͊ͭͦ͟ ͙ͦͨͫ·͍͔͊ͭͫΎ ͙͙ͫͭͦͪΎ ͙ͫͦ͒͊ͤ͘Ύ 
͙ͫ͡ ͔ͫͨͼ͙͊͡Έͤ·ͻ ͔ͦͨͪ͊ͼ͙͚Σ ͯ͊͘͟·͍͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͊͒͊͘;͙Σ ͦͭͦͪ͟·͔ ͙ͦͤ 
͔ͪ΄Ό͊ͭΦ  
 ˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͫͦͼ͙͎͙ͦͯͣ͊ͤͭ͊ͪͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͙ͣ͊ͤͨͯ͡Ύ͙͍ͭͤ·͔ 
͔ͭͻ͎͙͙ͤͦͦ͡Σ Iƛ-IǳƳŜ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ͊Ύ ͍͚ͦͤ͊Σ ͔ͫͨͼ͙͊͡Έͤ·͔ 
͔ͦͨͪ͊ͼ͙͙Σ ͙ͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔ͦͨͪ͊ͼ͙͙Σ ͙ͫ͡· ͔ͫͨͼ͙͊͡Έͤ·ͻ ͔ͦͨͪ͊ͼ͙͚Φ 

 
SUMMARY 

 B.V. Prokopenko. Manipulation technologies in information warfare: 
problems of defence. 
 Progress of complex NBICS results in the acceleration of changes in an 
environment, and the effects caused by him create enormous possibilities for 
manipulation individual and collective consciousness. The article is philosophical 
research of problem of development of modern socioteͫhnologies and use of them in 
military aims. Her primary purpose is opening of the most dangerous aspect of 
manipulation essence of socioteͫhnologies ς information warfares, and lineation of 



ʌʽʣʦʩʦʬʽʷ ʥʘʫʢʠ: ʪʨʘʜʠʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ, 2017, ˉ 1 (15) 

109 

 

possible variants of overcoming of this danger. Basic definitions of informative war 
are presented, on their basis the primary purpose of her realization is determined. An 
accent is done on a high danger and non-obvious influence on society. Creation of 
special operations forces is examined as an answer to the modern calls of 
development of manipulation technologies and information society on the whole. 
History of creation is briefly described, the basic tasks decided by forces of the 
special operations are specified. Priority to date gives oneself up to the psychological 
operations. 

The rapid development of complex NBICS leads to faster changes in the 
environment, and caused it effects create huge opportunities for the manipulation of 
individual and collective consciousness. Based on the analysis of different definitions 
of humanities technology, we see that the essence of technology Hi-Hume - 
manipulative in nature, with the rapid development of information technology 
simplifies the possibility of introduction and application of manipulation and human 
behavior at the international level. This leads to constant interference in the 
information sphere per second substitution or adjustment of the information forming 
the right mood and outlook of certain social groups and society in the interests of 
manipulators. 

This is a philosophical problem of universal scale, because it affects all 
humanity without exception, people no longer appears as a separate entity and 
subject to fulfillment of the will of others. 

Said feature fully used in the conduct of information warfare aimed at 
weakening the moral and material forces of the enemy or competitor and the 
strengthening of its own. They include the implementation of measures propaganda 
effect on the human mind in the ideological and emotional areas. Basic methods of 
information war - blocking or distortion of information flows and decision-making 
processes of the enemy. 
 Keywords: socioteͫhnologies, technologies of manipulation, Hi-Hume 
technologies, information warfare, special operations psy-ops, special operations 
forces. 

 
̂˨˴ мпмΦт ζ71                                                                                            ˹Φ˸Φ ˭͔ͤͦ͟͡ 

˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ  
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ˿Φ ˸ ͔͊͊ͪͤ͟͟  ͊

 
́˩̆˹˻˶˻˥˱˲ ˸ˢ˿˻ˤ˻˲ ˸ˢ˹˱˽̂˶̒̇˱˲ ˤ ˿̂̉ˢ˿˹˻˸̂ ˹ˢ̂˴˻ˤ˻˸̂ 

˨ˮ˿˴̂˾˿˱ 
 

̂ ͫͭ͊ͭͭ͜ ͎ͯ͊͊͘͡ΈͤΌΌͭΈͫΎ ͫͤͯ͜Ό;͜ ͙͒ͯͣ͟ ΅ͦ͒ͦ ͍͙ͤ͊͘;͔ͤͤΎ ͫͯͭͤͦͫͭ͜Σ 
ͣͫͭͯ͘͜ ͜ ͪͦ͜͡ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ ͭ͊ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Σ ͘ΩΎ͍ͫͦ͊ͤͦ ͝ͻ 
͙͔ͫͫͭͣͤ͜ ͍͒ͤͦ͜΄͔ͤͤΎ Ύ͟ ͺ͊ͭͦͪͯ͟ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͍͙͍ͨͯ͡ ͤ͊ ͍͔ͨͦ͒ͤͯ͜͟ ͡Ό͙͙͒ͤΦ 
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˻͍͙͚ͫͤͦͤ ͊͟ͼ͔ͤͭ ͔ͪͦ͋ͤͦ͘͡ ͤ͊ ͊ͤ͊͘͜͜͡ ͍͙ͦͫͤͦͤͻ ͨͪͦͼ͔͍ͫ͜Σ ΅ͦ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͍ 
ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͤ͊ ͭ͜͡ ͍͙ͪͦͭͯ͘͟ ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Φ 
˹͎͊ͦͦ͡΄ͯΊͭΈͫΎ ͍͎ͯ͊͊ ͤ͊ ͭͦͣͯΣ ΅ͦ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Σ 
͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͍ͫͦ͝ ͫͦͼ͊͜͡Έͤ͜ ͎͙͊ͤ͊ͦ͡Σ Ί ͙͎ͦͪͤ͊͜͡Έ͙ͤͣ ͺ͔͔ͤͦͣͤͦͣ ͫͯ;͎͊ͫͤͦͦ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ Ύ͙͚͟ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͙ͪͤ͘͜ͻ ͫͨͦͫͦ͋͊ͻ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͙ͨͫͻ͙͜͟Σ 
͎ͨͪͦͨ͊͊ͤ͒͜ ͍ͤ͊͜Ό͍͊ͤͤΎΣ ˹˶˽Σ twΣ ͍ͦ͜͡ ͒ͦ ͍͙͊͒͡ ͜ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͙͍͙ͤ͊͗ ͫͯ͋ϥΊ͍ͭ͟͜ 
ͼ͙ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͊ ͭ͊ͦ͗͟ ͔ͫͨͼ͙ͺ͜;͙ͤͻ ͍ͯͣͦ͊ͻ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ 
˨͍͙ͦͦ͒ͭΈͫΎΣ ΅ͦ ͤ͊ͤͤ͘Ύ ͦͤ͊͘;͔͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͒ͦͦ͘͡ΎΊ ͪͦͪͦ͋͘͡Ύ͙ͭ ͎͙ͨͪͦͪ͊ͣ 
͘͜ ͎͊ͨͦ͋͊ͤͤ͘͜Ύ ͣ͊ͤͨͯ͜͡Ύͼ͚͎ͤͦͦ͜ ͍͙͍ͨͯ͡Σ ΅ͦ Ί ͙͍ͦͫͦ͋ͦ͡ ͊ͭͯ͊͟͡Έ͙ͤͣ ͙ͨͪ ͍͙͋ͦͪ͜ 
͔ͦͣͨͫͯ͟͟͡ ͙͚͍ͨͪͦͣ͜ ͜ ͍ͫͨͦͫͦ͋͜ ͙ͫ͊ͣͦͦ͋ͦͪͦͤΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͣ͊ͤͨͯ͜͡Ύͼ͜ΎΣ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝, hi-hume 
͔ͭͻ͎ͤͦͦ͜͡͝Σ ͔ͪ͊ͣ͊͟͡Σ PR-͔ͭͻ͎ͤͦͦ͜͜͡Σ ͙͎ͣͦͤͭͦͪͤ͜Σ ͦͣͨ͟ΩΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ 
͔͙͒ͤͭ͜;ͤͫͭ͜Έ. 

 
˿ͯ;͊ͫͤ͊ ͔ͨͦͻ͊ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͍͙͙ͤͦͣ ͔͔ͭͤ͒ͤͼ͜Ύ͙ͣ ͼ͙͍͊͘͜͜͡ͼ͚͎ͤͦͦ͜ 

͍͙ͪͦͭͯ͘͟Σ ͙ͦ͟͡ ͎͍͙ͦͦͤͣ͡ ͔͔͒͗ͪͦͣ͡ ͔ͦͤͦͣ͟͜;͎ͤͦͦ ͪͦͫͭ͊ͤͤ͘Ύ ͫͭ͊ΌͭΈ ͤ͊ͯ͊͟ ͚ 
͍ͨͦͫΌ͔͒ͤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͤͦͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ̂ ͍͘ϥΎͯ͘͟ ͘ ͼ͙ͣ ͍͔ͫ ͋͜͡Έ΄͙͚ ͔͔ͤͭͪͫ͜ 
͍͙͙͊͟͟͡ΌͭΈ ͨͯ͋͊͜͟͡ͼ͜͝Σ ΅ͦ ͙͍ͪͦͪ͊͘͟ΌͭΈ ͪͤ͘͜͜ ͔͙͊ͫͨͭ͟ ͫͯ;͙͊ͫͤͻ ͍͙͙ͫͦ͟ͻ 
͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 

˿ͯ;͙͚͊ͫͤ ͍͔ͪͤ͜Έ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͙ͫͨͪΎΊ ͍͙͍;͔ͤͤΌ ͎ͭ͊ͦͦ͟ 
͔͊ͫͨͭͯ͟Σ Ύ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Φ ˽͔͔͍ͪ͋ͯ͊Ό;͙ ͍ ͺͦͯͫ͟͜ 
͍͎͙ͯ͊ ͺͦͫͦ͜͡ͺ͜͝Σ ͎ͨͦͭͦͦ͜͜͡͡͝Σ ͙ͨͫͻ͎ͦͦ͜͡͝Σ ͫͦͼ͎ͦͦ͜͜͡͝ ͭ͊ ͪΎ͒ͯ ͤ͜΄͙ͻ ͤ͊ͯ͟Σ ͔ͨͪͦ͋ͣ͊͡ 
ͣ͊ͤͨͯ͜͡Ύ͙͍͙ͭͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ Ί ͦ͒ͤ͜ΊΌ ͘ ͚ͤ͊͊ͭͯ͊͟͡Έͤ͜΄͙ͻ ͜ ͔ͤͦ͒ͤͦͤ͊͘;͙ͤͻΦ 

͔͔͙́ͦͪͭ;͔ͤ ͙͔ͦͫͣͫͤͤ͡Ύ ͙ͫͯͭͤͫͤ͜ͻΣ ͎͊ͫͦͦ͟͜͜͡;͙ͤͻ ͭ͊ ͫͦͼ͊͜͡Έͤͦ-ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ 
͔͍͊ͫͨͭ͟͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ ͚ͤ͊͘΄ͦ͡ ͍ͫͦΊ ͍͍͔͒ͭͦͪͤͤ͜Ύ ͍ ͪͦ͋ͦͭ͊ͻ 
͍ͤ͊ͯͦ͟ͼ͍͜ ͔͔ͫͪ͒ Ύ͙͟ͻ ˤΦ ˣ͊͋ͤ͊͟͜Σ ˢΦ ˣ͊͊͡΄͍ͦ͊Σ ˻Φ x ͊͊ͪ͟͜͡Ί͍͊Σ ˤΦ ˣ͔ͻ͔͔͍ͭͪ͊Σ  
˻Φ ˣ͚ͦͦ͟Σ ˿Φ x ͎͍ͦͦͣͦͦ͊͡Σ ˻Φ ˤ͔͍͊ͫ͡Έ͎ͦͦ͟Σ ̐Φ ˬ ͍ͯͦͦ͟͝Σ ˱Φ ˶͙ͫ͊͊͟Σ ˤΦ ˸͊͡Έͼ͔͍͊Σ 
˿Φ ˴ ͊ͪ͊-˸͙ͯͪ͘Σ ˸Φ ˽͍͙ͦͨͦ;͊Σ ˤΦ ́ ͊͟;͔ͤͦ͟Σ ˱Φ ˣ͔͔͟΄ͤ͊͟͜Σ ˢΦ ˹͔͡Έ͎͊Σ ˢΦ ˽ ͦͭͦͪ͊͟͡Σ 
˥Φ ˽ ͦ;͔ͨͼ͍ͦ͊Σ ˨͗Φ ˿ ͊ͪͭͦͪ͜Σ ˹Φ ͍̉ͯͪͦ͊͜͡Σ ˩Φ ͔̆ͣ͡Έͦ͟Σ ˻Φ ˭͊Ύͪͤͦ͝Σ ˻Φ ˴ ͦͪ͒ͯͤΣ  
˾Φ ˽͍͔͊ͤͦ͟͡Σ ˤΦ ˶ ͙ͫͤ͜;͎ͦͦΣ ˻Φ ˽ ͔͍ͭͪͦ͊Σ ˸Φ ˽ͦ͋ͦͤ͊͟͜Σ ̑Φ ˿ ͯͪͣͤ͊͜Σ  
̑Φ ̒ ͍ͤͦͫΈͦ͟͝ ͭ͊ ͤ͜Φ  

́͊͟Σ ͫͦͼ͊͜͡Έͤ͊ ͺͦͫͦ͜͡ͺ͜Ύ ͤ͊͘;ͤͯ ͍͎ͯ͊ͯ ͙ͨͪ͒͜͡ΎΊ ͎ͣ͊ͫͭͪ͊͜͡Έ͙ͤͣ ͺ͊ͭͦͪ͊ͣ͟ 
͍͙ͪͦͭͯ͘͟ ͺ͔͔ͤͦͣͤ͊ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Φ ˤͦͤ͊ ͍͙Ύ͍͡ΎΊ ͙͎ͭͨͦͦ͜͡;ͤͦ 
ͫͻͦ͗͜ Ύ͍͙΅͊ ͍ ͫͯ;͊ͫͤͦͣͯ ͭ͊ ͤ͜΄͙ͻ ͫͯͫͨ͜͡Έ͍ͫͭ͊ͻΣ ͍͙ͤ͊͘;͊Ί ͝ͻ ͣͫ͜ͼ͔ ͍ ͫͭͪͯͭͯͪ͟͜ 
͙͍ͤͫͭͭͯͭ͜͜ ͜ ͫͦͼ͊͜͡Έ͙ͤͻ ͙ͨͪ͊ͭ͟͟Σ ͎ͨͪ͊ͤͯ;͙ ͙ͨͪ ͼΈͦͣͯ ͎͍͙ͫͨͪͦͤͦͯ͊ͭ͘ ͙ͤ͊ͫ͒͜͟͡ 
͍͙ͪͦͭͯ͘͟ ͼΈ͎ͦͦ ͺ͔͔ͤͦͣͤ͊Φ ˿ͦͼ͊͜͡Έͤ͊ ͺͦͫͦ͜͡ͺ͜Ύ ͙͊ͨͦ͘͘;ͯΊ ͍ͦͫͤͦͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ 
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ ΅ͦ ͍͒ͦͦ͘͡ΎΊ ͋͜͡Έ΄ ͔͍͊͒͊ͭͤͦ͟ ͙ͪͦ͋ͪ͊ͭͫ͘͜Ύ ͍ 
͔ͫͨͼ͙ͺ͜ͼ͜Σ ͍͙Ύ͍͙͙ͭ ͎͊͊͘͡Έ͔ͤΣ ͙͍͔ͦͫͦ͋͡ ͜ ͯͤ͊͜͟͡Έ͔ͤ ͍ ͔ͯ͗ ͎͍͊͒ͯ͊ͤͦͣͯ͘ ͺ͔͔ͤͦͣͤ͜Φ 
˽͙ͫͻ͎ͦͦ͜͡;ͤ͜ ͗ ͙ͤ͊ͯ͟ Ύ͟ ͍ͫͭͪͯͭͯͪͦ͊ͤ͟͜ ͫͺ͔͙ͪ ͤ͊ͤ͘Έ ͨͪͦ ͍ͤͯͭͪ͜΄͚ͤ͜ ͍ͫͭ͜ ͡Ό͙͙͒ͤ 
͔͎͋ͪ͊͘͜ΌͭΈ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͎͍͊͋ͫͭͪ͊ͯ͊ͤͤΎ ͍͒͜ ͯΎ͍͔ͤ͡Έ ͡Ό͙͙͒ͤ ͤ͊ ͭ͜͡ ͫͦͼ͊͜͡Έ͙ͤͻ 
ͫͭͪͯͭͯͪ͟Σ ͙͍ͤͫͭͭͯͭ͜͜ ͜ ͙ͨͪ͊ͭ͟͟Φ ˽͙ͫͻ͎ͦͦ͜͡;ͤ͜ ͙ͤ͊ͯ͟Σ ͎ͪͦ͘͡Ύ͒͊Ό;͙ ͔ͭͻ͎ͤͦͦ͜͡͝ 
͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Σ ζͪ ͦ͘;͔͍ͤͦͯ͡ΌͭΈη ͨ ͙ͫͻͯ͜͟ ͡Ό͙͙͒ͤ ͤ͊ ͔ͦͪͣ͟͜ ͺ͎͔͙ͪ͊ͣͤͭΣ ΅ͦ 
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͜ ͫͭ͊Ί ͔͔ͨͪ͒ͣͭͦͣ ͝ͻ ͍͙͍;͔ͤͤΎΦ ˽͙ͫͻ͎ͦͦ͜͡;ͤ͜ ͙ͤ͊ͯ͟ ͙͍ͪͦͪ͊͘͟ΌͭΈ ͫͭͪͯͭͯͪͤͦ͟-
ͺͯͤ͟ͼͦͤ͊͜͡Έͤͯ ͔ͤ͊͗ͤͫͭ͜͡Έ ͺ͔͔ͤͦͣͤ͊ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Σ ͋͜͡Έ΄ 
͔͔ͪͭ͡Έͤͦ ͒ͦͫ͒͗ͯ͜͡ΌͭΈ ͔ͦͤͪͭͤ͟͟͜ ͝ͻ ͨͪͦΎ͍͙Σ ͙͊ͫ͟͡ͺͯ͜͟ΌͭΈ ͝ͻΣ ͪͦͪͦ͋͘͡ΎΌͭΈ 
͔ͣͻ͙͊ͤͣ͘͜ ͔͚ͤͭͪ͊͊͘͜͡ͼ͜͝Σ ͊͘ͻ͙ͫͭͯ ͍͒͜ ͔͎͙͍͙ͤ͊ͭͤͻ ͨͪͦΎ͍͍͜ ͝ͻ ͍͙͍ͨͯ͡Φ 

˭͍ ͊͗͊Ό;͙ ͤ͊ ͍͔͊͊ͤ͘͟ ͍͙΅͔Σ ͔ͣͭ͊ ͫͭ͊ͭͭ͜ ͙͒͊ͭ ͺͦͫͦ͜͡ͺͫΈͦ͟-͍͎ͫͭͦ͜͡Ύ͒ͤͯ 
ͦͼͤͯ͜͟ ͍͙ͣ͊ͫͦͣ ͣ͊ͤͨͯ͜͡Ύ͙͍͙ͭͤͣ ͔ͭͻ͎ͤͦͦ͜͡Ύͣ ͭ͊ ͙͙ͪͦͪͭ͘͟ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͝ͻ 
ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͍  ͍ͯͣͦ͊ͻ ͫͯ;͎͊ͫͤͦͦ ͨͦͫͭͤ͒ͯͫͭͪ͊͜͜͡Έ͎ͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊. 

͔́ͪͣͤ͜ ζͣ ͊ͤͨͯ͜͡Ύͼ͜Ύη ͨͦͻ͙ͦ͒ͭΈ ͍͒͜ ͙͊ͭͤͫ͡Έ͎ͦͦ͟ ͍ͫͦ͊͡ ζmanusη ͪͯ͊͟ ͭ͊ ͍͒͜ 
ͺͪΦ ƳŀƴƛǇǳƭŀǘƛƻƴΣ ƳŀƴƛǇǳƭǳǎ ς ͔͗ͣͤΎύ ͦͤ͊͘;͊Ί ͪͯͻ ͪͯ͟Σ ΅ͦ ͍ͨͦΩΎ͙͚͊ͤ͘ ͘͜ 
͍͙ͦͤ͊ͤͤ͟Ύͣ ͔͍ͨͤͦ͝ ͎͙ͨͪͦͪ͊ͣ ;͙ ͍͊͒͊ͤͤ͘ΎΦ ˸͊ͤͨͯ͜͡Ύͼ͜͝ ς ͪͤ͘͜͜ ͍͙͙͒ ͚͒͜Σ Ύ͟͜ 
͍͙ͦͤͯ͟ΌͭΈͫΎ ͙ͪͯ͊ͣ͟Υ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍͔͊͗͡Ύ͙ͣΣ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͙ͣ͒;͙ͤͻ ͨͪͦͼ͔͒ͯͪΣ 
͍͒ͦ͜͡Έ͔ͤ ͍͔ͨͦͦ͒͗ͤͤΎ ͘ ͔͔͙ͨͪ͒ͣͭ͊ͣΦ ˯͎ͦͦ ͔͍͙͔ͨͪͤͤ ͤ͊͘;͔ͤͤΎ ͍͔͡Έ͙ͣ 
͙͙͍͔ͨͦͭͤ͘Υ ζͯ ͍ͨͪ͊͡Ύ͙ͭη, ζͯ ͍ͨͪ͊͡Ύ͙ͭ ͘͜ ͤ͊ͤͤ͘Ύͣ ͍͙ͫͨͪ͊η, ζͤ ͍͙͊͒͊͊ͭ ͎͒ͦͨͦͣͦͯη 
ͭͦ΅ͦΦ 

˹͊ ͫΈ͎ͦͦ͒ͤ͜ ͫͤͯ͜ΌͭΈ ͪͤ͘͜͜ ͍͙ͤ͊͘;͔ͤͤΎ ͎͒͊ͤͦͦ ͔ͭͪͣͤͯ͜Σ ͔ͦͪͣ͊͘͟ ˤΦˤΦ ˭ ͍ͤ͊ͦ͟Σ 
ͭͪ͊ͭͯ͟Ί ͣ͊ͤͨͯ͜͡Ύͼ͜ΌΣ ζΧΎ͟ ͙ͨͫͻ͎ͦͦ͜͡;͙͚ͤ ͍͙͍ͨ͡ ͤ͊ ͡Ό͙͒ͤͯΣ Ύ͙͚͟ ͔ͤ ͍͙͊͗͒͘ ͔ͤΌ 
͍ͯͫ͒ͦͣ͜͡ΌΊͭΈͫΎ ͜ ͣͯ͘΄ͯΊ ͝͝ ͒͜Ύ͙ͭ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͼ͔͚͜͡ ͣ͊ͤͨͯ͜͡Ύͭͦͪ͊ΧΦη  
[7, 47ςпфϐΦ ˤ ͍ͫͦΌ ;͔͎ͪͯΣ ˽͍͊ͤͪ͊ͭͦ͟ ˤΦ˹Φ ͎͍͙ͦͦͪͭΈΣ ΅ͦ ͣ͊ͤͨͯ͜͡Ύͼ͜Ύ ς ζͦ ͙͍͙͚ͫͦ͋͡ 
͍͙͍ͨ͡ ͤ͊ ͍ͨ͒ͫ͒ͦͣͫͭ͜͜͜Έ ͡Ό͙͙͒ͤ ό͔͔͍ͨͪ͊͗ͤͦ ͤ͊ ͝͝ ͔ͣͦͼ͜͝Σ ͨͦ;ͯͭͭΎ ͜ ͔͔͙͍ͨͪ͗͊ͤͤΎύ 
͘ ͔ͣͭͦΌ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͙͍ͣͦͭͯ ͔ͨ͊ͪͭͤͪ͊ ͒ͦ ͍ͫͨͨͪ͊͜ͼ͜ ζ [12, 25ς26].  

̐Φ ˨ ͦͼ͔ͤͦ͟ ͎ͤ͊ͦͦ͡΄ͯΊΣ ΅ͦ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ς ͼ͔ ζͨ ͙ͫͻ͎ͦͦ͜͡;ͤ͊ ͒͜ΎΣ ͨ͒͜ ;͊ͫ 
Ύͦ͟͝ ͚͔ͣ͊ͫͭͪͤͫͭ͜Έ ͣ͊ͤͨͯ͜͡Ύͭͦͪ͊ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͒͡Ύ ͙ͨͪͻ͍͎ͦ͊ͤͦͦ ͍͍͔͔͒ͤͤΎ ͍ 
͙ͨͫͻͯ͜͟ ͔͊͒ͪͫ͊ͭ͊ ͼ͔͚͜͡Σ ͋͊͗͊ͤΈΣ ͍ͤ͊ͣͪ͜͜ ͊͋ͦ ͍ͯͫͭ͊ͤͦͦ͟Σ ΅ͦ ͎͋͊͘͜ΌͭΈͫΎ ͘ ͙͙ͭͣΣ Ύ͟͜ 
ͣ͊Ί ͔͊͒ͪͫ͊ͭ ͯ ͚ͭͦ ͔ͣͦͣͤͭηΦ ˴ͪͣ͜ ͎ͭͦͦΣ ͙͒ͦͫ͒ͤ͜͟͡ ͍͊ͯ͊͗ͯ͘ΊΣ ΅ͦ ͚͔ͣ͊ͫͭͪͤͫͭ͜Έ 
ͣ͊ͤͨͯ͜͡Ύ͙͍͙ͭͤͻ ͨͪͦͼ͔͍ͫ͜ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͚ͭͦΣ ͤ͊ ͎ͦͦ͟ ͫͨͪΎ͍ͣͦ͊ͤ͜  
ͼ͜ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Σ ͔ͤ ͨͦͣ͜;͊Ί ͝ͻΣ ͊ ͍͔͍͔͙͚ͨͤͤ ͯ ͭͦͣͯΣ ΅ͦ ͫ͊ͣ ͍͙ͪ͜΄͙͍ ͭ͊͟ ͍;͙͙͙ͤͭ 
[4, 47ς65]. 

˾͚ͦͫͫ͜Έ͙͚͟ ͍;͔͙͚ͤ ˿͔͎͚ͪ͜ ˴͊ͪ͊-˸ͯͪ͊͘ ͯ ͍͚ͫͦ͝ ͪͦ͋ͦͭ͜ ζ˸ ͊ͤͨͯ͜͡Ύͼ͜Ύ 
͍ͫ͒ͦͣͫͭ͜͜Όη ͍͙͒͜͡ΎΊ ͪΎ͒ ͎͍͙ͦͦͤ͡ͻ ͙ͪͫ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Φ ̒͟ ͜ ͋͜͡Έ΄ͫͭ͜Έ ͍͍͊ͭͦͪ͜ ͍ͤ͜ 
ͫͻ͙͡Έ͙͚ͤ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͣ͊ͤͨͯ͜͡Ύͼ͜Ό Ύ͟ ͍͙͒ ͙ͨͫͻ͎ͦͦ͜͡;͎ͤͦͦ ͍͙͍ͨͯ͡Σ ͍ Ύͦͣͯ͟ 
ͣ͜΄͔ͤͤΌ ͍͙ͫͭͯͨ͊ΌͭΈ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͙ͫͭͪͯͭͯͪ͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͭ͊ ͭ͊Ίͣͤͫͭ͜Έ ͼΈ͎ͦͦ 
ͨͪͦͼ͔ͫͯ ͒͡Ύ ͦ͋ΩΊͭͯ͟ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Φ ́͊ͦ͗͟ ͍ͤ͜ ͍͙͒͜͡ΎΊ ͍͙͍͙͚͊͗͡ ͺ͊ͭ͟Σ Ύ͙͚͟ ;͊ͫͭͦ 
͙͊͘͡΄͊ΊͭΈͫΎ ͔͋͘ ͍͎͙ͯ͊ ς ͼ͔ ͍͒ͤͦ͜΄͔ͤͤΎ ͒ͦ ͡Ό͔͚͒ Ύ͙͙ͣ͟ ͣ͊ͤͨͯ͜͡ΌΌͭΈΦ ˤ;͔͙͚ͤ 
͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ζΧ͒ͦ ͡Ό͔͚͒Σ ͍ͫ͒ͦͣͫͭ͜͜Ό Ύ͙͟ͻ ͣ͊ͤͨͯ͜͡ΌΌͭΈΣ ͍͒ͤͦͫ͜ΎͭΈͫΎ ͔ͤ Ύ͟ ͒ͦ 
͙͔͚ͦͫͦ͋ͫͭͦͫͭΣ ͊ Ύ͟ ͒ͦ ͦ͋ΩΊ͍ͭ͟͜Σ ͙͍͎ͦͫͦ͋ͦͦ͡ ͪͦ͒ͯ ͔ͪ;͔͚Φη ώуΣ мрϐ ˿͒͜͡ ͊ͤ͊͘͘;͙͙ͭΣ 
΅ͦ ˿Φ ˴͊ͪ͊-˸ͯͪ͊͘ ͔ͤ ͍͙͒ͤͦͫͭ͜Έ ͒ͦ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ ͙ͤ͊ͫ͡Έ͍ͫͭͦΣ ͦ͋ͣ͊ͤΣ ΅͙ͪͯ ͡Ό͍͋ͦΣ 
͔͙͔ͭͭ͟ ͭ͊ ͯ͟͡Έͭͯͪͤ͜ ͙ͤ͊͘͟Φ 

˽͔ͪͦͭΣ Ύ͟ ͍͔͙͍ͫͨͪ͊͒ͦ͡ ͍͒ͤ͊͘͜;͊Ί ͯͪ͊ͤͫ͟͝Έ͙͚͟ ͙͒ͦͫ͒ͤ͜͟͡ ˢ͔ͪͭͣ ˣ͔͒ͤͦ͜͟Σ 
ζͣ ͊ͤͨͯ͜͡Ύͼ͜Ύ ς ͼ͔ ͔ͤ ͙ͤ͊ͫ͡Έ͍ͫͭͦΣ ͼ͔ ς ͔ͣͭͦ͒ ͔͍͙ͨͪ͒ͫͭ͊ͤͼΈͦ͟͝ ͔͒ͣͦͪ͊ͭ͟͜͝ ό͙ͭͪ͊ͤ 
ͤ͊͊ͯ͘͟ΊΣ ͊ ͔ͤ ͣ͊ͤͨͯ͜͡ΌΊύΦ ˱͔͒Ύ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ Ύͪ͊͘͟ ͜ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅͙ͦ͋ 
ͺ͙͊ͭ͟;͔ͤ ͍ͤ͊ΩΎ͍ͯ͊ͤͤ͘Ύ ͙͒ͯͣ͟ ͍͙͎͡Ύ͒͊ͦ͡ ͍ͦͤ͘͜ Ύ͟ ͍͔͊ͫͤ͡ ͋͊͗͊ͤͤΎ ͡Ό͔͚͒η [2]. 
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͎̂͊͊͘͡ΈͤΌΌ;͙ ͍͙ͤ͊͘;͔ͤͤΎ ͨͦͤΎͭͭΎ ζͣ ͊ͤͨͯ͜͡Ύͼ͜ΎηΣ ͒ͦͼ͜͡Έͤͦ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ 
ͨ͒͜ ͦͫͭ͊ͤͤͣ͜ ͫ͒͜͡ ͙ͪͦͯͣͭ͘͜ ͚͔ͣ͊ͫͭͪͤͫͭ͜Έ ͍ͯͨͪ͊͡Ύ͙ͭ ͍͔ͨͦ͒ͤͦ͜͟Ό ͊͘ ͎͒ͦͨͦͣͦͦΌ 
ͼ͔ͫͨͪ͜͡Ύ͍͎ͣͦ͊ͤͦͦ ͍͙͍ͨͯ͡ ͤ͊ ͫͯͫͨ͜͡Έͤͯ ͙ͨͫͻ͎ͦͦ͜͡ΌΣ ͍ͫ͒ͦͣͫͭ͜͜Έ ͭ͊ ͙͙ͤͫͭͤͭ͜͟ 
͡Ό͙͙͒ͤΦ 

̅Φ ̅ͯͯ͟Ύͣ͊ ͍͙͙͍͒͜͡ ;͙͙ͦͭͪ ͫͺ͔͙ͪΣ ͔͒ ͙͍͔ͣͦ͗͡ ΄͙ͪͦͦͣ͊ͫ͟΄͔ͭ͊͋ͤ 
ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ͡Ό͒ͫΈͦ͟Ό ͙ͨͪͪͦ͒ͦΌ ώмрΣ оςтϐΥ ͔͚ͤͪͦͺ͎ͦͦ͘͜͜͜͡Ύ ͜ ͔͍ͦ͡Όͼ͚ͤ͊͜ 
͙ͨͫͻ͎ͦͦ͜͡Ύ ͡Ό͙͙͒ͤΤ ͔͚ͤͪͦͺ͎͊ͪͣ͊ͦͦ͟͜͡Ύ ͜ ͔ͭͻͤ͊͜͟ ͙ͣͦ͒ͺ͊͜͟ͼ͜͝ ͔ͣͦͼ͚͜ ͜ 
͍͔͙ͨͦ͒ͤ͜͟ ͡Ό͙͙͒ͤΤ ͎͔͎ͪͦͤͭͦͦ͜͡Ύ ͜ ͪͦͪͦ͋͊͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͔ͨͪͦ͒ͦ͗ͤͤΎ 
͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͡Ό͒ͫΈ͎ͦͦ͟ ͙͗ͭͭΎΤ ͎͔ͤͤ͊ ͔͔ͤ͗ͤͪ͜͜ΎΦ 

̒͟ ͋͊;͙ͣͦΣ ͯ ͫͯ;͊ͫͤͦͣͯ ͍ͫͭ͜͜ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ς ͼͦͣ͜͟͡ ͍͔ͯͤͪͫ͊͜͡Έ͔ͤ Ύ͍͙΅͔Σ 
͚͎ͦͦ ͣͦ͗ͤ͊ ͍͙Ύ͍͙͙ͭ ͍ ͯͫ͜ͻ ͫͦͼ͊͜͡Έͤͦ ͤ͊͘;ͯ΅͙ͻ ͫͺ͔ͪ͊ͻ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΦ 

ˤ͙͒͜͡ΎΌͭΈ ͍͒͊ ͍͙͙͒ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ ΅ͦ͒ͦ ͫͯ͋ΩΊ͍ͭ͟͜ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎΣ ͊ ͔ͫ͊ͣΥ  
ω ͙ͣ͗ͦͫͦ͋ͫͭͫͤ͊͜͜ ͣ͊ͤͨͯ͜͡Ύͼ͜ΎΣ ΅ͦ ͍͙ͤ͊͘;͊ΊͭΈͫΎ Ύ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͪͤ͘͜ͻ 

͍͊ͫͦ͋͘͜ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͙ͨͫͻ͎ͦͦ͜͡;͎ͤͦͦ ͍͙͍ͨͯ͡ ͤ͊ ͔ͦͪͣͯ͟ ͡Ό͙͒ͤͯΤ 
ω ͔͙͍ͦͭͤ͊͟͟͡ ͣ͊ͤͨͯ͜͡Ύͼ͜Ύ ς ͙͎ͨͪͤ͜;͔ͤͤΎ ͍ͦ͜͡ ͡Ό͔͚͒ ΄͡Ύͻͦͣ ͒ͯͻ͍͎ͦͤͦͦ 

͍͙͍ͨͯ͡ ͤ͊ ͙ͤͻ ;͔͔ͪ͘ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͝ͻͤΈͦ͝ ͍͔͙ͨͦ͒ͤ͜͟Φ ͔͚̇ ͍͙͍ͨ͡ ͫͨͪΎ͍͙͚ͣͦ͊ͤ 
ͤ͊ ͙ͨͫͻ͜;ͤ͜ ͙ͫͭͪͯͭͯͪ͟ ͡Ό͙͙͒ͤΣ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͙ͨͪͻ͍ͦ͊ͤͦ ͚ ͍͙ͫͭ͊ͭΈ ͍ͫͦͣ͝ 
͍͊͒͊ͤͤ͘Ύͣ ͣͤͯ͘͜ ͒ͯͣͦ͟Σ ͫͨͦͤͯ͊ͤ͟Έ ͜ ͼ͔͚͜͡ ͡Ό͔͚͒ ͯ ͨͦͭͪ͋ͤͦͣͯ͜ ͔͍͚ͨͤ͜ ͎ͪͯͨ͜ ͦͫ͋͜ 
ͤ͊ͨͪΎͣͯ͟ ώфϐΦ 

ˤ͙ͻͦ͒Ύ;͙ ͘ ͼΈ͎ͦͦΣ ˤΦ ˴͙ͪͫΈͦ͟ ͍͙͒͜͡ΎΊ ͙ͭͪ ͍ͪͤ͜͜ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎΥ ς ͔ͨͪ΄͙͚ 
͍͔ͪͤ͜Έ ς ͙͔ͨͦͫͤͤ͡Ύ ͫͤͯ͜Ό;͙ͻ ͯ ͍ͫ͒ͦͣͦͫͭ͜͜ ͡Ό͔͚͒ ͔͚͒͜Σ ͍ͯͫͭ͊ͤͦͦ͟Σ ͙͍͍ͣͦͭ͜Σ 
ͼ͔͚ͤͤͦͫͭ͜Σ ͤͦͪͣΣ ΅ͦ ͨͦͭͪ͋ͤ͜͜ ͣ͊ͤͨͯ͜͡ΎͭͦͪͯΤ ς ͎͙͚͒ͪͯ ͍͔ͪͤ͜Έ ͍ͨͦΩΎ͙͚͊ͤ͘ ͘ 
͔͙͙ͦͪͣͣ͟Σ ͙͙ͣ͊ͣ͡ ͙ͣͤ͊ͣ͘͜ ͎ͨͦ͡Ύ͍͒͜ ͤ͊ ͭͯ ;͙ ͤ͜΄ͯ ͨͦ͒͜ΌΣ ͨͪͦͼ͔ͫΣ ͺ͊ͭ͟Σ ΅ͦ 
͍͙͍ͨ͊͡Ί ͤ͊ ͔ͣͦͼ͚͔ͤ͜ ͚ ͙ͨͪ͊ͭ͟;͔ͤ ͍͒ͤͦ͜΄͔ͤͤΎ ͒ͦ ͔͎ͦͤͪͭͤͦͦ͟͟ Ύ͍͙΅͊Τ ς ͭͪ ͔͚ͭ͜ 
͍͔ͪͤ͜Έ ς ͟ ͦͪͤͤ͊͜Σ ͙͊ͪ͒ͤ͊͟͡Έͤ͊ ͣͤ͊͘͜ ͙͗ͭͭΊ͍͙ͻ ͍ͤ͊ͫͭ͊ͤͦ ΄͡Ύͻͦͣ ͔͔͒ͦͤͫͤͤΎ ͝ͻ ͒ͦ 
͍ͫ͒ͦͣͦͫͭ͜͜ ͦ͋ΩΊͭ͊͟ ώмлΣ ммсϐΦ  

˻Φ ˣ͚ͦͦ͟ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ Ύ͟ ͔ͫͨͼ͙ͺ͜;ͤ͊ ͺͦͪͣ͊ ͍͙͍ͨͯ͡ ͣ͊Ί 
ͭ͊͟͜ ͺͯͤ͟ͼ͜͝Υ ͤ͜ͺ͙͍ͦͪͣ͊ͭͤͯ όͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ͋ ͙͍͙ͦͭͪͣͯ͊ͭΣ ͔͔͍͙ͤͭͪͨͪͭͯ͊ͭ͜Σ 
͔͍͙ͦͣͤͭͯ͊ͭ͟ ͍͒ͦͣͦͫͭ͜͜ ͨͪͦ ͨͦ͒͜͝ ͭ͊ Ύ͍͙΅͊ ͍͙ͤ͊ͦ͟͡΄ͤΈͦ͝ ͚͒ͫͤͦͫͭ͜͜ύΤ ͙͔ͨͦͫͤͤ͡Ύ 
͍͙͍ͨͯ͡ όͣ͊Ί ͤ͊ ͔ͣͭ͜ ͙͙ͣͤͭ͘͜ ͍͙ͯͫͭ͊ͤͦ͟ ͔ͦͨͦͤͤͭ͊ ͊͋ͦ ͔ͨ͊ͪͭͤͪ͊ ͘ ͔ͣͭͦΌ 
ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜͝ ͚͎ͦͦ ͍͔͙ͨͦ͒ͤ͜͟ ͭ͊ ͚͒͜ ͤ͊ ͙ͦͪͫͭ͟Έ ͣ͊ͤͨͯ͜͡Ύͭͦͪ͊ύΤ ͍͔ͯͫͭ͊ͤͦͤͤ͡Ύ 
ͦͤͭͪͦ͟͡Ό ͤ͊͒ ͍ͫ͒ͦͣͫͭ͜͜Ό όͺ͍ͫͯ͊ͤͤ͜͟Ύ ͯ ͍ͫ͒ͦͣͦͫͭ͜͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ 
͔͔͙͍ͫͭͪͦͭͨ͜Σ ͣ͒͗͜͜͜Σ ͣ͜ͺ͍͜Σ ͍͔͔͒ͦ͒ͤͤΎ ͝ͻ ͒ͦ ͍͙͊ͭͦͣ͊ͭͣͯ͘ύΤ ͔͎ͪͯ͡Ό͍͊ͤͤΎ 
όͫͨͪΎ͍͍ͣͦͯ͊ͤͤΎ ͚͒͜ ͭ͊ ͍͔͙ͨͦ͒ͤ͜͟ ͦ͋ΩΊͭ͊͟ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ ͍ ͨͦͭͪ͋ͤͦͣͯ͜ ͤ͊ͨͪΎͣͯ͟ύΤ 
͍͙͍ͨͪͦͦ͊ͭͤͯ͟ ό͍͔ͫͭͦͪͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͦͤ͟ͺ͙ͭͤ͜͟͡ͻ ͙ͫͭͯ͊ͼ͚͜ ͭ͊ ͔͔ͫͯͨͪ;͔͚ͤͦͫͭ ͯ 
͙͚ͨͦͭͪ͋ͤ͜ ͒͡Ύ ͼΈ͎ͦͦ ͔ͣͦͣͤͭύΤ ͍ͣ͊ͫͯ͊ͤͤ͟Ύ ό͙ͨͪͻ͍͍ͦͯ͊ͤͤΎ ͍ͫͨͪ͊͗ͤ͜ͻ ͍ͤ͊ͣͪ͜͜ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ύΤ ͊͘ͻ͙ͫͤͯ ό͒͜͝ ͨ͒͜ ;͊ͫ ͔͒ͺ͜ͼ͙ͭͯ ͔ͣ͊ͭͪ͊͜͡Έ͙ͤͻ ͭ͊ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ 
͔͍ͪͫͯͪͫ͜ ͫͯ͋ΩΊͭ͊͟ύΤ ͙͍͊͒͊ͨͭͤͯ ό͙͍ͨͪͫͭͦͫͯ͊ͤͤΎ ͒ͦ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͦ͋ΩΊͭ͊͟ 
ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎύΤ ͣͦ͋͊͘͜͜͡ͼ͚ͤͯ͜ όͺ͍ͦͪͣͯ͊ͤͤΎ ͙͍ͣͦͭ͊ͼ͜͝ ͒͡Ύ ͒͜͝ ;͙ ͔͋͒͘͜Ύ͡Έͤͦͫͭ͜ 
ͦ͋ΩΊͭ͊͟ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎύ ώоΣ фς10].  

˸͊ͤͨͯ͜͡Ύͼ͜Ύ ͚ͤ͊͋͜͡Έ΄ ͻ͔͊ͪ͊ͭͪͤ͊͟ ͒͡Ύ ͍͎ͣ͊ͫͦͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͻ͔͙͙͊ͪ͊ͭͪͤͣ͟ 
͙͙ͪͫ͊ͣ Ύ͎ͦͦ͟ ΊΥ ͊ͤͦͤͣͤͫͭ͜͜ΈΣ ͍͙ͫͦ͊͟ ͫͭͯͨͤ͜Έ ͣͦ͋͜͡Έͤͦͫͭ͜Σ ͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜Ύ ͍ͫͭ͊ͭͯͫ͜ 



ʌʽʣʦʩʦʬʽʷ ʥʘʫʢʠ: ʪʨʘʜʠʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ, 2017, ˉ 1 (15) 

113 

 

͜ ͔͚ͪͦ͡Σ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙͚ͤ ͍͙͋ͪ͜ ͍͔͙ͨͦ͒ͤ͜͟Σ ͍͒ͤͦͫͤͦ͜ ͔͔͙͚ͤ͊͗ͤ͘͡ ͍͒͜ ͫͤͯ͜Ό;͙ͻ 
͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͤͦͪͣ ͜ ͼ͔͚ͤͤͦͫͭ͜Φ 

˻͔ͭ͗Σ ͔ͣͦ͗ͣͦ ͍͙ͦͤͫͭ͊ͭͯ͊ͭ͟Σ ΅ͦ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ ς ͼ͔ 
ͫͦͼ͊͜͡Έͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͙ͨͫͻ͎ͦͦ͜͡;͎ͤͦͦΣ Ύ͍͎ͤͦͦ ͜ ͙ͨͪͻ͍͎ͦ͊ͤͦͦ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͙ͨͫͻͦ͜͟ΌΣ ͒͜Ύ͙ͣΣ ͍͔ͨͦ͒ͤͦ͜͟Ό ͡Ό͙͙͒ͤ ͜ ͎͙ͪͯͨ ͡Ό͔͚͒ ͪͤͦ͘͜͝ 
;͙͔ͫ͡Έͤͦͫͭ͜Σ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͙ͤͻ ͯΎ͍͔ͤ͡ΈΣ ͍ͫͣ͊͟͜Σ ͔ͨͦͭͪ͋ ͜ ͼ͔͚ͤͤͦͫͭ͜Σ ΅ͦ 
ͤ͊͒͊ΌͭΈ ͔͔͙͍͙͚ͪͨͪͫͤ ͍͙͍ͨ͡ ͤ͊ ͦ͋ϥΊͭ͟Φ 

˹͚͍͙͍͊͊͗͜͡΄͙ͣ ͙ͫͭͪͯͭͯͪͤͣ͟ ͔͔͔ͣͤͭͦͣ͡ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ Ί 
ͫ͊ͣ͊ ͡Ό͙͒ͤ͊Σ ͝͝ ͼͤͤͦͫͭ͜͜Σ ͔͔ͤͭͭ͜͟͡Σ ͙ͨͫͻ͊͜͟Σ ͍͔ͨͦ͒ͤ͊͜͟Φ ˭͍͙͊ͯ͊͗ͣͦΣ ΅ͦ ͔ͭͻ͎ͤͦͦ͜͡͝ 
͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Σ ͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͍ͫͦ͝ ͫͦͼ͊͜͡Έͤ͜ ͎͙͊ͤ͊ͦ͡Σ Ί ͙͎ͦͪͤ͊͜͡Έ͙ͤͣ 
ͺ͔͔ͤͦͣͤͦͣ ͫͯ;͎͊ͫͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ Ύ͙͚͟ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͙ͪͤ͘͜ͻ ͫͨͦͫͦ͋͊ͻ 
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͙ͨͫͻ͙͜͟Σ ͎ͨͪͦͨ͊͊ͤ͒͜ ͍ͤ͊͜Ό͍͊ͤͤΎΣ ˹˶˽Σ twΣ ͍ͦ͜͡ ͒ͦ ͍͙͊͒͡ ͜ 
͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͙͍͙ͤ͊͗ ͫͯ͋ϥΊ͍ͭ͟͜ ͼ͙ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͊ ͭ͊ͦ͗͟ ͔ͫͨͼ͙ͺ͜;͙ͤͻ ͍ͯͣͦ͊ͻ 
͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ  

˿ͯͭͤͫͭ͜Έ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͍͙ͦͤ 
͍͙ͫͭͯͨ͊ΌͭΈ ͍͙͍͙͊͗ͣ͡ ͔͔͔ͣͤͭͦͣ͡ ͍ͦ͜͡ ͒ͦ ͍͙͊͒͡ ͜ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͙͍͙ͤ͊͗ ͫͯ͋ϥΊ͍ͭ͟͜ 
ͼ͙ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔͔ͨͪ΄ͦ͒͗͊͟Ό;͙ ͍͜͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΦ ˹͚͍͙͍͊͊͗͜͡΄͊ 
͍ͯͣͦ͊ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ ς ͨ ͙ͪͻ͍ͦ͊ͤͫͭ͜ΈΦ 

˨͊ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͙͊͘͡΄͊ΌͭΈͫΎ ͔ͺ͔͙͍͙͙ͭͤͣ͟ ͭ͜͡Έ͙͟ ͒ͦ ͭͦ͝ ͙ͨͦͪΣ ͙ͨͦ͟ ͝ͻ 
ͣ͊ͤͨͯ͜͡ΌΌ;͙͚ ͍͙͍ͨ͡ ͔ͤ ͪͦͨͤ͊ͤͦ͘͘͜ ͊͋ͦ ͙ͨͦ͟ ͝ͻ ͔ͤ ͫͦͨ͟͜Ό͍͙͊͡ ͔͙ͦͤͯͪͤͭ͟͟Σ ͊ 
͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͙͒͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͊ͫͭ͜͡Έ͙͟ ͍͙ͫͦ͊͟Σ ΅ͦ ͍͙ͦͤΣ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͔ͤ 
ͤ͊͒ͻͦ͒ΎͭΈ ͤ͊ ͍͙͒ͪͭ͜͟͜ ͙͙ͪͤ͟Σ ͊ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͙͡΄͔ ͙͙ͭͣΣ ͻͭͦ ͺ͍͍ͤ͊ͤͫͯ͊͜ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͜ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍͋ͪ͊ ͯ;͊ͫͭΈ ͍ ͝ͻ ͪͦͪͦ͋͘ͼ͜Φ 

˹͊ ͫΈ͎ͦͦ͒ͤ͜Σ ͒ͦ ͣ͊ͤͨͯ͜͡Ύ͙͍͙ͭͤͻ ͍͙ͣ͊ͫͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͒ͤͦͫ͜ΎͭΈ hi-hume 
͔ͭͻ͎ͤͦͦ͜͡͝ όͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤͯ͜ ͙͊ͤ͊ͭͯ͜͟͡Σ 
͔ͪ͊ͣͯ͟͡Σ ͔͋ͤͫ͘͜- ͔ͭͻ͎ͤͦͦ͜͡͝Σ PR-͔ͭͻ͎ͤͦͦ͜͡͝Σ ͍͙ͫͦ͟͜ ͔ͨͦͭͭ͜͡ͻ͎ͤͦͦ͜͡͝Σ ͔ͭͻ͎ͤͦͦ͜͡͝ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍ͦΊͤΣ ͦͣͨ͟ϥΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͣ ͙͎ͦͤͭͦͪͤ͜Σ ͣ ͔͙͎͊ͪͭͤ͟Σ ͜ ͭΦ ͨΦύΦ  

˹͊ ͫΈ͎ͦͦ͒ͤ͜Σ hi-hume  ͔ͭͻ͎ͤͦͦ͜͡͝ ς ͼ͔ ͍͙ͫͦ͟͜ ͫͦͼ͎ͦͯͣ͊ͤͭ͊ͪͤ͜͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ 
͍͔ͦͫͤͦͤ ͙ͨͪͤ͊͘;͔ͤͤΎ Ύ͙͟ͻ ͨͦ͡Ύ͎͊Ί ͍ ͒͜͝ ͤ͊ ͍ͫ͒ͦͣͫͭ͜͜Έ ͙͍͍ͤ͒͒͜͜͜ ͊͋ͦ ͎ͪͯͨ ͘ ͔ͣͭͦΌ 
͙ͣͤ͘͜ ͝ͻ ͍͔͙ͨͦ͒ͤ͜͟ ͜ ͍͊͘Ί͍͙ͣͦ͒ͤͦͫͤ͜Φ ˽͙ͪ;ͦͣͯΣ ͔͔͍ͨͪ͊͗͊Ό;͙ͣ ͍͙͒ͦͣ ͒͜͝ Ί ͒͜Ύ 
ͣ͊ͤͨͯ͜͡Ύ͙͍ͭͤ͊Σ ͭͦ͋ͭͦ ζͤ ͊ͼ͔ͤ͊͜͡ ͤ͊ ͣͤͯ͘͜ ͤ͊ͨͪΎͣͯ ͙͍͊ͭͤͦͫͭ͟͜ ͤ͜΄ͦ͝ ͡Ό͙͙͒ͤΣ 
͍͙ͦͤ͊ͤͯ͟ ͤ͊ͫͭ͜͡Έ͙͟ ͚͔ͣ͊ͫͭͪͤͦΣ ΅ͦ ͙͊͘͡΄͊ΊͭΈͫΎ ͔ͤͨͦͣ͜;͔ͤͦΌ ͔ͤΌη. 
˸͊ͤͨͯ͜͡Ύ͙͍ͭͤ͊ ͒͜Ύ ͍͒ͦͦ͘͡ΎΊ ͙ͨͪͻ͍ͦ͊ͤͦ ͍͍͍͙ͨͪͦ͊͒͗ͯ͊ͭ ͍ ͙ͨͫͻͯ͜͟ ͔͊͒ͪͫ͊ͭ͊ ͼ͜͜͡Σ 
͋͊͗͊ͤͤΎΣ ͙ͤ͊ͣͪ͜Σ ͍͙ͯͫͭ͊ͤͦ͟Σ ͫͨͦͤͯ͊͟Ό;͙ ͝͝ ͒ͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͍͙ͤ͊͘;͔͙ͤͻ 
ͣ͊ͤͨͯ͜͡Ύͭͦͪͦͣ ͚͒͜ ώ1, 58]. 

̒͟ ͍͔͙͍ͫͨͪ͊͒ͦ͡ ͊ͤ͊͘͘;͊Ί ̐ΦˢΦ ˬ͍ͯͦ͊͟Σ ζΦΦΦ ͨͦΎ͍͊ Ƙƛ-ƘǳƳŜ ͫͭ͊ͦ͡ ͙͍͙ͣͦ͗ͣ͡ 
ͭ͜͡Έ͙͟ ͨͫ͜͡Ύ ͎ͭͦͦΣ Ύ͟ ͘ϥΎ͍͙͙ͫ͡Ύ ͜ ͙ͤ͊͋ͯ͡ ͨͦ΄͙͔ͪͤͤΎ ͫͯ;͊ͫͤ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͜ 
͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ΅ͦ ͍͙͙͒ͦͦ͘͡͡ ͦ͋ͪͦ͋͡Ύ͙ͭ ͍͔͙͡;͔ͤ͘͜ ͙͍͙ͣ͊ͫ 
ͤ͜ͺͦͪͣ͊ͼ͜͝ ͜ ͭͪ͊ͤͫ͡Ό͍͙͊ͭ ͤ͊ ͍͔͙͟͜͡ ͔͙ͭͪͭͦͪ͜͝ ͨͦͭͪ͋ͤ͜͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͙ͨͦͭͦ͟ ͘͜ 
͊͒͊ͤͦ͘Ό ͙͍ͭͪ͊ͫͭ͜͡Ό ͜ ͍ ͔͍͔͙͙ͤ͟͡ͻ ͟͜͡Έͦͫͭ͟Ύͻη [5, 281]. 

˿ͯ;͊ͫͤ͜ ͍͙ͫͦ͟͜ ͫͦͼ͎ͦͯͣ͊ͤͭ͊ͪͤ͜͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͙͙ͤ͊͟ΌͭΈ Ύ͟ ͍ͯͨͪ͊ͤͫ͜͡Έ͟͜ 
͔ͭͻ͎ͤͦͦ͜͡͝Σ ͍ͫͯͨͪͦͦ͒͗ͯΌ;͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ ͙͍ͨͪͦͣͫͦͦͫͭ͜͡ Ύ͟ ͤ͊ ͔ͭ͊ͨ͜ ͍͔ͫͭͦͪͤͤΎ ͜ 



ʌʽʣʦʩʦʬʽʷ ʥʘʫʢʠ: ʪʨʘʜʠʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ, 2017, ˉ 1 (15) 

114 

 

ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜ΎΣ ͭ͊͟ ͜ ͤ͊ ͔ͭ͊ͨ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍ͨͪͦ͒ͯͭ͟͜Φ ˻͍͔ͫͤͦͤ ͙ͨͪͤ͊͘;͔ͤͤΎ 
ͫͦͼ͎͙ͦͯͣ͊ͤͭ͊ͪͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ς ͼ͔ ͭ͊͊͟ ͒͜Ύ ͤ͊ ͍ͫ͒ͦͣͫͭ͜͜Έ ό͙͍ͤ͒͒ͯ͊͜͜͡Έͤͯ ͊͋ͦ 
͍ͣ͊ͫͦͯύΣ Ύ͊͟ ͣ͊Ί ͤ͊ ͔ͣͭ͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͔͍͙ͨͤͻ ͔͍͙ͪͤ͟͜ͻ ͜ ͣ͊ͤͨͯ͜͡ΌΌ;͙ͻ ͚͒͜Φ ˨͡Ύ 
ͫͦͼ͎͙ͦͯͣ͊ͤͭ͊ͪͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͻ͔͊ͪ͊ͭͪͤ͊͟ ͍͙ͫͦ͊͟ ͤ͊ͯͦ͟Ίͣͤͫͭ͜ΈΦ ˤ͙ͦͤ 
͍͊͘Ί͍ͣͦ͘ΩΎ͊ͤ͘͜ ͣ͗͜ ͫͦ͋ͦΌ ͜ ͍͊͘Ί͍ͣͦͯͣͦ͘͡ΌΌͭΈ ͦ͒ͤ͊ ͦ͒ͤͯΦ ͔̅ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤ ͚ 
͙͔ͨͪ͊͒ͤ͟͡ ͫͦͼ͎͔ͦͯͣ͊ͤͭ͊ͪͤ͜͜ ͤ͊ͤͤ͘Ύ ͨͦΊ͒ͤͯΊͭΈͫΎ ͍ ͙ͤͻ ͘ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔͊͡ ͔ͨͦͭͪ͋ͤ͜ ͭ͊ͦ͗͟ ͊ͯ͘͡;͔ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͚ 
͙͙ͨͪͪͦ͒ͤ;͎ͦͦ ͤ͊ͤͤ͘Ύ όͺ͎ͦͦ͘͜͜͜͡͝Σ ͎͔͔͙͙ͤͭ͟Σ ͔͎ͭͦͦ͜͡͝ ͭ͊ ͤ͜ΦύΦ ˿͍͔ͭ͊ͤͦͤͤ͡Ύ 
ͫͦͼ͎͙ͦͯͣ͊ͤͭ͊ͪͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͨͦ ͫͯͭ͜Σ Ί ͨͪͦͼ͔ͫͦͣ ͍͔͎͔ͦͤͪͤ͟ͼ͜͝ ͫͦͼ͊͜͡Έ͙ͤͻ ͭ͊ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˤ͙ͦͤ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͔͔ͨͪ͒͊;͔Ό ͭ͊ ͎͍͙ͨͪͦͪ͊ͣͦ͊ͤͣ 
͍͊ͫͦ͘ΊͤͤΎͣ ͔͍ͨͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͘ ͋ͦͯ͟ ͙͍ͫͨͦ͗͊;͊Φ ˭͍͊͒Ύ͙͟ ͙ͤͣ ͺͦͪͣͯΌͭΈͫΎ ͍ͤͦ͜ 
͔͙ͨͦͭͪ͋Σ ΅ͦ ͦͺͦͪͣ͡ΌΌͭΈͫΎΣ ͯ ͍ͫͦΌ ;͔͎ͪͯΣ ͍ ͫͦͼ͊͜͡Έ͔ͤ ͍͔͊ͣͦͤͤ͘͡Ύ ͒ͦ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦ͝ ͜ ͙ͨͪ͊͒ͤͦ͟͡͝ ͙ͤ͊ͯ͟ ͤ͊ ͍ͤͦ͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ Ύ͟͜ ͣͦ͗ͯͭΈ ͙ͫͭ͊ͭ 
͍ͦͫͤͦͦΌ ͒͡Ύ ͍ͤͦͭͤ͜͜ͻΣ ͒ͦͫͦͤ͊͟͜͡΄͙ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ώрΣ оммϐΦ 

˿ͯ;͊ͫͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͜ ͍͙͙ͪͦ͋ͤ;͜Σ ͜ ͫͦͼ͎ͦͯͣ͊ͤͭ͊ͪͤ͜͜͜Σ ;͙ͤΎͭΈ ͔͔͔ͤ͋ͨ͘;͙͚ͤ ͙ͭͫ͟ 
ͤ͊ ͙ͨͫͻͯ͜͟ ͡Ό͙͙͒ͤΥ ͼ͔ ͔͋ͦͤͭͪͦ͘͟͡Έͤ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͒͜Ύ ͘ ͋ͦͯ͟ ͫͯ;͙͊ͫͤͻ ͍͊ͫͦ͋͘͜ 
͍ͣ͊ͫͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͜ ͦͣͯͤ͊͟͜͟ͼ͜͝Τ ͙͔ͨͪͫͦͪͤͤ͟Ύ ͙͍ͪͭͣ͜ ͜ ͔͍ͭͣͨ͜ ͙͗ͭͭΎΤ ͔͊ͤͯͪͤͤ͘Ύ 
ͯ ͍ͪͭͯ͊͜͡Έͤͯ ͔ͪ͊͡Έͤͫͭ͜Έ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͎ͦͪ͜ ͜ ͎ͦ͋͊͡͡Έͤͦ͝ ͔͔ͣͪ͗͜Φ ˤ͙͙ͤ͊͟ΌͭΈ ͍ͤͦ͜ 
͍͙͙͒ ͊͘ͻ͍ͦͪΌ͍͊ͤΈ ͜ ͔͔͚͊͗ͤͦͫͭ͘͡ ό͎ͪͦͣ͊ͤ͜͜ΎΣ ˱͔͔ͤͭͪͤͭ-͔͊͗ͤͫͭ͘͜͡Έ ͭ͊ ͤ͜ΦύΣ ΅ͦ 
͍͔͒ͯͭΈ ͒ͦ ͔ͫͨͼ͙ͺ͜;͙ͤͻ ͨͪͦΎ͍͍͜ ͍͙ͭͦͣ ͼ͔ͤͭͪ͊͡Έͤͦ͝ ͔͍͍ͤͪͦͦ͝ ͙͔͙ͫͫͭͣ ͜ ͔͍͍͎ͤͪͦͦͦ 
͍͙͔ͫͤ͊͗ͤͤΎΦ ˤ͙ͫͦ͟͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͙ͫͨͪΎΌͭΈ ͚͍ͪͯͤͯ͊ͤͤΌ ͔͙͔ͫͭͤ͘͟ͼ͊͜͡Έ͙ͤͻ ͍ͨ͒ͫͭ͊͜ 
͡Ό͙͙͒ͤΣ ΅ͦ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͍ ͚͍ͪͯͤͯ͊ͤͤ͜ ͼͫͤͦͫͭ͜͜͜͡ ͚͎ͦͦ ͍ͤͯͭͪ͜΄ͤΈ͎ͦͦ ͍ͫͭͯ͜Σ 
ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ίͤͭ͊ͼ͚͜ ͜ ͭΦͨΦ 

ˤͭͪ͊ͭ͊ ͨͦ;ͯͭͭΎ ͔ͪ͊͡Έͤͦͫͭ͜ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͍ͫͭͯ͜Σ ͍͙ͭͪ͊ͭ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͍ 
͙ͫ͊͒ͤ͟͡ͻ ͔ͪ͊͜͡Ύͻ ͫͯ;͎͊ͫͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ˤ ͒͊ͤͦͣͯ ͍͙ͨ͊͒ͯ͟ ͍͙͙ͤ͊͟Ί ͔͙͚ͨͪͦ͋ͣͤ͡ 
ͻ͔͊ͪ͊ͭͪ͟ ͙ͫͭͤͤͦͫͭ͜͜ ͨͤ͊ͤͤ͘͜Ύ ͍ ͍ͯͣͦ͊ͻ ͍ͪͭͯ͊͊͘͜͜͡ͼ͜͝Φ ˹͊ ͒ͯͣͯ͟ ͍͊ͭͦͪ͊ ͔ͭͦͪ͜͝ 
ζ͍ ͪͭͯ͊͜͡Έ͎ͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊η ˢΦ ˣΌ͡ΎΣ ͘ ͍͙ͪͦͭͦͣ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͪͭͯ͊͜͡Έͤͦ͝ 
͔ͪ͊͡Έͤͦͫͭ͜ ͦͣͨ͟ϥΌ͔͙ͭͪ ͘ ͦ͋;͙ͫ͡Ό͍͊͡Έ͙ͤͻ ͣ͊΄͙ͤ ͔͔͍͙͙ͨͪͭͦͪͫ͡Ύ ͍ ͍͔ͯͤͪͫ͊͜͡Έͤ͜ 
ͣ͊΄͙͙ͤ ͘ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ζ͒ ͔ͪ͊͘͟͡Έ͙ͤͻη ͍͍ͫͭ͜͜Φ ̂ ͚ͦ͗ͤ͟͜ ͙͔ͨ͒ͫͫͭͣ͜͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊ 
͍ͯͭͦͪΌΌͭΈͫΎ ζͨ ͔͊ͪ͊͡͡Έͤ͜η ͍͙ͫͭ͜Σ ͍ Ύ͙͟ͻ ͺͯͤ͟ͼͦͤͯ͜ΌͭΈ ͍ͪͭͯ͊͜͡Έͤ͜ ͎͙͊ͤ͊ͦ͡ 
͔ͪ͊͡Έ͙ͤͻ ͔ͣͻ͍͊ͤͣ͘͜͜ ͍͍͔͒ͭͦͪͤͤ͜Ύ ͫͯͫͨ͜͡Έ͍ͫͭ͊Υ ͔ͦͤͦͣ͟͜;ͤ͜ ͔ͤͭͪ͊͜͟ͼ͜͝ ͜ ͙ͨͦͭ͜͡;ͤ͜ 
͊͟ͼ͜͝ ͍ ͔͔ͣͪ͗͜ LƴǘŜǊƴŜǘΣ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͔͙ͨͪͫͦͤ͊͗͊ͣ ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ ͎ͦͪ͜ ͭͦ΅ͦΦ 
˽ͪͦͼ͔ͫ ͊ͣ͘͜΅͔ͤͤΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͦͣͨ͟ϥΌ͔͍ͭͪ͜ ͔ͪ͊͡Έ͎ͤͦͦ ͨͪͦͫͭͦͪͯ - Ύ͟ ͣͫ͜ͼΎ 
͍͍͔͒ͭͦͪͤͤ͜Ύ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ς ͨͪͦͫͭͦͪͦͣ ͍ͪͭͯ͊͜͡Έ͙ͤͣ ˣΌ͡Έ ͙͍ͤ͊͊͘Ί ͍ͪͭͯ͊͊͘͜͜͡ͼ͜ΊΌ 
[4, 67ς69]. 

˻͒ͤ͜ΊΌ ͘ ͼ͙ͻ ͎͊ͪͦ͘͘ ͫͭ͊Ί ͔͎͒ͯͣ͊ͤ͊͘͜ͼ͜Ύ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ς ͍ͭͪ͊ͭ͊ ͎͙ͯͣ͊ͤͫͭ͜;͙ͤͻ 
ͤ͊;͊͡Σ ͎͊͊͘͡Έͤͦ͡Ό͒ͫΈ͙͟ͻ ͒ͯͻ͍͙ͦͤͻ ͜ ͣͦͪ͊͡Έ͙ͤͻ ͼ͔͚ͤͤͦͫͭ͜ ͯ ͙͗ͭͭ͜ ͡Ό͔͚͒Σ 
͍͍͒ͣͦ͊͜ ͍͒͜ ͍͎ͫͭͦ͜͡Ύ͒ͯΣ ͍͎͊ͫͤͦ͊ͤͦͦ͘ ͤ͊ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͜͡ ͭ͊ ͡Ό͒Ύͤͦͫͭ͜Σ ͤ͊ ͍ͯ͊͘͜ ͜ 
͍ͨͦ͊͘͜ ͒ͦ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͒ͦ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͡Ό͙͙͒ͤΦ ̒͟ ͊ͤ͊͘͘;͊Ί  
˾Φ ͍̊ͯͭͦΥ ζ˹ ͚͊ͫͭͪ͊΄ͤ͜΄͊ ͙ͫ͊͡ ͔͎͒ͯͣ͊ͤ͊͘͜ͼ͜͝ ͍ ͭͦͣͯΣ ΅ͦ ͍ͦͤ͊ ͍ͪͦ͘ΩΎͯ͘Ί ͙ͪͯ͟ ͒͡Ύ 
͙ͤ͊ͫ͡Έ͍ͫͭ͊η [16].  
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̒͟ ͍͔͗ ͊ͤ͊͘͘;͊ͦͫ͡ΈΣ ͒ͦ hi-hume ͔ͭͻ͎͚ͤͦͦ͜͡ ͔ͤ͊͗͊ͭ͡Έ tw-͔ͭͻ͎ͤͦͦ͜͡͝Σ ͍͙ͫͦ͟͜ 
͔ͨͦͭͭ͜͡ͻ͎ͤͦͦ͜͡͝Σ ͔ͭͻ͎ͤͦͦ͜͡͝ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍ͦΊͤΦ ˨͊ͤ͜ hi-hume ͔ͭͻ͎ͤͦͦ͜͡͝ 
͍͒ͦͦ͘͡ΎΌͭΈ ͔ͺ͔͙͍ͭͤͦ͟ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘ ͫͦͼ͊͜͡Έͤͦ-͙ͨͦͭ͜͡;ͤ͜ ͙ͣͤ͘͜ ͜ ͍ͯͨͪ͊͡Ύ͙ͭ 
͙͙ͤͣΦ ˻͒ͤ͜ΊΌ ͘ ͔ͺ͔͙͍͙ͭͤ͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜ Ί ͚͍ͪͯͤͯ͊ͤͤΎ 
͔ͣͻ͍͊ͤͣ͘͜͜ ͙ͭͪ͊͒ͼ͚ͤͦ͜͝ ͔͙ͫ͊ͣͦ͒ͤͭ͜ͺ͊͜͟ͼ͜͝ ό͔ͭͤͦͤ͊ͼͦͤ͊͜͡Έͤͦ͝Σ ͯ͟͡Έͭͯͪͤͦ͝Σ 
ͦͤ͟ͺ͔͚ͫͤͦ͜͝ ͭ͊ ͤ͜Φύ ;͔͔ͪ͘ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦͣͯ͜ ͨͪͦͫͭͦͪ͜ ΄ͭͯ;͙ͤͻ 
͍͍͊ͪ͊ͤͭ͜͜ ͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜͝Φ 

ˤ ͫ͊ͣͦͣͯ ͎͊͊͘͡Έͤͦͣͯ ͪͦͯͣͤͤ͘͜͜ ͺ͔͔ͤͦͣͤ ͔͙͒ͤͭ͜;ͤͦͫͭ͜ ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͍ 
͍͔ͯͫ͒ͦͣͤͤ͜͜͡ ͡Ό͙͒ͤͦΌ ͫ͊ͣͦ͝ ͔͔ͫ͋Σ Ύ͔͟ ͍͒ͦͦ͘͡ΎΊ ͚͝ ͍͙ͤ͊͘;͙͙ͭ ͍ͫͦΊ ͣͫ͜ͼ͔ ͍ 
ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦͣͯ ͨͪͦͫͭͦͪ͜ ͭ͊ ͍͜͡Έͤͦ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͍ ͦͭͦ;ͯΌ;ͦͣͯ ͍ͫͭ͜͜Φ 
˹͔ͦ͋ͻ͒ͤͫͭ͜͜Έ ͍ ͔͙͒ͤͭ͜;ͤͦͫͭ͜ ͙ͨͦ͊ͤ͊͟͟͡ ͙ͭͣΣ ΅ͦ ͦ͗ͤ͊͟ ͡Ό͙͒ͤ͊ ͔ͨͦͭͪ͋ͯΊ 
ͯͨͦͪΎ͍͒ͦ͊ͤͦͫͭ͟͜ ͍ͫͦΊ͝ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜Φ ˱͔͙͒ͤͭ;ͤͫͭ͜Έ ͣͦ͗ͤ͊ ͙ͪͦͯͣͭ͘͜Σ Ύ͟ 
ͫͯ͋ΩΊ͙͍͔ͭͤ͟ ͨͦ;ͯͭͭΎ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͫͦ͋͜Σ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͍ͫͦΊ͝ ͙͙ͨͪͪͦ͒ ͊͘ 
͍͔ͫͭ͊ͤͤ͡Ύͣ ͒ͦ ͦͭͦ;ͯΌ;͎ͦͦ ͍ͫͭͯ͜Φ ˶Ό͙͒ͤ͊Σ Ύ͊͟ ͍ͯͫ͒ͦͣ͜͡ΌΊ ͔͔ͫ͋ ͫ͊ͣͯΣ ͔ͤ͊͒ͤ͊͜͡ 
͔͍ͨͤͦΌ ͍ͫͦ͋ͦ͒ͦΌΣ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜ΌΦ ˤͭͪͯ;͊ͤͤΎ ͍ ͡Ό͒ͫΈͯ͟ ͙ͨͪͪͦ͒ͯ ͍͒͋͜͜ΩΊͭΈͫΎ 
ͤ͊ ͙͚ͫͨͪͤΎͭͭ͜ ͔͔ͫ͋ Ύ͟ ͙ͦͫͦ͋Σ ͍͙ͫͨͦͭͦͪͭΈ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͍͎ͫͦͦ 
͍ͫͤͯ͊ͤͤ͜Ύ ͍ ;͊ͫ͜ ͭ͊ ͨͪͦͫͭͦͪ͜Φ ˿͔ͭ͊ͤͭΈͫΎ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ύ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦͫͭ͜ ͭ͊ 
͍ͫ͒ͦͣͦͫͭ͜͜ ͍͎͊ͫͤͦͦ͡ ͙͗ͭͭΎΣ ͍͙ͫ͊ͣͦͤ͊͘;͔ͤͤΎΣ ΅ͦ ͍͟͡Ό;͊Ί ͍͙͋ͪ͜ ͼ͔͚͜͡Σ ͼ͔͚ͤͤͦͫͭ͜ 
͜ ͔͔ͨͪͦͤ͊ͤ͟ΈΣ Ύ͙ͣ͟ ͡Ό͙͒ͤ͊ ͫ͒ͯ͜͡Ί ͍ ͙͗ͭͭ͜Φ 

˥͍ͦͦͪΎ;͙ ͨͪͦ hi-hume ͔ͭͻ͎ͤͦͦ͜͡͝ ˶͙ͫ͊͟ ˱ΦˤΦ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ζΧͨ͒͜ ;͊ͫ ͊ͤ͊ͯ͘͜͡ 
͙͒͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͡ ͫ͒͜͡ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭΣ ΅ͦ ͍͙ͦͤ ͍ͦͤͦ͡ΌΌͭΈͫΎ ͔͒ͯ͗ ΄͍͙͒ͦ͟Σ 
ͦͫ͟͜͡Έ͙͟ ͔ͺ͔͙͍ͭͤ͟͜ ͭ͜͡Έ͙͟ ͒ͦ ͙ͭͻ ͨͪ͜Σ ͙ͨͦ͟ ͚ͭͦΣ ͤ͊ ͎ͦͦ͟ ͍͙ͦͤ ͫͨͪΎ͍ͣͦ͊ͤ͜Σ ͔ͤ 
͍ͪͦͨͤ͊͘͘͜ ͝ͻ ͒͜͝Σ ͊͋ͦ ͙͒ͦ͟ ͝ͻ ͔ͤ ͫͦͨ͟͜Ό͍͙͊͡ ͔͙ͦͤͯͪͤͭ͟͟Φ ˾͍͙ͦͭͦ͘͟ ͫͯ;͊ͫͤͦ͝ 
͔͙ͦͤͦͣ͟͜͟ ͍ ͍ͯͣͦ͊ͻ ͪͦͫͭ͊͘Ό;ͦ͝ ͔ͦͤͯͪͤ͟͟ͼ͜͝ ͍͙͎ͣ͊͊Ί ͚͎ͨͦͫͭͤͦͦ͜ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ 
hi-hume ͔ͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͒͊Ί ͦͣͨ͊ͤ͟͜ΎͣΣ Ύ͟͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͝ͻΣ ͔͚ͫͪͦͤͯ͘ 
͔͔͍͎ͨͪ͊ͯ ͤ͊ ͙ͪͤͯ͟Φ ˻͒ͤͦ;͊ͫͤͦ ͘ ͼ͙ͣΣ ͍͙͍͊͗ͦ͡ ͔͙͍ͦͨͪ͊ͭͤͦ ͍͙ͪͦͨͤ͊͊ͭ͘͘͜  
hi-hume ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͍͙͍͗͊ͤ͜ ͔͙ͦͤͯͪͤͭ͊ͣ͟͟Σ ΅ͦ ͍͙͎ͣ͊͊Ί ͍͒͜ ͺ͊ͻ͍͜ͼ͍͜Σ ͨͪ͊ͼΌΌ;͙ͻ 
͍ ͼ͚͜ ͫͺ͔ͪ͜Σ ͎͙͙͋ͦ͟͡ͻ ͤ͘ ͊ͤΈ ͜ ͚͎ͨͦͫͭͤͦͦ͜ ͍ͭͦͪ;͎ͦͦ ͨͦ΄ͯͯ͟Φ ˭͍͊ͫͭͦͫͯ͊ͤͤΎ 
͔ͨͦͭͭ͜͡ͻ͎͚ͤͦͦ͜͡ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜Σ ͊ ͭ͊ͦ͗͟ ͍ͪͦͨͤ͊͊ͤͤ͘͘͜Ύ ͝ͻ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙͍͙͙ͫͯͨͪͦͭͤ͊ͣ͟ ͯ ͫͯ;͊ͫͤͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ ͫͭ͊Ί ͍ͯͣͦͦΌ ͯͫͨ͜΄͎ͤͦͦ 
͍͙ͪͦͭͯ͘͟ ͔͍͙͒ͪ͗͊ ͜ ͝͝ ͔ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤͦͫͭ͟͟͜ ͯ ͍ͫͭ͜͜Φ Hi-hume ͔ͭͻ͎ͤͦͦ͜͡͝ 
ͣͦ͗ͯͭΈ ͯͫͨ͜΄ͤͦ ͍͍͙͊ͫͭͦͫͦͯ͊ͭͫ͘Ύ ͜ ͯ ͫͺ͔ͪ͜ ͍͙ͦͫͭ͜Σ ͔ͨͪͦͭ ͭ͊ͣ ͝ͻ ͔ͨͦͭͤͼ͊͜͡ 
͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͔ͤ͒ͦͫͭ͊ͭͤΈͦΧη [11, 262]. 

˹͙͊ͫ͒͜͟͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ hi-hume ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͚ͨͦ͒ͤ͜͜Φ ˭ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͍͙ͦͤ 
͍͒ͦͦ͘͡ΎΌͭΈ ͔ͺ͔͙͍ͭͤͦ͟ ͍ͯͨͪ͊͡Ύ͙ͭ ͫͦͼ͊͜͡Έ͙͙ͤͣ ͨͪͦͼ͔͙ͫ͊ͣΣ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ 
ͤ͊͘;ͤͦ͝ ͜ ͍͒ͤͦͫͤͦ͜ ͍͒ͦ͜͡Έͤͦ͝ ͔͔͍͙ͨͪ͋ͯ͒ͦ ͍ͣ͊ͫͦͦ͝ ͜ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͍ͫ͒ͦͣͦͫͭ͜͜Σ ΅ͦ 
͍ ͔ͦͤͦͣ͟͜;͚ͤ͜ ͫͺ͔ͪ͜ ͍͒ͦͦ͘͡ΎΊ ͙͙ͦͭͪͣ͊ͭ ͙͚ͫͭͦͭͤ͜ ͔ͣ͊ͭͪ͊͜͡Έ͙͚ͤ ͙ͨͪ͋ͯͭͦ͟Σ ͊ ͍ 
ͫͺ͔ͪ͜ ͙ͨͦͭ͜͡;͚ͤ͜ ς ͔ͺ͔͙͍ͭͤͦ͟ ͍ͯͨͪ͊͡Ύ͙ͭ ͍͔͙͙͙ͣ͟͡ ͙ͣ͊ͫ͊ͣ ͡Ό͔͚͒Φ ˭ ͤ͜΄͎ͦͦ 
͋ͦͯ͟Σ hi-hume ͔ͭͻ͎ͤͦͦ͜͡͝ ͒͊ͭͤ͘͜ ;͙͙͙ͤͭ ͔͙͍͒ͫͭͪͯͭͤͯ͟ ͒͜Ό ͤ͊ ͡Ό͙͒ͤͯ ͜ 
ͫͯͫͨ͜͡Έ͍ͫͭͦΣ ͚͍͙ͪͯͤͯ͊ͭ ͔ͣͻ͙͊ͤͣ͘͜ ͝ͻ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͜͝Φ ˽͙ͪ;ͦͣͯ ͼ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ 
ͣͦ͗ͯͭΈ ;͙͙͙ͤͭ ͔͎͙͍͙͚ͤ͊ͭͤ ͍͙͍ͨ͡ ͔ͤ ͙͡΄͔ ͤ͊ ͦ͋ΩΊ͙ͭ͟ ͝ͻ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ͝ ͒͜͝Σ ͔͊͡ ͜ 
ͤ͊ ͦͫ͋͜Σ Ύ͟͜ ͝ͻ ͍͊ͫͭͦͫͦͯ͘ΌͭΈΦ 
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˻͔ͭ͗Σ hi-hume ͤ͊ ͨͦ;͊ͭͯ͟ ··L ͫͭΦ ͫͭ͊ΌͭΈ ͙ͭͣ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͣ ͔ͪͫͯͪͫͦͣΣ ΅ͦ 
͍͒ͦͦ͘͡ΎΊ ͔ͤ ͭ͜͡Έ͙͟ ͍͙͍;͙͊ͭ ͜ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘ ͪͤ͘͜͜ ͫͦͼ͊͜͡Έͤ͜ ͙ͣͤ͘͜Σ ͔͊͡ ͜ ͒͊Ί ͒͜Ί͍͜ 
͔͙ͤͫͭͪͯͣͤͭ͜ ͒͡Ύ ͤ͊͒͊ͤͤΎ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͔ͪͯ͟Ό;͎ͦͦ ͍͙͍ͨͯ͡ ͤ͊ ͫͦͼ͊͜͡Έ͙͚ͤ ͨͪͦͫͭͪ͜ 
ͭ͊ ͙ͦͭͪͣ͊ͤͤΎ ͎͍͎ͨͪͦͤͦͦ͊ͤͦͦ͘ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭͯΦ  

˿ͯ;͊ͫͤ͊ ͡Ό͙͒ͤ͊ ͔ͤ ͔ͣͦ͗ ͙͙ͯͤͤͯͭ͟ ͍͙͍ͨͯ͡ ͍ͨͦͭͦ͟͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ΅ͦ 
ͤ͊͒ͻͦ͒ΎͭΈ ͍͒͜ ͍͙͒ͪͯͦ͊ͤ͟ͻ ˭˸˱Σ ͔͔ͭ͋͊͡;͔ͤͤΎΣ ͪ͊͒ͦ͜Σ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭ ͭ͊ ͤ͜΄͙ͻ 
͍͊ͫͦ͋͘͜ ͍ͣ͊ͫͦͦ͝ ͦͣͯͤ͊͟͜͟ͼ͜͝Φ ˽͒͜ ͼ͙ͣ ͙ͤ͊ͭͫͦͣ͟ ͔ͤ ͍͙͊͗͒͘ ͙͍ͣͦ͗ͦ͡ 
͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͭ͊ ͙͒ͺ͔͔ͪͤͼ͜Ό͍͙͊ͭ ͭͯ ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ Ύ͊͟ ͍͍͒ͨͦ͒͊͜͜Ί ͚͒ͫͤͦͫͭ͜͜Φ 

̒͟ ͫͯ͡΄ͤͦ ͍͒ͤ͊͘͜;͊Ί ˿Φ ˭͔ͤͫ͜͡Έ͙͚͟Υ ζΧͯ ͫͯ;͊ͫͤͦͣͯ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͣ͊ͤͨͯ͜͡Ύͼ͜͝ 
͙ͣ͊ͫ͊ͣ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͊ͫͦ͋͘͜ ͍ͣ͊ͫͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍͙Ύ͍͡ΎΌͭΈͫΎ ͚ͤ͊͋͜͡Έ΄ 
͒͜Ί͍͙͙ͣ ͘ ͭͦ;͙͟ ͦͪͯ͘ ͎͔͙͍͙ͫͯͫͭͤͻ ͍͙͍͍ͨ͜͡ ͤ͊ ͙͊ͯ͒ͭͦͪ͜ΌΦ ˽͍ͦΩΎ͊ͤͦ͘ ͼ͔ Ύ͟ 
ͣͤͣͯͣ͜͜ ͘ ͟͜͡Έͦͣ͊͟ ͺ͙͊ͭͦͪ͊ͣ͟Σ ͍͙͙ͦͫͤͦͤͣ ͘ Ύ͙͟ͻ ͍͙ͫͭͯͨ͊ΌͭΈ ͙ͨͪ͊ͭ͟;ͤͦ 
͍͔ͫͦͻͦͨ͡Ό͍͊ͤͫͭ͜Έ ͔͙ͭͪͭͦͪ͜͝ ͍͙͍ͨͯ͡Σ ͊ ͭ͊ͦ͗͟ ͙ͫͭͦͪ͜;ͤ͊ ͫͻ͙͡Έͤͫͭ͜Έ ͒ͦ ͍͙ͪ͜ 
͊ͫͦ͋͊ͣ͘ ͍ͣ͊ͫͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ΅ͦ ͙͚ͨͪ΄͊͡ ͒ͦ ͤ͊ͫ ͘ ͪ͊͒ΎͤͫΈ͎ͦͦ͟ ͙͎ͣͤͯͦͦ͡Σ ͊ ͒ͦ 
ͦͫ͋͜Σ ͔͙ͤ͊ͪͦ͒͗ͤͻ ͨͤ͘͜͜΄͔ ς ͅ ͎͔͔͙ͦͤͭ͜͡;͙ͤͣ ΄͡Ύͻͦͣη [6]. 

˨Φ ˾͊΄ͦ͟ͺͺ ͒ͦ ͍͙ͦͫͤͦͤͻ ͙͚͍ͨͪͦͣ͜ ͦͤͭͪͦ͟͡Ό ͫͯͫͨ͜͡Έͤͦ͝ ͍ͫ͒ͦͣͦͫͭ͜͜ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͔ͣ͒͊͜ ό͔ͦͪͣ͊͘͟ twύ ͍͙͒ͤͦͫͭ͜ΈΥ ͍͍͒ͦ͊ͤͤ͜͜͟͡Ύ ͍͎͙ͯ͊ ͎ͪͦͣ͊͒ͫΈͦͫͭ͟͜ ͍͒͜ 
͍͙͍͙͊͗͡ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͔ͨͪͦ͋ͣ͡Τ ͔ͤ͊͒ͣͪͤ͜ ͫͨͪͦ΅͔ͤͤΎ ͍͙͙ͤ͊͟Ό;͙ͻ ͙ͨͭ͊ͤΈΤ 
͙͚ͨͪͦͣ ͎ͣ͊ͪͤ͊͊͘͜͜͡ͼ͜͝ ͜ ͭΦ͒Φ ́͊͟Σ ͚ͦͫͭ͊ͤͤ͜ ͙͚ͨͪͦͣ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͒͡Ύ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͎ͪͦͣ͊͒ͫΈͦ͟͝ ͙͙ͨ͒ͭͪͣ͜͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͔͎ͤͦ͜͡;ͤͦΌ ͙ͨͦͭ͜͡ͼ͜Φ ˽͙ͪ 
ͼΈͦͣͯ ζ͡ ͔͒ͪ͊ͣ͜ ͨͦͭͪ͋ͤͦ͜ ͍͙ͤ͊͊ͭ͘ ͣ͜ϥΎ ͍͎ͦͪͦ͊ ͜ ͔͍͙͒ͣͦͤͯ͊ͭ͘͜ ͚͎ͦͦΣ ͊ ͨͦͭͣ͜ 
͍͙͙ͤ͊ͨͪ͊ͭ ͤ͊ ͔͒ͣͦͤ͊ ͡ΌͭΈ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ˤͫ͜ ͍ͨͪͦ͒ͦ͗ͯΌͭΈ ͍͙͙ͫͭͯͨ͊ͭ ͙ͨͪͦͭ 
͍ͨͪͦͨͦͤͦ͊ͤͦ͝ ͙͙ͨͦͭ͜͟͡ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͍͙ͨͦͦͪͭ͟ΈͫΎΣ ͍͙͍͔͔͒ͤ͜ ͘ ͎͙ͪ ͊͋ͦ 
͎͍ͣ͊ͪͤ͊ͦ͊ͤ͘͜͜͜͡Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͡Ό͔͚͒Σ ΅ͦ ͙ͨͪͦͭͫͭͦΎͭΈ ͼ͜͡Ύͣ ͙͍ͨ͊ͪͤ͜͟͜Σ 
ͣͯ͘΄ͯΌͭΈ ͍͒͜;͙ͯͭ ͔͔ͫ͋ ͊͋ͫͦ͡Όͭͤͦ ͙ͫ͊ͣͦͭͤͣ͜ ζ[14, 31]. 

˻͙͍ͫͦ͋ͦ͡ ͫ͒͜͡ ͍͙͔͙͙ͦͪͣͭ͟ ͔͚͙͍ͭͣͦͭ͡ ͪͦ͋ͦͭͦͨͦ͒͋ͤͦͫͭ͜͜Σ Ύ͙͚͟ ͨͦ͡Ύ͎͊Ί ͍ 
ͭͦͣͯΣ ΅ͦ ͡Ό͙͒ ς ͦ͋ΩΊ͙ͭ͟ ͣ͊ͤͨͯ͜͡Ύ͙͍͎ͭͤͦͦ ͔ͦ͋ͪͦ͋ͤͤ͡Ύ ς ͔͔͍ͨͪͭͦͪΌΌͭΈͫΎ ͤ͊ 
͔ͣ͊ͪͦͤͭͦ͜͟Σ ͔͍͙ͪͦ͊ͤ͟ͻ ͍͙͙͊͒ͤͣ͡ ͙͙ͫ͊ͣ͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ ζͤ ͙ͭͦ;ͦ͟η ς ͍͊ͫͦ͋͘͜ 
͍ͣ͊ͫͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ ˹͊ ͫͦͼ͊͜͡Έͤͦ-ͪͦ͡Έ͍ͦͦͣͯ ͍ͪͤ͜͜ ͎͍ͦ͋ͦͦͪΌΊͭΈͫΎ ͔͊͗ͤͫͭ͘͜͡Έ 
͔͎͙ͨ͒͜͡͡ͻ ͍͒͜ ͙ͭͫͯ͟ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝Σ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͍ͫͯ͗͋ͦ͡ͼ͍͜ ͤ͊ ζͨ ͙͙͍ͪͫͯ͗ͤ͟͜͡η 
(ζͫ ͎ͯ͡ηύΦ ˹͊ ͙ͣ͗ͦͫͦ͋ͫͭͫͤͦͣͯ͜͜ ͍ͪͤ͜͜ ͍͎ͯ͊͊ ͍͔ͪͭ͊͘ΊͭΈͫΎ ͤ͊ ͤ͊Ύ͍ͤͫͭ͜Έ 
͎͍͙͊ͨͪͦͪ͊ͣͦ͊ͤ͘ͻ ͚͒͜ ͯ ͍͍͒ͨͦ͒͜͜Έ ͤ͊ ͭ͜ ;͙ ͤ͜΄͜ ͍͙͍͙ͨ͡ ͘ ͋ͦͯ͟ ͔͍ͨ͊ͪͭͤͪ͜ ͯ 
͍ͫͨͯ͊ͤͤ͜͟͜͡Φ  

˻ͪͣ͟͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎͍͙ͦͭͦͻ ͒ͦ ζ͍ ͙͍͗͊ͤͤΎη ͎ͨͪͦͪ͊ͣ ͔͔͙ͫͭͪͦͭͨͤͦ͝ 
͍͔͙ͨͦ͒ͤ͜͟Σ ͙ͯͫ͘͡͡Ύ ͣ͊ͤͨͯ͜͡Ύ͍ͭͦͪ͜ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͯͤ͜ͺ͊͜͟ͼ͜Ό ͍ͫͨͦͫͦ͋͜ ͙͔ͣͫͤͤ͡ΎΣ 
ͦͼ͙ͤ͜͟ ͚ ͔͎͍ͪ͊ͯ͊ͤͤΎ ͍͔͙͙͟͡ͻ ͣ͊ͫ ͡Ό͔͚͒Φ ́͊͟͜ ͙ͯͫ͘͡͡Ύ ͙͍ͨͪͦ͒͘ΎͭΈ ͒ͦ 
͔͙͍͒ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜͝ ͭ͊ ͔͔͒ͨͪͫͦͤ͜ͺ͊͜͟ͼ͜͝ ͡Ό͔͚͒Σ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͝ͻ ͤ͊ ͙͍͙ͨͦ͒͊ͭ͡ͻ 
ͦ͋ΩΊ͍ͭ͟͜ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎΦ 

ˢͤ͊ͯ͘͜͡Ό;͙ ͔ͭͻ͎ͤͦͦ͜͡͝ ͣ͊ͤͨͯ͜͡Ύ͙͍͎ͭͤͦͦ ͍͙͍ͨͯ͡Σ ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘ ͔͍ͤͭ͜΄͙͚ͤ 
͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͫΈ͎ͦͦ͒ͤ͜ ͡Ό͙͒ͤ͊ ͔ͤ ͍ ͣͦ͘͘͜ ͍ͨͦͤͫͭ͜Ό ͊͘ͻ͙͙͙ͫͭͭ ͔͔ͫ͋ ͍͒͜ ͍͙͍ͨͯ͡ 
͍ͫ͜ͻ ͍͔͙ͤ͊ͨͪ͊ͤ͡ͻ ͤ͊ ͔ͤ͝ ͣ͊ͤͨͯ͜͡Ό͍͊ͤΈΦ   
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˽-͔ͦͨͪ΄͔Σ ͟͜͡Έͫͭ͟͜Έ ͣ͊ͤͨͯ͜͡Ύ͙͍͙ͭͤͻ ͍͙͍͍ͨ͜͡ ͭ͊ ͝ͻ ͪͤͦͣ͊ͤͭͤͫͭ͘͜͜͜Έ ͤ͊ͫͭ͜͡Έ͙͟ 
͍͔͙͟͜͡Σ ΅ͦ ͫ͊͒ͤͦ͟͡ ͯΎ͍͙͙ͭΣ ͍ Ύͦͣͯ͟ ͔ͤ͊ͨͪͯ͗ͤͤ͜ ͍͙͔ͨͦͤͤ ͔͔͍͙ͨͪ͋ͯ͊ͭ ͔͊͒ͪͫ͊ͭΣ 
͙͊͋ ͨͪͦͦͤͭͪͦ͟͡Ό͍͙͊ͭ ͚ ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͍ͫ͜ ͍ͫͦ͝ ͙ͫͭ͊ͤΣ ͣͤͯ͘͜ ͍͔͙ͨͦ͒ͤ͜͟ ͔ͨ͊ͪͭͤͪ͊ 
ͭ͊ ͙ͫͭͯ͊ͼ͜͝Φ ˽ͦ-͎͔͒ͪͯΣ ;͊ͫͭͦ ͔͊͒ͪͫ͊ͭ ͙͚ͫͨͪͣ͊Ί ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ͙͡΄͔ ͤ͊ 
͍ͨ͒ͫ͒ͦͣͦͣͯ͜͜ ͍ͪͤ͜͜Σ ͍ͤ͊ͭ͜Έ ͔ͤ ͎͒ͦ͊͒ͯ͘Ό;͙ͫΈ ͨͪͦ ͚͎ͦͦ ͙ͨͪͫͯͭͤͫͭ͜ΈΦ ˽͔ͪͦͭ 
͚ͤ͊͋͜͡Έ΄ ͙ͫ͡Έͤ͜ ͭ͊ ͎ͪͯ͋͜ ͍͙͍͙ͨ͡ ͣͦ͗ͤ͊ ͍͙Ύ͍͙͙ͭ ͚ ͎͙͊ͨͦ͋ͭ͘͜ ͙ͭ͊ͣ͟ ͒͜ΎͣΦ ˨͡Ύ 
ͼΈ͎ͦͦ ͍͊ͪͭͦ ͍͙ͫ͒ͯ͊ͭ͜͟͡ ͊͘ ͔͔͔͋ͪ͗ͤͤ͘Ύͣ ͼͫͤͦͫͭ͜͜͜͡ ͍͎ͫͦͦ ζ̒ηΣ ͙ͨͪͫͯ͡ͻ͙͊ͭͫΎ ͒ͦ 
͍ͤͯͭͪ͜΄ͤΈ͎ͦͦ ͎ͦͦͫͯ͡ ͭ͊ ͍ͫͭ͊͘͜͡Ύ͙ͭ ͚͎ͦͦ ͘͜ ͍ͦͤ͘͜΄ͤΈͦΌ ͍͔ͨͦ͒ͤͦ͜͟Ό ͔ͦͨͦͤͤͭ͊Φ 

˨͡Ύ ͍͙͍͔ͨͪ͊ͤͤ͡Ύ ͙ͫͭͯ͊ͼ͜͝ ͘ ͣ͊ͤͨͯ͜͡Ύͼ͜ΊΌ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͔ͤͦ͋ͻ͒ͤͦ͜Σ ͔ͨͪ΄ ͊͘ 
͍͔ͫΣ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ ͍ͦͫͭ͜ΎͤͫΈ͚͟͜ ͫͺ͔ͪ͜ ͍ͤͦ͜ ͣͯ͡Έ͙͔͚ͭͣ͒ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͒͡Ύ 
ͪ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͼ͔͚͜͡Υ ͍͊ͨͦͤ͘Ό͍͙͊ͭ ͍͙͚ͤͦ ͤ͜ͺͦͪͣ͊ͼ͚͙͚ͤ͜ ͨͪͦͫͭͪ͜ ͣͦͪ͊͡Έͤͦ-
͔͙ͭ;͙͙ͤͣ ͙͊ͫ͊͒͊ͣ͘Σ ͙͔͙͍͙ͫͫͭͣ͊ͭͯ͊ͭ͘ ͝ͻ ͫͤͯ͜Ό;͙͚ ͣͫͭ͘͜Σ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͝ͻ Ύ͟ 
͔͋͋ͦͭͯ͜͜͟͡Σ ͍ Ύ͚͟͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ;ͭͦ͜͟ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΈ ͒͡Ύ ͎ͭͦͦΣ ΅ͦ͋ ͒ͦͫΎ͎͙ͭ ͍ͫͦ͝ͻ 
ͼ͔͚͜͡Φ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͍͙ͪͦͭͦ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ 
ͣ͊ͤͨͯ͜͡Ύͼ͜͝ Ί ͤ͊ͫ͒ͦͣ͜͟͡ ͋͘͜͡Έ΄͔ͤͤΎ ͪͦ͜͡ ͙ͤ͊ͯ͟ ͍ ͫͯ;͊ͫͤͦͣͯ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͜ 
͔ͫͨ͊ͤͫ͟͜͝ ͝͝ ͒ͦͫΎ͎͔ͤͤΈ ͍ ͤ͜΄͜ ͫͺ͔͙ͪ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ˿͔͊ͣ ͤ͊ͯ͊͟Σ ͍͙ͪͦͭͦ͘͟ 
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ό͙ͨͫͻͦ͊ͤ͊͘͜͡Σ ͋͜ͻ͔͍͙ͦͪͣ͘͜Σ ͫͦͼ͊͜͡Έͤ͊ ͙ͨͫͻ͎ͦͦ͜͡Ύ ͭ͊ ͤ͜ΦύΣ ͊ ͭ͊ͦ͗͟ 
͔ͭͻͤ͜;͙ͤͻ ͤ͊ͯ͟ ό͙͊ͫͦ͋͘ ͍ͣ͊ͫͦͦ͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ύ ͙͍͙͙ͯͣͦ͗͡͡ ͎͔͔͙ͤͫ͘Σ ͊ ͨͦͭͣ͜ ͜ 
͍͙ͪͦͭͦ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Φ  

˽͔͔͙͍͙ͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍͋͊;͊Ίͣͦ ͍ ͯͭͦ;͔ͤͤͤ͜ ͭ͊ ͔͒ͭ͊͊͘͜͡ͼ͜͝ 
ͫͤͯ͜Ό;͙ͻ ͍͙ͤ͊͘;͔ͤΈΣ ͙͊ͫ͟͡ͺ͊͜͟ͼ͚͜Σ ͨ͒͜ͻ͍ͦ͒͜Σ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͊ͫ͊͒͘Σ ΅ͦ 
͍͙Ύ͍͡ΎΌͭΈ ͔͔ͫͯͨͪ;ͤͫͭ͜Έ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͣ͊ͫͦͦ͝ ͣ͊ͤͨͯ͜͡Ύͼ͜͝Φ  

 
˶˱́˩˾ˢ́̂˾ˢ 

1. ˢͪͭΌͻ͍ͦ ˮΦ ˤΦ ˹͍ͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͔͙͔ͨͪͦ͒ͦ͗ͤ͡ Ή͍ͦ͡Όͼ͙͙ ;͔͍͔ͦ͊͟͡Κ 
͎͙͙́ͪ͊ͤͫͯͣ͊ͤͫͭ;͔͙͚ͫ͟ ͔ͨͪͦͭ͟ ͋ͯ͒ͯ΅͔͎ͦ κ ˮΦ ˤΦ ˢͪͭΌͻ͍ͦ ς ˸ΦΥ ͙͔͒͊ͭ͘͡Έ͍ͫͭͦ 
˶˴ˮκ¦w{{Σ нллуΦ ς онл ͫΦ 

2. ˣƛ͔͒ͤͦ͟ ˢΦ ˹͔͚͎͍͙ͪͦͤͫͭ͜͜͡;͔ͤ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ Ύ͟ ͊ͫ͋͘͜ ͙ͨͦͭ͜͡;ͤͦ͝ 
͔͙ͪ͊ͣ͟͡ [˩͡ ͔͙͚ͭͪͦͤͤ͟ ͔ͪͫͯͪͫϐ κ ˢΦ x ͔͒ͤͦ͜͟ // ˾͔͙͗ͣ ͒ͦͫͭͯͨͯ 
http://www.spa.ukma.kiev.ua/article.php?story=20040423112 342255 ς ˨͊ͭ͊ 
͔͔͎ͨͪ͡Ύ͒ͯΥ нрΦлнΦнллсΦ 

3. ˣ͚ͦͦ͟ ˻Φ˨Φ ˢͤ͊ͭͦͣ͜Ύ ͙ͨͦͭ͜͡;͎ͤͦͦ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ κ ˻Φ˨Φ ˣ͚ͦͦ͟Φ ς 
˹͙͗ͤ͜Σ нллтΦ ς нно ͫΦ 

4. ˨ͦͼ͔ͤͦ͟ ˩Φ˶Φ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙Υ ͺ͔͔ͤͦͣͤ·Σ ͔ͣͻ͙͊ͤͣ͘· ͙ 
͊͘΅͙ͭ͊Υ ͎ͣͦͤͦͪ͊ͺ͙Ύ κ ˩Φ˶Φ ˨ͦͼ͔ͤͦ͟Φ τ ˿ ˽͋ΦΥ ˾͔;ΈΣ нллоΦ τ олп ͫΦ 

5. ˬ͍ͯͦ͊͟ ˩ΦˢΦ ˹͜-TechΥ ͺ͔͔ͤͦͣͤΣ ͺͯͤ͟ͼ͙͙Σ ͺͦͪͣ· κ ˩ΦˢΦ ˬ ͍ͯͦ͊͟Φ ς ́ͦͣͫ͟Σ 
́ͦͣΦ ͎ͦͫΦ ͔ͨ͒Φ ͯͤ-ͭΣ нллтΦ ς отс ͫΦ 

6. ˭͔͙͙͚ͤͫ͟͡ ˿ΦˢΦ ˸͙͊ͤͨͯ͡Ύͼ͙͙ ͙ͣ͊ͫͫ͊ͣ ͙ ͙ͨͫͻ͙ͦ͊ͤ͊͘͡Φ 
˸͙͙͍͙͔͊ͤͨͯͪͦ͊ͤ͡ ͍ͣ͊ͫͫͦ·͙ͣ ͙ͨͫͻ͙;͔͙͙ͫͣ͟ ͨͪͦͼ͔͙ͫͫ͊ͣ ͔͍ͨͦͫͪ͒ͫͭͦͣ 
͙ͨͫͻ͙͙ͦ͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͔͙ͣͭͦ͒͟Φ [͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫ] κ ˿ΦˢΦ ˭ ͔͙͙͚ͤͫ͟͡Φ ς ˾͔͙͗ͣ 
͒ͦͫͭͯͨ͊ Υ κκǿǿǿΦǇǎȅŦŀŎǘƻǊΦƻǊƎκƭƛōκȊŜƭмΦƘǘƳl. 
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7. ˭͍ͤ͊ͦ͟ ˤΦˤΦ ˸͙͍͔͙͊͊ͣ͘͟͡͡Σ ͙ͣ͊ͤͨͯ͡Ύ͙͍͔ͭͤͦ ͍͔͔͙͔ͨͦ͒ͤ ͙ 
͍͙͙͙͔͊ͣͦͨͦͤͣ͊ͤ͘ ͍ ͔͙ͣ͗͡;ͤͦͫͭͤͦͣ ͦ͋΅͔͙͙ͤ κ ˤΦˤΦ ˭͍ͤ͊ͦ͟ κκ ˤͦͨͪͦͫ· 
͙ͨͫͻ͎͙͙ͦͦ͡Φ ς 2002. ς ЅсΦ ς ˿ Φ пр-54. 

8. ˴͊ͪ͊-˸ͯͪ͊͘ ˿Φ˥Φ ˸͙͊ͤͨͯ͡Ύͼ͙Ύ ͙͔ͫͦͤ͊ͤͣ͘Φ κ ˿Φ˥Φ ˴ ͊ͪ͊-˸ͯͪ͊͘Φ ς ˸ΦΥ 
ˢ͎͙ͦͪͭͣ͡-̏˴˿˸˻Σ нллсΦ ς усп ͫΦ 

9. ˴ͦ;͙ͤ͟ ˸Φ̑ Φ ˻ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͙ͨͦͭ͡;͔ͫͦͣ͟ ͙͔͒ͫͯͪͫ͟ 
ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ˸Φ ̑Φ ˴ͦ;͙ͤ͟ κκ ˸͔͍͍͙͚͗ͯͦͫ͘͟ ͫ͋ͦͪ -͙ͤ͟ ͤ͊ͯ;ͤ·ͻ 
͍ͭͪͯ͒ͦΦ ˤ͔ͦͪͦͤ͗Σ нллнΦ ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ ǿǿǿΦ ǘǇƭ 
1999.narod.ru/webstudl/sborniks. 

10. ˴ͪ·ͫΈͦ͟ ˤΦ˥Φ ˿͔͔ͪͭ͟· ͙ͨͫͻ͎͙ͦͦ͡;͔͚ͫͦ͟ ͍͚ͦͤ· όͼ͔͙͡Σ ͊͒͊͘;͙Σ ͔ͣͭͦ͒·Σ 
ͺͦͪͣ·Σ ͦͨ·ͭύ κ ˤΦ ˥Φ ˴ͪ·ͫΈͦ͟Φ ς ˸ ͙ͤͫ͟Υ ͍͔̆͊ͪͫͭΣ мфффΦ ς ппу ͫΦ 

11. ˶·ͫ͊͟ ˮΦ ˤΦ Iƛ-ƘǳƳŜ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͙ͻ ͙͔͔͙ͨͪͣͤͤΎ κ  
ˮΦ ˤΦ ˶·ͫ͊͟ κκ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͫͦͼ͙͊͡Έͤ·ͻ ͔ͨͪͦ͋ͣ͡Σ нлмлΦ ς  
Ѕ пόлпύΦς ˿ Φ нрф-263. 

12. ˽͍͊ͤͪ͊ͭͦ͟ ˤΦ˹Φ ˽͙ͫͻ͔ͦͭͻ͎͙ͤͦͦ͡Ύ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͡Ό͒Έ͙ͣΥ ͨͪ͊ͭ͟Φ ͍ͪͯͦ͟Φ κ 
ˤΦ˹Φ ˽͍͊ͤͪ͊ͭͦ͟Φ ς ˸ ΦΥ ˮ͒͘-͍ͦ ˮ͙ͤͫͭͭͯͭ͊ ˽͙ͫͻ͔͙͙ͦͭͪ͊ͨΣ нллмΦ ς оос ͫΦ 

13. ˽͔ͪͤ͜ ˸Φ˱Φ ˻͍͙ͫͤͦ ͙ͨͦͭ͜͡;ͤͦ͝ ͙ͨͫͻ͎ͦͦ͜͡͝Υ ͍ͤ͊;Φ ͨͦͫ͋͜Φ κ ˸Φ˱Φ ˽ ͔ͪͤ͜Φ ς  
˴Φ Υ ˸͔ͤͯͣ͜͜͡Σ нллоΦ ς пмо ͫΦ 

14. ˾͊΄ͦ͟ͺͺ ˨Φ ˸͔͙͍͙͒͊ͪͯͫΦ ˴͊͟ ͨͦͨ-ͯ͟͡Έͭͯͪ͊ ͚ͭ͊ͤͦ ͍͔͚͍͔ͦ͒ͫͭͯͭ͘ ͤ͊ 
͍͊΄͔ ͙͔ͫͦͤ͊ͤ͘ κ ˽͔ͪΦ ͫ ͎͊ͤ͡Φ ˨Φ ˣ͙͍ͦͪͫͦ͊Φ ҍ ˸ΦΥ ̂͡Έͭͪ͊Φ˴ͯ͡Έͭͯͪ͊Σ нллоΦ ҍ  
осу ͫΦΣ ͙͡͡Φ 

15. ̅ͯͯ͟Ύͣ͊ ̅ Φ ˹͊΄͔ ͨͦͫͭ;͔͍͔ͦ͡;͔͔ͫͦ͟ ͋ͯ͒ͯ΅͔͔Υ ˽͔͍͙ͦͫ͒ͫͭ͡Ύ 
͙͔͋ͦͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔͍ͪͦ͡Όͼ͙͙ κ ̅ ͔͙ͪͤͫͫ ̅ͯͯ͟Ύͣ͊ κ ͔ͨͪΦ ͫ ͎͊ͤ͡Φ ˸ΦˣΦ ˶ ͔͍͙͊͟Φ ς 
˸Φ Υ ˻˻˻ ζˮ ͔͒͊ͭ͘͡Έ͍ͫͭͦ ACTηΤ ˻ˢ˻ ζ˶ ̑˴η˿, 2004. ς опф ͫΦ 

16. ͍̊ͯͭͦ ˾Φ ˨͔͎ͯͣ͊ͤ͊͘͜ͼ͜Ύ Ύ͟ ͔ͤͫͭͪͯͣͤͭ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͍͚͙ͤ͜ 
ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ˾ͦͣ͊ͤ ͍̊ͯͭͦ κκ Media Sapiens. ς 2014. ς 06 ;͔͍ͪͤΎΦ ς 
˾͔͙͗ͣ ͒ ͦͫͭͯͨͯΥ  http:// osvita.mediasapiens.ua/monitoring/advocacy_and_influenc
e/degumanizatsiya_yak_instrument_informatsiynoi_viyni/.  
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ˢ˹˹˻́ˢ̇ˮ̒ 

˹Φ˹Φ ˭͔ͤͦ͟͡. ́ ͔ͻ͎͙͙ͤͦͦ͡ ͍͚ͣ͊ͫͫͦͦ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͤ͊ͯ;ͤͦͣ 
͙͔͒ͫͯͪͫ͟. 

ˤ ͫͭ͊ͭΈ͔ ͦ͋ͦ͋΅͊ΌͭͫΎ ͫͯ΅͔͍ͫͭͯΌ΅͙͔ ͔͙ͣͤͤΎ ͙͔ͦͭͤͦͫͭ͡Έͤͦ 
͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͫͯ΅͙ͤͦͫͭΣ ͔͙ͫͦ͒ͪ͗͊ͤΎ ͙ ͙ͪͦ͡ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡ 
͍͚ͣ͊ͫͫͦͦ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙Σ ͍·Ύ͔ͫͤͤͦ ͙ͻ ͙͔ͫͫͭͣͤ·͔ ͦͭͤͦ΄͔͙ͤΎ ͊͟͟ ͺ͊ͭͦͪ͟ 
͍͔ͤ΄͔͎ͤͦ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͍͔͔͙͔ͨͦ͒ͤ ;͔͍͔ͦ͊͟͡Φ ˻͍͚ͫͤͦͤͦ ͊͟ͼ͔ͤͭ ͔ͫ͒͊ͤ͡ ͤ͊ 
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͙͔͊ͤ͊͘͡ ͍ͦͫͤͦͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͙ͨͪͦͫͻͦ͒Ύ΅͙ͻ ͍ ͦ͋΅͔͍͔ͫͭ ͤ͊ ͺ͔ͦͤ ͍͙͙ͪ͊ͭ͘Ύ ͙ 
͍͔͔͙ͤ͒ͪͤΎ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍͚ͣ͊ͫͫͦͦ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙Φ ˻͔ͭͣ;͔͊ͭͫΎ ͍͙͙͔ͤͣ͊ͤ ͤ͊ 
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͔ͭͻ͎͙͚ͤͦͦ͡Σ ͊ ͔ͭ͊͗͟ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͍͙ͯͫͦ͡Ύͻ ͍͙͙ͪ͊ͭ͘Ύ ͦ͋΅͔͍ͫͭ͊Φ 
˨ͦ͊͘͟·͍͔͊ͭͫΎΣ ;ͭͦ ͙ͤ͊ͤ͘Ύ ͯ͊͊ͤͤ͘͟·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͪ͊ͪ͊͋͊ͭ͘·͍͊ͭΈ 
͎ͨͪͦͪ͊ͣͣ· ͨͦ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΌ ͙ͣ͊ͤͨͯ͡Ύͼ͙͎ͦͤͤͦͦ ͍͔͚͍͙ͦ͒ͫͭ͘ΎΣ ;ͭͦ 
͔ͦͫͦ͋ͤͤͦ ͊ͭͯ͊͟͡Έͤͦ ͙ͨͪ ͍·͔͋ͦͪ ͔ͦͣͨͫ͊͟͟͡ ͙͔͍ͨͪͣͦ ͙ ͍ͫͨͦͫͦ͋ͦ ͫ͊ͣͦͦ͋ͦͪͦͤ·Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͙ͣ͊ͤͨͯ͡Ύͼ͙ΎΣ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍͚ͣ͊ͫͫͦͦ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙Σ  
hi-ƘǳƳŜ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͔ͪ͊ͣ͊͟͡Σ tw-͔ͭͻ͎͙͙ͤͦͦ͡Σ ͙͙͎ͣͦͤͭͦͪͤΣ ͦͣͨ͟ΈΌ͔͔ͭͪͤͦ 
͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Σ ͙͔͙͒ͤͭ;ͤͦͫͭΈΦ 

 
SUMMARY 

N.N. Zlenko. Technologies of mass manipulation in the modern scientific 
discourse. 

The article summarizes the existing views on the definition of the nature, 
content and role of manipulation and the technologies of mass manipulation; it is 
shown their systemic relations as a factor of external influence on human behavior. 
The main emphasis is on the analysis of the specific manifestations of mass 
manipulation techniques, which include ˹i- u˹me technologies, marketing, 
information and psychological technologies, computer modeling, monitoring, 
information analytics, advertising, PR-technologies, etc. There is the analysis of the 
main processes, which taking place in society on the background of the development 
and implementation of mass manipulative technologies. It is noted the attention on 
technologies of mass manipulation, despite their social counterparts, are the original 
phenomenon of the modern society, which is based on different methods of 
programming of the psyche, propaganda suggestion, NLP, PR,  the will to power and 
the desire for profit subjects of these technologies, as well as the specific conditions 
of development of society. It is proved that the knowledge of these technologies 
allows developing programs for preventing manipulation influence, which, 
incidentally, cannot be universal, that is particularly important when choosing the 
set of techniques and methods of self-defense,  

Key words: manipulation, mass manipulation technologies, ˹i- u˹me 
technologies, advertising, media, PR-technologies, monitoring, computer modeling, 
identity. 
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̂˨˴ мпмΦтΥмтнκмттΥллмΦу                                                                   ́Φ˻Φ ˴͍ͪ͊;͔ͤͦ͟ 

˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ  
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ˿Φ ˸͔͊͊ͪͤ͊͟͟ 

 
˹ˢ̂˴˻ˤ˻-́˩̆˹˱̉˹ˮ˯ ˽˾˻˥˾˩˿ ́ˢ ˿ˤ˻ˣ˻˨ˢ ˻˿˻ˣˮ˿́˻˿́˱Υ ̅˱˶˻˿˻̅˿̎˴˻-

ˢ˴˿˱˻˶˻˥˱̉˹ˮ˯ ˢ˹ˢ˶˱˭ 
 

ˤ ͫͭ͊ͭͭ͜ ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͫͯͭͤͫͭ͜Έ ͫͯ;͎͊ͫͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ Ύ͔͟ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͔͚ͤͫͭͫͭ͜͟͜ΌΣ ͔͚ͤͤͤͫͭ͜͜͜͡Ό ͍͎ͫͦͦ ͍͙ͪͦͭͯ͘͟ ͭ͊ 
͙͙͎͔ͪͦͤͤͫͭ͘͟͜ΌΦ ˢ͍ͭͦͪͦͣ ͊ͤ͊͘͘;͊ΊͭΈͫΎΣ ΅ͦ ͔͔ͫͨͦͤͤ͟ͼ͚͙͚ͤ͜ ͍͙ͪͦͭͦ͘͟ 
͍͙͙ͫͦ͟ͻ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͨͦΎ͍͙ ͍͎ͤͦͦͦ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ 
ͯ͊͒ͯ͟͡Σ ͊ ͭ͊ͦ͗͟ ͙ͣͤ͘͜ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͯͫͭͪͦΌ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͊ ͔ͦͭ͗ ͜ ͒ͦ 
͔͔ͫͨͦͤͤ͟ͼ͚͎ͤͦͦ͜ ͙͚ͫͨͪͤΎͭͭΎ ͜ ͍͙͊ͤͤ͘͟Ύ ͒ͦ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͝ͻ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ 
͍ͨͦͫΎ͔͔͒ͤͤ͟ ͙͗ͭͭΎ ͡Ό͙͙͒ͤΦ ˢ͟ͼ͔ͤͭ ͔͙͚ͪͦ͋ͤ͘͡ ͤ͊ ͔ͭ͘͜Σ ΅ͦ ͍ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ 
͍͙ͪͦͭͯ͘͟ ͼ͙͍͊͘͜͜͡ͼ͜͝ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ύ ͎͊͊͘͡Έͤͦ͡Ό͒ͫΈ͙͟ͻ 
ͼ͔͚ͤͤͦͫͭ͜ ͭ͊ ͔͔ͭͤ͒ͤͼ͜Ύ ͒ͦ ͍͙͙͔ͤͤͤͤ͟Ύ ͍͙ͤͦͻ ͼ͔͚ͤͤͦͫͭ͜ ͔ͭͻ͎͔ͤͦͤͤͦ͝ 
ͼ͙͍͊͘͜͜͡ͼ͜͝Φ ˢ͍ͭͦͪͦͣ ͊͟ͼ͔ͤͭͯΊͭΈͫΎ ͍͎ͯ͊͊ ͤ͊ ͙ͨͭ͊ͤͤ͜ ͍͙ͫͦ͋ͦ͒ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͊ 
ͭ͊ͦ͗͟ ͍͙͍͊͗ͦͫͭ͜͡ ͔͍ͣͭͦ͒͜Σ Ύ͟͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͒͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͔͙ͣͭ ͯ 
͍ͨͦ͋ͯ͒ͦ͜ ͦ͋ͪ͊ͯ͘ ͚ͣ͊͋ͯͭͤΈ͎ͦͦΦ 

 ˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͚͔ͫͭ͜͟ ͫͯͫͨ͜͡Έ͍ͫͭͦΣ ͍ͫͦ͋ͦ͒͊ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍ͫͦ͋ͦ͒͊ 
͍͙͋ͦͪͯΣ ͙͎͒ͭ͊͊͘͜͜͡ͼ͜ΎΣ ͊ͤͭͪͦͨͦͫͺ͔ͪ͊Σ ͙͙ͪ͘͟Σ ͔ͭͻͤͦͤ͊ͯ͊͟Σ ͍ͨͦͫͭͨͪ͊͒͊Φ 
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͍͙ͪͦͭͯ͘͟ ͙͎ͨͪͪͦ͒ͤͦͦ ͦͭͦ;ͯΌ;͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Φ ̇͜ ͍͙͒ͪͭͭ͜͟Ύ ͣ͊ΌͭΈ ͎ͦ͋͊͡͡Έ͙͚ͤ 
ͻ͔͊ͪ͊ͭͪ͟ ͜ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͍͙ͪͦͭͦ͘͟ ͔ͨ͊ͤͭ͊ͪͤͦ͡͝ ͼ͙͍͊͘͜͜͡ͼ͜͝Σ Ύ͊͟ 
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͍ͤ͊͋ͯ͊Ί ͦͤ͊͘͟ ͎͍ͦ͋͊ͦ͊ͤͦͫͭ͘͜͜͡͡Σ ͔ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤͦͫͭ͟͟͜Σ ͔ͤͭͪͤ͊͜ͼͦͤ͊͜͡Έͤͦͫͭ͜Σ 
͙͎͒ͭ͊͜͡Έͤͦͫͭ͜Σ ͨͦ΄͙͔ͪͤͤΎ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜͝ ͭ͊ ͦͣͨ͟ΩΌ͔͙ͭͪ͊͘ͼ͜͝Σ ͍ͯͣͦ͘͡ΌΌ;͙ 
͔ͨͦͭͪ͋ͯ ͯ ͔͚ͦͣͨͫͤ͟͟͜͡ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜͝ ͙ͨͪ͊ͭ͟;ͤͦ ͍ͫ͜ͻ ͎͔͚͊ͯ͘͡ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ 
͡Ό͙͙͒ͤΣ ΅ͦ ͍͔ͯͣͦͤͦ͘͡ ͙͍͙͊ͭͤͣ͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎͣ ͍͙͙ͫͦ͟ͻ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͨͦ΄͙͔ͪͤͤΎͣ ͙͙ͨͪ͊ͭ͟͟ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΦ ˤ͔ͫ ;͊ͫͭ͜΄͔ ͍͔ͤ͊ͯͦ͟ 
͍͍͙͍ͫͨͭͦ͊ͪͫͭͦ͜ ͍͔ͪͭ͊͘Ί ͍͎ͯ͊ͯ ͤ͊ ͙͍͔͊ͭͤ͟ ͨͦ΄͙͔ͪͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͔͔͔͍͙ͣͪ͗ͻ 
ͭ͊ ͤ͜΄͙ͻ ͍͙͙ͫͦ͟ͻ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ όHi-Tech ͭ͊ Hi-HumeύΣ ͝ͻ ͙͍͙͚͊ͭͤ͟ 
͍͙͍ͨ͡ ͤ͊ ͫͯ;͔͊ͫͤ ͫͯͫͨ͜͡Έ͍ͫͭͦ ͭ͊ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ό ͦͫͭ͊ͤͤΈ͎ͦͦ ͒ͦ ͫͭ͊ͤͯ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͔͔͔͍͎ͣͪ͗ͦͦΦ ́ͦͣͯ ͨͦͫͭ͊Ί ͙ͨͭ͊ͤͤΎ ͨͪͦ ͣͫ͜ͼ͔ ͡Ό͙͙͒ͤ ͍ ͫͯ;͊ͫͤͦͣͯ 
͍ͫͭ͜͜Σ ͝͝ ͍ͨͪ͊͊ ͭ͊ ͍͙ͫͦ͋ͦ͒Σ ͊ ͭ͊ͦ͗͟ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ό ͼ͔͚ͤͤͦͫͭ͜ ͍ ͍ͯͣͦ͊ͻ ͍ͤ͊ͯͦͦ͟-
͔ͭͻͤ͜;͎ͤͦͦ ͎͔ͨͪͦͪͫͯ ͭ͊ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ζͫ ͚͎ͭͦͦ͜͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊η. 
˾͙ͦͪͭͭ͘͟Ύ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ ͙ͨͭ͊ͤΈ ͜ Ί ͔ͣͭͦΌ ͒͊ͤͦ͝ ͫͭ͊ͭͭ͜. 

ˢͤ͊͘͜͡ ͦͫͭ͊ͤͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ ͨͯ͋͊͜͟͡ͼ͚͜Φ ˾ͦ͡Έ ͙ͤ͊ͯ͟ ͭ͊ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͎ͤͦͦ 
͎͔ͨͪͦͪͫͯ ͍ ͍͙ͪͦͭͯ͘͟ ͔ͨ͊ͤͭ͊ͪͤͦ͡͝ ͼ͙͍͊͘͜͜͡ͼ͜͝ ͭ͊ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ ͫͦͼͯͣͯ͜ 
͔͍͙ͤͨͤͤͦ ͪͦͫͭ͊͘ΊΦ ˤ͔ͫ ͋͜͡Έ΄͔ ͺͦͫͦ͜͡ͺ͍͜Σ ͍;͔͙ͤͻΣ ͫͯ;͙͊ͫͤͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡ 
͍͔ͪͭ͊͘ΌͭΈ ͍͎ͯ͊ͯ ͤ͊ ͔͔ͭͤ͒ͤͼ͜͝ ͍͙ͪͦͭͯ͘͟ ͔͙ͨͦͫͭͤ͊ͫ͟͡;ͤͦ͝ ͙ͤ͊ͯ͟Σ ͣͤͯ͘͜ 
͍͎ͫͭͦ͜͡Ύ͙͒ͤͻ ͦͪ͜Ίͤͭ͊ͼ͚͜Σ ͍͙͍ͨ͡ ͍͙͙ͫͦ͟ͻ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͊ ͍͙ͪͦͭͦ͘͟ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͭ͊ ͡Ό͙͒ͤͯΣ ͙͙͍ͨͦͭͤ͘͜ ͭ͊ ͔͎͙͍ͤ͊ͭͤ͜ ͙ͤ͊ͫ͒͜͟͡ ͍ͭͪͯ;͊ͤͤΎ ͙ͤ͊ͯ͟ ͍ ͙͗ͭͭΎ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ΅ͦ ͭΎ͎͔ͤ ͊͘ ͫͦ͋ͦΌ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ό ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ίͤͭ͊ͼ͚͜ ͭ͊ ͔͙͙ͭ͟ 
͍͎͊͊͘͜͡Φ ˿͔͔ͪ͒ ͙ͤͻ ͍͊ͪͭͦ ͊ͤ͊͘͘;͙͙ͭ ˤΦ ˢͪ΄͙͍ͤͦ͊Σ ˤΦ ˣ͍ͯ͒͊ͤͦ͊Σ ˸Φ ˴͔͊ͫͭ͡Έͫ͊Σ  
˻Φ ˴ͤΎ͔͍ͯ͘Σ ˤΦ ˶͔ͭͦͪͫ͟Έ͎ͦͦ͟Σ ˤΦ ˶͔ͨͫΈ͎ͦͦ͟Σ ̆Φ ˸͙͊ͪͤͦͫΎͤ͊Σ ˸Φ ˸͊ͪ;ͯ͊͟Σ  
˸Φ ˸͔ͦͫ͜Ί͍͊Σ ˨Φ ˹͔͚ͫ͋ͭ͊͜Σ ˢΦ ˾͍͊ͭͦ͊͟͜Σ ˤΦ ˾͍͊ͭͤͦ͊͜͟Σ ˿Φ ˿ͭΈͦͨͤ͊͜Σ ˤΦ ͚̉ͯ͊͟Σ  
ˤΦ ͙̇ͤ͊͟͜ ͭ͊ ͤ͜Φ 

ˤ͙͊͟͡ ͒ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˤ ͔ͨͦͻͯ ͔͙ͨͦͫͭͤ͊ͫ͟͡;ͤͦ͝ ͙ͤ͊ͯ͟ ͙ͤ͊͋ͯ͡ 
͍͎ͤͦͦͦ ͤ͊͘;͔ͤͤΎ ͜ ͍ͭͪ͊ͭͯ͊ͤͤ͟Ύ Ύ͍͙΅͊ ͭ͊ ͨͪͦͼ͔͙ͫ ͦͭͦ;ͯΌ;͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Σ Ύ͟ 
͙ͨͪͪͦ͒ͤ͜Σ ͭ͊͟ ͜ ͫͦͼ͊͜͡Έͤ͜Φ ˤ ͤ͜΄ͦͣͯ ͪ͊ͯͪͫ͟͜ ͨͦ;͊͊͡ ͎ͪͦ͘͡Ύ͙͒͊ͭͫΎ ͡Ό͙͒ͤ͊ ς Ύ͟ 
ͫͯ͋ΩΊͭ͟Σ ͍͟͡Ό;͔͙͚ͤ ͍ ͦ͋ΩΊͭ͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˽͙͎͊ͪ͊͒ͣ͊ ͼͫͤͦͫͭ͜͜͜͡ ͭ͊ 
͍͔ͯͤͪͫ͊͜͡Έ͙͚ͤ ͔͍ͦ͡Όͼͦͤͣ͘͜͜ ͍͙͙ͨͤͯ͡͡ ͤ͊ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ό ͎ͨͦ͡Ύ͍͒͜ ͍ͫͭͦͫͦͤͦ 
͍͙ͪͦͭͯ͘͟ ͋ͦͫ͜ͺ͔͙ͪΣ ͤͦͦͫͺ͔͙ͪ ͭ͊ ͊ͤͭͪͦͨͦͫͺ͔͙ͪΣ ΅ͦ ͙͍͔ͨͪͦ͘͡ ͒ͦ ͍͎ͤͦͦͦ ͋͊;͔ͤͤΎ 
͜ ͨͪͦͼ͔ͫͯ ͍͙ͦͫͭ͜Σ ͍͐ͪͯͤͭͯ͊ͤͤΎ ͚͎ͦͦ ͤ͊ ͔͙͋ͦͭ͜;͙ͤͻ ͙ͨͪͤͼ͙ͨ͊ͻΣ ͊ͫ͊͒͊͘ͻ 
ͤͦͦͫͺ͔ͪͤͦ͝ ͦͤ͟ͼ͔ͨͼ͜͝ ͭ͊ ͙͔͎͔͙ͫͤͪͭ;͚ͤ͜ ͔͔ͤͭͪͨͪͭ͊͜ͼ͜͝Φ ˽ͦͫͭ͊ͦ͡ ͙ͨͭ͊ͤͤΎ ͨͪͦ 
͊ͭͯ͊͊͘͟͜͡ͼ͜Ό ͺͦͫͦ͜͡ͺ͜͝ ͭ͊ ͺͦͫͦ͜͡ͺ͜͝ ͍͙ͦͫͭ͜ ͔ͦͪͣ͊͘͟Φ 

˸͔͎ͭͦ͒ͦͦ͜͡;͙͚ͤ ͨ͡Όͪ͊ͣ͘͜͡ ͍͙͍͒ͦͦ͘͡ ͙͙͒ͦͫ͒ͭ͜͡ ͭ͊ ͨͦΎ͙͙ͫͤͭ Ύ͍͙΅͊ ͭ͊ 
ͨͪͦͼ͔͙ͫ ͘ ͙ͪͤ͘͜ͻ ͭͦ;ͦ͟ ͦͪͯ͘Σ ͔ͤ ͊͘ͼ͙͟͡ΌΌ;͙ͫΈ ͤ͊ ͔͍͚ͨͤ͜ Ί͙͚͒ͤ͜ ͫͭͦͪͦͤ͜ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˿͙͔͎͔͙ͤͪͭ;ͤ͊ ͙͎ͨ͊ͪ͊͒ͣ͊ ͙͍͔ͨͪͤͫ͊͡ ͍͔ͤͦ ͋͊;͔ͤͤΎ ͙ͫ͊͒ͤ͟͡ͻ 
͔͚͙ͤͤͤ͜͜͡ͻ ͙͔ͫͫͭͣΣ ΅ͦ ͒͊ͭͤ͘͜ ͒ͦ ͎ͫ͊ͣͦͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟Φ  

˽͔͙ͦͫͭͤ͊ͫ͟͡;ͤ͊ ͤ͊ͯ͊͟ ͍͙͒ͦͦ͊͘͡͡ ͎͋͊͊ͭΈͦͣ ͍;͔͙ͤͣ ͍͔͙ͪͤͯͭͫ͘Ύ ͒ͦ ͍͙͍;͔ͤͤΎ 
͙͍͗ͦ͝Σ ͔͙͍ͤ͗ͦ͝ ͔ͣ͊ͭͪ͜͝ ͤ͊ ͣͪͦ͜͟- ͭ͊ ͍ͤ͊ͤͦͪͤ͜ΎͻΣ ͊ ͭ͊ͦ͗͟ ͫͦͼ͊͜͡Έͤͦ͝ ͔ͣ͊ͭͪ͜͝Φ ͔̇ 
͙͍͔ͨͪͦ͘͡ ͒ͦ ΄͍͙͙͒͟ͻ ͔͍ͭͣͨ͜ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͎ͤͦͦ ͎͔ͨͪͦͪͫͯ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͍͙͙ͫͦ͟ͻ 
͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ όHi-Tech ͭ͊ Hi-HumeύΣ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ ͤ͊ͯ͟ ͨͪͦ 
͙ͨͪͪͦ͒ͯ ͭ͊ ͤ͊ͯ͟ ͨͪͦ ͡Ό͙͒ͤͯΦ ˽ͦͫͭ͊ͦ͡ ͙ͨͭ͊ͤͤΎ ͨͪͦ ͔͔ͨͪͻ͒͜ ͙ͤ͊ͯ͟ ͤ͊ ͍͙͚ͤͦ 
͍͔ͪͤ͜Έ ς ͔ͭͻͤͦͤ͊ͯ͊͟Φ ̒͟ ͊ͤ͊͘͘;͊Ί ˿Φ ˿ͯͣ;͔ͤͦ͟Σ ζͨ ͦΎ͍͊ ͺ͔͔ͤͦͣͤ͊ ͔ͭͻ͙ͤͦͤ͊ͯ͟ Ύ͟ 
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͍ͤͦͦ͝ ͺ͙ͦͪͣ ͍͊͘Ίͣͦ͒͜͝ ͙ͤ͊ͯ͟Σ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ͜ ͔͋ͤͫͯ͘͜ ͫͭ͊ͦ͡ ͔ͪͯ͘͡Έͭ͊ͭͦͣ 
͔͔ͨͪͦͪ͜Ίͤͭ͊ͼ͜͝ ͼ͔͚͜͡ ͍͎ͤ͊ͯͦͦͦ͟ ͨͦ΄ͯͯ͟ ͤ͊ ͔ͪ͊͊͘͜͡ͼ͜Ό ͍ͤͤͦ͊͜ͼ͚͜Σ ΅ͦ ͙ͨͪͤͦͫΎͭΈ 
͙ͨͪ͋ͯͭͦ͟ ͍͒͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͤ͊ ͙ͪͤͯ͟Φ ˻͔ͪͣͦ͟ ͯ͘Ύͭ͊ ͤ͊ͯ͊͟ ͜ ͔ͭͻ͎ͤͦͦ͜͡Ύ 
͔͔͍͙͙ͨͪͭͦͪͫ͡Ύ ͤ͊ ͦ͒ͤͦͣͪͤ͜͜ ζͨ ͔ͪͦ͟ͼ͜͝η Ί͙͒ͤͦ͝ ͔ͭͻ͙ͤͦͤ͊ͯ͟Σ ͍ ͔ͪ͊͡Έ͚ͤ͜ ͙ͨͪ͊ͭ͟ͼ͜ 
ͫͤͯ͜Ί ͔ͤ ͙͒ͻͦͭͦͣ͜Ύ ζͤ ͊ͯ͊͟ ς ͔ͭͻ͎ͤͦͦ͜͡ΎηΣ ͊ ͔͙͍͙͚ͤͪͦͪͤ͘ ͙͔͎͔͙ͫͤͪͭ;͙͚ͤ ͙ͫͣ͋ͦ͘͜ 
ͣ͗͜ ͙͙ͤͣη [8, 17]Φ ͔́ͻͤͦͤ͊ͯ͊͟ ͭ͊ ͤ͊ͯ͊͟ ͍͎͊͊͘͜͡ ͣ͊ΌͭΈ ͤ͊͘;͔ͤ ͯ͟͡Έͭͯͪͤͦ-
͙ͫͭͦͪ͜;͔ͤ ͤ͊͘;͔ͤͤΎΣ ͋ͯ͒ͯ;͙ ͍͙͍͙͊͗ͣ͡ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͣ ͙ͤͫͭͭͯͭͦͣ͜Φ ˹͊ 
͒ͯͣͯ͟ ˤΦ ˣ͍ͯ͒͊ͤͦ͊Σ ͔ͭͻͤͦͤ͊ͯ͊͟ Ί ͍͙͙͒ͦͣ͟͡ ̒ͤͯͫͦͣΣ Ύ͙͚͟ ͍ͫͭͦͪΌΊ Ύ͟ ζͻͣ͜͜;ͤͯΣ 
͎͋ͦͦ͜͜͡;ͤͯΣ Ύ͔͒ͪͤͯ ͋ͪͦ͘ΌΣ ͭ͊͟ ͜ ͍ͤͦ͜ ͔͙ͣ͊ͭͪ͊͜͡Σ ͔͔͎͔͙ͤͪͭͯ͟Σ ͙͜͟͡η [2, 48ϐΦ ˤ͎͊͊͘͜͡Σ 
Ύ͟΅ͦ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͍͙ͦͤ Ί ͔͙ͭ;ͤͦ ͔͚ͤͭͪ͊͡Έ͙͙ͤͣΣ ͔͊͡ ͔ͭΣ ͘ Ύͦ͟Ό ͔ͣͭͦΌ 
͝ͻ ͍͊ͫͭͦͫͦͯ͘ΌͭΈΣ ͭͦ͋ͭͦ ͔͍ͨͤ͊ ͍͙͍͍ͣͦͭͦ͊ͤͫͭ͜Έ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͭͻ͎͚ͤͦͦ͜͡Σ Ί 
͍͔͙͊ͣ͋͊ͤͭͤͣ͜͡Σ ͔͊͒͗ ͔ͭͻ͎ͤͦͦ͜͡͝ ͔ͤͫͯͭΈ ͍ ͫͦ͋͜ Ύ͟ ͫͦͼ͊͜͡Έͤ͜ ͎͋͊͊͡Σ ͭ͊͟ ͜ ͙͙͙ͪ͘͟ 
ͫͦͼ͊͜͡Έͤͦ͝Σ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͭ͊ ͙ͦͫͦ͋ͫͭͫͤͦ͜͝ ͔͒ͫͭͪͯ͟ͼ͜͝Φ 

˽Ύ͍ͦ͊ ͙ͤ͊ͯ͟ ͜ ͔ͭͻ͙ͤͦͤ͊ͯ͟Σ ͔ͦͪͣ͊͘͟Σ ͍͙͙͊ͤ͊͟͟͡ ͍͔͊ͫͤ͡ ͙ͨͪ͊ͭ͟;ͤͦΌ 
͔ͨͦͭͪ͋ͦΌ ͡Ό͙͙͒ͤΦ ˶Ό͍͒ͫͭͦ ͍͙͊͗͒͘ ͎ͨͪ͊ͤͯͦ͡ ͒ͦ ͍ͤͤͦ͊͜ͼ͚͜Σ Ύ͟͜ 
͍͍͍͙ͨͪͦ͊͒͗ͯ͊ͫ͡Ύ ͍ ͯͫ͜ ͫͺ͔͙ͪ ͚͎ͦͦ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜Φ ˢ͔͡ ͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜Έ 
ζͫ ͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͣͤͯ͘͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͎͙ͦ͜͟͡Σ ͔͍ͣͭͦ͒͜Σ ͔ͪͼ͔͙ͨͭͯͪ ͜ ͭΦͨΦΣ ͜ ͍͔͗ ͭͦͣͯ 
͍ͨͦΩΎ͊ͤ͊͘ ͘ ͔͍͙ͨͤͣ ͍͔ͪͤͣ͜ ͙͙ͪͯ͘͟η [11, 109ϐΣ Ύ͙͚͟ ͤ͊ ͒ͯͣͯ͟ ˿Φ ͍͔̊͊͡ΎΣ Ί 
͔ͦͤͫͭ͟͡Ύͼ͜ΊΌ ͍͙ͦ͋ͫͭ͊ͤΣ Ύ͊͟ ͒͊ͭͤ͊͘ ͍͙͙͙͊ͭ͟͟͡ ͔͔͔ͤͨͪ͒͋͊;͍ͯ͊ͤ͜ ͭ͊ 
͔͍ͤ͊ͨ͊ͤͦ͊ͤ͘͜͡ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍ ͨͪͦͼ͔ͫ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˤ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͍͙ͪͦͭͯ͘͟ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͨ͒͜ ͙͙ͪͦͣ͘͟ ͪͦͯͣ͘͜ΊͭΈͫΎ ͍͊͘Ίͣͦ͒͜Ύ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͘ ͔͔͔͙ͤ͋ͨ͊ͣ͘͟Σ ΅ͦ 
ͤ͜͜ͼ͜ΌΌͭΈͫΎ ͨͪͦͼ͔͙ͫ͊ͣ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜͝Σ ͊ ͔ͦͭ͗ ͍͙ͯͣͦ ͍ͫͤͯ͊ͤͤ͜Ύ ͫͯͫͨ͜͡Έ͍ͫͭ͊ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈͫΎ ͔ͤͫͭ͊͋͜͡Έͤͫͭ͜Ό ͭ͊ ͔͍͙ͤͤ͊͘;͔ͤͫͭ͜ΌΣ ͍͙ͤ͊͘;͊Ό;͙ ͚͎ͦͦ Ύ͟ 
͙ͨͪͤͼ͙͍ͨͦͦ ͙͙͎͔͔ͪͦͤͤ͘͟Φ ˿͔͎ͨͦͫͭͪ͊͜ΊͭΈͫΎ ͣͤ͊͘͜ ͙ͣ͊ͭͪͼ͜ ͫͦͼ͊͜͡Έ͙ͤͻ ͭ͊ 
͔͙͔ͫͭͤ͘͟ͼ͚͙ͤ͜ͻ ͼ͔͚ͤͤͦͫͭ͜Σ ΄ͭͯ;͔ͤ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͨͦͭͪ͋ ͡Ό͙͙͒ͤΣ Ύ͊͟ ͫͤͯ͜Ί ͍ 
ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͍͎ͣ͊ͫͦͦͦ ͙͍ͫͨͦ͗͊ͤͤΎ ͭ͊ ͼ͙ͺ͍͙ͪͦͻ ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔͔͍͙ͫͪ͒ͦ΅Φ ˭ 
ͼΈ͎ͦͦ ͙͍ͨͪͦ͒ͯ ͼ͍͙͊ͣ͜͟ Ί ͚ͭͦ ͺ͊ͭ͟Σ ΅ͦ ͍ нлмс ͪͦͼ͜ ˻ͫ͟ͺͦͪ͒ͫΈ͙͚͟ ͍͙ͫͦͤ͟͡ 
ζͫ ͍ͦͦͣ͡ ͪͦͯ͟η ͍ͦ͋ͪ͊ ͔ͭ͊͟ ͨͦͤΎͭͭΎΣ Ύ͟ ζͨ ͦͫͭͨ ͍ͪ͊͒͊η (post-truthύΣ Ύ͊͟ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͔ͨͦͻͯ ͍͙ͪͦͭͯ͘͟ ͍ͣ͊ͫͦͦ͝ ͦͣͯͤ͊͟͜͟ͼ͜͝Σ ͍ Ύ͚͟͜ ͦ͋ΩΊ͙͍ͭͤ͟͜ ͺ͙͊ͭ͟ ͯ 
ͺ͍ͦͪͣͯ͊ͤͤ͜ ͫͯͫͨ͜͡Έͤͦ͝ ͙͒ͯͣ͟ Ί ͔ͤ ͙͒ͦͫͭΈ ͍͙͍͙͙͊͗ͣ͡Σ ͦͫ͟͜͡Έ͙͟ ͤ͊ ͔ͨͪ΄͙͚ ͨ͊ͤ͡ 
͍͙ͻͦ͒ΎͭΈ ͔ͣͦͼ͜͝ ͭ͊ ͙ͦͫͦ͋ͫͭ͜ ͔͔ͨͪͦͤ͊ͤͤ͟ΎΦ ˢΣ ͔ͦͭ͗Σ ͍ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ΄ͭͯ;͎ͤͦͦ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͨͦͭͪ͋ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͙͍͔ͣͦ͗͡ ͜ ΄ͭͯ;͔ͤ ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͯͫͨ͜͡Έͤͦ͝ 
͙͒ͯͣ͟Φ 

ˬ͙ͭͭΎ ͫͯ;͊ͫͤͦ͝ ͡Ό͙͙͒ͤ ͔͔͍ͨͪͭͦͪΌΊͭΈͫΎ ͤ͊ ͎͙͍ͦͤͭͯ ͊͘ ͍͔͊͒ͦͦͤͤ͘͡ΎͣΣ ͊ 
͔ͦͭ͗Σ ͜ ͊͘ ͍͙͔ͫͦͦͭ͟ͻ͎ͤͦͦ͜͡;͙͙ͤͣ ͍͙͙ͤͦͤ͊ͣ͟Φ ˶Ό͙͒ͤ͊ ͫͤͯ͜Ί ͍ ζͫ ͯͫͨ͜͡Έ͍ͫͭ͜ 
͙͍ͤ͊͒ͫͨͦ͗͊ͤͤΎΣ Ύ͔͟ ͔ͨͦͭͪ͋ͯΊ ͍͔ͯͤͪͫ͊͜͡Έ͙ͤͻ ͜ ͋͊͗͊ͤͦ ͔͔͙͋ͫͣͪͭͤ͘ͻ ͙͍ͫͨͦ͗͊;͍͜η 
[4, 171]Φ ˽͔͔ͪͻ͒͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍͒͜ ͤ͒ͯͫͭͪ͊͜͜͡Έͤͦ͝ ͒ͦ ͨͦͫͭͤ͒ͯͫͭͪ͊͜͜͡Έͤͦ͝ ͔͙ͦͤͦͣ͟͜͟ 
͍͙͙͍͊͟͟͡ ͤ͊͘;ͤ͜ ͙ͣͤ͘͜ ͍ ͔ͭͻ͎ͤͦͦ͜͡ΎͻΣ ΄͍͙͒ͦͫͭ͟͜ ͝ͻ ͍͍͔ͨͪͦ͊͒͗ͤͤΎΣ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͭ͊ 
Ύͦͫͭ͟͜ ͙͗ͭͭΎΦ ˭ ͼΈ͎ͦͦ ͙͍ͨͪͦ͒ͯ ͍ͯ͡;ͤͦ ͊ͤ͊͘͘;͊Ί ˸Φ ̅ͦͣͤ͜Σ ΅ͦ ͍ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ 
͙ͨͪͫͯͭͤΎ ζͯ ͤ͊͜͟͡Έͤ͊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͦ͒ͤͦ;͊ͫͤͦ ͙ͨͪ͒͜͡Ύ͙ͭ ͍͎ͯ͊ͯ ͎͊ͯ͘͡Ύͣ ͒͜Ό;͎ͦͦ 
͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͯ͊͒ͯ͟͡ ς ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤͣ͜ ͔ͭͻ͎ͤͦͦ͜͡ΎͣΤ ͍͙͍͙ͪͦ͊ͭ͘  
͎͊ͯ͘͜͡ ͚ͣ͊͋ͯͭͤΈͦ͝ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͻ͍͙͜͡ ς NBICS-͔ͭͻ͎ͤͦͦ͜͡͝Υ ͤ͊ͤͦ-Σ ͋ͦ͜-Σ ͤ͜ͺͦ-, 
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͎ͦͤͦ͟-Σ ͫͦͼͦ͜-; ͜ ͔ͤ ͍͙͊͋ͯ͊ͭ͘ ͨͪͦ ͔͔͚ͨͦͨͪ͒ͤ͜ ͯ͊͒͟͡ ς ͍ͫ͜ ͙ͭͪ͊͒ͼ͚ͤ͜͜ ͎͊ͯ͘͜͡ 
͙͍ͨͪͦͣͫͦͦͫͭ͜͡η [10, 140ϐΦ ˤ͔͊ͫͤ͡Σ ͎ͪͦ͘͡Ύ͒͊Ό;͙ ζͭ ͔ͻ͎ͤͦͦ͜͡;͙͚ͤ ͯ͊͒͟͡η (tenor of 
technologyύΣ ͙͒ͦͫ͒ͤ͜͟͡ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͨ͒͜ ͼ͙ͣ ͨͦͤΎͭͭΎͣ ͍͊ͪͭͦ ͙ͪͦͯͣͭ͘͜ 
ζͫ ͯͯͨͤͫͭ͟͜Έ ͨͦΊ͙͒ͤ͊ͤͻ ͍͙͙ͪͦ͋ͤͼ͍ͭ ό͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͊ͤ͡ͼΌ͎͍͜ύΣ 
Ύ͟͜ ͣ͊ΌͭΈ Ί͙͙͚͒ͤ ͔ͭͻͤ͜;͙͚ͤ ͍͔ͪͤ͜ΈΣ ΅ͦ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ͊ ͨͦ 
͍͒ͤͦ͜΄͔ͤͤΌ ͒ͦ ͎͔͍͊ͯͦ͘͡͝ ͫͭͪͯͭͯͪͤ͊͟ ͙͔ͨ͒ͫͫͭͣ͊͜ ͔͙ͦͤͦͣ͟͜͟η [10, 140]. 
˭͍͔ͪͭ͊Ό;͙ͫΈ ͒ͦ ͊ͤ͊ͯ͘͜͡ ͨͦͤΎͭͭΎ ζͭ ͔ͻ͎ͤͦͦ͜͡;͙͚ͤ ͯ͊͒͟͡ηΣ ͍͊ͪͭͦ ͍͒ͤ͊͘͜;͙͙ͭΣ ΅ͦ ͤ͊ 
͒ͯͣͯ͟ ˤΦ ˣ͍ͯ͒͊ͤͦ͊ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͔͊ͪͦ͒͗ͤͤ͘Ύ ͍͎ͤͦͦͦΣ ΄͎ͦͫͭͦͦ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ 
ͯ͊͒ͯ͟͡Σ Ύ͙͚͟ ͨͦ͡Ύ͎͙͔͊ͭͣ ͯ ͍͙͔ͭͫͤͤͤ͜͜ ζͨ ͪ͊ͼ͍͙ͤ͊͜͟ ͙͙ͪͦͯͣͤͣ͘ ͣ͊΄͙͙ͤ͊ͣ Χ ͔ͤ 
͘͜ ͫͺ͔͙ͪ ͙͍͎ͨͪͦͣͫͦͦͦ͡ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ;͙ ͫ͜͡ΈͫΈ͎ͦͦ͟ ͎͍ͦͫͨͦ͒͊ͪͫͭ͊Σ ͔͒ 
͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜Ύ ͭ͊ ͔ͣͻ͊ͤ͊͘͜ͼ͜Ύ ͍͒͊ͤͦ ͙͙͊ͣͤ͘͜͡ ͊ͪͣ͜͝ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͭ͊ ͔ͫ͡Ύͤ 
͍͍͙ͦ͒͊ͣ͘ ͍͊͟͜͡ͺ͍͙ͦ͊ͤ͜͟ͻ ͔͍ͦͨͪ͊ͭͦͪ͜Σ ͊ ͘͜ ͫͺ͔͙ͪ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡ΎΣ ͍ Ύ͚͟͜ ͚͊ͤ͘Ύͭ͜ 
͋͜͡Έ΄ͫͭ͜Έ ͔͔ͤ͊ͫͤͤ͡Ύ ͍͙͔͙ͪͦͤͤ͘ͻ ͪ͊ͤ͟͝η [2, 47ϐΦ ́ͦ͋ͭͦ Ύ͟΅ͦ ͪ͊ͤ͜΄͔ ͨͦΎ͍͊ ͍͙ͤͦͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͙ͫͨͪΎ͊͡ ͍͙͙͔ͤͤͤͤ͟Ό ͍͔͙ͦ͟͡͝ ͟͜͡Έͦͫͭ͟͜ ͍͙ͤͦͻ ͨͪͦͺ͔͚ͫ͜ ͭ͊ ͪͦ͋ͦ;͙ͻ 
ͣͫ͜ͼΈΣ ͭͦ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ͍͙ͫͭ͊ͭΈͫΎ ͙ͨͭ͊ͤͤΎ ͨͪͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ό ͙ͪͤͯ͟ ͨͪ͊ͼ͜Σ 
ͣͤͣ͊͘͜͜͜ͼ͜Ό ͍͙͙ͪͦ͋ͤ;ͦ͝ ͚͊ͤ͘Ύͭͦͫͭ͜ ͡Ό͍͒ͫͭ͊ ͭͦ΅ͦΦ  

˹͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͫͯ;͙͚͊ͫͤ ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͯ͊͒͟͡ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ 
͙͔͋͗ͤͤ͘͡Ύͣ ͭ͊ ͔͔ͫͨͦͤͤ͟ͼ͊͜͡Έ͙ͤͣ ͍͙ͪͦͭͦͣ͘͟ ͍ͫ͜ͻ ͫͤͯ͜Ό;͙ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ 
͔ͭͻ͎͚ͤͦͦ͜͡Σ Ύ͟͜ ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͍ ͫͭ͊ͤ͜ ͙ͪͦͪͦ͋͘͟Σ ΅ͦ ͜ ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͯ ͺͦͪͣ͜ NBICS-
͍͔͎͔ͦͤͪͤ͟ͼ͜͝Σ Ύ͊͟ Ί ͍͔͔ͨ͒ͭͪ͒͗ͤͤ͜Ύͣ ͎ͭͫͤͦͦ͜ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͍ͫ͜ͻ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ 
͍͙͙ͫͦ͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ όIƛ-IǳƳŜ ͜ Iƛ-¢ŜŎƘύΦ ͔͚̇ ͍͘ΩΎͦ͘͟ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ Iƛ-Tech 
͍ͫͭͦͪΌΊ ͜ ͨͪͦͨͦͤͯΊΣ ͊ Iƛ-IǳƳŜ ;͙͙ͤͭΈ ͙ͭ͊ͣ͟ ;͙ͤͦͣΣ ΅ͦ͋ ͨͪͦ͒ͯ͟ͼ͜Ύ ͎͊ͯ͘͜͡ Iƛ-
¢ŜŎƘ ͍͚ͯ͜΄͊͡ ͍ ͤ͊΄͔ ͙͗ͭͭΎ ͼͦͣ͜͟͡ ͜ ͍ͨͦͤͫͭ͜ΌΣ ͦͻ͙͍ͦͨ΄͙ ͍ͫ͜ ͫͺ͔͙ͪ 
͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜Φ Iƛ-¢ŜŎƘ ͍͒ͦͦ͘͡ΎΊ ͡Ό͙͒ͤ͜ ͣ͊ͤͨͯ͜͡Ό͍͙͊ͭ ͍͊ͫͤͦ͡Ό ͔ͭͫͤͫͭ͜͜͡Ό 
ό͎͚͊͒͊ͣͦ͘ ͙͡΄͔ ͙͍͊ͭͤ͟͜ ͙ͪͦͪͦ͋͘͟ ͍ Ί͍͎͔ͤ͜ͼ͜Σ ͎͔͚ͤͤ͜ ͔͔ͤ͗ͤͪ͜͜͝ ͭ͊ ͔ͭ;͜͝ 
͎ͭͪ͊ͤͫͯͣ͊ͤͣͯ͘͜ύΣ ͍ ͚ͭͦ ;͊ͫ Ύ͟ Iƛ-IǳƳŜ ͍͒ͦͦ͘͡ΎΊ ζ͎ ͙ͪ͊ͭη ͘ ͡Ό͒ͫΈͦ͟Ό ͍ͫ͒ͦͣͫͭ͜͜ΌΣ 
ͣ͊ͤͨͯ͜͡Ό͍͙͊ͭ ͒͜Ύ͙ͣΦ ˸ͦ͗ͤ͊ ͙ͫ͊͊ͭ͘͟Σ ΅ͦ Iƛ-IǳƳŜ ͔͍͙ͨͤͣ ;͙ͤͦͣ ͎ͦͭͯΌͭΈ ͤ͊ͫ ͒ͦ 
͍͙͙͔ͤͤͤͤ͟Ύ ͍͎ͤͦͦͦ ͍͙͒ͯ ͡Ό͙͙͒ͤ ς ͨͦͫͭ͡Ό͙͙͒ͤΣ ͊ ͭ͊ͦ͗͟ ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
͔ͭͻ͎͚ͤͦͦ͜͡ Iƛ-¢ŜŎƘ ͍ ͍ͨͦͫΎ͔͔͒ͤͤ͟ ͙͗ͭͭΎΦ ˢ͔͒͗ ͫͯ;͊ͫͤ͊ ͡Ό͙͒ͤ͊ ͔ͤ ͎͍ͦͭͦ͊ 
ͣͦͪ͊͡Έͤͦ ͜ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ ͒ͦ ΄͍͊ͯ͟͡ ͔͔ͫͨͦͤͤ͟ͼ͊͜͡Έ͎ͤͦͦ ͪͦͫͭ͊ͤͤ͘Ύ 
͔ͭͻ͎ͤͦͦ͜͡;ͤͦͫͭ͜ ͫͯ;͎͊ͫͤͦͦ ͍ͫͭͯ͜Τ ͔ͨͪͦͫͭ͗ͯΌͭΈͫΎ ͪ͊ͼͦͤ͊͜͡Έͤ͜ ͔͙ͭ;ͤ͜ ͋͊ͪΩΊ͙ͪ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͊ ͭ͊ͦ͗͟ ͔ͦͤͦͣ͟͜;ͤ͜ ͭ͊ ͎͔͙ͦͨͦͭ͜͡;ͤ͜ ͋͊ͪΩΊ͙ͪΦ ˩͙ͭ;ͤ͜ ͋͊ͪΩΊ͙ͪ 
͔ͪ͊ͯ͘͜͡ΌͭΈͫΎ ͋͜͡Έ΄ͦΌ ͣͪͦ͜Ό ;͔͔ͪ͘ ͘ ͍͊ͦͤͦ͒͊͟;͜ ͔͔ͦ͋ͣ͗ͤͤΎΦ 

˽͔͙͔ͪ͒ͤͭ͘ ˢ͔͊͒ͣ͟͜͝ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ̆Φ ˸͙͊ͪͤͦͫΎͤ ͎ͨͦͦ͒͗ͯΊͭΈͫΎ 
͘ ͙ͭͣΣ ΅ͦ ͺͦͪͣͯΊͭΈͫΎ ͍͙͚ͤͦ ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͯ͊͒͟͡Σ Ύ͙͚͟ ζ͘ ͍͙͚͊ͫͤͦ͊ͤ ͤ͊  
NBICS-͍͔͎͔ͦͤͪͤ͟ͼ͜͝Σ ͍ Ύ͚͟͜ ͍͙ͤ͊͘;͙ͤͣ ͺ͊ͭͦͪͦͣ͟ ͫͭ͊ΌͭΈ ͎͙͍ͦͤͭͤ͟͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝η  
[5, 25ϐΣ ΅ͦ ͙͍͔ͨͪ͒ͯͭ͘Έ ͒ͦ ͍͙ͪͦͭͯ͘͟ ͔͚͔ͤͪͦͭͻ͎͚ͤͦͦ͜͡Σ ͍͙͙͔ͤͤͤͤ͟Ύ ͍͙͍͙ͤ͊ͤ͘͜ͻ 
͔ͤͭͪ͜ͺ͔͚͍ͫ͜ ͭ͊ ζͪ ͦͯͣͤͦ͘͝η ͔ͭͻ͙ͤ͜͟Σ Ύ͊͟ ͔͋ͯ͒ ͍ ͣͦ͘͘͜ ͚ͫ͊ͣͦͫͭͤͦ͜ ͔͔ͫ͋ ͍͙͍͙ͪͦ͊ͭ͘ 
ͭ͊ ͍͒ͦͫͦͤ͊͟͡Ό͍͙͊ͭΣ ΅ͦ ͙͍͔͔ͨͪ͒͘ ͒ͦ ͙ͣͤ͘͜ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͯͫͭͪͦΌ ͜ ͍͙͙͔ͤͤͤͤ͟Ύ 
͔͔ͭͪͦͤͤͦ͟͡͝ ͼ͙͍͊͘͜͜͡ͼ͜͝Σ Ύ͟ ͔ͪ͊ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜Σ ͔͔͎ͤ͊͗ͤͦͦ͘͡ ͜ ͔͋ͦͤͭͪͦ͘͟͡Έ͎ͤͦͦ ͘ 
͋ͦͯ͟ ͡Ό͙͙͒ͤ ͍͙ͪͦͭͯ͘͟ ͔ͭͻ͙ͤ͜͟Σ ͙ͤ͊ͯ͟ ͭ͊ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 
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˿ͯ;͊ͫͤ͜ Iƛ-IǳƳŜ ͜ Iƛ-¢ŜŎƘ ͙ͫͨͪΎΌͭΈ ͪͦͫͭ͊ͤͤ͘Ό ͔͊͗ͤͦͫͭ͘͜͡ ͡Ό͙͙͒ͤ ͍͒͜ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͭͻ͙ͤ͜͟ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͨͦͪͦ͒͗ͯΊ ͔ͨͪͦ͋ͣͯ͡ ͔͙͒ͤͭ͜;ͤͦͫͭ͜ ͡Ό͙͙͒ͤ 
͍ ͫͯ;͊ͫͤͦͣͯ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦͣͯ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͜Φ ˻ͫͭ͊ͤͤͣ͜ ;͊ͫͦͣ ͍͔ͫ ͋͜͡Έ΄͔ 
͙͍͒ͦͫ͒ͤ͜͟͜͡ ͫͻ͙͡ΎΌͭΈͫΎ ͒ͦ ͙͒ͯͣ͟Σ ΅ͦ ͫΈ͎ͦͦ͒ͤ͜ ͍ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͒͜Ί ͤ͜΄͙͚ ͨͪͦͼ͔ͫΣ 
͙͔͙͚ͨͪͦͭ͗ͤ͡ ͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜͝ ς ͼ͔ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ ͨͦ͡Ύ͎͊Ί ͍ 
ζ͘ ͍͜͡Έ͔ͤͤͤ͜ ͡Ό͙͙͒ͤ ͍͒͜ ͙͍ͨͪͦ͒ͭͦ͊ͤͦ͟͝Σ ͍ͯͫͨ͊͒ͦ͊ͤͦ͟͝ ͭ͊ ͍͔ͪͦ͒͗ͤͦ͝ 
͍͔ͦ͋ͯͣͦͤͦͫͭ͜͡ ͝͝ ͫͦͼ͊͜͡Έͤͦ͝ ͪͦ͜͡ ΦΦΦ ζ͜ ͙͍ͤ͒͒ͯ͊͊͘͜͜͡ͼ͜Ύη ͨͦ͡Ύ͎͊Ί ͯ ͔͔͍͔ͨͪͭͦͪͤͤ͜ 
͡Ό͒ͫΈͦ͟͝ ͔͙͒ͤͭ͜;ͤͦͫͭ͜ ͘ ζ͒ ͊ͤͦͫͭ͜η ͍ ζ͘ ͍͊͒͊ͤͤΎη ͜ ͍ ͔ͤ͊͒ͤͤ͜͜͡ ͚͍͙͒ͦ͜ͻ ͦͫ͋͜ 
͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Ό Ύ͟ ͊͘ ͍͙ͪ͜΄͔ͤͤΎ ͼΈ͎ͦͦ ͍͊͒͊ͤͤ͘ΎΣ ͭ͊͟ ͜ ͊͘ ͙ͤ͊ͫ͒͜͟͡ ό͍͟͡Ό;͊Ό;͙ 
ͨͦ͋͜;ͤ͜ ͔ͺ͔͙ͭ͟ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͙ͤͣ ͝ͻ ͔͚ͪͦ͡η [1, 181ϐΦ ͙́͊ͣ͟ ;͙ͤͦͣ ͫͯ;͙͚͊ͫͤ 
ͫͦͼͯͣ͜ ͍ͤ͊͋ͯ͊Ί ͙͍͍͎ͤ͒͒ͯ͊ͦ͊ͤͦͦ͘͜͜͜͡ ͻ͔͊ͪ͊ͭͪͯ͟Φ ˶Ό͙͒ͤ͊ ͎ͤ͊ͣ͊͊ΊͭΈͫΎΣ ͘ ͎ͦ͒ͤͦͦ 
͋ͦͯ͟Σ ͍͙͙͙͒ͭͫ͜͡Ύ ͘͜ ͫͯͫͨ͜͡Έͤͦ͝ ͙ͣ͊ͫ ͍͊͒͘Ύ͙͟ ͔͍͙ͨͤͣ ͨͪͦΎ͍͊ͣ ͍ͫͦΊ͝ 
͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦͫͭ͜Σ ͊Σ ͘ ͤ͜΄͎ͦͦ ͋ͦͯ͟Σ ͔ͨͪͦͫͭ͗ͯΊͭΈͫΎ ͍͙͘;͚͔͊ͤ ͍͔͔͒ͦͪͣͤͤ͜͟͡Ύ ͍͒͜ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͔͔ͭͤ͒ͤͼ͜͝ ͒ͦ ͔ͯͫ͊ͣͭͤͤͤ͜Ύ ͭ͊ ͨͦ΄͙͔ͪͤͤΎ ͙ͭ͊͟ͻ Ύ͍͙΅ Ύ͟ ζͫ ͦͼͦͨ͊ͭ͜͜Ύη 
ͭ͊ ζͣ ͊ͤͭͪͦͨ͘͜͜ΎηΦ ˶Ό͙͒ͤ͊ ͍͙ͫͭͯͨ͊Ί Ύ͟ ͔͋ͦͪͼΈ ͙ͨͪͦͭ ͫͺ͍͙ͦͪͣͦ͊ͤͻ ͤͦͪͣ ͜ 
͍͙ͨͪ͊͡Σ Ύ͙͚͟ ͎͔ͨͪ͊ͤ ͒ͦ ͨ͒ͨͦͪ͜Ύ͍͒ͯ͊ͤͤ͟Ύ ͍͚ͫͦ͝ ͍ͦ͜͡ ͫͯͫͨ͜͡Έ͙ͤͻ ͨͪͦͼ͔͍ͫ͜ ͜ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͫͦΊ͝ ͍͊ͫͤͦ͡͝ ͙͙͊ͪͭͤ͟ ͍ͫͭͯ͜Σ ͔ͣ͗ ͍͔͙ͨͦ͒ͤ͜͟ ͍ ͍ͫͭ͜͜Φ 

˭ ͍͙͙͔ͤͤͤͤ͟Ύͣ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͙͙͙ͤ͟͡ ͍ͤͦ͜ ͙͙͙ͪ͘͟ ͜ ͎͙͊ͪͦ͘͘Σ Ύ͟͜ ͍͙ͦͤ 
͔ͤͫͯͭΈ ͘ ͫͦ͋ͦΌΦ ̂ ͍͚ͫͦ͝ ͨͪ͊ͼ͜ ζʕ ͙ͫͦ͊͟ ͔ͭͻ͎ͤͦͦ͜͡ΎΣ ͎͙͋ͦ͊͟͡ ͎ͯͣ͊ͤͤͫͭ͜Έη  
˨Φ ˹͔͚ͫ͋ͭ͜ ͙͍ͪͦͪ͊͘͟Ί ͍͙͚ͦͪͦͭͤ͘ ͋͜͟ Iƛ-IǳƳŜΦ ̇Ύ ͔ͭͻ͎ͤͦͦ͜͡Ύ ͔ͣͦ͗ ͔ͤ ͭ͜͡Έ͙͟ 
ͣͤ͘͜Ό͍͙͊ͭ ͍ͫ͒ͦͣͫͭ͜͜Έ ͡Ό͙͙͒ͤ ͘ ͔ͣͭͦΌ ͨͦ΄͙͙͙ͪͭΣ ͙͍ͨͪ;͙͙ͭ ͜ ͙͙ͪͦ͋ͭ͘ ͙ͣͦ͒ͤͣ 
ͨͪͦ͒ͯͭ͟ Iƛ-¢ŜŎƘΣ ͍ͦͤ͊ ͍͙ͨͦͤͤ͊ ͙͒͊ͭ ͡Ό͙͒ͤ͜ ͪͦͯͣͤͤ͘͜Ύ ͎ͭͦͦΣ ΅ͦ ͔ͤ ͙͍͒͡Ύ;͙ͫΈ ͤ͊ 
͙͍͙͚͊ͭͤ͟ ͎͔ͨͪͦͪͫ Iƛ-¢ŜŎƘΣ ͡Ό͙͒ͤ͊ ͍͙ͨͦͤͤ͊ ͔͔͎͙͋ͪͭ͘ ͍ͫͦΌ ͡Ό͒Ύͤͫͭ͜Έ 
͔͔ͤ͊ͫ͊ͣͨͪ͒Φ ˥͙͋ͦ͊͟͡ ͎ͯͣ͊ͤͤͫͭ͜Έ ς ͼ͔ ζ͍ ͣͤͤ͜Ύ ͙͚ͨͪͤΎ͙ͭ ͔͍ͨͪͫͤͯ͜ ͙ͫͯ͡ ͙͗ͭͭΎ ͜ 
͔ͫͣͪͭ͜ ΦΦΦ ͍ͣͤͤ͜Ύ ͙͚ͨͪͤΎ͙ͭ ͔ͭΣ ΅ͦ ͍ͫͦΊΌ ͍͔͙͡;;Ό ͎ͤ͊͋͊͊ͭͦ ͔͔͍͔ͨͪͪ΄ͯΊ ͤ͊ͫ 
͙ͫ͊ͣͻη [6, 40]Σ ͭͦ͋ͭͦ ͙͚ͨͪͤΎ͙ͭ ͍͙ͫͦͯ͟ ͔ͭͻ͎ͤͦͦ͜͡Ό Ύ͟ ͒͊ͤͫͭ͜ΈΣ ͔͊͡ ͔ͤ ;ͯ͒ͦΣ ͔͊͡ ͜ ͍ 
͚ͭͦ ͔͗ ;͊ͫ ͍͙͙͒ͤͯͭ͜͟ ͭͯ ͔ͭͻ͎ͤͦͦ͜͡ΌΣ Ύ͊͟ ͎ͪͯ͋ͦ ͍ͭͪͯ;͊ΊͭΈͫΎ ͍ ͤ͊΄͔ ͙͗ͭͭΎΦ ͔̇ 
͍ͣͤͤ͜Ύ ͼ͍͙ͤͯ͊ͭ͜ ͙͗ͭͭΎ ͙ͭ͊ͣ͟Σ Ύ͙ͣ͟ ͍ͦͤͦ ΊΦ ͔̇ ͪͦͯͣͤͤ͘͜Ύ ͎ͭͦͦ ͺ͊ͭͯ͟Σ ΅ͦ 
͔ͭͻ͎ͤͦͦ͜͡Ύ Ί ͔͍ͤ͒͜ΩΊͣͤͦΌ ;͙͊ͫͭͤͦΌ ͔͍ͦ͡Όͼ͜͝ ͯ͟͡Έ͙ͭͯͪΣ ͼ͔ ;͙͊ͫͭͤ͊ ͤ͊΄ͦ͝ 
͍ͭͦͪ;ͦͫͭ͜Σ ͣͪ͜͝Σ ͎͔ͨͪ͊ͤͤͤΎ ͨͦͨ͜͡΄͙͙ͭ ͍͔ͫ ͍ͤ͊ͦͦ͟͡Τ ͙͚ͨͪͤΎͭͭΎ ͎ͭͦͦ ͺ͊ͭͯ͟Σ ΅ͦ 
͔ͭͻ͎ͤͦͦ͜͡Ύ ͙͙͍ͨͦͭͤͦ͘ ͍͙͍ͨ͊͡Ί ͙͡΄͔ ͭͦ͒͜Σ ͙ͦ͟͡ ͙ͨ͒ͭͪͣͯ͜Ί ͜ ͨͦͪ͊͟΅ͯΊ ͔͔͋ͯ͒ͤͤ 
͙͗ͭͭΎΣ ͊ ͔͎͙͍ͤ͊ͭͤͦ ͍͙͍ͨ͊͡ΊΣ ͙ͦ͟͡ ͍ͫͨͦͭͦͪΌΊ ͫͦͼ͊͜͡Έͤͯ ͔ͪ͊͡Έͤͫͭ͜Έ ͜ ͍͒͜;ͯ͗ͯΊ 
͡Ό͙͒ͤͯ ͍͒͜ ͔ͤ͝Φ ˭͔ͪ΄ͭͦΌΣ ͼ͔ ͍ͣͤͤ͜Ύ ͙͊͘͡΄͙͊ͭͫΎ ͡Ό͒Ύ͙ͤͣ ͜ ͙͋ͯͭ ͍͙ͪͤͣ͜ ͍ͫͦͣ͝ 
͙ͨͪͤͼ͙ͨ͊ͣΣ ͔͒͊͊ͣ͜͡ ͜ ͎͊͊͘͡Έͤͦ͡Ό͒ͫΈ͙ͣ͟ ͼͤͤͦͫͭ͜Ύͣ ͍ ͔ͨͦͻͯ ͍ͨ͊ͤͯ͊ͤͤΎ ͍͙͙ͫͦ͟ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡Φ ˢ͔͡ ͍ ͚ͭͦ ͔͗ ;͊ͫ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͣͤ͊͘͜ ͼ͔͚ͤͤͦͫͭ͜ ͫͯ;͊ͫͤͦ͝ ͡Ό͙͙͒ͤΣ 
ͣ͘͜΅͔ͤͤΎ ͝ͻ ͍ ͋͜͟ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͙͊ͫͤ͡ͻ ͔ͨͦͭͪ͋Σ ͔͎͒ͯͣ͊ͤ͊͘͜ͼ͜Ύ ͭ͊ ͎͎͔ͦͣͦͤ͊͘͜ͼ͜Ύ 
ͯ͟͡Έ͙ͭͯͪΦ ́͊͟Σ ͍ ͫͯ;͚͊ͫͤ͜ ͔ͭͻ͎͔͚ͤͦͤͤ͜ ͼ͙͍͊͘͜͜͡ͼ͜͝ ζ͍  Ύͦͫͭ͟͜ ͼ͎ͤͤͫͤͦͦ͜͜ ͙͔ͨͪͦͪͭͭͯ͜ 
͍͔ͯͭͪ͒͗ͯΊͭΈͫΎ ͔͒͊͜͡ ͍͜͡Έͤͦ͝ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦͫͭ͜Σ ͍͊ͭͦͤͦͣͤͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͊͟ ͔ͣͦ͗ 
͒ͦͯ͡;͙͊ͭͫΎ ͒ͦ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͫͨ͜͡Έͤͦͭ ͜ ͣ͊Ί ͍ͪͤ͜͜ ͘ ͤ͜΄͙͙ͣ ͍ͨͪ͊͊η  
[9, 15]. s ͔͡ ͍ ͚ͭͦ ͔͗ ;͊ͫ ͍͙ͤ͊͘ΊͭΈͫΎ ͍͊͒͊͡ ͤ͊͒ ͡Ό͙͒ͤͦΌ ͭ͊ ͍͊͒͊͡ ͤ͊͒ ͦ͋ΩΊ͙ͭ͊ͣ͟ 
Ύ͟ ͍͙͚ͦͫͤͦͤ ͼ͙͚ͤͤͫͤ͜͜ ͙͔ͨͪͦͪͭͭ͜Φ ˸͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ͫͭ͊Ί ͍͙͘;ͤͦΌ ͍ͫͨͪ͊ͦΌ ͜ 
͍͙ͻ͙ͦ͒ͭΈ ͤ͊ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͍ͫͦΊ͝ ͚͔ͣ͊ͫͭͪͤͦͫͭ͜Φ ˤ͔͊ͫͤ͡Σ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ͔ͣͦ͗ 
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ͨͪͦΎ͍͡Ύ͙ͭͫΎ ͍ ͙ͪͤ͘͜ͻ ͍͙͒͊ͻΣ ͔ͦͪͣ͊͘͟ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ͍ͣ͊ͫͦͦΌ ͭ͊ 
͙͍ͤ͒͒ͯ͊͜͜͡ΈͤͦΌ ͍ͫ͒ͦͣͫͭ͜͜ΌΣ ͍͙ͨͪ͊͊ͣ ͭ͊ ͍͙ͫͦ͋ͦ͒͊ͣ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍ͫͦ͋ͦ͒ͦΌ 
͍͙͋ͦͪͯ ͭͦ΅ͦΦ 

ˢΦ ˾͍͊ͭͦ͟͜Σ ͎ͪͦ͘͡Ύ͒͊Ό;͙ ͣͫ͜ͼ͔ ͜ ͫͯͭͤͫͭ͜Έ ͡Ό͙͙͒ͤ ͍ ͦͼ͙ͺ͍ͪͦ͊ͤͦͣͯ ͍ͫͭ͜͜Σ 
͙ͨͪͻ͙ͦ͒ͭΈ ͒ͦ ͍͙͍ͫͤͦͯ͟Σ ΅ͦ ͫͯ;͙͚͊ͫͤ ͍ͫͭ͜ ͎ͤ͊͊͒ͯΊ ͚ͭͦΣ Ύ͙͚͟ ͍͙͍͔͙͚ͫͭͤ͜͡ ͍ 
ͪͦͣ͊ͤ͜ ˨͗Φ ˻͔ͪͯ͊͡͡ ζ1984η Ύ͟ ͍͙͙͚͊ͭͦͪͭ͊ͪͤ ͭ͊ ͙͚ͭͦͭ͊ͭ͊ͪͤ͜͡Σ ͍ Ύͦͣͯ͟ ͙͔͗ͭ͜͡ 
ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͨ͒͜ ͚͙ͨͦͫͭͤͣ͜ ͔ͦͤͭͪͦͣ͟͡ ζ͍ ͔͍͙ͫ͒Ύ;͎ͦͦ ͦ͊͟ηΣ Ύ͔͟ ͔͙ͫͭ͗ͭΈ ͊͘ 
͙ͦ͗ͤͣ͟Σ ͊ͤ͊ͯ͘͜͡Ί ͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎ ͜ ͙͚ͨͪͣ͊Ί ͍͍͒ͨͦ͒ͤ͜͜͜ ͊͘ͻ͙ͦ͒ ώ7, 35ϐΦ ̉ͦͣͯ  
ˢΦ ˾͍͊ͭͦ͟͜ ͍ͨͦΩΎͯ͘Ί ͍ͫͭ͜Σ ͍͙͍͔͙͚ͫͭͤ͜͡ ˨͗Φ ˻͔ͪͯͦͣ͡͡Σ ͘͜ ͫΈ͎͔ͦͦ͒ͤͤΎͣΚ ˤ͍͒ͨͦ͒͜͜Έ 
ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͫͯ;͊ͫͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͤͦͫΎͭΈ ͍͔͙͚͊ͣ͋͊ͤͭͤ͜͡ ͻ͔͊ͪ͊ͭͪ͟Τ ͨͦͪͯ; ͘͜ 
͍͔͙ͦ͟͡Ό ͟͜͡Έͫͭ͟͜Ό ͔͔͍͎ͨͪ͊ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙͙ͫͦ͟ͻ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ 
͍ͨͦͫΎ͔͔͒ͤͤ͟ ͙͗ͭͭΎ ό͒ͦͫͭͯͨ ͒ͦ ͍͔͙ͦ͟͡͝ ͟͜͡Έͦͫͭ͟͜ ͜ ͪͤͦ͘͜͝ Ύͦͫͭ͟͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͦͣͯͤ͊͟͜͟ͼ͜͝Τ ͫͯ;͊ͫͤ͜ ͔͙͐͊͒͗ͭ ͭͦ΅ͦύΣ ͫͤͯ͜Ί ͜ ͚ͤ͊͋͜͡Έ΄͙͚ ͔ͤ͒ͦ͜͟͡Σ 
͔ͦͪͣ͊͘͟ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ς ͙͍ͣͦ͗ͫͭ͜͡Έ ͦͤͭͪͦ͟͡ΌΦ ˭ 
ͼΈ͎ͦͦ ͙͍ͨͪͦ͒ͯ ˢΦ ˾͍͊ͭͦ͟͜ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ζͭ ͦͭ͊͡Έ͙͚ͤ ͦͤͭͪͦ͟͡ΈΣ Ύ͙͚͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ 
͊͘ ͎͒ͦͨͦͣͦͦΌ ͫͯ;͙͊ͫͤͻ ͼ͙ͺ͍͙ͪͦͻ ˱˴́Σ ͔ͣͦ͗ ͍͚ͪ͊͟ ͔͎͙͍ͤ͊ͭͤͦ ͍͙͙ͨͤͯͭ͡ ͤ͊ 
͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͜Σ ͔͙ͭ;ͤ͜ ͭ͊ ͍͒ͦ͜͜͡ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͋ͯ͒Έ-Ύͦ͟͝ ͡Ό͙͙͒ͤΦ ˤͤ͜ ͎ͣ͜ ͙͋ 
;͙͙͙ͤͭ ͙ͫ͡Έ͙͚ͤ ͔͔͒ͨͪͫͯΌ;͙͚ ͙ͨͫͻ͜;͙͚ͤ ͍͙͍ͨ͡ ͜ ͔͒ͺ͍͙ͦͪͣͯ͊ͭ ͤͦͪͣ͊͡Έ͔ͤ 
͡Ό͒ͫΈ͔͟ ͙͔ͣͫͤͤ͡Ύ ζͯ ͔͔͔ͫͪ͒ͤͤͦ͝η ͡Ό͙͙͒ͤΣ ͙͍ͪͦ͋͘΄͙ ͝͝ ͍͚ͪ͊͟ ͙͍ͨ͊ͫͤͦΌΣ ͔ͤ 
͒͊ͭͤͦ͘Ό ͙͚͙ͨͪͣ͊ͭ ͍ͤ͊ͭ͜Έ ͚ͤ͊ͨͪͦͫͭ͜΄͜ ͍ͨͦ͋ͯͭͦ͜ ͪ͜΄͔ͤͤΎΣ ͔͒ͦͪ͘͜Ί͍͙ͤͭͯ͊ͭ ͍ 
ͫͦͼ͊͜͡Έͤͦͣͯ ͜ ͙ͨͪͪͦ͒ͤͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜Σ ͙͙ͪͦ͋ͭ͘ ͔͔ͤͦͣͯͤ͊͋͟͜͟͡ΈͤͦΌ ͜ ͍ 
ͨ͒ͫͯͣͯ͜͟Σ ͍ ͪ͊͘͜ ͙͍͎ͭͪ͊ͦͦ͡ ;͍͎͊ͫͦͦͦ ͔͍ͤͭͪ͊ͯ͜͡ ͎ͭ͊ͦͦ͟ ζͼ͙ͺ͍͎ͪͦͦͦ ͦͤͭͪͦ͟͡Όη, 
͍͙ͨ͒ͪ͊ͭ͜͜ ͫ͊ͣ͜ ͙͊ͫ͊͒͘ ͫͯͫͨ͜͡Έ͍ͫͭ͊η [7, 36ϐΦ ˤ͙͚͊͊ͤ͘͟ ͦͤͭͪͦ͟͡Έ ͫͭͦͫͯΊͭΈͫΎ Ύ͟ 
͍ͨͪͦ͒ͯͯ͊ͤͤ͟ΎΣ ͍ͪͦͨͦͫ͘Ό͔͒͗ͤͤΎΣ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͜ ͤ͊ͤ͘ΈΣ ͭ͊͟ ͜ ͔͊ͫͨͭͯ͟ 
;͙ͨ͊͘͜ͼ͜͝Φ ˤ ͚ͦ͒ͤ͜ ͘͜ ͍͔͚͒ͦͨͦ͒͜ ͙͔͒ͪͭͦͪ͟ ͔͔͒ͨ͊ͪͭ͊ͣͤͭͯ ͍͊͘Ίͣͦ͒͜͝ ͙ͤ͊ͯ͟Σ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ˸͍ͦͫͦͫ͟Έ͎ͦͦ͟ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͙ͤͫͭͭͯͭͯ͜ ˽͔ͭͪͦ ˶͔͍͙; 
͍͙͍͒ͣͭ͜͜Σ ΅ͦ ζͫ ͍ͦ͋ͦ͒͊ ͔ͤ ͔͔ͫͯͨͪ;͙ͭΈ ͔ͭͻͤ͜;ͤͦͣͯ ͎͔ͨͪͦͪͫͯΦ ̒͟΅ͦ ͡Ό͙͒ͤ͊ 
͋ͦͭ͝ΈͫΎ ͍͍͍͙ͨͪͦ͊͒͗ͯ͊ͭ ͍ ͔͔ͫ͋ ;ͨ͜Σ ͭͦͣͯ ΅ͦ ͭ͊͟ ͝͝ ͨͪͦͫͭ͜΄͔ ζ͍ ͒͜͟͡Ό;͙͙ͭη ͍͒͜ 
͙͔͙ͫͫͭͣ ς ͼ͔ ͔ͤ ͔ͨͪͦ͋ͣ͊͡ ;ͨͯ͜Σ ͼ͔ ͔ͨͪͦ͋ͣ͊͡ ͙ͨͦͭ͜͡;ͤͦ͝ ͙͔͙ͫͫͭͣΣ Ύ͊͟ ͒͊Ί 
͙ͪͦͯͣͭ͘͘͜Σ ΅ͦ ͔ͣͦ͗ ͼ͔ ͙͙ͪͦ͋ͭ͘ηΦ ˢ ͔ͦͭ͗ ͨͦͫͭ͊Ί ͙ͨͭ͊ͤͤΎ ς ;͙ Ί ͍͔ͫ ͗ ͙ͭ͊͟ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͔͙ͭ;ͤͦ ͔͚ͤͭͪ͊͡Έ͙͙ͤͣ ͜ ;͙ ͔ͤ Ί ͙͍͔͊ͭͤ͟ ͙ͫͨͪΎͤͤΎ ͔͔ͫͨͦͤͤ͟ͼ͊͜͡Έͤͦͣͯ 
͝ͻ ͍͙ͪͦͭͯ͘͟ ͔ͫͨͼ͊͜͡Έͤͦ ͫͨͪΎ͍͙ͣͦ͊ͤͣ ͤ͊ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͍͎ͫͭͦͦͦ͜ ͭͦͭ͊͡Έ͎ͤͦͦ 
ͦͤͭͪͦ͟͡ΌΚ ˭ͤ͊ͻ͔ͦ͒͗ͤͤΎͣ ͍͍͒ͨͦ͒͜͜͜ ͤ͊ ͼ͜ ͙ͨͭ͊ͤͤΎ ͚͊ͣ͊͘ΊͭΈͫΎ ͎͋͊͊ͭͦ ͺͦͫͦ͜͡ͺ͍͜Σ 
ͫͦͼ͎͍ͦͦ͜͜͡Σ ͍;͔͙ͤͻΦ  

˻ͫͭ͊ͤͤͣ͜ ;͊ͫͦͣ ͍ ͍ͤ͊ͯͦͦͣͯ͟ ͙͒ͫͯͪͫ͟͜ ͍͔ͫ ;͊ͫͭ͜΄͔ ͍ͤ͊͋ͯ͊Ί ͨͦ΄͙͔ͪͤͤΎ ͔ͭ͊͟ 
͍͙ͤ͊͘;͔ͤͤΎ ͫͯ;͊ͫͤͦͫͭ͜Σ Ύ͟ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ζͫ ͚͎ͭͦͦ͜͟ ͍͙ͪͦͭͯ͘͟ηΣ ͊ ͔ͦͭ͗Σ ͜ ζͫ ͚͎ͭͦͦ͜͟ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊ηΦ ̅Φ ˴͊ͨͪ͊ ͙͒ͦͫͭΈ ͒ͦͼ͜͡Έͤͦ ͨͦΎ͙͍ͫͤ ͫͯͭͤͫͭ͜Έ ζͫ ͚͎ͭͦͦ͜͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊η, 
Ύ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ζ̈́ ͦ ͍͊͒ͦͦ͘͡ΈͤΎΊ ͍ͫͦ͝ ͔͙ͨͦͭͪ͋Σ ͔ͤ ͙͙ͨͪͤ͗ͯΌ;͙ ͔͔͙͍ͨͪͫͨͭ͟ 
͙ͤ͊ͫͭͯͨͤͻ ͨͦͦͤ͟͜͡Έη [3, 20]Φ ˸Φ ̅ͦͣͤ͜Σ ͍͙ͤ͊͘;͊Ό;͙ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͚͎ͫͭͦͦ͜͟ ͭ͊ 
͔͔͋ͨ͘;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͍͙ͤ͊͘;͊Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍ Ύ͚ͫͤ͟͜͜ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜͝ 
ό͍͚ͤͦ͜ ͔ͪͤ͒ͯͫͭͪ͊͊͘͜͜͜͡ͼ͜͝ύ ͭ͊ ͔͎ͦͦ͊͘͟͜͡ͼ͜͝ ͙͍ͨͪͦͣͫͦͦͫͭ͜͡ [10, 143ϐΦ ˢ͔͒͗ ͍͔ͫ 
;͊ͫͭ͜΄͔ ͍͔ͤ͊ͯͦ͟ ͍͍͙͍ͫͨͭͦ͊ͪͫͭͦ͜ ͨͦ;͙ͤ͊Ί ͎͍͙͙ͦͦͪͭ ͨͪͦ ͎͎͔ͦͣͦͤͤͫͭ͜ΈΣ 
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͔ͤ͘͡Ό͔͒ͤͤͫͭ͜ΈΣ ͙͎͊ͤͭ͊ͤͭͪͦͨͦͦ͜͡;ͤͫͭ͜Έ ͯ͟͡Έ͙ͭͯͪ ͭ͊ ͎͙͙͋ͪ͒͊͘͜ͼ͜Ό ͊ͤͭͪͦͨͦͫͺ͔͙ͪΦ 
˶Ό͙͒ͤ͊ ͨͦͫͭ͊Ί ζͭ ͍ͦͪͼ͔ͣη ͙͙ͨͪͪͦ͒Σ Ί͙͙͒ͤͣ ͫͯ͋ΩΊͭͦͣ͟ ͫͭͦͪ͜͜͝ ͭ͊ ͎͔ͦͫͨͦ͒͊ͪͣ 
͍͊ͫͤͦ͡͝ ͒ͦ͜͡Φ ˽͔͙ͦͫͭͤ͊ͫ͟͡;ͤ͊ ͤ͊ͯ͊͟Σ ͍͙͍ͪͦ͊͘Ό;͙ͫΈ ͤ͊͘;͙͙ͤͣ ͔͙ͭͣͨ͊ͣΣ 
ζͨ ͦͪͦ͒͗ͯΊ ΄ͭͯ;ͤͯ ͡Ό͙͒ͤͯ ͭ͊ ΄ͭͯ;͙͚ͤ ͍ͫͭ͜ ͍ ͼͦͣͯ͜͡Σ ͔ͣͦ͒͡ΌΊ ͔͔͙͍͙ͨͪͫͨͭ͟ 
͡Ό͍͒ͫͭ͊ ͜ ͘͜ ͍ͫ͜ΊΌ ͙͍ͣͦ͗ͦ͡Ό ͍͒ͦͫͭͦͪͤͫͭ͜͜Ό ͙ͦͨͫͯΊ ζͫ ͍͔ͭ͜͡η ͚ͣ͊͋ͯͭͤΊ 
͔͔ͭͪͦͤͤͦ͟͡͝ ͼ͙͍͊͘͜͜͡ͼ͜͝η [5, 28ϐΦ ˢ͔͡ ;͙ ͔͋ͯ͒ ͼ͔ ͚ͣ͊͋ͯͭͤΊ ͙ͭ͊ͣ͟ ζͫ ͍͙ͭͣ͜͡ηΣ Ύ͙ͣ͟ 
͍ͦͤͦ ͍͋͊;͊ΊͭΈͫΎ ͍ͭͦͪͼΎͣ ͔ͭͻ͎͚ͤͦͦ͜͡Κ ͙̉ ͙͍ͣͦ͗ͦ͡ ͙͡΄͔ ͫͨͦ͜͡ ͍͙ͫ͒ͯ͊ͭ͜͡ 
͔ͭͻ͎ͤͦͦ͜͡;ͤͦͣͯ ͙ͦͨͭͣͣͯ͘͜Κ ˻͋ͪ͊͘ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͔͍͙ͨͤͣ ;͙ͤͦͣ 
ͣͦ͗ͤ͊ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘͘Σ ͔͊͡ ͍͔ͦͫͤͦͤ ͙ͨͭ͊ͤͤΎ ͍ ͭͦͣͯΣ Ύ͟͜ ͼͤͤͦͫͭ͜͜ ͙ͣ ͔͊͊͒ͣͦ͘͟͡ ͍ 
ͤ͊΄͔ ͙͗ͭͭΎ ͘ ͙ͨͪͻͦ͒ͦͣ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͯ ͍͊͘Ίͣͦ͒͜Ό ͘ ͙͙ͤͣΦ ˽ͦ΄ͯ͟ 
͍͍͒ͨͦ͒͜͜͜ ͭ͊ ͼ͜ ͭ͊ ͤ͜΄͜ ͙ͨͭ͊ͤͤΎ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͍ ͼ͔ͤͭͪ͜ ͫͯ;͎͊ͫͤͦͦ ͍͎ͤ͊ͯͦͦͦ͟ 
͙͒ͫͯͪͫͯ͟Φ 

ˤ͙͍͙ͫͤͦ͟ ͜ ͙ͨͪͦͨͦ͘ͼ͜͝Φ ˿ͯ;͔͊ͫͤ ͫͯͫͨ͜͡Έ͍ͫͭͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͔͚ͤͫͭͫͭ͜͟͜ΌΣ 
͔͚ͤͤͤͫͭ͜͜͜͡Ό ͍͎ͫͦͦ ͍͙ͪͦͭͯ͘͟Σ ͔͍ͨͤͦΌ ͣͪͦ͜Ό ͙͙͎͔ͪͦͤͤͫͭ͘͟͜ΌΦ ˩͔ͫͨͦͤͤ͟ͼ͚͙͚ͤ͜ 
͍͙ͪͦͭͦ͘͟ ͍͙͙ͫͦ͟ͻ ͙ͤ͊ͯͦͣͫͭ͟͜͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͨͦΎ͍͙ ͍͎ͤͦͦͦ 
͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͯ͊͒ͯ͟͡Σ ͊ ͭ͊ͦ͗͟ ͙ͣͤ͘͜ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͯͫͭͪͦΌ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͊ ͔ͦͭ͗ ͜ 
͒ͦ ͔͔ͫͨͦͤͤ͟ͼ͚͎ͤͦͦ͜ ͙͚ͫͨͪͤΎͭͭΎ ͜ ͍͙͊ͤͤ͘͟Ύ ͒ͦ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͝ͻ ͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ 
͍ͨͦͫΎ͔͔͒ͤͤ͟ ͙͗ͭͭΎ ͡Ό͙͙͒ͤΦ ˽͙ͭ͊ͤͤΎ ͙͡΄͔ ͍ ͭͦͣͯ ς Ύͦ͟͝ ͍͔͊͋͊ͪͤͦͫͭ͘͜͡ ͤ͊͋ͯ͒ͯͭΈ 
ͼ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Κ ͔̇Σ ͍ ͔ͨͪ΄ͯ ;͔͎ͪͯΣ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͙ͭͻ ͼ͔͚ͤͤͦͫͭ͜Σ Ύ͟͜ ͙ͣ ͙ͨ͒ͭͪͣͯ͜Ίͣͦ 
͜ ͎ͨͪͦͨ͊ͯΊͣͦΦ ˤ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͍͙ͪͦͭͯ͘͟ ͼ͙͍͊͘͜͜͡ͼ͜͝ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ 
ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ύ ͎͊͊͘͡Έͤͦ͡Ό͒ͫΈ͙͟ͻ ͼ͔͚ͤͤͦͫͭ͜ ͭ͊ ͔͔ͭͤ͒ͤͼ͜Ύ ͒ͦ ͍͙͙͔ͤͤͤͤ͟Ύ ͍͙ͤͦͻ 
ͼ͜ ͔͚ͤͤͦͫͭ ͔ͭͻ͎͔ͤͦͤͤͦ͝ ͼ͙͍͊͘͜͜͡ͼ͜͝Φ ˢ͔͡Σ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͍͙͍͊͗͜͡ ͔ͤ ͫͭ͜͡Έ͙͟ ͼ͜͜͡ ͭ͊ 
͔͙͒͊͜͡Σ ͫ͟͜͡Έ͙͟ ͔͙ͣͭͦ͒Σ Ύ͟͜ ͙ͣ ͍͙͙͍ͦͪͫͭͦͯ͟Ίͣͦ ͒͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͍ͫͦΊ͝ ͔͙ͣͭΦ 
˸ͦͪ͊͡Έ ͔͍͒͊͜͜͡ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͙ͭͦͭ͊ͭ͊ͪͣͯ͘͜͡Σ ͣͦͪ͊͡Έ ͔͍ͣͭͦ͒͜ ς ͒ͦ ͎ͯͣ͊ͤͣͯ͘͜Φ 
˭͍͔ͪͭ͊Ό;͙ͫΈ ͒ͦ ͔͎͙͊ͭͦͪ͟;͎ͤͦͦ ͔͙͍ͣͨͪ͊ͭͯ͜ ˱Φ ˴͊ͤͭ͊Σ ͍͊ͫͭͦͫͦͯ͘Ό;͙ ͙ͨͪͤͼ͙͙ͨ 
͔͙͙͋ͦͭ͜͟Σ ͙ͨͪͻ͙ͦ͒ͣͦ ͒ͦ ͍͙͍ͫͤͦͯ͟Σ ΅ͦ ͙͒ͦͫͭΈ ͍͙͍͙͊͗ͣ͡ Ί ͔ͭΣ Ύ͙ͣ͟ ͼͤͤͦͫͭ͜Ύͣ ͙ͣ 
ͫ͒ͯ͜͡Ίͣͦ ͜ Ύ͟͜ ͔͙ͣͭͦ͒ ͙ͣ ͍͙͙͍ͦͪͫͭͦͯ͟Ίͣͦ ͍͔͗ ͫΈ͎ͦͦ͒ͤ͜ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ 
͚ͣ͊͋ͯͭͤΈ͎ͦͦΦ 
 

˶˱́˩˾ˢ́̂˾ˢΥ 
1. ˣ͊ͯͣ͊ͤ ˭Φ ˮ͙͍͙͙͙͍͔ͤ͒͒ͯ͊ͪͦ͊ͤͤͦ͘͡ ͦ͋΅͔͍ͫͭͦ κ ˭Φ ˣ͊ͯͣ͊ͤ Υ [͔ͨͪΦ ͫ ͎͊ͤ͡Φ] 

κ ˽ͦ͒ ͔ͪ͒Φ  ˤΦ ˶Φ ˮ͔ͤͦͣ͘ͼ͔͍͊Φ ς ˸ Φ Υ ˶͎ͦͦͫΣ нллнΦ ς офл ͫΦ 
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ͤ͊΄͙ ͙͙ͨͦͫ͟ ͫͣ·ͫ͊͡ κ ˨͗ͦͤ ˹͔͚͙ͫ͋ͭ ͙ͨͪ ͯ;͙͙͊ͫͭ ˹͊ͤ· ˹͔͚͙ͫ͋ͭ ͙ ˨͎ͯ͊ͫ͊͡ 
͙͙̅ͨͫ͊͡Τ ͔ͨͪΦ ͫ ͎͊ͤ͡Φ ˢΦ ˹Φ ˢ͍͔ͤ͊ͪ͊Φ ς ˸Φ Υ ˢ˿́Υ ́ͪ͊Ό͙͎ͭͤ͊͟Σ нллрΦ ς оумΣ ώоϐ ͫΦ ς 
(Philosophy). 

7. ˾͙͍͊ͭͦ͟ ˢΦ ˮΦ ͔͍͔̉ͦ͟͡ ͍ ͦͼ͙ͺ͍ͪͦ͊ͤͤͦͣ ͙͔ͣͪ κ ˢΦ ˮΦ ˾͙͍͊ͭͦ͟Φ ς 
͙̅ͦͫͦ͡ͺ͙͔ͫ͟ ͙ͤ͊ͯ͟Φ ς 2016. ς Ѕ сΦ ς ˿ Φ онς46. 

8. ˿ͯͣ;͔ͤͦ͟ ˿Φ ˤΦ ˿ͯ;͊ͫͤ͊ ͤ͊ͯ͊͟Υ ͫͭ͊ͤ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͍͙ͪͦͭͯ͘͟ κ  
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ˢ˹˹˻́ˢ̇ˮ̒ 

́ΦˢΦ ˴͍ͪ͊;͔ͤͦ͟. ˹͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͎͔ͨͪͦͪͫͫ ͙ ͍ͫͦ͋ͦ͒͊ ͙͡;͙ͤͦͫͭΥ 
ͺ͙ͦͫͦ͡ͺͫͦ͟-͙͎͙͊ͫͦͦ͟͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Φ 

ˤ ͫͭ͊ͭΈ͔ ͪ͊ͫͪ͟·͍͔͊ͭͫΎ ͫͯ΅ͤͦͫͭΈ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͦ͋΅͔͍ͫͭ͊Σ ͔ͦͭͦͪͦ͟ 
ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͚ͤͯͫͭͦ;͙͍ͦͫͭΈΌΣ ͔͙͔͚ͤͤͤͦͫͭ͡ΈΌ ͍͔͎ͫͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͙ 
͙͎͔ͪͫͦͤͤͦͫͭ͟ΈΌΦ ˢ͍ͭͦͪͦͣ ͔ͦͭͣ;͔͊ͭͫΎΣ ;ͭͦ Ή͔ͫͨͦͤͤ͟ͼ͙͊͡Έ͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ 
͍·͙ͫͦ͟ͻ ͔͙ͤ͊ͯͦͣ͟͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙͍͙ͨͪͦ͒ͭ ͟ ͨͦΎ͍͔͙ͤ͡Ό ͍͎ͤͦͦͦ 
͔ͭͻ͎͙ͤͦͦ͡;͔͎ͫͦͦ͟ ͯ͊͒͊͟͡Σ ͊ ͔ͭ͊͗͟ ͙͔͔͙ͣͤͤ͘Ό ͫͦͼ͙͊͡Έ͎ͤͦͦ ͫͭͪͦΎ ͦ͋΅͔͍ͫͭ͊Σ 
͊Σ ͔͍͔ͫ͒ͦ͊ͭ͡͡ΈͤͦΣ ͙ ͟ Ή͔ͫͨͦͤͤ͟ͼ͙͊͡Έͤͦͣͯ ͍͙ͦͫͨͪΎ͙ͭΌ ͙ ͙͍ͨͪ·͙͊ͤ͟Ό ͟ 
͔ͭͻ͎͙ͤͦͦ͡ΎͣΣ ͙ͻ ͍͔͔͙ͤ͒ͪͤΌ ͍ ͍͔͔͍ͨͦͫ͒ͤͤͯΌ ͙͗ͤ͘Έ ;͔͍͔ͦ͊͟͡Φ ˢ͟ͼ͔ͤͭ ͔ͫ͒͊ͤ͡ 
ͤ͊ ͔͙͔ͭͫ͘Σ ;ͭͦ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ͍͙͙ͪ͊ͭ͘Ύ ͼ͙͍͙͙͊͘͡ͼ͙͙ ͤ͊͋͡Ό͔͒͊ͭͫΎ 
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͍ͤͦ·ͻ ͼ͔͔͚ͤͤͦͫͭ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ˢ͍ͭͦͪͦͣ ͊͟ͼ͔͙͔ͤͭͪͯͭͫΎ 
͍͙͙͔ͤͣ͊ͤ ͤ͊ ͍͔ͦͨͪͦͫ ͍ͫͦ͋ͦ͒· ͙͡;͙ͤͦͫͭΣ ͊ ͔ͭ͊͗͟ ͍͙͊͗ͤͦͫͭ ͔͍ͣͭͦ͒ͦΣ 
ͦͭͦͪ͟·͔ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͼ͔͙͡ ͍ ͔͙͙ͨͦͫͭͪͦͤ ͦ͋ͪ͊͊͘ ͋ͯ͒ͯ΅͔͎ͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͚ͯͫͭͦ;͙͍͔ͦ ͦ͋΅͔͍ͫͭͦΣ ͍ͫͦ͋ͦ͒͊ ͙͡;͙ͤͦͫͭΣ ͍ͫͦ͋ͦ͒͊ 
͍·͋ͦͪ͊Σ ͙͎͙͙͒ͭ͊͊͘͡ͼ͙ΎΣ ͊ͤͭͪͦͨͦͫͺ͔ͪ͊Σ ͙ͪͫ͟Σ ͔ͭͻͤͦͤ͊ͯ͊͟Σ ͍ͨͦͫͭͨͪ͊͒͊Φ 
 

SUMMARY 
T.O. Kravchenko. Scientific and Technological Progress and Individual 

Freedom: Philosophical and Axiological Analysis. 
The present article dwells upon the essence of modern society, which is 

characterized by instability, nonlinearity of its development and risk. The author 
notes that the exponential development of high technology leads to the emergence 
of a new technological structure and changes in the social structure of society, and, 
consequently, to the exponential perception and addiction to technology, its 
introduction to everyday life. The special significance is paid to the current conditions 
of civilization and the transformation of human values and the tendency to new 
values of technogenic society. A special accent must be given to the issue of 
individual freedom and the importance of the methods used to achieve the goal of 
building the future. 

Much attention is paid to the analysis of postnonclassical science, defining its 
features and ideological orientations. Also the author reveals the essence of the 
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basic philosophical issues, such as the active development of scientific knowledge, 
dissemination and implementation of high technologies (Hi-Tech and Hi-Hume) etc. 
Special attention is paid to the analysis of the main features of electronic civilization, 
for example, the formation of social communication networks, the empowering of 
the global Internet, the virtualization of human life, and the processes of 
informatization, computerization and digitization. The author reveals the positive 
and negative impacts of high technology for human and society. Much attention is 
paid to the transformation of the concept of ζvaluesη in the context of active 
expansion of high technologies. 

Keywords: sustainable society, individual freedom, freedom of choice, 
digitalization, anthroposphere, risk, techno-science, post-truth. 
 

 
̂˨˴ снфΦооΦлллΦмпм                                                                            ˻Φ˩Φ ˥ ͦͤ;͍͊ͪͦ͊  

˻͔͙͚͒ͫͫ͟ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ 
 ͨ ͙͔ͦͭ͡ͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ 

 
˸˩́˻˨˻˶˻˥ˮ̉˩˿˴ˮ˩ ˽˻˨̆˻˨̍ ˴ ˮ˿˿˶˩˨˻ˤˢ˹ˮ̑ ˿˶˻ˬ˹˻˯ 

˸ˢ˴˾˻˿ˮ˿́˩˸̍ ́ˮ˽ˢ ζʕ ˻˨ˮ́˩˶̎ςs ˤ́˻˸˻ˣˮ˶̎ς˿ ˾˩˨ˢη ώςʕsς˿ ϐ 
  

ˤ ͔ͪ͊͋ͦͭ ͍͔͍ͨͪ·͔ ͊͟ͼ͔͙͔ͤͭͪͯͭͫΎ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫ͟ͻ 
͔ͪ΄͔͙ͤΎͻ ͯ ͍͔͙͡;͔͙ͤΎ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͍͙͊ͭͦͣͦ͋͡ΎΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͔͍ͣͤͦ͗ͫͭͦ 
ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͚ͫͦ͗ͤͦ͡ ͙͔ͣ͊ͪͦͫͫͭͣ͟· ͙ͭͨ͊ ώˤςsς˿ ϐΣ ͤ͊ 
͔͎ͫͦ͒ͤΎ΄͙͚ͤ ͔͒ͤΈ ͔ͨͪͦ͋ͣ͊͡ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͎͒ͦͪͦ͗ͤͦͦ ͍͙͔͙͒͗ͤΎ ͔ͤ ͔ͪ΄͔ͤ͊ ͙ 
͔ͦͫͭ͊ͭͫΎ ͊ͭͯ͊͟͡Έ͚ͤͦΦ ˤ ͫͭ͊ͭΈ͔ ͍͔͔ͨͪͦ͒ͤ ͦ͋ͦͪ͘ ͙ ͙͊ͤ͊͘͡ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ 
ͦ͋΅͔ͤ͊ͯ;ͤ·ͻ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫ͟ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͫͦ͗ͤ͡·ͻ ͦ͋Ά͔͍ͭͦ͟ 
͙ ͙͔ͫͫͭͣΥ ͎ͫͭͪͯͭͯͪͤͦͦ͟Σ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦΣ ͔͎ͦͣͨͫͤͦͦ͟͟͡Σ ͙͔͎ͫͫͭͣͤͦͦΣ 
͙͔͔͙͋ͪͤͭ͟;͔͎ͫͦͦ͟Σ ͙͔͎͔͙ͫͤͪͭ;͔͎ͫͦͦ͟Σ ζͣ ·΄͔͙ͤ͡Ύ ͍ ͙ͫͦ͗ͤͦͫͭ͡ηΦ ˤ·Ύ͍͔ͤ͊͡ 
͍ͦͫͤͦͤ͊Ύ ͔ͨͪͦ͋ͣ͊͡ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫ͟ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ 
͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͚ͫͦ͗ͤͦ͡ ͙͔ͣ͊ͪͦͫͫͭͣ͟· ͙ͭͨ͊ ώˤςsς˿ ϐ ς Ήͭͦ ͔ͤ ͯ;͖ͭ ͎ͭͦͦ 
ͺ͊ͭ͊͟Σ ;ͭͦ ͍ ͔͔ͤ ͍ͻͦ͒Ύͭ ͙͔ͫͫͭͣ· ͎ͪ͊ͤͦͦ͘ ͊ͫͫ͊͟͡Σ  ͍  ͔͙ͭͪͣͤ͊ͻ 
͔͙͙ͨͦͫͭͤ͊ͫͫ͟͟͡ ς ͦͭͪ͟·ͭ·͔Σ ͙͔͚ͤͤ͡·͔ ͙͔ͫͫͭͣ·Τ ͦͭͪ͟·ͭ·͔Σ ͔͙͔͚ͤͤͤ͡·͔Σ 
;͔͍͔͔ͦͦͣͪͤ͟͡·͔Σ ͎͙ͫ͊ͣͦͦͪ͊ͤͯ͘Ό΅͙͔ͫΎ ͙͔ͫͫͭͣ·κ͔ͫͪ͒· όˤΦ˿Φ ˿͔͙ͭͨͤύΤ 
͙ͨͫͻ͔ͦͣͪͤ·͔ όˮΦˤΦ ˩ͪ΄͍ͦ͊-ˣ͔͊͋ͤͦ͟ύΦ ˤ ͫͭ͊ͭΈ͔ ͍·͍͙͎͔͒͊ͭͫΎ ͎͙͔ͨͦͭ͊͘ ͦ 
͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͯ;͔ͭ͊ ͔͔͙ͫͭͨͤ ͍͔͍͙ͫͦͦͭͭͫͭΎκ͔͍͔͍͙ͤͫͦͦͭͭͫͭΎ ͙͔ͫͫͭͣ 
͎ͪ͊ͤͦͦ͘ ͊ͫͫ͊͟͡Σ ͍ͻͦ͒Ύ΅͙ͻ ͍ ͙͔ͣ͊ͪͦͫͫͭͣͯ͟ ώˤςsς˿ϐΣ ͊ ͔ͭ͊͗͟ ͙͔͔͙ͨͪͣͤͤΎ 
ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͚ͤͦ ͔͙ͣͦ͒͡ ͙ͨͫͻ͙͔͎͔͙͙ͦͫͤͪͭ͟ ζͼ͔͔ͦ͡ ͍ ͼ͔ͦͣ͡η ͊͟͟ ͙͔͔ͤ͊͋ͦ͡ 
͔͍͚͊͒͊ͭͤͦ͟ ͍ ͔͎͙ͣͭͦ͒ͦͦ͡;͔ͫͦͣ͟ ͔͔͊ͫͨͭ͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΌΣ 
͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Σ ͫͦ͗ͤ͊͡Ύ ͙͔ͫͫͭͣ͊Σ ͙͔ͣ͊ͪͦͫͫͭͣ͊͟Σ ͊ͫͫ͟͡ 
͙͔ͫͫͭͣ·Σ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ͊Ύ ͔ͣͦ͒͡Έ ζͼ͔͔ͦ͡ ͍ ͼ͔ͦͣ͡η. 
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˽͍ͦͫͭ͊ͤͦ͊͟ ͔ͨͪͦ͋ͣ͡·Φ ͔̇͡Έ ͫͭ ͊ͭΈ͙ ͙ͫͦͫͭͦͭ ͍ ͙͊ͭͯ͊͊͘͟͡ͼ͙͙ 
͔͎͙ͣͭͦ͒ͦͦ͡;͔͚ͫͦ͟ ͔ͨͪͦ͋ͣ͡· ͍ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͚ͫͦ͗ͤͦ͡ ͙͔ͣ͊ͪͦͫͫͭͣ͟· ͙ͭͨ͊ 
ζ͍ ͙͔ͦ͒ͭ͡Ές͊ ͍͙ͭͦͣͦ͋͡Έςͫ ͔ͪ͒͊η ώςʕsς˿ ϐ ͙ ͨͦͨ·͔ͭ͟ ͦ͋ͦͤ͊͘;͙ͭΈ ͙͍ͦͤͫͭͪͯͭͤͦ͟͟-
ͨͪͦͼ͔ͫͫͯ͊͡ΈͤͯΌ ͍ͫͦͫͭ͊͡ΎΌ΅ͯΌ ͔͔ ͔ͪ΄͔͙ͤΎ ͔͍͙ͫͪ͒ͫͭ͊ͣ ͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔͙ͫ͟ͻ 
͔͎͙͚ͣͭͦ͒ͦͦ͡Φ ˹ ͍͙ͦͤ͊͘ ͍͙ͨͦͫͭ͊ͤͦ͟ ͔ͨͪͦ͋ͣ͡· ͊͘͟͡Ό;͔͊ͭͫΎ ͍   ͔͎͙ͣͭͦ͒ͦͦ͡;͔ͫͦͣ͟ 
͍͙͙ͦ͋ͦͫͤͦ͊ͤ ͔ͨͪͦ͋ͣ͡· ͙ͤ͊͘;͊͡Έ͎ͤͦͦ ͔ͤ ͯ;͙ͭ·͍͙͊ͤΎ ͙ͪ͊ͤͦͪͦ͒ͤͦͫͭ͘ ͙͔ͫͫͭͣ 
ζ;͔͍͔ͦ͟͡η, ζͫ ͔ͪ͒͊ηΣ ͫ ͚ͦ͒ͤͦ ͫͭͦͪͦͤ·Σ ͙ ζ͊ ͍͙ͭͦͣͦ͋͡ΈηΣ ͫ ͎͚͒ͪͯͦΣ ͍͟͡Ό;͔ͤͤ·ͻ ͍ 
͔͙͒ͤͯΌ ͙͔ͣ͊ͪͦͫͫͭͣͯ͟ ζ͍ ͙͔ͦ͒ͭ͡Ές͊ ͍͙ͭͦͣͦ͋͡Έςͫ ͔ͪ͒͊η ώςʕsς˿ ϐΦ ˽ͦ ͔͙ͣͤͤΌ 
͍͍͊ͭͦͪͦΣ ͙͎͙͍͙͔ͤͦͪͪͦ͊ͤ ͙͔ͣͤͤͦ Ή͎ͭͦͦ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͎ͫͦͦ͟ ͔͊ͫͨͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ 
͔͔ͦͨͪ͒͡ΎΌ΅͙ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͙͔͙ͫͤ͗ͤΎ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙ ͎͔͙ͯͯ͋ͤ͡͡Ύ 
Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͔ͨͪͦ͋ͣ͡·Φ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ ˢ͍͙ͭͦͣͦ͋͡ΈΣ ͔͔ͤͫͦͣͤͤͤͦΣ Ύ͍͡Ύ͔ͭͫΎ 
ͨͪͦ͒ͯͭͦͣ͟ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Σ ͍ͦͨͦ͡΅͊Ό΅͙ͣ ͔͔ ͼ͔͙ͤͤͦͫͭ ͙ ͙͔͒͊͡·Φ 
ˮ͔͒Ύ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ͣͪ͊ ͙ ͨͦ͒;͙͔͙ͤͤΎ ;͔͍͔ͦͦͣ͟͡ ͙ͨͪͪͦ͒· ͤ͊΄͊͡ 
͍·͔͙͔ͪ͊͗ͤ ͔ͤ ͨͪͦͫͭͦ ͍ ͙͙ͫͦ͒͊ͤ͘ ͫͦ͗ͤ͡·ͻ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͦ͋Ά͔͍ͭͦ͟Σ ͊ 
͔͍ͨͪͪ͊΅͔͙͙ͤ ͙ͻ ͍ ͫ͊ͣͦͼ͔͡Έ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ˽ͦͫͦ͟͡Έͯ͟ 
͍͙͊ͭͦͣͦ͋͡Έͤ·͚ ͭͪ͊ͤͫͨͦͪͭ ͙ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙ͤͣ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͍͙͒· ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 
Ύ͍͡ΎΌͭͫΎ ͫ͊ͣ·͙ͣ ͣͦ΅ͤ·͙ͣ ͔͙͔ͨͦͭͪ͋ͭ͡Ύ͙ͣ Ή͔͎͙͙ͤͪΣ ͪ͊ͪͯ͘΄͊Ό΅͔ 
͍͔͚͍ͦ͒ͫͭͯ͘Ό΅͙͙ͣ ͤ͊ ͙͋ͦͫͺ͔ͪͯΣ ͍͙ͦͤ͊͘͟͡ ͨͦ;͍͊ ͒͡Ύ Ύ͍ͤͦ ͔͙͙͙ͨͫͫͣͫͭ;͔͎ͫͦͦ͟ 
ͦͭͤͦ΄͔͙ͤΎ ͟ ͍͙͊ͭͦͣͦ͋͡Ό ͙ ͍͙͙͊ͭͦͣͦ͋͊͘͡ͼ͙͙ ͍ͦͦ͋΅͔Φ ˹͊ ͔͎ͫͦ͒ͤΎ΄͙͚ͤ ͔͒ͤΈ 
Ήͭ͊ ͙ͫͭͯ͊ͼ͙Ύ ͦͫͦ͗ͤ͡Ύ͔ͭͫΎ ͔ͭͣΣ ;ͭͦ ͙ͦ͟͡;͔͍ͫͭͦ ͒ͦͪͦ͗ͤͦ-ͭͪ͊ͤͫͨͦͪͭͤ·ͻ 
͙ͨͪͦͫ΄͔͍͙͚ͫͭ ό˨́˽ύ ͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͨͪͦͨͦͪͼ͙ͦͤ͊͡Έͤͦ ͙ͦ͟͡;͔͍ͫͭͯ ͍͙͔͚͊ͭͦͣͦ͋͡Φ 
˽͔ͪͦ͋ͣ͊͡ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͎͒ͦͪͦ͗ͤͦͦ ͍͙͔͙͒͗ͤΎ ͔ͦͫͭ͊ͭͫΎ ͊ͭͯ͊͟͡Έ͚ͤͦ ͒͡Ύ ͍͔ͫͻ 
ͫͭͪ͊ͤΦ 

˹ͦ ͍ ͊ͦͣ͟͟ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͍ ͋ͯ͒ͯ΅͔ͣ ͔͒ͦ͗ͤ͡ ͍͙͍ͪ͊͊ͭ͘ΈͫΎ ͍͙͊ͭͦͣͦ͋͡ΈΣ 
;ͭͦ͋· ͫͦͻͪ͊ͤΎ͙ͫ͡Έ ͍·͙͔ͫͦ͟ ͔ͭͣͨ· ͪͦͫͭ͊ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͡Ό͔͚͒Σ ͙ ͔ͤ ͋·ͦ͡ 
͎ͯͪͦ͘· ͙ͯͤ;͔͙ͭͦ͗ͤΎ ;͔͍͔ͦ͊͟͡ ͙ ͪ͊ͪͯ͘΄͔͙ͤΎ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Κ ˮ͔ͣΌ΅͙͔ͫΎ 
͍͔ͦͭͭ· ͒ͦ ͙ͫͻ ͨͦͪ ͔ͤ ͙͍͔͙ͨͪ͡ ͟ ͔ͪ΄͔͙ͤΌ ͔ͨͪͦ͋ͣ͡·Φ ˽ͦΉͭͦͣͯ ͔ͪ΄͔͙͔ͤ 
͔͎͙ͣͭͦ͒ͦͦ͡;͔͚ͫͦ͟ ͔ͨͪͦ͋ͣ͡· ͫ ͯ;͔ͭͦͣ ͙ͪ͊ͤͦ͊ͫͫͤͦͫͭ͘͟͡ ͙͔ͫͫͭͣ ͔͔͒͊ͭ͡ 
͊ͭͯ͊͟͡Έͤ·ͣ ͔͒͊ͤͤͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡.  

˻͋ͦͪ͘ ͙ ͙͊ͤ͊͘͡ ͦ͋΅͔ͤ͊ͯ;ͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͊͟͟ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫ͟ͻ 
͙ͨͪͤͼ͙͍ͨͦ ͙ͨͦͤ͊ͤ͘Ύκ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͫͦ͗ͤ͡·ͻ ͦ͋Ά͔͍ͭͦ͟κ͙͔ͫͫͭͣΦ  

ˤͫΌ ͙͔ͫͫͭͣͯ ώˤςsς˿ ϐ ͙ ͔ͦͭ͒͡Έͤ·͔ ͔͔ Ή͔͔ͣͤͭ͡· ͣͦ͗ͤͦ ͔͙ͦͭͤͫͭ ͟ ͊ͫͫͯ͟͡ 
ͫͦ͗ͤ͡·ͻ ͙͔ͫͫͭͣΦ ͙̏ͭ ͙͔ͫͫͭͣ· ͙͙͒ͤ͊ͣ;ͤ·Σ ͭ͊͟ ͊͟͟ ͙ͻ ͔ͨ͊ͪ͊ͣͭͪ· ͙͔ͣͤ͘ΎΌͭͫΎ ͍ 
͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͙ ͍ͦ ͍͔͔͙ͪͣͤΦ  

˹͊ ͔͎ͫͦ͒ͤΎ΄͙͚ͤ ͔͒ͤΈ ͍ͦͫͤͦͤ·͙ͣ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙͙ͫͣ͟ ͨͦ͒ͻ͙ͦ͒͊ͣ ͟ 
͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͫͦ͗ͤ͡·ͻ ͦ͋Ά͔͍ͭͦ͟ ͙ ͙͔ͫͫͭͣ Ύ͍͡ΎΌͭͫΎΥ ͫͭͪͯͭͯͪͤ͟·͚Σ ς 
ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚Σ ͔ͦͣͨͫͤ͟͟͡·͚Σ ͙͔ͫͫͭͣͤ·͚ ό͍ ͪ͊ͣ͊͟ͻ ͎ͦͭͦͪͦͦ͟ ͣͦ͗ͤͦ 
͍·͔͙͒ͭ͡Έ ͙ͭͪ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒Σ ͔͊ͤͭͪͦͨͦͭͻ͙ͤ;͔͙͚ͫ͟ ͙ 
ͦͪ ͎͙͊ͤ͊͘ͼ͙ͦͤͤ·͚ύΣ ͙͔͔͙͋ͪͤͭ͟;͔͙͚ͫ͟Σ ͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· 
ό͙͔͎͔͙ͫͤͪͭ;͔͙͚ͫ͟ ό˥Φ ͔̆͊ͤ͟Σ ˮΦ ˽͙͎͙ͦ͗ͤΣ ˤΦ ˴ͯͪ͒Ό͍ͣͦύΣ ͙ͣ͊ͪͦͫͦͨ͟͟;͔͙͚ͫ͟ 
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ͨͦ͒ͻͦ͒ ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͫͦ͗ͤ͡·ͻ ͙͔ͫͫͭͣ ό˥Φ ͔̆͊ͤ͟ύΣ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ͊Ύ ͔ͣͦ͒͡Έ 
ζͼ͔͔ͦ͡ ͍ ͼ͔ͦͣ͡η όˮΦˤΦ ˩ͪ΄͍ͦ͊-ˣ͔͊͋ͤͦ͟ύύΦ 

˽͍͔͔ͪͦ͒ͣ ͙͊ͤ͊͘͡ ͍·΄͔͍ͤ͊͊ͤͤ͘·ͻ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫ͟ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͒͡Ύ 
͍·Ύ͍͔͙ͤ͡Ύ ͙ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͍ ͙͔͊ͤ͊͘͡ ͙͔͔ͤͭͪͫͯΌ΅͔͚ ͤ͊ͫ ͔ͨͪͦ͋ͣ͡·Φ  

˻͍ͫͤͦͤ͊Ύ ͔ͨͪͦ͋ͣ͊͡ ͍͔ͫͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͚ͫͦ͗ͤͦ͡ ͙͔ͫͫͭͣ· 
ζ͍ ͙͔ͦ͒ͭ͡Ές͊ ͍͙ͭͦͣͦ͋͡Έςͫ ͔ͪ͒͊η ώςʕsς˿ ϐ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ 
͔ͦͭ͒͡Έͤ·ͻ Ή͔͔͍ͣͤͭͦ͡ ͙͔ͣ͊ͪͦͫͫͭͣ͟· ώˤςsς˿ ϐ όͭΦ͔Φ Ή͔͔ͣͤͭ͊͡ ώˢϐΣ Ή͔͔ͣͤͭ͊͡ ώˤϐΣ 
Ή͔͔ͣͤͭ͊͡ ώ˿ϐύΣ ͊ ͤ͊ͫ ͍ ͒͊ͤͤͦͣ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͙͔͔͔ͤͭͪͫͯͭ ͭͦΣ ͊͟͟ ͙ͦͤ 
͎ͫͦ͊ͫͯ͡ΌͭͫΎ ͣ ͔͗͒ͯ ͚ͫͦ͋ͦ ͍ ͔͙͍͔͒ͤͫͭ ͙͔ͣ͊ͪͦͫͫͭͣ͟· ώˤςsς˿ ϐΦ 

˿ͭͪͯͭͯͪͤ͟·͚ ͨͦ͒ͻͦ͒ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͪ͊ͫ;͔͔͙͔ͤͤ͡ ͦ͋Ά͔ͭ͊͟ ͙ͯ͘;͔͙ͤΎ ͤ͊ 
;͙͊ͫͭΣ ͍͔͔͔ͪͣͤͤͦ ͤ͊ͪͯ΄͔͙͔ͤ ͔͎ͦ ͼ͔͙ͦͫͭͤͦͫͭ͡Σ ͎͙͍͙͔͊͋ͫͭͪ͊ͪͦ͊ͤ ͦͭ ͔͖ͤΦ ˻ͤ 
͍ͨͦͦ͘͡Ύ͔ͭ ͪ͊ͫͪ͟·ͭΈ ͍͔ͤͯͭͪͤͤΌΌ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ό ͙͔ͫͫͭͣ·Φ ˽͙ͪ ͔͎ͦ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ 
͊͗͒͟·͚ Ή͔͔ͣͤͭ͡ ͙͔ͫͫͭͣ· ͣ·͔ͫͤͤͦ͡ ζ͙ ͙͔ͦͪͯͭͫ͘͡Ύη ͦͭ ͎͙͒ͪͯͻΦ ́͊͟Σ ͍ 
͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͚ͫͦ͗ͤͦ͡ ͙͔ͫͫͭͣ· ͙ͭͨ͊ ώˤςsς˿ ϐ ͍͙͊ͭͦͣͦ͋͡ΈΣ ;͔͍͔ͦ͟͡-͍͙͔ͦ͒ͭ͡Έ ͙ 
ͦͪͯ͗͊͟Ό΅͊Ύ ͔ͫͪ͒͊ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͔ͦͭ͒͡Έͤ·͔ Ή͔͔ͣͤͭ͡·Σ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͊͒͊͘;͊ 
͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͦ͋ΆΎ͔͙͙ͫͤͤ ͙ͻ ͔͙͍͒ͤͫͭ͊Φ 

ˤ ͪ͊ͣ͊͟ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ 
͍͔ͤ΄͙͔ͤ ͔͊ͫͨͭ͟· ͙͔ͫͫͭͣ·Φ ˤ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͤ͊ ͔͍ͨͪ·͚ ͨ͊ͤ͡ ͍·ͻͦ͒Ύͭ 
ͦͭͤͦ΄͔͙ͤΎ ͙͔ͫͫͭͣ· ͊͟͟ ͼ͔͎ͦͦ͡ ͫ ͎͙͙͒ͪͯͣΣ ͤ͊ͻͦ͒Ύ΅͙͙ͣͫΎ ͍͔ͤ ͔͔ ͦ͋Ά͔͙ͭ͊ͣ͟Σ 
ͭΦ͔Φ ͫͦ ͔͚ͫͪ͒ͦΦ ˿ͭͪͯͭͯͪ͊͟ ͙͔ͫͫͭͣ· ͎͔ͨͦ͊͊ͭͫ͡Ύ ͊͟͟ ζ;͔ͪͤ·͚ Ύ΅͙͟η. 

˽͙ͪ ͔͙͙ͪ͊ͫͫͣͦͭͪͤ ͍͔͔͙ͨͦ͒ͤΎ ͙͔ͫͫͭͣ· ͊͟͟ ͔͎ͤͦͭͦͪͦͦ͟ ͼ͔͎ͦͦ͡ ͔ͤ ͍͙ͫͭ͊ͭͫΎ 
͍ͦͨͪͦͫΣ Ύ͍͡Ύ͔ͭͫΎ ͙͡ Ήͭ͊ ͼ͔ͦͫͭͤͦͫͭ͡Έ ͙͙͍͊͒͒ͭͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ 
͔͔ ;͔͚͊ͫͭΦ ͔͔̇ͦ͡ ͙ͨͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊ 
͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͔ͪͯ͘͡Έͭ͊ͭ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͙͔ͫͫͭͣ· ͫͦ ͔͚ͫͪ͒ͦΣ ͊͟͟ 
͍͚͍ͫͦͫͭͦ ͦͭͤͦ΄͔͙ͤΎ ͔ͣ͗͒ͯ ͙͔͚ͫͫͭͣͦ ͙ ͔͚ͫͪ͒ͦΦ ˤ͔ͤ Ή͎ͭͦͦ ͦͭͤͦ΄͔͙ͤΎ 
ͼ͔͎ͦͫͭͤͦͦ͡ ͍͚͍ͫͦͫͭ͊ ͨͪͦͫͭͦ ͔ͤͭΦ ̏ͭͦ ͦ;͔ͤΈ ͍͔͊͗ͤͦ ͔͊ͣ͘;͙͔͊ͤΣ ͔ͦͭͦͪͦ͟ 
͍ͨͦͦ͘͡Ύ͔ͭ ͨͦͤΎͭΈ ͫͯ΅ͤͦͫͭΈ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊ ͊͟͟ ͪ͊͘ ͍ 
͔͎͙ͣͭͦ͒ͦͦ͡;͔ͫͦͣ͟Σ ͺ͙ͦͫͦ͡ͺͫͦͣ͟ ͔ͨ͊ͤ͡Φ 

˴͔ͦͣͨͫͤ͟͡·͚ ͨͦ͒ͻͦ͒ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͯ;͙ͭ·͍͊ͭΈ ͙ͨͪ ͙͔͊ͤ͊͘͡ ͫͦ͗ͤ͡·ͻ 
ͦ͋Ά͔͍ͭͦ͟ ͊͟͟ ͍͔ͤͯͭͪͤͤΌΌΣ ͭ͊͟ ͙ ͍͔ͤ΄ͤΌΌ ͎͙ͦͪ͊ͤ͊͘ͼ͙ΌΦ ˤ ͤ͊΄͔ͣ ͫͯ͡;͔͊ Ήͭͦ ς 
Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟Σ ͎͔͙͙ͦͨͦͭ͡;͔͙͔ͫ͟Σ ͫͦͼ͙͊͡Έͤ·͔Σ ͔͎͒ͣͦͪ͊ͺ͙;͔͙͔ͫ͟Σ 
Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͒ͪΦ ˽͙ͪ ͍͔͔͙͙ͤ͒ͪͤ ͍͚ͤͦͦ ͔ͭͻ͙͙ͤ͟ ͔ͤ ͍͔͎ͫ͒͊ ͙͙ͨͪͤͣ͊ΌͭͫΎ ͍ͦ 
͍͙͙͔ͤͣ͊ͤ ͔͙ͨͦ͊͊ͭ͘͟͡ Ή͎͙ͪͦͤͦͣ;͙ͤͦͫͭΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͍ͨͦ·΄͔͙ͤΌ 
ͯͭͦͣ͡Ύ͔͙ͣͦͫͭ ͔ͦͨͪ͊ͭͦͪ͊Φ 

˿͙͔ͫͭͣͤ·͚ ͨͦ͒ͻͦ͒ ς ͔͎͙ͣͭͦ͒ͦͦ͡ΎΣ ͍ͨͦͦ͘͡ΎΌ΅͊Ύ ͙ͯ͘;͊ͭΈ ͦ͋Ά͔ͭ͟· ͡Ό͚͋ͦ 
͙ͨͪͪͦ͒· ͊͟͟ ͙͔ͫͫͭͣ·: ͼ͔͎ͦͫͭͤͦͦ͡ ͔ͦͣͨͫ͊͟͟͡ ͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·ͻ Ή͔͔͍ͣͤͭͦ͡  
(ˮΦˤΦ ˣ͔͎͊ͯ͋ͪ͡, ˤΦ˹Φ ˿͍͙͚͊͒ͦͫ͟, ̏Φ˥Φ ͙̑͒ͤύΤ ͍͙ͫͦͦͯͨͤͦͫͭ͟ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Ό΅͙ͻ 
ͦ͋Ά͔͍ͭͦ͟ ό˶Φ ͺͦͤ ˣ͔ͪͭ͊͊ͤ͡ͺ͙ύΤ ͍͙ͫͦͦͯͨͤͦͫͭ͟ ͫͯ΅͔͚ͤͦͫͭ ͙ ͦͭͤͦ΄͔͙͚ͤ  
όˢΦ˨Φ ̆ͦ͡͡Σ ˾Φ ˮΦ ͔͚͙̅͒͗ͤΣ ͙͚ͨͦ͒ͤ͘ ˶ Φ ͺͦͤ ˣ͔ͪͭ͊͊ͤ͡ͺ͙).  

˥͍͊ͤ͊͡Ύ ͦͤ͟ͼ͔ͨͼ͙Ύ ͙͔͎ͫͫͭͣͤͦͦ ͨͦ͒ͻͦ͒͊ ͙ͫͦͫͭͦͭ ͍ ͔ͫ͒ͯ͡Ό΅͔ͣΥ ͙ͯ͘;͔͙͔ͤ 
ό͙͔ͨͦͤ͊ͤ͘ ς ͙͊ͤ͊͘͡ύ ͔͚ͤͦͭͦͪͦ͟ ͙͔ͫͫͭͣ· ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍͙ͨͪͦͦ͒ͭΈ ͔ͤ ͭͦ͡Έͦ͟Σ 
͙ͯ͘;͊Ύ ͔͎ͦ ;͙͊ͫͭΣ ͊ ͙ ͍ ζͦ ͋ͪ͊ͭͤͦͣη ͍͔͙͙ͤ͊ͨͪ͊ͤ͡Σ ς ͔͔͙͍ͦͨͪ͒͡ ͍ͦͫͤͦͤ·͔ 

https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%B0%D1%83%D0%B1%D0%B5%D1%80%D0%B3,_%D0%98%D0%B3%D0%BE%D1%80%D1%8C_%D0%92%D0%B8%D0%BA%D1%82%D0%BE%D1%80%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%B4%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%92%D0%B0%D0%B4%D0%B8%D0%BC_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%AE%D0%B4%D0%B8%D0%BD,_%D0%AD%D1%80%D0%B8%D0%BA_%D0%93%D1%80%D0%B8%D0%B3%D0%BE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%80%D1%82%D0%B0%D0%BB%D0%B0%D0%BD%D1%84%D0%B8,_%D0%9B%D1%8E%D0%B4%D0%B2%D0%B8%D0%B3_%D1%84%D0%BE%D0%BD
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͍͚͍ͫͦͫͭ͊ ͙͔ͫͫͭͣ· ͊͟͟ ̇˩˶˻˥˻Σ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͙ 
͍͙͙͔ͪ͊ͭ͘ ͔͔ ;͔͚͊ͫͭ ό͙͔ͨͦ͒ͫͫͭͣύ ͫ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͙͔ͫͫͭͣ· ͍ ͼ͔ͦͣ͡Φ ˻͔ͫͦ͋ͤͤͦͫͭΈ 
͙͔͎ͫͫͭͣͤͦͦ ͨͦ͒ͻͦ͒͊ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͔ͭͣΣ ;ͭͦ ͔͙͔ͪ͊ͫͫͣͦͭͪͤ ͦ͋Ά͔ͭ͊͟ ͊͟͟ ͙͔ͫͫͭͣ· 
ͦͤ͊͘;͔͊ͭ ͔͙͔ͪ͊ͫͫͣͦͭͪͤ ͔͎ͦ ͭͦ͡Έͦ͟ ͍ ͔͔͔ͦͨͪ͒ͤͤͦͣ͡ ͦͭͤͦ΄͔͙͙ͤΣ ͍ ͭͦͣ 
ͦͭͤͦ΄͔͙͙ͤΣ ͍ ͟ ͦͭͦͪͦͣ ͦ͋Ά͔ͭ͟ ͍·͔ͫͭͯͨ͊ͭ ͊͟͟ ͙͔ͫͫͭͣ͊Φ 

ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ̆̆ ͍Φ ͙͔ͫͫͭͣͤ·͚ ͨͦ͒ͻͦ͒ ;͊ͫͭͦ ͍͔͎ͨͦ͒ͪ͊ͫ͡Ύ 
͙͙͔ͪͭ͟͟ ͙͘-͊͘ ͙ͨͪͫͯ΅͔͎ͦ ͔ͣͯ ͔͔͙͙͒ͭͪͣͤͣ͊͘ ͙ ͤ͊ͼ͔͔͙ͤͤͦͫͭ͡ ͤ͊ ͍·Ύ͍͔͙͔ͤ͡ 
͔͙͗ͫͭ͟ͻ ͙ͨͪ;͙ͤͤͦ-͔͍͔ͫ͒ͫͭͤͤ͡·ͻ ͫ ͍Ύ͔͚͘Φ 

͙́ͪͯ͒ͤͦͫͭΣ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͙͔͎ͫͫͭͣͤͦͦ ͨͦ͒ͻͦ͒͊Υ 
- ͣ ͎͍͔͍ͤͦͦͯͪͦͤ·͚ ͙͊ͤ͊͘͡ ͙ ͙͔ͫͤͭ͘ ͙͔ͫͫͭͣ ͫ ͙ͨͦ͘ͼ͙͙ ͼ͔͙ͦͫͭͤͦͫͭ͡ ς ζͫ ͍͔ͪͻͯ 

͍͙ͤ͘ηΦ ˤ ͭͦ ͍͔ͪͣΎ ͊͟͟ ;͔͍͔ͦ͟͡ ͔͚͍͔͒ͫͭͯͭ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͍͔͎ͫ͒͊ ͨͪΎͣͦ 
͙͍ͨͪͦͭͦͨͦͦ͗ͤͦ͡ ς ζͫ ͙ͤͯ͘ ͍͍͔ͪͻηΤ ͦͭ ͙͊ͤ͊͊͘͡ ;͔͚͊ͫͭ ͙͔͒ͭ ͟ ͼ͔ͦͣͯ͡Φ  
ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔ͨͦͤ͊ͣ͘ ͔ͤ ͙͔ͫͫͭͣͯΣ ͊ ͔͔ ͔ͦͭ͒͡Έͤ·͔ ͫͭͦͪͦͤ·Τ 

- ͦ͋ΆΎ͔͙͔ͫͤͤ ͫͦͦͭͤͦ΄͔͙ͤΎ ͙͍͔͚ͪ͊ͫͫͣ͊ͭͪ͊ͣͦ ͙͔ͫͫͭͣ· ͫ ͍͔ͤ΄͙͙ͤͣ ͨͦ 
ͦͭͤͦ΄͔͙ͤΌ ͟ ͔͚ͤ ͙͔͙ͫͫͭͣ͊ͣ ό͍͙͡Ύ͙͔ͤ ͍͔ͤ΄͙ͤͻ ͍ͫΎ͔͚͘ ͤ͊ ͍͔͙͔ͤͯͭͪͤͤΤ ͍͔ͤ΄͔͚ͤ 
͔ͫͪ͒· ͤ͊ Ή͍ͦ͡Όͼ͙Ό ͙͔ͫͫͭͣ·ύΤ 

- ͨͪͦͼ͔ͫͫ· ͪ͊ͪͯ͘΄͔͙ͤΎ ͼ͔͙ͦͫͭͤͦͫͭ͡ ς ͍͔ͤ ͨͦ͡Ύ ͔͙ͪͤ͘Ύ ͙͔͎ͫͫͭͣͤͦͦ 
ͨͦ͒ͻͦ͒͊Σ ͨͦͫͦ͟͡Έͯ͟ ͦͤ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͙͔͒Ό Ή͍ͦ͡Όͼ͙͙ͦͤͣ͊͘Σ  ͎͙͍͊ͪ͊ͤͭͪͦ͊ͤͤͦͫͭΈ 
͍͙͙ͪ͊ͭ͘ΎΤ 

- ͎͙ͦ͊͟͡ ͙͔͎ͫͫͭͣͤͦͦ ͨͦ͒ͻͦ͒͊ ό͎͙ͦ͊͟͡ ͯͨͪͦ΅͔͙ͤΎύ ͙͍ͨͪͦͭͦͨͦͦ͗ͤ͊͡ ͙͔͔͒ 
Ή͍ͦ͡Όͼ͙͙ ό͔͙ͯͫͦ͗ͤͤ͡ΎύΦ 

˹͊ͪΎ͒ͯ ͫ ͙͔ͫͫͭͣͤ·ͣ ͨͦ͒ͻͦ͒ͦͣ ͤ͊ ͪͦ͡Έ ͙͔͎ͤͭͪ͊͡Έ͚ͤͦ ͔͎͙͙ͣͭͦ͒ͦͦ͡ ͍ 
ͯ͊͊ͤͤ͘͟·͚ ͔͙ͨͪͦ͒ ͔͔͍ͨͪͭͤ͒ͦ͊͊͡ ͙ ͙͔͔͙͋ͪͤͭ͊͟͟Σ ͍·Ύ͍͡ΎΌ΅͊Ύ ͦ͋΅͙͔ 
͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ ͔͔ͨͪ͒͊;͙ ͙ͤͺͦͪͣ͊ͼ͙͙ ͍ ͙ͪ͊͘͡;ͤ·ͻ 
͙͔ͫͫͭͣ͊ͻΦ 

˴͙͔͔͙͋ͪͤͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ς ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙͔ͫͫͭͣ· ͫ ͨͦͣͦ΅ΈΌ ͍·Ύ͍͔͙ͤ͡Ύ 
ͨͪΎͣ·ͻ ͙ ͦ͋ͪ͊ͭͤ·ͻ ͍ͫΎ͔͚͘Σ ͙ͯ͘;͔͙ͤΎ ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ 
Ή͔͔͍ͣͤͭͦ͡ ͙͔ͫͫͭͣ· ͊͟͟ ͔͙ͤ͟ͻ ζ;͔ͪͤ·ͻ Ύ΅͙͍ͦ͟η ό͙͔ͫͫͭͣΣ ͍ ͦͭͦͪ͟·ͻ 
͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Ό ͒ͦͫͭͯͨͤ͊ ͙͡΄Έ ͙ͻ ͍ͻͦ͒ͤ͊Ύ ͙ ͍·ͻͦ͒ͤ͊Ύ ͙ͤͺͦͪͣ͊ͼ͙ΎΣ ͊ 
͍͔͔͔ͤͯͭͪͤͤ ͚͍ͯͫͭͪͦͫͭͦ ͔ͣͦ͗ͭ ͋·ͭΈ ͙ ͔͙͍͔ͤͫͭͤͦ͘ύΦ  

ˤ ͙ͦͭ͡;͙͔ ͦͭ ͔͙͙ͭͦͪ ͙͔ͫͫͭͣ ͙͔͔͙͋ͪͤͭ͊͟͟ ͙͔ͨͪ͊ͭͯͭ͟͟ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͚ 
ͨͦ͒ͻͦ͒ ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͦͭͦͪ͟·͚ ͍·͔͒͡Ύ͔ͭ ͙ ͙ͯ͘;͔͊ͭ ͍ 
ͦ͋Ά͔ͭ͊͟ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ͪ͊͘͡;ͤ·͔ ͍͙͒· ͍ͨͦͭͦͦ͟ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͫͨͦͫͦ͋· ͙ͻ 
͙ͦ͋ͪ͊͋ͦͭ͟Σ ͙͊ͤ͊͊͘͡Σ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͔͔ͨͪ͒͊;͙ ͙ ͭΦ͒Φ ˥͍͊ͤ͊͡Ύ ͔ͨͪͦ͋ͣ͊͡ 
͙͔͔͙͙͋ͪͤͭ͟͟ ς ͍͔͙͔ͯͨͪ͊ͤ͡ ͋ͦ͡Έ΄͙͙ͣ ͙͙͒ͤ͊ͣ;͔͙͙ͫͣ͟ ͙͔͙ͫͫͭͣ͊ͣΦ 
˾ͦ͒ͦͤ͊;͊͡Έ͙ͤ͟ Ή͎ͭͦͦ ͤ͊ͯ;͎ͤͦͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ˹͔ͦͪ͋ͪͭ ˤ͙͔ͤͪ ͨͦͫͭͦΎͤͤͦ ͎͍͙ͦͦͪ͡ 
ͦ ͙͔ͫͫͭͣ͊ͻΣ ͙͍͗·ͻ ͙ ͔͙͍ͤ͗·ͻΣ ͦ ͔͙͔͚͙ͤͤͤͦͫͭ͡Σ ͍͙͍ͫ͊ͣͦͦͫͨͪͦͦ͒͘Ύ΅͙ͻͫΎ 
ͣ͊΄͙ͤ͊ͻΣ ͎͙ͫ͊ͣͦͦͪ͊ͤͯ͘Ό΅͙ͻͫΎ ͙͔ͫͫͭͣ͊ͻΣ ;͔͍͔ͦͦͨͦ͒ͦ͋ͤ͟͡·ͻ ͣ͊΄͙ͤ͊ͻΣ 
ͯͨ ͍͔͙͙ͪ͊ͤ͡ ͙͙ͣ ώрϐΦ ˨͊͡Έ͔͚ͤ΄͔͔ ͔͍͙͔ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ͙͔͔͙͙͋ͪͤͭ͟͟ ͙͍͙ͨͪͦ͒ͭ ͟ 
͍͙͍͔͙ͦͤͤͦͤ͘͟Ό ͔ͣͻ͙͙͊ͭͪͦͤ͟Σ ͔ͪͦ͋ͦͭͦͭͻ͙͙ͤ͟Σ ͙ͤͺ͙͙ͦͪͣ͊ͭ͟Σ ͔ͨͪͦ͋ͣ͡ 
͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͙ ͭΦ ͒Φ ˻͍ͫͤͦͤ·ͣ ͦ͋Ά͔ͭͦͣ͟ ͙͔͔͙͙͋ͪͤͭ͟͟ Ύ͍͡ΎΌͭͫΎ 
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ͫͦ͗ͤ͡·͔ ͙͔ͫͫͭͣ· ͫ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͙͔͚Σ ͙ͨͪ;͔ͣ ͔ͤ ͍͙ͫͭ͊ͭͫΎ ͊͒͊͘;͊ ͙͙ͦͨͫ͊ͤΎ 
͙͔͔͙ͣͤͤ͘Ύ ͙ͭͨ͊ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͙͙ ͍ ͨͪͦͼ͔͔ͫͫ ͍͙͙ͪ͊ͭ͘ΎΦ  

˽͔͔ͪͦ͒ͦͭ͡Έ ͔͙ͤ͒ͦͫͭ͊ͭ͟ ͙͔͎ͫͫͭͣͤͦͦ ͨͦ͒ͻͦ͒͊ ͙ ͙͔͔͙͙͋ͪͤͭ͟͟ ͊͟͟ 
͙͔͎ͤͭͪ͊͡Έͤ·ͻ ͔͎͙͚ͣͭͦ͒ͦͦ͡ ͍ ͔͔͔͚ͦͨͪ͒ͤͤͦ͡ ͔͔ͣͪ ͍͙ͨͦͦͦ͘͡͡ ͍͔͙͔ͫͭ͊ͤͦͤ͡ ͙ 
͍͙͙͔ͪ͊ͭ͘ ͙͔͎͔͙͙ͫͤͪͭ͟Φ ˻ͤ͊ ͙ͯ͘;͔͊ͭ ͫͦ͗ͤ͡·͔ ͙͔ͫͫͭͣ·Σ ͫͨͦͫͦ͋ͤ·͔ ͟ 
͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙Σ ͍͙͔͙ͫ͊ͣͦ͒͗ͤΌ ͦͭ ͻ͊ͦͫ͊ ͟ ͨͦͪΎ͒ͯ͟Σ ͍ ͦͭͦͪ͟·ͻ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͙Ύ 
͍·͔ͫͭͯͨ͊ͭ ͔͔͔ͦͨͪ͒ͤͤ͡·ͣ ͫͦͫͭͦΎ͙͔ͤͣ ͙͔ͫͫͭͣ·Φ ˽ͦΉͭͦͣͯ ͙͔͎͔͙ͫͤͪͭ͊͟ 
͎͙ͦͪ͊ͤ;ͤͦ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͙͔͔͙͋ͪͤͭͯ͟͟Σ ͤͦ ͔ͤ ͍͙ͫͦ͒ͭͫΎ ͟ ͔͚ͤ ώсϐΦ 

ˤ ͔͔͚ͨͦͫ͒ͤ͡ ͔͙ͭͪͭ ̆̆ ͍͔͊͟ ͙ͫͦ͗ͦͫ͡͡Έ ͙ͭͪ ͍͔͙͙ͪͫ ͙͙͡ ͙ͭͪ ͔͙ͣͦ͒͡ 
͙͔͎͔͙͙ͫͤͪͭ͟Υ ͔ͣͦ͒͡Έ ˥Φ ͔̆͊ͤ͊͟ ό͙͍͔͙͔̂ͤͪͫͭͭ ͎̊ͭͯͭ͊ͪͭ͊ύΣ ͔ͣͦ͒͡Έ  
ˮΦ ˾Φ ˽͙͎͙ͪͦ͗ͤ͊ όˣͪΌ͔ͫͫ͡Έ͙͚ͫ͟ ͍ͫͦ͋ͦ͒ͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙ ͔͙͊ͣͪ͊ͤͫ͊͟͟Ύ 
͙͔͎͔͙ͫͤͪͭ;͔ͫ͊͟Ύ ΄ͦ͊͟͡ύΣ ͔ͣͦ͒͡Έ ͙͚͚ͪͦͫͫͫͦ͟ ΄ͦ͟͡· ˿Φ ˽Φ ˴ͯͪ͒Ό͍ͣͦ͊  
ό˹ˮˮ ͙ͣΦ ˸Φ ˤΦ ˴͔͒͡·΄͊Σ ˮ͙ͤͫͭͭͯͭ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ˾ˢ˹Σ ˸˥̂ύΦ 
˽ͦ ͔͙ͣͤͤΌ ͙͚͎ͪͦͫͫͫͦͦ͟ ͯ;͔͎ͤͦͦ ̑Φ ˢΦ ˨͙͍͊ͤͦ͊͡Σ ζͫ ͙͔͎͔͙ͤͪͭ͊͟ ͫ ͔͔ ͫͭ͊ͭͯͫͦͣ 
͔͙ͣͭ͊ͤ͊ͯ͟ ͙ͤ͊͘;͊͡Έͤͦ ͋·͊͡ ͙͍ͨͪ͊ͤ͊͘ ͫ·͎ͪ͊ͭΈ ͪͦ͡Έ ͙ͦͣͣͯͤ͊ͭͦͪ͊͟͟Σ 
͍ͨͦͦ͘͡ΎΌ΅͔͎ͦ ͦͼ͔͙ͤͭΈ ͔͔ͫͭͨͤΈ ͦ͋΅͙ͤͦͫͭ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΣ ͔͔͚ͣͦ͒͡ ͙ ͔͍ͣͭͦ͒ͦ 
͔ͦͭ͒͡Έͤ·ͻ ͤ͊ͯ͟Σ ͙ͻ ͔ͨͦͤͦͫͭ͘͡Έ ͒͡Ύ ͎͙͒ͪͯͻ ͤ͊ͯ͟ ͙ ͔͔͍͔͙ͨͪͫͭ ͙͔͒͊ͭ͟͡ 
͔͚ͦͤͪͭͤͦ͟͟ ͙ͤ͊ͯ͟ ͤ͊ ͍·ͫͦͯ͟Ό ͊ͭ͡·ͤΈ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͦ͋΅͔͙ͤΎη [7, 10].  

ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͤ͊ ͪͦ͡Έ ͙͔͎ͤͭͪ͊͡Έ͚ͤͦ ͔͎͙͙ͣͭͦ͒ͦͦ͡ ͔͔͔ͨͪͭͤ͒ͯͭ ͔ͭ͊͗͟ 
Complexity Science όͤ͊ ͙͚ͪͯͫͫ͟ Ύ͘·͟ ͍͋ͯ͊͟͡Έͤͦ ͔͔͍͙ͨͪͦ͒ͭͫΎ ͊͟͟ ζͤ ͊ͯ͊͟ 
͎ͫͦ͗ͤͦ͡ηͦ ͙͙͡ ζͤ ͊ͯ͊͟ ͦ ͙ͫͦ͗ͤͦͫͭ͡ηύΣ ͍ ͪͯͫͫͦ͟Ύ͘·;͚ͤͦ ͙͔͔ͭͪ͊ͭͯͪ͡ ͙͔͔ͣͤͯͭͫΎ 
͔ͭ͊͗͟ ζͤ ͚͊ͯͦ͟ ͫͦ͗ͤ͡·ͻ ͙͔ͫͫͭͣηΦ ̂͊͊ͤͤ͊͘͟Ύ ͔͎͙ͣͭͦ͒ͦͦ͡Ύ ͨ·͔ͭ͊ͭͫΎ 
͙͔͎͙͍ͤͭͪͪͦ͊ͭΈ ͍ͦͫͤͦͤ·͔ ͙͔͙͒ͦͫͭ͗ͤΎ ͙ ͔͔ͨͪͦ͒ͦͭ͡Έ ͔͙ͤ͒ͦͫͭ͊ͭ͟ ͦ͋΅͔͚ ͔͙͙ͭͦͪ 
͙͔ͫͫͭͣΣ ͙͔͎͔͙͙ͫͤͪͭ͟Σ ͙͔͔͙͙͋ͪͤͭ͟͟Σ ͔͙͙ͭͦͪ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ ͙ 
ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΦ 

˿͙͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒Φ ˿ͦ͗ͤͦͫͭ͡Έ ͍ ͦ͋ΆΎ͔͙͙ͫͤͤ ͔͎ͦ ͔ͫͨͼ͙ͺ͙͙͟ ς ͦͤ 
ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ ͙͙ͫͭ͊͒ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎΦ ˴͔͊͗͒ͦ ͍͔ͤͦͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͫ 
͙͔͔͙͔ͨͪͣͤͤͣ ͙͔͎͔͙ͫͤͪͭ;͔͎ͫͦͦ͟ ͨͦ͒ͻͦ͒͊ ς ͍ ͊͒͟͡ ͍ ͔͎ͦ ͪ͊ͪ͊͋ͦͭͯ͘͟Φ 

ˮΦ˿Φ ˨͍͍ͦ͋ͪͦͤͪ͊ͦ͊ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͔͎ͦ ͊͟͟ ͔͔͙ͭͦͪͭ;͔ͫͯ͟Ό ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ό 
͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͔͔͙͔͔ͨͪͤͭͪͨͪͭ͊ͼ͙Ό ͙͍͔ͫͭͤ͘·ͻ ͔͔ͪ͊ͤ 
Ύ͍͔͙͚ͤ͡ ͊͟͟ ͺ͔͔͍ͤͦͣͤͦ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙ ώуΣ тϐΦ ˿͙͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ 
͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͎ͦͤͤͦͦ ͨͪͦͼ͔ͫͫ͊ ͫ 
͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͨͦͤΎ͙͚ͭ ͙ ͙ͨͪͤͼ͙͍ͨͦ ͙͔͎͔͙͙ͫͤͪͭ͟Φ 

˿͔ͨͼ͙ͺ͙͊͟ ͙͔͎͔͙ͫͤͪͭ;͔͎ͫͦͦ͟ ͨͦ͒ͻͦ͒͊ ͍ ͭͦͣΣ ;ͭͦ ͦͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͪ͊ͫͪ͟·ͭΈ 
ͨͪͦͼ͔ͫͫ ͍͔͙ͫͭ͊ͤͦͤ͡Ύ ͍͎ͤͦͦͦΣ ͊͟ͼ͔͙͔ͤͭͪͯͭ ͍͙͙͔ͤͣ͊ͤ ͔ͤ ͤ͊ ͙͔ͫͫͭͣ͊ͻΣ Ή͔͔ͣͤͭ͊͡ͻΣ 
ͫͭͪͯͭͯͪ͊͟ͻΣ ͊ ͤ͊ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΎͻΦ ˩͙ͫ͡ ͙͔ͫͫͭͣͤ·͚ ͨͦ͒ͻͦ͒ ͙ͫͻ͙ͦ͒ͭ ͙͘ 
͔͍͙ͨͪ;͙ͤͦͫͭ ͚ͯͫͭͦ;͙͍͙ͦͫͭΣ ͨͦͪΎ͒͊͟ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙Σ ͭͦ ͙͔͎͔͙ͫͤͪͭ;͔͙͚ͫ͟ ς 
͔͚ͤͯͫͭͦ;͙͍͙ͦͫͭΣ ͻ͊ͦͫ͊ ͙ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͚Σ ͍·͍ͦ͒Ύ΅͙ͻ ͤ͊ ͚ͯͫͭͦ;͙͍ͦͫͭΈΦ 
˹͔ͦ͋ͻ͙ͦ͒ͣͦ ͙͍ͦͭͭ͊͊ͭ͟͡ΈͫΎ ͦͭ ͨͦͤΎ͙ͭΎ ζͫ ͎͙͊ͣͦͦͪ͊ͤ͊͘ͼ͙Ύη ͙ ͍͙͚ͯͫͦ͡Σ 
͎͋͊ͦ͒͊ͪ͡Ύ ͦͭͦͪ͟·ͣ ͦͤ͊ ͙ͨͪͦͫͻ͙ͦ͒ͭΣ ͨͦͤΎ͙͚ͭΣ ;͔͔ͪ͘ ͦͭͦͪ͟·͔ ͙ͦͨͫ·͍͔͊ͭͫΎΦ 

ˤ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦͣ ͨͪͦͼ͔͔ͫͫ ͍·͔͒͡ΎΌͭͫΎ ͔ͫ͒ͯ͡Ό΅͙͔ ͺ͊͘·: 
ζ͍ ͻ͔͙͔ͦ͗͒ͤ ͍ ͻ͊ͦͫη ό͔͙͔ͤ͊ͦͨͤ͟͡ Ή͙͙ͤͭͪͦͨΣ ͍͙͔ͦͪ͊ͫͭ͊ͤ͘ ͺͯͭͯ͊͟͡ͼ͙͚ύΤ 
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͔ͨͪ͋·͍͙͔͊ͤ ͍ ͻ͔͊ͦͫ ό͙͋ͺͯͪ͊͟ͼ͙ΎΣ ͍͙͍͔͙͔ͦͤͤͦͤ͘͟ ͎͍ͫͦ͊ͫͦ͊ͤͤ͡·ͻ 
͍͙͔͚͍͙͚͊ͣͦ͒ͫͭ͘Σ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͊ͭͭͪ͊ͭͦͪ͊͟ύΤ ͍·ͻͦ͒ ͙͘ ͻ͊ͦͫ͊ ό͔͔͙͔͊ͪͨͤ͘͟͡ 
͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙Σ ͔͔͙͔ͦ͋ͪͭͤ ͍͚ͤͦͦ ͫͭͪͯͭͯͪ͟·Σ ͼ͔͙ͦͫͭͤͦͫͭ͡ύΦ ˹ͦ 
͎ͦ͒͊͟ ͔ͪ;Έ ͙͔͒ͭ ͦ ͍͙͔͚͍͙͙͊ͣͦ͒ͫͭ͘ ζͪ ͊ͤͦ͊͘͟;͔͍͔ͫͭͤͤ·ͻη ͼ͔͔͚ͦͫͭͤͦͫͭ͡ 
ό;͔͍͔ͦ͟͡Σ ͔ͭͻ͙ͤ͊͟Σ ͙ͨͪͪͦ͒͊Υ ͎͙ͦͪ͊ͤͣ͘Σ ͙ͨͫͻ͙͊͟Σ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ͊Ύ ͔ͫͪ͒͊ύΣ 
͔ͤͦ͋ͻ͙ͦ͒ͣͦ ζͯ ͍ͨ͊ͦ͊ͭ͟Έη ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙ͦͤͤͯΌ ͔ͣͦ͒͡Έ ͍ ͦͤ͟ͼ͔ͨͭͯ͊͡ΈͤͯΌ 
͔ͣͦ͒͡ΈΦ ˻ͤ͊ ͔͊͒͊ͭ͘ ͻ͔͊ͪ͊ͭͪ͟ ͫͦͦͭͤͦ΄͔͙ͤΎ Ή͔͔͍ͣͤͭͦ͡Σ ͦͭͦͪ͟·͔ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ 
͚ͫͦ͋ͦ ͍͔ͦ͗ͤͤ͡·͔ ͎͒ͪͯ ͍ ͎͒ͪͯ͊ ͎͙ͫ͊ͣͦͦͪ͊ͤͯ͘Ό΅͙͔ͫΎ ͼ͔͙ͦͫͭͤͦͫͭ͡ όͼ͔͔ͦ͡ ͍ 
ͼ͔ͦͣ͡Σ ͔ͫͦ͗ͤͦ͡ ͍ ͫͦ͗ͤͦͣ͡ύΣ ͊ ͍͙͙͔ͤͣ͊ͤ ͔ͫͦͫͪ͒ͦͭ͊;͙͍͔͊ͭͫΎ ͤ͊ ͫͨͦͫͦ͋͊ͻ 
͙ͫͦ͒͊ͤ͘Ύ ͍ͫΎ͔͚͘Σ ͍͙͍͔͙͙ͦͤͤͦͤ͘͟ ͎͍͙ͫͦ͊ͫͦ͊ͤͤͦͫͭ͡ ͔ͣ͗͒ͯ ͪ͊ͤ͘·͙ͣ 
ͼ͔ͦͫͭͤͦͫͭ͡Ύ͙ͣΦ 

ˤ ͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔͚ͫͦ͟ ͔ͤ͊ͯ͟ ͙͔͔ͣͭ ͔ͣͫͭͦ ͙ͫͭͯ͊ͼ͙Ύ ͔ͤ ͔ͨͦ͒ͣͤ· ͙͙͡ 
͔͊ͣͤ͘· ͎ͦ͒ͤͦͦ ͨͦ͒ͻͦ͒͊ ͎͙͒ͪͯͣΣ ͊ ͙ͻ ͔ͦͦͨͪ͊͟ͼ͙͙Σ ͍͔͎ͫͦͣͫͭͤͦͦ ͔͚͍͙͒ͫͭΎΦ 
ˤ͔͔ͣͫͭ ͫ ͔ͭͣΣ ͔ͤ͡Έ͘Ύ ͔ͤ ͍͙͔͒ͭΈ ͙ͦͭ͡;͙͚ ͔ͣ͗͒ͯ ͙͔ͫͫͭͣͤ·ͣ ͙ ͙͔͎͔͙ͫͤͪͭ;͔͙ͫͣ͟ 
ͨͦ͒ͻͦ͒ͦͣΣ ͦͭͦͪ͟·͔ ͍ͨͦͦ͘͡ΎΌͭ ͎͍͙ͦͦͪͭΈ ͦ͋ ͙ͻ ͙͔ͦͭͤͦͫͭ͡Έ͚ͤͦ ͍͙͊ͭͦͤͦͣͤͦͫͭΦ  

˻͍ͫͤͦͤ·͔ ͔͙ͨͦͦ͗ͤ͡Ύ ͙͍͔͔ͨͪ͒ͤ· ͍ ͙ͭ͊͋͡ͼ͔ мΦ 
͙́͊͋͡ͼ͊ м ς ˾ ͙͊͘͡;͙Ύ ͍ͦͫͤͦͤ·ͻ ͔͙͚ͨͦͦ͗ͤ͡ ͙͔͎ͫͫͭͣͤͦͦ ͙ ͙͔͎͔͙ͫͤͪͭ;͔͎ͫͦͦ͟ ͨͦ͒ͻ͍ͦ͒ͦ 

˿͙͔ͫͭͣͤ·͚ ͨ ͦ͒ͻͦ͒ ˿͙͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͨ ͦ͒ͻͦ͒ 

͎͍͔͍ͣͤͦͦͯͪͦͤ͊Ύ ͙͔ͫͫͭͣ͊ ͍ͫΎ͔͚͘ 
˽͙ͪͤͼ͙ͨ ς ζ;͔ͣ ͔͔ͫͦ͗ͤ͡Σ ͔ͭͣ 

ͭͦ;͔͔ͤη 
͙͔ͫͫͭͣͤ·͚  ͙͊ͤ͊͘͡ 
͙͔ͫͫͭͣͤ·͔ ͔ͣͭͦ͒· 
ͦ͋΅͊Ύ ͔͙ͭͦͪΎ ͙͔ͫͫͭͣ 

˽͙ͪͤͼ͙ͨ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙ 
ͫͦ͗ͤ͡·ͻΣ ͦͭͪ͟·ͭ·ͻΣ 
͔͚ͤͯͫͭͦ;͙͍·ͻΣ ͔͙͔͚ͤͤͤ͡·ͻΣ 
͎͙ͫ͊ͣͦͦͪ͊ͤͯ͘Ό΅͙ͻͫΎ ͙͔ͫͫͭͣ 

͍͔ͫΈ ͙ͣͪ ͙ͫͦͫͭͦͭ ͙͘ ͙͔ͫͫͭͣ ͍͔ͫΈ ͙ͣͪ ͙ͫͦͫͭͦͭ ͙͘ 
͍͙͔͚͍͙͚͊ͣͦ͒ͫͭ͘ 

͙͔ͫͫͭͣ͊ ͔ͫͭΈΣ ͔ͫͪ͒͊Σ ͼ͔͔ͦ͡ 

;͊ͫͭΈ-ͼ͔͔ͦ͡ ͼ͔͔ͦ͡ ͍ ͼ͔ͦͣ͡Σ ͔ͫͦ͗ͤͦ͡ ͍ 
ͫͦ͗ͤͦͣ͡ 

Ή͔͔ͣͤͭ͡ Ή͔͔ͣͤͭ͡ ό͔ͫͦ͗ͤͦ͡ ͼ͔͔ͦ͡ύ 
ͫͭͪͯͭͯͪ͊͟ ͫͭͪͯͭͯͪ͊͟-ͨͪͦͼ͔ͫͫ 

͙͔ͪ͊ͪͻ͙Ύ ό͍͔͙ͪͭ͊͟͡Έύ ͔ͫͭΈ ͙ͦͣͣͯͤ͊͟͟ͼ͙͚ 
ό͎͙ͦͪͦͤͭ͊͘͡Έύ 

Ή͍ͦ͡Όͼ͙͙ͦͤͣ͘ ό͙͔͚ͤͤͦͫͭ͡Έύ ͔͙͔͚ͤͤͤͦͫͭ͡Έ 
͚ͯͫͭͦ;͙͍ͦͫͭΈ ͔͚ͤͯͫͭͦ;͙͍ͦͫͭΈ 

ͼ͔͡Έ ͊ͭͭͪ͊ͭͦͪ͟ 
́͊͟Σ ͙͔ͫͫͭͣͤ·͚ ͨͦ͒ͻͦ͒Σ ͎͔͔͙ͤͭ;͔͙ͫ͟ ͍ͫΎ͊ͤͤ͘·͚ ͫ ͙͎͙͔͚͋ͦͦ͡Σ 

ͦͤ͟ͼ͔͙͔ͤͭͪͪͯͭ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͚ͯͫͭͦ;͙͍·ͻΣ ͎͔͙ͦͣͦͫͭ͊ͭ;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙ͤΎͻ 
͍͙͙ͪ͊ͭ͘Ύ ͙͔ͫͫͭͣ·Σ ͤ͊ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙ͭ͊͟ͻ ͫͦͫͭͦΎ͙͚ͤΦ ˽ͦΉͭͦͣͯΣ 
͙͍ͪ͊ͫͫͣ͊ͭͪ͊Ύ ͙͔ͫͫͭͣͯ ͍ ͍͙͙͙ͪ͊ͭ͘Σ Ή͍ͦ͡Όͼ͙͙Σ ͦͤΣ ͔͔ͨͪ͗͒ ͍͔͎ͫͦΣ ͍·Ύ͍͡Ύ͔ͭ 
͍͙ͦͫͤͦ͊ͤΎ ͫͦͻ͔͙ͪ͊ͤͤΎ ͔͔ ͼ͔͙ͦͫͭͤͦͫͭ͡Σ ͙ͫͭ͊͋͡Έ͎ͤͦͦ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎΦ 
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˿͙͔͎͔͙ͤͪͭ͊͟ ͔͗ ͙͔͔͔ͤͭͪͫͯͭͫΎ ͨͪͦͼ͔͙ͫͫ͊ͣ ͔͔͙͍͙ͨͪͫͭͪͯͭͯͪͪͦ͊ͤ͟ΎΣ 
͍͙ͦͤ͊͘͟Ό΅͙͙ͣ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͫͪ͊͋͊ͭ·͍͙͊ͤΎ ͙͋ͺͯͪ͊͟ͼ͙ͦͤͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͙ 
͍͍͔ͪͯͦͦ͒ͫͭͯͭͫ͟Ύ ͍͚ͯͫͭ͊ͤͦͦ͟ ͦ ͨͦͫͭͦΎ͙ͤͤͦͫͭ ͙ ͔͙͔͙ͤ͋͗ͤͦͫͭ͘ ͍ͤͦ·ͻ ͙͔͔͙͚ͣͤͤ͘Φ 
ˮͤ·͙ͣ ͍͙ͫͦ͊ͣ͡Σ ͔͙ͫ͡ ͙͔ͫͫͭͣͤ·͚ ͨͦ͒ͻͦ͒ ͙ͫͻ͙ͦ͒ͭ ͙͘ ͔͍͙ͨͪ;͙ͤͦͫͭ ͚ͯͫͭͦ;͙͍͙ͦͫͭΣ 
ͨͦͪΎ͒͊͟ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙Σ ͭͦ ͙͔͎͔͙ͫͤͪͭ;͔͙͚ͫ͟ ς ͔͚ͤͯͫͭͦ;͙͍͙ͦͫͭΣ ͻ͊ͦͫ͊ ͙ 
ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͚Σ ͍·͍ͦ͒Ύ΅͙ͻ ͤ͊ ͚ͯͫͭͦ;͙͍ͦͫͭΈΦ  

˻͔͙ͨͪͪͯΎ ͨͦͤΎ͙͔ͭͣ ζͫ ͦ͗ͤ͊͡Ύ ͙͔ͫͫͭͣ͊ηΣ ͙͔ͫͫͭͣͤ·͚ ͨͦ͒ͻͦ͒ ͙͔͒ͭ ͨͦ ͙ͨͯͭ 
͍·͔͔͙͒ͤ͡Ύ ͔͔ ;͔͚͊ͫͭ ͙ ͫͭͪͯͭͯͪ͟·Σ ͭͦ ͔ͫͭΈ ͔͔ͫ͒ͯͭ͡ ͎͙͔ͦ͟͡ ͯͨͪͦ΅͔͙ͤΎΣ ͍ ͭͦ ͍͔ͪͣΎ 
͊͟͟ ͊͒͊͘;͊ ͍͔͔͚ͫͦͪͣͤͤͦ ͙ͤ͊ͯ͟ ς ͦ͋ΆΎ͙ͫͤͭΈ ͔ͣͻ͙͊ͤͣ͘· ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͙ 
ͤ͊ͪ͊΅͙͍͙͊ͤΎ ͙ͫͦ͗ͤͦͫͭ͡Φ ˩͙͙͒ͤͼ͔͚ ͙͙ͦͨͫ͊ͤΎ ͍ ͙͔ͫͫͭͣͤͦͣ ͨͦ͒ͻ͔ͦ͒ Ύ͍͡Ύ͔ͭͫΎ 
͔ͦͭ͒͡Έͤ·͚ Ή͔͔ͣͤͭ͡ ͙͔ͫͫͭͣ·Σ ͦͭͦͪ͟·͚ ͙ͫͦͦͭͤͦͫͭͫΎ ͫ ͔͚ͤ ͊͟͟ ζ;͊ͫͭΈη ͙ ζͼ͔͔ͦ͡η. 
ˤ ͙͔͎͔͙͔ͫͤͪͭ͟ ͍͙͙͔ͤͣ͊ͤ ͦͤ͟ͼ͔͙͔ͤͭͪͪͯͭͫΎ ͤ͊ ͎͔͔ͦͪͤͭͤͦͣ͟ ͍͙͔͚͍͙͙͊ͣͦ͒ͫͭ͘Σ ͤ͊ 
͔ͫͭΎͻ ͍͙͔͚͍͙͚͊ͣͦ͒ͫͭ͘Σ ͍ ͦͭͦͪ͟·͔ ͍͟͡Ό;͔ͤ· ζ;͙͊ͫͭη. ˮ ͍ ͙͔ͫͫͭͣ͊ͻΣ ͙ ͍ ͔ͫͭΎͻ 
ͨͦΎ͍͔͙͔ͤ͡ ͍͎ͤͦͦͦ ͍ͫΎ͊ͤͦ͘ ͫ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ͙ͣ ͔ͣ͗͒ͯ Ή͔͔͙ͣͤͭ͊ͣ͡Φ ˻͒ͤ͊ͦ͟ ͍ 
͙͔͔ͫͫͭͣ ͍͔ͤͦͦ ͔ͫͭΈ ͨͪͦΎ͍͔͙͔ͤ͡ ͼ͔͎ͦͦ͡Σ ͔ͫͦ͒ͪ͗͊΅͔͔ ͔͎ͦ ͍͚͍ͫͦͫͭ͊Σ ͍ ͭͦ ͍͔ͪͣΎ 
͊͟͟ ͍ ͔͙ͫͭ ͍͔ͤͦͦ ͔ͤ ͔͍͔ͭͦ͗͒ͫͭͤͤͦ ͔͚ ͙ ͔ͣͦ͗ͭ ͦ͋͊͒͊ͭ͡Έ ͍͚͍͙ͫͦͫͭ͊ͣΣ ͙ͦͭ͡;ͤ·͙ͣ 
ͦͭ ͙͍ͨͦͪͦ͒΄͔͚ ͔͎ͦ ͼ͔͙ͦͫͭͤͦͫͭ͡Φ ζ˿ ͔ͭΈ ͔ͨͦͪͦ͗͒͊ͭ ͍ͤͦ·͚ ͫͣ·ͫ͡ ͙͚ͤͦ ͙ͨͪͪͦ͒·Σ 
;͔ͣ ͙ͫ͊ͣ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Ό΅͙͔ ͊ͭͦͪ͟·η ώфΣ мрфϐΦ ˭͊ ͔ͪͯ͘͡Έͭ͊ͭ ͪ͊͋ͦͭ· 
ζͦ ͍͔ͭ;͊Όͭη ͔ͤ ͔ͦͭ͒͡Έͤ·͔ Ή͔͔ͣͤͭ͡· ͙͔ͫͫͭͣ·Σ ͊ ͙ͻ ͔͙͍ͦͭͤ͟͟͡͡·͔ 
͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ς ͎͍ͫͦ͊ͫͦ͊ͤͤͦͫͭ͡ΈΣ ͙ͫͤͻ͙ͪͦͤ͊͘ͼ͙ΎΣ ͎͔͔ͦͪͤͭͤͦͫͭ͟ΈηΦ ̏ͭͦ 
͍ͨͦͦ͘͡Ύ͔ͭ ͎͍͙ͦͦͪͭΈ ͦ ͙ͪ͊͘͡;͚ͤͦ ͎͙͙ͭͦͨͦͦ͡ ͙͔ͫͫͭͣ· ͙ ͔͙ͫͭΥ ͙͔ͫͫͭͣ͊ 
͙͔ͪ͊ͪͻ͙;ͤ͊Σ ͍ ͔͚ͤ ͙͙͒ͦͣͤͪͯΌͭ ͍͔͙ͪͭ͊͟͡Έͤ·͔ ͍ͫΎ͙͘Σ Ή͔͔ͣͤͭ͡· ͒ͦͫͭ͊ͭͦ;ͤͦ 
͔͗ͫͭͦ͟ ͍͔ͫͭͪͦͤ· ͍ ͫͭͪͯͭͯͪͯ͟Φ ˿͔ͭΈ ͙ͫͭͪͦͭͫΎ ͙͘ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ 
͔͙͔ͤͪ͊ͪͻ͙;ͤ·ͻΣ ͎͙ͦͪͦͤͭ͊͘͡Έͤ·ͻ ͍͙͚ͦ͋ͪ͊ͦ͊ͤ͘Φ  

˨͍͙ͦ͋͊ͣΣ ;ͭͦ ͙͔͎͔͙ͫͤͪͭ͊͟ ͔ͤ ͦͭ͊͘͟·͍͔͊ͭͫΎ ͦͭ ͨͦͤΎ͙ͭΎ ͙͔ͫͫͭͣ·Σ ͤͦ 
͔͙ͦͨͪ ͔ͪͯͭ ͙ͣ ͔͔ͫͦͪ͟ ͊͟͟ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙Σ ͯ͊͘͟·͍͊Ύ ͤ͊ ͭͦΣ ;ͭͦ 
͔ͯ͗ ͍͙ͦͤͦ͘͟͡Φ ˽ͦͤΎ͙͔ͭ ͔͗ ͔͙ͫͭ ͔͔ͫͦͪ͟ ͙͔͔ͣͭ ͦͭͤͦ΄͔͙͔ͤ ͟ ͨͪͦͼ͔ͫͫͯ 
͍͔͙ͫͭ͊ͤͦͤ͡ΎΣ ͟ ͭͦͣͯΣ ;ͭͦ ͭͦ͡Έͦ͟ ͔ͣͦ͗ͭ ͍͙ͦͤͤͯͭ͘͟ΈΦ ˾͍͙͙͔͊ͭ͘Σ ͙ͭ͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ 
͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͔͔ͨͪͻͦ͒ͦͣ ͔͔͚ͫͭ ͍ ͙͔ͫͫͭͣ· ͙ ͤ͊ͦ͋ͦͪͦͭΦ ˿͙͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ 
ͨͦ͒ͻͦ͒Σ ͔͒͊͡Ύ ͊͟ͼ͔ͤͭ ͤ͊ ͍͔͙͙ͫͭ͊ͤͦͤ͡Σ ͍͔͔ͣͫͭ ͫ ͔ͭͣΣ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͦ͋ͤ͊ͪͯ͗ͭΈ 
ζͪ ͙ͦͫͭ͟η ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͍ ͔͔ͨͪͻͦ͒ͤ·ͻ ͔͙ͨͪͦ͒͊ͻ Ή͍ͦ͡Όͼ͙͙ ͫͦ͗ͤ͡·ͻ ͙͔ͫͫͭͣΦ 
˽ͪ ͦͼ͔ͫͫ ͍͔͙ͫͭ͊ͤͦͤ͡Ύ ͍͚ͤͦͦ ͼ͔͙ͦͫͭͤͦͫͭ͡ ͣͦ͗ͤͦ ͫ;͙ͭ͊ͭΈ ͔͚͍͙͔͒ͫͭͭ͡Έͤͦ 
͔͙ͤͦ͋ͪ͊ͭͣ·ͣΣ ͔͙ͫ͡ ͍͙ͦͤ͘͟΄͔͔ ͍͔ͤͦͦ ͊͟;͔͍ͫͭͦ ͔͔ͦ͋ͪͭ͊ͭ ͚ͯͫͭͦ;͙͍ͦͫͭΈΣ 
͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͙͍͍ͦͫͨͪͦͦ͒ͫͭ͊͘Φ ζ˹ ͔͙ͦ͋ͪ͊ͭͣͦͫͭΈΣ ͍ͫΎ͊ͤͤ͊͘Ύ ͔ͤ ͭͦ͡Έͦ͟ ͫ 
ͨͦΎ͍͔͙͔ͤͣ͡Σ ͤͦ ͙ ͫ ͔͙͔ͯ͒ͪ͗͊ͤͣ ͍͎ͤͦͦͦΣ ͻͦͭΎ ͙ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͍ ͊͟;͔͍͔ͫͭ ͍͔͎ͫͦͦ 
͍͙ͯͫͦ͡Ύ ͔͚ͤͯͫͭͦ;͙͍͔ͦ ͍͔͔͙͔ͨͦ͒ͤ ͙ͫͻ͚ͦ͒ͤͦ ͔ͫͪ͒·Σ ͫ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͔͔ͭͪ͋ͯͭ 
͚ͯͫͭͦ;͙͍͙ͦͫͭ ͍͍ͤͦΈ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͙ͻͫΎ ͙͔ͫͫͭͣη [10, соϐΦ ͔́ͣ ͫ͊ͣ·ͣΣ 
͙͔͎͔͙ͫͤͪͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͔ͤ ͭͦ͡Έͦ͟ ͍͙͍͔͙͔ͦͤͤͦͤ͘͟ 
͍͎ͤͦͦͦΣ ͤͦ ͙ ͍·Ύ͍͙ͭΈ ͚ͯͫͭͦ;͙͍·͔ ͔ͪͯ͘͡Έͭ͊ͭ· ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙Σ ;ͭͦ ͙͔ͫ͋͗͊ͭ͡ 
͔͎ͦ ͫ ͙͔ͫͫͭͣͤ·ͣ ͨͦ͒ͻͦ͒ͦͣΦ ˽͙ͪ Ήͭͦͣ ͔͔ͫ͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͍ ͙͔͊ͤ͊͘͡ 
͍͔͙ͫͭ͊ͤͦͤ͡Ύ ͦͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͙͍ͯ͒ͪ͗͊ͭΈ ͍ ͔ͨͦ͡ ͔͙ͪͤ͘Ύ ͨͪͦͼ͔ͫͫ·Σ ͙͔ͣΌ΅͙͔ 
͔ͣͫͭͦ ͊͟͟ ͤ͊ ͙ͣͪͦ͟- ͭ͊͟ ͙ ͤ͊ ͍͔ͣ͊ͪͦͯͪͦͤ͟ ͍ͫͭ͊ͤͦΎ΅͔͚ͫΎ ͼ͔͙ͦͫͭͤͦͫͭ͡Σ ͨͦ-
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͍ͤͦͦͣͯ ͔ͪ΄͊Ύ ͔ͨͪͦ͋ͣͯ͡ ͫͦͦͭͤͦ΄͔͙ͤΎ ;͙͊ͫͭ ͙ ͼ͔͎ͦͦ͡Σ ͪ͊ͫͪ͟·͍͊Ύ ͙ͻ ͪͦ͡Έ ͍ 
Ή͍ͦ͡Όͼ͙͙ ͚ͫͦ͗ͤͦ͡ ͙͔ͫͫͭͣ·Φ  

˿͍͔ͦͪ ͔ͣͤͤ·͚ Ήͭ͊ͨ ͍͙͙ͪ͊ͭ͘Ύ ͤ͊ͯ;ͤ·ͻ ͙͚ͤ͊ͤ͘Σ ͦͭͦͪ͟·͚ ͊͊͒͟Φ ˤΦ˿Φ ˿͔͙ͭͨͤ 
͍ͤ͊͊͘͡ ͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔͙ͫͣ͟Σ ͔͎͔ͨͪ͒͊͊ͭ͡ ͍ͤͦ·͔ ͨͦ͒ͻͦ͒· ͍ ͔ͪ΄͔͙͙ͤ ͊ͭͯ͊͟͡Έͤ·ͻ 
͔ͨͪͦ͋ͣ͡ ͍ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͫͦ͗ͤ͡·ͻ ͙͔ͫͫͭͣΣ ͦͭͦͪ͟·͔ ͔͍ͤͦͣͦ͗ͤͦ͘ ͔ͪ΄͙ͭΈ ͔͋͘ 
͔͎ͦͣͨͫͤͦͦ͟͟͡ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͚ͤ͊ͤ͘ ͙ͪ͊͘͡;ͤ·ͻ ͤ͊ͯ;ͤ·ͻ ͙͒ͫͼ͙͙ͨͤ͡Σ ͔͋͘ ͯ;͔ͭ͊ 
͔ͣͫͭ͊ ͙ ͙ͪͦ͡ ;͔͍͔ͦ͊͟͡ ͍ ͙͔͔ͫͫ͒ͯͣ͡·ͻ ͙͔ͫͫͭͣ͊ͻΦ ˩͔ ͎͍͊ͤ͊͡Ύ ͔͔ͭͤ͒ͤͼ͙Ύ ς 
͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤͦͫͭ͡ΈΣ ͦͭͦͪ͊͟Ύ ͦͤ͊͘;͔͊ͭΣ ͔͔ͨͪ͗͒ ͍͔͎ͫͦΣ ͔ͦͦͨͪ͊͟ͼ͙Ό 
͙ͪ͊͘͡;ͤ·ͻ ͤ͊ͯ;ͤ·ͻ ͔͚ͦ͋͊ͫͭ͡Σ ͼ͙ͪͯ͟͡Ύͼ͙Ό ͦ͋΅͙ͻ ͨͦͤΎ͙͚ͭ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ 
͔͎ͤͦͭͦͪͦͦ͟ Ύ͍͔͙ͤ͡ΎΣ ͊ ͎͍͊ͤ͡·͚ ͙ͨͪͤͼ͙ͨ ς ͨ ͙ͪͤͼ͙ͨ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙.  

ˤ ͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔͚ͫͦ͟ ͔ͤ͊ͯ͟ ͍͔͔ͯͭͪ͗͒͊ͭͫΎ ͙͎ͨ͊ͪ͊͒ͣ͊ ͼ͔͙ͦͫͭͤͦͫͭ͡Σ 
͎ͫͦ͊ͫͤͦ͡ ͚ͦͭͦͪͦ͟ ͙͙͔ͣͪͦ͒͊ͤ͘Σ ͙͋ͦͫͺ͔ͪ͊Σ ͤͦͦͫͺ͔ͪ͊Σ ͦ͋΅͔͍ͫͭͦΣ ;͔͍͔ͦ͟͡ ͙ ͭΦ͒Φ 
͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔͙͔͒ͤͦ ͼ͔͔ͦ͡Φ ˽ͪͦΎ͍͔͙͔ͤͣ͡ Ή͚ͭͦ ͼ͔͙ͦͫͭͤͦͫͭ͡ Ύ͍͡Ύ͔ͭͫΎ ͭͦΣ 
;ͭͦ ;͔͍͔ͦ͟͡ ͤ͊ͻ͙ͦ͒ͭͫΎ ͔ͤ ͍͔ͤ ͙ͯ͘;͔͎͊ͣͦͦ ͦ͋Ά͔ͭ͊͟Σ ͊ ͍͙ͤͯͭͪ ͔͎ͤͦΣ ͦͤ ͙͡΄Έ 
;͊ͫͭΈΣ ͨͦͤ͊͘Ό΅͊Ύ ͼ͔͔ͦ͡Φ ˮΣ ͊͟͟ ͔͍͙͔ͫ͒ͫͭ͡ ͎ͭ͊ͦͦ͟ ͨͦ͒ͻͦ͒͊Σ ͣ· ͤ͊͋͡Ό͔͒͊ͣ 
͙͔͙͔ͫ͋͗ͤ͡ ͔͔͍͔ͫͭͫͭͤͤ·ͻ ͙ ͦ͋΅͔͍͔ͫͭͤͤ·ͻ ͤ͊ͯ͟Σ ͙ͨͪ ͦͭͦͪͦͣ͟ ͙͔͙͒ ͙ ͙ͨͪͤͼ͙ͨ· 
͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͔͍͙ͫͭͫͭͦͤ͊ͤ͘Ύ ͍͔ͫ ΄͙͔ͪ ͍͔ͤ͒ͪΎΌͭͫΎ ͍ ͎͙ͯͣ͊ͤͭ͊ͪͤ·͔ ͙ͤ͊ͯ͟Σ 
͙ͨͪ;͔ͣ ͙͔͔ͣͭ ͔ͣͫͭͦ ͙ ͦ͋ͪ͊ͭͤ·͚ ͨͪͦͼ͔ͫͫΦ ́͊͟Σ ͍͔͙͔ͦͫͦͤ ͚ͤ͊ͯͦ͟ 
͍͙͍ͫ͊ͣͦͪ͊͊͘Ό΅͙ͻͫΎ ζ;͔͍͔͔ͦͦͪ͊ͣͪͤ͘͟͡·ͻη ͙͔ͫͫͭͣ ͙͔ͫͭͪ͊ͭ ͔͔ͪ͊ͤ 
͔͔͙ͤͨͪͦ͒ͦͣ͡·͔ ͎͙ͪ͊ͤͼ· ͔ͣ͗͒ͯ ͔͎͙ͣͭͦ͒ͦͦ͡Ύ͙ͣ ͔͔͍͙ͫͭͫͭͦͤ͊ͤ͘Ύ ͙ ͫͦͼ͙͊͡Έ͎ͤͦͦ 
͙ͨͦͤ͊ͤ͘ΎΦ ˮ ͼ͔ͤͭͪͦͣ Ή͎ͭͦͦ ͙ͫ͡Ύ͙ͤΎΣ ͙͔͙ͫ͋͗ͤ͡Ύ Ύ͍͡Ύ͔ͭͫΎ ;͔͍͔ͦ͟͡Φ 

˿͍͔͙͔ͭ͊ͤͦͤ͡ ͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔͚ͫͦ͟ ͙ͤ͊ͯ͟ ͔ͤ ͙͍͙ͨͪͦ͒ͭ ͟ ͙ͯͤ;͔͙ͭͦ͗ͤΌ 
͔͍ͣͭͦ͒ͦ ͙ ͍͔ͨͦͤ͊͊ͭ͘͡Έͤ·ͻ ͍ͯͫͭ͊ͤͦͦ͟ ͙͊ͫͫ͟͡;͔͎ͫͦͦ͟ ͙ ͔͙ͤ͊ͫͫ͟͡;͔͎ͫͦͦ͟ 
͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ ˻͙ͤ ͋ͯ͒ͯͭ ͨͪͦ͒ͦ͗͊ͭ͡Έ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͙ͣ 
͍͔ͨͦͤ͊͊ͭ͘͡Έͤ·ͻ ͙ͫͭͯ͊ͼ͙ΎͻΣ ͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔ͫ͊͟Ύ ͤ͊ͯ͊͟ ͙͡΄Έ ;͔ͭ;͔ ͔͔͙ͦͨͪ͒ͭ͡ 
ͦ͋͊ͫͭ͡Έ ͙ͻ ͙͔͔͙ͨͪͣͤͤΎ ώмм]. 

ˮ͔ͣͤͤͦ ͨͦͤΎ͙͔ͭ ;͔͍͔͔͙ͦͦͪ͊ͣͪͤͦͫͭ͘͟͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͯ;͔ͫͭΈ ;͔͍͔ͦ͡;͔͙͚ͫ͟ 
ͺ͊ͭͦͪ͟ ͙ͨͪ ͍͔ͫͦͪ΄͔͍͍͙͙ͤͫͭͦ͊ͤ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͍͙͊ͭͦͣͦ͋͡ΎΣ ;ͭͦ ͋·ͦ͡ 
͔͍ͤͦͣͦ͗ͤͦ͘ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͙ͤ͊ͫͫ͟͡;͔͚ͫͦ͟Σ ͊ ͔ͭͣ ͔͔͋ͦ͡ ͙͊ͫͫ͟͡;͔͚ͫͦ͟ ͙ͤ͊ͯ͟Φ 

˽͔͙ͦͫͭͤ͊ͫͫ͟͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· ͍ͨͦͦ͘͡ΎΌͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͙͔ͣ͊ͪͦͫͫͭͣͯ͟ 
ζ͍ ͙͔ͦ͒ͭ͡Ές͊ ͍͙ͭͦͣͦ͋͡Έςͫ ͔ͪ͒͊η ώςʕsς˿ ϐ ͊͟͟ ͔͙͔͙͔ͫͦ͒ͤͤ ͚ͫͦ͗ͤͦ͡ ό͍͙͊ͭͦͣͦ͋͡ΈύΣ 
͚ͫͦ͗ͤͦ͡ ͍͙͍ͫ͊ͣͦͪ͊͊͘Ό΅͔͚ͫΎ ͙ ͎͙ͫ͊ͣͦͦͪ͊ͤͯ͘Ό΅͔͚ͫΎ ό͍͙͔ͦ͒ͭ͡ΈΣ ͔ͫͪ͒͊ύ ͙͔ͫͫͭͣΦ 
˽ͦ ͍·͔͙ͪ͊͗ͤΌ ͔͙͊͊͒ͣ͊͟͟ ˤΦ˿Φ ˿͔͙ͭͨͤ͊ ͟ ͍͙͍ͫ͊ͣͦͪ͊͊͘Ό΅͙ͣͫΎ ͙͔ͫͫͭͣ͊ͣ 
ͦͭͤͦͫΎͭͫΎ ζͫ ͙͔ͫͭͣ· ͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟ΎΣ ͎ͦ͒͊͟ ͔͔͋ͪͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͭ͊ 
͙͙͡ ͙ͤ͊Ύ ͔ͭͻ͙ͤͦ͟-͔ͭͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊Σ ͤͦ ͔΅͔ ͔͔͋ͦ͡ ͫͦ͗ͤ͡·͚ 
͍͙͍ͪ͊͊͘Ό΅͙͚ͫΎ ͔ͦͣͨͫ͟͟͡Υ ;͔͍͔ͦ͟͡ ς ͔ͭͻ͙ͤͦ͟-͔ͭͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͨ͡Όͫ 
Ή͎͙ͦͦ͟͡;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͨ͡Όͫ ͯ͟͡Έͭͯͪͤ͊Ύ ͔ͫͪ͒͊Σ ͙͙ͨͪͤͣ͊Ό΅͊Ύ ͍ͤͦͯΌ 
͔ͭͻ͎͙ͤͦͦ͡ΌΣ ͙ ͍͔ͫΈ Ήͭͦͭ ͔ͦͣͨͫ͟͟͡ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͍ ͍͙͙͙ͪ͊ͭ͘η [12, 17]. 

ζ˿ ͍͙͍͊ͣͦͪ͊͊͘Ό΅͊ΎͫΎ ͙͔ͫͫͭͣ͊ ͫͦͻͪ͊ͤΎ͔ͭ ͍ͫͦΌ ͦͭͪ͟·ͭͦͫͭΈΣ ͔ͦ͋ͣͤ 
͍͔΅͔͍ͫͭͦͣΣ Ή͔͎͙͔͚ͤͪ ͙ ͙ͤͺͦͪͣ͊ͼ͙͔͚ ͫ ͍͔ͤ΄͔͚ͤ ͔͚ͫͪ͒ͦΦ ˹ͦ ͻ͔͊ͪ͊ͭͪ͟ Ή͚ͭͦ 
ͦͭͪ͟·͙ͭͦͫͭ ͔ͣͤΎ͔ͭͫΎ ͫͦ ͔͚ͫͣͤͦ ͙ͭͨ͊ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙Σ ͙͊͒͊ͨͭͪͯΌ΅͔͚ ͙͔ͫͫͭͣͯ 
͟ ͦͪͯ͗͊͟Ό΅͔͚ ͔͔ͫͪ͒Φ ˮ͔͔͙ͣͤͤ͘Ύ ͔͗ ͙ͭͨ͊ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙ ς Ήͭͦ ͊͟;͔͍͔ͫͭͤͤ·͔ 
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ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͙͔ͫͫͭͣ·Φ ˻͙ͤ ͔͎ͨͪ͒ͨͦ͊͊͡Όͭ ͺ͍͊ͦ͘·͔ ͔͔ͨͪͻͦ͒·Φ ˹͊ Ή͙ͭͻ Ήͭ͊ͨ͊ͻ 
͔ͨͪ͗ͤΎΎ ͎͙͍ͦͪ͊ͤͦ͊ͤͤͦͫͭ͘Έ ͤ͊ͪͯ΄͔͊ͭͫΎΣ ͍ͪͯͭͫΎ ͍͔͙͔ͤͯͭͪͤͤ ͍ͫΎ͙͘ ͙͔ͫͫͭͣ·Σ ͙ 
ͦͤ͊ ͍͔ͫͭͯͨ͊ͭ ͍ ͨͦͦͫͯ͡ ͙͙͒ͤ͊ͣ;͔͎ͫͦͦ͟ ͻ͊ͦͫ͊Φ  

˹͊ Ήͭ͊ͨ͊ͻ ͺ͍͊ͦ͘·ͻ ͔͔ͨͪͻ͍ͦ͒ͦ ͙͔͔ͣͭͫΎ ͔ͫͨͭͪ͟ ͍ͦͣͦ͗ͤ͘·ͻ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ 
͍͙͙ͪ͊ͭ͘Ύ ͙͔ͫͫͭͣ·Φ ˤ ͔ͤͦͭͦͪ͟·ͻ ͙͘ ͙ͤͻ ͍ͦͣͦ͗ͤͦ͘ ͯͨͪͦ΅͔͙͔ͤ ͙͔ͫͫͭͣ·Σ ͔͖ 
ͪ͊ͪͯ͘΄͔͙͔ͤ ͙ ͎͙͔͋͡Έ ͍ ͊͟;͔͍͔ͫͭ ͚ͫͦ͗ͤͦ͡ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙η. [11, 251]. 

˽͔͙ͦͫͭͤ͊ͫͫ͟͡;͔͙͚ͫ͟ Ήͭ͊ͨ ͍͙͙ͪ͊ͭ͘Ύ ͙ͤ͊ͯ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͯ;͔ͫͭΈ ͔ͪ͊ͤͦͣͪͤͦͫͭ͘Έ 
͙ ͪ͊ͤͦ͊ͫͫͤͦͫͭ͘͟͡Έ ͙͔ͫͫͭͣΣ ͍ͻͦ͒Ύ΅͙ͻ ͍ ͙͔ͣ͊ͪͦͫͫͭͣͯ͟ [ ςʕsς˿ϐΣ ͭΦ ͟Φ ͫͯ΅͔͍͔ͫͭͯͭ 
͙ͤ͊͘;͊͡Έͤ͊Ύ ͔͍͔͙ͤͫͦͣͫͭͣͦͫͭΈ ͙͔ͫͫͭͣΥ ͍͙͊ͭͦͣͦ͋͡Ύ ͊͟͟ ͙͔͚͚ͤͤͦ͡ ͙͔ͫͫͭͣ·Σ ͒͡Ύ 
͚ͦͭͦͪͦ͟ ͻ͔͊ͪ͊ͭͪͤ͊͟ ͙͒ͻ͙ͦͭͦͣΎ ζ;͊ͫͭΈςͼ͔͔ͦ͡η ͙ ;͔͍͔ͦ͊͟͡Σ ͔ͫͪ͒· ͊͟͟ ͦͭͪ͟·ͭ·ͻΣ 
͔͙͔͚ͤͤͤ͡·ͻΣ ͎͙ͫ͊ͣͦͦͪ͊ͤͯ͘Ό΅͙ͻͫΎ ͔ͫͪ͒Σ ͒͡Ύ ͦͭͦͪ͟·ͻ ͻ͔͊ͪ͊ͭͪͤ͊͟ 
ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ͊Ύ ͔ͣͦ͒͡Έ ζͼ͔͔ͦ͡ ͍ ͼ͔ͦͣ͡ηΦ ˮ͔ͣͤͤͦ ͯ;͔ͭ Ή͎ͭͦͦ ͺ͊ͭͦͪ͊͟ ͍͙ͨͦͦͭ͘͡ 
ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͍͔ͤͦͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ ͪ͊ͣ͊͟ͻ ͺ͙ͦͫͦ͡ͺ͙͙ ͙ͤ͊ͯ͟ ς 
͔͎͙ͣͭͦ͒ͦͦ͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͔͙ͣͦ͒͡ ͔͍͙ͤͭͪ͊ͣ͊ͭ;͎ͤͦͦ ͔͙͔͙ͫͦ͒ͤͤΎ ͔͋͘ 
ͦ͋Ά͔͙͔͙͒ͤͤΎ ͪ͊ͤͦ͊ͫͫͤ͘͟͡·ͻ ͙͔ͫͫͭͣ ͍ ͔͙͒ͤͯΌ ͔ͣ͊ͪͦͣͦ͒͟͡Έ ͫ 
͔͎͍͔͙͔ͣ͊ͯͨͪ͊ͤͣ͡Φ ˻͍ͫͤͦͤ͊Ύ ͙͔͒Ύ ς ͯ;͔ͭ ͔ͨͦ͊͊ͭ͘͟͡Ύ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͙ͪ͊ͤͦͫͭ͘ 
͔ͣ͗͒ͯ ;͔͍͔͔͚ͦͦͣͪͤͦ͟͡ ͙κ͙͙͡ ͙ͨͫͻ͔͚ͦͣͪͤͦ ͙͔͚ͣ͊ͪͦͫͫͭͣͦ͟ ͙ ͙͔͚ͫͫͭͣͦ 
͔͔͍͙͔͙ͨͪ͒͗ͤΎ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͍͙͔͊ͭͦͣͦ͋ͣ͡Σ ͯ;͔ͭ ͙ͨͪͤͼ͙͙ͨ͊͡Έ͎ͤͦͦ ͙ͪ͊͘͡;͙Ύ 
͙͔ͫͫͭͣΣ ͍ͻͦ͒Ύ΅͙ͻ ͍ ͙͔ͣ͊ͪͦͫͫͭͣͯ͟ ώςʕsς˿ ϐΦ 

˽͔͙ͦͫͭͤ͊ͫͫ͟͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· ͍ͨͦͦ͘͡ΎΌͭ ͔ͭ͊͗͟ ͦ͋ͦͤ͊͘;͙ͭΈ ͔͎ͣ͊-͍͔ͯͪͦͤΈ ς 
4-Ό ͔ͫͪ͒ͯ ͊͟͟ ͔͙͔͙͔ͫͦ͒ͤͤ ͔ͭͪͻ ͙͔ͫͫͭͣΥ ώˤϐΣ ώˢϐΣ ώ˿ϐΦ ˸· ͫ;͙͔ͭ͊ͣΣ ;ͭͦ ͔͎ͣ͊-
͍͔ͯͪͦͤΈ ͣͦ͗ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͯΌ ͼ͔ͦͫͭͤͯ͡Ό ͙͔ͫͫͭͣͯΣ 
͔ͦ͋ͪ͊ͯͣͯ͘Ό ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭͣ͘ ͪ͊ͤͦ͊ͫͫͤ͘͟͡·ͻ ͙͔ͫͫͭͣ ͙ ͔͔ͫͭͨͤΈΌ ͙ͻ 
͙͍͙͊ͭͤͦͫͭ͟Σ ͍͔͒ͯ΅ͯΌ ͟ ͍͙͙ͨͦ͒͗ͤͦͫͭ ͨͪͦΎ͍͔͙ͤ͡Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍ͯͨͪ͊͡ΎΌ΅͔͎ͦ 
͔ͨ͊ͪ͊ͣͭͪ͊ ώоϐΣ ;ͭͦ ͒ͦ ͙ͫͻ ͨͦͪ ͙͔ͤͣ͟ ͔ͤ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͦͫ͡Έ ͙ ͔ͤ ͯ;͙ͭ·͍͊ͦͫ͡ΈΦ ́ͦ 
ͼ͔͔ͦ͡Σ ͯ ͎ͦͭͦͪͦͦ͟ ͨͪͦΎ͍͙͙ͫ͡Έ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍ͯͨͪ͊͡ΎΌ΅͔͎ͦ ͔ͨ͊ͪ͊ͣͭͪ͊Σ 
͍ͯͨͪ͊͡Ύ͔ͭ ͍ͫͦͫͭ͊͡ΎΌ΅͙͙ͣ ͔͎ͦ ͎͙͙͒ͪͯͣ ͼ͔͡·͙ͣΦ  

˹͙͊ͣ ͔͎͔ͨͪ͒͊͊ͭͫ͡Ύ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔ͫͯ͟Ό ͦͤ͟ͼ͔ͨͭͯ͊͡ΈͤͯΌ 
͔ͣͦ͒͡Έ ζͤ ͔͙͔͚͔ͤͤͦ͡ ͼ͔͔ͦ͡ ͍ ͔͙͔͚ͤͤͤͦͣ͡ ͼ͔ͦͣ͡η ͨͪͦͺΦ ˮΦˤΦ ˩ͪ΄͍͚ͦͦ-ˣ͔͊͋ͤͦ͟ 
ώнϐΣ ͍ ͚ͦͭͦͪͦ͟ ͊͟͟ ͔͙͔͚ͤͤͤ͡·͔ ͼ͔͡·͔ ͙ ͙ͻ ͫͦ;͔͙ͭ͊ͤΎΣ ͭ͊͟ ͙ ͎͙͔͙͔ͨͪͫͫͭͣ͊ ͎ͣͦͯͭ 
͍͙ͫͭ͊ͤͦͭΈͫΎ ͙ ͍ͫͭ͊ͤͦΎͭͫΎ ͔͎ͣ͊-͍͔ͯͪͦͤͣΣ ͍·ͨͦͤ͡ΎΌ΅͙ͣ ͺͯͤ͟ͼ͙Ό ͍ͯͨͪ͊͡ΎΌ΅͔͎ͦ 
͔ͨ͊ͪ͊ͣͭͪ͊Σ ͍͔ͫͪͻ͔͔ͣ͒ͤͤ͡·ͻ ͔͔͔ͨͪͣͤͤ·ͻ ͨͦ ˥Φ ͔̆͊ͤͯ͟Φ ˤ ͔ͪ͊͋ͦͭ ώнϐ ͍͍͔͔͒ͤͦ 
ͨͦͤΎ͙͔ͭ ζͨ ͍͊͊͡Ό΅͙͚η ͔͙ͪ͗ͣ ͍ͯͨͪ͊͡ΎΌ΅͔͎ͦ ͔ͨ͊ͪ͊ͣͭͪ͊Σ ;ͭͦ͋· ͨͦ͒;͔ͪͤͯͭ͟ΈΣ 
;ͭͦ ͦ;͔͍͙͒ͤͦͫͭΈ Ή͎ͭͦͦ ͔ͨ͊ͪ͊ͣͭͪ͊Σ ͔͎ͦ ζͦ ΅͙ͯͭͣͦͫͭΈη ͔ͤ Ύ͍͡ΎΌͭͫΎ ͔͔ͤͨͪͪ·͍ͤͦ 
ͺ͙͙͔ͫͪͯͣ͟·͙ͣΣ ͻͦͭΎ ͙ͦͤ ͙ ͎ͣͦͯͭ ͋·ͭΈ ͔ͦ͋ͤ͊ͪͯ͗ͤ· ͙ͨͪ ͙͔͔͙͙ͣͤͤ͘ 
ͣ͊ͫ΄͙ͭ͊͋ͤͦͫͭ ͔͙ͪ͊ͫͫͣͦͭͪͤΎΣ ͍·ͻ͔ͦ͒ ͤ͊ ͔͍͊͒͊ͭͤͯ͟Ό ͔ͣͯ ͣ͊ͫ΄ͭ͊͋ͤͦͫͭΈΦ 

ˮ͔ͣͤͤͦ ͙ͤ͊͘;͊͡Έͤ͊Ύ ͔͍͔͙ͤͫͦͣͫͭͣͦͫͭΈ ͙͔ͫͫͭͣ ζ;͔͍͔ͦ͟͡η, ζͫ ͔ͪ͒͊ηΣ ͫ ͚ͦ͒ͤͦ 
ͫͭͦͪͦͤ·Σ ͙ ζ͊ ͍͙ͭͦͣͦ͋͡ΈΣ ͫ ͎͚͒ͪͯͦΣ ͍ ͪ͊ͣ͊͟ͻ ͚ͦ͒ͤͦ ͙͔ͣ͊ͪͦͫͫͭͣ͟· ͙͘-͊͘ 
͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ ͟ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͪ͊ͤ͘·ͣ ͊ͫͫ͊ͣ͟͡ ͙͔ͫͫͭͣ ό;͔͍͔ͦ͟͡Σ ͔ͫͪ͒͊ ς 
ͦͭͪ͟·ͭ·͔ ͔͙͔͚ͤͤͤ͡·͔ ͎͙ͫ͊ͣͦͦͪ͊ͤͯ͘Ό΅͙͔ͫΎ ͙͙͙͍͒ͫͫͨ͊ͭͤ·͔Σ ͍͙͊ͭͦͣͦ͋͡Έ ς 
͊ͪ͘͟·ͭͦ-ͦͭͪ͟·ͭ͊ΎύΣ Ύ͍͡Ύ͔ͭͫΎ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͙͔͙ͫͤ͗ͤΎ 
͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ό͍͔͙ͯ͡;͔͙ͤΎ ͔͙ͫͣͪͭͤͦͫͭ ͍͙͔͔͚ͦ͒ͭ͡ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͍ͯͪͦͤΎ 
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Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͫͭͪ͊ͤ·ύ ͙ ͎͔͙ͯͯ͋ͤ͡͡Ύ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͔ͨͪͦ͋ͣ͡· 
όͪ͊ͪͯ͘΄͔͙͔ͤ ͍͙͔͚͊ͭͦͣͦ͋͡Σ ͊ ͍͙ͫ͊͟͡ ς ͫ ͔ͪ͒·Σ ;͔͍͔ͦ͊͟͡ύΦ 

˴ͦͤͼ͔ͨͼ͙Ύ ζͼ͔͔ͦ͡ ͍ ͼ͔ͦͣ͡η ͙͙͡ ζͫ ͔ͪ͒͊ ͍ ͔͔ͫͪ͒η ͍͙ͨͦͦͭ͘͡ ͯ;͔ͫͭΈ 
;͔͍͔͔ͦͦͣͪͤͦͫͭ͟͡Έ ͙͔ͣ͊ͪͦͫͫͭͣ͟· ώˤςsς˿ ϐ ͙ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ Ήͭͯ ͔ͣͪͤͦͫͭΈ ͊͟͟ 
͍ͯͨͪ͊͡ΎΌ΅͙͚ ͔ͨ͊ͪ͊ͣͭͪ ό̂˽ύΦ ˽ͦ͒ ̂˽ ͍ ͙͔͎͔͙͔ͫͤͪͭ͟ ˥Φ ͔̆͊ͤ͊͟ ͔͍ͨͦ͒ͪ͊ͯͣ͊͘ΌͭͫΎ 
͍͔ͫͪͻ͔͔ͣ͒ͤͤ͡·͔ ζ͍ ͔;ͤ·͔η ͔͔͔ͨͪͣͤͤ·͔Σ ͔͎͍͔ͣ͊ͯͪͦͤΈΣ ͍·΄͔͔͗͊͡΅͙͚ ͤ͊͒ 
͍͔ͣ͊ͪͦͯͪͦͤͣ͟Φ ˻͙ͤ ͍·ͨͦͤ͡ΎΌͭ ͪͦ͡Έ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͨͦͪΎ͒͊͟ ͒͡Ύ ͍ͣ͊ͪͦͯͪͦͤ͟ΎΦ 
˽͍͊ͤͦ͡ ͔ͣͤΎΎ ̂˽Σ ͣͦ͗ͤͦ ͔ͣͤΎͭΈ ͙͔ͫͫͭͣ· ͙͔͔ͤ͗͗͊͡΅͙ͻ ͍͔͚ͯͪͦͤΦ ˴ͦͤͼ͔ͨͼ͙Ύ 
ζͼ͔͔ͦ͡ ͍ ͼ͔ͦͣ͡η ͍͙ͨͦͦͭ͘͡ ͯ;͔ͫͭΈ ͙͔ͣΌ΅ͯΌͫΎ ͔͔ͫͭͨͤΈ ͙ͻ ͔͔͍͙ͤ͊͒͊ͭͤͦͫͭ͟ ͙ 
͍ͦͣͦ͗ͤͯ͘Ό ͔͔ͫͭͨͤΈ ͔͍͙͊͒͊ͭͤͦͫͭ͟Σ ͦͭͦͪͯ͟Ό ͣͦ͗ͤͦ ͨͦͯ͡;͙ͭΈ ͍ ͦͤͫͭͪͯ͟͟ͼ͙͙ 
͍͙͊ͭͦͣͦ͋͡ΎΦ  

˿͔͔ͭͨͤΈ ͔͍͙͊͒͊ͭͤͦͫͭ͟κ͔͔͍͙ͤ͊͒͊ͭͤͦͫͭ͟ ͙͙͡ ͫͦ ͎͍͙͊ͫͦ͊ͤ͡Ύκ͎͍͙ͪ͊ͫͫͦ͊ͫͦ͊ͤ͡Ύ 
͙͊ͫͫͤͦͫͭ͟͡ ͙͔ͫͫͭͣΣ ͍ͻͦ͒Ύ΅͙ͻ ͍ ͙͔ͣ͊ͪͦͫͫͭͣͯ͟ [ ςʕsς˿ϐ ͍͙ͫͭ͊ͤͦͭͫΎ ͙͔͙͔ͪͭͪͣ͟ 
ͦͼ͔͙ͤ͟ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͙ͪ͊ͤͦͫͭ͘κ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͎ͨͦͪͦ͊ ͔͍͙͊͒͊ͭͤͦͫͭ͟Σ ͊Σ 
͔͍͔ͫ͒ͦ͊ͭ͡͡ΈͤͦΣ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ /  ͭ ͍͙ͪ͊ͣ͊ͭ;͙ͤͦͫͭ ͙ ͔͔͔͔͙ͪͫͯͪͫͦͫ͋ͪ͗ͤΎΦ 

ˤ·͍ͦ͒Φ ˽͙͔ͪͣͤΎΎ ͔͙ͨͦͫͭͤ͊ͫͫ͟͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· ͍ ͍͔ͫͦͪ΄͔͍͍͙͙ͤͫͭͦ͊ͤ 
͍͙͊ͭͦͣͦ͋͡Ύ ͣͦ͗ͤͦ ͍͔ͫΈͣ͊ ͍ͦ͋ͦͫͤͦ͊ͤͤͦ ͔͙ͤ͊ͣͭͭΈ ͍ͦͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͙ 
͎ͨͪͦͪ͊ͣͣͯκͨͯͭΈ ͎͙͊ͪͣͦͤ͊͘ͼ͙͙ ͪ͊ͤͦ͊ͫͫͤ͘͟͡·ͻ ͙͔ͫͫͭͣ ͙ͨͪ ͔͙͔͙͙ͫͦ͒ͤͤ ͙ͻ ͍ 
͔͙͒ͤͯΌ ͙͔ͣ͊ͪͦͫͫͭͣͯ͟Φ ̏ͭͦ ͣ͊ͪͦ͟- ͙ ͔͎͔͙͍͙͔ͣ͊ͣͦ͒ͪͦ͊ͤ͡ ͍ ͔͍͔͙͙ͨͪ͒ͫͭ͊ͤ͡ 
͙͍ͨͪ·;͚ͤͦ ͙͔ͫͫͭͣ· ζ͍ ͙͔ͦ͒ͭ͡Ές͊ ͍͙ͭͦͣͦ͋͡Έςͫ ͔ͪ͒͊η ώςʕsς˿ ϐ ͫ ͍͔͔ͫͦͪͣͤͤ·ͻ 
ͤ͊ͯ;ͤ·ͻ ͙ͨͦ͘ͼ͙͚Σ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͔͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͊͟͟ ͔ͫͨͼ͙ͺ͙;͔͚ͫͦ͟ 
͙͔ͣ͊ͪͦͫͫͭͣ͟· όͫ ͯ;͔ͭͦͣ ͙ͪ͊ͤͦ͊ͫͫͤͦͫͭ͘͟͡ ͙͔ͫͫͭͣ ͍ ͔͔ͤ ͍ͻͦ͒Ύ΅͙ͻύ ͍ ͔ͪͯͫ͡ 
͔͙͙ͨͦͫͭͤ͊ͫͫ͟͟͡ ͙ ;͔͍͔͔͙ͦͦͣͪͤͦͫͭ͟͡ ώоΤпϐΣ ͪ͊ͫͪ͟·͙͔ͭ ͔ͫͨͼ͙ͺ͙;͙ͤͦͫͭ ͔͔ 
ͼ͔͙ͦͫͭͤͦͫͭ͡ ;͔͔ͪ͘ ͙͍͔ͣͪͦͦͪͤ͘͘;͔ͫͯ͟Ό ͙ͨͦ͘ͼ͙Ό ͙ ͦͤ͟ͼ͔ͨͭͯ͊͡ΈͤͯΌ ͔ͣͦ͒͡Έ 
ζͼ͔͔ͦ͡ ͍ ͼ͔ͦͣ͡η [2].  
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SUMMARY 

O.E. Goncharova Methodological approaches to the study of a complex 
macrosystem such as ζdriverςcarςenvironmentη [DςCςE].  

For the first time attention is focused on methodological solutions for increasing 
the safety of a car. Despite many approaches to the study of a complex macrosystem 
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such as [DςCςE], to date, the problem of road safety is not solved and remains 
relevant. The article reviews and analyzes existing general scientific methodological 
approaches to the study of complex objects and systems: structural, functional, 
complex, systemic, cybernetic, synergetic, ζthinking in complexityη. The main 
problem of existing methodological approaches to the study of a complex 
macrosystem of the type [DςCςE]is revealed ς this does not take into account the 
fact that it includes systems of different classes, in terms of post-nonclassics ς open, 
linear systems; Open, non-linear, human-dimensional, self-organizing 
systems/environments (V.S. Stepin); Psychometric (I.V. Ershova-Babenko). The 
hypothesis about the necessity to take into account the degree of 
correspondence/inconsistency of systems of different classes entering into the 
macrosystem [DςCςE] is put forward in the article, and also the application of the 
conceptual model of psychosynergetics ζthe whole in a wholeη as the most 
adequate in the methodological aspect. 

Keywords: methodological approaches to research, post-nonclassical 
ŀǇǇǊƻŀŎƘŜǎΣ ŎƻƳǇƭŜȄ ǎȅǎǘŜƳΣ ƳŀŎǊƻǎȅǎǘŜƳΣ ǎȅǎǘŜƳΩǎ ŎƭŀǎǎΣ ŎƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭ 
ζwhole in a wholeη. 
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ˤ ̂˸˻ˤˢ̆ ˴˾˻˿-˴̂˶̎́̂˾˹ˮ̆ ˤ˭ˢ̐˸˻˨˱˯ 

 

̂˨˴ млмΦмҌоту                                                                                        ˻ΦˢΦ ˹͊ͯͣͤ͊͟͜ 
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͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ˿Φ ˸͔͊͊ͪͤ͊͟͟ 

 

̅˱˶˻˿˻̅˱̒ ˨˶̒ ˨˱́˩˯ ς ˽ ˩˾̊ˮ˯ ˴˾˻˴ ̅˻˾˸̂ˤˢ˹˹̒  ζ˶ ̑˨ˮ˹ˮ 
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͍ͣͤͤ͜Ύͣ ͙͙ͪͭ͟;ͤͦ ͙͙͙ͣͫͭ͡Φ ˹͊ ͒ͯͣͯ͟ ͨͪͦͺ͔ͫͦͪ͊ ˸͔͡Έ͋ͯͪͤͫΈ͎ͦͦ͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜ 
˽͊ͭͪ͊͜͟ ˥ͪ͜ͺͺͤ͊͜ ς ͔͍͙ͪͤ͊͟͜͟ ͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ ͍͎ͤ͊ͯͦͦͦ͟ ͔ͨͪͦͭͯ͟ ͘ ͦͼ͙ͤ͜͟ ͜ 
͍͙͊͒͊ͤͤ͟͡Ύ ͍͙ͤ͊;ͦ͟ ͭ͊ ͔͔ͦͣͨͭͤ͟ͼ͚͜ XXI ͫͭͦͭͭ͜͡ΎΣ ς ͊͟ͼ͔͙ͤͭ ͍ ͫͯ;͊ͫͤͦͣͯ ͍ͫͭ͜͜ 
ͣ͘͜΅ͯΌͭΈͫΎ ͯ ͋͜͟ ͍ͣͤͤ͜Ύ ͙͙ͪͭ͟;ͤͦ ͙͙͙ͣͫͭ͡Σ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͍͊͘Ίͣͦ͒͜͝ ͜ ͦͣͯͤ͊͟͜͟ͼ͜͝Σ 
͍ͭͦͪ;͎ͦͦ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͍͙ͫͨͪ͊ ώуϐΦ  

˽ͪͦͺ͔ͫͦͪΣ ͒ͦͭͦͪ͟ ͔͋ͤͫ͘͜-͍͊͒ͣͤͫͭͪͯ͊ͤͤ͜͜ΎΣ ͙͊ͤ͒͒͊ͭ͟ ͔ͭͻͤ͜;͙ͤͻ ͤ͊ͯ͟Σ ͔͒͊ͤ͟ 
ͺ͊ͯ͟͡Έ͔ͭͭͯ ͔͋ͤͫͯ͘͜Σ ͔͔͔ͣͤ͒͗ͣͤͭͯΣ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔̅ͤͫ͜͟ ό͔͎ͣ͊ͨͦͫ͜͡ ˿͊ͤ-̅ͪ͊ͤͼ͙ͫͦ͟-˿͙͍ͦͤͦ͊͜͟͡ ˨͙ͦͤ͊͡Σ ˴͊͜͡ͺͦͪͤ͜ΎΣ 
˿̊ˢύ ˤ͊͒͡ ˥͔ͤͤ͜ ͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ͦͣͨ͊ͤ͟͜ΎͣΣ Ύ͟͜ ͙͒ͤ͊ͣ͜;ͤͦ ͍͙͍ͪͦ͊͘ΌͭΈͫΎΣ 
͎ͦͪ͊ͤ͊͘͜ͼ͜Ύͣ ͜ ͫͭ͊ͪͭ͊ͨ͊ͣ ͔ͤͦ͋ͻ͒ͤ͜͜ ͺ͊ͻ͍͜ͼ͜Σ ΅ͦ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ мл-͙ͭ ͍͙͎ͣͦ͊ͣΣ Ύ͟͜ 
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͔͔ͨͪ͒ͯΌͭΈ ͦͼͤ͜ͼ͜ ͝ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͙ͤ͗ͤͪͤ͜ͻΣ ͔ͦͤͦͣ͟͜;͙ͤͻΣ ͔ͭͻͤ͜;͙ͤͻ ͤ͊ͤ͘Έ ͜ 
͍͙ͤ͊;ͦ͟Φ ˱ ͔ͨͪ΄͊ ͍͙͎ͣͦ͊ ͍͒͜ ͍ͪͦ͋ͦͭͦ͒͊ͼ͍͜ ς ͼ͔ ͭ͊͊ͤͭ͡ ͜ ͍͙ͤ͊;͙͟ ͺͦͫͦ͜͡ͺͫΈ͎ͦͦ͟ 
͙͙ͪͭ͟;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͊ͤ͊ͯ͘͜͡Σ ͎͔͊ͪͯͣͤͭ͊ͼ͜͝ ͭ͊ ͙͚ͨͪͤΎͭͭΎ ͪ͜΄͔ͤΈ ώоϐΦ 

˭͊ ͼ͙ͻ ͍͙ͦ͋ͫͭ͊ͤ ͪͦ͡Έ ͺͦͫͦ͜͡ͺ͜͝ ͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͨͪͦͼ͔ͫ͜  ͤ͊͘;ͤͦ 
ͪͦͫͭ͊͘ΊΦ ˽ͪͦ ͤ͊͘;͙ͣͫͭ͜Έ ͜ ͣͫ͜ͼ͔ ͺͦͫͦ͜͡ͺ͜͝ ͍ ͙͔ͫͫͭͣ͜ ͫͯ;͊ͫͤͦ͝ ͍͙ͦͫͭ͜Σ ͊ ͭ͊ͦ͗͟ ͝ͻ 
͍͙ͤ͊ͤͤ͘Ύ ͤ͊ ͎ͦ͋͊͡͡Έͤͦͣͯ ͍ͪͤ͜͜ ͍ͫ͒͜;͊ͭΈ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͭ͊ ͍͙͍͙ͫͤͦ͟ ͣ͊ͫ΄͎ͭ͊͋ͤͦͦ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͫͭ͊ͤͯ ͍͙͊͒͊ͤͤ͟͡Ύ ͺͦͫͦ͜͡ͺ͜͝ ͯ ͍ͫͭ͜͜Σ ͚͔͎͒ͫͤͤͦͦ͘͜ ͯ нллт ͪͦͼ͜ 
̑˹˩˿˴˻Φ ̂ ͫͦͼ͎ͦͦ͜͜͡;ͤͦͣͯ ͙͍ͦͨͭͯ͊ͤͤ͜ ͍͘Ύ͙͡ ͯ;͊ͫͭΈ ͔͔͙ͪͫͨͦͤ͒ͤͭ ͘͜ мнс ͪ͊ͤ͟͝Φ ˭͊ 
͔͙ͣ͊ͭͪ͊͊ͣ͜͡ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͋ͯͦ͡ ͍͙͒͊ͤͦ ͙͎ͤͯ͟ ζ̅ ͦͫͦ͜͡ͺ͜Ύ ς ́ ͦ͊͟͡ ͍͙ͫͦ͋ͦ͒η. 

˥͔͔ͤͪ͊͡Έ͙͚ͤ ͙͔͒ͪͭͦͪ͟ ̑˹˩˿˴˻ όͤ͊ ͚ͭͦ ;͊ͫύ ˴ͦ͜ͻͪͦ͜ ˸͊ͼͯͯͪ͊  ͊ͤ͊͘͘;͊ΊΣ ΅ͦ 
͍͙͊͒͊ͤͤ͟͡Ύ ͺͦͫͦ͜͡ͺ͜͝ Ί ͍ͤ͊;͊ͤͤΎͣ ͡Ό͙͙͒ͤ ͙͙͙ͣͫͭ͡ ͍͜͡Έͤͦ ͜ ͙͙ͪͭ͟;ͤͦΣ ͭͦͣͯ 
͍ͤ͊͊͘ ͙͎͙ͤ͟ ͔ͤ Ί ͍͙͍ͨ͊͒ͦͦ͟ΌΦ ̅ͦͫͦ͜͡ͺ͜Ύ ͍;͙ͭΈ ͍͙ͣͪͯ͊ͭ͜͟ ͪ͊ͼͦͤ͊͜͡ΈͤͦΣ ͊ ͔ͤ 
ͨͪͦͫͭͦ ͍͙͍ͫͦ͡͡Ό͍͙͊ͭ ͙͒ͯͣ͟Φ ˤͦͤ͊ ͍͒ͦͦ͘͡ΎΊ ͍͙͍͙ͪͦ͊ͭ͘ ͙͙ͪͭ͟;͙͚ͤ ͪͦͯͣ͘Σ Ύ͙͚͟ 
͙ͨͪͦͭͫͭͦͭ͝Έ ͙͒ͦͭͪͤ͊͟͡Έͤͦͣͯ ͙͔ͣͫͤͤ͡Ό ώммΣ ixϐΦ ˢ ͚͎ͦͦ ͙͊ͫͭͯͨͤ͘͟ ͘͜ ͫͦͼ͊͜͡Έ͙ͤͻ 
ͭ͊ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͤ͊ͯ͟ ˽ΩΊͪ ˿͔͊ͤ  ͎ͪͦ͘͡Ύ͒͊Ί ͺͦͫͦ͜͡ͺ͜Ό Ύ͟ ͙͔͍ͫͭͪ͗ͤͯ ͙͒ͫͼ͙ͨͤͯ͜͡ ͍ 
ͫͯͫͨ͜͡Έ͙ͤͻ ͜ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͤ͊ͯ͊͟ͻΣ Ύ͊͟ ͤ͊͘ͻ͙ͦ͒ͭΈ ͍ͫͦΊ ͣͫ͜ͼ͔ ͤ͊ ͔͔ͨͪͻ͔ͪͫͭ͜ 
͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͦͫ͟͜͡Έ͙͟ ͔͙͗ͭ͡Έ ͨͦ͊͘ ͙ͦ͒ͤͣ ͭ͜͡Έ͙͟ 
ͤ͊ͤͤ͘ΎͣΦ ̅ ͦͫͦ͜͡ͺ͜Ύ Ί ͣ ͙͔ͫͭͼ͍ͭͦͣ ͤ͊ͤͤ͘ΎΣ ͊ ͭ͊ͦ͗͟ ͙͔ͣͫͭͼ͍ͭͦͣ ͍ͤ͊;͊ͤͤΎ ώммΣ xi].  

˹͊ ··LLL ͍͍ͫͭͦͦͣͯ͜ ͺͦͫͦ͜͡ͺͫΈͦͣͯ͟ ˴͎͔ͦͤͪͫ͜Σ ΅ͦ ͍͍͒͋ͯͫ͜Ύ ͍ ˢͺͤ͊͜ͻ нлмо ͪͦͯ͟ 
[6, 18]Σ ͭ͊ͦ͗͟ ͊ͤ͊͘͘;͊ͦͫ͡ΎΣ ΅ͦ ͺͦͫͦ͜͡ͺ͜Ύ ͔ͣͦ͗ ͙͋ͯͭ ͍͙͙ͦͪͫͭ͊ͤ͊͟ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ 
͙͔ͣͫͤͤ͡Ύ ;͔͔ͪ͘ ͍ͤ͊;͊͡Έ͙͚ͤ ͨ͊ͤ͡Φ ˸͍ͦ͊ ͚΄͊͡ ͨͪͦ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͺͦͫͦ͜͡ͺͫΈ͎ͦͦ͟ 
͎͒͊ͦͯ͜͡ ͤ͊ ͙ͪͤ͘͜ͻ ͔ͭ͊ͨ͊ͻ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΣ ͨͪͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͙ͪͭ͟;͎ͤͦͦΣ 
͔͙͍͎ͪ͊ͭͤͦͦ͟ ͙͔ͣͫͤͤ͡Ύ ΄͡Ύͻͦͣ ͍͙ͪͦͭͯ͘͟ ͔ͪͺ͔͙͍ͫͤͦ͟͡͝ ͙͙ͨͪ͊ͭ͟͟Σ ͍͙͙ͦͪͫͭ͊ͤͤ͟ΎΣ 
͒ͦ ͙ͨͪ͊͒ͯ͟͡Σ ͯ ͪͦ͋ͦͭ͜ ͘ ͒ͭ͜Έ͙ͣ ͔ͤͫͭͪͯͣͤͭͯ͜ ͎͒͊ͦ͜͜͡;͎ͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΦ 

˿͔ͨͼ͙ͺ͊͜͟ ͺͦͫͦ͜͡ͺͫΈ͎ͦͦ͟ ͤ͊ͤͤ͘Ύ ό͍͜;ͤͦ ͔͙͚ͨͪͦ͋ͣͤ͡Σ ͙͎͙͊ͤͭ͒ͦͣ͊ͭ;͙͚ͤΣ 
ͨ͡Ό͙ͪ͊ͫͭ͜͡;͙͚ͤ ͻ͔͊ͪ͊ͭͪ͟Σ ͔ͪͺ͔͙͍ͫͤͫͭ͟͜͡ΈΣ ͙͙ͪͭ͟;ͤͫͭ͜ΈΣ ͨͦΊ͒ͤ͊ͤͤΎ 
͍ͨͤ͊͊͘͜͡Έ͙ͤͻΣ ͔͔͙ͫͭͭ;͙ͤͻ ͚ ͔͙ͭ;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͍ͫ͒ͦͣͦͫͭ͜͜ύ Ύ͚ͤ͊ͪ͊͟͟΅͔ ͍͒ͦͦ͘͡ΎΊ 
͍͙͍͙ͪͦ͊ͭ͘ ͙͙ͪͭ͟;͔ͤ ͍ͭͦͪ;͔ ͙͔ͣͫͤͤ͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͜ ͎͍͙ͨ͒ͦͭͯ͊ͭ͜ ͡Ό͙͒ͤͯΣ 
Ύ͊͟ ͒͊ͭͤ͊͘ ͔ͪͺ͔͍͙ͫͯ͊ͭ͟͡ ͯ ͍͙ͤ͊͒͘;͚͊ͤͦ ͙͒ͤ͊ͣ͜;ͤͦͣͯ ͍ͫͭ͜͜Φ ̅ͦͫͦ͜͡ͺ͜Ύ 
͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͊ͫ͋͘͜ ͍͙ͪͦͭͯ͘͟ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ Ύ͟ ζ͎ ͙ͣͤ͊ͫͭ͊͜͟ ͒͡Ύ 
ͪͦͯͣͯ͘η. 

͔̇ ͦͤ͊͘;͊ΊΣ ΅ͦ ͙͔ͫͫͭͣ͊ ͍͙ͦͫͭ͜ ͣ͊Ί ͔͔͎ͨͪ͡Ύ͙ͤͯͭ ͍ͫͦ͝ ͔͎ͫͭͪ͊ͭ͜;ͤ͜ ͦͪ͜Ί͙͙ͤͭͪΣ 
͍ͦͫͭͤ͜͜ ͙ͫͭ͊ͤ͒͊ͪͭΣ ͙ͨ͊ͤ͡ ͚ ͎͙ͨͪͦͪ͊ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜Σ ͔͎ͣͭͦ͒ͦͦ͜͡͝ 
͍ͤ͊;͊ͤͤΎΦ ́͜͡Έ͙͟ ͍ ͭ͊ͦͣͯ͟ ͍͙ͨ͊͒ͯ͟ ͍ ͍ͯͣͦ͊ͻ ͎ͦ͋͊͡͡Έͤͦ͝ ͔ͦͤͯͪͤ͟͟ͼ͜͝ ͍͙͙ͨͯͫͤ͟͟ 
͔ͣͦ͗͘ ͚͙ͤ͊ͭ͘ ͪͦ͋ͦͭͯ όgainful employment ώоϐύΣ Ύ͊͟ ͔͔͊͋ͨ͘͘;͙ͭΈ ͚͎ͦͦ ͎͔͒ͤ͜ ͙͗ͭͭΎ 
͜ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜ΌΦ  

˹͊ ͔͔ͭͪͤ͊ͻ ͙̂ͪ͊ͤ͟͝ ͼΎ ͔ͨͪͦ͋ͣ͊͡ Ί ͤ͊ ;͊ͫ͜ ͘ ͎ͦ͡Ύ͒ͯ ͤ͊ ͔͔ͨͪͻ͒͜ ͍͒͜ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͙͎͙ͨ͊ͪ͊͒ͣ ͍ͤ͊;͊ͤͤΎ ͒ͦ ͔ͪͺ͔͙͍ͫͤͦ͟͡͝Σ ͊ ͭ͊ͦ͗͟ ͨͪͦͼ͔͙ͫ 
͔ͣͦ͒ͪͤ͊͘͜ͼ͜͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ΄͙ͦ͟͡Φ ˿Έ͎ͦͦ͒ͤ͜ ͍ ͔͔ͫͨͪͭͤͦͣͯ͟ ͔͔͍͙ͫͪ͒ͦ΅͜ ΄͙ͪͦͦ͟ 
͎͍ͦ͋ͦͦͪΌΊͭΈͫΎ ͔ͨͪͦͭ͟ ζ˹ ͍ͦ͊ ΄ͦ͊͟͡ ͙̂ͪ͊ͤ͟͝η [5]. ˿͔͎ͭͪ͊ͭ͜;ͤ͊ ͔ͣͭ͊ ͍ͤͦͦ͝ 
ͯͪ͊ͤͫ͟͝Έͦ͟͝ ΄͙ͦ͟͡ ς ͼ͔ ͺ͍ͦͪͣͯ͊ͤͤΎ ͼͫͤͦ͜͜͡͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͔ͯͫ͋͜;ͤͦ ͍͙͔ͪͦͤͤͦ͘͝Σ 
͒͊ͭͤͦ͘͝ ͒ͦ ͙͙ͪͭ͟;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΦ ̇Ύ ͙ͦͫͦ͋ͫͭͫͭ͜Έ ͣ͊Ί ͙͋ͯͭ ͨ͊ͭͪͦͭͦͣ͜ ͘ ͙͍͊ͭͤͦ͟Ό 
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͙ͨͦ͘ͼ͜ΊΌΣ Ύ͙͚͟ ͒͜Ί ͎͒ͤͦ͘͜ ͘ ͣͦͪ͊͡Έͤͦ-͔͙ͭ;͙͙ͤͣ ͙ͨͪͤͼ͙͙ͨ͊ͣ ͜ ͙͚͒͊ͭͤ͘ 
͙͚͙ͨͪͣ͊ͭ ͍͍͒ͨͦ͒͊͜͜͡Έͤ͜ ͪ͜΄͔ͤͤΎΣ ͍ͨͦ͊͗͊Ί ͎͒ͤͫͭ͜͜Έ ͜ ͍ͨͪ͊͊ ͡Ό͙͙͒ͤΣ ͊ ͭ͊ͦ͗͟ 
͍ͤͤͦ͊ͭͦͪͦͣ͜Σ ͙͒͊ͭͤͣ͘ ͣͤ͘͜Ό͍͙͊ͭ ͍͙ͤ͊ͦ͟͡΄͚ͤ͜ ͍ͫͭ͜Σ ͍͙͍͙ͪͦ͊ͭ͘ ͔ͦͤͦͣͯ͟͜͟ ͊͘ 
͙ͨͪͤͼ͙͙ͨ͊ͣ ͎ͫͭ͊ͦͦ͡ ͍͙ͪͦͭͯ͘͟Σ ͍͙ͦͤͯͪͯ͊ͭ͟͟ ͤ͊ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Σ ͯ;͙͙ͭͫΎ ͍͍ͨͪͦ͒ͦ͗ 
͙͗ͭͭΎΦ  

̒͟ ͋͊;͙ͣͦΣ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ͜ ͙͊ͫ͊͒͘ ζ˹ ͍ͦͦ͝ ΄͙ͦ͟͡ ͙̂ͪ͊ͤ͟͝η ͍ ͼͦͣͯ͜͡ 
͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͍͙͙͊ͣ͟͟͡ ;͊ͫͯ ͭ͊ ͍͙͎ͣͦ͊ͣ ͫͯ;͎͊ͫͤͦͦ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Φ ˾͊ͦͣ͘ ͘ ͙ͭͣ 
͙ͨͦ͟ ΅ͦ ͔ͤ ͍ͦͫͣ͘͜ ͪͦͯͣͦ͘͘͜͡Σ Ύ͙͚͟ ͔ͣͻ͊ͤͣ͘͜ ͔͔ͣͨͣͤͭ͊͜͡ͼ͜͝ ͼΈ͎ͦͦ ͔ͨͪͦͭͯ͟ ͯ 
͙͗ͭͭΎΦ ˹͔͔͊ͫ͊ͣͨͪ͒Σ ͯ ͔ͦͤͭͫͭ͟͟͜ ͤ͊΄ͦ͝ ͫͭ͊ͭͭ͜ ͚͔͒ͭΈͫΎ ͨͪͦ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͙ͪͦͭͯ͘͟ 
͙ͭ͊͟ͻ ͙ͤ͊ͫͪͤ͘͟͜ͻ ͯͣͤ͜Έ ͯ;͍ͤ͜Σ Ύ͟ ͙͙ͪͭ͟;͔ͤ ͙͔ͣͫͤͤ͡ΎΣ ͎ͦ͜͡;͙͚ͤ ͊͘ͻ͙ͫͭ ͙ͨͦ͘ͼ͜͝ 
ͭͦ΅ͦΦ  

˹͊΄͊ ͍ͫͭͯͪ͋ͦ͊ͤͫͭ͜Έ ͍͔ͯͣͦͤ͊͘͡ ͙ͭͣΣ ΅ͦ ͼ͜ ͍͙ͤ͊;͙͟ ͋͊͗͊ͤͦ ͺ͍͙ͦͪͣͯ͊ͭ ͍͔͗ 
ͯ ͔͚͒ͭ͜Φ ˢ ;͙ ͎͍ͦͭͦ͊ ͯͪ͊ͤͫ͟͝Έ͊͟ ΄ͦ͊͟͡Σ ͍;͙͔ͭ͡Έ ͒ͦ ͼΈ͎ͦͦΚ ͙́ͣ ͋͜͡Έ΄͔Σ ΅ͦ ͫͭ͊ͪͭ 
͙ͪͦ͋ͦͭ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͊͘ ͍͙͙ͤͦͣ ͍͙ͦͫͭͤͣ͜͜ ͙ͫͭ͊ͤ͒͊ͪͭ͊ͣ ͤ͊ ͔͔͚ͦͣͨͭͤͭͤͫͤ͟͜͜ 
͍ͦͫͤͦ͜ ό͎͒ͤͦ͘͜ ͔ͨͪͦͭͯ͟ ˭͊ͦͤͯ͟ ͙̂ͪ͊ͤ͟͝ ζ˽ ͪͦ ͍ͦͫͭͯ͜ηύ ͔͔ͨͪ͒͋͊;͔͙͚ͤ ͤ͊ нлму ͪ͜͟Φ 

́͊͟ ͫ͊ͦͫ͟͡͡ΎΣ ΅ͦ ͋͜͡Έ΄ͫͭ͜Έ ͘ ͤ͊ͫ ͯͫͭͪ͘͜;͊ΊͭΈͫΎ ͘ ͺͦͫͦ͜͡ͺ͜ΊΌ ͭ͜͡Έ͙͟ ͯ ͫͭ͊ͪ΄͚͜ 
΄ͦ͟͜͡ ό͍ ͪ͊͟΅ͦͣͯ ͍͙ͨ͊͒ͯ͟ύ ͭ͊ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΦ ˢ͔͡Σ ͤ͊ ͤ͊΄͔ ͍͔͙͔͟͡ 
͔͔ͨͪͦͤ͊ͤͤ͟ΎΣ ͺͦͫͦ͜͡ͺ͜Ύ ͣ͊Ί ͍͍͙ͫͯͨͪͦͦ͒͗ͯ͊ͭ ͡Ό͙͒ͤͯ ͜ ͎͙͒ͦͨͦͣ͊͊ͭ ͚͝ ͍͍ͨͪͦ͒ͦ͗ 
ͯͫΈ͎ͦͦ ͙͗ͭͭΎΥ ͨͦ;͙ͤ͊Ό;͙ ͘͜ ΄͙ͦ͟͡ ό͙͍ͣͦ͗ͦ͡Σ ͍ͤ͊ͭ͜Έ ͪ͊ͤ͜΄͔ύ ͜ ͊ͤ͘͟͜;ͯΌ;͙ 
͍͔͙͔͙ͯͤͪͫͭͭ͊ͣ͜ ͔ͭͪͭΈ͎ͦͦ ͨͦͦͤͤ͟͜͡ΎΦ ˭͍͔͔ͪͤͤͤΎ ͺͦͫͦ͜͡ͺ͜͝ ͒ͦ ͔ͫͤͫͦ͋ͯͭͭΊ͍͙ͻ 
͔ͨͪͦ͋ͣ͡ ͡Ό͙͙͒ͤΣ ͝͝ ͙͍ͣͦ͗ͦͫͭ͜͡ ͯ ͍͙ͪͦͭͯ͘͟ ͙͙ͪͭ͟;͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͪͦ͋͡ΎͭΈ ͝͝ 
͍͙͊͒͊ͤͤ͟͡Ύ ͍͚ͪ͊͟ ͔ͤͦ͋ͻ͙͒ͤͣ͜ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ζ͡ Ό͙͙͒ͤ ͔ͪͺ͔ͫͯ͟͡Ό;ͦ͝η. 

 ˸ ͙ ͍͙ͻ͙ͦ͒ͣͦ ͘ ͎ͭͦͦΣ ΅ͦ ͺͦͫͦ͜͡ͺ͜Ύ ͒͡Ύ ͔͚͒ͭ͜ Ί ͔ͨͪ΄͙ͣ ͔ͭ͊ͨͦͣ ͯ 
ͺ͍ͦͪͣͯ͊ͤͤ͜ ͍͙ͤ͊;ͦ͟ ͺͦͫͦ͜͡ͺͫΈ͎ͦͦ͟ ͙͔ͣͫͤͤ͡Ύ ͜ ͎ͪͦ͘͡Ύ͒͊Ίͣͦ ͝͝ Ύ͟ ͍͙͍͙͚͊͗͡ 
͔͔͔ͣͤͭ͡ ͦͤ͟ͼ͔ͨͼ͜͝ ζͅ ͦͫͦ͜͡ͺ͜Ύ ͍͍ͨͪͦ͒ͦ͗ ͯͫΈ͎ͦͦ ͙͗ͭͭΎη ώ͙͍͒Φ пϐΣ Ύ͊͟Σ ͍ ͍ͫͦΌ 
;͔͎ͪͯΣ Ί ͔͍ͤ͒͜ΩΊͣͤͦΌ ͍ͫ͊͒ͦͦ͟͡Ό ͔͒ͦ͋ͪ ͍͒ͦͣͦ͜͝ ͦͤ͟ͼ͔ͨͼ͜͝ ζͦ ͍ͫͭ͊͜ ͨͪͦͭΎ͎ͦͣ 
͙͗ͭͭΎηΣ ΅ͦ ͍͙ͤ͊͘;͊Ί ͔͎ͫͭͪ͊ͭ͜Ό ͍͙ͪͦͭͯ͘͟ ͫͯ;͊ͫͤͦ͝ ͍͙ͦͫͭ͜Φ  

˴͡Ό;͍͔ͦ ͙ͨͭ͊ͤͤΎΣ Ύ͔͟ ͨͦͫͭ͊Ί ͤ͊ ΄͡Ύͻͯ ͔ͪ͊͊͘͜͡ͼ͜͝ ͊ͤ͊͘͘;͔ͤͦ͝ ͦͤ͟ͼ͔ͨͼ͜͝Σ ς ͼ͔ 
͙ͨͭ͊ͤͤΎ ͨͪͦ ͔ͭΣ ͙ͦ͟͡ ͔ͭͪ͋͊ ͨͦ;͙͙ͤ͊ͭ ͚͙͙ͤ͊ͦͣͭ͘ ͔͚͒ͭ͜ ͘ ͺͦͫͦ͜͡ͺ͜ΊΌΦ ̇Ύ ͔ͭͣ͊ Ί 
͙͚͒ͫͯͫͤͦ͟͜Ό ͔͔ͫͪ͒ ͺ͊ͻ͍͜ͼ͍͜Φ ˽͔ͪͦ͋ͣ͊͡ ͍ͨͦΩΎ͊ͤ͊͘Σ ͨͦ-͔ͨͪ΄͔Σ ͘ ͙͙ͪͤͣ͘͜ 
ͨ͒͜ͻ͙ͦ͒͊ͣ ͒ͦ ͍͙ͤ͊͘;͔ͤͤΎ ͟͡Ό;͍͙ͦͻ ͨͦͤΎͭΈΥ ζ͒ ͙͙͍ͭͤͫͭͦη ͜ ζ͒ ͙ͭΎ;͙͚ ͍͜͟ηΦ ˢ ͨͦ-
͎͔͒ͪͯΣ ͎͋͊͊ͭͦ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͍͙͍ͫͯ͊ΌͭΈ ͍͙ͫͯͣͤ͜ ΅ͦ͒ͦ ͒ͦͼ͜͡Έͤͦͫͭ͜ ͍͙͊͒͊ͤͤ͟͡Ύ 
ͺͦͫͦ͜͡ͺ͜͝ ͯ ͼΈͦͣͯ ͍͜ͼ͜Σ ͦͫ͟͜͡Έ͙͟ ͍ ͙͚ͭ͊͟ ͫͨͦͫ͋͜ ͙ͣ ͍ͨͦ͋͊͘͡ΎΊͣͦ ζΌ͙ͤͻ 
ͺͦͫͦ͜͡ͺ͍͜η ͙͙͍͒ͭͤͫͭ͊Σ ͍͙͍͒ͪ͊͜͟Ό;͙ ͣ͝ ͫ͊͒ͤ͟͜͡Σ ͊ ;͊ͫͦͣΣ ͚ ͒ͦͫͭ͊ͭͤΈͦ ͎ͭͪ͊͜;ͤ͜ 
͙ͫͭͦͪͦͤ ͡Ό͒ͫΈ͎ͦͦ͟ ͍ͫͤͯ͊ͤͤ͜ΎΦ 

˽͔ͪͦͭ ͙͗ͭͭΎ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͙͒ͭ͜ ͨͦ;͙ͤ͊ΌͭΈ ζͅ ͦͫͦ͜͡ͺ͍͍͙ͫͭͯ͊ͭη ͔͒ͯ͗ ͪ͊ͤͦΦ 
ˤ͔͗ ͯ ͍͜ͼ͜ о-р ͍ͪͦ͟͜ ͍͙ͦͤ ͍ͫͭ͊͡ΎͭΈ ͺͦͫͦ͜͡ͺͫΈ͟͜ ͙͊ͨͭ͊ͤͤ͘ΎΥ ζ̉ ͦͣͯ ͼ͔ ͭ͊͟Κη, ζ˨ ͡Ύ 
;͎ͦͦΚη, ζ̒ ͟ ͼ͔ ͍͍͒͋ͯ͊͜ΊͭΈͫΎΚηΦ ˤ͙ͦͤ ͼ͍͊͜͟͡ΎͭΈͫΎ ͔͙ͨͪͦ͋ͣ͊ͣ͡ ͙͗ͭͭΎ ͜ ͔ͫͣͪͭ͜Σ 
͙͒ͪͯ͗͋ ͜ ͦ͟ͻ͊ͤͤΎΣ ͒ͦ͋ͪ͊ ͜ ͊͘͡Σ ͙͙ͨͪͪͦ͒ ;͊ͫͯΣ ͨͦͻ͔ͦ͒͗ͤͤΎͣ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ 
͔ͪ;͔͚Φ ˹͔͒͊ͪͣ͊ ͼ͔͚ ͍͜͟Σ Ύ͙͚͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͍͔͙ͦ͟͡Ό ͎ͫͨͪ͊ͦΌ ͨͤ͊ͤͤ͘͜Ύ ͍ͫͭͯ͜Σ 
͙ͨͫͻ͎͙ͦͦ͡ ͍͙ͤ͊͘;͊ΌͭΈ Ύ͟ ζ͍ ͜͟ ;͙͍ͦͣͯͫ͟͜ηΣ ͊ ͺͦͫͦ͜͡ͺ͙ ς ζ͍ ͜͟ ͙ͫͨͦͤͭ͊ͤͤͻ 
ͺͦͫͦ͜͡ͺ͍͜η.  
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˾͔ͺ͔ͫ͟͜͡ΎΣ ͭ͊͊͟ ͔ͤͦ͋ͻ͒ͤ͊͜ ͒͡Ύ ͍ͣͤͤ͜Ύ ͍͙ͣͪͯ͊ͭ͜͟Σ ͨͦ;͙ͤ͊ΊͭΈͫΎ ͔ͫ͊ͣ ͘ 
͙ͨͪͪͦ͒ͤͦ͝ ͙͒ͭΎ;ͦ͝ ͙͙͍͒ͦͨͭͦͫͭ͜͡ ΅ͦ͒ͦ ͍ͫͭͯ͜ ͜ ͭ͊Ί͙ͣͤͼΈ ͚͎ͦͦ ͯ͊͡΄͍ͭͯ͊ͤͤΎΦ 
ˤ͔͙͙͚͟͡ ͙͍ͨͦ͒Σ ͍͙͒͘͜͟ ͤ͊ͪͦ͒͗ͯΊͭΈͫΎ ͒ͯͻ ͺͦͫͦ͜͡ͺ͍͍ͫͭͯ͊ͤͤΎΣ ς ͼ͔ ͨ͊͒ͤͤ͜Ύ ͍͙͊͒͡ 
;͍͔͚͊ͫͭͦͦͫͭ͟Σ ͙ͦ͟͡ ͔ͣ͊ͤ͡Έ͚͟͜ ͡Ό͙͒ͤ͜ ͍͙͍͒ͪ͊͜͟ΊͭΈͫΎ ͔͔͙͍ͨͪͫͨͭ͊͟ ͔͔͋ͤ͘͟͜;͎ͤͦͦ 
ͼ͎ͦͦ͜͡Σ ͙͍ͣͦ͗ͫͭ͜͡Έ ͚͎ͦͦ ͪͦͯͣͤͤ͘͜ΎΦ ́ͦͣͯ ͍͚ͪ͊͟ ͔ͤͦ͋ͻ͙͒ͤͣ͜ ͍ ͼ͔͚ ͔ͨͪͦ͒͜ Ί 
͍͔ͫͭͦͪͤͤΎ ͙ͫͨͪΎ͙͍͙ͭ͡ͻ ͍ͯͣͦ ͒͡Ύ ͙͙ͨ͒ͭͪͣ͜͟ ͜ ͍͙ͪͦͭͯ͘͟ ͙͒ͭΎ;ͦ͝ ͫͻ͙͡Έͤͦͫͭ͜ ͒ͦ 
ͺͦͫͦ͜͡ͺͫΈ͎ͦͦ͟ ͙͔ͣͫͤͤ͡ΎΦ ͔̇ ͫͭͦͫͯΊͭΈͫΎ Ύ͟ ͋͊ͭΈ͍͟͜Σ ͭ͊͟ ͜ ͍;͙͔͍ͭ͜͡Σ ͍͙ͻ͍͔͍ͦ͊ͭ͜͡ 
͍ͦͫͭͤ͜͜ͻ ͍ͯͫͭ͊ͤͦΦ ˤ͙͍͊͗ͦ͡ ͔ͤ ͍͙͙ͭͪ͊ͭͭ ͼΌ ͙͍ͣͦ͗ͫͭ͜͡Έ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ 
͍ͨͦͤͦͼ͎ͤͤͦͦ͜ ͺͦͫͦ͜͡ͺͫΈ͎ͦͦ͟ ͙͔ͣͫͤͤ͡Ύ ͯ ͨͦ͒͊͡Έ΄ͦͣͯΦ ˹͊ ͼΈͦͣͯ ͔ͭ͊ͨ͜ ͍͙͍͊͗ͦ͡ 
͎͙͒ͦͨͦͣͦͭ ͙͙͒ͭͤ͜ ͔͔͍͔͙ͨͪͫͭ ͫͨͦͤͭ͊ͤͤͯ ͔ͪͺ͔ͫ͟͜͡Ό ͯ ͔ͫ͊ͣͦͪͺ͔ͫ͟͜͡ΌΦ 

͔̅ͯͤ͒͊ͣͤͭ͊͡ΈͤͦΌ ͨͪ͊ͼ͔Ό ͍ ͼ͚͜ ͼ͙͊ͪͤ͜ ͫͭ͊͊͡ ͙͎ͤ͊͟ ͨͪͦͺ͔ͫͦͪ͊ ͺͦͫͦ͜͡ͺ͜͝ 
˴͚ͦͯͣ͋ͫ͜͡Έ͎ͦͦ͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ˸͔ͭΈΌ ˶ͨͣ͊ͤ͊͜ ζʕ ͙͒ͪͭͭ͜͟Ύ ͺͦͫͦ͜͡ͺ͜͝η όмфсф ͪΦύΦ 
ˢ͍ͭͦͪ ͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ͙͒ͭ͜ ͒͊ͭͤ͘͜ ͒ͦ ͎͊͋ͫͭͪ͊ͭͤͦͦ͟ ͙͔ͣͫͤͤ͡ΎΣ ͊ ͔ͦͭ͗Σ ͘ ͙͙ͤͣ 
ͣͦ͗ͤ͊ ͜ ͔ͭͪ͋͊ ͚͙͊ͣ͊ͭͫ͘Ύ ͎ͦͦ͜͟͡Ό ͜ ͍͙͍͙ͪͦ͊ͭ͘ ͝ͻ ͫͻ͙͡Έͤͫͭ͜Έ ͒ͦ ͍ͣͪͯ͊ͤ͜͟ΈΦ ˭͎ͦ͒ͦͣ 
͘ΩΎ͍͙͊ͫ͡Ύ ͣ͗ͤ͊ͪͦ͒ͤ͊͜ ͔͎ͫͭͪ͊ͭ͜Ύ ͍ͤ͊;͊ͤͤΎ ζ̅ ͦͫͦ͜͡ͺ͜Ύ ͒͡Ύ ͔͚͒ͭ͜η (Philosophy for 
ChildrenΣ ͔͍͊͋ͪ͊ͭͯͪ͊͜ ς P4CύΦ ˨ͦ ͝͝ ͍͔ͫͭͦͪͤͤΎ ͒ͦͯ͡;͙͙ͫ͡Ύ ˥Φ˸͔ͭΈΌͫΣ ˾Φ ˾͙͒Σ  
˸Φ ˽͙ͪͭ;͊ͪ͒Σ ˩Φ ̊͊ͪͨ ͭ͊ ͤ͜΄͜Φ 

 ˸ ͔ͭ͊ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘͝ ͎͙ͨͪͦͪ͊ͣ ς ͍͙ͪͦ͘ ͭͦ͟ ͍ ͯ;͍ͤ͜ ζͣ ͙͔ͫͤͤ͡Ύ ͍͙΅͎ͦͦ 
ͨͦͪΎ͒ͯ͟ηΣ ͍ͤ͊;͙͙ͭ ͝ͻ ͍͙ͣͪͯ͊ͭ͜͟ ͪͦͯͣͤͦ͘Φ ͔́͊͟ ͙͔ͣͫͤͤ͡Ύ ͣ͊Ί ͙͋ͯͭ ͙͙ͪͭ͟;͙ͤͣΣ 
͔͙͍͙ͪ͊ͭͤͣ͟ ͜ ͍ͨͯ͊͜͟͡͡Έ͙ͤͣΣ ͭͦ͋ͭͦ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͔͔͙ͤͭͪͫ͜ ͦͭͦ;ͯΌ;͙ͻ ͡Ό͔͚͒ 
(critical, creative, caring thinking). 

˭͙͊ͫ͊͒ͤ;͙͙ͣ ͝͝ ͙ͨͪͤͼ͙͙ͨ͊ͣ Ί ͤ͊ͫͭͯͨͤ͜Υ  
- ͤ ͍͊;͊ͤͤΎ ͺͦͫͦ͜͡ͺ͍͍ͫͭͯ͊ͤͤΌΣ ͊ ͔ͤ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ ͺͦͫͦ͜͡ͺ͜ΌΤ 
- ͨ ͔ͪͦ͋ͣͤ͊͡ ͨͦ͒͊;͊ ͺͦͫͦ͜͡ͺͫΈ͎ͦͦ͟ ͤ͊ͤͤ͘ΎΤ 
- ͨ ͔͔͍͔ͪͭͦͪͤͤΎ ͊ͫͯ͟͡ ͯ ͍͍͙͍ͫͨͭͦ͊ͪͫͭͦ͜ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͯͪͦͯ͟ ͊͘ 
͙ͨͪͤͼ͙ͨͦͣ ͙ͫͦͪ͊ͭ͟;͎ͤͦͦ ͎͒͊ͦͯ͜͡Τ 
- ͤ ͊͒͊ͤͤΎ ͒ͭ͜Ύͣ ͊ͣͫͭ͘͜Έ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͺͦͫͦ͜͡ͺͫΈ͙͟ ͍͔͙ͤ͊͊ͤͭ͊͗ͤͻ ͍͔͚ͨͦͫͭ͜ 
[10, 6].    
ζ̅ ͦͫͦ͜͡ͺ͜Ύ ͒͡Ύ ͔͚͒ͭ͜η ͪͦͪ͊͘ͻ͍ͦ͊ͤ͊ ͤ͊ ͍͔ͫΈ ;͊ͫ ͔͔͍ͨͪ͋ͯ͊ͤͤΎ ͙͙͙͒ͭͤ ͯ 

΄ͦ͟͜͡Υ ͘ ͨͦ;͍͊ͭͦͦ͟͝ ͒ͦ ͫͭ͊ͪ΄͙ͻ ͍͊ͫ͟͜͡Φ ͍͔̂ͤͪͫ͊͜͡Έͤͫͭ͜Έ ͜ ͼͫͤͫͭ͜͜͜͡Έ ͺͦͫͦ͜͡ͺ͜͝ 
͙ͫͨͪΎΊ ͨͦ͒ͦ͊ͤͤ͡Ό ͺ͎͔ͪ͊ͣͤͭ͊ͪͤͦͫͭ͜ ͭ͊ ͙͒ͫͼ͙͎ͨͤ͊ͪͤͦͦ͜͡ ͔͍ͪͦͣ͗ͯ͊ͤͤ͘Ύ 
΄͟͜͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͋͜͡Έ΄ ͍͔ͯͫ͒ͦͣͤͦͣͯ͜͡ ͍ͦͦͦ͒ͤͤ͜͡Ό ͤ͊ͤͤ͘Ύ͙ͣΦ ͔̇ ͨͦͫͭ͊Ί 
͙͍ͦͫͦ͋ͦ͡ ͊ͭͯ͊͟͡Έ͙ͤͣΣ ͦͫ͟͜͡Έ͙͟ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ΄͙ͦ͟͡ ͔͔ͨͪ͒͋͊;͊Ί 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ Ύͦͫͭ͟͜ ͍͎͋͊ͦͦͦ͘ ͔͎͙͍͎ͤͭͪ͊ͭͤͦͦ͜ ͨ͒͜ͻͦ͒ͯΦ ˭ͪͦͯͣͦ͘͜͡Σ ΅ͦ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͺͦͫͦ͜͡ͺ͜͝ ͤ͊ ͙ͪͤ͘͜ͻ ͍ͪͤ͜Ύͻ ΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͣ͊Ί ͍ͫͦΌ ͔ͫͨͼ͙ͺͯ͜͟Σ Ύ͊͟ 
͍͙ͤ͊͘;͊ΊͭΈͫΎ ͎͋͊͊ͭΈͣ͊ ;͙͙͙ͤͤ͊ͣ͟Φ ˤ ͔ͦͤͭͫͭ͟͟͜ ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͣ͊Ίͣͦ 
͎͙͙ͤ͊ͦͦͫͭ͡ ͤ͊ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͎ͤ͊ͫͪͤͦͦ͘͟͜ ͍ͤ͊;͊ͤͤΎ ͺͦͫͦ͜͡ͺ͜͝Φ ̊ͦ͊͟͡ 
ͣ͊Ί ͚ͨͦͫͭͤͦ͜ ͙͍͙ͨ͒ͭͪͣͯ͊ͭ͜ ͔͔ͤͭͪͫ͜ ͚ ͙͙͍͒ͦͨͭͫͭ͜͡Έ ͙͙͙͒ͭͤ ͜ ͍ͨͦͫͭͯͨͦͦ ͍͍͙͙ͦ͒ͭ ͝͝ 
͒ͦ ͫͺ͔͙ͪ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͜ ͦͫΎ͎͔ͤͤͤΎ ͔ͫͤͫͦ͋ͯͭͭΊ͍͙ͻ ͔ͨͪͦ͋ͣ͡Σ Ύ͟͜ 
ͨͦͫͭ͊ΌͭΈ ͊ͭͯ͊͟͡Έ͙͙ͤͣ ͒͡Ύ ΄ͦ͟͡Ύ͍ͪ͜ ͍ ͚ͭͦ ;͙ ͤ͜΄͙͚ ͔ͨͪͦ͒͜ ͝ͻͤΈ͎ͦͦ ͙͗ͭͭΎΦ ͔̇ 
͔ͨͦͭͪ͋ͯΊ ͎͔ͯͦ͒͗ͤͤ͘Ύ ͍ͨ͊ͤ͜͡ ͜ ͎ͨͪͦͪ͊ͣ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͍ͪͤ͜Ύͻ ΄͟͜͡Έͤͦ͝ 



ʌʽʣʦʩʦʬʽʷ ʥʘʫʢʠ: ʪʨʘʜʠʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ, 2017, ˉ 1 (15) 

147 

 

͍͙ͦͫͭ͜ ͤ͊ ͙ͨͪͤͼ͙ͨ͊ͻ ͤ͊ͫͭͯͨͤͦͫͭ͜Σ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͦͫͭ͜͜͡Σ ͼͫͤͦͫͭ͜͜͜͡Σ ͊ ͭ͊ͦ͗͟ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡Σ Ύ͟͜ ͋ ͍͙ͦͦͦ͒͜͡͡ ͒͊ͤͦΌ ͔͙ͣͭͦ͒ͦ͟ΌΦ 

˹͊ ͫΈ͎ͦͦ͒ͤ͜ ͎ͨͪͦͪ͊ͣ͊ ζ̅ ͦͫͦ͜͡ͺ͜Ύ ͒͡Ύ ͔͚͒ͭ͜η ͚ͨͪͦ΄͊͡ ͊ͨͪͦ͋͊ͼ͜Ό ͋͜͡Έ΄ ͤ͗͜ 
ͯ ул-͙ͭ ͪ͊ͤ͊͟͝ͻ ͍ͫͭͯ͜ ͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͔ͺ͔͙͍͙͚ͭͤ͟ ͔ͤͫͭͪͯͣͤͭ͜ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ 
͍͙ͤ͊;ͦ͟ ͺͦͫͦ͜͡ͺͫΈ͎ͦͦ͟ ͙͔ͣͫͤͤ͡Ύ ͯ ͔͚͒ͭ͜Φ ˽͍͔͔͒ͭͪ͒͗ͤͤ͜Ύͣ ͼΈ͎ͦͦ Ί ͔ͪͯ͘͡Έ͙ͭ͊ͭ 
͔͒ͦͫ͒͗ͤ͜͡ΈΣ Ύ͟͜ ͚͒ͫͤ͘͜Ό͍͙͊ͫ͡Ύ ͯ ˤ͔͙͙ͦ͋ͪͭ͊ͤ͟͜͡͝Σ ͔͒ ͼΎ ͔͙ͣͭͦ͒͊͟ ͫͭ͊͊͡ 
͍͙ͤ͊͒͘;͚͊ͤͦ ͨͦͨͯ͡ΎͪͤͦΌΦ ˭͔ͦͪͣ͊͟Σ ͯ ͔͚͒ͭ͜ ͣͦͦ͒͡΄ͦ͝ ΄͙ͦ͟͡Σ Ύ͟͜ ͣ͊ΌͭΈ ͙͡΄͔ 
͔ͦ͒ͤ ͊ͤ͘ΎͭͭΎ ͤ͊ ͙͔ͭ͗͒ͤΈΣ ͯͫͨ͜΄ͤͫͭ͜Έ ͘͜ ;͙ͭ͊ͤͤΎ ͚ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͪͦͫͭ͊͘Ί ͤ ͊ ол% [7], 
͊ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͯ ̊ͦͭ͊ͤ͒͜͡͝ ͍͊ͫ͒͘͜;͙͙͡Σ ΅ͦ ͯ ͔͔ͫͪ͒ͤΈͦͣͯ IQ 
͔͚͒ͭ͜Σ Ύ͟͜ ͍͙͍;͙͊͡ ͺͦͫͦ͜͡ͺ͜ΌΣ ͤ͊ сΣр ͍ͨͯͤͭ͟͜ ͍͙΅͔Σ ͤ͗͜ ͯ ͤ͜΄͙ͻώфΣ млϐΦ  

˹͊ ͗͊͡ΈΣ ͯͪ͊ͤͫ͟͝Έ͊͟ ͍ͦͫͭ͊͜ ͒ͦͯ͡;͙͊ͫ͡Ύ ͒ͦ ͼΈ͎ͦͦ ͨͪͦͼ͔ͫͯ ͔ͤ΅͍ͦ͒͊ͤͦΦ 
˽ͦͨͯ͡Ύ͙ͪ͊͘ͼ͜ΊΌ ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎͣ ͎͙ͨͪͦͪ͊ͣ ζ̅ ͦͫͦ͜͡ͺ͜Ύ ͒͡Ύ ͔͚͒ͭ͜η ͍ ̂ͪ͊ͤ͟͜͝ 
͚͊ͣ͊͘ΌͭΈͫΎ ˹Φ ˢ͔͒͊ͣͤͦ͟Σ ̑Φ ˴͍ͪ͊;͔ͤͦ͟ ͭ͊ ͤ͜΄͜Φ ˨͙ͦͫ͒ͤ͜͡ͼ͜ ͊ͤ͊͘͘;͊ΌͭΈΣ ΅ͦ ͒͡Ύ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͡Ό͙͙͒ͤ ͪͦͯͣ͘͜Ό;ͦ͝Σ ͔͙͍ͪ͊ͭͤͦ͟͝Σ ͒͊ͭͤͦ͘͝ ͒ͦ ͔͍ͫ͊ͣͦͨͪͦͭͯ͊ͤͤ͟Ύ ͭ͊ 
͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝Σ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͍͙͋ͦͪͯ ͤ͊ ͍ͦͫͤͦ͜ ͜Ίͪ͊ͪͻ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜-ͤ͊͘;ͯ΅͙ͻ 
ͼ͔͚ͤͤͦͫͭ͜ ͜ ͙͍ͫͣͫ͜͡ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͊ͫͦ͋͘͜ ˸͗ͤ͊ͪͦ͒ͤͦ͜͝ ͍ͦͫͭͤ͜Έͦ͝ 
͎͙ͨͪͦͪ͊ͣ ζ̅ ͦͫͦ͜͡ͺ͜Ύ ͒͡Ύ ͔͚͒ͭ͜η Ύ͟ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͎ͪͦͦͪͭ͊͘Ί ͍ͫͦ͝ 
͙͙ͫͣͫ͡ ͍ ͔ͦͤͭͫͭ͟͟͜ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟-͔͙͍ͪ͊ͭͤͦ͟͝ ͔ͣͦ͒͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍ 
ͼ͔ͤͭͪ͜ Ύͦ͟͝ Ί ͪͦͯͣͤͤ͘͜Ύ Ύ͟ ͫͨͦͫ͋͜ ͍ͦͫͦΊͤͤΎ ͍ͫͭͯ͜Σ ΅ͦ ͍͔͔͒ ͒ͦ ͍͔ͫ͊ͣͦͯͫ͒ͦͣͤͤ͜͡ΎΣ 
͙͔͎ͦͫͣͫͤͦͦ͡ ͙͍ͨͪͦ͗͊ͤͤΎ ͍͎ͫͦͦ ͋ͯͭͭΎΣ ͙͗ͭͭΊ͍ͭͦͪ;ͦͫͭ͜Σ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͪͦͫͭ͊ͤͤ͘ΎΣ 
ͤ͊͋ͯͭͭΎ ͍ͤͯͭͪ͜΄ͤΈͦ͝ ͍͙ͫͦ͋ͦ͒ [1, 193]. 

ˤ͊ͪͭͦ ͊ͤ͊͘͘;͙͙ͭ ͙͙͍͙͚ͨͦͭͤ͘ ͍͒ͦͫ͒͜ ˸ˢ˹ ͙̂ͪ͊ͤ͟͝ ͘ ͨͦ΄͙͔ͪͤͤΎ ͼ͜Ί͝ 
͎͙ͨͪͦͪ͊ͣΦ ˯͔͒ͭΈͫΎ ͨͪͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͦͤ͟ͺ͔͔ͪͤͼ͚͜Σ ͔͎͍ͭͪͤͤ͜͜ ͒͡Ύ ͺ͊ͻ͍͜ͼ͍͜ ͜ 
͔͎͎͍ͨ͒͊ͦ͜Σ ͭͤ͜͜͡ͻ ΄͟͜͡ ͒͡Ύ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡ ͊͘ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ͝ ͯ;͊ͫͭ͜ ͔͙ͣͭͦ͒ͫͭ͊ 
˹̇ ζ˸ ˢ˹η̂Σ ͔͔ͭͪͤͪ͊ ͚ ͯ;͙͊ͫͤ͊͟ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͦͤ͟ͺ͔͔ͪͤͼ͚͜ ͭ͊ ͍ͦͪ͟΄͍ͦͨ͜ ͘ 
͎͙ͨͪͦͪ͊ͣ ζ̅ ͦͫͦ͜͡ͺ͜Ύ ͒͡Ύ ͔͚͒ͭ͜η ̑ ͜͡͝ ˴͍ͪ͊;͔ͤͦ͟Φ 

̂ ͔ͫͪͨͤ͜ нлмс ͪΦ ͯ ˸˻˹ ͍͍͒͋ͯͫ͜Ύ ͎͙͚ͪͯ͟͡ ͫͭ͜͡ ζ˭ ͙͙ͯ͋ͪͭ ς ͔ͤ ͍͙ͻ͒͜Σ ͊͋ͦ Ύ͟ 
͔͙͍ͪ͊ͭͤͫͭ͟͜Έ ͭ͊ ͺͦͫͦ͜͡ͺ͜Ύ ͔ͣͦ͗ ͙͙ͣͤͭ͘͜ ͍ͤ͊;͊ͤͤΎ ͯ ΄ͦ͊͟͡ͻη ͊͘ ͯ;͊ͫͭΌ ͍͜ͼ͔-
͔͙͔ͨͪ͒ͤͭ͊͘ ͣ͗ͤ͊ͪͦ͒ͤͦ͜͝ ͙ͪ͊͒ ζ̅ ͦͫͦ͜͡ͺ͜͝ ͒͡Ύ ͔͚͒ͭ͜ηΣ ͨͪͦͺ͔ͫͦͪ͊ ˴͚ͦͤͫ͊ͤͫΈ͎ͦͦ͟ 
ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ό˽͍͔͒ͤͤ͊͜ ˴͔ͦͪΎύ ˨͍͗ͤ͊ͤ͊͜ ˽͊ͪ͊͟Σ ͣͤͫͭͪ͊͜͜ ͍͙ͦͫͭ͜ ͚ 
͙ͤ͊ͯ͟ ˶͜͜͡͝ ˥͙͔͍͙ͪͤ; ͭ͊ ͺ͊ͻ͍͜ͼ͍͜Φ ˸ͤͫͭͪ͜͜ ͍ ͼͦͣͯ͜͡ ͙ͨ͒ͭͪͣ͊͊͜͡ ͔͒͜Ό ͔͎ͤͭͪ͊͜ͼ͜͝ 
͔͙͙ͣͭͦ͒͟ ζ̅ ͦͫͦ͜͡ͺ͜Ύ ͒͡Ύ ͔͚͒ͭ͜η ͍ ͯͪ͊ͤͫ͟͝Έͯ͟ ͍ͦͫͭͤ͜Ό ͙͔ͫͫͭͣͯΣ ͨͦ;͙ͤ͊Ό;͙ ͘ 
ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Σ ͜ ͊ͤ͊͘͘;͙͊͡Σ ΅ͦ ͍ͤͦ͊ ͯͪ͊ͤͫ͟͝Έ͊͟ ΄ͦ͊͟͡ ζͣ ͙͔͊ͭͣ ͙ͨͪͤͼ͙͍ͨͦͯ 
͙ͪͤ͘͜ͼΌ ͔ͤ ͭ͜͡Έ͙͟ ͍ ͙͍ͭͪ͊ͦͫͭ͜͡ ͍ͤ͊;͊ͤͤΎΣ ͔͊͡ ͍ͦͤ͊ ͔͋ͯ͒ ͙ͣ͊ͭ ͍͙͚ͤͦ ͣͫͭ͘͜Σ Ύ͙͚͟ 
͎ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟ΎͻΣ ͜ ͍ͤͦ͜ ͔͙ͣͭͦ͒ ͍͙͊͒͊ͤͤ͟͡ΎΣ Ύ͟͜ ͎ͪͯͤͭͯΌͭΈͫΎ ͤ͊ 
ͨ͒͜ͻͦ͒͊ͻ ͔͙͙ͣͭͦ͒͟ ζ̅ ͦͫͦ͜͡ͺ͜Ύ ͒͡Ύ ͔͚͒ͭ͜ηζ ώнϐΦ ˽͔ͪͦͭΣ ͋ͯͦ͡ ͎ͤ͊ͦͦ͡΄͔ͤͦΣ ΅ͦ ͼ͔ 
͔ͨͦͭͪ͋ͯΊ ;͊ͫͯ ͜ ͔͚ͫͪͦͤͦ͘͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͘ ͊͒͊ͨͭ͊ͼ͜͝ ͎͙ͨͪͦͪ͊ͣ ͒ͦ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ΄͙ͦ͟͡Φ 

͔̇ ͊ͭͯ͊ͯ͘͟͜͡Ί ͔ͨͦͭͪ͋ͯ ͔͔͎ͨͪ͡Ύ͒ͯ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͊ͤ͜͡ ͜ ͎ͨͪͦͪ͊ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜ ͍͔͗ ͫΈ͎ͦͦ͒ͤ͜Φ ˱ ͙͙ͪͦ͋ͭ ͼ͔ ͨͦͭͪ͋ͤͦ͜ ͍͙ͤ͊͒͘;͚͊ͤͦ ΄͍͙͒ͦ͟Σ 
΅ͦ͋ ͔͔ͣͨͣͤͭ͊͜͡ͼ͜Ύ ͎͙ͨͪͦͪ͊ͣ ζ˹ ͍ͦ͊ ΄ͦ͊͟͡ ͙̂ͪ͊ͤ͟͝η ͋ͯ͊͡ ͔͔͊͋ͨ͘͘;͔ͤ͊ 
͍͍͒ͨͦ͒ͤͦ͜͜Ό ͔ͪͫͯͪͫͤͦΌ ͋͊ͦ͘ΌΦ ˽ͦ-͔ͨͪ΄͔Σ ͚͔͒ͭΈͫΎ ͨͪͦ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͯ ͙ͨ͊ͤ͡ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͊͒ͪ͟͜ ͍͙ͤͦͻ ͍ͯͪͫ͟͜ (ζ˴ ͙͙ͪͭ;͔ͤ ͙͔ͣͫͤͤ͡Ύη, ζ̅ ͦͫͦ͜͡ͺ͜Ύ 
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͒͡Ύ ͔͒ͭ͜η͚ ͭͦ΅ͦ)Σ Ύ͟͜ ͍͒ͦͦ͘͡ΎͭΈ ͣ͝ ͍͙ͦͨ͊ͤͯ͊ͭ ͍͙͙ͤͦͣ ͔͙ͣͭͦ͒͊ͣ ͚ ͔͙͙ͣͭͦ͒͊ͣ͟ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͜ ͍͙ͪͦͭͯ͘͟ ͙͙ͪͭ͟;͎ͤͦͦ ͔͙͍͎ͪ͊ͭͤͦͦ͟ ͙͔ͣͫͤͤ͡Ύ ͔͚͒ͭ͜Φ ˢ ͨͦ-͎͔͒ͪͯΣ 
͍͚ͪ͊͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙͍͊ͭͤ͟͜΄͔ ͊ͯ͘͡;͙͊ͭ ͍͔͗ ͍͒ͦͫ͒͜;͔͙ͤͻ ͔͎͎͍ͨ͒͊ͦ͜ ͒ͦ ͚͍ͤ͊ͦͣͫͭ͊͘ ͜ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͙͙ͣͭͦ͒͟ ζ̅ ͦͫͦ͜͡ͺ͜Ύ ͒͡Ύ ͔͒ͭ͜η͚ ͯ  ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎΦ 

 ˻͔ͭ͗Σ ͍͍͙͚ͫͭͦ͜ ͍͒ͦͫ͒͜ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͺͦͫͦ͜͡ͺ͜͝ ͯ ΄ͦ͟͜͡ Ί 
͒ͦͼ͜͡Έ͙ͤͣ ͜ ͙͙ͦͪͫͤͣ͟Σ ͔͔ͤ͊ͫ͊ͣͨͪ͒Σ ͯ ͍͙ͪͦͭͯ͘͟ ͙͙ͪͭ͟;͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͙͙͙͒ͭͤΣ ͊ 
ͭ͊ͦ͗͟ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͎͚͊ͪͣͦͤͤͦ͜ ͍͙ͪͦͤͯͭͦ͘͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͭ͊ ͍͍͒ͨͦ͒͊͜͜͡Έ͎ͤͦͦ 
͎ͪͦͣ͊͒Ύ͙ͤͤ͊Φ ̊͟͜͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ͣ͊Ί ͎ͪͦ͘͡Ύ͙͒͊ͭͫΎ Ύ͟ ͍͙͍͙͚͊͗͡ ͔ͭ͊ͨ ͔͔ͨͪͻͦ͒ͯ 
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ˢ˹˹˻́ˢ̇ˮ̒ 

˩ΦˢΦ ˹͙͊ͯͣͤ͊͟Φ ͙̅ͦͫͦ͡ͺ͙Ύ ͒͡Ύ ͔͔͚͒ͭ ς ͔͍ͨͪ·͚ ΄͎͊ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 
ζ;͔͍͔ͦ͊͟͡ ͔ͪͺ͔͙ͫͪͯ͟͡Ό΅͔͎ͦη. 

ˤ ͫͭ͊ͭΈ͔ ͍ͦ͋ͦͫͤͦ·͍͔͊ͭͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍͔͔͙ͤ͒ͪͤΎ ͔͙͙ͣͭͦ͒͟ 
͎ͨͪͦͪ͊ͣͣ· ζ̅ ͙ͦͫͦ͡ͺ͙Ύ ͒͡Ύ ͔͔͚͒ͭη ͍ ͍ͤͦͯΌ ͙ͯͪ͊ͤͫͯ͟͟Ό ΄ͦͯ͟͡Φ 
ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͺ͙ͦͫͦ͡ͺ͙͙ ͍ ΄͔ͦ͟͡ Ύ͍͡Ύ͔ͭͫΎ ;͔͍ͪ͘·;͚͊ͤͦ ͍͊͗ͤ·ͣ ͍ 
͍͙͙͙ͪ͊ͭ͘ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡Ύ ͔͔ͪ͋ͤ͊͟Σ ͊ ͔ͭ͊͗͟ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 
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͎͙͊ͪͣͦͤ;ͤͦ ͍͙͚ͪ͊ͭͦ͘ ͙͡;͙ͤͦͫͭ ͙ ͍͔͍͔͎ͦͭͭͫͭͤͤͦͦ ͎͙ͪ͊͗͒͊ͤͤ͊Φ 
˻͔ͭͣ;͔͊ͭͫΎΣ ;ͭͦ ΄ͦ͟͡Έ͔ͤͦ ͦ͋ͯ;͔͙͔ͤ ͒ͦ͗ͤͦ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͊͟͟ ͍͊͗ͤ·͚ 
Ήͭ͊ͨ ͔͔ͨͪͻͦ͒͊ ͦͭ ͚ͫͨͦͤͭ͊ͤͤͦ ͔ͪͺ͔͙͙ͫ͟͡ ͔͔ͪ͋ͤ͊͟ ͟ ͔ͫ͊ͣͦͪͺ͔͙͙ͫ͟͡Σ ͤ͊ 
ͦͭͦͪͦͣ͟ ͊͊͒͘͟͡·͍͊ΌͭͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͔ ͔ͨͪ͒ͨͦͫ·͙͟͡ ͒͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 
ζ;͔͍͔ͦ͊͟͡ ͔ͪͺ͔͙ͫͪͯ͟͡Ό΅͔͎ͦηΦ ˿͔͒͊ͤ͡ ͊͟ͼ͔ͤͭ ͤ͊ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͔͔ͨͪͫͣͦͭͪ͊ 
ͯ;͔͋ͤ·ͻ ͍ͨ͊ͤͦ͡ ͙ ͎ͨͪͦͪ͊ͣͣ ͎͍͙ͨͦ͒ͦͭͦ͟ ͋ͯ͒ͯ΅͙ͻ ͔͎͎͍ͨ͒͊ͦͦ ͫ ͼ͔͡ΈΌ ͔ͯͫͨ΄͚ͤͦ 
͙͔͔ͣͨͣͤͭ͊͡ͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· ζ˹ ͍ͦ͊Ύ ΄ͦ͊͟͡ ͙̂ͪ͊ͤ͟·η. 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͺ͙ͦͫͦ͡ͺ͙Ύ ͒͡Ύ ͔͔͚͒ͭΣ ͎ͨͪͦͪ͊ͣͣ͊ ζ̅ ͙ͦͫͦ͡ͺ͙Ύ ͒͡Ύ 
͔͔͚͒ͭηΣ ͙͙ͪͭ͟;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡Σ ζ;͔͍͔ͦ͟͡ ͔ͪͺ͔͙ͫͪͯ͟͡Ό΅͙͚η. 

 
SUMMARY 

O.A. Naumkina. Philosophy for Children ς the first step of forming ζa reflexive 
personη. 

The article substantiates the necessity of introducing the methodology of the 
program ζPhilosophy for Childrenη into the new Ukrainian school. Using the 
philosophy at school is extremely important in the development of critical thinking of 
a child, which is now regarded as a key skill of the XXI century, and in the formation 
of a harmoniously developed personality and a responsible citizen. Reflection, such a 
ƴŜŎŜǎǎŀǊȅ ŀōƛƭƛǘȅ ǘƻ ǘƘƛƴƪΣ ōŜƎƛƴǎ ǿƛǘƘ ŎƘƛƭŘǊŜƴΩǎ ƴŀǘǳǊŀƭ ŎǳǊƛƻǎƛǘȅ ŀōƻǳǘ ǘƘŜ ǿƻǊƭŘ 
and its mysteries arrangement. Therefore, at this time it is necessary to create 
favourable conditions for the ǎǳǇǇƻǊǘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ƛƴŎƭƛƴŀǘƛƻƴ ǘƻ 
philosophical thinking. This applies to both parents and teachers, teachers of 
educational institutions. It is important not to miss this opportunity to develop 
valuable philosophical thinking in the future. Therefore, school education should be 
seen as an important stage of transition from spontaneous reflection of the child to 
self-reflection, which laid the necessary prerequisites for the formation of ζa 
reflexive personη. The author makes accent on the revision of the curricula and 
training programs for future teachers for the successful implementation of the 
program ζNew School of Ukraineη. Firstly, it refers to the introduction of new 
courses into teacher training plans that allow future teachers to learn new 
techniques and methods of forming and developing critical thinking of the children. 
Secondly, it is essential to involve more experienced teachers to explore and 
implement the methods of ζPhilosophy for Childrenη in the learning process. 

Keywords: philosophy for children, the program ζPhilosophy for Childrenη, 
critical thinking, ζa reflexive personη. 
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̂˨˴ отуΦлм                   ˻ Φ ̑Φ ͔͙̋ͪ͋ͤ͊-͍͔͍̒ͦ͊͟͡ 
˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ 

 
˴˻˸˽˩́˩˹̇˱˲ ́ˢ ˴˻˸˽˩́˩˹́˹˻˿́˱Υ ˻˹˻ˤ˶˩˹˹̒ ˴ˢ́˩˥˻˾˱ˢ˶̎˹˻˥˻ ˢ˽ˢ˾ˢ́ˢ 

ˤ ˱˹˹˻ˤˢ̇˱˯˹ˮ̆ ́˩̆˹˻˶˻˥˱̒̆ ˤˮ̋˻˲ ˻˿ˤ˱́ˮ 
 

̂ ͫͭ͊ͭͭ͜ ͫͻ͔͙͍͊ͪ͊ͭͪͦ͊ͤͦ͘͟ ͔͎͊ͭͦͪ͟͜͝ ζ͟ ͔͔ͦͣͨͭͤͼ͜͝η ͭ͊ 
ζ͟ ͔͔ͦͣͨͭͤͭͤͦͫͭ͜ηΣ ΅ͦ ͍͊ͭͯ͊ͦ͊ͤ͘͟͜͜͡ ͍ ͦͫͭ͊ͤͤ͜ ͙ͪͦ͟ ͯ ͍͘ΩΎͯ͘͟ ͘ 
͔ͪͦͪͦ͋ͤͤ͘͡Ύͣ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͦͤ͟ͼ͔ͨͼ͚͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͤ͊ 
Ί͍͔͚ͪͦͨͫΈ͟͜ ͙ͫͭ͊ͤ͒͊ͪͭΦ ˤ͙ͤ͊͘;͔ͤͦ ͣͫͭ͘͜ ͔͎͊ͭͦͪ͟͜͝ ͔͔ͦͣͨͭͤ͟ͼ͜͝ Ύ͟ ͫͺ͔͙ͪ 
ͺ͊ͻ͍ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔͔ͦ͋ͣ͗ͤͦ͝ ͍͍͙͙ͨͪ͊ͦͣ ͭ͊ ͫͦͼͦͯ͜͟͡Έ͙͙ͭͯͪͤͣ 
͙͍͙ͤͦͪͣ͊ͭ͊ͣΦ ˾͙ͦͪͭͦ͘͟ ͣͫͭ͘͜ ͔͎͊ͭͦͪ͟͜͝ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ Ύ͟ 
͙͍͎ͨͪͦ͒ͯͭͤͦͦ͟Σ ͘ ͎ͨͦ͡Ύ͒ͯ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͔͔ͨͪͻͦ͒ͯ ͒ͦ ͺ͍͙ͦͪͣ͊ͦ͊ͤ͘͜͡ͻ ͜ 
͙͍͙ͫͭ͊ͤ͒͊ͪͭͦ͊ͤ͘ͻ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͎͙ͨͪͦͪ͊ͣͤͻ ͍͊ͫͦ͋͘͜Σ ͨͦͤ͊͘;͔ͤͤΎ ͫͯͯͨͤͦͫͭ͟͜ 
ͦ;͍͙ͯ͊ͤ͜͟ͻ ͊͋ͦ ͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͤ͊;͊ͤͤΎ ͯ ͍͙΅ͦͣͯ ͍ͤ͊;͊͡Έͤͦͣͯ 
͊͊͒͘͟͜͡Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͔͔ͦͣͨͭͤ͟ͼ͜͝Σ ͍ͤͤͦ͊͜ͼ͜͝ ͍ ͍ͦͫͭ͜͜Σ ͍͙΅͊ 
͍ͦͫͭ͊͜Σ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍ͤ͊;͊ͤͤΎΣ ͎͙͒͊ͤͦͫͭ͊͜͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͤ͊;͊ͤͤΎΦ 

 
̂ ͫͯ;͙͊ͫͤͻ ͍͙͎ͣͦ͊ͻ ͒ͦ ͙ͪͦͪͦ͋͘͟ ˨͔͍͙ͪ͗͊ͤͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ 

͍ͦͫͭͤ͜Έͦ-͍͊͟͜͡ͺ͊͜͟ͼ͚͙ͤ͜ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͭ͊ ͤ͜΄ͦ͝ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝Σ ͍ͨͦΩΎ͊ͤͦ͘͝ ͘ 
͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΣ ͙͚ͨͪͤΎͭͦ ͻ͔͙͍͙͊ͪ͊ͭͪͯ͊ͭ͘͟ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙ͦͫͭ͜ 
Ύ͟ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ΅ͦ ͍ͤ͊͋ͯ͊ΌͭΈͫΎ ͦͫͦ͋ͦΌ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎΦ 

̂ ˭͊ͦͤ͟͜ ͙̂ͪ͊ͤ͟͝ ζ˽ ͪͦ ͍͙΅ͯ ͍ͦͫͭͯ͜η ͙ͣͫͭͭ͜ΈͫΎ ͍͙ͻ͔͒ͤ͜ ͍͙ͤ͊͘;͔ͤͤΎΥ ζΧˤ͙΅͊ 
͍ͦͫͭ͊͜ ς ͫͯͯͨͤͫͭ͟͜Έ ͙͔͙͍͙ͫͫͭͣ͊ͭͦ͊ͤ͘ͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͙ͤ͊;ͦ͟Σ 
͍ͫͨͦͫͦ͋͜ ͙͔ͣͫͤͤ͡ΎΣ ͨͪͦͺ͔͚͙ͫͤ͜ͻΣ ͍͎ͫͭͦ͜͡Ύ͙͒ͤͻ ͜ ͎ͪͦͣ͊͒ΎͤͫΈ͙͟ͻ Ύ͔͚ͦͫͭ͟Σ 
ͣͦͪ͊͡Έͤͦ-͔͙ͭ;͙ͤͻ ͼ͔͚ͤͤͦͫͭ͜Σ ͤ͜΄͙ͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ ͙͒ͦ͋ͯͭ͘ͻ ͯ ͍͙΅ͦͣͯ 
͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡ ό͍͚ͤ͊ͯͦ͟͜ ͍ͯͫͭ͊ͤͦ͜ύ ͯ ͍͍͚͒ͨͦ͒ͤ͜͜͜ ͎͊ͯ͘͜͡ ͤ͊ͤ͘ΈΧηώнϐΦ ̂ ͍ͫͦΌ 
;͔͎ͪͯΣ ͨͦͤΎͭͭΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͙ͪͦͪͭͦ͘͟ ͭ͊͟Υ ζΧ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ς ͙͒ͤ͊ͣ͜;ͤ͊ 
ͦͣ͋ͤ͊͟͜ͼ͜Ύ ͤ͊ͤ͘ΈΣ ͍ͣͤ͜Έ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͙ͤ͊;ͦ͟Σ ͍ͫͨͦͫͦ͋͜ ͙͔ͣͫͤͤ͡ΎΣ ͨͪͦͺ͔͚͙ͫͤ͜ͻΣ 
͍͎ͫͭͦ͜͡Ύ͙͒ͤͻ ͜ ͎ͪͦͣ͊͒ΎͤͫΈ͙͟ͻ Ύ͔͚ͦͫͭ͟Σ ͣͦͪ͊͡Έͤͦ-͔͙ͭ;͙ͤͻ ͼ͔͚ͤͤͦͫͭ͜Σ Ύ͊͟ 
͍͙ͤ͊͘;͊Ί ͒͊ͭͤͫͭ͘͜Έ ͙ͦͫͦ͋ ͯͫͨ͜΄ͤͦ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͨͪͦͺ͔͚ͫͤͯ͜ ͭ͊ ͨͦ͒͊͡Έ΄ͯ 
͍ͤ͊;͊͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͜ Ί ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͔͍ͨͤͦͣͯ ͍ͪͤ͜͜ ͍͙΅ͦ͝  
͍͙ͦͫͭ͜η [2, 1]. 

˽͔͔ͪͻ͒͜ ͒ͦ ͍ͤͦͦ͝ ζ͟ ͔͔ͦͣͨͭͤͭͤͫͭͤͦ͜͝η ͔͎ͭͪͣͤͦͦ͜͜͡͝ ͯ ͍͊ͦͤͦ͒͊͘͟;͚͜ ͋͊͘͜ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͍͔͙͚ͦ͋ͯͣͦͤ͡ ͦ͋ΩΊ͙͍͙͙ͭͤͣ͟ ͍͙͎͙ͣͦ͊ͣΥ ͔ͨͦͭͪ͋ͦΌ 
ͯ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͜͝ ͍ͯͣͦ ͍ͤ͊;͊ͤͤΎ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͙ͪͤ͘͜ͻ ͙͍ͭͨ͜Τ 
͔͔͙͍ͨͪͫͨͭͦ͟Ό ͍͔ͯͭͦͪͤͤΎ ͎͊͊͘͡ΈͤͦΊ͍͔͚ͪͦͨͫΈ͎ͦͦ͟ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͫͭͦͪͯ ͜ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͔ͦͤͪͭ͊͟ͼ͜͝ ͙͍͒ͨͦͣ͜͡Τ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό ͯͤ͜ͺ͊͜͟ͼ͜͝ ͙͔͙ͫͫͭͣ 
ͦͼͤ͜Ό͍͊ͤͤΎ Ύͦͫͭ͟͜ ͤ͊ͤ͘ΈΤ ͫͨͪͦ΅͔ͤͤΎͣ ͙͔͙ͫͫͭͣ ͙ͪͦͪͦ͋͘͟ ͍ͯͫͭ͊ͤͦ;ͦ͝ 
͔͒ͦͯͣͤͭ͊͟ͼ͜͝ ͯ ͨͪͦͼ͔ͫ͊ͻ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͍͙ͤͦͻ ͤ͊ͨͪΎ͍ͣ͜ ͍ͤ͊;͊ͤͤΎ ͯ ͍͙΅͙ͻ 
ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΤ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύͣ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͨͪͦͼ͔͙ͫ 
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͍ͯͨͪ͊ͤͤ͜͡Ύ ͒͜Ύ͡Έͤͫͭ͜Ό ͍ͦͫͭͤ͜͜ͻ ͍͊͊͒͘͟͜͡ ͭͦ΅ͦΦ ˨ͦͼ͜͡Έͤͫͭ͜Έ ͔͔ͨͪͻͦ͒ͯ ͒ͦ ͍ͤͦͦ͝ 
ζ͟ ͔͔ͦͣͨͭͤͭͤͫͭͤͦ͜͝η ͔͎ͭͪͣͤͦͦ͜͜͡͝ ͍ͦ͋ͯͣͦ͡ΌΊͭΈͫΎ ΅͔ ͜ ͎ͤ͊ͣ͊͊ͤͤΎͣ ͍͙͙͒ͦͫͦͤ͊ͭ͟͡ 
͔͎ͭͪͣͤͦͦ͜͜͡;͙͚ͤ ͊ͨ͊ͪ͊ͭ ͔͔͔ͣͤ͒͗ͣͤͭͯ ͍͙΅ͦ͝ ΄͙ͦ͟͡Φ 

˹͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͔ͭͪ͋͊ ͙͙ͪͦ͋ͭ͘ ͔͒͟͜͡Έ͊͟ ͯͭͦ;͔ͤͤΈ ΅ͦ͒ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͔͙ͦͪͣ͟ͻ ͔͍ͭͪͣͤ͜͜Σ ͊͘ ͎͒ͦͨͦͣͦͦΌ Ύ͙͟ͻ ͍͔͊ͫͤ͡Σ ͚ ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ 
ζ͟ ͔͔ͦͣͨͭͤͭͤͫͭͤ͊͜η ͔͙ͣͭͦ͒͊͟Φ ˿͔͊ͣ ͝ͻ ͣͫͭ͘͜ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ Ί ͔͔ͨͪ͒ͣͭͦͣ ͙͚͒ͫͯͫ͟͜ ͯ 
ͺ͊ͻ͍͜ͼ͍͜ ͘ ͔͔͔ͣͤ͒͗ͣͤͭͯ ͍͙΅ͦ͝ ΄͙ͦ͟͡Φ ˿͔͔ͯͨͪ;͙͟ ͍͔͒ͯͭΈͫΎ ͔͔͍ͨͪ͊͗ͤͦ ͍ͤ͊ͦͦ͟͡ 
͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͨͦͤΎͭΈ ζ͟ ͔͔ͦͣͨͭͤͼ͜Ύη ͭ ͊ ζ͟ ͔͔ͦͣͨͭͤͭͤͫͭ͜Έη. 

ˣ͜͡Έ΄ͫͭ͜Έ ͫͯ͋ΩΊ͍ͭ͟͜ ͎ͯͫͤͦͦ ͭ͊ ͙ͨͫΈ͍͎ͣͦͦͦ ͍͔ͣͦͤͤ͡Ύ ͍͒͜;͍ͯ͊ΌͭΈ ͙ͫͣͫ͡ ͭ͊ 
ͤ͊͘;͔ͤͤΎ ͎͋͊͊ͭΈͦͻ ͍ͫ͜͡ ͙͍ͤͭͯͭͤͦ͜͝Σ ͤ͊ ͍ͪͤ͜͜ ͍͎ͣͦͤͦͦ ͨͦ;ͯͭͭΎ ͜ ͔ͤ ͍ ͣͦ͘͘͜ 
ͨͦΎ͙͙ͫͤͭΣ ;ͦͣͯ ͔ͫ͊ͣ ͍ ͚ͭ͜ ;͙ ͍ ͤ͜΄͚͜ ͍͔ͣͦͤͤ͡Ί͍͚͜ ͙ͫͭͯ͊ͼ͜͝ ͔ͭͪ͋͊ ͍͙͙͙ͦͪͫͭ͊ͭ͟ 
͍ͫͦͦ͡ ζ͟ ͔͔ͦͣͨͭͤͼ͜ΎηΣ ͊ ͍ ͤ͜΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ς ͟ ͪ͊΅͔ ζ͟ ͔͔ͦͣͨͭͤͭͤͫͭ͜Έη. 

ˢ͔͡ ͔ͫ͊ͣ ͍͔ͣͦͤ ͨͦ;ͯͭͭΎ ͨ͒͊ͯ͘͜͟ΊΣ ΅ͦ ͼ͜ ͍͒͊ ͍ͫͦ͊͡ ͣ͊ΌͭΈ ͪͤ͘͜͜ ͙͙ͫͣͫ͡Σ ͔ͤ Ί 
͍͊͘Ίͣͦ͊ͣͤ͘͜Ό͍͙͙͊ͤͣ ͙͙ͫͤͦͤͣ͊ͣ͜Φ ˨͙ͫͯͭͯ͟ΊͭΈͫΎ ͙ͨͭ͊ͤͤΎ ͨͪͦ ͔ͭΣ Ύ͔͟ ͘ ͙ͤͻ Ί 
͋͜͡Έ΄ ΄͙͙ͪͦͣ͟Φ ́ͦ͋ͭͦ ͊͋ͦ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ Ί ͍͙͙ͫ͊͒ͦͣ͟͡ ͔͔ͦͣͨͭͤ͟ͼ͚͜Σ ͊͋ͦ 
͔͔ͦͣͨͭͤ͟ͼ͜͝ ͍ͯͭͦͪΌΌͭΈͫΎ Ύ͟ ͔ͦͪͣ͟͜ ͨͪͦΎ͍͙ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Φ 

˹ͦͫ͜Ύ͙ͣ ͙͍ͫͣͫ͜͡ ͎ͦ͗ͤͦͦ͟ ͍ͫͦ͊͡ ͯ ͍͙͚ͪͦͤͯͭ͘͜ ͍ͣͦ͜ Ί ͚͎ͦͦ ͺͦͪͣ͊͡Έͤ͜ 
͍ͫ͊͒ͦ͟͜͡ ς ͦͪͤ͟͜ΈΣ ͔ͨͪͺͫ͜͟Σ ͫͯͺͫ͜͟Σ ͊ͤ͘͟͜;͔ͤͤΎ ͭͦ΅ͦΦ ˿͍ͦΊ ͨͦͻ͔ͦ͒͗ͤͤΎ ͍ͫͦͦ͡ 
ζ͟ ͔͔ͦͣͨͭͤͼ͜Ύη ͍͔͔͒ ͘͜ ͙͙͊ͭͤ͡Σ ͔͒ ŎƻƳǇŜǘŜƴǘƛŀ ͦͤ͊͘;͊Ί ζͯ ͎͔ͦ͒͗ͤͫͭ͘͜Έ ;͙͊ͫͭͤΣ 
͒ͦͣͪͤͫͭ͜͜ΈΣ ͙͔ͫͣͭͪ͜ΌΤ ͨͦΊ͍͒ͤͯ͊ͤͤΎΣ ͍͘ΩΎͦ͘͟η ώмΣ нмтϐΦ ̂ ͍ͫͦΌ ;͔͎ͪͯΣ ŎƻƳǇŜǘŜƴǘƛŀ 
͍͙ͯͭͦͪ͊ͫ͡Ύ ͘ ͒͜Ί͍ͫͦ͊͡ ǇŜǘƻ ό͙ͫͭ͊ͪ͊ͭͫΎΣ ͎͙ͤ͊ͣ͊͊ͭͫΎΣ ͙͍͙͒ͦ͋͊ͭͫΎΣ ͎͙͒ͦͣ͊͊ͭͫΎύ ͭ͊ 
͔ͨͪͺͫͯ͜͟ ŎƻƳΣ Ύ͙͚͟ ͣ͊Ί ͤ͊͘;͔ͤͤΎ ͨͦΊ͒ͤ͊ͤͤΎ ͡Ό͒ͫΈ͙͟ͻ ͙ͯͫ͘͡ΈΣ ΅ͦ ͫͨͪΎ͍ͣͦ͊ͤ͜ 
ͤ͊ ͦ͋ΩΊͭ͟Φ 

̂ ͫͯ;͚͊ͫͤ͜ ͎͚͊ͤͫ͜͡Έ͚͟͜ ͍ͣͦ͜ ͙͚ͨͪͫͯͭͤ͜ ͔͙ͣͤͤ͜͟ ς ζcompetenceη ς ͒͊ͭͤͫͭ͘͜ΈΣ 
͍ͣͤͤ͜ΎΣ ͔͔ͦͣͨͭͤ͟ͼ͜ΎΦ ˿͍ͦͦ͡ ζcompetentη Ί ͚͔͙͊ͣͤͤͦͣ͘͟Σ ΅ͦ ͦͤ͊͘;͊Ί 
ζ͟ ͔͔͙͚ͦͣͨͭͤͭͤη ͜  ͨͦͻ͙ͦ͒ͭΈ ͍͒͜ ζcompetenceη. 

͍̇͊ͦ͜͟Σ ΅ͦ ͍ͫͦͦ͡ ζ͟ ͔͔ͦͣͨͭͤͭͤͫͭ͜Έη ͍͎͊͊͘͜͡ ͔ͤ ͍͚ͯ͜΄ͦ͡ ͒ͦ ͔ͭ͊ͯͪͯͫͯ͘ 
͙͍ͯ͊͒ͤ͟͟͜͡ ζ˿ ͯ;͎͊ͫͤͦͦ ͭͯͣ͊͡;͎ͤͦͦ ͍͙ͫͦͤ͊͟͡ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦη όнллфύ ͦ͋ͫΎ͎ͦͣ ͯ 
100 ллл ͍ͫ͜͡Φ ͔̇ ͍͙͒͊ͤͤΎ ͣͫͭͭ͜͜Έ ͙͡΄͔ ͍ͫͦͦ͡ ζ͟ ͔͔ͦͣͨͭͤͼ͜Ύη ͘ ͙ͪͦͪͭͭ͘͟Ύͣ ͍͒ͦͻ 
͚͎ͦͦ ͤ͊͘;͔ͤΈΥ ζмΦ ˨ͦ͋ͪ͊ ͦ͋ͤ͊ͤͫͭ͘͜͜Έ ͘͜ ;͙ͣͦͫΈΦ нΦ ˴ͦͦ͡ ͍͍͔ͨͦͤͦ͊͗ͤΈ ͔͍ͨͤͦ͝ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝Σ ͍͙ͯͫͭ͊ͤͦ ͊͋ͦ ͙ͦͫͦ͋η ώсΣ пммϐΦ ́ͦ͋ͭͦ ͍ͫͦͦ͡ ζ͟ ͔͔ͦͣͨͭͤͭͤͫͭ͜Έη 
͚ͤ͊͋͜͡Έ΄ ͍͊͟͜͡ͺ͍͙͙ͦ͊ͤͣ͜͟ ͺ͊ͻ͍͜ͼΎ͙ͣ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͙͚ͫͨͪͤΎ͔ͭ Ύ͟ 
͔͍͙ͤͨͪ͊͡Έͤ͊ ͺͦͪͣ͊ ͍͍͙͍ͫͦͦ͗͊ͤͤ͡Ύ ͊͋ͦ ͙ͪͯͫͼ͙ͣ͘Φ ̂ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟ ͍ͦͤͦ 
͍͎͊͊͘͜͡ ͔ͤ ͍͙ͨͦͤͤͦ ͙ͣ͊ͭ ͤ͜Ύ͎ͦͦ͟ ͍ͤͯͭͪ͜΄ͤΈ͎ͦͦ ͙͍͎ͦͫͦ͋ͦͦ͡ ͤ͊͘;͔ͤͤΎΣ ͊͋ͦ ͙͋ͯͭ 
͚͍͙͊ͣ͘ ͙ͫͤͦͤͣͦͣ͜ ͍ͫͦ͊͡ ζ͟ ͔͔ͦͣͨͭͤͼ͜Ύη. 

˽͔ͪͦͭ ͍͒͊ ͍ͫͦ͊͡ ζ͟ ͔͔ͦͣͨͭͤͼ͜Ύη ͭ͊ ζ͟ ͔͔ͦͣͨͭͤͭͤͫͭ͜Έη ΄͙ͪͦͦ͟ ͍͙͍͗͊ΌͭΈͫΎ 
ό͔͔͍ͨͪ͊͗ͤͦ ͺ͊ͻ͍͜ͼΎ͙ͣ ͘ ͔͔͔ͣͤ͒͗ͣͤͭͯ ͍͙΅ͦ͝ ΄͙ͦ͟͡ύ ͍͔͗ ͨͪͦͭΎ͎ͦͣ ͔͒ͫΎ͙ͭͭͭ͜͡Ύ 
͊͋ͦ ͚ ͋͜͡Έ΄͔ ͨͦͪΎ͒ ͔ͦ͒ͤ ͘ ͙ͦ͒ͤͣΣ ͍ͤ͊͋ͯ͊Ό;͙ ͤ͊͘;͔ͤͤΎ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔͍ͭͪͣͤ͜͜Φ 
˹͙͊ͨͪ͊͒͟͡Σ ̑Φ ˸Φ ˾͊΄͔͍͙͟; ͒͊Ί ͭ͊͟͜ ͍͙ͤ͊͘;͔ͤͤΎΥ ζ˴ ͔͔ͦͣͨͭͤͭͤͦͫͭ͜ ς ͤ͊ͤͤ͘ΎΣ 
ͯͣͤͤ͜ΎΣ ͍͙ͤ͊;͙͟Σ ͒͊ͭͤͦͫͭ͘͜Τ ͔͎ͤͭͪ͊͜͡Έͤ͊ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͙ͦͫͦ͋Φ ˴͔͔ͦͣͨͭͤͼ͜͝ ς 
ͫͺ͔ͪ͊ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜ ͭ͊ ͙͚ͨͪͤΎͭͭΎ ͪ͜΄͔ͤΈη ώрΣ нсϐΦ ˭͎͒ͤͦ͜ ͍͙ͤ͊͘;͔ͤͤΎͣΣ 
͙͚ͨͪͤΎ͙ͭͣ ͍ ͫͯ;͙͊ͫͤͻ ͎͍͙͊ͤͦͣͦͤ͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔ͨͪͦͭ͊͟ͻ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͔ͨͪͦͭ͟ 
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TUNING ς Tuning Educational Structures in Europe, ζ˹ ͊͊͡΄͍ͭͯ͊ͤͤΎ ͍ͦͫͭ͜ΎͤͫΈ͙͟ͻ 
ͫͭͪͯͭͯͪ͟ ͍ ͍̐ͪͦͨ͜ηύΣ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ Ύ͍͡ΎΌͭΈ ͫͦ͋ͦΌ ͙͒ͤ͊ͣ͜;͔ͤ ͨͦΊ͒ͤ͊ͤͤΎ 
ͤ͊ͤ͘ΈΣ ͪͦͯͣͤͤ͘͜ΎΣ ͍͙ͤ͊;ͦ͟Σ ͯͣͤ͜Έ ͭ͊ ͔͚͒͊ͭͤͦͫͭ͘Τ ͍͙ͪͦͭͦ͘͟ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ Ί 
͔ͣͭͦΌ ͍ͦͫͭͤ͜͜ͻ ͎ͨͪͦͪ͊ͣΤ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͺͦͪͣͯΌͭΈͫΎ ͍ ͙ͪͤ͘͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͙͒ͫͼ͙ͨͤ͊͜͡ͻ ͜ ͦͼͤ͜ΌΌͭΈͫΎ ͤ͊ ͙ͪͤ͘͜ͻ ͔ͭ͊ͨ͊ͻ ώрΣ нсϐΦ 

˻͔ͭ͗Σ ͍ ͯͪ͊ͤͫ͟͝Έ͚͟͜Σ ͊ ͭ͊ͦ͗͟ ͜ ͍ ͚ͪͦͫͫ͜Έ͚͟͜ ͍ͣͦ͜ ͙ͨͪͫͯͭͤ͜ ͍͒͊ ͔͒ͯ͗ ͙ͨͦ͒͋ͤ͜ͻ 
͊͘ ͍ͦͤ͘͜΄ͤΈͦΌ ͺͦͪͣͦΌ ͜ ͙͋͘͡Έ͙͟ͻ ͙ͦ͒ͤ ͒ͦ ͎ͦ͒ͤͦͦ ͊͘ ͤ͊͘;͔ͤͤΎ͙ͣ ͔͙ͣͤͤ͊͜͟Σ ͚ 
͎͍͙ͤͦͪͯ͊ͭ͜ ͼ͔͚ ͺ͊ͭ͟ ͔ͤ ͣͦ͗ͤ͊Φ ˢ͔͡ ͍͔ͣͦͤ ͍͒͜;ͯͭͭΎ ͨ͒͊ͯ͘͜͟ΊΣ ΅ͦ ζ͟ ͔͔ͦͣͨͭͤͼ͜Ύη ς 
ͼ͔ ͺ͊ͻ͍ͦͦ-ͦͺ͜ͼ͊͜͡Έ͙͚ͤΣ ͫͦͼ͊͜͡Έ͙͚ͤΣ ͫͦͼͦͯ͜͟͡Έ͙͚ͭͯͪͤ ͺ͔͔ͤͦͣͤΣ ͨͦ ͎͊ͤ͊ͦ͜͡͝ ͘ 
ζ͜ ͤͫͭ͊ͤͼ͜ΊΌη, ζͦ ͎ͪ͊ͤ͊͘͜ͼ͜ΊΌη, ζͨ ͔͔ͪͤͭ͊͘ͼ͜ΊΌη. ζ˴ ͔͔ͦͣͨͭͤͭͤͫͭ͜Έη ͗ ͔ ͙͔ͤ͊͋͗ͤ͊͡ 
͒ͦ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͟ ͝͝ ͨͪͦͺ͔͚ͫͤ͊͜ ζ͍ ͙͍͊ͫͭͫͭ͜͡Έη, ζ͘ ͒͊ͭͤͫͭ͜Έη, ζͪ ͦͯͣͤͫͭ͘͜ΈηΣ ͭͦ͋ͭͦ 
Ί ͺ͔͔ͤͦͣͤͦͣ ͔͔͍ͨͪ͊͗ͤͦ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͣΣ ͎͙͍͙ͦͤͭͤͣ͟͜Σ ͔͎ͨͪ͊ͫͦͦ͟͜͡;ͤͦ-
͒͜Ύ͡Έ͙ͤͫͤͣ͜ ͭͦ΅ͦΦ ˻͔ͭ͗Σ ͔͔ͦͣͨͭͤ͟ͼ͜͝ ͺ͊ͻ͍͜ͼ͍͜ ͨͦͤ͊͘;͊ΌͭΈͫΎ ͯ ͍͙ͨͦͫ͊͒ͦͻ 
ͤͫͭͪͯ͜͟ͼ͜Ύͻ ͍͍͒ͨͦ͒ͤͦ͜͜ ͍͊ͦͤͦ͒͊͘͟;͙ͣΣ ͫͦͼͦͯ͜͟͡Έ͙ͭͯͪͤͣ ͍͙͎ͣͦ͊ͣ ͦ͗ͤͦ͟͝ ͎͊ͯ͘͜͡ 
ͨͪ͊ͼ͜ ͨͪͦͺ͔͍ͫͦͤ͊͜͜͡Φ ˴͔͔ͦͣͨͭͤͭͤͦͫͭ͜Σ Ύ͟͜ ͨͦͭͪ͋ͤ͜͜ ͨͪͦͺ͔ͫͦͤ͊ͯ͜͡ ͒͡Ύ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͚͎ͦͦ ͯͫͨ͜΄ͤͦ͝ ͨͪ͊ͼ͜Σ Ί ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͚͎ͦͦ Ύͫͤͦ͟͜͝ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ 
ˤ͒ͭ͊͜͟ ͙ͣ ͍͍͊͗͊Ίͣͦ ͔͙ͦͪͭͤͣ͟͟ ͘ ͎ͦ͜͡;͎ͤͦͦ ͭ͊ ͍͎ͣͦͤͦͦ ͎ͨͦ͡Ύ͒ͯ ͔ͭ͊͟ ͔ͭͫͭͯ͊͟͡Έ͔ͤ 
͍͔͔͒͒ͪ͊ͤͤ͘͜͟͡Ύ ͍͘ΩΎ͍͘͟͜ ͔͔ͦͣͨͭͤ͟ͼ͚͜ ͭ͊ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Υ ζ̅ ͍ͦͪͣͯ͊ͤͤΎ 
͔͔ͦͣͨͭͤ͟ͼ͜͝ ͍͙͊͒͊͟͡;͍͜ ͘ ͔ͭͻ͎͚ͤͦͦ͜͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͍͋͊͊͊ͪ͟͜͡ ͊͘ ͔ͫͨͼ͊͜͡ΈͤͦͫͭΎ͙ͣ 
͊͟ͺ͔͙͒ͪΤ ͍͙ͪͦͭͦ͘͟ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͍ ͫͺ͔ͪ͜ ͔ͭͦͪ͜͝Σ ͔͎ͣͭͦ͒ͦͦ͜͡͝ ͭ͊ ͔͙͙ͣͭͦ͒͟ 
͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜Φ ˽͎͙͔ͦ͋ͤͤ͡͡Ύ ͙ͨͦͭ͜͡;ͤͦ͝ ͭ͊ ͎ͪͦͣ͊͒ΎͤͫΈͦ͟͝ ͔͔ͦͣͨͭͤ͟ͼ͜͝ 
͍͙͊͒͊͟͡;͍͜Τ ͍͙ͪͦͭͦ͘͟ ͙͊ͤ͊ͭ͜͡;͙ͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ ͍͔͔͒͒ͪ͊ͤͤ͘͜͟͜͡ ͫͯ;͊ͫͤͦ͝ 
͎͔͙ͦͨͦͭ͜͡;ͤͦ͝ ͙ͫͭͯ͊ͼ͜͝ ͍ ̂ͪ͊ͤ͟͜͝Φ ˤ͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͔͔ͦͣͨͭͤ͟ͼ͜͝Τ 
͍ͦͦͦ͒ͤͤ͜͡Ύ ͍͙͊͒͊͟͡;͙͊ͣ ͭ͊ ͨͪ͊ͼ͍͙͙ͤ͊ͣ͜͟ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟Ύ͙ͣ ͘ ͙͍ͦͪͫͭͯ͊ͤͤ͟Ύ 
͍͙͙ͤ͊ͯͦͣ͟ ͔͔͙͒͗ͪ͊ͣ͡Σ ͔ͤ͒ͦͨͯ΅͔ͤͤΎ ͎ͨ͊͊ͭͯ͜͡η. 

˭ͪͦͯͣͦ͘͜͡Σ ΅ͦ ͔͍͙ͤͨͪ͊͡Έͤͦ ͋ͯͦ͡ ͙͋ ͎͙ͤ͊ͣ͊͊ͭͫΎ ͔͙͍ͣͨͪ͊ͭͤͦ͜ ζͤ ͙͊͒͊ͭ 
ͤ͊͘;͔ͤͤΎη ͼͣ͜ ͍ͫͦ͊ͣ͡ ͎͒ͤͦ͘͜ ;͙͝ͻͦͫΈ ͎ͦ͜͡;͙ͤͻ ͊͋ͦ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͨ͒͜ͻ͍ͦ͒͜Φ ˸͍ͦ͊ 
ς ͙͍͙͚͗ ͯ͟͡Έ͙͚ͭͯͪͤ ͎ͦͪ͊ͤͣ͘͜Σ Ύ͙͚͟ ͍͙͍ͪͦ͊͘ΊͭΈͫΎ ͯ ͍͔ͣͦͤͤ͜͡Σ ͯ ͙ͨͫΈ͍͙ͣͦͻ 
͔ͭͫͭ͊͟ͻΣ ͜ ͔ͫ͊ͣ ͯ ͍͔͔͒͒ͪ͊ͤͤ͘͜͟͜͡ ͔ͪ͊͡Έ͙ͤͻ ͯ͟͡Έ͙ͭͯͪͤͻ ͺ͍͊ͭ͟͜ ͍ͫͦ͊͡ ͍ͤ͊͋ͯ͊ΌͭΈ 
͍͙ͤͦͻ ͺͦͪͣ ͜ ͙͍ͫͣͫ͜͡Φ ˯͍ͣͦͪͤͦ͜Σ ΅ͦ ͨͪͦͼ͔ͫ ͍ͣͦͤͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ͯ ͍ͭ͜;͙ͤ͘Ύͤͦͣͯ 
͔͔͔ͣͤ͒͗ͣͤͭ͜ ͍͙΅ͦ͝ ΄͙ͦ͟͡ ͍͔͙͚ͦ͋ͯͣͦͤ͡ ͎ͤ͊ͣ͊͊ͤͤΎͣ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͎ͤͦͦ 
͎ͪͦ͘͡Ύ͒ͯ ͔ͨͪͦ͋ͣ͡Σ ͙ͪͦͪͦ͋͘͟ ͙͔͙ͫͫͭͣͤͻ ͯΎ͍͔ͤ͡Έ ͨͪͦ ͍͙ͪͦͭͦ͘͟ ͤ͊ͤ͘ΈΣ ͍ͣͤ͜Έ ͭ͊ 
͍͙ͤ͊;ͦ͟ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Φ 

˴ͦͤͼ͔ͨͭͯ͊͡Έͤ͜ ͙͊ͫ͊͒͘ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯΣ ΅ͦ ͍͔ͦ͋ͯͣͦͤ͜͡ 
ͫͯ;͙͙͊ͫͤͣ ͍͙͎͙ͣͦ͊ͣ Ί͍͔͎ͪͦͤͭͪ͊͜ͼ͜͝ ͙͔͙ͫͫͭͣ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͔͒ͭ͊͡Έͤͦ 
ͫͻ͔͙͍͊ͪ͊ͭͪͦ͊ͤ͘͟͜ ͔̉ͤͦͣ͡ ˹͊ͼͦͤ͊͜͡Έͤͦ͝ ͙ͦͣ͊ͤ͒͟ ͔͔͍ͫͨͪͭ͟͜ ͘͜ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ 
͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝Σ ͔ͨͪͦͪͭͦͪͦͣ͟ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ζ˶ Έ͍͍ͫ͜Έ͊͟ 
͔ͨͦͭ͜͡ͻͤ͊͜͟η ͨ ͪͦͺΦ ̑Φ ˸Φ ˾͊΄͔͍͙͟;͔ͣ ώпΤ рϐΦ 

˭ͣͫͭ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘͜ ͙͔͙ͫͫͭͣ ͔ͫͨͼ͊͜͡Έ͙ͤͻ όͺ͊ͻ͍͙ͦͻύ ͭ͊ 
͎͊͊͘͡Έ͙ͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊ΌͭΈͫΎ ͙ͨͪ ͪͦͪͦ͋͘ͼ͜ ͍ͦͫͭͤ͜͜ͻ 
͍ͫͭ͊ͤ͒͊ͪͭ͜ ͭ͊ ͍ͦͫͭͤ͜͜ͻ ͎ͨͪͦͪ͊ͣΦ ˭͎͒ͤͦ͜ ˭͊ͦͤͯ͟ ͙̂ͪ͊ͤ͟͝ ζ˽ ͪͦ ͍͙΅ͯ ͍ͦͫͭͯ͜η, 
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ͫͭ͊ͤ͒͊ͪͭ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍͙ͤ͊͘;͊Ί ͤ͊Ύ͍ͤͫͭ͜Έ ͍ ͍͚ͦͫͭͤ͜͜ ͎ͨͪͦͪ͊ͣ͜ ͔͔ͨͪͯ͜͟͡ 
͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͍͙͙ͨͯͫͤ͊͟͟Φ 

˨ͦ ͔ͫͨͼ͊͜͡Έ͙ͤͻ όǎǳōƧŜŎǘ ǊŜƭŀǘŜŘύ ͍͒ͤͦͫ͜ΎͭΈͫΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ Ύ͟͜Υ Ί 
͔ͫͨͼ͙ͺ͜;͙͙ͤͣ ͒͡Ύ ͒͊ͤͦ͝ ͔͔ͨͪ͒ͣͭͤͦ͝ ͦ͋͊ͫͭ͜͡ ό͎͊ͯ͘͜͡ κ ͤ͊ͨͪΎͣͯ κ ͙͒ͫͼ͙͙ͨͤ͜͡ύΤ 
͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍ͨͦΩΎ͊ͤ͘͜ ͘͜ ͔ͫͨͼ͊͜͡Έ͙͙ͤͣ ͤ͊ͤͤ͘Ύ͙ͣ ͯ ͔͔͚ͨͪ͒ͣͭͤ͜ ͦ͋͊ͫͭ͜͡Τ 
͍͙ͤ͊͘;͊ΌͭΈ ͨͪͦͺ͜͡Έ ͎͙ͨͪͦͪ͊ͣΣ ͭͦ͋ͭͦ ͪͦ͋͡ΎͭΈ ͝͝ ͙͍ͤ͒͒ͯ͊͜͜͡ΈͤͦΌΣ ͫͯͭͭΊ͍ͦ 
͍͒ͣͤͤͦ͜͜Ό ͍͒͜ ͤ͜΄͙ͻ ͎ͨͪͦͪ͊ͣΦ ˨ͦ ͎͊͊͘͡Έ͙ͤͻ όƎŜƴŜǊƛŎύ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ 
͍͒ͤͦͫ͜ΎͭΈͫΎ ͭ͜ ͤ͊ͤͤ͘ΎΣ ͪͦͯͣͤͤ͘͜ΎΣ ͍͙ͤ͊;͙͟ ͭ͊ ͒͊ͭͤͦͫͭ͘͜Σ Ύ͙͙ͣ͟ ͔ͫͭͯ͒ͤͭ 
͍͍ͦͦͦ͒͊͜͡Ί ͯ ͪ͊ͣ͊͟ͻ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͍ͨͤͦ͝ ͎͙ͨͪͦͪ͊ͣ ͍ͤ͊;͊ͤͤΎΣ ͔͊͡ Ύ͟͜ ͣ͊ΌͭΈ 
͍͔ͯͤͪͫ͊͜͡Έ͙͚ͤ ͻ͔͊ͪ͊ͭͪ͟ ώрΣ опϐΦ 

̂ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝Σ ͍͔͔͊ͭͪ͒͗ͤͦ͘͝ v!! ό¢ƘŜ vǳŀƭƛǘȅ !ǎǎǳǊŀƴŎŜ !ƎŜƴŎȅ ŦƻǊ IƛƎƘŜǊ 
9ŘǳŎŀǘƛƻƴΣ ˢ͎͔ͤͼ͜Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύͦͫͭ͟͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ˤ͔͙͙ͦ͋ͪͭ͊ͤ͟͜͜͡ύΣ ͯͫ͜ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͪͦ͒͘͜͡ΎΌͭΈͫΎ ͤ͊ ͎͊͊͘͡Έͤ͜Σ ͔ͤͫͭͪͯͣͤͭ͊͜͡Έͤ͜Σ ͙͔ͫͫͭͣͤ͜Φ 

˭͎͊͊͡Έͤ͜ ͔͔ͦͣͨͭͤ͟ͼ͜͜Σ ͎͒ͤͦ͘͜ ͍͙ͤ͊͘;͔ͤͤΌ ζ˽ ͔ͪͦͭͯ͟ ¢ǳƴƛƴƎΣ нлмнη (ζTuning 
Educational Structures in Europe; ˹͊͊͡΄͍ͭͯ͊ͤͤΎ ͍ͦͫͭ͜ΎͤͫΈ͙͟ͻ ͫͭͪͯͭͯͪ͟ ͍ ͍̐ͪͦͨ͜η), 
ͨͪͦΎ͍͡ΎΌͭΈͫΎ Ύ͟ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͙ͨͪ͊ͭ͟;ͤ͜ ͭ͊ ͙͍ͦͣͯͤ͊ͭͤ͟͜͟͜ ͍ͣͤͤ͜Ύ ͜ ͍͙͙ͤ͊͟Υ 
͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͊͒͊͘;Σ ͙͚ͨͪͤΎͭͭΎ ͪ͜΄͔ͤΈΣ ͪͦ͋ͦͭ͊ ͍ ͦͣ͊ͤ͒͟͜Σ ͙ͣ͗ͦͫͦ͋ͫͭͫͤ͜͜͜ ͍ͣͤͤ͜ΎΣ 
͔͍͒ͪͫͭͦ͜͡Σ ͒͊ͭͤͫͭ͘͜Έ ͨͪ͊ͼΌ͍͙͊ͭ ͍ ͦͣ͊ͤ͒͟͜ ͺ͊ͻ͍͜ͼ͍͜ ͘ ͙ͪͤ͘͜ͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡Σ ͯͣͤͤ͜Ύ 
͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͘ ͔ͤͨͪͦͺ͔͙ͫͦͤ͊͊ͣ͜͡ ͎͊ͯ͘͜͡Σ ͍͎ͯ͊͊ ͒ͦ ͍͔͚͒ͣͤͤͦͫͭ͜͜ ͭ͊ ͍͙͍ͨͯ͡ 
ͯ͟͡Έ͙ͭͯͪΣ ͯͣͤͤ͜Ύ ͨͪ͊ͼΌ͍͙͊ͭ ͍ ͣ͗ͤ͊ͪͦ͒ͤͦͣͯ͜ ͔ͦͤͭͫͭ͟͟͜Σ ͪͦͯͣͤͤ͘͜Ύ ͯ͟͡Έͭͯͪ ͭ͊ 
͙ͭͪ͊͒ͼ͚͜ ͤ͜΄͙ͻ ͪ͊ͤ͟͝Σ ͯͣͤͤ͜Ύ ͨͪ͊ͼΌ͍͙͊ͭ ͍͊ͭͦͤͦͣͤͦΣ ͪͦͪͦ͋͊͘͟ ͭ͊ ͔͔͔ͣͤ͒͗ͣͤͭ 
͔ͨͪͦͭͯ͟Τ ͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͭ͊ ͒ͯͻ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭ͊Σ ͙͒ͦͭͪͣ͊ͤͤΎ ͔͙͙ͭ͟Σ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
Ύͦͫͭ͟͜Σ ͍ͦ͡Ύ ͒ͦ ͯͫͨ͜ͻͯΦ 

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͍ͤ͊;͊ͤͤΎ ͙͊ͫ͟͡ͺͯ͜͟ΌͭΈͫΎ ͍ ͎ͨͪͦͪ͊ͣ͊ͻ Ί͍͍ͪͦ͋͊͊͊ͪ͊͟͡ ͭ͊ v!! 
͙ͭ͊ͣ͟ ;͙ͤͦͣΥ ͤ͊ͤͤ͘Ύ ͘ ͔͔ͨͪ͒ͣͭͤͦ͝ ͎͊ͯ͘͜͡Σ ͎͙͍ͦͤͭͤ͟͜͜ ͯͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟ ͘ 
͔͔ͨͪ͒ͣͭͤͦ͝ ͎͊ͯ͘͜͡Σ ͙ͨͪ͊ͭ͟;ͤ͜ ͍͙ͤ͊;͙͟ ͘ ͔͔ͨͪ͒ͣͭͤͦ͝ ͎͊ͯ͘͜͡Σ ͎͊͊͘͡Έͤ͜ ͯͣͤͤ͜ΎΦ 

ˤ ˨ͦ͒͊ͭͯ͟ ͒ͦ ͙͒ͨͦͣ͊͡Σ ͯ Ύͦͣͯ͟ ͤ͊͒͊ΌͭΈͫΎ ͦͼ͙ͤ͜͟ ͊͘ ͍͙͍;͔ͤͤΎ ͦ͗ͤͦ͟͝ 
͙͒ͫͼ͙͙ͨͤ͜͡Σ ͔͔ͨͪ͒͋͊;͔ͤͦ͝ ͍ͦͫͭͤ͜Έͦ-ͨͪͦͺ͔͚ͫͤͦ͜Ό ͎ͨͪͦͪ͊ͣͦΌΣ ͔͒͊ͭΈͫΎ ͔͒΅ͦ 
ͤ͜΄͊ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͤ͊;͊ͤͤΎΥ ͤ͊ͤͤ͘Ύ ͭ͊ ͪͦͯͣͤͤ͘͜ΎΣ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ 
ͤ͊ͤ͘Έ ͭ͊ ͪͦͯͣͤ͘͜ΈΣ ͙͚ͨͪͤΎͭͭΎ ͪ͜΄͔ͤΈ ώрΣ ос ς 39]. 

ˤ ̂ͪ͊ͤ͟͜͝ ͍ ͦͫͭ͊ͤͤ͜ ͙ͪͦ͟ ͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜ ͨ͒͜ͻ͒͜ ͍͙͚͊ͫͭͦͫͦ͊ͤ͘ ͍ ͦͺ͜ͼ͚͚ͤ͜͜ 
͔͒ͦͯͣͤͭ͊͟ͼ͜͝Σ ͍ͨͦΩΎ͚͊ͤ͘͜ ͘ ͪͦͪͦ͋ͦ͘͟Ό ͍͙ͨͦͫ͊͒ͦͻ ͍͊͟͜͡ͺ͊͜͟ͼ͚͙ͤ͜ͻ 
ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͤͫͭͪͯ͜͟ͼ͚͜Σ ͤ͜΄͙ͻ ͙͍͙ͤͦͪͣ͊ͭͤͻ ͔͍͒ͦͯͣͤͭ͟͜Σ ͙ͨͪͤ͊͘;͔͙ͤͻ ͒͡Ύ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͔͎͔ͪ͊ͣͤͭ͊͡ͼ͜͝ ͨͪ͊ͼ͜ ͺ͊ͻ͍͜ͼ͍͜ ͍ ͔͍͙͒ͪ͗͊ͤͻ ͍ͯͫͭ͊ͤͦ͊ͻΣ ͍ͤ͊;͊͡Έ͙ͤͻ 
͊͊͒͊͘͟͡ͻΣ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͻ ͍ͯͫͭ͊ͤͦ͊ͻΣ ͍ͯͫͭ͊ͤͦ͊ͻ ͯ͟͡Έ͙ͭͯͪ ͭͦ΅ͦΦ ̉͊ͫͭ͜΄ ͊͘ ͍͔ͫ 
ͤ͊͒͊ΌͭΈͫΎ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ;͙ͦͭͪΈͦͻ ͍͙ͦͫͤͦͤͻ ͍͙͍͒͜ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ Ύ͙͙ͣ͟ 
͍͙͔ͨͦͤͤ ͍͙ͦͦ͒ͭ͜͡ ͺ͊ͻ͍͔͜ͼΈΥ ͨͪͦͺ͔͚ͫͤͦ͜͝Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝Σ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟͝ ͭ͊ 
͍͍ͨͪ͊ͦͦ͝Φ 

ˤ͙ͤ͊͘;͊ΊͭΈͫΎΣ ΅ͦ ͨͪͦͺ͔͚ͫͤ͊͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘͜ ͔͚͒͊ͭͤͦͫͭ͘ 
ͺ͊ͻ͍ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͍͙ͪ͜΄͔ͤͤΎ ͨͪͦͺ͔͚͙ͫͤ͜ͻ 
͔ͨͪͦ͋ͣ͡ ͜ ͙͍͙ͭͨͦͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍͊͒͊ͤ͘ΈΣ Ύ͟͜ ͍͙͙ͤ͊͟ΌͭΈ ͯ ͔ͪ͊͡Έ͙ͤͻ ͙ͨͪ͊ͭ͟;͙ͤͻ 
͙ͫͭͯ͊ͼ͜ΎͻΣ ͜ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝Σ ͎͊͊͘͡Έ͙͚ͤͦͨͪͤΎ͙ͭͻ ͼ͔͚ͤͤͦͫͭ͜ ͣͦͪ͊͜͡ ͭ͊ 
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͔͙͙ͭ͟Σ ͍ͦͦ͒ͤͤ͜͡Ύ ͺ͊ͻ͍͙͙ͦͣ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͎͙͙͒͊ͤͦͫͭ͜͟ ͭ͊ ͔͙ͣͭͦ͒͊ͣ ͍͙͍ͨͯ͡ ͤ͊ ͙ͫͭͯ͊ͼ͜͝Σ ͙͗ͭͭΊ͍͎ͦͦ ͍͒ͦͫ͒ͯ͜Σ ͚͎ͨͦͫͭͤͦͦ͜ 
ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͭ͊ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͯ ͙ͨͪ͊ͭͯ͟͟ ͍ͤͦͭͤ͜͜ͻ ͔͚͒͜Σ 
͍͙ ͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͤ͊ͯͦͦ͟͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͭ͊ ͤ͜΄͙ͻ ͔͔͒͗ͪ͡ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͒͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
ͺ͊ͻ͍ͦͦ͝ ͙ͪͦ͋ͦͭ ͯ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͘͜ ͫͯ;͙͙͊ͫͤͣ ͍͙͎͙ͣͦ͊ͣΦ 

˱ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͍ Ύͦͫͭ͟͜ ͚͒͜ ͺ͊ͻ͍͜ͼΎΣ ΅ͦ 
͔͔͊͋ͨ͘͘;ͯΌͭΈ ͔ͺ͔͙͍͙͚ͭͤ͟ ͨͦ΄ͯ͟Σ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͝͝ ͊͒͊ͨͭ͊ͼ͜Ό ͒ͦ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍͊͒͊ͤ͘ΈΣ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͺ͊ͻ͍ͦͦ͝ ͔͙ͨͪͦ͋ͣ͡ 
͍͍͙͙͒ͨͦ͒ͤͣ͜͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͙͍͙͙ͦͣͯͤ͊ͭͤͣ͟͜͟ ͙ͫͨͦͫͦ͋͊ͣΣ ͍͊͟͜͡ͺ͍ͦ͊ͤͯ͜͟ ͪͦ͋ͦͭͯ 
͘ ͙͙ͪͤͣ͘͜ ͤ͜ͺͦͪͣ͊ͼ͚͙͙ͤͣ͜ ͔͙ͪͫͯͪͫ͊ͣΣ ͨͪͦͺ͔͚͙͙ͫͤͣ͜ ͔͙ͤͫͭͪͯͣͤͭ͊ͣ͜Σ ͎͍͙͙ͦͭͦͣ 
͎ͨͪͦͪ͊ͣͤͦ-͔͙ͣͭͦ͒;͙͙ͤͣ ͔͙ͦͣͨͫ͊ͣ͟͟͡Σ ΅ͦ ͍͒ͦͦ͘͡ΎΌͭΈ ͔͍͙ͨͪͦͭͯ͊ͭ͟ ͪ͜΄͔ͤͤΎ 
ͺ͊ͻ͍͙ͦͻ ͔ͨͪͦ͋ͣ͡ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͊͒͊ͤ͘ΈΣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͙͍͙͊ͭͦͣ͊ͭͦ͊ͤ͘ͻ 
ͪͦ͋ͦ;͙ͻ ͣͫ͜ͼΈ ͔ͨͪͫͦͤ͊ͯ͡Τ ͔͎ͪͯ͡Ύͪͤͯ ͚ͫ͊ͣͦͫͭͤͯ͜ ͍ͨͤ͊͊͘͜͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜ΈΣ 
͎͍ͦͭͦͤͫͭ͜Έ ͒ͦ ͍͔͔͒ͤͤΎ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͺ͊ͻ͍ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͜ ͣͯ͡Έ͙͔͚͙ͭͣ͒ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͼ͙ͺ͍͙ͪͦͻ ͔͍ͪͫͯͪͫ͜Σ ͍͔͔͒ͤͤΎ 
͔͒ͦͯͣͤͭ͊͟ͼ͜͝ ͍͙ͯͫͭ͊ͤͦ ͤ͊ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͤͦͫ͜ΎͻΦ 

˴͙͍ͦͣͯͤ͊ͭͤ͊͜͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘͜ ͍ͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ 
͘ ͟͜͡Ί͙ͤͭ͊ͣ ͍͙ͯͫͭ͊ͤͦ ͊͋ͦ ͊͊͒ͯ͘͟͡Σ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔ͺ͔͙͍͎ͭͤͦͦ͟ 
ͨͪΎ͎ͣͦͦ ͭ͊ ͍͎ͦͪͦͭͤͦͦ͘ ͍͘ΩΎͯ͘͟ ͘ ͙͙ͤͣΣ ͦͤͭ͊ͭͯ͟͟ ͘ ͔͍͙͙ͨͪ͒ͫͭ͊ͤ͊ͣ͟ ͙ͪͤ͘͜ͻ 
͍͍͙ͦ͜͟ͻΣ ͫͦͼ͊͜͡Έ͙ͤͻ ͎ͪͯͨΣ ͔͎͙ͦ͊ͣ͟͡Σ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͙ͪͦͪͦ͋͘͟ ͔͎ͫͭͪ͊ͭ͜͝Σ ͙͙ͭ͊ͭ͟͟ ͜ 
͔ͭͻ͙ͤ͜͟ ͍͊͘Ίͣͦ͒͜͝ ͘ ͡Ό͒Έ͙ͣΣ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͝ͻͤΈͦ͝ ͫͨ͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͒͡Ύ 
͒ͦͫΎ͎͔ͤͤͤΎ ͔͍͙ͨͤͻ ͫͯͫͨ͜͡Έͤͦ ͤ͊͘;͙͙ͣͻ ͼ͔͚͜͡Τ ͒͊ͭͤͫͭ͘͜Έ ͔͔͍͙ͨͪͦͤͯ͊ͭ͟Σ 
͍͔͍͙ͫͭͪ͒͗ͯ͊ͭ ͍ͫͦΌ ͙ͨͦ͘ͼ͜ΌΤ ͍ͦͦ͒ͤͤ͜͡Ύ ͔͍͒ͪ͗͊ͤͦΌ ͍ͣͦͦΌΣ ͎͙ͪ͊ͣͦͭͤͣ ͙ͯͫͤͣ ͭ͊ 
͙͔͙ͨͫͣͤͣ ͍͙͒ͦͣ͜͡ ͍͔ͣͦͤͤ͡ΎͣΣ ͦͪ͊ͭͦͪͫΈ͙ͣ͟ ͙͔ͣͫͭͼ͍ͭͦͣΣ ͨͪͦͺ͔͚͙ͫͤͣ͜ 
͔͙͔ͭͭͦͣ͟Σ ͊ ͭ͊ͦ͗͟ ͍͙ͤ͊;͙͊ͣ͟ ͨͯ͋͜͡;ͤͦ͝ ͔͔ͨͪͤͭ͊͘ͼ͜͝ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͙ͪͦ͋ͦͭΣ 
͍ͣͤͤ͜Ύ͙ͣ ͙͙ͦ͋ͪ͊ͭ ͍͍͒ͨͦ͒ͤ͜͜͜ ͅ ͙ͦͪͣ ͜ ͔͙ͣͭͦ͒ ͔͔ͨͪͤͭ͊͘ͼ͜͝Φ 

˽͍͍ͪ͊ͦ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς Ύͫͭ͟͜Έ ͒͜͝ ͨͪ͊ͼ͍͙ͤ͊͜͟Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͔ͺ͔͙͍͔ͭͤ͟ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͊ͦͤͦ͒͊͘͟;͙ͻ ͭ͊ ͤ͜΄͙ͻ ͙͍͙ͤͦͪͣ͊ͭͤͻ 
͔͍͒ͦͯͣͤͭ͟͜ ͎͍ͦͪ͊ͤ͜ ͔͍͒ͪ͗͊ͤͦ͝ ͍͙͊͒͡ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ 
͍͊͒͊ͤ͘Έ ώо]. 

˹͙͊ͨͪ͊͒͟͡Σ ͎͍ͦͦͤ͜͡ ͍ͫ͊͒ͦ͟͜͡ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͺ͊ͻ͍͜ͼΎ ͘ ͔͔͔ͣͤ͒͗ͣͤͭͯ 
ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͙͒ͦͫͭ͊ͭͤͣ͜ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
͍͊͒ͦ͘͜͡Έ͎ͤͦͦ ͍͙ͪ͜΄͔ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜ ͍͙͍͙͊͗͡ͻ ͔͔͙ͨͪ͒ͣͭͤͻ ͍͊͒͊ͤ͘ΈΣ ͙ͫͭͯ͊ͼ͚͜ 
͔͎ͨͪͦ͋ͣͤͦͦ͡ ͣͫͭͯ͘͜Σ ͍ͨͦͤͦ͝ ͍͍ͨͪ͊ͦͦ͝ ͦͪ͜Ί͍ͤͭͦ͊ͤͦͫͭ͜ ͭ͊ ͎͍ͦͭͦͤͦͫͭ͜ ͔͙ͤͫͭ 
͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͍ͫͦ͝ ͒͜͝Φ ˴͙͚ͦ͗ͤ ͙͚ͣͦͦ͒͡ ͺ͊ͻ͍͔͜ͼΈΣ ΅ͦ ͪͦͨͦ͘;͙ͤ͊Ί ͪͦ͋ͦͭͯ 
ͤ͊ ͍͚ͤͦ͜ ͨͦͫ͊͒͜Σ ͙ͦͭͪͣͯΊ ζ˴ ͍͊͜͡ͺ͊͜͟ͼ͚ͤͯ͜ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ηΣ Ύ͊͟ ͙ͫͨͪΎΊ ͚͎ͦͦ 
͊͒͊ͨͭ͊ͼ͜͝ ͒ͦ ͨͪ͊ͼ͜Φ ˴͍͊͜͡ͺ͊͜͟ͼ͚ͤ͜͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͨͦͫ͊͒ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͙ͫͨͪΎΌͭΈ 
ͨ͒͋ͦͪͯ͜ ͜ ͍ͪͦͫͭ͊ͤͦ͘ͼ͜ ͍͊͒ͪ͟͜Σ ͍͙ͨ͒͜΅͔ͤͤΌ ͍͒ͦͦ͜͡͝ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝Σ ͪ͊ͼͦͤ͊͜͡Έͤͦͣͯ 
ͪͦͨͦ͒ͯ͘͜͡ ͨͪ͊ͼ͜Σ ͍͔ͫͭͦͪͤͤΌ ͒͜Ί͍͎ͦͦ ͔ͣͻ͊ͤͣͯ͘͜ ͔͍ͪͦͣ͗ͯ͊ͤͤ͘Ύ ͺͯͤ͟ͼ͚͜Σ 
͍͍͔ͨͦͤͦ͊͗ͤΈ ͭ͊ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜ ͣ͗͜ ͨͪ͊ͼ͍͙͙ͤ͊ͣ͜͟Σ ͊ ͭ͊ͦ͗͟ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ό 
Ί͙͙͒ͤͻ ͨ͒͜ͻ͍ͦ͒͜ ͯ ͍͙ͤ͊͘;͔ͤͤ͜ ͍͙ͨͦͫ͊͒ͦͻ ͍ͦ͋ͦΩΎ͍͘͟͜ ͭ͊ ͍͊͟͜͡ͺ͊͜͟ͼ͚͙ͤ͜ͻ ͍͙͎ͣͦΦ 
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˴͍͊͜͡ͺ͊͜͟ͼ͚ͤ͜͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ Ύ͟ ͙͍ͤͦͪͣ͊ͭͤ͜ ͔͙͒ͦͯͣͤͭ͟ ͜ Ί 
͍ͦͫͤͦͦΌ ͒͡Ύ ͙ͪͦͪͦ͋͘͟ ͍͙ͨͦͫ͊͒ͦͻ ͤͫͭͪͯ͜͟ͼ͚͜Σ ΅ͦ ͣͫͭ͜ΎͭΈ ͔͔ͨͪ͜͟͡ ͍͙ͨͦͫ͊͒ͦͻ 
͍ͦ͋ͦΩΎ͍͘͟͜ ͨͪ͊ͼ͍͙ͤ͊͜͟ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͨͪ͊ͼ͜ ͭ͊ 
͍ͯͨͪ͊ͤͤ͜͡ΎΣ ͝ͻ ͍ͨͪ͊Σ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜ ͭ͊ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ ˴͍͊͜͡ͺ͊͜͟ͼ͚ͤ͊͜ 
ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͦ͗ͤͦ͟͝ ͙ͨͦͫ͊͒ ͣ͊Ί ͙ͭͪ ͙ͪͦ͒͘͜͡Υ ζ˭ ͍͊͒͊ͤͤΎ ͭ͊ ͍ͦ͋ͦΩΎ͙͘͟η, 
ζ˽ ͍͙͔ͦͤͤ ͙ͤ͊ͭ͘η ͜  ζ˴ ͍͊͜͡ͺ͊͜͟ͼ͚ͤ͜͜ ͍͙͎͙ͣͦη. 

̂ ͪͦ͒͘͜͜͡ ζ˭ ͍͊͒͊ͤͤΎ ͭ͊ ͍ͦ͋ͦΩΎ͙͘͟η ͙ͣͫͭͭ͜ΈͫΎ ͔͔ͨͪ͜͟͡ ͍͙ͦͫͤͦͤͻ ͍͙ͭͪͯ͒ͦͻ 
ͺͯͤ͟ͼ͚͜Σ ΅ͦ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍ͨͦͤͫͭ͜Ό ͊͋ͦ ;͍͊ͫͭͦͦ͟ ͒ͦͪͯ;͔ͤ͜ ͨͪ͊ͼ͍͙͍ͤͦ͜͟͜Σ Ύ͙͚͟ 
͚͊ͣ͊͘Ί ͔͍ͨͤͯ ͨͦͫ͊͒ͯ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͦ͒ͤͦͪ͒ͤͦͫͭ͜͜ ͭ͊ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ 
ͪͦ͋ͭ͜Σ ΅ͦ ͍͒ͦͦ͘͡ΎΌͭΈ ͔͔͊͋ͨ͘͘;͙͙ͭ ͙ͦͨͭͣ͊͡Έͤͯ ͔ͫͨͼ͊͊͘͜͜͡ͼ͜Ό ͊͘ ͙ͨͦͫ͊͒͊ͣ 
͔͍͙ͪͤ͊͟͜͟Σ ͨͪͦͺ͔ͫͦͤ͊͊͜͡ ͭ͊ ͺ͊ͻ͍͜ͼΎΦ 

̂ ͪͦ͒͘͜͜͡ ζ˽ ͍͙͔ͦͤͤ ͙ͤ͊ͭ͘η ͣͫͭ͜ΎͭΈͫΎ ͍ͦͫͤͦͤ͜ ͍͙͎͙ͣͦΣ ΅ͦ ͍͙͍ͫͯ͊ΌͭΈͫΎ ͒ͦ 
ͨͪ͊ͼ͍͙ͤ͊͜͟ ΅ͦ͒ͦ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͤ͊ͤ͘ΈΣ ͊ ͭ͊ͦ͗͟ ͤ͊ͤ͘Έ ͍͊ͦͤͦ͒͊͘͟;͙ͻ ͭ͊ ͤ͜΄͙ͻ 
͙͍͙ͤͦͪͣ͊ͭͤͻ ͍͍͙ͨͪ͊ͦͻ ͍͊ͭ͟͜Σ ͔ͨͦͦ͗ͤ͡ΈΣ ͤͫͭͪͯ͜͟ͼ͚͜ ͭ͊ ͤ͜΄͙ͻ ͔͍͒ͦͯͣͤͭ͟͜Σ Ύ͟͜ 
ͨͪ͊ͼ͍͙ͤ͜͟ ͍͙͔ͨͦͤͤ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͙ͨͪ ͍͙ͦͤ͊ͤͤ͟͜ ͍͙ͨͦͫ͊͒ͦͻ ͍ͦ͋ͦΩΎ͍͘͟͜Φ 

̂ ͪͦ͒͘͜͜͡ ζ˴ ͍͊͜͡ͺ͊͜͟ͼ͚ͤ͜͜ ͍͙͎͙ͣͦη ͍͙ͤ͊͘;͔ͤͦ ͔ͤͦ͋ͻ͙͚͒ͤ͜ ͒͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ 
͍͙ͨͦͫ͊͒ͦͻ ͍ͦ͋ͦΩΎ͍͘͟͜ ͍͔ͪͤ͜Έ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͨͪ͊ͼ͍͙ͤ͊͜͟Σ ΅ͦ 
͍͊ͫ͒͘͜;ͯΊͭΈͫΎ ͔͙͒ͦͯͣͤͭ͊ͣ͟ ͨͪͦ ͍ͦͫͭͯ͜Σ ͊ ͭ͊ͦ͗͟ ͍͙͎͙ͣͦ ͒ͦ ͫͭ͊͗ͯ ͙ͪͦ͋ͦͭΦ 

˨ͦ ͍͙ͨͪͦ͒ͤ͜ͻ ͺ͊ͻ͍͙ͦͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͔͔͔ͣͤ͒͗ͪ͊ ͘ ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͎͒ͤͦ͘͜ ͘ ͍͊ͦͤͦ͒͊͘͟;͙ͻ ͍͙͎ͣͦ ΅ͦ͒ͦ ͍͊͟͜͡ͺ͊͜͟ͼ͚͙ͤ͜ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
ͨͪͦͺ͔͚ͫ͜Σ ͍͒ͤͦͫ͜ΎͭΈͫΎ ͨͪͦͺ͔͚ͫͤ͊͜ ό͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͨͦͫ͊͒ͦ͊ύ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ 
͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͘ ͦͻ͙ͦͪͦͤ ͨͪ͊ͼ͜Σ ͔ͫͨͼ͍͊ͦ͊ͤ͘͜͜͜͡ ͙͙͍ͫͭͯ͊ͭͤͦ-͎͙͒͊ͤͦͫͭ͜;ͤ͜Σ 
ͦͤͫͯ͟͡Έ͙͍ͭ͊ͭͤ͜Σ ͍ͨͪ͊ͦ͊͘ͻ͙ͫͤ͜Σ ͨͪͦͺ͙͊ͭ͜͟͡;ͤ͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͒͜Ύ͡Έͤͫͤ͜͜Σ 
ͫͦͼ͊͜͡Έͤͦ-͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜Σ ͫͦͼ͊͜͡Έͤͦ-͔͔͍ͨͪͭͦͪΌ͍͊͡Έͤ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ  
˨ͦ ͺ͊ͻ͍͙ͦͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͔͔͔ͣͤ͒͗ͪ͊ ͘ ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙΅͎ͦͦ 
͍ͪͤ͜Ό ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ό͎ͣ͊ͫͭͪ͊͜ύ ͍͒ͤͦͫ͜ΎͭΈͫΎ ͭ͊ͦ͗͟ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͘ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔ͣ͗͊ͻ ͺ͊ͻ͍ͦͦ͝ ͔͙͙ͨͪͦ͋ͣ͊ͭ͟͡Σ ͯ͟͡Έͭͯͪͤͦ-
͍͙ͨͪͦͫͭͤ͜ͼΈ͊͟Σ ͎͍ͨͪͦͨ͊ͯ͊͡Έͤ͊ ͭͦ΅ͦΦ ˭͎͊͊͡Έ͍ͤͦͦͫͭͤ͜͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͺ͊ͻ͍͜ͼΎ 
ͫ͊͒͊͟͡ΌͭΈͫΎ ͘ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ό͍ͣͦͤ͊Σ ͫͦͼ͊͜͡Έͤͦ-ͦͣͯͤ͟ ͙͍͊ͭͤ͊͜͟Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-
͔ͭͻ͎ͤͦͦ͜͡;ͤ͊ύΣ ͍͎ͫͭͦ͜͡Ύ͙͒ͤͻΣ ͣͦͪ͊͡Έͤͦ-͔͙ͭ;͙ͤͻΣ ͎ͪͦͣ͊͒ΎͤͫΈͦ͟-͙ͨͦͭ͜͡;͙ͤͻΣ 
͍͔͎͊ͦͦ͜͡͡;͙ͤͻ ͍ͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟Φ 

˻͔ͭ͗Σ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͔͔ͨͪͻͦ͒ͯ ͒ͦ ͍ͤͦͭͤ͜Έ͎ͦͦ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ 
͍͔ͦ͋ͯͣͦͤ͊͡ ͭ͊ͦ͗͟ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό ͨͦ͒ͦ͊ͤͤ͡Ύ ͎͒ͦͦͪͤͤͦͦ͟͜ ͙ͨͪͦͭͪ͜;;Ύ ͙͔͙ͫͫͭͣ 
͍͙΅ͦ͝ ͍͙ͦͫͭ͜Υ ͙͍ͪͦͪͯ͘ ͣ͗͜ ͍ͪͤ͜Ύ͙ͣ ͭ͊ Ύͫͭ͟͜Ό ͔͔͙ͭͦͪͭ;ͤͦ͝ ͭ͊ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͺ͊ͻ͍ͦͦ͝ 
͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͍͙͙͍ͨͯͫͤ͟͟͜Φ ˽͔͔ͪ͒͋͊;͊ΊͭΈͫΎΣ ΅ͦ ͺ͍ͦͪͣ͊ͦ͊ͤͦ͘͜͡-͙͔͔ͫͫͭͣͤ 
͍͔͔͒͒ͪ͊ͤͤ͘͜͟͡Ύ ͣͫͭͯ͘͜ ͍͙ͦͫͭ͜ ͯ ͝͝ ͔͔͙ͦͣͨͭͤͭͤͫͤ͟͜ͻ ͍͙ͣͪ͊͜ͻ ͙ͫͨͪΎΊ 
͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ό ͯ ͍ͤ͊;͊ͤͤΎ ͫͯ;͙͊ͫͤͻ ͺͦͪͣ ͍ͫ͊ͣͦͤ͊;͊ͤͤΎΣ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό 
Ύͦͫͭ͟͜Σ ͫ͊ͣͦͦͼͤ͜Ό͍͊ͤͤΎ ͭͦ΅ͦΦ 

 
˶˱́˩˾ˢ́̂˾ˢ 

1. ˨͍͔ͦͪͼ͙͚͟ ˮΦ̆Φ ˶͙͊ͭͤͫͦ͟-͙͚ͪͯͫͫ͟ ͍ͫͦ͊ͪ͡ΈΦ ˻͟Φ рл ллл ͍ͫͦ͡Φ ˮ͒͘Φ н-͔Φ κ 

ˮΦ̆Φ ˨͍͔ͦͪͼ͙͚͟Φ - ˸ ΦΥ ˾͙͚ͯͫͫ͟ Ύ͘·͟Σ мфтсΦ - млфс ͫΦ 
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2. ˭͊ͦͤ͟ ͙̂ͪ͊ͤ͟͝ ζ˽ ͪͦ ͍͙΅ͯ ͍ͦͫͭͯ͜η όˤ͒ͦͣͦͫͭ͜͜ ˤ͔ͪͻ͍ͦͤͦ͝ ˾͙͊͒ όˤˤ˾ύΣ 
нлмпΣ Ѕ от ς оуΣ ͫͭΦ нллпύΦ 

3. ˽ͪͦ ͍͔͔͊ͭͪ͒͗ͤͤ͘Ύ ͍͊͟͜͡ͺ͊͜͟ͼ͚͙ͤ͜ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͨͪͦͺ͔͚ͫ͜ όͨͦͫ͊͒ύ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͭ͊ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡Φ ς ˹͊͊͘͟ 
˸˻˹ ͙̂ͪ͊ͤ͟͝ Ѕ сср ͍͒͜ лмΦлсΦнлмоΦ ς ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐΦ ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯΥ  
http://osvita.ua/legislation/other/37302/ 

4. ˾͊΄͔͍͙͟; ̑Φ ˸Φ ˴͔͔͙͚ͦͣͨͭͤͭͤͫͤ͜ ͨ͒͜ͻ͒͜ ͍ ͍ͨͦ͋ͯ͒ͦ͜ ͍ͤ͊;͊͡Έ͙ͤͻ 
͎ͨͪͦͪ͊ͣ κ ̑Φ ˸Φ ˾͊΄͔͍͙͟;Φ ς ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐΦ ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯΥ 
https://www.tempus.org.ua/uk/korysna-informacija/prezentaciji/781-rashkevych-
competence-approach-20-09-2012/download.html 

5. ˾͊΄͔͍͙͟; ̑Φ ˸Φ ˸͔͙͊ͭͪ͊͜͡ ˹͊ͼͦͤ͊͜͡Έͤͦ͝ ͙ͦͣ͊ͤ͒͟ ͔͔͍ͫͨͪͭ͟͜ ͘ 
͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͔ͨͪͦͭͯ͟ ̐˿ ζ˹ 9˻ ͍ ̂ͪ͊ͤ͟͜͝η ό˽͔͔ͪͤͭ͊͘ͼ͜Ύύ κ  
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ˢ˹˹˻́ˢ̇ˮ̒ 
˩Φ˩Φ ͔͙̋ͪ͋ͤ͊-͍͔͍̒ͦ͊͟͡. ˴͔͔ͦͣͨͭͤͼ͙͙ ͙ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟Υ ͍͔͙͔ͦ͋ͤͦͤ͡ 
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͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘Φ 

ˤ ͫͭ͊ͭΈ͔ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔͎͙͚͊ͭͦͪ͟ ζ͟ ͔͔ͦͣͨͭͤͼ͙͙η ͙ 
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͔͍͔͚͙͔ͪͦͨͫ͟ ͫͭ͊ͤ͒͊ͪͭ·Φ ˻͔͔ͨͪ͒͡Ύ͔ͭͫΎ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔͎͙͙͊ͭͦͪ͟ ͔͔ͦͣͨͭͤ͟ͼ͙͙ 
͊͟͟ ͫͺ͔ͪ· ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͎͙ͦͪ͊ͤ;͔͚ͤͤͦ ͍͍͙͙ͨͪ͊ͦͣ ͙ 
ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ·͙ͣ ͙͍͙ͤͦͦͪͣ͊ͭ͊ͣΦ ˾͊ͫͪ͟·͍͔͊ͭͫΎ ͫͣ·ͫ͡ ͔͎͙͙͊ͭͦͪ͟ 
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͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘Σ ͍·ͫ΄͔͔ ͍͙͔ͦ͋ͪ͊͊ͤ͘Σ ͔ͭͻ͎͙͙ͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎΦ 

 
SUMMARY 

E.˩ Φ Scherbina-Yakovleva. Competences and competencies: updating the 
categorical apparatus of innovative technologies in higher education. 

The article reveals the content of the categories ζcompetationesη and 
ζcompetenceη are actualized in connection with contemporary development of 
innovative technologies of training in higher school, oriented on the European 
standards. Defines the content category competationes as the areas of professional 
activities, limited legal and sociocultural normative. Reveals the meaning of 
competencies as designations expected or achieved set of learning outcomes in 
higher education. The transition to the new ζcompetencyη terms in the legal 
framework of the organization of the educational process caused by objective 
requirements, the need for standardization of the learning environment in higher 
educational institutions of various types; the prospect of formation of common 
European educational space and ensuring conversion diplomas; the need to unify the 
system of quality assessment of knowledge; simplification of system design 
documentation constituent in the process of introducing new areas of study in higher 
educational institutions; the introduction of information technology in management 
of educational institutions. The feasibility of the transition to the new ζcompetencyη 
terminology is driven by her efforts to improve the terminology of management of 
higher education. The feasibility of transition to modern competence approach is 
also due to the need to overcome the fundamental contradictions of the system of 
higher education: imbalances and the quality of theoretical and practical vocational 
training graduates. 

Keywords: competationes, competence, innovation in higher education, higher 
educations, learning technologies. 
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̂ͪ͊ͤͫ͟͝Έͦ͟͝ ͊ͫͦͼ͊͜ͼ͜͝ ͤ͊ͪͦ͒ͤͦ͝ ͔͙ͣ͒ͼ͙͙ͤ 
 

˽˾˻ ́˩˹˨˩˹̇˱̑ ̂˽˾˻ˤˢ˨ˬ˩˹˹̒ ˹˻ˤˮ̆ ́˩˾˸˱˹˱ˤ ̂ ˴̂˾˿ˮ ˭ ̅˱˶˻˿˻̅˱˲ ́ˢ 
˱˹̊ˮ̆ ˨ˮ˿̇ˮ˽˶˱˹ 
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͋͘͜͡Έ΄͔ͤͤΎΣ ΄͍͙͒ͦͫͭ͟͜ ͜ ͦ͋ͫΎ͎͍͜ ͍ͨͦͭͦ͟͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ  
̂ ΅͔͚ͦ͒ͤͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͙ͣ͒;͙ͤͻ ͭ͊ ͤ͜΄͙ͻ ͍͙΅͙ͻ ΄͟͜͡ ͍͙͊͒͊͟͡;͜ ͜ ͔͙ͫͭͯ͒ͤͭ 

ͣͯ͘΄͔ͤ͜ ͍͊͘Ίͣͦ͒͜Ύ͙ͭ ͍ ΄͍͙͙͒ͦͣͤͤ͘͟͜ͻ ͍ͯͣͦ͊ͻ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ 
͔͔͍͙ͫͪ͒ͦ΅͊Σ ͍ Ύͦͣͯ͟ ͔ͣ͊ͭͪ͊͜͡Έͤ͜ ͙͊ͫͦ͋͘ ͜ ͍͍͙͚͒ͨͦ͒ͤ͜͜ ͔͙ͫͦͤ͟͟͡ ͒͡Ύ ͚͎ͦͦ 
͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͪͦͫͭ͊͘Ί ͔͔͔͍͋ͨͪͪͤͦ͘ ͜ ͍͙͊͘͘;͚͊ ͔͔͔ͤͨͪ͒͋͊;͍ͯ͊ͤͦΦ ˿͔͙ͭͯ͒ͤͭ 
͍͔͗ ͔ͤ ͣͦ͗ͯͭΈ ͦ͋ͻ͙͙ͦ͒ͭͫΎ ͔͋͘ ˱͔͔ͤͭͪͤͭͯ ͘ ͚͎ͦͦ ͔ͯͫ ͋͜͡Έ΄͙͙ͣ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣΣ ͊ 
͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͍͙͚ͨͦ͋ͯ͒ͦ͊ͤ ͤ͊ ͙ͫͭ͊ͪͻ ͍͙ͨͪ͊͊͡ͻ ͜ ͙͍ͤͦͪͣ͊ͭ͊ͻ ͙͔ͨͫͣͤͦ͝ 
͔͙ͪΦ ̂ ͫͭ͊ͭͭΎͻ ͘ ͔͙͙ͣͭͦ͒͟ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍ͯ͘;͙ͭΈ ͚͙͚ͨͦͫͭͤ͜ ͔ͪͺ͔ͪͤ ς ͔ͤͦ͋ͻ͒ͤͦ͜ 
͙͙ͯ͒ͦͫͦͤ͊ͭ͟͡ ͜ ͙͙ͣͤͭ͘͜ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͘ ͔ͣͭͦΌ ͯͫͨ͜΄͎ͤͦͦ ͍͟͡Ό;͔ͤͤΎ 
˱͔͔ͤͭͪͤͭͯ ͭ͊ ͔͔ͣͪ͗ ͍ ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͊ͪ͜͟͜͡Σ 
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͍͙͍ͨͪ͊ͤ͟͜Σ ͔͔͍ͤ͗ͤͪ͜͜ ;͙ ͙ͣͦͦ͒͡ͻ ͺ͊ͻ͍͜ͼ͍͜ ͘ ͔͋ͦͭ͜ͻ͎͚ͤͦͦ͜͡Φ ˭͜ ͫͺ͔͙ͪ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
͎͍͎ͦͦͤͦͦ͡ ͣͦͯ͘͟ ͚͒ͯͭΈ ͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ ͨͪͦ ͍ͤͦ͜ ͍͙͒ͪͭͭ͜͟ΎΣ ͎͙ͨͪͦͤͦ͘ ͨͦΊ͒ͤ͊ͤͤΎ 
ͫͭͪͯͭͯͪ͟ ͎͍͎ͦͦͤͦͦ͡ ͣͦͯ͘͟ ͘ ͔-ͤ͜ͺͦͪͣ͊ͼ͚͙͙ͤͣ͜ ͙͊ͫͦ͋͊ͣ͘ όͦͣͨ͟ϥΌ͔͙͙ͭͪͤͣ ͭ͊ 
ͤ͜΄͙͙ͣύ ͔ͤ ͭ͜͡Έ͙͟ ͒͡Ύ ͤ͊͒͊ͤͤΎ ͦͪͯ͘ ͙ͫͨͣ͜͡ ͦͫͦ͋͊ͣΣ ͊ ͚ ͒͡Ύ ͣ͊ͦ͡ ͔ͤ ͙ͣͭͭΊ͍͎ͦͦ 
͙͊ͨͫͯ͘ ͍ ͎͍ͦͦͯ͡ ͍ͫ͜Ί͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ Ύͯ͟ ͙ͤ͊ͦͨ͟;͙ͦ͡ ͡Ό͍͒ͫͭͦΦ  
˸͙͍ͦ͗ͦ͡Σ ΅ͦ ͔ͫ͊ͣ ͭ͊͟ ͜ ͔ͫͭ͊ͤͭΈͫΎ ΅͔ ͒ͦ ͔͔͙͙ͫͪ͒ͤ ̆̆˱ ͫͭΦΣ ͔͊͡ ͍͊͒͊ͤͤ͘Ύͣ 

͍͊ͭͦͪ͊ ͜ ͚͎ͦͦ ͔͎ͦ͟͡ ͙͡΄͊ΊͭΈͫΎ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍ ͙ͭͻ ͍ͯͣͦ͊ͻΣ Ύ͟͜ 
ͫͤͯ͜ΌͭΈ ͔ͫ͊ͣ ͊ͪ͊͘͘Σ ͔͒ͣͦͤͫͭͪ͊ͼ͜Ύ ͣ͝ ͍ͪ͊͘͘͟͜ ͺ͊ͻ͍ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ 
͔͔͔ͨͦͨͪ͒͗ͤͤΎ ͨͪͦ ͭ͜ ͙͍ͣͦ͗͜͡ ͍͙ͯͣͦΣ ͘ Ύ͙͙ͣ͟ ͍͙ͦͤ ͯͫͭͪͤͯͭ͘͜ΈͫΎ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯ 
ͨ͒͜ ;͊ͫ ͍ͫͦΊ͝ ͨͪ͊ͼ͜ ;͔͔ͪ͘ ͟͜͡Έ͊͟ ;͙ ͚ ͎͋͊͊ͭͦ ͍ͪͦ͟͜Φ ˨͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͼΈ͎ͦͦ 
͍͊͒͊ͤͤ͘Ύ ͙͙ͪͭ͟;ͤͦ ͍͙͍͊͗ͦ͡ ͙ͤ͊ͭ͘ ͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ Ύ͎ͦͣͦ͊͟ ͍ͤͦ͜΄͙͚ 
͔͙ͫͦͤ͟͟͡Σ ͙͋ͯͭ ͙ͦ͋ͤ͊ͤͣ͘͜ ͔ͤ ͭ͜͡Έ͙͟ ͍ ͔ͭͪͣͤ͊͜ͻ ͘ ͙͊ͫ͟͡;͙ͤͻ ͍ͪͦ͒͘͜͜͡ ͺͦͫͦ͜͡ͺ͜͝ ;͙ 
ͤ͜΄ͦ͝ ͙ͤ͊ͯ͟Σ ͊ ͚ ͍ ͍ͤͤͦ͊͜ͼ͜Ύͻ ͭ͊ ͚ͤ͊͋͜͡Έ΄ ͔͔͙͍͙ͨͪͫͨͭͤ͟ͻ ͒͡Ύ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͨͦͤΎͭͭΎͻΦ ˹͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͯ ͨͪ͊ͼΎͻ ͤ͊΄͙ͻ ͔͎ͦ͟͡-ͺͦͫͦ͜͡ͺ͍͜ ͔ͭͣ͊ 
ζͤ ͍ͦ͊ ͔͎ͭͪͣͤͦͦ͜͜͡Ύη ͔ͤ ͔͙ͤ͊͗ͭ͡Έ ͒ͦ ͙͔͙ͨͪͦͪͭͭͤ͜ͻΣ ͻͦ; ͜ ͎͍͊ͫͯͦͯ͘͡Ί ͤ͊ 
͎͙͔͔ͨͦ͋ͤ͡͡ ͍͙͍;͔ͤͤΎ ͘ ͦ͒ͤͦ;͙͊ͫͤͣ ͊ͤ͊ͦͣ͘͜͡ ͚͎ͦͦ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟ΎΦ 
˸͔ͭ͊ ͤ͊΄ͦ͝ ͫͭ͊ͭͭ͜ ς ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͭ͜Ί͝ ;͙͙͊ͫͭͤ ͍͙ͤͦͻ ͔͙ͫ͟͡;͙ͤͻ ͨͦͤΎͭΈ ͜ 

ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͙ͤͻ ͔͍ͭͪͣͤ͜͜Σ Ύ͟͜ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͯͫͨ͜΄ͤͦ ͍͙͙ͦͪͫͭ͊ͤ͟͜ ͍ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍͙΅ͦ͝ ΄͙ͦ͟͡ ͙̂ͪ͊ͤ͟͝Σ ͦͫ͟͜͡Έ͙͟ ͣ͊ΌͭΈ ͍͙ͨ͒͜΅͔͙͚ͤ ͔͙͍͙͚ͪ͊ͭͤ͟ ͔ͨͦͭͤͼ͊͜͡ ͜ 
͍͙ͫͦͯ͟ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͨ͒͜ ;͊ͫ ͊ͤ͊ͯ͘͜͡ ͜ ͨͦΎ͔ͫͤͤͤΎ ͍͍͙ͫͭͦ͜ͻ ͜ ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ 
ͨͪͦͼ͔͍ͫ͜Φ ˸͙ ͍ͫͨͦ͒͊͜ΊͣͦͫΎ ͤ͊ ͔ͭΣ ΅ͦ ͍͙ͦͤ ͣͦ͗ͯͭ͘Έ ͍͚͙ͯͭ͜ ͍ ͔ͦͣͨͫ͟͟͡ 
͚ͤ͊ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͜΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͨͦͤΎͭΈ ͚͙ͤ͊͋͗͡;͎ͦͦ ͚ͣ͊͋ͯͭͤΈ͎ͦͦΦ   
˾͔ͯ͘͡Έ͙ͭ͊ͭ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ̒͟΅ͦ ͻͦ; ͭͪͦͻ͙ ͍͙͚͙ͭ ͊͘ ͔ͣ͗͜ ͔ͭͣ ͔͍ͣ͊ͭͪ͊͜͜͡Σ 

ͻ͔͙͊ͪ͊ͭͪͤ͟ͻ ͒͡Ύ ͔͙͋ͨͪͤ͘ͼ͙͙ͨͤͻ ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͜ ͍͍͙ͫͭͦ͜ͻ ˭˸˱Σ ͙͊͘͡΄͙͙ͭ ͨͦ͊͘ 
͊ͤ͊ͦͣ͘͜͡ ͣͫͭ͘͜ ͙͒͊ͤͻ ͜ ͍͔ͨͦ͒ͦͣͤ͜͡ΈΣ ΅ͦ ͼ͙ͪͯ͟͡ΌΌͭΈ ͯ ͔͒ͯ͗ ͨͦͨͯ͡Ύ͙ͪͤͻ ͔͔ͫͪ͒ 
͔͍ͫͭͯ͒ͤͭ͜ ͫͦͼ͊͜͡Έ͙ͤͻ ͔͔ͣͪ͗͊ͻΣ ͭͦ ͫͭ͊Ί ͙ͨͦͣͭͤͣ͜ ͤ͊͘;͔ͤ ͔͊ͤͨͦͦ͘͟ΊͤͤΎ ͚ͤ͊͋͜͡Έ΄ 
͍ͦͫ͜;͔ͤͦ͝ ͜ ͦ͋ͤ͊ͤͦ͘͜͝ ;͙͙͊ͫͭͤ ͡Ό͍͒ͫͭ͊ ΄͍͙͙͒ͣ͟ ͤ͊ͪͦͫͭ͊ͤͤΎͣ ͔͎ͦͦ͟͜͡;͙ͤͻ ͭ͊ 
ͤ͜΄͙ͻ ͎͊ͪͦ͘͘ ͔ͤ ͙͡΄͔ ͒͡Ύ ͫͭ͊͋͜͡Έ͎ͤͦͦ ͋ͯͭͭΎ ͡Ό͔͚͒ ;͙ ͋͜͡Έ΄ ͎͋͊͗͊ͤͦͦ ͎͔ͨͪͦͪͫͯ 
͘ ͍ͤ͊ͦ͘Ό ζSustainable developmentηΣ ͊ ͒͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͔ͣ͗͜ нмлл ͪͦͯ͟Σ ͦͫ͟͜͡Έ͙͟ 
ͤ͊ ΄͡Ύͻͯ ͒ͦ ͼ͜Ί͝ ͙͒͊ͭ ͍͔͔͒ͦ͒ͭΈͫΎ ͔͔͎͙ͨͪͣ͊͊ͭ ͋͊ͪϥΊͪ ͍ͨͦͤͦ͝ ͔͎͒ͪ͊͒͊ͼ͜͝ ͍͒ͦ͟͜͡͡ΎΣ 
͔͙ͦͤͦͣ͟͜͟ ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ˹͍͙ͦͣ ͙ͨͪ͊͒ͦͣ͟͡ ͼ͜Ί͝ ͊ͦͨͦͭ͊ͤͦͫͭ͘͟͜͡ ͙ͣ ͍͍͊͗͊Ίͣͦ 
ζ˨ ͍ͦͨͦ͒͜Έ ͨͪͦ ͎ͦ͋͊͡͡Έͤ͜ ͙͙͙ͪ͘͟ нлмтηΣ ͍ Ύ͚͟͜ трл ͺ͊ͻ͍͜ͼ͍͜ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ ͔͒ͫΎ͙ͭ͟ 
͎͙ͦͫͭͪͻ ͔ͭͣ ͜  ͨͪͦͨͦͤͯΌͭΈ ͒ͦͪͦ͋ͦ͟ ͒͡Ύ ͙ͭͻΣ ζͻͭͦ ͙͚ͨͪͣ͊Ί ͪ͜΄͔ͤͤΎη [12].  
˽͔͍͙͙ͪ͒ͫͭ͊ͤ͟ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟ ͔ͤ ͙͊͘͡΄͙͙ͫ͡Ύ ͦͫͭͦͪͦͤΈ ͼ͔ͤͭͪ͊͡Έ͙ͤͻ 

͔ͨͪͦ͋ͣ͡ ͡Ό͍͒ͫͭ͊ ͜ ͘ ͔͍͙ͨͤͣ ͔͊ͨͤͤͤ͘͘͜Ύͣ ͍͙͙͒͒͊ͫ͜͡͡Ύ ͍͒͜ ͔ͨͦͫͣͦ͒ͪͤͣͯ͘͜  
ό͍͎ͫͦͦ ͎͍͎ͦͦͤͦͦ͡ ͊͘ͻ͔ͦͨͤͤ͡Ύ ͙ͤ͊ͨͪͤ͟͜ͼ͜ ̆̆ ͫͭΦύ ͜Σ Ύ͟ ͜ ͍ ͔͔ͨͦͨͪ͒ͤ͜ͻ ͍͙ͨ͊͒͊͟ͻ 
͙͍͙ͪͦ͘͟ͻ ͍ͫͭ͊ͤ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͍͔͙ͪͤͯͫ͘͡Ύ ͒ͦ ͍͙͍ͭͦ͟͜ ͔͎ͦͦ͟͜͡;͙ͤͻ ͭ͊ ͤ͜΄͙ͻ 
͔͒ͦͫ͒͗ͤ͜͡Έ ͪͦ͜͡ ͡Ό͙͙͒ͤ ͤ͊ ͔ͨ͊ͤͭ͜͡Σ ͙ͨͪ;͙ͤ ͜ ͼ͔͚͜͡ ͝͝ ͨͦΎ͍͙ ͜ ͙͍ͭͪ͊ͦ͡͝ ͔͍ͦ͡Όͼ͜͝ 
͒ͦ ͫͯ;͎͊ͫͤͦͦ ͫͭ͊ͤͯΦ ˭͊ͯ͡;͔ͤͤΎ ͔ͨͪ΄͙ͻ ͒ͦͫΎ͎͔ͤͤΈ ͎͎ͦͤͭͦͦ͟͜͜͡͝ ͭ͊ ͤ͜΄͙ͻ ͤ͊ͯ͟ 
͙͍͔ͨͪͦ͘͡ ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͼ͍͙͊͜͟ͻ ͙͎ͤ͟ ͨͪͦ ͨͦͻ͔ͦ͒͗ͤͤΎ Homo Sapiens ͭ͊ ͚͎ͦͦ 
΄͡Ύͻ ͍͒͜ ͍͙ͭ͊ͪͤͤͦͫͭ͜ ͒ͦ ͫͯ;͙͊ͫͤͻ ͤ͊ͤ͘Έ ͜ ͫͦͼ͊͜͡Έͤͦͫͭ͜ ώтΤ уϐΦ ˭͎͊͊ͦͣ͡ ͔͗ ͔ͣͦ͗ͣͦ 
͍͒ͤ͊͘͜;͙͙ͭ ͔͍͙͚ͨͤ ͔͔ͪͤͫ͊ͤͫ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͎ͤͦͦ ͨͦͤΎͭͭΎ ζͤ ͦͦͫͺ͔ͪ͊η ͜ ͨͦ;͊ͭͦ͟ 
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͔͔ͭͤ͒ͤͼ͜͝ ͎͙͔͙ͨͦ͋ͤ͡͡ͻ ͍͙ͤ͊ͯͦ͟ͻ ͨͦ΄͍ͯ͟͜ ͤ͊ ͍ͦͫͤͦ͜ ͚͎ͦͦ ͪͦ͘΄͙͔ͪͤͤΎ ͊͘ ͪ͊ͻͯͤͦ͟ 
͔͙ͫͨͦͪ͒ͤͤ͜ͻ ͨͦͤΎͭΈΣ Ύ͟͜ ͭ͊ͦ͗͟ ͪͦͨͦ͘;͙ͤ͊ΌͭΈͫΎ ͘ ͔ͭͪ͜͡ ζͤ ͦͦ-ηΦ ˹͊ͫ ͼ͔ 
͊͘ͼ͍͙͊ͦ͜͟͡ ͜ ͫͨͦͤͯ͊ͦ͟͡ ͙͙͒ͦͫ͒ͭ͜͡ ͔͍ͦ͡Όͼ͜Ό ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͨͦ͒͋ͤ͜ͻ ͔͍ͭͪͣͤ͜͜Σ 
ͪͦͨͦ͘;͙ͤ͊Ό;͙ ͘ ;͊ͫͯΣ ͙ͦ͟͡ ͨ͒͜ ͍͙͍ͨͦͣ͡ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͔͟͡ͼ͜Ύ͙ͣ ͯ ˿ͦͪ͋ͦͤͤ͜ 
ͤ͊΄͎ͦͦ ͍͍ͫͨͭ͜͜;͙͙ͤ͊͘͟ ˤΦ˱Φ ˤ͔ͪͤ͊͒ͫΈ͎ͦͦ͟ ͨͪͦ ͍͙͍ͨ͡ ͤ͒ͯͫͭͪ͜͜͝ ͜ ͡Ό͍͒ͫͭ͊ ͤ͊ 
͙ͨͪͪͦ͒ͤ͜ ͼ͙͙͟͡ ͯ ͋ͦͫ͜ͺ͔ͪ͜ ͺͪ͊ͤͼͯ͘Έ͟͜ ͺͦͫͦ͜͡ͺ͙ ˩Φ ˶͔ͪͯ͊ ͜ ˽Φ ͔͚́Ύͪ ͔͒ ͔̊͊ͪ͒ͤ 
͍͔͙ͯ͡ ͍ ͍͙͚ͤ͊ͯͦ͟ ͎ͦ͋͜ ͔ͭͪͣͤ͜ ζͤ ͦͦͫͺ͔ͪ͊ηΦ ˤ͒ͤ͊͘͜;͙ͣͦΣ ΅ͦ ͯ ͍͚ͫͦ͝ ΅͔͚ͦ͒ͤͤ͜ 
͍͚ͤ͊ͯͦ͟͜ ͒͜Ύ͡Έͤͦͫͭ͜ ˤΦ˱Φ ˤ͔ͪͤ͊͒ͫΈ͙͚͟ ͍ ͍ͯͣͦ͊ͻ ͙ͦͣͯͤͫͭ͟͜;͎ͤͦͦ ͔͎͒ͦͦ͜͜͡;͎ͤͦͦ 
͙ͭͦͭ͊ͭ͊ͪͣͯ͘͜͡ ͔ͤ ͎ͣ͜ ͍͙͍͙ͪͦ͊ͭ͘ ͜ ͨͦ΄͙ͪΌ͍͙͊ͭ ͍ͫͦ͝ ͺ͎ͯͭͯͪͦͦ͜͡;ͤ͜ ͤͦͦͫͺ͔ͪͤ͜ 
ͯΎ͍͔ͤͤ͡Ύ ͭ͊ ͘ ͭͪͯ͒ͤͦ΅͙͊ͣ ͙ͦͨͪ͡Ό͙͍͒ͤ ͭ͜͡Έ͙͟ ͝ͻ ͔ͣͪͤͯ͘͜ ;͙͊ͫͭͤͯ ͍ 
͔͊͊͒ͣ͟͜;ͤͦͣͯ ;͙͊ͫͦͨͫ͜ ͘ ͙ͣ͊ͣ͡ ͤ͊͊͒ͦͣ͟͡ ͙ͤ͊ͨͪͤ͟͜ͼ͜ ͙͗ͭͭΎ ͨͫ͜͡Ύ ͙ͦͭͪͣ͊ͤͤΎ 
͍͍͎͒ͨͦ͒ͤͦͦ͜͜ ͍͒ͦͦͯ͘͡ ώнϐΦ  
˸͙ ͍͙Ύ͍͙͙͡Σ ΅ͦ ͔ͦͪͣ͟͜ ͪ͊͒ΎͤͫΈ͟͜ ͍ͤ͊ͯͦ͟ͼ͜ ͙ͣ͊͡ ͒ͦͫͭ͊ͭͤΈͦ ͍͍͎͙͒͊͜ ͒͡Ύ 

͍͙ͪͦͭͯ͘͟ ͼ͜Ί͝ ͔͙ͭͣΣ ΅͍ͦͨͪ͊͒͊Σ ͙͡΄͔ ͨͫ͜͡Ύ ͍ͪͦͤ͘͜;͍ͯ͊ͤͤΎ ͯ͟͡Έͭͯ ˯Φ ˿ͭ͊ͤ͊͜͡Φ 
˽͙ͪ͊͒ͦͣ͟͡ ͙ͣ ͍͍͊͗͊Ίͣͦ ͍ͭͦͪ;ͫͭ͜Έ ͪ͊͒ΎͤͫΈ͎ͦͦ͟ ͍ͤ͊ͯͦ͟ͼΎ ͜ ͙ͨͫΈ͔͙ͣͤͤ͊͟  
˱Φ˸Φ ˭͊͋Ίͤ͊͜͡ όмфнт-198оύΦ ̂ ͍͒ͦͦ͜͡ ͔ͨͦͣ͜͡;ͤͦͣͯ ͍ͭͦͪ͜ ζ˶ Ό͍͒ͫͭͦ ς ͍ͤ͊͜΅ͦ 
͍ͦͤͦΚη ͍ͤ͜ ͔ͤ ͭ͜͡Έ͙͟ ͎͋͊͊ͭͦ ͍ͪ͊͘͜ ͍͙͙͍ͦͪͫͭͦͯ͟Ί ͍ͫͦͦ͡ ζ͋ ͦͫ͜ͺ͔ͪ͊η ͍ ͚͎ͦͦ 
ͭͯͣ͊͡;͔ͤͤ͜ ˤΦ˱Φ ˤ͔ͪͤ͊͒ͫΈ͙ͣ͟Σ ͊ ͚ ͨͪͦͨͦͤͯΊ ͙ͭͪ ͼͦͣ͜͟͡ ͍ͤͦ͜ ͔͙ͭͪͣͤ͜ ς ͎͔ͤͦͦͤΣ 
͎͔͔ͤͦͦͤ͘ ͜ ͔ͤͦͦͭͻͤ͊͘͜ͼ͜Ύ ώоϐΦ ˤ͙ͦͤ ͎͍͊ͫͯͦͯ͘͡ΌͭΈ ͤ͊ ͊ͤ͊͘͜͡ ͝ͻ ͔͍ͫͪͯ͊ͤͤ͟ΎΦ  
˱Φ˸Φ ˭͊͋Ίͤ͜͡ ͋ͯ͒ͯΊ ͍͙ͤ͊͘;͔ͤͤΎ ͎͔ͤͦͦͤͯ ͜ ͎͔͔ͤͦͦͤͯ͘ ͤ͊ ͍ͦͫͤͦ͜ ͍ͫͦ͝ͻ 

ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍͙ͤ͊ͯͦ͟ͻ ͯΎ͍͔ͤ͡ΈΥ ζ˾ ͍͙ͦͭͦ͘͟ ͯͫΈ͎ͦͦ ͔͎ͣͤͦͦ͘ ͺ͔͔ͤͦͣͤ͊ ͙ͣ 
͔ͣͦ͗ͣͦ ͯΎ͍͙͙ͭ ͫͦ͋͜ ͔ͨͦͭ͊ͨͤͦΥ ͎͔͎͔͔ͦͤ͘ ό͔ͤ͊ͪͦ͒͗ͤͤΎ ͔͙ͨ͊ͤͭ͡ ͚ ͍͔ͯͭͦͪͤͤΎ 
͎͔͋ͦͤͦͫ͜ͺ͔͙ͪύ ς ͎͔͔͋ͦͤ͘͜ ς ͼ͔ͺ͊͊͘͜͡ͼ͙Ύ ς ͎͔͔͊ͤͭͪͦͨͦͤ͘ ς ͫͦͼ͎͔͔ͦͤ͘͜ ς ͎͔͔ͤͦͦͤ͘Φ 
˹͎͔͔ͦͦͤ͘ ͪͦͨͦ͘;͍͊ͫΎΣ ͯ ͍ͫΎͦͣͯ͟ ͪ͊͘͜Σ ͔ͤ ͨͤ͘͜͜΄͔ ͫͦͼ͎͔͔ͦͤ͊͘͜Σ ͔͊͡ ͎͔͎ͦͦ͜͡;ͤͦΌ 
͙ͫͦ͡Ό ͍ͤ͜ ͫͭ͊Ί ͭ͜͡Έ͙͟ ͔͔ͭͨͪΤ ͫͦͼ͎͔͔ͦͤͦͣ͘͜ ͔͍͍ͪͯ͊͟ ͔ͤ ͪͦͯͣ͘ ς ͫͦͼ͎͔͔ͦͤ͘͜ ͫ͊ͣ 
͍͋ͯ ͍͙ͪ͜΄͊͡ΈͤͦΌ ͙ͫͦ͡ΌΣ ͜ ͪͦͯͣ͘ ς ͤ͊ ͗͊͡Έ ς ͔͔͍͍ͨͪ͋ͯ͊ ͯ ͍͔͡Έ͙ͣ ͜ ͍͔͡Έ͙ͣ 
ͨ͒ͨͦͪ͜Ύ͍͒ͦ͊ͤͦͣͯ͟ ͍͙ͫͭ͊ͤͦ΅͜Φ ˻͔ͭ͗Σ ͨͫ͜͡Ύ ͫͦͼ͎͔͔ͦͤͯ͘͜ ͔ͤ͊ͫͭ͊ͤ ͔ͨͦͻ͊ ͪͦͯͣͯ͘Σ ͊ 
ͭͦͣͯ ͤ͊͒͊͜͡ ͍͙͔ͫͤͯ͊ͭͣ͜ ͎͔ͤͦͦͤ ς ͔ͨͪͦ͒͜ ͙ͦͣͯͤͫͭ͟͜;͎ͤͦͦ ͋ͯͭͭΎ ͤ͊ ˭͔ͣ͜͡ ͜ ͍ 
ͦͫͣͦͫ͟͜η [3]. 
˹͔ ͔͋ͯ͒ͣͦ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͙ͨͪ;͙͙ͤ ͔ͦͭͦͭͦ͗ͤͤͤΎ ͦͣͯͤͣͯ͘͟͜ ͘ ͎͔ͤͦͦͤͦͣ όͭͯͭΣ 

ͤ͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͣ͊ΊͭΈͫΎ ͤ͊ ͍ͯ͊͘͜ ͤͦͦͫͺ͔ͪ͊ύΣ ͊ ͍͒ͤ͊͘͜;͙ͣͦ ͚ͭͦ ͺ͊ͭ͟Σ ΅ͦ ͍͚ͫ͜ ͍ͭͪ͜ 
˱Φ˸Φ ˭͊͋Ίͤ͜͡ ͍ͫͭͦͪΌ͍͍͊ ͯ ͔ͣͦͣͤͭ ͙͍ͦͫͦ͋ͦ͡ ͙͍͎͊ͭͤͦͦ͟ ͎ͣ͊͊ͤͤ͘Ύ ͣ͗͜ ˿˾˿˾ ͜ ˿̊ˢ 
͊͘ ͔ͨͪ΄ͫͭ͜Έ ͯ ͦͫͣ͟͜;͙ͤͻ ͔ͭͻ͎ͤͦͦ͜͡ΎͻΦ ͔̇ ͔͒ͯ͗ ͨͦͣͭͤͦ͜ ͯ ͚͎ͦͦ ͍͙ͤ͊͘;͔ͤͤ͜ ͨͦͤΎͭͭΎ 
ζͤ ͔ͦͦͭͻͤ͊͘͜ͼ͜Ύη: ζ̒ ͟ ͼ͔ͺ͊͊͘͜͡ͼ͜Ύ ͚ͤ͊͋͜͡Έ΄ ͍ͨͦͤͦ ͍͙͍ͫͦ͡͡Ό͍͊͊͡ ͫͯͭΈ ͔͍ͦ͡Όͼ͜͝ 
͍͙͎ͭ͊ͪͤͤͦͦ ͍ͫͭͯ͜Σ ͭ͊͟ ͜ ͔ͤͦͦͭͻͤ͊͘͜ͼ͜Ύ ͍͙ͤ͊͘;͊Ί Ί͒ͤͫͭ͜Έ ͎ͪͤͦͣ͊ͤͭͤͦͦ͘͜͜ ͍ 
ͫ͊͒ͤͦͣͯ͟͡ ͨͪͦͼ͔ͫ͜ ͡Ό͒ͫΈ͎ͦͦ͟ ͍͙ͪͦͭͯ͘͟Σ ͍͙ͤ͊͘;͊Ί ͫͯͭΈ ͡Ό͒ͫΈ͎ͦͦ͟ ͺ͔͔ͤͦͣͤ͊Υ ͘ 
͔ͣͦͣͤͭͯ ͍͙͙͔ͤͤͤͤ͟Ύ ͡Ό͙͙͒ͤ ͝͝ ͔ͤͦͦͭͻͤ͜;͙͚ͤ ͍͔ͪͤ͜Έ ͔͍͙ͤͨͤͤͦΣ ͻͦ;͊ ͜ ͘ 
͙͙ͯͨͤ͊ͣ͘͟Σ ͍͙ͨ͒͜΅͍͍ͯ͊ͫΎΦ ˿͙ͭͻ͚͙͚ͤ͜ ͫͨͦ;͊ͭͯ͟ ͨͪͦͼ͔ͫ ͔ͤͦͦͭͻͤ͊͘͜ͼ͜͝ ͔͔ͭͨͪ ͔ͣͦ͗ 
͙͋ͯͭ ͦͼ͔͙͚ͤͤ͜ ͼͦͣ͜͟͡ ͍ͤ͊ͯͦͦ͟Σ ΦΦΦ ͊ ͘ ͍͙͙͔ͤͤͤͤ͟Ύͣ Ί͙͎͒ͤͦͦ ͡Ό͍͒ͫͭ͊ 
͔ͤͦͦͭͻͤ͊͘͜ͼ͜Ύ ͨͦ;͊͊͡ ͍͙͍͙ͪͦ͊ͭͫ͘Ύ ͍͙͋ͯͻ͍ͦͦΦ ˣ͎͊͊ͭͦ ͍ͦͤ͘͜΄ͤ͜ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͝͝ 
΄͙ͪͦͦ͟ ͍͒ͦͣ͜͜Σ ς ͼ͔ ͎ͪ͊ͤ͒ͦͤ͘͜͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͙͍͍ͨͪͪͦ͒ͦͤ͊ͫͭ͊͘ ͜ ͫͦͼ͎ͦͦ͜͜͡͝Σ 
ͺ͙͊ͤͭ͊ͫͭ;ͤ͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͔ͭͻ͙ͤ͜͟Σ Ύ͟͜ ͍͔͙͙ͨ͒ͭͪ͒͜͡ ͚ ͔͔͍͔ͨͪͪ΄͙͙͡ ͙͍ͤͭͯͭͤ͜͜͝ 
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ͯΎ͍͔ͤͤ͡Ύ ͨͪ͊΅͍ͯͪ͜Φ ˢ͔͡ ͔ͤ ͒ͦ ͤ͟͜ͼΎ ΅͔ ͍͔ͯͫ͒ͦͣͤ͜͜͡ ͡Ό͍͒ͫͭͦͣ ς ͊  ͭ͜͡Έ͙͟ ͍ ͤ Έͦͣͯ 
͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͔ͤͦͦͭͻͤ͊͘͜ͼ͜Ύ ς ͍͒͊ ͎͙ͪ͊ͤ͒ͦͤ͘͜ͻΣ ͦͫͣ͟͜;͎ͤͦͦ ͣ͊ͫ΄ͭ͊͋ͯ ͍͔ͪ͘΄͔ͤͤΎΦ 
̒ ͣ͊Ό ͤ͊ ͍ͯ͊͘͜ ͍͔ͯͭͦͪͤͤΎ ͔ͭͻͤͦͫͺ͔͙ͪ ͜ ͤͦͦͫͺ͔͙ͪΦ ˤ͙ͦͤ ς ͤ͊ͫ͒ͦ͜͟͡ 
͔ͤͦͦͭͻͤ͊͘͜ͼ͜͝η [3]. 
˸͙ ͍͔͙ͪͤͯ͘͡ ͍͎ͯ͊ͯ ͤ͊ ͙͚͒ͫͯͫͤͫͭ͟͜͜Έ ͊͘͟͡Ό;͙ͤͻ ͍͙͍͍ͫͤͦ͟͜ ˱Φ˸Φ ˭͊͋Ίͤ͊͜͡ 

΅ͦ͒ͦ ͍ͦ͒ͤ͊ͦͦ͟ ͍͙ͫͦͦ͟͝ ͍͙͍͊͗ͦͫͭ͜͡ ͚ ͣ͊ͦ͡ ͔ͤ ͭͦͭͦ͗ͤͦͫͭ͜ ͍͒ͦͻ ͫͭͦͭͤͦ͜ ͙ͪͤ͘͜ͻ 
ͨͦͤΎͭΈ ς ͍͔͎ͫͭͦͪͤͦͦ ͡Ό͒Έ͙ͣ ͍ͫͭͯ͜ ͔ͭͻ͙ͤ͜͟ ό͔ͭͻͤͦͫͺ͔͙ͪύ ͜ ͤͦͦͫͺ͔͙ͪΣ ͒͡Ύ Ύͦ͟͝ ͍ͤ͜ 
ͯ ͍͚ͫͦ͝ ͙ͤ͘͟͜ ͍͙͙͍ͦͪͫͭͦͯ͟Ί ͔͙͒͊ͫͭ͜͜͡;͙͚ͤ ͨ͒͜ͻ͒͜ ͚ ͦͭͦͭͦ͗ͤΌΊ ͘ ͎ͪͦͦͪͤͯͭͦ͘Ό ͤ͊ 
͍ͫΌ ˭͔ͣ͡Ό ͡Ό͒ͫΈͦ͟Ό ͒ͯͣͦ͟ΌΦ  
͙̇ͣ ͙͊ͫͦ͋͘ ͙͗ͭͭΊ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͤ͒ͯͫͭͪ͊͜͜͡Έ͎ͤͦͦ ͨͦͻ͔ͦ͒͗ͤͤΎΣ ͊ ͯ ͼ͙͍͚ͭͦ͊ͤ͜ 

͙ͤ͘͟͜ ˱Φ˸Φ ˭͊͋Ίͤ͊͜͡ ͍ͣͦ͊ ͚͔͒ ͭ͜͡Έ͙͟ ͨͪͦ ͙ͤͻΣ ͎ͨͪͦͦͦ͡΄͔ͤ͜ ΅ͦ͒ͦ ͫͨͪͦͣͦ͗ͤͦͫͭ͜ 
͍͎ͫͦͦ ͍͙͍ͨͯ͡ ͜ ͤ͊͘;͔ͤͤΎ ͙͋͘͡Έ͙͙ͣ͟ ;͙ ͚ ͍͙͙ͪͤͣ͜ ͒ͦ ζͪ ͎ͦͦͪͤͯͭͦ͘͝ ͡Ό͒ͫΈͦ͟͝ 
͙͒ͯͣ͟η ͍ ͔͊ͫͨͭ͊͟ͻ ͣͦͪ͊͜͡Σ ͊ͫ͊͒͘ ͍͔͙ͨͦ͒ͤ͜͟Σ ͍͙΅͙ͻ ͼ͙͍͊͘͜͜͡ͼ͚͙ͤ͜ͻ ͼ͔͚ͤͤͦͫͭ͜ ͭ͊ 
ͤ͜Φ ˽ͦ͒͋ͤ͜͜ ͯΎ͍͔ͤͤ͡Ύ ͙͋ͯ͡ ͍͒ͦͦ͜͡ ͨͦ΄͙͔ͪͤ͜ ͍ ˿˾˿˾ ͊͗ ͒ͦ ͔ͣͦͣͤͭͯ ͤ͟͜ͼΎ ͚͎ͦͦ 
͍ͫͤͯ͊ͤͤ͜ΎΣ ͻͦ;͊ ͔ͦͪͣ͟͜ ͔͔͙ͫͨͪͭ͟ ͍ ͔͎ͦͦ͟͜͡;͙ͤͻ ͙ͨͭ͊ͤͤΎͻ ͫͻ͙͡Ύ͙ͫ͡Ύ ͒ͦ ͍͙΅ͦ͝ 
͔͔͙͍ͨͪͫͨͭͤͦͫͭ͟͜ ͯ ͍ͫͨͪ͊͜ ͪͯͻͯ ͒ͦ ͤͦͦͫͺ͔͙ͪ ͔ͤ ͙ͤ͊ͦͨ͟;͔ͤͤΎ ͤ͒ͯͫͭͪ͊͜͜͡Έ͙ͤͻ 
͍͙͍ͪͦ͋͜ ͊͒͘͡Ύ ͙͙ͨ͒ͭͪͣ͜͟ ͻ͙͋ͤͦ͝ ͊͘ͻ͒ͤͦ͜͝ ͔͒͜͝ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͤ͊ ͪͦ͘΄͙͔͔ͪͤ 
͙͍ͫͨͦ͗͊ͤͤΎΣ ͊ ͤ͊ ͍͙ͪͦͭͦ͘͟ ͺͦͫͦ͜͡ͺ͜͝ ͭ͊ ͤ͜΄͙ͻ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͤ͊ͯ͟Σ ͤ͊ ͣͦͪ͊͡Έͤ͜΄͔ 
͍͙ͻ͍ͦ͊ͤͤΎΣ ͪͫͭ͜ ͪͦ͜͡ ͜ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͙͔͙ͫͫͭͣ ͍͙ͦͫͭ͜ ώрΤ сϐΦ  
˹͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͯΎ͍͔ͤͤ͡Ύ ͦ͋ͦͻ ͎͙͊͒͊ͤ͘ͻ ͍ͤ͊ͯͦ͟ͼ͍͜ ς ˱Φ˸Φ ˭͊͋Ίͤ͊͜͡ ͜  

˸Φ˸Φ ˸͔ͦͫ͝Ί͍͊ ς ͍ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͔͔ͨͪ͒ ͦ͗ͤͦ͟Ό ͫͨͪͦ͋ͦΌ ͝ͻ ͙ͨͪ͊ͭ͟;͎ͤͦͦ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ;͙ ͍ ͔ͣͦͣͤͭ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ͔ͫͭͯ͒ͤͭͫΈ͚͟͜ ͙͊ͯ͒ͭͦͪ͜͝ ͣ͊ΌͭΈ ͙͊ͤ͊ͭ͘͘ 
͙͙ͪͭ͟;͎ͤͦͦ ͊ͤ͊ͯ͘͜͡Φ ˤ͍͔ͫ͊ͤ͜͡͡ ˱Φ˸Φ ˭͊͋Ί͙ͤͣ͜͡ ͦͫͣ͟͜;ͤ͜ ;͙ ͤ͜΄͜ ͤ͒ͯͫͭͪ͊͜͜͡Έͤ͜ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͔͎ͦͦ͟͜͡;ͤͦ ͤ͊ͫͭ͜͡Έ͙͟ ͔͙͍͒ͫͭͪͯͭͤ͟͜Σ ΅ͦ ͔ͤ ͣ͊ΌͭΈ ͍ͤ͊ͭ͜Έ ͦͤ͊͘͟ 
͙͙͍͎ͨͦͭͤͦͦ͘ ͚ͣ͊͋ͯͭͤΈ͎ͦͦΦ ˭ ͝ͻ ͎͒ͦͨͦͣͦͦΌ ͣͦ͗ͤ͊ ͯͫͨ͜΄ͤͦ ͙ͤ͘΅͙͙ͭ ͡Ό͍͒ͫͭͦΣ ΅ͦ 
͚ ͍͒ͦͦ͒ΎͭΈ ͫͯ;͊ͫͤ͜ ͔͔͙ͫͨͪͭ͟ ͯ ͍ͭͦͪ͊ͻΣ ͙ͨͦ͒͋ͤ͜ͻ ͒ͦ [12]Φ ˤ͙͚͒ͦͣ͜ ͔͔ͫͨͪͭ͟ 
͍͍͎ͫͭͦͦͦ͜ ͍ͪͤ͜Ύ ͘ ͺ͎ͯͭͯͪͦͦ͜͡͝ ˸Φ˸Φ ˸͔ͦͫ͝Ί͍ ͍ͯͫ͒ͦͣ͜͡Ό͍͍͊ ͼ͔͚ ͺ͊ͭ͊͡Έ͙͚ͤ ͜ 
͔͍͙͍͙͚ͤͨͪ͊ͤ ͔ͤ͒ͦ͜͟͡ ͤ͒ͯͫͭͪ͊͜͜͡Έ͙ͤͻ ͍͙͙ͪͦ͋ͤͼ͍ͭ ͜ ͍ͨͦ͋ͯ͒ͦ͊ͤͦ͝ ͤ͊ ͙ͤͻ 
͔ͭͻͤͦͫͺ͔͙ͪ ˱Φ˸Φ ˭͊͋Ίͤ͊͜͡Σ ͔͊͡ ͔ͤ ͋͊;͙͍ ͪ͊͟΅͎ͦͦ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΊ͔͔͊͋ͨ͘͘;͔ͤͤΎΦ 
˿͔͊ͣ ͼ͙ͣ ͙ͣ ͔ͣͦ͗ͣͦ ͨͦΎ͙͙ͫͤͭ ͤ͊͘;͙͚ͤ ͔͙ͨͫͣͣ͘͜ ͍͔͙ͫͭͦͪͤͻ ͙ͤͣ ͙ͤ͊ͨͪͤ͟͜ͼ͜ 
͙͗ͭͭΎ ͎ͯ͊͊͘͡ΈͤΌΌ;͙ͻ ͍͍ͭͦͪ͜ ͜ ͤ͊͒͜Ό ͤ͊ ͒ͯͻ͍͔ͦͤΣ ͤ͊ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙͍͎ͦͫͦ͋ͦͦ͡ 
͍͙ͻ͍ͦ͊ͤͤΎΣ Ύ͔͟ ͋ ͔ͫ͊ͣ ͔ͦ͒ͤ ͎ͣͦͦ͡ ͯͪΎ͍͙ͭͯ͊ͭ ͡Ό͍͒ͫͭͦ ͍͒͜ ͎͙͔͊͋͘͜͡ ώрΤ сϐΦ 
̂ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͘ ͎͙͒ͪͯͣ ͎͍͙ͦͦͤͣ͡ ͊ͦͤͦͣ͘͟ ͙͊ͫ͟͡;ͤͦ͝ ͺͦͫͦ͜͡ͺ͜͝ 

͙ͤ͊ͦͨ͟;͔ͤͤΎ ͺ͎͊ͭͦͦ͟͜͡;ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍ Ύ͚ͫ͟͜Έ ͫͺ͔ͪ͜ ͔͙ͤͣͤͯ;͔ ͙ͫͨͪ;͙ͤΌΊ 
Ύͫͤ͟͜͜ ͙ͣͤ͘͜ ͜ ͍ ͚ͤ͜Σ ͜ ͍ ͔͙ͫͨͦͪ͒ͤͤ͜ͻ ͦͤ͊͘ͻΦ ˽͙ͪ͊͒ͦͣ͟͡ ͼΈ͎ͦͦ ͙ͣ ͍͍͊͗͊Ίͣͦ 
͎ͪͦͦͪͭ͊ͤͤ͘Ύ ͍ͤ͊ͯͦͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͺ͊ͻ͍͜ͼΎ ͘ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͜ 
ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ˻Φ̒Φ ˢͤͦͨͪ͜Ίͤ͊͟ ώмϐΦ ͔̋ ͯ мффл-ͻ ͪͦ͊͟ͻ ͍ͤ͜ ͊͘ͼ͍͙͍͊ͫ͜͟Ύ 
ͤͦͦͫͺ͔ͪͤͦΌ ͔ͭͣͦΌ ͜ ͪͦͨͦ͘;͍͊ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͔͙ͨͪͦ͋ͣ͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͨͪͤͼ͙͍ͨ͜ 
͎ͯͣ͊ͤͣͯ͘͜ ͯ ͍͙΅͚͜ ͍ͦͫͭ͜͜ ͭ͊ ͯ ͪ͒ͤͦͣͯ͜ ͍͔͙͔ͯͤͪͫͭͭ͜͜Φ ˸͙ ͍͔͙ͪͤͯ͘͡ ͙͍ͦͫͦ͋ͯ͡ ͍͎ͯ͊ͯ 
ͤ͊ ͫͭ͊ͭͭΌ нлмл ͪͦͯ͟Σ ͔͒ ͍ͤ͜ ͚͙͍͒ͫͤ͘͜ ͔͒ͯ͗ ͼ͍͙͚͊͜͟ ͊ͤ͊͘͜͡ ͍͔͙ͦ͟͡͝ ͟͜͡Έͦͫͭ͟͜ 
͔͍ͤͦͦͭͪͣͤ͜͜ ώмϐΦ 
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˻Φ̒Φ ˢͤͦͨͪ͜Ίͤͦ͟ ͘ ͦ;͔͍͙͙͒ͤͻ ͙ͨͪ;͙ͤ ͔͔ͤ͊ͫ͊ͣͨͪ͒ ͼ͍͙͊ͭ͜͟ΈͫΎ ͍ͫͦͣ͝ ͺ͊ͻͦͣ ͭ͊ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜Ό ͔͍ͪͦ͡Όͼ͜ΊΌΣ ͔͔ͨͪͦͤͯ͟Ό;͙ ;͙ͭ͊;͍͜Σ ΅ͦ ͎͍͙ͦͦͤͣ͡ 
ͨͦͫͭ͊;͊͡Έ͙ͤͦͣ͟ ͼͦͣ͜͟͡ ͍͙ͤͦͻ ͍ͫ͜͡ ͜ ͨͦͤΎͭΈ Ί ͜ ͔͋ͯ͒ ͫͺ͔ͪ͊ ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ό͎͊͊ͦͣ͘͡ - ͔ͭͻͤͦͫͺ͔ͪ͊ύΦ ͔́ͻͤͦͫͺ͔ͪͯ ͍ͤ͜ ͎ͪͦ͘͡Ύ͒͊Ί ͊ͫͦ͋ͦͣ͘ 
͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͔ͭͤͤ͜͡Ύ ͯΎ͍͔ͤ͡Έ ˤΦ˱Φ ˤ͔ͪͤ͊͒ͫΈ͎ͦͦ͟ ͨͪͦ ͤͦͦͫͺ͔ͪͯΣ ͊ ͎͊͊ͦͣ͘͡ 
͍͙ͯͦ͒ͭΈ ͨͦͤΎͭͭΎ ζͤ ͔͎ͦͦͣ͘͜͡η ͒͡Ύ ͍͙͔͒ͤͤ͜͡Ύ ͜ ͨͦͤ͊͘;͔ͤͤΎ ͍ͫ͜Ί͝ ͫͯͯͨͤͦͫͭ͟͜ ͍͙ͤͦͻ 
͍͍͍ͫͦͦͭͦͪ͜͡Σ ΅ͦ ͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͪͤ͘͜͜ ͔͙͊ͫͨͭ͟ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͤͦͦͫͺ͔͙ͪ 
ώмΣ ммϐΦ ˨͔ͯ͗ ͤ͜ͺ͙͍͙ͦͪͣ͊ͭͤͣ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͙ͣ ͍͍͊͗͊Ίͣͦ ͔ͭ͊͟ ͚͎ͦͦ 
͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΥ ζ̂  ͤ͊΄ ;͊ͫ ͘ϥΎ͍͙͙ͫ͡Ύ ͍ͫ͜ ͍͙ͨ͒ͫͭ͊͜ ͎͍͙͙ͦͦͪͭ ͨͪͦ ͙ͨͪ͊ͭ͟;ͤͯ 
ό͔ͨͪ΄ ͊͘ ͍͔ͫΣ ͔ͭͻͤ͜;ͤͯύ ͔ͪ͊͊͘͜͡ͼ͜Ό ͔͚͒͜ ͤͦͦͫͺ͔͙ͪΣ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤͦ 
ͫͺͦͪͣͯ͡Έ͍͙ͦ͊ͤͻ ͍͎ͫͦͦ ;͊ͫͯ ˤΦ˱Φ ˤ͔ͪͤ͊͒ͫΈ͙ͣ͟Φ ˻ͫ͟͜͡Έ͙͟ Ύ͟ ͋͜͡Έ΄ͫͭ͜Έ ͍͙ͤͦͻ Ύ͍͙΅ 
ͼ͔ ͭ͊͟ ;͙ ͤ͊͜͟΄͔ ͍ͨͦϥΎ͔͊ͤ͘ ͘ ͨͪͦͼ͔͙ͫ͊ͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͤͦͦͫͺ͔͙ͪΣ ͭͦ ͔ͤͦ͋ͻ͒ͤͦ͜ 
͍͍͔͙ͫͭ ͍ ͍͙͚ͤ͊ͯͦ͟ ͎ͦ͋͜ ͍ Ύͦͫͭ͟͜ ͙͍͎ͦͫͦ͋ͦͦ͡ ͔͎ͤͦͦͣͯ͘͜͡ ͨͦͤΎͭͭΎ ζͤ ͎ͦͦͦͣ͘͜͡ηΣ ΅ͦ 
͒͊Ί ͎ͣͦͯ͘ ͍͙͙͙͒ͭ͜͡ ͜ ͨͦͤ͊͘;͙͙ͭ ͍ͫΌ ͫͯͯͨͤͫͭ͟͜Έ ͍͙ͤͦͻ ͍͍͍ͫͦͦͯͭͦͪ͜͡Σ ΅ͦ 
͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͪͤ͘͜͜ ͔͙͊ͫͨͭ͟ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͤͦͦͫͺ͔͙ͪΦ ˿Έ͎ͦͦ͒ͤ͜ Ί 
͍͙ͨ͒ͫͭ͊͜ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ ͙͒ͦͪ͘͜͡ ͍͙ͯͣͦ ͜ ͒͡Ύ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͊͘Ί͔ͣͦ͊͗ͤͦ͘͡͝ 
͙͔͙ͫͫͭͣ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͎͍ͤͦͦͦͣͦ͘͜͡Σ ͍ͨͪͦ͒ͤͯ͜ ͪͦ͡Έ ͔͔ͫͪ͒ Ύ͙͟ͻ ͔ͣͦ͗ ͎͙ͪ͊ͭ 
ζͤ ͦͦͦͣͨ͟ϥΌ͙͎ͭͤηΦ ˹͍͊ͫͨͪ͊͒͜ ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͎͍ͤͦͦͦͣ͘͜͜͡ ͪͦͨͦ͘;͍͊ͫΎ ͔ͤ 
ͫΈ͎ͦͦ͒ͤ͜ ͜ ͍ͤ͊ͭ͜Έ ͔ͤ ͍;ͦͪ͊Φ ͔̋ ͤ͊ ͨͦ;͊ͭͯ͟ ̆̆ ͫͭͦͭͭ͜͡Ύ ͙͍ͦͭͪͣ͊ ͍͙ͤ͊ͤͤ͘Ύ ͔ͭͪͣͤ͜ 
ͤͦͦͪ͊ͭ͟͜Ύ όζ͍ ͊͒͊͡ ͙ͪͦͯͣͤ͘ͻηύ Ύ͟ ͍͙ͪͦͭͦ͘͟ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘͝ ˽͊ͭͦͤͦͣ͡ ͔͒͜͝ 
ͫͦͺͦͪ͊ͭ͜͟͜͝ ς ͍͙͊͒͡ ͙ͣͯ͒ͪͻΦ ͔̋ ͯ мфнл-͜ ͙ͪͦ͟ ͍͊͒͘Ύ͙͟ ˤΦ˱Φ ˤ͔ͪͤ͊͒ͫΈͦͣͯ͟ 
͘ϥΎ͍͙ͦͫ͡Ύ ͨͦͤΎͭͭΎ ζͤ ͦͦͫͺ͔ͪ͊η ͜ ͤ͊͋ͯͦ͡ ͙͍ͦͫͦ͋ͦ͡͝ ͨͦͨͯ͡Ύͪͤͦͫͭ͜ ͍ 
͚ͪͦͫͫ͜Έ͍ͦͣͦͤͦͣͯ͟ ͨͪͦͫͭͦͪ͜Φ ˻͒ͤ͊͟Σ ͍ ˿˾˿˾ ͨͦ͒͋ͤ͜͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͍ͦͫͦ͋ͦ͡ ͔ͤ 
͊ͦ͘ͻͦ;͍͙ͯ͊ͫ͡ΎΦ ̂ ͊͘ͻ͒ͤͦͣͯ͜ ͍ͫͭ͜͜ ͔͒͜͝ ͤͦͦͫͺ͔͙ͪ όΎ͟ ͜ ͫ͊ͣ ͔ͭͪͣͤ͜ύ ͙͒ͦͫͭΈ ͨͦͣͭͤͦ͜͝ 
ͨͦͨͯ͡Ύͪͤͦͫͭ͜ ͔ͤ ͙ͤ͊͋ͯ͡η[1, 12].  
ˤ͒ͤ͊͘͜;͙ͣͦ ͍͔͙ͯ͟͡ ͼͤͤͫͭ͜͜Έ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͍͔͊ͯ͊͗ͤͤ͘Ύ ˻Φ̒Φ ˢͤͦͨͪ͜Ίͤ͊͟ ͨͪͦ 

ͺ͙͊ͭ͟;ͤͯ ͍͍͒ͣͦͯ͜ ͍ͤ͊ͯͦ͟ͼ͍͜ ˭͊ͻͦ͒ͯ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔ͭͪͣͤ͜ ζͤ ͦͦͫͺ͔ͪ͊η. 
˽͔͔͙͍͙ͪͦͤͣ͟͡ ͒ͦ͊ͦͣ͘͟ ͼΈ͎ͦͦ Ί ͚ͭͦ ͺ͊ͭ͟Σ ΅ͦ ͍͔ͯͫΈ ˭͊ͻ͒͜ ͨͫ͜͡Ύ ͔ͫͪ͜͝ ͔͎ͦͦ͟͜͡;͙ͤͻ 
͊ͭ͊ͫͭͪͦ͟ͺ ͍͙͍ͯͫ͒ͦͣ͜ ͔͔͔͙ͤ͋ͨ͘͟ ͜ ͍͙͍͊ͨͪͦ͊͒͘ ͔͎ͦͦ͟͜͡;ͤͯ ͍ͦͫͭͯ͜Σ ͔͊͡ ͍ 
͔͎ͭͪͣͤͦͦ͜͜͡;ͤͦͣͯ ͨ͊ͤ͜͡ ͔ͤ ͍͔͍ͪͤͯͫ͘Ύ ͒ͦ ͍ͫͦ͊͡ ζͤ ͦͦͫͺ͔ͪ͊ηΦ ˨͡Ύ ͔͍͒ͦͯͣͤͭ͟͜ ͜ 
͎͙ͨͪͦͤͦͫͭ;͙ͤͻ ͼ͔͚͜͡ ͍͋ͯ ͙͚ͦ͋ͪ͊ͤ ͔ͤ ͎ͦ͜͡;͙͚ͤ ͜ ͪͯ͘;͙͚ͤ ͔ͭͪͣͤ͜ ζͤ ͍͙ͦͦͪͦͭͦ͘͟η, 
͊ ͔ͣ͊ͦͪͦͯͣ͘͘͜͡͡ ͜ ͔ͫ͊͒ͤ͟͡ ͒͡Ύ ͍͍͔͒ͭͦͪͤͤ͜Ύ ͯ ͤ͊΄͚͜ ͍ͣͦ͜ ͍ͫͦͦͫͨͦͯ͡͡;͔ͤͤΎ 
ζͫ ͙͚ͭ͊͡ ͍͙ͪͦͭͦ͘͟ όSustainable development)η. 
͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ͊ ͫͭ͊ͭͭΎ ˢΦ̒Φ ˢͤͦͨͪ͜Ίͤͦ͟ ͘ ͍ͤ͊ͦ͘Ό ζ˹ ͦͦͦͣͨ͟ϥΌ͙͎ͭͤη ͙ͣͫͭͭ͜Έ 

͊ͤ͊͘͜͡ ͒ͦͫΎ͎͔ͤͤΈ ͎͔ͨͪͦͪͫͯ ͯ ͦͣͨ͟ϥΌ͔͚ͭͪͤ͜ ͔ͭͻͤ͜ͼ͜ ͜ ͫͦͼ͊͜͡Έ͙ͤͻ ͔͔ͣͪ͗͊ͻΣ ͊ ͨ͒͜ 
;͊ͫ ͎ͪͦ͘͡Ύ͒ͯ ͔͙ͤͦͦͫͦͤͯ͟͟͡ ͍ͤ͜ ͨͪͦͨͦͤͯΊ ͍͒͜ ͍ͨͦͪͤ͜Ύ͡Έͤ͜ ͫͻ͔͙ͣΣ Ύ͟͜ ͙ͣ 
͍͙ͤ͊ͦ͒ͣͦ ͔͋͘ ͣͤ͘͜ ͜ ͪͦͭ͊͘΄͍ͦͯΊͣͦ ͨͦͪͯ; ͒͡Ύ ͔͎ͨͦ͡΄͔ͤͤΎ ͝ͻ ͍ͨͦͪͤ͜ΎͤͤΎΦ 
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˾͙ͫΦ мΦ ˭͍͊͜͡ ς ͤ ͎͙ͦͦͦͣ͘͜͡ нлмм ͪΦΣ ͍͍͔͒ͭͦͪͤ͜͜ ͯ ͍͙͎͡Ύ͒͜ ζͻ͙ͣ͊ͪ ͔͎͍ͭ͜η,  

ͨ͘ ͍ͪ͊͊ ς ͨ ͔͔͙͍͙͚ͪͫͨͭͤ͟ ͍͊ͪ͊ͤͭ͜ ͒͡Ύ нлму ͪΦ 

̒͟ ͍͊ͯ͘͟Ί ˻Φ̒Φ ˢͤͦͨͪ͜Ίͤͦ͟Σ ͯ ͼ͙ͻ ͫͻ͔ͣ͊ͻ ͪͦͣͪͦͣ͘͜ ͔ͭͪ͜͡ ͍ͤ͜ ͎ͤ͊ͣ͊͊ΊͭΈͫΎ 
ͻͦ;͊ ͋ ͙͙ͨͪ͋ͤͦ͘͡ ͍͙͊͊ͭ͘͟ ͤ͊ ͨͦ΄͙͔ͪͤͫͭ͜Έ ͜ ͍͔ͪͤ͜Έ ͍͙ͤ͊ͤͤ͘Ύ ͔͍ͭͪͣͤ͜͜Φ ˹͔ 
͔͔͊ͨͪ͘;ͯΌ;͙ ͔͍͒ͪͫͭ͊͜͡ ͍ͫͦ͊͡ ζͤ ͦͦͫͺ͔ͪ͊ηΣ ͙ͣ ͙͙ͪͭ͟;ͤͦ ͍͊ͯ͘͟Ίͣͦ ͤ͊ ͔ͭΣ ΅ͦ ͤ͊ 
нлму ͪ͜͟ ͔͔ͨͪ͒͋͊;͔ͤͦ ͍͔ͨͦͤ ͍͒ͦͣͤͯ͊ͤͤ͜Ύ ͔͍ͤͦͦͭͪͣͤ͜͜ ͘ ˱˴́-ͫͺ͔͙ͪΦ ˸͙ ͔ͤ 
͔ͣͦ͗ͣͦ ͎͙͙ͨͦͦ͒ͭͫΎ ͘ ˻Φ̒Φ ˢͤͦͨͪ͜Ίͤͦͣ͟ ͯ ͭͦͣͯΣ ΅ͦ ͎͍ͦͦͤͦ͡Ό ͎ͣ͊ͫͭͪ͊͜͡͡Ό 
͍͙ͪͦͭͯ͘͟ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͫΈ͎ͦͦ ͔͙ͤͦͦͫͦͤͯ͟͟͡ ͔͋ͯ͒ ͍͙ͨ͒͜΅͔ͤͤΎ ͤ͊͘;͔ͤͤΎ 
͍͎͊ͨͪͦͨͦͤͦ͊ͤͦͦ͘ ͙ͤͣ ͨͦͤΎͭͭΎ ζͤ ͦͦͦͣ͟ϥΌ͙͎ͭͤη ͘ ͦ͒ͤͦ;͙͊ͫͤͣ ͔ͣͤ͘΄͔ͤͤΎͣ 
͍͎͙ͯ͊ ͒ͦ ͨͦͤΎͭΈ ζͤ ͔ͦͦͭͻ͎ͤͦͦ͜͡͝η, ζͤ ͔͙ͦͦͭ͊͟η, ζͤ ͔ͦͦͦͤͦͣ͊͟͜͟η ͚ ͤ͜΄͙ͻ 
͙ͨͦ͒͋ͤ͜ͻΦ ό͚͎ͦͦ ͙͔ͨͪͤ͊͗ͤͫͭ͜͡Έ ͒ͦ ͍ͫͭͯ͜ ζͭ ͔ͻ͍ͤ͊ͪ͜η ͨͦΎͫͤΌΊ ͍͒ͫͯͭͤͫͭ͜͜Έ ͍ͫͦ͊͡ 
ζͤ ͎ͦͦͯͣ͊ͤͣ͘͜η ͍ ͦ͋ͦͻ ͫͻ͔ͣ͊ͻύΦ ˤͤ͜ ͔͔͙͚ͨͪͦͤ͊ͤ͟ ͯ ͭͦͣͯΣ ΅ͦ ͔͍ͦ͡Όͼ͜Ύ ͡Ό͍͒ͫͭ͊ 
͔ͨ͒͜ ΄͡Ύͻͦͣ ͍͙ͪͦͭͯ͘͟ ˱͔͔ͤͭͪͤͭͯ ͘ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜ΊΌ ͚͎ͦͦ ͍ ˹͔ͦͦͤͭ όͭͦͭ͊͡Έͤͦ-
͎ͦ͋͊͡͡Έͤͯ ͔͔ͣͪ͗ͯύΣ ͊ ͔ͤ ͔ͫͪͯ͟ΊͭΈͫΎ ͤ͊ ͔ͣ͊ͭͪ͊͜͡Έ͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔͔ͤ͊ͫͤͤ͡Ύ 
˭͔ͣ͜͡Σ ͤ͊ ͔͔ͨͪͻ͒͜ ͡Ό͍͒ͫͭ͊ ͒ͦ ͔ͤͦͦͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͫͨͪͦͣͦ͗ͤ͜ ͍͍͙͒ͯ͊ͭ͜͟͜͡ 
͔͎ͦͦ͟͜͡;ͤ͜ ͎͙͊ͪͦ͘͘ ͜ ͍͙ͨ͒͜΅͙͙ͭ Ύͫͭ͟͜Έ ͙͗ͭͭΎ ͯͫ͜ͻ ͔ͣ΄͊ͤ͟ͼ͍͜ ͔͙ͨ͊ͤͭ͡Φ ˸͙ ͙ͨͪͦͭ 
͍͒ͫͯͭͤͦͫͭ͜͜ ͺͦͫͦ͜͡ͺͫΈ͎ͦͦ͟ ͔ͭͪͣͤͯ͜ ζͤ ͎ͦͦͯͣ͊ͤͣ͘͜ηΣ ͙ͨͪͦͭ ͔͔ͨͪ͒͋͊;͔ͤͤΎ ͔͒ͯ͗ 
͎ͣ͊ͦͦ͡ ͤ͊͘;͔ͤͤΎ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͨͦͤΎͭͭΎ ζͤ ͔ͦͦͭͻ͎ͤͦͦ͜͡͝η.  
˻ͼͤ͜ΌΌ;͙ ͙͍ͣͦ͗ͯ͡ ͪͦ͡Έ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡ ͜ ͍ ͚ͯͫ͜ ͫͺ͔ͪ͜ ͍͙ͦͫͭ͜ ͜ ͯ͟͡Έ͙ͭͯͪ ͼ͙ͻ 

͍͒ͦͻ ͔͍ͭͪͣͤ͜͜Σ ͔͔ͤ͊ͫ͊ͣͨͪ͒ ͍͔͊͗ͣͦ͟ ͤ͊ ͫͯͯͨͤͫͭ͟͜Έ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ  
2000ςнлмт ͪͪΦ ͤ͊΄͎ͦͦ ͍͍ͫͨͭ͜͜;͙͙ͤ͊͘͟ ˴ΦˤΦ ˴ͦͪͫ͊͊͟ ͜ ͚͎ͦͦ ͍ͤ͊ͯͦͦ͟͝ ΄͙ͦ͟͡Φ ˲ͻ 
͎͍͙ͦͦͤͣ͡ ͒ͦͫΎ͎͔ͤͤͤΎͣ Ί ͍͙͒ͪͭͭ͜͟Ύ ͜ ͔͒ͭ͊͡Έ͙͚ͤ ͊ͤ͊͘͜͡ ͔ͨͪ΄͙ͻ ͍ ͫͭͦͪ͜͜͝ ͡Ό͍͒ͫͭ͊ 
͔͎ͦͦ͟͜͡;ͤͦ ͔͔͋ͨ͘;͙ͤͻ ͨͪͦͼ͔͍ͫ͜ ͜ ͍͊ͫͦ͋͘͜ ͙͗ͭͭΊ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͡Ό͔͚͒Σ Ύ͟͜ ͍͙ͦͤ 
͍͙ͤ͊͊͘͡ ζͤ ͔ͦͦͭͻ͎ͤͦͦ͜͡Ύ͙ͣη [4]. 

ˤ͔͊͗ͣͦ͟ ͍͊ͭͦͪͫΈ͔͟ ͍͙ͤ͊͘;͔ͤͤΎ ͼΈ͎ͦͦ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͎ͤͦͦ ͨͦͤΎͭͭΎΣ ͘ Ύ͎ͦͦ͟ 
͔ͣͦ͗ ͪͦͨͦ͘;͙͊ͭͫΎ ͍ͤͦ͊ ͔ͪ͊ ͜ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͚ͤ͜ ͫͭͦͪ͜͜͝ ͡Ό͍͒ͫͭ͊ ό͍͎ͫͦͦ ;͊ͫͯ 
ͭ͊ͯ͟ ͗ ͪͦ͡Έ ͍͎͒ͪ͊ͦ͜͜͡ ͨͦͤΎͭͭΎ ζ͔ ͎ͦͦ͟͜͡Ύη): ζζ˹ ͔ͦͦͭͻ͎ͤͦͦ͜͡͝η ς ͣͯ͒ͪ͜ ͙ͫͨͦͫͦ͋ 
͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ͭ͊ ͤ͜΄͜ ͫͦͼ͊͜͡Έͤ͜ ;͙ ͔ͦͤͦͣ͟͜;ͤ͜ ͨͪͦͼ͔͙ͫΣ Ύ͟͜ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͒͡Ύ 
͍ͫ͜Ί͝ ͨͦͨͯ͡Ύͼ͜͝ ͡Ό͔͚͒ ͍͍͙ͫͨͫͤͯ͊ͭ͜͜ ͘ ͋ͦͫ͜ͺ͔ͪͦΌΣ ͔ͤ ͨͦ΄ͦ͒͗ͯ͟Ό;͙ ͝͝ ͜ ͔ͤ 
͔ͣͤ͘΄ͯΌ;͙ ͝͝ ͪͤͦͣ͊ͤͭͭ͘͜͜ΎΦ ˽ͦ͒͋ͤ͊͜ ͍ͨͦͤ͊ ͔͎ͦͦ͟͜͡;ͤ͊ ͔͔͋ͨ͘;ͤͫͭ͜Έ 
͔ͤͦͦͭͻ͎͚ͤͦͦ͜͡ ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͙ͭͣΣ ΅ͦ ͡Ό͙͒ͤ͊ ͣͯ͒ͪͦ ͔͍ͫͪͦͯ͟Ί ͙ͨͪͪͦ͒ͤ͜ 
ͨͪͦͼ͔͙ͫ ͯ ͋͊͗͊ͤͦͣͯ ͒͡Ύ ͔͔ͫ͋ ͤ͊ͨͪΎͣ͜Σ ͔ͤ ͨͦͪͯ΄ͯΌ;͙ ͼ͙ͣ ͝ͻ ͤͦͪͣ͊͡Έ͎ͤͦͦ 
͙ͨͤͯ͡Σ ͔ͤ ͔͔͍ͨͪͭͦͪΌΌ;͙ ͤ͊ ͊ͫ͋͘͜ ͙ͤ͘΅͔ͤͤΎ ͔ͫͨͪ΄ͯ ͋ͦͫ͜ͺ͔͙ͪΣ ͊ ͨͦ ͭͦͣͯ ς 
͍ͫΈ͎ͦͦ ͡Ό͍͒ͫͭ͊Φ ̒͟΅ͦ ͡Ό͍͒ͫͭͦ ΅͔ ͒ͦ ͔͔͙͙ͫͪ͒ͤ XXI ͫͭΦ ͔ͫͨͪͦͣͦ͗ͭΈͫΎ 


