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̂˨˴ отм 
 

˭͍͙͊ͫͤͦͤ͟Σ ͔ͪ͒͊͟ͼ͜ΎΣ ͍͙͍͔͒͊ͼΈ ͜ ͍͙͎͍ͦͭͦ͡Ό͍͊; 
˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ ˿Φ ˸͔͊͊ͪͤ͊͟͟ 

˨ͪͯͯ͟ΊͭΈͫΎ ͎͒ͤͦ͘͜ ͘ ͪ͜΄͔ͤͤΎͣ ͍;͔ͤͦ͝ ͙ͪ͊͒ ˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͨ ͔͎͎͒͊ͦ͜;͎ͤͦͦ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ s Φ ˿Φ ˸͔͊͊ͪͤ͊͟͟ όͨͪͦͭͦͦ͟͡ Ѕ 4 ͍ ͒͜ 24.11.2014) 

 

˾͔͒͊͟ͼ͚ͤ͊͜ ͔͎ͦ͟͜͡ΎΥ  
ˢΦ ˢΦ ˿͋ͪͯΊ͍͊ ς ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό͎͍͙͚ͦͦͤ͡ ͔ͪ͒͊ͭͦͪ͟) 
ό̂ͪ͊ͤ͊͟͝ύΤ 
˻Φ ̐Φ ˢ͍ͤͭͦͤͦ͊ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˨͗Φ ˣ͜΄ͦ ͨς ͨ ͪͦͺ͔ͫͦͪ ˿ͻ͒ͤͦ͜-˸͜;͙͎͊ͤͫΈ͎ͦͦ͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ό˿̊ˢύΤ 
˴Φ ˣΎ͔ͦ͋͗ͫ͡Έ͊͟ ς ͒ ͦͭͦͪ͟ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͤ͊ͯ͟ ό˽ͦ͡Έ΅͊ύΤ 
ˣΦ ˤΦ ˥ͦ͒ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˻Φ ˤΦ ͔͔̐ͪͣͤͦ͟ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˩Φ ˴͍͙͊ͤͭͦ; ς ͨ ͪͦͺ͔ͫͦͪΣ ͒ͦͭͦͪ͟ ͻ͍͙͚͊͋ͭͦ͊ͤ͜͜͡ ό˽ͦ͡Έ΅͊ύΤ 
˻Φ ˻Φ ˴͔ͦͪͦͫͭ͡Έ͍ͦ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό˾ͦͫ͜ΎύΤ 
̇Φ ˴͍ͯͪͦͫ͟Έ͙͚͟ ς ͒ ͦͭͦͪ͟ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͤ͊ͯ͟ ό˽ͦ͡Έ΅͊ύΤ 
˻Φ ˤΦ ˶͍ͦ͋ͦ͊ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪό̂ͪ͊ͤ͊͟͝ύΤ 
˻Φ ˤΦ ˸͙ͻ͚͙͊͡;͔ͤͦ͟ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˥Φ ̑Φ ˹ͦ͊͜͟͡͝ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˻Φ ˱Φ ˻͎͜Ίͤͦ͟ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 
ˤΦ ˱Φ ˿͍ͭ͊ͭ͊͜͟ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
ˤΦ ˻Φ ͙̇ͤ͟͜ ς ͒ ͦͭͦͪ͟ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝); 
˹Φ ˹Φ ͚̉͊;͔ͤͦ͟ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˻Φ ˿Φ ̉͊΄͔;͙͍ͤͦ͊͟ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
ˢΦ ˱Φ ˴͔ͯ͒ͪͤͦ͟ ς ͟ ͙͊ͤ͒͒͊ͭ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˸Φ ˻Φ ˶͊͊ͪ͘Ί͍ ς ͟ ͙͊ͤ͒͒͊ͭ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˻Φ ˥Φ ˴͍ͦͦ͊͘͡ ς ͟ ͙͊ͤ͒͒͊ͭ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˻Φ ˸Φ ˽ͦ͡Ύ͍ͦ͊͟ ς ͟ ͙͊ͤ͒͒͊ͭ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ό̂ͪ͊ͤ͊͟͝ύΤ 
˸Φ ˢΦ ˣ͚ͦ;͔ͤͦ͟ ς ͙͊ͤ͒͒͊ͭ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ό͍͍͒ͨͦ͒͊͜͜͡Έ͙͚ͤ ͔͔ͫͪͭ͊ͪ͟ύ 
ό̂ͪ͊ͤ͊͟͝ύΤ 
˱Φ ˢΦ ͙̉ͫͭΎ͍ͦ͊͟ ς ͙͊ͤ͒͒͊ͭ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ό͔͔ͫͪͭ͊ͪ͟-͙ͦͦͪ͒ͤ͊ͭͦͪ͟ύ 
ό̂ͪ͊ͤ͊͟͝ύ 

 

˭͍͔͔͊ͭͪ͒͗ͤͦ ͔͙ͨͪ͒͘͜ΊΌ ˤˢ˴ ͙̂ͪ͊ͤ͟͝ Ύ͟  
ͺ͊ͻ͍͙͚ͦ ͗ͯͪͤ͊͡ ͘ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟  
όˣΌ͔͔ͭͤ͡Έ ˤˢ˴ ͙̂ͪ͊ͤ͟͝Σ нлмл ͪΦΣ Ѕ сύ 

 

̂ ͗ͯͪͤ͊͜͡ ͍͔͒ͦ͋ͪ͊͗ͤ͜͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͘ ͙ͨͭ͊ͤΈ 
ͨͪ ͙͙ͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͍ͦͫͭ͜ ͙ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜, ͺͦ ͍ͪͣͯ͊ͤͤΎ ͍ͣͦͤͦ͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ͯ;ͤΎ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡, ͙ͣ ͔ͫͭͼΈ͙͟ͻ ͤ͊ͨͪΎ͍ͣ͜ ͍ͤ͊;͊ͤͤΎ  ͚͍͙ͻ͍ͦ͊ͤͤΎ 
ͯ;͍ͤ͜ ͨͦ;͍͊ͭͦͦ͟͝ ͙͊ͤ͟͡, ͨͫ ͙ͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͯ͒ ͔ͦͫͦͤ͊ͤͤ͟͡Ύ 
͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡, ͊ ͭ͊ͦ͗͟ ͔ͨͪͦ͋ͣ͡ ͎͊͊͘͡Έͤͦ͝ 
͔͎͎͙ͨ͒͊ͦ͜͟Σ ͫͭͦͪ͜͜͝ ͔͎͎͙ͨ͒͊ͦ͜͟ ͭ͊ ͍ͨͦͪͤ͜Ύ͡Έͤͦ͝ ͔͎͎͙ͨ͒͊ͦ͜͟. 

 
 

ϭ ˿ͯͣ˨˽̂ ͔ͣͤ͜͜ s Φ ˿Φ ˸͔͊͊ͪͤ͊͟͟Σ нлмп 
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˝˛˔ˑ˴˘ ˴Ȣ ˙˕˞˟˒ˣ˩˗˴ ̊ ˍ˜˝ˬ˙˕ ˚ˍˏˤˍ˚˚ˬ ˴ 

ˏ˕ˢ˛ˏˍ˚˚ˬ ˠˤ˚˴ˏ ˜˛ˤˍ˟˗˛ˏ˛˵ ˘ˍ˚˗˕ 
 

̂˨˴ 78:371.315-057.874 
˹Φ ˽ Φ ˨ ͊ͤΈͦ͟ 

˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ  
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ ˿ Φ ˸͔͊͊ͪͤ͊͟͟ 

  

˽˩˨ˢ˥˻˥˱̉˹˱ ̂˸˻ˤˮ ˱˹́˩˥˾˻ˤˢ˹˻˥˻ ˹ˢˤ̉ˢ˹˹̒ ˸̂˭ˮ˴ˮ  
˸˻˶˻˨̊ˮ̆ ̊˴˻˶̒˾˱ˤ 

 

̂ ͫͭ͊ͭͭ͜ ͙͍ͪͦͪ͊͘͟ΌͭΈͫΎ ͫͯͭͤͫͭ͜Έ ͜ ͣͫͭ͘͜ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ 
͍ͤ͊;͊ͤͤΎ ͙͙ͣͯ͘͟ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ ˾͙͍ͦͪ͊͘͟ΌͭΈͫΎ о ͎͙ͪͯͨ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦΣ Ύ͟͜ 
͚ͤ͊͋͜͡Έ΄͔ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͫͯ;͙͙͊ͫͤͣ ͙͙͒ͦͫ͒ͤ͊ͣ͜͟͡ ͭ͊ ͙͙ͨͪ͊ͭ͊ͣ͟͟Υ ͙ͨͫͻ͎ͦͦͦ͡-
͔͎͎ͨ͒͊ͦ͜;ͤ͜Σ ͔͙ͣͭͦ͒;ͤ͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜Φ ˴ͪͣ͜ ͊ͤ͊ͯ͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͫͯ;͙͊ͫͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͯ 
͎͊ͯ͘͜͡ ͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜Σ ͨͦ͒͊ΊͭΈͫΎ ͍͊ͭͦͪͫΈ͔͟ ͍͙ͤ͊͘;͔ͤͤΎ ͨͦͤΎͭͭΎ ζ͔͎͎ͨ͒͊ͦ͜;ͤ͜ 
͍͙ͯͣͦη ͭ͊ ͍ͦͫͤͦͤ͜ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͙͙ͣͯ͘͟ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Τ ͙͍ͪͦͪ͊͘͟ΌͭΈͫΎ ͔ͫͨͼ͙ͺ͜;ͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͦ͗ͤͦ͟͝ ͘ ͙ͤͻΦ ˿͍͔ͭͦͪͤͤΎ 
͔ͫͨͼ͙ͺ͜;͙ͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͙ͫͨͪΎΊ ͔ͺ͔͙͍ͭͤͦͣͯ͟ ͍ͤ͊;͊ͤͤΌ ͙͔ͣͫͭͼ͍ͭͯ ͔͚͒ͭ͜ 
ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦΣ ͣͦͦ͒͡΄͜ ΄ͦ͟͡Ύͪ͜Σ ͔͎͍͔ͤͭͪͦ͊ͤ͜ ͍ͤ͊;͊ͤͤΎΣ 
͙ͦͫͦ͋ͫͭͫͤͦ͜-ͦͪ͜Ί͍͙͚ͤͭͦ͊ͤ ͨ͒͜ͻ͒͜Σ ͎͙ͯͣ͊ͤͫͭ͜;͙͚ͤ ͙ͨͪͤͼ͙ͨΣ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͔͎ͤͭͪ͊͜ͼ͜ΎΣ 
͍͙ͪͦͭͦ͘͟ ͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜Σ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙͚ͤ ͨ͒͜ͻ͒͜Φ 

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˿ͯ;͊ͫͤ͊ ͔͎ͫͭͪ͊ͭ͜Ύ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͦͫͭ͜ ͋͊ͯ͘ΊͭΈͫΎ 
ͤ͊ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͙ͤͻ ͊ͫ͊͒͊͘ͻ ͔͎ͤͭͪ͊͜ͼ͜͝ ͣͫͭͯ͘͜ ͚ ͎ͯͣ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎΦ 
˹͍͊;͊͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͤ͊ ͯͪͦ͊͟ͻ ͙͙ͣͯ͘͟ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡ ͣ͊Ί 
ͫͨͪΎ͍͍͙ͣͦͯ͊ͭͫΎ ͤ͊ ͔͎ͤͭͪ͊͜ͼ͜Ό ͙͔ͣͫͭͼΈ͙͟ͻ ͤ͊ͤ͘Έ ͭ͊ ͻͯ͒ͦ͗ͤΈͦ-͙ͦ͋ͪ͊ͤ͘ͻ 
ͯΎ͍͔ͤ͡Έ ΄ͦ͟͡Ύ͍ͪ͜  Ύ͟ ͎ͨͦͭͯ͗ͤͦͦ ͊ͫͦ͋ͯ͘ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͜ 
Ύ͎ͫͤͦͦ͟͜ ͍͊ͫͦ͘ΊͤͤΎ ͙ͣͯ͘;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͤ͊ ͍ͦͫͤͦ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ΄͙ͪͦͦ͟͝ 
͔͔ͣ͗ͨͪ͒ͣͭͤͦ͜͝ ͔͎ͤͭͪ͊͜ͼ͜͝Φ ˱͔͎ͤͭͪ͊ͼ͚͙͚ͤ͜ ͙ͨͪͤͼ͙ͨ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͙͔ͣͫͭͼΈ͙͟ͻ 
ͤ͊ͤ͘Έ ͣͦͦ͒͡΄͙͙ͣ ΄ͦ͟͡Ύ͙ͪ͊ͣ ͙ͫͨͪΎΊ ͼͫͤͦͣͯ͜͜͡ ͙ͣͯ͘;ͤͦͣͯ ͙͚ͫͨͪͣ͊ͤͤΌ 
ͻͯ͒ͦ͗ͤ͜ͻ ͍ͦ͋ͪ͊͘͜Σ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͙͔ͣͫͤͤ͡ΎΣ ͺ͊ͤͭ͊͘͜͝Σ ͨͦ;͍ͯͭͭ͜Τ ͎͋͊͊͘;͔ͤͤΌ 
ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;ͤͦ͝ ͙͋͊͘ ͤ͊ͤ͘Έ ͜ ͍͙͎ͣ͊͊Ί ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͙ͣͭͦ͒͟ 
ͭ͊ ͫͯ;͙͊ͫͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 

˭͎͒ͤͦ͜ ͘ ͍͙͎͙ͣͦ͊ͣ ͙͍ͤͦͪͣ͊ͭͤͦ-͍͍͙ͨͪ͊ͦͻ ͔͍͒ͦͯͣͤͭ͟͜ ς ˨͔͍ͪ͗͊ͤͦ͝ 
ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͎͙ͨͪͦͪ͊ͣ ζ˻͍ͫͭ͊͜η όζ̂ͪ͊ͤ͊͟͝ нм ͫͭΦηύΣ ˹͊ͼͦͤ͊͜͡Έͤͦ͝ ͙͙͒ͦͭͪͤ͟ 
͍͙ͪͦͭͯ͘͟ ͍͙ͦͫͭ͜Σ ˭͊ͦͤͯ͟ ͙̂ͪ͊ͤ͟͝ ζ˽ͪͦ ͎͊͊͘͡Έͤͯ ͔͔ͫͪ͒ͤΌ ͍ͦͫͭͯ͜ηΣ ˴ͦͤͼ͔ͨͼ͜͝ 
ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͯ;͍ͤ͜ ͯ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͊͊͒͊͘͟͡ͻ ͨͦͫͭ͊͊͡ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͣͤ͘͜ ͯ ͣͫͭ͘͜͜Σ ͒ͦ͋ͦͪ͜ ͺͦͪͣ ͜ 
͔͍ͣͭͦ͒͜ ͙ͣͯ͘;͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͔͚͒ͭ͜ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Φ ˢ͔͡ 
ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜Ύ ͍͙ͦͫͤͦͤͻ ͍ͦͫͭͤ͜͜ͻ ͙͔͍ͨͪͦͪͭͭ͜͜ ͯ ͍͙ͣͪ͜͜ ͨͦ;͍͊ͭͦͦ͟͝ ͙ͣͯ͘;ͤͦ͝ 
͍͙ͦͫͭ͜ ͤ͊͘;ͤͦ ͯͫ͊͒ͤ͟͡ΌΊͭΈͫΎΣ ͯ ͍͘ΩΎͯ͘͟ ͘ ͙ͭͣΣ ΅ͦ ͤ͊ ͍ͫͦΊͣͯ ΄͡Ύͻͯ ͯͫͭͪ͘͜;͊Ί 
͔͍ͨͤ͜ ͔͔ͨͪ΄͙ͦ͒͟Σ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͍͙͎͙ͣͦ͊ͣ ͒ͦ Ύͦͫͭ͟͜ ͚ ͍ͪͤ͜Ύ ͍ͫ͜ͻ ͊ͤͦ͟͡ ͍͙ͦͫͭ͜ 
όͯ ͭͦͣͯ ;͙ͫ͜͡ ͚ ͨͦ;͍͊ͭͦͦ͟͝Σ ͤ͊͘;͙ͤͣ ͫͦͪͦ͟;͔ͤͤΎͣ ͎͙ͦ͒ͤ ͤ͊ ͙ͯͪͦ͟ ͙͙ͣͯ͘͟ ͭ͊ 
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ͤ͜΄͙͙ͣ ͫͦͼ͊͜͡Έ͙͙ͤͣ ͜ ͔͙ͣͭͦ͒;ͤͦ-͎ͦͪ͊ͤ͊͘͜ͼ͚͙͙ͤͣ͜ ͔͎͙ͤ͊ͪ͊͒͊ͣ͘ύΦ ͔̇ 
ͤ͊͘;ͤͦ ͯͫ͊͒ͤ͟͡ΌΊ ͨͪͦͼ͔ͫ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͣͦͦ͒͡΄͙ͻ 
΄ͦ͟͡Ύ͍ͪ͜Σ ͒ͦͫΎ͎͔ͤͤͤΎ ͤ͟͜ͼ͔͍ͦ͝ ͔͙ͣͭ ͭ͊ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘Έ ͼΈ͎ͦͦ ͤ͊ͨͪΎͣͯ 
ͨͦ;͍͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜ ό͊͊͒͊ͤͤ͘͟͡Ύ ͍ͦͫͤͦ ͻͯ͒ͦ͗ͤΈͦ͝ ͯ͟͡Έ͙ͭͯͪ ͨ͒ͪͦͫͭ͊͜Ό;͎ͦͦ 
ͨͦͦͤͤ͟͜͡ΎΣ ͎͊ͪͣͦͤ͊͘͜ͼ͜͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͒ͯͻ͍͙ͦͤͻ ͼ͔͚ͤͤͦͫͭ͜ ͭ͊ 
͙ͪͦͪͭͭ͘͟Ύ ͍ͭͦͪ;͎ͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡ ͎ͦ͗ͤͦͦ͟ ͯ;ͤΎύΣ ΅ͦ ͎͊ͦͫͭͪ͘ΌΊ ͊ͭͯ͊͟͡Έͤͫͭ͜Έ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͜ ͔ͨͦͭͪ͋ͯΊ ͨͦ΄ͯͯ͟ ΄͡Ύͻ͍͜ ͔͙ͤͭͤͫ͜ͺ͊͜͟ͼ͜͝ ͍͊ͫͦ͘ΊͤͤΎ ͙ͣͯ͘;͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡ ͭ͊ ͍͔ͫͭͦͪͤͤΎ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ 
͙ͦͨͭͣ͊͘͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͙ͣͯ͘;ͤͦͣͯ ͙͔ͣͫͭͼ͍ͭͯΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˻ͫͭ͊ͤͤͣ͜ ;͊ͫͦͣ ͙͍͍͙͊ͭͯ͊ͫ͘͟͜͡Ύ 
͔͔͙ͭͦͪͭ;ͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͪͤ͘͜ͻ ͤ͊ͨͪΎ͍ͣ͜ ͔͎ͤͭͪ͊͜ͼ͜͝ ͣͫͭͯ͘͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜Σ 
͝͝ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͊ͫ͊͒͘ όˢΦ s ͤ͒ͪͯ΅͔ͤͦ͟Σ ˱Φ ˭ Ύ͘ΌͤΣ ˤΦ ˶ ͚ͯͭ͊ύΤ ͙͙͒͒͊ͭ͟;͙ͤͻ ͜ 
͔͙ͣͭͦ͒;͙ͤͻ ͍ͦͫͤͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͙͊ͫͦ͋͊ͣ͘ 
͔͎ͤͭͪ͊͜ͼ͜͝ ͤ͊ͤ͘Έ όˤΦ x ͦͤ͒͊ͪΣ ˶Φ ˴ ͔ͯͤͤͦ͟Σ ˹Φ ˹ ͙;͊ͦ͟͡Σ ˤΦ ˿ ͊ͫͭ͡Έͦͤͤ͜Σ 
˻Φ ˿ ͍͊;͔ͤͦ͟ύΤ ͎͊͊͘͡Έ͙ͤͻ ͙ͨͭ͊ͤΈ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͎ͤͭͪ͊͜ͼ͚͙ͤ͜ͻ ͨ͒͜ͻ͍ͦ͒͜ ͯ ͎͊ͯ͘͜͡ 
͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜ ό˶Φ s ͪ;͙͍͊͗ͤͦ͊͟Σ ˻Φ x ͍ͯͦ͊͘Σ ˻Φ ̐ ͔͔ͪͣͤͦ͟Σ 
ˢΦ ˴ ͙ͦͪ͘Σ ˶Φ ˴ ͍ͦ͊͡ΈΣ ˥Φ ˽ ͊͒͊͊͟͡Σ ˻Φ ˾ ͍ͦͫͭͦͫΈ͙͚͟Σ ˻Φ ˾ ͙ͯ͒ͤͼΈ͊͟ύΦ 

˽͔ͪͦ͋ͣͯ͡ ͍͔ͫͭͦͪͤͤΎ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ ͭ͊͟͜ ͫͯ;͊ͫͤ͜ 
͙͙͒ͦͫ͒ͤ͜͟͡Υ ˱Φ ˥ ͚͊ͨ͜;ͯ͟Σ ˢΦ ˥ ͦͤ;͔͊ͪͤͦ͟Σ ˹Φ x ͯ΄ͯΊ͍͊Σ ˻Φ x ͙ͪ͊ͭ͊ͤ;Σ 
˻Φ ̐ ͔͔ͪͣͤͦ͟Σ ˢΦ ˴ ͙ͦͪ͘Σ ˶Φ ˹ ͔;͍ͦ͒͡Σ ˥Φ ˽ ͊͒͊͊͟͡Σ ˥Φ ˿ ͤ͊͜͜͡Σ ˻Φ ˿ ͯ΄͔ͤ ͼ͔͍Σ 
ˤΦ ̆ ͔ͦͦ͒ͤͦ͟͡Σ ˿Φ ̒ ͼ͔ͤͦ͟Φ ͍͙̂ͣͦ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΣ ͔ͦͪͣ͊͘͟ ͍ͤ͊;͊ͤͤΎ 
͙͙ͣͯ͘͟Σ ͚͔ͣ͊͗ ͔ͤ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͫͯ;͙͊ͫͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ 
͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍͔ͫͭͦͪͤͤΎ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦΣ ΅ͦ ͙ͫͨͪΎΌͭΈ ͺ͍ͦͪͣͯ͊ͤͤΌ ͚ͫͭͦ͜͟͝ 
͙͙͍ͨͦͭͤͦ͘͝ ͍ͤ͊;͊͡Έͤͦ͝ ͙͍ͣͦͭ͊ͼ͜͝Σ ͼ͙ͫͤ͜͜͡ͻ ͙͔ͣͫͭͼΈ͙͟ͻ ͤ͊ͤ͘Έ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ 
͍͊ͫ͟͜͡ ͭ͊ ͚͔͒ͫͤͤͤ͘͜Ύ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͙͙ͣͯ͘͟ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ̂ ˤ͔͙ͦͣͯ͟͡ ͭͯͣ͊͡;ͤͦͣͯ ͍͙ͫͦͤͯ͟͡ 
ͫͯ;͊ͫͤͦ͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͨͦͤΎͭͭΎ ζ͍ͯͣͦ͊η ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͭ͊͟Υ мύ ͍ ͙͎ͣͦ͊Σ 
͙ͨͪͦͨͦ͘ͼ͜ΎΣ ΅ͦ ͍͙͍ͫͯ͊ΊͭΈͫΎ ͦ͒ͤ͜ΊΌ ͘͜ ͫͭͦͪͤ͜Σ Ύ͟͜ ͍͒ͦͣͦ͡ΎΌͭΈͫΎ ͨͪͦ ΅ͦ-
͔ͤ͋ͯ͒ΈΤ нύ ͤ ͔ͦ͋ͻ͒ͤ͊͜ ͍͙ͦ͋ͫͭ͊ͤ͊Σ Ύ͊͟ ͙͍ͯͣͦ͗͡͡ΌΊ ͚͔͒ͫͤͤͤ͘͜ΎΣ ͍͔ͫͭͦͪͤͤΎΣ 
͍͔ͯͭͦͪͤͤΎ ;͎ͦͦ-͔ͤ͋ͯ͒Έ ͊͋ͦ ͙ͫͨͪΎΊ ;ͦͣͯͫΈΤ оύ ͦ ͍͙͙͋ͫͭ͊ͤΣ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 
͔ͪ͊͡Έͤͦ͝ ͚͒ͫͤͦͫͭ͜͜Σ ͊͘ Ύ͙͟ͻ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͊͋ͦ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ΅ͦ-͔ͤ͋ͯ͒ΈΤ 
4) ͨ ͍͙ͪ͊͊͡Σ Ύ͟͜ ͫͤͯ͜ΌͭΈ ͊͋ͦ ͍͍͔ͫͭ͊ͤͦͤ͜͡ ͍ ͚ͭ͜ ;͙ ͤ͜΄͚͜ ͎͊ͯ͘͜͡ ͙͗ͭͭΎΣ 
͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͤͦͪͣ͊͡Έͤͯ ͪͦ͋ͦͭͯ ;͎ͦͦ-͔ͤ͋ͯ͒ΈΤ рύ ͨ ͍͙ͪ͊͊͡Σ 
͍͙͎͙ͣͦΣ ͍͙ͦͤ͊ͤͤ͟Ύ Ύ͙͟ͻ ͔͔͊͋ͨ͘͘;ͯΊ ΅ͦ-͔ͤ͋ͯ͒ΈΤ сύ ͫ ͯͯͨͤͫͭ͟͜Έ ͙͒͊ͤͻΣ 
͔ͨͦͦ͗ͤͤ͡ΎΣ ΅ͦ ͔͗͊ͭ͡Έ ͍ ͦ ͍ͫͤͦ͜ ;͎ͦͦ-͔ͤ͋ͯ͒Έ ώоΣ мнфрϐΦ 

ˢͤ͊͘͜͡ ͫͯ;͙͊ͫͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍͙Ύ͍͙͍Σ ΅ͦ ͍ͤ͊ͯͦ͟ͼΎ͙ͣ 
͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ΄͙͔ͪͦ͟ ͦͦ͟͡ ͍ͯͣͦΦ ́͊͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͒͡Ύ ͯͫͨ͜΄ͤͦ͝ ͔ͪ͊͊͘͜͡ͼ͜͝ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͫͯ;͙͙͊ͫͤͣ ͍͙͊ͭͦͪ͊ͣ ͨͪͦͨͦͤͯΌͭΈͫΎ ͭ͊͟͜ ͍͙ͯͣͦΥ ͔͔͊͋ͨ͘͘-
;͔ͤͤΎ ͔ͦͣͨͫͤͦ͟͟͡͝ ͙͔͙ͫͫͭͣ ͍͊͘Ί͍ͣͦ͘ΩΎ͍͘͟͜ ͯ ͣͫͭ͘͜͜Σ ͺͦͪͣ͊ͻ ͜ ͔ͣͭͦ͒͊ͻ ͔͎ͨ͒͊ͦ-
͎͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ͣ͗͜ ͚͎ͦͦ ͍͙͙ͫ͊͒ͦͣ͟͡ ͭ͊ ͔͙ͭ͊ͨ͊ͣ ͚͔͒ͫͤͤͤ͘͜ΎΤ ͍ͪ͊ͻ͍ͯ͊ͤͤΎ 
͔ͫͨͼ͙ͺ͙͜͟ ͎͊ͫͤͦͦ͟͡ ͔͙͍ͦͭͯ͟͟͡Σ ͍͔ͫͭͦͪͤͤΎ ͊ͭͣͦͫͺ͔͙ͪ ͍͙͒ͦͪ͜Σ ͙͒ͦ͋ͪͦ͘;͙͍ͦͫ͡-
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ͭ͜Σ ͍͎͙ͨͦ͊ ͒ͦ ͙ͦͫͦ͋ͫͭͦͫͭ͜Τ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͙͍͊ͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜Τ ͪͦͪͦ͋͊͘͟ 
ͣͫͭͯ͘͜ ͙ͪͦ͋ͦͭΣ Ύ͙͚͟ ͔͔͊͋ͨ͘͘;͍͍ͯ͊ ͙͋ ͝͝ ͼͫͤͫͭ͜͜͜͡ΈΣ ͙͔͙ͫͫͭͣ͊ͭ;ͤͫͭ͜ΈΣ ͍ͨͦͫ͒ͦ͜͡-
ͤͫͭ͜ΈΤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͦͣͨͫͯ͟͟͡ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͔͍ͣͭͦ͒͜ ͜ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΦ 

˥Φ ˽ ͊͒͊͊͟͡ ͍ ͎ͣͦͤͦͪ͊ͺ͜͝ ζ˽͔͎͎͒͊ͦ͊͜͟ ͙͔ͣͫͭͼ͍ͭ͊η ͎ͪͦ͘͡Ύ͒͊Ί 
͙͍ͦͫͦ͋ͦͫͭ͜͡Σ ͫͯͭͤͫͭ͜Έ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͍ͤ͊;͊ͤͤΎ ͙͔ͣͫͭͼ͍ͭ͊Φ ́͊͟Σ ͨͦͤΎͭͭΎ 
ζ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͍ͤ͊;͊ͤͤΎ ͙͔ͣͫͭͼ͍ͭ͊η ͍͔ͤ͊ͯͦ͟ͼΈ ͙͍ͪͦͪ͊͘͟Ί ͙ͭ͊ͣ͟ 
;͙ͤͦͣΥ ζͼ͔ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ ͍͔ͫͭͦͪͤ͜ ;͙ ͍͙͙͍͍ͦͪͫͭͦͯ͊ͤ͟͜ ͍͙͙ͦ͋ͫͭ͊ͤ 
͙͔ͣͫͭͼΈ͎ͦͦ͟ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͒ͦͫΎ͎͔ͤͤͤΎ ͚͎ͦͦ 
͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭ͜ηΦ ˿͔͔ͪ͒ ͔ͨͪ΄ͦ;͔͎͍͙ͪͦͻ ͍ͯͣͦ ˥Φ ˽ ͊͒͊͊͟͡ ͍͙ͤ͊͘;͊Ί ͭ͊͟͜ 
͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦΣ Ύ͟Υ ͍͔ͫͭͦͪͤͤΎ ͙͙͍ͨͦͭͤͦ͘͝ ͊ͭͣͦͫͺ͔͙ͪ ͍ͤ͊;͊ͤͤΎΤ 
͒ͦͫΎ͎͔ͤͤͤΎ ͎͍͙͒͊ͦͦ͜͡ͻ ͊ͫ͊͒͘ ͍͊͘Ίͣͦ͒͜͝ ͯ;͙͔ͭ͡Ύ ͚ ͯ;͍ͤ͜ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ 
ͨͪͦͼ͔ͫ͜Τ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙͔ͨͪͦͪͭͭͯ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ 
͍͔ͤ͊ͯͦ͟ͼΈ ͎ͪͦ͘͡Ύ͒͊Ί Ύ͟ ͍ͫ͊͒ͦͯ͟͡ ;͙͊ͫͭͤͯ ͔͙͙ͣͭͦ͒͟ ώтΣ мслϐΦ 

˿Φ ̒ ͼ͔ͤͦ͟ ͍͙͍;͊Ί ͍͙ͯͣͦ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͨͦͤͦ͝ ͔ͪ͊͊͘͜͡ͼ͜͝ 
͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͔ͨͦͭͤͼ͊ͯ͜͡ ͯ;ͤΎΦ ˽͔͔ͪ͒ͣͭͦͣ  ͝͝ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ί ͔͎͎ͨ͒͊ͦ͜;ͤ͜ 
͍͙ͯͣͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜-ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͎͙͍ͣͤ͊ͫͭ͘͜͜Φ ˢ͍ͭͦͪ 
͎ͪͦ͘͡Ύ͒͊Ί ͔͔ͫͯͨͪ;ͤͫͭ͜Έ ͣ͗͜ ͍͙͎͙ͣͦ͊ͣ ͍ͤͦͦ͝ ͙͎͙ͨ͊ͪ͊͒ͣ ͍͙ͦͫͭ͜ ΅ͦ͒ͦ 
͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͔͙ͨͦͭͪ͋ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͭ͊ ͔ͪ͊͡Έ͙͙ͤͣ 
͍͙ͯͣͦ͊ͣ ͝͝ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͙ͨͪ͊ͭͯ͟͟ ͙ͪͦ͋ͦͭ ΄͙ͦ͟͡Φ ˿Φ ̒ ͼ͔ͤͦ͟ ͔ͨ͒ͪͫ͜͟͡ΌΊΣ 
΅ͦ ͨͦͪΎ͒ ͘͜ ͎ͨͪͦͦͦ͡΄͔͙͙ͤͣ ͼ͜͡Ύ͙ͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙͔ͪͦͤͤͦ͘͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜ 
ͺͫͯ͜͟ΊͭΈͫΎ ͔ͤ ͔ͪͦͪͦ͋ͤͫͭ͘͜͡Έ ΄͡Ύͻ͍͜ ͝ͻ ͒ͦͫΎ͎͔ͤͤͤΎΣ ͍͒ͫͯͭͤͫͭ͜͜Έ ͯ ͔ͭͦͪ͜͝ 
͍ͤ͊;͊ͤͤΎ ͔ͨͦͦ͗ͤ͡Έ ΅ͦ͒ͦ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͜ ͔͙ͣͭͦ͒;͙ͤͻ ͍ͯͣͦ 
͎ͯͣ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΣ ͍͙ͨ͒͜΅͔ͤͤΎ ͍ͪͤ͜Ύ ͍͙͍ͪͦ͊͘͡Έͤͦ͝ 
͍͊͘Ίͣͦ͒͜͝ ͍;͙͔ͭ͡Ύ ͜ ͯ;͍ͤ͜Φ ˨͙ͦͫ͒ͤ͜͡ͼΎ ͔͔͍͙ͨͪͪ͊͜͡ ͜ ͍͔͒ͦ͊͡ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ 
͙ͤ͊ͫͭͯͨͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦΥ мύ ͨ ͙ͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ό͙ͨ͒ͭͪͣ͊͜͟ 
͙͎ͨͪͪͦ͒ͤͦͦ ͋͊͗͊ͤͤΎ ͙͙͙͒ͭͤ ͍;͙͙ͭͫΎΣ ͎͙͔͋ͦ͟͡ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͨͦͭͪ͋ ͙͙͙͒ͭͤΣ ͝͝ 
͙͙ͨͪͪͦ͒ͤͻ ͤ͊ͻ͙͍͜͡ ͜ ͔͔͍ͤͭͪͫ͜͜Σ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡Σ ͙͍͊ͭ͊͘͟͜ͼ͜Ύ 
͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͎ͦ͗ͤͦͦ͟ ͯ;ͤΎΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͔͚͒ͭ͜ ͍͒ͦͫ͒ͯ͜ 
͎ͫ͊ͣͦͦͪ͊ͤ͊͘͜ͼ͜͝ ͯ;ͤͤ͜Ύ Ύ͟ ͍ͭͦͪ;͎ͦͦ ͨͪͦͼ͔ͫͯΣ ͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
͔͍͙͊͒͊ͭͤ͟ͻ ͍͙͍ͪͦ͊͘͡Έ͙ͤͣ ͔ͨͦͭͪ͋͊ͣ ͣͫͭͯ͘͜ ͍͙ͦͫͭ͜Σ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊ͤͤΎΤ нύ ͣ ͔͙ͭͦ͒;͙ͤͻ ͍ͯͣͦ ό͎͊ͪͣͦͤ͊͘͜ͼ͜Ύ ͙͍͊ͨͭ͘͜Σ ͼ͔͚͜͡Σ 
͎͒ͦͣ͊͊ͤΈ ͫͯ͋ΩΊ͍ͭ͟͜ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΣ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
͍͔ͯͫ͒ͦͣͤͦͫͭ͜͜͡ ͯͫͣ͊͜ ͯ;͙͙͊ͫͤ͊ͣ͟ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͔͙ͣͭ ͍ ͙͔ͫͫͭͣ͜ 
͍͊ͫͤͦ͡͝ ͒͜Ύ͡Έͤͦͫͭ͜ύΦ ˢ͍ͭͦͪ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͨ͒͜ ;͊ͫ ͍͔ͫͭͦͪͤͤΎ ͍͙΅͔͊ͤ͊͘͘;͔͙ͤͻ 
͍ͯͣͦΣ ͙͙͍͔ͨͦͭͤ͘ ͍͔ͫͭ͊ͤͤ͡Ύ ͯ;͍ͤ͜ ͒ͦ ͔͙ͦͪͣ͟ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͨͪͦͼ͔ͫͯ 
͍ͤ͊;͊ͤͤΎ ͍͙ͨ͒͜΅ͯΊͭΈͫΎΦ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͺ͍ͦͪͣͯ͊͡Έ͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͍ͫ͒͜;͊ͭΈ 
ͨͪͦ ͨͦΎ͍ͯ ͯ ͨͪͦͼ͔ͫ͜ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ 
͍͍͔ͤͦͦͯͭͦͪͤΈ ͍ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͎ͦ͗ͤͦͦ͟ ͯ;ͤΎ ό͙͍͙ͣͦͭΣ ͼ͜͜͡Σ ͼͤͤͦͫͭ͜͜ ͯ ͨ͊ͤ͜͡ 
͙ͦͫͦ͋ͫͭͫͤͦ͜͝ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ύΣ ͍ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͍ ͯ;͍ͤ͜ ͙͋ͯ͡ ͫͺ͍ͦͪͣͦ͊ͤ͜ ͫ͊ͣͦͼͤͤ͜͜ 
ͤ͊ͤͤ͘ΎΣ ͯͣͤͤ͜ΎΣ ͍͙ͤ͊;͙͟Σ ͫͺ͍͔ͦͪͣͦ͊ͤ ͙͙͍͔ͨͦͭͤ͘ ͙ͨͪ͊ͭ͟;͔ͤΣ ͍ͨͤ͊͊͘͜͡Έ͔ͤΣ 
ͫ͊ͣͦͦͼ͔ͤͤ͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ Ύ͔͟ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͯ Ύ͙ͫͤ͟͜ͻ 
ͣͤ͊͘͜ͻ ͯ ͍ͫ͜ͻ ͫͺ͔ͪ͊ͻ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜Φ 
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˿Φ ̒ ͼ͔ͤͦ͟ ͎ͤ͊ͦͦ͡΄ͯΊΣ ΅ͦΥ ζ͍ͤͦͭͤ͜͜ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤ͜ ͨ͒͜ͻ͙ͦ͒ ͔͔͍ͨͪ͊͗ͤͦ͝ 
͋͜͡Έ΄ͦͫͭ͜ ͍ͤ͊ͯͦ͟ͼ͍͜ ΅ͦ͒ͦ ͪͦͯͣͤͤ͘͜Ύ ͣͫͭͯ͘͜Σ ͙ͨͪͤͼ͙͍ͨ͜Σ ͍ͯͣͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͙ͦͫͦ͋ͫͭͫͤͦ͜-ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͐ͪͯͤͭͯΌͭΈͫΎ ͤ͊ ͎͙ͯͣ͊ͤͫͭ͜;͚ͤ͜ 
͙͎ͨ͊ͪ͊͒ͣ͜Σ ͍ Ύ͚͟͜ ͍͙ͤ͊͘;͊͡Έ͙͙ͤͣ ͍͎ͫͭͦ͜͡Ύ͙͙͒ͤͣ ͦͪ͜Ί͙͙ͤͭͪ͊ͣ ͍͙ͫͭͯͨ͊ΌͭΈ 
͍ͫͦ͋ͦ͒͊ ͍͙͋ͦͪͯΣ ͍͙ͫ͊ͣͦΎ͍͔ͤͤ͡ΎΣ ͫ͊ͣͦ͊ͭͯ͊͊͘͟͜͡ͼ͜Ύ ͍ͫ͜ͻ ͫͯ͋ΩΊ͍ͭ͟͜ ͍ͤ͊;͊͡Έͤͦ-
͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯη ώмнΣмрϐΦ ˴͔͎͊ͭͦͪ͜Ό ζ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦη ͙͒ͦͫ͒ͤ͜͡ͼΎ 
͍͙ͤ͊͘;͊Ί ͭ͊͟Υ ζ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ 
͍͙ͤ͊͘;͊Ίͣͦ Ύ͟ ͫͯͯͨͤͫͭ͟͜Έ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͍ͦͤ͘͜΄ͤ͜ͻ ͭ͊ ͍ͤͯͭͪ͜΄ͤ͜ͻ ;͙͙͍ͤͤ͟͜Σ 
͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͜ ͒ͦͫͭ͊ͭͤ͜ͻ ͒͡Ύ ͍͙͙͔ͤͤͤͤ͟Ύ ͭ͊ ͺͯͤ͟ͼ͜Ό͍͊ͤͤΎ ͙ͦͫͦ͋ͫͭͫͤͦ͜-
ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͔͙ͫͫͭͣΣ ͍ ͍ͦͫͤͦ͜ Ύͦ͟͝ ͔͙͗ͭ͡Έ ͫͯ͋ΩΊͭ͟-ͫͯ͋ΩΊͭͤ͊͟ 
͍ͤ͊;͊͡Έͤ͊ ͍͊͘Ίͣͦ͒͜Ύ ͯ;͙͍͊ͫͤ͟͜ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯη ώмнΣмрϐΦ 
˿Φ ̒ ͼ͔ͤͦ͟ ͙͍ͤ͊͊͘Ί ͭ͊͟͜ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦΥ 

1) ͨ ͙ͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͍ͯͣͦ͊ ς ͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͯ;͊ͫͭ͜ 
ͯ;͍ͤ͜ ͯ ͙ͪͤ͘͜ͻ ͍͙͒͊ͻ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͔ͣͦͼ͚͔ͤ͜ ͔͔͙͍ͨͪ͗͊ͤͤΎ ͙͙ͤͣ ͤ͊ͤ͘Έ ͭ͊ 
͍ͫͨͦͫͦ͋͜ ͒͜Ύ͡Έͤͦͫͭ͜ Ύ͟ ͫ͊ͣͦͼ͙ͤͤ͜ͻΦ ͔̇ ͔͔ͨͪ͒͋͊;͊Ί ͍ͪ͊ͻ͍ͯ͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤͻ 
ͤ͊ͻ͙͍͜͡ ͭ͊ ͍ͦ͋͒͊ͪͯ͊ͤΈΣ ͔ͨͦͭͪ͋Σ ͫͦͼ͊͜͡Έ͙ͤͻ ͭ͊ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ ͙͍͊ͨͭ͘͜ ͯ;ͤΎΣ 
ͤ͊Ύ͍ͤͫͭ͜Έ ͙͍ͫͣͫͦͭͪͤͦ͜͡͝ ͙͍ͣͦͭ͊ͼ͜͝ ͭ͊ ͙ͨͫͻ͔͔͍͙ͦͭͪ͊ͨͭ;͎ͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͨͦΊ͒ͤ͊ͤͤ͜ ͘ ͙ͨ͒ͭͪͣͦ͜͟Ό ͙͎ͨͪͪͦ͒ͤͦͦ ͋͊͗͊ͤͤΎ 
͙͙͙͒ͭͤ ͚͙͊ͣ͊ͭͫ͘Ύ ͯ;ͤͤ͜ΎͣΣ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ 
ͣͫͭͯ͘͜ ͍͙ͦͫͭ͜Σ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊ͤͤΎΤ 

2) ͣ ͔͙ͭͦ͒;ͤͦΌ ͍ͯͣͦͦΌ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ 
͍ͤ͊;͊ͤͤΎ Ί ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͍͍͒ͨͦ͒ͤͦ͜͜͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͔͙ͫͫͭͣ ό͔͙ͣͭͦ͒Σ 
͙͚͙ͨͪͦͣΣ ͺ͙ͦͪͣΣ ͙͊ͫͦ͋͘ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭύΦ 

̒͟ ͊ͤ͊͘͘;͊Ί ˿Φ ̒ ͼ͔ͤͦ͟ ͍ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͍͔͔͎ͨͪͦ͒ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
͔͔͙͔ͫͨͪͣͤͭͯ͟ ͍ ͯ;͍ͤ͜ ͘ΩΎ͍͙͙ͫ͡Ύ ͍ͤͦ͜ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͤ͊͘;ͯ΅͜ ͼ͜͜͡ ͚ ͙͍͙ͣͦͭ 
͍ͤ͊;͊ͤͤΎΣ ͍ͤͦ͜ ͫ͊ͣͦͼͤͤ͜͜ ͤ͊ͤͤ͘Ύ ͭ͊ ͍ͣͤͤ͜ΎΣ ͯ;ͤ͜ ͙ͤ͊͋ͯ͡ ͍͒ͦͫ͒ͯ͜ ͙ͦͫͦ͋ͫͭͫͤͦ͜͝ 
͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎΦ ˢ͍ͭͦͪ ͔͔ͪͦͣͤ͒ͯ͟Ί ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭ 
͍͔͔͎ͨͪͦ͒ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͨͪ ͍͔͒ͦͫͦͤ͊ͤͤ͟͜͡ ͔͍͙͒ͪ͗͊ͤͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜ ͍͙ͦͫͭ͜Σ 
͍͔͊ͨͪͦ͊͒͗ͤͤ͘͜ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎ [12,16]. 

˽͒͜ ͤ͜΄͙ͣ ͯͭͦͣ͟ ͦͪͯ͘ ͔ͨͪͦ͋ͣͯ͡ ͍͔ͫͭͦͪͤͤΎ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ 
͎ͪͦ͘͡Ύ͒͊Ί ˤΦ ̆ ͔ͦͦ͒ͤͦ͟͡Φ ˢ͍ͭͦͪ ͍͍͊͗͊ΊΣ ΅ͦ ΄ͦ͊͟͡ ͣ͊Ί ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͍͙͍͊͗ͫͭ͜͡Έ 
͙ͫͨͪΎ͙͍͙ͭ͡ͻ ͍ͯͣͦ ͯ ͙ͨ͒ͭͪͣ͊ͤͤ͜͜ ͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜Σ ͍͙ͤ͊͒͊͊ͭ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͚ͦ͗ͤ͟͜ ͙͙͒ͭͤ͜ ͔͍͍͙ͪ͊ͦͯ͊ͭͫ͘͜͡Ύ Ύ͟ ͍ͭͦͪ;͚͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ̂ ͔͒ͦͫ͒͗ͤͤ͜͜͡ 
͍͙͍͔ͫͭͤͦ͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͭͦͪ;ͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍ 
ͣͦͦ͒͡΄ͦͣͯ ΄͟͜͡Έͤͦͣͯ ͍͜ͼ͜Φ ˨͙ͦͫ͒ͤ͜͡ͼΎ ͎ͪͦ͘͡Ύ͒͊Ί ͔ͨͪͦ͋ͣͯ͡ ͍͙ͪͦͭͯ͘͟ 
͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͯ ͨͪͦͼ͔ͫ͜ ͔͎ͤͭͪ͊͜ͼ͜͝ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ 
͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˤͦͤ͊ ͍͍͊͗͊ΊΣ ΅ͦ ͊ͯ͘͡;͔ͤͤΎ ͙͙͙͒ͭͤ ͒ͦ ͙͔ͣͫͭͼ͍ͭ͊ ;͔͔ͪ͘ 
͒͜Ύ͡Έͤͫͭ͜Έ Ί ͦ͒ͤͣ͜ ͘͜ ͙ͫ͡Έ͙ͤͻ ͍͙͍͍ͨ͜͡ ͤ͊ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍͙ͪͦͭͦ͘͟ ͝͝ 
͔ͨͦͭͤͼ͊ͯ͜͡Σ ͙͔ͣͫͭͼ͍ͭͦ ͙ͫͨͪΎΊ ͼͫͤͦͣͯ͜͜͡ ͺ͍ͦͪͣͯ͊ͤͤΌ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ώммϐΦ ˹͊ 
͒ͯͣͯ͟ ˤΦ ̆ ͔ͦͦ͒ͤͦ͟͡Σ ͔ͫ͊ͣ ͍ ͙ͣͯ͘;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͙͙͒ͭͤ͊ ͣ͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ 
͚ͤ͊ͪ͊͟΅͔ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͔ͨͦͭͪ͋ͯ ͍ ͍͙͔ͫ͊ͣͦͪ͊͗ͤͤ͜Σ ͊ ͊ͯ͘͡;͔ͤͤΎ ͣͦͦ͒͡΄͙ͻ 
΄ͦ͟͡Ύ͍ͪ͜ ͒ͦ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ͫͭͦͪΌΊ ΄͙ͪͦ͟͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͒͡Ύ 
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͍͙Ύ͍͍͜ ͜ ͍͙ͪͦͭͯ͘͟ ͝ͻ ͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜Φ ˢ͍ͭͦͪ ͍͍͊͗͊ΊΣ ΅ͦ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 
͔͎ͤͭͪ͊͜ͼ͜͝ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͍͔ͫͭͤ͜͜͡ ͙͡΄͔ ;͍͊ͫͭͦͦ͟Φ ˹͊ ͝͝ 
͒ͯͣͯ͟Σ ͺ͎͔͙͙ͪ͊ͣͤͭ͊ͪͤͣ Ί ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ΅ͦ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͔ͫͨͼ͊͜͡Έ͙ͤͻ 
͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜Φ ˽͔͔ͪ͒ͣͭͦͣ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ˤΦ ̆ ͔ͦͦ͒ͤͦ͟͡ ͙ͫͭ͊͡Υ ͣͫͭ͘͜Σ ͺ͙ͦͪͣΣ ͔͙ͣͭͦ͒ ͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͤ͊ ͍ͦͫͤͦ͜ ͔͎ͤͭͪ͊͜ͼ͜͝ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 
ˤ͙͍;͊Ό;͙ ͔ͨͪͦ͋ͣͯ͡ ͚͔͒ͫͤͤͤ͘͜Ύ ͔͎ͤͭͪ͊͜ͼ͜͝ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
͙͒ͦͫ͒ͤ͜͡ͼΎ ͍͙͔͙ͦͪͣ͊͟͡ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍ͭͦͪ;ͦ͝ 
͙͍͊ͭͤͦͫͭ͟͜Φ ˨ͦ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͍ ͦͤ͊ ͍͙͒ͤͦͫͭ͜ΈΥ  

1) ͘ ͊ͯ͡;͔ͤͤΎ ͙͙͙͒ͭͤ ͒ͦ ͙͍͊ͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͎͊ͯ͘͜͡ ͙ͣͯ͘;͎ͤͦͦ 
͙͔ͣͫͭͼ͍ͭ͊Τ 

2) ͤ ͙͊ͦͨ͟;͔ͤͤΎ ͙͙͒ͭͤͦΌ ͙͙͍͎ͨͦͭͤͦͦ͘ ͍͒ͦͫ͒ͯ͜ ͍ͭͦͪ;ͦͫͭ͜ ͍ ͙ͪͤ͘͜ͻ ͍͙͒͊ͻ 
͒͜Ύ͡Έͤͦͫͭ͜Τ  

3) ͫ ͙ͨͪΎͤͤΎ ͍͔ͫͭ͊ͤͦͤͤ͡Ό ͯ;ͤΎ Ύ͟ ͫͯ͋ΩΊͭ͊͟ ͍ͭͦͪ;ͦͫͭ͜ ͭ͊ ͍͔ͯͭͦͪͤͤΎ 
͙͙͍ͨͦͭͤͦ͘͝ ζ̒η-ͦͤ͟ͼ͔ͨͼ͜͝Τ  

4) ͘ ͔͔͊͋ͨ͘;͔ͤͤΎ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͚͍ͤ͊ͨͦͤ͜΄͎ͦͦ ͍͙Ύ͍ͯ ͍͎ͫͦͦ ͍ͭͦͪ;͎ͦͦ 
͔ͨͦͭͤͼ͊ͯ͜͡Φ  
ˤΦ ̆ ͔ͦͦ͒ͤͦ͟͡ ͙ͪͦ͋ͭΈ ͙͚ͭ͊͟ ͍͙͍ͫͤͦͦ͟Υ ζ̒͟΅ͦ ͣͦͦ͒͡΄͙͚ ΄ͦ͟͡Ύͪ ͔ͤ 

͍͒͜;͍ͯ͊Ί ͪ͊͒ͫͭ͜Έ ͨͤ͊ͤͤ͘͜ΎΣ ͍͙͒ͪͭͭ͜͟Ύ ͍͎ͤͦͦͦΣ ͙ͤ͊ͫͦͦ͒͡ ͍͒͜ ͨͪͦͼ͔ͫͯ ͍ͭͦͪ;ͦͫͭ͜Σ 
͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͒͜ ͒ͦ͊ͤͤ͡Ύ ͔͔ͨͪ΄ͦ͒͟ ͯ ͍ͪͦ͘ΩΎ͊ͤͤ͘͜ ͍ͭͦͪ;͙ͻ ͍͊͒͊ͤ͘ΈΣ ͔ͤ ͔ͤ͊͋ͯ͒ 
͔͍͙ͨͤͻ ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͔͍͔ͨͤͤͦͫͭ͜ ͯ ͍ͫͦ͝ͻ ͒͋ͤͦͫͭ͘͜Ύͻ ͭ͊ 
͙͍ͣͦ͗ͦͫͭ͡ΎͻΣ ͭͦ ͤ͊͒͊͜͡ ͍͙ͪͦͭͦ͘͟ ͚͎ͦͦ ͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͍͙͎͙͔ͣ͊͊ͭͣ 
͎ͤ͊͋͊͊ͭͦ ͋͜͡Έ΄͙ͻ ͒ͯ΄͔͍͙ͤͻ  ͜ ͺ͙͘͜;͙ͤͻ ͙ͯͫ͘͡Έη ώммΣ тϐΦ ˤΦ ̆ ͔ͦͦ͒ͤͦ͟͡ ͍͍͊͗͊ΊΣ 
΅ͦ ζͨͪͦͼ͔ͫ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͙͙͙͒ͭͤ ͍ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͍͙͒͊ͻ ͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
Ύ͙͚͟ ͍ͫͯͨͪͦͦ͒͗ͯΊͭΈͫΎ ͤ͊͘;͙͙ͤͣ ͔ͣͦͼ͚͙͙ͤͣ͜ ͔͔͙͍ͨͪ͗͊ͤͤΎ͙ͣΣ ͒͊Ί ͙ͫ͡Έ͙͚ͤ 
ͨͦ΄͍ͭͦͻ ͒͡Ύ ͼ͎ͫͤͦͦ͜͜͡ ͎͊͊͘͡Έ͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˭͍͊ͫͭͦͫͯ͊ͤͤΎ 
͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͯͪͦͯ͟ ͙͙ͣͯ͘͟ ͒͊Ί ͎ͣͦͯ͘ ͍ͪͦ͘ΩΎ͙͊ͭ͘ ͼͯ͜͡ ͙ͤͯ͘͟ 
͍ͦͫͭͤ͜͜ͻΣ ͍͙ͻ͍͙ͦͤͻΣ ͍͙͍ͪͦ͊͘͡Έ͙ͤͻ ͍͊͒͊ͤ͘Έη [11, 7]Φ ˢ͍ͭͦͪ ͎ͤ͊ͦͦ͡΄ͯΊΣ ΅ͦ ͣ͗͜ 
͙͚ͫͨͪͤΎͭͭΎͣΣ ͍͙͍͍ͦͤ͊ͫͭͦͣ͟Σ ͍͔ͫͭͦͪͤͤΎͣ ͙͙ͣͯ͘͟ ͭ͊ ͤ͊͋ͯͭͭΎͣ ͔͔͙ͭͦͪͭ;͙ͤͻ 
ͤ͊ͤ͘Έ ͔ͨͪͦͫͭ͗ͯΌͭΈͫΎ ͭͫͤ͜͜ ͍͊͘Ί͍ͣͦ͘ΨΎ͙͘͟Τ ͪ͊ͦͣ͘ ͘ ͦͫΎ͎͔ͤͤͤΎͣ 
͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜ ͙͙ͣͯ͘͟ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͙͒ͭΎ;ͦ͝ ͙ͣͯ͘;ͤͦ͝ 
͍ͭͦͪ;ͦͫͭ͜Υ ζ ͭ͊͟Σ ͚͍ͤ͊ͦͣͫͭͦ͘ ͘ ͔͔͔͙ͣͤͭ͊ͣ͡ ͙ͣͯ͘;ͤͦ͝ ͍͙ͣͦΣ ͝ͻ ͍͙ͪ͊͗͊͡ΈͤͦΌ 
ͫͯͭͤͫͭ͜ΌΣ ͎͒ͪ͊ͣ͊ͭͯͪ͜ΊΌ ͍͙ͪͦͭͯ͘͟ ͙ͣͯ͘;͙ͤͻ ͍ͦ͋ͪ͊͘͜Σ ͎͙ͨͦ͋͡͡ΌΊ ͙͚ͫͨͪͤΎͭͭΎ 
͙͙ͣͯ͘͟Σ ͙ͪͦ͋ͭΈ ͋͜͡Έ΄ ͍͙ͫ͒ͦͣͣ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͭ͊ ͪͦ͘΄͙ͪΌΊ ͙͍ͣͦ͗ͦͫͭ͜͡ ͒͡Ύ 
͍͊ͫͤͦ͡͝ ͍ͭͦͪ;ͦͫͭ͜Φ ˭͍͊ͫͦΊͤͤΎ ͯ ͙ͨͪ͊ͭ͟;ͤͦͣͯ ͙͍ͣͯͯ͊ͤͤ͘͟͜ ͙ͣͯ͘;ͤͦ-
͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘ΈΣ ͤ͊͋ͯͭͭΎ ͍͙͍ͦͤ͊ͫ͟Έ͙͟ͻ ͍ͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͙ͫͨͪΎΊ ͪ͊͟΅ͦͣͯ 
ͪͦͯͣͤͤ͘͜Ό ͊͒ͯͣͯ͘ ͙ͦͣͨͦͭͦͪ͊͘͟Σ ͍͙͍ͪͦͭͦ͘͟͜ ͙ͦͫͦ͋ͫͭͫͤͦ͜͝ ͔͔ͤͭͪͨͪͭ͊͜ͼ͜͝ 
ͨͦ;͎ͯͭͦͦ ͭ͊ ͍͙͍͎ͦͤͯ͊ͤͦͦ͟η ώммΣ тϐΦ ˢ͍ͭͦͪ ͍͙͒͜͡ΎΊ ͭ͊͟͜ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ: 

мύ ͍͟͡Ό;͔ͤͤΎ ͙͙͙͒ͭͤ ͒ͦ ͙͍͊ͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͎͊ͯ͘͜͡ ͙ͣͯ͘;͎ͤͦͦ 
͙͔ͣͫͭͼ͍ͭ͊ ͭ͊ ͙ͤ͊ͦͨ͟;͔ͤͤΎ ͔ͤΌ ͙͙͍͎ͨͦͭͤͦͦ͘ ͍͒ͦͫ͒ͯ͜ ͍ͭͦͪ;ͦͫͭ͜ ͍ ͙ͪͤ͘͜ͻ 
͍͙͒͊ͻ ͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
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нύ ͙ͫͨͪΎͤͤΎ ͍͔ͫͭ͊ͤͦͤͤ͡Ό ͯ;ͤΎ Ύ͟ ͫͯ͋ΩΊͭ͊͟ ͍ͭͦͪ;ͦͫͭ͜ ͭ͊ ͍͔ͯͭͦͪͤͤΌ 
͙͙͍ͨͦͭͤͦ͘͝ ζ̒η-ͦͤ͟ͼ͔ͨͼ͜͝ ό͍͔ͫͭͦͪͤͤΎ ͙͒ͦ͋ͪͦ͘;͙͍ͦ͡͝ ͊ͭͣͦͫͺ͔͙ͪΣ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ 
͔͙͍ͦͭͤͦ͟͟͡͝ ͍ͭͦͪ;ͦͫͭ͜Σ ͯ ͨͪͦͼ͔ͫ͜ Ύͦ͟͝ ͯ;ͤ͜ ͣ͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͨͪͪͦ͒ͤͦ 
͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ ͍ͪͤ͜Ύ ͍͎ͫͦͦ ͙ͣͯ͘;ͤͦ-͍ͭͦͪ;͎ͦͦ ͍͙ͪͦͭͯ͘͟ύΣ ͫͨ͜͡Έ͔ͤ 
ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͯ;͙͔ͭ͡Ύ ͚ ͯ;ͤΎ ͒ͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͨͪͦ͋ͣ͡ ͭ͊ ͙ͦͭͪͣ͊ͤͤΎ ͍͊͘Ί͎ͣͤͦͦ 
͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͒͜ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͍͔ͫͭͦͪͤͤΎ ͙ͫͭͯ͊ͼ͜͝ ͯͫͨ͜ͻͯ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ 
ζ͙ͨͪͻ͍͙ͦ͊ͤͻ ͤͫͭͪͯ͜͟ͼ͚͜ηΣ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍ͤ͊͜Ό͍͊ͤͤΎΣ ͍͍͊͊ͤͫͯ͊ͤͤΎ ͭ͊ ͍͙ͤ͊ͤͤ͘Ύ 
ζ͔ͨͪͫͦͤ͊͡Έͤͦ͝ ͍͙͟͡Ό;ͤͦͫͭ͜η ͙͙͙͒ͭͤΣ ͍͙ͤ͊ͤͤ͘Ύ ͙͍͊ͭͤͦ͟͝ ͪͦ͜͡ ͙͙͙͒ͭͤ ͚ 
͍ͪͤͦͤ͊͘͜;ͤͦͫͭ͜ ͙ͨͦ͘ͼ͚͜ ͙͙͙͒ͭͤ ͭ͊ ͎͒ͦͪͦͫͦͦ͡Σ ͎͒͊ͦ͜͜͡;ͤͫͭ͜Έ ͍ͫͭͦͫͯͤ͟͜Σ 
͍͔ͨͦͫͭͯͨͦ ͔ͣͤ͘΄͔ͤͤΎ ͎͙͒ͦͨͦͣͦ ΄ͦ͟͡Ύ͔͍ͪ͜ ͍ ͚͎ͦͦ ͍ͭͦͪ;͙ͻ ͫͨͪͦ͋͊ͻΣ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͨͪͦ͋ͣͤͦ͡-ͨͦ΄͍͙ͯͦ͟ͻ ͙ͫͭͯ͊ͼ͚͜Σ ͊͘ ͎͒ͦͨͦͣͦͦΌ Ύ͙͟ͻ ͙͙͒ͭͤ͊ 
͍ͤ͊;͙ͭΈͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͔͙ͨͪͦ͋ͣ͡Σ ͍͙͒ͦ͋ͯ͊ͭ͘ ͤ͊ͤͤ͘ΎΣ ͙͒ͦ͊ͭ͡ 
ͭͪͯ͒ͤͦ΅͜ ͭ͊ ͍͒͜;͍͙ͯ͊ͭ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͒͜ ͍͙͊ͫͤ͡ͻ ͔͔͎ͨͪͣͦΤ 

оύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͚͍ͤ͊ͨͦͤ͜΄͎ͦͦ ͍͙Ύ͍ͯ ͍͎ͫͦͦ ͍ͭͦͪ;͎ͦͦ 
͔ͨͦͭͤͼ͊ͯ͜͡ ό͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ Ύ͍͙ͫͪ͊͟ͻ ͭ͊ ͙͒ͤ͊ͣ͜;͙ͤͻ ͍ͭͦͪ;͙ͻ ͊ͤ͘ΎͭΈ ͊͘ 
͙ͨͪͤͼ͙͙ͨ͊ͣ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͭ͊ ͔ͭ͊ͨͤͦͫͭ͜ ͍ͨͤ͊͊͘͜͡Έͤͦ-͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;ͤΎ 
͔͋͘ ͎͙ͪͦͣ͒͘͜͟ͻ ͤͫͭͪͯ͜͟ͼ͚͜ ͭ͊ ͚͍͎͊ͦͦ͘ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͍͔ͫͭͦͪͤͤΎ 
͙ͦͨͭͣ͊͡Έ͙ͤͻ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ ͍ͤ͊;͊͡Έ͙ͤͣ ͔ͣ͊ͭͪ͊ͦͣ͜͡Σ ͍ͭͦͪ;͙͙ͣ ͍͊͒͊ͤͤ͘Ύ͙ͣΣ 
͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͍ͪͤ͜Ύ ͍͙ͪͦͭͯ͘͟ ͙ͣͯ͘;ͤͦ-͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͔͚͒ͭ͜Σ 
͝ͻ͙ͤͣ͜ ͔͔͙ͤͭͪͫ͊ͣ͜Σ ͔͙ͨͦͭͪ͋͊ͣ ͭ͊ ͍͒ͦͫ͒ͦͣ͜Σ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ-
͙͒ͺ͔͔ͪͤͼ͚͍͎ͦ͊ͤͦͦ͜ ͨ͒͜ͻͦ͒ͯΣ ͤ͘ΎͭͭΎ ͔͎͔ͪ͊ͣͤͭͯ͡ ͤ͊ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘ΈΣ ͤ͘ΎͭͭΎ 
ͫͭͪ͊ͻͯ ͔͔ͨͪ͒ ͙͙ͨͦͣ͊ͣ͟͡ ;͔͔ͪ͘ ͨͦΎ͔ͫͤͤͤΎ ͝ͻ ͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦ ͤ͊͘;͔ͤͤΎΣ 
ͦͼͤ͜Ό͍͊ͤͤΎ ͍ͭͦͪ;͙ͻ ͯͫͨ͜ͻ͍͜ ͙͙͙͒ͭͤ ͘ ͙ͨͦ͘ͼ͜͝ ͝ͻ ͤ͊͘;ͯ΅ͦͫͭ͜Φ 

ˢͤ͊͘͜͡ ͙͒͊ͤͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ˤΦ ̆ ͔ͦͦ͒ͤͦ͟͡ ͍ͨͦ͊͊͘͟Σ ΅ͦΥ ζ͍ ͯ;͍ͤ͜ 
͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͎͙ͪͯͨ ͍͒͋ͯͦͫ͜͡Ύ ͎͋͊͊͘;͔ͤͤΎ ͙ͣͯ͘;ͤͦ-͔͔͙ͫͭͭ;͎ͤͦͦ 
͔ͭ͊ͯͪͯͫͯ͘Σ ͎͙͙ͨͦ͋ͦͫ͡͡Ύ ͙͚ͫͨͪͣ͊ͤͤΎ ͙͙ͣͯ͘͟Σ ͙͍͍͙͊ͭͯ͊ͫ͘͟͜͡Ύ ͨͪͦͼ͔͙ͫ 
͍ͪͦͦ͒ͯ͊ͤͤ͘͟Ύ ΄ͦ͟͡Ύ͙ͪ͊ͣ ͍͊ͭͦͪͫΈͦ͟-͍͙͍ͦͤ͊ͫ͟Έͦ͟͝ ͦͤ͟ͼ͔ͨͼ͜͝Σ ͪͦ͘΄͙͙͍ͪͫΎ 
͍͙͍͙͚ͫͦͤͦ͟͡ ͊ͨ͊ͫ͘Σ ͍͙ͪͦͤͯͦͫ͘͡Ύ ͙͊ͤ͊ͭ͜͡;͔ͤ ͭ͊ ͦ͋ͪ͊ͤͦ͘-͊ͫͦͼ͙͍͔͊ͭͤ͜ 
͙͔ͣͫͤͤ͡ΎΣ ͍ͭͦͪ;͊ ͯΎ͍͊Σ ͙ͣͯ͘;͙͚ͤ ͫͯ͡ͻΣ ͺ͙ͦͪͣ ;ͯͭͭΎη ώммΣ мпϐΦ ˨͙ͦͫ͒ͤ͜͡ͼΎ 
͍͊ͫ͒͘͜;ͯΊΣ ΅ͦΥ ζͨͫ͜͡Ύ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͍ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤ͜ ͎ͪͯͨ͜ ͍ 
΄ͦ͟͡Ύ͍ͪ͜ ͙͍͍͊ͭͯ͊͊ͫ͘͟͜͡Ύ ͍ͭͦͪ;͊ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜Ύ ͍ ͙ͣͯ͘;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
͋͘͜͡Έ΄͙͊ͫ͡Έ ͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͯ ͨͦ΄ͯͯ͟ ͍ͤͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ΄͡Ύͻ͍͜ ͜ ͍͊ͫͦ͋͘͜ 
͍͙͔ͫ͊ͣͦͪ͊͗ͤͤΎΣ ͍͙ͪͦͤͯ͊ͫ͘͡Ύ ͎ͤͯ;ͫͭ͟͜Έ ͙͙͔ͣͫͭ͡͡Έ͙ͤͻ ͨͪͦͼ͔͍ͫ͜Σ ͒͊ͭͤͫͭ͘͜Έ 
͔ͤͫͭ͊ͤ͒͊ͪͭͤͦ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͔͙ͨͪͦ͋ͣ͡Σ ͍͙͙ͪͦͤͯͫ͘͡Ύ ͍ͣͤͤ͜Ύ ͚ ͍͙ͤ͊;͙͟ 
͙͍ͣͯͯ͊ͤͤ͘͟ΎΣ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͎ͫ͊ͣͦͦͪ͊ͤ͊͘͜ͼ͜͝Σ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͜͝Σ ͍ͨ͊ͤͯ͊ͤͤ͡ΎΣ 
͒͊ͭͤͫͭ͘͜Έ ͙͍͙ͦͭͪͣͯ͊ͭ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͒͜ ͨͪͦͼ͔ͫͯ ͍ͭͦͪ;ͦͫͭ͜η ώммΣ мрϐΦ ˢ͍ͭͦͪ 
ͭ͊ͦ͗͟ ͙ͪͦ͋ͭΈ ͍͙͍ͫͤͦͦ͟ ͨͪͦ ͍͙ͫͦͯ͟ ͔͙͙͍ͫͤͫͭͤͫͭ͜Έ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ 
͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͚͙ͫͭ͜͟ͻ ͍ͭͦͪ;ͦ-͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͙͍͍ͣͦͭ͜Σ ͔ͨͦͭͪ͋Σ ͔͔͍ͤͭͪͫ͜͜ ͭ͊ 
͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͭ͊ ͔ͨ͒ͪͫ͜͟͡ΌΊΣ ΅ͦΥ ζͣͦͦ͒͡΄͙͚ ΄ͦ͟͡Ύͪ ͣ͊Ί 
͍͒͜;͍͙ͯ͊ͭ ͪ͊͒ͫͭ͜Έ ͨͤ͊ͤͤ͘͜ΎΣ ͍͙͒ͪͭͭ͜͟Ύ ͍͎ͤͦͦͦΣ ͤ͊ͫͦͦ͒ͯ͡ ͍͒͜ ͨͪͦͼ͔ͫͯ ͍ͭͦͪ;ͦͫͭ͜Σ 
͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͒͜ ͨͦ͒ͦ͊ͤͤ͡Ύ ͔͔ͨͪ΄ͦ͒͟ ͯ ͍ͪͦ͘ΩΎ͊ͤ͘͜ ͍ͭͦͪ;͙ͻ ͍͊͒͊ͤ͘ΈΣ ͙ͤ͊͋ͯͭ 
͔͍ͨͤ͜ ͍ͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔͍͔ͯͨͤͤͫͭ͜Έ ͯ ͍ͫͦ͝ͻ ͒͋ͤͦͫͭ͘͜Ύͻ ͭ͊ 
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͙͍ͣͦ͗ͦͫͭ͡ΎͻΧ ˻͎ͪ͊ͤ͊͘͜ͼ͜Ύ ͍ͭͦͪ;͎ͦͦ ͊͘ ͣͫͭͦͣ͘͜ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ 
͘ ͍ͦ͋ͦΩΎ͍͙ͦͣ͘͟ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͍͍͙ͦ͜͟ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͣ͊Ί ͙ͫͭ͊ͭ ͔ͣͭͦΌ ͍ͦͫͭͤ͜͜ͻ 
͎ͨͪͦͪ͊ͣη [11, 16]Φ ̂ ͨͪͦͼ͔ͫ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ˤΦ ̆ ͔ͦͦ͒ͤͦ͟͡ ͍͙Ύ͍͔ͤͦ͡Σ ΅ͦ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͦͣͨͫͯ͟͟͡ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͯͪͦͼ͜ ͙͙ͣͯ͘͟ ͍  
1ςо ͊ͫ͊͟͡ͻ ͍ͫͭͦͪΌΊ ͙͍ͣͦ͗ͦͫͭ͜͡ ͒͡Ύ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ  ͍ͭͦͪ;ͦ͝ 
͙͍͊ͭͤͦͫͭ͟͜ ͯ;͍ͤ͜Φ ˨͙ͦͫ͒ͤ͜͡ͼΎ ͎ͤ͊ͦͦ͡΄ͯΊ ͤ͊ ͭͦͣͯΣ ΅ͦ ͨͪͦͼ͔ͫ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ 
͙͙͙͒ͭͤ ͍ ͙ͪͤ͘͜ͻ ͍͙͒͊ͻ ͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͙͚͟ ͍ͫͯͨͪͦͦ͒͗ͯΊͭΈͫΎ ͍͔͙͙͙ͣ͟͡ 
͔ͣͦͼ͚͙͙ͤͣ͜ ͔͔͙͍ͨͪ͗͊ͤͤΎ͙ͣΣ ͒͊Ί ͍͔͙͡;͔͙͚ͤ͘ ͨͦ΄͍ͭͦͻ ͒͡Ύ ͼ͎ͫͤͦͦ͜͜͡ 
͎͚͎͊ͪͣͦͤͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ώммΣ мтϐΦ 

˶Φ ʕ ͙͔͊ͫͤͦ͟͡Σ ͍͙͍;͊Ό;͙ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͍͊͘Ίͣͦ͒͜͝ ͍ͦ͊͟͡Έ͎ͤͦͦ ͚ 
͔͙ͣͭͦ͒;͎ͤͦͦ ͔͍ͦͣͨͦͤͤͭ͟͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
͙ͣͯ͘;͎ͤͦͦ ͙͔ͣͫͭͼ͍ͭ͊Σ ͍͙ͤ͊͘;͙͊͡ ͭ͊͟͜ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦΥ мύ ͘ ͔͔͊͋ͨ͘;͔ͤͤΎ 
͔͎͙͍͙ͤͭͪ͊ͭͤ͜ͻ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ ͍ͦ͊͟͡ΈͤͦΌ ͜ ͔͙ͣͭͦ͒;ͤͦΌ ͎͍ͨ͒ͦͭͦͦ͜͟Ό ͔͍ͫͭͯ͒ͤͭ͜Τ 
2) ͘ ͍͊ͫͭͦͫͯ͊ͤͤΎ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ ͒ͦͼ͜͡Έ͙ͤͻ ͍͊ͫͦ͋͘͜ 
͊͒͊ͨͭ͊ͼ͜͝ ͚ͣ͊͋ͯͭͤ͜ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ ͒ͦ ͍ͦ͊͟͡Έͤͦ-͔͙ͣͭͦ͒;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ 
ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͍͙͊͒͊ͤͤ͟͡Ύ ͍ͦ͊͟͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͤ͊ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͯ ͔͍ͫͭͯ͒ͤͭ͜ 
͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͙ͫͭ͡Ό ͍ͦ͊͟͡Έͤͦ-͔͙ͣͭͦ͒;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ώмлΣ мсуϐΦ 

ˢͤ͊͘͜͡ ͍ͤ͊ͯͦͦ͟͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͍ͨͦ͊͊͘͟Σ ΅ͦ ͚ͤ͊;͊ͫͭ͜΄͔ ͍ͤ͊ͯͦ͟ͼ͜ 
͙͍ͤ͊͊͘ΌͭΈ ͭ͊͟͜ ͎͊͊͘͡Έͤ͜ ͍͙ͯͣͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͫͯ;͎͊ͫͤͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ 
͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡Υ ͍͔ͫͭͦͪͤͤΎ ͙ͫͨͪΎ͙͍͎ͭͦͦ͡ ͙ͨͫͻ͎ͦͦ͜͡;͎ͤͦͦ ͣ͊ͭͯ͟͜͡Σ 
͙ͦͫͦ͋ͫͭͫͤͦ͜-ͦͪ͜Ί͍͔ͤͭͦ͊ͤ ͍ͤ͊;͊ͤͤΎΣ ͯͪ͊ͻ͍ͯ͊ͤͤΎ ͔͔͍ͤͭͪͫ͜͜Σ ͔ͨͦͭͪ͋Σ 
͔͚͒͋ͤͦͫͭ͘͜ ͎ͦ͗ͤͦͦ͟ ͯ;ͤΎΦ 

˻ͭ͗,͔ ͒ͦ ͎͊͊͘͡Έ͙ͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͫͯ;͊ͫͤ͜ ͍ͭ͜;͙ͤ͘Ύͤ͜ 
͙͙͒ͦͫ͒ͤ͜͟͡ ͍͒ͤͦͫ͜ΎͭΈΥ 

1) ͘ ͊ͯ͡;͔ͤͤΎ ͙͙͙͒ͭͤ ͒ͦ ͙͍͊ͭͤͦ͟͝ ͍ͭͦͪ;ͦ͝Σ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
2) ͤ ͙͊ͦͨ͟;͔ͤͤΎ ͙͙͒ͭͤͦΌ ͙͙͍͎ͨͦͭͤͦͦ͘ ͍͒ͦͫ͒ͯ͜ ͍ͭͦͪ;ͦͫͭ͜ ͍ ͙ͪͤ͘͜ͻ ͍͙͒͊ͻ 
͒͜Ύ͡Έͤͦͫͭ͜Τ 

3) ͫ ͍͔ͭͦͪͤͤΎ ζ͙ͫͭͯ͊ͼ͜͝ ͯͫͨ͜ͻͯηΤ 
4) ͘ ͍͊ͫͭͦͫͯ͊ͤͤΎ ͔ͦͣͨͫͯ͟͟͡ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙͔ͣͫͭͼ͍ͭΤ 
5) ͦ ͎ͪ͊ͤ͊͘͜ͼ͜Ύ ͣ͊ͪͦ͒͟͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͯͪͦ͊͟ͻ ͯ м ͊ͫ͟͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Τ 
6) ͊ ͍͒͊ͨͭͯ͊ͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͒ͦ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ 
ͯ;͍ͤ͜Τ 

7) ͘ ͔͔͊͋ͨ͘;͔ͤͤΎ ͔͎͙͍͙ͤͭͪ͊ͭͤ͜ͻ ͍͘ΩΎ͍͘͟͜Φ 
˨ͦ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͍ ͒ͤͦͫ͜ΎͭΈΥ 

1) ͅ ͍ͦͪͣͯ͊ͤͤΎ ͚͎ͫͭͦͦ͜͟ ͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦ ͙͍ͣͦͭͯ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
2) ͅ ͍ͦͪͣͯ͊ͤͤΎ ͙͙͍ͨͦͭͤͦ͘͝ ζ̒η-ͦͤ͟ͼ͔ͨͼ͜͝Τ 
3) ͘ ͚͔͒ͫͤͤͤ͜Ύ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͙͙ͨ͒ͭͪͣ͜͟ ͨͪͦͼ͔ͫͯ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ 
͍ͤ͊;͊ͤͤΎ ͚ ͍͙ͪͦͭͯ͘͟ ΄ͦ͟͡Ύͪ͊Τ 

4) ͯ ͪ͊ͻ͍ͯ͊ͤͤΎ ͙ͨͫͻͦͺ͎ͦͦ͘͜͜͜͡;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͯ;͍ͤ͜ ό͍͍ͯ͊͘͜͜͡Σ 
͔͔͙͍ͤͫͭͭ͟͜͟͜Σ ͍͊ͯ͒͊͜͜͡ύΤ 

5) ͫ ͙ͨͪΎͤͤΎ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙͎ͦͫͦ͋ͫͭͦͦ ͍ͭͦͪ;͎ͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡Τ 
6) ͨ ͙͒ͭͪͣ͊͜͟ ͙͎ͨͪͪͦ͒ͤͦͦ ͋͊͗͊ͤͤΎ ͙͙͙͒ͭͤ ͍;͙͙ͭͫΎΤ 
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7) ͒ ͔ͦͫ͒͗ͤͤ͜͡Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡Σ ͍͊͒͊ͭ͘͟͜Σ ͔͚͒͋ͤͦͫͭ͘͜ ͙͙͙͒ͭͤΤ 
8) ͫ ͍ͦΊ;͔͊ͫͤ ͍͙Ύ͍͔ͤͤ͡Ύ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͍ͭͦͪ;͎ͦͦ 
͔ͨͦͭͤͼ͊ͯ͜͡ ͯ;͍ͤ͜Τ 

9) ͨ ͦ͒ͦ͊ͤͤ͡Ύ ͫͯ͋ΩΊͭ͟-ͦ͋ΩΊ͙ͭͤ͟ͻ ͍ͫͭͦͫͯͤ͟͜Σ ͍͙͙͊ͭͦͪͭ͊ͪͣͯ͘ ͍ ͍ͫͨͯ͊ͤͤ͜͟͜͡Φ 
˿͔͔ͪ͒ ͔͙ͣͭͦ͒;͙ͤͻ ͍ͯͣͦ ͍͙͍͎͊͗ͦͦ͡ ͤ͊͘;͔ͤͤΎΣ ͤ͊ ͒ͯͣͯ͟ ͫͯ;͙͊ͫͤͻ 

͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͍ͤ͊ͯͦ͟ͼ͍͜Σ ͍ͤ͊͋ͯ͊ΌͭΈ ͭ͊͟͜Υ 
1) ͘ ͔͔͊͋ͨ͘;͔ͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍͍͙͙͒ͨͦ͒ͤͣ͜͜ ͔͙ͣͭͦ͒;͙͙ͤͣ 
͙ͪͦͪͦ͋͊ͣ͘͟Τ 

2) ͘ ͍͊ͫͭͦͫͯ͊ͤͤΎ ͔͍͙͊͒͊ͭͤ͟ͻ ͔͍ͣͭͦ͒͜Σ ͙͚͍ͨͪͦͣ͜Σ ͺͦͪͣΣ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊ͤͤΎΤ 
3) ͅ ͍ͦͪͣͯ͊ͤͤΎ ͍͔͎ͯͫ͒ͦͣͤͦͦ͜͡ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
ͪͦͯͣͤͤ͘͜Ύ ͯ;ͤΎ͙ͣ ͔͙ͣͭ ͝ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͚͒͜Τ 

4) ͘ ͔͔͊͋ͨ͘;͔ͤͤΎ ͙͍͊ͭͤͦͫͭ͟͜ ͯ;͍ͤ͜Τ 
5) ͎ ͚͔͊ͪͣͦͤͤ͜ ͚͔͒ͫͤͤͤ͘͜Ύ ͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜͝ ͭ͊ ͔͎ͤͭͪ͊͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎΤ 
6) ͘ ͍͔͊ͨͪͦ͊͒͗ͤͤΎ ͍͍͒ͨͦ͒ͤͦ͜͜͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͔͙ͫͫͭͣΤ 
7) ͘ ͍͊ͫͭͦͫͯ͊ͤͤΎ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͙͔͙ͫͫͭͣ ͙ͪͤ͘͜ͻ ͙͍ͭͨ͜ ͍ͯͪͦ͟͜Τ 
8) ͍ ͍͔ͨͪͦ͊͒͗ͤͤΎ ͪͦ͋ͦ;͙ͻ ͦ͘΄͙͍ͭ͜ ͘ ͍͒ͪͯͦ͊ͤͦ͟Ό ͍ͦͫͤͦͦΌΦ 
˾͔ͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͍͙΅͔͊ͤ͊͘͘;͔͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͊͘ͺ͍ͫͦ͊ͤ͜͟͜ ͭ͊͟͜ ͺ͙͊ͭ͟Υ 

͍͙ͨ͒͜΅͔ͤͤΎ ͍ͪͤ͜Ύ ͍ͤ͊;͊͡Έͤͦ͝ ͙͍ͣͦͭ͊ͼ͜͝Σ ͨͦͪ͊͟΅͔ͤͤΎ ͤ͊ͤ͘Έ ͯ;͍ͤ͜Σ ͫͺͦͪͣͦ-
͍͊ͤͫͭ͜Έ ͙͙͍͎ͨͦͭͤͦͦ͘ ͍͔ͫͭ͊ͤͤ͡Ύ ͯ;͍ͤ͜ ͒ͦ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ 
ͫ͊ͣͦͼ͙ͤͤ͜ͻ ͤ͊ͤ͘ΈΣ ͤ͊͋ͯͭͭΎ ͯ;ͤΎ͙ͣ ͍͒ͦͫ͒ͯ͜ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝Σ ͪͦ͘΄͙͔ͪͤͤΎ 
͍͙͍͎ͫͦͤͦͦͦ͟͡ ͊ͨ͊ͫͯ͘Σ ͎͋͊͊͘;͔ͤͤΎ ͙ͣͯ͘;ͤͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͔ͭ͊ͯͪͯͫͯ͘Σ ͙͍͊ͭ͊͘͟͜ͼ͜Ύ 
͍ͭͦͪ;ͦ͝ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝Σ ͍͙ͪͦͭͦ͘͟ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͎ͫ͊ͣͦͦͪ͊ͤ͊͘͜ͼ͜͝Σ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
͍͙͎ͫͦͦͦ͟ ͍ͪͤ͜Ύ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˻͔ͭ͗Σ ͯ ͫͯ;͚͊ͫͤ͜ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͤ͊ͯͼ͜ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ 
͍͙ͯͣͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͙ͪͤ͘͜ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ Ύ͍͙΅Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͤ͊͘;͔͙ͤͻ 
ͻ͔͙͊ͪ͊ͭͪͤ͟ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͯ;͍ͤ͜Σ ͍͔ͫͭͦͪͤͤΎ ͔͍ͨͤͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͔͙ͫͫͭͣΣ 
͚͔͒ͫͤͤͤ͘͜Ύ ͔ͦͤͪͭͤͦ͟͟͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔ͭͻ͎ͤͦͦ͜͡͝Φ ˽͔͔ͪ͒ͣͭͦͣ ͤ͊΄͎ͦͦ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ί ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͣͦͦ͒͡΄͙ͻ 
΄ͦ͟͡Ύ͍ͪ͜ ͙ͣͯ͘;͎ͤͦͦ ͙͔ͣͫͭͼ͍ͭ͊Φ ˤ͘Ύ͍΄͙ ͊͘ ͔ͣͭͯ ͙͙ͪͦͪͦ͋ͭ͘ ͔ͺ͔͙͍ͭͤͯ͟ 
͔͙ͣͭͦ͒ͯ͟ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͙͙ͣͯ͘͟ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Σ Ύ͊͟ 
͔͔͊͋ͨ͘͘;͙͊͡ ͋ Ύ͙͚ͫͤ͟͜ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫΣ ͙ͣ ͍͙ͤ͊͘;͙͙͡Σ ΅ͦ ͍͙͍͙͙͊͗ͣ͡ 
͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ ͍͙ͯͣͦ͊ͣ ͣ͊ΌͭΈ ͙͋ͯͭ ͭ͊͟͜Υ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤ͜Σ 
͔͙ͣͭͦ͒;ͤ͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜Φ  

˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͙ͣ ͎ͪͦ͘͡Ύ͒͊Ίͣͦ Ύ͟ ͍͔ͯͫ͒ͦͣͤͦ͜͡Σ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ 
͍͔ͫͭͦͪͤ͜ ͍͙͙ͦ͋ͫͭ͊ͤΣ ͊͘ ͤ͊Ύ͍ͤͫͭ͜Ό Ύ͙͟ͻ ͫͭ͊Ί ͙͍͙ͣͦ͗ͣ͡ ͒ͦͫΎ͎͔ͤͤͤΎ ͔͍͎ͨͤͦͦ 
Ύ͎ͫͤͦͦ͟͜ ͔ͪͯ͘͡Έͭ͊ͭͯ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ς ͼ͔ ͍͙ͯͣͦΣ ΅ͦ ͍ͫͭͦͪΌΌͭΈͫΎ ͒͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ 
ͪ͊ͤ͜΄͔ ͍͙ͤ͊͘;͔͎ͤͦͦ Ύ͎ͫͤͦͦ͟͜ ͔ͪͯ͘͡Έͭ͊ͭͯΣ ͔͙ͣͭ ͍͙ͦͫͭ͜Φ 

˨ͦ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͣ ͙ ͍͙͒ͤͦͫͣͦ͜Υ 
1) ͨ ͙ͫͻ͎ͦͦ͜͡;ͤ͊ ͙ͨ͒ͭͪͣ͊͜͟ ͙͒ͭΎ;ͦ͝ ͍ͭͦͪ;ͦͫͭ͜Τ 
2) ͫ ͍͔ͭͦͪͤͤΎ ͙ͫͨͪΎ͙͍͎ͭͦͦ͡ ͙ͨͫͻ͎ͦͦ͜͡;͎ͤͦͦ ͣ͊ͭͯ͟͜͡Τ 
3) ͊ ͙͍ͭ͊͘͟͜ͼ͜Ύ ͍ͨͤ͊͊͘͜͡Έͤͦ͝Σ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ4ȟ Ο 9 (43) 

11 

4) ͊ ͭͯ͊͊͘͟͜͡ͼ͜Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͔͔͍ͤͭͪͫ͜͜Σ ͔͚͒͋ͤͦͫͭ͘͜Τ 
5) ͣ ͙͍ͦͭ͊ͼ͜Ύ ͒ͦ ͙͔ͣͫͭͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 
˨ͦ ͔͙ͣͭͦ͒;͙ͤͻ ͍ͯͣͦΣ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͍͊ͪͭͦ ͍͔͙͒ͤͫͭ͜Υ 

1) ͍ ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͊ ͯͪͦ͊͟ͻ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙ͣͯ͘;ͤͦ͝ ͭ͊ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
2) ͍ ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙͔ͣͫͭͼ͍ͭ͊Τ 
3) ͘ ͍͊ͫͭͦͫͯ͊ͤͤΎ ͔͎ͤͭͪ͊͜ͼ͜͝ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ό͍ͤ͊;͊͡Έͤͦ͝Σ ͍ͭͦͪ;ͦ͝Σ ͙ͣͯ͘;ͤͦ͝Σ 
ͻͯ͒ͦ͗ͤΈͦ͝ύ  ͭ͊ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙͔ͣͫͭͼ͍ͭ ͤ͊ ͯͪͦͼ͜Τ 

4) ͦ ͪ͜Ίͤͭ͊ͼ͜Ύ ͤ͊ ͔ͪͯ͘͡Έͭ͊ͭ ς ͼͫͤͫͭ͜͜͜͡Έ ͤ͊ͤ͘Έ ͍͙͔ͪͦͤͤͦ͘͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Τ 
5) ͘ ͚͔͒ͫͤͤͤ͜Ύ ͙ͨͪͤͼ͙͍ͨ͜ ͔͎ͤͭͪ͊͜ͼ͜͝Σ ͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜͝Σ ͎ͯͣ͊ͤ͊͘͜ͼ͜͝Φ 
˨ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͍ͯͣͦ ͍ ͙͒ͤͦͫͣͦ͜Υ 

1) ͟ ͔͔ͦͣͨͫͤ͟͡ ͔͙ͣͭͦ͒;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎΤ 
2) ͍ ͍͒ͨͦ͒ͤ͊͜͜ ͺ͊ͻ͍ͦ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍;͙͔ͭ͡ΎΤ 
3) ͘ ͍͊ͫͭͦͫͯ͊ͤͤΎ ΄͙͎ͪͦͦͦ͟ ͒͊ͨ͊ͦͤͯ͘͜ ͤ͊ͦ;͙ͤͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΤ 
4) ͘ ͔͔͊͋ͨ͘;͔ͤͤΎ ͔ͤͦ͋ͻ͙͒ͤͣ͜ ͦ͋͊͒ͤ͊ͤͤ͡Ύͣ ό͙͒ͭΎ;͜ ͙ͣͯ͘;ͤ͜ ͔͙ͤͫͭͪͯͣͤͭ͜Σ 
ͺ͔ͦͤͦͭ͊͟Σ ͍͔͙͙͒ͦ͊ͨͫ͘͜Σ ́˭˹Σ ͍ͤ͊;͊͡Έͤ͜ ͨ͒ͪͯ͜;͙͙ͤ͟Σ ͙͙ͨͦͫ͋ͤ͜͟Σ ͪͦ͋ͦ;͜ 
ͦ͘΄͙͙ͭύΦ 
ˤ͙͍͙ͫͤͦ͟Φ ˢͤ͊͘͜͡ ͔͔ͭͤ͒ͤͼ͚͜ ͚͔͒ͫͤͤͤ͘͜Ύ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͍ 

͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡ ͍ͨͦ͊͊͘͟Σ ΅ͦ ͍ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͍͙ͪͦͭͯ͘͟ ͍ͭ͜;͙ͤ͘Ύͤͦ͝ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͤ͊ͯ͟ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͔͔͙ͭͦͪͭ;͔ͤ ͙͔ͦͫͣͫͤͤ͡Ύ ͪͦ͜͡ ͍͙ͪͦͭͯ͘͟ 
͍ͭͦͪ;͎ͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͎ͦ͗ͤͦͦ͟ ͯ;ͤΎΣ ͍͙Ύ͍͔ͤͤ͡Ύ ͚͎ͦͦ ͍ͭͦͪ;͙ͻ 
͔͚͒͋ͤͦͫͭ͘͜Σ ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͚͔͒ͫͤͤͤ͘͜Ύ ͎͙ͯͣ͊ͤͫͭ͜;͎ͤͦͦΣ ͙ͦͫͦ͋ͫͭͫͤͦ͜-
ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎΦ ˢ͔͡ ͙ͨͪ ͤ͊Ύ͍ͤͦͫͭ͜ ;͙͔͙ͫͤͤ͡ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͘͜ 
͔͙ͨͪͦ͋ͣ͡Σ ͔͙ͣͭͦ͒;͙͚ͤ ͔͊ͫͨͭ͟ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͙͙ͣͯ͘͟ ͯ;͍ͤ͜ 
ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͔ͤ ͙͍ͦͭͪͣ͊ ΄͙͎ͪͦͦͦ͟ ͍͙͍͔ͫͭͤͤ͜͡ΎΦ ͔͔͙́ͦͪͭ;͙͚ͤ 
͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͘ ͙ͨͭ͊ͤΈ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͭ͊ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͍͒ͦͦ͘͡ΎΊ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ 
͔͎͍͔ͤͭͪͦ͊ͤ͜ ͙ͣͯ͘;͔ͤ ͍ͤ͊;͊ͤͤΎ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͙ͨͪͤͼ͙͍ͨ͜ 
͎ͯͣ͊ͤ͊͘͜ͼ͜͝Σ ͔͎ͤͭͪ͊͜ͼ͜͝Σ ͙͍͊ͭͤͦͫͭ͟͜Σ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜͝ ͚ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ 
͔ͫͨͼ͙ͺ͜;͙ͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ  Ί ͊ͭͯ͊͟͡ΈͤͦΌ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜ΌΣ ͊ ͝ͻ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͙ͫͨͪΎ͙͔ͭͣ ͚͔͒ͫͤͤͤ͘͜Ό ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ 
͙͙ͣͯ͘͟ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ  

˽͒͜ ;͊ͫ ͚͔͒ͫͤͤͤ͘͜Ύ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͔͔͍͙ͨͪͪ͜͟ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙͊ͨͪͦͨͦͤͦ͊ͤ͘ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ 
͙͙ͣͯ͘͟ ͋ͯͦ͡ ͙ͪͦͪͭͦ͘͟ ͍ͦͫͤͦͤ͜ ͔͙ͭ͊ͨ ͚͔͒ͫͤͤͤ͘͜Ύ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΣ ͙ͪͦͪͭͦ͘͟ ͣͫͭ͘͜ ͎ͦ͗ͤͦͦ͟ ͔ͭ͊ͨͯ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙͊ͨͪͦͨͦͤͦ͊ͤ͘ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͭ͊ ͔ͦͣͨͫ͟͟͡ ͔͍ͣͭͦ͒͜Σ Ύ͟͜ 
͙͋ͯ͡ ͍͊ͫͭͦͫͦ͊ͤ͘͜ ͙ͨͪ ͼΈͦͣͯΦ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͨͦ͊͊ͦ͘͟͡Σ ΅ͦ ͫͤͯ͜Ί ͙ͤ͊͘͟ 
;͙ ͙͍ͤͤ͟͜Σ Ύ͟͜ ͔͎͙͍ͤ͊ͭͤͦ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͼ͙ͫͤ͜͜͡ͻ ͤ͊ͤ͘Έ ͨͪͦ 
͙͔ͣͫͭͼ͍ͭͦΣ ͙͙͍ͨͦͭͤͦ͘͝ ͙͍ͣͦͭ͊ͼ͜͝ ͒ͦ ͙ͣͯ͘;͙ͤͻ ͊ͤ͘ΎͭΈΣ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ 
͔͔ͭͤ͒ͤͼ͜Ύ ͎͍ͤͦͪͯ͊ͤͤ͜Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͔͔͍ͤͭͪͫ͜͜Σ ͍͊͒͊ͭ͘͟͜Σ ͔͚͒͋ͤͦͫͭ͘͜Φ 
͙́͊ͣ͟ ;͙ͤͦͣΣ ͔͙͙ͦͪͫͫ͟͡͡Ύ ͍͊͒͊ͤͤ͘ΎΣ Ύ͟͜ ͙ͤͤ͜ Ί ͊ͭͯ͊͟͡Έ͙͙ͤͣ ͒͡Ύ 
͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͙ͣͯ͘;͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ  
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˶˱́˩˾ˢ́̂˾ˢ 
1. ˣͯ΄ͯΊ͍͊ ˹Φ ˻Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͤ͊;͊͡Έͤͦ͝ ͙͍ͣͦͭ͊ͼ͜͝ ͔͚͒ͭ͜ 

΄͔͙ͫͭͪ͜;͎ͤͦͦ ͍ͯ͜͟ κ ˹Φ ˻Φ ˣͯ΄ͯΊ͍͊Φ ς ˴ ͙͍͙͚ͪ ˾͎͜Σ нллуΦ ς нл ͫΦ 
2. ˣ͙ͪ͊ͭ͊ͤ; ˻Φ ˥Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͙͒ͺ͔͔ͪͤͼ͚͍͎ͦ͊ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜ 

͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Έͦ͝ ΄͙ͦ͟͡ κ ˻Φ ˥Φ ˣ͙ͪ͊ͭ͊ͤ;Φ ς ˴ ͙͍͙͚ͪ ˾͎͜Σ нллуΦ ς нл ͫΦ 
3. ˣ͔ͯͫ͡ ˤΦ ́Φ ˤ͔͙͙͚͟͡ ͭͯͣ͊͡;͙͚ͤ ͍͙ͫͦͤ͟͡ ͫͯ;͊ͫͤͦ͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ κ ͯ͟͡Φ ͜ 

͎͍͙͚ͦͦͤ͡ ͔ͪ͒Φ ˤΦ ́Φ ˣ͔ͯͫ͡Φ ς ˴ Φ Τ ˱ͪͨͤ͜Έ Υ ˤ́̅ ζ˽͔ͪͯͤηΣ нллпΦ ς мппл ͫΦ 
4. ˥͚͊ͨ͜;ͯ͟ ˱Φ ˸Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͔ͣͦͼ͚ͤͦ͜͝ ͍͊͘Ίͣͦ͒͜͝ ζ͍͙͊͒͊͟͡; ς ͔ͫͭͯ͒ͤͭη ͯ 

ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͯ ͙͊ͫ͟͡;ͤͦͣͯ ͍͔͙͔ͯͤͪͫͭͭ͜͜ κ ˱Φ ˸Φ ˥͚͊ͨ͜;ͯ͟Φ ς ˻ ͔͒ͫ͊Σ нллоΦ ς нпф ͫΦ  
5. ˥ͦͤ;͔͊ͪͤͦ͟ ˢΦ ˸Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͎͙ͯͣ͊ͤͫͭ͜;͙ͤͻ ͍͊͘Ί͙ͣͤ 

ͫͭ͊ͪ΄͙ͻ ͒ͦ΄͟͜͡Έ͙͍ͤ͟͜ κ ˢΦ ˸Φ ˥ͦͤ;͔͊ͪͤͦ͟Φ ς ˴ ͙͍͝Σ 2003. ς нмп ͫΦ  
6. ˹͔;͍ͦ͒͡ ˶Φ ˱Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͪͦ͋ͦ;͙ͻ ͦ͘΄͙͍ͭ͜ ͘ ͍͒ͪͯͦ͊ͤͦ͟Ό 

͍ͦͫͤͦͦΌ ͍ ͨͪͦͼ͔ͫ͜ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ΄ͦ͟͡Ύ͍ͪ͜ κ ˶ Φ ˱  ˹ ͔;͍ͦ͒͡Φ ς ͍̆͊ͪ͟͜Σ нллнΦ ς 
˿Φ 20ς41. 

7. ˽͊͒͊͊͟͡ ˥Φ ˸Φ ˽͔͎͎͒͊ͦ͊͜͟ ͙͔ͣͫͭͼ͍ͭ͊Φ ό͔́ͦͪ͜Ύ ͜ ͔͙ͣͭͦ͒͊͟ ͍͙͊͒͊ͤͤ͟͡Ύ 
͙͔ͣͫͭ ͼΈ͙͟ͻ ͙͒ͫͼ͙ͨͤ͜͡ύ κ ˥Φ ˸Φ ˽͊͒͊͊͟͡Φ ς ˴ ͙͍͝ Υ ˻͍ͫͭ͊͜ ͙̂ͪ͊ͤ͟͝Σ нллуΦ ς нтп ͫΦ 

8. ˿ͤ͊͜͜͡ ˥Φ ˻Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͨͫͻͦͫͦͼ͊͜͡Έͤͦ͝ ͔͙ͦͣͨͦͤͤͭ͟ 
͍͒ͦͪͦ͘ΩΎ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ κ ˥Φ ˻Φ ˿ͤ͊͜͜͡Φ ς ˴ ͙͍͝Σ нллуΦ ς нпо ͫΦ 

9. ˿ͯ΄͔ͤͼ͔͍ ˻Φ ̐Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ 
͍ͦͫͤͦͤͦ͝ ΄͙ͦ͟͡ ͤ͊ ͯͪͦ͊͟ͻ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎ κ ˻Φ ̐Φ ˿ͯ΄͔ͤͼ͔͍Φ ς ˴͙͍͙͚ͪ ˾͎͜ Υ ˭ͤ͊ͤͤΎΣ 
2010. ς ннн ͫΦ  

10. ͔́ͦͪ͜Ύ ͭ͊ ͔͙ͣͭͦ͒͊͟ ͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜Φ ˹͍͊ͯͦ͊͟ ΄ͦ͊͟͡ ˥Φ ˸Φ ˽͙͊͒͊͟͡ Υ 
ώ͔͙͍ͦͭͤ͊͟͟͡ ͎ͣͦͤͦͪ͊ͺ͜Ύϐ κ ͨ͒͜ ͤ͊ͯ͟Φ ͔ͪ͒Φ ˢΦ ˤΦ ˴͙ͦͪ͘Φ ς Φ˴ Υ ˹˽̂ ͔ͣͤ͜͜ ˸Φ ˽ Φ ˨ ͎͍ͪ͊ͦͣ͊ͤͦ͊Σ 
2010. ς ˿ Φ мсуς181. 

11. ͔̆ͦͦ͒ͤͦ͟͡ ˤΦ ˻Φ ˾͍͙ͦͭͦ͘͟ ͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͯ ͨͪͦͼ͔ͫ͜ 
͔͎ͤͭͪ͊͜ͼ͜͝ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ κ ˤΦ ˻Φ ͔̆ͦͦ͒ͤͦ͟͡Φ ς ˴ ͙͍͝Σ нллпΦ ς ˿ Φ нлΦ 

12. ̒ͼ͔ͤͦ͟ ˿Φ ˶Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜ ͯ 
͎ͣͤ͊͘͜͜͝ Υ ͍͔͊ͭͦͪͺΦ ͙͒ͫΦ Χ ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟ Υ ͔ͫͨͼ Υ моΦллΦлм ζ˭͎͊͊͡Έͤ͊ ͔͎͎ͨ͒͊ͦ͊͜͟ ͭ͊ ͫͭͦͪ͜͜Ύ 
͔͎͎͙ͨ͒͊ͦ͜͟η κ ˿Φ ˶Φ ̒ͼ͔ͤͦ͟Φ ς ˬ ͙͙ͭͦͣͪΣ нллрΦ ς мс ͫΦ 

˾˩˭̑˸˩ 
˨͊ͤΈͦ͟ ˹Φ ˽Φ ˽͔͎͎͙͒͊ͦ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡Ύ ͙͔͎͙͍͎ͤͭͪͪͦ͊ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͣͯ͘·͔͟ 

ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟Φ 
ˤ ͫͭ͊ͭΈ͔ ͪ͊ͫͪ͟·͍͊ΌͭͫΎ ͫͯ΅ͤͦͫͭΈ ͙ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͍͙͚ͯͫͦ͡ 

ͦ͋ͯ;͔͙ͤΎ ͣͯ͘·͊͟͡Έͤͦͣͯ ͙͍ͫͯͫͫͭͯ͟ ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟ ͤ͊ ͍͔ͦͫͤͦ ͙͔͎ͤͭͪ͊ͼ͙͙Φ 
ˢ͍ͭͦͪ ͤ͊͘·͍͔͊ͭ о ͎ͪͯͨͨ· ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͍͙͚ͯͫͦ͡Σ ͦͭͦͪ͟·͔ ;͊΅͔ ͍͔͎ͫͦ 
͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͙ͣ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Ύ͙ͣ ͙ ͙͙ͨͪ͊ͭ͊ͣ͟͟Υ ͙ͨͫͻ͎ͦͦͦ͡-
͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟Σ ͔͙ͣͭͦ͒;͔͙͔ͫ͟Σ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·͔Φ  

˴͔ͪͦͣ ͙͊ͤ͊͊͘͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͔ͨͦ͒͊ͭͫΎ ͍͔͊ͭͦͪͫͦ͟ ͔͔͔͙͔ͦͨͪ͒ͤ͡ 
ͨͦͤΎ͙ͭΎ ζ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡ΎηΣ ͤ͊͘·͍͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡Ύ 
͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙͔͎͙͍͎ͤͭͪͪͦ͊ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͣͯ͘·͔͟ ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟Τ 
ͪ͊ͫͪ͟·͍͊ΌͭͫΎ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͚͊͗͒ͦ͟ ͙͘ ͙ͤͻΦ ˿͙͔ͦ͒͊ͤ͘ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ 
͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͍͙͚ͯͫͦ͡ ͔͋ͯ͒ͭ ͔͚͍͍ͫͦ͒ͫͭͦ͊ͭΈ Ήͺͺ͔͙͍ͭͤͦͣͯ͟ ͦ͋ͯ;͔͙ͤΌ ͣͯ͘·͔͟ 
͔͔͚͒ͭ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘Φ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡ΎΣ ͣ͊͒͡΄͙͔ ΄ͦ͟͡Έ͙͙ͤ͟Σ 
͙͔͎͙͍͔ͤͭͪͪͦ͊ͤͤͦ ͦ͋ͯ;͔͙͔ͤΣ ͙͡;ͤͦͫͭͤͦ ͙͔͙͍͔ͦͪͤͭͪͦ͊ͤͤͦ ͦ͋ͯ;͔͙͔ͤΣ ͙ͨͪͤͼ͙ͨ 
͎͙ͯͣ͊ͤ͊͘ͼ͙͙Σ ͔͎͎͙ͨ͒͊ͦ;͔ͫ͊͟Ύ ͙͔͎ͤͭͪ͊ͼ͙ΎΣ ͍͙͙͔ͪ͊ͭ͘ ͍ͭͦͪ;͔͙ͫ͟ͻ ͔͚ͫͨͦͫͦ͋ͤͦͫͭΣ 
͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͚ ͨͦ͒ͻͦ͒Φ 
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SUMMARY 
Danko N. Pedagogical conditions of integrated music teaching of junior 

schoolchildren. 
The article reveals the essence and content of pedagogical conditions of music 

integrated teaching of junior pupils. An author describes three groups of pedagogical 
conditions (methodological, organizational, psychological-pedagogical) which are usually 
studied by modern scientists.  

Scientific works and practical approaches to effective pedagogical teaching of junior 
pupils of such modern scientists as Bushyeva N., Bratanicg O., Goncharenko V., Padalka G., 
Yatsenko S., Xolodenko V. 

Except analyzing modern studies, the author gives definition of pedagogical 
conditions, mentions main pedagogical conditions of integrated music teaching to junior 
students, and describes specific characteristics of all these issues. 

Integration of subjects in the course of music to junior pupils is strongly connected 
with principles of humanism, integration and activating processes, and making the process of 
teaching narrowly targeted. An idea that creating specific pedagogical conditions will 
contribute to effective teaching music to junior schoolchildren is produced in the article. 

The analysis of trends in the implementation of integrated education in the secondary 
school showed that in modern conditions of development of native pedagogical science takes 
place theoretical understanding of the role of the development of the creative potential of each 
student, identifying his creative abilities, creating conditions for the implementation of 
humanistic, pupil-oriented learning. But in spite of numerous studies on the issue, the 
methodological aspect of integrated music education of primary school pupils is not widely 
disseminated. 

During pilot testing of the effectiveness of implementation of the proposed 
pedagogical conditions of integrated teaching music have been revealed the main stages of 
implementation of pedagogical conditions for integrated education, contents of each stage 
of implementation of the proposed pedagogical conditions and complex methods that were 
applied. The study showed that there were several factors that had negative impact on 
formation of a comprehensive knowledge about art, positive motivation to music lessons, 
namely a tendency of ignoring individual interests, talents, abilities. Thus the tasks, that are 
relevant today to improve music teaching of junior schoolchildren, are highlighted. 

Key words: pedagogical conditions, junior schoolchildren, integrative learning, pupil-
oriented education, principle of humanization, educational integration, development of 
creative abilities, personal approach.  

 

̂˨˴ отуΦсотΦлмсΥтуόлпоΦоύ 
˻Φ ʕ Φ ͔͔̐ͪͣͤͦ͟ 

˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ 
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ ˿ Φ ˸͔͊͊ͪͤ͊͟͟ 

 

˿́˾̂˴́̂˾˹˱ ˻˭˹ˢ˴ˮ ˽˱˨˥˻́˻ˤ˶˩˹˻˿́˱ ˸ˢ˯ˣ̂́˹˱̆ ̅ˢ̆˱ˤ̇˱ˤ 
˨˻ ˸ˮ˿́˩̇̎˴˻-˽˩˨ˢ˥˻˥˱̉˹˻˲ ˨˱̒˶̎˹˻˿́˱ 

 

̂ ͨͯ͋͊͜͟͡ͼ͜͝ ͍͙͍͔ͫͭͤͦ͜͡ ͔ͦͣͨͦͤͤͭͤͯ͟ ͫͭͪͯͭͯͪͯ͟ ͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͺ͊ͻ͍͜ͼ͍͜ ͒ͦ 
͙͍ͨͪͦ͒ͯͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˾͙ͦͪͭͦ͘͟ ͫͯͭͤͫͭ͜Έ ͦͤ͊͘;͔ͤͦ͝ ͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ Ύ͟ 
͔ͪͯ͘͡Έͭ͊ͭͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͎͊ͯ͘͜͡ ͙͔ͣͫͭͼ͍ͭ͊Σ ͔͎͎͙ͨ͒͊ͦ͜͟ ͜ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͙ͪͦ͋ͦͭΣ ͔ͤͦ͋ͻ͎͒ͤͦͦ͜ ͚ ͒ͦͫͭ͊ͭͤΈ͎ͦͦ ͒͡Ύ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͙ͦͤ͊ͤͤ͟Ύ 
͙͔ͣͫͭͼΈͦ͟-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˽͔͒ͪͫ͜͟͡ΌΊͭΈͫΎΣ ΅ͦ ͔ͦͣͨͦͤͤͭͤ͊͟ ͫͭͪͯͭͯͪ͊͟ 
͎͒͊ͤͦͦ ͺ͔͔ͤͦͣͤͯ ͨͦ͡Ύ͎͊Ί ͯ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͭ͊ ͍͊͘Ίͣͦ͒͜͝ ͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜-͙͍ͣͦͭ͊ͼ͚͎ͤͦͦ͜Σ 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ4ȟ Ο 9 (43) 

14 

͍ͨͤ͊͊͘͜͡Έͤͦ-͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜Σ ͦͼͤͤͦ͜-͔ͪͺ͔͙͍͎ͫͤͦͦ͟͡Σ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦ-͍ͭͦͪ;͎ͦͦ ͭ͊ 
͔͙͍ͨͪͦͭͤͦ͟-͙͍͎ͨͪͦ͒ͯͭͤͦͦ͟ ͔͍ͦͣͨͦͤͤͭ͟͜Φ  

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔ͦͣͨͦͤͤͭͤ͊͟ ͫͭͪͯͭͯͪ͊͟Σ ͎͍͔ͨ͒ͦͭͦͤͫͭ͜͜͡ΈΣ ͎͍͔ͨ͒ͦͭͦͤͫͭ͜͜͡Έ 
ͺ͊ͻ͍͜ͼ͍͜ ͘ ͙͔ͣͫͭͼ͍ͭ͊Σ ͙͔ͣͫͭͼΈͦ͟-͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜-
͙͍ͣͦͭ͊ͼ͚͙͚ͤ͜Σ ͍ͨͤ͊͊͘͜͡Έͤͦ-͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜Σ ͦͼͤͤͦ͜-͔ͪͺ͔͙͍͙͚ͫͤ͟͡Σ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦ-
͍ͭͦͪ;͙͚ ͭ͊ ͔͙͍ͨͪͦͭͤͦ͟-͙͍͙͚ͨͪͦ͒ͯͭͤ͟ ͔͙ͦͣͨͦͤͤͭ͟Φ 

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽ͪͦͼ͔ͫ ͍͙ͪͦͭͯ͘͟ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͍ 
͍ͯͣͦ͊ͻ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ ͣͤ͘͜ ͔͔ͨͪ͒͋͊;͊Ί ͔ͪ͊͊͘͜͡ͼ͜Ό ͍͙ͤͦͻ ͍͙͎ͣͦ ͔ͤ 
ͭ͜͡Έ͙͟ ͒ͦ ͍͊ͦͤͦ͒͊͘͟;ͦ͝ ͭ͊ ͙͍ͤͦͪͣ͊ͭͤͦ-͍͍ͨͪ͊ͦͦ͝ ͙͋͊͘ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͊ ͚Σ 
͔͔ͨͪ͒ͯͫͣ͜Σ ͔͔͎ͨͪ͡Ύ͒ ͝͝ ͣͫͭͯ͘͜ ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ 
ͺ͊ͻ͍͜ͼ͍͜Φ ˭͊ ͙ͭ͊͟ͻ ͍͙ͦ͋ͫͭ͊ͤ ͚͔͒ͫͤͤͤ͘͜Ύ ͫͯ;͙͊ͫͤͻ ͍ͦͫͭͤ͜͜ͻ ͨͪͦͼ͔͍ͫ͜ ͔ͨͦͭͪ͋ͯΊ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟Σ Ύ͊͟ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͒ͯͻ͍͎ͦͤͦͦ ͍ͫͭͯ͜ ͫͯ͋ΩΊ͍ͭ͟͜ ͍ͤ͊;͊ͤͤΎΣ ζ͊ͦͤͦͣͪͤͦͫͭ͘͟͜͜ ͎͊ͪͣͦͤ͊͘͜ͼ͜͝ ͝ͻ ͙͗ͭͭΎΣ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙͎ͨͪͪͦ͒ͤͦͦ ͍ͻ͔ͦ͒͗ͤͤΎ ͒ͦ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊η ώтΣ тϐΦ  
˭ ͼΈ͎ͦͦ ͙͍ͨͪͦ͒ͯ ͒ͦͼ͜͡Έͤͦ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ͔ͨͪͦ͋ͣ͊͡ ͍͙ͤ͊͘;͔ͤͤΎ 
͔͍ͦͣͨͦͤͤͭ͟͜ ͙ͫͭͪͯͭͯͪ͟ ͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͙͍ͨͪͦ͒ͯͭͤͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍ͤ͊͋ͯ͊Ί ͒ͦͼ͜͡Έͤͦͫͭ͜ ͭ͊ ͍ͫͦΊ;͊ͫͤͦͫͭ͜Φ 

͙͚́͊͟ ͫͭ͊ͤ ͍ͫͨͪ͊ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͫͺ͍͙ͦͪͣͯ͊ͭ ͔ͣͭͯ ͙ͪͦ͋ͦͭΣ Ύ͊͟ 
͔͔ͨͪ͒͋͊;͊Ί ͍͙͍͔ͫͭͤͤ͜͡Ύ ͔͙ͪͦͪͦ͋ͤ͘͡ͻ ͙ͤ͊ͣ ͔͍ͦͣͨͦͤͤͭ͟͜ ͯ ͫͭͪͯͭͯͪ͟͜ 
ͦͤ͊͘;͔ͤͦ͝ ͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͘ ͔ͣͭͦΌ ͘ΩΎ͍ͫͯ͊ͤͤΎ ͝ͻ ͍͘ΩΎ͍͘͟͜Σ ͍͊͘Ί͍͙ͣͦ͒ͤͦͫͤ͜Σ 
ͨ͒ͨͦͪ͜Ύ͍͒ͦ͊ͤͦͫͭ͟͜Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˹͊ ͍ͨ͒ͫͭ͊͜͜ ͊ͤ͊ͯ͘͜͡ ͨͪ͊ͼΈ ͍͙ͨͪͦ͒ͤ͜ͻ 
͙͔͎͍ͫͫͭͣͦͦ͜͡ ͯ ͎͊ͯ͘͜͡ ͔͎͎͙ͨ͒͊ͦ͜͟ ό˿Φ s ͪͻ͎͔͊ͤ͡ΈͫΈ͙͚͟Σ ́Φ ˱͡Έͤ͊͝Σ 
ˤΦ ˣ͔ͫͨ͊͡Έͦ͟Σ ̅Φ ˴ ͦͪͦ͡Έ͍ͦΣ ˹Φ ˴ ͯ͘Έͣͤ͊͜Σ ˤΦ ̒ͯͤͤ͟͜ ͭ͊ ͤ͜Φύ ͯ ͤ͊΄͚͜ ͪͦ͋ͦͭ͜ 
͎ͯ͊͊͘͡ΈͤΌΊͭΈͫΎ ͒ͯͣ͊͟ ͨͪͦ ͔ͭΣ ΅ͦ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͼͫͤͦͫͭ͜͜͜͡Σ 
͔͎͙͍ͤͭͪ͊ͭͤͦͫͭ͜͜ ͨͪͦͼ͔ͫͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜Σ ͍͊͘Ί͔ͣͦ͊͗ͤͦͫͭ͘͜͡ ͝͝ ͘ 
ͫͦͼ͊͜͡Έ͙ͤͣ ͔͔͍͙ͫͪ͒ͦ΅͔ͣ ͎͊ͨͦ͋͊͘͜Ί ͙ͫͭ͊ͭ;ͤͦͫͭ͜Σ ͦ͒ͤͦ͋͜;ͤͦͫͭ͜ ͪͦͯͣͤͤ͘͜Ύ 
͝͝ ͫͯͭͤͦͫͭ͜Φ ˴ͦͤͼ͔ͨͭͯ͊͡Έͤ͊ ͔ͣͦ͒͡Έ ͙͔͎ͫͫͭͣͤͦͦ ͊ͤ͊ͯ͘͜͡ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
ͨͪͦͼ͔ͫͯΣ ͔ͪͦͪͦ͋ͤ͊͘͡ ˢΦ ˴ ͯ΄ͤͪͦͣ͜Σ ͍͒ͦͦ͘͡ΎΊ ͍͙ͤ͊͘;͙͙ͭ ͫͯͭͤͫͭ͜Έ ͭ͊ ͣͫͭ͘͜ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͤ͊ ͍ͦͫͤͦ͜ ͙ͨͪͤͼ͙͍ͨ͜ ͍͒ͦͨͦͤΌ͍͊ͤͦͫͭ͜Σ 
͔͙ͤ͒͘ΩΌ͙͍ͤͭͤͦͫͭ͟͜Σ ͔͍͙ͤͤ͊͘;͔ͤͦͫͭ͜Σ ͎͒͊ͦͯ͜͡Φ ˭͍͊͗͊Ό;͙ ͤ͊ ͔ͭΣ ΅ͦ 
͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͨͪͦͼ͔ͫ Ί ͨͦ͜͡ͼ͔͙ͤͭͪ;͙ͤͣΣ ͎ͨͦͦ͜͜͡͡;͙ͤͣΣ ͎͒͊ͦ͜͜͡;͙ͤͣΣ ͚͎ͦͦ 
͙͙ͫ͊͒ͤ͟͟͡ ͭ͊ ͍͘ΩΎ͙͘͟ ͣ͗͜ ͙͙ͤͣ ͤͦͫΎͭΈ ͙͚ͣͤͤ͘͜ ͻ͔͊ͪ͊ͭͪ͟Σ ͍ͯͭͦͪΌΌͭΈ 
͎ͦͪ͊ͤ͜;ͤͯ ͔ͤͦ͒ͤͦͪ͒ͤͯ͜ ͼͫͤͫͭ͜͜͜͡ΈΣ Ύ͊͟ ͔ͤ ͔ͣͦ͗ ͙͙ͭͫ͘͡Ύ ͍ ͦ͒ͤͦͪ͒ͤͫͭ͜͜Έ ͜ 
͍ͦ͒ͤͦ;͊ͫ ͔ͤ ͔ͣͦ͗ ͙͙ͪͦ͒ͭͫ͘͜͡ΎΦ ˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͼ͔Σ ͔͚ͤͫͭͫͭ͜͟͜Έ ͜ ͻ͙͊ͦͭ;ͤͫͭ͜Έ 
͍ͫͨͫͤͯ͜͜ΌͭΈ ͨͦͪΎ͒ ͘͜ ͚ͫͭͫͭ͜͟͜Ό ͚ ͊ͦͤͦͣͪͤͫͭ͘͟͜͜Ό ͍ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͨͪͦͼ͔ͫ͜ 
ͤ͊ ͍ͦͫͤͦ͜ ͍͊͘Ί͍ͣͦ͒ͦͨͦͤΌ͍͊ͤͦͫͭ͜Σ ͊ ͔ͤ ͍͙͟͡Ό;͔ͤͤΎ ώрΣ уς9].  

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͔͎ͫͫͭͣͤͦͦ ͨ͒͜ͻͦ͒ͯ ͒͊Ί ͤ͊ͣ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙ͤ͊͘;͙͙ͭ 
͔͙ͦͣͨͦͤͤͭ͟ ͙͔͙ͫͫͭͣ όͯ ͤ͊΄ͦͣͯ ͍͙ͨ͊͒ͯ͟Σ ͙͔͙ͫͫͭͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͘ 
͙͔ͣͫͭͼ͍ͭ͊ύΣ ͍͙Ύ͍͙͙ͭ ͝ͻ ͜Ίͪ͊ͪͻ͜ΌΣ ͣͫͭ͘͜Σ ͍ͤͯͭͪ͜΄ͤ͜ ͭ͊ ͍ͦͤ͘͜΄ͤ͜ ͍͊͘Ί͍ͣͦ͘ΩΎ͙͘͟Φ 
̂ ͪ͜;͙΅͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙͔͎ͫͫͭͣͤͦͦ ͨ͒͜ͻͦ͒ͯ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍;͙͔͍ͭ͜͡ ͙͔ͣͫͭͼ͍ͭ͊ 
͍͙͍;͊ΊͭΈͫΎ ͍ ͼͫͤͦͫͭ͜͜͜͡ ͝͝ ͔͍ͦͣͨͦͤͤͭ͟͜Σ ͝ͻ ͔ͤͪͦ͒͘͜͡Έͤͦͫͭ͜Σ ͔ͦͣͨͫͤͦͫͭ͟͟͜͡Σ 
͔͎͙͍ͤͭͪ͊ͭͤͦͫͭ͜͜Φ ˻͍͙͚ͫͤͦͤ ͊͟ͼ͔ͤͭ ͙ͪͦ͋ͭΈͫΎ ͤ͊ ͍͙Ύ͍͔ͤͤ͜͡ ͎͊͊͘͡Έ͎ͤͦͦ 
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͔͎ͤͭͪ͊͜͡Έ͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭͯΣ ͔͙ͣͭ όͯ ͤ͊΄͚͜ ͪͦ͋ͦͭ͜ ς ͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͺ͊ͻ͍͜ͼ͍͜ 
͒ͦ ͙͍ͨͪͦ͒ͯͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ύΣ ͙͊ͪ͊͒͘ Ύ͙͟ͻ ͜ ͍͊͒͘Ύ͙͟ Ύ͙ͣ͟ ͔͔͔͙ͣͤͭ͡ 
͙ͣͤͦ͗ͤͤͦͫͭ͜ ͎ͦͪ͊ͤͯ͘͜ΌͭΈͫΎ ͍ ͙͔ͫͫͭͣͯΦ ˽Φ s ͤͦͻͤ͜Σ ͯ͊ͯ͘͟Ό;͙ ͤ͊ ͍͙͍͔͋ͪͦ͜͟ 
͊ͯ͘͡;͔ͤͤΎ ͔͍ͦͣͨͦͤͤͭ͟͜ ͙͔͙ͫͫͭͣΣ ͍͒ͤ͊͘͜;͊ΊΣ ΅ͦ ͝ͻ ͍͊͘Ίͣͦ͒͜Ύ ͜ 
͍͊͘Ί͍͙͙ͣͦ͒ͤͦͫͤ͜ ͍ͤ͊͋ͯ͊ΌͭΈ ͻ͔͊ͪ͊ͭͪͯ͟ ͍͊͘Ί͙ͣͦͫͨͪΎͤͤΎ ώмϐΦ 

˱͘ ͼ͙ͻ ͙ͨͦ͘ͼ͚͜ ͒ͦͼ͜͡Έͤͦ ͔͙͙ͨ͒ͪͫͭ͜͟͡Σ ΅ͦ ˤΦ s ͺ͊ͤ͊ͫΈΊ͍ ͙͍ͣͦ͗ͫͭ͜͡Έ 
ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͙͔͙ͫͫͭͣ ͍͙ͤ͊͘;͊Ί ζ͊͘ ͔͍ͨͤͦ͝ ͍ͤͯͭͪ͜΄ͤΈͦ͝ ͝͝ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝Σ 
ͤ͊Ύ͍ͤͫͭ͜Έ ͺͯͤ͟ͼͦͤ͊͜͡Έ͙ͤͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙͔͙ͫͫͭͣ ͍ ͼͦͣͯ͜͡ ͭ͊ ͝͝ ͔͙ͦͪͣ͟ͻ 
͔͍ͦͣͨͦͤͤͭ͟͜Σ ͊ ͭ͊ͦ͗͟ ͤ͊Ύ͍ͤͦͫͭ͜ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͙͔͙ͫͫͭͣ 
ό͍͊͘Ίͣͦ͒͜Ύ ͘͜ ͔͔͍͙ͫͪ͒ͦ΅͔ͣΣ ͤ͜΄͙͙ͣ ͫͯ͋ΩΊ͙ͭ͊ͣ͟Σ ͔͙͔͙ͫͯͨͪͫͫͭͣ͊ͣΣ 
͍ͤ͊ͫ͒ͯ͊ͤͤ͜͡Ύ ͙͎ͣͤͯͦͦ͡ ͚ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍ ͙͔ͫͫͭͣ͜ ͭ͊ ͝͝ ͔ͦͣͨͦͤͤͭ͊͟ͻύη ώнΣ фуϐΦ 

ˢͤ͊͘͜͡ ͍͎͒ͦͫ͒͗ͯ͊ͤͦͦ͜͡ ͺ͔͔ͤͦͣͤͯ ͍ ͔ͭͦͪ͜͝ ͭ͊ ͙ͨͪ͊ͭ͟ͼ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͍͙͍͒ͦͦ͘͡ ͚͎ͦͦ ͍͙ͫͭͪͯͭͯͪͯ͊ͭ͟ ͍ Ί͒ͤͦͫͭ͜ ͙ͭ͊͟ͻ ͔͍ͦͣͨͦͤͤͭ͟͜Σ 
Ύ͟Υ ͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜-͙͍ͣͦͭ͊ͼ͚͙͚ͤ͜Σ ͍ͨͤ͊͊͘͜͡Έͤͦ-͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜Σ ͦͼͤͤͦ͜-
͔ͪͺ͔͙͍͙͚ͫͤ͟͡Σ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦ-͍ͭͦͪ;͙͚Σ ͔͙͍ͨͪͦͭͤͦ͟-͙͍͙͚ͨͪͦ͒ͯͭͤ͟Φ 

˻ͪ͜Ίͤͭ͊ͼ͚ͤͦ͜-͙͍ͣͦͭ͊ͼ͚͙͚ͤ͜ ͔ͦͣͨͦͤͤͭ͟ ͔͔ͨͪ͒͋͊;͊Ί ͎͙͙͚͋ͦ͟͡ 
ͫͭ͊͋͜͡Έ͙͚ͤ ͔͔ͤͭͪͫ͜ ͒ͦ ͙͔ͣͫͭͼΈͦ͟-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͒ͦ ͙͔ͣͫͭͼ͍ͭ͊Σ 
͡Ό͍͋ͦ ͒ͦ ͯ;͍ͤ͜Σ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͻͯ͒ͦ͗ͤ͜ͻ ͼ͔͚ͤͤͦͫͭ͜ ͯ 
͔͔͍͙ͫͪ͒ͦ΅͔ ͨ͒ͪͦͫͭ͊͜Ό;͎ͦͦ ͨͦͦͤͤ͟͜͡ΎΦ ͔͚̇ ͔ͦͣͨͦͤͤͭ͟ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ 
͚ͫͭͦ͜͟Ό ͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡Ό ͚ͣ͊͋ͯͭͤΈͦΌ ͨͪͦͺ͔ͫ͜ΊΌ ͭ͊ ͍͙ͪͦͭͦͣ͘͟ ͙͍ͣͦͭ͊ͼ͚ͤͦ͜͝ 
ͫͺ͔͙ͪΣ ΅ͦ ͍͙͍ͨ͊͡Ί ͤ͊ Ύͫͭ͟͜Έ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ̂ ͤΈͦͣͯ ͍͙͍͒͋͊͜ΊͭΈͫΎ 
͍͔ͯͫ͒ͦͣͤͫͭ͜͜͡Έ ͚ͣ͊͋ͯͭͤͣ͜ ͺ͊ͻ͍͜ͼ͔ͣ ͤ͊͘;ͯ΅ͦͫͭ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͒ͦ ͨͦ͒͊͡Έ΄͙ͻ ͺ͊ͻ͍͙ͦͻ ͚͒͜ ͜ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͙͔ͦͫͣͫͤͤ͡Ύ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͙ͣͨͪ͜;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͫͨͪͦͣͦ͗ͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ 
͒ͦ ͎͙͔ͨͦ͋ͤͤ͡͡Ύ ͺ͊ͻ͍͙ͦͻ ͤ͊ͤ͘ΈΣ ͍͙͔͔ͦͪͣͤͤ͟͡Ύ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͔͍͊ͫͨͭ͟͜ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔ͫͭ͊ͤͦͤͤ͡ΎΣ ͍͎ͤ͊ͯͦͦͦ͟ ͍͙ͪͦͭͯ͘͟Φ 

ˤ͔͙͙͚͟͡ ͍͙͍ͨ͡ ͙͍ͣͦͭ͊ͼ͚ͤͦ͜͝ ͫͺ͔͙ͪ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ό͙͍͙ͣͦͭΣ ͔͙ͨͦͭͪ͋Σ 
ͼ͜͜͡Σ ͍͙ͯͫͭ͊ͤͦ͟Σ ͔͙͒͊͜͡ύ ͤ͊ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͝͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͔͙ͭͦͪͭ;ͤͦ 
͍ͦ͋͐ͪͯͤͭͦ͊ͤͦ ͭ͊ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ ͍͔͔͒ͦ͒ͤͦ ͍ ͎͋͊͊ͭΈͦͻ ͍͙ͤ͊ͯͦ͟ͻ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ό˥Φ s ͍ͫͣͦͦ͡Σ ˹Φ ˴ ͯ͘Έͣͤ͊͜Σ ˢΦ ˸ ͍͊ͪͦ͊͟Σ ˽Φ ̒ ͦ͋ͫͦͤ͟Σ ˤΦ ̒ ͦͤ͟Ό͟ 
ͭ͊ ͤ͜ΦύΦ ˹͊ ͒ͯͣͯ͟ ˹Φ ˴ ͯ͘Έͣͤͦ͜͝Σ ͙͍͙ͣͦͭ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ς ͼ͔ 
ͫͨͦͤͯ͊ͤͤ͟ΎΣ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͝͝ ͚͔͒ͫͤͤͤ͘͜ΎͣΥ ;͙ ͭͦ ͍ͤͯͭͪ͜΄ͤΎ ͔ͨͦͭͪ͋͊ ͨͪ͊ͼΌ͍͙͊ͭ 
͘ ͡Ό͒Έ͙ͣΣ ͍͊ͫͤͦ͊ͤ͊͘ ͤ͊ ͍͔ͯͫ͒ͦͣͤͤ͜͜͡ ͍͙͊ͫͤ͡ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡Σ ͻ͔͊ͪ͊ͭͪͯ͟Σ 
͙ͨͦ͊ͤͤ͟͟͡ΎΤ ;͙ ͭͦ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜ΈΣ ͍ͨͦΩΎ͊ͤ͊͘ ͘ ͍͙ͦͤ͊ͤͤ͟Ύͣ ͪͦ͜͡Σ ΅ͦ 
͍͔ͯͣͦͤ͊͘͡ ͍͙ͣͯ΄͔͙ͤͣ ͍͙͋ͦͪͦͣ ͨͪͦͺ͔ͫ͜͝ ͭ͊ ͍͙ͪ͜΄͔ͤͤΎ ͍͊͒͊ͤ͘Έ [4,  15].  

˻͔ͭ͗Σ ͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜-͙͍ͣͦͭ͊ͼ͚͙͚ͤ͜ ͔ͦͣͨͦͤͤͭ͟ ͔͔͊͋ͨ͘͘;ͯΊ ͊͘ͼ͍͔͔͊ͤ͜͟͡ 
͍͔ͫͭ͊ͤͤ͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͒ͦ ͙͔ͣͫͭͼΈ͟-ͦͺ͊ͻ͍ͦͦ͝Σ ͙͔ͣͫͭͼΈͦ͟-
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͭ͊ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟-ͨͦ΄͍ͯͦͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͋͊͗͊ͤͤΎ ͒ͦ ͙͍͊ͭ͊͘͟͜ͼ͜͝ 
ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ί͙͍ͤͭͪ͜ ͔͔ͫͪ͒ ͯ;͙͍͊ͫͤ͟͜ ͍ͤ͊;͊ͤͤΎ ͘ ͔ͣͭͦΌ ͝ͻ ͫͨͦͤͯ͊ͤͤ͟Ύ ͒ͦ 
͙͚ͫͨͪͣ͊ͤͤΎ ͻͯ͒ͦ͗ͤ͜ͻ ͼ͔͚ͤͤͦͫͭ͜Σ ͔͔ͤͭͪͫ͜ ͒ͦ ͚ͣ͊͋ͯͭͤΈͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͊ ͭ͊ͦ͗͟ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟Φ 
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˽͍ͤ͊͊͘͜͡Έͤͦ-͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜ ͔ͦͣͨͦͤͤͭ͟ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͘ 
͙͔ͣͫͭͼ͍ͭ͊ ͍͟͡Ό;͊Ί ͝ͻ ͦ͋ͤ͊ͤͫͭ͘͜͜Έ ͯ ͙͔ͣͫͭͼΈ͚͟͜ ͫͺ͔ͪ͜Σ ͫͨͪͦͣͦ͗ͤͫͭ͜Έ ͒ͦ 
͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͙ͤ͊ͯͦ͟ͻ ͺ͍͊ͭ͟͜Σ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ Ύ͎ͫͤͦͦ͟͜ ͍͊ͫͦ͘ΊͤͤΎ 
͙͔͙ͫͫͭͣ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͤ͊ͤ͘Έ ͜ ͍ͣͤ͜ΈΣ ΅ͦ ͍͙͍ͨ͊͡Ί ͤ͊ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͫͭ͜Έ 
͙͔ͣͫͭͼΈͦ͟-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯΦ 

˹͊ ͍ͨ͒ͫͭ͊͜͜ ͊ͤ͊ͯ͘͜͡ ͨͪ͊ͼΈ ˱Φ ˭ ͙ͣͤΈͦ͝Σ ˤΦ ˴ ͙ͪ;͔͍ͫΈ͎ͦͦ͟Σ ˹Φ ˴ ͯ͘Έͣͤͦ͜͝Σ 
ˤΦ ˿ ͊ͫͭ͡Έͦͤͤ͊͜Σ ˹Φ ́ ͙͊ͤͦ͘͜͡͝Σ ˻Φ ̋ ͔͍ͪ͋͊ͦ͊͟ ͭ͊ ͤ͜ΦΣ ͘ ͙ͨͦ͘ͼ͚͜ ͤ͊΄͎ͦͦ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͔͔ͨͪ͒͋͊;͊Ί ͍͟͡Ό;͔ͤͤΎ ͍ ͨͪͦͼ͔ͫ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ 
ͺ͊ͻ͍͜ͼΎ ͍ͨͤ͊͊͘͜͡Έͤͦ͝Σ ͔ͣͦͼ͚ͤͦ͜-͍ͦ͡Έ͍ͦͦ͝ ͭ͊ ͙͍ͣͦͭ͊ͼ͚ͤͦ͜͝ ͫͺ͔ͪΣ ͊ ͭ͊ͦ͗͟ 
͙͔͙ͫͫͭͣ ͍͒ͤͦ͜΄͔ͤΈ ͭ͊ ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ίͤͭ͊ͼ͚͜Φ ̂ ͎͊ͯ͘͜͡ ͙͔ͣͫͭͼΈͦ͟͝ ͔͎͎͙ͨ͒͊ͦ͜͟ 
ͨͪͦͺ͔͚ͫͤ͊͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͪͦͯͣ͘͜ΊͭΈͫΎ Ύ͟ ͫͯͣ͊ 
͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ ͙͔ͣͫͭͼ͍͍ͭͦͤ͊͘;͙ͻΣ ͨͦ΄͍͙ͯͦ͟ͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͭ͊ 
͍͙ͤ͊;ͦ͟Σ ͍ͭͦͪ;͙ͻ ͨ͒͜ͻ͍ͦ͒͜ ͒ͦ ͊ͭͯ͊͊͘͟͜͡ͼ͜͝ ͼ͎ͤͤͫͤͦͦ͜͜ ͍͒ͦͫ͒ͯ͜Σ ͔͔͙ͭͦͪͭͦ͟-
͙ͨͪ͊͒ͤͦ͟͡͝ ͎͍ͦͭͦͤͦͫͭ͜ ͒ͦ ͚͎ͦͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟ΎΦ 

˻ͼͤͤͦ͜-͔ͪͺ͔͙͍͙͚ͫͤ͟͡ ͔ͦͣͨͦͤͤͭ͟ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ 
͝ͻ ͒͊ͭͤͫͭ͘͜Ό ͒ͦ ͙͙ͪͭ͟;͎ͤͦͦ ͦͼͤ͜Ό͍͊ͤͤΎ ͙͔ͣͫͭͼΈ͙͟ͻ Ύ͍͙΅Σ ͙͔ͦͫͣͫͤͤ͡Ύ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͚͒͜ ͭ͊ ͍͙ͤ͊ͯͦ͟ͻ ͺ͍͊ͭ͟͜Σ ͒ͦ ͔ͦͪ͟͡Ύͼ͜͝ ͍͊ͫͤͦ͡͝ ͍ͤ͊;͊͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜Φ ͔͚̇ ͔ͦͣͨͦͤͤͭ͟ ͒ͦͫ͒͗ͯ͜͡ΊͭΈͫΎ ͙ͤ͊ͣ ͍ ͔ͦͤͭͫͭ͟͟͜ ͍͙ͫͦ͋ͦ͒ ͜ 
ͨ͡Όͪ͊ͣͯ͘͜͡ ͻͯ͒ͦ͗ͤ͜ͻ ͎ͨͦ͡Ύ͍͒͜Σ ͍͜͡Έ͎ͤͦͦ ͍͙Ύ͍͔ͤͤ͡Ύ ͙͒ͯͣ͟ ͍ͫͭͦͫͦͤͦ 
͙͔ͣͫͭͼΈ͙͟ͻ ͼ͔͚ͤͤͦͫͭ͜Σ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͔ͭͤ͜͡Έ ͭ͊ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͨͦ΄͍ͯ͟͜Φ 
ˢͭͯ͊͊͘͟͜͡ͼ͜Ύ ͍͎͊ͫͤͦͦ͡ ͍͔ͫͭ͊ͤͤ͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͒ͦ ͙͔ͣͫͭͼΈ͙͟ͻΣ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ ͍͙ͤ͊ͯͦ͟ͻ Ύ͍͙΅ ͍ͤ͊͋ͯ͊Ί ͙͔͎ͨͪͦͪͭͭͤͦͦ͜ ͤ͊͘;͔ͤͤΎΦ ˥Φ ˽ ͊͒͊͊͟͡ ͍ 
ͼΈͦͣͯ ͔ͦͤͭͫͭ͟͟͜ ͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ζ͎͙͒ͦͣ͊ͭ;ͤ͜ ͔͔ͫͤͭͤͼ͜͝ ͣ͊ΌͭΈ ͙͙ͨͦͫͭͯͨͭͫΎ 
ͣͫ͜ͼ͔ͣ ͙͙ͪͭ͟;ͤͦͣͯ ͙͔ͦͫͣͫͤͤ͡ΌΣ ͍͍͔ͨͪͦ͊͒͗ͤͤΌ ͎͎͙͋͊͊ͭͦͪ͊ͤͤͻ ͍͙͍ͣͪ͜͜ 
ͦͼͤ͜Ό͍͊ͤͤΎ ͔͔͙ͫͭͭ;͙ͤͻ ͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜ ͯ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎη ώтΣ офϐΦ  

˿ͨͦͤͯ͊ͤͤ͟Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͦͼ͙ͤ͜͟ ͙͔ͣͫͭͼΈ͙͟ͻ Ύ͍͙΅Σ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͚͒͜ ͜ ͍͙ͤ͊ͯͦ͟ͻ ͺ͍͊ͭ͟͜ ͍ͤ͊͋ͯ͊Ί ͙͍͎ͦͫͦ͋ͦͦ͡ ͤ͊͘;͔ͤͤΎ ͤ͊ 
ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ς ͍ ͍ͯͣͦ͊ͻ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͒ͯͻ͍ͦͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ 
ͪͦ͘΄͙͔ͪͤͤΎ ͍͎͗͊ͤͪͦͦͦ ͪͤͦͣ͊ͤͭͭ͘͜͜Ύ ͙͔ͣͫͭͼ͍ͭ͊Σ ͍͊ͫͦ͋͘͜ ͍͙ͪ͊ͤͦͫͭ͘͜Σ 
͍ͣͫͭͦͦ͘͜-͎ͦ͋ͪ͊ͤͦͦ͘ ͭͯͣ͊͡;͔ͤͤΎ ͚͒ͫͤͦͫͭ͜͜Φ ˾͔͊͊͘͜͡ͼ͜Ύ ͔ͨ͊ͪͭͤͪͫΈͦ͟-
͔͎ͦ͊͟͜͡͡Έ͙ͤͻ ͍͊͘Ί͍ͣͦͫͭͦͫͯͤ͟͜ ͣ͗͜ ͍͙͊͒͊͟͡;͔ͣ ͜ ͚ͣ͊͋ͯͭͤͣ͜ ͺ͊ͻ͍͜ͼ͔ͣ 
͙ͫͨͪΎΊ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͙͙ͪͭ͟;͎ͤͦͦ ͔ͫͯ͒͗ͤͤΎ ͍͙ͻ͍ͦ͊ͤͼ͍͜ ͍ͫͭͦͫͦͤͦ ͙͔ͣͫͭͼΈ͙͟ͻ 
Ύ͍͙΅Σ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͚͒͜ ͭ͊ ͍͙ͤ͊ͯͦ͟ͻ ͺ͍͊ͭ͟͜Φ 

˻ͼͤͤͦ͜-͔ͪͺ͔͙͍͙͚ͫͤ͟͡ ͔ͦͣͨͦͤͤͭ͟ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͘ ͙͔ͣͫͭͼ͍ͭ͊ 
͔͔ͨͪ͒͋͊;͊Ί ͝ͻ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͙͔ͣͫͭͼΈͦ͟͝ ͔ͪͺ͔ͫ͟͜͡͝Σ ͒ͦ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό ͊͘ 
͙͚ͨͪͤΎͭͭΎͣ ͍͙͊ͫͤ͡ͻ ͪ͜΄͔ͤΈ ͯ ͻͦ͒͜ ͍͎ͤ͊ͯͦͦͦ͟ ͨͦ΄ͯͯ͟Σ ͒ͦ ͫ͊ͣͦͨͤ͊ͤͤ͘͜Ύ ͍ 
ͨͪͦͼ͔ͫ͜ ͻͯ͒ͦ͗ͤΈͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˾͔ͺ͔ͫ͟͜͡Ύ ͍ͨͦΩΎ͊ͤ͊͘ ͘ ͙͔ͦͫͣͫͤͤ͡Ύͣ ͡Ό͙͒ͤͦΌ ͔͔ͫ͋ Ύ͟ ͼͫͤͦ͜͜͡͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ ͫ͊ͣ͊ ͔ͪ͊ͯ͘͜͡Ί ͜ ͍͙͍ͪͦ͊͘Ί ͍͊ͫͤͯ͡ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͫͭ͜ΈΦ 
˿͙͔͍ͫͭͣͦͯͭͦͪΌ͍͊͡Έ͙ͤͣ ͺ͊ͭͦͪͦͣ͟ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ˱Φ ˭ Ύ͘Όͤ 
͍͙ͤ͊͘;͊Ί ͔ͪͺ͔͙͍ͫͤͯ͟͡ ͯ͟͡ΈͭͯͪͯΣ Ύ͊͟ ͍ ͼͦͣͯ͜͡ Ί ζͫͯͯͨͤͫͭ͟͜Ό ͔͚͒͋ͤͦͫͭ͘͜Σ 
͍ͫͨͦͫͦ͋͜ ͜ ͔͎͚ͫͭͪ͊ͭ͜ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͜ ͨͦ͒ͦ͊ͤͤ͡Ύ 
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͔͔͙͍ͫͭͪͦͭͨ͜ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͍͒ͦͫ͒ͯ͜ ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ΄͡Ύͻͦͣ ͝ͻ ͔͔͙͔ͨͪͦͫͣͫͤͤ͡Ύ ͜ 
͍͙͍ͫͯ͊ͤͤΎ ͍ͤͤͦ͊͜ͼ͚͜ ͒͡Ύ ͨͦ͒ͦ͊ͤͤ͡Ύ ͙ͭͻ ͔ͨͪͦ͋ͣͤͦ͡-ͦͤ͟ͺ͙ͭͤ͜͟͡ͻ ͙ͫͭͯ͊ͼ͚͜Σ 
Ύ͟͜ ͍͙͙ͤ͊͟ΌͭΈ ͯ ͨͪͦͼ͔ͫ͜ ͍͙ͪ͜΄͔ͤͤΎ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͊͒͊͘;η ώоΣ поϐΦ 

̂ ͨͪ ͦͼ͔ͫ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͔ͣͫͭͼ͍ͭ ͒ͦ ͙͍ͨͪͦ͒ͯͭͤͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͔ͪͺ͔ͫ͟͜͡Ύ ͔͔ͨͪ͒͋͊;͊Ί ͍͙ͪͦͭͦ͘͟ ͫ͊ͣͦͨͤ͊ͤͤ͘͜ΎΣ ͫ͊ͣͦͦͼ͙ͤ͜͟, 
͊ͤ͊ͯ͘͜͡ ͍͎͊ͫͤͦͦ͡ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ζ̒ηΣ ͨͦ΄͙ͯ͟ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͙ͫͣͫͯ͡ ͭ͊ 
͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͔͚ͫͯͭͤͦͫͭ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟͜ ͎͊͊ͦͣ͘͡ 
͔͔͊͋ͨ͘͘;ͯΌͭΈ ͙͍ͣͦͭ͊ͼ͜Ό ͺ͊ͻ͍͎ͦͦͦ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͜Σ ͍͍͒ͨͦ͒ͤͦ͜͜Σ 
͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜Φ ˻͙͍ͫͦ͋ͯ͡ ͪͦ͡Έ ͍͎͒ͪ͊͜͜Ί ͔ͪͺ͔ͫ͟͜͡Ύ ͯ ͨͪͦͼ͔ͫ͜ ͙͔ͣͫͭͼΈͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜Φ ˭ ͼΈ͎ͦͦ ͙͍ͨͪͦ͒ͯ ͒ͦͼ͜͡Έͤͦ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ˤΦ ˻ ͍ͪͦ͡ ͎ͪͦ͘͡Ύ͒͊Ί 
ͨͪͦͺ͔͚ͫͤͦ͜-͙ͦͫͦ͋ͫͭͫͤͯ͜ ͔ͪͺ͔ͫ͟͜͡Ό ͍;͙͔ͭ͡Ύ ͙͔ͣͫͭͼΈ͙͟ͻ ͙͒ͫͼ͙ͨͤ͜͡ Ύ͟ ͒͜ΌΣ 
΅ͦ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͍͙Ύ͍ ͍ͦͫͤͦ ͍͎͊ͫͤͦͦ͡ ͫͨͦͫͦ͋ͯ ͍͙ͪ͜΄͔ͤͤΎ ͙͔ͣͫͤͤ͡Ί͍͙ͻ 
͙͔ͣͫͭͼΈͦ͟-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͊͒͊ͤ͘Έ ͭ͊ ͝ͻ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͘ ͔ͣͭͦΌ ͎ͤ͊ͫͭͯͨͤͦͦ 
ͯͫͨ͜΄͎ͤͦͦ ͍͙ͪ͜΄͔ͤͤΎ ͍ͦͤ͘͜΄ͤΈͦ ͙ͪͤ͘͜ͻΣ ͔͊͡ ͊͘ ͍ͫͦΊΌ ͫͯͭͤͫͭ͜Ό ͔͙ͫͨͦͪ͒ͤͤ͜ͻ 
͍͊͒͊ͤ͘Έ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ώсΣ мфнϐΦ 

˽͎͍͒ͦͭͦ͊͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͘ ͙͔ͣͫͭͼ͍ͭ͊ ͒ͦ ͔ͪͺ͔ͫ͟͜͡͝Σ ͍͔ͫͭͦͪͤͤΎ ͍͙ͯͫͭ͊ͤͦ͟ ͤ͊ 
͙͍͊ͭͤͯ͟ ͍ͭͦͪ;ͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͫ͊ͣͦͨͤ͊ͤͤ͘͜Ύ ͭ͊ 
͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡ΎΦ ˽͍ͪͦ͒ͤ͊͜ ͪͦ͡Έ ͯ ͼΈͦͣͯ ͨͪͦͼ͔ͫ͜Σ ͤ͊ ͒ͯͣͯ͟ ˤΦ ˻ ͍ͪͦ͊͡Σ 
͔͙ͤ͊͗ͭ͡Έ ͔ͪͺ͔͙͍ͫͤͦͣͯ͟͡ ͊ͤ͊ͯ͘͜͡Σ Ύ͙͚͟ ͨͦ͡Ύ͎͊Ί ͍ ͍͙ͪͦͭͯ͘͟ ͍ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
ͺ͊ͻ͍͜ͼΎ ͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜Σ ͻͯ͒ͦ͗ͤΈ-͙͍͎ͦͤͭͯͭͤͦͦ͜͝ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΣ 
ͫ͊ͣͦͦͤͭͪͦ͟͡Ό ͊͘ ͨͪͦͼ͔ͫͦͣ ͙͚ͨͪͤΎͭͭΎ ͍͙͊ͫͤ͡ͻ ͪ͜΄͔ͤΈ ͭ͊ ͍͔ͭͤͤ͜͡Ύ ͝ͻ ͯ 
͙ͨͪ͊ͭ͟;ͤ͜ ͒͜͝Φ ˿͙͔ͫͭͣ͊ ͙͙ͪͭ͟;ͤͦ-͔ͪͺ͔͙͍͙ͫͤ͟͡ͻ ͚͒͜ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͙͍ͤͦͪͣ͊ͭͤͦ-
͔͎ͪͯ͡Ύ͙͍͎ͭͤͦͦ όͤ͊ͤͤ͘Ύ ͭ͊ ͍͒ͦͫ͒͜ύΣ ͊ͺ͔͙͍͎ͭͤͦͦ͟ ό͔ͣͦͼ͚ͤͦ͜-͙͍ͣͦͭ͊ͼ͚͎ͤͦͦ͜ύΣ 
͎͙͍ͦͤͭͤͦ͟͜-͔ͦͨͪ͊ͼ͚͎ͤͦͦ͜ ͭ͊ ͍͔͍͎ͨͦ͒ͤͦͦͦ͜͟ ͔͍͊ͫͨͭ͟͜ ώсΣ мфпϐΦ 

˾͔ͯ͘͡Έ͙͍ͭ͊ͭͤͦ-͍ͭͦͪ;͙͚ ͔ͦͣͨͦͤͤͭ͟ ͔͔ͨͪ͒͋͊;͊Ί ͒͊ͭͤͫͭ͘͜Έ ͔͍ͫͭͯ͒ͤͭ͜ 
͒ͦ ͻͯ͒ͦ͗ͤΈͦ ͎͒ͦͫͦͤ͊ͦͦ͟͡ ͍͔ͭͤͤ͜͡Ύ ͍ͭͦͪ;͙ͻ ͤ͊͘ͻ͒ͦ͜͟ ͯ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ 
͒͜Ύ͡Έͤͦͫͭ͜ ͔͔ͫͪ͒ ͯ;͍ͤ͜ ͍ ͍ͯͣͦ͊ͻ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͤ͊ 
͎͒͊ͦ͜͜͡;͚ͤ͜ ͍ͦͫͤͦ͜Σ ͊ ͭ͊ͦ͗͟ ͝ͻ ͫͨͪͦͣͦ͗ͤͫͭ͜Έ ͒ͦ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ 
͔͔ͭͤ͒ͤͼ͚͜ ͯ ͍ͤ͊ͯͦͦͣͯ͟ ͨͦ΄ͯͯ͟ ͜ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͚͙ͫ͊ͣͦͫͭͤ͜ͻ ͨͪͦΎ͍͍͜ ͯ 
͙͔ͣͫͭͼΈͦ͟-͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

͔͚̇ ͔ͦͣͨͦͤͤͭ͟Σ ΅ͦ ͫͭͦͫͯΊͭΈͫΎ ͫͨͪͦͣͦ͗ͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͤ ͭ͜͡Έ͙͟ 
͙͚͙ͫͨͪͣ͊ͭΣ ͊ ͚ ͒͜Ύ͙ͭΣ ͍͙͙ͭͦͪͭΣ ͍ͭ͜͡Ό͍͙͊ͭ ͍ ͙͗ͭͭΎ ͍͊ͫͤ͜͡ ͔͔ͨͪͦͤ͊ͤͤ͟ΎΣ ͙ͣͫͭͭ͜Έ 
ͦͪ͜Ί͙͙ͤͭͪ ͒ͯͻ͍ͦͤͦ͝ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˨͡Ύ ͤ͊΄ͦ͝ ͙ͪͦ͋ͦͭ ͙͍͎ͦͫͦ͋ͦͦ͡ 
ͤ͊͘;͔ͤͤΎ ͍ͤ͊͋ͯ͊Ί ͍͙ͤ͊͘;͔ͤͤΎ ˥Φ ˽ ͊͒͊ͦ͟͡Ό ͍͙ͨͪͦ͒ͤ͜ͻ ͔͔͔͍ͣͤͭ͜͡ ͍ͤ͊;͊͡Έͤͦ͝ 
͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͙͔ͣͫͭͼ͍ͭ͜Σ Ύ͟-ͭͦΥ ͎ͦ͜͡;͔ͤ ͙͔ͣͫͤͤ͡ΎΣ ͔ͣͦͼ͚ͤ͜͜ 
͔͔͙͍ͨͪ͗͊ͤͤΎΣ ͙͍͔ͤͭͯͭͤ͜͝ ͦͫΎ͎͔ͤͤͤΎ ͣͫͭͯ͘͜ ͻͯ͒ͦ͗ͤ͜ͻ ͍ͦ͋ͪ͊͘͜Σ ͯΎ͍͊ ώтΣ ммфϐΦ 

˹͍͊;͊͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ ͎͊ͯ͘͜͡ ͍ͭͦͪ;ͦͫͭ͜ ͍͒ͤ͊͘͜;͊ΊͭΈͫΎ ͔ͫͨͼ͙ͺͦ͜͟ΌΣ Ύ͊͟ 
ͨͦ͡Ύ͎͊Ί ͍ ͍͊ͫͭͦͫͯ͊ͤͤ͘͜ ͔͔͍͙ͦͨͦͫͪ͒ͦ͊ͤ͟ͻ ͔͍ͣͭͦ͒͜Σ Ύ͟͜ ͋ ͍ͫͨͪ͊͡Ύ͙͡ 
͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͯ͟ ͒͜ΌΣ ͙͍͊ͭͯ͘͟͜Ό;͙ ͍ͭͦͪ;ͯ ͔͔͎ͤͪ͜Ό ͔ͫͭͯ͒ͤͭ͊Φ ˥Φ ˽ ͊͒͊͊͟͡ 
͍͙ͤ͊͘;͊Ί ͍ͨͪͦ͒ͤ͜͜ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͨ͒͜ͻ͙ͦ͒Σ ΅ͦ ͙͍͊ͭͯ͘͟͜ΌͭΈ ͍ͭͦͪ;ͫͭ͜Έ ͍͙ͻ͍ͦ͊ͤͼ͍͜Σ 
͔ͦͪͣ͊͘͟Υ ͋͊͗͊ͤͤΎ ͍͙͙ͫͭͦͪͭ ΅ͦͫΈ ͍͔ͤͦΣ ͍͔͍͔ͨͤͤͫͭ͜Έ ͯ ͍ͫͦ͝ͻ ͙ͫ͊͡ͻΣ ͍͙ͻ͍ͦ͊ͤͤΎ 
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͍ͯ͊͗ͤͦͫͭ͜ ͜ ͔͔͔ͦͫͪ͒͗ͤͦͫͭ͘͜ ͤ͊ ͦ͋ΩΊͭ͟͜ ͍ͭͦͪ;ͦͫͭ͜Σ ͍͔͊ͪ͊ͤͭͤ͜ ͍͙ͪ͜΄͔ͤͤΎ 
ͻͯ͒ͦ͗ͤΈͦ͝ ͔͙ͨͪͦ͋ͣ͡ ώтΣ мнл-мнмϐΦ ̒͟ ͍ͫ͒͜;͙ͭΈ ͔͔͙ͭͦͪͭ;͙͚ͤ ͊ͤ͊͘͜͡ ͭ͊ 
͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͙͙ͨͪ͊ͭ͟͟Σ ͙ͦ͒ͤͣ ͘͜ ͙͍ͨͦ͊ͤ͘͟͟͜ ͍͙͎ͫͦͦͦ͟ ͍ͪͤ͜Ύ ͍ͭͦͪ;ͦ͝ 
͙͍͊ͭͤͦͫͭ͟͜ ͍͙ͫͭͯͨ͊Ί ͔͙͍ͪ͊ͭͤͫͭ͟͜ΈΣ Ύ͊͟ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͔ͪ͊͊͘͜͡ͼ͜Ό ͙͔ͣͫͭͼΈͦ͟-
͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͯ ͨͪͦͼ͔ͫ͜ ͙͚ͫͨͪͤΎͭͭΎ ͍͎ͤͦͦͦ Ύ͟ ͒ͯͻ͍ͦͤͦ͝ ͔͙ͨͦͭͪ͋ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦΣ ͯ ͍ͫͦΌ ;͔͎ͪͯΣ ͙ͫͨͪΎΊ ͤ͊͋ͯͭͭΌ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜Φ 

˽͔͙͍ͪͦͭͤͦ͟-͙͍͙͚ͨͪͦ͒ͯͭͤ͟ ͔ͦͣͨͦͤͤͭ͟ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͘ ͙͔ͣͫͭͼ͍ͭ͊ 
͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͝ͻ ͒͊ͭͤͫͭ͘͜Ό ͒ͦ ͍͙Ύ͍͔ͤͤ͡Ύ ͔͔͙͍ͨͪͫͨͭ͟ ͍͎͊ͫͤͦͦ͡ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
͍͙ͪͦͭͯ͘͟Σ ͍͔͎ͯͫ͒ͦͣͤͦͦ͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͙ͫͭ͡Ό ͙͔ͣͫͭͼΈͦ͟-
ͺ͊ͻ͍ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͍͊ͫͤͦ͡͝ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͙ͪͦ͋ͦͭΦ 

˽͔͔͙͍ͪͫͨͭͤ͟͜ ͦͪ͜Ί͙͙ͤͭͪ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͎͊ͯ͘͜͡ ͙͔ͣͫͭͼ͍ͭ͊ 
͔ͣͦ͒͡ΌΌͭΈͫΎ ͙ͤ͊ͣ ͍ ͤ͊ͨͪΎͣ͜ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜-ͫͦͼ͊͜͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯΣ 
ͫͯͭͤͫͭ͜Έ Ύ͎ͦͦ͟ ͨͦ͡Ύ͎͊Ί ͍ ͔͔͊͋ͨ͘͘;͔ͤͤ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͔ͦͪͣͦ͟͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ Ύ͟ ;͔ͤ͊͡ ͎ͪͦͣ͊͒ΎͤͫΈ͎ͦͦ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͙̂ͪ͊ͤ͟͝Φ ˤ͙͋ͪ͜ 
͔͔͙͍͙ͨͪͫͨͭͤ͟ͻ ͙͔͍ͨͪͦͪͭͭ͜͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ ͨͦ͡΅͙ͤ͜ ͍͍͙ͫͭͦ͜ͻ 
͍ͫͭ͊ͤ͒͊ͪͭ͜ ζͣ͊Ί ͙͍͍͙ͣͦͭͯ͊ͭͫΎ ͔͙ͨͦͭͪ͋͊ͣ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙͙͍ͨͯͫͤ͟͟͜Σ Ύͯ͟ ͍ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͭͫͤͦ͜ ͍ͨͦΩΎ͊ͤͦ͘ ͘ 
͙͒ͦͭͪͣ͊ͤͤΎͣ ͙ͨͪͤͼ͙ͨͯ ͯ͟͡Έ͍͍ͭͯͪͦ͒ͨͦ͒ͤͦͫͭ͜͜͜ ͍ͤ͊;͊ͤͤΎΣ ͊ ͭ͊ͦ͗͟ ͘͜ 
͍͔ͫͭͦͪͤͤΎͣ ͨͦ͜͡ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͨͪͦͫͭͦͪͯ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟η ώуΣ мтϐΦ 

˿͒͜͡ ͔͙͙ͨ͒ͪͫͭ͜͟͡Σ ΅ͦ ͙ͫͭ͡Έ͍ͦ͊ ͪͤͦͣ͊ͤͭͤͫͭ͘͜͜͜Έ ͍͍ͫͭͦͦ͜͝ ͙͔ͣͫͭͼΈͦ͟͝ 
ͫͨ͊͒΅͙͙ͤ ͭ͊ ͫ͊͒ͤͫͭ͟͜͡Έ ͫͯ;͎͊ͫͤͦͦ ͙͔ͣͫͭͼ͍ͭ͊Σ ͔͔ͭͤ͒ͤͼ͜͝ ͍͙ͪͦͭͯ͘͟ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͤ͊ͯ͟ ͭ͊ ͙͙ͨͪ͊ͭ͟͟ ͣ͊ΌͭΈ ͍͔͒͒ͪ͊͘͜͟͡Ό͍͙͊ͭͫΈ ͯ ͍͙ͣͫͭͦ͘͜ͻ ͜ 
͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͔ͨ͊ͪ͊ͣͭͪ͊ͻ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ 
͎͊͊͘͡Έͤͦͯ͟͡Έ͙͙ͭͯͪͤͣ ͨ͒͜ͻ͙ͦ͒͊ͣ ͍ ͍ͤ͊;͊ͤͤ͜Φ ˽͎͙ͪͦͤͦͫͭ;ͤ͜ ͔͔ͭͤ͒ͤͼ͜͝ 
͙͔ͣͫͭͼΈͦ͟-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜ ͊ͦͤͦͣͪͤͦ͘͟͜ ͔͔ͨͪ͒͋͊;͊ΌͭΈ Ί͒ͤͫͭ͜Έ 
͎͊͊͘͡Έͤͦͯ͟͡Έ͎ͭͯͪͤͦͦ ͚ ͺ͊ͻ͍͎ͦͦͦ ͍ ͨͪͦͼ͔ͫ͜ ͎͍͙ͨ͒ͦͭͦ͜͟Φ ˹͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜Σ 
͍ ͍ͯͣͦ͊ͻ ͙͒ͤ͊ͣ͜;͙ͤͻ ͭ͊ ͔͎ͤͭͪ͊͜ͼ͚͙ͤ͜ͻ ͨͪͦͼ͔͍ͫ͜ ͔ͯͫ ͍ͯ͘Έ͔ͦͫͨ͟ͼ͊͜͡Έ͔ͤ 
͍͙Ύ͍͡ΎΊ ͍͚ͫ͜ ͍͘ΩΎͦ͘͟ ͘͜ ͎͊͊͘͡Έͤͦͯ͟͡Έ͙ͭͯͪͤͣΣ ͙͔ͣͫͭͼΈͦ͟-ͺ͊ͻ͍͔ͦ ͊ͯͣͯ͟͡ΌΊ 
͎͊͊͘͡Έͤͦͯ͟͡Έ͔ͭͯͪͤ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Υ ;͙ͣ ͍ͨͦͤ͜΄͔ ͭ͊ ͎͙͋͡΄͔ 
͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͙͔ͣͫͭͼΈͦ͟-ͺ͊ͻ͍ͦ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͔͍ͫͭͯ͒ͤͭ͜Σ ͙ͭͣ ͋͜͡Έ΄͔ ͍ͦͤ͊ 
͍͒ͦ͋ͪ͊͗͊͜Ί ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;ͤ͜ ͨ͒͜ͻ͙ͦ͒Φ ̂ ͍ͫͦΌ ;͔͎ͪͯΣ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͎͊͊͘͡Έͤͦͯ͟͡Έ͎ͭͯͪͤͦͦ ͍͒ͦͫ͒ͯ͜ ͙͍͊ͭͤͦ͟ ͙ͫͨͪΎΊ ͙͔ͣͫͭͼΈͦ͟-ͻͯ͒ͦ͗ ͤΈͦͣͯ 
͍͙͍ͪͦͭͦ͘͟͜ ͔͍ͫͭͯ͒ͤͭ͜Σ ͔ͨͪͦͭͯ͟Ό;͙ͫΈ ͯ ͨͦ͒͊͡Έ΄ͦͣͯ ͤ͊ ͨͦ͡΅͙ͤͯ ͝ͻ 
͔͎ͫͭͪ͊ͭ͜;͙ͤͻ ͦͪ͜Ί͙͍ͤͭͪ͜ ͙͔ͣͫͭͼΈͦ͟-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˾͍͙ͦͭͦ͘͟ ͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜ Ύ͟ Ί͙͒ͤͦ͝ ͙͔͙ͫͫͭͣ ͍͔ͫ ͋͜͡Έ΄͔ ͊ͭͯ͊ͯ͘͟͜͡Ί 
ͨͦ͜͡ͻͯ͒ͦ͗ͤ͜ ͨ͒͜ͻ͙ͦ͒ ͍ ͔͔͙ͫͭͭ;ͤͦͣͯ ͍͙͍ͪͦͭͦ͘͟͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ͎͔͔̂ͦ͒͗ͤ͘ ͙͔͔ͫͫͭͣͤ 
͍ͦͨ͊ͤͯ͊ͤͤΎ ͻͯ͒ͦ͗ͤ͜ͻ ͤ͊ͨͪΎ͍ͣ͜ ͭ͊ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙͔ͣͫͭͼ͍ͭ͊ ͙ͫͨͪΎΊ ͍͙ͪͦͭͯ͘͟ 
͒͊ͭͤͦͫͭ͘͜ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍͔͔ͨͪͦ͒ͤͤΎ ͻͯ͒ͦ͗ͤΈͦ-͙ͦ͋ͪ͊ͤ͘ͻ ͍ͨͦͪͤ͜ΎͤΈΣ 
͙ͫͭ͡Έ͍͙ͦͻ ͙͔ͣͫͭͼΈ͙͟ͻ ͎͚͊ͤ͊ͦ͜͡Σ ΅ͦ ͍͙͍ͨ͊͡Ί ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙͍ͨͪͦͭͤͦ͟-
͙͍͎ͨͪͦ͒ͯͭͤͦͦ͟ ͔ͦͣͨͦͤͤͭͯ͟ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͘ ͙͔ͣͫͭͼ͍ͭ͊Φ 

˻ͫ͟͜͡Έ͙͟ ͚ͣ͊͋ͯͭͤΎ ͙͍ͨͪͦ͒ͯͭͤ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͨͪΎͣͦ ͜ 
͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍ͨͦΩΎ͊ͤ͊͘ ͘͜ ͍͔ͭͦͪͤͤΎͣ ͜ ͭͪ͊ͤͫ͡Ύͼ͜ΊΌ ͒ͯͻ͍͙ͦͻ ͯ͟͡Έͭͯͪͤͦ-
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͙͔ͣͫͭͼΈ͙͟ͻ ͤ͊͒͋͊ͤΈ ͡Ό͍͒ͫͭ͊ ͍ ͯ;͍ͤͫ͜Έͦͣͯ͟ ͔͔͍͙ͫͪ͒ͦ΅͜Σ ͔͙͍ͨͪͦͭͤͦ͟-
͙͍͙͚ͨͪͦ͒ͯͭͤ͟ ͔ͦͣͨͦͤͤͭ͟ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͙ͤ͊ͣ ͍ ͔ͦͤͭͫͭ͟͟͜ ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;͙ͤͻ 
ͨ͒͜ͻ͍ͦ͒͜Φ ˱͘ ͼ͙ͻ ͙ͨͦ͘ͼ͚͜Σ ͎͙ͨͪͦͤͦͫͭ;ͤ͊ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Σ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͍ͭͦͪ;͎ͦͦ ͍͙͔ͫ͊ͣͦͪ͊͗ͤͤΎ ͍ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍ͤ͊͋ͯ͊Ί ͙͍͎ͦͫͦ͋ͦͦ͡ ͤ͊͘;͔ͤͤΎΦ 

˽͎͍͒ͦͭͦ͊͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍͔͔ͨͪͦ͒ͤͤΎ ͒ͦͫ͒ͤͦ͜͡͝ ͙ͪͦ͋ͦͭ ͍ ͎͊ͯ͘͜͡ 
͔͎͎͙ͨ͒͊ͦ͜͟ ͣ͊Ί ͍͍͙͒͋ͯ͊ͭͫ͜Ύ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͔͎ͫͭͪ͊ͭ͜;͙ͤͻ ͦͪ͜Ί͙͍ͤͭͪ͜ ͯ 
͍͙ͪͦͭͯ͘͟ ͔ͤ ͙͡΄͔ ͝ͻ ͍ͤ͊ͯͦͦ͟͝ ͤ͜ͺ͙͍ͦͪͣ͊ͭͤͦͫͭ͜Σ ͦ͋ͤ͊ͤͦͫͭ͘͜͜Σ ͊ ͚ 
͎͊͊͘͡Έͤͦͯ͟͡Έ͙ͭͯͪͤͻ ͦͪ͜Ίͤͭ͊ͼ͚͜Φ ˽͎͙ͪͦͤͦͫͭ;ͤ͜ ͍͙͙ͣͪ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͣ͊ΌͭΈ ͔͔͊͋ͨ͘͘;͍͙ͯ͊ͭ Ί͒ͤͫͭ͜Έ ͎͍͎͊͋ͫͭͪ͊ͦ͊ͤͦͦ ͜ 
͔͎ͦͤͪͭͤͦͦ͟͟Σ ͎ͦ͜͡;͎ͤͦͦ ͭ͊ ͙͍͎ͤͭͯͭͤͦͦ͜͝ ͙͔ͣͫͤͤ͡ΎΣ ͙ͫͨͪΎ͙ͭ ͍ͦͦͦ͒ͤͤ͜͡Ό 
͔ͦͨͪ͊ͼ͜Ύ͙ͣ ͊ͤ͊ͯ͘͜͡ ͭ͊ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͍͙͒ͦͫ͒͗ͯ͊ͤ͜͡ͻ Ύ͍͙΅Σ ͍ͫͨͦͫͦ͋͜ ͍͙͊͒ͯ͟͡ 
͔͍ͣ͊ͭͪ͊͜͜͡Σ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͭͦ΅ͦΦ 

ˤ͙͍ͫͤͦͦ͟Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͍͍͊͗͊Ίͣͦ ͊͘ ͒ͦͼ͜͡Έ͔ͤ ͎ͯ͊͊͘͡Έ͙͙ͤͭΣ ΅ͦ 
͔͙ͣ͊ͭͪ͊͜͡ ͒͊ͤͦ͝ ͙ͪͦ͋ͦͭ ͍ͫ͒͜;͊ͭΈ ͨͪͦ ͍ͫͦΊ;͊ͫͤͫͭ͜Έ ͊ͭͯ͊͊͘͟͜͡ͼ͜͝ ͦ͋ͪ͊ͤͦ͝ 
͔͙͙ͨͪͦ͋ͣ͊ͭ͟͡ ͭ͊ ͍͒ͦͦ͒ΎͭΈ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͙ͪͦͪͦ͋͘͟ ͍ͣͫͭͦͦ͘͜͝ ͙ͫͭͪͯͭͯͪ͟ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͘ ͙͔ͣͫͭͼ͍ͭ͊ ͍ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͔͙͔ͯͤͪͫͭͭ͊͜ͻ ͯ ͔ͦͤͭͫͭ͟͟͜ 
͙͔͎ͫͫͭͣͤͦͦ ͨ͒͜ͻͦ͒ͯΦ 

˹͔͊ͫ͊ͣͤ͟͜ͼΈ ͊ͤ͊͘͘;͙ͣͦΣ ΅ͦ ͔͔͙͍ͨͪͫͨͭͤ͟͜ ͔͔ͭͤ͒ͤͼ͜͝ ͍ ͪͦͪͦ͋͘ͼ͜ 
͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͔͙ͨͪͦ͋ͣ͡ ͍͋͊;͊ΌͭΈͫΎ ͯ ͍͙͍͔ͫͭͤͤ͜͜͡ ͙ͨͭ͊ͤΈ ΅ͦ͒ͦ 
͍͙ͤ͊͘;͔ͤͤΎ ͔ͦͣͨͦͤͤͭͤͦ͟͝ ͙ͫͭͪͯͭͯͪ͟ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͯͣͤ͜Έ 
͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜Σ ͍͙͔ͪͦͤͤͦͫͭ͘͜ ͝ͻ ͍͙͊͒͊͟͡ͼΈͦ͟͝ ͚͔ͣ͊ͫͭͪͤͦͫͭ͜Σ ͙͔ͣͫͭͼΈͦ͟-
ͺ͊ͻ͍ͦͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͭͦ΅ͦΦ 
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1980. ς 368 ͫ Φ 
3. ˭Ύ͘Όͤ ˱Φ s Φ ˿ͯ;͊ͫͤ͜ ͙͙͒͒͊ͭ͟;ͤ͜ ͔ͣͦ͒͜͡ Υ ͎ͦ͊͜͟͡ ͯ;ͤͤ͜Ύ κ ˱ Φ s Φ ˭ Ύ͘Όͤ κκ ˿ ͯ;͊ͫͤ͜ 

ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͭ͊ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͯ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͺ͊ͻ͍͜ͼ͍͜Υ 
͔͎ͣͭͦ͒ͦͦ͜͡ΎΣ ͔ͭͦͪ͜ΎΣ ͍͒ͦͫ͒͜Σ ͔͙ͨͪͦ͋ͣ͡ Υ ͋͘Φ ͤ͊ͯ͟Φ ͨͪ͊ͼΈ κ ˱ Φ s Φ ˭Ύ͘Όͤ ώͭ͊ ͤ͜ΦϐΦ ς ˴͙͍͝ς
ˤ͙ͤͤ͜ͼΎΣ нлллΦ ς ˿ Φ осς43. 

4. ˴ͯ͘Έ͙ͣͤ͊ ˹Φ ʕ Φ ˿͙ͨͦͫͦ͋ͤͦͫͭΣ ͔ͦ͒͊ͪͤͤͦͫͭΈΣ ͭ͊͊ͤͭ͡ ͯ;͙͔ͭ͡Ύ κ ˹ Φ ʕ Φ ˴ ͯ͘Έ͙ͣͤ͊Φ ς 
˶Φ Υ ˭͙͔ͤ͊ͤΣ мфурΦ ς 32 ͫ Φ 

5. ˴ͯ΄ͤͪ͜ ˤΦ ˢΦ ͔͔͙́ͦͪͭͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;ͤ͜ ͍͙ͦͫͤͦ ͙͔͎ͫͫͭͣͤͦͦ ͊ͤ͊ͯ͘͜͡ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍͙΅ͦ͝ ΄͙ͦ͟͡ Υ ͍͔͊ͭͦͪͺΦ ͙͒ͫΦ Χ ͒ͦͭͦͪ͊͟ ͔ͨ͒Φ ͤ͊ͯ͟ Υ ͔ͫͨͼΦ моΦллΦлпΦ 
ζ͔́ͦͪ͜Ύ ͜ ͔͙ͣͭͦ͒͊͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͍͙ͦͫͭ͜ηΦ ς ˴ ΦΣ нллоΦ ς по ͫΦ 

6. ˻͍ͪͦ͡ ˤΦ ̅ Φ ˽ͪͦͺ͔͚͔ͫͤ͜ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͙͔ͣͫͭͼΈ͙͟ͻ 
͙͒ͫͼ͙ͨͤ͜͡Υ ͔ͭͦͪ͜Ύ ͜ ͔ͭͻ͎ͤͦͦ͜͡Ύ Υ ώ͎ͣͦͤͦͪ͊ͺ͜Ύϐ κ ʕ Φ ̅ Φ ˻ ͍ͪͦ͡ Τ ͊͘ ͎͊͘Φ ͔ͪ͒Φ ˱Φ s Φ ˭ Ύ͘Όͤ͊Φ ς ˴ Φ : 
˹͍͊ͯͦ͊͟ ͒ͯͣ͊͟Σ нллоΦ ς 262 ͫ Φ 

7. ˽͊͒͊͊͟͡ ˥Φ ˸ Φ ˽͔͎͎͒͊ͦ͊͜͟ ͙͔ͣͫͭͼ͍ͭ͊ ό͔ͭͦͪ͜Ύ ͜ ͔͙ͣͭͦ͒͊͟ ͍͙͊͒͊ͤͤ͟͡Ύ 
͙͔ͣͫͭͼΈ͙͟ͻ ͙͒ͫͼ͙ͨͤ͜͡ύ κ ˥ Φ ˸ Φ ˽ ͊͒͊͊͟͡Φ ς ˴ Φ Υ ˻͍ͫͭ͊͜ ͙̂ͪ͊ͤ͟͝Σ нллуΦ ς 274 ͫ Φ 

8. ˿͙ͫͦΊ͍͊ ˿Φ ˻ Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͯ ͔͔͔͍͚ͤͨͪͪͤ͜ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͍ͦͫͭ͜͜ : 
͎ͣͦͤͦͪ͊ͺ͜Ύ κ ˿ Φ ˻ Φ ˿ ͙ͫͦΊ͍͊Φ ς ˴ Φ Υ ˤͨͦ͜͡Σ нллмΦ ς 502 ͫ Φ 
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˾˩˭̑˸˩ 
˩͔͔ͪͣͤͦ͟ ˻Φ ˤΦ ˿ͭͪͯͭͯͪͤ͟·͔ ͙͙ͨͪͤ͊͘͟ ͎͍͔͙ͨͦ͒ͦͭͦͤͤͦͫͭ͡ ͋ͯ͒ͯ΅͙ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ 

͟ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤͦ-͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 
˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙ͯ͘;͔͙ͤΌ ͔͚ͦͣͨͦͤͤͭͤͦ͟ ͫͭͪͯͭͯͪ͟· ͎͍͔͙ͨͦ͒ͦͭͦͤͤͦͫͭ͡ 

͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͟ ͙͍͚ͨͪͦ͒ͯͭͤͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˾͊ͫͪ͟·ͭ͊ ͫͯ΅ͤͦͫͭΈ Ή͎ͭͦͦ ͺ͔͔ͤͦͣͤ͊ 
͊͟͟ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͎͍͙ͨͦ͒ͦͭͦ͟ ͔͍ͫͭͯ͒ͤͭͦ ͍ ͙ͦ͋͊ͫͭ͡ ͙͍ͫͯͫͫͭ͊͟Σ ͔͎͎͙͙ͨ͒͊ͦ͟ ͙ ͤ͊ͯ;ͤͦ-
͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͚ͫͦ͟ ͪ͊͋ͦͭ·Σ ͔ͤͦ͋ͻ͙͎ͦ͒ͣͦͦ ͙ ͒ͦͫͭ͊ͭͦ;͎ͤͦͦ ͒͡Ύ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ 
͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤͦ-͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟ΎΣ ;ͭͦ 
͔ͦͣͨͦͤͤͭͤ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ Ή͚ͭͦ ͎͍͔͙ͨͦ͒ͦͭͦͤͤͦͫͭ͡ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ͦ ͍͙͍͊ͣͦͫ͘Ύ͙͘ ͙ 
͍͙͔͚͍͙͙͊ͣͦ͒ͫͭ͘ ͙͔ͦͪͤͭ͊ͼ͙ͦͤͤͦ-͙͍ͣͦͭ͊ͼ͙͎ͦͤͤͦͦΣ ͍͔ͨͦͤ͊͊ͭ͘͡Έͤͦ-
͔͔͎ͦͣͨͭͤͭͤͦͫͭͤͦͦ͟Σ ͦͼ͔ͤͦ;ͤͦ-͔ͪͺ͔͙͍͎ͫͤͦͦ͟͡Σ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦ-͍ͭͦͪ;͔͎ͫͦͦ͟ ͙ 
ͨͪͦΉ͙͍ͭͤͦ͟-͙͍͎ͨͪͦ͒ͯͭͤͦͦ͟ ͔͍ͦͣͨͦͤͤͭͦ͟Φ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͔ͦͣͨͦͤͤͭͤ͊͟Ύ ͫͭͪͯͭͯͪ͊͟Σ ͎͍͔ͨͦ͒ͦͭͦͤͤͦͫͭ͡ΈΣ ͔ͫͨͼ͙͙͊ͫͭ͡· 
ͨͦ ͙͍ͫͯͫͫͭͯ͟Σ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤͦ-͔͎͎͙ͨ͒͊ͦ;͔ͫ͊͟Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͙͔ͦͪͤͭ͊ͼ͙ͦͤͤͦ-
͙͍ͣͦͭ͊ͼ͙ͦͤͤ·͚Σ ͍͔ͨͦͤ͊͊ͭ͘͡Έͤͦ-͔͔ͦͣͨͭͤͭͤͦͫͭͤ͟·͚Σ ͦͼ͔ͤͦ;ͤͦ-͔ͪͺ͔͙͍ͫͤ͟͡·͚Σ 
͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦ-͍ͭͦͪ;͔͙͚ͫ͟ ͙ ͔͙͍ͨͪͦͭͤͦ͟-͙͍ͨͪͦ͒ͯͭͤ͟·͚ ͔ͦͣͨͦͤͤͭ͟·Φ 

SUMMARY 
Eremenko O. Structural features of preparedness of future specialists for artistic and 

pedagogical activity. 
Article is devoted to the determination of professionals to work effectively. An essence 

of this phenomenon as a result of students training in the field of art, pedagogics and 
research work which necessary for effective artistic and pedagogical work is disclosed. The 
component structure of mentioned readiness consists of such connected elements as: 
motivation, cognition, competence, reflation, art and productivity.  

Orientation-motivational component expresses the attitude of undergraduates interested 
in musical and professional, artistic, educational and research activity, persistent desire to 
systematically boost their musical and professional level, acquisition of knowledge and practical 
experience in music and academic work, interest in scientific studies. Cognitive-competency 
component includes knowledge of students in the field of art, the ability to expand knowledge 
and practical experience in the classroom effectively, the acquisition of skills in the field of 
research. Evaluative-ǊŜŦƭŜŎǘƛǾŜ ŎƻƳǇƻƴŜƴǘ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ŀōƛƭƛǘȅ ƻŦ ŎǊƛǘƛŎŀƭ 
appreciation of art events and their own professional activities, analytical understanding of 
pedagogical action and scientific facts to correcting their own training and making possible the 
ability of students to the art of reflection, self-control by making their own decisions in the course 
of research, to self-knowledge in the artistic and educational activities. Productive and creative 
component provides the ability of students to the art of the perfect embodiment of his creative 
findings in professional activities, introduction of innovative processes in teaching practice and 
the capacity for independent research. Projective-productive component is provided by the 
ǎǘǳŘŜƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ƛŘŜƴǘƛŦȅ ǇǊƻǎǇŜŎǘǎ ŦƻǊ ƛǘǎ ŀǊǘƛǎǘƛŎ ŘŜǾŜƭƻǇƳŜƴǘΣ ǇǊƻōƭŜƳǎ ƻŦ ŦƻǊƳŀǘƛƻƴ ƻŦ 
individual style of pedagogical activity and planning their own research work. 

Preparing students for conducting research in the field of pedagogy must take into 
account the strategic objectives in the development of not only their scientific value, 
awareness, but also cultural orientations. Predictive measurements of studentsΩ research 
activities must ensure the unity of the abstract and the concrete, logical and intuitive 
thinking, promote the acquisition of the operations of analysis and synthesis of the studied 
phenomena, ways of presenting materials, experiment, etc. 

Key words: component structure, readiness, art experts, art and pedagogical 
activities, orientation-motivational, cognitive-competency, evaluative-reflective, productive 
and creative, projective-productive components. 
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˾˻˭ˤˮ́˻˴ ˸ ̂˭ˮ̉˹˻˲ ́ ˤ˻˾̉˻˲ s ˴́ˮˤ˹˻˿́˱ ˨ ˮ́ˮ˹ˮ ̂  ˽˾˻̇˩˿˱ 
˹ˢˤ̉ˢ˹˹̒ 

 

˿ͯ;͊ͫͤ͊ ͔͎͎ͨ͒͊ͦ͊͜͟ ͎ͤ͊ͣ͊͊ΊͭΈͫΎ ͍͙ͨͦ͋ͯ͒ͯ͊ͭ ͭ͊͟͜ ͦͤ͟ͼ͔ͨͼ͜͝ ͍͙ͻ͍ͦ͊ͤͤΎ  ͚
͍ͤ͊;͊ͤͤΎΣ Ύ͟͜ ͙͋ͯ͡ ͋ ͫͯͣͫͤ͜͜ ͘ ͍͙ͪͦͭͦͣ͘͟ ͣͦͦ͒ͦ͡͝ ͡Ό͙͙͒ͤΣ ͒͊ͭͤͦ͘͝ ͒ͦ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ 
͍ ͔ͪ͊͡ΈͤͦͣͯΣ ͍ͨͦͤͦͣͯ ͣͤ͘͜ ͜ ͔͔͍͔ͨͪͭͦͪͤΈ ͍ͫͭ͜͜Φ ̂ ͍͘ΩΎͯ͘͟ ͘ ͼ͙ͣ ͔ͤͦ͋ͻ͒ͤͦ͜Ό Ί 
ͨ͜ ͎͍͒ͦͭͦ͊͟ ͣͦͦ͒͜͡ ͙͋ͯͭ ͎͍͙͙ͦͭͦͣ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͔ͨͪͦ͋ͣ͡Σ͙ ͍ͭͦͪ; ͦ ͙͙ͣͫͭ͡,͙ 
͔͍͙ͫ͊ͣͦͪ͊ͯ͊ͭͫ͘͜͡ΎΣ ͎͙ͨͪ͊ͤͯͭ ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͣͦͪ͊͡Έ͙ͤͻ ͼ͔͚ͤͤͦͫͭ͜Σ ͍͙͊ͫͤͦ͊ͤ͘ͻ ͤ͊ 
͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜  ͚͔͔͋ͨ͘ͼΣ͜ ͊ ͭ͊ͦ͗͟ ͺ͍͙ͦͪͣͯ͊ͭ ͔͎͙͍ͤ͊ͨͦͫ͜͡͡ Έͭ ͜ ͔͙͍ͪ͊ͭͤͫ͟͜ Έͭ. 
˨͊ͤ͊ ͫͭ͊ͭͭΎ ͙͍ͨͪͫΎ;͔ͤ͊ ͎ͪͦ͘͡Ύ͒ͯ ͔͙ͨͪͦ͋ͣ͡ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;͎ͦͦ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜  ͜ͺ͍͊ͭͦͪ͟͜Σ ΅ͦ ͙ͫͭͣͯ͡ΌΌͭΈ ͼ͔͚ ͨͪͦͼ͔ͫΦ ˽͔͍͔ͪ͒ͫͭ͊ͤͦ͡ ͙ͦͨͫ 
͔ͨͪͦͭͯ͟ ˸͙ͯ͘;͙ͤͻ ͍ͭͦ;͙ͪͻ ͚͔͔ͣ͊ͫͭͪͤΈΣ ΅  ͦΊ ͦ͒ ͤ͜ΊΌ ͘ ͺͦͪͣ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͤͤͦ͊͜ͼ͚͜.  

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͙ͯͪͦ͟ ͙͙ͣͯ͘͟Σ ͯ;ͤ͜Σ ͍ͭͦͪ;͔ ͙͔ͣͫͤͤ͡ΎΣ ͍ͭͦͪ;͙͚ ͍͙ͪͦͭͦ͘͟Σ 
͍ͦͫͭ͊͜ 

 

Wprowadzenie. ²ǎǇƽƱŎȊŜǎƴŀ ǇŜŘŀƎƻƎƛƪŀ ǇƻŘŜƧƳǳƧŜ ǇǊƽōȅ ƪƻƴǎǘǊǳƻǿŀƴƛŀ 
ǘŀƪƛŎƘ ƪƻƴŎŜǇŎƧƛ ǿȅŎƘƻǿŀƴƛŀ ƛ ƴŀǳŎȊŀƴƛŀΣ ƪǘƽǊŜ ōȅƱȅby zgodne z rozwojem 
ƳƱƻŘŜƎƻ ŎȊƱƻǿƛŜƪŀΣ ȊŘƻƭƴŜƎƻ Řƻ ŦǳƴƪŎƧƻƴƻǿŀƴƛŀ ǿ ǊȊŜŎȊȅǿƛǎǘȅƳΣ ǇŜƱƴȅƳ ȊƳƛŀƴ ƛ 
ǇǊȊŜƻōǊŀȍŜƵ ǏǿƛŜŎƛŜΦ tǊȊȅƎƻǘƻǿŀƴƛŀ ƧŜŘƴƻǎǘƪƛ Řƻ ǊƻȊǿƛŊȊȅǿŀƴƛŀ ǇǊƻōƭŜƳƽǿΣ 
ǘǿƽǊŎȊŜƎƻ ƳȅǏƭŜƴƛŀΣ ǎŀƳƻǊŜŀƭƛȊŀŎƧƛΣ ǎƪƱŀƴƛŀ Řƻ ōǳŘƻǿŀƴƛŀ ǿŀǊǘƻǏŎƛ ƳƻǊŀƭƴȅŎƘ 
opartych ƴŀ ƻŘǇƻǿƛŜŘȊƛŀƭƴƻǏŎƛ ƛ ōŜȊǇƛŜŎȊŜƵǎǘǿƛŜΣ ŀ ǘŀƪȍŜ ǿȅǘǊǿŀƱƻǏŎƛ ƛ 
ƪǊŜŀǘȅǿƴƻǏŎƛΦ bƛƴƛŜƧǎȊȅ ŀǊǘȅƪǳƱ ǇƻǏǿƛťŎƻƴȅ ȊƻǎǘŀƱ ǊƻȊǿƛƧŀƴƛǳ ǘǿƽǊŎȊŜƧ Ǉƻǎǘŀǿȅ 
ƴŀƧƳƱƻŘǎȊȅŎƘ ǳŎȊƴƛƽǿ ƻǊŀȊ ǳƪŀȊŀƴƛǳ ŎȊȅƴƴƛƪƽǿ ǎǘȅƳǳƭǳƧŊŎȅŎƘ ǘŜƴ ǇǊƻŎŜǎΦ 
½ŀǇǊŜȊŜƴǘƻǿŀƴȅ ƻǇƛǎ ƴŀǿƛŊȊǳƧŜ Řƻ ǇǊƻƧŜƪǘǳ ¢ǿƽǊŎȊȅŎƘ ǿŀǊǎȊǘŀǘƽǿ ƳǳȊȅŎȊƴȅŎƘ 
ōťŘŊŎŜƎƻ ŦƻǊƳŊ ƛƴƴƻǿŀŎƧƛ ǇŜŘŀƎƻƎƛŎȊƴŜƧ ǊŜŀƭƛȊƻǿŀƴŜƧ ǿ ǿȅōǊŀƴŜƧ ǎzkole 
podstawowej z terenu miasta WŀǎǘǊȊťōƛŜ-½ŘǊƽƧΦ  

Uzasadnienie wprowadzenia programu. Program Muzycznych 
ǿŀǊǎȊǘŀǘƽǿ ǘǿƽǊŎȊȅŎƘ ǇƻǿǎǘŀƱ ǿ ƻǇŀǊŎƛǳ ƻ tƻŘǎǘŀǿť ǇǊƻƎǊŀƳƻǿŊ [1] oraz 
wybrany Program edukacji wczesnoszkolnej dla klas I-LLL ǎȊƪƻƱȅ ǇƻŘǎǘŀǿƻǿŜƧ 
[2], Ƨŀƪƻ ǇǊƽōŀ ƻŘǇƻǿƛŜŘȊƛ ƴŀ ƻōǎŜǊǿƻǿŀƴŜ ȊƧŀǿƛǎƪŀ ǎǇƻƱŜŎȊƴƻ-ekonomiczne 
i ǳǎǘǊƻƧƻǿŜΦ hǇǊŀŎƻǿŀƴȅ ǇǊƻƧŜƪǘ ƴŀǿƛŊȊǳƧŜ ǊƽǿƴƛŜȍ Řƻ ȊŀƱƻȍŜƵ ǇǎȅŎƘƻƭƻƎƛŎȊƴƻ-
pedagogicznych spƽƧƴȅŎƘ Ȋ ƘǳƳŀƴƛǎǘȅŎȊƴŊ ǘŜƻǊƛŊ ǳŎȊŜƴƛŀ ǎƛťΣ ƻǇŀǊǘŊ ƴŀ ǘŜƻǊƛƛ 
Howarda Gardnera [3ϐΦ ½ŀƪƱŀŘŀ ƻƴŀΣ ȍŜ ǿǎȊȅǎŎȅ ƭǳŘȊƛŜ ƳŀƧŊ ǿƛŜƭŜ ǊƻŘȊŀƧƽǿ 
ǇǊŜŘȅǎǇƻȊȅŎƧƛΣ ǎŊ ǿƛťŎΣ ǿ ƳƴƛŜƧǎȊȅƳ ƭǳō ǿƛťƪǎȊȅƳ ǎǘƻǇƴƛǳΣ ƻōŘŀǊȊŜƴƛ ǎŊ 
naturalnymi talentami. Zjawisko to implikuje kreatywne zachowanie 
ƴŀǳŎȊȅŎƛŜƭƛΣ ƪǘƽǊȅŎƘ ǇǊŀŎŀ ǿƛƴƴŀ ƪƻƴŎŜƴǘǊƻǿŀŏ ǎƛť ǇǊȊŜŘŜ ǿǎȊȅǎǘƪƛƳ ƴŀ 
jednostce, by ǿǎǇƻƳŀƎŀŏ i ǊƻȊǿƛƧŀŏ ƧŜƧ ǇƻǘŜƴŎƧŀƱ ώ4].   
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wȊŜŎȊȅǿƛǎǘƻǏŏ ǿǎǇƽƱŎȊŜǎƴŜƎƻ ǏǿƛŀǘŀΣ ƛ ƧŜƎƻ ǇǊȊŜƻōǊŀȍŜƴƛŀΣ ǎǘŀǿƛŀƧŊ ǿƛŜƭŜ 
ǿȅȊǿŀƵ ǇǊȊŜŘ ƻǏǿƛŀǘŊΦ ¢ǊȊŜōŀ ǿȅƪǎȊǘŀƱŎƛŏ ŘȊƛŜŎƪƻ ƴŀ ƻōȅǿŀǘŜƭŀΣ ƪǘƽǊȅ ǇƻǊŀŘȊƛ 
sobie w ƴƻǿŜƧ ǎȅǘǳŀŎƧƛ ŜŘǳƪŀŎȅƧƴŜƧ ƛ ǎǇƻƱŜŎȊƴŜƧΦ hōŜŎƴŜ ƴŀǳŎȊŀƴƛŜ Ǉƻǿƛƴƴƻ 
ǇǊȊŜŘŜ ǿǎȊȅǎǘƪƛƳ ƪǎȊǘŀƱǘƻǿŀŏ ƛ ǿȅŎƘƻǿȅǿŀŏ ƭǳŘȊƛ ƪǊŜŀǘȅǿƴȅŎƘΣ ƳƻōƛƭƴȅŎƘΣ 
ƎƻǘƻǿȅŎƘ Řƻ ȊŀŀƪƭƛƳŀǘȅȊƻǿŀƴƛŀ ǎƛť ǿ ƻŘƳƛŜƴƴȅŎƘ ǿŀǊǳƴƪŀŎƘΦ 5ƭŀǘŜƎƻ Ƨǳȍ ƻŘ 
najƳƱƻŘǎȊȅŎƘ ƭŀǘ ƴŀƭŜȍȅ ǇǊȊȅȊǿȅŎȊŀƧŀŏ ŘȊƛŜŎƛ Řƻ Ǉƻƪƻƴȅǿŀƴƛŀ ǇƛťǘǊȊŊŎȅŎƘ ǎƛť 
ǇǊƻōƭŜƳƽǿ ƛ ǊŀŘȊŜƴƛŀ ǎƻōƛŜ ǿ ŎȅǿƛƭƛȊŀŎƧƛ ǳƪƛŜǊǳƴƪƻǿŀƴŜƧ ƴŀ sukces. [5] 
²ǎǇƻƳƴƛŀƴŜ ǇǊȊŜƻōǊŀȍŜƴƛŀ ŘƻǘȅŎȊŊ ǇǊȊŜŘŜ ǿǎȊȅǎǘƪƛƳ ƪǎȊǘŀƱǘƻǿŀƴƛŀ ƻǎƻōƻǿƻǏŎƛ 
ƳƱƻŘŜƎƻ ŎȊƱƻǿƛŜƪŀΣ ƧŜƎƻ ȊŀŀƴƎŀȍƻǿŀƴƛŀ ǿ ȍȅŎƛŜ ǎǇƻƱŜŎȊƴŜΣ ǳƳƛŜƧťǘƴƻǏŎƛ 
ǊƻȊǿƛŊȊȅǿŀƴƛŀ ǇǊƻōƭŜƳƽǿΣ ƧŀƪƛŜ ƴƛƻǎŊ ȊŜ ǎƻōŊ ǇǊȊŜƳƛŀƴȅ ǳǎǘǊƻƧƻǿŜΣ 
ŜƪƻƴƻƳƛŎȊƴŜΣ ǊȅƴƪƻǿŜ ƻǊŀȊ ǇƻƪƻƴȅǿŀƴƛŜ ƴŀǇƻǘƪŀƴȅŎƘ ǘǊǳŘƴƻǏŎƛΦ ² ǎȅǎǘŜƳƛŜ 
ŜŘǳƪŀŎȅƧƴȅƳ ŘƻǘȅŎƘŎȊŀǎ ƪƱŀŘȊƛƻƴƻ Řǳȍȅ ƴŀŎƛǎƪ ƴŀ zdobywanie konkretnej wiedzy, 
opartej ǿ ǿƛťƪǎȊƻǏŎƛ ƴŀ ǊƻȊǿƛŊȊȅǿŀƴƛǳ ǇǊƻōƭŜƳƽǿ ȊŀƳƪƴƛťǘȅŎƘΣ ƳŀƧŊŎȅŎƘ ƧŜŘƴŊ 
ǿƱŀǏŎƛǿŊ ƻŘǇƻǿƛŜŘȋΦ hōŜŎƴƛŜΣ ȊǿǊŀŎŀ ǎƛť ǳǿŀƎť ƴŀ ƪǎȊǘŀƱǘƻǿŀƴƛŜ ƧŜŘƴƻǎǘƪƛ 
ƪǊŜŀǘȅǿƴŜƧΦ {ǘŊŘ ƪŀȍŘȅ ƴŀǳŎȊȅŎƛŜƭΣ ōŜȊ ǿȊƎƭťŘǳ ƴŀ ǘƻΣ ƧŀƪƛŜƎƻ ǳŎȊȅ ǇǊȊŜŘƳƛƻǘǳΣ 
ǇƻǿƛƴƛŜƴ ōȅŏ ǘǿƽǊŎȊȅ ƛ ƻǘǿŀǊǘȅ ƴŀ ȊƳƛŀƴȅ ǿ ŜŘǳƪŀŎƧƛΦ ²ȅƳŀƎŀ ǘƻ ƻŘ ǇŜŘŀƎƻƎƽǿ 
ǎŀƳƻŘƻǎƪƻƴŀƭŜƴƛŀ ƛ ǇƻǎȊǳƪƛǿŀƴƛŀ ŘǊƽƎ ǿƱŀǎƴŜƎƻ ǊƻȊǿƻƧǳ ƻǊŀȊ ǳƳƛŜƧťǘƴƻǏŎƛ 
ǎǘŀǿƛŀƴƛŀ ǊŜŀƭƴȅŎƘ Řƻ ǿȅƪƻƴŀƴƛŀ ǿȅƳŀƎŀƵΣ ƴƛŜ ǘȅƭƪƻ ǿƻōŜŎ ǎǿƻƛŎƘ 
podopiecznych, ale przede wszystkim wobec siebie. 

Lekcje sztuki ς muzyki, technƛƪƛΣ ǘŀƵŎŀ ŎȊȅ Ǉƭŀǎǘȅƪƛ ς to specyficzne 
jednostki dydaktyczne, na ƪǘƽǊȅŎƘ ƪŀȍŘŀ ƻŘǇƻǿƛŜŘȋ ƳƻȍŜ ōȅŏ ǇǊŀǿŘȊƛǿŀΦ 
LǎǘƻǘŊ ǘȅŎƘ ȊŀƧťŏ ƧŜǎǘ ǎǘȅƳǳƭƻǿŀƴƛŜ ǇǊƻŎŜǎƽǿ ǿȅƻōǊŀȋƴƛΣ ǘǿƽǊŎȊŜƎƻ ƳȅǏƭŜƴƛŀ 
ƻǊŀȊ ƪǎȊǘŀƱǘƻǿŀƴƛŀ Ǉƻǎǘŀǿ ǘǿƽǊŎȊȅŎƘ ǇƻŘƻǇƛŜŎȊƴȅŎƘΦ [ŜƪŎƧŜ ǘŜ ƻŘƎǊȅǿŀƧŊ 
ȊŀǘŜƳ ŘǳȍŜ ȊƴŀŎȊŜƴƛŜ ǿ ŜŘǳƪŀŎƧƛΣ ŀ Ǌƻƭŀ ƴŀǳŎȊȅŎƛŜƭŀ ǘȅŎƘ ǇǊȊŜŘƳƛƻǘƽǿ ƧŜǎǘ ƴƛŜ 
Řƻ ȊŀǎǘŊǇƛŜƴƛŀΦ /ƘƻŘȊƛ ǘǳ ƴƛŜ ǘȅƭƪƻ ƻ ǿƛŜŘȊť ƧŀƪŊ ǇƻǎƛŀŘŀ ǳŎȊŜƵΣ ŀƭŜ ǇǊȊŜŘŜ 
ǿǎȊȅǎǘƪƛƳ ƻ ŎȊȅƴƴƛƪƛ ŜƳƻŎƧƻƴŀƭƴŜΣ ƻǎƻōƻǿƻǏŎƛƻǿŜ ƛ ƛƴǎǇƛǊǳƧŊŎŜΦ 5ȊƛŜŎƪƻ ǇƻŘ 
ƻǇƛŜƪŊ ǿȅƪǿŀƭƛŦƛƪƻǿŀƴŜƎƻ ƛ ǿǊŀȍƭƛǿŜƎƻ ƴŀǳŎȊȅŎƛŜƭŀ Řǳȍƻ ǎȊȅōŎƛŜƧ ǊƻȊǿƛƧŀ 
w ǎƻōƛŜ Ǉƻǎǘŀǿť ǘǿƽǊŎȊŊΣ ŘƻǏǿƛŀŘŎȊŀ ŜƳƻŎƧƛΣ ƪǘƽǊŜ ƳƻƎŊ ōȅŏ ȋǊƽŘƱŜƳ 
ƎƱťōƻƪƛŎƘ ǇǊȊŜȍȅŏ ŜǎǘŜǘȅŎȊƴȅŎƘΣ ǇƻȊƴŀƧŜ ǎƛŜōƛŜ ƛ Řƻǎƪƻƴŀƭƛ ǎǿƻƧŜ ǳƳƛŜƧťǘƴƻǏŎƛΦ 
²ȅŎƘƻǿŀƴƛŜ ǇǊȊŜȊ ǎȊǘǳƪť ǎǘŀƴƻǿƛ ƛǎǘƻǘť ǿȊōƻƎŀŎŜƴƛŀ ǇǊƻŎŜǎǳ 
wychoǿŀǿŎȊŜƎƻ ƻ ǘŜ ŜƭŜƳŜƴǘȅΣ ƪǘƽǊȅŎƘ ƴƛŜ ŘƻǎǘǊȊŜƎŀ ǘǊŀŘȅŎȅƧƴŀ ǇŜŘŀƎƻƎƛƪŀΦ 
² ǘȅƳ ǇǊȊȅǇŀŘƪǳ ǎȊǘǳƪŀ ǎǘŀƧŜ ǎƛť ǏǊƻŘƪƛŜƳΣ ŀ ƴƛŜ ŎŜƭŜƳ ǿȅŎƘƻǿŀǿŎȊȅƳΦ 
tƻȊǿŀƭŀ ƻƴŀ ǊƻȊǿƛƧŀŏ ǘǿƽǊŎȊŊ ŀƪǘȅǿƴƻǏŏΣ ǿȅȊǿŀƭŀŏ ǎǿƻōƻŘƴŊ ŜƪǎǇǊŜǎƧť 
i ǊƻȊǿƛƧŀŏ Ǉƻǎǘŀǿť ǘǿƽǊŎȊŊΣ ŀ ǿ ƻǎǘŀǘŜŎȊƴƻǏŎƛ ǎǘŀƧŜ ǎƛť ŎŜƭŜƳ ǳƪǎȊǘŀƱǘƻǿŀƴƛŀ 
ǇŜƱƴŜƧΣ ŘƻƧǊȊŀƱŜƧ ƛ ǘǿƽǊŎȊŜƧ ƻǎƻōƻǿƻǏŎƛ ƳƱƻŘŜƎƻ ŎȊƱƻǿƛŜƪŀΦ 

½ŀƱƻȍŜƴƛŀ ǇǊƻƎǊŀƳƻǿŜΣ ŎŜƭŜ ǇǊƻƎǊŀƳǳ ƻǊŀȊ ǳǿŀƎƛ ƻ ƧŜƎƻ ǊŜŀƭƛȊŀŎƧƛ. 
IŀǎƱŜƳ ǇǊȊŜǿƻŘƴƛƳ ǿǎǇƽƱŎȊŜǎƴŜƎƻ ƪǎȊǘŀƱŎŜƴƛŀ ƛ ǿȅŎƘƻǿŀƴƛŀ ǿ ǇƻƭǎƪƛŜƧ ǎȊƪƻƭŜ 
ƻƎƽƭƴƻƪǎȊǘŀƱŎŊŎŜƧ ƧŜǎǘ ǎǘǿŀǊȊŀƴƛŜ ƳƻȍƭƛǿƻǏŎƛ Řƻ ǎǇƻƴǘŀƴƛŎȊƴŜƧΣ ǘǿƽǊŎȊŜƧ ƛ 
ƻŘǘǿƽǊŎȊŜƧ ŜƪǎǇǊŜǎƧƛ ŘȊƛŜŎƪŀΦ ² ǇǊŜȊŜƴǘƻǿŀƴȅƳ ǇǊƻƎǊŀƳƛŜ Muzycznych 
ǿŀǊǎȊǘŀǘƽǿ ǘǿƽǊŎȊȅŎƘ ǎȊŎȊŜƎƽƭƴȅ ƴŀŎƛǎƪ ǇƻƱƻȍƻƴȅ ȊƻǎǘŀƱ na rozwijanie postawy 
ǘǿƽǊŎȊŜƧ ŘȊƛŜŎƛ ǿ ŜŘǳƪŀŎƧƛ ǿŎȊŜǎƴƻǎȊƪƻƭƴŜƧΦ ½ ǳǿŀƎƛ ƴŀ ǘƻΣ ȍŜ ƳǳȊȅƪŀ ǇŜƱƴƛ 
ȊƴŀŎȊŊŎŊ Ǌƻƭť ǿ ȍȅŎƛǳ ŘȊƛŜŎƪŀΣ ƳƻȍŜ ōȅŏ ƻƴŀ ζkluczemη do harmonijnego i 
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ǿǎȊŜŎƘǎǘǊƻƴƴŜƎƻ ǊƻȊǿƻƧǳ ƧŜƎƻ ƻǎƻōƻǿƻǏŎƛΦ wƻȊǿƽƧ ǎȊŎȊťǏƭƛǿŜƎƻ ŘȊƛŜŎƪŀ ƻǇŀǊǘȅ 
ƴŀ ǿǎǇƻƳŀƎŀƴƛǳ ǿǊƻŘȊƻƴŜƎƻ ŘŊȍŜƴƛŀ ǿȅŎƘƻǿŀƴƪŀ Řƻ ǇƻȊƴŀǿŀƴƛŀ Ǐǿƛŀǘŀ 
ǇƻǇǊȊŜȊ ŀƪǘȅǿƴŊ ƛ ǘǿƽǊŎȊŊ ŘȊƛŀƱŀƭƴƻǏŏ ƳǳȊȅŎȊƴŊ ǿ ƻōŜŎƴȅŎƘ ŎȊŀǎŀŎƘ ǎǘŀƧŜ ǎƛť 
ǇǊƛƻǊȅǘŜǘƻǿȅƳ ȊŀŘŀƴƛŜƳ ǎȊƪƽƱΦ wƻōŜǊǘ CƛǎƘŜǊ ǘǿƛŜǊŘȊƛΣ ƛȍ Χ ȍŜōȅ ǇǊȊŜǘǊǿŀŏ 
w ǿŀǊǳƴƪŀŎƘΣ ƧŀƪƛŜ ƴƛŜǎƛŜ ǇǊȊȅǎȊƱƻǏŏΣ ǳŎȊŜƴƛŜ ǎƛť Ƴǳǎƛ ƳƛŜŏ ŎƘŀǊŀƪǘŜǊ ƛƴƴƻǿŀŎȅƧƴȅΦ 
{ƪƻǊƻ ƴŀǎȊŜ ŘȊƛŜŎƛ ƳŀƧŊ ǇǊȊŜǿƛŘȅǿŀŏ ȊŀǿƛǊƻǿŀƴƛŀ ƛ ȊƳƛŀƴȅ ƻǊŀȊ ǊŀŘȊƛŏ ǎƻōƛŜ Ȋ 
ƴƛƳƛ ƴŀ ǇƻȊƛƻƳƛŜ ƧŜŘƴƻǎǘƪƻǿȅƳΣ ŀ ǘŀƪȍŜ ǎǇƻƱŜŎȊƴȅƳΣ ƴƛŜ ǿȅǎǘŀǊŎȊȅ ƛƳ ƴŀǳƪŀΣ Ƨŀƪ 
Řƻǎǘƻǎƻǿŀŏ ǎƛť Řƻ ǇǊȊȅǎȊƱȅŎƘ ǿŀǊǳƴƪƽǿΣ ƳǳǎȊŊ ǳƳƛŜŏ ǿǇƱȅǿŀŏ ƴŀ ƴƛŊΦ {ƪƻǊƻ 
ƧŜŘƴȅƳ Ȋ ȊŀŘŀƵ ŜŘǳƪŀŎƧƛ ƧŜǎǘ ǇǊȊȅƎƻǘƻǿŀƴƛŜ ŘȊƛŜŎƛ Řƻ ȊƳƛŜƴƛŀƧŊŎŜƎƻ ǎƛť ǏǿƛŀǘŀΣ ǘƻ 
ocȊȅǿƛǎǘŊ ƪƻƴƛŜŎȊƴƻǏŎƛŊ ǎǘŀƧŜ ǎƛť ƴŀǳŎȊŀƴƛŜ ƛŎƘ ƳȅǏƭŜƴƛŀ ǘǿƽǊŎȊŜƎƻ [6]. 

Edukacja muzyczna w nauczaniu zintegrowanym, wbrew pozorom, 
ƻŘƎǊȅǿŀ ōŀǊŘȊƻ ǿŀȍƴŊ Ǌƻƭť ƴƛŜ ǘȅƭƪƻ ǿȅŎƘƻǿŀǿŎȊŊΣ ŀƭŜ ǘŜȍ ƻƎƽƭƴƻǊƻȊǿƻƧƻǿŊΦ 
½ ǊŀŎƧƛ ǘŜƎƻΣ ȍŜ ƳǳȊȅƪŀ ƛƴǘŜƎǊǳƧŜ ǊƽȍƴŜ ŦƻǊƳȅ ŘȊƛŀƱŀƭƴƻǏŎƛ ƻǊŀȊ ƪƻǊŜƭǳƧŜ Ȋ 
ǊƽȍƴȅƳƛ ǇǊȊŜŘƳƛƻǘŀƳƛ ς ǇƻǎƛŀŘŀ ƴƛŜƻŎŜƴƛƻƴȅ ǿǇƱȅǿ ƴŀ ǇƻǇǊŀǿť ŘȅǎŎȅǇƭƛƴȅΣ 
ƛƴǘŜƎǊŀŎƧť Ȋ ƎǊǳǇŊΣ ƻŘǇǊťȍŜƴƛŜΣ ŘƻōǊŜ ǎŀƳƻǇƻŎȊǳŎƛŜΣ ŀ ǘŀƪȍŜ ǊŜŘǳƪŎƧť ƴŀǇƛťŎƛŀΦ 
hŘŘȊƛŀƱǳƧŜ ƻƴŀ ǊƽǿƴƛŜȍ ƴŀ ǎŦŜǊť ŜƳƻŎƧƻƴŀƭƴƻ-ǿȅƻōǊŀȍŜƴƛƻǿŊΣ ǿȊōƻƎŀŎŀƧŊŎ 
ǇǊȊŜȍȅŎƛŀΣ ǎǇǊȊȅƧŀ ƪǎȊǘŀƱǘƻǿŀƴƛǳ ǇƻȍŊŘŀƴȅŎƘ Ǉƻǎǘŀǿ ǎǇƻƱŜŎȊƴȅŎƘΣ ǳŎȊȅ ǘŜȍ 
ƻŘǇƻǿƛŜŘȊƛŀƭƴƻǏŎƛ ƻǊŀȊ ǇǊȊŜŎƛǿŘȊƛŀƱŀ ȊŀŎƘƻǿŀƴƛǳ ŀƎǊŜǎȅǿƴȅƳ [7]. {ȊŎȊŜƎƽƭƴƛŜ 
ǿŀȍƴŜ ǎŊ ǘŜ ȊŀƧťŎƛŀ ƳǳȊȅŎȊƴŜΣ ƪǘƽǊŜ ƻǊƎŀƴƛȊƻǿŀƴŜ ǎŊ ǿ ǇƛŜǊǿǎȊȅŎƘ ƪƭŀǎŀŎƘ 
ǎȊƪƻƱȅ ǇƻŘǎǘŀǿƻǿŜƧΦ ¢ƻ najlepszy czas, aby zaŎȊŊŏ ƪǎȊǘŀƱǘƻǿŀŏ ǳ ǿȅŎƘƻǿŀƴƪƽǿ 
ǘǿƽǊŎȊȅ ǎǘƻǎǳƴŜƪ Řƻ ƳǳȊȅƪƛΣ ƪǎȊǘŀƱŎƛŏ ǿǊŀȍƭƛǿƻǏŏ ŜǎǘŜǘȅŎȊƴŊ ƛ ŜƳƻŎƧƻƴŀƭƴŊΣ 
ǊƻȊǿƛƧŀŏ ȊŀƛƴǘŜǊŜǎƻǿŀƴƛŜ ƳǳȊȅƪŊ ǊƽȍƴȅŎƘ ƎŀǘǳƴƪƽǿΣ ƪǎȊǘŀƱŎƛŏ ǳƳƛŜƧťǘƴƻǏŎƛ ǿ 
ȊŀƪǊŜǎƛŜ ǏǇƛŜǿǳΣ ŎȊȅǘŀƴƛŀ ƴǳǘΣ ǿȅǎǘǳƪƛǿŀƴƛŀ ǊȅǘƳƽǿ ƛ ƎǊȅ ƴŀ instrumentach, 
ƴŀǳŎȊȅŏ ǎŀƳƻŘȊƛŜƭƴŜƎƻ ǊƻȊǿƛŊȊȅǿŀƴƛŀ ǇǊƻōƭŜƳƽǿ ƳǳȊȅŎȊƴȅŎƘΦ 9ŦŜƪǘȅ 
ŀƪǘȅǿƴȅŎƘ ŘȊƛŀƱŀƵ ƳǳȊȅŎȊƴȅŎƘ ȊŀǳǿŀȍŀƭƴŜ ōťŘŊ ƴŀ Ǉƻƭǳ ƪŀȍŘŜƧ ƛƴƴŜƧ ŜŘǳƪŀŎƧƛ 
ŘȊƛŜŎƪŀΦ 5ȊƛŜŎƪƻ ōŀǿƛŊŎŜ ǎƛť ƳǳȊȅƪŊΣ ŀ ǇƻǘŜƳ ǳŎȊŊŎŜ ǎƛť ƧŜƧΣ ǇƻǎȊŜǊȊŀ ǎǿƻƧŜ 
ƳƻȍƭƛǿƻǏŎƛ ǳƳȅǎƱƻǿŜΣ ǊƻȊǿƛƧŀ ǇŀƳƛťŏΣ ǳǿŀƎť ƛ ǿȅƻōǊŀȋƴƛťΣ ƻǊƛŜƴǘŀŎƧť ǿ 
stosunkach czasowo-ǇǊȊŜǎǘǊȊŜƴƴȅŎƘ όǎȊŎȊŜƎƽƭƴƛŜ ǿǘŜŘȅΣ ƎŘȅ ȊŀƧťŎƛŀ ƳǳȊȅŎȊƴŜ 
ǎŊ ōƻƎŀǘŜ ǿ ŏǿƛŎȊŜƴƛŀ ǊȅǘƳƛŎȊƴŜ ƛ ǊǳŎƘƻǿŜύΣ ƳǳȊȅƪŀ ǿǇƱȅǿŀ ƴŀ ƪƻƻǊŘȅƴŀŎƧť 
wzrokowo-ruchoǿŊ ƻǊŀȊ ƻǊƛŜƴǘŀŎƧť ǇǊȊŜǎǘǊȊŜƴƴŊ [8]. wŜŀƭƛȊǳƧŊŎ ǇǊƻƎǊŀƳ 
edukacji ƳǳȊȅŎȊƴŜƧ ǿȅŎƘƻǿŀƴŜƪ ŏǿƛŎȊȅ ǿƛŜƭŜ ǳƳƛŜƧťǘƴƻǏŎƛΣ ƪǘƽǊŜ ǿǎǇƻƳŀƎŀƧŊ 
ǊƻȊǿƽƧ ƧŜƎƻ Ƴƻǿȅ ƻǊŀȊ ƳƻǘƻǊȅƪƛ ƳŀƱŜƧ ƛ ŘǳȍŜƧΦ wǳŎƘ ŎŀƱŜƎƻ ŎƛŀƱŀ 
ȊŘȅǎŎȅǇƭƛƴƻǿŀƴȅ ƳǳȊȅƪŊ ǎƪǳǘƪǳƧŜ ŀƪŎŜƭŜǊŀŎƧŊ ƻƎƽƭƴŜƎƻ ǊƻȊǿƻƧǳ ŦƛȊȅŎȊƴŜƎƻ [9]. 

½ŀƧťŎƛŀ ƳǳȊȅŎȊƴŜΣ ƧŀƪƛŜ ƻǊƎŀƴƛȊƻǿŀƴŜ ǎŊ ǿ ǊŀƳŀŎƘ ȊŀƧťŏ ƻōƻǿƛŊȊƪƻǿȅŎƘ 
ǿ ǎȊƪƻƭŜΣ ǇǊȊȅōƛŜǊŀƧŊ ǎǇŜŎȅŦƛŎȊƴȅ ŎƘŀǊŀƪǘŜǊΦ hǇƛŜǊŀƧŊ ǎƛť ǇǊȊŜŘŜ ǿǎȊȅǎǘƪƛƳ ƴŀ 
ǊƻȊǿƛƧŀƴƛǳ ǿȅƻōǊŀȋƴƛ ƛ ǘǿƽǊŎȊƻǏŎƛ ŘȊƛŜŎƛťŎŜƧ ǇƻǇǊȊŜȊΥ ǿȅƪƻƴȅǿŀƴƛŜ ǇƛƻǎŜƴŜƪΣ 
ƴŀǳƪť ƎǊȅ ƴŀ ǇǊƻǎǘȅŎƘ ƛƴǎǘǊǳƳŜƴǘŀŎƘ ƳǳȊȅŎȊƴȅŎƘΣ ǘŀƴƛŜŎ ƻǊŀȊ ƛƳǇǊƻǿƛȊŀŎƧťΦ ¢ƻ 
ǿƱŀǏƴƛŜ ǇƻŘŎȊŀǎ ǘȅŎƘ ŎȊȅƴƴƻǏŎƛ ǘǿƽǊŎȊƻǏŏ ƛ ƪǊŜŀǘȅǿƴƻǏŏ ŘȊƛŜŎƛťŎŀ ƳƻȍŜ ōȅŏ 
ƴŀƧōŀǊŘȊƛŜƧ ŜƪǎǇƻƴƻǿŀƴŀΦ ² ǘǊŀƪŎƛŜ ǊŜŀƭƛȊŀŎƧƛ ǘŜƎƻ ǊƻŘȊŀƧǳ ȊŀƧťŏ ƳƻȍƭƛǿŜ ƧŜǎǘ 
ƛŎƘ ǳŀǘǊŀƪŎȅƧƴƛŜƴƛŜ ƴŀ ǇǊȊŜǊƽȍƴŜ ǎǇƻǎƻōȅ ƴǇΦΥ ƴŀǳŎȊȅŎƛŜƭ Ȋ ǳŎȊƴƛŀƳƛ ǘǿƻǊȊȅ 
ǘŜŀǘǊΣ ȊŜǎǇƽƱ ƳǳȊȅŎȊƴȅ όǿƻƪŀƭƴƻ-instrumentalno-ǘŀƴŜŎȊƴȅύΣ ŎȊȅ ǘŜȍ ƻǊƎŀƴƛȊǳƧŜ 
ǿŀǊǎȊǘŀǘȅ ǘǿƽǊŎȊŜΣ ƴŀ ƪǘƽǊȅŎƘ ƪŀȍŘȅ Ȋ ŎȊƱƻƴƪƽǿ ōťŘȊƛŜ ƳƛŀƱ ƳƻȍƭƛǿƻǏŏ 
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ǊƻȊǿƛƧŀƴƛŀ ǎǿƻƛŎƘ ǿƱŀǎƴȅŎƘ ȊŀƛƴǘŜǊŜǎƻǿŀƵ ǿ ǇƻŎȊǳŎƛǳ ōŜȊǇƛŜŎȊŜƵǎǘǿŀΣ 
ŀƪŎŜǇǘŀŎƧƛ ƛ ǿƛŀǊȅ ǿ ǎǿƻƧŜ ƳƻȍƭƛǿƻǏŎƛΦ YŀȍŘŜ ŘȊƛŜŎƪƻ ƴŀ ǎǿƽƧ ǎǇƻǎƽō ƧŜǎǘ 
uzdƻƭƴƛƻƴŜΣ ŀ ǊƻƭŊ ƴŀǳŎȊȅŎƛŜƭŀ ōťŘȊƛŜ ƻŘƪǊȅŎƛŜ ǘȅŎƘ ǘŀƭŜƴǘƽǿΦ ² ǘǊƻǎŎŜ ƻ ǘƻΣ 
ŀōȅ ŘȊƛŜŎƛ ƻŘŎȊǳǿŀƱȅ ǎŀǘȅǎŦŀƪŎƧť Ȋ ŘȊƛŀƱŀƭƴƻǏŎƛ ǘǿƽǊŎȊŜƧ ƴŀƭŜȍȅ ǎǘǿŀǊȊŀŏ 
im ǿŀǊǳƴƪƛ Řƻ ǇǊŜȊŜƴǘƻǿŀƴƛŀ ǎǿƻƛŎƘ ƻǎƛŊƎƴƛťŏ ǿ ǊƽȍƴȅŎƘ ŘȊƛŜŘȊƛƴŀŎƘΣ ǘƧΦΥ 
muzycznej, wokalnej, recytatorskiej, tanecznej, sportowej lub konstrukcyjnej. 

Edukacja szkolna, w pierwszym okresie nauczania, powinna w jak 
ƴŀƧǿƛťƪǎȊȅƳ ǎǘƻǇƴƛǳ ƛƴƎŜǊƻǿŀŏ ǿ ǇƻǎȊŎȊŜƎƽƭƴŜ ŘȊƛŜŘȊƛƴȅ ǿƛŜŘȊȅΣ ōȅ ǳƪŀȊŀŏ 
ŘȊƛŜŎƪǳ ǎŎŀƭƻƴȅ ƻōǊŀȊ ǏǿƛŀǘŀΦ ½ƛƴǘŜƎǊƻǿŀƴŀ ŜŘǳƪŀŎƧŀ ǎǇǊȊȅƧŀŏ Ǉƻǿƛƴƴŀ 
wszechstrƻƴƴŜƳǳ ǊƻȊǿƻƧƻǿƛ ƻǎƻōƻǿƻǏŎƛ ŘȊƛŜŎƪŀΣ ƪǎȊǘŀƱǘƻǿŀŏ ƧŜƎƻ ƛƴǘŜƭŜƪǘΣ 
ǿǊŀȍƭƛǿƻǏŏΣ ǿȅƻōǊŀȋƴƛť ƛ ǘǿƽǊŎȊŊ ǇƻǎǘŀǿťΦ wƻȊǿƛƧŀƴƛŜ Ǉƻǎǘŀǿ ǘǿƽǊŎȊȅŎƘ ǿ ŘǳȍŜƧ 
ƳƛŜǊȊŜ ȊŀƭŜȍŜŏ ōťŘȊƛŜ ƻŘ ŘȊƛŀƱŀƵ ƴŀǳŎȊȅŎƛŜƭŀΣ ƪǘƽǊȅ ƳƻȍŜ ǇƻōǳŘȊŀŏ ŘȊƛŜŎƪƻ Řƻ 
ǘǿƽǊŎȊŜƎƻ ƳȅǏƭŜƴƛŀ ǇƻǇǊȊŜȊ ǎǘŀǿƛŀƴƛŜ Ƴǳ ǇǊƻōƭŜƳƽǿ ŘȅǿŜǊƎŜƴŎȅƧƴȅŎƘΣ ŀ ǘŀƪȍŜ 
ǇƻǇǊȊŜȊ ŘƻǎǘŀǊŎȊŀƴƛŜ ƻƪŀȊƧƛ Řƻ ǘǿƽǊŎȊŜƧ ŜƪǎǇǊŜǎƧƛΣ Ŏƻ ǎȊŎȊŜƎƽƭƴƛŜ ƛǎǘƻǘƴŜ ƧŜǎǘ 
ǇƻŘŎȊŀǎ ȊŀƧťŏ ƳǳȊȅŎȊƴȅŎƘΣ ǿ ǘǊŀƪŎƛŜ ƪǘƽǊȅŎƘ ƳƻȍŜ ŜƪǎǇŜǊȅƳŜƴǘƻǿŀŏ ƛ ǇǊƽōƻǿŀŏ 
ŎȊŜƎƻǏ ƴƻǿŜƎƻΣ ƻǊȅƎƛƴŀƭƴŜƎƻΣ ƴƛŜƻƎǊŀƴƛŎȊƻƴŜƎƻ ǎŎƘŜƳŀǘŀƳƛΦ ½ŘŀƴƛŜƳ ²ƛŜǎƱŀǿȅ 
{ŀŎƘŜǊ ŎƘƻŘȊƛ ƻ ǘƻΣ ȍŜōȅ Χ ǇǊƻŎŜǎ ƻǇŀƴƻǿȅǿŀƴƛŀ ǊŜǇŜǊǘǳŀǊǳ ŏǿƛŎȊŜƵΣ ȊŀōŀǿΣ 
ǇƛƻǎŜƴŜƪΣ ǳǘǿƻǊƽǿ ƛ ǘŀƵŎƽǿ ƴƛŜ ōȅƱ ǎƪƛŜǊƻǿŀƴȅ ǘȅƭƪƻ ƴŀ ƻǎƛŊƎŀƴƛŜ Ƨŀƪ ƴŀƧǿȅȍǎȊŜƎƻ 
ǇƻȊƛƻƳǳ ǿȅƪƻƴŀǿŎȊŜƎƻΣ ƎŘȅȍ ǘȅƭƪƻ ŀƪǘȅǿƴŜ ǳŎȊŜǎǘƴƛŎǘǿƻ ǿ ǘȅƳ ǇǊƻŎŜǎƛŜ ƻǊŀȊ 
ƳƻȍƭƛǿƻǏŏ ƧŜƎƻ ǘǿƽǊŎȊŜƎƻ ǇǊȊŜƪǎȊǘŀƱŎŀƴƛŀ ǇǊȊŜȊ ƴŀǳŎȊȅŎƛŜƭŀ ƛ ǳŎȊƴƛƽǿ ƳƻȍŜ ōȅŏ 
ŎŜƭŜƳ ǎŀƳȅƳ ǿ ǎƻōƛŜ ǘŜƎƻ ǘȅǇǳ ŘȊƛŀƱŀƵΦ ²ƱŀǏƴƛŜ ǿ ǘƻƪǳ ŎŀƱŜƎƻ ǇǊƻŎŜǎǳ 
artystyczno-ǇŜŘŀƎƻƎƛŎȊƴŜƎƻ ǊƻȊǿƻƧƻǿƛ ǇƻŘƭŜƎŀŏ ōťŘȊƛŜ ǎŦŜǊŀ ǇƻȊƴŀǿŎȊŀΣ 
intelektualna i emocjonalna, a ǘŀƪȍŜ ŘƻƪƻƴǳƧŊ ǎƛť ȊƳƛŀƴȅ ƻǎƻōƻǿƻǏŎƛƻǿŜ 
i ǎƻŎƧŀƭƛȊǳƧŊŎŜ ǳ ŘȊƛŜŎƛΣ ƛ ǘƻ ōŜȊ ǿȊƎƭťŘǳ ƴŀ ǘƻΣ ŎȊȅ ŜŦŜƪǘ ǇǊŀŎȅ ƴŀŘ ƳŀǘŜǊƛŀƱŜƳ 
ƳǳȊȅŎȊƴȅƳ ōȅƱ ōŀǊŘȊƻ ŘƻōǊȅ ŎȊȅ ǘȅƭƪƻ ǇǊȊŜŎƛťǘƴȅ [10]. ²ǎǇƽƱŎȊŜǎƴŜ ƴŀǳŎȊŀƴƛŜ 
Ǉƻǿƛƴƴƻ ƪǎȊǘŀƱǘƻǿŀŏ ƛ ǿȅŎƘƻǿȅǿŀŏ ƭǳŘȊƛ ǘǿƽǊŎȊȅŎƘΣ ǇǊȊȅƎƻǘƻǿŀƴȅŎƘ Řƻ ȍȅŎƛŀΣ 
ƪǘƽǊŜ ƴƛŜǎƛŜ ȊŜ ǎƻōŊ ǿƛŜƭŜ ƴƛŜǿƛŀŘƻƳȅŎƘΦ 5ƭŀǘŜƎƻΣ Ƨǳȍ ǿ ǎȊƪƻƭŜ ǇƻŘǎǘŀǿƻǿŜƧΣ 
ƴŀƭŜȍȅ ǇǊȊȅȊǿȅŎȊŀƧŀŏ ǳŎȊƴƛƽǿ Řƻ ƻŘǿŀȍƴŜƎƻ ǇƻŘŜƧƳƻǿŀƴƛŀ ǘŜƳŀǘƽǿΣ 
Ƴƻǘȅǿƻǿŀŏ Řƻ ŘȊƛŀƱŀƴƛŀ ǊƻȊǿƛƧŀƧŊŎ ǿ ƴƛŎƘ ǘǿƽǊŎȊŊ ǇƻǎǘŀǿťΦ   

Celem programu aǳȊȅŎȊƴȅŎƘ ǿŀǊǎȊǘŀǘƽǿ ǘǿƽǊŎȊȅŎƘ ōȅƱƻ ǿǇǊƻǿŀŘȊŜƴƛe 
innowacyjnych metod nauczania dzieci na poziomie edukacji wczesnoszkolnej. 
¢ǿƽǊŎȊŀ Ȋŀōŀǿŀ ŘȊƛŜŎƪŀΣ ǿ ƴƛƴƛŜƧǎȊŜƧ ƪƻƴŎŜǇŎƧƛΣ ǎǘŀƱŀ ǎƛť ƛƳǇǳƭǎŜƳ 
ƳƻǘȅǿǳƧŊŎȅƳ Řƻ ŘȊƛŀƱŀƴƛŀ ƛ ǇǊȊŜȍȅǿŀƴƛŀΣ ǇǊȊŜȊ Ŏƻ ƳƻƎƱŀ ǿȅǿƛŜǊŀŏ ƪƻǊȊȅǎǘƴȅ 
ǿǇƱȅǿ ƴŀ ƪǎȊǘŀƱǘƻǿŀƴƛŜ ǎƛť ƻǎƻōƻǿƻǏŎƛ dziecka. Zaproponowany program 
ǳƧƳǳƧŜ ƴŀƧǿŀȍƴƛŜƧǎȊŜ ȊŀŘŀƴƛŀ ƪǎȊǘŀƱŎŜƴƛŀ ƳǳȊȅŎȊƴŜƎƻ ŘȊƛŜŎƛ ǿ edukacji na 
ǇƛŜǊǿǎȊȅƳ ǇƻȊƛƻƳƛŜ ƴŀǳŎȊŀƴƛŀΦ /ŜƭŜƳ ƎƱƽǿƴȅƳ ƻǇƛǎŀƴŜƎƻ ǇǊƻƧŜƪǘǳ ōȅƱƻ 
ƪǎȊǘŀƱǘƻǿŀƴƛŜ Ǉƻǎǘŀǿ ǘǿƽǊŎȊȅŎƘ ŘȊƛŜŎƛ Ȋ ǳǿȊƎƭťŘƴƛŜƴƛŜƳ ŀƪǘȅǿƴȅŎƘΣ ǿ ŦƻǊƳƛŜ 
ǿŀǊǎȊǘŀǘƽw, metod nauczania muzyki. Zadaniem nauczyciela klas I-III jest 
ǇǊȊŜŎƛǿŘȊƛŀƱŀƴƛŜ ǊƽȍƴƻǊƻŘƴȅƳ ǘǊǳŘƴƻǏŎƛƻƳ ŘȊƛŜŎƛ ǿ ŜŘǳƪŀŎƧƛ ǿŎȊŜǎƴƻǎȊƪƻƭƴŜƧΦ 
tƻǿƛƴƛŜƴ ƻƴΣ ȊŀǘŜƳ ŀƪŎŜƴǘƻǿŀŏ ƴŀǿŜǘ ƴŀƧŘǊƻōƴƛŜƧǎȊŜ ǎǳƪŎŜǎȅ ƛ ƻǎƛŊƎƴƛťŎƛŀ 
ǳŎȊƴƛƽǿ ǇƻǇǊȊŜȊ ȊŀŎƘťǘť ƛ ǇƻŎƘǿŀƱťΣ ƛƴǎǇƛǊƻǿŀŏ ƛŎƘ Řƻ ǿȅǎƛƱƪǳΦ {ǇŜŎȅŦƛƪŀ 
ǘǿƽǊŎȊȅŎƘ ǿŀǊǎȊǘŀǘƽǿ ƳǳȊȅŎȊƴȅŎƘ ǎǇǊȊȅƧŀ ǊƻȊǿƛƧŀƴƛǳ ǘǿƽǊŎȊŜƧ ƻǎƻōƻǿƻǏŎƛ 
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ŘȊƛŜŎƪŀΦ bŀǳŎȊȅŎƛŜƭ ǿ ǘȅƳ ǇǊȊȅǇŀŘƪǳ ǇƻǿƛƴƛŜƴ ǘŀƪ ǇǊƻǿŀŘȊƛŏ ƭŜƪŎƧŜΣ ŀōȅ 
ȊŀǇŜǿƴƛŏ ǳŎȊƴƛƻƳ ǎŀǘȅǎŦŀƪŎƧť Ȋ ǎŀƳŜƎƻ ǇǊƻŎŜǎǳ ǘǿƽǊŎȊŜƎƻΦ ¢ŜƳŀǘȅƪť ƛ ȊŀŘŀƴƛŀ 
ǘǿƽǊŎȊŜ Ǉƻǿƛƴƴȅ ōȅŏ ȊŀǘŜƳ ǘŀƪ ǳǎǘŀǿƛƻƴŜ ǿ czasie, aby uczniowie mieli 
ƳƻȍƭƛǿƻǏŏ ǎŀƳƻŘȊƛŜƭƴŜƎƻ ŘƻŎƘƻŘȊŜƴƛŀ Řƻ ǊƻȊǿƛŊȊŀƵ ǘǿƽǊŎȊȅŎƘΦ ½ŀƧťŎƛŀ ǘŀƪƛŜ 
ƴŀ ǇŜǿƴƻ ǿȊōǳŘȊŊ ȊŀŎƛŜƪŀǿƛŜƴƛŜ ƛ ȊŀƛƴǘŜǊŜǎƻǿŀƴƛŜ ŘȊƛŜŎƛΣ ŎƘƻŎƛŀȍōȅ ǇƻǇǊȊŜȊ 
ȊŀǇŜǿƴƛŜƴƛŜ ƛƳ ŘǳȍŜƧ ƛƭƻǏŎƛ ǊǳŎƘǳΣ ŀǘƳƻǎŦŜǊȅ ǊŀŘƻǏŎƛΣ ǎǿƻōƻŘȅ ƛ ŜƪǎǇǊŜǎƧƛ 
ǘǿƽǊŎȊŜƧΦ 5ƻōƽǊ ǊŜǇŜǊǘǳŀǊǳ ǇƻǿƛƴƛŜƴ ōȅŏ Řƻǎǘƻǎƻǿŀƴȅ Řƻ ƳƻȍƭƛǿƻǏŎƛ 
percepcyjnych i wykonawczych podopiecznych.  

½ŀǎŀŘȅ ǊƻȊǿƛƧŀƴƛŀ ǘǿƽǊŎȊŜƧ Ǉƻǎǘŀǿȅ ǳŎȊƴƛƽǿ ς ŎȊȅƴƴƛƪƛ ǎǘȅƳǳƭǳƧŊŎŜ. 
¢ǿƽǊŎȊŀ ŀƪǘȅǿƴƻǏŏ ŘȊƛŜŎƛ ƧŜǎǘ ǿȅƧŊǘƪƻǿƻ ǿŀȍƴŀΦ 5ȊƛŜŎƛ ŘƻǊŀǎǘŀƧŊ ǿ ƻǘǿŀǊǘȅƳ 
i ŘȅƴŀƳƛŎȊƴȅƳ ǏǊƻŘƻǿƛǎƪǳΣ Ŏƻ ǎǘŀǿƛŀ ǇǊȊŜŘ ƴƛƳƛ ƴƻǿŜ ǿȅȊǿŀƴƛŀΦ tƛŜǊǿǎȊŜ ƭŀǘŀ 
ƪǎȊǘŀƱŎŜƴƛŀ ōťŘŊ ŘŜŎȅŘƻǿŀƱȅ ƴƛŜ ǘȅƭƪƻ ƻ ǇǊȊŜōƛŜƎǳ ƛŎƘ ŘŀƭǎȊŜƧ ƪŀǊƛŜǊȅ ǎȊƪƻƭƴŜƧΣ ŀƭŜ ƛ 
ƻ ǇƽȋƴƛŜƧǎȊȅƳ ŦǳƴƪŎƧƻƴƻǿŀƴƛǳ ǿ ǎǇƻƱŜŎȊŜƵǎǘǿƛŜΦ WŜǎǘŜǏƳȅ Ƨǳȍ ǘŜǊŀȊ 
odǇƻǿƛŜŘȊƛŀƭƴƛ Ȋŀ ǇǊȊȅǎȊƱƻǏŏ ƴŀǎȊȅŎƘ ǿȅŎƘƻǿŀƴƪƽǿΣ ŘƭŀǘŜƎƻ ǿŀǊǘƻ ǇƻǏǿƛťŎŀŏ ǿ 
ǎȊƪƻƭŜ ŎȊŀǎ ƴŀ ƪǎȊǘŀƱŎŜƴƛŜ ǘǿƽǊŎȊŜƧ ƻǎƻōƻǿƻǏŎƛΦ !ǘƳƻǎŦŜǊŀ ǘǿƽǊŎȊŜƎƻ 
ǿȅŎƘƻǿŀƴƛŀ ǘƻ ǘŀƪŀΣ ǿ ƪǘƽǊŜƧ ǎǘƻǎǳƧŜ ǎƛť ƛƴƴƻǿŀŎȅƧƴŜ ƳŜǘƻŘȅ ǇŜŘŀƎƻƎƛŎȊƴŜ ŎȊȅƭƛ 
ǘŀƪƛŜΣ ƪǘƽǊŜ ǿȊōǳŘȊŀƧŊΣ ǊƻȊǿƛƧŀƧŊ ƛ ǳǘǊǿŀƭŀƧŊ Ǉƻǎǘŀǿť ǘǿƽǊŎȊŊ ǿȅŎƘƻǿŀƴƪƽǿΦ 
½ŀǎŀŘȅ ǇƻōǳŘȊŀƴƛŀ ƛ ƴŀǳŎȊŀƴƛŀ ǘǿƽǊŎȊƻǏŎƛΣ ƪǘƽǊȅŎƘ ŎŜƭŜƳ ƧŜǎǘ ȊŀǇƻōƛŜƎŀƴƛŜ 
ƻƎǊŀƴƛŎȊŀƴƛǳ ǇǊȊŜȊ ǿȅŎƘƻǿŀǿŎƽǿ ƴŀǘǳǊŀƭƴȅŎƘ ŘȅǎǇƻȊȅŎƧƛ ǘǿƽǊŎȊȅŎƘ ǳŎȊƴƛƽǿΣ 
podaje Ellis Paul Torrance [11]. ²ŜŘƱǳƎ ǘŜƎƻ ŀǳǘƻǊŀ ƴŀƭŜȍȅ ŎŜƴƛŏ ƳȅǏƭŜƴƛŜ ǘǿƽǊŎȊŜ 
ǳŎȊƴƛƽǿΣ ȊŀŎƘťŎŀŏ Řƻ ȊŀŘŀǿŀƴƛŀ ǇȅǘŀƵΣ ŜƪǎǇŜǊȅƳŜƴǘƻǿŀƴƛŀ ƛ manipulowania 
ǊȊŜŎȊŀƳƛ ƛ ƛŘŜŀƳƛΣ ǊƻȊǿƛƧŀŏ ǿ ƪƭŀǎƛŜ ǘǿƽǊŎȊŊ ŀǘƳƻǎŦŜǊťΣ ǳŎȊȅŏ ŘȊƛŜŎƛ ŎŜƴƛŏ ǿƱŀǎƴŜ 
ǇƻƳȅǎƱȅΣ ŀ ǘŀƪȍŜ ǎǘǿŀǊȊŀŏ ǎȅǘǳŀŎƧŜ ǿȅƳŀƎŀƧŊŎŜ ǘǿƽǊŎȊŜƎƻ ƳȅǏƭŜƴƛŀΦ 
Zaprezentowane zasady sŊ ƴƛŜȊǿȅƪƭŜ ŎŜƴƴŜ Řƭŀ ǿȅŎƘƻǿŀƴƪƽǿΦ aƻǘȅǿǳƧŊ ƛ 
ȊŀŎƘťŎŀƧŊ Řƻ ŘȊƛŀƱŀƴƛŀΣ ōǳŘȊŊ ƛ ǿȊƳŀŎƴƛŀƧŊ ȊŀŀƴƎŀȍƻǿŀƴƛŜ ǳŎȊƴƛƽǿ ǿ ǎŀƳ ǇǊƻŎŜǎ 
ǘǿƻǊȊŜƴƛŀΦ bƛŜ ƻƎǊŀƴƛŎȊŀƧŊ ǎƛť Řƻ ƧŜŘƴƻƪƛŜǊǳƴƪƻǿŜƎƻ ƳȅǏƭŜƴƛŀ ƴŀǊȊǳŎŀƴŜƎƻ ǇǊȊŜȊ 
ƴŀǳŎȊȅŎƛŜƭŀΣ ƭŜŎȊ ǇƻȊǿŀƭŀƧŊ ƴŀ ǎŀƳƻŘȊƛŜƭƴŜ ǇƻǎȊǳƪƛǿŀƴie, analizowanie 
i ǿƴƛƻǎƪƻǿŀƴƛŜΣ ƧŜŘƴƻŎȊŜǏƴƛŜ ǎǘŀƧŊŎ ǎƛť ȋǊƽŘƱŜƳ ǊŀŘƻǏŎƛΣ ȊŀŘƻǿƻƭŜƴƛŀ ƛ ǎŀǘȅǎŦŀƪŎƧƛ 
z ǇƻŘŜƧƳƻǿŀƴŜƎƻ ǿȅǎƛƱƪǳΦ 

/ȊȅƴƴƛƪƛΣ ƪǘƽǊŜ ƳŀƧŊ ǇƻȊȅǘȅǿƴȅ ǿǇƱȅǿ ƴŀ ŀƪǘȅǿƴƻǏŏ ǘǿƽǊŎȊŊ ƧŜŘƴƻǎǘƪƛ 
ƻƪǊŜǏƭŀ ǎƛť ƳƛŀƴŜƳ ǎǘȅƳǳƭŀǘƻǊƽǿΦ {ǘȅƳǳƭƻǿŀŏΣ ǘƻ ƛƴŀŎȊŜƧ ǇƻōǳŘȊŀŏ ƻǊƎŀƴƛȊƳ 
Řƻ ŘȊƛŀƱŀƴƛŀ ς Řƻ ǿȊƳƻȍƻƴŜƧ ŀƪǘȅǿƴƻǏŎƛΦ ώ12ϐ ² ǊŀƳŀŎƘ ǘǿƽǊŎȊȅŎƘ ǿŀǊǎȊǘŀǘƽǿ 
ƳǳȊȅŎȊƴȅŎƘ ǎǘȅƳǳƭŀǘƻǊŀƳƛ ƳƻƎŊ ōȅŏ ƴŀǎǘťǇǳƧŊŎŜ ȊŜǿƴťǘǊȊƴŜ ŎȊȅƴƴƛƪƛ 
ǿǇƱȅǿŀƧŊŎŜ ƴŀ ǘǿƽǊŎȊƻǏŏ ŘȊƛŜŎƪŀΣ ǘƧΦΥ stwarzanie sytuacji problemowej do 
ǎŀƳƻŘȊƛŜƭƴŜƎƻ ŘƻǏǿƛŀŘŎȊŀƴƛŀ-muzykowania, docenianie spontanicznej, 
ǎǿƻōƻŘƴŜƧ ŀƪǘȅǿƴƻǏŎƛ ǿƱŀǎƴŜƧ ŘȊƛŜŎƪŀΣ ƴŀƎǊŀŘȊŀƴƛŜ ƴƛŜǘȅǇƻǿȅŎƘ ǊƻȊǿƛŊȊŀƵ 
όƻŎŜƴŀ ǎƱƻǿƴŀΣ ǇƻŎƘǿŀƱŀύΣ pozytywne omawianie wszystkich prac, 
ǳǊƻȊƳŀƛŎŀƴƛŜ ȊŀŘŀƵ ƳǳȊȅŎȊƴȅŎƘ ǇƻǇǊȊŜȊΥ ƛƳǇǊƻǿƛȊŀŎƧŜ ǊǳŎƘƻǿŜΣ 
instrumentalne, wokalne, motywowanie do ǿƱŀǎƴȅŎƘ ǇƻǎȊǳƪƛǿŀƵ ƛ ǊƻȊǿƛŊȊŀƵΣ 
ŀǊŀƴȍƻǿŀƴƛŜ ǿƱŀǎƴȅŎƘ ǳǘǿƻǊƽǿΣ ǊŜŀƭƛȊƻǿŀƴƛŜ ǇƻƳȅǎƱƽǿ ǳŎȊƴƛƽǿΣ ǳƴƛƪŀƴƛŜ 
ǎŎƘŜƳŀǘȅŎȊƴŜƎƻ ǇǊƻǿŀŘȊŜƴƛŀ ȊŀƧťŏΦ 
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W klasach I-LLL ƴŀ ƭŜƪŎƧŀŎƘ ƳǳȊȅƪƛ ƻǊŀȊ ȊŀƧťŎƛŀŎƘ ȊƛƴǘŜƎǊƻǿŀƴȅŎƘ ƪƱŀŘȊƛŜ 
ǎƛť ǎȊŎȊŜƎƽƭƴȅ ƴŀŎƛǎƪ ƴŀ ƪǎȊǘŀƱǘƻǿŀƴƛŜ Ǉƻǎǘŀǿȅ ǘǿƽǊŎȊŜƧ ƳŜǘƻŘŀƳƛ 
ŀƪǘȅǿƛȊǳƧŊŎȅƳƛ ŎȊȅƭƛ ǇƻǇǊȊŜȊΥ ŀƪǘȅǿƴƻǏŏ ƳǳȊȅŎȊƴŊΣ ǿƻƪŀƭƴŊΣ ƛƴǎǘǊǳƳŜƴǘŀƭƴŊΣ 
ǊǳŎƘƻǿŊ ƛ ǇƭŀǎǘȅŎȊƴŊ ǿȅǊŀȍŀƴŊ ǿ ŦƻǊƳƛŜ ǎŀƳƻŘȊƛŜƭƴȅŎƘ ƛ ƛƴǘŜƎǊǳƧŊŎȅŎƘ ǎƛť 
ŘȊƛŀƱŀƵΦ ²ǏǊƽŘ ƴƛŎƘ Ƴƻȍƴŀ ǿȅǊƽȍƴƛŏ ƴŀǎǘťǇǳƧŊŎŜ ȊŀŘŀƴƛŀΥ 

a) wokalne ς ƴŀƭŜȍŊ Řƻ ƴƛŎƘ Ȋŀōŀǿȅ ƴŀǏƭŀŘƻǿŎȊŜ ȊŜ ǏǇƛŜǿŜƳΣ ƛƳǇǊƻǿƛȊŀŎƧŜ 
ǿƻƪŀƭƴŜΣ ǘǿƻǊȊŜƴƛŜ ǘŜƪǎǘǳ Řƻ ǇƻŘŀƴŜƎƻ ǊȅǘƳǳΣ ƻǇƻǿƛŀŘŀƴƛŜ ǏǇƛŜǿŜƳ ǿȅŘŀǊȊŜƵ 
dnia codziennego, rytmiczne Ǉȅǘŀƴƛŀ ƛ ƻŘǇƻǿƛŜŘȊƛΣ ǳƪƱŀŘŀƴƛŜ ƳŜƭƻŘƛƛ Řƻ 
ǿƛŜǊǎȊȅƪƽǿΣ ǘŜƪǎǘƽǿ ƭƛǘŜǊŀŎƪƛŎƘΣ ǏǇƛŜǿƴŜ ƻǇƻǿƛŜǏŎƛ Řƻ ǘǊŜǏŎƛ ƻōǊŀȊƪƽǿΤ 

b) instrumentalne ς ƻōŜƧƳǳƧŊŎŜ ƎǊť ƴŀ ƛƴǎǘǊǳƳŜƴǘŀŎƘ ǎȊƪƻƭƴȅŎƘΣ 
ƛƳǇǊƻǿƛȊŀŎƧŜ ƛƴǎǘǊǳƳŜƴǘŀƭƴŜΣ όǊȅǘƳƛŎȊƴŜΣ ƳŜƭƻŘȅŎȊƴŜύΣ ŏǿƛŎȊŜƴƛŀ ǊȅǘƳƛŎȊƴŜ Řƻ 
wyliczanek, tworzenie prostych form muzycznych (typu: AB, ABA, wariacje, 
ǊƻƴŘƻύΣ ȊŀƎŀŘƪƛ ŘȋǿƛťƪƻǿŜƧΣ ǳƪƱŀŘŀnie akompaniamentu do piosenki, 
ǘǿƻǊȊŜƴƛŜ ƛƭǳǎǘǊŀŎƧƛ ƳǳȊȅŎȊƴŜƧ Řƻ ǿƛŜǊǎȊȅΣ ƻǇƻǿƛŀŘŀƵΣ ŦǊŀƎƳŜƴǘƽǿ ǇǊƻȊȅΣ 
ǎȊƪƛŎƽǿ ƭǳō ŘȊƛŜƱ ǇƭŀǎǘȅŎȊƴȅŎƘΤ 

c) ruchowe ς ǳƪƛŜǊǳƴƪƻǿŀƴŜ ƴŀ ǎǿƻōƻŘƴŜ Ȋŀōŀǿȅ ƛ ǘŀƵŎŜ ƛƴǘŜƎǊŀŎȅƧƴŜΣ 
ƛƳǇǊƻǿƛȊŀŎƧť ǊǳŎƘƻǿŊ ƻ ƻƪǊŜǏƭƻƴȅŎƘ ŦƻǊƳŀŎƘ όƳŀǊǎȊΣ ǊƻƴŘƻΣ ǿŀƭŎύΣ ŀ ǘŀƪȍŜ 
zabawy ruchowe poddane dyscyplinie rytmicznej, melodycznej tj.: 
ƛƴǘŜǊǇǊŜǘƻǿŀƴƛŜ ǊȅǘƳǳ Ȋŀ ǇƻƳƻŎŊ ƪǊƻƪƽǿΣ ƛƴǘŜǊǇǊŜǘƻǿŀƴƛŜ ƳŜƭƻŘƛƛ ƎŜǎǘŜƳ ƛ 
ǊǳŎƘŜƳ ŎƛŀƱŀΤ 

d) plastyczne ς ŘƻǘȅŎȊŊŎŜ Ƴŀƭƻǿŀƴƛŀ ƛ Ǌȅǎƻǿŀƴƛŀ Řƻ ǎƱƽǿ ǇƛƻǎŜƴƪƛΣ 
ƴŀŘŀǿŀƴƛŜ ǘȅǘǳƱƽǿ ǳǘǿƻǊƻƳ ƳǳȊȅŎȊƴȅƳΣ ƛƴǘŜǊǇǊŜǘŀŎƧŀ ǇƭŀǎǘȅŎȊƴŀ ǘǊŜǏŎƛ 
ǳǘǿƻǊǳΣ ŜƭŜƳŜƴǘƽǿ ŦƻǊƳȅ ƭǳō ŎŀƱŜƎƻ ǳǘǿƻǊǳ ƳǳȊȅŎȊƴŜƎƻΤ 

e) muzyczne ς ǎǘŀƴƻǿƛŊŎŜ ǿǇǊƻǿŀŘȊŜƴƛŜ Řƻ Ƴƻǘȅǿǳ ƳŜƭƻŘȅŎȊƴŜƎƻ ƭǳō 
ǊȅǘƳƛŎȊƴŜƎƻΣ ȊƳƛŀƴ ǘŜƳǇŀΣ ŘȅƴŀƳƛƪƛ ƛ ŀǊǘȅƪǳƭŀŎƧƛΣ ŀ ǘŀƪȍŜ ƪƻƴǎǘǊǳƻǿŀƴƛŜ 
ǇǊƻǎǘȅŎƘ ƛƴǎǘǊǳƳŜƴǘƽǿΣ poszukiwanie ciekawego brzmienia w otoczeniu. 

²ȅōǊŀƴŜΣ ŀƪǘȅǿƛȊǳƧŊŎŜ ƳŜǘƻŘȅ ƛ ŦƻǊƳȅ ŘȊƛŀƱŀƵΣ ǎǘƻǎƻǿŀƴŜ ǇƻŘŎȊŀǎ ȊŀƧťŏ 
ƳǳȊȅŎȊƴȅŎƘΣ ǳƳƻȍƭƛǿƛŀƧŊ ƻǎƛŊƎŀƴƛŜ ǿŎȊŜǏƴƛŜƧ ȊŀƱƻȍƻƴȅŎƘ ŎŜƭƽǿΦ 5ƻ ƴŀƧŎȊťǏŎƛŜƧ 
ǎǘƻǎƻǿŀƴȅŎƘ ƪƛŜǊǳƴƪƽǿ ǇƻǎȊǳƪƛǿŀƵ ƳŜǘƻŘȅŎȊƴȅŎƘ ǊƻȊǿƛŊȊŀƵ ƴŀƭŜȍŊΥ metoda 
ŀƪǘȅǿƴŜƎƻ ǎƱǳŎƘŀƴƛŀ ƳǳȊȅƪƛ ǿƎ .Φ {ǘǊŀǳǎǎΣ ŜŘǳƪŀŎƧŀ ǇǊȊŜȊ ŘǊŀƳťΣ ŜƭŜƳŜƴǘȅ 
ǎȅǎǘŜƳƽǿ /Φ Orffa, E. Jaques-DalcrozeΩa, ½ƻƭǘŀƴŀ YƻŘŀƭȅΩŀΣ ŜƭŜƳŜƴǘȅ ǇŜŘŀƎƻƎƛƪƛ 
zabawy ζKlanzaη, koncepcje pedagogiczne Celestyna Freineta, elementy 
Metody Dobrego Startu, MetoŘŀ wǳŎƘǳ wƻȊǿƛƧŀƧŊŎŜƎƻ ²ŜǊƻƴƛƪƛ {ƘŜǊōƻǊƴŜ ƛ ƛƴΦ  

AkǘȅǿƛȊǳƧŊŎŜ ƳŜǘƻŘȅ ǿ ǘǿƽǊŎȊƻǏŎƛ ƳǳȊȅŎȊƴŜƧ dzieci. Termin 
ζŀƪǘȅǿƛȊŀŎƧŀ ǳŎȊƴƛƽǿη w opinii  W. hƪƻƴƛŀ ǎǘŀƴƻǿƛ Χ ƻƎƽƱ ǇƻŎȊȅƴŀƵ 
dydaktyczno-ǿȅŎƘƻǿŀǿŎȊȅŎƘΣ ƪǘƽǊŜ ǳƳƻȍƭƛǿƛŀƧŊ ȊǿƛťƪǎȊŜƴƛŜ ǎǘƻǇƴƛŀ 
ŀƪǘȅǿƴƻǏŎƛ ǳŎȊƴƛƽǿ [13]. aŜǘƻŘȅ ŀƪǘȅǿƛȊǳƧŊŎŜ ȊǿƛťƪǎȊŀƧŊ ǎƪǳǘŜŎȊƴƻǏŏ 
ƴŀǳŎȊŀƴƛŀΣ ǎǇǊŀǿƛŀƧŊΣ ȍŜ ȊŀƧťŎƛŀ ǎǘŀƧŊ ǎƛť ōŀǊŘȊƛŜƧ ŀǘǊŀƪŎȅƧƴŜ Řƭŀ ǳŎȊƴƛŀΣ 
ǇƻǎȊŜǊȊŀƧŊ ƧŜƎƻ ȊŀƛƴǘŜǊŜǎƻǿŀƴƛŜ ǇǊȊŜŘƳƛƻǘŜƳΦ ²ȅȊǿŀƭŀƧŊ 
ŎƛŜƪŀǿƻǏŏ  i  ȊǿƛťƪǎȊŀƧŊ ȊŀŀƴƎŀȍƻǿŀƴƛŜ ǳŎȊƴƛƽǿΦ bŀǘƻƳƛŀǎǘ ǘŜǊƳƛƴ ζmetodaη, 
to Χ ŘȅƴŀƳƛŎȊƴȅ ǇǊƻŎŜǎ ŦƻǊƳƻǿŀƴƛŀ ǎƛť ŎȊƱƻǿƛŜƪŀΣ ǇƻƭŜƎŀƧŊŎȅ ƴŀ ŎƛŊƎƱȅƳ 
ǿȅōƻǊȊŜ ǘǊŜǏŎƛΣ ǎǇƻǎƻōƽǿ ŘȊƛŀƱŀƴƛŀ ƴŀǳŎȊȅŎƛŜƭŀ ƛ ǳŎȊƴƛŀ ƻǊŀȊ ǘŀƪƛƳ ŘƻōƻǊȊŜ 
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ǿŀǊǳƴƪƽǿΣ ŀōȅ ǿȅŎƘƻǿŀƴŜƪ ǇǊȊŜȍȅǿŀƱ ƪǎȊǘŀƱŎŜƴƛŜ Ƨŀƪƻ ƧŜƎƻ ǿƱŀǎƴȅ ǇǊƻŎŜǎΣ 
ǎǇǊŀǿƛŀƧŊŎȅ ƧŜƳǳ ǎŀƳŜƳǳ ǎŀǘȅǎŦŀƪŎƧťΣ ŀ ȊŀǊŀȊŜƳΣ ŀōȅ Ƨŀƪ ƴŀƧŎƘťǘƴƛŜƧ 
ǇǊȊȅǎǘťǇƻǿŀƱ Řƻ ƧŜƎƻ ǊŜŀƭƛȊŀŎƧƛ ƛ ƪƻƴǘȅƴǳŀŎƧƛ [14]. 

W ramach opracowanego programu aǳȊȅŎȊƴȅŎƘ ǿŀǊǎȊǘŀǘƽǿ ǘǿƽǊŎȊȅŎƘ 
ȊŀǎǘƻǎƻǿŀƴŜ ȊƻǎǘŀƱȅ ƴŀǎǘťǇǳƧŊŎŜ ƪƻƴŎŜǇŎƧŜ ƛ ƳŜǘƻŘȅ ōŀȊǳƧŊŎŜ ƴŀ ŀƪǘȅǿƴƻǏŎƛ 
muzycznej oraz elementy wybranych systŜƳƽǿ ƴŀǳŎȊŀƴƛŀ ƛ ǳŎȊŜƴƛŀ ǎƛťΥ  

- ƳŜǘƻŘŀ ǘǿƽǊŎȊŜƎƻ ƳȅǏƭŜƴƛŀΣ ζ.ǳǊȊŀ aƽȊƎƽǿη ς ǎǘŀƴƻǿƛ ƻŘƳƛŀƴť 
ŘȅǎƪǳǎƧƛ ǇƻƭŜƎŀƧŊŎŊ ƴŀ ǳƳƻȍƭƛǿƛŜƴƛǳ ŘȊƛŜŎƛƻƳ ǎȊȅōƪƛŜƎƻ ȊƎǊƻƳŀŘȊŜƴƛŀ ǿƛŜƭǳ 
ǇƻƳȅǎƱƽǿ ǊƻȊǿƛŊȊŀƴƛŀ ŘŀƴŜƎƻ ǇǊƻōƭŜƳǳΤ 

- metoda !ƪǘȅǿƴŜƎƻ {ƱǳŎƘŀƴƛŀ aǳȊȅƪƛ wg Batii Strauss ς pozwala na 
ǇǊȊȅōƭƛȍŜƴƛŜ ŘȊƛŜŎƛƻƳ ƳǳȊȅƪƛ ƪƭŀǎȅŎȊƴŜƧ ŘŀƧŊŎ ƳƻȍƭƛǿƻǏŏ ǿȅǎǘŊǇƛŜƴƛŀ ǿ Ǌƻƭƛ 
ǿǎǇƽƱǿȅƪƻƴŀǿŎȅΤ 

- ŜŘǳƪŀŎƧŀ ǇǊȊŜȊ ŘǊŀƳť ς ƻǇƛŜǊŀ ǎƛť ƴŀ ǿȅƪƻǊȊȅǎǘŀƴƛǳ ǘŜŎƘƴƛƪƛ ŘǊŀƳȅΣ 
ƪǘƽǊŀ ƎǿŀǊŀƴǘǳƧŜ ŘȊƛŜŎƛƻƳ ƪǊŜŀǘȅǿƴŜ Ȋŀōŀǿȅ ǊǳŎƘƻǿŜ ǿ ǇƻƱŊŎȊŜƴƛǳ Ȋ 
ŘȊƛŀƱŀƴƛŀƳƛ ǘŜŀǘǊŀƭƴȅmi; 

- ƴŀǳƪŀ ƎǊȅ ƴŀ ŦƭŀȍƻƭŜŎƛŜ ς ǎǘŀƴƻǿƛ ŦƻǊƳť ƳǳȊȅƪƻǿŀƴƛŀ ǿ ƻǇŀǊŎƛǳ ƻ 
zapis nutowo-tabulaturowy; 

- rytmika ς ƧŜǎǘ ŦƻǊƳŊ ǇǊŀŎȅ ƳŜǘƻŘŊ ƻǇǊŀŎƻǿŀƴŀ ǇǊȊŜȊ 9Ƴƛƭŀ WŜƎǳŜǎ-
5ŀƭŎǊƻȊŜΩŀΣ ƛ ǇƻƭŜƎŀ ƴŀ ǿȅǊŀȍŀƴƛǳ ƳǳȊȅƪƛ ǊǳŎƘŜƳΤ 

- elementy metody Carla Orffa ς ƻōŜƧƳǳƧŜ ƴŀǳƪť ƎǊȅ na instrumentach, 
wykorzystywanie improwizacji wokalnych i ƛƴǎǘǊǳƳŜƴǘŀƭƴȅŎƘ ƻǊŀȊ ƱŊŎȊŜƴƛŜ ǿ 
ǎƻōƛŜ ǊǳŎƘǳΣ ƎŜǎǘǳΣ ǘŀƵŎŀ ƛ ǎƱƻǿŀΤ 

- ƪƻƴŎŜǇŎƧŀ ½ƻƭǘŀƴŀ YƻŘŀƭȅΩŀ ς zaleca przyswajanie i odtwarzanie muzyki 
ǇǊȊŜȊ ǏǇƛŜǿΤ 

- ǇŜŘŀƎƻƎƛƪŀ Ȋŀōŀǿȅ αYƭŀƴȊŀέ ς stanowi impuls do kreatywnych, 
konstruktywnych i ōŜȊǇƛŜŎȊƴȅŎƘ ŘȊƛŀƱŀƵ ƎǊǳǇƻǿȅŎƘΣ ōǳŘǳƧŊŎȅŎƘ ǇƻȊȅǘȅǿƴŜ 
ǊŜƭŀŎƧŜ ƳƛťŘȊȅ ŎȊƱƻƴƪŀƳƛ ƎǊǳǇȅΦ WŜǎǘ ǊƽǿƴƛŜȍ ȊŀōŀǿŊΣ ƪǘƽǊŀ ǎǘǿŀǊȊŀ ǿŀǊǳƴƪƛ Řƻ 
ǳŎȊŜƴƛŀ ǎƛť ǇǊȊŜȊ ŘȊƛŀƱŀƴƛŜΤ 

- koncepcja pedagogiczna Celestyna Freineta ς ƻǇŀǊǘŀ ƴŀ ǘǿƽǊŎȊŜƧ 
ŀƪǘȅǿƴƻǏŎƛ ŘȊƛŜŎƪŀΣ ƪǘƽǊŊ ŎŜŎƘǳƧŜ ǿŜǿƴťǘǊȊƴŀ ƳƻǘȅǿŀŎƧŀ Řƻ ŘȊƛŀƱŀƴƛŀΣ 
ŎƘŀǊŀƪǘŜǊȅȊǳƧŜ ǎƛť ƻǎƻōƛǎǘȅƳ ǎǘƻǎǳƴƪƛŜƳ Řƻ ǿȅƪƻƴȅǿŀƴȅŎƘ ŎȊȅƴƴƻǏŎƛ ƻǊŀȊ 
ǇƻŎȊǳŎƛŜƳ ǎǳōƛŜƪǘȅǿƴŜƧ ƴƻǿƻǏŎƛ ǿƱŀǎƴȅŎƘ ƻŘƪǊȅŏΤ 

- Metoda Dobrego Startu ς ƴŀƧǿŀȍƴƛŜƧǎȊȅ ƧŜƧ ŜƭŜƳŜƴǘΣ ǘƻ ȊŀƧťŎƛŀ 
ruchowo-ǎƱǳŎƘƻǿƻ-ǿȊǊƻƪƻǿŜ ǿ ŎȊŀǎƛŜΣ ƪǘƽǊȅŎƘ ŘȊƛŜŎƛ ǿ ǊȅǘƳ ƳŜƭƻŘƛƛ ǊȅǎǳƧŊ 
litery lub inne znaki graficzne; 

- aŜǘƻŘŀ wǳŎƘǳ wƻȊǿƛƧŀƧŊŎŜƎƻ Weroniki Sherborne ς ƧŜǎǘ ƳŜǘƻŘŊ 
ǳƴƛǿŜǊǎŀƭƴŊΣ ǿȅƪƻǊȊȅǎǘȅǿŀƴŊ ƎƱƽǿƴƛŜ ǿ ǇǊȊŜŘǎȊƪƻƭǳΣ ŀ ƧŜƧ ŏǿƛŎȊŜƴƛŀ 
stosowane w tej metodzie opieǊŀƧŊ ǎƛť ƴŀ ŘƻǏǿƛŀŘŎȊŜƴƛŀŎƘ ǊǳŎƘƻǿȅŎƘΣ 
ƛƴǘŜƴǎȅǿƴƻǏŎƛ ƛ ŎƛŊƎƱƻǏŎƛ ŘƻǏǿƛŀŘŎȊŜƵΦ ² ƳŜǘƻŘȊƛŜ ǊǳŎƘǳ ǊƻȊǿƛƧŀƧŊŎŜƎƻ 
ǿȅƪƻǊȊȅǎǘǳƧŜ ǎƛť ŘƻǘȅƪΣ ǊǳŎƘΣ ŏǿƛŎȊŜƴƛŀ ǏǿƛŀŘƻƳƻǏŎƛ ŎƛŀƱŀ ƛ ǇǊȊŜǎǘǊȊŜƴƛ ƻǊŀȊ 
wzajemne relacje (ζzη, ζprzeciwkoη, ζrazemη); 
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- ½ŀƧťŎƛŀ ǳƳǳȊȅƪŀƭƴƛŀƧŊŎŜ wg teorii E. E. Gordona ς ŀǳǘƻǊ ǎǿƻƧŊ ǘŜƻǊƛť 
ƻǇŀǊƱ ƴŀ ǇǊƻōƭŜƳŀǘȅŎŜ ŀǳŘƛŀŎƧƛ ŎȊȅƭƛ ȊŘƻƭƴƻǏŎƛ Řƻ ǎƱȅǎȊŜƴƛŀ ƛ ǊƻȊǳƳƛŜƴƛŀ ƳǳȊȅƪƛ 
bez fizycznie obecnego jej brzmienia [15]; 

- Ad Libitum ς ƧŜǎǘ ƳŜǘƻŘŊ ǿȅƪƻƴŀƴƛŀ ǳǘǿƻǊǳ ƳǳȊȅŎȊƴŜƎƻ ƻǇŀǊǘŊ 
na improwizacji.  Dopuszcza ŎŀƱƪƻǿƛǘŊ ǎǿƻōƻŘť ǿ ǿȅƪƻƴŀƴƛǳ ǊȅǘƳǳ όǊȊŀŘȊƛŜƧ 
ƳŜƭƻŘƛƛύ ŘŀƴŜƎƻ ŦǊŀƎƳŜƴǘǳΦ ² ŜŘǳƪŀŎƧƛ ƳŜǘƻŘŀ ǘŀ ŘŀƧŜ ŘȊƛŜŎƪǳ ǎǿƻōƻŘť 
ƳǳȊȅŎȊƴŜƎƻ ǿȅǇƻǿƛŀŘŀƴƛŀ ǎƛť ōŜȊ ƪƻƴǎŜƪǿŜƴŎƧƛ ǇƻǇŜƱƴƛŜƴƛŀ ōƱťŘǳ [16]. 

Opis realizacji programu ƛ ǇǊƻŎŜŘǳǊȅ ƻǎƛŊƎŀƴƛŀ ŎŜƭƽǿ. ² ǘǊŀƪŎƛŜ ȊŀƧťŏ 
realizowanych w ramach programu aǳȊȅŎȊƴȅŎƘ ǿŀǊǎȊǘŀǘƽǿ ǘǿƽǊŎȊȅŎƘ 
ǇǊƻǿŀŘȊƻƴŜ ōȅƱȅ ƻōǎŜǊǿŀŎƧŜ ŀƪǘȅǿƴƻǏŎƛ ǳŎȊƴƛƽǿΦ hǎƛŊƎƴƛťŎƛŜƳ ȊŀƱƻȍƻƴȅŎƘ 
ŎŜƭƽǿΣ ƴƛƴƛŜƧǎȊŜƎƻ ǇǊƻƎǊŀƳǳΣ ǎǘŀƱ ǎƛť ǎǘƻǇƛŜƵ ƻǇŀƴƻǿŀƴƛŀ ǇǊȊŜȊ ǳŎȊƴƛƽǿ 
ǳƳƛŜƧťǘƴƻǏŎƛ ƻǊŀȊ ȊŘƻōȅŎƛŜ ǇƻŘǎǘŀǿƻǿŜƧ ǿƛŜŘȊȅ ƳǳȊȅŎȊnej. Dodatkowym 
ŜŦŜƪǘŜƳ ōȅƱŀ ǇǊƽōŀ ǎǘƻǇƴƛƻǿŜƎƻ ǊƻȊǿƛƧŀƴƛŀ ȊŀƛƴǘŜǊŜǎƻǿŀƵΣ ȊŘƻƭƴƻǏŎƛ ƛ 
ƳƻǘȅǿŀŎƧƛ ǿ ǇǊƻŎŜǎƛŜ ƪǎȊǘŀƱǘƻǿŀƴƛŀ ǎƛť Ǉƻǎǘŀǿȅ ǘǿƽǊŎȊŜƧ ƛ ƪǊŜŀǘȅǿƴƻǏŎƛ ŘȊƛŜŎƛ 
ǿ ŜŘǳƪŀŎƧƛ ǿŎȊŜǎƴƻǎȊƪƻƭƴŜƧΦ tǊƻƎǊŀƳ ȊŀƪƱŀŘŀƱ ǇǊŀŎť ƴŀ materiale 
dostosowanym do predyspozycji ǳȊŘƻƭƴƛŜƵ ƳǳȊȅŎȊƴȅŎƘ ŘȊƛŜŎƛ ƛ ŀƪǘȅǿƴƻǏŎƛ 
nakierowanej na ƛŎƘ ǎŀƳƻŘȊƛŜƭƴŊ ǘǿƽǊŎȊƻǏŏΦ 

hǇǊŀŎƻǿŀƴȅ ǇǊƻƎǊŀƳ ƴŀǳŎȊŀƴƛŀ ƻōŜƧƳƻǿŀƱ Ǉƭŀƴ ŘȊƛŀƱŀƴƛŀΣ ǿ ƪǘƽǊȅƳ 
ƴŀǳŎȊȅŎƛŜƭ ƳƽƎƱ ǿȅǊŀȍŀŏ ǎǿƻƧŜ ǿƱŀǎƴŜ ǇƻƳȅǎƱȅΣ ƛƴŘȅǿƛŘǳŀƭƴȅ Ǉǳƴƪǘ ǿƛŘȊŜƴƛŀ 
ƴŀ ǘǊŜǏŎƛ ƛ ǎǇƻǎƽō ǊŜŀƭƛȊŀŎƧƛ ǿȅōranego zagadnienia edukacyjnego. Efektem 
ǇƻŘƧťǘȅŎƘ ŘȊƛŀƱŀƵ ōȅƱŀ ǊŜŀƭƛȊŀŎƧŀ ǿƛȊƧƛ ǎƪǳǘŜŎȊƴŜƎƻ ǇǊƻŎŜǎǳ ƴŀǳŎȊŀƴƛŀ ƛ ǳŎȊŜƴƛŀ 
ǎƛť ǎǇǊȊȅƧŀƧŊŎŜƎƻ ǊƻȊǿƛƧŀƴƛǳ ȊŀƛƴǘŜǊŜǎƻǿŀƵ ƛ ǇƻǘŜƴŎƧŀƭƴȅŎƘ ƳƻȍƭƛǿƻǏŎƛ ȊŀǊƽǿƴƻ 
nauczyciela, jak i ucznia. ForƳŀƳƛ ŘȊƛŀƱŀƭƴƻǏŎƛ podczas  ǘǿƽǊŎȊȅŎƘ ƛ 
ƻŘǘǿƽǊŎȊȅŎƘ ȊŀƧťŏ ƳǳȊȅŎȊƴȅŎƘ ǎǘŀƱȅ ǎƛť: 

1. |ǇƛŜǿ ƛ ŏǿƛŎȊŜƴƛŀ ƳƻǿȅΦ |ǇƛŜǿ ǿǇƱȅǿŀƱ ƴŀ ŦƛȊȅŎȊƴȅ ǊƻȊǿƽƧ ŘȊƛŜŎƪŀΣ 
ǿȊƳŀŎƴƛŀƱ ŀǇŀǊŀǘ ƎƱƻǎƻǿȅΣ ŘƻǘƭŜƴƛŀƱ ƻǊƎŀƴƛȊƳΣ ǿȅȊǿŀƭŀƱ ƴŀǘǳǊŀƭƴŊ ǇƻǘǊȊŜōť 
ŜƪǎǇǊŜǎƧƛΣ ǿǇƱȅǿŀƱ ŘƻŘŀǘƴƛƻ ƴŀ ǎȅǎǘŜƳ ƴŜǊǿƻǿȅΦ tƻŘŎȊŀǎ ƴŀǳƪƛ ǏǇƛewania 
ǇƛƻǎŜƴŜƪ ōŀǊŘȊƻ ǿŀȍƴŜ ǎǘŀƱȅ ǎƛť ŏǿƛŎȊŜƴƛŀ ǇǊŀǿƛŘƱƻǿŜƎƻ ƻŘŘŜŎƘǳΣ ŏǿƛŎȊŜƴƛŀ 
artykulacji, dykcji i intonacji. 

2. Gra na instrumentachΦ aǳȊȅƪƻǿŀƴƛŜ ŘŜǘŜǊƳƛƴƻǿŀƱƻ ǇƻǇǊŀǿť 
koncentracji uwagi ƻǊŀȊ ȊŘȅǎŎȅǇƭƛƴƻǿŀƴƛŜΦ tƻǇǊȊŜȊ ŀƪǘȅǿƴŊ ŘȊƛŀƱŀƭƴƻǏŏ 
ƛƴǎǘǊǳƳŜƴǘŀƭƴŊ ƪǎȊǘŀƱǘƻǿŀƴƛǳ ǇƻŘƭŜƎŀƱŀ ǿǊŀȍƭƛǿƻǏŏ ŘȊƛŜŎƪŀ ƴŀ ōŀǊǿť Řȋǿƛťƪǳ 
ƻǊŀȊ ǇƻŎȊǳŎƛŜ ǊȅǘƳǳΦ YŀȍŘŜ ȊŜǘƪƴƛťŎƛŜ ǎƛť ŘȊƛŜŎƪŀ Ȋ ƛƴǎǘǊǳƳŜƴǘŜƳ ǿǇƱȅǿŀƱƻ ƴŀ 
ƎǊǳǇƻǿȅ ŜƴǘǳȊƧŀȊƳΣ ǊŀŘƻǏŏ ƻǊŀȊ ǿȊƳƻȍƻƴŊ ŀƪǘȅǿƴƻǏŏΦ 

3. Ekspresja ruchowaΦ wǳŎƘ ǳȊŜǿƴťǘǊȊƴƛƱ ƴŀǘǳǊŀƭƴŊ ǇƻǘǊȊŜōť ŘȊƛŜŎƛΣ ƛ ǎǘŀƱ 
ǎƛť ǇƻŘǎǘŀǿƻǿŊ ŦƻǊƳŊ ǊŜŀƎƻǿŀƴƛŀ ŘȊƛŜŎƛ ƴŀ ƻǘŀŎȊŀƧŊŎȅ Ǐǿƛŀǘ ŘȋǿƛťƪƽǿΣ ǘȅƳ 
ǎŀƳȅƳ ǎǘȅƳǳƭƻǿŀƱ ǊƻȊǿƽƧ ŦƛȊȅŎȊƴȅ ƛ ǇǎȅŎƘƛŎȊƴȅ ǇƻŘƻǇƛŜŎȊƴȅŎƘΦ  

4. Tworzenie muzykiΦ aǳȊȅƪŀ ǎǇǊȊȅƧŀƱŀ ǘǿƽǊŎȊŜƧ ƪǊŜŀŎƧƛ ŘȊƛŜŎƛ ǇƻǇǊȊŜȊ 
ǎƱƻǿƻΣ ǏǇƛŜǿΣ ǊǳŎƘΣ ƎǊť ƴŀ ƛƴǎǘǊǳƳŜƴǘŀŎƘΦ ²ȅǇƻǿƛŀŘŀƧŊŎ ǎƛť ƎƱƻǎŜƳΣ ǊǳŎƘŜƳ 
ŀƭōƻ ƳǳȊȅƪǳƧŊŎ ƴŀ ƛƴǎǘǊǳƳŜƴǘŀŎƘΣ ŘȊƛŜŎƛ ƳƛŀƱȅ ƳƻȍƭƛǿƻǏŏ ǘǿƻǊȊŜƴƛŀ ǎǿƻƛŎƘ 
pierwszych ζŘȊƛŜƱ ƳǳȊȅŎȊƴȅŎƘηΦ ² ƪƻǊŜƭŀŎƧƛ Ȋ ǇƭŀǎǘȅƪŊ ǇƻǿǎǘŀǿŀƱȅ ƻǊȅƎƛƴŀƭƴŜ 
ζŘȊƛŜƱŀηΦ LƳǇǊƻǿƛȊŀŎƧŀ Řȋǿƛťƪƻǿŀ ōȅƱŀ ƧŜŘƴŊ Ȋ  ŦƻǊƳ ŘȊƛŀƱŀƭƴƻǏŎƛ ǘǿƽǊŎȊŜƧΣ 
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ƪǘƽǊŀ ǇǊȊȅŎȊȅƴƛƱŀ ǎƛť Řƻ ǊƻȊǿƻƧǳ ǿǊŀȍƭƛǿƻǏŎƛ ƳǳȊȅŎȊƴŜƧ ƛ ȊŘƻƭƴƻǏŎƛ ǘǿƽǊŎȊȅŎƘΦ 
²ǇƱȅƴťƱŀ ǊƽǿƴƛŜȍ ƴŀ ȊŘȅǎŎȅǇƭƛƴƻǿŀƴƛŜ ƎǊǳǇȅ ƛ ȊŜǎǇƻƱƻǿŊ ǿǎǇƽƱǇǊŀŎťΦ  

5. Percepcja muzykiΦ bŀ ŜǘŀǇƛŜ ƴŀǳŎȊŀƴƛŀ ǇƻŎȊŊǘƪƻǿŜƎƻ ǿǇǊƻǿŀŘȊƻƴƻ 
ŏǿƛŎȊŜƴƛŀ ǎƱǳŎƘƻǿŜΣ ƪǘƽǊŜ ǊŜŀƭƛȊƻǿŀƴŜ ōȅƱȅ ǿ ŦƻǊƳƛŜ Ǌƽȍƴȅch zabaw 
akustycznych (np. ǊƻȊǇƻȊƴŀǿŀƴƛŜ ƻŘƎƱƻǎƽǿ ǇǊȊȅǊƻŘȅΣ ǊǳŎƘǳ ǳƭƛŎȊƴŜƎƻΣ ƻŘƎƱƻǎȅ 
ȊǿƛŜǊȊŊǘΣ ȊƧŀǿƛǎƪ ǇǊȊȅǊƻŘȅ ƛǘǇΦύΣ ŀ ǘŀƪȍŜ ǎƱǳŎƘŀƴƛŜ ƛ ŀƴŀƭƛȊƻǿŀƴƛŜ ƪǊƽǘƪƛŎƘ 
ǳǘǿƻǊƽǿ ƳǳȊȅƪƛ ƪƭŀǎȅŎȊƴŜƧΣ Ƨŀƪ ƛ ǿǎǇƽƱŎȊŜǎƴŜƧΦ 

Formy pracy dzieci, to ǇǊŀŎŀ Ȋ ŎŀƱŊ ƎǊǳǇŊΣ ǿ ƳŀƱȅŎƘ ȊŜǎǇƻƱŀŎƘΣ ǿ ǇŀǊŀŎƘ 
ƻǊŀȊ ƛƴŘȅǿƛŘǳŀƭƴŀΦ aŜǘƻŘȅ ƛ ŦƻǊƳȅ ŀƪǘȅǿƴƻǏŎƛ ǿȅƪƻǊȊȅǎǘȅǿŀƴŜ ǇƻŘŎȊŀǎ 
ǘǿƽǊŎȊȅŎƘ ǿŀǊǎȊǘŀǘƽǿ ƳǳȊȅŎȊƴȅŎƘ ƻōŜƧƳƻǿŀƱȅΥ ǎŀƳƻŘȊƛŜƭƴŜ ŘȊƛŀƱŀƴƛŜ, 
ƻōǎŜǊǿŀŎƧťΣ ǇƻƪŀȊΣ ǇǊȊŜƪŀȊ ǎƱƻǿƴȅΣ ζōǳǊȊť ƳƽȊƎƽǿη, ǘǿƽǊŎȊŜ ŘȊƛŀƱŀƴƛŀ ǿƎ 
ǿƱŀǎƴŜƎƻ ǇƻƳȅǎƱǳΣ ƻŘǘǿƽǊŎze ŘȊƛŀƱŀƴƛŀ ŘȊƛŜŎƪŀΣ ǎƱǳŎƘŀƴƛŜΣ samodzielne 
ŘƻǏǿƛŀŘŎȊŜƴƛa dziecka, ǎǇƻƴǘŀƴƛŎȊƴŊ ŀƪǘȅǿƴƻǏŏ ŘȊƛŜŎƪŀΣ ŀƪǘȅǿƴƻǏŏ ǎƱƻǿƴƻ-
muzyczno-ruchowa, ǎǿƻōƻŘƴŊ ŘȅǎƪǳǎƧťΣ ǊƻȊƳƻǿťΣ opowiadanie, ǇŀƴǘƻƳƛƳťΣ 
ŀƪǘȅǿƴƻǏŏ ƳǳȊȅŎȊƴŊ όǊȅǎǳƴƪƻǿŀΣ ƳŀƭŀǊǎƪŀύΣ ǘǿƻǊȊŜƴƛŜ ƛƴǎǘǊǳƳŜƴǘƽǿ 
z maǘŜǊƛŀƱƽǿ ƻƎƽƭƴƻŘƻǎǘťǇƴȅŎƘ όƎǊȊŜōƛŜƵΣ ƪǳōƪƛΣ ƭŜƧƪƛΣ ƎǳƳƪƛ ƛǘǇΦύ, ŘǊŀƳťΣ 
taniec, ǳŘȊƛŀƱ ǿ programach artystycznych (szkolnych i pozaszkolnych), ŀ ǘŀƪȍŜ 
uczestnictwo w projektach i warsztatach edukacyjno-muzycznych. Repertuar 
ǳǘǿƻǊƽǿ ƛ ŦƻǊƳ ǘǿƽǊŎȊȅŎƘ ȊŀǿƛŜǊŀƱ: piosenki popularne, ludowe, patriotyczne, 
ŘȊƛŜŎƛťŎŜΣ ǘǳǊȅǎǘȅŎȊƴŜΣ ƪƻƭťŘȅ ƛ ǇŀǎǘƻǊŀƱƪƛ όǊŜǇŜǊǘǳŀǊ ƪƭŀǎ ǇƻŎȊŊǘƪƻǿȅŎƘύΣ 
utwory na potrzeby dziecka, ǎȊƪƻƱȅ ƛ ƴŀƧōƭƛȍǎȊŜƎƻ ǏǊƻŘƻǿƛǎƪŀΣ ƳǳȊȅƪť 
ƛƴǎǘǊǳƳŜƴǘŀƭƴŊ όǎǘȅƭƛȊƻǿŀƴŊΣ ǇǊƻƎǊŀƳƻǿŊύΣ mini-utwory tworzone przez 
ǇǊƻǿŀŘȊŊŎŜƎƻ ƛ ǿȅŎƘƻǿŀƴƪƽǿΣ wybrane teksty ζƱŀƳŀƵŎŜ ƧťȊȅƪƻǿŜη 
ǳǎǇǊŀǿƴƛŀƧŊŎŜ Ƴƻǿť όŘȅƪŎƧťΣ ƛƴǘƻƴŀŎƧťΣ ŀǊǘȅƪǳƭŀŎƧťύΣ a ǘŀƪȍŜ ƭƛǘŜǊŀǘǳǊť 
ƳǳȊȅŎȊƴŊ ƛ ǇƻŜȊƧť ǇƻŜǘƽǿ ǇƻƭǎƪƛŎƘ όƳΦƛƴΦ WΦ Brzechwy, J. Tuwima i L. J. Kerna). 

!ōȅ ŀƪǘȅǿƛȊǳƧŊŎŜ ƳŜǘƻŘȅ ƴŀǳŎȊŀƴƛŀΣ ǘŀƪ ōŀrdzo istotne w samodzielnym 
ǇƻǎȊǳƪƛǿŀƴƛǳ ǿƱŀǎƴŜƎƻ ǎǘȅƭǳ ȍȅŎƛŀΣ ǘǿƽǊŎȊŜƧ Ǉƻǎǘŀǿȅ ƛ ƪǊŜŀǘȅǿƴƻǏŎƛ ŘȊƛŜŎƛ ōȅƱȅ 
ǎƪǳǘŜŎȊƴŜΣ ƛ ǇƻȊȅǘȅǿƴƛŜ ǿǇƱȅǿŀƱȅ ƴŀ ƪǎȊǘŀƱǘƻǿŀƴƛŜ ǎƛť ǘǿƽǊŎȊŜƧ ƻǎƻōƻǿƻǏŎƛΣ 
Řƻǎǘƻǎƻǿŀƴƻ ǿŀǊǳƴƪƛ ǇǊŀŎȅ Řƻ ƳƻȍƭƛǿƻǏŎƛ ŘȊƛŜŎƛ ƛ ŎŜƭƽǿ ȊŀƱƻȍƻƴȅŎƘ ǿ 
realizowanym programie. 

Warunki realizacji programu. tǊƻƎǊŀƳ ǊŜŀƭƛȊƻǿŀƴȅ ōȅƱ ǇƻŘŎȊŀǎ 
ǘȅƎƻŘƴƛƻǿȅŎƘ ȊŀƧťŏ ȊƛƴǘŜƎǊƻǿŀƴȅŎƘ ƛ ŘƻŘŀǘƪƻǿŜƧ ƎƻŘȊƛƴȅ ƭŜƪŎȅƧƴŜƧ ƳǳȊȅƪƛ w 
grupie ok. 25-ƻǎƻōƻǿŜƧ ƻǊŀȊ м ƎƻŘȊƛƴȅ ȊŀƧťŏ ŦŀƪǳƭǘŀǘȅǿƴȅŎƘ ǿ ramach 
Muzycznych ǿŀǊǎȊǘŀǘƽǿ ǘǿƽǊŎȊȅŎƘ w gǊǳǇƛŜ ƻƪΦ мр ƻǎƽō zainteresowanych 
ƳǳȊȅƪƻǿŀƴƛŜƳΦ tǊƻƎǊŀƳ Řƻǎǘƻǎƻǿŀƴƻ Řƻ ƛƴŘȅǿƛŘǳŀƭƴȅŎƘ ƳƻȍƭƛǿƻǏŏΣ Ŏƻ 
ǇƻȊǿƻƭƛƱƻ ǿ autokreacji ς ōȅŏ ŀǊǘȅǎǘŊ ς ƪŀȍŘŜƳǳ ŘȊƛŜŎƪǳΦ 5ƭŀ ǳȊȅǎƪŀƴƛŀ 
ƻǇǘȅƳŀƭƴȅŎƘ ǿŀǊǳƴƪƽǿ ǊŜŀƭƛȊŀŎƧƛ ǇǊƻƎǊŀƳǳ ǿȊōƻƎŀŎƻƴƻ ōŀȊť ƳŀǘŜǊƛŀƭƴŊ 
ǎȊƪƻƱȅΣ ǇǊȊŜŘŜ ǿǎȊȅǎǘƪƛƳΣ ƻ ȊŜǎǘŀǿ ƛƴǎǘǊǳƳŜƴǘƽǿ ǎȊƪƻƭƴȅŎƘ ƻǊŀȊ ǿȅōǊŀƴŜ 
rekwizyty np. chusty fluorescencyjne, szarfy itp.  

hƎƽƭƴŀ ŀǘƳƻǎŦŜǊŀ ǿǎǇƛŜǊŀƧŊŎŀ ŘȊƛŀƱŀƴƛŀ ƴŀ ǊȊŜŎȊ ǳǊȊŜŎȊȅǿƛǎǘƴƛŜƴƛŀ ȊŀƱƻȍŜƵ 
ǇǊƻƎǊŀƳǳ ŀǳǘƻǊǎƪƛŜƎƻ ǿȅƳŀƎŀƱŀ ȊŀƛƴǘŜǊŜǎƻǿŀƴƛŀ ȊŜ ǎǘǊƻƴȅ ǿǎǇƽƱǇǊŀŎƻǿƴƛƪƽǿΣ 
zwƛŜǊȊŎƘƴƛƪƽǿΣ ƻǎƽō ŎƘťǘƴȅŎƘ Řƻ ǿǎǇƽƱǇǊŀŎȅΦ 5ǳȍȅ ǿǇƱȅǿ ƳƛŀƱŀ ǊƽǿƴƛŜȍ 
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ǿǎǇƽƱǇǊŀŎŀ Ȋ ǊƻŘȊƛŎŀƳƛΦ wƻŘȊƛŎŜ ŘƻǎǘŀǊŎȊŀƭƛ ǇǊȊŜŘŜ ǿǎȊȅǎǘƪƛƳ ƳŀǘŜǊƛŀƱƽǿΣ 
pomagali w organizacji imprez szkolnych, aktywnie uczestniczyli w realizacji 
ǇǊƻƎǊŀƳǳΣ ƳƛŜƭƛ ƳƻȍƭƛǿƻǏŏ ǿǎǇƽƱŘȊƛŀƱŀƴƛŀ ǿ ȊŀƪǊŜǎƛŜ ǊƽȍƴȅŎƘ ŘȊƛŜŘȊƛƴ 
ŀǊǘȅǎǘȅŎȊƴȅŎƘΦ wƻŘȊƛŎŜ ŎƘťǘƴƛŜ ŀƴƎŀȍƻǿŀƭƛ ǎƛť ǿ ƻƪƻƭƛŎȊƴƻǏŎƛƻǿŜ ƛƳǇǊŜȊȅ ǎȊƪƻƭƴŜ 
i ŦŜǎǘȅƴȅΣ ǎȊŎȊŜƎƽƭƴƛŜ ǿǘŜŘȅΣ ƎŘȅ Ǉƭŀƴƻǿŀƴȅ ōȅƱ ǳŘȊƛŀƱ ƛŎƘ ŘȊƛŜŎƪŀ ƴǇΦ w imprezie, 
ǇƻŘŎȊŀǎ ǿȅǎǘťǇǳΣ ƎǊȅ ǿ ǇǊȊŜŘǎǘŀǿƛŜƴƛǳ ǘŜŀǘǊŀƭƴȅƳ ƭǳō ǳŘȊƛŀƱǳ ǿ konkursie. 

|ǊƻŘƪƛ ŘȅŘŀƪǘȅŎȊƴŜ ǇŜƱƴƛƱȅ ƴƛŜȊǿȅƪƭŜ ǿŀȍƴŊ Ǌƻƭť ǿ ǇǊƻƎǊŀƳƛŜ 
aǳȊȅŎȊƴȅŎƘ ǿŀǊǎȊǘŀǘƽǿ ǘǿƽǊŎȊȅŎƘΦ ½ŀŘŀƴƛŜƳ ƴŀǳŎȊȅŎƛŜƭŀ ōȅƱƻ ǘŀƪȍŜ ǳƳƛŜƧťǘƴŜ 
ȊŀŎƘťŎŀƴƛŜ ŘȊƛŜŎƛ Řƻ ǇƻǎȊǳƪƛǿŀƵ ƴƛŜȊǿȅƪƱŜƎƻ ōǊȊƳƛŜƴƛŀ ǇǊȊŜȊ ƎǊƻƳŀŘȊŜƴƛŜ ƛ 
ǘǿƻǊȊŜƴƛŜ ǇǊȊŜŘƳƛƻǘƽǿΣ Ȋ ƪǘƽǊȅŎƘ Ƴƻȍƴŀ ōȅƱƻ ζǿȅŎȊŀǊƻǿŀŏη ƴƛŜȊǿȅƪƱŊ 
ƳǳȊȅƪťΦ ! ǘŀ Ȋ ƪƻƭŜƛΣ ǿ ǇǊŀǿŘȊƛǿƛŜ ǘǿƽǊŎȊŜƧ ŀǘƳƻǎŦŜǊȊŜΣ ǇƻǊǳǎȊŀƧŊŎ 
ζwszystkieη ȊƳȅǎƱȅΣ ǇƻƳŀƎŀƱŀ ȊŀŎƘǿȅŎŀŏΣ ǿȊƳŀŎƴƛŀŏ ƛ ƪǎȊǘŀƱǘƻǿŀŏ ŎƘŀǊŀƪǘŜǊ 
ŘȊƛŜŎƪŀΦ hǇǊƽŎȊ ȊŀƧťŏ ǘȅǇƻǿƻ ƳǳȊȅŎȊƴȅŎƘ ǿƱŊŎȊŀƴƻ ƳǳȊȅƪť ƛ ƧŜƧ ŦƻǊƳȅ 
ŀƪǘȅǿƴƻǏŎƛ Řƻ coŘȊƛŜƴƴȅŎƘ ȊŀƧťŏ ǎȊƪƻƭƴȅŎƘ όƪǎȊǘŀƱŎŜƴƛŀ ȊƛƴǘŜƎǊƻǿŀƴŜƎƻύ Ƨŀƪƻ 
ǘƱŀ Řƻ ƪƻƴƪǊŜǘƴŜƎƻ ǘŜƳŀǘǳ ƴǇΦ ǇǊȊȅ ƻǊƎŀƴƛȊŀŎƧƛ ŀƪǘȅǿƴƻǏŎƛ ǊǳŎƘƻǿŜƧΣ ǿ ŎŜƭǳ 
ǿȅŎƛǎȊŜƴƛŀΣ ǇƻȊƴŀƴƛŀ ȊƧŀǿƛǎƪŀ ǇǊȊȅǊƻŘƴƛŎȊŜƎƻΣ ȊŀǇŀƳƛťǘŀƴƛŜ ǇŜǿƴȅŎƘ ǊŜƎǳƱ ƛǘǇΦ 

½ŀƪƻƵŎȊŜƴƛŜ. !ƴŀƭƛȊǳƧŊŎ ǳȊȅǎƪŀƴŜ ŜŦŜƪǘȅ Ƴƻȍƴŀ ǎǘǿƛŜǊŘȊƛŏΣ ƛȍ ȊŀƱƻȍŜƴƛŀ 
programowe aǳȊȅŎȊƴȅŎƘ ǿŀǊǎȊǘŀǘƽǿ ǘǿƽǊŎȊȅŎƘ ǎǘŀƱȅ ǎƛť ǇǊƽōŊ ǿǇǊƻǿŀŘȊŜƴƛŀ 
ƛƴƴƻǿŀŎȅƧƴȅŎƘ ƛ ƧŜŘƴƻŎȊŜǏƴƛŜ ŀǘǊŀƪŎȅƧƴȅŎƘΣ Řƭŀ ŘȊƛŜŎƛ ƛ ƴŀǳŎȊȅŎƛŜƭŀ ƳŜǘƻŘ ƛ 
form nauczania muzyki w ŜŘǳƪŀŎƧƛ ǿŎȊŜǎƴƻǎȊƪƻƭƴŜƧΦ 5ȊƛŀƱŀƴƛŀ ƻǇŀǊǘŜ ƴŀ 
poszukiwanƛǳΣ ǿ ŦƻǊƳƛŜ ȊŀōŀǿΣ ǘŀƵŎŀΣ ǏǇƛŜǿǳ ŎȊȅ ǘŜȍ ƎǊȅ ƴŀ ǊƽȍƴȅŎƘ 
ƛƴǎǘǊǳƳŜƴǘŀŎƘΣ ǇƻȊȅǘȅǿƴƛŜ ǿǇƱȅƴťƱȅ ƴŀ ȊŀŎƘƻǿŀƴƛŜ ŘȊƛŜŎƪŀΦ ² ǇŜƱƴȅƳ 
ǇƻŎȊǳŎƛǳ ōŜȊǇƛŜŎȊŜƵǎǘǿŀΣ ŀƪŎŜǇǘŀŎƧƛ ƛ ǿƛŀǊȅ ǿ ǎǿƻƧŜ ƳƻȍƭƛǿƻǏŎƛΣ ǳŎȊŜƵ ƻǎƛŊƎƴŊƱ 
ȊƴŀŎȊƴƛŜ ǿƛťŎŜƧΥ ƴŀōȅƱ ȊŀǳŦŀƴƛŜΣ ǇƻȊȅǘȅǿƴŊ ƳƻǘȅǿŀŎƧť ƛ ǎŀǘȅǎŦŀƪŎƧť Ȋ 
ǇƻŘŜƧƳƻǿŀƴŜƎƻ ǿȅǎƛƱƪǳΣ ŎƘťǘƴƛŜ ǘŜȍ ǇƻŘŜƧƳƻǿŀƱ ƴŀǳƪťΣ ǿȅƪŀȊȅǿŀƱ 
ǳƳƛŜƧťǘƴƻǏŏ ǊŀŘȊŜƴƛŀ ǎƻōƛŜ ǿ ǘǊǳŘƴȅŎƘ ǎȅǘǳŀŎƧŀŎƘΣ ƻǊŀȊ ǇƻȊƻǎǘŀƱ ƻŘǇƻǊƴȅ ƴŀ 
ƴƛŜǇƻȍŊŘŀƴŜ ǿǇƱȅǿȅ ƻǘƻŎȊŜƴƛŀΦ ¦ŎȊƴƛƻǿƛŜ Ȋ ŎȊŀǎŜƳ ȊŀŎȊťƭƛ ŘƻǎǘǊȊŜƎŀŏ Ǉƛťƪƴƻ 
w wielu przejawach kultury ƛ ǎȊǘǳƪƛΣ ǎǘŀƭƛ ǎƛť ŀƪǘȅǿƴȅƳƛ ǳŎȊŜǎǘƴƛƪŀƳƛ ƪǳƭǘǳǊȅ 
ƻǊŀȊ Řōŀƭƛ ƻ ǘƻΣ ŀōȅ Ȋ ǇŜƱƴȅƳ ǎȊŀŎǳƴƪƛŜƳ ƻŘƴƻǎƛŏ ǎƛť Řƻ ƛƴƴȅŎƘ ƭǳŘȊƛΦ  

tƻŘǎǳƳƻǿǳƧŊŎ ȊŀǇǊŜȊŜƴǘƻǿŀƴȅ ƳŀǘŜǊƛŀƱ ƴŀƭŜȍȅ ǇƻŘƪǊŜǏƭƛŏΣ ƛȍ ŘȊƛŜŎƪƻ 
ōƛƻǊŊŎŜ ǳŘȊƛŀƱ ǿ ǊƽȍƴŜƎƻ ǊƻŘȊŀƧǳ ŏǿƛŎȊŜƴƛŀŎƘ ǘǿƽǊŎȊȅŎƘ Ƴŀ ƳƻȍƭƛǿƻǏŏ z 
ǎǳƪŎŜǎŜƳ ƪǎȊǘŀƱǘƻǿŀŏ ǿƱŀǎƴŊ Ǉƻǎǘŀǿť ǿǊŀȍƭƛǿŊ ƴŀ ȊƳƛŀƴȅ ƛ Ȋ ŎȊŀǎŜƳ ƻǘǿƻǊȊȅŏ 
ǎƛť ƴŀ ƴƻǿƻǏŎƛΣ ŀƪŎŜǇǘǳƧŊŎ ǎƛŜōƛŜ ƻǊŀȊ ǇƻȊȅǘȅǿƴƛŜ ƴŀǎǘŀǿƛŏ ǎƛť Řƻ ƻǘƻŎȊŜƴƛŀ ƛ 
ȍȅŎƛŀΦ aƱƻŘȅ ŎȊƱƻǿƛŜƪ ǳȊȅǎƪǳƧŜ ǘȅƳ ǎŀƳȅƳ ǿƛŀǊť ǿŜ ǿƱŀǎƴŜ ƳƻȍƭƛǿƻǏŎƛΣ ŘŊȍȅ 
Řƻ ǘŜƎƻΣ ŀōȅ ǎǇŜƱƴƛŀŏ ƳŀǊȊŜƴƛŀΦ ! ƴƛŜȊŀǎǘŊǇƛƻƴȅƳ ǇǊȊŜǿƻŘƴƛƪƛŜƳ ǳŎȊƴƛŀ Ǉƻ 
ǏǿƛŜŎƛŜ ǿȅƻōǊŀȋƴƛ ƧŜǎǘ ȊŀǿǎȊŜ ǿǊŀȍƭƛǿȅ ƛ ǘǿƽǊŎȊȅ ƴŀǳŎȊȅŎƛŜƭΦ 
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½ŀƱŊŎȊƴƛƪ 
aŀǘŜǊƛŀƱ ȊŘƧťŎƛƻǿȅ ŘƻƪǳƳŜƴǘǳƧŊŎȅ ǇǊȊŜōƛŜƎ ȊŀƧťŏ ǿ ǊŀƳŀŎƘ 

aǳȊȅŎȊƴȅŎƘ ǿŀǊǎȊǘŀǘƽǿ ǘǿƽǊŎȊȅŎƘ 
 

Foto 1. CƭŜŎƛƪ Ǉƻƭǎƪƛ όŦƭŀȍƻƭŜǘύ ς 
wykonanie utworu pt. ζSiedzi sobie 
ȊŀƧŊŎ pod ƳƛŜŘȊŊη 

 

Foto 2. Budowanie 
ƛƴǎǘǊǳƳŜƴǘƽǿ-ȊŀōŀǿŜƪ ŘȋǿƛťƪƻǿȅŎƘ ς 
ƎǊŀƧŊŎȅŎƘ ƪǳōƪƽǿ 

 

 
Foto 3. Muzyczna improwizacja 

do tekstu opowiadania pt. ζWiosenne 
muzykowanieη 

 
Foto. 4. Kolorowych impresja 

ruchowa z ǳȍȅŎƛŜƳ ǎȊŀǊŦ Řƻ muzyki L. 
Delibesa ζPizzicato polkaη 
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SUMMARY 
{Ʊȅƪ ¦ΦΣ YƛǎƛŜƭ aΦ The development of the musical creative activity of the child in the 

learning process.  
Modern pedagogy attempts to build such a concept of education and training that 

would be compatible with the development of a young person, capable of functioning in the 
real, full of change and transformations world. In this regard, it is necessary to prepare youth 
to solve problems, to think creatively, realize themselves, to strive to create moral values, 
based on responsibility and safety, and to build persistence and creativity. This article is 
devoted to the problem of development of the creativity of junior schoolchildren and the 
factors driving this process. The description of the project of Music creative workshops, which 
is one of the forms of pedagogical innovations, is presented. The project is carried out in one 
of the schools from the territory of the city WŀǎǘǊȊťōƛŜ-½ŘǊƽƧ. 

Analyzing the received data the author notes that the program provisions of Musical 
creative workshops have become an attempt to implement innovative and at the same time 
appealing to kids and teachers, methods and forms of teaching music in schools. It is proved that 
actions based on the search, in the form of dance, singing or playing musical instruments had a 
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positive impact on the child's behavior. In the full sense of security, acceptance and belief in their 
ability, the pupil can achieve much more; gain the confidence, positive motivation and pleasure. 
In addition, the author emphasizes the need to move forward, willing to accept new knowledge 
and skills to demonstrate the ability to cope with difficult situations, and to be resistant to 
adverse environmental influences. In such a situation, students will begin to notice the beauty in 
the various manifestations of culture and art, will be active participants in the culture and will 
take care of that with respect to other people.  

Summarizing the material presented, the author emphasizes that the child, that takes 
part in various creative projects has the ability to form his/her own position successfully in 
response to changes, to discover something new, and stay positive for the perception of the 
environment and life. The young person gets therefore faith in his/her abilities, strives to 
achieve his/her dreams. And indispensable guide for the pupil into the world of imagination 
will always be sensitive and creative teacher. 

Key words: music lessons, pupil, creative thinking, creative development, education. 
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͙ͨͪͪͦ͒ͤ͜ ͒͊ͤ͜Σ ͒͋ͤͦͫͭ͘͜͜ ͯ;ͤΎΣ ͨͪͦ ͚͎ͦͦ ͙ͣͯ͘;ͤͯ ͍ͦ͋͒͊ͪͦ͊ͤͫͭ͜ΈΦ 

˨͡Ύ ͍͙Ύ͍͔ͤͤ͡Ύ ͍ͭͦͪ;͎ͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡ ͙͙͙͒ͭͤ ͫͤͯ͜Ί ͍͒͊ ͍͙ͦͫͤͦͤͻ όͻͦ;͊ ͜ 
͔ͤ Ί͙͙͒ͤͻύ ͙ͫͨͦͫͦ͋Φ ˻͙͒ͤ ͘ ͙ͤͻ ς ͔͍ͭͫͭͯ͊ͤͤΎΣ ͤ͜΄͙͚ ς ͙ͨͫͻ͎ͦͦͦ͡-
͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΦ ̂ ͙ͨͪ͊ͭ͟;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ˨˸̊ ͔͍ͭͫͭͯ͊ͤͤΎ ͍ 
͚͎ͦͦ ͔ͫͨͼ͙ͺ͜;ͤͦͣͯ ͍͊ͪ͊ͤͭ͜͜ ͍͙͙͍͍ͦͪͫͭͦͯ͊ͦͫ͟͡Ύ ͍͔͗ ͍͒͊ͤͦ ͭ͊ ͍ͨͪͦ͒ͦ͗ͯΊ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ ͜ ͫΈ͎ͦͦ͒ͤ͜Φ ͔͍́ͫͭͯ͊ͤͤΎ ͍͙ͫͭͯͨ͊Ί ͍ Ύͦͫͭ͟͜ ͔ͣͭͦ͒ͯ ͒͡Ύ 
͍͒͋ͦͪͯ͜ ζ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜η ͤ͊ ͍͙ͫͭͯͨͤͻ ͍͙͍ͨͪͦ͋ͯ͊ͤͤΎͻ ͙ͨͪ ͊ͪ͊͘ͻ͍ͯ͊ͤͤ͜ ͒ͦ 
΄͙ͦ͟͡Φ ˸͔͙ͭͦ͒͊͟ ͔͔͍͙ͨͪͪ͜͟ ͔͚͒͋ͤͦͫͭ͘͜ ͋ͯ͊͡ ό͜ ͙͊͘͡΄͊ΊͭΈͫΎύ ͔͒ͯ͗ 
͔ͤͫ͊͒ͤͦ͟͡ΌΦ ˤͦͤ͊ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͭ͊͟͜ ͍͊͒͊ͤͤ͘ΎΥ ͙͙͒ͭͤ͜ 
ͨͪͦͨͦͤͯΊͭΈͫΎ ͍͙ͨͪͦͫͨ͊ͭ͜ ͔ͨͫͤ͜Έͯ͟Σ ͍͙ͨͪͦͤͭͦͤͯ͊ͭ͜ ό͍͙ͤ͊ͫͨ͊ͭ͜ύ ͙ͣͯ͘;ͤͯ 
ͺͪ͊ͯ͘Σ ͍͙ͦͤ͊ͤͯ͟ ͤ͊ ͺ͔ͦͪͭͨ͊ͤͦ͜Τ ͔͙ͨͪͦͨͫ͊ͭ͟͡ ͍ ͒ͦͦͤ͜͡ ͊͋ͦ ͙ͨͪͦͫͭͯ͊ͭ͟ 
͍ͦ͜͡ͼ͔ͣ ͚ͭͦ ;͙ ͤ͜΄͙͚ ͙ͪͭͣ͜;͙͚ͤ ͣ͊͡Όͤͦ͟Τ ͤͦ͒͜͜ ͔͔͍ͨͪͪ͜ΎΊͭΈͫΎ ͒͊ͭͤͫͭ͘͜Έ 
͙͙͙͒ͭͤ ͒ͦ ͊ͨ͊ͣ͘ΩΎ͍͍ͭͦͯ͊ͤͤΎ ͙͙ͣͯ͘͟Φ ˻͍͔ͫͤͦͤ ͙ͨͪͤ͊͘;͔ͤͤΎ ͙ͨͦ͒͋ͤ͜ͻ 
͔͍͙ͭͫͭͦͻ ͔ͦͨͪ͊ͼ͚͜ ς ͍͙ͤ͊͘;͙͙ͭ ͤ͊Ύ͍ͤͫͭ͜Έ ό͊͋ͦ ͍͒ͫͯͭͤͫͭ͜͜Έύ ͯ ζ͊͋ͭͯͪ͜͜Ίͤͭ͊η 
͙ͣͯ͘;ͤͦ-ͫͯ͡ͻ͍͙ͦͻ ͭ͊ ͙ͣͯ͘;ͤͦ-͙ͪͭͣ͜;͙ͤͻ ͔͚͒͋ͤͦͫͭ͘͜Φ 

˩ͺ͔͙͍ͭͤͫͭ͟͜Έ ͜ ͎͙ͨͪͦͤͦͫͭ;ͤ͊ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͍͙΅͔͍͙ͤ͊͊ͤ͘ͻ ͔͔͍ͨͪͪͦ͜͟ ͔͒ͯ͗ 
͔͍͙ͤͫͦ͊͟Σ ΅ͦ ͔ͤͪ͒ͦ͜͟ ͍͙ͤ͊͘ΊͭΈͫΎ ͙͙ͫ͊ͣͣ ͔͎͎͙ͨ͒͊ͦ͊ͣ-͙ͣͯ͘͟ ͙͊ͤͭ͊ͣΦ ˽ͦ-
͔ͨͪ΄͔Σ ͍͍͙͙͚ͯͦͫͦͭͤ͘͟ ͫͯ͡ͻ ͜ ͒͊ͭͤͫͭ͘͜Έ ͍͍͙͙͒ͭͦͪͭ͜ ͙ͪͭͣ͜;͙͚ͤ ͣ͊͡Όͤͦ͟ ς ͼ͔ 
ͭ͜͡Έ͙͟ ͍͙͙͒ͣ͊ ͍ ͍ͯͣͦ͊ͻ ͎ͨͦ͒͋ͤͦͦ͜ ͍͙͍ͨͪͦ͋ͯ͊ͤͤΎ ;͙͊ͫͭͤ͊ ͍͔͙͡;͔͎ͤͦͦ͘ 
ζ͚͔͎͊ͫ͋ͪͯηΣ Ύ͙ͣ͟ Ί ͺ͔͔ͤͦͣͤ ͙ͣͯ͘;ͤͦ͝ ͍ͦ͋͒͊ͪͦ͊ͤͦͫͭ͜Σ ͔ͤ ͋͜͡Έ΄͔ ͎ͭͦͦΦ ˱ͤ΄͙͙ͣ 
͍͙ͫͦ͊ͣ͡Σ ͍ ͔ͨͦ͡ ͦͪͯ͘ ͔͎͎͍ͨ͒͊ͦ͜Σ ΅ͦ ͍͒͊ΌͭΈͫΎ ͒ͦ ͙ͨͦ͒͋ͤ͜ͻ ͔͍͙ͭͫͭͦͻ ͍͊͒͊ͤ͘ΈΣ 
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ͨͦͭͪ͊ͨ͡ΎΌͭΈ ͔ͦͪͣ͟͜ ͙͙ͨͦ͊ͤ͘͟͟ ͎͔͎͋͊͊ͭͦͦͣͨͦͤͤͭͤͦͦ͟Σ ͔͎͍͎ͫ͊͒ͤͦͤͭͪͦ͊ͤͦͦ͟͜͡ 
͔ͦͣͨͫͯ͟͟͡ ͙ͣͯ͘;͙ͤͻ ͔͚͒͋ͤͦͫͭ͘͜ ͍͙͍͎ͨͪͦ͋ͯ͊ͤͦͦΦ ˹͚͊͋͜͡Έ΄ ͙ͨͪͤͼ͙͍ͨͦͦ 
͍͙͍͊͗͜͡ ͍ͫ͊͒ͦ͟͜͡ ͼΈ͎ͦͦ ͔ͦͣͨͫͯ͟͟͡Σ ͭ͊͟͜Σ Ύ͟ ͙ͨͪͪͦ͒ͤ͊ ͫͻ͙͡Έͤͫͭ͜Έ ͒ͦ ͻͯ͒ͦ͗ͤΈͦ-
͎ͦ͋ͪ͊ͤͦͦ͘ ͙͔ͣͫͤͤ͡ΎΣ ͔ͪ͊͟ͼ͜͝ ͤ͊ ͭ͜ ;͙ ͤ͜΄͜ ͙͊ͫͦ͋͘ ͙ͣͯ͘;ͤͦ͝ ͍͙ͪ͊ͤͦͫͭ͘͜Σ 
ͫͻ͙͡Έͤͫͭ͜Έ ͒ͦ ͍ͭͦͪ;ͦ͝ ͯΎ͍͙Σ ͔͙͍ͪ͊ͭͤͫͭ͟͜Έ ͭ͊ ͤ͜Φ ς ͯͫΎ ͼΎ ͙͔ͫͫͭͣͤ͊ ͼͫͤͫͭ͜͜͜͡Έ 
͙ͨͫͻ͜;͙ͤͻ Ύ͔͚ͦͫͭ͟ ͜ ͍͙͍͔͚͊ͫͭͦͫͭ͡Σ ͍͒͜ Ύ͙͟ͻΣ ͎͒ͤͦ͘͜ ͘ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ͙ͣ 
ˣΦ s Φ ́ ͔͍ͨͦ͊͡ ς ζ͔͙͊͗ͭ͘͡Έ ͙͍ͣͦ͗ͫͭ͜͡Έ ͯͫͨ͜΄͎ͤͦͦ ͊ͤ͘ΎͭͭΎ ͙ͣͯ͘;ͤͦΌ 
͒͜Ύ͡Έͤͫͭ͜Όη ώсΣ мфϐΣ ͙͊͘͡΄͊ΊͭΈͫΎ ͨͦ͊͘ ͔͙ͣ͗͊ͣ ͔͍͙ͭͫͭͦͻ ͍͙͍ͨͪͦ͋ͯ͊ͤΈΣ ͔ͤ 
͍ͣ͜΅ͯΊͭΈͫΎ ͍ ͼ͜ ͙ͪ͊ͣ͟Φ 

˱ ΅͔ ͦ͒ͤ͊ ͍͙ͦ͋ͫͭ͊ͤ͊Σ ͍͙ͤ͊͒͘;͚͊ͤͦ ͍͙͍͊͗͊͡ ͙ͨͪ ͎ͪͦ͘͡Ύ͒͜ ͔ͣͭͦ͒ͯ 
͔͍ͭͫͭͯ͊ͤͤΎΦ ˹͔ ͣͦ͗ͤ͊ ͔ͤ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭΣ ΅ͦ ͤ͊ ͚͎ͦͦ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔ͣͦ͗ 
͔͚ͫͪͦͤͦ͘ ͍͙͙ͨͤͯͭ͡ ͔ͣͦͼ͚ͤͦ͜-͙ͨͫͻ͜;͙͚ͤ ͫͭ͊ͤ ͍͙͍͎ͨͪͦ͋ͯ͊ͤͦͦΦ 
˿ͦͪͦͣΩΎ͙͍ͫͭ͘͜͡ΈΣ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͊ ͫͯͭͫͭ͟͜ΈΣ ͙͍ͭͪͦ͗ͤͫͭ͜Έ ͙ͨͪ ͍ͫͨͯ͊ͤͤ͜͟͜͡ ͘ 
͔͚͙͙ͤͤ͊ͦͣͣ͘ ͡Ό͒Έ͙ͣΣ ΅ͦ ͨͪͦͨͦͤͯΌͭΈ ͙͙͒ͭͤ͜ ͭ͜ ;͙ ͤ͜΄͜ ͔͍͙ͤ͘;ͤ͜ ͒͡Ύ ͤΈ͎ͦͦ 
͍͊͒͊ͤͤ͘Ύ ς ͔ͯͫ ͼ͔ ͼͦͣ͜͟͡ ͔ͣͦ͗ ͍͙͙ͫͨͦͭͦͪͭ ͙͊ͪͭͤͯ͟ ͔͍͙ͭͫͭͦͻ ͍͙͍ͨͪͦ͋ͯ͊ͤΈΣ 
͍͙͙ͨͤͯͭ͡ ͤ͊ ͝ͻͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΦ ˨͙ͭΎ;͊ ͙ͨͫͻ͊͜͟ ͍ ͙ͫͯ͡ ͍͍͙ͦ͜͟ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ 
͍͙ͤ͊͒͘;͚͊ͤͦ ͪͯͻ͙͍͊͡Σ ͭͦͣͯ ζͦ͒ͤ͊ ͚ ͭ͊ ͫ͊ͣ͊ ͙͙͒ͭͤ͊ ͨͦ ͚ͦ͒ͤ͜ ͜ ͚ͭ͜ ͚ͫ͊ͣ͜ 
͙ͨͫͻ͎͙ͦ͒͊ͤͦͫͭ͜;͚ͤ͜ ͔͙ͣͭͦ͒ͼ͜ ό͊͋ͦ ͔ͨ͊ͭͯ͟ ͔͙ͣͭͦ͒͟ύ ͯ ͙ͪͤ͘͜ͻ ͍ͯͣͦ͊ͻ ͔ͣͦ͗ 
͍͙ͨͦ͊ͯ͊ͭ͘͟ ͪͤ͘͜͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭηΣ ς ͨ ͙΄͔ ˢΦ ˱ Φ ˿ ͍͔͍͊ͤͦ͟ ώрΣ мурϐΦ 

˭ͤ͊;ͤͦ ͋͜͡Έ΄͔ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ ͙͙͒ͭͤͯ ͒͊ΌͭΈ ͙͍ͭͪ͊͜͡ ͊͘ ;͊ͫͦͣ 
͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΦ ˤ͙ͦͤΣ Ύ͟ ͍ͫ͒͜;͙ͭΈ ͙ͨͪ͊ͭ͊͟͟Σ ͙͒ͦͫͭΈ 
͙͍ͨͪͦ͒ͯͭͤ͟͜Σ ͚ͤ͊͒ͤ͜͜Σ ͙ͭͣ ͋͜͡Έ΄͔Σ Ύ͟΅ͦ ͍ͨͪͦͦ͒ΎͭΈͫΎ ͍͒ͦͫ͒͜;͔͙͙ͤͣΣ 
͔͍͙͙ͪͯ͒ͦ͊ͤͣ ͺ͊ͻ͍͜ͼΎ͙ͣΦ ˹͍͔͊ͯͦ͟ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͤ͊͘;ͤͦ ͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͍͒͜ 
͔͍͎ͤͤ͊ͯͦͦͦ͟ ό͍͎ͨͦ͋ͯͭͦͦͦύΣ ͊ ͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΣ Ύ͟ ͙ͦ͒ͤ ͘͜ ͍͙͍͒͜ 
͍͎ͤ͊ͯͦͦͦ͟Σ ς Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͫ͊͒ͤͯ͟͡ ͎͔͋͊͊ͭͦͭ͊ͨͤͯ ͙͔ͫͫͭͣͯΣ ΅ͦ ͍͍͒ͨͦ͒͊͜͜Ί 
͔͍͙ͨͤͣ ͙͙͒͒͊ͭ͟;͙ͤͣ ͍͊͒͊ͤͤ͘ΎͣΦ 

˽͔͔ͪ͒ͯͫͣ͜Σ ͍͊͟͜͡ͺ͍͔ͦ͊ͤ͜͟ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͔͔ͨͪ͒͋͊;͊Ί ͭͦ;͔ͤ ͤ͊ͤͤ͘Ύ 
͎ͭͦͦΣ ͤ͊ Ύ͟͜ ͙ͨͭ͊ͤͤΎ ͔͎͎ͨ͒͊ͦ ͍͙͔ͨͦͤͤ ͙͙ͦͭͪͣ͊ͭ ͍͍͒ͨͦ͒͜͜͜Σ ΅ͦ ͍ͤ͜ ͻͦ;͔ 
͘ΩΎ͍͙ͫͯ͊ͭΣ Ύ͟͜ ͔͙ͨ͊ͪ͊ͣͭͪ ͔ͦͣͨͫͯ͟͟͡ ͔͚͒͋ͤͦͫͭ͘͜Σ ͙ͨͫͻ͜;͙ͤͻ Ύ͔͚ͦͫͭ͟ ͜ 
͍͙͍͔͚͊ͫͭͦͫͭ͡ ͯ;ͤΎ ͍͙ͨͦͤͤ͜ ͙͙͙ͦͨͤͭͫΎ ͯ ͺͦͯͫ͟͜ ͚͎ͦͦ ͍͎͙ͯ͊Φ ͔̇ ͔ͫ͊ͣ ͨͦ ͫͦ͋͜ 
͙͒ͦͫͭΈ ͫ͊͒ͤͦ͟͡Σ Ύ͟΅ͦ ͍ͪ͊ͻ͍͙ͯ͊ͭΣ ΅ͦ ͔͙ͨ͊ͪ͊ͣͭͪ ͙ͣͯ͘;ͤͦ͝ ͍ͦ͋͒͊ͪͦ͊ͤͦͫͭ͜ 
ͣͦ͗ͯͭΈ ͙ͣ͊ͭ ͪͤͯ͘͜ ͙ͨͪͪͦ͒ͯ ͚ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͭ͊ ͔ͤ ͍ͦ͒͘ΎͭΈͫΎ ͒ͦ ͟͜͡Έͦ͟ͻ 
͚ͤ͊͋͜͡Έ΄ ͦ;͔͍͙͙͒ͤͻ ͙͍ͨͦ͊ͤ͘͟͟͜Φ 

́͊͟Σ ͔͒ͯ͗ ͨͦ΄͙͔ͪͤ͊ ͙ͨͦͣ͊͟͡ ͍ ͎͙͒͊ͤͦͫͭ͜ͼ͜Σ ͙ͦ͟͡ ͯ;ͤΎΣ ΅ͦ ͙ͫͨͪͭͤͦ 
͔ͦͨͪͯΊ ͤ͊ ͍͊͊ͭͯͪ͟͜͜͡ ό͊͋ͦ ͎͙ͪͺ͜ύ ͙ͣͯ͘;͎ͤͦͦ ͔ͤͫͭͪͯͣͤͭ͊͜Σ ͊ͪ͊͘ͻ͍ͦͯΌͭΈ ͒ͦ 
͙ͣͯ͘;ͤͦ ͍͙ͦ͋͒͊ͪͦ͊ͤͻΣ ͻͦ;͊ ͙ͭ͊ͣ͟ ͍ͤ͜ ͔ͤ ΊΣ ΅ͦ ͎ͦ͒ͦͣ͘ ͜ ͘ΩΎ͍ͫͦͯΊͭΈͫΎΦ 
˻͔ͪͣͦ͟ ͍͘Ύͭͯ ͒͊ͭͤͫͭ͘͜ΈΣ ͯ ͒͊ͤͦͣͯ ͍͙ͨ͊͒ͯ͟ ͪͯͻ͍ͦͦ-͔ͭͻͤ͜;ͤͯΣ ͙͚ͨͪͣ͊ΌͭΈ ͊͘ 
͍ͦ͋͒͊ͪͦ͊ͤͫͭ͜Έ Ύ͟ ͭ͊ͯ͟Σ ͊͘ Ύ͙͚ͫ͟Έ ͍͔ͯͤͪͫͯͣ͜Φ 

˽͙ͪ ͎͙͒͊ͤͦͫͭ͜ͼ͜ ͙͙ͨͪͪͦ͒ͤͻ ͙͒͊ͤͻ ͯ;ͤΎ ͔ͤ ͣͦ͗ͤ͊ ͔ͤ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭΣ ΅ͦ 
͒͋ͤͦͫͭ͘͜͜ ς ͅ ͔͔ͤͦͣͤ ͒ ͙ͤ͊ͣ͜;͙͚ͤΥ ͍͙ͦͤ ͍͙͍ͪͦ͊͘ΌͭΈͫΎ ͙ͨͪ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͍ͯͣͦ͊ͻΣ 
ͣͦ͗ͯͭΈ ͍͙ͻ͙͙ͦ͒ͭ ό͊͘ ͙ͫͨͪΎ͙͍͙ͭ͡ͻ ͍ͯͣͦύ ͤ͊ ͋͜͡Έ΄ ͍͙ͫͦ͟͜ ͍ͪͤ͜͜Φ ˻͔ͭ͗Σ ͍͙͙͙ͤͦͫͭ 
͔͎͙͊ͭͦͪ͟;ͤ͜ ͔ͫͯ͒͗ͤͤΎ ͜ ͍͙͍͙ͯͣͦͦ͒ ͤ͊ ͍ͨ͒ͫͭ͊͜͜ ͔͔͔ͫͨͦͫͭͪ͗ͤΈ ͜ ͍͔ͪ͊͗ͤΈΣ ΅ͦ 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ4ȟ Ο 9 (43) 

36 

ͫ͊͒͊͟͡ΌͭΈͫΎ ͍ ͔͎͎ͨ͒͊ͦ͊ ζͭͯͭ ͜ ͊ͪ͊͘͘ηΣ ͔ͤ ͍͙͊ͨͪͦ͋ͦ͊ͤͻ ͤ͊ ͙͒ͫͭ͊ͤͼ͜͝ ;͊ͫͯΣ ͔ͤ 
͔͔ͪͦͣͤ͒ͯ͟ΊͭΈͫΎΦ ̒͟ ͍͙ͨͪ͊ͦ͡Σ ͨͦͭͪ͋ͤͦ͜ ͔ͤ ͙ͦ͒ͤ ͪ͜͟Σ ΅ͦ͋ ͔͎͎ͨ͒͊ͦ-͙ͣͯ͊ͤͭ͘͟Σ 
ͫͨͯ͜͟͡Ό;͙ͫΈ ͘ ͯ;͔ͤͣΣ ͎ͣ͜ ͘ ͔͍͔ͯͨͤͤͫͭ͜Ό ͙ͫ͊͊ͭ͘͟Υ ζ͔͚̇ ͯ;͔ͤΈ Ί ͔͔͙͍͙ͨͪͫͨͭͤͣ͟ 
ͯ ͨͪͦͺ͔͚ͫͤͦͣͯ͜ ͍͒ͤͦ͜΄͔ͤͤ͜Σ ͙ͣͯ͘;ͤ͊ ͍ͦ͋͒͊ͪͦ͊ͤͫͭ͜Έ ͍͍ͫͯͣͤ͜͜ ͔ͤ ͍͙͙͊͟͟͡Ίη 
͊͋ͦ ζ͔͚̇ ͯ;͔ͤΈ ͔͔͔͙͍͙͚͋ͨͪͫͨͭͤ͘͟ ͯ ͨͪͦͺ͔͚ͫͤͦͣͯ͜ ͍͒ͤͦ͜΄͔ͤͤ͜Φ ˥͍͙͙ͦͦͪͭ ͨͪͦ 
͙ͣͯ͘;ͤͯ ͍ͦ͋͒͊ͪͦ͊ͤͫͭ͜Έ ͔ͤͣ͊Ί ͍͙͙͙͒ͣͻ ͍ͨ͒ͫͭ͊͜ηΦ 

̂ ͔͒Ύ͙͟ͻ ͍͙ͨ͊͒͊͟ͻ ͒͡Ύ ͔ͫͯ͒͗ͤΈ ͎ͭ͊ͦͦ͟ ͪͦ͒ͯ ͨͦͭͪ͋ͤͦ͜ ͔ͣͤ΄͔ ;͊ͫͯΣ ͍ 
ͤ͜΄͙ͻ ς ͋͜͡Έ΄͔Φ ͍̒ͫͪ͊ͦ͟ ͍͙͔ͪ͊͗ͤ͊ ͍ͦ͋͒͊ͪͦ͊ͤͫͭ͜Έ ς ͊͋ͦ ͔͔͔͋ͨͪ͘;ͤ͊ 
͍͒ͫͯͭͤͫͭ͜͜Έ ͭ͊ͦ͟͝ ς ͪͦͨͤ͊͘͘͜ΌͭΈͫΎ ΄͍͙͒΄͔ ͚ ͔͎͡΄͔Φ ˢ͔͡ ͭ͊͟͜ ͙ͫͭͯ͊ͼ͜͝ 
͍ͨͦͪͤ͜Ύͤͦ ͔ͤ;͊ͫͭ͜Φ ˭ͤ͊;ͤͦ ͋͜͡Έ΄͔ ͨͦ΄͙͔ͪͤ͜ ͨͪͦͣ͗ͤ͜͜Σ ͔ͤΎ͍ͤͦ ͍͙͔ͪ͊͗ͤ͜ 
͔ͫͭͯͨͤ͜ ͍ͦ͋͒͊ͪͦ͊ͤͦͫͭ͜Σ Ύ͟͜ ͯͫ͊͒ͤ͟͡ΌΌͭΈ ͝ͻ ζ͔͔͙ͫͨͪͭͯ͘͟ηΦ ͔͙́ͪͣͤ͜ 
͎͍͒͊ͤͦͫͭͯ͊ͤͤ͜ΎΣ ͚͒ͫͤ͘͜Ό͍͊ͤ͜ ͔ͣͭͦ͒ͦͣ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΣ ͔͊͗͊ͭ͘͡Έ ͎͋͊͊ͭͦ ͍ 
;ͦͣͯ ͜ ͍͒͜ ͺ͙ͦͪͣ ͼ͜Ί͝ ͙ͪͦ͋ͦͭΦ ˻͙ͨͭͣ͊͡Έ͙͚ͤ ͍͊ͪ͊ͤͭ͜Σ ͙ͦ͟͡ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ 
͍͔͔͒ͭΈͫΎ ͍ ͪͯͫ͜͡ ͙ͨͪ͊ͭ͟;͙ͤͻ ͙ͣͯ͘;͙ͤͻ ͊ͤ͘ΎͭΈ ͍;͙͔ͭ͡Ύ ͘ ͯ;͔ͤͣΣ ͍ ͍ͯͣͦ͊ͻ ͝ͻ 
͔͔͔͋ͨͦͫͪ͒ͤ͘͜ͻ ͍ͦͤͭ͊ͭ͟͟͜ ͙ͦ͒ͤ ͘ ͙ͦ͒ͤͣΦ 

˹͊ ͎͒ͪͯͦͣͯ ͣͫ͜ͼ͜ ͍ ͔͔ͨͪͯ͜͟͡ ͙ͨͭ͊ͤΈΣ ͫͺͦͪͣͯ͡Έ͍͙ͦ͊ͤͻ 
˶Φ ˨ Φ x ͔͚͊ͪͤ͋ͦͣͦͣ ͜ ͍͔͔͙ͤ͊͒ͤͻ ͍͙΅͔Σ ͚͊ͣ͊͘Ί ͔ͤ ͔ͣͤ΄ ͍͙͍͙͚͊͗͡ ς ͒͡Ύ 
;͎ͦͦ ͍ͤ͊;͊ΌͭΈΦ ˽͔ͪͦ͋ͣ͊͡ ͼ͔ͨͦ͊͒͊ͤͤ͜͟͡͡Ύ ς ͦ͒ͤ͊ ͘ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ ͒͡Ύ 
͡Ό͒ͫΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͎͊͊͘͜͡ ς Ί ͫͯͭͤͫͤͦ͜Ό ͍ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͙͔ͫͫͭͣ͜Φ 

̂ ;͙͔͙ͫͤͤ͡ͻ ͎͙ͨͪͦͪ͊ͣͤͻ ͔͒ͦͯͣͤͭ͊͟ͻΣ ͙͍ͨͪͫΎ;͔͙ͤͻ ͼ͜͡Ύͣ ͜ ͍͊͒͊ͤͤ͘Ύͣ 
͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦ͝ ͙ͪͦ͋ͦͭ ͍ ˨˸̊Σ ͯ ͔͒ͦͯͣͤͭ͊͟ͻΣ Ύ͟͜ ͍ͫͭͦͪΌ͍͙͊ͫ͡Ύ ͍ 
͙͚ͪͤ͘͜ ;͊ͫ ͜ ͍ ͙ͪͤ͘͜ͻ ͍ͯͣͦ͊ͻ ͔ͨ͒ͪͫ͜͟͡ΌΊͭΈͫΎ ͙͙ͨͪ͋ͤͦ͘͡ ͔ͦ͒ͤ ͚ ͔ͭ ͔ͫ͊ͣΦ 
˭͔ͦͪͣ͊͟Σ ͔ͭΣ ΅ͦ ͍ͤ͊;͊͡Έͤͦ-͍ͦͫͭͤ͜͜ ͙ͫͭͪͯͭͯͪ͟ ͼΈ͎ͦͦ ͙ͭͨͯ ͍͙ͨͦͤͤ͜ ͍͙͙ͫͭ͊ͭ 
͔͔ͨͪ͒ ͫͦ͋ͦΌ ͔ͤ ͦ͒ͤͯ ͎͍ͦͦͤͯ͡ ͜ ͍͙ͤ͊͘;͊͡Έͤͯ ͔ͣͭͯΣ ͊ Ύ͟ ͣͤͣͯͣ͜͜ ͍͒͜Φ 

̂ Ύͦͫͭ͟͜ ͔ͨͪ΄ͦ͝ ͙͍ͤ͊͊͘ΌͭΈ ͎͊͊͘͡Έ͔͔͙ͤͦͫͭͭ;͔ͤ ό͔ͦͪͣ͊͘͟Σ ͙ͣͯ͘;͔ͤύ ͍͙ͻͦ-
͍͊ͤͤΎ ͔͚͒ͭ͜ ͜ ͍ͨ͒ͭ͜͜͟͜͡Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͙ͤͻ ͻͯ͒ͦ͗ͤΈͦ-͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜Σ ͔͔ͫͭ-
͙ͭ;͙ͤͻ ͍ͫͣ͊͟͜Σ ͍͙ͪͦͭͦ͘͟ ͻͯ͒ͦ͗ͤΈͦ͝ ͺ͊ͤͭ͊͘͜͝Σ ͯΎ͍͙Σ ͎͋͊͊͘;͔ͤͤΎ ͔ͫͨͭͪͯ͟ ͔ͣͦͼ͚͜Σ 
͜Σ ͨͦͪΎ͒ ͘͜ ͼ͙ͣΣ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͙ͨͪ͊ͭ͟;͙ͤͻ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͎͙ͪ ͤ͊ ͭͦͣͯ ;͙ ͤ͜΄ͦͣͯ 
͙ͣͯ͘;ͤͦͣͯ ͔ͤͫͭͪͯͣͤͭ͜͜Φ ˱ͤ΄͊ ͔ͣͭ͊Σ ͔ͤ ͔ͣͤ΄ ͍͙͍͊͗͊͡ ς ͍͙Ύ͍͔ͤͤ͡Ύ ͙ͣͯ͘;ͤͦ 
͍͙ͦ͋͒͊ͪͦ͊ͤͻ ͔͚͒ͭ͜ ͭ͊ ͍ͨ͒ͭ͜͜͟͜͡ ͒͡Ύ ͨͦ͒͊͡Έ΄͎ͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ͔ͫͨͼ͍͙͊ͦ͊ͤ͘͜͜͡ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ όͯ;͙͙͡΅͊ͻΣ ͔ͦ͒͗͊͟͡ͻΣ ˤ˹˭ύΣ ͎͍ͨ͒ͦͭͦ͊͜͟ ͒ͦ ͍ͫͭͯͨͯ ͍ ͼ͜ 
͍ͤ͊;͊͡Έͤ͜ ͙͊͊͒͘͟͡Σ ͒ͦ ͎ͭͦͦΣ ΅ͦ͋ ͙ͣͯ͘;ͤ͊ ͣͦͦ͒͡ΈΣ ͊ͤ͘͟͜;ͯΌ;͙ ˨˸̊Σ 
͍͍͒ͨͦ͒͊͊͜͜͡ ͨͪͦͺ͔͚͙ͫͤͣ͜ ͍͙͎ͣͦ͊ͣΣ ΅ͦ ͍͙͍ͫͯ͊ΌͭΈͫΎ ͒ͦ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜Φ 

˹͔ͪ͒ͦ͜͟ ͭͪ͊ͨ͡ΎΊͭΈͫΎΣ ΅ͦ ͒͊ͤ͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͎͙͙͒͊ͤͦͫͭ͜͟ ͍ͫ͒͜;͊ͭΈ ͨͪͦ 
͔ͭΣ ΅ͦ ͔͎͎ͨ͒͊ͦ ͣ͊Ί ͍ͫͨͪ͊ͯ ͘ ͼͦͣ͜͟͡ ͙͙ͦͪ͒ͤ͊ͪͤͣ ͊͘ ͍͙ͫͦͣ͝ ͙͙͙ͨͪͪͦ͒ͤͣ 
͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ ͯ;͔ͤͣΣ ͜ ͔͎͎ͨ͒͊ͦ ͯ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟ ͍͒͒͊͜Ί ͔͔͍͎ͨͪ͊ͯΣ Ύ͟ 
͍͙ͨͪ͊ͦ͡Σ ͍ͤ͊;͊ͤͤΌ ͯ;ͤΎ ͙ͭͪ͊͒ͼ͚͙ͤͣ͜ ΄͡Ύͻͦͣ ͘͜ ͍͙͍͊ͫͭͦ͡Ό ͦͫͭ͊ͤͤΈͦͣͯ 
ͨͪͦͺ͔͚ͫͤͦ͜Ό ͦͪ͜Ίͤͭ͊ͼ͜ΊΌΦ ζ˹͔ͪ͒ͦ͜͟ ͍ͫ͜ͻ ς ͜ ͔͒ͯ͗ ͍͙ͦ͋͒͊ͪͦ͊ͤͻΣ ͜ ͔ͣͤ΄ 
͙͒͋ͤ͘͜ͻΣ ͜ ͙ͫ͊͋͟͡ͻ ς ͍ͤ͊;͊ΌͭΈ ͍ͦ͒ͤ͊ͦͦ͟ΗηΣ ς ͍ͫ͒͜;͙͍ ˶Φ s Φ x ͔͚͊ͪͤ͋ͦͣΦ ζ˹͔ ͍ 
ͭͦͣͯ ͔ͫͤͫ͜Σ ͍͙͘;͚͊ͤͦΣ ΅ͦ ͍ͫ͜ ͎ͪ͊ΌͭΈ ͍͙͚ͦ͒ͤ͊ͦ͟ ͊͘ ͫ͊͒ͤͫͭ͟͜͡Ό ͔͔ͪͨͪͭͯ͊ͪ 
όͻͦ;͊ ͍͋ͯ͊Ί ͜ ͔ͭ͊͟ύΣ ͊ ΅ͦ͒ͦ ͎͊͊͘͡Έͤͦ͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ͙ͪͦ͋ͦͭΥ ͍ͫ͜ͻΣ ͔͔ͤ͊͗ͤͦ͘͡ 
͍͒͜ ͝ͻ ͙͙ͨͪͪͦ͒ͤͻ ͙͒͊ͤͻΣ ͍ͤ͊;͊ΌͭΈ Ύ͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͨͪͦͺ͔͍ͫͦͤ͊͜͜͡η ώмΣ ноуϐΦ 
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̉ͦͣͯ ͗ ͔͔͍͎ͨͪ͊͊ ͍͒͒͊͜ΊͭΈͫΎ ͔ͫ͊ͣ ͭ͊ͦͣͯ͟ ͍͊ͪ͊ͤͭͯ͜ ͍ͤ͊;͊ͤͤΎΚ ˾ͦ͋ͦͭ͊ 
͔͎͎ͨ͒͊ͦ͊ ˨˸̊ ͦͼͤ͜ΌΊͭΈͫΎΣ ͍ ͍ͦͫͤͦͤͦͣͯΣ ͨͦ ͭͦͣͯΣ Ύ͊͟ ͟͜͡Έͫͭ͟͜Έ ͚͎ͦͦ 
͍͙ͻ͍ͦ͊ͤͼ͍͜ ͍͙ͨͪͦ͒ͦ͗͊͡ ͊ͤ͘ΎͭͭΎ ͍ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͔͔ͫͪ͒ͤΈͦ͝ ͙͊ͤ͟͡Σ ͍ 
͙ͣͯ͘;͙ͤͻ ͯ;͙͙͡΅͊ͻ ͊͋ͦ ͔ͦ͒͗͊͟͡ͻΦ ͙̉ͣ ͋͜͡Έ΄͔ ͚ͣ͊͋ͯͭͤ͜ͻ ͨͪͦͺ͔͍ͫͦͤ͊͜͜͡ 
͎ͨ͒͜ ͍͍ͦͭͯ͊ ͔͎͎ͨ͒͊ͦΣ ͙ͭͣ ͍͙΅͔ ͚͎ͦͦ ͔͔ͪͤͦͣΣ ͋͜͡Έ΄͔ ͍͙͔͊ͭͦͪͭͭ ͯ ͔͙͍ͦͭ͟͟͜͡Σ ͜ 
͍͙ͤ͊ͨ͊͟Φ ̐ ͚ ͤ͜΄͊ ͙ͨͪ;͙ͤ͊Φ ˽͔͎͎͒͊ͦͯ ͨͪͦͫͭ͜΄͔ ζ͍͔͙ͫͭη ͯ;ͤΎ ͔͒ͦ͋ͪ ͚͙ͤ͊ͦͣͣ͘ 
͍ͤ͊;͊͡Έͤͦ-͍ͦͫͭͤͣ͜͜ ͣ͊ͪ΄ͪͯͭͦͣΣ ͨͦ Ύͦͣͯ͟ ͙ͦͫ͟͡Έ ͍͔͙͡ ͚͎ͦͦ ͎ͫ͊ͣͦͦΦ ˤ͒ͨ͊͒͊͜Ί 
͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͯ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͦ΄ͯ͊͟ͻΣ ͣͦ͗ͤ͊ ͙͙ͫͨͪ͊ͭͫΎ ͍ ͪͦ͋ͦͭ͜ ͤ͊ ͔͒ͦ͋ͪ 
͚͙͚ͤ͊ͦͣ͘Σ ͎͍͋͊͊ͭͦͪ͊ͦͦ͘ ͍͙͚͊ͨͪͦ͋ͦ͊ͤ ͔͙ͣͭͦ͒;͙͚ͤ ͔ͦͣͨͫ͟͟͡Φ ˨ͦ ͎ͭͦͦ ͗ 
͙͔ͫͫͭͣ͊ ͦͤͭͪͦ͟͡Έͤͦ-͔͔͍ͨͪͪͦ͜;͙ͤͻ ͊͘ͻ͍ͦ͒͜ ͍ ˨˸̊ ͍ͨͦ͋ͯ͒ͦ͊ͤ͊ ͍͙͊͘͘;͚͊ 
͙ͭ͊ͣ͟ ;͙ͤͦͣΣ ΅ͦ ͊ͤ͊ͯ͘͜͡ΌͭΈͫΎ ͚ ͦͼͤ͜ΌΌͭΈͫΎΣ ͔͔ͤ͊ͫ͊ͣͨͪ͒Σ ͤ͊ͤͤ͘ΎΣ ͍ͣͤͤ͜Ύ ͭ͊ 
͍͙ͤ͊;͙͟Σ ͊ ͔ͤ ͎͋͊͊ͭͦͺ͊ͭͦͪͤ͊͟ ͜Ίͪ͊ͪͻ͜Ύ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͯ;ͤΎ 
ό͍͍ͪͤ͜͜ ͍͙͔ͪͦͤͤͦͫͭ͘͜ ͙ͭͻ ;͙ ͤ͜΄͙ͻ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ Ύ͔͚ͦͫͭ͟ ͜ ͍͙͍͔͚͊ͫͭͦͫͭ͡ύΣ 
͙ͨͪͻ͍͙ͦ͊ͤͻ ͍͙͊͘͘;͚͊ ͍͒͜ ͨͪΎ͎ͣͦͦ ͜ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έ͎ͦͦ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΦ 

˹͔ͦ͋ͻ͒ͤͦ͜ ͍͒ͤ͊͘͜;͙͙ͭ ͜ ͔ͭͪͭΌ ͙ͨͪ;͙ͤͯ ͦ͋ͪ͊ͤͤΎ ͔͎͎ͨ͒͊ͦͦͣ ΄͡Ύͻͯ 
ͪ͊ͤͤΈͦ͝ ͨͪͦͺ͔ͫͦͤ͊͊͘͜͜͡ͼ͜͝ ͍͙ͻ͍ͦ͊ͤͼ͍͜Φ ˤ͔ͫ͋͜;͙͚ͤ ͻ͚ͯ͒ͦ͗ͤ͜ ͍͙ͪͦͭͦ͘͟ ͯ;ͤΎ 
Ύ͟ ͔͎ͫͭͪ͊ͭ͜;͔ͤ ͍͊͒͊ͤͤ͘Ύ ͤ͊͘;ͤͦ ͔͎͡΄͔ ͔͍͙͊͒͊ͪͯ͊ͭ͘͟͡Σ ͤ͗͜ ͍͙ͪ͜΄͙͙ͭ ͼ͔ 
͍͊͒͊ͤͤ͘Ύ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Φ ̒͟΅ͦ ͔ͭͻ͎ͤͦͦ͜͡Ύ ͙ͪͦ͋ͦͭ ͤ͊͒ ͙ͣͯ͘;͙ͤͣ ͍ͭͦͪͦͣ ͔ͤ 
ͫ͊͒͊͟͡Ί ͔͔ͫͪͭͯ͟ ͒͡Ύ ͋ͯ͒Έ-Ύ͎ͦͦ͟ ͔͔͎ͦͣͨͭͤͭͤͦͦ͟ ͯ ͍͚ͫͦ͝ ͍ͫͨͪ͊͜ ͔͎͎ͨ͒͊ͦ͊Σ ͭͦ 
͎͊͊͘͡Έ͔͔͙ͤͦͫͭͭ;͙͚ͤ ͍͙ͪͦͭͦ͘͟ ͙͙͙͒ͭͤΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͚͎ͦͦ ͻͯ͒ͦ͗ͤΈͦ-
͎ͦ͋ͪ͊ͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͚ ͔ͣͦͼ͚ͤͦ͜͝ ͫͺ͔͙ͪΣ ͪͦ͘΄͙͔ͪͤͤΎ ͎͊͊͘͡Έ͎ͤͦͦ ͭ͊ 
͔ͫͨͼ͊͜͡Έ͎ͤͦͦ ό͙ͣͯ͘;͎ͤͦͦύ ͎ͪͯͦͦͪͯ͘͟ ͭͦ΅ͦ ς ͔ͯͫ ͼ͔ Ί ͒͡Ύ ͎͋͊͊ͭΈͦͻ 
͍͙͊͒͊͟͡;͍͜ ͚ͣ͊ͦͤ͊ͦͣͦ͘͡Ό ͦ͋͊ͫͭ͡ΌΦ 

˿͒͜͡ ͔͙͙ͨ͒ͪͫͭ͜͟͡Σ ΅ͦ ͍͙͍ͪͦ͊͘͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ͊͘ ͍ͫͦͣ͝ ͣͫͭͦͣ͘͜Σ 
ͫͭͪͯͭͯͪͦ͟ΌΣ ͔͎ͣͭͦ͒ͦͦ͜͡ΊΌ ͫ͊͒ͤ͟͜͡΄͔ ͙͍͎ͭͨͦͦͦΣ ͎ͫͭ͊ͤ͒͊ͪͭͤͦͦ ͍ͤ͊;͊ͤͤΎ 
͙ͣͯ͘ͼ͜Σ ͭͦ;ͤ͜΄͔ ͊͗ͯ͟;͙Σ ͍ͤ͊ͭ͜Έ ͔ͤ ͙ͣͯ͘ͼ͜Σ ͊ ͎ͪ͜ ͤ͊ ͙ͣͯ͘;ͤͦͣͯ ͔ͤͫͭͪͯͣͤͭ͜͜ 
ό͊͋ͦ ͍ͫͨͯ͜ύΦ ˾͍͙͍ͦ͊͘͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ς ͼ͔ ͔ͤ ͙͙͍͙͚͊͒ͭͤ όͫͯͭͦ ͟͜͡Έ͙͚ͫͤ͟͜ύ 
͙ͨͪͪͫͭ͜ ͤ͊ͤ͘Έ ͜ ͍ͣͤ͜ΈΤ ͼ͔ Ύ͔ͫͤ͟͜ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͒ͯͻ͍͎ͦͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ 
͙͍ͤ͒͒͊͜͜Σ ͚͎ͦͦ ͍ͤͯͭͪ͜΄ͤΈ͎ͦͦ ͍ͫͭͯ͜Σ ͎͊ͫͦͦ͟͜͜͡;͙ͤͻ ͦͪ͜Ίͤͭ͊ͼ͚͜Φ ͔́͊͟ ͍ͤ͊;͊ͤͤΎ 
͔͔ͨͪ͒͋͊;͊Ί ͔ͤͦ͋ͻ͒ͤͯ͜ ͔͔ͦͣͨͭͤ͟ͼ͜Ό ͔͎͎ͨ͒͊ͦ͊Σ ͚͎ͦͦ ͍ͣͤͤ͜Ύ ͜ ͎͍ͦͭͦͤͫͭ͜Έ 
͍ͯͨͪ͊͡Ύ͙ͭ ͍͍͙͙͒ͨͦ͒ͤͣ͜͜ ͨͪͦͼ͔͙ͫ͊ͣΦ ˽͔͎͎͙͒͊ͦ ͎ͭ͊ͦͦ͟ ͍͙͎ͫͦͦͦ͟ ͍ͪͤ͜Ύ 
ͯͫͭͪ͘͜;͊ΌͭΈͫΎ ͔ͤ;͊ͫͭͦΦ 

͍͙̇͊ͣ͜͟ Ί ͔ͭΣ ΅ͦ ͍͙ͫͦͦ͊ͫͤ͟͟͜͡ ͔͎͎͙ͨ͒͊ͦ-͙͙ͣͯ͊ͤͭ͘͟ ͍͙͊͘͘;͚͊ 
͙͒ͦͭͪͣͯΌͭΈͫΎ ͤ͜΄ͦ͝ ͭͦ;͙͟ ͦͪͯ͘Φ ˥Φ ˥ Φ ˹ ͔͚͎͊ͯ͘Σ Ύ͙͚͟ ͍͙ͻ͍͍ͦ͊ ͔ͨ͡Ύ͒ͯ ;͍͙ͯ͒ͦͻ 
͍ͨ͊ͤͫͭ͜͜͜Σ ͙͍ͨͫ͊Υ ζ͍;͙͔ͭ͡Έ ͎͙ͪ ͤ͊ ͋ͯ͒Έ-Ύͦͣͯ͟ ͔ͤͫͭͪͯͣͤͭ͜͜ ͍͙͔ͨͦͤͤ ͙͋ͯͭ 
͔͔ͤ͊ͫ͊ͣͨͪ͒ ͯ;͙͔͔ͭͣ͡Σ ͭͦ͋ͭͦ ͍ͪͦͨͤ͊͊͘͘͜;͔ͣ ͜ ͭͯͣ͊͡;͔ͣ ͙͙ͣͯ͘͟Φ ˻͙͍ͫͦ͋ͦ͡ ͼ͔ 
͔ͤͦ͋ͻ͒ͤͦ͜ ͤ͊ ͙ͤ͗;͙ͻ ΅͊͋͡Ύͻ ͍͙ͪͦͭͯ͘͟ ͙ͣͯ͊ͤͭ͊͘͟Φ ́ͯͭ ͍͔͗ ͍ͦͫͣ͘͜ ͔͙ͤͣͤͯ;͙͚ 
͔͙͚ͦͣͨͫͤ͟͟͡ ͔ͣͭͦ͒ ͍͙͊͒͊ͤͤ͟͡ΎΣ ͭͦ͋ͭͦ ͍;͙͔ͭ͡Έ ͍͙͔ͨͦͤͤ ͍͔͙͒ͦͫͭ ͒ͦ ͯ;ͤΎ ͔ͤ 
ͭ͜͡Έ͙͟ ͭ͊͟ ͍͙͚͊ͤ͘ ͣͫͭ͘͜ ͍ͭͦͪͯΣ ͔ͤ ͭ͜͡Έ͙͟ ζ͙͙͊ͪ͊ͭ͘͘η ͚͎ͦͦ ͔͙ͨͦͭ;͙ͤͣ ͦ͋ͪ͊ͦͣ͘Σ 
͔͊͡ ͚ ͙͒͊ͭ ͚ͦͣͯ ͊ͤ͊͘͜͡ ͺͦͪͣΣ ͙ͫͭͪͯͭͯͪ͟ ͍ ͼͦͣͯ͜͡ ͜ ͔͒ͭ͊͡ΎͻΣ ͎͊ͪͣͦͤ͜͝Σ ͔ͣͦ͒͜͡͝Σ 
ͺ͔ͦͪͭͨ͊ͤͤͦ͜͝ ͺ͙͊ͭͯͪ͟Φ ˤͤ͜ ͍͙͔ͨͦͤͤ ͙͋ͯͭ ͦ͒ͤͦ;͊ͫͤͦ ͜ ͙ͫͭͦͪͦͣ͜͟ ͙͙ͣͯ͘͟Σ ͜ 
͔͔͙ͭͦͪͭͦͣ͟Σ ͯ;͙͔͔ͭͣ͡ ͫͦ͡Έͺ͔͒͗ͦ͜Σ ͎͊ͪͣͦͤ͜͝ ͜ ͎͙ͪ ͤ͊ ͺ͔ͦͪͭͨ͊ͤͦ͜ηώпΣ мрлϐΦ 
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˿ͻͦ͗͜ ͙͒ͯͣ͟ ͍͙͍ͫͦ͡͡Ό͍͍͊ ͜ ͤ͜΄͙͚ ͍͙͙͚͒͊ͭͤ ͍ͭ͜;͙ͤ͘Ύ͙͚ͤ ͔͎͎ͨ͒͊ͦ-
ͨ͊ͤͫͭ͜͜ ̒Φ ˱ Φ ˸ ͜͡Έ΄͔͚ͭͤΥ ζ˹͔ ͣͦ͗ͤ͊ ͙͙͙ͣͪͭͫΎ ͘ ͍ͯ͘Έͫͭ͟͜Ό ͎ͨͦ͡Ύ͒ͯΣ ͘͜ 
͙͊ͣ͊ͤͤ͘͟Ύͣ ͯ ͫͺ͔ͪͯ ͫͯͭͦ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͍ͤͭͪͫ͜͜ηΣ ς ͙͍ͨͫ͊ ͍ͤ͜Φ ζ˸͊ͦ͡ ͙͋ͯͭ 
͔ͭͻͤ͜;ͤͦ ζ͍͙ͨ͒ͦ͊ͤͣ͜͟η ͜ ͙͒ͦ͊ͭ͡ ͪͤ͘͜͜ ͭͪͯ͒ͤͦ΅͜Τ ͔ͤͦ͋ͻ͒ͤͦ͜ ΅͔ ͙ͣ͊ͭ 
͒ͦͫͭ͊ͭͤΈͦ ͍͙͔ͪͦͤͤ͘͜ ͔ͣͦͼ͚ͤ͜͜ ͭ͊ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͜ Ύͦͫͭ͟͜Φ ͙̉ͣ ͍͙΅͔ ͯ͟͡Έͭͯͪ͊ 
͍͙͍ͦͤ͊͟ͼΎΣ ͙ͭͣ ͔͎͡΄͔ ͜ Ύ͍ͫͪ͊͟͜΄͔ ͨͪͦΎ͍͡ΎΊ ͍ͤ͜ ͔͔ͫ͋ ͍ ͙͔ͣͫͭͼ͍ͭ͜Σ ͭͦ ͋͜͡Έ΄͜ ͜ 
͎͎͋͊͊ͭͦͪ͊ͤͤ͜΄͜ ͚͎ͦͦ ͙ͦ͋ͪ͊͘ ͭ͊ ͊ͫͦͼ͊͜ͼ͜͝ηώоΣ прς46]. 

˹͍͊;͊ͤͤΎΣ ΅ͦ ͔ͤ ͍͍͒ͨͦ͒͊͜͜Ί ͔ͪ͊͡Έ͙ͤͣ ͙͊ͨͭ͊ͣ͘ ͯ;͍ͤ͜Σ ͝ͻ ͔͔ͤͭͪͫ͊ͣ͜Σ 
ͨͦͭΎ͎͊ͣΣ ͜ ͝ͻ ͙͙ͨͪͪͦ͒ͤͣ ͙͍ͣͦ͗ͦͫͭ͡Ύͣ ͍͙͙͊͟͟͡Ί ͔͎͙͍͔ͤ͊ͭͤ ͍͔ͫͭ͊ͤͤ͡Ύ ͍ 
͔͚͒ͭ͜ ͜ ͍ͨ͒ͭ͜͜͟͜͡Φ ˸͙͍ͦͭ͊ͼ͚ͤ͊͜ ͍ͫ͊͒ͦ͊͟͡ ͎ͭ͊ͦͦ͟ ͍ͤ͊;͊ͤͤΎ ͙ͨͪ͊ͭ͟;ͤͦ 
͍͒ͦͪͤ͜ΌΊ ͤͯ͡ΌΦ ˤ ͯ;͍ͤ͜ ͭ͊ ͋͊ͭΈ͍͟͜ ͍͙͙ͤ͊͟Ί ͎ͦ͜͡;͔ͤ ͙͊ͨͭ͊ͤͤ͘ΎΥ ;͙ ͍͊ͪͭͦ 
͍͙ͭͪ͊;͙͊ͭ ͙͙ͫ͡ ͜ ;͊ͫ ό͒ͦ ͎ͭͦͦ ͗ ͜ ͺ͍ͤ͊ͤͫͦ͜͜ ͔͙ͪͫͯͪͫύ ͤ͊ ͊ͤ͘ΎͭͭΎΣ ͔ͣͭ͊ ͜ ͔ͫͤͫ 
Ύ͙͟ͻ ͔͙͚ͤͪͦͯͣ͘͘͜͡Κ ̂ ͨ͒ͫͯͣͯ͜͟ ͙͎͔ͦͤͭͤͤͭ͟ ͯ;͍ͤ͜ ͯ ˨˸̊ ͫͭͦͭͤͦ͜ 
͔ͣͤ͘΄ͯΊͭΈͫΎΣ ͙͒ͭ͜ ͜ ͙ͨ͒ͭ͜͜͟͡ ͪͦͯ͘͡;͊ΌͭΈͫΎ ͘͜ ͍͙ͫͦͣ͝ ͍;͙͔ͭ͡Ύ͙ͣ ͜ ͍ ͎͋͊͊ͭΈͦͻ 
͍͙ͨ͊͒͊͟ͻ ͘͜ ͙͊ͫ͟͡;ͤͦΌ ͙ͣͯͦ͘͟ΌΦ ͙͚́͊͟ ͔ͪͯ͘͡Έͭ͊ͭ ς ͔ͪͯ͘͡Έͭ͊ͭ ͒͜Ύ͡Έͤͦͫͭ͜ 
͔͎͎ͨ͒͊ͦ͊Σ Ύ͙͚͟ ͔ͤ ͍ͯͣ͘͜ ͙ͪͦ͋ͪ͊ͭͫ͘͜Ύ ͍ ͭͦͣͯΣ ͎ͦͦ͟ ͜ ͒͡Ύ ;͎ͦͦ ͍ͤ͜ ͍ͤ͊;͊ΊΦ 

ˤ͙͍͙͚͊͗͡ ͜ ΅͔ ͙ͦ͒ͤ ͔͊ͫͨͭ͟Φ ˹͚͊;͊ͫͭ͜΄͔ ͔͎͎͙ͨ͒͊ͦΣ ͦͪ͘͜Ί͍ͤͭͦ͊ͤ͜ ͤ͊ 
͍ͯ͘Έ͔ͦͫͨ͟ͼ͊͜͡Έ͔ͤΣ ͦ͊͟͡͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎΣ ͫͻ͙͡Έͤ͜ ͊ͪ͊͘ͻ͍͍͙ͦͯ͊ͭ ͒ͦ ͍͙ͦ͋͒͊ͪͦ͊ͤͻ 
ͭ͜͡Έ͙͟ ͯ;͍ͤ͜Σ Ύ͟͜ ͯͫͨ͜΄ͤͦ ͨͪͦΎ͍͡ΎΌͭΈ ͔͔ͫ͋ ͍ ͚ͭ͜ ͫͺ͔ͪ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ό͍͙͍ͦͤ͊ͫ͟Έͦ͟͝ 
͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ύΣ ͍ Ύ͚͟͜ ͚͊ͤ͘Ύͭ͜ ͫ͊ͣ͜ ͔͎͎͙ͨ͒͊ͦΦ ζ͍͙̊͒ͦ͟Σ ͎͊͒ͦ͟͡Σ ͔ͭͻͤ͜;ͤͦ ͎ͪ͊ΊΣ 
͔ͦͭ͗Σ ͍͙͙͚ͭ͊͊ͤͦͭ͡η ς ͭ͊͊͟ ͍ ͔ͣ͗͊ͻ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔ͣͤͭ͊͡Έͤͦͫͭ͜ ͎ͦ͊͜͟͡ 
͍ͣͪͯ͊ͤ͜͟Έ ͜ ͍͙͍͍ͫͤͦ͟͜Φ ˽͙͚ͦ͒͋ͤ͜ ͨ͒͜ͻ͒͜Σ ͦ͒ͤ͊͟Σ Ί ͫͯͭͦ ͦ͒ͤͦͫͭͦͪͦͤͤͣ͜ ͜ 
͙͍͙ͨͦͣͦͣ͟͡Φ ̂;͔ͤΈΣ Ύ͙͚͟ ͚͊ͣ͊͘ΊͭΈͫΎ ͙ͣͯͦ͘͟Ό ͼͦͣ͜͟͡ ͔ͣͦ͗ Ύ͍ͫͪ͊ͦ͟ 
͙͙ͪͦͪͭͫ͘͟Ύ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͍ ͙ͭ͊͟ͻ ͫͺ͔ͪ͊ͻ ͙ͣͯ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͨͪͦ Ύ͟͜ ͍ 
͔ͨͪͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͔ͤ ͒ͯͣ͊Ί ͤ͜ ͍ͤ͜ ͫ͊ͣΣ ͤ͜ ͚͎ͦͦ ͔͎͎͙ͨ͒͊ͦΦ 

˸͚͊͋ͯͭͤΊΣ ͙ͭͣ ͋͜͡Έ΄ ͍͔͔͒͒͊ͤ͜͡Σ ͔͔ͨͪ͒͋͊;͙͙ͭΣ ͪͦͯͣͦ͘͘͜͡Σ 
͔͙͍ͤͣͦ͗ͦ͡Φ ˣͯ͒Έ-Ύ͟͜ ͎͙ͨͪͦͤͦ͘ ͜ ͙ͨͪͨͯ΅͔ͤͤΎ ͣͦ͗ͯͭΈ ͍͙Ύ͍͙͙ͭͫΎ 
͙͍͙͙ͨͦͣͦͣ͟͡Φ ́ͦͣͯ ͔͙ͣͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ͍͙ͨͦͤͤ͊ ͙͋ͯͭ ͪͦͪ͊͘ͻ͍ͦ͊ͤ͊ ͤ͊ 
ͨͦ͒ͦ͊ͤͤ͡Ύ ͔͙ͣͨͪ͜;ͤͦ͝ ͙͙ͪͯͭͤΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͔ͫ͋͜;ͤͦ ͍͙͔ͪͦͤͤͦ͘͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ς ͍ͭͦͪ;ͦ ͙͍͊ͭͤͦ͟͝Σ ͤ͜͜ͼ͙͍͊ͭͤͦ͜͝Σ ͫͯ;͊ͫͤͦ ͙ͣͫ͡Ύ;ͦ͝Σ ͊ͪ͘Ύ͔͒͗ͤͦ͝ 
ͤ͊ ͨͦ΄ͯ͟Τ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͎͍ͦͭͦͦ͝ ͒ͦ ͊͒͊ͨͭ͊ͼ͜͝ όͯ ͔ͣ͗͊ͻ ͍ͫͦΊ͝ ͨͪͦͺ͔ͫ͜͝Σ ͊ ͤͦ͒͜͜ ͜ 
͍͙ͻͦ͒Ύ;͙ ͊͘ ͝͝ ͔ͣ͗͜ύ ͒ͦ ͍͙͍͒͜ ͜ ͺͦͪͣ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽ͦ;͍͊ͭͦ͊͟ 
͙ͣͯ͘;ͤ͊ ͍ͦͫͭ͊͜ ͍ ̂ͪ͊ͤ͟͜͝ ͔ͨͦͭͪ͋ͯΊ ͍͔ͦͤͦͤͤ͡Ύ ͘ ͔ͣͭͦΌ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͨͪͦͼ͔ͫͯ 
͙ͣͯ͘;͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͙ͣ͊ͫͣ͊͟͡Έͤͯ ͙͍͊ͭ͊͘͟͜ͼ͜Ό ͍ͭͦͪ;͙ͻ ͚͒͜ ͯ;͍ͤ͜ ͭ͊ ͝ͻ 
͍ͭͦͪ;͔ ͍͙͔ͫ͊ͣͦͪ͊͗ͤͤΎΦ ˻͙͍͔ͫͦ͋͡ ͤ͊͘;͔ͤͤΎ ͣ͊Ί ͍͍͙͙͒ͦ͒ͭͫ͜Ύ ͺ͍ͦͪͣͯ͊ͤͤΌ 
͍ͨͦͤͦͼ͎ͤͤͦͦ͜ ͙͚ͫͨͪͤΎͭͭΎΣ ͪͦͯͣͤͤ͘͜Ύ ͚ ͍͍͔͒ͭͦͪͤͤ͜Ύ ͻͯ͒ͦ͗ͤΈ͎ͦͦΣ ͻͯ͒ͦ͗ͤΈͦ-
͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦ ͔ͭͫͭͯ͟ ͣͦͦ͒͡΄͙͙ͣ ΄ͦ͟͡Ύ͙ͪ͊ͣΣ ͍͙ͪͦͭͯ͘͟ ͍ ͙ͤͻ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ 
ͯͣͤ͜ΈΣ ͔ͣͦͼ͚ͤͦ͜-;͙͍ͯͭͦ͡͝ ͫͺ͔͙ͪΣ ͎ͦ͋ͪ͊ͤͦͦ͘ ͙͔ͣͫͤͤ͡ΎΦ 

˶˱́˩˾ˢ́̂˾ˢ 
1. ˣ͔͚͊ͪͤ͋ͦͣ ˶Φ ˢΦ ˸ͯ͘·͊͟͡Έ͔ͤͦ ͙͙͔ͫͨͦͤͭ͡͡Έ͍ͫͭͦ ͙ ͔͎͎͙ͨ͒͊ͦ͊͟ 

/  ˶ Φ s Φ x ͔͚͊ͪͤ͋ͦͣΦ ς ˶ Φ Υ ˸ͯ͘·͊͟Σ мфтпΦ ς ооу ͫΦ 
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SUMMARY 
Kostenkova A. Problematic aspects of primary music education methodology in 

childrenΩs music school. 
In the article the author analyzes the major problem areas of primary musical 

education methodology in children's schools and possible ways their leveling to ensure 
interoperability of spiritual, general cultural, and musical development of pupils. 

The author notes that the primary music education in Ukraine needs to be updated 
because it does not consider current trends in native education.  

The L. Barenboim approach on key components of a successful music education is 
described. Under this approach there are two main components: identifying natural abilities 
of pupils and identifying key learning objectives. The author chooses such main methods of 
ƛŘŜƴǘƛŦȅƛƴƎ ǎǘǳŘŜƴǘΩ ŎǊŜŀǘƛǾŜ Ǉƻǘential:  testing, psychological and pedagogical supervision. 
¢ƘŜ ƳŜǘƘƻŘ ƻŦ ǘŜǎǘƛƴƎ ǘƘŜ ŀǳǘƘƻǊ ŘŜŦƛƴŜǎ ŀǎ ǎǳŎƘ ǘƘŀǘ ƴƻǘ ŀŘŜǉǳŀǘŜƭȅ ŘƛǎŎƭƻǎŜǎ ǘƘŜ ŎƘƛƭŘΩǎ 
creativity. A more efficient method, in opinion of the author, is the method of observation. 
However, obǎŜǊǾŀǘƛƻƴ ǊŜǉǳƛǊŜǎ ǘƘŜ ǘŜŀŎƘŜǊΩǎ ŎƻƴǎƛŘŜǊŀōƭŜ ƪƴƻǿƭŜŘƎŜΣ ǎƪƛƭƭǎ ŀǎ ŀ ƳǳǎƛŎƛŀƴ ŀƴŘ 
as a psychologist. 

Another important component of a successful primary music education is to 
determine the purpose for which training is provided. In modern pedagogy there are usually 
distinguished two main objectives of special musical education. The first goal is a general 
aesthetic education of children, forming their creativity, developing imagination and 
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mastering any musical instrument playing skills. The second goal is training staff for working 
in the music field. According to the author, the purpose of special musical education is 
exceptionally aesthetic education. Just in case the student has a desire to obtain professional 
music education the major goal of musical course is professional preparation. 

The author emphasizes that in the music education preference should be given to the 
developmental education, not standard. In the construction of education methodology of the 
specific pupil teacher should consider his abilities and needs. Methodology should be directed 
at the formation of a fully developed personality ς active and creative initiative. 

The author concludes that the primary music education in Ukraine should be focused 
on maximizing the creative abilities of students and their expression. 

Key words: music pedagogy, identification of musical talent, testing, psychological-
pedagogical observation, developing education. 
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˴͍͎ͪͦͦͪ͊͒ͫ͜Έ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ  
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ͤ͊͒͊ͫͭΈ ͪͦͯͣͤͤ͘͜Ύ ͍ͦͫͭͤ͜͜ͻ ͨͪͦͼ͔͍ͫ͜ ͭ͊ ͙͙͍͎ͨͦͭͤͦͦ͘ ͨͦ΄͍ͭͦͻͯ ͙ͨͪ ͎͍ͨ͒ͦͭͦ͜ͼ͜ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͤ͊ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͺ͊ͯ͟͡Έ͔ͭͭ͊ͻ ͘ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͯͪͫ͟͜ 
ζ˻͍͋ͪ͊ͦͭͦͪ͘;͔ ͙͔ͣͫͭͼ͍ͭͦ ͘ ͔͙ͣͭͦ͒ͦ͟Ό ͍͙͊͒͊ͤͤ͟͡ΎηΣ ζ˸͔͙ͭͦ͒͊͟ ͍͙͊͒͊ͤͤ͟͡Ύ 
͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ηΣ ζ˸͔͙ͭͦ͒͊͟ ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͍ͤ͊;͊ͤͤΎη ͭͦ΅ͦΦ 
˴͙͍͙͚ͦͤͫͭͪͯͭͤ͟ ͨ͒͜ͻ͒͜ ͒ͦ ͍͙ͪ͜΄͔ͤͤΎ ͍͊͒͊ͤ͘Έ ͫͯ;͙͊ͫͤͻ ͔͎͚ͫͭͪ͊ͭ͜ ͍͙ͪͦͭͯ͘͟ 
͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜ ͍ͨͦͪͤ͜Ύͤͦ ͘ ͔ͭͦͪ͜ΊΌ ͭ͊ ͙ͨͪ͊ͭͦ͟͟Ό ͙͎ͣͤͯͦͦ͡ ͫͭͦͭͭ͜͡Ύ 
͙ͫͨͪΎ͙͔ͭͣ ͪ͊͟΅ͦͣͯ ͪͦͯͣͤͤ͘͜Ό ͝͝ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ͔̋ ͯ нл-ͭ͜ ͙ͪͦ͟ ͙͎ͣͤͯͦͦ͡ ͫͭͦͪ͜;;Ύ 
͍ͭ͜;͙ͤ͘Ύͤ͊ ͔͎͎ͨ͒͊ͦ͊͜͟Σ ͙ͫͨͪ͊Ό;͙ͫΈ ͤ͊ ͒ͦͫΎ͎͔ͤͤͤΎ ͔͍͒ͦͪͦ͡Όͼ͚͎ͤͦͦ͜ ;͊ͫͯΣ 
͎͍͙ͦͦͪ͊͡ ͨͪͦ ζ͍͙ͻ͍ͦ͊ͤͤΎ ͻͯ͒ͦ͗ͤΈͦ-͍ͦͫ͜;͔ͤͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜η όˤΦ ˴ ͙͎͊ͪ͊ͭͤ͜ύΣ 
ͨͪͦ ζ͙͔ͤ͊͋͗ͤͤ͡Ύ ͒ͦ ͎ͫ͊ͣͦͦ ͙͔ͣͫͭͼ͍ͭ͊η ό˻Φ ̊ ͔ͤ΄͙ͤύΣ ͨͪͦ ͣͫͭ͘͜ 
͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ Ύ͟ ζ͙͗ͭͭΎ ͙͔ͣͫͭͼ͍ͭ͊η ό˿Φ ̊ ͊ͼΈ͙͚͟ύΣ ͊ ͍ ΄͙ͪͦͦͣͯ͟ 
͔ͫͤͫ͜ ς ͨͪͦ ͔ͨͪͦ͋ͯ͒͗ͤͤΎ ͍ͭͦͪ;͎ͦͦ ͤ͊;͊͊͡ ͦ͗ͤͦ͟͝ ͙͙͙͒ͭͤΦ ˹͊͒͊͜͡ 
͙͔ͣͫͭͼΈ͊͟ ͍ͦͫͭ͊͜Σ Ύ͟ ;͙͊ͫͭͤ͊ ͎͊͊͘͡Έͤͦ͝ ͍ͭ͜;͙ͤ͘Ύͤͦ͝ ͍͙ͦͫͭ͜Σ ͍ ͍͚ͨͦͤ͜ ͣͪ͜͜ 
͍͙͍ͨͪͦ͋ͯ͊͊͡ ͤ͊ ͫͦ͋͜ ͔͎͙͍͙͚ͤ͊ͭͤ ͍͙͍ͨ͡ ͭͦͭ͊ͭ͊ͪͤͦ͜͡͝ ͫͦͼ͊͜͡Έͤͦ͝ ͙͔͙ͫͫͭͣΦ  

̂ ͎͚͒ͪͯ͜ ͍͙ͨͦͦͤ͜͡ ̆̆ ͫ ͭΦΣ ͙͔ͣͫͭͼΈ͊͟ ͍ͦͫͭ͊͜ ͭ͊ ͻͯ͒ͦ͗ͤΊ ͍͙ͻ͍ͦ͊ͤͤΎ 
͙͊ͫͦ͋͊ͣ͘ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ΄ͦ͟͡Ύ͍ͪ͜ ͙ͫͭ͊͡ ͔͔ͨͪ͒ͣͭͦͣ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ 
˿͔͊ͣ ͍ ͼ͔͚ ;͊ͫΣ ͙ͤ͊ͨͪͤ͟͜ͼ͜ пл-ͻ ς ͨͦ;͊ͭͯ͟ рл-ͻ ͪ ͪΦ ̆̆ ͫͭΦΣ ͍ͤ͊͒ͪͯͦ͊ͤͦ͟ ͙ͤͯ͘͟ 
͔͚ͫͭ͊ͭ ͭ͊ ͍͙͒͊ͤΈΣ ͔͒ ͋ͯͦ͡ ͔ͪͦ͋ͤͦ͘͡ ͔ͨͪ΄ͯ ͫͨͪͦ͋ͯ ͙͙ͪͦͪͭ͘͟ ͫͯͭͤͫͭ͜Έ 
ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͍͙ͻ͍ͦ͊ͤͤΎΣ ͍ͦ͋ͪ͊ͦͭͦͪ͘;ͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ό˱Φ ˥ ͙ͤͫ͡Έ͟ Σ͊ ˢΦ ˴ ͊ͪͫͦͤ͡Σ 
˥Φ ˶ ͊͋ͯͤͫΈ͟ Σ͊ ˸Φ ˶ ͦ΄͊ͦ͟Σ͍  ˤΦ ̊ ͊ͼΈ͊͟Σ ˴Φ ̑ ͦͤ ͭ͊ ͤ͜Φύ 

˻͒ͤ͊͟Σ ͨͪͦ ͍͚ͫͨͪ͊͗ͤ͜ ͙͍ͨͪͦͪ ͯ ͎͊ͯ͘͜͡ ͣͫͭͯ͘͜Σ ͺͦͪͣ ͜ ͔͍ͣͭͦ͒͜ 
͎͊͊͘͡Έͤͦ͝ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ ͍͙ͦͫͭ͜ ͣͦ͗ͤ͊ ͎͍͙͙ͦͦͪͭ ͘ ͔ͣͦͣͤͭͯ ͨͦΎ͍͙ ͍ 
͚ͦͫͭ͊ͤͤ͜ ;͍͔ͪͭ͜ ·· ͫ ͭΦ ͍͙ͤͦͻ ˴ͦͤͼ͔ͨͼ͚͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͙͔ͣͫͭͼ͍ͭ͊ ͤ͊ ͙ͪͤ͘͜ͻ 
͍ͪͤ͜Ύͻ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ˶Ό͙͙͒ͤ ό˨Φ ˴ ͔͍͊͋͊ͫ͡Έ͙͚͟Σ ˣΦ ˹ ͔͔ͣͤͫΈ͙͚͟ύΦ 

˻͔ͪͣ͟͜ ͔͙͊ͫͨͭ͟ ͘ ͍͙͍;͔ͤͤΎ ͍͙ͪͦͭͯ͘͟ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͍ 
͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡ ό͎͒ͪͯͦ͝ ͍͙͙ͨͦͦͤ͡ ̆̆ ͫ ͭΦύ ͋ͯͦ͡ ͙ͪͦͪͭͦ͘͟ ͍ ͪͦ͋ͦͭ͊ͻ 
̐Φ s ͍͙ͤͭͦͤͦ;͊Σ ˱Φ ˥ ͙ͤͫ͡Έͦ͟͝Σ ˿Φ ˴ ͍͔ͦͤͦͼΈΣ ˸Φ ˾ ͍ͦͫͭͦͼ͔͍͊Σ ˹Φ ̅ ͙ͦͣͤͦ͝Φ 

˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͍͙΅͔͊ͤ͊͘͘;͔͔ͤΣ ͍͙͊ͯ͊͗ͣͦ͘Σ ΅ͦ ͣͫͭ͘͜ ͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜ 
͒ͦ ͔͍ͨͤͦ͝ ͙ͣͪ͜ ͔͍͊͗͊͘͡ ͍͒͜ ͍͙ͦͫͤͦͤͻ ͻͯ͒ͦ͗ͤ͜ͻ ͤ͊ͨͪΎ͍ͣ͜ ͯ ͍͙ͤ͊͘;͔͙͚ͤ 
͔ͨͪͦ͒͜ ͍͙ͪͦͭͯ͘͟ ͔͍͙͒ͪ͗͊Σ ΅ͦ ͔ͤ ͋ͯͦ͡ ͔͔ͨͪ͒ͣͭͦͣ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ͨͦ͡Ύ͎͊Ί ͍ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜͝ ͻͯ͒ͦ͗ͤ͜ͻ ͤ͊ͨͪΎ͍ͣ͜Σ 
΅ͦ ͙ͫ͊ͫ͟͡͡Ύ ͭ͊ ͍͙͍͙ͪͦ͊ͫ͘͡Ύ ͨͪͦͭΎ͎ͦͣ мфпфς1980-ͻ ͪ ͪΦ ͤ͊ ͔͙ͭͪͭͦͪ͜͝ 
͙̂ͪ͊ͤ͟͝Τ ͘ΩΎ͍͙ͫͯ͊ͭ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͝ͻ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έ͎ͦͦ ͍͙͍ͨͯ͡ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ΄͟͜͡Έ͚ͤ͜ ͨͦ;͍͚͊ͭͦ͟͜ ͍ͦͫͭ͜͜ ͍ ̂ͪ͊ͤ͟͜͝Φ 

ˤ͙͍;͔ͤͤΎ ͚ ͊ͤ͊͘͜͡ ͍͙ͪͦͭͯ͘͟ ͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜Σ ͍͙͍ͨͯ͡ ͻͯ͒ͦ͗ͤ͜ͻ 
ͤ͊ͨͪΎ͍ͣ͜ ͎͒ͪͯͦ͝ ͍͙͙ͨͦͦͤ͡ ̆̆ ͫ ͭΦ ͤ͊ ͣͫͭ͘͜ ͭ͊ ͍͊͒͊ͤͤ͘Ύ ͍ͯͪͦ͟͜ 
͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡ ͙ͫͨͪΎ͙͔ͭͣ ͋͜͡Έ΄ ͼͫͤͦͣͯ͜͜͡ 
͙͚ͫͨͪͤΎͭͭΌ ͭ͊ ͪͦͯͣͤͤ͘͜Ό ͫͭͦͪ͜͜͝ ͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜ ͯ ͍͙ͪ͜΄͔ͤͤ͜ ͔ͨͪͦ͋ͣ͡ 
͍ͤ͊;͊ͤͤΎ ͘ ͔͔ͨͪ͒ͣͭ͊ ζ˻͍͋ͪ͊ͦͭͦͪ͘;͔ ͙͔ͣͫͭͼ͍ͭͦηΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˢͤ͊͘͜͡ ͭ͊ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͍ͤ͊ͯͦͦ͟͝ ͔ͭͪ͊͜͡-
͙ͭͯͪ ͍͙͙͒ͦͦ͘͡͡ ͍͍͙͙ͫͭ͊ͤͦͭΣ ΅ͦ ͍͙͍͊͗ͦ͡Ό ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦΌ ͔͎͊ͭͦͪ͟͜ΊΌΣ 
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΅ͦ ͍͔͒͒ͪ͊͘͜͟͡ΌΊ ͻͯ͒ͦ͗ͤΌ ͙ͨͪ͊ͭͯ͟͟Σ Ύ͊͟Σ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ 
͍͙͍ͨ͊͡Ί ͤ͊ ͍ͦͫͭͤ͜Έͦ-͍͙ͻ͍͙͚ͦͤ ͨͪͦͼ͔ͫ ͙͊ͫͦ͋͊ͣ͘ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͍ 
΄ͦ͟͜͡Σ Ί ͻ͚ͯ͒ͦ͗ͤ͜ ͤ͊ͨͪΎͣΣ ͭͦ͋ͭͦ ͫͯͯͨͤͫͭ͟͜Έ ͻͯ͒ͦ͗ͤ͜ͻ ͍͍ͭͦͪ͜Σ ΅ͦ ͙͔͋͗ͤ͘͜͡ 
͙ͦ͒ͤ ͘ ͙ͦ͒ͤͣ ͤ͊ ͍ͦͫͤͦ͜ ͙ͫͭͦͭͤ͜ͻ ͔͚͒ͤͦ͜-͔͔͙ͫͭͭ;͙ͤͻ ͦͤ͊͘͟Φ ˻ͪͣ͟͜ ͎ͭͦͦΣ ͍ͤ͜ Ί 
͍ͦͫͤͦͤͦΌ ͙͙ͦ͒ͤͼ͔Ό ͙͙͒ͤ͊ͣ͜͟ ͍͙ͪͦͭͯ͘͟ ͫͭͦͪ͜͜͝ ͙͔ͣͫͭͼ͍ͭ͊Φ ˿͍͔ͭ͊ͤͦͤͤ͡ΎΣ 
͍͙ͪͦͭͦ͘͟ ͜ ͍ͦͤͯͪͯ͊ͤͤ͟͟Ύ ͻͯ͒ͦ͗ͤ͜ͻ ͔͍ͣͭͦ͒͜ ͨͦΊ͒ͤͯΊͭΈͫΎ ͍ ͻͯ͒ͦ͗ͤΈͦͣͯ 
ͤ͊ͨͪΎͣ͜Σ ͦ͒ͤ͊͟ ͍ͤ͜ ͭ͊ͦ͗͟ ͭͫͤͦ͜ ͍ͨͦΩΎ͙͚͊ͤ͘ ͘͜ ͙͔ͫͭͣ͡Φ 

˾͎ͦ͘͡Ύ͙͚ͤͯͭ ͙ͤ͊ͣ ͔ͨͪͦ͒͜ мфпфς1980-ͻ ͪ ͪΦ ͍͊ͫ͒͘͜;ͯΊΣ ΅ͦ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͔ 
͙͔ͣͫͭͼ͍ͭͦ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡ ͙ͫͨͪ͊ͦͫ͡Ύ ͤ͊ ͻͯ͒ͦ͗ͤΌ ͔ͫͨͼ͙ͺͯ͜͟ 
͔͙ͪ͊ͫͭ͜͡;͎ͤͦͦ ͙͔ͣͫͭͼ͍ͭ͊Σ Ύ͔͟ ͍͒ͦ͋ͪ͊͗͊͜Ί ͚͒ͫͤͫͭ͜͜Έ ͯ ͻͯ͒ͦ͗ͤ͜ͻ ͦ͋ͪ͊͊͘ͻΦ 
˹͍͊;͊͡Έ͙͚ͤ ͨ͊ͤ͡ ͍͙͚ͨͦ͋ͯ͒ͦ͊ͤ ͭ͊͟Σ ΅ͦ͋ ͙͒͊ͭ ΄ͦ͟͡Ύͪ͊ͣ ;ͭ͜͟͜ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ 
͙͔ͫͫͭͣͯ ͍͊͘Ίͣͦ͒͜͝ ͙͔ͣͫͭͼ͍ͭ͊ ͘ ͙͗ͭͭΎͣΦ ˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͼ͔ ͍͍͊͗͊Ίͣͦ ͊͘ ͒ͦͼ͜͡Έ͔ͤ 
͍͔͙ͪͤͯͭͫ͘Ύ ͒ͦ ͫͭͦͪ͜͜͝ ͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜Σ ͊ ͔ͫ͊ͣ ͎ͪͦ͘͡Ύ͙ͤͯͭ ͔ͫͨͼ͙ͺͯ͜͟ ͍͙͍ͨͯ͡ 
ͻͯ͒ͦ͗ ͤ͜ͻ ͤ͊ͨͪΎ͍ͣ͜ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͊͒͊ͤ͘Έ 
͘ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡Φ 

˽͔ͪ΄͙͚ ͔ͭ͊ͨ όмфпфς1959 ͪ ͪΦύ ς ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͭͦͭ͊͡Έ͙ͤͣ ͍͙͍ͨͦͣ͡ 
ͫͦͼ͔ͪ͊ͣͯ͘͜͡Σ Ύ͙͚͟ ͍͍ͨ͊ͤͯ͊ ͯ ˿˾˿˾ ͔͔͙ͯͫͪ͒ͤ͜ мфол-ͻ ς ͒ͦ ͨͦ;͊ͭͯ͟  
1980-ͻ ͪ ͪΦ [3]. 

̂ ͪ͊͒ΎͤͫΈͦͣͯ͟ ͙͔ͣͫͭͼ͍ͭ͜ ͚ ͻ͚ͯ͒ͦ͗ͤ͜ ͙͙ͪͭ͟ͼ͜ ͍͔͗ ͙ͤ͊ͨͪͤ͟͜ͼ͜  
1920-ͻ ͪ ͪΦ ͫ͊ͦͫ͟͡͡Ύ ͍ͫͦΊ͔ͪ͒ͤ͜ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͙ͫͭͦͪ͜;͔ͤ ͙ͨͪͤ͊͘;͔ͤͤΎ 
͙͔ͣͫͭͼ͍ͭ͊ ς ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭ ͍ ͎͊͊͘͡Έ͚ͤͦ͒ͦͫͭͯͨͤ͜ ͔͙ͪ͊ͫͭ͜͡;͚ͤ͜ ͺͦͪͣ͜ 
ͫͦͼ͙͊ͫͭ͜͜͡;ͤ͜ ͔͙͒͊͜͡Σ ͙ͦ͋ͪ͊͘ ͍͙ͤͦͻ ͡Ό͔͚͒ ͜ ͫͯͫͨ͜͡Έ͙ͤͻ ͍͙͒ͤͦͫͤ͜Φ ̇Ύ 
͎ͨͪͦͪ͊ͣ͊ ͍͙͒͒͊͊͜͟͡ ͭ͊͟͜ ͍͙͍͊͗͜͡ ͔͙ͭ͊ͨ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͫͨ͊͒΅͙͙ͤΣ Ύ͟ 
͔͎͚͔ͪͤ͜͜͡ ͙͔ͣͫͭͼ͍ͭͦ ͔͔ͫͪ͒ͤ͜ͻ ͫͭͦͭ͜͡Έ ͜ ͍͎͔͊͊ͤ͊ͪ͒ͤ ͙͔ͣͫͭͼ͍ͭͦ ·· ͫ ͭΦ [10]. 

͍̂ͨͪͦ͒ͦ͗ ͼΈ͎ͦͦ ;͊ͫͯ ͋ͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͍ͦͫͤͦͤ͜ ͙ͨͪͤͼ͙͙ͨ 
ͫͦͼ͔ͪ͊ͣͯ͘͜͡Σ ͘-ͨͦͣ͗͜ Ύ͙͟ͻ ͍͙͍͔ͨͪ͊͒ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͚͒ͫͤͦͫͭ͜͜ ͍ ͝͝ 
͔ͪ ͍ͦ͡Όͼ͚ͤͦͣͯ͜ ͍͙͍ͪͦͭͦ͘͟͜Σ ͨͦΊ͒ͤ͊ͤͤΎ ͙ͫͭͦͪ͜;ͤͦ͝ ͔ͦͤͪͭͤͦͫͭ͟͟͜ ͍ͦ͋ͪ͊͘͜ ͘ 
͝ͻͤΈͦΌ ͎͔ͪͦͦ͟͝Ό ͚ ͙ͪͦͣ͊ͤͭͦ͟ΌΦ 

˸͔ͭ͊ ͫͦͼ͔ͪ͊ͣͯ͘͜͡ ͋ͯ͊͡ ͍͔͔͒͒ͪ͊ͤ͊͘͜͟͡ ͍ ͎ͨͪͦͪ͊ͣ͊ͻ ͒͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͭ͊ ΄͟͜͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ͊ͻ ͘ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊Φ 
˽͔͔ͪ͒͋͊;͊ͦͫ͡Ύ ͔͔ͨ͒ͤͫͤͤ͜Ύ ͔͍ͪͦ͡Όͼ͚ͤͦ͜͝ ͋ͦͪͦͭΈ͙͋ ͤ͊ͪͦ͒ͯ ͜ ͚͎ͦͦ ͍͍ͦ͗͒͜Σ 
ͪ͊͒ΎͤͫΈ͎ͦͦ͟ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΣ ͍͎ͭͪͯ͒ͦͦͦ ͔ͤͭͯ͊ͣͯ͘͘͜Φ 

˭ͣͫͭ͜ ͜ ͺͦͪͣͯ ͻͯ͒ͦ͗ͤ͜ͻ ͍͍ͭͦͪ͜Σ ͝ͻͤΌ ͔͙ͭͣ͊ͭͯ͟ ͍ ͍ͤ͊;͊͡Έ͙ͤͻ 
͎ͨͪͦͪ͊ͣ͊ͻΣ ͨ͒ͪͯ͜;͙ͤ͊͟ͻ ͭ͊ ͙ͨͦͫ͋ͤ͊͜͟ͻ ͘ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͒͡Ύ 
ͨͦ;͍͊ͭͦͦ͟͝ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Έͦ͝ ΄͙ͦ͟͡ ͼΈ͎ͦͦ ͔ͭ͊ͨͯ ͋ͯͦ͡ ͍͙ͤ͊͘;͔ͤͦ 
͙͙͗ͦͪͫͭͣ͟ ͍͙͎͙ͣͦ͊ͣΦ ˹͙͊ͨͪ͊͒͟͡Σ ͔͙ͭͣΣ ΅ͦ ͍ͨͦͫΎ͟;͊ͫ ͭͪ͊ͨ͡ΎΌͭΈͫΎ ͍ 
͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ͊ͻΣ ͔ͦͪͣ͊͘͟Υ ˬ͍͔͍ͦͭͤ͊ ͔͍ͪͦ͡Όͼ͜Ύ ͭ͊ ͎ͪͦͣ͊͒ΎͤͫΈ͊͟ 
͍͚ͤ͊͜ όˢΦ ˥ ͔͙͍ͪ͊ͫͣͦ ζ˶͔ͤͤ͜ ͤ͊ ͙ͭͪ͋ͯͤ͜ηΣ ˣΦ ˯ ͎ͦ͊ͤͫͦͤ ζ˨͙ͦͨͭ ͍ͦͣͯͤͫͭ͟͜͜ηύΤ 
͔ͭͣ͊ ͨͪ͊ͼ͜ ͯ ͍ͭͦͪ͊ͻ ͪ͊͒ΎͤͫΈ͙͟ͻ ͻ͙͍ͯ͒ͦ͗ͤ͟͜ ό́Φ ̒ ͋ͦͤͫ͡Έ͊͟ ζ̆͋͜͡ηΣ 
ˢΦ ˽ ͍͊ͫͭͦ͡ ζˤ͔;͔ͪΎ ͙ͭͪ͊ͭͦͪͫͭ͊͟ηΣ ζˬ͙͍ͤ͊ηύ ώсΤ 7]. 

˻͔ͭ͗Σ ͊ͤ͊͘͜͡ ͎ͨͦ͡Ύ͍͒͜ ͭ͊ ͭͯͣ͊͡;͔ͤΈ ͊ͤ͊͘͘;͔͎ͤͦͦ ͔ͭ͊ͨͯ ͍͊ͫ͒͘͜;ͯΊΣ ΅ͦ 
ͨ͒͜ ͙ͭͦͭ͊ͭ͊ͪͤͣ͜͡ ͙ͤ͊ͭͫͦͣ͟ ͫͦͼ͙͊ͫͭ͜͜͡;͙ͤͻ ͔͚͒͜ ͯ ͙͔ͣͫͭͼ͍ͭ͜ ͙͊ͨͭ͊ͫͭ͟͜͜͡;ͤ͜ 
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͙͔ͣͫͭͼΈ͟͜ ͔ͭ;͜͝ ͋ͯͦ͡ ͍͔ͨͦ͋͊ͤͦ͘͡ ͙͍͎ͣͦ͗ͦͦ͡ ͍͙͍ͨͯ͡ ͤ͊ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͚ 
͍͙ͪͦͭͦ͘͟ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͤ͊΄ͦ͝ ͙ͪ͊ͤ͟͝Φ ̂ ͼ͙ͻ ͍ͯͣͦ͊ͻ 
ͫͦͼ͔ͪ͊ͣ͘͜͡Σ Ύ͙͚͟ ͣ͜ͼͤͦ ͍͔͙͍ͯͭͪ͒ͫΎ ͍ ͯͪ͊ͤͫ͟͝Έͦͣͯ͟ ͙͔ͣͫͭͼ͍ͭ͜ ͘͜ ͔͔͙͙ͫͪ͒ͤ 
1940-ͻ ͪ ͪΦ ͜ ͚ͫͭͦ͜͟ ͍͍ͨͪͦͫͤͯ͊͜ ͒ͦ ͔͔͙͙ͫͪ͒ͤ мфул-ͻΣ ͍ͫͭ͊ ζͤ͊ͼͦͤ͊͜͡Έ͙ͤͣ 
͙͔ͫͭͣ͡ηΣ ͨͪͦ ͎ͯ͊͊͘͡ΈͤΌ͍͊͡Έͤͦ-ͦ͋ΩΊ͍͒ͤͯ͊͡Έͤͯ ͪͦ͡Έ Ύ͎ͦͦ͟ ͣͪ͜Ύ͙͡ 
͔͔͙͙ͨͦͨͪ͒ͤ͟Σ ͍͋͊;͊Ό;͙ ͍ ͙͔ͣͫͭͼ͍ͭ͜ ͊ͫ͋͘͜ ͨͦΊ͒ͤ͊ͤͤΎ ͪͤͦͫͨͪ͘͜Ύ͍͙ͣͦ͊ͤͻ 
ͯ͟͡Έ͙ͭͯͪͤͻ ͦͪ͜Ίͤͭ͊ͼ͚͜Φ ͙́ͣ ͋͜͡Έ΄͔Σ ΅ͦ ͍͔ͯͤͪͫ͊͜͡Έͤͫͭ͜Έ ͫͦͼ͔͙ͪ͊ͫͭ͜͡;ͤͦ͝ 
͙͙͒ͦͭͪͤ͟ ͙ͫͨͪ͊͊ͫ͡Ύ ͤ͊ ͍͒ͦͣͯ͜ ͔ͭͯ͘ ζͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͊͘ ͺͦͪͣͦΌΣ 
ͫͦͼ͙͊ͫͭ͜͜͡;͎ͤͦͦ ͊͘ ͣͫͭͦͣ͘͜ηΣ Ύ͊͟ ͨ͒ͤͣ͊͊͜͜͡ ͙͚ͨͦͭͪ͋ͤ͜ ζͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ 
͙ͦͦͪͭ͟͡η ͒ͦ ͔͎͒ͦͦ͜͜͡;ͤͦ͝ ͦͤͫͭͪͯ͟͟ͼ͜͝ ώрΣ ммς12]. 

̂ ͼ͔͚ ͔ͭ͊ͨ ͚͔ͨ͊ͪͭͤ͜ ͔͍͙ͪͤ͟͜ͼ͍ͭͦ ͍ͪͦ͘ΩΎ͍ͯ͊ͦ͘͡ ͙ͨͭ͊ͤͤΎΣ ΅ͦ ͔ͫ͊ͣ 
͍͙͔ͨͦͤͤ ͍͙ͦ͋ͪ͊͗ͯ͊ͭ͘ ͻ͙ͯ͒ͦ͗ͤ͟ ͭ͊ Ύ͙ͣ͟ ͍͙͔ͨͦͤͤ ͙͋ͯͭ ͣͫͭ͘͜ ͎͙ͨͪͦͪ͊ͣ ͘ 
͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊Φ ͔̇ ͔͍ͦ͋ͣ͗ͯ͊ͦ͡ ͍ͭͦͪ;͙͚ ͋͜͟ ͙͔ͣͫͭͼ͍ͭ͊Σ 
͙ͭͪͣ͊ͦ͡ ͚͎ͦͦ ͍ ͙͗ͦͪͫͭ͟ͻ ͔ͣ͗͊ͻ ͼ͔͙ͤͯͪ͘ ώмϐΦ ͔̂ͫ ͼ͔ ͨͦͤ͊͘;͙ͦͫ͡Ύ ͭ͊ͦ͗͟ ͤ͊ 
͔͔ͭͤ͒ͤͼ͜Ύͻ ͍͙ͪͦͭͯ͘͟ ΄͟͜͡Έͤͦ͝ ͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜Φ 

˴͔͍͙ͪͤ͜ͼ͍ͭͦ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͙ͣ ͙͔ͣͫͭͼ͍ͭͦͣΣ ͪͣ͟͜ ͍ͭͦͪ;͙ͻ ͫͨͦ͜͟͡Σ 
͚͒ͫͤ͘͜Ό͍͊ͦͫ͡Ύ ͊͘ ͍͔͔͊ͭͪ͒͗ͤͦ͘Ό ͺͦͪͣͦΌΣ Ύ͊͟ ͦͻͦͨ͡Ό͍͊͊͡ ͻ͙͍ͯ͒ͦ͗ͤ͟͜ ͯͫ͜ͻ 
͍͍͙ͦ͜͟ͻ ͔͎͚͊ͭͦͪ͟͜Σ ͨͦ;͙ͤ͊Ό;͙ ͘ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍͊͊͒͘͟͜͡Σ 
͊ ͭ͊ͦ͗͟ ͔ͫͨͼ͍͙͊ͦ͊ͤ͘͜͜͡ͻ ͻͯ͒ͦ͗ͤ͜ͻ ΄͟͜͡Φ 

˽ͦ;͙ͤ͊Ό;͙ ͘ мфпт ͪ Φ ͋ͯͦ͡ ͍͍͔͒ͤͦͤͦ͜͡ ˢ͔͊͒ͣ͟͜Ό ͙͔ͣͫͭͼ͍ͭΣ Ύ͚͟͜ 
͙͍͔ͨͪ͊ͫͤͤͦ͡ ͫͭ͊ͭͯͫ ͍͙΅͎ͦͦ ͎ͦͪ͊ͤ͊Σ ΅ͦ ͔͔͊͋ͨ͘͘;͍ͯ͊͊͡ ͔͍ͪͯ͊ͤͤ͟Ύ ͍ͫͣ͊͜ 
͙ͫͭͦͪͦͤ͊ͣ ͻͯ͒ͦ͗ͤΈͦ͝ ͍͙ͦͫͭ͜ ͚ ͻͯ͒ͦ͗ͤΈͦ͝ ͯ͟͡Έ͙ͭͯͪ ͙ͪ͊ͤ͟͝Σ ͙͎ͨͦ͊ͤͦͦ͟͟͡ 
͙ͫͨͪΎ͙ͭ ͍ͭͦͪ;ͦͣͯ ͍͙͍ͪͦͭͦ͘͟͜ ͙ͨͪͤͼ͙͍ͨ͜ ͫͦͼ͙͊ͫͭ͜͜͡;͎ͤͦͦ ͔ͪ͊ͣͯ͘͜͡ ͍ ͙ͨͪ͊ͭ͟ͼ͜ 
͚ ͔ͭͦͪ͜͝ ͪ͊͒ΎͤͫΈͦ͟͝ ͎͋͊͊ͭͦͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͻͯ͒ͦ͗ͤΈͦ͝ ͯ͟͡Έ͙ͭͯͪΦ 

˭ ͔ͯ͊ͦͤͤͦ͘͟͝ ˢ͔͊͒ͣ͟͜ΊΌ ͜Ίͪ͊ͪͻ͜͝ ͍͗͊ͤͪ͜ ͯ ͎ͨͪͦͪ͊ͣͤͦͣͯ ͔ͣ͊ͭͪ͊͜͜͡ 
΄͟͜͡Έͤͦ͝ ͨͦ;͍͊ͭͦͦ͟͝ ͍ͦ͋ͪ͊ͦͭͦͪ͘;ͦ͝ ͍͙ͦͫͭ͜ ͔ͨͪ΄͔ ͣͫ͜ͼ͔ ͨͦͫ͒͊͊͜͡ ͔͙ͭͣ͊ͭ;ͤ͊ 
͙͊ͪͭͤ͊͟Σ ͨͦͭͣ͜ ς ͔ͨͦͪͭͪͭΣ ͍͙͚ͨͦ͋ͯͭͦ ͗͊ͤͪΦ ˹͊ͭΌͪͣͦͪͭ ͜ ͔͚ͨ͊͗͘ 
͙͙ͨͪͨͯͫ͊ͫ͟͡Ύ ͊͘ ͍͙ͯͣͦΣ Ύ͟΅ͦ ͍͙ͦͤ ͙ͣ͊͡ ͫͦͼ͙͊ͫͭ͜͜͡;͙͚ͤ ͤ͊ͨͪΎͣΦ ͔̇ ;ͭͦ͜͟ 
͍ͨͪͦͫ͒ͦͯ͜͟͡ΊͭΈͫΎ ͍ ͍͙ͨͪͦ͊ͤ͊ͦ͊ͤ͘͜͡ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ͊ͻ ͭ͊ ͔͙ͣͭͦ͒;͙ͤͻ 
͔͔ͪͦͣͤ͒͊͟ͼ͜Ύͻ ͼΈ͎ͦͦ ͙ͫͭͦͪ͜;͎ͤͦͦ ͔ͭ͊ͨͯΦ ̂ ͣͦ͒͜ ͙͋ͯ͡ ͙͙͊ͪͭͤ͟ ͘͜ 
͔ͦ͋ͪ͊͗ͤͤ͘Ύͣ ͔͚͒ͭ͜Σ ΅ͦ ͣ͊ΌͭΈ ͍͙ͤ͊͘Υ ζˤ͙ͦͤ ͋͊;͙͙͡ ˿ͭ͊ͤ͊͜͡ηΣ ζ˹͊΄͔ 
΅͙͍͔͊ͫ͡ ͙͙͍͒ͭͤͫͭͦηΣ ζˬ͙͙ͭ ͫͭ͊ͦ͡ ͪ͊͟΅͔Σ ͙͙͗ͭ ͫͭ͊ͦ͡ ͍͔͔ͫ͜͡΄͔ηΦ ˻ͫͭ͊ͤͤΌ 
͍ͤ͊ͯ͘Σ ΅ͦ Ί ͼ͙ͭ͊ͭͦΌ ͘ ͍͙ͣͦ ˿ͭ͊ͤ͊͜͡Σ ͍͙ͨͪͦͨͦͤͯ͊͡ ͍ͤ͊ͭ͜Έ ͒͡Ύ ͔͙ͭͣ͊ͭ;͙ͤͻ 
͙ͦͣͨͦ͘͟ͼ͚͜ ΄ͦ͟͡Ύͪ͊ͣ ͯ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ΄ͦ͊͟͡ͻΦ 

͔̂͗ ͙ͤ͊ͨͪͤ͟͜ͼ͜ мфрл-ͻ ͪ ͪΦ ͍ ͫͭͦͪ͜͜͝ ͙͔ͣͫͭͼ͍ͭ͊ ͨͦ;͍͊ͫΎ ͔ͨͪͦ͒͜Σ ͙ͦ͟͡ 
ͤ͊͘;ͤ͊ ;͙͊ͫͭͤ͊ ͔͎͔ͤͭͤ͜͜͡ͼ͜͝ ͔͍͙ͤͪ͊ͫ͘͜͡Ύ ͍ ͔͒͜Ύͻ ͫͦͼ͊ͣͯ͘͜͜͡Φ ˭͍͙;͚͊ͤͦΣ ͼΌ ͍ͪͯ͜ 
͍͙͙ͭͪ͊ͭ͡ ͻ͙͙ͯ͒ͦ͗ͤ͟Σ Ύ͟͜ ͙͋ͯ͡ ͙ͨͪ ͍͊͒͜͡Σ ͦ͒ͤ͊͟ ͨ͊ͪͭ͜ΎΣ ˢ͔͊͒ͣ͟͜Ύ ͙͔ͣͫͭͼ͍ͭ 
˿˾˿˾Σ ͍ͨͪ͊ͤͤ͜͡Ύ ͍ͭͦͪ;͙ͻ ͫͨͦ͜͟͡ ͔ͤ ͙ͫͭ͊͡ ͣͤ͘͜Ό͍͙͊ͭ ͔͙ͯͫͭ͊ͤ͡ͻ ͺͦͪͣ ͍͊͘Ίͣͦ͒͜͝ 
͙͔ͣͫͭͼ͍ͭ͊ ͘ ͔͍͒ͪ͗͊ͦΌ ͭ͊ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜ΈͦΌ ΄ͦͦ͟͡Ό ͔ͦͪͣ͊͘͟ ώуϐΦ 

˹͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͍͊ͪͭͦ ͎͙͊͒͊ͭ͘Σ ΅ͦ ͔ͣͭͦ͒ͦͣ ͻͯ͒ͦ͗ͤΈͦ͝ ͍ͭͦͪ;ͦͫͭ͜Σ Ύ͙͚͟ 
͍͍ͯ͋ͪ͊͜ ͯͫ͜ ͙͙͍ͨͦͭͤ͘͜ ͚ ͔͎͙͍ͤ͊ͭͤ͜ ͔͔ͭͤ͒ͤͼ͜͝ ͔ͪ͊ͣͯ͘͜͡Σ ΅ͦ ͍͙ͫͤͯ͊͜͡ ͒ͦ ͼΈ͎ͦͦ ;͊ͫͯΣ 
͍ͫͭ͊ ͙͙ͪͭ͟;͙͚ͤ ͔ͪ͊ͣ͘͜͡Σ ͙͚ͫͨͪͦͣͦ͗ͤ ͚ͤ͊͋͜͡Έ΄ ͍ͨͦͤͦ ͍͔͙͙͒͒ͪ͊ͭ͘͜͟͡ ͍ 
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͙͔ͣͫͭͼ͍ͭ͜ ͔͔͙ͫͭͭ;ͤͯ ͫͯͭͤͫͭ͜Έ ͙͗ͭͭΎ ͎ͭͦͦ;͎͊ͫͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ͍͙̇͊ͣ͜͟ ͤ͊ ͤ͊΄ͯ 
͒ͯͣͯ͟Σ Ί ͔ͭΣ ΅ͦ ͨͦͪΎ͒ ͘͜ ͫͦͼ͔ͪ͊ͣͦͣ͘͜͡ ͍͙͙ͤ͟ ͜ ͍ͦ͒ͤͦ;͊ͫ ͍͙͍͍ͪͦ͊ͫ͘Ύ ͤ͜΄͙͚ 
ͤ͊ͨͪΎͣ ͙͔ͣͫͭͼ͍ͭ͊ ς ͅ ͦͪͣ͊ͣ͘͜͡Φ 

˭ ͔͔͙ͫͭͭ;ͤͦ͝ ͙ͨͦ͘ͼ͜͝Σ ͺͦͪͣ͊ͣ͘͜͡ ͯ ͙͔ͣͫͭͼ͍ͭ͜ ͨͦͪͯ΄ͯΊ Ί͒ͤͫͭ͜Έ ͣͫͭͯ͘͜ ͚ 
ͺ͙ͦͪͣΣ ͍͙Ύ͍͡ΎΊ ͚͋͊͒ͯ͗ͫͭ͜Έ ͒ͦ ͣͫͭͯ͘͜Σ ͍ͨͦͤͫͭ͜Ό ͚͎ͦͦ ͎ͤͦͪͯ͜Ί ͚ ͙ͨ͒ͤͦͫͭ͜Έ ͒ͦ 
͍͔ͪ΄͙ͤ ͙ͪ͊ͫ͟ ͊͋ͫͭͪ͊ͭͤͯ͟Σ ͔͍͋ͣͫͭͦͤͯ͘͘͜ ͺͦͪͣͯΦ ˿ͯ͋ΩΊ͙͍ͭͤͦ͟ ͊͗ͯ͟;͙Σ 
ͻ͙ͯ͒ͦ͗ͤ͟-ͺͦͪͣ͊ͫͭ͜͡Σ ͊͋ͫͭͪ͊͟ͼͦͤͫͭ͜͜Σ ͍͎͙͊͊ͤ͊ͪ͒ͫͭ ͔ͣͦ͗ ͚ ͔ͤ ͔͔͍͙ͨͪͫ͒ͯ͊ͭ͜͡ 
͙ͨͦͭ͜͡;͙ͤͻ ͼ͔͚͜͡Σ ͦ͒ͤ͊͟ ͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ ͍͎ͫͦͦ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͔ͨͦͦ͗ͤͤ͡Ύ ͍ͤ͜ 
͍͙͔ͨͦͤͤ ͎͍͙ͫͯͯ͊ͭ͡ ͔͔ͤͭͪͫ͊ͣ͜ ͔ͫͨͯ͊ͭͯ͟͡Ό;͎ͦͦ ͍ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͊ͫͯ͟͡Φ 

˨͎͙͚ͪͯ ͔ͭ͊ͨ όмфслς1979 ͪ ͪΦ) ς ͘͜ ͔ͫͣͪͭΌ ˿ͭ͊ͤ͊͜͡ ͚ ͍͙͙ͪͭͭ͟Ύͣ ζͯ͟͡Έͭͯ 
͙ͦͫͦ͋ͫͭͦͫͭ͜η ͨͦ;͊ͦͫ͡Ύ ͍ͫͦΊ͔ͪ͒ͤ͜ ͨͪͦͪͤͤ͘͜Ύ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ͍̂ͨͪͦ͒ͦ͗ ͎ͦͪͦͭͦͦ͟͟ 
;͊ͫͯ ͙͙ͤ͘͟͡ ͘͜ ͫͼ͔͙ͤ ͍͙͍͙ͭͦͪ ͙͔ͣͫͭͼ͍ͭ͊Σ ΅ͦ ͍͙͙ͪ͊͗͊͡ ͔͎͒ͦͦ͜͜͡Ό 
ͫͦͼ͙͊ͫͭ͜͜͡;͎ͤͦͦ ͔ͪ͊ͣͯ͘͜͡Σ ͨ͜΄͙͡ ͍ ͙͙͊ͨ͊ͫͤ͘͟ ͊͋ͦ ͙͋ͯ͡ ͙ͫͨͫ͊ͤ͜Σ ͭͦ͋ͭͦ 
ͺ͙͊ͭ͟;ͤͦ ͙ͤ͘΅͔ͤ͜ ώфϐΦ 

˻ͨͪ͊ͼΈ͍ͦ͊ͤ͜ ͔͔͒͗ͪ͊͡ ͍͊ͫ͒͘͜;ͯΌͭΈΣ ΅ͦ ͨͦ;͊ͭͦ͟ мфсл-ͻ ͪ ͪΦ 
ͻ͔͙͍͍͊ͪ͊ͭͪͯ͊ͫ͘͟Ύ ͍ ͙͔ͣͫͭͼΈ͙͟ͻ ͦ͊͟͡ͻ Ύ͟ ̆ͪͯ΅͍ͦͫΈ͊͟ ζ͍͙͎͒͊͜͡ηΦ ̂ ͼ͔͚ 
͔ͨͪͦ͒͜ ͍ͤͦͯ͘ ͍͙ͨ͒͜΅͙͊ͫ͡Έ ͍͎ͯ͊͊ ͒ͦ ͔͙͙ͭ͟Σ ͔͔͙͙ͫͭͭ͟Σ ͙ͫͭ͊͡ ͊ͭͯ͊͟͡Έ͙͙ͤͣ 
͋͊ͤ͊͡Έͤ͜Σ ͍͒ͦͣ͜͜ ͍ͫΈͦͣͯ ͍ͫͭͯ͜ ͙͙ͫͭͤ͜Φ ̂ ͙͔ͣͫͭͼ͍ͭͦ ͍͔ͨͦͪͭ͊ΊͭΈͫΎ ͨͦͤΎͭͭΎ 
ζ;͊ͫͯη ͭ͊ ζͫͯ;͊ͫͤͦͫͭ͜ηΣ ͒͡Ύ ͔͍͎͊͒͊ͭͤͦͦ͟ ͍͍͔͒ͭͦͪͤͤ͜Ύ Ύͦ͟͝ ͣͦͦ͒͜͡ ͙ͣͭͼ͜ 
͔͔͚͙ͨͪͣ͊ͫ͡Ύ ͨͦ΄͙ͯ͊ͣ͟ ͻͯ͒ͦ͗ͤΈͦ͝ ͍͙ͣͦΣ ͔ͨͪͦͭ ͼ͔͚ ͔ͭ͊ͨ ͙͍͍ͭͪ͊ ͙͒ͦͫͭΈ 
͔͍͎ͤ͒ͦͦΣ ͭ͊ ͚ ͔ͤ ͍ͣ͊ ͤ͜Ύ͎ͦͦ͟ ͍͙͍ͨͯ͡ ͤ͊ ͍͙͊͒͊ͤͤ͟͡Ύ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ 
͙͔ͣͫͭͼ͍ͭ͊ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡ ώмлϐΦ 

̂ ͒ͦͫ ͔͒͗ͤͤ͜͡Ύͻ ͎͋͊͊ͭΈͦͻ ͍ͤ͊ͯͦ͟ͼ͍͜Σ ͙͍ͫͭͦͪ͜͟͜ ͭ͊ ͙͔ͣͫͭͼ͍͍ͭͦͤ͊͘ͼ͍͜Σ 
60-ͭ͜ ͙ͪͦ͟ ̆̆ ͫͭΦ ͍ ̂ͪ͊ͤ͟͜͝ ͫͻ͔͙͍͊ͪ͊ͭͪͦ͊ͤ͘͟͜ Ύ͟ ͔ͨͪͦ͒͜ ͍͔͒ͪͦ͒͗ͤͤ͜Ύ 
ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͍ͫ͒ͦͣͦͫͭ͜͜ ͭ͊ ͍͙͚ͤͦ ͚ͨ͒ͦͣ͜ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͙͔ͣͫͭͼ͍ͭ͊Φ ˹͊ 
͗͊͡ΈΣ ͍ͤ͜ ͙͊͘͡΄͙͍ ͨͦ͊͘ ͍͎ͯ͊ͦΌ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Ό ΄ͦͯ͟͡Σ ͙ͨͪ;͙͙ͤ ͼΈ͎ͦͦ 
ͨͪͦͼ͔ͫͯ ͼͦͣ͜͟͡ ͪͦͯͣ͘͘͜͜͡ ͘ ͫͭͦͪ͜͜͝ ͍͙ͪͦͭͯ͘͟ ΄͟͜͡Έ͙ͤͼ͍ͭ͊ ͍ ̂ͪ͊ͤ͟͜͝Φ 

˹͙͊ͨͪ͊͒͟͡Σ ˻Φ ˭ ͔͊ͪͼΈ͙͚͟ ͎ͤ͊ͦͦ͡΄ͯΊ ͤ͊ ͭͦͣͯΣ ΅ͦ ͍ ̂ͪ͊ͤ͟͜͝ ͍͎͊͊͘͜͡Σ ͨͦ-
͍ͪͤ͜Ύͤͦ ͘ ˸͍ͦͫͦ͟ΌΣ ͔͙ͪͫͨͯ͋͊ͣ͜͟͡ ˽͙͙͙ͪ͋͊ͭ͟͡Σ ˤ͔ͪͣͤ͜͜ΊΌ ;͙ ˥ͪͯ͘͜ΊΌΣ ͔͒ͦ͜-
͎ͦ͜͡;͙͚ͤ ͙ͭͫ͟ ͍͙͊͗͒͘ ͍͋ͯ ͍͚͙ͨͦ͒ͤͣ͜Σ ͦͫ͟͜͡Έ͙͟ ͤ͊ ͎͊͊͘͡ΈͤͦͫͦΌͤ͘͜ ͤ͊͊͟͡-
͙͒͊ͫ͡Ύ ΅͔ ͚ ͣͫ͜ͼ͔͍͜Σ ͔ͪͫͨͯ͋͊ͤͫ͜͟͡Έ͟͜ ͙͊ͫͦ͋͘ ͙ͨͦͭ͜͡;͎ͤͦͦ ͍͙͍ͨͯ͡ ώпΣ мннϐΦ 

̇ͦͣ͜͟͡ ͪͦͯͣͦ͘͘͜͡Σ ΅ͦ ͫͦͼ͔ͪ͊ͣ͘͜͡ ͊͘ ͙ͭ͊͟ͻ ͍ͯͣͦ ͍͙ͪͦͭͯ͘͟ ͙͔ͣͫͭͼ͍ͭ͊ ͭ͊ 
͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍͙͍͍ͨ͊͡ ͤ͊ ͍͙͍;͔ͤͤΎ 
͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͍ ͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡Σ Ύ͔͟ ͍͔͒͒ͪ͊͘͜͟͡Ό͍͊ͦͫ͡Ύ 
͍ ΄͙ͪͦͦͣͯ͟ ͔ͫͨͭͪ͟͜ ͍͙͍͍ͭͦͪ͜ ͙͔ͣͫͭͼ͍ͭ͊Σ ͍͙ͨͪͦͨͦͤͦ͊ͤͻ ͒͡Ύ ͔͒ͣͦͤͫͭͪ͊ͼ͜͝ ͨ͒͜ 
;͊ͫ ͍ͯͪͦ͟͜Φ ˹͙͊ͨͪ͊͒͟͡Σ ͊͘ ͔ͨͪͦͭͦͣ͟ ͎ͨͪͦͪ͊ͣ ͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͯ 
͍ͦͫΈ͙ͣͪ͜;͚ͤ͜ ΄ͦ͟͜͡ όͤ͊͊͘͟ ͨͦ ˸͍ͦͫͦͫ͟Έͦͣͯ͟ ͣͫ͜Έ͍ͤͦ͟ ͘ ͔͍͔͙ͨͪ͒ͫͭ͊ͤͣ͡ 
ͨͪ ͔ͦͭͦͣ͟ ͎͙ͨͪͦͪ͊ͣΦ ς ˸͍ͦͫ͊͟Σ мфср ͪ Φύ ͤ͊ ͯͪͦ͊͟ͻ ͎ͪͦ͘͡Ύ͙͒͊ͫ͡Ύ ͭ͊ 
͎͍ͦ͋ͦͦͪΌ͍͙͊ͫ͡Ύ ͍͙ͭͦͪ ͙͔ͣͫͭͼ͍ͭ͊ ͨͪͦ ˤΦ ˶ ͔ͤͤ͊͜ ό˱Φ ˥ ͪ͊͋͊ͪΈ ζ̂ ͨͪΎ͎ͣͦͦ 
͍ͨͪͦͦ͒͊ηΣ ˤΦ ̇ ͙͎͔͡Έ ζ˶͔͙ͤͤ ς ͎͙͙ͣͤ͊ͫͭ͘ηύΤ ͨͪͦ ͨͪ͊ͼΌ όˢΦ s ͪͻ͍ͨͦ͜ ζ˽ͪ͊;͙͟ηΣ 
˹Φ ˴ ͊ͫ͊ͭͤ͟͜ ζ˿͔ͣͤ͊ηΣ ˢΦ ˽ ͍͊ͫͭͦ͡ ζ˿͔ͤͦͦͫ͟ηύ ώтϐΦ 
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̂ ͎ͨͪͦͪ͊ͣ͊ͻ ͋ͯͦ͡ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ͔͙ͭͣ ͣ͊͡Ό͍͊ͤͤΎ ͘ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ 
͍͙ͤ͊ͦ͟͡΄ͤΈͦ͝ ͫͦͼ͙͊ͫͭ͜͜͡;ͤͦ͝ ͚͒ͫͤͦͫͭ͜͜ ζ˹͊ ͨͭ͊ͻͦͺ͔ͪͣ͜ηΣ ζ˾ͦ͋ͦͭ͊ ͍ ͨͦ͜͡ηΣ 
ζ́ͪ͊ͭͦͪ͟ ͤ͊ ͨͦ͜͡ηΦ ́͊ͦ͗͟ ͯ ͎ͨͪͦͪ͊ͣ͜ ͎ͤ͊ͦͦ͡΄͔ͤͦ ͤ͊ ͍͙͍͊͗ͦͫͭ͜͡ ͍͙ͻ͍ͦ͊ͤͤΎ 
͚͎ͨͦͫͭͤͦͦ͜ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͪ͊͒ΎͤͫΈ͎ͦͦ͟ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊Σ ͭͦͣͯ 
͔͙ͦͪͣͣ͟ ͪͦ͒ͦͣ͘͜͡ ͍͙ͤ͊͘;͔ͤͦ ͍͙͍;͔ͤͤΎ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͪ͊͒ΎͤͫΈ͎ͦͦ͟ 
͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊Υ ͙͍͙͗ͦͨͫͯΣ ͎ͪ͊ͺ͙͜͟Σ ͫͯ͟͡Έ͙ͨͭͯͪΣ ͔͙͍͒ͦͪ͊ͭͤͦ͟-
͙͎ͨͪ͊͒ͤͦͦ͟͡ ͙͔ͣͫͭͼ͍ͭ͊Σ ͊ͪͻ͔͙ͭͭͯͪ͜͟Φ ˨͡Ύ ͎ͪͦ͘͡Ύ͒ͯ ͍͙ͨͪͦͨͦͤͯ͊ͫ͡Ύ ͭ͊͟͜ ͔͙ͭͣΥ 
ζˬ͍͔͍ͦͭͤ͊ ͔͍ͪͦ͡Όͼ͜Ύ ͭ͊ ͎ͪͦͣ͊͒ΎͤͫΈ͊͟ ͍͚ͤ͊͜ηΣ ζ͔́ͣ͊ ͨͪ͊ͼ͜ ͯ ͍ͭͦͪ͊ͻ 
ͪ͊͒ΎͤͫΈ͙͟ͻ ͻ͙͍ͯ͒ͦ͗ͤ͟͜ηΣ ζˤ͔͙͊͟͡ ˤͭ͜;͙ͤ͘Ύͤ͊ ͍͚ͤ͊͜ηΣ ζ˻͋ͪ͊͘ ͍ͤͦͦ͝ ͡Ό͙͙͒ͤ ͍ 
ͪ͊͒ΎͤͫΈͦͣͯ͟ ͔ͨͦͪͭͪͭ͜ηΣ ζ˸͚͙͊ͫͭͪ ͪ͊͒ΎͤͫΈ͎ͦͦ͟ ͔͚ͨ͊͗ͯ͘ηΣ ζ˾͊͒ΎͤͫΈ͙͚͟ 
ͤ͊ͭΌͪͣͦͪͭηΣ ζ˽͔͊͊ͭͤ͟͡ ͙͔ͣͫͭͼ͍ͭͦ ͭ͊ ͎ͪ͊ͺ͜;ͤ͜ ͔ͫͪ͜͝ ͔͚͎͒ͤͦͦ͜ ͫͨͪΎ͍ͣͯ͊ͤͤΎηΦ 

˻͔ͭ͗Σ ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͔͒͗ͪ͡ ͍͙͍͒ͦͦ͘͡ ͍͙͙ͯͫͭ͊ͤͦͭΣ ΅ͦ ͪͦ͡Έ 
ͫͦͼ͔ͪ͊ͣͯ͘͜͡ ͯ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ ͯ͟͡Έͭͯͪ͜ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͙͔ͣͫͭͼΈͦ͟͝ ͨͦ;͍͊ͭͦͦ͟͝ 
΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͙͒ͦͫͭΈ ͔ͤͦ͒ͤͦͤ͊͘;ͤ͊Φ ˿Έ͎ͦͦ͒ͤ͜ ͍ ͔ͦͤͭͫͭ͟͟͜ ͙͔ͣͫͭͼ͍ͭ͊ ̆̆ ͫ ͭΦ 
͚͎ͦͦ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ Ύ͟ ͦ͒ͤͯ ͘ ͚ͤ͊͋͜͡Έ΄ ͙ͪ͊͒͊͟͡Έ͙ͤͻ ͔͔͚ͣͦ͒͡Σ Ύ͊͟ ͔ͤ ͭ͜͡Έ͙͟ 
͍͙ͫͭͯ ͙ͨ͊͡ ͔͍ͤ͒͒͜͜͡Έ͙ͤͣ ͙ͫ͊͒ͤͦͣ͟͟͡ ͙ͭͦͭ͊ͭ͊ͪͤ͜͡ͻ ͔͙͍ͪ͗ͣ͜Σ ͔͊͡ ͚ 
͔͔ͨͪͭͯͣ͊͡;͙͊͡ ͙ͭͪ͊͒ͼ͜͝Σ ͻͯ͒ͦ͗ͤΊ ͍͔ͣͦͤͤ͡ΎΣ ͙͔ͣͫͭͼΈ͟͜ ͫͨͪΎ͍ͣͯ͊ͤͤΎΣ 
͍͙Ύ͍͡ΎΌ;͙ ͝ͻͤΌ ͙ͨͪͻ͍ͦ͊ͤͯ ͫͯͭͤͫͭ͜Έ ώоϐΦ 

˹͔ ͍͊͗͊͘Ό;͙ ͤ͊ ͍ͫ͜ ͫͦͼ͊͜͡Έͤ͜Σ ͙ͨͦͭ͜͡;ͤ͜ ͚ ͔͎͒ͦͦ͜͜͡;ͤ͜ ͪͦ͋͗ͤͦͫͭ͘͜͜ ͣ͗͜ 
͙͊ͨͭ͊ͫͭ͟͜͜͡;͙ͤͣ ͜ ͫͦͼ͙͊ͫͭ͜͜͡;͙ͤͣ ΄͡Ύͻ͙͊ͣΣ ͼ͜ ͙ͫͨͦͫͦ͋ ͍͔ͫͭͦͪͤͤΎ 
ͤ͒ͯͫͭͪ͊͜͜͡Έ͎ͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍͙ͨͦͪͦ͒͗ͯ͊͡ ͎͊͊͘͡Έ͙͚ͤ ͙ͭͨ ͍͎ͫͭͦ͜͡Ύ͒ͯΣ ΅ͦ ͍ 
ͦͫͭ͊ͤͤ͜ ͔͒ͫΎ͙ͭͭͭ͜͡Ύ ·· ͫ ͭΦ ͔͍ͦ͒ͪ͗͊ ͍ͤ͊ͯ͘ ͔ͣͦ͒ͪͤͣ͘͜Φ 

˸͔ͦ͒ͪͤͣ͘͜ όͺͪΦ ƳƻŘŜǊƴŜ ς ͫͯ;͙͚͊ͫͤΣ ͚͍ͤ͊ͤͦ͜΄͙͚ύ ς ͎͊͊͘͡Έͤ͊ ͍ͤ͊͊͘ 
͍͙ͤͦͻ ͔ͭͪ͊ͭͯͪͤͦ͜͡-͙͔ͣͫͭͼΈ͙͟ͻ ͔ͭ;͚͜ ·· ͫͭΦ ͔͔͙ͤͪ͊ͫͭ͜͡;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎΣ 
Ύ͟͜ ͍͙͙͙ͤ͟͡ Ύ͟ ͔͔͊ͨͪ͘;͔ͤͤΎ ͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͺͦͪͣ ͭ͊ ͔͔͙͙ͫͭͭ͟ ͙͎ͣͤͯͦͦ͡ ώфϐΦ 
͔͚̇ ͻ͚ͯ͒ͦ͗ͤ͜ ͤ͊ͨͪΎͣ ͙͒ͦͫͭΈ ͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ͟ ͍͙͍ͨͤͯ͡ ͤ͊ ΄͟͜͡Έͤͯ 
͙͔ͣͫͭͼΈͯ͟ ͍ͦͫͭͯ͜ ͍ ͨͫ͜͡Ύ͍ͦΊͤͤ͜ ;͙͊ͫΦ 
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SUMMARY 
Malezhik J. Role of artistic directions in the formation of fine arts training in 

elementary school (1949ς1980). 
In article the analysis is carried out and are defined the main tendencies of 

development of art education from 1949 to 1980.  
The historical aspects, socio-economic, political factors and trends in the development 

of school art education in Ukraine of the studied period are analyzed. The features of art 
education in secondary school are revealed: its nature and content, aims and objectives, 
principles and methods of teaching fine arts.  

As a result of research specifics of realization of problems of art education in the 
course of program and methodological work at comprehensive schools of Ukraine on the fine 
arts are studied. 

Analysis and synthesis of the scientific literature allow to establish that the most 
important artistic and aesthetic categories reflecting the artistic practice, which, in our 
opinion, has a direct impact on the educational and upbringing processes by means of arts in 
school is art direction, that is, the totality of works of art, close to each other on the basis of 
significant ideological and aesthetic features. In addition, it is the basic unit of the dynamics 
of development of the history of art. Formation, development, and competing artistic 
techniques are combined in art direction, but it is also closely associated with the style. 

In the field of teaching fine arts at elementary school, it is found out, that program 
and thematic fullness of educational material is important. The main art directions in the fine 
arts and their influence on subject of a training material are determined by a subject at 
elementary school. Major factors of influence on formation of subjects, tasks in school 
programs for elementary school for the fine arts are analyzed. 

Investigation of the basic artistic movements of the twentieth century gives reason to 
make some generalizations, namely: in art, the period 1949ς1980 is referred to as a struggle 
between realism and modernism, which directly influenced the formation of educational 
material on the fine arts in the primary school. 

Studying and understanding the processes that occur in the development of school art 
education (1949ς1980) will assess the place and importance of art trends in the educational 
process on the fine arts in elementary school. 

Key words: history of education, art direction, social realism, formalism, modernism, 
postmodernism, art education, art, elementary education, comprehensive school. 
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́ˤ˻˾̉˻˿́˱ ˤ ́˾̂˨˻ˤ˻˸̂ ˹ˢˤ̉ˢ˹˹˱ ς ˴ ˾˻˴ ˨˻ ̂˿˽˱̊˹˻˲ ̅ˢ̆˻ˤ˻˲ 

˽˱˨˥˻́˻ˤ˴ˮ ˤ̉ˮ́˩˶˱ˤ ˽˻̉ˢ́˴˻ˤˮ̆ ˴˶ˢ˿˱ˤ 
 

̂ ͫͭ͊ͭͭ͜ ͍͙͍ͫͭ͜͡ΌΌͭΈͫΎ ͙ͨͭ͊ͤͤΎ ͍͙͍͊͗ͦͫͭ͜͡ ͍͙ͪͦͭͯ͘͟ ͻͯ͒ͦ͗ͤΈͦ͝ 
͍ͭͦͪ;ͦͫͭ͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͤ͊ ͯͪͦ͊͟ͻ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎΣ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͋͜͡Έ΄ 
΄͙ͪͦ͟͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͫͯ;͙͊ͫͤͻ ͔͙͍͙ͪ͊ͭͤ͟ͻ ͔ͭͻͤ͜͟ 
͙ͪͦ͋ͦͭ ͘ ͔ͨ͊ͨͪͦͣ ό͍͎ͤ͟͜͜͡Σ ͭͦͪͼΌ͍͊ͤͤΎΣ ͚͊ ͪͫ͜-ͺ͎ͦ͒ͤ͜͡ύΦ  

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͻͯ͒ͦ͗ͤΎ ͍ͭͦͪ;ͫͭ͜ΈΣ ͔͙͍ͪ͊ͭͤ͟͜ ͔ͭͻ͙ͤ͜͟Σ ͍͎ͤ͟͜͜͡Σ ͭͦͪͼΌ͍͊ͤͤΎΣ 
͚͊ͪͫ͜-ͺ͎ͦ͒ͤ͜͡Φ  
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˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽͔͎͎͒͊ͦ͜;ͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͚͊ͣ͊͘Ί ͙͍͔ͦͫͦ͋͡ 
ͣͫ͜ͼ͔ ͍ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜͝ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΦ ͔̋ ͍͙͙͚͒͊ͭͤ ͔͎͎ͨ͒͊ͦ ̒ͤ 
ˢͣͦͫ ˴͔ͦͣͤͫΈ͙͚͟ ͍͒ͤ͊͘͜;͍͊Σ ΅ͦ ͍;͙͔ͭ͡ΈͫΈ͊͟ ͨͪͦͺ͔ͫ͜Ύ ζ͔ͨͪͪ͊ͫͤ͊͟Σ Ύ͟ ͤ͜Ύ͊͟ 
ͤ͜΄͊ ͨ͒͜ ͫͦͤͼ͔ͣηΦ ˤͤ͜ ͍ͨͦͪͤ͜Ό͍͍͊ ͯ;͙͔ͭ͡Ύ ͘͜ ͍͙ͫ͊͒ͤͦͣ͜͟Σ Ύ͙͚͟ ͔͙͍ͨͫͭͦ͡ 
͍͙ͪͦ΅ͯΊ ͔͔͍͒ͪ͊ ͚ ͙͙ͪͦͫͤ͡ ͍ ͫ͊͒ͯΣ ͘ ͊ͪͻ͔ͭͭͦͪͦͣ͜͟Σ Ύ͙͚͟ ͙͍ͭͯͪ͋ͦͭͦ͡ 
͍͊͋ͯ͒ͦͯ͘Ί ͤ͊ͤͤ͘Ύ͙ͣ ͍ͫ͜ ͯͭͦ͟;͙͟ ͡Ό͒ͫΈͦ͟͝ ͙ͫͭͦͭ͜Σ ͘͜ ͫͯ͟͡ΈͨͭͦͪͦͣΣ Ύ͙͚͟ 
͔͔ͪͭ͡Έͤͦ ΄͜͡ͺͯΊ ͪͦͯͣ͘ ͜ ͒ͯ΄͜ ͡Ό͔͚͒Σ ͘ ͍ͨͦͦͦ͒͟͡ͼ͔ͣΣ Ύ͙͚͟ ͔͔͎͚ͤͪͤͦ͜ 
͚͒ͫͤ͘͜ΌΊ ͤ͊ͫͭͯͨ ͙ͨͪͦͭ ͍͍͍͊ͪ͊ͪͫͭ͊ ͜ ͔͍͎͍ͤ͊ͫͭ͊͜͡Φ 

˹͍͊;͊͡Έ͙͙ͤͣ ͙ͨ͊ͤ͊ͣ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ 
͔͔ͨͪ͒͋͊;͔ͤͦ ͍͙͍;͔ͤͤΎ ͼ͙ͯ͟͡ ͫͯͫͨ͜͡Έ͙ͤͻΣ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͭ͊ 
͔ͫͨͼ͊͜͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Φ ˽͙ͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍;͙͔͍ͭ͜͡ 
͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͙ͭ͊͟ͻ ͙͒ͫͼ͙ͨͤ͜͡Σ Ύ͟ ͙ͨͫͻ͎ͦͦ͜͡ΎΣ ͔͎͎ͨ͒͊ͦ͊͜͟ 
ͭ͊ ͔͙͙ͣͭͦ͒͟ ͍͙͊͒͊ͤͤ͟͡Ύ  ͙ͭ͊͟ͻ ͔͔͍ͨͪ͒ͣͭ͜Σ Ύ͟͜ ͍͙͍;͊ΌͭΈͫΎ ͍ ͨͦ;͍͚͊ͭͦ͟͜ 
΄ͦ͟͜͡Φ ˿Ό͙͒ ͍ͻ͙ͦ͒ͭΈ ͜ ͔͙ͣͭͦ͒͊͟ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎΣ Ύ͊͟ Ί ͙ͦ͒ͤͣ ͘͜ 
ͨͪͦͺ͜͡ΌΌ;͙ͻ ͔͔͍ͨͪ͒ͣͭ͜ ͯ ͺ͊ͻ͍͚ͦ͜ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͍;͙͔ͭ͡Ύ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Φ 
ˤ͙͍;͊Ό;͙ ͯͪͫ͟ ͔͙͙ͣͭͦ͒͟ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎΣ ͚ͣ͊͋ͯͭͤ͜ ͍;͙͔ͭ͜͡ ͘ΩΎ͍ͫͦͯΌͭΈ 
ͼ͜͜͡Σ ͍͊͒͊ͤͤ͘Ύ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎΣ ͍͍ͦͦͦ͒͊͜͡ΌͭΈ ͙͔ͫͫͭͣͦΌ ͔͙ͣͭͦ͒;͙ͤͻ 
͙͚͍ͨͪͦͣ͜Σ ͊͘ ͎͒ͦͨͦͣͦͦΌ Ύ͙͟ͻ ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͯͫͨ͜΄͔ͤ ͍͔͔ͨͪͦ͒ͤͤΎ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͤ͊ ͯͪͦ͊͟ͻ ͨͪ͊ͼ͜Φ ˸͔͙ͭͦ͒͊͟ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎ 
͎͒ͦͨͦͣ͊͊Ί ͚ͣ͊͋ͯͭͤͣ͜ ͯ;͙͔ͭ͡Ύͣ ͨ͒͜ͻ͙͙ͦ͒ͭ ͒ͦ ͍ͤ͊;͊͡Έͤͦ-͍͎ͭͪͯ͒ͦͦͦ 
ͨͪͦͼ͔ͫͯ ͘ ͍͙ͨͪ͊͡Έ͙ͤͻ ͍͙ͤ͊ͯͦ͟ͻ ͙ͨͦ͘ͼ͚͜Σ ͙ͫͨͪΎΊ ͯͫͨ͜΄͙ͤͣ ͨͦ΄ͯ͊ͣ͟ 
͚ͤ͊͋͜͡Έ΄ ͪ͊ͼͦͤ͊͜͡Έ͙ͤͻ ΄͡Ύͻ͍͜ ͯ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;ͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͙͙͙͒ͭͤΣ 
͍͙ͨ͒͜΅ͯΊ ͍͔ͪͤ͜Έ ͎͊͊͘͡Έ͔͎͎ͤͦͨ͒͊ͦ͜;ͤͦ͝ ͭ͊ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ ͼͦͣͯ͜͡Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˻͔ͪͣ͟͜ ͔͙͊ͫͨͭ͟ ͔͙ͨͪͦ͋ͣ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͻͯ͒ͦ͗ͤΈͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ͯ;͍ͤ͜ 
͙ͪͦͪͭ͘͟͜ ͯ ͨͪ͊ͼΎͻ ˩Φ s ͍͙ͤͭͦͤͦ;͊Σ ˤΦ x ͔ͯͭͤͦ͟Σ ˱Φ ˭ Ύ͘Όͤ͊Σ ˣΦ ˶ ͙ͻ͊;͍ͦ͊Σ 
˿Φ ˸ ͔͡Έ͙ͤ;ͯ͊͟Σ ˣΦ ˹ ͔͔ͣͤͫΈ͎ͦͦ͟Σ ˤΦ s ͍ͪͦͤͦ͊Σ ˸Φ ʕ ͍ͦͦ͊͟͡Σ ˻Φ ́ ͔͊ͪ͊ͫͤͦ͟Φ ˢ͔ͫͨͭ͟ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͻͯ͒ͦ͗ͤΈͦ͝ ͨͪ͊ͼ͜Σ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎΣ 
͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡ ͍͙͍ͫͭ͜͡ΌΌͭΈ ͙ͪͦ͋ͦͭ 
ˤΦ ́ ͙͔ͣͤ͊͟Σ ˱Φ ˸ ͜΅͔ͤͦ͟Σ ˤΦ ̆ ͙ͦͪͯͤ͗ΎΣ ˻Φ ˿ ͍͊;͔ͤͦ͟Σ ˹Φ x ͋͜͜͟ ͭ͊ ͤ͜Φ ˽͔ͪͦͭ ͙͚ͭ͊͟ 
͔͊ͫͨͭ͟Σ Ύ͟ ͔ͭͻ͎ͤͦͦ͜͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
ͻͯ͒ͦ͗ͤΈͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ͯ;͍ͤ͜Σ ͙͊͘͡΄͊ΊͭΈͫΎ ͔ͤ ͒ͦͫͭ͊ͭͤΈͦ ͔͙͒ͦͫ͒͗ͤͣ͜͡Φ  

˸͔ͭͦΌ ͫͭ͊ͭͭ͜Σ ΅ͦ Ί ͍ͫ͊͒ͦͦ͟͡Ό ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ Ί ͙ͪͦͪͭͭ͘͟Ύ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡ ͻͯ͒ͦ͗ͤΈͦ͝ ͍ͭͦͪ;ͦͫͭ͜Σ ͎͍͙ͦͦͤͣ͡ ͍͊͒͊ͤͤ͘Ύͣ ς 
͎͍ͨ͒ͦͭͦ͊͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͻͯ͒ͦ͗ͤΈͦ͝ 
͍ͭͦͪ;ͦͫͭ͜ ͯ;͍ͤ͜Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˢͭͯ͊͟͡Έͤͫͭ͜Έ ͜ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
͍͙͙͍ͨ͊͡Ί ͘ ͚͎ͦͦ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ͤ͊ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔͔ͫͯͨͪ;͔͚ͤͦͫͭ ͣ͗͜ 
͔͙ͨͦͭͪ͋͊ͣ ΄͟͜͡Έͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͭ͊ ͙ͨͪ͊ͭͦ͟͟Ό ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͊͊͒͊͘͟͡ͻ ͔ͫͨͼ͊ͫͭ͊͜͜͡ ͒ͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͻͯ͒ͦ͗ͤΈͦ-͍ͭͦͪ;ͦ͝ ͍͙ͦͫͭ͜ ͍ ͨͦ;͍͚͊ͭͦ͟͜ 
΄ͦ͟͜͡Σ ͔ͦͪͣ͊͘͟Υ 
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͊ύ ͣ͗͜ ͍͙͎͙ͣͦ͊ͣΣ Ύ͟͜ ͍ͫͭ͊͡ΎͭΈͫΎ ͍ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͒ͦ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͔͍ͫͭͯ͒ͤͭ͜ ͯ ͔ͦͤͭͫͭ͟͟͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͙ͣͭͦ͒͟ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎ ͜ ͔ͪ͊͡Έ͙ͤͣ 
ͫͭ͊ͤͦͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΤ 
͋ύ ͤ ͔ͦ͋ͻ͒ͤͫͭ͜͜Ό ͙ͪͦͪͦ͋͘͟ ͚ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͣͫͭͯ͘͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡ ͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͻͯ͒ͦ͗ͤΈͦ͝ ͨͪ͊ͼ͜Σ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ͨͦ;͍͙͊ͭͦ͟ͻ 
͊ͫ͊͟͡ͻ ͭ͊ ͔ͤ͒ͦͫͭ͊ͭͤͣ͜ ͍͙ͤ͊ͯͦͣ͟ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎͣ ͙ͫͭͪͯͭͯͪ͟ ͍ͨͦͤͦ͡Ό͍͙͊ͤͻ ͜ 
͍͍ͤͦͦͫͭͦͪΌ͍͙͊ͤͻ ͙͍ͨͦͫ͋ͤ͜͟͜Σ ͔͍͙ͤͤ͊͘;͔ͤͫͭ͜Ό ͙͔͍ͪͭͪ͟͜͝ ͍͒͋ͦͪͯ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡Τ ͍ύ ͣ ͗͜ ͍͙͎͙ͣͦ͊ͣ ͒ͦ ͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘Έ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͯͣͤ͜Έ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͜ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͙ͤͣ ͔͔͊͋ͨ͘͘;͔ͤͤΎͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ 
͚͔͒ͫͤͤͤ͘͜Ύ ͻͯ͒ͦ͗ͤΈͦ͝ ͍͙ͦͫͭ͜ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡Τ ͎ύ ͣ ͗͜ ͔ͨͦͭͪ͋ͦΌ ͍͔ͦͤͦͤͤ͡Ύ 
͔͍ͣͭͦ͒͜ ͭ͊ ͺͦͪͣ ͻͯ͒ͦ͗ͤΈͦ͝ ͨͪ͊ͼ͜Σ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡ ͚ 
͔͍͍ͤ͒ͨͦ͒ͤͫͭ͜͜͜Ό ͍͙͊͒͊ͤͤ͟͡Ύ ͝ͻ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡Φ 

̂ ˴ͦͤͼ͔ͨͼ͜͝ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ όмн-ͪ͜;ͤ͊ ΄ͦ͊͟͡ύ ͎ͨͪͦͦͦ͡΄͔ͤͦΣ 
΅ͦ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͯ;ͤ͜ ͣ͊ΌͭΈ ͙ͨͪͯ͡;͙͙ͭͫΎ ͒ͦ ͙ͦ͋ͪ͊ͤ͘ͻ ͍ͣͦ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ 
͙͔ͣͫͭͼ͍ͭΣ ͪͦͣ͊ͭͭ͘͝Ύ ͍͗͊ͤͪ͜ ͜ ͙͍ͫͭ͜͡ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͙͔ͣͫͭͼ͍ͭ͊Σ ͍ͭ͜;͙ͤ͘Ύͤͦ͝ ͭ͊ 
͍͍ͫͭͦͦ͜͝ ͯ͟͡Έ͙ͭͯͪ ͍ ͔ͦͤͭͫͭ͟͟͜ ͍͍͙ͫͭͦ͜ͻ ͯ͟͡Έ͍ͭͯͪͦͭͦͪ;͙ͻ ͨͪͦͼ͔͍ͫ͜Φ  

ˤ ͍ͦͫͤͦͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͣ͊ΌͭΈ ͙͋ͯͭ ͔ͨͦ͊͒ͤ͟͜͡ 
ζ˴ͦͤͼ͔ͨͼ͜Ύ ͨͦͯ͜͟͡͡Έ͎ͭͯͪͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎη ͭ͊ ζ˴ͦͤͼ͔ͨͼ͜Ύ ͔͔͙ͫͭͭ;͎ͤͦͦ 
͍͙ͻ͍ͦ͊ͤͤΎ ͣͦͦ͒͜͡ ͍ ͍ͯͣͦ͊ͻ ͍͔͒ͪͦ͒͗ͤͤ͜Ύ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͯ͟͡Έ͙ͭͯͪηΦ 
̂ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͎ͯͣ͊ͤ͊͘͜ͼ͜͝ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍ ̂ͪ͊ͤ͟͜͝ ͔ͨͪͦ͋ͣ͊͡ ͺ͍ͦͪͣͯ͊ͤͤΎ 
ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ΄ͦ͟͡Ύ͍ͪ͜ ͍͙͎ͣ͊͊Ί ͫͯͭͭΊ͍͎ͦͦ ͔͔͎ͨͪ͡Ύ͒ͯΦ  

ˤ͙͍;͔ͤͤΎ ΄͟͜͡Έͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͨͦ͊ͯ͘͟ΊΣ ΅ͦ пр ҈ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ 
͍͊ͫ͟͜͡ ͍͒͜;͍ͯ͊ΌͭΈ ͭͪͯ͒ͤͦ΅͜ ͨ͒͜ ;͊ͫ ͍͙͊͒͊ͤͤ͟͡Ύ ͻͯ͒ͦ͗ͤΈͦ͝ ͨͪ͊ͼ͜Σ ͍͎ͭͪͯ͒ͦͦͦ 
͍ͤ͊;͊ͤͤΎ ͚ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͍ ΄ͦ͟͜͡Σ ͍ ͔ͨͪ΄ͯ ;͔͎ͪͯ ς ΅ͦ͒ͦ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͭ͊ ͍͒͋ͦͪͯ͜ 
͍͔͚͒ͦͣͦͫͭ͜Σ Ύ͟͜ ͒ͦͼ͜͡Έͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͯ ͨͪͦͼ͔ͫ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͻͯ͒ͦ͗ͤ͜ͻ 
ͯΎ͍͔ͤ͡Έ ͜ ͨͦͤΎͭΈΦ ˲ͣ ͍͊͗ͦ͟ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͙͍ͦͤͫͭͪͯͭͤͦ͟͟-͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ 
ͨ͒͜ͻ͒͜Σ ͔͙͚ͭͤͦ͒͊ͤ͘ ό͔͙͍͒ͦͪ͊ͭͤͦ͟-͍͙͍͔͗ͭͦ͟ ͙͔ͣͫͭͼ͍ͭͦύΣ ͫͯ;͙͚͊ͫͤ ͙͚͒͊ͤ͘Σ 
͙ͨ͊ͫͭ͡;͔ͤ ͙͔ͣͫͭͼ͍ͭͦΣ ͊ ͭ͊ͦ͗͟ ͙͒ͺ͔͔ͪͤͼ͚͍͙͚ͦ͊ͤ͜ ͭ͊ ͔͎͍͙͚ͤͭͪͦ͊ͤ͜ ͨ͒͜ͻ͙ͦ͒Σ 
͔͒ͯ͗ ͍ͨͦ͜͡Έͤͦ ͍͍ͨͪͦ͊͒͗ͯΌͭΈ ͤ͊ ͍ͫͦ͝ͻ ͯͪͦ͊͟ͻ ͼ͍͊͜͟͜  ͔͙͍ͪ͊ͭͤ͟͜ ͔ͭͻ͙ͤ͜͟ 
͙ͪͦ͋ͦͭ ͘ ͙͙ͪͤͣ͘͜ ͔͙ͣ͊ͭͪ͊͊ͣ͜͡ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͍͙ͦ͜͟ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔͚͒ͭ͜Φ 
˭͍͙͒ͫ͜ ͍͙͙͍ͨ͊͡ΊΣ ΅ͦ ͤ͊ͤͤ͘ΎΣ ͪ͊ͤ͜΄͔ ͒ͦ͋ͯͭ͘͜ ͍;͙͔ͭ͡Ύ͙ͣ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͊͊͒͊͘͟͡ͻΣ ͍͙Ύ͍͡ΎΌͭΈͫΎ ͔͙ͤ͒ͦͫͭ͊ͭͤͣ͜ ͍ͫͭͦͫͦͤͦ ͫͯ;͙͊ͫͤͻ ͍͙͎ͣͦ 
͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͦͫͭ͜Σ ͊ ͼ͔ ͔͎͙͍ͤ͊ͭͤͦ ͍͙͍ͨ͊͡Ί ͤ͊ ͚͔͒ͫͤͤͤ͘͜Ύ ͙ͦͫͦ͋ͫͭͫͤͦ͜ 
ͦͪ͘͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͚ ͍͙ͻ͍ͦ͊ͤͤΎ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ 
͙ͤͻ ͤ͊ͤ͘Έ ͨͪͦ ͼͫͤͫͭ͜͜͜͡Έ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ ͙͙͊ͪͭͤ͟ ͍ͫͭͯ͜Φ  

˽͎͍͒ͦͭͦ͊͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͤ͊΄ ;͊ͫ ͔͙͙ͤͣͫͣ͊͡ ͔͋͘ ͊ͯ͘͡;͔ͤͤΎ ͝ͻ 
͒ͦ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ ͍ͭͦͪ;ͦͫͭ͜Φ  

˱͔͒Ύ ͍͙ͪͦͭͯ͘͟ ͻͯ͒ͦ͗ͤ͜ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͔͚͒ͭ͜ ͜ ΄͙͔ͪͦ͟ ͎ͪͦͦͪͭ͊ͤͤ͘Ύ ͤ͊ ͼ͚͜ 
͍ͦͫͤͦ͜ ͍͍͒ͨͦ͒ͤͦ͜͜͝ ͍ͭͦͪ;ͦͫͭ͜ ͨͪͦͻ͙ͦ͒ͭΈ ;͔͔ͪ͘ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ 
͔͔͍ͨͪ͒ͣͭ͜Σ ΅ͦ ͍͙͍;͊ΌͭΈͫΎ ͍ ͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡Σ ͭ͊ ͎͙ͨͪͦͪ͊ͣ ͍͙ͻ͍ͦͤͦ͝ 
͙ͪͦ͋ͦͭ ͨͦ͊͘΄͟͜͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜Φ 
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˿͍͔ͭͦͪͤͤΎ ͋ͯ͒Έ-Ύ͎ͦͦ͟ ͍͙ͪͦ͋ͯ ͍ ͙ͦ͒ͤͻ ͍͙ͨ͊͒͊͟ͻ ͔ͣͦ͗ ͍͍͙͒͋ͯ͊ͭͫ͜Ύ ͊͘ 
͍͙͙͒ͦͣͣ͜ ͍͙͙ͨͪ͊͊ͣ͡Σ ͊ ͍ ͤ͜΄͙ͻ ς ͙͋ͯͭ ͊͘ ͍ͫͦͣ͝ ͻ͔͊ͪ͊ͭͪͦͣ͟ ͙͎ͦͪͤ͊͜͡Έ͙ͤͣ 
ͨͪͦͼ͔ͫͦͣΦ ́ͦͣͯ ͻͯ͒ͦ͗ͤΌ ͒͜Ύ͡Έͤͫͭ͜Έ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͣͦ͗ͤ͊ ͍ͯͣͦͤͦ 
͙͙ͨͦ͒ͭ͜͡ ͤ͊ ͔͙͍ͪͨͪͦ͒ͯͭͤͯ͟ ͜ ͍ͭͦͪ;ͯΥ  

- ͔͙͍ͪͨͪͦ͒ͯͭͤ͊͟ ͻͯ͒ͦ͗ͤΎ  ͒͜Ύ͡Έͤͫͭ͜Έ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͔͍͙ͨͤͻ 
͍͙͍ͪͦ͋͜ ͊͘ ͔͔ͤ͊ͨͪ͒ ͍͙͙͒ͦͣͣ͜ ͍͙͙ͨͪ͊͊ͣ͡Τ 

- ͍ͭͦͪ;͊ ͗ ͻͯ͒ͦ͗ͤΎ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͔ͨͪ͒͋͊;͊Ί ͍͔ͫͭͦͪͤͤΎ ͙͎ͦͪͤ͊͜͡Έ͙ͤͻ 
͍͙͍ͪͦ͋͜Φ 
˴͔͙͙ͦͤͪͭͤͣ͟ ͝͝ ͺ͙ͦͪͣ͊ͣ Ί ͍͙ͤ͊ͻ͙͒ͤ͜ͼ͍ͭͦΣ ͺ͍͊ͤͭ͊ͯ͊ͤͤ͘Ύ ͭͦ΅ͦΦ  
˻͙͍͋͒͊ ͼ͜ ͍͙͙͒ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͎ͣ͊͊ΌͭΈ ͒ͦͫͭ͊ͭͤΈ͎ͦͦ ͍ͪͤ͜Ύ ͍͙ͪͦͭͯ͘͟ 

ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͯΎ͍͙Σ ͔͔͙͍ͫͨͦͫͭͪ͗ͦͫͭ͜͡Σ ͍͙͐ͪͯͤͭͦͤͻ ͔ͫͨͼ͊͜͡Έ͙ͤͻ 
ͻͯ͒ͦ͗ͤ͜ͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͭ͊ ͤ͜΄͙ͻ Ύ͔͚ͦͫͭ͟Φ ˿͍͍ͨ͒ͤͦ͜͜΄͔ͤͤΎ ͔͔͔͍ͣͤͭ͜͡ 
͍ͭͦͪ;ͦ͝ ͭ͊ ͔͙͍ͪͨͪͦ͒ͯͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͨͪͦͼ͔ͫ͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔͍͎ͨͤͦͦ ͍͊͒͊ͤͤ͘Ύ 
Ί ͙ͨͦ͊ͤͦͣ͘͟͟ ͔ͫͭͯͨͤΎ ͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͭ͊ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜ ͯ;ͤΎΦ 

˭ͤ͊;ͯ΅ͫͭ͜Έ ͔͙ͨͪͦ͋ͣ͡ ͍͙ͪͦͭͯ͘͟ ͙͒ͭΎ;ͦ͝ ͍ͭͦͪ;ͦͫͭ͜Σ ͙ͪͦͪͭͭ͘͟Ύ ͚ 
͙ͣ͊ͫͣ͊͟͡Έͤͦ͝ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͦ͗ͤͦ͟͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜ 
͔ͨ͒ͪͫ͜͟͡ΌΊͭΈͫΎ ͚ ͯ ͔͍͙͒ͪ͗͊ͤͻ ͔͒ͦͯͣͤͭ͊͟ͻΥ ˹͊ͼͦͤ͊͜͡Έ͚ͤ͜ ͙͒ͦͭͪͤ͟͜ 
͍͙ͪͦͭͯ͘͟ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝Σ ͊ͦͤ͊͘͟ͻ ζ˽ͪͦ ͍ͦͫͭͯ͜ηΣ  ζ˽ͪͦ ͍ͣͦͯηΣ ζ˨͔͍ͪ͗͊ͤͦͣͯ 
ͫͭ͊ͤ͒͊ͪͭ͜ ͨͦ;͍͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜ηΦ 

̂ ͫͯ;͚͊ͫͤ͜ ͔ͭͦͪ͜͝ ͔͚͒͋ͤͦͫͭ͘͜ ͔͔ͫͯͨͪ;͙͍͙͙ͣ͡ ͙͡΄͊ΌͭΈͫΎ ͙ͨͭ͊ͤͤΎ ͨͪͦ 
ͫͭͪͯͭͯͪͯ͟ ͔͚͒͋ͤͦͫͭ͘͜Σ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͣ͗͜ ͙͊͒͊ͭ͊ͣ͘͟ ͜ ͒͋ͤͦͫͭ͘͜Ύ͙ͣΦ ˣ͜͡Έ΄ 
ͨͦ΄͙͔ͪͤͦΌ Ί ͒ͯͣ͊͟ ͨͪͦ ͙͊͒͊ͭ͘͟ Ύ͟ ͎ͦͪ͊ͤ͜;ͤͯ ͍ͯͫͨ͊͒ͦ͊ͤͯ͟ ͔͔͍ͨͪ͒ͯͣͦͯ 
͍͙ͪͦͭͯ͘͟ ͔͚͒͋ͤͦͫͭ͘͜Φ ̋ͦ͋ ͙͊͒͊ͭ͘͟ ͔͔͍͙͙ͨͪͭͦͪͫ͡Ύ ͤ͊ ͒͋ͤͦͫͭ͘͜͜Σ ͦͪͣ͟͜ 
͙͔ͨͪͪͦ͒͗ͤͦ͝ ͫͻ͙͡Έͤͦͫͭ͜Σ ͨͦͭͪ͋ͤͦ͜Σ ΅ͦ͋ ͡Ό͙͒ͤ͊ ͍͙Ύ͍͙͊͡ ͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡Έ ͋ͯ͒Έ-
Ύͦ͟Ό ͒͜Ύ͡Έͤͫͭ͜ΌΣ ͋͊͗͊ͤͤΎ ͚͙͊ͣ͊ͭͫ͘Ύ ͔ͤΌΣ ͔͍ͨͤ͜ ͍ͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟Φ ˢ͔͒͗ 
;͊ͫͭͦ ͍͋ͯ͊Ί ͜ ͭ͊͟Σ ΅ͦ ͣ͊Ό;͙ ͔͙ͤ͊͋Ύͯ͟ ͫͻ͙͡Έͤͫͭ͜Έ ͒ͦ ͔͍͎ͨͤͦͦ ͍͙͒ͯ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
͡Ό͙͒ͤ͊  ͔ͤ ͍͙͙͍ͦͪͫͭͦͯ͟Ί ͼ͔͚ ͙͙͚ͨͪͪͦ͒ͤ ͒͊ͪΣ ͔ͤ ͍͙͍ͪͦ͊͘Ί ͍ͫͦ͝ ͒͋ͤͦͫͭ͘͜͜Φ 

ˤ͙͍͊͗ͦ͡ ͍͙ͤ͊͘;͙͙ͭͫΎΣ Ύ͟͜ ͍ͣͤͤ͜Ύ ͨͦͭͪ͋ͤͦ͜ ͫͺ͍͙ͦͪͣͯ͊ͭ ͍ ͔͚͒ͭ͜Σ ΅ͦ͋ 
͍͙ͦͤ ͍͒͜;͍͙ͯ͊͡ ͍ͫͦ͋ͦ͒ͯ ͍ͫͦ͝ͻ ͚͒͜ ͯ ͍ͭͦͪ;ͦͫͭ͜Σ ͙ͣ͊͡ ͙͍ͣͦ͗ͫͭ͜͡Έ ͨͪͦΎ͍͙͙ͭ ͝͝ 
ͭ͊ ͯͫͨ͜΄ͤͦ ͚͙͙͒ͫͤͭ͘͜  ͍ͭͦͪ;ͯ ͒͜Ύ͡Έͤͫͭ͜ΈΦ 

͙̂ͪͦ͟ ͨͪ͊ͼ͜ ͍ ͨͦ;͍͙͊ͭͦ͟ͻ ͊ͫ͊͟͡ͻ ͒ͦͫΎ͎͊ΌͭΈ ͍ͫͦΊ͝ ͍ͤ͊;͊͡Έͤͦ͝ ͭ͊ 
͍͙ͻ͍ͦͤͦ͝ ͔͙ͣͭΣ Ύ͟΅ͦ ͍͙ͦͤ ͙͍͊ͭͯ͘͟͜ΌͭΈ ͙͔ͣͫͤͤ͡Ύ ͯ;͍ͤ͜Σ ͍͙͎ͣ͊͊ΌͭΈ 
͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜ ͍ ͪͦ͋ͦͭ͜Φ ˭͊ͫͦ͋ͦͣ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͯͪͦ͟͜ ͨͪ͊ͼ͜ ͔ͣͦ͗ ͙͋ͯͭ ͍ͫͭͯͨͤ͊ 
͙͍ͤͫͭͪͯͭͤ͊͜͟ ͔͋ͫ͒͊͜ ͤ͊ ͨͦ;͊ͭͯ͟ ͯͪͦͯ͟Σ ͍ Ύ͚͟͜ ;ͭͦ͜͟ ͙ͪͦͪͭͦ͘͟ ͣͫͭ͘͜ ͍͎ͭͪͯ͒ͦͦͦ 
͍͊͒͊ͤͤ͘ΎΣ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͚͎ͦͦ ͍͙ͦͤ͊ͤͤ͟ΎΦ ˣ͔ͫ͒͊͜ ͣͦ͋ͯ͘͜͜͡Ί ͍͎ͯ͊ͯ ͯ;͍ͤ͜Σ 
͋ͯ͒͗ͯ͘Ί ͝ͻ ͔͔ͤͭͪͫ͜Σ ͙͍͊ͭͯ͘͟͜Ί ͙͙͔ͣͫͭ͡͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͔͔͊͋ͨ͘͘;ͯΊ 
͚͔ͫ͊ͣͦͫͭͤ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͔͎ͨͦͫͭ͊ͤͦͦ͡ ͍͊͒͊ͤͤ͘ΎΦ ̇Έͦͣͯ ͣͦ͗ͯͭΈ ͙ͫͨͪΎ͙ͭ 
ͭ͊ͦ͗͟ ͨͦͭͦ;͙͚ͤ ͤͫͭͪͯͭ͊͗͜͟ ͜ ͦͤͭͪͦ͟͡Έ ͯ;͙͔ͭ͡ΎΦ 

̂;͙͔ͭ͡Έ ͍͙͔ͨͦͤͤ ͍͙͒͊͊ͭ ͯ;ͤΎͣ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͫ͊ͣͣ ͎͙͒ͦ͊͒͊ͭͫ͘ΎΣ Ύ͟ 
͚͙͙͒ͫͤͭ͘͜ ͍͔͔ͨͦͫͭ͊ͤ͡ ͔͔ͨͪ͒ ͙͙ͤͣ ͍͔ͭͪͯ͒ͦ ͍͊͒͊ͤͤ͘ΎΣ ͍͙͙ͨͪͦͦ͒ͭ ͔ͫͨͼ͊͜͡Έͤ͜ 
͍͍͙ͨͪ͊Σ Ύ͟͜ ͙ͫͨͪΎΌͭΈ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍͙ͤ͊;ͦ͟ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͍ͦ͋͒ͯͣͯ͊ͤͤΎ 
͍͊͒͊ͤͤ͘ΎΣ ͍͙͔ͪͦ͋ͤͤ͡Ό ͍ͣͤͤ͜Ύ ͍ͭͦͪ;ͦ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͚͎ͦͦΦ ˾͍͙ͦͭͦ͘͟ 
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͙͔͎ͦͫͣͫͤͦͦ͡ ͨ͒͜ͻͦ͒ͯ ͯ;͍ͤ͜ ͒ͦ ͍͙ͭͪͯ͒ͦͻ ͨͪͦͼ͔͍ͫ͜ ͍͔͙ͦ͟͡Ό ͣͪͦ͜Ό ͔͙͊͗ͭ͘͡Έ 
͍͒͜ ͎ͭͦͦΣ ͤ͊ͫ͟͜͡Έ͙͟ ͍;͙͔ͭ͡Έ ͯͣͦ͜͡ ͍ͨͦΩΎͯ͘Ί ͙ͯͪͦ͟ ͨͪ͊ͼ͜ ͘ ͙͙͒͒͊ͭ͟;͙ͤͣ 
͔ͣ͊ͭͪ͊ͦͣ͜͡ ͍ͦͫͤͦ ͤ͊ͯ͟ ς ͊ ͙ͪͺ͔͙͙ͣͭ͟Σ ͙͍͍ͨͪͪͦ͒ͦͤ͊ͫͭ͊͘Σ ͣ͊͡Ό͍͊ͤͤΎ ͭͦ΅ͦΦ 

˭͒͊ΊͭΈͫΎΣ ΅ͦ ͙͍ͣͦ͗ͦͫͭ͜͡ ͙͚ͫͨͪͤΎͭͭΎΣ ͔͔͎ͤͪ͜ΎΣ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͫͭ͜Έ 
͒͜Ύ͡Έͤͦͫͭ͜ ͔͚͒ͭ͜ ͔͔͋ͣ͗ͤ͘͜Φ ˢ͔͡ ͍ͣͤͤ͜Ύ ͙͚͙ͫͨͪͣ͊ͭ ͔ͣ͊ͭͪ͊͜͡Σ ͺ͍͙͊ͤͭ͊ͯ͊ͭ͘Σ 
͍ͫͭͦͪΌ͍͙͊ͭ ͼ͍͊͜͟͜ ͙ͦ͋ͪ͊͘Σ ͍͙͙ͪͦ͋Σ ͙ͦͣͨͦ͘͟ͼ͜͝ ͍ ͔͚͒ͭ͜ ͔ͤ ͍͙͊͗͒͘ ͍ͦ͒ͤ͊ͦͦ͟ 
͍͙͔͔ͪͦͤͤ͘Φ ˭͊ͤΎͭͭΎ ΅ͦ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͍͙͍ͪͦ͋͜ ͘͜ ͔ͨ͊ͨͪͯ ͎͒ͦͨͦͣ͊͊ΌͭΈ ͙͙͒ͭͤ͜ 
͚͙ͤ͊ͭ͘ ͔͍͔ͯͨͤͤͫͭ͜Έ ͯ ͍͙͊ͫͤ͡ͻ ͙ͫ͊͡ͻΣ ͍͙ͦͫͦͭ͝ ͔͍͙ͤ͘;͚͊ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ 
͍͙ͻ͍͙ͦ͊ͭ ͻ͚ͯ͒ͦ͗ͤ͜ ͫͣ͊͟ ͙͙͙͒ͭͤΣ ͍ͣͤͤ͜Ύ ͔͎͙ͫͨͦͫͭͪ͊ͭ͜ ͜ ͍͙͒͜͡Ύ͙ͭ ͻ͔͔͊ͪ͊ͭͪͤ͟Τ 
͍;͊ͭΈ ͔ͤ ͭ͜͡Έ͙͟ ͙͍͙͙͒ͭͫΎΣ ͊ ͚ ͋͊;͙͙ͭΣ ͔͊͒͗ ͫΌ͔͙͗ͭ ͚ͣ͊͋ͯͭͤ͜ͻ ͪͦ͋ͭ͜ 
ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͨͦͪͯ;Σ ͔ͤͦ͋ͻ͒ͤͦ͜ ͭ͜͡Έ͙͟ ͍͒͜΄͙ͯ͊ͭ͟ ͝ͻΦ   

˽͊ͨͪ͜ ς ͔ͨͪ΄͙͚ ͔ͣ͊ͭͪ͊͜͡Σ ͘ Ύ͎ͦͦ͟ ͙͒ͭ͜ ͨͦ;͙ͤ͊ΌͭΈ ͚͍͙ͣ͊ͫͭͪͯ͊ͭΣ 
͍͙͙ͭͦͪͭΣ ͍ͫͭͦͪΌ͍͙͊ͭ ͔͍ͤͨͦͭͦͪͤ͜ ͍͙͙ͪͦ͋Φ ˽ͦͭͪ͊ͨ͡ΎΌ;͙ ͍ ͙ͪͯ͟ ͙͙͙͒ͭͤ ͘ 
͎ͫ͊ͣͦͦ ͪ͊ͤͤΈ͎ͦͦ ͙͙͍͒ͭͤͫͭ͊Σ ͙͙͒ͭͤ͊  ͚ͫ͊ͣͦͫͭͤͦ͜ ͍ͫͭͦͪΌΊ ͘ ͤΈ͎ͦͦ ͙ͦ͋ͪ͊͘ 
͍͎ͫͦͦ ͍ͤͯͭͪ͜΄ͤΈ͎ͦͦ ͍ͫͭͯ͜Φ ˭͍͙;͚͙͚͊ͤ ͔ͣ͊ͭͪ͊͜͡ ς ͨ͊ͨͪ͜ ς ͍ͤ͊͋ͯ͊Ί ͍͙ͤͦͻ 
ͫͯ;͙͊ͫͤͻ ͤ͊ͨͪΎ͍ͣ͜Σ ͙ͤͣ ͣͦ͗ͤ͊ ͨͪ͊ͼΌ͍͙͊ͭ ͍ ͙ͪͤ͘͜ͻ ͔ͭͻͤ͊͜͟ͻΦ 

˨͙ͭ͜ ͍ͫ͜ ͍͙ͭ͊͊ͤͦͭ͜͡Σ ͍͙ͦͤ ͯΎ͍͡ΎΌͭΈΣ ͺ͊ͤͭ͊ͯ͘ΌͭΈΣ ͚ͣ͊ͫͭͪͯΌͭΈΣ 
ͦ͋ͪ͊͗ͯ͘ΌͭΈΦ ͍́ͦͪ;ͫͭ͜Έ ͒͡Ύ ͔͚͒ͭ͜ ς ͼ͔ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙͙͙ͪ͊ͭ͘ ͔͔ͫ͋Σ ͍ͫͦ͝ ͙͒ͯͣ͟ ͜ 
ͨͦ;ͯͭͭΎΦ ˸͙Σ ͍;͙͔ͭ͜͡Σ ͎͔ͨͪ͊ͤͣͦ ͊͘ͻ͙͙ͦͨͭ ͔͚͒ͭ͜ ͍͙͙ͤͦͣ ͼ͍͙͙͊ͣ͜͟ ͔ͭͻ͙ͤ͊ͣ͜͟Σ 
͔͒͜Ύ͙ͣ ͒͡Ύ ͍ͭͦͪ;ͦͫͭ͜Σ ͍͙͍ͪͦ͊͘Ό;͙ ͝ͻ ͍ͭͦͪ;͜ ͒͋ͤͦͫͭ͘͜͜ ͚ ͊͘ͻ͔ͦͨͤͦͫͭ͜͡Φ 

̂ ͔ͦͤͭͫͭ͟͟͜ ͙͒͊ͤͻ ͍͊͒͊ͤ͘Έ ͒ͦͼ͜͡Έͤͦ ͔ͦͪͣͦ͟ ͙͙͙ͯͨͤͭͫ͘Ύ ͤ͊ ͍͙ͤͦͻ 
͔ͭͻͤ͊͜͟ͻ ͙ͪͦ͋ͦͭΣ ͘ Ύ͙͙ͣ͟ ͍͒͊ͦ͡ ͚ͤ͊ͦͣ͘͡ΎͭΈͫΎ ͔͙ͫͭͯ͒ͤͭ ͤ͊΄͎ͦͦ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͊͊͒ͯ͘͟͡ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊͡Έ͙ͤͻ ͊ͤ͘ΎͭΈ ͭ͊ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͘ 
͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎΦ ̒͟ ͨͦ͊ͯ͘͟Ί ͍͒ͦͫ͒͜Σ ͙ͦͭͪͣ͊ͤ͜ ͤ͊ͤͤ͘ΎΣ ͫͺ͍ͦͪͣͦ͊ͤ͜ 
͍ͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟ ͍͒ͦͦ͘͡ΎΌͭΈ ͔ͫͭͯ͒ͤͭ͊ͣ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜ ͊͘ͼ͍͙͙͊ͭ͜͟ ͔͚͒ͭ͜ 
͍͔ͫͭͦͪͤͤΎͣ ͻͯ͒ͦ͗ͤ͜ͻ ͪͦ͋ͭ͜ ͯ ͙ͭ͊͟ͻ ͔ͭͻͤ͊͜͟ͻΣ Ύ͟   ζ͍͎ͤ͟͜͜͡ηΣ ζͭͦͪͼΌ͍͊ͤͤΎηΣ 
ζ͚͊ͪͫ͜-ͺ͎ͦ͒ͤ͜͡η ͭͦ΅ͦΦ 

˭͚͙͒ͫͤͣͦ͜ ͙͚ͦͪͦͭ͟͟ ͔ͫͯͪͫ͟͟ ͍ ͫͭͦͪ͜͜Ό ͍͙͙͔ͤͤͤͤ͟Ύ ͍͎ͤͯ͟͜͜͡Φ ̂ ͍͎ͤͯ͟͜͜͡ 
͍͎͒ͦ͊ ͫͭͦͪ͜͜ΎΥ ͺ͎ͪ͊ͤͤ͊͜͜͡ ͦ͋ͪͦ͋͊͟ ͔ͨ͊ͨͪͯ ͋ͯ͊͡ ͍͒ͦͣ͊͜ ΅͔ ͔͍͚͒ͪͤ͜ 
Ί͎͙ͨͭΎͤ͊ͣΣ Ύ͟͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊͟͡ ͍ Ύͦͫͭ͟͜ ͔ͣ͊ͭͪ͊ͯ͜͡ ͨ͊ͨͪͯͫ͜Σ ͊ ͭ͊ͦ͗͟ ͼ͔ 
͙͔ͣͫͭͼ͍ͭͦ ͋ͯͦ͡ ͍͔͒ͦͣ͜ ͤ͊ ˿͔͔ͪ͒ͤΈͦͣͯ ˿ͻͦ͒͜ ͚ ͯ ˴͙ͭ͊͝Φ  

˹͙͊ͨͪ͊͒͟͡Σ ͍͒ͦͣͦ͜Σ ΅ͦ ͍ Ί͍͔͚ͪͦͨͫΈ͙͟ͻ ͙ͣͦͤ͊ͫͭͪΎͻ му ͫͭΦ ͔ͭͻͤ͊͜͟ 
͔ͨ͊ͨͪͦͫͪͯ͟;͍ͯ͊ͤͤΎ ͍͙͙͍͍ͦͪͫͭͦͯ͊͊ͫ͟͡Έ ͯ ͔͍͒ͦͪͯ͊ͤͤ͟͜ ͔͔͍ͨͪ͒ͣͭ͜ 
͔͎͚͎ͪͤͦͦ͜͜͡ ͯ͟͡Έͭͯ ͚ ͍͙͎͍͔ͦͭͦͤͤ͜͡ ͔ͣ͒͊͡Έ͚͍ͦͤ͜Φ ˭͊ͪͯ͟;ͯΌ;͙ ͤ͊ ͤ͟͜;͙͟ 
ͨͭ͊΄͙͎ͤͦͦ ͔ͨͪ͊ ό͎͚͊ͤͫ͜͡Έͦ͟Ό ͍ͣͦͦΌ ͙͚͒͊ͤ ͍͙͒ ͍ͭͦͪ;ͦͫͭ͜ ͙͍ͤ͊͊͘ΊͭΈͫΎ 
ζǉǳƛƭƭƛƴƎη ς ͍͒͜ ͍ͫͦ͊͡ ζǉǳƛƭƭη ͊͋ͦ ζͨͭ͊΄͙͔ͤ ͔ͨͪͦηύ ͨ͊ͨͪ͜ ͘͜ ͨͦͦͦ͘͡;͔͙͙ͤͣ 
ͪ͊͟Ύ͙ͣΣ ͔͔ͫͪ͒ͤΈ͍ͦ͜;ͤ͜ ͚͙ͣ͊ͫͭͪͤ͜ ͒ͦͫΎ͎͙͊͡  ͎ͭ͊ͦͦ͟ ͔ͪͯ͘͡Έͭ͊ͭͯΣ ΅ͦ ͍ͤ͊ͭ͜Έ 
͙ͨͪ ͙͋͘͡Έͦͣͯ͟ ͎ͪͦ͘͡Ύ͒͜ ͺ͎ͪ͊ͤͤ͜͜͜͡ ͔͍ͨ͊ͨͪͦ͜ ͍͙͙ͪͦ͋ ͍͙͎͡Ύ͙͒͊͡ Ύ͟ ͍͙͙ͪͦ͋Σ 
͍͙͎͍͔ͦͭͦͤ͜͡ ͘ ;͙͎ͫͭͦͦ ͦͦͭ͊͘͡Φ  

˭ ͪ͊ͤ͟͝ ͼ͔ͤͭͪ͊͡Έͤͦ͝ ͍͙̐ͪͦͨ ͔͒͊ͤ ͙͔ͣͫͭͼ͍ͭͦ ͨͦ΄͙͙ͪͦͫ͡Ύ ͍ ˢ͎ͤ͜͡ΌΣ ͔͒ 
ͫͨͦ;͊ͭͯ͟ ͙͍͊ͭͤͦ͟ ͙͍ͨͪ͊ͭͯ͊ͦͫ͟͟͡Ύ ͍ ͎͙͋͊͊ͭͻ ͙͋ͯ͒ͤ͊͟ͻ ;͍͊ͫ͜ ˿ͭΌ͊ͪͭ͊Σ ΅ͦ͋ 
ͨͦͭͣ͜ ͍͔͙͙ͯͭͪ͒ͭͫΎ ͚͔ͣ͊͗ ͒ͦ ͍ͭͦͪ͊ͤͫ͜͟͜Έ͎ͦͦ͟ ͔ͨͪͦ͒ͯ͜Φ  
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˭ ˢ͎ͤ͜͡͝ ͍͎ͤ͟͜͜͡ ͔͔ͨͪͦ͟;͍͍ͯ͊ ͯ ˽͍ͤ͜͜;ͤͯ ˢ͔͙ͣͪͯ͟ ͪ͊ͦͣ͘ ͘ 
͙ͦͦͤ͊ͭͦͪ͊ͣ͘͟͜͡Φ ˽ͦ;͙ͤ͊Ό;͙ ͘ ͤ͟͜ͼΎ ̆˱̆ ͫͭΦ ͨͦͨͯ͡Ύͪͤͫͭ͜Έ ͍͎ͤͯ͟͜͜͡ ͍ͨͦͫͭͯͨͦͦ 
͙͙ͤ͊ͫ͘͘͡ΎΣ ͚͔ͣ͊͗ ͒ͦ ͍͎ͨͦͤͦͦ ͊͋ͯͭͭ͘ΎΣ ΅ͦ͋ ͯ ͤ͊΄͜ ͒ͤ͜ ͍ͤͦͯ͘ ͍͙͙͒ͪͦ͒ͭͫ͜Ύ ͍ 
͋͜͡Έ΄ ͫͯ;͚͊ͫͤ͜ ͺͦͪͣ͜Φ ̂ ͼ͜Ί͝ ͔ͭͻ͙ͤ͜͟ ͎͋͊͊ͭͦ ͙ͨͪͻ͙͡Έ͙͍ͤ͟͜ ͯ ͼͦͣͯ͜͡ ͍ͫͭ͜͜Φ ˹͊ 
͙͚͒͊ͤ ;͊ͫ ͼ͔͚ ͍͙͒ ͍ͭͦͪ;ͦͫͭ͜ ͨͦ΄͙͔͙͚ͪͤ ͯ ͍̐ͪͦͨ͜Σ ˢ͘͜͝Σ ˢ͔͙ͣͪͼ͜Σ ͔͊͡ 
ͨͦͫͭͯ ͍ͨͦͦ ͙ͨͦͦͤͭ͡Έ ͍ͫͦΊΌ ͔͍ͤͨͦͭͦͪͤͫͭ͜Ό ͜ ͪ͊ͫͦ͟Ό ̂ͪ͊ͤͯ͟͝ ͭ͊ ˾ͦͫ͜ΌΣ ͔͊͒͗ 
͊͘ ͎͒ͦͨͦͣͦͦΌ ͎ͨͪͦͫͭͦͦ ͔ͨ͊ͨͪͯ ͭ͊ ͔ͤͻ͙͙ͭͪͻ ͙͚͍ͨͪͦͣ͜ ͣͦ͗ͤ͊ ͍͙͙ͫͭͦͪͭ 
͍ͫͨͪ͊͗ͤ͜ ΄͔͔͍͙͒ͪΦ 

˭ͤ͊;͔ͤͤΎ ͍͎ͤͯ͟͜͜͡ ͯ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͙ͨͪ͊ͭ͟ͼ͜Φ 
˭ ͍͙΅͔͎ͫ͊͊ͤͦͦ͘͟ ͣͦ͗ͤ͊ ͙ͪͦͯͣͭ͘͘͜Σ ΅ͦ ͍͎ͤ͟͜͜͡ ς ͔͒ͯ͗ ͼ͍͊͊͜͟ ͚ 

͒ͦͫͭͯͨͤ͊ ͔ͭͻͤ͊͜͟Σ Ύ͊͟ ͔ͣͦ͗ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Έ ͯ ͋ͯ͒Έ-Ύ͚͟͜ ͫͺ͔ͪ͜ ͍ͭͦͪ;ͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΦ ˤ͙͙ͪͦ͋ ͍ ͙ͫͭ͜͡ ͍͎ͤͯ͟͜͜͡ ͣͦ͗ͯͭΈ ͙͙ͫͯ͗ͭ͡ Ύ͟Υ ͔ͦͪͣ͟͜ 
͔͙ͫͨͦͤ͊ͭ͟Σ ͔͔͔͙ͣͤͭ͡ ͔ͦ͒ͦ͋ͤͤ͘͡ΎΣ ͙͙ͨͪͪ͊ͫ͟Σ ͎ͪ͊͜΄͙͟Σ ͍͔͙ͫͯͤͪ͜ ͭͦ΅ͦΦ ˨͊ͤͯ 
͔ͭͻͤͯ͜͟ ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙ͨͪ ͍͙͍;͔ͤͤ͜ ͔͙ͦͪͣ͟ͻ ͔ͭͣ ͒ͦ 
͍ͤ͊;͊͡Έ͙ͤͻ  ͎ͨͪͦͪ͊ͣΦ ˣ͔͍͙ͫͯͣͤͤͣ͘͜ ͙͊͘͡΄͊ΊͭΈͫΎ ͺ͊ͭ͟Σ ΅ͦ ͍͎ͤ͟͜͜͡ ͔ͤ ͭ͜͡Έ͙͟ 
ͼ͍͙͚͊͜͟Σ ͊ ΅͔ ͚ ͣ͊Ί ͔͙ͤ͊͋Ύ͔͟ ͤ͊͘;͔ͤͤΎ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;͙ͻ 
͔͚͒͋ͤͦͫͭ͘͜  ͦ ͙ͫͦ͋ͫͭͦͫͭ͜Φ 

˿͒͜͡ ͍͙͙͒ͣͭͭ͜͜ ͍ͦͫͤͦͤ͜ ͍ͤ͊;͊͡Έͤ͜ ͺͯͤ͟ͼ͜͝ ͔ͭͻ͙ͤ͜͟ ͍͎ͤͯ͟͜͜͡Υ 
мΦ ˽͍ͤ͊͊͘͜͡Έͤ͊ ς ͒͊Ί ͎ͣͦͯ͘ ͯ;ͤΎͣ ͙͍͙ͦͭͪͣͯ͊ͭ ͍ͤͦ͜ ͤ͊ͤͤ͘ΎΣ 

͙͍͙ͦͭͪͣͯ͊ͭ ͍ͤͦ͜ ͙ͨͪ͊ͭ͟;ͤ͜ ͍ͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟Φ 
нΦ ˤ͙ͻ͍ͦͤ͊ ς ͙ͫͨͪΎΊ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍ͣͤͤ͜Ύ ͪ͊ͼͦͤ͊͜͡Έͤͦ 

͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ;͊ͫ ͭ͊ ͔͙ͣ͊ͭͪ͊͜͡ ͒͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͪͦ͋ͭ͜Φ 
оΦ ˾͍͙͍ͦ͊͘͡Έͤ͊ ς ͺͦͪͣͯΊ ͍ͭͦͪ;͔ ͙͔ͣͫͤͤ͡ΎΣ ͍ͣͤͤ͜Ύ ͍͙ͣͪͯ͊ͭ͜͟Σ ͙͙ͪͦ͋ͭ 

ͪͦͪ͊͘ͻ͙ͯͤ͟Σ ͔͙ͫ͘͟͜Σ ͍͙͙͊͟͟͡Ί ͔͔ͤͭͪͫ͜ ͜ ͔ͨͦͭͪ͋ͯ ͍ ͤ͜΄͙ͻ ͤ͊ͤͤ͘Ύͻ ͭ͊ ͍ͣͤͤ͜ΎͻΦ 
пΦ ˩͍͙͙ͪͫͭ;ͤ͊ ς ͒͊Ί ͎ͣͦͯ͘ ͚ͫ͊ͣͦͫͭͤͦ͜  ͍͙͙ͭͦͪͭΣ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͤͦ͜ 

͔ͭͻ͙ͤ͜͟ ͭ͊ ͙ͫͨͦͫͦ͋ ͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͍͙͍ͪͦ͋͜Σ ͍͍͙ͦͦͦ͒͊ͭ͜͡ ͍͙͙ͤͦͣ ͙͚͙ͨͪͦͣ͊ͣ 
͒͜Ύ͡Έͤͦͫͭ͜Φ 

˻͔ͭ͗Σ ͪͦ͋ͦͭ͊ ͍ ͔ͭͻͤ͜ͼ͜ ͍͎ͤ͟͜͜͡ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͍͒ͦͦ͘͡ΎΊ 
ͺ͍͙ͦͪͣͯ͊ͭ  ͟ ͔͔ͦͣͨͭͤͭͤͦͫͭ͜ ͯ;ͤΎ. 

 мΦ ˽͍ͤ͊͊͘͜͡Έͤ͊Υ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͤ͊ͤͤ͘Ύ͙ͣ ͨͪͦ ͨ͊ͨͪ͜Σ ͚͎ͦͦ ͍͙͙ͪͦ͋ͤͼ͍ͭͦΣ 
͍͙͙͒Σ ͍͙͍͊ͫͭͦͫͭ͜͡Σ ͙ͫͨͦͫͦ͋ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͘ ͔ͨ͊ͨͪͯΤ 

нΦ ˽͙ͪ͊ͭ͟;ͤ͊Υ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͙ͪͦ͋ͦͭ ͘ ͔ͨ͊ͨͪͦͣΤ 
͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͍͙͍ͪͦ͋͜ ͯ ͙ͪͤ͘͜ͻ ͔ͭͻͤ͊͜͟ͻΣ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͙ͦͫͤͦͤͻ ͙͚͍ͨͪͦͣ͜ 
͙ͪͦ͋ͦͭΤ 

оΦ ͍́ͦͪ;͊Υ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͭͦͪ;ͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͔ͣͦͼ͚͙͚ͤ͜Σ ͺ͙͘͜;͙͚ͤ ͭ͊ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͙͚ͤ ͍͙ͪͦͭͦ͘͟Τ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͔͙ͨͦͭͪ͋ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͯ ͍ͭͦͪ;͚͜ 
͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝Τ 

пΦ ˿ͦͼ͊͜͡Έͤ͊Υ ͍͙ͻ͍ͦ͊ͤͤΎ ͯ͟͡Έ͙ͭͯͪ ͨͪ͊ͼ͜Τ ͺ͍ͦͪͣͯ͊ͤͤΎ ͒ͪͯ͗ͤ͜ͻ 
͍ͫͭͦͫͯͤ͟͜ ͯ ͔͙͍ͦͭ͟͟͜͡Τ ͍͒͜;ͯͭͭΎ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜Σ ͔͙͍ͦͭͣͯ͘͟͟͜͡Σ 
͍͊͘Ί͎͙ͣͦ͒ͦͨͦͣͦΦ 
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ˤ͙͍;͔ͤͤΎ ͔ͭͻ͙ͤ͜͟ ͍͎ͤͯ͟͜͜͡ ͭͫͤͦ͜ ͍ͨͦΩΎ͔͊ͤ͘ ͘ ͙͙ͭ͊ͣ͟ ͔ͭͻ͙ͤ͊ͣ͜͟ ͙ͪͦ͋ͦͭ 
͘ ͔ͨ͊ͨͪͦͣΣ Ύ͟ ͙͎ͦͪ͊ͣ͜Σ ͔͙ͨ͊ͨͪͦͨ͊ͫͭ͊͟͡Σ ͍͙͙ͭͤ͊ͤ͊͟Σ ͔͍ͨ͊ͨͪͦ͊ ͊ͨ͊͜͟͡ͼ͜ΎΣ 
͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍͙͍ͪͦ͋͜ ͘ ͔ͨ͊ͨͪͯΦ 

˹͊ ͯͪͦ͊͟ͻ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͔͙ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎΥ 
ͨͦΎͫͤΌ͍͊͡Έͤͦ-͜͡Ό͙͍ͫͭͪ͊ͭͤ͜ ό͍ͪͦͨͦ͒͘͜ΈΣ ͨͦΎ͔ͫͤͤͤΎΣ ͔͋ͫ͒͊͜Σ ͔͒ͣͦͤͫͭͪ͊ͼ͜ΎύΤ 
͔͙͍ͪͨͪͦ͒ͯͭͤ͟͜ ό͍͍͒ͭͦͪ͜Ό͍͊͡Έͤ͜ύΤ ͔ͨͪͦ͋ͣͤͦ͡-ͨͦ΄͍ͯͦ͟͜ ό͔͔ͨͪͦ͋ͣͤ͡ 
͍͙͊͒͊ͤͤ͟͡Ύ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͎ͯ͊͊͘͡ΈͤΌΌ;͜ ͊ͤ͘ΎͭͭΎύΦ ˤ͔͙͊͟͡ ͍͎ͯ͊͊ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ 
͙ͤ͒͜ ͍͒ͯ͊͜͡Έͤͦͣͯ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͎ͦ͗ͤͦͦ͟ ͯ;ͤΎΦ ˽͒͜ ;͊ͫ ͍ͯͪͦ͟͜ ͒͡Ύ ͙͍ͣͦͭ͊ͼ͜͝ 
͍ͤ͊;͊ͤͤΎ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎΥ ͫΌ͔͗ͭͤͦ-ͪͦ͡Έ͍ͦ͜ ͎͙ͪ͜Σ ͎͙ͪ͜-͎ͣ͊͊ͤͤ͘Ύ ͭ͊ ͎͙ͪ͜-
͙ͦͤͯͪͫ͟͟Σ ͍͙͍ͪͦ͊͘Ό;͜ ͎͙ͪ͜Σ ͭͦ΅ͦΦ ̂;ͤ͜ ͘͜ ͊͘ͼ͍͔͊ͤͤ͜͟͡Ύͣ ͨͪ͊ͼΌΌͭΈ ͤ͊͒ 
͙ͨͪ͊ͭ͟;͙͙ͤͣ ͍͊͒͊ͤͤ͘Ύ͙ͣ ͍ ͔ͭͻͤ͜ͼ͜ ͍͎ͤ͟͜͜͡Φ 

 
˾͙ͫΦ мΦ ˣ͍͊ͦ͘͜ ͺ͙ͦͪͣ ͍͎ͤͯ͟͜͜͡ 
͔́ͻͤ͊͜͟ ͭͦͪͼΌ͍͊ͤͤΎ ͘ ͔ͨ͊ͨͪͯΦ ˽ͪͦ ͍͙͙͒ ͻͯ͒ͦ͗ͤ͜ͻ ͔ͭͻͤ͜͟ ͘͜ 

͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔ͨ͊ͨͪͯ ͣͦ͗ͤ͊ ͎͍͙͙ͦͦͪͭ ͔ͤͫͤ͟͜;͔ͤͤͦΣ ͦͫ͟͜͡Έ͙͟ ͺ͊ͤͭ͊͘͜Ύ 
͡Ό͒ͫΈ͊͟ ͔͔͋ͣ͗ͤ͊͘Φ ͎̉ͦͦ ͭ͜͡Έ͙͟ ͔ͤ ͙ͪͦ͋ͣͦ ͙ͣ ͘ ͼ͙ͣ ͍͒Ύ;͙ͤͣ ͔ͣ͊ͭͪ͊ͦͣ͜͡ ς ͜ 
͔ͪ͗ͣͦ͜Σ ͜ ͔͟͡ΊͣͦΣ ͜ ͔ͣͤͣͦΣ ͜ ͙ͨ͊ͣͦ͡Σ ͜ ͍͔ͪͣͦΣ ͜ ͎ͦͪͭ͊͘ΊͣͦΣ ͜ ͊ͪͯ͘͟;ͯΊͣͦΣ ͜ 
ͪͦͣͦ͘;ͯΊͣͦΦ ͔́ͻͤͯ͜͟  ͭͦͪͼΌ͍͊ͤͤΎ ͣͦ͗ͤ͊ ͍͔͙͒ͤͫͭ͜ ͜ ͒ͦ ͫͨͦͫͦ͋ͯ ͊ͨ͊͜͟͡ͼ͜͝Σ ͜ ͒ͦ 
͍͙͒ͯ ͍͎ͤ͊͟͜͜͡Φ ˭͊ ͎͒ͦͨͦͣͦͦΌ ͭͦͪͼΌ͍͊ͤͤΎ ͣͦ͗ͤ͊ ͍ͫͭͦͪΌ͍͙͊ͭ ͙͍͍͙͒ͦ͗ͤ͜ 
ͦ͋ΩΊͣͤ͜ ͙͙͊ͪͭͤ͟Σ ͙ͣͦ͊͘͟͝Σ ͨ͊ͤͤͦΣ ͔͙͍͒ͦͪ͊ͭͤ͟͜ ͔͔͔͙ͣͤͭ͡ ͔ͤͭͪ͜ΩΊͪͯΣ ͙͍͙ͫͭ͜͟͡. 
͙́͊ͣ͟ ͫͨͦͫͦ͋ͦͣ ͙͍ͣͦ͗ͦ͡ ͙ͨͪͪ͊͟΄͙͊ͭ ͙ͨͪ͊ͭ͟;ͤͦ ͋ͯ͒Έ-Ύ͟͜ ͔͔͙ͨͪ͒ͣͭΣ 
͙ͤ͊ͨͪ͊͒͟͡Σ ͺ͙ͦͭͦͪ͊ͣ͟Φ ͔̋ ͍ͣ͊ͦ͒ͦͣ͊͜͡Σ ͼΎ ͔ͭͻͤ͊͜͟ ͔͒ͯ͗ ΄͍͙͒ͦ͟ ͤ͊͘ͻ͙ͦ͒ͭΈ 
͍͙ͤͦͻ ΄͍͊ͤͯ͊͡Έ͙͍ͤ͟͜ ͜ ͍͚͍͊ͦͦͯ͘Ί ͨͦͨͯ͡Ύͪͤͫͭ͜Έ ͯ ͍ͫͭ͜͜ ͍ͭͦͪ;ͦͫͭ͜Φ ˹͊ͫͭ͜͡Έ͙͟ 
͔ͫͭͪͣ͜͟ ͪͦͫͭ͊ͤͤ͘Ύ ͝͝ ͨͦͨͯ͡Ύͪͤͦͫͭ͜ ͨͦΎͫͤΌΊͭΈͫΎΣ ͨ-͔ͦͨͪ΄͔Σ ͔͍͙ͤ͘;͚͙͊ͤͣ 
͔ͺ͔ͭͦͣ͟ ζͨͯͻͤ͊ͫͭͦͫͭ͜ηΣ Ύ͙͚͟ ͒͊Ί ͭͦͪͼΌ͍͊ͤͤΎΣ ͊ ͨͦ-͎͔͒ͪͯΣ ͔͒ͯ͗ ͔͎͙ͣ͟͡ 
ͫͨͦͫͦ͋ͦͣ ͍͙ͦͤ͊ͤͤ͟ΎΦ ̋ͦ ͗ ͼ͔ ͔ͭ͊͟Σ ͔ͭͻͤ͊͜͟ ͭͦͪͼΌ͍͊ͤͤΎ ͘ ͔ͨ͊ͨͪͯΚ ˨͍͚͔͊͊ͭ 
͚͙ͨͦͤ͊ͦͣͣͦͫ͘Ύ ͘ ͔ͤΌ ͙͋͗͡;͔Φ 

˽͙ͪͤͼ͙ͨ ͭͦͪͼΌ͍͊ͤͤΎΦ ˤ ͍ͦͫͤͦ͜ ͼ͜Ί͝ ͔ͭͻ͙ͤ͜͟ ς ͍͔ͫͭͦͪͤͤΎ ͔ͦ͋ͪ͊͗ͤ͘Έ ͜ 
ͨͪ ͔͔͍͒ͣͭ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͦ͋ΩΊ͙ͣͤͻ ͔͔͔͍ͣͤͭ͜͡ ͘͜ ͔ͨ͊ͨͪͯΦ ˻͋ΩΊ͙͚ͣͤ ͔͔͔ͣͤͭ͡ 
ͭͦͪͼΌ͍͊ͤͤΎ ͙͍ͤ͊͊͘ΌͭΈ ζͭͦͪͼ͍ͦ͜͟Όη ͊͋ͦ ζͫͭͦͪ;ηΦ ˤͤ͜ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͙͙͚ͫͭͫ͡ ͯ 
͍͙͎͡Ύ͒͜ ͍͙ͦͪͦͤ͟ ͊͋ͦ ͦͤͯͫ͊͟ ΄ͣ͊ͭͦ;ͦ͟ ͣΩΎ͎ͦͦ͟ ͔ͨ͊ͨͪͯΦ ˿͔͊ͣ ͘ ͙ͭ͊͟ͻ ͔͔͔͍ͣͤͭ͜͡ 
͜ ͍ͫͭͦͪΌΊͭΈͫΎ ͙͚͊͒ͯͣ͊ͤ͘ ͍͙ͪ͋͜Φ ˴ͦ͗ͤ͊ ͭ͊͊͟ ζͭͦͪͼ͍ͦ͜;͊͟η ς Ύ͟ ͙ͦ͒ͤ ͣ͊ͦ͘͟ 
͔ͨͤ͘͡Ύ ͯ ͍͔ͫͭͦͪͤͤ͜ ͙͙͊ͪͭͤ͟Σ Ύ͟ ͦ͒ͤ͊ ͔͔ͨͭ͡Έ͊͟ ͯ ͍ΩΎ͊ͤͤ͘͜ ͊͋ͦ ͦ͒ͤ͊ ͙͋ͯͫͤ͊͟ ͍ 
͔͔͋ͫͪͦͨͭͤͤ͜͜͜͡Φ ́ͦͪͼΌ͍͊ͤͤΎ ς ͪͦ͋ͦͭ͊ ͔ͤ ͫ͊͒ͤ͊͟͡Σ ͔͊͡ ͪͦͨͭ͊͟͜͟Φ ˤͦͤ͊ ͍͙͎ͣ͊͊Ί 
͔ͤ ͭ͜͡Έ͙͟ ͙ͨͦͫ͒Ό;ͦͫͭ͜Σ ͔͊͡ ͚ ͊ͯͪ͊ͭͤͦͫͭ͟͜Σ ͍͎͙ͯ͊ ͜ ͔͍ͨͤͦ͝ ͙ͫͨͪͭͤͦͫͭ͜Φ 

˱͔͚ͤͫͭͪͯͣͤͭ͊ͪ͜Φ ˨͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͙͍ͪͦ͋͜ ͯ ͼ͚͜ ͔ͭͻͤ͜ͼ͜ ͔ͨͦͭͪ͋ͤ͜ 
ͣͤͣ͊͜͜͡Έ͙͚ͤ ͤ͊͋ͪ͜ ͔͍ͣ͊ͭͪ͊͜͜͡ ͭ͊ ͔͍ͤͫͭͪͯͣͤͭ͜͜Υ ͨ͊ͨͪ͜Σ ͔͚͟͡Σ ͙ͤͦ͗ͼ͜ ͚Σ ͭ͊͟ 
͍͙͚͊ͤ͘Σ ζͭͦͪͼΌ͍͊͡Έ͙͚ͤη ͔ͤͫͭͪͯͣͤͭ͜Φ 

https://sites.google.com/site/kalush10shkola/pozaklasna-robota/majster-klas/66.jpg?attredirects=0
https://sites.google.com/site/kalush10shkola/pozaklasna-robota/majster-klas/%D0%BD%D0%B3%D0%BB%D0%BF%D1%80%D0%BB%D0%BE%D0%BB.jpg?attredirects=0
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˽͊ͨͪ͜ ͒͡Ύ ͭͦͪͼΌ͍͊ͤͤΎ ͎͙ͦ͒ͭΈͫΎ ͔ͤ ͍ͫΎ͙͚͟Φ ˭͍͙͊͘;͚͊ ͯ ͼ͚͜ ͔ͭͻͤ͜ͼ͜ 
͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͎ͦͺ͍͙͚ͪͦ͊ͤ ͨ͊ͨͪ͜ ;͙Σ ͨͦ-ͤ͜΄ͦͣͯΣ ͔͍͙͚ͪͨͦ͟Φ ͙͚́͊͟ ͨ͊ͨͪ͜ 
ͨͪͦ͒͊ΊͭΈͫΎ ͙ͨͪ͊ͭ͟;ͤͦ ͍ ͯͫ͜ͻ ͎͙ͣ͊͊ͤ͊͘ͻ ͍͍ͭͦ͊ͪ͜ ͒͡Ύ ͍ͭͦͪ;ͦͫͭ͜Φ ˴ͪͣ͜ 
͎ͦͺ͍͎ͪͦ͊ͤͦͦ ͔ͨ͊ͨͪͯ ͒͡Ύ ͭͦͪͼΌ͍͊ͤͤΎ ͚ͨ͒͒ͯͭ͜͜Έ ͭ͊ͦ͗͟ ͍͙͘;͚͊ͤ͜ ͔͍ͨ͊ͨͪͦ͜ 
͔͍͔͙ͫͪͭ͟Φ ˭ ͎ͦͺ͍͎ͪͦ͊ͤͦͦ ͔ͨ͊ͨͪͯ ͍͙͎͍ͦͭͦ͡ΎΌͭΈ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ 
ζͭͦͪͼ͍ͦ͜;͙͟η ς ͔͔͔͙ͣͤͭ͡ ͦ͋ΩΊͣͤͦ͝ ͊ͨ͊͜͟͡ͼ͜͝Φ ˹͙ͦ͗ͼ͜ ͭ͊ ͔͚͟͡ ͤ͊͒ͦ͋͘͡ΎͭΈͫΎ 
͒͡Ύ ͍͙ͪ͊ͤͤ͘͜Ύ ͭ͊ ͙͔ͨͪ͟͡Ό͍͊ͤͤΎ ͼ͙ͻ ͭͦͪͼ͍ͦ͜;ͦ͟ ͒ͦ ͍͙ͦͫͤͦΦ 

̂ Ύͦͫͭ͟͜ ͍͙ͦͫͤͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͍͔ͭͪ͒͜ ͔͙ͣ͊ͭͪ͊͜͡ ό͊ͪͭͦͤ͟ύΦ ˨͡Ύ 
ͦ͋ΩΊ͙ͣͤͻ ͍͙͍ͪͦ͋͜ ͪͦ͋͡ΎͭΈͫΎ ͎͍͙͊ͦͭͦ͘͟ ͘ ͨͤͦͨ͊ͫͭͯ͜͡Σ ͎͔͊ͭ͘Σ ͨ͊ͨΩΊ-ͣ͊΄͔Σ 
͙ͨ͊ͫͭͤͯ͜͡͡Φ 

ˢ͔͡ ͎͍͙͚ͦͦͤ͡ ͔ͤͫͭͪͯͣͤͭ͜ ͭͦͪͼΌ͍͊ͤͤΎ ς ͼ͔ ͍͎͒ͦ͊ ͭͦͤ͊͟ ͙ͨ͊͡;͊͟ ͘ 
͙ͭͯͨͣ ͤ͟͜ͼ͔ͣΣ ͔ͨͪͦͭ ͔ͣͦ͗ ͚͙ͨ͒ͭ͜͜ ͍͔ͦ͜͡ͼΈΣ ͔͔͔ͫͭͪ͗ͤΈ ͊͋ͦ ͦͪͨͯͫ͟ ͍͒͜ 
ͯ͟͡Έ͍ͦͦ͟͝ ͪͯ;͙͟Σ ͙͚ͭ͊ͫ͟Έ͊͟ ͙ͨ͊͡;͊͟ ͒͡Ύ ͗͜͝ ͚ ͋ͯ͒Έ-Ύ͊͟ ͤ͜΄͊ ͙ͨ͊͡;͊͟Φ 

͔́ͻͤ͊͜͟ ͍͙ͦͤ͊ͤͤ͟ΎΦ ˽ͫ͜͡Ύ ͎ͭͦͦΣ Ύ͟ ͍͙ ͍͙ͤ͊͘;͙͙ͫ͡Ύ ͘ ͍͙͒ͦͣ ͍͙ͪͦ͋ͯΣ 
͔ͤͦ͋ͻ͒ͤͦ͜ ͎͍͙͙͊ͦͭͦͭ͘ ͨ͊ͨͪ͜ ͒͡Ύ ζͭͦͪͼ͍ͦ͜͟ηΦ ͔̇ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͤ͊ͪ͊ͤ͘͜͜ ͘ 
͎ͦͺ͍͎ͪͦ͊ͤͦͦ ͔ͨ͊ͨͪͯ ͍͙͙͊͒ͪ͊ͭ͟͟Φ ˾ͦͣͪ͘͜ ς ͍͒͜ ͎ͦ͒ͤͦͦ ͒ͦ ͭͪΈͦͻ ͙͔͍ͫ͊ͤͭͣͭͪ͜Σ 
͟͜͡Έͫͭ͟͜Έ ς ͔͊͗ͤͦ͘͡ ͍͒͜ ͨͦ͡΅͜ ;͙ ͦ͋ͫΎ͎ͯ ͍͙͙ͪͦ͋Φ ˭͎͍͊ͦͭ͜͡ΌΣ ͤ͊ Ύͯ͟ ͋ͯ͒ͯͭΈ 
͙͙ͪͨͭͫ͟͜Ύ ζͭͦͪͼ͍ͦ͜;͙͟ηΣ ͣͦ͗ͤ͊ ͔͎͊͒͊͒͘͘͜͡Έ ͙ͤ͊ͣ͊͊ͭ͘ ͔͟͡ΊͣΦ ˢ͔͡ ͭ͊ͦ͗͟ 
ͣͦ͗ͤ͊ ͙͙ͤ͊ͤͦͫͭ ͔͚͟͡ ͤ͊ ͙͚ͦ͗ͤ͟ ͔͙͚ͦͪͣ͟ ͔͔͔ͣͤͭ͡ ς ͼ͔ ͍͔͗ Ύ͟ ͍͊ͣ ͋͜͡Έ΄͔ 
ͨͦ͒ͦ͋͊ΊͭΈͫΎΦ 

 
˾͙ͫΦ нΦ ˤ͙͙͒ ͭͦͪͼΌ͍͊ͤͤΎ 
ˢ͚ͪͫ͜-ͺ͎ͦ͒ͤ͜͡Φ ˢ͚ͪͫ͜-ͺ͎ͦ͒ͤ͜͡ ς ͙͍͍͙͒ͦ͗ͤ͊ ͻͯ͒ͦ͗ͤΎ ͔ͭͻͤ͊͜͟Σ ΅ͦ 

͍͒ͦͦ͘͡ΎΊ ͍ͫͭͦͪΌ͍͙͊ͭ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔ͨ͊ͨͪͯ ͜ ͔͟͡Ό ͍͙ͤ͊͒͘;͚͊ͤͦ Ύ͍ͫͪ͊͟͜ ͭ͊ 
͍͔͔ͫ͜͡ ͙ͦͣͨͦ͘͟ͼ͜͝ ͘ ͔ͺ͔ͭͦͣ͟ ͦ͋ΩΊ͎ͣͤͦͦ ͔ͦ͋ͪ͊͗ͤͤ͘ΎΦ ˨ͦͫΎ͎͊ΊͭΈͫΎ ͼ͔͚ 
͔͍͙ͤ͘;͚͙͚͊ͤ ͔ͺ͔ͭ͟ ΄͡Ύͻͦͣ ͫ͊͒͊ͤͤ͟͡Ύ ͎ͫͣͯ ͦ͟͡Έ͍͎ͦͪͦͦͦ ͔ͨ͊ͨͪͯ ͨ͒͜ ͯͭͦͣ͟ 
ͯ ͍͙͎͡Ύ͒͜  ͫͨͪ͊͜͜͡Φ ˨͍ͦͫͤͦ͜͡ ͍ͤ͊͊͘ ͔ͭͻ͙ͤ͜͟ LǊƛǎCƻƭŘƛƴƎ ͣͦ͗ͤ͊ ͔͔͙ͨͪ͊ͫͭ͟͡ ͘ 
͎͚͊ͤͫ͜͡Έͦ͟͝Σ Ύ͟ ζ͚͔ͪ͊͒ͯ͗ͤ ͫ͊͒͊ͤͤ͟͡ΎηΦ ͔́ͻͤ͊͜͟ ͚͊ͪͫ͜-ͺ͎ͦ͒ͤ͜͡ ͘ΩΎ͍͙͊ͫ͡Έ ͯ 
˥ͦ͊ͤ͒͜͡͡͝ ό˹͔͙͒ͪ͊ͤ͒͜͡ύΣ ͊ ͍͙͒ͭ͘͜ ͨͦ΄͙͙ͪ͊ͫ͡Ύ ͍ ͤ͜΄͜ ͙ͪ͊ͤ͟͝ ͜ ͫΈ͎ͦͦ͒ͤ͜ 
͙͍͊ͭͤͦ͟ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͙ͨͪͻ͙͡Έ͙͙ͤ͊ͣ͟ ͔͍͙ͨ͊ͨͪͦͻ ͍͙͍ͪͦ͋͜Φ  

˿ͯͭͤͫͭ͜Έ ͚͊ͪͫ͜-ͺ͎ͦ͒ͤͯ͜͡ ͙͒ͦͫͭΈ ͨͪͦͫͭ͊ ͚ ͒ͦͫͭͯͨͤ͊ ͦ͗ͤͦͣͯ͟Φ ˹͊ ͍ͦͫͤͦ͜ ͘ 
͊ͪͭͦͤͯ͟ ͊͋ͦ ΅͜͡Έ͎ͤͦͦ ͔ͨ͊ͨͪͯ ͍͙ͪ͊͘͜ΊͭΈͫΎ ͦͤͭͯͪ͟ ͋ͯ͒Έ-Ύͦ͟͝ ͺ͎͙ͯͪ͜Σ ͊ ͨͦͭͣ͜ ͘͜ 
͍ͦͪͦͭͤ͘Έ͎ͦͦ ͋ͦͯ͟ ͍͊ͨͦͤ͘ΌΊͭΈͫΎ ͙ͫͣͯ͗͊ͣ͟ ͔ͨ͊ͨͪͯΦ ˲ͻ ͯ͊͒͊͟͡ΌͭΈ ͯ ͔͍ͨͤͦͣͯ 
ͨͦͪΎ͒ͯ͟ ͊͘  ͔ͫ͊͒ͤͦ͟͡Ό ͫͻ͔ͣͦΌΦ ˴ͦ͗ͤ͊ ͫͣͯ͗͊͟ ͙ͨͪ ͯ͊͒͊ͤͤ͟͜͡ ͦͻ͚͊ͤͦ 
͙͔ͨͪ͟͡ΌΊͭΈͫΎ ͤ͊ ͤ͟͜ͼΎͻ ͒ͦ ͍͎ͦͪͦͭͤͦͦ͘ ͋ͦͯ͟ ͍͙ͦͫͤͦΦ ˽ͫ͜͡Ύ ͎ͭͦͦΣ Ύ͟ ͣ͊͡Όͤͦ͟ 
͍ͨͦͤͫͭ͜Ό ͍͙͔͙͚͊͒ͤ͟͡Σ ͍͙͚ͦͪͦͭͤ͘ ͋͜͟ ͍͙ͪͦ͋ͯ ͔ͨ͒͜͟͡ΌΊͭΈͫΎ ΅͜͡Έ͙ͤͣ ͔ͨ͊ͨͪͦͣΦ 
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˨͡Ύ ͨͪͦͼ͔ͫͯ ͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͍͙ͪͦ͋ͯ ͍ ͔ͭͻͤ͜ͼ͜ ͚͊ͪͫ͜-ͺ͎ͦ͒ͤ͜͡ ͙ͤ͊͒ͦ͋ͭ͘ΈͫΎ 
͊ͪͭͦͤ͟Σ ͨ͊ͨͪ͜Σ ͋ͯ͒Έ-Ύ͙͚͟ ͔͚͟͡ ͜ ͫͻ͔ͣ͊ ό͚͊ͪͫ͜-΄͊͋ͦͤ͡ύΣ ͤ͊ Ύ͚͟͜ ͍͙͒ͤͦ ͙ͦͤͭͯͪ͟ 
͎͍͎ͦͭͦͦͦ ͔ͦ͋ͪ͊͗ͤͤ͘ΎΣ ͊ ͭ͊ͦ͗͟ ͊ͤ͊͘͘;͔ͤͦ ͨͦͪΎ͒ͦ͟ ͜ ͤ͊ͨͪΎͣ ͪͦͣ͘͜΅͔ͤͤΎ 
ͫͣͯ͗ͦ͟ ͔ͨ͊ͨͪͯΦ ˿ͨͦ;͊ͭͯ͟ ͒͡Ύ ͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͪͦ͋ͭ͜ ͯ ͔ͭͻͤ͜ͼ͜ ͚͊ͪͫ͜-ͺ͎ͦ͒ͤ͜͡ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Ύ ͭ͜͡Έ͙͟ ͙ͫͣͯ͗͟ ͦ͟͡Έ͍͎ͦͪͦͦͦ ͔ͨ͊ͨͪͯΦ ˿Έ͎ͦͦ͒ͤ͜ ΄͙͔ͪͦ͟ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ ͪͦ͋ͭ͜ ͯ ͼ͚͜ ͔ͭͻͤ͜ͼ͜ ͙͙ͦͭͪͣ͊͡ ͊ͭ͊ͫͤ͜͡ ͫͭͪ͜;͙͟Σ 
͙͍͙͚ͦͫ͊ͣͭͦ͟ ͨ͊ͨͪ͜Σ ͎͔͙͚͊ͭͤ͘ ͨ͊ͨͪ͜Σ ͙ͭ͊ͤͤ͊͟Σ ͦ͟͡Έ͍͙͚ͦͪͦ ͊ͪͭͦͤ͟Φ  

͔́ͻͤ͊͜͟ ͚͊ͪͫ͜-ͺ͎ͦ͒ͤ͜͡ Ί ͔͙ͤͭͪ͊͒ͼ͚ͤͦ͜ΌΣ ͭͦͣͯ ͙͒ͭ͜ ͔ͤ ͣ͊ΌͭΈ 
͒ͦͫͭ͊ͭͤΈ͎ͦͦ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͍͙͙ͪͦ͋Σ ͍͙ͦͤ͊ͤ͟͜ ͊͘ ͝͝ ͎͒ͦͨͦͣͦͦΌ ͚ ͭͦͣͯ ͒͡Ύ 
͙ͪͦ͋ͦͭ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙ͣ͊ͭ ͒ͦͫͭ͊ͭͤΌ ͟͜͡Έͫͭ͟͜Έ ͙ͪͤ͘͜ͻ ͤ͊ͦ;͙ͤͻ ͙͍ͨͦͫ͋ͤ͜͟͜Φ ͔̇ 
͙ͪ͊͘͘͟ ͪͦ͋ͭ͜Σ ͍͙͎͍͔ͦͭͦͤ͜͡ ͍;͙͔͔ͭͣ͡ ͜ ͯ;ͤΎ͙ͣΣ ͺͦͭͦ ͎͍͙ͦͭͦͻ ͪͦ͋ͭ͜Σ ͍͋͊ͦ͘͜ 
͚͊ͪͫ͜-΄͙͊͋ͦͤ͡Σ ͙ͪ͊͘͘͟ ͎͍͙ͦͭͦͻ ͚͊ͪͫ͜-΄͍͊͋ͦͤ͜͡Φ 

               ͙͙́ͪͯͭͤ͟͟                                                             ˴͍͊͒ͪ͊ͭ  
 
 
 
 
 
 

˽ΩΎ͙͙ͭͯͭͤ͟͟  
͔͙͙̊ͫͭͯͭͤ͟͟  

 
˾͙ͫΦ оΦ ˥͍ͦͭͦ͜ ͚͊ͪͫ͜-́ ͙͊͋ͦͤ͡ 

   
˾͙ͫΦ пΦ ˤ͙ͪ͋͜Σ ͍͙͙͚ͦͤ͊ͤ͟ ͯ ͔ͭͻͤ͜ͼ͜ ͚͊ͪͫ͜-ͺ͎ͦ͒ͤ͜͡ ͭ͊ ΄͊͋ͦͤ͡ ͒ͦ ͤΈ͎ͦͦ 
ˤ͙͍͙ͫͤͦ͟Φ ˻͔ͭ͗Σ ͔ͯͫ ͍͙͔͔͊͒ͤ͟͡ ͍͙΅͔ ͍͙͒ͦͦ͒ͭΈΣ ΅ͦ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ 

͔ͨͦͭͤͼ͊͜͡ ͍͙ͪͦͭͯ͘͟ ͻͯ͒ͦ͗ͤΈͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ͍ ͍ͭͪͯ͒ͦͦͣͯ ͍ͤ͊;͊ͤͤ͜ ͒ͦͫͭ͊ͭͤΈͦ 
΄͙͙͚ͪͦ͟Φ ˥͍͔ͦͦͤ͡ ΅ͦ͋ ͯ;͙͔ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͦ͋ͪͦ͘Ό͍͙͊ͫ͡Ύ ͯ ͍͚ͫͦ͝ 
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ͺ͊ͻ͍͚ͦ͜ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͔ͤ ͙͡΄͔ ͎͙͙͋ͦͣ͟͡ ͔͔͙ͭͦͪͭ;͙ͤͣ ͎͔͋͊͊͗ͣ ͤ͊ͤ͘Έ ͘͜ 
͔͙͙ͣͭͦ͒͟Σ ͔͎͎͙ͨ͒͊ͦ͜͟Σ ͙ͨͫͻ͎ͦͦ͜͡͝Σ ͫͯ;͙͊ͫͤͻ ͍ͤͤͦ͊͜ͼ͚͜ ͍ ͍ͦͫͭ͜͜Σ ͊ ͍͙͍͙ͪͦ͊͘͡ ͍ 
ͫͦ͋͜ ͍ͭͦͪ;͙͚ ͔ͨͦͭͤͼ͊͜͡ ͭ͊ ͍͍͍͙ͨͪͦ͊͒͗ͯ͊͡ ͤ͊ ͯͪͦ͊͟ͻ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎ ͭ͊ 
͍ ͨͦ͊ͯͪͦ͘;͙͚ͤ ;͊ͫ ͫͯ;͊ͫͤ͜ ͔͙͍ͪ͊ͭͤ͟͜ ͔ͭͻ͙ͤ͜͟ ͙ͪͦ͋ͦͭ ͘ ͙͙ͪͤͣ͘͜ ͔͙ͣ͊ͭͪ͊͊ͣ͜͡Φ 

˶˱́˩˾ˢ́̂˾ˢ 
мΦ ˴ͦͤͼ͔ͨͼ͜Ύ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ όмн-ͪ͜;ͤ͊ ΄ͦ͊͟͡ύ κκ ˽͔͎͎͒͊ͦ͜;ͤ͊ ͎͔͊ͭ͊͘Φ ς 

2002. ς ˿ ͜;͔ͤΈΦ ς Ѕ 1. ς ˿ . 4ς7. 
нΦ ˤ͔͔͔͒ͣ͒ͤͦ͟ ˨Φ ˤΦ ˤ͙ͻ͍ͦ͊ͤͤΎ ͯ ͔͚͒ͭ͜ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͔͔ͤͭͪͫͯ͜ ͒ͦ 

͍ͭͪͯ͒ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ κ ˨Φ ʕ Φ ˤ͔͔͔͒ͣ͒ͤͦ͟Σ ˸Φ ʕ Φ ͍̊͊ͨ͊ͫ͡Έ͙͚͟Φ ς ̉ ͔͎͍ͪͤ͜͜Σ нлло. ς 80 ͫ Φ 
оΦ ˤ͔͔͚ͪͣ͜;͙͟ ˱Φ ˸Φ ˸͔͙ͭͦ͒͊͟ ͍͎ͭͪͯ͒ͦͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡Υ ͍ͤ͊;͊͡Έ͙͚ͤ 

͙ͨͦͫ͋ͤ͜͟ κ ˱Φ ˸ Φ ʕ ͔͔͚ͪͣ͜;͙͟Φ ς ́ ͔ͪͤͦͨ͜͡Έ : ˹ ͍͊;͊͡Έͤ͊ ͙͎ͤ͊͟- x ͎ͦ͒͊ͤΣ нллп. ς нтс ͫΦ 
4. ˤ͍ͦ͟ ˿Φ ˻Φ ͍͔́ͪͯ͒ͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Υ ͫͯͭΈΣ ͣͫͭ͘͜Σ ͔͙ͣͭͦ͒ 

/  ˿ Φ ˻ Φ ʕ ͍ͦ͟ κκ ˾͒ͤ͊͜ ΄ͦ͊͟͡Φ ς 1999. ς Ѕ 6. ς ˿ Φ мнς14. 
5. ˥ͤ͊͜͟͡ ˱Φ ˤΦ ˽͔͔͙͚ͪ͒ͣͭͤ ͙͔ͭ͗͒ͤΈΦ ͍͔́ͪͯ͒ͦ ͍ͤ͊;͊ͤͤΎΦ мς4 : ͔ͣ ͙ͭͦ͒;͙͚ͤ 

͙ͨͦͫ͋ͤ͜͟ ͒͡Ύ ͍;͙͔͍ͭ͜͡ κ ˱ Φ ʕ Φ ˥ͤ͊͜͟͡Σ ˹Φ ˻ Φ ˨͍͎ͦͦͨͦ͊͡. ς X. Υ ˿ͦͪͨͦͤ͟͜Σ нллпΦ ς ул ͫΦ 
6. ˨͔͍ͪ͗͊ͤ͊ ͤ͊ͼͦͤ͊͜͡Έͤ͊ ͎ͨͪͦͪ͊ͣ͊ ζ˻͍ͫͭ͊͜η ό̂ͪ͊ͤ͊͟͝ XXI ͫͭͦͭͭ͜͡ΎύΦ ς ˴Φ Υ ˾͚͎͊͒ͯ͊Σ 

1994. ς ммн ͫΦ 
тΦ ˴͔ͦͭ͡Ύ͔ͤͼΈ ˹Φ ˽͔ͪͦͭͤͦ͟-͔ͭͻ͎ͤͦͦ͜͡;ͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ 

/  ˹ Φ ˴ ͔͍ͦͫͭͤͦ͊͟ κκ ͍́ͪͯ͒ͦ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍ ͊͊͒͊͘͟͡ͻ ͍͙ͦͫͭ͜Φ ς Ѕ мΦ ς 2006. ς ˿ Φ мнς14. 
8. ˸͙͙͔ͭͭ͡͡ ˨͔͗ͫͦͤ͟ ˨Φ ˽͔͙ͦ͒͟͡ ͙͘ ͎͙͋ͯͣ͊ κ ˸͙͙͔ͭͭ͡͡ ˨͔͗ͫͦͤ͟ ˨Φ ς ˸Φ Υ 

˾ͦͫͣΉͤΣ мффс. 
9. ˨͔ͦ͗ͤͦ͟͡ ˥Φ .ˮ ˢ͙ͨͨ͊͟͡ͼ͙ΎΦ ͔́ͻ͙ͤ͊͟ ͙ ͙͍ͫͯͫͫͭͦ͟ κ ˥Φ ˮΦ ˨͔ͦ͗ͤͦ͟͡Φ ς ˸Φ Υ 

̏ͫͣͦ͟-˽͔ͪͫͫΣ нллнΦ 
10. ˿ͯͻ͙ͦͣͤͫ͡Έ͙͚͟ ˤΦ ˻Φ ˿ͭͦ ͨͦͪ͊͒ ͯ;͙͔͔͍ͭ͜͡ κ ˤΦ ˻Φ ˿ͯͻ͙ͦͣͤͫ͡Έ͙͚͟ κκ ʕ ͙͋ͪ͊ͤ͜ 
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˾˩˭̑˸˩ 
˹͍ͦͦ͋ͪ͊ͤͤ͊Ύ ˶Φ ˤΦ ˽͙͙͔ͦͤͣ͊ͤ ͎͙ͯ͋ͤ͡· ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͔ͨͦͭͤͼ͙͊͊͡ 

ͻ͔͍͔͎͒ͦ͗ͭͫͤͤͦͦ ͍ͭͦͪ;͔͍ͫͭ͊ ͍ ͍ͭͪͯ͒ͦͦͣ ͦ͋ͯ;͔͙͙ͤ ς ΄͎͊ ͟ ͔ͯͫͨ΄͚ͤͦ ͎͍͔ͨͦ͒ͦͭͦ͟ 
ͯ;͙͔͔͚ͭ͡ ͤ͊;͊͡Έͤ·ͻ ͍͊ͫͫͦ͟͡Φ  

ˤ ͫͭ͊ͭΈ͔ ͍͔ͦͫ΅͊ΌͭͫΎ ͍ͦͨͪͦͫ· ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͍͙͙ͪ͊ͭ͘Ύ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ 
͍ͭͦ ͪ;͔͍ͫͭ͊ ͣ͊͒͡ ΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟ ͤ͊ ͯͪͦ͊͟ͻ ͍͎ͭͪͯ͒ͦͦͦ ͦ͋ͯ;͔͙ͤΎ, ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ 
͔͔͋ͦ͡ ΄͙͙͔ͪͦ͟ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍͔͔͙ͤ͒ͪͤΎ ͍ ͯ;͔͋ͤ·͚ ͨͪͦͼ͔ͫͫ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͙͍ͪ͊ͭͤ͟·ͻ 
͔ͭͻ͙ͤ͟ ͪ͋ͦ͊ ·ͭ ͫ  ͎͚͋ͯͣ͊ͦ ό͍͙͙͎ͤ͟͡͡Σ ͭͦͪͼ͔͍͙͔͊ͤΣ ͚͙͊ͪͫ-ͺ͙͎ͦ͒ͤ͡ύ. 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: ͻ͔͍͔͔ͯ͒ͦ͗ͫͭͤͤͦ  ͍ͭͦͪ;͔͍ͫͭͦΣ ͔͙͍ͪ͊ͭͤ͟·͔ ͔ͭͻ͙͙ͤ͟Σ 
͍͙͙͎ͤ͟͡͡Σ ͭͦͪͼ͔͍͙͔͊ͤΣ ͚͙͊ͪͫ-ͺ͙͎ͦ͒ͤ͡Φ  

SUMMARY 
Novobranna L. Understanding the depth of pedagogical potential of art creativity in 

labor ς a step to successful professional training of primary school teachers. 
Changes, that have deep character in the native system of education, are directly 

connected with the personal factor and provide improving and optimization in the system of 

the artistic preparation of the primary school teachers.  

Nowadays the problem of the creative person formation requires fundamental revising 

according to the terms of society humanization. In this article the questions of the pedagogical 

potential of the junior pupilsô creativity through the handicraft are cleared up. Besides we 
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observe certain ways of the future primary school teachersô preparation to the organization of 

the pupilsô creativity through the introducing creative technics in the studying process, in 

particular with the help of paper.  

In the context of these targets we focus our thoughts on the new techniques that are well 

mastered by our college students during the classes in Handicraft Methodology or 

independently. As an experience shows, the received knowledge, formed skills and abilities 

allow the students to interest the children in making creative works  on practice in such 

technics as çquillingè, çparting-offè and çiris foldingè. Some short historical facts about each 

of the suggested techniques, some pedagogical values of them, some information about its 

simplicity and easiness in their realizing are given in this article.  As in the others techniques, 

çquillingè, çparting-offè and çiris foldingè do not have any restrictions in using, they can be 

combined  and successfully connected with an ordinary application.  

The materials of the article allow us to make a conclusion about versatility of the 

pedagogical potential in the development of the primary school pupilsô creativity. Handicraft 

Methodology helps the future teachers approach to the studying process from the right 

scientific positions, it assists in successful searching for the most rational ways in the 

development of the creative personality of a child, it increases the level of general pedagogical 

and methodological preparation in total, but it is not enough to have only strong theoretical 

knowledge in Methodology, Pedagogy, Psychology and in the innovative technologies in 

education. Future professional specialists should widely develop their creative potential; they 

should introduce creative techniques in working with the different materials during the 

Handicraft classes and after-school time. 

Key words: art creativity, creative techniques, quilling, parting-off, iris folding. 
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ˬΦ ʕ Φ ˿ ͙ͦͦ͟͟͡ 

˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ  
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ ˿ Φ ˸ ͔͊͊ͪͤ͊͟͟ 

 

˾˻˭ˤˮ́˻˴ ̆̂˨˻ˬ˹̎˻-˩˿́˩́ˮ̉˹˻˲ ˻˿ˤ˱́ˮ ̂̉˹˱ˤ 
̂ ˿̂̉ˢ˿˹˱˯ ˽˻̉ˢ́˴˻ˤ˱˯ ̊˴˻˶˱ 

 

̂ ͚͒͊ͤ͜ ͫͭ͊ͭͭ͜ ͎ͪͦ͘͡Ύͤͯͭͦ ͫͯ;͙͚͊ͫͤ ͫͭ͊ͤ ͍͙ͪͦͭͯ͘͟ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ 
͍͙ͦͫͭ͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Έͦ͝ ΄͙ͦ͟͡Φ 
˽͍ͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͔ͣͭͯ ͜ ͍ͦͫͤͦͤ͜ ͍͊͒͊ͤͤ͘Ύ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ ͍͙ͦͫͭ͜Φ ˽ͦ͒͊ͤͦ 
͔͔ͨͪ͜͟͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣΣ ͍͔͙ͫͭͦͪͤͻ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͎ͤͦͦͦ ˨͔͍͎ͪ͗͊ͤͦͦ ͫͭ͊ͤ͒͊ͪͭͯ 
ͨͦ;͍͊ͭͦͦ͟͝ ͎͊͊͘͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͜ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͙ͪͤ͘͜ͻ ͍͍͊ͭͦͪ͜Φ ̆ͯ͒ͦ͗ͤΈͦ-
͔͔͙ͫͭͭ;ͤ͊ ͍ͦͫͭ͊͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍ ͔ͦͤͭͫͭ͟͟͜ ͍ͦͨ͊ͤͯ͊ͤͤΎ 
͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Υ ζ˻͍͋ͪ͊ͦͭͦͪ͘;͔ ͙͔ͣͫͭͼ͍ͭͦηΣ ζ˸͙ͯ͘;͔ͤ ͙͔ͣͫͭͼ͍ͭͦηΣ 
ζ˸͙͔ͫͭͼ͍ͭͦηΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤ͊ ͍ͦͫͭ͊͜Σ ͣͦͦ͒͡΄͙͚ ΄ͦ͟͡ΎͪΣ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͔ 
͙͔ͣͫͭͼ͍ͭͦΣ ͙ͣͯ͊͘͟Σ ͙͔ͣͫͭͼ͍ͭͦΦ 

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˹͙ͤ͜ ͍ ̂ͪ͊ͤ͟͜͝ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͫͦͼ͊͜͡Έ͔ͤ 
͍͔ͦͤͦͤͤ͡ΎΣ Ύ͔͟ ͔͔ͨͪ͒͋͊;͊Ί ͙͍͊ͭ͊͘͟͜ͼ͜Ό ͒ͯͻ͍͎ͦͤͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ͔̇ 
ͫͨͦͤͯ͊͟Ί ͙͔ͫͫͭͣͯ ͍͙ͦͫͭ͜ ΄͙ͯ͊ͭ͟ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͨͪͦͼ͔ͫͯ ͍͙ͪͦͭͯ͘͟ 
͔͔͙ͫͭͭ;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ ͍ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͊͊͒͊͘͟͡ͻΦ ˹͔ͦ͋ͻ͒ͤͫͭ͜͜Έ ͙ͨͪͤͼ͙͍ͨͦͦ ͍͎ͤͦͦͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ 
͍͙ͪͦͭͯ͘͟ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͔ͨ͒ͪͫ͜͟͡ΌΊͭΈͫΎ ͍ ͔͍͙͒ͪ͗͊ͤͻ ͔͒ͦͯͣͤͭ͊͟ͻΣ ΅ͦ 
͔͎͔ͪ͊ͣͤͭͯ͡ΌͭΈ ͨͪͦͼ͔ͫ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍͙ͦͫͭ͜Φ ́͊͟Σ ͤ͊ ͍͒ͣͤͯ͜͜ ͍͒͜ 
͙ͭͪ͊͒ͼ͚͎ͤͦͦ͜ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ΄ͦ͟͡Ύ͍ͪ͜Σ ˨͔͍͙ͪ͗͊ͤͣ 
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ͫͭ͊ͤ͒͊ͪͭͦͣ ͎͊͊͘͡Έͤͦ͝ ͨͦ;͍͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜ ͔͔ͨͪ͒͋͊;͊ΊͭΈͫΎ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͙ͨͪͤͼ͙ͨͯ 
ζ͔͎ͤͭͪ͊͜ͼ͜͝ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙͔ͣͫͭͼ͍ͭ ͭ͊ ͦͤ͊͘;͔ͤͤΎ ͻͯ͒ͦ͗ͤΈͦ͝ ͯ͟͡Έ͙ͭͯͪ Ύ͟ ͙͔͙ͫͫͭͣ 
͙͍͙ͫͦͦͪ͒ͤͦ͊ͤ͟ͻ ͤ͊ͤ͘ΈΣ ͍ͦͨ͊ͤͯ͊ͤͤΎ Ύ͙͟ͻ ͔ͤͦ͋ͻ͒ͤͦ͜ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ 
͍ͫ͒ͦͣͦͫͭ͜͜ ͯ;͍ͤ͜ ͼͫͤͦ͜͜͡͝ ͻͯ͒ͦ͗ͤΈͦ͝ ͙͙͊ͪͭͤ͟ ͍ͫͭͯ͜ ͍ ͨͦͯ͜͟͡͡Έͭͯͪͤͦͣͯ ͨͪͦͫͭͦͪ͜η 
ώфϐΦ ˻͔ͭ͗Σ ͫͯ;͊ͫͤ͊ ͍ͦͫͭ͊͜ ͍͙͎ͣ͊͊Ί ͙͔ͦͫͣͫͤͤ͡Ύ ͜ ͍ͭͦͪ;͎ͦͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
͎͔͙͍͙ͨͪͦͪͫͤͻ ͦͤ͟ͼ͔ͨͼ͚͜ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ ͔͎͎͙ͨ͒͊ͦ͜͟Φ  

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ̂ ;͊ͫ ͙ͣͤ͘͜ ͔͍͒͊͜͜͡Σ ͙ͦ͟͡ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ 
ͫͭͪͣ͊͜͟ ͔͔ͨͪͦͼͤ͊͜͟ ͼ͔͚ͤͤͦͫͭ͜Σ ͚͔ͤ͊ͣͤ΄ ͚ͫͭͦ͜͟Ό ͫͭ͊Ί ͣͦͪ͊͡Έͤ͊ ͍ͦͫͤͦ͊ 
ͪͦͫͭ͊͘Ό;͎ͦͦ ͨͦͦͤͤ͟͜͡ΎΦ ́ͦͣͯ ͫΈ͎ͦͦ͒ͤ͜ ͙͍ͦͫͦ͋ͦ͡ ͎ͦͫͭͪͦ ͨͦͫͭ͊Ί ͔ͨͪͦ͋ͣ͊͡ 
͍͙ͻ͍ͦ͊ͤͤΎ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˤ ͦͫͭ͊ͤͤ͜ ͙ͪͦ͟ 
͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͊͟ͼ͔͍ͤͭͯ͊ͤͤΎ ͍͎͙ͯ͊ ͤ͊ ͙ͨͭ͊ͤͤΎ ͔ͭͦͪ͜͝ ͜ ͙͙ͨͪ͊ͭ͟͟ ͻͯ͒ͦ͗ͤΈͦ-
͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ Ύ͟ ͍͙͍͎͊͗ͦͦ͡ ͊ͫͦ͋ͯ͘ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ 
͚͒ͫͤͦͫͭ͜͜Σ ͊ͫͦ͋ͯ͘ ͣͦͪ͊͡Έ͎ͤͦͦ ͜ ͍͎ͪͦͯͣͦͦͦ͘ ͍͙ͻ͍ͦ͊ͤͤΎΣ ͭͦ͋ͭͦ Ύ͟ ͊ͫͦ͋ͯ͘ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͔ͫ͋͜;ͤͦ ͍͙ͪͦͤͯͭͦ͘͝Σ ͒ͯͻ͍ͦͤͦ ͎͋͊͊ͭͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ̂ сл-ͻ ͪͦ͊͟ͻ ̆̆ 
ͫͭͦͭͭ͜͡Ύ ͺͦͫͦ͜͡ͺ͙͊ͣΣ ͔͔͙͙ͫͭͭ͊ͣ͟Σ ͔͎͎͙ͨ͒͊ͦ͊ͣΣ ͙ͨͫͻ͎͙ͦͦ͊ͣ͡Σ 
͙͔ͣͫͭͼ͍͍ͭͦͤ͊͘ͼΎ͙ͣ ͙͍͊ͭͤͦ͟ ͪͦͪͦ͋͘͡Ύ͙ͫ͡Ύ ͎͊͊͘͡Έͤ͜ ͙ͨͭ͊ͤͤΎ ͔ͭͦͪ͜͝ ͻͯ͒ͦ͗ͤΈͦ-
͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ όˣΦ ˸ Φ ́ ͔͍ͨͦ͡Σ ˱Φ s Φ ˭ Ύ͘ΌͤΣ ˨Φ ˸ Φ ˨ ͗ͦ͊͡Σ ˢΦ x Φ ̋ ͔ͪ͋ͦΣ 
ˤΦ ˸ Φ ̊ ͊ͼΈ͊͟ύΣ ͙ͨͭ͊ͤͤΎ ͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͙͊ͫͦ͋͊ͣ͘ ͚͒ͫͤͦͫͭ͜͜ ͜ ͙͙ͪͤͣ͘͜ 
͍͙͙͒͊ͣ ͙͔ͣͫͭͼ͍ͭ͊ ό˨Φ x Φ ˴ ͔͍͊͋͊ͫ͡Έ͙͚͟Σ ˣΦ ˸ Φ ˹ ͔͔ͣͤͫΈ͙͚͟Σ 
ˤΦ ˻ Φ ˿ ͯͻ͙ͦͣͤͫ͡Έ͙͚͟Σ ˻Φ ˹ Φ ˾ ͙ͯ͒ͤͼΈ͊͟ύΣ ͙ͨͭ͊ͤͤΎ ͔ͫͨͼ͙ͺ͙͜͟ ͔͔͙ͫͭͭ;͎ͤͦͦ 
͍͙ͻ͍ͦ͊ͤͤΎ ͣͦͦ͒͜͡ ͤ͊ ͙ͪͤ͘͜ͻ ͍͍͙ͦ͜͟ͻ ͍ͪͤ͜Ύͻ όˢΦ s Φ ʕ ͔͔ͪͣΩΊ͍Σ ˴Φ ʕ Φ ˥ ͍͙͍͔͊ͪͦ͡ͼΈΣ 
˸Φ s Φ ʕ ͔ͪ͋ύΦ ̇͜ ͍ͤ͊ͯͦ͟͜ ͙͒ͦ͋ͯͭ͘͟ Ί ͍ͦͫͤͦͦΌ ͜ ͫΈ͎ͦͦ͒ͤ͜΄ͤ͜ͻ ͦͤ͟ͼ͔ͨͼ͚͜ 
ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎΦ 

˽͎͔ͪ͊ͤͤͤΎ ͍͙͍͙ͪͦ͊ͭ͘ ͙ͦͫͦ͋ͫͭͫͭ͜Έ ͭ͊ ͔͔͙ͫͭͭ;ͤͯ ͯ͟͡Έͭͯͪͯ ͍͙͒ͦͫ͒͗ͯ͊͜͡͡ 
͎͋͊͊ͭͦ ͙ͨͫΈ͔͙͍ͣͤͤ͟͜Σ ͔͎͎͍ͨ͒͊ͦ͜Σ ͒͜Ύ;͍͜ ͯ͟͡Έ͙ͭͯͪ ό˨Φ x Φ ˴ ͔͍͊͋͊ͫ͡Έ͙͚͟Σ 
ˢΦ ˿ Φ ˸ ͔͊͊ͪͤͦ͟͟Σ ˣΦ ˸ Φ ˹ ͔͔ͣͤͫΈ͙͚͟Σ ˤΦ ˻ Φ ˿ ͯͻ͙ͦͣͤͫ͡Έ͙͚͟Σ ˴Φ ˨ Φ ̂ ΄͙ͤͫΈ͙͚͟ύΣ 
͙͍ͦͫͦ͋ͦ͡ ͍ ͚ͤ͊͋͜͡Έ΄ ͙ͨͪ͒͊ͭͤͦͣͯ ͒͡Ύ ͼΈ͎ͦͦ ͣͦͦ͒͡΄ͦͣͯ ΄͟͜͡Έͤͦͣͯ ͍͜ͼ͜Φ 
ˤ͒͜;ͯͭͭΎ ͙ͪ͊ͫ͟ ͙͙ͨͪͪͦ͒Σ ͦͭͦ;ͯΌ;͙ͻ ͡Ό͔͚͒Σ ͔ͪ;͔͚ ͍ͫͭͦͪΌΊ ͍ ͙͙͙͒ͭͤ ͙͍ͦͫͦ͋͜͡ 
͔ͣͦͼ͚ͤ͜͜ ͙ͨͫͻ͜;ͤ͜ ͙ͫͭ͊ͤΣ ͍͙͙͊͟͟͡Ί ͔͔͔͚͋ͨͦͫͪ͒ͤ͘͜ ͔͔ͤͭͪͫ͜ ͒ͦ ͙͗ͭͭΎΣ ͎͊ͦͫͭͪ͘ΌΊ 
͙͙͍͒ͦͨͭͫͭ͜͡ΈΣ ͍͙͍ͪͦ͊͘Ί ͙͔ͣͫͤͤ͡ΎΣ ͨ͊ͣΩΎͭΈΣ ͍ͦ͡Ό ͭ͊ ͤ͜΄͜ ͙ͨͫͻ͜;ͤ͜ ͨͪͦͼ͔͙ͫΦ  

˾͎ͦ͘͡Ύ͒ͯ ͔ͨͪͦ͋ͣ͡ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͙͍ͨͪͫΎ;͔ͤ͊ ͤ͊͘;ͤ͊ 
͟͜͡Έͫͭ͟͜Έ ͨͪ͊ͼΈ ͯ ͙ͪͤ͘͜ͻ ͎͊ͯ͘͡Ύͻ ͙ͤ͊ͯ͟ ς ͔͎͎ͨ͒͊ͦ͜ͼ͜Σ ͔͔͙ͫͭͭͼ͜Σ ͙͍͍ͣͯͦͤ͊ͫͭ͘͘͟͜Φ 
˿͔͔ͪ͒ ͍͍͊ͭͦͪ͜Σ Ύ͟͜ ͍͙͍;͙͊͡ ͼΌ ͔ͨͪͦ͋ͣͯ͡Σ ͫ͒͜͡ ͍͙͙͒ͣͭͭ͜͜ ˩Φ s Φ x ͦ͒ͤͯ͜Σ 
˥Φ ˻ Φ ˥ ͍͙ͦͦͤͫ͡Έ͎ͦͦ͟Σ ˸Φ ˸ Φ ˴ ͤΎ͔͍ͯ͘Σ ˻Φ ̑ Φ ˶ ͍ͦ͋͊ͤͦͯΣ ˤΦ ˽ Φ ˸ ͊ͭͦͤͫ͊͜Σ 
ˢΦ ˹ Φ ˿ ͦͻͦͪ͊Σ ˾Φ s Φ ́ ͔͡Έ;͍͊ͪͦͯΦ ̂ ͍͚ͤ͊ͯͦ͟͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ͍͙ͫͭ͊ͭΈͫΎ ͙ͨͭ͊ͤͤΎ ͨͪͦ 
͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͚ ͙͔ͨͦͫͤͤ͡Ύ ͙͔͙ͫͫͭͣ͊ͭ;͎ͤͦͦ ͍͙͍ͨͯ͡ ͙͔ͣͫͭͼ͍ͭ ͤ͊ 
͙ͦͫͦ͋ͫͭͫͭ͜Έ ΄ͦ͟͡Ύͪ͊Φ ˿͔ͨͭͪ͟ ͙͍͙ͣͦ͗͡ͻ ͤ͊ͨͪΎ͍ͣ͜ ͊ͤ͊ͯ͘͜͡ ͨͪͦͼ͔͍ͫ͜ ͻͯ͒ͦ͗ͤΈͦ-
͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͔ͤ ͍͙;͔͙͚ͪͨ͊ͤ ͜ ͤ͊͒͊Ί ΄͙ͪͦ͟͜ ͙͍ͣͦ͗ͦͫͭ͜͡ 
͒͡Ύ ͔͒ͦͫ͒͗ͤ͜͡Έ ͯ ͼ͚͜ ͫͺ͔ͪ͜Φ 

˸͔ͭͦΌ ͫͭ͊ͭͭ͜ Ί ͍͔͔͒ͦ͒ͤͤΎ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Έͦ͝ 
΄͙ͦ͟͡Φ 
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ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˿Έ͎ͦͦ͒ͤ͜ ͙͔ͣͫͭͼ͍ͭͦ ͍ ͙͔ͫͫͭͣ͜ ͫͯ;͊ͫͤͦ͝ 
͍͙ͦͫͭ͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͫͯͭͭΊ͍͙͚ ͔ͦͣͨͦͤͤͭ͟ ͎͊͊͘͡Έͤͦ͝ ͍͙ͦͫͭ͜ ΄ͦ͟͡Ύͪ͊Φ ˯͎ͦͦ 
͎͚ͣͦͯͭͤ͜ ͍ͨͤ͊͊͘͜͡Έ͙͚ͤ ͜ ͍͙ͻ͍͙͚ͦͤ ͔ͨͦͭͤͼ͊͜͡ ͍ͨͦΩΎ͙͚͊ͤ͘ ͘ ͔͔͙ͫͭͭ;ͤͦΌ 
͙ͨͪͪͦ͒ͦΌΣ ͍͊͒͘Ύ͙͟ Ύ͚͟͜ ͦͫΎ͎͊ΌͭΈͫΎ ͨͦͭ͊Ίͣͤ͜ ͚ͤ͊ͫ͊͒ͤ͟͜͡΄͜ ͨͪͦͼ͔͙ͫ 
͒ͯͻ͍͎ͦͤͦͦ ͙͗ͭͭΎ ͡Ό͙͙͒ͤΣ ͝͝ ͍ͤͯͭͪ͜΄ͤΈ͎ͦͦ ͍ͫͭͯ͜Φ ˿͔͊ͣ ͙ͯͪͦ͟ ͻͯ͒ͦ͗ͤΈͦ-
͔͔͙ͫͭͭ;͎ͤͦͦ ͼ͙ͯ͟͡ ͍ ͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡ ς ͙ͣͯ͘;͔ͤ ͭ͊ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͔ 
͙͔ͣͫͭͼ͍ͭͦΣ ͔ͭͪ͊ͭͯͪ͊͜͡Σ ͻͯ͒ͦ͗ͤΎ ͯ͟͡Έͭͯͪ͊Σ ͻ͔͎ͦͪͦͪ͊ͺ͜ΎΣ ͔͔͙ͫͭͭ͊͟ ς 
͍͙͍ͪͦ͊͘ΌͭΈ ͨͦ;ͯͭͭΎ ͎͊ͪͣͦͤ͜͝ ͜ ͨͪͦͨͦͪͼ͜͝Σ ͙ͪͭͣͯ ͜ ͍ͯͯ͘͟Σ ͦ͟͡ΈͦͪͯΣ ͙ͨ͊ͫͭ͡;͙ͤͻ 
ͺͦͪͣΣ ͺ͊ͤͭ͊͘͜Ό ς ͍͔ͫ ͔ͭΣ ΅ͦ ͣ͊Ί ͔ͨͪ΄ͦ;͔͎͍͔ͪͦ ͤ͊͘;͔ͤͤΎ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͍͙ͫͦͦ͒ͯ͟ͻ͍ͦͤͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ  

ζ˹͔ ͍͚͔ͯ͗ͯͭ͘ ͙͗ͭͭΎ ͒ͦ ͯͪͦͯ͟Σ ͊ ͯͪͦ͟ ͪͦ͘΄͙ͪΌ͚͔ͭ ͒ͦ ͙͗ͭͭΎηΣ ς ͼ͜ ͍ͫͦ͊͡ 
˽Φ ˽ Φ x ͦͤͫ͡Έ͎ͦͦ͟ Ί ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ͍͙͊͗ͣ͟ ͍͊͒͊ͤͤ͘ΎͣΣ ͔͊͒͗ ͙͗ͭͭΎ ͣͤ͘͜ΌΊͭΈͫΎ 
͊ͤ͊͒ͭͦ͘ ΄͍͙͒ͦ͟ ώмлΣ онϐΦ ˤ ͍ͯͣͦ͊ͻ ͙ͨͦͭͦ͜͟͡-͔ͦͤͦͣ͟͜;͙ͤͻ ͔͔͍͔ͨͪͭͦͪͤΈΣ Ύ͟͜ ͙ͣ 
ͫΈ͎ͦͦ͒ͤ͜ ͔͔͙͍ͨͪ͗͊ΊͣͦΣ ͙ͦ͟͡ ͭͪ͊ͤͫͺͦͪͣͯΊͭΈͫΎ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͍ͫͭ͜ ͜ ͤ͊΄͔ ͣͫ͜ͼ͔ 
͍ ͤΈͦͣͯΣ ͙ͦ͟͡ ͪͦͫͭ͊͘Ί ͔͔ͭͤ͒ͤͼ͜Ύ ͒ͦ ͚͋͊͒ͯ͗ͦͫͭ͜Σ ͊ ͦͦ͟͡ ͔͔͍ͤͭͪͫ͜͜ ͍ͯ͗ͯ͘ΊͭΈͫΎ 
͒ͦ ͦͣͨ͟ΩΌ͔ͭͪ͊ ͜ ͣͦ͋͜͡Έ͎ͤͦͦ ͔͔ͭ͡ͺͦͤͯΣ ͙ͨͭ͊ͤͤΎ ͨͪͦ ͣͦͪ͊͡Έͤͦ-͒ͯͻ͍͙͚ͦͤ 
͍͙ͪͦͭͦ͘͟ ͙͙͙͒ͭͤ ͙͊ͫͦ͋͊ͣ͘ ͙͔ͣͫͭͼ͍ͭ͊ ͨͦͫͭ͊Ί ͙͍ͦͫͦ͋ͦ͡ ͎ͦͫͭͪͦΧ ˿͔͊ͣ ͭͦͣͯ ͍ 
͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Έͦ͝ ΄͙ͦ͟͡ ͔ͨͪ΄ͦ;͔͎͍ͪͦͯ ͪͦ͡Έ 
ͣ͊Ί ͍͎͍͙͒ͪ͊͊ͭ͜͜ ͍͙ͪͦͭͦ͘͟ ͎͊͊͘͡Έͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ ͍ ͔ͪͯ͘͡Έͭ͊ͭ͜ 
͙ͫͨͪΎ͙͔ͭͣ ͒ͯͻ͍ͦͤͦͣͯ ͍͙͍ͪͦͭͦ͘͟͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ˤ;͙͔ͭ͜͡ ͙͔ͣͫͭͼΈ͙͟ͻ ͙͒ͫͼ͙ͨͤ͜͡ 
͍͙ͨͦͤͤ͜ ͍ͫͭͦͪΌ͍͙͊ͭ ͍͙ͯͣͦ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͡Ό͙͙͒ͤΣ ͒͊ͭͤͦ͘͝ ͙ͣ͊ͫͣ͊͟͡Έͤͦ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͚ͫ͜ ͙͙͚ͨͪͪͦ͒ͤ ͔ͨͦͭͤͼ͊͜͡Σ ͍͐ͪͯͤͭͦͤͦ ͙ͪͦͯͣͭ͘͜ ͜ ͒ͯͻ͍ͦͤͦ 
͍͙͙ͭͦͪͭ ͙͔ͦͫͦ͋ͫͭ ζΎη. 

˻͙͒ͤͣ ͘͜ ͚͍͙͍ͤ͊͊͗͜͡΄͙ͻ ͍͊͒͊ͤ͘Έ ͫͯ;͊ͫͤͦ͝ ͍͙ͦͫͭ͜ Ί ͒ͯͻ͍͙͚ͦͤ ͍͙ͪͦͭͦ͘͟ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˹͚͊͋͜͡Έ΄ ͒ͦͫͦͤ͊ͦ͟͡ ͍͙ͪ͜΄͙͙ͭ ͼ͔ ͍͊͒͊ͤͤ͘Ύ ͙ͨͦ͊ͤ͟͟͜͡ ͔͔͙ͨͪ͒ͣͭ 
ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͤ͊ͨͪΎͣͯ ͍ ͙͔ͫͫͭͣ͜ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Φ 

˭ͣͫͭ͜ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ ͍͙ͦͫͭ͜ ͙͍ͪͦͪ͊͘͟Ί ͔͔ͨͪ͒ ͯ;ͤΎ͙ͣ 
͚ͤ͊Ύ͍ͫͪ͊͟͜΄͜ ͙ͪ͊͘͘͟ ͍͍ͭͦͪ͜ ͙ͣͯ͘;͎ͤͦͦ ͭ͊ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭΣ 
ͪͦͣ͊ͭͭ͘͝Ύ ͍͗͊ͤͪ͜ ͜ ͙͍ͫͭ͜͡ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͭ͊ ͍͍͎ͫͭͦͦͦ͜ ͙͔ͣͫͭͼ͍ͭ͊Σ ͍ͫͦΊͪ͒ͤͫͭ͜͜Έ 
͍ͭ͜;͙ͤ͘Ύͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͍ ͔ͦͤͭͫͭ͟͟͜ ͍͍͙ͫͭͦ͜ͻ ͯ͟͡Έ͍ͭͯͪͦͭͦͪ;͙ͻ ͨͪͦͼ͔͍ͫ͜Σ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͯ͟͡Έ͙ͭͯͪͤͻ ͔͎͍ͪͦͤ͜͜ ͍ͫͭͯ͜Σ ͍͙ͦͫͤͦ ͔͔͙ͫͭͭ;͙ͤͻ ͤ͊ͤ͘ΈΦ 

˥͍ͦͦͤͦ͡Ό ͔ͣͭͦΌ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ ͍͙ͦͫͭ͜ ͍ ͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ 
΄ͦ͟͜͡ Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͭ͊ ͍͙ͪͦͭͦ͘͟ ͙ͦͫͦ͋ͫͭͫͤͦ͜-ͼ͎ͤͤͫͤͦͦ͜͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ 
͙͔ͣͫͭͼ͍ͭ͊ ͭ͊ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͍ͫͭͯ͜Σ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͙͚ͫͨͪͣ͊ͤͤΎΣ ͪͦͯͣͤͤ͘͜Ύ ͜ 
͍͔ͭͦͪͤͤΎ ͻͯ͒ͦ͗ͤ͜ͻ ͍ͦ͋ͪ͊͘͜Σ ͔ͨͦͭͪ͋ ͯ ͻͯ͒ͦ͗ͤΈͦ-͍ͭͦͪ;͚͜ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͭ͊ 
͒ͯͻ͍ͦͤͦͣͯ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͜͡ [7]. 

̆ͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤ͊ ͍ͦͫͭ͊͜ ͍͊͒͘Ύ͙͟ ͪͦͣ͊ͭͭ͘͝Ό ͍͊ͫͦ͋͘͜ ͍͙͍ͨͯ͡ ͤ͊ 
͙ͦͫͦ͋ͫͭͫͭ͜Έ ͜ ͔ͨͦͭͤͼ͊͜͡Έ͙ͤͣ ͙͍ͣͦ͗ͦͫͭ͡Ύͣ ͨͦͫ͒͊͜Ί ͙͍͔ͦͫͦ͋͡ ͣͫ͜ͼ͔ ͍ 
͙͔ͫͫͭͣ͜ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Σ ͍͙͍ͨ͊͡Ό;͙ ͤ͊ ͨͪͦͼ͔ͫ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟ 
͡Ό͒ͫΈͦ͟͝ ͒ͯͻ͍ͦͤͦͫͭ͜Σ ͊ͯ͘͡;͊Ό;͙ ͡Ό͙͒ͤͯ ͒ͦ ͍͍͙ͫͭͦ͜ͻ ͻͯ͒ͦ͗ͤ͜ͻ ͤ͊͒͋͊ͤΈΦ ͔̇ 
͙͙͍ͨͦͭͤͦ͘ ͍͙͍ͨ͊͡Ί ͤ͊ ͍ͭͦͪ;͜ ͭ͊ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͜ ͒͋ͤͦͫͭ͘͜͜ ͔ͤ ͙͡΄͔ ͔ͦͪͣͦ͟͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͊ ͚ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍ ͼͦͣͯ͜͡Φ 
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˻͙͍ͫͦ͋ͫͭ͜͡Ό ͍͙͊͒͊ͤͤ͟͡Ύ ͔͔͍ͨͪ͒ͣͭ͜ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͼ͙ͯ͟͡ ͍ 
˭˹˭ Ί ͤ͊ͫͭͯͨͤͫͭ͜Έ ͜ ͔͔͔͍͋ͨͪͪͤͫͭ͘͜ΈΦ  

˿ͯ;͔͊ͫͤ ͍ͤ͊;͊ͤͤΎΣ ͜ ͙͔ͣͫͭͼΈ͔͟ ͔ͦͪͣ͊͘͟Σ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͊ͫ͊͒͊͘ͻ 
͙ͦͫͦ͋ͫͭͫͤͦ͜-ͦͪ͘͜Ί͍͎ͤͭͦ͊ͤͦͦ ͜ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻ͍ͦ͒͜Σ ͍͙ͤ͊͘;͔͙ͤͻ ͍ 
͍͙ͦͫͤͦͤͻ ͙͍͙ͤͦͪͣ͊ͭͤͻ ͒ͦ ͔ͯͣͤͭ͊͟ͻ ͍͙ͦͫͭ͜ ς ͔͍͙͒ͪ͗͊ͤͻ ͫͭ͊ͤ͒͊ͪͭ͊ͻΣ 
͍ͤ͊;͊͡Έ͙ͤͻ ͨ͊ͤ͊͡ͻΣ ͎ͨͪͦͪ͊ͣ͊ͻΦ 

˨͙ͫͼ͙͙ͨͤ͜͡ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͼ͙ͯ͟͡Σ ͒ͦ Ύ͙͟ͻ ͔ͤ͊͗͊ͭ͡ΈΣ 
͔͔ͤ͊ͫ͊ͣͨͪ͒Σ ͙ͣͯ͘;͔ͤΣ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͔ ͙͔ͣͫͭͼ͍ͭͦΣ ͻͯ͒ͦ͗ͤΎ ͯ͟͡Έͭͯͪ͊ ͭ͊ 
͔͔͙ͫͭͭ͊͟Σ Ί ͔͔͙ͨͪ͒ͣͭ͊ͣ ͭ͊͟ ͍͎͊ͤͦͦ͘ ͯ͟͡Έ͍ͭͯͪͦͭͦͪ;͎ͦͦ ͼ͙ͯ͟͡Σ ͝ͻ ͦ͋ΩΊ͒ͤͯΊ 
͎͊͊͘͡Έ͙͚ͤ ͙ͨͪͤͼ͙ͨ ζͯ͟͡Έ͍͔ͭͯͪͦͭͦͪͤͤΎηΣ ͔ͨͪͦͭ ͔ͦ͗ͤ͟ ͘ ͙ͤͻ ͣ͊Ί ͍͊ͫͤ͜͡ 
͔ͫͨͼ͙ͺ͜;ͤ͜ ͙͙ͪͫ ͭ͊ ͍͊͒͊ͤͤ͘ΎΦ  

ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͫͭ͊ͭͭ͜ ом ˭͊ͦͤͯ͟ ͙̂ͪ͊ͤ͟͝ ζ˽ͪͦ ͎͊͊͘͡Έͤͯ ͔͔ͫͪ͒ͤΌ ͍ͦͫͭͯ͜η 
˴͔͊͋ͤͭ͜ ˸͍ͤͫͭͪ͜͜͜ ͙̂ͪ͊ͤ͟͝ ͍͒͜ нл ͍ͭͤ͟͜Ύ нлмм ͪΦ Ѕ псн ͍͙͍ͨͦͫͭ͊ͤͦ ͍͔͙͙͊ͭͪ͒ͭ͘ 
˨͔͍͙͚ͪ͗͊ͤ ͫͭ͊ͤ͒͊ͪͭΣ ΅ͦ ͍ͯͣͦ͘͡ΌΊ ;͔ͭ͜͟ ͍͙ͤ͊͘;͔ͤͤΎ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦ͝ 
͍ͫ͊͒ͦͦ͟͡͝ ͍͊ͫͦ͘ΊͤͤΎ ͣͫͭͯ͘͜ ͨͦ;͍͊ͭͦͦ͟͝ ͎͊͊͘͡Έͤͦ͝ ͍͙ͦͫͭ͜Φ ˭͎͒ͤͦ͜ ͘ ͼ͜ΊΌ 
͍ͨͦͫͭ͊ͤͦͦΌΣ ͍ ͍͚ͤ͊ͪ͊ͤͭͤ͜͜͜ ͍͚ͫ͊͒ͦ͟͜͡ ˣ͍͎͊ͦͦͦ͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͊ͤͯ͡ ͍͙͔͒ͤͦ͜͡ 
ͦͫ ͍ͭͤ͜Ό ͎͊ͯ͘͡Έ ζ˸͙͔ͫͭͼ͍ͭͦηΣ ͔ͣͭͦΌ Ύͦ͟͝ Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͚ ͍͙ͪͦͭͦ͘͟ ͍ ͯ;͍ͤ͜ 
͔ͦͣͨͫͯ͟͟͡ ͟͡Ό;͍͙ͦͻΣ ͔͔͙ͣ͗ͨͪ͒ͣͭͤ͜ͻ ͜ ͔͔͙ͨͪ͒ͣͭͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ 
ͨͪͦͼ͔ͫ͜ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͻ͙ͯ͒ͦ͗ͤͣ͜ ͼͤͤͦͫͭ͜Ύ͙ͣ ͭ͊ ͙ͫͨͦͫͦ͋͊ͣ ͻͯ͒ͦ͗ͤΈͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ΄͡Ύͻͦͣ ͒ͦ͋ͯͭͭ͘Ύ ͍͎͊ͫͤͦͦ͡ ͔͔͙ͫͭͭ;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜Φ 

˨ͦͫΎ͎͔ͤͤͤΎ ͊ͤ͊͘͘;͔ͤͦ͝ ͔͙ͣͭ ͔͔ͨͪ͒͋͊;͊Ί ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͭ͊͟ͻ ͍͊͒͊ͤ͘ΈΥ 

¶ ͍͙ͻ͍ͦ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͔ͣͦͼ͚ͤͦ͜-ͼ͎ͤͤͫͤͦͦ͜͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͙͔ͣͫͭͼ͍ͭ͊ ͭ͊ 
͚͒ͫͤͦͫͭ͜͜Σ ͍͙ͪͦͭͦ͘͟ ͻͯ͒ͦ͗ͤ͜ͻ ͔͔͍ͤͭͪͫ͜͜ ͜ ͔ͨͦͭͪ͋Σ ͔͔͙ͫͭͭ;͙ͤͻ ͔͍͒͊͜͜͡Σ 
͒͊ͭͤͦͫͭ͘͜ ͙ͪͦͯͣͭ͘͜ ͭ͊ ͔͔͍͙ͤͭͪͨͪͭͯ͊ͭ͜ ͍͙ͭͦͪ ͙͔ͣͫͭͼ͍ͭ͊Σ ͦͼͤ͜Ό͍͙͊ͭ 
͔͔͙ͫͭͭ;ͤ͜ Ύ͍͙΅͊Τ 

¶ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͤ͊ ͒ͦͫͭͯͨͤͦͣͯ ͍ͪͤ͜͜ ͙͔ͫͫͭͣ ͻͯ͒ͦ͗ͤ͜ͻ ͤ͊ͤ͘Έ ͜ 
͍ͣͤ͜ΈΣ Ύ͊͟ ͍͒ͦ͋ͪ͊͗͊͜Ί ͼͫͤͫͭ͜͜͜͡Έ ͭ͊ ͍͙͍͒ͦͯ ͔ͫͨͼ͙ͺͯ͜͟ ͙͔ͣͫͭͼ͍ͭ͊Τ 

¶ ͍͙ͪͦͭͦ͘͟ ͔ͣͦͼ͚ͤͦ͜-ͨͦ;ͯͭͭΊ͍ͦ͝ ͫͺ͔͙ͪ ͯ;͍ͤ͜Σ ͝ͻ ͻͯ͒ͦ͗ͤ͜ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͜ 
͙͔ͣͫͤͤ͡ΎΣ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͍͙͔ͫ͊ͣͦͪ͊͗ͤͤΎ ͭ͊ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ [7]. 
˭ͣͫͭ͜ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ ζ˸͙͔ͫͭͼ͍ͭͦη ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͊͘ ͙͙ͭ͊ͣ͟ ͍͙͙ͣͫͭͦͣ͘͜ 

ͤ͜͜͡Ύ͙ͣΥ ͙ͣͯ͘;ͤ͊Σ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͊ ͭ͊ ͙͔ͣͫͭͼΈͦ͟-͙͔͙ͫͤͭͭ;ͤ͊ ό͍͍͒ͨͦ͒ͤͦ͜͜ 
ͻ͔͎ͦͪͦͪ͊ͺ͜;͎ͤͦͦΣ ͔ͭ͊ͭͪ͊͡Έ͎ͤͦͦ ͭ͊ ͔͙ͪ͊ͤͤ͟ͻ ͍͙͍͒͜ ͙͔ͣͫͭͼ͍ͭ͊ύΣ Ύ͟͜ 
͔ͪ͊ͯ͘͜͡ΌͭΈͫΎ ΄͡Ύͻͦͣ ͍͙͍;͔ͤͤΎ ͔͙ͦͪͣ͟ͻ ͔͔͍ͨͪ͒ͣͭ͜ ͊͋ͦ ͔͎͍͙ͤͭͪͦ͊ͤ͜ͻ ͍ͯͪͫ͟͜Φ 

́͊͟Σ нлмоκнлмп ͍ͤ͊;͊͡Έ͙͚ͤ ͪ͜͟ ς ͼ͔ ͪ͜͟Σ ͙ͦ͟͡ ͎͙͚͒ͪͯ ͪ͊͘ ͨͦͫͨ͜͡Έ ͍͒͋ͯ͜-
͍͊ΊͭΈͫΎ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙ͤͦͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͒͡Ύ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Σ 
͍͔͙ͫͭͦͪͤͻ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͎ͤͦͦͦ ˨͔͍͎ͪ͗͊ͤͦͦ ͫͭ͊ͤ͒͊ͪͭͯ ͨͦ;͍͊ͭͦͦ͟͝ ͎͊͊͘͡Έͤͦ͝ 
͍͙ͦͫͭ͜Σ ͍͔͔͎͊ͭͪ͒͗ͤͦͦ͘ ˽͍ͦͫͭ͊ͤͦͦΌ ˴˸̂ Ѕ псн ͍͒͜ нлΦлпΦнлмм ͪͦͯ͟ ώммϐΦ 

ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͊ͤ͊͘͘;͔͎ͤͦͦ ͔͒ͦͯͣͤͭ͊͟ ͍͙͍;͔ͤͤΎ ͙͔ͣͫͭͼΈ͙͟ͻ ͙͒ͫͼ͙ͨͤ͜͡ 
ͯ мς2 ͟ ͊ͫ͊͡ͻ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͊͘ ͍͙͙ͤͦͣ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͎͙ͨͪͦͪ͊ͣ͊ͣΣ ͍͔͔͊ͭͪ͒͗͘-
͙͙ͤͣ ˸˻˹ ͣͦͦ͒͜͡ ͜ ͫͨͦͪͭͯ ͙̂ͪ͊ͤ͟͝ όͤ͊͊͘͟ ͍͒͜ мнΦлфΦнлмм ͪͦͯ͟ ЅмлрлύΥ  

¶ ζ˸͙ͯ͘;͔ͤ ͙͔ͣͫͭͼ͍ͭͦη ͍͊ͭΦ ˶Φ ̆ ͡Ί͍͋ͤͦ͊͜͟Σ ˶Φ ˻Φ ˨͎ͦͪͦ͊ͤΈΣ 
˱Φ ˸ Φ ˱ ͍͊ͻͤͦΣ ˶Φ ˥Φ ˴͍ͦͤ͒ͪ͊ͭͦ͊Σ ˻Φ ˤΦ ˴͍ͦͪͤͦ͊͜͡Σ ˻Φ ˤΦ ˶͍ͦ͋ͦ͊Σ ˹Φ ˱Φ ˸͜΅͔ͤͦ͟Τ  
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¶ ζ˻͍͋ͪ͊ͦͭͦͪ͘;͔ ͙͔ͣͫͭͼ͍ͭͦη ͍͊ͭΦ ˾Φ ́ Φ ͎̊ͣ͊͊ͦ͡Σ ˬΦ ˿Φ ˸͊ͪ;ͯ͟Σ 
˱Φ x Φ ʕ ͊;͍ͦ͊͟Σ ˻Φ ˤΦ ͙͚̉ͦͪͤΣ ˸Φ ˤΦ ˥ͤ͊ͭΌ͟Τ 

¶ ζ˸͙͔ͫͭͼ͍ͭͦη ͍͊ͭΦ ˶Φ ˸Φ ˸͊ͫͦ͡Σ ˻Φ ˤΦ ˥͚͊͒͊ͣ͊͊͟Σ ˹Φ ˤΦ ˻;͔͔ͪͭΎͤ͊Σ 
˻Φ ˸ Φ ˨ ͙͔ͣͭͪͤͦ͟Φ 

̂;ͤ͜ оςп ͍͊ͫ͟͜͡ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͯ нлмоκнлмп 
͍ͤ͊;͊͡Έͤͦͣͯ ͪͦͼ͜ ͍ͦͨ͊ͤͦͯΌͭΈ ͙͔ͣͫͭͼ͍ͭͦ ͊͘ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͎͙ͨͪͦͪ͊ͣ͊ͣ 
нллс ͪΦ ͍Φ ό˴Φ Υ ζ˽ͦ;͍͊ͭͦ͊͟ ΄ͦ͊͟͡ηΣ нллсύΥ 

¶ ζ˸͙͔ͫͭͼ͍ͭͦη ό͍͊ͭΦ ˶Φ ˸Φ ˸͊ͫͦ͡Σ ˩Φ ˤΦ ˣΊͤ͊͟͜͡Σ ˻Φ ˱Φ ˻ͤ͜΅͔ͤͦ͟Σ 
˹Φ ʕ Φ ˻ ;͔͔ͪͭΎͤ͊Σ ˤΦ ˤΦ ˾͎͊ͦͤ͊͘͜ύΤ  

¶ ζ˸͙ͯ͊͘͟η ό͍͊ͭΦ ˻Φ ̒Φ ˾͍ͦͫͭͦͫΈ͙͚͟Σ ˶Φ ˻Φ ̆͡Ί͍͋ͤͦ͊͜͟Σ 
˾Φ ˻ Φ ˸ ͊ͪ;͔ͤͦ͟ύΤ  

¶ ζ˸͙ͯ͊͘͟η ό͍͊ͭΦ ˻Φ ˤΦ ˶͍ͦ͋ͦ͊ύΤ 

¶ ζ˻͍͋ͪ͊ͦͭͦͪ͘;͔ ͙͔ͣͫͭͼ͍ͭͦη ό͍͊ͭΦ ˶Φ ˸Φ ˶Ό͋͊ͪͫΈ͊͟Σ ˶Φ ˤΦ ˤ͍ͦ͟ύ. 
ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͙ͤͦͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͍͊ͭͦͪͫΈ͙͙ͣ͟ ͔͙͍͙ͦͭ͊ͣ͟͟͡Σ 

͔͔ͨͪͣͦ͗ͼΎ͙ͣ ˤ͔ͫͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͦͤͯͪͫͯ͟͟ ͙͍ͪͯͦͨͫ͟͜ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͒͡Ύ ͯ;͍ͤ͜ м-
4 ͟ ͍͊ͫ͜͡ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͔ͨͦͭ͊ͨͤͦ ͍ͫͭͦͪΌΌͭΈͫΎ 
͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;ͤ͜ ͔͙ͦͣͨͭ͟͟͡ όͨ͒ͪͯ͜;͙͙ͤ͟Σ ͪͦ͋ͦ;͜ ͦ͘΄͙͙ͭύ ͍͍͒ͨͦ͒ͤͦ͜͜ 
͒͡Ύ ͎ͦ͗ͤͦͦ͟ ͊ͫͯ͟͡ ͚ ͘͜ ͎ͦ͗ͤͦͦ͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔ͨͪ͒ͣͭͯΥ 

¶ ζ˸͙ ͔ͫͭͼ͍ͭͦη ς ͍͊ͭΦ ˶Φ ˸Φ ˸͊ͫͦ͡Σ ˻Φ ˤΦ ˥͚͊͒͊ͣ͊͊͟Σ ˹Φ ˤΦ ˻;͔͔ͪͭΎͤ͊ 
ό͍͙͒-͍ͦ ζ˥͔͔ͤ͊͘ηύΤ 

¶ ζ˸͙ͯ͘;͔ͤ ͙͔ͣͫͭͼ͍ͭͦη ς ͍͊ͭΦ ˶Φ ˿Φ ˢ͙͍ͪͫͭͦ͊Σ ˤΦ ˤΦ ˿͔͎ͪ͜Ίͤͦ͟ ό͍͙͒-͍ͦ 
ˤ˨ ζ˻͍ͫͭ͊͜ηύΤ 

¶ ζ˸͙ͯ͘;͔ͤ ͙͔ͣͫͭͼ͍ͭͦη ς ͊ ͍ͭΦ ό˻Φ ˤΦ ˶͍ͦ͋ͦ͊Σ ͍͙͒-͍ͦ ζ̊ͦ͟͡ΎͪηύΤ 

¶ ζ˻͍͋ͪ͊ͦͭͦͪ͘;͔ ͙͔ͣͫͭͼ͍ͭͦη ς ͍͊ͭΦ ˻Φ ˤΦ ˴͊ͤ͜͜͡;͔ͤͦ͟Σ ˤΦ ˤΦ ˿͔͎ͪ͜Ίͤͦ͟ 
ό͍͙͒-͍ͦ ˤ˨ ζ˻͍ͫͭ͊͜ηύΤ 

¶ ζ˻͍͋ͪ͊ͦͭͦͪ͘;͔ ͙͔ͣͫͭͼ͍ͭͦη ς ͍͊ͭΦ ˿Φ ˴Φ ́ͪ͊;Σ ˸Φ ˱Φ ˾͔ͤ͘͜;͔ͤͦ͟ ό͍͙͒-
͍ͦ ζ˹͍͊;͊͡Έͤ͊ ͙͎ͤ͊͟ ς x ͎ͦ͒͊ͤηύΦ 

˹͍͔ͦ ͨͦͦͤͤ͟͜͡Ύ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͎͙͋͊͊ͭͣ ͜͡Ό͙͍͙ͫͭͪ͊ͭͤͣ 
͔ͣ͊ͭͪ͊ͦͣ͜͡ ς ͔ͪͨͪͦ͒ͯ͟ͼ͜͝ ͍͍ͭͦͪ͜ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙͔ͣͫͭͼ͍ͭ͊Σ ͍͙͙ͫͭͤ͜͡Σ ͤ͊ͦ;ͤͫͭ͜Έ 
͍͙ͦͤ͊ͤͤ͟Ύ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͊͒͊ͤ͘Έ ͘ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊Σ ͍ͦ͊͟͡Έ͙ͤͻ ͍͍ͨͪ͊ 
͘ ͙ͣͯ͘;͎ͤͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͭͦ΅ͦΦ ̂ ͨ͒ͪͯ͜;͙ͤ͊͟ͻ ͍ͣ͜΅͔ͤͦ ͍͙͚ͦͫͤͦͤ ͍ͤ͊;͊͡Έ͙͚ͤ 
ό͔͍͙͚ͭͫͭͦ͟ ͭ͊ ͜͡Ό͙͍͙͚ͫͭͪ͊ͭͤύ ͔ͣ͊ͭͪ͊͜͡Σ Ύ͙͚͟ ͯ;ͤ͜ ͣ͊ΌͭΈ ͍͙ͦͨ͊ͤͯ͊ͭ ͤ͊ ͯͪͦ͊͟ͻΦ  

ˣ͜͡Έ΄ͦͫͭ͜ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͙͙͚ͨͪͭ͊ͣ͊ͤͤ ͎͒͊ͦ͜͜͡;͙͚ͤ ͍͙͊͒͟͡ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡Υ ͙͔ͫͫͭͣ͊ ͙͊ͨͭ͊ͤ͘Έ ͜ ͍͊͒͊ͤ͘Έ ͙͔ͫͨͦͤͯ͊ͭͣ͟ ͔͚͒ͭ͜ ͒ͦ ͍ͭͦͪ;ͦͫͭ͜Σ 
͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͍ͪͦ͒ͯͣ͘͜Σ ͊ͯ͘͡;͔ͤͤΎ ͒ͦ ͫͨ͜͡Έͤͦ͝ ͙͔ͣͫͭͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˴ͪͣ͜ 
͎ͭͦͦΣ ͯ ͔͒Ύ͙͟ͻ ͨ͒ͪͯ͜;͙ͤ͊͟ͻ ͍͍͔͔͒ͤ͜ ͍͊ͦ͘͟͟͜ ͔ͨͪͫͦͤ͊͗͜Σ Ύ͟͜ ͎͙͒ͦͨͦͣ͊͊ͭͣͯͭΈ 
ͯ;ͤΎͣ ͦͫΎ͎͙͊ͭ ͭ͊Ί͙ͣͤͼ͜ ͙͔ͣͫͭͼ͍ͭ͊ ς ˸ ͙ͯͯͫ͘͟ ͜ ́ͪͦ͜͡Έ;͙͟ όͯ ͨ͒ͪͯ͜;͙ͤͯ͟ ͍͍͊ͭͦͪ͜ 
˶Φ ˿Φ ˢ͙͍ͪͫͭͦͦ͝ ͭ͊ ˤΦ ˤΦ ˿͔͎ͪ͜Ίͤͦ͟ύΣ ;͍͙͊ͪͤ͜ͼΎ ˥͊ͪͣͦͤ͜ΎΣ ͔͍ͦͪͦ͊͟͡ ˴͙ͦͣͨͦ͘ͼ͜ΎΣ 
͙ͨͪͤͼ ˨͔ͦͪ͟ ͭ͊ ͨ͊ͤ ˴͙ͦͦͪͭ͡ ό͍͍͊ͭͦͪ͜ ˻Φ ˤΦ ˴ ͊ͤ͜͜͡;͔ͤͦ͟ ͭ͊ ˤΦ ˤΦ ˿ ͔͎ͪ͜Ίͤͦ͟), 
ˣ͍͙͊ͪ͟ ͜ ˶Ύͫͦ͡Έ͊͟ όͯ ͨ͒ͪͯ͜;͙ͤͯ͟ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͯͪͫͯ͟ ζ˸͙͔ͫͭͼ͍ͭͦηύΦ 

˹͔ͦ͋ͻ͒ͤͦ͜ ͔͙͙ͨ͒ͪͫͭ͜͟͡ ͍͙͍͔͊͗͡ ͔͎ͣͭͦ͒ͦͦ͜͡;͔ͤ ͔ͨͦͦ͗ͤͤ͡ΎΣ Ύ͔͟ 
͍͙͙ͤ͊͟Ί ͯ ͍͘ΩΎͯ͘͟ ͘ ͪͦ͘΄͙͔ͪͤͤΎͣ ͙͒ͫͼ͙͎ͨͤ͊ͪͤͦͦ͜͡ ͨͦ͡Ύ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ 
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ζ˸͙͔ͫͭͼ͍ͭͦ ς ˩͔͙ͫͭͭ;ͤ͊ ͯ͟͡Έͭͯͪ͊ηΥ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤͦ͝ ͍͙ͦͫͭ͜ 
ͭ͊ ͍͙ͻ͍ͦ͊ͤͤΎ ͔͙͔͊͗͊ͭͣ͘͡ ͔ͤ ͭ͜͡Έ͙͟ ͍͒͜ Ύͦͫͭ͟͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͎ͦ͗ͤͦͦ͟ ͔͎ͦͪͣͦͦ͟ 
͔͔ͨͪ͒ͣͭ͊ ͼ͙ͯ͟͡Σ ͊Σ ͔͔ͤ͊ͫ͊ͣͨͪ͒Σ ͍͒͜ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͭ͊ ͍͊͘Ί͎͔ͣͦͯͦ͒͗ͤͦͫͭ͘͜ ͣ͗͜ 
ͯͫͣ͊͜ ͔͔͙ͨͪ͒ͣͭ͊ͣ ͚ ͙ͯͪͫ͊ͣ͟Σ Ύ͟͜ ͍ͻͦ͒ΎͭΈ ͒ͦ ͍ͤ͊ͪ͊ͤͭͤͦ͜͜͝ ͭ͊ ͍͙͍͊ͪ͊ͭͤͦ͜͝ 
;͙͊ͫͭͤΦ ˻͍͋͐ͪͯͤͭͯ͊ͤͤΎ ͔͔ͨͪ͒ͣͭͤͦ-͔͎͙͍ͤͭͪ͊ͭͤͦ͜͝ ͔ͣͦ͒͜͡ ΄͟͜͡Έͤͦ͝ ͙͔ͣͫͭͼΈͦ͟͝ 
͍͙ͦͫͭ͜Σ Ύ͊͟ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ;͔͔ͪ͘ ͔͍͒ͪ͗͊ͤ͜ ͍ͦͫͭͤ͜͜ ͙ͫͭ͊ͤ͒͊ͪͭ ͜ ͔ͦͣͨͫ͟͟͡ 
͔͔͙ͨͪ͒ͣͭͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣΣ ͔͔ͨͪ͒͋͊;͊Ί ͚͔͒ͫͤͤͤ͘͜Ύ ͎ͤͯ;͙͟ͻ ͍͘ΩΎ͍͘͟͜ ͔ͤ 
ͭ͜͡Έ͙͟ ͣ͗͜ ͔͔͙ͨͪ͒ͣͭ͊ͣ ͭ͊ ͙ͯͪͫ͊ͣ͟ ͍ ͔ͣ͗͊ͻ ͎͊ͯ͘͜͡Σ ͊ ͚ ΄͙͙ͪͦ͟ͻ ͎͔͍͙ͣ͗͊ͯ͘͜͡ͻ 
͍͘ΩΎ͍͘͟͜Σ ΅ͦ ͒͊Ί ͎ͣͦͯ͘ ͙͙͙ͤ͊͋ͭ͘͡ ͣͫͭ͘͜ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͒ͦ 
͔ͪ͊͡Έ͎ͤͦͦ ͫͭ͊ͭͯͫͯ ͯ͟͡Έ͙ͭͯͪ ͍ ͫͯ;͊ͫͤͦͣͯ ͤ͜ͺ͙͍ͦͪͣ͊ͭͤͦͣͯ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͔ͨͦͻ͙ 
͎ͦ͋͊͊͘͜͡͡ͼ͜͝Φ ˽ͪͦͼ͔ͫ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͔ͤ ͔ͣͦ͗ 
͔͍͙ͦ͋ͣ͗ͯ͊ͭͫΎ ͙͡΄͔ ͍͙͍;͔ͤͤΎͣ ͙͒ͫͼ͙ͨͤ͜͡ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ ζ˸͙͔ͫͭͼ͍ͭͦ ς 
˩͔͙ͫͭͭ;ͤ͊ ͯ͟͡Έͭͯͪ͊ηΣ ͍ͤ͜ ͨͦ΄͙ͪΌΊͭΈͫΎ ͜ ͤ͊ ͤ͜΄͜ ͍͙͙͒ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
΄ͦ͟͡Ύ͍ͪ͜Φ ˸͙͔ͫͭͼ͍ͭͦ ͣ͊Ί ͙͍ͣͦ͗ͦͫͭ͜͡ ͔͔͙ͨͪͭͤͯ ͘ ͯͫͣ͊͜ ͍͙ͦͫͭͤͣ͜͜ ͎͊ͯ͘͡Ύ͙ͣΥ 
ζ˸͍ͦ͊ ͜ ͔ͭͪ͊ͭͯͪ͊͜͡ηΣ ζ˿ͯͫͨ͜͡Έ͍͍͍ͫͭͦͤ͊ͫͭͦ͘ηΣ ζ˸͔͙͊ͭͣ͊ͭ͊͟ηΣ 
ζ˽͙͍͍ͪͪͦ͒ͦͤ͊ͫͭͦ͘ηΣ ζ͔́ͻ͎ͤͦͦ͜͡͝ηΣ ζ˭͍͒ͦͪͦΩΎ ͜ ͺ͙͘͜;ͤ͊ ͯ͟͡Έͭͯͪ͊ηΦ 

̂ͫ͜ ͍͙͙͒ ͙͔ͣͫͭͼ͍ͭ͊ ͭͫͤͦ͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͔ͭͪ͊ͭͯͪͦ͜͡Ό ό͔ͭ͊ͭͪ͊͡Έͤ͜ 
͍͙ͨͦͫͭ͊ͤͦ͟ ͭ͊ ͔ͪ͊ͤ͊͘͟͜ͼ͜͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͭ͊ ͊ͪͯ͋͗ͤͦ͘͜͝ ͔ͭͪ͊ͭͯͪͤͦ͜͡͝ ͙͙͊ͫ͟͟͡ύΣ 
ͫͭͦͪ͜͜ΊΌ ό͔ͨ͜;ͤ͜ ͙ͣͯ͘;ͤͦ-͍͔ͫͦͫͤ͜͡ ͙͗͊ͤͪΣ ͙͍͙͗ͦͨͫͤ͜ ͭ͊ ͫͯ͟͡Έͨͭͯͪͤ͜ ͔͙ͨͦͪͭͪͭ 
͍͙͙͒͊ͭͤͻ ͡Ό͔͚͒ ͙͎ͣͤͯͦͦ͡ ͭ͊ ͫͯ;͊ͫͤͦͫͭ͜Τ ͨ͊ͣΩΎ͙͙ͭͤ͟ ͚ ͊ͪͻ͔ͭͭͯͪͤ͜͟͜ ͙ͫͨͦͪͯ͒ 
͙͙ͣͤͯ͡ͻ ͔ͨͦͻύΣ ͍͍ͤ͊ͪͦ͒ͦͤ͊ͫͭͦͣ͘ όͺͦ͡Έͦͪ͟͡Σ ͔͙͍͒ͦͪ͊ͭͤͦ͟-͙͍͔ͯ͗ͭͦ͟ 
͙͔ͣͫͭͼ͍ͭͦύΦ ˨ͦͼ͜͡Έͤͦ ͪͦ͘΄͙ͪΌ͍͙͊ͭ ͫͺ͔ͪͯ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ 
ͤ͊ ͯͪͦ͊͟ͻ ͙͍͍ͨͪͪͦ͒ͦͤ͊ͫͭ͊͘ ό͙͊ͤͣ͊ͫͭ͜͜͡;͙͚ͤ ͭ͊ ͔͚͙͚ͨ͊͗ͤ͘ ͙͗͊ͤͪ ͙͍͙͗ͦͨͫͯΣ 
ͨ͊ͫͭͦͪ͊͡Έͤ͊ ͙ͣͯ͊͘͟ύΣ ͔͙͙ͣ͊ͭͣ͊ͭ͟ όͪ͊ͫ͊͟ ͜ ͎͊ͪͣͦͤ͜Ύ ͎͔͔͙ͦͣͭͪ;͙ͤͻ ͺͦͪͣύΣ 
ͺ͙͙͘͜͟ ό͙͊ͯͫͭ͟;ͤ͜ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜͜ ͍͍ͯ͘͟͜ ͯ ͙ͣͯ͘;ͤͦͣͯ ͙͔ͣͫͭͼ͍ͭ͜Σ ͙ͨͪͪͦ͒͊ 
ͦ͟͡Έͦͪͯ ͜ ͍ͫͭ͊͜͡ ͍ ͍ͦ͋ͪ͊ͦͭͦͪ͘;ͦͣͯ ͙͔ͣͫͭͼ͍ͭ͜ύ ͭͦ΅ͦΦ 

˱͔͎͙͍ͤͭͪ͊ͭͤ͊ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͎͙ͨͪͦͪ͊ͣ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ 
͍͙ͻ͍ͦ͊ͤͤΎ ͯ;͍ͤ͜ ͯ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͣ͊Ί ͤ͊ ͔ͣͭ͜ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͼ͎ͫͤͦͦ͜͜͡ ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͦ͋ͪ͊ͯ͘ ͍ͫͭͯ͜ Ύ͟ ͔͍ͤ͒͜ΩΊͣͤͦ͝ ;͙͙͊ͫͭͤ 
͎͊͊͘͡Έͤͦ͝ ͙͙͊ͪͭͤ͟ ͍ͫͭͯ͜Φ ˤͦ͒ͤͦ;͊ͫ ͔ͤ ͣͦ͗ͤ͊ ͊͋ͫͦ͡Ό͙͍͙ͭͯ͊ͭ͘ ͋ͯ͒Έ-Ύͯ͟ 
͔ͣͦ͒͡Έ ͔͎ͤͭͪ͊͜ͼ͜͝ ͤ͊ͤ͘Έ ͜ ͍͎͊͊͘͜͡ ͔͔ͨͪ͋͜͡Έ΄͍͙ͯ͊ͭ ͝͝ ͤ͊͘;ͯ΅ͫͭ͜ΈΣ ͔͊͒͗ 
͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͤ͊ͤ͘Έ ς ͍ͫͨͪ͊͊ ͔ͤ ͭ͜͡Έ͙͟ ͙͔͙͍͙ͫͫͭͣ͊ͭͦ͊ͤ͘ͻ ͍ͯͪͫ͟͜ ͜ 
ͼ͔ͫͨͪ͜͡Ύ͍͙ͣͦ͊ͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͙ͯͫ͘͡Έ ͎͊͊ͦͣ͘͡Σ ͊ ͚ ͍ͫͨͪ͊͊ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͯ;ͤΎΣ 
Ύͦͣͯ͟ ͍;͙͔ͭ͡Έ ͎͒ͦͨͦͣ͊͊Ί ζ͙ͨͦ͒ͦ͊ͭ͡ ͻ͊ͦͫ ͯ ͫͦ͋͜ηΦ ˤ͙ͻ͍ͦͤ͊ ͙ͫ͊͡ ͙͔ͣͫͭͼ͍ͭ͊ 
ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͍ͦͤͦ ͔ͤ ͭ͜͡Έ͙͟ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͊ͫͦ͘ΊͤͤΎ ͯͤ͊͜͟͡Έ͙ͤͻ 
ͤ͊͒͋͊ͤΈ ͡Ό͍͒ͫͭ͊Σ ͼ͔͚ͤͤͦͫͭ͜ ͎͋͊͊ͭΈͦͻΣ ͊Σ ΅͚͔ͦͤ͊ͨͪ΄͔Σ ͙ͫͨͪΎΊ ͍͔ͫͭͦͪͤͤΌ 
͍͎͊ͫͤͦͦ͡ ͒ͯͻ͍͎ͦͤͦͦ ͍ͫͭͯ͜Φ 

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍ͪͦ͒ͦ͘͜͟ ͯ ͒͊ͤͦͣͯ ͤ͊ͨͪΎͣ͜Φ 
˻͔ͭ͗Σ ͫΈ͎ͦͦ͒ͤ͜Σ ͍ ͔ͨͦͻͯ ͙͙ͪ͘͟ ͒ͯͻ͍ͦͤͦ͝ ͭ͊ ͔͔͙ͫͭͭ;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪΣ ͍ ;͙͊ͫ 
ͨ͊͒ͤͤ͜Ύ ͎͙ͯͣ͊ͤͫͭ͜;͙ͤͻ ͔͍͒͊͜͜͡ ͜ ͔ͫͯ͒͗ͤΈΣ ΅ͦ ͍͔ͯͣͦͤͦ͘͡ ͎͋͊͊ͭΈͣ͊ 
͔͎͙͍͙͙ͤ͊ͭͤͣ ͺ͙͊ͭͦͪ͊ͣ͟Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͚ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙͙ͤͣΣ ͍͙͍͊͗ͦ͡ 
͍͙͙ͫͭͦͪͭ ͍͙ͯͣͦ ͒͡Ύ ͎͚͎͊ͪͣͦͤͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 
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˽ͦͭͪ͋ͤͦ͜ ͙͙ͪͦͪͦ͋ͭ͘ ͼͫͤͯ͜͜͡ ͙͔ͫͫͭͣͯ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔͙ͫͭͭ;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ 
ͨ͒ͪͦͫͭ͊͜Ό;͎ͦͦ ͨͦͦͤͤ͟͜͡ΎΣ ͍ͦͫͤͦͦΌ Ύͦ͟͝ ͣ͊Ί ͙ͫͭ͊ͭ ΄ͦ͊͟͡Σ ͔͒ ͊ͯ͘͡;͔ͤͤΎ 
͔͚͒ͭ͜ ͒ͦ ͙͔ͣͫͭͼ͍ͭ͊ ͜ ͍ͫ͊ͪ͋͟͜ ͎͊͊͘͡Έͤͦ͡Ό͒ͫΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ Ί ͔ͨͪ΄ͦ;͔͎͍͙ͪͦͣΦ 
;͙͔̂ͭ͡Ύͣ ͫ͒͜͡ ͍͔͙ͪͭ͊ͭ͘ ͔ͤ͊͗ͤͯ͡ ͍͎ͯ͊ͯ ͤ͊ ͔ͪ͊͊͘͜͡ͼ͜Ό ͼΈ͎ͦͦ ͍͊͒͊ͤͤ͘ΎΦ 
˱ͤ͊͟΄͔Σ ͙͍ͨͪͦͨͯͫͭ΄͙ ͼ͔ ͍ ͣͦͦ͒͡΄ͦͣͯ ΄͟͜͡Έͤͦͣͯ ͍͜ͼ͜Σ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ 
ͨͤ͊ͤͤ͘͜Ύ ͔͔͙ͫͭͭ;͎ͤͦͦ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͔ͣͦ͗ ͚͍͙ͪͯͤͯ͊ͭͫ͘ΎΦ 
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1. ˥ͦͤͫ͜͡Έ͊͟ ́Φ ˸Φ ˻͍ͫͤͦͤ͜ ͔ͨͦͦ͗ͤͤ͡Ύ ͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ 

͙͊ͫͦ͋͊ͣ͘ ͨͦΊ͒ͤ͊ͤͤΎ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͙͔ͣͫͭͼ͍ͭ͊ κ ́Φ ˸Φ ˥ͦͤͫ͜͡Έ͊͟ κκ ˽͔͎͎͙͒͊ͦ͊͟Φ ς 2009. ς  
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3. ˴͔ͦͣͨͫͤ͊͟͡ ͎ͨͪͦͪ͊ͣ͊ ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͯ;͍ͤ͜ ͫͻ͍͔͊ͤ͊͡ ͍;͔ͤͦΌ 
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SUMMARY 
Sokolyk Z. Development of artistic-and-aesthetic education of pupils in contemporary 

elementary school. 
The suggested article reviews present state of development of artistic-and-aesthetic 

education in elementary school pupils within education and bringing-up process in 
comprehensive school. It comprises the analysis of the aim and main tasks of artistic-and-
aesthetic education. The article contains a list of educational programs developed in 
accordance with the latest State standard of elementary general education and respective 
textbooks of various text-writers. Artistic-and-aesthetic education of students of elementary 
school is viewed within the framework of acquiring of the educational subjects like ζFine 
Artη, ζMusicη, and ζArtη.  

Art within the system of modern education is viewed as significant component of 
general school education. Its powerful cognitive and educational resource is related to 
ŀŜǎǘƘŜǘƛŎ ƴŀǘǳǊŜ ŘǳŜ ǘƻ ǿƘƛŎƘ ǘƘŜ Ƴƻǎǘ ŎƻƳǇƭŜȄ ŀƴŘ ƳȅǎǘŜǊƛƻǳǎ ǇǊƻŎŜǎǎŜǎ ƻŦ ƳŀƴΩǎ ǎǇƛǊƛǘǳŀƭ 
life and inner world become comprehensible. Integrative orientation of the program of 
artistic-and-aesthetic education of students in secondary schools is aimed at developing a 
holistic artistic image of the world as an integral part of the total picture of the world. At the 
ǎŀƳŜ ǘƛƳŜ ǿŜ ǎƘƻǳƭŘƴΩǘ ŀōǎƻƭǳǘƛȊŜ ŀƴȅ ƳƻŘŜƭ ƻŦ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ƪƴƻǿƭŜŘƎŜΣ ōŜŎŀǳǎŜ 
organization of knowledge is not only systematic courses and purposeful pedagogical efforts 
in general, but the identity of the pupils. 

LǘΩǎ ǘƘŜ ƭŜǎǎƻƴǎ ƻŦ ǘƘŜ ŀǊǘƛǎǘƛŎ-and-aesthetic course at school ς music and visual art, 
literature, artistic culture, choreography, aesthetics ς that breed the sense of harmony and 
value, rhythm and sound, color, plastic forms and imagination. All those are of primary 
importance for upbringing of highly dignified person. 

The article brings forward prospects for the development in this direction. Principle 
concepts and their influence on artistic-and-aesthetic upbringing of young pupils are 
highlighted. The author concludes that implementation of effective artistic-and-aesthetic 
activity of pedagogical process encourages comprehensive children development. The need 
of developing a holistic system of formation of aesthetic culture of the younger generation is 
emphasized, basis of which should become school, where involving children to art and 
treasures of human culture is a priority. Teachers should pay due attention to the 
implementation of this task. Otherwise, without paying attention to it in elementary school 
age, the desire for learning and understanding aesthetic in future can be destroyed. 

Key words: artistic-and-aesthetic education, elementary school pupil, Fine Art, Music, Art. 
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˛˞ˏ˴˟ˍ ˙˛˘˛ˑ˥˕ˢ ˥˗˛˘ˬ˝˴ˏ 
 

̂˨˴ отмΦтмΥотоΦнм 
ˤΦ ˥ Φ x ͔ͯͭͤͦ͟ 

˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ  
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ ˿ Φ ˸ ͔͊͊ͪͤ͊͟͟ 

 

́˩˻˾˩́ˮ̉˹˱ ˢ˿˽˩˴́ˮ ˽ ˾˻ˣ˶˩˸ˮ ˭˨˻˾˻ˤΩ̒˭ˣ˩˾˩ˬ˩˹˹̒ ˨˱́˩˯ 
̂ ˿ˮ˿́˩˸˱ ˨˻̊˴˱˶̎˹˻˲ ˻ ˿ˤ˱́ˮ 

 

̂ ͫͭ͊ͭͭ͜ ͙ͪͦͪͭͦ͘͟ ͊ͭͯ͊͟͡Έͤͫͭ͜Έ ͔͙ͨͪͦ͋ͣ͡ ͫͭ͊ͤͯ ͍͒ͦͪͦ͘ΩΎ ͔͚͒ͭ͜ 
͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Τ ͫͻ͔͙͍͊ͪ͊ͭͪͦ͊ͤͦ͘͟ ͫͯͭͤͫͭ͜Έ ͺ͔͔ͤͦͣͤͯ ζ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύη ͭ͊ 
͍ͦ͋͐ͪͯͤͭͦ͊ͤͦ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͙ͻ͍ͦ͊ͤͤΎ ͔͙ͨͦͭͪ͋ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ ͍ ͒ͦ΄͟͜͡Έ͙͍ͤ͟͜Τ 
͍͙ͤ͊͘;͔ͤͦ ͙ͨͪͤͼ͙͙ͨ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘ΎΦ ˭͍͊ͫ͒͜;͔ͤͦΣ ΅ͦ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͔͚͒ͭ͜ ͯ 
͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͔͊ͫͨͭ͟͜ ͍͊ͪͭͦ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͼͤͤͫͭ͜͜ΈΣ ͙͔ͫͫͭͣͯΣ ͨͪͦͼ͔ͫ ͜ ͔ͪͯ͘͡Έͭ͊ͭΦ 
˨͍͔͔ͦ͒ͤͦΣ ΅ͦ ͦ;͔͍͙͒ͤͦΌ Ί ͔ͨͦͭͪ͋͊ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͍ͤͦͦ͝Σ ͍ͦͫͤͦ͊ͤͦ͝ ͤ͊ ͔͒͜͝ ͔͔͔͋ͪ͗ͤͤ͘Ύ 
͍͒ͦͪͦ͘ΩΎΣ ͍ͫ͒ͦͣͦͫͭ͜͜ ͙͙͙͒ͭͤΣ ΅ͦ ͍͙͎ͣ͊͊Ί ͍͒͜ ͔͎͎͍ͨ͒͊ͦ͜ ͒ͦ΄͟͜͡Έͤͦ͝ ͙͊ͤ͟͡ ͍͙ͦͫͭ͜ 
͔͔ͪͭ͡Έ͎ͤͦͦ ͨ͒͋ͦͪͯ͜ ͣͫͭͯ͘͜Σ ͔͍ͣͭͦ͒͜Σ ͍͊ͫͦ͋͘͜Σ ͙ͨͪͤͼ͙͍ͨ͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͺͦͪͣΣ Ύ͟͜ 
͔͔͊͋ͨ͘͘;͊ͭΈ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͒ͦ΄͟͜͡Έ͙͍ͤ͟͜ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜Σ 
ͯ͟͡Έ͙ͭͯͪ ͭ͊ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͍͒ͦͪͦ͘ΩΎΣ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘ΎΣ ͙͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Σ 
͒ͦ΄͟͜͡Έͤ͊ ͍ͦͫͭ͊͜Σ ͙ͨͪͤͼ͙͙ͨ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͍͙ͦͫͭ͜Φ 

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽ͪͦͭΎ͎ͦͣ ͦͫͭ͊ͤͤ͜ͻ ͔͒ͫΎ͙ͭͭ͜͡Έ ͔ͨͪͦ͋ͣ͊͡ 
͎ͨͦͪ͜΄͔ͤͤΎ ͫͭ͊ͤͯ ͍͒ͦͪͦ͘ΩΎ ͎ͪͦͣ͊͒Ύͤ ͤ͊΄ͦ͝ ͙ͪ͊ͤ͟͝ ͨͦͫͭ͊͊͡ ͍͙ͤ͊͒͘;͚͊ͤͦ 
͎ͦͫͭͪͦΦ ˭ͪͦͫͭ͊Ί ͟͜͡Έͫͭ͟͜Έ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͊͘ͻ͍ͦͪΌ͍͊ͤΈΣ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ 
ζ͔ͦͣͦͦ͒͗ͤͤ͡Ύη ͻ͍ͦͪͦ͋Σ ͊ ͙͍ͭͪ͊ͫͭ͜͡Έ ͙͗ͭͭΎΣ ΅ͦ Ί ͙ͦ͒ͤͣ ͘͜ ͙͍ͨͦ͊ͤ͘͟͟͜ 
͍͒ͦͪͦ͘ΩΎ ͔͔ͤ͊ͫͤͤ͡ΎΣ ͫͭͪͣͦ͜͟ ͙ͤ͗ͯ͘ΊͭΈͫΎΦ ̅͊ͻ͍͜ͼ͜ ͪͦ͘ͼͤ͜ΌΌͭΈ ͼΌ ͔ͨͪͦ͋ͣͯ͡ Ύ͟ 
ͭ͊ͯ͟Σ ΅ͦ ͎͊ͪͦ͗ͯ͘Ί ͤ͊ͼͦͤ͊͜͡Έ͚ͤ͜ ͔͔͋ͨ͘ͼ͜ ͙ͪ͊ͤ͟͝Σ ͔ͣͤ͘΄ͯΊ ͔ͪͫͯͪͫ ͍͙ͪͦͭͯ͘͟ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ́ͦͣͯ ͍ ͫͯ;͊ͫͤͦͣͯ ͯͪ͊ͤͫ͟͝Έͦͣͯ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͍͙͙ͤ͊͟͡ ͎ͤ͊͊͡Έͤ͊ 
͔ͨͦͭͪ͋͊ ͍ ͣͤ͘͜͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͔͔ͤ͊ͫͤͤ͡Ύ ͒ͦ ͍͎͊ͫͤͦͦ͡ ͍͒ͦͪͦ͘ΩΎ ͭ͊ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ 
͙͗ͭͭΎ ͍ͦ͒ͦͪͦ͘;ͦ͝ ͔͎͒ͦͦ͜͜͡͝Φ ˹͊ ͙͍ͦͫͦ͋ͯ͡ ͍͎ͯ͊ͯ ͎͍͊ͫͯͦͯ͘͡Ί ͒ͦ΄͟͜͡Έ͙͚ͤ ͍͜͟ ς 
͔ͨͪͦ͒͜ ͙͗ͭͭΎ ͡Ό͙͙͒ͤΣ ͙ͦ͟͡ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͔͙͍͙͚ͤͭͤͫͤ͜ ͪͫͭ͜Σ ͍͙ͪͦͭͦ͘͟Σ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͺ͙͘͜;͙ͤͻ ͜ ͙ͨͫͻ͜;͙ͤͻ Ύ͔͚ͦͫͭ͟Φ ˹͔ͦ͋ͻ͒ͤͫͭ͜͜Έ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͨͪͦͼ͔ͫͯ 
͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͍͔ͦ͋ͯͣͦͤ͊͡ ͪͦͯͣͤͤ͘͜Ύͣ ͎ͭͦͦΣ ΅ͦ 
͙͡΄͔ ͘ ͎ͫ͊ͣͦͦ ͪ͊ͤͤΈ͎ͦͦ ͙͙͍͒ͭͤͫͭ͊ ͣͦ͗ͤ͊ ͙ͨͪ΅͔͙͙ͨͭ ͒ͭ͜Ύͣ ͍ͦͫͤͦͤ͜ ͤ͊ͤͤ͘ΎΣ 
͍͙ͤ͊;͙͟Σ ͍͙͘;͙͟ ΅ͦ͒ͦ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎΣ Ύ͟͜ ͎ͦ͒ͦͣ͘ ͔͔͍ͨͪͭͦͪΎͭΈͫΎ ͯ 
͍͙͍͙͚͊͗͡ ͔ͦͣͨͦͤͤͭ͟ ͎͊͊͘͡Έͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͡Ό͙͙͒ͤ ͜ ͙͙͍ͨͦͭͤͦ͘ ͍͙͍͙ͨ͊ͭͣͯͭ͡Έ 
ͤ͊ ͫͨͦͫ͋͜ ͙͗ͭͭΎ ͍ͫΈ͎ͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽ͪͦ ͍͙ͤ͊͘;͊͡Έ͔ͤ ͤ͊͘;͔ͤͤΎ ͨͪͦͼ͔ͫͯ 
ͺ͍ͦͪͣͯ͊ͤͤΎΣ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͜ ͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎ ͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ 
͔͍ͤͦ͒ͤͦͪ͊ͦͦ͘ ͎ͤ͊ͦͦ͡΄͔ͤͦ ͍ ͨͪ͊ͼΎͻ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͯ;͔͙ͤͻΦ ˭͔ͦͪͣ͊͟Σ 
́Φ s ͤ͒ͪΌ΅͔ͤͦ͟Σ ˶Φ ˶ ͦͻ͍͙ͼΈ͊͟ ͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ͔͊ͫͨͭ͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͔͚͒ͭ͜ ͼͤ͜-
͎ͤͫͤͦͦ͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͍͎͊ͫͤͦͦ͡ ͍͒ͦͪͦ͘ΩΎ ͭ͊ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͤ͊͒͊ͤͤΎ ͤ͊ͤ͘Έ ͨͪͦ 
͍͙ͦͫͤͦ ͍͒ͦͪͦ͘ΩΎΣ ͨͦ;͙ͤ͊Ό;͙ ͘ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Φ ˽͔ͪͦ͋ͣ͜͡ ͔͔͔͋ͪ͗ͤͤ͘Ύ 
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͍͒ͦͪͦ͘ΩΎΣ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍ͦͫͤͦ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΣ ͯ͟͡Έ͙ͭͯͪ ͍͒ͦͪͦ͘ΩΎ 
͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͙ͨͪ͒͜͡ΎΌͭΈ ͍͎ͯ͊ͯ ̐Φ ʕ ͜͡Έ;͍ͦͫ͟Έ͙͚͟Σ ˻Φ ˨ ͎͚ͯ͋ͦ͊ ͭ͊ ͤ͜Φ 
˻͎ͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͙ͨͭ͊ͤͤΎ ͍͔͎͊ͦͦ͜͡͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͒ͦ΄͟͜͡Έ͙͍ͤ͟͜ ͍͙͍͔ͫͭͤͦ͜͡ ͍ ͪͦ͋ͦ-
ͭ͊ͻ ˥Φ x Ί͡ΊͤΈͦ͟͝Σ ˻Φ x ͎ͦͤ͜͜;Σ ˸Φ ˥ ͦͤ;͔͊ͪͤͦ͟Σ ˶Φ ˶ ͦͻ͍͙ͼΈͦ͟͝Σ ˶Φ ̊ ͍͚͙͊͟ ͭ͊ ͤ͜Φ 

˽͔ͪͦ͋ͣͯ͡ ͍͙ͻ͍ͦ͊ͤͤΎ ͍ ͔͚͒ͭ͜ ͍͙ͤ͊;ͦ͟ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ 
͙͊ͫͦ͋͊ͣ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎͎͋͊͊ͭͦͦ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͚ ͙ͭͪ͊͒ͼ͚͜ 
ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͤ͊ͪͦ͒ͯ ͔͒ͦͫ͒͗ͤͦ͜͡ ˥Φ x Ί͡ΊͤΈͦ͟ΌΣ ˸Φ ˸ ͊΄͍͔ͦͼΈ ͭ͊ ͤ͜Φ ˨ͦͫ͒͜͡-
͙ͤͼΎ ˹Φ ˨ ͔͙͔ͤͫͤͦ͟ ͨͪ͊ͼΌΊ ͤ͊͒ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡ΈͤͦΌ ͙͎ͨ͊ͪ͊͒ͣͦΌ 
͍͙ͻ͍ͦ͊ͤͤΎ ͒ͦ΄͟͜͡Έ͙͍ͤ͟͜Σ ͨͪͦͨͦͤͯΊ ͙ͨͪ͊ͭ͟;ͤ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ΅ͦ͒ͦ ͺͦͪͣͯ-
͍͊ͤͤΎ ͍ ͔͚͒ͭ͜ ͤ͊ͤ͘Έ ͨͪͦ ͍͔͊ͫͤ͡ ͍͒ͦͪͦ͘ΩΎΦ ˻Φ x ͎ͦͤ͜͜; ͍͙͍;͊Ί ͫͯͭͤͫͭ͜Έ ͍͒ͦͪͦ͘ΩΎ-
͔͔͍͋ͪ͗ͯ͊͘͡Έ͎ͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͍ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ ͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Φ 

ˢͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ ΅ͦ͒ͦ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͍͙ͫ͊͒ͦ͟͡ͻ 
͍͒ͦͪͦ͘ΩΎ ͔͚͒ͭ͜ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͦͤ͊͘;͔ͤ͊ ͔ͨͪͦ͋ͣ͊͡ Ί ͤ͊ ;͊ͫ͜ ͚ ;͍͊ͫͭͦͦ͟ 
ͤ͊͘ͻ͙ͦ͒ͭΈ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͍ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͯ;͔͙ͤͻΦ ˢ͔͡Σ ͣ͊Ίͣͦ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ 
ͦ͒ͤͦ;͊ͫͤͦ ͙͊͘͡΄͊ΊͭΈͫΎ ͨͦ͊͘ ͍͎ͯ͊ͦΌ ͔ͨͪͦ͋ͣ͊͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͨͪͦͼ͔ͫͯ 
͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͍ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͔͊ͫͨͭ͟͜Φ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͔͔͙ͭͦͪͭ;ͤͦ ͍͙ͦ͋͐ͪͯͤͭͯ͊ͭ ͔ͨͪͦ͋ͣͯ͡ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ 
͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Τ ͦͻ͔͙͍͙͊ͪ͊ͭͪͯ͊ͭ͘͟ ͫͯͭͤͫͭ͜Έ ͨͦͤΎͭͭΎ ζ͍͒ͦͪͦ͘ΩΎ-
͔͔͔͋ͪ͗ͤͤ͘ΎηΤ ͎ͪͦ͘͡Ύ͙ͤͯͭ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͔͚͒ͭ͜ ͯ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͔͊ͫͨͭ͟͜ 
͒ͦ΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜ Ύ͟ ͼͤͤͫͭ͜͜ΈΣ ͙͔ͫͫͭͣͯΣ ͨͪͦͼ͔ͫ ͜ ͔ͪͯ͘͡Έͭ͊ͭΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˩ͦͤͦͣ͟͜;ͤ͜ ͚ ͫͦͼ͊͜͡Έͤͦ-͙ͨͦͭ͜͡;ͤ͜ 
͙ͣͤ͘͜Σ ΅ͦ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͍ ̂ͪ͊ͤ͟͜͝Σ ͍͙͙ͨͦͫͭ͊͡ ͔͎͎͍ͨ͒͊ͦ͜ ͫͯ;͙͊ͫͤͻ ͒ͦ΄͟͜͡Έ͙ͤͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͔͔ͨͪ͒ ͎ͦͫͭͪͦΌ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό ͙͙ͪͭ͟;ͤͦ͝ ͔͔ͨͪͦͼ͙ͤ͜͟ 
͍ͤ͊ͯͦͦ͟-͔͔͙ͭͦͪͭ;͙ͤͻ ͍ͦͫͤͦ ͙͔͙ͫͫͭͣ ͍͙ͻ͍ͦ͊ͤͤΎΣ ͦͪ͜Ί͍ͤͭͦ͊ͤͦͫͭ͜ ͝ͻ ͤ͊ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͒ͯͻ͍͙ͦͤͻ ͔ͨͦͭͪ͋Σ ͍͙͒ͦͪͦ͘ͻ ͍͙͘;ͦ͟Σ ͺ͙͘͜;͎ͤͦͦ ͎͍͊͊ͪͭͯ͊ͤͤ͘Ύ ͭ͊ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ ͒ͦ΄͟͜͡Έ͙͍ͤ͟͜ [8, 5ς6]. 

̒ ͟ ͍ͫ͒͜;͊ͭΈ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ˻Φ x ͎ͦͤ͜͜;Σ ˿Φ ˶ ͙͍͊͒ͪ͜Σ ͔ͨͦͭͪ͋ͯ ͍ 
͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͺ͍͙ͦͪͣͯ͊ͭ ͘ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͙͙͍͒ͭͤͫͭ͊Σ ͙ͦ͟͡ 
͎ͦͪ͊ͤͣ͘͜ ͙ͨ͊ͫͭ͡;͙͚ͤ ͜ ͔͎ͦ͟͡ ͨ͒͒͊͜ΊͭΈͫΎ ͍͙ͻ͍͙ͦͤͣ ͔͎͎ͨ͒͊ͦ͜;͙ͤͣ ͍͙͍ͨ͊ͣ͡Φ  ̂
͔͚͒ͭ͜ ͣ͘͜ͼͤΌΊͭΈͫΎ ͋͊͗͊ͤͤΎ ͙͋ͯͭ ͍͙͙͒ͦͪͦͣ͘, ͍͙͙ͪͦͫͭ ͙ͫ͡Έ͙͙ͤͣ, 
͙͍͙͙͊ͭͤͣ͟, ͍͙ͣͭ͜ ͎͍͍͙ͦ͋ͫͯͦͯ͊ͭ͡ ͔͔ͫ͋ ͚ ͍͙͙ͨͦͦ͒ͭͫΎ ͭ͊͟Σ ΅ͦ ͋ͤ ͔͊͘΄͙͙ͦ͒ͭ͟ 
ͫͦ͋͜ ͭ ͊ ͤ͜΄͙ͣ. ˭͊ ͎͒ͦͨͦͣͦͦΌ ͙͒ͦͪͦͫ͡ͻ ͙͙͒ͭͤ͊ ͍ͯͫ͒ͦͣ͜͡ΌΊ ͔ͨͦͭͪ͋ͯ 
΅͔͎ͦ͒ͤͤͦͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͺ͙͘͜;͙ͤͻ ͍͍ͨͪ͊ ͭ͊ ͊ͪ͘Ύ͙͒͟Σ ͎͍͍͊͊ͪͭͦͯ͊ͤͤ͘ΎΣ 
͙͒ͦͭͪͣ͊ͤͤΎ ͔͙ͪ͗ͣͯ ͒ͤΎΣ ͍͙͍͗͊ͤͤΎ ͍͒ͦͪͦͦ͘͝ ͗͜͝Σ ͍ͫ͒ͯ͊ͤͤ͜͟͡Ύ ͊͘ ;͙ͫͭͦͭͦΌ 
͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͭ͊ ͙ͨͪͣ͜΅͔ͤͤΎΣ ͊ ͭ͊ͦ͗͟ ͙͒ͦͭͪͣ͊ͤͤΎ ͍͙ͨͪ͊͡ 
͙ͦͫͦ͋ͫͭͦ͝ ͎͎͜͜Ί͙ͤ ώмΣ оς7; 5, 3ς5]. 

˻͍ͫͤͦͤ͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎΣ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎ 
͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͍͙ͤ͊͘;͔ͤͦ ͍ ˨͔͍͚ͪ͗͊ͤ͜ ͤ͊ͼͦͤ͊͜͡Έ͚ͤ͜ ͎ͨͪͦͪ͊ͣ͜ 
ζ˻͍ͫͭ͊͜Φ ̂ͪ͊ͤ͊͟͝ ̆̆˱ ͫͭͦͭͭ͜͡Ύη όмффоύΣ ζ˭͎͊͊͡Έ͚ͤ͜ ͦͤ͟ͼ͔ͨͼ͜͝ ͔͔͔͍ͤͨͪͪͤͦ͝ 
͍͔͎͊ͦͦ͜͡͡;ͤͦ͝ ͍͙ͦͫͭ͜η όмффпύΣ ζ˴ͦͤͼ͔ͨͼ͜͝ ͔͎͙͍ͤͭͪ͊ͭͤͦ͜͝ ͍ͯͪ͊ͤͦͤ͊͘͟͝;ͦ͝ 
͍͔͎͊ͦͦ͜͡͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝η όмффсύΣ ζ˴ͦͤͼ͔ͨͼ͜͝ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͍ 
̂ͪ͊ͤ͟͜͝η όмффоύΣ ˭͊ͦͤ͊͟ͻ ͙̂ͪ͊ͤ͟͝ ζ˽ͪͦ ͍ͦͫͭͯ͜η όмффмύ ͭ͊ ζ˽ͪͦ ͒ͦ΄͟͜͡Έͤͯ 
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͍ͦͫͭͯ͜η όнллмύΣ ζ˹͊ͼͦͤ͊͜͡Έ͚ͤ͜ ͙͒ͦͭͪͤ͟͜ ͍͙ͪͦͭͯ͘͟ ͍͙ͦͫͭ͜η όнллнύΣ ζˣ͍͊ͦͦͣͯ͘ 
͔ͦͣͨͦͤͤͭ͟͜ ͒ͦ΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜η όнлмнύ ͭ͊ ͤ͜΄͙ͻ ͙͍͙ͤͦͪͣ͊ͭͤͻ ͜ ͍͊ͦͤͦ͒͊͘͟;͙ͻ 
͊ͭ͊͟ͻΦ ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͼ͙ͻ ͔͍͒ͦͯͣͤͭ͟͜Σ ͍ͦ͋ͦΩΎ͍͙ͦͣ͘͟ ͔ͦͣͨͦͤͤͭͦͣ͟ ͙͔͙ͫͫͭͣ 
ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͭ͊ ͙͔͙ͨͪͦͪͭͭͤͣ͜ ͤ͊ͨͪΎͣͦͣ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ͫΈ͎ͦͦ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͣ͊Ί ͙͋ͯͭ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ ͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Φ ˻ͫ͟͜͡Έ͙͟ 
͙͡΄͔ ͍͒ͦͪͦ͘͜ ͙͒ͭ͜ ͍ ͣͦ͘͘͜ ͔͙ͤ͊͗ͤͣ͡ ;͙ͤͦͣ ͍͊ͫͦ͘Ό͍͙͊ͭ ͙ͦͭͪͣ͊ͤ͜ ͤ͊ͤͤ͘Ύ ͚ 
ͯ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͒͊ͭͤ͘͜ ͚͙͊ͣ͊ͭͫ͘Ύ ͙͍ͨͪͦ͒ͯͭͤͦ͟-͙ͦͪͫͤͦ͟Ό ͨͪ͊ͼ͔ΌΦ 

˿͒͜͡ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ͔ͭͪͣͤ͜ ζ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘ΎηΣ ͊ ͭ͊ͦ͗͟ ͙ͫͤͦͤͣ͜͜;ͤ͜ 
͔͎͊ͭͦͪ͟͜͝ ζ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎηΣ ζͦͻͦͪͦͤ͊ ͍͒ͦͪͦ͘ΩΎηΣ ζͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎη 
͒ͦͫͭ͊ͭͤΈͦ ;͊ͫͭͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͍ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΎͻΦ ˾͊ͦͣ͘ ͘͜ ͙ͭͣ ͔ͭͪͣͤ͜ 
ζ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύη ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ͔ͤ ͣ͊Ί ͦ͒ͤͦͤ͊͘;͎ͤͦͦ ͍͙ͤ͊͘;͔ͤͤΎ ώнΣ тмς
73; 3, 5ς9; 9, 73ς76]. ̇  ͔͍͔ͯͣͦͤͦ͘͡ ͔͒͟͜͡Έͦͣ͊͟ ͙ͨͪ;͙͙ͤ͊ͣΣ ͍͒͜ ͘ Ύ͙͟ͻ 
͍͍͊͗͊Ίͣͦ ͋͜͡Έ΄ ͤ͊͘;ͯ΅͙͙ͣΦ ˽ -͔ͦͨͪ΄͔Σ ͔͍͒ͦͤ͒͊ͤ͊ ͨͦͤΎͭͭΎ 
ζ͘ ͍͒ͦͪͦΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύη ͋ͯͦ͡ ͔͍͙ͨͤͣ ;͙ͤͦͣ ͍ͣͦͤͦͨͦͦ͊ͤͦ͘͜͡ ͔͙ͣ͒;ͤͦΌ 
͎͊ͯ͘͘͡ΌΦ ˽ͦ-͎͔͒ͪͯΣ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜ Ύ͟ ͙͔͔ͨͪͦͪͭͭͤ͜ 
͔͎͎ͨ͒͊ͦ͜;͔ͤ ͍͊͒͊ͤͤ͘Ύ ͭ͊ ͔͋ ͔͔͚ͨͦͫͪ͒ͤ͘͜ ͔ͪͯ͘͡Έͭ͊ͭ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
͎͍ͦ͋ͦͦͪΌΌͭΈͫΎ ͍ ͔͎͎ͨ͒͊ͦ͜ͼ͜ ͒ ͙ͦͫͭΈ ͍͔ͨͦͪͻ͍ͦͦ. 

˨ͦͫ͒͗ͯ͜͡Ό;͙ ͊ͤ͊͘͘;͔ͤͯ ͔͒ͺͤ͜͜ͼ͜ΌΣ ͙ͣ ͍͙͙͙͒͜͡͡ ͚ͤ͊͋͜͡Έ΄ ͨͦ΄͙͔ͪͤ͜ 
͍͙ͤ͊͘;͔ͤͤΎ όͭ͊͋͡Φ мύΦ 

͙́͊͋͡ͼΎ м 
˿ͯͭͤͫͭ͜Έ ͨͦͤΎͭͭΎ ζ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύη 

˿ͯͭͤͫͭ͜Έ ͨͦͤΎͭͭΎ ζ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύη ˢ͍ͭͦͪ 

˾͔ͯ͘͡Έͭ͊ͭ ͍͙͍ͨͯ͡ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͺ͍͊ͭͦͪ͟͜ ͍ͦͫͭͤ͜Έ͎ͦͦ 
ͨͪͦͼ͔ͫͯ ͤ͊ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͘ ͍͒ͦͪͦΩΎ ͚ ͎ͦͦ ͫ ͯ͋ΩΊ͍ͭ͟͜ 

˸Φ ˤ͊ͪ͒͊ͤΎͤ 
 

˨͜Ύ͡Έͤͫͭ͜ΈΣ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎΣ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͜ ͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎ ͡Ό͙͙͒ͤΣ ΅ͦ Ί ͍ͯͣͦͦΌ 
͚ ͔ͨͪ ͔͍͒ͯͣͦͦΌ ͍͙ͪͦͭͯ͘͟ ͤ͜΄͙ͻ ͔͍͊ͫͨͭ͟͜ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ 

ˤΦ ˥ͦͪ͊΅ͯ͟  
 

˽ͪͦͼ͔ͫ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎΣ 
ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ͝ ͚ 
͔ͣͦͼ͚ͤͦ͜͝ ͫͺ͔ͪ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍͙ͨ͒͜΅͔ͤͤΎ ͼ͎ͤͤͫͤͦͦ͜͜ 
͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͍͎͊ͫͤͦͦ͡ ͍͒ͦͪͦ͘ΩΎ ͚ ͍͒ͦͪͦ͘ΩΎ ͦͭͦ;ͯΌ;͙ͻ 
ͤ͊ ͍ͦͫͤͦ͜ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͙ͦͫͦ͋ͫͭͦ͝ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜ 

˻Φ ˥͡Ί͍͋ͦ͊  
 

˾͍ͦ͘ΩΎ͊ͤͤ͘Ύ ͍ͦͫͭͤ͜͜ͻ ͍͊͒͊ͤ͘Έ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͫͭ͊ͤͯ 
͍͒ͦͪͦ͘ΩΎ ͯ;͙͍͊ͫͤ͟͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͭ͊ ͘ ͔ͣͭͦΌ ͚͎ͦͦ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͚Σ ͨͦ ͙͍ͣͦ͗ͦͫͭ͜͡Σ ͣ͘͜ͼ͔ͤͤͤΎ 

˥Φ ˿͔͍ͪͦ͜͟ 
 

̐͒ͤͫͭ͜Έ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͊͘ͻ͍ͦ͒͜Σ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ 
ͨͦͨ͜͡΄͔ͤͤΎ ό͔ͤ ͎ͨͦͪ͜΄͔ͤͤΎύ ͍͒ͦͪͦ͘ΩΎ ͔͚͒ͭ͜ ͜ ͪͦͫͭ͊ͤͤ͘Ύ 
Ύͦͫͭ͟͜ ͝ͻͤΈͦ͝ ͍ͦͫ͜;͔ͤͦͫͭ͜ 

̑Φ s ͍͍ͭͦͣͦͤͦ 
 

˽ͪͦͼ͔ͫ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͒ͦͪͦ͘ΩΎΣ 
Ύ͙͚͟ ͍͟͡Ό;͊Ί ͫͦͼ͊͜͡Έͤ͜Σ ͔͙ͣ͒;ͤ͜ ͭ͊ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͔͙͊ͫͨͭ͟ ͚ 
͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͼͤͤͫͭ͜͜ΈΣ ͙͔ͫͫͭͣ͊Σ ͨͪͦͼ͔ͫ ͜ ͔ͪͯ͘͡Έͭ͊ͭ 

˹Φ ́͊ͣ͊ͪͫΈ͊͟Σ ˿Φ ˾ ͯͫ͊-
͍ͦ͊͟Σ ˸Φ ˥ ͎͊ͤ͊͜ 
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˸͙ ͨͦ͒͜͡ΎΊͣͦ ͒ͯͣͯ͟ ͫͯ;͙͊ͫͤͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ˹Φ ́ ͊ͣ͊ͪͫΈͦ͟͝Σ 
˿Φ ˾ ͍ͯͫ͊ͦͦ͟͝Σ ˸Φ ˥ ͎͊ͤͦ͜͝Σ Ύ͟͜Σ ͤ͊ ͍ͦͫͤͦ͜ ͭͦ;ͦ͟ ͦͪͯ͘Σ ΅ͦ ͙ͫ͊ͫ͟͡͡Έ ͯ ͤ͊ͯͼ͜Σ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈ ͨͦͤΎͭͭΎ ζ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύη Ύ͟ ͼͤͤͫͭ͜͜ΈΣ ͙͔ͫͫͭͣͯΣ 
ͨͪͦͼ͔ͫΣ ͔ͪͯ͘͡Έͭ͊ͭ [10, 7]. 

˾͎ͦ͘͡Ύ͙͒͊ͭ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍ ͒ͦ΄͟͜͡Έ͚ͤ͜ ͍ͦͫͭ͜͜ Ύ͟ ͼͤͤͫͭ͜͜ΈΣ ͤ͊ 
ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͔ͤͦ͋ͻ͒ͤͦ͜ ͤ͊ ͔͍͒ͪ͗͊ͤͦͣͯΣ ͫͯͫͨ͜͡Έͤͦͣͯ ͭ͊ ͙ͦͫͦ͋ͫͭͫͤͦͣͯ͜ 
͍ͪͤ͜ΎͻΦ ˭͍͒ͦͪͦΩΎ ͙͙͙͒ͭͤ Ύ͟ ͙͔ͦͫͦ͋ͫͭ ͤ͊͒͋͊ͤͤΎ ς ͼ͔ ͊ͨͦͪͯ͊͘͟ ͝͝ 
͍ͨͦͤͦͼ͎ͤͤͦͦ͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͙͗ͭͭΎΦ ˭͍͒ͦͪͦ͊ ͙͙͒ͭͤ͊ ͔ͣͦ͗ ͍;͙͙ͭͫΈΣ 
͍͍͙ͦͦͦ͒͊ͭ͜͡ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͋ͯ͒Έ-Ύͦ͟Ό ͔ͫͨͼ͊͜͡Έͤͫͭ͜ΌΣ ͍͙͍͙ͪͦ͊ͭ͘ ͍ͫͦ͝ 
͒͋ͤͦͫͭ͘͜͜Φ ̇ͤͤͫͭ͜͜Έ ͍͒ͦͪͦ͘ΩΎ ͙͙͙͒ͭͤ ͒͡Ύ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ς ͼ͔ ͙͍ͨͪͦ͒ͯͭͤͫͭ͟͜Έ 
ͨͪ͊ͼ͜ ͝͝ ͋͊ͭΈ͍͟͜Σ ͍͒͜ ͼΈ͎ͦͦ ς ͎͍͋͊͊ͭͫͭͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͪͦ͋ͦ;͙ͻ 
ͣͫ͜ͼΈΣ ͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͚͊ͤ͘Ύͭͦͫͭ͜ ͔͔ͤ͊ͫͤͤ͡ΎΣ ͦͫ͟͜͡Έ͙͟ ͍͒ͦͪͦ͘ΩΎ ͤ͊ͼ͜͝ 
͎ͪͦ͘͡Ύ͒͊ΌͭΈ Ύ͟ ͙ͨͦ͊ͤ͘͟͟ ͼ͙͍͍ͦ͊ͤͦͫͭ͘͜͜͜͡ ͔͍͙͒ͪ͗͊Σ ΅ͦ ͍͒ͦ͋ͪ͊͗͊͜Ί 
ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͔ͤ ͍͙ͫͭ͊ͤͦ΅͔ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ώпΣ 4].  

˭͍͒ͦͪͦΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ Ύ͟ ͙͔ͫͫͭͣ͊ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙͚ͤ ͔͊ͫͨͭ͟ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͊͊͒ͯ͘͟͡Σ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ Ύ͎ͦͦ͟ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͍͙ͤ͊͘;͔ͤͤΎ ͭ͊ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙ͤ͊ͫͭͯͨͤͻ 
͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͔͍ͦͣͨͦͤͤͭ͟͜Υ  

- ͔͙ͣͭ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύͯ͟ ͙ͣ ͍͋͊;͊Ίͣͦ ͯ 
͍͙ͻ͍ͦ͊ͤͤ͜ ͍͒ͦͪͦͦ͘͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ ͒͋͊Ί ͨͪͦ ͍ͫͦΊ ͍͒ͦͪͦ͘ΩΎ ͭ͊ 
͍͒ͦͪͦ͘ΩΎ ͦͭͦ;ͯΌ;͙ͻΣ ͎͔ͨͪ͊ͤ ͍͔͙ͫͭ ͍͙͚͒ͦͪͦ͘ ͫͨͦͫ͋͜ ͙͗ͭͭΎΤ  

- ͣͫͭͯ͘͜ ͼ͜Ί͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͺͫͯ͜͟ΊͭΈͫΎ ͍ ͎ͨͪͦͪ͊ͣ͊ͻΣ ͨ͊ͤ͊͡ͻΣ ͍ͤ͊;͊͡Έ͙ͤͻ 
͙ͨͦͫ͋ͤ͊͜͟ͻ ͭ͊ ͤ͜΄͙ͻ ͊ͫͦ͋͊͘ͻΤ  

- ͔͍ͣͭͦ͒͜ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ ό͒ͦͼ͜͡Έ͙ͤͣ ͍͍͊͗͊Ίͣͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
ͫͯ;͙͊ͫͤͻ ͍ͦ͒ͦͪͦ͘;͙ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͊ ͔ͫ͊ͣΥ ͪͯͻ͍͙͚ͦ ͎͔͎ͪͦͭͪͤͤ͜͜Σ ͺͭ͋ͦ͜-͡
͎͙ͣͤ͊ͫͭ͊͜͟Σ ͎͔͒ͪͦ͊ͪͦ͋͊͜͜͟Σ ͻͯ͒ͦ͗ͤΎ ͎͙ͣͤ͊ͫͭ͊͜͟Σ ͪͯͻ͍ͦ͊ ͔͊ͦͭͪ͊ͨ͘͟͟͜ΎΣ 
ͨ͊ͤͭͦͣͣ͜͜;ͤ͜ ͔ͭΌ͙͒Σ ͪͦ͡Έ͍͔ͦ ͎͍ͨͪͦͪ͊͊ͤͤΎ ͙ͫͭͯ͊ͼ͚͜Σ ͔͎͙ͭͪͤͤ͜Σ 
͎͔͔͊ͯͭͦͤͤ ͔͍ͭͪͤͯ͊ͤͤΎΣ ͙ͨͫͻ͎͙ͦͣͤ͊ͫͭ͜;ͤ͜ ͍͍͙ͨͪ͊Σ ͔ͭͪͯ͒ͦͭͪ͊ͨ͜ΎΣ 
͙͔ͣͯͦͭͪ͊ͨ͘͟͜ΎΣ ͦ͟͡Έ͔ͦͪͦͭͪ͊ͨ͜ΎΣ ͫͣ͜ͻ͔ͦͭͪ͊ͨ͜ΎΣ ͍͔ͭ͊ͣͤͦͭͪ͊ͨ͜͜͜ΎΣ 
ͨͫͻ͙͔ͦͭͻ͎ͤͦͦ͜͡͝ ͜ ͎͙ͣͤ͊ͫͭ͊͜͟ ͨͦ;͍ͯͭͭ͜Σ ͎͙ͪ͜-͙͒ͪ͊ͣ͊ͭ͊͘ͼ͜͝Σ ͙ͫͭͯ͊ͼ͜͝ 
ͣͦͪ͊͡Έ͎ͤͦͦ ͍͙͋ͦͪͯΣ ͙͚͙ͨͪͦͣ ́˾ˤ˭ ͭͦ΅ͦύΤ 

- ͍͊ͫͦ͋͘͜Σ ΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͍ ͨͪͦͼ͔ͫ͜ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘ΎΣ 
͙ͦͨͭͣ͊͡Έ͔ͤ ͨͦΊ͒ͤ͊ͤͤΎ Ύ͙͟ͻ ͎͒ͦͨͦͣ͊͊Ί ͒ͦ΄͟͜͡Έ͙ͤ͊ͣ͟ ͎͙͋͡΄͔ 
͍͙ͨͤ͊͊ͭ͘͜ ͚͒ͫͤͫͭ͜͜ΈΣ ͎͋͊͊͘;ͯΊ ͝ͻ ͍͔ͪ͊͗ͤͤΎ͙ͣΣ ͒͊Ί ͔ͣ͊ͭͪ͊͜͡ ͒͡Ύ 
͔͔͔ͫͨͦͫͭͪ͗ͤΈΣ Ύ͟͜ ͎ͦ͒ͦͣ͘ ͙͒ͭ͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͣͯͭ͟Έ ͯ ͍ͤ͊;͊͡Έ͚ͤ͜ ͭ͊ 
ͤ͜΄͙ͻ ͍͙͒͊ͻ ͒͜Ύ͡Έͤͦͫͭ͜Φ ͙͙́͊ͣ͟ ͙͙͒͒͊ͭ͟;͙͙ͤͣ ͙͊ͫͦ͋͊ͣ͘ Ί ͍ͫͦͦ͡ 
ό͍͙ͻ͍͔ͦ͊ͭ͡ΎΣ ͙͙͙͒ͭͤΣ ͻͯ͒ͦ͗ͤΊ ͍ͫͦͦ͡ύΤ ͦ͋ͪ͊͘ ό͍ͫͭͦͪΌ͍͙͚͊ͤ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͔ͭͻͤ͜;͙ͤͻ ͍͊ͫͦ͋͘͜Σ ͙͙͒͒͊ͭ͟;͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡Τ ͦ͋ΩΊ͙ͭ͟ ͙͍͗ͦ͝ ͜ 
͔͙͍ͤ͗ͦ͝ ͙͙ͨͪͪͦ͒Σ ͝ͻ ͔ͦ͋ͪ͊͗ͤͤ͘ΎΤ ͫͤͯ͜Ό;͙͚ ͍ ͯΎ͍͜ ͙͙͙͒ͭͤύΤ ͒͜Ύ ό͙͙͙͒ͭͤΣ 
͍͙ͻ͍͔ͦ͊ͭ͡ΎΣ ͙͙͒͒͊ͭ͟;ͤ͜ ͍͍͙ͨͪ͊Σ ͔͔͔ͣͤͭ͊ͪͤ͜͡ ͙͒ͦͫ͒͜͡ύΦ 
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˴ͪͣ͜ ͎ͭͦͦΣ ͍͍͊͗͊ΊͣͦΣ ΅ͦ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͊ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ 
͙͔ͫͫͭͣ͊ ͍͙ͨͦͤͤ͊ ͙͙ͫͨͪ͊ͭͫΎ ͤ͊ ͭ͊͟͜Σ ͍͙ͤ͊͘;͔ͤ͜ ͍;͔͙͙ͤͣΣ ͙͙͒͒͊ͭ͟;ͤ͜ 
͙ͨͪͤͼ͙͙ͨΣ ͫͯͭͤͫͭ͜Έ Ύ͙͟ͻ ͙ͪͦͪͭ͊͘͟ ͍ ͙ͭ͊͋͡ͼ͜ н ώтΣ соς67; 10, 8ς9]. 

͙́͊͋͡ͼΎ н 
˿ͯͭͤͫͭ͜Έ ͙ͨͪͤͼ͙͍ͨ͜ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͔͙ͫͫͭͣ 

˽͙ͪͤͼ͙͙ͨ ˿ͯͭͤͫͭ͜Έ ͙ͨͪͤͼ͙͍ͨ͜ 
˹͍͊ͯͦͦͫͭ͟͜ ̂ͫ͜ ͍͒ͦͣͦͫͭ͜͜Σ ΅ͦ ͨͪͦͨͦͤͯΌͭΈͫΎ ͒ͦ΄͟͜͡Έ͙ͤ͊ͣ͟Σ ͍͙ͨͦͤͤ͜ 

͍͙͐ͪͯͤͭͯ͊ͭͫΎ ͤ͊ ͍ͤ͊ͯͦͦͣͯ͟ ͺ͙͊ͭ͟;ͤͦͣͯ ͔ͣ͊ͭͪ͊͜͜͡ ͯ ͫͺ͔ͪ͜ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ 

˨ͦͫͭͯͨͤͦͫͭ͜ ˹͍͊ͯͦ͊͟ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ͣ͊Ί ͙͋ͯͭ ͎ͦ͜͡;ͤͦ ͍ͫͭͪͯͭͯͪͦ͊ͤ͊͟Σ 
͍͊͒͊ͨͭͦ͊ͤ͊ ͒ͦ ͙͚ͫͨͪͣ͊ͤͤΎ ͒ͭ͜Έ͙ͣ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ 

˹͊ͦ;ͤͦͫͭ͜ ˿͍ͯͨͪͦ͒͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ΅ͦ ͤ͊͒͊ΊͭΈͫΎ ͒ͭ͜ΎͣΣ ͔͒ͣͦͤͫͭͪ͊ͼ͜ΊΌ 
ͤ͊ͦ;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͍͔͔ͨͪͦ͒ͤͤΎͣ ͍͒ͦͫ͒͜͜͡Σ ͙͙ͨͪ͊͒͊ͣ͟͡ ͘ 
͙͗ͭͭΎ ͔͚͒ͭ͜Σ ͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͔͔͒͗ͪ͡Σ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ 
ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͎ͦ͋ͪ͊ͤͦͦ͘ ͍ͫͦ͊͡  

˿͙͔ͫͭͣͤͦͫͭ͜ ͭ͊ 
͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ 

˽ͪͦͼ͔ͫ ͨͦ͒͊ͤͤΎ ͍͙ͤͦͻ ͤ͊ͤ͘Έ ͍͙͔ͨͦͤͤ ͍͙͋͊ͯ͊ͭͫ͘Ύ ͤ͊ 
͎͊͊͘͡Έ͙ͤͻ ͤ͊ͤͤ͘ΎͻΣ Ύ͟͜ ͍͔͗ ͣ͊ΌͭΈ ͙͒ͭ͜Σ ͙ͫͨͪΎ͙ͭ ͺ͍ͦͪͣͯ͊ͤͤΌ 
 ͍͒ͦ΄͟͜͡Έ͙͍ͤ͟͜ ͯΎ͍͔ͤ͡Έ ͜ ͨͦͤΎͭΈ ΅ͦ͒ͦ ͺ͙͘͜;ͤͦ͝Σ ͙ͨͫͻ͜;ͤͦ͝ ͭ͊ 
ͫͦͼ͊͜͡Έͤͦ͝ ͫͺ͔ͪ ͍͒ͦͪͦ͘ΩΎ 

ˤ͍ͦͦ͜͟͝ 
͔͍͊͒ͪͫͦ͊ͤͦͫͭ͜ 

˾͍͙ͦͭͦ͘͟Σ ͍͙ͻ͍ͦ͊ͤͤΎ ͜ ͍ͤ͊;͊ͤͤΎ ͍͙ͨͦͤͤ͜ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͍͍ͦ͜͟͜ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͔͚͒ͭ͜Σ ͔ͤ ͍ͫͭͦͪΌ͍͙͊ͭ ͣ͝ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻΣ 
ͺ͙͘͜;͙ͤͻ ͜ ͣͦͪ͊͡Έ͙ͤͻ ͔͔͍͔ͨͪ͊ͤͭ͊͗ͤΈ 

̂ͪ͊ͻ͍ͯ͊ͤͤΎ 
͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ 

˴͔ͦ͗ͤ ͔͎͎ͨ͒͊ͦ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ ͍͙͔ͨͦͤͤ 
͙ͤ͊ͭ͘ ͜ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͝͝ 
ͺ͙͘͜;͙͚ͤ ͍͙ͪͦͭͦ͘͟Σ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͎͋ͦͦ͜͜͡;ͤ͜ ͙͙ͪͭͣΣ ͫͭ͊ͤ 
͍͒ͦͪͦ͘ΩΎΣ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͜Σ ͣͦͪ͊͡Έͤ͜ Ύͦͫͭ͟͜ 

ˢ͙͍ͭͤͦͫͭ͟͜ ͔͔͙́ͦͪͭ;ͤ͜ ͤ͊ͤͤ͘Ύ ͒ͦͼ͜͡Έͤͦ ͊ͪͨ͘͟͜͡Ό͍͙͊ͭ ͍ ͙ͨͪ͊ͭ͟;͚ͤ͜ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͙͍ͫͭͦͪ΄͙ ͍͙ͯͣͦ ͒͡Ύ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͨͦ΄ͯͯ͟ ͒ͭ͜Έ͙ͣ 
͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͺ͙͊ͭ͟;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ΅ͦ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͍͙ͫ͊͒ͦ͟͡ͻ ͍͒ͦͪͦ͘ΩΎ 

˥ͯͣ͊ͤ͊͘͜ͼ͜͝ ˥ͯͣ͊ͤ͊͘͜ͼ͜Ύ ͍͊͘Ί͙ͣͤ ͣ͗͜ ͍͙ͻ͍͔ͦ͊ͭ͡Ύ͙ͣ ͚ ͍͙ͻ͍ͦ͊ͤͼΎ͙ͣΣ 
͙͍͔ͭͯͪ͋ͦͭ͡ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͙͙͙͒ͭͤ 

˨͔͙ͣͦͪ͊ͭ͊͘͟ͼ͜͝ ͔̂ͫͯͤͤͤΎ ͍͙͎͊ͭͦͪͭ͊ͪͤͦͦ ͙ͫͭ͡Ό ͍͙ͻ͍ͦ͊ͤͤΎ ͍͒ͦͪͦ͘ΩΎ-
͔͔͔͋ͪ͗ͤͤ͘ΎΣ ͙͚ͫͨͪͤΎͭͭ͜ ͍͒ͦͪͦ͘ΩΎ ͔͚͒ͭ͜ Ύ͟ ͫͦͼ͊͜͡Έͤͦ͝ ͼͤͤͦͫͭ͜͜ 

˱͔͎ͤͭͪ͊ͼ͜͝ ˽ͪͦͼ͔ͫ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͔ͤ ͍͙͔ͨͦͤͤ ͙͋ͯͭ ΄ͭͯ;ͤͦΌ 
͍ͤ͊͒͋ͯ͒ͦͦΌΣ ͚͎ͦͦ ͫ͒͜͡ ͙ͨͪͪͦ͒ͤͦ ͜ ͎ͦͪ͊ͤ͜;ͤͦ ͔͎͍͙ͤͭͪͯ͊ͭ͜ ͍ 
ͼ͙͚ͫͤ͜͜͡ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͨͪͦͼ͔ͫ 

̐͒ͤͦͫͭ͜ ͍͙͎ͣͦ 
˨˹˭ ͜ ͫͣ͜Ω͝ 

̂ͫ͜ ͙ͨͪ;͔ͭͤ͜ ͒ͦ ͨͪͦͼ͔ͫͯ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͒ͦ΄͟͜͡Έ͙͍ͤ͟͜ 
͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͒͜Ύ͙͡ ͫͨ͜͡ΈͤͦΣ ͍͙͙ͫͭ͊͡ ͍͙ͻ͍ͦ͊ͤͼΎͣ 
Ί͙͒ͤ͜ ͎͔ͨͦͦ͒͗ͤ͜ ͍͙͎͙ͣͦΣ ͎͙͒ͦͨͦͣ͊͊͡ ͙ͦ͒ͤ ͦ͒ͤͦͣͯΣ 
͍͒͜;͍͙ͯ͊͡ ͍ͫͦΌ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ 

 

˭͍͒ͦͪͦΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍ ͒ͦ΄͟͜͡Έ͚ͤ͜ ͍ͦͫͭ͜͜ Ύ͟ ͨͪͦͼ͔ͫ ͔͔ͨͪ͒͋͊;͊Ί 
͍͙ͪͦͭͦ͘͟Σ ͍͙ͻ͍ͦ͊ͤͤΎ ͚ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͔ͤ ͙ͤ͊ͤͦͫͭΈ ͨͪΎͣͦ͝ ͊͋ͦ 
͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ͟͝ ΄͙ͦ͒͟ ͍͒ͦͪͦ͘ΩΌ ͔͚͒ͭ͜Σ ͍ͫͭͦͪΌΊ ͔͔͋ͨ͘;ͤ͜ ͚ ͦͣ͟ͺͦͪͭͤ͜ 
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͍͙ͯͣͦ ͔͔͍ͨͪ͋ͯ͊ͤͤΎ ͒ͦ΄͟͜͡Έ͙͍ͤ͟͜ ͯ ͒ͦ΄͟͜͡Έͤͦͣͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡Σ 
͊͘ ͔͔͋ͨ͘;ͯΊ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͯ ͍ͦͫͭͤ͜Ό ͭͪ͊Ίͭͦͪ͟͜Ό ͙͙͙͒ͭͤΣ ͎͊ͨͦ͋͊ͤͤ͘͜Ύ ͔͍ͫͭͪͫ͜Σ 
͔͔͍͔ͨͪ͊ͤͭ͊͗ͤͤΎΣ ͍͙ͭͦͣ ͍͙ͻ͍ͦ͊ͤͼ͍͜ ͜ ͙ͭͣ ͙ͫ͊ͣͣ ͙ͫͨͪΎΊ ͔͔͔͋ͪ͗ͤͤ͘Ό ͚ 
ͣ͘͜ͼ͔ͤͤͤΌ ͍͒ͦͪͦ͘ΩΎ ͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Φ 

˹͊ͫ͒ͦͣ͜͟͡ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͒ͦ΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜ 
͍͙ͨͦͤͤͦ ͙͋ͯͭ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͔ͤ ͍͒ͦͪͦ͘ΩΎ ͙͙͙͒ͭͤΣ Ύ͔͟ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͙͒ͤ͊ͣ͜;͙͚ͤ 
͔ͦͣͨͫ͟͟͡ ͙ͨͫͻͦͺ͎ͦͦ͘͜͜͜͡;͙ͤͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͭ͊ Ύ͔͚ͦͫͭ͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͙͚͟ 
ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͜ ͍͙͚͒ͦͪͦ͘ ͫͨͦͫ͋͜ ͙͗ͭͭΎ ώсΣ снϐΦ 

̒͟ ͔ͪ ͯ͘͡Έͭ͊ͭ ς ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍ ͒ͦ΄͟͜͡Έ͚ͤ͜ ͍ͦͫͭ͜͜ ͣͦ͗ͤ͊ 
͍͙͙͙͒ͭ͜͡ ͺ͊ͭ͟ ͙͍͔ͨͪ͊ͫͤͤͤ͡Ύ ͜ ͔͍͒ͪ͗͊ͦΌΣ ͜ ͫͯͫͨ͜͡Έ͍ͫͭͦͣΣ ͜ ͙ͦͫͦ͋ͫͭͫͭ͜Ό ͍ͫ͜ͻ 
ͼ͔͚ͤͤͦͫͭ͜Σ Ύ͟͜ ͫͺ͍͙ͦͪͣͯ͊ͫ͡Έ ͯ ͙͙͙͒ͭͤ ͍ ͨͪͦͼ͔ͫ͜ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͒ͦ΄͟͜͡Έͤͦͣͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡Φ ˾͔ͯ͘͡Έͭ͊ͭͦͣ ͭ͊ͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜ Ί ͤ͊͒͋͊ͤͤΎ ͙͙͒ͭͤͦΌΥ 

- ͘ ͍͒ͦͪͦΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜Σ ͭͦ͋ͭͦ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͍ͤ͊ͯͦͦ͟-
͍͙͙ͦ͋͐ͪͯͤͭͦ͊ͤͣ ͯΎ͍͔ͤͤ͡Ύ͙ͣ ͨͪͦ ͍͙͚͒ͦͪͦ͘ ͫͨͦͫ͋͜ ͙͗ͭͭΎΣ ͙ͫͨͦͫͦ͋ 
ͺ͍ͦͪͣͯ͊ͤͤΎΣ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎ ͭͦ΅ͦΤ 

- ͘ ͍͒ͦͪͦΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ς ͙͍ͨͪͫͦΊͤͤΎ ͤ͊ ͙ͦͫͦ͋ͫͭͫͤͦͣͯ͜ 
͍ͪͤ͜͜ ͦͤ͟ͼ͔ͨͼ͜͝ ͍͒ͦͪͦ͘ΩΎ ͭ͊ ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͤ͊ ͍͙͚͒ͦͪͦ͘ ͫͨͦͫ͋͜ ͙͗ͭͭΎ ͍ 
͚ͣ͊͋ͯͭͤΈͦͣͯΤ 

- ͘ ͍͒ͦͪͦΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͨ͒͜ Ύͦ͟Ό ͙ͣ ͪͦͯͣ͘͜Ίͣͦ 
͔͎͙͍ͤͭͪ͊ͭͤͯ͜ Ύͫͭ͟͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͙͙͙͒ͭͤΣ Ύ͊͟ ͍͟͡Ό;͊Ί ͫͯͯͨͤͫͭ͟͜Έ ͤ͊ͤ͘Έ ͨͪͦ 
͡Ό͙͒ͤͯ ͜ ͝͝ ͍͒ͦͪͦ͘ΩΎΣ ͍͙͚͒ͦͪͦ͘ ͫͨͦͫ͋͜ ͙͗ͭͭΎ ͭ͊ ͔͔͋ͨ͘;ͤͯ ͍͔ͨͦ͒ͤͯ͜͟Τ 
͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͍͒ͦͪͦ͘ΩΎ Ύ͟ ͍͙΅ͦ͝ ͙͗ͭͭΊ͍ͦ͝ ͼͤͤͦͫͭ͜͜Τ ͍͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ ͎ͦͪ͊ͤͣͯ͘͜ 
͡Ό͙͙͒ͤ ͘ ͙͙ͨͪͪͦ͒ͤͣ ͜ ͫͦͼ͊͜͡Έ͙ͤͣ ͦͭͦ;͔ͤͤΎͣΤ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͺ͙͘͜;ͤͦ͝Σ 
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SUMMARY 
Butenko V. Theoretical aspects of saving health in pre-school education. 
¢ƘŜ ŀǊǘƛŎƭŜ ǘŜƭƭǎ ŀōƻǳǘ ǘƘŜ ŀŎǘǳŀƭƛǘȅ ƻŦ ǘƘŜ ǎǳōƧŜŎǘ ƻŦ ǇǊŜǎŎƘƻƻƭŜǊǎΩ ƘŜŀƭǘƘ ǎǘŀǘǳǎΦ ¢ƘŜ 

necessity of organizing the health saving process for preschool children is caused by 
understanding the fact that children may be taught easily in the early age and we should 
develop in them some habits of health promotion which will become a component of our 
culture and will influence the society positively. 
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The essence of the health preservation process is explained in the article as well. The 
health saving process in pedagogical aspect is considered to be a value, a system and a 
result. Considering that health saving is a value in preschool education, it can be treated like 
a state, social and personal value. 

Health saving as a system characterizes the health aspect of functioning of preschool 
educational institutions the effectiveness of which depends on the aim and the content of the 
activity, on the tools which are used in the process of health saving and the principles which 
should be basic for this kind of pedagogical system. Among them are the principles of 
science, accessibility, visibility, consistency, age, taking into account individual 
characteristics, activity, humanization, democratization, integration, and unity of the 
kindergarten and the child's family. 

Health saving as a process in pre-school education involves the development, 
education and training which is not harmful to children's health and which creates safe and 
comfortable staying in kindergarten, provides individual educational trajectory of a child, 
prevents stress or some kind of overload or fatigue. The result of health saving activities in 
preschools is a basis of child's literacy, culture and competence. 

We believe that Ukrainian problems of health in kindergartens are particularly relevant; 
this is connected with the presence of negative medical and demographic situation in Ukraine 
and the unfavorable trend of indicators of children's health. Therefore, there is a necessity in the 
formation of new ideas based on the preservation of health and the child's consciousness, which 
requires the teachers of preschool education level to use careful selection methods, special tools, 
content and organizational forms. The problem for further research can be connected with the 
assurance of continuity in the organization of health saving process. 

Key words: health, health saving, preschool children, preschool education, principles 
of healthy education. 
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̂ ͫͭ͊ͭͭ͜ ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͫͯͭͤͫͭ͜Έ ͭ͊ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 

͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ ͍ͤ͊;͊ͤͤΎ ͍ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ 
͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ˹͎͊ͦͦ͡΄ͯΊͭΈͫΎΣ ΅ͦ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ 
͍͍͒͋ͯ͊͜ΊͭΈͫΎ ;͔͔ͪ͘ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ ͍͊͒͊ͤͤ͘ΎΣ Ύ͟͜ ͍͙ͨͦͤͤ͜ ͔ͤ ͨͪͦͫͭͦ ͙ͫ͊͒͊ͭ͟͡ ͔͍ͨͤͯ 
ͫͯͯͨͤͫͭ͟͜ΈΣ ͊ ͚ ͍ͯͭͦͪΌ͍͙͊ͭ ͙͔ͫͫͭͣͯΣ Ύ͊͟ ͍͊͒ͦͦ͘͡ΈͤΎΊ ͙ͤ͘ͼ͜ ͙͙͒͒͊ͭ͟;͙ͤͻ ͜ 
͔͙ͣͭͦ͒;͙ͤͻ ͙͍ͨͦ͊ͤ͘͟͟͜Φ ˻͙͍ͫͦ͋ͫͭ͜͡Ό ͫͭ͊ͭͭ͜ Ί ͔ͭΣ ΅ͦ ͤ͊ ͔ͦͤͪͭͤͦͣͯ͟͟ 
͔͔ͨͪ͒ͣͭͤͦͣͯ ͔ͣ͊ͭͪ͊͜͜͡ ͔͍ͨͪͦ͒ͣͦͤͫͭͪͦ͊ͤ͊ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ ͨ͒͜ 
;͊ͫ ͍͙͍;͔ͤͤΎ ͯͪͫͯ͟ ζ˸͔͙ͭͦ͒͊͟ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ηΦ  

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔͔ͨͪͦ͋ͣͤ͡ ͍ͤ͊;͊ͤͤΎΣ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͔ͣͭͦ͒Σ ͙͒ͦͫ͒ͤ͜͡ͼΈ͔͟ 
͍͊͒͊ͤͤ͘ΎΣ ͔ͨͪͦ͋ͣ͊͡Σ ͔ͨͪͦ͋ͣͤ͊͡ ͊͒͊͘;͊Σ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜Σ ͚ͣ͊͋ͯͭͤ͜ ͍;͙͔ͭ͜͡ 
ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Σ ͔͙ͣͭͦ͒͊͟ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ 

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˾͔ͺ͙ͦͪͣΣ ΅ͦ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͫΈ͎ͦͦ͒ͤ͜ ͍ ͙͔ͫͫͭͣ͜ 
ͨͦ;͍͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͎͍ͨ͒ͦͭͦͯ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ 
΄͙ͦ͟͡Σ ͦͫ͟͜͡Έ͙͟ ͍͙ͦͤ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͎͍ͦͭͦ͜ ͒ͦ ͍͙ͤͦͻ ͍ͯͣͦ ͍ͤ͊;͊ͤͤΎ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ  
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˽͔͔ͪ͒ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ ͨͪ͊ͼ͍͙͙ͤ͊ͣ͜͟ ͍͙΅ͦ͝ ΄͙ͦ͟͡ ͨͦͫͭ͊ΌͭΈ 
͙ͨͭ͊ͤͤΎ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͣͫͭͯ͘͜ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͙ͦͫͭ͜Φ ˲ͻ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ 
͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͍͔ͦͤͦͤͤ͡Ύͣ ͦͪ͜Ί͙͍ͤͭͪ͜ ͜ ͙ͨͪͤͼ͙͍ͨ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ 
ͨͪͦͼ͔ͫͯΣ ͍ ͔ͪͯ͘͡Έͭ͊ͭ͜ ;͎ͦͦ ͍ͫͭͦͪΌΌͭΈͫΎ ͍ͤͦ͜ ͔ͣͦ͒͜͡ ͍ͤ͊;͊ͤͤΎΣ Ύ͟͜ 
͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͍͙͙ͫͯͤͯͭͣ ͍͙͎ͣͦ͊ͣΦ ˻͙͒ͤͣ ͘͜ ͤ͊ͨͪΎ͍ͣ͜ ͍͔ͦͤͦͤͤ͡Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ 
ͨͪͦͼ͔ͫͯ ͍͙΅ͦ͝ ΄͙ͦ͟͡ Ί ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͭͻ͎ͤͦͦ͜͡͝ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ͔̂͒ͦͫͦͤ͊ͤͤ͟͡Ό ͙͔͙ͫͫͭͣ ͍͙͊͒͊ͤͤ͟͡Ύ 
ͤ͊ ͍ͦͫͤͦ͜ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎ ͙͍ͨͪͫΎ;͔ͤ͜ ͨͪ͊ͼ͜ ̑Φ ˴ Φ x ͊͋͊ͤͫΈ͎ͦͦ͟Σ 
ˤΦ ˸ Φ ʕ ͔͎͍ͪ͊ͫͦ͊Σ ˤΦ ˱ Φ ˭ ͎͍͊ΩΎͤͫ͘͜Έ͎ͦͦ͟Σ ́Φ ʕ Φ ˴ ͯ͒ͪΎ͍ͼ͔͍ͦ͝Σ ˸Φ ˸ Φ ˶ ͔͍ͤͦ͜͝Σ 
˱Φ ̒ Φ ˶ ͔͔ͪͤͪ͊Σ ˻Φ ˸ Φ ˸ ͊ͭΌ΄ͤ͊͟͜Σ ˸Φ ˱ Φ ˸ ͊ͻ͍ͣͯͭͦ͊Σ ˤΦ ˻ ͦ͟ΎͤΣ ˸Φ ˸ Φ ˿ ͊ͭͤ͊͟͟͜Φ 
͔́ͦͪ͜Ύ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡ ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͍ ͪͦ͋ͦͭ͊ͻ 
˿Φ ˱ Φ s ͪͻ͎͔͊ͤ͡ΈͫΈ͎ͦͦ͟Σ ˸Φ ˸ Φ ̅ ͜ͼ͙ͯ͡Σ ̑Φ ˸ Φ ̐ ͣΊ͡ΈΎ͍ͤͦ͊Σ ́Φ s Φ ˱ ͡Έͤͦ͝͝Σ 
ˢΦ ˸ Φ s ͔ͫ͟͡Ό͊͟ ͭ͊ ͤ͜Φ ̂ͭͣ͜Σ ͙ͨͦͨͪ ͤ͊Ύ͍ͤ͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͍ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͼ͜Ί͝ 
͍͙͍͊͗ͦ͡͝ ͔͙ͨͪͦ͋ͣ͡Σ ͔ͦͪͣ͟͜ ͝͝ ͔͙͊ͫͨͭ͟ ͙͊͘͡΄͊ΌͭΈͫΎ ͔ͤ͒ͦͫͭ͊ͭͤΈͦ 
͍͙͍͔͙͙ͫͭͤͣ͜͡Φ ˭͔ͦͪͣ͊͟Σ ͙ͦ͒ͤͣ ͘͜ ͙ͭ͊͟ͻ ͔͍͊ͫͨͭ͟͜ Ί ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ ͍ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͙͙ͪͦͪͭ͘͟ ͫͯͭͤͫͭ͜Έ ͭ͊ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ ͍ͤ͊;͊ͤͤΎ ͍ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˻͙͒ͤͣ ͘͜ ͔͍ͣͭͦ͒͜ ͔͎ͨͪͦ͋ͣͤͦͦ͡ 
͍ͤ͊;͊ͤͤΎ Ί ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͔ͣͭͦ͒Φ ˿ͯͭͤͫͭ͜Έ ͼΈ͎ͦͦ ͔ͣͭͦ͒ͯ ͍ͤ͊;͊ͤͤΎ ͨͦ͡Ύ͎͊Ί 
͍ ͭͦͣͯΣ ΅ͦΥ  
1) ͯ ;͙͔ͭ͡Έ ͪ͊ͦͣ͘ ͘ ͯ;ͤΎ͙ͣ ͺͦͪͣͯ͡ΌΊ ͔ͨͪͦ͋ͣͯ͡Σ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ό Ύͦ͟͝ 
͙͍ͨͪͫΎ;ͯΊͭΈͫΎ ͔͍͙͚ͨͤ ͨͪͦͣ͗ͦ͜͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ;͊ͫͯΤ 

2) ͘ ͤ͊ͤͤΎ ͯ;ͤΎͣ ͔ͤ ͍ͨͦ͒ͦͣ͜͡ΎΌͭΈͫΎΦ ̂;ͤ͜ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͒ͦ͋ͯ͊͘ΌͭΈ ͝ͻ ͯ 
ͨͪͦͼ͔ͫ͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ό͔͒ͦͫ͒͗ͤͤ͜͡Ύύ ͔͙ͨͪͦ͋ͣ͡Σ ͍ͨͦͪͤ͜ΎͤͤΎ ͙ͪͤ͘͜ͻ 
͍͍͊ͪ͊ͤͭ͜͜ ͙͙ͦͭͪͣ͊ͤͻ ͍͍͔͚͒ͨͦ͒͜͜Φ ˭͙͊ͫͦ͋ ͒͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͔ͪͯ͘͡Έͭ͊ͭͯ 
ͭ͊ͦ͗͟ ͍͙ͤ͊͘;͊ΌͭΈ ͫ͊ͣ͜ ͯ;ͤ͜Τ 

3) ͒ ͜Ύ͡Έͤͫͭ͜Έ ͯ;͙͔ͭ͡Ύ ͍͙ͦ͒ͭ͘ΈͫΎ ͒ͦ ͔͙͍͎ͦͨͪ͊ͭͤͦͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͨͪͦͼ͔ͫͦͣ 
͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͊͒͊͘;Τ 

4) ͤ ͍͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͍͙ͫͦͦ͟Ό ͔͙͍ͤͭͤͫͤͫͭ͜͜ΌΣ ͍ͤ͊;͊ͤͤΎ 
͍ͫͯͨͪͦͦ͒͗ͯΊͭΈͫΎ ͙͔͙ͨͦͫͤͣ͡ ͔͔ͤͭͪͫͦͣ͜Σ ͒ͦ͋ͯͭ͘͜ ͤ͊ͤͤ͘Ύ ͍͒ͪͤ͘͜͜ΎΌͭΈͫΎ 
͎͙͙͋ͤͦ͡ΌΣ ͣ͜ͼͤͫͭ͜ΌΣ ͒͜Ί͍ͫͭ͜Ό [5, 477]. 
˱Φ ̒ Φ ˶ ͔͔ͪͤͪ ͜ ˸Φ ˸ Φ ˿ ͊ͭͤ͟͟͜ ͔͔ͫͪ͒ ͺͯͤ͟ͼ͚͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ 

͍͙͒͜͡ΎΊΥ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͪͫ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͍ͭͦͪ;͎ͦͦ 
͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘ΈΣ ͭͦ͋ͭͦ ͔͎͎ͨ͒͊ͦ ͍͊ͫͭͦͫͦͯ͘Ί ͍͒ͦͣ͜͜ ͤ͊ͤͤ͘Ύ ͒͡Ύ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ 
͔͙ͨͪͦ͋ͣͤ͡ͻ ͊͒͊͘; ͜ ͍͒ͦ͋ͯ͊ͤͤΎ ͍͙ͤͦͻ ͯ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͎ͭ͊ͦͦ͟ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΤ 
͍ͦͦͦ͒ͤͤ͜͡Ύ ͔͙ͣͭͦ͒͊ͣ ͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜Ύ ͯ ͨͪͦͼ͔ͫ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͨͦ΄ͯͯ͟ 
ͼ͙ͻ ͔͍ͣͭͦ͒͜Τ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͤͭͪͫͯ͜Σ ͔͙ͨͦͭͪ͋ ͯ ͍ͭͦͪ;͚͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͦͫ͟͜͡Έ͙͟ 
ͨͦ͊͘ ͒͜Ύ͡Έͤͫͭ͜Ό ͙͍͙ͣͦͭΣ ΅ͦ ͍͙Ύ͍͡ΎΌͭΈͫΎ ͍ ͔͔ͤͭͪͫ͜͜ ͜ ͔ͨͦͭͪ͋͊ͻΣ ͔ͤ 
͍͙͙ͤ͊͟ΌͭΈ ώоϐΦ 
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˭ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙ͯ͊͊ͤ͘͟ͻ ͺͯͤ͟ͼ͚͜ ͙ͨͪͤ͊͘;͔ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ 
ͨͦ͡Ύ͎͊Ί ͍ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͨͦ΄͍ͯͦͦ͟͝Σ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͘͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ 
͔ͨͪͦ͋ͣ͡ ͜ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͊͒͊͘;Φ ˽͍ͦ͋ͯ͒ͦ͊ ͘ ͎ͦ͗ͤͦͦ͟ ͔͔ͨͪ͒ͣͭ͊ ͙͔͙ͫͫͭͣ ͙ͭ͊͟ͻ 
͔ͨͪͦ͋ͣ͡ ͍͒ͦͦ͘͡ΎΊ ͍͙͊͒͊͟͡;͔͍͜ ͎͍͙ͨͪͦͪ͊ͣͯ͊ͭ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͊͟ 
͍ͨͦͫͭͯͨͦͦ ͙͍͔͔ͨͪ͒ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͙ͪͫ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

ˤΦ ˱ Φ s ͤ͒ͪΊΊ͍ ͍͙ͤ͊͘;͊Ί ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͔ͣͭͦ͒ Ύ͟ ͔ͣͭͦ͒ ͙͍ͨͪͦ͒ͯͭͤͦ͟͝ 
͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜Σ ͯ Ύ͚͟͜ ͒ͦͣͤͯ͜Ί ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͙ͦͫͤͦͤͻ 
͙͚͍ͨͪͦͣ͜ ͍͍͎͒ͨͦ͒ͤͦͦ͜͜ ͍͎ͤ͊ͯͦͦͦ͟ ͔ͣͭͦ͒ͯ ͍ ͨͪͦͼ͔ͫ͜ ͔͔͍ͨͪ͊͗ͤͦ 
͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͔ͨͪͦ͋ͣ͡Σ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͤ͊;͊͡Έ͙ͤͻ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͍͊͒͊ͤ͘Έ ώмΣ тлϐΦ 

˸͔͙ͭͦ͒ ͍ͤ͊;͊ͤͤΎ ͦ͋ΩΊ͙͍ͭͤͦ͟ ͣͦ͗ͤ͊ ͙͙ͦͨͫ͊ͭ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͍͍͒ͨͦ͒ͤͦ͜͜͝ ͙͔͙ͫͫͭͣ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͤ͟ͻ ͙͚͍ͨͪͦͣ͜Φ ˽͙͚͙ͪͦͣ Ί ͫͯͯͨͤͫͭ͟͜Ό 
͚ͤ͊͋͜͡Έ΄ ͪ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͚͒͜Φ ˤΦ ˱ Φ s ͤ͒ͪΊΊ͍ ͍͙͙͍͒͜͡ ͯ ͙͒ͦͫ͒ͤ͜͡ͼΈͦͣͯ͟ ͔ͣͭͦ͒͜ 
͙ͭͪ ͎͙ͪͯͨ ͙͚͍ͨͪͦͣ͜Υ 

1) ͦ ͔ͨͪ͊ͼ͚ͤ͜͜ ͙͚͙ͨͪͦͣ ό͙͚͙ͨͪͦͣ ͔ͦͨͪ͊ͼ͚ͤͦ͜͝ ͙ͫͭͦͪͦͤ ͙͔ͣͫͤͤ͡Ύύ ς 
͙ͦͨͫ Ύ͍͙΅ ͜ ͨͪͦͼ͔͍ͫ͜Σ ͊͘ Ύ͙͙ͣ͟ ͍͔͔͒ͭΈͫΎ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͍ ͔͔͙͔ͫͨͪͣͤͭ͟͜Τ ͊ͤ͊-
͘͜͡ ͜ ͍ͨͦͪͤ͜ΎͤͤΎΤ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜ ͤ͊ ͍ͨ͒ͫͭ͊͜͜ ͊ͤ͊ͯ͘͜͡ 
͔ͨͪͦ͋ͣͤͦ͡͝ ͙ͫͭͯ͊ͼ͜͝Τ ͍͙͔ͫͯͤͤͤΎ ͎͔͙ͨͦͭ͘͜Σ ͔͔ͨͪ͒͋͊;͔ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͔ͫͨ͟-
͙͔ͪͣͤͭͯΤ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͊ͤ͘Έ ͯ ͙ͫͭͯ͊ͼ͜͝ ͔͔͙͔ͫͨͪͣͤͭͯ͟Τ ͎͍͊͋ͫͭͪ͊ͯ͊ͤͤΎΣ ͍͙ͦ͟-
͙ͪͫͭ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͙͍͙ͫͣͦ͜͟͡ ͜ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍͔ͨͪͭͦͪͤΈΤ ͨͦ΄ͯ͟ ͜ ͍͙ͦ͟-
͙ͪͫͭ͊ͤͤΎ ͎͊ͤ͊ͦ͊͡Τ ͙͍͙͚ͤ͒ͯͭͤ͜͟ ͍͙͍ͯͣͦ͒͜Τ ͔͙͍͙͚͒͒ͯͭͤ͟ ͍͙͍ͯͣͦ͒͜ ͜ ͍͔͔͒ͦ͒ͤͤΎΤ  

нύ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͙͚͙ͨͪͦͣ ό͙͚͙ͨͪͦͣ ͎ͫ͊ͣͦͦͪ͊ͤ͊͘͜ͼ͜͝ύ ς ͍ͨ͊ͤͯ͊ͤͤ͡Ύ 
͔͔͙͔ͫͨͪͣͤͭͯ͟Τ ͪ͊ͼͦͤ͊͜͡Έ͔ͤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ;͊ͫͯ ͚ ͍͊ͫͦ͋͘͜ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
ͫ͊ ͣͦͦͤͭͪͦ͟͡ΈΤ  

оύ ͔ͭͻͤ͜;ͤ͜ ͙͚͙ͨͪͦͣ ς ͒ͦ͋ͪ͜ ͙͍ͨͪ͊͒͜͡ ͜ ͔͍ͣ͊ͭͪ͊͜͜͡ ͒͡Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟Τ 
͙͋ͪ͊ͤͤ͘Ύ ͍͙ͯͫͭ͊ͤͦ͟ ͒͡Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟Τ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͤ͊;͊͡Έͤͦ͝Σ 
͍͍͒ͦ͒ͦͦ͜͟͝ ͜ ͍͒ͦ͒͊ͭͦͦ͟͝ ͔͙ͭͪ͊ͭͯͪ͜͡Τ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͺ͙͘͜;͙ͤͻ ͍͔͙͡;͙ͤ ͯ 
ͨͪͦͼ͔ͫ͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Τ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͙ͨͪ͊͡ ͔ͭͻ͙ͤ͜͟ ͔͔͙͋ͨ͘͟Τ ͙͔ͤ͊͋͗ͤͤ͡Ύ 
ͦ͋;͙͔ͫͤͤ͡ΎΤ ͦͺ͔ͦͪͣͤͤ͡Ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ώмΣ тмς72]. 

̒͟ ͔ͦͪͣͯ͟ ͎ͪͯͨͯ ͍ͤ͜ ͍͙͒͜͡ΎΊ ͙͚͙ͨͪͦͣ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ ς ͎͍͔ͦ͋ͦͦͪͤͤΎ 
͊͒͊͘;͜ ͚ ͪͦͨͦ͒͘͜͡ ͍ͦ͋ͦΩΎ͍͘͟͜Τ ͍͊͘Ί͎ͣͦ͒ͦͨͦͣͦ͊Τ ͍͊͘Ίͣͦͦͤͭͪͦ͟͡ΈΤ ͎͍͔ͦ͋ͦͦͪͤͤΎ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ώмΣ тмςтнϐΦ ˻ͫͭ͊ͤͤΌ ͎ͪͯͨͯ ͙͚͍ͨͪͦͣ͜ ͔͔ͪͦͣͤ͒ͯ͟Ί 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͨ͒͜ ;͊ͫ ͍͙ͦͤ͊ͤͤ͟Ύ ͺ͙͘͜;͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͍ ͙ͣ͊͡ͻ ͎ͪͯͨ͊ͻΦ 

˻͔ͭ͗Σ ͊͘ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ ͍ͤ͊;͊ͤͤΎ ͍͙͊͒͊͟͡; ͍͙͍ͫͯ͊ΊΣ ͯ ͺͦͪͣ͜ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͍͊͒͊ͤ͘ΈΣ ͔͙ͨͪͦ͋ͣ͡ ͭ͊ ͔ͨͪͦ͋ͣͤ͜͡ ͊͒͊͘;͜ ͍ ͔͍͚ͨͤ͜ ͙͔ͫͫͭͣ͜Σ ͊ 
͔͙ͫͭͯ͒ͤͭ ͝ͻ ͍͙ͦͤͯ͟ΌͭΈ ͚ͫ͊ͣͦͫͭͤͦ͜Σ ͙ͭͣ ͙ͫ͊ͣͣ ͚͒ͫͤ͘͜ΌΌ;͙ ͍ͭͦͪ;͙͚ ͨͦ΄ͯ͟Φ 

̒͟ ͯ͊ͯ͘͟Ί ˱Φ ̒ Φ ˶ ͔͔ͪͤͪΣ ͋͜͡Έ΄ͫͭ͜Έ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͍͊͒͊ͤ͘Έ ͍͙ͨͦͤͤ͊ 
͍ͯͭͦͪΌ͍͙͊ͭ ͔͍͔͙ͤ͟͜͡ ͨͦ΄͍ͯͦ͟͜ ͊͒͊͘;͜Σ Ύ͟͜ ͔ͨͦͭͪ͋ͯΌͭΈ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͍ͫ͜ͻ ;͙ 
͋͜͡Έ΄ͦͫͭ͜ ͔͍ͭ͊ͨ͜ ͨͪͦͼ͔ͫͯ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˤ;͔͙͚ͤ ͎ͤ͊ͦͦ͡΄ͯΊ ͤ͊ ͭͦͣͯΣ ΅ͦ ͔ͫ͊ͣ 
ͼͫͤͫͭ͜͜͜͡Έ ͝ͻ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͜ ͔͔͊͋ͨ͘͘;ͯΊ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙ͣ͟ ͔ͣͭͦ͒ͦͣ 
͚͎ͦͦ ͺͯͤ͟ͼ͚͜Φ ˨ͦ ͙ͭ͊͟ͻ ͔͍ͭ͊ͨ͜ ͍ͤ͜ ͍͙͒ͤͦͫͭ͜ΈΥ мύ ͫ ͔͔͔ͨͦͫͭͪ͗ͤͤΎ ͜ ͍͙͍;͔ͤͤΎ 
ͺ͍͊ͭ͟͜ ͜ Ύ͍͙΅Τ нύ ͘ ΩΎ͍ͫͯ͊ͤͤΎ ͔͙ͤͪͦͯͣ͘͘͜͡ͻ Ύ͍͙΅Σ Ύ͟͜ ͨ͒͜͡Ύ͎͊ΌͭΈ ͔͒ͦͫ͒͗ͤͤ͜͡Ό 
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ό͍ͨͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡); 3) ͍ ͙͔ͫͯͤͤͤΎ ͎͔͙ͨͦͭ͘͜Τ пύ ͨ ͍ͦ͋ͯ͒ͦ͊ ͨ͊ͤͯ͡ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΤ рύ ͘ ͚͔͒ͫͤͤͤ͜Ύ ͨ͊ͤͯ͡Σ ͘ΩΎ͍ͫͯ͊ͤͤΎ ͍͘ΩΎ͍͘͟͜ Ύ͍͙΅͊Σ Ύ͔͟ ͍͙͍;͊ΊͭΈͫΎ ͘ 
ͤ͜΄͙͙ͣΤ сύ ͅ ͦͪͣͯ͡Ό͍͊ͤͤΎ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΣ ͨͦΎ͔ͫͤͤͤΎΤ тύ ͨ ͔͔͍ͪͪ͊͜͟ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΤ 
8) ͨ ͙ͪ͊ͭ͟;ͤ͜ ͍͙͍͙ͫͤͦ͟ ͨͪͦ ͙͍ͣͦ͗ͫͭ͜͡Έ ͜ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙͒ͦ͋ͯͭ͘ͻ 
ͤ͊ͤ͘Έ ώпΣ млпς105]. 

˻͒ͤ͜ΊΌ ͘ ͍͙ͦͫͤͦͤͻ ͦͤ͊͘͟ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ Ί ͚ͫ͊ͣͦͫͭͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜Έ 
͔͍ͫͭͯ͒ͤͭ͜ ͨ͒͜ ;͊ͫ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͙ͤͣ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͍͊͒͊ͤ͘ΈΦ ˾ͦ͡Έ ͍͙͊͒͊͟͡;͊ ͍ 
ͼΈͦͣͯ ͨͪͦͼ͔ͫ͜ ͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ˱Φ ̒ Φ ˶ ͔͔ͪͤͪΣ ̑Φ ʕ Φ ˿ ͔ͤΈͦ͟Σ ˸Φ ˸ Φ ˿ ͊ͭͤ͟͟͜ ͭ͊ ͤ͜Φ 

˱Φ ̒ Φ ˶ ͔͔ͪͤͪ ͭ͊ ˸Φ ˸ Φ ˿ ͊ͭͤ͟͟͜ ͊ͤ͊͘͘;͊ΌͭΈΣ ΅ͦ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͎͎ͨ͒͊ͦ͊ ͙ͨͪ 
͙͒ͦͫ͒ͤ͜͡ͼΈͦͣͯ͟ ͔ͣͭͦ͒͜Σ ͔͔ͤ͊ͫ͊ͣͨͪ͒Σ ͨͦ͡Ύ͎͊Ί ͍ ͍ͨͦ͋ͯ͒ͦ͜ ͙ͭ͊͟ͻ ͍͊͒͊ͤ͘ΈΣ Ύ͟͜ 
͔͔͊͋ͨ͘͘;ͯΌͭΈ ͍ͭͦͪ;͔ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͯ;ͤΎ͙ͣ ͍͙ͦͫͤͦͤͻ ͤ͊ͤ͘Έ ό͔͚͒͜Σ ͨͦͤΎͭΈΣ 
͔͍ͣͭͦ͒͜ ͨͤ͊ͤͤ͘͜Ύύ ͨ͒͜ ;͊ͫ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍͙ͦͫͤͦͤͻΣ ͙͒ͦͫͭͯͨͤͻ ͣ͝ ͔ͨͪͦ͋ͣ͡ 
ͯͪͫͯ͟Σ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͙͙ͪͫ͊ͣ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͔ͨͦͫͭͯͨͦ ͔ͯͫ͊͒ͤͤͤ͟͡Ύ 
͍ͪͦ͘ΩΎ͍͙ͯ͊ͤ͘ͻ ͯ;ͤΎ͙ͣ ͔ͨͪͦ͋ͣ͡ ώоΣ ммпϐΦ 

˻͔ͭ͗Σ ͪͦ͡Έ ͍͙͊͒͊͟͡;͊ ͨͦ͡Ύ͎͊Ί ͍ ͍ͨͦ͋ͯ͒ͦ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͍͊͒͊ͤ͘Έ ͜Σ Ύ͟ 
͎ͤ͊ͦͦ͡΄͍ͯ͊ͦͫ͡Ύ ͪ͊ͤ͜΄͔Σ ͼ͜ ͍͊͒͊ͤͤ͘Ύ ͍͙ͨͦͤͤ͜ ͔ͤ ͨͪͦͫͭͦ ͙ͫ͊͒͊ͭ͟͡ ͔͍ͨͤͯ 
ͫͯͯͨͤͫͭ͟͜ΈΣ ͊ ͍ͯͭͦͪΌ͍͙͊ͭ ͙͔ͫͫͭͣͯΣ Ύ͊͟ ͍͊͒ͦͦ͘͡ΈͤΎΊ ͪΎ͒ͯ ͙͍ͨͦ͊ͤ͘͟͟͜Φ 

˿͙͔ͫͭͣ͊ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͍͊͒͊ͤ͘Έ ͒ͦ ͔͍͎ͨͤͦͦ ͯͪͫͯ͟Σ ͔͒ ͙͔͙ͫͫͭͣ͊ͭ;ͤͦ 
͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͔ͨͪͦ͋ͣͤ͜͡ ͊͒͊͘;͜Σ ͍͙ͨͦͤͤ͊ ͍͊͒ͦͦ͘͡ΈͤΎ͙ͭ ͭ͊͟͜ 
͙͙͒͒͊ͭ͟;ͤ͜ ͙͙ͨͦ͊ͤ͘͟͟Υ ͦͻͦͨ͡Ό͍͙͊ͭ ͙͙ͭͨ ͔͙͊ͫͨͭͤ͟ͻ ͔ͨͪͦ͋ͣ͡Σ Ύ͟͜ ͍͙͍͊ͫͭ͜͡ 
ͼ͚͜ ͙͒ͫͼ͙ͨͤ͜͜͡Τ ͍͟͡Ό;͙͊ͭ ͍ͦͫͤͦͤ͜ ͙͙ͭͨ ͙͒ͦͫͭͯͨͤͻ ͔ͫͭͯ͒ͤͭ͊ͣ ͔͍ͣͭͦ͒͜ ͙ͤ͊ͯ͟ ͜ 
͎͊͊͘͡Έ͙ͤͻ ͔͍ͣͭͦ͒͜ ͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜ΎΤ ͯͫ͜ ͊͒͊͘;͜ ͍͙ͨͦͤͤ͜ ͍ͨͦͫͭͯͨͦͦ 
ͯͫ͊͒ͤ͟͡Ό͍͙͊ͭͫΎ ώоΣ нлсϐΦ  

˻ͪͣ͟͜ ͯͪ͊ͻ͍ͯ͊ͤͤΎ ͙͙͒͒͊ͭ͟;͙ͤͻ ͙͍ͨͦ͊ͤ͘͟͟͜ ͨ͒͜ ;͊ͫ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ 
͙͔͙ͫͫͭͣ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͍͊͒͊ͤ͘ΈΣ ͦͪ͜ΊͤͭͯΌͭΈͫΎ ΅͔ ͤ͊ ͔͙ͣͭͦ͒;ͤ͜ ͙͙ͨͦ͊ͤ͘͟͟: 
͍͙ͤ͊͘;͔ͤͤΎ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͊͒͊͘; ͜ ͝ͻ ͙͍ͭͨ͜ ͒͡Ύ ͔͍ͨͤͦ͝ ͎͙ͪͯͨΤ ͍͙ͤ͊͘;͔ͤͤΎ 
͍͔ͨͦͭͦͪͤͤΎΣ ;͔͎͍ͪͯ͊ͤͤΎ ͔ͫͭͯͨͤΎ ͝ͻ ͫ͊͒ͤͦͫͭ͟͜͡Τ ͯͪ͊ͻ͍ͯ͊ͤͤΎ ͎͍͙ͨ͒ͦͭͦ͜͟ ͎͙ͪͯͨ ͚ 
͔͙ͦͪͣ͟ͻ ͔͍ͫͭͯ͒ͤͭ͜ ό͍͙͍͋ͪͦͦ͜͟Σ ͯ ͪͤͦͣͯ͘͜ ͨͦΊ͒ͤ͊ͤͤ͜Σ ͘ ͙ͪͤͣ͘͜ ͔͔ͫͭͯͨͤͣ 
͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜͝ύ ώоΣ нлсϐΦ 

̂ ͨͪͦͼ͔ͫ͜ ͙͙͒͒͊ͭ͟;͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ˤΦ ˱ Φ s ͤ͒ͪΊΊ͍ ͍͙͍ͯͫͭ͊ͤͦΣ ΅ͦ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͔ͣͭͦ͒ ͣ͊Ί ͔ͣ͗͜ ͒ͦͼ͜͡Έ͎ͤͦͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΣ Ύ͟͜ ͔͊͗͊ͭ͘͡Έ ͍͒͜ 
͍͙ͪͦͭͯ͘͟ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͯͣͤ͜Έ ͜ ͔͚͒͋ͤͦͫͭ͘͜ ͯ;͍ͤ͜Σ ͊ ͭ͊ͦ͗͟ ͍͒͜ ͣͫͭͯ͘͜ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͜ ͚͎ͦͦ ͙͙͒͒͊ͭ͟;ͤͦ͝ ͙ͦ͋ͪͦ͋͟Σ ͍͙ͤ͊͘;͊ΌͭΈͫΎ 
ͺ͊ͭͦͪͦͣ͟ ;͊ͫͯΣ ͔͊͗͊ͭ͘͡Έ ͍͒͜ ͍ͪͤ͜Ύ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͎ͫ͊ͣͦͦ ͍;͙͔ͭ͡Ύ ͜ 
͔ͨͦͭͪ͋ͯΌͭΈ ͔ͫͨͼ͊͜͡Έͤͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ [2, 14]. 

˹͍͊;͊͡Έͤͦ-͔͒ͦͫ͒ͤ͜͡ ͍͊͒͊ͤͤ͘ΎΣ Ύ͟ ͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͔ͤΣ ͨͪͦͻ͙ͦ͒ͭΈ ͙ͭͪ 
ͫͭ͊͒͜͝Υ ͎͍ͨ͒ͦͭͦ͜;ͯΣ ͍͙͍ͦͤ͊ͫ͟Έͯ͟ ͜ ͊͘͟͡Ό;ͤͯΦ ˴ͦ͗ͤ͊ ͘ ͼ͙ͻ ͚ͫͭ͊͒͜ ͣ͊Ί ͙ͤͯ͘͟ 
͍͙ͫ͊͒ͦ͟͡ͻΦ ˽͎͍͒ͦͭͦ͜;͊ ͍͟͡Ό;͊ΊΥ ͍ͨͦͫͭ͊ͤͦͯ͟ ͔͙ͣͭΣ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͎͔͙ͨͦͭ͘͜Σ 
ͫ͊͒͊ͤͤ͟͡Ύ ͨ͊ͤͯ͡ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ;͙ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ ͍͙͋ͪ͜ ͍͊ͫͦ͋͘͜ ͒͡Ύ 
͍͔͔ͨͪͦ͒ͤͤΎΤ ͍͙͍ͦͤ͊ͫ͟Έ͊͟ ͫͭ͊͒͜Ύ ͔͔ͨͪ͒͋͊;͊Ί ͔ͪ͊͊͘͜͡ͼ͜Ό ͔͎ͫ͊͒ͤͦͦ͟͡ ͨ͊ͤͯ͡ ͜ 
͚͎ͦͦ ͔ͦͪ͟͟ͼ͜ΌΤ ͊͘͟͡Ό;ͤ͊ ͫͭ͊͒͜Ύ ς ͊ͤ͊͘͜͡ ͭ͊ ͔͔ͤͭͪͨͪͭ͊͜ͼ͜Ό ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ 
͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͊͋ͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
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˾͔͊͊͘͜͡ͼ͜Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ;͔͔ͪ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͍͊͒͊ͤ͘ΈΦ ˽͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͯͪͫͯ͟ ζ˸͔͙͙ͭͦ͒͟ ͍͙͊͒͊ͤͤ͟͡Ύ 
͔͙͙ͣ͊ͭͣ͊ͭ͟η ͔ͫͭͯ͒ͤͭ͊ͣ ͨͪͦͨͦͤͯΌͭΈͫΎ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ ͍͊͒͊ͤͤ͘Ύ ͎ͪͤͦͦ͘͜ ͨ͊ͤͯ͡Φ  

˨͙ͦͫ͒ͤ͜͡ͼΈ͔͟ ͍͊͒͊ͤͤ͘Ύ мΦ ˽͙ͪ ͍͙͍;͔ͤͤ͜ ͍͎ͣͫͭͦͦͦ͘͜ ͣͦ͒ͯ͡Ύ ζ˭͎͊͊͡Έͤ͜ 
͙ͨͭ͊ͤͤΎ ͔͙͙ͣͭͦ͒͟ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟η ͔ͫͭͯ͒ͤͭ͊ͣ ͋ͯͦ͡ 
͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ͚͙͙͒ͫͤͭ͘͜ ͍ͨͦͪͤ͜Ύ͡Έͤͯ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͍͒ͦͻ ͍͍͊ͪ͊ͤͭ͜͜ 
˨͔͍͎ͪ͗͊ͤͦͦ ͫͭ͊ͤ͒͊ͪͭͯ ͨͦ;͍͊ͭͦͦ͟͝ ͎͊͊͘͡Έͤͦ͝ ͍͙ͦͫͭ͜ ό˨͔͍͎ͪ͗͊ͤͦͦ ͫͭ͊ͤ͒͊ͪͭͯ 
͊͘ ͍͔͔͎ͭͪ͒͗ͤͦͦ мс ͙ͫͭͦͨ͊͒͊͡ нллл ͪΦ ͜ ͍͔͔͎͊ͭͪ͒͗ͤͦͦ͘ нл ͍ͭͤ͟͜Ύ нлмм ͪΦύΦ ˹͊ 
͍ͨ͒ͫͭ͊͜͜ ͍ͨͦͪͤ͜ΎͤͤΎ ͙͙ͪͦ͋ͭ͘ ͍͙͍͙ͫͤͦ͟Φ 

͔̇ ͍͊͒͊ͤͤ͘Ύ Ί ͙͒ͦͫ͒ͤ͜͡ͼΈ͙ͣ͟Σ ͦͫ͟͜͡Έ͙͟ ͍͟͡Ό;͊Ί ͋͜͡Έ΄ͫͭ͜Έ ͔͍ͭ͊ͨ͜ 
ͨͪͦͼ͔ͫͯ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ 

1) ͫ ͔͔͔ͨͦͫͭͪ͗ͤͤΎ ͚ ͍͙͍;͔ͤͤΎ ͺ͍͊ͭ͟͜ ͭ͊ Ύ͍͙΅Φ ˻͚͙͙ͤ͊ͦͣͭͫ͘Ύ ͘ ͍͒ͦͣ͊ 
͍͙͊ͪ͊ͤͭ͊ͣ͜ ˨͔͍͎ͪ͗͊ͤͦͦ ͫͭ͊ͤ͒͊ͪͭͯ ͨͦ;͍͊ͭͦͦ͟͝ ͎͊͊͘͡Έͤͦ͝ ͍͙ͦͫͭ͜Τ 

2) ͨ ͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˭͚͙͙͒ͫͤͭ͜ ͍ͨͦͪͤ͜Ύ͡Έͤͯ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͼ͙ͻ 
͔͍͙͒ͪ͗͊ͤͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜Τ 

3) ͍ ͙͔ͫͯͤͤͤΎ ͎͔͙ͨͦͭ͘͜Φ ̒͟΅ͦ ͍͍͙͙ͫͭ͊ͤͦͭ ͫͻͦ͗͜ ͚ ͍͒ͣͤͤ͜͜͜ ͙ͦͤ͊͘͟ ͯ ͍͒ͦͻ 
͍͊ͪ͊ͤͭ͊͜ͻ ˨͔͍͎ͪ͗͊ͤͦͦ ͫͭ͊ͤ͒͊ͪͭͯΣ ͣͦ͗ͤ͊ ͍͙ͤ͊͊ͭ͘ ͙ͣͤ͘͜Σ ΅ͦ 
͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Σ ;ͭͦ͜͟ ͨͦ͋͊;͙͙ͭ ͦͪ͜Ί͙͙ͤͭͪΣ ͤ͊ Ύ͙͟ͻ 
͍͙͔͐ͪͯͤͭͯ͊ͭͣͭΈͫΎ ͔͙ͣͭͦ͒͊͟ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟Τ 

4) ͨ ͍ͦ͋ͯ͒ͦ͊ ͨ͊ͤͯ͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˽͊ͤ͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ 1) ͍ ͙ͤ͊͘;͙͙ͭ ͙͊ͫ͊͒͘Σ 
ͤ͊ Ύ͙͟ͻ ͐ͪͯͤͭͯΌͭΈͫΎ ͙͍ͦ͋͒͊ ˨͔͍͙ͪ͗͊ͤͻ ͙ͫͭ͊ͤ͒͊ͪͭΣ ͍͙͙͙͒ͭ͜͡ ͫͻͦ͗͜ ͚ 
͍͒ͣͤͤ͜͜͜ ͙͊ͫ͊͒͘Τ нύ ͍ ͍͙͙ͫͭ͊ͤͦͭ ͔͙ͦͣͨͦͤͤͭ͟ ͔͍͙͒ͪ͗͊ͤͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜Σ 
͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟ ͨͪͦ ͫͻͦ͗ͫͭ͜Έ ͜ ͍͒ͣͤͤͫͭ͜͜͜Έ ͙ͫͭͪͯͭͯͪ͟Τ оύ ͪ ͎ͦ͘͡Ύ͙ͤͯͭΣ 
Ύ͟ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͔ͣͭ͊ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ ζ˸͔͙͊ͭͣ͊ͭ͊͟η ͍ ͦ͋ͦͻ ͍͊ͪ͊ͤͭ͊͜ͻ 
˨͔͍͎ͪ͗͊ͤͦͦ ͫͭ͊ͤ͒͊ͪͭͯΦ ˭͙͙ͪͦ͋ͭ ͍͙͍ͫͤͦͦ͟ ΅ͦ͒ͦ ͔͙͊͊͒ͤ͘͟͡ͻ ͨ͒͜ͻ͍ͦ͒͜Τ 
4) ͍ ͙ͤ͊͘;͙͙ͭ ͍ͤ͊;͊͡Έͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͊͘ ͦ͗ͤͦ͟Ό ͍ͣͫͭͦͦ͘͜Ό ͤ͜͜͡ΊΌ 
͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ ζ˸͔͙͊ͭͣ͊ͭ͊͟η ͦ͋ͦͻ ˨͔͍͙ͪ͗͊ͤͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜Φ ˭͙͙ͪͦ͋ͭ 
͍͙͍ͫͤͦͦ͟ ΅ͦ͒ͦ ͤ͊Ύ͍ͤͦͫͭ͜ ͫͻ͙ͦ͗ͻ ͜ ͍͙͒ͣͤͤ͜͜ͻ ͍͙ͣͫͭͦ͘͜ͻ ͚ͤ͜͜͡Σ ͊ ͭ͊ͦ͗͟ 
͍͙͎ͣͦ ͒ͦ ͦ͗ͤͦ͟͝ ͘ ͙ͤͻΤ 

5) ͘ ͚͔͒ͫͤͤͤ͜Ύ ͤ͊ͣ͜;͔͎ͤͦͦ ͨ͊ͤͯ͡Τ 
6) ͨ ͙ͪ͊ͭ͟;ͤ͜ ͍͙͍͙ͫͤͦ͟ ͨͪͦ ͙͍ͣͦ͗ͫͭ͜͡Έ ͜ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ 
͙͒ͦ͋ͯͭ͘ͻ ͤ͊ͤ͘ΈΦ ˤ͙͍͙ͫͤͦ͟Σ ͔ͦ͒ͪ͗͊ͤ͜ ͍ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͍͔͔͎ͨͪͦ͒ͤͦͦ 
͍ͨͦͪͤ͜Ύ͡Έ͎ͤͦͦ ͊ͤ͊ͯ͘͜͡Σ ͫͭ͊ͤͯͭΈ ͍ ͎ͤ͊ͦ͒͜ ͨ͒͜ ;͊ͫ ͎ͪͦ͘͡Ύ͒ͯ ͔͙͙ͣͭͦ͒͟ 
͙ͪͦ͋ͦͭ ͤ͊͒ ͋ͯ͒Έ-Ύͦ͟Ό ͘͜ ͍͙ͣͫͭͦ͘͜ͻ ͚ͤ͜͜͡ ˨͔͍͎ͪ͗͊ͤͦͦ ͫͭ͊ͤ͒͊ͪͭͯ.  
˨͙ͦͫ͒ͤ͜͡ͼΈ͔͟ ͍͊͒͊ͤͤ͘Ύ нΦ ˽͒͜ ;͊ͫ ͙ͪͦ͋ͦͭ ͤ͊͒ ͍͙ͣͫͭͦͣ͘͜ ͔ͣͦ͒ͯͣ͡ 

ζ˸͔͙ͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ό ͊͒͊͘;η ͨͫ͜͡Ύ ͎ͪͦ͘͡Ύ͒ͯ ͍͒ͦͻ 
͍ͫͨͦͫͦ͋͜ ͪͦ͋ͦͪͯ͘ ͊͒͊͘; ς ͙͊ͤ͊ͭ͜͡;͎ͤͦͦ ͚ ͙͔͙ͫͤͭͭ;͎ͤͦͦΣ ͔ͫͭͯ͒ͤͭ͊ͣ ͋ͯͦ͡ 
͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ͙͙͒ͦͫ͒ͭ͜͡ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎ͦ͒ͤͦͦ ͘͜ ͍ͫͨͦͫͦ͋͜ ͒͡Ύ 
͙ͪͦ͋ͦͭ ͤ͊͒ ͊͒͊͘;͔ΌΥ ζ˭͊ ͍͒͊ ͒ͤ͜ ͒ͦ ͦͫͯ͟͜͟ ͙͍͔͙ͨͪ͘͡ ср ͎͟ ͎ͪͯ΄Φ ˽͔ͪ΄͎ͦͦ 
͒ͤΎ ͙͍͔͙ͨͪ͘͡ о Ύ΅͙͙͟Σ ͊ ͎͎͒ͪͯͦͦ ς 2 Ύ΅͙͙͟Φ ˿͟͜͡Έ͙͟ ͎͍ͦͪ͊ͣ͟͜͜͡ ͎ͪͯ΄ 
͙͍͔͙ͨͪ͘͡ ͔ͦͪͣͦ͟ ͎ͦ͗ͤͦͦ͟ ͒ͤΎΣ Ύ͟΅ͦ ͣ͊ͫ͊ Ύ΅͙͍͟͜ ͍ͦ͒ͤ͊ͦ͊͟ΚηΦ  
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́͊͟͜ ͍͊͒͊ͤͤ͘Ύ ͭ͊ͦ͗͟ Ί ͙͒ͦͫ͒ͤ͜͡ͼΈ͙ͣ͟Σ ͍͙ͦͤͯ͟Ό;͙ ͝ͻ ͔͙ͫͭͯ͒ͤͭ 
ͨͪͦͻͦ͒ΎͭΈ ͋͜͡Έ΄ͫͭ͜Έ ͔͍ͭ͊ͨ͜ ͨͪͦͼ͔ͫͯ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ 

1) ͫ ͔͔͔ͨͦͫͭͪ͗ͤͤΎ ͚ ͍͙͍;͔ͤͤΎ ͺ͍͊ͭ͟͜ ͜ Ύ͍͙΅Φ ̂ ͼΈͦͣͯ ͪ͊͘͜ ͼ͔ ͊ͤ͊͘͜͡ 
͔ͭͫͭͯ͟ ͊͒͊͘;͜Φ ˤ͙͔͒ͤͤ͜͡Ύ ͍͙ͯͣͦΣ ͙͊ͨͭ͊ͤͤ͘ΎΣ ͙͒͊ͤͻ ͊͒͊͘;͜ ͚ ΄͎ͯ͊ͤͦͦ͟Σ 
͍ͨͦ͋ͯ͒ͦ͊ ͎ͦͪͦͭͦͦ͟͟ ͙͊ͨͫͯ͘ ͊͒͊͘;͜Φ ˤ͙ͤ͊͘;͔ͤͤΎ ͍͙͒ͯ ͊͒͊͘;͜Φ ˨ͦ Ύ͙͟ͻ ͊͒͊͘; 
͍ͦͤ͊ ͔͙ͤ͊͗ͭ͡Έ ς ͒ ͦ ͙͍͙ͭͨͦͻ ;͙ ͔͙͍͙ͤͭͨͦͻΦ 

2) ͨ ͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ̒ͦͣͯ͟ ͘ ͍͙͒ͦͣ͜ͻ ͍ͫͨͦͫͦ͋͜ ͪͦ͋ͦͪͯ͘ ͊͒͊͘;͜ 
͙ͤ͊͒͊ͭ ͔͔͍͎ͨͪ͊ͯΚΤ 

3) ͍ ͙͔ͫͯͤͤͤΎ ͎͔͙ͨͦͭ͘͜Φ ˨ͦͼ͜͡Έ͙ͤͣ ͔͋ͯ͒ ͚ͭͦ ͫͨͦͫ͋͜Σ Ύ͙͚͟ ͍͙͒ͦͦͭ͘͡Έ 
ͯ;ͤΎͣ ͚͙ͤ͊ͭ͘ ͨ͊ͤ͡ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͊͒͊͘;͜ ͘ ͚͔ͤ͊ͣͤ΄ͦΌ ͎͒ͦͨͦͣͦͦΌ ͍;͙͔ͭ͡ΎΣ 
ͭͦ͋ͭͦ ͚ͭͦ ͫͨͦͫ͋͜Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ Ύ͙͚͟ ͯ;͔ͤΈ ͔ͨͪͦ͒ͣͦͤͫͭͪͯΊ ͋͜͡Έ΄͙͚ 
ͫͭͯͨͤ͜Έ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜Σ ͊ ͭ͊ͦ͗͟ ͋͜͡Έ΄ͯ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͫͭ͜Έ ΅ͦ͒ͦ ͫ͊͒͊ͤͤ͟͡Ύ 
ͨ͊ͤͯ͡ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͊͒͊͘;͜Τ 

4) ͨ ͍ͦ͋ͯ͒ͦ͊ ͨ͊ͤͯ͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˽͊ͤ͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ мύ ͪ ͙ͦ͋ͪ͊ͭ͘͜ 
͊͒͊͘;ͯ ͙͊ͤ͊ͭ͜͡;͙ͤͣ ͫͨͦͫͦ͋ͦͣΤ нύ ͪ ͙ͦ͋ͪ͊ͭ͘͜ ͊͒͊͘;ͯ ͙͔͙ͫͤͭͭ;͙ͤͣ ͫͨͦͫͦ͋ͦͣΤ 
3) ͨ ͍ͦͪͤ͜Ύ͙ͭ ͫͭͯͨͤ͜Έ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜ ͯ;͍ͤ͜ ͙ͨͪ ͫ͊͒͊ͤͤ͟͜͡ ͨ͊ͤͯ͡ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ 
͊͒͊͘;͜Σ ͊ ͭ͊ͦ͗͟ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͫͭ͜Έ ͎ͦ͗ͤͦͦ͟ ͫͨͦͫͦ͋ͯ ΅ͦ͒ͦ ͫ͊͒͊ͤͤ͟͡Ύ ͨ͊ͤͯ͡ 
͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͊͒͊͘;͜Τ пύ ͘ ͙͙ͪͦ͋ͭ ͍͙͍͙ͫͤͦ͟Τ 

5) ͘ ͚͔͒ͫͤͤͤ͜Ύ ͤ͊ͣ͜;͔͎ͤͦͦ ͨ͊ͤͯ͡Τ 
6) ͨ ͙ͪ͊ͭ͟;ͤ͜ ͍͙͍͙ͫͤͦ͟ ͨͪͦ ͙͍ͣͦ͗ͫͭ͜͡Έ ͜ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ 
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΄͡Ύͻ͍͜ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͒ͦ 
͍͙͊͒͊ͤͤ͟͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ Ί ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͍͊͒͊ͤ͘ΈΦ ˲ͻ 
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͍ͦͦͦ͒ͤͤ͜͡Ό ͔͙ͣͭͦ͒͊ͣ ͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜Ύ ͯ ͨͪͦͼ͔ͫ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͜ ͺ͍ͦͪͣͯ͊ͤͤΌ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Φ 

˽͔ͪͦ͋ͣ͊͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍ͣͭͦ͒͜ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎ ͍ ͼͦͣͯ͜͡ ͜ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͔ͣͭͦ͒ͯ ͍ͤ͊;͊ͤͤΎ ͔ͦͪͣ͊͘͟ ͍ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ Ί ͍͙ͤ͊͒͘;͚͊ͤͦ ͫ͊͒ͤͦ͟͡Ό ͜ 
͔ͤͦ͒ͤͦͤ͊͘;ͤͦΌΦ ˸͔͊ͭͪ͊͜͡ ͫͭ͊ͭͭ͜ ͔ͤ ͍͙;͔ͪͨͯΊ ͍ͫ͜ͻ ͔͍͊ͫͨͭ͟͜ ͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ 
͔͙ͨͪͦ͋ͣ͡Φ ˨ͦ ͔͔͙͍͙ͨͪͫͨͭͤ͟ͻ ͤ͊ͨͪΎ͍ͣ͜ ͨͦ͒͊͡Έ΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
͍͙͒ͤͦͫͣͦ͜ ͭ͊͟͜Σ Ύ͟ ͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͙͔͙ͫͫͭͣ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͍͊͒͊ͤ͘Έ ͒ͦ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍ͯͪͫ͟͜Σ ͊ ͭ͊ͦ͗͟ ͍͊͒͊ͤ͘Έ ͎͍ͨ͒ͦͭͦ͜;͎ͦͦ ͻ͔͊ͪ͊ͭͪͯ͟Σ ͫͨͪΎ͍͙ͣͦ͊ͤͻ 
ͤ͊ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͯͣͤ͜Έ ͔͍ͫͭͯ͒ͤͭ͜Φ 

˶˱́˩˾ˢ́̂˾ˢ 
1. ˢ͔͔͍ͤ͒ͪ ˤΦ ˮΦ ˻͔͔͔͙͔ͨͪ͒ͤ͡ ͎͙ͪ͊ͤͼ ͙͔͔͙ͨͪͣͤͤΎ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͎ͫͦͦ͟ ͔ͣͭͦ͒͊ 

ͯ;͔͙ͤΎ ͤ͊ ͍͔ͦͫͤͦ ͦͼ͔͙ͤ͟ ͍͔͚ͯͪͦͤ ͫͺ͙͍͙ͦͪͣͪͦ͊ͤͤͦͫͭ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙ͫ͟ͻ ͔͙͚ͯͣͤ ͙ 
͔͚ͫͨͦͫͦ͋ͤͦͫͭ ͯ;͊΅͙ͻͫΎ κ ˤΦ ˮΦ ˢ͔͔͍ͤ͒ͪ κκ ʕ ͙͙͔ͦͫͨͭ͊ͤ ͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ͙ 
ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͙ͤͦͫͭ ΄ͦ͟͡Έ͙͍ͤͦ͟Φ ̂;͔ͤ·͔ ͙͙͊ͨͫ͘͟ ˴˥˽ˮΦ ς ˴͊͊ͤ͘ΈΣ мфтрΦ ς ˤ·ͨΦ мппΦ ς 
˿Φ 67ς80. 
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2. ˢ͔͔͍ͤ͒ͪ ˤΦ ˮΦ ͍͙͙̏ͪͫͭ;͔͔ͫͦ͟ ͎͙͍͙͔ͨͪͦͪ͊ͣͣͪͦ͊ͤ ͯ;͔͋ͤͦ-͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͚ͫͦ͟ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ό͍ ͦ͋ͯ;͔͙͙ͤ ͔͔͍͔ͫͭͫͭͤͤ·ͣ ͔͔ͨͪ͒ͣͭ͊ͣύ Υ ͙͒ͫΦ ΦΦΦ ͒ͦͭͦͪ͊͟ ͔ͨ͒Φ ͤ͊ͯ͟ Υ 
моΦллΦлм κ ˢ͔͔͍ͤ͒ͪ ˤ͔͙͊ͤͭͤ͡ ˮ͍͍͙͊ͤͦ;Φ ς ˴ ͊͊ͤ͘ΈΣ мфуоΦ ς про ͫΦ 

3. ˨͙͙͒͊ͭ͊͟͟ ͔͔͚ͫͪ͒ͤ ΄ͦ͟͡·Υ ˹͔ͦͭͦͪ͟·͔ ͔ͨͪͦ͋ͣ͡· ͍͔͔͚ͫͦͪͣͤͤͦ ͙͙͙͒͒͊ͭ͟͟ Υ 
ͯ;͔͋Φ ͙͔ͨͦͫͦ͋ ώ͒͡Ύ ͫͯ͡΄͔͔͚͊ͭ͡ ̅˽˴Σ ͙͔͍͒ͪͭͦͪͦ͟ ͦ͋΅͔͍ͦ͋ͪ͊ͦ͊ͭ͘Φ ΄ͦ͟͡ ͙ ͍ ͊͟;͔͍͔ͫͭ 
ͯ;͔͋Φ ͙ͨͦͫͦ͋Ύ ͨͦ ͔ͫͨͼΦ ͯͪͫͯ͟ ͒͡Ύ ͫͭͯ͒Φ ͔ͨ͒Φ ͙ͤ-͍ͭͦϐ κ ώͨͦ ͒ ͔ͪ͒Φ ˸Φ˹Φ ˿ ͙͊ͭͤ͊͟͟ϐΦ ς  
[2-͔ ͙͒͘ΦϐΦ ς ˸ Φ Υ ˽͍͔ͪͦͫ΅͔͙͔ͤΣ мфунΦ ς омф ͫΦ 

4. ˶͔͔ͪͤͪ ˮΦ ̒Φ ˨͙͙͒͊ͭ͟;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͔͍ͣͭͦ͒ͦ ͦ͋ͯ;͔͙ͤΎ κ ˮΦ ̒Φ ˶͔͔ͪͤͪΦ ς ˸Φ : 
˽͔͎͎͙͒͊ͦ͊͟Σ мфумΦ ς мус ͫΦ 

5. ˽ͦ͒͊ͫ͡·͚ ˮΦ ˽Φ ˽͔͎͎͙͒͊ͦ͊͟Φ ˹͍ͦ·͚ ͯͪͫ͟ : ;͔ͯ͋Φ ώ͒͡Ύ ͫͭͯ͒Φ ͍·ͫ΄Φ ͯ;͔͋Φ 
͊͘ ͍͔͔͙͚͒ͤϐ Υ ͍ н ͤ͟Φ /  ˮΦ ˽Φ ˽ͦ͒͊ͫ͡·͚Φ ς ˸Φ : ˥͙ͯͣ͊ͤͭ͊ͪΦ ͙͒͘Φ ͼ͔ͤͭͪ ˤ˶ˢ˨˻˿Σ нллпΦ ς 
˴ͤΦ 1: ˻ ͋΅͙͔ ͍ͦͫͤͦ·Φ ˽ͪͦͼ͔ͫͫ ͦ͋ͯ;͔͙ͤΎΦ ς ртп ͫΦ 

˾˩˭̑˸˩ 
ˤ͊ͫΈͦ͟ ˻Φ s Φ ˮ͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͚ͫ͟ ͔ͣͭͦ͒Υ ͫͯ΅ͤͦͫͭΈΣ ͔͙ͪ͊͊͘͡ͼ͙Ύ. 
ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͫͯ΅ͤͦͫͭΈ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͎ͫͦͦ͟ ͔ͣͭͦ͒͊ ͍ ͎͍͔ͨͦ͒ͦͭͦ͟ ͋ͯ͒ͯ΅͙ͻ ͯ;͙͔͔͚ͭ͡ ͤ͊;͊͡Έͤ·ͻ ͍͊ͫͫͦ͟͡ ͟ 
͔͍͙ͨͪͨͦ͒͊͊ͤΌ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ˢ͟ͼ͔͙͔ͤͭͪͯͭͫΎΣ ;ͭͦ ͔͙ͪ͊͊͘͡ͼ͙Ύ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͎ͫͦͦ͟ 
͔ͣͭͦ͒͊ ͙ͨͪͦͫͻ͙ͦ͒ͭ ;͔͔ͪ͘ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͔ͫ͟ ͙͊͒͊ͤ͘ΎΣ ͦͭͦͪ͟·͔ ͒ͦ͗ͤ͡· ͔ͤ ͨͪͦͫͭͦ 
͍͙ͫͦͫͭ͊ͭΈ ͔͔͔ͦͨͪ͒ͤͤͯ͡Ό ͍ͫͦͦͯͨͤͦͫͭ͟ΈΣ ͊ ͍ͦ͋ͪ͊ͦ͊ͭ͘Έ ͙͔ͫͫͭͣͯΣ ͦͭͦͪ͊͟Ύ 
͍͔͍ͯ͒ͦͭͦͪ͡Ύ͔ͭ ͪΎ͒ ͙͙͒͒͊ͭ͟;͔͙ͫ͟ͻ ͙ ͔͙ͣͭͦ͒;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡Φ ˻͔ͫͦ͋ͤͤͦͫͭΈΌ 
ͫͭ͊ͭΈ͙ Ύ͍͡Ύ͔ͭͫΎ ͭͦΣ ;ͭͦ ͤ͊ ͔ͦͤͪͭͤͦͣ͟͟ ͔͔ͨͪ͒ͣͭͤͦͣ ͔͙͔ͣ͊ͭͪ͊͡ 
͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊ͤ͊ ͔͙ͪ͊͊͘͡ͼ͙Ύ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͎ͫͦͦ͟ ͔ͣͭͦ͒͊ ͙ͨͪ ͙ͯ͘;͔͙͙ͤ ͯͪͫ͊͟ 
ζ˸͔͙ͭͦ͒͊͟ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ηΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Φ ˽͔͔ͪͦ͋ͣͤͦ͡ ͦ͋ͯ;͔͙͔ͤΣ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͚ͫ͟ ͔ͣͭͦ͒Σ 
͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͔ͫͦ͟ ͙͔͊͒͊ͤ͘Σ ͔ͨͪͦ͋ͣ͊͡Σ ͔ͨͪͦ͋ͣͤ͊͡Ύ ͊͒͊͘;͊Σ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͔͍ͫͭͯ͒ͤͭͦΣ 
͋ͯ͒ͯ΅͙͔ ͯ;͙͔ͭ͡Ύ ͤ͊;͊͡Έͤ·ͻ ͍͊ͫͫͦ͟͡Σ ͔͙ͣͭͦ͒͊͟ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ 

SUMMARY 
Vasko O. The research method: essence and realization. 
In the article the essence and peculiarities of the research teaching method usage in 

the training of future primary school teachers to the mathematics teaching is revealed. It is 
emphasized that the present reforms of the primary education system have influence on the 
future primary school teachers training so far as they should be ready to the new conditions 
of junior schoolchildren teaching. In is found out that one of the high school educational 
process modernization directions is the application of the problem of teaching technology, 
especially the research method, to the future primary school teachers' training. 

The functions of the research method such as the creative activity features forming; 
the creative knowledge learning organization; mastering of the scientific perception methods 
in the process of these methods search ensuring; interest and need in the creative activity 
forming, are ascertained. According to the functions the purpose of the research method is in 
the organization of the students' searching and creative activity connected with the problems 
and problem tasks solution organization. 

It is stated that by means of the research method of teaching the instructor 
systematically advances a research task problem as the students through their independent 
learning fulfil the creative search. It is stressed that the research method realization is the 
result of the research tasks fulfilling organised not only as a simple complex but as a system 
answering number of the didactical and methodological indexes. 

The research tasks are observed as partial searching tasks which need all or most of all 
stages of the research process passing as far as their solution integrity ensures the research 
method functions accomplishment. These stages mean: 1) facts and phenomena observation and 
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study; 2) incomprehensible phenomena, which need investigation, clarification (the problem 
stating); 3) hypothesising; 4) the plan of the research composition; 5) this plan accomplishment; 
6) the practical conclusions about the gained knowledge applying possibility and necessity. 

The peculiarity of the article is in the demonstration of the research method realization on 
the specific subject material during the course ζMathematics teaching techniqueη learning. 

Key words: problem teaching, research method, research task, problem, problem 
task, students' activity, future primary school teachers, mathematics teaching technique. 
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ό͙͙ͨͪͪͦ͒ͤ;ͦ-͍͙͚ͤ͊ͯͦ͟Σ ͼͤͤͫͤͦ͜͜-͙͍͙͚ͤͦͪͣ͊ͭͤΣ ͒͜Ύ͡Έ͙͚ͤͫͤ͜ύΤ ͍ͨͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͙ͨͪͤͼ͙͙ͨ 
͍͒͋ͦͪͯ͜ ͣͫͭͯ͘͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡: ͙ͨͪͤͼ͙͙ͨ ͎ͫͭ͊ͦͦ͡ ͍͙ͪͦͭͯ͘͟Σ ͍͙ͤ͊ͦ͟͡΄ͤΊ ͔͔͍͙ͫͪ͒ͦ΅͔Σ 
͔͎ͦͦ͟͜͡;ͤ͊ ͍ͦͫͭ͊͜Σ ͔͎ͦͦ͊͘͟͜͡ͼ͜Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ͙͔ͫͫͭͣ͊ ͔͙ͣͭͦ͒;ͤͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Σ ͍͙΅͙͚ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍ͤ͊;͊͡Έ͙͚ͤ ͊͊͒͘͟͡, 
͙͔ͫͫͭͣ͊ ͔͔͔͍͋ͨͪͪͤͦ͘͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͔ ͎ͦͦ͟͜͡;ͤ͊ ͍ͦͫͭ͊͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ 

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˿ͯ;͊ͫͤ͊ ͔͎ͦͦ͟͜͡;ͤ͊ ͙ͫͭͯ͊ͼ͜Ύ ͯ ͍ͫͭ͜͜ ͜ ͍ ̂ͪ͊ͤ͟͜͝Σ 
ͪͦͫͭ͊͘Ό;͜ ͣ͊ͫ΄͙ͭ͊͋ ͎͔͙͊ͤͭͪͦͨͦͤͤͻ ͚͒͜ ͤ͊ ͍͙ͤ͊ͦ͟͡΄ͤΊ ͙͔ͨͪͪͦ͒ͤ ͔͔͍͙ͫͪ͒ͦ-
΅͔Σ ͋͊͗͊ͤͤΎ ͍͍ͫͭͦͦ͜͝ ͫͨ͜͡Έ͙ͤͦͭ ͔͔͚͙ͨͪͭ ͒ͦ ͎ͫͭ͊ͦͦ͡ ͔͎ͦͦ͟͜͡;ͤͦ-͔ͦͤͦͣ͟͜;͎ͤͦͦ 
͍͙ͪͦͭͯ͘͟ ς ͍ ͔ͫ ͼ͔ ͙ͨͪͣͯ΄ͯΊ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ ͤ͊ ͔͎ͦͦ͊͘͟͜͡ͼ͜Ό ͍͙ͦͫͭ͜Φ  

˻͙͒ͤͣ ͘͜ ͟͡Ό;͍͙ͦͻ ͙ͨͪͤͼ͙͍ͨ͜ ͎ͫͭ͊ͦͦ͡ ͍͙ͪͦͭͯ͘͟ ͫ͒͜͡ ͍͙͙ͤ͊ͭ͘ ͙͔ͨͪͦͪͭͭ͜ 
͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͍ͫ͜ͻ ͍͍͙ͦ͜͟ͻ ͔͎͚͊ͭͦͪ͟͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͜ ͍ ͔ͨͪ΄ͯ ;͔͎ͪͯ ͣͦͦ͒͜͡Φ 
˥͍ͦͦͤ͊͡ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͔͎ͦͦ͟͜͡;ͤͯ ͍ͦͫͭͯ͜ ͔͚͒ͭ͜ ͡Ύ͎͊Ί ͤ͊ ΄ͦͯ͟͡Φ 
˹͚͍͙͍͊͊͗͜͡΄ͦΌ ͊ͤͦ͟͡Ό ͍ ͙͔ͫͫͭͣ͜ ͔͔͔͍͋ͨͪͪͤͦ͘͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ Ί 
ͨͦ;͍͊ͭͦ͊͟ ΄ͦ͊͟͡Φ ˿͔͊ͣ ͭͯͭ ͊͊͒͊͘͟͡ΌͭΈͫΎ ͍͙ͦͫͤͦ ͍͎ͫ͒ͦͣͦͦ͜ ͍͍͒ͨͦ͒͊͜͜͡Έ͎ͤͦͦ 
͍͔ͫͭ͊ͤͤ͡Ύ ͔͚͒ͭ͜ ͒ͦ ͙͙ͨͪͪͦ͒Φ ˽͔ͪͦͭΣ ͔ͺ͔͙͍ͭͤ͊͟ ͔͎ͦͦ͟͜͡;ͤ͊ ͍ͦͫͭ͊͜ ͫͭ͊Ί 
͙͍ͣͦ͗ͦ͡Ό ͙͡΄͔ ͊͘ ͍͙ͯͣͦ ͍͍͒ͨͦ͒ͤͦ͜͜͝ ͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͍;͙͔͍ͭ͜͡Φ  

˹͙ͤ͜ ͔͍͔͙ͤ͊͟͡ ͟͜͡Έͫͭ͟͜Έ ͍͙͙͍ͨͯͫͤ͟͟͜ ͍͙΅͎ͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͊͊͒ͯ͘͟͡ ͣͦ͗ͯͭΈ ͯͫͨ͜΄ͤͦ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͔͎ͦͦ͟͜͡;ͤͯ ͍ͦͫͭͯ͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ 
˻͍͙͙ͫͤͦͤͣ ͔͙ͤ͒ͦ͊ͣ͜͟͡ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ 
΄͙ͦ͟͡Σ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ΊΥ ͔ͤ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͔͚͒ͭ͜ ͼ͎ͫͤͦͦ͜͜͡ 
͋͊;͔ͤͤΎ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ΅ͦ Ί ͤ͊ͫ͒ͦͣ͜͟͡ ͍͒ͫͯͭͤͦͫͭ͜͜ ͎ͭ͊ͦͦ͟ 
͋͊;͔ͤͤΎ ͍ ͙ͫ͊ͣͻ ͯ;͙͔͍ͭ͜͡Τ ͔ͤ͒ͦͦͼͤ͊͜͟ ͤ͊͘;ͯ΅ͦͫͭ͜ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έ͎ͦͦ 
͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͔͚͒ͭ͜ ͘͜ ͙ͨͪͪͦ͒ͦΌ ͒͡Ύ ͍͙ͦͫͭ͜Σ ͍͙ͻ͍ͦ͊ͤͤΎ ͚ ͍͙ͪͦͭͯ͘͟ ͣͦͦ͒͡΄͎ͦͦ 
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΄ͦ͟͡Ύͪ͊Τ ͔͍ͤͣͤͤ͜Ύ ͎ͦ͜͡;ͤͦ ͍͍͙͙ͦ͒ͭ ͯ ͣͫͭ͘͜ ͨͦ;͍͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜ ͔͎ͦͦ͟͜͡;ͤ͜ 
ͤ͊ͤͤ͘ΎΣ ͯͣͤͤ͜ΎΣ ͙ͫͭͣͯ͡Ό͍͙͊ͭ ͍͍͒ͨͦ͒ͤ͜͜͜ ͔ͣͦͼ͚ͤ͜͜ ͍͙͙͒ͤͦͫͤ͜Τ ͔͍͙͔ͤͪͦͤͤͫͭ͘͜Έ 
͙͍͍ͣͦͭ͜ ͔͎ͦͦ͟͜͡;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͫ͊ͣͦͦͫͭ͜ ͜ ͔͎͙͍͔ͤ͊ͭͤ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙ͤ͊ͯͦ͟ͻ ͒ͦͫΎ͎͔ͤͤΈ ͯ ͎͊ͯ͘͜͡ ͔͙͙ͣͭͦ͒͟ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Σ 
͔͙ͣͭͦ͒;͙ͤͻ ͍ͤͦ͊ͼ͚͜ ͔͎͎͍ͨ͒͊ͦ͜-͙͍͒ͦͫ͒ͤ͜͟͜͡ ͭͦ΅ͦΦ ˤ͔ͫ ͼ͔ ͍ͫͭͦͪΌΊ ͤ͊͘;͙͚ͤ 
͙͍ͪͦͪ͘ ͣ͗͜ ͒ͦͫΎ͎͔ͤͤͤΎ͙ͣ ͙ͤ͊ͯ͟ ͜ ͙ͨͪ͊ͭͦ͟͟Ό ͨͦ;͍͊ͭͦͦ͟͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Φ 

˻͍ͫͤͦͤͦΌ ͙ͨͪ;͙ͤͦΌ ͊ͤ͊͘͘;͔͙ͤͻ ͔͍ͤ͒ͦ͜͟͜͡ ͍͍͊͗͊Ίͣͦ ͣͫͭ͘͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ 
͍͙ͦͫͭ͜ ͤ͊ ͺ͊ͯ͟͡Έ͔ͭͭ͊ͻ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͍ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ 
ˤ˹˭Σ ΅ͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈͫΎΥ ͔͍͙ͤͨͦͤͣ ͍͔͔͒͒ͪ͊ͤͤ͘͜͟͡Ύͣ ͙ͤ͊ͦͨ͟;͔͎ͤͦͦ ͒ͦ 
͔͔ͭͨͪ͜΄ͤΈ͎ͦͦ ;͊ͫͯ ͍͒ͦͫ͒ͯ͜ ͍͙͒ͤͦͫͤ͜ ͡Ό͙͙͒ͤ ͘ ͙͙ͨͪͪͦ͒ͤͣ ͔͔͍͙ͫͪ͒ͦ΅͔ͣ ͒͡Ύ 
͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ΄ͦ͟͡Ύ͍ͪ͜Τ ͔͍͍ͤ͒ͨͦ͒ͤͫͭ͜͜͜Ό ͣͫͭͯ͘͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͯ ˤ˹˭ 
͔͎ͦͦ͟͜͡;͚ͤ͜ ͍ͦͫͭ͜͜ ͍ ΄ͦ͟͜͡Τ ͍͔͔͒ͦͪͣͤͫͭ͜͟͜͡Ό ͍͔͊ͫͤ͡ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͜ ͔͎ͦͦ͟͜͡;ͤͦ-
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ Ύ͟ ͊͘ ͣͫͭͦͣ͘͜Σ ͭ͊͟ ͜ ͊͘ ;͊ͫͦͣΦ 

˽ͦ͒ͦ͊ͤͤ͡Ό ͍͙ͤ͊͊ͤ͘ͻ ͔͍ͤ͒ͦ͜͟͜͡ ͍͊͊͗͊͘Ί ͫ͊͋͊͟͡ ͔ͪͦͪͦ͋ͤͫͭ͘͜͡Έ 
͎͊͊͘͡Έ͎ͤͦͦ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͙ͨͭ͊ͤͤΎ ͣͫͭͯ͘͜ ͔͔͔͍͋ͨͪͪͤͦ͘͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͊ 
ͭ͊ͦ͗͟ ͍͒ͫͯͭͤͫͭ͜͜Έ ͙͔͙ͫͫͭͣ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͒ͦ 
͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ  

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˻͎͡Ύ͒ ͔͙ͭͪ͊ͭͯͪ͜͡ ͨͦ͊ͯ͘͟ΊΣ ΅ͦ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ͙ͣ ͙ͨͭ͊ͤΈ ͔ͭͦͪ͜͝ ͜ ͙͙ͨͪ͊ͭ͟͟ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͚ ͍͙ͻ͍ͦ͊ͤͤΎ ͚͊͘-
͙ͣ͊ͫ͡Ύ ˶Φ x ͙ͦ͋͡Έ͍ͦ͊Σ ˢΦ ˭ ͊ͻ͡Ί͙͚͋ͤΣ ˱Φ ˭ ͍ΊͪΊ͍Σ ˶Φ ˱ ΅͔ͤͦ͟Σ ˤΦ ˴ ͍ͦ͊͡ΈΣ ˸Φ ˴ ͔ͦͫ͡-
͙ͤ͟Σ ˱Φ ˴ ͙ͦͫͭͼΈ͊͟Σ ˻Φ ˶ ͔͊͋ͤͦ͟Σ ˶Φ ˶ ͯ͟ΩΎ͍ͤͦ͊Σ ˥Φ ˹ ͔͊ͯͣͤͦ͟Σ ́Φ ˹ ͔͊ͯͣͤͦ͟Σ ˢΦ ˽ ͔͡-
΄͍͊ͦ͟Σ ˥Φ ˽ ͍ͯͫͭͦͭ͜Σ ˱Φ ˽ ͦͤͦͣ͊ͪΈ͍ͦ͊Σ ˹Φ ˾ ͙͍ͦ͟Σ ˶Φ ˾ ͙ͤ͘͜͟Σ ˶Φ ˿ ͊͡ΊΊ͍Σ ˿Φ ˿ ͊ͨͦ͗-
͙͍ͤͦ͟Σ ˿Φ ˿ ͍͎ͦͪ͊͜Σ ˱Φ ˿ ͍͔͎ͯͪ͊ͤ͊͜Σ ˤΦ ́ ͊ͤͫΈ͊͟Σ ˢΦ ́ ͙ͻ͍ͦͤͦ͊Σ ˱Φ ̂ ͍͙͒ͦ;͔ͤͦ͟Σ 
́Φ ̉ ͦͪͤͦ΄ͭ͊ͤΣ ˿Φ ̊ ͣ͊͡Ί͚ ͭ͊ ͤ͜Φ ͍̅ͦͪͣͯ͊ͤͤΌ ͔͎ͦͦ͟͜͡;͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ 
͙͍ͨͪͫΎ;͔ͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ˢΦ ˸ ͍͚͊ͭ͜;ͯ͊͟Σ ˤΦ ˸ ͔͔ͭ͡Έ͍ͦ͊Σ  ˱ Φ ˸ ͪͦ͘͜ ͍ͯͦ͊͟͡Σ 
˸Φ ̅ ͔ͦͤͤͦ͜͟͡Σ ˸Φ ̊ ͍͔͒ ͭ͊ ͤ͜Φ ˾ͦͪͦ͋ͦ͘͟Ό ͎͊͊͘͡Έ͙ͤͻ ͔͔͙ͭͦͪͭ;͙ͤͻ ͙ͨͭ͊ͤΈ 
͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͍;͙͔ͭ͡Ύ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͚͙͊ͣ͊ͫ͘͡Ύ ˿Φ ˥ ͊͊͘͡;͍ͦΣ 
ˢΦ ˸ ͙͍ͪͦͤͦΣ ˶Φ ˿ ͙͍ͣͦͤͦ͊Σ ˩Φ ˿ ͊ͫͭ͡Έͦͤͤ͊͜Σ ˨Φ ́ ͚ͪ͊ͭ͊͟Σ ˭Φ ́ Ό͔͍ͣ͊ͫ͊ ͭ͊ ͤ͜Φ  

˽͔ͪͦͭ ͔ͫͨͼ͊͜͡Έͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍ Ύ͙͟ͻ ͼͫͤͦ͜͜͡ ͎ͪͦ͘͡Ύ͒͊͊ͫ͡Ύ ͋ ͙͔ͫͫͭͣ͊ 
͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔ͭ͡Ύ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͒ͦ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͍ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ˤ˹˭Σ ͒ͦ ͔͔ͭͨͪ͜΄ͤΈ͎ͦͦ ;͊ͫͯ ͔ͤ ͍͙ͦͤ͊ͤ͟͜Φ  

˸͔ͭͦΌ ͫͭ͊ͭͭ͜ Ί ͎ͪͦ͘͡Ύ͒ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͙ͤͻ ͊ͫ͊͒͘ ͙͔͙ͫͫͭͣ ͔͙ͣͭͦ͒;ͤͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͒ͦ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˻͍ͫͤͦͤ͜ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ͜ ͙͊ͫ͊͒͘ ͯ ͣͫͭ͘͜͜ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Σ ͙͔ͫͫͭͣ͊ 
͝ͻͤΈͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ΄ͦ͟͡Ύ͍ͪ͜ ͍͙ͻ͙ͦ͒ͭΈ ͘͜ ͫͯ;͙͊ͫͤͻ ͔͔ͭͤ͒ͤ-
ͼ͚͜ ͎ͫͭ͊ͦͦ͡ ͍͙ͪͦͭͯ͘͟Σ ͔͎ͦͦ͊͘͟͜͡ͼ͜͝Σ ͎ͯͣ͊ͤ͊͘͜ͼ͜͝Σ ͔͎ͤͭͪ͊͜ͼ͜͝ ͨͦ;͍͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜Φ  

˹͊ ͍ͦͫͤͦ͜ ͙͔͎ͫͫͭͣͤͦͦ ͨ͒͜ͻͦ͒ͯ ˣΦ ˥ ͔ͪ΄ͯͤͫΈ͎ͦͦ͟ ώнΣ усςууϐ ͙ͣ 
͍͙ͤ͊͘;͙͙͡ ͍ͦͫͤͦͤ͜ ͙͔͙ͨ͒ͫͫͭͣ͜ ͍ ͙͔ͫͫͭͣ͜ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͒ͦ 
͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͊͘ ͍͙͙ͦͫͤͦͤͣ ͔͙͊ͫͨͭ͊ͣ͟Υ 

- ͔͎ͦͦ͟͜͡;ͤ͊ ͍ͦͫͭ͊͜ Ύ͟ ͫͯͫͨ͜͡Έͤ͊ ͜ ͙ͦͫͦ͋ͫͭ͊ ͼͤͤͫͭ͜͜ΈΤ 
- ͔͎ͦͦ͟͜͡;ͤ͊ ͍ͦͫͭ͊͜ Ύ͟ ͙͔ͫͫͭͣ͊Τ 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ4ȟ Ο 9 (43) 

81 

- ͔͎ͦͦ͟͜͡;ͤ͊ ͍ͦͫͭ͊͜ Ύ͟ ͨͪͦͼ͔ͫΤ 
- ͔͎ͦͦ͟͜͡;ͤ͊ ͍ͦͫͭ͊͜ Ύ͟ ͔ͪͯ͘͡Έͭ͊ͭΦ  
˭͊ ͍͙͙ͦͫͤͦͤͣ ͦ͋ΩΊ͙ͭ͊ͣ͟ ͙ͣ ͍͙͔͙͙ͦͪͣ͟͡Υ  
- ͼ͜͜͡ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ ͜ ͫͯͫͨ͜͡Έ͙ͤͻ 

͔ͨͦͭͪ͋ ͯ ͚ͫͭͦͣͯ͜͟ ͍͙͍ͪͦͭͦ͘͟͜ ͔ͣͤͦ͘͝ ͼ͙͍͊͘͜͜͡ͼ͜͝ ͭ͊ ͙͙ͨͪͪͦ͒ ͔͙ͨ͊ͤͭ͡Τ  
- ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔ όͫͺ͔ͪ͊ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͜ 

͒ͯͻ͍͎ͦͤͦͦ ͙͗ͭͭΎ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ Ύ͔͟ ͔͔͒ͭͪͣͤͯ͜Ί ͍͙ͪͦͭͦ͘͟ ͙͔͙ͫͫͭͣ ͔͎ͦͦ͟͜͡;ͤͦ͝ 
͍͙ͦͫͭ͜Σ ͍͙ͤ͊͘;͊Ί ͔ͦͤͪͭͤ͟͟͜ ͍͙ͯͣͦΣ ;͙͙͙ͤͤ͟ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ύΣ ͍ 
Ύͦͣͯ͟ ͍ͦͤ͊ ͺͯͤ͟ͼͦͤͯ͜ΊΤ 

- ͯ;͙͔ͭ͡Έ ς ͚͍͒ͦ͊͜ ͦͫͦ͋͊ ͋ͯ͒Έ-Ύ͙͟ͻ ͔͔͍͔ͨͪͭͦͪͤΈ ͯ ͙͔ͫͫͭͣ͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ 
͍͙ͦͫͭ͜Σ ΅ͦ ͔͍ͪ͊ͦͯ͘͜͡Ί ͼ͜͜͡ ͔͙͙ͦͣͨͫͤͣ͟͟͡ ͙͊ͫͦ͋͊ͣ͘ ͔͎͍͎ͦͦͦ͊ͤͦͦ͘͟͜͡ 
͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Τ  

- Ί͒ͤͫͭ͜Έ ͜ ͼͫͤͫͭ͜͜͜͡Έ ͙͔͙ͫͫͭͣ ͔͔͔͍͋ͨͪͪͤͦ͘͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͝͝ 
ͫͭͪͯͭͯͪ͊͟ ͜ ͔͙ͦͣͨͦͤͤͭ͟Σ ΅ͦ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͍ ͔͊ͫͨͭ͟͜ ͙ͦͨͭͣ͊͘͜ͼ͜͝ ͍ͯͨͪ͊ͤͤ͜͡Ύ 
ͼ͜ΊΌ ͙͔ͫͫͭͣͦΌ ͍ ͼͦͣͯ͜͡ ͜ ͝͝ ͔͙ͦͪͣ͟ͻ ͊ͤͦ͟͡Σ ͍͊͒͊ͨͭͦ͊ͤͫͭ͜Έ ͒ͦ ͍ͯ͜͟ ͙͙͙͒ͭͤΤ  

- ͔͎͍ͤͭͪͦ͊ͤͫͭ͜͜Έ ͙͔͙ͫͫͭͣ όͣͫͭ͘͜Σ ͔͙ͣͭͦ͒Σ ͙͊ͫͦ͋͘ ͚ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ 
ͺ͙ͦͪͣ ͍ͤ͊;͊͡Έͤͦ͝Σ ͍͙ͻ͍ͦͤͦ͝Σ ͍͙͍ͪͦ͊͘͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͤ͊ 
͒ͦͫΎ͎͔ͤͤͤΎ ͫͦͼ͊͜͡Έͤͦ ͜ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͔͔͍͙͒ͭͪͣͤͦ͊ͤ͜ͻ ͼ͔͚͜͡ ͍͙ͦͫͭ͜ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͔ͫͨͼ͙ͺ͜;͎ͤͦͦ ͚͎ͦͦ ͨͪͦΎ͍ͯ Ύ͟ ͔͔͔͍͎͋ͨͪͪͤͦͦ͘ ͨͪͦͼ͔ͫͯΣ ΅ͦ ͣ͊Ί 
͔͔͎ͦͪͦͤ͊͟͜͡Έͤͯ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜ΈύΤ 

- ͔͎ͦͦ͟͜͡;ͤ͊ ͤ͊ͯ͊͟Σ ΅ͦ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍ ͙͔ͫͫͭͣ͜ ͙ͣ͗͒ͫ͜ͼ͙͎ͨͤ͊ͪͤͦͦ͜͡ 
͍͎ͤ͊ͯͦͦͦ͟ ͤ͊ͤͤ͘Ύ Ύ͟ ͙͔͍ͫͫͭͣͦͯͭͦͪΌ͍͊͡Έ͙͚ͤ ;͙͙ͤͤ͟ ͒͡Ύ ͎ͫͯͯͨͤͦͦ͟ ͤ͊ͤͤ͘Ύ 
ͨͪͦ ͡Ό͙͒ͤͯΣ ΅ͦ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͯ ͨͪͦͼ͔ͫ͜ ͍͙ͦͫͭ͜Τ ͫͯͭͤͫͭ͜Έ ͜ ͺͯͤ͟ͼ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜ 
ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͤ͊ ͙͙͒ͭͤͯ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͤ͘Έ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͤ͊ͯ͟Σ ΅ͦ 
͔͔͊͋ͨ͘͘;ͯΌͭΈ ͍ͤͯͭͪ͜΄ͤΌ ͎ͦͯ͜͟͡ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟ ͙͔͙ͫͫͭͣ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͍;͙͔ͭ͡Ύ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͒ͦ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ΄ͦ͟͡Ύ͍ͪ͜Σ ͍͙ͤ͊͘;͔ͤͤΎ 
͔͔ͫͯͨͪ;͔͚ͤͦͫͭ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎΣ ͍͙ͻ͍ͦ͊ͤͤΎ ͚ ͍͙ͪͦͭͯ͘͟ ͙͊ͫͦ͋͊ͣ͘ ͔͎ͦͦ͟͜͡͝Σ 
͙͙͙͒͒͊ͭ͟͟Σ ͔͙͙ͣͭͦ͒͟Φ ˤͫ͜ ͍͔͔ͤ͊͒ͤ͜ ͙͔͙ͨ͒ͫͫͭͣ͜ ͣ͊ΌͭΈ ͻ͔͊ͪ͊ͭͪͤͯ͟ ͫͨ͜͡Έͤͫͭ͜ΈΣ 
͍͙͍͊ͫͭͯ͡ ͔͎ͦͦ͟͜͡;͚ͤ͜ ͍ͦͫͭ͜͜ Ύ͟ ͔͔͔͍͋ͨͪͪͤͦͣͯ͘ ͨͪͦͼ͔ͫͯΦ  

˿͙͔ͫͭͣ͊ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͒ͦ 
͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͙ͤ͊ͣ ͯ ͫͭͪͯͭͯͪ͟͜ 
͔͔͔͍͋ͨͪͪͤͦ͘͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͜ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͎ͨͪͦͪ͊ͣ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ 
͔ͪ ͎ͦͤ͊͜͡Έ͎ͤͦͦ ͔ͦͣͨͦͤͤͭͯ͟Φ ̂ ͍͘ΩΎͯ͘͟ ͘ ͼ͙ͣΣ ͣͫͭ͘͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͤ͊ ͤ͊΄ͯ 
͒ͯͣͯ͟Σ ͣ͊Ί ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͙ͨͪͤͼ͙͙ͨ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒ͦͼ͜͡Έͤͦͫͭ͜ ͚ ͎͍ͦͭͦͤͦͫͭ͜ ͒ͦ 
͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Φ ̇͜ ͙ͨͪͤͼ͙͙ͨ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͍͙͎͙ͣͦ͊ͣ ͒ͦ ͣͫͭͯ͘͜Σ 
ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜Σ ͔͍ͣͭͦ͒͜ ͜ ͺͦͪͣ ͍ͤ͊;͊ͤͤΎΣ ͍͙ͦͤ͊ͤͤ͟Ύ Ύ͙͟ͻ ͙ͫͨͪΎΊ 
͒ͦͫΎ͎͔ͤͤͤΌ ͼ͔͚͜͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼΎ ͒ͦ ͚ͣ͊͋ͯͭͤΈͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˥͍ͦͭͦͤͫͭ͜Έ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜ ͒ͦ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͣͦͦ͒͡΄͙ͻ 
΄ͦ͟͡Ύ͍ͪ͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͙ͤ͊ͣ ͍ ͙͔ͫͫͭͣ͜ Ύ͟ ͚ͫͭ͊͜͟ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ Ί Ί͒ͤͫͭ͜Ό ͭͪΈͦͻ ͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͔͍ͦͣͨͦͤͤͭ͟͜Υ ͍͎ͣͫͭͦͦͦ͘͜Σ 
͒͜Ύ͡Έ͎ͤͫͤͦͦ͜ ͜ ͙͍ͣͦͭ͊ͼ͚͎ͤͦͦ͜Φ 
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˭͍͙͚ͣͫͭͦ͜ ͔ͦͣͨͦͤͤͭ͟ ͙͔͙ͫͫͭͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͔͎ͦͦ͟͜͡;ͤͦ͝ 
͍͙ͦͫͭ͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͍͟͡Ό;͊Ί ͨͦͤΎ͚͙͚ͭͤ͜ ͔͎͊ͭͦͪ͊͟͜͡Έ͙͚ͤ ͊ͨ͊ͪ͊ͭ ͘ 
͔͎ͦͦ͟͜͡͝ ͜ ͨͦͤΎ͚͙͚ͭͤ͜ ͊ͨ͊ͪ͊ͭ ͨͪͦ ͫͯ;͊ͫͤ͜ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ 
͍͙ͦͫͭ͜ ͍ ͍ͦͫͭͤ͜͜ͻ ͍ͯͫͭ͊ͤͦ͊ͻ όͤ͊ͤͤ͘Ύ ͨͪͦ ͼ͜͜͡ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͜ ͍͙ͻ͍ͦ͊ͤͤΎΣ 
ͨͪͦ ͍͙͎͙ͣͦ ͒ͦ ͍͒͋ͦͪͯ͜ ͣͫͭͯ͘͜Σ ͨͪͦ ͔͙ͣͭͦ͒Σ ͙͊ͫͦ͋͘ ͚ ͺ͙ͦͪͣ ͔͎ͦͦ͟͜͡;ͤͦ͝ 
͍͙ͦͫͭ͜ ΄ͦ͟͡Ύ͍ͪ͜Σ ͨͪͦ ͎͙͒͊ͤͦͫͭͯ͜͟Σ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎΣ ͔ͪ͊͊͘͜͡ͼ͜Ό ͨͪͦͼ͔ͫͯ 
͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͔͚͒ͭ͜ύΦ 

˨͜Ύ͡Έ͙͚ͤͫͤ͜ ͔ͦͣͨͦͤͤͭ͟ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ 
͒ͦ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͯ;͍ͤ͜ Ί ͙͔ͫͫͭͣͦΌ ͍ͫͨͦͫͦ͋͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͜ 
͙͔ͫͫͭͣͦΌ ͔͙ͣͭͦ͒;͙ͤͻ ͯͣͤ͜Έ ͯ ͎͊ͯ͘͜͡ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Φ ˩͎ͦͦ͟͜͡;ͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ 
͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͙ͤ͊ͣ Ύ͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͎ͯ͊͊͘͡Έ͔͙͙ͤͤͣ 
͙ͫͨͦͫͦ͋͊ͣ ͍͊͘Ίͣͦ͒͜͝ ͘ ͙ͨͪͪͦ͒ͦΌΣ ͔͙ͣͭͦ͒͊ͣ ͔͎ͦͦ͟͜͡;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ 
ͯͣͤͤ͜Ύ͙ͣ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ͙͙͙ͨͪͪͦ͒ͤͣ ͦ͋ΩΊ͙ͭ͊ͣ͟ ͭͦ΅ͦΦ 

˸͙͍ͦͭ͊ͼ͚͙͚ͤ͜ ͔ͦͣͨͦͤͤͭ͟ ͨͦΊ͒ͤͯΊ ͎͙ͯͣ͊ͤͫͭ͜;ͤ͜Σ ͙ͫͭͦͪ͜;ͤ͜Σ ͔͎ͪͦͤ͊͜͡Έͤ͜Σ 
ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;ͤ͜ ͜ ͨͪͦͺ͔͚ͫͤ͜͜ ͔͙͊ͫͨͭ͟Σ ΅ͦ ͙ͫͨͪΎΌͭΈ ͪͦͯͣͤͤ͘͜Ό ͎͙ͯͣ͊ͤͫͭ͜;ͤͦ͝ 
ͼͤͤͦͫͭ͜͜ ͔͎ͦͦ͟͜͡͝ Ύ͟ ͙ͤ͊ͯ͟Σ ͙͍ͣͦ͗ͦͫͭ͜͡ ͝͝ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍ ͪͦ͋ͦͭ͜ ͘ ͒ͭ͜Έ͙ͣΦ  

ˤ͙ͻͦ͒Ύ;͙ ͘ ͙ͨͦ͘ͼ͜͝ ͙͔͎ͫͫͭͣͤͦͦ ͨ͒͜ͻͦ͒ͯΣ ͙ͦͨͭͣ͊͡Έ͔ͤ ͨͦΊ͒ͤ͊ͤͤΎ 
͔͍ͦͣͨͦͤͤͭ͟͜ ͣͫͭͯ͘͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͒ͦ 
͚͔͒ͫͤͤͤ͘͜Ύ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͯ;͍ͤ͜ ͣ͊Ί ͙͋ͯͭ ͔͍͔͔ͨͪ͒ͫͭ͊ͤ͡ ͙͙ͭ͊ͣ͟ 
͔͙͊ͫͨͭ͊ͣ͟Υ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍͙ͤ͊ͯͦͣ͟Σ ͼͤͤͫͤͦ͜͜-͙͍͙ͤͦͪͣ͊ͭͤͣΣ ͒͜Ύ͡Έ͙ͤͫͤͣ͜Φ 

˽͙͙ͪͪͦ͒ͤ;ͦ-͍͙͚ͤ͊ͯͦ͟ ͔͊ͫͨͭ͟ ͍͟͡Ό;͊Ί ͤ͊ͤͤ͘Ύ ͨͪͦ ͙ͨͪͪͦ͒ͤ͜ 
͔͙ͦͣͨͫ͟͟͡ ͔͎ͪͦͤͯ͜Σ ͝ͻ ͫͭͪͯͭͯͪͯ͟Σ ͔͙ͭͪͭͦͪ͊͜͡Έ͔ͤ ͪͦͣ͘͜΅͔ͤͤΎΣ ͍͙͍͊ͫͭͦͫͭ͜͡Σ 
ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ Ύ͟ ͦ͋ΩΊ͍ͭ͟͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͚ ͦͻ͙ͦͪͦͤΦ ͔͚̇ ͔͊ͫͨͭ͟ ͙ͣͫͭͭ͜Έ 
ͤ͊ͤͤ͘Ύ ͨͪͦ ͍͙ͯͣͦ ͚ ;͙͙͙ͤͤ͟ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ΅ͦ ͍͙͍ͨ͊͡ΌͭΈ 
ͤ͊ ͒ͯͻ͍͔ͦͤ ͭ͊ ͺ͙͘͜;͔ͤ ͍͒ͦͪͦ͘ΩΎ ͡Ό͙͙͒ͤ ͜ ͔ͣ͊ͭͪ͊͜͡Έ͔ͤ ͍͙͙ͪͦ͋ͤͼ͍ͭͦ ͦ͋͊ͫͭ͜͡Φ 

̇ͤͤͫͤͦ͜͜-͙͍͙͚ͤͦͪͣ͊ͭͤ ͔͊ͫͨͭ͟ ͍͟͡Ό;͊Ί ͤ͊ͤͤ͘ΎΣ ΅ͦ ͙͍ͪͦͪ͊͘͟ΌͭΈ 
͍͔ͯͤͪͫ͊͜͡Έͤͯ ͼͤͤͫͭ͜͜Έ ͙͙ͨͪͪͦ͒Σ ͙ͫͭͦͪ͜;ͤ͜ ͍͘ΩΎ͙͘͟Σ ͔͙ͤͭͪ͊͒ͼ͚ͤ͜͜ ͙ͫͨͦͫͦ͋ 
͍ͦͫͦΊͤͤΎ ͙͙ͨͪͪͦ͒ͤͻ ͎͍͋͊͊ͭͫͭΣ ͤ͊ͪͦ͒ͤ͜ ͙ͭͪ͊͒ͼ͜͝Σ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ 
͜ ͦͻͦͪͦͤͦΌ ͙͙ͨͪͪͦ͒Φ ̂ ͼ͔͚ ͔͊ͫͨͭ͟ ͍ͻͦ͒ΎͭΈ ͭ͊ͦ͗͟ ͤ͊ͤͤ͘ΎΣ ΅ͦ 
͔͎͔ͪ͊ͣͤͭͯ͡ΌͭΈ ͍͒ͤͦ͜΄͔ͤͤΎ ͡Ό͙͙͒ͤ ͜ ͙͙ͨͪͪͦ͒ ͍ ͦ͋͊ͫͭ͜͡Σ ͪ͊ͤ͟͜͝Σ ͍ͫͭ͜͜Φ 

˨͜Ύ͡Έ͙͚ͤͫͤ͜ ͔͊ͫͨͭ͟ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͔͔ͨͪͦͣ͜͟͡ ͤ͊ͤ͘Έ ͜ ͍ͣͤ͜ΈΣ Ύ͟͜ 
͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͍ ͔ͪ͊͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͍͙͍;͔ͤͤΎΣ ͦͼ͙ͤ͜͟Σ ͨͦͨ͜͡΄͔ͤͤΎ 
͙͙ͨͪͪͦ͒ ͦ͋͊ͫͭ͜͡Σ ͎ͨͪͦͨ͊͊ͤ͒͜ ͔͎ͦͦ͟͜͡;͙ͤͻ ͤ͊ͤ͘Έ ͭͦ΅ͦΦ 

ˤ͒͋ͪ͜͜ ͣͫͭͯ͘͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Σ 
͙ͣ ͍͍͊͗͊ΊͣͦΣ ͣ͊Ί ͚͒ͫͤ͘͜Ό͍͙͊ͭͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͙͙ͤ͘͟ ͙ͨͪͤͼ͙͍ͨ͜Σ Ύ͟͜ 
͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͺͦͫͦ͜͡ͺͫΈͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͣ ͯ ͎͊ͯ͘͜͡ 
͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ ͙ͨͪͤͼ͙ͨ͊ͣΥ ͎ͯͣ͊ͤ͊͘͜ͼ͜͝ ͜ ͎͙ͯͣ͊ͤͭ͊ͪ͊͘͜ͼ͜͝ ͍͙ͦͫͭ͜Τ 
͔͔͔͍͋ͨͪͪͤͦͫͭ͘͜Τ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘Έ ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
͔͍ͫͭͯ͒ͤͭ͜Τ ͔͎ͤͭͪ͊͜ͼ͜͝ ͤ͊ͤ͘Έ ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎΣ 
͙ͫͭͦͪͦ͜͟-͔͎ͪͦͤ͊͜͡Έ͙͚ͤ ͙ͨͪͤͼ͙ͨ ͭͦ΅ͦΦ 

˽͙ͪͤͼ͙ͨ ͎ͯͣ͊ͤ͊͘͜ͼ͜͝ ͜ ͎͙ͯͣ͊ͤͭ͊ͪ͊͘͜ͼ͜͝ ͍͙ͦͫͭ͜Φ ˥ͯͣ͊ͤͣ͘͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ 
͍͙ͦͫͭ͜ ͔͙͚͊͊͒ͤ͘͟͡ ͯ ͚͎ͦͦ ͔͎͙͍ͤͭͪ͊ͭͤͦ͜-͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͙ͨͪͤͼ͙ͨ͊ͻΣ ͔ͦͪͣ͊͘͟Υ 
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͙͔ͦͫͦ͋ͫͭͫͤ͜ ͙͚ͫͨͪͤΎͭͭΎ ͔ͫͭͯ͒ͤͭͦͣ ͨͪͦͼ͔͍ͫ͜ ͜ Ύ͍͙΅ ͯ ͋ͦͫͦ͜ͼͯͣ͜͜Τ ͙ͨͪ;͔ͭͤͫͭ͜Έ 
͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͔͎͎ͨ͒͊ͦ͊ ͒ͦ ͼ͙ͻ ͨͪͦͼ͔͍ͫ͜ ͔ͤ ͭ͜͡Έ͙͟ ͯ ͍ͫ͒ͦͣͦͫͭ͜͜Σ ͔͊͡ ͜ ͍ 
͒͜Ύ͡Έͤͦͫͭ͜Τ ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͤ͊ ͨͦ΄ͯ͟ ͎͙ͦ͒͘ ό͔ͦͤͫͤͫͯͫͯ͟ύΣ ͤ͊ ͎͍ͦͭͦͤͫͭ͜Έ ͜ ͍ͣͤͤ͜Ύ 
͙͚͙ͨͪͣ͊ͭ ͤ͜΄͜ ͎ͨͦ͡Ύ͙͒ ͜ ͭͦ;͙͟ ͦͪͯ͘Τ ͙ͦͫͦ͋ͫͭ͊ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͙ͤ͊ͫ͒͜͟͡ 
͍ͫͦΊ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͜ ͍ͫͦΊ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͍ ͋ͦͫͦ͜ͼͯͣ͜͜Φ ˻ͪ͜Ίͤͭ͊ͼ͜Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ 
ͨͪͦͼ͔ͫͯ ͤ͊ ͔͎ͦͦ͟͜͡Ό ς ͼ͔ ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͤ͊ ͔ͪ͊͡Έ͔ͤ ͙͗ͭͭΎΣ ͤ͊ ͔͙ͨͪͦ͋ͣ͡Σ Ύ͟͜ 
͔͙ͤ͊͗ͭ͡Έ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͡Ό͍͒ͫͭͯΦ ˹͊ ͔ͨͪ΄͙͚ ͨ͊ͤ͡ ͔͔ͨͪ͒ͯͫͣ͜ ͍͙ͤͦͫΎͭΈͫΎ 
ͣͦͪ͊͡Έͤ͜ ͭ͊ ͔͙ͭ;ͤ͜ ͼͤͤͦͫͭ͜͜Σ ͒ͯͻ͍͙͚ͦͤ ͍͙ͪͦͭͦ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˽͙ͪ ͼΈͦͣͯ 
͎ͯͣ͊ͤͭ͊ͪͤ͊͜ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͍͙ͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ 
͔͍͊͒͊ͭͤͦ͟ ͭͪ͊ͤͫͺͦͪͣͯΊͭΈͫΎ ͍ ͚͎ͦͦ ͔͎ͦͦ͟͜͡;ͤͯ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜ΈΦ 

˽͙ͪͤͼ͙ͨ ͔͔͔͍͋ͨͪͪͤͦͫͭ͘͜ ͍͙ͦͫͭ͜Φ ˽ͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ 
͍ͦͦ͒͜͡Ί ͔͎ͦͦ͟͜͡;ͤͦΌ ͍ͫ͒ͦͣͫͭ͜͜Ό ͔ͣͦ͗ ͙͋ͯͭ ͔ͪͯ͘͡Έ͙͍͙ͭ͊ͭͤͣΣ Ύ͟΅ͦ ͍ͤ͜ 
͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͔͔͔͍͋ͨͪͪͤͦ͘ ͍ͯͨͪͦ͒ͦ͗ ͙͍͎ͭͪ͊ͦͦ͡ ͔͍ͤͭͪ͊ͯ͜͡ ͙͗ͭͭΎ ͡Ό͙͙͒ͤΦ 
͔͚̇ ͍͒ͪͦ͘͜͜͟ ;͊ͫͯ ͦͻͦͨ͡ΌΊ ͔͙ͭ͊ͨ ͒ͦ΄͟͜͡Έͤͦ͝ ό͙͒ͭΎ;͙͚ ͍ͤ͊;͊͡Έ͙͚ͤ ͊͊͒͘͟͡ύΣ 
΄͟͜͡Έͤͦ͝ ό͍͋͊ͦͦ͘͝ ͜ ͍ͨͦͤͦ͝ύΣ ͨͫ͜͡Ύ΄͟͜͡Έͤͦ͝ ό͜͡ͼ͔͚Σ ͔ͦ͒͗͟͡Σ ˤ˹˭ύ 
͔͔͔͍͋ͨͪͪͤͦ͘͝ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Φ ˹͔ ͍͙͙͊͟͟͡Ί ͍͍ͫͯͣͤ͜͜Σ ΅ͦ ͤ͊ ͦ͗ͤͦͣͯ͟ ͘ 
ͼ͙ͻ ͔͍ͭ͊ͨ͜ ͔͔͔͍͋ͨͪͪͤͦ͘͝ ͍͙ͦͫͭ͜ ͣͫͭ͘͜ ͜ ͺ͙ͦͪͣ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍͙ͻ͍ͦ͊ͤͤΎ 
͍͙ͨͦͤͤ͜ ͎͍͙ͯͦ͒͗ͯ͊ͭͫ͘Ύ ͘͜ ͙ͨͪͤͼ͙͙ͨ͊ͣ ͤ͊ͫͭͯͨͤͦͫͭ͜ ͭ͊ ͍͍͙͙ͦͣ͜͟ 
͙ͨͫͻ͎ͦͦ͜͡;͙͙ͤͣ ͙͍ͦͫͦ͋ͦͫͭ͡Ύ͙ͣ ͡Ό͙͙͒ͤΦ  

˽͙ͪͤͼ͙ͨ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͤ͊ͤ͘Έ ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ͔͚̇ 
͙ͨͪͤͼ͙ͨ ͣ͊Ί ͙͍ͦͫͦ͋ͦ͡ ͍͙͍͔͊͗͡ ͤ͊͘;͔ͤͤΎ ͒͡Ύ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͦͫ͟͜͡Έ͙͟ 
͔ͤͦ͒ͣͤͤͦ͜Ό ͍ͯͣͦͦΌ ͊ͯ͘͡;͔ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͒ͦ 
͙ͨͪͪͦ͒ͦͦͻͦͪͦͤͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͙ͤͻ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍ͫ͒ͦͣͦͫͭ͜͜ Ί 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͙ͦͭͪͣ͊ͤͻ ͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘Έ ͯ ͍ͨͦͫΎ͔͚͒ͤͤ͟͜ ͙ͨͪ͊ͭ͟ͼ͜Φ ͔͚̇ 
͙ͨͪͤͼ͙ͨ ͍͊͘Ί͎ͣͤͦͦ ͨͦΊ͒ͤ͊ͤͤΎ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͙ͤ͊;ͦ͟ 
͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͊͘ ͪ͊ͻͯͤͦ͟ ͍ͤ͊;͊͡Έͤͦ-͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͙͍ͨͪ͊ͭͯͣ͟͟͜ ͙͙ͨͪͪͦ͒ͤ;ͦ-
͍͙ͤ͊ͯͦ͟ͻ ͙͒ͫͼ͙ͨͤ͜͡Τ ͨͦ͡Έ͍͙ͦͻ ͙͍ͨͪ͊ͭͯͣ͟͟͜Τ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͙ͤ͊ͯͦ͟ͻ 
͔͒ͦͫ͒͗ͤ͜͡Έ ͯ ͊͋ͦͪ͊ͭͦͪ͜͡ΎͻΣ ͯ ͍͙ͤ͊ͯͦ͟ͻ ͔ͫͭͯ͒ͤͭͫΈ͙͟ͻ ͎ͯͪͭ͊͟ͻΤ ͔͍͙ͪͤ͟͜ͼ͍ͭ͊ 
͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌ ͨͦ͊ͯͪͦ͘;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ͯ ΄͟͜͡Έͤͦͣͯ ͯͭͦ͟;ͯ͟ ͙͍͗ͦ͝ 
͙͙ͨͪͪͦ͒Σ ͯ ΄͟͜͡Έͤͦͣͯ ͫ͊͒ͯΣ ͤ͊ ͍ͤ͊;͊͡Έͤͦ-͚͒ͦͫ͒ͤ͜͜͡ ͒͜͡Ύͤͼ͜ ͭͦ΅ͦΦ 

˽͙ͪͤͼ͙ͨ ͔͎ͤͭͪ͊͜ͼ͜͝ ͤ͊ͤ͘Έ ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Φ ˱͔͎ͤͭͪ͊ͼ͜Ύ 
͔͔ͨͪ͒͋͊;͊Ί ͍͔ͫͭͦͪͤͤΎ ͭͪΈͦͻ ͙͍ͭͨ͜ ͔͎͙͍͙ͤͭͪ͊ͭͤ͜ͻ ͙͒ͫͼ͙ͨͤ͜͡Υ ͔͔͍͙ͨͪͦͨ͒ͭ;ͤ͜Σ 
͚ͤͤ͜͜͜͡ ͭ͊ ͎ͯ͊͊͘͡ΈͤΌ͍͊͡Έͤ͜Φ ˽͔͔͍͙ͪͦͨ͒ͭ;ͤ͜ ͙ͯͪͫ͟ ό͋ͦͭ͊ͤ͊͜͟ ͘ ͍͙ͦͫͤͦ͊ͣ 
͔͎ͦͦ͟͜͡͝Σ ͔͔͍͍ͣͤ͊ͫͭͦ͘͘͡ ͘ ͍͙ͦͫͤͦ͊ͣ ͪ͊͟Ί͍͍ͤ͊ͫͭ͊͘ύ ͚ͤ͊ͦͣ͘͡ΎͭΈ ͔͍ͫͭͯ͒ͤͭ͜ ͘ 
Ί͙͒ͤͦΌ ͙͊ͪͭͤͦ͟Ό ͍ͫͭͯ͜Τ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍͙͙ͤ͊ͯͦͣ͟ ͨͦͤΎͭͭΎ͙ͣΣ ͍͙ͤ͊͘;͔ͤͤΎ͙ͣ 
͚ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜Ύ͙ͣΦ ̂ ͚͙ͤͤ͜͜͡ͻ ͯͪͫ͊͟ͻ ό͙͍͍ͨͪͪͦ͒ͦͤ͊ͫͭͦ͘ύ ͪ͊ͤ͜΄͔ ͙ͦͭͪͣ͊ͤ͜ 
ͤ͊ͤͤ͘Ύ ͎͙͊͋͘͡͡ΌΌͭΈͫΎ ͜ ͔͒ͭ͊ͯ͘͜͡ΌͭΈͫΎΣ ͍͊͘Ί͍ͣͦͨͦΩΎͯ͘ΌͭΈͫΎ ͘ ͤ͜΄͙͙ͣ 
͚͙͙ͤͤͣ͜͜͡ ͙͒ͫͼ͙͙ͨͤ͊ͣ͜͡Τ ͍ ͎ͯ͊͊͘͡ΈͤΌ͍͊͡Έ͙ͤͻ ͔͎͙͍͙ͤͭͪ͊ͭͤ͜ͻ ͯͪͫ͊͟ͻ 
ό͔͎ͦͦ͟͜͡ΎΣ ͔͙ͣͭͦ͒͊͟ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ύ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͙͔ͫͤͭ͘ ͤ͊ͤ͘ΈΦ ˽ͪͦͼ͔ͫ 
͔͎ͤͭͪ͊͜ͼ͜͝ ͍ ͙͔ͫͫͭͣ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔ͭ͡Ύ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͒ͦ 
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SUMMARY 
Gritchenko T. /ƻƴŎŜǇǘǳŀƭ ŦƻǳƴŘŀǘƛƻƴǎ ƻŦ ŦǳǘǳǊŜ ǘŜŀŎƘŜǊǎΩ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ǘǊŀƛƴƛƴƎ 

system to environmental education of primary schoolchildren. 
¢ƘŜ ŀǊǘƛŎƭŜ ŀƴŀƭȅǎŜǎ ǘƘŜ Ƴŀƛƴ ŘƛǎŀŘǾŀƴǘŀƎŜǎ ƻŦ ŦǳǘǳǊŜ ǘŜŀŎƘŜǊǎΩ ǇǊŜǇŀǊŀǘƛƻƴ ǘƻ 

ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ŎƘƛƭŘǊŜƴΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜŘǳŎŀǘƛƻƴΤ ƛǘ ƛǎ ŘŜŦƛƴŜŘ ǘƘŀǘ ƻǾŜǊŎƻƳƛƴƎ ƻŦ ǘƘŜǎŜ 
disadvantages is prevented by weak development of general theoretical question of 
Ŏƻƴǘƛƴǳƻǳǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜŘǳŎŀǘƛƻƴ ŎƻƴǘŜƴǘΣ ŀƴŘ ƭŀŎƪ ƻŦ ŦǳǘǳǊŜ ǘŜŀŎƘŜǊǎΩ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ 
ǇǊŜǇŀǊŀǘƛƻƴ ǎȅǎǘŜƳ ǘƻ ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ŎƘƛƭŘǊŜƴΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜŘǳŎŀǘƛƻƴΤ ǘƘŜ ōŀǎƛŎ 
ǎǳōǎȅǎǘŜƳǎ ƛƴ ŦǳǘǳǊŜ ǘŜŀŎƘŜǊǎΩ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ǇǊŜǇŀǊŀǘƛƻƴ ǘƻ ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ŎƘƛƭŘǊŜƴΩǎ 
environmental education, based on B. IŜǊǎƘǳƴǎƪƛȅΩǎ ǎȅǎǘŜƳ ŀǇǇǊƻŀŎƘΣ ŀǊŜ ŘŜŦƛƴŜŘ ŀŎŎƻǊŘƛƴƎ 
to following basic aspects: ecological education as public and personal value,  ecological 
education as a system, ecological education as a process, ecological education as a result; 
the concept of ζŦǳǘǳǊŜ ǘŜŀŎƘŜǊǎΩ ǊŜŀŘƛƴŜǎǎ ǘƻ ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ŎƘƛƭŘǊŜƴΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
educationη ƛǎ ǎǇŜŎƛŦƛŜŘΤ ǘƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǎǘǳŘŜƴǘǎΩ ǇǊŜǇŀǊŀǘƛƻƴ ǘƻ ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ŎƘƛƭŘǊŜƴΩǎ 
environmental education (content, activity and motivational) are characterized; optimal 
ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŎƻƴǘŜƴǘ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŦǳǘǳǊŜ ǘŜŀŎƘŜǊǎΩ ǇǊŜǇŀǊŀǘƛƻƴ ǘƻ ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ 
ŎƘƛƭŘǊŜƴΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜŘǳŎŀǘƛƻƴΣ ōŀǎŜŘ ƻƴ ǎȅǎǘŜƳ  ŀǇǇǊƻŀŎƘΣ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ 
following aspects: natural-scientific, value-normative, activity; the principles of selection of 
ecological education content of future primary school teachers that correspond to the 
philosophical and methodological research in environmental education are analyzed and 
defined as following: humanization and education liberalization; continuity; correlation of 
theoretical knowledge and practical students activities; integration of knowledge and 
academic disciplines; education differentiation; historical and regional principle, etc.  

¢ƘŜ ŎƻƴŘǳŎǘŜŘ ǊŜǎŜŀǊŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ŦǳǘǳǊŜ ǘŜŀŎƘŜǊǎΩ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ 
ǇǊŜǇŀǊŀǘƛƻƴ ǘƻ ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ŎƘƛƭŘǊŜƴΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜŘǳŎŀǘƛƻƴ Ƴǳǎǘ ōŜ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘŜ 
complex system. Ecological education must become the main tool of motivational environment 
activity forming and provide constructive approach to realization of sustainable development 
ideas. In the preparation of primary school teachers for environmental education of junior 
schoolchildren personal orientation upon the child, knowledge of regional characteristics and 
environmental education school programs are necessary. Environmental education should 
become the main tool for the formation of the motivational environment of the specialist's work 
and provide constructive approach to implementing the idea of sustainable development. 

Key words: sustainable development principles, environment, ecological education, 
ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ǘŜŀŎƘŜǊΩǎ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ǇǊŜǇŀǊŀǘƛƻƴ ǎȅǎǘŜƳΣ ƘƛƎƘŜǊ ǇŜŘŀƎƻƎƛŎŀƭ ŜŘǳŎŀǘƛƻƴŀƭ 
establishment, contƛƴǳƻǳǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜŘǳŎŀǘƛƻƴ ǎȅǎǘŜƳΣ ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ŎƘƛƭŘǊŜƴΩǎ 
environmental education. 
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˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͣ͊͒͡΄͙ͻ 
΄ͦ͟͡Έ͙͍ͤͦ͟ ͍ͦͣͦ͗ͤͦͫͭ͘Ύ͙ͣ ͙͎͍͎ͪͦͦͦ ͔ͣͭͦ͒͊ ͦ͋ͯ;͔͙ͤΎΦ ̂;͔͋ͤͦ-͍͙͔ͦͫͨͭ͊ͭ͡Έͤ·͚ 
ͨͪͦͼ͔ͫͫ ͍ ΄͔ͦ͟͡ ͔͎ͫͦ͒ͤΎ ͔͔ͨͪͦ͋ͪ͊͗͊ͭͫΎ ͙ ͤ͊ͨͦͤ͡Ύ͔ͭͫΎ ͍ͤͦ·ͣ ͔͙͔ͫͦ͒ͪ͗͊ͤͣΦ ̏ͭͦ ͔ͤ 
ͨͪͦͫͭͦ ͨͪͦͼ͔ͫͫ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͯ;͙͔ͭ͡Ύ ͙ ͯ;͔͙ͤ͊͟ ς Ήͭͦ ͍ͤͦ͊Ύ ͔ͣͦ͒͡Έ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 
ͯ;͔͎͋ͤͦͦ ͨͪͦͼ͔ͫͫ͊Σ ͔ͤͦͭΆ͔͔ͣͣ͡·ͣ ͙Ή͔͔͙ͣͤͭ͊ͣ͡ ͎ͦͭͦͪͦͦ͟ ͍·ͫͭͯͨ͊Ό  ͔͎͎͙ͭͨ͒͊ͦ;͔͙͔ͫ͟ 
͔ͭͻ͎͙͙ͤͦͦ͡Σ ͍͔ͯͫͦͪ΄͔͍͍ͤͫͭͦ͊ͤͤ·͔ ͔ͣͭͦ͒·Σ ͙͔ͨͪͣ·, ͔͍ͫͪ͒ͫͭ͊  ͙͎͙͔ͣͤͦͦͦ͋ͪ͊͘ ͍͙͍͒ͦ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ. ˤ ͫͭ͊ͭΈ͔ ͍·Ύ͍͔ͤ͡· ͙͙͒͒͊ͭ͟;͔͙͔ͫ͟ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ 
͍͙ͯͫͦ͡Ύ ͙͎͍͎ͪͦͦͦ ͔ͣͭͦ͒͊ ͦ͋ͯ;͔͙ͤΎ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ 
ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟Φ ˻͔͔͋ͫͨ;͔͙͔ͤ ͍͔͔͚ͫͫͭͦͪͦͤͤ ͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͎͍͙ͨͦ͒ͦͭͦ͟ ͔͔͚͒ͭ 
͍ͦͣͦ͗ͤͦ͘ ͙ͨͪ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ ͔ͯͣͦͣ͡ ͫͦ;͔͙͙ͭ͊ͤ ͙͎͍ͪͦ·ͻ ͔͍ͣͭͦ͒ͦ ͍ ͦ͋ͯ;͔͙͙ͤ ͣ͊͒͡΄͙ͻ 
΄ͦ͟͡Έ͙͍ͤͦ͟Φ ˢ͙ͤ͊͘͡ ͔͙͙ͭͦͪ ͙ ͙͙ͨͪ͊ͭ͟͟ ͔ͨͪͦ͋ͣ͡· ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ 
͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͯ ͔͔͚͒ͭ ͒͊͡ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍·Ύ͍͙ͭΈ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡ΎΣ 
͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙͔ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͍ͦͫͤͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟  ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΥ ͙͔͔͙͔ͨͪͣͤͤ 
͔͔͎ͦͣͨͭͤͭͤͦͫͭͤͦͦ͟ ͨͦ͒ͻͦ͒͊Τ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͔͙ͫ͊ͣͦͪ͊͊͘͡ͼ͙͙ ͔͔͚͒ͭ ͍ ͙͎͍͚ͪͦͦ ͙ 
͎͙͒ͪͯͻ ͍͙͒͊ͻ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΤ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͎͍ͪͦ·ͻ ͔͍ͣͭͦ͒ͦ ͍ ͙͍͙͊ͭ͊͘͟ͼ͙͙ 
͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͔͚͒ͭΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͦ͋ͯ;͔͙͔ͤΣ ͍͙͙͔ͦͫͨͭ͊ͤΣ ͍͙͙͔ͪ͊ͭ͘Σ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ 
͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Σ ͣ͊͒͡΄͙͚ ΄ͦ͟͡Έ͙ͤ͟Σ ͙͎ͪ͊Σ ͔ͣͭͦ͒ ͦ͋ͯ;͔͙ͤΎΣ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ 
͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ΎΦ  

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔ͨͪͦ͋ͣ͡·Φ ˻͚͒ͤͦ ͙͘ ͊͒͊͘; ͍͙͙ͦͫͨͭ͊ͤΎ ͍͔͔ͫͫͭͦͪͦͤͤ ͙ 
͎͙͊ͪͣͦͤ;ͤͦ ͍͙͚ͪ͊ͭͦ͘ ͙͡;͙ͤͦͫͭ Ύ͍͡Ύ͔ͭͫΎ ͊͒͊͘;͊ ͍͔͎ͯͣͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ 
͔͔͚͒ͭ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘Φ ˣͦ͡Έ΄͔ͦ ͍͙͡Ύ͙͔ͤ ͤ͊ Ήͭͦͭ ͨͪͦͼ͔ͫͫ 
ͦ͊͘͟·͍͔͊ͭ ͍͙͙͔ͪ͊ͭ͘ ͯ ͔͔͚͒ͭ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ 
͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡Φ ˹ͦ ͙ͤ͊ͤ͘ΎΣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͔͔ͨͪ͒ͣͭͯ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎ ͚ͫͦ͗ͤͦ͡ ͚ͫͭͪͯͭͯͪͦ͟. 

˿͔͚;͊ͫΣ ͎ͦ͒͊͟ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͨͦͫͭͦΎͤͤͦ ͙͙͔͊ͭͯ͊ͪͯͭͫ͘͟͡ΎΣ ͙͔ͣͤ͘Ύ͔ͭͫΎ ͙ 
͔͙͙͔ͣͦ͒ͪͤͪͯͭͫ͘ΎΣ ͍͔ͪͦΎͭͤͦΣ ;ͭͦ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͔ͣͭͦ͒· ͦ͋ͯ;͔͙ͤΎ ͔ͤ ͎ͣͦͯͭ 
͍ ͚ͨͦͤͦ͡ ͔͔ͣͪ ͔͙͍ͪ͊ͦ͊ͭ͘͡Έ ͤͯ͗ͤ·͔ ό͔ͨͪ͒ΆΎ͍͡Ύ͔ͣ·͔ύ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͙ 
͔͔ͦ͋ͫͨ;͙ͭΈ ͊͟;͔͍ͫͭͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˨͡Ύ Ή͎ͭͦͦ ͔͎͎ͨ͒͊ͦ ͙ͨͪͻ͙ͦ͒ͭ ͟ ͙ͨͦͫͯ͟ 
͍ͤͦ·ͻ ͍ͫͨͦͫͦ͋ͦ ͙ ͔͍ͣͭͦ͒ͦ ͦ͋ͯ;͔͙ͤΎΣ ͦͭͦͪ͟·͙ͣ Ύ͍͡ΎΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͙͔͔͙͔ͨͪͣͤͤ ͦͭͦͪ͟·ͻ ͔͔ͭͪ͋ͯͭ ͔ͫͨͼ͙͊͡Έͤͦ 
͎ͪ͊ͪ͊͋ͦͭ͊ͤͤͦͦ͘ ͫ Ή͚ͭͦ ͼ͔͡ΈΌ ͔͙ͣͭͦ͒;͔͎ͫͦͦ͟ ͍͔͙ͫͦͨͪͦͦ͗͒ͤΎΣ ͔͍ͣ͊ͫͭͪͫͭ͊Σ 
͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎΣ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͍͙͚ͯͫͦ͡Φ 

̂;͔͋ͤͦ-͍͙͔ͦͫͨͭ͊ͭ͡Έͤ·͚ ͨͪͦͼ͔ͫͫ ͍ ΄͔ͦ͟͡ ͔͎ͫͦ͒ͤΎ ͔͔ͨͪͦ͋ͪ͊͗͊ͭͫΎ ͙ 
ͤ͊ͨͦͤ͡Ύ͔ͭͫΎ ͍ͤͦ·ͣ ͔͙͔ͫͦ͒ͪ͗͊ͤͣΦ ̏ͭͦ ͔ͤ ͨͪͦͫͭͦ ͨͪͦͼ͔ͫͫ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ 
ͯ;͙͔ͭ͡Ύ ͙ ͯ;͔͙ͤ͊͟ ς Ήͭͦ ͍ͤͦ͊Ύ ͔ͫͭͯͨͤΈ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͯ;͔͎͋ͤͦͦ ͨͪͦͼ͔ͫͫ͊Σ 
͔ͤͦͭΆ͔͔ͣͣ͡·ͣ Ή͔͔ͣͤͭͦͣ͡ ͎ͦͭͦͪͦͦ͟ ͍·ͫͭͯͨ͊Όͭ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ 
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͔ͭͻ͎͙͙ͤͦͦ͡Σ ͍͔ͯͫͦͪ΄͔͍ͤͫͭ͊ͤͤ·͔ ͔ͣͭͦ͒·Σ ͙͔ͨͪͣ· ͙ ͔͍ͫͪ͒ͫͭ͊ 
ό͔ͫͨͼ͙͊͡Έͤ·͔ ͙͔͙͍ͤͭͪ͊ͭͤ͟·͔ ͙͒ͦͫ͟Σ ͔ͨͪͦͭͦͪ͟·Σ ͙͍͙ͨͪͫͭ͊͟ ͙ ͭΦ͒ΦύΣ 
ͨͦ͒ͻͦ͒· ό͙͡;ͤͦͫͭͤ·͚Σ ͔͔ͦͣͨͭͤͭͤͦͫͭͤ͟·͚Σ ͔͒Ύ͔ͭ͡Έͤͦͫͭͤ·͚ύ ͙ 
͎͙͔ͣͤͦͦͦ͋ͪ͊͘ ͍͙͍͒ͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ όͦ͋΅͔͙͔ͤΣ ͙͎ͪ͊Σ ͭͪͯ͒Σ ͯ;͔͙͔ͤύΦ 

˹͊ ͍͔͔ͫͦͪͣͤͤͦͣ Ή͔ͭ͊ͨ ͯ;͔͙ͤ͟ ͔͒ͦ͗ͤ͡ ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ͭ͘ΈΣ ͊͟͟ ͨͦͯ͡;͙ͭΈ 
͙ͤͺͦͪͣ͊ͼ͙ΌΣ ͤͦ ͙ ͔ͯͣͭΈ ͙͔͙ͨͪͣͤͭΈ ͨͦͯ͡;͔ͤͤ·͔ ͙ͤ͊ͤ͘Ύ ͙ ͍ͤ͊·͙͟ ͤ͊ 
͙͔ͨͪ͊ͭ͟͟Σ ͊ ͔ͭ͊͗͟ ͍ͫͦ͒͊͊ͭ͘Έ ͍͔ͤͦͦ ͤ͊ ͍͔ͦͫͤͦ ͨͦͯ͡;͔͚ͤͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ͙̏ͭ 
ͼ͔͙͡ ͔͍ͤͦͣͦ͗ͤͦ͘ ͙͒ͦͫͭ;Έ ͔͋͘ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔͍ͣͭͦ͒ͦ ͦ͋ͯ;͔͙ͤΎΣ ͦͭͦͪ͟·͔ 
͔͙͒͊͡͡ ͋· ͯ;͊΅͙ͻͫΎ ͔ͤ ͙͍ͨ͊ͫͫͤ·͙ͣ ͫͯ͡΄͔͊ͭ͡Ύ͙ͣΣ ͊ ͙͍͊ͭͤ͟·͙ͣ 
ͯ;͙͙͊ͫͭͤ͊ͣ͟ ͨͪͦͼ͔ͫͫ͊ ͦ͋ͯ;͔͙ͤΎΦ ̏ͭͦ ͫͭ͊ͦ͡ ͍ͦͣͦ͗ͤ͘·ͣ ͎͋͊ͦ͒͊ͪ͡Ύ 
͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͍͔͔ͫͦͪͣͤͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͍ ͦ͋ͯ;͔͙͙ͤ ͙ ͍͙͙͙ͦͫͨͭ͊ͤ ͔͔͚͒ͭΦ 

˽͔͙ͪͦ͒ ͦ͋ͯ;͔͙ͤΎ ͍ ͤ͊;͊͡Έ͚ͤͦ ΄͔ͦ͟͡ ͔͒ͦ͗ͤ͡ ͍ͫͦ͒͊͊ͭ͘Έ 
͎͙͋͊ͦͨͪ͡Ύͭͤ·͔ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͔͔ͪ͋ͤ͊͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͔ͣͯ ͒͊͡Έ͔͚ͤ΄͔͔ 
͎͋͊ͦͨͦͯ͡͡;͔ͤͦ ͍͙͙͔ͪ͊ͭ͘Σ ͦ͋ͯ;͔͙͔ͤ ͙ ͍͙͙͔ͦͫͨͭ͊ͤΦ ˨͔͙ͭ ͍ Ήͭͦͭ ͔͙ͨͪͦ͒ 
ͯ;͊ͭͫΎ ͼ͔͔͍͔ͤ͊ͨͪ͊ͤͤͦ͡͡ ͍͙ͨͪͦͦ͒ͭΈ ͤ͊͋͡Ό͔͙͒ͤΎ ͤ͊͒ ͔͔͙ͨͪ͒ͣͭ͊ͣ ͙ 
͎͙ͪͯͨͨ͊ͣ ͔͔͍ͨͪ͒ͣͭͦ ͍ ͻ͔ͦ͒ ͙ͻ ͍͔͙ͫͪ͊ͤͤΎΣ ͔͙ͪ͊ͫͨͦͦ͗ͤ͡Ύ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ 
͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͨͦ ͙ͨͪͤ͊͊ͣ͘͟ όͼ͍͔ͭΣ ͺͦͪͣ͊Σ ͍͔͙͡;͙ͤ͊ύΣ ͨͦͯ͡;͊Ύ ͙ͨͪ Ήͭͦͣ 
͙ͦ͟͡;͔͍͔ͫͭͤͤ·͔ ͙ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ΎΣ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ 
͍͚ͦͫͤͦͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ   

ˢ͙ͤ͊͘͡ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͙ ͙ͨͯ͋͊͟͡ͼ͙͚Φ ˹͔ͦͼ͔͙ͤͣ·͚ ͍͊͒͟͡ ͍ ͔͙ͭͦͪΌ ͙ 
͔͙ͣͭͦ͒ͯ͟ ͔͔͙ͨͪ͒ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͎͍͙ͨͦ͒ͦͭͦ͟ ͍͔͙ͤͫ͡ ˩Φ ́ ͙ͻ͔͔͍͊Σ ˶Φ ˥ ͎͔͍͊ͦ͊͡͡Σ 
̅Φ x ͔͡ͻ͔ͪΣ !Φ ˶ ͔ͯ΄͙ͤ͊Σ ˢΦ ̂ ͍ͫͦ͊Σ ˸Φ ̉ ͔͔͍ͣ͊ͪ͟Σ ˩Φ ̂ ͒͊͡Έͼ͍ͦ͊Σ !Φ ˿ ͭͦ͡ΎͪΣ 
˶Φ ˸ ͔͙ͭͤ͊͡Σ ́Φ ́ ͔͍͊ͪͯͤͭ͊͊Σ ̅Φ ˸ ͙ͻ͚͍͊ͦ͊͡Σ ˹Φ x ͊ͫͭ͟Σ ˾Φ ̉ ͍ͯ͒ͤͦ͊ ͙ ͒ͪΦ 

˹͔͔͍͔ͨͦͫͪ͒ͫͭͤͤͦ ͔ͨͪͦ͋ͣ͊ͣ͡ ͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͎͍͙ͨͦ͒ͦͭͦ͟ 
΄ͦ͟͡Έ͙͍ͤͦ͟ ͣ͊͒͡΄͙ͻ ͍͊ͫͫͦ͟͡ ͍ͨͦͫΎ΅͔ͤ· ͭͪͯ͒· ͔͚ͪͯͨͤ͟΄͙ͻ ͯ;͔ͤ·ͻ ͙ͣͪ͊ 
͙ ͔ͦͭ;͔͍͔ͫͭͤͤ·ͻ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡Φ ˽͔͚ͪͦ͋ͣͦ͡ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ 
͔͔ͪ͋ͤ͊͟ ͙͙͊ͤͣ͊ͫ͘͡Έ ˤΦ ʕ ͍͍ͦ͒ͦͦͦ͘Σ ˨Φ ʕ ͍͙͚ͦͦͫ͟͟͡Σ ˤΦ ˴ ͔͙ͣͤͼΣ 
̒Φ ˴ ͔͙͚ͦͣͤͫ͟Σ ˤΦ ˶ ͚͊Σ ˴Φ ˶ ͔͔͙͋͒ͤͼ͔͍Σ ˸Φ ˸ ͔͙ͦͤͭͫͫͦͪΣ ˮΦ ˽ ͔ͫͭ͊ͦ͡ͼͼ͙Σ 
˶Φ ́ ͚ͦͫͭͦ͡Σ ˴Φ ̂ ΄͙͙͚ͤͫ͟Σ ̅Φ ̅ ͔͔ͪ͋͡Έ ͙ ͒ͪΦ 

͔̇͡Έ ͫͭ͊ͭΈ͙ ς ͍·Ύ͍͙ͭΈ ͙͙͒͒͊ͭ͟;͔͙͔ͫ͟ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙ 
͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡Ύ ͙͎ͪ· ͊͟͟ ͔ͣͭͦ͒͊ ͦ͋ͯ;͔͙ͤΎ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟Φ 

ˮ͔͙͔ͦ͗ͤ͘͡ ͍͎ͦͫͤͦͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Φ ˸͊͒͡΄͙͚ ΄ͦ͟͡Έͤ·͚ ͍ͦͪ͊ͫͭ͘ ς 
͍͔͚͊͗ͤ΄͙͚ Ήͭ͊ͨ ͍ ͍͙͙͙ͪ͊ͭ͘ ͙ ͍͙͙͙ͦͫͨͭ͊ͤ ͙͡;͙ͤͦͫͭΦ ̏ͭͦ ͔͙ͨͪͦ͒ 
͙ͨͪͦ͋΅͔͙ͤΎ ͔͖ͪ͋ͤ͊͟ ͟ ͙ͨͦͤ͊ͤ͘Ό ͦͪͯ͗͊͟Ό΅͔͎ͦ ͙ͣͪ͊Φ 

˸͔͙͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͫͯ͗͊ͭ͡ ͔͍ͫͪ͒ͫͭͦͣ 
͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͎ͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͔͔ͪ͋ͤ͊͟Σ ͔͎ͦ ͍͔ͨͦͤ͊͊ͭ͘͡Έͤ·ͻ ͙ ͍ͭͦͪ;͔͙ͫ͟ͻ 
͔͚ͫͨͦͫͦ͋ͤͦͫͭΦ ˻ͭ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͔ͪ͋ͤ͊͟ ͍ м 
͔͊ͫͫ͟͡ ͍͙͙͊ͫͭ͘ ͔ͯͫͨ΄ͤͦͫͭΈ ͦ͋ͯ;͔͙ͤΎ ͔͙͔ͣ͊ͭͣ͊ͭ͟ ͍ ͒͊͡Έ͔͚ͤ΄͔ͣΦ 

ˤ·͋ͦͪ ͔ͣͭͦ͒͊ ͙͎ͪ· ͍ ͊͟;͔͍͔ͫͭ ͔͍ͨͪͦͦ;͔͔͎ͪ͒ͤͦͦ ͦ͋Ά͔ͭ͊͟ 
͍ͭͦͪ;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡ ͙ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͍͔͙ͦͫͦͤΎ ͙͍ͨͪͦ͒ͭͦ͊ͤ͟ ͔ͭͣ 
ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭͦͣΣ ;ͭͦ ͙͔ͣͤͤͦ ͦͤ͊ ͔ͣͦ͗ͭ ͍·͙ͨͦͤͭ͡Έ ͙ͫ͟͡Ό;͙͔ͭ͡ΈͤͯΌ ͪͦ͡Έ 
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͙͔͙ͯͫͤ͡Ύ ͍͔ͨͦͤ͊͊ͭ͘͡Έ͎ͤͦͦ ͙͔͔ͤͭͪͫ͊Σ ͔͎ͦ͋͡;͔͙ͤΎ ͎ͫͦ͗ͤͦͦ͡ ͨͪͦͼ͔ͫͫ͊ 
ͯ;͔͙ͤΎΣ ͔͙ͯͫͦͪͤ͟Ύ ͍͙͙ͪ͊ͭ͘ΎΦ ˹͔͡Έ͘Ύ ͔ͤ͒ͦͦͼ͔͙͍ͤ͊ͭΈ ͤ͊͘;͔͙͔ͤ ͙͎ͪ· ͒͡Ύ 
͔͔͚͒ͭ ΄ͦ͟͡Έ͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘Φ ˭͊͒͊;͊ ͔͎͎ͨ͒͊ͦ͊ ς ͔ͫ͒͊ͭ͡Έ ͍ͨ͊ͤ͡·ͣΣ 
͔͍͊͒͊ͭͤ͟·ͣ ͔͔ͨͪͻͦ͒ ͔͔͚͒ͭ ͦͭ ͙͎͍͚ͪͦͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͟ ͯ;͔͚͋ͤͦΦ 

ˤ ͔͎͎͙͔ͨ͒͊ͦ͟ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ς Ήͭͦ ζͺͦͪͣ͊ ͤ͊ͯ;͎ͤͦͦ ͙ͤ͊ͤ͘ΎΣ 
ͦͭͪ͊͗͊Ό΅͊Ύ ͦ͋Ά͔͙͍ͭͤͦ͟ ͫͯ΅͔͍͔͔ͫͭͤͤͦ ͍ ͍͔΅͊ͻ ͙ Ύ͍͔͙ͤ͡Ύͻ ͙ ͔͊ͪͨ͘͟͡Ύ͔ͣ͊Ύ 
͔ͫͨͼ͙͊͡Έͤ·͙ͣ ͔͙͙ͭͪͣͤ͊ͣ ͙͙͡ ͦ͋ͦͤ͊͘;͔͙ͤΎ͙ͣΦ ˤ ͙ͦͭ͡;͙͔ ͦͭ ;͍͍͔ͯͫͭͤͤ·ͻ 
͍ͦ͋ͪ͊ͦ͘Σ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ς Ήͭͦ ͔ͤ;ͭͦ ͔͔͍͔͔ͤͨͦͫͪ͒ͫͭͤͤͦΣ ͍͘Ύ͔ͭͦ ͍ͦ ͍͔ͫͣ 
͎͙͙ͣͤͦͦͦ͋ͪ͊͘ ͔͎ͦ ͊͟;͔͍͔ͫͭͤͤ·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭΦ ˮ͘ ͍͔͎ͫͦ Ή͎ͭͦͦ ͎͙ͣͤͦͦͦ͋ͪ͊͘Ύ 
͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͍͔͔ͦͭ͊ͭ͟͡ ͫͯ΅͔͍͔͔ͫͭͤͤͦ ͙ ͔ͭͣ ͫ͊ͣ·ͣ ͨͦͯ͡;͔͊ͭ ͙͔ͤ͊ͤ͘ 
͍͔ͫͦ͋΅͙ͤͦͫͭΣ ͍ ;͔ͣ ͙ ͙ͫͦͫͭͦͭ ͔͎ͦ ͎͍͊ͤ͊͡Ύ ͙ͦͭ͡;͙͔ͭ͡Έͤ͊Ύ ;͔ͪͭ͊η ώрΣ мрсϐΦ 

˽͔͍͔͙͔ͪ͒ͫͭ͊ͤ͡ ς ζͦ͒ͤ͊ ͙͘ ͺͦͪͣ ͣ·΄͔͙ͤ͡ΎΣ ͍·ͫ΄͙͚ ͍͔ͯͪͦͤΈ 
ͦ͋ͦ͋΅͔͙ͤΎΣ ͻ͔͊ͪ͊ͭͪͤ͟·͚ ͒͡Ύ ͣ·΄͔͙ͤ͡Ύ ͍͔ͫͦͫͤͦ͡-͎͙ͦ͡;͔͎ͫͦͦ͟η ώмΣ мноϐΦ 

ˤ ͙͔͔ͫͫͭͣ ͙͚ͤ͊ͤ͘ ͦ͋ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͔͔ͨͪ͒ͣͭ͊ͻ ͦͪͯ͗͊͟Ό΅͔͚ 
͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͫͯ͗͊ͭ͡ ͦͨͦͪͤ·ͣ ͔͍ͣͦͣͤͭͦ ͍ ͔͔ 
͙͙ͨͦͤ͊ͤ͘ ͙ Ύ͍͡ΎΌͭͫΎ ͍͔ͫͦͦ͋ͪ͊ͤ͘·ͣ ͙͎ͭͦͦͣ ͙ͨͦͤ͊ͤ͘ΎΦ ˽ͦΉͭͦͣͯ 
͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ Ύ͍͡ΎΌͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͎͍͊ͤ͡·ͻ ͍ͫͦͫͭ͊͡ΎΌ΅͙ͻ ͍ ͔͙͙ͫͦ͒ͪ͗͊ͤ 
͡Ό͎͋ͦͦ ͯ;͔͎͋ͤͦͦ ͔͔ͨͪ͒ͣͭ͊Σ ͍ ͭΦ;Φ ͙ ͔͔͍ͨͪ͒ͣͭͦ ͤ͊;͊͡Έ͚ͤͦ ΄ͦ͟͡·Φ 

ˤΦ ˨ ͍͊·͍͒ͦ ͫ;͙͔ͭ͊ͭΣ ;ͭͦ ζͺ͙͍ͦͪͣͪͦ͊ͭΈ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ς Ήͭͦ ͤ͊͘;͙ͭ ͔ͤ 
ͭͦ͡Έͦ͟ ͤ͊ͭ͘Έ ͙͙ͨͪͤ͊͘͟ ͔͔͍ͨͪ͒ͣͭͦ ͙ Ύ͍͔͙͚ͤ͡Σ ͦͻ͍͊ͭ·͍͔͊ͣ·ͻ ͒͊ͤͤ·ͣ ͨͦͤΎ-
͙͔ͭͣΣ ͤͦ ͙ ͔ͯͣͭΈ ͙͔ͨͪͣͤΎͭΈ ͔͎ͦ ͤ͊ ͙͔ͨͪ͊ͭ͟͟Σ ͔ͯͣͭΈ ͔͙͍ͦͨͪͪͦ͊ͭΈ ͙ͣη ώпΣ умϐΦ 

˽ͦͤΎ͙͔ͭ ζ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡η Ύ͍͡Ύ͔ͭͫΎ ͍͒ͦͦ͡Έͤͦ 
ͫͦ͗ͤ͡·ͣΣ ͔ͦͣͨͫͤ͟͟͡·ͣ ͙ ͎͔ͣͤͦͦ͊ͫͨͭͤ͟·ͣΦ ˻ͤͦ ͙ͫͦͫͭͦͭ ͙͘ ͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·ͻ 
͙ ͍͙͍͔͊ͣͦͦ͋ͯͫͦͤͤ͘͡͡·ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͦ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ ͺ͔ͦͪͣΣ ͍͔͙͡;͙͔ͤΣ 
͍͔͔͙ͪͣͤΣ ͙ͦ͟͡;͔͍͔ͫͭΣ ͙ͻ ͍͚͍ͫͦͫͭ͊ͻ ͙ ͦͭͤͦ΄͔͙ͤΎͻΣ ͦͭͦͪ͟·͔ ͔ͤͦ͋ͻ͙ͦ͒ͣ· ͒͡Ύ 
ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͯ ͔͔ͪ͋ͤ͊͟ ζ͙͔͚͙͗ͭͫ͟ͻη ͙ ζͤ͊ͯ;ͤ·ͻη ͨͦͤΎ͙͚ͭ ώоΣ тϐΦ ˤ 
ͨͪͦͼ͔͔ͫͫ ͍͔͙ͯͫͦͤΎ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ΄ͦ͟͡Έ͙ͤ͟ 
͍͔ͫͭͯͨ͊ͭ ͍ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͫͦͼ͙͊͡Έͤͦ-͙ͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͦͭͤͦ΄͔͙ͤΎ ͫͦ 
͍͔͔͔ͪͣͤͣ ͙ ͍ͨͪͦͫͭͪ͊ͤͫͭͦͣ ό͊͟͟ ͺ͙͙͘;͔͙ͫͣ͟Σ ͭ͊͟ ͙ ͫͦͼ͙͊͡Έͤ·ͣύΤ ͯ ͔͎ͤͦ 
ͺ͙ͦͪͣͪͯΌͭͫΎ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ͋ ͙͔ͦͭͤͦͫͭ͡Έ͙ͤͦͫͭΣ ͙͙͍͙ͭͪ͊ͤͭͤͦͫͭ͘Σ ͙͔͒ͫͪͭ͟-
͙ͤͦͫͭ  ͙ ͔͔ͤͨͪͪ·͍͙ͤͦͫͭ ͍͔͙͡;͙ͤ· ͙ ͭΦͨΦ ͙̏ͭ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͎ͣͦͯͭ ͪ͊ͫͫͣ͊ͭ-
͙͍ͪ͊ͭΈͫΎ ͍ ͊͟;͔͍͔ͫͭ ͎ͦͫͦ͋ͦͦ ζ͟͡Ό;͊η ͔ͤ ͭͦ͡Έͦ͟ ͟ ͍͔͙ͦ͊͒ͤ͡Ό ͍͚͍͔ͫͦͫͭͤͤ·͙ͣ 
͍ͦͪ͊ͫͭͯ͘ ͍͙͙͒͊ͣ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͟ ͙͍͔͙ͨͪͦͤͤͦͤ͟Ό ͍ ͫͣ·ͫ͡ ͦͪͯ͗͊͟Ό΅͔͚ 
͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭΣ ͤͦ ͙ ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͼ͔͚ͦͫͭͤͦ͡ ζ͙͊ͪͭͤ͟· ͙ͣͪ͊ηΦ 

ˮ͎ͪ͊ ͙ ͯ;͖͋͊ ς ͪ͊ͤ͘·͔ ͨͦ ͻ͔͊ͪ͊ͭͪͯ͟ ͍͙͒· ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͔ͣ͗͒ͯ ͙͙ͤͣ 
͙͔ͣΌͭͫΎ ͤ͊͘;͙͔ͭ͡Έͤ·͔ ͊͟;͔͍͔ͫͭͤͤ·͔ ͙ͪ͊͘͡;͙ΎΣ ͤͦ ͍ ͣ͊͒͡΄͔ͣ ΄ͦ͟͡Έͤͦͣ 
͍͔ͦͪ͊ͫͭ͘ ͙ͻ ͪͦ͡Έ ͙ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫͯ΅͔͍͔ͫͭͤͤͦ ͍ͦͪ͊ͫͭ͊͘ΌͭΦ ˿͍͔͙͍ͨͪ͊͒ͦ͡ 
͔͊ͣ͘;͔ͤͦ ͔΅͖ ˹Φ ˴ ͚ͪͯͨͫͦ͟Σ ;ͭͦ ζ́ ͦ͊͟͡ ͍͙ͦͭͦ͒ͭ ͙ͫ͡΄ͦͣ͟ ͣ͊ͦ͡ ͔ͣͫͭ͊ ͙͎͔ͪΣ 
ͫͪ͊ͯ͘ ͍ͤ͊Ύ͘·͍͊Ύ ͔͖ͪ͋ͤͯ͟ ͨͦ͒ͻͦ͒ ͟ ͡Ό͚͋ͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͙ͣͭͦ͒͊ͣ 
͍͎ͪͦͫͦͦ͘͡ ;͔͍͔ͦ͊͟͡Φ ˻ͤ͊ ͔ͤ͒ͦͦͼ͔͙͍͔ͤ͊ͭ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͯΌ ͪͦ͡Έ ͙͎ͪ·Φ 
˽͔͔ͪͻͦ͒ ͦͭ ͙͎ͪ· ͟ ͔ͫͪΈ͖ͤ͘·ͣ ͊ͤ͘Ύ͙ͭΎͣ ͙ͫ͡΄ͦͣ͟ ͔ͪͦ͘͟Σ ͔ͣ͗͒ͯ ͍͚ͫͦ͋ͦ͒ͤͦ 
͙͎͚ͪͦ ͙ ͔͎͔͙͍ͪ͊ͣͤͭͪͦ͊ͤͤ͡·͙ͣ ΄ͦ͟͡Έͤ·͙ͣ ͊ͤ͘Ύ͙ͭΎ͙ͣ ͨͦͯ͡;͔͊ͭͫΎ ͙ͤ;͔ͣ 
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͔ͤ ͔͊ͨͦͤͤͤ͘͡·͚ ͪ͊ͪ͘·͍Φ ́ͯͭ ͤͯ͗ͤ· ͔͔ͨͪͻͦ͒ͤ·͔ ͺͦͪͣ·ηΦ ˤ ͊͟;͔͍͔ͫͭ 
͍ͭ͊ͦ͟·ͻ ͙ ͍·ͫͭͯͨ͊Όͭ ͙͙͒͒͊ͭ͟;͔͙͔ͫ͟ ͙͎ͪ·Φ ˴Φ ̂ ΄͙͙͚ͤͫ͟ ͨͦ͒;͖͙͍ͪ͊͟͡Σ ;ͭͦ 
ͦ͋ͯ;͔͙͔ͤ ͍ ͺ͔ͦͪͣ ͙͎ͪ· ͔ͣͦ͗ͭ ͙ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͙͔͔ͤͭͪͫͤ·ͣΣ 
͙͔͊ͤͣ͊ͭ͘͡Έͤ·ͣΣ ͤͦ ͙͎ͤͦ͒͊͟ ς ͤ ͔ ͍͔ͪ͊͊͘͟͡Ό΅͙ͣ ώсΣ моϐΦ 

˽͙ͪ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ 
͙͎ͪ͊ ͍·͔ͫͭͯͨ͊ͭΣ ͊͟͟ ͔ͣͭͦ͒ ͦ͋ͯ;͔͙ͤΎ ͙ ͔ͣͦ͗ͭ ͋·ͭΈ ͔͔ͦͭͤͫͤ͊ ͟ 
͙ͨͪ͊ͭ͟;͔͙ͫͣ͟ ͔ͣͭͦ͒͊ͣΦ 

ˣ͎͊ͦ͒͊ͪ͡Ύ ͦ͋ͯ;͊Ό΅͔͚ ͊͒͊͘;͔Σ ͔ͦ͋͡;͖͚ͤͤͦ ͍ ͙͎͍ͪͦͯΌ ͺͦͪͣͯ 
ό͙͎͍͚ͪͦͦ ͊ͣ͘·͔ͫ͡ύΣ ͙͎͍ͪͦ·ͣ ͔͚͍͙͒ͫͭΎͣ ͙ ͍͙ͨͪ͊͊ͣ͡ ͔͖ͪ͋ͤͦ͟ 
͔͔͔͔ͤͨͪ͒ͤ͊ͣͪͤͤͦ ͍͙͍͔ͯͫ͊͊ͭ ͔͔͖ͦͨͪ͒ͤͤͯ͡Ό ζͨͦͪͼ͙Όη ͍͔ͨͦͤ͊͊ͭ͘͡Έ͎ͤͦͦ 
͔͙ͫͦ͒ͪ͗͊ͤΎΦ ˤ͔ͫ ͍͙͒· ͙͎ͪ ό͔͔ͨͪ͒ͣͭͤ·͔Σ ͤ͊ͫͭͦ͡Έͤͦ-͔ͨ;͊ͭͤ·͔Σ ͍͔ͫͦͫͤ͡·͔ ͙ 
͒ͪΦύ Ύ͍͡ΎΌͭͫΎ Ήͺͺ͔͙͍ͭͤ͟·ͣ ͔͍ͫͪ͒ͫͭͦͣ ͙ ͔ͣͭͦ͒ͦͣ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 
Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͯ ͔͔͚͒ͭ ͍ͦ ͍͔ͫͻ ͍ͦͪ͊ͫͭͤ͘·ͻ 
͎ͪͯͨͨ͊ͻΦ ˽͔͔ͪ͒ͣͭͤ·͔ ͙ ͍͔ͫͦͫͤ͡·͔ ͙͎ͪ· ͍ͨͪͦͦ͒ΎͭͫΎ ͤ͊ ͊ͤ͘Ύ͙ͭΎͻ ͨͦ 
͔͙͔ͣ͊ͭͣ͊ͭ͟ ͙ ͍͔ͤ ͙ͻΣ ͤ͊ͫͭͦ͡Έͤͦ-͔ͨ;͊ͭͤ·͔Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͍ ͍͔ͫͦ͋ͦ͒ͤͦ ͦͭ 
͊ͤ͘Ύ͙͚ͭ ͍͔ͪͣΎΦ ˤ͔ͫ ͙ͦͤ ͍·ͨͦͤ͡ΎΌͭ ͍ͦͫͤͦͤ·͔ ͺͯͤ͟ͼ͙͙ ͦ͋ͯ;͔͙ͤΎ ς 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡ΈͤͯΌΣ ͍͙͔ͦͫͨͭ͊ͭ͡ΈͤͯΌ ͙ ͍͙͍ͪ͊͊͘Ό΅ͯΌ ώтΣ 117]. 

ˤ͔ͫ ͙͎ͪ· ͨͦ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ 
͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͔͔ͪ͊͒ͤ͘͡· ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͎ͪͯͨͨΥ ͙͎ͪ· ͫ ͼ͙ͺ͙ͪ͊ͣ ͙ ;͙͙ͫ͊ͣ͡Σ 
͙͎ͪ·-͔ͨͯͭ΄͔͍͙͔ͫͭ ͍ͦ ͍͔͔͙ͪͣͤΣ ͙͎ͪ· ͤ͊ ͙͔͙͍͙ͦͪͤͭͪͦ͟ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ ͙͎ͪ· 
ͫ ͎͔͔͙ͦͣͭͪ;͔͙͙ͫͣ͟ ͺ͙͎͙ͯͪ͊ͣΣ ͙͎ͪ· ͤ͊ ͎͙ͦ͡;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡.  

˭͙ͤ͊ͤΎ ͍ ͍͙͔͒ ͍ͫͨͦͫͦ͋ͦ ͔͚͍͙͚͒ͫͭ ͙ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͙ͣ 
͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͔͖ͪ͋ͤͦ͟ ͨͦͯ͡;͔͊ͭ ͔͍ͨͪͦͤ͊;͊͡Έͤͦ ͍͔ͤ ͙͎ͪ·Σ ͍ ͙͎ͪ͊ͻ ͙͡΄Έ ͫͦ͘-
͒͊ΌͭͫΎ ͎͙͋͊ͦͨͪ͡Ύͭͤ·͔ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͙ͻ ͯͭͦ;͔͙ͤͤΎΣ ͔͔͙͊ͪͨͤ͘͟͡ΎΣ ͙͔ͫͫͭͣ͊-
͙ͭ͊͘ͼ͙͙Φ ˿ͭͪͯͭͯͪ͊͟ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͙͎ͪ ͔ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͫͦͦ͋΅͙ͭΈ ͔͒ͭΎͣ ͍ͤͦ·͔ 
͙ͤ͊ͤ͘ΎΣ ͦ͒ͤ͊ͦ͟ Ήͭͦ ͔ͤ ͦͤ͊͘;͔͊ͭ ;ͭͦ ͍ ͙ͨͪͤͼ͙͔ͨ ͔ͭ͊ͦ͟ ͔͍ͤͦͣͦ͗ͤͦ͘ ώтΣ ммуϐΦ 

ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͪ͊ͪ͊͋ͦͭ͊ͤ͊͘ ͙͔ͫͫͭͣ͊ ͭ͊͟ ͤ͊͘·͍͔͊ͣ·ͻ ͦ͋ͯ;͊Ό΅͙ͻ 
͙͎ͪΦ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻΣ ͙ͦͤ ͍ͨͦͦ͘͡ΎΌͭ ͺ͙͍ͦͪͣͪͦ͊ͭΈ ͯ ͔͔͚͒ͭ 
͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͍ͤͦ·͔ ͙ͤ͊ͤ͘ΎΣ ͦͭͦͪ͟·͔ ͔ͤ͡Έ͘Ύ ͨͦͯ͡;͙ͭΈ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ 
͙͘ ͦͪͯ͗͊͟Ό΅͔͚ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭΣ ͭΦ͟Φ ͙ͻ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ Ύ͍͡ΎΌͭͫΎ 
͊͋ͫͭͪ͊ͭͤ͟·͔ ͨͦͤΎ͙ͭΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ 

˻͍͚ͫͤͦͤͦ ͼ͔͡ΈΌ ͦ͋ͯ;͊Ό΅͙ͻ ͙͎ͪ Ύ͍͡Ύ͔ͭͫΎ ͎͍ͨͦ͒ͦͭͦ͊͟ ͣ·΄͔͙ͤ͡Ύ 
ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͙ͤ͊͟ ͟ ͍͙ͦͫͨͪΎ͙ͭΌ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ 
ͨͦͤΎ͙͚ͭΥ ζ͔͍ͣͤͦ͗ͫͭͦ ͙ ͔ͦͨͪ͊ͼ͙͙ ͤ͊͒ ͔͍͙ͣͤͦ͗ͫͭ͊ͣηΣ ζͺͯͤ͟ͼ͙ΎηΣ 
ζ͎͙͊ͦͪͭͣ͡η ͙ ͭΦ͒Φ ˤ Ή͙ͭͻ ͙͎ͪ͊ͻ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͔ͫͨͼ͙ͺ͙;͔͙͚ͫ͟ ͙͙͒͒͊ͭ͟;͔͙͚ͫ͟ 
͔͙ͣ͊ͭͪ͊͡Σ ͨͦ͒ͦ͋ͪ͊ͤͤ·͚ ͨͦ ͔͔͖ͦͨͪ͒ͤͤ͡·ͣ ͙ͨͪͤ͊͊ͣ͘͟Φ ˸͔͙ͦ͒ͪͯ͡Ύ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͨͦͤΎ͙ͭΎΣ ͦͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·ͨͦͤ͡ΎͭΈ ͎͙ͦ͡;͔͙͔ͫ͟ ͔ͦͨͪ͊ͼ͙͙Υ 
͙͙͔ͪ͊͋ͭ͘ ͔͍ͣͤͦ͗ͫͭ͊ ͤ͊ ͊ͫͫ͟͡·Σ ͦͭ·͙͔ͫ͊ͤ͟ ͦ͋Ά͔͍ͭͦ͟ ͨͦ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͙ 
͒ͦͫͭ͊ͭͦ;ͤ·ͣ ͙͔͙ͪͭͪ͟Ύͣ ͙ ͭΦ͒Φ ˮ͎ͪ·Σ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͦͭͦͪ͟·ͻ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͦ ͤ͊ 
ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͨͦͤΎ͙͚ͭΣ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͎͙͍͙͊͋ͫͭͪ͊ͪͦ͊ͤΌ ͍ 
ͣ·͙͔ͫͭ͡͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͯ;͊ͭ ͔͙͍ͦͨͪͪͦ͊ͭΈ ͦ͋ͦ͋΅͖ͤͤ·͙ͣ 
͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ͙ͣΣ ͺ͙ͦͪͣͪͯΌͭ ͎͙ͦ͡;͔͙͔ͫ͟ ͫͭͪͯͭͯͪ͟· ͣ·΄͔͙ͤ͡Ύ ώнΣ фпϐΦ 
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ˮ͎ͪ· ͍·ͨͦͤ͡ΎΌͭ ͦ͋ͯ;͊Ό΅ͯΌ ͺͯͤ͟ͼ͙Ό ͔ͯͫͨ΄͔͔ͤΣ ͔͙ͫ͡ ͙ͦͤ ͙͔ͨͪͣ-
ͤΎΌͭͫΎ ͍ ͙͔͔ͫͫͭͣΣ ͔͎ͨͪ͒ͨͦ͊͊͡Ό΅͔͚ ͍͙͙͍͊ͪ͊ͭͤͦͫͭΈΣ ͔͔͔ͨͦͫͭͨͤͤͦ ͔͙͔ͯͫͦ͗ͤͤ͡ 
͙ ͨͦ ͔͙ͫͦ͒ͪ͗͊ͤΌΣ ͙ ͨͦ ͔ͫͭͪͯͭͯͪ͟Σ ͍ͫΎ͘Έ ͫ ͎͙͙͒ͪͯͣ ͔͙ͣͭͦ͒͊ͣ ͙ ͺ͙ͦͪͣ͊ͣ 
ͪ͊͋ͦͭ· ͨͦ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡Φ 

˽͙ͪ ͔ͨͦ͒͋ͦͪ ͙͎ͪ ͒͡Ύ ͊ͤ͘Ύ͙͚ͭΣ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͪ͊͋ͦͭ· ͫ ͔͒ͭΈ͙ͣ 
ͯ;͙͔ͭ͡Έ ͦ͋ͪ͊΅͔͊ͭͫΎ ͟ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͣ ͙ͫͭͦ;͙ͤ͊ͣ͟Σ ͙ͫͨͦ͡Έ͔ͯͭ͘ ͤ͊ͪͦ͒ͤ·͔ ͙ 
͍͙͔͊ͭͦͪͫ͟ ͙͎ͪ· ͫ ͔͔͙ͨͪ͒ͣͭ͊ͣ ͙ ͔͋͘ ͙ͤͻΦ 

ˮ͎ͪ· ͎ͣͦͯͭ ͙͔ͨͪͣͤΎͭΈͫΎ ͍ ͊͟;͔͍͔ͫͭ ͎ͦ͒ͤͦͦ ͙͘ ͔͍ͣͭͦ͒ͦ ͍͔͔͙ͨͪͦ͒ͤΎ 
͊ͤ͘Ύ͙͚ͭΣ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͪ͊͋ͦͭ·Σ ͋·ͭΈ ͺ͚ͦͪͣͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 
ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͚ͤͦ ͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͔͚͒ͭΦ 

ˮ͎ͪ͊ ͊͟͟ ͔ͣͭͦ͒ ͦ͋ͯ;͔͙ͤΎ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͦͭ͒͡Έͤ·ͻ 
Ή͔͔͍ͣͤͭͦ͡ ͪ͊ͤ͘·ͻ ͍͙͍͒ͦ ͙͎ͪ όͫΌ͔͗ͭͤͦ-͔͍͚ͪͦͦ͡Σ ͙͎ͪ·-͙͒ͪ͊ͣ͊ͭ͊͘ͼ͙͙Σ 
͍͙͚ͨͦ͒͗ͤͦ ͙ ͭΦ͒ΦύΣ ͙͎͍ͪͦ·ͻ ͙͖͍ͨͪͣͦ όͫΌ͙ͪͨͪͤ͘·͚ ͔ͣͦͣͤͭΣ ͔͍͍͙͔ͫͦͪͤͦ͊ͤΣ 
͙ͨͦͫ͟ ͙ ͭΦ͒ΦύΣ ͎͙ͦͪ͊ͤ;͔͔ͫͦ͟ ͫͦ;͔͙͔ͭ͊ͤ ͙͎͍͎ͪͦͦͦ ͙ ͙͙͒͒͊ͭ͟;͔͎ͫͦͦ͟ ͤ͊;͊͊͡ ͍ 
͍͙͔͒ ͍ͪͯͦͦ͒͟Ύ΅͔͚Σ ͦ͋ͯ;͊Ό΅͔͚ ͙ͪͦ͡ ͍͎ͪͦͫͦͦ͘͡ ͙ ͍ͦͪ͊ͫͭ͊͘Ό΅͔͚ 
͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ͙ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͙ͤͦͫͭ ͔͖ͪ͋ͤ͊͟ ώтΣ ммфϐΦ 

˻͔͔͋ͫͨ;͙ͭΈ ͍͔ͫͫͭͦͪͦͤͤΌΌ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫͯ͟Ό ͎͍ͨͦ͒ͦͭͦͯ͟ ͔͔͚͒ͭ ͍͖ͫ-
͙ͭ͊͟ ͖ͯ͒͊ͭͫΎ ͙ͨͪ ͔ͯͣͦͣ͡ ͫͦ;͔͙͙ͭ͊ͤ ͙͎͍ͪͦ·ͻ ͔͍ͣͭͦ͒ͦ ͙ ͔͍ͣͭͦ͒ͦ ͨͪΎ͎ͣͦͦ 
ͦ͋ͯ;͔͙ͤΎΦ ̆ͦͭΎ ͨͦͤΎͭͤͦΣ ;ͭͦ ͙͎ͪ͊ ͍͔͔ͯ͊ͭ͟͡ ͔͔͚͒ͭΣ ͔ͤ ͔͔͎͔ͨͪͪͯ͗͊ͭ ͙ͻ 
͍͔ͯͣͫͭͤͤͦ ͙ ͺ͙͙͘;͔͙ͫ͟Φ ˽͔͔ͦͫͭͨͤͤ·͚ ͔͔ͨͪͻͦ͒ ͦͭ ͙͔͔ͤͭͪͫ͊ ͔͔͚͒ͭ ͟ ͙͎͔ͪΣ ͟ 
͙͔͔ͤͭͪͫͯΣ ͟ ͯ;͔͙ͤΌ ͍͔ͫͦͪ΄͔ͤͤͦ ͔͔͍͔ͫͭͫͭͤ ώуΣ млнϐΦ 

͙͍͙͔̅ͦͪͣͪͦ͊ͤ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͯ 
ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͍͙ͨͪͦͦ͒ͭͫΎ ͍ ͺ͔ͦͪͣ 
͊ͤ͘Ύ͙͚ͭΦ ̏ͭͦ ͍·͘·͍͔͊ͭ ͍͙͙͔ͪ͊ͭ͘ ͎͙͙͙͙ͨͦ͒ͤ͊ͣ ͯ ͔ͪ͋ΎͭΣ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 
͋·͚ͫͭͪͦ ͯͭͦͣ͡Ύ͔͙ͣͦͫͭΣ ͙Σ ͊͟͟ ͔͊ͦͤͦͣͪͤ͘͟·͚ ͙͎ͭͦΣ ς ͙͔ͫͤ͗͊ͭ ͙͔͔ͤͭͪͫ 
͔͔͚͒ͭ ͟ ͔͙͔ͣ͊ͭͣ͊ͭ͟Φ ̉ͭͦ͋· ͫͦͻ͙ͪ͊ͤͭΈ ͺ͙͙͘;͔͔ͫͦ͟ ͍͒ͦͪͦ͘Έ͔ ͙ ͙͔͋͗͊ͭ͘Έ 
͙ͨͫͻ͙;͔͎ͫͦͦ͟ ͔͔ͨͪͤ͊ͨͪΎ͔͙͗ͤΎ ͯ;͊΅͙ͻͫΎΣ ͣͦ͗ͤͦ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͙͎͍ͪͦ·͔ 
͔ͦͣͨͫ͟͟͡· ͫ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫͣ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ ͙ ͙͍͊ͭͤ͟·͔ ͺͦͪͣ· ͦ͋ͯ;͔͙ͤΎΦ 

ˮ͎ͪ͊ ͼ͔ͤͤ͊ ͭͦ͡Έͦ͟ ͍ ͭͦͣ ͫͯ͡;͔͊Σ ͎ͦ͒͊͟ ͦͤ͊ ͔͚͍͔ͫͦ͒ͫͭͯͭ ͯ͡;΄͔ͣͯ 
͙͙ͨͦͤͣ͊ͤΌ ͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͫͯ΅͙ͤͦͫͭ ͍ͦͨͪͦͫ͊Σ ͯͭͦ;͔͙ͤͤΌ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘ ͯ;͊΅͙ͻͫΎΦ ˮ͎ͪ· ͙ ͙͎͍ͪͦ·͔ ͔͙ͯͨͪ͊͗ͤͤΎ ͙͙ͫͭͣͯͪͯ͡Όͭ 
ͦ͋΅͔͙͔ͤ ͔ͣ͗͒ͯ ͯ;͔͙͙ͤ͊ͣ͟ ͙ ͔͍͔͔ͨͪͨͦ͒͊͊ͭͣ͡Σ ͔ͦͭ͒͡Έͤ·͙ͣ ͯ;͔͙͙ͤ͊ͣ͟Σ 
ͨͦͫͦ͟͡Έͯ͟ ͍ ͨͪͦͼ͔͔ͫͫ ͙ͻ ͍͔͔͙ͨͪͦ͒ͤΎ ͍͙͊ͣͦͦͭͤͦ͘΄͔͙ͤΎ ͔ͣ͗͒ͯ ͔͒ͭΈ͙ͣ 
ͤ͊;͙ͤ͊Όͭ ͙ͤͦͫͭΈ ͔͔͋ͦ͡ ͔͙͖ͤͨͪͤͯ͗͒ͤͤ·͚ ͙ Ήͣͦͼ͙ͦͤ͊͡Έͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ 

ˮ͎ͪ· ͍ͨͦͦ͘͡ΎΌͭ ͍ ͙͎͍͚ͪͦͦ ͺ͔ͦͪͣ ͍͙ͨͦͭͦͪͭΈ ͙ͭ͊͋͡ͼͯ ͔͙ͫͦ͗ͤ͡Ύ ͙ 
͍·;͙͙ͭ͊ͤΎΣ ͍͔͙ͤͫͭ ͍ ͯͪͦ͟ Ή͔͔ͣͤͭ͡ ͔͍͍͙ͫͦͪͤͦ͊ͤΎΣ ;ͭͦ ͔΅͔ ͔͔͋ͦ͡ 
͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͍͙͊ͭ͊͘͟ͼ͙͙ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͯ;͊΅͙ͻͫΎΣ ͦ͋Ύ͘·͍͔͊ͭ ͙ͻ ͋·ͭΈ 
͔͔͋ͦ͡ ;͔͙͙ͭͣ͟Σ ͫͦ͋ͪ͊ͤͤ·͙ͣΣ ͋·ͫͭͪ·͙ͣΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍ ͊͗͒͟·͚ ͯͪͦ͟ ͍͟͡Ό;͊ͭΈ ͙͎͍ͪͦ·͔ 
͔ͣͦͣͤͭ·Σ ͤͦ ͔ͤ ͍ ͊͟;͔͍͔ͫͭ ͪ͊ͪ͘Ύ͙͒͟ ͍͙ͦ͋ͫͭ͊ͤͦ͟Σ ͊ ͫ ͼ͔͡ΈΌ ͙͍͙͊ͭ͊͘͟ͼ͙͙ 
͙͚ͤ͊ͤ͘ ͔͔͚͒ͭΣ ͍͙͙ͪ͊ͭ͘Ύ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΦ 
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ˢ͙ͤ͊͘͡ ͔͔͙ͭͦͪͭ;͔͙ͫ͟ͻ ͔͙͚ͨͦͦ͗ͤ͡ ͙ ͔͙ͣͭͦ͒;͔͙ͫ͟ͻ ͍·͍͍ͦ͒ͦ ͍͙ͨͦͦ͘͡͡ 
͔͍͙ͨͪ͒ͦͫͭ͊ͭΈ ͔ͪͯ͘͡Έͭ͊ͭ· Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤͦ ͪ͊͋ͦͭ·Σ ͍͔͖͚ͨͪͦ͒ͤͤͦ ͤ͊ 
͔͋͊͘ ͙͔̉ͫͭͤΈ͎ͫͦͦ͟ ̂ˤ˴ ζ΄ͦ͊͟͡ ς ͎͙͙ͣͤ͊͘Ύη ˿͙ͣͺ͔ͪͦͨͦ͡Έ͎ͫͦͦ͟ ͚ͪ͊ͦͤ͊ ˢ˾ 
˴ͪ·ͣ ͨͦ ͍·Ύ͍͔͙ͤ͡Ό ͍͙͡Ύ͙ͤΎ ͙͎ͪ· ͤ͊ ͍͔ͯͪͦͤΈ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟Φ 

ˣ·͊͡ ͔͔ͨͪͦͫ͗ͤ͊͡ ͙͙͒ͤ͊ͣ͊͟ ͙͔͔͙ͣͤͤ͘Ύ ͍ͯͪͦͤΎ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍ 
ͨͪͦͼ͔͔ͫͫ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤͦ ͪ͊͋ͦͭ·Φ ˽͙ͪ ͨͪͦ;͙ͻ ͍ͪ͊ͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ͤ͊ 
ͤ͊;͊͡Έͤͦͣ Ή͔ͭ͊ͨ Ή͔͙͔ͫͨͪͣͤͭ͊͟ ͍͔ͯͪͦͤΈ ͍͙͙ͪ͊ͭ͘Ύ ͔͔͚͒ͭ ͋·͡ 
͙͙͙͔ͨͪ͋ͭ͘͡͡Έͤͦ ͙͍ͦ͒ͤ͊ͦ͟Φ ˢ͙ͤ͊͘͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͒ͦ ͙ ͔ͨͦͫ͡ ͺ͙ͦͪͣͪͯΌ΅͔͎ͦ 
Ή͔͙͔ͫͨͪͣͤͭ͊͟ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ͋ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͔͔͙ͨͪͣͤͤΎ ͙͎ͪ· ͊͟͟ 
͔ͣͭͦ͒͊ ͦ͋ͯ;͔͙ͤΎ ͙ͨͪ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡. 

ˤ·͍ͦ͒·Φ ˮͫͻͦ͒Ύ ͙͘ ͙͊ͤ͊͊͘͡ ͔͙͙ͭͦͪ ͙ ͙͙ͨͪ͊ͭ͟͟ ͙͔͔͚ͫͫ͒ͯͣͦ͡ 
͔ͨͪͦ͋ͣ͡· ͣͦ͗ͤͦ ͫͺ͙͍ͦͪͣͯͪͦ͊ͭ͡Έ ͔ͫ͒ͯ͡Ό΅͙͔ ͍·͍ͦ͒·Σ ;ͭͦ ͪͦ͡Έ ͙͎ͪ 
ό͙͎͍ͪͦ·ͻ ͙ͫͭͯ͊ͼ͙͚ύ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͔͔͚͒ͭ 
͔͋ͯ͒ͭ ͤ͊͘;͙͚ͣͦΣ ͔͙ͫ͡ ͔͎͎͙ͨ͒͊ͦ;͔ͫ͊͟Ύ ͪ͊͋ͦͭ͊ ͨͦ ͙ͻ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͔͋ͯ͒ͭ 
͙ͤͦͫͭΈ ͼ͔͔͍͔ͤ͊ͨͪ͊ͤͤ͡͡·͚ ͙ ͔ͨ͊ͤͦͣͪͤ͡·͚ ͻ͔͊ͪ͊ͭͪ͟Σ ͔͙ͫ͡ ͫͦ͒͊ͭ͘Έ ͙͔ͭ͊͟ 
͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡ΎΥ 

1) ͨ ͙ͪ ͔͔͙͔ͣͤͤ ͔͔͎ͦͣͨͭͤͭͤͦͫͭͤͦͦ͟ ͨͦ͒ͻͦ͒͊; 
2) ͫ ͍͍ͨͦͫͦ͋ͫͭͦ͊ͭΈ ͔͙ͫ͊ͣͦͪ͊͊͘͡ͼ͙͙ ͔͔͚͒ͭ ͍ ͙͎͍͚ͪͦͦ ͙ ͙ͪ͊͘͡;ͤ·ͻ 

͍͙͒͊ͻ ͒ ͔Ύ͔ͭ͡Έ͙ͤͦͫͭΤ 
3) ͙ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͎͍ͪͦ·ͻ ͔͍ͣͭͦ͒ͦ ͒͡Ύ ͙͍͙͊ͭ͊͘͟ͼ͙͙ ͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͔͚͒ͭΦ 
˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͍͟͡Ό;͔͙͔ͤ ͍ ͯ;͔͋ͤ·͚ ͨͪͦͼ͔ͫͫ ͙͎ͪ· (͙͎͍͚ͪͦͦ ͙ͫͭͯ͊ͼ͙͙) 

͙͍͙ͨͪͦ͒ͭ ͟ ͭͦͣͯΣ ;ͭͦ ͯ;͊΅͙͔ͫΎΣ ͍͔ͯ͡;͔ͤͤ·͔ ͙͎ͪͦΌΣ ͔͔ͤ͊ͣͭͤͦ͘ ͒͡Ύ ͔ͫ͋Ύ ͍ 
͙͔͊ͤͣ͊ͭ͘͡Έ͚ͤͦ ͙͎͍͚ͪͦͦ ͺ͔ͦͪͣ ͙͔ͨͪͦ͋ͪͭ͊Όͭ ͔͔͔ͦͨͪ͒ͤͤ͡·͔ ͙ͤ͊ͤ͘ΎΣ ͔͙ͯͣͤΎ 
͙ ͍ͤ͊·͙͟ ͨͦ ͔͙͔ͣ͊ͭͣ͊ͭ͟Φ ˹͊ͪΎ͒ͯ ͫ ͪ͊ͫ΄͙͔͙͔ͪͤͣ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͎ͪͯͦͦͪ͊͘͟ 
͙ ͦͨ·ͭ͊ ͔͔͚͒ͭΣ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ ͙ͻ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͔͙͚ͯͣͤ ͙ ͍͙͙͔ͦͫͨͭ͊ͤͣ 
͙͡;ͤͦͫͭͤ·ͻ ͊͟;͔͍ͫͭ ͔ͫͨͼ͙͊͡Έ͔ͤͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͍͙͙ͪ͊ͭ͘Ό 
͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͔ͪ;͙ ͔͔͚͒ͭΣ ͙ͻ ͦ͋΅͔͎͙ͦ͡;͔ͫͦͣͯ͟ ͍͙͙ͪ͊ͭ͘ΌΦ  

˶ˮ́˩˾ˢ́̂˾ˢ 
1. ˴͔͊ͪͨͤͦ͟ ˶Φ ˢΦ ˴͙͚ͪ͊ͭ͟ ͙ͨͫͻ͎͙ͦͦ͡;͔͙͚ͫ͟ ͍ͫͦ͊ͪ͡Έ κ ˶Φ ˢΦ ˴͔͊ͪͨͤͦ͟Σ 

ˢΦ ʕ Φ ˽ ͔͍͙͚ͭͪͦͫ͟Σ ˸Φ ˥ Φ ̒ͪͦ΄͔͍͙͚ͫ͟Φ ς ˸ Φ Υ ˽͙͙ͦͭ͒͊ͭ͘͡Σ мфурΦ ς пом ͫΦ 
2. ˸͔͚͙͍ͯͫ͋ͦ͊ ́Φ ˢΦ ˸͔͙ͭͦ͒͊͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ 

͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͯ ͔͔͚͒ͭ κ ́Φ s Φ ˸͔͚͙͍ͯͫ͋ͦ͊Σ ˥Φ s Φ ˴͔͔͍ͦͪͤ͊Φ ς ˸ Φ Υ ˽͍͔ͪͦͫ΅͔͙͔ͤΣ мфуфΦ ς мрф ͫΦ 
3. ˹͍ͦͫͦ͊ ˩Φ ˢΦ ͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͔͙ͯͣͤΎ ͔ͪ΄͊ͭΈ ͎͙ͦ͡;͔͙͔ͫ͟ ͊͒͊͘;͙ ͍ ͣ͊͒͡΄͔ͣ 

΄ͦ͟͡Έͤͦͣ ͍͔ͦͪ͊ͫͭ͘Φ ˿͍͔ͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͨͪͦͼ͔ͫͫ͊ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͍ ͔͒ͭͫͦͣ͟ ͫ͊͒ͯ κ ˩Φ s Φ ˹͍ͦͫͦ͊Φ ς ˶ Φ Υ ˭͙͔ͤ͊ͤΣ мффлΦ ς 6р ͫΦ 

4. ˻͙ͫͤͫ͊͟Ύ ˤΦ ˹Φ ͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͍͔͚ͯͣͫͭͤͤͦ ͯ͟͡Έͭͯͪ· ͯ;͊΅͙ͻͫΎ ͍ ͨͪͦͼ͔͔ͫͫ 
ͦ͋ͯ;͔͙ͤΎ ͔͙͔ͣ͊ͭͣ͊ͭ͟ Υ ͤ͟Φ ͒͡Ύ ͯ;͙͔ͭ͡Ύ κ ˤΦ ˹Φ ˻͙ͫͤͫ͊͟ΎΦ ς ˴Φ Υ ˾͊͒ΎͤͫΈ͊͟ ΄ͦ͊͟͡Σ мфуфΦ ς 
мфн ͫΦ 

5. ˽͊͊ͣ͊ͪ͡;ͯ͟ ˤΦ ̅Φ ̊ͦ͊͟͡ ͯ;͙ͭ ͣ·͙ͫͭ͡Έ κ ˤΦ ̅Φ ˽͊͊ͣ͊ͪ͡;ͯ͟. ς ˸Φ : 
˽͍͔ͪͦͫ΅͔͙͔ͤΣ мфутΦ ς 148 ͫ Φ 

6. ˽͔͍ͭͪͦ͊ ˢΦ ˮΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͎ͪ· ͍ ͯ;͔͋ͤͦͣ ͨͪͦͼ͔͔ͫͫ κ ˢΦ ˮΦ ˽͔͍ͭͪͦ͊ 
//  ˹ ͊;͊͡Έͤ͊Ύ ΄ͦ͊͟͡Φ ς 2003. ς Ѕ оΦ ς ˿ Φ моς22. 
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7. ͙͍͙͔̅ͦͪͣͪͦ͊ͤ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͯ 
͒ͦ΄ͦ͟͡Έ͙͍ͤͦ͟ κ ώͨͦ͒ ͔ͪ͒Φ ˢΦ ˢΦ ˿ͭͦ͡Ύͪ͊ϐΦ ς ˸Φ Υ ˽͍͔ͪͦͫ΅͔͙͔ͤΣ мфууΦ ς 330 ͫ Φ 

8. ͔͍̋ͪ͋͊ͦ͊͟ ˩Φ ˮΦ ͔͙́ͦͪΎ ͙ ͔͙ͣͭͦ͒͊͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ 
͒ͦ΄ͦ͟͡Έ͙͍ͤͦ͟ Υ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ κ ˩Φ ˮΦ ͔͍̋ͪ͋͊ͦ͊͟Φ ς ˸Φ Υ ˮ͒͘-͍ͦ ˸͍͎ͦͫͦͫͦͦ͟͟ 
͙ͨͫͻ͎ͦͦͦ͡-ͫͦͼ͙͊͡Έ͎ͤͦͦ ͙͙ͤͫͭͭͯͭ͊Σ нллрΦ ς офн ͫΦ 

˾˩˭̑˸˩ 
˭͔͍͊ͪ͒ͤͦ͊͜ ˩Φ ˾ΦΣ ˱͍ͫͣ͊ͦ͊͝͡ ˿Φ ˱Φ ˥ͪ͊ Ύ͟ ͔ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎ  ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ 

͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͯΎ͍͔ͤ͡Έ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜. 
˿ͭ͊ͭͭΎ ͙͍ͨͪͫΎ;͔ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΌ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͯΎ͍͔ͤ͡Έ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ 

͙͊ͫͦ͋͊ͣ͘ ͎͍͎ͪͦͦͦ͜ ͔ͣͭͦ͒ͯ ͍ͤ͊;͊ͤͤΎΦ ˹͍͊;͊͡Έͤͦ-͍͙ͻ͍͙͚ͦͤ ͨͪͦͼ͔ͫ ͯ ΄ͦ͟͜͡ ͫΈ͎ͦͦ͒ͤ͜ 
͔͔͍ͨͪͭͦͪΌΊͭΈͫΎ  ͚ ͍ͤ͊ͨͦͤΌΊͭΈͫΎ ͍͙ͤͦͣ ͣͫͭͦͣ͘͜Φ ͔̇ ͔ͤ ͨͪͦͫͭͦ ͨͪͦͼ͔ͫ ͍͊͘Ίͣͦ͒͜͝ 
͍;͙͔ͭ͡Ύ ͭ  ͊ͯ;ͤΎ ς ͼ͔ ͍ͤͦ͊ ͔ͣͦ͒͡Έ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ͔͍ͤ͒͜ΩΊ͙ͣͤͣ ͙
͔͔͔͙ͣͤͭ͊ͣ͡ Ύ͎ͦͦ͟ ͍͙ͫͭͯͨ͊ΌͭΈ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͔ͯ͒ͦͫͦͤ͊ͤ͟͜͡ ͔͙ͣͭͦ͒Σ ͙͚͙ͨͪͦͣ, 
͙͊ͫͦ͋͘Σ ͨ͒͜ͻ͙ͦ͒  ͚ ͪͤͦͣ͊ͤͭͭ͘͜͜Ύ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜. ̂ ͫͭ͊ͭͭ͜ ͍͙Ύ͍͔ͤ͡ ͦ ͙͙͒͒͊ͭ͟;ͤ͜ 
͙͍ͣͦ͗ͦͫͭ͜͡ ͭ͊ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͎͍͎ͪͦͦͦ͜ ͔ͣͭͦ͒ͯ ͍ͤ͊;͊ͤͤΎ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ 
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͯΎ͍͔ͤ͡Έ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ ˭͔͔͊͋ͨ͘;͔ͤͤΎ ͍͔ͫ͋͜;ͤͦ͝ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͔͚͒ͭ͜ ͙͍͔ͣͦ͗͡ ͙ͨͪ ͔͎͎ͨ͒͊ͦ͜;ͤͦ ͍ͣͦͣͯ͜͡ ͨͦΊ͒ͤ͊ͤͤ͜ ͎͍͙ͪͦ͜ͻ ͔͍ͣͭͦ͒͜ ͯ 
͍ͤ͊;͊ͤͤ͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ ˢͤ͊͘͜͡ ͔ͭͦͪ͜͝ ͜ ͙͙ͨͪ͊ͭ͟͟ ͔͙ͨͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͯΎ͍͔ͤ͡Έ ͯ ͔͚͒ͭ͜ ͍ͤ͊͒͊ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙Ύ͍͙͙ͭ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦΣ ΅ͦ 
͙ͫͨͪΎΌͭΈ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍ͦͫͤͦ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͍͙ͦͫͭ͜Υ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜ 
ͨ͒͜ͻ͒͜Σ ͙ͫͨͪΎ͙ͭ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͔͚͒ͭ͜ ͯ ͎͍͚ͪͦ͜͜ ͭ͊ ͙ͪͤ͘͜ͻ ͍͙͒͊ͻ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͜ ͎͍ͪͦ ͣ͜ ͔ͭͦ͒ ͙͘  ͔ͣͭͦΌ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͚͒ͭ͜. 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͍ͤ͊;͊ͤͤΎΣ ͍͙ͻ͍ͦ͊ͤͤΎΣ ͍͙ͪͦͭͦ͘͟Σ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͍ͦͫͭ͊͜Σ 
ͣͦͦ͒͡΄͙͚ ΄ͦ͟͡ΎͪΣ ͎ͪ͊Σ ͔ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎΣ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͯΎ͍͔ͤͤ͡Ύ. 

SUMMARY 
Zaredinova E., Ismailov S. Game as teaching method in the formation of 

understanding of the mathematics of junior schoolchildren. 
The article is devoted to the formation of mathematical ideas of junior schoolchildren by 

means of game method of teaching. The educational process at school today has been 
transformed and filled with new content. It is not just a process of interaction between a teacher 
and a student but a new level of educational process organization, an integral part of which 
includes educational technology, advanced methods, techniques and tools (special interactive 
whiteboards, projectors, consoles, etc.), approaches (personal, qualified, active) and the variety 
of activities (communication, playing, working, teaching). The period of primary school should 
create an enabling environment for children, providing them successful development, training 
and education. Understanding of the mathematics serves as a means of intellectual development 
of the child's cognitive and creative abilities. The effectiveness of the mathematical development 
of the child in the first form strongly influences the success of teaching mathematics in future. 

The choice of the game method as a first object of creative analysis and practical 
development is dictated by the fact that it can act a crucial role in gaining of cognitive 
interest, facilitating the complex process of teaching, accelerating development. 

In the article the didactic opportunities and pedagogical conditions of the game method 
of teaching in the formation of understanding of the mathematics among junior schoolchildren 
are detected. Providing comprehensive mathematical training of children is possible in case of 
pedagogically skillful combination of game methods in teaching junior schoolchildren. The 
analysis of the theory and practice of problems in formation of mathematical skills among 
children gave the opportunity to identify educational conditions which contributes to the 
formation of the foundations of the mathematics education: the use of competence-based 
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approach; promotion of self-fulfillment of children within games and other activities; using of 
game techniques for intensification of the cognitive activity of children. 

Along with the extension of mathematical horizons and experiences of children, shaping 
their communicative skills and education of personal qualities, special attention is paid to the 
development of mathematical speech of children, their general logic development. 

Key words: teaching, upbringing, mathematical education, junior schoolchild, game, 
teaching method, understanding of the mathematics. 

 

̂˨˴ отоΦомΥрлп 
ˢΦ ˽Φ ˴ ͙ͦ͡΄ͤ͊͟͜ 

˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ 
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ ˿Φ ˸͔͊͊ͪͤ͊͟͟ 

 

́˩˻˾˩́ˮ̉˹˱ ˭ˢ˿ˢ˨ˮ ˽˾˻ˣ˶˩˸ˮ ̅˻˾˸̂ˤˢ˹˹̒  
˩˴˻˶˻˥˱̉˹˻ ˨˻̇˱˶̎˹˻˲ ˽˻ˤ˩˨˱˹˴ˮ ̂̉˹˱ˤ ˽ ˻̉ˢ́˴˻ˤˮ̆ ˴˶ˢ˿˱ˤ 

 

̂ ͫͭ͊ͭͭ͜ ͎ͯ͊͊͘͡Έ͔ͤͤͦ ͙ͫͨͪͦ͋ ͙ͪͤ͘͜ͻ ͍ͤ͊ͯͦ͟ͼ͍͜ ͍͙ͤ͊͘;͙͙ͭ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͭ͊ 
͙͎ͭͨͦͦ͜͡Ό ͍͔͙ͨͦ͒ͤ͜͟Φ ˭͚͔͒ͫͤͤͦ͜ ͊ͤ͊͘͜͡ ͫͯͭͤͦͫͭ͜ ͭ͊ ͙ͫͭͪͯͭͯͪ͟ ͨͦͤΎͭͭΎ ζ͔͎ͦͦ͟͜͡;ͤͦ 
͒ͦͼ͜͡Έͤ͊ ͍͔ͨͦ͒ͤ͊͜͟ηΣ ͯ ͻͦ͒͜ Ύ͎ͦͦ͟ ͍͙͍͊͗ͦ͡ ͍͔͙ͪͤͯͭͫ͘Ύ ͒ͦ ͎ͪͦ͘͡Ύ͒ͯ ͔͎͚͊ͭͦͪ͟͜ ζ͍͔ͨͦ͒ͤ͊͜͟η 
ͭ͊ ζ͒ͦͼ͜͡Έͤͫͭ͜ΈηΦ ˭ΩΎ͍ͫͦ͊ͤͦΣ ΅ͦ ͍͔ͨͦ͒ͤ͊͜͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍͔ͯͣͦͤ͊͘͡ ͊ͤ͡ͼΌ͎ͦͣ ͙ͫ͊͒ͤ͟͡ͻ 
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͍͔ͯͭͦͪͤΈΥ ͼͤͤͦͫͭ͜Ύ͙ͣΣ ͔͙ͨͦͭͪ͋͊ͣΣ ͔͔͙ͤͭͪͫ͊ͣ͜ ͭ͊ ͙͍͙ͣͦͭ͊ͣΦ 
˻͍͋͐ͪͯͤͭͦ͊ͤͦ ͫͭͪͯͭͯͪͤ͟͜ ͔͙ͦͣͨͦͤͤͭ͟ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ όͤ͊ͤͤ͘Ύ ͨͪͦ 
ͦ͋ΩΊ͙ͭ͟ ͙͙ͨͪͪͦ͒ ͭ͊ ͙ͤͦͪͣ ͜ ͍͙ͨͪ͊͊͡ ͍͔͙ͨͦ͒ͤ͜͟ ͍ ͙ͨͪͪͦ͒͜Τ ͔͔ͤͭͪͫ͜ ͒ͦ ͦ͋ΩΊ͍ͭ͟͜ ͙͙ͨͪͪͦ͒Σ 
͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͦ͋ΩΊ͍ͭ͟͜ ͙͙ͨͪͪͦ͒ Ύ͟ ͒ͦ ͫͯ͋ΩΊ͍ͭ͟͜ ͍͊͘Ίͣͦ͒͜͝Σ ͔͔͙͍ͨͪ͗͊ͤͤΎ ͍ͫͭͦͫͦͤͦ 
ͦ͋ΩΊ͍ͭ͟͜ ͙͙ͨͪͪͦ͒Σ ͍ͫ͒ͦͣ͜͜ ͒͜͝ ͭ͊ ͍;͙͙ͤ͟Σ ͍͔ͯͣͦͤ͘͜͡ ͼ͜͡͡Ό ͔͔͔͋ͪ͗ͤͤ͘Ύ ͙͙ͨͪͪͦ͒ύΣ ͊ ͭ͊ͦ͗͟ 
ͫͺͦͪͣͯ͡Έ͍ͦ͊ͤͦ ͝͝ ͍͙ͤ͊͘;͔ͤͤΎ ΅ͦ͒ͦ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡.  

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͍͔ͨͦ͒ͤ͊͜͟Σ ͒ͦͼ͜͡Έͤͫͭ͜ΈΣ ͔͎ͦͦ͟͜͡;ͤ͊ ͍͔ͨͦ͒ͤ͊͜͟Σ ͔͎ͦͦ͟͜͡;ͤͦ 
͒ͦͼ͜͡Έͤ͊ ͍͔ͨͦ͒ͤ͊͜͟Σ ͼ͔ͨͦ͊͒͊ͤͤ͜͟͡͡ΎΣ ͯ;ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Φ  

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ̂ͫͨ͜ͻ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͨͪͦͼ͔͍ͫ͜ ͤ͊ ͫͯ;͊ͫͤͦͣͯ 
͔ͭ͊ͨ͜ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͙̂ͪ͊ͤ͟͝ ͤ͊͘;ͤͦΌ ͣͪͦ͜Ό ͔͙͊͗ͭ͘͡Έ ͍͒͜ 
͎ͭͦͦΣ ;͙ ͋ͯ͒ͯͭΈ ͍͔ͫͭͦͪͤ͜ ͍͙ͯͣͦ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͎ͦ͋͊͡͡Έ͙ͤͻ ͔͔ͫͯͨͪ;͔͚ͤͦͫͭ ͯ 
͍͊͘Ί͍ͣͦ͘ΩΎ͊͘͟ͻ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͜ ͙͙ͨͪͪͦ͒Φ ˭͎͔͊ͦͫͭͪͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͙ͫͭͯ͊ͼ͜͝ 
͍͙ͯͣͦͦ͘͡ ͪͦͫͭ͊ͤͤ͘Ύ ͍͎͙ͯ͊ ͒ͦ ͙ͨͭ͊ͤΈ ͔͎ͦͦ͟͜͡;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͨ͒ͪͦͫͭ͊͜Ό;͎ͦͦ 
ͨͦͦͤͤ͟͜͡Ύ ͊͘ ͍͊͘Ίͣͦ͒͜͝ ͍ͫ͜ͻ ͙ͤͫͭͭͯ͜ͼ͚͜Σ ͙ͨͪ;͔͙ͭͤͻ ͒ͦ ͍͙ͦͫͭ͜Φ 

ˤ͙͍͊͗ͫͭ͜͡Έ ͔͎ͦͦ͟͜͡;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͦͤ͊͘;͔ͤ͊ ͍ ˭͊ͦͤ͊͟ͻ 
͙̂ͪ͊ͤ͟͝ ζ˽ͪͦ ͍ͦͫͭͯ͜ηΣ ζ˽ͪͦ ͎͊͊͘͡Έͤͯ ͔͔ͫͪ͒ͤΌ ͍ͦͫͭͯ͜ηΣ ˹͊ͼͦͤ͊͜͡Έ͚ͤ͜ 
͔͎ͫͭͪ͊ͭ͜͝ ͍͙ͪͦͭͯ͘͟ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝ ͤ͊ ͔ͨͪͦ͒͜ ͒ͦ нлнм ͪͦͯ͟Σ ˹͊ͼͦͤ͊͜͡Έ͚ͤ͜ 
͎ͨͪͦͪ͊ͣ͜ ͍͙ͻ͍ͦ͊ͤͤΎ ͔͚͒ͭ͜ ͭ͊ ͣͦͦ͒͜͡Σ ͤ͜΄͙ͻ ͙͍͙ͤͦͪͣ͊ͭͤͻ ͔͒ͦͯͣͤͭ͊͟ͻΦ 

˿ͯ;͊ͫͤ͊ ͙͎ͨ͊ͪ͊͒ͣ͊ ͍͙ͦͫͭ͜ ͫͨͦͤͯ͊͟Ί ͍ͦͫͭͤ͜Ό ͎͊ͯ͘͡ΈΣ ͍ͤ͊;͊͡Έ͙͚ͤ 
͊͊͒͘͟͡ ͜ ͫͣ͜ΩΌ ͒ͦ ͔͙ͦͤͪͭͤ͟͟ͻ ͍ͪͦ͟͟͜ ͤ͊ ΄͡Ύͻͯ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ͝ 
ͯ͟͡Έ͙ͭͯͪ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͎͊͊ͦͣ͘͡ ͜ ͝͝ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͔ͦͪͣ͊͘͟Φ 
˩͎ͦͦ͟͜͡;ͤͦ ͫͨͪΎ͍͔ͣͦ͊ͤΣ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍͔ͤͭͦ͊ͤ ͍͙ͻ͍ͦ͊ͤͤΎ ͯ;͍ͤ͜ 
ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͯ ΄ͦ͟͜͡ ͚ ͫͣ͜Ω͝ ͙͍͔ͣͦ͗͡ ͙͡΄͔ ͊͘ ͍͙ͯͣͦ ͔ͫͨͼ͊͜͡Έͤͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Σ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍͙ͻ͍ͦͤͦ͝ 
͚͔ͣ͊ͫͭͪͤͦͫͭ͜ ͋͊ͭΈ͍͟͜Φ 
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ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˢͤ͊͘͜͡ ͣͫͭͯ͘͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ͭ͊ 
͍͙ͻ͍ͦ͊ͤͤΎ ͍ ͫͯ;͚͊ͫͤ͜ ͔͎͎ͨ͒͊ͦ͜ͼ͜ ͚͔͒ͫͤͤͦ͘͜ ˢΦ ˹ Φ ˭ ͊ͻ͡Ί͙͋ͤͣΣ ˱Φ ˨ Φ ˭ ͍ΊͪΊ͍͙ͣΣ 
˥Φ ˽ Φ ˽ ͍ͯͫͭͦͭͦͣ͜Σ ˱Φ ́ Φ ˿ ͍͔͎ͯͪ͊ͤͦ͜ΌΣ ͯ ͨͪ͊ͼΎͻ Ύ͙͟ͻ ͍͙͍͔ͫͭͤ͜͜͡ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ͜ 
͙͊ͫ͊͒͘ ͍͎͒ͦͫ͒͗ͯ͊ͤͦͦ͜͡ ͺ͔͔ͤͦͣͤͯ ͭ͊ ͍͊ͨͪͦͨͦͤͦ͊ͤ͘͜ ͍͍͒ͨͦ͒ͤ͜͜͜ ͔͙͙ͣͭͦ͒͟Φ 

˽͔ͪͦ͋ͣ͊͡ ͔͎ͦͦ͟͜͡;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ΄ͦ͟͡Ύ͍ͪ͜ ͍͙͍;͊͊ͫ͡Ύ ͍ ͙ͪͤ͘͜ͻ 
͔͊ͫͨͭ͊͟ͻΣ ͔ͦͪͣ͊͘͟Υ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͔͎ͦͦ͟͜͡;ͤͦ͝ 
ͯ͟͡Έ͙ͭͯͪΣ ͼ͎ͤͤͫͤͦͦ͜͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͙͙ͨͪͪͦ͒Σ ͔͎ͦͦ͟͜͡;ͤͦ ͙͍͍ͣͦͭͦ͊ͤͦ͝ 
͍͔͙ͨͦ͒ͤ͜͟ ͯ;͍ͤ͜ ό˻Φ ˻ Φ ˴ ͦͦͤ͡Έ͍ͦ͊͟Σ ˻Φ ˶ Φ ˽ ͪͯͼ͍͊ͦ͊͟Σ ˹Φ s Φ ˽ ͍ͯͫͭͦͭ͜Σ 
˿Φ ʕ Φ ˿ ͙͙ͪͨͤ͟͟Σ ˱Φ ʕ Φ ́ ͪͯ͋ͤ͜͟ύΦ 

˸͔ͭ͊ ͒͊ͤͦ͝ ͫͭ͊ͭͭ͜ ͨͦ͡Ύ͎͊Ί ͍ ͔͔͙ͭͦͪͭ;ͤͦͣͯ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤ͜ ͫͯͭͤͦͫͭ͜ ͭ͊ 
͙ͫͭͪͯͭͯͪ͟ ͨͦͤΎͭͭΎ ζ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤ͊ ͍͔ͨͦ͒ͤ͊͜͟η ͚ ͍͙ͤ͊͘;͔ͤͤ͜ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͭ͊ ͙͎ͭͨͦͦ͜͡͝ ͍͔͙ͨͦ͒ͤ͜͟ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Φ  

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ̒͟ ͍ͫ͒͜;͙ͭΈ ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͔͒͗ͪ͡Σ 
͍͙ͨͪͦ͒ͤͣ͜ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͙ͦͫͦ͋ͫͭͦͫͭ͜ Ί ͒͜Ύ͡Έͤͫͤͦ͜-
͍͔͍͙͚ͨͦ͒ͤͦ͜͟ ͨ͒͜ͻ͒͜Φ ̋ͦ͒ͦ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͙͔͙ͨͪͦͪͭͭͤͣ͜ 
͍͊͒͊ͤͤ͘Ύͣ Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͤͦͪͣ ͜ ͍͙ͨͪ͊͡ ͍͔͙ͨͦ͒ͤ͜͟ ͯ ͙ͨͪͪͦ͒͜ ͤ͊ ͍ͨ͒ͫͭ͊͜͜ 
͔͔͙ͣ͗ͨͪ͒ͣͭͤ͜ͻ ͍͘ΩΎ͍͘͟͜ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊͡Έͤͦ͝ ͭ͊ ͍ͨͦ͊ͤ͊͘;͊͡Έͤͦ͝ ͒ ͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜Φ 

̒͟ ͊ͤ͊͘͘;͊Ί ˱Φ ́ Φ ˿ ͍ͯͪ͊Ί͎ͤ͊͜Σ ͯ ͣͦͦ͒͡΄ͦͣͯ ΄͟͜͡Έͤͦͣͯ ͍͜ͼ͜ ͯ;ͤ͜ 
͍ͤ͊͋ͯ͊ΌͭΈ ͔͔͔͙ͣͤͭ͊ͪͤ͡ͻ ͔͎ͦͦ͟͜͡;͙ͤͻ ͍͙ͤ͊;ͦ͟ ͤ͊ ͍ͦͫͤͦ͜ Ύ͍͙ͫͪ͊͟ͻ ͍ͦ͋ͪ͊͘͜ ͜ 
͎͙͎͋ͦͦͦ͟͡ ;ͯͭͭΊ͍͎ͦͦ ͙͚ͫͨͪͤΎͭͭΎ Ί͒ͤͦͫͭ͜ ͙ͪ͊ͫ͟ ͙͙ͨͪͪͦ͒ ͭ͊ ͎͙͒ͤ͜ͻ ͯ;͙͍ͤ͟͜ 
΅ͦ͒ͦ ͒ͦ ͔ͤ͝Φ ˹͊͋ͯͭͭΎ ͍͙ͤ͊;ͦ͟ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟Σ ͍͙Ύ͍ ͔͎ͦͦ͟͜͡;͙ͤͻ 
͙͍͍ͣͦͭ͜ ͜ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͔͎͚ͫͭͪ͊ͭ͜ ͍͊͘Ίͣͦ͒͜͝ ͘ ͙ͨͪͪͦ͒ͦΌ ͔͔͊͋ͨ͘͘;ͯΌͭΈ 
͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͯ ͍͔ͨͦ͒ͤͯ͜͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͯ ͍͔ͨͦ͒ͤͯ͜͟ ͎ͪͦ͘͡Ύ͒͊Ίͣͦ Ύ͟ 
͙ͦͫͦ͋ͫͭͫͤͯ͜ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͜ ͎͍͙͚ͦͦͤ͡ ͙ͨͦ͊ͤ͘͟͟ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͔͎ͦͦ͟͜͡;ͤͦ͝ 
ͯ͟͡Έ͙ͭͯͪ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͯ;ͤΎ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Φ ˭ ͔ͣͭͦΌ ͍͙ͤ͊͘;͔ͤͤΎ ͫͯͭͤͦͫͭ͜ 
ͨͦͤΎͭͭΎ ζ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤ͊ ͍͔ͨͦ͒ͤ͊͜͟η ͍͙͍͊͗ͦ͡ ͍͔͙ͪͤͯͭͫ͘Ύ ͒ͦ ͎ͪͦ͘͡Ύ͒ͯ 
͔͎͚͊ͭͦͪ͟͜ ζ͍͔ͨͦ͒ͤ͊͜͟η ͭ͊ ζ͒ͦͼ͜͡Έͤͫͭ͜ΈηΦ  

̅ͦͫͦ͜͡ͺͫΈ͙͚͟ ͔ͤͼ͙͔͙ͦͨ͒͟͡;͙͚ͤ ͍͙ͫͦͤ͟͡ ͍͙ͤ͊͘;͊Ί ͍͔ͨͦ͒ͤͯ͜͟ Ύ͟ 
͍͙͍͊ͫͭͯ͡ ͙͍͙͗ͣ ͫͭͦͭ͊ͣ͜ ͍͊͘Ίͣͦ͒͜Ό ͘ ͍͙ͤ͊ͦ͟͡΄ͤͣ͜ ͔͔͍͙ͫͪ͒ͦ΅͔ͣΦ 
˽͍͔ͦ͒ͤ͊͜͟ ͡Ό͙͙͒ͤ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͭ͊͊͟Σ ΅ͦ ͣ͊Ί ͙ͨͪͪͦ͒ͤ͜ ͔͔͍͙ͨͪ͒ͯͣͦΣ 
ͦ͒ͤ͊͟ ͯ ͍͚ͫͦ͝ ͍ͦͫͤͦ͜ ͫͦͼ͊͜͡Έͤͦ ͍͔ͯͣͦͤ͊͘͡Φ ˤͦͤ͊ ͔͎ͪͯ͡ΌΊͭΈͫΎ ͔͎͊͒͊͒͘͘͜͡Έ 
͍͔ͨͦͫͭ͊ͤͦ͡Ό ͔ͣͭͦΌ ͜ ͙ͦͦͪ͒ͤͯ͟ΊͭΈͫΎ ͘͜ ͼͤͤͫͤͦ͜͜Ό ͫͺ͔ͪͦΌ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 

˹͊ ͒ͯͣͯ͟ ͍͙ͨͪͦ͒ͤ͜ͻ ͺͦͫͦ͜͡ͺ͍͜ ό˩Φ ̅ Φ ˥ ͯ͋ͫΈ͙͚͟Σ ˥Φ ʕ Φ ˴ ͦͪ͊͋͡Έ͍ͦ͊Σ 
ˤΦ s Φ ˶ ͯͭ;͔ͤͦ͟), ͼͤͤͫͤ͜͜͜ ͔͙͊ͫͨͭ͟ ͍͔͙ͨͦ͒ͤ͜͟ ͚ͤ͊͋͜͡Έ΄ ͍͙ͪ͊ͤ͘͜ ͭͦ͒͜Σ ͙ͦ͟͡ ͒͜͝ 
͍ͤ͊͋ͯ͊ΌͭΈ ͻ͔͊ͪ͊ͭͪͯ͟ ͍;͙ͤͯ͟Σ ͭͦ͋ͭͦ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͤ͊͘;ͯ΅͎ͦͦ ͊ͭͯ͟Φ ̂ 
ζ̅ ͦͫͦ͜͡ͺͫΈͦͣͯ͟ ͔ͤͼ͙͔͙ͦͨ͒͟͡;ͤͦͣͯ ͍͙ͫͦͤͯ͟͡η ͊ͤ͊͘͘;͔ͤͦΣ ΅ͦ ͍;͙ͤͦ͟ ς ͼ͔ 
͒͜ΎΣ ͊͘ Ύͯ͟ ͡Ό͙͒ͤ͊ ͍͒͜;͍ͯ͊Ί ͍ͫͦΌ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜ΈΦ ˤͤ͜ ͔͙ͤ͊͗ͭ͡Έ ͒ͦ 
ͣͦͪ͊͡Έͤͦ͝ ͫͺ͔͙ͪΣ ͍͙͊͗͒͘ Ί ͍͙͔ͪ͊͗ͤͤΎͣ ͡Ό͙͙͒ͤ Ύ͟ ͼ͎ͦͦ͜͡Σ ͦ͒ͤ͜ΊΌ ͘ ͺͦͪͣ 
͍͙Ύ͍ͯ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ώрϐΦ  

˻͔ͭ͗Σ ͍͔ͨͦ͒ͤ͊͜͟ ͭ͊ ͍;͙͙ͤ͟ ς ͚͎ͤ͊͊͊͘͡Έͤ͜΄͜ ͺ͙ͦͪͣ ͼ͎ͫͤͦͦ͜͜͡ ͍͙Ύ͍ͯ 
͙͍͊ͭͤͦͫͭ͟͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜ Ύ͟ ͫͯ͋ΩΊͭ͊͟Σ Ύ͟͜ ͍͙͍͒͋͊͜ΌͭΈ ͙͔ͫͫͭͣͯ ͼ͔͚ͤͤͦͫͭ͜ 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ4ȟ Ο 9 (43) 

95 

͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˹͊ ͒ͯͣͯ͟ ˴Φ ˻ Φ s ͋ͯ͡Έͻ͍͊ͤͦͦ͝-˿͍͊ͫ͡Έͦ͟͝Σ ͔ͫ͊ͣ ͫͯ͋ΩΊͭ͟ ͍͙ͤ͊͘;͊Ί 
ͨͦͭͪ͋ͤ͜͜ ͟͜͡Έͫͤ͟͜͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙͍͊ͭͤͦͫͭ͟͜ ͒͡Ύ ͙ͪͤ͘͜ͻ ͺͦͪͣ ͒͜Ύ͡Έͤͦͫͭ͜ όͤ͊ 
͍͙͙ͪͦ͋ͤͼ͍ͭ͜Σ ͍ ͨͦ͋ͯͭ͜Σ ͍ ͫͣ͜Ω͝ύΣ ͊ ͭ͊ͦ͗͟ Ύͫͭ͟͜Έ ͼ͜Ί͝ ͙͍͊ͭͤͦͫͭ͟͜Φ ̂ ͍ͫͦΌ ;͔͎ͪͯ 
ͼͤͤͦͫͭ͜͜ Ί ͍͍͙͒ͨͪ͊ͤͣ͜ ͨͯͤͭͦͣ͟ ͍͔͙ͨͦ͒ͤ͜͟ ͡Ό͙͙͒ͤΦ 

̒͟ ͊ͤ͊͘͘;͊Ί ˥Φ ˿ Φ ́ ͔͊ͪ͊ͫͤͦ͟Σ ͍ͨ͊ͤͯ͊ͤͤΎ ͍ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͙ͯͭͭ͊ͪͤͦ͜͡͝ 
͙ͨͫͻ͎ͦͦ͜͡͝ ͨͦͤ͊͘;͊ΊͭΈͫΎ ͤ͊ ͼ͙ͤͤͫͤ͜͜ͻ ͔ͨ͊ͪ͊ͣͭͪ͊ͻ ͍͔ͫͭ͊ͤͤ͡Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͒ͦ 
͙͙ͨͪͪͦ͒Φ ˹͍͊ͭ͜Έ ͍ͤ͊ͯͦ͟͜ ͤ͊ͤͤ͘ΎΣ ͒ͦ͋ͯͭ͘͜ ͊͒͘͡Ύ ͎͙ͨͪ͊ͣ͊ͭ;͙ͤͻ ͼ͔͚͜͡Σ ͔ͪ͊͊͘͜͡ͼ͜͝ 
͍͙͊ͫͤ͡ͻ ͔ͨͦͭͪ͋Σ ͫͭ͊ΌͭΈ ͔͋͒ͯ͘ͻ͍͙͙ͦͤͣΣ ͊ ͔ͦͭ͗Σ ͔ͤ ͣͦ͗ͯͭΈ ͙ͫ͊͒͊ͭ͟͡ ͨ͒͐ͪͯͤͭ͜Ύ 
͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͭ͊ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͍͒ͦ͟͜͜͡͡Φ ˭͍ΩΎͦ͘͟ ͣ͗͜ 
͒ͦ͋ͯͭͭ͘Ύͣ ͍͙ͤ͊ͯͦ͟ͻ ͤ͊ͤ͘Έ ͜ ͣͦͪ͊͡Έ͙ͤͣ ͍͙ͪͦͭͦͣ͘͟ ͦͫ ͙ͦ͋ͫͭͦͫͭ͜ ͚͔ͣ͊͗ 
͍͚͒ͫͯͭͤ͜͜Υ ͦ ͚ͫͭ͊ͤͤ͜ ͣ ͔ͦ͗ ͍ ͍͙͒ͫͭ͊͊ͭ͜ ͍ ͒͜ ͍ͪͤ͜Ύ ͘ ͤ͊ͤΈΣ ͊ ͤ͊ͤͤ͘Ύ ͣͦͪ͊͡Έ͙ͤͻ ͤͦͪͣ 
ͣͦ͗ͯͭΈ ͔ͤ ͎͙͋͊ͭͫ͘͜Ύ ͘ ͔ͪ͊͡ΈͤͦΌ ͍͔ͨͦ͒ͤͦ͜͟Ό ͙ͦͫͦ͋ͫͭͦͫͭ͜ [4].  

˿͍͔ͭ͊ͤͤ͡Ύ ͙͙͙͒ͭͤ ͒ͦ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ Ί ͍ͫͨ͊ͦͣ͡ ͤ͊ͤ͘Έ, 
ͨͦ;͍ͯͭͭ͜ ͜ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜Φ ̇Ύ ͔͒͜Ύ ;ͭͦ͜͟ ͍͙͍͔ͫͦͤ͊͡͡ ˤΦ ˸ Φ ˸ Ύ͙ͫ΅͔͍͙ͣΥ 
ζΧͯ ͦ͗ͤͦͣͯ͟ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦͣͯ ͺ͊ͭ͟͜ ͭ͜ΊΌ ;͙ ͤ͜΄ͦΌ ͣͪͦ͜Ό ͍͔͒ͦ͋ͪ͊͗ͤͦ͜ ͙ͭͪ 
͍ͪͤ͜͜Σ ͙ͭͪ ͔͙͊ͫͨͭ͟Σ ͊͋ͦ ͙ͭͪ ͔͙ͦͣͨͦͤͤͭ͟ ό͍ͨͤ͊͊͘͜͡Έ͙͚ͤΣ ͍ͦ͡Έ͍͙͚ͦ ͭ͊ 
͔ͣͦͼ͚͙͚ͤ͜ύ ͭ͊ ͍ ͙ͪͤ͘͜ͻ ͍͙͒͊ͻ ͙ͨͫͻ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙Ύ͍͡ΎΌͭΈͫΎ ͨͦ-ͪͤͦͣͯ͘͜ηΦ 
́ͦͣͯ ͦ͒ͤ͜ΊΌ ͘ ͍͙ͦͫͤͦͤͻ ͍͙͎ͣͦ ͒ͦ ͨͪͦͼ͔ͫͯ ͍͙ͻ͍ͦ͊ͤͤΎ Ί ͍͔ͫ͋͜;ͤͫͭ͜Έ 
ͦ͒ͤͦ;͎͊ͫͤͦͦ ͍͙͍ͨͯ͡ ͤ͊ ͍ͫ͒ͦͣͫͭ͜͜ΈΣ ͨͦ;ͯͭͭΎ ͜ ͍͔ͨͦ͒ͤͯ͜͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ  

˻͔ͭ͗Σ ͯ;ͤΎͣ ͔ͤͦ͋ͻ͒ͤ͜͜ ͔ͤ ͭ͜͡Έ͙͟ ͔ͫͨͼ͊͜͡Έͤ͜ ͔͎ͦͦ͟͜͡;ͤ͜ ͤ͊ͤͤ͘ΎΣ ͊ ͚ 
ͤ͊ͤͤ͘Ύ ͣͦͪ͊͡Έ͙ͤͻ ͤͦͪͣΣ Ύ͟͜ ͨͦ͒͊ΌͭΈͫΎ ͍ ͚͒ͦͫͭͯͨͤ͜ ͺͦͪͣ͜ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ 
͍͜ ͍͙ͦ͟ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͙͙͙͒ͭͤΦ ˹͊ ͒ͯͣͯ͟ .˿ ˥ . ̒ ͦ͋ͫͦͤ͟Σ ζͣ ͙ ͯͫͭͪ͘͜;͊ΊͣͦͫΎ 
͔ͤͪ͒ͦ͜͟ ͘ ͙ͨͯͭ͊ͤͤͦ͡Ό ͍ ͣͦͪ͊͡Έ͙ͤͻ ͯΎ͍͔ͤͤ͡Ύͻ ͔͚͒ͭ͜η [7, 35]Φ ˢ͍ͭͦͪ ͍͍͊͗͊ΊΣ ΅ͦ 
͍ ͙͙͙͒ͭͤ ͫ͒͜͡ ͍͙͙͙ͪͦ͋ͭ ͔ͨͦͭͪ͋ͯ ͍ ͤ͊ͤͤ͘ΎͻΣ ΅ͦ͋ ͍͙͎͙ͣͦΣ Ύ͟͜ ͍͙͍ͫͯ͊ΌͭΈͫΎ ͒ͦ 
͔ͤ͝Σ ͍͙ͫͭ͊͊͡ ͝͝ ͍͙͙͊ͫͤͣ͡ ͍͙͎͙ͣͦ͊ͣΦ ˨͡Ύ ͼΈ͎ͦͦ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙͙͊ͣͤͭ͘͜ ͔͋ͨͦ͘-
͔͔ͫͪ͒ͤΊ ͍͙͍ͫͯ͊ͤͤΎ ͍͙͎ͣͦ ͭ͊ͦ͟Ό ͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͊͘ Ύͦ͟͝ ͔ͭΣ ΅ͦ ͍͙ͨͦͤ-
ͤͦ ͙͋ͯͭ ͍͊ͫͦ͘Ί͔ͤΣ ͔͔͍ͨͪͭͦͪΌΊͭΈͫΎ ͤ͊ ͔ͤͦ͋ͻ͙͚͒ͤ͜ ͊ͫ͋͘͜ ͯ ͒ͦͫΎ͎͔ͤͤͤ͜ ͔͙ͣͭΦ  

˽͔͙ͦͭͪ͋ ͚ ͔͔͙ͤͭͪͫ͜ Ί ͔͔͍ͨͪ͒ͯͣͦͦΌ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͊ ͙ͦ͟͡ ͫͯ͋ΩΊͭ͟ ͨͦ;͙ͤ͊Ί 
͒͜Ύ͙ͭΣ ͭͦ͒͜ ͎͍͙ͦͦͤͣ͡ ͪͯ΄͜Ίͣ ͫͭ͊ΌͭΈ ͙͍͙ͣͦͭΦ ͔͙̆͊ͪ͊ͭͪͯ͘͟Ό;͙ ͙͍͙ͣͦͭΣ ͫ͒͜͡ 
͍͔͙ͪͤͯͭͫ͘Ύ ͒ͦ ͔͒ͦͫ͒͗ͤ͜͡Έ ˱Φ ʕ Φ ˱ ͔͔ͣ͒͊͒͘Σ ˢΦ ˸ ͊ͫͦͯ͡Σ Ύ͟͜ ͍͙ͦ͋͐ͪͯͤͭͯ͊͡ ͨͦͣͦ͜͡-
͙͍ͭ͊ͼ͜Ό ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔ͦͪͣ͊͘͟Σ ͊ͤ͊͘͘;͙͙͡Σ ΅ͦ ͍͔ͨͦ͒ͤ͊͜͟Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͔͔͒ͭͪͣ͜-
ͤͯΊͭΈͫΎ ͫͯͯͨͤͫͭ͟͜Ό ͟͜͡Έͦ͟ͻ ͔ͨͦͭͪ͋Φ ̒͟΅ͦ ͦ͒ͤͦ;͊ͫͤͦ ͒͜ΌͭΈ ͟͜͡Έ͊͟ ͙͍͍ͣͦͭ͜Σ ͊ ͒ͦ 
ͫ͊͒ͯ͟͡ ͎ͦ͗ͤͦͦ͟ ͘ ͙ͤͻ ͍ͻ͙ͦ͒ͭΈ ͎͋͊͊ͭͦ ͔ͨͦͭͪ͋Σ ͔͒ͭ͜ΈͫΎ ͨͪͦ ͙͍ͨͦͣͦͭ͊͜͡ͼ͜ΌΦ 

˹͊ ͒ͯͣͯ͟ ˱Φ ʕ Φ ˱ ͔͔ͣ͒͊͒͘Σ ͙͍ͣͦͭ ς ͼ͔ ͫͯ͋ΩΊ͙͍ͭͤ͊͟ ͼͤͤͫͭ͜͜Έ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͊͟ 
͍͙͍͒͋͊͜Ί ͔͎͍ͤͭͪͦ͊ͤͯ͜ ͒͜Ό ͍ͫ͜ͻ ͔ͨͦͭͪ͋Σ ͊ ͙͍ͣͦͭ͊ͼ͚ͤ͜͜ ͙͔͙ͫͫͭͣ Ί ͨͪͦ͒ͯͭͦͣ͟ 
͍͙ͪͦͭͯ͘͟ ͍ͫ͜ͻ ͪͯ΄͚͙ͤ͜ͻ ͙ͫ͡ ͡Ό͙͙͒ͤΣ ͝͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͙͗ͭͭΊ͍ͦ͝ ͙͙ͨͪ͊ͭ͟͟Σ 
ͫͦͼ͊͊͘͜͜͡ͼ͜͝ ͭ͊ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͝͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˸͙͍ͦͭ Ί ͚͍͙ͤ͊΅ͦΌ ͺͦͪͣͦΌ 
͔͋ͯ͒͗ͤͤ͘Ύ ͭ͊ ͔͎ͪͯ͡Ύͼ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͊͘Ίͣͦ͒͜͝ ͡Ό͙͙͒ͤ ͘ ͍͒ͦ͟͜͡͡Ύͣ ώ2].  

ˤ͙͍͊͗ͯ͡ ͪͦ͡Έ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔ͣͻ͍͊ͤͣ͘͜͜ ͍͔͙ͨͦ͒ͤ͜͟ ΄ͦ͟͡Ύͪ͊Σ Ύ͟ 
͎ͤ͊ͦͦ͡΄ͯΌͭΈ ͙ͨͫͻ͎͙ͦͦ͡ ˶Φ ˱ Φ x ͍͙ͦ͗ͦ;Σ ˶Φ ˿ Φ ˿ ͍͊ͤ͊͜͡Σ ͍͎͒ͪ͊͜͜Ί ͣͦͪ͊͡Έͤ͊ 
͙͍ͣͦͭ͊ͼ͜ΎΦ ˸ͦͪ͊͡Έ͙͚ͤ ͙͍ͣͦͭ ς ͼ͔ ͔ͫ͊͒ͤ͟͡ ͙ͨͫͻ͎ͦͦ͜͡;͔ͤ ͍͍͔ͤͦͦͯͭͦͪͤͤΎΣ ΅ͦ 
͍͙͙ͤ͊͟Ί ͍ ͙͙͙͒ͭͤ ͨ͒͜ ͍͙͍ͨͦͣ͡ ͔͍͙ͨͤͣ ;͙ͤͦͣ ͎͍ͦͪ͊ͤͦ͊ͤͦ͘͜͝ ͍͔͙ͨͦ͒ͤ͜͟. ˨  ͦ
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͙ͫͭͪͯͭͯͪ͟ ͼΈ͎ͦͦ ͍͍͔ͤͦͦͯͭͦͪͤͤΎ ͔ͤ͊͗͊ͭ͡Έ ͤ͊ͤͤ͘Ύ ΅ͦ͒ͦ ͍͔͍͙ͨͦ͒ͤͦ͜͟ͻ ͤͦͪͣΣ 
͍͍͒ͨͦ͒ͤ͜͜͜ ͔ͣͦͼ͜͝ ͭ͊ ͍͙͘;͙͟Φ ͍̅ͦͪͣͯ͊ͤͤΎ ͍ ͔͚͒ͭ͜ ͣͦͪ͊͡Έ͙ͤͻ ͙͍͍ͣͦͭ͜ 
͍͔͙͍ͫͨͪ͊͒ͦ͡ ͍͍͊͗͊ΊͭΈͫΎ Ύ͒ͪͦͣ ͯͫΈ͎ͦͦ ͣͦͪ͊͡Έ͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎΦ ͔̇ ͙͍ͦͫͦ͋ͦ͡ 
ͼͤͤ͜͜ ͒͜Ί͍͜ ͙͍͙ͣͦͭΣ ͙͍͙ͣͦͭ ͚͒͜Σ Ύ͟͜Σ ͊͘ ͍͔͔ͭͪ͒͗ͤͤΎͣ ˽Φ ˸ Φ ̒ ͦ͋ͫͦͤ͟Σ ;͊ͫͭͦ 
͍͙ͫͭͯͨ͊ΌͭΈ Ύ͟ ͙ͫ͡Έ͙͚ͤ ͔͔ͤͭͪͫ͜ ͒ͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͔͍ͨͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˹͊ ͒ͯͣͯ͟ ˤΦ ˻ Φ ʕ ͙͔͊ͫͤͦ͟͡Σ ˢΦ ˥ Φ ˭ ͍͙͍͒ͪ͊ͦͣͫͦ͊͡Σ ̐Φ s Φ ˽ ͦ͒ͦ͡Έͫͦ͟͝Σ ͒͡Ύ 
͎ͭͦͦΣ ΅ͦ͋ ͍͙͙ͤ͟ ͙͍ͣͦͭ ͚͒͜Σ ͔ͨͦͭͪ͋͊ ͣ͊Ί ͍͙͊ͭͯ͊ͯ͊ͭͫ͘͟͜͡ΎΣ ͍ͤͯͭͪ͜΄ͤΈͦ 
͍ͨͦΩΎ͙͊ͭͫ͘Ύ ͘ ͔ͪ͊͡Έ͙ͤͣ ͦ͋ΩΊͭͦͣ͟Σ ΅ͦ ͙ͫͨͪ;͙ͤΎΊ ͍͙͙͔ͤͤͤͤ͟Ύ ͔͔ͤͭͪͫͯ͜Φ 
͙́͊ͣ͟ ;͙ͤͦͣΣ ͔ͨͦͭͪ͋͊ ͙ͫͨͪ;͙ͤΎΊ ͔͔ͤͭͪͫ͜ ͭ͊ Ί ͨ͒͐ͪͯͤͭ͜Ύͣ ͒͡Ύ ͚͎ͦͦ 
ͺ͍ͦͪͣͯ͊ͤͤΎΦ ˽͔͙ͦͭͪ͋ ͚ ͔͔͙ͤͭͪͫ͜ ͍͙͍͒͋͊͜ΌͭΈ ͚͔ͫͭ͜͟ ͍͔ͫͭ͊ͤͤ͡Ύ ͫͯ͋ΩΊͭ͊͟ ͒ͦ 
͚͒ͫͤͦͫͭ͜͜Σ ΅ͦ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͫͨ͜͡Έͤͫͭ͜Έ ͣ͗͜ ͙͙ͤͣΦ ̇ͤͤͦͫͭ͜͜ ͺͦͪͣͯΌͭΈ ͔͙ͨͦͭͪ͋ 
͚ ͔͔͙ͤͭͪͫ͜ ͡Ό͙͙͒ͤΣ ͔͊͡ ͫͤͯ͜Ί ͜ ͍͙͚ͦͪͦͭͤ͘ ͍͘ΩΎͦ͘͟Υ ͔͙ͨͦͭͪ͋ ͚ ͔͔͙ͤͭͪͫ͜ 
ͫͭ͊ΌͭΈ ͙ͨͪ;͙ͤͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͼ͔͚ͤͤͦͫͭ͜Φ 

˱͔͔͙ͤͭͪͫΣ ͯ ͍ͫͦΌ ;͔͎ͪͯΣ ͍͙ͪ͊͗͊ΌͭΈ ͍͔ͫͭ͊ͤͤ͡Ύ ͫͯ͋ΩΊͭ͊͟ ͒ͦ ͔͔͎ͨͪ͒ͣͭͤͦͦ 
͍ͫͭͯ͜Φ ˹͊ ͒ͯͣͯ͟ ˻Φ ʕ Φ ˴ ͙͙ͪ;ͯ͟Σ ͔͔ͤͭͪͫ͜ ς ͼ͔ ͙ͫͭͣͯ͡Σ Ύ͙͚͟ ͒͜Ί ͍͊͒͘Ύ͙͟ ͍͚ͫͦ͝ 
ͤ͊͘;ͯ΅ͦͫͭ͜ ͚ ͔ͣͦͼ͚͚ͤ͜͜ ͙͍͙͍ͨͪ͊͋ͦͫͭ͜͡Σ ͭͦͣͯ ͍ͪ͊ͻ͍ͯ͊ͤͤΎ ͔͔͍ͤͭͪͫ͜͜ ͔͚͒ͭ͜ 
͙͍ͦͫͦ͋ͦ͡ ͍͙͍͔͊͗͡ ͨ͒͜ ;͊ͫ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͨͦ͊͊ͫͤͦ͘͟͡͝ ͍͙ͻ͍ͦͤͦ͝ ͙ͪͦ͋ͦͭ. ˱ ͔͔͙ͤͭͪͫ Ί 
Ύ͟ ͔͔͍ͨͪ͒ͯͣͦͦΌ ͍ͤ͊;͊ͤͤΎ ͚ ͍͙ͻ͍ͦ͊ͤͤΎΣ ͭ͊͟ ͜ ͚͎ͦͦ ͔ͪͯ͘͡Έͭ͊ͭͦͣΣ ͭͦͣͯ 
͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͪͦ͋ͦͭ͊ ͍͙ͨͦͤͤ͊ ͙͙ͫͨͪ͊ͭͫΎ ͤ͊ ͔͔͙ͤͭͪͫ͜ ͔͚͒ͭ͜ ͜ ͍ͦ͒ͤͦ;͊ͫ 
ͺ͍͙ͦͪͣͯ͊ͭ ͝ͻ ό˿Φ ˶ Φ ˾ ͯ͋ͤ͜΄͔͚ͭͤύΦ ̂ ͍͘ΩΎͯ͘͟ ͘ ͼ͙ͣ ͔͔͙ͤͭͪͫ͜ ͨͦͭͪ͋ͤͦ͜ ͎ͪͦ͘͡Ύ͙͒͊ͭΣ 
͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ Ύ͟ ͊ͫ͋͘͜ ͋͜͡Έ΄ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͙͍ͨͯ͡Σ ͊ ͘ ͤ͜΄͎ͦͦ ς 
͍͙ͦͤ ͣ͊ΌͭΈ ͙͋ͯͭ ͔ͣͭͦΌ ͍ͫ͜Ί͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͪͦ͋ͦͭΦ  

˽͍͔ͦ͒ͤ͊͜͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍͔ͯͣͦͤ͊͘͡ ͊ͤ͡ͼΌ͎ͦͣ ͙ͫ͊͒ͤ͟͡ͻ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ 
͍͔ͯͭͦͪͤΈΥ ͼͤͤͦͫͭ͜Ύ͙ͣΣ ͔͙ͨͦͭͪ͋͊ͣΣ ͔͔͙ͤͭͪͫ͊ͣ͜ ͭ͊ ͙͍͙ͣͦͭ͊ͣΦ ˻͔ͭ͗Σ 
͍͔ͨͦ͒ͤ͊͜͟ ς ͼ͔ ͙͔ͫͫͭͣ͊ ͚͒͜ ͜ ͍;͙͍ͤ͟͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍͔ͯͣͦͤ͊͘͡ ͙͙͙ͦͫͦ͋ͫͭͫͤͣ͜ 
ͼͤͤͦͫͭ͜Ύ͙ͣΣ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͭ͊ ͣͤͯ͘͜ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͍ͫͭͯ͜Σ 
΅ͦ ͔͍ͨͤͦΌ ͣͪͦ͜Ό ͫͭͦͫͯΊͭΈͫΎ ͔͔͍ͤͭͪͫ͜͜ ͫͯ͋ΩΊ͍ͭ͟͜ ͭ͊ ͦ͋ΩΊ͍ͭ͟͜ ͍͊͘Ίͣͦ͒͜͝Φ 
ˤ͒ͨ͜ ͍ͦ͒ͤͦ͜Σ ͔͎ͦͦ͟͜͡;ͤͦΌ ͍͔ͨͦ͒ͤͦ͜͟Ό ͍͍͙͔͊͗͊ͭͣͣͦ ͭ͊ͯ͟ ͙͔ͫͫͭͣͯ ͚͒͜ ͜ 
͍;͙͍ͤ͟͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͊͋ͦ ͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ͟ ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ 
ͤ͊ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͍͍͔͒ͭͦͪͤͤ͜Ύ ͙͙ͨͪͪͦ͒Φ  

˽ͪͦ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͍͔͙ͨͦ͒ͤ͜͟ ͣͦ͗ͤ͊ ͎͍͙͙ͦͦͪͭ ͤ͊ ͍ͪͤ͜͜ ͍͙ͭ͊ͪͤΣ ͊ͤ͊͘͘;͊Ί 
̑Φ ˸ Φ ̊ ͍͊͋͡Φ ˹͊ͭͦͣͫͭ͜Έ ͡Ό͙͒ͤ͜ ͍͙͍͙͚͊ͫͭ͡ ͤ͜΄͙͚ ͙ͨͫͻ͎ͦͦ͜͡;͙͚ͤ ͺ͔͔ͤͦͣͤ ς 
ͼ͔ͨͦ͊͒͊ͤͤ͜͟͡͡ΎΦ ˭͒͊ͭͤͫͭ͜Έ ͒ͦ ͼ͔ͨͦ͊͒͊ͤͤ͜͟͡͡ΎΣ ͤ͊ ͒ͯͣͯ͟ ̑Φ ˸ Φ ̊ ͍͊͋͊͡Σ ͔ͤ 
Ί ͙ͨͪͪͦ͒ͤͦΌΦ ˲͝ ͍͙͙͔ͤͤͤͤ͟Ύ ͍͔͔ͯͣͦͤ͘͡ ͙͔ͫͫͭͣͦΌ ͍͙ͻ͍͙ͦͤͻ ͍͙͍͍ͨ͜͡Φ ˻͒ͤ͊͟Σ 
Ύ͟΅ͦ ͔ͣͻ͊ͤͣ͘͜ ͍͙ͨͦͫͭ͊ͤͦ͟ ͼ͔͚͜͡ ͎ͦ͒ͤͦͦ ͪ͊ͯ͘ ͙͙͊ͨͯͫͭͭ͘Σ ͍ͤ͜ ζͨͦ;͙ͤ͊Ί ͒͜Ύ͙ͭ 
͊͘ ͍͙ͫͦͣ͝ ͍ͤͯͭͪ͜΄͙ͤͣ͜ ͊ͦͤ͊ͣ͘͟ Ύ͟ ͙ͨͪͪͦ͒ͤ͊ ͙͔ͫͫͭͣ͊η ώсΣ унϐΦ 
͔̇ͨͦ͊͒͊ͤͤ͜͟͡͡Ύ ͨͦ;͍͊ͭͦͦ͟ ͔͍͔͔ͨͪ͒ͫͭ͊ͤ͡ ͙͙͒ͭͤ͜ ͯ ͍͙͎͡Ύ͒͜ ͙͍͙ͦͫͦ͋͡ͻ ͚͒͜ 
͙͒ͦͪͦͫ͡ͻ ͜ ͨͦ͊͘ ͼ͙͙ͣ ͒͜Ύ͙ͣ ͔ͤ ͍͙͙ͤ͊͟ΊΦ ˤ͙͍͊͗ͦ͡Σ ΅ͦ͋ ͼ͜ ͒͜͝ ͙͒ͦͪͦͫ͡ͻ ͙͋ͯ͡ 
͍͊͘Ίͣͦ͒͜ΊΌΣ ΅ͦ͋ ͼ͔ͨͦ͊͒͊ͤͤ͜͟͡͡Ύ ͋ͯͦ͡ ͔͔͔͍͔ͪͨͪͤͭͦ͊ͤ͘ ͙͙͒ͭͤ͜ Ύ͟ ͔ͭ͊͟Σ ΅ͦ 
ͫͤͯ͜Ί ͍ ͦͣͯͤ͊͟͜͟ͼ͜͝Σ ͍ ͙͍͗ͦͣͯ ͒͊ͦ͘͜͜͡Φ ˱ ͎͍͔ͦͦͤ͡Σ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͨͦͤΎͭΈ 
ζ͔ͣͭ͊ ς ͊ͫ͋͘͜η Ί ͼ͔ͤͭͪ͊͡Έ͙ͤͣ ͔ͤ ͭ͜͡Έ͙͟ ͍ ͨͪͦͼ͔ͫ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͼ͔͚͜͡Σ ͊ ͚ ͯ 
ͨͪͦͼ͔ͫ͜ ͝ͻ ͍͙ͤ͊͘;͔ͤͤΎΦ ˨ͦͼ͜͡Έͤͫͭ͜Έ ͍͔͙ͨͦ͒ͤ͜͟ ͙͙͙͒ͭͤ ͍͔ͯͣͦͤ͊͘͡ 
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͔͔͔͍͙ͪͨͪͤͭͦ͊ͤͣ͘ ͙͙͒ͦͪͦͫͣ͡ ͨͪͦͼ͔ͫͦͣ ͼ͔ͨͦ͊͒͊ͤͤ͜͟͡͡ΎΣ Ύ͙͚͟ ͫ͊͒͊͟͡ΊͭΈͫΎ 
͘ ͍͙ͤ͊͘;͔ͤͤΎ ͭ͊ ͔ͪ͊͊͘͜͡ͼ͜͝ ͼ͔͚͜͡Φ  

˽͙ͫͻ͎͙ͦͦ͡ ˶Φ ˱ Φ x ͍͙ͦ͗ͦ; ͜ ˶Φ ˿ Φ ˿ ͍͊ͤ͊͜͡ ͍͔͙͒ͦ͡ ͤ͊Ύ͍ͤͫͭ͜Έ ͙͍͍ͣͦͭ͜Σ Ύ͟͜ 
ͫͨͦͤͯ͊͟ΌͭΈ ͙͙͒ͭͤͯ ͒ͦ ͒͜͝ ͔ͤ ͔͔͔͋ͨͦͫͪ͒ͤ͘ΈͦΣ ͊ ͍͊͒͘Ύ͙͟ ͔͎͊͒͊͒͘͘͜͡Έ ͍ͨͦͫͭ͊-
͔͚ͤ͜͡ ͔ͣͭ͜ ͊͋ͦ ͤ͊ͣͪͯ͜Φ ˻͙͍͎ͫͦ͋ͦͦ͡ ͤ͊͘;͔ͤͤΎ ˶Φ ˱ Φ x ͍͙ͦ͗ͦ; ͤ͊͒͊Ί ͺ͍ͦͪͣͯ͊ͤͤΌ 
ͯ ΄ͦ͟͡Ύ͍ͪ͜ ͒͊ͭͤͦͫͭ͘͜ ζ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͙͙ͫͭ͊ͭ ͔͔ͨͪ͒ ͫͦ͋ͦΌ ͼ͜͜͡ ͭ͊ ͒ͦͫΎ͎͙͊ͭ ͝ͻΣ 
͙͍ͦͫͦ͋ͦ͡ ͼ͜͜͡Σ ΅ͦ ͍͙ͻͦ͒ΎͭΈ ͊͘ ͔ͣ͗͜ ͫΈ͎ͦͦ͒ͤ͜΄ͤΈ͎ͦͦ ͒ͤΎΦ ͔̇ ͍ͫͭͦͪΌΊ 
͔͔͙͍͙ͨͪͫͨͭ͟ ͙͗ͭͭΎ ͤ͊ ͒ͦͫͭ͊ͭͤΈͦ ͙͍͙͚ͭͪ͊͡ ;͊ͫ ͜ ͺͦͪͣͯΊ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͫͭ͜ΈΧη 
[1, 79]Φ ˽͔͔ͪ͒ͯͫͣ͜Σ ͯ;͙͔ͭ͡Έ ͣ͊Ί ͍͙ͤ͊͘;͙͙ͭ ͍͙ͯͣͦΣ ͊͘ Ύ͙͟ͻ ͙͙͒ͭͤ͊ ͙͚͔ͫͨͪͣ 
͍͔ͨͦͫͭ͊ͤͯ͡ ͔ͣͭͯ ͜ ͒͜Ύ͙͔ͭͣ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͔ͤ͝Φ ͔̇ ͙͍ͣͦ͗ͦ͡Σ Ύ͟΅ͦ ͔ͣͭ͊Σ Ύͯ͟ 
͍͙ͤ͊͘;͊Ί ͍;͙͔ͭ͡ΈΣ ͍͍͒ͨͦ͒͊͜͜Ί ͤ͊Ύ͍͚ͤ͜ ͯ ͙͙͙͒ͭͤ ͔ͨͦͭͪ͋͜Φ  

˻͔ͭ͗Σ ͼ͜͜͡ Ί ͨͪͦͣ͗ͤͦ͜Ό ͊ͤͦ͟͡Ό ͍ ͍͔͊͒ͦͦͤͤ͘͜͡ ͔͍ͨͤͦ͝ ͔͙ͨͦͭͪ͋ ͙ͦͫͦ͋ͫ-
ͭͦͫͭ͜Φ ˹͊ ͍͙ͤ͊͘;͔ͤͤΎ ͔͙ͣͭ ͯ ͫͭͪͯͭͯͪ͟͜ ͒ͦͼ͜͡Έͤͦͫͭ͜ ͍͙͍ͨ͊͡Ί ͔ͨͦͭͪ͋͊Σ ͊ ͔ͣͭ͊Σ ͯ 
͍ͫͦΌ ;͔͎ͪͯΣ ͍ͯͣͦ͘͡ΌΊ ͙͍ͣͦͭΦ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͍͙ͨͪͦ͒ͤͣ͜ ͍͊͒͊ͤͤ͘Ύͣ ͺͦͪͣͯ-
͍͊ͤͤΎ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ΄ͦ͟͡Ύ͍ͪ͜ Ί ͍͙͍ͨ͡ ͤ͊ ͔͙ͨͦͭͪ͋Σ ͊ ͔ͦͭ͗Σ ͜ ͤ͊ ͼ͜͜͡Σ Ύ͟͜ 
͍͙ͫͭ͊ͭΈ ͔͔ͨͪ͒ ͫͦ͋ͦΌ ͙ͦͫͦ͋ͫͭͫͭ͜Έ ͨ͒͜ ;͊ͫ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍͊ͫͤͦ͡͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

̂;ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͒͊ͭͤ͘͜ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͙͙ͫͭ͊ͭ ͼ͜͜͡Φ ̇͜͜͡ ͝ͻͤΈͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͣ͊ΌͭΈ ͙͋ͯͭ ͭͫͤͦ͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͍ͤ͊;͊͡ΈͤͦΌ ͒͜Ύ͡Έͤͫͭ͜ΌΣ ͦͫ͟͜͡Έ͙͟ 
͍ͦͤ͊ Ί ͍ͨͪͦ͒ͤͦ͜Ό ͒͡Ύ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Φ ˤ͙ͤ͊͘;͔ͤͤΎ ͔͙ͣͭ 
ͨͪͦͭΎ͎ͦͣ ͼΈ͎ͦͦ ͍͍͎ͦͦͦ͜͟ ͔ͨͪͦ͒ͯ͜ ͣ͊Ί ͙ͫͭͣͯ͡Ό͍͙͊ͭͫΎ ͭ͊ ͙͍͙ͨ͒ͭͪͣͯ͊ͭͫ͜Ύ 
͙͙͒ͦͪͦͫͣ͡ ͤ͊ ͍ͫ͜ͻ ͙ͨͪͦͣ͗ͤ͜ͻ ͔ͭ͊ͨ͊ͻ ͝͝ ͒ͦͫΎ͎͔ͤͤͤΎ ͒ͦ ͤ͟͜ͼ͔͍͎ͦͦ ͔ͪͯ͘͡Έͭ͊ͭͯΦ 
˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͔͒͗ͪ͡ ͜ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͨͦͤΎͭΈ ζ͒ͦͼ͜͡Έͤͫͭ͜Έη ͜ 
ζ͍͔ͨͦ͒ͤ͊͜͟η ͍͍͊͗͊ΊͣͦΣ ΅ͦ ͒ͦͼ͜͡Έͤ͊ ͍͔ͨͦ͒ͤ͊͜͟ ς ͼ͔ ͙͔ͫͫͭͣ͊ ͍͙ͫ͒ͦͣ͜ͻ ͚͒͜ ͜ 
͍;͙͍ͤ͟͜Σ ͍͔͙ͯͣͦͤ͘͡ͻ ͔͍ͨͤͦΌ ͼ͜͡͡ΌΣ ͍ Ύ͙͟ͻ ͍͙Ύ͍͡ΎΌͭΈͫΎ ͣͦͪ͊͡Έͤ͜ 
͔͔ͨͪͦͤ͊ͤͤ͟Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ  

˾ͤ͘͜͜ ͔͙͊ͫͨͭ͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ΄ͦ͟͡Ύ͍ͪ͜ 
͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ͯͪ͊ͤͫ͟͝Έ͟͜ ͔͎͎͙ͨ͒͊ͦ ˹Φ s Φ ˽ ͍ͯͫͭͦͭ͜Σ ˻Φ ˶ Φ ˽ ͪͯͼ͍͊ͦ͊͟Σ 
˻Φ ˻ Φ ˴ ͦͦͤ͡Έ͍ͦ͊͟Σ ˶Φ ˨ Φ ˾ ͔ͯ͒ͤͦ͟Φ ˭͔ͦͪͣ͊͟Σ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͯ ͍͔ͨͦ͒ͤͯ͜͟ 
˹Φ s Φ ˽ ͍ͯͫͭͦͭ͜ ͜ ˻Φ ˶ Φ ˽ ͪͯͼ͍͊ͦ͊͟ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ Ύ͟ ͙͔ͫͫͭͣͯ ͫͦͼ͊͜͡Έͤͦ 
͍͔͙ͯͣͦͤ͘͡ͻΣ ͍ͫ͒ͦͣͦ͜ ͔͍͙ͪͦ͊ͤ͟ͻ ͚͒͜ ͜ ͍;͙͍ͤ͟͜ ͯ ͫͺ͔ͪ͜ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ͝ ͚ 
͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ͟͝ ͍͊͘Ίͣͦ͒͜͝ ͘ ͍͒ͦ͟͜͡͡ΎͣΣ ͔ͣͭͦΌ Ύͦ͟͝ Ί ͎͔ͯͦ͒͗ͤͤ͘Ύ ͔ͨͦͭͪ͋ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ͘ ͍͙͎͙ͣͦ͊ͣ ͍͎͋͊͊ͤͫͦ͊ͤͦͦ͘͡ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ώ3].  

ˤ͙ͤ͊͘;͊Ό;͙ ͔͙ͦͣͨͦͤͤͭ͟ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͣͦͦ͒͡΄͙ͻ 
΄ͦ͟͡Ύ͍ͪ͜Σ ˻Φ ʕ Φ ˴ ͪΌ͍ͦ͊͟ ͔ͦͨͪͯΊ ͙͙ͭ͊ͣ͟ ͨͦͤΎͭͭΎ͙ͣΣ Ύ͟ ζ͙ͤͦͪͣ ͭ͊ ͍͙ͨͪ͊͊͡ 
͍͔͙ͨͦ͒ͤ͜͟ηΣ ζ͔ͣͦͼ͚ͤͦ͜-ͼ͔ͤͤͫͤ͜͜ ͍͔ͫͭ͊ͤͤ͡ΎηΣ ζ͒͜͝ ͭ͊ ͍;͙͙ͤ͟ηΦ ̂ ͨͪͦͼ͔ͫ͜ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͔ͨ͒ͪͫ͜͟͡ΌΊͭΈͫΎ ͔ͣͦͼ͚ͤ͊͜ 
͍ͫ͊͒ͦ͊͟͡ ͍͊͘Ί͍͙ͣͦ͒ͤͦͫͤ͜ ͡Ό͙͙͒ͤ ͘ ͙ͨͪͪͦ͒ͦΌΣ ΅ͦ ͍ͯͣͦ͘͡ΌΊ ͙͍͔͊ͭͤ͟ 
͊ͯ͘͡;͔ͤͤΎ ͔͚͒ͭ͜ ͒ͦ ͨͦ΄ͯͯ͟ ͎͙ͯͣ͊ͤͤͻ ͔͎ͪͯ͡Ύ͍ͭͦͪ͜ ͍͔͙ͨͦ͒ͤ͜͟Φ 

˽͎ͦͦ͒͗ͯΌ;͙ͫΈ ͯ ͼͦͣͯ͜͡ ͘ ͍͙ͤ͊͘;͔ͤͤΎͣ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ 
ͭ͊ ͍͊͗͊͘Ό;͙ ͤ͊ ͍͎͙͚͊ͦͣ ͍͙͚ͤ͊ͯͦ͟ ͒ͦͪͦ͋ͦ͟ ˻Φ ʕ Φ ˴ ͪΌ͍ͦͦ͟͝ ͘ ͔͙ͨͪͦ͋ͣ͡ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͍͍͊͗͊ΊͣͦΣ 
΅ͦ ͫͯͭͤͫͭ͜Έ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͔͋ͯ͒ ͙ͪͦͪͭ͊͘͟ ΄͙ͪ΄͔Σ Ύ͟΅ͦ ͯ 
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͍͙ͤ͊͘;͔ͤͤ͜ ͍ͪ͊ͻ͍͙ͯ͊ͭ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͯ ͔͎ͦͦ͟͜͡;ͤͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ 
͍͊ͫ͟͜͡Φ ˤ͔͊ͫͤ͡ ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͔ͤ͊͋ͯ͒ 
͋͜͡Έ΄ͦ͝ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜Σ Ύ͟΅ͦ ͙ͤ͊͒͊ͭ ͚ͦͣͯ ͎͙ͯͣ͊ͤͫͭ͜;ͤͦ͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜Σ ͭͦ͋ͭͦ 
͔͔͊͋ͨ͘͘;͙͙ͭ ͫͯ͋ΩΊͭ͟ ς ͫ ͯ͋ΩΊͭͤͯ͟ ͍͊͘Ίͣͦ͒͜Ό ͚͎ͦͦ ͯ;͙͍͊ͫͤ͟͜Φ 

ˢͭͯ͊͟͡ΈͤͦΌ ͒͡Ύ ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ί ͭ͊ͦ͗͟ ͨͪ͊ͼΎ ˱Φ ʕ Φ ́ ͙ͪͯ͋ͤ͟ ͘ 
͔͙ͨͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͙͍͍ͣͦͭͦ͊ͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟Φ ˤͦͤ͊ 
͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͙͔ͫͫͭͣ͊ ͚͒͜ ͜ ͍;͙͍ͤ͟͜ ͡Ό͙͙͒ͤΣ ͍͔ͯͣͦͤ͊͘͡Υ 
ς ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύͣ ͣͦͪ͊͡Έ͙ͤͻ ͤͦͪͣ ͍͔ͨͦͦ͒͗ͤͤΎ ͍ ͙ͨͪͪͦ͒ͤͦͣͯ 
͔͔͍͙ͫͪ͒ͦ΅͜Τ 

ς ͼ͙ͤͤͫͤͣ͜͜ ͍͔ͫͭ͊ͤͤ͡Ύͣ ͒ͦ ͙͙ͨͪͪͦ͒Τ 
ς ͍ͨͤ͊͊͘͜͡Έ͙͙ͤͣ ͚ ͔͔͙ͫͭͭ;͙͙ͤͣ ͔͙ͨͦͭͪ͋͊ͣ ͯ ͫͺ͔ͪ͜ ͙͙ͨͪͪͦ͒. 
˩͎ͦͦ͟͜͡;ͤͦ ͙͍͍ͣͦͭͦ͊ͤ͊ ͍͔ͨͦ͒ͤ͊͜͟Σ ͤ͊ ͒ͯͣͯ͟ ˱Φ ʕ Φ ́ ͙ͪͯ͋ͤ͟Σ ͍͔ͯͣͦͤ͊͘͡ 

͔͎ͦͦ͟͜͡;͙͙ͤͣ ͙͍͙ͣͦͭ͊ͣΣ ͍ͦͤ͘͜΄͙ͤͣ͜ ͨͪͦΎ͍͙͊ͣ Ύ͙͟ͻ ΊΥ ͚ͫ͊ͣͦͫͭͤ͜͜ 
͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͚ ͙͒ͦͫ͒͜͡Σ ͍͙ͪͦͣͦ͘ ͘ ͙͙͒ͦͪͦͫͣ͡ ͨͪͦ ͙ͨͪͪͦ͒ͯΣ ͋͊͗͊ͤͤΎ 
͙͙ͨͦ͒ͭͫ͜͡Ύ ͍͔ͪ͊͗ͤͤΎ͙ͣ ͨͪͦ ͍ͫͭ͜ ͙͙ͨͪͪͦ͒Σ ͔͔͙ͨͪ͒͊ͭ ͝ͻ ͯ ͍͚ͫͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ό͎ͪ͜Σ 
ͣ͊͡Ό͍͊ͤͤ͜ύΣ ͋͊͗͊ͤͤΎ ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͘ ͙͙ͪͦͫͤ͊ͣ͡ ͭ͊ ͍͙͙ͭ͊ͪͤ͊ͣΣ ͎͒ͦ͡Ύ͙͒͊ͭ ͊͘ 
͙͙ͤͣΣ ͍͙ͤ͊͒͊͊ͭ ͙͒ͦͪͦͫͣ͡ ͙ͨͦͫ͡Έͤͯ ͎͒ͦͨͦͣͦͯ ͍ ͦͻͦͪͦͤ͜ ͙͙ͨͪͪͦ͒Φ 

˻͔ͭ͗Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ 
͍͊ͫ͟͜͡ ͙ͨͪͨͯͫ͊͟Ί ͍͔͔ͪͤͤͤ͘Ύ ͔ͤ ͭ͜͡Έ͙͟ ͒ͦ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ͝Σ ͊ ͚Σ ͔͔ͤ͊ͫ͊ͣͨͪ͒Σ 
͒ͦ ͔ͣͦͼ͚ͤͦ͜͝ ͭ͊ ͍ͦ͡Έ͍ͦͦ͝ ͍͙ͫ͊͒ͦ͟͡ͻ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˽͙ͪ;ͦͣͯΣ ͨ͒͜ ;͊ͫ ͋ͯ͒Έ-
Ύ͎ͦͦ͟ ͍͙͒ͯ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ΅ͦ͒ͦ ͙͙ͨͪͪͦ͒ ͍͙͊͗͒͘ 
͊͒͘͜Ύͤ͜ ͙ͨͫͻ͜;ͤ͜ ͨͪͦͼ͔͙ͫ ͨ͊ͣΩΎͭ͜ ͭ͊ ͙͔ͣͫͤͤ͡ΎΣ ͙͚ͫͨͪͤΎͭͭΎ ͚ ͍͎͙ͯ͊Σ ͨͦ;ͯͭͭΎ ͚ 
ͯΎ͍͔ͤͤ͡ΎΣ ͺͦͪͣͯΌͭΈͫΎ ͜ ͍͙͍ͪͦ͊͘ΌͭΈͫΎ ͔͔͙ͤͭͪͫ͜ ͭ͊ ͔͙ͨͦͭͪ͋Φ 

˽͙͙ͪͪͦ͒ͤͣ ͨ͒͐ͪͯͤͭ͜Ύͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ 
Ί ͍͍ͦ͜͟͜ ͔͙ͨͪͦ͒͜Σ ͨͪͦͭΎ͎ͦͣ Ύ͙͟ͻ ͫ͊͒͊͟͡ΌͭΈͫΎ ͪͤ͘͜͜ ͙ͫͭͦͫͯͤ͟ ͙͙͙͒ͭͤ ͘ 
͙͙ͨͪͪͦ͒ͤͣ ͜ ͫͦͼ͊͜͡Έ͙ͤͣ ͔͔͍͙ͫͪ͒ͦ΅͔ͣΦ ˴͔ͦ͗ͤ ͍͜͟ ͯ ͨͦͫͭͯͨ͊͡Έͤͦͣͯ 
ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ Ύ͟ ͨͪͦͼ͔ͫͯ ͤ͊͋ͯͭͭΎ ͍͒ͦͫ͒ͯ͜ ͜ 
͒ͦͫΎ͎͔ͤͤͤΎ ͍͙ͤ͊͘;͔͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭͯ ͍͙ͻ͍ͦ͊ͤͤΎ ͍͙͍͙͚͊͗͡ ͨͦ-͍ͫͦΊͣͯΦ ̂ 
ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡ ͊͊͒͊͘͟͡ΌͭΈͫΎ ͍͙͙ͨ͒͊ͤ͜͡ ͍͎ͫͭͦ͜͡Ύ͒ͯΣ ͙ͤ͊ͦͨ͟;ͯΌͭΈͫΎ 
͔͔͔ͣͤͭ͊ͪͤ͜͡ ͤ͊ͤͤ͘Ύ ͨͪͦ ͙ͨͪͪͦ͒ͯΣ ͺͦͪͣͯΌͭΈͫΎ ͔͙ͭ;ͤ͜ ͨͦ;ͯͭͭΎΦ ˤ͔͙͊͟͡ ͍͎ͯ͊͊ 
͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍ ͔͚͒ͭ͜ ͤ͊ͤ͘Έ ͨͪͦ ͍͙͙͒ͤͦͫͤ͜ 
͡Ό͙͙͒ͤ ͭ͊ ͙͙ͨͪͪͦ͒Σ ͍͙ͻ͍ͦ͊ͤͤΌ ͼ͎ͤͤͫͤͦͦ͜͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͙͙ͨͪͪͦ͒Σ ͭͯͪ͋ͦͭ͜ 
ͨͪͦ ͝͝ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͙͔ͨͪͣͤͦ͗ͤͤΎΣ ͍ͣͤͤ͜Ό ͍͙ͨͤ͊͊ͭ͘͜ ͙ͨͪͪͦ͒ͯΣ ͔͊͒͗ 
ͣͦͦ͒͡΄͙͚ ΄͟͜͡Έ͙͚ͤ ͍͜͟ ͨͦͫ͒͊͜Ί ͙͍͔ͦͫͦ͋͡ ͣͫ͜ͼ͔ ͍ ͙͔ͫͫͭͣ͜ ͍͙ͻ͍ͦ͊ͤͤΎ Ύ͟ 
͔͙͙͍͙͚ͫͤͫͭͤ ͒ͦ ͫͦͼ͙͙ͦͨͪͪͦ͒ͤ͜ͻ ͍͙͍͍ͨ͜͡Φ 

˽͍͔͔͒ͭͪ͒͗ͤͤ͜Ύͣ ͼΈ͎ͦͦ Ί ͨͪ͊ͼ͜ ˱Φ ˨ Φ x ͔ͻ͊Σ ˶Φ ˱ Φ x ͍͙ͦ͗ͦ;Σ 
˶Φ ˿ Φ ʕ ͙͎ͦͭͫΈ͎ͦͦ͟Σ ˤΦ ʕ Φ ˨ ͍͙͍͊͒ͦ͊Σ ˨Φ x Φ ˩ ͡Έͦͤͤ͊͟͜Σ ˤΦ ˿ Φ ˸ ͯͻͤͦ͜͝Σ 
˹Φ ̅ Φ ́ ͙͊ͤͦ͘͜͡͝Σ ͍ Ύ͙͟ͻ ͍͙ͤ͊͘;͔ͤ͜ ͍ͦͫͤͦͤ͜ ͍͙ͯͣͦ ͚ ;͙͙͙ͤͤ͟ ͙ͨͫͻ͜;͎ͤͦͦ 
͍͙ͪͦͭͯ͘͟ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Φ ˱͔͒ͭΈͫΎ ͨͪͦ ͭ͜ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͯ;͍ͤ͜Σ Ύ͟͜ ͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͔ͫͨͼ͙ͺͯ͜͟ ͝ͻ ͍͊͘Ίͣͦ͒͜͝ ͘ ͍͙ͤ͊ͦ͟͡΄ͤͣ͜ 
͍ͫͭͦͣ͜Σ ͍͟͡Ό;͊Ό;͙ ͙͔ͨͪͪͦ͒ͤ ͭ͊ ͫͦͼ͊͜͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔Φ 
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́ͦͣͯ ͍͙͍͔͊͗͡ ͤ͊͘;͔ͤͤΎ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ 
͍͔͙ͨͦ͒ͤ͜͟ ͣ͊Ί ͔͒ͣͦͤͫͭͪ͊ͼ͜Ύ ͔͙ͦͤͪͭͤ͟͟ͻ ͺ͍͊ͭ͟͜ ͙͍ͦͤͫͭͪͯͭͤͦ͟͟͝ ͍͊͘Ίͣͦ͒͜͝ ͘ 
͙ͨͪͪͦ͒ͦΌΣ ͔ͨͪ΄ ͊͘ ͍͔ͫΣ ͚͍ͤ͊ͦͣͫͭͦ͘ ͤ͊ ͣͫ͜ͼ͔͍ͦͣͯ ͔ͣ͊ͭͪ͊͜͜͡ ͘ 
ͪͤͦͣ͊ͤͭͤͦ͘͜͜Ό ͔͎ͦͦ͟͜͡;ͤͦΌ ͒͜Ύ͡Έͤͫͭ͜Ό ͙͒ͦͪͦͫ͡ͻ ͜ ͔͚͒ͭ͜ ͯ ͙ͨͪͪͦ͒͜Φ 
ˤͦ ͒ͤͦ;͊ͫ ͍͊ͪͭͦ ͍͔͙ͪͭ͊ͭ͘ ͍͎ͯ͊ͯ ͜ ͤ͊ ͔͎͙͍ͤ͊ͭͤ͜ ͺ͙͊ͭ͟ ͍͙͍ͨͯ͡ ͡Ό͙͙͒ͤ ͤ͊ 
͙ͨͪͪͦ͒ͯΣ ͔͎ͦͦ͟͜͡;ͤ͜ ͔͙ͨͪͦ͋ͣ͡Σ ͔ͦͪͣ͊͘͟ ͍ ͍͚ͫͦ͝ ͣͫ͜ͼ͔͍ͦͫͭ͜Φ  

˻͔ͭ͗Σ ͔͔ͫͪ͒ ͍͙ͦͫͤͦͤͻ ͍ͯͣͦΣ Ύ͟͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͔͙͚ͤ͊͗ͤ͡ 
ͫ͊ͣͦͦͤͭͪͦ͟͡Έ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͊͘ ͍͔ͨͦ͒ͤͦ͜͟ΌΣ Ί ͤ͊͋ͯͭͭΎ ͙͙͍͙ͨͦͭͤ͘ͻ 
͍͙ͤ͊;ͦ͟ ͣͦͪ͊͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͭ͊ ͙͍ͣͦͭ͊ͼ͚ͤͦ͜͝ ͍ͫ͊͒ͦͦ͟͡͝ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΦ 
˽͎͍ͪͦͤͦͯ͊ͤͤ͘Ύ ͣͦͪ͊͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ Ί ͼ͔ͤͭͪ͊͡Έ͙ͤͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͯ 
ͫͭͪͯͭͯͪ͟͜ ͣͦͪ͊͡Έͤͦ͝ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͜͝ ͍͔͙ͨͦ͒ͤ͜͟ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Φ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ ͍͙ͦͫͤͦ͊ͣ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ Ί ͭ͊͟͜ ͍͍ͦ͜͟͜ 
ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟Υ ͍͙ͫͦ͊͟ ͙͍͊ͭͤͫͭ͟͜ΈΤ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͍͙ͪͦͭͯ͘͟Τ ͔ͣͦͼ͚ͤͫͭ͜͜ΈΤ 
͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͙͙͙͒ͭͤ Ύ͟ ͫͯ͋ΩΊͭ͊͟ ͒͜Ύ͡Έͤͦͫͭ͜Τ ͺ͍ͦͪͣͯ͊ͤͤΎ ͣͦͪ͊͡Έ͙ͤͻ ͨͦ;͍ͯͭͭ͜ 
ͨ͒͜ ͍͙͍ͨͦͣ͡ ͔͙ͦͤͪͭͤ͟͟ͻ ͚͒͜Τ ͍͒ͦͣͤͯ͊ͤͤ͜Ύ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ 
;ͯͭͭΊ͍͎ͦͦ ͙͚ͫͨͪͤΎͭͭΎ ͔͔͍͙ͫͪ͒ͦ΅͊Φ ˴ͪͣ͜ ͍͍͙ͦ͜͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ 
͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͍͙͍͊͗ͯ͡ ͪͦ͡Έ ͍͎͒ͪ͊͜͜ΌͭΈ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͔ͫͭ͊ͤͤ͡Ύ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͒ͦ ͙͙ͨͪͪͦ͒Φ 

̒͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͙΅͔͊ͤ͊͘͘;͔ͤ͜ ͙ͨͫͻ͎ͦͦͦ͡-ͺ͎ͦͦ͘͜͜͜͡;ͤ͜ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͭ͊ ͙͍ͣͦ͗ͦͫͭ͜͡ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎΣ 
͍͙ͻ͍ͦ͊ͤͤΎΣ ͍͙ͪͦͭͯ͘͟Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟Σ 
͔͙͊͗ͭ͘͡Έ ͍͒͜ ͙͒ͦͪͦͫ͡ͻΥ ͯ;͙͔͍ͭ͜͡Σ ͋͊ͭΈ͍͟͜Σ ͍͙ͻ͍͔͍ͦ͊ͭ͜͡Φ ˹͊ ͒ͯͣͯ͟ 
ˢΦ ˿ Φ ˸ ͔͊͊ͪͤ͊͟͟, ζΦΦΦ͍͙ͻ͍ͦͯΊ ͍͔ͫΥ ͡Ό͙͒Σ ͔ͪ;͜Σ Ύ͍͙΅͊Σ ͔͊͡ ͔ͨͪ΄ ͊͘ ͍͔ͫ ͜ ͋͜͡Έ΄ 
͊͘ ͍͔ͫ ͡Ό͙͒Φ ˭ ͙ͤͻ ͤ͊ ͔ͨͪ΄ͦͣͯ ͣͫ͜ͼ͜ ͋͊ͭΈ͙͟ ͭ͊ ͔͎͎͙ͨ͒͊ͦηΦ 

ˢͤ͊͘͜͡ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͎͒ͦͨͦͣ͜ ͍͙Ύ͍͙͙ͭ ͫͭͪͯͭͯͪͤ͟͜ 
͔͙ͦͣͨͦͤͤͭ͟ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ όͤ͊ͤͤ͘Ύ ͨͪͦ ͦ͋ΩΊ͙ͭ͟ ͙͙ͨͪͪͦ͒ ͭ͊ 
͙ͤͦͪͣ ͜ ͍͙ͨͪ͊͊͡ ͍͔͙ͨͦ͒ͤ͜͟ ͍ ͙ͨͪͪͦ͒͜Τ ͔͔ͤͭͪͫ͜ ͒ͦ ͦ͋ΩΊ͍ͭ͟͜ ͙͙ͨͪͪͦ͒Σ ͍͔ͫͭ͊ͤͤ͡Ύ 
͒ͦ ͦ͋ΩΊ͍ͭ͟͜ ͙͙ͨͪͪͦ͒ Ύ͟ ͒ͦ ͫͯ͋ΩΊ͍ͭ͟͜ ͍͊͘Ίͣͦ͒͜͝Σ ͔͔͙͍ͨͪ͗͊ͤͤΎ ͍ͫͭͦͫͦͤͦ ͦ͋ΩΊ͍ͭ͟͜ 
͙͙ͨͪͪͦ͒Σ ͍ͫ͒ͦͣ͜͜ ͒͜͝ ͭ͊ ͍;͙͙ͤ͟Σ ͍͔ͯͣͦͤ͘͜͡ ͼ͜͡͡Ό ͔͔͔͋ͪ͗ͤͤ͘Ύ ͙͙ͨͪͪͦ͒ύΣ ͊ 
ͭ͊ͦ͗͟ ͫͺͦͪͣͯ͡Ό͍͙͊ͭ ͝͝ ͍͙ͤ͊͘;͔ͤͤΎ ΅ͦ͒ͦ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͟ ͍͊ͫ͜͡.  

ˤ͙͍͙ͫͤͦ͟Φ ˻͔ͭ͗Σ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤ͊ ͍͔ͨͦ͒ͤ͊͜͟ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ 
͍͊ͫ͟͜͡ ς ͼ͔ ͒͜ ͝ ͭ͊ ͍;͙͙ͤ͟ ͨ͒͜ ;͊ͫ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ͝ ͭ͊ ͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ͟͝ 
͍͊͘Ίͣͦ͒͜͝ ͘ ͙ͨͪͪͦ͒ͦΌΣ ͍ͨͦΩΎ͊ͤ͘͜ ͣ͗͜ ͫͦ͋ͦΌ ͼ͜͡͡Ό ͔͔͔͋ͪ͗ͤͤ͘Ύ ͙͙ͨͪͪͦ͒Σ 
͍͔ͦ͋ͯͣͦͤ͜͡ ͻ͔͙͊ͪ͊ͭͪͤͣ͟ ͒͡Ύ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͔͎͙ͤͨͪ͊ͣ͊ͭ;͙ͤͣ 
ͫͯ͋ΩΊͭ͟-ͫͯ͋ΩΊ͙ͭͤͣ͟ ͍͔ͫͭ͊ͤͤ͡Ύͣ ͒ͦ ͦ͋ΩΊ͍ͭ͟͜ ͙͙ͨͪͪͦ͒ ͊͋ͦ ͍ͦͤ͘͜΄ͤΈͦ 
͍ͯͤͦͪͣͦ͊ͤ͜ ͙͙͒ͦͪͦͫͣ͡ όͯ;͙͔͔ͭͣ͡Σ ͋͊ͭΈ͙͊ͣ͟ύΦ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͔͙ͨͪͦ͋ͣ͡ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ΄ͦ͟͡Ύ͍ͪ͜ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ 
͍͙͔͙͙ͦͪͣͭ͟ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͊ͤ͊͘͘;͔͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͒͡Ύ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Φ  

˾͔͊͊͘͜͡ͼ͜Ύ ͼ͜Ί͝ ͔͙ͣͭ ͔ͤ ͔͋ͯ͒ ͍͒͊ͦ͡Ό ͔͋͘ ͍ͫ͒ͦͣͦ͜͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͨͦ͘ͼ͜͝ 
͋͊ͭΈ͍͟͜Σ Ύ͟͜ ͍͙ͨͦͤͤ͜ ͍͋͊;͙͊ͭ ͯ ͍ͫͨͯ͊ͤͤ͜͟͜͡ ͔͚͒ͭ͜ ͘ ͙ͨͪͪͦ͒ͦΌ ͔ͤ ͭ͜͡Έ͙͟ 
͔ͣͭͯ ς ͺ͍ͦͪͣͯ͊ͤͤΎ ͎͎ͯͣ͊ͤͤͦͦ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͔ͤ͝Σ ͔͊͡ ͚ ͊ͫ͋͘͜ ͎͚͎͊ͪͣͦͤͤͦͦ͜ 
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͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͙͙͙͒ͭͤΦ ́ͦͣͯ ͍͙͙ͤ͊͟Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͙͙͒ͦͫ͒ͭ͜͡ 
͙͍ͣͦ͗ͦͫͭ͜͡ ͫͣ͜Ω͝ ΅ͦ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͒ͦͼ͜͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͯ;͍ͤ͜ 
ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Σ ͊ ͭ͊ͦ͗͟ ͍͙Ύ͍͙͙ͭΣ Ύ͟ ΄ͦ͊͟͡Σ ͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͔ͪͯ͟Ί ͼ͙ͣ 
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SUMMARY 
Kolyshkina A. Theoretical foundations of the problem of formation of 

environmentally expedient behaviour of primary school pupils. 
This article summarizes various attempts of scientists to determine the characteristics 

and typology of behaviour. The analysis of the nature and structure of the term ζenvironmentally 
expedient behaviourη during which it is important to turn to the consideration of categories 
ζbehaviourη and ζfeasibilityη. It was found out that individual behavior is caused by a chain of 
complex psychological entities: values, needs, interests and motives. Behavior is a system of 
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actions or behaviour of the personality caused by personal values, aims to transform and change 
the world, and, to some extent, concerns and interests of object interaction. Under 
environmental behaviour the author considers system of actions or behaviour of the individual, 
which is directly or indirectly focused on saving and restoration of nature.  

The feasibility of the child's behaviour is caused by adults process of goal-setting, 
which consists of defining and implementing goals. Formation of environmentally expedient 
behavior of primary school pupils involves not only intellectual, but primarily emotional and 
volitional qualities of the personality. Natural background of forming environmentally 
expedient behaviour is characterized as age periods during which various  relationships of 
children with natural and social environment are being built.  

Psychological-pedagogical foundations of forming environmentally expedient 
behaviour of primary school pupils constitute the following age characteristics: high activity; 
need for development; emotion; formation of the child as a stakeholder; formation of moral 
feelings under the influence of specific actions; dominance of  particular directly senses. 
Structural components of environmentally expedient behaviour in relation to primary school 
pupils (knowledge of the nature and objects of the norms and rules of behaviour in nature, 
interest in natural objects, attitudes towards natural objects as subjects of interaction, 
experiences regarding objects of nature, deliberate actions and actions arising purpose of 
nature saving) are grounded. 

The need to explore the possibility of the family concerning formation of 
environmentally expedient behaviour of primary school pupils, as well as to identify, how a 
school, on the one hand, manages the process, and on the other, uses the experience of 
parents in the process of environmental education in extra-curricular activities. 

Key words: behaviour, feasibility, environmental behavior, environmentally expedient 
behavior, goal-setting, primary school pupils. 
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͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ ͦ͒ͤ͜ΊΌ ͘ ͟͡Ό;͍͙ͦͻ Ί ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͊ ώоϐΦ 

̂ ˹͊ͼͦͤ͊͜͡Έ͚ͤ͜ ͙͒ͦͭͪͤ͟͜ ͍͙ͪͦͭͯ͘͟ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ̆̆˱ ͫͭͦͭͭ͜͡Ύ ͍ ͪͦ͒͘͜͜͡ 
ζ˭͍͒ͦͪͦΩΎ ͤ͊ͼ͜͝ ;͔͔ͪ͘ ͍ͦͫͭͯ͜η ͊ͤ͊͘͘;͔ͤͦΥ ζΧ͔͍͒ͪ͗͊ͤ͊ ͙ͨͦͭ͊͜͟͡ ͍ ͎͊ͯ͘͜͡ 
͍͙ͦͫͭ͜ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͒ͦͪͦ͘ΩΎ ͡Ό͙͙͒ͤ ͍ ͯͫ͜ͻ ͝͝ ͍͙ͫ͊͒ͦ͟͡ͻΥ 
͒ͯͻ͍͚ͦͤ͜Σ ͫͦͼ͊͜͡Έ͚ͤ͜Σ ͙ͨͫͻ͜;͚ͤ͜Σ ͺ͙͘͜;͙͚ͤΦ ͔̇ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ;͔͔ͪ͘ ͍͙ͪͦͭͦ͘͟ 
͔ͺ͔͙͍ͭͤͦ͟͝ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͍͙ͦͫͭ͜Σ ͍ͨͦͤͦͼ͔ͤͤ͜ ͔͙ͣ͒;͔ͤ 
͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡ΎΣ ͍͔ͫͭͦͪͤͤΎ ͔͎ͦͦ͟͜͡;ͤͦ ͙ͫͨͪΎ͙͍͎ͭͦͦ͡ ͙͗ͭͭΊ͍͎ͦͦ ͨͪͦͫͭͦͪͯΣ 
͊ͯ͘͡;͔ͤͤΎ ͒ͦ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͜ ͫͨͦͪͭͯ ͍ͫ͜ͻ ͯ;͙͍͊ͫͤ͟͜ ͍ͤ͊;͊͡Έͤͦ-
͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯη ώфΣ млς11].  

ˢ͔͡ ͫ͊͒ͤ͊͟͡ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;ͤ͊ ͦͤ͟ΩΌͤͭͯͪ͊͟ ͍͙ͪͦͭͯ͘͟ ͙̂ͪ͊ͤ͟͝ 
͙͍͔ͨͪ͊͘͡ ͒ͦ ͍͙͎ͫͦͦͦ͟ ͍ͪͤ͜Ύ ͊͘ͻ͍ͦͪΌ͍͊ͤͦͫͭ͜Σ ͙͍ͦͫͦ͋ͦ͡ ͔͔ͫͪ͒ ͙͒ͭΎ;͎ͦͦ 
͔͔ͤ͊ͫͤͤ͡ΎΦ ́͊͟Σ ͔ͫͨͼ͊͜͡Έ͙͙ͤͣ ͔͙ͣ͒;͙͙ͤͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ͙ͣ ͫͭ͊ͤͯ ͍͒ͦͪͦ͘ΩΎ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͍͍͔ͫͭ͊ͤͦͤͦ͡Σ ΅ͦ ͍ ͙ͤͻ ͚ͤ͊;͊ͫͭ͜΄͊ ͙͔ͫͫͭͣͤ͊ ͎ͨ͊ͭͦͦ͜͡Ύ ς 
͊͘ͻ͍ͦͪΌ͍͊ͤͤΎ ͍ͫͭͦͦ͟͜͟-ͣΩΎ͍ͦͦ͘͝ ͙͔͙ͫͫͭͣ όтмΣу ҈ ͯ;͍ͤ͜ύΤ ͯ птΣф ҈ ͔͚͒ͭ͜ 
͎͍͙͒͊ͤͦͫͭͯ͊͜͡ ͔ͯͪ͊͗ͤͤΎ ΄͍ͯͤͦͦ͟͡-͙͟΄͍͎ͦͦͦ͟ ͭͪ͊ͭͯ͟Τ ͯ мрΣр ҈ ͯ;͍ͤ͜ ͍͙Ύ͍͔ͤ͜͡ 
͙ͣͤ͘͜ ͘ ͋ͦͯ͟ ͔ͫͪͼ͔͍ͦ-͙ͫͯ͒ͤͤͦ͝ ͙͔͙ͫͫͭͣΤ ͤ͊͘;ͤͦΌ ͋ͯ͊͡ ͟͜͡Έͫͭ͟͜Έ ͍͙͍ͨ͊͒͟͜ 
͎ͨ͊ͭͦͦ͜͡͝ ˶˻˾-͎͍ͦͪ͊ͤ͜ όолΣо ҈ύΤ мпΣу ҈ ΄ͦ͟͡Ύ͍ͪ͜ ͙ͣ͊͡ ͨͦͪͯ΄͔ͤͤΎ ͦ͋ͣͤͯ͜ 
͔ͪ;͍͙ͦͤ ͯ ͍͙͎͡Ύ͒͜ ͙ͦ͗ͪͤͤ͜ΎΣ ͔͔͍ͨͪ͊͗ͤͦ L ͔ͫͭͯͨͤΎΤ ͯ мпΣм ҈ ͯ;͍ͤ͜Σ ͙͍ͦͫͦ͋ͦ͡ ͍ 
4-ͣͯ ͊ͫ͟͜͡Σ ͍͒ͤ͊͘͜;͊͊ͫ͡Ύ ͎ͨ͊ͭͦͦ͜͡Ύ ͦͪͯ͘ ώмлϐΦ 

́ͦͣͯΣ ͙ͦ͒ͤͣ ͘͜ ͎͍͙ͦͦͤ͡ͻ ͍͊͒͊ͤ͘Έ ͫͯ;͊ͫͤͦ͝ ͨͦ;͍͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜ Ί 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͔͚͒ͭ͜ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ ͭ͊ 
ͪͦͯͣͤͤ͘͜Ύ ͔͔͍͎ͨͪ͊ ͍͒ͦͪͦͦ͘͝ ͡Ό͙͙͒ͤΣ ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͙͔ͭ͡Ύ ͤ͊ ͦ͗ͤͦͣͯ͟ 
ͯͪͦͼ͜ ͍͙ͨͦͤͤ͊ ͙͋ͯͭ ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͤ͊ ͙ͨͪ΅͔͔ͨͤͤ͡Ύ ͒ͭ͜Ύͣ ͚ͫͭͦ͜͟͝ ͙ͨͦ͘ͼ͜͝ ͒ͦ 
ͼͤͤͦͫͭ͜͜ ͍͒ͦͪͦ͘ΩΎΣ ͨͦ;ͯͭͭΎ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜ ͊͘ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͚ ͣ͘͜ͼ͔ͤͤͤΎ 
͍͎͊ͫͤͦͦ͡ ͍͒ͦͪͦ͘ΩΎΦ ˻͔ͭ͗Σ ͍͙ͦͫͤͦͤͣ ͍͊͒͊ͤͤ͘Ύͣ ͫͯ;͊ͫͤͦ͝ ΄͙ͦ͟͡ ͫͭ͊Ί 
͍͙ͻ͍ͦ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦ͟͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͊͟ ͔ͤ ͭ͜͡Έ͙͟ ͍ͦͦ͒͜͡Ί ͤ͊ͤͤ͘Ύ͙ͣ ΅ͦ͒ͦ 
͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘ΎΣ ͊ ͚ ͯͣ͜Ί ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͝ͻ ͯ ͙͗ͭͭ͜Σ ͍͙͊͒͊ͨͭͯ͊ͭͫΎ ͒ͦ 
͙ͫ͊͒ͤ͟͡ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͍ͯͣͦΣ ͙͍͙ͨ͒ͭͪͣͯ͊ͭ͜ ͍ͫͦΊ ͍͒ͦͪͦ͘ΩΎ ͤ͊ ͔ͤ͊͗ͤͦͣͯ͡ 
͍ͪͤ͜͜Σ ͍͙ͤ͊͒͊͊ͭ ͦͨͪ͜ ͔͎͙͍͙ͤ͊ͭͤͣ ͍͙͍ͨ͊ͣ͡ ώтΤ млΣ пснϐΦ  

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ. ˭ͤ͊;͙͚ͤ ͍͔ͤͫͦ͟ ͯ ͍͙ͪ͜΄͔ͤͤΎ 
͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͔͙ͨͪͦ͋ͣ͡ ͙͙ͪͦ͋͘͡ Ύ͟ ͙͙͊ͫ͟͟͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͤ͊ͯ͟Υ 
ˢΦ ˸ ͔͊͊ͪͤͦ͟͟Σ ˤΦ ˿ ͯͻ͙ͦͣͤͫ͡Έ͙͚͟Σ ˴Φ ̂ ΄͙ͤͫΈ͙͚͟Σ ͭ͊͟ ͜ ͫͯ;͊ͫͤ͜ ͍;͔ͤ͜Υ 
˥Φ s ͔ͨ͊ͤ͊ͫͤͦ͟Σ ˱Φ x ͔ͻΣ ˹Φ x ͋͜͜͟Σ ˥Φ x ͯ͜͡;Σ ˸Φ ˥ ͦͤ;͔͊ͪͤͦ͟Σ ˤΦ ˥ ͦͪ͊΅ͯ͟Σ 
˿Φ ˴ ͙͙͔ͪͤͦ͟͡Σ ˤΦ ˻ ͔ͪ͗ͻ͍ͦͫΈ͊͟Σ ͨͪ͊ͼ͜ Ύ͙͟ͻ ͙͍ͨͪͫΎ;͔ͤ͜ ͔͎͎ͨ͒͊ͦ͜;͙ͤͣ ͔͊ͫͨͭ͊ͣ͟ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˴ͯ͡Έͭͯͪ͊ ͍͒ͦͪͦ͘ΩΎ ͭ͊ 
͍͙͚͒ͦͪͦ͘ ͫͨͦͫ͋͜ ͙͗ͭͭΎ ͍͙ͤ͊͘;͊ΌͭΈͫΎ ˻Φ x ͒ͦ͜ΌΣ ˶Φ x ͙͜͟͡Σ ˥Φ ˴ ͙͍ͪͦ΄͔Ί͍ͦΌΣ 
˥Φ ˽ ͔ͪ͘͡ΎͭͦΌΣ ˶Φ ˿ ͯ΅͔ͤͦ͟ Ύ͟ ͦ͋ΩΊͭ͟ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͨͤ͊ͤͤ͘͜Ύ ͭ͊ ͍͙͍͙͚͊͗͡ ;͙͙ͤͤ͟ 
͍͙ͻ͍ͦ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 
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˱͘ ͎ͨͦ͡Ύ͒ͯ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔͙ͣͭͦ͒;͎ͤͦͦ ͍͙ͪ͜΄͔ͤͤΎ ͍͊͊ͤͦ͘͟͝ ͔͙ͨͪͦ͋ͣ͡ 
͍͙͙ͦͫͤͦͤͣ ͭ͊ ͍͙͙͐ͪͯͤͭͦͤͣ Ί ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͭ͊͟ͻ ͍ͤ͊ͯͦ͟ͼ͍͜Σ Ύ͟ 
́Φ s ͤ͒ͪΌ΅͔ͤͦ͟Σ ̐Φ ˨ ͦͪͦ΄͔ͤͦ͟Σ ˱Φ ˭ ͍ΊͪΊ͍Σ ˾Φ ˴ ͍ͦͨͦ͡Σ ˻Φ ˴ ͍ͦ͊͡Έ͍ͦ͊Σ ˤΦ ˶ ΎͻΣ 
́Φ ˹ ͜͟͜ͺ͍ͦͪͦ͊Σ ˤΦ ˽ ͊΅͔ͤͦ͟ ͭ͊ ͤ͜ΦΣ Ύ͟͜ ͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙͚ͤ 
͔͊ͫͨͭ͟ ͍ ͍ͦͫͭ͜͜ ͚ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͚͎ͦͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ ͙͔ͫͫͭͣ͜ ͍ͤ͊;͊ͤͤΎΦ 

˽͔ͪͦ͋ͣ͜͡ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ ͔͚͒ͭ͜ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Σ 
͙͍ͨͪͫΎ͙͙ͭ͡ ͍ͫͦ͝ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ˹Φ x ͋͜͜͟Σ ˢΦ x ͙͔ͦͪͫͤͦ͟Σ ˱Φ x ͔ͪͻͣ͊ͤΣ ˻Φ ʕ ͊΅͔ͤͦ͟Σ 
˸Φ ˥ ͦͤ;͔͊ͪͤͦ͟Σ ˻Φ ˨ ͎͚ͯ͋ͦ͊Σ ˱Φ ˨ ͍ͯ͋ͪͦͤ͊͜Σ ˹Φ ˴ ͊ͼͯͪΣ ˿Φ ˴ ͦͤ͒ͪ͊ͭΌ͟Σ ˢΦ ˸ ͊ͫͦͯ͡Σ 
˻Φ ˸ ͍ͦͫͦ͟;͔ͤͦ͟Σ ˤΦ ˻ ͔ͪ͗ͻ͍ͦͫΈͦ͟͝Σ ˻Φ ˿ ͍͊;͔ͤͦ͟Σ ˿Φ ˿ ͍͙͙͔ͪ͒ͤͦ͟ ͭ͊ ͤ͜Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ͨͦ͡Ύ͎͊Ί ͍ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤ͜ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͔͔͔͋ͪ͗ͤͤ͘ΎΣ 
ͣ͘͜ͼ͔ͤͤͤΎ ͭ͊ ͍͍͔͒ͭͦͪͤͤ͜Ύ ͍͒ͦͪͦ͘ΩΎ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ΄͡Ύͻͦͣ ͍͔ͫͭͦͪͤͤΎ 
͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͍ͤ͜ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˿ͯ;͊ͫͤ͊ ͙͎ͨ͊ͪ͊͒ͣ͊ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͤ͊ͯ͟ 
ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ ΄ͦ͟͡Ύ͍ͪ͜ ͜ ͍͒ͦͪͦ͘ôΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͔ͤ ͍͙ͻ͍ͦ͊ͤͤΎΦ 
˾͔ͯ͘͡Έͭ͊ͭͦͣ ͎ͭ͊ͦͦ͟ ͨͪͦͼ͔ͫͯΣ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͣ͊Ί ͙͋ͯͭ ͫͺ͍ͦͪͣͦ͊ͤ͊ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͯ;ͤΎΦ 

ˢͤ͊͘͜͡ ͤ͊͘;ͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͍͙ͤ͊ͯͦ͟ͻ ͔͔͒͗ͪ͡ ͍͙͍͒ͦͦ͘͡ ͍͙ͤ͊͘;͙͙ͭ ͟͜͡Έ͊͟ 
͚ͤ͊͋͜͡Έ΄ ͍͙ͣͫͭͦͤ͘͜ͻ ͍͙ͤ͊͘;͔ͤΈ ͔͒ͺͤ͜͜ͼ͜͝ ζ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͊ 
͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΦ ́͊͟Σ ͯ ͫͯ;͊ͫͤͦͣͯ ˨͔͍ͪ͗͊ͤͦͣͯ ͫͭ͊ͤ͒͊ͪͭ͜ ͍͋͊ͦͦ͘͝ ͜ ͍ͨͦͤͦ͝ 
͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ό˨͔͍͙͚ͪ͗͊ͤ ͫͭ͊ͤ͒͊ͪͭΣ ͪͦ͒͘Φмύ ͍͒͜ но ͙ͫͭͦͨ͊͒͊͡ 
2011 ͪ Φ Ѕ мофнΣ ͍͙ͤ͊͘;͔ͤͤΎ ζ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη 
͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ Ύ͟ ζ͒͊ͭͤͫͭ͘͜Έ ͯ;ͤΎ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͍ ͍ͯͣͦ͊ͻ ͔ͦͤͪͭͤͦ͟͟͝ 
͙ͫͭͯ͊ͼ͜͝ ͫͯͯͨͤͫͭ͟͜Έ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔͔ͦͣͨͭͤ͟ͼ͚͜Σ ͚͙͍͒͋͊ͦ͡ 
͍͙͙ͫͭ͊ͭͫΎ ͒ͦ ͍͎͊ͫͤͦͦ͡ ͍͒ͦͪͦ͘ΩΎ ͭ͊ ͍͒ͦͪͦ͘ΩΎ ͤ͜΄͙ͻ ͡Ό͔͚͒η [4; 6].  

˱Φ s ͤͦͻͤ͊͜ ͎ͪͦ͘͡Ύ͒͊Ί ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͯ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ Ύ͟ 
͎͍ͦͭͦͤͫͭ͜Έ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͍͊͒͊ͤͤ͘ΎΣ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͙ͨ͒ͭͪͣͦ͜͟ΌΣ 
ͣ͘͜ͼ͔ͤͤͤΎͣ ͜ ͔͔͔͋ͪ͗ͤͤ͘Ύͣ ͍͒ͦͪͦ͘ΩΎΣ Ύ͟ ͍͎ͫͦͦΣ ͭ͊͟ ͜ ͦͭͦ;ͯΌ;͙ͻ ώнΣ нрϐΦ  

́Φ x ͚ͦ;͔ͤͦ͟ ͍͙ͤ͊͘;͊Ί ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͯ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ Ύ͟ 
͟͡Ό;͍ͦͯ ͭ͊ ͨͪͦͨͦͤͯΊ ͭ͊͟͜ ͝͝ ͙ͦͤ͊͘͟Υ 

- ͨͦ͜͡ͺͯͤ͟ͼͦͤ͊͜͡Έͤͫͭ͜ΈΥ ͼΎ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͍͒ͦͦ͘͡ΎΊ ͍͙ͪ͜΄͍͙ͯ͊ͭ 
͔͙ͨͪͦ͋ͣ͡ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͡Ό͙͙͒ͤΣ ͎͙ͪͯͨ ͡Ό͔͚͒Σ ͫͨ͜͡Έ͙ͤͦͭ ͭ͊ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍ ͨͪͦͫͭͦͪ͜ ͍ͫ͜ͻ ;͙ͦͭͪΈͦͻ ͍͙ͫ͊͒ͦ͟͡ͻ ͍͒ͦͪͦ͘ΩΎ ς ͺ͙͘͜;ͤͦ͝Σ 
ͫͦͼ͊͜͡Έͤͦ͝Σ ͙ͨͫͻ͜;ͤͦ͝ ͭ͊ ͒ͯͻ͍ͦͤͦ͝Τ 

- ͔͔ͤ͊͒ͨͪ͒ͣͭͤͫͭ͜Έ ͜ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͫͭ͜͜͡ΈΥ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ͨͪͦ ͺ͍ͦͪͣͯ͊ͤͤΎΣ 
͔͔͔͋ͪ͗ͤͤ͘ΎΣ ͣ͘͜ͼ͔ͤͤͤΎΣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ό͊͋ͦ ͙͍ͫͨͦ͗͊ͤͤΎύΣ ͍͍͔͒ͤͦͤͤ͜͡Ύ 
ͭ͊ ͔͔ͨͪ͒͊;͊ ͍͒ͦͪͦ͘ΩΎ ͣ͊Ί ͣͫ͜ͼ͔ ͍ ͯͫ͜ͻ ͊ͤ͊͟͡ͻ ͔͔͔͍ͤͨͪͪͤͦ͝ 
͍͔͎͊ͦͦ͜͡͡;ͤͦ͝ ͍͙ͦͫͭ͜ ό͒ͦ΄͟͜͡͡ΎΣ ΄͟͜͡Έͤ͊ ͊ͤ͊͟͡Σ ͙͒ͦ͒ͨͦͣͤ͊͡Σ 
ͨͫ͜͡Ύ͙͒ͨͦͣͤ͊͡Σ ͍ͦͫͭ͊͜ ͒͡Ύ ͙͒ͦͪͦͫ͡ͻύΤ  

- ͋͊ ͎͍͙͊ͭͦͣͪͤͫͭ͜͜ΈΥ ͍͔ͯͣͦͤ͊͘͡ ͫͯͭͤͫͭ͜Ό ͍͒ͦͪͦ͘ΩΎ ͡Ό͙͙͒ͤ Ύ͟ 
͎͎͋͊͊ͭͦͣͪͤͦͦ͜ ͜ ͼ͎ͫͤͦͦ͜͜͡ ͺ͔͔ͤͦͣͤ͊Φ ˭͔͔͊͋ͨ͘;͔ͤͤΎ ΄͙ͪͦͦ͟͝ ͫͺ͔͙ͪ 
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͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Υ ͍͙͍;͔ͤͤΎ ΄͡Ύͻ͍͜ ͜ ͍͊ͫͦ͋͘͜ ͺ͍ͦͪͣͯ͊ͤͤΎΣ 
͔͔͔͋ͪ͗ͤͤ͘ΎΣ ͣ͘͜ͼ͔ͤͤͤΎΣ ͍͍͔͒ͤͦͤͤ͜͡Ύ ͭ͊ ͔͔ͨͪ͒͊;͊ ͍͒ͦͪͦ͘ΩΎΣ ͙͍ͦͫͦ͋ͦ͡ 
͚͎ͦͦ ͒ͯͻ͍ͦͤͦ͝ ͍ͫ͊͒ͦͦ͟͡͝Σ ͣ͊Ί ͙͔ͦͫͦ͋ͫͭͫͤ͜ ͫͨͪΎ͍ͣͯ͊ͤͤΎΦ  
˻Φ ʕ ͊΅͔ͤͦ͟ ͍͒ͦͪͦ͘ôΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͯ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͎ͪͦ͘͡Ύ͒͊Ί Ύ͟ 

ͨͪͦͼ͔ͫΣ ΅ͦ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͭͪΈͦͻ ͔͍ͭ͊ͨ͜Σ Ύ͟͜ ͍͒ͪͤ͘͜͜ΎΌͭΈͫΎ ͙ͦ͒ͤ ͍͒͜ ͎ͦ͒ͤͦͦ Ύ͟ 
͔ͫͨͼ͙ͺ͜;͙͙ͤͣ ͍͊͒͊ͤͤ͘Ύ͙ͣΣ ͭ͊͟ ͜ ͙͍ͦͫͦ͋ͦͫͭ͡Ύ͙ͣ ͔͙͙ͣͭͦ͒͟Φ 

˽͔ͪ΄͙͚ ͔ͭ͊ͨ ς ͨͦ;͍͔͊ͭͦ͟ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͍͙͙ͦͫͤͦͤͣ ͨͦͤΎͭͭΎ͙ͣ ͭ͊ 
ͯΎ͍͔ͤͤ͡Ύ͙ͣΣ ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͔͔͔͙ͣͤͭ͊ͪͤ͡ͻ ͤ͊ͤ͘Έ ͨͪͦ 
͍ͫ͊͒ͦ͟͜͡ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΥ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͔͔͔ͣͤͭ͊ͪͤ͜͡ ͍͙ͨͪ͊͊͡ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎΤ ͍͙ͦͤ͊ͤͤ͟Ύ ͤͦͪͣ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ όͤ͊ ͍ͪͤ͜͜ 
͔͍͎ͨͪͫͤͦͦ͜ ͍ͣͤͤ͜ΎύΤ ͙͍ͣͦͭ͊ͼ͜Ό ͒ͦ ͍͔͔͒ͤͤΎ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΦ 

˨͎͙͚ͪͯ ͔ͭ͊ͨ ς ͎͙͔͎ͨͦ͋ͤͦͦ͡͡ ͍͙͍;͔ͤͤΎΣ ͔͔͔͙͚ͦͫͪ͒͗ͤ͘ ͤ͊ 
͍ͨͦͤͦͼͤͤͦͣͯ͜ ͪͦͯͣͤͤ͘͜͜ ͍ͦͫͤͦ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ ͯ;͍ͤ͜ ͭ͊ ͍͊ͯ͘͟Ί ͤ͊ 
ͪ͜΄͔ͤͤΎ ͙ͤ͊ͫͭͯͨͤͻ ͍͊͒͊ͤ͘ΈΥ ͯͭͦ;͔ͤͤͤΎ ͯΎ͍͔ͤ͡Έ ͨͪͦ ͍͙ͦͫͤͦ 
͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘ΎΤ ͒ͦͫΎ͎͔ͤͤͤΎ ͍͎ͫ͒ͦͣͦͦ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͔͔͙ͣͤͭ͊ͪͤ͡ͻ 
͍͙ͨͪ͊͡ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎΤ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ ͤ͊ͤ͘ΈΣ 
ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͯ ͍ͨͦͫΎ͔͒ͤͤͦͣͯ͟ ͙͗ͭͭ͜Φ 

͔͚́ͪͭ͜ ͔ͭ͊ͨ ς ͔͊ͪͨͤͤ͘͟͜͡Ύ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ 
ͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎ ͭ͊ ͝ͻ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡ΎΣ ͔͔ͨͪ͒͋͊;͊Ί 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͣͤͤ͜Ύ ͔͎͙͋ͪ͊ͭ͘͜ ͍͒ͦͪͦ͘ΩΎ ͭ͊ ͔͔͍͔͙ͨͪͫͭ ͼ͔ ͯ ͍͙͘;ͯ͟Σ ΅ͦ ͔͋ͯ͒ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ ͍ ͍ͨͦͫΎ͔͒ͤͤͦͣͯ͟ ͙͗ͭͭ͜Φ ͔͚̇ ͔ͭ͊ͨ ͍͙ͪ͜΄ͯΊ ͭ͊͟͜ ͍͊͒͊ͤͤ͘ΎΥ 
͒ͦͫΎ͎͔ͤͤͤΎ ͫͭ͊͋͜͡Έͤͦͫͭ͜ ͭ͊ ͍͙͊ͭͦͣ͊ͭͣͯ͘ ͨ͒͜ ;͊ͫ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͙ͨͪ͊͡ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎΤ ͒ͦͫΎ͎͔ͤͤͤΎ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͙ͨͪ͊͡ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ 
͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͙͎ͣͦ ͝ͻ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͙ͦͤ͊ͤͤ͟ΎΤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙͍͎͊ͪ͊ͭͤͦͦ͜ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͙ͨͪ͊͡ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ ͔͊͗ͤͦ͘͡ ͍͒͜ ͔͙ͦͤͪͭͤ͟͟ͻ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͍ͯͣͦ ώоϐΦ 

ˢ͙ͤ͊ͭ͜͡;͙͚ͤ ͎ͦ͡Ύ͒ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ ͫͯ;͊ͫͤͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ 
͙͙ͨͪ͊ͭ͟͟ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ 
͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͙͚ͦͤ ͨͪͦͼ͔ͫ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ Ύ͟͜ ͍͙ͤ͊͘;͊ΌͭΈ Ύ͟ ͫͯͯͨͤͫͭ͟͜Έ ͍͙ͤ͊ͯͦ͟ͻ 
ͤ͊ͤ͘ΈΣ ͍͊ͫͦ͋͘͜Σ ͔͍ͣͭͦ͒͜ ͜ ͙͚͍ͨͪͦͣ͜Σ ΅ͦ ͍͒ͦͦ͘͡ΎΌͭΈ ͦͼ͙͙ͤͭ͜ ͺͯͤ͟ͼͦͤ͊͜͡Έͤ͜ ͭ͊ 
͙ͨͫͻͦͺ͎ͦͦ͘͜͜͜͡;ͤ͜ ͔͙ͨ͊ͪ͊ͣͭͪ ͍͒ͦͪͦ͘ΩΎ ͙͍ͤ͒͒͊͜͜ ώуΣ нмϐΦ 

˿͙ͨͪ͊Ό;͙ͫΈ ͤ͊ ͍͊ͨͪͦͨͦͤͦ͊ͤ͘͜ ˻Φ ʕ ͊΅͔ͤͦ͟ ͔͙ͭ͊ͨ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͒ͦͪͦ͘ΩΎ-
͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͙ͣ ͍͙͔͙͙ͦͪͣ͟͡ ͒ͦͼ͜͡Έͤ͜Σ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ 
ͺ͙ͦͪͣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ Ύ͟͜ ͤ͊͒͊͒ͯͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͙͍͙ͦͭͪͣͯ͊ͭ ͍͔͎͊ͦͦ͜͡͡;ͤ͜ ͤ͊ͤͤ͘Ύ ͭ͊ ͍͒ͦͫͦͤ͊͟͡Ό͍͙͊ͭͣͯͭΈ ͍͒ͦͪͦ͘ΩΎ-
͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͜ ͍͙ͤ͊;͙͟ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ ͔̇Σ ͔͔ͨͪ͒ͯͫͣ͜Σ ͙ͯͪͦ͟Υ ͺ͙͘͜;ͤͦ͝ 
ͯ͟͡Έ͙ͭͯͪΣ ͍͙ͦͫͤͦ ͍͒ͦͪͦ͘ΩΎΣ ͙͍͍ͨͪͪͦ͒ͦͤ͊ͫͭͦ͘Τ ͺͯ͘͜͟͡Έͭͯͪͤͦ-͍ͦ͒ͦͪͦ͘;͜ ͊͘ͻ͙ͦ͒ 
ό͙͒ͤ͊ͣ͜;ͤ͜ ͙ͨ͊ͯ͘Σ ͺͯ͘͜͟͡Έͭͯͪͤ͜ ͻ͍͙͙͙ͤ͟͡ ͭͦ΅ͦύΤ ͨͦ͊͊ͫͤ͊͘͟͡ ό͎͙͙ͦ͒ͤ 
͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͔͎͙ͭͪͤͤ͜Σ ͨͦ͒ͦͪͦ͗͜ ͭͦ΅ͦύ ͭ͊ ͨͦ͊͘΄͟͜͡Έͤ͊ ό͙͍ͫͨͦͪͭͤ͜ ͔ͫ͟ͼ͜͝Σ 
͍͍͍͒͒ͯ͊ͤͤ͜͜Ύ ͔͚͋͊ͫͤͯΣ ͎͙ͯͪͭ͟ ͻͯ͒ͦ͗ͤΈͦ͝ ͫ͊ͣͦ͒͜Ύ͡Έͤͦͫͭ͜Σ ͪͤ͘͜͜ ͍͙͙͒ ͭ͊ͤͼ͍͜ 
ͭͦ΅ͦύ ͪͦ͋ͦͭ͊Τ ͔ͫͨͼ͊͜͡Έͤͦ ͎͍ͦͪ͊ͤͦ͊ͤ͘͜͜ ͍ͦ͒ͦͪͦ͘;͜ ͊͘ͻ͙ͦ͒ ͭ͊ ͨͪͦͼ͔͙͒ͯͪΣ ͣ͊͜͡ 
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ͺ͙ͦͪͣ ͙͍͎͊ͭͤͦͦ͟ ͍͒ͨͦ͜;͙ͤͯ͟Σ ΅ͦ ͙͍͔͔ͨͪ͒͘ ͒ͦ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͯ͟͡Έͭͯ 
͍͒ͦͪͦ͘ΩΎΣ ͔͙ͨͦͭͪ͋ ͯ ͍͒ͦͪͦͦͣͯ͘ ͫͨͦͫͦ͋͜ ͙͗ͭͭΎΣ ͊ ͍͒ͭ͊͜͟ ͜ ͍͒ͦͪͦ͘ΩΎ-
͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ  

˽͍͔͔͔ͪͦ͒ͤ ͙ͤ͊ͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͒ͦͦ͒ͭΈΣ ΅ͦ ͋͜͡Έ΄ͫͭ͜Έ ͯ;͙͔͍ͭ͜͡ 
ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Σ ͻͦ; ͜ ͪͦͯͣ͘͜ΌͭΈ ͍͙͍͊͗ͫͭ͜͡Έ ͔͙ͨͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΣ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜ ͼΌ ͪͦ͋ͦͭͯ 
͍ͨͪͦͦ͒ΎͭΈ ͔͙ͨͦ͒͘͜;ͤͦΣ ͔͙ͣͭͦ͒ ͍͊ͫͭͦͫͦͯ͘ΌͭΈ ͚͔ͣ͊͗ ͦ͒ͤͦͣ͊ͤͭͤ͜͜Υ ͔͙͋ͫ͒͜Σ 
͍ͪͦͨͦ͒͘͜͜Σ ͤͦ͒͜͜ ͺ͙͘͜;ͤ͜ ͙ͨ͊ͯ͘Φ ́ͦͣͯ ͍͍͊͗͊Ίͣͦ ͊͘ ͔ͤͦ͋ͻ͔͒ͤ͜ ͔͙͍͙ͦͤͪͭͯ͊ͭ͘͟͟ 
͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦΣ Ύ͟͜ ͋ͯ͒ͯͭΈ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ ͍͙͍͙ͨ͊ͭ͡ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ 
͔͚͒ͭ͜ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ 
˨  ͦͤ ͙ͻ ͣ  ͙͍ ͙͒ͤͦͫͣͦ͜Υ 

1) ͅ ͍ͦͪͣͯ͊ͤͤΎ ͍  ͯ ;͍ͤ͜ ͣ ͙͍ͦͭ͊ͼ͜͝ ͤ  ͊͘ ͍͙͚͒ͦͪͦ ͫ ͨͦͫ͋͜ ͗ ͙ͭͭΎ ͭ  ͊ͼ͔ͤͤͫͤ͜͜ 
͍͔ͫͭ͊ͤͤ͡Ύ ͒  ͦ͘ ͍͒ͦͪͦΩΎΤ 

2) ͨ ͔ͦͭ͊ͨͤ͊ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͔͙͙ͣͭͦ͒͟ ͺ͍ͦͪͣͯ͊ͤͤΎ  ͍ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͟ ͔͔ͦͣͨͭͤͭͤͦͫͭ͜Τ 

3) ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͎ͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͒͡Ύ 
͔͊ͪͨͤͤ͘͟͜͡Ύ ͯ;ͤΎ͙ͣ ͙͗ͭͭΊ͍͙ͻ ͍͙ͤ͊;ͦ͟Σ ΅  ͦ ͙ͫͨͪΎΌͭΈ ͺ͙͘͜;ͤͦͣͯΣ 
ͫͦͼ͊͜͡ΈͤͦͣͯΣ ͨ ͙ͫͻ͜;ͤͦͣͯ ͚  ͒ ͯͻ͍ͦ ͤͦͣͯ ͘ ͍͒ͦͪͦΩΌΦ 

˽͔ͪ΄͊ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͍ͯͣͦ͊ ζ͍̅ͦͪͣͯ͊ͤͤΎ  ͍ͯ;͍ͤ͜ ͙͍ͣͦͭ͊ͼ͜͝ ͤ ͍͙͚͊͒ͦͪͦ͘ 
ͫͨͦͫ͋͜ ͙͗ͭͭΎη ͔͔ͨͪ͒͋͊;͊Ί ͺ͍ͦͪͣͯ͊ͤͤΎ  ͍ ͔͚͒ͭ͜ ͔͔ͤͭͪͫͯ͜ ͒  ͦ ͔͙ͨͪͦ͋ͣ͡ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎΣ ͎͔ͨͪ͊ͤͤͤΎ ͍͔͙ͫͭ ͍͙͚͒ͦͪͦ͘ ͫͨͦͫ͋͜ ͙͗ͭͭΎΣ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ 
͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͘ ͒ͦ͋ͯͭͭΎ ͘ ͤ͊ͤΈ ̈́ ͦ͒ͦ ͗ ͙ͭͭΊ͍͙ͻ ͤ ͍͙͊;ͦ͟Σ Ύ͟͜ ͫ ͙ͨͪΎΌͭΈ ͅ ͙͘͜;ͤͦͣͯΣ 
ͫͦͼ͊͜͡ΈͤͦͣͯΣ ͙ͨͫͻ͜;ͤͦͣͯ ͭ ͊͒ͯͻ͍ͦͤͦͣͯ ͍͒ͦͪͦ͘ΩΌ ͭ ͊͝ͻͤΈͦͣͯ ͺ͍ͦͪͣͯ͊ͤͤΌΦ 
˥ͦ ͍ͭͦͤͫͭ͜Έ ͔͚͒ͭ͜ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͒  ͙͚ͦͫͨͪͣ͊ͤͤΎ ͤ͊ͤ͘Έ ͨͪͦ ͍͙ͦͫͤͦ 
͍͒ͦͪͦ͘ΩΎ ͭ ͊;͙͙͙ͤͤ͟Σ Ύ͟͜ ͙ͫͨͪΎΌͭΈ ͍͒ͦͪͦ͘ΩΌΣ ͒  ͙ͦ͒ͦͭͪͣ͊ͤͤΎ ͍͎͒ͦͪͦͦͦ͘ 
ͫͨͦͫͦ͋ ͙ͯ͗ͭͭΎ ͫͯͭͭΊ͍ͦ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͍͙͍͍ͣͦͭͦ͊ͤͦͫͭ͜ ͔͚͒ͭ͜ ͭ ͊ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜  ͍
͙ͤͻ ͍ ͍͙͒ͨͦ͒ͤ͜͜ͻ ͼ͙ͤͤͫͤ͜͜ͻ ͦ ͪ͜Ίͤͭ͊ͼ͚͜Φ 

˾͔͊͊͘͜͡ͼ͜Ό ͼ͜Ί͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͯͣͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͭ͊͟͜ ͔͙ͣͭͦ͒ ͙ͪͦ͋ͦͭ 
 ͯ͘ ;ͤΎ͙ͣ Ύ ͋͟ ͔͙ͫ͒͜Σ ͨ ͦΎ͔ͫͤͤͤΎΣ ͨ ͔ͪͦ͋ͣͤͦ͡-͎͍ͪͦ͜͜ ͘ ͍͊͒͊ͤͤΎΣ ͫ ͔͔͔ͨͦͫͭͪ͗ͤͤΎΣ 
͔ͣͦ͒͡Ό͍͊ͤͤΎ ͙ͫͭͯ͊ͼ͚͜Σ ͔͙ͭͫͭΣ ͍͙͚ͣͦͦ͘͟ ΄ͭͯͪͣΣ ͊ͤ͊͘͜͡ ͙͗ͭͭΊ͍͙ͻ ͙ͫͭͯ͊ͼ͚͜Σ 
͍;͙͍ͤ͟͜Φ 

˨͎ͪͯ͊ ͨ ͔͎͎͒͊ͦ͜;ͤ͊ ͯ ͍ͣͦ͊ ζ˽͔ͦͭ͊ͨͤ͊ ͪ ͔͊͊͘͜͡ͼ͜Ύ ͣ ͔͙͙ͭͦ͒͟ ͅ ͍ͦͪͣͯ͊ͤͤΎ 
 ͍ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜η 
͔͔ͨͪ͒͋͊;͊ΊΥ ͊ύ ͨ ͦ;͍͔͊ͭͦ͟ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͯ;͍ͤ͜ ͘ ͍͙͙ͦͫͤͦͤͣ ͨͦͤΎͭͭΎ͙ͣ ͭ͊ 
ͯΎ͍͔ͤͤ͡Ύ͙ͣ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎΤ ͋ύ ͨ ͎͙͔͔ͦ͋ͤ͡͡ ͍͙͍;͔ͤͤΎ ͍ͦͫͤͦ 
͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΤ ͍ύ ͘ ͔͊ͪͨͤͤ͟͜͡Ύ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎ ͭ͊ ͝ͻ ͨͦ͒͊͡Έ΄͔ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡ΎΦ  

͍͔̂ͨͪͦ͊͒͗ͤͤΎ  ͍͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͙͚ͦͤ ͨͪͦͼ͔ͫ ͊ͤ͊͘͘;͔ͤͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ 
͍͙ͯͣͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͔͙ͣͭͦ͒ ͺ͍ͦͪͣͯ͊ͤͤΎ ͎ͨͦ͡Ύ͍͒͜ ͜ ͔͔ͨͪͦͤ͊ͤ͟Έ ΅ͦ͒ͦ 
͙͒ͦͭͪͣ͊ͤͤΎ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΣ ͊ ͔ͫ͊ͣ ͪͦ͘ΩΎ͔ͫͤͤͤΎΣ ͔͙͋ͫ͒͜Σ ͍ͪͦͨͦ͒͘͜͜Σ 
͙͊͘͟͟ ͭ͊ ͔ͣͭͦ͒ ͙ͨͪ͊͒ͯ͟͡Υ ͙͙͍͙͚ͨͦͭͤ͘ ͙ͨͪ͊͒͟͡ ͔͎͎͍ͨ͒͊ͦ͜Σ ͋͊ͭΈ͍͟͜Σ ͍͍ͤͦ͊ͭͦͪ͜ 
͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΤ ͔͙ͣͭͦ͒ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͦ͒ͦͪͦ͘;ͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ς 
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͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍͙͍ͨ͡ όͨͦͪ͊͒͊Σ ͍͙͎ͣͦ͊Σ ͍͙ͻ͍ͦͤ͜ ͙ͫͭͯ͊ͼ͜͝ύ ͭ͊ ͙͍ͨͪ;͊ͤͤΎ ͒ͦ 
͍͙ͦͤ͊ͤͤ͟Ύ ͔͍͙ͨͤͻ ͚͒͜ ό͔͙ͪ͗ͣ ͒ͤΎΣ ͍͍͙ͨͪ͊ύΤ ͔͙ͣͭͦ͒ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͒͜Ύ͡Έͤͦͫͭ͜ 
͜ ͍͔͙ͨͦ͒ͤ͜͟ ς ͘ ͎ͣ͊͊ͤͤΎ ό͎͙ͪ͜Σ ΄͟͜͡Έͤ͜ ͙ͫͨ͊ͪͭ͊͊͒͟͜ύ ͭ͊ ͊ͦ͘ͻͦ;͔ͤͤΎ όͫͻ͍͔͊ͤͤ͡ΎύΣ ͊ 
ͭ͊ͦ͗͟ ͎͊͊͘͡Έͤ͜ ͔͙ͣͭͦ͒Υ ͎ͣ͊͊ͤͤ͘ΎΣ ͎͙ͪ͜Σ ͙ͭͯͪͤͪ͜Σ ͙͙ͭͯͪͫͭ;ͤ͜ ͨͦͻ͙ͦ͒Σ ͙ͦͤͯͪͫ͟͟Σ 
͒ͤ͜ ͍͒ͦͪͦ͘ΩΎΣ ͯ͋ͤ͟͜͡ ͺ͙ͦͪͣ ͙ͪͦ͋ͦͭΣ ͔ͫͯͪͫ͟͟͜͝Σ ͍͔͎͊ͦͦ͜͡͡;ͤ͜ ͊͟ͼ͜͝Σ ͙ͫͭͯ͊ͼ͚ͤͦ͜-
ͪͦ͡Έ͍ͦ͊ ͎ͪ͊Σ ͪͦ͋ͦͭ͊ ͤ͊͒ ͔͙ͨͪͦͭ͊ͣ͟ ζ̒ ͜ ͣͦΊ ͍͒ͦͪͦ͘ΩΎηΦ 

͔́ͪͭΎ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͍ͯͣͦ͊ ζ˻͎ͪ͊ͤ͊͘͜ͼ͜Ύ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͎ͤͦͦ 
͔͔͍͙ͫͪ͒ͦ΅͊ ͒͡Ύ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͯ;ͤΎ͙ͣ ͙͗ͭͭΊ͍͙ͻ ͍͙ͤ͊;ͦ͟Σ ΅  ͦ ͙ͫͨͪΎΌͭΈ 
ͺ͙͘͜;ͤͦͣͯΣ ͫͦͼ͊͜͡ΈͤͦͣͯΣ ͙ͨͫͻ͜;ͤͦͣͯ  ͒ͯ͜ͻ͍ͦͤͦͣͯ ͍͒ͦͪͦ͘ΩΌη ͔͔ͨͪ͒͋͊;͊Ί 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͣͦͦ͒͡΄͙͙ͣ ΄ͦ͟͡Ύ͙ͪ͊ͣ ͙ͤ͊͋ͯͭͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ  ͜ ͍͙ͤ͊;ͦ͟ 
͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΣ ͭͦ͋ͭͦ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ 
͙͗ͭͭΊ͍͙ͻ ͍͙ͤ͊;ͦ͟  ͯ ͔ͫͨͼ͊͜͡Έͤͦ ͍͔ͫͭͦͪͤͦͣͯ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦͣͯ 
͔͔͍͙ͫͪ͒ͦ΅͜Φ  ͙͚̂ͭ͊͟ ͫͨͦͫ͋͜ ͙͒ͭ͜ ͣ͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͚ͫ͊ͣͦͫͭͤͦ͜ ͔ͣͦ͒͡Ό͍͙͊ͭ 
͍ͫͦΌ ͍͔ͨͦ͒ͤͯ͜͟ ͭ ͊ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͙͚͙ͨͪͣ͊ͭ ͪ͜΄͔ͤͤΎΣ ͒͜Ύ͙ͭ ͘ ͊ ͍ͤͯͭͪ͜΄ͤͣ͜ 
͔͔ͨͪͦͤ͊ͤͤ͟ΎͣΣ ͔͙ͤͫͭ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͍ͫͦ͝ ͍;͙͙ͤ͟Σ ͍ͤ͊͋ͯ͊Ό;͙Σ ͙ͭ͊ͣ͟ 
;͙ͤͦͣΣ ͍ ͎͊ͫͤͦͦ͡ ͒ ͍ͦͫ͒ͯ͜ ͫ ͍͎͒ͦͣͦͦ͜ ͒ ͙ͦͭͪͣ͊ͤͤΎ ͘ ͍͎͒ͦͪͦͦͦ ͫ ͨͦͫͦ͋ͯ ͗ ͙ͭͭΎΦ  

˾͔͊͊͘͜͡ͼ͜Ύ ͔ͭͪͭΈͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͯͣͦ ͍͙͎ͣ͊͊Ί ͭ͊ͦ͗͟  ͙͒ͦͭͪͣ͊ͤͤ͜Ύ ͍͒͜ 
͔͍͙ͪͤ͟͜ͼ͍ͭ͊ ́ ͙ͦ͟͡ ͭ  ͍͊ ;͙͔͍ͭ͜͡ ͎ ͎͜͜Ίͤ͜;͎ͤͦͦ ͤ ͍ͦͪͣͯ͊ͤͤΎ ͒  ͦ͘ ͎͊͊͡Έ͙ͤͻ ́ ͟͜͡Έ͙ͤͻ 
͙ͨͪͣ͜΅͔ͤΈ ͭ ͙͍͙͊ͫͨͦͪͭͤͻ ͫͨͦͪͯ͒Τ ͒  ͔͔͔ͦͦͤͤͤ͘͡Ύ ͙ͨͪͣ͜΅͔ͤΈ ΄͙ͦ͟͡ ͜ ͍͊ͫ͟͜͡Τ 
ͦͤͭͪͦ͟͡Έ ͊͘ ͔͔͙ͭͣͨͪ͊ͭͯͪͤͣ ͔͙ͪ͗ͣͦͣΤ ͦͤͭͪͦ͟͡Έ ͊͘ ͙͙ͨͪͪͦ͒ͤͣ ͭ͊ ΄ͭͯ;͙ͤͣ 
͍͔ͦͫͭͤͤ͜͡Ύͣ ͯ ͙ͨͪͣ͜΅͔ͤͤΎͻΤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͫ͊ͤͭ͊ͪͤͦ͜-͎͎͜͜Ίͤ͜;ͤͦ͝ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ 
΄͟͜͡Έ͙ͤͻ ͔͍ͣ͋͜͡Τ ͦͤͭͪͦ͟͡Έ ͊͘ ;͙ͫͭͦͭͦΌ ͙͊ͫͤ͟͡ͻ ͣͤ͊ͭ͟͜Τ ͙͒ͦͭͪͣ͊ͤͤΎ 
͎͎͜͜Ίͤ͜;͙ͤͻ ͍͙͎ͣͦ ͒ͦ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝ ͒͡Ύ ΄ͦ͟͡Ύ͍ͪ͜Σ ͒ͦ ͦ͒Ύ͎ͯ ͭ͊ ͍ͯͭͭ͘ΎΣ 
͒ͦ ͔͔͎ͨͪ͡Ύ͒ͯ ͔͔͍͚͙ͭͤ͘͜͜͡ͻ ͔͔ͨͪ͒͊; ͭ͊ ͔͔͍ͨͪ͋ͯ͊ͤͤΎ ͊͘ ͦͣͨ͟ΩΌ͔ͭͪͦͣΦ 

˭͍͊ͨͪͦͨͦͤͦ͊ͤ͜ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͔͔͍ͨͪ͋ͯ͊ΌͭΈ  ͯ ͍ͣͫͭͦͦͣͯ͘͜ ͭ ͊
ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦͣͯ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟  ͍͘͜Ί͔͊ͣͦ͊͗ͤͦͫͭ͘͜͡Σ ΅  ͔͔ͦ͊͋ͨ͘͘;ͯΊ ͍͙ͯͣͦ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͍͒ͦͪͦ͘ΩΎ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜  ͜ ͙ͭ͊ͣ͟ ;͙ͤͦͣ ͺͦͪͣͯΌͭΈ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͯ ͟ ͔͔ͦͣͨͭͤͭͤͫͭ͜ΈΦ  

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟Φ ˤ͍͊͗͊ΊͣͦΣ 
΅ͦ ͍͙͔͒ͤ͜͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͍͙ͨ͒͜΅͊ͭΈ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͜ ͔͔͊͋ͨ͘͘;͊ͭΈ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎΣ ͍͔͔͒ͤͤΎ 
͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ ͯ;͍ͤ͜Φ 

˿ͭ͊ͭͭΎ ͤ ͔ ͔͔ͨͪͭͤ͒ͯΊ ͤ ͊ ͍͔ͨͦͤ ͍͙ͪ͜΄͔ͤͤΎ ͍ͫ͜ͻ ͔͍͊ͫͨͭ͟͜ ͔͙ͨͪͦ͋ͣ͡ 
͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͒  ͦͺ͍ͦͪͣͯ͊ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͦ͋ͤ͊͘͜-
ͤͦͫͭ͜ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Φ ˽͔͔͙͍͙͙ͪͫͨͭͤͣ͟ ͤ͊ͨͪΎ͙ͣ͊ͣ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ 
͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟ ͍͋͊;͊Ίͣͦ ͍͙͍͔ͫͭͤͤ͜͡Ύ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡ ͨ ͦ;͍͊ͭͦͦ͟͝ ́ ͙ͦ͟͡ ͒  ͦ͘ ͍͒ͦͪͦΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͎ͤͦͦ ͍ ͙ͻ͍ͦ͊ͤͤΎ ͯ ;͍ͤ͜Φ 

˶˱́˩˾ˢ́̂˾ˢ 
1. ˣ͔͔ͪ͗ͤ͊ ˶Φ ˴Φ ˽͎ͪͦͪ͊ͣͤͦ-ͼ͜͡Έ͍͙͚ͦ ͨ͒͜ͻ͒͜ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͪͦ͋ͦͭ ΄͙ͦ͟͡ ͙ͫͨͪΎͤͤΎ 

͍͒ͦͪͦ͘ΩΌ κ ˶Φ ˴Φ ˣ͔͔ͪ͗ͤ͊ κκ ͍̂ͨͪ͊ͤͤ͜͡Ύ ΄ͦͦ͟͡Ό ό˻͍ͫͤͦ͊ύΦ ς 2007. ς Ѕ 19ς21. ς ˿ Φ соς66. 
2. ˤ͊΅͔ͤͦ͟ ˻Φ ˭͍͒ͦͪͦ`Ύ͔͎͋ͪ͊͘͜Ό;͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 

͊͊͘͟͡ ͒͊ͻ κ ˻Φ ˤ͊΅͔ͤͦ͟Σ ˿Φ ˿͍͙͙͔ͪ͒ͤͦ͟κκ ˨͙͔ͪͭͦͪ͟ ΄͙ͦ͟͡Φ ς 2006. ς Ѕ нлΦ ς ˿ Φ мнς15. 
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3. ˤ͊΅͔ͤͦ͟ ˻Φ ˸Φ ˻͎ͪ͊ͤ͊͘͜ͼ͜Ύ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ͘ ζ˻͍ͫͤͦ ͍͒ͦͪͦ͘ΩΎ ͍ 
1ςп ͊ͫ͊͟͡ͻη Υ ͍ͤ͊;Φ ͔ͣͭͦ͒Φ ͙ͨͦͫ͋ͤ͜͟ κ ˻Φ ˸Φ ˤ͊΅͔ͤͦ͟Φ ς ˴͊ͣΩΎ͔ͤͼΈ-˽ͦ͒͜͡ΈͫΈ͙͚͟ ̅˻˽ 
˿͙͙ͫͤ ˻Φ ˤΦΣ нлмлΦ ς мст ͫΦ 

4. ˨͔͍͙͚ͪ͗͊ͤ ͫͭ͊ͤ͒͊ͪͭ ͍͋͊ͦͦ͘͝ ͜ ͍ͨͦͤͦ͝ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Υ ˽͍ͦͫͭ͊ͤͦ͊ 
˴͔͊͋ͤͭͯ͜ ˸͍ͤͫͭͪ͜͜͜ ͙̂ͪ͊ͤ͟͝ ͍͒͜ но ͙ͫͭͦͨ͊͒͊͡ нлмм ͪΦ Ѕ мофнΦ ώ˩͔͙͚ͭͪͦͤ͟͡ ͔ͪͫͯͪͫϐΦ ς 
˾͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ ƘǘǘǇΥκκȊŀƪƻƴнΦǊŀŘŀΦƎƻǾΦǳŀκƭŀǿǎκǎƘƻǿκмофн-2011 

5. ˴͊ͼͯͪ ˹Φ ˭͍͒ͦͪͦΩΎ ͔͚͒ͭ͜ ς ͍͒ͦͪͦ͘ΩΎ ͤ͊ͼ͜͝ όͨͪͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ 
͙͗ͭͭΎ ͯ ΄ͦ͟͡Ύ͍ͪ͜ύ κ ˹Φ ˴͊ͼͯͪ κκ ˾͒ͤ͊͜ ΄ͦ͊͟͡Φ ς 2002. ς Ѕ тΦ ς ˿ Φ 11ς14. 

6. ˴ͦͤ͒ͪ͊ͭΌ͟ ˿Φ ˸Φ ͔́ͻ͎ͤͦͦ͜͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͫͯ;͎͊ͫͤͦͦ ͯͪͦͯ͟ ͍ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡ 
/  ˿ Φ ˸ Φ ˴ ͦͤ͒ͪ͊ͭΌ͟Σ ˶Φ ˱Φ ˾ͯ͋͊ͤ κκ ˿͔ͪ͜ΎΥ ˽͔͎͎͒͊ͦ͊͜͟ ͜ ͙ͨͫͻ͎ͦͦ͜͡Ύ Υ ͋͘Φ ͔͚ͫͭ͊ͭΦ ς ̒ͭ͊͡ Υ ˾ˤˤ 
˴˥̂Σ нлмоΦ ς ʕ ͙ͨΦ пмΦ ς ̉ Φ нΦ ς ˿ Φ нслς265. 

7. ˸͔͡Έ͙ͤ͟ ˱ Φ ˸Φ ˢ͎ͫͦͦ͟͜͜͡;͙͚ͤ ͔͊ͫͨͭ͟ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ κ ˱Φ ˸Φ ˸ ͔͡Έ͙ͤ͟ ͭ͊ ͤ͜Φ κκ ˿ͯ;͊ͫͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎ ͍ ͨͦ;͍͚͊ͭͦ͟͜ 
͍ͦͫͭ͜͜ Υ ͔ͣ͊ͭͪΦ ˤ͔ͫͯͪ͟Φ ͤ͊ͯ͟Φ-ͨͪ͊ͭ͟Φ ͦͤ͟ͺΦ όмоς14 ͟ ͍ͭͤ͜Ύ нллс ͪ Φύ /  ˾ ͔͒ͦ͟͡ΦΥ ˭Φ ˿ ͍͔ͪͫ͜Σ 
˻Φ ˴ ͦͤͦͤͦ͟Σ ˩Φ x ͔ͤ͊͟͜͡ ͭ͊ ͤ͜Φ ς ˴ Φ Υ ˴ ˸˽̂ ͣ͜Φ x Φ˨Φ ˥ ͪͤ͜;͔ͤ͊͟Σ нллсΦ ς ˿ Φ 105ς108. 

8. ˸͍ͦͫͦ͟;͔ͤͦ͟ ˻Φ ˹Φ ˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͺ͙͙͘;͔͙ͫ͟ͻ ͎ͤ͊ͪͯͦ͘͟ ͤ͊ ͍͔ͦͫͤͦ 
͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙͍͎͊͒͊ͨͭͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͯ ͙͊ͤͣ͊͘Ό΅͙ͻͫΎ ͺ͙͙͘;͔͚ͫͦ͟ 
ͯ͟͡Έ͚ͭͯͪͦ ͙ ͫͨͦͪͭͦͣ όͫ ͙͔͔͙͔ͨͪͣͤͤͣ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ύ Υ ͍͔͊ͭͦͪͺΦ ͙͒ͫͫΦ Χ 
͒ͦͭ͟Φ ͔ͨ͒Φ ͤ͊ͯ͟ Υ ͔ͫͨͼΦ моΦллΦлп ζ͔͙́ͦͪΎ ͙ ͔͙ͣͭͦ͒͊͟ ͺ͙͙͘;͔͎ͫͦͦ͟ ͍͙͙ͦͫͨͭ͊ͤΎΣ 
͙͍͚ͫͨͦͪͭͤͦ ͔͙͍͙ͭͪͤͪͦ͟Σ ͍͙͔ͦ͒ͦͪͦͭ͘͡Έ͚ͤͦ ͙ ͙͍͚͊͒͊ͨͭͤͦ ͺ͙͙͘;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ·η κ ˻Φ ˹Φ 
˸͍ͦͫͦ͟;͔ͤͦ͟Φ ς ˸ ͍ͦͫ͊͟Σ нллуΦ ς сн ͫΦ 

9. ˹͊ͼͦͤ͊͜͡Έͤ͊ ͙͒ͦͭͪͤ͊͟ ͍͙ͪͦͭͯ͘͟ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͯ ̆̆˱ ͫͭͦͭͭ͜͜͡ κκ ̊ ͟͜͡Έ͙͚ͤ ͍ͫͭ͜Φ ς 
˴ΦΣ нллмΦ ς нп ͫΦ 

10. ˻͔ͪ͗ͻ͍ͦͫΈ͊͟ ˤΦ ˸Φ ˭͍͒ͦͪͦΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ͜ ͍͙ͻ͍ͦ͊ͤͤΎΥ 
͔͙ͨͪͦ͋ͣ͡Σ ͨͦ΄͙ͯ͟ κ ˤ͔͙͊ͤͭͤ͊͡ ˸͙ͻ͚͍͊ͤ͊͜͡ ˻͔ͪ͗ͻ͍ͦͫΈ͊͟ κκ ͔͔͙́ͦͪͭͦ͟-͔͙ͣͭͦ͒;ͤ͜ 
͔͙ͨͪͦ͋ͣ͡ ͍͙ͻ͍ͦ͊ͤͤΎ ͔͚͒ͭ͜ ͭ͊ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡ Υ ώ͙͋ͪͤ͘͜͟ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ κ ˱͙ͤͫͭͭͯͭ 
͔ͨͪͦ͋ͣ͡ ͍͙ͻ͍ͦ͊ͤͤΎ ˢ˽˹ ͙̂ͪ͊ͤ͟͝Τ ͊͘ ͔ͪ͒Φ ˱Φ ˨Φ ˣ͔ͻ͊ϐΦ ς ˤ͙ͨΦ млΣ ́Φ мΦ ς ˴͊ͣΎ͔ͤͼΈ-
˽ͦ͒͜͡Έ͙͚ͫ͟ Υ ˤ͙͍͔͒͊ͼΈ ˭͍͔͚ͦͦ͟͡ ˨Φ ˥ΦΣ нллтΦ ς ˿ Φ псмς466. 

˾˩˭̑˸˩ 
˴ͦͤ͒ͪ͊ͭΌ͟ ˿Φ ˹Φ, ˽͔͙ͪ͊͗ͤ͟ ˢΦ ˶Φ ˽͔͎͎͙͒͊ͦ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 

͍͒ͦͪͦ͘Έ͔͔͔͎ͫ͋ͪ͊Ό΅͔͚ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟ ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟. 
ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ͦͨͪͦͫ· ͫͦͻ͔͙ͪ͊ͤͤΎΣ ͔͔͙ͯͪͨͤ͟͡Ύ ͙ 

͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͍͒ͦͪͦ͘ΈΎ ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟Φ ˢ͍ͭͦͪ· ͍͙͒Ύͭ ͔ͪ΄͔͙͔ͤ ͔ͨͪͦ͋ͣ͡· 
͍͒ͦͪͦ͘Έ͔͔͔͔͙ͫ͋ͪ͗ͤΎ ͔͔͚͒ͭ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘ ͔ͨͯͭͣ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͙ 
ͫͦ͋͡Ό͔͙͒ͤΎ ͔ͤ͊͒͗͊͡΅͙ͻ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͍͙͚ͯͫͦ͡ ͒͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 
͍͒ͦͪͦ͘ΈΎ͔͔͎ͫ͋ͪ͊Ό΅͔͚ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͊΅͙ͻͫΎ (ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͯ ͯ;͔͙͍ͤͦ͟ 
͙͍ͣͦͭ͊ͼ͙͙ ͟ ͍͒ͦͪͦͦͣͯ͘ ͦ͋ͪ͊ͯ͘ ͙͙͗ͤ͘ ͙ ͼ͔͔ͤͤͦͫͭͤͦ ͦͭͤͦ΄͔͙͔ͤ ͟ ͍͒ͦͪͦ͘ΈΌΤ 
ͨͦΉͭ͊ͨͤ͊Ύ ͔͙ͪ͊͊͘͡ͼ͙Ύ ͔͙͙ͣͭͦ͒͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͯ ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟ 
͍͒ͦͪͦ͘Έ͔͔͔͎ͫ͋ͪ͊Ό΅͔͚ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟Τ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͍͒ͦͪͦ͘Έ͔͔͔͎ͫ͋ͪ͊Ό΅͔͚ ͔ͫͪ͒· 
͒͡Ύ ͔͔͙͊ͪͨͤ͘͟͡Ύ ͯ;͔͙͙ͤ͊ͣ͟ ͙͔͗ͤͤͤ͘·ͻ ͍ͤ͊·͍ͦ͟Σ ͦͭͦͪ͟·͔ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ 
ͺ͙͙͘;͔ͫͦͣͯ͟Σ ͫͦͼ͙͊͡ΈͤͦͣͯΣ ͙ͨͫͻ͙;͔ͫͦͣͯ͟ ͙ ͒ͯͻ͍ͦͤͦͣͯ ͍͒ͦͪͦ͘ΈΌ).  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͍͒ͦͪͦ͘Έ͔͔͙͎ͫ͋ͪ͊Ό΅͊Ύ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟ΈΣ ͍͒ͦͪͦ͘Έ͔Σ ͍͒ͦͪͦ͘·͚ 
ͦ͋ͪ͊͘ ͙͙͗ͤ͘Σ ͣ͊͒͡΄͙͔ ΄ͦ͟͡Έ͙͙ͤ͟Σ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡ΎΦ  

SUMMARY 
Kondratyuk S., Prazhenik H. Pedagogical conditions of junior pupilsΩ health saving 

competence formation.  
The article points out that the vector of the new century is the transformation of ideas 

about goals, leverages and the value of life, the formation of important competencies. The 
elementary school occupies special place in the structure of secondary education. At the 
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stage of modernization of educational content it is aimed at creating conditions for the 
establishment of personal training; it focuses on the implementation of competence 
approach to educational content.  

The authors define and prove special pedagogical conditions. Their implementation in 
the educational process of primary school will purposefully affect the formation of children of 
primary school age health saving competence, which include:  

мύ ŦƻǊƳŀǘƛƻƴ ƻŦ ǇǳǇƛƭǎΩ ƳƻǘƛǾŀǘƛƻƴ ŦƻǊ ŀ ƘŜŀƭǘƘȅ ƭifestyle and value attitude to health 
(influences motivational-value component of health saving competence);  

2) step by step realization methods of forming the junior pupils health saving 
competence (influences cognitive-conscious component of health preservation competence);  

оύ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ƘŜŀƭǘƘ ǇǊŜǎŜǊǾŀǘƛƻƴ ŜƴǾƛǊƻƴƳŜƴǘ ǘƻ ŦƛȄƛƴƎ ǇǳǇƛƭǎΩ ƭƛŦŜ ǎƪƛƭƭǎ ǘƘŀǘ 
promote physical, social, mental and spiritual health (ifluences action-behavioral component 
of health saving competence).  

The authors characterize the forms of organization of educational process, which will 
provide an opportunity to get valeological knowledge and improve health saving skills to junior 
schoolchildren. It is, first of all, the lessons of physical culture, health care, natural sciences, 
physical education and wellness activities (dynamic pause, athletic minute, and so on); beyond 
curricula (socializing, training, travel, etc.) and extracurricular (sports clubs, swimming pool, 
hobby groups, different types of dances and so on) activities; specially organized recreational 
activities and procedures, minor forms of recreation, which will lead to the formation of the cult 
of health, the need in a healthy lifestyle, and therefore health saving competence. 

The article does not exhaust the problem of competency approach to forming in 
ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ǇǳǇƛƭǎΩ ƘŜŀƭǘƘ ǎŀǾƛƴƎ ƪƴƻǿƭŜŘƎŜ ƛƴ ǘƘŜ ŜŘǳŎŀǘƛƻƴŀƭ ŀǊŜŀΦ CǳǘǳǊŜ ŘƛǊŜŎǘƛƻƴǎ ƻŦ 
our research will be aimed at pedagogical support of the health saving process of junior 
pupils and lighting the main features of future primary school teachers training to 
valeological education of pupils.  

Key words: health saving competence, health, healthy lifestyle, junior pupils, 
pedagogical conditions. 
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˥Φ ˱Φ ˹͔ͨͦͣͤΎ΅͊ 

˥ͯ͡ͻ͍ͫ͜Έ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ  
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˻͔ͫ͊ͤ͒ͪ͊͟͡ ˨͍͔ͦ͗ͤ͊͟ 

 

̅˻˾˸̂ˤˢ˹˹̒ ˸ˢ́˩˸ˢ́ˮ̉˹ˮ̆ ˽˻˹̒́̎ ̂ ˸˻˶˻˨̊ˮ̆ ̊˴˻˶̒˾˱ˤ  
˹ˢ ˭ˢ˿ˢ˨ˢ̆ ˴˻˸˽˩́˩˹́˹˱˿˹˻˥˻ ˽˱˨̆˻˨̂ 

 

̂ ͫͭ͊ͭͭ͜ ͎ͪͦ͘͡Ύͤͯͭͦ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈ ͯ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜Φ ˭ΩΎ͍ͫͦ͊ͤͦΣ ΅ͦ ͯ ͨͪͦͼ͔ͫ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈ ͯ 
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͫ͒͜͡ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ ͤ͊ ͔ͭΣ 
΅ͦ ͍͔ͪͤ͜Έ ͝ͻͤΈ͎ͦͦ ͍͊ͫͦ͘ΊͤͤΎ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͔ͤ ͭ͜͡Έ͙͟ ͍ͨͦͤͦͭͦΌ ͙ͪͦͪͭͭ͘͟Ύ ͣͫͭͯ͘͜ 
͊͋ͦ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͦͤ͊͘;͔ͤͤΎΣ ͊ ͚ ͯͣͤͤ͜Ύͣ ͍͙ͨͪ͊͡Έͤͦ ͔͍͙ͦͨͪͯ͊ͭ ͨͦͤΎͭͭΎ͙ͣΣ ͭͦ͋ͭͦ 
͍͙͙ͨ͒ͦ͒ͭ͜ ͨ͒͜ ͙ͤͻ ͍ͤͦ͜ ͦ͋ΩΊ͙ͭ͟Σ ͋͊;͙͙ͭ ͎ͯ͊͊͘͡Έ͔ͤͤ͜ ͫͭͦͭͤ͜͜ ͙ͦͤ͊͘͟  ͨͦͤΎͭͭΎ ͍ ͍͙ͤͦͻ 
͍ͯͣͦ͊ͻΦ ˻͔͔ͪͫͤͦ͟͡ ͍͙ͦͫͤͦ ͒͡Ύ ͣ͜ͼ͎ͤͦͦ ͚ ͙͔͎ͦͫͣͫͤͦͦ͡ ͍͊ͫͦ͘ΊͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ 
ͨͦͤΎͭΈ ͣͦͦ͒͡΄͙͙ͣ ΄ͦ͟͡Ύ͙ͪ͊ͣΦ ˾͙ͦͪͭͦ͘͟ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ 
ͨͦͤΎͭΈ ͍ ͯ;͍ͤ͜ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͤ͊ ͍ͦͫͤͦ͜ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈΣ ͯ;ͤ͜  ͨͦ;͍͙͊ͭͦ͟ͻ 
͍͊ͫ͟͜͡Σ ͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜ ͨ͒͜ͻ͒͜Φ 
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˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˿ͯ;͙͚͊ͫͤ ͔ͭ͊ͨ ͍͙ͪͦͭͯ͘͟ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ΄͙ͦ͟͡ ͍ 
̂ͪ͊ͤ͟͜͝ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͨͦ΄͙ͯ͊ͣ͟ ͍͙ͤͦͻ ΄͡Ύͻ͍͜ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ 
ͨͦ;͍͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜Φ ˤͦͤ͊Σ Ύ͟ ͍ͫ͊͒ͦ͊͟͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Σ 
ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͎͊͊͘͡Έ͙͚ͤ ͜ ͍͔ͫ͋͜;͙͚ͤ ͍͙ͪͦͭͦ͘͟ ͙͙͙͒ͭͤ ͣͦͦ͒͡΄͎ͦͦ 
΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͭ͊ ͍ͨͦͤͦͼ͔ͤͤ͜ ͍ͦͦͦ͒ͤͤ͜͡Ύ  ͔ͤΌ ͍͙ͤ͊;͙͊ͣ͟ ͍ͤ͊;͊͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜Φ ˻͍͔ͫͤͦͤ ͍͊͒͊ͤͤ͘Ύ ͨͦ;͍͊ͭͦͦ͟͝ ͙͊ͤ͟͡ ͍͙ͦͫͭ͜ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ͋ 
ͫͺ͍͙ͦͪͣͯ͊ͭ ͍ ͯ;͍ͤ͜ ͟͡Ό;͍ͦ͜ ͭ͊ ͔͔ͨͪ͒ͣͭͤ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ  

˽͙͔͙ͪͦͪͭͭͤͣ͜ ͤ͊ͨͪΎͣͦͣ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͨͦ;͍͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜ Ί 
͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͤ͊͋ͯͭͭΎ ΄ͦ͟͡Ύ͙ͪ͊ͣ Ύͫͤͦ͟͜ ͍͙ͤͦͻ ͤ͊ͤ͘Έ ͯ ͨͪͦͼ͔ͫ͜ 
͍͙͍;͔ͤͤΎ ͍͙͋͊ͦ͘ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͔ͦͪͣ͊͘͟ ͤ͊ͤ͘Έ ͘ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ 
ζ˸͔͙͊ͭͣ͊ͭ͊͟ηΣ ΅ͦ ͙ͫͨͪΎΊ ͍͙ͪͦͭͯ͘͟ ͎ͦ͜͡;͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΌ 
͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ ͍͙͔ͪͦͤͤͦ͘͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 

̂ ˨͔͍ͪ͗͊ͤͦͣͯ ͫͭ͊ͤ͒͊ͪͭ͜ ͎͊͊͘͡Έͤͦ͝ ͨͦ;͍͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜ ͊ͤ͊͘͘;͔ͤͦΣ ΅ͦ 
͍͙ͦͫͤͦͤͣ ͍͊͒͊ͤͤ͘Ύͣ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ ζ˸͔͙͊ͭͣ͊ͭ͊͟η Ί ͍͙ͪͦͭͦ͘͟ ͯ ͣͦͦ͒͡΄͙ͻ 
΄ͦ͟͡Ύ͍ͪ͜ ͨͦͤΎ͚͎ͭͤͦͦ͜ ͊ͨ͊ͪ͊ͭͯ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͙ͤͻ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘ΈΣ 
ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͤ͊ ͊ͫ͊͒͊͘ͻ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ώпϐΦ 

˽ͦͤΎͭͭΎ Ί ͙ͦ͒ͤͣ ͘͜ ͚͍͙͍ͤ͊͊͗͜͡΄͙ͻ ͔͔͔͍ͣͤͭ͜͡ ͙͔͙ͫͫͭͣ ͍͙ͤ͊ͯͦ͟ͻ 
ͤ͊ͤ͘ΈΣ ͎ͦ͜͡;ͤͦΌ ͍ͦͫͤͦͦΌ ͍͊ͦͤ͘͟͜ ͜ ͔͚ͭͦͪ͜Φ ˤ͙ͦͤ ͍͎͒ͪ͊͜͜ΌͭΈ ͍ͨͪͦ͒ͤͯ͜ ͪͦ͡Έ ͯ 
ͨͪͦͼ͔ͫ͜ ͍͊ͫͦ͘ΊͤͤΎ ͙͔͙ͫͫͭͣ ͨͦ;͍͙͊ͭͦ͟ͻ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘ΈΣ ͭͦͣͯ 
͔ͨͪͦ͋ͣ͊͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͦͤΎͭΈ Ί ͙͒ͦͫͭΈ ͍͙͍͊͗ͦ͡Ό ͍ ͔ͭͦͪ͜͝ ͜ ͙ͨͪ͊ͭ͟ͼ͜ 
͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ. ˽͔ͪͦ͋ͣͯ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈ ͎ͪͦ͘͡Ύ͙͒͊͡ ͯ ͍ͫͦ͝ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͯ;͔ͤ͜ 
˸Φ ʕ Φ x ͎͍͙ͦ͒͊ͤͦ;Σ ˸Φ ˻ Φ x ͍͊ͤͭͦ͊Σ ˤΦ ˶ Φ ˨ ͪͦ͒͘Σ ˶Φ ˽ Φ ˴ ͦ;͙ͤ͊Σ ˹Φ ˽ Φ ˶ ͙ͫͭͦͨ͊͒Σ 
˸Φ ˱ Φ ˸ ͦͪͦΣ ˻Φ ʕ Φ ˻ ͤͦͨͪ͜Ίͤͦ͟Σ ˿Φ ˻ Φ ˿ ͍ͦͪ͟ͼ͍ͦ͊ ͭ͊ ͤ͜Φ ώмΤ нΤ сΤ уΤ млΤ ммϐΦ  

̂ ͔ͭͦͪ͜͝ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͫͤͯ͜ΌͭΈ ͍ͤ͊ͯͦ͟͜ ͤ͊ͨͪΎ͙ͣΣ Ύ͟͜ ͎͋͊͊͘;ͯΌͭΈ 
͔͔͍͙͚ͨͪ͒ͦ ͍͒ͦͫ͒͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͦͤΎͭΈ ͍ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Σ ͔ͦͪͣ͊͘͟Υ 
ͤ͊͘;͔ͤͤΎ ͊ͤ͊ͯ͘͜͡ ͚ ͙͔ͫͤͭͯ͘ ͨ͒͜ ;͊ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͦͤΎͭΈ όH. ˻ Φ ˸ ͔ͤ;͙ͤͫΈ͊͟Σ 
˨Φ ˸ Φ x ͎ͦͦΎ͍͔ͤͫ͡Έ͙͚͟ύΤ ͎ͦ͜͡;ͤ͜ ͙͚͙ͨͪͦͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈΣ 
ͦͤ͊͘;͔ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈ ό˸Φ ʕ Φ x ͎͍͙ͦ͒͊ͤͦ;Σ ˽Φ ̒ Φ ˥ ͊͡Έ͔ͨͪͤ͜Σ 
˨Φ x Φ ˩ ͡Έͦͤͤ͟͜Σ ˻Φ ̒ Φ ˸ ͙͙ͭͤ͟Σ ˹Φ ̅ Φ ́ ͙͊ͤ͊͘͜͡Σ ˭Φ ˱ Φ ˿ ͔ͨ͊ͤ͟͡ΈύΤ ͨͦΊ͒ͤ͊ͤͤΎ ͍ͫͦ͊͡ 
͍;͙͔ͭ͡Ύ ͜ ͤ͊ͦ;ͤͦͫͭ͜ ό˶Φ ʕ Φ ˭ ͍͊ͤͦ͟Σ ˥Φ ˿ Φ  ˴ͦͫͭΌ͟Σ ˸Φ ˸ Φ ̊ ͍͊ͪ͒͊ͦ͟ύΤ ͔ͭͦͪ͜Ύ 
͍͎ͣͫͭͦͦͦ͘͜ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ όˤΦ ʕ Φ ˨ ͍͙͊͒ ͍ͦ ͜ ˨Φ x Φ ˩ ͡Έͦͤͤ͟͜ύΤ ͔ͭͦͪ͜Ύ ͍͙͍ͪͦ͊͘͡Έ͎ͤͦͦ 
͍ͤ͊;͊ͤͤΎ ό˩Φ s ͔͍ͫ͊ͤ͒ͪͦ͊͟͡Σ ˢΦ ˭ ͊ͻ͍͊ͪͦ͊ύ ͭ͊ ͤ͜Φ 

̂ ͫͯ;͚͊ͫͤ͜ ͔͙ͣͭͦ͒ͼ͜ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ ζ˸͔͙͊ͭͣ͊ͭ͊͟η 
͎ͪͦ͘͡Ύͤͯͭͦ ͙ͤͯ͘͟ ͨ͒͜ͻ͍ͦ͒͜ ͒ͦ ͍͙͍;͔ͤͤΎ ͎͊͊͘͡Έ͙ͤͻ ͨͦͤΎͭΈ ζ;͙ͫͦ͡ηΣ 
ζ͙͊ͪͺ͔͙ͣͭ;ͤ͜ ͒͜͝ηΣ ζ͎͔͔͙ͦͣͭͪ;ͤ͜ ͺ͎͙ͯͪ͜ηΣ ζ͍͙͙ͪ͊͘ηΣ ζ͍ͪͤͦͫͭ͜͜ηΣ 
ζ͔͍ͤͪͤͦͫͭ͜͜η ͭͦ΅ͦ. ˢ͔͡ ͔ͤ͒ͦͫͭ͊ͭͤΈͦ ͙͔ͨͪ͒ͤͦ͜͡ ͍͎͙ͯ͊ ͺ͍ͦͪͣͯ͊ͤͤΌ 
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈ ͯ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ 
ͨ͒͜ͻͦ͒ͯΣ ΅ͦ ͍͍͒ͨͦ͒͊͜͜Ί ͍͙͎ͣͦ͊ͣ ͫΈ͎͔ͦͦ͒ͤͤΎΦ 
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˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͙͙ͪͦͪͭ͘͟ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͨͪͦͼ͔ͫͯ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈ ͍ ͯ;͍ͤ͜ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͤ͊ ͊ͫ͊͒͊͘ͻ 
͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˻͍ͫͭͤ͜Ύ ͎͊ͯ͘͡Έ ζ˸͔͙͊ͭͣ͊ͭ͊͟η ͍ 
ͨͦ;͍͙͊ͭͦ͟ͻ ͊ͫ͊͟͡ͻ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͨͦͤΎͭΈΣ ͔ͫͯ͒͗ͤΈ ό͙͙ͫͭͤͤ͜ͻ ͍͙͍ͫͦ͡͡Ό͍͊ͤΈ 
ͨͪͦ ͼ͜ ͨͦͤΎͭͭΎύ ͭ͊ ͔͔͔͙ͣͤͭ͊ͪͤ͡ͻ ͍͔͔͒ͦ͒ͤΈΦ ˲͝ ͣͫͭͦͣ͘͜ Ί ͔ͭͦͪ͜ΎΣ ΅ͦ 
͙͍ͪͦͪ͊͘͟Ί ͍͘ΩΎ͙͘͟ ͣ͗͜ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣ ͔ͪ͊͡Έ͙ͤͻ ͦ͋ΩΊ͍ͭ͟͜Σ ͍͒ͤͦ͜΄͔ͤͤΎ͙ͣ ͭ͊ 
͔͙ͣ͊ͭͣ͊ͭ;͙͙ͤͣ ͨͦͤΎͭͭΎ͙ͣΦ 

˸͔͙͊ͭͣ͊ͭ;ͤ͜ ͨͦͤΎͭͭΎ ς ͼ͔ ͔ͪͯ͘͡Έͭ͊ͭ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΣ Ύ͙͚͟ ͍͒ͦ͋ͪ͊͗͊͜Ί 
͎͊͊͘͡Έͤ͜ ͫͭͦͭͤ͜͜ ͚ ͍͒ͣͤͤ͜͜͜ ό͙͍ͦͫͦ͋͜͡ύ ͙ͦͤ͊͘͟ ͭ͊ ͍͙͍͊ͫͭͦͫͭ͜͡ ͔͔͍ͨͪ͒ͣͭ͜ ͊͋ͦ 
ͦ͋ΩΊ͍ͭ͟͜Φ ˽ͪͦͼ͔ͫ ͝ͻ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͔ͪ͊͡Έ͙ͤͻ 
͙͗ͭͭΊ͍͙ͻ ͙ͫͭͯ͊ͼ͚͜Σ ͔͒ͦ͋ͪ ͚͙ͤ͊ͦͣ͘ͻ ͯ;ͤΎͣΣ ͜ ͺͦͪͣͯΊͭΈͫΎ ͍ ͙͔ͣͫͤͤ͡Ί͍͚͜ 
͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ͯ ͙ͭͻ ͤ͊͊͘͟ͻ ͜ ͙͍ͫͣͦ͊͡ͻΣ Ύ͟͜ ͍ͯͭͦͪΌΌͭΈ ͔͙ͣ͊ͭͣ͊ͭ;ͤͯ ͍ͣͦͯΦ 

˻͔ͭ͗Σ ͫͺ͍͙ͦͪͣͯ͊ͭ ͍ ͯ;͍ͤ͜  ͔͙ͣ͊ͭͣ͊ͭ;͔ͤ  ͨͦͤΎͭͭΎ ς ͼ͔ ͦͤ͊͘;͊Ί ͍͙͙ͯͭͦͪͭ 
͍ ͝ͻ ͍ͫ͒ͦͣͦͫͭ͜͜ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͔͔ͨͪ͒ͣͭΣ ͦ͋ΩΊͭ͟ ;͙ Ύ͍͙΅͔Σ ͙͙ͪͦͪͭ͘͟ ͚͎ͦͦ 
ͫͯͭͤͫͭ͜ΈΣ ͍͙͙ͫͭͦͪͭ ͍͍͒ͨͦ͒ͤ͜͜͜ ͍͘ΩΎ͙͘͟ ͜ ͍͙͙͙͒ͭ͜͡ ͍͔ͫ ͼ͔ ͍ ͍͙ͨͪ͊͡Έͤͯ ͜ ;ͭͯ͜͟ 
͍͔ͫͦͫͤͯ͡ ͺͦͪͣͯΦ 

̂ ͨͪͦͼ͔ͫ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈ ͯ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͤ͊ 
͊ͫ͊͒͘ ͊ͻ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͫ͒͜͡ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ ͤ͊ ͔ͭΣ ΅ͦ ͍͔ͪͤ͜Έ 
͝ͻͤΈ͎ͦͦ ͍͊ͫͦ͘ΊͤͤΎ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͔ͤ ͭ͜͡Έ͙͟ ͍ͨͦͤͦͭͦΌ ͙ͪͦͪͭͭ͘͟Ύ ͣͫͭͯ͘͜ ͊͋ͦ 
ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͦͤ͊͘;͔ͤͤΎΣ ͊ ͚ ͯͣͤͤ͜Ύͣ ͍͙ͨͪ͊͡Έͤͦ ͔͍͙ͦͨͪͯ͊ͭ ͨͦͤΎͭͭΎ͙ͣΣ 
ͭͦ͋ͭͦ ͍͙͙ͨ͒ͦ͒ͭ͜ ͨ͒͜ ͙ͤͻ ͍ͤͦ͜ ͦ͋ΩΊ͙ͭ͟Σ ͋͊;͙͙ͭ ͎ͯ͊͊͘͡Έ͔ͤͤ͜ ͫͭͦͭͤ͜͜ ͙ͦͤ͊͘͟ 
ͨͦͤΎͭͭΎ ͍ ͍͙ͤͦͻ ͍ͯͣͦ͊ͻΦ ˨͡Ύ ͣ͜ͼ͎ͤͦͦ ͚ ͙͔͎ͦͫͣͫͤͦͦ͡ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘Έ ͔͒ͯ͗ 
͍͙͍͊͗ͦ͡ ͚ͦͤ͊ͦͣ͘͡Ό͍͙͊ͭ ΄ͦ͟͡Ύ͍ͪ͜ ͔ͤ ͙͡΄͔ ͘ ͙͙ͦ͒ͤ;͙͙ͤͣ ͨͦͤΎͭͭΎ͙ͣΣ ͊ ͚ 
͝ͻ͙ͤͣ͜ ͎͙ͪͯͨ͊ͣΣ ͙͊ͫ͊ͣ͟͡Σ ͙͍͙ͪͦͪ͊ͭ͘͟ ͍͘ΩΎ͙͘͟ ͨ͒ͨͦͪ͜Ύ͍͒ͯ͊ͤͤ͟ΎΣ ͭͦ͋ͭͦ 
͍͙͙ͨ͒ͦ͒ͭ͜ ͒ͦ ͍͙͍;͔ͤͤΎ ͨͦͤΎͭΈ ͯ ͔͍͚ͨͤ͜ ͙͔ͫͫͭͣ͜Φ ̂ͨͦͪΎ͍͒ͦ͊ͤ͊͟ ͙͔ͫͫͭͣ͊ 
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈ ͣ͊Ί ͍͒ͤͦͫͤͦ͜ ͔͔͔͙͚ͣͤͭ͊ͪͤ͡ ͻ͔͊ͪ͊ͭͪ͟ ͜ ͍͒ͦ͋ͪ͊͗͊͜Ί 
ͦ͋ΩΊ͙ͭ͟ ͍ ͝ͻͤ͜ͻ ͍͊͘Ί͍ͣͦ͘ΩΎ͊͘͟ͻ ͜ ͍͊͘Ί͔ͣͦ͊͗ͤͦͫͭ͘͡Ύͻ ͤ͊ ͒ͦͫͭͯͨͤͦͣͯ ͒͡Ύ  
ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͍ͪͤ͜͜Φ ˴͔ͦ͗ͤ ͨͦͤΎͭͭΎ ͍ ͔ͣ͗͊ͻ ͔͙ͭͣΣ ͪͦ͒ͯ͘͜͡Σ ͊ͫͯ͟͡ 
͍ͨͦͫͭͯͨͦͦ ͪͦ͘΄͙ͪΌΊͭΈͫΎ ͊͘ ͦ͋ͫΎ͎ͦͣ ͜ ͎͙ͨͦ͋͡͡ΌΊͭΈͫΎ ͊͘ ͣͫͭͦͣ͘͜Φ ˤ͒͜ ͍ͪͤ͜Ύ 
͚͎ͦͦ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͔͙͊͗ͭ͘͡Έ ͍͔ͫ͒ͦͣ͜ ͍͙͍;͔ͤͤΎ ΄ͦ͟͡Ύ͙ͪ͊ͣ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ 
͙͒ͫͼ͙ͨͤ͜͡ ͯ ͨͦ;͍͚͊ͭͦ͟͜Σ ͔͔͚ͫͪ͒ͤ͜ ͭ͊ ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡Σ ΅ͦΣ ͯ ͍ͫͦΌ ;͔͎ͪͯΣ 
ͫͭͦͭͤͦ͜ ͍͙͍ͨ͊͡Ί ͤ͊ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘Έ ͯ ͨͦ͒͊͡Έ΄ͦͣͯΦ  

̂ ͨͪͦͼ͔ͫ͜ ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͣ ͍͙͙͙͒͜͡͡ ͭ͊͟͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈ ͍ ͯ;͍ͤ͜ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡Υ 

¶ ͪͦͯͣͤͤ͘͜Ύ ͣͦͦ͒͡΄͙͙ͣ ΄ͦ͟͡Ύ͙ͪ͊ͣ ͫͯͭͤͦͫͭ͜ ͨͦͤΎͭͭΎ ͔͔ͨͪ͒͋͊;͊Ί ͚͎ͦͦ 
͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͜ ͍͍͔͒ͭͦͪͤͤ͜Ύ ͯ ͍͔͚ͫͦͫͤ͜͡ ͺͦͪͣ͜Τ 

¶ ͯ ͙͔ͣͫͤͤ͜͡ ͙͙͙͒ͭͤ ͨͦͤΎͭͭΎ ͔ͪ͊ͯ͘͜͡ΌͭΈͫΎ ;͔͔ͪ͘ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 
͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͙͙ͤͣ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ΅ͦ ͍ͨͦΩΎ͊ͤͦ͘ ͘ 
ͨͦΊ͒ͤ͊ͤͤΎͣ ͚͎ͦͦ ό͙͔ͣͫͤͤ͡Ύύ ͙ͦ͋ͪ͊ͤ͘ͻ ͭ͊ ͔ͣͦͼ͚͙ͤ͜ͻ ͔͍ͦͣͨͦͤͤͭ͟͜Τ 

¶ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͦͤΎͭͭΎ ͍ ͯ;͍ͤ͜ ͙ͫͨͪ͊ΊͭΈͫΎ ͤ͊ ͨͦΊ͒ͤ͊ͤͤΎ ͦ͋ͪ͊ͯ͘Σ ͍ͫͦ͊͡ ͭ͊ 
͍ͤ͊;͊͡Έ͙ͤͻ ͚͒͜ ͘͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙͙͒͒͊ͭ͟;͙ͤͻ ͍͊ͫͦ͋͘͜ Ύ͟ ͍͘ΩΎͤͦ͘͝ ͙͊ͤ͟͡Φ  
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͙́͊ͣ͟ ;͙ͤͦͣΣ ͣͫͭ͘͜ ͔͙͙ͣͭͦ͒͟ ͍͙͊͒͊ͤͤ͟͡Ύ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ 
ζ˸͔͙͊ͭͣ͊ͭ͊͟η ͔͔ͨͪ͒͋͊;͊Ί ͭ͊ͯ͟ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ 
ͨͦͤΎͭΈ ͤ͊ ͍ͦͫͤͦ͜ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯΥ 

1) ͨ ͦ͒͊;͊ ͍͎ͣͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔ͨͪ͒ͣͭ͊ ͎ͪͤͦͦ͘͜ ͍ͪͤ͜Ύ 
͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ό;͙ͫ͊͡Σ  ͼ͙ͺ͙ͪΣ ͔͙ͦͣͨͦͤͤͭ͟ ͙͊ͪͺ͔͙ͣͭ;͙ͤͻ ͚͒͜Σ ͍͙ͤ͊͘ 
͍͔͙͡;͙ͤ ͭ͊ ͎͔͔͙ͦͣͭͪ;͙ͤͻ ͺ͎ͯͪ͜ ͭͦ΅ͦύΤ 

2) ͪ ͙ͦͪͭͭ͘͟Ύ ͨͦ;͔͎͍ͪͦͦͫͭ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͚͒͜ όͦ͋;͙͔ͫͤͤ͡ΎΣ 
͍͙ͣͪ͜Ό͍͊ͤͤΎΣ ͍͔͔ͨͪͦ͒ͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ ͪͦ͋ͭ͜ ͭͦ΅ͦύΤ 

3) ͍ ͍͔͔͒ͤͤΎ ͙͍͍ͫͣͦ͜͡Σ ͫͻ͔ͣ ͭ͊ ͍͙ͤ͊ͦ͘͟ͻ ͙͔ͫͫͭͣ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͦ͋ΩΊ͍ͭ͟͜Τ 
4) ͯ ͍͔ͫ͒ͦͣͤͤ͜͡Ύ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͯΎ͍͔ͤ͡Έ ͭ͊ ͨͦͤΎͭΈΤ 
5) ͫ ͍͔͒ͦͣ͜ ͔͍ͦͨͪͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙͙ͤͣ ͨͦͤΎͭͭΎ͙ͣ ͍ ͍ͤ͊;͊͡Έ͙ͤͻ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͙͗ͭͭΊ͍͙ͻ ͙ͫͭͯ͊ͼ͜ΎͻΣ ΅ͦ ͎ͫͯͯ͡Ί ͔͔͙ͨͪ͒ͣͭͤͣ ͍͔ͤͫͦͣ͟ ͯ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͟͡Ό;͍ͦͦ͝ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ 
͍̅ͦͪͣͯ͊ͤͤΎ ͨͦͤΎͭͭΎ ;͙ͫ͊͡ ͍ ͨͦ;͍͊ͭͦͦͣͯ͟ ͯͪͫ͟͜ ͔͙͙ͣ͊ͭͣ͊ͭ͟ Ί 

͍͙ͦͫͤͦͤͣ ͜ ͟͡Ό;͍͙ͦͣΦ ˹͊ ͚͎ͦͦ ͍ͦͫͤͦ͜ ͍ͯͭͦͪΌΌͭΈͫΎ ͤ͜΄͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͨͦͤΎͭͭΎΦ 
͍̅ͦͪͣͯ͊ͤͤΎ ͨͦͤΎͭͭΎ ;͙ͫ͊͡ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͍ ͚ͭ͊͟͜ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡Υ  

ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͦͤΎͭͭΎ ͍͔͙͡;͙͙ͤΤ ͙ͪͦͪͭͭ͘͟Ύ ͍͒ͤͦ͜΄͔ͤͤΎ ͍͔͙͡;͙ͤ Ύ͟ 
͎͊͊͘͡Έͤͦ͝ ͺ͙ͦͪͣ ;͙ͫ͊͡Τ ͍͔ͨͦͫ͒ͦͤ͜͡ ͍͍͔͔͒ͤͤΎ ͙ͪͤ͘͜ͻ ;͍͙͊ͫͭͦ͟ͻ ͍͙͍͒͜ ;͙͔ͫ͡ 
Ύ͟ ͔͙ͦͤͪͭ͊͘͟͟ͼ͜Ύ ͎͊͊͘͡Έ͎ͤͦͦ ͍͒ͤͦ͜΄͔ͤͤΎ ͍͔͙͡;͙ͤ ͯ ͔͍͙ͨͤͻ ͍ͯͣͦ͊ͻΤ 
͍ͨͦ͋ͯ͒ͦ͊ ͎ͯ͊͊͘͡Έ͔͙ͤͤͻ ͍ͫͨͦͫͦ͋͜ ͒͜͝ ͘ ;͙͙ͫ͊ͣ͡Φ  

̂ ͨͦ;͍͊ͭͦͦͣͯ͟ ͯͪͫ͟͜ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͒͡Ύ ͙͊ͨͫͯ͘ ;͙͔ͫ͡ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ 
͙ͨͦ͘ͼ͚ͤͯ͜ ͙͔ͫͫͭͣͯ ;͙͔ͫͤͤ͡ΎΣ ͯ Ύ͚͟͜ ;͙ͫ͊͡ ͙͊ͨͫͯ͘ΌͭΈ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͔͔ͦ͋ͣ͗ͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͍ͤ͊͘͟͜Σ ͭͦ͋ͭͦ ͼ͙ͺͪΦ ˹͚͊ͨͦ΄͙͔ͪͤ͜΄ͦΌ Ί ͔͒ͫΎ͍ͭͦ͊͟ 
͙͔ͫͫͭͣ͊ ;͙͔ͫͤͤ͡ΎΥ ͦ͗ͤ͟͜ ͔͒ͫΎͭΈ ͙͙ͦ͒ͤͼΈ ͙ͤ͗;͎ͦͦ ͪͦͪ͘Ύ͒ͯ ͍ͫͭ͊ͤͦ͡ΎͭΈ ͦ͒ͤͯ 
͙͙ͦ͒ͤͼΌ ͍͙΅͎ͦͦ ͪͦͪ͘Ύ͒ͯΦ  

˭͍ΩΎ͙͘͟Σ Ύ͟͜ ͔͗͊ͭ͡Έ ͍ ͍ͦͫͤͦ͜ ͪͦ͊͒ͯ͘͟͡ ;͙ͫ͊͡Σ ͫ͒͜͡ ͍͔͙͒ͤͫͭ͜ ͒ͦ 
͙ͣͤͦ͗ ͙ͤͤͻΣ ͦͫ͟͜͡Έ͙͟ ͤ͊ ͙ͦ͒ͤ ͜ ͚ͭͦ ͙͚ͫ͊ͣ ͙ͨͦ͒ͪ͊ͤ͘͟ ͍͙͙ͤ͊͟Ί ͔ͦͣͨͫ͟͟͡ 
͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͚͒͜Φ ̂ͣͤͤ͜Ύ ͙͙ͨͦ͒ͭ͜͡ ;͙ͫ͊͡ ͤ͊ ͪͤ͘͜͜ ͙͙ͫ͊͒ͤ͟͟͡ Ί ͔ͪͯ͘͡Έͭ͊ͭͦͣ 
͔͒ͭ͊͡Έ͎ͤͦͦ ͊ͤ͊ͯ͘͜͡Σ ΅ͦ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͔͍͙ͨͤͻ ͎ͯ͊͊͘͡Έ͔ͤͤΈ 
ͨͫ͜͡Ύ ͊ͤ͊ͯ͘͜͡ ͟͜͡Έͫͤͦ͟͜͝ ͙ͫͭͪͯͭͯͪ͟ ;͙ͫ͊͡Φ 

˹͙͊ͨͪ͊͒͟͡Σ ͨͦͤΎͭͭΎ ζ;͙ͫͦ͡η ͺͦͪͣͯΊͭΈͫΎ ͍͒͜ м ͨͦ п ͊ͫ͟͡ ͜ ͍ͤ͊͋ͯ͊Ί 
͍͙͒ͦ͒͊ͭͦ͟ͻ ͦͤ͊͘͟ ͭ͊ ͪͦ͒ͦ-͍͙͍͙͒ͦͻ ͍͔͚͒ͣͤͤͦͫͭ͜͜Φ ˤͦͤͦ ͺͦͪͣͯΊͭΈͫΎ ͍ ͨͦͪΎ͒ͯ͟ 
͚͎ͦͦ ͪͦͫͭ͊ͤͤ͘ΎΦ ̂ ͦͤ͟ͼ͔ͤͭͪ͜ ζ˨͔ͫΎͭͦ͟η ͺͦͪͣͯΌͭΈͫΎ ͨͦͤΎͭͭΎ ζͦ͒ͤͦͼ͙ͺ͍͔ͪͦ 
;͙ͫͦ͡ηΣ ζ͔͔ͨͦͨͪ͒ͤΊ ;͙ͫͦ͡ηΣ ζ͔ͤ͊ͫͭͯͨͤ ;͙ͫͦ͡ηΤ ͯ ͦͤ͟ͼ͔ͤͭͪ͜ ζ˿ͦͭͤΎη 
ͺͦͪͣͯΌͭΈͫΎ ͨͦͤΎͭͭΎ ζ͍͒ͦͼ͙ͺ͍͔ͪͦ ;͙ͫͦ͡ηΣ ζͪͦͪ͘Ύ͒ηΣ ζ͙͙ͦ͒ͤͼ͜ ͔ͨͪ΄͎ͦͦ 
ͪͦͪ͘Ύ͒ͯηΣ ζ͙͙ͦ͒ͤͼ͜ ͎͎͒ͪͯͦͦ ͪͦͪ͘Ύ͒ͯηΤ ͯ ͦͤ͟ͼ͔ͤͭͪ͜ ζ͙́ͫΎ;͊η ͺͦͪͣͯΌͭΈͫΎ 
ͨͦͤΎͭͭΎ ζ͙ͭͪͼ͙ͺ͍͔ͪͦ ;͙ͫͦ͡ηΣ ζͫͦͭͤΎ Ύ͟ ͜͡;͙͡Έͤ͊ ͙͙ͦ͒ͤͼΎηΣ ζͪͦͪ͘Ύ͒ ͔ͫͦͭͤΈηΣ 
ζ͙ͨͦ͘ͼ͚͔ͤ͜ ͤ͊͘;͔ͤͤΎ ͼ͙ͺ͙ͪ ͍ ͙͊ͨͫ͘͜ ͙ͭͪͼ͙ͺ͍͎ͪͦͦͦ ;͙ͫ͊͡ηΤ ͯ ͦͤ͟ͼ͔ͤͭͪ͜ 
ζˣ͎͊͊ͭͦͼ͙ͺ͍ͪͦ͜ ;͙ͫ͊͡η ͺͦͪͣͯΌͭΈͫΎ ͭ͊͟͜  ͍ͦͫͤͦͤ͜ ͨͦͤΎͭͭΎΥ ζ;͙͙ͦͭͪͼ͙ͺ͍ͪͦ͜ 
;͙ͫ͊͡ηΣ ζͨΩΎ͙ͭͼ͙ͺ͍ͪͦ͜ ;͙ͫ͊͡ηΣ ζ΄͔͙ͫͭͼ͙ͺ͍ͪͦ͜ ;͙ͫ͊͡ηΣ ζͪͦͪ͘Ύ͒ͤ͊ ͙͙ͦ͒ͤͼΎηΣ 
ζͪͦͪ͘Ύ͔͒ͤ ;͙ͫͦ͡ηΣ ζ͙ͭͫΎ;͊ηΣ ζ͔͒ͫΎ͙ͭ͟ ͙ͭͫΎ;ηΣ ζͫͦͭͤ͜ ͙ͭͫΎ;ηΣ ζ͊ͫ͟͡ηΣ 
ζ͙ͨͦ͘ͼ͚͔ͤ͜ ͤ͊͘;͔ͤͤΎ ͼ͙ͺ͙ͪ ͍ ͙͊ͨͫ͘͜ ͎͋͊͊ͭͦͼ͙ͺ͍͎ͪͦͦͦ ;͙ͫ͊͡ηΦ 
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˽ͦͤΎͭͭΎ ;͙ͫ͊͡ Ί ͍͙ͻ͙͒ͤͣ͜Σ ͤ͜΄͜ ͨͦͤΎͭͭΎ Ί ͍͙͍͙͙͒ͦͣ ͊͋ͦ ͺͦͪͣͯΌͭΈͫΎ 
ͤ͊ ͚͎ͦͦ ͍ͦͫͤͦ͜Φ ˽͔͊ͪ͊͡͡Έͤͦ ͘ ͨͦͤΎͭͭΎͣ ζͤ͊ͭͯͪ͊͡Έ͔ͤ ;͙ͫͦ͡η ͺͦͪͣͯΊͭΈͫΎ 
ͨͦͤΎͭͭΎ ζ͙͊ͪͺ͔͙ͣͭ;ͤ͜ ͒͜͝η ό͙͍͒Φ ͙ͪͫΦ мύΦ ̇͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͨͦͤΎͭͭΎ 
ͺͦͪͣͯΌͭΈͫΎ ͍ ͭͫͤͦͣͯ͜ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͨͪͦͭΎ͎ͦͣ ͍͙͍;͔ͤͤΎ ͍ͫΈ͎ͦͦ 
ͨͦ;͍͎͊ͭͦͦͦ͟ ͯͪͫͯ͟ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ 

ζˢ͙ͪͺ͔͙ͣͭ;ͤ͜ ͒͜͝η Ύ͟ ͔͙ͣ͊ͭͣ͊ͭ;͔ͤ ͨͦͤΎͭͭΎ Ί ͍͙ͪͦ͒ͦͣ ΅ͦ͒ͦ ͚͒͜ 
͍͒ͦ͒͊͊ͤͤΎΣ ͍͒ͤͣ͊ͤͤ͜͜ΎΣ ͔ͣͤͦ͗ͤͤΎ ͚ ͔͒ͤͤ͜͡ΎΦ ˢ͔͡ ͣͦͦ͒͡΄͜ ΄ͦ͟͡Ύͪ͜ ͭ͊͟͜ 
ͪͦ͒ͦ-͍͙͍͒ͦ͜ ͍͒ͤͦ͜΄͔ͤͤΎ ͔ͤ ͎ͪͦ͘͡Ύ͒͊ΌͭΈΦ ̂ ͨͦ;͍͙͊ͭͦ͟ͻ ͊ͫ͊͟͡ͻ ͙͊ͪͺ͔͙ͣͭ;ͤ͜ 
͒͜͝ ͍͙͍;͊ΌͭΈͫΎ ͙͍͙ͤ͒ͯͭͤͣ͜͟ ͔ͣͭͦ͒ͦͣ ͤ͊ ͍ͦͫͤͦ͜ ͔͙ͦͤͪͭͤ͟͟ͻ ;͙͍͙ͫͦ͡ͻ 
͙͍ͨͪ͊͒͟͜͡Φ ˥͍͙ͦͦͤͣ͡ ͊ͫͦ͋ͦͣ͘ ͙ͪͦͪͭͭ͘͟Ύ ͔͔͙ͭͦͪͭͦ͟-͙͎ͣͤͦ͗ͤͤͦͦ ͣͫͭͯ͘͜ ͒͜͝ 
͍͒ͦ͒͊͊ͤͤΎ Ί ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͙ͨͪͦͫͭͻ ͊͒͊͘;Σ ͦͫ͟͜͡Έ͙͟ ͚ͦ͗ͤ͟͜ ͙͊ͪͺ͔͙ͣͭ;͚ͤ͜ 
͒͜͝ ͍͍͒ͨͦ͒͊͜͜Ί ͔͒͟͜͡Έ͊͟ ͍͙͍͒͜ ͙ͨͪͦͫͭͻ ͊͒͊͘;Φ ˢ͙ͪͺ͔͙ͣͭ;ͤ͜ ͒͜͝ ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͍ 
͔͍ͨͤͦͣͯ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͣ͗͜ ͫͦ͋ͦΌ ͭ͊ ͪͦͨͦ͘;͙ͤ͊ΌͭΈ ͺ͍͙ͦͪͣͯ͊ͭͫΎ ͘ ͒͜͝ 
͍͒ͦ͒͊͊ͤͤΎΦ ˤ͙͍;͔ͤͤΎ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͙͊ͪͺ͔͙ͣͭ;͙ͤͻ ͚͒͜Σ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ 
͔͙ͦͣͨͦͤͤͭ͊ͣ͟ ͚ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͙͊ͪͺ͔͙ͣͭ;͙ͤͻ ͚͒͜ ͙ͫͨͪΎΊ ͎͙͋͡΄ͦͣͯ 
ͪͦͯͣͤͤ͘͜Ό ͯ;ͤΎ͙ͣ ͎ͫ͊ͣͦͦ ͨͦͤΎͭͭΎ ζ͙͊ͪͺ͔͙ͣͭ;ͤ͜ ͒͜͝η. 

 

      
 
˾͙ͫΦ мΦ ˿ͻ͔ͣ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͦͤΎͭͭΎ ͙͊ͪͺ͔͙ͣͭ;͙ͤͻ ͚͒͜ 
 

̂ ͭͫͤͦͣͯ͜ ͍͘ΩΎͯ͘͟ ͘ ͨͦͤΎͭͭΎ͙ͣ ζ;͙ͫͦ͡η ͭ͊ ζ͙͊ͪͺ͔͙ͣͭ;ͤ͜ ͒͜͝η 
ͺͦͪͣͯΊͭΈͫΎ ͨͦͤΎͭͭΎ ζ͎͔͔͙ͦͣͭͪ;ͤ͜ ͺ͎͙ͯͪ͜ηΣ Ύ͔͟ ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ;͔͔ͪ͘ 
ͨͦͤΎͭͭΎ ͨͪͦ ͎͙͙ͣͤͦͦͯͭͤ͟͟Σ ͝ͻ ͔͔͔͙ͣͤͭ͡ ͭ͊ ͍͙͙ͪͤͦ͒͘͜Σ ͨͪͦ ͨͪΎͣ͜Σ ͙͍ͪ͟͜Σ 
͊ͣ͊ͤ͜͡ ͤ͜͜͡͝ ͭ͊ ͭͦ;ͯ͟Σ ͦͦ͟͡Σ ͎ͪͯ͟Σ ͯ͟͡Ό ͭͦ΅ͦΦ 

˹͊ ͍ͦͫͤͦ͜ ͨͦͤΎͭΈ ͨͪͦ ;͙ͫͦ͡ ͜ ͙͊ͪͺ͔͙ͣͭ;ͤ͜ ͒͜͝ ͺͦͪͣͯΌͭΈͫΎ ͨͦͤΎͭͭΎ 
ζ͍͙ͪ͊͘ηΣ ζ͍ͪͤͫͭ͜͜ΈηΣ ζ͔͍ͤͪͤͫͭ͜͜ΈηΣ ζͣͤͤ͊͘͜ηΣ ζ͍ͪͤ͜ΎͤͤΎηΣ Ύ͟͜ ͪͦ͘΄͙ͪΌΌͭΈ ͭ͊ 
͍͒ͦͨͦͤΌΌͭΈ ͝ͻΦ ̇͜ ͨͦͤΎͭͭΎ ͎ͦ͜͡;ͤͦ ͍ͨͦΩΎ͊ͤ͘͜ ͣ͗͜ ͫͦ͋ͦΌ ͜ ͍͊ͫͦ͘ΌΌͭΈͫΎ 
͔ͦͣͨͫͤͦ͟͟͡Σ ͺͦͪͣͯΌ;͙ ͙͔ͫͫͭͣͯ ͤ͊ͤ͘ΈΦ ˭͍ΩΎ͙͘͟ ͣ͗͜ ͨͦͤΎͭͭΎ͙ͣ Ί ͙͒ͦͫͭΈ 
͙͙ͫ͊͒ͤͣ͟͡ ͒͡Ύ ͪͦͯͣͤͤ͘͜Ύ ͯ;͍ͤ͜ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Σ ͭͦͣͯ ͍͙ͦͤ 
ͣ͊ΌͭΈ ͙͋ͯͭ ͯͤ͊ͦ;͔ͤͤ͜ ͭ͊ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͔ͯ͗ ͫͤͯ͜Ό;͙͙ͣΦ  

˻͔ͭ͗Σ ͍͙͍͎͊͗ͦͦ͡ ͤ͊͘;͔ͤͤΎ ͍ ͨͦ;͍͊ͭͦͦͣͯ͟ ͯͪͫ͟͜ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ͤ͊͋ͯ͊Ί 
͍͙͍;͔ͤͤΎ ͎͔͊͋ͪ͊͡͝;͙ͤͻ ͭ͊ ͎͔͔͙ͦͣͭͪ;͙ͤͻ ͨͦͤΎͭΈΣ ΅ͦ ͺͦͪͣͯΌͭΈͫΎ ͍ ͚ͭͫͤ͜͜ 
͍͊͘Ίͣͦ͒͜͝ ͘ ͤ͜΄͙͙ͣ ͔͙ͣ͊ͭͣ͊ͭ;͙͙ͤͣ ͨͦͤΎͭͭΎ͙ͣ ͚ ͍ͯͭͦͪΌΌͭΈ ͍ͦͫͤͦͯ ͒͡Ύ 
͍͊ͫͦ͘ΊͤͤΎ ͍ ͨͦ͒͊͡Έ΄ͦͣͯ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘ΈΦ  

ɼʦʜʘʚʘʥʥʷ 

ɺʽʜʥʽʤʘʥʥʷ 

ʄʥʦʞʝʥʥʷ 

ɼʽʣʝʥʥʷ 

ɸʨʠʬʤʝʪʠʯʥʽ ʜʽʾ 
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˸͔͙͊ͭͣ͊ͭ;ͤ͜ ͨͦͤΎͭͭΎ ͍ ͨͦ;͍͊ͭͦͦͣͯ͟ ͯͪͫ͟͜ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͣ͊ΌͭΈ ;ͭͯ͜͟ 
͙͔ͫͫͭͣͯ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͝ͻ ͺ͍ͦͪͣͯ͊ͤͤΎΦ ˾͙ͦͪͭͭ͘͟Ύ ͝ͻ ͣͫͭͯ͘͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͘ 
͙͒ͦͭͪͣ͊ͤͤΎͣ ͙ͭ͊͟ͻ ͍͙͎ͣͦΥ 

¶ ͍͔ͪͦ͒ͦ ͨͦͤΎͭͭΎ ͣ͊Ί ͙͋ͯͭ ͚͙ͤ͊͋͗͡;͙ͣ ͒ͦ ͨͦͤΎͭͭΎΣ ΅ͦ ͺͦͪͣͯΊͭΈͫΎΤ 

¶ ͍͙͍͒ͦ͜ ͍͒ͣͤͤͦͫͭ͜͜͜ ͣ͊ΌͭΈ ͍͍͙͒ͨͦ͒͊ͭ͜͜ ͙͡΄͔ ͔ͦͤͪͭͤͦͣͯ͟͟ ͨͦͤΎͭͭΌΦ 
̒͟ ͍͒ͦͣͦ͜Σ ͫͭͪͯͭͯͪ͊͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ 

ζ˸͔͙͊ͭͣ͊ͭ͊͟η ͔͔ͨͪ͒͋͊;͊Ί ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͤͦͻ ͨͦͤΎͭΈ ͯ ͚ͭͫͤ͜͜ 
͍͊͘Ίͣͦ͒͜͝ ͍;͙͔ͭ͡Ύ ͭ͊ ͯ;͍ͤ͜Φ ˿͔͊ͣ ͍ͨͤ͊͊͘͜͡Έ͙͚ͤ ͨͦ΄ͯ͟ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ 
ͨͪͦͼ͔ͫ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΣ ΅ͦ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͔͔͔͍͔͋ͨͪͪͤ͘ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͦͤΎͭΈ ͯ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡Σ Ύ͔͟ ͍͒ͦ͋ͪ͊͗͊͜ΊͭΈͫΎ ͯ ͍͙ͤ͊͘;͔͚ͤ͜ 
͙͔ͫͫͭͣ͜ ;ͭͦ͜͟ ͔͔͙ͦͪͫͤ͟͡ͻ ͍͘ΩΎ͍͘͟͜ ͜ ͔͔͚͊͗ͤͦͫͭ͘͡ ͣ͗͜ ͍͙͙ͫ͊͒ͦͣ͟͡ 
͔͔͔͙ͣͤͭ͊ͣ͡Φ ́ͦͣͯ ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͣ͊ͭͪ͊͜͡ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎΣ ͔͔ͤ͊ͫ͊ͣͨͪ͒Σ 
͍͙ͤ͊͘;͔ͤͦΌ ͙͔ͫͫͭͣͦΌ ͍ͤͯͭͪ͜΄ͤ͜ͻ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ ͨͦͤΎͭͭΎ͙ͣΣ ΅ͦ ͍ͻͦ͒ΎͭΈ ͯ 
͔͍ͨͤͯ ͚͎ͦͦ ͎ͦ͜͡;ͤͯ ;͙͊ͫͭͤͯΦ  

˿͍ͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͘ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍͟͡Ό;͊ΊΥ 
͙͔ͫͫͭͣͤͫͭ͜Έ ͜ ͼͫͤͫͭ͜͜͜͡Έ ͙͚ͫͨͪͤΎͭͭΎ ͍ͤ͊;͊͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͯ;ͤΎ͙ͣΤ ͒ͦͫͭͯͨͤͫͭ͜Έ 
͚͎ͦͦ ͙ͫͭͪͯͭͯͪ͟ ͒͡Ύ ͔͚͒ͭ͜Σ ͍͙͍;͔ͤͤΎ ͔ͣ͊ͭͪ͊ͯ͜͡ ͍ͨͦͫͭͯͨͦͦ ͘ ͤ͊ͪͦͫͭ͊Ό;͙ͣ 
͍͔ͪͤͣ͜ ͫ͊͒ͤͦͫͭ͟͜͡Φ  

˶͎ͦ͜;͔ͤ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͦͻͦͨ͡ΌΊ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ 
͙ͭ͊͟ͻ ͚͒͜Υ ͪͦͨͦ͒͘͜͡ ͔ͣ͊ͭͪ͊ͯ͜͡ ͤ͊ ͎ͦ͜͡;ͤ͜ ;͙͙͊ͫͭͤΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͺ͍ͦͪͣͯ͊ͤͤΎ 
͍͎ͤͦͦͦ ͨͦͤΎͭͭΎΣ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͦ͗ͤͦ͟͝ ;͙͙͊ͫͭͤΣ ͍͙͔͒ͤͤ͜͡Ύ ͨͦͤΎͭΈΣ ΅ͦ 
ͺͦͪͣͯΌͭΈͫΎΣ ͜ ͙ͦͨͦͪͤͻΣ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͔ͣ͊ͭͪ͊ͯ͜͡ ͎ͦ͜͡;ͤͦΌ ;͙͊ͫͭͤͦΌΦ  

˾ͦͨͦ͒͘͜͡ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͤ͊ ͎ͦ͜͡;ͤ͜ ;͙͙͊ͫͭͤ ͊͘ ͍͔ͯͭͦͪͤͤΎͣ 
͍͎ͤͦͦͦ ͨͦͤΎͭͭΎ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͔ͣ͊ͭͪ͊ͯ͜͡ ͨ͒ͪͯ͜;͙ͤ͊͟ ͭ͊ 
͔ͣ͊ͭͪ͊ͯ͜͡Σ ΅ͦ ͙͒ͦ͋ͪ͊Ί ͍;͙͔ͭ͡Έ ͍͒ͦ͒͊ͭͦͦ͟Φ ˽ͫ͜͡Ύ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͦ͗ͤͦ͟͝ 
ͭ͊ͦ͟͝ ;͙͙͊ͫͭͤ ͔ͤͦ͋ͻ͒ͤͦ͜ ͘ΩΎ͍͙ͫͯ͊ͭΣ ͘ Ύ͙ͣ͟ ͍͙ͤͦͣ ͨͦͤΎͭͭΎͣ ͚͙͙ͦͤ͊ͦͣͫ͘͡Έ 
ͯ;ͤ͜Σ ΅ͦ ͍ ͤΈ͎ͦͦ ͍ͻ͙ͦ͒ͭΈΣ ͦͻ͔͙͍͙͊ͪ͊ͭͪͯ͊ͭ͘͟ ͭ͊ ͍͙͙͙͒ͭ͜͡ ͚͎ͦͦ ͍͙͍͊ͫͭͦͫͭ͜͡Φ 
˹͊ ͍ͦͫͤͦ͜ ͍ͨͦͪͤ͜ΎͤͤΎ ͍͙͙͙͒ͭ͜͡ ͙͡΄͔ ͫͭͦͭͤ͜͜ ͙ͦͤ͊͘͟ ͚ ͎͔͍͙͊ͪͯͣͤͭͯ͊ͭ ͝ͻΦ 

̂ ͚ͦ͗ͤ͟͜ ͚ͭ͊͟͜ ;͙͊ͫͭͤ͜ ͨͦͭͪ͋ͤͦ͜ ͘ΩΎ͍͙ͫͯ͊ͭ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͣ͗͜ 
͙͙ͦͨͦͪͤͣ ͜ ͍͙͙ͤͦͣ ͨͦͤΎͭͭΎ͙ͣΣ ͙͍͙ͪͦͪ͊ͭ͘͟ ͫͯͭͤͫͭ͜Έ ͨͦͤΎͭΈΣ ͻ͔͙͍͙͊ͪ͊ͭͪͯ͊ͭ͘͟ 
͝ͻ ͙ͦͤ͊͘͟ ͭ͊ ͍͙͍͊ͫͭͦͫͭ͜͡Σ ͨͦΎ͙͙ͫͤͭ ͍͘ΩΎ͙͘͟ ͣ͗͜ ͨͦͤΎͭͭΎ͙ͣΦ 

˭͔͊ͪͨͤͤ͟͜͡Ύ ͔ͣ͊ͭͪ͊ͯ͜͡ ͙͍ͫͣͫͦͦ͡͝ ;͙͙͊ͫͭͤ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ;͔͔ͪ͘ 
ͺ͍ͫͯ͊ͤͤ͜͟Ύ ͣͫͭͯ͘͜ ͭ͊ ͦ͋ͫΎ͎ͯ ͍͎ͤͦͦͦ ͨͦͤΎͭͭΎ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͚͎ͦͦ ͍ ͍͙ͤͦͻ 
͙ͫͭͯ͊ͼ͜ΎͻΦ 

˹͔͙͍ͣͦ͗ͦ͡ ͺ͍͙ͦͪͣͯ͊ͭ ͨͦͤΎͭͭΎ ͔͋͘ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͎ͦ͜͡;͙ͤͻ ͔ͦͨͪ͊ͼ͚͜ ͜ 
͍͙ͨͪ͊͡ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ͔̇ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍ͣͭͦ͒͜ ͜ 
͙͚͍ͨͪͦͣ͜Σ ͦͫ͟͜͡Έ͙͟ ͔͋͘ ͙ͤͻ ͔͙͍ͤͣͦ͗ͦ͡ ͍͙͙ͫͭͦͪͭ ͍ͨͦͤͦͼ͙͚ͤͤ͜ ͍ͤ͊;͊͡Έ͙͚ͤ 
ͨͪͦͼ͔ͫ ͯ ͨͦ;͍͚͊ͭͦ͟͜ ΄ͦ͟͜͡Φ ˻͍ͫͤͦͦΌ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͍ͣͭͦ͒͜ ͜ ͙͚͍ͨͪͦͣ͜ Ί 
͔ͦͤͪͭͤ͟͟͜ ͒͜͝ ͍;͙͔ͭ͡Ύ ͚ ͯ;͍ͤ͜Σ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͙ͦͭͪͣ͊ͤͤΎ ͔ͤͦ͋ͻ͎͒ͤͦͦ͜ 
͔ͪͯ͘͡Έͭ͊ͭͯΦ ˤ͙ͦͤ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͚͙ͤ͊ͭ͘ ͪ͊ͼͦͤ͊͜͡Έ͙͚ͤ ΄͡Ύͻ ͨ͒͜ ;͊ͫ 
͍͙͍;͔ͤͤΎ ͨͦͤΎͭͭΎΦ ̂ ͻͦ͒͜ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͎ͦ͜͡;ͤͦ ͍͎ͫͭͪͯͭͯͪͦ͊ͤͦͦ͟ ͔ͣ͊ͭͪ͊ͯ͜͡ 




