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̂˨˴ отм 
 

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

˨ͪͯͯ͟ΊͭΈͫΎ ͎͒ͤͦ͘͜ ͘ ͪ͜΄͔ͤͤΎͣ ͍;͔ͤͦ͝ ͙ͪ͊͒ ˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ s Φ ˿Φ ˸͔͊͊ͪͤ͊͟͟ όͨͪͦͭͦͦ͟͡ Ѕ 12 ͍ ͒͜ 27.06.2016) 

 

˾͔͒͊͟ͼ͚ͤ͊͜ ͔͎ͦ͟͜͡ΎΥ  
ˢΦ ˢΦ ˿͋ͪͯΊ͍͊ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό͎͍͙͚ͦͦͤ͡ ͔ͪ͒͊ͭͦͪ͟ύ ό̂ͪ͊ͤ͊͟͝ύΤ 
˻Φ ̐Φ ˢ͍ͤͭͦͤͦ͊ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˨͗Φ ˣ͜΄ͦͨ ς ͒ ͦͭͦͪ͟ ͺͦͫͦ͜͡ͺ͜͝Σ ͨͪͦͺ͔ͫͦͪ ό˿̊ˢύ όJ. Bishop ς PhD, professor (USA)); 
ˤΦ˿Φ ˣ͎͚ͯͪ͜ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˴Φ ˣΎ͔ͦ͋͗ͫ͡Έ͊͟ ς ͒ͦͭͦͪ͟ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͤ͊ͯ͟ ό˽ͦ͡Έ΅͊ύ όK. BiaƱobrzeska ς dr. nauk 
humanistycznych (Polska)); 
ˣΦ ˤΦ ˥ͦ͒ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˻Φ ˤΦ ͔͔̐ͪͣͤͦ͟ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˩Φ ˴͍͙͊ͤͭͦ; ς ͒ͦͭͦͪ͟ ͻ͍͙͚͊͋ͭͦ͊ͤ͜͜͡Σ ͨͪͦͺ͔ͫͦͪ ό˽ͦ͡Έ΅͊ύ όE. Kantovych ς dr. hab., prof. 
(Polska); 
˻Φ ˻Φ ˴͔ͦͪͦͫͭ͡Έ͍ͦ ς ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό˾ͦͫ͜Ύύ ό˻Φ ˻ Φ ˴ ͔͔͍ͦͪͦͫͭ͡ ς 
͒ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ ό˾͙ͦͫͫΎύύ; 
̇Φ ˴͍ͯͪͦͫ͟Έ͙͚͟ ς ͒ͦͭͦͪ͟ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͤ͊ͯ͟ ό˽ͦ͡Έ΅͊ύ όC. Kurkowski ς dr. nauk 
humanistycznych (Polska)); 
˻Φ ˤΦ ˶͍ͦ͋ͦ͊ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˻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 ό̂ͪ͊ͤ͊͟͝ύΤ 
˹Φ ˹Φ ͚̉͊;͔ͤͦ͟ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˻Φ ˿Φ ̉͊΄͔;͙͍ͤͦ͊͟ ς ͒ ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύΤ 
˸Φ ͍̒ͦͪͫΈ͊͟-ˤ͍ͭͦͫ͜͟Έ͊͟ ς ͒ͦͭͦͪ͟ ͻ͍͙͚͊͋ͭͦ͊ͤ͜͜͡Σ ͨͪͦͺ͔ͫͦͪ ό˽ͦ͡Έ΅͊ύ όM. Jaworska-
Witkowska ς dr. hab., prof. (Polska)); 
˸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 

˭͍͔͔͊ͭͪ͒͗ͤͦ Ύ͟ ͺ͊ͻ͍͙͚ͦ ͗ͯͪͤ͊͡ ͘ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ ͊ͯ͟  
(ͤ͊͊͘͟ ˸˻˹ ͙̂ͪ͊ͤ͟͝ Ѕ млнм ͍͒͜ лтΦмлΦнлмр) 

 

ˬͯͪͤ͊͡ ͔ͤ͒ͫͯ͜͟ΊͭΈͫΎ ͍ LƴŘŜȄ /ƻǇŜǊƴƛŎǳǎ aŀǎǘŜǊ [ƛǎǘΣ ˿ite Factor, Google 
Scholar ͭ ͊ CEJSH 

 

̂ ͗ͯͪͤ͊͜͡ ͍͔͒ͦ͋ͪ͊͗ͤ͜͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͘ ͙ͨͭ͊ͤΈ ͍ͨͦͪͤ͜Ύ͡Έͤͦ͝ 
͔͎͎͙ͨ͒͊ͦ͜͟Σ ͔ͭͦͪ͜͝ ͭ͊ ͫͭͦͪ͜͜͝ ͍͙ͦͫͭ͜Σ ͔ͦͪ͟͟ͼ͚ͤͦ͜͝ ͭ͊ ͤ͜͟͡Ό͙͍ͤͦ͘͝ ͍͙ͦͫͭ͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡Σ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͔ͣͤ͒͗ͣͤͭͯΣ ͊ ͭ͊ͦ͗͟ ͘͜ ͔ͨͪͦ͋ͣ͡ 
ͫͦͼ͊͊͘͜͜͡ͼ͜͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 

 

ϭ ˿ͯͣ˨˽̂ ͔ͣͤ͜͜ s Φ ˿Φ ˸͔͊͊ͪͤ͊͟͟Σ нлмс 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ6ȟ Ο 6(90) 

3 

˝˛˔ˑ˴˘ ˴Ȣ ˜˝˛ˎ˘˒˙˕ ˜˒ˑˍː˛ː˴˗˕ ˏ˕˦˛˵ ˥˗˛˘˕ 
 

̂˨˴ отуΦмпт 
˿ͭ ͔ͨ͊ͤ ʕ ͔͙͡;ͦ͟1 

Orcid iD 0000-0001-5404-1359,  
ˤͦ ͙͙ͦ͒ͣͪ͡ ˱ ͍͚͊ͤ͜2 

Orcid iD 0000-0002-8479-325X,  
˱͍ ͊ͤ ˸ ͦͪͦ͘2, 

̑͜͡Ύ ́ ͊͟;͔ͤͦ͟2 

1˴͍͎ͪͦͦͪ͊͒ͫ͜Έ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ  
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˤ͙͙ͦͦ͒ͣͪ͊͡ ˤ͙͙ͤͤ;͔ͤ͊͟ 

2˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ  
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ ˿ Φ ˸ ͔͊͊ͪͤ͊͟͟ 

 

˥˻́˻ˤ˹˱˿́̎ ˸ˢ˯ˣ̂́˹̎˻˥˻ ˤ̉ˮ́˩˶̒ ̅˱˭ˮ˴ˮ ˨˻ ̅˻˾˸̂ˤˢ˹˹̒ ˤ ̂̉˹˱ˤ 
˭˹ˢ˹̎ ˽˾˻ ˹ˢ˹˻́˩̆˹˻˶˻˥˱˲ 

 

˹͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͍͒ͦͫ͒ͯ͜ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͪ͊ͤ͟͝ ͜ ͍͙͍;͔ͤͤΎ ͔ͪ͊͡Έ͎ͤͦͦ ͫͭ͊ͤͯ ͍͙͊͒͊ͤͤ͟͡Ύ 
ͤ͊ͤͦͺ͙͔ͦͭ͘͜͟ͻ͎ͤͦͦ͜͡;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͯ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͔͙͔ͯͤͪͫͭͭ͊͜ͻ ͙̂ͪ͊ͤ͟͝ ͙ͪͦͪͭͦ͘͟ 
͔ͫͨͼ͙ͺͯ͜͟ ͚ ͔͔ͦͪͫͤͦ͟͡ ͍ͦͫͤͦͤ͜ ͍ͫ͊͒ͦ͟͜͡ ͣͫͭͯ͘͜ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͤͦ ͤ͊ͤͦͤ͊ͯ͟Φ ˿ͺͦͪͣͯ͡Έ͍ͦ͊ͤͦ ͨͦͤΎͭͭΎ ζ͎͍ͦͭͦͤͫͭ͜Έ 
͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͙͘͜͟ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͤ͊ͤ͘Έ ͨͪͦ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ηΣ ͍͙͔͒ͤͦ͜͡ 
͍ͦͫͤͦͤ͜ ͔ͫͨͼ͊͜͡Έͤ͜ ͨͪͦͺ͔͚ͫͤ͜͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍;͙͔ͭ͡Ύ ͺ͙͙͘͜͟Σ ͤ͊͘;ͯ΅͜ ͒͡Ύ ͚͎ͦͦ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͎͊ͯ͘͜͡ ͍ͤ͊;͊ͤͤΎ ͫͯ;͙͊ͫͤͣ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡;͙ͤͣ ͤ͊ͤͤ͘ΎͣΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔͙ͣͭͦ͒;ͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟Σ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡;ͤ͜ ͤ͊ͤͤ͘ΎΣ ͤ͊ͤͦͤ͊ͯ͊͟Σ 
ͨͪͦͺ͔͚ͫͤ͜͜ ͔͔ͦͣͨͭͤ͟ͼ͜͝Σ ͯ;͙͔ͭ͡Έ ͺ͙͙͘͜͟Φ 

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˿ͯ;͙͚͊ͫͤ ͔ͭ͊ͨ ͍͙ͪͦͭͯ͘͟ ͼ͙͍͊͘͜͜͡ͼ͜͝ ͔͔͋ͤͦͫ͘-
͔ͪ͒ͤΈͦ ͍ͨͦΩΎ͙͚͊ͤ͘ ͘͜ ͝͝ ͔͔ͨͪͻͦ͒ͦͣ ͒ͦ ͍͎ͤͦͦͦ VI-͎ͦ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͯ͊͒ͯ͟͡Σ 
Ύ͙͚͟ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͒ͦͫΎ͎͔ͤͤͤΎͻ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙ͨͤ͊ͪͤͦ͜͡͝ ͦ͋͊ͫͭ͜͡ ͤ͊ͤ͘Έ ς ζͤ͊ͤͦ-
͙ͤ͊ͯ͟η ͭ͊ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͝ͻ ͯ ͍͙͙ͪͦ͋ͤͼ͍ͭͦΣ ΅ͦ ͙͍͔ͨͪͦ͘͡ ͒ͦ ͍͙ͪͦͭͯ͘͟ ͎ͦ͒ͤͦͦ ͘ 
͟͡Ό;͍͙ͦͻ ͙͔͍ͨͪͦͪͭͭ͜͜ ͍ͤ͊ͯͦͦ͟-͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͎͔ͨͪͦͪͫͯ ς ͤ ͔͊ͤͦͭͻ͎ͤͦͦ͜͡͝Φ 

˾͍͙͔ͦͤͤ͘͜ ͙ͪ͊ͤ͟͝ ΅͔ ͤ͊ ͨͦ;͊ͭͯ͟ XX ͫͭͦͭͭ͜͡Ύ ͔ͤ ͙͡΄͔ ζ͍͙ͫͭ͊ͪͭͯ͊͡η ͍ 
ͤ͊ͨͪΎͣͯ͟ ͍͙ͪͦͭͯ͘͟ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Σ ͔͊͡ ͚ ͔ͦͣͨͫͤͦ͟͟͡ ͍͙͊͟͡͡ ͔͙ͪͫͯͪͫ ͍ 
͎͍ͨ͒ͦͭͦͯ͜͟ ͍͊͒ͪ͟͜ ͜ ͍ ͤ͜ͺͦͪͣ͊ͼ͚͔ͤ͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͍ ͼ͚͜ 
͍͚ͤͦ͜ ͎͊ͯ͘͜͡ ͤ͊ͤ͘ΈΦ ˹͊ͫ͒ͦͣ͜͟͡ ͼΈ͎ͦͦ Ί ΄͍͙͔͒͟ ͪͦͫͭ͊ͤͤ͘Ύ ͨͪͦ͒ͯ͟ͼ͜͝ ± ͜ ͍ͤ͊ͭ͜Έ ±L 
͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͍ͯ͊͒͟͜͡Φ ˤ ̂ͪ͊ͤ͟͜͝Σ ͤ͊ ͗͊͡ΈΣ ͍ͦͫͤͦͤ͊ ͨͪͦ͒ͯ͟ͼ͜Ύ ͍͙͒ͤͦͫͭ͜ΈͫΎ ͒ͦ 
LLL ͜ L± ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͍ͯ͊͒͟͜͡ όртΣф ҈ ͜ оу ҈ύΣ ͊ ͤ͊ ;͊ͫͭͯ͟ ± ͜ ±L ͍ͯ͊͒͟͜͡ ͙ͨͪͨ͊͒͊Ί 
͍͍͒ͨͦ͒ͤͦ͜͜ ͙͡΄͔ п ҈ ͜ лΣм ҈Φ ˽͙ͪ;͙͙ͤ͊ͣ ͼΈ͎ͦͦ Ί ͔͔ͦ͋ͣ͗ͤͫͭ͜Έ ͺ͍ͤ͊ͤͫͯ͊ͤͤ͜Ύ 
͍͎͍͙͒ͦͦͫͭͪͦͦ͟ͻ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͎ͨͪͦͪ͊ͣ ͜ ͔͍ͨͪͦͭ͟͜Σ ͍͒ͫͯͭͤͫͭ͜͜Έ ͔͍͒ͪ͗͊ͤͦ͝ 
͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͔͔ͣͪ͗͜Σ ͔ͨͪͦ͋ͣ͊͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͍͊͒ͪ͟͜Σ 
͍͍͒ͫͭ͊͊ͤͤ͜Ύ ͍ͦͫͭͤ͜͜ͻ ͎ͨͪͦͪ͊ͣ ͒͡Ύ ͍͙΄͍͜ ͜ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ΄͟͜͡Σ ͍͒ͫͯͭͤͫͭ͜͜Έ 
͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͔͙ͣͭͦ͒;͙ͤͻ ͔͔͒͗ͪ͡ ͒͡Ύ ͨͦͨͯ͡Ύ͙ͪ͊͘ͼ͜͝ ͤ͊ͤ͘Έ ͨͪͦ ͫͯ;͙͚͊ͫͤ 
ͫͭ͊ͤ ͍͙ͪͦͭͯ͘͟ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͜ ͨͪͦ ͍͙͍͊ͫͭͦͫͭ͜͡ ͤ͊ͤͦͦ͋ΩΊ͍ͭ͟͜Φ ̂ ͔ͪͯ͘͡Έͭ͊ͭ͜ ς 
͔͔͒ͦͭͨͪ ͤ͊͘;ͤ͊ ;͙͊ͫͭͤ͊ ͔͔ͤ͊ͫͤͤ͡Ύ ͭ͊ ͍ͤ͊ͭ͜Έ ͺ͊ͻ͍͜ͼ͍͜ ͜ ͔͍͙͍ͪͤ͟͜͟͜ ͔͍͙͒ͪ͗͊ͤͻ 
͎͍ͦͪ͊ͤ͜ ͭ͊ ͙͍͙ͨͪͦͣͫͦ͡ͻ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ ͔ͤ ͪͦͯͣ͘͜Ί ͝ͻ ͫͯͭͤͦͫͭ͜ ͚ ͔ͤ ͋͊;͙ͭΈ 
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͙͍͙ͣͦ͗͡ͻ ͔͔͙͍ͨͪͫͨͭ͟ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΣ ͍͟͡Ό;͊Ό;͙ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͊ ͒͜Ό;͙ͻ 
͍͙͙ͪͦ͋ͤͼ͍ͭ͊ͻ ͍͎ͫͦͦ ͔͎ͪͦͤͯ͜Φ  

ˤ͙͍ͨͪ͊͡Ύ͙ͭ ͙ͫͭͯ͊ͼ͜Ό ͔ͭͪ͋͊ ͔ͦͣͨͫͤͦ͟͟͡Σ ͜ ͔ͨͪ΄ ͊͘ ͍͔ͫΣ ͨͦ;͙͙ͤ͊ͭ 
͔ͤͦ͋ͻ͒ͤͦ͜ ͘ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡Σ ͙͒͊ͭͤ͘ͻ ͍͙ͨͪ͊͡Έͤͦ ͚ ͒ͦͫͭͯͨͤͦ ͔͙͒ͦͤͫͭ ͒ͦ 
ͫͯ;͙͊ͫͤͻ ͯ;͍ͤ͜ ͍ͤͦ͜ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙ͨͤ͊ͪͤ͜͜͡ ͤ͊ͤͤ͘Ύ. ̂ ͍͘ΩΎͯ͘͟ ͘ ͼ͙ͣ ͍͙͙ͤ͊͟Ί 
͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͎͍ͦͭͦͤͫͭ͜Έ ͔͎͎ͨ͒͊ͦ͊ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͤ͊ͤ͘Έ ͨͪͦ 
͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ Ύ͟ ͍ͦ͋ͦΩΎ͍ͦͯ͘͟ ͍ͫ͊͒ͦͯ͟͡ ;͙͊ͫͭͤͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͼͦͣͯ͜͡Φ ́ͦͣͯ ͒ͦͼ͜͡Έͤͦ ͎͍͙͙ͦͦͪͭ ͨͪͦ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͔͙ͣͭͦ͒;ͤͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜Σ ͔ͦͪͣ͊͘͟ ͍;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ώнΣ пуϐΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽͔ͪͦ͋ͣ͜͡ ͎͍ͦͭͦͤͦͫͭ͜ ͍;͙͔ͭ͡Ύ ͒ͦ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͤ͊ͤ͘Έ ͨͪͦ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͙͍ͨͪͫΎ;͔ͤ͜ ͙ͪͦ͋ͦͭ ͎͋͊͊ͭΈͦͻ 
͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ό˴Φ ʕ Φ ˴ ͦͪͫ͊͟Σ ˨Φ ʕ Φ ˴ ͊ͫΈΎ͍ͤͦΣ ˻Φ ˱ Φ ˴ ͔ͦͫͤͦ͟Σ ˻Φ ˸ Φ ˽ ͍͙͚ͯͫͭͦΣ 
˻Φ s Φ ́ ͊͟;͍ͦ͊ ͭ͊ ͤ͜Φύ ͭ͊ ͙͊ͪͯ͋͗ͤ͘͜ͻ όˢΦ ˶ ͊͟ͻͭ͊͟͜Σ ˾Φ ˸ ͦͤ͟Σ ˢΦ ˾ ͔;͔ͣͣ͜Σ 
˸Φ ˾ ͦͦ͟Σ ˽Φ ̊ ͔ͤ͟Σ ˸Φ ̑ ͔ͤͪ͟Σ ˾Φ ̆ ͔͊ͣͪͫΣ ˨͗Φ ˸ ͯͪΣ ˶Φ s Φ x ͪ͊ΎͤΣ ˿Φ ˨ ͊͜͡Σ 
˴Φ ̆ ͊ͭ;ͤͫͦͤ͜Σ ́Φ s Φ ˴ ͦͣͤ͊͟͜Σ ˨Φ ˹ Φ ˨ ͙͍͊ͤͦ͡Σ ˤΦ ˿ Φ ˿ ͔͔͍ͣͤͦΣ ˩Φ ˹ Φ ̊ ͙͎͔͍͊ͪ͊ ͭ͊ 
ͤ͜Φύ ͯ;͔͙ͤͻΣ Ύ͟͜ ͍͊ͯ͘͟ΌͭΈΣ ΅ͦ ͍͍͔͔͒ͤͤΎ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟ Ί 
͙ͦ͒ͤͣ ͘͜ ͍͙ͦͫͤͦͤͻ ͤ͊ͨͪΎ͍ͣ͜ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜Φ 

ˢͤ͊͘͜͡ ͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͔͔͒͗ͪ͡ ͭ͊ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͍ͫ͒͜;͊ͭΈ ͨͪͦ ͔ͭΣ 
΅ͦ ͙ͨͭ͊ͤͤΎ ͎͍ͦͭͦͤͦͫͭ͜ ͍;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͤ͊ͤ͘Έ ͨͪͦ 
͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͍  ͤ ͊΄ ;͊ͫ ͫͭ͊ͦ͡ ͙͍ͦͫͦ͋ͦ͡ ͊ͭͯ͊͟͡Έ͙ͤͣΦ  

˸͔ͭΌͦ ͫͭ͊ͭͭ͜ Ί ͊ͤ͊͘͜͡ ͍͒ͦͫ͒ͯ͜ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͪ͊ͤ͟͝ ͯ ͍͙͍;͔ͤͤ͜ ͒ͦͫΎ͎͔ͤͤΈ ͜ 
͍͍͔ͨͪͦ͊͒͗ͤΈ ͙ͤ͊ͤͦͤ͊ͯ͟ ͚ ͙ͪͦͪͭͭ͘͟Ύ ͔ͫͨͼ͙ͺ͙͜͟ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͍;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ͍ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͔͙͔ͯͤͪͫͭͭ͊͜ͻ ͙̂ͪ͊ͤ͟͝ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ 
ͯ;͍ͤ͜ ͤ͊ͤ͘Έ ͨͪͦ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͚ ͙ͤ͊ͤͦͤ͊ͯ͟ ͯ  ΄͟͜͡Έͤͦͣͯ ͯͪͫ͟͜ ͺ͙͙͘͜͟Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ̂ ͤ͊΄ ;͊ͫ ;͙ͣ͊ͦ͡ ͍͙ͤ͊ͯͦ͟ͻ ͍ͯͫͭ͊ͤͦ ͭ͊ 
͔͍͙͒ͪ͗͊ͤͻ ͎͍ͦͪ͊ͤ͜ ͯ ͍ͫΈͦͣͯ ͍ͫͭ͜͜ ͚͊ͣ͊͘ΊͭΈͫΎ ͊ͤ͊ͦͣ͘͜͡ ͔͙ͨͪͦ͋ͣ͡ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͊͒ͪ͟͜ ͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Φ ˭͔ͦͪͣ͊͟Σ 
ͤ͊͘;ͤ͊ ͍͎ͯ͊ͯ ͎͍ͦͭͦͤͦͫͭ͜ ͍;͙͔͍ͭ͜͡ ͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͯ ΄ͦ͟͜͡ 
͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͍ ˿̊ˢΦ ́͊͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͔͙͊ͣͪ͊ͤͫ͟Έ͟͜ ͙͙͒ͦͫ͒ͤ͜͟͡ ˽Φ ̊ ͔ͤ͟Σ 
˸Φ ̑ ͔ͤͪ͟ ͭ͊ ͤ͜Φ ͯ  ͔ͪͯ͘͡Έͭ͊ͭ͜ ͍͙͍;͔ͤͤΎ ͼ͜Ί͝ ͔͙ͨͪͦ͋ͣ͡ ͊ͤ͊͘͘;͊ΌͭΈΣ ΅ͦ ͦ͒ͤ͜ΊΌ 
͘ ͔͔ͨͪ΄ͦ͒͟Σ ΅ͦ ͍͊͊͗͊͘ΌͭΈ ͯ;͙͔ͭ͡Ύͣ ͍͍͙ͯͨͪͦ͊͒͗ͯ͊ͭ ͤ͊ͤͦͤ͊ͯͯ͟ ͚ 
͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͍ ͍ͤ͊;͊͡Έͤͦ-͍͙ ͻ͍͙͚ͦͤ ͨͪͦͼ͔ͫ ͍ͦͫͤͦͤͦ͝ ΄͙ͦ͟͡ Ί 
͔͍͍ͤ͒ͨͦ͒ͤͫͭ͜͜͜Έ ͝ͻ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ  

˹͊ ͙͚͒͊ͤ ;͊ͫ ͫͤͯ͜Ί ΄͙͙͚ͪͦ͟ ͔ͦͤͫͤͫͯͫ͟ ΅ͦ͒ͦ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͍ͪ͊ͻ͍ͯ͊ͤͤΎ 
͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͦͫͭ͜͜͡ ͯ ͍͙͊͒͊ͤͤ͟͜͡ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Φ ˽͔ͪͦͭΣ Ύ͟ ͊ͤ͊͘͘;͊Ί ͙ͤ͊͘͟ 
͍;͔͙ͤͻΣ ͯ;͙͔ͭ͜͡ ͍͙͊͘͘;͚͊ ͔ͫͨͼ͊ͯ͘͜͜͡ΌͭΈͫΎ ͙͡΄͔ ͍ ͚ͦ͒ͤ͜ ͙͒ͫͼ͙ͨͤ͜͜͡Φ ͙́͊ͣ͟ 
;͙ͤͦͣΣ ͍͙ͦͤ ͣͦ͗ͯͭΈ ͍͒͜;͍͙ͯ͊ͭ ͔͍͔͍͔ͤͨͤͤͫͭ͜ΈΣ ͙ͦ͟͡ ͍ͫͨͪ͊͊ ͒ͦͻ͙ͦ͒ͭΈ ͒ͦ 
͍͟͡Ό;͔ͤͤΎ ͒ͦ ͝ͻ ͍ͯͪͦ͟͜ ͔ͭͣ ͘͜ ͤ͜΄͙ͻ ͙͒ͫͼ͙ͨͤ͜͡Φ ͔̇ ͨͦͪͦ͒͗ͯΊ ͔ͤ͋͊͗͊ͤͤΎ ͙ͣ͊ͭ 
͍ͫͨͪ͊ͯ ͘ ͙͒ͫͼ͙͙ͨͤ͊ͣ͜͡Σ ͘ Ύ͙͙ͣ͟ ͍͙ͦͤ ͔ͤ ͙͋ͯ͡ ͚ͤ͊ͦͣ͘͜Σ ͜ ͍ͦͤͦ ͔ͣͦ͗ 
͙ͨͦͫ͡Ό͍͙͊ͭͫΎ ͊͘ ͍͒ͫͯͭͤͦͫͭ͜͜ ͍͙͐ͪͯͤͭͦͤͻ ͤ͊ͤ͘Έ ͯ ͼ͚͜ ͍͚ͤͦ͜ ͦ͋͊ͫͭ͜͡Σ ΅ͦ ͤ͊ͪ͊͘͜ 
͙͍͊ͭͤͦ͟ ͍͙͍ͪͦ͊͘ΊͭΈͫΎ ώмфΣ 285ϐΦ ˭ ͦ͋ΩΊ͙͍͙ͭͤ͟ͻ ͙ͨͪ;͙ͤ ͍;͙͔ͭ͜͡ ͚͒ͫͤͦ͜ ͣͦ͗ͯͭΈ 
͔ͤ ͙ͣ͊ͭ ͙͍ͣͦ͗ͦͫͭ͜͡ ͙͋ͯͭ ͔͔͙͙ͦͣͨͭͤͭͤͣ͟ ͍ ͍͙ͤͦͻ ͍͙ͤ͊ͯͦ͟ͻ ͪͦͪͦ͋͊͘͟ͻ ͜ 
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͍͙͒ͪͭͭ͜͟Ύͻ ͯ ͎͊ͯ͘͜͡ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ώмтΣ снϐΦ ˤ͍͒ͨͦ͒ͤͦ͜͜Σ ΅ͦ͋ ͙͙ͯͤͤͯͭ͟ ͋ͦΎͤ͘͜ 
͍;͙͔͍ͭ͜͡ ͍͍͙͙ͦ͒ͭ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͍ ΄ͦͯ͟͡Σ ͋ͦΎͤ͘͜ ͙͙͙ͦͨͤͭͫΎ ͍ ͎ͯ͡ͻͦͣͯ ͯͭ͟͜Σ 
͍͍͒ͨͦ͒͊͜͜Ό;͙ ͤ͊ ͙ͨͭ͊ͤͤΎ ͯ;͍ͤ͜Σ ͯ;͔ͤ͜ ͍͙͍ͫͯ͊ΌͭΈ ͪͤ͘͜͜ ͙ͨͪͦͨͦ͘ͼ͜͝Φ ˹͙͊ͨͪ͊͒͟͡Σ 
͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͙ͨͭ͊ͤͤΎ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍;͙͔͍ͭ͜͡Σ ˽Φ ̊ ͔ͤ͟ ͭ͊ ͤ͜Φ ͪ͊͒ΎͭΈ 
͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͍ͦͪͦͭͦͫͭͪͦͦ͟͟͟͜ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;ͤ͜ ͙ͯͪͫ͟Σ ͙͍ͨͪͫΎ;͔ͤ͜ ͙ͨͭ͊ͤͤΎͣ 
͙ͤ͊ͤͦͪͦͣͪͤ͘͜ͻ ͤ͊ͯ͟ ͜ ͔ͭͻ͎ͤͦͦ͜͡Ύͣ ώмфΣ нтуϐΦ ́͊͟Σ ˹͊ͼͦͤ͊͜͡Έ͙͚ͤ ͼ͔ͤͭͪ 
͍ͤ͊;͊ͤͤΎ ͜ ͍͙͊͒͊ͤͤ͟͡Ύ όNCLTύ ͍͔͗ ͍͙͍ͫͭͦͪ ͭ͊͟͜ ͭͤ͜͜͡ ͙ͯͪͫ͟ ͒͡Ύ ͍;͙͔͍ͭ͜͡ ώмсΣ 
мофϐΦ ˤ;͔ͤ͜ ˤ͙ͫͦͤͫͤͫ͜͟Έ͎ͦͦ͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍ ˸͔͒ͫͦͤ͜͜ ˨͗Φ ́ ͦͣ͊͘͜͟ ͭ͊ ͤ͜Φ ͯ ͫͭ͊ͭͭ͜Σ 
͍͚ͦͨͯ͋ͦ͊ͤ͜͟͜͡ ͯ ˬͯͪͤ͊͜͡ ͍͙ͤ͊ͤͦͦͫͭ͜ όJournal of Nano Education), 
͍͙ͨͪͦ͊ͤ͊ͯ͊͘͜͡͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͔ͨͪͦͭͯ͟ ͚ͦͤ͊ͤ͡ ͯͪͫͯ͟ ͙ͤ͊ͤͦͤ͊ͯ͟ ͒͡Ύ ͍;͙͔͍ͭ͜͡ 
͔͔ͫͪ͒ͤΈͦ͝ ͭ͊ ͍͙΅ͦ͝ ΄͙ͦ͟͡ ώмтΣ срϐΦ ̂ ͨͪͦͼ͔ͫ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͼΈ͎ͦͦ ͔ͨͪͦͭͯ͟ 
ͨͪͦͭΎ͎ͦͣ ͭ͊͜͡ нллс ͪ ͦͯ͟ мо ͯ;͙͍͊ͫͤ͟͜ ͍͒ͦ͋ͪͦ͜͡Έͤͦ ͔͊ͪ͘Ί͍͙ͫͭͪͯ͊ͫ͡Ύ ͒͡Ύ ͯ;͊ͫͭ͜ 
ͯ ͍ͦͫΈ͙͙͔͍ͣͭ͗ͤͦͣͯ ͯͪͫ͟͜ ͒͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͤ͊ͤ͘Έ ͘͜ ͙ͤ͊ͤͦͤ͊ͯ͟ ͭ͊ 
͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Σ ͊ ͭ͊ͦ͗͟ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͔͍ͪͫͯͪͫ͜ ͍͟͡Ό;͔ͤͤΎ 
͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͯ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ΄͙ͦ͟͡Φ ˻͍ͫͤͦͤͦΌ ͔ͣͭͦΌ ͼΈ͎ͦͦ ͯͪͫͯ͟Σ Ύ͟ 
͊ͤ͊͘͘;͊ΌͭΈ ͍ͤ͊ͯͦ͟ͼ͜Σ ͋ͯͦ͡ ͊ͦ͘ͻͦ;͔ͤͤΎ ͍;͙͔͍ͭ͜͡ ͍͟͡Ό;͙͊ͭ ͤ͊ͤͦͤ͊ͯͯ͟ ͚ 
͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͯ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎΣ ͦͫ͟͜͡Έ͙͟ ͎͍ͨ͒ͦͭͦ͊͜͟ ͎ͤ͊ͫͭͯͨͤͦͦ ͨͦͦͤͤ͟͜͡Ύ 
ͺ͊ͻ͍͜ͼ͍͜ ͯ ͫͺ͔ͪ͜ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ Ί ͍ͦͫͤͦͤͦΌ ͔ͨͪͦ͋ͣͦ͡Ό ͒͡Ύ ͨͦ͒͊͡Έ΄͎ͦͦ 
͎͔ͨͪͦͪͫͯ ͙ͤ͊ͤͦͤ͊ͯ͟ ώмуΣ рмϐΦ 

̂ ͔ͣ͗͊ͻ ͼΈ͎ͦͦ ͯͪͫͯ͟ ͋ͯͦ͡ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͔͋ͦ͘͟΄͍͔ͭͦͤ ͎͔ͨͪͦͪ͊ͣͤ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͫͨ͜͡Έ͎ͤͦͦ ͚ͦͤ͊ͤ͡-͔͔͍͙ͫͪ͒ͦ΅͊Σ Ύ͔͟ ͍͙͒ͦͦͦ͘͡͡ 
͍;͙͔ͭ͡Ύͣ ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͘ ͔͎͙ͦ͊ͣ͟͡ ͭ͊ ͍͙͙ͤ͊ͯͦͣ͟ ͔͍͙͙ͪͤ͊ͣ͟͜͟Φ ˽͔͔ͪ͒ 
ͨͦ;͊ͭͦͣ͟ ͯͪͫͯ͟ ͯ;͙͙͊ͫͤ͟ ͔ͨͪͦͭͯ͟ ͚ͨͪͦ΄͙͡ ͔͍͊ͤͭͯ͊ͤͤ͟Ύ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ 
͝ͻ ͤ͊ͤ͘Έ ͘ ͙ͤ͊ͤͦͤ͊ͯ͟ ͭ͊ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Φ ͔̋ͦͨͦͤ͒͊͜͟͡ ͍͍͙ͦ͒͊ͫ͡Ύ ͍ͤͦ͊ ͔ͭͣ͊Σ ͜ 
Ύ͟ ͭ͜͡Έ͙͟ ͍ͦͤ͊ ͋ͯ͊͡ ͚͔ͨͪͦ͒ͤ͊Σ ͍;͙͔ͭ͜͡ ͍ͤͦͯ͘ ͨͪͦͻ͙͙ͦ͒͡ ͔͍͊ͤͭͯ͊ͤͤ͟ΎΦ ˨͊ͤ͜ 
͔͍͊ͤͭͯ͊ͤͤ͟Ύ ͨͤ͘͜͜΄͔ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Ύ ͒͡Ύ ͦͼ͙ͤ͜͟ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭ͜ ͯͪͫͯ͟Φ ̂ 
ͤ͟͜ͼ͜ ͼ͜Ί͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͙ͨͪͦͪ͊ͣ ͍͙ͪͦͭͯ͘͟ ͍;͙͔ͭ͜͡ ͍͙͋ͯ͒ͯ͊͡ ͍͊ͫͤͯ͡ ͙͔ͫͫͭͣͯ 
͍ͯͪͦ͟͜ ͘͜ ͍͙͍;͔ͤͤΎ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Σ Ύͯ͟ ͋ ͍͙ͦͤ ͍͙͊ͨͪͦͨͦͤͯ͊͘͡ ͯ;ͤΎͣΦ ̇͜ ͙ͯͪͦ͟ 
ͨͦͭͣ͜ ͊ͤͦͤͣͤͦ͜ ͦͼͤ͜Ό͍͙͊ͫ͡Ύ ͤ͜΄͙ͣ ͯ;͙͙͊ͫͤ͊ͣ͟ ͔ͨͪͦͭͯ͟Φ 

̒͟ ͊ͤ͊͘͘;͊ΌͭΈ ͍͙͊ͭͦͪ ͫͭ͊ͭͭ͜Σ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͎ͭ͊ͦͦ͟ ͚ͦͤ͊ͤ͡-ͯͪͫͯ͟Σ ͯ ͨ͊ͤ͜͡ 
ͪͦͫͭ͊ͤͤ͘Ύ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͭ͊ ͎͍ͦͭͦͤͦͫͭ͜ ͍;͙͔͍ͭ͜͡-ͯ;͙͍͊ͫͤ͟͜ ͔ͨͪͦ͟-
ͭͯ ͒ͦ ͍͟͡Ό;͔ͤͤΎ ͔͔͔͍ͣͤͭ͜͡ ͍͙ͤ͊ͤͦͦͫͭ͜ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫΣ ͙͋ͯ͡ ͔͒ͯ͗ ͻͦͪͦ-
΄͙͙ͣΦ ̋ͦ ͫͭͦͫͯΊͭΈͫΎ ͙͔͙ͫͫͭͣ ͍ͯͪͦ͟͜ ͍͔͙ͫͭͦͪͤͻ ͯ;͙͔ͭ͡Ύ͙ͣΣ ͭͦ ͣͦ͗ͤ͊ ͍͙͙͒͜͡-
͙ͭ ͍͒͊ ͙ͪͤ͘͜ͻ ͨ͒͜ͻ͙ͦ͒Φ ˽͔ͪ΄͙͚ ͨ͒͜ͻ͒͜ ͔͔ͨͪ͒͋͊;͊Ί ͍͍͔͔͒ͤͤΎ ͍ͯͪͦ͟͜Σ ͍ͨͦΩΎ͙͊ͤ͘ͻ 
͘͜ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ ͯ ͪͤ͘͜͜ ͙ͪͦ͒͘͜͡ ͺ͙͙͘͜͟ ͍͍ͨͪͦ͒ͦ͗ ͪͦͯ͟Φ ˨͎͙͚ͪͯ ͨ͒͜ͻ͒͜ 
ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͋ͯ͒ͯͭΈ ͍͟͡Ό;͔ͤ͜ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨ͊ͤ͡ ͙ͦ͒ͤͣ 
͍͙ͨͦͤͣ ͪͦ͒ͦͣ͘͜͡Φ ˭͔ͪ΄ͭͦΌΣ ;͔͔ͪ͘ ͪ͜͟ ͯ;͙͍͊ͫͤ͟͜ ͯͪͫͯ͟ ͙͙͊ͨͭ͊͘͡Σ ;͙ ͍͙͙͊͒͊͟͡͡ 
͍͙ͦͤ ͍͔ͫͭͦͪͤͯ ͙͔ͫͫͭͣͯ ͍ͯͪͦ͟͜ ͘ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͍ͫͦͣ͝ ͯ;ͤΎͣΦ ˤ͙Ύ͍͙ͦͫ͡ΎΣ ΅ͦ ͘ 
мл ͍;͙͔͍ͭ͜͡Σ Ύ͟͜ ͍͎͙͒ͯͤͯͫ͜͟͡ΎΣ у ͍͟͡Ό;͙͙͡ ͙ͯͪͦ͟ ͘ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͯ ͍ͤ͊;͊͡Έͤ͜ 
͙ͨ͊ͤ͡Φ ˻͔ͭ͗Σ ͙ͣ ͋͊;͙ͣͦΣ ΅ͦ ͔ͤ ͍ͫ͜ ͫͯ͡ͻ͊;͜ ͚ͦͤ͊ͤ͡ ͍ͯͪͫ͟͜ ͍͙Ύ͍͙͙͡ ͎͍ͦͭͦͤͫͭ͜Έ 
͒ͦ ͍͍͔͔͒ͤͤΎ ͙ͤ͊ͤͦͤ͊ͯ͟ ͍ ͎͙ͨͪͦͪ͊ͣ ΄͟͜͡Φ ͔̇ ΅͔ ͪ͊͘ ͔ͨ͒ͪͫ͜͟͡ΌΊ ͭͪͯ͒ͤͦ΅͜ 
͔ͺ͔͙͍ͭͤͦ͟͝ ͔͎ͤͭͪ͊͜ͼ͜͝ ͍ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ώмуΣ 51]. 
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˱ͫͤͯΌͭΈ ͭ͊ͦ͗͟ ͤ͜΄͜ ͎͙ͨͪͦͪ͊ͣ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟Σ ͒ͦͫͭͯͨͤ͜ ͍ 
͙͚͒͊ͤ ;͊ͫ ͒͡Ύ ͍;͙͔͍ͭ͜͡Φ ˭͔ͦͪͣ͊͟Σ ˹͊ͼͦͤ͊͜͡Έ͙͚ͤ ͼ͔ͤͭͪ ͍ͤ͊;͊ͤͤΎ ͜ 
͍͙͊͒͊ͤͤ͟͡Ύ όNCLTύ ͎͍ͦͪ͊ͤͦͯ͘͜Ί ͎ͨͪͦͪ͊ͣͯ ͒͡Ύ ͎ͭͦͦΣ ΅ͦ͋ ͎͙͒ͦͨͦͣͦͭ 
͍;͙͔ͭ͡Ύͣ ͔͔ͫͪ͒ͤ͜ͻ ͍͊ͫ͟͜͡ ͔͎͍͙ͤͭͪͯ͊ͭ͜ ͤ͊ͤͦͤ͊ͯͯ͟ ͚ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͍ 
͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫΦ ˨͡Ύ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͭ͊ ͍ͤ͊;͊ͤͤΎ ͍;͙͔͍ͭ͜͡ ͯ 
ͼΈͦͣͯ ͍ͤͦͦͣͯ ͒͡Ύ ͙ͤͻ ͤ͊ͨͪΎͣ͜ ͍͙ͨͪͦͦ͒ͭΈͫΎ ͔͋͘͜͡; ͔͍ͫͣͤ͊ͪ͜͜ ͭ͊ ͔͟͡ͼ͚͙ͤ͜ͻ 
͍ͯͪͫ͟͜ ͯ ͙ͤ͘ͼ͜ ͍͔͙͔͍ͯͤͪͫͭͭ͜͜ ό͍͔͙͔̂ͤͪͫͭͭ͜ ˤͫͦͤͫͤ͜͟͜Σ ˴͔ͦͪͤ͡ΈͫΈ͙͚͟ 
͍͔͙͔ͯͤͪͫͭͭ͜ ͭ͊ ͤ͜ΦύΦ ˿͍ͭͦͪΌΌͭΈͫΎ ͙͒ͫͭ͊ͤͼ͚ͤ͜͜ ͎͙ͨͪͦͪ͊ͣ ͍͙ͨ͒͜΅͔ͤͤΎ 
͍͊͟͜͡ͺ͊͜͟ͼ͜͝Σ Ύ͟͜ ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͤ͊ ΄͟͜͡Έͤͯ ͜ ͒ͦ΄͟͜͡Έͤͯ ͍ͦͫͭͯ͜Σ ͊ ͭ͊ͦ͗͟ ͤ͊ 
͎ͨͪͦͨ͊͊ͤ͒ͯ ͔͚͒͜ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͒͡Ύ ͍ͫ͜ͻ ͍͔͍ͪͫͭ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ  

̂ ͔ͣ͗͊ͻ ˹͊ͼͦͤ͊͜͡Έͤͦ͝ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͤ͜͜ͼ͙͍͙͊ͭ͜ ͋ͯͦ͡ ͍͔ͫͭͦͪͤͦ 
͙͔ͫͫͭͣͯ ͍ͤ͊;͊ͤͤΎ ͍ ͼ͔ͤͭͪ͜ ˴͔ͦͪͤͫ͡͡Έ͎ͦͦ͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜Σ Ύ͊͟ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋ 
͎͍ͨ͒ͦͭͦͯ͜͟ ͍;͙͔͍ͭ͜͡ ͒͡Ύ ΄͟͜͡Έͤͦ͝ ͭ͊ ͒ͦ΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜Σ ͍͙͚ͫͭͯͨͤ ͯͪͫ͟ 
͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͒͡Ύ ͍ͤͦ͊;͍͟͜Σ ͍ͫͨͨͪ͊͜ͼΌ ͘ ͔͔͍ͨͪͫͯͤͦΌ ͍͙͍ͫͭ͊ͦ͟Ό ͘ 
͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ όͣͦ͒ͯ͡Έ͎ͤͦͦ ͙ͭͨͯύ ͍ ˹͍͊ͯͦͦͣͯ͟ ͼ͔ͤͭͪ͜ ͣΦ ˱ͭ͊͊͟Φ 
˥͍͊ͪ͊ͪ͒ͫΈ͙͚͟ ͍͔͙͔ͯͤͪͫͭͭ͜ ͨͪͦͨͦͤͯΊ ͍ͦͫͭͤ͜Ό ͎ͨͪͦͪ͊ͣͯ ζ˹͙͔͙͊ͤͦͫͫͭͣ ͭ͊ ͝ͻ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͙ͨͪ͊͒͊͡ͻη ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͯ;͍ͤ͜ ͜ 
͍͙͊͒͊͟͡;͍͜ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡Σ ͨͦͨͯ͡Ύ͙ͪ͊͘ͼ͜͝ ͒ͦͫΎ͎͔ͤͤΈ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ 
όͫͨ͜͡Έͤͦ ͘ ˸͔ͯ͘Ίͣ ͙ͤ͊ͯ͟ ͍ ˣͦͫͭͦͤ͜ύΦ ˾͔͔͔ͤͫͪͫ͡Έ͙͚͟ ͔ͨͦͭ͜͡ͻͤ͜;͙͚ͤ ͙ͤͫͭͭͯͭ͜ 
͍͙ͨͪͦͦ͒ͭΈ ͯ;͙͔ͭ͡Έͫ͟͜ ͎͙ͨͪͦͪ͊ͣ ͯ ͍ͫͨͨͪ͊͜ͼ͜ ͘ ˸͔ͯ͘Ίͣ ˨͗ͯͤͦͪ͜ ͍ ͣΦ ͚́ͪͦ 
ζ˿ͨͪΎ͍ͣͦ͊ͤ͊ ͋ͪ͊͘͜͟ ͤ͊ͤͦͫͭͪͯͭͯͪ͟η ώммΣ фпϐΦ  

˴ͪͣ͜ ͎ͭͦͦΣ ˹͊ͼͦͤ͊͜͡Έ͙͚ͤ ͼ͔ͤͭͪ ͍ͤ͊;͊ͤͤΎ ͜ ͍͙͊͒͊ͤͤ͟͡Ύ όNCLT) 
ͨͪͦͨͦͤͯΊ ͎ͨͪͦͪ͊ͣͯ ͒͡Ύ ͍;͙͔͍ͭ͜͡Σ Ύ͊͟ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘Υ ͭͤ͜͡Έͦ͝ ΄͙ͦ͟͡Σ ͔͒ 
͍;͙͔ͭ͜͡ ͍͍͒͒ͯ͜͜ΌͭΈ ͊ͤ͘ΎͭͭΎ ͘ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Τ ͔͙ͫͣͤ͊ͪ͜ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͍ 
ͦ͋͊ͫͭ͜͡ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Σ Ύ͟͜ ͍;͙͔ͭ͜͡ ΄͟͜͡ ͍͍͒͒ͯ͜͜ΌͭΈ ͨͪͦͭΎ͎ͦͣ ͍ͫΈ͎ͦͦ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͪͦͯ͟Τ ͪͦͪͦ͋͊͘͟ ͍ͯͪͦ͟͜Σ Ύ͟͜ ͍͟͡Ό;͊ΌͭΈ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝Φ 
˽͎ͪͦͪ͊ͣ͊ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͍͙ͨ͒͜΅͔ͤͤΎ ͪͦͯͣͤͤ͘͜Ύ ͍;͙͔ͭ͡Ύ͙ͣ ͙ͤ͊ͤͦͪͦͣͪͤ͘͜ͻ 
Ύ͍͙΅ ͜ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ ͤ͊ͤͦͪͦͣͪͤͦ͘͜Ό ͤ͊ͯͦ͟Ό ͭ͊ ͙ͭͪ͊͒ͼ͚͙͙ͤͣ͜ 
͙͒ͫͼ͙͙ͨͤ͊ͣ͜͡ ώмсΣ мсмϐΦ 

˴Φ ̆ ͊ͭ;ͤͫͦͤ͜ ͭ͊ ͤ͜Φ ͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ͺ͙͊ͭͦͪ͟Σ ΅ͦ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ 
͍͟͡Ό;͔ͤͤΎ ͍;͙͔ͭ͡Ύ͙ͣ ͍ͯͪͦ͟͜ ͘ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͒ͦ ͝ͻ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͊ͤͯ͡Φ ˭͊ 
͙͙͒͊ͤͣ ͼΈ͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͤ͊ ͍͙͋ͪ͜ ͯ;͙͔͍ͭ͜͡ ͍͙͍ͨ͊ͦ͡͡ ͨΩΎͭΈ ͍͙ͦͫͤͦͤͻ 
ͺ͍͊ͭͦͪ͟͜Υ ͊ͭͯ͊͟͡Έͤͫͭ͜ΈΣ ͙͍ͣͦͭ͊ͼ͜Ύ ͯ;͍ͤ͜Σ ͔͎ͤͤͯ;ͫͭ͟͜Έ ͍ͤ͊;͊͡Έͤͦ͝ ͎͙ͨͪͦͪ͊ͣΣ 
ͣͫͭ͘͜ ͤ͊ͤ͘Έ ͜ ͔ͭͻͤ͜;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎΦ ˹͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͚ͦͫͭ͊ͤͤ͜ ͨͯͤͭ͟ ͍ 
ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͔ͪ͊͜͡Ύͻ Ί ;͙ ͔ͤ ͚͍͙͍ͤ͊͊͗͜͡΄͙ͣΦ ˨͚ͫͤͦ͜Σ ͯ ͤ͊ͫ ͜Σ Ύ͟ ͍͙Ύ͍͙ͦ͡ 
͍͔͊͊ͤ͘͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍ͤ͊ͭ͜Έ ͯ ˿̊ˢ ͔ͣ͊ͭͪ͊͜͡Έͤͦ-͔ͭͻͤ͜;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
΄͟͜͡ Ί ͔ͤ͒ͦͫͭ͊ͭͤͣ͜Φ ˤ͒ͫͯͭͤͫͭ͜͜Έ ͚ͤ͊ͤͦ͊͋ͦͪ͊ͭͦͪ͜͡ ͔ͤ ͍͒ͦͦ͘͡ΎΊ ͍ͨͦͤͦΌ 
ͣͪͦ͜Ό ͚͙͙ͤ͊ͦͣͭ͘ ͯ;͍ͤ͜ ͘͜ ͤ͊ͤͦͦ͋ΩΊ͙ͭ͊ͣ͟ ͭ͊ ͝ͻ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣΣ ͘ ͺ͙͘͜;͙͙ͤͣ 
͙͙ͨͪ͊͒͊ͣ͡ ͚ ͍͙ͣͪ͜Ό͍͊͡Έ͙͙ͤͣ ͔͙ͤͫͭͪͯͣͤͭ͊ͣ͜Σ Ύ͟͜ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͍ 
͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͻ ͤ͊ͤͦ͊͋ͦͪ͊ͭͦͪ͜͡Ύͻ ͜ ͤ͊ ͍͙͙ͪͦ͋ͤͼ͍ͭ͜Φ  

˭ͤ͊;ͤ͊ ͍͎ͯ͊͊ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͍;͙͔͍ͭ͜͡ ΅ͦ͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͍ͦͫͤͦ 
͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͜ ͍ ˾ͦͫ͜͝Φ ̂ ͣ ͔͗͊ͻ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔ͨͪͦͭͯ͟ ζ˶͎͊͜ ΄͟͜͡ 
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˾˻˿˹ˢ˹˻η ͍͔ͫͭͦͪͤͦ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͘͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ 
͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͒͡Ύ ͔͎͎͍ͨ͒͊ͦ͜Φ ˽͍͙͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͍;͙͔͍ͭ͜͡ 
͎͍ͦͪ͊ͤͦ͊ͤͦ͘͜ ͨͦ ͤ͜͜͡Ύͻ ͙͙ͨ͒ͭͪͣ͜͟ ͍͙ͤͦͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͜ ͍͙ͤͦͻ 
͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˿͙͔ͫͭͣ͊ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜ ͍ͫͭͦͪΌΊ ͍͙ͯͣͦ ͒͡Ύ 
͍͙ͪͦͭͯ͘͟ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ͝ ͚ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤ͟ͼ͜͝ ͔͎͎͍ͨ͒͊ͦ͜ ;͔͔ͪ͘ 
ͯ;͊ͫͭΈ ͯ;͙͔͍ͭ͜͡ ͯ ͔͔͔͍͙ͣͪ͗ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͜ ͊͒͊ͨͭ͊ͼ͚͙ͤ͜ͻ 
͊͋ͦͪ͊ͭͦͪ͜͡ΎͻΦ ̂ ͔ͨͪͦ͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͨͪͦͭͯ͟ ͙͋ͯ͡ ͔ͪͦͪͦ͋ͤ͘͜͡ ͭ͊ ͔͍ͪ͊ͦ͊ͤ͘͜͜͡ 
͎͙ͨͪͦͪ͊ͣ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͯ ͙ͭ͊͟ͻ ͤ͊ͨͪΎͣ͊ͻΥ ͍ͤͦ͜ ͍ͦͫͭͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ 
ͪͦͪͦ͋͊͘͟ ͚ ͊͒͊ͨͭ͊ͼ͜Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͍ͨͦͫ͋ͤ͜͟͜ ͍͎ͤͦͦͦ ͨͦͦͤͤ͟͜͡ΎΣ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͜ ͔ͨͪͦͭͤ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͍ ͦ͋͊ͫͭ͜͡ ͙͍͍ͨͪͪͦ͒ͦͤ͊ͫͭ͊͘Σ ͔͔ͭͪͦͤͤ͊͟͡ 
΄ͦ͊͟͡Τ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍ͫͯͨͪͦ͒͜ ͯ;͍ͤ͜ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Σ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͦͫͭͦ͜ΌΦ ˾͔ͦͪͦ͋ͤͦ͘͡ ͦͤ͟ͼ͔ͨͼ͜Ό ͙͔ͫͫͭͣͤͦ-ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͜ 
͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ-ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͫͯͨͪͦͦ͒ͯΣ ͍͙͙ͨͪͦ͒ͤͣ͜ ͔͔͔͙ͣͤͭ͊ͣ͡ Ύ͎ͦͦ͟ ΊΥ 
͎͒ͦͨͦͣͦ͊ ͍ ͪͦͪͦ͋͘ͼ͜ ͭ͊ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎ͨͪͦͪ͊ͣ ͍͙ͪͦͭͯ͘͟Τ ͎͒ͦͨͦͣͦ͊ ͍ 
͍͔ͯͨͪͦ͊͒͗ͤͤ͜ ͍ͦͫͭͤ͜͜ͻΣ ͍ͤ͊;͊͡Έ͙ͤͻ ͭ͊ ͤ͜΄͙ͻ ͎ͨͪͦͪ͊ͣΤ ͍ͫͯͨͪͦ͒͜ ͒ͦͫ͒ͤͦ͜͡-
͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ώмнΣ слς62]. 

˽͔ͪͦͭ ͍ ̂ͪ͊ͤ͟͜͝Σ ͔ͤ ͙͍͒͡Ύ;͙ͫΈ ͤ͊ ͍͒ͦͣͯ͜ ˽͍ͦͫͭ͊ͤͦͯ ˴͔͊͋ͤͭͯ͜ ˸͍ͤͫͭͪ͜͜͜ 
͙̂ͪ͊ͤ͟͝ ͨͪͦ ͍͙ͪͦͭͦ͘͟ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Σ ͤ͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͫͤͯ͜Ί ͤ͊͘;͔ͤ 
͍͍͒ͫͭ͊͊ͤͤ͜Ύ ͔ͤ ͙͡΄͔ ͯ ͍͙ͨͯͫͯ͟ ͔ͦͤͯͪͤͭͦ͒͊ͭͤͦ͘͟͟͝ ͨͪͦ͒ͯ͟ͼ͜͝ ͍͎ͤͦͦͦ 
ͨͦͦͤͤ͟͜͡ΎΣ ͊ ͚ ͯ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͎͊ͯ͘͜͡ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Σ ͦͫͤ͊΅͔ͤͤ͜ 
ͫͯ;͙͊ͫͤͻ ͍͙ͤ͊ͯͦ͟ͻ ͚͊͋ͦͪ͊ͭͦͪ͜͡Σ ͪͦͪͦ͋͘ͼ͜ ͍͍͎͒ͨͦ͒ͤͦͦ͜͜ ͔͙ͣͭͦ͒;͎ͤͦͦ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒͡Ύ ΄͟͜͡ ͭ͊ ͍͙΄͍͜ [10, 51; 8, 7]. 

̂ͪ͊ͻ͍ͦͯΌ;͙ ͍͒ͦͫ͒͜ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͪ͊ͤ͟͝ ͜ ͊ͤ͊ͯ͘͜͡Ό;͙ ͯͪ͊ͤͫ͟͝Έ͟͜ ͔ͪ͊͜͡͝Σ 
͊ͤ͊͘͘;͙ͣͦΣ ΅ͦ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͔ͣͦ͒͜͡ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔ͭ͡Ύ ͒ͦ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͤ͊ͤ͘Έ ͨͪͦ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͊͘ ͍ͦͫͤͦͯ ͒ͦͼ͜͡Έͤͦ ͍͘Ύ͙ͭ 
͙͔ͫͫͭͣͯ ͔͔ͦͣͨͭͤͭͤͫͤͦ͟͜-ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͍͙ͦͫͭ͜Φ ̂ ͔ͣ͗͊ͻ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ 
ͨ͒͜ͻͦ͒ͯ ͎͍ͦͭͦͤͫͭ͜Έ ͒ͦ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ Ί ͍͙ͫ͊͒ͦͣ͟͡ ͔ͦͣͨͦͤͤͭͦͣ͟ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͜ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͍͔͒ͪ͜ͺ͔͍ͫͦ͊ͤͯ͟͡ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ 
ͯ;͙͔ͭ͡Ύ ͤ͊ ͔͎͎ͨ͒͊ͦ͜;ͤͯ ͨͪͦͺ͔ͫ͜Ό ώмΣ нтнϐΦ ̐Φ ʕ Φ ́ ͍ͭͦ͜ ͎ͪͦ͘͡Ύ͒͊Ί ͎͍ͦͭͦͤͫͭ͜Έ ͒ͦ 
͒͜Ύ͡Έͤͦͫͭ͜ Ύ͟ ͍ͫͦΊͪ͒ͤͯ͜ ͍ͦͫͭͤ͜Ό ͔͔ͦͣͨͭͤ͟ͼ͜ΌΣ ΅ͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ;͔͔ͪ͘ 
ͤ͊ͤͤ͘ ΎΣ ͯͣͤͤ͜ΎΣ ͍͙ͤ͊;͙͟ ͚ ͍͒ͦͫ͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͫͯ͋ΩΊͭ͊͟ ώмпΣ пнϐΦ 

˥͍ͦͭͦͤͫͭ͜Έ ͯ;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͤ͊ͤ͘Έ ͨͪͦ ͤ͊ͤͦ-
͔ͭͻ͎ͤͦͦ͜͡͝ ͙ͤ͊ͣ ͍͙ͤ͊͘;͔ͤͦ Ύ͟ ͙͔ͦͫͦ͋ͫͭͫͤ͜ ͍͔ͯͭͦͪͤͤΎ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͔͎͎ͨ͒͊ͦ͊Σ 
΅ͦ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋ ͫͯͯͨͤͫͭ͟͜Έ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔ͦͣͨͭͤ͟ͼ͚͜Σ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͤ͊ͤͦͺ͙͔ͦͭ͘͜͟ͻ͎ͤͦͦ͜͡;͙ͤͻ ͤ͊ͤ͘Έ ͜ ͙͙͍ͨͦͭͤͦ͘͝ ͙͍ͣͦͭ͊ͼ͜͝ ͤ͊ 
͚ͣ͊͋ͯͭͤΌ ͫͺ͔ͪͯ ͝ͻͤΈͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͎͊ͯ͘͜͡ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Φ 

˿͔͔ͪ͒ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔ͦͣͨͭͤ͟ͼ͚͜Σ ͤ͊͘;ͯ΅͙ͻ ͒͡Ύ 
͒͜Ύ͡Έͤͦͫͭ͜ ͔͎͎ͨ͒͊ͦ͊ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͤ͊ͤ͘Έ ͘ ͍ͦͫͤͦ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Σ ͙ͣ 
͍͙͒͜͡ΎΊͣͦ ͭ͊͟͜Υ 

- ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͤ͊ͤ͘Έ ͘ ͤ͊ͤͦͺ͙͙͘͜͟Σ ͙͍ͣͦͭ͊ͼ͜Ό ͒ͦ 
͝ͻ ͍͊ͫͦ͘ΊͤͤΎΣ ͨͪͦͺ͔͚ͫͤ͊͜ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͤ͊ ͚ͣ͊͋ͯͭͤΌ 
ͤ͊ͤͦͺ͙͔ͦͭ͘͜͟ͻ͎ͤͦͦ͜͡;ͤͯ ͫͺ͔ͪͯ ͒͜Ύ͡Έͤͦͫͭ͜Τ 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ6ȟ Ο 6(90) 

8 

- ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͚͎ͨͦͫͭͤͦͦ͜ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͪͦͫͭ͊ͤͤ͘ΎΣ ͙ͦͭͪͣ͊ͤͤΎ ͍͙ͤͦͻ 
ͤ͊ͤ͘Έ ͯ ͎͊ͯ͘͜͡ ͍ͦͫͤͦ ͤ͊ͤͦͤ͊ͯ͟ ͜ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Τ 

- ͒͊ͭͤͫͭ͘͜Έ ͚ͫ͊ͣͦͫͭͤͦ͜ ͚ ͔ͺ͔͙͍ͭͤͦ͟ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͍ͦͫͭͤ͜͜ ͔͙ͨͪͦ͋ͣ͡ 
͙ͨͪ ͍͙͍;͔ͤͤ͜ ͯ;ͤΎ͙ͣ ͍ͦͫͤͦ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Τ 

- ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ͒͡Ύ ͙ͪͦ͋ͦͭ ͘ 
͍͙͔ͫͦͦͭ͟ͻ͎ͤͦͦ͜͡;͙ͤͣ ͤ͊ͤͦͦ͋͊͒ͤ͊ͤͤ͡ΎͣΦ 

ˢͤ͊͘͜͡ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͚ ͔͙ͣͭͦ͒;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͭ͊ ͙ͤ͊ͦͨ͟;͔͎ͤͦͦ 
͍͒ͦͫ͒ͯ͜ ͙ͪͦͪͦ͋͘͟ ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎ͨͪͦͪ͊ͣ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͍;͙͔͍ͭ͜͡ 
͍͙͙͒ͦͦ͘͡͡ ͍͙ͤ͊͘;͙͙ͭ ͍ͦͫͤͦͤ͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͤ͟͜ͼ͔͍͎ͦͦ ͔ͪͯ͘͡Έͭ͊ͭͯ 
͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͙͘͜͟ ς ͼ͔ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔ͫͨͼ͊͜͡Έ͙ͤͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔ͦͣͨͭͤ͟ͼ͚͜Φ ˸͔͙ͭͦ͒;ͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍;͙͔͍ͭ͜͡ ͒ͦ 
͍ͤ͊;͊ͤͤΎ ͍ͦͫͤͦ͊ͣ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͍͊ͫͤͦͯ͘ΊͭΈͫΎ ͤ͊Υ  

- ͎ͯͣ͊ͤ͊͘͜ͼ͜͝ όͦͨͦͪ͊ ͤ͊ ͎͊͊͘͡Έͤͦ͡Ό͒ͫΈ͟͜ ͼͤͤͦͫͭ͜͜ύΤ  

- ͔͔ͤͭͭͯ͊͊͘͜͟͜͡͡ͼ͜͝ ό͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͚ ͍͙ͪͦͭͦ͘͟ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ-
͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔͎͎ͨ͒͊ͦ͊ ͍ Ί͒ͤͦͫͭ͜ ͘͜ ͍͊ͫͦ͘ΊͤͤΎͣ ͍͙ͤͦͻ 
ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͍ͫͨͦͫͦ͋͜ ͒͜Ύ͡Έͤͦͫͭ͜ύΤ  

- ͎͙ͯͣ͊ͤͭ͊ͪ͊͘͜ͼ͜͝ ό͍͔ͯͫͭ͊ͤͦͤͤ͡Ύ ͎͚͊ͪͣͦͤͤͦ͜͝ ͍͍͎͙ͪͤͦ͊͜ ͣ͗͜ 
͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;ͤͦΌ ͜ ͎ͯͣ͊ͤͭ͊ͪͤͦ͜Ό ͎͍ͨ͒ͦͭͦͦ͜͟ΌύΤ  

- ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦͫͭ͜ ͭ͊ ͔ͦͣͨͫͤͦͫͭ͟͟͜͡ ͍͙ͦͫͭ͜ όͪͦ͘΄͙͔ͪͤͤΎ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͣͦ͋͜͡Έͤͦͫͭ͜ ͔͎͎ͨ͒͊ͦ͊ύΦ 

ˤ ͍ͦͫͤͦͯ ͨͪͦͼ͔ͫͯ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͙͘͜͟ 
͒ͦ ͙ͪͦ͋ͦͭ ͍ ͫͺ͔ͪ͜ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͤͦ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͣ͊ΌͭΈ ͙͋ͯͭ ͔ͨͦ͊͒ͤ͟͜͡ 
͙ͨͪͤͼ͙͙ͨΥ ͔͔͔͍͋ͨͪͪͤͦͫͭ͘͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͍͙ͦͫͭ͜Σ ͤ͊ͫͭͯͨͤͦͫͭ͜Σ ͔ͨͦͭ͊ͨͤͦͫͭ͜Σ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͊͘͜͡ͼ͜͝ ͭ͊ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜͝Φ 

˭ͣͫͭ͜ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͙͘͜͟ ͒ͦ 
͍ͤ͊;͊ͤͤΎ ͍ͦͫͤͦ͊ͣ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͙ͫͨͪ͊ΊͭΈͫΎ ͤ͊ ͦ͋ͫΎ͎ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͜ 
͔͔͙ͨͪ͒ͣͭͤͻ ͤ͊ͤ͘ΈΣ ͔ͦͪͣ͟͜ ͍ͫ͊͒ͦ͟͜͡ Ύ͙͟ͻ ͍͙͎ͣ͊͊ΌͭΈ ͯͭͦ;͔ͤͤͤΎΦ ̂ ͎͊ͯ͘͜͡ 
ͤ͊ͤͦͺ͙͔ͦͭ͘͜͟ͻ͎ͤͦͦ͜͡;͙ͤͻ ͤ͊ͤ͘Έ ͼ͔ ͫͭͦͫͯΊͭΈͫΎ ͔͎ͭͪͣͤͦͦ͜͜͡͝Σ ΅ͦ 
͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͍ ͫͺ͔ͪ͜ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Σ ͔͒ ͟͡Ό;͍͙ͦͣ ͨͦͤΎͭͭΎͣ Ί ͔ͫ͊ͣ 
ζ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡ΎηΦ  

˨͡Ύ ͍͙ͨ͒͜΅͔ͤͤΎ ͨͪͦͺ͔ͫͦͤ͊ͣͯ͘͜͜͡ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͯ ͎͊ͯ͘͜͡ 
ͤ͊ͤͦͺ͙͔ͦͭ͘͜͟ͻ͎ͤͦͦ͜͡;͙ͤͻ ͤ͊ͤ͘Έ ͯ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ 
͍͔͙͔͍ͯͤͪͫͭͭ͜͜ ͒ͦͼ͜͡Έͤͦ ͍͟͡Ό;͙͙ͭΣ Ύ͟ ͣͤͣͯͣ͜͜Σ ͭ͊͟͜ ͙ͨͭ͊ͤͤΎΥ 

- ͨͦͤΎͭͭΎ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝Τ 

- ͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ύ ͤ͊ͤͦͦ͋ΩΊ͍ͭ͟͜Τ  

- ͪͦͣͪͤ͘͜͜ ͔ͺ͔͙ͭ͟ ͜ ͍͙͍͊ͫͭͦͫͭ͜͡ ͤ͊ͤͦͦ͋ΩΊ͍ͭ͟͜Τ 

- ͤ͊ͤͦ;͙͙͊ͫͭͤ͟Τ 

- ͻ͔͊ͪ͊ͭͪͤ͟͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͤ͊ͤͦͦ͋ΩΊ͍ͭ͟͜Τ 

- ͚͍ͤ͊ͦͣͫͭͦ͘ ͘ ͔͙ͣͭͦ͒͊ͣ ͙ͦͭͪͣ͊ͤͤΎ ͤ͊ͤͦͫͭͪͯͭͯͪ͟Φ 
˭ͣͫͭ͜ ͔͔͙ͭͦͪͭ;ͤͦ͝ ;͙͙͊ͫͭͤ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͍ ͫͭͪͯͭͯͪ͟͜ 

͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ ͎͊ͯ͘͜͡ ͤ͊ͤͦͺ͙͙͘͜͟ ͣ͊Ί ͍͟͡Ό;͙͊ͭΥ 
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- ͊ͭͦͣͤͯ ͍͋ͯ͒ͦͯ ͔ͪ;͍͙͙ͦͤΤ 

- ͔͔͔͙ͣͤͭ͡ ͍͍͊ͤͭͦͦ͟͝ ͺ͙͙͘͜͟Τ 

- ͺ͙͘͜;ͤ͜ ͙ͨͪͤͼ͙͙ͨ ͙͔ͫͤͭͯ͘ ͙ͤ͊ͤͦͪͦͣͪͤ͘͜ͻ ͦ͋ΩΊ͍ͭ͟͜Τ 

- ͙ͫͨͦͫͦ͋ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝ ͍ ͍ͤ͊ͤͦͫͭ͜͜Τ 

- ͔͙ͣͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͤ͊ͤͦͦ͋ΩΊ͍ͭ͟͜Τ 

- ͙ͨͪͤͼ͙͙ͨ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͙͍ͤ͊ͤͦͨͪͫͭͪͦ͝Τ 

- ͫͭͪͯͭͯͪͤ͟͜ ͍ͪͤ͜͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔ͪ;͍͙͙ͦͤΤ 

- ͪͤͦͣ͊ͤͭͤͫͭ͘͜͜͜Έ ͙͊ͦͭͪͦͨͤ͡ͻ ͺͦͪͣ ͍͎͔ͯ͡ͼΌΤ 

- ͔ͤ͊ͤͦ͋ͦͭ͜ͻ͎ͤͦͦ͜͡͝ ͔ͤ͊͒ͣͦͯ͟͡͡Ύ͎ͪͤͦͦ ͍ͪͤ͜Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙͍͙͗ͻ 
͙͔ͫͫͭͣΤ 

- ͨͦͤΎͭͭΎ ͨͪͦ ͔ͤ͊ͤͦ͋ͦͣͦͯ͜͟͡͡Ύͪͤͯ ͔͔ͭͪͦͤͯ͟͜͟͡Τ 

- ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͒ͦͫΎ͎͔ͤͤΈ ͔ͤ͊ͤͦ͋ͦͭ͜ͻ͎͚ͤͦͦ͜͡ ͯ ͔͙ͣ͒ͼ͙ͤ͜Τ 

- ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝ ͭ͊ ͔͎ͦͦ͟͜͡ΎΦ 
˻͙͍ͫͦ͋ͯ͡ ͍͎ͯ͊ͯ ͫ͒͜͡ ͙͙͙ͨͪ͒ͭ͜͡ ͙ͨͭ͊ͤͤΎͣ ͍͍͊ͤͭͦͦ͟͝ ͔ͣͻ͙͊ͤ͜͟ Ύ͟ ͍ͦͫͤͦ͜ 

͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Υ ͨͦͤΎͭͭΌ ͚͍ͣͦͪͤͦͫͭ͜͜Τ ͍͙ͣͦͪͤͫͤͣ͜͜͜ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜ΎͣΤ ͎͔ͨͦͭ͘͜͜ 
͒-͔ˣ͚ͪͦ͡ΎΤ ͻ͍͙͡Έ͍͙ͦͣ ͍͙͍͊ͫͭͦͫͭ͡Ύͣ ͔ͪ;͍͙͙ͦͤΤ ͍͙͍͊ͫͭͦͫͭ͡Ύͣ ͣͪͦ͜͟;͙͊ͫͭͤͦ͟Τ 
͙ͨͪͤͼ͙ͨͯ ͔͍͙ͤͤ͊͘;͔ͤͦͫͭ͜Τ ͍͍͊ͤͭͯ͊ͤͤ͟Ό ͔͔͎ͤͪ͜͝Τ ͙ͨͪͤͼ͙ͨͯ ͔͙ͫͯͨͪͨͦ͘ͼ͜͝Τ 
ͨͪͦͻ͔ͦ͒͗ͤͤΌ ;͙͊ͫͭͤͦ͟ ;͔͔ͪ͘ ͔ͨͦͭͤͼ͊͜͡Έ͙͚ͤ ͋͊ͪΩΊͪ ͭͦ΅ͦΦ 

˭ ͙ͭ͊͟ͻ ͙ͨͦ͘ͼ͚͜ ͦͼ͙ͤ͜͟ ͒ͦͫΎ͎͎ͤͯͭͦͦ ͍ͪͤ͜Ύ ͨͪͦͺ͔ͫͦͤ͊ͣͯ͘͜͜͡Σ Ύ͟ 
͎ͫͯͣ͊ͪͤͦͦ ͙ͨͦ͊ͤ͊͘͟͟ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ 
͔͔ͦͣͨͭͤ͟ͼ͚͜Σ ͙ͣ ͍͙͒͜͡ΎΊͣͦ ͭ͊͟͜ ͍ͫ͊͒ͦ͟͜͡ ͎͍ͦͭͦͤͦͫͭ͜ ͍;͙͔ͭ͡Ύ ͺ͙͙͘͜͟Υ 
͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;ͤͯΣ ͔͔ͨͪ͒ͣͭͤͦ-͍ͦͫͭͤ͜Ό ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͔ͭͻ͎ͤͦͦ͜͡;ͤͯΦ 

˹͍͊ͯͦͦ͟-͔ͭͻͤ͜;ͤ͊ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋Υ ͤ͊ͤͤ͘Ύ ͍ͦͫͤͦ ͤ͊ͤͦͺ͙͙͘͜͟Τ ΄͡Ύͻ͍͜ ͜ 
͍ͫͨͦͫͦ͋͜ ͔͎ͤͭͪ͊͜ͼ͜͝ ͔ͦͤͭͤͭͯ͟ ͍ ͎͊ͯ͘͜͡ ͍ͦͫͤͦ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝Τ ͍ͦͫͤͦͤ͜ ͒ͦͫΎ͎͔ͤͤ-
ͤΎΣ ΄͡Ύͻ͙ ͜ ͔͙ͨͪͦ͋ͣ͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͚ ͙ͦͭͪͣ͊ͤͤΎ ͔͍ͤ͊ͤͦͣ͊ͭͪ͊͜͜͡Σ ͤ͊ͤͦͨͪͦ-
͒ͯ͟ͼ͜͝Τ ͔͎ͦͦ͟͜͡;ͤ͜ ͔͙͊ͫͨͭ͟ ͍͙ͪͦͭͯ͘͟ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝Τ ͍ͦͦ͒ͤͤ͜͡Ύ ͔ͭͻͤͦ͜͟Ό ͜ 
͔͙ͣͭͦ͒ͦ͟Ό ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͙ͣͪ͜Ό͍͊͡Έ͙ͤͻ ͍͊ͫͦ͋͘͜ ͤ͊ ͍ͦͫͤͦ͜ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Φ 

˽͔͔ͪ͒ͣͭͤͦ-͍ͦͫͭͤ͜Ύ ͍ͫ͊͒ͦ͊͟͡ ͍͟͡Ό;͊Ί ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͍ͦͦͦ͒ͤͤ͜͡Ύ 
ͨͪͦͺ͔͚ͫͤͦ͜-͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ ͍ͣͤͤ͜Ύ͙ͣ ͚ ͍͙ͤ͊;͙͊ͣ͟Σ ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͒͡Ύ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͨͪͦͼ͔ͫͯ ͍͙͊͒͊ͤͤ͟͡Ύ ͍ͦͫͤͦ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡ ͜ ͤ͊ͤͦͤ͊ͯ͟Τ ͎͔ͨͪ͊ͤͤͤΎ 
͒ͦ ͍ͭͦͪ;ͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ ͎͍ͦͭͦͤͫͭ͜Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͒ͦͫ͒ͯ͜ 
͍;͙͔͍ͭ͜͡-͍͍ͤͦ͊ͭͦͪ͜ ΅ͦ͒ͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύͦͫͭ͟͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͘ ͍ͦͫͤͦ 
͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Σ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈΣ ͨͦ͒͊͡Έ΄ͦ͝ ͍͙ͦͫͭ͜ ͚ ͍͙ͫ͊ͣͦͦͫͭ͜Φ 

˨ͦ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͍ͫ͊͒ͦͦ͟͡͝ ͙ͣ ͍͙͒ͤͦͫͣͦ͜Υ ͍͜͡Έ͔ͤ 
͍ͦͦ͒ͤͤ͜͡Ύ ͍͙ͦͫͤͦ͊ͣ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͜ ͚͔͒ͫͤͤͤ͘͜Ύ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜ 
͍ͦͫͤͦ͊ͣ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Τ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͯ ͍͚ͫͦ͝ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ 
ͫͯ;͙͊ͫͤͻ ό͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͭ͊ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻύ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡Σ ͍͙ͣͪ͜Ό͍͊͡Έ͙ͤͻ ͔͙ͣͭͦ͒͟Σ ΅ͦ ͋͊ͯ͘ΌͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͍͊ͫͦ͋͘͜ ͔ͤ͊ͤͦͭͻ͎͚ͤͦͦ͜͡Φ 

˹͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͍͙ͪͦͭͦ͘͟ ͍͙ͤ͊ͤͦͦͫͭ͜ ͍ ͔͍͒ͪ͗͊͜ ͍͙͔ͨͦͤͤ 
ͪͦͨͦ͘;͙͙ͤ͊ͭͫΎ ͊͘ ͙͙ͨ͒ͭͪͣ͜͟ ͙ͦͦͪ͒ͤͯ͟Ό;ͦ͝ ͒͜͝ ͨͪͦͺ͜͡Έ͙ͤͻ ˤ˹˭ ͭ͊ ͝ͻ 
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SUMMARY 
Velychko S., Ivanij W., Moroz I., Tkachenko Y. Readiness of the future teacher of 

ǇƘȅǎƛŎǎ ǘƻ ŦƻǊƳƛƴƎ ǎǘǳŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ƴŀƴƻǘŜŎƘƴƻƭƻƎȅΦ 
The article reveals the specific methodological training of physics teachers to the 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎǘǳŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ƴŀƴƻǘŜŎƘƴƻƭƻƎȅ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ 
experience of foreign countries. In the article the category of readiness of the teacher of 
physics to fƻǊƳ ƴŀƴƻǇƘȅǎƛŎǎ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǎǘǳŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜ is determined as the personal 
formation of the future teacher that includes the totality of professional competence aimed 
ŀǘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŀƴƻǇƘȅǎƛŎǎ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǎǘǳŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǘƘŜƛǊ Ǉƻǎƛǘƛve 
motivation on the future scope of activity in the field of nanotechnology. 

From an assessment position of the achieved level of professionalism as an integrated 
indicator of formation of special professional competence the following components of the 
ǇƘȅǎƛŎǎ ǘŜŀŎƘŜǊΩǎ readiness to form nanotechnological studentsΩ knowledge are highlighted: 
scientific and technical, subject and educational, information and technological. Scientific 
and technical component includes the knowledge of nanophysics, ways and methods of 
integrating content in the field of nanotechnology, environmental aspects of development of 
nanotechnology. Subject and educational component includes the ability to master 
professional and pedagogical skills which are necessary for the implementation of the 
process of teaching nanotechnology, development of value attitude in teachers to the 
experience of the creative professional activities, readiness to use the experience of the 
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ŎǊŜŀǘƛǾŜ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎǘǳŘŜƴǘǎΩ Ǉƻǎƛtive motivation on the 
future scope of activity in the field of nanotechnology. Information and technological 
component includes the ability to master the basics of designing and implementing the 
learning process of students the basics of nanotechnology, using in their professional 
activities of Information Technologies, measuring methods based on the use of 
nanotechnology tools. 

The prospects for further research are seen in the search of the ways of including 
nanophysics technological knowledge in the courses of general and theoretical physics which 
are studied at the pedagogical universities in preparing future physics teachers to the 
activities in the field of learning the basics of nanosciences and nanotechnology. 

Key words: methodological training, knowledge of nanotechnology, nanoscience, 
professional competences, teacher of physics. 
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ˤ͙͍ͫͭ͜͡ΌΊͭΈͫΎ ͼ͍͙͚͊͜͟ ͔ͣ͊ͭͪ͊͜͡ ͘͜ ͍͒ͦͫ͒ͯ͜ ͙ͪͦ͋ͦͭΣ ͔ͦͪͣ͊͘͟Σ ͔̆ͪͫͦͤͫΈͦ͟͝ ͔͊͊͒ͣ͟͜͝ 
͔͔͔͍ͤͨͪͪͤͦ͝ ͍͙ͦͫͭ͜ ό͔͙ͭͣ͊ͭ͊͟ ͔ͫͨͼͯͪͫ͊͟Σ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͍ͦͫͭͤ͜͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡Σ ͣͫͭ͘͜ ͜ ͺ͙ͦͪͣ ͙ͪͦ͋ͦͭ ͍ ͍͙͚ͣ͗ͯͪͫͦ͜͟ ͔ͨͪͦ͒͜Σ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͍;͙͔͍ͭ͜͡ ͘͜ ͊ͤ͊͘͘;͔ͤͦ͝ ͔͙ͨͪͦ͋ͣ͡Φ ˭͔ͪͦ͋ͤͦ͡ ͍͙͍͙ͫͤͦ͟ ͭ͊ 
ͦ͟ ͔͔ͪͫͤͦ͡ ͔͔͙͍͙ͨͪͫͨͭ͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͙͙͍͔ͨͦͭͤ͘ ͙͔ͣͫͤͤ͡ΎΣ ͍͙ͪͦͭͦ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ 
͍;͙͔͍ͭ͜͡Σ ͙͔ͫͫͭͣ͊ ͨ͒ͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ ͍͙ͦͫͭ͜Σ ̒-˴ͦͤͼ͔ͨͼ͜ΎΣ ͯͫͨ͜΄ͤ͊ ͙ͦͫͦ͋ͫͭͫͭ͜ΈΣ 
͔͙͊ͫͨͭ͟ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡ΎΣ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ͜ ͔ͨͦͦ͗ͤͤ͡ΎΣ ͙ͨͪ͊ͭ͟;ͤ͜ 
ͨ͒͜ͻ͙ͦ͒Σ ͪͦͣ͊ͭͭ͘͝Ύ ͍͙͍͒͜ ͪͦ͋ͭ͜Σ ͫͨ͜͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͘͜ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ 
͙͔ͣͫͤͤ͡Ύ ͔͎͎͍ͨ͒͊ͦ͜Σ ͯ;͍ͤ͜Σ ͋͊ͭΈ͍͟͜Σ ͎ͪͦͣ͊͒ͫΈͦͫͭ͟͜Φ  

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ̂ ͔ͨͪͦ͒͜ ͙͒ͤ͊ͣ͜;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͎ͦ͋͊͊͘͜͡͡ͼ͜͝Σ 
͔͎ͤͭͪ͊͜ͼ͜͝Σ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜͝ ͫͯͫͨ͜͡Έ͎ͤͦͦ ͙͗ͭͭΎΣ ͊ ͍ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͔ͤ͊ͨͪͯ͗ͤͦͫͭ͜ 
͔͍͙ͫͭͪͫͦͻ ͭ͊ ͔ͤͪ͒ͦ͜͟ ͚ ͙͍͙ͪͦ͘͟ͻ ͙ͫͭͯ͊ͼ͚͜ ͡Ό͙͒ͤ͜ ΅͔ ͍ ͋͜͡Έ΄͚͜ ͣͪ͜͜ 
͔ͤͦ͋ͻ͒ͤͦ͜ ͙͋ͯͭ ͍͒ͦͪͦͦ͘ΌΣ ͯͫͨ͜΄ͤͦΌ ͭ͊ ͒͊ͭͤͦ͘Ό ͔͔͊͋ͨ͘͘;͍͙ͯ͊ͭ ΅͙͍͔͊ͫ͡ 
͋ͯͭͭΎΦ ˾ͤ͘͜͜ ;͙͙͙ͤͤ͟ ͼΈͦͣͯ ͙ͫͨͪΎΌͭΈΥ ͎͔ͤͦͺͦͤ͒Σ ͤ͊ͤͤ͘Ύ ͔͔ͫ͋Σ ͔͎͙͍ͤ͊ͨͦ͊͡͡ 
ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤ͊ ͨͪ͊ͼΎ ͤ͊͒ ͫͦ͋ͦΌΣ ͍͔ͣ͜͡ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͫͦ͋ͦΌΣ ͙ͨͪͪͦ͒ͦΌΣ 
͙͙ͪͤͣ͘͜ ͔͎͊ͭͦͪ͟͜Ύ͙ͣ ͡Ό͒ͫΈ͎ͦͦ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͍ͭͦͪ;͊ ͨͪͦͺ͔͚ͫͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜Έ 
ͭͦ΅ͦΦ ˻͍͔ͫͤͦͦͨͦͦ͗ͤ͡ ͤ͊͘;͔ͤͤΎ ͙ͨͪ ͼΈͦͣͯ ͣ͊Ί ͙͙͍͔ͨͦͭͤ͘ ͙͔ͣͫͤͤ͡ΎΦ ˢ͔͒͗ 
͙͔ͣͫͤͤ͡Ύ ͤ͊ͪͦ͒͗ͯΊ ͍ͫͦ͊͡Σ ͍ͫͦ͊͡ ͙͍ͨͪͦ͒ΎͭΈ ͒ͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͚͒͜ ͘͜ ͔ͣͭͦΌ 
͍͔͊͒ͦͦͤͤ͘͡Ύ ͔ͨͦͭͪ͋Σ ͋͊͗͊ͤΈΣ ͔͔͍ͤͭͪͫ͜͜Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ̂;͔͙͙ͤͣ ͪͦͪͦ͋͘͡Ύ͙ͫ͡Ύ ͪͤ͘͜͜ ͔͙͊ͫͨͭ͟ 
͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡ΎΥ ͙͙͍͔ͨͦͭͤ͘ ͙͔ͣͫͤͤ͡Ύ ς ͍͙͍͙͚͊͗͡ ͊ͫ͋͘͜ 
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͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙͗ͭͭΊ͍ͭͦͪ;ͦͫͭ͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΄͡Ύͻ͙ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͙͍͎ͨͦͭͤͦͦ͘ 
͙͔ͣͫͤͤ͡ΎΣ ͨͦ͒ͦ͊ͤͤ͡Ύ ͔ͫͭͪͫͯ ͍ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ όˤΦ ̅ Φ ˴ ͊ͦ͡΄͙ͤύΣ 
͔͎͎ͨ͒͊ͦ͊͜͟ ͯͫͨ͜ͻͯ ͭ͊ ͙ͦͨͭͣͣͯ͘͜ όˤΦ ̅ Φ ˴ ͊ͦ͡΄͙ͤΣ ˹Φ ʕ Φ ʕ ͔͡Έ͍͔͋ͦͼΈύΣ 
͙ͨͫͻ͎ͦͦ͜͡Ύ ͫ͊ͣͦͨͤ͊ͤͤ͘͜ΎΣ ͊͋ͦ Ύ͟ ͚͙ͤ͊ͭ ͺͦͪͣͯͯ͡ ͙͗ͭͭΎ ό˽Φ s ͔ͪͭͣΩΎΊ͍ύΣ 
͍ͦͫͤͦͤ͜ ͙ͨͪͤͼ͙͙ͨ ͍͎ͤ͊ͯͦͦͦ͟ ͪͦͯͣͯ͘ όˣ͔͚ͫ͡ύΣ ͍͙ͪͦͭͦ͘͟ ̒-ͦͤ͟ͼ͔ͨͼ͜͝ ͜ 
͍͙ͻ͍ͦ͊ͤͤΎ ό˾Φ x ͔ͪͤͫύΣ ͒ͦͫΎ͎͔ͤͤͤΎ ͯͫͨ͜ͻͯ ͍ ͙͗ͭͭ͜ όˤΦ ̅ Φ x ͔ͪͤ͋͜͟͜͡ΈύΣ ͙ͨͭ͊ͤͤΎ 
΅͊ͫͭΎ ͊͘ ͍͙͊ͫͤͣ͡ ͋͊͗͊ͤͤΎͣ ό˻Φ ʕ Φ ˴ ͍ͯͪͨ͊ͭͦύΣ ͨͪͦ ͍͔͍͔ͨͤсͤͫͭ͜Έ ͯ ͫͦ͋͜ 
ό˨Φ ˨ ͗Φ ˶ ͔͋ͪͣ͊ͤ͜ύΦ ˾͍͙ͦͭͦ͘͟ ͙͙͍ͨͦͭͤͦ͘͝ ̒-ͦͤ͟ͼ͔ͨͼ͜͝ ͙͙͙͒ͭͤ ό˿Φ ʕ Φ x ͔͜͡ͼΈ͊͟ύΣ 
ͫͼ͔͚ͤ͊ͪ͜ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͫͭͯ͒͜͝ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ 
ό˿Φ ˱ Φ ˥ ͍͙͊ͪ΄ύΣ ͔ͭͻ͎ͤͦͦ͜͡͝ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ 
ό˶Φ ˹ ͔͊͊ͪͤͦ͘͟ύΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͯ;ͤΎΥ ͪͦ͋ͦͭ͊ ͘ 
͍͙͙͙ͭ͊͊ͤͦͭͣ͡ ͜ ͍ͭͦͪ;ͦ ͍͙͙ͦ͋͒͊ͪͦ͊ͤͣ ͒ͭ͜Έ͙ͣ ό̐Φ ˨ ͙ͯͪͼΈ͊͟ύ ͭ͊ ͤ͜Φ 

̇͜͜͡ ͫͭ͊ͭͭ͜Υ ͊ύ ͔͙͙ͨ͒ͪͫͭ͜͟͡ ͪͦ͡Έ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͤ͊ 
ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͫͯͫͨ͜͡Έ͎ͤͦͦ ͙͗ͭͭΎΤ ͋ύ ͙͙ͪͦͪͭ͘͟ ͔͔͙ͭͦͪͭ;ͤ͜ 
͙͊ͫ͊͒͘ ͭ͊ ͙ͨͪ͊ͭ͟;ͤ͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡ΎΤ 
͍ύ ͍ ͙͍͙͙ͫͭͭ͜͡ ͙͍ͣͦ͗ͦͫͭ͜͡ ͚ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ 
͍;͙͔͍ͭ͜͡ ͯ ͙͔ͫͫͭͣ͜ ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ ͍͙ͦͫͭ͜Τ ͎ύ ͚͙͙ͦͤ͊ͦͣͭ͘ ͘ ͍͍͙͒ͨͦ͒ͤͣ͜͜ 
͍͒ͦͫ͒ͦͣ͜ ͙ͪͦ͋ͦͭΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˸͙͔ͫͤͤ͡ΎΣ ͊͘ ͍͙ͫͦͤͦͣ͟͡Σ ς ͼ͔ ͍͙΅͙͚ 
ͫͭͯͨͤ͜Έ ͡Ό͒ͫΈ͎ͦͦ͟ ͨͤ͊ͤͤ͘͜ΎΣ ͨͪͦͼ͔ͫͯ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͦ͋ΩΊ͙͍ͭͤͦ͟͝ ͚͒ͫͤͦͫͭ͜͜Φ 
˨͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͙ͦ͒ͪ͗͊ͭ ͤ͊ͤͤ͘Ύ ͨͪͦ ͭ͊͟͜ ͦ͋ΩΊ͙ͭ͟Σ ͍͙͍͊ͫͭͦͫͭ͜͡ ͚ 
͍͒ͤͦ͜΄͔ͤͤΎ ͔ͪ͊͡Έ͎ͤͦͦ ͍ͫͭͯ͜Σ Ύ͟͜ ͔ͤ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͙͚ͫͨͪͤΎͭ͜ 
ͤ͊ ;ͯͭͭΊ͍ͦͣͯ ͍ͪͤ͜͜ ͨͤ͊ͤͤ͘͜ΎΦ ˸͙͔ͫͤͤ͡Ύ ͡Ό͙͙͒ͤ ͣ͊Ί ͫͯͫͨ͜͡Έͤͦ-͙ͫͭͦͪ͜;ͤͯ 
͙ͨͪͪͦ͒ͯΣ ͔͙͍ͤͪͦͪͤͦ͘ ͍ͨͦΩΎ͊ͤͯ͘ ͘ ͙ͨͪ͊ͭ͟;ͤͦΌ ͒͜Ύ͡Έͤͫͭ͜ΌΦ ͙̅ͦͪͣ ͜ ͙͊ͦͤ͘͟ 
͙͔ͣͫͤͤ͡Ύ ͍͙͍;͊ΌͭΈͫΎ ͎ͦͦ͜͟͡ΌΣ ͔ͣͻ͙͊ͤͣ͘͜ ͚͎ͦͦ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ς ͙ͨͫͻ͎ͦͦ͜͡ΊΌ 
͜ ͔͚ͤͪͦͺ͎ͦͦ͘͜͜͜͡ΊΌΦ ˴͔͔͙͋ͪͤͭ͊͜͟ ͊ͤ͊ͯ͘͜͡Ί ͙͔ͣͫͤͤ͡Ύ ͯ ͍͘ΩΎͯ͘͟ ͘ ͍͊͒͊ͤͤ͘Ύ͙ͣ 
͔ͭͻͤ͜;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͔͒Ύ͙͟ͻ ͙͔ͣͫͤͤ͡Ί͍͙ͻ ͔ͦͨͪ͊ͼ͚͜Φ  

˽͙͙͍͔ͦͭͤ͘ ͙͔ͣͫͤͤ͡Ύ ͊͘ ͍ͫͦΊΌ ͫͯͭͤͫͭ͜Ό ς ͼ͔ ͍ͪ͊͜ ͍ ͯͫͨ͜ͻΦ ˤͦͤͦ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͍͔ͫͭ͊ͤͤ͡Ύ ͡Ό͙͙͒ͤ ͒ͦ ͍ͫͦ͝ͻ ͔ͨͪͦ͋ͣ͡ ͜ ͔ͨͪͦ͋ͣ͡ ͡Ό͍͒ͫͭ͊Σ ͊ 
ͭ͊ͦ͗͟ ͫ ͙ͨͪΎΊ ͝ͻ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ό ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙͍͙ͦͤͫͭͪͯͭͤ͟͟ͻ ͚͒͜Φ  

͔́ͪͣͤ͜ ζ͙͙͍͔ͨͦͭͤ͘ ͙͔ͣͫͤͤ͡ΎηΣ Ύ͟ ͊ͤ͊͘͘;͊ΌͭΈ ͺ͊ͻ͍͜ͼ͜Σ ͍͚ͯ͜΄͍ͦ ͯ 
͍͙͚ͤ͊ͯͦ͟ ͎ͦ͋͜ ͨͫ͜͡Ύ ͍͙ͻͦ͒ͯ ͯ ͍ͫͭ͜ ͙͎͙ͤ͟ ͔͙͊ͣͪ͊ͤͫ͟Έ͎ͦͦ͟ ͍͙ͨͪͦͨͦ͒ͤ͊͜͟ 
˹ͦͪͣ͊ͤ͊ ˽͊͜͡ ζ˿͙͊͡ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύη όмфрн ͪΦύΦ 

ˤ͙͍͔͊͗͡ ͤ͊͘;͔ͤͤΎ ͣ͊Ί ͍͙͒ͪͭͭ͜͟Ύ ͍ ͙ͨͫͻ͎ͦͦ͜͡͝ ζ̒-ͦͤ͟ͼ͔ͨͼ͜͝ηΣ ͭͦ͋ͭͦ 
ͦ͋ͪ͊ͯ͘ ͍͎ͫͦͦ ̒Σ ͙ͦͫͦ͋ͫͭͦ͝ ͙͒ͯͣ͟ ͨͪͦ ͔͔ͫ͋Σ ΅ͦ ͺͦͪͣͯΊͭΈͫΎΣ ͊͘ ͍͔͔ͭͪ͒͗ͤͤΎͣ 
͔ͫͨͼ͍͊ͫͭ͜͜͜͡Σ ͨ͒͜ ͍͙͍ͨͦͣ͡ ͙͎ͣͤͯͦͦ͡ ͍͒ͦͫ͒ͯ͜Σ ͤ͊΄͙ͻ ͯͫͨ͜ͻ͍͜ ͭ͊ ͔͍ͤ͒͊;Σ 
͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͤ͊ͫ ͡Ό͔͚͒Σ ͙͍ͦͫͦ͋ͦ͡ ͍ ͙͒ͭΎ;͜ ͙ͪͦ͟Σ ͍͊ͫͤͦ͡͝ ͍ͦͤ͘͜΄ͤͦͫͭ͜. 

ζ -̒ͦͤ͟ͼ͔ͨͼ͜Ύη ͍͋ͯ͊Ί ͙͙͍ͨͦͭͤͦ͘Ό ό͙͙͍͔ͨͦͭͤ͘ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͔͔ͫ͋Σ 
͍͎ͫ͊ͣͦͨͦ͊͊Σ ͍͒͜;ͯͭͭΎ ͍͊ͫͤͦ͡͝ ͼͤͤͦͫͭ͜͜Σ ͍ͪ͊͜ ͍ ͍ͫͦ͝ ͙͙ͫ͡Σ ͯͫͨ͜ͻΣ ͙ͦͨͭͣͣ͘͜ύ ͜ 
͔͎͙͍ͤ͊ͭͤͦΌ ό͔͎͙͍͔ͤ͊ͭͤ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͔͔ͫ͋Σ ͍͒͜;ͯͭͭΎ ͍͊ͫͤͦ͡͝ 
͔͍ͤͨͦͤͦͼͤͤͦͫͭ͜͜Σ ͔͙ͨͫͣͣ͘͜ύΦ ˨͍͔͔ͦ͒ͤͦΣ ΅ͦ ζ̒-ͦͤ͟ͼ͔ͨͼ͜Ύη ͔ͣͦ͗ 
ͣͤ͘͜Ό͍͙͊ͭͫΎΣ ΅ͦ ͍͙͍͊͗ͦ͡ ͒͡Ύ ͙ͣͤ͘͜ ͔͔ͫ͋ ͜ ͍͎ͫͦͦ ͙͗ͭͭΎ ͍ ͼͦͣͯ͜͡ ͤ͊ ͪ͊͟΅͔Φ 
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˻͔ͭ͗Σ ζ̒-ͦͤ͟ͼ͔ͨͼ͜Ύη ς ͼ͔ ͙ͦ͒ͤ ͘͜ ͍͙ͦͫͤͦͤͻ ;͙͙͍ͤͤ͟͜ ͍͙ͪͦͭͯ͘͟ ͙ͨͦ͘-
͙͍͎ͭͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͡Ό͙͙͒ͤ Ύ͟ ͊ͫͦ͋ͯ͘ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͒ͦͪͦ͘ΩΎΣ ͯͫͨ͜ͻͯΣ ΅͊ͫͭΎΦ 

˿͙͔͍ͫͭͣͦͯͭͦͪΌ͍͊͡Έͤͯ ͪͦ͡Έ ͯ ͍͙͍ͪͦͭͦ͘͟͜ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ 
͍͎͒ͪ͊͜͜Ί ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͔͔͙ͭͦͪͭ;͙ͤͻ ͚͎ͦͦ ͍ͦͫͤͦΦ ˹͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ 
ͫ͊͒͊͟͡ΊͭΈͫΎ ͙͔ͫͫͭͣ͊ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡ΎΣ ͔͔͙ͭͦͪͭ;ͤ͜ ͙͊ͫ͊͒͘ 
Ύͦ͟͝ ͍ͫͭ͊ͤͦ͡ΎͭΈ ͺͦͫͦ͜͡ͺͫΈ͟͜Σ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͚ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͔ͨͦͦ͗ͤͤ͡ΎΦ  

˴ͦͤͼ͔ͨͭͯ͊͡Έ͙͙ͤͣ ͯ ͺͦͫͦ͜͡ͺ͜͝ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ Ί ͍͔͔ͭͪ͒͗ͤͤΎ 
ͨͪͦ ͔ͭΣ ΅ͦΥ ͊ύ ͡Ό͙͒ͤ͊ ͍ͦͦ͒͜͡Ί ͔͔͙͙͋ͣ͗ͤͣ͘ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣΣ ͒Ύͯ͟Ό;͙ Ύ͙ͣ͟ 
͔ͣͦ͗ ͒ͦͫΎ͎͙͊ͭ ͎͋͊͊ͭͦ ;͎ͦͦ ͜ ͍ ͼ͔ ͔ͭͪ͋͊ ͍͙͙ͪͭ͜Τ ͋ύ ͦ͗ͤ͊͟ ͡Ό͙͒ͤ͊ ς 
͔ͨͦͭͤͼ͊͜͡Έ͙͚ͤ ͎͔͚ͤ͜Σ ͼ͔ ͫ͒͜͡ ͙ͤ͊ͭ͘ ͨͪͦ ͔͔ͫ͋ ͜ ͍͙͍͙ͤ͊͊ͭ͘ ͼ͔ ͍ ͤ͜΄͙ͻΤ ͍ύ ͔ͯͫ 
͔͙͊͗ͭ͘͡Έ ͍͒͜ ͡Ό͙͙͒ͤΣ ͭͦͣͯ ͍͔ͫ ͍ͦͤ͊ ͣ͊Ί ͙͙ͪͦ͋ͭ͘ ͫ͊ͣ͊Τ ͎ύ ͔ͨͪ΄ ͤ͗͜ 
ͣͤ͘͜Ό͍͙͊ͭ ΅ͦͫΈΣ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙͙ͣͤͭ͘͜ ͔͔ͫ͋Τ ͒ύ ͒ͯͣ͊͟ ͔ͣ͊ͭͪ͊͜͡Έͤ͊ όΎ͟ 
͙͙ͣͫͣͦ͡Σ ͭ͊͟ ͜ ͙͍͔͗ͣͦύΤ ͔ύ ͔ͯͫ ͪ͊͟΅͔ ͙ͭͪͣ͊ΊͭΈͫΎ ͤ͊ ͋͊͒Έ͚ͦͪ͜ ͙͍͊ͭͤͦͫͭ͟͜Τ Ίύ 
͙ͨͦͣ͊͟͡ ͍ ͙͗ͭͭΊ͍ͭͦͪ;ͦͫͭ͜ ͡Ό͙͙͒ͤ ;͙ ͍ͤ͊ͭ͜Έ ͙ͪ͊͘͟ ς ͼ͔ ͔ͤ ͊ͭ͊ͫͭͪͦ͟ͺ͊Σ ͊ 
͙͡΄͔ ΄͊ͤͫ ͙͙ͣͤͭ͘͜ ͍͔ͫ ͤ͊ ͪ͊͟΅͔Φ ́͊͊͟ ͺͦͫͦ͜͡ͺ͜Ύ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ 
͎͒ͦͨͦͣ͊͊Ί ͔͎͡΄͔ ͍͙͊͒͊ͨͭͯ͊ͭͫΎ ͒ͦ ͙ͪͤ͘͜ͻ ͙ͫͭͯ͊ͼ͚͜Σ ͒ͦͫΎ͎͙͊ͭ ͙͋͊͗͊ͤͻ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͫͦΊ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͚ ͍͙ͨͦ͋ͯ͒ͯ͊ͭ ΅͙͍͔͊ͫ͡ ͙͗ͭͭΎΦ 

˹͙͊ͪ͗ͤͣ͜ ͔͔͊ͣͤͣ͟ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͙͋͊͘ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ 
͙͔ͣͫͤͤ͡Ύ Ί ͍͘ΩΎͦ͘͟ ͍ͫ͒ͦͣͦͫͭ͜͜ ͚ ͍ͨ͒ͫ͒ͦͣͦͫͭ͜͜͜Σ Ύͯ͟ ͫ͒͜͡ ͎͍͙ͨͪͦͪ͊ͣͯ͊ͭ 
͙͙͍͙͙ͨͦͭͤͣ͘ ͙͒ͯͣ͊ͣ͟Σ ͍͙ͫͦ͊ͣ͡Σ ͨͦ;ͯͭͭΎ͙ͣ ͭ͊ ͔ͣͦͼ͜Ύ͙ͣΦ ͔̇ ͙ͫͨͪΎΊ 
ͺ͍ͦͪͣͯ͊ͤͤΌ ͍ͤͦͦ͝Σ ͙͙͍ͨͦͭͤͦ͘͝ ζ̒-ͦͤ͟ͼ͔ͨͼ͜͝ηΦ ̂ ͼΈͦͣͯ ͨͪͦͼ͔ͫ͜ ͔ͺ͔͙͍ͭͤͦ͟Ό 
͍͋ͯ͊Ί ͎ͤ͊ͦͪͦ͒͊ ͔͔ͫ͋ Ύͦ͟ΌͫΈ ͪ͊͒ͫͭ͜Ό ͊͘ ͍͙ͦͤ͊ͤͤ͟Ύ ζ͍ͤͦͦ͝ ͪͦ͜͡ηΣ ΅ͦ ͔͋ͯ͒ 
͚ͤ͊͒ͤͦ͜Ό ͙͍ͣͦͭ͊ͼ͜ΊΌ ͙͙͍ͨͦͭͤͦ͘ ͣͤ͘͜Ό͍͙͊ͭ ͔͔ͫ͋ ͜ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯΦ 

˽͔͎͎͒͊ͦ͜;ͤͯ ͍ͦͫͤͦͯ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͍ͫͭ͊ͤͦ͡ΎͭΈ 
͍͍͒ͨͦ͒ͤ͜͜͜ ͨ͒͜ͻ͙ͦ͒Σ ͙ͨͪͤͼ͙͙ͨΣ ͔͙ͣͭͦ͒ ͜ ͙͚͙ͨͪͦͣ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͙͊ͫͦ͋͘Σ ͍͙͙͒ ͚ 
ͺ͙ͦͪͣ ͙ͪͦ͋ͦͭΣ ͔ͭͻ͎ͤͦͦ͜͡͝Φ  

˻͍͙͙ͫͤͦͦͨͦͦ͗ͤͣ͡ ͍͍͊͗͊ΌͭΈͫΎ ͙ͨͪͤͼ͙͙ͨ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ 
͙͔ͣͫͤͤ͡ΎΣ ͊ ͔ͫ͊ͣΥ ͙ͨͪͤͼ͙ͨ ͡Ό͍͋ͦ͜Τ ͙ͨͪͤͼ͙ͨ ͪͦͯͣͤͤ͘͜Ύ ͔͔͋ͣ͗ͤͦͫͭ͘͜ ͍ͫͭͯ͜Σ 
Ύ͎ͦͦ͟ ͍͙ͫͭ͊;͙ͭΈ ͤ͊ ͍ͫ͜ͻΤ ͦ͗ͤ͊͟ ͡Ό͙͒ͤ͊ ͒͊ͭͤ͊͘ ͍͙͙ͭͦͪͭ ͔͔ͫ͋ ͜ ͍ͫͦΌ ΅͙͍͊ͫͯ͡ 
͒ͦ͡ΌΤ ͍ͤ͊;͙͙ͭͫΎ ͡Ό͙͙͋ͭ ͍ͫͭ͜ ͜ ͔͔ͫ͋ ͎ͫ͊ͣͦͦ ͍ ͼΈͦͣͯ ͍ͫͭ͜͜Σ ͍͒ͤͦ͜΄͔ͤͤΎ ͍ͫͭͯ͜ 
͒ͦ ͡Ό͙͙͒ͤ ͔͙͊͗ͭ͘͡Έ ͜ ͍͒͜ ͍͒ͤͦ͜΄͔ͤͤΎ ͡Ό͙͙͒ͤ ͒ͦ ͍ͫͭͯ͜Τ ͍ͫͭ͜ ͍͔͙͍͙͚ͫͨͪ͊͒͡Τ 
͙ͫͭͯ͊ͼ͜ΎΣ ͯ Ύ͚͟͜ ͔͔͍ͨͪ͋ͯ͊Ί ͡Ό͙͒ͤ͊ ς ͼ͔ ͔ͪͯ͘͡Έͭ͊ͭ ͝͝ ͙ͯͫ͘͡ΈΤ ͍ͫͭ͜ ͎͙͚͒ͤ͜ 
͙͍͊ͣͯ͊ͤͤ͘͡ΎΤ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͜Ύ ͭ͜͡Έ͙͟ ͤ͊ ͙͙͍͙ͨͦͭͤ͘ͻ ͔ͣͦͣͤͭ͊ͻΦ  

˿͔͔ͪ͒ ͔͍ͣͭͦ͒͜ ͜ ͙͚͍ͨͪͦͣ͜ ͔ͺ͔͙͍͙͙ͭͤͣ͟ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ 
͙͔ͣͫͤͤ͡Ύ Ί ͔ͣͭͦ͒ ͪ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͔ͣͭͦ͒ ͙ͣͤ͘͜ ͙ͫͭ͡Ό ͨͦΎ͔ͫͤͤͤΎ 
͔͍ͤ͒͊;Σ ͙͚͙ͨͪͦͣ ͙͙͍͎ͨͦͭͤͦͦ͘ ͍ͤ͊͜Ό͍͊ͤͤΎΣ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ 
͎͙͊ͦͪͭͣ͊͘͜͡ͼ͜Ύ ͚͒͜Σ ͙ͫͨͦͫͦ͋ ͔͔ͨͪͦͤ͊ͤͤ͟Ύ ͔͔ͫ͋ ͭͦ΅ͦΦ 

ˣ͎͙͊͊ͭͣ ͪͦͣ͊ͭͭ͘͝Ύͣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈͫΎ ͙ͨͪ͊ͭ͟;ͤ͜ ͨ͒͜ͻ͙ͦ͒ ς 
͍͙ͫ͊ͣͦͻ͍ͦ͊ͤͤΎΣ ͔ͫͨͼ͊͜͡Έͤ͜ ͊ͤ͘ΎͭͭΎΣ ͔ͫͨͼ͙ͯͪͫ͟Σ ͙͙ͨͪ͊ͭͯͣ͟͟ ͊͘ 
͔ͪͦͪͦ͋ͤͦ͘͡Ό ͎ͨͪͦͪ͊ͣͦΌΣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͭ͊ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ 
Ύ͔͚ͦͫͭ͟Σ ͙͔ͦͫͣͫͤͤ͡Ύ ͙ͣͯ͒ͪͻ ͒ͯͣͦ͟ ͍͙͙͒͊ͭͤͻ ͡Ό͔͚͒Σ ͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͪͦ͋ͦͭ͊Σ 
ͪͦͪͦ͋͊͘͟ ͔͍ͨͪͦͭ͟͜Σ ͦ͋ͣͤ͜ ͍͒ͦͫ͒ͦͣ͜ ͭͦ΅ͦΦ 
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˱ͫͤͯΌͭΈ ͔ͪͦͪͦ͋ͤ͘͜͡ ͎͙ͨͪͦͪ͊ͣ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ 
ͨͪͦͺ͔͍ͫͦͤ͊͜͜͡ ͙ͪͤ͘͜ͻ ͨͪͦͺ͍͜͜͡Σ ͯ;͍ͤ͜Σ ͍͊ͭͦͪͫΈ͟͜ ͙ͯͪͫ͟Σ ͯ ͔͍͙͒ͪ͗͊ͤͻ 
ͫͭͪͯͭͯͪ͊͟ͻ ͔͒Ύ͙͟ͻ ͯͫͨ͜΄͙ͤͻ ͪ͊ͤ͟͝ όˤ͔͔͔ͤͫͯ͊͡ύ Ί ˸͔͍ͤͫͭͪͫͭ͊͜͜ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͡Ό͙͙͒ͤΦ ˴ͪͣ͜ ͼΈ͎ͦͦΣ ;͙ͭ͊ΌͭΈͫΎ ͔ͫͨͼ͙ͯͪͫ͟Σ 
͎ͦͪ͊ͤͯ͘͜ΌͭΈͫΎ ͙͙ͨͪ͊ͭͯͣ͟͟Σ ͔͎͙ͭͪͤͤ͜Σ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;ͤ͜ ͦͤ͟ͺ͔͔ͪͤͼ͜͝Σ 
͔͙ͫͣͤ͊ͪ͜Σ ͎ͪͯ͟͜͡ ͙ͫͭͦ͡ ͭͦ΅ͦΦ 

˻͙͍ͫͦ͋͊͡ ͍͎ͯ͊͊ ͍͙ͪ͜΄͔ͤͤΌ ͼ͜Ί͝ ͔͙ͨͪͦ͋ͣ͡ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͍ 
͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΣ ͔͒ ͍ͨͪͦͦ͒ΎͭΈͫΎ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͜ 
͙͒ͦͫͭΈ ΄͙͔ͪͦ͟ ͦͦ͟͡ ͍͙͍͒͜ ͙ͪͦ͋ͦͭΣ ͔ͭͻ͎͚ͤͦͦ͜͡ ͘͜ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ 
͙͔ͣͫͤͤ͡Ύ ͔͎͎͍ͨ͒͊ͦ͜ ͜ ͯ;͍ͤ͜Σ ͔͍ͫͭͯ͒ͤͭ͜Σ ͫͯ͡ͻ͊;͍͜Φ 

ˣ͎͍͊ͦͭͦͪͤͦ͡Ό ͍ͯͣͦͦΌ ͒͡Ύ ͼΈ͎ͦͦ Ί ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͍;͙͔͍ͭ͜͡ ͯ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͊͊͒͊͘͟͡ͻ ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ ͍͙ͦͫͭ͜Σ ͔͒ Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͎͙͙͙ͨͦ͋ͭ͡ ͍ͫͦ͝ 
͔͔͙ͭͦͪͭ;ͤ͜ ͤ͊ͤͤ͘ΎΣ ͔ͦͪͣ͊͘͟Σ ͘ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͔͎͎͍ͨ͒͊ͦ͜ ͜ 
΄ͦ͟͡Ύ͍ͪ͜Σ ͦ͋ͣͤ͜Ύ͙ͭͫΎ ͍͒ͦͫ͒ͦͣ͜Σ ͔͔͔ͦͫͪ͒͗ͤͦ͘ ͨͦͨͪ͊ͼΌ͍͙͊ͭ ͚ͫ͊ͣͦͫͭͤͦ͜Φ 

́͊͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͯ ͔̆ͪͫͦͤͫΈ͚͟͜ ͔͊͊͒ͣ͟͜͝ ͔͔͔͍ͤͨͪͪͤͦ͝ ͍͙ͦͫͭ͜ ;͙ͭ͊ΊͭΈͫΎ 
͔ͫͨͼͯͪͫ͟ ζ˻͍͙ͫͤͦ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͯ;͙͔͍ͭ͜͡ ͜ ͯ;͍ͤ͜ηΦ ̂ 
͔͟͡ͼ͚͚ͤ͜͜ ;͙͊ͫͭͤ͜ ͙͍ͪͦͪ͊͘͟ΌͭΈͫΎ ͙ͨͭ͊ͤͤΎ ͔͙ͣͭΣ ͍͊͒͊ͤ͘ΈΣ ͍͎ͦͫͤͦͤͦͦ ͣͫͭͯ͘͜Σ 
͍͙͍͒͜ ͜ ͺͦͪͣ ͙ͪͦ͋ͦͭ ͘ ͯ;͙͔ͭ͡Ύ͙ͣ ͭ͊ ͯ;ͤΎ͙ͣΣ ͻ͔͊ͪ͊ͭͪͯ͟ ͍͊͘͜͟͜͡Φ ˹͔ͪ͒ͦ͜͟ 
͔͟͡ͼ͜͝ ͍͋ͯ͊ΌͭΈ ͙͙͋ͤ͊ͪͤͣ͜ ό͘͜ ΄͟͜͡Έ͙͙ͤͣ ͙ͨͪ͊ͭ͟;͙͙ͤͣ ͙ͨͫͻ͎͙ͦͦ͊ͣ͡ύΣ ͯ Ύ͙͟ͻ 
͔͋ͪͯͭΈ ͙͍͊ͭͤͯ͟ ͯ;͊ͫͭΈ ͜ ͫͯ͡ͻ͊;͜-ͯ;͙͔ͭ͜͡Σ ͔͙͙ͨͪͦ͋ͣͤͣ͡ ό͘ ͔ͦͣͤͭ͊ͪ͟Ύ͙ͣ 
ͯ;͔͙ͤͻ-͙ͨͫͻ͎͍ͦͦ͜͡ύΦ ̋ͦ͒ͦ ͣͫͭͯ͘͜Σ ͭͦ ͔͔ͨͪ͒͋͊;͊ΊͭΈͫΎΣ ͙ͨͪͣͪͦͣ͜Σ ͭ͊͊͟ 
͔͙ͭͣ͊ͭ͊͟Υ ͫͯͭͤͫͭ͜Έ ͜ ͤ͊͘;͔ͤͤΎ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡ΎΣ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙ͪͦͭͯ͘͟ 
͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͔͎͎͍ͨ͒͊ͦ͜ ͭ͊ ͯ;͍ͤ͜Τ ͦͪͦͭ͊͟͟ ͫͭͦͪ͜͜Ύ ͔ͪͦͪͦ͋ͤͤ͘͡Ύ 
͊ͤ͊͘͘;͔ͤͦ͝ ͔͙ͨͪͦ͋ͣ͡Σ ͍͔ͤͫͦ͟ ͍͙͙͒͊ͭͤͻ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͭ͊ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͯ;͔͙ͤͻΤ 
͔͔͙ͭͦͪͭ;ͤ͜ ͙͊ͫ͊͒͘ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡ΎΤ ͍͙͙ͭͦ͟ ͔͎͙͍͎ͤ͊ͭͤͦͦ 
͙͔ͣͫͤͤ͡ΎΣ ΄͡Ύͻ͙ ͚͎ͦͦ ͔͔͔ͨͦͨͪ͒͗ͤͤΎ ͚ ͨͦ͒ͦ͊ͤͤ͡ΎΤ ͙͙͍͔ͨͦͭͤ͘ ͙͔ͣͫͤͤ͡Ύ ς 
͊ͨͦͪͯ͊͘͟ ͍͒ͦͪͦ͘ΩΎΣ ͯͫͨ͜ͻͯ ͭ͊ ΅͊ͫͭΎΤ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ 
͙͔ͣͫͤͤ͡ΎΤ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͯ;͍ͤ͜ ό͋͜͡Έ΄͔ ͍͎͙ͯ͊ 
͍͔͙ͪͭ͊ͭ͘ ͤ͊ ͨͦͭͯ͗ͤ͜ ͔ͨͦͭͤͼ͚ͤ͜͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͡Ό͙͙͒ͤΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ̒-
ͦͤ͟ͼ͔ͨͼ͜͝Σ ͪͦ͡Έ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͯ ͣ͘͜ͼ͔ͤͤͤ͜ ͍͒ͦͪͦ͘ΩΎ ͭ͊ 
͙͍͒ͦͭͪͣͯ͊ͤͤΎ ͪͦͯͣͤͦ͘͝ ͍͔͙ͨͦ͒ͤ͜͟ ͍ ͙ͪͤ͘͜ͻ ͙͗ͭͭΊ͍͙ͻ ͙ͫͭͯ͊ͼ͜ΎͻΣ ͙ͪͦͪͭͭ͘͟Ύ 
͍͙ͫ͊͒ͦ͟͡ͻ ͯͫͨ͜ͻ͍͜ ͯ ͍ͤ͊;͊ͤͤ͜ ͭ͊ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
ͪͦ͋ͦͭ͊ ͘ ͋͊ͭΈ͙͊ͣ͟Σ ΅ͦ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͯ ͺͦͪͣ͜ ͔͍ͭͦͪ͟͜͡͝Σ ͦͤͫͯ͟͡Έͭ͊ͼ͚͜Σ 
͍͙͍ͫͭͯͨ͜ ͤ͊ ͋͊ͭΈ͍ͫ͟͜Έ͙͟ͻ ͋ͦͪ͊͘ͻΣ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͔͋ͫ͒͜ ͭͦ΅ͦΦ  

͍̇͊ͦ͜͟ ͨͪͦͻͦ͒ΎͭΈ ͙ͨͪ͊ͭ͟;ͤ͜ ͊ͤ͘ΎͭͭΎΦ ˽ͦ͒ͦ͋͊ΊͭΈͫΎ ͫͯ͡ͻ͊;͊ͣ ͎ͦ͡Ύ͒ 
͔ͫͨͼ͊͜͡Έͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ό͊͘ ͯ;͊ͫͭΌ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͔͋͋ͦͭ͜͜͟͡ύΤ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ 
͊ͤ͘ΎͭΈΣ ͤ͊ Ύ͙͟ͻ ͭͯͣ͊͡;͊ͭΈͫΎ ͣͯ͒ͪ͜ ͙͒ͯͣ͟ ͍͙͙͒͊ͭͤͻ ͡Ό͔͚͒ ͨͪͦ ͔͔͍͎ͨͪ͊ͯ 
͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡ΎΤ ͙ͨͪ͊ͭ͟;ͤ͜ ͙ͨͦͪ͊͒ ΅ͦ͒ͦ ͍͙ͪͦͭͯ͘͟ ͔͙ͦͤͪͭͤ͟͟ͻ 
͔͍͊ͫͨͭ͟͜ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ό͙͒ͦ͊ͭ͡ ͔͎͙͍͔ͤ͊ͭͤ ͙͔ͣͫͤͤ͡ΎΣ ͍͙ͫ͒ͯ͊ͭ͜͟͡ ͊͘ 
͍͙ͫͦͣ͝ ͙͒ͯͣ͊ͣ͟ ͜ ͍͙ͫͦ͊ͣ͡Σ ͒͜Ύ͙ͭΣ ͊ ͔ͤ ͔͔͙͍͙ͨͪ͗͊ͭΣ ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͔͔͍ͨͪ͊͗ͤͦ 
͘ ͡Ό͒Έ͙ͣ ͘ ͙͍͙ͨͦͤͣ͘ ͙͔ͣͫͤͤ͡ΎͣΣ ;͊ͫͭ͜΄͔ ͨͦͫͣ͜ͻ͙͊ͭͫΎΣ ͍͙ͫͨ͊ͭ͜Σ ͫͯ͡ͻ͙͊ͭ 
͙ͣͯͯ͘͟Σ ͙͋ͯͭ ͍͔͔͙ͫͣ͡ ͜ ͔͙͒ͦͭͨͤͣ ͭͦ΅ͦύΤ ͔͎͙ͭͪͤͤ͜Σ ͫ͊͗ͣͦ͟͜Σ ͙͙͍͎ͨͦͭͤͦͦ͘ 
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͍ͤ͊͜Ό͍͊ͤͤΎΣ ͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎ ͔͍ͦͣͨͣͤͭ͟͜͜͡ ό͝ͻ ͍͙͙ͪͤͦ͒͘͜Σ ͙ͫͨͦͫͦ͋ 
͚͔͒ͫͤͤͤ͘͜Ύύ ͜ ͨͦͻ͍͙͊͡Τ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͜ ͔͙ͫͣͤ͊ͪ͜Σ ͙͍ͨͪͫΎ;͔ͤ͜ ͎ͪͦ͘͡Ύ͒ͯ 
͔͔͙͍͎ͨͪͫͨͭͤͦͦ͟ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͘ ͍͙ͪ͜΄͔ͤͤΎ ͼ͜Ί͝ ͔͙ͨͪͦ͋ͣ͡Τ 
͍͍͍͒͒ͯ͊ͤͤ͜͜Ύ ͭ͊ ͊ͤ͊͘͜͡ ͍ͯͪͦ͟͜ ͜ ͙ͨͦ͊͊ͫͤ͘͟͡ͻ ͊ͤ͘ΎͭΈ ͨ͒͜ ͍͍͙͒ͨͦ͒ͤͣ͜͜ ͯͭͦͣ͟ 
ͦͪͯ͘Τ ͍͊͘Ί͔ͣͤ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͍͙͙͊ͫͤͣ͡ ͨͦͪͭͺͦͦ͜͡ ͔͍ͣ͊ͭͪ͊͜͜͡Σ ͒ͦͼ͜͡Έ͙ͤͻ 
͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͍͙ͻ͍͔͍ͦ͊ͭ͜͡ ͜ ͍͙ͻ͍ͦ͊ͤͼ͍͜ ͭͦ΅ͦΦ ˽͙ͪ 
ͼΈͦͣͯ ͍ͭͦͪ;ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͔ͫͨͼ͊͜͡Έͤ͊ ͔ͭͪ͊ͭͯͪ͊͜͡ ό˴͊ͦ͡΄͙ͤ ˤΦ ̅ Φ 
˽͙͙͍͔ͦͭͤ͘ ͙͔ͣͫͤͤ͡ΎΥ ΅͊ͫͭΎΣ ͍͒ͦͪͦ͘ΩΎΣ ͯͫͨ͜ͻ κ ˤΦ ̅ Φ ˴ ͊ͦ͡΄͙ͤΦ ς ͍̆͊ͪ͟͜Σ нллу 
Τ ˤ͚͊ͤͼ͍͎͊ ˽Φ ˨͔ͫΎͭΈ ͍͔͔͚͊ͨͦ͒͘ ͍ͭͦͪ;͔͚ͦ͟ ͙͡;͙ͤͦͫͭ κ ˽Φ ʕ ͚͊ͤͼ͍͎͊Φ ς ˸ΦΣ 
мффн Τ ˤ͙͙ͭͪ͊͗ ͙ͣͯ͒ͪͦͫͭ κ ͍͊ͭͦͪ-ͫͦͫͭΦ ˸Φ ʕ Φ ˴ ͦͪͦ͡ΈΦ ς ˸͙ͤͫ͟Σ мффм ͭ͊ ͤ͜ΦύΣ 
ͫͯ;͊ͫͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ό͔͔ͨͪͤͭ͊͘ͼ͜͝Σ ͍͔ͫͭͦͪͤͤΎ ͚͍ͫ͊ͭ͜Σ ͎͍͋ͦ͜͡Σ ͔ͪ͊ͣͤ͟͜͡ ͙͙ͪͦ͟͡ύΦ 
ˬ͍͍͊ͦ ͚ ͊͘ͼ͍͔͊ͤͦ͜͟͡ ͎͍ͦ͋ͦͦͪΌΌͭΈͫΎ ͍ͦͫͤͦͤ͜ ͍͙ͯͫͭ͊ͤͦ͟ ͍;͙͔ͭ͡Ύ ͎͎ͯͣ͊ͤͤͦͦ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍͎͒ͦͣͦͦ͜ ͍;͔͎ͤͦͦ-͔͎͎ͨ͒͊ͦ͊ ͎ͯͣ͊ͤͫͭ͊͜ 
̊Φ ˻ Φ s ͣͦͤ͊΄͍͜͜͡Σ Ύ͟͜ ͍͙͔͊͒ͤͦ͟͡ ͊͘ ͙͙ͭ͊ͣ͟ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣΥ  

мΦ ˭͙͊ͦͤ͟ ͍;͙͔ͭ͡ΎΥ ͙ͪͦͯͣͭ͘͜ ͙͙͒ͭͤͯΣ ͡Ό͙͙͋ͭ ͙͙͒ͭͤͯΣ ͍͊ͨͦͤ͘Ό͍͙͊ͭͫΎ 
͙ͦͨͭͣͣͦͣ͘͜ ͒ͦ ͙͙͙͒ͭͤΦ 

нΦ ˴͔͍ͪͤ͜͜ ͙ͨͪͤͼ͙͙ͨ ͍;͙͔ͭ͡ΎΥ ͦ͡Ό͒ͤΌ͍͊ͤͤΎ ͔͔͍͙ͫͪ͒ͦ΅͊ ͍ͤ͊ͦͦ͟͡ 
͙͙͙͒ͭͤΣ ͍͎ͨͦ͊͊ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͙͙͙͒ͭͤΣ ͔ͭͪͨͤͤ͜Ύ ͯ ͍͔ͫͭ͊ͤͦͤͤ͜͡ ͙͙͙͒ͭͤΦ 

оΦ ˭͍͊ͨͦ͒͜͜ ͍;͙͔ͭ͡ΎΥ ͍͙͙ͪͭ͜ ͍ ͔͔͋ͣ͗ͤͫͭ͘͜Έ ͙͙͙͒ͭͤΣ ͍͙͙ͪͭ͜ ͯ ͍ͫͦ͝ 
͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͒͋ͤͦͫͭ͘͜͜Σ ͍͙͙ͪͭ͜ ͍ ͙ͫͯ͡ ͎͎ͯͣ͊ͤͤͦͦ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͙͙͙͒ͭͤΦ 

пΦ ˻͙ͨͦͪ ͍ ͙͙͒ͭͤ͜Υ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͍͙ͪͦͭͯ͘͟Σ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ 
͒ͦͪͦͫ͜͡΄͊ͤͤΎΣ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͍ͦ͜͡Φ 

рΦ ˻͙ͫͦ͋ͫͭͫͤ͜͜ Ύͦͫͭ͟͜ ͍;͙͔ͭ͡ΎΥ ͒ͦ͋ͪͦͭ͊Σ ͍͍͔͒ͪͭͫͭ͜͜Έ ͜ ΅͙ͪͫͭ͜ΈΣ ͍͒͒͊ͤͫͭ͜͜ΈΦ 
̂;͙͔ͭ͜͡ ͍͒ͤ͊͘͜;͊ΌͭΈΣ ΅ͦ ͔͗ͦ͒ͤ ͘͜ ͼ͙ͻ ͤ͊ͨͪΎ͍ͣ͜ ͔ͤ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ 

͒ͦͫͭ͊ͭͤΈͦΌ ͣͪ͜͜Φ ̂ ͚ͭͦ ;͊ͫΣ Ύ͟ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟Ύ ͼ͙͙ͣ ͍͙ͯͫͭ͊ͤͦ͊ͣ͟ ͣ͊ΌͭΈ ͯͫ͜ 
͒ͦͪͦͫ͜͡ ό͋͊ͭΈ͙͟Σ ͍;͙͔ͭ͜͡Σ ͎ͪͦͣ͊͒ͫΈͫͭ͟͜ΈύΣ ͊ ͔ͤ ͙͡΄͔ ͍ ΄ͦ͟͜͡Φ  

̂ ͍͙͚ͣ͗ͯͪͫͦ͜͟ ͔ͨͪͦ͒͜ ͯ;͙͔ͭ͜͡-͙ͯͪͫ͊ͤͭ͟ ͨͪ͊ͼΌΌͭΈ ͤ͊͒ ͔͙ͨͪͦͭ͊ͣ͟ 
ό͔ͤͪ͒ͦ͜͟ ͔͙͍ͦͭͤͦ͟͟͡ύΦ ˲ͻ ͭͯͪ͋ͯΌͭΈ ͔͙ͭͣ ζ̒ͦͫͭ͟͜ ͙͙͍ͨͦͭͤͦ͘ ͙ͣͫ͡Ύ;͎ͦͦ 
͔͎͎ͨ͒͊ͦ͊ηΣ ζ͔͙́ͫͭ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͙͍ͦͨͭͣͫͭ͜͜ ͜ ͔͙͍ͨͫͣͫͭ͜͜ηΣ ζ̂ͫͨ͜ͻ͙ ͘ 
͎͒ͦͨͦͣͦͦΌ ͙͙͍͎ͨͦͭͤͦͦ͘ ͍͙͚ͫͭͦͫͨͪͤ͜ΎͭͭΎη ͭ͊ ͤ͜Φ  

˾͍͙ͦͭͦ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͍;͙͔ͭ͜͡ ͍ͨͪͦ͒ͦ͗ͯΌͭΈ ͯ ͪͦ͋ͦͭ͜ ͘ 
ͯ;ͤΎ͙ͣΦ ˤ͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͎͔͙͍͙͚ͨͪͦͪͫͤ ͍͒ͦͫ͒͜Σ ͍ͫͭͦͪΌΌͭΈ ͍ͫͦ͝ ͔͙ͨͪͦͭ͟Σ 
͍͊ͭͦͪͫΈ͟͜ ͎͙ͨͪͦͪ͊ͣΣ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯͫͨ͜΄ͤͦ͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ͯ;ͤΎΣ Ύ͙͚͟ ͍͙͊͗͒͘ ͦͪ͜ΊͤͭͯΊͭΈͫΎ ͤ͊ ͯͫͨ͜ͻΣ ͔ͨͪͦͭͯ͟Ί ͍ ͫͦ͋͜ 
͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡ΎΣ ͍͙ͫ͊ͣͦͦͫͭ͜Σ ͊͒ͯͣͯ͘ΊͭΈͫΎ ͤ͊͒ ͙͙ͪͤͣ͘͜ 
ͨͪͦͺ͜͡Ύ͙ͣ ͍͎͊ͫͤͦͦ͡ ̒ ό̒-͡Ό͙͒ͤ͊Σ ̒-;͔ͤ͡ ͫͣ͜Ω͝Σ ̒-͍͙ͻ͍͔ͦ͊ͤͼΈ ͍ͫͦΊ͝ ΄͙ͦ͟͡Σ 

-͔̒ͣ΄͔͊ͤ͟ͼΈ ͎ͪ͒ͤͦͦ͜ ͪ͊͟ΌΣ ̒-͎ͪͦͣ͊͒Ύ͙ͤͤ ͙̂ͪ͊ͤ͟͝Σ ̒-͙͔͗ͭ͡ Έ ͔͙ͨ͊ͤͭ͡ύΦ 
̂;͙͔ͭ͡Έ ͨ͊ͤͯ͡Ί ͚ ͔ͪ͊ͯ͘͜͡Ί ͫͯ;͊ͫͤ͜ ͍ͤ͊ͯͦ͟͜ ͨ͒͜ͻ͙ͦ͒ ς ͙͔͙͚ͫͫͭͣͤΣ 

͙͔͎͔͙ͫͤͪͭ;͙͚ͤΣ ͎͊ͫͦͦ͟͜͜͡;͙͚ͤΣ ͙͙͚ͦͫͦ͋ͫͭͫͤ͜Σ ͒͜Ύ͡Έ͙͚ͤͫͤ͜Σ ͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜Φ 
˾͊ͦͣ͘ ͘͜ ͯ;ͤΎ͙ͣ ͔͎͎͙ͨ͒͊ͦ ͍͙ͤ͊͘;͊ΌͭΈ ͔͙ͭ͊ͨ ͼ͜Ί͝ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ;͊ͫͭ͜΄͔ ͍ͫΈ͎ͦͦ ͙͍ͣͦͭ͊ͼ͚͙͚ͤ͜Σ ͙ͤ͊ͦͨ͟;͔ͤͤΎ ͍͒ͦͫ͒ͯ͜Σ ͒ͦͫΎ͎͔ͤͤͤΎ 
ͯͫͨ͜ͻͯΣ ͦͤͭͪͦ͟͡Έͤͦ-ͦͼ͙͚ͤͤ͜Σ ͍ͨ͒ͫͯͣͦͦ͜͟-͙͎͍ͦͪͯ͊͟͡Έ͙͚ͤΦ  
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̂ ͔͒Ύ͙͟ͻ ͎ͣͤ͊͘͜͜Ύͻ ͭ͊ ͜͡ͼ͔Ύͻ ͘͜ ͔ͣͭͦΌ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ 
ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯͫͨ͜΄ͤͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͪͣ͟͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ 
͎͊͊͘͡Έ͎ͤͦͦ ͔͔ͫͪ͒ͤΈ͎ͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡Σ ͤ͊͒͊ΊͭΈͫΎ ͍͒ͦ͒͊ͭͦ͊͟ ͍ͦͫͭ͊͜ ͯ 
ͺͦͪͣ͜ ΄͟͜͡Σ ͼ͔͍ͤͭͪ͜Σ ͚ͫͭͯ͒͜ ό͙͔ͣͫͭͼΈ͟͜ ͭ͊ ͔ͣ͒͊ͫͭͯ͒͜͜͝ύΣ ͍ͯ͋͟͜͡ 
ό͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͜ ͜ ͙͍ͫͨͦͪͭͤ͜ύΣ ͔͔͙͍͙ͭͤ͟͡ͻ ͍ͯͪͫ͟͜ Ύ͟ ͍ͤͦͭͤ͜Έ͎ͦͦ ͔ͣͻ͊ͤͣͯ͘͜ 
͊ͭͯ͊͊͘͟͜͡ͼ͜͝ ͚ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜͝ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎ ͭͦ΅ͦΦ 

ˢͭͣͦͫͺ͔ͪͯ ͯͫͨ͜ͻͯΣ ͙͒ͦ͋ͪͦ͘;͙͍ͦͫͭ͜͡Σ ͪ͊͒ͦͫͭ͜ ΄͟͜͡Έ͎ͤͦͦ ͙͗ͭͭΎ 
͙ͨ͒ͭͪͣͯ͜Ί ͫͦͼ͊͜͡Έͤͦ-͍ͭͦͪ;͊ ͪͦ͋ͦͭ͊Σ Ύ͊͟ ͍͟͡Ό;͊Ί ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤͫ͜Έ͎ͦͦ͟ 
͍ͫ͊ͣͦͪΎ͍͒ͯ͊ͤͤΎΣ ͔͙͍ͦͭͤ͟͟͜͡ ͍ͭͦͪ;͜ ͍͙ͫͨͪ͊Σ ͫͯͫͨ͜͡Έͤͦ-͙ͦͪͫͤͯ͟ ͨͦ͊͘΄͟͜͡Έͤͯ 
ͪͦ͋ͦͭͯΦ ˿͔͔͍͙ͪ͒ͦ΅͔ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͭ͊ ͍͔ͭͦͪͤͤΎ ͒ͦ͋ͪ͊ 
ͨ͒ͪͨ͜͟͜͡ΌΊͭΈͫΎ ͙ͨͪ͊ͭͦ͟͟Ό ͍ͨͦͫΎ͔͎͒ͤͤͦͦ͟ ͙͗ͭͭΎΣ ͯ Ύ͚͟͜ Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͒͡Ύ 
ͣͦͦ͒ͦ͡͝ ͡Ό͙͙͒ͤ ͔͍͍͙ͫ͊ͣͦͪ͊ͦͯ͊ͭͫ͘͜͡ΎΣ ͍ͫ͊ͣͦ͒ͦͫͦͤ͊͟͡Ό͍͙͊ͭͫΎΦ  

ˤ͍͒ͨͦ͒͊͜͜͡Έͤͦ ͍͙ͦͤͯ͟ΌͭΈ ͯ;͙͔ͭ͜͡ ͚ͫ͊ͣͦͫͭͤͯ͜ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͯ ͪͦ͋ͦͭͯ 
͍ͭͦͪ;͎ͦͦ ͻ͔͊ͪ͊ͭͪͯ͟ όζ˭͍͙͊ͨͦͭ͜ ͭ͊ ͍͙ͨͪ͊͊͡ ͍͔͙ͨͦ͒ͤ͜͟ ͙͙͍ͨͦͭͤͦ͘ ͙ͣͫ͡Ύ;ͦ͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ηΣ ζ͙͍͙͚̋͊ͫ͡ ͊͘ ͍͙͊ͫͤͣ͡ ͋͊͗͊ͤͤΎͣηΣ ζ˽͙ͫͻ͎ͦͦ͜͡Ύ ͙ͦͨͭͣͣͯ͘͜ηΣ 
ζ˿͔͔͙ͪͭ͟ ͍͔͍͔ͨͤͤͦͫͭ͜ ͍ ͫͦ͋͜ηΣ ζ˸͎͊͜Ύ ͙ͦͨͭͣͣͯ͘͜ηΣ ζ˽ͦ͒ͦ͊ͤͤ͡Ύ ͔͍ͫͭͪͫ͜ ͯ 
͍ͤ͊;͊ͤͤ͜ ͭ͊ ͍ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ηύ ͭͦ΅ͦΦ 

́͊͊͟ ͙͔ͫͫͭͣͤ͊ ͚ ͙͔͙ͫͫͭͣ͊ͭ;ͤ͊ ͪͦ͋ͦͭ͊ ͘ ͍͙ͪͦͭͯ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ 
͙ͪͦ͋ͭΈ ͡Ό͙͒ͤͯ ΅͙͍͊ͫ͜͡΄ͦΌΣ ͋ͦ ͣ͘͜ͼͤΌΊ ͝͝ ͍͒ͦͪͦ͘ΩΎ ͭ͊ ͔͔͊͋ͨ͘͘;ͯΊ ͯͫͨ͜ͻ͙Φ 

˹͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍ ͍ͯͣͦ͊ͻ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ 
ͨͪͦͼ͔͍ͫ͜Σ ͔ͦͤͯͪͤ͟͟ͼ͜͝Σ ͔͔͍͔ͨͪ͊ͤͭ͊͗ͤΈ ͎ͪͤͦͦ͘͜ ͪͦ͒ͯΣ ͔͍ͫͭͪͫ͜Σ ͙͍͙ͪͦ͘͟ͻ Ύ͍͙΅ 
͍͙͍͊͗ͯ͡ ͪͦ͡Έ ͍͎͒ͪ͊͜͜Ί ͯͫͨ͜ͻ ͜ ͯͫͨ͜΄ͤ͊ ͙ͦͫͦ͋ͫͭͫͭ͜ΈΦ 

˻͙ͫͦ͋ͫͭͫͭ͜ΈΣ Ύ͟ ͊ͤ͊͘͘;͊ΊͭΈͫΎ ͯ ͍͙ͫͦͤͯ͟͡ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͙ͨͫͻ͎ͦͦ͊͡Σ ς 
ͼ͔ ͺ͔͔ͤͦͣͤ ͫͯͫͨ͜͡Έ͎ͤͦͦ ͍͙ͪͦͭͯ͘͟Σ ͔ͦͤͪͭͤ͊͟͟ ͙͍͗͊ ͡Ό͙͒ͤ͊Σ Ύ͊͟ ͍ͦͦ͒͜͡Ί 
͍ͫ͒ͦͣͫͭ͜͜Ό ͚ ͍ͫ͊ͣͦͫ͒ͦͣͫͭ͜͜Ό ώтΣ остϐΦ ˤ ͤ͜΄͙ͻ ͍͙ͫͦͤ͊͟͡ͻ ώмΣ 1022] 
ͤ͊͘ͻ͙ͦ͒ͣͦ ͭͯͣ͊͡;͔ͤͤΎ ͨͦͤΎͭΈ ζͯͫͨ͜ͻηΣ ζͯͫͨ͜΄͙͚ͤηΣ Ύ͟-ͦͭΥ ͯͫͨ͜ͻ ς 
͙͙͍͙͚ͨͦͭͤ͘ ͔ͪͯ͘͡Έͭ͊ͭ ͙ͪͦ͋ͦͭΣ ͤ͊͘;ͤ͜ ͒ͦͫΎ͎͔ͤͤͤΎΣ ͎ͪͦͣ͊͒ͫΈ͔͟ ͍͙ͤ͊ͤͤ͘ΎΣ 
ͫͻ͍͔͊ͤͤ͡Ύ ;͎ͦͦ-͔ͤ͋ͯ͒ΈΣ ;͙͝ͻͦͫΈ ͒ͦͫΎ͎͔ͤͤΈΤ ͯͫͨ͜΄͙͚ͤΣ ͍ͫͯͨͪͦͦ͒͗ͯΊͭΈͫΎ ͊͋ͦ 
͍͔͊ͪ͘΄ͯΊͭΈͫΎ ͯͫͨ͜ͻͦͣΣ ͭͦ͋ͭͦ ͙͙͍͙͙ͨͦͭͤͣ͘ ͙ͤ͊ͫ͒͊ͣ͜͟͡Φ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͙ͦͫͦ͋ͫͭͫͭ͜Έ ͯͫͨ͜΄ͤ͊ ς ͼ͔ ͙͍ͤ͒͒͜͜Σ Ύ͙͚͟ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͔ͨͪ΄ ͊͘ ͍͔ͫ ͤ͊ͼ͔ͤͫͭ͜͜͡Ό ͤ͊ ͙͙͍͙͚ͨͦͭͤ͘ ͤ͊ͫ͒ͦ͜͟͡ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜ΌΣ ͣ͊Ί ͤ͊͘;ͤ͜ ͒ͦͫΎ͎͔ͤͤͤΎΣ ͍͙ͪͭ͜Έ ͯ ͍ͫͦ͝ ͙͙ͫ͡Σ 
͍ͣͦ͜͡ ͒ͦ͊͡Ί ͔͔ͨͪ΄͙ͦ͒͟Φ  

̂ͫͨ͜΄ͤͦΌ ͙ͦͫͦ͋ͫͭͫͭ͜Ό ͔ͣͦ͗ ͙ͫͭ͊ͭ ͡Ό͙͒ͤ͊ ͍ͦͫ͜;͔ͤ͊Σ ͘ ͍͙͙͙ͫͦͣ͟ 
ͣͦͪ͊͡Έ͙͙ͤͣ ͭ͊ ͨͪͦͺ͔ͫͦͤ͊͜͡Έ͙͙ͤͣ Ύͦͫͭ͟Ύ͙ͣΦ ˻͍͙͙ͫͤͦͤͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ 
͙͔͙ͫͫͭͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯͫͨ͜΄ͤͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍͙ͤ͊͘;͊ΌͭΈ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͫͭ͜ΈΣ 
ͼͫͤͫͭ͜͜͜͡ΈΣ ͔͍ͪͦ͊ͤͫͭ͟͜ΈΣ ͙͙͍͔ͨͦͭͤ͘ ͙͔ͣͫͤͤ͡ΎΦ ˿͍ͦΊ ͣͫ͜ͼ͔ ͍ ͔ͭͻ͎ͤͦͦ͜͡͝ 
͙͗ͭͭΊ͍͎ͦͦ ͯͫͨ͜ͻͯ ͨͦͫ͒͊͜Ί ͙͗ͭͭΊ͍͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ;ͦͣͯ ͙͍ͨͪͫΎ;͔ͤͦ ;͙ͣ͊ͦ͡ 
ͨͪ͊ͼΈ ό˶Φ ʕ Φ ˿ ͦͻ͊ͤΈΣ ˱Φ ˥ Φ ̐ ͍ͪͣ͊ͦ͟Σ ˥Φ ˸ Φ ˹ ͔͔͍ͫΣ ́Φ ˸ Φ ́ ͙͔ͭ͊ͪͤͦ͟ ͭ͊ ͤ͜ΦύΦ ̂ 
ͼΈͦͣͯ ͔ͦͤͭͫͭ͟͟͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͔͊ͣ͟ Ύ͟ ͙ͨͦ͊ͤ͘͟͟ ͒ͦͫΎ͎͔ͤͤͤΎ ͙͗ͭͭΊ͍ͦ͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͭ͊ ͍͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ ͙͗ͭͭΊ͍͎ͦͦ ͯͫͨ͜ͻͯ ͚ ͙͗ͭͭΊ͍͙ͻ 
͎͒ͦͣ͊͊ͤΈ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 
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ˤ͙͍͊͗ͦ͡ ͭ͊ͦ͗͟ ͔͙͙ͨ͒ͪͫͭ͜͟͡Σ ΅ͦ ͯͫͨ͜ͻ ς ͍ͫͨͪ͊͊Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ 
͔͙͍ͦͭͤ͊͟͟͡Υ ͼ͔ ͜ ͍ͫͨͨͪ͊͜ͼΎΣ ͜ ͔͍͙ͪͤ͟͜ͼ͍ͭͦΣ ͜ ͍͙ͤ͊ͤͤ͘ΎΣ ͜ ͍͙͎ͤ͊ͦͪͦ͒͊Σ ͜ ͫͨ͜͡Έͤ͊ 
ͪ͊͒ͫͭ͜ΈΦ ˨͎ͦͨͦͣ͊͊ΌͭΈ ͺ͍ͦͪͣͯ͊ͤͤΌ ͯͫͨ͜΄ͤͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͔ͪͦͪͦ͋ͤ͘͜͡ ͒͡Ύ 
͙͙ͤ͘͟ ͨͪͦͺ͔͚ͫ͜ ͨ͊ͣΩΎ͙ͭ͟ ͘ ͙͙͍͙ͨͦͭͤͣ͘ ͤ͊ͫͭͪͦΊͣ ό͍͙ͤ͊ͤͤ͘ΎΣ ΅ͦ ͯͫͨ͜΄͙ͤͣ 
͔ͣͦ͗ ͙͋ͯͭ ͔ͦ͗ͤ͟Σ ͍ͫΎ͍ͭͯ͊ͤͤ͟Ύ ͯͫͨ͜ͻ͍͜Σ ͋͊;͔ͤͤΎ ͎͙͒ͤ͜ͻ ͔͔͙͍ͨͪͫͨͭ͟ύΣ 
͍͔ͫͭͦͪͤͤΎ ͋͊ͤͯ͟ ͯͫͨ͜΄͙ͤͻ ͙ͫͭͯ͊ͼ͚͜Σ ͪͦ͘΄͙͔ͪͤͤΎ ͍ͦͤͭ͊ͭ͟͟͜ ͘͜ 
͔͍͙͙ͨͪ͒ͫͭ͊ͤ͊ͣ͟ ͙ͪͤ͘͜ͻ ͨͪͦͺ͔͚ͫ͜Σ ͯ͟͡ΈͭͯͪΦ  

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟. ̂;͙͔ͭ͜͡ ͍ 
͔ͪͯ͘͡Έͭ͊ͭ͜ ͭ͊ͦ͟͝ ͙ͪͦ͋ͦͭ ͫͭ͊ΌͭΈ ͋͊͒Έͦͪ͜΄͙͙ͣΣ ͍͜͡Έͤ͜΄͙͙ͣΣ 
͙͒ͦ͋ͪͦ͘;͙͍͜͡΄͙͙ͣΣ ͔͍͔ͯͨͤͤ͜΄͙͙ͣΣ ͙͙ͦͨͭͣͫͭ͜;ͤ͜΄͙͙ͣΦ ˭ͪͦͫͭ͊Ί ͝ͻ ͔ͤͭͯ͊ͣ͘͘͜Σ 
͍ͫ͊ͣͦ͊͒͊ͤͤ͡ΎΣ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ΅͙͍͎͊ͫͦͦ͡ ͙͗ͭͭΎΦ ˤ͔ͫ ͼ͔ ͎ͦ͒ͦͣ͘ ͨͦͣͭͤͦ͜ 
͍͙͍͒͋͊͜ΊͭΈͫΎ ͤ͊ ͍ͤ͊;͊͡Έ͚ͤ͜Σ ͍ͭͦͪ;͚͜ ͜ ͙͗ͭͭΊ͍ͦ ͙ͨͪ͊ͭ͟;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜Σ ͤ͊ 
ͫ͊ͣͦͨͦ;ͯͭͭ͜ ͋͊ͭΈ͍͟͜ ͜ ͍ ͎͊͊͘͜͡ ͤ͊ ͤ͊ͫͭͪͦ͝ ͍ ͦͭͦ;ͯΌ;ͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜Φ 

˾͍͙ͦͭͦ͘͟ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͣ͊Ί ͙ͨͦͫͫͭ͜ ;͜͡Έ͔ͤ ͣͫ͜ͼ͔ ͍ ͍ͨͦ͋ͯ͒ͦ͜ 
͍͎͊ͫͤͦͦ͡ ̒Σ ͫͣ͜Ω͝Σ ͔͙͍ͦͭͯ͟͟͡Σ ͔͍͙͒ͪ͗͊Σ ͡Ό͒ͫΈ͎ͦͦ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͤ͊ ͔ͨ͊ͤͭ͜͡ ͭ͊ 
͍ ͪͦͯͣͤͤ͘͜͜ ͍͍ͫͭ͜͜Φ 

˽͔͔͙͍͙͙ͪͫͨͭͤͣ͟ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͨͦ΄͙ͯ͟ ͍͙ͤ͊ͯͦ͟ͻ ΄͡Ύͻ͍͜ ͍͙ͪͦͭͯ͘͟ 
͙͙͍͎ͨͦͭͤͦͦ͘ ͙͔ͣͫͤͤ͡Ύ ͔͚͒ͭ͜ ͭ͊ ͣͦͦ͒͜͡ ͎ͪͤͦͦ͘͜ ͍ͯ͜͟ ό͍͒͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͒ͦ 
͔ͫͭͯ͒ͤͭͫΈ͎ͦͦ͟ύΣ ;͔͍ͤ͜͡ ͙͙ͪͦ͒ͤΣ ͔͍͙͍ͪͤ͟͜͟͜ ͎ͪͦͣ͊͒ͫΈ͙͟ͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜ ͭ͊ ͤ͜Φ  
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3. ˣ͔ͪͤͫ ˾Φ ˾͍͙͙͔͊ͭ͘ ̒-ͦͤ͟ͼ͔ͨͼ͙͙ ͙ ͍͙͙͔ͦͫͨͭ͊ͤ κ ˾Φ ˣ͔ͪͤͫΦ ς ˽͎͔ͪͦͪͫͫΣ мфус Φ ς 

нуу ͫΦ  
4. ˤ͔͙͙͚͟͡ ͭͯͣ͊͡;͙͚ͤ ͍͙ͫͦͤ͟͡ ͫͯ;͊ͫͤͦ͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ κ ͯ͊͒͟͡Φ ͜ ͎͍ͦͦ͡Φ ͔ͪ͒Φ 

ˤΦ ́ Φ x ͔ͯͫ͡Φ ς ˴ Φ Τ ˱ͪͨͤ͜Έ Υ ˤ́̅ ζ˽͔ͪͯͤηΣ нллмΦ ς мппл ͫΦ 
5. ˥͔͊ͫͫͪ͡ ̂Φ ̊ͦ͟͡· ͔͋͘ ͔ͤͯ͒͊;͙͍ͤͦ͟ κ ̂Φ ˥ ͔͊ͫͫͪ͡Φ ς ˸ Φ Υ ˽͎͔ͪͦͪͫͫΣ мффмΦ ς 19у ͫΦ 
6. ˴͊ͦ͡΄͙ͤ ˤΦ ̅ Φ ˽͔͎͎͒͊ͦ͊͜͟ ͯͫͨ͜ͻͯ ͭ͊ ͙ͦͨͭͣͣͯ͘͜ κ ˤΦ ̅ Φ ˴ ͊ͦ͡΄͙ͤΣ 

˹Φ ʕ Φ ʕ ͔͡Έ͍͔͋ͦͼΈ κκ ˸͔ͭͦ͒ ͔͍ͨͪͦͭ͟͜ Υ ͔͔͙͍͙ͨͪͫͨͭ͟Σ ͙͗ͭͭΊ͍͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΦ ς ˴Φ Υ 
˨͔͔ͨ͊ͪͭ͊ͣͤͭΣ нлло Φ ς ˿ Φ срς87. 

7. ˸͙͔ͫͤͤ͡Ύ ͡Ό͙͙͒ͤ κ ͯͨͦͪΦ ˿Φ ˸ ͙͔͊ͫͣͤͦ͟͟Σ ˶Φ ˴ ͔ͦͤͪ͊ͭͤͦ͟Σ ˻Φ ˥ ͍͙͊ͤ͟͡Φ ς ˴Φ Υ 
˥͍͙͊ͤ͟͡, 2004. ς ммн ͫΦ 

8. ˿͍ͦ͊ͪ͡Έ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͙ͨͫͻ͎ͦͦ͊͡ κ ˤΦ x Φ ̊ ͊ͨ͊ͪΈΦ ς ˸Φ Υ ˻˻˻ ζˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ 
ˢ˿́η Τ ̆͊ͪΈ͍ͦ͟ Υ ζ͙͎́ͦͪͫͤηΣ нллпΦ ς топ ͫΦ 

9. ˾͔ͦ͒͗ͪͫ ˹Φ ͍́ͦͪ;͔͍ͫͭͦ ͊͟͟ ͙͔͙ͯͫͤ͡e ͔ͫ͋Ύ κ ˹Φ ˾ ͔ͦ͒͗ͪͫ κκ ˤͦͨͪͦͫ· 
͙ͨͫͻ͎͙͙ͦͦ͡Φ ς 1994. ς Ѕ 5. ς ˿ Φ 5ς12. 

10. ͙̆͡͡ ˹Φ ˨͔͚ͦ͋ͫΎ ͔ͯͫͨͻ͊ ͫ ͨͦͣͦ΅ΈΌ ͙͙͍͎ͨͦͭͤͦͦ͘ ͙͍͙ͣͪͦͦͫͨͪΎ͙ͭΎ κ ˹Φ ̆ ͙͡͡. ς 
˸͙ͤͫ͟ Υ ˽͙ͦͨͯͪͪΣ мффу. ς ннн ͫΦ 
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˾˩˭̑˸˩ 
˥ͦͦ͋ͦͪͦ͒͡Έͦ͟ .˩ ˾͍͙͙͔͊ͭ͘ ͙͙͍͎ͨͦͭͤͦͦ͘ ͣ·΄͔͙ͤ͡Ύ ͯ;͙͔͔͚ͭ͡ ͍ ͙͔͔ͫͫͭͣ 

͔͙͎ͨͦͫ͒ͨͦͣͤͦͦ͡͡ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ. 
˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͔ͦͫͦ͋ͤͤͦͫͭΎͣ ͍͙͙ͪ͊ͭ͘Ύ ͙͙͍͎ͨͦͭͤͦͦ͘ ͣ·΄͔͙ͤ͡Ύ ͯ;͙͔͔͚ͭ͡ ͍ 

͙͔͔ͫͫͭͣ ͔͙͎ͨͦͫ͒ͨͦͣͤͦͦ͡͡ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ Ή͚ͭͦ 
͔ͨͪͦ͋ͣ͡·Φ ˿͔͒͊ͤ͡ ͙͚ͪ͊ͭ͟͟ ͙͊ͤ͊͘͡ ͔͔ ͙ͪ͊ͪ͊͋ͦͭ͊ͤͤͦͫͭ͘ ͤ͊ ͍͔͔ͫͦͪͣͤͤͦͣ Ή͔ͭ͊ͨΦ ˻͔ͫͦ͋ͦ 
͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙ͨͪ͊ͭ͟;͔͙ͫͣ͟ ͍͙͒͊ͣ ͙ ͺͦͪͣ͊ͣ ͪ͊͋ͦͭ· ͫ ͼ͔͡ΈΌ ͍͔͙ͫͭ͊ͤͦͤ͡Ύ 
͙͙͍͚ͨͦͭͤͦ͘ ̒-ͦͤ͟ͼ͔ͨͼ͙͙ ͯ;͙͔͔͚ͭ͡ ͍ ͔͙ͨͪͦ͒ ͍ͨͦ·΄͔͙ͤΎ ͙ͻ ͍͙͊͟͡ͺ͙͊͟ͼ͙͙ ό͔ͫͨͼͯͪͫ͟· ͙ 
͔ͫͨͼ͔͙ͫͣͤ͊ͪ·Σ ͙ͨͪ͊ͭͯͣ͟͟·Σ ͔͙͎͙ͭͪͤͤΣ ͤ͊ͯ;ͤͦ-͔͙ͣͭͦ͒;͔͙͔ͫ͟ ͦͤ͟ͺ͔͔ͪͤͼ͙͙Σ ͎ͪͯ͟͡·͔ 
ͫͭͦ͡·Σ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έͫ͊͟Ύ ͪ͊͋ͦͭ͊Σ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͔͍ͨͪͦͭͦ͟ ͙ ͭΦ͒ΦύΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͣ·΄͔͙͔ͤ͡Σ ͙͙͍͔ͨͦͭͤͦ͘ ͣ·΄͔͙͔ͤ͡Σ ͍͙͙͔ͪ͊ͭ͘ ͙͙͍͎ͨͦͭͤͦͦ͘ 
ͣ·΄͔͙ͤ͡Ύ ͯ;͙͔͔͚ͭ͡Σ ͙͔ͫͫͭͣ͊ ͔͙͎ͨͦͫ͒ͨͦͣͤͦͦ͡͡ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ̒-
ͦͤ͟ͼ͔ͨͼ͙ΎΣ ͔͔͙ͭͦͪͭ;͔͙͔ͫ͟ ͍ͦͫͤͦ·Σ ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Σ ͍͙͒· ͪ͊͋ͦͭ ͙ 
͍͔͔ͫͦͪͣͤͤ·͔ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͔ͯͫͨ΄ͤ͊Ύ ͙͡;ͤͦͫͭΈΣ ͍͔ͫͦͣͫͭͤ͊Ύ 
͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΦ  

SUMMARY 
Holoborodko E. The development of positive thinking of teachers in the system of 

postgraduate education. 
The article is devoted to the features of development of positive thinking of teachers 

in the system of postgraduate education. Emphasizes is made on the urgency of this problem. 
A brief analysis of its development at the modern stage is made: positive thinking is an 
important means of ensuring the life of an individual, ways of building positive thinking, 
overcoming stress in teaching; pedagogy of success and optimism; psychology of self-
knowledge, or how to find the formula of life; development of self-concept and education; 
success in life; questions of happiness on their own; confidence in themselves; technology of 
formation of positive thinking; the positive thinking of pupils and students. The theoretical 
foundations of the formation of positive thinking ς philosophical, pedagogical, psychological 
are described. Special attention is paid to practical types and forms of work with the purpose 
of formation of positive self-concept of teachers in the period of enhancing their skills 

http://refdb.ru/look/2180743-p11.html
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(courses and seminars, workshops, trainings, scientific-methodological conferences, round 
tables, research, development projects, etc.). In this regard the experience of Kherson 
Academy of continuing education is used: lectures in various types of program, library 
classes, individual consultations, visiting and analyzing lessons, extra-curricular activities 
under the appropriate angle, the mutual acquaintance with composed portfolios of materials 
suitable for developing the positive mindset of educators and students. Modern educational 
technology ς presentations, commercials, work with sites, blogs are discussed with interest. 

The development of positive thinking of the teacher in the system of postgraduate 
education is further reflected in the work with students. Using progressive experience, 
teachers create their projects, programs, media technologies, pedagogical models for the 
formation of a successful learner that is always focused on the success of the designs in itself, 
the desire of self-improvement, self-education, to think about the different profiles of the 
person ς I am a man, I am a member of the family, I am a pupil of my school, I am a resident 
of my native land, I am a citizen of Ukraine, etc. In the article the findings and prospects for 
further study of the problem are outlined. 

Key words: thinking, positive thinking, developing positive thinking among teachers, 
system of pedagogical postgraduate education, self-concept, theoretical bases, practical 
approaches, types of work and modern educational technologies, successful person, joint 
operation. 
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˽͙͍͙͚ͪ͊ͭͤ ͍͙΅͙͚ ͍ͤ͊;͊͡Έ͙͚ͤ ͊͊͒͘͟͡  
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̂ ͫͭ͊ͭͭ͜ ͫͻ͔͙͍͊ͪ͊ͭͪͦ͊ͤͦ͘͟ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙ͪͦͭͯ͘͟ ͍͒ͦͫ͒ͯ͜ ͔͍ͫͭͯ͒ͤͭ͜ ΅ͦ͒ͦ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͨͪͦͼ͔ͫ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͘͜ 
ͫͭ͊ͪ΄͙͙ͦ͊ͫͤ͊ͣ͟͟͡Φ  

˽͍ͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͊͘ͻ͙ͦ͒ ͍ ͙͔ͫͫͭͣ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͍ ͎͊ͯ͘͜͡ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘ΎΣ ͊ ͔ͫ͊ͣΥ ͪͦ͋ͦͭͯ ͙̊ͦ͟͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
͍;͙͔ͭ͡Ύ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪΣ ͍͒ͦ͜͜͡ ͎͙ͪ͜Σ ͔ͫͭͯ͒ͤͭͫΈͯ͟ ͍ͤ͊ͯͦͯ͟ ͪͦ͋ͦͭͯΣ ͔͎͎ͨ͒͊ͦ͜;ͤͯ 
͙ͨͪ͊ͭͯ͟͟ ͭ͊ ͍͔ͦͦͤͭͪͫ͡Έͯ͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ ͫͺ͔ͪ͜ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ. 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͎͍ͨ͒ͦͭͦ͊͜͟Σ ͚ͣ͊͋ͯͭͤ͜ ͍;͙͔ͭ͜͡ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪΣ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͙ͨͪ͊ͭ͟;ͤ͊ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͫͭ͊ͪ΄͙͙ͦ͊ͫͤ͟͟͡Σ 
͎ͨͦͪ͜΄͔ͤͤΎ ͍͒ͦͪͦ͘ΩΎΣ ͍͙ͻ͍͙͚ͦͤ ͨͪͦͼ͔ͫΦ  

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡. ˿ͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;ͤ͜ ͔͔͍͔ͨͪͭͦͪͤͤΎ  ͍
ͯͪ͊ͤͫ͟͝Έ͚͟͜ ͔͍͒ͪ͗͊͜ ͭ ͎͊ͦͫͭͪ͊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ  ͍͚ͯ͒ͦͪͦ͘͜ ͤ͊ͼ͜͝ ͊ͭͯ͊ͯ͘͟͜͡ΌͭΈ 
͔ͨͦͭͪ͋ͯ ͫͯͫͨ͜͡Έ͍ͫͭ͊  ͍Ύ͚ͫͤ͟͜͜ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ Ύ ͟ͼͫͤͦ͜͜͡͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͔͙ͫͫͭͣ, ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ Ύͦ͟͝ 
͔͔ͨͪ͒͋͊;͊Ί ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͨͪͦͺ͔͚ͫͤͦ͜ 
ͦͪ͜Ί͍͙͙ͤͭͦ͊ͤͣ ͤ͊ͤͤ͘Ύ͙ͣ, ͯͣͤͤ͜Ύ͙ͣ  ͚ ͍͙ͤ͊;͙͊ͣ͟, Ύ͟͜ ͍͒ͦͦ͘͡ΎͭΈ 
͍͍͙ͯͨͪͦ͊͒͗ͯ͊ͭ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝  ͍ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ.  ˭͙ͨͦ͘ͼ͚͜ ͫΈ͎͔ͦͦ͒ͤͤΎ ͒͘ ͍ͦͪͦΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͜ ͍ͦͫͭͤ͜͜ 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ6ȟ Ο 6(90) 

23 

͔ͭͻ͎ͤͦͦ͜͡͝ ͫ͊͒͊͟͡ΌͭΈ ͔ͭͻ͎ͤͦͦ͜͡;ͤͯ ͍ͦͫͤͦͯ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ 
͔͎͎͙ͨ͒͊ͦ͜͟, Ύ͊͟ Ί ͦ ͒ͤ͜ΊΌ ͘  ͤ ͚͔͔͙͍͊ͨͪͫͨͭͤ͟͜΄͙ͻ ͦ ͍ͫͭͤ͜͜ͻ ͫ ͙͔ͫͭͣ XXI ͫ ͭͦͭͭ͜͡Ύ. 

˭͙ͣͤ͜  ͍ͫͯͫͨ͜͡Έ͍ͫͭ͜, ΅  ͦͨͪͦ͒ͯͯ͟ΌͭΈ ͨͪͦͼ͔͙ͫ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ 
͎͊ͯ͘͜͡ ͙ͪ͊ͤ͟͝, ͍͍͊͗͊Ί .˥ ˽ ͊ͤ;͔ͤͦ͟Σ ζ͍͙ͤ͊͘;͊ΌͭΈ ͍ͤͦ͜ ͙͔ͨͪͦͪͭͭͤ͜͜ ͤ͊ͨͪΎ͙ͣ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͺ͙͘͜;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ. ˻͙͍͎ͫͦ͋ͦͦ͡ 
ͤ͊͘;͔ͤͤΎ ͍ͤ͊͋ͯ͊Ί ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͤ ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͘͜ 
͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͯ;͍ͤ͜ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ΄͟͜͡η [6, 86]. ˥͍ͦͦͤͦ͡Ό 
͔ͨͪͦ͋ͣͦ͡Ό ͔͔͍͙ͨͪ͋ͯ͒ͦ ͍͙΅ͦ͝ ΄͙ͦ͟͡, Ύ ͟ ͊ͤ͊͘͘;͊Ί .ʕ ˻ ͔ͣ͡ΈΎ͔ͤͤͦ͟, Ί 
ζͨ ͍͙͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͊͒ͪ͟͜ ͤ ͍͊ͨ͒ͫͭ͊͜͜ ͍ͤ͊ͯͦͦ͟-͍͎ͦ͋͐ͪͯͤͭͦ͊ͤͦͦ 
͍͙ͤ͊͘;͔ͤͤΎ ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎ  ͚ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ  ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ 
͔ͺ͔͙͍͙ͭͤ͟ͻ ͺͦͪͣ  ͔͍ͣͭͦ͒͜͜ ͚͎ͦͦ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ, Ύ͟͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͫͯ;͙͚͊ͫͤ 
͍͔ͪͤ͜Έ ͎͊͊͘͡Έ͍͙ͤͦͤ͊ͯͦ͟ͻ  ͨͪͦ͜ͺ͔͚͙ͫͤ͜ͻ ͔͔ͦͣͨͭͤ͟ͼ͚͜ ͔͍ͫͭͯ͒ͤͭ͜η [5, 79].  ̂
͘Ω͍Ύͯ͘͟  ͘ͼ͙ͣ ͔͎͎͙ͨ͒͊ͦ-͍ͤ͊ͯͦ͟ͼ͜, ͍͙͊͒͊͟͡;͜-͔͙͙ͣͭͦ͒ͫͭ ͭ ͊ͺ͊ͻ͍͜ͼ͜  ͘ͺ͙͘͜;ͤͦ͝ 
ͯ͟͡Έ͙ͭͯͪ ͍͔͒ͯͭΈ ͔͙͍ͤͭͤͫͤ͜͜ ͨͦ΄͙ͯ͟ ͍͎ͤͦͦͦ ͣͫͭͯ͘͜, ͅ ͦͪͣ  ͔͍ͣͭͦ͒͜͜ ͍͙ͨ͒͜΅͔ͤͤΎ 
Ύͦͫͭ͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔ͭ͡ΈͫΈ͙͟ͻ ͍͊͒ͪ͟͜  ͘ͺ͙͘͜;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ, ͒͜Ύ͡Έͤͫͭ͜Έ Ύ͙͟ͻ 
ͨ͒ͤͦ͜͡ ͍͙͍͙͔ͨ͊ͭͣ͡ ͤ ͊ ͔͔͊͋ͨ͘͘;͔ͤͤΎ  ͚ ͍͙ͪͦͭͦ͘͟ ͺ͙͘͜;͎ͤͦͦ, ͙ͨͫͻ͜;͎ͤͦͦ  ͜
͒ͯͻ͍͎ͦͤͦͦ ͘ ͍͒ͦͪͦΩΎ ͨ ͒ͪͦͫͭ͊͜Ό;͎ͦͦ ͨ ͦͦͤͤ͟͜͡Ύ. 

ˢͭͯ͊͟͡Έͤͫͭ͜Έ  ͜ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͙ͨͪͦ͋ͣ͡ ͍͔ͯͣͦͤ͘͜͡ ͭ͊ͦ͗͟ 
͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό ͨͦ͒ͦ͊ͤͤ͡Ύ ͔͔ͫͯͨͪ;͔͚ͤͦͫͭ, Ύ͟͜ ͍͙͙ͤ͊͟ΌͭΈ ͣ͗͜: ͪͦͫͭ͊ͤͤ͘Ύͣ 
͙ͨͦͨͭͯ ͤ ͊  ͍͙͍ͫͦͦ͊͟͟͜͡ͺ͍͙ͦ͊ͤ͜͟ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ  ͚͔ͤ͒ͦͫͭ͊ͭͤͣ͜ 
͍͔ͪͤͣ͜ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͍͙͙͍ͨͯͫͤ͟͟͜ ͒  ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡  ͯͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡; ͫͯͫͨ͜͡Έ͙͙ͤͣ ͍͙͎͙ͣͦ͊ͣ 
͒  ͍ͦ͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘Ύ ͯ;͍ͤ͜ ͫͭ͊ͪ΄ͦ͝ ΄͙ͦ͟͡  ͚͎͍ͦͭͦͤͫͭ͜Ό ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͒  ͦͭ͊ͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜; ͔ͨͦͭͪ͋ͦΌ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͘͜;ͤͦ͝ 
ͯ͟͡Έ͙ͭͯͪ ͒  ͍ͦͦͦͦ͒ͤͤ͜͡Ύ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙͙ͤͣ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣ  ͯͫͭ͊ͪ΄͚͜ 
΄ͦ͟͜͡  ͚͔ͤ͒ͦͫͭ͊ͭͤΈͦΌ ͪͦͪͦ͋ͦ͘͟Ό ΄͡Ύͻ͍͜ ͔ͺ͔͙͍ͭͤͦ͟͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜  ͍
͍ͯͣͦ͊ͻ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡. ˭ ͊ͤ͊͘;͔ͤ͜ ͔͔ͫͯͨͪ;ͤͦͫͭ͜ ͭ ͍͙͚͊͊ͫͤ͡ ͍͒ͦͫ͒͜ 
͍͙͊͒͊͟͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ͊ͯ͘͟ΌͭΈ ͤ ͔͊ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͨͦ΄ͯͯ͟ ΄͡Ύͻ͍͜ ͍͙ͨ͒͜΅͔ͤͤΎ 
͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͒  ͦ
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡  ͯͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡, ͦ ͙͒ͤͣ ͘͜ 
Ύ͙͟ͻ Ί ͪͦ ͍͙ͭͦ͘͟ ͍͒ͦͫ͒ͯ͜ ͔͍ͫͭͯ͒ͤͭ͜ ΅ͦ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͋ͪ͘-
͍͗ͯ͊͡Έ͙ͤͻ ͭ ͔ͻ͎͚ͤͦͦ͜͡ ͯ  ͨ ͪͦͼ͔ͫ͜ ͨ ͙ͪ͊ͭ͟;ͤͦ͝ ͒ ͜Ύ͡Έͤͦͫͭ͜ ͘ ͜ ͫ ͭ͊ͪ΄͙͙ͦ͊ͫͤ͊ͣ͟͟͡.  

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͦͻ͔͙͍͙͊ͪ͊ͭͪͯ͊ͭ͘͟ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙ͪͦͭͯ͘͟ ͍͒ͦͫ͒ͯ͜ 
͔͍ͫͭͯ͒ͤͭ͜ ΅ͦ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ 
ͨͪͦͼ͔ͫ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͘͜ ͫͭ͊ͪ΄͙͙ͦ͊ͫͤ͊ͣ͟͟͡.  

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˢͤ͊͘͜͡ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͙͒͊ͤͻ ͦͫͭ͊ͤͤ͜ͻ 
͍ͪͦ͟͜ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͔͎͋ͪ͊͘͜ΌͭΈͫΎ ͔͔ͭͤ͒ͤͼ͜͝ ͒ͦ ͎ͨͦͪ͜΄͔ͤͤΎ ͍͒ͦͪͦ͘ΩΎ ͚ 
ͺ͙͘͜;ͤͦ͝ ͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͔͚͒ͭ͜ ͭ͊ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡Φ ́͊͟ ˻Φ x ͦͦͭͤ͊͜͡ ͍͊ͯ͘͟Ί, 
΅ͦ ζ͚͔ͣ͊͗ фл ҈ ͔͚͒ͭ͜Σ ͯ;͍ͤ͜ ͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͣ͊ΌͭΈ ͍͒͜ͻ͙͔ͤͤ͡Ύ ͍ ͫͭ͊ͤ͜ 
͍͒ͦͪͦ͘ΩΎΣ рл % ς ͔͍ͤ͊͒ͦ͘͜͡Έͤͯ ͺ͙͘͜;ͤͯ ͎͍ͨ͒ͦͭͦͯ͜͟η ώмΣ 6]. ˭͊ ͙͙͒͊ͤͣ 
˻Φ ˸ ͙͙ͭ͟Ό͟ ͜ ˻Φ ͙̊ΎͤΣ ζ͙͡΄͔ 10ς15 % ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡Σ ͊ ͨͤ͘͜͜΄͔ ͚ 
͔͍ͫͭͯ͒ͤͭ͜Σ ͣ͊ΌͭΈ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͺ͙͘͜;͎ͤͦͦ ͍͒ͦͪͦ͘ΩΎΤ 10 % ς ͍͙΅͙͚ ͊͘ 
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͔͔͚ͫͪ͒ͤ͜Τ ͒ͦ 30 % ς ͔͔͚ͫͪ͒ͤ͜Τ 25 % ς ͙ͤ͗;͙͚ ͊͘ ͔͔͚ͫͪ͒ͤ͜ ͭ͊ ͔ͪ΄ͭ͊ ͯ;͍ͤ͜ ς 
͙ͤ͘Έ͙͚͟ ͍͔ͪͤ͜Έ ͺ͙͘͜;ͤͦ͝ ͍͙͔ͪͦͤͤͦͫͭ͘͜η [4, 23]. ˶ Φ ˨ ͔ͣͤͫ͜Έ͊͟ ͍͒ͣ͜͜;͊ΊΣ ΅ͦ ζͯ 
͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͭ͊ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ͪͦͫ͊͘͡ ͟͜͡Έͫͭ͟͜Έ ͊͘ͻ͍ͦͪΌ͍͊ͤΈΣ 
͍ͨͦΩΎ͙͊ͤ͘ͻ ͘͜ ͨͦͪͯ΄͔ͤͤΎͣ ͺͯͤ͟ͼ͚͜ ͦͨͦͪͤͦ-ͪͯ ͻ͍͎ͦͦͦ ͊ͨ͊ͪ͊ͭͯΣ ͔ͫͪͼ͔͍ͦ-
͙ͫͯ͒ͤͤͦ͝ ͙͔͙ͫͫͭͣΣ ͋͘͜͡Έ΄͙͊ͫ͡Ύ ͟͜͡Έͫͭ͟͜Έ ͔͚͒ͭ͜ ͘͜ ͤ͊͒ͣͪͤͦ͜Ό ͍͎͊ͦΌη [2, 23].  

˽͔ͪ΄ ͊͘ ͍͔ͫΣ ͼ͔ ͣͦ͗ͤ͊ ͨͦΎ͙͙ͫͤͭ ͭ͊ͦ͟Ό ͙͔ͫͫͭͣͦΌ ͺ͙͘͜;͎ͤͦͦ 
͍͙ͻ͍ͦ͊ͤͤΎ ͔͔ͤ͊ͫͤͤ͡ΎΣ ΅ͦ ͔ͤ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯ;͙͊ͫͤͣ ͍͙͎ͣͦ͊ͣΦ ˿͔͔ͪ͒ 
͍͙ͦͫͤͦͤͻ ͙ͨͪ;͙ͤ ͼ͜Ί͝ ͙͙ͪ͘͟ ͍͊ͪͭͦ ͍͒ͤ͊͘͜;͙͙ͭΣ Ύ͟ ͯ͊ͯ͘͟Ί ˤΦ ˴ ͍ͪ͊;͔ͤͦ͟Σ 
͔ͤ͘ͼ͔ͤͤͤ͜Ύ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͔͙ͨͪͫͭ͗ͯ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪΣ ͫͨͦͪͭͯΣ ͍͎͒ͦͪͦͦͦ͘ 
ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΣ ͣͤͣ͊͜͜͡Έͤͯ ͫͦͼ͊͜͡Έͤͦ ͍ͦ͒ͦͪͦ͘;ͯ ͼͤͤͫͭ͜͜Έ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ 
͍ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ώоΣ ͫΦ 100]. ˶ Φ ˨ ͔ͣͤͫ͜Έ͊͟ ͍͍͊͗͊ΊΣ ΅ͦ 
͎ͨͦͪ͜΄͔ͤͤΎ ͫͭ͊ͤͯ ͍͒ͦͪͦ͘ΩΎ ͯ;͍ͤ͜ ͍ͨͦΩΎ͊ͤͦ͘Σ ͯ ͭͦͣͯ ;͙ͫ͜͡Σ ͜ ͘ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ 
ζͤ ͙͘Έͦ͟͝ ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦ͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜ ͔͎͎͍ͨ͒͊ͦ͜ ͜ ͋͊ͭΈ͍͟͜ ͘͜ ͙ͨͭ͊ͤΈ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͣ͘͜ͼ͔ͤͤͤΎ ͍͒ͦͪͦ͘ΩΎη [2, ноϐΣ ͜ ΅ͦ ͔ͫ͊ͣ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ζ͍ͫͭͦͪΌΌͭΈ ͔͔͋ͨ͘;ͤ͜ ͍͙ͯͣͦ ͒͡Ύ 
͔͔͍ͨͪ͋ͯ͊ͤͤΎΣ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͨͪ͊ͼ͜ ͍ ΄ͦ͟͜͡Σ ͊ ͭ͊ͦ͗͟ ͍͙ͪ͜΄ͯΌͭΈ ͍͊͒͊ͤͤ͘Ύ 
ͪ͊ͼͦͤ͊͜͡Έͤͦ͝ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ό͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͍͍͙ͦ͜͟ͻΣ 
͔͍͙ͫͭ͊ͭͻΣ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͜ ͎͎͜͜Ίͤ͜;͙ͤͻ ͤͦͪͣύΣ ͍͍͒ͨͦ͒ͤͫͭ͜͜͜Έ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͭ͊ ͺ͙͘͜;͎ͤͦͦ ͍͔ͤ͊͊ͤͭ͊͗ͤΈ ͙͍ͣͦ͗ͦͫͭ͡Ύͣ ͙͙͙͒ͭͤη [2, 24].   

˨͡Ύ ͍͙Ύ͍͔ͤͤ͡Ύ ͫͯ;͎͊ͫͤͦͦ ͫͭ͊ͤͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ 
ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡ ͙ͤ͊ͣ ͋ͯͦ͡ ͍͔͔ͨͪͦ͒ͤͦ ͔͍͊ͤͭͯ͊ͤͤ͟Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙΅͙ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡Σ ͯ Ύͦͣͯ͟ ͍͘Ύ͙͡ ͯ;͊ͫͭΈ пср ͦͫ͋͜Φ ˾͔͔͙ͫͨͦͤ͒ͤͭ͊ͣ ͙͋ͯ͡ 
͔͙ͫͭͯ͒ͤͭ ˣ͔ͪ͒ΎͤͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜Σ 
˭͊ͨͦͪ͘͜Έ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜Σ ˤ͙ͦͤͫ͡Έ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ 
͍͔͙͔ͯͤͪͫͭͭͯ͜Σ ˶ͯͼΈ͎ͦͦ͟ ͙ͤͫͭͭͯͭͯ͜ ͍͙ͪͦͭͯ͘͟ ͡Ό͙͙͒ͤ ͍͔͙͔̂ͤͪͫͭͭͯ͜ ζ̂ͪ͊ͤ͊͟͝ηΣ 
˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˸Φ ˽ Φ ˨ ͎͍ͪ͊ͦͣ͊ͤͦ͊Φ 

ˢͤ͊͘͜͡ ͍͍͔͚͒ͨͦ͒͜͜ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͔ͭΣ ΅ͦ ͤ͊͘;ͤ͊ ͟͜͡Έͫͭ͟͜Έ ͔͔͍ͪͫͨͦͤ͒ͤͭ͜ 
(71,66 ҈ύ ͔͔͙͍ͨͪͦͤͦ͟͡ ͍͍͊͗͊ΊΣ ΅ͦ ͍ ͫͯ;͙͚͊ͫͤ ͔ͨͪͦ͒͜ ͒ͦͼ͜͡Έͤͦ ͚͒ͫͤ͘͜Ό͍͙͊ͭ 
͎͍ͨ͒ͦͭͦͯ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡ ό͙ͪͫΦ мύ ͜ ͙͡΄͔ мпΣур % 
͔͍ͫͭͯ͒ͤͭ͜ ͍͍͊͗͊ΌͭΈΣ ΅ͦ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͎͍ͨ͒ͦͭͦͯ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͍ ͼΈͦͣͯ ͤ͊ͨͪΎͣ͜ ͔ͤ ͒ͦͼ͜͡ΈͤͦΦ  

˹͊ ͗͊͡ΈΣ ͙͡΄͔ мтΣст ҈ ͔͍ͫͭͯ͒ͤͭ͜ ͍ͦͦ͒͜͡ΌͭΈ ͤ͊ͤͤ͘Ύ͙ͣ ΅ͦ͒ͦ ͣͫͭͯ͘͜ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ Ύ͟͜ ͍͍ͨͪͦ͊͒͗ͯΌͭΈͫΎ ͍ ͪͦ͋ͦͭͯ ͘͜ 
ͫͭ͊ͪ΄͙͙ͦ͊ͫͤ͊ͣ͟͟͡Σ ͭ͊ ;͍͊ͫͭͦͦ͟ ͍ͦͦ͒͜͡ΌͭΈ ͼ͙͙ͣ ͤ͊ͤͤ͘Ύ͙ͣ снΣмт % 
͔͍ͫͭͯ͒ͤͭ͜Σ ͔ͤ ͍ͦͦ͒͜͡ΌͭΈ ͼ͙͙ͣ ͤ͊ͤͤ͘Ύ͙ͣ мнΣт ҈ ͔͍ͫͭͯ͒ͤͭ͜Φ 

˹͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͍͙͚ͦͫͤͦͤ ͔ͪͯ͘͡Έͭ͊ͭ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͣ͊Ίͣͦ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͔ͤ ͭ͜͡Έ͙͟ ͍ ͤ͊Ύ͍ͤͦͫͭ͜ ͯ ͍͙͙͍ͨͯͫͤ͟͟͜ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ ͤ͊ͤ͘Έ ͯ ͙ͪͤ͘͜ͻ ͎͊ͯ͘͡Ύͻ ͙ͤ͊ͯ͟Σ ͍͙͎ͫͦͦͦ͟ ͍ͪͤ͜Ύ ͍ͦͦ͒ͤͤ͜͡Ύ 
ͨͪͦͺ͔͚͙͙ͫͤͣ͜ ͍ͣͤͤ͜Ύ͙ͣΣ ͔͊͡ ͚ ͔͍ͨͤͦ͝ ͎͍ͦͭͦͤͦͫͭ͜ ͙͋ͯͭ ͔ͦͤͯͪͤͭͦͫͨͪͦ͟͟-
ͣͦ͗ͤͦΌ ͙ͦͫͦ͋ͫͭͫͭ͜Ό ͭ͊ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜Έ. 
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˾͙ͫΦ мΦ ˾ͦͨͦ͒͘͜͡ ͔͍ͫͭͯ͒ͤͭ͜Σ ͙͙ͦͨͭ͊ͤͻ ΅ͦ͒ͦ ͝ͻ ͒ͯͣͦ͟ ͨͪͦ ͒ͦͼ͜͡Έͤͫͭ͜Έ 

͚͔͒ͫͤͤͤ͘͜Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͒ͦ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡ ό҈ύ 

 

˨͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͺ͍ͦͪͣͯ͊ͤͤΎ ͎͍ͦͭͦͤͦͫͭ͜ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͙ͤ͊ͣ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎΥ 
ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͨͪͦͺ͔͚ͫͤͦ͜ ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͤ͊ ͍͙͍;͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͯ 
ͪͦ͋ͦͭͯ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡Τ ͍͔͔ͯ͒ͤͤΎ ͙͒ͫͼ͙͙ͨͤ͜͡ ͊͘ 
͍͙͋ͦͪͦͣ ζ˭͍͒ͦͪͦΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͯ ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡ηΤ ͙͍͊ͭ͊͘͟͜ͼ͜Ύ 
͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͼΈͦͣͯ ͤ͊ͨͪΎͣ͜Τ ͍͟͡Ό;͔ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ 
͍ ͙͍͊ͭͤͯ͟ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤͯ ͒͜Ύ͡Έͤͫͭ͜ΈΦ 

˾͍͙ͦͭͦ͘͟ ͍͒ͦͫ͒ͯ͜ ͔͍ͫͭͯ͒ͤͭ͜ ΅ͦ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͨͪͦͼ͔ͫ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͘͜ 
ͫͭ͊ͪ΄͙͙ͦ͊ͫͤ͊ͣ͟͟͡ ͚͒ͫͤ͘͜Ό͍͍͊ͫΎ ͙ͤ͊ͣ ͯ ͨͪͦͼ͔ͫ͜ ͙ͪͦ͋ͦͭ ͙̊ͦ͟͡ 
͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪΣ ͍͔͔ͨͪͦ͒ͤͤΎ ͍͙͒ͦ͜͡ͻ ͎ͦͪ͜Σ 
͔ͫͭͯ͒ͤͭͫΈͦ͟͝ ͍ͤ͊ͯͦͦ͟͝ ͙ͪͦ͋ͦͭΣ ͍͔͔ͨͪͦ͒ͤͤΎ ͙ͨͪ͊ͭ͟͟ ͜ ͍͔ͦͦͤͭͪͫ͡Έͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͯ ͫͺ͔ͪ͜ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘ΎΦ 

̊ͦ͊͟͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͪͦͨͦ͘;͊͊͡ ͍ͫͦΌ 
͒͜Ύ͡Έͤͫͭ͜Έ ͯ ˶ͯͼΈͦͣͯ͟ ͙ͤͫͭͭͯͭ͜͜ ͍͙ͪͦͭͯ͘͟ ͡Ό͙͙͒ͤ ͍͔͙͔̂ͤͪͫͭͭͯ͜ ζ̂ͪ͊ͤ͊͟͝ηΣ ͊ 
ͨͦͭͣ͜Σ ͍͙ͨͪͦ͒ͦ͗͊͡ ͍ͫͦΌ ͪͦ͋ͦͭͯ ͯ ˽͙͍ͪ͊ͭͤͦͣͯ ͍͙΅ͦͣͯ ͍ͤ͊;͊͡Έͤͦͣͯ 
͊͊͒͘͟͜͡ ζˢ͔͊͒ͣ͟͜Ύ ͔͔ͪͪ͊͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͜ ͍ͨͪ͊͊η. ˸͔ͭ͊ ͒͜Ύ͡Έͤͦͫͭ͜ 
͙̊ͦ͟͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͨͦ͡Ύ͎͊͊͡ ͍ ͤ͊ͫͭͯͨͤͦͣͯΥ 
͍͔͐ͪͯͤͭͦͤ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ ΅ͦ͒ͦ ͫͯ;͎͊ͫͤͦͦ ͍ͭͪ͊ͭͯ͊ͤͤ͟Ύ ͍͒ͦͪͦ͘ΩΎ 
ͭ͊ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ ͜ ͚͍ͤ͊ͦͣͫͭͦ͘ ͘ ͫͯ;͙͙͊ͫͤͣ ͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ 
͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣ ΅ͦ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙͔͙ͫͫͭͣ ͺ͙͘͜;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͍ 
͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΦ ̂ ͒͜Ύ͡Έͤͦͫͭ͜ ͙̊ͦ͟͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
͍;͙͔ͭ͡Ύ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͙͔͙͙ͨͪͦͪͭͭͤͣ͜ ͙͋ͯ͡ ͍͙ͤ͊ͤ͘͜ ͭ͊͟͜ ͍ͦͫͤͦͤ͜ 
ͼͤͤͦͫͭ͜͜ ͚ ͙ͨͪͤͼ͙͙ͨΥ ͔͒ͣͦͪ͊ͭ͟͜͝Σ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͜͡ ͭ͊ ͍ͪͤͦͫͭ͜͜Σ ͨͪͦͦͪͦͫͭ͘͜Σ 
͎ͯͣ͊ͤͣͯ͘͜Σ ͔͎͙͍ͤͭͪ͊ͭͤͦͫͭ͜͜Σ ͍ͤ͊ͯͦͦͫͭ͟͜Σ ͊ͦͤͤͦͫͭ͘͟͜ ͚ ͙͔ͫͫͭͣͤͦͫͭ͜ 
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ʊʘʢ, ʜʦʮʽʣʴʥʦ ʅʽ,  ʥʝ ʜʦʮʽʣʴʥʦ ɺʘʞʢʦ ʚʽʜʧʦʚʽʩʪʠ
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˿͔͙ͭͯ͒ͤͭ ͤ͊ ͊ͤ͘ΎͭͭΎͻ ͯ ̊ͦ͟͜͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪΣ  
͊ͤ͊ͯ͘͜͡Ό;͙ ͍ͤ͊ͯͦ͟͜ ͔͔͒͗ͪ͊͡ ͨͪͦ ͫͭ͊ͤ ͍͒ͦͪͦ͘ΩΎ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡Σ 
͔͔͍͙ͨͪͦͤͯ͊ͫ͟͡Ύ ͍ ͭͦͣͯΣ ΅ͦ ͫͤͯ͜Ό;͊ ͦͤ͟ͼ͔ͨͼ͜Ύ ͺ͙͘͜;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ Ί 
͊ͫͭ͊ͪͦ͘͜͡Ό ͚ ͔ͨͦͭͪ͋ͯΊ ͍͎ͤͦͦͦ ͍ͭͪ͊ͭͯ͊ͤͤ͟Ύ ΅ͦ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͘ ͺ͙͘͜;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎΦ ˸͙ ͎͙ͤ͊ͣ͊͊ͫ͡Ύ ͫͨͪΎ͍͙ͣͯ͊ͭ 
͍͎ͯ͊ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊ ͔ͭΣ ΅ͦ ͍͙ͦͤ ͍͙ͨͦͤͤ͜ ͙͙ͦͫͦ͋ͫͭͣ ͙ͨͪ͊͒ͦͣ͟͡ ͊ͦ͘ͻͦ;͍͙ͯ͊ͭ 
ͯ;͍ͤ͜ ͫͭ͊ͪ΄͙ͻ ͍͊ͫ͟͜͡ ͒ͦ ͍͔͔͒ͤͤΎ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎΣ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ 
͙ͨͪ ͼΈͦͣͯ Ύ͟ ͙ͭͪ͊͒ͼ͚ͤ͜͜Σ ͭ͊͟ ͜ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͍ͦͫͭͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Φ 

˿͔ͭͯ͒ͤͭ͊ͣ ͍ͨͪͦͨͦͤͯ͊ͦͫ͡Ύ ͎͍͙͙ͦ͋ͦͦͪͭ ͚ ͙ͤ͊͒͊ͭ ͍͔͊ͫͤ͡ ͭͯͣ͊͡;͔ͤͤΎ 
͙ͭ͊͟ͻ ͨͦͤΎͭΈΣ Ύ͟Υ ζ͍͒ͦͪͦ͘ΩΎηΣ ζ͘ ͍͙͚͒ͦͪͦ ͫͨͦͫ͋͜ ͙͗ͭͭΎηΣ ζ͍͍͒ͨͦ͒͊͜͜͡Έ͔ͤ 
͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͍͒ͦͪͦ͘ΩΎη ͭͦ΅ͦΦ ̂ ͍͙ͤ͊͘;͔ͤͤ͜  ͨͦͤΎͭͭΎ ζ͍͒ͦͪͦ͘ΩΎη ͔͙ͫͭͯ͒ͤͭ 
͊͟ͼ͔͍͙ͤͭͯ͊͡ ͍͎ͯ͊ͯ ͤ͊ ͭͦͣͯΣ ΅ͦΣ ͤ͊ ͝ͻ ͒ͯͣͯ͟Σ ͍͒ͦͪͦ͘ΩΎ ς ͼ͔ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͊ 
͔ͨͦͭͪ͋͊ ͜ ͍ͨͪ͊ͦ ͡Ό͙͙͒ͤΤ ͼ͔ ͎͊͊͘͡Έͤͦ͡Ό͒ͫΈ͊͟ ͚ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͊ ͼͤͤͫͭ͜͜ΈΤ ͼ͔ 
ͨͪͦͼ͔ͫΣ ͒͊ͭͤͫͭ͘͜Έ ͜ ͔ͪͯ͘͡Έͭ͊ͭΣ Ύ͙ͣ͟ Ί ͫͭ͊ͤ ͍͎ͨͦͤͦͦ ͎͋͊ͦͨͦͯ͡͡;;Ύ ͍ ͯͫ͜ͻ ͫͺ͔ͪ͊ͻ 
͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜Τ ͼ͔ ͙͔ͫͫͭͣͤ͊ Ύͫͭ͟͜ΈΣ ΅ͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͼͫͤͫͭ͜͜͜͡Έ ͡Ό͒ͫΈ͎ͦͦ͟ 
͋ͯͭͭΎ ͚ ͔͔ͨͪ͒͋͊;͊Ί ͤ͊͋ͯͭͭΎ ͙ͦͫͦ͋ͫͭͫͭ͜Ό ͙͗ͭͭΊ͍ͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͍ͫ͊͒ͦͦ͟͡Ό 
;͙͊ͫͭͤͦΌ Ύͦ͟͝ Ί ͍ͣͤͤ͜Ύ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͦͤͭͪͦ͟͡Έ ͊͘ ;͙͙͙ͤͤ͊ͣ͟ ͍͒ͦͪͦ͘ΩΎΦ ˸͙ 
͎͙ͤ͊ͣ͊͊ͫ͡Ύ ͔͙͙ͨ͒ͪͫͭ͜͟͡ ͍͙͍͊͗ͫͭ͜͡Έ ͔ͤ ͭ͜͡Έ͙͟ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͍͒ͦͪͦ͘ΩΎΣ ͊ ͚ 
ͫͯͫͨ͜͡Έ͎ͤͦͦΣ ΅ͦ ͍͙ͦ͋ͯͣͦͦ͡ ͍͙͔͔ͦͪͣͤͤ͟͡Ύ ͔ͭͪͣͤͯ͜ ζ͎ͪͦͣ͊͒ͫΈ͔͟ ͍͒ͦͪͦ͘ΩΎη Ύ͟ 
͎ͫͯͯͨͤͦͦ͟ ͍͒ͦͪͦ͘ΩΎ ͡Ό͔͚͒Σ Ύ͟͜ ͙͍ͨͪͦ͗͊ΌͭΈ ͤ͊ ͔͍͚ͨͤ͜ ͔͙ͭͪͭͦͪ͜͝ ͔ͦͪͣ͊͘͟ ͊͋ͦ ͍ 
͔͍͒ͪ͗͊͜ ͎͊͊ͦͣ͘͡Φ ˽͍͒ͦ͒͜Ύ;͙ ͨ͒ͫͯͣͦ͜͟ ͍͙ͫͭͯͨ͊ͣ ͔͍ͫͭͯ͒ͤͭ͜Σ ͙ͤ͊ͣ ͍͍͊ͯ͊ͦͫ͘͟͡Ύ 
ͤ͊ ͔ͭΣ ΅ͦ ͍ ͼΈͦͣͯ ͔ͦͤͭͫͭ͟͟͜ ͙ͨͪͤͼ͙͍ͨͦͦ ͤ͜΄͎ͦͦ ͤ͊͘;͔ͤͤΎ ͍ͤ͊͋ͯ͊Ί ͍͔ͫͭ͊ͤͤ͡Ύ 
͒ͦ ͍͒ͦͪͦ͘ΩΎ ͙͍ͤ͒͒͊͜͜Σ ͎͙ͪͯͨΣ ͎͙ͪͦͣ͊͒ ͚ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ  

˹͊ ͊ͤ͘ΎͭͭΎͻ ͯ ̊ͦ͟͜͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ 
͍ͨ͊ͤͯ͊͊ͫ͡͡Ύ ͙͔ͫͫͭͣ͊ ͊͘ͻ͍ͦ͒͜Σ ͍ͨͦΩΎ͊ͤ͊͘ ͘ ͍͙ͪ͜΄͔ͤͤΎͣ ͍͊͒͊ͤ͘Έ ΅ͦ͒ͦ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ ͯ;͍ͤ͜Σ ͍͙ͨ͒͜΅͔ͤͤΎ ͍ͪͤ͜Ύ ͍ͦͫ͜;͔ͤͦͫͭ͜ ͘ 
ͼ͙ͻ ͙ͨͭ͊ͤΈ ͋͊ͭΈ͍͟͜ ͜ ͍ͫ͜ͻ ͯ;͙͍͊ͫͤ͟͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯΦ 

˨͡Ύ ͍͙ͨ͒͜΅͔ͤͤΎ ͍ͪͤ͜Ύ ͙͍ͨͪͦ͒ͯͭͤͦͫͭ͟͜ ͙ͪͦ͋ͦͭ ͙̊ͦ͟͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
͍;͙͔ͭ͡Ύ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͍͙͙ͨͪͦͦ͒ͫ͡Ύ ͔͎͙ͭͪͤͤ͜Σ Ύ͟͜ ͍ͫͭͦͪΌ͍͙͊͡ ͙͍ͣͦ͗ͦͫͭ͜͡ 
͒͡Ύ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͤ͊ͨͪ͊ͼΌ͍͊ͤͤΎ ͔͍ͨͤͦ͝ ͙ͨͦ͘ͼ͜͝ ͯ;͙͊ͫͤ͊͟ ΄͡Ύͻͦͣ ͚͎ͦͦ 
͙͍͊ͭͤͦ͟͝ ͯ;͊ͫͭ͜ ͍ ͨͪͦͼ͔ͫ͜ ͔͍ͪͦ͊ͤͦ͟͝ ͎͍ͪͯͨͦͦ͝ ͍͊͘Ίͣͦ͒͜͝Φ ˭ͤ͊;ͤ͊ ͍͎ͯ͊͊ 
͙ͨͪ͒͜͡Ύ͊ͫ͡Ύ ͍͔͔ͨͪͦ͒ͤͤΌ ͍͙͒ͦ͜͡ͻ ͎ͦͪ͜Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͍͒ͦͦ͜͡͝ ͎͙ͪ ζˢͭͯ͊͟͡Έͤ͜ 
͔͙ͨͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ ͯ;͍ͤͫ͜Έͦ͟͝ ͣ ͦͦ͒͜͡ηΦ 

ˤ͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͒ͦ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡ 
͍͙Ύ͍͙͍ͫΎ ͨ͒͜ ;͊ͫ ͎͍͙ͨ͒ͦͭͦ͜͟ ͭ͊ ͍͔͔ͨͪͦ͒ͤͤΎ ͦͤͯͪͫͯ͟͟ ͔ͫͭͯ͒ͤͭͫΈ͙͟ͻ ͍͙ͤ͊ͯͦ͟ͻ 
ͪͦ͋ͭ͜ ͤ͊ ͔ͭͣͯ ζ˸ͦͦ͒͡Έ ͊͘ ͍͒ͦͪͦͯ͘ ͤ͊ͼ͜ΌηΦ ˸͔ͭͦΌ ͼΈ͎ͦͦ ͦͤͯͪͫͯ͟͟ ͫͭ͊͊͡ 
͙͍͊ͭ͊͘͟͜ͼ͜Ύ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜Σ ͨͦ΄ͯ͟ ͍ͦ͋͒͊ͪͦ͊ͤͦ͝ 
͔ͫͭͯ͒ͤͭͫΈͦ͟͝ ͣͦͦ͒͜͡ ͭ͊ ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͝͝ ͍ͭͦͪ;͎ͦͦ ͪͦͫͭ͊ͤͤ͘ΎΣ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͘͜;ͤͦ͝ 
ͯ͟͡Έ͙ͭͯͪ ͚ ͍͙Ύ͍͔ͤͤ͡Ύ ͍ͪͤ͜Ύ ͝ͻ ͔͔͙ͭͦͪͭ;ͤͦ͝ ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ 
͙ͪͦ͋ͦͭ ͍ ΄ͦ͟͜͡Φ  
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ˤ͍͊͗͊ΊͣͦΣ ΅ͦ ͙͙͍͙ͨͦͭͤͣ͘ ͔ͣͦͣͤͭͦͣ ͯ ͍͙ͫͭͯͨ͊ͻ ͋ͯͦ͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
ͣͯ͡Έ͙͔͚͙ͭͣ͒ͤ͜ͻ ͍͊ͫͦ͋͘͜Σ ͍͊͒͘Ύ͙͟ Ύ͙ͣ͟ ͍͙ͫͭͯͨ͊Ό;͜ ͔͙ͫͭͯ͒ͤͭ ͤ͊ͦ;ͤͦ 
͔͍͙͒ͣͦͤͫͭͪͯ͊͡ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍ͫͦ͝ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ό͙ͪͫΦ нύΦ  

 
˾͙ͫΦ нΦ ͎͔̅ͪ͊ͣͤͭ ͣͯ͡Έ͙͔͚ͭͣ͒ͤͦ͜͝ ͔͔ͨͪͤͭ͊͘ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜  
 
˻͙͍ͫͦ͋͊͡ ͍͎ͯ͊͊ ͙ͤ͊ͣ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͍͔͔ͨͪͦ͒ͤͤΌ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ 

͙͙ͨͪ͊ͭ͟͟ ͤ͊ п ͯͪͫ͟͜Φ ˲͝ ͍͊͒͊ͤͤ͘Ύ͙ͣ ͍͙ͤ͊͘;͔ͤͦΥ ͎͙͔ͨͦ͋ͤͤ͡͡Ύ ͚ ͔͊ͪͨͤͤ͘͟͜͡Ύ 
͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘Έ ͘͜ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͚ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͍͙ͤ͊;ͦ͟ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Τ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͣͤͤ͜Ύ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͜ ͍ͭͦͪ;ͦ ͎ͯ͊͊͘͡ΈͤΌ͍͙͊ͭ ͍͒ͦͫ͒͜ ͔͔͍͙ͨͪ͒ͦͻ 
͔ͫͨͼ͍͊ͫͭ͜͜͜͡ ͎͊ͯ͘͜͡ ͺ͙͘͜;͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͭ͊ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘ΎΤ 
͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ ͜ ͍͙͙ͨͪͦͦ͒ͭ ͎͙ͨͪͦͨ͊͊ͤ͒ͫͭͫΈͯ͟ ͪͦ͋ͦͭͯΦ  

˭͍͊͒͊ͤͤΎ͙ͣ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͙ͫͭ͊͡Υ ͎͍ͨ͒ͦͭͦ͊͜͟ 
͔ͪͺ͔͙͍͎ͪ͊ͭͤͦͦ ͎ͦ͡Ύ͒ͯ ͫͯ;͊ͫͤͦ͝ ͍ͤ͊ͯͦͦ͟͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͙ͭ͊͟ͻ 
͔ͭͣΥ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͯ;ͤΎ͙ͣ 
͎ͪͤͦͦ͘͜ ͍ͯ͜͟Τ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͍͊ͫͦ͋͘͜ ͍͔ͦ͒ͦͪͦͤͤ͘͡Ύ ͨͪͦͺ͔͚͚ͫͤ͜͜ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍;͙͔͍ͭ͜͡ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪΤ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ 
͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έ͎ͤͦͦ ͨͪͦͫͭͦͪͯ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Έ͎ͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͊͊͒ͯ͘͟͡Τ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͚͔ͣ͊ͫͭͪͤͫͭ͜Έ ͯ;͙͔ͭ͡Ύ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪΦ  

˽ͪͦͺ͔͚ͫͤͦ͜ ͤ͊͘;ͯ΅͙ͣ ͔ͭ͊ͨͦͣ ͯ ͙͔ͫͫͭͣ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͘͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͍͙ͫͭͯͨ͊Ί ͍͔ͦͦͤͭͪͫ͡Έ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ 
͎͊ͯ͘͜͡ ͍͒ͦͪͦ͘ΩΎ͔͔͔͋ͪ͗ͤͤ͘ΎΣ Ύ͊͟ ͨͦͫͭ͊Ί ͔͍͙ͨͪͤͤͦΌ ͊ͤͦ͟͡Ό ͊ͨͪͦ͋͊ͼ͜͝ 
͎͍ͦͭͦͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍͒ͦͪͦ͘ΩΎ͔͔͍͋ͪ͗ͯ͊͘͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ́͊͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ 
͔͔ͨͪ͒͋͊;͊Ί ͯ;͊ͫͭΈΣ Ύ͟ ͯ ͍͙ͦ͒ͤͦͪ͊ͦ͘ͻ ͊͘ͻͦ͒͊ͻΣ ͭ͊͟ ͜ ͍ ͙͍͙ͭͪ͊͡ͻ ͎ͨͪͦͪ͊ͣ͊ͻΦ 
˿͔͙ͭͯ͒ͤͭ-͍͔͙ͦͦͤͭͪ͡ ͔͋ͪͯͭΈ ͯ;͊ͫͭΈ ͍ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͍͔͔ͨͪͦ͒ͤͤ͜ ͍ͦ͒ͦͪͦ͘;͙ͻ 
͊͘ͻ͍ͦ͒͜ ͜ ͎ͨͪͦͪ͊ͣΣ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͍͎ͣͫͭͦͤͦͦ͘͜ ͍͒ͨͦ͜;͙ͤͯ͟Σ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎ ͚ ͎͊͊͘͡Έ͔ͤ ͍͔ͦ͒ͦͪͦͤͤ͘͡Ύ ͔͚͒ͭ͜ ͭ͊ 
ͣͦͦ͒͜͡Φ ˿͔͔ͪ͒ ͙ͤͻΥ ͒͡Ύ ͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦ ͭ͊ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ς 
͍ͦ͒ͦͪͦ͘;͜ ͊͘ͻ͙ͦ͒ ζ˱͎͔͙ͪͦͭ͟ ͍͒ͦͪͦ͘ΩΎ ͒͡Ύ ͔͚͒ͭ͜ηΣ ζˤ͔͔ͫ͜͡ ͙ͫͭ͊ͪͭΥ ͋ͯ͒Έ 
͍͙͒ͦͪͦͣ͘ηΤ ͒͡Ύ ͔͚͒ͭ͜ ͔͔ͫͪ͒ͤΈ͎ͦͦ ͭ͊ ͫͭ͊ͪ΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ς ͙ͨͫͻ͎ͦͦ͜͡;ͤ͊ 
͎ͪ͊ ζ˨ͪͯ͘͜ ͨͦ ͔͔ͭ͡ͺͦͤͯΥ ͙ͪͦ͊͗͘͟ ͍ͫͦ͝ ͔͙ͨͪͦ͋ͣ͡ηΣ ͎͙͚ͪͯ͟͡ ͫͭ͜͡ ζ˿ͯ;͔͊ͫͤ 
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ͪͦͯͣͤͤ͘͜Ύ ͍͎͒ͦͪͦͦͦ͘ ͫͨͦͫͦ͋ͯ ͙͗ͭͭΎηΣ ͍ͦ͒ͦͪͦ͘;͊ ͎ͨͪͦͪ͊ͣ͊ ζ˶ͭͤ͜͜ ͔͔ͪͪ͊͟ͼ͚ͤ͜͜ 
͎͙ͪ͜ηΤ ͒͡Ύ ͣͦͦ͒͜͡ ς ͍ͦ͒ͦͪͦ͘;͙͚ ͔ͨͪͦͭ͟ ζ˶ͭͦ͜ ͙͋ͪ͊͘Ί ͍͒ͪͯ͘͜ηΣ ͙͚ͦ͋͊ͫͤ͡ 
͙͍͙͚ͫͨͦͪͭͤ ͊͘ͻ͒͜ ζ˻͋͊ͫͤ͜͡ ͔͔ͪͪ͊͟ͼ͚ͤ͜͜ ͎͙ͪ͜ ˤ͙ͦͤ͜͡ηΣ ͍͎ͫͨͦͪ͊ͤ͊ͭͦͪͦͣ͘͜͜ Ύ͙͟ͻ Ί 
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SUMMARY 
Druchyk V. hƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ŜȄǇŜǊƛŜƴŎŜ ƻƴ ƛƳǇƭŜƳŜƴǘƛƴƎ ƘŜŀƭǘƘ-

saving technologies in practical activities with high school pupils. 
¢Ƙƛǎ ŀǊǘƛŎƭŜ ŘŜǎŎǊƛōŜǎ ǘƘŜ ŦŜŀǘǳǊŜǎ ƻŦ ǎǘǳŘŜƴǘǎΩ ŜȄǇŜǊƛŜƴŎŜ ƻƴ ƛƳǇƭŜƳŜƴǘƛƴƎ ƘŜŀƭǘƘ-

saving technologies in practice with high school pupils. 
¢ƘŜ ƳŜŀǎǳǊŜǎ ƛƴ ǘƘŜ ǎȅǎǘŜƳ ƻŦ ŦǳǘǳǊŜ ǇƘȅǎƛŎŀƭ ŜŘǳŎŀǘƛƻƴ ǘŜŀŎƘŜǊǎΩ ǘǊŀƛƴƛƴƎ ƛƴ ǘƘŜ ŦƛŜƭŘ 

of health-saving, namely the work of the School of the future physical training teacher, 
ōǳǎƛƴŜǎǎ ƎŀƳŜǎΣ ǎǘǳŘŜƴǘǎΩ ǊŜǎŜŀǊŎƘ ǿƻǊƪΣ ǘŜŀŎƘƛƴƎ ǇǊŀŎǘice and volunteer work in the field of 
health-saving are analyzed. 

The purpose of the article is to disclose and justify the methodology of development 
ƻŦ ǎǘǳŘŜƴǘǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ƘŜŀƭǘƘ-saving technologies in the process of 
practical activity with high school pupils. 

In order to identify the current state of preparation of the future physical training 
teachers to the implementation of health-saving technologies in high school we conducted a 
survey of college students, which was attended by 465 people. 

Analysis of responses indicates that a significant number of respondents (71.66 %) 
strongly believes that in modern times it is advisable to train future teachers of physical 
training to the introduction of health-saving technologies in high school and only 14.85 % 
students believe that it is not appropriate to prepare future teachers of physical education in 
this area. 

To implement pedagogical support of formation of the future physical education 
ǘŜŀŎƘŜǊǎΩ ƘŜŀƭǘƘ ǇǊŜǎŜǊǾŀǘƛƻƴ ǿŜ ǳǎŜŘ ǘŜŎƘƴology in high school. 

{ƻ ǘƘŜ Ƴŀƛƴ ǊŜǎǳƭǘ ƻŦ ŦǳǘǳǊŜ ǇƘȅǎƛŎŀƭ ŜŘǳŎŀǘƛƻƴ ǘŜŀŎƘŜǊǎΩ ǘǊŀƛƴƛƴƎ ǎƘƻǳƭŘ ōŜ ǎŜŜƴ ƴƻǘ 
only in the availability in graduates of fundamental knowledge in various fields of science, a 
high level of professional skills, but also a certain willingness to be a competitive person and 
take care of health-saving activities. 

¢ƘŜ ŦŜŀǘǳǊŜǎ ƻŦ ǎǘǳŘŜƴǘǎΩ ŜȄǇŜǊƛŜƴŎŜ ƻƴ ƛƳǇƭŜƳŜƴǘƛƴƎ ƘŜŀƭǘƘ ǇǊŜǎŜǊǾŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎȅ 
in practice with high school pupils are the main goal of the study. 

Prospects for further scientific research are seen in the development of a teaching 
ǎȅǎǘŜƳ ŦƻǊ ŜŦŦƛŎƛŜƴǘ ŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ŦǳǘǳǊŜ ǇƘȅǎƛŎŀƭ ǘǊŀƛƴƛƴƎ ǘŜŀŎƘŜǊǎΩ ǊŜŀŘƛƴŜǎǎ ǘƻ ǘƘŜ 
implementation of health-saving technologies in high school. 

Key words: training, future physical education teachers, health-saving technologies, 
practical activities, high school pupils, deteriorating health, educational process. 
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ͨͪͦͼ͔ͫͯΦ ̂ ͯͪͫ͟͜ ͣͦ͗ͤ͊ ͍͙͙ͫͭͦͪͭ ͙ͨͦͫ͊ͤͤ͡Ύ ͤ͊ ͍ͦͤ͘͜΄ͤ͜ ͔͙ͪͫͯͪͫΣ ͔͊͡ ͍ͫ͜ 
͍ͤ͊;͊͡Έͤ͜ ͔͙ͣ͊ͭͪ͊͜͡ ͔͔͔ͦͫͪ͒͗ͤ͘͜ ͍ ͙͔ͫͫͭͣ͜ ͜ ͔ͫͭͯ͒ͤͭ ͍ͤ͊;͊ΊͭΈͫΎ ͍ ͝͝ ͔ͣ͗͊ͻΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ. ˽͙ͪ͊ͭ͟;͙͚ͤ ͔͊ͫͨͭ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͭ͊ ˱͔͔ͤͭͪͤͭ-͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͍ͦͫͭ͜͜ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ 
͎͋͊͊ͭͦ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͜ ͙͊ͦͪ͒ͦͤͤ͘͟ͻ ͍ͤ͊ͯͦ͟ͼ͍͜Φ ͙̊ͪͦͦ͟ ͍͒ͦͣ͜͜ ͍ͤ͊ͯͦ͟͜ ͨͪ͊ͼ͜ ͍ 
ͦ͋͊ͫͭ͜͡ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ ͫͦͼ͊͜͡Έ͙ͤͻ ͜ ͺͦͫͦ͜͡ͺͫΈ͙͟ͻ ͔͍͊ͫͨͭ͟͜ 
ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜͝ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ όˢΦ ˻ Φ ʕ ͔ͪ͋͜ͼΈ͙͚͟Σ ˣΦ ˿ Φ ˥ ͔ͪ΄ͯͤͫΈ͙͚͟Σ 
˻Φ ˱ Φ ˽ ͔ͦͣͭͯͤΣ ˢΦ ʕ Φ ̆ ͯͭͦͪͫΈ͙͚͟ύΣ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͍͙΄ͯ 
͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ όˢΦ ˸ Φ s ͍ͤͫͣͦ͜͜Σ ˤΦ ˹ Φ ˴ ͯͻ͔͊ͪͤͦ͟Σ ˹Φ ʕ Φ ˸ ͔ͦͪ͘Σ 
̐Φ ˿ Φ ˽ ͦ͊ͭ͡Σ ˿Φ ˻ Φ ˿ ͙ͫͦΊ͍͊Σ ˹Φ ʕ Φ ́ ͜ͻ͍ͦͣͪͦ͊͜ύΣ ͔͎ͤͭͪ͊͜ͼ͜͝ ͦ;͙ͤͻ ͜ ͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ 
ͺͦͪͣ ͍ͤ͊;͊ͤͤΎ όˢΦ ʕ Φ s ͤ͒ͪΊΊ͍Σ ˢΦ ˸ Φ ˥ ͦ͡Έ͒ͤ͜Σ ˤΦ ˹ Φ ˴ ͯͻ͔͊ͪͤͦ͟Σ ˩Φ ˨ Φ ˽ ͊ͭ͊ͪ͊ͤ͟͜Σ 
̐Φ ˿ Φ ˽ ͦ͊ͭ͡Σ ˢΦ ʕ Φ ̆ ͯͭͦͪͫΈ͙͚͟ύΣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙΅͙ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͍ ͍ͯͣͦ͊ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ό˹Φ ˱ Φ x ͚ͦͦ͟Σ ˹Φ ʕ Φ ˸ ͜ͻ͚͍͊ͦ͊͡Σ ˸Φ s Φ ̂ ͙ͣͪ͟ύΦ 

̂ ͋͜͡Έ΄ͦͫͭ͜ ͍͙ͨͪͦ͊ͤ͊ͦ͊ͤ͘͜͡ͻ ͪͦ͋ͭ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-
ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͭ͊ ˱͔͔ͤͭͪͤͭ-͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͍ͦͫͭ͜͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Ύ ͍ ͍ͯͣͦ͊ͻ 
͙ͭͪ͊͒ͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΦ ˸͙ ͗ ͎ͪͦ͘͡Ύ͔ͤͣͦ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍ͯͨͪ͊ͤͤ͜͡Ύ 
͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͙͔ͫͫͭͣ͜ MoodleΦ ˹͍͊;͊ͤͤΎ ͘ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙͔͙ͫͫͭͣ Moodle ͙ͪͦ͋ͭΈ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ͋͜͡Έ΄ ͼ͍͙͊ͣ͜͟Σ 
͎ͤͯ;͙ͣ͟ ό͍͙͍;͙͊ͭ ͊͋ͦ ͔ͤ ͍͙͍;͙͊ͭ ͔͙ͭͣ ͒ͦ͊͒ͤͦ͟͡Σ ͙͙ͦ͋ͪ͊ͭ ;͊ͫ ͒͡Ύ 
͍ͤ͊;͊ͤͤΎύ ͜ ͔͔͔͍͙͋ͨͪͪͤͣ͘Φ ˨͙͚͊ͤ ͨͪͦͼ͔ͫ Ί ͊ͭͯ͊͟͡Έ͙ͤͣΣ ͙ͦ͟͡ ͡Ό͙͒ͤ͊ 
ͪͦͯͣ͘͜Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͪͫͯͪͫͯΣ ͔͔ͨͪ͒͊;͊ ͍ͦͫͭͤ͜Έͦ͝ ͤ͜͜ͼ͙͍͙͊ͭ͜ 
͙ͫ͊ͣͣ ͔ͫͭͯ͒ͤͭ͊ͣ ͔͋ͯ͒ ͪͦͯͣ͊͘͘͜͡ ͭ͜͡Έ͙͟ ͭͦ͒͜Σ ͙ͦ͟͡ ͍͙ͦͤ ͋ͯ͒ͯͭΈ ͎͍ͦͭͦ͜ ͼΌ 
ͤ͜͜ͼ͙͍͊ͭͯ͜ ͙͚ͨͪͤΎ͙ͭΦ ˻͔ͭ͗Σ ͔ͨͪͦ͋ͣ͊͡ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό 
͍ͨͤ͊͊͘͜͡ΈͤͦΌ ͒͜Ύ͡Έͤͫͭ͜Ό ͫͯ͋ΩΊ͍ͭ͟͜ ͙͊ͫͦ͋͊ͣ͘ ͙͔͙ͫͫͭͣ aƻƻŘƭŜ Ί ͊ͭͯ͊͟͡ΈͤͦΌΦ 

˸͔ͭͦΌ ͫͭ͊ͭͭ͜ Ί ͦ ͍͋͐ͪͯͤͭͯ͊ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͔͔͔͍ͣͤͭ͜͡ ͙͔͙ͫͫͭͣ aƻƻŘƭŜ ͒͡Ύ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό 
ͪͦ͋ͦͭͦΌ ͔͍ͫͭͯ͒ͤͭ͜Φ ˭͍͊͒͊ͤͤΎ͙ͣ ͫͭ͊ͭͭ͜ Ί ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͭ͊ ͘ΩΎ͍ͫͯ͊ͤͤΎ 
͔ͫͨͼ͙ͺ͜;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔͔͔͍ͣͤͭ͜͡ ͙͔͙ͫͫͭͣ aƻƻŘƭŜ ͍ ͍ͯͨͪ͊ͤͤ͜͜͡ 
͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ ͔͍ͫͭͯ͒ͤͭ͜. 

˸͔͙ͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˹͍͙͚͊ͯͦ͟ ͊ͤ͊͘͜͡ ͺͦͫͦ͜͡ͺͫΈͦ͟͝Σ ͙ͨͫͻ͎ͦͦͦ͡-
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͭ͊ ͔͙ͣͭͦ͒;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡Σ ͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΣ ͊ͤ͊͘͜͡ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͍͙͊͒͊͟͡;͍͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͣͫͭ͊͜ ͍̆͊ͪͦ͊͟ ͘ 
͍ͯͨͪͦ ͔͊͒͗ͤͤΎ ͔͔͔͍ͣͤͭ͜͡ ͙͔͙ͫͫͭͣ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͍ͦͫͤͦ͜ 
͙͔͙ͫͫͭͣ aƻƻŘƭŜΦ 

˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͍͙ͦͤ͊ͤͦ͟ ͎͒ͤͦ͘͜ ͘ ͨ͊ͤͦͣ͡ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͙ͪͦ͋ͦͭ 
͊͟ͺ͔͙͒ͪ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ̆́˩˱ ˴ ˹́˩̂ ͊͘ ͔ͭͣͦΌ 
ζ˸ ͔͙ͭͦ͒͊͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͨͪͫͦͤ͊͡Έ͎ͤͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔͔͍͙ͫͪ͒ͦ΅͊ ͍ ͔ͦͤͭͫͭ͟͟͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎηΣ ͔͍͙͚͒ͪ͗͊ͤ 
͔ͪΊͫͭͪ͊ͼ͚͙͚ͤ͜ ͔ͤͦͣͪ όЅ ллмпu001579). 
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ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˻͍ͫͤͦͤͦΌ ͔͔ͭͤ͒ͤͼ͜ΊΌ ͫͯ;͊ͫͤͦ͝ ͍͙ͦͫͭ͜ 
Ί ͍͙ͪͦͭͦ͘͟ ͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ ͺͦͪͣ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͋͊͘͜ ˱͔͔ͤͭͪͤͭ-͔ͭͻ͎͚ͤͦͦ͜͡Φ 
ˤ͍͒͋ͯ͊͜ΊͭΈͫΎ ͔͎ͤͭͪ͊͜ͼ͜Ύ ͦ;͙ͤͻ ͜ ͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ ͺͦͪͣ ͍ͤ͊;͊ͤͤΎΦ 

˾͍͙ͦͭͦ͘͟ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͦͪ͜Ί͍͙͚ͤͭͦ͊ͤ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͺ͊ͻ͍͜ͼΎΣ 
͎͒͊ͭͤͦͦ͘ ͒ͦ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͨͦ΄ͯͯ͟ ͚ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘ΈΦ ̒͟΅ͦ ͪ͊ͤ͜΄͔ 
͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͚͒ͫͤ͘͜Ό͍͊͊ͫ͡Ύ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍ ͨͪͦͼ͔ͫ͜ 
͙͙͊ͯ͒ͭͦͪͤͻ ͊ͤ͘ΎͭΈΣ ͤ͊ ͔͟͡ͼ͜Ύͻ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻΣ ͤ͊ ͦͤͫͯ͟͡Έͭ͊ͼ͜ΎͻΣ ͨ͒͜ ;͊ͫ ͤ͜΄͙ͻ 
͍ͦͤͭ͊ͭ͟͟͜ ͘ ͍͙͊͒͊͟͡;͔ͣ ͨͦ͊͘ ͙͙͙͊ͯ͒ͭͦͪͤͣ ͊ͤ͘ΎͭͭΎ͙ͣΣ ͯ ͔͋͋ͦͭ͜͜͡ͼ͜Σ ͯ͒ͦͣ͊Σ ͊ 
ͺ͙ͦͪͣ ͚ ͙ͦͪ͒ͦͤ͟ ͭ͊ͦ͟͝ ͙ͪͦ͋ͦͭ ͙͋ͯ͡ ͙͒ͦͫͭΈ ͙ͪͦͣͭ͘͜Σ ͭͦ ͘ ͨͦΎ͍ͦΌ ͔͔ͣͪ͗͜ 
˱͔͔ͤͭͪͤͭ ͘ΩΎ͍͙͍ͫΎ ͍͙͚ͤͦ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͫͭͪ͜Σ ͯ Ύͦͣͯ͟ ͔ͣͦ͗ ͙͋ͯͭ 
͎͍ͦͪ͊ͤͦ͊ͤ͊͘͜ ͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊ ͔͍ͫͭͯ͒ͤͭ͜Φ 

ˣ͔ͪͯ;͙ ͒ͦ ͍͎͙ͯ͊ ͺ͍ͤ͊ͤͫͦ͜͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͚ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͔͙ͣͦͣͤͭΣ 
͍ͨͦΩΎ͊ͤ͘͜ ͘ ͍͔ͯͨͪͦ͊͒͗ͤͤΎͣ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͍ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ 
͙̂ͪ͊ͤ͟͝Σ ͍ͣͦ͊ ͍ ͚͙ͤ͊͋͗͡;͚͜ ͔͔͙͍ͨͪͫͨͭ͟͜ ͔ͣͦ͗ ͚͙ͭ ͔͔͍ͨͪ͊͗ͤͦ ͨͪͦ 
͎ͦͪ͊ͤ͜;ͤͦ ͣ͘͜΄͔͊ͤ ͭ ͙ͪ͊͒ͼ͚͔ͤ͜ ͚ ͙͒ͫͭ͊ͤͼ͚͔ͤ͜ ͍ͤ͊;͊ͤͤΎΣ ͯ Ύͦͣͯ͟ ͎͚͊ͪͣͦͤͤͦ͜ 
ͨͦΊ͒ͤ͊ͤ͜ ͍ͫ͜ ͔͔͍͎͙ͨͪ͊ ͔ͨͪ΄͎ͦͦ ͭ͊ ͎͎͒ͪͯͦͦΦ 

˽ͦ;͊ͭͦͣ͟ ͍͙͙͔ͤͤͤͤ͟Ύ ͚ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ 
͍ͤ͊;͊ͤͤΎ ͍ ͙͔ͫͫͭͣ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ΅ͦ ͘ΩΎ͍͙͙ͫ͡Ύ ͔ͨͪ΄͙͙ͣ ͯ ͪ͊ͤ͊͟͝ͻ ˭͊ͻ͒ͤͦ͜͝ 
͍͙̐ͪͦͨ ͭ͊ ˿̊ˢΣ ͣͦ͗ͤ͊ ͍͔͙͒ͤͫͭ͜ ͨͦΎ͍ͯ ζˤ͙͎͒ͪͭͦͦ͜͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜η ͯ ˤ͔͙͟͜͡ 
ˣ͙ͪͭ͊ͤ͜͝ όсл ͪ ͙ͦ͟ ͙͎ͣͤͯͦͦ͡ ͫͭͦͭͭ͜͡ΎύΦ ˿Έ͎ͦͦ͒ͤ͜ ͙͔ͫͫͭͣ͊ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ 
͍ͤ͊;͊ͤͤΎ Ί ͍͒ͦͦ͜͡ ͍ͪͦͨͦͫ͘Ό͔͒͗ͤͦΌ ͚ ͨͦ΄͙͔ͪͤͦΌ ͔͔ͫͪ͒ ͎͋͊͊ͭΈͦͻ ͪ͊ͤ͟͝ 
͍͔͚̐ͪͦͨͫΈ͎ͦͦ͟ ͫͦΌͯ͘Φ ˨͙ͫͭ͊ͤͼ͚͔ͤ͜ ͍ͤ͊;͊ͤͤΎ ͙͍͊ͭͤͦ͟ ͍͙͍ͪͦ͊͘ΊͭΈͫΎ Ύ͟ 
ͺͦͪͣ͊ ͍ͤ͊;͊ͤͤΎΦ ˹͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ͍ͦͤͦ ͔ͣͦ͗ ͙͋ͯͭ ͔͍ͪ͊ͦ͊ͤͦ͘͜͡ 
͙͊ͫͦ͋͊ͣ͘ ˱͔͔ͤͭͪͤͭ-͔ͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊ΌͭΈ ͔͙͍ͤͭͪ͊ͭͤͫͭ͜͟͜Έ ͜ 
͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͍͊͘Ίͣͦ͒͜Ύ ͍͙͊͒͊͟͡;͊ ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊ ͍͒ͫͭ͊ͤ͜͜Σ ΅ͦ 
͍͒ͦ͋ͪ͊͗͊͜Ί ͍ͫ͜ ͔͙ͦͣͨͦͤͤͭ͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ όͼ͜͜͡Σ ͣͫͭ͘͜Σ ͔͙ͣͭͦ͒Σ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͺ͙ͦͪͣΣ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎύΦ 

˨͙ͫͭ͊ͤͼ͚͔ͤ͜ ͍ͤ͊;͊ͤͤΎ Ί ͍͒ͤͦͫͤͦ͜ ͍͙ͤͦͣ Ύ͍͙΅͔ͣ ͍ ̂ͪ͊ͤ͟͜͝Φ ˾͍͙ͦͭͦ͘͟ 
͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͫͭͦͪ͜ ͙̂ͪ͊ͤ͟͝ Ί ͔͔ͨͪ͒͋͊;͔͙ͤͣ 
˹͊ͼͦͤ͊͜͡ΈͤͦΌ ͎ͨͪͦͪ͊ͣͦΌ ζ˻ ͍ͫͭ͊͜η ό̂ͪ͊ͤ͊͟͝ ̆̆˱ ͫͭͦͭͭ͜͡Ύύ ώ11]. ˯͎ͦͦ 
͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ͍ͭ͜;͙ͤ͘Ύͤ͜ ͚ ͊ͪͯ͋͗ͤ͘͜͜ ͍ͤ͊ͯͦ͟ͼ͜Υ ˢΦ s Φ s ͤ͒ͪΊΊ͍Σ ˢΦ ˸ Φ ˥ ͦ͡Έ͒ͤ͜Σ 
ˤΦ ˹ Φ ˴ ͯͻ͔͊ͪͤͦ͟Σ ˹Φ ʕ Φ ˸ ͔ͦͪ͘Σ ˩Φ ˨ Φ ˽ ͊ͭ͊ͪ͊ͤ͟͜Σ ̐Φ ˿ Φ ˽ ͦ͊ͭ͡Σ ˿Φ ˻ Φ ˿ ͙ͫͦΊ͍͊ ͭ͊ 
ͤ͜΄͜Φ ˹͊ͨͪ͊ͼΌ͍͊ͤͤΎ ͚ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ͤ͊ͯͦ͟ͼ͍͜ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙͙ͪͦ͋ͭ͘ 
͍͙͍͙ͫͤͦ͟Σ ΅ͦ ͔ͫ͊ͣ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͒͊Ί ͍͒ͦ͒͊ͭͦ͟͜ 
͙͍ͣͦ͗ͦͫͭ͜͡ ͍͙͒ͦ͋ͪ͊͗͊ͭ͜ ͤ͊ͯͦͣͫͭ͟͜͟͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͔͋͘ ͤ͊͘;ͤͦ͝ ͍͙ͭͪ͊ͭ ;͊ͫͯΣ 
΅ͦ ͙ͨͪ͊ͭ͟;ͤͦ ͔͙͍ͤͣͦ͗ͦ͡ ͍ ͍ͯͣͦ͊ͻ ͙ͭͪ͊͒ͼ͚ͤͦ͜͝ ͔͟͡ͼ͜͝ ;͙ ͙ͨͪ͊ͭ͟;͎ͤͦͦ 
͊ͤ͘ΎͭͭΎΦ ˴ͪͣ͜ ͎ͭͦͦΣ ͍͔͙ͦ͟͡Ό ͔͔͍͎ͨͪ͊ͦΌ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ Ί ;͔ͭ͜͟ 
͔͔͔͔ͨͪͤͫͤͤΎ ͊͟ͼ͔ͤͭͯ ͤ͊ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙ͦͫͭ͜Σ Ύ͟͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͒ͦͫΎ͎͔ͤͤͤΎ͙ͣ 
͎ͦ͗ͤͦͦ͟ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔ͫͭͯ͒ͤͭ͊Φ ̂ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟ ͔ͫͭͯ͒ͤͭ ͫͭ͊Ί ͼ͔ͤͭͪ͊͡ΈͤͦΌ 
ͺ͎ͯͪͦ͜Ό ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͨ͒͜ ;͊ͫ Ύ͎ͦͦ͟ ͍ͤ͜ ͔ͣͦ͗ ͚ͫ͊ͣͦͫͭͤͦ͜ ͙͙ͦ͋ͪ͊ͭ 
΄͡Ύͻ͙ ͍͊ͫͦ͘ΊͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ 
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͍͔̂ͨͪͦ͊͒͗ͤͤΎ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͍͒ͦͦ͘͡ΎΊ ͔ͫͭͯ͒ͤͭ͊ͣ 
͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ ͣͫ͜ͼΎ ͪͦͭ͊͘΄͍ͯ͊ͤͤΎ ͜ ͚͊ͤ͘Ύͭͦͫͭ͜ ͙͍͙ͦͭͪͣͯ͊ͭ ͔͔͙ͭͦͪͭ;ͤͯ 
ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ ͍ͫͦΊ;͊ͫͤͯ ͭ͊ Ύͫͤͯ͟͜ ͦͤͫͯ͟͡Έͭ͊ͼ͜ΌΣ ͍͙͍͙ͦͤͯ͊ͭ͟ ͙ͨͪ͊ͭ͟;ͤ͜ 
͍͊͒͊ͤͤ͘Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ ͊͋ͦ ͍ ͍ͫͨͨͪ͊͜ͼ͜Σ ͚ͤ͊͋͜͡Έ΄ ͍ͨͦͤͦ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ 
͙ͦͫͦ͋ͫͭͫͤ͜͜ ͚ ͺ͎ͦͦ͘͜͜͜͡;ͤ͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͦͪͣͦ͟ ͍͘Ύͭͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ̂ 
͙͒ͫͭ͊ͤͼ͚ͤͦͣͯ͜ ͍ͤ͊;͊ͤͤ͜Σ ͍ ͍ͯͣͦ͊ͻ ͍͒ͫͯͭͤͦͫͭ͜͜ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έ͎ͦͦ 
͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͍͙͊͒͊͟͡;͔ͣΣ ͙͍ͣͦͭ͊ͼ͜ΌΣ ͙͍͊ͭ͊͘͟͜ͼ͜Ό ͒͜Ύ͡Έͤͦͫͭ͜ ͫ͒͜͡ 
͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͦͪ͜Ίͤͭ͊ͼ͜Ό ͤ͊ ͍͔ͫͭͦͪͤͤΎ ͙͍͍ͣͦͭ͜ ͯͫͨ͜ͻͯ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͔ͫͨͼ͊͜͡Έͤͦ ͔͍͙͊ͨͪͦͭͦ͊ͤ͘͟ͻ ͜ ͚͍͙ͫͦͤͫͭͪͯͦ͊ͤ͟ͻ ͍͊ͫͦ͋͘͜ ώуϐΦ  

˭ ͔͔ͨͪͻͦ͒ͦͣ ͤ͊ ͔͙ͪ͒ͭͤͦ͟-ͣͦ͒ͯ͡Έͤͯ ͙͔ͫͫͭͣͯ ͍ͤ͊;͊ͤͤΎ ͜ ͙ͨͪ 
ͫͦͪͦ͟;͔ͤͤ͜ ͙͎͊ͯ͒ͭͦͪͤͦͦ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎ ͍͙ͨ͒͜΅ͯΊͭΈͫΎ ͪͦ͡Έ ͚ͫ͊ͣͦͫͭͤͦ͜͝ 
͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͊͟Σ ͯ ͙͚͒͊ͤ ;͊ͫΣ ͔͙͍ͤͣͦ͗͊͡ ͔͋͘ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͤ͊;͊͡Έͤͦ-
͔͙ͣͭͦ͒;͙ͤͻ ͔͍ͦͣͨͫ͟͟͜͡Σ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͎ͨͪͦͪ͊ͣ ͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘ΈΣ 
͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͺͦͪͣ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͊ͭͯ͊͟͡Έ͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔ͨͪͦ͋ͣ͡Φ  

͍̂ͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ ͔͍ͫͭͯ͒ͤͭ͜ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͍ͨ͡ 
͍͙͊͒͊͟͡;͍͜Σ ͊͟ͺ͔͒ͪΣ ͔͍͒͊ͤ͊ͭ͟͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ ͤ͊ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͯ ͭ͊ 
͎ͪ ͍ͯͨͦͯ ͚ͫ͊ͣͦͫͭͤͯ͜ ͍ͨͤ͊͊͘͜͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜Φ ͍̂ͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό 
ͪͦ͋ͦͭͦΌ ͔͍ͫͭͯ͒ͤͭ͜ ͍͟͡Ό;͊Ί ;͔ͭ͜͟ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͣͫͭͯ͘͜ ͚ ͦ͋ͫΎ͎ͯ ͚ͫ͊ͣͦͫͭͤͦ͜͝ 
͙ͪͦ͋ͦͭΣ ͎ͦͪ͊ͤ͊͘͜ͼ͜ΌΣ ͦͤͭͪͦ͟͡Έ ͜ ͊ͤ͊͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭΣ 
͔ͤͦ͋ͻ͔͒ͤ͜ ͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;͔ͤ ͭ͊ ͔ͣ͊ͭͪ͊͜͡Έͤͦ-͔ͭͻͤ͜;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ 
͍͔ͯͨͪͦ͊͒͗ͤͤΎ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊ͤͤΎΣ ͦ͋͜͟͡ ͍͙ͭͪͯ͒ͦͭͪ͊ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͜ 
͍͙͊͒͊͟͡;͍͜ ͯ ͔ͣ͗͊ͻ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭΦ ̂ ͍͙ͪ͜΄͔ͤͤ͜ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ ͍͊͒͊ͤ͘Έ 
͒͊ͭͤ͘͜ ͎͙͒ͦͨͦͣͦͭ ΄͙ͪͦͦ͟ ͍ͪͦͨͦͫ͘Ό͔͒͗ͤ͜ ͍ ͍͍͚ͫͭͦ͜͜ ͙ͨͪ͊ͭ͟ͼ͜ ͔͔͍͙ͫͪ͒ͦ΅͊ 
͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΣ ͙ͦ͒ͤͣ ͘͜ Ύ͙͟ͻ Ί ͙͔ͫͫͭͣ͊ aƻƻŘƭŜ ώмоϐΦ 

˹͚͊͋͜͡Έ΄ ͍ͪͦͨͦͫ͘Ό͔͒͗ͤͦΌ ͍ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ Ί ͙͔ͫͫͭͣ͊ 
͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎ LMS Moodle [10]. 

˿͙͔ͫͭͣ͊ aƻƻŘƭŜ ͤ͊͋ͯ͊͡ ͚ͤ͊͋͜͡Έ΄͎ͦͦ ͨͦ΄͙͔ͪͤͤΎ ͍ ͍ͫͭ͜͜Φ ˭͊ 
ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΣ ΅ͦ ͪͦͭ͊͘΄͍ͦ͊ͤ͊ ͤ͊ ͍͔͍ͫͫͭͤ͜Έͦͣͯ ͚ͫ͊ͭ͜Σ Ŏ͙͔ͫͭͣ͊ aƻƻŘƭŜ 
(Modular Object-Oriented Dynamic Learning Environment) ς ͼ͔ ͣͦ͒ͯ͡Έ͔ͤ 
ͦ͋ΩΊͭͤͦ͟-ͦͪ͜Ί͍͔ͤͭͦ͊ͤ ͙͒ͤ͊ͣ͜;͔ͤ ͍ͤ͊;͊͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔Σ ͍ͦͤ͊ ͭ͊ͦ͗͟ 
͍͒ͦͣ͊͜ ͯ ͍ͫͭ͜͜ Ύ͟ hǇŜƴ {ƻǳǊŎŜ /ƻǳǊǎŜ aŀƴŀƎŜƳŜƴǘ {ȅǎǘŜƳ ό/a{ύΣ [ŜŀǊƴƛƴƎ 
aŀƴŀƎŜƳŜƴǘ {ȅǎǘŜƳ ό[a{ύ ͊͋ͦ ±ƛǊǘǳŀƭ [ŜŀǊƴƛƴƎ 9ƴǾƛǊƻnment (VLE) [1, 2]. 

/͙͔ͫͭͣ͊ aƻƻŘƭŜ ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͤ͊ ͍͔ͫͭͦͪͤͤΎ ͙͎ͦͫͦ͋ͫͭͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔͔͍͙ͫͪ͒ͦ΅͊Σ ͯ Ύ͔͟ ͎͙ͣͦ͡ ͋ ͙ͫͭ͊ͭͫ͜͟Ύ ͪͤ͘͜͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͙ͨͦͭͦ͟Σ ͭ͊ ͤ͊͒͊Ί 
͒ͦͫͭ͊ͭͤΈͦ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͒͡Ύ ͙͙ͨ͒ͭͪͣ͜͟ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͜ ͫͨ͜͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ώрΣ сϐΦ  

˽ͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ͍ ͙͔ͫͫͭͣ͜ aƻƻŘƭŜ ͔͔͊͋ͨ͘͘;ͯΊ ͻͦͪͦ΄ͯ ͙͍ͣͦͭ͊ͼ͜Ό Ύ͟ 
͔͍ͫͭͯ͒ͤͭ͜Σ ͭ͊͟ ͜ ͍͙͊͒͊͟͡;͍͜Σ ͍͙͙͚ͫͦ͟ ͫͭͯͨͤ͜Έ ͔͙͍ͤͭͪ͊ͭͤͦͫͭ͜͟͜ ͍ͤ͊;͊ͤͤΎΣ 
ͭ͊ͦ͗͟ ͯ ͔͙ͪ͗ͣ͜ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͍͔͋-͍ͫͨͯ͊ͤͤ͜͟͡ΎΦ ͔̇ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ 
͎͍͙͋͊͊ͭͦͪ͊ͦ͘ͻ ͍͔ͨͦͭͦͪͤΈ ͍͎͒ͦͫ͒͗ͯ͊ͤͦͦ͜͡ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͣͦ͒ͯ͡Έͤͫͭ͜ΈΣ 
͙͒ͤ͊ͣ͜;ͤͫͭ͜Έ ͒ͦͫͭͯͨͯ ͒ͦ ͤ͜ͺͦͪͣ͊ͼ͜͝ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͍͙͊͒͊͟͡; ͔ͣͦ͗ ͚ͨͦͫͭͤͦ͜ 
͔͎͍͙ͪ͒͊ͯ͊ͭ ͯͪͫ͟Σ ͊ ͔͙ͫͭͯ͒ͤͭ ͍͙͍ͨͪ͊͡Ύ͙ͭ ͍ͫͦ͝ ͙͙ͨͦͣ͟͡Σ ͒ͦͫͭͯͨͤͫͭ͜Έ ͔͍ͪͫͯͪͫ͜ 
ͯ ͋ͯ͒Έ-Ύ͙͚͟ ;͊ͫΣ ͯ ͋ͯ͒Έ-Ύͦͣͯ͟ ͣͫ͜ͼ͜ ͔ͣͤͦ͘͝ ͯ͟͜͡ ͭͦ΅ͦύ ώ4, 10]. 
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˱͔͚ͤͫͭͪͯͣͤͭ͊ͪ͜ ͙͔͙ͫͫͭͣ aƻƻŘƭŜ ͙ͤ͊ͫ;͔͙͚ͤ ͙͙ͪͤͣ͘͜ ͔͙͍͙͙ͤͭͪ͊ͭͤͣ͜͟ 
͔͔͔͙ͣͤͭ͊ͣ͡Φ ˨͡Ύ ͙ͦͫͦ͋ͫͭͫͤͦ͜͝ ͦͼ͙ͤ͜͟ ͼͫͤͦ͜͜͡͝ ͙͙͊ͪͭͤ͟ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
͔͍ͫͭͯ͒ͤͭ͜ ͯ ͙͔ͫͫͭͣ͜ aƻƻŘƭŜ ͙͍ͣͦ͗ͦ͡ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͍ͫͦ͝ͻ ͼ͙ͤͤ͜ͻ ͙͒͊ͤͻ ώоϐ ς 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͙͙ͦͤ͊ͤ͟ͻ ͍͊͒͊ͤ͘Έ ͯͪͫͯ͟Σ ͦͼͤͦ͜͟ ͯͪͫͯ͟Φ ̂ aƻƻŘƭŜ ͔͔ͨͪ͒͋͊;͔ͤͦ 
͍͒ͦ͒͊͊ͤͤΎ ͒ͦ ͯͪͫͯ͟ ͔͙ͦͪͣ͟ͻ ͙͍͙͊ͭͤ͟ͻ ͔͔͔͍ͣͤͭ͜͡ ͒͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ώтϐΦ  

˾ͤͦͣ͊ͤͭͭ͘͜͜Ύ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͔͔͔͍ͣͤͭ͜͡Σ ͦ͋ΩΊ͙͒ͤ͊ͤͻ ͨͦͤΎͭͭΎͣ 
ζ͔͙͍ͤͭͪ͊ͭͤͦͫͭ͜͟͜η ͊͋ͦ ͍͊͘Ίͣͦ͒͜͝Σ ͣͦ͗ͤ͊ ͙͙ͪͦ͒ͭ͘͜͡ ͤ͊ ͍͒͜ ͔͎͊ͭͦͪ͟͜͝Σ ΅ͦ 
͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͙ͨͪͤ͊͘;͔ͤͤΎ ͔͔͔ͣͤͭ͊͡ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Υ 

мΦ ˩͔͔͙ͣͤͭ͡ ͫͨ͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ͔̇ ͤ͊͋ͪ͜ ͔͔͔͍ͣͤͭ͜͡ ό̅ͦͪͯͣΣ ˥͚ͦͫ͊ͪ͜͡Σ 
ˤ͜͟͜ ͭͦ΅ͦύΣ ͨ͒͜ ;͊ͫ ͙ͪͦ͋ͦͭ ͘ Ύ͙͙ͣ͟ ͝ͻ ͍ͦͫͤͦͤ͊ ͊͒͊͘;͊ ς ͼ͔ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ 
͍ͫͨͨͪ͊͜ͼ͜ ό͍ͫͨͯ͊ͤͤ͜͟͡Ύύ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͍͙͊͒͊͟͡;͊ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͍͙ͤͦͻ ͤ͊ͤ͘ΈΦ ́ͯͭ 
ͦͼͤ͜Ό͍͊ͤͤΎ ͙͍ͣͦ͗ͦ͡Σ ͔͊͡Σ ͍͙͊͘͘;͚͊Σ ͔͎͎ͨ͒͊ͦ͜;ͤͦ ͔͔ͤͺ͔͙͍͔ͭͤ͟Φ 

нΦ ˱͔͙ͤͫͭͪͯͣͤͭ ͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘Έ ό˭͍͊͒͊ͤͤΎΣ ͔́ͫͭΣ ˶͔͟ͼ͜Ύ ͭͦ΅ͦύΦ 
˭͍͊͒͊ͤͤΎͣ ͼ͜Ί͝ ͔͎͊ͭͦͪ͟͜͝ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͔͔͔͍ͣͤͭ͜͡ Ί ͔͍͔͊͒͊ͭͤ͟ 
͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͍ͪͤ͜Ύ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜Φ 

ˢ͙ͫͤͻͪͦͤͤ͊ ͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙΄ͯ ͍ ͔͔͍͙ͫͪ͒ͦ΅͜ aƻƻŘƭŜ 
͍͙ͤ͊͘;͊ΊͭΈͫΎ Ύ͟ ͫͯ͋ΩΊ͙͚ͭͤ͟ ͍͙͒ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͭ͊ ͙ͨͪ͊ͭ͟;ͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜Σ ͫͨͪΎ͍ͣͦ͊ͤͦ͝ ͤ͊ ͍͙ͪ͜΄͔ͤͤΎ ͙͔͙ͫͫͭͣ 
͍ͤ͊;͊͡Έ͙ͤͻ ͊͒͊͘; ͜ ͍͊͒͊ͤ͘Έ ͯ ͨͪͦͼ͔ͫ͜ ͔ͪͦͨͦ͒ͤͦ͘͜͡͝ ͍ ;͊ͫ͜ ͔͙͍ͤͭͪ͊ͭͤͦ͜͟͝ 
͍͊͘Ίͣͦ͒͜͝ ͘ ͍͙͍ͪͦ͊͘͡Έ͙͙ͤͣ ͔͔͔͙ͣͤͭ͊ͣ͡ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔͔͍͙ͫͪ͒ͦ΅͊ aƻƻŘƭŜ ώмнϐ. 

˿͙͔ͫͭͣ͊ aƻƻŘƭŜ ͍͒ͦͦ͘͡ΎΊ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͍ ͔͙ͪ͗ͣ͜ ͚ͦͤ͊ͤ͡ ͜ ͦͺͺ͚͊ͤ͡ 
ͭ͊͟͜ ͍͙͙͒ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜Υ 

- ͍͙ͦͤ͊ͤͤ͟Ύ ͦͤͭͪͦ͟͡Έ͙ͤͻΣ ͚͙ͫ͊ͣͦͫͭͤ͜ͻΣ ͍͙ͯͪͫͦ͟ͻ ͪͦ͋ͭ͜Σ 
͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͍͊͒͊ͤ͘Έ ͭ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͔ͪͺ͔͍ͪ͊ͭ͜ ͜ ͔͔ͨͪͤͭ͊͘ͼ͚͜Τ 

- ͎͍͔ͦ͋ͦͦͪͤͤΎ ͍ ͔͙ͭͣ͊ͭ;͙ͤͻ ͭ͊ ͦͤͫͯ͟͡Έ͍ͭͯ͊ͤͤΎ ͍ ͦͤͫͯ͟͡Έͭ͊ͼ͚͙ͤ͜ͻ 
ͺͦͪͯͣ͊ͻΤ 

- ͔͍ͭͫͭͯ͊ͤͤΎ όͣͦ͒ͯ͡Έ͙͚ͤ ͭ͊ ͍͙͚ͨ͒ͫͯͣͦ͜͟ ͦͤͭͪͦ͟͡ΈύΣ ΅ͦ ͍͟͡Ό;͊Ί ͪͤ͘͜͜ 
͍͙͙͒ ͔͍͙ͭͫͭͦͻ ͍͊͒͊ͤ͘Έ ό͍͙͒ͪͭ͜͟͜Σ ͙͊ͪͭ͘͟͜Σ ͤ͊ ͍͍͒ͨͦ͒ͤͫͭ͜͜͜Έ ͜ ͍͙͍͍͋ͯ͒ͦͯ͊ͤͤΎ 
͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ύ ͜ ͍͔͔͔ͨͪͦ͒ͤ ͍ ͔͙ͪ͗ͣ͊ͻ ͔͔͍͙ͫ͊ͣͦͨͪͪ͜͟ ͭ͊ ͙ͫͨͭͯ͜Τ 

- ͔͙͍ͦͭͤͯ͟͟͡ ͪͦ͋ͦͭͯ ͤ͊ ͍͜͟͜-ͫͭͦͪͤ͊͜͟ͻΦ 
˽͒͜ ;͊ͫ ͙ͪͦ͋ͦͭ ͘ ͔͔͔͙ͣͤͭ͊ͣ͡ ͫͨ͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ό̅ͦͪͯͣΣ ˥͚ͦͫ͊ͪ͜͡Σ ²ƛƪƛ 

ͭͦ΅ͦύ ͍͙ͦͫͤͦͤͣ ͍͊͒͊ͤͤ͘Ύͣ Ί ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍ͫͨͨͪ͊͜ͼ͜Σ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͜ 
͍͙͊͒͊͟͡;͊ ͯ ͨͪͦͼ͔ͫ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͤͦͻ ͤ͊ͤ͘ΈΦ ˱͔͙ͤͫͭͪͯͣͤͭ ͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘Έ 
ό˭͍͊͒͊ͤͤΎΣ ͔́ͫͭΣ ˶͔͟ͼ͜Ύ ͭͦ΅ͦύ ͍͒ͦͦ͘͡ΎΌͭΈ ͔͙͍ͦͨͪ͊ͭͤͦ ͍͙ͤ͊͘;͙͊ͭ ͍͔ͪͤ͜Έ 
͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͍͙͙ͤͦͫͭ ͔͙͍͙ͦͪͭ͟͟ ͍ ͍ͤ͊;͊͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜ΈΦ 

ˤ͙ͤ͊͘;͙ͣͦ ͚ͤ͊͋͜͡Έ΄ ͎͊͊͘͡Έͤ͜ ͍͙͍͊ͫͭͦͫͭ͜͡ ͍ͫ͜ͻ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ 
͔͔͔͍ͣͤͭ͜͡Υ 

- ͯ ͪͦ͋ͦͭ͜ ͘ ͋ͯ͒Έ-Ύ͙ͣ͟ ͔͙͍͙ͤͭͪ͊ͭͤͣ͜͟ ͔͔͔ͣͤͭͦͣ͡Σ ͔ͫͭͯ͒ͤͭ ͍͙͔ͨͦͤͤ 
͚ͫ͊ͣͦͫͭͤͦ͜ ͍͙͙ͦͤ͊ͭ͟ ͋ͯ͒Έ-Ύͯ͟ ͒͜ΌΥ ͙͙ͤ͊ͨͫ͊ͭ ͍͔ͨͦ͒ͦͣͤͤ͜͡ΎΣ ͙͙ͪͦ͋ͭ͘ ͍͙͋ͪ͜Σ 
ͫͺͦͪͣͯ͡Ό͍͙͊ͭ ͍͙ͤ͊͘;͔ͤͤΎ ͔ͭͪͣͤ͊͜ ͭ͊ ͤ͜΄͔Τ 
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- ͍͙͊͒͊͟͡; ͔ͣͦ͗ ͦͼͤ͜Ό͍͙͊ͭ ͒͜͝ ͔͍ͫͭͯ͒ͤͭ͜Τ 
- ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͔͙͍ͤͭͪ͊ͭͤͦ͜͟͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͭ͊ ͍͙͊͒͊͟͡;͊ ͎ͪͤͦͦ͘͜ 

͍ͪͤ͜ΎΥ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͦͣͨ͟ΩΌ͔ͭͪͦͣΣ ͔͊͡ ͔ͤ ͘ ͡Ό͒Έ͙ͣΤ ͙͍ͦͪͫͭͯ͊͟; ς 
͔͒ͦͯͣͤͭ͟Τ ͙͍ͦͪͫͭͯ͊͟; ς ͟ ͙͍ͦͪͫͭͯ͊;Φ 

˻͔ͭ͗Σ ͍͙͙ͤ͊͟Ί ͙ͨͭ͊ͤͤΎΣ Ύ͙ͣ͟ ;͙ͤͦͣ ͙͍ͣͦ͗ͦ͡ ͚͒ͫͤ͘͜Ό͍͙͊ͭ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͙͔ͫͫͭͣ͜ aƻƻŘƭŜΚ ˥ͦ͋͊͡͡Έ͔ͤ 
͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͣͫͭͯ͘͜ ͚ ͦ͋ͫΎ͎ͯ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͭͦ͒͜Σ ͙ͦ͟͡ 
͍͊ͭͦͪ-͙ͪͦͪͦ͋ͤ͘͟ ͙ͦ͋ͪ͊Ί ͺͦͪͣ͊ͭ ͯͪͫͯ͟Υ ͔͊ͤ͒͊ͪ͟͡ ό͎͍ͦͪ͊ͤͦͯ͘͜Ί ͪͦ͊͒͘͟͡ 
ͯͪͫͯ͟Σ ͙͔ͭ͗͒ͤΈ ͊͘ ͙͔ͭ͗ͤͣΣ ͘ ͭͦ;͙ͤͣ ͔ͭͪͣͤͦͣ͜ ͨͦ;͊ͭͯ͟ ͚ ͊ͤ͘͟͜;͔ͤͤΎύΣ 
ͫͭͪͯͭͯͪ͊͟ ό͍ͦͤ͘͜ ͎ͤ͊͊͒ͯΊ ͔͊ͤ͒͊ͪ͟͡Σ ͔͊͡ ͔ͤ ͣ͊Ί ;͍͙͊ͫͦͻ ͔͔ͦ͋ͣ͗ͤΈύΣ ͺͦͪͯͣ 
όͯͪͫ͟ ͎͍ͦͪ͊ͤͦͯ͘͜ΊͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͎ͦ͒ͤͦͦ ͍͔͙͎ͦͦ͟͡ ͺͦͪͯͣͯ ͊͋ͦ Ύ͟ ͦ͒ͤ͊ 
͍͔͙͊͟͡ ͒ͦ΄͊͟ ͍͔ͨͦ͒ͦͣͤ͜͡ΈύΦ ˨͊͜͡ ͍͔͗ ͍ ͔͔͔ͣͤͭ͊͡ͻ ͯͪͫͯ͟ ͍͊ͭͦͪ ͍͍ͫͭ͊ͤͦ͡ΌΊ 
͔͙ͭͪͣͤ͜ ͍͙ͦͤ͊ͤͤ͟ΎΣ ͦ͋ͫΎ͎ ͜ ͣͫͭ͘͜ ͍͊͒͊ͤ͘ΈΣ ͊ ͭ͊ͦ͗͟ ͙ͦ͋ͪ͊Ί ͺͦͪͣͯ ͨͦ͒͊ͤͤΎ 
͍͙͙ͦͤ͊ͤ͟ͻ ͍͊͒͊ͤ͘ΈΦ ˤ͒ͤ͊͘͜;͙ͣͦΣ ΅ͦ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍ͯͫͭ͊ͤͦ͡Ό͍͙͊ͭ ͔͙ͭͪͣͤ͜ 
͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘Έ ͙͒ͫͼ͙ͨͤͯ͜͡Ί ͔͍ͫͭͯ͒ͤͭ͜Υ Ύ͟΅ͦ ͔ͫͭͯ͒ͤͭ ͍;͊ͫͤͦ ͔ͤ 
ζ͚͊͘΄͍ͦ ͯ ͔ͭͫͭηΣ ͭͦ ͙͔ͫͫͭͣ͊ ͍͔͗ ͔ͤ ͒ͦͨͯͫ͊͟Ί ͚͎ͦͦ ͚ ͍ͤ͜ ͍͙͊ͭͦͣ͊ͭ;ͤͦ 
͙ͦͭͪͣͯΊ л ͍͋͊͜͡Φ ˭͍ͪͦͯͣ͘͜΄͙ ͼ͔Σ ͔͙ͫͭͯ͒ͤͭ ͎ͤ͊ͣ͊͊ΌͭΈͫΎ ͍͙͙ͦͤ͊ͭ͟ ͤ͊ͫͭͯͨͤ͜ 
͍͊͒͊ͤͤ͘Ύ ͍ ͊͒͊ͤ͘͜ ͙ͫͭͪͦ͟ ͊͋ͦ ͍ͤ͊ͭ͜Έ ͔͎͊͒͊͒͘͘͜͡Έ ό͔ͭ͊͟ ͙ͨͪ ͙ͭͪ͊͒ͼ͚͚ͤ͜͜ 
ͫͻ͔ͣ͜ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͚͔ͣ͊͗ ͔͙͍ͤͣͦ͗ͦ͡ύΦ ̅ͯͤ͟ͼ͜͝ ͦͤͭͪͦ͟͡Ό ͚ 
͊ͤ͊ͯ͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͍ ͙͔ͫͫͭͣ͜ aƻƻŘƭŜ ͔͍ͪ͊ͦ͊ͤͦ͘͜͡ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͙ͪͤ͘͜ͻ ͔͔͔͍ͣͤͭ͜͡ ͯͪͫͯ͟Φ ˹͙͊ͨͪ͊͒͟͡Σ ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ ͔ͭͫͭͯ όͭ͊͟κͤ͜Σ 
͘ ͔͋͘͜͡;;Ό ͍͍͊ͪ͊ͤͭ͜͜ ͍͍͒ͨͦ͒͜͜͜Σ ͍͜͡Έͤ͊ ͍͍͒ͨͦ͒͜͜Έύ ͙ͪͦͪͦ͋ͤ͘͟Σ ͪͣ͟͜ ͙͒͊ͭ 
ͨͦ;͊ͭͯ͟ ͜ ͊ͤ͘͟͜;͔ͤͤΎ ͔͍ͭͫͭͯ͊ͤͤΎΣ ͔ͣͦ͗ ͍͍͙͙ͫͭ͊ͤͦͭ ͣͭ͜͜͡ ;͊ͫͯΣ ͟͜͡Έͫͭ͟͜Έ 
͍͔͙͒ͦͦͤ͘͡ͻ ͫͨͪͦ͋Σ ͣͤ͘͜Ό͍͙͊ͭ ͔͙ͣͭͦ͒ͯ͟ ͦͼͤ͜Ό͍͊ͤͤΎΣ ͔͍͙ͦͣͤͭͯ͊ͭ͟ ͍͍͒ͨͦ͒͜͜͜ 
ό͍͙͒͊͊ͭ ͔ͫͭͯ͒ͤͭͯ ͨͦΎ͔ͫͤͤͤΎ ͤ͊ ͙ͨͭ͊ͤͤΎύΣ ͍͙ͨͦ͊ͯ͊ͭ͘͟ ͍͙ͨͪ͊͡Έͤ͜ ͍͍͒ͨͦ͒͜͜͜ 
͙ͨͪ ͍ͦͪͦͭͤͦͣͯ͘ ͍͘ΩΎͯ͘͟Φ ˸ͦ͗ͤ͊ ͙͙ͪͦͪͦ͋ͭ͘ ͍͊͒͊ͤͤ͘ΎΣ ͙ͨͪ Ύͦͣͯ͟ ͔͙ͫͭͯ͒ͤͭ 
ͤ͊͒͊ΌͭΈ ͍͍͒ͨͦ͒͜͜Έ ͨͦ͊͘ ͚ͫ͊ͭͦͣ ͊͋ͦ ͯ ͍͙͎͡Ύ͒͜ ͺ͚͊ͯ͡ ό͔ͭͫͭ͟Σ ͙ͭ͊͋͡ͼΎΣ 
͔͔ͨͪͤͭ͊͘ͼ͜ΎύΦ ˸ͦ͗ͤ͊ ͍͍͙͙ͫͭ͊ͤͦͭ ͦͨͼ͜Ό ζ˴͜͡Έ͊͟ ͫͨͪͦ͋ηΣ ΅ͦ ͍͙͒ͦͦͭ͘͡Έ 
͍ͤ͊;͙͙ͭͫΎ ͍͙͍ͨͪ͊͡Ύ͙ͭ ͔͍ͤͪͤͯ͜ ͍͍͒ͨͦ͒͜͜ΈΣ ͔͎͍͙ͪ͒͊ͯ͊ͭ ͪͦ͋ͦͭͯΦ 

̂ ͎͋͊͊ͭΈͦͻ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͣͫͭ͊͜ ͍̆͊ͪͦ͊͟ ͍͙ͨͪͦͦ͒ͭΈͫΎ 
ͪͦ͋ͦͭ͊ ͘ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ ͔͔͔͍ͣͤͭ͜͡ ͙͔͙ͫͫͭͣ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͤ͊ 
͍ͦͫͤͦ͜ ͙͔͙ͫͫͭͣ aƻƻŘƭŜΦ 

́͊͟Σ ͘͜ ͍͗ͦͭͤΎ нллт ͪͦͯ͟ ͍ ͍̆͊ͪͫ͟͜Έͦͣͯ͟ ͤ͊ͼͦͤ͊͜͡Έͤͦͣͯ ͔ͦͤͦͣ͟͜;ͤͦͣͯ 
͍͔͙͔ͯͤͪͫͭͭ͜͜ ͔ͣͤ͜͜ ˿͔͔ͣͤ͊ ˴͔ͯͤ͘ͼΎ ͍͔ͫͭͦͪͤͦ ͚ͫ͊ͭ ǿǿǿΦƛƪǘΦƪǎǳŜΦŜŘǳΦǳŀ ͒͡Ύ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎΣ ͦͤͭͪͦ͟͡Ό ͭ͊ ͔͍ͭͫͭͯ͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜Φ ˹͊ ͚ͫ͊ͭ͜ ͪͦͣ͘͜΅͔ͤ͜ ͍ͫ͜ 
͙ͯͪͫ͟Σ ͎͒ͤͦ͘͜ ͝ͻ ͍ͤ͊͘͜ ͭ͊ ͔͔ͫͣͫͭͪͯ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͫͯͭͭΊ͍ͦ ͫͨͪͦ΅ͯΊ ͨͦ΄ͯ͟Φ 
˴͙͚ͦ͗ͤ ͍͙͊͒͊͟͡; ͚ͫ͊ͣͦͫͭͤͦ͜ ͺͦͪͣͯΊ ͭ͊ ͙͎ͦͪͯ͟Ί ͔͙ͣ͊ͭͪ͊͜͡ ͯͪͫͯ͟Σ Ύ͙͚͟ 
͍͙͊͒͊͟͡ΊΦ ˯ͦͣͯ ͤ͊͒͊ͤ͜ ͍ͨͪ͊͊ ͤ͊Υ ͍͔ͫͭͦͪͤͤΎ ͙ͪͤ͘͜ͻ ͔͍ͪͫͯͪͫ͜ ͭ͊ ͔͔͔͍ͣͤͭ͜͡ 
ͯͪͫͯ͟Σ ΅ͦ Ί ͍ ͙͔ͫͫͭͣ͜ aƻƻŘƭŜΤ ͔͔ͦ͋ͣ͗ͤͤΎ ;͊ͫͯ ͙͍ͣͦ͗ͦͫͭ͜͡ ͒ͦͫͭͯͨͯ ͔ͫͭͯ͒ͤͭ͊ͣ 
͒ͦ ͍ͤ͊;͊͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ ͍͔͔ͤͫͤͤΎ ͔͙͍ͦͪͭ͟͟ ͒ͦ ͙͊ͨͫͯ͘ ͔͍ͫͭͯ͒ͤͭ͜Τ 
͍͙͍͔ͫͭ͊ͤͤ͡Ύ ͦͼͤͦ͜͟ ͭ͊ ͙ͤ͊ͨͫ͊ͤͤΎ ͍͎͍͒ͯ͜͟͜ ͒ͦ ͍͙͙ͦͤ͊ͤ͟ͻ ͪͦ͋ͭ͜Τ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό 
ͺͦͪͯͣͯ ͭ͊ ͚ͦͤ͊ͤ͡ ͦͤͫͯ͟͡Έͭ͊ͼ͚͜Φ ˴͔ͦ͗ͤ ͍͙͊͒͊͟͡; ͣ͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ 
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ͪͦͣ͘͜΅͍͙ͯ͊ͭ ͤ͊ ͚ͫ͊ͭ͜ ͍ͫͦ͝ ͍͊ͫͤ͜͡ ͔͙ͣͭͦ͒;ͤ͜ ͙ͪͦͪͦ͋͘͟ ͚ ͙͙ͨͦͫ͋ͤ͜͟Σ ͊ ͭ͊ͦ͗͟ 
͍͙ͤ͊͒͊͊ͭ ͤ͊ ͚ͫ͊ͭ͜ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͯ ͍͙͎͡Ύ͒͜ ͺ͚͍͊͜͡ ͭ͊ ͙ͨͦͫ͊ͤ͡Έ ͘ ͨͪΎ͙ͣͣ 
͍͙ͻͦ͒ͦͣ ͍ ˱͔͔ͤͭͪͤͭΣ ΅ͦ ͤ͊͘;ͤͦ ͙͍͊ͭͯ͘͟͜Ί ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎΦ ˿͚͊ͭ ͨͪ͊ͼΌΊ Ύ͟ ͯ 
͍͙͒ͪͭͦͣͯ͜͟Σ ͭ͊͟ ͜ ͍ ͙͊ͪͭͦͣͯ͘͟ ͔͙ͪ͗ͣ͊ͻ ͒ͦͫͭͯͨͯΦ ˸͙͍ͦ͗ͫͭ͜͡Έ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έ͎ͦͦ 
͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ;͔͔ͪ͘ ͤ͊͒͊ͤͯ ͙͔ͫͫͭͣͯ ͔͔͊͋ͨ͘͘;ͯΊ ͙͔͙ͫͫͭͣ͊ͭ;͙͚ͤ 
͙͎ͣͦͤͭͦͪͤ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͤ͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ 
ͨͪͦͭΎ͎ͦͣ ͍ͫΈ͎ͦͦ ͔ͭͪͣͤͯ͜ ͍ͤ͊;͊ͤͤΎ. 

˹͙͊ͨͪ͊͒͟͡Σ ͍ͤ͊;͊͡Έ͙͚ͤ ͯͪͫ͟ ζ˻͙ͨͭͣ͊͘͜ͼ͚ͤ͜͜ ͔͙ͣͭͦ͒ ͭ͊ ͔ͣͦ͒͜͡η 
͙ͣͫͭͭ͜Έ ͍ͤ͊;͊͡Έͤ͜ ͙͊ͫͦ͋͘Σ ΅ͦ ͍͔ͫͭͦͪͤ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ 
͔͔͔͍ͣͤͭ͜͡ ͙͔͙ͫͫͭͣ Moodle ͜ ͤ͊͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͔͙͍ͤͭͪ͊ͭͤͯ͜͟ 
͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͭ͊ ͍͙͊͒͊͟͡;͊Φ ͔͙́ͫͭ ͍ ͙͔ͫͫͭͣ͜ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ 
aƻƻŘƭŜ Ί ͍͙ͦͫͤͦͤͣ ͊ͫͦ͋ͦͣ͘ ͔͔͍͙ͨͪͪ͜͟ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜Φ ˤ͙ͦͤ ͍͒ͦͦ͘͡ΎΌͭΈ ͘͜ 
ͣͤͣ͊͜͜͡Έ͙͙ͤͣ ͍͙͙ͭͪ͊ͭ͊ͣ ;͊ͫͯ ͍͙͊͒͊͟͡;͊ ͦ͋ΩΊ͙͍ͭͤͦ͟ ͦͼ͙͙ͤͭ͜ ͤ͊ͤͤ͘Ύ 
͍͔͙ͦ͟͡͝ ͟͜͡Έͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ˿͙͔ͫͭͣ͊ aƻƻŘƭŜ Ί ͫͯ;͙͊ͫͤͣ ͔ͤͫͭͪͯͣͤͭͦͣ͜ ͒͡Ύ 
͔͍ͫͭͯ͒ͤͭ͜ ͙ͨͪ ͨͪͦͻ͔ͦ͒͗ͤͤ͜ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔͍ͭͫͭͯ͊ͤͤΎ ͍ ͔͔͔͍ͣͪ͗ͦͣͯ 
͔͙ͪ͗ͣ͜Σ ͊ ͒͡Ύ ͍͙͊͒͊͟͡;͊ ς ͪͯ͘;͙ͤͣ ͔͔͍͙ͫͪ͒ͦ΅͔ͣ ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ ͙͋͊͘ 
͔͍͙ͭͫͭͦͻ ͍͊͒͊ͤ͘ΈΣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔͍ͭͫͭͯ͊ͤͤΎΣ ͦͤͭͪͦ͟͡Ό  ͚
ͫ͊ͣͦͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜Φ ˽ ͙ͪ ͍͔ͫͭͦͪͤͤ͜ ͯͪͫͯ͟ ζ˻͙ͨͭͣ͊͘͜ͼ͚ͤ͜͜ ͔͙ͣͭͦ͒ 
ͭ͊ ͔ͣͦ͒͜͡η ͋ͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͔͙ͭͣ͊ͭ;ͤ͜ ͔͙ͭͫͭΦ ˨͡Ύ ͼΈ͎ͦͦ ͫͨͦ;͊ͭͯ͟ ͋ͯͦ͡ 
͍͔ͫͭͦͪͤͦ ͋͊ͤ͟ ͙ͨͭ͊ͤΈΦ ̂ aƻƻŘƭŜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͪͤ͘͜͜ ͙͙ͭͨ ͔͍͙ͭͫͭͦͻ 
͙ͨͭ͊ͤΈΦ ̂ ͒͊ͤͦͣͯ ͯͪͫ͟͜ ͋ͯͦ͡ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ͍͒͊ ͙͙ͭͨ ͙ͨͭ͊ͤΈΥ ͙ͨͭ͊ͤͤΎΣ ΅ͦ 
͍͒ͦͦ͘͡ΎΌͭΈ ͙ͦ͋ͪ͊ͭ ͦ͒ͤͯ ;͙ ͔͒͟͜͡Έ͊͟ ͍͙ͨͪ͊͡Έ͙ͤͻ ͍͍͔͚͒ͨͦ͒͜͜ ͭ͊ ͫͨͪͦ΅͔ͤ͊ 
ͺͦͪͣ͊ ͙ͨͭ͊ͤͤΎ ζ͙͙͚ͣͤͦ͗ͤͤ ͍͙͋ͪ͜ηΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͭ͜͡Έ͙͟ ͍͒͊ ͍͊ͪ͊ͤͭ͊͜ 
͍͍͒ͨͦ͒͜͜͜ ζ́͊͟η ;͙ ζ˹͜ηΦ ˨͡Ύ ͎ͦ͗ͤͦͦ͟ ͙ͨͭ͊ͤͤΎΣ ΅ͦ ͔͙ͤ͊͗ͭ͡Έ ͔ͭͫͭͯΣ ͤ͊ ͔ͪ͊ͤ͟͜ 
͍͒ͦ͋ͪ͊͗͊͜ΊͭΈͫΎ ͍ͤ͊͊͘ ͙ͨͭ͊ͤͤΎΣ ͚͎ͦͦ ͙ͭͨ ͜ ͦͼͤ͊͜͟ ς ͍͎͊͊ ͙ͨͭ͊ͤͤΎ ΅ͦ͒ͦ ͤ͜΄͙ͻ 
͙ͨͭ͊ͤΈ ͼΈ͎ͦͦ ͔ͭͫͭͯΦ ˽͙ͪ͊͒ͦͣ͟͡ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ Ί 
͍͙͍;͔ͤͤΎ ͚ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͔͟͡ͼ͚͎ͤͦͦ͜ ͔ͣ͊ͭͪ͊ͯ͜͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͚ͫ͊ͭͯ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΣ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͚͙ͫ͊ͣͦͫͭͤ͜ͻ 
͍͊͒͊͘ ͤΈΣ Ύ͟͜ ͍͙͊͒͊͟͡; ͤ͊͒͊Ί ͤ͊ ͚ͫ͊ͭ͜Φ ˤ͙ͦͤ͊ͤͤ͟Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͍͊͒͊ͤͤ͘Ύ 
͚ͤ͊;͊ͫͭ͜΄͔ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͯ ͍͒ͦͻ ͤ͊ͨͪΎͣ͊ͻΦ ́͊͟Σ ͔ͦ͗ͤ͟ ͘͜ ͔͍ͫͭͯ͒ͤͭ͜ ͙ͦͭͪͣͯΊ 
͍͙͚͊ͫͤ͡ ͍͊ͪ͊ͤͭ͜ ͘͜ ͙͍͙͙ͭͨͦͣ ͍͊͒͊ͤͤ͘Ύ͙ͣΦ ˿͔͍ͭͯ͒ͤͭͦ͜ ͨͪͦͨͦͤͯΊͭΈͫΎ 
͚ͫ͊ͣͦͫͭͤͦ͜ ͍ͪͦ͘ΩΎ͙͊ͭ͘ ͒͊ͤ͜ ͍͊͒͊ͤͤ͘Ύ ͍͙͘;͙ͤͣ ͊ͫͦ͋ͦͣ͘Σ ͊ ͍ ͻͦ͒͜ 
͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭ ͔͙ͫͭͯ͒ͤͭ ͦ͋;͙ͫ͡ΌΌͭΈ ͭ͊͟͜ ͫ͊ͣ͜ ͍͊͒͊ͤͤ͘ΎΣ ͔͊͡ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͦͣͨ͟ΩΌ͔ͭͪ͊Φ ˤ͙͊͒͊͟͡; ͤ͊͒͊Ί ͔͍ͫͭͯ͒ͤͭͦ͜ ͍͊͒͊ͤͤ͘Ύ ͚ ͍͙ͤ͊͘;͊Ί 
͔ͭͪͣͤ͜ ͚͎ͦͦ ͒͊͘;͜Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ Ύ͟ ͔͔͍ͨͪͪ͊͜͟ ͍͙͎ͦͤ͊ͤͦͦ͟ 
͒ͦͣ͊΄ͤΈ͎ͦͦ ͍͊͒͊ͤͤ͘ΎΣ ͭ͊͟ ͜ ͍͙ͪͦͭͦ͘͟ ͍͙ͤ͊;ͦ͟ ͯ ͙͍ͦͪͫͭͯ͊ͤͤ͟͜ ͍͍͙͒ͨͦ͒ͤͣ͜͜ 
͎͙ͨͪͦͪ͊ͣͤͣ ͔͔͍͙ͫͪ͒ͦ΅͔ͣ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͍ͦͫͤͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͭ͊ 
͍͙ͨͦ͋ͯ͒ͦ ͎͙͍͊ͦͪͭͣ͜͡Φ ˽ͫ͜͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͦͤͭͪͦ͟͡Έͤͦ͝ ͙ͪͦ͋ͦͭ 
͔ͫͭͯ͒ͤͭ ͙ͤ͊͒ͫ͊͡Ί ͍͍͒ͨͦ͒͜͜Έ ͍͙͊͒͊͟͡;ͯΦ ˽ͫ͜͡Ύ ͍͔͊ͪ͘΄͔ͤͤΎ ͍͙͍;͔ͤͦ͝ ͔͙ͭͣ 
͔͙ͫͭͯ͒ͤͭ ͍͙ͦͤͯ͟ΌͭΈ ͦͤͭͪͦ͟͡Έͤͯ ͚ ͊͘ͻ͙΅͊ΌͭΈ ͊͋ͦͪ͊ͭͦͪͤͯ͡ ͪͦ͋ͦͭͯΦ ˿͙͔ͫͭͣ͊ 
ͦͤͭͪͦ͟͡Ό ͍ ͍͊ͫͦ͘Ίͤͤ͜ ͤ͊ͤ͘Έ ͜ ͙ͫͨͦͫͦ͋ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊Σ 
ͯͣͤͤ͜Ύ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͙ͦͭͪͣ͊ͤ͜ ͤ͊ͤͤ͘Ύ ͍ ͙ͪͤ͘͜ͻ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͙ͫͭͯ͊ͼ͜Ύͻ ͣ͊Ί 
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͙͔͙ͫͫͭͣ͊ͭ;͙͚ͤ ͻ͔͊ͪ͊ͭͪ͟ ͭ͊ ͋ͯ͒ͯΊͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͔͙͍͎ͦͨͪ͊ͭͤͦͦ ͍͎ͦͪͦͭͤͦͦ͘ 
͘Ω͍Ύͯ͘͟ ό͔͙͚͊͊͒ͤ͘͟͡ ͯ ͔ͭͫͭ͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͚ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͔͙͍͎ͦͨͪ͊ͭͤͦͦ ͍͔͔ͪͤͤͤ͘Ύ ͒ͦ ͍͙͊͒͊͟͡;͊ ͍ ͻͦ͒͜ ͙ͪͦ͋ͦͭ ͍ ͯͪͫ͟͜ύΣ ͭ͊͟ ͜ 
͍͒ͫͭͪͦ͜;͔͎ͤͦͦ ͦͤͭͪͦ͟͡Ό ό͙ͨͪ ͔͍ͭͫͭͯ͊ͤͤ͜Σ ͍͙ͦͤ͊ͤͤ͟͜ ͍͊͒͊ͤ͘ΈύΦ  

˭ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͔͒ͤͤͦ͝ ͭ͊ ͊ͦ͘;ͤͦ͝ 
ͺͦͪͣ ͍ͤ͊;͊ͤͤΎ ͜ ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ 
͔͍ͫͭͯ͒ͤͭ͜ ͘͜ нлмн ͪ ͦͯ͟ ͯ ͨͪͦͼ͔ͫ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͍̆͊ͪͫ͟͜Έ͎ͦͦ͟ 
͎͍͔ͭͦͪͦ͡Έͤͦ-͔ͦͤͦͣ͟͜;͎ͤͦͦ ͙ͤͫͭͭͯͭͯ͜ ˴ ˹́˩̂ ͪͦͨͦ͘;͊ͭͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
͙͔͙ͫͫͭͣ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ aƻƻŘƭŜ ς ͍͔ͫͭͦͪͤͦ ͚ͫ͊ͭ 
http://edǳΦƘǘŜƛΦƻǊƎΦǳŀκΦ ˿͙͔ͫͭͣ͊ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͍̆͊ͪͫ͟͜Έ͎ͦͦ͟ 
͎͍͔ͭͦͪͦ͡Έͤͦ-͔ͦͤͦͣ͟͜;͎ͤͦͦ ͙ͤͫͭͭͯͭͯ͜ ˴˹́˩̂ ͙ͣͫͭͭ͜Έ ͙ͯͪͫ͟ ͒͡Ύ ͍͙͍;͔ͤͤΎ 
͙͒ͫͼ͙ͨͤ͜͡ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔͒ͤͤͦ͝ ͭ͊ ͊ͦ͘;ͤͦ͝ ͺ͙ͦͪͣ ͍ͤ͊;͊ͤͤΎΦ ˢ͍͒ͣͤͫͭͪͯ͊ͤͤ͜͜Ύ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ͙͔ͫͫͭͣ͜ aƻƻŘƭŜ ͙͒ͦͫͭΈ ͔͒ͦ͋ͪ ͨͪͦ͒ͯͣ͊ͤͦΦ 
ˢ͒ͣͤͫͭͪ͊ͭͦͪ͜͜ ͔ͪΊͫͭͪͯΊ ͔͍ͫͭͯ͒ͤͭ͜ ͭ͊ ͍͙͊͒͊͟͡;͍͜Σ ͙ͨͪͤ͊͘;͊Ό;͙ ͣ͝ ͍͍͒ͨͦ͒ͤ͜͜͜ 
ͪͦ͜͡Σ ͪͦͨͦ͒͘͜͡ΎΊ ͍ͨͪ͊͊Σ ͦ͋ΩΊ͒ͤͯΊ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͎͙ͨ͒ͪͯͨ͜Φ ˤ͙͊͒͊͟͡; ͔ͣͦ͗ ͤ͊ 
͍͚ͫ͜ ͪͦͫͯ͒͘ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ Ύ͟ ͔͙ͭͣ͊ͭ;ͤͯΣ ͭ͊͟ ͜ ͔͊ͤ͒͊ͪͤͯ͟͡ ͙ͫͭͪͯͭͯͪ͊͘͟ͼ͜Ό 
ͯͪͫͯ͟Φ ˽͙ͪ ͔͙ͭͣ͊ͭ;͚ͤ͜ ͙ͫͭͪͯͭͯͪ͊͘͟ͼ͜͝ ͯͪͫ͟ ͨͦ͒͜͡ΎΊͭΈͫΎ ͤ͊ ͔ͫ͟ͼ͜͝ ͊͘ ͔͙ͭͣ͊ͣΦ 
˽͙ͪ ͔͚͊ͤ͒͊ͪͤ͟͜͡ ͙ͫͭͪͯͭͯͪ͊͘͟ͼ͜͝ ͦ͗ͤͦͣͯ͟ ͙͔͍ͭ͗ͤ͜ ͍͙͍;͔ͤͤΎ ͙͒ͫͼ͙͙ͨͤ͜͡ 
ͤ͊͒͊ͤͦ ͔ͦͪͣͦ͟Ό ͔ͫ͟ͼ͜ΊΌΦ ́͊͊͟ ͙ͫͭͪͯͭͯͪ͊͘͟ͼ͜Ύ ͪͯ͘;ͤ͊ ͙ͨͪ ͍ͤ͊;͊ͤͤ͜ ͚ 
͍͒ͦͦ͘͡ΎΊ ͔ͫͭͯ͒ͤͭ͊ͣ ͪ͊ͼͦͤ͊͜͡Έͤͦ ͍͙ͨ͊ͤͯ͊ͭ͡ ͍ͫͦΌ ͍ͤ͊;͊͡Έͤͯ ͪͦ͋ͦͭͯΦ ˭͊ 
͍ͫͦΊΌ ͫͭͪͯͭͯͪͦ͟Ό ͔ͪͦͪͦ͋ͤ͘͜͡ ͙ͯͪͫ͟ ͣͫͭ͜ΎͭΈ ͙ͪͦ͒͘͜͡ ͊͘ ͔͙ͭͣ͊ͣΦ ˴͔ͦ͗ͤ 
ͪͦ͒͘͜͡ ͙͍ͨͪͫΎ;͔͙͚ͤ ͔͚ͦͪͣ͟͜ ͔ͭͣ͜Φ ˤ͙ͦͤ ͍͟͡Ό;͊ΌͭΈ ͯ ͔͔ͫ͋ ͔͟͡ͼ͜͝Σ ͙ͨͪ͊ͭ͟;ͤ͜ 
͊ͤ͘ΎͭͭΎΣ ͊͋ͦͪ͊ͭͦͪͤ͜͡ ͙ͪͦ͋ͦͭΣ ͔͙ͭͫͭΣ ͦͤͭͪͦ͟͡Έͤ͜ ͙ͨͭ͊ͤͤΎΣ ͦͤͭͪͦ͟͡Έͤ͜ 
͙ͪͦ͋ͦͭΣ ͍͊͒͊ͤͤ͘Ύ ͒͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͭͦ΅ͦΦ ̂ ͯͪͫ͊͟ͻ ͔͔ͨͪ͒͋͊;͔ͤͦ 
͍͒ͦ͒͊͊ͤͤΎ ͔͙ͦͪͣ͟ͻ ͙͍͙͊ͭͤ͟ͻ ͔͔͔͍ͣͤͭ͜͡ ͒͡Ύ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό 
ͪͦ͋ͦͭͦΌ ͔͍ͫͭͯ͒ͤͭ͜Φ ˻͎͍͔͋ͦͦͪͤͤΎ ͭ͊ ͫͨ͜͡Έͤ͊ ͪͦ͋ͦͭ͊ ͎͍ͦͪ͊ͤͦ͊ͤ͘͜͜ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ;͍͊ͭ͜ ͜ ͺ͍ͦͪͯͣ͜Φ ͙̉͊ͭΣ ͺ͙ͦͪͯͣ ͚ ͙͍ͦͨͭͯ͊ͤͤΎ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ 
͒͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͍͎ͦͪͦͭͤͦͦ͘ ͍͘ΩΎͯ͘͟ ͍ ͎ͪͯͨ͊ͻΦ ˻͍͙͙ͫͤͦͤͣ ͔͔͍͎͙ͨͪ͊͊ͣ ͍ͯͪͫ͟͜ 
͙͔͙ͫͫͭͣ aƻƻŘƭŜ ΊΥ ;ͭ͊͜͟ ͙ͫͭͪͯͭͯͪ͊͘͟ͼ͜Ύ ͜ ͤ͊ͦ;͔ͤ ͯΎ͍͔ͤͤ͡Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡Τ ͫ͊͒͊ͤͤ͟͡Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͭͪ͊Ίͭͦͪ͟͜͝ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
͔ͫͭͯ͒ͤͭ͊Σ ͍͙͋ͪ͜ ͔ͭͣͨͯΣ ;͊ͫͯ ͚ ͣͫ͜ͼΎ ͙͊ͯ͒ͭͦͪͤͦ͝ ͭ͊ ͙ͨͦ͊͊ͯ͒ͭͦͪͤͦ͘͝ ͙ͪͦ͋ͦͭΤ 
ͫ͊ͣͦͦͤͭͪͦ͟͡Έ ͤ͊ͤ͘ΈΤ ͔͔͍ͨͪͪ͊͜͟ ͤ͊ͤ͘Έ ͜ ͦͤͭͪͦ͟͡Έ ͯͫͨ͜΄ͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Τ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͪͯ͘;ͤͦ͝ ͙͔͙ͫͫͭͣ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͘ͻ͍ͦ͒͜Σ 
΅ͦ ͒͊Ί ͔ͫͭͯ͒ͤͭ͊ͣ ͙͍ͣͦ͗ͫͭ͜͡Έ ͦͼ͙͙ͤͭ͜ ͼͫͤͯ͜͜͡ ͙͊ͪͭͤͯ͟ ͍ͫͦΊ͝ ͍ͦͫͭͤ͜Έͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͜ ͍;͊ͫͤͦ ͙͎͍͙ͫͦͪͯ͊ͭ͟ ͭͪ͊Ίͭͦͪ͟͜Ό ͝͝ ͍͙ͪͦͭͯ͘͟Φ 

ˤ͙͊͒͊͟͡;͙͊ͣ ͊͟ͺ͔͙͒ͪ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ̆́˩˱ ˴˹́˩̂ 
͍ ͔ͣ͗͊ͻ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͙ͪͦ͋ͦͭ ͘ ͔͙ͭͣ ζ˸͔͙ͭͦ͒͊͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͭ͊ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͨͪͫͦͤ͊͡Έ͎ͤͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͍ ͔ͦͤͭͫͭ͟͟͜ ͔ͭͻ͎͚ͤͦͦ͜͡ 
͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎη ό͔͍͙͚͒ͪ͗͊ͤ ͔ͪΊͫͭͪ͊ͼ͚͙͚ͤ͜ ͔ͤͦͣͪ ллмпU001579), 
ͤ͊͊͘͟ Ѕ сн-л ̆́˩˱ ˴ ˹́˩̂ ζ˽ͪͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͻ ͪͦ͋ͭ͜η ͍͒͜ т 
͡Ό͎ͭͦͦ нлмп ͪ ͦͯ͟Σ ͒ͦͫ͒͗ͯ͜͡ΌͭΈͫΎ ͔͔͙ͭͦͪͭ;ͤ͜ ͭ͊ ͙ͨͪ͊ͭ͟;ͤ͜ ͙ͨͭ͊ͤͤΎ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ ͍ͯͪͫ͟͜ ͤ͊ ͋͊͘͜ ͙͔͙ͫͫͭͣ 
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MoodleΦ ˹͊ͪ͊͘͜ ͍͔͔͒ͭΈͫΎ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
ͣ͘͜΄͎͊ͤͦͦ ͍ͤ͊;͊ͤͤΎΣ ͔͒ ͙͊ͫͦ͋͘ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ 
͒͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙͍͊ͭͤͦ͟͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ˾͎ͦ͘͡Ύ͔ͤͣͦ 
͙͒ͫͭ͊ͤͼ͚͙͚ͤ͜ ͔͙͍͙͚ͤͭͪ͊ͭͤ͜͟ ͍ͤ͊;͊͡Έ͙͚ͤ ͯͪͫ͟ ζ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͙͔͙ͫͫͭͣ ͭ͊ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͯ ͻ͊ͪ;͍͙ͦͻ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ͻηΦ ˴ͯͪͫ ͍͒ͦͦ͘͡ΎΊ ͚͒ͫͤ͘͜Ό͍͙͊ͭ 
ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͍͙͙͒ ͒͜Ύ͡Έͤͦͫͭ͜Υ ͤ͜ͺͦͪͣ͊ͼ͚ͤͯ͜ όͤ͊͒͊ͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡ύΤ ͙ͨͪ͊ͭ͟;ͤͯ όͪͦ͋ͦͭ͊ ͘ ͍ͤ͊;͊͡Έ͙ͤͣ ͔ͣ͊ͭͪ͊ͦͣ͜͡ύΤ ͦͣͯͤ͊͟͜͟ͼ͚ͤͯ͜ 
ό͎͍͔ͦ͋ͦͦͪͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͚͔͒ͫͤͤͤ͘͜Ύ ͫͨ͜͡Έͤͦ͝ ͍ͤ͊;͊͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͦͤͫͯ͟͡Έͭ͊ͼ͜ΎύΤ ͦͼͤ͜Ό͍͊͡Έͤͯ όͦͤͭͪͦ͟͡Έ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͭ͊ ͫͨ͜͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ύΦ ˽͙ͪ ͼΈͦͣͯ ͍ͫͭͦͪΌΊͭΈͫΎ ͍ͤ͊;͊͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔Σ ͯ Ύͦͣͯ͟ ͫͯ;͊ͫͤ͜ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͨ͟ΩΌ͔ͭͪͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ Ί ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͙͊ͫͦ͋͊ͣ͘ ͙͍͊ͭͤͦ͟͝ 
͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊Σ ͔ͨͪ΄͙ͣ ͜ ͚͙ͤ͊͒ͤͣ͜ ͨͦͣ͜;͙ͤͦͣ͟ ͯ ͪ͜΄͔ͤͤ͜ 
͍ͤ͊;͊͡Έͤͦ-ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍͊͒͊ͤ͘Έ ς ͔͎͋ͪ͊ͤͤ͘͜͜Σ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ 
ͦͺ͔ͦͪͣͤͤ͜͡ ͍ͭͤͦ͘͜͝ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝, ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͫͨ͜͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-
͍ͤ͊;͊͡Έͤͦ͝ ͍͊͘Ίͣͦ͒͜͝.  ˹͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͙͔ͫͫͭͣ͊ Moodle ͔͔͊͋ͨ͘͘;ͯΊ 
͙͍ͦͪͫͭͯ͊͟;͔͍͜ ͍͔ͫͭͦͪͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ΅ͦ ͫͭ͊Ί ͙ͭͣ ͪ͊͟΅͔Σ ;͙ͣ 
͋͜͡Έ΄͔ ͡Ό͔͚͒ ͙ͤͣ ͙ͦͪͫͭͯ͟ΊͭΈͫΎΣ ͙͍͊ͭͤͦ͟ ͺͦͪͣͯΌ;͙Σ ͍ͤ͊ͨͦͤΌΌ;͙ ͚ 
͎͍͋͊͊ͭͦͪ͊ͦͦ͘ ͔͎ͪ͒͊ͯΌ;͙ ͤ͜ͺͦͪͣ͊ͼ͜ΌΦ ˭ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ 
͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙͙͍͍ͦͪͫͭͦͯ͊͊ͫ͟͡Ύ ͔ͭͻ͎ͤͦͦ͜͡Ύ ͎͍͙ͪͯͨͦͻ 
͔͍ͨͪͦͭ͟͜Φ ˣ͍ͯ ͔͙͚ͪͦͪͦ͋ͤ͘͡ ͜ ͍͍͔͙͚ͨͪͦ͊͒͗ͤ ͯ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͎͍͙͚ͪͯͨͦ 
͔ͨͪͦͭ͟ ζ˸ͦΊ ͔ͨͪ΄͔ ͍ͪͭͯ͊͜͡Έ͔ͤ ͊͟ͺ͔η [14]Φ ˴ͯͪͫ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋ ͍ͫ͊͒ͦ͟͜͡ 
͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;͎ͤͦͦ ͔ͦͣͨͫͯ͟͟͡ ͙͒ͫͼ͙͙ͨͤ͜͡ ͭ͊ ͔͔͔͙ͣͤͭ͡ aƻƻŘƭŜΣ Ύ͟͜ 
͍͒ͦͦ͘͡ΎΌͭΈ ͍ͯͨͪ͊͡Ύ͙ͭ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ ͔͍ͫͭͯ͒ͤͭ͜Φ ˭͍͙͚͊ͨͪͦͨͦͤͦ͊ͤ 
ͯͪͫ͟ ͍͒ͦͦ͘͡ΎΊ ͔͍ͫͭͯ͒ͤͭͦ͜ ͙͍͙ͦͭͪͣͯ͊ͭ ͔͙ͣ͊ͭͪ͊͜͡ ͍ͤ͊;͊͡Έͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ͍ 
͋ͯ͒Έ-Ύ͙͚͟ ;͊ͫ ͘͜ ͋ͯ͒Έ-Ύ͎ͦͦ͟ ͦͣͨ͟ΩΌ͔ͭͪ͊Σ ͨ͒͜͟͡Ό;͔͎ͤͦͦ ͒ͦ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭΦ 
́͊ͦ͗͟ ͎͍ͦͪ͊ͤͦ͊ͤͦ͘͜ ͦͤͫͯ͟͡Έ͍ͭͯ͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͔͍ͣ͊ͭͪ͊͜͜͡ 
ͯͪͫͯ͟ ͍ ͔͙ͪ͗ͣ͜ ͚ͦͤ͊ͤ͡Σ ͦͺͺ͚͊ͤ͡Φ ˴ͯͪͫ ͤ͊͒͊Ί ͔ͫͭͯ͒ͤͭ͊ͣ ͍ͤͦ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ς 
ͣͦ͗ͤ͊ ͔ͤ ͭ͜͡Έ͙͟ ͍ ͋ͯ͒Έ-Ύ͙͚͟ ;͊ͫ ͔͔͎ͨͪ͡Ύ͙ͤͯͭ ͔ͤͦ͋ͻ͙͚͒ͤ͜ ͔ͣ͊ͭͪ͊͜͡ ͯ 
͔͙ͪ͗ͣ͜ ͚ͦͤ͊ͤ͡Σ ͊ ͚ ͚͙ͨͪͦͭ ͔͍ͭͫͭͯ͊ͤͤΎΣ ͔͔͍͙͙ͨͪͪͭ͜ ͍ͫͦ͝ ͤ͊ͤͤ͘Ύ ͘ 
͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͙͒ͫͼ͙͙ͨͤ͜͡Σ ͚͙͙ͦͤ͊ͦͣͭͫ͘Ύ ͘ ͍͙͙͒ͦ͒͊ͭͦͣ͟ ͔͔͙͒͗ͪ͊ͣ͡Σ Ύ͟͜ 
ͭͦ;ͤͦ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͔ͭͣ͊ͣ ͙͒ͫͼ͙͙ͨͤ͜͡ ͍ ͪͯ͘;͙͚ͤ ;͊ͫΦ  

˾͎ͦ͘͡Ύͤͯͭ͜ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ ͙͒ͫͭ͊ͤͼ͚ͤ͜͜ ͍ͤ͊;͊͡Έͤ͜ ͙ͯͪͫ͟ ͣͫͭ͜ΎͭΈ 
͍ͤ͊;͊͡Έͤ͜ ͙͊ͫͦ͋͘Σ ͍͔ͫͭͦͪͤ͜ ͘ ͎͒ͦͨͦͣͦͦΌ ͔͍ͪͫͯͪͫ͜ ͭ͊ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ 
͔͔͔͍ͣͤͭ͜͡ ͙͔͙ͫͫͭͣ MoodleΣ Ύ͟͜ ͍͒ͦͦ͘͡ΎΌͭΈ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͔͙͍ͤͭͪ͊ͭͤͯ͜͟ 
͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͭ͊ ͍͙͊͒͊͟͡;͊Φ ˻͔ͭ͗Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ 
͙͍ͣͦ͗ͦͫͭ͜͡ MoodleΣ ͣͦ͗ͤ͊ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͺͯͤ͟ͼ͜͝ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό 
ͪͦ͋ͦͭͦΌ ͔͍ͫͭͯ͒ͤͭ͜Φ ˭͍͊͒Ύ͙͟ ͙͍ͣͦ͗ͦͫͭ͜͡ ͚ͨͦͫͭͤͦ͜ ͔͎͍͙ͪ͒͊ͯ͊ͭ ͯͪͫ͟ ͯ ͙͔ͫͫͭͣ͜ 
Moodle όͯ ͨͪͦͼ͔ͫ͜ ͚͎ͦͦ ͔ͫͨͯ͊ͭ͊͟͡ͼ͜͝ύ ͍ͯͨͪ͊ͤͤ͜͡Ύ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͎ͤͯ;͙͚͟ ͜ 
͙͒ͤ͊ͣ͜;͙͚ͤ ͨͪͦͼ͔ͫΦ 

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟. 
͍̂ͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ ͔͍ͫͭͯ͒ͤͭ͜ ͔͒ͤͤͦ͝ ͭ͊ ͊ͦ͘;ͤͦ͝ ͺͦͪͣ 
͍ͤ͊;͊ͤͤΎΣ Ύ͊͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍ ͍ͯͣͦ͊ͻ ͣ͘͜΄͎͊ͤͦͦ ͙ͭͪ͊͒ͼ͚͎ͤͦͦ͜ ͜ 
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͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΣ ͙ͫͨͪΎΊ ͙͍͊ͭͤͦͣͯ͟ ͊ͯ͘͡;͔ͤͤΌ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ 
ͨͪͦͼ͔ͫͯ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͒͊Ί ͎ͣͦͯ͘ ͨͦͪ͊͟΅͙͙ͭ ͝ͻ ͨͪͦͺ͔͚ͫͤͯ͜ ͎͍ͨ͒ͦͭͦͯ͜͟Σ 
ͫͺ͍͙ͦͪͣͯ͊ͭ ͍͙ͤ͊;͙͟ ͒ͦ ͍͙ͫ͊ͣͦͦͫͭ͜Σ ͫ͊ͣͦͨͤ͊ͤͤ͘͜ΎΣ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͜ 
͍ͤ͊;͊ͤͤΎ ͍͍ͨͪͦ͒ͦ͗ ͍ͫΈ͎ͦͦ ͙͗ͭͭΎΦ ͍̂ͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ 
͔͍ͫͭͯ͒ͤͭ͜ ͯ ͔͔͍͙ͫͪ͒ͦ΅͜ MoodleΣ ͍͒ͦͦ͘͡ΎΊ ͣ͝Υ 

- ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͍ͤ͊;͊͡Έͤͯ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͭ͊ ͙͚͙ͨͪͣ͊ͭ ͪ͜΄͔ͤͤΎΤ 

- ͺ͍͙ͦͪͣͯ͊ͭ ͍͊ͫͤͯ͡ ͒ͯͣͯ͟Σ ͍͙ͨͪ͊͡Έͤͦ ͝͝ ͍͙͙ͪ͊͗͊ͭΣ ͍͙͙͒ͦͦ͒ͭ 
͍͊ͫͤͯ͡ ͭͦ;ͯ͟ ͦͪͯ͘Σ ͎͔͍͙͊ͪͯͣͤͭͯ͊ͭ ͚ ͙͍͙͒ͫͯͭͯ͊ͭ͟Τ 

- ͫͯ͡ͻ͙͊ͭ ͍͎ͫͦͦ ͔ͦͨͦͤͤͭ͊Σ ͍͙ͨͦ͊͗͊ͭ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤͯ ͒ͯͣͯ͟Τ 

- ͔ͣͦ͒͡Ό͍͙͊ͭ ͪͤ͘͜͜ ͫͦͼ͊͜͡Έͤ͜ ͙ͫͭͯ͊ͼ͜͝Σ ͎͋͊͊͘;͍͙ͯ͊ͭ ͍͙͚͊ͫͤ͡ 
ͫͦͼ͊͜͡Έ͙͚ͤ ͍͒ͦͫ͒͜ ;͔͔ͪ͘ ͍͟͡Ό;͔ͤͤΎ ͍ ͪͤ͘͜͜ ͙͗ͭͭΊ͍͜ ͙ͫͭͯ͊ͼ͜͝Τ 

- ͍͙͋ͯ͒ͯ͊ͭ ͙͍ͦͤͫͭͪͯͭͤ͟͟͜ ͍͙͙͒ͤͦͫͤ͜ ͍ ͎ͪͯͨ͜Σ ͍͙ͤ͊͘;͙͊ͭ ͍ͫͦΊ ͣͫ͜ͼ͔ ͍ 
͚ͤ͜Σ ͙͙ͯͤ͊ͭ͟ ͦͤ͟ͺ͍ͭ͜͟͜͡ ͊͋ͦ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͝ͻΣ ΄͙ͯ͊ͭ͟ ͙ͦͣͨͪͦͣͫ͟͜Σ ͙͍͊ͭͤͦ͟ 
͍͙ͫͭͯͨ͊ͭ ͚ ͍͔͙ͫͭ ͎͒͊ͦ͜͡Σ ͤ͊͘ͻ͙͙ͦ͒ͭ ͎͊͊͘͡Έ͔ͤ ͪ͜΄͔ͤͤΎ ͔ͨͪͦ͋ͣ͡Τ 

- ͍͙͍͙ͪͦ͊ͭ͘ ͍͙ͤ͊;͙͟ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭΣ 
͍͙ͦͤ͊ͤͤ͟Ύ ͍ͭͦͪ;͙ͻ ͪͦ͋ͭ͜ ͒͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͍͔ͨͦͫͭ͊ͤͦ͡͝ ͔͙ͣͭΦ 

˽͔͔͙͍͙ͪͫͨͭͤͣ͟ ͤ͊ͨͪΎͣͦͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͊ͫͦ͋͘͜ ͙͔͙ͫͫͭͣ 
͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ Moodle ͒͡Ύ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ 
͔͍ͫͭͯ͒ͤͭ͜ ͔ͣͦ͗ ͙͋ͯͭ ͔͔͙ͭͦͪͭ;͔ͤ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͚ ͙ͨͪ͊ͭ͟;ͤ͊ ͔ͪ͊͊͘͜͡ͼ͜Ύ 
͔͙͙ͣͭͦ͒͟ ͝ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͣ͘͜΄͊ͤͦͣͯ ͍ͤ͊;͊ͤͤ͜Φ 
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1. Cole J. Using Moodle : Teaching with the Popular Open Source Course 

Management System / J. Cole, H. Foster. ς 2nd ed. ς hΩwŜƛƭƭȅ aŜŘƛŀΣ LƴŎΦ ς 282 p.  
2. aƻƻŘƭŜ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐΦ ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ  
https://moodle.org/. 
3. tŜŘŀƎƻƎȅ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐΦ ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ  
https://docs.moodle.org/27/en/Pedagogy#Repositories_and_Portfolios. 
4. Rice W. Moodle E-Learning Course Development : A complete guide to successful 

learning using Moodle [Electronic resource] / W. Rice. ς Packt Publishing. ς 256 p. ς URL :  
http:// moodle.eibfs.ae/pluginfile.php/42/mod_resource/content/2/  
Moodle%202.0%20e-Learning%20Course%20Development.pdf  
5. ˢ͔͔͍ͤ͒ͪ ˢΦ ʕ Φ ˽͙ͪ͊ͭ͊͟͟ Ή͔͎ͭͪͦͤͤͦͦ͟͡ ͦ͋ͯ;͔͙ͤΎ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ aƻƻŘƭŜ κ 

ˢΦ ʕ Φ s ͔͔͍ͤ͒ͪΣ ˿Φ ʕ Φ ˢ͔͔͍ͤ͒ͪ͊Σ ˮΦ x Φ ˨ ͦͼ͔ͤͦ͟Φ ς ́ ͎͎͊͊ͤͪͦ Υ ˮ͒͘-͍ͦΦ ́́ˮ ̑̅̂Σ нллуΦ ς мпс ͫΦ 
6. ˢ͔͔͍ͤ͒ͪ s Φ ʕ Φ ˹͍ͦ·͔ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͔ͭͻ͎͙͙ͤͦͦ͡ Υ ͙͔ͫͫͭͣ͊ ͙͒ͫͭ͊ͤͼ͙͎ͦͤͤͦͦ 

ͦ͋ͯ;͔͙ͤΎ [a{ Moodle κ ˢΦ ʕ Φ s ͔͔͍ͤ͒ͪΣ ˿Φ ʕ Φ ˢ͔͔͍ͤ͒ͪ͊Σ ́Φ s Φ x ͔͍ͦ͊ͪ͊͟Σ ˮΦ x Φ ˨ ͦͼ͔ͤͦ͟ // 
˹͊ͯ;ͤͦ-͔͙ͣͭͦ͒;͔͙͚ͫ͟ ͗ͯͪͤ͊͡ ζ˻ͭͪ͟·͔ͭͦ ͙ ͙͒ͫͭ͊ͤͼ͙͔ͦͤͤͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘η. ς 2006. ς Ѕ 3 
(23). ς ˿ . 5ς7. 

7. ˢ͙͙͍ͤͫͣͦ s Φ ˸ Φ ˾͊͋ͦͭ͊ ͍ ͙͔͔ͫͫͭͣ ͙͒ͫͭ͊ͤͼ͙͎ͦͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ aƻƻŘƭŜ Υ ͯ;͔͔͋ͤͦ 
͙͔ͨͦͫͦ͋ κ ˢΦ ˸ Φ s ͙͙͍ͤͫͣͦΦ ς ̆ ͊ͪΈ͍ͦ͟Σ ̆˹ˢ˥̆Σ нллфΦ ς нфн ͫΦ 

8. ˣ͙͍ͦ͟ ʕ Φ ̑ Φ ͔́ͻ͎ͤͦͦ͜͡Ύ ͍͔ͫͭͦͪͤͤΎ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͯͪͫͯ͟ Υ ͍ͤ͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ κ 
ˤΦ ̑ Φ x ͙͍ͦ͟Σ ˤΦ ˸ Φ ˴ ͯͻ͔͊ͪͤͦ͟Σ ˹Φ ˥ Φ ˿ ͙͔ͪͦͭͤͦ͟Σ ˻Φ ʕ Φ ˾ ͙͋͊ͦ͟͡Σ ̑Φ ˸ Φ x ͎ͦ͊;͍ͦ͟ κ ͊͘ ͔ͪ͒Φ 
ˤΦ ̑ Φ x ͙͍ͦ͊͟ ͭ͊ ˤΦ ˸ Φ ˴ ͯͻ͔͊ͪͤ͊͟Φ ς ˴ Φ Υ ˸͔ͤͯͣ͜͜͡Σ нллуΦ ς онп ͫΦ 

9. ˣͦͤ͒͊ͪ ʕ Φ ˱ Φ ˨͙͙͒͊ͭ͊͟͟ Υ [ͨ͒ͪͯ͜;ͤΦ] κ ˤΦ ˱ Φ x ͦͤ͒͊ͪΦ ς ˴ Φ Υ˶͙͋͒͜ΈΣ нллрΦ ς 262 ͫ Φ 

https://moodle.org/
https://docs.moodle.org/27/en/Pedagogy#Repositories_and_Portfolios
http://moodle.eibfs.ae/pluginfile.php/42/mod_resource/content/2/Moodle%202.0%20e-Learning%20Course%20Development.pdf
http://moodle.eibfs.ae/pluginfile.php/42/mod_resource/content/2/Moodle%202.0%20e-Learning%20Course%20Development.pdf
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10. ˥͙͡Έ͙͍ͣͯͭ͒ͤͦ s Φ ̆ Φ ̏ ͔͔ͭͪͦͤͤͦ͟͡ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͤ ͊ ͨ͊ͭ͡ͺ͔ͦͪͣ Moodle : 
͎ͣͦͤͦͪ͊ͺ͙Ύ κ ˢΦ ̆Φ ˥͙͡Έ͙͍ͣͯͭ͒ͤͦΣ ˾Φ ˢΦ ˮ͎͙͍͋ͪ͊ͣͦΣ ˮΦ ˤΦ ͙͍͙̇͡Έ͙͚ͫ͟Φ ς ˴͊͊ͤ͘Έ Υ ˴͊͊ͤ͘Φ 
͎ͦͫΦ ͯͤ-ͭΣ нллфΦ ς мус ͫΦ  

11. ˨͔͍ͪ͗͊ͤ͊ ͤ͊ͼͦͤ͊͜͡Έͤ͊ ͎ͨͪͦͪ͊ͣ͊ ζ˻ ͍ͫͭ͊͜η ό̂ͪ͊ͤ͊͟͝ ̆̆˱ ͫͭͦͭͭ͜͡ΎύΦ ς ˴Φ : 
˾͚͎͊͒ͯ͊Σ мффпΦ ς смͫΦ 

12. ˸͙ͻ͚͍͊ͦ͊͡ ˹ Φ ʕ Φ ͔̏ͭͪͦͤͤ͊͟͡Ύ ͦ͋ͯ;͊Ό΅͊Ύ ͔ͫͪ͒͊ aƻƻŘƭŜ ͊͟͟ ͔͍ͫͪ͒ͫͭͦ 
͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙͊ͫͤͻ͚ͪͦͤͤͦ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͚ͤͦ ͪ͊͋ͦͭ· ͔͍ͫͭͯ͒ͤͭͦ ͍ͯ͊͘ Υ ͍͔͊ͭͦͪͺΦ ͙͒ͫΦ ͤ͊ 
͙͙͔ͫͦͫ͊ͤ͟ ͯ;Φ ͔͔͙ͫͭͨͤ ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟ Υ ͔ͫͨͼΦ моΦллΦлм ζ˻͋΅͊Ύ ͔͎͎͙ͨ͒͊ͦ͊͟Σ ͙͙ͫͭͦͪΎ 
͔͎͎͙͙ͨ͒͊ͦ͟ ͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύη κ ˹Φ ʕ Φ ˸ ͙ͻ͚͍͊ͦ͊͡Φ ς ˻ ͔͎ͪͤ͋ͯͪΣ нлмнΦ ς 25 ͫ Φ 

13. ˻͔͚͙͍ͤͦ͊͟͡ ˻ Φ ˹ Φ ˸ͦ͒ͯ͡Έͤ·͔ ͔ͭͻ͎͙ͤͦͦ͡ Υ ͔͙͍͙͔ͨͪͦͭͪͦ͊ͤ͟ ͙ ͪ͊ͪ͊͋ͦͭ͊͘͟ 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͎ͨͪͦͪ͊ͣͣ Υ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ κ ˻Φ ˹ Φ ˻͔͚͙͍ͤͦ͊͟͡Σ ˢΦ s Φ ˸ ͍ͯͪ͊Έ͔͍͊Σ 
̑Φ ˹ Φ ˴͍͍ͦͤͦ͊ͦ͊͡Σ ˩Φ ʕ Φ ˿ ͍͊ͪͭ͊ͦ͊͟Φ ς2-͔ ͙͒͘ΦΣ ͔͔ͨͪͪ͊͋Φ ͙ ͒ͦͨΦ ς ˸Φ Υ ˢ͡Έͺ͊-˸Σ ˮ˹̅˾ˢ-˸Σ 
2010. ς нрс ͫΦ  

14. ˻͚͙ͤ͜͟͡ ˹ Φ ̑ Φ ˴ͦͣͨΩΌ͔͙͚ͭͪͤ ͙ͨͪ͊ͭͯͣ͟͟ Υ ώ͍ͤ͊;Φ ͨͦͫ͋͜Φϐ κ ˹Φ ̑ Φ ˻ ͚͙ͤ͜͟͡Σ 
˱Φ ʕ Φ ˭ ͍ͣͫ͜͝Έ͊͟Φ ς ̆ Φ Υ ̅˻˽ ˣ͍ͪͦͤ͜ ˻ ΦˤΦΣ нлмоΦ ς нмн ͫΦ  
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SUMMARY 
Zhelezn͜akova E., Zmievskaya I. aŀƴŀƎŜƳŜƴǘ ƻŦ ǎǘǳŘŜƴǘǎΩ ƛƴŘŜǇŜƴŘŜƴǘ ǿƻǊƪ ƛƴ 

Moodle. 
The article is devoted to the theoretical issues dealing with the analysis of capacities 

of a learning management system Moodle to manage the individual work of students in the 
learning environment. 

The management of independent work of students is one of the major issues of higher 
education. It is closely associated with problems of motivation, building of personalized 
learning path, lifelong learning. 

Management of independent work of students involves the influence of teachers, 
ŘŜǇŀǊǘƳŜƴǘǎΣ ŘŜŀƴΩǎ ƻŦŦƛŎŜǎ ƻŦ ǘƘŜ ƛƴǎǘƛǘǳǘƛƻƴ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ŀƴŘ ƎǊƻǳǇ ƛƴŘŜǇŜƴŘŜƴǘ ŎƻƎƴƛǘƛǾŜ 
activity of students.  

¢ƘŜ ƴŜǿ ŦƻǊƳǎ ƻŦ ǎǘǳŘŜƴǘǎΩ ǎŜƭŦ-study according to the modern tendencies of the 
development of Ukraine have been outlined in this article.  

¢ƘŜǊŜ ƘŀǾŜ ōŜŜƴ ŀƴŀƭȅȊŜŘ ǘƘŜ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ǎŎƛŜƴǘƛŦƛŎ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ǎǘǳŘŜƴǘǎΩ ǎŜƭŦ-
ǎǘǳŘȅ ƛƴ ǘƘŜ ¦ƴƛǾŜǊǎƛǘƛŜǎ ŀƴŘ ƛǘǎ ƛƳǇŀŎǘ ƻƴ ǎǘǳŘŜƴǘǎΩ ŎƻƳǇŜǘŜƴŎƛŜǎΦ 

The methodological outcome of IT programmes for learning and teaching various 
academic courses has been evaluated. 

The system of Moodle has become the largest distribution in the world. 
¢ƘŜ ŦǳƴŎǘƛƻƴǎ ƻŦ ŀ ǎǘǳŘŜƴǘΩǎ ǎŜƭŦ-study management can be fulfilled due to Moodle 

interactive capacities. It gives the possibility to edit a course permanently and makes the 
learning teaching process flexible and dynamic. It increases the pedagogical efficiency of 
Moodle as a means of on-line education in the process of constant development of IT sector. 

On the basis of Moodle it is necessary to create a student-friendly environment for 
effective perception of theoretical knowledge and its practical implementation. 

Theoretical grounds and practical implementation of Moodle methodology for 
blended learning can be considered as a perspective for further investigation. 
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!ƴ ŜŦŦŜŎǘƛǾŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǎǘǳŘŜƴǘǎΩ ƛƴŘŜǇŜƴŘŜƴǘ ǿƻǊƪ ǿƘŜƴ ǘƘŜȅ ŀǊŜ ǘŀǳƎƘǘ 
traditionally, on-line or by using blended learning facilitates the active participation of 
students in professional communication, promotes the development of their professional 
skills and propels their desire for lifelong learning. 

Key words: independent work of students, management, learning environment, 
distance learning, interactive elements, system Moodle. 
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͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͊ͤͤ͘Ύ ͎͙ͪ͊ͣ͊ͭ;͙ͤͻ ͦͤͫͭͪͯ͟͟ͼ͚͜Σ ͎͊͊͘͡Έͤͦ ͍ͤ͊;͊͡Έ͙ͤͻ 
ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Σ ͎͍͙ͤͫͭ͜͜͡;͙͚ͤ ͍͒ͦͫ͒͜Σ Ύ͟͜ ͍͙ͦͤ ͣ͊ΌͭΈ ͘͜ м˱˸Φ 
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ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ. ˽ͪͦͼ͔ͫ ͍ͦͦͦ͒ͤͤ͜͡Ύ н˱˸ ͤ͊ ͍͙ͣͦͤͻ 
ͺ͊ͯ͟͡Έ͔ͭͭ͊ͻ ͍͔͙͔͍ͯͤͪͫͭͭ͜͜ ͣ͊Ί ͍ͫͦΊͪ͒ͤ͜͜ ͙͙ͪͫΣ ΅ͦ ͍͙ͪ͊͗͊ΌͭΈͫΎ ͍ ͙͒ͦͫͭΈ 
͍͙ͫͦͦͣͯ͟ ͔ͫͭͯͨͤ͜ ͍ͦͦ͒ͤͤ͜͡Ύ ͔͙ͫͭͯ͒ͤͭ͊ͣ м˱˸Φ ˽͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͔͙ͫͭͯ͒ͤͭ 
͍ͦͨ͊ͤͦͯΌͭΈ ͎͋͊͊ͭͦ ͙ͨͪ͊ͭ͟;͙ͤͻ ͜ ͔͔͙ͭͦͪͭ;͙ͤͻ ͎͍͙ͤͫͭ͜͜͡;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͯ ͎͊ͯ͘͜͡ 
͒͊ͤͦ͝ ͍͙ͣͦΦ ˨͔ͦͫͦͤ͊͟͡ ͍͙͍;͔ͤͤΎ ͼ͙ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͔͔͊͋ͨ͘͘;ͯΊ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͎͍͙ͤͫͭ͜͜͡;ͤͦ͝ ͔͔ͦͣͨͭͤ͟ͼ͜͝ ͘ м˱˸Σ ͔ͪͯ͘͡Έͭ͊ͭͦͣ Ύͦ͟͝ ͫͭ͊Ί ͨͦΎ͍͊ ͎͍͙ͤͫͭ͜͜͡;͎ͤͦͦ 
͙͔ͣͫͤͤ͡ΎΦ ˿͔͊ͣ ͼ͔ Ί ͙ͫͨͪΎ͙͍͙ͭͣ͡ ͺ͊ͭͦͪͦͣ͟ ͒͡Ύ ͯͫͨ͜΄͎ͤͦͦ ͍ͦͦͦ͒ͤͤ͜͡Ύ н˱˸Φ 

˹Φ ʕ Φ x ͙͊ͪ΄͍ͤͦ͜͟ ͊ͤ͊͘͘;͙͍Σ ΅ͦ ͎͍͙ͤͫͭ͜͜͡;͙͚ͤ ͍͒ͦͫ͒͜ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ 
͙͔ͫͤͭͦͣ͘ ͤ͊ͤ͘ΈΣ ͍͙ͤ͊;ͦ͟ ͜ ͍ͣͤ͜Έ ͔ͤ ͭ͜͡Έ͙͟ ͍ ͚ͪ͒ͤ͜͜ ͍ͣͦ͜Σ ͔͊͡ ͜ ͍ м˱˸Σ ͣ͊Ί 
͙͙͍͙͚ͨͦͭͤ͘ ͍͙͍ͨ͡ ͤ͊ ͍͊ͫͦ͘ΊͤͤΎ н˱˸Σ ͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͔ͤͭͪ͜ͺ͔͍ͪͯ͊͡Έͤͯ ͒͜Ό 
м˱˸Σ ͎͍͙ͤͫͭ͜͜͡;͙͚ͤ ͍͒ͦͫ͒͜ ͍͒ͦͦ͘͡ΎΊ ΄͍͙͒ͦ͟ ͚ ͍ͫ͒ͦͣͦ͜ ͍͙ͦͦͦ͒ͭ͜͡ ͨͦͤΎͭͭΎ͙ͣ ͭ͊ 
͔͙ͭͪͣͤ͊ͣ͜ ώнΣ нтϐΦ ˹͊Ύ͍ͤͫͭ͜Έ ͎ͭ͊ͦͦ͟ ͍͒ͦͫ͒ͯ͜ ͔ͤ ͭ͜͡Έ͙͟ ͔͎ͨͦ͡΄ͯΊ ͍ͦͦͦ͒ͤͤ͜͡Ύ 
͍͙͙ͦͫͤͦͤͣ ͍͙͙͒͊ͣ ͍͔ͣͦͤͤ͡Ί͍ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔͊͡ ͚ ͎͒ͦͨͦͣ͊͊Ί ΄͍͙͒΄͔ 
͍͙͊ͫͦͭ͘͝ ͍ͣͤͤ͜Ύ ͪͦͫ͟-ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͤ͊ ͍͙΅ͦͣͯ ͍ͪͤ͜͜Φ ˨͙ͦͫͭΈ 
͍͙͒ͦͣͣ͜ Ί ͺ͊ͭ͟Σ ΅ͦ ζ;͙ͣ ͋͜͡Έ΄ͦΌ ͟͜͡Έͫͭ͟͜Ό ͍ͣͦ ͍ͦͦ͒͜͡Ί ͔ͦ͗ͤ͟ ͔ͨͦͭͤͼ͚͙͚ͤ͜ 
ͯ;͙͊ͫͤ͟ ͨͪͦͼ͔ͫͯ ͣ͗ͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͙ͭͣ ͔͎͡΄͔ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͚͎ͦͦ 
͔͎ͤͭͪ͊͜ͼ͜Ύ ͍ ͔ͤͭͪͤ͊͜ͼͦͤ͊͜͡Έ͔ͤ ͍͙͍ͭͦ͊ͪͫͭͦΣ ͪͦͯͣͤͤ͘͜Ύ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͯ͟͡Έ͙ͭͯͪ ͚ 
ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔͔ͣͤͭ͊ͭͭͯ͜͡ ͎ͭͦͦ ;͙ ͤ͜΄͎ͦͦ ͤ͊ͪͦ͒ͯΣ ͙ͭͣ ͨͪͦͫͭ͜΄͔ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ 
͔ͦͦͨͪ͊͟ͼ͜Ύ ͤ͊ ͍͍ͫͭͦͦͣͯ͜ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͜ ͙ͭͣ ͍͙΅͔ ͚͎ͦͦ ΄͊ͤͫ ͙͒ͦ͋ͯͭ͘ ͎͔͒ͤ͜ 
ͣͫ͜ͼ͔ ͍ ͙͗ͭͭ͜η ώрΣ офϐΦ ͔̇ ͍͙ͤ͊͒͘;͚͊ͤͦ ͍͙͍͊͗ͦ͡ ͔͔ͭͨͪΣ ͙ͦ͟͡ ͙ͤ͊ͪͦ͒Σ ͍͙ͣͦΣ 
ͯ͟͡Έ͙ͭͯͪ ͣ͘͜΄ͯΌͭΈͫΎ ͍͔ͫ ;͊ͫͭ͜΄͔ ͚ ͔͒ͯ͗ ͎ͦͫͭͪͦ ͫͭ͊ͦ͡ ͙ͨͭ͊ͤͤΎ ͍͙ͻ͍ͦ͊ͤͤΎ 
͔ͭͦͪ͊ͤͭͤͦͫͭ͜͡ ͒ͦ ͤ͜΄͙ͻ ͯ͟͡ΈͭͯͪΣ ͙ͫͨͪΎͤͤΎ ͍͙͙͔ͤͤͤͤ͟Ό ͊͘ͼ͍͔͊ͤͦͫͭ͜͟͜͡ ͭ͊ 
΄͙͊ͤ ͒ͦ ͙ͤͻΣ ͒ͦ͊ͤͤ͘͡Ύ ͍ ͫͦ͋͜ ͨͦ;ͯͭͭΎ ͍͙͍͒ͪ͊ͭͦͫͭ͜͜͡ ͍͒͜ ͤ͊͒ͣͪͤͦͫͭ͜͜Σ 
͔ͤ͒ͦͫͭ͊ͭͤͦͫͭ͜ ;͙ ͍͒ͣͤͤͦͫͭ͜͜͜ ͋ͯ͒Έ-Ύ͙͟ͻ ͯ͟͡Έͭͯͪ [6, 9]. 

˭͍͊ͫͦΊͤͤΎ н˱˸ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͎ͤ͊͋͊͊ͭͦ ͔͎͡΄͔ ͔ͨͪ΄ͦ͝ ͭͦͣͯΣ ΅ͦ ͤ͊ͤͤ͘Ύ 
ͭ͊ ͍ͣͤͤ͜ΎΣ ͙ͨͪ͒͋͊ͤͤ͜ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ м˱˸Σ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͨ͒͜ ;͊ͫ 
͍͙͍;͔ͤͤΎ н˱˸Φ ˽͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͔ͤͣ͜ͼΈ͚͟͜ ͍ͣͦ͜Σ Ύ͟ н˱˸Σ ͔ͭͪ͋͊ ͙͊͊ͫͭ͘͟͡ 
͍͙ͦͫͤͦ ͍ ͔ͣ͗͊ͻ ͔͙ͭͣΣ ΅ͦ ͍͙͍;͊ΊͭΈͫΎΣ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤ͜͜ ͔ͫͭͯ͒ͤͭ͊ͣ ͒͡Ύ ͯ;͊ͫͭ͜ ͍ 
͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦͣͯ ͒͊ͦ͘͜͜͡ ͍͒ͦͻ ͯ͟͡ΈͭͯͪΦ ˨͡Ύ ͼΈ͎ͦͦ ͔ͭͪ͋͊ ͙ͨͤ͊ͭ͘͜ ͯ͟͡Έͭͯͪͯ 
͙ͪ͊ͤ͟͝ ͍͙ͣͦΣ ΅ͦ ͍͙͍;͊ΊͭΈͫΎΣ ͝͝ ͍͙͘;͊͝Σ ͙ͭͪ͊͒ͼ͜͝Σ ͫͭͦͪ͜͜Ό ͭ͊ ͫͯ;͔͊ͫͤ ͙͗ͭͭΎΦ 
˸͔ͭ͊ ͒͊ͤͦ͝ ͫͭ͊ͭͭ͜ ς ͙͙͒ͦͫ͒ͭ͜͡ ͚ ͍͙͊ͨͪͦͨͦͤͯ͊ͭ͘ ͔ͺ͔͙͍ͭͤ͟͜ ͙͊ͫͦ͋͘ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎ н˱˸ ͯ ͍ ͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΦ 

˸͔͙ͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˽͒͜ ;͊ͫ ͙ͪͦ͋ͦͭ ͤ͊͒ ͔ͫͭ͊ͭͭΌ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Ύ 
͎͊͊͘͡Έ͍ͤͦͤ͊ͯͦ͟͜ ͔͙ͣͭͦ͒ ͍͎ͤ͊ͯͦͦͦ͟ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΣ ͍ͨͦͪͤ͜ΎͤͤΎΣ ͊ͤ͊ͯ͘͜͡ ͭ͊ 
͙͔ͫͤͭͯ͘Φ ˿͍͊͒ͦͦ͟͡Ό ;͙͊ͫͭͤͦΌ ͔͒Ύ͙͟ͻ ͔͍ͣͭͦ͒͜ ͍͋ͯ ͙͙ͪͭ͟;͙͚ͤ ͊ͤ͊͘͜͡ 
͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͔͔͒͗ͪ͡Φ ́͊ͦ͗͟ ͍͍͍͊ͫͭͦͫͦͯ͊ͫ͘Ύ ͔ͣͭͦ͒ ͍͙͍;͔ͤͤΎ ͚ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ 
͙͙͍͎ͨͦͭͤͦͦ͘ ͍͒ͦͫ͒ͯ͜ ͙ͪͦ͋ͦͭ ͍;͙͔͍ͭ͜͡Σ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ Ύ͎ͦͦ͟ ͔ͣͦ͗ ͤ͊͘;ͤͦ 
͍͙ͨ͒͜΅͙͙ͭ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ̐ ͔͒͟͜͡Έ͊͟ ͙͙ͦͪͫͤ͟ͻ ͔͎͚ͫͭͪ͊ͭ͜ ͒͡Ύ 
͍ͤ͊;͊ͤͤΎ ͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦΦ ˽ͦ-͔ͨͪ΄͔Σ ͔͊ͤͯͪͤͤ͘Ύ ͍ ͍͔ͣͦͤͤ͡Ί͍͔ ͔͔͍͙ͫͪ͒ͦ΅͔Φ 
̋ͦ͋ ͼ͔ ͫͨͪ͊ͼΌ͍͊ͦ͡Σ ͔ͭͪ͋͊ ͍͔͙ͪͤͯͭͫ͘Ύ ͒ͦ ͼ͍͊ͦͫͭ͜͟͜Σ ͯΎ͍͙ ͚ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ 
ͯͣͤ͜Έ ͔͍ͫͭͯ͒ͤͭ͜Φ ˭ͣͫͭ͜ ͎ͦ͗ͤͦͦ͟ ͊ͤ͘ΎͭͭΎ ͣ͊Ί ͙͋ͯͭ ͤ͊͘;ͯ΅͙ͣ ͒͡Ύ ͙ͤͻΣ ΅ͦ͋ ͍͙ͦͤ 
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͊͘ͻͦͭ ͙͜͡ ͙ͨͤ͊ͭ͘͜ ͭ͊ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͍ͣͦͯΦ ̋ͦ͋ ͒ͦͫΎ͎͙ͭ ͼΈ͎ͦͦΣ ͔ͤͣ͜ͼΈ͊͟ ͍ͣͦ͊ ͣ͊Ί 
͍ͯ͘;͙͊ͭ ͨͪͦͭΎ͎ͦͣ ͍ͫΈ͎ͦͦ ͊ͤ͘ΎͭͭΎΣ ͍ͤ͊ͭ͜Έ Ύ͟΅ͦ ͔͙ͫͭͯ͒ͤͭ ͔ͤ ͪͦͯͣ͘͜ΌͭΈ ͍ͫ͜͡Σ 
ͪ͊͟΅͔ ͙ͫ͊͊ͭ͘͟Σ ͙͍ͦͫͦ͋ͦ͡ Ύ͟΅ͦ ͔͙ͫͭͯ͒ͤͭ ͔ͤ ͪͦͯͣ͘͜ΌͭΈ ͍ͫ͜͡Φ ͍͔̂ͨͪͦ͊͒͗ͤͤΎ 
͙ͭ͊͟ͻ ͔͔͒͗ͪ͡Σ Ύ͟ ͨͫͤ͜͜Σ ͺ͜͡Έ͙ͣΣ ͪͦ͡Έ͍ͦ͜ ͎͙ͪ͜Σ ͔͋ͯ͒ ͔ͭ͗ ͙͙ͦͪͫͤͣ͟Φ ˿͍Ύ͍ͭͯ͊ͤͤ͟Ύ 
͍͙͍͙͊͗͡ͻ ͯ͟͡Έ͙ͭͯͪͤͻ ͚ͨͦ͒͜ ͜ ͙ͭͪ͊͒ͼ͚͜ ˹͔ͣ͜;;͙͙ͤ ͍ͫͭͦͪΌΊ ͍͍͔͒ͨͦ͒ͤ͜͜ 
ͯ͟͡Έ͔ͭͯͪͤ ͦͭͦ;͔ͤͤΎ ͭ͊ ͙ͫͨͪΎΊ ͍͊ͫͦ͘ΊͤͤΌ ͍͙ͣͦΦ ˿ͦͼͦͯ͜͟͡Έ͙͚ͭͯͪͤ ͔ͦͣͨͦͤͤͭ͟ 
ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦ ͣ͊Ί ͫͭͦͭͤͦ͜ ͍͙͍͔͊͗͡ ͤ͊͘;͔ͤͤΎ ͍ ͍͙͍ͪͦͭͦ͘͟͜ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ͭͦͣͯΣ ΅ͦ ͍͙͙ͤ͊͟Ί ΄͊ͤͫ ͔ͤ ͙͡΄͔ ͙ͨͤ͊ͭ͘͜ ͫͨ͊͒΅͙ͤͯ ͯ͟͡Έ͙ͭͯͪ 
͔ͤͣ͜ͼΈ͎ͦͦ͟ ͤ͊ͪͦ͒ͯΣ ͔͊͡ ͚ ͍͔͙ͨͪͦͫͭ ͔ͨ͊ͪ͊͜͡͡ ͘ ͯ͟͡Έ͙ͭͯͪͤͣ ͤ͊͒͋͊ͤͤΎͣ ͍ͫͦΊ͝ 
͙ͪ͊ͤ͟͝Σ ΅ͦ ͎͒ͦͨͦͣ͊͊Ί ͺ͍ͦͪͣͯ͊ͤͤΌ ͎͊͊͘͡Έͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͔ͫͭͯ͒ͤͭ͊Φ ͔̇ ͔ͨͦͭͪ͋ͯΊ 
͍͒͜ ͔͍ͫͭͯ͒ͤͭ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͨͦ΄͍ͯͦͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͒͡Ύ ͎ͭͦͦΣ ΅ͦ͋ ͍͙͙͊ͨͦͤͭ͘ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͯ͜ ͎͙ͨͪͦ͊ͤͯ͡Σ ͙ͫͭͣͯ͡ΌΊ ͝ͻ ͒ͦ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͚ 
͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͨͦ΄ͯͯ͟ ͔͍ͣ͊ͭͪ͊͜͜͡Φ ˭͊ͯ͡;͔ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍ͤ͊;͊͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͪͦ͡Έ͍͙ͦͻ ͎ͦͪ͜Σ Ύ͟͜ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͚͙͙ͨͦͤ͊ͦͣͭͫ͘Ύ ͘ ͔͔ͣͤͭ͊ͭͭͦͣ͜͡ ͤͣ͜ͼ͍͜ ͭ͊ ͍͙͍ͪͦ͊͘ΌͭΈ ͙͙͍ͨͦͭͤͯ͘ ͙͍ͣͦͭ͊ͼ͜Ό 
͍͙͍;͔ͤͤΎ ͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦΦ ˿͔͊ͣ ͨ͒͜ ;͊ͫ ͙ͭ͊͟ͻ ͎ͦͪ͜ ͔͙ͫͭͯ͒ͤͭ ͍ͤ͊;͊ΌͭΈͫΎ 
ͯ͟͡Έͭͯͪ͜ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΥ Ύ͟ ͙͍͙ͨͪͭ͊ͭͫ͜ΈΣ ͍͙͙ͨͦ͒ͦͪͦͭ͘ ͙ͪ͒ͤ͜ͻ ͜ ͚͙ͤ͊ͦͣ͘ͻΣ Ύ͟ 
͙͙ͪͦ͋ͭ͘ ͙ͨͦͯͨ͟͟Σ ͍͙ͨͪ͊͡Έͤͦ ͔͍͍͙ͫͪͪͯ͊ͭ͜ ͫͭ͜͡ ͭͦ΅ͦΦ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͨ͒͜ ;͊ͫ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ͪ͊ͤͦͤ͊͘͟͝;ͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͍͊ͫͦ͘ΊͤͤΎ ͔͚ͪ͊͜͡ ͔ͤͣ͜ͼΈ͎ͦͦ͟ 
͙͗ͭͭΎΣ ͍ͨͦͪͤ͜ΎͤͤΎ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͭ͊ ͔ͤͣ͜ͼΈͦ͟͝ ͚͒ͫͤͦͫͭ͜͜ ͘ ͙ͪͤ͘͜ͻ ͫͺ͔ͪ ͙͗ͭͭΎΥ 
ͯ͟͡Έ͙ͭͯͪΣ ͙͔ͣͫͭͼ͍ͭ͊ ͭͦ΅ͦ ͙ͫͨͪΎΊ ͍ͨͤ͊͊͘͜͡Έ͚ͤ͜ ͙͍͊ͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜Σ 
ͪͦ͘΄͙͔ͪͤͤΌ ͝ͻ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟͝ ͙͍ͣͦ͗ͦͫͭ͜͡Σ ͎͒ͦͨͦͣ͊͊Ί ͍͔ͫͭͦͪͤͤΌ ͙͙͍ͨͦͭͤͦ͘͝ 
͙͍ͣͦͭ͊ͼ͜͝ ͤ͊ ͊ͤ͘ΎͭͭΎͻΦ   

ˤ͎͊͊͘͜͡Σ ͍͙͍;͔ͤͤΎ н˱˸ ͍͒ͦͦ͘͡ΎΊ ͎͙͋͡΄͔ ͙ͪͦͯͣͭ͘͘͜ ͔͒͜Ό ͍͔ͫͭͦͪͤͤΎ 
͔ͣͻ͍͊ͤͣ͘͜͜ ͎͊͊͘͡ΈͤͦΊ͍͔͚ͪͦͨͫΈͦ͟͝ ͔͎ͤͭͪ͊͜ͼ͜͝Σ ͎͊͊͘͡Έ͔ͤ ͎͔ͨͪ͊ͤͤͤΎ ͙ͪͤ͘͜ͻ 
͍ͤ͊ͪͦ͒͜ ͒͜Ύ͙ͭ ͫͨ͜͡Έͤͦ ͍ ͍ͪͦ͘ΩΎ͊ͤͤ͘͜ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔ͨͪͦ͋ͣ͡Φ 

˾͍͙ͦͭͦ͘͟ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͫͨͪͦͣͦ͗ͤͦͫͭ͜ ͒ͦ ͪͦͫ͟-ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ 
ͭͦ͋ͭͦ ͒ͦ ͍͍͒ͨͦ͒ͤͦ͜͜͝ ͍͊͘Ίͣͤͦ͝ ͎͙ͦ͒͘ ͍͒ͦͻ ͭ͊ ͋͜͡Έ΄͔ ͯ;͙͍͊ͫͤ͟͜ ͊ͭͯ͟ 
ͦͣͯͤ͊͟͜͟ͼ͜͝Σ Ύ͟͜ ͔ͤ͊͗͊ͭ͡Έ ͒ͦ ͙ͪͤ͘͜ͻ ͔ͭͤ͜;͙ͤͻ ͯ͟͡ΈͭͯͪΣ ͙ͪͦ͋ͭΈ ͊ͭͯ͊͟͡Έ͙ͤͣ 
͍͔ͪͭ͊ͤͤ͘Ύ ͒ͦ ͙͙ͤ͘͟ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͙ͭͻΣ ͻͭͦ ͍ͤ͊;͊ΌͭΈͫΎΦ ˽͒͜ ;͊ͫ 
͍ͦͦͦ͒ͤͤ͜͡Ύ н˱˸ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍ͤ͊;͙͙ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙͋ͯ͒ͯ͊ͭ ͊ͣͫͭ͘͜Έ ͋ͨͦ͜͡Ύ͎ͪͤͦͦ 
͊ͤ͡ͼΌ͎͊ ζͨͦ;͍͊ͭͦ͊͟ ͯ͟͡Έͭͯͪ͊ ς ͔ͨͪ΄͊ ͔ͤͦͣͤ͊͘͜ ͯ͟͡Έͭͯͪ͊ηΣ ͙ͭͪͨͦ͡Ύͪͤͯ 
ͦͤͫͭͪͯ͟͟ͼ͜Ό ώпΣ тлϐΦ 

˻͙͋ͪ͊Ό;͙ ͨ͒ͪͯ͜;͙ͤ͟ ͘ н˱˸Σ ͍͙͊͒͊͟͡;͜ ͙ͯͨͤ͘ΎΌͭΈ ͍ͫͦΌ ͍͎ͯ͊ͯΣ Ύ͟ 
͍͙ͨͪ͊ͦ͡Σ ͤ͊ ͙ͭͻ ͔ͣ͊ͭͪ͊͊͜͡ͻΣ ͔͒ ͘ ͝ͻ ͭͦ;͙͟ ͦͪͯ͘ ͚ͤ͊͋͜͡Έ΄ ͍ͨͦͤͦ ͚ ͒ͦͫͭͯͨͤͦ 
͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͎͙ͪ͊ͣ͊ͭ͊͟Σ ͍͙͔͊͒ͤ͟͜͡ ͺ͙͊ͭ͟ ͘ ͫͭͦͪ͜͜͝ ͭ͊ ͎͔͎ͦͪ͊ͺ͜͝Φ ˢ͔͡Σ Ύ͟΅ͦ 
͍͙͙ͫͭ͊ͭ ͍ͫͦΊΌ ͔ͣͭͦΌ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͫͯ;͎͊ͫͤͦͦ ͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͨͪͦͼ͔ͫͯ 
͍ͤ͊;͊ͤͤΎΣ ͭͦ ͙ͨͪ ͙ͨͪ͒͋͊ͤͤ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͦͫ͋ͤ͊͜͟ ͫ͒͜͡ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ ͤ͊ ͭ͊͟͜ 
͙͔ͪͭͪ͟͜͝Υ 

 
 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ6ȟ Ο 6(90) 

46 

1. ͤ͊ͫ͟͜͡Έ͙͟ ͨ͒ͪͯ͜;͙ͤ͟ ͍͒ͦͦ͘͡ΎΊ ͙͍͍͙͊ͭͯ͊ͭ͘͟͜ ͎͍͙ͤͫͭ͜͜͡;͙͚ͤ 
͍͒ͦͫ͒͜ ͔ͫͭͯ͒ͤͭ͊Σ Ύ͙͚͟ ͍ͤ͜ ͣ͊Ί ͘ м˱˸Τ 

2. ͤ͊ͫ͟͜͡Έ͙͟ ͨͦ͒͊ͤ͜ ͍ͤ͊;͊͡Έͤ͜ ͔͙ͣ͊ͭͪ͊͜͡ ͙ͫͭͣͯ͡ΌΌͭΈ ͔͔ͤͭͪͫ͜ ͒ͦ 
͍͙͍;͔ͤͤΎ ͍ͤͦͦ͝ ͍͙ͣͦ ͭ͊ ͯ͟͡Έ͙ͭͯͪΤ 

3. ;͙ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͍͙ͦͤ ͫͦͼ͊͜͡Έͤͦͣͯ ͍͒ͦͫ͒ͯ͜ ͔ͫͭͯ͒ͤͭ͊ ͭ͊ ͚͎ͦͦ 
ͣ͗ͯ͜͟͡Έ͙ͭͯͪͤͣ ͯͣͤͤ͜ΎͣΣ ͙͙ͦͭͪͣ͊ͤͣ ͨ͒͜ ;͊ͫ ͍ͦͦͦ͒ͤͤ͜͡Ύ м˱˸Τ 

4. ;͙ Ί ͍ ͼΈͦͣͯ ͨ͒ͪͯ͜;͙ͤͯ͟ ͒ͦͫͭ͊ͭͤΈͦ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͔͍ͭͫͭ͟͜Σ 
͍͊͒͊ͤ͘Έ ͜ ͍͍ͨͪ͊ ͒͡Ύ ͍͔͔ͨͪͦ͒ͤͤΎ ͨͪΎ͎ͣͦͦ ͋͜- ͭ͊ ͙ͭͪͨͦ͡Ύ͎ͪͤͦͦ ͍ͨͦͪͤ͜ΎͤͤΎ 
͍ͣͦ ͜ ͯ͟͡ΈͭͯͪΦ   

̂ ͨ͒ͪͯ͜;͙ͤͯ͟ ͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦ ˿Φ s Φ ˤͦͤͦ͜͡͝ ͙ͣ ͭ͊ͦ͗͟ ͤ͊͘ͻ͙ͦ͒ͣͦ 
͔͙ͣͭͦ͒;ͤ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ͭ͊ ͙͔͙ͫͫͭͣ ͍͍ͨͪ͊ ͘͜ ͎͋͊͊͘;͔ͤͤΎ ͍͙͍͎ͫͦͤͦͦͦ͟͡ ͊ͨ͊ͫͯ͘ 
͔͍ͫͭͯ͒ͤͭ͜ ͺ͊ͯ͟͡Έ͔͍ͭͭ͜ ͔͙ͤͦͣͤ͘͜ͻ ͍ͣͦΣ Ύ͟͜ ͍͙͍;͊ΌͭΈ ͔ͤͣ͜ͼΈͯ͟ Ύ͟ н˱˸Φ 
˽͒ͪͯ͜;͙ͤ͟ ͪͦͪ͊͘ͻ͍ͦ͊ͤͦ ͤ͊ ͙ͭͪ ͙ͪͦ͟ ͍ͤ͊;͊ͤͤΎΦ ˽ͫ͜͡Ύ ͍͍͔͔͒ͤͤΎ ͭ͊ ͔͍͙͎ͨͪͤͤͦͦ 
͔͊ͪͨͤͤ͘͟͜͡Ύ ͍ͤͦͦ͝ ͔͙͙ͫ͟͟͡ ͍͙͊ͭͦͪ ͨͪͦͨͦͤͯΌͭΈ ͍͍͙ͨͪ͊ ͒͡Ύ ͙͍͊ͭ͊͘͟͜ͼ͜͝ 
͔͙ͫ͟͡;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙ͨͭ͊͡Έͤͦ-͍͍͒ͨͦ͒ͤͦ͜͜͝ ͙ͪͦ͋ͦͭ ͘ ͔ͭͫͭͦͣ͟Φ 
˸͔͙ͭͦ͒;ͤͦ ͍͙͎͒ͤͦ͜ ͍͔͙ͫͭ ͙͍͊ͭ͊͘͟͜ͼ͜Ό ͺͪͦͤͭ͊͡Έͤͦ ς ͍ͫΎ ͎ͪͯͨ͊ ͊͒͊͘Ί ͙ͨͭ͊ͤͤΎ 
ͦ͒ͤͦͣͯ ͔͍ͫͭͯ͒ͤͭͦ͜Σ Ύ͙͚͟ ͔͔͋ͪ ͤ͊ ͔͔ͫ͋ ͪͦ͡Έ ͔ͨͪͫͦͤ͊͗ͯ ͊͋ͦ ͍ͤ͊͘ͼΎ ͙͊ͨͭ͊ͤͤ͘Ύ 
[3, 5]. ˨ͦͣ͊΄ͤ͜ ͍͊͒͊ͤͤ͘Ύ ͙ͭͨͯ ζ˨͔ͦ͋ͪͭ͜Έ ͭ͊ ͎͚͔ͦͪ͊ͤͯͭ͘͜ ͍͙ͫͦͤ͟͡ ͊͘ 
͙͙ͤ͊ͫͭͯͨͤͣ ͔͙ͨ͒ͭͣ͊ͣ͜ΦΦη ͎͒ͦͨͦͣ͊͊Ί ͊ͯ͘͡;͙͊ͭ ͒ͦ ͔͔ͨͪ͊ͯ͘͟ ͔ͭͫͭͯ͟Σ ͪͣ͟͜ 
͍͎ͤͦͦͦΣ ͍͔͗ ͍͙͚͒ͦͣ͜ ͔͙ͫ͟͡;͙͚ͤ ͔ͣ͊ͭͪ͊͜͡Σ ͊ ͭ͊ͦ͗͟ ;͍͊ͫͭͦͦ͟ ͎͍͙ͨ͒ͦͭͯ͊ͭͫ͜Ύ ͒ͦ 
͍͜͡Έ͎ͤͦͦ ͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎ ͍ ͙͊ͯ͒ͭͦͪ͜͝ ͊͘ ͔͙͙ͦͪͣͣ͟ ͙ͪͦ͒͊ͣ͘͜͡ ͎͊͊͘͡Έͤͦ͝ ͔͙ͭͣ 
ό͙ͤ͊ͨͪ͊͒͟͡Σ ͍͊͒͊ͤͤ͘Ύ ζˤ͙͍ͫͦͭ͜͡Έ ͍ͫͦΌ ͭͦ;ͯ͟ ͦͪͯ͘ΧηΣ ζ˨͚͔͊ͭ ͔͍ͤͭͪ͜ΩΌΧη 
ͭͦ΅ͦύΦ ̂ ͨ͒ͪͯ͜;͙ͤͯ͟ ͭ͊ͦ͗͟ ͯͪ͊ͻ͍ͦ͊ͤͦ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙͍͍͙ͤ͒͒ͯ͊ͯ͊ͭ͘͜͜͜͡ ͪͦ͋ͦͭͯ 
͔͍ͫͭͯ͒ͤͭ͜ ͯ ͙ͭ͊͟ͻ ͙ͭͨ͊ͻ ͍͍ͨͪ͊Υ ζ˭͍͔͊ͪ΄͙͙ͭ ͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎη ό͘ ͦͨͦͪͦΌ ͭ͊ ͔͋͘ 
͙ͦͨͦͪύΣ ζ˽͍͙ͦ͋ͯ͒ͯ͊ͭ ͎͙͒͊ͦ͜͡η όͨͪͦͨͦͤͯΊͭΈͫΎ ͒ͦ ͨΩΎ͙ͭ ͍͍͊ͪ͊ͤͭ͜͜ύΣ ζ˹͙͙͊ͨͫ͊ͭ 
͍ͭͪ͜ ͤ͊ ͔ͭͣͯη όͨͪͦͨͦͤͯΊͭΈͫΎ ͒ͦ ͭͪΈͦͻ ͍͍͊ͪ͊ͤͭ͜͜ύΣ ζ˽͙͒͋ͪ͊ͭ͜͜ ͭ͊ ͙͙ͪͦͨͦ͒ͭ͘͜͡ 
͔͙ͫ͟͡;͙͚ͤ ͔ͣ͊ͭͪ͊͜͡η ό͘ ͔ͣͭͦΌ ͚͎ͦͦ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͯ 
͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎͻ ͊͘ ͦ͒ͤ͜ΊΌ ͘ ͔ͣͪͦͭͣ͜͟ύΦ  

˭͊ͪ͊͘ ͙ͨͪ͊ͭ͟;ͤͦ ͔ͤͣ͊Ί ͨ͒ͪͯ͜;͙͍ͤ͟͜Σ Ύ͟͜ ͍ͪ͊ͻ͍͍͙ͦͯ͊͡ ͋ ͚ͭͦ ͺ͊ͭ͟Σ ΅ͦ 
͔ͤͣ͜ͼΈ͊͟ ͍ͣͦ͊ ͍͙͍;͊ΊͭΈͫΎ ͨͫ͜͡Ύ ͎͚͊ͤͫ͜͡Έͦ͟͝Σ ͭͦͣͯ ͍;͙͔͔͍ͭ͜͡ ͨͦͭͪ͋ͤͦ͜ 
͚ͫ͊ͣͦͫͭͤͦ͜ ͪͦͪͦ͋͘͡Ύ͙ͭ ͍͍͒ͨͦ͒ͤ͜͜͜ ͍͊͒͊ͤͤ͘Ύ ͜ ͍͍͙ͨͪ͊Φ ˨͡Ύ ͼΈ͎ͦͦ ͍ͤ͜ ͔ͣͦ͗ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͍͙ͨͪ͊Σ Ύ͟͜ Ί ͍ ͨ͒ͪͯ͜;͙ͤ͊͟ͻΣ ͔͊͡ ͍ ͚ͭͦ ͙͚ͫ͊ͣ ;͊ͫ 
͍͒ͦͨͦͤΌ͍͙͊ͭ ͝ͻ ͙ͭ͊ͣ͟ ;͙ͤͦͣΣ ΅ͦ͋ ͯ;ͤΎͣ ͔ͤͦ͋ͻ͒ͤͦ͜ ͋ͯͦ͡ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͍ͫͦ͝ 
ͤ͊ͤͤ͘Ύ ͎͚͊ͤͫ͜͡Έͦ͟͝ ͍͙ͣͦΦ 

ˤ͎͊͊͘͜͡Σ ͔ͤ ͫ͒͜͡ ͔͍͙ͦ͋ͣ͗ͯ͊ͭͫΎ ͙͡΄͔ ͨ͒ͪͯ͜;͙͙ͤ͊ͣ͟Φ ˤ͙͊͒͊͟͡;͜Σ Ύ͟ ͍ͭͦͪ;͜ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍͙ͨͦͤͤ͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔͋͘͜͡; ͔͍ͣ͊ͭͪ͊͜͜͡Φ ˻ͫ͟͜͡Έ͙͟ ˱͔͔ͤͭͪͤͭ 
͊ͪ͊͘͘ Ί ͙͒ͦͫͭΈ ͫͯ;͙͊ͫͤͣ ͔ͪͫͯͪͫͦͣ ͜ ͒͊Ί ͒ͦͫͭͯͨ ͒ͦ ͔ͤͣ͜ͼΈ͙͟ͻ ͔͔͒͗ͪ͡ ͭ͊ 
͍͙ͤͦͤΣ ;ͦͣͯ ͋ ͔ͤ ͙͙ͫͦͪͫͭ͊ͭͫ͟Ύ ζͤ͊ͭͯͪ͊͡Έ͙ͤͣη ͍͙ͣͦͤͣ ͔ͣ͊ͭͪ͊ͦͣ͜͡Σ 
͙ͤ͊ͨͪ͊͒͟͡Σ ͔͙͊ͯͭͤͭ;͙ͤͣ ͍͔͒ͦ͜Σ ͍͔͙ͫͭͦͪͤͣ ͤͦͫ͜Ίͣ ͊͋ͦ ͒͡Ύ ͍ͤͦͫ͜͝ ͍͙ͣͦΦ ˹  ͊
͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭͭΎͻ ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙͊͘͟͟Σ ͙͙͍ͫͭͯ͊ͭͤ͜ ͙͙͊ͪͭͤ͟͟ ͘ 
͔ͤͣ͜ͼΈ͍͙ͦͣͦͤ͟ͻ ͔͔͒͗ͪ͡Σ ΅ͦ ͒͊ΌͭΈ ͎ͣͦͯ͘ ͔ͫͭͯ͒ͤͭ͊ͣ ͺ͍͙͊ͤͭ͊ͯ͊ͭ͘  ͚͋͜͡Έ΄ 
͙͍͊ͭͤͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔͙ͫ͟͡;͙͚ͤ ͔ͣ͊ͭͪ͊͜͡Φ ̒͟ ͙͊͘͟͟ ͒͊ͭͤ͘͜ ͍͙͙͙͊ͭ͟͟͡ 
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ͺ͊ͤͭ͊͘͜ΌΣ ͭ͊͟ ͙͍ͨͪͫ͜͡ΩΎ ͒͊ΌͭΈ ͨͦ΄͍ͭͦͻ ͒ͦ ͍ͨͦͪͤ͜ΎͤͤΎΦ ̂ ͪͦ͋ͦͭ͜ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ 
;͙͊ͫͭͣ Ί ͍͔ͪͭ͊ͤͤ͘Ύ ͒ͦ ͙͍ͨͪͫ͜͡Ω͍͝ ͭ͊ ͍ͪ͜΄͍͜Φ ˤ͙ͦͤ ͍͙ͨͦͤͤ͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ 
͔ͤ ͙͡΄͔ Ύ͟ ͺ͔͙ͦͤͭ;ͤ͜ ͍͍͙ͨͪ͊Σ ͊ ͚ ͍͙͒͊͊ͭ ͙ͫͭͣͯ͡ ͒͡Ύ ͨͦ΄͍ͯ͟͜ ͎͚͊ͤ͊ͦ͜͡ ͯ ͚ͪ͒ͤ͜͜ 
͍ͣͦ͜Φ ˨͔ͯ͗ ͙ͦͪͫͤͦ͟Ό Ί ͙ͨͪ͊ͭ͊͟͟ ͒ͦͣ͊΄ͤΈ͎ͦͦ ;͙ͭ͊ͤͤΎΣ ͋ͦ ͼ͔ Ί ͙ͦ͒ͤͣ ͘͜ 
͔͔͒͗ͪ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͪͼ͔͙͍͎ͨͭͤͦͦ ͔͙ͫ͟͡;͎ͤͦͦ ͊ͨ͊ͫͯ͘Φ ˾͙ͦͪͦ͋͘͟ ͘ 
͒ͦͣ͊΄ͤΈ͎ͦͦ ;͙ͭ͊ͤͤΎ ͣ͊ΌͭΈ ͍ͣ͜΅͍͙ͯ͊ͭ ͙͙ͦ͒ͤͼ͜ ͔ͪͼ͔͙͍͎ͨͭͤͦͦ ͣͤͣͯͣͯ͜͜Σ Ύ͟͜ 
ͨ͒͜͡Ύ͎͊ΌͭΈ ͍͊ͫͦ͘ΊͤͤΌΣ ͊ ͭ͊ͦ͗͟ ͔ͤͦ͋ͻ͒ͤ͜͜ ͍͍͙ͨͪ͊ ͒͡Ύ ͝ͻ ͙͍͊ͭ͊͘͟͜ͼ͜͝Φ ˥ͦͭͯΌ;͙ 
ͪͦ͋ͦͭͯ ͤ͊͒ ͔ͭͫͭͦͣ͟Σ ͍͙͊͒͊͟͡;͔͍͜ ͔ͭͪ͋͊ ͫͨͦ;͊ͭͯ͟ ͍͍͙͙ͫͭ͊ͤͦͭΣ Ύ͟͜ ͔͙ͫ͟͡;ͤ͜ 
͙͙ͦ͒ͤͼ͜Σ ͫͨͦͯ͡;͔ͤͤΎ ͚ ͔ͪ;͔ͤͤΎ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍͙͙͊͗ͣ͟ ͒͡Ύ ͪͦͯͣͤͤ͘͜Ύ 
͔ͫͭͯ͒ͤͭ͊ͣΦ ˣ͎͊͊ͭͦͤ͊͘;ͤͫͭ͜Έ ͔͙ͦͪͣ͟ͻ ͍ͫ͜͡Σ ͔ͤ;͊ͫͭͦ ͍͙͍͗͊ͤ͜ ͦͤͫͭͪͯ͟͟ͼ͜͝Σ ͎ͯͣͦͪΣ 
͙ͦ͟͡ ͍ͫͦ͊͡ ͍ͤ͊͋ͯ͊ΌͭΈ ͔ͫͨͼ͙ͺ͜;͎ͤͦͦ ͙͙ͫͭͫͭ͜͡;͎ͤͦͦ ͤ͊͘;͔ͤͤΎΣ ͤ͜΄͜ ͺ͙͊ͭͦͪ͟ 
ͫͭ͊ΌͭΈ ͔͔͙͒͗ͪ͊ͣ͡ ͙ͨͦͣͦ͟͡Φ  

˻ͫ ͭ͊ͤͤͣ͜ ;͊ͫͦͣ ͔͒Ύ͟͜ ͍͙͊͒͊͟͡;͜ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ 
͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͔ͣͭͦ͒ ͒ͦͣ͊΄ͤ͜ͻ ͔͍ͭͪͤͯ͊͡Έ͙ͤͻ ͦͤ-͚͊ͤ͡ ͔͍ͭͫͭ͜ ͒͡Ύ 
͔͍ͫͭͯ͒ͤͭ͜ ͘͜ ͚͔͎ͨͪͦ͒ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ͔́Σ ΅ͦ ͍͙͍;͊ͦͫ͡Ύ ͨͪͦͭΎ͎ͦͣ ͊ͤ͘ΎͭͭΎΣ 
͊ͪͨ͘͟͜͡ΌΊͭΈͫΎ ͯ;ͤΎ͙ͣ ͍͒ͦͣ͊ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔͍ͭͫͭ͜Σ Ύ͟͜ 
ͫ͊͒͟͡ ͊ΌͭΈͫΎ ͘ ͔ͫͦͭͤΈ ͙ͨͭ͊ͤΈ ͔͙ͫ͟͡;͎ͤͦͦ ͊͋ͦ ͎͙ͪ͊ͣ͊ͭ;͎ͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟Φ 
˹͎͊ͫͭͯͨͤͦͦ ͪ͊ͯ͘ ͔͙ͫͭͯ͒ͤͭ ͍͔͗ ͍ͪ͊ͤ͒ͦͣͦ͊ͤͦ͘͜ ͍͙ͦͤͯ͟ΌͭΈ ͼ͜ ͔͙ͭͫͭ ͍ 
͙͊ͯ͒ͭͦͪ͜͝Φ ˭ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͔ͫͭͯ͒ͤͭ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͫͯ;͙͊ͫͤͻ ͍͊ͫͦ͋͘͜ ͍͊ͫͦ͘ΌΊ 
͔ͣ͊ͭͪ͊͜͡ ͜ ͔͔͍ͨͪͪ͜ΎΊ ͔͔ͫ͋Σ ͚ͦͣͯ ͨͦ͒ͦ͋͊ΊͭΈͫΎ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ˱͔͔ͤͭͪͤͭ-
͔͙ͪͫͯͪͫ͊ͣΦ ˭ ͤ͜΄͎ͦͦ ͋ͦͯ͟Σ ͔ͤ ͍͍͍͒͒͊͜͜΄͙ ͊ͤ͘ΎͭͭΎ ͭ͊ ͔ͤ ͦͨͪ͊ͼΌ͍͍͊΄͙ 
͔ͣ͊ͭͪ͊͜͡Σ ͡Ό͙͒ͤ͊ ͔ͤ ͔ͣͦ͗͘ ͚͙ͨͪͦͭ ͭ͜ ͔͙ͭͫͭΦ ˭ ͋ͦͯ͟ ͍͙͊͒͊͟͡;͊ 
͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͚͙͚ͨͦͫͭͤ͜ ͦͤͭͪͦ͟͡Έ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘Έ ͯ;͍ͤ͜Σ ͔͊͡ ͼ͔ ΅͔ ͚ 
ͪͦͨͭ͊͟͜͟ ͨͪ͊ͼΎ ͘͜ ͍͔ͫͭͦͪͤͤΎ ͙ͨͦ͒͋ͤ͜ͻ ͍͊͒͊ͤ͘ΈΦ 

˭͊ͦͪ͒ͦͤͤ͟͜ ͺ͎͙ͦͦ͜͡͡ ͍͍͗͊ͦ ͙͒ͫͯͭͯ͟ΌͭΈ ͘ ͙ͨͭ͊ͤͤΎ ͫͯ;͙͊ͫͤͻ ͨ͒͜ͻ͍ͦ͒͜ 
͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͙ͤͦͣͤ͘͜ͻ ͍ͣͦΦ ˤ͊͗ͦ͟ ͚͙ͤ͊ͭ͘ ͙ͦ͒ͤ ͨ͒ͪͯ͜;͙ͤ͟ ͊͋ͦ ͙ͦ͒ͤ 
͔ͣͭͦ͒Σ Ύ͙͚͟ ͙͋ ͍͋ͯ ͨ͒͜ͻͦ͒Ύ΅͙ͣΦ ˨͔Ύ͟͜ ͍;͔ͤ͜ ͍͍͊͗͊ΌͭΈΣ ΅ͦ ͍ͦͫͤͦͦΌ 
͍ͦͦͦ͒ͤͤ͜͡Ύ ͔ͤͣ͜ͼΈͦ͟Ό ͍ͣͦͦΌ Ύ͟ н˱˸ ΊΣ ͯ ͔ͨͪ΄ͯ ;͔͎ͪͯΣ ͫͦͼͦͯ͜͟͡Έͭͯͪͤ͜ 
͔͙ͦͣͨͦͤͤͭ͟Υ ͔͙ͨͪͦ͋ͣ͡ ͫͭͦͪ͜͜͝Σ ͍ͨͪ͊͊Σ ͙͙ͨͦͭ͜͟͡ ͭ͊ ͔͙ͦͤͦͣ͟͜͟ ͤ͊ ͍ͦͫͤͦ͜ 
ͫͻͦ͗ͦͫͭ͜ ͚ ͍͔͚͒ͣͤͤͦͫͭ͜͜ ͔ͤͣ͜ͼΈͦ͟͝ ͭ͊ ͎͚͊ͤͫ͜͡Έͦ͟͝ ͍ͣͦΦ ˾͔ͯ͘͡Έͭ͊ͭͦͣ ͎ͭ͊ͦͦ͟ 
ͨ͒͜ͻͦ͒ͯ ͍ ͍ͤ͊;͊ͤͤ͜ Ί ͍͙ͪͦͭͦ͘͟ ͍͙ͤ͊;ͦ͟ ͭ͊ ͍ͣͤ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙ͨͪ͊͡Έͤͦ 
͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͭ͊ ͔͔͍͙ͤͭͪͨͪͭͯ͊ͭ͜ ͍͊͘Ί͍ͣͦ͘ΩΎ͙͘͟ ͣ͗͜ ͙͙ͪͤͣ͘͜ ͯ͟͡Έ͙ͭͯͪ͊ͣΦ   

˱ͤ΄͜ ͔͒ͦ͒ͪ͗ͯΌͭΈͫΎ ͙͒ͯͣ͟Σ ΅ͦ ͍ͦͫͤͦͦΌ ͍ͤ͊;͊ͤͤΎ ͔ͤͣ͜ͼΈ͚͟͜ ͍ͣͦ͜ Ύ͟ 
н˱˸ ͣ͊Ί ͙͋ͯͭΣ ͔ͨͪ΄ ͊͘ ͍͔ͫΣ ͫͻͦ͗ͫͭ͜Έ ͣ͗͜ ͼ͙͙ͣ ͍͙ͣͦ͊ͣΥ ͍͊͘Ί͙͚ͣͤ ͍͙͍ͨ͡ 
ͯ͟͡Έͭͯͪ ͜ ͍ͣͦΣ ͍͔ͣͦͤͤ͡Ί͍͜ ͙͊ͨͦ͘͘;͔ͤͤΎΣ ͎͙ͪ͊ͣ͊ͭ;ͤ͜ ͙ͫͭͪͯͭͯͪ͟Φ ˭ͯͫͭͪ͜; ͘͜ 
͔ͤͣ͜ͼΈͦ͟Ό ͍ͣͦͦΌ ͍͙ͨͦͤͤ͊ ͙ͣ͊ͭ ͍ͦ͋ͦΩΎ͍͙͚ͦ͘͟ ζͫͦͼ͊͜͡Έ͙͚ͤ 
͔ͤͭͪͯ͜͟͡Έ͙͚ͭͯͪͤ ͔͊ͫͨͭ͟ηΣ Ύ͙͚͟ ͨͤ͘͜͜΄͔ ͔ͣͦ͗ ͙͋ͯͭ ͍͙͙͙͚ͦͪͫͭ͊ͤ͟ ͯ 
͚͚ͣ͊͋ͯͭͤ͜ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

˨͔Ύ͟͜ ͍ͤ͊ͯͦ͟ͼ͜ ͍͍͊͗͊ΌͭΈΣ ΅ͦ ͍ͦͫͤͦͦΌ ͍ͤ͊;͊ͤͤΎ ͔͙ͤͦͣͤͣ͘͜ ͍ͣͦ͊ͣ ΊΣ 
ͯ ͔ͨͪ΄ͯ ;͔͎ͪͯΣ ͍͊ͫͦ͘ΊͤͤΎ ͎͙͙ͪ͊ͣ͊ͭ͟Σ ΅ͦ͋ ͔͙ͫͭͯ͒ͤͭ ͔ͤ ͙͡΄͔ ͙ͤ͊͘͡ ͔ͤͦͣͤͯ͘͜ 
͍ͣͦͯΣ ͔͊͡ ͚ ͎͙ͣͦ͡ ͎ͪ͊ͣͦͭͤͦ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟Ύ ͔ͤΌΦ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͎͙ͪ͊ͣ͊ͭ͊͟ ͜ 
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ͦͣͯͤ͊͟͜͟ͼ͜ΎΣ Ύ͟͜ ͍͙͍ͪͦ͊͘ΌͭΈ ͍͔ͣͦͤͤ͡Ί͍͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͔͍ͫͭͯ͒ͤͭ͜Σ 
͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ Ύ͟ ͎͍ͦͦͤ͜͡ ͔͙ͦͣͨͦͤͤͭ͟Φ  

̐ ͔͎͊ͭͦͪ͟͜Ύ ͍;͔͙ͤͻΣ Ύ͟͜Σ ͍͙ͤ͊ͨ͊͟Σ ͔͒ͦ͒ͪ͗ͯΌͭΈͫΎ ͙͒ͯͣ͟Σ ΅ͦ ͍͙͊͒͊ͤͤ͟͡Ύ 
͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦ Ύ͟ н˱˸ ͍͙ͨͦͤͤͦ ͍͙͋ͯ͒ͯ͊ͭͫΎ ͤ͊ ͦͤͭͪ͊ͫͭ͊͟ͻ ͘ ͤ͜΄͙͙ͣ ͍͙ͣͦ͊ͣΦ 
˽͙ͪ ͼΈͦͣͯ ͎͍͙͚ͦͦͤ͡ ͊͟ͼ͔ͤͭ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ ζ͍͙͊͗ͣ͟ ͔ͣͦͣͤͭ͊ͣηΥ ͎͙ͪ͊ͣ͊ͭ͊͟Σ 
ͣͦͪͺ͎ͦͦ͜͡ΎΣ ͙͙ͫͤͭ͊ͫͫ͟Σ ΅ͦ ͔͒ͦ͋ͪ ͔ͨͪͦͫͭ͗ͯΊͭΈͫΎ ͨ͒͜ ;͊ͫ ͍ͨͦͪͤ͜ΎͤͤΎ ͘ 
͎͚͊ͤͫ͜͡Έ͙͙ͣ͟ ͔͙ͭͫͭ͊ͣ͟Φ ˽͙ͪͻ͙͡Έ͙͙ͤ͟ ͼ͜Ί͝ ͙͒ͯͣ͟ ͔ͨ͒ͪͫ͜͟͡ΌΌͭΈΣ ΅ͦ ͍͔͒ͣͤͤ͜͜ 
͍͊ͫͦ͘ΊͤͤΎ ͎͙͙ͪ͊ͣ͊ͭ͟ ͭ͊ ͔͙͙ͫ͟͟͡ ͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦ ͔ͤ ͔͋ͯ͒ ͯͫͨ͜΄͙ͤͣ ͔͋͘ 
͍ͦͤ͘͜΄ͤΈͦ͝ ͭ͊ ͍ͤͯͭͪ͜΄ͤΈͦ͝ ͙͍ͣͦͭ͊ͼ͜͝ ͎ͭͦͦΣ ͎ͦͦ͟ ͍ͤ͊;͊ΌͭΈΦ  

̂ͫ ͔ ͔ͫ͊͊ͤ͘͟ ͍͙΅͔ ͎͍͙ͦͦͪͭΈ ͨͪͦ ͔ͭΣ ΅ͦ ͒͡Ύ ͍͙͍;͔ͤͤΎ н˱˸ ͨͦͭͪ͋ͤ͊͜ 
͔ͫͨͼ͙ͺ͜;ͤ͊ ͎ͨͪͦͪ͊ͣ͊ ͭ͊ ͨ͒ͪͯ͜;͙͙ͤ͟Σ Ύ͟͜ ͋ ͙͒͊͡ ͎ͣͦͯ͘ ͔ͫͭͯ͒ͤͭ͊ͣ ͋͜͡Έ΄ 
͔͙͍ͤͭͤͫͤͦ͜ ͍͊ͫͦ͘Ό͍͙͊ͭ ͍͙͚ͣͦͤ ͜ ͍͔ͣͦͤͤ͡Ί͍͙͚ ͔ͣ͊ͭͪ͊͜͡Σ ͤ͗͜ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ 
м˱˸Φ ˹͔ͦ͋ͻ͒ͤͦ͜ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͺ͙͊ͭͦͪ͟Σ Ύ͟͜ ͙͙͍ͨͦͭͤͦ͘ ͍͙͍ͨ͊͡ΌͭΈ 
ͤ͊ ͍͙͍;͔ͤͤΎ н˱˸Υ ͍͔ͪ͋͊͡Έ͔ͤ ͙͔ͣͫͤͤ͡ΎΣ ͨ͊ͣΩΎͭΈΣ ͍͔ͣͦͤͤ͡Ί͍͙͚ ͜ ͎͍͙ͤͫͭ͜͜͡;͙͚ͤ 
͍͒ͦͫ͒͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ˹͔ͦ͋ͻ͒ͤ͊͜ ͔ͫͨͼ͊͜͡Έͤ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͒͜Ύ͡Έͤͦͫͭ͜ ͙ͭͻΣ ͎ͦͦ͟ 
͍ͤ͊;͊ΌͭΈΣ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͫͻ͙ͦ͗ͻ ͜ ͍͙͒ͣͤͤ͜͜ͻ ͙ͪͫ ͘͜ ͙ͭͣΣ ΅ͦ ͍͔͗ 
͍͒ͦͣͦ͜ ͘ ͙͎ͣͤͯͦͦ͡ ͍͒ͦͫ͒ͯ͜ ͚ ͔ͣͦ͗ ͍͙Ύ͍͙͙ͭ ͔ͤͭͪ͜ͺ͔͍ͪͯ͊͡Έ͙͚ͤ ͍͙͍ͨ͡ ώтΣ урϐΦ  

˻͙͍ͫͦ͋ͦ͡͝ ͍͎͙ͯ͊ ͔ͨͦͭͪ͋ͯΊ ͔͊ͫͨͭ͟ ͔ͤͭͪ͜ͺ͔͔ͪͤͼ͜͝ ͭ͊ ͭͪ͊ͤͫͺ͔͔ͪͤͼ͜͝ 
͔ͤͦͣͤͦ͘͜͝ ͍͙ͣͦΣ ͙ͨͪ;ͦͣͯ Ύ͟ ͪ͒ͤͦ͜͝Σ ͭ͊͟ ͜ м˱˸Φ ˹͙͊ͨͪͤ͟͜ͼ͜ ͙͎ͣͤͯͦͦ͡ ͫͭͦͭͭ͜͡Ύ 
͍ ͔ͤͣ͜ͼΈ͚͟͜ ͔͙ͣͭͦ͒;͚ͤ͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ͘ΩΎ͍͙͙ͫ͡Ύ ͫͭ͊ͭͭ͜Σ Ύ͟͜ ͔͔͍͙͊ͫͭͪ͗ͯ͊͘͡ ͍͒͜ 
͍ͦͤͭ͊ͭͯ͊ͤͤ͟͟Ύ ͙ͪͤ͘͜ͻ ͍ͣͦΦ ˣͯͦ͡ ͍͙Ύ͍͔ͤͦ͡Σ ΅ͦ ͤ͊ ͯͪͦ͊͟ͻ ͺͪ͊ͤͼͯ͘Έͦ͟͝ ͍͙ͣͦΣ 
Ύ͊͟ ͋ͯ͊͡ ͒͡Ύ ͔ͤͣ͜ͼΈ͙͟ͻ ͔͚͒ͭ͜ н˱˸ ͨͫ͜͡Ύ ͎͚͊ͤͫ͜͡Έͦ͟͝ Ύ͟ м˱˸Σ ͔ͤ ͭ͜͡Έ͙͟ 
͔ͤͣ͜ͼΈ͊͟ ͍ͣͦ͊ ͔͎͙͍ͤ͊ͭͤͦ ͍͙͍ͨ͊͊͡͡ ͤ͊ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫΣ ͊ ͚ ͎͚͊ͤͫ͜͡Έ͊͟ 
;͊ͫͭͦ ͘ΩΎ͍͡Ύ͊ͫ͡Έ ͯ ͍͔ͣͦͤͤ͜͡ ͯ;͍ͤ͜ ͜ ͍ͯͣͦ͘͡Ό͍͊͊͡ ͻ͙͋ͤ͜ ͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎ 
ͺͪ͊ͤͼͯ͘Έͦ͟Ό ͍ͣͦͦΌΦ  

Ω˭Ύ͍͙͊ͫ͡Ύ ͎͔ͨͦͭ͊͘͜Σ ΅ͦ ͍͊͘Ί͙͚ͣͤ ͍͙͍ͨ͡ ͍͒ͦͻ ͔͙ͤͦͣͤ͘͜ͻ ͍ͣͦ ͙͔ͣ͊ͭͣ 
ͭ͜͡Έ͙͟ ͎ͨͦ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΦ ́ͦͣͯ ͙͙ͪ͊͒͡ ͍͒͒͜͜͡Ύ͙ͭ ͔ͤͦͣͤ͘͜͜ ͍͙ͣͦΣ Ύ͟͜ ͍͙͍;͙͊ͫ͡Ύ 
͍ͦ͒ͤͦ;͊ͫΣ ͯ ͔͙ͣͭͦ͒ͼ͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͚ ͍ͤ͊ͭ͜Έ ͯ ͪͦ͊͒͘͟͜͡ ͊ͤ͘ΎͭΈΣ ΅ͦ͋ ͍͙ͦͤ ͔ͤ 
ͣ͘͜΄͍͙ͯ͊ͫ͡Έ ͯ ͍ͫ͒ͦͣͦͫͭ͜͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ˢ͔͡ ͔ͤͦͣͤ͘͜͜ ͍͙ͣͦ ͭͫͤͦ͜ ͍ͨͦΩΎ͊ͤ͘͜ ͣ͗͜ 
ͫͦ͋ͦΌ ͍ ͍͔ͯͫ͒ͦͣͤͤ͜͜͡ ͙ͭͻΣ ͻͭͦ ͍ͤ͊;͊ΊͭΈͫΎΦ ͔̇ ͭͦͪ͊͟ΊͭΈͫΎ Ύ͟ ͙ͫͭͪͯͭͯͪͤ͟ͻ ͤ͊ͤ͘Έ 
ͪ͒ͤͦ͜͝ ͍͙ͣͦ ͭ͊ м˱˸Σ ͭ͊͟ ͜ ͙ͤ͊͋ͯͭͻ ͤ͊ͤ͘Έ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͔͙ͤͦͣͤ͘͜ͻ ͍ͣͦΦ  

˻͙ͫͭ͊ͤͤͣ͜ ͙ͪͦ͊ͣ͟ ͍͔ͫ ͋͜͡Έ΄͔ ͍;͔͙ͤͻ ͔͔͍ͨͪͫ͒͜;ͯΌͭΈͫΎ ͍ ͒ͯͣͼ͜Σ ΅ͦ 
͍ͦͤͭ͊ͭͯ͊ͤͤ͟͟Ύ ͍͒ͦͻ ͍ͣͦ ͍͙͙͊͟͟͡Ί ͔ͤ ͭ͜͡Έ͙͟ ͔ͫͭͪ͊͟ ͔͋͊͒͒͘͡Ύ ͭ͊ ͙͙ͨͦͣ͟͡Σ ͊ 
͚ ͋͊͗͊ͤ͜Σ ͨͦͭͪ͋ͤ͜͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΦ ˸͊ΌͭΈͫΎ ͤ͊ ͍ͯ͊͘͜ ͤ͊ͤͤ͘ΎΣ ͤ͊͋ͯͭ͜ ͘ ͍͙͍;͔ͤͤΎ 
м˱˸Σ Ύ͟͜ ͒͊ΌͭΈ ͨͦ΄͍ͭͦͻ ͍͙͍ͪͦͭͦ͘͟͜ ͙͍͙ͨͪͦ͒ͯͭͤ͟ͻ ͭ͊ ͔ͪͼ͔͙͍͙ͨͭͤͻ ͯͣͤ͜Έ ͨ͒͜ 
;͊ͫ ͍͙͍;͔ͤͤΎ н˱˸Σ ͜ ͔ͤ ͭ͜͡Έ͙͟ ͙ͦ͟͡ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͔͔͔͔ͨͪͤͫͤͤΎ ͤ͊͘;͔ͤͤΎ ͍ͫ͜͡ 
όͤ͊ͨͪΦ ͎͊ͤ͡Φ house ς ͤͣ͜Φ HausύΣ ΅ͦ ͙ͪͦ͋ͭΈ ͎ͤ͊͋͊͊ͭͦ ͔͎͡΄͙ͣ ͔͙ͫͣ͊ͤͭ͊͘ͼ͜Ό 
͔͙͙ͫ͟͟͡Φ ˻͙͍ͫͦ͋ͦ͡ ͍ ͫͺ͔ͪ͜ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͔͙ͫ͟͡;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ Ύ͙͚͟ 
͔͙ͤ͊͗ͭ͡Έ ͒ͦ ͨͦ΄͙͔ͪͤͦ͝ ͔͙͙ͫ͟͟͡ ΅͔͎ͦ͒ͤͤͦͦ ͍͙͗ͭͯ͟Σ ͔ͭͪ͋͊ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ 
ͯ;͍ͤ͜ ͤ͊ ͔ͭΣ ΅ͦ ͎͋͊͊ͭͦ ͍ͫ͜͡ ͯ ͔ͤͣ͜ͼΈ͚͟͜ ͍ͣͦ͜ ͣͦ͗ͤ͊ ͙ͪͦͯͣͭ͘͘͜ ͘ ͔ͦͤͭͫͭͯ͟͟Σ 
Ύ͟΅ͦ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͤ͊ͤͤ͘Ύ ͎͚͊ͤͫ͜͡Έͦ͟͝ ͍͙ͣͦΦ  
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˭ͤ͊;ͯ΅͙ͣ Ί ͔ͭΣ ΅ͦ ͣ͗͜ м˱˸ ͭ͊ ͙͙ͤ͊ͫͭͯͨͤͣ ͣͦ͗ͤ͊ ͍͔͙ͨͪͦͫͭ ͔ͨ͊ͪ͊͜͡͡ 
͊͋ͦ ͗ ͙͙ͨͪͦͫ͒ͭ͜͡Σ ΅ͦ Ί ͍͙͒ͣͤͤͣ͜͜Σ Ύ͟ ͦͤͭͪ͊ͫͭ͟ ͒͡Ύ ͨ͜͡΄͎ͦͦ ͯͤ͊ͦ;͔ͤͤͤΎΦ ˽͒͜ 
;͊ͫ ͍͙͍;͔ͤͤΎ н˱˸ ͔͔ͨͪ͊͒͟͡ ͔ͭ͗ ͣ͊Ί ͤ͜΄͔ ͤ͊͘;͔ͤͤΎΥ ͔ͫͭͯ͒ͤͭ ͙ͪͦ͋ͭΈ ͚͎ͦͦ ͒͡Ύ 
͎ͭͦͦΣ ΅ͦ͋ ͍͙͙ͯͫ͒ͦͣͭ͜Σ ͯͤ͊ͦ;͙͙ͤͭΣ ͍͙͙͙͒ͭ͜͡Σ ͊ ͔ͤ ͨͪͦͫͭͦ ͔͔͙ͨͪ͊ͫͭ͟͡Φ 

˨͡Ύ ͋͜͡Έ΄ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͊ͫͦ͘ΊͤͤΎ ͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦ ͨͫ͜͡Ύ ͎͚͊ͤͫ͜͡Έͦ͟͝ 
͔ͭͪ͋͊ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͭ͊͟͜ ͙͊ͫ͊͒͘ ͨ͒͜ ;͊ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͊͒͊ͤ͘Έ ͭ ͊ ͍͍ͨͪ͊Φ  

мΦ ˢ͎͚ͤͫ͜͡Έ͊͟ ͭ͊ ͔ͤͣ͜ͼΈ͊͟ ͍͙ͣͦ Ί ͙͙ͪ͒ͤͣ͜ ͘ ͎͋͊͊ͭΈͦͻ ͎ͨͦ͡Ύ͍͒͜Φ ˽͔ͪ΄ ͊͘ 
͍͔ͫΣ ͼ͔ ͣͦ͗ͤ͊ ͔͙͙ͨͪͦͫͭ͗ͭ ͍ ͔͙ͫ͟͡ͼ͜Φ ˹͊ ͨͦ;͍͊ͭͦͦͣͯ͟ ͔ͭ͊ͨ͜ ͍ͤ͊;͊ͤͤΎ ͨͦͣͭͤͦ͜ 
͎͋͊͊ͭͦ ͔͚ͨͦ͒͋ͤͦͫͭ͜ ͜ Ί ͔͍͋ͯͣͦͤ͊͘ Ί͒ͤͫͭ͜Έ ͣ͗͜ ͔ͤͣ͜ͼΈͦ͟Ό ͭ͊ ͎͚͊ͤͫ͜͡Έͦ͟Ό 
͍͙ͣͦ͊ͣΦ ˴ͪͣ͜ ͎ͭͦͦΣ Ί ;͙ͣ͊ͦ͡ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͍ͫ͜͡Σ Ύ͟͜ ͨͦͻͦ͒ΎͭΈ ͘͜ ͎͔ͪͼΈͦ͟͝ ͊͋ͦ 
͙͊ͭͤͫ͡Έͦ͟͝ ͍ͣͦΣ Ύ͟͜ ͯͫͭͪ͘͜;͊ΌͭΈͫΎ ͍ ͦ͋ͦͻ ͍ͣͦ͊ͻΣ ͔ͨͪͦͭ ͔ͤͫͻͦ͗͜ ͍ ͙ͤ͊ͨͫ͊ͤͤ͜ ͭ͊ 
͍͙͍ͣͦ͜Φ ˽͔ͪͦͭ ͜ ͍ ͤͭͦͤ͊͜ͼ͜͝Σ ͍͙͍ͣͦ͜Σ ͎͙ͪ͊ͣ͊ͭͼ͜ ͭ͊ ͍͙ͨͪ͊ͦͨͫͯ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ 
ͨͦ͒͋ͤͫͭ͜͜Έ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦ ͨͫ͜͡Ύ ͎͚͊ͤͫ͜͡Έͦ͟͝Φ   

нΦ ͔́ͪ͋͊ ͍͙͙͊͗ͭ͘ ͤ͊ ͔ͭΣ ΅ͦ ͔͒͋͘͜͡Έ΄͎ͦͦ ͒ͦͪͦͫ͜͡ ͍͙͍;͊ΌͭΈ н˱˸Σ ͒͡Ύ 
͙ͤͻ Ί ͍ͫͦΊͪ͒ͤ͊͜ ͔͎ͫͭͪ͊ͭ͜Ύ ͍ͤ͊;͊ͤͤΎΦ ˴͙ͦ͡ ͡Ό͙͒ͤ͊ ͍ͫ͒ͦͣͦ͜ ͍͙͍;͊Ί ͔ͤͦͣͤͯ͘͜ 
͍ͣͦͯΣ ͭͦ ͍ͦͤ͊ ͔͔͋ͪ ͙͍͊ͭͤͯ͟ ͯ;͊ͫͭΈ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎΥ ͊ͤ͊ͯ͘͜͡ΊΣ ͣͪͯ͜͟ΊΣ 
͍ͨͦͪͤ͜ΌΊΣ ͍͙Ύ͍͡ΎΊ ͔͎ͪͯ͡Ύͪͤͫͭ͜ΈΣ ͎ͦ͜͡;ͤͫͭ͜ΈΣ ͍͙͍ͫͯ͊Ί ͎͔͙ͨͦͭ͘͜ ͚ ͎͍ͦ͋ͦͦͪΌΊ 
͔ͪͯ͘͡Έ͙ͭ͊ͭΦ ̅͊ͭ͟ ͍͎ͫ͒ͦͣͦͦ͜ ͍͙͍;͔ͤͤΎ н˱˸ ͔ͭͪ͋͊ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͨ͒͜ ;͊ͫ 
͍͙͊͒͊ͤͤ͟͡ΎΦ ˿͔͙ͭͯ͒ͤͭ ͋͜͡Έ΄ ͍͍͒ͨͦ͒͊͜͜͡Έͤ͜ ͍ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͙ͫͨͪΎΊ 
͔ͺ͔͙͍ͭͤͦͣͯ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ό ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͺͦͪͣ ͙ͪͦ͋ͦͭ ͤ͊ ͊ͤ͘ΎͭͭΎͻΦ 
˸͊Ό;͙ ͍͒ͦͫ͒͜ ͍͙͍;͔ͤͤΎ м˱˸ ͍͙ͦͤ ͊ͤ͊ͯ͘͜͡ΌͭΈΣ Ύ͟ ͎͊͊ͦͣ͘͡ ͍͙͍;͊ΊͭΈͫΎ 
͔ͤͦͣͤ͊͘͜ ͍ͣͦ͊Σ ͪͦͪͦ͋͘͡ΎΌͭΈ ͙ͦͫͦ͋ͫͭͯ ͔͎ͫͭͪ͊ͭ͜Ό ͊ͨ͊ͣ͘ΩΎ͍͍ͭͦͯ͊ͤͤΎ 
͍͙͍͎ͫͦͤͦͦͦ͟͡ ͊ͨ͊ͫͯ͘Σ Ύ͙ͣ͟ ͍͙ͦͤ ͙ͦͪͫͭͯ͟ΌͭΈͫΎ ͒͡Ύ ͍͙͍;͔ͤͤΎ н˱˸Φ 

оΦ ˨͡Ύ ͍͙͍;͔ͤͤΎ н˱˸Σ ͍͙͊͘͘;͚͊Σ ͒͊ΊͭΈͫΎ ͔ͣͤ΄͔ ;͊ͫͯΣ ͤ͗͜ ͒͡Ύ ͔ͨͪ΄ͦ͝Φ 
˻͔ͭ͗Σ ͔ͭͣͨ ͊ͤ͘ΎͭͭΎ ͍͙͔ͨͦͤͤ ͙͋ͯͭ ͒ͦͫͭ͊ͭͤΈͦ ͍͙͙ͫͦͣ͟Υ ͋͜͡Έ΄͔ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡ ͊͘ ͯͪͦ͟Σ ΄͍͙͒΄͊ ͪͦ͋ͦͭ͊ ͘͜ ͍͍͙ͨͪ͊͊ͣ ͭ͊ ͦͪͦͭ͟΄͜ ͨͦΎ͔ͫͤͤͤΎΦ 
˽͍ͦͪͤ͜ΎͤͤΎ ͚ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͍͙ͣͦͤͻ Ύ͍͙΅Σ ͙ͨͦ͒͋ͤ͜ͻ ͍ ͦ͋ͦͻ ͍ͣͦ͊ͻΣ Ί ͔͒ͯ͗ 
͔͒ͦͪ;͙͙ͤͣ ͍ ͚ͭ͊͟͜ ͙ͫͭͯ͊ͼ͜͝Φ 

пΦ ˹͊ ͊ͤ͘ΎͭͭΎͻ ͘ м˱˸ ͔͙ͫͭͯ͒ͤͭ ͍͔͗ ͙ͨͤ͊͘͜͡ ͙͍ͣͦ͗͜͡ ͺ͙ͦͪͣ ͍͍ͨͪ͊ ͭ͊ 
ͣ͊ΌͭΈ ͔͍͙͚͋ͫͯͣͤͤ͘͜ ͍͒ͦͫ͒͜Σ Ύ͙͚͟ ͣͦ͗ͤ͊ ͍͙͊ͫͭͦͫͯ͊ͭ͘ ͭ͊ ΅͔ ͚ ͎͙͙͋͊͊ͭͭ͘ ͒͡Ύ 
͍͙͍;͔ͤͤΎ н˱˸Φ ́ͦͣͯ ͍͙͊͒͊͟͡;͔͍͜ ͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦ ͍͙͍͊͗ͦ͡ ͙ͤ͊ͭ͘Σ Ύ͟͜ ͔͙ͣͭͦ͒ 
͍ͤ͊;͊ͤͤΎ ͭ͊ ͺ͙ͦͪͣ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͤ͊ ͯͪͦ͊͟ͻ ͎͚͊ͤͫ͜͡Έͦ͟͝ ͍͙ͣͦΦ 

рΦ ˽͍ͦͪͤ͜ΎͤͤΎ ͚ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͫͨ͜͡Έ͔͚ͤͦͫͭ ͭ͊ ͍͔͚͒ͣͤͤͦͫͭ͜͜Σ ͔ͣͭ͊ Ύ͙͟ͻ ς 
͍͙͙ͯͫͭ͊ͤͦͭ ͍͘ΩΎ͙͘͟ ͔ͤ ͭ͜͡Έ͙͟ ͣ͗͜ м˱˸ ͭ͊ н˱˸Σ ͔͊͡ ͚ ͪ͒ͤͦ͜Ό ͍ͣͦͦΌΣ ͣ͊Ί ͙͋ͯͭ 
ͦͪ͜Ί͙ͤͭͪͦͣ ͒͡Ύ ͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͍͍ͨͪ͊ ͭ͊ ͍͊͒͊ͤ͘ΈΦ  

6. ̂ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦͣͯ ͨ͊ͤ͜͡ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͍͊͘Ίͣͦ͒͜Ύ ͍͙ͤ͊;ͦ͟Σ ͙ͦ͟͡ 
ͪ͊ͤ͜΄͔ ͤ͊͋ͯͭ͜ ͍͙ͤ͊;͙͟ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͍͔ͯͭͦͪͤͤΎ ͍͙ͤͦͻ [1, 304]Φ ˿͍͔͒ͦͣ͜ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͙ͨͪ͒͋͊ͤͻ ͤ͊ͤ͘Έ ͘͜ ͎͚͊ͤͫ͜͡Έͦ͟͝ ͍͙ͣͦ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ 
͔ͤͣ͜ͼΈͦ͟͝ Ί ͔ͤ ΅ͦ ͤ͜΄͔Σ Ύ͟ ͪͦͯͣͤͤ͘͜Ύ ͍͎ͤͦͦͦ ͔͔͔ͣͤͭ͊͡ ͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦΥ 
͍ͫͦ͊͡ ͊͋ͦ ͙ͫͭͪͯͭͯͪ͟ ͔ͪ;͔ͤͤΎΣ ͍͊ͫͭͦͫͦͯ͘Ό;͙ ͍͒ͦͫ͒͜ ͪͦͨͤ͊ͤͤ͘͘͜Ύ ͔͎ͤ͊͗ͤͦͦ͡ 
Ύ͍͙΅͊ ͍ ͎͚͊ͤͫ͜͡Έ͚͟͜Φ ˴͙ͦ͡ ͙ͣ ;͙ͭ͊ΊͣͦΣ ͭͦ ͪͦͨͤ͊͘͘͜Ίͣͦ ͎ͤ͊͋͊͊ͭͦ ͋͜͡Έ΄͔ 
ͨͦͤΎͭΈ Ύ͟ ͯ ͚ͪ͒ͤ͜͜Σ ͭ͊͟ ͜ ͍ ͔͚ͤͦͣͤ͘͜͜ ͍ͣͦ͊ͻΣ ͤ͗͜ ͙ͦ͟͡ ͙ͣ ͍͙͍ͣͦ͡ΎΊͣͦ ͼ͜ 

http://www.narodnaosvita.kiev.ua/vupysku/1/statti/4savchenko/vpravu.htm
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ͨͦͤΎͭͭΎΣ ͣ͊Ό;͙ ͙͍͙͚͊ͭͤ͟ ͭ͊ ͙͍͙͚ͨ͊ͫͤ ͔͙ͫ͟͡;͙͚ͤ ͊ͨ͊ͫ͘Φ ˹͍͊ͯͦ͟͜ ͨͪ͊ͼ͜ ͘ 
͙ͨͫͻ͎ͦͦ͜͡͝ ͊ͨ͊ͣ͘ΩΎ͍͍ͭͦͯ͊ͤͤΎ ͍͊ͯ͘͟ΌͭΈ ͤ͊ ͔ͭΣ ΅ͦ ͪ͊͟΅͔ ͣͦ͗ͤ͊ ͊ͨ͊ͣ͘ΩΎ͙ͭ͊ͭ 
͍͔ͤͦ ͙͡΄͔ ͭͦ͒͜Σ ͙ͦ͟͡ ͼ͔ ͣͦ͗ͤ͊ ͨͦΊ͙͒ͤ͊ͭ ͘ ͔ͯ͗ ͍͙͒ͦͣͣ͜ ͯ ͤ͊΄͚͜ ͍ͫ͒ͦͣͦͫͭ͜͜Φ 
́ͦͣͯΣ ͔͔ͤͺ͔͙͍ͭͤͦ͟ ͍ͨͦͨͦͤΌ͍͙͊ͭ ͍͙͍͙͚ͫͦͤͦ͟͡ ͊ͨ͊ͫ͘Σ ͊ͯ͋ͪ͘͘ΌΌ;͙ ͔ͦͪͣ͟͜ 
͍ͫͦ͊͡ ͔͋͘ ͔ͦͤͭͫͭͯ͟͟Φ 

˸͙ ͤ͊͘ͻ͙ͦ͒ͣͦ ͍͒͊ ͙͙ͫͨͫ͟ ͍ͫ͜͡Σ ͔͙ͫ͊͒ͤ͟͡ͻ ˣΦ ˥ ͯͺ͔͚͔ͤ͘Σ ͙ͨͦ͒͋ͤ͜ͻ ͯ 
͔ͤͣ͜ͼΈ͚͟͜ ͭ͊ ͍ ͎͚͊ͤͫ͜͡Έ͚͟͜ ͍ͣͦ͊ͻΣ Ύ͟͜ ͔͙ͫͭͯ͒ͤͭ ͪͦͯͣ͘͜ΌͭΈ [8, 52ς53]. ́ ͔ͪ͋͊ ͝ͻ 
͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͒͡Ύ ͔͙͍͎ͤͭͤͫͤͦͦ͜ ͍͔ͨͦͨͦͤͤͤΎ ͔͙ͫ͟͡;͎ͤͦͦ ͊ͨ͊ͫͯ͘Υ ͍ 
͊͡ͺ͍͊ͭͤͦͣͯ͜ ͨͦͪΎ͒ͯ͟ ͔͔ͨͪ͜͡;ͯΌͭΈͫΎ ͙ͨ͊ͪ ͍ͫ͜͡Σ ͤ͊͘;͔ͤͤΎ Ύ͙͟ͻ ͍ ͎͚͊ͤͫ͜͡Έ͚͟͜ ͭ͊ 
͔ͤͣ͜ͼΈ͚͟͜ ͍ͣͦ͊ͻ ͍ͦ͒ͤ͊ͦ͟͜ ͊͋ͦ ͫͻͦ͗͜Σ ͭ͊ ͍ͫͦ͊͡Σ ͙͔͙͍ͫͫͭͣ͊ͭͦ͊ͤ͘͜ ͊͘ ͎͊͊͘͡Έ͙͙ͤͣ 
ό͙ͤ͊ͨͪ͊͒͟͡Σ ͨͪͦͫͭͪ͜Σ ;͊ͫΣ Ύͫͭ͟͜Έύ ͊͋ͦ ͔ͫͨͼ͙ͺ͜;͙͙ͤͣ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͔͙ͭͣ ς 
͍͙ͤ͊ͦ͟͡΄͚ͤ͜ ͍ͫͭ͜Σ ͙ͨͦͯͨ͟͟Σ ͪͦ͋ͦͭ͊Σ ͙͍ͨͪͦ͗͊ͤͤΎΣ ͍͜͡Έ͙͚ͤ ;͊ͫΣ ͍ͤ͊;͊ͤͤΎΣ 
͍͒ͦͪͦ͘ΩΎΣ ͻ͍͙ͦͪͦ͋ύ ͨͦͤΎͭͭΎ͙ͣΦ ˹͊ ͨͦ;͍͊ͭͦͦͣͯ͟ ͔ͭ͊ͨ͜ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͔͙͙ͫ͟͟͡ ͍ 
ͦ͋ͦͻ ͎ͪͯͨ͊ͻ ͯͨͦͪΎ͍͒ͦͯ͟ΊͭΈͫΎ  ͙͚ͨͪͦͫͭ ͍ͨͦͫΎ͔͙͚͒ͤͤ͟ ͍͒ͦͫ͒͜ ͘͜ ͪ͒ͤͦ͜͝ ͍͙ͣͦ ͭ͊ 
͔͔͔͔͙͚ͨͪͤͫͤ ͯ м˱˸Φ ̇Ό ͙͔ͫͫͭͣͯ ͣͦ͗ͤ͊ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͜ ͒͡Ύ ͊ͨ͊ͣ͘ΩΎ͍͍ͭͦͯ͊ͤͤΎ 
͔ͤͣ͜ͼΈ͙͟ͻ ͍ͫ͜͡Φ ͔́ͪ͋͊ ͨͦΊ͙͒ͤ͊ͭ ͯ ͍ͫ͒ͦͣͦͫͭ͜͜ ͔͍ͫͭͯ͒ͤͭ͜ ͭ͜ ͍ͫͦ͊͡Σ Ύ͟͜ ͭͦͪ͊͟ΌͭΈͫΎ 
͙ͨͪͦͫͭͻ ͔͚ͦ͋͊ͫͭ͡ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͍ ͯͫ͜ͻ ͍ͣͦ͊ͻΣ ͜ ͙ͭ͊ͣ͟ ;͙ͤͦͣ ͝ͻ ͣͦ͗ͤ͊ ͚ͤ͊ͨ͜͡΄͔ 
͙͎͍͙ͨͪ͊͒ͯ͊ͭΣ ͙͍͍͙͊ͭͯ͊ͭ͘͟͜ ͭ͊ ͔͎͙͋ͪ͊ͭ͘͜ ͍ ͨ͊ͣΩΎͭ͜Φ ̅ͦͪͣͯΌ;͙ ͨͦ͒͋ͤ͜͜ ͔͙ͦͤͭͫͭ͟͟ 
͒͡Ύ ͎͊͊͘͡Έ͎ͤͦͦ ͍͙͍͎ͫͦͤͦͦͦ͟͡ ͊ͨ͊ͫͯ͘ ͎͚͊ͤͫ͜͡Έͦ͟͝ ͭ͊ ͔ͤͣ͜ͼΈͦ͟͝ ͍ͣͦΣ ͣͦ͗ͤ͊ 
͍͙͊ͫͭͦͫͯ͊ͭ͘ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͙ͫͨͦͫͦ͋ ͊ͨ͊ͣ͘ΩΎ͍͍ͭͦͯ͊ͤͤΎΦ 

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟Φ ˿ͦͼͦ͜-
ͯ͟͡Έ͙͚ͭͯͪͤ ͔ͦͣͨͦͤͤͭ͟ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͔ͤͣ͜ͼΈͦ͟͝ ͍͙ͣͦ ͣ͊Ί ͫͯͭͭΊ͍ͯ ͪͦ͡ΈΣ 
ͭͦͣͯ ΅ͦ ͙ͫͨͪΎΊ ͍ͨͤ͊͊͘͜͡Έ͚ͤ͜ ͙͍͊ͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜Σ ͪͦ͘΄͙͔ͪͤͤΌ ͝ͻ ͦͣͯͤ͊͟͜͟-
͙͍ͭͤͦ͝ ͙͍ͣͦ͗ͦͫͭ͜͡Σ ͎͒ͦͨͦͣ͊͊Ί ͍͔ͫͭͦͪͤͤΌ ͙͙͍ͨͦͭͤͦ͘͝ ͙͍ͣͦͭ͊ͼ͜͝ ͤ͊ ͊ͤ͘ΎͭͭΎͻΦ  

˽͒͜ ;͊ͫ ͍ͦͦͦ͒ͤͤ͜͡Ύ н˱˸ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍ͤ͊;͙͙ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙͋ͯ͒ͯ͊ͭ 
͙ͭͪͨͦ͡Ύ͙͚ͪͤ ͍͙͚ͣͦͤ ͭ͊ ͯ͟͡Έ͙͚ͭͯͪͤ ͊ͤ͡ͼΌ͎Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ 
͙͍͙͚ͦͤͭͪ͊ͫͭͤ͟ ͨ͒͜ͻ͒͜Φ ˹͔ͦ͋ͻ͒ͤ͊͜ ͔ͫͨͼ͊͜͡Έͤ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͒͜Ύ͡Έͤͦͫͭ͜ ͙ͭͻΣ 
͎ͦͦ͟ ͍ͤ͊;͊ΌͭΈΣ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͫͻ͙ͦ͗ͻ ͜ ͍͙͒ͣͤͤ͜͜ͻ ͙ͪͫ ͘͜ ͙ͭͣΣ 
΅ͦ ͍͔͗ ͍͒ͦͣͦ͜ ͘ ͙͎ͣͤͯͦͦ͡ ͍͒ͦͫ͒ͯ͜ ͚ ͔ͣͦ͗ ͍͙Ύ͍͙͙ͭ ͔ͤͭͪ͜ͺ͔͍ͪͯ͊͡Έ͙͚ͤ 
͍͙͍ͨ͡Φ ̒͟΅ͦ ͔ͤͣ͊ ͣ͜ͼ͎ͤͦͦ ͍ͪͤ͜Ύ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͍ м˱˸Σ ͭͦ ͫ͒͜͡ 
͍ͨͦͪͤ͜Ό͍͙͊ͭ н˱˸ ͭ͜͡Έ͙͟ ͘ ͪ͒ͤͦ͜ΌΦ  

˶˱́˩˾ˢ́̂˾ˢ 
1. ˣ͎͍͊ͪ͊ͣͦ͊ ˹Φ ʕ . ˶͙͎͍ͤͦ-͔͙ͣͭͦ͒;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͦ͋ͯ;͔͙ͤΎ ͔͙ͫ͟͡;͔͚ͫͦ͟ ͔ͫͭͦͪͦͤ 

͚ͯͫͭͤͦ ͔ͪ;͙ ͤ͊ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͊͟͟ ͍ͭͦͪͦͣ ͙ͤͦͫͭͪ͊ͤͤͦͣ ͍ ͔͎͎͙ͨ͒͊ͦ;͔ͫͦͣ͟ ͍͔ͯ͘ : ͙͒ ͫΦ 
͒ͦ͟Φ ͔ͨ͒Φ ͤ͊ͯ͟ κ ˹Φ ʕ Φ x ͎͍͊ͪ͊ͣͦ͊. ς ˿ ˽͋ΦΣ мффоΦ ς 504 ͫ Φ 

2. ˣ͊ͪ·΄͙͍ͤͦ͟ ˹Φ ʕ Φ ̅ͪ͊ͤͼ͙͚ͯͫ͘͟ ͊͟͟ ͍͚ͭͦͪͦ ͙ͤͦͫͭͪ͊ͤͤ·͚ Ύ͘·͟ ͍ ͔͔͚ͫͪ͒ͤ 
΄͔ͦ͟͡ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͎ͦ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ κ ˹Φ ʕ Φ x ͊·ͪ΄͙͍ͤͦ͟ // ˮͤͦͫͭͪ͊ͤͤ·͔ Ύ͘·͙͟ ͍ 
΄͔ͦ͟͡. ς 1998. ς Ѕ р. ς ˿ . 27. 

3. ˤ͙ͦͤ͊͡ ˿Φ s Φ ̂;͔͙͋ͤ͟ ͔͔ͤͣͼ͎ͦͦ͟ Ύ͘·͊͟ ͒͡Ύ ͍͎ͭͦͪͦͦ ͎ͦ͒͊ ͦ͋ͯ;͔͙ͤΎ Υ ͒͡Ύ 
͙͙͍ͤͫͭͭͯͭͦ ͙ ͺ͊ͯ͟͡Έ͔͍ͭͭͦ ͙ͤͦͫͭͪ͊ͤͤ·ͻ Ύ͘·͍ͦ͟ κ ˿Φ s Φ ʕ ͙ͦͤ͊͡Φ ς ˸Φ Υ ˤ·ͫ΄͊Ύ ΄ͦ͊͟͡Σ 
1990. ς оло ͫΦ 

4. ˥͊͡Έ͍ͫͦ͊͟ ˹Φ ˨ Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͙ͣͭͦ͒͊͟ ͦ͋ͯ;͔͙ͤΎ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·͊ͣ͟ Υ 
͙͔ͨͦͫͦ͋ ͒͡Ύ ͯ;͙͔ͭ͡Ύ κ ˹Φ ˨ Φ ˥ ͊͡Έ͍ͫͦ͊͟Φ ς ˸ Φ Υ ˢ˾˴́ˮ-˥˶˻˿˿ˢΣ нлллΦ ς мфн ͫ.  
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5. ˥͊͡Έ͍ͫͦ͊͟ ˹Φ ˨ Φ ˹͍ͦ·͚ ̂˸˴ ͨͦ ͔͔ͤͣͼͦͣͯ͟ Ύ͘·ͯ͟ κ ˹Φ ˨ Φ ˥ ͊͡Έ͍ͫͦ͊͟Σ 
˶Φ ˹ Φ ̒ ͍͔͍ͦ͊͟͡ κκ ˮͤͦͫͭͪ͊ͤͤ·͔ Ύ͘·͙͟ ͍ ΄͔ͦ͟͡Φ ς 1998. ς Ѕ мΦ ς ˿ Φ оф. 

6. ͔́ͪ-˸͙͍ͤ͊ͫͦ͊ ˿Φ ˥ Φ ̒͘·͟ ͙ ͔ͣ͗ͯ͟͡Έͭͯͪͤ͊Ύ ͙ͦͣͣͯͤ͊͟͟ͼ͙Ύ Υ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ κ 
˿Φ ˥ Φ ́ ͔ͪ-˸͙͍ͤ͊ͫͦ͊Φ ς ˸ Φ : ˿ ͍ͦͦ͡Σ 2000. ς 259 ͫ .  

7. ͔͍̋ͪ͋͊ͦ͊͟ ˸Φ ʕ Φ ˻͔͙ͫͦ͋ͤͤͦͫͭ ͦ͋ͯ;͔͙ͤΎ ͍ͭͦͪͦͣͯ ͙ͤͦͫͭͪ͊ͤͤͦͣͯ Ύ͘·ͯ͟ 
͔͍ͫͭͯ͒ͤͭͦ Ύ͘·͍ͦ͟·ͻ ͺ͊ͯ͟͡Έ͔͍ͭͭͦ κ ˸Φ ʕ Φ ̋ ͔͍ͪ͋͊ͦ͊͟ κκ ˤ͔͙ͫͭͤ͟ ˤ˥̂Φ ˿͔͙ͪΎ ͙͎͍͙͙ͤͫͭ͊͟͡ 
͙ ͔ͣ͗ͯ͟͡Έͭͯͪͤ͊Ύ ͙ͦͣͣͯͤ͊͟͟ͼ͙Ύ. ς 2003. ς Ѕ нΦ ς ˿ . 85ς88. 

8. Hufeisen Britta. Englisch im Unterricht Deutsch als Fremdsprache /  Britta Hufeisen. ς 
Stuttgart : Klett Edition Deutsch, 1994. ς 89 s.  
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˾˩˭̑˸˩ 
ˮ͎͔ͤ͊ͭͤͦ͟ ˻Φ ˤͦͨͪͦͫ· Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͔͔ͤͣͼ͎ͦͦ͟ Ύ͘·͊͟ ͊͟͟ 

͍͎ͭͦͪͦͦ ͙͎ͤͦͫͭͪ͊ͤͤͦͦ ό͔ͨͦͫ͡ ͎͙͚͎͊ͤͫͦͦ͟͡ύ ͍ ͍·ͫ΄͙ͻ ͯ;͔͋ͤ·ͻ ͍͔͔͙͊͒ͤ͘ΎͻΦ 
˭͊͒͊;͊ ͍·ͫ΄͔͚ ΄ͦ͟͡· ͙ͫͦͫͭͦͭ ͍ ͍ͨͦ·΄͔͙͙ͤ ͊͟;͔͍ͫͭ͊ ͙͚ͤ͊ͤ͘ ͔͍ͫͭͯ͒ͤͭͦΣ ͍ ͙ͻ 

͎͍͔ͨͦ͒ͦͭͦ͟ ͟ ͋ͯ͒ͯ΅͔͚ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˤ͚ͭͦͪͦ ͙ͤͦͫͭͪ͊ͤͤ·͚ Ύ͘·͟Σ 
͍ ͨͪͦͼ͔͔ͫͫ ͦ͋ͯ;͔͙ͤΎ ͦͭͦͪͦͣͯ͟ ͙͎͒ͦͫͭ͊ΌͭͫΎ ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟Σ ͦ͋ ͍͔ͪ͊ͦ͊ͭ͘͡Έͤ·͔Σ 
͍͙͍ͪ͊͊͘Ό΅͙͔ ͙ ͍͙͔ͦͫͨͭ͊ͭ͡Έͤ·͔ ͼ͔͙͡Σ ͔ͭ͊͗͟ ͔͒ͦ͗ͤ͡ ͔ͫ͒͊ͭ͡Έ ͍͚ͫͦ ͍͊͒͟͡ ͍ ͔ͪ΄͔͙͔ͤ 
Ή͎ͭͦͦ ͍ͦͨͪͦͫ͊Φ ˿͔͙͔ͦ͒ͪ͗͊ͤ ͦ͋ͯ;͔͙ͤΎ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·͊ͣ͟ ͋·ͦ͡ ͙ ͔ͦͫͭ͊ͭͫΎ ͙ͦ͒ͤͣ 
͙͘ ͫ͊ͣ·ͻ ͍͊͗ͤ·ͻ ͍͍ͦͨͪͦͫͦ ͔͙͙ͣͭͦ͒͟Φ ˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͔ͨͪͦ͋ͣ͊ͣ͡ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ 
͍͎ͭͦͪͦͦ ͙͎ͤͦͫͭͪ͊ͤͤͦͦ Ύ͘·͊͟ ό͔͔ͤͣͼ͎ͦͦ͟ ͔ͨͦͫ͡ ͍͎ͭͦͪͦͦ ͎͙͚͎͊ͤͫͦͦ͟͡ύΦ ˿ ͨͦͣͦ΅ΈΌ 
͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͯ;͔͚͋ͤͦ ͙ͫͭͯ͊ͼ͙͙ ͙ ͤ͊ͯ;ͤ·ͻ ͍ͭͪͯ͒ͦ ͙ͤͦͫͭͪ͊ͤͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͍ 
Ή͚ͭͦ ͫͺ͔͔ͪ ͒͊ΌͭͫΎ ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͍͔ͫͦͭ· ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύͣ ͒͡Ύ ͔͔͋ͦ͡ 
͔ͪͯ͘͡Έ͙͍͚ͭ͊ͭͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͯ;͔͚͋ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͍ͫͭͯ͒ͤͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͔͍ͨͪ·͚ ͙ͤͦͫͭͪ͊ͤͤ·͚ Ύ͘·͟Σ ͍͚ͭͦͪͦ ͙ͤͦͫͭͪ͊ͤͤ·͚ Ύ͘·͟Σ 
ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ·͚ ͔ͦͣͨͦͤͤͭ͟Σ ͙͎͍͙͙ͤͫͭ͡;͔͙͚ͫ͟ ͦͨ·ͭΣ ͙͎͍͙͙ͤͫͭ͡;͔ͫ͊͟Ύ 
͔͔ͦͣͨͭͤ͟ͼ͙ΎΣ ͪͦͫ͟-ͯ͟͡Έ͔ͭͯͪͤͦ ͦ͋΅͔͙͔ͤΣ ͙ͭͪͨͦ͡Ύͪͤ͊Ύ ͦͤͫͭͪͯ͟͟ͼ͙ΎΦ 
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SUMMARY 
g˱natenko ˻Φ Questions of effectiveness of teaching german as the second foreign 

language (after english) in higher educational establishments. 
¢ƘŜ ǘŀǎƪ ƻŦ ƘƛƎƘŜǊ ǎŎƘƻƻƭ ƛǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǎǘǳŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜΣ ǘƻ ƎŜǘ 

them ready for their professional activity. The second foreign language, in the process of 
studying of which practical, educational and developing aims are achieved, must also 
contribute to this task solution. The problem of the content of learning foreign languages 
was and still remains one of the most significant problems in methodology. The article is 
dedicated to the questions of teaching German as the second foreign language (after 
English). On the basis of the analysis of academic situation and researches of foreign 
specialists in this sphere there are given some practical pieces of advice to teachers for more 
effectivŜ ƻǊƎŀƴƛȊƛƴƎ ǎǘǳŘŜƴǘǎΩ ƭŜŀǊƴƛƴƎ ŀŎǘƛǾƛǘȅΦ 

Learning the second foreign language is much easier than the first one because the 
knowledge and skills acquired while learning the first language can be used while learning the 
second one. Socio cultural component enables students to compare cultural heritage of Germans 
and Ukrainians and helps create positive motivation at the lessons. Some scholars consider that 
the basis of teaching German as the second foreign language is the similarity between English 
and German. Others consider grammar as the basis of teaching the language. So, both grammar 
and communication are chief components. Though repetitive grammar-translation methods are 
not regarded any more as the only way to learn. Today, task-based approaches are widespread 
in Europe, emphasizing communication and the practical uses of the language. People learn 
better when they struggle to communicate. So, it must be the core of the kind of methodology. 
Some scientists think that the contrast between languages is also significant. The aspect of 
interference and transference needs much attention. The assignments and exercises for learning 
German as the second language must be worked out on the basis of the similarity with English in 
such aspects as vocabulary, spelling, pronunciation, intonation and grammar. Besides, it 
becomes easier and more effective to teach the language to students who are more aware of the 
process of learning. As less academic time is given to the second language, the tempo of the 
lessons must be quicker. Psychologically, the skills earlier acquired in English influence the 
creation and understanding of the new elements in German. While learning the second foreign 
language students must be taught to build three polar language and cultural chain using 
contrastive approach. 

Key words: first foreign language, second foreign language, socio-cultural 
component, linguistic experience, linguistic competence, intercultural communication, three 
polar construction. 
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ˤ ͫͭ͊ͭΈ͔ ͤ͊ ͔͙͔ͣ͊ͭͪ͊͡ ͙͎͍͙͙ͤͫͭ͡;͔͙ͫ͟ͻ ͙ ͙͎͍͔͙ͤͦͣͭͦ͒͡;͔͙ͫ͟ͻ ͙͒ͫͼ͙͙ͨͤ͡ 
͔͔͔ͦͨͪ͒ͤ͊͡ ͔ͫͨͼ͙ͺ͙͊͟ ͔͎͙͊ͭͦͪ͊͟͡Έͤ·ͻ ͙͍ͨͪͤ͊ͦ͘͟ ͔͎ͭͦͪͫͦͦ͟͟͡ ͤ͊ͯ;ͤͦ-ͯ;͔͎͋ͤͦͦ 
͔ͭͫͭ͊͟Υ ͔͎͙͚͊ͭͦͪ͟ ͙ͤͺ͙͍͙ͦͪͣ͊ͭͤͦͫͭΣ ͼ͔͙ͦͫͭͤͦͫͭ͡Σ ͙ͦͤͭͤͯͯͣ͊͟Σ ͎͔͙͙ͦ͘͟Σ 
͙͙͍͙ͦͣͣͯͤ͊ͭͤͦͫͭ͟͟Σ ͙͔͎ͤͭͪ͊ͼ͙͙Τ ͙͍͔͔ͨͪ͒ͤ· ͔͍ͫͪ͒ͫͭ͊ ͔͙ͪ͊͊͘͡ͼ͙͙ Ή͙ͭͻ ͔͎͙͚͊ͭͦͪ͟Φ 
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˻ͻ͔͙͍͊ͪ͊ͭͪͦ͊ͤ͘͟· ͙͔ͭ͊͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔ͭͫͭ͊͟ ͔͙͊͊͒ͣ͟;͔͚ͫͦ͟ ͔͟͡ͼ͙͙Σ ͊͟͟ 
͙͎͙ͨͦͦ͡͡;ͤͦͫͭΈ ͙ ͙͎͙͒͊ͦ͡;͔ͫ͊͟Ύ ͙ͨͪͪͦ͒͊Φ ˿͔͒͊ͤ͡ ͍·͍ͦ͒ ͦ ͭͦͣΣ ;ͭͦ ͙ͤ͊ͤ͘Ύ ͦ͋ 
͔ͦͫͦ͋ͤͤͦͫͭΎͻ ͔͙ͭͦͪͫ͟͟͡ͻ ͔ͪ;͔͍·ͻ ͙͚ͨ͊ͪͭ ͎ͣͦͯͭ ͫͭ͊ͭΈ ͚͋͊ͦ͘ ͒͡Ύ ͦͫͣ·͔͙ͫͤ͡Ύ 
͔ͣͻ͙͍͊ͤͣͦ͘ ͙ͻ ͔͙ͨͦͪͦ͗͒ͤΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͔ͭͫͭ͟ ͔͙͊͊͒ͣ͟;͔͚ͫͦ͟ ͔͟͡ͼ͙͙Σ ͔͎͙͙͊ͭͦͪ͟ 
͙ͤͺ͙͍͙ͦͪͣ͊ͭͤͦͫͭΣ ͼ͔͙ͦͫͭͤͦͫͭ͡Σ ͙ͦͤͭͤͯͯͣ͊͟Σ ͎͔͙͙ͦ͘͟Σ ͙͙͍͙ͦͣͣͯͤ͊ͭͤͦͫͭ͟͟Σ 
͙͔͎ͤͭͪ͊ͼ͙͙Σ ͙͎͙ͨͦͦ͡͡;ͤͦͫͭΈΣ ͙͎͙͒͊ͦ͡;͔ͫ͊͟Ύ ͙ͨͪͪͦ͒͊Φ 

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔ͨͪͦ͋ͣ͡· ͙ ͙͊ͤ͊͘͡ ͊ͭͯ͊͟͡Έͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ˤ͔͊͗ͤͦ 
͔ͣͫͭͦ ͍ ͙͔͔ͫͫͭͣ ͎͍͙ͨͦ͒ͦͭͦ͟ ͋ͯ͒ͯ΅͔͎ͦ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ ͍ͯ͊͘ ͙͔͊ͤͣ͊ͭ͘ 
͔͙ͣͭͦ͒͊͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤͦ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·ͻ ͔ͪ;͔͍·ͻ 
͔͙͚ͯͣͤΦ ˤ Ήͭͦͣ ͔͔ͦͤͭͫͭ͟͟ ͊ͭͯ͊͟͡Έͤ·ͣ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͨͪͦͫ ͦ ͗͊ͤͪ͊ͻ 
ζ͙͍͔͙͔͎ͯͤͪͫͭͭͫͦͦ͟ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͒ͫͯͪͫ͊͟ηΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͪ͊ͤ͘·͔ ͙͔͙͙ͪͭͪ͟ 
͙ ͨͦ͒ͻͦ͒· ͟ ͔͔͔͙ͦͨͪ͒ͤ͡Ό ͦ͋Ά͔ͣ͊ ͍͗͊ͤͪͦΣ ͙͙ͭͨ;ͤ·ͻ ͒͡Ύ ͔ͪ;͔͍͚ͦ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ ό˥Φ ʕ Φ ˨͙͍ͣͦ͊ ώпϐΣ ˢΦ ˾ Φ ˥͙͙͊͋͒ͯͤ͊͡͡ ώнϐΣ ˤΦ ˨ Φ 
˴͙͙͊ͤͤ͊͡ ώрϐΣ ˤΦ ˹ Φ ˸ ͔΅͔ͪΎ͍ͦ͟ ώсϐ ͙ ͒ͪΦύΣ ͍ͦͫͤͦͤ·ͣ ͔͎͔ͫͣͤͭͦͣ 
͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ͚ͫͦ͟ ͔ͪ;͙ ͙ͨͪͤ͊͘ΌͭͫΎ ͔͙͔ͭͦͪͫ͟͟͡ ͤ͊ͯ;ͤͦ-ͯ;͔͋ͤ·͔ ͔ͭͫͭ͟·Φ 
˻͒ͤ͊ͦ͟ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ͔ͪͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍͍͎ͯͦͫͦͦ͘͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͍ 
ͭͦͣ ;͙͔ͫ͡ ͙ ͙͎͍͙͙ͤͫͭ͡;͔͎ͫͦͦ͟Σ ͍͔ͫ ;͊΅͔ ͙͔ͨͦ͒ͤͣ͊ͭͫΎ ͍ͦͨͪͦͫ ͦ͋ ͙͔͔͙͙ͣͤͤ͘ 
ͫͭ͊ͭͯͫ͊ ͔͙͊͊͒ͣ͟;͔͚ͫͦ͟ ͔͟͡ͼ͙͙ ͍ ͙͔͔ͫͫͭͣ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͎͍͙ͨͦ͒ͦͭͦ͟ 
͔ͫͨͼ͙͙͊ͫͭ͊͡Φ ˽͔ͪͦ͋ͣͯ͡ ζͫͦͻ͔͙ͪ͊ͤͤΎη ͤ͊͘;͙͙ͣͦͫͭ ͍͍͚ͯͦͫͦ͘͟ ͔͟͡ͼ͙͙ ͔͎ͫͦ͒ͤΎ 
͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ζ͍ͫΎ͘·͍͊Όͭ ͔͔ͨͪ͗͒ ͍͔͎ͫͦ ͫ ͔ͭͦͪͦͣ͟͡Σ ͔͎ͦ ͦͨ·ͭͦͣ 
͔͍͙ͭͫͭͦͦ͋ͪ͊ͦ͊ͤ͘͟ΎΣ ͔͔͙͔ͫͭͪͣͤͣ͡ ͟ ͍ͫ͊ͣͦ·͔͙ͪ͊͗ͤΌΣ ;ͭͦ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ 
͙͙͍͙ͤ͒͒ͯ͊͡Έͤͦͣ ͙͔ͫͭ͡ ͔͍͙ͨͪͨͦ͒͊͊ͤΎη ώуΣ ррϐΦ 

˽͙ͪ͊ͭ͊͟͟ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͎͙ͣ͊ͫͭͪ͊ͤͭ·Σ ͋ͯ͒ͯ΅͙͔ ͔͍͔͙ͨͪͨͦ͒͊͊ͭ͡ 
͙͎͍͙͙ͤͫͭ͡;͔͙ͫ͟ͻ ͙ ͙͎͍͔͙ͤͦͣͭͦ͒͡;͔͙ͫ͟ͻ ͙͒ͫͼ͙͙ͨͤ͡Σ ͙ͫͨ·ͭ·͍͊Όͭ 
͔͔͔ͦͨͪ͒ͤͤ͡·͔ ͙ͭͪͯ͒ͤͦͫͭ ͍ ͔͙͙ͨͦͫͭͪͦͤ ͙ ͔͍ͭͫͭͦͦͣ͟ ͦͺ͔͙͙ͦͪͣͤ͡ 
͔͙͊͊͒ͣ͟;͔͚ͫͦ͟ ͔͟͡ͼ͙͙Φ ˻͍͔͙͔ͫͦͤ Ή͎ͭͦͦ ͔͎͔ͫͣͤͭ͊ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ 
͔ͪ;͔͍͚ͦ ͎͍͙ͨͦ͒ͦͭͦ͟ ͍ͦͣͦ͗ͤͦ͘ ͭͦ͡Έͦ͟ ͍ ͔͔ͦͤͭͫͭ͟͟ ͙͚ͤ͊ͤ͘ ͦ͋ ͔ͦͫͦ͋ͤͤͦͫͭΎͻ 
͔ͭͫͭ͊͟ ͍͔͔͚ͫͦͪͣͤͤͦ ͤ͊ͯ;ͤͦ-ͯ;͔͚͋ͤͦ ͔͟͡ͼ͙͙Σ ͦͭͦͪ͟·͔ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ 
͍͔͚ͤͦ΄͙͙ͣ ͙͔͙͒ͦͫͭ͗ͤΎ͙ͣ ͍ ͙ͦ͋͊ͫͭ͡ ͙͎͍͙͙͙ͤͫͭ͟͡ ͔ͭͫͭ͊͟Σ 
͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ ͙͎͍͙͙͙ͤͫͭ͟͡Σ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͒ͫͯͪͫ͊͟ ͙ ͭΦ͒Φ 

͔̇͡Έ ͫͭ͊ͭΈ͙ ͙ͫͦͫͭͦͭ ͍ ͙͙͙ͦͨͫ͊ͤ ͔ͫͨͼ͙ͺ͙͙͟ ͔͎ͭͦͪͫͦͦ͟͟͡ ͤ͊ͯ;ͤͦ-
ͯ;͔͎͋ͤͦͦ ͔ͭͫͭ͊͟ όͤ͊ ͔͙͔ͣ͊ͭͪ͊͡ ͙͎͍͙͙ͤͫͭ͡;͔͙ͫ͟ͻ ͙ ͙͎͍͔͙ͤͦͣͭͦ͒͡;͔͙ͫ͟ͻ 
͙͒ͫͼ͙͙ͨͤ͡ύΦ 

˨͡Ύ ͔͙ͪ͊͊͘͡ͼ͙͙ ͍͔͚ͨͦͫͭ͊ͤͤͦ͡ ͼ͔͙͡ ͙ͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͔ͫ͒ͯ͡Ό΅͙͔ 
͔ͣͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ͔͔͙ͭͦͪͭ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͙͔ͭͪ͊ͭͯͪ͡· ͨͦ ͔͔ͭͣΣ 
ͤ͊͋͡Ό͔͙͔͒ͤ ͤ͊͒ ͔ͪ;͔͍͚ͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͔͍͔͔͚ͨͪͨͦ͒͊͊ͭ͡-͔͍ͭͦͪͦ͟͡Σ 
͙͊ͤ͊͘͡ ͔͙ͭͦͪͫ͟͟͡ͻ ͔ͪ;͔͍·ͻ ͙͚ͨ͊ͪͭΣ ͔ͣͭͦ͒ ͊͟;͔͍͔͚ͫͭͤͤͦ ͙ͦ͋ͪ͊͋ͦͭ͟ 
͒͊ͤͤ·ͻΣ ͙͔ͦͨͫ͊ͭ͡Έͤ·͚ ͔ͣͭͦ͒Φ 

ˮ͔͙͔ͦ͗ͤ͘͡ ͍͎ͦͫͤͦͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Φ ˤ͔͚͊͗ͤ΄͙ͣ ͙ͨͪͤ͊ͦͣ͘͟ ͔ͭͫͭ͊͟ 
͔͙͊͊͒ͣ͟;͔͚ͫͦ͟ ͔͟͡ͼ͙͙ Ύ͍͡Ύ͔ͭͫΎ ͙ͤͺ͙͍ͦͪͣ͊ͭͤͦͫͭΈΣ ͦͭͦͪ͊͟Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ 
͎͙ͦ͡;ͤͦͫͭΈΌΣ ͦ͋Ά͔͙͍ͭͤͦͫͭ͟ΈΌΣ ͭͦ;ͤͦͫͭΈΌΣ ͔͒ͦ͊͊ͭ͘͟͡ΈͤͦͫͭΈΌ ͙͔͙ͦ͗ͤ͘͡ΎΣ 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ6ȟ Ο 6(90) 

54 

͔͙͎͙ͭͪͣͤͦͦ͡;͔͚ͫͦ͟ ͤ͊ͫ·΅͔ͤͤͦͫͭΈΌΦ ˽ͦΉͭͦͣͯ ͙ͤͺ͙͍ͦͪͣ͊ͭͤͦͫͭΈ ͤ͊ͯ;ͤͦ-
ͯ;͔͚͋ͤͦ ͔͟͡ͼ͙͙ ͨͦͯ͡;͔͊ͭ ͔͙͔ͦͭͪ͊͗ͤ ͍ ͍͒ͯͻ ͍͙͒͊ͻ ͙ͤͺͦͪͣ͊ͼ͙͙ ς 
͔͔ͫͦ͒ͪ͗͊ͭ͡Έͤͦ-ͺ͊ͭͯ͊͟͡Έ͚ͤͦ όζ͙ͤͺͦͪͣ͊ͼ͙͙ ͦ ͔͔ͨͪͦ͋ͣ͡Σ ͔͔͔ͨͪ͒ͣͭ ͔ͪ;͙Σ 
͙͙͙ͫͭͦͪ ͍ͦͨͪͦͫ͊Σ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Ύͻ ͔ͨͪͦ͋ͣ͡· ͙ ͭΦ͒Φη [7, 42ς43]ύ ͙ 
͔͙ͭͣ͊ͭ;͔͚ͫͦ͟ όζ͙ͤͺͦͪͣ͊ͼ͙͙ ͦ ͍ͫͦͦͯͨͤͦͣ͟ ͔͙͍͔͒ͤͫͭ ͔ͭͣ ͙ ͔ͨͦ͒ͭͣΣ 
ͦ͋Ά͔͙͒ͤΎΌ΅͙ͻ ͺ͊ͭͯ͊͟͡ΈͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙Όη [7, 43]ύΦ ˤ ͙ͭ͊͟ͻ ͔͟͡ͼ͙ΎͻΣ ͊͟͟ 
͍͙ͨͪ͊ͦ͡Σ ͍͔ͦͭͫͯͭͫͭͯͭ ͔͔ͫͦ͒ͪ͗͊ͭ͡Έͤͦ-͔͍ͨͦ͒ͭͫͭͦ͊͟Ύ ͙ͤͺͦͪͣ͊ͼ͙ΎΣ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͊ΎͫΎ ͔͔͔͔ͤͦͨͪ͒ͤͤͦͫͭ͡ΈΌ ͙ ͪ͊ͣ͘·ͭͦͫͭΈΌΣ ͒ͦͨͯͫ͊͟Ό΅͊Ύ 
͔ͤͦ͒ͤͦͤ͊͘;͔ͤͦ ͍͙͔ͭͦͦ͊ͤ͟͡Φ 

͔̇ͦͫͭͤͦͫͭ͡Έ ͔ͭͫͭ͊͟ ͔͙͊͊͒ͣ͟;͔͚ͫͦ͟ ͔͟͡ͼ͙͙ ς ͔͙ͭͣ͊ͭ;͔ͫ͊͟ΎΣ 
͙ͦͣͨͦ͘͟ͼ͙ͦͤͤ͊Ύ ͙ ͫͭͪͯͭͯͪͤ͊͟Ύ ͙ͫ;͔ͪͨ͊ͤͤͦͫͭΈ ς ͒ ͙͎͔ͦͫͭ͊ͭͫΎΥ  
ï ͙ͤ͊͡;͙͔ͣ ͍ ͔ͤͣ ͦͤͫͭͪͯ͟͟ͼ͙͚Σ ζ͔ͭͪ͋ͯΌ΅͙ͻ ͔͙͒ͭ͊͊͘͡ͼ͙͙ ͙ ͍ͨͦͦ͘͡ΎΌ-
΅͙ͻ ;͙͔ͭ͊ͭ͡Ό ͙͙͡ ͫͯ͡΄͔͊ͭ͡Ό ͔͔͙ͦͨͪ͒ͭ͡Έ ͔ͭͣ· ͙ ͔ͨͦ͒ͭͣ· ͔ͭͫͭ͊͟η [7, 
снϐΤ ͙͙ͭ͊ͣ͟ ͦͤͫͭͪͯ͟͟ͼ͙Ύ͙ͣ ͍ ͔͔ͭͫͭ͟ ͔͟͡ͼ͙͙ Ύ͍͡ΎΌͭͫΎ ͨͯͤͭ͟· ͨ͊ͤ͊͡Τ 

ï ͍͔͔͚ͤͯͭͪͤͤ ͎͙ͦͪ͊ͤ͊͘ͼ͙͔͚Σ ͫͣ·͍ͫͦ͡·ͣ ͔͙͍͒ͤͫͭͦͣΣ ͭΦ͔Φ ;͔ͭͦ͟ 
͍·͔ͪ͊͗ͤͤ·͙ͣ ͦͭͤͦ΄͔͙ͤΎ͙ͣ ͔ͣ͗͒ͯ ͎͍͚͊ͤͦ͡ ͔͚ͭͣͦ ͙ ͔͔ ͔͙ͨͦ͒ͭͣ͊ͣΣ ͤ͊ 
͍͔ͦͫͤͦ ;͔͎ͦ ͔ͫͭͯ͒ͤͭ ͔ͣͦ͗ͭ ζ͔͎ͨͪ͒ͯ͊͒͊ͭΈη ͻͦ͒ ͣ·͙ͫ͡ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ-
͔ͭͦͪ͊͟͡ ͊͟͟ ͤ͊ ͍͔ͯͪͦͤ ͔ͭͫͭ͊͟ ͍ ͼ͔ͦͣ͡Σ ͭ͊͟ ͙ ͤ͊ ͍͔ͯͪͦͤ ͔ͦͭ͒͡Έͤ·ͻ 
͍͍ͦͨͪͦͫͦ ͔͟͡ͼ͙͙Τ ͙͔ͤ͊ͨͪͣͪΣ ͔ͨͦͫ͡ ͺͦͪͣͯ͡· ζˤ ͍ͦͫͤͦͯ 
͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ Χ ͔ͨͦͦ͗ͤ͡· ͙ͪ͊͘͡;ͤ·͔ ͙͔͙͙ͪͭͪ͟η ͔ͫͭͯ͒ͤͭ ͔͒ͦ͗ͤ͡ 
ζ͙ͫͦͦ͋ͪ͊ͭ͘ΈηΣ ;ͭͦ ͔͔͒͊͡ ͔͋ͯ͒ͭ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͣͯ͡Έ͙͙͙͍ͭͨ͊ͭͤ͊͟͡Ύ 
ό͎͔ͣͤͦͦ͊ͫͨͭͤ͊͟Ύύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙͙͔͎͊ͤ͊ͪͯͣͦͦ͘͡ Ύ͍͔͙ͤ͡ΎΤ ͦͨͦͪ· ͙ͭͨ͊ 
ζΧ ͔͒͡ΎͭͫΎ ͤ͊ ͙͔ͭ͊͟ ͎ͪͯͨͨ·Υ ΧηΣ ζΧ ͔ͨͦ͒ͪ͊͒͘͡ΎΌͭͫΎ ͤ͊Υ Χη 
͙͍ͤ͊ͫͭͪ͊͊Όͭ ͔ͫͭͯ͒ͤͭ͊-͙ͦͣͣͯͤ͊ͤͭ͊͟͟ ͤ͊ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔ͤͦ ͍·͔͔͙͔͒ͤ͡ 
͙ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ͦͤͤ·ͻ ͪ͊ͪ͘Ύ͍͒ͦ ͙ ͭΦ͒ΦΤ 

ï ͙ͤ͊͡;͙͔ͣ ͔͔ͨͪͻ͍ͦ͒ͦ ͔ͣ͗͒ͯ ͍͔͊ͪ͘΄͔ͤͤ·͙ͣ ;͊ͫͭΎ͙ͣ ͔͟͡ͼ͙͙ 
ό͍͙ͦͨͪͦͫ͊ͣ ͨ͊ͤ͊͡ύΦ  
˿͍͔͔ͦͦ͋ͪ͊ͤͦ͘ ͍ͦͨͦ͡΅͔͙͔ͤ ͍ ͤ͊ͯ;ͤͦ-ͯ;͔͋ͤ·ͻ ͔ͭͫͭ͊͟ͻ ͨͦͯ͡;͔͊ͭ ͙ 

͔͎͙͊ͭͦͪ͟Ύ ͙ͦͤͭͤͯͯͣ͊͟Σ ͦͭͦͪ͊͟ΎΣ ͊͟͟ ͔ͦͭͣ;͔͊ͭ ˮΦ ˾ Φ ˥͊͡Έ͔͙ͨͪͤΣ 
͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͍ͫΎ͊ͤ͊͘ ͫ ͨͦͤΎ͙͔ͭͣ ͍͔͔͙ͪͣͤ ͙ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ώоΣ утϐΦ ˤ ͙ͤͻ 
͙ͦͤͭͤͯͯͣ͟ ͍͔͔͙ͪͣͤ ͙ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͫ͊͋ͦ͡ ό͙ͫ͟͡Ό;͔͙͔ͤ 
͍ͫͦͫͭ͊͡ΎΌͭ ͔ͭ ͔͎͔ͫͣͤͭ· ͔͟͡ͼ͙͚Σ ͎͔͒ ͔ͪ;Έ ͙͔͒ͭ ͦ ͍͔͙͙ͫͭ͊ͤͦͤ͡ ͙ ͍͙͙͙ͪ͊ͭ͘ ͎ͭͦͦ 
͙͙͡ ͙͎ͤͦͦ ͍ͦͨͪͦͫ͊ ͍ ͙͙͙ͫͭͦͪ Ύ͘·͙ͦͤ͊ͤ͘͟Ύ ͙͙͡ ͙͎͍͔͙͙ͤͦͣͭͦ͒͟͡ύΣ 
͙ͤͺͦͪͣ͊ͼ͙Ύ ͔͗ ͍͔ͪ͊ͪͭ͘·͍͔͊ͭͫΎ ͍ ͎͙ͦ͡;͔͚ͫͦ͟ ͔͔͙͍͔ͨͪͫͨͭ͟ ͪ͊ͤ͘·͙ͣ 
ͫͨ ͙ͦͫͦ͋͊ͣΥ 
ï ͔͙͍͒͒ͯͭͤ͟·ͣ όͦͭ ͦ͋΅͙ͻ ͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ ͟ ;͊ͫͭͤ·ͣ ͫͯ͡;͊ΎͣΣ 
͔͙ͦͤͪͭ͊͘͟͟ͼ͙͙ ͦ͋ͦ͋΅͔͙͚ͤύΤ 

ï ͙͙͍ͤ͒ͯͭͤ͟·ͣ όͦͭ ;͊ͫͭͤ·ͻΣ ͔ͦͤͪͭͤ͟͟·ͻ Ύ͍͔͙͚ͤ͡Σ ͺ͍͊ͭͦ͟ ͟ ͦ͋΅͔ͣͯ 
͍·͍ͦ͒ͯΣ ͦ͋ͦ͋΅͔͙ͤΎͣΣ ͔͊ͦͤͦͣͪͤͦͫͭ͘͟ΎͣύΤ 

ï ͙͍ͭͪ͊͒ͯͭͤ͟·ͣ όͦͭ ͙ͨͪ;͙ͤ ͟ ͔͍͙ͫ͒ͫͭ͡ΌΣ ͦͭ ͙͍͔͎ͫͭͤͦͦ͘ ͟ ͔͙͍͔ͤͫͭͤͦͣͯ͘Σ 
ͦͭ ͫͻ͎ͦ͒ͤͦͦ ͟ ͙ͪ͊͘͡;ͤͦͣͯ ͙ ͒ͪΦύΣ ͙ͨͪ ͦͭͦͪͦͣ͟ ζͨͦͫ·͙͟͡ ͙ 
͊͘͟͡Ό;͔͙ͤΎ Ύ͍͡ΎΌͭͫΎ ͔͙ͫͯ͗͒ͤΎ͙ͣ ͙͍͚ͦ͒ͤ͊ͦͦ͟ ͦ͋΅͙ͤͦͫͭη ώфΣ сртϐΤ  
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ï ͔ͨͪͦ͋ͣͤ͡·ͣ όͦͭ ͍͙ͨͦͫͭ͊ͤͦ͟ ͔ͨͪͦ͋ͣ͡· ͟ ͔͔ ͔ͪ΄͔͙ͤΌύΦ 
˴͙ͦͤͭͤͯͯͣ ͤ͊ͯ;ͤͦ-ͯ;͔͚͋ͤͦ ͔͟͡ͼ͙͙ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭͫΎ ͦͫͦ͋·͙ͣ ͍͙͙͒͊ͣ 

͍ͫΎ͙͘ ς ͟ ͎͔͙͔͚ͦ͘Υ 
ï ͙ͭͪ͊͒ͼ͙ͦͤͤͦ-͎͙ͪ͊ͣͣ͊ͭ;͔͙͙ͫͣ͟ ͔͍͙ͫͪ͒ͫͭ͊ͣ ς ͫͦΌ͙͊ͣ͘Σ ͫͦΌͤ͘·͙ͣ 
͍͙ͫͦ͊ͣ͡Σ ͔͎͙ͨͪ͒ͦ͊ͣ͡Σ ͔ͤ͊ͪ;͙Ύ͙ͣ όͨͦͭͦͣͯΣ ͨͦͭͦͣͯ ;ͭͦΣ ͨͦΉͭͦͣͯΣ ͭ͊͟ 
͊͟͟Σ ͍ ͍ͫΎ͙͘ ͫ Ή͙ͭͣΣ ͙͍ͤ͊ͨͪͦͭΣ ͔ͪͦͣ͟ ͎ͭͦͦ ͙ ͒ͪΦύΤ 

ï ͎͙ͦ͡;͔͙͙ͫͣ͟ ς ͍͔ͫͦͫͤ͡·͙ͣ ͺ͙ͦͪͣͯ͊ͣ͡ ό͍ͦ-͔͍ͨͪ·ͻΣ ͍ͦ-͍ͭͦͪ·ͻΤ 
͔͍ͨͪ͊Ύ ͎ͪͯͨͨ͊Σ ͍ͭͦͪ͊Ύ ͎ͪͯͨͨ͊Τ ͔͙͚ͨͦͫ͒ͤ͡ ͋ͦ͟͡ύΣ ͦͭͦͪ͟·͔ ͍ 
͔ͦͤͫͨͭ͊͟͟ͻ ͔͍ͫͭͯ͒ͤͭͦ ͎ͣͦͯͭ ͭͪ͊ͤͫͺ͙͍ͦͪͣͪͦ͊ͭΈͫΎ ͍ ͎ͪ͊ͺ͙;͔͙͔ͫ͟ ς 
͍͔͋ͯͤͤ͟·͔ ό͊ύΣ ͋ύΣ ͍ύ Χύ ͙ ͼ͙ͺ͍ͪͦ·͔ όмύΣ нύΣ оύ ΧύΤ 

ï ͙ͦͣͨͦ͘͟ͼ͙ͦͤͤͦ-ͫͭͪͯͭͯͪͤ͟·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ 
ͺ͎͔͙ͪ͊ͣͤͭ͊ͣ ͔͟͡ͼ͙͙Σ ͍͔͙͔ͫͦͦ͋ͪ͊͘ ͦͭͦͪ͟·ͻ ͙ͫͦͫͭͦͭ ͍ ͭͦͣΣ ;ͭͦ ͙ͦͤ 
ͫͯ͗͊ͭ͡ ͔ͤ ͫͭͦ͡Έͦ͟ ͍ͫΎ͘·͍͙͊ͤΌ ;͔͚͊ͫͭ ͔ͭͫͭ͊͟ ͍ ͔͙͔͒ͤͦ ͼ͔͔ͦ͡Σ ͫͦ͟͡Έͦ͟ 
͙͊ͭͯ͊͊͘͟͡ͼ͙͙ ͎ͭͦͦΣ ;ͭͦ ͙ͦ͒ͤ ͔͔ͨͪ͒ͣͭ ͔ͪ;͙ όͦ͒ͤͦ ͔͚͍͙͔͒ͫͭύ 
͔ͫͣͤΎ͔ͭͫΎ ͎͙͒ͪͯͣ όζˢ ͔͔ͭͨͪΈ ͙ͦ͋ͪ͊ͭͣͫΎ ͟ ΧηΣ ζ˽͍͔͙ͪͦͪͣ ͤ͊΄ 
͍·͍ͦ͒Σ ͍͔ͫͪΎΎͫΈ ͫ ͙ͭ͊͋͡ͼ͔͚ ΧηΣ ζ˻ͻ͔͙͔͊ͪ͊ͭͪͯͣ͘͟ ͊͗͒͟·͚ ͙͘ 
͍·͔͔͒ͤͤ͡·ͻ ͍͊ͫͫͦ͟͡ ΧηύΦ  
˻͔ͫͦ͋ͤͤͦͫͭΈΌ ͔͎͙͙͊ͭͦͪ͟ ͍ͫΎ͙ͤͦͫͭ͘ ͤ͊ͯ;ͤͦ-ͯ;͔͚͋ͤͦ ͔͟͡ͼ͙͙ Ύ͍͡Ύ͔ͭͫΎ 

͙ ͋ͦ͡Έ΄͚ͦ ͦ͋Ά͔ͣ ͔͔ͪͭͪͦͫͨ͟ͼ͙͚ όζ˨͍͚͔͊͊ͭ ͍͔͔ͪͤͣͫΎ ͔΅͔ ͪ͊͘ ͟ ͤ͊΄͔ͣͯ 
͔͔͙ͨͪ͒ͨͦͦ͗ͤ͡Ό ͦ ͭͦͣΣ ;ͭͦ ΧηΣ ζ˹͊ͨͦͣͤΌ ͍͊ͣ ͔΅͔ ͪ͊͘ ΧηύΦ 

˿͔ͨͼ͙ͺ͙;ͤͦ ͍ ͙͙͔͊ͤ͊ͪͯͣ͘͡·ͻ ͔ͭͫͭ͊͟ͻ ͙ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔͎͙͙͊ͭͦͪ͟ 
͙͙͍͙ͦͣͣͯͤ͊ͭͤͦͫͭ͟͟Φ ͔́ͫͭ͟· ͤ͊ͯ;ͤͦ-ͯ;͔͋ͤ·ͻ ͔͟͡ͼ͙͚ ͔͔ͤ͊ͣͪͤͤͦ 
͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·Φ ˤ ͙ͤͻ ͣͦ͗ͤͦ ͍·͔͙͒ͭ͡Έ ͔ͫ͒ͯ͡Ό΅͙͔ ͙ͭͨ· 
͙͙͍ͦͣͣͯͤ͊ͭͤͦ͟͟ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·ͻ ͔ͪ;͔͙͚ͤΥ 
ï ͺ͎͔ͪ͊ͣͤͭ· ͔ͪ;͔͍·ͻ ͙͚ͨ͊ͪͭΣ ͔ͯͨͪ͗͒͊Ό΅͙͔ ͍ͦͨͪͦͫ· όζ˻;͔͍͙͒ͤͦΣ 
͔ͤͦͭͦͪ͟·͔ ͙͘ ͍͊ͫ ͔ͯ͗ ͙ͨͦ͒ͯͣ͊͡Σ ͨͦ;͔ͣͯ ͔͗ ΧηΣ ζ˹ͦ ͍ ͭ͊ͦͣ͟ ͫͯ͡;͔͊Σ 
͙͔ͫͨͪͦͫͭ ͍·Σ ΧηΣ ζ˽͔͍͙ͪ͒͗ͯ ͍͊΄ ͍ͦͨͪͦͫ ΧηύΤ 

ï ͺ͎͔ͪ͊ͣͤͭ· ͔ͪ;͔͍·ͻ ͙͚ͨ͊ͪͭΣ ͔ͯͨͪ͗͒͊Ό΅͙͔ ͔͍͙ͤͨͪ͊͡Έͤ·͚ ͻͦ͒ ͣ·͙ͫ͡ 
όζ˹ͦ ͔͒ͫ͘Έ ͤͯ͗ͤͦ ͋·ͭΈ ͦͫͭͦͪͦ͗ͤ·͙ͣΥ ͎ͦ͒͊͟ ͣ· ͎͍͙ͦͦͪͣΣ ;ͭͦ ΦΦΦΣ ͭͦ 
͙͔͔ͣͣ ͍ ͍͙͒ͯ ΧηΣ ζ˹ͦ ͔ͤ ͙͔ͭͦͪͦͨͭͫΈ ͫ ͍·͍͙ͦ͒͊ͣΥ ΧηύΤ 

ï ͺ͎͔ͪ͊ͣͤͭ· ͔ͪ;͔͍·ͻ ͙͚ͨ͊ͪͭΣ ͨͦͦ΅ͪΎΌ΅͙͔ ͙͙ͤͼ͙͙͍͊ͭͯΣ ͔͔͔͙͔ͦͨͪ͗ͤ 
ͻͦ͒͊ ͣ·͙ͫ͡ όζ˸ͦͦ͒͡ͼ·Η ˤ· ͔ͣͤΎ ͔͔͙͙ͦͨͪ͒͡Υ ͔͚͍͙͔͒ͫͭͭ͡ΈͤͦΣ ͔͒ͫ͘Έ 
͔ͫͭΈ ͫͯ΅͔͍͔ͫͭͤͤ·͔ ͙ͪ͊͘͡;͙Ύ ΧηΣ ζ˿͙ͨ͊ͫ͋ͦ ͊͘ ͨͦ͒ͫ͊ͯ͘͟͟Υ ͦͤ͊ 
ͦ͊͊͊ͫ͘͟͡Έ ͍͙ͨͪ͊͡Έ͚ͤͦ ͙ ͦ;͔ͤΈ ͭͦ;͚ͤͦηύΤ 

ï ͔͙ͦͭͫͭͯͨͤ͡Ύ ͙ͪ͊͘͡;͎ͤͦͦ ͪͦ͒͊ όζˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͔ͣͤ ͍͙ͫͨͦͣͤͫ͡Ύ 
Ή͙ͨͦ͒͘Σ ͦͭͦͪ͟·͚ ΧηΣ ζ̏ͭͦ ͙ͤ͊ͨͦͣͤͦ͡ ͍·ͫ͊͘͟·͍͙͔͊ͤ ΧηύΣ 
͙ͫͨͦ͡Έͯ͘Ό΅͙͔ͫΎ ͫ ͼ͔͡ΈΌ ͙ͨͫͻ͎͙ͦͦ͡;͔͚ͫͦ͟ ͎͙ͪ͊ͪͯ͘͘͟ ͙͙͙͊ͯ͒ͭͦͪ ͙ 
͔͙ͪ͊͊͘͡ͼ͙͙ ͍ ͯ;͔͋ͤͦͣ ͨͪͦͼ͔͔ͫͫ ͍͙͔ͦͫͨͭ͊ͭ͡Έͤ·ͻ ͊͒͊͘; ς ͍͙͙͔ͦͫͨͭ͊ͤ 
͙͔͔ͤͭͪͫ͊ ͟ ͔͔ͨͪ͒ͣͭͯΣ ͯ͟͡Έ͎͙ͭͯͪͦͦ͡;͔͔ͫͦ͟Σ Ή͔͙ͫͭͭ;͔͔ͫͦ͟Σ 
͍͍͔͔ͤͪ͊ͫͭͤͤͦΣ ͙͙ͨ͊ͭͪͦͭ;͔͔ͫͦ͟ ͍͙͙͔ͦͫͨͭ͊ͤ όˤΦ ˸ Φ ˹͎͔͍͊͊ Ή͙ͭ 
͔͙ͦͭͫͭͯͨͤ͡Ύ ͤ͊͘·͍͔͊ͭ ζ͔͙ͣͦͣͤͭ͊ͣ ͪ͊ͪ͘Ύ͙͒͟ηΣ ˸Φ x Φ ͔͙͚̂ͫͨͤͫ͟ ς 
ζ͔͙ͦͭͫͭͯͨͤ͡Ύ͙ͣ ͨͦ ͍ͨͦͦ͒ͯηύΤ 
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ï ͔ͣ͊ͪͪ͟· ͍͔͙ͫͦͣͫͭͤͦͫͭ όζ˻͙͋ͪ͊ͭͣͫΎ ͔͔ͭͨͪΈ ͟ ΧηΣ ζ˭͙͊͒͊͒ͣͫΎ 
͍ͦͨͪͦͫͦͣ ΧηΣ ζ˨͍͚͔͊͊ͭ ͨͦͨ·͔ͭ͊ͣͫΎ ͍͔͔ͣͫͭ ͍͔͙ͦͭͭͭΈ ͤ͊ Ήͭͦͭ 
͍ͦͨͪͦͫηύΦ 
˴͊͟ ͙ ͍ ͫͯ͡;͔͊ ͫ ͔͎͙͔͚͊ͭͦͪ͟ ͍ͫΎ͙ͤͦͫͭ͘Σ ͎͍ͦͦͪΎ ͦ ͙͙͍͙ͦͣͣͯͤ͊ͭͤͦͫͭ͟͟ 

͔͍ͭͫͭͦ͟ ͔͟͡ͼ͙͚Σ ͔͔ͫ͒ͯͭ͡ ͙͔ͣͭΈ ͍ ͍͙͒ͯΣ ;ͭͦ ͔͍ͫͪ͒ͫͭ͊ ͙͔ͦͪͤͭ͊ͼ͙͙ ͤ͊ 
͔ͫͭͯ͒ͤͭ͊-͙ͦͣͣͯͤ͊ͤͭ͊͟͟ ͍ ͔ͪ;͔͍·ͻ ͙ͨ͊ͪͭΎͻ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ ͔ͤ ͨͪͦͫͭͦ 
͍·ͫͦͦ͟;͊ͫͭͦͭͤ·Σ ͊ ͦ͋Ύ͔͊ͭ͘͡Έͤ·Φ 

˿͍͔ͦͦ͋ͪ͊ͤͦ͘ ͍ ͤ͊ͯ;ͤͦ-ͯ;͔͋ͤ·ͻ ͔͟͡ͼ͙Ύͻ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͙ ͔͎͙͊ͭͦͪ͟Ύ 
͙͔͎ͤͭͪ͊ͼ͙͙Σ ͨͪͦΎ͍͡ΎΌ΅͊ΎͫΎ ͍ ͺͦͪͣ͊ͻ ͨͦ͒;͙͔͙ͤͤΎ ͙ͦ͒ͤͻ ;͔͚͊ͫͭ ͔ͭͫͭ͊͟ 
͎͙͒ͪͯͣ ͙ ͍͔ͫͻ ;͔͚͊ͫͭ ς ͔͔ͭͣ ͔͟͡ͼ͙͙Φ ˴ ͔͍ͫͪ͒ͫͭ͊ͣ ͙͔͎ͤͭͪ͊ͼ͙͙ ͍ Ήͭͦͣ ͫͯ͡;͔͊ 
ͦͭͤͦͫΎͭͫΎΥ 
ï ͔͔͙͔ͯͨͪ͗͒ͤ ͙͔͙ͦ͗ͤ͘͡Ύ ͔͙ͣ͊ͭͪ͊͊͡ ͔͟͡ͼ͙͙ ͙͊ͨͫ͘ΈΌ ͔͔ 
͔͙ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͔͙ͫͦ͒ͪ͗͊ͤΎ ͍ ͍͙͔͒ ͨ͊ͤ͊͡Τ 

ï ͔ͨͪͦͣ͗ͯͭͦ;ͤ·͔ ͦ͋ͦ͋΅͔͙ͤΎΣ ͍͟͡Ό;͊Ό΅͙͔ ͔ͭ͊͗͟ ͙ͪ͊͘͡;ͤ·͔ ͺͦͪͣ· 
͔ͨͪͦͫͨ͟ͼ͙͚ ͙ ͔͔ͪͭͪͦͫͨ͟ͼ͙͚ όζ˿͔͔͒͊ͣ͡ ͔ͨͪͦͣ͗ͯͭͦ;ͤ·͔ ͍·͍ͦ͒· ΧηΣ 
ζ͍́͊ͦ͟· ͦ͋΅͙͔ ͔͙ͨͦͦ͗ͤ͡Ύ ͦ ΧΣ ͔͔ͨͦ͒ͪͦ͋ͤ ͦ͋ Ήͭͦͣ ͔͋ͯ͒ͣ ͎͍͙ͦͦͪͭΈ 
͔͔͒͊͡ηΣ ζˮͭ͊͟Σ ͔͍ͨͪ·͚ ͍·͍ͦ͒Σ ͟ ͦͭͦͪͦͣͯ͟ ͣ· ͙ͨͪ΄͙͡Σ Ήͭͦ ΧηύΤ 

ï ͦ͡ ͎͙;͔͔ͫͦ͟ ͙͍͙͔ͫͭͪͯͭͯͪͪͦ͊ͤ͟ ͔͙ͫͦ͒ͪ͗͊ͤΎ ͔ͨͪ͒ͫͭͦΎ΅͔͎ͦ ͍ͦͨͪͦͫ͊ ͍ 
͍͙͔͒ ͎ͪ͊ͺ͙;͔͚ͫͦ͟ ͫͻ͔ͣ·Τ ͙͔ͤ͊ͨͪͣͪΣ ͎ͪ͊ͺ͙;͔ͫ͊͟Ύ ͫͻ͔ͣ͊ ͍ͦͨͪͦͫ͊ 
ζˣ͍͊ͦ͘·͔ ͨͦͤΎ͙ͭΎ ͔͙ͫ͟͡;͔͚ͫͦ͟ ͔͙͍͒ͪ͊ͼ͙͙ ͊͟͟ ͔ͪ͊͒͊͘͡ 
͍͍͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡Ύη ͍ ͪ͊ͣ͊͟ͻ ͔͟͡ͼ͙͙ ͤ͊ ͔ͭͣͯ ζ˶͔͙ͫ͟;͔ͫ͊͟Ύ 
͔͙͍͒ͪ͊ͼ͙Ύη ͔ͣͦ͗ͭ ͍·͎͡Ύ͔͒ͭΈ ͭ͊͟Υ 

˽͎ͦ͒ͦ͋ͤͦͦ ͪͦ͒͊ ͫͻ͔ͣ· ͎ͣͦͯͭ ͔ͭ͊͗͟ ͍ͫͦͨͪͦͦ͗͒͊ͭΈ ͙͙͡ ͨͦ͒·͙͍ͭͦ͗͊ͭΈ 
͙͔͙͔ͦ͗ͤ͘͡ ͍ͦͨͪͦͫ͊Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍ ͔͙͙ͫͦ͒ͪ͗͊ͤ ͔ͭͫͭ͊͟ ͔͟͡ͼ͙͙ ͦ͊͘͟·͍͊ΌͭͫΎ 
͍͍ͪ͊ͤͦͨͪ͊ͤ·͙ͣ ͍͔ͪ͋͊͡Έͤ·͔ ͙ ͙͍͙ͫͣͦ͡;͔͙͔ͫ͟ ͔͍ͫͪ͒ͫͭ͊ ͙͔͎ͤͭͪ͊ͼ͙͙Φ 

ˢ͔͙͊͒ͣ͟;͔͚ͫͦ͟ ͔͟͡ͼ͙͙ ͍͚͍͔ͫͦͫͭͤͤ͊ ͙͎͙ͨͦͦ͡͡;ͤͦͫͭΈΣ ͯ͊͘͟·͍͊Ό΅͊Ύ 
ͤ͊ ͭͦΣ ;ͭͦ ζ͊͗͒͟·͚ ͤ͊ͯ;ͤ·͚ ͔ͭͫͭ͟ ͨͪͦ͒ͯͼ͙͔ͪͯͭͫΎ ͍ ͔͔ͦͤͭͫͭ͟͟ ͔ͯ͗ 
͙͎͎͒ͦͫͭͤͯͭͦͦ ͍ ͔ͤ͊ͯ͟η ώтΣ млфϐΦ ˿͔͍͙ͪ͒ͫͭ͊ͣ ͦͺ͔͙ͦͪͣͤ͡Ύ Ή͎ͭͦͦ ͔ͦͤͭͫͭ͊͟͟ 
ͫͯ͗͊ͭ͡Υ 

- ͔͎͔ͨͪ͒͊͊ͣ͡·͚ ͔ͫͭͯ͒ͤͭ͊ͣ ͍ ͤ͊;͔͊͡ ͔͟͡ͼ͙͙ ͙ͫͨͫͦ͟ ͤ͊ͯ;ͤ·ͻ 
͙ͫͭͦ;͙͍ͤͦ͟ ͨͦ ͔͔ͭͣ ό͔͔͗͊ͭ͡͡Έͤͦ ͫ ͙ͪ͊ͭͣ͟͟ ͔͙͔ͦͣͣͤͭ͊ͪͣ͟ ͎͊͗͒ͦͦ͟ύΤ 

- ͫͫ·͙͟͡ ͤ͊ ͪ͊͋ͦͭ· ͯ;͔ͤ·ͻ ͨͦ ͻͦ͒ͯ ͙͔͙ͦ͗ͤ͘͡Ύ ͍ͦͫͤͦͤ·ͻ ͍͍ͦͨͪͦͫͦ 
͔͟͡ͼ͙͙Τ 

- ͼ͙͙͍͙͔ͭͪͦ͊ͤ ͯͨͦͣΎͤͯͭ·ͻ ͪ͊͋ͦͭΤ 

- ͙͊ͤ͊͘͡ ͙ͪ͊͘͡;ͤ·ͻ ͭͦ;͔͟ ͔͙ͪͤ͘Ύ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ͨͦ ͚ͭͦ ͙͙͡ ͙͚ͤͦ 
͔͔ͨͪͦ͋ͣ͡Τ 

- ͙͔͙͔ͦ͗ͤ͘͡ ͙͙͙ͫͭͦͪ ͍ͦͨͪͦͫ͊Φ 
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ˣ͍͊ͦ͘·͔ ͨͦͤΎ͙ͭΎ ͔͙ͫ͟͡;͔͚ͫͦ͟ ͔͙͍͒ͪ͊ͼ͙͙ 
 

 
 

όͪΎ͒· ͍͍͔ͫͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έͤ·ͻ ͙͍ͭͨͦ 

ͦ͋Ά͔͙͒ͤΎΌͭͫΎ ͍ ͫͨͦͫͦ͋· 

͍͍͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡Ύύ 

мΦ ˿͍͍͔ͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έ͔ͤͦ ͘ ͤ͊;͔͙͔ͤ  

нΦ ˿͍͍͔ͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έͤ·͚ ͭ ͙ͨ 

 

ό͍ ͔͔ͨͪ͒͊͡ͻ ͎ͦ͒ͤͦͦ 

͍͍͔ͫͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έ͎ͤͦͦ ͙ͭͨ͊ 

͍·͔͒͡ΎΌͭͫΎ ͪ͊ͤ͘·͔ 

͍͍͔ͫͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έͤ·͔ ͔͙ͣͦ͒͡ύ 

ό͙͍͔ͦ͋ͤ͊ͪͯ͗͊ͭͫΎ ͍ ͍ͫͦ͊͡ͻ ͎ͦ͒ͤͦͦ 

͍͍͔ͫͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έ͎ͤͦͦ ͙ͭͨ͊ύ 

 

оΦ ˿͍͍͔ͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έͤ͊Ύ ͣ ͔ͦ͒͡Έ 

 

пΦ ˿ͨͦͫͦ͋ ͫ ͍͍͙ͦͦͦ͋ͪ͊ͦ͊ͤ͘͡Ύ 

 
ό͍ ͫͨͦͫͦ͋· ͍͍͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡Ύ ͦ͋Ά͔͙͒ͤΎΌͭͫΎ 

͍͍͔ͫͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έͤ·͔ ͙ͭͨ· ͫ ͦ ͙͒ͤͣ ͙ ͔ͭͣ ͔͗ 
͔͍ͫͪ͒ͫͭͦͣ ͍͍͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡Ύύ 

 

 

5. ˿ ͍͍͔ͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έͤ·͚ ͅ ͦͪͣ͊ͤͭ 
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˻͙ͭ͡;͙͔ͭ͡Έ͚ͤͦ ͔ͦͫͦ͋ͤͤͦͫͭΈΌ ͔͙͊͊͒ͣ͟;͔͚ͫͦ͟ ͔͟͡ͼ͙͙ Ύ͍͡Ύ͔ͭͫΎ ͔͔ 
͙͎͙͒͊ͦ͡;͔ͫ͊͟Ύ ͙ͨͪͪͦ͒͊Σ ͙͘ ͚ͦͭͦͪͦ͟ ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ ͍ ͨͪͦͼ͔͔ͫͫ ͙ͫͦ͒͊ͤ͘Ύ 
͔ͭͫͭ͊͟ ͔͟͡ͼ͙͙ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͙͎͙͒͊ͦ͊͘͡ͼ͙Ύ ͙͚ͤ͊ͤ͘ ς ͫ ͔͔͙͔ͦͦͭͤͫͤ ͙͚ͤ͊ͤ͘ ͎͒ͪͯ 
ͫ ͎͒ͪͯͦͣΥ ͔͔͙͔ͫͦͦͭͤͫͤ ζͫͭ͊ͪ·ͻη ό͔ͯ͗ ͙͔ͣΌ΅͙ͻͫΎ ͍ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦͣ 
͔͊ͨ͊ͫ͘ ͔͍ͫͭͯ͒ͤͭͦύ ͙ ζ͍ͤͦ·ͻη ͙͚ͤ͊ͤ͘Φ ˽͙ͪ Ήͭͦͣ ζ͔ͫͭ͊ͪͦ ͙͔ͤ͊ͤ͘ ͔ͤ 
͙ͦͭͪͼ͔͊ͭͫΎΥ ͦͤͦ ͎ͦ͋ͦ͊΅͔͊ͭͫΎΣ ͤ͊ͨͦͤ͡Ύ͔ͭͫΎ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͙ͣ ͫͣ·͙ͫ͊ͣ͡η 
ώмΣ олϐ όζ̉ͭͦ͋· ͦͫͦͤ͊ͭ͘Έ ͦͭͤͦ΄͔͙ͤΎ ͔ͣ͗͒ͯ ͣͦͪͺ͔͚ͣͦ ͙ ͣͦͪͺͦͣΣ 
͍͙͔ͫͨͦͣͤͭΣ ͊͟͟ ͫͦͦͭͤͦͫΎͭͫΎ ͺ͔ͦͤͣ͊ ͙ ͍ͯ͘͟ηΣ ζ˽͔͔ͪ͗͒ ;͔ͣ ͎͍͙ͦͦͪͭΈ ͦ ͙ͭͨ͊ͻ 
͔͙ͫͦͤͤ͟͡Ύ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͻΣ ͍͚͔͒͊͊ͭ ͍͙ͫͨͦͣͤͣΣ ͤ͊ ;͔ͣ ͙͔͋͊ͪͯͭͫ͘Ύ ͙͔ͫͫͭͣ͊ 
͔͙ͫͦͤͤ͟͡Ύ ͙͔ͣͤ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻηΤ ζ˾͊ͤͦͫͨͪ͘Ύ͎͔͊ͣ·͔ ͎͎͊ͦ͡͡·Φ ˽ͦ;͔ͣͯ 
͙ͦͤ ͭ͊͟ ͤ͊͘·͍͊ΌͭͫΎΚ ˻͙͋ͪ͊ͭͣͫΎ ͟ ͔ͯ͗ ͙͍͔ͫͭͤͦͣͯ͘ ͍͊ͣ ͨͦͤΎ͙ͭΌ 
ζͪ͊ͤͦͫͦͤ͘͟͡Ύ͔ͣ·͔ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ηύΦ 

ˤ·͍ͦ͒· ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͒͊͡Έ͔͚ͤ΄͙ͻ ͤ͊ͯ;ͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ 
˽͔͍͔ͪ͒ͫͭ͊ͤͤ͡·͚ ͙͊ͤ͊͘͡ ͔͙ͭͦͪͫ͟͟͡ͻ ͔ͪ;͔͍·ͻ ͙͚ͨ͊ͪͭ ͍ ͙͔ͫͭ͊ͭ͟ Ύ͍͡Ύ͔ͭͫΎ 
͚͋͊ͦ͘ ͒͡Ύ ͦͫͣ·͔͙ͫͤ͡Ύ ͔͒Ύ͔ͭ͡Έͤͦͫͭͤ·ͻ ͎ͨͪͦͪ͊ͣͣΣ ͔͗͊͡΅͙ͻ ͍ ͍͔ͦͫͤͦ 
͙͍͙ͦͤͫͭͪͯͪͦ͊ͤ͟Ύ Ή͙ͭͻ ͔͍ͭͫͭͦ͟ ό͙͙͒ͤ͊ͣ͊͟ύΦ ˸͔ͻ͙͊ͤͣ͘· ͔͙ͨͦͪͦ͗͒ͤΎ 
ͤ͊ͯ;ͤͦ-ͯ;͔͋ͤ·ͻ ͔͍ͭͫͭͦ͟Σ ͊ ͔ͭ͊͗͟ ͔͙ͣͭͦ͒͊͟ ͦ͋ͯ;͔͙ͤΎ ͋ͯ͒ͯ΅͙ͻ 
͔͍͔͔͚ͨͪͨͦ͒͊͊ͭ͡ ͙ͻ ͙͍͙ͦͤͫͭͪͯͪͦ͊ͤ͟Ό ͎ͣͦͯͭ ͫͭ͊ͭΈ ͔͔ͨͪ͒ͣͭͦͣ ͒͊͡Έ͔͚ͤ΄͔͎ͦ 
͔͙ͦ͋ͫͯ͗͒ͤΎΦ   

˶ˮ́˩˾ˢ́̂˾ˢ 
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3. ˥͊͡Έ͔͙ͨͪͤ ˮΦ ˾ Φ ͔́ͫͭ͟ ͊͟͟ ͦ͋Ά͔ͭ͟ ͙͎͍͙͙ͤͫͭ͡;͔͎ͫͦͦ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 
/  ˮ Φ ˾ Φ ˥ ͊͡Έ͔͙ͨͪͤ Τ ˮ͙ͤͫͭͭͯͭ Ύ͘·͙ͦͤ͊ͤ͘͟Ύ ˢ˹ ˿˿˿˾ Τ ώ͍ͦͭΦ ͔ͪ͒Φ ˥Φ ʕ Φ ˿ ͔͍ͭͨ͊ͤͦϐΦ ς ˸Φ Υ 
˹͊ͯ͊͟Σ мфумΦ ς моф ͫΦ 

4. ˨͙͍ͣͦ͊ ˥Φ ʕ Φ ˻͍ͫͤͦͤ·͔ ͔͎͙͙ͫͭͪ͊ͭ ͺͪ͊ͤͼ͎ͯͫͦͦ͘͟ ͙͍͔͙͔͎ͯͤͪͫͭͭͫͦͦ͟ 
͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͒ͫͯͪͫ͊͟ Υ ͙͒ͫΦ ͤ͊ ͙͙͔ͫͦͫ͊ͤ͟ ͯ;Φ ͫͭΦ ͊ͤ͒͟Φ ͺ͙ͦ͡͡Φ ˹͊ͯ͟ Υ ͔ͫͨͼΦ млΦлнΦлр 
ζ˾͙͔ͦͣ͊ͤͫ͟ Ύ͘·͙͟η κ ˥Φ ʕ Φ ˨͙͍ͣͦ͊Φ ς ˮ ͪͯͭͫ͟͟Σ нллпΦ ς опо ͫΦ  

5. ˴͙͙͊ͤͤ͊͡ ˤΦ ˨ Φ ̂;͔͋ͤ·͚ ͙͒ͫͯͪͫ͟ ͍ ͔ͪ;͔͍͚ͦ ͨͪͦͼ͔ͫͫͯ͊͡Έ͙ͤͦͫͭ ͯ;͔͚͋ͤͦ 
͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ό͙ͨͫͻ͙͎͍͙͙ͦͤͫͭ͡;͔ͫ͊͟Ύ ͔ͣͦ͒͡Έύ Υ ͍͔͊ͭͦͪͺΦ ͙͒ͫΦ ͤ͊ ͙͙͔ͫͦͫ͊ͤ͟ ͯ;Φ ͫͭΦ ͊ͤ͒͟Φ 
ͺ͙ͦ͡͡Φ ͤ͊ͯ͟ Υ ͔ͫͨͼΦ млΦлнΦмф ζ͔͙́ͦͪΎ Ύ͘·͊͟η κ ˤΦ ˨ Φ ˴ ͙͙͊ͤͤ͊͡Φ ς ̂ ͡ΈΎ͍ͤͦͫ͟Σ нллнΦ ς но ͫΦ 

6. ˻͍ͫͤͦ· ΄ͦ͟͡Έ͎ͤͦͦ ͔ͪ;͔͍͔͔͙͒ͤΎ Υ ͔͙ͣͭͦ͒;͔͔ͫͦ͟ ͙͔ͨͦͫͦ͋ Υ ͍ н ;Φ κ 
ώˤΦ ˹ Φ ˸ ͔΅͔ͪΎ͍ͦ͟Σ ˶Φ ˮ Φ ˨͔͎ͪͯͤΣ ˸Φ ˿ Φ ˴͙͔͍͊͊ͤ͒͗͊͘ ͙ ͒ͪΦ Τ ͨͦ͒ ͔ͪ͒Φ ͨͪͦͺΦ 
́Φ s Φ ˶ ͊͒·͔͚͗ͤͫͦ͟ϐΦ ς ˸Φ Τ ́ͦ͡ΈΎ͙ͭͭ Υ ˮ͙ͤͫͭͭͯͭ ͦ͋΅͔͎ͦ ͔͔͎ͫͪ͒ͤͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ˾ˢ˻Σ 
́ͦ͡ΈΎ͙͙͚ͭͭͤͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭΣ нллпΦ ς ̉ Φ 1. ς мфм ͫΦ 

7. ˻͍ͫͤͦ· ΄ͦ͟͡Έ͎ͤͦͦ ͔ͪ;͔͍͔͔͙͒ͤΎ Υ ͔͙ͣͭͦ͒;͔͔ͫͦ͟ ͙͔ͨͦͫͦ͋ Υ ͍ н ;Φ κ 
ώˤΦ ˹ Φ ˸ ͔΅͔ͪΎ͍ͦ͟Σ ˶Φ ˮ Φ ˨͔͎ͪͯͤΣ ˸Φ ˿ Φ ˴͙͔͍͊͊ͤ͒͗͊͘ ͙ ͒ͪΦ Τ ͨͦ͒ ͔ͪ͒Φ ͨͪͦͺΦ 
́Φ s Φ ˶ ͊͒·͔͚͗ͤͫͦ͟ϐΦ ς ˸Φ Τ ́ͦ͡ΈΎ͙ͭͭ Υ ˮ͙ͤͫͭͭͯͭ ͦ͋΅͔͎ͦ ͔͔͎ͫͪ͒ͤͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ˾ˢ˻Σ 
́ͦ͡ΈΎ͙͙͚ͭͭͤͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭΣ нллпΦ ς ̉ Φ 2. ς нсс ͫΦ 

8. ˿͔͔͎ͣͤͦ ˻Φ ˸ Φ ˸͔͙ͭͦ͒͊͟ ͍͙͊͒͊ͤͤ͟͡Ύ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͊͊͒͊͘͟͡ͻ Υ ͍ͤ͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ κ ˻Φ ˸ Φ ˿͔͔͎ͣͤͦΣ ˹Φ ˽ Φ ˨ ͔͚͙ͤ;͔ͤͦ͟Φ ς ˿͙ͯͣ Υ ˿ͯͣ˨˽̂ ͣ͜Φ 
ˢΦ ˿ Φ ˸͔͊͊ͪͤ͊͟͟Σ нлмнΦ ς нмс ͫΦ 
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9. /͍ͦ͊ͪ͡Έ ͙ͤͦͫͭͪ͊ͤͤ·ͻ ͍ͫͦ͡ Υ ͦͦͦ͟͡ мл ллл ͍ͫͦ͡ κ ώͫͦͫͭΦ ͊ͤ͒͟Φ ͺ͙ͦ͡͡Φ ͤ͊ͯ͟ 
́Φ ̑ Φ ̂ ΄͊ϐΦ ς ˿ ˽͋Φ Υ ˤ͙͙ͭͦͪ͟Ύ ͨ͡ΌͫΣ нллуΦ ς умс ͫΦ 
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SUMMARY 
Pakhnenko I. Knowledge about the features of the text of academic lecture as a basis 

for understanding the mechanisms of its production. 
Practice shows that the students, future teachers of linguistics and linguistic 

disciplines have some difficulties in building and text design of academic lectures. The 
development of this segment of professional speech training is only possible in the context of 
knowledge about the peculiarities of the text of modern scientific and educational lectures, 
which are determined by the latest achievements in the field of text linguistics, 
communicative linguistics, pedagogical discourse, etc. 
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The most important feature of the text of academic lecture is informative character, 
which is determined by logicality, objectivity, accuracy, conclusiveness of presentation, 
terminology and saturation and is reflected in two types of information ς content-factual and 
thematic. 

The integrity of the text of scientific and educational lecture is achieved by the 
presence in it of the structureǎ ǿƘƛŎƘ άƴŜŜŘ ŘŜǘŀƛƭƛƴƎ ŀƴŘ ŀƭƭƻǿǎ ǘƘŜ ǊŜŀŘŜǊ ƻǊ ƭƛǎǘŜƴŜǊ ǘƻ 
ƛŘŜƴǘƛŦȅ ǘƘŜ ǘƘŜƳŜǎ ŀƴŘ ǎǳōǘƘŜƳŜǎ ƻŦ ǘƘŜ ǘŜȄǘέΤ ǘƘŜ ƛƴǘŜǊƴŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ǎŜƳŀƴǘƛŎ ǳƴƛǘȅΣ 
i.e. the distinct relations between the main theme and its sub-themes, on the basis of which 
the studeƴǘ Ŏŀƴ άǇǊŜŘƛŎǘέ ǘƘŜ ǘƘƛƴƪƛƴƎ ƻŦ ǘƘŜ ǘŜŀŎƘŜǊΤ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘǊŀƴǎƛǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ 
completed parts of the lecture. 

Peculiar embodiment in scientific and educational texts gets the category of the 
continuum: the continuum of time and space is poorly represented (except for those 
segments of the lectures, where we are talking about the formation and development of an 
issue in the history of linguistics or lingua-methodology), the information unfolds in a logical 
term in different ways, deductive, inductive, traduction, problem. 

A continuum of an academic lecture is provided by special types of communication ς 
cohesion: traditional grammatical means (conjunction, conjunctive words, prepositions, 
adverbs), logical (verbal formulas), and composite-structural. The peculiarity of the category 
of connectedness is a large amount of retrospection. 

A distinctive feature of an academic lecture takes place its dialogical nature, which 
implies that in the process of creating the text of the lecture is dialogical knowledge 
correlation ς ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴ ƻŦ άƻƭŘέ όŀƭǊŜŀŘȅ ŜȄƛǎǘƛƴƎ ƛƴ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǎǳǇǇƭȅ ƻŦ ǎǘǳŘŜƴǘǎύ 
ŀƴŘ άƴŜǿέ ƪƴƻǿƭŜŘƎŜΦ 

¢ƘŜ ǇǊŜǎŜƴǘŜŘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƭŜŎǘǳǊŜǊΩǎ ǎǇŜŜŎƘ ǇŀǊǘƛŜǎ ƛƴ ǎǘŀǘƛŎǎ ƛǎ ǘƘŜ ōŀǎƛǎ ŦƻǊ 
understanding activity programs underlying the construction of these texts (dynamics). 

Key words: text of an academic lecture, categories of informative character, integrity, 
continuum, cohesion, communication, integration, polylogue, dialogic nature. 
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͍͔͙ͫͪ͊ͤͤΌ ͫ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͣ ͦ͋ͯ;͔͙͔ͤͣΦ ˽͙͍͔͔ͪ͒ͤ· ͙͔ͨͪͣͪ· ͙͔͗ͤͤͤ͘·ͻ ͔ͨͪͦ͋ͣͤ͡·ͻ 
͙ͫͭͯ͊ͼ͙͚Σ ͔ͪ΄͔͙͔ͤ ͦͭͦͪ͟·ͻ ͔͔ͭͪ͋ͯͭ ͙͚ͤ͊ͤ͘ ͨͦ ͺ͙͙͔͘͟Φ ˿͔͒͊ͤ͡ ͍·͍ͦ͒Σ ;ͭͦ ͙ͦ͒ͤͣ ͙͘ 
͍ͦͫͤͦͤ·ͻ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ ͍ͨͦ·΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͍·ͫ΄͔͎ͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ Ύ͍͡Ύ͔ͭͫΎ 
͍͔͔͙͔ͤ͒ͪͤ ͙͍ͤͤͦ͊ͼ͙͚ ͍ ͦ͋ͯ;͔͙͔ͤΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͦ͋ͯ;͔͙͔ͤΣ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͔͔ͨͪͦ͋ͣͤͦ͡ ͦ͋ͯ;͔͙͔ͤ, 
ͺ͙͙͊͘͟Σ ͦ͋ͯ;͔͙͔ͤ ͺ͙͙͔͘͟Φ 
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˽͍ͦͫͭ͊ͤͦ͊͟ ͔ͨͪͦ͋ͣ͡·Φ ˹͊ ͔͎ͫͦ͒ͤΎ΄͙͚ͤ ͔͒ͤΈ ͍ ͙͔͔ͫͫͭͣ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ 
͙̂ͪ͊ͤ͟· ͔ͦͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͊͟;͔͍ͫͭͯ ͔͔͎ͨͦͫ͒ͤͦ͡Φ ͙́ͪ͊͒ͼ͙ͦͤͤ·͔ 
͍͎͘͡Ύ͒· ͍ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘ ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙͚ͤ͊ͤ͘Σ ͔͙͚ͯͣͤ ͙ ͍ͤ͊·͍ͦ͟ ͔ͯ͗ 
͔ͤ ͍͔͍ͯ͒ͦͭͦͪ͡ΎΌͭ ͊ͨͪͦͫ͘· ͍͔͔͎ͫͦͪͣͤͤͦͦ ͦ͋΅͔͍ͫͭ͊Φ ˿͔͙ͪ͒ ͙͙͔ͨͪͦͪͭͭͤ·ͻ 
͍͔͙͚ͤ͊ͨͪ͊ͤ͡ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͙͙͙ͨͦͭ͟͡ ͍ ͔ͨ͊ͤ͡ ͙͔͎ͤͭͪ͊ͼ͙͙ ͍·ͫ΄͔͎ͦ 
͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͔͍͔͚͔ͪͦͨͫͦ͟ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͔ͤͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͍·͔͒͡ΎΌͭͫΎ 
͔ͨͪͦ͋ͣ͡· ͨͦͫͭͦΎ͎ͤͤͦͦ ͍ͨͦ·΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ 
͔͎ͦ ͔͙ͫͦ͒ͪ͗͊ͤΎ ͙ ͺͦͪͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͯ;͔͋ͤͦ-͍͙͔ͦͫͨͭ͊ͭ͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Τ 
ͪ͊ͪ͊͋ͦͭ͊͘͟ ͙ ͍͔͔͙͔ͤ͒ͪͤ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͙͍ͤͤͦ͊ͼ͙͚1 [3; 1].  

͔̇͡ΈΌ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ˹͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͎ͨͪͦͪ͊ͣͣ· ζ˻͍ͫͭ͊͜Υ ̂ͪ͊ͤ͊͟͝ 
̆̆˱ ͫ ͭΦη ώ4ϐ Ύ͍͡Ύ͔ͭͫΎ ͍·͍͔͔͙͔͒ͤ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͙͔̂ͪ͊ͤ͟ ͤ͊ ͍͔ͯͪͦͤΈ 
͍͙ͪ͊ͭ͘·ͻ ͫͭͪ͊ͤ ͙ͣͪ͊Σ ;ͭͦ ͍ͦͣͦ͗ͤͦ͘ ͙͡΄Έ ͙ͨͪ ͍͙͙ͯͫͦ͡ ͦͭͻͦ͒͊ ͦͭ 
͍͙͚͊ͭͦͪͭ͊ͪͤͦ ͔͎͎͙͙ͨ͒͊ͦ͟ ͙ ͍͔͔͙ͤ͒ͪͤΎ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ 
͔ͭͻ͎͙͚ͤͦͦ͡Φ ˮ͔ͣͤͤͦ Ή͙ͭͣ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͔͎ͫͦ͒ͤΎ΄͔͔ͤ ͍͙͙͔ͤͣ͊ͤ ͔͎͎͍ͨ͒͊ͦͦ ͙ 
͔͙͍ͣͭͦ͒ͫͭͦ ͟ ͙͍ͤͤͦ͊ͼ͙ΎͣΦ 

ˤ ͔͔ͦͤͭͫͭ͟͟ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͎͙͙ͫͭͪ͊ͭ ͼ͔͎ͦͫͭͤͦͦ͡ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ 
ͨͪͦͼ͔ͫͫ͊ ͫͯ΅͔͍͔ͫͭͤͤͦ ͍͔ͦͪ͊ͫͭ͊ͭ͘ ͪͦ͡Έ ͍͍ͪͯͦͦ͒ͫͭ͊͟ ͍·ͫ΄͔͎ͦ ͯ;͔͎͋ͤͦͦ 
͍͔͔͙͊͒ͤ͘ΎΣ ͔͍͔͔͚ͨͪͨͦ͒͊͊ͭ͡ ͙ ͔͙͍ͣͭͦ͒ͫͭͦ ͍ ͊͟;͔͍͔ͫͭ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤ·ͻ 
͙͔͔͚ͤͦͫͭ͡ ͍͙ͤͦ͊ͭͦͪͫ͟ͻ ͨͦ͒ͻ͍ͦ͒ͦΦ ˽͙ͪ ͍͔ͫͣ ͙͙ͪ͊ͤͦͦ͋ͪ͊͘͘ ͔ͭͻ͎͙͚ͤͦͦ͡ 
ͦ͋ͯ;͔͙ͤΎΥ ͙͙͒͒͊ͭ͟;͔͙ͫ͟ͻΣ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻΣ ͔ͨͪͦ͋ͣͤ͡·ͻΣ ͍͙͍ͪ͊͊͘Ό΅͙ͻΣ 
͔͙ͪ͒ͭͤͦ͟-ͣͦ͒ͯ͡Έͤ·ͻ ͙ ͎͙͒ͪͯͻ ς ͔͙ͪ͊͊͘͡ͼ͙Ύ ͍͔͒ͯ΅͙ͻ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ 
ͺͯͤ͟ͼ͙͚ ͔ͦͫͭ͊ͭͫΎ ͊͘ ͔͎͎ͨ͒͊ͦͦͣΦ  

ˢ͙ͤ͊͘͡ ͊ͭͯ͊͟͡Έͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ˮ͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ͍͔ͫ ;͊΅͔ 
ͦ͋ͪ͊΅͊Όͭ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͔ͨͪͦ͋ͣͯ͡ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͍ͤͤͦ͊ͼ͙͚ ͍ 
͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘Φ ˿͔͙ͪ͒ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͔ͨͪͦ͋ͣ͡· ͍ ͒͊ͤͤͦͣ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ 
ͤͯ͗ͤͦ ͔͙ͦͭͣͭͭΈ ͪ͊͋ͦͭ· ˮΦ x ͔ͻ͊Σ ˶Φ ˨ ͙͔͊ͤͤͦ͟͡Σ ˮΦ ˨ ͙;͍͚ͦͫͦ͟͟Σ ˸Φ ˴ ͙͊ͪͤ͊͡Σ 
˻Φ ˽ ͍͚ͦͨͦͦΣ ˶Φ ˽ ͙͍͚ͦ͒ͣͦͦΣ ˢΦ ̆ ͎ͯͭͦͪͫͦͦ͟ ͙ ͒ͪΦ ώмΤ оΤ рΤ тϐΦ 

˾͊ͤ͘·͔ ͔͊ͫͨͭ͟· ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͙͍͙͙ͤͤͦ͊ͭ͟ ͪ͊ͫͪ͟·ͭ· ͍ ͪ͊͋ͦͭ͊ͻ 
˻Φ s ͍ͪ͊ͣͦ͊͡Σ ˸Φ x ͎͙ͯͪͤ͊Σ ˶Φ x ͍͚ͯͪͦͦ͟Σ ˤΦ ˬ ͍͔͍ͯͪ͊͊͡Σ ˤΦ ˭ ͎͍͊Ύ͙͎ͤͫͦͦ͘͟Σ 
ˤΦ ̆ ͙͙͔ͣͤͼ ͙ ͒ͪΦΣ ͍ ͦͭͦͪ͟·ͻ ͍͊ͭͦͪ· ͫͭ͊ͪ͊ΌͭͫΎ ͔͙ͫͦͦͭͤͫͭ ͨͦͤΎ͙͔ͭ ͍͎ͤͦͦͦ ͍ 
͔͎͎͙͔ͨ͒͊ͦ͟ ͫ ͙͙ͭ͊ͣ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Σ ͊͟͟ ͔͔ͨͦͤͦ͘͡Σ ͎͔͙͍͔ͨͪͦͪͫͫͤͦΣ 
͙͔ͨͦͦ͗ͭ͡͡Έ͔ͤͦΣ ͍͔͔͔ͫͦͪͣͤͤͦΣ ͔͔͍͔ͨͪ͒ͦͦΦ ˤ ;͙͊ͫͭͤͦͫͭΣ ˻Φ ˿ ͦͦ͒ͯ͡ͻ͙ͤ͊ 
ͫ;͙͔ͭ͊ͭΣ ;ͭͦ ͍͔ͤͦͦ ͍ ͔͎͎͙͔ͨ͒͊ͦ͟ ς Ήͭͦ ͔ͤ ͭͦ͡Έͦ͟ ͙͔͙͒Σ ͨͦ͒ͻͦ͒·Σ ͔ͣͭͦ͒·Σ 
͔ͭͻ͎͙͙ͤͦͦ͡Σ ͦͭͦͪ͟·͔ ͍ ͙ͭ͊͟ͻ ͫͦ;͔͙ͭ͊ͤΎͻ ͔΅͔ ͔ͤ ͍·͍͙͎͙͒͊ͫ͡Έ ͙͙͡ ͔΅͔ ͔ͤ 
͙ͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡ΈΣ ͊ ͙ ͭͦͭ ͔ͦͣͨͫ͟͟͡ Ή͔͔͍ͣͤͭͦ͡ ͙͙͡ ͔ͦͭ͒͡Έͤ·͔ Ή͔͔ͣͤͭ͡· 

                                                           
1 ˮ͍ͤͤͦ͊ͼ͙Ύ ς ͍͍͍͔͔͙ͤͦͦ͒ͤΎΣ ͼ͔͔͍͔ͤ͊ͨͪ͊ͤͤ͡͡·͔ ͙͔͔͙ͣͤͤ͘ΎΣ ͦͭͦͪ͟·͔ ͍ͤͦͫΎͭ ͍ ͦͪͯ͗͊͟Ό΅ͯΌ ͔ͫͪ͒ͯ 

͍͔͔͙͔ͤ͒ͪͤ ͍ͤͦ·ͻ ͙ͫͭ͊͋͡Έͤ·ͻ Ή͔͔͍ͣͤͭͦ͡Σ ͍·͘·͍͊Ό΅͙ͻ ͔͔ͨͪͻͦ͒ ͙͔ͫͫͭͣ· ͦͭ ͎ͦ͒ͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͟ ͎͒ͪͯͦͣͯ ώоϐΦ 

ˮ͍ͤͤͦ͊ͼ͙Ύ ͍ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘ ς ͔͙͍͔ͪ͊ͦ͊ͤͤͦ͘͡ ͍͍͍͔͔͙͔ͤͦͦ͒ͤ ς ͍ ͔͙͙ͫͦ͒ͪ͗͊ͤΣ ͔ͣͭͦ͒͊ͻΣ ͙͔ͨͪͣ͊ͻ ͙ 
ͺͦͪͣ͊ͻ ͯ;͔͚͋ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ ͍͙͙ͦͫͨͭ͊ͤΎ ͙͡;͙ͤͦͫͭ ό͔͙ͣͭͦ͒͊͟ͻΣ ͔ͭͻ͎͙ͤͦͦ͡ΎͻύΣ ͍ ͔͙͙ͫͦ͒ͪ͗͊ͤ ͙ ͺͦͪͣ͊ͻ 
͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͙͔͚ͫͫͭͣͦΣ ͊ ͔ͭ͊͗͟ ͍ ͎͙ͦͪ͊ͤ͊͘ͼ͙͚ͦͤͤͦ ͔ͫͭͪͯͭͯͪ͟ 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͯ;͔͔͙͚ͪ͗͒ͤΣ ͍ ͫͨͦͫͦ͋͊ͻ ͦ͋ͯ;͔͙ͤΎ ͙ ͍͙͙ͦͫͨͭ͊ͤΎΣ ͊ ͔ͭ͊͗͟ ͍ ͨͦ͒ͻͦ͒͊ͻ ͟ ͫͦͼ͙͊͡Έͤ·ͣ 
͎ͯͫͯ͊ͣ͡ ͍ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘Σ ;ͭͦ ͫͯ΅͔͍͔ͫͭͤͤͦ ͍ͨͦ·΄͔͊ͭ ͊͟;͔͍ͫͭͦΣ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭΈ ͯ;͔͋ͤͦ-
͍͙͔ͦͫͨͭ͊ͭ͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊ ώмϐΦ 
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͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊Σ ͦͭͦͪ͟·͔ ͙͔ͣΌͭ ͍ ͔͔ͫ͋ ͎͔͙͍͔ͨͪͦͪͫͫͤͦ ͤ͊;͊ͦ͡Σ 
͒͊Ό΅͔͔ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍ͦ ͍͔ͪͣΎ ͙͔͔͙ͣͤͤ͘Ύ ͍͙͚ͯͫͦ͡ ͙ ͙ͫͭͯ͊ͼ͙͚ Ήͺͺ͔͙͍ͭͤͦ͟ 
͔ͪ΄͊ͭΈ ͊͒͊͘;͙ ͍͙͙ͦͫͨͭ͊ͤΎ ͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ώмлϐΦ 

˽ͦ ͔͙ͣͤͤΌ ˤΦ ̆ ͙͙͔ͣͤͼΣ ͙͍ͤͤͦ͊ͼ͙͔ͦͤͤͦ ͦ͋ͯ;͔͙͔ͤ ς Ήͭͦ 
͙͔͙͍ͫͦͪͤͭͪͦ͊ͤͤ͊Ύ ͤ͊ ͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͍ ͦͪͯ͗͊͟Ό΅͔ͣ ͙͔ͣͪ 
ͯ;͔͋ͤ͊Ύ ͙ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͦͭͦͪ͊͟Ύ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ 
͍͙͙͙ͪ͊ͭ͘ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͻ ͺͦͪͣ ͣ·΄͔͙ͤ͡ΎΣ ͍ͭͦͪ;͔͙ͫ͟ͻ ͔͚ͫͨͦͫͦ͋ͤͦͫͭΣ 
͍·͙ͫͦ͟ͻ ͫͦͼ͙͊͡Έͤͦ-͊͒͊ͨͭ͊ͼ͙ͦͤͤ·ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͙͡;͙ͤͦͫͭ ώмнϐΦ 

ˮ͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͣͭͦ͒· ͔͙͍ͨͪ͒ͯͫͣ͊ͭͪ͊Όͭ ͤ͊ͪͯ΄͔͙͔ͤ ͙ͫͭ͊ͭ;͔͎ͫͦͦ͟ 
͍͔ͫͦͪ΄͔͍ͤͫͭ͊ ͙͔ͫͫͭͣ· ͦ͋ͯ;͔͙ͤΎΣ ͍͍͔͔͙͔͒ͤ ͍ ͔͔ͤ ͍ͤͦ·ͻ ͙͍͍͊ͭ͊ͭͦͪͦ͟Σ ;ͭͦ 
͍·͍͔ͦͭ͘ ͤ͊ͪͯ΄͔͙͔ͤ ͚͙ͫͭͦͦͫͭ͟Σ ͙͍ͨͪ·;͙ͤͦͫͭΣ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤͤͦͫͭ͘ ͙ 
͙͙ͭͨ;͙ͤͦͫͭ ͙ͫͭͯ͊ͼ͙͚Φ ˽ͦΉͭͦͣͯ ͙͍ͤͤͦ͊ͼ͙͙ ͍ͫΎ͊ͤ͘· ͫ ͔͔͔ͦͨͪ͒ͤͤ͡·ͣ 
͙ͪͫͦͣ͟Σ ͔͎͙͍ͤͨͪͦͤͦͪͦ͊ͤͤͦͫͭ͘ΈΌ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͦ͋ͯ;͔͙ͤΎΣ ͔͙͙ͤͭͨ;ͤͦͫͭΈΌ 
͙ͫͭͯ͊ͼ͙͚Σ ;ͭͦ ͙ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͙ͻ ͍͔͔͙͔ͤ͒ͪͤ ͍ ͯ;͔͋ͤ·͚ ͨͪͦͼ͔ͫͫΦ  

͔̇͡ΈΌ ͫͭ͊ͭΈ͙ Ύ͍͡Ύ͔ͭͫΎ ͪ͊ͫͪ͟·͙͔ͭ ͫͯ΅͙ͤͦͫͭ ͙ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ 
͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ ͊͟͟ ͎ͦ͒ͤͦͦ ͙͘ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͦ͋ͯ;͔͙ͤΎ 
ͺ͙͙͔͘͟ ͍ ͍·ͫ΄͙ͻ ͯ;͔͋ͤ·ͻ ͍͔͔͙͊͒ͤ͘ΎͻΦ 

ˮ͔͙͔ͦ͗ͤ͘͡ ͍͎ͦͫͤͦͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Φ ˽ͦͤΎ͙͔ͭ ζ͔ͭͻ͎͙ͤͦͦ͡Ύη ͍͙ͦͤͦ͘͟͡ ͍ 
͙͍͚ͣͪͦͦ ͔͎͎͙͔ͨ͒͊ͦ͟ ͊͟͟ ͙͍͍͔͙͔ͨͪͦͭͦͨͦͫͭ͊ͤ͡ ͫͯ΅͔͍ͫͭͯΌ΅͔ͣͯ ͨͦͤΎ͙ͭΌ 
ζ͔ͣͭͦ͒ηΣ ͔ͤ͒ͦͫͭ͊ͭͦͣ͟ ͎ͦͭͦͪͦͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͔͎ͦ ͔͎͙ͤ͋ͦͫͭ͟Έ ͙ ͙͙ͫͭ͊ͭͫͭ;ͤͦͫͭΈΦ 
͙͔̊ͪͦͦ͟ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͔͙ͭͪͣͤ͊ ζ͔ͭͻ͎͙ͤͦͦ͡Ύ ͍ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘η 
͙ͨͪͦͦ͘΄ͦ͡ ͍ пл-ͻ ͎͎Φ ̆̆ ͍ Φ ͙ ͋·ͦ͡ ͍ͫΎ͊ͤͦ͘ ͫ ͙͔͔͙͔ͨͪͣͤͤͣ ͍ͤͦ·ͻ 
͙͍͙͊ͯ͒ͦͯ͊͘͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭ ͦ͋ͯ;͔͙ͤΎΦ ˹͔͎ͣͤͦͦ ͫͨͯͫͭΎΣ ͍ рл-ͻ ͎͎Φ ̆̆ ͍ΦΣ 
ͨͦΎ͍͙ͫ͡Ύ ͍ͤͦ·͚ ͍͙͒ ͦ͋ͯ;͔͙ͤΎΣ ͦͭͦͪ͟·͚ ͨͦͯ͡;͙͡ ͍͙͔ͤ͊͊ͤ͘ ͔͎ͨͪͦ͋ͣͤͦͦ͡2. 
˹͊ ͔͎ͫͦ͒ͤΎ΄͙͚ͤ ͔͒ͤΈ ͔͔ͨͪͦ͋ͣͤͦ͡ ͦ͋ͯ;͔͙͔ͤ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭͦ 
͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͔ͭͻ͎͙ͤͦͦ͡Ύ ͍͙͍ͪ͊͊͘Ό΅͔͎ͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ 
͍͔ͤ͊ͨͪ͊ͤͤ͊͡Ύ ͤ͊ ͙͍͔͊ͭͤͦ͟ ͨͦͯ͡;͔͙͔ͤ ͙͚ͤ͊ͤ͘Σ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍͔ͯͣͫͭͤͤ·ͻ 
͔͚ͫͨͦͫͦ͋ͤͦͫͭ ͙ ͙͔͍ͨͪͣͦ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͙͍͔ͨͪ͡;͔͙͔ͤ ͟ 
ͤ͊ͯ;ͤͦͣͯ ͙ͨͦͫͯ͟Σ ͍͙͙͔ͪ͊ͭ͘ ͍ͭͦͪ;͔͍ͫͭ͊Φ 

˽ͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͣ ͦ͋ͯ;͔͙͔ͤͣΣ ͼ͔͡Έ ͔͎ͨͪͦ͋ͣͤͦͦ͡ 
ͦ͋ͯ;͔͙ͤΎ ͔͔͋ͦ͡ ΄͙ͪͦ͊͟ΎΦ ˻ͤ͊ ͙ͫͦͫͭͦͭ ͍ ͍͔͙͙ͯͫͦͤ ͔ͤ ͭͦ͡Έͦ͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 
ͤ͊ͯ;͎ͤͦͦ ͙ͨͦͤ͊ͤ͘ΎΣ ͤͦ ͙ ͎ͫ͊ͣͦͦ ͨͪͦͼ͔ͫͫ͊ ͨͦͯ͡;͔͙ͤΎ Ή͙ͭͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΣ 
͍͟͡Ό;͔͊ͭ ͔΅͔ ͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔ͫͭͯ͒ͤͭ͊Σ 
͍͙͙͔ͪ͊ͭ͘ ͔͎ͦ ͍ͭͦͪ;͔͙ͫ͟ͻ ͔͚ͫͨͦͫͦ͋ͤͦͫͭΦ ˢ͟ͼ͔ͤͭ ͔͔͒͊ͭͫ͡Ύ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ 
ͣ·΄͔͙ͤ͡ΎΦ 

˽͙ͫͻ͎͙ͦͦ͡;͔͚ͫͦ͟ ͚ͤ͊ͯͦ͟ ͍͔ͯͫͭ͊ͤͦͤ͊͡ ͔͔͔ͦͨͪ͒ͤͤ͊͡Ύ 
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ Ή͍ͭ͊ͨͦ ͙͍͚ͨͪͦ͒ͯͭͤͦ͟ ͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 
;͔͍͔ͦ͊͟͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͚ͨͪͦ͋ͣͤͦ͡ ͙ͫͭͯ͊ͼ͙͙ ό͙ͪͫΦ 1). 

                                                           
2
 ʇʨʦʙʣʝʤʥʦʝ ʦʙʫʯʝʥʠʝ ï ʵʪʦ ʪʠʧ ʨʘʟʚʠʚʘʶʱʝʛʦ ʦʙʫʯʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʦʙʲʝʜʠʥʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʦʠʩʢʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʩ ʦʩʚʦʝʥʠʝʤ ʥʦʚʳʭ ʠʣʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʥʠʡ [9]. 
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˾͙ͫΦ м ˽͔͍͔ͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ Ή͍ͭ͊ͨͦ ͙͍͚ͨͪͦ͒ͯͭͤͦ͟ ͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ;͔͍͔ͦ͊͟͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͚ͨͪͦ͋ͣͤͦ͡ ͙ͫͭͯ͊ͼ͙͙ 
 
˿ͭͪͯͭͯͪ͊͟ ͔ͣͭͦ͒͊ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͙ͯ͘;͔͙ͤΎ ͔͙ͣ͊ͭͪ͊͊͡ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ 

͔ͫ͒ͯ͡Ό΅͙͔ Ήͭ͊ͨ·Υ  
ī ͙͔ͫͦ͒͊ͤ͘ ͔͚ͨͪͦ͋ͣͤͦ͡ ͙ͫͭͯ͊ͼ͙͙Τ  
ī ͺ͙͍ͦͪͣͯͪͦ͊͟͡ ͔ͨͪͦ͋ͣ͡·Τ  
ī ͍·͍͙͔͙͔͒͗ͤ ͎͙͔ͨͦͭ͘Τ  
ī ͍͔ͨͪͦͪ͊͟ ͍·͍͙͒ͤͯͭ·ͻ ͎͙͔ͨͦͭ͘Τ  
ī ͙͊ͤ͊͘͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͍͔͙ͨͪͦͪ͟ ͎͙͔ͨͦͭ͘Τ  
ī ͍·͍ͦ͒ ͙ ͦ͋ͦ͋΅͔͙͔ͤΤ ͍͍ͦͪ͊͘΅͔͙͔ͤ ͟  ͔͚ͨͪͦ͋ͣͤͦ͡ ͙ͫͭͯ͊ͼ͙͙ ώммϐΦ 
˿͚ͭͪͯͭͯͪͤͦ͟ ͔͙͙͒ͤͼ͔͚ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ Ύ͍͡Ύ͔ͭͫΎ ͔ͨͪͦ͋ͣͤ͊͡Ύ 

͙ͫͭͯ͊ͼ͙Ύ3Φ ˽͔ͪͦ͋ͣͤ͡·͔ ͙ͫͭͯ͊ͼ͙͙ ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭ ͨͦ ͔ͤͫͦ͟͡Έ͙ͣ͟ 
͙ͨͪͤ͊͊ͣ͘͟Υ 

ī ͨͦ ͙ͦ͋͊ͫͭ͡ ͤ͊ͯ;ͤ·ͻ ͙͚ͤ͊ͤ͘ ͙͙͡ ͯ;͔͚͋ͤͦ ͙͒ͫͼ͙͙͔ͨͤ͡ όͺ͙͙͔͘͟Σ 
͔͙͔ͣ͊ͭͣ͊ͭ͟ ͙ ͭΦͨΦύΤ 

ī ͨͦ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡ ͤ͊ ͙ͨͦͫ͟ ͍͎ͤͦͦͦ ό͍ͤͦ·ͻ ͙͚ͤ͊ͤ͘Σ ͍ͫͨͦͫͦ͋ͦ 
͔͚͍͙͒ͫͭΎΣ ͍·Ύ͍͔͙ͤ͡Ύ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙͔͔͙ͨͪͣͤͤΎ ͙͍͔ͫͭͤ͘·ͻ ͙͚ͤ͊ͤ͘ ͙ 
͍ͫͨͦͫͦ͋ͦ ͍ ͍ͤͦ·ͻ ͍͙ͯͫͦ͡ΎͻύΤ 

ī ͨͦ ͍ͯͪͦͤΌ ͔͙ͨͪͦ͋ͣͤͦͫͭ͡ όͫͯ΅͔͍͔ͫͭͤͤ·͔Σ ͔͔͚ͫͪ͒ͤ ͦͫͭͪͦͭ·Σ ͫ͊͋ͦ͡ 
͙͙͡ ͔ͤΎ͍ͤͦ ͍·͔ͪ͊͗ͤͤ·͔ ͙͍͔ͨͪͦͭͦͪ;͙ΎύΤ 

ī ͨͦ ͙ͭͨͯ ͙ ͻ͔͊ͪ͊ͭͪͯ͟ ͔͔ͫͦ͒ͪ͗͊ͭ͡Έ͚ͤͦ ͫͭͦͪͦͤ· ͙͍͔ͨͪͦͭͦͪ;͙͚ 
ό͙͔ͤ͊ͨͪͣͪΣ ͔ͣ͗͒ͯ ͙͔͗ͤͤͤ͘·͙ͣ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍͙ͫͭ͊ͣ ͙ ͤ͊ͯ;ͤ·͙ͣ ͙ͤ͊ͤ͘Ύ͙ͣΣ 
͔͙ͤͦ͗͒͊ͤͤ·ͣ ͺ͊ͭͦͣ͟ ͙ ͔͔͙͔ͤͯͣͤͣ ͔͎ͦ ͦ͋ΆΎ͙ͫͤͭΈ ͙ ͭΦͨΦύ [1]. 

˿͙͔ͦ͒͊ͤ͘ ͔ͨͪͦ͋ͣͤ͡·ͻ ͙ͫͭͯ͊ͼ͙͚ ͍ ͯ;͔͋ͤͦͣ ͨͪͦͼ͔͔ͫͫ ͔͔͔ͨͪͫ͒ͯͭ͡ 
͙͔͙͔͒ͦͫͭ͗ͤ ͔ͫ͒ͯ͡Ό΅͙ͻ ͙͙͒͒͊ͭ͟;͔͙ͫ͟ͻ ͼ͔͔͚͡Υ 

1) ͨ ͙͍͔ͪ͡;Έ ͍͙͙͔ͤͣ͊ͤ ͔ͫͭͯ͒ͤͭ͊ ͟ ͍ͦͨͪͦͫͯΣ ͊͒͊͘;͔Σ ͯ;͔͋ͤͦͣͯ 
͔͙ͣ͊ͭͪ͊ͯ͡Σ ͍͙ͦ͋ͯ͒ͭ͘Έ ͯ ͔͎ͤͦ ͍͔ͨͦͤ͊͊ͭ͘͡Έͤ·͚ ͙͔͔ͤͭͪͫ ͙ ͎͙͔͒ͪͯ ͙͍ͣͦͭ· 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΤ 

2) ͨ ͍͙ͦͫͭ͊ͭΈ ͔ͫͭͯ͒ͤͭ͊ ͔͔ͨͪ͒ ͚ͭ͊ͦ͟ ͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ ͔͚ͨͪͦ͋ͣͦ͡Σ 
ͦͭͦͪ͊͟Ύ ͋· ͙͍͙͙͍͊ͭͪͦ͊͊͘͟͡ ͔͎ͦ ͍͔ͯͣͫͭͤͤͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΤ 

3) ͨ ͦͣͦ;Έ ͔ͫͭͯ͒ͤͭͯ ͔͔͙ͦͨͪ͒ͭ͡Έ ͍ ͍͔ͨͦͤ͊͊ͭ͘͡Έͤͦͣ ͙͙͊͒͊ͤ͘ ͙͙͡ 
͍͔ͦͨͪͦͫ ͍ͦͫͤͦͤͯΌ ͔ͨͪͦ͋ͣͯ͡ ͙ ͔͙ͤ͊ͣͭͭΈ ͨ͊ͤ͡ ͙ͨͦͫ͊͟ ͔͚ͨͯͭ ͔͔ ͔ͪ΄͔͙ͤΎΤ 
͙ͨͦ͋ͯ͒ͭΈ ͔ͫͭͯ͒ͤͭ͊ ͟ ͙͍͚͊ͭͤͦ͟ ͙͍͚ͨͦͫͦͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΤ 

4) ͨ ͦͣͦ;Έ ͔ͫͭͯ͒ͤͭͯ ͔͔͙ͦͨͪ͒ͭ͡Έ ͎͙ͪ͊ͤͼ· ͙͔͔͙ͨͪͣͤͤΎ ͙͔͔ͨͪͦ͋ͪͭͤͤ·ͻ 
͔͔ͪ͊ͤ ͙͚ͤ͊ͤ͘ ͙ ͯ͊͊ͭ͘͟Έ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͙ͨͦͫ͊͟ ͙͔͔ͤ͊͋ͦ͡ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙ͨͯͭ 
͍·ͻͦ͒͊ ͙͘ ͚ͫͦ͗ͤͦ͡ ͙ͫͭͯ͊ͼ͙͙Φ 
                                                           
3
 ʇʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ ï ʵʪʦ ʦʩʦʟʥʘʥʠʝ ʩʫʙʲʝʢʪʦʤ ʟʘʪʨʫʜʥʝʥʠʷ, ʧʫʪʠ ʧʨʝʦʜʦʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʶʪ 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʜʝʡʩʪʚʠʡ. 

˽͔ͪͦ͋ͣͤ͊͡Ύ 

͙ͫͭͯ͊ͼ͙Ύ 

˽͔ͪͦ͋ͣ͊͡ ˽ͦ ͙ͫ͟ 

͍ͫͨͦͫͦ͋ͦ  

͔͔ ͔ͪ΄͔͙ͤΎ 

˾͔ ΄͔͙͔ͤ 

͔ͨͪͦ͋ͣ͡· 
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˾͔΄͔͙͔ͤ ͡Ό͚͋ͦ ͔ͨͪͦ͋ͣ͡· ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͔͔ ͍͙ͨͪ͊͡Έ͚ͤͦ ͙ ;͔͚ͭͦ͟ 
ͺ͙͍͙ͦͪͣͯͪͦ͟͡Σ ͍ ͨͪͦͼ͔͔ͫͫ ͚ͦͭͦͪͦ͟ ͔ͫͭͯ͒ͤͭ ͔ͯ͗ ͙͔ͨͦͤͣ͊ͭ ͍͔ͨͦͫͭ͊ͤͤͯ͡Ό 
͔͔ͨͪ͒ ͙ͤͣ ͊͒͊͘;ͯ ͙ ͔͔͔͚ͦͨͪ͒ͤͤͦ͡ ͔͚ͣͪͦ ͍͙͙͒ͭ ͨͯͭΈ ͔͔ ͔ͪ΄͔͙ͤΎΣ ͭΦ͔Φ 
͍ͫͦͫͭ͊͡Ύ͔ͭ ͨ͊ͤ͡ ͔ͪ΄͔͙ͤΎΣ ͨͦͭͦͣ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭ ͔͎ͦ ͙ ͦͼ͔͙͍͔ͤ͊ͭ ͔ͪͯ͘͡Έͭ͊ͭ· 
͍͔͚ͫͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 

˻͎͔ͪͦͣͤͦ ͔͙ͨͪͣͯ΅͔͍ͫͭͦ ͔ͪ΄͔͙ͤΎ Ŏ͔͙ͭͯ͒ͤͭ͊ͣ ͯ;͔͋ͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͨͦ 
͍͔͙ͫͪ͊ͤͤΌ ͫ ͨͪͦͫͭ·ͣ ͊ͯ͘;͙͍͙͔͊ͤͣ ͎͍͚ͦͭͦͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ 
ͭͦͣΣ ;ͭͦ ͙ͨͪ ͔ͪ΄͔͙͙ͤ ͔ͨͪͦ͋ͣ͡· ͔ͫͭͯ͒ͤͭ ͙͍͊ͭͤͦ͟ ͣ·͙ͫͭ͡Σ ;ͭͦ ͦ͊͘͟·͍͔͊ͭ 
͔͚͍͙͔ͫͦ͒ͫͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͔͙ͯͣͤΎ ͙͔͙͍ͦͪͤͭͪͦ͊ͭΈͫΎ ͍ ͡Ό͚͋ͦ ͙ͫͭͯ͊ͼ͙͙ ͙ 
ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͤ͊ͻ͙ͦ͒ͭΈ ͙ͨͯͭ ͔ͪ΄͔͙ͤΎ ͡Ό͚͋ͦ ͔ͨͪͦ͋ͣ͡·Φ 

˨͡Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ ͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͍͔͚ͯͣͫͭͤͤͦ 
͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͔ͫͭͯ͒ͤͭ͊ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͍͍ͦͨͪͦͫͦ 
ͤ͊ ͍͔ͦͫͤͦ ͙ͨͪͤͼ͙ͨ͊ ͔͙ͨͪͦ͋ͣͤͦͫͭ͡ ͤ͊ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͙ ͔ͨͪͦ͋ͣͤ͡·͔Φ  

ˤͦͨͪͦͫ·Σ ͍͔͊͒͊͊ͣ͘·͔ ͫ ͼ͔͡ΈΌ ͨͦͯ͡;͔͙ͤΎ ͍͔͍ͦͭͭͦΣ ͔ͫͦ͒ͪ͗͊΅͙ͻ 
͙͍͔ͫͭͤ͘·͔ ͙ͤ͊ͤ͘ΎΣ Ύ͍͡ΎΌͭͫΎ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͙ͣΦ ͙͔́͊͟ ͍ͦͨͪͦͫ· ͔ͤ 
͍ͦ͋ͯ͗͒͊͘Όͭ ͙͍͊ͭͤͯ͟Ό ͣ·͙͔ͫͭ͡͡ΈͤͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͔͍ͫͭͯ͒ͤͭͦΣ ͨ͊ͣΎͭΈ ͔͋͘ 
ͤ͊ͨͪΎ͔͙͗ͤΎ ͯͣ͊ ͔ͪ͊͋ͦͭ͊ͭ ͍ ͙ͨͦͫ͊͟ͻ ͔ͯ͗ ͙͔ͣΌ΅͔͚ͫΎ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ˤͦͨͪͦͫΣ 
ͤ͊ ͦͭͦͪ͟·͚ ͔ͫͭͯ͒ͤͭ ͙΅͔ͭ ͎͍ͦͭͦ·͚ ͍͔ͦͭͭΣ ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͔ͨͪͦ͋ͣͤ͡·ͣΦ  

˽͔ͪͦ͋ͣͤ͡·͙ͣ Ύ͍͡ΎΌͭͫΎ ͔ͭ ͍ͦͨͪͦͫ·Σ ͦͭͦͪ͟·͔ ͍·͘·͍͊Όͭ 
͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͔͙͊ͭͪͯ͒ͤͤ͘Ύ ͯ ͔͍ͫͭͯ͒ͤͭͦΣ ͨͦͫͦ͟͡Έͯ͟ ͍͔͍ͦͭͭͦ ͤ͊ ͙ͤͻ ͔ͤͭ 
͙ͤ ͍ ͙ͻ ͙͔ͣΌ΅͙ͻͫΎ ͙ͤ͊ͤ͘ΎͻΣ ͙ͤ ͍ ͔͔͔͚ͨͪͨͦ͒ͤͫͤͤͦ ͔͍͔͔ͨͪͨͦ͒͊͊ͭͣ͡ 
͙ͤͺͦͪͣ͊ͼ͙͙Φ ˽͔ͪͦ͋ͣͤ͡·͔ ͍ͦͨͪͦͫ· ͍͟͡Ό;͊Όͭ ͍ ͔ͫ͋Ύ ͔΅͔ ͔ͤ ͪ͊ͫͪ͟·ͭͯΌ 
͔ͨͪͦ͋ͣͯ͡Σ ͔͔ͤͦͭͦͪͦ͟ ͔͙͍͔͔ͤͫͭͤͦ͘Σ ͍͔ͤͦͦ ͙͔ͤ͊ͤ͘Σ ͒͡Ύ ͨͦͯ͡;͔͙ͤΎ ͎ͦͭͦͪͦͦ͟ 
͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͦͫͯ΅͔͍͙ͫͭͭΈ ͔͔͔ͦͨͪ͒ͤͤ͡·͔ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͔͚͍͙͒ͫͭΎΣ 
͔͔͔ͦͨͪ͒ͤͤ͡·͚ ͣ·͙͔ͫͭ͡͡Έͤ·͚ ͨͪͦͼ͔ͫͫΦ ˤͦͨͪͦͫ ͫ;͙͔ͭ͊ͭͫΎ ͔ͨͪͦ͋ͣͤ͡·ͣ 
ό͒͡Ύ ͎͒͊ͤͤͦͦ ͔ͫͭͯ͒ͤͭ͊ύΣ ͔͙ͫ͡ ͦͤ ͙͔͔ͣͭ ͎͙ͦ͡;͔ͫͯ͟Ό ͍ͫΎ͘Έ ͊͟͟ ͫ ͔͔ͪ͊ͤ 
͍͔ͯͫͦͤͤ·͙ͣ ͨͦͤΎ͙ͭΎ͙ͣΣ ͭ͊͟ ͙ ͫ ͔͙ͭͣΣ ͦͭͦͪ͟·͔ ͔΅͔ ͔ͨͦ͒͗͊ͭ͡ ͍͔͙ͯͫͦͤΌ ͍ 
͔͔͔͚ͦͨͪ͒ͤͤͦ͡ ͯ;͔͚͋ͤͦ ͙ͫͭͯ͊ͼ͙͙Φ 

ˤ͙͒· ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ ͼ͔͔͔͔ͫͦͦ͋ͪ͊ͤ͘͡ ͍͔͎ͫͦ ͙ͪ͊͘͡;͊ͭΈ ͨͦ 
͔ͦͫͦ͋ͤͤͦͫͭΎͣ ͍ͭͦͪ;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊ ͍ ͪ͊ͤ͘·ͻ ͫͺ͔ͪ͊ͻ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˹͊ 
Ήͭͦͣ ͍͙͙ͦͫͤͦ͊ͤ ͍·͔͒͡ΎΌͭ ͙ͭͪ ͍͙͒͊ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ όͭ͊͋͡Φ мύΦ 

ˤ͔ͫ ͍͙͒· ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎ ͙ͤ͊͡;͙͔ͣ 
͔͙͍͚ͪͨͪͦ͒ͯͭͤͦ͟Σ ͙͍͚ͨͪͦ͒ͯͭͤͦ͟ ͙ ͍ͭͦͪ;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔ͫͭͯ͒ͤͭ͊Σ 
͙ͤ͊͡;͙͔ͣ ͙ͨͦͫ͊͟ ͙ ͔ͪ΄͔͙ͤΎ ͔ͨͪͦ͋ͣ͡·Φ ˻͙ͤ ͎ͣͦͯͭ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈͫΎ ͙ͨͪ 
ͪ͊ͤ͘·ͻ ͺͦͪͣ͊ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊Φ ˻͒ͤ͊ͦ͟ ͔͍ͨͪ·͚ 
͍͙͒ ;͊΅͔ ͍͔͎ͫͦ ͍͔ͫͭͪ;͔͊ͭͫΎ ͤ͊ ͔͟͡ͼ͙ΎͻΣ ͎͔͒ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͔ͤͦΣ 
͎ͪͯͨͨ ͍͔ͦͦ ͙ ͺͪͦͤͭ͊͡Έ͔ͤͦ ͔ͪ΄͔͙ͤΎ ͔ͨͪͦ͋ͣ͡Φ ˤ͚ͭͦͪͦ ς ͤ͊ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙ 
͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ ͊ͤ͘Ύ͙ͭΎͻΦ ͔͙͚́ͪͭ ͍͙͒ ͔ͣͦ͗ͭ ͍͔ͫͭͪ;͊ͭΈͫΎ ͊͟͟ ͤ͊ ͔͟͡ͼ͙ΎͻΣ ͭ͊͟ ͙ 
ͤ͊ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ ͊ͤ͘Ύ͙ͭΎͻΦ ˽͔ͪͦ͋ͣͤ͡·͚ ͙ͭͨ ͦ͋ͯ;͔͙ͤΎ ͔ͤ ͔ͪ΄͔͊ͭ ͍͔ͫͻ 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͙ ͍͙͔ͦͫͨͭ͊ͭ͡Έͤ·ͻ ͊͒͊͘;Σ ͨͦΉͭͦͣͯ ͦͤ ͔ͤ ͔ͣͦ͗ͭ ͔͙͊ͣͤͭ͘Έ 
͚ͫͦ͋ͦ ͍͔͚ͫ ͙͔ͫͫͭͣ· ͦ͋ͯ;͔͙ͤΎΣ ͍͟͡Ό;͊Ό΅͔͚ ͪ͊ͤ͘·͔ ͙ͭͨ·Σ ͫͨͦͫͦ͋· 
͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͯ;͔͋ͤͦ-͍͙͔ͦͫͨͭ͊ͭ͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ 
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͙́͊͋͡ͼ͊ м 
ˤ͙͒· ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ 

ˤ͙͒ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ ͔͙͙̆͊ͪ͊ͭͪͫͭ͊͟͟ 

ζ˹͊ͯ;͔ͤͦη ͍ͭͦͪ;͔͍ͫͭͦ ͔͔͙́ͦͪͭ;͔͔ͫͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Σ ͭΦ͔Φ ͙ͨͦͫ͟ ͙ ͦͭͪ͟·͙͔ͭ 
͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͎ͤͦͦͦ ͍͙ͨͪ͊͊͡Σ ͊ͦͤ͊͘͟Σ ͔͔ͭͦͪͣ· ͙ ͭΦ͒ΦΤ  
͍ ͍͔ͦͫͤͦ ς ͍ͨͦͫͭ͊ͤͦ͊͟ ͙ ͔ͪ΄͔͙͔ͤ ͔͔͙ͭͦͪͭ;͔͙ͫ͟ͻ 
ͯ;͔͋ͤ·ͻ ͔ͨͪͦ͋ͣ͡ 

˽͙ͪ͊ͭ͟;͔͔ͫͦ͟ ͍ͭͦͪ;͔͍ͫͭͦ ˽͙ͦͫ͟ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͔ͪ΄͔͙ͤΎΣ ͭΦ͔Φ ͙ͨͦͫ͟ ͫͨͦͫͦ͋͊ 
͙͔͔͙ͨͪͣͤͤΎ ͙͍͔͎ͫͭͤͦͦ͘ ͙ͤ͊ͤ͘Ύ ͍ ͍͚ͤͦͦ ͙ͫͭͯ͊ͼ͙͙Σ 
͙͍͙͔ͦͤͫͭͪͯͪͦ͊ͤ͟Σ ͙͔͔͙͔ͦ͋ͪͭͤ͘Τ  
͍ ͍͔ͦͫͤͦ ς ͍ͨͦͫͭ͊ͤͦ͊͟ ͙ ͔ͪ΄͔͙͔ͤ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ 
ͯ;͔͋ͤ·ͻ ͔ͨͪͦ͋ͣ͡ 

͔͍͔͔̆ͯ͒ͦ͗ͫͭͤͤͦ ͍ͭͦͪ;͔͍ͫͭͦ ͔͍͔͔̆ͯ͒ͦ͗ͫͭͤͤͦ ͔͙͔ͦͭͦ͋ͪ͊͗ͤ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ 
ό͙͔ͭͪ͊ͭͯͪͤ͡·͔ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΣ ͙͍͙͔ͪͫͦ͊ͤΣ ͙͙͔ͤ͊ͨͫ͊ͤ 
ͣͯ͘·͊͟͡Έ͎ͤͦͦ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΣ ͙͎ͪ͊ ͙ ͭΦͨΦύ ͤ͊ ͍͔ͦͫͤͦ 
͍ͭͦͪ;͔͎ͫͦͦ͟ ͍͔͙ͦͦ͋ͪ͊͗ͤΎ 

 
ˢ͙͙ͤ͊ͪͯ͘͡Ύ ͔͔ͨͪͦ͋ͣͤͦ͡ ͦ͋ͯ;͔͙͔ͤΣ ͣͦ͗ͤͦ ͔ͫ͒͊ͭ͡Έ ͍·͍ͦ͒Σ ;ͭͦ 

͒͊ͤͤ͊Ύ ͔ͭͻ͎͙ͤͦͦ͡Ύ ͦ͋ͯ;͔͙ͤΎ ͒ͦͫͭͯͨͤ͊Ύ ͍͔ͫͣΣ ͭͦ͟ ͯ;͙ͭͫΎΣ ͨͦͫͦ͟͡Έͯ͟ 
͔͔ͨͦ͊͊ͭͣ͘͟͡ ͔͙ͨͪͦ͋ͣͤͦͫͭ͡ ͊ͤ͘Ύ͙ͭΎ Ύ͍͡Ύ͔ͭͫΎ ͙ͤ͊͡;͙͔ ͍ ͔͎ͦ ͔ͫͭͪͯͭͯͪ͟ 
Ή͍ͭ͊ͨͦ ͙͍͚ͨͦͫͦͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 

˽͔͔ͪͦ͋ͣͤͦ͡ ͦ͋ͯ;͔͙͔ͤ ͙͔͔ͣͭ ͪΎ͒ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ 
͙ͭͪ͊͒ͼ͙ͦͤͤ·ͣ ͦ͋ͯ;͔͙͔ͤͣ: 

1) ͔ͫͨͼ͙ͺ͙;͔ͫ͊͟Ύ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͔ͫͭͯ͒ͤͭ͊ ͨͦ 
ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦͣͯ ͍͔͙ͯͫͦͤΌ ͍ͤͦ·ͻ ͨͦͤΎ͙͚ͭ ͔ͨͯͭͣ ͔ͪ΄͔͙ͤΎ ͯ;͔͋ͤ·ͻ 
͔ͨͪͦ͋ͣ͡Σ ;ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔ͦͫͦͤ͊ͤͤͦ͘Σ ͎͔ͯ͋ͦͦ͟͡ ͙ ͔͔ͪͨͦ͟͟ ͍͔͙͔ͯͫͦͤ ͙͚ͤ͊ͤ͘ 
͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͎͙ͦͦ͟͡-͔͔͙ͭͦͪͭ;͔͎ͫͦͦ͟ ͙ ͙͙͙͍͎ͤͭͯͭͤͦͦ ͣ·΄͔͙ͤ͡ΎΤ 

2) ͨ ͔͔ͪͦ͋ͣͤͦ͡ ͦ͋ͯ;͔͙͔ͤ ς ͙͔͔ͤ͊͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·͚ ͫͨͦͫͦ͋ 
ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͍͔͙ͣͪͦͦͪͤ͘͘ΎΣ ͨͦͫͦ͟͡Έͯ͟ ͍ ͨͪͦͼ͔͔ͫͫ ͔͎ͨͪͦ͋ͣͤͦͦ͡ 
ͦ͋ͯ;͔͙ͤΎ ͺ͙ͦͪͣͪͯΌͭͫΎ ;͔ͪͭ· ͙͙ͪͭ͟;͔͎ͫͦͦ͟Σ ͍ͭͦͪ;͔͎ͫͦͦ͟ ͙ 
͙͔͙͒͊ͭ͟͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΤ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͔ͤͦ ͔ͪ΄͔͙͔ͤ ͔ͨͪͦ͋ͣ͡ Ύ͍͡Ύ͔ͭͫΎ 
͍ͦͫͤͦͤ·ͣ ͍͙͔ͯͫͦͣ͡ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙͚ͤ͊ͤ͘ ͍ ͔͔͙ͯ͋͗͒ͤΎΤ 

3) ͍ͫΎ͘Έ ͫ ͙͗ͤ͘ΈΌ ͔ͨͪͦ͋ͣͤ͡·ͻ ͙ͫͭͯ͊ͼ͙͚Σ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͔ͦͫͦ͋ͤͤͦ 
Ήͺͺ͔͙͍ͭͤ͟·ͣ ͒͡Ύ ͍͙͍͊ͣͦͫ͘Ύ͙͘ ͔͔͙ͭͦͪͭ;͔͎ͫͦͦ͟ ͙ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͔͙ͣ͊ͭͪ͊͊͡Τ 

4) ͫ ͙͔͙ͫͭͣ͊ͭ;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͔͍͔͔ͨͪͨͦ͒͊͊ͭͣ͡ ͙͔͔ͤ͊͋ͦ͡ 
Ήͺͺ͔͙͍ͭͤ͟·ͻ ͙ͦͣ͋ͤ͊͟ͼ͙͚ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͻ ͙͍ͭͨͦ ͙ ͍͙͍͒ͦ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤ·ͻ 
ͪ͊͋ͦͭΣ ͍ͦ ͍͔ͪͣΎ ͍·͔͙ͨͦͤͤ͡Ύ ͦͭͦͪ͟·ͻ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͙͊ͭͯ͊͊͘͟͡ͼ͙Ύ ͊͟͟ 
͔͔ͨͪ͗͒ ͙͔͔ͨͪͦ͋ͪͭͤͤ·ͻΣ ͭ͊͟ ͙ ͍͔͙͔ͯͫͦͤ ͍ͤͦ·ͻ ͙͚ͤ͊ͤ͘ ͙ ͍ͫͨͦͫͦ͋ͦ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΤ 

5) ͟ ͊͗͒·͚ ͔ͫͭͯ͒ͤͭ ͍͙͙͔ͦͫͨͪͤͣ͊ͭ ͔ͨͪͦ͋ͣͯ͡ ͨͦ-ͪ͊ͤͦͣͯ͘Σ ;ͭͦ 
͙͍͙ͨͪͦ͒ͭ ͟ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͣ ͎͙͔ͨͦͭ͊ͣ͘ ͙ ͤ͊ͻ͔͙ͦ͗͒ͤΌ ͪ͊ͤ͘·ͻ ͔͚ͨͯͭ 
͔ͪ΄͔͙ͤΎ ͔ͨͪͦ͋ͣ͡·Τ 

6) ͍·ͫͦ͊͟Ύ Ήͣͦͼ͙ͦͤ͊͡Έͤ͊Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͔͍ͫͭͯ͒ͤͭͦΣ ͍͔ͦ͋ͯͫͦͤͤ͊͡͡Ύ ͔ͭͣΣ 
;ͭͦ ͙ͻ ͙͍͊ͭͤ͊͟Ύ ͍͔ͯͣͫͭͤͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͔ͤͪ͊ͪ͘·͍ͤͦ ͍ͫΎ͊ͤ͊͘ ͫ ;͍͍͔ͯͫͭͤͤͦ-
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Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͫͺ͔͚ͪͦ ͙ͨͫͻ͙;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˤͫΎ͊͟Ύ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤ͊Ύ 
͍͔ͯͣͫͭͤͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͙͍͎ͨͦͫͦͦͦ͟ ͻ͔͊ͪ͊ͭͪ͊͟Σ ͍ͫΎ͊ͤͤ͊͘Ύ ͫ ͙͙ͤ͒-
͍͙͒ͯ͊͡Έͤ·ͣ ζ͙ͨͪͤΎ͙͔ͭͣη ͯ;͔͚͋ͤͦ ͔ͨͪͦ͋ͣ͡·Σ ͍·͘·͍͔͊ͭ ͙͡;͔ͤͦ ͔͔ͨͪ-
͙͍͙͔͗͊ͤ ͔ͫͭͯ͒ͤͭ͊Σ ͔͎ͦ Ήͣͦͼ͙ͦͤ͊͡ΈͤͯΌ ͙͍͊ͭͤͦͫͭ͟ΈΦ ˤ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ Ήͣͦ-
ͼ͙ͦͤ͊͡Έͤ͊Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͔ͨͦ͋ͯ͗͒͊ͭ ͟ ͙͍͚͊ͭͤͦ͟ ͍͔͚ͯͣͫͭͤͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ώ6]. 

ˤ ͼ͔ͦͣ͡ ͣͦ͗ͤͦ ͎͍͙ͦͦͪͭΈ ͦ ΄͔͙ͫͭ ͙͙͒͒͊ͭ͟;͔͙ͫ͟ͻ ͫͨͦͫͦ͋͊ͻ 
͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͨͪͦͼ͔ͫͫ͊ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ όͭͦ ͔ͫͭΈ ͦ͋΅͙ͻ ͔ͣͭͦ͒͊ͻύΣ 
͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͙ͻ ͚ͫͦ͋ͦ ͙ͭͪ ͍͙͒͊ ͙͔͙ͦ͗ͤ͘͡Ύ ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡ 
͔͍͔͔ͨͪͨͦ͒͊͊ͭͣ͡ ͙ ͙ͭͪ ͍͙͒͊ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙ͣ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͚ͤͦ ͯ;͔͚͋ͤͦ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͍ͫͭͯ͒ͤͭͦ όͭ͊͋͡Φ нύΦ 

͙́͊͋͡ͼ͊ н 
˿ͨͦͫͦ͋ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 
ͨͪͦͼ͔ͫͫ͊ ͦ͋ͯ;͔͙ͤΎ 

͔͙͙̆͊ͪ͊ͭͪͫͭ͊͟͟ 

˸͎͙ͦͤͦͦ͡;͔͙͚ͫ͟ ˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͫ͊ͣ ͦ͋ΆΎͫͤΎ͔ͭ ͫͯ΅ͤͦͫͭΈ ͍ͤͦ·ͻ ͨͦͤΎ͙͚ͭ ͙ 
ͺ͍͊ͭͦ͟Σ ͔͒͊ͭ ͔ͫͭͯ͒ͤͭ͊ͣ ͎͍ͦͭͦ·͔ ͍·͍ͦ͒· ͙ͤ͊ͯ͟Σ ͤͦ Ήͭͦ 
͔͔͒͊ͭͫ͡Ύ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͚ͨͪͦ͋ͣͤͦ͡ ͙ͫͭͯ͊ͼ͙͙  

˸͔ͭͦ͒ ͪ͊ͫͫͯ͗͒͊Ό΅͔͎ͦ 
͙͔͙ͦ͗ͤ͘͡Ύ  

˽͔͍ͪ·͚ ͍͙͊ͪ͊ͤͭ ς ͍ͫͦ͒͊͘ ͔ͨͪͦ͋ͣͤͯ͡Ό ͙ͫͭͯ͊ͼ͙ΌΣ 
͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͺ͙͊ͭ͟;͔͙͚ͫ͟ ͔͙ͣ͊ͭͪ͊͡Σ ͔͔͒͊ͭ͡ 
͍·͍ͦ͒· ͙ ͦ͋ͦ͋΅͔͙ͤΎΤ 
͍͚ͭͦͪͦ ͍͙͊ͪ͊ͤͭ ς ͙͎͊͊͘͡Ύ ͔ͭͣͯΣ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͨ·͔ͭ͊ͭͫΎ 
͔͍ͫ͒ͦ͊ͭ͡Έ ͔ͨͯͭͣ ͙ͨͦͫ͊͟ ͙ ͦͭͪ͟·͙ͭΎ ͯ;͔͎ͤͦͦΣ ͭͦ ͔ͫͭΈ ͦͤ ͊͟͟ 
͋· ͔ͫͦ͒͊ͭ͘ ͙͍͔ͫͯͫͫͭͤͤͯ͟Ό ͎͙ͦͯ͟͡ ͤ͊ͯ;͎ͤͦͦ ͙ͨͦͫ͊͟ ͔ͨͯͭͣ 
͔͙ͨͦͫͭͪͦͤΎ ͔͙͚ͫͯ͗͒ͤ ͙ ͯͣͦ͊͘͟͡Ό;͔͙͚ͤ ͤ͊ ͍͔ͦͫͤͦ ͎͙͙ͦ͟͡ 
͍͔ͨͦͤ͊͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊  

˨͙͎͙͊ͦ͡;͔͙͚ͫ͟ ˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͍ ͚ͫͦ͒͊ͤͤͦ͘ ͙ͣ ͔͚ͨͪͦ͋ͣͤͦ͡ ͙ͫͭͯ͊ͼ͙͙ ͫ͊ͣ 
͍͙ͫͭ͊ͭ ͔ͨͪͦ͋ͣͯ͡ ͙ ͔ͪ΄͔͊ͭ ͔͔Σ ͤͦ ͫ ͨͦͣͦ΅ΈΌ ͔͍ͫͭͯ͒ͤͭͦΣ ͭͦ 
͔ͫͭΈ ͙ͦͤ ͙͍͊ͭͤͦ͟ ͯ;͍͊ͫͭͯΌͭ ͍ ͍͔ͨͦͫͭ͊ͤͦ͟ ͔ͨͪͦ͋ͣ͡·Σ 
͍·͍͙͔͙͙͒͗ͤ ͔͔͙͚ͨͪ͒ͨͦͦ͗ͤ͡ ͙ ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭ ͎͙͔ͨͦͭ͘ 

͍͙͙̏ͪͫͭ;͔͙͚ͫ͟ ˻ͭͪ͟·͙͔ͭ ͍͎ͤͦͦͦ ͊ͦͤ͊͘͟Σ ͍͙ͨͪ͊͊͡ ͙ ͭΦ͒Φ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͔ͤ 
͔͍͔͔ͨͪͨͦ͒͊͊ͭͣ͡ ͙ͨͪ ͯ;͙͙͊ͫͭ ͔͍ͫͭͯ͒ͤͭͦΣ ͊ ͙͙ͫ͊ͣͣ 
͔͙ͫͭͯ͒ͤͭ͊ͣ ͨͦ͒ ͍͍ͪͯͦͦ͒ͫͭͦͣ͟ ͙ ͫ ͨͦͣͦ΅ΈΌ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ 

ˮ͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͚ͫ͟ ˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͍͙ͫͭ͊ͭ ͔͔ͨͪ͒ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔͔͙ͭͦͪͭ;͔͙͔ͫ͟ ͙ 
͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͔ͫ͟ ͊͒͊͘;͙Σ ͦͭͦͪ͟·͔ ͙͔ͣΌͭ 
͍·͙͚ͫͦ͟ ͍͔ͯͪͦͤΈ ͔͙ͨͪͦ͋ͣͤͦͫͭ͡Τ ͔ͫͭͯ͒ͤͭ ͔͔͒͊ͭ͡ ͎͙ͦ͡;͔͙͔ͫ͟ 
͔ͦͨͪ͊ͼ͙͙ ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦΣ ͪ͊ͫͪ͟·͍͊Ύ ͫͯ΅ͤͦͫͭΈ ͍͎ͤͦͦͦ 
ͨͦͤΎ͙ͭΎ ͙ ͍͎ͤͦͦͦ ͫͨͦͫͦ͋͊ ͔͚͍͙͒ͫͭΎ 

˸͔ͭͦ͒ 
͎͙͔ͨͪͦͪ͊ͣͣͪͯͣ·ͻ ͊͒͊͘; 

˿͔ͭͯ͒ͤͭ· ͫ ͨͦͣͦ΅ΈΌ ͎͍͔ͨͦ͒ͦͭͦͤͤ͡·ͻ ͙͙͒͒͊ͭ͟;͔͙ͫ͟ͻ 
͔͍ͫͪ͒ͫͭ ͎ͣͦͯͭ ͙͔ͨͪͦ͋ͪͭ͊ͭΈ ͍ͤͦ·͔ ͙ͤ͊ͤ͘Ύ ͙ ͍ͤͦ·͔ ͔͙ͯͣͤΎ 

 

˿͔͙͔ͦ͒ͪ͗͊ͤ ͯͪͫ͊͟ ͺ͙͙͙͘͟Σ ͭΦ͔Φ ͤ͊ͯ;ͤ·͔ ͺ͊ͭ͟·Σ ͨͦͤΎ͙ͭΎΣ ͊ͦͤ͘͟·Σ 
͔͙͙ͭͦͪ ͙͔ͦ͗ͤ͘͡· ͍ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭΣ ͦͭͦͪ͊͟Ύ ͦ͊͘͟·͍͔͊ͭ ͔͚͍͙͔ͫͦ͒ͫͭ 
͔ͨͪͦ͋ͣͤͦͣͯ͡ ͦ͋ͯ;͔͙ͤΌΦ ˮͤ·͙ͣ ͍͙ͫͦ͊ͣ͡Σ ͫ͊ͣ ͯͪͫ͟ ͺ͙͙͙͘͟ ͙͔͔ͣͭ ͯ;͔͋ͤ·͔ 
͔ͨͪͦ͋ͣ͡·Σ ͦͭͦͪ͟·͔ ͍ ͔͔ͭͫͭ͟ ͙͔ͣΌͭ ͍͙͒ ͔ͨͪͦ͋ͣͤ͡·ͻ ͙͚͊͒͊ͤ͘Σ ͊͒͊͘; ͙ 
͍͍ͦͨͪͦͫͦΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͨͪͦ͋ͣͤ͡·ͻ ͊͒͊͘; ͍ ͨͪͦͼ͔͔ͫͫ ͦ͋ͯ;͔͙ͤΎ 
ͫͯ΅͔͍͔ͫͭͤͤͦ ͍ͨͦ·΄͔͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͍͙ͨͪͨͦ͒͊͊ͤΎΣ ͎ͤ͊͡Ύ͒ͤͦ 
͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͙͡;ͤͦͫͭͤͦ-͙͔͙͍͎ͦͪͤͭͪͦ͊ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎΣ 
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͍ͨͦ·΄͔͊ͭ ͙͔͔ͤͭͪͫ ͔͍ͫͭͯ͒ͤͭͦ ͟ ͺ͙͙͔͘͟Σ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍͔ͨͪ͡;Έ ͟ ͙͍͚͊ͭͤͦ͟ 
ͺͦ ͔ͪͣ ͪ͊͋ͦͭ· ͤ͊ ͊ͤ͘Ύ͙͙ͭ ͊͟͟ ͙ͫ͡Έͤ·ͻ ͔͍ͫͭͯ͒ͤͭͦΣ ͭ͊͟ ͙ ͔ͭͻΣ ͦͣͯ͟ ͍͔͙͔ͦͫͦͤ 
͔͔ͨͪ͒ͣͭ͊ ͔͒͊ͭͫΎ ͔͔ͭͪͯ͒ͤΦ 

˿͔ͭͯ͒ͤͭ͊ͣ ͣͦ͗ͤͦ ͔͎ͨͪ͒͊͊ͭ͡Έ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙͗ͤ͘ΈΌ ͔ͨͪͦ͋ͣͤ͡·͔ ͙ͫͭͯ͊-
ͼ͙͙Σ ͔ͪ΄͔͙͔ͤ ͦͭͦͪ͟·ͻ ͔͔ͭͪ͋ͯͭ ͙͚ͤ͊ͤ͘ ͺ͙͙͘;͔͙ͫ͟ͻ ͙ͨͪͤͼ͙͍ͨͦ ͙ ͍͊ͦͤͦ͘͟Φ ˿ͭͯ-
͔͒ͤͭ· ͎ͣͦͯͭ ͍·͍͙͎͒͊ͭΈ ͍͙ͫͦ ͒ͦͨͯ΅͔͙ͤΎ ͙ ͙ͨͯͭ ͔ͪ΄͔͙ͤΎ ͚͒͊ͤͤͦ ͔ͨͪͦ͋ͣ͡·Φ ˤ 
͊͟;͔͍͔ͫͭ ͙͔ͨͪͣͪ͊ ͣͦ͗ͤͦ ͙͍͔͙ͨͪͫͭ ͔ͫ͒ͯ͡Ό΅͙͔ ͙ͫͭͯ͊ͼ͙͙ ώнΤ рΤ уϐΥ 

1. ˽͙ͪ ͍͔ͦͫ΅͔͙͙ͤ ͼ͔ͻ͍ͦ ͡Ό͙͔ͣͤͫͼ͔ͤͭͤ·͙ͣ ͙͊ͣͨ͊ͣ͡ ͣͦ͗ͤͦ 
͍͔͙ͫͭͪͭͭΈͫΎ ͫ ͙ͭ͊ͣ͟ Ύ͍͔͙͔ͤͣ͡Υ ͯ ͪ͊͋ͦ;͔͎ͦΣ ͤ͊͋͡Ό͒͊Ό΅͔͎ͦ ͊͘ ͦ͋ͪ͊΅͔͙͔ͤͣ 
͔͙͒ͭ͊͡Σ ͍͎͒ͪͯ ͤ͊;͙͔ͤ͊ͭ ζ͔ͣͪͼ͊ͭΈη ͍ ͎͊͊͘͡ͻ ό͡Ό͙͔ͣͤͫͼ͔ͤͭͤ·͔ ͊ͣͨ͡· 
͒͊Όͭ ͔ͤ ͔͔ͤͨͪͪ·͍͔ͤͦΣ ͊ ͙ͣͨͯ͡Έ͔ͫͤͦ ͙ͯ͘͡;͔͙͔ͤ όмлл ͍ͫͨ·΄͔͟ ͊͘ ͔ͫͯͤ͒ͯ͟ύΣ 
ͨͦΉͭͦͣͯ ͔͒ͭ͊͡Έ ͙ͨͪ ͍ͪ͊΅͔͙͙ͤ ͍͔ͦͫ΅͔ͤ͊ ͭͦ ͍ ͦ͒ͤͦͣΣ ͭͦ ͍ ͎͒ͪͯͦͣ 
͔͙͙ͨͦͦ͗ͤ͡Φ ˩͙ͫ͡ ͔͗ ͙ͦ͟͡;͔͍ͫͭͦ ͍ͦ͋ͦͪͦͭͦ ͔͙͒ͭ͊͡ ͔͋ͯ͒ͭ ͍ͪ͊ͤ·ͣ млл ͊͘ 
͔ͫͯͤ͒ͯ͟Σ ͭͦ ͦͤ͊ ͔͋ͯ͒ͭ ͊͊ͭ͘͟ΈͫΎ ͔͍͙͚ͤͨͦ͒͗ͤͦΣ ;ͭͦΣ ͔͔͍͔ͫͭͫͭͤͤͦΣ 
͔ͣͦ͗ͭ ͙ͨͦͫͯ͗ͭ͡Έ ͙ͨͪ;͙͚ͤͦ ͔ͤͫ;͎͊ͫͭͤͦͦ ͫͯ͡;͊Ύ). 

2. ˤ ͙͔ͫͭͪͦͭ͡Έ͚ͤͦ ͙͔ͨͪ͊ͭ͟͟ ͎ͣͦͯͭ ͍͔͙ͫͭͪͭͭΈͫΎ ͙͔ͭ͊͟ ͊͒͊͘;͙Υ ͚͙ͤ͊ͭ 
ͫͨͦͫͦ͋ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͙ͨͦͫͦͫͭ͟͡ ͙͒ͦͫ͟ ό͔͔͔͚͗ͦ͋ͭͦͤͤͦ͘͡ ͙͙͡ ͎͚͒ͪͯͦ ͙ͨͭ͡·ύ ͍ 
͎͙ͦͪͦͤͭ͊͘͡Έ͔ͤͦ ͔͙͔ͨͦͦ͗ͤ͡Τ ͍͔͙ͨͪͦͪͭΈ ͎͙ͦͪͦͤͭ͊͘͡ΈͤͦͫͭΈ ͔ͤͦͭͦͪ͟·ͻ ͙͙͚ͤ͡ 
͒ͦͣ͊ ό͔ͫͭͤΣ ͍͔ͪͻ͙ͤͻ ͙ ͙͙ͤ͗ͤͻ ͔͍ͪ͊͟ ͦͦͤͤ͟·ͻ ͔͍ͨͪͦͪͦ͘ ͙ ͭΦͨΦύΤ ͔͙ͨͪ͒ͦ͗ͭ͡Έ 
ͫͨͦͫͦ͋ ͍͔͙ͨͪͦͪ͟ ͨͪΎ͙͔͚͙ͣͦͤͤͦͫͭ͡ ͙ͯ͊͒͟͟͡ ͭͪͯ͋ ͙ ͭΦ͒Φ ˤ ͊͗͒ͦͣ͟ ͙͘ Ή͙ͭͻ 
ͫͯ͡;͔͍͊ ͔ͣͦ͗ͭ ͋·ͭΈ ͚͔ͤ͊͒ͤ ͺ͙͙͘;͔͙͚ͫ͟ ͫͨͦͫͦ͋ ͔ͪ΄͔͙ͤΎ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ ͊͒͊͘;Φ 

3. ˽͍͔͙ͪͦͪͭΈΣ ͙͔ͣͤ͘Ύ͔ͭͫΎ ͙͡ ͨͦͭͤͦͫͭ͡Έ ͍ͦ͒· ͍ ͍͔͔ͦ͒ͦͣ ͫ ͎͙͚ͯ͋ͤͦ͡Φ 
˽͔͙ͪ͒ͦ͗ͭ͡Έ ͔͚ͨͪͦͫͭ΄͙͚ ͫͨͦͫͦ͋ ͍͔͙ͨͪͦͪ͟Σ ͙ͫͨͦ͡Έͯ͘Ύ ͨͦͤΎ͙͔ͭ ͦ 
͍·͙͍ͭ͊͊͟͡Ό΅͔͚ ͙͔ͫ͡Φ 

4. ˽͙ͪ͒ͯͣ͊ͭΈ ͫͨͦͫͦ͋ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͍·ͫͦͭ· ͍·͙ͫͦ͟ͻ ͔͔͍ͨͪ͒ͣͭͦ 
ό͔͔͍͒ͪΈ͔͍Σ ͍͒ͦͣͦΣ ͺ͙͊͋ͪ;ͤ·ͻ ͭͪͯ͋ ͙ ͭΦͨΦύ ͫ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔͙ͣ͘͡ ͙ͨͪ ͨͦͣͦ΅͙ 
͔͘ ͪ͊͊͟͡Φ 

5. ˽͔͙ͪ͒ͦ͗ͭ͡Έ ͫͨͦͫͦ͋ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͙͍͔͙ͫͦͨͪͦͭͤ͡Ύ ͪ͊ͤ͘·ͻ 
͔͍ͪͦͫͭ͊ͭͦ ͙ ͔͙͍ͪͫͭͦͪͦ͘ ͙ͨͪ ͙ͤ͊͡;͙͙ ͍͔͎ͫͦ ͙͡΄Έ ͎ͦ͒ͤͦͦ ͔ͪͦͫͭ͊ͭ͊ ͫ 
͙͍͔ͫͭͤ͘·ͣ ͙͍͔͙͔ͫͦͨͪͦͭͤͣ͡ ͙ ͍ͦ͡Έ͔ͭͣͭͪ͊Φ 

6. ˭͙͚ͣͦ ͒͡Ύ ͦͻ͔͙͊͗͒ͤ͡Ύ ͍͙͎͔͒͊ͭ͡Ύ ͍͔͔͎ͤͯͭͪͤͤͦ ͎͙ͫͦͪ͊ͤΎ 
͙ͫͨͦ͡Έͯ͘Όͭ ͔ͤ ͍ͦ͒ͯΣ ͊ ͦͫͦ͋ͯΌ ͔ͫͣͫΈ ς ͙͊ͤͭͺ͙ͪ͘ όрр ҈ Ή͙͔ͭͤ͡Σ пр ҈ ͍ͦ͒͊ύΣ 
ͦͭͦͪ͟·͚ ͔͔͊ͣͪ͊ͭ͘͘ ͙ͨͪ ͔͔͋ͦ͡ ͙͚ͤͦ͘͟ ͔͔͔ͭͣͨͪ͊ͭͯͪΣ ;͔ͣ ͍ͦ͒͊Φ ͔̉ͣ 
͍·͍͊ͤͤ͊͘Ύ ͭ͊͊͟Ύ ͔͊ͣͤ͊͘Κ όˤͦ͒͊Σ ͪ͊ͫ΄͙ͪΎΎͫΈ ͙ͨͪ ͔͙͙͊ͣͪ͊ͤ͘͘Σ ͔ͣͦ͗ͭ 
ͪ͊ͪͯ͘΄͙ͭΈ ͙͔ͫͫͭͣͯ ͦͻ͔͙͊͗͒ͤ͡Ύ). 

ˤ·͍ͦ͒·Φ ˮͭ͊͟Σ ͙ͦ͒ͤͣ ͙͘ ͍ͦͫͤͦͤ·ͻ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ ͍ͨͦ·΄͔͙ͤΎ 
͊͟;͔͍ͫͭ͊ ͍·ͫ΄͔͎ͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ Ύ͍͡Ύ͔ͭͫΎ ͍͔͔͙͔ͤ͒ͪͤ ͙͍ͤͤͦ͊ͼ͙͚ ͍ ͦ͋ͯ;͔͙͔ͤΦ  

˸͔͙ͦ͒ͪͤ͊͘ͼ͙Ύ ͍·ͫ΄͔͎ͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͦͤ͊͘;͔͊ͭ ͔ͤ ͭͦ͡Έͦ͟ 
͍͔ͯͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͺͦͪͣ ͙ ͔͍ͣͭͦ͒ͦ ͦ͋ͯ;͔͙ͤΎΣ ͊ ͙ ͪ͊͋ͦͭͯ ͫ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ 
ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Φ ˽ͦͫͦ͟͡Έͯ͟ ͺ͙͙͊͘͟ ς Ήͭͦ ͤ͊ͯ͊͟Σ ͦͭͦͪ͊͟Ύ ͨͦͫͭͦΎͤͤͦ 
͍͙͍͔ͪ͊͊ͭͫ͘ΎΣ ͔͋͘ ͍͔ͦͫ΅͔͙ͤΎ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͍ͦͨͪͦͫͦ ͔͍ͤͦͣͦ͗ͤͦ͘ 
ͫͺ͙͍ͦͪͣͪͦ͊ͭΈ ͤ͊ͯ;͔ͤͦ ͙͍͔͙͔ͣͪͦͦͪͤ͘͘ ͔ͫͭͯ͒ͤͭ͊ ͍ ͫͺ͔͔ͪ ͺ͙͙͘;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘Φ 
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˽ͦΉͭͦͣͯ ͙ͨͪ ͙ͯ͘;͔͙͙ͤ ͺ͙͙͙͘͟ ͤͯ͗ͤͦ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͣͭͦ͒· 
ͦ͋ͯ;͔͙ͤΎΣ ͦͭͦͪ͟·͔ ͦ͊͘͟·͍͊Όͭ ͔͚͍͙͔ͫͦ͒ͫͭ ͯ͡;΄͔ͣͯ ͍͔͙ͯͫͦͤΌ ͔͙ͫͭͯ͒ͤͭ͊ͣ 
ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͍͙͙ͪ͊ͭ͘Ό ͙ͻ ͍͔ͨͦͤ͊͊ͭ͘͡Έͤ·ͻ ͙͔͔͍ͤͭͪͫͦΣ 
ͯͯ͡;΄͊Ό΅͙ͻ ͊͟;͔͍ͫͭͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ 

 ˴ ͍ͦͫͤͦͤ·ͣ ͨ͡Όͫ͊ͣ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎΣ ͊͟͟ ͎ͦ͒ͤͦͦ ͙͘ 
͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔͍ͣͭͦ͒ͦΣ ͤͯ͗ͤͦ ͔͙ͦͭͤͫͭ ͭͦΣ ;ͭͦ ͦͤͦ ͍͙͍͔ͪ͊͊ͭ͘ ͍͔ͯͣͫͭͤͤ·͔ 
͙ͫͨͦͫͦ͋ͤͦͫͭ ͫͯ͋Ά͔͍ͭͦ͟ ͦ͋ͯ;͔͙ͤΎΤ ͍·͘·͍͔͊ͭ ͯ ͙ͤͻ ͙͔͔ͤͭͪͫ ͟ ͦ͋ͯ;͔͙ͤΌ ͙ 
͍͔͍͔ͫͦͦͭͭͫͭͤͤͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͙͍͍ͣͦͭͦ ͙ ͙͍ͣͦͭ͊ͼ͙͙ 
ͯ;͔͋ͤͦ-͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΤ ͔ͨͪͦ͋ͯ͗͒͊ͭ ͙Ȅ ͍ͭͦͪ;͔͙͔ͫ͟ 
͙ͫͨͦͫͦ͋ͤͦͫͭΤ ͙͔͔ͣͭ ͙͚ͪ͊ͤͦͫͭͦͪͦͤͤ͘ ͻ͔͊ͪ͊ͭͪ͟Τ ͍͙ͦͫͨͭ·͍͔͊ͭ 
ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦŎͭΈΣ ͙͍͊ͭͤͦͫͭ͟Έ ͙ ͔͙͍ͪ͊ͭͤͦ͟ŎͭΈ ͔͍ͫͭͯ͒ͤͭͦΤ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 
ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͍͔͔ͫͫͭͦͪͦͤͤ ͍͙͚ͪ͊ͭͦ͘ ͙͡;͙ͤͦͫͭΣ ͚ͫͨͦͫͦ͋ͤͦ ͔ͪ΄͊ͭΈ 
͔ͨͦͫ͒ͯ͡Ό΅͙͔ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·͔ ͙ ͙͔͗ͤͤͤ͘·͔ ͔ͨͪͦ͋ͣ͡·Φ 

˽ͦͤΎͭͤͦΣ ;ͭͦ Ήͭ͊ ͔ͭͻ͎͙ͤͦͦ͡Ύ ͔͔ͭͪ͋ͯͭ ͔͔͋ͦ͡ ͤ͊͘;͙͔ͭ͡Έͤ·ͻ ͊ͭͪ͊ͭ͘ 
͍͔͔͙ͪͣͤ  ͙ ͙͙͚ͯͫ͡ ͊͟͟ ͫ ͦ ͫͭͦͪͦͤ· ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ, ͭ͊͟  ͙ ͫ ͦ ͫͭͦͪͦͤ· 
͔͍ͫͭͯ͒ͤͭͦΦ ˤ͔͔ͣͫͭ  ͔ͫͭͣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ ͍ͨͦͦ͘͡Ύ͔ͭ 
͙͒ͦͫͭ;Έ ͔͔͋ͦ͡ ͎͎ͯ͋ͦͦͦ͟͡ ͙͙ͨͦͤͣ͊ͤΎ ͔͙ͣ͊ͭͪ͊͊͡Σ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͤ͊ͯ;ͤͯΌ 
͔͒ͦ͊͊ͭ͘͟͡ΈͤͦͫͭΈ ͙͚ͤ͊ͤ͘Σ ͙ͨͪͯ;͔͊ͭ ͔͍ͫͭͯ͒ͤͭͦ ͣ·͙ͫͭ͡Έ ͙͔͙͒͊ͭ͟͡;͔͙ͫ͟Σ 
͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͪ ͍͙͙͊ͭ͘Ό ͙ ͻ ͡ ͙;ͤ·ͻ ͟ ͊;͔͍ͫͭΦ 

˶ˮ́˩˾ˢ́̂˾ˢ 
1. ˢ͙ͤͯ͟΄͙ͤ͊ ˩Φ s Φ ˮͤ ͍ͤͦ͊ͼ͙ͦͤͤ·͔ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͙͍͊ͭͤ͟·͔ 

͔ͣͭͦ͒· ͦ͋ͯ;͔͙ͤΎ κ ˩Φ s Φ ˢ͙ͤͯ͟΄͙ͤ͊Σ ˻Φ ˿ Φ ˣ͙ͦ͋ͤ͊Σ ˢΦ ˻ Φ ˨͙͙͔͍ͣͭͪ͊ ͙ ͒ͪΦ ς ́ͦͣͫ͟ Υ  
-ʕ˿͔ͨͭͪ͟Σ нлмлΦ ς нмн ͫΦ 

2. ˤ͔͊͒ͼΈ ˨Φ ˱ Φ ˭͙͋ͪͤ͜͟ ͙͊ͨͭ͊ͤ͘ΈΣ ͍͊͒͊ͤ͘Έ ͭ͊ ͔͍ͭͫͭ͜ ͘ ͯͪͫͯ͟ ͎͊͊͘͡Έͤͦ͝ ͺ͙͙͘͜͟ Υ 
͍ͤ͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ κ ˨Φ ˱ Φ ʕ ͔͊͒ͼΈΣ ˸Φ ʕ Φ ˸ ͦͪͦ͘Σ ˤΦ ̅ Φ ˻ ͔ͪͤͦ͟͡Σ ˢΦ ʕ Φ ˾ ͙͋͊ͦ͟͡Φ ς ˾͍͔ͤ͜ : 
˹̂ˤ˥˽Σ нлмпΦ ς ннс ͫΦ 

3. ˥͔͍͙ͯͪ; ˾Φ ˿ Φ ˱͔͎ͤͭͪ͊ͼ͜Ύ ͫͯ;͊ͫͤͦ͝ ͙ͤ͊ͯ͟ ͜ ͔͒Ύ͟͜ ͔͙ͨͪͦ͋ͣ͡ ͣͫͭͯ͘͜ ͍͙ͦͫͭ͜ ͯ ͍͙΅͚͜ 
͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ΄ͦ͟͜͡ κ ˾Φ ˿ Φ ˥͔͍͙ͯͪ; κκ ˤ͙΅͊ ͍ͦͫͭ͊͜ ͍ ̂ͪ͊ͤ͟͜͝ Υ ͔ͪ͊͜͡͝Σ ͔͔ͭͤ͒ͤͼ͜͝Σ 
͔͔͙͍͙ͨͪͫͨͭ͟ ͍͙ͪͦͭͯ͘͟Φ ς ˴ ΦΣ мффсΦ ς ̉ Φ ˱˱Φ 

4. ˨͔͍ͪ͗͊ͤ͊ ͤ͊ͼͦͤ͊͜͡Έͤ͊ ͎ͨͪͦͪ͊ͣ͊ ζ˻ ͍ͫͭ͊͜Υ ̂ͪ͊ͤ͊͟͝ ··L ͫ ͭΦη κκ ˻͍ͫͭ͊͜Φ ς 1999. ς 
Ѕ ппκпс ό͎͔ͪͯ͒ͤΈύΦ 

5. ˴͙͊ͪͤ͡ ˸Φ ʕ Φ ˽͔͎͎͙͒͊ͦ;͔ͫ͊͟Ύ ͔ͭͻ͎͙ͤͦͦ͡Ύ ͍ ͯ;͔͋ͤͦͣ ͨͪͦͼ͔͔ͫͫ κ ˸Φ ʕ Φ ˴ ͙͊ͪͤ͡Φ ς 
˸ΦΣ мфуфΦ ς 134 ͫ Φ 

6. ˴ͦ͊͘͟ ˶Φ ʕ Φ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͔͚ͣͦ͒͡ ͍ͤ͊;͊ͤͤΎ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡  
κ ˶Φ ʕ Φ ˴ͦ͊͘͟ κκ ˻͍͎ͫͭͦͦ͜͜͡;͙͚ͤ ͙͒ͫͯͪͫ͟Φ ς 2014. ς Ѕм όрύΦ ς ˿ Φ 58ς66. 

7. ˴ͦͣ͊ͪ ˻Φ s Φ ˸͔ͦ͒ͪͤ͊͘͜ͼ͜Ύ ͫͯ;͎͊ͫͤͦͦ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ  
/ ˻Φ s Φ ˴ ͦͣ͊ͪ κ ˭͋Φ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈΦ ͙̉͊ͫͭͤ͊ LLΦ ς ˴ Φ Υ ˸ͤͣͯͣ͜͜Σ нллрΦ ς ˿ Φ 159ς166. 

8. ˸͙ͻ͚͙͊͡΄͙ͤ͊ ˥Φ ̅ Φ ˮͯ͘;͔͙͔ͤ ͍͔͔͚ͫͦͪͣͤͤͦ ͺ͙͙͙͘͟ ͍ ͍͔ͯ͘ Υ ͔͙͔ͫͦ͒ͪ͗͊ͤΣ 
͔ͣͭͦ͒· ͙ ͺͦͪͣ· ͦ͋ͯ;͔͙ͤΎ / ˥Φ ̅ Φ ˸ ͙ͻ͚͙͊͡΄͙ͤ͊Φ ς ˸ Φ Υ !ŎŀŘŜƳƛŀΣ нлмлΦ ς 172 c. 

9. ˽ͦ͊ͭ͡ ˩Φ ˿ Φ ˹͍ͦ·͔ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͙ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͙͔͔ͫͫͭͣ 
͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ κ ͨͦ͒ ͔ͪ͒Φ ˩Φ ˿ Φ ˽ͦ͊ͭ͡Φ ς ˸ ΦΣ нлллΦ ς мнс ͫΦ 

10. ˿ͦͦ͒ͯ͡ͻ͙ͤ͊ ˻Φ s Φ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͍ 
͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘ κ ˻Φ s Φ ˿ͦͦ͒ͯ͡ͻ͙ͤ͊ κκ ˿͔͔͔ͪ͒ͤ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͔ͤͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Φ ς 2011. ς 
Ѕ млΦ ς ˿ Φ мнς13. 
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11. ˿͔ͭͪ͡Έ͍ͤͦ͜͟ ˤΦ ̑ Φ ˿ͯ;͊ͫͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡ Υ ͣͦ͒ͯ͡Έ͙͚ͤ 
͙ͨͦͫ͋ͤ͜͟ ͒͡Ύ ͫͯ͡ͻ͊;͍͜ ͍͊ͭͦͪͫΈ͙͟ͻ ͍ͯͪͫ͟͜ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͍͙͊͒͊͟͡;͍͜ ˸˱˽˴ ˽̂˩́ 
/ ˤΦ ̑ Φ ˿ ͔ͭͪ͡Έ͍ͤͦ͜͟Σ ˱Φ ˥ Φ x ͪͭ͜;͔ͤͦ͟. ς ˽ ͍ͦͭ͊͊͡ Υ ˽̂˩́Σ нлмоΦ ς 309 ͫ Φ 

12. ͙͙͔̆ͣͤͼΈ ˤΦ ʕ Φ ˱ͤ ͍ͤͦ͊ͼ͚ͤ͊͜ ͍ͦͫͭͤ͜Ύ ͒͜Ύ͡Έͤͫͭ͜Έ κ ˤΦ ʕ Φ ͙͙͔̆ͣͤͼΈΦ ς 
͎̂͗ͦͪͦ͒ Υ ˱ͤͺͦͪͣ͊ͼ͚ͤͦ͜-͍͙͍͙͒͊ͤ;͙͚ ͼ͔ͤͭͪ ˭˱˽˽˻Σ нллтΦ ς осп ͫΦ 
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˾˩˭̑˸˩ 
˿͙͍͊ͭͦ͊͟͡ ˢΦΣ ͔̆ͯͪͫͤͦ͟ ˿Φ ˽͔͔ͪͦ͋ͣͤ͡ ͍ͤ͊;͊ͤͤΎ Ύ͟ ͙ͦ͒ͤ ͘ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͣͭͦ͒͜ 

͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡. 
˿ͭ͊ͭͭΎ ͙͍ͨͪͫΎ;͔ͤ͊ ͍͙͍͔ͫͭͤͤ͜͡Ό ͎͊͊͘͡Έ͙ͤͻ ͔͔͙ͭͦͪͭ;͙ͤͻ ͭ͊ ;͍͙͊ͫͭͦ͟ͻ 

͙ͨͪ͊ͭ͟;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎ Ύ͟ ͎ͦ͒ͤͦͦ ͘ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͣͭͦ͒͜ 
͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΦ ˤ͙͍͔ͫͭͤͦ͜͡ ͫͭͪͯͭͯͪͯ͟ ͭ͊ ͍͙͙͒ 
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͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎΣ ͨͦ͊͊ͤͦ͘͟ ͙ͤͯ͘͟ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͜ ͔͔͍͎ͨͪ͊ ͦͫͭ͊ͤͤΈ͎ͦͦ ͍ͨͦͪͤ͜Ύͤͦ 
͘ ͙ͭͪ͊͒ͼ͚͙ͤͣ͜ ͍ͤ͊;͊ͤͤΎͣΦ ˹͍͔͔͊͒ͤͦ ͙͙ͨͪ͊͒͟͡ ͙͗ͭͭΊ͍͙ͻ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͙ͫͭͯ͊ͼ͚͜Σ 
͍͙ͪ͜΄͔ͤͤΎ Ύ͙͟ͻ ͔ͨͦͭͪ͋ͯΊ ͤ͊ͤ͘Έ ͘͜ ͺ͙͙͘͜͟Φ ˭͔ͪͦ͋ͤͦ͡ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͙ͦ͒ͤͣ ͘͜ ͍͙ͦͫͤͦͤͻ 
ͤ͊ ͨͪΎ͍ͣ͜ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ Ί ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͤͤͦ͊͜ͼ͚͜ ͍ ͍ͦͫͭͤ͜Ό ͫͺ͔ͪͯΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͍ͤ͊;͊ͤͤΎΣ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͔͔ͨͪͦ͋ͣͤ͡ ͍ͤ͊;͊ͤͤΎΣ ͺ͙͊͘͜͟Σ 
͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟. 

SUMMARY 
Saltykova A., Khursenko S. Problem learning as one of the innovative methods of 

teaching physics in higher school.  
Today Ukraine focuses on the quality of education. The traditional view of education 

in building knowledge and skills no longer meets the demands of society. Among the 
priorities of the state policy in terms of integration of national higher education to European 
and world educational space were defined the problems of continuous improving of the 
quality of education, modernizing its contents and organization of the educational process; 
development and implementation of educational innovation. 

Innovative methods include static perfection of an education system, the introduction 
of its new triggers that cause a violation of the stability, familiarity, predictability, typical 
situations and so on. Therefore, innovation is linked to certain risks, unpredictable learning 
outcomes of atypical situations, which complicates their introduction in the educational 
process. 

One of the innovative training problems is that technology is often seen as a 
developmental education aimed at obtaining active knowledge formation of mental abilities 
and techniques of research, involving scientific research, development of works. 

Compared to traditional training objective problem-based learning is wider: learning 
is not only the results of scientific knowledge, but also the way and the process of obtaining 
these results, it includes also the formation of ǎǘǳŘŜƴǘǎΩ learning, the development of their 
creative abilities (except mastering the system of knowledge and skills). The emphasis is 
made on the development of thinking. 

The content of physics that includes scientific facts, concepts, laws, theories is set out 
in the order that promotes problem-based learning, i.e. physics course has educational 
problems which can be arranged as problem tasks and problem questions. Students are 
proposed the problem situations related to life, the solution of which requires knowledge of 
physics. Students can nominate their assumptions and ways of solving this problem. 

Technology problem-based learning requires a significant investment of time and 
effort on the part of the teacher and of the students. However, the use of problem-based 
learning can achieve a better understanding of the material, its conscious learning, provides 
scientific evidence knowledge, teaches students to think dialectically, and promotes the 
development of personal qualities. 

Key words: training, innovative technologies, problem teaching, physics, physics 
education. 

 

  



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ6ȟ Ο 6(90) 

71 

̂˨˴ 378.4:37.013.74:005.52 
ˢͤ͊͜͡ ˿͋ͪͯΊ͍͊ 

orcid iD 0000-0002-1910-0138 
˨͙ͣͭͪͦ ˴͍ͦͦ͘͡ 

orcid iD 0000-0003-1875-0726 
˿ͯͣͫΈ͙͚͟ ͔͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ  
͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ ˿ Φ ˸ ͔͊͊ͪͤ͊͟͟ 

 

˱˹́˩˾˹ˢ̇˱˻˹ˢ˶˱˭ˢ̇˱̒ ̒˴ ˨˾ˢ˯ˤ˩˾ ˾˻˭ˤˮ́˴̂  
˱˹˹˻ˤˢ̇˱˯˹˻˲ ˿ˮ˿́˩˸ˮ ̂˹˱ˤ˩˾˿ˮ́˩́̂ 

 

̂ ͫͭ͊ͭͭ͜ ͚͔͒ͫͤͤͦ͘͜ ͙͔͙͚ͫͫͭͣͤ ͊ͤ͊͘͜͡ ͺ͔͔ͤͦͣͤͯ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ Ύ͟ ͚͍͔͒ͪ͊ͪ͊ 
όͫͨͦͤͯ͊͟͡Έ͎ͤͦͦ ;͙͙ͤͤ͊͟ύ ͍͙ͪͦͭͯ͘͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ̂ ͔ͦͤͭͫͭ͟͟͜ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͍͔ͨͦͫͭ͊ͤͦ͡͝ ͔͙ͣͭ ͔͔ͦͪͫͤͦ͟͡ ͼ͜͡Έ͍ͦ͜Σ ͍ͣͫͭͦ͘͜͜ ͭ͊ ͨͪͦͼ͔ͫͯ͊͡Έͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 
ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ ͤ͊ ͎ͦ͋͊͡͡ΈͤͦͣͯΣ ͎͔͔͎ͦͪͦͤ͊͜͡Έͤͦͣͯ ͭ͊ ͤ͊ͼͦͤ͊͜͡Έͤͦͣͯ 
͍ͪͤ͜ΎͻΤ ͍͙ͤ͊͘;͔ͤͦ ͼ͜͡Έ͍ͦ͜ ͙͔͙ͨͪͦͪͭͭ͜Σ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͫͭͪͯͭͯͪͤͦ͟͝ ͍͙ͨͦ͋ͯ͒ͦΣ ͫͯ͋ΩΊ͙ͭ͟ ͚ 
͔ͣͻ͙͊ͤͣ͘͜ ͍͊͘Ίͣͦ͒͜͝ ͍ ͍ͤͤͦ͊͜ͼ͚͚ͤ͜͜ ͙͔ͫͫͭͣ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Τ ͍͙Ύ͍͔ͤͦ͡ ͍ͤͤͦ͊͜ͼ͚͙͚ͤ͜ ͔ͨͦͭͤͼ͊͜͡ 
ͨͪͦͼ͔͍ͫ͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͍͔͙͔ͯͤͪͫͭͭͯ͜Σ ͙͙͍ͨͦͭͤ͘͜ ͔͔ͭͤ͒ͤͼ͜͝ ͭ͊ ͙͙͙ͪ͘͟ ͔ͪ͊͊͘͜͡ͼ͜͝ 
ͼΈ͎ͦͦ ͨͪͦͼ͔ͫͯΦ ˻͔͔ͪͫͤͦ͟͡ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-ͨ ͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͙ͪͦͭͯ͘͟ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ Ύ͟ ͚͍͔͒ͪ͊ͪ͊ ͍͙ͪͦͭͯ͘͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͍͔͙͔ͯͤͪͫͭͭ͜Σ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜ΎΣ ͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊Σ 
͍͙ͪͦͭͦ͘͟Σ ͚͍͔͒ͪ͊ͪΦ  

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽͔͙ͪͦ͋ͣ͡ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍͙΅ͦ͝ 
͍͙ͦͫͭ͜ όˤ˻ύ ͔͔͍͙͙ͨͪͭͦͪͫ͡Ύ ͨͪͦͭΎ͎ͦͣ ͦͫͭ͊ͤͤ͜ͻ ͔͒ͫΎ͙ͭͭ͜͡Έ ͤ͊ 
͎͔͙͚͋͊͊ͭͦ͊ͫͨͭͤ͟ ͜ ͎͍͙͙͚͋͊͊ͭͦͣͪͤ͜ ͙͚ͣ͗ͤ͊ͪͦ͒ͤ͜ ͙͒ͫͯͪͫ͟Σ ΅ͦ ͍͟͡Ό;͊Ί 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ ͎͊ͯ͘͜͡ ͺͦͫͦ͜͡ͺ͜͝ ͍͙ͦͫͭ͜Σ ͍ͦͫͭͤ͜Έͦ͝ ͙͙ͨͦͭ͜͟͡Σ ͔ͭͦͪ͜͝ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜Σ 
͍ͦͫͭͤ͜Έͦ͝ ͍͙͙ͤͤͦ͊ͭ͜͟Σ ͫͦͼ͎ͦͦ͜͜͡͝ ͍͙ͦͫͭ͜Σ ͔͙ͦͤͦͣ͟͜͟ ͍͙ͦͫͭ͜Σ ͍ͨͦͪͤ͜Ύ͡Έͤͦ͝ 
͔͎͎͙ͨ͒͊ͦ͜͟ ͍͙΅ͦ͝ ΄͙ͦ͟͡ ͭͦ΅ͦΦ ˹͍͊ͯͦ͟͜ ͍͙ͪͦ͒͘͜͟ ͍ ͍͚͒ͦͫ͒͗ͯ͊ͤ͜͜͡ ͫͺ͔ͪ͜ 
ͤ͊ͪ͊ͻ͍ͦͯΌͭΈͫΎ ͫͦͭͤΎ͙ͣ ͚ ͙ͭͫΎ;͙͊ͣΣ ͦ͒ͤ͊͟ ͍ ͍ͯͣͦ͊ͻ ͎ͫ͊͒ͤͦͦ͟͡ ͭ͊ ΄͍͙͒ͦ͟ 
ͣͤ͘͜Ό͍͎͊ͤͦͦ ͔ͦͤͭͫͭͯ͟͟ ͍͙ͪͦͭͯ͘͟ ͫͯ;͊ͫͤͦ͝ ˤ˻Σ ͙͒ͤ͊ͣ͜;͎ͤͦͦ ͔͎͍ͪ͊ͯ͊ͤͤΎ 
͍ͦͫͭͤ͜͜ͻ ͙ͤͫͭͭͯ͜ͼ͚͜Σ ͔͍͒ͪ͗͊ ͜ ͍ͤ͊ͭ͜Έ ͔͍͙ͤ͊͒͒ͪ͗͊ͤͻ ͍͔ͯͭͦͪͤΈ ͤ͊ ͎ͦ͋͊͡͡Έͤ͜ 
͍ͦͤ͘͜΄ͤ͜ ͙ͣͤ͘͜ ͙ͫͨͪͦ͋͊ͣ ͙͔͙ͫͫͭͣͤͻ ͜ ;͍͙͊ͫͭͦ͟ͻ ͔ͪͺͦͪͣ ͭ͊ ͍ͤͤͦ͊͜ͼ͚͜Σ 
͔͔ͨͪ͒ͣͭ ͙ͭ͊͟ͻ ͍ͪͦ͒ͦ͘͜͟ a priori ͤ ͔ ͔ͣͦ͗ ͙͋ͯͭ ͍͙;͔͙ͪͨ͊ͤͣΦ 

˨ͦ ͚ͤ͊͋͜͡Έ΄ ͍͙͍͍͙ͨͦ͡ͻ ͎ͦ͋͊͡͡Έ͙ͤͻ ͚͍͔͍͒ͪ͊ͪ͜ όͫͨͦͤͯ͊͟͡Έ͙ͤͻ 
;͙͙͍ͤͤ͟͜ύ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ˤ˻ ͙ͣ ͍͙͒ͤͦͫͣͦ͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜ΌΣ 
΅ͦ ͯ ͍͊͘Ίͣͦ͒͜͝ ͘ ͎ͦ͋͊͊͘͜͡͡ͼ͜ΊΌΣ ͍͙ͪͦͭͦͣ͘͟ ͔͙ͦͤͦͣ͟͜͟ ͤ͊ͤ͘Έ ͭ͊ ˱˴-
͔ͭͻ͎͚ͤͦͦ͜͡ ͺͦͪͣͯΊ ͍͙ͪ͜΄͊͡Έ͙ͤͣ ;͙ͤͦͣ ͣͫ͜͜Ό ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍ ͫͯ;͊ͫͤͦͣͯ 
͍ͫͭ͜͜Σ ͦͫ͟͜͡Έ͙͟ ͍͙ͤ͊͘;͊Ί ͫͯͫͨ͜͡Έ͙͚ͤ ͙͊ͨͭ͘ ͤ͊ ͨͪͦ͒ͯͭ͟ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙΄͍͜Φ 

˱͔ͤͭͪͤ͊ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͫͨͦͤͯ͊͟Ί ͒ͦ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͙͔͙ͫͫͭͣ ˤ˻ 
ͤ͊ ͍ͫ͜ͻ ͍ͪͤ͜Ύͻ ͝͝ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ όͤ͊͒ͤ͊ͼͦͤ͊͜͡ΈͤͦͣͯΣ ͤ͊ͼͦͤ͊͜͡ΈͤͦͣͯΣ 
͎͔͔͎ͦͪͦͤ͊͜͡ΈͤͦͣͯΣ ͙ͤͫͭͭͯ͜ͼ͚ͤͦͣͯ͜ύ ͭ͊ ͍ ͯͫ͜ͻ ͔͊ͫͨͭ͊͟ͻ ό͍ͦͫͭ͊͜Σ ͍ͤ͊ͯͦ͟͜ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͫͦͼ͊͜͡Έͤ͜ ͎͙ͨͦͫͯ͡ύΦ ˻͒ͤ͊͟ ͍͒ͦͫ͒͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͚͙ͤ͜ͻ 
͔͔͍͔ͨͪͭͦͪͤΈ ͍͒ͦͦ͘͡ΎΊ ͍͙ͦͤͫͭ͊ͭͯ͊ͭ͟ ͤ͊Ύ͍ͤͫͭ͜Έ ͫͯͭͭΊ͍͙ͻ ͔͔ͫͯͨͪ;͔͚ͤͦͫͭΣ Ύ͟͜ 
͔ͨͦͭͪ͋ͯΌͭΈ ͙͔ͦͫͣͫͤͤ͡Ύ ͔͊͊͒ͣ͟͜;ͤͦΌ ͫͨ͜͡ΈͤͦͭͦΌΣ ͍͙ͦͫͭͤͣ͜͜ ͙͙ͨͦͭ͊ͣ͜͟͡ ͚ 
͔͔͔͙ͣͤ͒͗ͪ͊ͣ ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙ͪͦͭͯ͘͟ 
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ͨͪͦͼ͔͍ͫ͜ ͣͤ͘͜Φ ˨ͦ ͔͔ͫͯͨͪ;͔͚ͤͦͫͭ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ˤ˻Σ ΅ͦ Ί ͚ͤ͊͋͜͡Έ΄  
͊ͭͯ͊͟͡Έ͙͙ͤͣ ͭ͊ ͎͙͙ͦͫͭͪͣΣ ͙ͣ ͍͙͒ͤͦͫͣͦ͜ ͭ͊͟͜Υ 

¶ ͣ͗͜ ͎ͦ͋͊͡͡Έ͙ͤͣ ͭ͊ ͤ͊ͼͦͤ͊͜͡Έ͙ͤͣ ͍͙͙ͣͪ͊ͣ͜ ͣͫ͜͜͝ ͍͔͙͔ͯͤͪͫͭͭͯ͜Σ 
ͭͦ͋ͭͦ ͣ͗͜ ͍͒͒͊ͤͤ͜Ύͣ ͙͔ͨͪͦͪͭͭͯ͜ ͍ ͍͔͊͒ͦͦͤͤ͘͜͡ ͔͔͍ͤͭͪͫ͜͜ ͎ͦ͋͊͡͡Έͤͦ͝ ͊͋ͦ 
ͤ͊ͼͦͤ͊͜͡Έͤͦ͝κͣͫ͜ͼ͔͍ͦ͝ ͎͙ͪͦͣ͊͒ ͍ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ΅ͦ͒ͦ ͍͙ͪͦͭͯ͘͟ ͝ͻ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡Σ ͔͙ͦͤͦͣ͟͜͟ ͭ͊ ͫͦͼ͊͜͡Έͤͦ͝ ͫͺ͔͙ͪΤ 

¶ ͣ͗͜ ͙͍͙͙ͪͤͦͣ͟ ͔͎ͫͭͪ͊ͭ͜Ύ͙ͣ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡Σ ΅ͦ ͍ͫͭ͊͡ΎͭΈ ͊͘ ͔ͣͭͯ ͚͎ͦͦ ͔ͦͣͪ͟ͼ͚ͤ͜͜ ͍͙͎͙ͦ͒Σ ͭ͊ 
͔͎ͫͭͪ͊ͭ͜Ύ͙ͣ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍͙΄ͯΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊ΌͭΈ ͙͔͔ͫͫͭͣͤ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͫͯ;͙͊ͫͤͻ ˱˴-͔ͭͻ͎͚ͤͦͦ͜͡Σ ͊ͯ͘͡;͔ͤͤΎ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͚ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͪ͊͟΅͙ͻ ͡Ό͒ͫΈ͙͟ͻ ͜ ͔ͣ͊ͭͪ͊͜͡Έ͙ͤͻ ͔͍ͪͫͯͪͫ͜Σ ͍͙͒ͪͭͭ͜͟Ύ ͍͙ͤͦͻ 
͊ͭͯ͊͟͡Έ͙ͤͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ͭ͊ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙͔͔ͨͪ͒͗͊͡Έ͎ͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ ͔ͯ͗ ͫͤͯ͜Ό;͙ͻΤ 

¶ ͣ͗͜ ͦͪ͜Ίͤͭ͊ͼ͜Ό ͤ͊ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ό ͍͙΄ͯ ͭ͊ ͍͔ͪͤͣ͜ ͚͎ͦͦ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜͝ ͚ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ͝ ͎͍ͦͭͦͤͦͫͭ͜ ͒ͦ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ 
͔ͤͭͪͤ͊͜ͼ͍͎ͦͤ͊ͦ͊ͤͦͦ͘͜͜͡ ͙ͯͪͯͯͣͯ͟͟͡Σ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Ό ͙͔͙ͫͫͭͣ 
͔ͤͭͪͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͍ͫͯͨͪͦͦ͒ͯ ͍ͤ͊;͊͡Έͤͦ͝ ͚ ͍ͨͦ͊ͤ͊͘;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜Σ ͫͭ͊ͤͦͣ ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟ ͍͔͙͔ͯͤͪͫͭͭͫ͜Έ͎ͦͦ͟ ͊ͣͨͯͫͯ͟Τ 

¶ ͣ͗͜ ͺ͍͙͙ͤ͊ͤͫͦͣ͜ ͍͙͎͙ͦ͒͊ͣ ͔͙ͦͤͪͭͤ͟͟ͻ ͍͙΄͍͜Σ ΅ͦ ͔͔ͤͫ ͘ ͫͦ͋ͦΌ 
ͣ͗ͤ͊ͪͦ͒ͤ͊͜ ͔ͫͭͯ͒ͤͭͫΈ͊͟ ͣͦ͋͜͡Έͤͫͭ͜ΈΣ ͭ͊ ͫͦͼͦͯ͜͟͡Έ͙͙ͭͯͪͤͣ ͙͙͙ͪ͊ͣ͘͟ ͒͡Ύ 
ͣͫ͜ͼ͔͍ͦ͝ ͎͙ͪͦͣ͊͒Σ Ύ͊͟ Ί ͔ͤ ͎͍ͦͭͦͦΌ ͒ͦ ͍͙ͭͭ͡Ύ ͍ ͔ͤ͝ ͤ͊͘;ͤͦ͝ ͟͜͡Έͦͫͭ͟͜ 
͔͍͙͍ͨͪ͒ͫͭ͊ͤ͟͜ ͤ͜΄͙ͻ ͪ͊ͫΣ ͔͍ͭͤͦͫ͜Σ ͔͎͚ͪ͜͜͡Σ ͯ͟͡ΈͭͯͪΦ 

˾͍ͦ͘ΩΎ͊ͤͤ͘Ύ ͍͙ͤ͊͊ͤ͘ͻ ͍͙΅͔ ͭ͊ ͎͋͊͊ͭΈͦͻ ͤ͜΄͙ͻ ͔͔ͫͯͨͪ;͔͚ͤͦͫͭΣ ΅ͦ 
͔͗͊ͭ͡Έ ͯ ͙ͨͦͭ͜͡;͚ͤ͜Σ ͔͊͊͒ͣ͟͜;͚ͤ͜Σ ͔ͦͤͦͣ͟͜;͚ͤ͜Σ ͫͦͼ͊͜͡Έ͚ͤ͜Σ ͯ͟͡Έ͚ͭͯͪͤ͜ ͨͦ͡΅͙-
ͤ͊ͻΣ ͙͍͔ͣͦ͗͡Σ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͙͡΄͔ ͍ ͔ͦͤͭͫͭ͟͟͜ ͎ͪͦ͘͡Ύ͒ͯ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ 
Ύ͟ ;͙͙ͤͤ͊͟  ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍ͦͫͭͤ͜Έͦ͝ ͙͔͙ͫͫͭͣ ͭ͊ ͔͎ͦͤͪͭͤͦͦ͟͟ ͍͙΄ͯΣ ͊ 
͔ͤ ͊ͫͦ͋ͯ͘ ͍͙ͪ͜΄͔ͤͤΎ ͚͎ͦͦ ͊ͭͯ͊͟͡Έ͙ͤͻ ͺ͍͙ͤ͊ͤͫͦ͜ͻ ͔ͨͪͦ͋ͣ͡Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽͔ͪ΄ ͊͘ ͍͔ͫ ͔͙ͨ͒ͪͫͣͦ͜͟͡Σ ΅ͦ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͎ͪͦͣ͊͒͊ ͍ ͎͊ͯ͘͜͡ ͔ͭͦͪ͜͝ ˤ˻ Ί ͔͒ͯ͗ ͨͦͭͯ͗ͤͦΌ ͜ ͔͒ͦ͋ͪ 
͎͍ͦͪ͊ͤͦ͊ͤͦ͘͜Ό ͫͨ͜͡ΈͤͦͭͦΌΣ ΅ͦ ͦ͋ΩΊ͒ͤͯΊ ͔͔͙͍ͭͦͪͭ͟͜Σ ͙͍ͨͦͭ͜͟͜͡ ͭ͊ ͙͍ͨͪ͊ͭ͟͟͜Φ 
˱͙ͤͫͭͭͯͼ͚ͤͦ͜Ό ͍ͦͫͤͦͦΌ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͨͪͦ͋ͣ͡ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ 
͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͎ͫͯͯ͡ΌͭΈ ;͙͔ͫͤͤ͜͡ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ ͼ͔͙ͤͭͪ ͭ͊ ͝ͻ ͔͔ͣͪ͗͜4; 
ͨͪͦͺ͔͚ͫͤ͜͜ ͊ͫͦͼ͊͜ͼ͜͝ ͺ͊ͻ͍͜ͼ͍͜ ͭ͊ ͙ͤͫͭͭͯ͜ͼ͚͜Σ ΅ͦ ͚͊ͣ͊͘ΌͭΈͫΎ ͣ͗ͤ͊ͪͦ͒ͤͦ͜Ό 
͍ͦͫͭͦ͜Ό5Τ ͚ͨͦͫͭͤͦ͜ ͒͜Ό;͜ ͔͙ͭͣ͊ͭ;ͤ͜ ͣ͗ͤ͊ͪͦ͒ͤ͜͜ ͦͤ͟ͺ͔͔ͪͤͼ͜͝6Τ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ 

                                                           
4 ̂ ͔ͭͪͭΈͦͣͯ ͍͙͒͊ͤͤ͜ ͍͙͒ͦ͒ͤ͊͜͟ ζˤ͙΅͊ ͍ͦͫͭ͊͜Υ ˤ͔͍͚ͫͫͭͤ͜͜ ͔͔ͨͪ͜͟͡ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͼ͔͍ͤͭͪ͜Σ 
͔͊͊͒ͣ͟͜;͙ͤͻ ͎ͨͪͦͪ͊ͣΣ ͍͗ͯͪͤ͊͜͡ ͭ͊ ͨͯ͋͊͜͟͡ͼ͚͜η όнлмп ͪΦύ ͨͦ͒͊ͤͦ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͨͪͦ нмт ͎ͦͪ͊ͤ͊͘͜ͼ͚͜ ͯ пу 
ͪ͊ͤ͊͟͝ͻ ͍ͫͭͯ͜Σ ΅ͦ ͚͒ͫͤ͘͜ΌΌͭΈ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͘ ͔ͨͪͦ͋ͣ͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ ˭ ͙ͤ͘ ͙͋͘͡Έͦ͟ ͍͙͙ͨͦͦͤ͡ 
͎ͦͪ͊ͤ͊͘͜ͼ͚͜ ͨͪ͊ͼΌΌͭΈ ͯ ͭͪΈͦͻ ͪ͊ͤ͊͟͝ͻ ς ˿̋ˢ όрлύΣ ˴͙͚ͭ͊ όппύΣ ˤ͔͙͊͟͡ ˣ͙ͪͭ͊ͤ͜Ύ όмуύΦ ˴͜͡Έͫͭ͟͜Έ 

͍ͤ͊ͯͦ͟ͼ͍͜Σ Ύ͟͜ ͨͪͦͺ͔͚ͫͤͦ͜ ͚͊ͣ͊͘ΌͭΈͫΎ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ͙ͣ ͯ ͫͺ͔ͪ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͔͔͍ͨͪ͜΄ͯΊ мн ͙ͭͫΦ [12]. 
5 Academic Cooperation Association  (ACA), Association of International Educators (NAFSA), Institute 
of International Education (IIE), European Association for International Education (EAIE), Consortium 
for North American Higher Education Collaboration (CONAHEC), DAAD (Deutcher Akademischer 
Austauschdienst)  ͭ ͊ ͤ͜Φ 
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ͼ͔͙ͤͭͪ ͚ͤ͊͋͜͡Έ΄ ͍͙͍͍͙ͨͦ͡ͻ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͺ͍͙ͤ͊ͤͫͦ͜ͻΣ ͔ͦͤͦͣ͟͜;͙ͤͻΣ 
͙ͨͦͭ͜͡;͙ͤͻ ͭ͊ ͯ͟͡Έͭͯͪͤͦ-͍ͦͫͭͤ͜͜ͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜7Τ ͔ͫͨͼ͍͊ͦ͊ͤ͘͜͜͜͡ ͙͗ͯͪͤ͊͡8; 
ͣ͗ͤ͊ͪͦ͒ͤ͜͜ ͍͙͍͙͒͊ͤͼ͍ͭ͊Σ ͍ͭͦͪ;͜ ͔͙͍͙ͦͭ͟͟͡ Ύ͙͟ͻ ͦ͋ΩΊ͙͒ͤ͊͡ ͣ͗ͤ͊ͪͦ͒ͤͯ͜ 
͎ͪͦͣ͊͒ͯ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͘ ͔ͣͭͦΌ ͍͔ͫͭͦͪͤͤΎ ͔͍͙ͨͪ͒ͫͭ͊ͤͼΈ͙͟ͻ ͔ͤͼ͙͔͙ͦͨ͒͟͡;͙ͤͻ 
͍͍ͭͦͪ͜Σ ͯ Ύ͙͟ͻ ͔͙ͨͪͦ͋ͣ͡ ͊ͭͯ͊͟͡Έ͎ͤͦͦ ͫͭ͊ͤͯ ͚ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ό͔ͪͺͦͪͣΣ 
͔ͣͦ͒ͪͤ͊͘͜ͼ͚͜Σ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͚͜Σ ͣͤ͘͜ύ ʕ ˻ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ  Ύ͟ ͯ ͎ͦ͋͊͡͡ΈͤͦͣͯΣ ͭ͊͟ ͜ 

͍ ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͍͙ͣͪ͊͜ͻ [13; 15; 21]. 
͔͔͙́ͦͪͭ;ͤ͜ ͍͙ͦͫͤͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ ˤ˻ 

͍ ͔ͦͤͭͫͭ͟͟͜ ͎͊͊͘͡Έͤͦ͝ ͔ͭͦͪ͜͝ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ Ί 
͔͔ͨͪ͒ͣͭͦͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͭ͊͟ͻ ͣ͗ͤ͊ͪͦ͒ͤͦ͜ ͍͙͒ͦͣ͜ͻ ͯ;͔͙ͤͻΣ Ύ͟ ˾Φ s ͔͒ͤͪ 
(R. AdnerύΣ ˿Φ ˨ ͗Φ x ͦ͡͡ όS. J. Ball),  ˸ Φ ˥ ͋͋ͦͤͫ͜ ό˸Φ GibbonsύΣ ́Φ ˥͍͍ͪͦͫ͜͜͟͟͜ 
(T. HirvikoskiύΣ ˥Φ ˩ ͭͼ͍ͦͭ͟͜ͼ όH. EtzkowitzύΣ ˣΦ ˴ ͊ͪͫͫͦͤ͡Σ όB. Carlsson), 
˶Φ ˶ ͔͚͔͒ͫ͒ͦͪͺ όL. LeydesdorffύΣ ˣΦ ˶͍ͯͤ͒͊͡͡ όB. LundvallΣύΣ ˾Φ ˹ ͔͡Έͫͦͤ 
(R. NelsonύΣ ˴Φ ˹ ͍ͦͦͭͤ͜ όC. NowotnyύΣ ˿Φ ˿ ͦͭͭ͟ όS. ScottύΣ ˽Φ ́ ͪͦͯ όP. Trow), 
̒Φ ̅ ͎͔͔͎͊ͪ͋ͪ όJ. FagerbergύΣ ˥Φ ̊ ͍͊ͪͼͣ͊ͤ όH. Schwartzmanύ ͭ͊ ͤ͜Φ  

ˤ ͯͪ͊ͤͫ͟͝Έ͚͟͜ ͔͎͎ͨ͒͊ͦ͜ͼ͜ ͍͙΅ͦ͝ ΄͙ͦ͟͡ ͔͔͙ͭͦͪͭ;ͤ͜ ͙͊ͫ͊͒͘ ͍͊ͤ͊ͦ͊ͤͦ͘͜͡͝ 
͔͙ͨͪͦ͋ͣ͡ ͍͙͍ͫͭ͜͡ΌΌͭΈͫΎ ͯ ͨͪ͊ͼΎͻ ͙ͭ͊͟ͻ ͍ͤ͊ͯͦ͟ͼ͍͜Σ Ύ͟ ˤΦ s ͤ͒ͪͯ΅͔ͤͦ͟Σ 
ˢΦ ʕ ͙͊ͫ͡Ό͟Σ ˤΦ ʕ ͍ͭͦͪͦ͜͟Σ ˤΦ ˴ ͔͔ͪͣͤΈΣ ˸Φ ˭ ͎͍ͯͪͦͫΈ͙͚͟Σ ˸Φ ˭ ͙ͯ͋ͪͼΈ͊͟Σ 
ˤΦ ˬ ͍ͯͪ͊ͫΈ͙͚͟Σ ˱Φ ˭ Ύ͘ΌͤΣ ˿Φ ˴ ͔ͨͦ͟͡Σ ˻Φ ˴ ͍ͦͦ͊͘͡Σ ˴Φ ˴ ͦͪͫ͊͟Σ ˿Φ ˴ ͍ͯͪ͋͊ͭͦΣ 
˹Φ ˹ ͙;͊ͦ͟͡Σ ˤΦ ˶ ͎͍͙͚ͯͦΣ ˤΦ ˶ ͚ͯͭ͊Σ ˻Φ ˸ ͍͊ͭ͜Ίͤͦ͟Σ ̐Φ ̆ ͙͍ͪͦ͟ ͭ ͊ ͤ͜Φ  

˹͚͊͋͜͡Έ΄ ͊͘ͼ͍͔͙͙͊ͤͣ͜͟͡ ͙ͤͫͭͭͯ͜ͼ͜Ύ͙ͣΣ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ ͎͙ͨͪͦͪ͊ͣ Ύ͙͟ͻ 
ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͭͦͪ͜͝ ͜ ͙͙ͨͪ͊ͭ͟͟ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ˤ˻Σ Ί 
ͣ͗ͤ͊ͪͦ͒ͤ͜͜ ͊ͫͦͼ͊͜ͼ͜͝Σ ΅ͦ ͦ͋ΩΊ͒ͤͯΌͭΈ ͺ͊ͻ͍͜ͼ͍͜ ͭ͊ ͍͙΄͜Σ ΅ͦ ͚͊ͣ͊͘ΌͭΈͫΎ 
ͣ͗ͤ͊ͪͦ͒ͤͦ͜Ό ͍ͦͫͭͦ͜Ό9Φ ˾͔͔͔͙͍͙͙ͨͪͤͭ͊ͭͤͣ͘ ͙ͦͫͦ͋͊ͣΣ ͎ͨͦ͡Ύ͙͒ Ύ͙͟ͻ Ί 

                                                                                                                                                                                     
6 ˹͚͊͋͜͡Έ΄ ͔͍͙ͨͪ͒ͫͭ͊ͤͼΈ͙͙ͣ͟ ͙͙ͣ͗ͤ͊ͪͦ͒ͤͣ͜ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύ͙ͣ ͘ ͔ͨͪͦ͋ͣ͡ ͍͙ͪͦͭͯ͘͟ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ 
͙ͫͭ͊͡  ͯнлмс ͪΦΣ ͎͒ͤͦ͘͜ ͘ ͙͙͒͊ͤͣ ˢͫͦͼ͊͜ͼ͜͝ ͘ ͍͙ͪͦͭͯ͘͟ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ όHigher Education Development 
AssociationύΣ ͋ͪ͊ͤͤ͘͜Ύ ͙ͭ͊͟ͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜Υ Association for the Study of Higher Education (ASHE)  
ό˿̊ˢΣ ˻͎͚͊ͦύ; Consortium for Higher Education Researchers (CHERύ όˤˣΣ ˴͔͙ͣ͋ͪ͒͗ύ; Canadian 
Society for the Study of Higher Education (CSSHE) ό˴͊ͤ͊͒͊Σ ˴͎͊͊ͪ͜͡ύ; European Association for 
International Education (EAIE) (ˤˣΣ ˶͍͔ͪͨͯ͜͡Έ); The European Association for Institutional Research 
(EAIRύ όˤˣΣ ˣ͔͎͔ͪͣͤͣ͜ύΤ The European Conference on Educational Research (ECER) (˱ͪ͊ͤ͒͜͡ΎΣ  
˨ͯ͋ͤ͜͡); International Consortium for Educational Development (ICED) (˽ˢ˾Σ ˴͔͚ͨͭ͊ͯͤ); European 

Consortium for Political Research (ECPRύ ό͔̉ͻ͜ΎΣ ˽͎ͪ͊͊ύ [10]. 
7 World Bank, UNESCO, OECD, Global University Network for Innovation (Spain), International 
Association of Universities (IAU), European Universities Association, Academic Cooperation 
Association, European Association for International Education. 
8 ˹͚͊͋͜͡Έ΄ ͍͙͙͒ͦͣͣ͜ ͣ͗ͤ͊ͪͦ͒ͤͦͣͯ͜ ͎͊͊ͯ͘͡ ͙͗ͯͪͤ͊͊ͣ͡ ͍ ͎͊ͯ͘͜͡ ͔ͭͦͪ͜͝ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ΊΣ ͎͒ͤͦ͘͜ ͘ 
͙͙͒͊ͤͣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͣͦͦ͒͡ͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͔ͨͪͦ͋ͣ͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ όEarly Career Higher Education 
Researchers),  ͭ͊͟͜Υ Higher Education, Higher Education Research & Development, European Journal 
of Higher Education, Assessment & Evaluation in Higher Education, The Review of Higher Education, 
Innovative Higher Education, Innovative Practice in Higher Education, Research in Higher Education, 
The Journal of Higher Education, Studies in Higher Education, Higher Education Policy, Higher 
Education Management and Policy, Higher Education in Europe, Journal of the European Higher 

Education Area, Journal of Higher Education Policy and Management [8]. 
9
 Academic Cooperation Association (ACA), Association of International Educators (NAFSA), Institute 

of International Education (IIE), European Association for International Education (EAIE), Consortium 
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͍͙͔͊ͭͦͪͭͭͤͦΌ ͔͔͙ͭͦͪͭ;ͤͦΌ ͍ͦͫͤͦͦΌ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͙ͨͪͦ͋ͣ͡ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ˤ˻ Ί ̅Φ s ͡Έͭ͋͊ͻ όPhilip G. AltbachύΣ ˸Φ ˤ͊ͤ ͔͒ͪ ˤ͔͔ͤ͒ 
(M. Van der WendeύΣ ̆Φ ˨͔ ˤͭ͜ όH. De Wit), ˣΦ ˨͗Φ ˩͎ͤ͋ͦ͜͡͡ όB. J. Ellingboe), 
˸Φ ˴ ͍Ί͟ όM. KwiekύΣ ˨͗Φ ˹ ͚͊ͭΣ όJ. Knight), ˨͗Φ ˸ ͔͔ͫͭͤͻ͔͊ͯͪ͘ όJ. Mestenhauser), 
˽Φ ˿ ͦͭͭ͟ όP. ScottύύΣ ˹Φ ˿͍ͭͪͦͣͫͭ͟͜ όN. StromquistύΣ ̂Φ ́ ͚͊ͻ͔ͪ͡ όU. TeichlerύΣ ˢΦ 
͔́ͦͪͪͫ όˢΦ Torresύ ͭ͊ ͔͒Ύ͟͜ ͤ͜΄͜ ͔͍͙͙ͨͪ͒ͫͭ͊ͤ͟ ͊͘ͻ͒ͤͦ͜͝ ͔ͭͦͪ͜͝ ˤ˻Φ ̂ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ 
͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͒ͯͣͼ͜ ͔͙ͨͪͦ͋ͣ͡ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ˤ˻ ͙ͫͭ͊͡ ͔͔ͨͪ͒ͣͭͦͣ 
͔͒ͦͫ͒͗ͤ͜͡Έ ͙ͭ͊͟ͻ ͍ͤ͊ͯͦ͟ͼ͍͜Σ Ύ͟ ˹Φ s ͍΄͔ͤΌ͟Σ ˻Φ ˭ ͊͋ͦͦͭͤ͊͡Σ ˿Φ ˴ ͔ͨͦ͟͡Σ 
˴Φ ˴ ͦͪͫ͊͟Σ ˤΦ ˴͔͔ͪͣͤΈΣ ˻Φ ˻ ͎͜Ίͤͦ͟Σ ˻Φ ˾ ͍ͦͣ͊ͤͦͫΈ͙͚͟Σ ˢΦ ˿ ͋ͪͯΊ͍͊ ͭ͊ ͤ͜.  

˨͍͙ͦͦͣͦ͘͡ ͫͦ͋͜ ͍͒ͤ͊͘͜;͙͙ͭΣ ΅ͦ ͍ ͤ͊΄͙ͻ ͍ͪͦ͒͊͘͜͟ͻ ͔͙ͨͪͦ͋ͣ͡ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ˤ˻ ͍͙͒ͦͫ͒͗ͯ͊ͫ͜͡͡Ύ ͭ͊͟͜ ͔͙͊ͫͨͭ͟ ͔͙ͨͪͦ͋ͣ͡Υ ͫͯͭͤͫͭ͜Έ 

ͺ͔͔ͤͦͣͤͯ ζ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜η [1]Τ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͨͦͤΎͭΈ 

ζ͎ͦ͋͊͊͘͜͡͡ͼ͜Ύ ͍͙ͦͫͭ͜η ͭ͊ ζ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͍͙ͦͫͭ͜η [2]; ͙͍͙ͣͦͭΣ ͺ͙ͦͪͣ ͭ͊ 

͔͎ͫͭͪ͊ͭ͜͝ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ˤ˻ [3]Τ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ Ύ͟ ;͙͙ͤͤ͟ 

͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ˤ˻ ͍ ͍ͯͣͦ͊ͻ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͙͙ͪͯ͘͟ [4]; 

͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ˤ˻ Ύ͟ ͙͔ͨͪͦͪͭͭ͜ ͍ͦͫͭͤ͜Έͦ͝ ͙͙ͨͦͭ͜͟͡ ̐˿ [5]. 
ˤ͙͙͊ͪͭͣ ͍͎͙ͯ͊Σ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ Ί ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ΄͙͎ͪͦͦͦ͟ ͦ͊͟͡ ͔͍͊ͫͨͭ͟͜ 

͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͍͙ͦͫͭ͜Σ ͚͔͒ͫͤͤ͘͜͜ ͙͙ͣͦͦ͒ͣ͡ ͯͪ͊ͤͫ͟͝Έ͙͙ͣ͟ ͍ͤ͊ͯͦ͟ͼΎ͙ͣ-
͙͍͙ͦͣͨ͊ͪ͊ͭͫͭ͊ͣ͟͜ ͍ ͔ͣ͗͊ͻ ͍ͤ͊ͯͦͦ͟͝ ΄͙ͦ͟͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͍͙͙ͦͣͨ͊ͪ͊ͭͫͭ͟͜͟ 
˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˢΦ ˿ Φ ˸͔͊͊ͪͤ͊͟͟Σ ͊ 
͔ͫ͊ͣΥ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͫͭͦͪͯ ͫͭ͊ͪ΄ͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡ ͯ 
ˤ͔͙͚͟͜͡ ˣ͙ͪͭ͊ͤ͜͝ όˬΦ ̉ ͔ͪͤΎ͍ͦ͊͟ύΣ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͣͫͭͯ͘͜ ͍͙ͦͫͭ͜ ͍ 
͍͔͙͔ͯͤͪͫͭͭ͊͜ͻ ˴͙͊ͤ͊͒ όˢΦ ̉ ͙͍ͪ͊ύΣ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύͦͫͭ͟͜ ˤ˻ 
͍ ͔ͦͤͭͫͭ͟͟͜ ͍͙ͪͦͭͯ͘͟ ˣͦͦͤͫ͡Έ͎ͦͦ͟ ͨͪͦͼ͔ͫͯ όˤΦ x ͙͍ͦͦͨͭͦ͜͟͡ύΤ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͍͔͙͔ͯͤͪͫͭͭͫ͜Έͦ͟͝ ͍͙ͦͫͭ͜ ͍ ͔ͤͣ͜ͼΈ͍͙ͦͣͦͤ͟ͻ ͪ͊ͤ͊͟͝ͻ 
όˤΦ ˿ ͦͦ͡΅͔ͤͦ͟ύΤ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͍ͦͫͭͤ͜Έͦ͝ ͙͙ͨͦͭ͜͟͡ ΅ͦ͒ͦ ͊ͯ͘͡;͔ͤͤΎ 
͔͍ͫͭͯ͒ͤͭͫͭ͊ ͒ͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ ˤ˻ ͍ Ί͍͔͚ͪͦͨͫΈͦͣͯ͟ ͔͎ͪͦͤ͜͜ όˢΦ ̂ ͍͊ͤͦͫ͡Έ͊͟ύΣ 
͔͔ͭͤ͒ͤͼ͜͝ ͍͙ͪͦͭͯ͘͟ ͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ ͍ ͍͔͚̐ͪͦͨͫΈͦͣͯ͟ ˿ͦΌ͘͜ 
΅ͦ͒ͦ ͔ͤͺͦͪͣ͊͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͔͚͒ͭ͜ ͭ͊ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡ όˤΦ ˭ ͊Ύͪͤ͊ύ ͭ͊ ͤ͜Φ 

˻͔ͭ͗Σ ͚ͤ͊͋͜͡Έ΄ ͊ͭͯ͊͟͡Έ͙͙ͤͣ ͔͙͊ͫͨͭ͊ͣ͟ ͎ͪͦ͘͡Ύ͍͎͒ͯ͊ͤͦͦ ͙ͤ͊ͣ 
͙͒ͫͯͪͫͯ͟ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ˤ˻Σ ΅ͦ ͚ͤ͊͘΄͙͡ ͍͙͍͔ͫͭͤͤ͜͡Ύ ͍ ͨͯ͋͊͜͟͡ͼ͜Ύͻ 
͙͊ͪͯ͋͗ͤ͘͜ͻ ͜ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͍ͤ͊ͯͦ͟ͼ͍͜Σ Ί ͭ͊͟͜Υ ͎ͦ͋͊͡͡Έͤ͜Σ ͤ͊ͼͦͤ͊͜͡Έͤ͜ ͭ͊ 
͙ͤͫͭͭͯ͜ͼ͚ͤ͜͜ ;͙͙͙ͤͤ͟ ͍͙ͪͦͭͯ͘͟Τ ͙ͫͭͦͪ͜;ͤ͜ ͍͙͙ͭͦ͟ ͚ ͔͙ͭ͊ͨ ͍͙ͪͦͭͯ͘͟Τ ͫͯͭͤͫͭ͜Έ 
ͦͤ͟ͼ͔ͨͭͯ ͭ͊ ͍͊͘Ί͍ͣͦ͘ΩΎ͙͘͟ ͘ ͤ͜΄͙͙ͣ ͔͙͙ͫͨͦͪ͒ͤͤͣ͜ ͦͤ͟ͼ͔͙ͨͭ͊ͣΤ 
ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ͜ ͙͊ͫ͊͒͘Σ ͔͎ͫͭͪ͊ͭ͜͝ ͜ ͔ͣͦ͒͜͡ ͍͙ͪͦͭͯ͘͟ ͍ ͙ͪͤ͘͜ͻ ͎͔͙ͦͨͦͭ͜͡;͙ͤͻ 
͔͎ͪͦͤ͊͜ͻΣ ͪ͊ͤ͊͟͝ͻ ͙ͤͫͭͭͯ͜ͼ͜ΎͻΤ  ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜Σ ͍ͣͫͭͦ͘͜͜ ͭ͊ ͨͪͦͼ͔ͫͯ͊͡Έͤ͜ 
͙͊ͫ͊͒͘ ͤ͊ ͤ͊ͼͦͤ͊͜͡Έͤͦͣͯ ͚ ͙ͤͫͭͭͯ͜ͼ͚ͤͦͣͯ͜ ͍ͪͤ͜ΎͻΤ ͔͔ͭͤ͒ͤͼ͜͝Σ ͔͔ͫͯͨͪ;ͤͦͫͭ͜ 
ͭ͊ ͙͙͙ͪ͘͟ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙ͪͦͭͯ͘͟Φ 

                                                                                                                                                                                     
for North American Higher Education Collaboration (CONAHEC), DAAD (Deutcher Akademischer 
Austauschdienst)  ͭ ͊ ͤ͜Φ 
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˽͎͙͔ͦ͋ͤͤ͡͡Ύ ͔ͨͦͭͪ͋ͯΊΣ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͊ͤ͊͘͜͡ ͍͙͍ͨͯ͡ ͎ͪͦ͘͡Ύ͍͎͒ͯ͊ͤͦͦ 
ͺ͔͔ͤͦͣͤͯ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ˤ˻ ͤ͊ ͍͙ͪͦͭͦ͘͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ 
͍͔͙͔ͯͤͪͫͭͭͯ͜Σ ͍͙ͤ͊͘;͔ͤͤΎ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͔͔͍͔ͨͪͭͦͪͤͤΎ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͤ͊ ͚͍͔͒ͪ͊ͪ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ  

˻͔ͭ͗Σ ͔ͣͭͦΌ ͫͭ͊ͭͭ͜ Ί ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͺ͔͔ͤͦͣͤͯ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ Ύ͟ 
͚͍͔͒ͪ͊ͪ͊ όͫͨͦͤͯ͊͟͡Έ͎ͤͦͦ ;͙͙ͤͤ͊͟ύ ͍͙ͪͦͭͯ͘͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ 
͍͔͙͔ͯͤͪͫͭͭͯ͜Φ 

˨͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͔ͨͦͫͭ͊ͤͦ͡͝ ͔͙ͣͭ ͋ͯͦ͡ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͔͙ͣͭͦ͒ 
͔͎ͭͪͣͤͦͦ͜͜͡;͎ͤͦͦ ͚ ͙͔͎ͫͫͭͣͤͦͦ ͊ͤ͊ͯ͘͜͡Σ Ύ͟͜ ͔͔ͨͪ͒͋͊;͙͊͡ ͍͙Ύ͍͔ͤͤ͡Ύ 
͙ͫͯͭͤͫͤ͜ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͨͪͦͼ͔͍ͫ͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͭ͊ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ 
͍͙ͪͦͭͯ͘͟ ˤ˻Σ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙ͨͪ;͙ͤͤͦ-͍͙ͤ͊ͫ͒ͦ͜͟͡ͻ ͍͘ΩΎ͍͘͟͜ ͭ͊ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͍͊͘Ίͣͦ͒͜͝ ͫͯ͋ΩΊ͍ͭ͟͜ ͝ͻ ͍͙ͪͦͭͯ͘͟Σ ͍͙ͦͫͤͦͦͨͦͦ͗ͤ͡ͻ ͔͍͊ͫͨͭ͟͜ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍͙΄ͯ ͍ ͝ͻ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͜ ͍͊͘Ί͍͔ͣͦͯͣͦͤͦͫͭ͘͜͡Σ ͙͍͙ͣͦ͗͡ͻ ͙͙͍ͪ͘͟͜ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͍͙΄ͯΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˾͎ͦ͘͡Ύ͒ ͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͔͙ͨͪͦ͋ͣ͡ 
͔ͨͦͭͪ͋ͯΊΣ ͔ͨͪ΄ ͊͘ ͍͔ͫΣ ͯͭͦ;͔ͤͤͤΎ ͝͝ ͨͦͤΎ͚͎ͭͤͦͦ͜ ͊ͨ͊ͪ͊ͭͯΦ ˽ͦͤΎͭͭΎ 
ζ͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊η ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͍ͤ͊ͯͦ͟ͼΎ͙ͣ ͒͡Ύ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ 
ͫͯ;͊ͫͤͦ͝ ͔ͣͦ͒͜͡ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ̂ ͔ͦͤͭͫͭ͟͟͜ ͤ͊΄ͦ͝ 
͍͙ͪͦ͒͘͜͟ ͊ͭͯ͊͟͡Έ͙ͤͣ ͙ͨͭ͊ͤͤΎͣ Ί ͘ΩΎ͍ͫͯ͊ͤͤΎ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͍ͫ͊͒ͦͦ͟͡Ό Ύͦ͟͝ Ί ͍͔͙͔ͯͤͪͫͭͭ͜Σ ͝͝ ͼ͜͡Έ͍͙ͦͻ 
͙͔͍ͨͪͦͪͭͭ͜͜ ͜ ͍͊͒͊ͤ͘ΈΣ ͫͯ͋ΩΊ͍ͭ͟͜ ͍͊͘Ίͣͦ͒͜͝Σ ͫͭͪͯͭͯͪͤͦ͟͝ ͍͙ͨͦ͋ͯ͒ͦ ͭ͊ͦ͟͝ ͙͔͙ͫͫͭͣΦ 

͎̂͊͊͘͡Έ͔ͤͤͤΎ ͍ͪͦ͒ͦ͘͜͟ ͍͙ͨͪͦ͒ͤ͜ͻ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͍ͤ͊ͯͦ͟ͼ͍͜ [9; 15; 19] 
͒͊Ί ͍͙ͨ͒ͫͭ͊͜ ͒͡Ύ ͍͙͍͍ͫͤͦ͟͜Σ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ͻ ͯ ͚ͨͦ͒͊ͤ͜ ͒͊͜͡ ͙ͭ͊͋͡ͼ͜ мΦ 

͙́͊͋͡ͼΎ м 
̇͜͡Έ͍ͦ͜Σ ͍ͣͫͭͦ͘͜͜ ͭ͊ ͨͪͦͼ͔ͫͯ͊͡Έͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ 

͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ 
ˢ͔͙ͫͨͭ͟ 
͎ͪͦ͘͡Ύ͒ͯ 

˥ͦ͋͊͡͡Έͤ͊ 
͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊ 

ό˥˱˿ύ 

˥͔͔͎ͦͪͦͤ͊͜͡Έͤ͊ 
͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊ 

ό˥˾˱ ˿ύ 

˹͊ͼͦͤ͊͜͡Έͤ͊ 
͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊ 

ό˹˱˿ύ 

̇͜͡Έ͍ͦ͜ 
͙͔͙ͨͪͦͪͭͭ͜ 

˥ͦ͋͊͡͡Έ͙͚ͤ 
͍͙ͪͦͭͦ͘͟ 
͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ 
ͨͪͦͼ͔͍ͫ͜ 

˾͍͙ͦͭͦ͘͟ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ 
ͨͪͦͼ͔͍ͫ͜ ͯ ͎͔ͦͨͦ͜͡-
͙ͭ;ͤͦͣͯ ͔͎ͪͦͤ͜͜Σ ͍͙ͨ͒͜-
΅͔ͤͤΎ ͔ͦͤͯͪͤͭͦͫͨͪͦ͟͟-
ͣͦ͗ͤͦͫͭ͜ ͫͯ͋ΩΊ͍ͭ͟͜ ˥˾˱  ˿

˾͍͙ͦͭͦ͘͟ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ 
ͨͪͦͼ͔͍ͫ͜ ͯ 
ͤ͊ͼͦͤ͊͜͡Έ͚ͤ͜ ͔͍͒ͪ͗͊͜Σ 
͍͙ͨ͒͜΅͔ͤͤΎ 
͔ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤͦͫ͟͟
ͭ͜ ͫ ͯ͋ΩΊ͍ͭ͟͜ ˹˱˿ 

˿ͭͪͯͭͯͪͤ͊͟ 
͍ͨͦ͋ͯ͒ͦ͊ 

˥ͦ͋͊͡͡Έͤ͊ ͔͔ͣͪ͗͊ 
͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ 
͍͙ͪͦͭͯ͘͟ 

˥͔͔͎ͦͪͦͤ͊͜͡Έͤ͊ 
όΊ͍͔͚ͪͦͨ-ͫΈ͊͟ύ ͔͔ͣͪ͗͊, 
΅ͦ ͦ͋ΩΊ͒ͤͯΊ 
ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͫͯ͋ΩΊ͍ͭ͟͜ 
͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜;  
˥˾˱˿ Ί ͍ͫ͊͒ͦͦ͟͡Ό ͔͔ͣͪ͗͜ 
ͫͯ͋ΩΊ͍ͭ͟͜ ˥˱˿ 

˹͊ͼͦͤ͊͜͡Έͤ͊ ͔͔ͣͪ͗͊ 
ͫͯ͋ΩΊ͍ͭ͟͜ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ Ί 
͍ͫ͊͒ͦͦ͟͡Ό ˥˱˿ ͭ͊ ˥˾˱˿ 
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˥͍ͦͦͤ͜͡ 
ͫͯ͋ΩΊ͙ͭ͟ 
͍͊͘Ίͣͦ͒͜͝  ͍
͙͔ͫͫͭͣ͜ 

˸͗ͤ͊ͪͦ͒ͤ͜͜ 
͙͒ͦͫ͒ͤ͜͡-ͼΈ͟͜ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝Σ 
͙ͫͭͪͯͭͯͪ͟ ͣ͗ͤ͊ͪͦ͒͜-
͙ͤͻ ͦͪͨͦͪ͊͟ͼ͚͜Σ 
͍ͨͪͦ͒ͤ͜͜ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ 
͍͔͙͔͙ͯͤͪͫͭͭ͜ ͍ͫͭͯ͜Σ 
˥˾˱˿͙ ͭ͊ ˹˱˿͙ ͙ͪͤ͘͜ͻ 
ͪ͊ͤ͟͝ 

˸͗ͤ͊ͪͦ͒ͤ͜͜ ͭ͊ ͤ͊ͼͦ͜-
ͤ͊͡Έͤ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝Σ ͫͭ͊ͪͭ-͙͊ͨ 
͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
ͦͪͨͦͪ͊͟ͼ͚͜Σ ͍ͨͪͦ͒ͤ͜͜ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ 
͍͔͙͔͙ͯͤͪͫͭͭ͜ ͭ͊ ˹˱˿͙  
͙ͪͤ͘͜ͻ ͪ͊ͤ͟͝ 

˹͊ͼͦͤ͊͜͡Έ͙͚ͤ ͭ͊ 
͔͎ͪͦͤ͊͜͡Έͤ͜ ͯͪΎ͙͒Σ 
͍͔͙͔͙ͯͤͪͫͭͭ͜Σ ͤ͊ͼͦͤ͊͜-
͡Έͤ͜ ͫͯ͋ΩΊ͙ͭ͟ 
͍ͤͤͦ͊͜ͼ͚͜-ͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͯ ͫͺ͔ͪ͜ 
͔͙ͦͤͦͣ͟͜͟ ͭ͊ ͙͍ͨͪ͊ͭͤ͜ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ 
͙ͫͭͪͯͭͯͪ͟ ͚ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝  

˸͔ͻ͙͊ͤͣ͘͜ 
͔ͪ͊͊͘͜͡ͼ͜͝ 
ͼ͔͚͜͡ 
͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ 
͙͔͙ͫͫͭͣ  

˽͙ͦͭ͊͜͟͡ ͣ͗ͤ͊ͪͦ͒͜-
͙ͤͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜ 
(˻˩˿˾Σ ˸ˤ̅Σ ̑˹˩˿˴  ˻
ͭͦ΅ͦύ ΅ͦ͒ͦ 
͔͎ͤͭͪ͊͜ͼ͜͝ ͙ͪͤ͘͜ͻ 
˥˾˱˿͍͜ ͭ͊ ˹˱˿͍͜ ͯ   ˥˱˿ 

˽͙ͦͭ͊͜͟͡ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
͎ͦͪ͊ͤ͊͘͜ͼ͚͜ ό̐˿Σ ̐˴Σ ̐˽ 
ͭͦ΅ͦύ ͭ͊ ͯͪΎ͍͒͜ 
ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͔͍͒ͪ͗͊ 
΅ͦ͒ͦ ͍͙ͪͦͭͯ͘͟ ˥˾˱˿ 

˹͊ͼͦͤ͊͜͡Έͤ͊ ͙ͨͦͭ͊͜͟͡ 
͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ 
͍͙ͪͦͭͯ͘͟Σ ͤ͊ͼͦͤ͊͜͡Έͤ͊ 
͙͍ͤͦͪͣ͊ͭͤ͊ ͋͊͊͘ ΅ͦ͒ͦ 
͍͙ͪͦͭͯ͘͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜ 

 

̒͟ ͋͊;͙ͣͦ ͘ ͙ͭ͊͋͡ͼ͜ мΣ ͍͔͙͔͙ͯͤͪͫͭͭ͜ Ί ͍ͫ͊͒ͦͦ͟͡Ό ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ 
͍ͫ͜ͻ ͍͍ͪͤ͜͜Υ ͎ͦ͋͊͡͡Έͤͦ͝Σ ͎͔͔͎ͦͪͦͤ͊͜͡Έͤͦ͝ ͚ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝Φ ̂ ͍ͫͦΌ ;͔͎ͪͯΣ 
͔͔ͨͪ͒ͣͭͦͣ ͤ͊΄͎ͦͦ ͨͦ͒͊͡Έ΄͎ͦͦ ͎ͪͦ͘͡Ύ͒ͯ Ί ͍͙ͪͦͭͦ͘͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝  ͙͔͙ͫͫͭͣ 
͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ό˱˿ˤ˻ύΦ ˣ͔ͪͯ;͙ ͒ͦ ͍͎͙ͯ͊ ;͙͔ͫͤͤ͜͡ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͘ ͔ͨͪͦ͋ͣ͡ 
͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͘ ͔ͨͪͦ͋ͣ͡ 

͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͔͙͔͙ͦͫͫͭͣ͟ ͍͙΅ͦ͝ ΄͙ͦ͟͡ [13]Σ ͙ͣ ͪͦͯͣ͘͜Ίͣͦ ˱˿ˤ˻ Ύ͟ 
͔͙͍ͤͭͪ͊ͭͤͯ͜͟ ͫͨ͜͡Έͤͦͭͯ ͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͙͍͍ͤ͒͒͜͜͜Σ ͎ͪͯͨ ͭ͊ ͙ͤͫͭͭͯ͜ͼ͚͜Σ ΅ͦ 
Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͔͔͔͍ͣͪ͗ͯ ͦ͟-͔͍ͦ͡Όͼͦͤͯ͘͜͜Ό;ͯ ͫͭͪͯͭͯͪͯ͟Σ ͍͔ͫͭͦͪͤͯ ΄͡Ύͻͦͣ 
͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;͎ͦͦΣ ͙ͫͨͪΎ͙͍͎ͭͦͦ͡ ͒͡Ύ ͍ͤͤͦ͊͜ͼ͚͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Φ 
˿͙͔͙͚ͫͭͣͤ ͨ͒͜ͻ͒͜ ͍͙͎ͣ͊͊Ί ͎ͪͦ͘͡Ύ͒ͯ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͨͪͦͼ͔͍ͫ͜ ͤ͊ ͍ͫ͜ͻ ͍ͪͤ͜Ύͻ 
ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ˤ˻ ό͎͔͔͎ͦͪͦͤ͊͜͡ΈͤͦͣͯΣ ͤ͊ͼͦͤ͊͜͡ΈͤͦͣͯΣ ͙ͤͫͭͭͯ͜ͼ͚ͤͦͣͯ͜Σ 
ͫͯ͋-͙ͤͫͭͭͯ͜ͼ͚ͤͦͣͯ͜ύ Ύ͟ ͙ͭ͊͟ͻΣ ΅ͦ Ί ͍͊͘Ί͍ͣͦͨͦΩΎ͙͙͊ͤͣ͘ ͭ͊ ͍͊͘Ίͣͦ͒͜ΌͭΈ ͣ͗͜ 
ͫͦ͋ͦΌΣ ͔͔͔͍ͤͨͪͪͤͦ ͣͤ͘͜ΌΌͭΈͫΎ ͨ͒͜ ͍͙͍ͨͦͣ͡ ͙ͦ͒ͤ ͎ͦ͒ͤͦͦ ͭ͊ ΄͙͎ͪͦͦͦ͟ 
ͦ͊͟͡ ͍ͦͤ͘͜΄ͤ͜ͻ ;͙͙͍ͤͤ͟͜ ͍͙͍ͨͯ͡Φ ˤ͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͔͔ͦͪͫͤͯ͟͡ ͍͙΅͔ ͎ͦͯ͜͟͡ 
͊ͤ͊ͯ͘͜͡ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͊ͫͭͦͫͯ͘Ίͣͦ ͝͝ ͒ͦ 
͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ ˤ˻ ͍ ͚ͨͦ͒͊ͤ͜ ͒͊͜͡ ͙ͭ͊͋͡ͼ͜ нΦ 

˸͔͊ͭͪ͊͜͡Σ ͙͚ͨͦ͒͊ͤ ͯ ͙ͭ͊͋͡ͼ͜ нΣ ͍͒ͦͦ͘͡ΎΊ ͍͙ͦͤͫͭ͊ͭͯ͊ͭ͟Σ ΅ͦ 
͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊ ˤ˻ ͣ͊Ί ͎͍͔͍͙͚͋͊͊ͭͦͪͤ͜ ͭ͊ ͎͙͋ͦͦ͟͡ ͍͙͚ͫͭͪͯͭͯͪͦ͊ͤ͟ 
ͻ͔͊ͪ͊ͭͪ͟Φ ˿ͭ͊ͤ ͝͝ ͍͙ͪͦͭͯ͘͟ ͔͙͊͗ͭ͘͡ΈΣ ͔͔ͨͪ͒ͯͫͣ͜Σ ͍͒͜ ͣͫ͜͜͝ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͚ 
͎͍ͦͭͦͤͦͫͭ͜ ͍͔͙͔ͯͤͪͫͭͭͫ͜Έͦ͟͝ ͎͙ͪͦͣ͊͒ ό͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜͝Σ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ͝Σ 
ͣͦͪ͊͡Έͤͦ͝Σ ͔ͣ͊ͭͪ͊͜͡Έͤͦ͝Σ ͺ͍ͤ͊ͤͫͦͦ͜͝ ͭͦ΅ͦύ ͒ͦ ͝͝ ͯͫͨ͜΄ͤͦ͝ ͔ͪ͊͊͘͜͡ͼ͜͝Φ ˤ͒ͦͣͦ͜ 
ͭ͊ͦ͗͟Σ ΅ͦ ͔ͨͦͭͪ͋͊ ͍ ͍͙͍ͪͦͭͦ͘͟͜ ˱˿ˤ˻ ͍͔ͯͣͦͤ͊͘͡ ΄͙͙ͪͦͣ͟ ͦͦͣ͟͡ ͍ͦͤ͘͜΄ͤ͜ͻ 
;͙͙͍ͤͤ͟͜Σ ͔͔ͤ͊ͫ͊ͣͨͪ͒Σ ͨͪͦͼ͔͙ͫ͊ͣ ͔ͦͤͦͣ͟͜;ͤͦ͝ ͭ͊ ͙ͨͦͭ͜͡;ͤͦ͝ ͎ͦ͋͊͊͘͜͡͡ͼ͜͝Σ 
͍͙ͪͦͭͯ͘͟ ͔͙ͦͤͦͣ͟͜͟ ͤ͊ͤ͘Έ ͭ͊ ˱˴-͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͯ͟͡Έͭͯͪͤͦ-
͍ͦͫͭͤ͜Έ͎ͦͦ ͙͗ͭͭΎ ͡Ό͍͒ͫͭ͊Φ ̂ ͔ͦͤͭͫͭ͟͟͜ ͎͒͊ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͣ 
͔͔͙ͦͫͪ͒ͣͦͫ͘Ύ ͔ͫ͊ͣ ͤ͊ ͍͙͍ͨ͜͡ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝  ͤ͊ ͍͙ͪͦͭͦ͘͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ 
͙͔͙ͫͫͭͣ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ  
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͙́͊͋͡ͼΎ н 
˻͙͍ͫͦ͋ͦͫͭ͜͡ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ 

ˢ
ͫ
ͨ
͔
͟
ͭ
͙
 

ͪ
ͦ
͘
͎
͡
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͒
ͯ

 ˥͔͔͎ͦͪͦͤ͊͜͡Έͤ͊ 
όΊ͍͔͚ͪͦͨͫΈ͊͟ύ 
͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊ 
͍͙΅ͦ͝ ͦ ͍͙ͫͭ͜ ό˥˾˱  ˿ʕ )˻ 

˹͊ͼͦͤ͊͜͡Έͤ͊ 
͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊ 
͍͙΅ͦ͝ ͦ ͍͙ͫͭ͜ 
ό˹˱˿ ʕ )˻ 

˱͙ͤͫͭͭͯͼ͚ͤ͊͜ 
͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊  
ό˱˱˿ ˤ˻ύ 

̇
͜
͡
Έ
ͦ
͍
͜
 
ͨ
ͪ
͜
ͦ
ͪ
͙
ͭ
͔
ͭ
͙

 

˾͍͙ͦͭͦ͘͟ ̐˽ˤ˻ Ύ͟ ͍ͤͤͦ͊͜-
ͼ͚͎ͤͦͦ͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͭ͊ 
ͤ͊ͯͦ͟-͍͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͘ 
͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ 
͔ͦͤͯͪͤͭͦ͟͟-͒͊ͭͤͦͫͭ͘͜ 
͔͙ͦͤͦͣ͟͜͟ ͔͎ͪͦͤͯ͜ ͭ͊ 
͙͔͙ͫͫͭͣ ͚͎ͦͦ ˤ˻ ͤ͊ 
͎ͦ͋͊͡͡Έ͙ͤͻ ͙ͪͤ͊͟ͻ 
͍͍ͭͦ͊ͪ͜Σ ͎ͨͦͫͯ͡ ͭ͊ ͪͦ͋ͦ;ͦ͝ 
͙͙ͫ͡  

˱͔͎ͤͭͪ͊ͼ͜Ύ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ 
͙͔͙ͫͫͭͣ ˤ˻ ͯ ˥˾˱˿ ͘͜ 
͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ 
͔ͦͤͯͪͤͭͦ͒͊ͭͤͦͫͭ͘͟͟͜ 
ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͔͙ͦͤͦͣ͟͜͟ 
ͭ͊ ͙͔͙ͫͫͭͣ ˤ˻ ͤ͊ 
͎͔͔͎ͦͪͦ͜-ͤ͊͡Έ͙ͤͻ ͜ 
͎ͦ͋͊͡͡Έ͙ͤͻ ͙ͪͤ͊͟ͻ 
͍ͦͫͭͤ͜͜ͻ ͎ͨͦͫͯ͡ 

˱͍ͤͤͦ͊ͼ͚͙͚ͤ͜ 
͍͙ͪͦͭͦ͘͟ 
͍͔͙͔ͯͤͪͫͭͭͯ͜Σ ͚͎ͦͦ  
͔͎ͤͭͪ͊͜ͼ͜Ύ ͍ ˹˱˿ ͭ͊ 
˥˾˱˿Σ ͍͙ͨ͒͜΅͔ͤͤΎ 
͔ͦͤͯͪͤͭͦ͒͊ͭͤͦͫͭ͘͟͟͜ 
ͤ͊ ͣ͗ͤ͊ͪͦ͒ͤͦͣͯ͜ ͭ͊ 
ͤ͊ͼͦͤ͊͜͡Έͤͦͣͯ 
͙ͪͤ͊͟ͻ ͍ͦͫͭͤ͜͜ͻ ͎ͨͦͫͯ͡ 

˿
ͭ
ͪ
ͯ
͟
ͭ
ͯ
ͪ
ͤ
͊
 
ͨ
ͦ
͋
ͯ
͒
ͦ
͍
͊

 

˥͔͔͎ͦͪͦͤ͊͜͡Έ͙͚ͤ 
όΊ͍͔͚ͪͦͨͫΈ͙͚͟ύ ͨͪͦͫͭͪ͜ 
ˤ˻Σ ΅ͦ ͦ͋ΩΊ͒ͤͯΊ 
ͤ͊ͼͦͤ͊͜͡Έͤ͜ ͙͔͙ͫͫͭͣ ˤ˻ 
Ύ͟ ͫͯ͋ΩΊ͙ͭ͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜Τ ͣ͗ͤ͊ͪͦ͒ͤ͜͜ 
͍͔͙͔ͯͤͪͫͭͭͫ͜Έ͟͜ ͔͔ͣͪ͗͜Τ 
͔͔ͣͪ͗͜ ͍ͤ͊ͯͦ͟ͼ͍͜ ͊͘ 
͔͙͙ͦͪͣͣ͟ ͍͙͙ͤ͊ͯͦͣ͟ 
ͤ͊ͨͪΎ͙ͣ͊ͣ ͭͦ΅ͦ  

˹͊ͼͦͤ͊͜͡Έͤ͊ ͙͔ͫͫͭͣ͊ 
͍͊͊͒͘͟͜͡ ˤ˻Σ ͒ͦ ͫ͊͒ͯ͟͡ 
Ύͦ͟͝ ͍ͻͦ͒ΎͭΈ Ύ͟ 
͙ͭͪ͊͒ͼ͚ͤ͜͜ ͍͙΄͜Σ ͭ͊͟ ͜ ͝ͻ 
͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͙ͫͭͪͯͭͯͪ͟Σ 
͍͔ͫͭͦͪͤ͜ ͘ ͔ͣͭͦΌ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ 
͔͍ͨͪͦͭ͟͜ 

̂ͫ͜ ͫͭͪͯͭͯͪͤ͟͜ 
͙ͨ͒ͪͦ͒͘͜͜͡ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ 
ό͙͙ͤͫͭͭͯͭ͜Σ ͊͟ͺ͔͙͒ͪΣ 
͍ͤ͊ͯͦ͟͜ ͊͋ͦͪ͊ͭͦͪ͜͡͝ύ 
ͭ͊ ͍ͤ͊ͯͦ͟͜ ΄͙ͦ͟͡Σ ΅ͦ 
͔ͪ͊ͯ͘͜͡ΌͭΈ ͚͎ͦͦ ͣͫ͜͜Ό 

˥
ͦ
͡
ͦ
͍
ͤ
͜
 

ͫ
ͯ
͋
Ω
Ί
͟
ͭ
͙
 

͍
͘
͊
Ί
ͣ
ͦ
͒
͜
͝
 
ͯ
 

ͫ
͙
ͫ
ͭ
͔
ͣ
͜

 

͍͔͚̐ͪͦͨͫΈ͟͜ ό̐˴Σ ˾̐Σ 
͎ͪͯͨ͊ ̐-пύ ͭ͊ ͤ͊ͼͦͤ͊͜͡Έͤ͜  
͙ͨͦͭ͜͡;ͤ͜ ͎͙ͦͪ͊ͤ όͯͪΎ͙͒ύ ͚ 
͙ͫͭͪͯͭͯͪ͟  

̂ͪΎ͍͒ͦ͜ ͭ͊ ͣͫ͜ͼ͔͍͜ 
͍ͯͨͪ͊ͤͫ͜͡Έ͟͜ ͙ͫͭͪͯͭͯͪ͟Σ 
͍͔͙͔͙ͯͤͪͫͭͭ͜Σ ͍ͤ͊ͯͦ͟͜ ͭ͊ 
ͨͪͦͺ͔͚ͫͤ͜͜ ͊ͫͦͼ͊͜ͼ͜͝ ͚ 
͔͔ͣͪ͗͜ ͯ ͫͺ͔ͪ͜ ˤ˻ 

˱͙͙ͤͫͭͭͯͭκͺ͊ͯ͟͡Έ͔͙ͭͭΣ 
͊͒ͣͤͫͭͪ͊͜͜ͼ͜ΎΣ  
͊͟ͺ͔͙͒ͪΣ ͍͙͊͒͊͟͡;͜Σ 
͍ͤ͊ͯͦ͟ͼ͜Σ ͔͙ͫͭͯ͒ͤͭ 

˸
͔
ͻ
͊
ͤ
͜
͘
ͣ
͙
 
ͪ
͔
͊
͡
͜
͘
͊
ͼ
͜
͝
 

ͼ
͜
͡
͔
͚
 

͜
ͤ
ͤ
ͦ
͍
͊
ͼ
͜
͚
ͤ
ͦ
͝
 

ͫ
͙
ͫ
ͭ
͔
ͣ
͙

 

˻͍ͫͭͤ͜Ύ ͙ͨͦͭ͊͜͟͡ 
͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜ 
ό͍͙͙͚͒ͪͭ͜͟ ͔ͣͭͦ͒ 
͙ͦͦͪ͒ͤ͊͟ͼ͜͝ύ ͭ͊ 
ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͯͪΎ͍͒͜ 
΅ͦ͒ͦ ͍͙ͪͦͭͯ͘͟ ̐˽ˤ˻ 

˹͊ͼͦͤ͊͜͡Έͤ͊ ͙ͨͦͭ͊͜͟͡ 
͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ 
ˤ˻Σ ͙͍ͤͦͪͣ͊ͭͤ͊ ͋͊͊͘ 
͍͙ͪͦͭͯ͘͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͯ ͫͺ͔ͪ͜ ˤ˻ 

˿͔͎ͭͪ͊ͭ͜͝ 
͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ 
͍͙ͪͦͭͯ͘͟ 
͍͔͙͔ͯͤͪͫͭͭͯ͜Σ ͙͔ͫͫͭͣ͊ 
͙͍ͫͭͣͯ͜͡ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍ͫ͜ͻ ;͔͍ͤ͜͡ 
͍͔͙͔ͯͤͪͫͭͭ͜-ͫΈͦ͟͝ 
͎͙ͪͦͣ͊͒ 

 
ˣ͔ͪͯ;͙ ͒ͦ ͍͎͙ͯ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ΄͙͎ͪͦͦͦ͟ ͦ͊͟͡ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͜ 

͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͍ͤ͊ͯͦ͟ͼ͍͜ ͜Σ ͔ͨͪ΄ ͊͘ ͍͔ͫΣ ͍ͤ͊ͯͦ͟͜ ͍͙ͪͦ͒͘͜͟ ˨͗Φ ˹ ͚͊ͭ [17;18] ͭ ͊ ̆Φ 

˨͔ ˤͭͭ͊͜ [7]Σ ͨͦͤΎͭͭΎ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͎ͪͦ͘͡Ύ͒͊Ίͣͦ Ύ͟ 
͔͎ͫͭͪ͊ͭ͜;͙͚ͤ ͭ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙͚ͤ͜ ͨ͒͜ͻ͒͜ ͒ͦ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ 
͍͙ͣͪͯ͜ ͍ ͯͫ͜ ͔͙͊ͫͨͭ͟ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͼ͜Ί͝ ͙͔͙ͫͫͭͣΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί 
͒ͦͫΎ͎͔ͤͤͤΎ ͍ͤͦͦ͝ Ύͦͫͭ͟͜ ͨͪͦͼ͔ͫͯ ͭ͊ ͔ͪͯ͘͡Έͭ͊ͭͯ ͝͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˨͊͜͡ 
ͫͻ͔͙͊ͪ͊ͭͪͯ͘͟Ίͣͦ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͍ͪͤ͜͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ˤ˻Σ ͝͝ ͫͯ͋ΩΊ͙ͭ͟Σ 
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͔͎ͫͭͪ͊ͭ͜͝ ͚ ͔ͣͻ͙͊ͤͣ͘͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͤ͊ ͦ͗ͤͦͣͯ͟ ͘ ͍͍ͪͤ͜͜Φ ˽͔͍͙ͪ͒ͫͭ͊ͣͦ 
͎ͯ͊͊͘͡Έ͔͙͚ͤͤ ͔ͣ͊ͭͪ͊͜͡ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͯ ͍͙͎͡Ύ͒͜ ͙ͭ͊͋͡ͼ͜ ό͙͍͒Φ ͭ͊͋͡Φ оύΦ 

͙́͊͋͡ͼΎ о 
˿ͯ͋ΩΊ͙ͭ͟Σ ͼ͜͜͡Σ ͔͎ͫͭͪ͊ͭ͜͝ ͭ͊ ͔ͣͻ͙͊ͤͣ͘͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͤ͊ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ 
ˤ͙͙ͣͪ͜ ˿ͯ͋ΩΊ͙ͭ͟ ̇͜͜͡ ˿͔͎ͭͪ͊ͭ͜͝ ˸͔ͻ͙͊ͤͣ͘͜ 

˥
͡
ͦ
͋
͊
͡
Έ
ͤ
͙
͚

 

˸͗ͤ͊ͪͦ͒ͤ͜
 ͙ͨͦͭ͜͜͡;ͤ͜Σ 
ͯ͟͡Έͭͯͪͤͦ-
͍ͦͫͭͤ͜͜Σ 
ͨͪͦͺ͔͚ͫͤ͜͜
, 
͔ͦͤͦͣ͟͜;ͤ͜
Σ ͺ͍ͤ͊ͤͫͦ͜͜ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 

͍̅ͦͪͣͯ͊ͤͤΎ 
Ί͙͎͒ͤͦͦ 
͎ͦ͋͊͡͡Έ͎ͤͦͦ 
ͨͪͦͫͭͦͪͯ ˤ˻Σ ΅ͦ 
͍͍͒ͨͦ͒͊͜͜Ί 
͔͔ͤͭͪͫ͊ͣ͜ 
͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ 
͍͙ͪͦͭͯ͘͟ 
͡Ό͍͒ͫͭ͊Σ 
͍͙ͪͦͭͯ͘͟ 
͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ 
͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ 
͍ ͯ͟͡Έͭͯͪͤͦ-
͍͚ͦͫͭͤ͜͜Σ 
͍͚ͤ͊ͯͦ͟͜ ͭ͊ 
͔ͦͤͦͣ͟͜;͚ͤ͜ 
ͫͺ͔ͪ͊ͻ 

˭͍͔͊ͨͪͦ͊͒͗ͤͤΎ 
͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
͍ͫͭ͊ͤ͒͊ͪͭ͜ Ύͦͫͭ͟͜ 
ˤ˻Σ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
ͦͤͭͪͦ͟͡Ό ͝ͻ 
͙͒ͦͭͪͣ͊ͤͤΎΤ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ 
ͣ͗͜-͎ͤ͊ͪͦ͒ͤͦͦ 
͍͙ͤ͊ͤ͘-ͤΎ 
͍͊͟͜͡ͺ͊͜͟ͼ͚͜ ͭ͊ 
͙͍͒ͨͦͣ͜͡ ͨͪͦ ˤ˻Τ  
͍͙ͪͦͭͦ͘͟ ͣ͗ͤ͊͜-
ͪͦ͒ͤͦ͝ 
͔͊͊͒ͣ͟͜;ͤͦ͝ 
ͣͦ͋͜͡Έͤͦͫͭ͜ ͭ͊ 
͊͊͟-͔͒ͣ͜;͎ͤͦͦ 
͔͍ͨ͊ͪͭͤͪͫͭ͊ 

˨͙ͦͫ͒ͤ͜͡ͼΈ͟͜ ͭ͊ 
͙͎͍ͣͦͤͭͦͪͤͦ͜͜ 
͎͙ͨͪͦͪ͊ͣ ͚ ͊͟ͼ͜͝Τ 
͜͡ͼ͔͍ͤͯ͊ͤͤ͘Ύ ͭ͊ 
ͪͦͪͦ͋͊͘͟ 
͔ͣͻ͍͊ͤͣ͘͜͜ 
͔͙͊ͪ͒ͭ͊͟ͼ͜͝ 
͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
͍ͦͫͭͤ͜͜ͻ ͎ͨͪͦͪ͊ͣΤ 
͍͙ͪͦͭͦ͘͟ 
͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
͎͍͙ͪ͊ͤͭͦͻ ͎ͨͪͦͪ͊ͣ 
͔͊͊͒ͣ͟͜;ͤͦ͝ ͭ͊ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ 
ͣͦ͋͜͡Έͤͦͫͭ͜ 

˥
͔
͔ͦͪ
͎
͜
ͦ
ͤ
͊
͡
Έ
ͤ
͙
͚

 

˾͔͎ͦͤ͊͜͡Έͤ͜ 
͙ͨͦͭ͜͡;ͤ͜Σ 
ͯ͟͡Έͭͯͪͤͦ-
͍ͦͫͭͤ͜͜Σ 
ͨͪͦͺ͔͚ͫͤ͜͜Σ 
͔ͦͤͦͣ͟͜;ͤ͜Σ 
ͺ͍ͤ͊ͤͫͦ͜͜ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 

˾ͦ ͍͙ͭͦ͘͟ ͔͎ͪͦ͜-
ͤ͊͡Έ͙ͤͻ ͍ͨͪͦͫͭͦͪ͜ 
ˤ˻Σ ΅ͦ 
͍͍͒ͨͦ͒͊͜͜ΌͭΈ 
͔͔ͤͭͪͫ͊ͣ͜ 
͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ 
͍͙ͪͦͭͯ͘͟ ͔͎͍ͪͦͤ͜͜Σ 
Ί 
͔͙ͦͤͯͪͤͭͦ͒͊ͭͤ͘͟͟
ͣ ͤ͊ ͎ͦ͋͊͡͡Έͤͦͣͯ 
͙ͪͤͯ͟ ͍ͦͫͭͤ͜͜ͻ 
͎ͨͦͫͯ͡ ͭ͊ 
͍͊͟͜͡ͺ͍ͦ͊ͤͦ͜͟͝ 
ͪͦ͋ͦ;ͦ͝ ͙͙ͫ͡ 

͍̅ͦͪͣͯ͊ͤͤΎ 
͙͍͙ͤͦͪͣ͊ͭͤͻΣ 
͍͙ͣͫͭͦ͘͜ͻ ͭ͊ 
ͨͪͦͼ͔ͫͯ͊͡Έ͙ͤͻ 
͊ͫ͊͒͘ ͔͎ͪͦͤ͊͜͡Έͤͦ͝ 
͍ͦͫͭͤ͜Έͦ͝ ͙͙ͨͦͭ͜͟͡Τ 
ͪͦͪͦ͋͊͘͟ ͭ͊  
͔͔͊͋ͨ͘͘;͔ͤͤΎ 
ͦͤͭͪͦ͟͡Ό 
͔͎ͪͦͤ͊͜͡Έ͙ͤͻ 
͍ͫͭ͊ͤ͒͊ͪͭ͜ Ύͦͫͭ͟͜ 
ˤ˻ ͭ͊ ͔ͣͻ͍͊ͤͣ͘͜͜ 
͍͙ͤ͊ͤͤ͘Ύ 
͍͊͟͜͡ͺ͊͜͟ͼ͚͜ ͜ 
͙͍͒ͨͦͣ͜͡ ͨͪͦ ˤ˻  

˭͍͊ͫͭͦͫͯ͊ͤͤΎ ͍͙͒ͪ͜͟-
͎ͭͦͦ ͔ͣͭͦ͒ͯ ͙ͦͪ͒͟-
ͤ͊ͼ͜͝ ͍ ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ 
͙ͨͦͭ͊͜͟͡ͻ ͯ ͫͺ͔ͪ͜ ˤ˻Τ  
͍͙ͪͦͭͦ͘͟ 
͔͎ͪͦͤ͊͜͡Έ͙ͤͻ 
͎ͨͪͦͪ͊ͣ ͔͊͊͒ͣ͟͜;ͤͦ͝ 
ͭ͊ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
ͣͦ͋͜͡Έͤͦͫͭ͜Σ 
͔͎ͪͦͤ͊͜͡Έ͎ͤͦͦ 
͔͊͊͒ͣ͟͜;-͎ͤͦͦ 
͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ ͣ͗͜ 
͍͔͙͔͙ͯͤͪͫͭͭ͊ͣ͜Τ 
ͪͦͪͦ͋͊͘͟ 
͔͎ͪͦͤ͊͜͡Έ͙ͤͻ ͪ͊ͣͦ͟ 
͍͊͟͜͡ͺ͊͜͟ͼ͚͜Τ 
͍͔ͯͭͦͪͤͤΎ 
͔ͪ ͎ͦͤ͊͜͡Έ͙ͤͻ 
͍͔͙͔͍ͯͤͪͫͭͭ͜͜ ͭ͊ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ 
ͼ͔͍ͤͭͪ͜ 
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˹
͊
ͼ
͜
ͦ
ͤ
͊
͡
Έ
ͤ
͙
͚

 

˨͔͍ͪ͗͊͊Σ 
ͤ͊ͼͦͤ͊͜͡Έͤ͜ 
͔͍ͣͤͫͭͪͫͭ͊͜͜ 
ͭ͊ 
͍͍͒ͦͣͫͭ͊͜Σ 
΅ͦ Ί 
͍͍͒ͨͦ͒͊͜͜͡
Έ͙͙ͤͣ ͊͘ 
ˤ  ˻

˾͍͙ͦͭͦ͘͟ 
͔ͦͤͯͪͤͭͦ͟͟-
͒͊ͭͤͦͫͭ͘͜ 
ͤ͊ͼͦͤ͊͜͡Έ-ͤͦ͝ 
͙͔͙ͫͫͭͣ ˤ˻Σ 
͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
͔͊͊͒ͣ͟͜;͙ͤͻ 
͍͘ΩΎ͍͘͟͜Σ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ 
ͭ͊ ͔ͣ͊ͭͪ͊͜͡Έ͎ͤͦͦ 
͊ͨͭ͊ͯ͟͜͡ ͚ 
͍ͤͤͦ͊͜ͼ͚͜-͎ͤͦͦ 
͔ͨͦͭͤͼ͊ͯ͜͡ ͙ͪ͊ͤ͟͝ 

˿͔͎ͭͪ͊ͭ͜Ύ ͍͙ͪͦͭͯ͘͟ 
͍͊͘Ίͣͦͪͦͯͣͤͤ͘͜ΎΤ 
͔͎ͫͭͪ͊ͭ͜Ύ ͙ͦͭͪ-
ͣ͊ͤͤΎ ͙ͨͪ͋ͯͭͯ͟Τ 
͔͎ͫͭͪ͊ͭ͜Ύ ͙ͫͨͪΎͤͤΎ 
͍͊͟͜͡ͺ͍͚ͦ͊ͤ͜͟͜ 
͎ͣͪ͊͜ͼ͜͝Τ  
͔͎ͫͭͪ͊ͭ͜Ύ ͤ͊ͪͦ΅ͯ-
͍͊ͤͤΎ ͔ͨͦͭͤͼ͊ͯ͜͡ 

[21] 

˿͙ͨͪΎ͙͍ͭ͊͡ ͒͡Ύ 
͍͙ͪͦͭͯ͘͟ 
͔͊͊͒ͣ͟͜;ͤͦ͝ 
ͣͦ͋͜͡Έͤͦͫͭ͜ ͭ͊ 
͍͎ͤ͊ͯͦͦͦ͟ 
͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ 
͍ͦͫͭͤ͜ΎΣ ͍ͤ͊ͯͦ͊͟Σ 
͍ͤͤͦ͊͜ͼ͚ͤ͊͜Σ 
͍ͨͦ͒͊ͭͦ͊͟ ͭ͊ 
͔͎ͣͪ͊͜ͼ͚ͤ͊͜ ͙ͨͦͭ͊͜͟͡ 
͔͍͙͒ͪ͗͊   

˱
ͤ
ͫ
ͭ
͙
ͭ
ͯ
ͼ
͜
͚
ͤ
͙
͚

 

ˤ͙΅͜ 
͍ͤ͊;͊͡Έͤ͜ 
͙͊͊͒͘͟͡ 

˽͍͙͒͜΅͔ͤͤΎ 
͔ͦͤͯͪͤͭͦͫͨͪͦͣ͟͟
ͦ -͗ͤͦͫͭ͜Σ ͫͭ͊ͭͯͫͯΣ 
ͣ͒͗ͯ͜͜ ͍͙΄ͯ 

͍̅ͦͪͣͯ͊ͤͤΎ ͍ͤͦͦ͝ 
͔͙͒ͤͭ͜;ͤͦͫͭ͜ ͍͙΄ͯΣ 
ͤ͊͒͊ͤͤΎ 
͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ ͭ͊ 
͔ͤͭͪͯ͜͟͡Έ͎ͭͯͪͤͦͦ 
͍͙ͣͪͯ͜ ͍ͫͣ͜ 
ͤ͊ͨͪΎͣ͊ͣ ͚͎ͦͦ 
͒͜Ύ͡Έͤͦͫͭ͜ 

˾ͦͪͦ͋͊͘͟ ͍ͤͦͦ͝ 
͔͎ͫͭͪ͊ͭ͜͝ ͍͙ͪͦͭͯ͘͟ 
͍͙΄ͯΣ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͜͜͡-
͍͎ͦ͊ͤͦͦ͘ 
͙ͯͪͯͯͣͯ͟͟͡Τ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͔͙͎ͪͪͯͭͯ͟ 
ͭ͊ ͍ͫͯͨͪͦͦ͒ͯ ͔ͤͦͣ͘͜-
͙ͤͻ ͔͍ͫͭͯ͒ͤͭ͜ ͜ 
ͺ͊ͻ͍͜ͼ͍͜Τ ͔͊͊͒ͣ͟͜;͔ͤ 
͔͍ͨ͊ͪͭͤͪͫͭͦ ͘͜ 
͙͙͊ͪͯ͋͗ͤͣ͘͜ 
͍͙΄͙͊ͣ 

˱
ͤ
͒
͙
͍
͜
͒
ͯ
͊
͡
Έ
ͤ
͙
͚

 

ˤ͙͊͒͊͟͡;͜Σ 
͔͙ͫͭͯ͒ͤͭΣ 
͍ͤ͊ͯͦ͟ͼ͜Σ 
͊͒ͣͤͫͭͪ͊͜͜-
͙ͭͦͪ ͍͙΄ͯ 

˽͎͍͒ͦͭͦ͊͜͟ ͍͙ͫͦͦ͟ 
͍͊͟͜͡ͺ͍͎ͦ͊ͤͦͦ͜͟ 
ͺ͊ͻ͍͜ͼΎΣ ͎͒͊ͭͤͦͦ͘ 
͒ͦ ͯͫͨ͜΄͎ͤͦͦ 
ͨͪ͊ͼ͔-
͍͊͡΄͍ͭͯ͊ͤͤΎ ͤ͊ 
ͣ͗ͤ͊ͪͦ͒ͤͦͣͯ͜ 
͙ͪͤͯ͟ ͪͦ͋ͦ;ͦ͝ 
͙͙ͫ͡Τ ͺͦͪͣͯ-͍ ͊ͤͤΎ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͜͡Έ-ͤͦ͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ 
͎ͪͦͣ͊͒Ύ͙ͤͤ͊ ͍ͫͭͯ͜ 

˾͍͙ͦͭͦ͘͟ 
͍ͦͤ͘͜΄ͤΈͦ͝ ͭ͊ ͍ͤͯ-
ͭͪ͜΄ͤΈͦ͝ ͔͊͊͒ͣ͟͜;-
ͤͦ͝ ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
ͣͦ͋͜͡Έͤͦͫͭ͜Τ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔-
͚͙ͫͤ͜ͻ ͔͔ͦͣͨͭͤͭ͟-
͔͚ͤͦͫͭ 
͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ ͍ͪͤ͜Ύ 

̂;͊ͫͭΈ ͯ ͎ͨͪͦͪ͊ͣ͊ͻ 
͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ 
͔͊͊͒͟-ͣ͜;ͤͦ͝ ͭ͊ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ 
ͣͦ͋͜͡Έͤͦͫͭ͜Σ 
͍ͦͦͦ͒ͤͤ͜͡Ύ 
ͨͪͦͺ͔͚ͫ͜-͙͙ͤͣ 
͔͔ͦͣͨͭͤͭͤͦ͟-ͫͭΎ͙ͣ 
͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ ͍ͪͤ͜Ύ 

 

˽͔ͦͦ͗ͤͤ͡ΎΣ ΅ͦ Ί ͣͫͭͦͣ͘͜ ͙ͭ͊͋͡ͼ͜ оΣ ͍͒ͦͦ͘͡ΎΌͭΈ ͚͙͒ͭ͜ ͍͙͍ͫͤͦͯ͟Σ ΅ͦ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͤ͊ ͍ͫ͜ͻ ͍ͪͤ͜Ύͻ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͙͔͙ͫͫͭͣ 
ˤ˻Φ ˨͡Ύ ͎ͦ͗ͤͦͦ͟ ͘ ͍͙ͤ͊͊ͤ͘ͻ ͍͍ͪͤ͜͜ ͻ͔͙͙͊ͪ͊ͭͪͤͣ͟ Ί ͍ͫͦ͝ ͼ͜͜͡Σ ͔͎ͫͭͪ͊ͭ͜͝Σ 
͔ͣͻ͙͊ͤͣ͘͜ ͔ͪ͊͊͘͜͡ͼ͜͝Σ ΅ͦ ͍͒ͦͨͦͤΌΌͭΈ ͭ͊ ͎͋͊͊͘;ͯΌͭΈ ͨͪͦͼ͔͙ͫΣ Ύ͟͜ 
͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͤ͊ ͤ͜΄͙ͻ ͍ͪͤ͜ΎͻΦ  

˭͚͔͔͒ͫͤͤ͜ ͙ͤ͊ͣ ͘ΩΎ͍ͫͯ͊ͤͤΎ ͫͯͭͤͦͫͭ͜ ͨͪͦͼ͔͍ͫ͜ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ 
͙͔͙ͫͫͭͣ ˤ˻ ͭ͊ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔͔͎ͨͪ͋ͯ͜ ͨͪͦͼ͔͍ͫ͜ ͝͝ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ 
͍͒ͦͦ͘͡ΎΊ ͔͔͚͙ͨͪͭ ͒ͦ ͎ͪͦ͘͡Ύ͒ͯ ͙ͨͭ͊ͤͤΎ ΅ͦ͒ͦ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͔ͨͦͭͤͼ͊ͯ͜͡ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͚͙ͤ͜ͻ ͨͪͦͼ͔͍ͫ͜ ͯ ͦ͗ͤͦͣͯ͟ ͘ ͔͍͊ͫͨͭ͟͜ ͒͜Ύ͡Έͤͦͫͭ͜ 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ6ȟ Ο 6(90) 

80 

͍͔͙͔ͯͤͪͫͭͭͯ͜ ό͍ͦͫͭ͊͜Σ ͤ͊ͯ͊͟Σ ͫͦͼ͊͜͡Έͤ͜ ͎͙ͨͦͫͯ͡ύΣ ͊ ͭ͊ͦ͗͟ ͙͙͍ͪ͘͟͜Σ ΅ͦ Ί 
ͻ͔͙͙͊ͪ͊ͭͪͤͣ͟ ͒͡Ύ ͍͍͙͊ͨͪͦ͊͒͗ͯ͊ͤ͘ͻ ͍ͤͤͦ͊͜ͼ͚͜Φ ˤ͒͊ͣͦͫΎΣ ͍͔͗ ͙ͭͪ͊͒ͼ͚ͤͦ͜Σ 
͒ͦ ͎ͯ͊͊͘͡Έ͔͎ͤͤͦͦ ͍͙͊͒ͯ͟͡ ͔͙ͨͪͦ͋ͣ͡ ͯ ͺͦͪͣ͜ ͍ͨͦͪͤ͜Ύ͡Έͤͦ͝ ͙ͭ͊͋͡ͼ͜ ό͙͍͒Φ 
ͭ͊͋͡Φ пύΦ ˻͋ΩΊͭͦͣ͟ ͎ͪͦ͘͡Ύ͒ͯ ͍ͫͭ͊ ͙ͤͫͭͭͯ͜ͼ͚͙͚ͤ͜ ͍͔ͪͤ͜Έ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ 
͙͔͙ͫͫͭͣ ˤ˻Φ ̂ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟ͼ͜ ͙͙͍ͪ͘͟͜Σ ΅ͦ ͔͔ͤͫ ͒͡Ύ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͨͪͦͼ͔ͫ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝Σ ͍͘͜Έ͔ͣͣͦ ͊͘ ͍ͦͫͤͦͯ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜ΌΣ ΅ͦ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͯ 
͍͙΄͊ͻ ˤ͔͙ͦ͟͡͝ ˣ͙ͪͭ͊ͤ͜͝ ͍ ͔ͦͤͭͫͭ͟͟͜ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͙͔͙ͫͫͭͣ 

͔͔͔ͣͤ͒͗ͣͤͭͯ ͙͙͍ͪ͘͟͜ [11]. 
͙́͊͋͡ͼΎ п 

˱͍ͤͤͦ͊ͼ͚͙͚ͤ͜ ͔ͨͦͭͤͼ͊͜͡ ͨͪͦͼ͔͍ͫ͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͍͔͙͔ͯͤͪͫͭͭͯ͜Υ 
͙͙͍ͨͦͭͤ͘͜ ͔͔ͭͤ͒ͤͼ͜͝ ͣͤ͘͜ ͭ͊ ͙͙͙ͪ͘͟ 

˾͍͔ͤ͜Έ 
˱͍ͤͤͦ͊ͼ͜͝ ͍ ͒͜Ύ͡Έͤͦͫͭ͜  ͍͔͙͔ͯͤͪͫͭͭͯ͜ 
͍ ͔ͦͤͭͫͭ͟͟͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ 

˽͙͙͍ͦͭͤ͘͜ 
͔͔ͭͤ͒ͤͼ͜͝ 

˾͙͙͙͘͟  

˱
ͤ
ͫ
ͭ
͙
ͭ
ͯ
ͼ
͜
͚

ͤ
͙
͚ 

˻͍ͫͭ͊͜Υ ˾͍͙ͦͭͦ͘͟ ͎͙ͦͪͦͤͭ͊͘͡Έͤͦ͝ ͭ͊ 
͍͔͙ͪͭ͊͟͡Έͤͦ͝ ͔͊͊͒ͣ͟͜;ͤͦ͝ 
ͣͦ͋͜͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
ͣͦ͋͜͡Έͤͦͫͭ͜ ͍͙͊͒͊͟͡;͍͜ ͯ ͔ͣ͗͊ͻ 
͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͎ͨͪͦͪ͊ͣ ͍͚͙ͨͦ͒ͤ͜ͻ 
͙͍͒ͨͦͣ͜͡ ͘ ͔͙͙ͤͦͣͤͣ͘͜ 
͍͔͙͔͙ͯͤͪͫͭͭ͊ͣ͜Τ  
͍͙ͪͦͭͦ͘͟ ͎ͨͪͦͪ͊ͣͤͦ͝ ͣͦ͋͜͡Έͤͦͫͭ͜ ͍ 
͔ͦͤͭͫͭ͟͟͜ ͔͊͊͒ͣ͟͜;͎ͤͦͦ ͊͋ͦ 
͔ͦͣͪ͟ͼ͚͎ͤͦͦ͜ ͔͍ͨ͊ͪͭͤͪͫͭ͊ 
όͺͪ͊ͤ΄͙ͤ͘͜ ͎͙ͯͦ͒ύ ͘ ͔͙͙ͤͦͣͤͣ͘͜ 
͍͙ͦͫͭͤͣ͜͜ ͍͚͔͙ͨͪͦ͊͒ͪ͊ͣΤ  
͍͙͒ͪͭͭ͜͟Ύ ͊ͦͪ͒ͦͤͤͦ͘͟͝ ͺ͜͜͡͝ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ 

˽ͦͪ͊͟΅͔ͤͤΎ 
ͣ͒͗ͯ͜͜ 
͍͔͙͔ͯͤͪͫͭͭͯ͜Σ 
͚͎ͦͦ ͙ͨͦ͘ͼ͜͝ ͍ 
ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͭ͊ 
͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
͔͚͙͎ͪͭͤ͊ͻΤ 
͍͙ͨ͒͜΅͔ͤͤΎ 
͍ͪͤ͜Ύ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ 
͚ ͫͦͼ͊͜͡Έ͎ͤͦͦ 
͊ͨͭ͊ͯ͟͜͡ ͍͙΄ͯΤ 
ͨͦͪ͊͟΅͔ͤͤΎ 
ͺ͍͎ͤ͊ͤͫͦͦͦ͜ 
ͫͭ͊ͤͯ ͭ͊ 
͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ 
ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟ 
͍͙΄ͯΤ 
͍͙ͨ͒͜΅͔ͤͤΎ 
͍͙͔͊ͭͦͪͭͭͯ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍ 
ͣͫ͜ͼ͔͍ͦ͝ 
͎͙ͪͦͣ͊͒ 

- ͔ͪͨͯͭ͊ͼ͚ͤ͜͜, 
͍ͨͦΩΎ͊ͤ͘͜ ͘ ͙ͤ͘Έ-͟ ͦΌ 
Ύͫͭ͟͜Ό ͍ͦͫͭ͜-ͤ ͜ͻ 
͎ͨͦͫͯ͡Σ ͊ ͭ͊ͦ͗͟ 
͎ͦͪ͊ͤ͊͘͜-ͼ͚͎ͤͦͦ͜ ͭ͊ 
ͯ͟͡Έ͎ͭͯͪͤͦͦ 
͍ͫͯͨͪͦͦ͒ͯ ͊ͪͯ͘-
͙͋͗ͤ͜ͻ ͔͍ͫͭͯ͒ͤͭ͜Τ 
- ͍͊͒ͪͦ͟͜Σ ͍ͯͣͦ͘-͡ ͔ͤ͜ 
͔ͤ͒ͦͫͭ͊ͭ-ͤ ΈͦΌ 
͟͜͡Έͫͭ͟͜Ό 
͊͟͜͡ͺ͍͎ͦ͊ͤͦͦ͜͟ 
͔ͨͪͫͦͤ͊ͯ͡ ͒͡Ύ 
͍ͤ͊;͊ͤͤΎ ͪͦͫͭ͊͘Ό;͙ͻ 
͙͎͔͍ͦͤͭͤͤͭ͟͜ ͤͦ͜-
͔͙ͣͤ͘ͻ ͔͍ͫͭͯ͒ͤͭ͜Τ 
- ͤ͜ͺͪ͊ͫͭͪͯͭͯͪ͟-ͤ ͜Σ 
͍͔ͯͣͦͤ͘͜͡ ͔ͤ-
͒ͦͫͭ͊ͭͤͫͭ͜Ό ͨͦ-
͔͚ͭͯ͗ͤͦͫͭ ͍͔ͯͤͪ͜-
͙͔ͫͭͭͫΈ͎ͦͦ͟ ͊ͣ͟-ͨ ͯͫͯ 
͒͡Ύ ͦ͋ͫͯ͡-͎ ͍͍ͦͯ͊ͤͤΎ 
ͣ͗͜-ͤ ͊ͪͦ͒ͤͦ͝ ͫͭͯ-
͔͒ͤͭͫΈͦ͟͝ ͎ͪͦͣ͊-͒ ͙Τ  
- ͺ͍ͤ͊ͤͫͦ͜͜Σ ΅ͦ 
͍͙͙͙ͤ͟͡ ͍ ͤ͊ͫ͜͡-͒ ͦ͟ 
΄͍͙͒ͦ͟ ͪͦͫͭ͊͘Ό;͙ͻ 
͊ͭͪ͊ͭ͘ ͜ ͔ͦͣͪ͟ͼ͚ͤ͜͜, 
΅ͦ Ί ͔ͪͯ͘͡Έͭ͊ͭͦͣ 

˹͊ͯ͊͟Υ ͔͎ͤͭͪ͊͜ͼ͜Ύ ͍͙ͤ͊ͯͦ͟ͻ 
͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍ ˥˱˿ ͭ͊ 
˥˾˱˿Υ ͍͊͘Ίͣͦ͒͜Ύ ͘͜ ͍ͤ͊ͯͦͦ͟-
͍͙͙ͪͦ͋ͤ;͙͙ͣ ͙ͫͭͪͯͭͯͪ͊ͣ͟ ͭͪ͊ͤͫ-
ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͦͪͨͦͪ͊͟ͼ͚͜Τ ͍͙ͪͦͭͦ͘͟ 
͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ ͍͎ͤ͊ͯͦͦͦ͟ 
͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ ΄͡Ύͻͦͣ ͍͙ͦͤ͊ͤͤ͟Ύ 
ͫͨ͜͡Έ͙ͤͻ ͘͜ ͍͔͙͔͙ͯͤͪͫͭͭ͊ͣ͜ ͤ͜΄͙ͻ 
ͪ͊ͤ͟͝ ͍͙ͤ͊ͯͦ͟ͻ ͔͍ͨͪͦͭ͟͜ ͭ͊ ͯ;͊ͫͭ͜ ͍ 
͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͍͔͙͔ͯͤͪͫͭͭͫ͜Έ͙͟ͻ 
͔͔ͣͪ͗͊ͻΤ ͊ͯ͘͡;͔ͤͤΎ ͔͙ͤͦͣͤ͘͜ͻ 
͍ͤ͊ͯͦ͟ͼ͍͜ ͒ͦ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͚ 
͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙΄ͯΣ 
͙͍͊ͭ͊͘͟͜ͼ͜Ύ ͎͚͙͎͍ͪ͊ͤͭͪ͊ͭͤͦͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍ͤ͊ͯͦ͟ͼ͍͜ ͍͙΄ͯ 
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˿ͦͼ͊͜͡Έͤ͜ ͎͙ͨͦͫͯ͡Υ ͫͯ͗ͤͤ͜͡Ύ Ύ͟ 
ͣͫ͜ͼ͔͍͚͜ ͎ͪͦͣ͊͒͜Σ ͭ͊͟ ͜ 
ͤ͊ͼͦͤ͊͜͡Έ͙ͤͣ ͔͔ͤͭͪͫ͊ͣ͜ ͭ͊ 
͍͙ͪ͜΄͔ͤͤΌ ͎ͦ͋͊͡͡Έ͙ͤͻ ͔ͨͪͦ͋ͣ͡ 
ό͔͎ͦͦ͟͜͡;͙ͤͻΣ ͯ͟͡Έͭͯͪͤͦ-͍ͦͫͭͤ͜͜ͻΣ 
͍͙ͤ͊ͯͦ͟ͻΣ ͔ͦͤͦͣ͟͜;͙ͤͻύΤ ͔͎ͤͭͪ͊͜ͼ͜Ύ 
͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͯ͟͡Έ͔ͭͯͪͤ 
͙͗ͭͭΎ ͣͫ͜ͼ͔͍ͦ͝ ͎͙ͪͦͣ͊͒ 

͔͒ͣ-ͨ ͎͍͙ͤͦ͜ͻ 
ͨͪͦͼ͔͍ͫ͜ ͤ͊ ͙ͪͤ͊͟ͻ 
͍ͦͫͭ͜-ͤ ͜ͻ ͎ͨͦͫͯ͡Τ  
- ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜Σ 
͍͔ͯͣͦͤ͘͜͡ ͙ͤ͘Έ-͟ ͙ͣ 
͍͔ͪͤͣ͜ ͪͦ͘-͍ ͙ͭͯ͟ 
͔͙ͪͪͯͭͤ͟-͎ ͍͙ͦͻ 
͔ͭͻ͎͚ͤͦͦ͜͡  ͍͙΄ͯΤ  
- ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͭ͊ ˱́-
͙͙͙ͪ͘͟Σ ΅ͦ 
ͨͦ͡Ύ͎͊ΌͭΈ ͯ 
͔ͤ͒ͦͫͭ͊ͤΈͦͣͯ ͍ͪͤ͜͜ 
͍͊ͨͪͦ͊͒͘-͗ ͔ͤͤΎ 
ͫͯ;͙͊ͫͤͻ ˱́ ͯ 
ͣ͗ͤ͊ͪͦ͒ͤͯ͜ 
͒͜Ύ͡Έͤͫͭ͜Έ ͍͙΄ͯΣ ΅ͦ 
͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ 
͙͔ͤ͗ͤͤ͘Ύ ͝͝ Ύͦͫͭ͟͜ 

˿
ͯ
͋
͜
ͤ
ͫ
ͭ
͙
ͭ
ͯ
ͼ
͜
͚
ͤ
͙
͚

 

˻͍ͫͭ͊͜Υ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͍͙ͤͦͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣΣ ΅ͦ Ί 
͊ͭͯ͊͟͡Έ͙͙ͤͣ ͤ͊ ͣ͗ͤ͊ͪͦ͒ͤͦͣͯ͜ 
͙ͪͤͯ͟ ͍ͦͫͭͤ͜͜ͻ ͎ͨͦͫͯ͡Τ 
͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͎͍͙͊ͤͦͣͦͤ͡ͻ 
͍ͦͫͭͤ͜͜ͻ ͎ͨͪͦͪ͊ͣ ͒͡Ύ ͔͙ͤͦͣͤ͘͜ͻ 
͔͍ͫͭͯ͒ͤͭ͜Τ 
͍ͤͯͭͪ͜΄ͤΎ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ 
͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣΤ 
͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ ͺͦͪͣ 
͍ͤ͊;͊ͤͤΎΣ ͔ͦͪͣ͊͘͟ ˸˻˻˿͍͜Τ 
͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͍͙ͤͦͻ ͺͦͪͣ 
ͦͤͭͪͦ͟͡Ό Ύͦͫͭ͟͜ ͍ͤ͊;͊ͤͤΎ 
͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜Τ  

˾͔͊͊͘͜͡ͼ͜Ύ 
͔͔͙͍ͨͪͫͨͭ͟ 
͍͙ͪͦͭͯ͘͟ 
͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͭ͊ 
͍͙͒ͪͭͭ͜͟Ύ ͍͙ͤͦͻ 
͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΤ 
͙͔͔ͫͫͭͣͤ 
͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ 
˱-͔́ͭͻ͎͚ͤͦͦ͜͡ ͯ 
͍ͤ͊;͊͡Έ͙͚ͤ 
ͨͪͦͼ͔ͫ ͭ͊ 
͍ͯͨͪ͊ͤͤ͜͡Ύ 
͍ͤ͊;͊͡Έ͙ͤͣ 
͊͊͒ͦͣ͘͟͡Τ 
ͪͦ͘΄͙͔ͪͤͤΎ 
͔ͫͭͯ͒ͤͭͫΈ͙͟ͻ 
͙͎͔͍ͦͤͭͤͤͭ͟͜Τ 
͍ͤͦ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ 
ͨͪͦͺ͔͚͎ͫͤͦͦ͜ 
͍͙ͪͦͭͯ͘͟ ˽ˤ˿ ͭ͊ 
͍͊͒ͣͤͫͭͪ͊ͭͦͪ͜͜͜ 

˹͊ͯ͊͟Υ ͯ;͊ͫͭΈ ͯ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
ͺ͊ͻ͍͙ͦͻ ͔͔ͣͪ͗͊ͻΤ ͙ͦͭͪͣ͊ͤͤΎ 
͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ ͍͙ͤ͊ͤͤ͘Ύ ͍͙ͤ͊ͯͦ͟ͻ 
΄͟͜͡Τ ͍͔ͫͭͦͪͤͤΎ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
͍͙ͤ͊ͯͦ͟ͻ ͍͙͒͊ͤΈΤ ͊ͯ͘͡;͔ͤͤΎ 
ͣ͗ͤ͊ͪͦ͒ͤͦ͜ ͍͙͙ͤ͊ͤ͘ͻ ͔ ͔͍ͫͨͪͭ͟͜ 

˿ͦͼ͊͜͡Έͤ͜ ͎͙ͨͦͫͯ͡Υ ͊ͯ͘͡;͔ͤͤΎ 
͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͔͔͍ͫͨͪͭ͟͜ ͒ͦ 
͍͙ͪ͜΄͔ͤͤΎ ͔ͨͪͦ͋ͣ͡ ͣͫ͜ͼ͔͍ͦ͝ 
͎͙ͪͦͣ͊͒Τ ͙͍͊ͭ͊͘͟͜ͼ͜Ύ ͔ͦͤͦͣ͟͜;͎ͤͦͦΣ 
͍͎ͤ͊ͯͦͦͦ͟ ͭ͊ ͯ͟͡Έͭͯͪͤͦ-͍ͦͫͭͤ͜Έ͎ͦͦ 
͙͗ͭͭΎ ͣͫ͜ͼ͔͍ͦ͝ ͎͙ͪͦͣ͊͒ 

˱
ͤ
͒
͙
͍
͜
͒
ͯ
͊
͡
Έ
ͤ
͙
͚

 

˻͍ͫͭ͊͜Υ ͯ;͊ͫͭΈ ͯ ͎ͨͪͦͪ͊ͣ͊ͻ 
͔͊͊͒ͣ͟͜;ͤͦ͝ ͭ͊ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
ͣͦ͋͜͡Έͤͦͫͭ͜Σ ΅ͦ ͒͊ΌͭΈ ͙͍ͣͦ͗ͦͫͭ͜͡ 
͙͙ͦͭͪͣ͊ͭ ͍͚͙͚ͨͦ͒ͤ͜ ͙͒ͨͦͣ͡ ͊͋ͦ 
͙͒ͨͦͣ͡ ͔͙͎ͨͪͫͭ͗ͤͦͦ ͎͊ͪͯ͋͗ͤͦͦ͘͜ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ 

˻͙ͭͪͣ͊ͤͤΎ 
Ύͫͤͦ͟͜ ͍͎ͤͦͦͦ 
͍ͦͫͭͤ͜Έ͎ͦͦΣ 
ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͭ͊ 
ͯ͟͡Έ͎ͭͯͪͤͦͦ 
͍͒ͦͫ͒ͯ͜Τ 
ͪͦ͘΄͙͔ͪͤͤΎ 
͙͍͔͚ͣͦ͗ͦͫͭ͡ 
Ύ͎ͫͤͦͦ͟͜ 
ͨͪ͊ͼ͔͍͊͡΄͍ͭͯ͊ͤ
ͤΎ 

˻͙ͭͪͣ͊ͤͤΎ 
͔ͤΎ͙ͫͤ͟͜ͻ ͍ͦͫͭͤ͜͜ͻ 
͎ͨͦͫͯ͡Σ ͔͎͙͍͎ͤ͊ͭͤͦͦ 
ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͭ͊ 
ͯ͟͡Έ͎ͭͯͪͤͦͦ 
͍͒ͦͫ͒ͯ͜Τ 
͔͍͙͍ͤͨͪ͊͒͊ͤ͜ 
ͺ͍ͤ͊ͤͫͦ͜͜ ͍͙ͭͪ͊ͭ  

˹͊ͯ͊͟Υ ͯ;͊ͫͭΈ ͯ ͎ͨͪͦͪ͊ͣ͊ͻ 
͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ ͍͎ͤ͊ͯͦͦͦ͟ 
͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ 

˿ͦͼ͊͜͡Έͤ͜ ͎͙ͨͦͫͯ͡Υ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͙ͦͭͪͣ͊ͤͤΎ ͍͎ͤͦͦͦ ͯ͟͡Έ͎ͭͯͪͤͦͦ 
͍͒ͦͫ͒ͯ͜ ͭ͊ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ 
͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͒͡Ύ ͙͗ͭͭΎ ͯ 
͎͍ͦ͋͊ͦ͊ͤͦͣͯ͘͜͡͡ ͫͯͫͨ͜͡Έ͍ͫͭ͜ 
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˭ͣͫͭ͜ ͙ͭ͊͋͡ͼ͜ п ͒͊Ί ͍͙ͨ͒ͫͭ͊͜ ͍͙ͦͤͫͭ͊ͭͯ͊ͭ͟Σ ΅ͦ ͙͔ͫͫͭͣͤ͊ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͚͒ͫͤͦ͜ ͔ͣͦ͗ ͎͍͙ͫͯͯ͊ͭ͡ 
͚͍͔͒ͪ͊ͪͦͣ ͍͙ͪͦͭͯ͘͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ ͍͔͙͔ͯͤͪͫͭͭͯ͜Σ ͍͙͍͔͔͒ͤͤΎ ͚͎ͦͦ ͤ͊ 
Ύͫͤͦ͟͜ ͍͙͚ͤͦ ς ͙͚ͣ͗ͤ͊ͪͦ͒ͤ͜ ͍͔ͪͤ͜Έ ͒ͦͫΎ͎͔ͤͤΈ ͜ ͍͙ͤ͊ͤͤ͘ΎΦ ˨ͦͫͭ͊ͭͤΈͦ 
;͙͔͙͙ͫͤͤͣ͡Σ ͦ͒ͤ͊͟Σ Ί ͙͙͙ͪ͘͟Σ ΅ͦ ͍͟͡Ό;͊ΌͭΈ ͍ͫ͜ ͙͍ͣͦ͗͜͡ ͝ͻ ͍͙͙͒Σ ͍͙ͤ͊͘;͔ͤ͜ 
͔͔͙͙ͭͦͪͭ͊ͣ͟ ͜ ͙͙ͨͪ͊ͭ͊ͣ͟͟ ͍ͦͫͭͤ͜Έ͎ͦͦ ͙͙ͪ͘͟-͔͔͔ͣͤ͒͗ͣͤͭͯΣ ͊ ͔ͫ͊ͣΥ 
͔ͪͨͯͭ͊ͼ͚ͤ͜͜Σ ͍͊͒ͪͦ͟͜Σ ͯ ͪͦ͋ͦͭ͜ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ, ͤ͜ͺͪ͊ͫͭͪͯͭͯͪͤ͟͜Σ ͔ͦͣͪ͟ͼ͚ͤ͜͜Σ 
ͺ͍ͤ͊ͤͫͦ͜͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͭ͊ ˱-͙͙͙́ͪ͘͟Φ ˱͔͙͒ͤͭͺ͊͜͟ͼ͜Ύ ͍͙ͤ͊͊ͤ͘ͻ 

͙͙͍ͪ͘͟͜ ͭ͊ ͝ͻ ͊ͤ͊͘͜͡ ͯ ͔ͦͤͭͫͭ͟͟͜ ͍͙͍;͔ͤͤΎ ͪ͊͟΅͎ͦͦ ͍͍͎ͫͭͦͦͦ͜ ͍͒ͦͫ͒ͯ͜ [17] 
͍͒ͦͦ͘͡ΎΌͭΈ ͚͙͒ͭ͜ ͍͙͍͍ͫͤͦ͟͜ ͨͪͦ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔͍ͨͤͦ͝ ͙͔͙ͫͫͭͣ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦΣ ͊͘ Ύ͙͟ͻ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͫͭ͊Ί 
͚͍͔͒ͪ͊ͪͦͣ ͔ͫ͊ͣ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟Σ ͊ ͔ͤ ͔͊ͤͨ͊͒ͯ͘ ͭ͊ ͍ͤ͊ͭ͜Έ 
͙ͫ͊ͣͦͤ͘΅͔ͤͤΎ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ 

ˤ͙͍͙ͫͤͦ͟Φ ˨ͦ ͍͙ͨͪͦ͒ͤ͜ͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ 
͔͔͍͔ͨͪͭͦͪͤͤΎ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͤ͊ ͚͍͔͒ͪ͊ͪ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ͙ͣ ͍͙͒ͤͦͫͣͦ͜ ͭ͊͟͜Υ  

¶ ͍͍͒ͨͦ͒ͤͫͭ͜͜͜Έ ͔͎ͫͭͪ͊ͭ͜͝ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͣͫ͜͜͝ ͍͔͙͔ͯͤͪͫͭͭͯ͜Τ 

¶ ͯͪ͊ͻ͍ͯ͊ͤͤΎ ΄͙ͪͦͦ͟͝ ͫͯͯͨͤͦͫͭ͟͜ ͍ͦͤ͘͜΄ͤ͜ͻ ό͙ͨͦͭ͜͡;͙ͤͻΣ 
͔ͦͤͦͣ͟͜;͙ͤͻΣ ͯ͟͡Έ͙ͭͯͪͤͻΣ ͔͎͚͙ͪͤ͜͜͡ͻΣ ͔ͭͤ͜;͙ͤͻ ͭͦ΅ͦύ ͭ͊ ͍ͤͯͭͪ͜΄ͤ͜ͻ 
ό͍͙͚͊͒ͪͦ͟ ͔ͨͦͭͤͼ͊͜͡Σ ͍͙ͪͦͭͦ͘͟ ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟Σ ͜͡ͼ͔ͤͼ͚ͤ͜͜ ͦ͋ͫΎ͎͙Σ 
͔͔͊͋ͨ͘͘;͔ͤͫͭ͜Έ ˱́-͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ Ύͫͭ͟͜Έ ͭ͊ ͣͦ͋͜͡Έͤͫͭ͜Έ ͔͔͔ͣͤ͒͗ͣͤͭͯύ 
;͙͙͍ͤͤ͟͜ ͯ ͨͪͦͼ͔ͫ͜ ͙ͪͦͪͦ͋͘͟ ͚ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔͎͚ͫͭͪ͊ͭ͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ 
͍͔͙͔ͯͤͪͫͭͭͯ͜Τ 

¶ ͍͍͔͔ͫͨ͒ͤͫͤͤ͜͜Ύ ͔͊͊͒ͣ͟͜;͙ͤͻΣ ͔ͪͨͯͭ͊ͼ͚͙ͤ͜ͻ ͭ͊ ͔ͦͣͪ͟ͼ͚͙ͤ͜ͻ 
͔͔͍ͤͭͪͫ͜͜ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍ ͔ͦͤͭͫͭ͟͟͜ ͙ͪͦͪͦ͋͘͟ ͭ͊ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔͎ͫͭͪ͊ͭ͜͝ ͚͎ͦͦ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝Τ 

¶ ͙͔͔ͫͫͭͣͤ ͭ͊ ͍͔ͨͦͫ͒ͦͤ͜͡ ͦͻ͔ͦͨͤͤ͡Ύ ͨͪͦͼ͔͙ͫ͊ͣ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ 
͍ͫ͜ͻ ͔͍͊ͫͨͭ͟͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ό͍ͦͫͭ͊͜Σ ͤ͊ͯ͊͟Σ ͫͦͼ͊͜͡Έͤ͜ ͎͙ͨͦͫͯ͡ύ ͘ 
ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͊ͭͯ͊͟͡Έ͙ͤͻ ͍͍͙ͫͭͦ͜ͻ ͔͔ͭͤ͒ͤͼ͚͜ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ 
͎ͦ͗ͤͦͦ͟ ͘ ͙ͤͻΤ 

¶ ͎ͪͦͦͪͭ͊ͤͤ͘Ύ ͨͪͦͼ͔͍ͫ͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ Ύ͟ ζ͎͙ͦͪ͘-͍͙ͤ͘η 
ό͙͍͊͒ͣͤͫͭͪ͊ͭͤ͜͜͜ ͔͎ͫͭͪ͊ͭ͜͝ύΣ ͭ͊͟ ͜ ζ͙ͤͯ͘͘-͍͎ͦͪͯη ό͔͎ͫͭͪ͊ͭ͜͝ ͔͊͊͒ͣ͟͜;͎ͤͦͦΣ 
͍͎ͤ͊ͯͦͦͦ͟ ͭ͊ ͔ͤͭͪͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ύ ͭ͊ ζ͙ͤͯ͘͘-͍΄͙ͪ΄ 
ό͔͔͔͍ͣͪ͗͜ ͔͎ͫͭͪ͊ͭ͜͝ύηΤ 

¶ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͔͎͚ͫͭͪ͊ͭ͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͤ͊ ͍ͫͨͨͪ͊͜ͼΌ ͘ 
͔͙͒ͪ͊ͣ͜͡ ͣ͗ͤ͊ͪͦ͒ͤͦ͜͝ ͔͊͊͒ͣ͟͜;ͤͦ͝ ͎͙ͪͦͣ͊͒Σ ΅ͦ ͍͙͒ͦͦͭ͘͡Έ ͨͦͪ͊͟΅͙͙ͭ 
Ύͫͭ͟͜Έ ͍ͦͫͭͤ͜͜ͻ ͭ͊ ͍͙ͤ͊ͯͦ͟ͻ ͎ͨͪͦͪ͊ͣΣ ͔͊͊͒ͣ͟͜;͎ͤͦͦ ͚ ͙͍͎͊͒ͣͤͫͭͪ͊ͭͤͦͦ͜͜ 
͔ͨͪͫͦͤ͊ͯ͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜Τ 

¶ ͍͍͔͔ͫͨ͒ͤͫͤͤ͜͜Ύ ͍ͭͪ͊ͭ ͭ͊ ͍͙͎ͦ͒ ό͡Ό͒ͫΈ͙͟ͻΣ ;͍͙͊ͫͦͻΣ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻΣ 
ͺ͍͙ͤ͊ͤͫͦ͜ͻΣ ͔ͣ͊ͭͪ͊͜͡Έ͙ͤͻ ͭͦ΅ͦύ ͯ ͔ͦͤͭͫͭ͟͟͜ ͙ͪͦͪͦ͋͘͟ ͚ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎ͨͪͦͪ͊ͣ 
͔͊͊͒ͣ͟͜;ͤͦ͝ ͣͦ͋͜͡Έͤͦͫͭ͜Τ  
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¶ ͯͪ͊ͻ͍ͯ͊ͤͤΎ ͔͔͍ͤͭͪͫ͜͜ ͣͫ͜ͼ͔͍ͦ͝Σ ͔͎ͪͦͤ͊͜͡Έͤͦ͝Σ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝Σ 
ͣ͗ͤ͊ͪͦ͒ͤͦ͜͝ ͎ͪͦͣ͊͒ ͯ ͍͙ͤ͊͘;͔ͤͤ͜ ͔͎͚ͫͭͪ͊ͭ͜ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ 
͍͔͙͔ͯͤͪͫͭͭͯ͜Τ 

¶ ͍͊͟͜͡ͺ͍ͦ͊ͤ͊͜͟ ͭ͊ ͙͍ͨͪͦ͊ͭͤ͊͟ ͙ͨͦͭ͊͜͟͡ ͍ͫͨͨͪ͊͜ͼ͜ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͘ 
ͨͦͫͦ͡Έ͍͙ͫͭ͊ͣ ͔͙ͤͦͣͤ͘͜ͻ ͔͍͒ͪ͗͊Σ ͙͙͊ͪͯ͋͗ͤͣ͘͜ ͍͔͙͔͙ͯͤͪͫͭͭ͊ͣ͜-
͔͙ͨ͊ͪͭͤͪ͊ͣ ͭ͊ ͝ͻ ͍ͤͤͦ͊͜ͼ͚͙͙ͤͣ͜ ͙ͫͭͪͯͭͯͪ͊ͣ͟Σ ͙͙ͣ͗ͤ͊ͪͦ͒ͤͣ͜ 
͔͙͎͍͙͙ͪͪͯͭͤͦͣ͟ ͦͣͨ͊ͤ͟͜Ύ͙ͣΣ ͙͙ͣ͗ͤ͊ͪͦ͒ͤͣ͜ ͍͔͙͔ͯͤͪͫͭͭͫ͜Έ͙͙ͣ͟ 
͔͔͙ͣͪ͗͊ͣ ͭͦ΅ͦΤ 

¶ ͙͒ͦͭͪͣ͊ͤͤΎ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύͦͫͭ͟͜ 
͍ͤ͊;͊ͤͤΎ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜Τ 

¶ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύͦͫͭ͟͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟ ͔͊͊͒ͣ͟͜;͎ͤͦͦ ͭ͊ 
ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍ͫͯͨͪͦͦ͒ͯ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜Τ 

¶ ͙͍ͣͦͭ͊ͼ͜ΎΣ ͙ͨ͒ͭͪͣ͊͜͟ ͚ ͎ͦͪ͊ͤ͊͘͜ͼ͚͔ͤ͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͯ;͊ͫͭ͜ 
͔͍ͫͭͯ͒ͤͭ͜Σ ͍͙͊͒͊͟͡;͍͜Σ ͍ͤ͊ͯͦ͟ͼ͍͜Σ ͍͊͒ͣͤͫͭͪ͊ͭͦͪ͜͜͜ ͯ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ 
͔͊͊͒ͣ͟͜;͙ͤͻ ͭ͊ ͍͙ͤ͊ͯͦ͟ͻ ͎ͨͪͦͪ͊ͣ͊ͻΣ ͍ͫͭ͊͗ͯ͊ͤͤΎͻΣ ͎ͨͪͦͪ͊ͣ͊ͻ ͔͊͊͒ͣ͟͜;͎ͤͦͦ 
ͦ͋ͣͤͯ͜Τ 

¶ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͫͯ;͙͊ͫͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͔͔͔ͣͤ͒͗ͣͤͭͯ ͙͙͍ͪ͘͟͜ ͯ ͪͦͪͦ͋͘ͼ͜ 
ͭ͊ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔͎͚ͫͭͪ͊ͭ͜ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝Φ 

˹͊ ͍͔͊ͪ͘΄͔ͤͤΎ ͊ͤ͊͘͘;͙ͣͦΣ ΅ͦ ͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜Ύ ͍͔͙͔ͯͤͪͫͭͭͯ͜ Ί 
͙ͫ͊͒ͤͣ͟͡ ͔͔ͫͯͨͪ;͙͍͙ͣ͡ ͨͪͦͼ͔ͫͦͣΣ ΅ͦ ͔ͣͦ͗ ͙ͫͭ͊ͭ Ύ͟ ͚͍͔͒ͪ͊ͪͦͣ ͚͎ͦͦ 
͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟Σ ͭ͊͟ ͜ ͊ͭ͊͊ͭͦͪͦͣ͘͟͜͡ ͔͊ͤͨ͊͒ͯ͘Σ ͦͫ͟͜͡Έ͙͟ ͔͎ͫͭͪ͊ͭ͜͝ ͭ͊ 
͔ͣͻ͙͊ͤͣ͘͜ ͼΈ͎ͦͦ ͨͪͦͼ͔ͫͯ ͣͦ͗ͯͭΈ ͙ͪ͊͒͊͟͡Έͤͦ ͙͙ͪͤͭͫ͘͜Ύ ͣ͗͜ ͫͦ͋ͦΌΥ ͍͒͜ 
͍ͭͦͪ;ͦ-͍͙͍ͪͦ͊͘͡Έ͙ͤͻ ͒ͦ ͎͔͙͍͊ͪͫͤͦ-͔ͦͣͪ͟ͼ͚͙ͤ͜ͻΦ 

˽͔͔ͪ͒ͣͭͦͣ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙͍;͔ͤͤΎΣ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜͝ ͚ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ 
͍͙͔ͨͦͤͤΣ ͘ ͤ͊΄ͦ͝ ͭͦ;͙͟ ͦͪͯ͘Σ ͙ͫͭ͊ͭ ͪ͊͟΅͙͚ ͙͚͊ͪͯ͋͗ͤ͘͜ ͜ ͍ͭ͜;͙ͤ͘Ύ͙͚ͤ ͍͒ͦͫ͒͜ 
͔ͤͭͪͤ͊͜ͼͦͤ͊͊͘͜͜͡ͼ͜͝ ͍͔͙͔ͯͤͪͫͭͭͯ͜Τ ͊ͭͯ͊͟͡ΈͤͦΌ Ί ͪͦͪͦ͋͊͘͟ ͔͔͙͍ͨͪͫͨͭͤͦ͟͝ 
͔ͣͦ͒͜͡ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͙ͪͦͭͯ͘͟ ͍͎͒ͦͫ͒͗ͯ͊ͤͦͦ͜͡ ͨͪͦͼ͔ͫͯΦ 
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͙͔ͫͫͭͣ͊Σ ͍͙͙͔ͪ͊ͭ͘Σ ͚͍͔͒ͪ͊ͪΦ 

SUMMARY 
Sbruieva A., Kozlov D. Internationalization as a driver of the university innovation 

system development. 
In the article the systemic characteristics of the phenomenon of internationalization 

as the driver of the university innovation system development are given. In order to achieve 
this goal the analysis of the sources and terminological analysis of its key concepts, namely 
άƛƴǘŜǊƴŀǘƛƻƴŀƭƛȊŀǘƛƻƴέ ŀƴŘ άƛƴƴƻǾŀǘƛƻƴ ǎȅǎǘŜƳέ was made. The systemic nature of the 
analysis of the phenomenon of internationalization of higher education was assured by 
speculations on leading dimensions and aspects of its implementation in their relationships 
and interactions.  

Peculiarities of goal settingΣ ǎŜƳŀƴǘƛŎ ŀƴŘ ǇǊƻŎŜŘǳǊŀƭ ŀǎǇŜŎǘǎ ƻŦ ƛƴƴƻǾŀǘƛƻƴ ǎȅǎǘŜƳǎΩ 
activities are outlined at the global, geo-regional and national levels. 

Aims, priorities, peculiarities of structural construction, subjects and mechanisms of 
interaction in the innovation system of higher education are defined. 

The author determined subjects, objectives, strategies and mechanisms of 
internationalization at the global, geo-regional, national, institutional and individual levels of 
higher education functioning. The innovative potential of internationalization of the 
University, positive trends and risks of implementing this process were found.  
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Organizational and pedagogical conditions for effective development of 
internationalization as a driver of University innovation system are outlined: compliance of 
the internationalization strategy with the mission of the university; the ratio of academic 
reputation and commercial interests of the University in the design and implementation of its 
internationalization strategy; systematic and consistent process of the internationalization 
coverage of all aspects of the university activities (education, science, social services) taking 
into account the tendencies of innovative development of each of them; the ratio of losses 
and benefits (human, temporal, intellectual, financial, material, etc.) in the design and 
implementation of academic mobility programs; adherence to international standards of 
ǉǳŀƭƛǘȅ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŦƻǊŜƛƎƴ ǎǘǳŘŜƴǘǎΩ ǘŜŀŎƘƛƴƎΤ ƳƻǘƛǾŀǘƛƻƴ ŀƴŘ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ǎǳǇǇƻǊǘ ƻŦ 
students, teachers, researchers and administrators participation in international academic 
and research programs, internships, academic exchange programs. 

Key words: university, internationalization, innovation system development, driver.  
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˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡. ͙̅͘͜;͔ͤΣ ͣͦͪ͊͡Έ͔ͤ ͚ ͫͦͼ͊͜͡Έ͔ͤ ͍͒ͦͪͦ͘ΩΎ 
͡Ό͙͙͒ͤ ͍͙ͤ͊͘ΌͭΈ ͎͍͙ͦͦͤͣ͡ ͙ͨͦ͊ͤͦͣ͘͟͟ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;ͤͦ͝ ͪͦͫͭ͘͜͜͡Σ 
ͯ͟͡Έ͙ͭͯͪ ͚ ͯͫͨ͜΄ͤͦͫͭ͜ ͦ͗ͤͦ͟͝ ͔͍͙͒ͪ͗͊Φ ˨͙ͤ͊ͣ͜;͙͚ͤ ͍͙ͪͦͭͦ͘͟ ͔͙ͣ͒;͙ͤͻ 
͔ͭͻ͎͚ͤͦͦ͜͡Σ ͎ͤ͊͊͡Έͤ͜ ͔͙ͨͦͭͪ͋ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͔͔͊͋ͨ͘͘;͙͙ͭ ͔͔ͤ͊ͫͤͤ͡Ύ Ύ͙͙ͫͤͣ͟͜ 
͔͙ͣ͒;͙͙ͤͣ ͎͙ͨͦͫͯ͊ͣ͡ ͙ͨͦͫ͡ΌΌͭΈ ͍͎ͯ͊ͯ ͒ͦ ͔͙ͣ͒;͙ͤͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ Ύ͟͜ 
ͣͦ͗ͤ͊ ͙͙ͦͭͪͣ͊ͭ Ύ͟ ͯ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻΣ ͭ͊͟ ͜ ͍ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͊͊͒͊͘͟͡ͻΦ ˽͙͍͙͍ͪ͊͋͜͡  ͒͡Ύ ͔͙ͤͦͣͤ͘͜ͻ ͍͙͍ͫͭͯͨͤ͟͜ ͜ ͯͪ͊ͤͫ͟͝Έ͟͜ ͍͙΅͜ ͔͙ͣ͒;ͤ͜ 
͍ͤ͊;͊͡Έͤ͜ ͙͊͊͒͘͟͡Σ ͯ Ύ͙͟ͻ ͔͔͔͙͚͋ͪ͗ͤ͘ ͍͎͙͚͊ͦͣ ͔ͨͦͭͤͼ͊͜͡ ͯͪ͊ͤͫ͟͝Έͦ͟͝ 
͔͙ͣ͒;ͤͦ͝ ͙ͤ͊ͯ͟ ͜ ͍͙ͦͫͭ͜Σ ͊ ͭ͊ͦ͗͟ ͍ͨͦͪͤ͜Ύͤͦ ͙ͤ͘Έ͊͟ ͍͊ͪͭͫͭ͜Έ ͍ͤ͊;͊ͤͤΎΦ  

˾ͦ͘΄͙͔ͪͤͤΎ ͔ͫͨͦͪͭͯ͟ ͍ͦͫͭͤ͜͜ͻ ͎ͨͦͫͯ͡ ͯ ͫͺ͔ͪ͜ ͔͙ͣ͒ͼ͙͙ͤΣ ͙͊ͨͭ͘ ͤ͊ 
͔͙ͣ͒;ͤͯ ͎͒ͦͨͦͣͦͯΣ ΅ͦ ͍͍͒ͨͦ͒͊͜͜Ί ͤ͊ͼͦͤ͊͜͡Έ͙ͤͣ ͭ͊ ͍͍͙ͫͭͦͣ͜ ͨͪͦͺ͔͚͙ͫͤͣ͜ 
ͫͭ͊ͤ͒͊ͪͭ͊ͣΣ ͍ͦ͋ͯͣͦ͡ΌΌͭΈ ͙͍ͦͫͦ͋͜͡ ͍͙͎͙ͣͦ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
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͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜Φ ˾͔ͯ͘͡Έͭ͊ͭͦͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͣ͊ΌͭΈ ͙͋ͯͭ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͜ ͭ͊ ͔ͫͨͼ͊͜͡Έͤ͜ ͤ͊ͤͤ͘ΎΣ ΅ͦ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͙ͨͪͤͼ͙ͨͯ 
͎ͯͣ͊ͤͤͦͫͭ͜Σ ͤ͊ͼͦͤ͊͜͡Έ͙ͤͣ ͜ ͍͍͙ͫͭͦͣ͜ ͨͪͦͺ͔͚͙ͫͤͣ͜ ͫͭ͊ͤ͒͊ͪͭ͊ͣΣ ͯͣͤͤ͜Ύ 
͍͙͍͙ͦͤͯ͊ͭ͟ ͨͪͦͺ͔͚ͫͤ͜͜ ͍ͦ͋ͦΩΎ͙͘͟Σ ͙͒ͦͭͪͣͯΌ;͙ͫΈ ͣͦͪ͊͡Έͤͦ-͔͙ͭ;͙ͤͻ 
ͼ͔͚ͤͤͦͫͭ͜ ͨͪͦͺ͔ͫ͜͝Φ ˿ͦ ͼͦͯ͜͟͡Έ͙͚ͭͯͪͤ ͙ͫ͊͒ͤ͟͟͡Σ ͔͒ͦͪ;ͤͦ ͍͟͡Ό;͔͙͚ͤ ͯ 
͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͙͚ͦͤ ͨͪͦͼ͔ͫ ͘ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͯ ͍͙ͻ͍ͦͤͯΣ 
͙ͨͦ͊͊ͯ͒ͭͦͪͤͯ͘ ͪͦ͋ͦͭͯΣ ͎͒ͦͨͦͣ͊͊Ί ͍͙͙ͫͭͦͪͭ ͙ͦͨͭͣ͊͡Έͤ͜ ͍͙ͯͣͦ ͒͡Ύ 
ͫͦ ͼͦͯ͜͟͡Έͭͯͪͤͦ͝ ͊ ͒͊ͨͭ͊ͼ͜͝ ͣ ͚͊͋ͯͭͤ͜ͻ ͔͙ͣ͒;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ. ˹͊ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͍͍͙ͯͨͪͦ͊͒͗ͯ͊ͭ ͍ 
͍ͦͫͭͤ͜͜ ͎͙ͨͪͦͪ͊ͣ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙ͦͫͤͦ ͤ͊ͤ͘Έ ͨͪͦ ͯ͟͡Έͭͯͪͯ ͤ͜΄͙ͻ 
ͪ͊ͤ͟͝Σ ͙ͫͭͣͯ͡Ό͍͙͊ͭ ͨͪͦͼ͔ͫ ͎͒͊ͦͯ͜͡ ͯ͟͡Έͭͯͪ ͭͦ΅ͦ ͊͟ͼ͔ͤͭͯΊͭΈͫΎ ͍͎ͯ͊͊ ͯ 
͎͙ͨͪͦͪ͊ͣͤͻ ͔͒ͦͯͣͤͭ͊͟ͻ ΅ͦ͒ͦ ͍ͣͦͤͦ͝ ͭ͊ ͯ͟͡Έͭͯͪͤͦ͝ ͙͙ͨͦͭ͜͟͡ ˾͙͊͒ ͍͙̐ͪͦͨ 
ώпΤ млΤ мтϐΦ ˻͔ͪͣ͟͜ ͙ͨͭ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ ͊͒͊ͨͭ͊ͼ͜͝ ͔͙ͤͦͣͤ͘͜ͻ 
͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͫͦͼ͊͜͡Έͤͦ-ͯ͟͡Έ͎ͭͯͪͤͦͦ ͨͪͦͫͭͦͪͯ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ 
˻Φ x ͙͜͟͡ ώнϐΣ ˸Φ ˱ ͍͍͊ͤͦ͊ ώрϐΣ ˶Φ ̊ ͨ͊͟ ώмрϐΣ ˤΦ ˥ͪͯͼΎ͟Σ ̒Φ ˽ ͪͦͫͯͪͤ͊͟͟͜ ώммϐΣ 
˻Φ ˿ ͙͎ͯͪͤ͜ ώмпϐΣ ˢΦ ͔͍̋ͪ͋͊ͦ͊͟ ώмсϐΤ ͫͦ ͼͦͯ͜͟͡Έ͙͚ͭͯͪͤ ͔͊ͫͨͭ͟ ͯ ͨͪͦͼ͔ͫ͜ 
͍͙͍;͔ͤͤΎ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͯ ͍͙ͻ͍͚ͦͤ͜ ͪͦ͋ͦͭ͜ ͒ͦͫ͒͗ͯ͜͡ΌͭΈ 
˴Φ s ͍ͤͭͦͤͦ͊ ώмϐΣ ˻Φ ʕ ͙͊ͫ͡ΈΊ͍͊ ώоϐΣ ˱. ˸ ͔͡Έ͙ͤ;ͯ͟ [8], ˹ Φ ˴ ͊͊͡΄ͤ͜͟ ώсϐΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͎ͯ͊͊͘͡Έ͙͙ͤͭ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ ͤ͊ͨͪ͊ͼΌ͍͊ͤͤΎ ͚ ͍͒ͦͫ͒͜ ͍͙΅͙ͻ 
͔͙ͣ͒;͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͙̂ͪ͊ͤ͟͝ ΅ͦ͒ͦ ͔ͪ͊͊͘͜͡ͼ͜͝ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ 
͔ͦͣͨͦͤͤͭ͊͟ ͍ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜Σ ͔ͦͪͣ͊͘͟ ͨ͒͜ ;͊ͫ 
͍͙͍;͔ͤͤΎ ͙͒ͫͼ͙ͨͤ͜͡ ͎͎ͯͣ͊ͤͭ͊ͪͤͦͦ͜ ͼ͙ͯ͟͡Σ ͯ ͍͙ͻ͍͚ͦͤ͜ ͪͦ͋ͦͭ͜.  

˸͔͙ͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˤ͙͙ͦͪͫͭ͊ͤͦ͟ ͎͊͊͘͡Έ͍ͤͦͤ͊ͯͦ͟͜ ͔͙ͣͭͦ͒Υ 
͔͔͙ͭͦͪͭ;ͤ͜ ς͊ ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͔͒͗ͪ͡Τ ͔͙ͣͨͪ͜;ͤ͜ ς ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͊͘ 
͍ͤ͊;͊͡Έ͙ͤͣ ͨͪͦͼ͔ͫͦͣΣ ͙͍ͦͨͭͯ͊ͤͤΎ ͍͙͊͒͊͟͡;͍͜ ͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͒͡Ύ ͘ΩΎ͍ͫͯ͊ͤͤΎ 
ͫͭ͊ͤͯ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͣ ͚͊͋ͯͭͤ͜ͻ ͔͙ͣ͒;͙ͤͻ ͺ͊ͻ͍͜ͼ͍͜. 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˻͔͙ͪͫͣͦ͟͡ ͟͡Ό;͍ͦ͜ ͨͦͤΎͭͭΎ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˽ͦͤΎͭͭΎ ζ͔ͤͦͣͤ͘͜͜ ͔͙ͫͭͯ͒ͤͭη ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͤ͊ ͨͦͤ͊͘;͔ͤͤΎ 
͔͙ͤͦͣͤ͘͜ͻ ͎ͪͦͣ͊͒ΎͤΣ Ύ͟͜ ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͍ ͪ͊ͤ͟͜͝ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍ͤ͊;͊ΌͭΈͫΎ ͍ 
ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͍͙΅͙ͻ ͜ ͔͔ͫͪ͒ͤ͜ͻ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΦ ˸͔͙͒;ͤ͜ 
ͺ͊ͯ͟͡Έ͔͙ͭͭ ͍͔͙͔͍ͯͤͪͫͭͭ͜͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͨͪͦͺ͔͚ͫͤͯ͜ ͎͍ͨ͒ͦͭͦͯ͜͟ ͭ͊ 
͔͔͎͍ͨͪͨ͒ͦͭͦͯ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͎͊ͯ͘͜͡ ͔͙ͣ͒ͼ͙͙ͤ ͭ͊ ͺ͊ͪͣ͊ͼ͜͝Φ ˨ͦ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͍͙͒ͤͦͫͣͦ͜ ͍ͣͤͤ͜Ύ ͍͙͍͙ͦͤͯ͊ͭ͟ ͔ͫͨͼ͙ͺ͜;ͤ͜ ͔͙ͣ͒;ͤ͜ ͍͊͒͊ͤͤ͘ΎΣ 
͙͒ͦͭͪͣͯΌ;͙ͫΈ ͎ͯͣ͊ͤͤͦͫͭ͜ ͚ ͙͔ͣͦͫͪ͒͡ΎΣ ͙ͨͪͤͼ͙͍ͨ͜ ͔͙ͣ͒;ͤͦ͝ ͔͙͙ͭ͟ όζNon 
nocereη όζ͔ͤ ͤ͊΄ͦ͒͟ΈηύΣ ͍͙ ͔͙͊͒ͤ͟͡ͻ ͯ ζ˴͡Ύ͍ͭ͜η ˥ͨͦͪ͊ͭ͊͜͟Σ ͍͎͙ͨͦ͊ ͒ͦ 
ͨ͊ͼ͜Ί͍ͤͭ͜ ͭ͊ ͔͎ͦ͟͡Σ ͦͤ͟ͺ͔͒ͤ͜ͼ͚ͤͦͫͭ͜͜ ͔͙ͣ͒;ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭͦ΅ͦΦ ˣ͜͡Έ΄ 
ͯͫ ͨ͜΄ͤͦ ͒ͦͫΎ͎͙ͭ ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͭ͊͟ͻ ͍͊͒͊ͤ͘Έ ͙ͫͨͪΎΊ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͨͪͦ͋ͣ͡ 
ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝Σ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝Σ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͔͙ͤͦͣͤ͘͜ͻ 
͔ͫͭͯ͒ ͍ͤͭ͜Φ ˭͔ͦͪͣ͊͟Σ ͫͦͼͦͯ͜͟͡Έͭͯͪͤͯ ͊͒͊ͨͭ͊ͼ͜Ό ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈ Ύ͟ ζͺͦͪͣͯ 
͍͊͘Ί͙͍ͣͦͨͪͫͭͦͫͯ͊ͤͤΎ ͫͯ͋ΩΊ͍ͭ͟͜ ͒ͦ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͤ͊ ͍ͦͫͤͦ͜ 
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ͦ͋ͣͤͯ͜ ͒ͯͻ͍ͦͤͦ-͙ͨͪ͊ͭ͟;͙͙ͤͣ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ ͭ͊ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ 
͔͙ͦͤͪͭͤ͟͟ͻ ͙͍͙͊͒͊ͨͭͤͻ ͍ͯͣͦ͊ͻη ώмрΣ 106].  

˻͙͒ͤͣ ͘͜ ͍͊ ͎͙ͦͣͻ ;͙͙͍ͤͤ͟͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ Ί 
͍͔͔ͯ͒ͤͤΎ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜Σ ͔ͦͪͣ͊͘͟Σ 
͙ͭ͊͟ͻ ͙͍ͫ͊͒ͤ͟͟͜͡ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟Σ Ύ͟ ͔ͤͭͪͯ͜͟͡Έ͙͚ͭͯͪͤΣ 
͍ͪ͊ͤͦͤ͊͘͟͝;͙͚Σ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙͚ͤΣ ͙͙͚ͦͫͦ͋ͫͭͫͤ͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͎͍ͦͭͦͤͦͫͭ͜ ͒ͦ ͣ͗ͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͤ͊ ͊ͫ͊͒͊͘ͻ 
ͣ͗ͯ͜͟͡Έͭͯͪͤͦ͝ ͔ͭͦͪ͊ͤͭͤͦͫͭ͜͡Σ ͔͍͎͊͒͊ͭͤͦͦ͟ ͙͚ͫͨͪͤΎͭͭΎ ͯ͟͡Έ͙ͭͯͪͤͻ 
͍͔͚͒ͣͤͤͦͫͭ͜͜ ͙ͨͪ ͔͔͔͋ͪ͗ͤͤ͘͜ ͼ͎ͤͤͫͤͦͦ͜͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͯ͟͡Έ͙ͭͯͪ ͍͎ͫͦͦ ͤ͊ͪͦ͒ͯΦ 
˨ͦ  ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͯ ͣͫͭ͘͜͜ Ύ͙͟ͻ ͍͔͒ͦ͋ͪ͊͗ͤ͜͜ ͙͍ͣͦ͗ͦͫͭ͜͡ 
ͫͦ ͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟Σ ͍͒ͤͦͫ͜ΎͭΈ ͯͪ͊ͤͫ͟͝Έͯ͟κ͚ͪͦͫͫ͜Έͯ͟ ͍ͣͦͯΣ ͫͭͦͪ͜͜Ό 
͙̂ͪ͊ͤ͟͝Σ ͫͭͦͪ͜͜Ό ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͯ͟͡Έ͙ͭͯͪΣ ͫͭͦͪ͜͜Ό ͔͙ͣ͒ͼ͙͙ͤΣ ͍͙ͦͫͤͦ ͙ͨͫͻ͎ͦͦ͜͡͝ ͭ͊ 
͍͙ͦͫͤͦ ͔͎͎͙ͨ͒͊ͦ͜͟Σ ͺͦͫͦ͜͡ͺ͜ΌΣ ͫͦͼ͊͜͡Έͤͯ ͔͙ͣ͒ͼ͙ͤͯΣ ͣͫͭ͘͜ Ύ͙͟ͻ ͍ͨͦ͋ͯ͒ͦ͊ͤͦ ͤ͊ 
͔ͨͦͦ͗ͤͤ͡Ύͻ ͙͙ͤ͘͟ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͨ͒͜ͻ͍ͦ͒͜.  

˻͙ͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍͙͚ͤͭͦ͊ͤ ͨ͒͜ͻ͒͜ ͍͒ͦͦ͘͡ΎΊ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ 
͙͍ͦͫͦ͋ͦͫͭ͜͡Σ ͔͔͙ͤͭͪͫ͜ ͭ͊ ͔͙ͨͦͭͪ͋Σ ͼ͜͜͡Σ ͙͍ͣͦͭ͊ͼ͜Ό ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎΣ ͊ ͭ͊ͦ͗͟ 
ͫͦͼͦͯ͜͟͡Έͭͯͪͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͚ ͤ͊͋ͯͭ͜ ͔͙͙ͤͦͣͤͣ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͤ͊ͤͤ͘Ύ ͍ 
ͤ͊ͼͦͤ͊͜͡Έ͚ͤ͜ ΄ͦ͟͜͡Σ ͒͊Ί ͍͙ͨ͒ͫͭ͊͜ ͍ͫͭͦͪΌ͍͙͊ͭ ͍͙ͯͣͦΣ ͊͘ Ύ͙͟ͻ ͔ͫͭͯ͒ͤͭ 
ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͍ ͪͦ͜͡ ͍͍͎ͨͦͤͦͨͪ͊ͤͦͦ ͯ;͙͊ͫͤ͊͟ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜͝. ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͒͜Ύ͡Έ͎ͤͫͤͦͦ͜ ͨ͒͜ͻͦ͒ͯ ͔͔͊͋ͨ͘͘;ͯΊ ͋͜͡Έ΄ ͎ͤͯ;͔͟ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘Έ ͍ ͍ͯͣͦ͊ͻΣ 
͙ͣ͊ͫͣ͊͟͡Έͤͦ ͙͔͙ͤ͊͋͗ͤ͡ͻ ͒ͦ ͚ͣ͊͋ͯͭͤΈͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 
ˢ͎ͫͦͦ͟͜͜͡;͙͚ͤ ͨ͒͜ͻ͒͜ ͔͔ͨͪ͒͋͊;͊Ί ͎͋͊͊͘;͔ͤͤΎ ͣͫͭͯ͘͜ ͦ͗ͤͦ͟͝ ͍ͤ͊;͊͡Έͤͦ͝ 
͙͒ͫͼ͙͙ͨͤ͜͡ ͎͊͊͘͡Έͤͦ͡Ό͒ͫΈ͙͙ͣ͟ ͜ ͨͪͦͺ͔͚͙͙ͫͤͣ͜ ͼͤͤͦͫͭ͜Ύ͙ͣΣ ͼͤͤͦͫͭ͜Ύ͙ͣ 
ͣ͗ͯ͜͟͡Έͭͯͪͤͦ͝ ͦͣͯͤ͊͟͜͟ͼ͜͝Φ ˭͍͊ͫͭͦͫͯ͊ͤͤΎ ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ 
͎͒ͦͨͦͣ͊͊Ί ͍͙ͪ͜΄͍͙ͯ͊ͭ ͫͦͼͦͯ͜͟͡Έͭͯͪͤ͜ ͔͙ͨͪͦ͋ͣ͡ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͘ 
ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͍ ͯͪ͊ͤͫ͟͝Έͦͣͯ͟ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͫͭͦͪ͜Φ  

˭ ͔ͣͭͦΌ ͊ͤ͊ͯ͘͜͡ ͫͭ͊ͤͯ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟ ͯ 
ͨͪͦͺ͔͚͚ͫͤ͜͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͙ͣ͒;͙ͤͻ ͺ͊ͻ͍͜ͼ͍͜ ͙ͤ͊ͣ ͋ͯͦ͡ 
͍͔͔ͨͪͦ͒ͤͦ ͙͍ͦͨͭͯ͊ͤͤΎ ͔͔ͫͪ͒ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͔͙ͣ͒;͎ͤͦͦ ͙ͤͫͭͭͯͭͯ͜ 
˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ˭ΩΎ͍ͫͦ͊ͤͦΣ ΅ͦ ͤ͊ͤͤ͘Ύ ͨͪͦ ͯ͟͡Έͭͯͪͤ͜ 
ͼͤͤͦͫͭ͜͜Σ ͙ͤͦͪͣΣ ͙ͭͪ͊͒ͼ͜͝ ͍ ͔͔͍ͪͫͨͦͤ͒ͤͭ͜ ͣ͊ΌͭΈ ͺ͎͔͙͚ͪ͊ͣͤͭ͊ͪͤ ͻ͔͊ͪ͊ͭͪ͟Σ ͯ 
͙ͤͻ ͤ͊Ύ͍ͤ͊ ͍͙ͫͦ͊͟ ͔ͣͦͼ͚ͤ͊͜ ͭ͊ ͙͍ͦͣͯͤ͊ͭͤ͊͟͜͟ ͔ͤ͊ͨͪͯ͗ͤͫͭ͜ΈΣ ͙ͦͤͭ͊ͭ͟͟ ͘ 
͍͙ͤͦͣ ͫͦͼͦͯ͜͟͡Έ͙ͭͯͪͤͣ ͔͔͍͙ͫͪ͒ͦ΅͔ͣ ;͊ͫͭͦ ͔͔ͦ͋ͣ͗ͤ͜ ͭ͜͡Έ͙͟ ͍ͨͦ͋ͯͭͦͦΌ 
ͫͺ͔ͪͦΌΦ ˿ͯͭͭΊ͍ͦ ͯͫ͊͒ͤ͟͡ΌΊ ͔͔͍ͨͪ͋ͯ͊ͤͤΎ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͍͍͔͒ͦͣͦͤ 
͔͔͍͙ͫͪ͒ͦ΅͔Σ Ύ͔͟ ͨ͊ͤͯΊ ͯ ͍ͫͨͯ͊ͤͤ͜͟͜͡ ͭ͊ ͍ͣͦ͜ ͣ͊ͫ-͔ͣ͒͊͜ ͣΦ ˿ ͙ͯͣΦ ˱ͫͤͯΊ ͜ 
͋͊ͪΩΊͪ ͔͎͚͙͚ͪͤ͜͜͡Φ  

˨͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͔ͦͣͨͦͤͤͭͯ͟ ͍ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͔͙ͤͦͣͤ͘͜ͻ 
͔͍ͫͭͯ͒ͤͭ͜ ͍͙͊͒͊͟͡;͊ͣ ͜ ͯͪ͊ͭͦͪ͊ͣ͟Σ Ύ͟ ͨͦ͊ͯ͘͟Ί ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ 
ͤ͊ͨͪ͊ͼΌ͍͊ͤΈ ͯ ͍͙΅͙ͻ ͔͙ͣ͒;͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ώмΤ оΤ сΤ уΤ фΤ мнς13; 16], 
͍͊ ͙͍͗ͦ͡ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͎͊͊͘͡Έ͙͚ͤ ͍͔ͪͤ͜Έ ͯ͟͡Έ͙ͭͯͪ ͔͍ͫͭͯ͒ͤͭ͜Σ ͤ͊ͼͦͤ͊͜͡Έͤ͜ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙ͻ͍ͦ͊ͤͤΎΣ ͙ͫͭͦͪ͜;ͤ͜ ͙ͭͪ͊͒ͼ͜͝Σ ͍͎ͫͭͦ͜͡Ύ͒Σ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͚ͣ͊͋ͯͭͤΌ 
ͨͪͦͺ͔ͫ͜ΌΦ ˻͙͍ͫͦ͋͜͡ ͍͙͎͙ͣͦΣ Ύ͟ ͫͯ͡΄ͤͦ ͊ͤ͊͘͘;͊ΌͭΈ ̒Φ ˽ ͪͦͫͯͪͤ͊͟͟͜ [11], 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ6ȟ Ο 6(90) 

90 

ˢΦ ̋ ͔͍ͪ͋͊ͦ͊͟ ώмсϐΣ ͍ͫͭ͊͡ΎͭΈͫΎ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍͙͊͒͊͟͡;͙͊ͣ ͎͍͒͊ͦͦͦ͜͡͝ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͘ ͔͙͙ͤͦͣͤͣ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣΦ ˱͔͒ͭΈͫΎΣ ͔ͦͪͣ͊͘͟Σ ͜ ͨͪͦ 
͍ͣ ͤͤ͜Ύ ͍͙͊͒͊͟͡;͍͜ ͔͙͒ͦͤͫͭ ͒ͦ ͔͍ͫͭͯ͒ͤͭ͜ ͙͚ͫ͊͒ͤ͟͡ ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͣ͊ͭͪ͊͜͡ ͘ 
ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͝ͻͤΈͦ͝ ͔ͣͤͭ͊͡Έͤͦͫͭ͜Τ ͨͪͦ ͔͔͔͔ͤͯͨͪ͒͗ͤͫͭ͜Έ ͭ͊ ͍͎ͨͦ͊ͯ ͨ͒͜ ;͊ͫ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΦ ˤ͙͍͊͗͜͡ ͤ͊ͤͤ͘Ύ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͍ͦͫͭͤ͜͜ͻ ͙͔ͫͫͭͣ 
ͪ͊ͤ͟͝Σ ͘͜ Ύ͙͟ͻ ͙ͨͪ͝ͻ͙͊͡ ͤ͊ ͍ͤ͊;͊ͤͤΎ ͍ ̂ͪ͊ͤͯ͟͝Σ ͤ͊ͤͤ͘Ύ ͎͍͋ͤ͊͜͜͡͡Έ͙ͤͻ 
͔͍͔ͤͪ͋͊͡Έ͙ͤͻ ͭ͊ ͔͙ͤͫͭ͟͜;͙ͤͻ ͍͊ͫͦ͋͘͜ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͭͦ΅ͦΣ ͪͦͯͣͤͤ͘͜Ύ ͔ͫͨͼ͙ͺ͙͜͟ 
͎ͭͦͦ ;͙ ͤ͜΄͎ͦͦ ͍͍ͪͦͫͨͦ͒͊ͤͤ͜͜Ύ ͔͍ͫͭͯ͒ͤͭ͜. ˾ͦ͡Έ ͍͙͊͒͊͟͡;͍͜ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ 
͙͒ͫͼ͙ͨͤ͜͡Σ ͔ͦͪͣ͊͘͟ ͍͙ͣͦΣ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͯ͟͡Έ͙ͭͯͪ ;͊ͫͭͦ ͔ͫͨͼ͙ͺ͜;ͤ͊Σ ͋ͦ ͔ͫ͊ͣ 
͍͙ͦͤ ͍͙͊͘͘;͚͊ Ί ͜ ͔͔͙͙ͨͪ͒ͣͭͤ͊ͣ͟Σ ͜ ͙ͯͪ͊ͭͦͪ͊ͣ͟ ͎ͪͯͨ ͭ͊ ͎͒ͦͨͦͣ͊͊ΌͭΈ 
͍͙ͻ͍ͦ͊ͤͼΎͣ ͋͜͡Έ΄ ͔ͺ͔͙͍ͭͤͦ͟ ͍͍͙͊͒͊ͨͭͦͯ͊ͭͫΎ ͒ͦ ͍͙͎ͣͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ 
͎ͦͪ͊ͤͯ͘͜ΌͭΈ ͙ͨͦ͊͊ͯ͒ͭͦͪͤͯ͘ ͪͦ͋ͦͭͯΦ  

˸Φ ˱͍͍͊ͤͦ͊ ώрϐΣ ̒Φ ˽ ͪͦͫͯͪͤ͊͟͟͜ [11], ˻Φ ˿ ͙͎ͯͪͤ͜ ώмпϐΣ ˶Φ ̊ ͨ͊͟ ώмрϐ 
͊ͤ͊͘͘;͊ΌͭΈΣ ΅ͦ ͔͍͙͍ͨͪ͒ͫͭ͊ͤ͟͜ ͪ͊ͤ͟͝ ͍͔ͨ͒ͤͤͦ͜-ͫͻ͒ͤͦ͜͝ ˢ͘͜͝ ͍͙͊͒͊͟͡;͜ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈ Ύ͟ ͙͒ͫͼ͙͍͙ͨͤͦ͊ͤ͜͡ͻΣ ͙ͫͭ͊ͪ͊ͤͤͻ ͜ ͔͎͙͍͙ͤ͊ͨͦ͡͡ͻ ͯ ͍ͤ͊;͊ͤͤ͜Σ 
͔͙ͭͦͪ͊ͤͭͤ͡ͻ ͯ ͍͔ͫͭ͊ͤͤ͜͡ ͒ͦ ͙ͭͪ͊͒ͼ͚͜Σ ͎͊͊͘͡Έ͙͚ͤͦͨͪͤΎ͙ͭͻ ͤͦͪͣ ͣͦͪ͊͜͡ ͚ 
ͣͦͪ͊͡Έͤͦͫͭ͜Σ ͪ͊ͦͣ͘ ͘͜ ͙ͭͣ ς ͔͍ͨͤͦΌ ͣͪͦ͜Ό ͙͊ͣͤͯͭ͘͟ͻΣ ͘͜ ͙͍ͨ͊ͫͤͦΌ ͙ͨͦ͘ͼ͜ΊΌΣ  
΅ͦ ͨͦΎͫͤΌΊͭΈͫΎ ͔͔ͨͦͨͪ͒ͤͣ͜ ͍ͤ͊;͊͡Έ͙ͤͣ ͍͒ͦͫ͒ͦͣ͜ ͯ ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ ΄ͦ͊͟͡ͻΣ 
͔͒ ͍͙͊͒͊͟͡; ͍͎͒ͪ͊͜͜Ί ͔͍ͪͤͯ͟͜ ͚ ͦͤͭͪͦ͟͡Ό͍͊͡Έͤͯ ͪͦ͡ΈΦ ͙͍͙͙́ͨͦͣ 
͙͍ͦͫͦ͋ͦͫͭ͡Ύ͙ͣ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͪ͊ͤ͟͝ ˣ͙͘͡Έ͎ͦͦ͟ ˿ͻͦ͒ͯ Ί ͔͔ͤͭͪͫ͜ ͒ͦ ͍ͫΈ͎ͦͦ 
͍͎ͤͦͦͦΣ ͒ͦ ͤ͜΄͙ͻ ͡Ό͔͚͒Σ ͫͻ͙͡Έͤͫͭ͜Έ ͒ͦ ΄͍͙͎͒ͦͦ͟ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍ͦͤͭ͊ͭ͟͟͜Σ 
͍͙ͭͦ͊ͪͫΈͫͭ͟͜ΈΣ ͤͦ͒͜͜ ͍͙ͨ͒͜΅͔ͤ͊ ͔ͣͦͼ͚ͤͫͭ͜͜ΈΣ ͦͤ͟ͺͭͤͫͭ͜͟͜͡Έ ͭ͊ ͍͙͍͒ͪ͊ͭͫͭ͜͜͡ΈΣ 
͍͙͊͘΅͔ͤ͊ ͫ͊ͣͦͦͼͤ͊͜͟Φ ˨͡Ύ ͎͍͙͊ͤͦͣͦͤ͡ͻ ͊ͺ͙ͪ͊ͤͫ͟Έ͙͟ͻ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ 
ͻ͔͊ͪ͊ͭͪͤ͊͟ ͔͚ͤͫͭͫͭ͜͟͜Έ ͤ͊ͫͭͪͦΌΣ ͙ͫͪͭͫͭ͟͜ΈΣ ͫͻ͙͡Έͤͫͭ͜Έ ͒ͦ ͋͜͡Έ΄ ͍ͨͦ͜͡Έ͎ͤͦͦ 
͍ͤ͊;͊ͤͤΎΣ ͍͙ͨ͒͜΅͔ͤ͊ ͔ͪ͊͟ͼ͜Ύ ͤ͊ ζ͎͊ͪͦͯ͘͘ηΣ ͊ͣͪ͘͜Ύͤͫͭ͜ΈΦ ͍̅ͪ͊ͤͦͣͦͤ͟͜ 
͊ͺ͙ͪ͊ͤͫ͟Έ͟͜ ͔ͤͦͣͤ͘͜͜ ͔͙ͫͭͯ͒ͤͭ ͍͙͒ͪͭ͜͟͜ ͒͡Ύ ͦͣͯͤ͊͟͜͟ͼ͜͝Σ ͍͍͒ͨͦ͒͊͜͜͡Έͤ͜Σ 
ͨͪ͊ͼΈ͍͙ͦͭ͜Σ ͙͍͊ͭͤ͟͜Σ ͍ͦ͒ͤͦ;͊ͫ ͫͻ͙͡Έͤ͜ ͒ͦ ͙͍ͭͪͦ͗ͤͦͫͭ͜Φ  

-˭ͨͦͣ͗͜ ͍͙ͦͫͤͦͤͻ ͙ͨͪͤͼ͙͍ͨ͜Σ Ύ͟͜ ͊͒͘͜ΌΊͣͦ ͍ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ 
ͨͪͦͼ͔ͫ͜Σ ͍͙͙͒ͣͦ͜͡ ͙ͨͪͤͼ͙͙ͨ ͎ͯͣ͊ͤ͊͘͜ͼ͜͝ ͚ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͦ͜͡͝ ͔͎ͤͭͪ͊͜ͼ͜͝Τ 
͍͊͘Ί͍ͣͦͨͦΩΎ͔͊ͤ͘ ͍͙͍;͔ͤͤΎ ͍͙ͣͦ ͜ ͯ͟͡Έ͙ͭͯͪΣ ͍͟͡Ό;͔ͤͤΎ ͍ͪ͊ͤͦͤ͊͘͟͝;ͦ͝ ͜ 
ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͣ͊ͭͪ͊͜͡ ͙ͪͤ͘͜ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͔ͤ ͙͡΄͔ 
ͺͦͪͣͯΊ ͎͊͊͘͡Έͤͦͯ͟͡Έ͙͚ͭͯͪͤ ͍͎ͫͭͦ͜͡Ύ͒Σ ͊ ͚ ͍͙ͻ͍ͦͯΊ ͼ͔ͤͤͫͤ͜͜ ͍͔ͫͭ͊ͤͤ͡ΎΣ ͙ͫͨͪΎΊ 
͍͙ͨ͒͜΅͔ͤͤΌ ͔͔ͤͭͪͫͯ͜ ͭ͊ ͙͍ͣͦͭ͊ͼ͜͝ ͒ͦ ͔͙ͣ͒;ͤͦ͝ ͨͪͦͺ͔ͫ͜͝Σ ͎͙ͨͦ͋͡͡ΌΊ ͯΎ͍͔ͤͤ͡Ύ 
ͨͪͦ ̂ͪ͊ͤͯ͟͝Σ ͝͝ ͫͭͦͪ͜͜ΌΣ ͯ͟͡ΈͭͯͪͯΣ ͙ͭͪ͊͒ͼ͜͝Σ ͺͦ͡Έͦͪ͟͡Σ ͡Ό͒ͫΈ͟͜ ͍͊͘Ί͙͙ͣͤΣ 
ͣͦͪ͊͡Έͤ͜ ͙ͤͦͪͣ ͭ͊ ͙ͤͦͪͣ-͙͊͋ͦͪͦͤ͘Σ ͍͙ͻ͍ͦͯΊ ͍͎ͨͦ͊ͯ ͒ͦ ͔͍͙͒ͪ͗͊ͤͻ ͙͍͍ͫͣͦ͜͡Φ  

ˢͤ͊͘͜͡ ͙͍ͦͨͭͯ͊ͤΈ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜ ;͊ͫͭͦ ͍͊ͫ͒͘͜;ͯΊ 
͙ͤ͘Έ͙͚͟ ͍͔ͪͤ͜Έ ͙͍ͣͦͭ͊ͼ͜͝ ͍͍͙ͦͨ͊ͤͦͯ͊ͭ ͯͪ͊ͤͫ͟͝Έͯ͟ ͍ͣͦͯΥ ͨͦΎͫͤΌΌͭΈ ͼ͔ ͙ͭͣΣ 
΅ͦ ͤ͊ ͍͚ͫͦ͝ ͋͊ͭΈ͍͟͜΅͙ͤ͜ ͔ͫͭͯ͒ͤͭ͊ ͤ͊ͤͤ͘Ύ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͔ͤ ͍ͪ͊ͻ͍ͦͯΊͭΈͫΎΣ 
͊ ͍ͦͦ͒ͤͤ͜͡Ύ ͔ͤΌ ͙͍ͣͦ͗ͦ͡ ͙ͤ͊͒ͦ͋ͭ͘ΈͫΎ ͙͡΄͔ ͔ͫͭͯ͒ͤͭ͊ͣ ͫͭ͊ͪ΄͙ͻ ͍ͯͪͫ͟͜ ͨ͒͜ 
;͊ ͫ ͍͙͙ͪͦ͋ͤ;ͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͍ ͔͙ͣ͒;͙ͤͻ ͊͊͒͊͘͟͡ͻΦ ˽͙ͪ;͙͙ͤ ͎ͭ͊ͦͦ͟ ͫͭ͊ͤͯ 
ͨͦ͡Ύ͎͊Ί ͯ ͍͒ͫͯͭͤͦͫͭ͜͜ ͯͪ͊ͤͫ͟͝Έͦ͟ͼ͔͙ͤͭͪ;͎ͤͦͦ ͊ͦͤͯ͘͟ ͨͪͦ ͯͪ͊ͤͫ͟͝Έͯ͟ ͍ͣͦͯΦ 
˸͔ͭ͊ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ͦͫͭͤ͜Έͦ͝ ͎͙ͪͦͣ͊͒ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͔͙ͣ͒;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ς 
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͎͙ͨͪͦͪ͊ͣ͊ͣ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͍͙ͻ͍͙͙ͦͤͣ ͊͘ͻ͙ͦ͒͊ͣ ͊͘ͼ͍͙͙͊ͭ͜͟Σ 
͙ͫͨͦͤͯ͊ͭ͟ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙ͨͤ͊͊ͭ͘͜ ͍ͫͭ͜ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͜ ͯ͟͡Έ͙ͭͯͪΦ  

̒͟ ͨͦ͊ͯ͘͟Ί ͊ͤ͊͘͜͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ Ύ͟ 
͔ͤͦͣͤͦ͘͜͝ [1; 12; 13], ͘ ͍͊͒͊ͤͤΎ ͍ͤ͊;͊͡Έͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡  ς ͺ͊ͻ͍ͦͦͼ͔͙ͤͭͪͣ͘Σ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔͎ͤͦͣͤͦͦ͘͜ ͔ͫͭͯ͒ͤͭ͊ ͎͍͙ͤͫͭ͜͜͡;͙͙ͤͣ ͤ͊ͤͤ͘Ύ͙ͣΣ ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ 
͒͡Ύ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͤ͜΄͙ͻ ͺ͊ͻ͍͙ͦͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ 
͍͙ͤ͊;ͦ͟ ͒͡Ύ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͫͦͼ͊͜͡Έ͙ͤͻ ͜ ͎ͪͦͣ͊͒ͫΈ͙͟ͻ ͔ͨͦͭͪ͋Σ ͦͨͪ͊ͼΌ͍͊ͤͤΎ 
͙͎ͦͪͤ͊͜͡Έ͙ͤͻ ͭ͊ ͍͙͊͒͊ͨͭͦ͊ͤͻ ͔͙ͣ͒;͙ͤͻ ͔͍ͭͫͭ͟͜ ͯͪ͊ͤͫ͟͝Έͦ͟Ό ͍ͣͦͦΌΤ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͤ͊;ͦ͟ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͔ͣͦͤͤ͡Ύ ͤ͊ ͔͔͙ͦͣͨͭͤͭͫͤ͟͜ͻ ͊ͫ͊͒͊͘ͻΣ 
͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͍͙͙ͦͫͤͦͤͣ ͙ͪ͊͊ͣ͘͘͟ ͔͙ͣ͒;ͤͦ͝ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝Σ 
͔ͣͦ͒͡Ό͍͊ͤͤΎ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͎͒͊ͦͯ͜͡ ζ͊ͪ͜͟͡ ς ͨ͊ͼ͜ΊͤͭηΦ ˤ͒ͦͣͦ͜Σ ΅ͦ 
͍͙͊͒͊͟͡;͜ ͎ͯͦ͒͗ͯ͘ΌͭΈ ͣͫͭ͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͯͪͫͯ͟ ͘ ͍͙͊͒͊͟͡;͙͊ͣ ͔͙ͣ͒;͙ͤͻ 
͙͒ͫͼ͙ͨͤ͜͡ ͭ͊ ͊ͪ͜͟͡Ύ͙ͣ-͙͙ͨͪ͊ͭ͊ͣ͟͟Φ  

ˤ͙͍͙͚͊͗͡ ͜ ͙ͨͪͤͼ͙ͨ ͍ͪ͊ͤͦͤ͊͘͟͝;ͦ͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜Υ ͤ͊ ͊ͤ͘ΎͭͭΎͻ 
͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔͙ͭͫͭ͟Σ ΅ͦ ͚ͦͤ͊ͦͣ͘͡ΌΌͭΈ ͔͍ͫͭͯ͒ͤͭ͜ ͘͜ 
ͯͪ͊ͤͫ͟͝Έͦ͟Ό ͤ͊ͼͦͤ͊͜͡ΈͤͦΌ ͯ͟͡ΈͭͯͪͦΌΣ ͙ͭͪ͊͒ͼ͜Ύ͙ͣ ͤ͊ͪͦ͒ͯ ͙ͪ͊ͤ͟͝Σ ͯ Ύ͚͟͜ 
͔͙ͫͭͯ͒ͤͭ ͙͍ͨͪͦ͗͊ΌͭΈ ͟͜͡Έ͊͟ ͍ͪͦ͟͜Σ ͙ͫͨͪΎΌͭΈ ͺ͍ͦͪͣͯ͊ͤͤΌ 
͎͍͍ͤͦͪ͊ͤͦͤ͊͘͜͟͡͝;ͦ͝Σ ͯ͟͡Έ͍ͭͯͪͦͤ͊͘;ͦ͝ ͔͔͙͍ͫͨͦͫͭͪ͗ͦͫͭ͜͡ ͚ ;͙͍ͯͭͦͫͭ͜͡Τ 
ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ ͙͚ͫͨͪͤΎ͙͍ͭͦͫͭ͜͡ ͒ͦ ͍͙Ύ͍͔ͤͤ͡Ύ ͔͔ͭͤ͒ͤͼ͚͜ ͍͊͘Ίͣͦ͒͜͝ 
͎͊͊͘͡Έͤͦͯ͟͡Έ͎ͭͯͪͤͦͦ ͜ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͯ ͣͫͭ͘͜͜ ͍͔ͣͦͤͤ͡Ί͍ͦ͝ ͍͔͙ͨͦ͒ͤ͜͟Φ 
˾͔ ͯ͘͡Έͭ͊ͭͦͣ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ Ί ͍͔ͪͤ͜Έ ͍͜͡Έ͎ͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͍ 
͍ͯͪ͊ͤͦͣͦͤͦͣͯ͟͝ ͔͔͍͙ͫͪ͒ͦ΅͜Σ ΅ͦ ͙ͫͨͪΎΊ ͪ͊͟΅͚͜ ͊͒͊ͨͭ͊ͼ͜͝Σ ͍͒ͦͦ͘͡ΎΊ 
ͤ͊͘ͻ͙͙ͦ͒ͭ ͫͨ͜͡Έͤͯ ͍ͣͦͯ ͘ ͣͫ͜ͼ͔͍͙͙ͣ ͔ͣ΄͊ͤ͟ͼΎ͙ͣΣ ͙͙ͯͤ͊ͭ͟ ͦͤ͟ͺ͍ͭ͜͟͜͡Σ 
͍ͨͦΩΎ͙͊ͤ͘ͻ ͘͜ ͯ͟͡Έ͙͙ͭͯͪͤͣΣ ͔ͣͤͭ͊͡Έ͙͙ͤͣΣ ͔͎͚͙͙ͪͤͣ͜͜͡ ͭͦ΅ͦ ͪͦ͋͗ͤͦͫͭ͘͜Ύ͙ͣΦ   

˹͊ ͊ͤ͘ΎͭͭΎͻ ͔͙ͤͦͣͤͣ͘͜ ͔ͫͭͯ͒ͤͭ͊ͣ ͍͙͊͒͊͟͡;͜ ͨͪͦͨͦͤͯΌͭΈ ͔͙ͭͣΣ 
͍ͨͦΩΎ͊ͤ͘͜ ͘͜ ͫͦͼͦͯ͜͟͡Έ͙͙ͭͯͪͤͣ ͭ͊ ͍͙͙ͨͦ͋ͯͭͦͣ ͙ͫͭͯ͊ͼ͜Ύ͙ͣ ͍ ͍͙ͤͦͻ ͍ͯͣͦ͊ͻΥ 
ζ˸͚͜ ͍͔͙͔ͯͤͪͫͭͭ͜ηΣ ζ˸͚͜ ͎͙ͯͪͭͦ͗ͭͦ͟ηΣ ζ̂ ͔͒͊ͤ͊ͭ͟͜ηΣ ζ˴͙͍͝ ς ͙ͫͭͦ͡ͼΎ 
͙̂ͪ͊ͤ͟͝ηΣ ζ̂ͪ͊ͤ͊͟͝ ς Ί͍͔͚ͪͦͨͫΈ͊͟ ͔͍͒ͪ͗͊͊η ͭͦ΅ͦΣ ͨͪͦͺ͔͚͙͙ͫͤͣ͜ 
͙ͫͭͯ͊ͼ͜Ύ͙ͣ όζ˿͔͚͙͚ͣͤ͜ ͫͭ͊ͤ ͻ͍͎ͦͪͦͦηΣ ζˢ͔ͤ͊ͣͤ͘ ͊͘ͻ͍ͦͪΌ͍͊ͤͤΎηύΦ ˨͡Ύ 
͎͙͔ͨͦ͋ͤͤ͡͡Ύ ͍͙ͣͦͤͻ ͤ͊ͤ͘ΈΣ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙ͻ͍ͦ͊ͤͤΎ ͣͦͪ͊͡Έͤͦ-͔͙ͭ;͙ͤͻ 
͎ͨͦ͡Ύ͍͒͜ ̒Φ ˽ ͪͦͫͯͪͤ͊͟͟͜ [11] ͨͪͦͨͦͤͯΊ ͔͙ͭͫͭ͟ ͨͪͦ ͍͙͙͒͊ͭͤͻ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ 
͍͊ͪ͜͟͜͡-ͯ;͔͙ͤͻΣ ͔ͦͪͣ͊͘͟ ͨͪͦ ˻Φ ˣ͎ͦͦͣͦ͡ΈͼΎ ό͍͙ͦͫͤͦͦͨͦͦ͗ͤ͊͟͡ ͍ͭ͜;͙ͤ͘Ύͤͦ͝ 
΄͙ͦ͟͡ ͨ͊ͭͦͺ͎ͦͦ͘͜͜͜͡͝ύΣ ˤΦ ͍̅͊ͭͦ͊͜͡ ό͍͎͒ͦͣͦͦ͜ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͍;͔͎ͤͦͦ-
ͦͺͭ͊͡Έ͎ͣͦͦ͊͡ύΣ ˸Φ s ͍ͣͦͫͦ͊ ό͍͙͎͒͊ͭͤͦͦ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͊ͪ͒ͦ͟͜ͻ͎ͪͯͪ͊͜Σ 
͍͙ͦͫͤͦͦͨͦͦ͗ͤ͊͟͡ ͔͔͙͙͋ͦ͋ͪͤͭ͜͟͜͟ ͍ ̂ͪ͊ͤ͟͜͝ύΣ ˤΦ ˴͍͊ͪ͊͊Ί͍͊ ό͎ͦ͒ͤͦͦ ͘͜ 
͍͙͍͊ͫͤͦͤ͘͟͜ ͍ͭ͜;͙ͤ͘Ύͤͦ͝ ͻ͎ͪͯͪ͜͜͝Σ ͍͙͎ͭ͊͊ͤͦͭͦͦ͡ ͻ͎ͪͯͪ͊͜-ͦͺͭ͊͡Έ͎ͣͦͦ͊͡ύ ͭ͊ ͤ͜Φ   

˹͊ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͔͙ͣ͒ͼ͙͙ͤ ͘ ͒ͯͻ͍͙͙ͦͤͣ ͙ͭͪ͊͒ͼ͜Ύ͙ͣ  ͍ͨͦ͋ͯ͒ͦ͊ͤͦ 
͊ͤ͘ΎͭͭΎ ͘  ͜ ͫͭͦͪ͜͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͯ͟͡Έ͙ͭͯͪΦ ˨͡Ύ ͔͎ͨͦ͡΄͔ͤͤΎ ͪͦͯͣͤͤ͘͜Ύ ͔͙͙ͤͦͣͤͣ͘͜ 
͔͙ͫͭͯ͒ͤͭ͊ͣ ͯ͟͡Έ͙ͭͯͪͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͙̂ͪ͊ͤ͟͝ ͺ͊ͻ͍͜ͼ͜ ͪ͊͒ΎͭΈ ͍͙͙ͨͪͦͦ͒ͭ 
͍͔ͫͭ͊ͤͤ͘͜͡Ύ ͘ ͪ͒ͤͦ͜Ό ͯ͟͡ΈͭͯͪͦΌ ͫͯ͋ΩΊ͍ͭ͟͜ ͯ;ͤͤ͜ΎΣ ͤ͊͘ͻ͙͙ͦ͒ͭ ͫͨ͜͡Έͤ͜ ͙͙ͪͫ ͍ 
ͯ͟͡Έͭͯͪͤͦͣͯ ͤ͊͒͋͊ͤͤ͜ ͙̂ͪ͊ͤ͟͝ ͭ͊ ͙ͪ͒ͤ͜ͻ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͪ͊ͤ͟͝Σ ͊͟ͼ͔͍͙ͤͭͯ͊ͭ  
͍͎ͯ͊ͯ ͤ͊ ͫ͊ͣͦ͋ͯͭͤͦͫͭ͜ ͦ͗ͤͦ͟͝ ͘͜ ͯ͟͡Έͭͯͪ [8]. ˤ͙͍;͔ͤͤΎ ͚ ͎͍͔ͦ͋ͦͦͪͤͤΎ 
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͙ͫͭͦͪ͜;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍͙ͪͦͭͯ͘͟ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͔͍͙͒ͪ͗͊Σ ͫͭͦͪ͜͜͝ 
͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͔͍͒ͪ͗͊ͤͦͫͭ͜ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͎͍͙ͤͭͪͯ͊ͭ͜ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͍ 
ͯͪ͊ͤͫ͟͝Έ͙͚͟ ͫͦͼͯͣ͜Σ ͙ͫͨͪΎΊ ͪ͊͟΅ͦͣͯ ͨͦͪͦͯͣͤͤ͘͜Ό ͘ ͍͙͊͒͊͟͡;͙͊ͣ ͤ͜΄͙ͻ 
͙͒ͫͼ͙ͨͤ͜͡Σ ͯͪ͊ͤͫ͟͝Έ͙͙ͣ͟ ͔͙ͫͭͯ͒ͤͭ͊ͣΣ ͙ͦͪͤͤͣ͟͜ ͔͔ͤ͊ͫͤͤ͡ΎͣΦ  

˹͙͊ͨͪ͊͒͟͡Σ ͯ ͔́ͪͤͦͨ͜͡ΈͫΈͦͣͯ͟ ͔͍͒ͪ͗͊ͤͦͣͯ ͔͙ͣ͒;ͤͦͣͯ ͍͔͙͔ͯͤͪͫͭͭ͜͜ 
ͣ͜Φ ˱ Φ ̒ Φ ˥ ͦͪ͋͊;͔͍ͫΈ͎ͦͦ͟ ͤ͊ ͊ͤ͘Ύͭͭ͜ ζ̂ͪ͊ͤͫ͟͝Έ͊͟ ͯ͟͡Έͭͯͪ͊ Ύ͟ ͒ͯͻ͍͙͚ͦͤ 
ͺ͔͔ͤͦͣͤη ͍͙͊͒͊͟͡;͜ ͔͒ͣͦͤͫͭͪͯΌͭΈ ͙ͪ͊͘͘͟ ͺͦͭͦ- ͭ͊ ͍͔͔͒ͦͦ͋ͪ͊͗ͤͤ͘͜Ύ 
ͯ͟͡Έ͙ͭͯͪͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͤ͊ͪͦ͒ͯΥ ͙͍͙͗ͦͨͫͯΣ ͊ͪͻ͔͙ͭͭͯͪͤ͜͟ͻ 
ͨ͊ͣΩΎͭͦ͟Σ ͙ͪ͊͘͘͟ ͤ͊ͪͦ͒ͤͦ-͙͍͎ͯ͗ͭͦͦͦ͟ ͙͔ͣͫͭͼ͍ͭ͊Σ ͙ͣͯ͘;ͤ͜ ͍͙ͭͦͪ [8]. ͔͔̉ͪ͘ 
͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͔͙ͭͫͭ͊ͣ͟Σ ͯ Ύ͙͟ͻ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͙ͭͪ͊͒ͼ͜͝ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͜ 
ͣ͘͜ͼ͔ͤͤͤΎ ͺ͙͘͜;͎ͤͦͦΣ ͣͦͪ͊͡Έ͎ͤͦͦ ͚ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͍͒ͦͪͦ͘ΩΎ ͯͪ͊ͤ͟͝ͼ͍͜ ͭ͊ 
͔͍͙͍ͨͪ͒ͫͭ͊ͤ͟͜ ͤ͜΄͙ͻ ͤ͊ͼͦͤ͊͜͡Έ͔͚ͤͦͫͭ Ύ͟ ͔͔͒͗ͪ͊͡ ͎͋͊ͦͨͦͯ͡͡;;Ύ ͡Ό͙͙͒ͤΣ 
͙ͦͨͫ ͍͍ͭͦͪ͜ ͙͙ͣͯ͘͟Σ ͻͯ͒ͦ͗ͤΈͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡Σ ͤͦͫͭͪ͟͜͜;ͦ͟Σ ͊ͪͻ͔͙ͭͭͯͪ͜͟Σ ͯ Ύ͙͟ͻ 
͙ͪͦͪͭͦ͘͟ ͎͋͊ͦͪͦ͒ͤͫͭ͜͡Έ ͔͙ͣ͒;ͤͦ͝ ͨͪͦͺ͔ͫ͜͝Σ ͝͝ ͔͙ͭͯ͟ ͚ ͔͔͙ͫͭͭͯ͟Σ 
͙ͨͫͻ͔͔͍͙ͦͭͪ͊ͨͭ;͙͚ͤ ͔ͺ͔ͭ͟Σ ͔͙ͫͭͯ͒ͤͭ ͎͙͋͡΄͔ ͍ͯͫ͒ͦͣ͜͡ΌΌͭΈ ͔ͨͦͭͪ͋ͯ ͚ 
͍͙͔͊ͭͦͪͭͭ ͍͎ͫͦͦ ͺ͊ͻ͍͎ͦͦͦ ͙ͨͦ͊ͤͤ͟͟͡ΎΦ 

̅͊ͻ͍͜ͼ͍͜ ͻ͍͙͡ΌΊ ͜ ͙ͤ͊͘͟ ͔ͨͪͦ͋ͣ͡ ͯ ͍͙͊͒͊ͤͤ͟͜͡ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ Ύ͟ 
͔ͤͦͣͤͦ͘͜͝Υ ͍͙͊͒͊͟͡; ͍͙͔ͨͦͤͤ ͍͜͡Έͤͦ ͍͙ͦͦ͒ͭ͜͡ ͎͚͊ͤͫ͜͡Έͦ͟Ό ͍ͣͦͦΌΣ ͦ͒ͤ͊͟ 
;͊ͫͭͦ ͔ͤͦͣͤ͘͜͜ ͔͙ͫͭͯ͒ͤͭ ͔ͤ ͍ͦͦ͒͜͡ΌͭΈ ͎͚͊ͤͫ͜͡Έͦ͟Ό ͍ͣͦͦΌΤ ͯ ͍ͫͨͯ͊ͤͤ͜͟͜͡ 
ζͣ͘͜΄ͯΌͭΈη ͜ ͚ͪͦͫͫ͜Έͯ͟Σ ͜ ͯͪ͊ͤͫ͟͝Έͯ͟ ͍͙ͣͦ [1]Φ ˹͔ ͤ͊ͨͪ͊ͼΈ͍ͦ͊ͤ͊ ͔ͭͻ͎ͤͦͦ͜͡Ύ 
͍͔ͫͭͦͪͤͤΎ ͨ͒ͪͯ͜;͙ͤ͊͟Σ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͍ͨͦͫ͋ͤ͜͟͜Σ ͎͍͍ͤͦͪ͊ͤͦͤ͊͘͜͟͡͝;͙ͻ 
͍͙͍ͫͦͤ͟͜͡Σ ͍͙ͤͦͻ ͺͦͪͣ ͍ͪ͊ͤͦͤ͊͘͟͝;ͦ͝ ͤ͊ͦ;ͤͦͫͭ͜ [9].  

˿ͦͼͦͯ͜͟͡Έ͙͚ͭͯͪͤ ͔ͦͣͨͦͤͤͭ͟ ͙ͨͪͦͤͯ͘Ί ͙ͨͦ͊͊ͯ͒ͭͦͪͤͯ͘Σ ͍͙ͻ͍ͦͤͯ 
ͪͦ͋ͦͭͯ ͯ ͍͙΅͙ͻ ͔͙ͣ͒;͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΤ ͔ͣͭ͊ ͍͙ͻ͍͙ͦͤͻ ͊͘ͻ͍ͦ͒͜ ς 
͙͔ͦͫͦ͋ͫͭͫͤ͜ ͜ ͨͪͦͺ͔͚͔ͫͤ͜ ͪͦͫͭ͊ͤͤ͘Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͙ͣ͒;͙ͤͻ ͺ͊ͻ͍͜ͼ͍͜Σ Ύ͟͜ 
͍ͯͫ͒ͦͣ͜͡ΌΌͭΈ ͎͊͊͘͡Έͤͦ͡Ό͒ͫΈ͟͜ ͣͦͪ͊͡Έͤͦ-͔͙ͭ;ͤ͜ ͼͤͤͦͫͭ͜͜Σ ͨͪͦͺ͔͚͙͚ͫͤ͜ 
͍ͦ͋ͦΩΎͦ͘͟Σ ;͔ͫͭΈ ͜ ͎͒ͤͫͭ͜͜ΈΣ ͜ Ύ͙ͣ͟ ͙ͨͪͭ͊ͣ͊ͤͤ͜ ͭ͊͟͜ ͙͙ͪͫΣ Ύ͟ ͎ͯͣ͊ͤͤͫͭ͜ΈΣ 
͍ͫͨ͜;ͯͭͭΎΣ ͙͒ͦ͋ͪͦ͘;͙͍ͫͭ͜͡ΈΣ ͊͡Έͭͪͯͣ͘͝Σ ͙͔ͣͦͫͪ͒͡ΎΣ ͙ͦͨͭͣͣ͘͜Σ 
͔͎͙͍ͤ͊ͨͦͫͭ͜͡͡ΈΣ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜ΈΣ ͙͒ͫͼ͙͍ͨͤͦ͊ͤͫͭ͜͜͡Έ ͭͦ΅ͦΦ ˨ͦͼ͜͡Έ͙ͤͣ ͯ 
ͪͦ͋ͦͭ͜ ͘ ͔͙͙ͤͦͣͤͣ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ Ί ͔ͣͭͦ͒ ͔ͫͯͪͫ͟͟͜͝Υ ͊ͯ͘͡;͊Ίͣͦ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ 
͔͚ͨͦ͒ͦͪͦ͗ ͣͫͭͦͣ͜Σ ̂ͪ͊ͤͦ͟͝Ό ͜ ͍ͫͭͦͣ͜Σ ͔ͦͪͣ͊͘͟Σ ͜ ;͔͔ͪ͘ ͍ͪͭͯ͊͜͡Έͤ͜ ͔ͫͯͪͫ͟͟͜͝ 
͒ͦ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔ͣͯ͘Ό ͫͭͦͪ͜͜͝ ͔͙ͣ͒ͼ͙͙ͤ όͣΦ ˴ ͙͍͝ύΣ ͯ Ύͦͣͯ͟ ͔͎͋ͪ͊͘͜ΌͭΈͫΎ 
͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;ͤ͜Σ ͍͊ͯ͒ͦͯ͊͘͜͜͡Έͤ͜Σ ͻͯ͒ͦ͗ͤΈͦ-͔ͭͻͤ͜;ͤ͜ ͔͙ͫͨͦͤ͊ͭ͟Σ 
˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔ͣͯ͘Ό-͙͙ͫ͊͒͋ ͔ͣͤ͜͜ ˸Φ ˽ ͙͎͍ͪͦͦ͊ όͣΦ ʕ ͙ͤͤ͜ͼΎύΣ ͔ͣͯ͘Ό-
͔͙͊ͨͭ͟ ͜ ͔ͣͯ͘Ό ͫͭͦͪ͜͜͝ ͔͙ͣ͒ͼ͙͙ͤ ˥͙͊͡;͙͙ͤ ͔ͣͤ͜͜ ˸͊ͪΩΎͤ͊ ˽͊ͤ;͙΄͙ͤ͊ 
όͣΦ ˶ Έ͍͍͜ύ ͘ ͨͦ͒͊͡Έ΄͙ͣ ͎͍͔ͦ͋ͦͦͪͤͤΎͣ ͨͦ͋͊;͔͎ͤͦͦΦ ˿͔͙ͭͯ͒ͤͭ-͔ͤͦͣ͘͜ͼ͜ Ί 
ͯ;͙͙͊ͫͤ͊ͣ͟ ͦͤ͟ͼ͔͍ͪͭ͜Σ ͙͍ͨͪͫΎ;͔͙ͤͻ ͔͙ͤ͊ͣͤͤͣ͘ ͒͊ͭ͊ͣ ͜ ͤ͊ͼͦͤ͊͜͡Έ͙ͤͣ 
͍ͫΎͭ͊ͣΣ ͍͔;͍ͦͪ͜ ͙ͤ͊ͪͦ͒ͤͻ ͔ͨͫͤ͜ΈΣ ͔͙ͨͦͭ;͙ͤͻ ͍ͦͤͯͪͫ͟͟͜Σ ͍͒ͤ͜ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ 
ͯ͟ͻͤ͜Φ ́͊͟͜ ͊͘ͻ͙ͦ͒ ͤ͊͘;ͤͦΌ ͣͪͦ͜Ό ͎͋͊͊͘;ͯΌͭΈ ͍ͤͯͭͪ͜΄͚ͤ͜ ͔͔͙ͫͭͭ;͙͚ͤ ͍ͫͭ͜ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͊ͦ͘ͻͦ;ͯΌͭΈ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͔͎ͨͪͪ͊ͫͤͦͦ͟Σ ͍͙ͨ͒͜΅ͯΌͭΈ ͍͔ͪͤ͜Έ 
ͯ͟͡Έ͙ͭͯͪͤͻ ͭ͊ ͙ͫͭͦͪ͜;͙ͤͻ ͤ͊ͤ͘ΈΣ ͺͦͪͣͯΌͭΈ ͙͙͍͙͚ͨͦͭͤ͘ ͦ͋ͪ͊͘ ͙ͪ͊ͤ͟͝Φ 
˨ͦ ͼ͜͡Έͤͦ ͊ͯ͘͡;͙͊ͭ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍͔ͦͦͤͭͪͫ͡Έ͙͟ͻ ͔͍ͨͪͦͭ͟͜Σ 
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΄͔ͺͫΈͦ͟͝ ͍ͫͨͨͪ͊͜ͼ͜ ͘ ͔ͪ͊͋ͭ͊͜͜͡ͼ͚͙ͤͣ͜ ͼ͔ͤͭͪͦͣΣ ͍ͦ͒ͦͪͦ͘;ͦ-͍͙ͨͪͦͫͭͤ͜ͼΈ͙͟ͻ 
͊͘ͻ͍ͦ͒͜Σ ΅ͦ ͍͒ͦͦ͘͡ΎΌͭΈ ͋͜͡Έ΄ ;ͭͦ͜͟ ͍͙͙ͯͫ͒ͦͣͭ͜ ͍͙͍͊͗͜͡ ͔͙ͭ;ͤ͜ ͔͎͊ͭͦͪ͟͜͝ 
͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜Σ ͍ͦ͋ͦΩΎͯ͘͟Σ ͙͔ͣͦͫͪ͒͡ΎΦ ˿ͨ͜͡Έͤ͜ ͘ ͍ͭ͜;͙ͤ͘Ύ͙͙ͤͣ ͔͙ͫͭͯ͒ͤͭ͊ͣ 
͔͙ͭͣ͊ͭ;ͤ͜ ͊͘ͻ͙ͦ͒ ͍͔ͤ͜͡ΌΌͭΈ ͫͭͪ͊ͻ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͤͦͫ͜Ύ͙ͣ ͤ͜΄͙ͻ ͍ͣͦΣ 
͚ͤ͊ͦͣ͘͡ΎͭΈ ͔ͤ ͭ͜͡Έ͙͟ ͘ ͍ͣͦͦΌΣ ͊ ͚ ͘ ͯ͟͡ΈͭͯͪͦΌ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͤ͊ͪͦ͒ͯΣ 
͍͙͍ͦ͒ΎͭΈ ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊ ͍͙͚ͤͦ ͍͔ͪͤ͜Έ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͎ͦͪ͊ͤͯ͘͜ΌͭΈ ͍͒ͦ͘͜͡͡ΎΦ 

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟Φ ˻͔ͭ͗Σ ͤ͊ 
͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;͙ͤͻΣ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͔͒͗ͪ͡Τ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͊͘ 
͍ͤ͊;͊͡Έ͙ͤͣ ͨͪͦͼ͔ͫͦͣΣ ͙͍ͦͨͭͯ͊ͤΈ ͍͙͊͒͊͟͡;͍͜ ͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͙ͨͪͻ͙ͦ͒ͣͦ ͒ͦ 
͍͙͍͍ͫͤͦ͟͜Φ ˻͙͒ͤͣ ͘͜ ͍͎͙͊ͦͣͻ ;͙͙͍ͤͤ͟͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͫͦͼͦͯ͜͟͡Έͭͯͪͤͦ͝ 
͊͒͊ͨͭ͊ͼ͜͝ Ί ͍͔͔ͯ͒ͤͤΎ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜Σ 
͔ͦͪͣ͊͘͟Σ ͙ͭ͊͟ͻ ͙͍ͫ͊͒ͤ͟͟͜͡ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟Σ Ύ͟ ͔ͤͭͪͯ͜͟͡Έ͙͚ͭͯͪͤΣ 
͍ͪ͊ͤͦͤ͊͘͟͝;͙͚Σ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙͚ͤΣ ͙͙͚ͦͫͦ͋ͫͭͫͤ͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͎͍ͦͭͦͤͦͫͭ͜ ͒ͦ ͣ͗ͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͤ͊ ͊ͫ͊͒͊͘ͻ 
ͣ͗ͯ͜͟͡Έͭͯͪͤͦ͝ ͔ͭͦͪ͊ͤͭͤͦͫͭ͜͡Σ ͔͍͎͊͒͊ͭͤͦͦ͟ ͙͚ͫͨͪͤΎͭͭΎ ͯ͟͡Έ͙ͭͯͪͤͻ 
͍͔͚͒ͣͤͤͦͫͭ͜͜ ͙ͨͪ ͔͔͔͋ͪ͗ͤͤ͘͜ ͼ͎ͤͤͫͤͦͦ͜͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͯ͟͡Έ͙ͭͯͪ ͍͎ͫͦͦ ͤ͊ͪͦ͒ͯ.  

˨͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͔ͦͣͨͦͤͤͭͯ͟ ͍ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͔͙ͤͦͣͤ͘͜ͻ 
͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜ ͍͙͊͒͊͟͡;͊ͣ ͜ ͯͪ͊ͭͦͪ͊ͣ͟ ͍͙͍͊͗ͦ͡ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͎͊͊͘͡Έ͙͚ͤ 
͍͔ͪͤ͜Έ ͯ͟͡Έ͙ͭͯͪ ͔͍ͫͭͯ͒ͤͭ͜Σ ͤ͊ͼͦͤ͊͜͡Έͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙ͻ͍ͦ͊ͤͤΎΣ ͙ͫͭͦͪ͜;ͤ͜ 
͙ͭͪ͊͒ͼ͜͝Σ ͍͎ͫͭͦ͜͡Ύ͒Σ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͚ͣ͊͋ͯͭͤΌ ͨͪͦͺ͔ͫ͜ΌΦ ˻͙͍ͫͦ͋͜͡ ͍͙͎͙ͣͦ 
͍ͫͭ͊͡ΎͭΈͫΎ ͒ͦ ͦͪ ͎͊ͤ͊͘͜ͼ͜͝ ͍͙͊͒͊͟͡;͙͊ͣ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͎͍͒͊ͦͦͦ͜͡͝ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͘ ͔͙͙ͤͦͣͤͣ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣΣ ΅ͦ ͙ͫͨͪΎΊ ͋͜͡Έ΄ 
͔ͺ͔͙͍͚ͭͤ͟͜ ͊͒͊ͨͭ͊ͼ͜͝ ͒ͦ ͍͙͎ͣͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍͙ͻ͍ͦͤͦ͝ 
͙ͪͦ͋ͦͭΦ ˭-ͨͦͣ͗͜ ͍͙ͦͫͤͦͤͻ ͙ͨͪͤͼ͙͍ͨ͜Σ Ύ͟͜ ͊͒͘͜ΌΊͣͦ ͍ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ 
ͨͪͦͼ͔ͫ͜Σ ς ͨͪ ͙ͤͼ͙͙ͨ ͎ͯͣ͊ͤ͊͘͜ͼ͜͝ ͜ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͦ͜͡͝ ͔͎ͤͭͪ͊͜ͼ͜͝Σ 
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12. ˾ͦ͋ͦ;͊ ͍ͤ͊;͊͡Έͤ͊ ͎ͨͪͦͪ͊ͣ͊ ͍ͤ͊;͊͡Έͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ̂ͪ͊ͤͫ͟͝Έ͊͟ ͍ͣͦ͊ Ύ͟ 
͔ͤͦͣͤ͊͘͜η ό͒͡Ύ ͎͍͙͊ͤͦͣͦͤ͡ͻ ͔͍ͫͭͯ͒ͤͭ͜ ˱ ς ˱˱ ͍ͯͪͫ͟͜ ͎ͫͭͦͣ͊ͭͦͦ͜͡;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯύ / ͯ͟͡Φ 
͙͚̉͊ͦ͟͡ ˱Φ ʕ Φ //  ˶Έ͍͍ͫ͜Έ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔͙ͣ͒;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˨͙͊ͤ͊͡ 
˥͙͊͡ͼΈ͎ͦͦ͟Σ нлмпΦ ς ор ͫΦ  

13. ˾ͦ͋ͦ;͊ ͎ͨͪͦͪ͊ͣ͊ ͍ͤ͊;͊͡Έͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ̂ ͪ͊ͤͫ͟͝Έ͊͟ ͍ͣͦ͊ ό͊͘ ͨͪͦͺ͔͚͙ͫͤͣ͜ 
ͫͨͪΎ͍ͣͯ͊ͤͤΎͣύη ͒͡Ύ ͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͯͫ͜ͻ ͤ͊ͨͪΎ͍ͣ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ͫ͜ͻ ͺͦͪͣ ͍ͤ͊;͊ͤͤΎ κ 
ͯ͟͡Φ ˻Φ ˿Φ ͔͔̉ͪͣͫΈ͊͟Σ ˥Φ ˥Φ ˥͚͊͒͊ͣ͊͊͟Φ ς ̆ Φ Υ ˤ͙͒Φ ̆˹˩̂ ͣ͜Φ ˿Φ ˴ ͔ͯͤ͘ͼΎΣ нлмпΦ ς пр ͫΦ 

14. ˿ͯͪ·͎͙ͤ ˢΦ ˮΦ ˻͍ͫͤͦ· ͔͙͙ͭͦͪ ͦ͋ͯ;͔͙ͤΎ ͤ͊ ͔ͤͪͦ͒ͤͦͣ ͒͡Ύ ͯ;͊΅͙ͻͫΎ Ύ͘·͔͟ κ 
˿ͯͪ·͎͙ͤ ˢΦ ˮΦ ς ˿ ˽͋Φ Υ ˭͊ͭͦͯͫͭ͡Σ нлллΦ ς нол ͫΦ 

15. ̊ͨ͊͟ ˶Φ ˶Φ ˿ͦͼ͙ͦͯ͟͡Έͭͯͪͤ͊Ύ ͊͒͊ͨͭ͊ͼ͙Ύ Υ ͫͯ΅ͤͦͫͭΈΣ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΣ ͔ͣͻ͙͊ͤͣ͘· 
͔͙ͪ͊͊͘͡ͼ͙͙ Υ ͙͒ͫΦͫ Χ ͒ͦͭ͟Φ ͫͦͼ͙͎ͦͦ͡Φ ͤ͊ͯ͟ κ ˶Φ ˶Φ ̊ͨ͊͟Φ ς ˴ ͔͔͍ͣͪͦͦΣ мффнΦ ς офу ͫΦ 

16. ͔͍̋ͪ͋͊ͦ͊͟ ˢΦ ˤΦ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͍͙ͯͣͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͦͯ͜͟͡͡Έͭͯͪͤͦ͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜ κ ˢΦ ˤΦ ͔͍̋ͪ͋͊ͦ͊͟ κκ ˿ͦͼΦ ˽͔͎͎͒͊ͦ͊͜͟ Υ ͔ͭͦͪ͜Ύ ͭ͊ 
͙ͨͪ͊ͭ͊͟͟Φ ς 2014. ς Ѕ нΦ ς ˿ Φ суς75.  

17. Common European Framework of Reference for Language Learning and Testing : 
/ƻǳƴŎƛƭ ƻŦ 9ǳǊƻǇŜΦ  /ŀƳōǊƛŘƎŜ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΦ  нллмΦ ς 260 ͪ .   
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˾˩˭̑˸˩ 
˿͔͔͎ͣͤͦ ˩Φ ˿ͦ ͼ͙ͦͯ͟͡Έͭͯͪͤ·͚ ͔ͦͣͨͦͤͤͭ͟ ͍ ͎͍͔ͨͦ͒ͦͭͦ͟ ͙ͤͦͫͭͪ͊ͤͤ·ͻ ͔͍ͫͭͯ͒ͤͭͦ-

͔͙͍ͣ͒ͦ͟. 
ˤ ͫͭ͊ͭΈ͔ ͤ͊ ͍͔ͦͫͤͦ ͙͊ͤ͊͊͘͡ ͤ͊ͯ;ͤ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟  ͙͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͦͨ·ͭ͊ 

ͦ͋ͦ͋΅͔ͤ· ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͔͙ͪ͊͊͘͡ͼ͙͙ ͫͦͼ͙ͦͯ͟͡Έ͎ͭͯͪͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟ ͍ ͎͍͔ͨͦ͒ͦͭͦ͟ 
͙ͤͦͫͭͪ͊ͤͤ·ͻ ͔͍ͫͭͯ͒ͤͭͦ-͔͙͍ͣ͒ͦ͟ ͍ ͙͍͔͙͔ͯͤͪͫͭͭ͊ͻ ͙̂ͪ͊ͤ͟·Υ ͙ͨͪ ͙ͯ͘;͔͙͙ͤ 
͙͒ͫͼ͙͙ͨͤ͡ ͎͙͎ͯͣ͊ͤͭ͊ͪͤͦͦ ͼ͙͊͟͡Σ ͍ ͍͙͔ͦͫͨͭ͊ͭ͡Έ͚ͤͦ ͔ͪ͊͋ͦͭΦ ˢ͟ͼ͔͙͍ͤͭͪͦ͊ͤͦ 
͍͙͙͔ͤͣ͊ͤ ͤ͊ ͔͍͙͙ͨͪͨͦ͒͊͊ͤ ͍ͯͪͫͦ͟ ͙͎ͯͪ͊ͤͫͦͦ͟͟ Ύ͘·͊͟ ͊͟͟ ͙͎ͤͦͫͭͪ͊ͤͤͦͦΣ ͙͚ͯͪ͊ͤͫͦ͟͟ 
ͯ͟͡Έͭͯͪ· ͫ ͯ;͔ͭͦͣ ͔͙͚ͨͦͦ͗ͤ͡ ͙͡;ͤͦͫͭͤͦ ͙͔͙͍͎ͦͪͤͭͪͦ͊ͤͤͦͦΣ ͔͔͎ͦͣͨͭͤͭͤͦͫͭͤͦͦ͟Σ 
ͯ͟͡Έ͍͔ͭͯͪͦ͒;͔͎ͫͦͦ͟Σ ͙͎͙͊ͫͦͦ͟͡;͔͎ͫͦͦ͟Σ ͔͒Ύ͔ͭ͡Έ͎ͤͦͫͭͤͦͦ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫ͟ͻ 
ͨͦ͒ͻ͍ͦ͒ͦΣ ͙ͨͪͤͼ͙͍ͨͦ ͎͙ͯͣ͊ͤ͊͘ͼ͙͙Σ ͔͙ͣ͗͒ͫͼ͙͙͚ͨͤ͊ͪͤͦ͡ ͙͔͎ͤͭͪ͊ͼ͙͙Σ 

http://kr.farm-bad.ru/
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͍͔ͫͭͪ͊ͤͦ͒;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ ˨ͦ͊͘͟·͍͔͊ͭͫΎΣ ;ͭͦ ͨͪͦͺ͔͙ͫͫͦͤ͊͡ΈͤͯΌ 
͎͍ͨͦ͒ͦͭͦͯ͟ ͋ͯ͒ͯ΅͙ͻ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͙ͨͪͦͤ͘·͍͊Όͭ ͼ͔͙ͤͤͦͫͭ 
͙͎͍͎͒͊ͦͦͦͦ͡ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͙ͤͦͫͭͪ͊ͤͤ·͔ ͔ͫͭͯ͒ͤͭ·Σ ͍·ͫ΄͔͔ ͔͙ͣ͒ͼ͙͔ͤͫͦ͟ ͯ;͔͔͋ͤͦ 
͍͔͔͙͔͊͒ͤ͘Σ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͎͍ͨͦ͒ͦͭͦ͊͟Σ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ͊Ύ ͊͒͊ͨͭ͊ͼ͙ΎΣ ͫͦͼ͙͊͡Έͤͦ-
ͯ͟͡Έͭͯͪͤ·͚ ͔ͦͣͨͦͤͤͭ͟Σ ͎͙ͯͣ͊ͤͭ͊ͪͤ·͔ ͙͒ͫͼ͙͙ͨͤ͡·Σ ͍͙͔ͦͫͨͭ͊ͭ͡Έͤ͊Ύ ͪ͊͋ͦͭ͊Φ 

SUMMARY 
Semenog O. Socio-cultural component in the training of foreign medic students. 
On the basis of analysis of scientific sources and practical experience the areas of 

socio-cultural component implementation in the training of foreign medic students at the 
universities in Ukraine are generalized, particularly in the study process of humanitarian 
disciplines and during the educational work.  

It is proved that one of the factors of socio-cultural adaptation ensuring is input to the 
training programs of foreign medical students, particularly, those ingredients of socio-
cultural component as intercultural, geographic, social, psychological, personal, that form 
readiness for intercultural communication on the principles of intercultural tolerance, 
adequate perception of cultural differences while maintaining the value attitude to the 
culture of nation.  

The attention is focused on teaching courses of Ukrainian language as foreign, 
Ukrainian culture on the basis of personality oriented, competency, cultural, axiological and 
active methodological approaches, principles of humanization, interdisciplinary integration, 
and geographic orientation. The task of the humanities is to formation of the professionalism 
of a foreign student, the formation of his professional competence in speech and 
communication, in order to meet social and civic needs.  

It iǎ ǇǊƻǾŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜ ƘǳƳŀƴƛǘƛŜǎ ǘŜŀŎƘŜǊΩǎ ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ƛƴǘŜǊŀŎǘƛǾŜ 
educational interaction with foreign students, which contributes to their more effective 
adaptation to the educational process. Socio-cultural component permeates extracurricular, 
educational work.  

The purpose of the educational measures is a personal growth of future medics as 
professionals, who understand universal moral and ethical values, professional duty, honor 
and dignity and who has such features as humanity, compassion, kindness, altruism, 
optimism, perseverance, responsibility, discipline. 

The prospect for further research is seen in the study of pedagogical conditions of 
implementation of the socio-cultural component in the training of foreign medical students in 
higher education institutions of Ukraine. 

Key words: foreign students, high medical schools, professional training, social and 
cultural adaptation, social and cultural component, humanities, educational work. 
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͎͍ͦͭͦͤͦͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ 
͒ͦͼ͜͡Έͤͦ ͍͙͙͙͒ͭ͜͡ ͙͔ͪͭͪ͟͜͝ ͚ ͙͙ͨͦ͊ͤ͘͟͟Σ Ύ͟͜ ͣ͊ΌͭΈ ͍͙͐ͪͯͤͭͯ͊ͭͫΎ ͤ͊ 
͙ͫͭͪͯͭͯͪͤ͟ͻ ͔ͦͣͨͦͤͤͭ͊͟ͻ ͦͤ͊͘;͔ͤͦ͝ ͎͍ͦͭͦͤͦͫͭ͜Φ 

̂ͪ͊ͻ͍ͦͯΌ;͙ ͊ͤ͊͘͘;͔ͤ͜ ͔ͨͦͦ͗ͤͤ͡Ύ ͚ ͙ͦͨͪ͊Ό;͙ͫΈ ͤ͊ ͔ͪͦ͋ͤ͘͜͡ ͍͙͍͙ͫͤͦ͟ 
͘ ͙ͨͭ͊ͤΈ ͊ͤ͊ͯ͘͜͡ ͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Σ ͙ͤ͊ͣ ͋ͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͙͔ͫͫͭͣͯ 
͙͔͍ͪͭͪ͟͜͝ ͜ ͙͍ͨͦ͊ͤ͘͟͟͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͝͝ ͙ͫͭͪͯͭͯͪͤ͟ͻ ͔͍ͦͣͨͦͤͤͭ͟͜Σ ΅ͦ 
͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͭ͊ ͝͝ ͫͯͭͤͫͤ͜͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟Φ 

˹͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͔͔͙ͭͦͪͭ;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍ͤ͊ͯͦͦ͟͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͘ 
͔͙ͨͪͦ͋ͣ͡ ͜ ͍͎͊ͫͤͦͦ͡ ͍͒ͦͫ͒ͯ͜ ͍͙͊͒͊͟͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͙ͤ͊ͣ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ 
͙ͫͭͪͯͭͯͪͤ͟ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ͎͍ͦͭͦͤͦͫͭ͜ ό͙͍ͣͦͭ͊ͼ͚͎ͤͦͦ͜Σ ͎͙͍͎ͦͤͭͤͦͦ͟͜Σ 
͔ͦͨͪ͊ͼ͚ͤͦ͜-͒͜Ύ͡Έ͎ͤͫͤͦͦ͜ ͭ͊ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ύ ͙͋ͯ͡ ͍͙ͤ͊͘;͔ͤ͜ ͚ ͍ͦ͋͐ͪͯͤͭͦ͊ͤ͜ 
͙͔ͪͭͪ͟͜͝Σ ͙͙ͨͦ͊ͤ͘͟͟ ͭ͊ ͍ͪͤ͜͜ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝Φ 

˸͙͍ͦͭ͊ͼ͚͙͚ͤ͜ ͙͔͚ͪͭͪ͟͜ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͙͙ͭ͊ͣ͟ ͙͙ͨͦ͊ͤ͊ͣ͘͟͟Υ 
͊͘ͻ͔ͦͨͤͫͭ͜͡Έ ͨͪͦͺ͔ͫ͜ΊΌ Ό͙ͪͫͭ͊Τ ͙͙͍ͨͦͭͤͦ͘Ό ͙͍ͣͦͭ͊ͼ͜ΊΌ ͚ ͪͦͯͣͤͤ͘͜Ύͣ 
ͫͦͼ͊͜͡Έͤͦ͝ ͤ͊͘;ͯ΅ͦͫͭ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ 
͙ͪ͊ͤ͟͝Τ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟ ͭ͊ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡ΎΦ  

˴͎͙͍͙͚ͦͤͭͤ͜ ͙͔͚ͪͭͪ͟͜ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͙͙ͭ͊ͣ͟ ͙͙ͨͦ͊ͤ͊ͣ͘͟͟Υ 
͎͊͊͘͡Έ͔ͤ ͪͦͯͣͤͤ͘͜Ύ ͤ͊͘;͔ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜ ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͤ͊ͤ͘Έ ΅ͦ͒ͦ 
͙͔͙ͫͫͭͣ ͎͍ͦͪ͊ͤ͜ ͭ͊ ͍ͯͫͭ͊ͤͦΣ Ύ͟͜ ͍͙ͦͤͯ͟ΌͭΈ ͙ͪͣͤ͊͟͜͡Έͤ͜ ͨͦ͊ͪ͊ͤͤ͟Ύ ͍ ̂ͪ͊ͤ͟͜͝Σ 
͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜ ͍͔͙ͨͦ͒ͤ͜͟ ͘͜ ͔͙͙͊ͫͯ͒͗ͤͣ͘ ͭ͊ ͔͔ͨͦͨͪ͒ͤΈͦ 
͍ͯΩΎ͔͙͙ͤͤͣ͘ ͙ͦͫͦ͋͊ͣ ͜ ͨͪͦͼ͔ͫͦͣ ͝ͻ ͔ͪͫͦͼ͊͊͘͜͜͡ͼ͜͝Σ ͙͍ͤͦͪͣ͊ͭͤͦ-͍͍͙ͨͪ͊ͦͻ 
͔͍͒ͦͯͣͤͭ͟͜Σ ΅ͦ ͔͎͔ͪ͊ͣͤͭͯ͡ΌͭΈ ͨͪͦͺ͔͚ͫͤͯ͜ ͒͜Ύ͡Έͤͫͭ͜Έ Ό͙ͪͫͭ͊Φ  

˻͔ͨͪ͊ͼ͚ͤͦ͜-͒͜Ύ͡Έ͙͚ͤͫͤ͜ ͙͔͚ͪͭͪ͟͜ ͍͟͡Ό;͊Ί ͭ͊͟͜ ͙͙ͨͦ͊ͤ͘͟͟Υ 
ͨͪͦͺ͔͚ͫͤͦ͜ ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͍ͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟Σ Ύ͟͜ ͔ͨͦ͊͒ͤͦ͟͡ ͍ ͍ͦͫͤͦͯ ͯͫͨ͜΄ͤͦ͝ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͍͚͒ͪ͗͊ͤ͜ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜Φ  
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˻͙͙͚ͫͦ͋ͫͭͫͤ͜ ͙͔͚ͪͭͪ͟͜ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͙͙ͭ͊ͣ͟ ͙͙ͨͦ͊ͤ͊ͣ͘͟͟Υ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͭ͊ ͙͍ͦͣͯͤ͊ͭͤ͟͜͟͜ ͒͋ͤͦͫͭ͘͜͜Σ ΅ͦ ͍͒ͦͦ͘͡ΎͭΈ ͔ͺ͔͙͍ͭͤͦ͟ 
ͨͪ͊ͼΌ͍͙͊ͭ ͍ ˨͔͍͚ͪ͗͊ͤ͜ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͫͯ͗͋͜͡ ͙̂ͪ͊ͤ͟͝Φ 

ˤ͙͍͊͗ͦ͡Ό ͍ͫ͊͒ͦͦ͟͡Ό ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͋ͯ͊͡ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊ 
ͪͦ͋ͦͭ͊Φ ˲͝ ͔ͣͭ͊ ͨͦ͡Ύ͎͊͊͡ ͍ ͔͔͍ͨͪͪ͜ͼ͜ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍͙Ύ͍͔͙ͤ͡ͻ ͜ ͔͔͙ͭͦͪͭ;ͤͦ 
͍͙ͦ͋͐ͪͯͤͭͦ͊ͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝Φ 

˩͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊ ͪͦ͋ͦͭ͊ ͚͒ͫͤ͘͜Ό͍͊͊ͫ͡Ύ ͨͪͦͭΎ͎ͦͣ нлмнςнлмс ͍ͪͦ͟͜ ͜ 
ͫ͊͒͊͊ͫ͟͡͡Ύ ͘ ͨͦ΄͍͎ͯͦͦͦ͟Σ ͔͙ͣͨͪ͜;͎ͤͦͦ ͭ͊ ͍ͨ͒ͫͯͣͦͦ͜͟-͎ͯ͊͊͘͡ΈͤΌ͍͊͡Έ͎ͤͦͦ 
͔͍ͭ͊ͨ͜Φ 

˽͔ͪ΄͙͚Σ ͨͦ΄͍͙͚ͯͦ͟Σ ͔ͭ͊ͨ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͙͍͍ͭͪ͊ 
ͨͪͦͭΎ͎ͦͣ нлмнς2013 ͪ ͪΦ ˽͒͜ ;͊ͫ ͼΈ͎ͦͦ ͔ͭ͊ͨͯ ͋ͯͦ͡ ͍ͨͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͍ͤ͊ͯͦͯ͟ 
͔ͭͪ͊ͭͯͪͯ͜͡Σ ͙͊ͦͤ͘͟Σ ͍͙ͨͦͫͭ͊ͤͦ ͚ ͤ͜΄͜ ͙͍ͤͦͪͣ͊ͭͤͦ-͍͍ͨͪ͊ͦ͜ ͔͙͒ͦͯͣͤͭ͟Σ 
͍͒ͭ͊͜͟ ͯͭͦ;͔ͤͤͦ ͨͦͤΎ͚ͭͤͦ͜-͔͎ͭͪͣͤͦͦ͜͜͡;͙͚ͤ ͊ͨ͊ͪ͊ͭ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˤͦ͒ͤͦ;͊ͫ 
͎ͯ͊͊͘͡Έ͔ͤͤͦ ͔ͣ͊ͭͪ͊͜͡ ͘͜ ͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͔͙ͨͪͦ͋ͣ͡Σ ͍͙ͤ͊͘;͔ͤͦ ͫͭͪͯͭͯͪͯ͟ 
͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ 
͙͔ͫͫͭ ͣ͜ ͤ͊΄ͦ͝ ͙ͪ͊ͤ͟͝Σ ͊ ͭ͊ͦ͗͟ ͙͔ͪͭͪ͟͜͝Σ ͙͙ͨͦ͊ͤ͘͟͟ ͭ͊ ͍ͪͤ͜͜ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͍͚͒ͪ͗͊ͤ͜ 
͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜Φ 

˽ͪͦͭΎ͎ͦͣ ͔͙ͣͨͪ͜;͎ͤͦͦ ͔ͭ͊ͨͯ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͙ͪͦ͋ͦͭ όнлмоς2015 
ͪͪΦύ ͙ͤ͊ͣ ͋ͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͔͎͎ͨ͒͊ͦ͜;ͤͯ ͔ͣͦ͒͡Έ ͜ ͍ͦ͋͐ͪͯͤͭͦ͊ͤͦ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ 
͍͙ͯͣͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝Φ ˽͙ͪ ͼΈͦͣͯ ͍͍͍͙ͨͪͦ͊͒͗ͯ͊ͫ͡Ύ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ 
͍͙ͯͣͦ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͍͚͒ͪ͗͊ͤ͜ 
͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͭ͊ ͚͒ͫͤ͘͜Ό͍͍͊ͫΎ ͙͎ͣͦͤͭͦͪͤ͜ ͍͍ͪͤ͜͜ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͼ͜Ί͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

͔͚́ͪͭ͜Σ ͍ͨ͒ͫͯͣͦͦ͜͟-͎ͯ͊͊͘͡ΈͤΌ͍͊͡Έ͙͚ͤΣ ͔ͭ͊ͨ όнлмрς2016 ͪ ͪΦύ 
͔͔ͨͪ͒͋͊;͍͊ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ό ͙ͦͭͪͣ͊ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͚ ͦͨͪ͊ͼΌ͍͊ͤͤΎ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ ͯͭͦ;͔ͤͤͤΎ ͎͊͊͘͡Έ͙ͤͻ ͍͙͍͍ͫͤͦ͟͜ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ 
͔͔ͪͦͣͤ͒͊͟ͼ͚͜Σ ͊ ͭ͊ͦ͗͟ ͦͺ͔ͦͪͣͤͤ͡Ύ ͙ͪͯͦͨͫͯ͟ ͙͊ͤ͒͒͊ͭͫ͟Έͦ͟͝ ͙͔͒ͫͪͭ͊ͼ͜͝ ͚ 
͔͔ͦͪͫͤͤ͟͡Ύ ͔͔͙͍ͨͪͫͨͭ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͙ͨͪͦ͋ͣ͡Φ 

˭͍͙͊ͯ͊͗ͣͦΣ ΅ͦ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ ͦͼͤ͜Ό͍͊͊ͫ͡Ύ ͤ͊ 
͍ͦͫͤͦ͜ ͙͍ͣͦͭ͊ͼ͚͎ͤͦͦ͜Σ ͎͙͍͎ͦͤͭͤͦͦ͟͜Σ ͔ͦͨͪ͊ͼ͚ͤͦ͜-͒͜Ύ͡Έ͎ͤͫͤͦͦ͜ ͚ 
͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͙͔͍ͪͭͪ͟͜͝ ό͙ͪͫΦ 1). 

˭ ͼ͜ΊΌ ͔ͣͭͦΌ ͙ͣ ͙ͫ͊͟͡͡ ͎͙͒͊ͤͦͫͭ͜;ͤͯ ͎ͨͪͦͪ͊ͣͯΣ ͍ ͍ͦͫͤͦͯ Ύͦ͟͝ 
͔ͨͦ͊͒ͤͦ͟͡ ͔ͦͣͨͫ͟͟͡ ͍͙͊ͨͪͦ͋ͦ͊ͤͻ ͜ ͍͊ͫͤͦ͡ ͔͙ͪͦͪͦ͋ͤ͘͡ͻ ͔͙ͣͭͦ͒͟ ͒͡Ύ 
͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝  . 

˽͙ͪ;ͦͣͯ ͒ͦͼ͜͡ΈͤͦΌ ͙ͨͪ ͦͼͤ͜Ό͍͊ͤͤ͜ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ 
͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͍͚͒ͪ͗͊ͤ͜ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ 
͙͔ͫͫͭͣ͜ ͊͘ ͙͍ͣͦͭ͊ͼ͚͙ͤͣ͜ ͙͔ͪͭͪ͟͜ΊͣΣ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ Ί ͔͙ͣͭͦ͒͊͟ ͍͙Ύ͍͔ͤͤ͡Ύ 
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͙͍ͣͦͭ͊ͼ͜͝ ͚ ͒ͦͫΎ͎͔ͤͤͤΎΣ ͍͊ͨͪͦͨͦͤͦ͊ͤ͊͘ ̑Φ ˸ Φ ˻ ͍͙ͪͦͣ͡Φ ˻͔ͭ͗Σ ͍͍͒ͨͦ͒ͤͦ͜͜ 
͒ͦ ͼ͜Ί͝ ͔͙͙ͣͭͦ͒͟Σ ͔ͫͭͯ͒ͤͭ ͍ͣ͊ ͍͍͙͒ͨͦͫͭ͜͜ ζͭ͊͟η ͊͋ͦ ζͤ͜η ͤ͊ но ͍͔͔ͭͪ͒͗ͤͤΎΦ 
˹͙͊ͣ ͋ͯͦ͡ ͔ͫ͊͒ͤͦ͟͡ ͟͡Ό; ͒ͦ ͔ͭͫͭͯ ͜ ΄͊͊͟͡Υ ͊͘ ͙͚ͦ͗ͤ͟ ͎͋͘͜ ͍͍͒ͨͦ͒͜͜͜ ͘ 
͟͡Ό;͔ͣ ͔ͫͭͯ͒ͤͭͯ ͊ͪ͊͘ͻ͍ͦͯΊͭΈͫΎ м ͋͊͡Φ ˤ͍͒ͨͦ͒͜͜Έ ζͭ͊͟η Ί ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦΌ 
΅ͦ͒ͦ ͍͔͔ͭͪ͒͗ͤΈ нΣ сΣ тΣ уΣ мпΣ мсΣ муΣ мфΣ нмΣ ннΣ ноΣ ͊ ͍͍͒ͨͦ͒͜͜Έ ζͤ͜η ς ΅ͦ͒ͦ 
͍͔͔ͭͪ͒͗ͤΈ мΣ оΣ пΣ рΣ фΣ млΣ ммΣ мнΣ моΣ мрΣ мтΣ нлΦ ˽ͫ͜͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘Έ 
͍ͨ͒ͫͯͣͦͯ͜ΊͭΈͫΎ ͎͊͊͘͡Έͤ͊ ͟͜͡Έͫͭ͟͜Έ ͍͋͊͜͡ ͜ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͍͍͙͚͒ͨͦ͒ͤ͜͜ ͍͔ͪͤ͜Έ 
ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ό͍͙͙͚ͫͦ͟Σ ͔͔͚ͫͪ͒ͤ͜Σ ͙ͤ͘Έ͙͚͟ύΦ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͊͘ 
͙͍ͣͦͭ͊ͼ͚͙ͤͣ͜ ͙͔ͪͭͪ͟͜Ίͣ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ 
͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ 
͙̂ͪ͊ͤ͟͝ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ ноςмт ͍͋͊͜͡Σ ͔͔͚ͫͪ͒ͤ͜ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ мсς12 
͍͋͊͜͡Σ ͙ͤ͘Έ͙͚͟ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ мм ͜ ͔ͣͤ΄͔ ͍͋͊͜͡Φ 

ˤͦ͒ͤͦ;͊ͫ ͒͡Ύ ͦͼͤ͜Ό͍͊ͤͤΎ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ ͊͘ ͎͙͍͙ͦͤͭͤͣ͟͜ 
͙͔ͪͭͪ͟͜Ίͣ ͙ͤ͊ͣ ͔ͪͦͪͦ͋ͤ͘͜͡ ͔͍ͭͫͭͦ͜ ͍͊͒͊ͤͤ͘Ύ ͒͡Ύ ͦͼ͙ͤ͜͟ ͔͔͙ͭͦͪͭ;͙ͤͻ 
ͤ͊ͤ͘ΈΦ ˿͔͙ͭͯ͒ͤͭ ͙ͣ͊͡ ͍͍͙͒ͨͦͫͭ͜͜ ͤ͊ пл ͙ͨͭ͊ͤΈΣ ͍ͦ͋ͪ͊΄͙ ͍͙ͨͪ͊͡Έͤͯ 
͍͍͒ͨͦ͒͜͜ΈΣ Ύ͊͟ ͦͼͤ͜Ό͍͊͊ͫ͡Ύ ͍ ͙ͦ͒ͤ ͋͊͡Φ  

 

 
 
˾͙ͫΦ мΦ ˸͔͙͙ͭͦ͒͟ ͦͼ͙ͤ͜͟ ͙͔͍ͪͭͪ͟͜͝ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͙ͫͭͪͯͭͯͪͤ͟ͻ 

͔͍ͦͣͨͦͤͤͭ͟͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ 
͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝   

 

ʄʦʪʠʚʘʮʽʡʥʠʡ ʂʦʛʥʽʪʠʚʥʠʡ ʆʧʝʨʘʮʽʡʥʦ-

ʜʽʷʣʴʥʽʩʥʠʡ 

ɼʽʘʛʥʦʩʪʫʚʘʣʴʥʽ ʤʝʪʦʜʠʢʠ 

ʄʝʪʦʜʠʢʘ 

ʚʠʷʚʣʝʥʥʷ 

ʤʦʪʠʚʘʮʽʾ ʡ 

ʜʦʩʷʛʥʝʥʥʷ ʟʘ 

ʖ. ʄ. ʆʨʣʦʚʠʤ 

ʆʩʦʙʠʩʪʽʩʥʠʡ 

ʂʨʠʪʝʨʽʾ ʩʬʦʨʤʦʚʘʥʦʩʪʽ ʛʦʪʦʚʥʦʩʪʽ 

ʤʘʡʙʫʪʥʽʭ ʶʨʠʩʪʽʚ ʜʦ ʧʨʦʬʝʩʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʧʝʥʽʪʝʥʮʽʘʨʥʽʡ ʩʠʩʪʝʤʽ  

ʊʝʩʪʦʚʽ 

ʟʘʚʜʘʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʽ 

ʘʚʪʦʨʦʤ 

ʂʘʨʪʢʘ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʨʽʚʥʽʚ ʩʬʦʨʤʦʚʘʥʦʩʪʽ 

ʧʨʦʬʝʩʽʡʥʠʭ ʫʤʽʥʴ ʽ 

ʥʘʚʠʯʦʢ, ʥʝʦʙʭʽʜʥʠʭ 

͒͡Ύ ʧʨʦʬʝʩʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚ 

ʧʝʥʽʪʝʥʮʽʘʨʥʽʡ ʩʠʩʪʝʤʽ 

ʋʢʨʘʾʥʠ 

ʊʝʩʪ ʥʘ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʚʥʷ ʟʜʘʪʥʦʩʪʽ 

ʤʘʡʙʫʪʥʽʭ ʶʨʠʩʪʽʚ 

ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ. 

ʊʝʩʪ ʥʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʨʛʘʥʽʟʘʪʦʨʩʴʢʠʭ ʽ 

ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʫʤʽʥʴ 

(ʂʆʉ-1). 
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˭͊ ͎͙͍͙ͦͤͭͤͣ͟͜ ͙͔ͪͭͪ͟͜Ίͣ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ 
͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ 
͙̂ͪ͊ͤ͟͝  ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ плςон ͙͋͊͡Σ ͔͔͚ͫͪ͒ͤ͜ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ 31ς22 
͙͋͊͡Σ ͙ͤ͘Έ͙͚͟ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ нм ͜ ͔ͣͤ΄͔ ͍͋͊͜͡Φ 

ˤ͍͒ͨͦ͒ͤͦ͜͜ ͗ ͒ͦ ͔ͦͨͪ͊ͼ͚ͤͦ͜-͒͜Ύ͡Έ͎ͤͫͤͦͦ͜ ͙͔ͪͭͪ͟͜Ό ͙ͤ͊ͣ ͋ͯͦ͡ ͪͦͪͦ͋͘-
͔ͤͦ͡ ζ˴͊ͪͭͯ͟ ͒͡Ύ ͫ͊ͣͦͦͼͤ͜Ό͍͊ͤͤΎ ͍ͪͤ͜Ύ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ 
Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ηΦ 

˭͊ ͎͒ͦͨͦͣͦͦΌ ͼ͜Ί͝ ͙͊ͪͭ͟͟ ͔͙ͫͭͯ͒ͤͭ ͙ͣ͊͡ ͦͼ͙͙ͤͭ͜ ͍ͫͦ͝ ͨͪͦͺ͔͚ͫͤ͜͜ 
͍ͣͤͤ͜ΎΦ ͔̇Σ ͔ͦͪͣ͊͘͟Σ ͭ͊͟͜ ͍ͣͤͤ͜ΎΣ Ύ͟Υ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͙ͤ͊͘;͙͊ͭ ͼ͜͜͡Σ 
ͤ͊͊͡΄͍͍͙ͭͦͯ͊ͭ ͔͔ͫ͋ ͤ͊ ͝ͻ  ͔ͪ͊͊͘͜͡ͼ͜ΌΤ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡Σ ͔͔ͨͪ͒͋͊;͙͊ͭ ͙ͤ͊ͫ͒͜͟͡ 
͍ͫͦΊ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͜ͺͦͪͣ͊ͼ͜ΌΤ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͪͦͨͦ͒͘͜͡ 
ͺͯͤ͟ͼͦͤ͊͜͡Έ͙ͤͻ ͍ͦ͋ͦΩΎ͍͘͟͜ ͣ͗͜ ͨͪ͊ͼ͍͙͙ͤ͊ͣ͜͟Τ ͍͙ͤ͊͘;͙͊ͭ ͍͍ͨͪ͊ͦͯ 
͔ͨͪͦ͋ͣͯ͡Σ Ύ͊͟ ͔ͨͦͭͪ͋ͯΊ ͍͔͎ͪͯ͡Ό͍͊ͤͤΎ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͝͝ ͍͙ͪ͜΄͔ͤͤΎ ͍ 
͍ͯͣͦ͊ͻ ;͙͎ͤͤͦͦ ͍͍͊ͦͤͦ͒͊ͫͭ͊͘͟Τ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͙͍ͤͦͪͣ͊ͭͤ͜ ͙͊ͭ͟ ͘ ͙ͪͤ͘͜ͻ 
͎͔͚͊ͯ͘͡ ͍ͨͪ͊͊Τ ͍ͯͨͪ͊͡Ύ͙ͭ ͔͙͍ͦͭͦͣ͟͟͡ ͭ͊ ͙͍͍͙͊ͭͯ͊ͭ͘͟͜ ͔ͨͪͫͦͤ͊͡ ͯ ͨͪͦͼ͔ͫ͜ 
͍͙ͪ͜΄͔ͤͤΎ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ ͍͊͒͊ͤ͘ΈΤ ͍͙ͨͪ͊͡Έͤͦ ͚ ͍ͨͦͤͦ ͍͙͒ͦ͋ͪ͊͗͊ͭ͜ 
͔ͪͯ͘͡Έ͙ͭ͊ͭ Ό͙͙ͪ͒;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝Τ ͤ͊͘ͻ͙͙ͦ͒ͭ ͙ͦͨͭͣ͊͡Έͤͯ 
͔͎ͫͭͪ͊ͭ͜Ό ͍͔͙ͨͦ͒ͤ͜͟ ͍ ͦͤ͟ͺ͙ͭͤ͜͟͡ͻ ͙ͫͭͯ͊ͼ͜Ύͻ ͜ ͚ͫ͊ͣͦͫͭͤͦ͜ ͪͦͪͦ͋͘͡Ύ͙ͭ ͍ͤͦͯ 
͔͎ͫͭͪ͊ͭ͜Ό ͍͔͙ͨͦ͒ͤ͜͟ ͍ ͔͍ͨͤͦͣͯ ͤ͊ͨͪΎͣ͜Τ ͔͔͊͋ͨ͘͘;͙͙ͭ ͙͒ͦͭͪͣ͊ͤͤΎ ͍͙͎ͣͦ 
͍͎ͭͪͯ͒ͦͦͦ ͪͦͨͦͪ͘Ύ͒ͯ͟Τ ͙ͫ͊͒͊ͭ͟͡ ͨͪͦͼ͔ͫͯ͊͡Έͤ͜ ͔͙͒ͦͯͣͤͭ͟Σ ΅ͦ ͔ͤ͊͗͊ͭ͡Έ ͒ͦ 
ͫͺ͔͙ͪ ͍ͯͨͪ͊ͤͤ͜͡Ύ ˨͔͍ͪ͗͊ͤͦ͝ ͔͔ͨͤͭͤ͜ͼ͊ͪͤͦ͜͝ ͙ͫͯ͗͋͡ ͙̂ͪ͊ͤ͟͝Φ ˽͙ͪ;ͦͣͯ 
͍͊͒͊ͤͤ͘Ύ ͋ͯͦ͡ ͦͺ͔ͦͪͣͤͦ͡ ͯ ͍͙͎͡Ύ͒͜ ͙ͭ͊͋͡ͼ͜Υ ͯ ͍͍͚͒ͨͦ͒ͤ͜͜͜ ͎ͪ͊ͺ͜ ͙ͤ͊ͨͪͦͭ 
͎ͦ͗ͤͦͦ͟ ͘͜ ͍͙͊ͨͪͦͨͦͤͦ͊ͤ͘ͻ мл-͙ ͯͣͤ͜Έ ͔͙ͫͭͯ͒ͤͭΣ ͦͼͤ͜ΌΌ;͙ ͍͚ͫ͜ ͍͔ͪͤ͜Έ 
͍ͦͦ͒ͤͤ͜͡Ύ ͙ͭͣ ;͙ ͤ͜΄͙ͣ ͯͣͤͤ͜ΎͣΣ ͙ͣ͊͡ ͙͙ͪͦ͋ͭ͘ ͨͦͤ͊͘;ͯ͟ ͊͘ ͭ͊ͦ͟Ό 
΄͊ͦ͟͡ΌΥ ˤ ς ͍ ͙͙͚ͫͦ͟ ͍͔ͪͤ͜ΈΣ ˿ ς ͫ ͔͔͚ͪ͒ͤ͜ ͍͔ͪͤ͜ΈΣ ˹ ς ͤ ͙͘Έ͙͚͟ ͍͔ͪͤ͜ΈΦ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͊͘ ͔ͦͨͪ͊ͼ͚ͤͦ͜-͒͜Ύ͡Έ͙ͤͫͤͣ͜ ͙͔ͪͭͪ͟͜Ίͣ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ 
ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ 
͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ рлςпр ͍͋͊͜͡Σ ͔͔͚ͫͪ͒ͤ͜ 
͍͔ͪͤ͜Έ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ 
͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ ппςпл ͙͋͊͡Σ ͙ͤ͘Έ͙͚͟ ͍͔ͪͤ͜Έ ͚ͣ͊͋ͯͭͤ͜ͻ 
Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ 
͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ оф ͜ ͔ͣͤ΄͔ ͍͋͊͜͡Φ 

̒͟ ͍͒ͦͣͦ͜Σ ͯ ͪͦ͋ͦͭ͜ Ό͙ͪͫͭ͊ ͍͙͍͊͗ͯ͡ ͪͦ͡Έ ͍͎͒ͪ͊͜͜ΌͭΈ ͍ͯͨͪ͊ͤͫ͜͡Έ͟͜ ͚ 
͙͍ͦͣͯͤ͊ͭͤ͟͜͟͜ ͍͙ͤ͊;͙͟Φ ˻͔ͭ͗Σ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ 
͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ ͊͘ ͙͙ͦͫͦ͋ͫͭͫͤͣ͜ ͙͔ͪͭͪ͟͜Ίͣ ͋ͯͦ͡ ͒ͦͼ͜͡Έͤͦ ͍͔͙ͪͤͯͭͫ͘Ύ ͒ͦ 
ζ͔́ͫͭͯ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͒͊ͭͤͦͫͭ͘͜ ͙͚͙ͨͪͣ͊ͭ ͪ͜΄͔ͤͤΎη ͭ͊ ζ͔́ͫͭͯ ͤ͊ 
ͦͼͤ͜Ό͍͊ͤͤΎ ͎ͦͪ͊ͤ͊ͭͦͪͫ͘͜Έ͙͟ͻ ͜ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͯͣͤ͜Έη ό˴˻˿-1).  

˭͍͊͒͊ͤͤΎ ζ͔́ͫͭͯ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͒͊ͭͤͦͫͭ͘͜ ͙͚͙ͨͪͣ͊ͭ ͪ͜΄͔ͤͤΎη 
ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ мн ͙͊ͨͭ͊ͤ͘ΈΣ ͤ͊ Ύ͟͜ ͙͍ͣͦ͗͜͡ ͍͒͊ ͍͙͊ͪ͊ͤͭ͜ ͍͍͒ͨͦ͒͜͜͜ ς ζͭ ͊͟η ͊͋ͦ 
ζͤ ͜ηΣ ͜ ͙͚ͫ͊͒ͤ͟͡ ͟͡Ό;. ˢͤ͊͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͨͦ;͙ͤ͊ΊͭΈͫΎ ͘ ͍ͨͦͪͤ͜ΎͤͤΎ 
͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͘ ͍͍͙͒ͨͦ͒ͤͣ͜͜ ͟͡Ό;͔ͣΦ ͔́ͫͭ ͣ͊Ί ͙͚ͭ͊͟ ͟͡Ό;Υ ͍ м ͋͊͡ 
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ͦͼͤ͜ΌΌͭΈͫΎ ͍͍͒ͨͦ͒͜͜͜ ζͭ͊͟η ͤ͊ ͊͘ ͙ͨͭ͊ͤͤΎ фΤ ͯ н ͙͋͊͡ ς млΤ ͯ о ͙͋͊͡ ς 1, 2, 5, 6, 
12; ͯ п ͙͋͊͡ ς пΣ уΤ ͯ р ͍͋͊͜͡ ς ͤ͊ о-͔ ͙͊ͨͭ͊ͤͤ͘ΎΦ ̂ м ͋͊͡ ͦͼͤ͜ΌΌͭΈͫΎ ͍͍͒ͨͦ͒͜͜͜ 
ζͤ͜η ͤ͊ ͙͊ͨͭ͊ͤͤ͘Ύ мΣ нΣ рΣ уΤ ͯ о ͙͋͊͡ ς тΤ ͯ р ͍͋͊͜͡ ς ͤ͊ мм-͔ ͙͊ͨͭ͊ͤͤ͘ΎΦ ˨͡Ύ 
͍͙ͤ͊͘;͔ͤͤΎ ͔ͪͯ͘͡Έͭ͊ͭͯ ͍ͨ͒ͫͯͣͦͯ͜ΊͭΈͫΎ ͎͊͊͘͡Έͤ͊ ͟͜͡Έͫͭ͟͜Έ ͍͋͊͜͡Φ 

˽͙ͪ ͼΈͦͣͯ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ 
Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ 
͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ омςмф ͍͋͊͜͡Σ ͔͔͚ͫͪ͒ͤ͜ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ муςмл ͍͋͊͜͡Σ 
͙ͤ͘Έ͙͚͟ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ ф ͜ ͔ͣͤ΄͔ ͍͋͊͜͡Φ 

͔́ͫͭ ͤ͊ ͦͼͤ͜Ό͍͊ͤͤΎ ͎ͦͪ͊ͤ͊ͭͦͪͫ͘͜Έ͙͟ͻ ͜ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͯͣͤ͜Έη ό˴˻˿-1) 
͍͟͡Ό;͊Ί пл ͙͊ͨͭ͊ͤ͘ΈΣ ͊͘ Ύ͙ͣ͟ ͔͙ͫͭͯ͒ͤͭ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ όζͭ͊͟η ;͙ ζͤ͜ηύΦ ˤ͒ͭ͊͜͟Σ 
͍͙ͤ͊͘;͊ΊͭΈͫΎ ͍͔ͪͤ͜Έ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͜ ͎ͦͪ͊ͤ͊ͭͦͪͫ͘͜Έ͙͟ͻ ͔͚͒͋ͤͦͫͭ͘͜Φ ˻͋ͪͦ͋͊͟ ͚ 
͔͔ͤͭͪͨͪͭ͊͜ͼ͜Ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͔ͨͪ͒͋͊;͊Ί ͍ͨͦͪͤ͜ΎͤͤΎ ͍͍͔͚͒ͨͦ͒͜͜ ͘͜ ͟͡Ό;͔ͣΣ 
͙ͨͪ;ͦͣͯ ͔ͦͪͣͦ͟ ͊͘ ͙͍͙͙ͦͣͯͤ͊ͭͤͣ͟͜͟ ͚ ͎ͦͪ͊ͤ͊ͭͦͪͫ͘͜Έ͙͙ͣ͟ ͍ͣͤͤ͜Ύ͙ͣΦ  

ˢͤ͊͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͨͦ;͙ͤ͊ΊͭΈͫΎ ͘ ͍ͨͦͪͤ͜ΎͤͤΎ ͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͘ 
͍͍͙͒ͨͦ͒ͤͣ͜͜ ͟͡Ό;͔ͣΦ ˴͡Ό; ͒͡Ύ ͙ͦ͋ͪͦ͋͟ ͙͒͊ͤͻ ͔͙͙ͣͭͦ͒͟ ζ˴˻-˿мη ͣ͊Ί 
͙͚ͭ͊͟ ͍͙͎͡Ύ͒Υ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͎ͦͪ͊ͤ͊ͭͦͪͫ͘͜Έ͙͟ͻ ͯͣͤ͜Έ ͜ ͫͻ͙͡Έ͔͚ͤͦͫͭ 
ͯͪ͊ͻ͍ͦͯΊͭΈͫΎ ͍͍͒ͨͦ͒͜͜Έ ζͭ͊͟η ͤ͊ ͙͊ͨͭ͊ͤͤ͘Ύ нΣ сΣ млΣ мпΣ муΣ ннΣ нсΣ олΣ опΣ оуΣ 
͊ ͍͍͒ͨͦ͒͜͜Έ ζͤ͜η ς ͤ͊ ͙͊ͨͭ͊ͤͤ͘Ύ пΣ уΣ мнΣ мсΣ нлΣ нпΣ нуΣ онΣ осΣ плΦ ˨͡Ύ 
͍͙ͤ͊͘;͔ͤͤΎ ͗ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͯͣͤ͜Έ ͯͪ͊ͻ͍ͦͯΊͭΈͫΎ ͍͍͒ͨͦ͒͜͜Έ ζͭ͊͟η ͤ͊ 
͙͊ͨͭ͊ͤͤ͘Ύ мΣ рΣ фΣ моΣ мтΣ нмΣ нрΣ нфΣ ооΣ от ͭ͊  ͍͍͒ͨͦ͒͜͜Έ ζͤ͜η ͤ͊ ͙͊ͨͭ͊ͤͤ͘Ύ оΣ 
тΣ ммΣ мрΣ мфΣ ноΣ нтΣ омΣ орΣ офΦ ˨͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͔ͪͯ͘͡Έͭ͊ͭͯ ͔ͤͦ͋ͻ͒ͤͦ͜ 
͍͙ͨ͒ͫͯͣͯ͊ͭ͜ ͤ͊͋ͪ͊ͤ͜ ͙͋͊͡Φ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎ͦͪ͊ͤ͊ͭͦͪͫ͘͜Έ͙͟ͻ ͜ 
͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͯͣͤ͜Έ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜Σ Ύ͟͜ ͎ͦͭͯΌͭΈͫΎ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝Σ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ нлςмр ͍͋͊͜͡Σ 
͔͔͚ͫͪ͒ͤ͜ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ мпςмл ͍͋͊͜͡Σ ͙ͤ͘Έ͙͚͟ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒͊͜͜Ί 
ͫͯͣ͜ ф ͜ ͔ͣͤ΄͔ ͍͋͊͜͡Φ  

˽͔͙͒ͪͫͣͦ͜͟͡Σ ΅ͦ ͎͊͊͘͡Έ͙͚ͤ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ 
Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ 
͍͙ͤ͊͘;͍͊ͫΎ Ύ͟ ͔͔ͫͪ͒ͤΊ ͙͊ͪͺ͔͙ͣͭ;͔ͤ ͤ͊͘;͔ͤͤΎ ͎ͦ͗ͤͦͦ͟ ͘͜ ͊ͤ͊͘͘;͔͙ͤͻ ͍͍ͪͤ͜͜ 
͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͙ͤ͊͘;͔͙ͤͻ ͙͔͍ͪͭͪ͟͜͝Φ ˽͙͙ͦ͊ͤ͘͟͟ ͪͦͨͦ͒ͯ͘͜͡ ͍͋͊͜͡ ΅ͦ͒ͦ 
͍͙ͤ͊͘;͔ͤͤΎ ͍͍ͪͤ͜͜ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ ͨͦ͒͊ͤͦ ͍ ͭ͊͋͡Φ мΦ 

ˢͤ͊͘͜͡ ͙ͭ͊͋͡ͼ͜ м ͍ͨͦ͊͊͘͟Σ ΅ͦ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ 
͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ мспςмну ͍͋͊͜͡Σ ͔͔͚ͫͪ͒ͤ͜ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒͊͜͜Ί 
ͫͯͣ͜ мноςфп ͍͋͊͜͡Σ ͙ͤ͘Έ͙͚͟ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯͣ͜ фл ͜ ͔ͣͤ΄͔ ͍͋͊͜͡Φ 

˹͊ ͍ͦͫͤͦ͜ ͍͙͔͙͒ͤ͜͡ͻ ͙͔͍ͪͭͪ͟͜͝ ͜ ͙͍ͨͦ͊ͤ͘͟͟͜ ͙ͤ͊ͣ ͙͋ͯ͡ ͍͙ͤ͊͘;͔ͤ͜ ͍ͪͤ͜͜ 
ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ 
͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝ ό͙ͤ͘Έ͙͚͟Σ ͔͔͚ͫͪ͒ͤ͜Σ ͍͙͙͚ͫͦ͟ύΦ   
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͙́͊͋͡ͼΎ м 
˽͙͙ͦ͊ͤ͘͟͟ ͍͙ͤ͊͘;͔ͤͤΎ ͍͍ͪͤ͜͜ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ 
Ό͙͍ͪͫͭ͜ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͔ͨͤͭͤ͜ͼ͚͊ͪͤ͜͜ ͙͔ͫͫͭͣ͜ ͙̂ͪ͊ͤ͟͝  

όͯ ͋͊͊͡ͻύ 

˾͍͔ͤ͜Έ 
͎͍ͦͭͦͤͦͫͭ͜ 
͚ͣ͊͋ͯͭͤ͜ͻ    
Ό͙͍ͪͫͭ͜ 

˿ͯͣ͊ ͙ͤ͊͋ͪ͊ͤͻ ͍͋͊͜͡ ͨ͒͜ ;͊ͫ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͔ͭͫͭͯ 
͊͘ ͙͔ͪͭͪ͟͜Ύ͙ͣ 

˸͙͍ͦͭ͊ͼ͚͙͚ͤ͜ ˴͎͙͍͙͚ͦͤͭͤ͜ 
˻͔ͨͪ͊ͼ͚ͤͦ͜-
͒͜Ύ͡Έ͙͚ͤͫͤ͜ 

˻͙͙͚ͫͦ͋ͫͭͫͤ͜ 

ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ 

͒͊ͭͤͦͫͭ͘͜ 
͙͚͙ͨͪͣ͊ͭ 
ͪ͜΄͔ͤͤΎ 

͎ͦͪ͊ͤ͊͘͜-
ͭͦͪͫΈ͙͟ͻΣ 
ͦͣͯͤ͊͟͜͟-
͙͍͙ͭͤͻ 
ͯͣͤ͜Έ 

ˤ͙͙͚ͫͦ͟ 23ς17 40ς32 50ς45 31ς19 20ς15 

˿͔͔͚ͪ͒ͤ͜ 16ς12 31-22 44ς40 18ς10 14ς10 

˹͙͘Έ͙͚͟ мм ͜ ͔ͣͤ΄͔ нн ͜ ͔ͣͤ΄͔ оф ͜ ͔ͣͤ΄͔ ф ͜ ͔ͣͤ΄͔ ф ͜ ͔ͣͤ΄͔ 

 
˹͙͘Έ͙͚͟ ͍͔ͪͤ͜Έ ͎͍ͦͭͦͤͦͫͭ͜ ͔͔ͨͪ͒͋͊;͊Ί ͫ͊͋ͯ͟͡ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ 

ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟ ͭ͊ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ Ύ͔͚ͦͫͭ͟Σ Ύ͟͜ ͔ͤ 
͍͒ͦͦ͘͡ΎΌͭΈ ͍ͨͦͤͦΌ ͣͪͦ͜Ό ͍͙͍͙ͦͤͯ͊ͭ͟ ͍͔ͨͦͫͭ͊ͤͤ͜͡ ͍͊͒͊ͤͤ͘ΎΦ ˤ͙͍͊ͫͭ͜͡Υ 
͔ͤ͒ͦͫͭ͊ͭͤΎ ͙͍ͣͦͭ͊ͼ͜Ύ ͭ͊ ͔ͤ͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡Έ ͍ ͍ͦͦͦ͒ͤͤ͜͜͡ ͚ͣ͊͋ͯͭͤΈͦΌ 
ͨͪͦͺ͔ͫ͜ΊΌΤ ͔ͤ ͪͦͯͣ͘͜ΊΣ ͍ͤ͊͜΅ͦ ͔ͨͦͭͪ͋ͤ͜ ͼ͔͚ ͍͙͒ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
ͫͯͫͨ͜͡Έ͍ͫͭͯΤ ͔ͤ͒ͦͫͭ͊ͭͤΊ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͫͯͭͤͦͫͭ͜ 
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SUMMARY 
Sitovska L. Methodological aspects of future ƭŀǿȅŜǊǎΩ training in professional activity 

in Ukrainian penitentiary system. 
Preparation of future legal specialists for professional activity in the Ukrainian 

penitentiary system is the new trend of higher education in Ukraine. Particularly today 
Ukraine needs lawyers with high-quality training, which foremost forms higher education 
institution. In this scientific article the author considers methodological aspects of future 
ƭŀǿȅŜǊǎΩ training in professional activity in Ukrainian penitentiary system in terms of a 
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modern higher education institution. In the article criteria (motivational, cognitive, operative-
ǇǊŀŎǘƛŎŀƭΣ ǇŜǊǎƻƴŀƭύΣ ƛƴŘƛŎŜǎ ŀƴŘ ƭŜǾŜƭǎ όƭƻǿΣ ƳŜŘƛǳƳΣ ƘƛƎƘύ ƻŦ ŦƻǊƳŀǘƛƻƴ ƻŦ ŦǳǘǳǊŜ ƭŀǿȅŜǊǎΩ 
readiness for professional activity in Ukrainian penitentiary system is characterized. In 
particular, identification methods of these criteria are characterized. During assessment of 
ŦƻǊƳŀǘƛƻƴ ƻŦ ŦǳǘǳǊŜ ƭŀǿȅŜǊǎΩ ǊŜŀŘƛƴŜǎǎ ŦƻǊ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀŎǘƛǾƛǘȅ ƛƴ ¦ƪǊŀƛƴƛŀƴ penitentiary 
system by motivational criterion the identification method of motivation and achievement 
offered by Yu. M. Orlov is used. Simultaneously for assessment of formation of future 
ƭŀǿȅŜǊǎΩ ǊŜŀŘƛƴŜǎǎ ŦƻǊ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀŎǘƛǾƛǘȅ ƛƴ ¦ƪǊŀƛƴƛŀƴ penitentiary system by cognitive 
criterion the author has developed test tasks for estimation of theoretic knowledge and by 
operative-ǇǊŀŎǘƛŎŀƭ ŎǊƛǘŜǊƛƻƴ άaŀǇ ŦƻǊ ǎŜƭŦ-estimation of the level of formation of the future 
ƭŀǿȅŜǊǎΩ ǊŜŀŘƛƴŜǎǎ ŦƻǊ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀŎǘƛǾƛǘȅ ƛƴ ¦ƪǊŀƛƴƛŀƴ penitentiary systemέ Ƙŀǎ ōŜŜƴ 
ŘŜǾŜƭƻǇŜŘ ŀǎ ǿŜƭƭΦ {ƛƳǳƭǘŀƴŜƻǳǎƭȅ ōȅ ǇŜǊǎƻƴŀƭ ŎǊƛǘŜǊƛƻƴ ά¢Ŝǎǘ ŦƻǊ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻf the level 
of decision-ƳŀƪƛƴƎ ŀōƛƭƛǘȅέ ŀƴŘ ά¢Ŝǎǘ ŦƻǊ ŜǎǘƛƳŀǘƛƻƴ ƻŦ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛǾŜ 
ǎƪƛƭƭǎέ όYh{-1) are used. Content of search, empirical and summary-generalized stages of 
ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ŦǳǘǳǊŜ ƭŀǿȅŜǊǎΩ ǘǊŀƛƴƛƴƎ for professional activity in the 
state penitentiary system has been revealed. Proceeding from analysis of theoretic 
investigations of the research literature on the above mentioned matter and own experience 
of pedagogical activity using structural components of readiness (motivational, cognitive, 
operative-practical, personal) the author determined and conditioned criteria, indices and 
levels of ŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ŦǳǘǳǊŜ ƭŀǿȅŜǊǎΩ ǊŜŀŘƛƴŜǎǎ ŦƻǊ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀŎǘƛǾƛǘȅ ƛƴ ¦ƪǊŀƛƴƛŀƴ 
penitentiary system. Levels of ŦƻǊƳŀǘƛƻƴ ƻŦ ŦǳǘǳǊŜ ƭŀǿȅŜǊǎΩ ǊŜŀŘƛƴŜǎǎ ŦƻǊ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀŎǘƛǾƛǘȅ 
in Ukrainian penitentiary system (low, medium, high) have been determined.  

Key words: methodological training, criteria, levels, indices, methods, pedagogical 
conditions, future lawyers, penitentiary system.  

 

̂˨˴ отуΦлфмΦмнΥмрфΦф 
͔́ͭΎͤ͊ ͔͍́ͪͤ͊ͫΈ͊͟  

˽ˤ˹˭ ζ˴͍͎ͪͦͦͪ͊͒ͫ͜Έ͙͚͟ ͙ͤͫͭͭͯͭ͜  
͔͍͎͒ͪ͗͊ͤͦͦ ͭ͊ ͣͯͤ͜ͼ͙ͨ͊͡Έ͎ͤͦͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ  

˴͙͊ͫ͡;͎ͤͦͦ ͙͍͎ͨͪ͊ͭͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜η 
Orcid iD 0000-0002-9464-3175 

 

̅˻˾˸̂ˤˢ˹˹̒ ˩̅˩˴́ˮˤ˹˻˲ ˴˻˸̂˹˱˴ˢ̇˱˲ ˸ˢ˯ˣ̂́˹˱̆ ˿˻̇˱ˢ˶̎˹ˮ̆ 
˽˾ˢ̇˱ˤ˹ˮ˴˱ˤ ̂ ˽˾˻̇˩˿˱ ˤˮˤ̉˩˹˹̒ ˽˾ˢ˴́ˮ̉˹ˮ̆ ˨ˮ˿̇ˮ˽˶˱˹ 
 

̂ ͫͭ͊ͭͭ͜ ͍͙ͤ͊͘;͔ͤͦ ͚ ͔͔͙ͭͦͪͭ;ͤͦ ͍ͦ͋͐ͪͯͤͭͦ͊ͤͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͺ͔͙͍ͭͤͦ͟͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ ͍ ͚ͣ͊͋ͯͭͤ͜ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ 
͙͒ͫͼ͙ͨͤ͜͡Φ ˣͯͦ͡ ͍͊ͫͭͦͫͦ͊ͤͦ͘ ͔͔͙ͭͦͪͭ;ͤ͜ ͭ͊ ͔͙ͣͨͪ͜;ͤ͜ ͔͙ͣͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 
˭͊ͤ͊͘;͔ͤͦΣ ΅ͦ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͫͦͼ͊͜͡Έ͙ͤͻ ͙͍ͪͦ͋ͭͤ͜͟͜ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ΄͡Ύͻͦͣ ͍͊ͫͦ͘ΊͤͤΎ ͔͍ͣͭͦ͒͜ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ 
͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͊͘ ͪ͊ͻͯͤͦ͟ ͎͍ͨͪͦͦͦͪΌ͍͊ͤͤΎΣ ͯ;͊ͫͭ͜ ͍ ͎͒͊ͦ͊͜͡ͻ ͭ͊ ͙͒ͫͯͫ͟͜ΎͻΣ ͎͍ͨͪͦͪ͊͊ͤͤΎ 
͔ͨͪͦ͋ͣͤͦ͡-͙ͫͭͯ͊ͼ͚͙ͤ͜ͻ ͍͊͒͊ͤ͘ΈΣ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͦͤ͟ͺ͍ͭ͜͟͜͡ ͜ ͔͔ͫͯͨͪ;͔͚ͤͦͫͭ ͯ ͨͪͦͼ͔ͫ͜ 
͔͔ͨͪͤͭ͊͘ͼ͜͝ ͍ͭͦͪ;͙ͻ ͔͍ͨͪͦͭ͟͜Φ  

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͦͣͯͤ͊͟͜͟ͼ͜ΎΣ ͔ͺ͔͙͍ͭͤ͊͟ ͦͣͯͤ͊͟͜͟ͼ͜ΎΣ ͙͍ͦͣͯͤ͊ͭͤ͊͟͜͟ 
͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͙ͨͪ͊ͭ͟;͙͚ͤ ͯͪͫ͟Σ ͔ͺ͔͙͍ͭͤ͟͜ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎΣ ͫͦͼ͊͜͡Έͤ͜ ͨͪ͊ͼ͍͙͙ͤ͜͟Σ ͫͦͼ͊͜͡Έͤ͊ ͔͎͎ͨ͒͊ͦ͊͜͟Φ 

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ̂  ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͍͙ͪͦͭͯ͘͟ ͭ͊ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ 
͔͍ͣͭͦ͒͜ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ͍͙΅ͦ͝ ΄͙ͦ͟͡Σ ͯ ͔ͣ͗͊ͻ 
͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͨͪͦͺ͔͍ͫͦͤ͊͜͜͡Σ ͔͒ͯ͗ ͎ͦͫͭͪͦ ͨͦͫͭ͊Ί 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ6ȟ Ο 6(90) 

107 

͙ͨͭ͊ͤͤΎ ͺ͍ͦͪͣͯ͊ͤͤΎ ͪͦͯͣͤͤ͘͜Ύ ͫͯͭͤͦͫͭ͜ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͚͎ͦͦ 
͍͙ͫ͊͒ͦ͟͡ͻΣ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͦͺ͜ͼ͚͎ͤͦͦ͜ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͍ ͍ͯͣͦ͊ͻ ͒͜Ύ͡Έͤͦͫͭ͜ 
ͫͦͼ͊͜͡Έ͎ͤͦͦ ͨͪ͊ͼ͍͙ͤ͊͜͟Σ ͍͙ͪͦͭͯ͘͟ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͍͙ͤ͊;ͦ͟ ͭ͊ ͙ͨͪ΅͔͔ͨͤͤ͡Ύ 
͍͙ͤ͊;ͦ͟ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜ ͯ ͍ͫͨͯ͊ͤͤ͜͟͜͡Σ ͔͔͔͍ͣͤͭ͜͡ ͙͍ͦͪͨͦͪ͊ͭͤͦ͟͝ ͯ͟͡Έ͙ͭͯͪΦ 

˴͙͍ͦͣͯͤ͊ͭͤ͊͜͟ ͺͯͤ͟ͼ͜Ύ Ί ͔ͨͪ΄ͦΌ ͚ ͚͍͙͍ͤ͊͊͗͜͡΄ͦΌ ͺͯͤ͟ͼ͜ΊΌ 
͒͜Ύ͡Έͤͦͫͭ͜ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͨͪ͊ͼ͍͙ͤ͊͜͟Φ ˲͝ ͊ͭͯ͊͟͡Έͤͫͭ͜Έ ͯ ͒͜Ύ͡Έͤͦͫͭ͜ ͨͪͦͺ͔ͫͦͤ͊͊͜͡ ͯ 
ͫͺ͔ͪ͜ ͫͦͼ͊͜͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͍͙ͤ͊͘;͊ΊͭΈͫΎΥ ͨͦ-͔ͨͪ΄͔Σ ͯ ͔ͨͦͭͪ͋͜ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͘ 
ͦͺ͜ͼ͚͙ͤ͜ͻ ͔͔͒͗ͪ͡ ͟͜͡Ί͙ͤͭ͊ͣ ͫͦͼ͊͜͡Έͤͦ-͍͙ͻ͍ͦͤͦ͝ ͫͺ͔͙ͪΣ ͍ ͍ͯͣͦ͊ͻ ͨͪΎ͎ͣͦͦ 
͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͍ ͔ͣ͗͊ͻ ͔͍ͨͤͦ͝ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝Τ ͨͦ-͎͔͒ͪͯΣ Ύ͟ ͊ͫ͋͘͜ ͔͔͍ͨͪ͒͊͊ͤͤΎ 
ͤ͜ͺͦͪͣ͊ͼ͜͝ ͜ Ί ͔͍͙ͨͤͣ ͔ͤͫͭͪͯͣͤͭͦͣ͜ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͙͗ͭͭΊ͒͜Ύ͡Έͤͫͭ͜Ό ͟͜͡Ίͤͭ͊Φ 

ˢͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽͔ͪͦ͋ͣ͊ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͺ͔͙͍ͭͤͦ͟͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ ͯ ͨͪͦͼ͔ͫ͜ ͫͦͼ͊͜͡Έͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͪͦ͋ͦͭ ͙͍ͨͪͫΎ;͔ͤ͜ ͨͪ͊ͼ͜ ͙ͭ͊͟ͻ 
ͯ;͔͙ͤͻΣ Ύ͟ ˤΦ ˨ ͍ͦͣ͋ͪͦͫΈ͙͚͟Σ ˱Φ ˴ ͔͔ͪͣͤΈΣ ˤΦ ˭ Ύ͘ΌͤΣ ˢΦ ˸ ͊ͫͦͯ͡Σ ˩Φ ˩ ͪͫͦͤ͜͟Σ 
ˤΦ ̒ ͍͒ͦΦ ˿ͯ;͊ͫͤ͜ ͙͙͒ͦͫ͒ͤ͜͟͡ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ ͫͦͼ͊͊͘͜͜͡ͼ͜Ό ͚ ͊͒͊ͨͭ͊ͼ͜Ό 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ͯ ͨͪͦͼ͔ͫ͜ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͤ͊ ͍ͦͫͤͦ͜ ͍͍͙ͨͪ͊ͦͻΣ ͫͦͼ͊͜͡Έ͙ͤͻ ͭ͊ 
͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͦͤ͟ͼ͔ͨͼ͚͜ ͍ ͍ͯͣͦ͊ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͣͤ͘͜Υ ˿Φ s ͪͻ͍ͨͦ͊͜Σ 
ˤΦ x ͔ͨ͊͘͡Έͦ͟Σ ˱Φ x ͎͍ͦ͒͊ͤͦΣ ˱Φ ˱ ͍͍͊ͤͦ͊Σ ˢΦ ˴ ͊ͨͫΈ͊͟Σ ˥Φ ˸ ͚͊͋ͦͪͦ͒͊Σ ̑Φ ˽ ͊ͫ͟Ί͍ͫΈ͊͟Φ 

̂ ͨͪͦͼ͔ͫ͜ ͔ͺ͔͙͍ͭͤͦ͟͝ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦ͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͒ͦͫΎ͎͊ΊͭΈͫΎ 
ͪͦͯͣͤͤ͘͜Ύ ͫͯͭͤͦͫͭ͜ ͔͔ͨͪ͒ͣͭ͊ ͍͙ͪͦͣͦ͘Σ ͯͪ͊ͻ͍ͦͯΊͭΈͫΎ ͒ͯͣ͊͟ ͍ͫ͜ͻ ͫͯ͋ΩΊ͍ͭ͟͜ 
͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͝ͻ ͍ͯͫͭ͊ͤͦͦ͟Σ ͼ͔͚ͤͤͦͫͭ͜ ͜ ͎ͨͦ͡Ύ͍͒͜Σ ΅ͦ ͭ͊ͦ͗͟ ͙ͫͨͪΎΊ 
ͺ͍ͦͪͣͯ͊ͤͤΌ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͙ͤ͊;ͦ͟ ͭ͊ ͍͔ͫͭ͊ͤͦͤͤ͡Ό ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͫͯ͋ΩΊͭ͊͟ 
͍ͤ͊;͊ͤͤΎ Ύ͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͨͪͦͺ͔ͫͦͤ͊͊͜͡Φ ˹͊ ͒ͯͣͯ͟ ̑Φ ˽ ͊ͫ͟Ί͍ͫΈͦ͟͝Σ 
͍͔͔ͫ͊ͣͦͫͭͪ͒͗ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͔ͫ͊ͣ ͍ ͍ͯͫͭ͊ͤͦ͊͟ͻ ͪͦͯͣ͘͜Ό;ͦ͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝Υ ͚ͤ͊͋͜͡Έ΄ ͔ͺ͔͙͍ͭͤͦ͟Ό Ί ͎ͤ͊ͣ͊͊ͤͤΎ ͙ͪͦͯͣͭ͘͘͜ ͔ͨ͊ͪͭͤͪ͊ ͘ 
͙ͨͦ͘ͼ͜͝ ͚͎ͦͦ ͍ͤͯͭͪ͜΄ͤΈͦ͝ ͙͔͙ͫͫͭͣ ͍͒ͯ͜͜͟͡ ό͎ͨͦ͡Ύ͍͒͜Σ ͍ͯͫͭ͊ͤͦͦ͟Σ ͼ͔͚ͤͤͦͫͭ͜ύΤ 
͔͍͔͋ͯͣͦͤ͘ ͙͙͍͔ͨͦͭͤ͘ ͙͚ͨͪͤΎͭͭΎ ͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ ͒ͦͫΎ͎͔ͤͤΈΣ ͔͍ͤ͒ͦ͜͟͜͡Σ 
ͫͭ͊ͭͯͫͯ ͔ͨ͊ͪͭͤͪ͊Τ ͎͔ͨͦͦ͒͗ͤͫͭ͜Έ ͍͊ͫͤͦ͡͝ ͍͔͙ͨͦ͒ͤ͜͟ ͘ ͔ͨ͊ͪͭͤͪͦͣ ͯ 
͍ͣͫͭͦͦͣͯ͘͜ ͨ͊ͤ͜͡Σ ͭͦ͋ͭͦ ͎͔ͦͤͪͯͤͭͤͫͭ͟͜Έ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͚ ͍ͤͯͭͪ͜΄ͤΈ͎ͦͦ ώпΣ нϐΦ 

˩ͺ͔͙͍͔ͭͤ͟ ͍ͤ͊;͊ͤͤΎ ͍ ͙͊ͯ͒ͭͦͪ͜Ύͻ ͤ͊ ͙ͨͪ͊ͭ͟;͙ͤͻΣ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ 
͊ͤ͘ΎͭͭΎͻ ͊͋ͦ ͔͎ͭͪͤͤ͊͜ͻΣ ͯ ͙ͨͪͫͯͭͤͦͫͭ͜ ͍͙͊͒͊͟͡;͊-͔͔ͭͪͤͪ͊Σ ͙ͫͨͪΎΊ ͣͤ͘͜͜ 
͎͙͍ͦͤͭͤͦ͟͜͝Σ ͔ͣͦͼ͚ͤͦ͜͝ ͭ͊ ͍͔͍ͨͦ͒ͤͦͦ͜͟͝ ͫͺ͔͙ͪ ͔ͫͭͯ͒ͤͭ͊Σ ΅ͦ ͔ͺ͔͙͍ͭͤͦ͟ 
͍͙͍ͨ͊͡Ί ͤ͊ ͍͙ͪͦͭͦ͘͟ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͚ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͺ͔͙͍ͭͤͦ͟͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎ ͫͦͼ͊͜͡Έͤͦ͝ ͙ͪͦ͋ͦͭΦ 

˹͔ ͔ͣͦ͗ͣͦ ͔ͤ ͎͙͙ͨͦͦ͒ͭͫΈ ͘͜ ͒ͯͣͦ͟Ό ͫͯ;͎͊ͫͤͦͦ ͍ͤ͊ͯͦ͟ͼΎ 
ˤΦ ˿ ͭͪΊ͡Έ͍ͤͦ͊͜͟Σ ΅ͦ ͙͍͔͗ ͙͍͔ͨͪͦ͒ͯͭͤ͟ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͤ͊͘;ͤͦΌ ͣͪͦ͜Ό ͍͙͍ͨ͊͡Ί 
ͤ͊ ͍ͨͤ͊͊͘͜͡Έͤͯ ͫͺ͔ͪͯ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊ ͚ ͍͒ͦͦ͘͡ΎΊ ͙ͪͦͯͣͭ͘͘͜Υ Ύ͟͜ 
͙ͫͭͯ͊ͼ͜͝ ͍ ͎ͪͯͨ͜ ͜ ͍ ͔ͪ͊͡Έͤͦͣͯ ͙͗ͭͭ͜ ͍͙͙͊͟͟͡ΌͭΈ ͎ͤ͊ͨͪͯͯΣ ͙͍ͭͪͦ͗ͤͫͭ͜ΈΣ ͫͭͪ͊ͻΣ 
͔͍͔͍͔ͤͨͤͤͫͭ͜Έ ͯ ͫͦ͋͜Τ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍ͫͦΊ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͭ͊ ͙ͨͪ;͙͙ͤ 
͔͍͔͍͔ͤͨͤͤͦͫͭ͜ ͍ ͫͦ͋͜Τ Ύ͟ ͙͚ͫͨͪͣ͊ΊͭΈͫΎ ͚͎ͦͦ ͍͔ͨͦ͒ͤ͊͜͟ ͤ͜΄͙͙ͣ ͡Ό͒Έ͙ͣΣ ;͙ 
ͦͼͤ͜ΌΊͭΈͫΎ ͍ͦͤ͊ ͙͙ͤͣ ͦ͋ΩΊ͙͍ͭͤͦ͟ ͜ Ύ͟͜ ͙ͤ͊ͫ͒͜͟͡ ͍ͦͤ͊ ͣ͊ΊΤ ͍͊ͫͤ͜͡ ͙͍͙ͣͦͭΣ 
͎͔ͨͪ͊ͤͤͤΎΣ ͔͙ͨͦͭͪ͋ ͭ͊ ͫͭͯͨͤ͜Έ ͝ͻ ͔͍͊͒͊ͭͤͦͫͭ͟͜Σ ͔͙ͪ͊ͫͭ͜͡;ͤͦͫͭ͜ ͚ 
͙͍ͦͤͫͭͪͯͭͤͦͫͭ͟͟͜Τ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͊͘Ί͙ͣͤ ͘͜ ͡Ό͒Έ͙ͣ ͨ͒͜ ;͊ͫ ͦͤ͟ͺͭͯ͜͟͡ ͭ͊ 
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͍ͣͤͤ͜Ύ ͚͎ͦͦ ͍ͪͦ͘ΩΎ͙͊ͭ͘Τ ͍͊ͫͤͯ͡ ͪͦ͡Έ ͭ͊ ͯ;͊ͫͭΈ ͯ ͍͙͙͔ͤͤͤͤ͟͜ ͨͦ;ͯͭͭΎ 
͙͍͎͙ͭͪͦΣ ͫͭͪ͊ͻͯΣ ͔͍͔͍͔ͤͨͤͤͦͫͭ͜ ͍ ͫͦ͋͜Σ ͙͍ͣͦ͗ͫͭ͜͡Έ ͎͙͊ͨͦ͋ͭ͘͜ ͝ͻ ͍͔ͨͦͭͦͪͤͤΌ 
͍ ͚ͣ͊͋ͯͭͤΈͦͣͯ ώоΣ нтϐΦ 

˩ͣͦͼ͚ͤ͊͜ ͫͺ͔ͪ͊ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊ ͭ͊ͦ͗͟ ͊ͤ͊͘͘Ί Ύ͙ͫͤ͟͜ͻ ͣͤ͘͜Σ ΅ͦ 
͎͒ͦͨͦͣ͊͊ΊΥ ͔͙ͦ͒ͪ͗͊ͭ ͔ͣͦͼ͚ͤͯ͜ ͙ͨ͒ͭͪͣͯ͜͟ ͘ ͋ͦͯ͟ ͍͙͊͒͊͟͡;͊-͔͔ͭͪͤͪ͊ ͭ͊ 
͎͙ͪͯͨΣ ΅ͦ ͙ͫͨͪΎΊ ͨͦΎ͍͜ ͍͒͜;ͯͭͭΎ ͍͊ͫͤͦ͡͝ ͼͤͤͦͫͭ͜͜Σ ͪͦͫͭͯ ͍͙͒ͪͭͦͫͭ͜͟͜Σ 
͍͔͍͔ͨͤͤͦͫͭ͜ ͍ ͫͦ͋͜Σ ͫͨͦͤͭ͊ͤͤͦͫͭ͜Τ ͔͔͙͙ͨͪ͗ͭ ͭ͜ ͨͦ;ͯͭͭΎΣ Ύ͟͜ ͍ͤ͜ ͍͒͜;͍ͯ͊Ί ͍ 
͔ͪ͊͡Έͤͦͣͯ ͙͗ͭͭ͜ ͜ ͘ Ύ͙͙ͣ͟ ͍ͤ͜ ͪ͊ͤ͜΄͔ ͔ͤ ͎ͣ͜ ͙ͯͨͦͪ͊ͭͫΎΤ ͔͔͙͙ͨͪ͗ͭ 
͔͔͍ͤ͊͒͊ͭͤͫͭ͟͜Έ ͔͒Ύ͙͟ͻ ͍ͫͦ͝ͻ ͔ͣͦͼ͚͙ͤ͜ͻ ͔ͪ͊͟ͼ͚͜ όͨͦ;ͯͭͭΎ ͍ͪͦ͒ͪ͊ͭͦ͊ͤͦͫͭ͘͜Σ 
ͣͨͯ͜͡Έ͙͍ͫͤͦͫͭ͜Σ ͔͍͙͙ͤͭͪͣ͊ͤͦͫͭ͜Σ ͨͪͦΎ͍ ͎͔͊ͪͫ͜͝ύΤ ͍ͤ͊;͙͙ͭͫΎ ͋͜͡Έ΄ ͭͦ;ͤͦ ͜ 
͍͔͍͔ͨͤͤͦ ͙ͫ͊͒͊ͭ͟͡ ͍͔ͪ͋͊͡Έ͙͚ͤ ͙ͦͨͫ ͍ͫͦ͝ͻ ͨͦ;͍ͯͭͭ͜Τ ͙͙ͪͦͪͭ͘͟ ͍ͫͦ͝ 
͔͙ͨͪͦ͋ͣ͡ ͘ ͍͍͙͙͒ͨͦ͒ͤͣ͜͜ ͣ͝ ͔͔͙͍ͨͪ͗͊ͤͤΎ͙ͣΤ ͙ͣͦ͒ͺ͍͙ͯ͊ͭ͜͟ ͫͨͦͫ͋͜ 
͔͔͙͍ͨͪ͗͊ͤͤΎΣ ͔ͣͦͼ͚͎ͤͦͦ͜ ͔͎͍ͪ͊ͯ͊ͤͤΎΣ ͙͚ͫͨͪͤΎͭͭΎ ͔͔ͫ͋ ͎ͫ͊ͣͦͦ ͜ ͍ͫͦ͝ͻ 
͍͊͘Ί͙ͣͤ ͘͜ ͤ͜΄͙͙ͣΤ ͍͔͙ͨͪͦͫͭ ͔ͣͦͼ͚ͤͯ͜ ͔ͦͪ͟͟ͼ͜Ό ͍ͫͦ͝ͻ ͍͊͘Ί͙ͣͤΦ 

˽͍͔͍ͦ͒ͤͦ͊͜͟ ͣͤ͊͘͜ ͙͎ͦͪͯ͟ΊͭΈͫΎ ͊͘ ͪ͊ͻͯͤͦ͟ ͙͍ͣͦ͗ͦͫͭ͜͡Υ ͨͦ͋͊;͙͙ͭ ͍͊ͫͤ͜͡ 
͔͔͍ͤ͊͒͊ͭͤ͟͜ ͍͔͍ͨͦ͒ͤͦ͜͟͜ ͔͔͙͙ͫͭͪͦͭͨΤ ͙ͤ͊͋ͯͭ ͍͙ͤ͊;͙͟ ͋͜͡Έ΄ ΅͙͎ͪͦͦΣ 
͎͙͎͋ͦͦͦ͟͡ ͚ ͍͜͡Έ͎ͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΤ ͙ͨͦ͒ͦ͊ͭ͡ ͔͔͍ͤ͊͒͊ͭͤ͟͜ ͺ͙ͦͪͣ ͍͔͙ͨͦ͒ͤ͜͟Σ 
͍ͨͦΩΎ͊ͤ͘͜ ͘ ͙͔ͯͤͤͤͤ͟Ύͣ ͫͯ͋ΩΊ͙͍ͭͤͦ͟ ͙ͫ͊͒ͤ͟͡ͻ ͙ͫͭͯ͊ͼ͚͜Τ ͍͙͍͙ͪͦ͊ͭ͘ ͺ͙ͦͪͣ 
͍͔͙ͨͦ͒ͤ͜͟Σ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͍͙ͫͦͦ͟Ό ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͜ΊΌΣ ͔ͫ͊ͣͦͦͤͭͪͦͣ͟͡Σ ͔͍͔ͯͨͤͤͫͭ͜Ό 
͍ ͫͦ͋͜ ͜ ͍ͫͦ͝ͻ ͙ͫ͊͡ͻΣ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Ό ͚ ͚ͫ͊ͣͦͫͭͤͫͭ͜͜ΌΤ ͙͙͊ͪͨͭ͘͟͜ ͍ͤͦ͜ ͺ͙ͦͪͣ 
͍͔͙ͨͦ͒ͤ͜͟Σ ͔ͦͪͣ͊͘͟ ͭ͜Σ Ύ͟͜ ͙ͫͨͪΎ͙ͭͣͯͭΈ ͔͍͚͊͒͊ͭͤ͟͜ ͊͒͊ͨͭ͊ͼ͜͝Σ ͍͙͚ͫͦ͟͜ 
͔ͣͦͼ͚͚ͤ͜͜ ͚ͫͭͦͫͭ͜͟͜ ͜ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ό ͍ ͔ͪ͊͡Έͤͦͣͯ ͙͗ͭͭ͜ ώоΣ нуϐΦ 

˩ͺ͔͙͍ͭͤ͊͟ ͦͣͯͤ͊͟͜͟ͼ͜Ύ ͍͙͊͒͊͟͡;͊ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͙ͨͪ͊ͭ͟;͙ͤͻ 
͙͒ͫͼ͙ͨͤ͜͡ ͍ͫͭͦͪΌΊ ͔͔͍͙ͨͪ͒ͯͣͦ ͒͡Ύ ͍͎ͨͦͫͭͯͨͦͦͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͜ 
͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͍͙ͤ͊;ͦ͟ ͔ͫͭͯ͒ͤͭ͊Φ ˹͊ ͒ͯͣͯ͟ ˶Φ ˴ ͔ͤͦ͒͡ΈΣ ͯ 
͙͔ͫͫͭͣ͜ ͍͙΄͍ͫ͜Έ͎ͦͦ͟ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͨͦΊ͒ͤͯΌͭΈͫΎ ͍͒͊ ͺ͙͊ͭͦͪ͟Υ 
͍͊͘Ί͙͙ͣͤ ͍ͨͦͦ͒͊ͪ-͍͔͔͙͚͒ͤ ͜ ͍͊͘Ί͙͙ͣͤ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ ͯ;ͤΎ ͚ ͯ;͙͔ͭ͡ΎΦ ˣ͔͘ 
͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͔͍ͨ͊ͪͭͤͪͫͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͍͊͗ͦ͟ ͙͙ͣͯͫͭ͘ ͨͪ͊ͼΌ͍͙͊ͭ ͚ͫ͊ͣͦͫͭͤͦ͜Σ 
͙ͨͪ΅͔ͨ͡Ό͍͙͊ͭ ͫͣ͊͟ ͒ͦ ͨͪͦͺ͔ͫ͜͝Σ ͍͙ͻ͍͍͙ͦͯ͊ͭ ͎͊͊͘͡Έͤͯ ͨͪͦͺ͔͚ͫͤͯ͜ 
ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˹͚͊͋͜͡Έ΄ ͙͚ͨ͒ͤ͜͡ ͨͪͦͼ͔ͫ ͍͙΄͍ͫ͜Έ͎ͦͦ͟ 
͍͙ͻ͍ͦ͊ͤͤΎ ͭ͊ ͍ͤ͊;͊ͤͤΎ ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͔ͫ͊ͣ ͚ͤ͊͒ͤͦ͜ ͍͙͍͋ͯ͒ͦ͊ͤͦΌΣ ͤ͊ ͍ͪͤ͜͜ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡Σ ͙͔ͫͫͭͣͦΌ ͍͙͒ͤͦͫͤ͜ ώ1, 108]. 

˻ͪ͜Ίͤͭ͊ͼ͜Ύ ͙͔͙ͫͫͭͣ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͤ͊ ͒ͦͪͦͫͯ͡ ͡Ό͙͒ͤͯ ͘ 
͍͙͔ͪͦͤͤͦ͘Ό ͍ͫ͊ͣͦͫ͒ͦͣͫͭ͜͜ΌΣ ͍͙͟͡Ό;͔ͤͤΎ ͍͙͎͊ͭͦͪͭ͊ͪͤͦͦ ͍͙ͻ͍͎ͦͤͦͦ 
͍͙͍ͨͯ͡Τ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͔͔ͤͭͪͫͯ͜ ͔͍ͫͭͯ͒ͤͭ͜ Ύ͟ ͺ͊ͭͦͪ͊͟ 
͔͍ͪͯ͊ͤͤ͟Ύ ͍͙ͻ͍ͦ͊ͤͤΎͣ ͭ͊ ͍ͤ͊;͊ͤͤΎͣ ͜ Ύ͟ ͍͙ͦͫͤͦ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͚ ͍͙ͻ͍ͦͤͦ͝ 
͙ͪͦ͋ͦͭΤ ͍͊͘Ίͣͦ͒͜Ύ ͺ͍͊ͭͦͪ͟͜ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ ͜ ͔͍ͪͯ͊ͤͤ͟Ύ ͙ͨͪ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΤ ͺ͍ͦͪͣͯ͊ͤͤΎ ͒ͯͻͯ  ͙͍ͦͪͨͦͪ͊ͭͤͦͫͭ͟͜Σ ͔͎ͦ͊͟͜͡͡Έͤͦͫͭ͜Σ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͫͨ͜͡Έͤͦͫͭ͜ ͘ ͔͎͎͙ͨ͒͊ͦ͊ͣ ς ͍͔ͫ ͼ͔ Ί ͍͙͙ͦͫͤͦͤͣ ͍͙͎͙ͣͦ͊ͣ ͯ 
ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͚ͣ͊͋ͯͭͤ͜ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜Φ 
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˸͔ͭ͊ ͫͭ͊ͭͭ͜ ͨͦ͡Ύ͎͊Ί ͍ ͔͔͙ͭͦͪͭ;ͤͦͣͯ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͍ ͚ͣ͊͋ͯͭͤ͜ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͯ ͨͪͦͼ͔ͫ͜ 
͍͙͍;͔ͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Φ 

˸͔͙ͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ  
ς ͔͔͙ͭͦͪͭ;ͤ͜Υ ͊ͤ͊͘͜͡ ͍ͤ͊ͯͦͦ͟͝ ͭ͊ ͔͙ͣͭͦ͒;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͘ ͔ͨͪͦ͋ͣ͡ 

ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͒͡Ύ ͘ΩΎ͍ͫͯ͊ͤͤΎ ͫͭ͊ͤͯ ͔ͪͦͪͦ͋ͤͦͫͭ͘͜͡ 
͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͔͙ͨͪͦ͋ͣ͡ ͚ ͍͙ͤ͊͘;͔ͤͤΎ ͨͦͤΎ͚ͭͤͦ͜-͔͎͊ͭͦͪ͊͟͜͡Έ͎ͤͦͦ ͊ͨ͊ͪ͊ͭͯΤ 
͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͔͔͙ͭͦͪͭ;͙ͤͻ ͭ͊ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͙͒͊ͤͻ ͘͜ ͣͫͭͯ͘͜Σ ͔͍ͣͭͦ͒͜ 
͜ ͺͦͪͣ ͍ͤ͊;͊ͤͤΎ ς ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͤ͊ͨͪΎ͍ͣ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͺ͔͙͍ͭͤͦ͟͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ ͚ͣ͊͋ͯͭͤ͜ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Τ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͚ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͙ͨͪ ͺͦͪͣͯ͡Ό͍͊ͤͤ͜ 
͍͙͍͍ͫͤͦ͟͜ ͭ͊ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤ͜ ͔͔͙͍ͨͪͫͨͭͤͦͫͭ͟͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͺ͔͙͍͙ͭͤ͟ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Τ 

ς ͔ ͙ͣͨͪ͜;ͤ͜Υ ͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͊͘ ͍ͨͤ͊͊͘͜͡ΈͤͦΌ ͒͜Ύ͡Έͤͫͭ͜Ό 
ͭ͊ ͙͍͙͙ͦͣͯͤ͊ͭͤͣ͟͜͟ ͍͙ͤ͊;͙͊ͣ͟ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͙͙ͤͣ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ̂ͫͨ͜΄ͤͫͭ͜Έ ͭ͊ Ύͫͭ͟͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊͘;ͤͦΌ ͣͪͦ͜Ό ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ 
͍͊͘Ίͣͦ͒͜͝ ͚ ͍ͯͣͦ ͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝Φ ˴ͦͣͯͤ͊͜͟ͼ͜Ύ Ί ͙ͦ͒ͤͣ ͘͜ ͍͙͍͙͊͗͡ͻ 
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΣ Ύ͊͟ ͔͔͊͋ͨ͘͘;ͯΊ 
͍͔ͫͭͦͪͤͤΎ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͦͣ͟ͺͦͪͭͯ ͒͡Ύ ͎ͦ͗ͤͦͦ͟ ͔ͫͭͯ͒ͤͭ͊Φ 
̂ ͙͍ͦͣͯͤ͊ͭͤͦͣͯ͟͜͟ ͨͪͦͼ͔ͫ͜ ͪ͘͟͜Έ ͙ͨͪͣͯ͘ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ 
͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͍͔͔ͫ͊ͣͦͫͭͪ͒͗ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍͊ͫͦ͘ΊͤͤΎ ͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘ΈΣ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Φ  

˴͙͍ͦͣͯͤ͊ͭͤ͊͜͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ͍͙ͫͭͯͨ͊Ό;͙ ͫͯͯͨͤͫͭ͟͜Ό ͔͚͒͋ͤͦͫͭ͘͜Σ 
͍͙ͤ͊;ͦ͟ ͭ͊ ͍ͣͤ͜ΈΣ ͔͔͊͋ͨ͘͘;ͯΊ ͔ͺ͔͙͍͔ͭͤ͟ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ΅ͦ ͍ͨͦͤͦΌ ͣͪͦ͜Ό 
ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͍ ͎͒͊ͦ͜͜͡;͚ͤ͜ ͍͊͘Ίͣͦ͒͜͝Φ ͔̇ͫͨͪ͜͡Ύ͍ͣͦ͊ͤ͊ ͍͊͘Ίͣͦ͒͜Ύ ς 
͔ͺ͔͙͍ͭͤ͊͟ ͦͣͯͤ͊͟͜͟ͼ͜Ύ ς ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͤ͊ ͪͦͯͣͤͤ͘͜Ύ ͍͍͙ͫͨͪͦͣͦͤ͊͘͜͟Σ ͊ ͝͝ 
͙͊ͫͦ͋͘ ͙ͫͨͪΎΌͭΈ ͍͔ͯͫͭ͊ͤͦͤͤ͡Ό ͚ ͍͙ͪͦͭͯ͘͟ ͍ͦͤͭ͊ͭ͟͟͜Σ ͙͙͍͙ͨͦͭͤ͘ͻ 
͍͊͘Ί͍͙ͣͦ͒ͤͦͫͤ͜Σ ͍͙͍;͔ͤͤΌ ͭ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ό ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ώпΣ 
нлуϐΦ ˩ͺ͔͙͍ͭͤͫͭ͟͜Έ ͼ͜Ί͝ ͍͊͘Ίͣͦ͒͜͝ ͍͙ͤ͊͘;͊Ί ͍͔ͪͤ͜Έ ͨͪͦͺ͔ͫͦͤ͊ͣͯ͘͜͜͡ 
͚ͣ͊͋ͯͭͤ͜ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜Φ 

˴ͦͣͯͤ͊͜͟ͼ͜Ύ ς ͼ͔ ͨͪͦͼ͔ͫ ͔͔͍ͨͪ͒͊͊ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜Σ ͔ͣͦͼ͚͎ͤͦͦ͜ ͭ͊ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͣͫͭͯ͘͜ ώнΣ тпϐΦ 

˩ͺ͔͙͍ͭͤͦ͟Ό ͦͣͯͤ͊͟͜͟ͼ͜ΊΌ ͣͦ͗ͤ͊ ͍͙ͤ͊͊ͭ͘ ͨͪͦͼ͔ͫ Ύ͎ͫͤͦͦ͟͜ ͦ͋ͣͤͯ͜ 
ͣͫͭ͘͜ ͦͣ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜Σ ͔ͣͦͼ͚͎ͤͦͦ͜ ͭ͊ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͍͔ͤ͊ͨͦͤͤͤΎΦ 

˽͍ͪͦ͒ͤͦ͜Ό ͍ͯͣͦͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͚ 
͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙ͫͭͯͨ͊ΌͭΈ ͔͙͒ͣͦͪ͊ͭ͟;ͤ͜ ͍͊͘Ί͙͙ͣͤ ͣ͗͜ 
ͯ;͙͙͊ͫͤ͊ͣ͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΦ ˨͡Ύ ͯͫͨ͜΄͎ͤͦͦ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘Έ ͘ ͋ͯ͒Έ-
Ύͦ͟͝ ͙͒ͫͼ͙͙ͨͤ͜͡Σ ͨ͒͜ ;͊ͫ Ύ͎ͦͦ͟ ͍ͫͭͦͪΌΊͭΈͫΎ ͋͊͊͘ ͒͡Ύ ͔ͺ͔͙͍ͭͤͦ͟͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝Σ ͔ͤͦ͋ͻ͔͒ͤ͜ ͍͔ͫͭͦͪͤͤΎ ͙ͫͨͪΎ͙͍͙ͭ͡ͻ ͍ͯͣͦ ͒͡Ύ ͍ͤ͊;͊͡Έͤͦ͝ 
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͒͜Ύ͡Έͤͦͫͭ͜Σ ͫͨ͜͡Έͤ͊ ͙͍ͨͪͦ͒ͯͭͤ͊͟ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͙ͦͨͭͣͣ͘͜Σ 
ͦ͋ΩΊ͙͍͙͚ͭͤ͟ ͦͤͭͪͦ͟͡Έ ͤ͊ͤ͘ΈΦ  

ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͤ͊͊ͯ͘͟ ˸͔͍ͤͫͭͪͫͭ͊͜͜ ͍͙ͦͫͭ͜  ͙ͤ͊ͯ͜͟ ͍͒͜ 26 ͫ͜;ͤΎ 2015 ͪͦͯ͟ 
Ѕ 47 ζ˽ͪͦ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͊ͤ͜͡ ͤ ͊ 2015/2016 
͍ͤ͊;͊͡Έ͙͚ͤ ͪ͜͟η ͭ ͔͙͊ͦͪͣ͟ͻ ͤͦͪͣ ˭͊ͦͤͯ͟ ͙̂ͪ͊ͤ͟͝ ζ˽ͪͦ ͍͙΅ͯ ͍ͦͫͭͯ͜η, ͙ͨͪ 
͎͍ͨ͒ͦͭͦ͜ͼ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͊͘ ͔ͫͨͼ͊͜͡ΈͤͦͫͭΎ͙ͣ ͫͦͼ͊͜͡Έͤͦ-͎͎ͯͣ͊ͤͭ͊ͪͤͦͦ͜ 
ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͋͜͡Έ΄͔ ;͊ͫͯ ͣ͊Ί ͍ ͙͒͜͡Ύ͙ͭͫΎ ͤ͊ ͚ͫ͊ͣͦͫͭͤͯ͜ ͪͦ͋ͦͭͯ ͔ͫͭͯ͒ͤͭ͊Φ ́ͦͣͯ 
͔͔͍͔ͪͦͣͤ͒ͦ͊ͤ͟ ͔ͣͤ͘΄͔ͤͤΎ ͟͜͡Έͦͫͭ͟͜ ͙͙͊ͯ͒ͭͦͪͤͻ ͊ͤ͘ΎͭΈ ͍ ͦ͒ͤͦͣͯ ͔͙ͪ͒ͭ͟͜ 
̐˴́˿ ό͔͒ͤͤ͊ ͺͦͪͣ͊ ͍ͤ͊;͊ͤͤΎύ ͒͡Ύ ͍͒ͦ͋ͯ͊͘;͍͜ ͔ͫͭͯͨͤΎ ͍͋͊͊͊ͪ͊͟͡ ͒ͦ оо % [5].  

̂ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͙͒ͫͼ͙ͨͤ͜͡ ͫͯͭͦ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟ ͋͊͗͊ͤͦ 
͍ͫΌ ͟͜͡Έͫͭ͟͜Έ ͙͙͊ͯ͒ͭͦͪͤͻ ͎͙ͦ͒ͤ ͍͍͙͙͒ͦ͒ͭ͜ ͤ͊ ͙ͨͪ͊ͭ͟;ͤ͜Σ ͊͋ͦ ͔ͫͣͤ͊ͪͫ͜Έ͟͜Σ 
͊͋ͦ ͊͋ͦͪ͊ͭͦͪͤ͜͡ ͊ͤ͘ΎͭͭΎΦ ˻͙͍ͫͦ͋ͫͭ͜͡Ό ͙ͭ͊͟ͻ ͊ͤ͘ΎͭΈ ͔͋ͯ͒ ͔ͭΣ ΅ͦ ͯ ͨ͊ͤ͜͡ 
͎ͦ͗ͤͦͦ͟ ͊ͤ͘ΎͭͭΎ ͔͋ͯ͒ ͙͙ͣͫͭͭͫ͜Ύ ͣͤ͜͜-͔͟͡ͼ͜Ύ ;͙ ͔͒͟͜͡Έ͊͟ ͣͤ͜͜-͔͟͡ͼ͚͜Φ ͔̇ 
͒͊ͫͭΈ ͙͍ͣͦ͗ͫͭ͜͡ΈΣ ͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͔͙͙ͦͤͦͣͭ͟ ͎͒ͦͪͦͦͼ͙͚ͤͤ͜ ;͊ͫ ͊ͤ͘ΎͭͭΎ ͤ͊ 
͎ͪͦ͘͡Ύ͒ ͙ͫͭͯ͊ͼ͚͙ͤ͜ͻΣ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͙ͨͭ͊ͤΈΣ ͍͍ͨͪ͊Σ ͣͤ͜͜-͔͎͍ͭͪͤͤ͜͜Σ 
͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͔͚͍ͫ͟͜Σ ͔͔ͨͪͤͭ͊͘ͼ͚͜ ͍ͭͦͪ;͙ͻ ͔͍ͨͪͦͭ͟͜ ͭͦ΅ͦΤ ͘ ͎͎͒ͪͯͦͦ ͋ͦͯ͟Σ 
͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͍ͭͦͦ͘ ͍͙͊͊ͭ͘͟ ͔ͫͭͯ͒ͤͭ͊ͣ ͤ͊ ͟͡Ό;͍ͦ͜ ͨͦͤΎͭͭΎ ͚ ͔͙ͭͪͣͤ͜Σ Ύ͟͜ 
͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͙͍ͨͪͦ͒ͯͭͤͦ͟͝ ͙ͪͦ͋ͦͭ ͤ͊ ͦ͗ͤͦͣͯ͟ ͊ͤ͘Ύͭͭ͜Φ ˭͊ ͪ͊ͻͯͤͦ͟ 
͔͔͍͙ͪͦͣͤ͒ͦ͊ͤ͟ͻ ͍͒͜ ͔ͭͪͭΈͦ͝ ;͙͙͊ͫͭͤ ͎͊͊͘͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͎͙ͦ͒ͤ ͤ͊ 
͚ͫ͊ͣͦͫͭͤͯ͜ ͪͦ͋ͦͭͯΣ Ύ͟͜ ͍͍͒ͦ͒͜ΎͭΈͫΎ ͤ͊ ͍͙͍;͔ͤͤΎ ͔ͦͪͣͦ͟͝ ͙͒ͫͼ͙͙ͨͤ͜͡Σ 
͔ͫͭͯ͒ͤͭ ͔ͣͦ͗͘ ͔͔͙ͭͦͪͭ;ͤͦ ͎͍͙ͨ͒ͦͭͯ͊ͭͫ͜Ύ ͯ ͨͪͦͼ͔ͫ͜ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ 
ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͔͔͍ͪͦͣͤ͒ͦ͊ͤͦ͟͝ ͔͙ͭͪ͊ͭͯͪ͜͡Φ 

˽͙ͪ͊ͭ͟;ͤ͜ ͊ͤ͘ΎͭͭΎ ό͙͙ͨͪ͊ͭͯͣ͟͟ύ Ί ͦ͒ͤ͜ΊΌ ͘ ͚ͤ͊ͨͦ΄͙͔ͪͤ͜΄͙ͻ ͺͦͪͣ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡Φ ˽͙͙ͪ͊ͭͯͣ͟͟ ͙ͫͨͪΎΌͭΈ ͔ͤ 
ͭ͜͡Έ͙͟ ͍ͨͤ͊͊͘͜͡Έ͚ͤ͜ ͊͘ͼ͍͔͊ͤͦͫͭ͜͟͜͡Σ ͊ ͚ ͒͜ΎͣΣ Ύ͟͜ ͋ͯ͒͗ͯ͘ΌͭΈ ͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡Έ ͯ 
ͭ͜Ί͝ ;͙͙͊ͫͭͤ ͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͟͜ ͣ͊ΌͭΈ ͙ͨͪ͊ͭ͟;͙͚ͤ ͫ͊͒͟͡ ͪͦͯͣͯ͘Σ ͫͻ͙͡Έͤͫͭ͜Έ ͒ͦ 
͍͙ͦͤ͊ͤͤ͟Ύ ͔͍͙ͨͤͻ ͍͙ͭͪͯ͒ͦͻ ͔ͦͨͪ͊ͼ͚͜Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͙ͤ͊ͯ͟ ͍ ͼ͜͡Ύͻ 
͙͙ͨͪ͊ͭ͟͟Σ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͊ͤ͘Έ ͯ ͙ͨͪ͊ͭ͟;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͪͦͯͣͤͤ͘͜Ύ ͣͫ͜ͼΎ ͙ͤ͊ͯ͟ 
͍ ͙͗ͭͭ͜ ͡Ό͔͚͒ ͍͙ͨ͒͜΅ͯΊ ͔͙ͨͪͫͭ͗ ͍ͤ͊ͯͦͦ͟-͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘Έ ͭ͊ ͙ͫͨͪΎΊ 
͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ό ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͍͙ͤ͊;ͦ͟Φ ˸͔ͭͦΌ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ Ί 
͎͙͔ͨͦ͋ͤͤ͡͡ΎΣ ͪͦ͘΄͙͔ͪͤͤΎΣ ͔͍͒ͭ͊ͯ͊ͤͤ͘͜͡Ύ ͤ͊ͤ͘ΈΣ ͙͙ͦͭͪͣ͊ͤͻ ͤ͊ ͔͟͡ͼ͜͝ 
͎͊͊ͦͣ͘͡Σ ͜ ͙ͫͨͪΎͤͤΎ ͍͙͔ͪͦ͋ͤͤ͡Ό ͍͙ͤ͊;ͦ͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͦͪͣ͊͘͟Φ 
˽͙ͪ͊ͭ͟;ͤ͜ ͊ͤ͘ΎͭͭΎ ͍͙͍ͪͦ͊͘ΌͭΈ ͍͔ͤ͊ͯͦ͟ ͙͔ͣͫͤͤ͡Ύ ͚ ͍͔ͣͦͤͤ͡ΎΣ ͤ͊͒͊ΌͭΈ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͔͔͍͙͙ͨͪͪͭ͜ ͤ͊ͤͤ͘Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͨͦͫͭ͊ΌͭΈ Ύ͟ ͊ͫ͋͘͜ ͔͙͍͎ͦͨͪ͊ͭͤͦͦ 
͍͎ͦͪͦͭͤͦͦ͘ ͍͘ΩΎͯ͘͟Φ  

˻͍ͦͦ͒ͤͤ͜͡Ύ ͍͙͙ͤͦͣ ͙͊ͫͦ͋͊ͣ͘ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͙͚͙ͨͪͦͣ͊ͣ ͦͣͯͤ͊͟͜͟ͼ͜͝ Ί 
͙͍͙ͦͫͦ͋ͣ͡ ͙ͫͭͣͯͦͣ͡ ͊͘ͼ͍͔͊ͤͦͫͭ͜͟͜͡ ͒͡Ύ ͨͦͪ͊͟΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍͙ͦͤ͊ͤͤ͟Ύ 
͚͙ͫ͊ͣͦͫͭͤ͜ͻΣ ͙ͨͪ͊ͭ͟;͙ͤͻ ͜ ͍ͭͦͪ;͙ͻ ͪͦ͋ͭ͜Φ ˨ͦ ͍͊ͫͦ͋͘͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔͔ͨͪ͒ͯͫͣ͜Σ 
͔ͤ͊͗͊ͭ͡Έ ͯͣͤͤ͜Ύ ͚ ͍͙ͤ͊;͙͟Σ Ύ͟͜ ͊ͪͨ͘͟͜͡ΌΌͭΈͫΎ ͜ ͔͔ͨͪͤͦͫΎͭΈͫΎ ͤ͊ ͙ͨͪ͊ͭ͟;͔ͤ 
ͨͪͦͺ͔͚ͫͤͦ͜ ͫͨͪΎ͍͔ͣͦ͊ͤ ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΦ 

˽͙͍ͪͦ͒ͯͭͤͫͭ͟͜Έ ͍͊͘Ί͍ͣͦ͘ΩΎͯ͘͟ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΣ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͔͙͊͗ͭ͘͡Έ ͍͒͜ 
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͔ͪ͊͊͘͜͡ͼ͜͝ ͔͎ͫͭͪ͊ͭ͜;͙ͤͻ ͙ͨͪͤͼ͙͍ͨ͜ ͔ͪͺ͍ͦͪͣͦ͊ͤͦ͝ ͍͙΅ͦ͝ ΄͙ͦ͟͡Υ 
͔͙͒ͣͦͪ͊ͭ͊͘͟ͼ͜͝Σ ͎͙ͯͣ͊ͤͭ͊ͪ͊͘͜ͼ͜͝Σ ͙ͦͨͭͣ͊͘͜ͼ͜͝Σ ͙͗ͭͭΊ͍ͭͦͪ;ͦͫͭ͜Σ ͍͙ͪͦͭͯ͘͟ ͚ 
͍͙ͫ͊ͣͦͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜͝ ͭ͊ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜͝Σ ͊ ͭ͊ͦ͗͟ ͍͒͜ 
ͻ͔͊ͪ͊ͭͪͯ͟ ͍ͤ͊;͊͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͨ͒͜ͻ͍ͦ͒͜ ͜ ͦͤ͟ͼ͔ͨͼ͚͜Φ ˽͙ͪ;ͦͣͯ ͦ͗ͤ͟͜ ͘͜ 
͊ͤ͊͘͘;͔͙ͤͻ ͍͙΅͔ ͨ͒͜ͻ͍ͦ͒͜ ͭ͊ ͦͤ͟ͼ͔ͨͼ͚͜ ͍ͤ͊;͊ͤͤΎ ͔ͤ ͍͙ͨͦͤͤ͜ 
͍͊͘Ί͍͙ͣͦ͟͡Ό;͙͊ͭͫΎΣ ͊ ͍͙ͤ͊ͨ͊͟Σ ͍͊͘Ίͣͦ͒͜Ύ͙ͭ ͚ ͔͎͍͙ͤͭͪͯ͊ͭͫ͜Ύ ͣ͗͜ ͫͦ͋ͦΌΦ  

͍̅ͦͪͣͯ͊ͤͤΎ ͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͨͦ;͙ͤ͊ΊͭΈͫΎ ͯ ͨͪͦͼ͔ͫ͜ ͙͍͎͗ͦͦ 
͎͒͊ͦͯ͜͡ ͭ͊ ͎͍͎ͪͯͨͦͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͫͯ͋ΩΊ͍ͭ͟͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΦ ́ͦͣͯ ͼ͔͚ 
ͨͪͦͼ͔ͫ ͔ͤͦ͋ͻ͒ͤͦ͜ ͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͔͔ͪͦͣͤ͒͊͟ͼ͚͜ ͙ͨͫͻ͎ͦͦͦ͡-
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͤ͊ͯ͟Σ ͍͊ͦͤ͘͟͜Σ ͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜Σ ͙ͨͪͤͼ͙͍ͨ͜Σ ͺͦͪͣ ͜ ͔͍ͣͭͦ͒͜ 
͍ͤ͊;͊ͤͤΎΦ ˽͍ͤ͊͊͘͜͡Έͤ͊ ͍ͦͫͤͦ͊ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͣ͊Ί ͍͎͔͊ͦͣ 
ͤ͊͘;͔ͤͤΎ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͙ͭ͊͟ͻ Ύ͔͚ͦͫͭ͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Υ ͔͔͙͍ͨͪͫͨͭͤͦ͟͝ 
ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜Σ ͍ͫ͒ͦͣͦ͜͝ ͙͍ͣͦͭ͊ͼ͜͝Σ ͍͙͎ͫͦͦͦ͟ ͍ͪͤ͜Ύ ͔͔ͤͭͭͯ͜͟͡Σ ͍ͦ͡Έ͍ͦͦ͝ 
ͫͺ͔͙ͪΦ ˤ͙͎ͣ͊͊Ό;͙ ͙ͪͤ͘͜ͻ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͨͪͦͼ͔͍ͫ͜Σ ͔ͺ͔͙͍͔ͭͤ͟ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͭ͊ 
͍ͤ͊;͊͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͎͊͊ͦͣ͘͡ ͍ͫͭͦͪΌΌͭΈ ͍͙ͯͣͦ ͒͡Ύ ͝ͻ ͯͫͨ͜΄͎ͤͦͦ 
ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͜ ͍͙ͪͦͭͯ͘͟Φ  

̂ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͔͍͙ͪͤ͟͜ͼ͍ͭ͜ ͍͔ͫ͋͜;͙ͤͣ ͍͙ͪͦͭͦͣ͘͟ ͭ͊ ͔ͺ͔͙͍ͭͤͦ͟Ό 
ͦͣͯͤ͊͟͜͟ͼ͜ΊΌ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙͍͔͊͗͡ ͤ͊͘;͔ͤͤΎ ͣ͊Ί ͍͙ͨͪ͊͡Έ͔ͤ ͨͦΊ͒ͤ͊ͤͤΎ 
ͯ;ͤͤ͜ΎΣ ͨͪ͊ͼ͜ ͚ ͤ͜΄͙ͻ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͯͪ͊ͻ͍ͯ͊ͤͤΎ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͜ ͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜ ͍͙ͪͦͭͯ͘͟Σ ͍͙͚ͨͦͫͭͯͨͦ ͔͔ͨͪͻ͒͜ ͍͒͜ ͋͜͡Έ΄ 
͙ͨͪͦͫͭͻΣ ͒ͦ ͋͜͡Έ΄ ͙ͫ͊͒ͤ͟͡ͻ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͒͜ ͙͋͘͡Έ͙͟ͻ ͼ͔͚͜͡ ͒ͦ ͋͜͡Έ΄ 
͔͙͒͊͟͡ͻ ͔͔͙͍ͨͪͫͨͭ͟Φ 

͍̅ͦͪͣͯ͊ͤͤΎ ͙͍ͨͪͦ͒ͯͭͤͦ͟͝ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͔ͺ͔͙͍ͭͤͦ͟͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ζ˿ͦͼ͊͜͡Έͤ͊ ͪͦ͋ͦͭ͊η ͨ͒͜ ;͊ͫ ͙ͨͪ͊ͭ͟;͙ͤͻ 
͊ͤ͘ΎͭΈ ͯͪͫͯ͟ ζ˿ͦͼ͊͜͡Έͤ͊ ͔͎͎ͨ͒͊ͦ͊͜͟η ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ΄͡Ύͻͦͣ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͍ͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͙͚͙ͫͨͪͣ͊ͭ ͍ͤ͊;͊͡Έͤͯ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͚ ͍ͨͦΩΎ͍͙ͯ͊ͭ͘ ͝͝ ͘ 
͔ͪ͊͡Έ͙ͤͣ ͙͗ͭͭΎͣΦ ˻͙͒ͤͣ ͘͜ ͫͯͭͭΊ͍͙ͻ ͍͊͒͊ͤ͘Έ ͨͦ;͍͎͊ͭͦͦͦ͟ ͔ͨͪͦ͒ͯ͜ ͯ 
͍͙͍;͔ͤͤ͜ ͔͔ͨͪ͒ͣͭͯ Ί ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙͔͙ͫͫͭͣ ͔͙ͣͭͦ͒;͙ͤͻ ͙͚͍ͨͪͦͣ͜Σ 
ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͜ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͼ͙ͻ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Φ  

˨͎͙ͪͯͣ ͔ͭ͊ͨͦͣ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ Ί ͍͙ͪͦͭͦ͘͟ 
ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ΄͡Ύͻͦͣ ͍͙ͪ͜΄͔ͤͤΎ ͔ͨͪͦ͋ͣͤͦ͡-͙ͫͭͯ͊ͼ͚͙ͤ͜ͻ ͍͊͒͊ͤ͘Έ ͜ 
͍͜͡Έ͎ͤͦͦ ͦ͋ͣͤͯ͜ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ ς ͍͒ͦͨͦͤΌ͍͙͊ͭ ͍͙͔͊͒ͤ͟͜͡ ͣ͝ ͤ͊ͤͤ͘Ύ ͍ ͍͚ͫͦ͝ 
ͯΎ͍͜ ͔͍͙͙ͨͤͣ ͙͗ͭͭΊ͍͙͙ͣ ͙͙ͨͪ͊͒͊ͣ͟͡Φ ˨͡Ύ ͎ͭͦͦΣ ΅ͦ͋ ͍͙ͨͪ͊͡Έͤͦ ͍ͤ͊;͙͊ͭ 
͔͍ͫͭͯ͒ͤͭ͜ ͍ͦͫͤͦΣ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͚͒͜ ͨ͒͜ ;͊ͫ 
͍͙͍;͔ͤͤΎ ͙͒ͫͼ͙͙ͨͤ͜͡Σ ͨͦͭͪ͋ͤͦ͜ ͙ͤ͊ͭ͘ ͫͯͭͤͫͭ͜Έ ͼ͙ͻ ͚͒͜ ͯ ͍ͨͤ͊͊͘͜͡Έ͚ͤ͜ 
͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Φ 

̂ͫͨ͜΄͔ͤ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͨ͒͜ ;͊ͫ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͨͪͦ͋ͣͤͦ͡-͙ͫͭͯ͊ͼ͚͙ͤ͜ͻ 
͍͊͒͊ͤ͘Έ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͙ͭ͊͟ͻ ͔ͦͣͨͦͤͤͭ͊͟ͻΥ ͙ͨͫͻ͎ͦͦ͜͡;͔ͤ ͍ͣͤͤ͜Ύ ͚ 
͚͔ͣ͊ͫͭͪͤͫͭ͜Έ ͯ ͍ͫͨͯ͊ͤͤ͜͟͜͡Τ ͍͙ͨͪ͊͊͡ ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡ͻ͊ͤͤΎΤ ͙͙͍ͨͦͭͤ͊͘ 
͔͍͔ͤͪ͋͊͡Έͤ͊ ͦͣͯͤ͊͟͜͟ͼ͜ΎΤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ζ̒η-͍͙͍ͫͦ͡͡Ό͍͊ͤΈΤ 
͙͍͙͚ͦͤͫͭͪͯͭͤ͟͟ ΄͡Ύͻ ͍͙ͪ͜΄͔ͤͤΎ ͦͤ͟ͺ͍ͭ͜͟͜͡Φ 
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͔́ͪͭͣ͜ ͔ͭ͊ͨͦͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͍ͨͪͦ͒ͯͭͤͦ͟͝ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ Ί 
ͤ͊Ύ͍ͤͫͭ͜Έ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͙͔͙ͫͫͭͣ ͙ͦͨͦͪͤͻ ͔͔͙ͭͦͪͭ;͙ͤͻ ͨͦͤΎͭΈ ͘͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝Σ 
ͫͦͼ͎ͦͦ͜͜͡;ͤͦ͝ ͚ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͙͒ͫͼ͙ͨͤ͜͡Σ ͯͣͤͤ͜Ύ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͝ͻ ͨ͒͜ ;͊ͫ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ ͔ͯ͗ ͤ͊ ζ˿ͦͼ͊͜͡Έ͚ͤ͜ ͔͎͎ͨ͒͊ͦ͜ͼ͜ηΣ ͜ ͤ͊͒͊͜͡ ͍ ͔͙ͨͪͦͭͤ͟ͻ ͭ͊ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͪͦ͋ͦͭ͊ͻΦ 

˻͙͒ͤͣ ͘͜ ͚ͤ͊ͼ͍͊͜͟͜΄͙ͻ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͔͍ͣͭͦ͒͜Σ Ύ͟͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ 
ͨ͒͜ ;͊ͫ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈΣ Ί ͔ͣͭͦ͒ ͔͚͍ͫ͟͜ ς ͙͍͙͚ͦͫͦ͋͡ ͔ͣͭͦ͒ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͔͎͍ͭͪͤͤ͜͜Σ Ύ͙͚͟ ͍͒ͦͦ͘͡ΎΊ ͙͍͊ͭͤͦ͟ ͊ͯ͘͡;͙͙ͭ ͍ͫ͜ͻ ͯ;͙͍͊ͫͤ͟͜ ͯ ͎͍ͪͯͨͦͯ ͪͦ͋ͦͭͯ 
͊͘ ͪ͊ͻͯͤͦ͟ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͎͍ͪͦͦ͜͝ ͙ͫͭͯ͊ͼ͜͝ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ 
ͯ;͙͍͊ͫͤ͟͜ ͎͙ͪͯͨΦ ˥͍ͪͯͨͦ͊ ͎ͪ͊Σ ΅ͦ ͊͒͊ͤ͊͘ ͤͫͭͪͯ͜͟ͼ͜Ύ͙ͣ ͘ ͔͚ͫͯ͟Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ 
͔͔ͦ͋ͣ͗ͤ͊ ͊͘ ;͊ͫͦͣ ͜ ͣ͊Ί ͔͙ͨ͊ͪ͊ͣͭͪΣ Ύ͟͜ ͍ ͻͦ͒͜ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͚ ͊ͤ͊ͯ͘͜͡ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͎͙ͪ ͍ͫ͒͜;͊ͭΈ ͨͪͦ ͔ͭΣ ͤ͊ͫ͟͜͡Έ͙͟ ͍͋ͯ ͯͫͨ͜΄͙͚ͤ ͜ ͔ͺ͔͙͍͙͚ͭͤ͟ 
͙͚ͦ͗ͤ͟ ͘͜ ͯ;͙͍͊ͫͤ͟͜Φ 

˹͙͊ͨͪ͊͒͟͡Σ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͔͙ͨ͒ͭͣ͜ ζ˴͙͍ͦͣͯͤ͊ͭͤ͜͟͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 
͒͜Ύ͡Έͤͦͫͭ͜ ͔͎͎ͨ͒͊ͦ͊η ͤ͊ ͙ͨͪ͊ͭ͟;ͤͦͣͯ ͊ͤ͘Ύͭͭ͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͍͊͒͊ͤͤ͘Ύ 
͍͍ͨͪ͊ ζ̇ͤͤͫͤͦ͜͜-͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦη ͔͎ͭͪͤͤͯ͜Σ ͔ͣͭͦΌ Ύ͎ͦͦ͟ Ί ͙ͪͦͪͭͭ͘͟Ύ ͻ͔͊ͪ͊ͭͪͯ͟ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜͝ ͤ͊ ͍ͪͤ͜͜ ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ίͤͭ͊ͼ͚͜ ;͔͔ͪ͘ ͺ͍ͦͪͣͯ͊ͤͤΎ ͚ 
͔ͦͪ͟͟ͼ͜Ό ͙͔͙ͫͫͭͣ ͨͪͦͺ͔͚ͫͤͦ͜-ͤ͊͘;ͯ΅͙ͻ ͼ͔͚ͤͤͦͫͭ͜ ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͚ͫͨͪͤΎͭͭΎ 
͔͔ͫ͋ Ύ͟ ͼͤͤͦͫͭ͜͜ ͤ͊ ͍ͪͤ͜͜ ͙͔ͦͫͣͫͤͤ͡Ύ ͙͗ͭͭΎΣ ͊ ͭ͊ͦ͗͟ ͙͎͍ͦͪͯ͊ͤͤ͟Ύ ͫ͊ͣͦͦͼ͙ͤ͜͟ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ́͊͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͍͍ͨͪ͊͊ ζ˸ͦ͝ ͼͤͤͦͫͭ͜͜η ͔͔ͨͪ͒͋͊;͊Ί ͭ͊͟͜ ͍͊͒͊ͤͤ͘ΎΥ 
͎͚͔͊͒͊ͭ͘ ͍ͫͦ͝ ͔͍ͤ͒͊;͜ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͫͺ͔ͪ͜Φ ͙̒͟ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ Ύ͔͚ͦͫͭ͟ ͍͙ ͭͦ͒͜ 
͔ͤ ͙ͣ͊͡Κ ˹͊ ͭ͜͡ Ύ͙͟ͻ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͨͪͦΎ͍͡Ύ͙ͫ͡Ύ ͼ͜ Ύͦͫͭ͟͜Κ 
ό͙ͤ͊ͨͪ͊͒͟͡Σ ͤ͊ ͭ͜͡ ͫͦͪͦͣΩΎ͙͍ͦͫͭ͘͜͡Σ ͋͊͊ͯ͟͡;ͦͫͭ͜Σ ͎͔͊ͦͫͭͪͤͦ͘͝ ;͙͍ͯͭͦͫͭ͜͡ύΦ ̒͟͜ 
ͨͪͦͺ͔͚ͫͤ͜͜ Ύͦͫͭ͟͜ ͚ͤ͊ͼͤͤ͜͜΄͜ ͒͡Ύ ͍͊ͫΣ ͭͦ͋ͭͦ Ύ͟͜ ͣͦ͗ͯͭ͘Έ ͔͔͊͋ͨ͘͘;͙͙ͭ ͍͊ͣ ͯͫͨ͜ͻ 
ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Κ ̒͟͜ ͼͤͤͦͫͭ͜͜ ͣ͊Ί ͚ͤ͊ͦͣ͊͘ ͍͊ͣ ͡Ό͙͒ͤ͊Σ 
͚ͤ͊ͯͫͨ͜΄ͤ͜΄͊ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͜ ;͙ ͎͒ͦͨͦͣ͊͊ΌͭΈ ͚͝ ͼ͜ ͼͤͤͦͫͭ͜͜ 
͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͨͪͦͺ͔͚ͫͤ͜͜ ͎͙ͨͪͦͪ͊ͣΚ  

˽͙ͪ͊ͭ͟;ͤ͜ ͊ͤ͘ΎͭͭΎ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˿ͦͼ͊͜͡Έͤ͊ ͔͎͎ͨ͒͊ͦ͊͜͟η 
͔͔ͨͪ͒͋͊;͊ΌͭΈ ͭ͊ͦ͗͟ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔͙͙ͣͭͦ͒͟ ͎͙͙͒͊ͤͦͫͭ͜͟ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔ͣͦͤͤ͡ΎΦ ˭͍͊͒͊ͤͤΎ ͤ͊ ͔͔͔͍ͨͪ͊͒ͪͫͯ͊ͤͤΎ ͔͔ͨͪ͒͋͊;͊Ί ͊ͤ͊͘͜͡ 
͙ͭͨͯ ͫͯ͡ͻ͊;͊ ό͍͜͟Σ ͫͭ͊ͭΈΣ ͍ͦͫͭ͊͜Σ ͫͭͯͨͤ͜Έ ͦ͋ͤ͊ͤͦͫͭ͘͜͜ ͘ ͔͔ͨͪ͒ͣͭͦͣύΣ ͯͣͤͤ͜Ύ 
͍͙͙ͨͦͫͭ͊ͭ ͔͔ͫ͋ ͤ͊ ͣͫ͜ͼ͔ ͫͯ͡ͻ͊;͊Σ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘ ͫͭͯͨͤ͜Έ ͫ͊͒ͤͦͫͭ͟͜͡ ͜ 
͙͍ͭͪ͊ͫͭ͜͡Έ ͍ͪͦͨͦ͒͘͜͜Σ ͺͦͪͣͯ ͍͙ͨͦ͋ͯ͒ͦ ͚ ͻ͔͊ͪ͊ͭͪ͟ ͍͙ͣͦͤͻ ͍͊ͫͦ͋͘͜ ͔͔ͨͪ͒͊;͜ 
ͣͫͭͯ͘͜Φ ˴ͪͣ͜ ͼΈ͎ͦͦΣ ͍ͪͦͨͦ͒͘͜Έ ͍͙ͨͦͤͤ͊ ͋ͯ͊͡ ͍͒ͪͤ͘͜͜Ύ͙ͭͫΎ ͍͙ͻ͍ͦͤͦΌ 
ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜ΌΦ ˢͤ͊͘͜͡ ͔͙ͫ͊͒ͤ͟͡ͻ ͍͔͚ͪͦͨͦ͒͘͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͙ͭ͊͟ͻ 
͙͍ͨͦ͊ͤ͘͟͟͜Υ ͦ͋ͫΎ͎Σ ͤ͊Ύ͍ͤͫͭ͜Έ ͭͯͣ͊͡;͔ͤΈΣ ͒ͦͫͭͯͨͤͫͭ͜Έ ͜ ͔͔͙͍ͨͪͦͤͫͭ͟͜͡ΈΣ 
͔͔ͤͭͪͫ͜ ͒ͦ ͍͔͚ͪͦͨͦ͒͘͜ ͯ ͫͯ͡ͻ͊;͍͜ ͦ͋ͦͻ ͙͍ͭͨ͜Σ ͤ͊Ύ͍ͤͫͭ͜Έ ͙͚͍ͨͪͦͣ͜ 
ͦͪ͜Ί͍ͤͭͦ͊ͤͦͫͭ͜ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͤ͊ ͫͯ͡ͻ͊;͊Σ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͔͙ͭͣ ͙ͨͪ ͍ͪͦͨͦ͒͘͜͜Σ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͫͯͭͤͦͫͭ͜ ͍ͪͦͨͦ͒͘͜͜Φ 

˭͊͟͡Ό;͙ͤͣ ͔ͭ͊ͨͦͣ ͍͙͍;͔ͤͤΎ ͔͙ͭͣ ζ˿ͦͼ͊͜͡Έͤͦ-͍ͻ͙͍ͦͤ͜ ͙͙ͤͫͭͭͯͭ͜ ͍ 
͙͔ͫͫͭͣ͜ ͫͦͼ͊͊͘͜͜͡ͼ͜͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜η Ί ͍͊͒͊ͤͤ͘ΎΥ ζ˾͔͊ͣͦ͟͡Ό Ύ͙͟ͻ 
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ˤ͙ ͎͙ͣͦ͡ ͋ ͍͙͙͙ͫͭͯͨͭΚηΣ ͔͒ ͔͙ͫͭͯ͒ͤͭ ͣ͊ΌͭΈ 
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͊ͤ͊͘͘;͙͙ͭ ͍ ͚ͯͫͤ͜ ͺͦͪͣ͜ ͍ͨͪͦ͒ͤ͜͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍ͫͦΊ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 
͔͙̆͊ͪ͊ͭͪͤͣ͟ Ί ͔ͭΣ ΅ͦ ͼ͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͤ ͍ͦ͋ͦΩΎ͍ͦͦ͘͟ ͙͙͍ͨͦͭͤ͘͜Σ ͔͊͡Σ 
͙͍ͣͦ͗ͦ͡Σ ͔ͫ͊ͣ ͍͙ͦͤ ͜ Ύ͍ͫͪ͊ͦ͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈ ͙ͦͫͦ͋ͫͭͫͭ͜Έ ͔ͫͭͯ͒ͤͭ͊Φ ˢͤ͊͘͜͡ 
ͦ͋ΩΊ͙͍ͭͤͦ͟͝ ͙͍ͪͦͦ͘͟͝ ͼͤͤͫͤͦ͜͜-͙͍ͫͣͫͦͦ͡͝ ͫͺ͔͙ͪ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ;͔͔ͪ͘ 
ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͍͙͊ͦ͘͟͟ͻ ͫΌ͔͍͗ͭ͜ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͔͙͙ͨͪ͗ͭ ͙͒ͤ͊ͣͯ͜͟ 
ͤ͊͘;ͯ΅ͦͫͭ͜ ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ίͤͭ͊ͼ͚͜ ͒͡Ύ ͎ͦ͗ͤͦͦ͟ ͯ;͙͊ͫͤ͊͟ ͎͙ͪͯͨΦ 

˹͊ ͙ͨͪ͊ͭ͟;ͤͦͣͯ ͊ͤ͘Ύͭͭ͜ ͤ͊ ͔ͭͣͯ ζ˿ͦͼ͊͜͡Έͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͪͦ͋ͦͭ͊ ͨͦ 
ͨͦ͒ͦ͊ͤͤ͡Ό ͙ͪͤ͘͜ͻ ͺͦͪͣ ͔͒͊͒͊ͨͭ͊͘ͼ͜͝ ͍ͨ͒ͭ͜͜͟͜͡ ͭ͊ ͣͦͦ͒͜͡η ͔ͫͭͯ͒ͤͭ͊ͣ 
ͨͪͦͨͦͤͯΊͭΈͫΎ ͔ͦ͒ͤ ͘ ͍ͭͦͪ;͙ͻ ͍͊͒͊ͤ͘Έ ͘͜ ͨͦ͒͊͡Έ΄͙ͣ ͚͎ͦͦ ͎͍͔ͦ͋ͦͦͪͤͤΎͣΦ 
́͊͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͎͍ͦ͋ͦͦͪΌ͍͊ͦͫ͡Ύ ͎͙͙ͯͣͦͪͫͭ;͔ͤ ͙͊ͨͭ͊ͤͤ͘Ύ ζ̒͟ ˤ͙ ͒ͯͣ͊Ί͔ͭΣ 
;ͦͣͯ ˴ͦͦ͋ͦ͟͡ ͻ͍ͦͭ͜ ͍͒͜ ͯͫ͜ͻ ͙ͨͭ͜ΚηΦ ˿͔͙ͭͯ͒ͤͭ ͣ͊ΌͭΈ ͚͙͒ͭ͜ ͍͙͍ͫͤͦͯ͟Σ ΅ͦ 
ͦ͗ͤ͊͟Σ ͻͦ; Ύ͊͟ ͙͍͍͒͊ͯ͊ͭ͊͟ ͙ͦͫͦ͋ͫͭͫͭ͜Έ ͣ͊Ί ͍ͨͪ͊ͦ ͤ͊ ͍͙ͪͦͭͦ͘͟ όͻ͍ͦͭ͜ 
͍͙͙͙ͫ͊ͣͦͪ͊ͭͫ͘ΎΣ ͎͍ͨͪ͊ͤͯ ͙͙ͣͤͭ͘͜ ͔͔ͫ͋ ͜ ͍͔ͫ ͍ͤ͊ͦͦ͟͡ύΣ ͍͎ͫ͊ͣͦͨͦ͊ͯ ό΄͍ͯ͊͟ 
͎ͦͦͫ͟Έ ͪ͊͟΅͔Σ ͤ͗͜ ͒͒ͯͫ͜Έ ͜ ͋͊͋ͯͫΎΤ ͍͒͜;͍͍ͯ͊ ͔͔ͫ͋ ;͙ͣͦͫΈ ͍͙͍͊͗͜͡΄͙ͣΣ ͤ͗͜ 
΄ͣ͊ͭͦ͟ ͎ͨͪͫͤͦͦ͜ ͭͫͭ͊͜Τ ͔ͤ ͻ͍ͦͭ͜Σ ΅ͦ ͚͎ͦͦ ͙͚͙ͫͨͪͣ͊͡ ͔͗͝ΌύΣ ͙͚ͫ͊ͣͦͫͨͪͤΎͭͭΎ 
ό͍͒͜;͍͍ͯ͊ ͔͔ͫ͋ ͍ͨͦͭͦͪͦΌύΣ ͔͙͍ͪ͊ͭͤͦͫͭ͟͜ ͍ ͍ͪͦ͘ΩΎ͊ͤͤ͘͜ ͔ͨͪͦ͋ͣ͡ ͍ ͍ͯͣͦ͊ͻ 
͙͙ͪ͘͟ όͦͦ͋ͦ͟͟͡ ͎͍ͨͪ͊ͤͯ ͍͒ͭ͜Ύ͎͙ͭ ;͊ͫ ͍ͫͦΊ͝ ͔ͫͣͪͭ͜Σ ͫͨͪ͊ͼΌ͍͍͊ ͙ͤͫͭͤͭ͜͟ 
͔͔͔ͫ͊ͣͦ͋ͪ͗ͤͤ͘ΎύΣ ͎ͤͯ;ͦͫͭ͟͜ ͍͔͙ͨͦ͒ͤ͜͟ ό͔ͤ ͙ͫ͒ͦͫ͜͡Ύ ͤ͊ ͣͫ͜ͼ͜Τ ͔͎͙ͦͫͭ͝;ͤͦ ͍ͭ͜͟ 
͒ͦ ζ͍ͫͦ͝ͻηύΣ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͔ͨͦͭͪ͋ ͯ ͍ͤ͊;͊͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ό͙͍͙͙ͨͦ͒ͭͫΎ ͤ͊ 
͍ͫͭ͜ ͜ ͔͔ͫ͋ ͙ͨͦ͊͊ͭ͘͟Τ ͻ͍ͦͭ͜ ͙͙ͪͦ͋ͭ ͍͔ͫ ͙ͫ͊ͣͦͭͯ͗͟ύ ͭͦ΅ͦΦ 

˸ͦ͋͊͘͜͜͡ͼ͜Ύ ͚ ͙͍͊ͭ͊͘͟͜ͼ͜Ύ ͙ͪͦ͋ͦͭ ͤ͊ ͦ͗ͤͦͣͯ͟ ͊ͤ͘Ύͭͭ͜Σ ͊͘ ͪ͊ͻͯͤͦ͟ 
͚͎ͨͦͫͭͤͦͦ͜ ;͔͎͍ͪͯ͊ͤͤΎ ͍͙͍͒͜ ͙ͪͦ͋ͦͭΣ ͔͔͔͋ͨͪ͘;ͤͦ ͍͙ͨ͒͜΅ͯΊ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ ͭ͊ ͙ͨͪͫͦͪ͟ΌΊ ͍͙ͪͦͭͦ͘͟ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Φ 
̅ͦͪͣ͊ͭ ͙͍͎ͨͪͦ͒ͯͭͤͦͦ͟ ͊ͤ͘ΎͭͭΎ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͍͋ͦ͟͜͡Υ ͣͤ͜͜-͔͟͡ͼ͜ΎΣ 
͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊Σ ͔ͨͪͦ͋ͣͤͦ͡-͙ͫͭͯ͊ͼ͚͔ͤ͜ ͊ͤ͘ΎͭͭΎΣ ͍ͭͦͪ;͙͚ ͔ͨͪͦͭ͟ ς ͼ͔ 
ͺͦͪͣ͊ͭ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ͫͯ;͊ͫͤͦ͝ ͍͙΅ͦ͝ ΄͙ͦ͟͡Φ 

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟. 
˿ͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͔ͺ͔͙͍ͭͤͦ͟͝ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͫͦͼ͊͜͡Έ͙ͤͻ ͙͍ͪͦ͋ͭͤ͜͟͜ Ί ͍͚ͪ͊͟ ͍͙͍͊͗ͦ͡ΌΦ ˭͍͊ͫͦΊͤͤΎ ͔͍ͣͭͦ͒͜ ͔ͺ͔͙͍ͭͤͦ͟͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ ͚͙ͣ͊͋ͯͭͤͣ͜ ͨͪͦͺ͔͙ͫͦͤ͊͊ͣ͜͡ ͔ͣͦ͗ ͍͍͙͒͋ͯ͊ͭͫ͜Ύ ͭ͜͡Έ͙͟ ͊͘ 
ͪ͊ͻͯͤͦ͟ ͎͍ͨͪͦͦͦͪΌ͍͊ͤͤΎΣ ͯ;͊ͫͭ͜ ͍ ͎͒͊ͦ͊͜͡ͻ ͭ͊ ͙͒ͫͯͫ͟͜ΎͻΣ ͎͍ͨͪͦͪ͊͊ͤͤΎ 
͔ͨͪͦ͋ͣͤͦ͡-͙ͫͭͯ͊ͼ͚͙ͤ͜ͻ ͍͊͒͊ͤ͘ΈΣ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͦͤ͟ͺ͍ͭ͜͟͜͡ ͭ͊ ͔͔ͫͯͨͪ;͔͚ͤͦͫͭ 
ͯ ͨͪͦͼ͔ͫ͜ ͔͔ͨͪͤͭ͊͘ͼ͜͝ ͍ͭͦͪ;͙ͻ ͔͍ͨͪͦͭ͟͜Φ 

ˤ͍͔͔͒͒ͤͤ͜Ύ ͋͜͡Έ΄ͦ͝ ;͙͙͊ͫͭͤ ;͊ͫͯ ͤ͊ ͙ͨͪ͊ͭ͟;͔ͤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͭ͊ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜Σ ͙͙͔ͨͪͨͤͤͤΎ ͙ͭͪ͊ͭ ;͊ͫͯ ͤ͊ ͔ͣͦͤͦͭͦͤͤ 
;͙ͭ͊ͤͤΎ ͔͟͡ͼ͜͝ ͍͙͊͒͊͟͡;͔ͣΣ ͋͘͜͡Έ΄͙ͭΈ ͙͍ͨͪͦ͒ͯͭͤͫͭ͟͜Έ ͎ͦ͗ͤͦͦ͟ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͊ͤ͘ΎͭͭΎΣ ͦ͗ͤͦ͟͝ ͍ͤ͊;͊͡Έͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ͭ͊ ͔ͫͭ͊ͤ ͍͙͍͙͊͗ͣ͡ 
͒ͦ͋ͯͭͦͣ͘͟ ͒͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͨͪͦͺ͔ͫͦͤ͊͊͜͡Φ 

˶˱́˩˾ˢ́̂˾ˢ 
1. ˴͔ͤͦ͒͡Έ ˶Φ ʕ Φ ˽͔͎͎͒͊ͦ͊͜͟ ͍͙΅ͦ͝ ΄͙ͦ͟͡ Υ ͨͦͫ͋͜Φ ͒͡Ύ ͎͍ͣ͊ͫͭͪ͜͜ κ ˶Ό͙͒ͣ͊͡ 

ˤ͙͙͍ͦͦ͒ͣͪͤ͊͜͡ ˴͔ͤͦ͒͡ΈΦ ς ˴ Φ Υ ˤ͙͒Φ ˽ˢ˶ˮˤ˻˨ˢ ˢΦˤΦΣ нллуΦ ςмос ͫΦ 
2. ˿ͦͼ͊͜͡Έͤ͊ ͔͎͎ͨ͒͊ͦ͊͜͟ Υ ͨ͒ͪͯ͜;͙ͤ͟Υ р-͔ ͍͙͒ΦΣ ͔͔ͨͪͪͦ͋͡Φ ͭ͊ ͒ͦͨΦ ώ͊͘ ͔ͪ͒Φ 

ˢΦ ˯ Φ ˴ ͊ͨͫΈͦ͟͝ϐΦ ς ˴ Φ Υ ͔̇ͤͭͪ ͯ;͍͋ͦͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡Σ нлммΦ ς пуу ͫΦ 
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3. ˿ͦͼ͊͜͡Έͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͍ ͍ͯͣͦ͊ͻ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜͝ ͫͯͫͨ͜͡Έ͍ͫͭ͊ Υ 
͔͔͙ͭͦͪͭ;ͤ͜ ͭ͊ ͙ͨͪ͊͒ͤ͟͜͡ ͔͙ͨͪͦ͋ͣ͡ Υ ͎ͣͦͤͦͪ͊ͺ͜Ύ  κ ˿Φ ˽ Φ s ͪͻ͍ͨͦ͊͜Σ ́Φ ˸ Φ ˨ ͔ͫΎ͍ͭͦΣ 
˱Φ ˱ Φ ˴ ͯͪ͡Ύ͟Σ ˶Φ ˱ Φ ˸ ͜΅͜͟Σ ˥Φ ̒ Φ ˸ ͚͊͋ͦͪͦ͒͊ ͭ͊ ͤ͜Φ Τ ͊͘ ͎͊Φ ͔ͪ͒Φ ˿Φ ˽ Φ s ͪͻ͍ͨͦͦ͜͝Φ ς ͔̉ͪ͊͟;͙ Υ 
̅˻˽ ˥ͦͪ͒͜Ίͤͦ͟ ̐ Φ ˱ ΦΣ нлмпΦ ς нор ͫΦ 

4. ˽͊ͫ͟Ί͍ͫΈ͊͟ ̑ Φ s Φ ˸͔ͦ͒͡Ό͍͊ͤͤΎ ͙ͫͭͯ͊ͼ͜͝ ͍͔ͣͦͤͤ͡Ί͍ͦ͝ ͍͊͘Ίͣͦ͒͜͝ Ύ͟ ͍ͯͣͦ͊ 
͍͙ͪͦͭͯ͘͟ ͍͔ͣͦͤͤ͡Ί͍ͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͙ͨͫͻ͎͍ͦͦ͜͡ κ ̑Φ s Φ ˽ ͊ͫ͟Ί͍ͫΈ͊͟ κκ 
˹͍͙͚͊ͯͦ͟ ;͙͊ͫͦͨͫ ˹˽̂ ͣ͜Φ ˸Φ ˽ Φ ˨ ͎͍ͪ͊ͦͣ͊ͤͦ͊ Υ ˿͔ͪ͜Ύ мнΦ ˽͙ͫͻ͎ͦͦ͜͡;ͤ͜ ͙ͤ͊ͯ͟Φ ς 2005. ς 
ˤ͙ͨΦ р όнфύΦ ς ˿ Φ нлтς212. 

5. ̋ͦ͒ͦ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͤ͊;͊͡Έ͙ͤͻ 
͍ͨ͊ͤ͜͡ ͯ нлмрκнлмс ͍ͤ͊;͊͡Έͤͦͣͯ ͪͦͼ͜ / ˶͙ͫͭ ˸˻˹ Ѕ мκф-мнс ͍͒͜ моΦлоΦмр ώ˩͔͙͚ͭͪͦͤͤ͟͡ 
͔ͪͫͯͪͫϐ κ ˿Φ ˴ ͍ͭ͜Φ ς ʕ ͙΅͊ ͍ͦͫͭ͊͜Φ ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ  
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SUMMARY 
Ternavska T. Facilitating effective communication of the future social workers in the 

study process of practical disciplines. 
In the article it is indicated and theoretically proved the facilitating of effective 

communication of the future social workers in the process of studying the practical 
disciplines. While working at the article through the following methods were used: 
theoretical (analysis of the scientific and technical literature on the formation of effective 
communication to clarify the level of implementation of the problem and to determine the 
conceptual and categorical apparatus; systematization of theoretical and experimental data 
on the content, methods and forms of education ς to identify areas of facilitating of effective 
communication of the future social workers in the study of practical disciplines, 
generalization and forecasting while formulating the conclusions and feasibility of use 
perceptiveness of technologies of forming effective communication in learning practical 
disciplines) and empirical (teacher observation of cognitive activity and communication skills 
of students in the study of their practical disciplines). 

It is stated that successfulness and quality of a good shaped cognitive activity is mostly 
dependent on the interaction efficiency, creating effective communication conditions. The major 
conditions that facilitate the effective communication and cognitive activity are democratic 
relations between the participants of the educational process while studying practical disciplines. 

 For successful learning of any discipline, in which the basis for an effective 
communication is created it is necessary to organize favorable conditions for training activities, 
mutual productive activity, pedagogical optimism, objective control of knowledge and effective 
learning technologies. The facilitation of skills and abilities of effective communication for future 
social workers is conducted by mastering the techniques and technologies of communication by 
participation in dialogues and discussions, playing case situations, resolving conflicts and 
contradictions in the presentation of creative projects. Most of the time it is preferable to pay 
attention for practical use and implementation of studentsΩ knowledge, avoiding monotone 
lectures by the teacher will enhance the productivity of each class, each discipline and will be an 
important achievement for the training of future professionals. 

Key words: communication, effective communication, communicative competence, 
facilitation of cognitive activity, practical course, effective learning technology, social 
workers, social pedagogy. 

 

̂˨˴ ώотмΦмнпΥтΦлтмΦнΥллмϐ όпттύ 
ˤͭͦͪ͜͟͜Ύ ́ͯ΄͔͍͊  

͍̆͊ͪͫ͟͜Έ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ  
͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜  ͔ͣͤ͜͜ ˥Φ ˿Φ ˿͍͙ͦͦͪͦ͒͟ 

ƻǊŎƛŘ ƛ5 лллл-лллн-фпрм-лрон 
 

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

 

̂ ͫͭ͊ͭͭ͜  ͎ͪͦ͘͡Ύͤͯͭͦ ͙ͨͭ͊ͤͤΎ ΅ͦ͒ͦ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͔ͣͻ͊ͤͣͯ͘͜  ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟Σ ΅ͦ ͍͙ͫͭͯͨ͊Ί ͍ Ύͦͫͭ͟͜ 
͍͎ͤ͊ͪ͊ͤͭͤͦͦ͜͜ Ύ͒ͪ͊Σ ͔͍ͨͪ͒ͫͭ͊͡ΎΊ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͔͚ͤͫͭͪͯͣͤͭ͊ͪ͜͜Σ ͔ͭͻ͎ͤͦͦ͜͡Ό 
͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜ΎΣ Ύ͟͜ ͔͔͍͒ͭͪͣͤͦ͊ͤ͜͜ ͫͤͯ͜Ό;͙ͣ ͍͙ͤ͊ͯͦͣ͟ ͙͔ͫͭͣ͡ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
͍͙͍ͭͦ͊ͪͫͭ͊Σ ͫͺ͍ͦͪͣͦ͊ͤͦΌ ͨͪͦͺ͔͚ͫͤͦ͜-͔͎͎ͨ͒͊ͦ͜;ͤͦΌ ͯ͟͡ΈͭͯͪͦΌ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
͍;͙͔ͭ͡Ύ-͙͒ͦͫ͒ͤ͊͜͟͡-͙ͣͯ͊ͤͭ͊͘͟ ͜ ͔ͨͦͭͪ͋ͯΌͭΈ ͨͦΊ͒ͤ͊ͤͤΎ ͘ ͔ͣͦͼ͚ͤͦ͜-͙ͦ͋ͪ͊ͤͣ͘ ͜ 
ͻͯ͒ͦ͗ͤͣ͜ ͦͫΎ͎͔ͤͤͤΎͣ ͙ͣͯ͘;͎ͤͦͦ ͙͔ͣͫͭͼ͍ͭ͊Φ 
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˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͯ͟͡Έͭͯͪ͊ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟Σ 
͔ͭͻ͎ͤͦͦ͜͡;ͤͦ-͒͜Ύ͡Έ͙͚ͤͫͤ͜ ͔ͦͣͨͦͤͤͭ͟Σ ͒͜Ί͍ͦ-͔ͦͨͪ͊ͼ͚͙͚ͤ͜ ͜ ͍͙͚ͣͫͭͦ͘͜ ͔͙͊ͫͨͭ͟ 
͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͔͙ͭ͊ͨ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͺ͙͊͘ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎΣ ͔ͭͻ͎ͤͦͦ͜͡;ͤ͊ ͭ͊ ͔ͪͺ͔͙͍ͫͤ͊͟͡Φ 

 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˿͙ͭͯ͊ͼ͜ΎΣ ΅ͦ ͫ͊͊ͫ͟͡͡Ύ ͯ ͍͙΅͚͜ ͙ͣͯ͘;ͤͦ-
͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͍ͦͫͭ͜͜Σ Ύ͊͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͙͔ͨͦͫͤͤ͡Ύͣ ͎͙ͤͦͫͭ;ͤͦ-͎͙͍͙ͦͤͭͤ͟͜ͻ 
ͨͪͦͼ͔͍ͫ͜Σ ͪͦ͘΄͙͔ͪͤͤΎͣ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͚ ͍ͤ͊ͯͦͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;͎ͤͦͦ 
͔͍ͦͣͨͦͤͤͭ͟͜Σ ͍͙͎ͣ͊͊Ί ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͔͎ͤͭͪ͊͜ͼ͚͎ͤͦͦ͜ ͨͦΊ͒ͤ͊ͤͤΎ 
͔͔͙ͭͦͪͭ;͎ͤͦͦ ͤ͊ͤͤ͘Ύ ͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦΣ ͙͔ͣͫͭͼΈ͎ͦͦ͟ ͍͒ͦͫ͒ͯ͜Σ ͔͍ͣͭͦ͒͜ ͍͎ͤ͊ͯͦͦͦ͟ 
͜ ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͨͤ͊ͤͤ͘͜Ύ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͙͙ͣͯ͘͟Σ 
͍ͯͣͦΣ Ύ͟͜ ͍͔͒ͯͭΈ ͒ͦ ͎͙͔͎ͨͦ͋ͤͦͦ͡͡Σ ͎͍͔͎͋͊͊ͭͦͭͦͪͤͦͦ͟ ͦͫΎ͎͔ͤͤͤΎ ͍ͦͫͭͤ͜Έͦ-
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪͦͼ͔͍ͫ͜ ͜ Ύ͍͙΅Σ ͝ͻ ͙͔͎ͫͫͭͣͤͦͦ ͍͙͍;͔ͤͤΎΦ 

ˢͤ͊͘͜͡ ͔͔͍͎ͨͪ͒ͦͦͦ ͍͍͎ͫͭͦͦͦ͜ ͜ ͍ͭ͜;͙ͤ͘Ύ͎ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͘ 
͔͙ͨͪͦ͋ͣ͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͙͍;͔ͤͤΎ ͚ ͎͍͒͊ͤͦͫͭͯ͊ͤͤ͜Ύ ͍ͪͤ͜Ύ 
͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͙͙ͣͯ͘͟ ͯ ͍͙΅͚͜ 
͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ΄ͦ͟͜͡ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͔ͤ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͼͤͤͫͤͦ͜͜-͙͍͎ͫͣͫͦͦͦ͡ 
͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͍͎ͤ͊ͯͦͦͦ͟ ό͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦΣ ͙͔ͣͫͭͼ͍͍ͭͦͤ͊͘;͎ͦͦύ ͤ͊ͤͤ͘Ύ ͚ 
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͙ͣͯ͘;ͤͦ͝ ͔͎͎͙ͨ͒͊ͦ͜͟Σ ͦͤ͟ͼ͔͍͙ͨͭͯ͊ͯ͊ͭ͘͜͡ ͤ͊ͤͤ͘ΎΣ ͍͍͍͙͒ͫ͒ͦͯ͊ͭ͜͜͟͡ ͍͘ΩΎ͙͘͟ ͣ͗͜ 
͒ͦͼ͜͡Έͤͦ ͍͙͙ͫͨ͊ͤͦ͊ͤͣ͡ ͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ ͍͙͍͙ͨ͊ͣ͡ ͜ ͝ͻ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͭͦ΅ͦΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ. ˽͙ͭ͊ͤͤΎ ͎͊͊͘͡Έ͍ͤͦͤ͊ͯͦͦ͟͝ ͭ͊ 
͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ  
͎ͪͦ͘͡Ύ͙͒͊ͫ͡Έ ͯ ͪͦ͋ͦͭ͊ͻ ˤΦ ˽ Φ ˢͤ͒ͪͯ΅͔ͤ͊͟Σ ˥Φ ˻ Φ ˣ͊͊͡͡Σ ˻Φ ʕ Φ ˣ͔͔͍ͪ͗ͤͦͦ͝Σ 
ˤΦ ˴ Φ ˣͯͪΎ͊͟Σ ˿Φ ̂ Φ ˥ ͦͤ;͔͊ͪͤ͊͟Σ ˤΦ ˱ Φ ˭͎͍͊Ύ͙ͤͫ͘Έ͎ͦͦ͟Σ ˱Φ ˻ Φ ˭͙ͣͤΈͦ͝Σ ˸Φ ˻ Φ 
˴ͤΎ͘ΎͤΣ ˤΦ ʕ Φ ˴ ͪ͊Ί͍ͫΈ͎ͦͦ͟Σ ˤΦ s Φ ˴ͯ΄ͤͪ͊͜Σ ˻Φ ˸ Φ ˸͙͙ͭ͟Ό͊͟Σ ˻Φ ˸ Φ ˹͍͙͍ͦͦ͊͟Σ 
ˤΦ ˸ Φ ˽ ͦͦͤͫ͡Έ͎ͦͦ͟Σ ˤΦ s Φ ˿͔͙ͣ;͔ͤͦ͟Σ ˶Φ ˻ Φ ˿ͯ΅͔ͤͦ͟Σ ˻Φ ˿ Φ ̇ͦͯͪ͟ ͭ͊ ͤ͜Φ 

̂ ͙ͣͯ͘;͚ͤ͜ ͔͎͎ͨ͒͊ͦ͜ͼ͜ ͔ͨͪͦ͋ͣ͊͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ 
ͯ͟͡Έ͙ͭͯͪ ͍;͙͔ͭ͡Ύ ό͔ͦͪͣ͟͜ ͝͝ ͔͙͊ͫͨͭ͟ύ ͋ͯ͊͡ ͊ͨͦ͘;͍͊ͭͦ͊ͤ͊͟ ͍ ͪͦ͋ͦͭ͊ͻ ˩Φ ˥ Φ 
ˢ͋͒ͯͤ͊͜͡͡Σ ˹Φ s Φ ˿͔͎͔͙͒Σ ˻Φ ˽ Φ ͍̋ͦͦͦͦ͟͡͝ ό͔͎ͣͭͦ͒ͦͦ͜͡;͙͚ͤ ͔͊ͫͨͭ͟ 
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟Σ ͍͙͊͒͊͟͡;͊ ͙͔ͣͫͭͼΈ͙͟ͻ 
͙͒ͫͼ͙ͨͤ͜͡ύΣ ˶Φ ˥ Φ ˢͪ;͍͊͗ͤͦͦ͜͟͝Σ ˻Φ ˸ Φ ˻ ͔ͫ͟͡Ό͟ ό͙͒ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͟ ͔ͦͣͨͦͤͤͭ  ͯ 
ͨͪͦͺ͔͚͚ͫͤ͜͜ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ύΣ ˥Φ ˸ Φ ˽͙͊͒͊͟͡ ό͔͙ͣͭͦ͒ ͍ͤ͊ͯͦͦ͟-
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͍͙ͪͤ͟͜ͼ͍ͭ͊ ͎͍ͨ͒ͦͭͦͦ͜͟Ό ͎͔ͣ͊ͫͭͪͫ͜Έͦ͟͝ ͙ͪͦ͋ͦͭύΣ ˥Φ ̑ Φ ˹ͦ͊͜͟͡͝Σ 
˻Φ ˽ Φ ˾͙ͯ͒ͤͼΈͦ͟͝ ό͍͔ͤ͊ͯͦ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ  Ύ͟ ͙͙͒͒͊ͭ͟;ͤ͊ ͔͎͊ͭͦͪ͟͜Ύ ͍ 
͙͔ͣͫͭͼΈ͚͟͜ ͍ͦͫͭ͜͜ύΣ ˤΦ ̅ Φ ˻͍ͪͦ͊͡Σ ˻Φ ˸ Φ ˻͙ͭ;Σ ́Φ ˯ Φ ˾ ͔͚͔ͤͤ͒͘͟͜Σ ˻Φ ̒ Φ 
˾͍ͦͫͭͦͫΈ͎ͦͦ͟ ό͍͒ͦͫ͒͜ ͯ;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ ͍ ͍ͦͦͦ͒ͤͤ͜͜͡ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͙ͣ͟ 
͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣ ͍ ͔ͣ͗͊ͻ ͨͦ͜͡ͻͯ͒ͦ͗ͤΈͦ͝ ͜ ͍ͤ͊ͯͦͦ͟-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ύΦ 
˽͙ͭ͊ͤͤΎ ΅ͦ͒ͦ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͯͣͤ͜Έ ͜ Ύ͔͚ͦͫͭ͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͙͙ͣͯ͘͟ 
͍͙͍ͫͭ͜͡Ό͍͙͊ͫ͡Ύ ͍ ͙͔͒ͫͪͭ͊ͼ͚͙ͤ͜ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ˤΦ s Φ ˶͍͎ͫͦͦͦ͜ ͜ ˸Φ ˱ Φ ̅ ͊͡Έͦ͟Φ 
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˽͔ͪͦͭ ͙ͨͭ͊ͤͤΎΣ ΅ͦ ͙͍ͪͦͪ͊͘͟ΌͭΈ ͔͔͙ͭͦͪͭ;ͤ͜ ͜ ͔͙ͣͭͦ͒;ͤ͜ ͍͙ͦͫͤͦ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟Σ 
͔ͦͪͣ͊͘͟ ͝͝ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ-͒͜Ύ͡Έ͙͚ͤͫͤ͜ ͔ͦͣͨͦͤͤͭ͟Σ ͔ͨͦͭͪ͋ͯΌͭΈ ͔ͫͨͼ͊͜͡Έͤͦ͝ 
͍ͤ͊ͯͦͦ͟͝ ͔ͪͺ͔ͫ͟͜͡͝Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͙͙͒ͦͫ͒ͭ͜͡ ͔ͨͪͦ͋ͣͯ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡-͙͍ͣͯ͊ͤͭ͘͟͜Φ ˭͍͊͒͊ͤͤΎ ς 
͙͙ͪͦͪͭ͘͟ ͚ ͙͒͊ͭ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ-͒͜Ύ͡Έͤͫͤͦͣͯ͜ ͔ͦͣͨͦͤͤͭͯ͟ 
ͦͤ͊͘;͔ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͍ ͍ͯͣͦ͊ͻ ͍͙΅ͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ΄͙ͦ͟͡Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˻͙͔ͫͣͫͤͤ͡Ύ ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;͙ͤͻΣ 
͍ͤ͊ͯͦͤ͊͘͟;͙ͻΣ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͜ ͙͔ͣͫͭͼ͍͍ͭͦͤ͊͘;͙ͻ ͔͔͒͗ͪ͡ ͘͜ 
͔͙ͨͪͦ͋ͣ͡ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͍͙ͯͣͦ͗ͦ͡͡ ͍͙ͤ͊͘;͙͙ͭ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͯ͟ 
ͯ͟͡Έͭͯͪͯ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ ό˹˨˴ ˸ˤ˸ύ Ύ͟ ͙͒ͤ͊ͣ͜;ͤͯΣ 
͔͎͍ͤͭͪͦ͊ͤͯ͜ Ύͫͭ͟͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͯ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͙͊ͤ͊ͭͦ͜͟͡-
͙͔͙ͫͤͭͭ;ͤͦ͝Σ ͙͍ͤ͒ͯͭͤͦ͜͟-͔͙͍͒͒ͯͭͤͦ͟͝ ͙͔ͣͫͤͤ͡Ί͍ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͚ ͔ͣͦͼ͚ͤͦ͜-
͎ͦ͋ͪ͊ͤͦͦ͘ ͦͫΎ͎͔ͤͤͤΎ ͙ͣͯ͘;͎ͤͦͦ ͙͔ͣͫͭͼ͍ͭ͊Σ ͍͔ͭͤͤ͜͡Ύ ͍͎ͤ͊ͯͦͦͦ͟ ͜ ͻͯ͒ͦ͗ͤΈͦ-
͔͔͙ͫͭͭ;͎ͤͦͦΣ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͒͊ͯ͜͡ ͍ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͨͦ΄ͯ͟Σ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͙ͤ͊ͯͦ͟ͻ ό͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͜ ͙͔ͣͫͭͼ͍͍ͭͦͤ͊͘;͙ͻύ ͤ͊ͤ͘Έ ͯ 
͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ Ύͦͫͭ͟͜ ͍ͤ͊ͯͦͦ͟-͔͔͙ͭͦͪͭ;ͤͦ͝ όͨͦΎͫͤΌ͍͊͡Έͤͦ͝ύ ͭ͊ 
͙͍ͦͤͫͭͪͯͭͤͦ͟͟-͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ό͔͔͍ͨͪͭͦͪΌ͍͊͡Έͤͦ͝ύ ͺͯͤ͟ͼ͜͝Φ ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ 
͎͙ͦ͜͟͡ ͤ͊΄͙ͻ ͍ͣͪͯ͊ͤ͜͟ΈΣ ͤ͊ ͍ͦͫͤͦ͜ ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͍͙͔͔ͦͪͣͤͦ͟͡ 
ͫͭͪͯͭͯͪͤͦ͟-͔͙͚ͦͣͨͦͤͤͭͤ͟ ͫ͊͒͟͡ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͙͙ͣͯ͘͟Υ ͎͊ͫͦͦ͟͜͜͡;ͤͦ-ͦͪ͜Ίͤͭ͊ͼ͚͙͚ͤ͜Σ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ-
͒͜Ύ͡Έ͙͚ͤͫͤ͜Σ ͙ͦͫͦ͋ͫͭͫͤͦ͜-͎͙͍͙͚ͦͤͭͤ͟͜ ͭ͊ ͔͙͍͙͚ͪ͊ͭͤ͟ ͔͙ͦͣͨͦͤͤͭ͟Φ 

˾͙͍ͦͪ͊͘͟Ό;͙ ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͺ͔͔ͤͦͣͤ ͯ ͔ͦͤͭͫͭ͟͟͜ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝  ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟Σ ͙ͣ ͍͙͒͜͡ΎΊͣͦ ͭ͊͟͜ 
ͨͦͤΎͭͭΎΣ Ύ͟ ζͭ ͔ͻ͎ͤͦͦ͜͡Ύη ͜ ζͫͨͦͫ͋͜ ͒͜Ύ͡Έͤͦͫͭ͜ηΣ ͍͍͒ͫ͒ͦͯ͜͜͟͡Ό;͙ ͝ͻ ͍͊͘Ίͣͦ͒͜ΌΦ 
͔͙͙͙̆͊ͪ͊ͭͪͫͭ͟͟ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ Ύ͟ ͭ͊͟͜Σ ΅ͦ ͣ͊ΌͭΈ 
͍͙ͤ͊͘;͔ͤ ͤ͊͘;͔ͤͤΎ ͯ ͨͪͦͼ͔ͫ͜ ͍͍͔͒ͭͦͪͤͤ͜Ύ ͒͜Ύ͡Έ͙ͤͫͤ͜ͻ ͫͭͪͯͭͯͪ͟Σ ͜ ͼ͔ 
͍͒ͦͦ͘͡ΎΊ ͎͍͙͙ͦͦͪͭ ͨͪͦ ͫͨͦͫ͋͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͍ͭ͜͡ΌΊͭΈͫΎ ͍ ͔͚ͦͤͪͭͤ͟͟͜ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͜ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͍͔ͪͤͣ͜ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ̂ ͼΈͦͣͯ ͔ͦͤͭͫͭ͟͟͜ ͨͦͫͭ͊Ί ͙ͨͭ͊ͤͤΎ ͨͪͦ ͍͙͔͒ͤͤ͜͡Ύ ͔͍͙ͨͤͻ 
͍ͫͨͦͫͦ͋͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͚ ͎ͪͦͦͪͭ͊ͤͤ͘Ύ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͝͝ 
͔͎ͣ͊ͤͤͭͤͦͦ͜ ͔ͣͻ͊ͤͣͯ͘͜Σ ͭͦ͋ͭͦ ͔ͭͻ͎ͤͦͦ͜͡͝Φ  

˨͜Ύ͡Έͤͫͤ͊͜ ͦͤ͟ͼ͔ͨͼ͜Ύ ͍͒ͦͦ͘͡ΎΊ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ-͒͜Ύ͡Έ͙͚ͤͫͤ͜ 
͔ͦͣͨͦͤͤͭ͟ ˹˨˴ ˸ˤ˸ Ύ͟ ͙͚ͭ͊͟Σ ΅ͦ ͍͒ͦ͋ͪ͊͗͊͜Ί ͙ͫͨͦͫͦ͋ ό͔͙ͣͭͦ͒Σ ͙͚͙ͨͪͦͣΣ 
ͨͪͦͼ͔͙͒ͯͪΣ ͎͙͙͊ͦͪͭͣ͡Σ ͫͻ͔͙ͣΣ ͙ͤͦͪͣΣ ͙ͫͭ͊ͤ͒͊ͪͭΣ ͎ͦͯ͜͟͡ ͔͒ͦͫ͒͗ͤͤ͜͡Ύύ 
͔ͦ͒ͪ͗͊ͤͤΎ ͍͙ͤ͊ͯͦ͟ͻ ͤ͊ͤ͘Έ ͜ ͒͊Ί ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ 
ͨͪͦͼ͔ͫͯ ͚ ͍͙ͦͤ͊ͤͤ͟Ύ ͯ ͍͙ͤ͊͘;͔͚ͤ͜ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͚͒͜Σ ΅ͦ ͯ 
͍͚ͫͦ͝ ͫͯͯͨͤͦͫͭ͟͜ ό͙͔ͫͫͭͣ͜ύ ͍ͫͭͦͪΌΌͭΈ ͔ͭͻ͎ͤͦͦ͜͡Ό ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͊͟ ͍͍͒ͨͦ͒͊͜͜Ί ͔͍͚ͨͤ͜ ͯ͟͡Έͭͯͪ͜ ͭ͊ ζ͍ͤ͊ͯͦͦͣͯ͟ ͔͔ͣͤͭ͊ͭͭͯ͜͡ηΦ ̂ 
ͼΈͦͣͯ ͔͊ͫͨͭ͟͜ ͍͙ͪͦͭͦ͘͟ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ ͣͦ͗ͤ͊ ͍͙ͭͪ͊ͭͯ͊ͭ͟ 
Ύ͟ ͔͍ͦ͡Όͼ͜Ό ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͍ͤ͊ͪ͊ͤͭͯ͜͜ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
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ͺ͙ͦͪͣ ͍͙Ύ͍͔ͤͤ͡Ύ Ύ͎ͦͦ͟ ͙͒ͭͯ͟ΌͭΈͫΎ ͎͙͍͙ͦͤͭͤͣ͟͜ ͙͔ͫͭͣ͡ ͔ͨͦͻ͙Σ Ύ͙͚͟ 
͔͔͒ͭͪͣͤͯ͜Ί ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͫͨͦͫ͋͜ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ͍͎ͤ͊ͯͦͦͦ͟ ͤ͊ͤͤ͘Ύ ͤ͊ ͍ͪͤ͜͜ 
͔͎ͣͭͦ͒ͦͦ͜͡͝Φ ˹͍͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͍͙ͫͭͯͨ͊Ί Ύ͟ ͫͨͦͫ͋͜ ͋ͯͭͭΎ 
͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͙͔͙ͫͫͭͣ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ΅ͦ ͔͒ͣͦͤͫͭͪͯΊ ͫͭͯͨͤ͜Έ 
͍͙͔ͪͦͤͤͦͫͭ͘͜ ͔͍͙͒ͪ͗͊Σ ͜ Ύ͟ ͫͨͦͫ͋͜ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͍͍͔͒ͭͦͪͤͤ͜Ύ 
͙ͦͫͦ͋ ͫͭͦͫͭ͜ ͍;͙͔ͭ͡ΎΣ ͔ͦͪͣ͊͘͟ ͙͙ͣͯ͘͟Φ 

˻ͫ͟͜͡Έ͙͟ ͯ͟͡Έͭͯͪ͊ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͯ ͍͍͚͒ͨͦ͒ͤ͜͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
͔͍ͨͪ͒ͫͭ͊͡ΎΊͭΈͫΎ ͒ͦͼ͜͡Έ͙ͤͣ ͍͙ͤ͊͘;͙͙ͭ ͔ͭͻ͎ͤͦͦ͜͡Ό ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜, Ύ͊͟Σ ͤ͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͣ͊Ί ͔͍ͨͪ͒ͫͭ͊͡Ύ͙ͭ ͍ͫͦΊ͙͚ͪ͒ͤ͜ ͔ͣͻ͊ͤͣ͘͜ ͝͝ 
͔͍ͪͯ͊ͤͤ͟ΎΣ ͍͙͒ͦ͋ͪ͊͗͊ͭ͜ ͔͎͙͍͙͚ͤͭͪ͊ͭͤ͜Σ ͎͍͔͙͚͋͊͊ͭͦͭͦͪͤ͟ ͨͪͦͼ͔ͫ ͝͝ 
͎ͪͦͦͪͭ͊ͤͤ͘Ύ ͜ ͍͙͍͙ͨ͊ͭ͡ ͤ͊ Ύͫͤ͟͜͜ ͭ͊ ͟͜͡Έͫͤ͟͜͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟Φ ˤ ͍ͦͫͤͦ͜ 
͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͣ͊Ί ͙͋ͯͭ 
͔ͨͦ͊͒ͤ͊͟͡ ͔͒͜Ύ ͝͝ ͼͫͤͦͫͭ͜͜͜͡ ͚ ͙͔ͫͫͭͣͤͦͫͭ͜Σ ͍͙͙ͦͫͤͦͤͣ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣ Ύͦ͟͝ Ί 
͍ͤͯͭͪ͜΄ͤΎ ͯͨͦͪΎ͍͒ͦ͊ͤͫͭ͟͜ΈΣ ͎͔ͯͦ͒͗ͤͫͭ͘͜Έ ͜ ͍͊͘Ίͣͦ͒͜Ύ ͍ͫ͜ͻ ͝͝ ͍͙ͫ͊͒ͦ͟͡ͻΣ 
͍͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ ͣ͗͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͙ͣ͟ ͒͜Ύ͙ͣΣ Ύ͙͚͟ ͍͔͔͒ ͒ͦ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ 
͍ͫ͜Ί͝ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͙͔͙ͫͫͭͣΦ ̂ ͼΈͦͣͯ ͔ͫͤͫ͜ ͔ͭͻ͎ͤͦͦ͜͡Ό ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ Ύ͟ ͙͒ͦͫ͒ͤ͊͜͟͡ ͍͍͊͗͊Ίͣͦ 
͒ͦͼ͜͡Έ͙ͤͣ ͔͔͍͙ͤͭͪͨͪͭͯ͊ͭ͜ Ύ͟ ͙ͦͨͭͣ͊͡Έ͙͚ͤ ͫͨͦͫ͋͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ 
͔͍͙ͪͤ͟͜ͼ͍ͭ͊ ͣ ͙ͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͙ͤͣ ͔͒ͦͫ͒͗ͤͤ͜͡ΎͣΦ 

˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͫͯ;͊ͫͤ͜ ͍͙͎͙ͣͦ ͒ͦ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͊͟ ͍͙͍͋ͯ͒ͦͯΊͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͙ͨͪͤͼ͙ͨͯ 
͍͔͒ͦͨͦͤͤͤΎΣ ͭͦ͋ͭͦ ͍͊͘Ίͣͦ͒͜͝ ͭ͊ ͍͊͘Ί͍͔ͣͦ͒ͦͨͦͤͤͤΎ ͙ͭ͊͟ͻ ͙͒ͻ͚ͦͭͦͣ͜Σ Ύ͟ 
ζͪ ͔͙͍͔ͨͪͦ͒ͯͭͤ͟ ς ͍ͭͦͪ;͔ηΣ ζ͎ͦ͜͡;͔ͤ ς ͔ͣͦͼ͚͔ͤ͜ηΣ ͔ͤͦ͋ͻ͒ͤͦ͜ ͎͍͙͙ͦͦͪͭ ͨͪͦ 
͎͚͔͊ͪͣͦͤͤ͜ ͨͦΊ͒ͤ͊ͤͤΎ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͜ ͍ͭͦͪ;͎ͦͦ ͨ͒͜ͻ͍ͦ͒͜ ͯ ͚͔͒ͫͤͤͤ͘͜͜ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͨͦ΄ͯͯ͟Φ ͔́ͻ͎ͤͦͦ͜͡;ͤͫͭ͜Έ ͔͔ͨͪ͒͋͊;͊Ί ͤ͊ͤͤ͘Ύ ͍ͫͨͦͫͦ͋͜ ͜ 
͎͊ͦͪ͡ ͙͍ͭͣ͜ ͼ͜Ί͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͝͝ ͙ͦͨͭͣ͊͡Έͤͫͭ͜ΈΣ ͔ͺ͔͙͍ͭͤͫͭ͟͜ΈΣ 
͔͙͍ͤͭͤͫͤͫͭ͜͜ΈΦ ˤ ͍ͦͫͤͦ͜ ͍ͭͦͪ;ͦ͝ ͔͙ͦͣͨͦͤͤͭ͟ ͔͙͗ͭ͡Έ ͙͍͙͚ͨͪͦ͒ͯͭͤ͟ ͨͪͦͼ͔ͫ 
͍͔ͫͭͦͪͤͤΎ ͍͙ͤͦͻ ͍͊͒ͯͣ͘͜Σ ͔͚͒͜Σ ͦͤ͟ͼ͔ͨͼ͚͜Σ ͝ͻ ͍͙͍͍͋ͯ͒ͦͯ͊ͤͤΎ ͯ ͎ͦ͜͡;͙͚ͤ ͪΎ͒ 
͍͒ͦ͊͘͟͜ ͭ͊ ͍͙͍͍ͫͤͦ͟͜Φ ́ͦͣͯ ͣͦ͗ͤ͊ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ ͍ ͔ͪ͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͨͦ΄ͯͯ͟ ͔ͤ ͙͍ͣͦ͗ͦ͡ ͍͔͙͙͒ͦͪͣͭ͜͟ ͤͦͪͣͯ ͍͒͜ ͔͙͍ͪ͊ͭͤͦͫͭ͟͜Σ 
ͦͫ͟͜͡Έ͙͟ ͍͙ͦͤ ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͍ ͪͯͻ͚ͦͣ͜ ͍͊͘Ίͣͦ͒͜͝Φ 

˻͙͍͎ͫͦ͋ͦͦ͡ ͤ͊͘;͔ͤͤΎ ͍ͤ͊͋ͯ͊Ί ͍ͭͦͪ;͙͚ ͨ͒͜ͻ͒͜ ͯ ͔ͪ͊͊͘͜͡ͼ͜͝ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͔͎͚ͫͭͪ͊ͭ͜ ͯ ͎͊ͯ͘͜͡ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͦͫ͟͜͡Έ͙͟ 
͎͍ͦͦͤͦ͡Ό ͝͝ ͒ͦͣͤ͊ͤͭͦ͜Ό Ί ͻͯ͒ͦ͗ͤΈͦ-͔͔͙ͫͭͭ;ͤ͊ ͜ ͒ͯͻ͍ͦͤͦ-͍ͭͦͪ;͊Φ ̂ ͼΈͦͣͯ 
͔ͦͤͭͫͭ͟͟͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͨͦ΄ͯ͟ ͯ;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ 
͙͚ͭ͊͟Σ ΅ͦ ͔͔͍͙͚͒ͭͪͣͤͦ͊ͤ͜Σ ͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͍͙͙ͤ͊ͯͦͣ͟ ͙ͤͦͪͣ͊ͣΣ 
ͼͤͤͦͫͭ͜Ύ͙ͣ ͚ ͔͎ͣͭͦ͒ͦͦ͜͡;͙͙ͤͣ ͦͪ͜Ί͙͙ͤͭͪ͊ͣΣ ͘ ͤ͜΄͎ͦͦ ͋ͦͯ͟Σ ς ͍͙͎͙ͣͦ͊ͣ ͜ 
͍͊͒͊ͤͤ͘Ύ͙ͣ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͝͝ ͣͫͭͦͣ͘͜Φ 

˨͡Ύ ͍;͙͔ͭ͡Ύ-͙͒ͦͫ͒ͤ͊͜͟͡-͙ͣͯ͊ͤͭ͊͘͟ ͍ͦͦ͒ͤͤ͜͡Ύ ͔ͭͻ͎ͤͦͦ͜͡ΊΌ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͙͍͔ͣͦ͗͡ ͊͘ ͍ͯͣͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͣͻ͍͊ͤͣ͘͜͜ 
͍ͤ͊ͯͦͦ͟͝ ͍ͭͦͪ;ͦͫͭ͜ ͤ͊ ͍ͪͤ͜͜ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͍ͤ͊ͯͦͦ͟͝ ͔͙ͨͪͦ͋ͣ͡ 
͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝Σ ͻͯ͒ͦ͗ͤΈͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ͤ͊ ͍ͪͤ͜͜ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͚ ͙ͪͦͪͦ͋͘͟ 
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͍͊ͭͦͪͫΈ͙͟ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔͙ͣͭͦ͒;͙ͤͻ ͍ͯͣͦ ͝ͻ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͯ ͙ͨͪ͊ͭͯ͟͟Φ ͔́͊͟ ͍ͭͦͪ;͔ 
Ύ͒ͪͦ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͣ͊Ί ͍͙Ύ͍͔ͤͤ͡Ύ ͍ ͔͚ͪͦͪͦ͋ͤ͘͜͡ 
ͦͤ͟ͼ͔ͨͼ͜͝ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ Ύ͚͟͜ ͨ͒ͨͦͪ͜Ύ͍͒ͦͯ͟ΌͭΈͫΎ ͍ͫ͜ ͒͜͝ ͜ ͍ͪͦͣͪͯ͊ͤͤ͘͜͟Ύ 
͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ Ύ͟ ͙͒ͦͫ͒ͤ͊͜͟͡Φ 

̒͟ ͍ͫ͒͜;͙ͭΈ ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͔͒͗ͪ͡ ώмΣ сϐΣ ͯ ͍͙͍;͔ͤͤ͜ ͨͦͤΎͭͭΎ 
ζͭ ͔ͻ͎ͤͦͦ͜͡Ύη ͫͅ ͍ͦͪͣͯ͊ͦͫ͡Ύ ͍͒͊ ͤ͊ͨͪΎ͙ͣΥ ͔ͨͪ΄͙͚ ς ͔͔ͨͪ͒͋͊;͊Ί ͍͙ͤ͊͘;͔ͤͤΎ 
͚͒͜ ͭ͊ ͔ͦͨͪ͊ͼ͚͜Σ ͍͙ͦͫͤͦͤͻ ͨͪͦͼ͔͒ͯͪΣ ͔͙͙ͣͭͦ͒͟ ͚ ͎͙͍͊ͦͪͭͣ͜͡ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
͎͙͚͒ͪͯ ς ͅ ͫͯ͜͟Ί ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͒͜Ύ͡Έͤͦͫͭ͜Σ ͝͝ ͔͙ͭ͊ͨ ͜ ͎ͦͯ͜͟͡ ͍͙͍͍͋ͯ͒ͦͯ͊ͤͤΎΦ 

˻͔ͭ͗Σ ͐ͪͯͤͭͯΌ;͙ͫΈ ͤ͊ ͼ͙ͻ ͙ͨͦ͘ͼ͜ΎͻΣ ͙ͪͦ͋ͣͦ͘ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͔ͭͻ͎ͤͦͦ͜͡Ύ 
͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͟͡Ό;͊Ί ͍͒͊ ͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͔͙͊ͫͨͭ͟Υ 
͔ͨͦ͒ͪ͋ͤͤͤ͜Ύ ͊͘ ͒͜Ύ͙ͣ ͭ͊ ͔ͦͨͪ͊ͼ͜Ύ͙ͣ ό͒͜Ί͍ͦ-͔ͦͨͪ͊ͼ͚͙͚ͤ͜ ͔͊ͫͨͭ͟ύ ͜ 
͔ͨͦ͒ͪ͋ͤͤͤ͜Ύ ͔͔ͨͦͭ͊ͨͤΣ ͭͦ͋ͭͦ ͎ͦ͊͜͟͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍͔ͣͫͭͦ͘͜ ͍͔ͤ͊ͨͦͤͤͤΎ 
͎ͦ͗ͤͦͦ͟ ͔ͭ͊ͨͯ ό͍͙͚ͣͫͭͦ͘͜  ͔͊ͫͨͭ͟). 

̒͟ ͍͒ͦͣͦ͜Σ ͯ ͫͭͪͯͭͯͪ͟͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͒ͦͣͤͯ͊͜͡Έͤ͊ ͪͦ͡Έ ͔͙ͤ͊͗ͭ͡Έ ͒͜ΎͣΣ Ύ͟͜ 
͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ Ύ͟ ͨͪͦͼ͔ͫΣ ΅ͦ ͨ͒ͨͦͪ͜Ύ͍͙͚͒ͦ͊ͤ͟ ͒ͦͫΎ͎͔ͤͤͤΌ ͔͍͎ͨͤͦͦ 
͔ͪͯ͘͡Έͭ͊ͭͯΣ Ύ͙͚͟ ͫͤͯ͜Ί ͯ ͺͦͪͣ͜ ͔͙ͣͭΦ ˻ͪͣ͟͜ ͍͎ͫͦͦ ͔ͤͭͤ͜ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔͊ͫͨͭͯ͟ 
ό΅ͦ ͣ͊Ί ͙͋ͯͭ ͒ͦͫΎ͎ͤͯͭͦύΣ ͒͜Ύ ͣ͊Ί ͜ ͍͚ͫ͜ ͔ͦͨͪ͊ͼ͚͙͚ͤ͜ ͔͊ͫͨͭ͟ όΎ͟Σ Ύ͙ͣ͟ ͫͨͦͫͦ͋ͦͣ 
ͼ͔ ͔ͣͦ͗ ͙͋ͯͭ ͙ͦͭͪͣ͊ͤͦύΣ Ύ͙͚͟ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͔ͤ ͫ͊ͣͦΌ ͔ͣͭͦΌΣ ͊ ͦ͋ΩΊ͙͍ͭͤͦ͟-
͔͔͙͙ͨͪ͒ͣͭͤͣ ͍͙ͯͣͦ͊ͣ ͝͝ ͒ͦͫΎ͎͔ͤͤͤΎΦ ˻ͫ͟͜͡Έ͙͟ ͙ͫͨͦͫͦ͋ ͚͔͒ͫͤͤͤ͘͜Ύ ͒͜͝Σ ͭͦ͋ͭͦ 
͔ͦͨͪ͊ͼ͜͝Σ Ί ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͒͜͝Σ ͭͦ ͒͜Ύ͡Έͤͫͭ͜Έ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ;͔͔ͪ͘ ͒͜͝Φ 
˽͙ͪ ͼΈͦͣͯ ͒͜Ύ ͣ͊Ί ͍͍͙͒ͨͦ͒͊ͭ͜͜ ͔ͣͭ͜Σ ͊ ͔ͦͨͪ͊ͼ͜͝ ς ͯ ͍ͣͦ͊ͣΦ  

˨͡Ύ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͍͊ͭͦͪͫΈͦ͟͝ ͙ͨͦ͘ͼ͜͝ ΅ͦ͒ͦ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͔ͣͻ͊ͤͣͯ͘͜ 
͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ ͙ͣ 
͍͔ͪͭ͊͘ΊͣͦͫΎ ͒ͦ ͔͔͙ͭͦͪͭ;͙ͤͻ ͔ͨͦͦ͗ͤ͡Έ ˻Φ ˸Φ ˶͔ͦͤͭΈ͔͍͊Σ ˿Φ ˶Φ ˾ͯ͋ͤ͜΄͔͚ͭͤ͊ 
ͨͪͦ ͍͘ΩΎͦ͘͟ ͍ͦͤ͘͜΄ͤ͜ͻ ͭ͊ ͍ͤͯͭͪ͜΄ͤ͜ͻ ό͍͙ͪͦͯͣͦ͘ͻύ ͚͒͜ [4]. ˤ͙͍͊͗ͦ͡ ͊͟ͼ͔͍͙ͤͭͯ͊ͭ 
͍͎ͯ͊ͯ ͤ͊ ͎ͪͦ͘͡Ύ͒͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͚͒͜ ͪ͘͟͜Έ ͙ͨͪͣͯ͘ ͍ͤͯͭͪ͜΄ͤ͜ͻ ͨͪͦͼ͔͍ͫ͜Σ ͊ ͔ͫ͊ͣ 
ͨͪͦͼ͔͍ͫ͜ ͍ͫ͒ͦͣͦͫͭ͜͜Φ ˭͚͔͒ͫͤͤͤ͜Ύ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟ ͜ ͋ͯ͒Έ-
Ύ͙͚͟ ͤ͜΄͙͚ ͍͙͒ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͍͔ͯͫ͒ͦͣͤͫͭ͜͜͡Ό ͚ 
ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͫͭ͜Ό ͜ ͙ͨͪͨͯͫ͊͟Ί ͙͍͔͊ͭͤ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͭ͊͟ͻ ͍͙ͪͦͯͣͦ͘ͻ ͚͒͜ 
ό͔ͦͨͪ͊ͼ͚͜ύΣ Ύ͟ ͊ͤ͊͘͜͡Σ ͙͔ͫͤͭ͘Σ ͍ͨͦͪͤ͜ΎͤͤΎΣ ͎͍͊͋ͫͭͪ͊ͯ͊ͤͤΎΣ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΣ 
ͨͦΎ͔ͫͤͤͤΎΣ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͭͦ΅ͦΦ ˻͒ͤ͊͟ ͔ͪ͊͡Έ͙͙ͤͣ 
͙͙ͦ͒ͤͼΎ͙ͣ ͒͜Ύ͡Έͤͦͫͭ͜ Ί ͔ͤ ͒͜͝ ͫ͊ͣ͜ ͨͦ ͫͦ͋͜Σ ͊ ͚ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ζͼͫͤ͜͜͜͡ 
͒͜Ύ͡Έͤͦͫͭ͜ηΣ ΅ͦ ͍͙ͤ͊͘;͊Ί ͨ͒͜ͻ͒͜ ͒ͦ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ Ύ͟ ͒ͦ ζΧ 
ͼͫͤͦͫͭ͜͜͜͡Σ ͊ ͔ͤ ͨͪͦͫͭͦ ͫͯͯͨͤͦͫͭ͟͜ ͚͒͜η ό˻Φ ˸Φ ˶͔ͦͤͭΈΊ͍ύΦ 

˻͔ͭ͗Σ ͒͜Ί͍ͦ-͔ͦͨͪ͊ͼ͚͙͚ͤ͜ ͔͊ͫͨͭ͟ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍;͙͔ͭ͡ΎΣ ͔ͦͪͣ͊͘͟ ͙͙ͣͯ͘͟Σ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͚͎ͦͦ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͯͣͤ͜ΈΣ Ύ͟͜ ͍ͫ͒͜;͊ͭΈ ͨͪͦ ͫͭͯͨͤ͜Έ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͍͒ͦͫ͒ͦͣ͜ 
͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͔͔͍͙͚͒ͭͪͣͤͦ͊ͤ͜ ͦ͋ΩΊ͙͍͙͙ͭͤͣ͟ ͚ 
ͫͯ͋ΩΊ͙͍͙͙ͭͤͣ͟ ό͍ͤͯͭͪ͜΄͙ͤͣ͜ύ ͺ͙͊ͭͦͪ͊ͣ͟Φ ˨͙ͦͫ͒ͤ͜͡ͼΈ͟͜ ͒͜͝ ͭ͊ ͔ͦͨͪ͊ͼ͜͝ 
ͨ͒ͨͦͪ͜Ύ͍͒ͦ͊ͤ͟͜ ͫͭͪͯͭͯͪ͟͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͜ ͍͙ͤ͊͘;͊ΌͭΈ ͣͪͯ͜ 
͔͎ͤͭͪ͊͜ͼ͜͝ ͭ͊ ͔ͨͪͫͦͤ͊͊͘͜͡ͼ͜͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ ͍ ͍ͤ͊ͯͦͦ͟-
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͙͒ͦͫ͒ͤ͜͡ͼΈ͚͟͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ̂ ͙ͣͯ͘;͚ͤ͜ ͔͎͎ͨ͒͊ͦ͜ͼ͜ ͔ͨͪͦ͋ͣ͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͯͣͤ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ς ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͙͋ͯ͡ ͙͍ͨͪͫΎ;͔ͤ͜ 
͙ͪͦ͋ͦͭ ˢΦ ˥Φ ˣ͎ͦ͊ͪͫ͡Έ͎ͦͦ͟Σ ˻Φ ˤΦ ͔͔̐ͪͣͤͦ͟Σ ˤΦ s Φ ˶ ͍͎ͫͦͦͦ͜Σ ˥Φ ̑Φ ˹ͦ͊͜͟͡͝Σ 
˻Φ ˸ Φ ˻͔ͫ͟͡Ό͟Σ ˥Φ ˸Φ ˽͙͊͒͊͟͡Σ ˻Φ ˽Φ ˾͙ͯ͒ͤͼΈͦ͟͝Σ ˸Φ ˱ Φ ̅͊͡Έͦ͟ ͭ͊ ͤ͜Φ 

˭ ͔ͣͭͦΌ ͙ͪͦͪͭͭ͘͟Ύ ͍͎ͣͫͭͦͦͦ͘͜ ͔͊ͫͨͭͯ͟ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͍͊͗͊Ίͣͦ ͒ͦͼ͜͡Έ͙ͤͣ ͍͔͙ͪͤͯͭͫ͘Ύ ͒ͦ ͨͦͤΎͭͭΎ 
ζͨ ͔͎͎͒͊ͦ͜;͔ͤ ͔͒ͦͫ͒͗ͤͤ͜͡Ύη, Ύ͔͟ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍;͔͙͙ͤͣ ό˿Φ ̂Φ ˥ͦͤ;͔͊ͪͤͦ͟Σ 
ˤΦ ˱Φ ˭͎͍͊Ύ͙ͤͫ͘Έ͙͚͟Σ ˤΦ ˤΦ ˴ͪ͊Ί͍ͫΈ͙͚͟Σ ˤΦ ˸Φ ˽ͦͦͤͫ͡Έ͙͚͟Σ ˸Φ ˸Φ ˿͊ͭͤ͟͟͜ ͭ͊ ͤ͜Φύ 
Ύ͟ ͨͪͦͼ͔ͫ ͜ ͔ͪͯ͘͡Έͭ͊ͭ ͍ͤ͊ͯͦͦ͟-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͫͨͪΎ͍ͣͦ͊ͤͦ͝ ͤ͊ 
͔ͦ͒ͪ͗͊ͤͤΎ ͍͙ͤͦͻ ͤ͊ͤ͘Έ ͨͪͦ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜͜ ͍͙ͦͫͭ͜Σ ͝͝ ͫͭͪͯͭͯͪͯ͟ ͭ͊ 
͔ͣͻ͙͊ͤͣ͘͜Σ ͣͫͭ͘͜Σ ͙ͨͪͤͼ͙͙ͨ ͚ ͔ͭͻ͎ͤͦͦ͜͡͝Φ  

˽͍͒ͫͯͣͦͯ͜Ό;͙ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͊ͤ͊ͯ͘͜͡Σ ͍͙͔ͫͯͤͣͦ ͔ͭ͊͟ ͍͙ͤ͊͘;͔ͤͤΎ ͨͦͤΎͭͭΎ 
ζͣ ͙ͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͒ͦͫ͒͗ͤͤ͜͡ΎηΥ ͼ͔ ͨͪͦͼ͔ͫ ͜ ͔ͪͯ͘͡Έͭ͊ͭ ͙ͦͭͪͣ͊ͤͤΎ ͚ 
͍ͨͪͦ͒ͯͯ͊ͤͤ͟Ύ ͍͙ͤͦͻ όͫͯ͋ΩΊ͙͍͙ͭͤ͟ͻ ͜ ͦ͋ΩΊ͙͍͙ͭͤ͟ͻύ ͤ͊ͤ͘ΈΣ Ύ͙͚͟ 
͊͘ ͔͔͋ͨ͘;ͯΊͭΈͫΎ ͫͯͯͨͤͫͭ͟͜Ό ͔͍ͣͭͦ͒͜ ͍͎ͤ͊ͯͦͦͦ͟Σ ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͨͤ͊ͤͤ͘͜Ύ ͜ 
ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔͔͙ͭͦͪͭ;͙ͤͻ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͊͒͊ͤ͘Έ ͯ ͎͊ͯ͘͜͡ 
͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜ ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ ͝͝ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜Τ ͫͨͦͫ͋͜ 
͎͋͊͊͘;͔ͤͤΎ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦ ͜ ͨͪͦͺ͔͚ͫͤͦ͜-͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͍͒ͦͫ͒ͯ͜ ͍;͙͔ͭ͡Ύ 
͙͙ͣͯ͘͟ Ύ͟ ͙͒ͦͫ͒ͤ͊͜͟͡Φ ˾͔͊͊͘͜͡ͼ͜Ύ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍ ͪͯͫ͜ ͎͊͊͘͡Έ͙ͤͻ ͍͙͎ͣͦ ͒ͦ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ 

˸͙ͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͔ͨͪ͒͋͊;͊Ί ͍ͦͦ͒ͤͤ͜͡Ύ ͔ͭͻ͎ͤͦͦ͜͡ΊΌ 
͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ Ύ͟ ͍ͫͦΊͪ͒ͤͦ͜͝ ͍͙͍ͦͤ͊͟;ͦ͝ ͙͔͙ͫͫͭͣΣ ͔͍͙͙ͨͤͣ 
͍͙͙ͤ͊ͯͦͣ͟ ͔͙ͣͭͦ͒͊ͣ ͍ ͨͦΊ͒ͤ͊ͤͤ͜ ͘ ͻ͙ͯ͒ͦ͗ͤͣ͜ ͙ͫͨͦͫͦ͋͊ͣ ͙͔ͦͫͣͫͤͤ͡Ύ 
͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͚͒ͫͤͦͫͭ͜͜Σ ͪͦͪͦ͋ͯ͘͟ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͍ͤͦͭͤ͜͜ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͜ 
͙͔ͣͫͭͼΈ͙͟ͻ ͔͍ͣͭͦ͒͜Σ ͔͙ͣͭͦ͒͟Σ ͔ͭͻ͎͚ͤͦͦ͜͡ Ύ͟ ͍͊ͫͦ͋͘͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍ͤ͊ͯͦͦ͟-
͔ͨ ͎͎͒͊ͦ͜;͙ͤͻ ͔ͨͪͦ͋ͣ͡Σ ΅ͦ ͒ͦͫ͒͗ͯ͜͡ΌͭΈͫΎΦ ˻͋ΩΊͭ͟ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͙͗ͭ͡Έ ͯ ͨͦ͡΅͙ͤ͜ ͙͔ͣͫͭͼΈͦ͟͝Σ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜Σ 
͍ͭͦͪ;ͦ-͔͔͙ͫͭͭ;͎ͤͦͦ ͜ ͨͦ͜͡ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͚ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͍͔ͫͭͤͤ͜͡Ύ 
͙ͫͭͦͪ͜;͙ͤͻΣ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻΣ ͔͔͙ͭͦͪͭ;͙ͤͻΣ ͔͙ͣͭͦ͒;͙ͤͻΣ ͔͎ͨͪ͊ͫͦͦ͟͜͡;͙ͤͻ 
͔͍͊ͫͨͭ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 

̆͊ ͔ͪ͊ͭͪͤͦ͟Ό ͦͤ͊ͦ͘͟Ό ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͫͭ͊Ί ͚͎ͦͦ 
͔͎͙͍ͤͭͪ͊ͭͤͫͭ͜͜Έ ͜ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤͫͭ͜͜͡ΈΣ Ύ͟͜ ͙͍ͯͣͦ͗͡͡ΌΌͭΈ ͨͪͦͼ͔͙ͫ 
͙͔͍ͫͤͭͯ͊ͤͤ͘Ύ ͤ͊ ͍ͪͤ͜͜ ͤ͊ͤ͘ΈΣ ͊ ͭ͊ͦ͗͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˱͔͎͙͍ͤͭͪ͊ͭͤ͊ 
ͫͯͭͤͫͭ͜Έ ͍͙ͣͫͭͦ͘͜ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ 
͔͎͚ͫͭͪ͊ͭ͜ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͯ ͎͙͋ͦͦͣͯ͟͡ ͙͔ͨͪͦͤͤͤͤ͟͜ ͍ ͫͯͭͤͫͭ͜Έ ͙ͣͯ͘;ͤͦ-͍ͦͫͭͤ͜͜ͻΣ 
͙͔ͣͫͭͼΈ͙͟ͻ Ύ͍͙΅ ͜ ͨͦ΄ͯͯ͟ ͎͊͊͘͡Έ͙ͤͻ ͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜Σ ΄͙ͪͦͦͣͯ͟ ͊ͫͭͦͫͯ͘-
͍͊ͤͤ͜ ͍͔ͯͤͪͫ͊͜͡Έ͙ͤͻ ͔͍ͣͭͦ͒͜ ͜ ͍͊ͫͦ͋͘͜ ͍͎ͤ͊ͯͦͦͦ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ Ί͒ͤͦͫͭ͜Φ 
˽͙ͪͤͼ͙ͨ ͔͎ͤͭͪ͊͜ͼ͜͝ ͍ ͙ͣͯ͘;ͤͦ-͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜ Ύ͟ ͍͎ͨͪͦ͒ͤͦͦ͜ ͍ 
͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͼ͔ͨͦ͊͒͊ͤͤ͜͟͜͡͡Σ ͍͙ͤ͊͘;͔ͤͤ͜ ͣͫͭͯ͘͜ ͨͦ͜͡ͻͯ͒ͦ͗ͤΈͦ͝ ͍͙ͦͫͭ͜ ͜ 
͍͙ͻ͍ͦ͊ͤͤΎΣ ͔͔͊͋ͨ͘͘;ͯΊ ͤ͊ͨͪΎͣ ͤ͊ ͔͔͙͚ͣ͗ͨͪ͒ͣͭͤ͜ ͍͘ΩΎͦ͘͟ ͯ ͪͦͪͦ͋͘ͼ͜ 
͔͎͍͙ͤͭͪͦ͊ͤ͜ͻ ͍ͯͪͫ͟͜Σ ͼ͔ͫͤ͜͜͡ ͦͫΎ͎͔ͤͤͤΎ ͙͔ͣͫͭͼΈͦ͟͝ ͚͒ͫͤͦͫͭ͜͜ ͙͊ͫͦ͋͊ͣ͘ 
͍͔͔ͨͪͦ͒ͤͤΎ ͎͚͊ͤ͊ͦ͜͡ ͜ ͔͔͚ͨ͊ͪ͊͡͡ ͣ͗͜ ͙͙ͪͤͣ͘͜ ͍͙͙͒͊ͣ ͙͔ͣͫͭͼ͍ͭ͊Σ ͍͙Ύ͍͔ͤͤ͡Ύ 
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͍͊͘Ίͣͦ͒͜͝ ͺͯͤ͟ͼ͚͜ ͙ͣͯ͘;͎ͤͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͜ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͝ͻ ͔ͪ͊͊͘͜͡ͼ͜͝ ͘ 
͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͎͙͔͎ͨͦ͋ͤͦͦ͡͡ ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͍͍ͫͭͦ͒͜͜;ͯͭͭΎ ͜ 
͍͍ͫͭͦ͒ͤͦ͜͜΄͔ͤͤΎΦ 

˸͙͔ͫͤͤ͡Ί͍͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ Ύ͟ ͙͒ͦͫ͒ͤ͊͜͟͡ 
͔͔͍ͦͨͦͫͪ͒ͦͯ͟ΊͭΈͫΎ Ύ͟ ͍ͦͤ͘͜΄͙ͤͣ͜ όͫͦͼͦͯ͜͟͡Έ͙͙ͭͯͪͤͣΣ ͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣΣ 
͙͔ͣͫͭͼΈ͙͙ͣ͟ύΣ ͭ͊͟ ͜ ͍ͤͯͭͪ͜΄͙ͤͣ͜ ό͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦΌ ͍ͫ͒ͦͣͫͭ͜͜ΌΣ ͍͙ͤ͊ͯͦͣ͟ 
͍͎ͫͭͦ͜͡Ύ͒ͦͣΣ ͍ͤ͊ͯͦͦ͟-ͻͯ͒ͦ͗ͤͣ͜ ͍ͫͭͦͪͦͯͣͤͤ͘͜͜Ύͣύ ͺ͙͊ͭͦͪ͊ͣ͟Φ ˻͙͍ͫͦ͋ͫͭ͜͡Ό 
͙͔ͣͫͤͤ͡Ί͍ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍;͙͔ͭ͡Ύ-͙͒ͦͫ͒ͤ͊͜͟͡-͙ͣͯ͊ͤͭ͊͘͟ ͫͭ͊Ί ͨͦΊ͒ͤ͊ͤͤΎ 
͙ͪͤ͘͜ͻ ͍ͫͨͦͫͦ͋͜ ͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜Ύ Ύ͟ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͙ͤ͊ͯͦ͟ͻ ͔͍ͣͭͦ͒͜Σ 
͍ͦͦͦ͒ͤͤ͜͡Ύ ͨͦͤΎͭͭΊ͍ͦ-͔͎͊ͭͦͪ͊͟͜͡Έ͙ͤͣ ͊ͨ͊ͪ͊ͭͦͣ ͙ͣͯ͘;ͤͦ͝ ͔͎͎͙ͨ͒͊ͦ͜͟ Ύ͟ 
͍͎ͤ͊ͯͦͦͦ͟ ͺ͔ͯͤ͒͊ͣͤͭͯ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͔͚ͣͦ͒͡ ό͔͎͚ͫͭͪ͊ͭ͜ύ ͜ ͍ͫͨͦͫͦ͋͜ 
ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͨͤ͊ͤͤ͘͜ΎΣ ΅ͦ ͍͔͔ͪͤͤ͘͜ ͒ͦ ͨͦ΄ͯͯ͟ ͻͯ͒ͦ͗ͤ͜ͻ ͍ͦ͋ͪ͊͘͜ ͭ͊ 
͍͙Ύ͍͡ΎΌͭΈͫΎ ͍ ͔ͦͤͪͭͤͦ͟͟-;ͯͭͭΊ͍͚͜Σ ͔͔͙ͫͭͭ;ͤͦ ͍͙ͤ͊͘;͔͚ͤ͜ ͺͦͪͣ͜Φ  

˭͍͙͚ͣͫͭͦ͜ ͔͊ͫͨͭ͟ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜, 
͙ͨͭ͊ͤͤΎ ΅ͦ͒ͦ ͎͙ͦ͜͟͡Σ ͔͍ͭ͊ͨ͜ ͍͎ͤ͊ͯͦͦͦ͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͝ͻ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ 
͚ͤ͊͘΄͙͡ ͍ͫͦΊ ͍͙͍͔ͫͭͤͤ͜͡Ύ ͍ ͪͦ͋ͦͭ͊ͻ ˤΦ ˱Φ ˭͎͍͊Ύ͙ͤͫ͘Έ͎ͦͦ͟Σ ˱Φ ˢΦ ˭͙ͣͤΈͦ͝Σ 
˱Φ ˸ Φ ˱ ͡ΈΎ͍ͫͦ͊Σ ˤΦ ˨ Φ ˿ ͙͔ͣͦͤͤ͊͟Σ ˤΦ ˻Φ ˿͊ͫͭ͡Έͦͤͤ͊͜Σ ˱Φ ˤΦ ̂ͫ͊;͍ͦͦ͝ ͭ͊ ͤ͜Φ ́͊͟Σ ͯ 
͍͙ͤ͊ͯͦ͟ͻ ͦͤ͟ͼ͔ͨͼ͜Ύͻ ˤΦ ˻Φ ˿͊ͫͭ͡Έͦͤͤ͊͜ ͜ ˤΦ ˨Φ ˿͙͔ͣͦͤͤ͊͟ ώуϐ ͎͙͊ͦͪͭͣ͡ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ͨͦΩΎͯ͘ΊͭΈͫΎ ͘ ͍͙Ύ͍͔ͤͤ͡Ύͣ ͚͎ͦͦ ͍͍ͪͤ͜͜Σ Ύ͟͜ ͔͒ͣͦͤͫͭͪͯΌͭΈ ΄͡Ύͻ 
ͨͤ͊ͤͤ͘͜Ύ ͍͒͜ ͔͙ͣͨͪ͜;ͤͦ-͎͔͙ͨͦͭͭ͜;͎ͤͦͦ ͒ͦ ͔͔͙ͭͦͪͭͦ͟-͎͙ͨͪͦͤͦͫͭ;͎ͤͦͦ ͍͙͍;͔ͤͤΎ 
ͦ͋ΩΊͭͯ͟Φ ˽͔͒ͪͫ͜͟͡ΌΊͭΈͫΎΣ ΅ͦ ͒ͦ ͔͙ͣͨͪ͜;͎ͤͦͦ ͔ͭ͊ͨͯ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͙ͤ͊͗ͭ͡Έ 
͙ͦͭͪͣ͊ͤͤΎ ͺͯͤ͟ͼͦͤ͊͜͡Έ͎ͤͦͦ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͦ͋ΩΊͭ͟ ͭ͊ ͍͙͔ͫͯͤͤͤΎ ͎͔͙ͨͦͭ͘͜ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ό͋ͪ͘͜ ͔͙ͣͨͪ͜;͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ύΤ ͎͔͙ͨͦͭͭ͜;͎ͤͦͦ ς ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ 
͙ͨͪͦͭͪ͜; ͣ͗͜ ͺ͙͊ͭ͟;͙͙ͤͣ ͯΎ͍͔ͤͤ͡Ύ͙ͣ ͨͪͦ ͦ͋ΩΊͭ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͜ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό 
ͦͫΎ͎͙ͤͯͭ ͚͎ͦͦ ͫͯͭͤͫͭ͜Έ όͦ͋ͪͦ͋͊͟ ͭ͊ ͊ͤ͊͘͜͡ ͔͙ͣͨͪ͜;͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ύΤ 
͔͔͙ͭͦͪͭ;͎ͤͦͦ ς ͨ ͦ͒ͦ͊ͤͤ͡Ύ ͙ͨͪͦͭͪ͜; ͣ͗͜ ͺͯͤ͟ͼͦͤ͊͜͡Έ͙͙ͤͣ ͭ͊ ͎͔͙ͨͦͭͭ͜;͙͙ͤͣ 
ͯΎ͍͔ͤͤ͡Ύ͙ͣ ͨͪͦ ͦ͋ΩΊͭ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͭ͊ ͔ͨͦͭͪ͋ͦΌ ͍ ͝ͻ ͙͔ͫͫͭͣͤͦͣͯ ͍͙͍;͔ͤͤ͜ 
ό͍͙͔ͫͯͤͤͤΎ ͔͔͙ͭͦͪͭ;͙ͤͻ ͔ͨͦͦ͗ͤ͡Έ ͭ͊ ͔͚ͭͦͪ͜ύΤ ͎͙ͨͪͦͤͦͫͭ;͎ͤͦͦ ς ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ 
͙ͨͪͦͭͪ͜; ͣ͗͜ ͙͙͙ͦͭͪͣ͊ͤͣ ͯΎ͍͔ͤͤ͡Ύ͙ͣ ͨͪͦ ͦ͋ΩΊͭ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ύ͟ ͼ͎ͫͤͦͦ͜͜͡ 
͍͔ͯͭͦͪͤͤΎ ͭ͊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό ͔͔ͨͪ͒͋͊;͔ͤͤΎ ͚͎ͦͦ ͍͙ͪͦͭͯ͘͟ ͍ ͍͙ͤͦͻ ͍ͯͣͦ͊ͻ 
όͪͦͪͦ͋͊͘͟ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͙ͤͻ ͔͔ͪͦͣͤ͒͊͟ͼ͚͜ύΦ  

ˤ ˩ͤͼ͙͔ͦͨ͒͟͜͡͝ ͍͙ͦͫͭ͜ ͨ͒͜ ͔ͪ͒͊͟ͼ͜ΊΌ ˤΦ ˥Φ ˴͔ͪͣͤΎ ͨͦͤΎͭͭΎ 
ζ͒ ͙ͦͫ͒ͤ͜͡ͼΈ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡η ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͘ ͙ͨͦ͘ͼ͚͜ 
͔͎ͨͦͭ͊ͨͤͦͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͙ͭͣ ͙ͫ͊ͣͣ ͔ͨ͒ͪͫ͜͟͡ΌΊͭΈͫΎ 
͔ͭͻ͎ͤͦͦ͜͡;ͤ͊ ͫͯͭͤͫͭ͜Έ ό͍ͦͫͤͦ͊ύ ͼ͜Ί͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˻͔ͭ͗Σ ͊͘ ͍͙ͤ͊͘;͔ͤͤΎͣΣ ΅ͦ 
͍͙ͤ͊ͦ͒ͭΈͫΎ ͍ ͔ͤͼ͙͔ͦͨ͒͟͜͡͝Σ ͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡ ς ͼ͔ 
͒͜Ύ͡Έͤͫͭ͜ΈΣ Ύ͊͟ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍ͨͦΩΎ͊ͤ͊͘ ͘ ͍͙ͪ͜΄͔ͤͤΎͣ ͍ͭͦͪ;͎ͦͦΣ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͍͊͒͊ͤͤ͘ΎΣ ΅ͦ ͔ͤ ͣ͊Ί ͔͔ͤ͊ͨͪ͒ ͍͎͒ͦͣͦͦ͜ ͔ͪͯ͘͡Έͭ͊ͭͯ όͯ 
͙ͪͤ͘͜ͻ ͎͊ͯ͘͡Ύͻ ͙ͤ͊ͯ͟Σ ͔ͭͻ͙ͤ͜͟Σ ͙͔ͣͫͭͼ͍ͭ͊ύ ͭ͊ ͔͔ͨͪ͒͋͊;͊Ί ͔͙ͭ͊ͨΣ ͻ͔͊ͪ͊ͭͪͤ͟͜ 
͒͡Ύ ͍͎ͤ͊ͯͦͦͦ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ό͍͙ͤ͊͘;͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡Σ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ 
͔͙͙ͭͪ͊ͭͯͪͤͣ͜͡ ͔͔͙͒͗ͪ͊ͣ͡ ͭ͊ ͝ͻ ͦͨͪ͊ͼΌ͍͊ͤͤΎΣ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͎͔͙ͨͦͭ͘͜ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍͔͊ͫͤ͡ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͊ͤ͊͘͜͡ ͚͎ͦͦ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͜ 
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ͦͫͭ͊ͭͦ;͔ͤ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΣ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͍͙͍͍ͫͤͦ͟͜Σ ͔ͦͤͪͭͤ͊͟͟ ͪͦ͋ͦͭ͊ ͯ;͍ͤ͜ 
͊͘ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͘ ͚͔͎͒ͫͤͤͦͦ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ώоΣ 236]. 

˻͙ͫͣͫ͡ΌΌ;͙ ͍͙΅͔ ͍͙͔͔͊͒ͤ͟͡Σ ͣͦ͗ͤ͊ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ 
͔ͭͻ͎ͤͦͦ͜͡;ͤͦ-͒͜Ύ͡Έ͙͚ͤͫͤ͜ ͔ͦͣͨͦͤͤͭ͟ ˹˨˴ ˸ˤ˸ ͔͍ͨͪ͒ͫͭ͊͡ΎΊ Ί͙͙͚͒ͤ 
͔ͣͻ͊ͤͣ͘͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͍͙ͦͤ͊ͤͤ͟Ύ ͫͯͯͨͤͦͫͭ͟͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͊͒͊͘;, 
͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ Ύ͙͟ͻ ͍ͨͦΩΎ͔͊ͤ͘ ͘ ͼ͔ͨͦ͊͒͊ͤͤ͜͟͡͡ΎͣΣ ͍ͨ͊ͤͯ͊ͤͤ͡ΎͣΣ ͊ͤ͊ͦͣ͘͜͡Σ 
ͦͼͤͦ͜͟Ό ͚ ͔͍ͦͪͭͯ͊ͤͤ͟͟Ύͣ ͍͎ͤ͊ͯͦͦͦ͟ ͤ͊ͤͤ͘ΎΦ ̂ ͎͊͊͘͡Έͤͦͣͯ ͍͙͎͡Ύ͒͜ ͊͒͊͘;ͯ 
ͣͦ͗ͤ͊ ͦͻ͔͙͍͙͊ͪ͊ͭͪͯ͊ͭ͘͟ Ύ͟ ͭ͊ͯ͟ ͔͔ͤ͊ͨͪ͒ ͙͚ͨͪͤΎͭͯ ͫͻ͔ͣͯ όͨ͊ͤ͡Σ ͎ͨͪͦͪ͊ͣͯύ 
ͼ͔ͫͨͪ͜͡Ύ͍͙ͣͦ͊ͤͻ ͚͒͜Σ Ύ͊͟ ͍͒ͦͦ͘͡ΎΊ ͙͙ͦͭͪͣ͊ͭ ͍͊ͨ͊ͤͦ͊ͤ͘͜͡ ͔ͪͯ͘͡Έ͙ͭ͊ͭΦ 
˭͊͒͊;͊ ͔͔ͨͪ͒͋͊;͊Ί ͔ͦͤͪͭͤ͟͟͜ ͼ͜͡Έ͍ͦ͜ ͍͙ͯͫͭ͊ͤͦ͟Σ ͍͙ͻ͒ͤ͜͜ ͍͙ͯͣͦΣ ͙͔ͫͫͭͣͯ ͚͒͜Σ 
΅ͦ ͦͤͭͪͦ͟͡ΌΌͭΈͫΎΣ ͭ͊ ͙͊ͫͦ͋͘Σ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͝͝ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΦ ˽ͦͤΎͭͭΎ 
ζ͊͒͊͘;͊η ͚ͤ͊͋͜͡Έ΄ ͎͙͋ͦͦ͟͡ ͍͙ͪ͊͗͊Ί ͫͯͭͤͫͤͯ͜ ͍͙͍͊ͫͭͫͭ͜͡Έ ͯͫ͜ͻ ͍͙͍͒͜ 
ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΣ ͙͍ͦͫͦ͋ͦ͡ ͍ ͚ͭ͊͟͜ ͫͦͼ͊͜͡Έ͚ͤ͜ ͫͺ͔ͪ͜ 
͡Ό͒ͫΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟ ͤ͊ͯ͊͟Φ 

˻͔ͭ͗Σ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͍ͨͪ͒ͫͭ͊͡ΎΊ Ί͙͙͚͒ͤ 
͔ͦͣͨͫ͟͟͡ ͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͊͒͊͘;Σ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ 
͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͦͤͪͭͤͦ͟͟͝ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔͙ͨͪͦ͋ͣ͡Σ ͨͪͦͼ͔ͫ ͍͔ͫͭͦͪͤͤΎ 
͔͔͙ͭͦͪͭ;ͤͦ͝Σ ͔͙ͣͭͦ͒;ͤͦ͝ ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦΣ 
͙͔ͣͫͭͼΈ͎ͦͦ͟ ͺ͔͔ͤͦͣͤͯΣ ΅ͦ ͍͙͍;͊ΊͭΈͫΎΣ ͜ ͍͙͎ͣ͊͊Ί ͍ͦͦ͒ͤͤ͜͡Ύ ͨͦͤΎͭͭΊ͍ͦ-
͔͎͊ͭͦͪ͊͟͜͡Έ͙ͤͣ ͊ͨ͊ͪ͊ͭͦͣ ͔ͫ͊ͣ ͙ͣͯ͘;ͤͦ͝ ͜ ΄͙ͪ΄͔ ͙͔ͣͫͭͼΈͦ͟͝ ͔͎͎͙ͨ͒͊ͦ͜͟Σ 
͔ͭ͊ͯͪͯͫͦͣ͘ ͙͔ͣͫͭͼΈͦ͟͝ ͺͦͫͦ͜͡ͺ͜͝Σ ͙͔ͣͫͭͼΈͦ͟͝ ͙͙͙͒͒͊ͭ͟͟Σ ͙͔ͣͫͭͼΈͦ͟͝ 
͎͊ͤͭͪͦͨͦͦ͜͡͝Σ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͎͊ͫͦͦ͟͜͜͡͝ ͭͦ΅ͦΦ 

̒͟ ͍͒ͦͣͦ͜ ώтϐΣ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
ͤ͊͘ͻ͙ͦ͒ͭΈ ͍ͫͦΊ ͍͙Ύ͍͔ͤͤ͡Ύ ͤ͊ ͙ͪͤ͘͜ͻ ͍ͪͤ͜Ύͻ ͜Ίͪ͊ͪͻ͜͝Υ ͔͎ͫͭͪ͊ͭ͜;ͤͦͣͯΣ 
͙ͭ͊ͭ͟;ͤͦͣͯΣ ͔ͦͨͪ͊ͼ͚ͤͦͣͯ͜Φ ́͊͟Σ ͤ͊ ͔͎ͫͭͪ͊ͭ͜;ͤͦͣͯ ͍ͪͤ͜͜ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ 
͙͔ͦͫͣͫͤͤ͡ΎΣ ͔͔͙ͭͦͪͭ;͔ͤ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͨͦ͒͊͡Έ΄͎ͦͦ ͙ͨͪ͊ͭͦ͟͟-
ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΤ ͤ͊ ͙ͭ͊ͭ͟;ͤͦͣͯ ς ͍͙͍ͪͦ͊͘ΊͭΈͫΎ 
͙͊ͤͭͼ͙ͨ͊ͼ͜ΎΣ ΅ͦ ͍͒ͦͦ͘͡ΎΊ ͔͔ͨͪ͒͋͊;͙͊ͭ ͔ͪͯ͘͡Έͭ͊ͭ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͚͒͜Σ 
͔͍͙ͨͪͦͭͯ͊ͭ͟Σ ͎͍͙ͨͪͦͪ͊ͣͯ͊ͭ ͒͜Ύ͡Έͤͫͭ͜ΈΤ ͍ͦͨ͊ͤͦͯΌ;͙ ͔ͭͻ͎ͤͦͦ͜͡Ό ͤ͊ 
͔ͦͨͪ͊ͼ͚ͤͦͣͯ͜ ͍ͪͤ͜͜Σ ͙͒ͦͫ͒ͤ͜͟͡ ͍͊ͫͦ͘ΌΊ ͭ͜ ͒͜͝Σ ͔ͦͨͪ͊ͼ͜͝Σ ͔͋͘ Ύ͙͟ͻ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͔ͤ ͔ͣͦ͗ ͙͋ͯͭ ͚͔͒ͫͤͤ͊͘͜Σ ͔ͦͪͣ͊͘͟Σ ͒͜͝ ͨͦ΄͍ͯͦ͟͜Σ 
͔ͪͺ͔͙͍ͫͤ͟͜͡ ͚ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜Φ ˹͍͔͔͊͒ͤ͊ ͜Ίͪ͊ͪͻ͜Ύ ͍͒ͦͦ͘͡ΎΊ ͚͙ͨ͒ͭ͜͜ ͒ͦ 
ͪͦͯͣͤͤ͘͜Ύ ͫͯͭͤͦͫͭ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͍͙͙ͯͫ͒ͦͣͭ͜ ͔͙ͭ͊ͨ ͚ ͔ͣͻ͙͊ͤͣ͘͜ 
͎ͪͦͦͪͭ͊ͤͤ͘Ύ ͼΈ͎ͦͦ ͨͪͦͼ͔ͫͯ ͘ ͋ͦͯ͟ ͫͯ͋ΩΊͭ͊͟ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

˸͙ ͨͪͦͨͦͤͯΊͣͦ ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͼ͙͟͡ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ ͍͙͍͍͙͋ͯ͒ͦͯ͊ͭ ͍ ͔͍͚ͨͤ͜ ;͍͚͊ͫͦ͜ 
͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͊͘ ͺ͙͊͊ͣ͘Σ ͫͭ͊͒͜Ύ͙ͣ ͜ ͔͙ͭ͊ͨ͊ͣ ό͍͙ͤ͊͘ ͭ͊ͦ͟͝ ͎ͪ͊͒͊ͼ͜͝ 
͙͊ͨͦ͘͘;͔ͤ͜ ͘ ͨͪ͊ͼΈ ΅ͦ͒ͦ ͙͔͎ͫͫͭͣͤͦͦ ͊ͤ͊ͯ͘͜͡ύΦ ˭͍͔͊ͪ΄͔ͤͫͭ͜Έ ͼ͙ͯ͟͡ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͙͙ͭ͊ͣ͟ ͺ͙͊͊ͣ͘-͔͙ͭ͊ͨ͊ͣΥ 

- ͺ͊͊͘ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ όͼ͔͍͙ͤ͊͘͜͡;͔ͤͤΎύΣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ Ύͦ͟͝ Ί 
͍͙͍͋ͯ͒ͯ͊ͤ͊ ͔ͣͦ͒͡Έ ͍ͫͭͦͪΌ͍͊ͤͦ͝ ͙͔͙ͫͫͭͣ ό͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜ύ ͭ͊ ͨ͊ͤ͡ ͝͝ ͔ͪ͊͊͘͜͡ͼ͜͝Τ 
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- ͺ͊͊͘ ͔ͭͻ͎ͤͦͦ͜͡;ͤ͊ όͼ͔͍͙ͦͤ͊ͤͤ͜͟͡ΎύΣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ Ύͦ͟͝ Ί ͔ͪ͊͊͘͜͡ͼ͜Ύ 
͙͔͙ͫͫͭͣ; 

- ͔ͪͺ͔͙͍ͫͤ͊͟͡ ͺ͊͊͘Σ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͊ͯ ͍͙ ͎͡Ύ͒͜ ͦͼͤ͜Ό͍͊ͤͤΎ ͙͔͙ͫͫͭͣΣ ΅ͦ 
͒ͦͫ͒͗ͯ͜͡ΊͭΈͫΎΦ 

˽͔ͪ΄͊ ͺ͊͊͘ ς ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ς ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͊͘ ͎͊͊͘͡ΈͤͦΌ 
͒͡Ύ ͍ͫ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͫͻ͔ͣ͜Υ ͊͒ͯͣ͘ ς ͍͙Ύ͍͔ͤͤ͡Ύ ͙ͨͪͦͭͪ͜; ς ͍ͨͦͫͭ͊ͤͦ͊͟ 
͔͙ͨͪͦ͋ͣ͡ ς ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͚͎ͦͦ ͔͙ͣͭ ς ͍͙ͤ͊͘;͔ͤͤΎ ͦ͋ΩΊͭͯ͟ ͭ͊ ͔͔ͨͪ͒ͣͭͯ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ς ͍ͨͦ͋ͯ͒ͦ͊ ͎͔͙ͨͦͭ͘͜ ς ͍͙ͤ͊͘;͔ͤͤΎ ͍͊͒͊ͤ͘Έ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ς 
͔͍ͣͭͦ͒͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ς ͍͙Ύ͍͔ͤͤ͡Ύ ͎ͦ͜͡;ͤͦ͝ ͙ͫͭͪͯͭͯͪ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
ό͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͨͦ΄ͯͯ͟ύ ς ͫ ͍͔ͭͦͪͤͤΎ ͔ͣͦ͒͜͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 

˶͎ͦ͊͜͟ ͎͒ͪͯͦ͝Σ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝Σ ͺ͙͊͘ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͣͦ͗ ͙͋ͯͭ 
͍͙͍͋ͯ͒ͯ͊ͤ͊ ͭ͜͡Έ͙͟ ͍ ͫ͊ͣͦͣͯ ͎͊͊͘͡Έͤͦͣͯ ͍͙͎͡Ύ͒͜Σ ͦͫ͟͜͡Έ͙͟ ͍͙ͤ͊͘;͊ΊͭΈͫΎ 
ͣͫͭͦͣ͘͜ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ Ύ͔͟ Ί ͯͤ͊͜͟͡Έ͙ͤͣ ͊͘ ͍ͫͦΊΌ ͫͯͭͤͫͭ͜ΌΦ 
˿ͭ͊͒͜Ύ ͦͺ͔ͦͪͣͤͤ͡Ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͟͡Ό;͊Ί ͊ͨͪͦ͋͊ͼ͜Ό ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Σ 
͔͔ͭͪ͊ͭͯͪͤ͜͡ ͦͺ͔ͦͪͣͤͤ͡Ύ ͙ͪͦ͋ͦͭΦ  

͔́ͪͭΎ ͺ͊͊͘ ς ͔ͪ ͺ͔͙͍ͫͤ͊͟͡ ς ͔͔ͨͪ͒͋͊;͊Ί ͦͼͤ͜Ό͍͊ͤͤΎ ͚ ͫ͊ͣͦͦͼͤ͜Ό͍͊ͤͤΎ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͘ ͋ͦͯ͟ ͙͒ͦͫ͒ͤ͊͜͟͡Φ ˤ͙͔͒ͤͤ͜͡Ύ ͔ͦͪͣͦ͟ ͔ͪͺ͔͙͍ͫͤͦ͟͡͝ ͺ͙͊͘ Ί 
͍͙ͯͣͦͤͣΣ ͦͫ͟͜͡Έ͙͟ ͍͔ͫͭ͊ͤͤ͘͜͡ΎΣ ͍͍͔͔ͫͨ͒ͤͫͤͤ͜͜ΎΣ ͍͊ͤ͊ͯ͊ͤͤ͘͜͡Ύ ͙͙ͦͭͪͣ͊ͤͻ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Σ ͝ͻ ͯͭͦ;͔ͤͤͤΎ ͚ ͙͎͍ͦͪͯ͊ͤͤ͟ΎΣ ΅ͦ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͍ ͫ͊ͣͦͦͤͭͪͦ͟͜͡Σ 
͙͙ͪͭ͟;ͤͦͣͯ ͦͼͤ͜Ό͍͊ͤͤ͜ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ΄͙ͪͦͭ͜ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͊ 
͙ͨͪ͊ͭ͟ͼ͜Σ Ί ͔͔͙ͨͪͣ͊ͤͤͭͤͣ ͨͪͦͼ͔ͫͦͣΦ 

˻͔ͭ͗Σ ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͼ͙͟͡ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͣ͊Ί 
͍͙͍͍͙͋ͯ͒ͦͯ͊ͭͫΎ ͊͘ ͔͎͊͒͊͒͘͘͜͡Έ ͍͔ͫͭͦͪͤͦΌ ͔ͣͦ͒͡͡ΌΣ ͔ͪͦͪͦ͋ͤͦ͘͡Ό 
ͦͤ͟ͼ͔ͨͼ͜ΊΌ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ΅ͦ ͔ͨ͒ͪͫ͜͟͡ΌΊ ͍͙͍͊͗ͫͭ͜͡Έ ͍͎ͤ͊ͯͦͦͦ͟ 
͔͔ͨͪ͒͋͊;͔ͤͤΎΦ ˽͙ͪ ͼΈͦͣͯ ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͔ͣͻ͊ͤͣ͘͜ ͍͒ͦ͋ͪ͊͗͊͜Ί ͍͒ͤͦ͜΄͔ͤͤΎ 
ͣ͗͜ ͤ͊ͤͤ͘Ύ͙ͣ ͭ͊ ͔͔ͨͪ͒ͣͭͤͦΌ ͺͦͪͣͦΌ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͣ͊Ί ͍͒͊ ͔͔ͨͪͻ͙ͦ͒Υ ͨͦ 
ͫͻ͔ͣ͜ ͔͒͒ͯ͟ͼ͜͝ ς ͙ͨͪ͊ͭ͟;͔ͤ ͼ͔ͨͦ͊͒͊ͤͤ͜͟͡͡Ύ ό͔ͨͪͦͭ͟Σ ͨ͊ͤ͡ύ ͭ͊ ͤ͒ͯ͜͟ͼ͜͝ ς 
͍ͨͤ͊͊͘͜͡Έͤ͊ ͔ͪͺ͔ͫ͟͜͡ΎΣ ΅ͦ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͔ͤͦ͋ͻ͒ͤ͊͜ ͍ͯͣͦ͊ 
͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˻͙ͫͣͫ͡ΌΌ;͙ ͍͙΅͔ ͍͙͔͔͊͒ͤ͟͡Σ ͣͦ͗ͤ͊ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ 
͔ͭͻ͎ͤͦͦ͜͡;ͤͦ-͒͜Ύ͡Έ͙͚ͤͫͤ͜ ͔ͦͣͨͦͤͤͭ͟ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ 
͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ ͍͙͍͋ͯ͒ͦͯΊͭΈͫΎ Ύ͟ ͙͔ͫͫͭͣ͊Σ ͍͊͒͘Ύ͙͟ 
͍͙ͨͦͫ͒ͦͤͣ͜͡ ͒͜Ύͣ Ύ͟ ͨͦ ͎͙ͦͪͦͤͭ͊͘͜͡ όͺ͙͊͘ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎΣ 
͔ͭͻ͎ͤͦͦ͜͡;ͤ͊ ͭ͊ ͔ͪͺ͔͙͍ͫͤ͊͟͡ύΣ ͭ͊͟ ͜ ͨͦ ͍͔͙ͪͭ͊͟͜͡ ό͍ͪͤ͜͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ 
͔͎ͫͭͪ͊ͭ͜;͙͚ͤΣ ͙ͭ͊ͭ͟;͙͚ͤΣ ͔ͦͨͪ͊ͼ͚͙͚ͤ͜ύΦ  

͙́͊ͣ͟ ;͙ͤͦͣΣ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ-͒͜Ύ͡Έ͙͚ͤͫͤ͜ ͔ͦͣͨͦͤͤͭ͟ ˹˨˴ ˸ˤ˸ 
ͨͪͦͨͦͤͯΊͣͦ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͍ Ύͦͫͭ͟͜ ͍͎ͤ͊ͪ͊ͤͭͤͦͦ͜͜ Ύ͒ͪ͊Σ ΅ͦ ͔͍ͨͪ͒ͫͭ͊͡ΎΊ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͔͚ͤͫͭͪͯͣͤͭ͊ͪ͜͜Σ ͔ͭͻ͎ͤͦͦ͜͡Ό ͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜ΎΣ Ύ͟͜ ͔͔͒ͭͪͣ͜-
͍ͤͦ͊ͤ͜ ͫͤͯ͜Ό;͙ͣ ͍͙ͤ͊ͯͦͣ͟ ͙͔ͫͭͣ͡ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͙͍ͭͦ͊ͪͫͭ͊Σ ͫͺ͍ͦͪͣͦ͊ͤͦΌ 
ͨͪͦͺ͔͚ͫͤͦ͜-͔͎͎ͨ͒͊ͦ͜;ͤͦΌ ͯ͟͡ΈͭͯͪͦΌ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ-͙͒ͦͫ͒ͤ͊͜͟͡-
͙ͣͯ͊ͤͭ͊͘͟ ͜ ͔ͨͦͭͪ͋ͯΌͭΈ ͨͦΊ͒ͤ͊ͤͤΎ ͘ ͔ͣͦͼ͚ͤͦ͜-͙ͦ͋ͪ͊ͤͣ͘ ͜ ͻͯ͒ͦ͗ͤͣ͜ 
ͦͫΎ͎͔ͤͤͤΎͣ ͙ͣͯ͘;͎ͤͦͦ ͙͔ͣͫͭͼ͍ͭ͊Φ ̂ ͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͍ͪͤ͜Ύ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
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͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ Ύ͟ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͺ͔͔ͤͦͣͤͯΣ ͝͝ ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ 
͔ͣͻ͊ͤͣ͘͜ ͍ͤ͊ͨͦͤΌΊͭΈͫΎ ͍͍͙͒ͨͦ͒ͤͣ͜͜ ͣͫͭͦͣ͘͜ ͜ ͦͻͦͨ͡ΌΊ ͍͔ͫΈ ͔ͫͨͭͪ͟ ͔͍ͣͭͦ͒͜Σ 
͔ͦͨͪ͊ͼ͚͜ ͜ ͚͒͜ ͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜ΎΣ ΅ͦ ͯͫ͊͒ͤ͟͡ΌΌͭΈͫΎ ͚ ͯͪͤͦͣ͊ͤͭͤ͘͜͜ΌΌͭΈͫΎ ͯ 
ͨͪͦͼ͔ͫ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͙ͣͯ͘;ͤͦ-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͦ΄ͯͯ͟Φ 

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟Φ ˻͔ͭ͗Σ 
͙ͤ͊ͣ ͎ͪͦ͘͡Ύͤͯͭͦ ͔͒Ύ͟͜ ͙ͨͭ͊ͤͤΎ ΅ͦ͒ͦ ͍͎ͫ͊͒ͤͦͫͭͪͯͭͯͪͦ͊ͤͦͦ͟͟͡ 
͔ͭͻ͎ͤͦͦ͜͡;ͤͦ-͒͜Ύ͡Έ͎ͤͫͤͦͦ͜ ͔ͦͣͨͦͤͤͭͯ͟ ˹˨˴ ˸ˤ˸Σ Ύ͙͚͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ 
ͼͫͤͫͭ͜͜͜͡Ό ͚ ͙͔ͫͫͭͣͤͫͭ͜ΌΣ ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͍͙ͦͤ͊ͤͤ͟Ύ ͫͯͯͨͤͦͫͭ͟͜ 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͊͒͊͘;Σ ͍͙͍͊͗ͦ͡Ό ͦͤ͊ͦ͘͟Ό Ύ͎ͦͦ͟ Ί ͨͦΊ͒ͤ͊ͤͤΎ ͍ͤ͊ͯͦͦ͟͝Σ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͜ ͙͔ͣͫͭͼΈͦ͟͝ ͍ͭͦͪ;ͦͫͭ͜Φ 

˻͙͚͋ͪ͊ͤ ͙ͤ͊ͣ ͤ͊ͨͪΎͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͣ͊Ί ͍͔ͨͪͦ͒ͦ͗ͤͤΎ ͯ ͍͙͍;͔ͤͤ͜ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ-͒͜Ύ͡Έ͎ͤͫͤͦͦ͜ ͔ͦͣͨͦͤͤͭͯ͟ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͟ ͯ͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ ͊͘ ͦͪ͒ͦͤͦͣ͟Φ 

˶˱́˩˾ˢ́̂˾ˢ 
1. ˥ ͍ͯͫ͊ͪͦ͊ ˩Φ ˹Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͔ͭͻ͎͙ͤͦͦ͡ Υ ͯ;͔͋ͤͦ-͔͙ͣͭͦ͒;͔͔ͫͦ͟ 

͙͔ͨͦͫͦ͋ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ ͙ ͔͍͔͔͚ͨͪͨͦ͒͊͊ͭ͡ ͍͍ͯͦ͘ ͯ͟͡Έͭͯͪ· ͙ ͙͍ͫͯͫͫͭ͊͟ κ ˩Φ ˹Φ ˥͍ͯͫ͊ͪͦ͊Φ ς 
˸Φ Υ ˢ˽˴ ͙ ˽˽˾˻Σ нллрΦ ς мтс ͫΦ 

 2. ˭͎͍͊Ύ͙͙͚ͤͫ͘͟ ˤΦ ˮΦ ˮ͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έͫ͊͟Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͔͎͎ͨ͒͊ͦ͊ Υ ͯ;͔͔͋ͤͦ 
͙͔ͨͦͫͦ͋ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ ͍·ͫ΄͙ͻ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͍͔͔͙͚͊͒ͤ͘ κ ˤΦ ˮΦ ˭͎͍͊Ύ͙͙͚ͤͫ͘͟Φ ς ˸Φ : 
ˮ͔͒͊ͭ͘͡Έ͙͚ͫ͟ ͼ͔ͤͭͪ ζˢ͔͙͊͒ͣ͟ΎηΣ нллсΦ ς мтс ͫΦ 

оΦ ˴͔͔ͪͣͤΈ ˤΦ ˥Φ ˹͍͊ͯͦͦ͟-͒ͦͫ͒ͤ͊͜͡ ͪͦ͋ͦͭ͊ κκ ˩ͤͼ͙͔ͦͨ͒͟͜͡Ύ ͍͙ͦͫͭ͜ Τ ˢ͔͊͒ͣ͟͜Ύ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟ ͙̂ͪ͊ͤ͟͝ Τ ͎ͦ͡Φ ͔ͪ͒͊ͭͦͪ͟ ˤΦ ˥Φ ˴͔͔ͪͣͤΈΦ ς ˴ Φ Υ ̑ͪͤͦͣ͜͟ ˱͔ͤͭͪΣ нллуΦ ς ˿ Φ ррпΦ 

4. ˶ ͔ͦͤͭΈ͔͍ ˢΦ ˹Φ ˶͔͟ͼ͙͙ ͨͦ ͦ͋΅͔͚ ͙ͨͫͻ͎͙͙ͦͦ͡ Υ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ ͒͡Ύ ͍͍ͯͦ͘ ͨͦ 
͔ͫͨͼ͙͊͡Έ͙ͤͦͫͭ ζ˽͙ͫͻ͎͙ͦͦ͡Ύη κ ͨͦ͒ ͔ͪ͒Φ ˨Φ ˢΦ ˶͔ͦͤͭΈ͔͍͊Σ ˩Φ ˩Φ ˿͍͚ͦͦͦͦ͟͡Φ ς ˸Φ Υ ˿ͣ·ͫ͡Σ 
2000. ς рмн ͫΦ 

 5. ˶ ͍͙͚ͫͦ͜ ˤΦ ˢΦ ͍̅ͦͪͣͯ͊ͤͤΎ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͙͙ͣͯ͘͟ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͙ͨͦ͘ͼ͜͝ ͯ 
͚͔͒ͫͤͤͤ͘͜͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ Υ ͍͔͊ͭͦͪͺ͔ͪ͊ͭ ͙͒ͫΦ Χ  ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟ : 13.00.04  
κ ˤΦ ˢΦ ˶͍͙͚ͫͦ͜ Τ ˽͍͔͒ͤͤͦͯͪ͊ͤͫ͜͟͝Έ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜  
˴Φ ˨ Φ ̂΄͙ͤͫΈ͎ͦͦ͟Σ ˻͔͒ͫ͊Σ нллоΦ ς нл ͫΦ 

6. ˸ ͦͤ͊ͻ͍ͦ ˤΦ ˸Φ ˤ͍͔͔͙͔͒ͤ ͍ ͔͙ͭͦͪΌ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ Υ ͎ͣͦͤͦͪ͊ͺ͙Ύ κ 
ˤΦ ˸ Φ ˸ͦͤ͊ͻ͍ͦΦ ς ʕ ͎͎ͦͦͪ͊͒͡ Υ ˽͔͔͔ͪͣͤ͊Σ нллсΦ ς омф ͫΦ 

7. ˹͍͙͍ͦͦ͟ ˢΦ ˸Φ ˹͊ͯ;ͤͦ-Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊Ύ ͪ͊͋ͦͭ͊ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤͦͣ 
ͯ;͔͔͙͙ͪ͗͒ͤ κ s Φ ˸ Φ ˹͍͙͍ͦͦ͟Φ ς ˸ Φ Υ ˽͔͎͎͙͒͊ͦ;͔͔ͫͦ͟ ͦ͋΅͔͍ͫͭͦ ˾͙͙ͦͫͫΣ нллуΦ ς 184 ͫ Φ 

8. ˻͋΅͊Ύ ͙ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͔͎͎͙ͨ͒͊ͦ͊͟ : ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ 
͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͍͍ͯͦ͘ κ ͨͦ͒ ͔ͪ͒Φ ˤΦ ˨ Φ ˿͙͔ͣͦͤͤͦ͟Φ ς ˸ Φ Υ ˤ͔ͤͭ͊ͤ͊-˥ͪ͊ͺΣ нллсΦ ς 368 ͫ Φ 

фΦ ˽͊͒͊͊͟͡ ˥Φ ˸Φ ˸͔͙ͭͦ͒;ͤ͜ ͙͊ͫ͊͒͘ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͍͙ͪͤ͟͜ͼ͍ͭ͊ 
͎͍ͨ͒ͦͭͦͦ͜͟Ό ͎͔ͣ͊ͫͭͪͫ͜Έͦ͟͝ ͙ͪͦ͋ͦͭ κ ˥Φ ˸ Φ ˽ ͊͒͊͊͟͡ κκ ͔́ͦͪ͜Ύ ͜ ͔͙ͣͭͦ͒͊͟ ͙͔ͣͫͭͼΈͦ͟͝ ͍͙ͦͫͭ͜ 
Υ ͋͘Φ ͤ͊ͯ͟Φ ͨͪ͊ͼΈ κ ͔ͪ͒Φ ͔͎ͦ͟͡Φ ˻Φ ˽Φ ͍̋ͦͦͦ͊͟͡ ͭ͊ ͤ͜Φ ς ˴ Φ Υ ˹˽̂Σ нллоΦ ς ʕ ͙ͨΦ пΦ ς ˿ Φ мнς17.  

10. ́ͯ΄͔͍͊ ˤΦ ˤΦ ͍̅ͦͪͣͯ͊ͤͤΎ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
͍;͙͔ͭ͡Ύ ͙͙ͣͯ͘͟ ͍ ͨͪͦͼ͔ͫ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ Υ ͔ͭͦͪ͜Ύ ͜ ͙ͨͪ͊ͭ͊͟͟ Υ ͎ͣͦͤͦͪ͊ͺ͜Ύ κ ˤΦ ˤΦ 
́ͯ΄͔͍͊ Τ ̂˸˻ ˹ˢ˽˹ ͙̂ͪ͊ͤ͟͝Φ ς ̆ ͍͊ͪ͟͜ Υ ˸͚͊͒͊ͤΣ нлмрΦ ς прл ͫΦ 
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ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤͦ-͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͯ͟͡Έ͚ͭͯͪͦ ͋ͯ͒ͯ΅͔͎ͦ ͯ;͙͔ͭ͡Ύ-͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Ύ-
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͙͔͙͔ͨͦͫͭ͗ͤͣ ͣͯ͘·͊͟͡Έ͎ͤͦͦ ͙͍ͫͯͫͫͭ͊͟Φ 
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͙ ͔ͫͦ͒ͪ͗͊ͭ ͔͡Έͤ·͚ ͔͊ͫͨͭ͟· ͤ͊ͯ;ͤͦ-͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͣͯ͘·͊͟͡Έͤͦ-
͔͎͎͙ͨ͒͊ͦ;͔͔ͫͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Σ Ήͭ͊ͨ· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͺ͊͘· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ 
͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟ΎΣ ͔ͭͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ ͙ ͔ͪͺ͔͙͍ͫͤ͊͟͡ΎΦ 

SUMMARY 
Tusheva V.  Description of technological component of the research culture of the 

future music teacher. 
In the article the question of the relative technological mechanism of the research 

culture of the future music master, that comes forward as an invariant core, presents a 
research tool, a technology of scientific cognition, is considered in the article, that is 
determined by existent scientific style of pedagogical society, formed professional-
pedagogical culture of a future teacher, researcher, musician and combined with the 
emotionally-vivid and artistic understanding of musical art. 

The comprehension of cultural, psychological, pedagogical and study of art sources on 
the issue of research made it possible to define research culture of the future music master as a 
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dynamic, integrated quality of a personality that appears in a capacity for analytical, inductive-
deductive intellection and emotionally vivid understanding of musical art, embodiment of a 
scientific-artistic, aesthetic, musical, pedagogical ideal in the research, application of scientific 
(pedagogical and study of art) knowledge in pedagogical activity as well as theoretical 
(explanatory) and structurally-technological (converting) function. In accordance with logic of our 
reasoning on the basis of cultural approach technological, personality and creative components 
of axiology of research culture of the future music masters are outlined. 

Activity conception allows to examine the technological component of the research 
culture of the future music master as such, that represents the methodology (methods, 
receptions, procedures, algorithms, charts, norms, standards, research logic) of receipt of 
scientific knowledge and gives an idea about organization of research process and 
implementation in the certain sequence of research executions, that in the totality (to the 
system) create technology of research activity, that corresponds to a certain culture and 
άǎŎƛŜƴǘƛŦƛŎ ƳŜƴǘŀƭƛǘȅέΦ 

The special value is acquired by creative approach in realization of research strategies 
in the sphere of musical and pedagogical education, as well as its main dominants ς artistic, 
aesthetic and spiritual, creative. In this context the research activity of the music master 
must be examined as such, that is determined, on the one hand, by scientific norms, values 
and methodological reference-points, on the other hand, ς by requirements and tasks of 
musical, pedagogical education, by its maintenance. 

Key words: research culture of a future music master, technological component, 
effectively-operational and content aspects of research activity, musical, pedagogical 
research, stages of research, research phases: planning, technological and reflection. 
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͙͙ͨͪ͊͒ͤ͟͡ͻ ͤ͊ͨͪ͊ͼΌ͍͊ͤΈ ͯ ͚ͦ͗ͤ͟͜ ͔ͦͪͣͦ͟ ͍͘Ύ͚ͭ͜ ͙͒ͫͼ͙ͨͤ͜͜͡Φ ˹͊ ͨͦ;Φ ̆̆˱ 
ͫͭΦ ͋͜͡Έ΄ͫͭ͜Έ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͎ͨͦͦ͒͗ͯΊͭΈͫΎ ͘ ͔ͨͦͭͪ͋ͦΌ 
͔͔͚͔͍ͨͪͣͤͯ͊ͤͤΎ ͪ͊ͤ͜΄͔ ͍͙͍͎͗͊ͤͦͦ ζ͒ͦͨͦͣ͗ͤ͜͜ ͙ͫͭͦͪ͜;ͤ͜ ͙͒ͫͼ͙͙ͨͤ͜͡η ͤ͊ 
ζͨͦ;͔ͫͤ͜΄͔η ς ζ͔ͫͨͼ͊͜͡Έͤ͜ ͙ͫͭͦͪ͜;ͤ͜ ͙͒ͫͼ͙͙ͨͤ͜͡ηΦ  

̂ ͍͙͍ͪͦͭͦ͘͟͜ ͚ͫͭͯ͒͜ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͙ͫͭͦͪ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͯ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ 
ͤ͊ͯͼ͜ ͣͦ͗ͤ͊ ͍͙͔͙͙ͦͪͣͭ͟ ͭ͊͟͜ ͔͙ͭ͊ͨΥ ͒ͦͪ͊͒ΎͤͫΈ͙͚͟Σ ͪ͊͒ΎͤͫΈ͙͚͟ ͭ͊ ͫͯ;͙͚͊ͫͤΦ 

̂ ͒ͦͪ͊͒ΎͤͫΈ͙͚͟ ͔ͨͪͦ͒͜ ͨͪͦͭΎ͎ͦͣ ͎͒ͪͯͦ͝ ͍͙͙ͨͦͦͤ͡ ̆˱̆ ͫͭΦ ͯ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ 
͙ͫͭͦͪ͜;͚ͤ͜ ͤ͊ͯͼ͜ ͫͭͪͣͦ͜͟ ͪͦͫͦ͘͡ ͤ͊͘;͔ͤͤΎ ͙͙ͨͪ͊͒ͤ͟͡ͻ ͤ͊ͤ͘Έ ͘͜ ͙ͭ͊͟ͻ 
͙͊ͫ͟͡;͙ͤͻ ˿˱˨Σ Ύ͟ ͙͙͙͒ͨͦͣ͊ͭ͟͡Σ ͔͎ͨ͊ͦͪ͊͡ͺ͜͝Σ ͔͎ͣͭͪͦͦ͜͡͝Σ ͎͔͔͎ͤ͊ͦ͜͡͝Σ 
ͫͺ͎͙͙ͪ͊ͫͭ͜͟ ͭ͊ ͎͔ͪ͊͡Έ͙͙͒͟Φ ˽ͦ΄͍ͭͦͻͦͣ ͒ͦ ͍͙ͪͦͭͯ͘͟ ͙͒ͦͨͦͣ͗ͤ͜ͻ ͙ͫͭͦͪ͜;͙ͤͻ 
ͤ͊ͤ͘Έ ͍͎͊͊͘͜͡ ͭ͊ ͔͎ͨ͊ͦͪ͊͡ͺ͜;͙ͤͻ ͤ͊ͤ͘Έ ͔ͦͪͣ͊͘͟ ͫͭ͊͊͡ ͨͯ͋͊͜͟͡ͼ͜Ύ ͍ муоп ͪΦ 
ˢͪͻ͔͎ͦͪ͊ͺ͜;ͤͦΌ ͦͣͫ͟͜͜ΊΌ ζ˽͍͎ͦͤͦͦ ͋ͪ͊ͤͤ͘͜Ύ ͪͯͫΈ͙͟ͻ ͙͍ͭͦͨͫ͜͜͡ηΦ ˹͙͊ͫͭͯͨͤͣ 
ͪͦͦͣ͟͟ ͋ͯ͊͡ ͨͦΎ͍͊ ͔ͨͪ΄͙ͻ ͍͙͐ͪͯͤͭͦͤͻ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ ͘͜ ˿˱˨Φ ̂ муур ͪΦ 
͍͙͚΄͊͡ ͒ͪͯͦͣ͟ ζ˿͍͊͡Ύͤͦ-ͪͯͫͫ͊͟Ύ ͔͎ͨ͊ͦͪ͊͡ͺ͙ΎΦ ·Lς·L± ͍͍Φη ˱Φ ˿ ͔͔͍ͪͤͫ͘Έ͎ͦͦ͟ 
[4, 52ϐΣ ͯ Ύ͚͟͜ ͯͪ͊ͤͫ͟͝Έ͙͚͟ ͙͒ͦͫ͒ͤ͜͟͡ ͒ͦ ͔͔ͨͪ͒ͣͭͯ ͍͙͍;͔ͤͤΎ ͔͎ͨ͊ͦͪ͊͡ͺ͜͝ 
͍͙͒ͤͦͫͭ͜Έ ͙͙ͤ͊ͨͫΣ ͔ͪͦ͋ͤ͘͜͡ ͤ ͔ ͭ͜͡Έ͙͟ ͤ͊ ͔͎͔ͨͪ͊ͣͤ͜ ͭ͊ ͔ͨ͊ͨͪ͜Σ ͔͊͡ ͚ ͤ͊ ͍͔͙ͭͪ͒ͻ 
͔ͣ͊ͭͪ͊͊͜͡ͻΣ ͔ͦͪͣ͊͘͟ ͦͤ͊͜͟ͻΣ ͔ͣͦͤͭ͊ͻΣ ͔ͨ;͊ͭ͊͟ͻΣ ͔͊ͣͤ͟͜ ͭͦ΅ͦΦ ˱Φ ˿ ͔͔͍ͪͤͫ͘Έ͙͚͟ 
͎ͪͦ͘͡Ύ͍ͤͯ ͙ͨͭ͊ͤͤΎ ͍͙͙͔ͤͤͤͤ͟Ύ ͚ ͍͙ͪͦͭͯ͘͟ ͍ͫͦ͡ΩΎͤͫΈͦ͟͝ ͔͙͊͋ͭ͟ ͚ ͨͦ΄͙͔ͪͤͤΎ 
͙͔ͨͫͣͤͦͫͭ͜ ͤ͊ ˾ͯͫ͜Σ ͙͍ͦͨͫ͊ ͙ͤͯ͘͟ ͨ͊ͣΩΎ͙͍ͭͤ͟͜ XIςXIV ͫͭΦΣ ͍ͨͦ͊͟͡΄͙ ͙ͭ͊ͣ͟ 
;͙ͤͦͣ ͨͦ;͊ͭͦ͟ ͪͦͪͦ͋͘ͼ͜ ͫͭͦͪ͜͜͝ ͍͙͙͔ͤͤͤͤ͟Ύ ͚ ͍͙ͪͦͭͯ͘͟ ͔͎ͨ͊ͦͪ͊͡ͺ͜͝ ͍ ͪ͊ͤ͟͜͝Σ 
͔ͨͪͦͭ ͯ ͍͚ͫͦ͝ ͨͪ͊ͼ͜ ͍͊ͭͦͪ ͎ͪͦ͘͡Ύ͍ͤͯ ͭ͜͡Έ͙͟ ͪ͊ͤͤ͜ ͙͙ͭͨ ͙͙͍ͪͫ͟͜͡Έ͎ͦͦ͟ ͙ͨͫΈͣ͊ ς 
͍ͯͫͭ͊ ͜ ͍͍ͤ͊ͨͯͫͭ͊͜ XIςXIV ͫ ͭΦ  
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˱ͤ΄͙ͣ ͍ͭ͜;͙ͤ͘Ύ͙ͤͣ ͯ;͔͙ͤͣ ˨Φ ̒ ͍͙ͦͪͤͼΈ͙ͣ͟ ͋ͯͦ͡ ͍͔͔ͨͪͦ͒ͤͦ ͍ͤ͊ͯͦͯ͟ 
͍ͪͦ͒ͯ͘͜͟ ͘ ͙ͫͭͦͪ͜;ͤͦ͝ ͔͎ͣͭͪͦͦ͜͡͝ όζ˭͙͙͊ͨͫ͟ ͦ͋ ͔͙͔ͦ͋ͦͪͤ͘ ͙ͪͯͫͫ͟ͻ 
͔͍͔͚͒ͪͤͦͫͭηΣ мурпύΣ ΅ͦ ͙͙ͣͫͭ͜͡ ͍͒ͦͣͦͫͭ͜͜ ͨͪͦ ͫͭͦͪ͜͜Ό ͍͙ͪͦͭͯ͘͟ ͙͙ͦ͒ͤͼΈ 
͍͙ͣͪ͜Ό͍͊ͤͤΎ ͭ͊ ͝ͻ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤΈΦ ˣͯ͒ͯ;͙ ͪͤͦ͋͘͜͜;͙ͤͣ ͙͒ͦͫ͒ͤͦͣ͜͟͡Σ ˨Φ 
ˣ͎͚͊͊͜͡ ͍͒ͦ͊͟͡ ;͙ͣ͊ͦ͡ ͙ͯͫ͘͡Έ ͤ͊ ͙͍ͤ͜ ͍͙ͪͦͭͯ͘͟ ͚ ͤ͜΄͙ͻ ͔ͫͨͼ͊͜͡Έ͙ͤͻ 
͙ͫͭͦͪ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͔ͦͪͣ͊͘͟Σ ͔ͤ ͙͍ͦͣͤͯ ͍͎ͯ͊ͦΌ ͎ͭͦͨͦͪ͊ͺ͜Ό ͍ͦͫΈ͙ͣ 
˭͊ͨͦͪ͘͜Έ͙͟ͻ ˿͜;͔͚ όζ͎́ͦͨͦͪ͊ͺ͙;͔͙͚ͫ͟ ͦ;͔ͪ͟ ˭͊ͨͦͪͦ͗ΈΎηΣ муупύΦ  

̂ͪ͊ͤͫ͟͝Έ͙͚͟ ͊ͪͻ͍ͫͭ͜͜ ˱Φ ˴ ͊ͣ͊ͤͤ͜ ͯ ͤ͟͜ͼ͜ ̆˱̆ ς ͤ͊ ͨͦ;Φ ̆̆ ͫͭΦ ͚͍͊ͣ͊ͫ͘Ύ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύͣ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͔͍͒ͦͯͣͤͭ͟͜ ·±LςXVII  ͫͭΦ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͍ͤ͊ͯͦ͟ͼΎ 
΅ͦ͒ͦ ͍͔͙͊ͭͤͭ;ͤͦͫͭ͜ ͎ͪ͊ͣͦͭ ͎͙͊͡ͼΈ͙͟ͻ ͤ͟Ύ͍͘͜ ͜ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͎͔ͭΈ͍ͣ͊ͤ͜ 
͙ͫͨͪΎ͙͡ ͍͙͍ͪͦͭͦ͘͟͜ ͍ͭ͜;͙ͤ͘Ύͤͦ͝ ͙͙͙͒ͨͦͣ͊ͭ͟͡Φ ˨ͦ ͍ͭͦͪ;͎ͦͦ ͒ͦͪͦ͋ͯ͟ 
͙͒ͦͫ͒ͤ͊͜͟͡ ͔ͤ͊͗͊ͭ͡Έ ͭ͊ͦ͗͟ ͚͎ͦͦ ͍͙ͪͦ͒͘͜͟ ͍ ͎͊ͯ͘͜͡ ͔͎ͨ͊ͦͪ͊͡ͺ͜͝Σ ͔ͦͪͣ͊͘͟ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͦͫͭ͊ͤͤΈ͎ͦͦ ͙ͭͨͯ ͙͙͍ͪͫ͟͜͡Έ͎ͦͦ͟ ͙ͨͫΈͣ͊ ς ͙ͫͦͪͦͨͫͯ͟ ς ͤ͊ 
ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͔ͣ͘͡Ύͻ ͯ ·±ςXVIII ͫͭΦ ̂;͔͙͚ͤ ͍͙͒͜͡ΎΊ ;͙͙ͦͭͪ ͔͙ͭ͊ͨ ͍͙ͪͦͭͯ͘͟ 
ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͙ͫͦͪͦͨͫͯ͟Φ ˤ͙͒͊ͤͤΎ ˱Φ ˴ ͊ͣ͊ͤͤ͊͜ ζ˽͔͎͊ͦͪ͊͡ͺ͜;͙͚ͤ ͙͋ͦͪͤ͘͜͟Φ 
˸͔͙͊ͭͪ͊͜͡ ͘ ͫͭͦͪ͜͜͝ ͍͔͚ͨ͒ͤͤͦͪͦͫͫ͜͜Έ͎ͦͦ͟ ͙ͨͫΈͣ͊ ͍ ·±ςXVIII ͫ ͭΦη муфф ͪΦ 
͙ͦͭͪͣ͊ͦ͡ ͫͻ͍͊͡Έͤ͜ ͍͎͙͒ͯ͜͟ ͔͎ͦ͟͡ ͭ͊ ͋ͯͦ͡ ͍͒ͤ͊͘͜;͔ͤͦ ͍͍̂͊ͪͫ͜Έͦ͟Ό ͔ͨͪͣ͜ΊΌΦ  

˿͒͜͡ ͍͙͙͊ͯ͊͗ͭ͘Σ ΅ͦ ͍ͤ͊ͯͦ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͘ ͙͙͙͒ͨͦͣ͊ͭ͟͡ ͍ ̂ͪ͊ͤ͟͜͝ 
͍͙͙ͨͪͦͦ͒ͫ͡Ύ ΅͔ ͍ ͔ͨͪ΄͚͜ ͍͙ͨͦͦͤ͜͡ ̆˱̆ ͫͭΦ ̂ нл-ͻ ͪͪΦ ͯ ͍̆͊ͪͫ͟͜Έͦͣͯ͟ 
͍͔͙͔ͯͤͪͫͭͭ͜͜ ͨͪͦͺ͔ͫͦͪ ˴Φ ˽ ͍͙͊ͯͦ͡; ͍͙͍͊͒͊͟͡ ͯͪͫ͟ ͙͙͙͒ͨͦͣ͊ͭ͟͡Σ ΅ͦ 
͍͍͋͊ͯ͊ͫ͘Ύ ͤ͊ ͔͙ͣͦ͒ͪͤͻ ͔͒͜Ύͻ ͊͘ͻ͒ͤͦ͜Ί͍͔͚ͪͦͨͫΈͦ͟͝ ͙͙͙͒ͨͦͣ͊ͭ͟͡Φ ̂ ͎͚͒ͪͯ͜ 
͍͙ͨͦͦͤ͜͡ ̆˱̆ ͫͭΦ ͍͙͍͙͊͗ͣ͡ ͔͔ͦͫͪ͒ͦͣ͟ ͘͜ ͙͙͒ͨͦͣ͊ͭ͡;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍ 
̂ͪ͊ͤ͟͜͝ ͍ͫͭ͊ ˶Έ͍͍ͫ͜Έ͙͚͟ ͍͔͙͔ͯͤͪͫͭͭ͜Σ ͔͒ ͨͪ͊ͼΌ͍͙͊͡ ˴Φ ˸ ͔͊͡;͙ͤͫΈ͙͚͟Σ 
ˤΦ ˿ ͔͍͙ͣͦ͟; ͭ͊ ͤ͜Φ ˭͎͊͊ͦͣ͡Σ ͯ ͎͚͒ͪͯ͜ ͍͙ͨͦͦͤ͜͡ ̆˱̆ ς ͤ͊ ͨͦ;͊ͭͯ͟ ̆̆ ͫͭΦ 
͙͒ͦ͋ͯͭ͘͟ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͙͙͙͒ͨͦͣ͊ͭ͟͡ ͍͙͙ͦ͒ͫ͘͡Ύ ͎͍͙ͦͦͤͣ͡ ;͙ͤͦͣ ͒ͦ 
͍ͦͫͦΊͤͤΎ ͒ͦͫΎ͎͔ͤͤΈ ͨͦ͡ΈͫΈ͙͟ͻ ͭ͊ ͚ͪͦͫͫ͜Έ͙͟ͻ ͔͎ͦ͟͡Φ ˤ͙͟͡Ό;͔ͤͤΎͣ ͫͭ͊ͦ͡ 
͍͙͒͊ͤͤΎ ͍ мусмςмфмп ͪͪΦ ˴͙͍ͫ͝Έͦ͟Ό ͦͣͫ͟͜͜ΊΌ ͍͒͊ͤ͜ͻ ͍͊ͭ͟͜ ͍͎͊ͭͦͦͦ͟ 
͔ͣ͊ͭͪ͊ͯ͜͡ ор-͎ͭͦͣͤͦͦ ζˢͪͻ͙͍͊ ͎̑ͦ-˭͊ͨ͊͒ ͚ͤͦ ˾͙͙ͦͫͫηΣ ΅ͦ ͍͎͒ͪ͊ͦ͜͜͡ 
͍͙͍͊͗ͯ͡ ͪͦ͡Έ  ͯͪ ͍͙͍ͦͭͦ͘͟͜ ͜ ͙ͫͭͦͪ;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͤ͊ ̂ͪ͊ͤ͟͜͝Φ 

˽ͦ;͊ͭͦ͟ ͍͙ͪͦͭͯ͘͟ ͙ͫͭͦͪ͜;ͤͦ͝ ͔͎ͣͭͪͦͦ͜͡͝ ͍ ̂ͪ͊ͤ͟͜͝ ͍͋ͯ ͔͙͚ͨͦ͊͒ͤ͟͡ ͯ 
ͨͪ͊ͼΎͻ ˢΦ ˶ ͦ͋ͦ͟Σ ˹Φ ˥ ͦͪ͋͊;͔͍ͫΈ͎ͦͦ͟Σ ˴Φ x ͍ͦͫͯͤͦͫ͡Έ͎ͦͦ͟ ͭ͊ ͤ͜Φ ˿ͭ͊ͭͭΌ 
͙͒ͦͫ͒ͤ͜͡ͼ͜ ˢΦ ˶ ͦ͋ͦ͟ ͋ͯͦ͡ ͙͍ͨͪͫΎ;͔ͤͦ ͊͘ͻͦ͒͊ͣ ͯͪΎ͒ͯ ͤ͊ ͍͟͡Ό;͔͚ͤ͜ ͒ͦ 
˾͚ͦͫͫ͜Έͦ͟͝ ͔ͣͨͪ͜͜͝ ˶͍͔͔͚ͦ͋ͪ͗ͤ͜͜ ̂ͪ͊ͤ͟͜͝ ΅ͦ͒ͦ ͙͍ͨͪͫͭͦͫͯ͊ͤͤΎ ͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ 
ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͣͪ͜ ͒ͦ ͎͊͊͘͡Έ͔ͤͦͣͨͪͫ͜Έ͙͟ͻ ͯ му ͫͭΦ ώсΣ нонϐΦ ˴Φ ˣ͍ͦͫͯͤͦͫ͡Έ͙͚͟ 
͙͍͒ͦͫ͒͜͡ ͚͔ͤ͊͒ͤ͘͜ ͍ ˴͙Ί͍͜ ͍ ͎͚͒ͪͯ͜ ͍͙ͨͦͦͤ͜͡ ̆˱̆ ͫͭΦ ͍͒͊ͤ͜ ͎͙͍ͪͤ͜Σ ͍͙͊͗͟Σ 
͔͔͙ͭͪ͘ ͚  ͔͙ͣͦͤͭ ώмϐΦ  

˹͊ ͙͍ͤ͜ ͎͔ͪ͊͡Έ͙͙͒͟Σ ͫͺ͎͙͙ͪ͊ͫͭ͜͟ ͭ͊ ͎͔͔͎ͤ͊ͦ͜͡͝ ͍ ͒ͦͪ͊͒ΎͤͫΈ͙͚͟ ͔ͨͪͦ͒͜ 
ͨͪ͊ͼΌ͍͙͊͡ ˤΦ ˶ ͯͦͣͫ͟Έ͙͚͟Σ ˤΦ ˸ ͔͍ͦ͒͊ͫ͘͡Έ͙͚͟Σ ˱Φ ˴ ͙ͪͨΎ͔͍͙͟;Σ 
˻Φ ˶ ͔͍͊͊ͪͫ͘Έ͙͚͟Σ ˢΦ x ͍͊ͪͫͯͦ͟Σ ˸Φ ˿ ͊͋͡;͔ͤͦ͟ ͭ͊ ͤ͜Φ ́͊͟Σ ͨͦ;͔͔ͫͤ ͣͫ͜ͼ͔ ͍ 
ͯͪ͊ͤͫ͟͝Έ͚͟͜ ͎͔͔͎ͤ͊ͦ͜͡͝ ˤΦ ˸ ͔͍ͦ͒͊ͫ͘͡Έͦͣͯ͟ ͔͔͊͋ͨ͘͘;͙͊͡ ͚͎ͦͦ ͨͪ͊ͼΎ 
ζ˸͚͊ͦͪͦͫͫ͜͡Έ͙͚͟ ͍͙ͪͦ͒ͦͫͦͤ͟͡η ώфϐΣ ͯ Ύ͚͟͜ ͋ͯͦ͡ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ноп 
͍ͪͦ͒ͦͫͦͤ͜͡ ͍͒ͦͪΎͤͫΈ͙͟ͻ ͍͙ͨͪ͘͜΅ ͔͎͍̉ͪͤ͜͜΅͙͙ͤΦ ˨͊ͤ͊ ͨͪ͊ͼΎ ͫͭ͊͊͡ 
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͍ͫͨͪ͊͗ͤΈͦΌ ͔ͤͼ͙͔ͦͨ͒͟͜͡ΊΌ ͙͙ͪͭ͟;ͤͦ ͔͔͍͔͎ͨͪͪͤͦͦ͜ ͔ͣ͊ͭͪ͊ͯ͜͡ ͘ ͫͭͦͪ͜͜͝ 
͍͔͔ͦ͋ͪ͗ͤͦ͜͡-ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ΄͡Ύͻ͔͍ͭͫͭ͊ XV˱ IςXIX ͫ ͭΦ ˻͙͍ͫͦ͋ͦ͡ ͼ͙͙ͤͤͣ͜ ͍ 
ͫͨ͊͒΅͙ͤ͜ ͙͒ͦͫ͒ͤ͊͜͟͡ Ί ͚͔͒ͫͤͤ͘͜͜ ͙ͤͣ ͦͨ͊ͪ͟͜͜͝ ͙͎͍ͦͪͤ͊͜͜͡ ͔͍͒ͦͯͣͤͭ͟͜Σ ΅ͦ 
͙͋ͯ͡ ͍ͭͪ͊;͔ͤ͜ ͨ͒͜ ;͊ͫ ͍͚ͤ͜Σ ͜ Ύ͟͜ ͫΈ͎ͦͦ͒ͤ͜ ͣͦ͗ͤ͊ ͍͍͙͊͗͊ͭ ͔ͨͪ΄͔͔͙ͦ͒͗ͪ͊ͣ͡Σ 
͊ ͙͍ͦͫͦ͋͊͡ ͎͊ͫͯ͊͘͡ ͍;͔͎ͤͦͦ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͍ͤ͜ ͍͊͊͘͟͡ ͍͙ͦͫͤͦ 
͔͎ͣͭͦ͒ͦͦ͜͡͝ ͎͔͔͎ͤ͊ͦ͜͡;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ 

̂ мфмп ͪΦ ˤΦ ˸ ͔͍ͦ͒͊ͫ͘͡Έ͙͚͟ ͪ͊ͦͣ͘ ͘͜ ͨͪͦͺ͔ͫͦͪͦͣ ˤΦ ˶ ͯͦͣͫ͟Έ͙ͣ͟ ͜ 
͎ͪ͊ͺͦͣ͜͟ ̐Φ ˹ ͊ͪ͋ͯͭͦͣ ͍͙͍͒͊ ζ˸͚͊ͦͪͦͫͫ͜͡Έ͙͚͟ ͎͔͍͙ͪ͋ͦͤ͟η ώуϐΣ ΅ͦ ͍ͫͭ͊ 
͙ͨͦͣͭͤͣ͜ Ύ͍͙΅͔ͣ ͔ͤ ͭ͜͡Έ͙͟ ͯͪ͊ͤͫ͟͝Έͦ͟͝Σ ͔͊͡ ͚ ͍͍ͫͭͦͦ͜͝ ͎͔ͪ͊͡Έ͙͙͒͟Φ ̂ мфмт ͪΦ 
ˤΦ ˸ ͔͍ͦ͒͊ͫ͘͡Έ͙͚͟Σ ̐Φ ˹ ͊ͪ͋ͯͭ ͭ͊ ͻ͙ͯ͒ͦ͗ͤ͟ ˤΦ ˴ ͙ͪ;͔͍ͫΈ͙͚͟ ͙͋ͪ͊͡ 
͔͔͔͋ͨͦͫͪ͒ͤ͘Ό ͯ;͊ͫͭΈ ͯ ͍͔ͫͭͦͪͤͤ͜ ͔͍͎͒ͪ͗͊ͤͦͦ ͎͔ͪ͋ͯ ̂ͪ͊ͤͫ͟͝Έͦ͟͝ ˹͊ͪͦ͒ͤͦ͝ 
˾͔͙ͫͨͯ͋͜͟͡Φ 

̂ ͍͔ͫͭ͊ͤͦͤͤ͜͡ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͎͔͔͎ͤ͊ͦ͜͡͝ ͭ͊ ͫͺ͎͙͙ͪ͊ͫͭ͜͟ 
͍͎͙͊ͦͣͣ Ί ͍͔ͤͫͦ͟ ͍ͭ͜;͙ͤ͘Ύ͎ͤͦͦ ͙ͫͭͦͪ͊͜͟ ˻Φ ˶ ͔͍͊͊ͪͫ͘Έ͎ͦͦ͟Σ Ύ͙͚͟ ͍͙Ύ͍͙͍ ͜ 
͍͍ͦͨͯ͋ͯ͊͜͟͡ ͤ͊͘;ͤͯ ͟͜͡Έͫͭ͟͜Έ ͔͍͒ͦͯͣͤͭ͟͜ ͘ ͫͭͦͪ͜͜͝ ͍ͪͦ͒͜ ͦ͊͘͟ͼΈͦ͟͝ ͫͭ͊ͪ΄͙͙ͤ 
˶͍͔͔ͦ͋ͪ͗ͤͦ͜͝ ͙̂ͪ͊ͤ͟͝ ώсϐΦ ̂ ͍ͫͦ͝ͻ ͨͪ͊ͼΎͻ ͙͒ͦͫ͒ͤ͜͟͡ ͍͙͍ͤ͊ͦ͒ ͝ͻ ͍͙ͪͦ͒ͦͦ͒Σ 
͙ͭ͊ͣ͟ ;͙ͤͦͣ ͔͒ͣͦͤͫͭͪͯΌ;͙ ͍͙͚ͨͦͫͭͯͨͦ ͨͪͦͼ͔ͫ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͦ͊͘͟ͼΈͦ͟͝ 
ͫͭ͊ͪ΄͙͙ͤ ͤ ͊ ͍͒ͦͪΎ͍ͤͫͭͦΦ ͍̂ͫͭ͊ͤͦ͡ΌΌ;͙ ͍͒ͦͫͭͦͪͤͫͭ͜͜Έ ͙ͫͭͦͪ͜;͙ͤͻ 
͔͍͒ͦͯͣͤͭ͟͜Σ ˻Φ ˶ ͔͍͊͊ͪͫ͘Έ͙͚͟ ͍͍ͦͦ͒͜͡ ͙͚͙ͨͪͦͣ͊ͣ ͙͙͙͒ͨͦͣ͊ͭ͟͡ ͭ͊ 
ͫͺ͎͙͙ͪ͊ͫͭ͜͟Σ Ύ͟͜ ͍ͤ͜ ͍͍͍͊ͫͭͦͫͦͯ͊͘ ͙ͨͪ ͊ͤ͊͘͜͜͡ ͍͚ͫ͜Έ͍͙ͦ͟ͻΣ ͍͙ͫͯ͒ͦͻ ͔ͨ;͊ͭͦ͟ ͜ 
͔ͨ;͊ͭͦ͟ ͣͫͭ͜ ˶͍͔͔ͦ͋ͪ͗ͤͦ͜͝ ͙̂ͪ͊ͤ͟͝Φ  

˹͚͊͋͜͡Έ΄ ͍͙͍͊͗͜͡ ͫͺ͎͙ͪ͊ͫͭ͜;ͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͒ͦͪ͊͒ΎͤͫΈ͎ͦͦ͟ ͔ͨͪͦ͒ͯ͜Σ 
͙͍ͨͪͫΎ;͔ͤ͜ ͦ͊͘͟ͼΈ͙ͣ͟ ͔ͨ;͊ͭ͊ͣ͟Σ ͔͙ͤ͊͗͊͡͡ ˸Φ ˿ ͊͋͡;͔ͤͦ͟ ͭ͊ 
˱Φ ˴ ͙ͪͨΩΎ͔͍͙͟;ͯΦ ̂ ζ˸͔͙͊ͭͪ͊͊͡ͻ ͨͦ ͚ͣ͊ͦͪͯͫͫͦ͟͡ ͫͺ͎͙͙͔ͪ͊ͫͭ͟η ό˻͔͒ͫ͊Σ 
мфмнύ ͙͒ͦͫ͒ͤ͜͡ͼ͔Ό ˸Φ ˿ ͊͋͡;͔ͤͦ͟ ͨͦ͒͊ͤͦ ͙ͦͨͫ мнс ͔ͨ;͊ͭͦ͟ ͦ͊͘͟ͼΈ͙͟ͻ 
ͫͭ͊ͪ΄͙ͤΣ ͎͔ͭΈͣ͊ͤͫΈ͙͟ͻ ͜ ͊ͨͦͪͦ͘͘Έ͙͟ͻ ͔ͨ;͊ͭͦ͟Φ ˱Φ ˴ ͙ͨΩΎ͔͍͙͟; ͍͙͍͒ͦͨͦͤ ͼ͔͚ 
͙ͦͨͫ ͍͙͙͒ͦ͒͊ͭͦͣ͟ нс ͔ͨ;͙͊ͭ͊ͣ͟Σ ͍͙͍͙͍ͨͪ͊ ͔͒Ύ͟͜ ͙͍ͨͦͣͦ͟͜͡ ͒͊ͤ͜ ͍͙͊ͭͦͪ͟Σ 
͔ͦͪͣ͊͘͟ ͍͙͙͍ͦͪͫͭ͊͟΄͙ ;ͭͯ͜͟ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ό ͔ͨ;͊ͭͦ͟Σ ΅ͦ Ί ͍͙ͦͫͤͦͤͣ 
͔͔͔ͣͤͭͦͣ͡ ͔͎ͣͭͦ͒ͦͦ͜͡͝ ͫͺ͎͙ͪ͊ͫͭ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˱Φ ˴͙ͪͨΎ͔͍͙͟; ͙͍ͨͦ͒͜͡ 
ͦ͊͘͟ͼΈ͟͜ ͔ͨ;͙͊ͭ͟ ͤ͊ ͍͒͜ ͎͙ͪͯͨΥ ͔ͨ;͙͊ͭ͟ ˭͊ͨͦͪͦ͘Έ͎ͦͦ͟ ͍͚ͫ͜Έ͊͟Σ ͊͋ͦ ͔͍͒ͪ͗͊ͤ͜ 
ͯͪ͊ͤͫ͟͝Έ͟͜ ͔ͨ;͙͊ͭ͟Σ ͭ͊ ͙͍ͨͪ͊ͭͤ͜ ͔ͨ;͙͊ͭ͟ ͎͔ͭΈ͍ͣ͊ͤ͜ ͚ ͦ͊͘͟ͼΈͦ͟͝ ͫͭ͊ͪ΄͙͙ͤ όζ˭ 
ͦ͊͘͟ͼΈͦ͟͝ ͫͺ͎͙͙ͪ͊ͫͭ͜͟ηΣ мфмтύΦ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͤ͊ ͨͦ;͊ͭͦ͟ ̆̆ ͫͭΦ ͪͦ͡Έ ͙ͭ͊͟ͻ ͚͍͙͍ͤ͊͊͗͜͡΄͙ͻ ͙͒ͦͨͦͣ͗ͤ͜ͻ 
͙ͫͭͦͪ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ Ύ͟ ͔͎ͨ͊ͦͪ͊͡ͺ͜ΎΣ ͙͙͒ͨͦͣ͊ͭ͊͟͡Σ ͔͎ͣͭͪͦͦ͜͡ΎΣ ͎͔͔͎ͤ͊ͦ͜͡ΎΣ 
ͫͺ͎͙ͪ͊ͫͭ͊͜͟ ͭ͊ ͎͔ͪ͊͡Έ͙͒͊͟ ͍ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ ͤ͊ͯͼ͜ ͤ͊͘;ͤͦ ͪͦͫ͊͘͡Σ ͦͫ͟͜͡Έ͙͟ ͍͙ͦͤ 
͙͙ͦͭͪͣ͊͡ ͫͭ͊ͭͯͫ ͚͙ͫ͊ͣͦͫͭͤ͜ͻ ͍͙ͤ͊ͯͦ͟ͻ ζ͙͒ͦͨͦͣ͗ͤ͜ͻ ͙ͫͭͦͪ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ηΣ ͊ 
͔ͦͪͣ͟͜ ͘ ͙ͤͻ ͍͙͙͊͒͊ͫ͟͡͡Ύ ͯ ˶Έ͍͍ͫ͜Έͦͣͯ͟Σ ͍̆͊ͪͫ͟͜Έͦͣͯ͟Σ ˴͙͍ͫ͝Έͦͣͯ͟Σ 
˹͍͚ͦͦͪͦͫͫ͜Έͦͣͯ͟ ό˻͔͒ͫΈͦͣͯ͟ύ ͍͔͙͔ͯͤͪͫͭͭ͊͜ͻ ͒͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͨͪͦͺ͔͚͙ͫͤ͜ͻ 
͙͍ͫͭͦͪ͜͟͜Φ ˽͔ͪͦͭΣ ͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͙͒ͦ͋ͯͭ͘͟Σ ͙͊͘͡΄͙͊ͫ͡Ύ ͔͍͙ͤͪ͜΄͔͙͙ͤͣ 
͙ͨͭ͊ͤͤΎΣ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͍͒ͫͯͭͤͫͭ͜͜Ό ;͎ͭͦͦ͜͟ ͍͙ͤ͊͘;͔ͤͤΎ ͔͔ͨͪ͒ͣͭͯΣ ͦ͋ΩΊͭͯ͟Σ 
͍͊͒͊ͤ͘ΈΣ ͔͍ͣͭͦ͒͜ ͔͒Ύ͙͟ͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͣ͊͊͡ ͣͫ͜ͼ͔ ͔͍ͤͪͤͦͣͪͤͫͭ͜͜͜Έ ͔͔͙ͭͦͪͭ;͙ͤͻ 
ͪͦͪͦ͋ͦ͘͟ ΅ͦ͒ͦ ͦ͗ͤͦ͟͝ ͔ͦͪͣͦ͟ ͍͘Ύͭͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡Φ 
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˾͊͒ΎͤͫΈ͙͚͟ ͔ͨͪͦ͒͜ ͻ͔͙͍͍͊ͪ͊ͭͪͯ͊ͫ͘͟Ύ ͍͔ͨͪͦ͒ͦ͗ͤͤΎͣ ͍͙ͪͦͭͯ͘͟ 
͍͙ͨͪͦ͒ͤ͜ͻ ͭ͊ ͍͔ͫͭ͊ͤͦͤͤ͡Ύͣ ͼͦͣ͜͟͡ ͍͙ͤͦͻ ͙͒ͦͨͦͣ͗ͤ͜ͻ ͙ͫͭͦͪ͜;͙ͤͻ 
͙͒ͫͼ͙ͨͤ͜͡Σ Ύ͟͜ ͊ͦͤͦͣͪͤͦ͘͟͜ ͙ͫͭ͊͡ ͍͙͔ͦͪͣ͟͡Ό͍͙͊ͭͫΎ ͘ ͙͊ͫ͟͡;͙ͤͻ ˿˱˨Φ 
˽͔͔ͪ͒ͯͫͣ͜Σ ͯ ͔͎ͨ͊ͦͪ͊͡ͺ͜͝Σ Ύ͊͟ ͙ͭͪ͊͒ͼ͚ͤͦ͜ ͍͒ͦͫ͒͗ͯ͊͊͜͡͡ ͔ͣ͊ͭͪ͊͜͡Σ ͤ͊ͪ͘Ύ͒͒Ύ 
ͭ͊ ͙͙ͭͨ ͙ͨͫΈͣ͊Σ ͙͊͘͡΄͙͊ͫ͡Ύ ͣ͊ͦ͡ ͍͙͍;͔͙͙ͤͣ ͎͋͊͊ͭͦ ͤ͜΄͙ͻ ͍͙͍͙͊͗͡ͻ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͙ͪͯͦͨͫͤͦ͟͝ ͙͎͙ͤ͟Σ ͔ͦͪͣ͊͘͟ ͍ͦͤ͘͜΄ͤΊ ͦͺ͔ͦͪͣͤͤ͡Ύ ͚ 
͔ͦ͒ͦ͋ͤͤ͘͡Ύ ͙ͪͯͦͨͫͯ͟Σ ͫͭͦͪ͜͜Ύ ͍͙͙͔ͤͤͤͤ͟Ύ ͭ͊ ͍ͪͦͨͦͫ͘Ό͔͒͗ͤͤΎ ͙͎͙ͤ͟ ͭͦ΅ͦΣ 
΅ͦ ͚ ͫͭ͊ͦ͡ ͔͔ͨͪ͒ͣͭͦͣ ͍͙͍;͔ͤͤΎ ͔ͦͪͣͦ͟͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ς ͙͎ͦ͒ͦͦ͟͟͜͡͝Φ ̂ ол-
ͪͪΦ ̆̆ ͫͭΦ ͙͎ͦ͒ͦͦ͟͟͜͡;ͤ͜ ͔͙ͣͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͊ͫͭͦͫͯ͊͊͘͡ ͔ͨͪ΄͊ ͗ͤ͊͜͟-
͎ͣ͊ͫͭͪ͜ ˾͚ͦͫͫ͜Έͦ͟͝ ͔ͣͨͪ͜͜͝ ς ͯͪ͊ͤ͊͟͟͝ ͊͘ ͨͦͻ͔ͦ͒͗ͤͤΎͣ ς ˻Φ ˨ ͦ͋͊͜΄-
˾͔͍͔ͦ͗͒ͫͭͤͫΈ͊͟Φ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͫͭͦͪ͜͜͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͙ͪͯͦͨͫͤͦ͟͝ ͙͎͙ͤ͟ ͭ͊ 
͎͍ͤͭͪͦ͊ͭͦͪͫͭ͊͜͜͡ ͍ нл-ͭ͜ ͪͪΦ ̆̆ ͫͭΦ ͙͋ͯ͡ ͔͔͔ͦͫͪ͒͗ͤ͘͜ ͍ ̂ͪ͊ͤͫ͟͝Έͦͣͯ͟ 
͍ͤ͊ͯͦͦͣͯ͟ ͙ͤͫͭͭͯͭ͜͜ ͙͎͍͍ͤͦͤ͊ͫͭ͊͘͟ ό̂˹˱˴ύΦ ˭͍͊͒Ύ͙͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͣ 
ˤΦ ˸ ͔͍ͦ͒͊ͫ͘͡Έ͎ͦͦ͟Σ ˽Φ ˴ ͎ͯͪͤͤͦͦ͜Σ ˨Φ ̋ ͔͍ͪ͋͊ͫ͟͜Έ͎ͦͦ͟Σ ˤΦ x ͍͊ͪͤ͊͜͟ ͭ͊ ͤ͜Φ ͋ͯͦ͡ 
͒ͦͫΎ͎ͤͯͭͦ ͤ͊͘;͙ͤͻ ͯͫͨ͜ͻ͍͜ ͯ ͙ͨͭ͊ͤͤΎͻ ͙͎͍͍ͤͦͤ͊ͫͭ͊͘͟ ͍ ̂ͪ͊ͤ͟͜͝Φ ˭͔ͦͪͣ͊͟Σ ͯ 
1924 ͪ Φ ˱͙ͤͫͭͭͯͭͦͣ ͍͙͒͊ͤͦ ζ˭͎͊͊͡Έ͙͚ͤ ͎ͦ͡Ύ͒ ͍ͫͭ͊ͪͦ͒ͪͯ͟͜ ͙͍ͫ͟͝Έ͙͟ͻ 
͔͋͋ͦͭ͜͜͟͡η ό͍͊ͭͦͪ ˤΦ x ͍͊ͪͤͦ͜͟ύΦ ˻ͫͭ͊ͭͦ;ͤͦ Ύ͟ ͔ͦͪͣ͊͟ ˿˱˨ ͙͎ͦ͒ͦͦ͟͟͜͡Ύ ͋ͯ͊͡ 
͍͙ͤ͊ͤ͊͘ ͪ͊͒ΎͤͫΈ͙͙ͣ͟ ͍;͔͙͙ͤͣ ͍ тл-ͭ͜ ͪ ͪΦ ̆  ̆ͫ ͭΦ 

˭ͤ͊;͙͚ͤ ͍͙ͪͦͭͦ͘͟ ͯ ͔ͨͪ΄͚͜ ͍͙ͨͦͦͤ͜͡ ̆̆ ͫͭΦ ͙ͦͭͪͣ͊͊͡ ͺ͎͎ͪ͊ͤͦͦ͜͜͜͡͡ΎΣ 
΅ͦ ͍͔͙͒ͦͪͣ͊ͫ͜͟͡Ύ ͍͒͜ ͔͎ͨ͊ͦͪ͊͡ͺ͜͝ ͚ ͚͊ͣ͊͘ΊͭΈͫΎ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͣ ͔ͨ͊ͨͪͯ ͭ͊ 
͍ͦ͒Ύ͙ͤͻ ͍ͤ͊͘͟͜ όͺ͎͔͚ͪ͊ͤ͜͜͡ύ ͤ͊ ͤΈͦͣͯ ώмнΣ нулϐΦ ˽͔ͪ΄ͯ ͍͐ͪͯͤͭͦͤͯ ͨͪ͊ͼΌ ͘ 
ͺ͎͎ͪ͊ͤͦͦ͜͜͜͡͡͝ ͍ ͪ͊͒ΎͤͫΈ͚͟͜ ̂ͪ͊ͤ͟͜͝ ͋ͯͦ͡ ͍͙͒͊ͤͦ ˱Φ ˴͙͊ͣ͊ͤͤͣ͜ [5]. ʕ ͦͤ͊ ͫͭ͊͊͡ 
͔ͪͯ͘͡Έͭ͊ͭͦͣ ͍͎͙͍͎͒ͦͦͭͪ͊ͦͦ͡ ͋ͦͪͯ͘ ͍ͦ͒Ύ͙ͤͻ ͍ͤ͊͘͟͜ ͍͙ͫͨͪͦ͋ͭͤͦͣ͜͜͟ 
˴͙͍ͫ͝Έ͎ͦͦ͟ ͼ͔ͤͭͪ͊͡Έ͎ͤͦͦ ͊ͪͻ͍ͯ͜ ͍͒͊ͤ͜ͻ ͍͊ͭ͟͜ ˻Φ ˤ͍͙ͭ͜ͼΈͦ͟Ό ͨ͒͜ 
͔͍͙ͪͤ͟͜ͼ͍ͭͦͣ ͍͎͒ͦͣͦͦ͜ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͍;͔͎ͤͦͦ ό͙ͣͫͭ͊͜͡ моос ͔ͦ͋ͪ͊͗ͤ͘ΈύΦ 

ˤ͔͔͒ͦͪͣͤͤ͜͟͡Ύ ͍͒͜ ͔͎ͨ͊ͦͪ͊͡ͺ͜͝ ΅͔ ͦ͒ͤ͜Ί͝ ˿˱˨ ς ͔͎ͨͪ͊͜ͺ͙͜͟ ς ͍͒͋ͯͦͫ͜͡Ύ 
ͤ͊ ͨͦ;͊ͭͯ͟ ̆̆ ͫͭΦΣ ͔͊͡ ͍͙ͪͦͭͦ͘͟ ͭ͊ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ Ύ͟ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͍ͤ͊ͯͦͦ͟͝ 
͙͒ͫͼ͙͙ͨͤ͜͡ ͙͍ͨͪͨ͊ ͤ͊ ͪ͊͒ΎͤͫΈ͙͚͟ ͔ͨͪͦ͒͜Φ ˭ͤ͊;ͤ͜ ͯͫͨ͜ͻ͙ ͍ ͔͒ͦͫ͒͗ͤͤ͜͜͡ 
͍͒͊ͤΈͦͪͯͫΈ͙͟ͻ ͎ͪ͊ͺͭ͜͜ ς ͤ ͙͍͊ͨͫ͜ ͤ͊ ͫͭͤ͊͜ͻ ˿ͦͺ͍ͫ͜͝Έ͎ͦͦ͟ ͫͦ͋ͦͪͯ ̆˱ς̆ ˱± ͫͭΦ ς ͋ ͯͦ͡ 
͒ͦͫΎ͎ͤͯͭͦ ˿Φ ʕ ͙ͫͦͼΈ͙ͣ͟Φ ˨ͦ ͍ͭͦͪ;͎ͦͦ ͒ͦͪͦ͋ͯ͟ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͙ͫͭͦͪ͊͜͟Σ 
͊ͪͻ͔͎ͦͦ͊͡ ͚ ͙͔ͣͫͭͼ͍͍ͭͦͤ͊͘ͼΎ ͔͙ͤ͊͗ͭ͡Έ ͪͦ͘΄͙ͺ͍ͪͯ͊ͤͤΎ олл ͙͍ͤ͊ͨͫ͜-͎ͪ͊ͺͭ͜͜ 
ͭ͊ ͍͙͒ͪͭͭ͜͟Ύ ͫͦͺ͍ͫ͜͝Έͦ͟͝ ͔͙͊͋ͭ͟Σ ΅ͦ ͍ͫͤͯ͊͊͜͡ ͤ͊ ͔͔ͭͪͤ͊ͻ ˴͙͍ͫ͝Έͦ͟͝ ˾ͯͫ͜ ͔ͤ 
ͨͤ͘͜͜΄͔ ˱̆ ͫͭΦ ͜ ͍͊ͫ͒͘͜;͙͊͡ ͔͍ͦ͡Όͼ͚͙͚ͤ͜ ͍͙ͪͦͭͦ͘͟ ͙͙͙ͪ͟͡;ͤͦ͝ ͙͔ͨͫͣͤͦͫͭ͜Φ 

˽ͦͪΎ͒ ͘͜ ͨͪ͊ͼΎ͙ͣ ͘ ͔͎ͨ͊ͦͪ͊͡ͺ͜͝Σ ͙͎ͦ͒ͦͦ͟͟͜͡͝Σ ͺ͎͎ͪ͊ͤͦͦ͜͜͜͡͡͝Σ ͔͎ͨͪ͊͜ͺ͙͜͟ 
͘ΩΎ͍͡ΎΌͭΈͫΎ ͨͪ͊ͼ͜Σ Ύ͟͜ ͍͙ͫͭͦͫͯ͊ͫ͡Έ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͔͎ͣͭͪͦͦ͜͡͝ XVςXVIII ͫͭΦΣ ͔ͦͪͣ͊͘͟ 
˻Φ ˹ ͔͔͍ͫͦͫ͡Έ͎ͦͦ͟ ς ͨͪͦ ͙ͣͪ͜ ͙ͫͨͯ;͙ͻ ͭ͜͡ ͤ͊ ˽ͦ͒͜͜͡͡Σ ˴Φ ˿ ͦͻ͊;͔͍͙;͊ ς ͨͪͦ ͙ͣͪ͜ 
͙ͫͨͯ;͙ͻ ͭ͜͡ ͤ͊ ˥͙͊͡;͙ͤ͜Φ ́Φ ʕ ͔͙ͪ͋ͼΈ͙͚͟ ͍͙͍͒͊ ͙ͫͭͦͪͦ͜͟-͔͎ͣͭͪͦͦ͜͡;ͤ͜ ͙ͭ͊͋͡ͼ͜ 
ͨͪͦ ͙ͣͪ͜ ͤ͊ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͔ͣ͘͡Ύͻ ͯ ͫ͊͒͟͜͡ ˽ͦ͡Έ΅͜ ͜ ˶͙͍͙ͭ ͘ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟ 
͙͙ͦ͒ͤͼΈ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͊ͦͤͦ͒͊͘͟;͙ͻ ͍͊ͭ͟͜ XVIςXVIII ͫͭΦΣ 
˱Φ ̐ ͪͦͺΊΊ͍ ͙͍ͨͪͫΎ͙͍ͭ ͫͭ͊ͭͭΌ ͍͒͊ͤͣ͜ ͯͪ͊ͤͫ͟͝Έ͙ͣ͟ ͣͪ͊ͣ͜Φ ˹͍͙͚͊ͯͦ͟ ͔͔ͤͭͪͫ͜ 
͙͍ͫͭͦͪ͜͟͜ ͔͙ͨͪͦ͋ͣ͊ͭͦ͟͡Ό ͔͎ͣͭͪͦͦ͜͡͝ ͍͋ͯ ͍ͨͦΩΎ͙͚͊ͤ͘ ͘͜ ͍͙ͨ͒͜΅͔ͤͤΎͣ ͍͎͙ͯ͊ ͍ 
ͪ͊͒ΎͤͫΈ͚͟͜ ͤ͊ͯͼ͜ ͒ͦ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;ͤͦ͝ ͫͭͦͪ͜͜͝Φ 
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˽͔ͪͦͭΣ ͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͔͍ͨͤ͜ ͙͒ͦͪͦ͋͟Σ ͍ ͍ͣ͗ͦ͜Ί͙͚ͤͤ ͭ͊ ͍ͦΊ͙͚ͤͤ 
͔͙ͨͪͦ͒͜ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͙͔ͤ͗ͤͤ͘Ύ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͚ͫͭͯ͒͜ ͔ͫͨͼ͊͜͡Έ͙ͤͻ 
͙ͫͭͦͪ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Φ ˽ͫ͜͡Ύ ͙͍ͭͪ͊ͦ͡͝ ͔͔͍͙ͨͪͪ ͋ͯͪͻ͙͍͙͚͡ ͍͙ͪͦͭͦ͘͟ ˿˱˨ 
͙ͨͪͨ͊͒͊Ί ͤ͊ слςтл ͪͪΦ ̆̆ ͫͭΦΣ ΅ͦ ͋ͯͦ͡ ͍ͨͦΩΎ͊ͤͦ͘ ͘ ͔ͤ;͍͙ͯ͊ͤͣ ͪͦͣ͊͘ͻͦͣ 
͙ͫͭͦͪͦ͜͟-͎͔͎ͦͪ͊ͺ͜;͙ͤͻ ͭ͊ ͎͊ͪͭͦͪ͊͟ͺ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͯ ͪ͊͒ΎͤͫΈ͚͟͜ ̂ͪ͊ͤ͟͜͝Φ 
̂ ͼ͔͚ ͔ͨͪͦ͒͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͚ͫͭͯ͒͜ ˿˱˨ ͍͍͙͒͋ͯ͊ͫ͜͡Ύ ͯ ͍͒ͦͻ ͤ͊ͨͪΎͣ͊ͻΥ Ύ͟ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͘ ͔͙ͦͪͣ͟ͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͭ͊͟ ͜ ͨͦΎ͍͊ ͎ͯ͊͊͘͡ΈͤΌ͍͊͡Έ͙ͤͻ ͨͪ͊ͼΈΦ 
˭͔ͦͪͣ͊͟Σ ͍͙͍͙͊͗ͣ͡ ͪͦͦͣ͟͟ ͘͜ ͨͦͨͯ͡Ύ͙ͪ͊͘ͼ͜͝ ˿˱˨ ͍ͫͭ͊ ͍͙ͻ͒͜ ͯ мфсо ͪ Φ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͦͫ͋ͤ͊͜͟ ζ˨ ͦͨͦͣ͗ͤ͜͜ ͙ͫͭͦͪ͜;ͤ͜ ͙͒ͫͼ͙͙ͨͤ͜͡ηΣ ͎͍͔͎ͨ͒ͦͭͦͤͦͦ͜͡ 
ͨͪͦͺ͔ͫͯͪͦΌ ˴͙͍ͫ͝Έ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ́ Φ ˥ Φ ̊ ͔͍;͔ͤ͊͟ 
ˢΦ ʕ ͍͔͔͒ͤͫΈ͙ͣ͟Σ ˤΦ ˿ ͔ͭͪ͡ΈͫΈ͙ͣ͟Σ ˤΦ ˨ Ύ͙͒;͔ͤͦͣ͟Σ ΅ͦ ;͔͔ͪ͘ ͔ͤ͒ͦͫͭ͊ͭͤΌ 
͔͔͒͗ͪ͡Έͤͯ ͎͔͍͊ͪͯͣͤͭͦ͊ͤͫͭ͜Έ ͔͙ͪͦ͋ͤ͘͡ͻ ͍͙͍͍ͫͤͦ͟͜Σ ͍͍͒ͪ͊ͤͫͭ͜͜͜Έ ͍͒͜ 
ζͯ ͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͔ͣ͊ͭͪ͊ͯ͜͡η ͘ ͚ͤ͊΄͍ͦ ͔ͤͦ͒ͤͦͤ͊͘;ͤͯ ͦͼͤͯ͜͟ ͔͔ͫͪ͒ ͔͎ͦ͟͡ ώ2].  

̂ мфслς70-͜ ͪͪΦ ͔͔ͫͪ͒ ͙͍͒ͦͫ͒ͤ͜͟͜͡Σ Ύ͟͜ ͙͍͊ͭͤͦ͟ ͚͙͊ͣ͊ͫ͘͡Ύ 
ͯͪ͊ͤͫ͟͝Έͦ͟Ό ͔͎ͨ͊ͦͪ͊͡ͺ͜ΊΌΣ ͙͍ͦͫͦ͋ͦ͡ ͍͊ͪͭͦ ͨͦͼ͍͙ͤͯ͊ͭ͜ ˤΦ ˽ ͊ͤ͊΄͔ͤͦ͟ ώмлϐΣ 
˱Φ ˱ ͍͙͊ͤͼΈͯ͟Σ ˽Φ ˭ ͊ͻ͊ͪ;͙΄͙ͤͯΣ ˭Φ ̆ ͔ͦͣͯͭͼΈͯ͟ ͭ͊ ͤ͜Φ ˲ͣ ͔ͤ͊͗͊ͭ͡Έ ͔ͦͤͪͭͤ͟͟͜ 
͍͙ͪͦ͒͘͜͟ ͘ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͊͘Ί͍͙͍ͣͦͨ͊ͣ͡ ͙ͪͤ͘͜ͻ ͙͍ͭͨ͜ ͙ͨͫΈͣ͊ ͤ͊ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ 
͔ͣ͘͡Ύͻ ͯ XVςXVII ͫͭΦ ˿͔͔ͪ͒ ͚ͫͭͯ͒͜ ͙ͫͯͣ͗ͤ͜ͻ ͘͜ ͔͎ͨ͊ͦͪ͊͡ͺ͜ΊΌ ͙͒ͫͼ͙ͨͤ͜͡ ͯ 
͙͚͒͊ͤ ͔ͨͪͦ͒͜ ͍͎͔͊ͦͣ ͣͫ͜ͼ͔ ͚͊ͣ͊͘ΌͭΈ ͨͪ͊ͼ͜ ̒Φ ˭ ͊ͨ͊ͫ͊͟ ͭ͊ ̐Φ s ͍͙ͨ͊ͤͦ;͊Σ 
͙͍ͨͪͫΎ;͔ͤ͜ ͯͪ͊ͤͫ͟͝Έ͚͟͜ ͙͚ͪͯͦͨͫͤ͟͜ ͙ͤ͘͟͜Φ 

̂ мфулς1990-͜ ͪͪΦ ͔͔ͫͪ͒ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡Σ Ύ͟͜ ͙͍͊ͭͤͦ͟ 
͚͙͊ͣ͊ͫ͘͡Ύ ͙͙͒ͨͦͣ͊ͭͦ͟͡ΌΣ ͍͊ͪͭͦ ͨͦͼ͍͙ͤͯ͊ͭ͜ ̒Φ ˨ ͊΄͔͍͙͟;͊Σ ̒Φ ˱ ͫ͊Ί͍͙;͊Σ 
˸Φ ˴ ͍ͦ͊͡ΈͫΈ͎ͦͦ͟Σ ˻Φ ˴ ͯͨ;͙ͤͫΈ͎ͦͦ͟Σ ˻Φ ˸ ͊ͼΌ͊͟Σ ̑Φ ˸ ͙ͼ͙͊͟ ͭ͊ ͤ͜Φ ˲ͣ 
͔͙ͤ͊͗ͭ͡Έ ͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͎ͫͭͦͪͦͪ͊͜͜ͺ͜;͙ͤͻΣ ͙ͫͭͦͪ͜;͙ͤͻΣ ͎͊͊͘͡Έ͙ͤͻ 
͔͔͙ͭͦͪͭ;͙ͤͻ ͙ͨͭ͊ͤΈ ͙͙͙͒ͨͦͣ͊ͭ͟͡Σ ͊ ͭ͊ͦ͗͟ ͔ͦͤͪͭͤ͟͟͜ ͫͭͯ͒͜͝Σ ͙͍ͨͪͫΎ;͔ͤ͜ 
͍͙Ύ͍͔ͤͤ͡Ό ͙ͪͤ͘͜ͻ ͍͙͍͒͜Σ ͭ ͙͍ͨ͜ ͜ ͍͗͊ͤͪ͜ ͙͔͙ͨͫͣͤͻ ͨ͊ͣΩΎͭͦ͟Φ 

˻͔ͭ͗Σ ͯ ͪ͊͒ΎͤͫΈ͙͚͟ ͔ͨͪͦ͒͜ ͍ ̂ͪ͊ͤ͟͜͝ ͋ͯͦ͡ ͒ͦͫΎ͎ͤͯͭͦ ͤ͊͘;͙ͤͻ ͯͫͨ͜ͻ͍͜ ͯ 
͍͙͍ͪͦͭͦ͘͟͜ ͙͎ͦ͒ͦͦ͟͟͜͡͝Σ ͺ͎͎ͪ͊ͤͦͦ͜͜͜͡͡͝Σ ͔͎ͨͪ͊͜ͺ͙͜͟Σ ͔͎ͣͭͪͦͦ͜͡͝Σ ͙͙͙͒ͨͦͣ͊ͭ͟͡ ͭ͊ 
ͤ͜΄͙ͻ ͙͒ͫͼ͙ͨͤ͜͡Φ ˽͔ͪͦͭΣ ͍͊ͪͭͦ ͍͙͙ͤ͊ͭ͘Σ ΅ͦ ͒ͦͫΎ͎͔ͤͤͤΎ ͍ͭ͜;͙ͤ͘Ύͤͦ͝ ͔͎ͨ͊ͦͪ͊͡-
ͺ͜͝ ͙͋ͯ͡ ͫͪͦͣͤ͟͜΄͙͙ͣΣ ͤ͗͜ ͚ͪͦͫͫ͜Έͦ͟͝Σ ͯ ͙͍͊ͭ͟͜ Ύͦ͟͝ ͤ͊ͭͪ͊ͨ͡ΎΊͣͦ ͤ͊ ͺͯͤ͒͊-
͔ͣͤͭ͊͡Έͤ͜ ͨͪ͊ͼ͜ ˿Φ ˴ ͡Ί͍ͨͦ͊͜͟Σ ˶Φ ̉ ͔͔ͪͨͤͤ͊͜Σ ˸Φ ́ ͙ͻ͙͍ͦͣͪͦ͊Σ ˸Φ ˾ ͍ͦͦ͊͘ ͭ͊ ͤ͜Φ 

˽ͫ͜͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ̂ͪ͊ͤͦ͟͝Ό ͔͔ͤ͊͗ͤͦͫͭ͘͜͡ ͋ͯͦ͡ ͍͔ͫͭͦͪͤͦ ͍ мффп ͪΦ ͤ͊ 
͋͊͘͜ ͔ͫͭͦͪ͊͟ ͙ͫͭͦͪ͜;ͤͦ͝ ͎͔͎ͦͪ͊ͺ͜͝ ͭ͊ ͎͊ͪͭͦͪ͊͟ͺ͜͝ ˱͙ͤͫͭͭͯͭͯ ͫͭͦͪ͜͜͝ ͙̂ͪ͊ͤ͟͝ ˹ˢ˹ 
͙̂ͪ͊ͤ͟͝ ͍͒͒͜͜͡ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͙ͫͭͦͪ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ Ύ͙͚͟ ͨͦ;͍͊ ͍͙ͨͦ͒͊͊ͭ 
͍ͤͦͯ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͨͪͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͦͪ͒ͦͤ͟͜ ͔͍͙͒ͪ͗͊ ͍ ͪͤ͘͜͜ ;͙͊ͫ ό͙ͫͭͦͪ͜;ͤ͊ 
͎͔͎ͦͪ͊ͺ͜ΎύΣ ͤ͊Ύ͍ͤͫͭ͜Έ ͍͙͊ͫͤ͡ͻ ͎ͪͦ΄͍͙ͦͻ ͍ͤ͊͘͟͜ ς ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͍͊͡Ό͙ͭ 
ό͙͋ͦͤͫͭ͊͜͟ύΣ ͨͪͦ ͍͔ͫͭͦͪͤͤΎ ͊͘ ;͍͊ͫ͜ ̂ͪ͊ͤͫ͟͝Έͦ͟͝ ͔͍ͪͦ͡Όͼ͜͝ ͔͍͙͒ͪ͗͊ͤͻ 
͎ͤ͊ͦͪͦ͒Σ ͍͚ͫ͜Έ͍͙ͦ͟ͻ ͍͒ͤ͊͘͜͟ όͺ͔͙͙͊ͪͫͭ͊͟͡ύ ͭͦ΅ͦΦ  

˹͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ͪͦͫͭ͊͘Ί ͟͜͡Έͫͭ͟͜Έ ͊͘ͻ͙΅͔͙ͤͻ ͙͔͒ͫͪͭ͊ͼ͚͜Σ ͔ͦͪͣ͊͘͟Σ 
͒ͦͭͦͪͫ͟Έ͙͟ͻΣ ˻Φ ˥ ͊͡Έ;͔ͤͦ͟Σ ˶Φ ˨ ͍ͯ͋ͪͦͤͦ͜Ό όͺ͊ͻ͍͜ͼ͍͜ ͯ ͎͊ͯ͘͜͡ ͙͎ͦ͒ͦͦ͟͟͜͡͝ ͭ͊ 
͙͎ͦ͒ͦͪ͊͟͟ͺ͜͝ύΣ ˻Φ ˻ ͔͒ͤͦͪͦ͗ͤͦͣ͟ ό͎͔ͪ͊͡Έ͙͒͊͟Σ ͫͺ͎͙ͪ͊ͫͭ͊͜͟ύΣ ˤΦ x ͔͒ͪ͊͋ͦ͘͟ 
ό͔͍͍͒ͦͯͣͤͭͦͤ͊ͫͭͦ͘͟Σ ͙͙͒ͨͦͣ͊ͭ͊͟͡ύ ͭ͊ ͤ͜Φ 
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˻ͫͭ͊ͤͤͣ͜ ͚ͤ͊͋͜͡Έ΄ ͍͙͐ͪͯͤͭͦͤͣ ͍͙͒͊ͤͤΎͣ ͘͜ ˿˱˨ Ί ͔͙͍ͦͭͤ͊͟͟͡ ͨͪ͊ͼΎ 
ͨ͒͜ ͔͍͙ͪͤ͟͜ͼ͍ͭͦͣ ͨͪͦͺ͔ͫͦͪ͊ ˱Φ ʕ ͚ͦͼ͔ͻ͍ͫ͜Έͦ͟͝ ώммϐΣ Ύ͊͟ ͍ͨ͒ͫͯͣͯ͊͊͜͡ ͍ͫ͜ 
͙ͤ͊͋ͯͭ͟ ͍ͭ͜;͙ͤ͘Ύͤͦ͝ ͭ͊ ͊ͪͯ͋͗ͤͦ͘͜͝ ͎ͫͭͦͪͦͪ͊͜͜ͺ͜͝Φ ˨͙͚͊ͤ ͍͙͒ͦ͒ͤ͜͟ ͙ͣͫͭͭ͜Έ сн 
͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͭ͊ ͔͙ͣͦ͒ͪͤͻ ͎͊ͫ͊͡ ˿˱˨ ͜ ͍͒ͦ͋ͪ͊͗͊͜Ί ͫͤͯ͜Ό;͙͚ ͫͭ͊ͤ 
ͦͨͪ͊ͼΌ͍͊ͤͤΎ ˿˱˨ ͍ ͯͪ͊ͤͫ͟͝Έ͚͟͜ ͙ͫͭͦͪ͜;͚ͤ͜ ͤ͊ͯͼ͜Φ ˤ͎͊͊͘͜͡ ͟͜͡Έͫͭ͟͜Έ ˿˱˨ ;ͭͦ͜͟ 
͔ͤ ͍͙ͤ͊͘;͔ͤ͊Σ ͔ͦͪͣ͊͘͟ ;͔͔ͪ͘ ͍͙͔͔ͦͪͣͤͤ͟͡Ύ ͙ͦ͒ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͘͜ ͤ͜΄͙ͻΣ ͔͊͡ 
ͫΈ͎ͦͦ͒ͤ͜ ͚͔͒ͭΈͫΎ ͨͪͦ ͨͦͤ͊͒ ул ͙͒ͫͼ͙ͨͤ͜͡Φ 

ˤ͙͍͙ͫͤͦ͟Φ ˻͔ͭ͗Σ ͔ͫͨͼ͊͜͡Έͤ͜ ͙ͫͭͦͪ͜;ͤ͜ ͙͒ͫͼ͙͙ͨͤ͜͡ ͚ͨͪͦ΄͙͡ ͍͎͙͚͒ͦ ΄͡Ύͻ 
͍͙ͪͦͭͯ͘͟ ͚ ͔ͤ ͍͒ͪ͊ͯ͘͜ ͙ͫͭ͊͡ ͔ͫͨͼ͊͜͡Έ͙͙ͤͣΦ ˿͍͔ͭ͊ͤͦͤͤ͡Ύ ˿˱˨ ͯ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ 
͙ͫͭͦͪ͜;͚ͤ͜ ͤ͊ͯͼ͜ ͍͒͋ͯͦͫ͜͡Ύ ͍ ͔͒͟͜͡Έ͊͟ ͔͍ͭ͊ͨ͜Φ ˨ͦͪ͊͒ΎͤͫΈ͙͚͟ ͔ͭ͊ͨ 
͍͒ͤ͊͘͜;͊ΊͭΈͫΎ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Ό ͔͙ͦͪͣ͟ͻ ͍͙ͨͪͦ͒ͤ͜ͻ ˿˱˨ ς ͔͎ͨ͊ͦͪ͊͡ͺ͜͝Σ 
͙͙͙͒ͨͦͣ͊ͭ͟͡Σ ͫͺ͎͙͙ͪ͊ͫͭ͜͟Σ ͎͔͔͎ͤ͊ͦ͜͡͝ ͭ͊ ͤ͜Φ ˾͊͒ΎͤͫΈ͙͚͟ ͔ͭ͊ͨ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ 
΄͙ͪ΄͙ͣ ͍͙͍;͔ͤͤΎͣ ζͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͔͒ͦͯͣͤͭ͊͟͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ηΣ ͙ͤ͊ͨͪ͊͒͟͡ 
͎ͪ͊ͣͦͭ ͤ͟Ύ͍͘͜Σ ͍͔͍ͯͤͪͫ͊͜͜͡ ͎͔ͭΈ͍ͣ͊ͤ͜ ͭͦ΅ͦΦ ˹͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ 
ͨͦ͒͊͡Έ΄͊ ͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜ΎΣ ͪͦ͘΄͙͔ͪͤͤΎ ͔͙ͣͭͦ͒;͙ͤͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͭ͊ 
ͪͦͫͭ͊ͤͤ͘Ύ ͍͙͔͊ͭͦͪͭͭͯ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͙ͫͭͦͪ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͯ ͔͔͍͙ͫͪ͒ͦ΅͜ 
͙ͫͭͦͪ͜;ͤͦ͝ ͙ͤ͊ͯ͟Σ ΅ͦ ͙͡΄͔ ͣ͘͜ͼͤΌΊ ͝ͻͤΊ ͍͙ͫͭ͊ͤͦ΅͔Φ 

˽͔͔͙͍͙ͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͤ͊ͨͪ͊ͼΌ͍͊ͤΈ ͨͦ͡Ύ͎͊ΌͭΈ ͯ ͘ΩΎ͍ͫͯ͊ͤͤ͜ ͦͫͦ͋-
͙͍͔͚ͦͫͭ͡ ͍͙ͪͦͭͯ͘͟ ͔͙ͣͦ͒ͪͤͻ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͙ͫͭͦͪ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͯ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ 
ͤ͊ͯͼ͜Σ ͔ͦͪͣ͊͘͟ ͍͔͙͎ͫͦͦ͟͜͡͡͝Σ ͺ͔͙͙͙͊ͪͫͭ͟͡Σ ͙͙͋ͦͤͫͭ͜͟Σ ͔͎ͤͦͪ͊ͺ͜͝ ͭ͊ ͤ͜Φ 

˶˱́˩˾ˢ́̂˾ˢ 
1. ˣ͍͙͚ͦͫͯͤͦͫ͟͡ ˴Φ ˨͔͍͙͔ͪͤ ͎͙ͪΈ͙͟Σ ͚͔ͤ͊͒ͤͤ·͔ ͍ ˴͙͔͍͔ ͙ ͦͭͤͦ΄͔͙͔ͤ ͙ͻ ͟ 

͙ͪ͊͘͡;ͤ·ͣ ͍͔͍ͫͦ·ͣ ͙͔ͫͫͭͣ͊ͣ κ ˴Φ x ͍͙͚ͦͫͯͤͦͫ͟͡Φ ς ˴ Φ Υ ͙́ͨΦ ˮ Φ ˮ Φ ̉ ͍ͦͦͦ͊͟͡Σ муфуΦ ς ну ͫΦ 
2. ˤ͍͔͔͒ͤͫΈ͙͚͟ s Φ ˻ Φ ˨ͦͨͦͣ͗ͤ͜͜ ͙ͫͭͦͪ͜;ͤ͜ ͙͒ͫͼ͙͙ͨͤ͜͡ Υ [͍ͤ͊;Φ ͨͦͫ͋͜Φ] 

/  s Φ ˻ Φ ʕ ͍͔͔͒ͤͫΈ͙͚͟Σ ˤΦ ˻ Φ ˨ Ύ͙͒;͔ͤͦ͟Σ ˤΦ ˱ Φ ˿ ͔ͭͪ͡ΈͫΈ͙͚͟Φ ς ˴ Φ Υ ˾͊͒Φ ΄ͦ͊͟͡Σ мфсоΦ ς нлу ͫΦ 
3. ˤ͎͔ͫͨͦͣͦ͊ͭ͡Έͤ·͔ ͙͙ͫͭͦͪ;͔͙͔ͫ͟ ͙͒ͫͼ͙͙ͨͤ͡· Υ ͙͙͎ͫͭͦͪͦͪ͊ͺ͙Ύ ͙ ͔͙ͭͦͪΎ 

/  ̑ Φ ̑ Φ ˴ ͦͤ͒ͯͺͦͪ ͙ ͒ͪΦ ς ˴ Φ Υ ˹͍͊ͯͦ͊͟ ͒ͯͣ͊͟Σ мфууΦ ς нул ͫΦ 
 пΦ ˱ͣ͊͘͝͡ ˱͍͍͙͊ͤͦ; ˿͔͔͍ͪͤͫ͘Έ͙͚͟ ό͒ͦ нлл-ͪ͜;;Ύ ͍͒͜ ͒ͤΎ ͔ͤ͊ͪͦ͒͗ͤͤΎύ Υ ͎͋͋ͦͪ͜͜͡Φ 

ͨͦ͊͗͟;Φ κ ͯ͊͒͟͡Φ ˻Φ ˿ Φ ˬ ͍ͯͪ͊͡Έ͍ͦ͊Σ ˹Φ ˥ Φ ˸ ͊ͼͤΊ͍͊ ͭ͊ ͤ͜Φ ς ̆Φ Υ ̆˹̂ ͔ͣͤ͜͜ ˤΦ ˹ Φ ˴ ͊ͪ͊ͤ͊͘͜Σ 
2012. ς мур ͫΦ Υ ͜͡Φ 

5. ˴͊ͣ͊ͤͤ͜ ˱Φ ˸ Φ ˤͦ͒Ύͤ͜ ͙ͤ͊͘͟ ͤ͊ ͔ͨ͊ͨͪ͜ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͔͍͒ͦͯͣͤͭ͟͜ ·±˱ς·±LL ͍͍Φ 
(1566ςмсрмύ κ ˱Φ ˴͊ͣ͊ͤͤ͜Σ ˻Φ ʕ ͍͙ͭ͜ͼΈ͊͟Φ ς ˴Φ Υ ˨ͪͯ͟Φ ˤ͔ͫͯͪ͟Φ ˢ͊͒͟Φ ˹͊ͯ͟Σ мфноΦ ς 30+144 ͫ Φ ς 
ό˭͙͋ͪͤ͜͟ ˱͙ͫͭͦͪ;ͤͦ-͎̅ͦͦ͜͜͡͡;͎ͤͦͦ ˤ͒͒ͯ͜͜͡ ˤ͔ͫͯͪ͊ͤͫ͟͝Έͦ͟͝ ˢ͔͊͒ͣ͟͜͝ ˹͊ͯ͟Φ ς Ѕ ммύΦ 

6. ˶ ͔͍͙͚͊͊ͪͫ͘͟ ˢΦ ˸Φ ˻;͔͙ͪ͟ ͙͚͙ͣ͊ͦͪͦͫͫͫ͟͡ͻ ͺ͙͙͚͊ͣ͡Φ ˸͔͙͊ͭͪ͊͡· ͒͡Ύ ͙͙͙ͫͭͦͪ 
ͦ͋΅͔͍ͫͭ͊ ͍ ·±LLς·±LLL ͍͍Φ ˴ͦ;͔͙ͯ͋ όˤΦ ˶Φ ˴ͦ;͔͚ͯ͋ύΣ ˸͔͊ͨ͊͘ ͙ ˸Φ ˴ͦ;͔͚ͯ͋ 
/  s Φ ˸ Φ ˶ ͔͍͙͚͊͊ͪͫ͘͟Φ ς ˾ ͙͚ͯͫͫ͟ ͊ͪͻ͙͍Φ ς 1876. ς ́ Φ оΦ ς ˿ Φ поуς455. 

7. ˶ͦ͋ͦ͟ ˢΦ ˽ͦͨ·ͭ͊͟ ͟ ͍͔͙ͯͪ͊ͤͤΌ ͔ͣͪ ͙ ͍͔ͫ͊  ͍ ˸͙͙͊ͦͪͦͫͫ͡ ̆VIII ͍Φ κ ˢΦ ˶ͦ͋ͦ͟ 
//  ˴ ͙͔͍ͫ͊͟Ύ ͙ͫͭ͊ͪͤ͊Φ ς 1889. ς Ѕ тΦ ς ˿ Φ 232ς239. 

8. ˶͙͚ͯͦͣͫ͟͟ ʕ . ˴ Φ ˸ ͙͚͙͚͊ͦͪͦͫͫͫ͟͡ ͎͔͍͙ͪ͋ͦͤ͟ κ ˤΦ ˴ Φ ˶ ͙͚ͯͦͣͫ͟͟Σ 
.ʕ ˶ Φ ˸ ͔͍͙͚ͦ͒͊ͫ͘͟͡Φ ς ˿ ˽͋Φ Υ ͙͎́ͨͦͪ͊ͺ͙Ύ ˿͙͙ͪͯͫΣ 1914. ς 322 ͫ Φ  

9. ˸ ͔͍͙͚ͦ͒͊ͫ͘͟͡ ˤΦ ˶Φ ˸͙͚͙͚͊ͦͪͦͫͫͫ͟͡ ͍͙ͪͦ͒ͦͫͦͤ͟͡ κ ˤΦ ˶ Φ ˸ ͔͍͙͚ͦ͒͊ͫ͘͟͡. ς ˴Φ : 
͙͎́ͨͦͪ͊ͺ͙Ύ ˥Φ ˶ Φ ̅ ͪͦͤͼ͔͍͙͟;͊ ͙ ˴ͦΣ мфлуΦ ς ́ Φ мΦ Υ ˢ-˨Φ ς рмф ͫΦ 

10. ˽͊ͤ͊΄͔ͤͦ͟ ʕ . ʕ . ˽͔͎͊ͦͪ͊͡ͺ͜Ύ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͙ͫͦͪͦͨͫͯ͟ ͎͒ͪͯͦ͝ ͍͙͙ͨͦͦͤ͡ 
XVII ͫ ͭΦ Υ ͤ͊ ͔ͣ͊ͭͪ͊͊͜͡ͻ ˶͍͔͔ͦ͋ͪ͗ͤͦ͜͝ ͙̂ͪ͊ͤ͟͝ κ ˤΦ ʕ Φ ˽ ͊ͤ͊΄͔ͤͦ͟Φ ς ˴͙͍͝ Υ ˹͍͊ͯͦ͊͟ ͒ͯͣ͊͟Σ 
1974. ς ммм ͫΦ 
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11. ˿ ͔ͨͼ͊͜͡Έͤ͜ ͙ͫͭͦͪ͜;ͤ͜ ͙͒ͫͼ͙͙ͨͤ͜͡Φ ˨͍͙ͦ͒ͤ͜͟ Υ ͍ͤ͊;Φ ͨͦͫ͋͜Φ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙΅͙ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ κ ˱Φ ˹ Φ ʕ ͚ͦͼ͔ͻ͍ͫ͜Έ͊͟ ό͔͍͙ͪͤ͟͜͟ ͍͊ͭΦ ͦ͟͡ΦύΣ ˤΦ ʕ Φ ́ ͍ͦͣ͊ͦ͘Σ 
˸Φ ̅ Φ ˨ ͙ͣͭͪ͜Ίͤͦ͟ ͭ͊ ͤ͜Φ ς ˴ ͙͍͝ Υ ˶͙͋͒͜ΈΣ нллуΦ ς рнл ͫΦ 

12. ˿͔ͨͼ͊͜͡Έͤ͜ ͙ͫͭͦͪ͜;ͤ͜ ͙͒ͫͼ͙͙ͨͤ͜͡ Υ ώͤ͊ ͍;Φ ͨͦͫ͋͜Φϐ κ ˤΦ ˻ Φ ˭ ͙͊ͣͤͫ͡Έ͙͚͟Σ 
˸Φ ̅ Φ ˨ ͙ͣͭͪ͜Ίͤͦ͟Σ ́Φ s Φ x ͊͊͋ͯ͡΄͔͍͙; ͭ͊ ͤ͜Φ Τ ͊͘ ͔ͪ͒Φ ˤΦ ˻ Φ ˭ ͙͊ͣͤͫ͡Έ͎ͦͦ͟Σ 
˸Φ ̅ Φ ˨ ͙ͣͭͪ͜Ίͤͦ͟Φ ς ˴ Φ Υ ˹˸˴ ˤ˻Σ мффнΦ ς онп ͫΦ  
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˾˩˭̑˸˩ 
ˢ͍ͻͯͭͫ͊͟Ύ Φ˿ ˿͍͔͙͔ͭ͊ͤͦͤ͡ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͊ͤͦͤ͊͟ ͔ͫͨͼ͙͊͡Έͤ·ͻ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ 

͙͒ͫͼ͙͙ͨͤ͡ ͍ ͔ͦͭ;͔͍͔͚ͫͭͤͤͦ ͔ͤ͊ͯ͟Υ ͍ͭͦͪ͊Ύ ͍͙ͨͦͦͤ͊͡ ̆˱̆ ς ͤ ͊;͊ͦ͡ ̆̆˱ ͫͭΦ 
ˤ ͫͭ͊ͭΈ͔ ͙͔͔ͫͫ͒ͯͭͫ͡Ύ ͍͔͙͔ͫͭ͊ͤͦͤ͡ ͍͔͒ͯ΅͙ͻ ͔ͫͨͼ͙͊͡Έͤ·ͻ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ 

͙͒ͫͼ͙͙ͨͤ͡ ͍ ͔ͦͭ;͔͍͔͚ͫͭͤͤͦ ͔ͤ͊ͯ͟Σ ͦͭͦͪ͟·͔ ͙͊ͤͣ͊͘ΌͭͫΎ ͙ͯ͘;͔͙͔ͤͣ ͙ͪ͊͘͡;ͤ·ͻ ͍͙͍͒ͦ 
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SUMMARY 
Avkhutska S. Formation of modern canons of special historical disciplines in the 

native science: second half of the XIX century ς the beginning of the XXI century. 
The article deals with the formation of the leading special historical disciplines 

(further ς SHD) in the native science, that study certain types of historical sources and 
develop theoretical and methodological basis of this research. It is emphasized, that special 
historical disciplines have come a long way of development and not at once became the 
ǎǇŜŎƛŀƭΦ Lƴ ǘƘŜ ̆˱̆-th century, they had the status of auxiliary historical disciplines. The article 
ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ǎǘŀƎŜǎ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ {I5 ŦǊƻƳ ǘƘŜ ǎŜŎƻƴŘ ƘŀƭŦ ƻŦ ǘƘŜ ̆˱̆-th century ς till 
the beginning of the XXI century, in particular pre-soviet, soviet and modern periods. At the 
beginning of the XXI century the majority Ukrainian researchers agrees with the need to 
ǊŜƴŀƳŜ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ǳǎŜŘ άŀǳȄƛƭƛŀǊȅ ƘƛǎǘƻǊƛŎŀƭ ŘƛǎŎƛǇƭƛƴŜέ ǘƻ άǎǇŜŎƛŀƭ ƘƛǎǘƻǊƛŎŀƭ ŘƛǎŎƛǇƭƛƴŜέΦ 

In the pre-soviet period the role of the major SHD as paleography, diplomatics, 
metrology, genealogy, sphragistics and heraldry in the native science has increased 
ŎƻƴǎƛŘŜǊŀōƭȅ ǎƛƴŎŜ ǘƘŜȅ ŀŎǉǳƛǊŜŘ ǘƘŜ ǎǘŀǘǳǎ ƻŦ ƛƴŘŜǇŜƴŘŜƴǘ ǎŎƛŜƴǘƛŦƛŎ άŀuxiliary historical 
ŘƛǎŎƛǇƭƛƴŜǎέΣ ŀƴŘ ǎƻƳŜ ƻŦ ǘƘŜƳ ŀǊŜ ǘŀǳƎƘǘ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎƛǘƛŜǎ ƻŦ [ǾƛǾΣ YƘŀǊƪƛǾΣ YƛŜǾΣ 
Novorossiisk for training of professional historians. The article revealed the contribution of 
prominent native scientists to development of studios of SHD (I. Sreznevskyi, D. Yavornytskyi, 
I. Kamanin, V. Lukomskyi, V. Modzalevskyi, I. Krypiakevych, O. Lazarevskyi and others). 

The Soviet period was characterized by a continuation of development and becoming 
of fully new auxiliary historical disciplines that appropriately began to stand out from the 
classic SHD. Thus codicology and filigranology separated from palaeography, getting the own 
object of study. 

!ǘ ǇǊŜǎŜƴǘ ǘƘŜǊŜ ƛǎ ŦǳǊǘƘŜǊ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ƻŦ {I5Σ ŜȄǘŜƴǎƛƻƴ ǎǘǳŘȅ ƻŦ ά¦ƪǊŀƛƴƛŀƴ 
documentary materiŀƭέΣ ƴŀǘƛǾŜ ŜȄǇŜǊǘǎ ƘŀǾŜ ǇǊƻŘǳŎǘƛǾŜƭȅ ŎƻƳǇǊŜƘŜƴŘŜŘ ǘƘŜ ŀŎƘƛŜǾŜƳŜƴǘǎ ƻŦ 
predecessors and have prepared professional publications. 

Therefore, the article presents the studies that define the basic aspects of SHD 
ǎǘǳŘƛƻǎΩ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǘƘŜƛǊ ǇƭŀŎŜ ƛƴ ǘƘŜ ¦ƪrainian historical science. It is marked that 
recently has observed strengthening of attention of scientists to history, theory and 
methodology of SHD. 

Key words: special historical disciplines, Ukrainian historical science, historical 
sources, paleography, diplomatics, metrology, genealogy, sphragistics, heraldry. 
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͙͔͙ͫͫͭͣ͊ͣ ό˱Φ ˿ ͍ͦͦͦ͊͟͡Σ ́Φ ˨ ͍͙͔͊͒ͤͦ͟Σ ˹Φ ˴ ͊ͨͯͫͭͤ͜Σ ˽Φ ́ ͔ͪͭΩΎ͍ͦ͟Σ ́Φ ̊ ͍͊ͣͦ͊Σ 
́Φ ̊ ͙͍͋͊ͤͦ͊Σ ˢΦ ˭ ͚͊ͼ͔͍͊Σ ˤΦ ˴ ͯͯ͟΄ͤ͟͜Σ ́Φ ˸ ͙͍ͪͦͤͦ͊ύΤ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͨ͒͜ͻͦ͒ͯ ͒ͦ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͔͎ͪͦͤ͊͜͡ΈͤͦΌ ͙͔ͫͫͭͣͦΌ ͍͙ͦͫͭ͜ ό˹Φ ˴ ͙͊ͤ͊͡ύΤ ͨͪͦ ͔͔͙ͫͨͪͭͯ͘͟ 
͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔͎ͪͦͤ͜͜ ό˶Φ ˨ ͙͔͊ͤͤͦ͟͡ύΤ ͨͪͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ 
͍͙΅͙͙ͣ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͙͊͊͒͊ͣ͘͟͡ ό˴Φ ˥ ͔͍ͤ͒ͦ͊͘͜͡ύΤ ͨͪͦ ͔͔͔͍ͤͨͪͪͤͯ ͔͎͎ͨ͒͊ͦ͜;ͤͯ 
͎͍ͨ͒ͦͭͦͯ͜͟ ͔͔͔ͣͤ͒͗ͪ͊ ͍͙ͦͫͭ͜ ό˶Φ ˴ ͍ͪ͊;͔ͤͦ͟ύΤ ͨͪͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͙ͫͭͪͯͭͯͪ͟ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͤͤͦ͊͜ͼ͚͙͙ͤͣ͜ ͨͪͦͼ͔͙ͫ͊ͣ ͍ ͙͔ͫͫͭͣ͜ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ 
ό˹Φ ˥ ͦ͡Έͼ͍ͦύΤ ͨͪͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍͙͙͒ͦͣ͜͡ ͔͙ͨͪͦͭ͊ͣ͟ όˤΦ ˴ ͯ;͔͔ͪͤͦ͟ύΤ ͨͪͦ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͨͪͦͺ͔͚͙ͫͤͣ͜ ͍͙ͪͦͭͦͣ͘͟ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ 
͙͔͙ͫͫͭͣ ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜ ό˸Φ ˸ ͍ͦͪͦͦ͊͘ύΦ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͍͙Ύ͍͔ͤͤ͡Ύ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͙͍͊͒͊ͨͭͤͦ-
͔͎͎ͨ͒͊ͦ͜;͙ͤͣ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύͣ ͔͎ͪͦͤ͊͜͡Έ͙ͤͻ ͍ͦͫͭͤ͜͜ͻ ͙͔ͫͫͭͣ ͍͙ͨ͒͜΅͔ͤͤΎ 
͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ό˾˻˿ ˽˴˽˽ύΦ 

˸͔͙ͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͊ͤ͊͘͜͡ ͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͔͔͒͗ͪ͡Σ ͔ͣͭͦ͒ ͔͍ͨͪͦͭ͟͜Σ 
͔ͣͦ͒͡Ό͍͊ͤͤΎΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡. ˶Ό͙͒ͤ͊ ͍ ͣ͗ͤ͊ͪͦ͒ͤͦͣͯ͜ ͍ͦͫͭͤ͜Έͦͣͯ 
ͨͪͦͫͭͦͪ͜ ͍͙ͤ͊͘ΊͭΈͫΎ ͚͍͙ͤ͊΅ͦΌ ͼͤͤͫͭ͜͜ΌΣ ͊ ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͝͝ ͍͙ͪͦͭͯ͘͟ 
ͫͭ͊Ί ͍͙ͦͫͤͦͤͣ ͔͚͙͍ͭͣͦͭͦͣ͡ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͋ͯ͒Έ-Ύͦ͟Ό ͍ͦͫͭͤ͜ΈͦΌ ͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌΦ 
̂ ͼΈͦͣͯ ͔ͫͤͫ͜ ˶Φ ˽ ͦͪͦ͟Ί͍͊ ͍͔͙͍ͫͨͪ͊͒ͦ͡ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ζΧ ͫΈ͎ͦͦ͒ͤ͜ ͍ ̂ͪ͊ͤ͟͜͝ 
͔ͤͣ͊Ί ͼͫͤͦ͜͜͡͝ ͙͔͙ͫͫͭͣΣ Ύ͊͟ ͔͔ͨͪ͒͋͊;͊Ί ͚ ͔͔͊͋ͨ͘͘;ͯΊ ͍͙ͨ͒͜΅͔ͤͤΎ 
ͫͦͼ͊͜͡Έͤͦ͝ ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝Σ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͍͍ͨͪͦ͒ͦ͗ 
ͯͫΈ͎ͦͦ ͙͗ͭͭΎ ͍ ͚͒ͦͫͭͯͨͤ͜ ͺͦͪͣ͜ ͭ͊ ͙ͦͨͭͣ͊͡Έͤͦͣͯ ͔͙ͪ͗ͣ͜η ώмлΣ ррϐΦ 

˻͔ͭ͗Σ ͍͔ͪͤ͜Έ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͦͫͭͤ͜ΈͦΌ ͙͔ͫͫͭͣͦΌ ͔ͤ ͍ͫ͊ͫ͟͡Ύ Ύ͟ 
͔ͫͨͼ͙ͺ͜;ͤ͊ ͒͜Ύ͡Έͤͫͭ͜ΈΣ Ύ͊͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͍͊ͫͤͦ͡Ό ͎͍ͦͪ͊ͤͦ͊ͤͫͭ͘͜͜ΌΣ 
͔ͣͻ͙͊ͤͣ͊ͣ͘͜ ͜ ͨͪͦͼ͔͙ͫ͊ͣΣ Ύ͟ ͜ ͔ͤ ͘ΩΎ͍͙͙ͫ͡Ύ ͍͊͟͜͡ͺ͍ͦ͊ͤ͜͟͜ ͤͦͫ͜͝ ͒͊ͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ς ͨͪͦͺ͔͙ͫͦͤ͊͜͡-͍ͯͨͪ͊ͤ͜͡ͼ͜Φ ́ͦͣͯ ͫͯ;͚͊ͫͤ͜ ͍͚ͦͫͭͤ͜͜ ͍ͯͫͭ͊ͤͦ͜ 
͔ͤͦ͋ͻ͙͚͒ͤ͜ ͔͍͙ͪͤ͟͜͟Σ ͔͔͔ͣͤ͒͗ͪ ͘͜ ͍ͤͦͦΌ ͎ͦͦ͜͟͡Ό ͙͔ͣͫͤͤ͡ΎΣ ͘ ͎͙͙͙͋ͦͣ͟͡ 
ͤ͊ͤͤ͘Ύ͙ͣ ͔͎͎͙ͨ͒͊ͦ͜͟Σ ͙ͨͫͻ͎ͦͦ͜͡͝Σ ͍ͨͪ͊͊Σ ͔͙ͦͤͦͣ͟͜͟ ͭ͊ ͘ ͍ͤͦͦΌ ͍ͯͨͪ͊ͤͫ͜͡Έͦ͟Ό 
ͯ͟͡ΈͭͯͪͦΌΦ ˽ͦ-͔ͨͪ΄͔Σ ͍ͤ͜ ͍͙͔ͨͦͤͤ ͙͙͙ͣͫͭ͡ ͙͔ͫͫͭͣͤͦΣ ͍͙ͪ͜΄͍͙ͯ͊ͭ 
͔ͤͫͭ͊ͤ͒͊ͪͭͤ͜ ͍ͯͨͪ͊ͤͫ͜͡Έ͟͜ ͍͊͒͊ͤͤ͘ΎΣ ͍ͣͦ͜͡ ͔͍͙ͪͯ͊ͭ͟ ͍ ͍͙ͤͦͻ ͍ͯͣͦ͊ͻΦ ˽ͦ-
͎͔͒ͪͯΣ ͔͍͙ͪͤͯ͟͜͟ ͍͙ͯͫͭ͊ͤͦ ͍͙ͦͫͭ͜ ͔ͭͪ͋͊ ͙͙ͣͤͭͫ͘͜Ύ ͍ͤͯͭͪ͜΄ͤΈͦΣ ͍͙͍ͯͫ͒ͦͣ͜΄͙ 
͍ͨͦͤͦΌ ͣͪͦ͜Ό ͙͔ͫͫͭͣͯ ͍ͫͦ͝ͻ ͔͔ͨͪͦͤ͊ͤ͟Έ ͜ ͍͍ͪͯ͊ͤ͜ΈΦ ͔͔̉ͪ͘ ͫ͊ͣͦͨͤ͊ͤͤ͘͜Ύ 
͔͍͙ͪͤ͟͜͟ ͔ͣͦ͗ ͍ͤ͊;͙͙ͭͫΎ ͍͊͘Ίͣͦ͒͜Ύ͙ͭ ͘ ͔͎͎ͨ͒͊ͦͦͣΣ ͯ;ͤΎ͙ͣ ͭ͊ ͍͙ͻ͍ͦ͊ͤͼΎ͙ͣ 
Ύ͟ ͘͜ ͫͦͼ͊͜͡Έ͙͙ͤͣ ͔͙ͨ͊ͪͭͤͪ͊ͣΦ ˽ͦ-͔ͭͪͭΊΣ ͫͯ;͊ͫͤͦͣͯ ͔͍͙͍ͪͤͦ͟͜͟͜ ͊͊͒ͯ͘͟͡ 
͍͙ͦͫͭ͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͚ͨͦͫͭͤͦ͜ ͍;͙͙ͭͫΎΣ ͚ͦͣͯ ͨͦͭͪ͋ͤ͜͜ ͤ͊ͤͤ͘Ύ ͨͪͦ ͫͯ;͔͊ͫͤ 
͍ͯͨͪ͊ͤͤ͜͡Ύ Ύ͟ ͙͍͙͚ͦͫͦ͋͡ ͙ͭͨ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ό˶Φ ˽ ͔͊ͫ;͍ͤͦ͊͜͟ύ ώтϐΦ  

˹͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͎͍͔ͦͦͤ͡ ͍͊͒͊ͤͤ͘Ύ ͔͎ͪͦͤ͊͜͡Έͤͦ͝ ͍ͦͫͭͤ͜Έͦ͝ ͙͔͙ͫͫͭͣ ς 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͫͯ;͊ͫͤͦ͝ Ύͦͫͭ͟͜ ͍ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜ ͺ͊ͻ͍͜ͼ͍͜Σ ͝ͻ 
͔ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤͦͫͭ͟͟͜ ͤ͊ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Σ ͊ ͭ͊ͦ͗͟ ͝ͻͤ͜ͻ ͔ͨͦͭͪ͋ ͯ 
ͨͪͦͺ͔͚͚ͫͤ͜͜ ͍ͦͫͭ͜͜Φ ˽͎ͦͦ͒͗ͯΊͣͦͫΎ ͘ ˤΦ ˿ ͙͙͍ͦͦ͘͟ΌΣ ΅ͦ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͔͎ͪͦͤ͊͜͡ΈͤͦΌ ͍ͦͫͭͤ͜ΈͦΌ ͙͔ͫͫͭͣͦΌ ͍͙ͪ͊͗͊ΌͭΈͫΎ ͍ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ 
͍͙ͪ͜΄͔ͤͤΎ ͔ͨͪͦ͋ͣ͡ ͍͙ͦͫͭ͜ ͤ͊ ͍ͪͤ͜͜ ͔ͤ ͭ͜͡Έ͙͟ ͍ͦͫͭͤ͜Έͦ͝Σ ͊ ͚ 



˜̨̨̘̆̅́̄̏̄̎ ̎́̔̋̉ȡ ̨̠̓̆̏̑ȟ ̨̨̠̒̓̏̑ȟ ̨̨̨̗̎̎̏̃́̊̎ ̨̖̩̓̆̎̏̌̏̄ȟ ςπρ6ȟ Ο 6(90) 

138 

͎͊͊͘͡Έ͔͍ͤͦ͒ͪ͗͊ͤͦ͝ ͭ͊ ͔͎ͪͦͤ͊͜͡Έͤͦ͝ ͙͙ͨͦͭ͜͟͡Τ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙ͨͪͤͼ͙ͨͯ 
͙͔ͫͫͭͣͤͦͫͭ͜ ͍ ͍ͯͨͪ͊ͤͤ͜͜͡ ͍ͦͫͭͦ͜Ό ͤ͊ ͍ͫ͜ͻ ͍ͪͤ͜ΎͻΤ ͔͔͎ͨͪ͡Ύ͒ͯ ͪͦ͜͡ ͚ ͺͯͤ͟ͼ͚͜ 
͔͍͙͒ͪ͗͊ ͯ ͺ͍ͤ͊ͤͫͯ͊ͤͤ͜͜ ͭ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍͙ͦͫͭ͜Τ ͊ͯ͘͡;͔ͤͤΎ ͒ͦ ͍͙ͪ͜΄͔ͤͤΎ 
͔ͨͪͦ͋ͣ͡ ͍͙ͦͫͭ͜ ͙ͪͤ͘͜ͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͙͍ͤͫͭͭͯͭ͜͜Σ ͊ ͭ͊ͦ͗͟ ͔͔͎ͨͪ͡Ύ͒ͯ ͪͦ͜͡ 
͍ͦͫͭͤ͜͜ͻ ͍ͯͫͭ͊ͤͦ ͜ ͙ͫ͊ͣͻ ͯ;͍ͤ͜ ͍ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͨͪͦͼ͔ͫͯ ͍͙ͦͫͭ͜ ώмнϐΦ  

˻Φ ˽ ͍͔͊ͫͭͦͤͫΈ͙͚͟ ώуϐ ͤ͊ ͔͎ͪͦͤ͊͜͡Έͤͦͣͯ ͍ͪͤ͜͜ ͎ͪͦ͘͡Ύ͒͊Ί ͣͫͭ͘͜ ͜ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͔͔͙ͭͦͪͭͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͍͙ͫ͊͒ͦ͟͡ͻ ͙͔͙ͫͫͭͣ ͎ͪͦͣ͊͒ͫΈͦ͟-
͔͍͎͒ͪ͗͊ͤͦͦ ͍ͯͨͪ͊ͤͤ͜͡ΎΣ Ύ͔͟ ͚͔ͤ͊ͺ͔͙͍ͭͤ͟͜΄͔ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍ ͍ͦͫͭͤ͜͜ͻ 
͎ͦͪͯ͊͟ͻ ͤ͊ ͍ͦͫͤͦ͜ ͫͨ͜͡Έͤͦ͝ ͯ;͊ͫͭ͜ ͍ ͍ͯͨͪ͊ͤͤ͜͜͡ ͎͙ͦͪͯ͊ͣ͟ ͨͪͦͺ͔͚͙ͫͤ͜ͻ 
͍ͦͫͭ͜ΎͤͫΈ͙͟ͻ ͦ͋ΩΊ͒ͤ͊ͤΈΣ ͋͊ͭΈ͍ͫ͟͜Έ͙͟ͻ ͜ ͯ;͍ͤͫ͜Έ͙͟ͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜Σ ͔͔͙ͤ͊͗ͤ͘͡ͻ 
͎ͪͦͣ͊͒ͫΈ͙͟ͻ ͫͭͪͯͭͯͪ͟ ͭ͊ ͎͍ͦͪ͊ͤ͜ ͣͫ͜ͼ͔͍͎ͦͦ ͍ͫ͊ͣͦͪΎ͍͒ͯ͊ͤͤΎΦ  

˨͡Ύ ͎ͭͦͦΣ ΅ͦ͋ ͔͙ͦ͒ͪ͗͊ͭ ͙͙͍͙͚ͨͦͭͤ͘ ͔ͪͯ͘͡Έͭ͊ͭ ͒͜Ύ͡Έͤͦͫͭ͜ ͋ͯ͒Έ-Ύͦ͟͝ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝Σ ͔ͭͪ͋͊Σ ͔ͨͪ΄ ͊͘ ͍͔ͫΣ ͎͍͙ͯͦ͒͗ͯ͊ͭ͘ ͼ͜͜͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ ͡Ό͔͚͒Σ Ύ͟͜ ͍ 
͚ͤ͜ ͨͪ͊ͼΌΌͭΈΦ ́ͦ͋ͭͦ ͙͚ͨͦͭͪ͋ͤ͜ ͍ͫͦΊ͙͚ͪ͒ͤ͜ ͔ͣͻ͊ͤͣ͘͜ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͔͙ͣͭ ͭ͊ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͣͦ͋͜͡Έͤͦͫͭ͜ ͍ͯͨͪ͊ͤͤ͜͡ΎΦ ˤ͔͙͔͟͡ ͤ͊͘;͔ͤͤΎ ͍ ͼΈͦͣͯ ͨͪͦͼ͔ͫ͜ 
ͣ͊Ί ͙͙͍͙͚ͫͭͯ͊ͭͤ ͨ͒͜ͻ͒͜Σ ΅ͦ ͍ͫͭͦͪΌΊ ͨ͒͐ͪͯͤͭ͜Ύ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ 
͙͙͍͙ͫͭͯ͊ͭͤͻ ͔͚ͭͦͪ͜Σ ͚͔ͤ͊ͪͦͪͦ͋ͤ͘͜͡΄͙͙ͣ ͘ Ύ͙͟ͻ Ί ͔ͭͦͪ͜Ύ ͎ͦ͋͊͡͡Έͤͦ͝ 
͔͎ͫͭͪ͊ͭ͜͝Σ ͔ͭͦͪ͜Ύ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͊͘ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͜ ͔ͭͦͪ͜Ύ ͊͒͊ͨͭ͊ͼ͜͝ ό͝͝ ΅͔ 
͙͍ͤ͊͊͘ΌͭΈ ͔͎ͫͭͪ͊ͭ͜ΊΌ ͙͍ͨͪͫͭͦͫͯ͊ͤͤΎύΦ ˿͔͊ͣ ͦͫͭ͊ͤͤΎ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͍ 
͔ͪ͊͡Έ͚ͤ͜ ͫͯ;͊ͫͤͦͫͭ͜ ͋ͯ͒Έ-Ύ͊͟ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͔͍ͣ͊ͤͪͯΊ ͍ ͪͦͨͦ͒͘͜͜͡ 
͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ͍͍ͭͦ͊ͪ͜ ͜ ͎ͨͦͫͯ͡ ͣ͗͜ ͍͙ͫͦͣ͝ ͙͙ͫͭͪͯͭͯͪͤͣ͟ ͙ͨ͒ͪͦ͒͊ͣ͘͜͜͡ ͚ 
͙ͨ͒ͪͦ͒͊ͣ͘͜͜͡ ͍ ͔͎ͪͦͤ͜͜Σ ͊ ͭ͊ͦ͗͟ ͍ͫͭͦͪΌΊ ͦͣ͋ͤ͊͟͜ͼ͜͝ ͚͍͙͎ͤ͊͒ͤ͜͜΄͙ͻ ͤ͊ͨͪΎ͍ͣ͜ 
͚͒͜ ͘͜ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙͙͍͙ͫͭͯ͊ͭͤͻ ;͙͙͍ͤͤ͟͜ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Φ  

ˤ͙͍;͔ͤͤΌ ͍ͫͨͦͫͦ͋͜ ͊͒͊ͨͭ͊ͼ͜͝ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͋ͯ͒Έ-Ύͦ͟Ό ͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌΣ 
͔ͦͪͣ͊͘͟ ͚ ͍ͦͫͭͤ͜ΈͦΌΣ ͒ͦ ͣͤ͘͜ ͦͭͦ;ͯΌ;͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͙ͨͪ͒͜͡ΎΌͭΈ ͍͎ͯ͊ͯ 
ˤΦ s ͺ͊ͤ͊ͫΈΊ͍Σ ˥Φ ˨ ͙͔ͣͭͪͤͦ͟Σ ˤΦ ˹ ͍ͦ͊͟Σ ́Φ ̊ ͍͊ͣͦ͊Σ ˥Φ ̋ ͦͤ͟͜ ͭ͊ ͤ͜ΦΣ ͍͙ͦͤ 
͙͍ͪͦͪ͊͘͟ΌͭΈ ͫͯͭͤͫͭ͜Έ ͎͊͊͘͡Έ͎ͤͦͦ ͍ͯͨͪ͊ͤͤ͜͡ΎΣ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜Ό ͒͜Ύ͡Έͤͦͫͭ͜ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͘͜ ͙ͨͦ͘ͼ͚͜ ͍͙ͪͦͭͯ͘͟ ͙͍͙͊͒͊ͨͭͤͻ ͊ͫ͊͒͘ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͙͙ͤͣ 
ͭ͊ ͍͔ͫͭͦͪͤͤΎ ͝ͻͤΈͦ͝ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪΣ ΅ͦ ͊͒͊ͨͭͯΊͭΈͫΎΦ ˾͔ͺ͍ͦͪͣͯ͊ͤͤΎ 
͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝ ͍͙ͦ͋ͯͣͦͦ͡ ͨͦΎ͍ͯ ͔͙ͨͪͦ͋ͣ͡ ͔͙͍ͦͨͪ͊ͭͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͍ͯͨͪ͊-
ͤͫ͜͡Έ͙͟ͻ ͔ͣͻ͍͊ͤͣ͘͜͜ ͍ͦͫͭͤ͜͜ͻ ͙͔ͫͫͭͣ ͒ͦ ͍͙ͤͦͻ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ ͍ͯͣͦΦ  

˽͙͙ͪ͊ͭ͊ͣ͟͟ ͜ ͍;͔͙͙ͤͣ ͔ͪͦͪͦ͋ͤ͊͘͡ ͙͍͊͒͊ͨͭͤ͊ ͍ͦͫͭͤ͜Ύ ͙͔ͫͫͭͣ͊ όˢ˻˿ύΣ 
Ύ͊͟ ͫͨͪͦͣͦ͗ͤ͊ ͎͙͒ͦͨͦͣͦͭ ͦ͗ͤͦͣͯ͟ ͯ;͔͍ͤ͜ ͒ͦͫΎ͎͙ͭ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͍ͪͤ͜Ύ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͙͙ͨͪͪͦ͒ͤͻ ͍͊͒͊ͭ͘͟͜ ͜ ͔͚͒͋ͤͦͫͭ͘͜Φ ̂ 
͍ͫͦΌ ;͔͎ͪͯΣ ˢ˻˿Σ ͣ͊Ό;͙ ͎ͤͯ;ͫͭ͟͜ΈΣ ͨͦͫͭͪͯͭͯͪͤͫͭ͜͟͜͡ΈΣ ͍͙͒ͪͭͫͭ͜͟͜ΈΣ ͍͙͍͙ͦ͒ͭΈ 
͙͙͒ͭͤͯ ͤ͊ ͔ͨͦͭͤͼ͚ͤͦ͜ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͍͙ͪͦͭͯ͘͟Σ ͙͍ͨͪͫͭͦͫͦͯΌ;͙ ͝͝ ͒ͦ ͍ͫͦ͝ͻ 
͍͙͎ͣͦΦ ͔́͊͟ ͍͊͘Ί͙͍ͣͦͨͪͫͭͦͫͯ͊ͤͤΎ ͜ ͒͊Ί ͨͦͤΎͭͭΎ ͙͍͊͒͊ͨͭͤͦ͝ ͙͔͙ͫͫͭͣΣ Ύ͊͟ 
͔͔ͨͪ͒͋͊;͊Ί ͫͦͼ͊͜͡Έͤͯ ͍͊͘Ίͣͦ͒͜ΌΦ ˹͊ ͍ͦͫͤͦ͜ ͎ͪͦ͘͡Ύ͙ͤͯͭͻ ͍͙΅͔ ͔͔͙ͭͦͪͭ;͙ͤͻ 
͔ͨͦͦ͗ͤ͡Έ ˥Φ ̐ ͡Έ͙͍ͤͦ͊͟ ώпϐ ͙ͪͦͪͦ͋͊͘͡ ͦͤ͟ͼ͔ͨͼ͜Ό ͙͍͎͊͒͊ͨͭͤͦͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͊͘-
͎͊͡ΈͤͦΌ ͔͔ͫͪ͒ͤΈͦΌ ͍ͦͫͭͦ͜Ό ͍ ͔͎ͪͦͤ͜͜Σ Ύ͔͟ ͎ͪͦ͘͡Ύ͒͊Ί ͘ ͙ͨͦ͘ͼ͚͜ ͔͔͙͙͋ͪͤͭ͟͜͟ Ύ͟ 
ͼͫͤͯ͜͜͡ ͙͔ͫͫͭͣͯΣ ΅ͦ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͔ͪͯ͟Ό;ͦ͝ ͭ͊ ͔͍ͪͦ͊ͤͦ͟͝ ͙͔ͨ͒ͫͫͭͣ͜Φ ˨ͦ ͔ͪͯ͟Ό-
;ͦ͝ ͙͔͙ͨ͒ͫͫͭͣ͜ ͙ͭͪ͊͒ͼ͚ͤͦ͜ ͍͒ͤͦͫ͜ΎͭΈ ͎͙ͦͪ͊ͤ ͔͍͎͒ͪ͗͊ͤͦͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ ό˸ͤͫ͜͜-
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͔͍ͭͪͫͭͦ ͍͙ͦͫͭ͜ ͜ ͙ͤ͊ͯ͟ ͙̂ͪ͊ͤ͟͝Σ ͔͔͙͒ͨ͊ͪͭ͊ͣͤͭ ͍͙ͦͫͭ͜ ͜ ͙ͤ͊ͯ͟Σ ͚ͪ͊ͦͤͤ͜ όͣͫ͜Έ͟͜ύ 
͍͙͒͒͜͜͡ ό͍ͯͨͪ͊ͤͤ͜͡Ύύ ͍͙ͦͫͭ͜ύΦ ˨ͦ ͔͍ͪͦ͊ͤͦ͟͝ ͙͔͙ͨ͒ͫͫͭͣ͜ ς ͘ ͙͊͊͒͟͡ ͍͙ͦͫͭ͜Φ  

ˤΦ ̊ ͍͙͒ͯͤ ͎ͪͦ͘͡Ύ͍͒͊ ͔͒Ύ͟͜ ͔͙͊ͫͨͭ͟ ͙͍͎͊͒͊ͨͭͤͦͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ 
ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡Ό ͔͎͎ͨ͒͊ͦ͜;ͤͦΌ ͍ͦͫͭͦ͜Ό ώмрϐΦ ˢ͙͍͔͒͊ͨͭͤ ͍ͯͨͪ͊ͤͤ͜͡Ύ ς ͼ͔ 
͍͊͘Ί͍͙͍ͣͦͨ͡Σ Ύ͙͚͟ ͍͙͙͊͟͟͡Ί ͍͊͘Ί͙͍ͣͦͨͪͫͭͦͫͯ͊ͤͤΎ ͍͔͙ͨͦ͒ͤ͜͟ ͫͯ͋ΩΊ͍ͭ͟͜ 
͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͒͊͜όͨͦ͜͡ύ͎ͦ͜͡;͚ͤ͜ ͍ͦͫͤͦ͜Σ Ύ͊͟ ͔͔͊͋ͨ͘͘;ͯΊ ͨͦ͒͊͡Έ΄͙͚ ͍͙ͪͦͭͦ͘͟ 
ͫͯ͋ΩΊ͍ͭ͟͜ ΄͡Ύͻͦͣ ͫͨ͜͡Έ͎ͤͦͦ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͔͙ͪ͊ͫͭ͜͡;ͤͦ͝ ͔͙ͣͭ ͘ ͙ͤ͊ͫͭͯͨͤͣ 
ͨͦΊ͒ͤ͊ͤͤΎͣ ͙ͯͫ͘͡Έ ͜ ͫ͊ͣͦͫͨͪΎ͍ͣͯ͊ͤͤΎͣ ͚͒͜ ͤ͊ ͝͝ ͒ͦͫΎ͎͔ͤͤͤΎΦ ˻͍͙ͫͤͦͤͣ 
͍͊͒͊ͤͤ͘Ύͣ ͙͍͎͊͒͊ͨͭͤͦͦ ͍ͯͨͪ͊ͤͤ͜͡Ύ Ί ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͍͙ͪͦͭͯ͘͟ ͔͍ͪͦ͊ͤͦ͟͝ 
͙͔͙ͫͫͭͣ ͍ ͋͊͗͊ͤͦͣͯ ͤ͊ͨͪΎͣ͜ ͍ ͍ͯͣͦ͊ͻ ͔ͤͫͭ͊͋͜͡Έͤͦͫͭ͜Φ ̂ ͼ͙ͻ ͍ͯͣͦ͊ͻ 
;͊ͫͭ͜΄͔Σ ͤ͗͜ ͍͙͊͘͘;͚͊Σ ͨͪͦͻ͙ͦ͒ͭΈ ͣͤ͊͘͜ ͼ͔͚͜͡ ͜ ͍͊͒͊ͤ͘Έ ͫͯ͋ΩΊ͍ͭ͟͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
΅ͦ ͔ͨͦͭͪ͋ͯΊ ͝ͻ ͔͙͍͎ͦͨͪ͊ͭͤͦͦ ͎͔ͯͦ͒͗ͤͤ͘Ύ ͤ͊ ͙͍͍͚ͨͪͪͦ͒ͦ͒ͨͦ͒ͤ͜͜͜ ͍ͦͫͤͦ͜Φ 
ˢ͙͍͔͒͊ͨͭͤ ͍ͯͨͪ͊ͤͤ͜͡ΎΣ Ύ͟ ͜ ͋ͯ͒Έ-Ύ͔͟ ͤ͜΄͔Σ ͍͙͎ͣ͊͊Ί ͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͔͔͚ͣͦ͒͡ 
ό͍ͫͭ͊ͤ͒͊ͪͭ͜ύ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟͜ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͍͔͚ͨͦͫͭ͊ͤ͜͡ ͔ͣͭ͜Φ ˽͙ͪ ͣͤ͘͜͜ ͔͙ͣͭ 
ͭ͊ ͍͊͒͊ͤ͘Έ ͣͤ͘͜ΌΌͭΈͫΎ ͚ ͔ͣͦ͒͜͡Φ  

˽͙͚ͪͣ͊Ό;͙ ͪ͜΄͔ͤͤΎ ͍ ͔͙͍ͦͦͨͪ͊ͭͤͦͣͯ͟ ͊͋ͦ ͍ͤ͊ͭ͜Έ ͔ͦͤͯͪͤͭͤͦͣͯ͟͟ 
͔͔͍͙ͫͪ͒ͦ΅͜Σ ͙͍ͤ͒͒͜͜ ͔ͣͦ͗ ͍͙͊͒͊ͨͭͯ͊ͭ ͍͚ͫ͜ ͫͨͦͫ͋͜ ͙ͦͭͪͣ͊ͤͤΎ ͤ͊ͤ͘Έ ͜ 
͍͙͒ͦͣͤ͘͜Ό͍͙͊ͭ ͚͎ͦͦ ͔͊͗ͤͦ͘͡ ͍͒͜ ͍͔͙ͨͦ͒ͤ͜͟ ͤ͜΄͙ͻ ͦͫ͋͜Φ ˻͔ͭ͗Σ ͫͤͯ͜Ί ͔ͨͪͦ͋ͣ͊͡ 
͙͔ͦͫͣͫͤͤ͡Ύ ͚ ͙ͪͦͪͦ͋͘͟ ͙͍͊͒͊ͨͭͤͦ͝ ͍ͯͪͫͦͦ͟͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ ͔͎ͪͦͤ͊͜͡Έ͙ͤͻ 
͍ͦͫͭͤ͜͜ͻ ͙͔ͫͫͭͣ͊ͻ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜Σ Ύ͊͟ ͋ 
ͯͪ͊ͻ͍͍ͦͯ͊͊͡ ͔ͦͤͪͭͤ͟͟͜ ͍͙ͯͣͦ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͍ͦͫͭͤ͜͜ͻ ͍ͯͫͭ͊ͤͦΦ 

˽͙ͪ ͙͍͊͒͊ͨͭͤͦͣͯ ͨ͒͜ͻͦ͒͜ ͒ͦͣͤͯ͜Ί ͔͔ͭͤ͒ͤͼ͜Ύ ͒ͦ ͨ͒ͨͦͪ͜Ύ͍͍͒ͦͯ͊ͤͤ͟Ύ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͨͪ͊ͼ͜ ͍ͦͤ͘͜΄ͤͣ͜ ͍͙ͦ͋ͫͭ͊ͤ͊ͣ ͯ ͍͙͎͡Ύ͒͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͎͙͍͊ͦͪͭͣ͜͡ 
͍͙ͪ͜΄͔ͤͤΎ ͍͊͒͊ͤ͘ΈΣ ͍͙ͨͪ͊͡ ͜ ͤͦͪͣΤ ͨͪͦͺ͔͚ͫͤͦ͜-͍͙͍ͪͦ͊͘͡Έ͙͚ͤ ͨ͒͜ͻ͒͜Σ Ύ͙͚͟ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͒͊ͭͤͫͭ͘͜Ό ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍͙ͻ͙͙ͦ͒ͭ ͊͘ ͔ͣ͗͜ ͙͙ͨͪ͊ͭ͟͟Σ ΅ͦ 
ͫ͊͟͡͡ ͊ͫΎΣ ͙ͨͪ͊ͭ͟;ͤͦ ͔͔͍ͨͪͭͦͪΌ͍͙͊ͭ ͍͊ͫͤͯ͡ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͜Σ ͙ͭͣ ͙ͫ͊ͣͣΣ ς 
͙͒ͦ͊ͭ͡ ͔͔ͦ͋ͣ͗ͤͫͭ͜Έ ͍͙͊ͫͤ͡ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ό˶Φ ˸ ͭͤ͊͜͜ύ ώрϐΦ  

˾͍͙ͦͭͦ͘͟ ͡Ό͙͙͒ͤ Ί ͍͙ͦͫͤͦͤͣ ͦ͋ΩΊͭͦͣ͟ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ ͍ͦͫͭ͜͜Φ ͔͚̇ 
͍͙ͪͦͭͦ͘͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΦ ̒͟΅ͦ 
ͫͨͪΎ͍͍͙ͣͦͯ͊ͭ ͒͜Ύ͡Έͤͫͭ͜Έ ͡Ό͙͙͒ͤ ͤ͊ ͙͙͚ͨͪͪͦ͒ͤ ͍͙ͪͦͭͦ͘͟Σ ͍ͦͤ͊ ͔͋ͯ͒ 
ͪ͊ͼͦͤ͊͜͡Έͤ͜΄͊ ͚ ͔ͺ͔͙͍ͭͤ͟͜΄͊Φ ͔̇ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ΄͡Ύͻͦͣ 
͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͡Ό͙͒ͤͦΌ ͙͗ͭͭΊ͍ͦ ͍͙͍͙͊͗͡ͻ ͒͡Ύ ͔ͤ͝ ͼ͔͚͜͡Φ ̒͟΅ͦ ͼ͜͜͡ ͍͙͍ͫͯ͊Ί 
ͫ͊ͣ͊ ͡Ό͙͒ͤ͊ ͚ ͎ͦͪ͊ͤͯ͘͜Ί ͍ͫͦΌ ͒͜Ύ͡Έͤͫͭ͜Έ ͤ͊ ͝ͻ ͒ͦͫΎ͎͔ͤͤͤΎΣ ͭͦ ͍ͦͤ͊ ͍ͫ͒ͦͣͦ͜ 
͍ͯͨͪ͊͡ΎΊ ͍ͫͦͣ͝ ͪͯͻͦͣ ό͍ͨͪͦͫͯ͊ͤͤΎͣ ͨͦ ͙͗ͭͭΌύΦ ͔̇ ͍ͫ͊ͣͦͯͨͪ͊ͤͤ͜͡ΎΣ Ύ͔͟ 
͍͙͊͗͒͘ ͫͨͪΎ͍͔ͣͦ͊ͤ ͤ͊ ͙͙͚ͨͪͪͦ͒ͤ ͍͙ͪͦͭͦ͘͟Φ ̇͜͜͡ ͡Ό͙͙͒ͤ ͔ͤ ͍͙͊͗͒͘ 
͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͼ͜͡Ύͣ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͔͍͙͒ͪ͗͊Σ ͔͊͡ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͔͍͙͙ͪ͊ͦ͊ͤͣ͘͜͡ 
ͭ͜͡Έ͙͟ ͍ ͎͔ͯͦ͒͗ͤͤ͘͜ ͘ ͙͙ͤͣΦ ̇͜͜͡ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͔͍͙͒ͪ͗͊ ͭ͊ͦ͗͟ ͔ͤ ͍͙͊͗͒͘ 
͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͼ͜͡Ύͣ ͔ͦͪͣͦ͟͝ ͡Ό͙͙͒ͤΣ ͔͊͡ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͔͍͙͙ͪ͊ͦ͊ͤͣ͘͜͡ 
ͭ͜͡Έ͙͟ ;͔͔ͪ͘ ͒͜Ύ͡Έͤͫͭ͜Έ ͡Ό͙͙͒ͤΦ 

˶Φ ʕ ͊΅͔ͤͦ͟Σ ͒ͦͫ͒͗ͯ͜͡Ό;͙ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͤͤͦ͊͜ͼ͚͙͙ͤͣ͜ ͨͪͦͼ͔͙ͫ͊ͣ ͍ 
͔͎ͪͦͤ͜͜Σ ͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ͔͎ͪͦͤ͊͜͡Έͤ͜ ͎͙ͦͪ͊ͤ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͦͫͭͦ͜Ό ͍͙ͨͦͤͤ͜ 
͚ͫ͊ͣͦͫͭͤͦ͜ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͙ͨͭ͊ͤͤΎ ΅ͦ͒ͦ ͍͙͋ͦͪͯ ͍͙ͤͦͻ ͺͦͪͣ ͍ͯͨͪ͊ͤͫ͜͡Έ͙͟ͻ 




