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˾͔͔͍ͦͣͤ͒ͦ͊ͤͦ͟ ͒ͦ ͍͙͒͊ͤͤΎ ͍;͔ͤͦΌ ͪ͊͒ͦΌ   
˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˢΦ˿Φ ˸͔͊͊ͪͤ͊͟͟ 

όͨͪͦͭͦͦ͟͡ Ѕ 9 ͍ ͒͜ 26.03.2018 ͪ Φύ 

 

˾͔͒͊͟ͼ͚ͤ͊͜ ͔͎ͦ͟͜͡Ύ 
 

ˤΦ̑Φ ˿ͭͦͪ͗ͦ͜͟ ͒ͦͭͦͪ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪΣ ͔͊͊͒ͣ͟͜͟ ˹ˢ˹̂ 
ό̂ͪ͊ͤ͊͟͝ύ 

˭Φ ˣ͊͟ ͒ͦͭͦͪ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό˽ͦ͡Έ΅͊ύ 
˸Φ˽Φ ʕ ͍ͦ͟ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͫͭ͊ͪ΄͙͚ ͍͙͚ͤ͊ͯͦ͟ ͍͙ͫͨͪͦ͋ͭͤ͜͜͟ ό̂ͪ͊ͤ͊͟͝ύ 

.˸˥ͪΦ ˤ͎ͦͫͦͯ͟͡ ͒ͦͭͦͪ͟ ͺͦͫͦ͜͡ͺ͜͝, ͨ ͦ;͔͙͚ͫͤ ͨͪͦͺ͔ͫͦͪ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟ ό˥͔ͪͼ͜Ύύ 
́Φ˥Φ ˨͔͔ͪ͊͟ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 
˻Φ˱Φ ˬͯ͟ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ όˣͦͪͯͫ͜͡Έύ 
ˢΦ˽Φ ˴ͯ͒ͤ͜ ͒ͦͭͦͪ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 

˻Φ̑Φ ˴ͯ͒ͪͤ͊͜ ͒ͦͭͦͪ͟ ͔ͦͤͦͣ͟͜;͙ͤͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ό̂ͪ͊ͤ͊͟͝ύ 
̅Φ˸Φ ˶͙ͣ͊ͤ ͒ͦͭͦͪ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 
˱Φ˻Φ ˸ͦͪͦ͘ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 

́Φ̑Φ ˻͙͍ͫͨͦ͊ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 
˻Φ˥Φ ˽ͦͤͦͣ͊ͪΈ͍ͦ ͒ͦͭͦͪ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟, ͫ ͭ͊ͪ΄͙͚ ͍͙͚ͤ͊ͯͦ͟ ͍͙ͫͨͪͦ͋ͭͤ͜͜͟ 

ό̂ͪ͊ͤ͊͟͝ύ 
˸ΦˤΦ ˽ͪ͊ͼΈ͍͙͙͚ͦͭ ͒ͦͭͦͪ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 

˥Φ ˾͙͎͊͡ ͒ͦͭͦͪ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό˽ͦ͡Έ΅͊ύ 
˻Φ˸Φ ˿͔͔͎ͣͤͦ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 

˸Φ˸Φ ˿͔ͦ͒͊ͭͤͦ͟͡ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 
ˤΦ˱Φ ˿͍ͭ͊ͭ͊͜͟ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό˴͙͚ͭ͊ύ 
˱Φ̒Φ ˿ͯ͋͋ͦͭͤ͜ ͒ͦͭͦͪ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό˿̊ˢύ 

˻Φ˿Φ ̉͊΄͔;͙͍ͤͦ͊͟ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 
˻Φ˻Φ ˶͍͔͊ͪͤͭΈΊ͍͊ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ό̂ͪ͊ͤ͊͟͝ύ 
˻ΦˤΦ ˿͔͔ͣͤ͜ͻͤ͊͜ ͒ͦͭͦͪ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ό̂ͪ͊ͤ͊͟͝ύ 
ˤΦ˻Φ ͍͔̊ͼΈ ͙͊ͤ͒͒͊ͭ͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͦͪ ό̂ͪ͊ͤ͊͟͝ύ 

́Φ˨Φ ˶ͯ͊͟΄͍ͦ͊ ͙͊ͤ͒͒͊ͭ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ό̂ͪ͊ͤ͊͟͝ύ 
˸Φ˥Φ ˨ͪͯ΄͡Ύ͟ ͙͊ͤ͒͒͊ͭ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ό̂ͪ͊ͤ͊͟͝ύ 

 
 
̅пр ͙̅ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͍ͦͫͭ͊͜ : ͤ ͍͙͚͊ͯͦ͟ ͗ͯͪͤ͊͡Φ ˤ͙ͨΦ 1 (15) κ ˿ͯͣͫΈ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ 

͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˢΦ˿Φ ˸͔͊͊ͪͤ͊͟͟Σ ͙̅ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙͚ͤ ͺ͊ͯ͟͡Έ͔ͭͭ ͔ͪ͒ͦ͟͡ΦΥ ˻ΦˤΦ ˿͔͔ͣͤ͜ͻͤ͊͜ 
ό͎ͦ͡Φ͔ͪ͒Φύ ώͭ͊ ͤ͜ΦϐΦ ς ˿ ͙ͯͣ : [˿ ͯͣ˨˽̂ ͣ͜Φ ˢΦ˿Φ ˸͔͊͊ͪͤ͊͟͟], 2018. ς  352 ͫ Φ 

 
 

 
ˢ͍͙ͭͦͪ ͔͚ͫͭ͊ͭ ͔ͤͫͯͭΈ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͍͒ͦͫͭͦͪͤͫͭ͜͜Έ ͍͔͔ͤ͊͒ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ όͭͦ;ͤͫͭ͜Έ 

͍͔͔͙ͤ͊͒ͤͻ ͯ ͫͭ͊ͭͭ͜ ͙͒͊ͤͻΣ ͼ͙ͭ͊ͭΣ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͭͦ΅ͦύ ͭ͊ ͊͘ ͨͦͪͯ΄͔ͤͤΎ ͍ͨͪ͊ 
͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ͝ ͍͊ͫͤͦͫͭ͜͡ ͤ͜΄͙ͻ ͦͫ͋͜Φ  

ˤ͙͍͔ͫͦͤ͜͡͡ ͍͙͊ͭͦͪ͊ͣ ͙͒ͯͣ͟ ͣͦ͗ͯͭΈ ͔ͤ ͍͙ͫͨͨ͊͒͊ͭ͜ ͘ ͭͦ;ͦ͟Ό ͦͪͯ͘ ͔ͪ͒͊͟ͼ͜͝Φ 

 
̂˨˴ роҌрм]:37(051) 

 

ϭ ˿ͯͣ˨˽̂ ͣ͜Φ ˢΦ˿Φ ˸͔͊͊ͪͤ͊͟͟Σ нлм8 
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ˬ̂˾˹ˢ˶ ˱˹˨˩˴˿̂̐́̎˿̒ ˤ ˹ ˢ̂˴˻˸˩́˾ˮ̉˹ˮ̆ ˱  ˾ ˩̅˩˾ˢ́ˮˤ˹ˮ̆ x ˢ˭ˢ̆ ˨ˢ˹ˮ̆Υ 
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ˢͤͦͭ͊ͼ͜ΎΦ ˱͔͎͍ͤͭͪͯ͊ͤͤΎ ͎ͨͦ͊ͤͦ ͍͔͙ͯͣͦͤ͘͡ͻ ͺͯͤ͟ͼ͚͜Σ ͙͔ͤ͊͋͗ͤͤ͡Ύ ͔͔͔͍͙ͤͨͪͪͤͻ ͔͙ͤ͒ͺ͔͔ͪͤͼ͚͍͙ͦͤ͜ͻ ͺͯͤ͟ͼ͚͜ 

͎͙͙͊͒ͣ͟͡ ͺͯͤ͟ͼ͜Ύ͙ͣ ͍͙͎ͣ͊͊ΌͭΈ ͍͎ͤͦͦͦ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͼ͙ͻ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͊͒͊͘;Φ ̂ ͪͦ͋ͦͭ͜ ͨͪͦͨͦͤͯΊͭΈͫΎ 
͎͊͊͘͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ͒ͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͼ͙ͻ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͊͒͊͘; ͤ͊ ͍ͦͫͤͦ͜ ͔ͤͭͪͨͦ͜͡Ύͼ͚͙ͤ͜ͻ ͍ͨͦͤͦͣ͘͜͜ ͍͒ͦ͜͡Έͤͦ͝ ͎͊͒ͦͫͭ͟͜͡Φ ˻͚͒ͤ͜ ͜ 

͚ͭ͜ ͔͗ ͍͚ͫͭͦ͜͟͜ ͺͯͤ͟ͼ͜͝ 
1( , ) { , ( )} n

i i iS Y x y x ==  ͫ ͍͙ͭ͊ͭΈͫΎ ͫͣ͜ΩΎ ͍ͨͦͤͦͣ͘͜͜ ͊͘ ͪ͊ͻͯͤͦ͟ ͦͣ͋ͤ͊͟͜ͼ͜͝ ͍͍ͯ͘͜͡ ͙ͫͭ͜͟ ͜ ͔ͨ͊ͪ͊ͣͭͪ͊ 

g: 
2 1

1
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n n n i
i

x
ʇ x S Y L x A ʇ x x

h
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g+ -

=

-
= + - + , ( ; )ʩ bgÍ  ό͊͋ͦ ( ; )a cgÍ  Ύ͟΅ͦ ͙ͣͤͦ͗ͤ͟ ͊͒͊͘ΊͭΈͫΎ ͯ ͺͦͪͣ͜ 

(1 ) )
x

h

ag-+ ), h b a= -, RaÍ , 1( )nL x-  ͎ͣͤͦͦ;͔ͤ͡ ˶͎͊ͪ͊ͤ͗͊Σ ΅ͦ ͍͒ͦͦ͘͡ΎΊ ͒͡Ύ ͙ͪͤ͘͜ͻ ͍͙͒ͦͫ͒͗ͯ͊ͤ͜͡ͻ ͊͒͊͘;Σ 

͍͙͒ͦ͒͊ͭͦ͟ͻ ͍ͯͣͦΣ ͍͊ͫ͟͜͡ ͔ͤͭͪͨͦ͜͡ΌΌ;͙ͻ ͺͯͤ͟ͼ͚͜ ͍͙͙͙͋ͪ͊ͭ ͚ͤ͊ͪ͊͟΅͔  ͙͔ͤ͊͋͗ͤͤ͡Ύ όͤ͊ ͍͒ͣͤͯ͜͜ ͍͒͜ ͨͦͤͦͣ͊͜͜͡͡Έ͎ͤͦͦ 

Ί͙͎͒ͤͦͦ ͙͔ͤ͊͋͗ͤͤ͡Ύ 1( )nL x- ). ˴͔ͦͺ͜ͼ͜Ί͙ͤͭ ͎ͣͤͦͦ;͔ͤ͊͡ ˶͎͊ͪ͊ͤ͗͊ ͜ ͔͙ͨ͊ͪ͊ͣͭͪ A , a ͨͦͤͦͣ͊͘͜͜͡Έ͎ͤͦͦ ͒ͦ͒͊ͤ͊͟ 

͍͙ͤ͊͘;͊ΌͭΈͫΎ ͦ͒ͤͦͤ͊͘;ͤͦ ͘ ͍ͯͣͦ ͔ͤͭͪͨͦ͜͡Ύͼ͜͝ ͤ͊ ͫͭ͜ͼ͜ ͘ 2n+  ͍͍ͯ͘͜͡Σ Ύ͟΅ͦ ͍ͫͭͦ͊͜͟ ͺͯͤ͟ͼ͜Ύ ͔͙ͤ͊͗ͭ͡Έ ͊ͫͯ͟͡ n
H  ς n -

͙ͻ ͙ͪͤ͘͜ͼΈ ͎ͦ͒ͤͦͦ ͤ͊ͯ͘͟Φ ˤ ͔ͭͦͪ͜͝ ͊ͭ͊ͫͭͪͦ͟ͺ ͜ ͔ͭͦͪ͜͝ ͻ͊ͦͫͯ ͦ͒ͤ͜ΊΌ ͘ ͍͙ͦͫͤͦͤͻ ͊͒͊͘; Ί ͎͊͒͊͟͡ ͊ͣͤ͊͘͜ ͙ͣͤͤ͘͜ͻΣ Ύ͊͟ ͍͒ͦͦ͘͡ΎΊ 

͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͔͙ͣ͊ͭͣ͊ͭ;ͤͯ ͔ͣͦ͒͡Έ ͤ͊ ͚ͫͭͫͭ͜͟͜ΈΦ ˭ͤ͊;͔ͤͤΎ ͔ͨ͊ͪ͊ͣͭͪ͊ RaÍ  Ί ͻ͔͙͙͊ͪ͊ͭͪͫͭͦ͟͟ΌΣ Ύ͊͟ ͍͙ͤ͊͘;͊Ί ͤ͊ 

ͫ͟͜͡Έ͙͟ ͎͊͒͊͟͡ ͺͯͤ͟ͼ͜Ύ ς ͎ͣͤͦͦ;͔ͤ͡ 1( )nL x- Σ ͔ͣͦ͗ ͙͋ͯͭ ͙͚ͨͪͤΎ͙͍ͭͦ͡Ό ͒͡Ύ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ S Y όΎ͟΅ͦ a 

͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͍͒͜ n  ͔ͤͤ͊͘;ͤͦ ͜ ͔ͤ ͙͚ͨͪͤΎ͙͍ͭͦ͡ΌΣ Ύ͟΅ͦ a͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͤ͊ ͎͋͊͊ͭͦΦ ˽͔͊ͪ͊ͣͭͪ a ͍͙ͤ͊͘;͊Ί ͫͭͯͨͤ͜Έ 

͙͙ͪͯ͘͟ ͔ͣͦ͒͜͡ ͒ͦ ͍ͦͤ͘͜΄ͤ͜ͻ ͍͙͍͍ͨ͜͡ύΦ ˨͡Ύ ͔͎͍ͤͭͪͯ͊ͤͤ͜Ύ ͎͙͊͒͟͡ͻ ͺͯͤ͟ͼ͚͜ ͍͙͚͊ͨͪͦͨͦͤͦ͊ͤ͘ ͍͙͚ͤͦ ͨ͒͜ͻ͒͜ ͍͙ͨͦ͋ͯ͒ͦ 
͍͙͊͒ͪ͊ͭͯͪͤ͟ͻ ͺͦͪͣͯ͡ ͍͙͎͒ͪͭͦͦ͜͟ ό͔͋͘ ͚ͪ͊ͤ͟͜ͻ ͔ͣ͗ύ ͜ ͙͎͊ͪͭͦͦ͘͟ ό͘ ͔͙ͣ͗͊ͣ ͨͪͦͣ͗͊͜͟ ͔͎͍ͤͭͪͯ͊ͤͤ͜Ύύ ͙͍ͭͨ͜ ͙͡΄͔ ͤ͊ 
͍ͦͫͤͦ͜ ͙ͦͨͭͣ͊͡Έ͙ͤͻ ͨ͊ͪ ͙͔͙ͫͣͭͪ;͙ͤͻ ͍͍ͯ͘͜͡Φ ͔̇ ͒͊Ί ͎ͣͦͯ͘ ͍͙͊ͫͭͦͫͯ͊ͭ͘ ͍͊͒ͪ͊ͭͯͪͤ͟͜ ͺ͙ͦͪͣͯ͡ ͦ͋;͙͔ͫͤͤ͡Ύ ͊͋ͦ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͋͗ͤͦͫͭ͘͜͜ ͔͍͙ͤ͊ͫͤ͡ͻ ͔͎͍ͤͭͪ͊͜͜͡Φ ˤ͙͙͋ͪ͊Ό;͙ ͙ͫͭ͜͟ ͘ ͙ͦͨͭͣ͊͡Έ͙͙ͤͣ ͍͙ͯ͊ͣ͘͡ ͣͦ͗ͤ͊ ͍͙͋ͯ͒ͯ͊ͭ ͙͍͊͒͊ͨͭͤ͜ 
͍͊͒ͪ͊ͭͯͪͤ͟͜ ͺ͙ͦͪͣͯ͡ ͚͍͙ͤ͊΅ͦ͝ ͭͦ;ͤͦͫͭ͜ ͒͡Ύ ͔͔͔͍͙ͤͨͪͪͤͻ ͔͙ͤ͒ͺ͔͔ͪͤͼ͚͍͙ͦͤ͜ͻ ͺͯͤ͟ͼ͚͜Φ ˱͔ͤͭͪͨͦ͡Ύͼ͚ͤ͜͜ ͙ͨͦͤͦͣ͘͜ ͤ͊ 
͍͒ͣͤͯ͜͜ ͍͒͜ ͔ͤͭͪͨͦ͜͡Ύͼ͚͙ͤ͜ͻ ͍ͨͦͤͦͣ͜͜͡ ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͦ͒ͤͦ;͊ͫͤͦΣ Ύ͟ ͔ͦͪͭͯ͟͟Ό;͜ ͭ͊ ͎ͨͪͦͤͦͯ͘Ό;͜ 
ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍͔͙ͨͦ͒ͤ͜͟ ͺͯͤ͟ͼ͜͝Σ ΅ͦ Ί ͍ͦͫͤͦͦΌ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͎͋͊͊ͭΈͦͻ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊͒͊͘;Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ˽ͦͤͦͣ͘͜Σ ͔ͤͭͪͨͦ͜͡Ύͼ͜ΎΣ ͍͊͒ͪ͊ͭͯͪͤ͟͜ ͺ͙ͦͪͣͯ͡Σ ͙ͦͨͭͣ͊͘͜ͼ͚ͤ͜͜ ͍͙ͯ͘͡Φ 
 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˹͚͊͋͜͡Έ΄ ͎͙͋ͦͦ͟͡ ͔͔͙ͭͦͪͭ;ͤͦ ͔͒ͦͫ͒͗ͤ͊͜͡ ͊͒͊͘;͊ ͍͙͋ͦͪͯ ͚ͤ͊ͪ͊͟΅ͦ͝ ͨͦͤͦͣ͊͜͜͡͡Έͤͦ͝ 

͍͊͒ͪ͊ͭͯͪͤͦ͟͝ ͺ͙ͦͪͣͯ͡ ( ) ( )

b

m

a

f x dx L fºñ , 
1

0

( ) ( )
m

m k k

k

L f p f x
-

=

=ä , 
0 1 1... ma x x x b-= < < < =, { }kX x= , { }kP p=  ͭ͊ͦ͟͝Σ ΅ͦ͋ 

͍͔͙͡;͙ͤ͊ ͍͔ͪͻͤΈͦ͝ ͎ͪ͊ͤ͜ sup ( )mR f , ( ) ( )

b

m m

a

R f fdx L f= -ñ  ͋ͯ͊͡ ͣͤͣ͊͜͜͡ΈͤͦΌ ͒͡Ύ ͺͯͤ͟ͼ͚͜ ( ; , )nf W M a bÍ Σ ͫͭͦ͜͟ X , 

͍͎͍͙͊ͦͻ ͔ͦ͟ͺ͜ͼ͜Ί͍ͤͭ͜ P : 
,

inf ( )m
X P

R f . 

˽͙ͪ ͙ͨͪ͊ͭ͟;͚ͤ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͙͊͒ͪ͊ͭͯͪͤ͟ͻ ͺͦͪͣͯ͡ ͍͙͙ͤ͊͟Ί ͋͜͡Έ΄͔ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͙ͨͭ͊ͤΈΣ ͤ͗͜ ͍͍͔͚͒ͨͦ͒͜͜Υ ͒ͦ Ύ͎ͦͦ͟ 
͊ͫͯ͟͡ ͺͯͤ͟ͼ͚͜ ( ; , )nW M a b  ͍͔͙͒ͤͫͭ͜ ͍͒ͦͫ͒͗ͯ͊ͤͯ͜͡ ͔͎ͨ͒ͤͭͪ͊͜͜͡Έͤͯ ͺͯͤ͟ͼ͜ΌΣ ͦͫ͟͜͡Έ͙͟ ͔ͦͤͪͭͤ͟͟͜ ͙͊ͫ͟͡ ͎͍ͦ͋ͫͯͦͯ͡ΌͭΈ ͪͤ͘͜͜ 

͎ͨͪͦͪ͊ͣͤ͜ ͙͊ͫͦ͋͘Σ ;͙ ͍ͪ͊ͻ͍ͦͯΊ ͦ͋ͪ͊ͤ͊ ͍͊͒ͪ͊ͭͯͪͤ͊͟ ͺͦͪͣͯ͊͡ ͨͦͻ͙͋ͯ͟ ͊͘΄͔ͯͣͤͤ͡Ύ ͙͒͊ͤͻ ͜ Ύ͟ ͍ͦͤ͊ ͭ͊ ͨͦͻ͙͙͋͟ ͦ͋;͙͔ͫͤ͡Έ 
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͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͔ͪͯ͘͡Έͭ͊ͭΣ Ύ͊͟ ΄͍͙͒ͦ͒͟͜Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎͙͊ͦͪͭͣͯ͡ ͤ͊ ˩˻˸Σ Ύ͟ ͔͋ͯ͒ ͨͪ͊ͼΌ͍͙͊ͭ ͎͙͊ͦͪͭͣ͡ ͙ͨͪ ͔ͯͫ͊͒ͤͤ͟͜͡ ͊͒͊ͤͦ͘͝ 
ͺͯͤ͟ͼ͜͝Σ ;͙ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍ͪ͊ͻ͍ͦ͊ͤ͜ ͎͙͊ͦͪͭͣͦͣ͡ ͔ͤ ;͙͍ͫͦ͜͡ ͒͊ͤ͜ ͙ͨͪ ͍ͪͦ͘ΩΎ͍ͯ͊ͤ͘͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊͒͊͘;Φ  

˽͍ͦ͋ͯ͒ͦ͊ ͙͍͙͊͒͊ͨͭͤͻ ͍͙͊͒ͪ͊ͭͯͪͤ͟ͻ ͺͦͪͣͯ͡ ͤ͊ ͍ͦͫͤͦ͜ ͙ͨͪͤͼ͙ͨͯ ͎ͦͦͭͦͦ͘͡ ͔͔ͨͪͪͯ͘͜ ͊͋ͦ ͙ͨͪͤͼ͙ͨͯ ͙ͦͨͭͣ͊͡Έͤͦͫͭ͜ ͊͘ 
͍͔͙͙͊ͣͭͪ͊ͣ͘͟͜͟ ;͍͊ͫͭͦͦ͟ ͍ͪͦ͘ΩΎͯ͘Ί ͔ͨͪͦ͋ͣͯ͡Σ ͦͫ͟͜͡Έ͙͟ ͼ͜ ͙ͨͪͤͼ͙͙ͨ ͍͊ͫͤͦ͊ͤ͘͜ ͤ͊ ͙ͪͦ͋ͭͭ͘͜ ͨͪͦͣ͗͊͜͟ ͒ͦ ͪͦͯ͟͟ h eps< . ˱ 

͎͍͔ͦͦͤ͡Σ Ύ͟ ͦͼ͙͙ͤͭ͜ ͨͦͻ͙͋ͯ͟ ͍͊͒ͪ͊ͭͯͪͤͦ͟͝ ͺ͙ͦͪͣͯ͡ ͒͡Ύ ͔͔͔͍͙ͤͨͪͪͤͻ ͊͋ͦ ͍ͯͫͦͦ͟͟-͔͔͔͍͙ͤͨͪͪͤͻ ͔͙ͤ͒ͺ͔͔ͪͤͼ͚͍͙ͦͤ͜ͻ 
ͨ͜ ͔͎͒ͤͭͪ͊͜͡Έ͙ͤͻ ͺͯͤ͟ͼ͚͜Φ ˻͔ͭ͗Σ ͍͊͒ͪ͊ͭͯͪͤ͟͜ ͺ͙ͦͪͣͯ͡ ͒ͦ ͔͍ͨͤͦ͝ ͙ͣͪ͜ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͎ͨͪͦͤͦͯ͘Ό;͙͙ͣΣ ͙͙ͣͫͭͭ͜ ͔ͨ͊ͭ͟ ͺͦͪͣͯ͡ 
ͤ͊ ͍ͦͫͤͦ͜ Ύ͙͟ͻ ͨͦ ͙ͭͣ ͙ͫ͊ͣͣ ͙͒͊ͤͣ ͣͦ͗ͤ͊ ͙͚ͨͪͤΎ͙ͭ ͪ͜΄͔ͤͤΎ ͨͪͦ ͍͒ͦͫͭͦͪͤͫͭ͜͜Έ ͔ͪͯ͘͡Έͭ͊ͭͯ ͦ͋;͙͔ͫͤ͡ΈΣ ͊͋ͦ ͔ͤ ͔ͦͪͭͤͫͭ͟͟͜Έ 
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ͺͯͤ͟ͼͦͤ͊͜͡Έ͎ͤͦͦ ͊ͤ͊ͯ͘͜͡Σ ͍͒ͦͫ͒͗ͯ͊͊ͫ͜͡͡Έ ͍ ͪͦ͋ͦͭ͊ͻ ̅Φ ˽Φ ˤ͙͔͍͊ͫ͊͡Σ ˸Φ ˿Φ ˣ͊ͻ͍͍͊ͦ͊͡Σ ˸Φ ˸Φ ˴͍ͦͪͦ͋ͦ͊Σ ˸Φ ˽Φ ˴͚ͦͪͤ͜;ͯ͊͟Σ 
ˤΦ ˽ Φ ˸͎ͦͭͦͪͤͦͦΣ ˨Φ s Φ ˸ ͦͦ͒͡ͼ͍ͦ͊Σ ˿Φ ˸ Φ ˹ͦ͜͟͡ΈͫΈ͎ͦͦ͟Σ ˿Φ ˶ Φ ˿ͦ͋ͦ͡Ί͍͊Σ ˿Φ x Φ ˿͔ͭ;ͤ͊͟͜Σ ̑Φ ˸ Φ ˿ͯ͋͋ͦͭͤ͊͜Σ ˻Φ ˥ Φ ˿ͯͻ͔͍͊ͪ͊Φ ͔́ͦͪ͜Ύ 
͍ͨͦͤͦͣ͘͜͜ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͍ ͙ͦͨͭͣ͊͘͜ͼ͚͙ͤ͜ͻ ͊͒͊͘;͊ͻ ͎͔͔͙ͦͣͭͪ;͎ͤͦͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΦ ˤ ͚͒͊ͤ͜ ͪͦ͋ͦͭ͜ ͋ͯ͒ͯΌͭΈͫΎ ͔ͫͨͼ͊͜͡Έͤ͜ 
͔ͤͭͪͨͦ͜͡Ύͼ͚ͤ͜͜ ͙ͨͦͤͦͣ͘͜Σ Ύ͟͜ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈ ΄͍͙͒ͫͭ͟͜Έ ͙ͣͤ͘͜ ͔ͤͭͪͨͦ͜͡ΌΌ;ͦ͝ ͺͯͤ͟ͼ͜͝ ͙ͨͪ ͔͔ͨͪͻͦ͒͜ ͍͒͜ ͎ͦ͒ͤͦͦ ͨͪͦͣ͗͊͜͟ 
͊͒͊ͤͤ͘Ύ ͒ͦ ͤ͜΄͎ͦͦΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˾͙͙ͦͪͦ͋ͭ͘ ͎͊͊͘͡Έͤͯ ͔ͭͦͪ͜Ό ͍͙ͨͦ͋ͯ͒ͦ ͨͦͤͦͣ͊͘͜͜͡Έ͙ͤͻ ͔ͤͭͪͨͦ͜͡Ύͼ͚͙ͤ͜ͻ ͎ͣͤͦͦ;͔͍ͤ͜͡ ͜ ͤ͊ ͝ͻ ͍ͦͫͤͦ͜ 
͍͙ͨͦ͋ͯ͒ͯ͊ͭ ͍͊͒ͪ͊ͭͯͪͤ͟͜ ͺ͙ͦͪͣͯ͡ ͔͎͍ͤͭͪͯ͊ͤͤ͜Ύ ͎ͨͦ͊ͤͦ ͍͔͙ͯͣͦͤ͘͡ͻ ͺͯͤ͟ͼ͚͜Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ  
мΦ ˭͎͊͊͡Έͤ͊ ͔ͭͦͪ͜Ύ ͍͙ͨͦ͋ͯ͒ͦ ͔ͤͭͪͨͦ͜͡Ύͼ͚͙ͤ͜ͻ ͍ͨͦͤͣ͘͜͜ ͜ ͍͙͊͒ͪ͊ͭͯͪͤ͟ͻ ͺͦͪͣͯ͡Φ ̂ ͍͘ΩΎͯ͘͟ ͘ ͪͦ͘΄͙͔ͪͤͤΎͣ ͦ͊͟͡ 

͍͙͒ͦͫ͒͗ͯ͊ͤ͜͡ͻ ͊͒͊͘;Σ ͍͙͍ͪͦ͊͘ΌͭΈͫΎ ͍ͤͦ͜ ͔ͭͦͪ͜͝Σ ΅ͦ ͔ͦͨͪͯΌͭΈ ͘ ͔͙ͤ͒ͺ͔͔ͪͤͼ͚͍͙͙ͦͤͣ͜ ͺͯͤ͟ͼ͜Ύ͙ͣΣ ͙ͤ͊ͨͪ͊͒͟͡Σ ͙͙ͦͨͯͣ͟͡Φ ̂ 
͔ͭͦͪ͜͝ ͻ͊ͦͫ͊ ͜ ͊ͭ͊ͫͭͪͦ͟ͺ ͍͙͍͊͗ͦ͡ ͍͙ͣͭ͜ ͙͙ͤ͊͋͗͊ͭ͡ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͪ͊͡Έ͙ͤͻ ͨͪͦͼ͔͍ͫ͜ ͎͙͙͊͒ͣ͟͡ ͺͯͤ͟ͼ͜Ύ͙ͣ ͣͤͣ͊͜͜͡Έ͙ͤͻ 
ͨͦͪΎ͍͒͟͜ ͙ͨͪ ͔͔͊͋ͨ͘͘;͔ͤ͜ ͊͒͊ͤͦ͘͝ ͭͦ;ͤͦͫͭ͜Φ ́͊͊͟ ͗ ͔ͨͪͦ͋ͣͤ͊͡ ͊͒͊͘;͊ ͍͙͙ͤ͊͟Ί ͙ͨͪ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘͜ ͔͚͙ͤͤͤ͜͜͡ͻ ͍ͪͤ͜ΎͤΈ ͜ 
ͨͦ΄ͯͯ͟ ͔͔ͫͭͪͣͯͣͯ͟ ͘ ͺͯͤ͟ͼ͜Ύ͙ͣ ͫ͊͒ͤͦ͟͡͝ ͙͙ͨͪͪͦ͒Φ 

˹͔͔͔͍ͨͪͪͤͯ ͺͯͤ͟ͼ͜Ό ( ), [ ; ]f x x a bÍ  ͍ ͔͔͒ͤͫͣͦ͜ ͒ͦ ͊ͫͯ͟͡ , 1nH n> Σ Ύ͟΅ͦ ͍͒ͤͦͫͤ͊͜ ͙ͪͤ͘͜ͼΎ n -͎ͦ ͨͦͪΎ͒ͯ͟ ͤ͊ ͍͒ͦ͜͡Έ͚ͤ͜ 

ͫͭ͜ͼ͜ 
0 1{ ... }mS a x x x b= ¢ < < < ¢ ͔͎͋ͪ͊͘͜Ί ͤ͊͘͟Φ ˽͙͙ͪ͊͒͊ͣ͟͡ ͺͯͤ͟ͼ͚͜ ͊ͫͯ͟͡ 2

H  ͤ͊ ͍͒ͪͯ͘͜͜͟ [ 1;1]-  Ί ͺͯͤ͟ͼ͜͝ 2y x= , 

2 1y x x= + + ͊͋ͦ ͎ͨͦ͊ͤͦ ͍͔ͦ͋ͯͣͦͤ͊͡ ͺͯͤ͟ͼ͜Ύ 2ln /y x x=  ͤ͊ ͨͪͦͣ͗ͯ͜͟ [0,01;2] ͊͋ͦ ͎ͣͤͦͦ;͔ͤ͡ ˶͎͊ͪ͊ͤ͗͊ 

n -͎ͦ ͨͦͪΎ͒ͯ͟ ͤ͊ ͍͒ͦ͜͡Έͤͦͣͯ ͨͪͦͣ͗ͯ͜͟ [ ; ].a b  

˱͔ͤͭͪͨͦ͡Ύͼ͚͙͚ͤ͜ ͨͦͤͦͣ͘͜ ͤ͊ ͫͭ͜ͼ͜ ͘ 2n+ - ͦ ͻ ͍͍ͯ͘͜͡ ͍͙͋ͯ͒ͯ͊ͭͣͦ ͯ ͺͦͪͣ͜Υ  

2 1
1

( , , , ) ( ) ( )(1 )
n

n n n i
i

x
ʇ x a b L x A ʇ x x

h

agg+ -
=

-
= + - + Σ ͔͒ 

1

1 0 1 1
1

( ) ( ) ... ( )
n

n n i
i

L x A A x x Aʇ x x
-

-
=

= + - + + - ς ͎ͣͤͦͦ;͔ͤ͡ ˶͎͊ͪ͊ͤ͗͊ ͘ 

͍͒ͦ͜͡Έ͙ͤͣ ͍͙͋ͦͪͦͣ n  ͍͍ͯ͘͜͡ ͙ͫͭ͜͟ SΣ ͨͦͤͦͣ͊͘͜͜͡Έ͙͚ͤ ;͔ͤ͡ 
1
( )(1 )

n

n i
i

x
A ʇ x x

h

ag

=

-
- +  ͊͒͊͘ΊͭΈͫΎ ͔ͨ͊ͪ͊ͣͭͪͦͣ [ / ]S MgÍ  ͜ 

͙ͨͦ͊ͤͦͣ͘͟͟ Ŭ Í RΣ Ύ͟͜ ͍͙ͤ͊͘;͊ΌͭΈͫΎ ͘ ͍ͯͣͦ ͔ͤͭͪͨͦ͜͡Ύͼ͜͝ 
2( ) ( , , , ), ,i n i iy x ʇ x a b x S h b ag+= Í = -, ʄ ς ͨ ͙͒ͣͤͦ͗ͤ͊͜ ͍͍ͯ͘͜͡ ͙ͫͭ͜͟ 

SΣ ΅ͦ ͍͙ͤ͊͘;͊ΌͭΈ ͎ͣͤͦͦ;͔ͤ͡ ˶͎͊ͪ͊ͤ͗͊ 
1nL -
Φ ˻ͫ͟͜͡Έ͙͟ ( ) nf x HÍ Σ ͭͦ ͍ͫ͜ ͔ͦ͟ͺ͜ͼ͜Ί͙ͤͭ 

0 1 1, ,..., ,n nA A A A-
 ͜ ͙ͨͦ͊ͤ͘͟͟ a 

͍͙ͤ͊͘;͊ΌͭΈͫΎ ͔ͦͪͭͤͦ͟͟ ͜ ͦ͒ͤͦͤ͊͘;ͤͦ ͒͡Ύ ͎͊͒͊ͤͦͦ͘ ͪͦͨͦ͒ͯ͘͜͡ ͍͍ͯ͘͜͡ ͜ ͺ͙ͦͪͣ όмύΦ ˤ͙ͯ͘͡ ͙ͫͭ͜͟ S  ͣ ͦ͗ͤ͊ ͍͙ͦͣ͋ͤͯ͊ͭ͟͜ ͙͙ͪͤͣ͘͜ 

͙ͫͨͦͫͦ͋͊ͣ ͯ ͍͚ͫͭͦ͜͟͜ ͺͯͤ͟ͼ͜͝ 2

1( , ) { , ( )} n

i i iS Y x y x +

== Φ ˻͔ͭ͗Σ ͦͣ͋ͤͯ͟͜Ό;͙ ͍͙ͯ͘͡ { }ix MÍ ͜ /S MgÍ Σ ͊͒͊ͣͦ͘ ͙ͣͤͦ͗ͤͯ 

͔ͤͭͪͨͦ͜͡Ύͼ͚͙ͤ͜ͻ ͍ͨͦͤͦͣ͘͜͜Σ ΅ͦ ͍͒ͦͦ͘͡ΎΊ ͙͍͙ͦͨͭͣͯ͊ͭ͘͜ ͨͪͦͼ͔ͫ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͦͤͪͭͤͦ͟͟͝ ͊͒͊͘;͜Φ ˻ͫ͟͜͡Έ͙͟ ͔ͤͭͪͨͦ͜͡Ύͼ͚͙͚ͤ͜ 
ͨͦͤͦͣ͘͜ Ί ͙͒ͺ͔͔ͪͤͼ͚͍ͦͤͦ͜Ό ͺͯͤ͟ͼ͜ΊΌ ό͔͋͘͜͡; ͪ͊͘Σ Ύ͟΅ͦ n  ͔ͤ ͼ͔͜͡ ͔͒ͦ͒͊ͭͤ ;͙ͫͦ͡ύΣ ͭͦ ͚͎ͦͦ ͒ͦͼ͜͡Έͤͦ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͙ͨͪ 

͙͔ͤ͊͋͗ͤͦͣͯ͡ ͔͎͍ͤͭͪͯ͊ͤͤ͜͜ ͊͋ͦ ͙͒ͺ͔͔ͪͤͼ͜Ό͍͊ͤͤ͜ ͎ͨͦ͊ͤͦ ͍͔͙ͯͣͦͤ͘͡ͻ ͺͯͤ͟ͼ͚͜Σ ͨͦ΄ͯͯ͟ ͔͔ͫͭͪͣͯͣͯ͟ ͊͋ͦ ͙͔ͤ͊͋͗ͤͦͣͯ͡ 
͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘͜ ͔͚͙ͤͤͤ͜͜͡ͻ ͍ͪͤ͜ΎͤΈΣ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘͜ ͙͙͙ͪͫͤ͘͟ͻ Ύ͍͙΅Φ 

2. ˴ ͍͊͒ͪ͊ͭͯͪͤ͜ ͨͦͤͦͣ͊͘͜͜͡Έͤ͜ ͺ͙ͦͪͣͯ͡Φ  
2.1. ˻͙ͨͭͣ͘͜͜ͼ͚͊ͤ͜ ͍͙͊͒ͪ͊ͭͯͪ͟ ͒͡Ύ ͎͙͊͒͟͡ͻ ͺͯͤ͟ͼ͚͜Φ ˨͡Ύ ͎͙͊͒͟͡ͻ ͺͯͤ͟ͼ͚͜ ͍ͨͦ͋ͯ͒ͦ͊ͤ͜ ͙ͦͨͭͣ͊͡Έͤ͜ ͍͊͒ͪ͊ͭͯͪͤ͟͜ 

ͺ͙ͦͪͣͯ͡ ˥͊ͯͫͫ͊-˶͔͗͊ͤ͒ͪ͊Σ ͊͋ͦ ͍͙ͨ͒͜΅͔ͤͦ͝ ͭͦ;ͤͦͫͭ͜ ˥͊ͯͫͫ͊-˴ͪͦͤͪͦ͒͊ ͍͙͒ͪͭͦ͜͟͝ ͺ͙ͦͪͣ ό͚ͪ͊ͤ͟͜ ͭͦ;͙͟ ͨͪͦͣ͗͊͜͟ 

͔͎͍ͤͭͪͯ͊ͤͤ͜Ύ ͍͙͟͡Ό;͊ΌͭΈͫΎ ͘͜ ͙ͫͭ͜͟ ͔ͤͭͪͨͦ͜͡Ύͼ͜͝ S ). ̒͟΅ͦ ͍͍͔͙ͫͭ ͎͙ͪ͊ͤ;ͤ͜ ͍͙ͯͣͦΣ ΅ͦ͋ ͍͙͊ͫͭͦͫͯ͊ͭ͘ ͼ͜ ͺ͙ͦͪͣͯ͡ ͒͡Ύ 

͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͚͍͙ͪ͊ͦ͟ͻ ͊͒͊͘;Σ ͭͦ ͍͙ͯͣͦ ͙ͦͨͭͣ͊͡Έͤͦͫͭ͜ ͺͦͪͣͯ͡ ͍͙͎͒ͪͭͦͦ͜͟ ͙ͭͨͯ ͔ͤ ͍͙͍͙ͦͤͯ͊ͭͣͯͭ͟ΈͫΎΦ 

˹͔ͻ͚͊ ͺͯͤ͟ͼ͜Ύ 
[ ]( ) [ ; ]nf x C a bÍ , 1n> ς ͒ ͍ͦ͜͡Έ͔ͤ ͤ͊ͭͯͪ͊͡Έ͔ͤ ;͙ͫͦ͡Φ  

˭͊ͨͪͦͨͦͤͯΊͣͦ ͙ͦͨͭͣ͊͘͜ͼ͚ͤ͜͜ ͍͊͒ͪ͊ͭͯͪͤ͟͜ ͺ͙ͦͪͣͯ͡ ͍͙͎͒ͪͭͦͦ͜͟ ͙ͭͨͯ ό͔͋͘ ͚ͪ͊ͤ͟͜ͻ ͍͍ͯ͘͜͡ύ ͊͋ͦ ͙͎͊ͪͭͦͦ͘͟ ͙ͭͨͯ ό͘ 

͎͙ͪ͊ͤ;͙͙ͤͣ ͍͙ͯͣͦ͊ͣύ ͒͡Ύ ͎͙͊͒͟͡ͻ ͺͯͤ͟ͼ͚͜ ͤ͊ ͍ͦͫͤͦ͜ ͙͡΄͔ ͙ͦͨͭͣ͊͡Έ͙ͤͻ ͨ͊ͪ ͙͔͙ͫͣͭͪ;͙ͤͻ ͍͍ͯ͘͜͡Υ 1,2 1x c hs= , 

3,4 2x c hs= ΣΧΣ2 1,2m m mx c hs- =  ͘ ͼ͔ͤͭͪ͊͡Έ͙ͤͣ ͍ͯͦͣ͘͡ 0x c=  ͊͋ͦ ͔͋͘ ͤΈ͎ͦͦΣ ͔͒ ( ) / 2c a b= + , h b a= -. 

˽͔͎͒ͤͭͪ͊͜͜͡Έͤͯ ͺͯͤ͟ͼ͜Ό ͨͦ͒͊ͣͦ ͯ ͺͦͪͣ͜ ͎ͣͤͦͦ;͔ͤ͊͡ ͔͚́ͦͪ͊͡ [3]:  
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äñ  (1)  

̅ͯͤ͟ͼ͜Ό y(x) ͔ͤͭͪͨͦ͜͡ΌΊͣͦ ͎ͣͤͦͦ;͔ͤͦͣ͡ ͎ͨ͊ͪͤͦͦ ͔͔ͫͭͨͤΎ 2m ͤ͊ ͙͔͙ͫͣͭͪ;͚ͤ͜ ͫͭ͜ͼ͜Σ Ύ͟΅ͦ ͍ ͫͭͯ͜͟ ͍͟͡Ό;͔͙͚ͤ 

ͼ͔ͤͭͪ͊͡Έ͙͚ͤ ͍ͯͦ͘͡ 0x c= Σ ͊͋ͦ ͔͎ͤͨ͊ͪͤͦͦ ͔͔ͫͭͨͤΎΣ Ύ͟΅ͦ ͍ ͫͭͯ͜͟ ͔ͤ ͍͟͡Ό;͔͙͚ͤ ͍ͯͦ͘͡ 0x c= ; 

͙ͤ͊ͨͪ͊͒͟͡Σ ϑ
1c hs- , 

2c hs- , c , 
2c hs+ , 

1c hs- ), 
1 2s s> , 2 3 4

4 0 1 2 3 4( ) ( ) ( ) ( ) ( )P x A A x c A x c A x c A x c= + - + - + - + -. 

˴͔ͦͺ͜ͼ͜Ί͙ͤͭ 0 1 2 3 4, , , ,A A A A A  ͍ ͙ͤ͊͘;͙ͣͦ ͘͜ ͍ͯͣͦ ͔ͤͭͪͨͦ͜͡Ύͼ͜͝ 
4( ) ( )i i iy x y P x= = , 0,1,2,3,4i = Σ ͔͒ͫͭ͊ͤͣͦ͜ ͙͔ͫͫͭͣͯ ͚͙ͤͤ͜͜͡ͻ 
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͎͔͙͊͋ͪ͡;͙ͤͻ ͍ͪͤ͜ΎͤΈΣ ͘ Ύͦ͟͝ ͔ͦ͟ͺ͜ͼ͜Ί͙ͤͭ ͍͙ͤ͊͘;͊ΌͭΈͫΎ ;͔͔ͪ͘ ͍͒ͤͦͫͤ͜͜ ͙ͪͤ͘͜ͼ͜Υ 2 1
4 1 2 2 2

2 1
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k k
A w
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-
= =

-
, 1 0 2

1 2
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y y y
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- +
= , 

3 0 4
2 2
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( )

y y y
k

hs

- +
= , 2

2 1 1 12 ( )A k w hs= - , 0 0A y= . 

˽͍͙͍͒ͫͭ͊͜΄͙ ͯ ͺͦͪͣͯͯ͡ ͪͦ͊͒ͯ͘͟͡ όмύ ͤ͊͘;͔ͤͤΎ ͍͍ͯ͘͜͡ 1 2 3 4, , ,x x x x Σ ͔͒ͫͭ͊ͤͣͦ͜ ͤ͊͘;͔ͤͤΎ ͔ͦ͟ͺ͜ͼ͜Ί͍ͤͭ͜ ;͔͔ͪ͘ ͫͤ͟͜;͔ͤ͜ 

͙ͪͤ͘͜ͼ͜Φ ˴͍͊͒ͪ͊ͭͯͪͤ͊ ͺͦͪͣͯ͊͡ ͔ͤ͊͋ͯ͒ ͍͙͎͡Ύ͒ͯΥ 

 

3
2 2 4 2 2 2 2 6 8

4 0 1 2 1 2 1 23

5
2 2 2 4 2 2 4 4 6

1 2 1 1 2 25

( ) ( ) ( )
( ) (2 2 2 ( ) ( ))

2! 6! 8!3 2

( ) ( ) ( )
(2 2 ( ) 2 ( ) ( ))

4! 6! 8!5 2

b VI VIII

a

IV VI VIII

h y c y c y c
P x dx y h h h O h

h y c y c y c
h h O h

s s s s s s

s s s s s s

¡¡
= + - + - +

Ö

+ + + + + + +
Ö

ñ
 (2) 

˭͍ͪͤ͜ΌΌ;͙ ͔ͦ͟ͺ͜ͼ͜Ί͙ͤͭ ͙ͨͪ ͨͦͻ͙͒ͤ͜ͻ ͯ ͺͦͪͣͯ͊͡ͻ όмύΣ όнύ ͒ͦ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͨͦͪΎ͒ͯ͟Σ ͔͒ͫͭ͊ͤͣͦ͜ ͙͔ͫͫͭͣͯ ͍͒ͦͻ 

͍ͪͤ͜ΎͤΈ ͘ ͔͍͙͙ͤ͒ͦͣͣ͜ 2 2

1 2,s s ό͔ͦ͟ͺ͜ͼ͜Ί͙ͤͭ ͙ͨͪ ( )IIy c , ( )IVy c  ͎͋͊͘͜ΌͭΈͫΎ ͍ ͙ͫͯ͡ ͙͔͙ͫͣͭͪ;ͤͦͫͭ͜ ͍͒ͦͻ ͨ͊ͪ ͍͍ͯ͘͜͡Σ 

͔ͦ͟ͺ͜ͼ͜Ί͙ͤͭ ͙ͨͪ ( )VIy c , ( )VIIIy c  ͋ͯ͒ͯͭΈ ͎͙͋͊ͭͫ͘͜ΈΣ ͦͫ͟͜͡Έ͙͟ ͙͔ͫͫͭͣ͊ ͍͒ͤͦͫͤͦ͜ 2 2

1 2,s s Ί ͍ͪͦ͘ΩΎͦ͘͟ύΥ 1 0,591757934s= ; 

2 0,269071876s = , 

 
2 2 2 2

1 2 1 2

3 5 7

( ) 1
:

6! 3 2 5 2 7 2

VIy c s s s s+
- + =
Ö Ö Ö

, 
2 2 2 2 4 2 2 2

1 2 1 2 1 1 2 2

3 5 9

( )( ) 1
:

8! 3 2 5 2 9 2

VIIIy c s s s s s s s s+ + +
- + =

Ö Ö Ö
. (3) 

˽ͦͻ͙͋͊͟ ͍͊͒ͪ͊ͭͯͪͤͦ͟͝ ͺ͙ͦͪͣͯ͡ 11( )O h . 

2.2. ˹ ͚͊ͨͪͦͫͭ͜΄͜ ͨͦͤͦͣ͊͘͜͜͡Έͤ͜ ͍͊͒ͪ͊ͭͯͪͤ͟͜ ͺ͙ͦͪͣͯ͡Φ 

˹͔ͻ͚͊ ͺͯͤ͟ͼ͜Ύ ͔͙ͤ͊͗ͭ͡Έ ͊ͫͯ͟͡ 1
H ς ͤ ͔͔͔͍ͨͪͪͤ͊ ͜ ͣͦͤͦͭͦͤͤ͊Φ 

2.2.1. ́ ͙ͪͭͦ;͍ͦ͟͜ ͍͊͒ͪ͊ͭͯͪͤ͟͜ ͺ͙ͦͪͣͯ͡ ͙͎͊ͪͭͦͦ͘͟ ͙ͭͨͯ ͤ͊ ͫͭ͜ͼ͜ 1{ ; ; }a x b , 1a x b< <. 

˨͡Ύ ͙ͦ͒ͤͻ ͜ ͙ͭͻ ͔͗ ͍͙ͫͭͦ͜͟ͻ ͙͒͊ͤͻ { ; }S Y , 
1{ ; ; }S a x b= , 

1{ ( ); ( ); ( )}Y y a y x y b=  ͙ͨͦͤͦͣ͘͜ ͣͦ͗ͤ͊ ͍͙͋ͯ͒ͯ͊ͭ ͊͘ 

͙͙ͪͤͣ͘͜ ͺ͙ͦͪͣͯ͊ͣ͡Σ ͙ͤ͊ͨͪ͊͒͟͡Σ 
3 0 1 1( , ) ( )(1 )

b x
ʇ x b A A x x

h

a-
= + - + , 

3 0 1 1( , ) ( )(1 )
x a

ʇ x a A A x x
h

a-
= + - + , 

3 0 1 1( , ) ( )(1 )
x

ʇ x A A x x
h

agg
-

= + - + Σ ͊͋ͦ ͍ ͤ͜΄͚͜ ͺͦͪͣ͜Σ ͦͣ͋ͤͯ͟͜Ό;͙ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣ 
1, , , ( ; )a x b a bgÍ , RaÍ  ͍  ͔͊͗ͤͦͫͭ͘͜͡ 

͍͒͜ ͍͔͙ͨͦ͒ͤ͜͟ ͔͎ͨ͒ͤͭͪ͊͜͜͡Έͤͦ͝ ͺͯͤ͟ͼ͜͝Φ ˽͔͙͊ͪ͊ͣͭͪ 0 1, ,A A a ͦ ͋;͙ͫ͡ΌΌͭΈͫΎ ͘ ͍͙ͯͣͦ ͔ͤͭͪͨͦ͜͡Ύͼ͜͝Φ 

˹͔ͻ͚͊ 1
1

1

,ay y
V

x a

-
=

-
 1

2

1

by y
V

b x

-
=
-

 ς ΄͍͙͒ͦͫͭ͟͜ ͙ͣͤ͘͜ ͔͎ͨ͒ͤͭͪ͊͜͜͡Έͤͦ͝ ͺͯͤ͟ͼ͜͝ ( )y f x=  ͍͍͒ͨͦ͒ͤͦ͜͜ ͤ͊ ͨͪͦͣ͗͊͜͟ͻ 

1[ ; ]a x , 
1[ ; ]x b Φ ̒͟΅ͦ мύ 1 2sgn sgnV V=  (sgnς ͘ ͤ͊͟ ;͙ͫ͊͡ύΤ  

2 )͊ 
1 2V V² Σ ͭͦ ͔͎ͨ͒ͤͭͪ͊͜͜͡Έͤͯ ͺͯͤ͟ͼ͜Ό ( )y f x=  ͔ͤͭͪͨͦ͜͡ΌΊͣͦ ͤ͊ ͫͭ͜ͼ͜ 

1{ ; ; }a x b  ͨͦͤͦͣͦͣ͘͜ 

3 1 3 0 1 1( , , , , ) ( , ) ( )(1 )
b x

ʇ x a x b b ʇ x b A A x x
h

a-
= = + - +  Φ ̂ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟ 0a² Φ ˽͔͙͊ͪ͊ͣͭͪ 

0 1{ ; ; }A A a  ͚͔ͤ͊͒ͣͦ͘ ͘ ͍͙ͯͣͦ 

͔ͤͭͪͨͦ͜͡Ύͼ͜͝Υ 
1 0 1:x x A y= = ; 1

1 2

1

: by y
x b A V

b x

-
= = =

-
; 1 1

1 1

1 1

: 2a ay y y y
x a V A

a x x a

a- -
= = = = Ö Ý

- -

ln

ln 2

B
a= Σ ͔͒ 1

2

1
V

B
V
= ², 

ͭͦͣͯ 0a² . 

 
3 3 1 2 1 1 1 2 1( ( , )) ( , ) [ ( ) 2 ( ) ( 4 )]

1 2

b

a

h h
S ʇ x b ʇ x bdx yh V b x V x a V V

a a
= = - - + - + -

+ +ñ . (4) 

˹͔ͻ͚͊ н͋ύ 2 1V V² Σ ͭͦ͒͜ ͔͎ͨ͒ͤͭͪ͊͜͜͡Έͤͯ ͺͯͤ͟ͼ͜Ό ( )y f x=  ͤ ͊ ͫͭ͜ͼ͜ 
1{ ; ; }a x b  ͜ ͔ͤͭͪͨͦ͡ΌΊͣͦ ͨͦͤͦͣͦͣ͘͜  

 
3 0 1 1( , ) ( )(1 )

x a
ʇ x a A A x x

h

a-
= + - + ,  

3 1 1 2 1 1 2 1( , ) [2( ) ( ) (4 )]
1 2

b

a

h h
ʇ x a dx yh b x V x aV V V

a a
= + - + - + -

+ +ñ  (5) 

˹͍͔͔͊͒ͣͦ ͔ͪͯ͘͡Έͭ͊ͭ ͒͡Ύ ͍͙ͨ͊͒ͯ͟ 1 2V V> , cg= :  

3 0 1 1( , ) ( )(1 )
c x

ʇ x c A A x x
h

a-
= + - + , 1 1

3
( )
2

V A a= , 2 1

1
( )
2

V A a= , 
1 2 3 ln ln3B V V Ba a= = Ý = . 

˹͊ ͣͫ͜ͼ͔ ͍͊͒ͪ͊ͭͯͪͤͦ͟͝ ͺ͙ͦͪͣͯ͡ ό4ύ ͔͒ͫͭ͊ͤͣͦ͜ ͍͊͒ͪ͊ͭͯͪͤͯ͟ ͺͦͪͣͯͯ͡  

 '

3 1 2 1 1 1 2 1

1 3 1 9
( ( , )) [ ( ) ( ) ( )]

1 2 2 2 4 4

h h
S ʇ x c yh V b x V x a V V

a a
= - - + - + -

+ +
 (6) 

2.2.2. ˽ ͦͤͦͣ͊͘͜͜͡Έͤ͜ ;͙͙ͦͭͪͭͦ;͍ͦ͟͜ ͍͊͒ͪ͊ͭͯͪͤ͟͜ ͺ͙ͦͪͣͯ͡ 
4( ( , ))S ʇ xg .  

̒͟΅ͦ ͺͯͤ͟ͼ͜Ύ ( )y f x=  ͤ͊ ͨͪͦͣ͗ͯ͜͟ [ ; ]a b  ͔͔͔͍ͤͨͪͪͤ͊ ͜ ͦͨͯ͊͟͡Σ ͭͦ ͨͦͤͦͣ͊͘͜͜͡Έͤͯ ͔ͤͭͪͨͦ͜͡Ύͼ͜Ό ͣͦ͗ͤ͊ 

͚͙͙͒ͫͤͭ͘͜ ͤ͊ ;͙͙ͦͭͪͭͦ;͍͚ͦ͟͜ ͫͭ͜ͼ͜ 
1 2{ ; ; ; }a x x b , 

1 2a x x b< < <Φ ˴͊ͫ͡ ͍ͨͦͤͦͣ͘͜͜ ͒͊Ί ͒ͦͫͭ͊ͭͤΈͦ ΄͙ͪͦͯ͟ ͋͊ͯ͘ ͍͙ͨͦ͋ͯ͒ͦ 

͍͙͊͒ͪ͊ͭͯͪͤ͟ͻ ͺͦͪͣͯ͡Φ 
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˹͔ͻ͚͊ ͨͦͤͦͣ͘͜ ͣ͊Ί ͍͙͒Υ 
4 0 1 1 2 1 2( , ) ( ) ( )( )(1 )

x a
ʇ x A A x x A x x x x

h

ag
-

= + - + - - +. 

 

2 2

1 1
4 4 0 1 2 1 2 1 1 2

2 1 2 1 1 2 2 1

( ) ( )
( ( , )) ( , ) [2 ( )( ) ( )( )

2 1

2
(4 (2 ( )) ( 2 ) (8 ))].

2 3

b

a

b x x a h
S ʇ x a ʇ x a dx Ah A B b x b x B x a x a

h h
B b x x B x x a B B

a

a a

- - -
= = + + - - - - - -

+

- - + + + - - -
+ +

ñ
 (7) 

̒͟΅ͦ ͍͙ͯ͘ 
1 2,x x  ͫ ͙͔͙ͣͭͪ;ͤ͜ ͍͒ͤͦͫͤͦ͜ :

2

a b
c

+
=  

1 1x ʩ hs= - , 
2 1x ʩ hs= + , 

1

1
0

2
s< <Σ ͭͦ ͺͦͪͣͯ͊͡ ό7) ͤ ͍͊͋ͯ͊Ί ͍͙͎͡Ύ͒ͯ  

 
3

2 2

4 4 0 1 1 1 2 1 2 1 2 1

1 1 2
( , ) ( ( , )) [( )(2 ) (4 (8 ))].

1 4 2 3

b

a

h
ʇ x a dx S ʇ x a Ah A h B B B B B Bs s

a a a
= = + + - - - + - -

+ + +ñ  (8) 

2.2.3. ˴ ͍͊͒ͪ͊ͭͯͪͤ͜ ͺ͙ͦͪͣͯ͡ ͤ͊ ͍ͦͫͤͦ͜ ͙ͦͨͭͣ͊͘͜ͼ͚͙ͤ͜ͻ ͍͍ͯ͘͜͡Φ 
̒͟΅ͦ ͺͯͤ͟ͼ͜Ύ ͎ͨͦ͊ͤͦ ͍͔ͯͣͦͤ͊͘͡ ͤ͊ ͨͪͦͣ͗ͯ͜͟ [ ; ]a b Σ ͭͦ ͔͔͍͎ͨͪ͊ͯ ͣ͊ΌͭΈ ͍͊͒ͪ͊ͭͯͪͤ͟͜ ͺ͙ͦͪͣͯ͡Σ ΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ 

͙ͦͨͭͣ͊͘͜ͼ͚ͤ͜͜ ͍͙ͯ͘͡Φ ˴͍͊͒ͪ͊ͭͯͪͤ͜ ͺ͙ͦͪͣͯ͡ ͤ͊ ͫͭ͊͜͟ͻ ͘ ͙ͦͨͭͣ͊͘͜ͼ͚͙͙ͤͣ͜ ͍͙ͯ͊ͣ͘͡ ͋ͯ͒ͯΌͭΈͫΎ ͎͊ͤ͊ͦ͜͡;ͤͦ ͒ͦ ͔͔ͨͦͨͪ͒ͤ͜ͻΦ 
͙́ͪͭͦ;͍ͦ͊͟ ͫͭ͊͜͟ ͘ ͙ͦͨͭͣ͊͘͜ͼ͚͙͙ͤͣ͜ ͍͙ͯ͊ͣ͘͡Υ  

1 2 3{ , , } ( ; )S x x x a b= Ë , 2 ,x c=  1 1x c hs= - , 2 2x c hs= + , h b a= -, 
1 15 /10s= , ( ) / 2c a b= + . 

Ω˽Ύ͙ͭͭͦ;͍ͦ͊͟ ͫͭ͊͜͟ ͘ ͍͒ͦͣ͊ ͙ͨ͊ͪ͊ͣ ͙͔͙ͫͣͭͪ;͙ͤͻ ͙ͦͨͭͣ͊͘͜ͼ͚͙ͤ͜ͻ ͍͍ͯ͘͜͡Υ  

1 2 2 1{ , , , , }S c h c h c c h c hs s s s= - - + +, 1 5(1 8 / 35 / 6s= + , 2 5(1 81/ 35 1 / 6s = - - . 

͙͙̉ͦͭͪͭͦ;͍ͦ͊͟ ͫͭ͊͜͟ ͙͎͊ͪͭͦͦ͘͟ ͙ͭͨͯ ͘ ͦ͒ͤ͜ΊΌ ͨ͊ͪͦΌ ͙͔͙ͫͣͭͪ;͙ͤͻ ͙ͦͨͭͣ͊͘͜ͼ͚͙ͤ͜ͻ ͍͍ͯ͘͜͡Υ  

{ , , , }S a c h c h bn n= - + , 2 /10n= . 

͙͙̉ͦͭͪͭͦ;͍ͦ͊͟ ͫͭ͊͜͟ ͍͙͎͒ͪͭͦͦ͜͟ ͙ͭͨͯ ͘ ͦ͒ͤ͜ΊΌ ͨ͊ͪͦΌ ͙͔͙ͫͣͭͪ;͙ͤͻ ͙ͦͨͭͣ͊͘͜ͼ͚͙ͤ͜ͻ ͍͍ͯ͘͜͡Υ  

1 2 2 1{ , , , }S c h c h c h c hs s s s= - - + +, 1 20,476090938, 0,098851031s s= = . 

˿ͭ͊͜͟ ͘ ͙͙ͪ͊ͭͤͣ͟ ͚͙ͪ͊ͤͣ͟͜ ͍͙ͯ͊ͣ͘͡ ͜ ͙ͦͨͭͣ͊͘͜ͼ͚͙͙ͤͣ͜ ͍ͤͯͭͪ͜΄͙ͤͣ͜ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͔͍͙ͪͣͭͦ͜ͻ ͚͍ͫͨ͊ͤ͜͡ ͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ 
͚͍͙ͪ͊ͦ͟ͻ ͊͒͊͘;Φ ˿ͭ͊͜͟  

1 1{ ; , , ; }S a c h c c h bs s= - + , 
1 1 1{ ( ), ( ), ( ), ( ), ( ), ( )}, 3 / 6Y a Y a Y c h Y c h Y b Y bs s s¡ ¡- + = . 

˴͔ͦͪͭͤͫͭ͟͜Έ ͍͙͊͒ͪ͊ͭͯͪͤ͟ͻ ͺͦͪͣͯ͡ ͍͙͙͍ͨ͊͡Ί ͘ ͔ͦͪͭͤͦͫͭ͟͟͜ ͍͙ͨͦ͋ͯ͒ͦ ͍ͨͦͤͦͣ͘͜͜Φ 

͔͔́ͦͪͣ͊ мΦ ̒͟΅ͦ ͺͯͤ͟ͼ͜Ύ ( )y f x=  ͤ͊ ͨͪͦͣ͗ͯ͜͟ [ ; ]a b  ͔͔͔͍ͤͨͪͪͤ͊ ͜ ͣͦͤͦͭͦͤͤ͊Σ ͭͦ ͙ͨͦͤͦͣ͘͜ 

3 0 1( , ) (1 )
x

ʇ x A A
h

ag
g

-
= + + , c bg¢ ¢ ό͊͋ͦ 

3 0 1( , ) (1 )
x

ʇ x A A
h

agg
-

= + + , a cg¢ ¢ύΣ ͫͤͯ͜ΌͭΈ ͜ ͝ͻ ͔͙ͨ͊ͪ͊ͣͭͪ 0 1{ , , }A A a  

͍͙ͤ͊͘;͊ΌͭΈͫΎ ͦ͒ͤͦͤ͊͘;ͤͦ ͊͘ ͤ͊͘;͔ͤͤΎ͙ͣ ( )f x  ͯ  ͍ͯ͊͘͡ͻ ͙ͫͭ͜͟ 
1{ ; ; }a x b .  

͔͔́ͦͪͣ͊ нΦ ̒͟΅ͦ ͺͯͤ͟ͼ͜Ύ ( )y f x=  ͤ͊ ͨͪͦͣ͗ͯ͜͟ [ ; ]a b  ͔͔͔͍ͤͨͪͪͤ͊Σ ͣͦͤͦͭͦͤͤ͊ ͜ ͦͨͯ͊͟͡Σ ͭͦ ͙ͨͦͤͦͣ͘͜ 

4 0 1 1 2 1 2( , ) ( ) ( )( )(1 )
x

ʇ x A A x x A x x x x
h

ag
g

-
= + - + - - +, c bg¢ ¢ ͜ ͫͤͯΌͭΈ ͜ ͝ͻ ͔͙ͨ͊ͪ͊ͣͭͪ ͍͙ͤ͊͘;͊ΌͭΈͫΎ ͦ͒ͤͦͤ͊͘;ͤͦΦ 

˨͍͔͔ͦ͒ͤͤΎ ͔͔ͭͦͪͣΦ ̒͟΅ͦ ͔ͤͭͪͨͦ͜͡ΌΌ;͊ ͺͯͤ͟ͼ͜Ύ ͤ͊ ͫͭ͜ͼ͜ 
1{ , } m

iS Y =
 ͔͙ͤ͊͗ͭ͡Έ ͊ͫͯ͟͡ n

H , 1,n> n NÍ , 1m n² +, 

ͭͦ ͍͒ͤͦͫͤ͜͜ ͙ͪͤ͘͜ͼ͜ n-͎ ͦ ͨͦͪΎ͒ͯ͟ Ί ͎ͦ͒ͤͦͦ ͤ͊ͯ͘͟Σ ͭͦͣͯ ͫͤͯ͜Ί ͎ͣͤͦͦ;͔ͤ͡ ˶͎͊ͪ͊ͤ͗͊ 1( )nL x-  ͜ ͨͦͤͦͣ͘͜ 

2 1 0 1 1 1
1 1 1

( , , , ) ( ) ( )(1 ) ( ) ... ( ) ( )(1 )
n n n

n n n i n i n i
i i i

x a x a
ʇ x S Y a L x A ʇ x x A A x x A ʇ x x A ʇ x x

h h

a a
+ - -

= = =

- -
= + - + = + - + + - + - +Σ ͔͒ 

͔ͦ͟ͺ͜ͼ͜Ί͙ͤͭ 0 1, ,..., nA A A  ͨ ͍ͦͫ͒ͦͤͦ͜͡ Ί ͙ͪͤ͘͜ͼΎ͙ͣ ͒ͦ όn-1) ς ͎ ͦ ͨͦͪΎ͒ͯ͟ ͤ͊ ͫͭ͜ͼ͜ 1 1 1{ , ,..., }nS a x x-=  [1, 3ϐΦ ́ͦ ͙ͨͦ͊ͤ͘͟͟ a

Ί ͍ͪͦ͘ΩΎͦͣ͘͟ ͍ͪͤ͜ΎͤͤΎ 
1

1
( ( ) / ( ) 2

n

b n i n i
i

y L b x A ʇ x x da a
-

=
- - - = =Σ ͔͒ ͍ ͍͚͜͜͡ ;͙͊ͫͭͤ͜ Ί ͍͒ͤͦ͜΄͔ͤͤΎ ͍͒ͦͻ ͙ͪͤ͘͜ͼΈ n-͎ ͦ 

ͨͦͪΎ͒ͯ͟ ͤ͊ ͫͭ͜ͼ͜ 1 1{ , ,..., , }na x x b-  ό͒ͦ͒͊ͭͤ͊ ͍͔͙͡;͙ͤ͊Σ Ύ͟ ͍͒ͤͦ͜΄͔ͤͤΎ ͙ͪͤ͘͜ͼΈ ͎ͦ͒ͤͦͦ ͤ͊ͯ͘͟ύΦ ˢ͎ͤ͊ͦ͜͡;ͤͦ ͍͒ͦͦ͒ΎͭΈͫΎ 

͔͔͙ͭͦͪͣ ͒͡Ύ ͍ͨͦͤͦͣ͘͜͜ ( , , , )nʇ x S Yg  ͘ ͭ͜ΊΌ ͍͒ͣͤͤͫͭ͜͜͜ΌΣ ΅ͦ ͍ͦͫͤͦͯ 1d >  ͣͦ͗ͤ͊ ͣͤ͘͜Ό͍͙͊ͭΣ ͍ ͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͍͙͋ͦͪͯ 

[ ; ]a cgÍ  ͊͋ͦ [ ; ]c bgÍ  [1, 2]Φ ˽͙ͦ͊ͤ͘͟͟ RaÍ  ͍͙ͤ͊͘;͊Ί ͎͙ͦ͊ͪ͡ͺͣ͜;ͤͯ ΄͍͙͒ͫͭ͟͜Έ ͙ͣͤ͘͜ ͺͯͤ͟ͼ͜͝ ͙ͨͪ ͔͔ͨͪͻͦ͒͜ ͘ ͙ͫͭ͜͟ 1S  

ͤ͊ ͫͭͯ͜͟ 2 1 1{ ,..., , }nS x x b-= . 

ˤ͙͍͙ͫͤͦ͟Φ мΦ ˻͎͍͙͚͋ͪͯͤͭͦ͊ͤ ͍͙͚ͤͦ ͨ͒͜ͻ͒͜ ͒ͦ ͔͙ͨͪͦ͋ͣ͡ ͙͔ͤ͊͋͗ͤͤ͡Ύ ͔͔͔͍͙ͤͨͪͪͤͻ ͺͯͤ͟ͼ͚͜ ͎͙͙͊͒ͣ͟͡ 
ͨͦͤͦͣ͊͘͜͜͡Έ͙͙ͤͣ ͎ͣͤͦͦ;͔͙ͤ͊ͣ͡Σ Ύ͟͜ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘ ͫͭͯͨͤ͜Έ ͍͔ͯͣͦͤͦͫͭ͘͜͡ ͺͯͤ͟ͼ͜͝ ͙ͨͪ ͔͔ͨͪͻͦ͒͜ ͍͒͜ ͎ͦ͒ͤͦͦ 
ͨͪͦͣ͗͊͜͟ ͒ͦ ͤ͜΄͎ͦͦΦ нΦ ˽͔ͦ͊͊ͤ͘͟ ͙ͨͪ͊ͭ͟;͔ͤ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ͨͦͤͦͣ͘͜͜ ͒ͦ ͍͙ͨͦ͋ͯ͒ͦ ͍͙͊͒ͪ͊ͭͯͪͤ͟ͻ ͺͦͪͣͯ͡Φ 
 

˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
1. ˽͔ͪͦ͋ͣ͊͡ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͍ ͊͒͊͘;͊ͻ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ / ˢ͋ͪ͊ͣ;ͯ͟ ˤΦ˿Φ ͭ͊ ͤ͜Φ ͙̅ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͍ͦͫͭ͊͜. 

2016. ʕ ͙ͨͯͫ͟ нόуύΦ ˿Φ ф-16. 
2. ˢ͋ͪ͊ͣ;ͯ͟ ˤΦ ˿ΦΣ ˢ͋ͪ͊ͣ;ͯ͟ ˱Φ ˤΦ ˹͙͔͔͊͋͗ͤ͡ ͔͎͍ͤͭͪͯ͊ͤͤ͜Ύ ͙͗ͦͪͫͭ͟ͻ ͊͒͊͘;. ˸͔͙͊ͭͣ͊ͭ;͔ͤ ͭ͊ ͦͣͨ͟ΩΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎΦ 
˿͔ͪ͜ΎΥ ͙̅ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͙ͤ͊ͯ͟. 2012Φ ЅтΦ ˿Φ о-17. 

3. ˴͊ͻ͔͊ͤͪ ˨ ΦΣ ˸ ͔ͦͯͪ͡ ˴ΦΣ ˹Ή́  ˿Φ ͙͔̉ͫͤͤ͡·͔ ͔ͣͭͦ͒· ͙ ͎͔ͨͪͦͪ͊ͣͤͦ ͔͔ͦ͋ͫͨ;͔͙͔ͤ κ ͔ͨ ͪΦ ͫ ͎͊ͤ͡Φ ˸ ΦΥ ˸͙ͪΣ нллмΦ ртр ͫΦ 
4. ˴͍ͦͪͦ͋ͦ ˹Φ ˸ Φ ͔͔͙́ͦͪͭͦ͟;͙͍ͫͦ͡·͔ ͔ͣͭͦ͒· ͍ ͙͙͔ͨͪ͋͗ͤͤͦͣ͡ ͙͔͊ͤ͊͘͡Φ ˸ΦΥ ͙͎͙̅ͣ͊ͭ͘͘Σ мфсоΦ ннп ͫΦ 
5. ˴͔͚ͦͪͤ;ͯ͟ ˹Φ ˽ΦΣ ˹͙ͦ͟͡Έ͙͚ͫ͟ ˿Φ ˸Φ ˻ ˹͍ͦ·ͻ ͔ͪͯ͘͡Έͭ͊ͭ͊ͻ ͨͦ Ή͔ͫͭͪͣ͊͟͡Έͤ·ͣ ͊͒͊͘;͊ͣ ͔͙͙ͭͦͪ ͍͊͒ͪ͊ͭͯͪ͟κ ˤ ͙͎͔ͤ͟ 
˿Φ ˸ Φ ˹ ͙ͦ͟͡Έ͙͚ͫ͟Φ ˴͍͊͒ͪ͊ͭͯͪͤ·͔ ͺͦͪͣͯ͡·Σ 1974. ˿ Φ моу-221. 
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6. ˸ͦͦ͒͡ͼ͍ͦ ˨Φ s Φ ͚̂ͫͭͦ;͙͍ͦͫͭΈ ͙ͨͪͤͼ͙͍ͨͦ ͙ͦͨͭͣ͊͡Έ͙ͤͦͫͭΦ ˸ΦΥ ˹͊ͯ͊͟Σ мфутΦ нул ͫΦ 
7. ˸ͦͭͦͪͤ·͚ ˤΦ ˽Φ ˻ ͙ͤ͊ͯ͡;΄͔͚ ͍͚͊͒ͪ͊ͭͯͪͤͦ͟ ͺ͔ͦͪͣͯ͡ ͒͡Ύ ͔ͤͦͭͦͪ͟·ͻ ͍͊ͫͫͦ͟͡ ͔͙͙ͨͪͦ͒;͔͙ͫ͟ͻ ͙͒ͺͺ͔͔ͪͤͼ͙͔ͪͯͣ·ͻ 
ͺͯͤ͟ͼ͙͚ κ ˨ͦ͟͡Φ ˢͤͤ ˿˿˿˾ нмΣ ЅрΣ мфтоΦ ˿Φ млсл-1062. 

8. ˹͙ͦ͟͡Έ͙͚ͫ͟ ˿Φ ˸ Φ ˴͍͊͒ͪ͊ͭͤ·͔ ͺͦͪͣͯ͡·Φ ˸ΦΥ ˹͊ͯ͊͟Σ мфтпΦ мос ͫΦ  
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POSINOMIAL INTERPOLATION MULTIPLICATIONS AND QUARTERLESS FORMS 

Vasil Abramchuk, Ihor Abramchuk, Daria Pryshchepa, Olena Puhach 
Vinnitsa State Pedagogical University named after M. Kotsybinsky, Ukraine 

Abstract. Integration of poorly conditioned functions, the approximation of continuous non-differentiable functions by 
smooth functions, require a new approach to solving these problem problems. The paper proposes a general approach to solving 
these problem problems based on interpolation polynes of arbitrary smoothness. One and the same net function 

1( , ) { , ( )} n

i i iS Y x y x ==  the family of poses is put at the expense of a combination of nodes of a grid and a parameter g: 

1
1

( , , , ) ( ) ( )(1 )
n

n n n i
i

x
ʇ x S Y L x A ʇ x x

h

ag
g -

=

-
= + - + , ( ; )a bgÍ  (or ( ; )a cgÍ  if the multiplier is given in the form (1 ) )

x

h

ag-+ ), 

h b a= -, RaÍ , 
1( )nL x-

 Lagrange polynomial, which allows for the various problems studied, additional conditions, classes of 

interpolating functions to choose the best approximation (in contrast to the polynomial uniform approximation 
1( )nL x-

). The 

coefficients of the Lagrangian polynomial and the parameters A , a of the subordinate term are determined unambiguously 

from the conditions of interpolation on the grid with 2n+  nodes if the net function belongs to a class  n
H  ς n  differences of 

one sign. In the theory of catastrophes and the theory of chaos, one of the main tasks is the smooth replacement of variables, 
which allows you to analyze the mathematical model for stability. The parameter RaÍ   value is a characteristic that determines 

how smooth the function is  the polynomial 
1( )nL x-

, may be acceptable to display S Y  (if a differs from n  the insignificant 

and not acceptable, if a different for many. The parameter a determines the degree of risk of the model to external influences). 

To integrate smooth functions, a new approach is proposed for constructing quadrature formulas of open (without extreme 
bounds) and closed (with boundaries of the integration interval) types only on the basis of optimal pairs of symmetric nodes. This 
enables the use of quadrature computational formulas or the study of the convergence of improper integrals. When selecting 
meshes with optimal nodes, we can construct adaptive quadrature formulas of the highest accuracy for continuous non-
differentiable functions. Interpolation zeros, unlike interpolation polynomials, can be used simultaneously as corrective and 
predictive features of the behavior of the function, which is the basis of solving many practical problems. 

Key words: Position, interpolation, quadrature formulas, optimization nodes. 
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ˢͤͦͭ͊ͼ͜ΎΦ ˿ͭ͊ͭͭΎ ͙͍ͨͪͫΎ;͔ͤ͊ ͙͍ͦͫͦ͋ͦͫͭ͡Ύͣ ͍͙͊͒͊ͤͤ͟͡Ύ ͯͪͫͯ͟ ζˤ͍͔͔͒ͤͤΎ ͒ͦ ͺ͊ͻͯη ͯ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͍;͙͔͍ͭ͜͡ 

ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ ˾͎ͦ͘͡Ύͤͯͭͦ ͍ͦͫͤͦͤ͜ ͙ͨͭ͊ͤͤΎ ΅ͦ͒ͦ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎΦ ˽͙͔ͪ͒ͤͦ͜͡ ͙͍ͦͫͦ͋ͯ͡ ͍͎ͯ͊ͯ  
͎ͪͦ͘͡Ύ͒ͯ ͙ͭ͊͟ͻ ͨͦͤΎͭΈΣ Ύ͟ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͯ͟͡Έͭͯͪ͊ ͭ͊ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͒͋ͤͦͫͭ͘͜͜Φ ˽͔͔͒ͪͫͤͦ͜͟͡ ͣͫͭ͘͜ ͺ͊ͻͯ ͍;͙͔ͭ͡Ύ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ Ύ͟ ͔͍͙ͨͪ͒ͫͭ͊ͤ͊͟ ͍ͭͦͪ;ͦ͝ ͨͪͦͺ͔ͫ͜͝Σ ͔͒ ͔ͨͦͭͪ͋ͤ͜ ͍ͤ͊;͊ͤͤΎ ͍ͯͨͪͦ͒ͦ͗ ͯͫΈ͎ͦͦ ͍͎ͭͪͯ͒ͦͦͦ ͙͗ͭͭΎΦ ͔͔̉ͪ͘ 
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͍͊ͫͦ͋͘͜ ͭ͊ ͔͍ͤͫͭͪͯͣͤͭ͜͜Σ ΅ͦ ͤ͊͒͊Ί ͤ͊ͯ͊͟ ˱ͤͺ͙ͦͪͣ͊ͭ͊͟Φ 
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ͭ͊  ͎͔͔͍͙ͤͪͯ͊ͭ ͪͤ͘͜͜ ͍͙͊ͪ͊ͤͭ͜ ͍͙ͪ͜΄͔ͤͤΎ ͔ͨͪͦ͋ͣ͡Σ ΅ͦ ͍͊ͫͤͦ͊ͤ͘͜ ͤ͊ ͤ͊ͤͤ͘Ύͻ ͭ͊ ͤͭͯ͜͝ͼ͜͝Φ  

˾ͦΩ͘Ύ͔ͫͤͤͦ  ͔ͨͦͭͪ͋ͯ ΅ͦ͒ͦ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͨͪͦͺ͔ͫ͜͝ ͍ͤ͊;͙͊ͭͫΎ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͍͔͔͙͚͒͒ͤ͜ ͤ͊ ͊ͤ͘ΎͭͭΎ ;͊ͫΣ 
ͨ͊ͣΩΎͭ͊Ό;͙ ͨͪͦ ͚͙͚ͨͦͫͭͤ͜ ͙͚͗ͦͪͫͭ͟ ͚͎ͦͦ ͣͭ͜͜͡Σ ͊ ͭ͊ͦ͗͟ ͔ͨͦͭͪ͋ͯ ͯ ͍͔ͫͭ͊ͤͤ͜͡ ͍ ͊ͫͤͦ͡͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͜͡Έ͙͟ 
ͤ͊ ͙͙͍͙͚ͨͦͭͤ͘ ͔ͪͯ͘͡Έͭ͊ͭΦ ˽͔͍ͪͦ͒ͣͦͤͫͭͪͦ͊ͤͦ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͙ͣͭ͜ ͍ͫͨͨͪ͊͜ͼΌ͍͙͊ͭ ͘ ͯ;ͤΎ͙ͣ ͭ͊ ͙ͨͪͫͯ͡ͻ͍͍͙ͦͯ͊ͭͫΎ ͒ͦ 
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ͯ ͺ͊ͻ͍ͦͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍͙ͦͫͭ͜Σ ͔͔ͤͭͪͫͯ͜ ͭ͊ ͙͍ͣͦͭ͊ͼ͜͝ ͙ͭͻΣ ͎ͦͦ͟ ͍ͤ͊;͊ΌͭΈΣ ͒ͦ ͍͙͍;͔ͤͤΎ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡: ͯ;͙͔ͭ͡Έ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͯ͟͡Έͭͯͪ͊Σ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͒͋ͤͦͫͭ͘͜͜Σ ͍ͫ͊ͣͦͦͫͭ͊͜Σ 
͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡ΎΦ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˿͙͚ͭͪͣ͜͟ ͍͙ͪͦͭͦ͘͟ ͜ ͍ͪͦͨͦͫ͘Ό͔͒͗ͤͤΎ ͦ͋;͙ͫ͡Ό͍͊͡Έͤͦ͝ ͔ͭͻ͙ͤ͜͟ ͭ͊ ͍͊ͫͦ͋͘͜ ͦͣͯͤ͊͟͜͟ͼ͜͝Σ 

ͦͣͨ͟ΩΌ͔͙ͭͪ͊͘ͼ͜Ύ ͍͙ͦͫͭ͜ ͙͍͔͙ͨͪ͘͡ ͒ͦ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͔ͫͨͼ͊͜͡Έͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ ˿͔͊ͣ ͔͍͙͙ͨͪ͒ͫͭ͊ͤ͟ ͼ͜Ί͝  
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͣ͊ΌͭΈ ͣͫ͜͜Ό ͎͍͙ͨ͒ͦͭͯ͊ͭ͜ ͯ;͍ͤ͜ ͒ͦ ͎͒ͦͪͦͫͦͦ͡ ͙͗ͭͭΎ ͭ͊ ͍͙͋ͦͪͯ ͨͪͦͺ͔ͫ͜͝Φ  

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽͔͙ͪͦ͋ͣ͡ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ Ύ͟ ͺ͊ͻ͍͜ͼ͍͜Σ ͔ͦͪͣ͊͘͟Σ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͜ ͍͙ͪͦͭͦ͘͟ ͝ͻ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪ ͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ˹Φ s ͍ͨ͊ͭͦ͊Σ ˹Φ x ͙͊͟͡Σ ˻Φ ˣ͊ͪͤ͊Σ ˤΦ x ͙͍ͦ͟Σ 
ˢΦ ˤ͔ͪ͊ͤ͡ΈΣ ̑Φ ˥ͦͪͦ΄ͦ͟Σ ˸Φ ˬ͊͒͊͟͡Σ ˱Φ ˱͍͊ͫΈ͍͟͜Σ ˤΦ ˱ ͍ͦ͘͘;͙͍ͦ͟Σ ˤΦ ˶ ͊ͨͤͫ͜Έ͙͚͟Σ ˸Φ ˶ ͊ͨ;͙͟Σ ˹Φ ˸͔ͦͪ͘Σ ̑Φ ˾͊ͣͫΈ͙͚͟Σ ˤΦ ˾͔ͯ͒ͤͦ͟Σ 
̐Φ ˿͍ͣͪͤͦ͊͜-͙́ͪ͋ͯ͡ΈͫΈ͊͟Σ ˻Φ ˿ͨͪͤ͜͜Σ ̑Φ ́ ͙ͪͯͫΣ ˥Φ ̇ ͙͋ͦ͟Σ ˸Φ ̊ ͟͜͡Έ ͭ͊ ͤ͜Φ 

˹͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͼ͙ͻ ͍͍͊ͭͦͪ͜ ͎͒ͦͨͦͣ͊͊ΌͭΈ ͪ͊͟΅͔ ͙ͪͦ͋ͪ͊ͭͫ͘͜Ύ ͯ ͙ͭͻ ͍͊͒͊ͤͤ͘ΎͻΣ ΅ͦ ͫΈ͎ͦͦ͒ͤ͜ ͔ͨͦ͊͒ͤ͟͜͡ 
͍ ͍ͦͫͤͦͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡  ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˤ͙͍͙͊͗ͣ͡ ͯ ͍͔ͫͭ͊ͤͦͤͤ͜͡ ͍;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ Ύ͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ Ί ͪͦͯͣͤͤ͘͜Ύ ͎ͭͦͦΣ Ύ͔͟ ͔ͫ͊ͣ ͣͫ͜ͼ͔ 
͍͍͔͔͒͒ͤͦ͜ ͒͡Ύ ͤΈ͎ͦͦ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Σ Ύ͟͜ ͍͊͒͊ͤͤ͘Ύ ͚ͦͣͯ ͍͔͔͒ͦ͒ͭΈͫΎ ͍͙͍͙ͦͤͯ͊ͭ͟ ͭ͊ Ύ͙͟ͻ ͍ͦ͋ͦΩΎ͍͘͟͜ ͨͦͭͪ͋ͤͦ͜ ͔͋ͯ͒ 
͙͍͙͒ͦͭͪͣͯ͊ͭͫΎ ͍ͯͨͪͦ͒ͦ͗ ͍ͫΈ͎ͦͦ ͍͎ͭͪͯ͒ͦͦͦ ͙͗ͭͭΎΦ ̒ͪ͊͘͟ ͼ͜ ͙ͨͭ͊ͤͤΎ ͜ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͍ ͯͪͫ͟͜ ζˤ͍͔͔͒ͤͤΎ ͒ͦ ͺ͊ͻͯηΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˭ͪͦͯͣͦ͘͜͡Σ ΅ͦ ͒͡Ύ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͼ͜Ί͝ ͍;͙͔ͭ͡ΈͫΈͦ͟͝ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͨͦͭͪ͋ͤͦ͜ ͙͙ͪͦͪͦ͋ͭ͘ 
ͭ͊ͯ͟ ͔͙ͣͭͦ͒;ͤͯ ͙͔ͫͫͭͣͯΣ Ύ͊͟ ͋ ͍͊͒ͦͦ͘͡ΈͤΎ͊͡ ͔͙ͨͦͭͪ͋ ͫͯ;͊ͫͤͦ͝ ΄͙ͦ͟͡ ͭ͊ ͍ͤ͊͒͊͊͊͡ ͺ͊ͻ͍͜ͼΎͣ ͔ͤͦ͋ͻ͒ͤ͜͜ ͤ͊ͤͤ͘ΎΣ ͍ͣͤͤ͜Ύ ͭ͊ 
͍͙ͤ͊;͙͟Φ 
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˿͔͊ͣ ͭͦͣͯ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͍͙͔ͨͦͤͤ ͙ͫ͊͒͊ͭͫ͟͡Ύ  ͘ ͔͙ͦͪͣ͟ͻ ͔͍ͭ͊ͨ͜Σ ͔͒ ͙͚ͦ͗ͤ͟ ͙͚ͤ͊ͫͭͯͨͤ Ί ͎ͦ͜͡;͙ͤͣ 
͍͔ͨͪͦ͒ͦ͗ͤͤΎͣ ͔͔ͨͦͨͪ͒ͤΈ͎ͦͦΦ 

˽͙ͪͪͦ͒ͤͦΣ ΅ͦ ͎͋͊͊ͭͦ ;͎ͦͦ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͔ͨͪ΄͎ͦͦ ͔ͭ͊ͨͯ ͎͍͙ͨ͒ͦͭͦ͜͟Σ ͔͒ ͔͙ͫͭͯ͒ͤͭ ͍͍ͦͦͦ͒͊͜͡ΌͭΈ  ͍͙͍͙͙͊͗ͣ͡ ͒͡Ύ  ͝ͻ 
͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͯ ͦ͋ͪ͊ͤͦͣͯ ͺ͊ͻͯ ͙͒ͫͼ͙͙ͨͤ͜͡  ͫͦͼ͊͜͡Έͤͦ-͎͎ͯͣ͊ͤͭ͊ͪͤͦͦ͜Σ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍͎ͤ͊ͯͦͦͦ͟ ͭ͊ ͨͪͦͺ͔͚ͫͤͦ͜-͙ͨͪ͊ͭ͟;͎ͤͦͦ 
ͼ͙͍͟͜͡Φ 

˭͍͊͒Ύ͙͟ ͯͪͫͯ͟ ζˤ͍͔͔͒ͤͤΎ ͒ͦ ͺ͊ͻͯηΣ ͔͙ͫͭͯ͒ͤͭ ͙ͦͭͪͣͯΌͭΈ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͦ͋ͪ͊ͤͯ  ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έ ͭ͊ ͚ͦͤ͊ͦͣ͘͡ΌΌͭΈͫΎ ͘͜ 
͍͊͒͊ͤͤ͘Ύ͙ͣΣ ΅ͦ  ͨͦͫͭ͊ΌͭΈ ͔͔ͨͪ͒ ͙͙ͤͣ ͘ ͔ͨͪ΄͙ͻ ͍͒ͤ͜ ͙ͪͦ͋ͦͭ ͯ Ύͦͫͭ͟͜ ͍;͙͔ͭ͡Ύ-͍͙ͻ͍͔ͦ͊ͭ͡Ύ ͜ ͋ͯ͒ͯͭΈ ͍͍͙ͫͯͨͪͦͦ͒͗ͯ͊ͭ ͝ͻ 
͍ͯͨͪͦ͒ͦ͗ ͍ͫ͜Ί͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ́͊ͦ͗͟  ͍͙ͦͤ ͚ͦͤ͊ͦͣ͘͡ΌΌͭΈͫΎ ͘ ͙ͭͣΣ Ύ͟͜  ͤ͊ ͙ͤͻ ͋ͯ͒ͯͭΈ ͙ͨͦ͊͒͊ͭͫ͟͡Ύ ͍ͦ͋ͦΩΎ͙͘͟ Ύ͟ 
ͤ͊ ͍;͙͔͍ͭ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ 

̂ ͼΈͦͣͯ ͔ͫͤͫ͜ ͎͋͊͊ͭͦ ;͎ͦͦ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͎͙ͦ͜͟͡ ͍͙ͨͦ͋ͯ͒ͦ ͯͪͫͯ͟ ζˤ͍͔͔͒ͤͤΎ ͒ͦ ͺ͊ͻͯηΦ ̇Ό ͙͒ͫͼ͙ͨͤͯ͜͡ ͯ ͍ͤ͊;͊͡Έ͙ͤͻ 
ͨ͊ͤ͊͡ͻ ͍͔͔͒ͤͫͤͦ͜ ͒ͦ ͼ͙ͯ͟͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͭ͊ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Σ ͭ͊͟ Ύ͟ ͔ͫ͊ͣ ͭͯͭΣ ͘ ͔ͨͪ΄͙ͻ ͍ͪͦ͟͟͜ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͨͪͦͺ͔ͫ͜͝ 
ͨͦͭͪ͋ͤͦ͜ ͙͍ͨͪ;͙͊ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͙͍͒ͫͯͭͯ͊ͤͤ͟ΎΣ  ͍ͣͤͤ͜Ύ ͙ͨͪͫͯ͡ͻ͍͍͙ͦͯ͊ͭͫΎ ͭ͊ ͍͙ͨͦ͊͗͊ͭ ͙͒ͯͣ͟ ͍͙ͻ͍ͦ͊ͤͼ͍͜ ͜ ͔͎ͦ͟͡Φ ˨ͦ ͎ͭͦͦ ͗ 
͔͙ͫͭͯ͒ͤͭ ͍͙ͨͦͤͤ͜ ͙ͪͦͯͣͭ͘͜Σ ΅ͦ  ͒͡Ύ ͙ͤͻ ͯ ͚ͣ͊͋ͯͭͤΈͦͣͯ  Ί ͤͦͪͣͦΌ ͙͗ͭͭΎ ς ͋ ͔͔͔͍ͨͪͪͤ͊͘ ͍ͫ͊ͣͦͦͫͭ͊͜ ͭ͊ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡ΎΦ  

͙́͊ͣ͟ ;͙ͤͦͣΣ ͍͙͍;͔ͤͤΎ ͎͒͊ͤͦͦ ͯͪͫͯ͟ ͍͙͙͊ͤͦ͟͟͡Σ ͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͔ͨͦͭͪ͋ͦΌ ͍ ͚͔ͦͤ͊ͦͣͤ͘͜͡  ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͘ 
ͦ͋ͪ͊ͤͦΌ ͔ͫͨͼ͊͜͡Έͤͫͭ͜ΌΣ ͝͝ ͣͫͭͦͣ͘͜ ͜  ͫ͊͒ͤͦ͟͡΅͙͊ͣΣ ͊ ͘ ͤ͜΄͎ͦͦ -  ͤ ͔ͦ͋ͻ͒ͤͫͭ͜͜Ό ͺ͊ͻ͍͜ͼΎ ͨͦ;͍͙ͯ͊ͭ ͔͔ͫ͋ ͍͔͍͔ͨͤͤͦ ͍ ͚ͦ͋ͪ͊ͤ͜ 
ͨͪͦͺ͔ͫ͜͝ ͜ ͍͒͜;͍͙ͯ͊ͭ ͔ͭΣ ͤ͊ͫ͟͜͡Έ͙͟ ͍ͦͤ͊ Ί ͍͙͍͊͗ͦ͡Ό ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͫͯ;͎͊ͫͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ 

́ͦͣͯ ͯͪͫ͟ ζˤ͍͔͔͒ͤͤΎ ͒ͦ ͺ͊ͻͯη ͣ͊Ί ;͔ͭ͜͟ ͙ͨͪͤ͊͘;͔ͤͤΎΥ ͔͔͙͙ͦͫͪ͒ͭ͘ ͍͎ͯ͊ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊ ͍͙͍;͔ͤͤ͜ ͭ͊ ͪͦͯͣͤͤ͘͜͜ ͙ͫͭͦͭͤ͜ͻ 
ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͨͪͦͺ͔ͫ͜͝ ͍;͙͔ͭ͡ΎΣ ͔ͦͪͣ͊͘͟ ͍;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ  Ύ͟ ͫͦͼ͊͜͡Έͤͦ͝ ͔͎͊ͭͦͪ͟͜͝ ͯ ͍ͫ͜ͻ ͝͝ ͺͦͪͣ͊ͻ ͭ͊ ͨͪͦΎ͍͊ͻΦ 

˨ͦ ͎ͭͦͦ ͗ ͯͪͫ͟ ζˤ͍͔͔͒ͤͤΎ ͒ͦ ͺ͊ͻͯη ͙͙͚ͨͦ͊ͤ͟͟͡ ͤ͊ ͔ͭΣ ΅ͦ͋ ͍͙ͪ͜΄͙͙ͭ ͭ͊͟͜ ͊͒͊͘;͜Σ Ύ͟  ͙͍ͣͦͭ͊ͼ͜Ύ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͭ͊ 
͚͍ͤ͊ͦͣͫͭͦ͘ ͘ ͪͦ͡͡Ό ͯ;ͤΎ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Φ 

˹͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͨͦ;͙͙ͤ͊ͭ ͍͙͊͒͊ͤͤ͟͡Ύ ͯͪͫͯ͟ ͣ͊Ί ͔ͫͤͫ ͘͜ ͎͊͊͘͡Έͤͦ͝ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͨͪͦͺ͔ͫ͜͝Σ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍;͙͔ͭ͡ΎΣ ͊ ͭ͊ͦ͗͟ ͚͎ͦͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪΦ 

˽͒͜ ;͊ͫ ͍͍͍͒͒ͯ͊ͤͤ͜͜Ύ ͔͔͙ͭͦͪͭ;͙ͤͻ ͭ͊ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ ͙͒ͫͼ͙͙ͨͤ͜͡ ζˤ͍͔͔͒ͤͤΎ ͒ͦ ͺ͊ͻͯη ͔͙ͫͭͯ͒ͤͭ ͍͙ͨͦͤͤ͜ ͙ͪͦͯͣͭ͘͘͜Σ 
΅ͦ ͨͪͦͺ͔ͫ͜Ύ ͍;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ Ί  ͼ͍͊ͦ͜͟Ό ͍ͭͦͪ;ͦΌ ͨͪͦͺ͔ͫ͜ΊΌΣ ͭ͊͟ Ύ͟ ͔ͫ͊ͣ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͙͊ͫͤ͡ͻ ͙ͯͫ͘͡Έ ͜ ͨͪ͊ͼ͜  ͯ;͙͔ͭ͡Έ 
͍͙͙͚ͨͦͤͤ ͙͍͙ͪͦͪ͊ͭ͘͟ ͔ͨͦͭͤͼ͚ͤ͜͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͯ;͍ͤ͜Σ ͍ͫͭͦͪΌ͍͙͊ͭ  ͔ͤͦ͋ͻ͒ͤ͜͜ ͍͙ͯͣͦ ͒͡Ύ ͝ͻ ͍͙ͪͦͭͯ͘͟ ͚ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡ΎΣ 
͙͍ͫͦͪͫͭ͊͟΄͙ͫΈ ͒͡Ύ ͼΈ͎ͦͦ ͍ͫͣ͊͜ ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͙͊ͫͦ͋͊ͣ͘ ͭ͊ ͔͙ͤͫͭͪͯͣͤͭ͊ͣ͜Σ ΅ͦ ͤ͊͒͊Ί ͫͯ;͊ͫͤ͊ ͤ͊ͯ͊͟ ˱ͤͺ͙ͦͪͣ͊ͭ͊͟Φ 

˭͍͙;͚͊ͤͦΣ ΅ͦ͋ ͍͙͍͙ͦͤͯ͊ͭ͟ ͼ͜ ͍͊͒͊ͤͤ͘Ύ ͍;͙͔ͭ͡Ό ͨͦͭͪ͋ͤͦ͜ ͙ͣ͊ͭ ͎͙͋ͦ͟͜͡ ͭ͊ ͍͔ͫ͋͜;ͤ͜ ͤ͊ͤͤ͘ΎΣ ͍͙ͣͭ͜ ͝ͻ ͙ͦͫͣͫ͡Ό͍͙͊ͭ ͭ͊ 
ͦͨͪ͊ͼΈ͍͍͙ͦͯ͊ͭΣ ͔͔͍͙͙ͨͪͦ͒ͭ ͔͔͙ͭͦͪͭ;ͤ͜ ͭ͊ ͔͙ͣͭͦ͒;ͤ͜ ͔ͨͦͦ͗ͤͤ͡Ύ ͍ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͒͜͝Σ ͔ͺ͔͙͍ͭͤͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟  ͍͔͗ 
ͫͤͯ͜Ό;͙͚ ͍͒ͦͫ͒͜ ͯ ͍͙ͤͦͻ ͍ͯͣͦ͊ͻΣ ͙ͣ͊ͭ ͒͋ͤͦͫͭ͘͜͜ ͒ͦ ͊ͤ͊ͯ͘͜͡ ͭ͊ ͦͼͤ͜Ό͍͊ͤͤΎ ͍ͫͦΊ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ  ͎͙ͨͪ͊ͤͯͭ  ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͍͎͊ͫͤͦͦ͡ ͙ͫͭ͡Ό ͯ ͪͦ͋ͦͭ͜Σ ͍͙ͣͭ͜ ͍͍͙ͣͨͪͦͯ͊ͭ͘͜͜ ͭ͊ ͎͔͔͍͙ͤͪͯ͊ͭ ͪͤ͘͜͜ ͍͙͊ͪ͊ͤͭ͜ ͍͙ͪ͜΄͔ͤͤΎ ͔ͨͪͦ͋ͣ͡Σ ΅ͦ ͍͊ͫͤͦ͊ͤ͘͜ ͤ͊ ͤ͊ͤͤ͘Ύͻ ͭ͊ 
ͤͭͯ͜͝ͼ͜͝ ͜ Ύ͟͜ ͍͙͙ͤ͊͟ΌͭΈ ͨ͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ ͊ͤ͘ΎͭΈΦ ˤ͔͗ ͘ ͔ͨͪ΄͙ͻ ͍ͪͦ͟͟͜ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͨͪͦͺ͔ͫ͜͝Σ ͔ͫͭͯ͒ͤͭ ͍͙͔ͨͦͤͤ ͙ͤ͊ͭ͘Σ ΅ͦ 
͚ͦͣͯ ͚ͨͦͫͭͤͦ͜ ͍͔͔͒ͦ͒ͭΈͫΎ ͨͪ͊ͼΌ͍͙͊ͭ ͯ ͪ͊ͣ͊͟ͻ ͎͗ͦͪͫͭͦͦ͟ ͣͭͯ͜͜͡ ;͊ͫͯΣ ͙ͨͪ;ͦͣͯ ͔ͨͦͭͪ͋͊ ͯ ͚͎ͦͦ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ 
ͨͦ͡Ύ͎͊Ί ͯ ͍͔ͫͭ͊ͤͤ͜͡ ͡ ͙΄͔ ͤ͊ ͙͙͍͙͚ͨͦͭͤ͘ ͔ͪͯ͘͡Έͭ͊ͭΦ ˨ͦ ͎ͭͦͦ ͗ ͔ͫͭͯ͒ͤͭ ͙ͣͯͫͭΈ ͨ͊ͣΩΎ͙ͭ͊ͭΣ ΅ͦ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ς ͼ͔ ͍͊͗͊͟ 
ͨͪ͊ͼΎ ͜ ͍ͦͤ͊ ͔͙͊͗ͭ͘͡Έ ͔ͤ ͭ͜͡Έ͙͟ ͍͒͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͎ͫ͊ͣͦͦ ͍;͙͔ͭ͡ΎΣ ͊ ͚͎ͦͦ ͍ͣͤͤ͜Ύ ͍ͫͨͨͪ͊͜ͼΌ͍͙͊ͭ ͘ ͙͙ͭͣΣ ͎ͦͦ͟ ͍ͤ͜ ͍ͤ͊;͊ΊΦ 

˻ͫΈ ͭͯͭ ͍͔͗ ͍ͣͦ͊ ͚͔͒ ͨͪͦ ͔͎͎ͨ͒͊ͦ͜;ͤͯ ͍ͭͦͪ;ͫͭ͜ΈΣ ͔͔ͨͪ͒ͣͭͦͣ Ύͦ͟͝ Ί ͙ͦͫͦ͋ͫͭͫͭ͜ΈΣ ΅ͦ ͺͦͪͣͯΊͭΈͫΎΣ ͊ ͍͙͙ͦͫͤͦͤͣ 
ζ͔͙ͤͫͭͪͯͣͤͭ͊ͣ͜η ς ͙ͦͫͦ͋ͫͭͫͭ͜Έ ͍;͙͔ͭ͡ΎΣ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎΣ Ύ͟ ͙͚ͫ͊͒ͤ͟͡Σ ͎͋͊͊ͭͦͺ͙͚͊ͭͦͪͤ͟ ͜ ͍͔͍͙͚ͪͤͦͪͤ͘͜͜Σ ΅ͦ ͍͙͚͊ͫͤͦ͊ͤ͘ ͤ͊ 
͍͊͘Ί͍ͣͦͭͦͪ;ͦͫͭ͜ ͔͍ͨ͊ͪͭͤͪ͜Τ ͔͒ ͔ͪͯ͘͡Έͭ͊ͭͦͣ Ί ͍͙ͤ͊͘;͔͙͚ͤ ͍͔ͪͤ͜Έ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͙ͭͻΣ ͎ͦͦ͟ ͍ͤ͊;͊ΌͭΈ ͭ͊ ͍͙ͻ͍ͦͯΌͭΈ ώ1]. 

˭ͪͦͯͣͦ͘͜͡Σ ΅ͦ ͍ͨͪͦ͒ͤ͊͜ ͪͦ͡Έ ͯ ͍͙ͻ͍ͦ͊ͤͤ͜ ͭ͊ ͍ͤ͊;͊ͤͤ͜ ͔͙ͤ͊͗ͭ͡Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍;͙͔ͭ͡ΎΦ ˽͔ͪ΄͜ ͍ͫͦ͝ ͙ͯͪͦ͟ ͔͎͎ͨ͒͊ͦ ͤ͊͒͊Ί 
͔ͤ ͍ͫͦͦͣ͡Σ ͊ ͙ͨͪ͊͒ͦͣ͟͡Φ ́ͦͣͯ ͍͙͍͊͗ͦ͡Ό ͍ͯͣͦͦΌ ͤ͊͋ͯͭͭΎ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͙͔͊ͭͦͪͭͭͯ Ί ͔͔͔͍͋ͨͪͪͤ͊͘ ͍ͫ͊ͣͦͦͫͭ͊͜ ͭ͊ 
͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡ΎΣ ͭ͊͟ Ύ͟  ͋ͯ͒Έ-Ύ͔͟ ͫͯͫͨ͜͡Έ͍ͫͭͦ ͊͘ͼ͍͔͔͊ͤ͜͟͡ ͍ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͣ͜ͼͤͦ͝Σ ͒ͯͻ͍ͦͤͦ ͭ͊ ͣͦͪ͊͡Έͤͦ ͍͒ͦͪͦͦ͘͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Φ  

˹͊ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭͭΎͻ ͯͪͫͯ͟ ζˤ͍͔͔͒ͤͤΎ ͒ͦ ͺ͊ͻͯη ͣ͊Ί ͔ͫͤͫ ͙͙͙ͨͪ͒ͭ͜͡ ͍͎ͯ͊ͯ ͨͦͤΎͭͭΌ ͯ͟͡Έ͙ͭͯͪΣ Ύ͒ͪͦ Ύͦ͟͝ ͫ͊͒͊͟͡ΌͭΈ 
͎͊͊͘͡Έͤͦ͡Ό͒ͫΈ͟͜ ͼ͜͜͡ ͭ͊ ͼͤͤͦͫͭ͜͜Σ ͊ ͭ͊ͦ͗͟ ͙ͫͨͦͫͦ͋Σ ΅ͦ ͙ͫ͊ͫ͟͡͡Ύ ͙ͫͭͦͪ͜;ͤͦΣ ͝ͻ ͙͚ͫͨͪͤΎͭͭΎ ͭ͊ ͒ͦͫΎ͎͔ͤͤͤΎΦ ́͊ͦ͗͟ ͔ͨͦͭͪ͋ͯΊ 
͍͎͙ͯ͊ ͔ͭΣ  ΅ͦΣ ͍͙ͫͭͯͨ͊Ό;͙ Ύ͟ ͎͊͊͘͡Έ͔ͤ Ύ͍͙΅͔Σ ͯ͟͡Έͭͯͪ͊ ͙͚ͫͨͪͣ͊ΊͭΈͫΎΣ ͍ͦͫͦΌΊͭΈͫΎ ͭ͊ ͍͍͒ͭͦͪ͜ΌΊͭΈͫΎ ͦ͗ͤͦ͟Ό ͡Ό͙͒ͤͦΌ 
͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ ώнϐ. ˭͎͊͊͡Έͤͯ ͯ͟͡Έͭͯͪͯ ͔ͫͨͼ͊ͫͭ͊͜͜͡Σ ͔ͦͪͣ͊͘͟ ͍;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͣͦ͗ͤ͊ ͍͙ͤ͊͘;͙͙ͭ Ύ͟ ͍͔ͪͤ͜Έ ͪͦͫͭ͘͜͜͡ ͭ͊ 
͍͙ͪͦͤͯͭͦͫͭ͘͜ ͙͔͙ͫͫͭͣ ͫͦͼ͊͜͡Έͤͦ-ͤ͊͘;ͯ΅͙ͻ Ύ͔͚ͦͫͭ͟Σ ΅ͦ ͙͍ͨͪͦ͒ͯͭͤͦ͟ ͔ͪ͊ͯ͘͜͡ΌͭΈͫΎ  ͍ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˭ͪͦͯͣͦ͘͜͡Σ ΅ͦ ͭ͊͟͜ ͍͙͍͊͗͜͡  ͔͎͊ͭͦͪ͟͜͝Σ  Ύ͟ ͙͔ͫͫͭͣ͊ ͤ͊ͤ͘Έ ͭ͊ ͔͔͍ͤͭͪͫ͜͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͝͝ ͔͔ͨͪͦͤ͊ͤ͟Έ ͭ͊ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ 
͙ͤͦͪͣ ͍͔͙ͨͦ͒ͤ͜͟Σ  ͝͝ ͫͦͼ͊͜͡Έͤ͜ ͨͦ;ͯͭͭΎ  ͔͙͍ͤͣͦ͗ͦ͡ ͙͙ͦͭͪͣ͊ͭ ͙͡΄͔ ͍ ͪ͊ͣ͊͟ͻ  ͎ͦ͒ͤͦͦ ͯͪͫͯ͟Σ ͔͊͡ ͔ͫ͊ͣ ͍͙ͦͤ ͫ͊͒͊͟͡ΌͭΈ ͔ͭ͊͟ 
ͨͦͤΎͭͭΎΣ Ύ͟ ͔͎͎ͨ͒͊ͦ͜;ͤ͊  ͯ͟͡Έͭͯͪ͊Σ ͍ͫͤͯ͊ͤͤ͜Ύ Ύͦ͟͝  ͔͙͍ͤͣͦ͗ͦ͡ ͔ͫ͊ͣ ͔͋͘ ͪͦͯͣͤͤ͘͜Ύ ͼ͙ͻ ͔͎͚͊ͭͦͪ͟͜Φ 

˽͔͎͎͒͊ͦ͜;ͤ͊ ͯ͟͡Έͭͯͪ͊ ͯ ώоΣ ͫΦ суϐ ͪͦͯͣ͘͜ΊͭΈͫΎ Ύ͟Υ ͙͔ͫͫͭͣ͊ ͼ͔͚ͤͤͦͫͭ͜ ς ͔͎ͪͯ͡Ύ͍ͭͦͪ͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
͔͔͍ͨͪ͒ͯͣͦ͊Σ ͔ͣͭ͊Σ ͊ͫ͋͘͜Σ ͔ͤͫͭͪͯͣͤͭ͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͔ͪͤ͜Έ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͍ ͚ͤ͜Τ ͦͤ͟ͼ͔͍͔ͤͭͪͦ͊ͤ ͍͙͔ͪ͊͗ͤͤΎ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 

˹͚͍͙͍͊͊͗͜͡΄͙ͣ ͝͝ ͔ͦͣͨͦͤͤͭͦͣ͟ Ί ͍ͣͤͤ͜Ύ ͍;͙͔ͭ͡Ύ ͍͔͙ͪͭ͊ͭͫ͘Ύ ͒ͦ ͪͦͯͣͯ͘ ͭ͊ ͨͦ;͍ͯͭͭ͜ ͯ;ͤΎΣ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͔ͫΈ 
ͤ͊͋ͪ͜ ͍͊ͫͦ͋͘͜ ͭ͊ ͔͍ͣͭͦ͒͜ ΅ͦ͒ͦ  ͚͎ͦͦ ͍ͤ͊;͊ͤͤΎΣ ͍ͣͤͤ͜Ύ ͔͎͙ͫͨͦͫͭͪ͊ͭ͜ ͊͘ ͚͎ͦͦ ͒ͦͫΎ͎͔ͤͤͤΎ͙ͣ ͯ ͨͪͦͼ͔ͫ͜ ͍ͪͦͯͣͦͦ͘͝ ͭ͊ ͺ͙͘͜;ͤͦ͝ 
ͨͪ͊ͼ͜Σ ͋͊;͙͙ͭΣ Ύ͟ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͼ͙ͻ ͔͔͔ͫͨͦͫͭͪ͗ͤΈ ͔͔͍ͨͪͭͦͪΌΌͭΈͫΎ ͤ͊ ͔͙ͣͭͦ͒ ͭ͊ ͙͚͙ͨͪͦͣ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͒͜͝Φ 

˽͔͎͎͒͊ͦ͜;ͤ͊ ͯ͟͡Έͭͯͪ͊ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ˿ͯͻ͙ͦͣͤͫ͡Έ͙ͣ͟ ʕ Φ˻Φ Ύ͟ ͚͍͙͍ͤ͊͊͗͜͡΄͙͚ ͙ͫͭͣͯ͡ ͍͙ͪͦͭͯ͘͟ ͔͙͍ͦͭͤͦ͟͟͡͝ ͙͒ͯͣ͟ 
ͭ͊ ͔͙͍ͦͭͤͦ͟͟͡͝ ͍ͭͦͪ;ͦͫͭ͜  ώпΣ ͫΦ офо τ 626.]. 

˽͔͎͎͒͊ͦ͜;ͤ͊ ͯ͟͡Έͭͯͪ͊ ͔ͣͦ͗ ͙͋ͯͭ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͤ͊ ͎ͪͦ͘͡Ύ͒ ͔͍ͫͭͯ͒ͤͭ͜ Ύ͟ ͫͯͯͨͤͫͭ͟͜Έ ͒ͦͫΎ͎͔ͤͤΈ ͫͦͼ͊͜͡Έͤͦ͝ ͙͙ͨͪ͊ͭ͟͟Σ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͎ͨͦ͡Ύ͍͒͜Σ ͔͚͒͜Σ ͔͚ͭͦͪ͜ ͭ͊ ͍ͫͨͦͫͦ͋͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˿͒͜͡ ͎͙͙ͤ͊ͦͦͫͭ͡ ͨ͒͜ ;͊ͫ ͊ͤ͘ΎͭΈ ͘ ͯͪͫͯ͟  ͭ͊ͦ͗͟ ͤ͊ ͭͦͣͯΣ ΅ͦ ͍͔ͤͦ ͔͎͎ͨ͒͊ͦ͜;͔ͤ ͙͔ͣͫͤͤ͡Ύ ͫ͊͒͊͟͡Ί ͍͎ͫͭͦ͜͡Ύ͒ͤͯ ͍ͦͫͤͦͯ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͍;͙͔ͭ͡ΎΣ ͔ͦͪͣ͊͘͟ ͯ;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͒ͦ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ Ύ͎ͦͦ͟Σ ͍ ͔ͨͪ΄ͯ ;͔͎ͪͯΣ ͔͙ͤ͊͗ͭ͡Έ ͍͔͙͒ͤͫͭ͜ 
͍͙ͤ͊ͤͤ͘Ύ ͯ;ͤΎ  ͚͍͙͍ͤ͊͊͗͜͡΄ͦΌ ͼͤͤͫͭ͜͜Ό ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Φ 

˸͙ ͎ͦ͒ͤ͘͜ ͘ ͒ͯͣͦ͟Ό ώрΣ ͫΦ мунϐΣ ΅ͦ  ͎ͪͦ͘͡Ύ͒͊Ί ͔͎͎ͨ͒͊ͦ͜;ͤͯ ͯ͟͡Έͭͯͪͯ ͍͙͊͒͊͟͡;͊ Ύ͟ ͍͙ͤ͊͘;͔ͤͯ  ͫͭͯͨͤ͜Έ ͚͎ͦͦ 
͒ͦͫͦͤ͊ͦͫͭ͟͜͡ ͍ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟ ͒ͦͫΎ͎͙͚ͤͯͭ ͍͔ͪͤ͜Έ ͍͙ͪͦͭͯ͘͟ ͚͎ͦͦ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˤͤ͜ ͍͙͔ͦͪͣ͟͡ΌΊ ͭ͊͟͜ ͍ͫ͊͒ͦ͟͜͡ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪΥ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤͯ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍;͙͔ͭ͡ΎΤ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤͯ ͔͙ͪͯ͒ͼ͜Ό ͭ͊ 
͔͎͔ͤͭͤͭͤͫͭ͜͜͜͡ΈΤ ͔͎͎ͨ͒͊ͦ͜;ͤͯ ͚͔ͣ͊ͫͭͪͤͫͭ͜ΈΤ ͍ͣͤͤ͜Ύ ͨͦΊ͍͙͒ͤͯ͊ͭ ͔͎͎ͨ͒͊ͦ͜;ͤͯ ͭ͊ ͍ͤ͊ͯͦͯ͟ ͒͜Ύ͡Έͤͫͭ͜ΈΤ ͙͔ͫͫͭͣͯ ͨͪͦͺ͔͚ͫͤͦ͜-
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͔͎͎ͨ͒͊ͦ͜;͙ͤͻ Ύ͔͚ͦͫͭ͟Τ ͔͎͎ͨ͒͊ͦ͜;͔ͤ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͭ͊ ͍͔ͨͦ͒ͤͯ͜͟Τ ͍͙͎͙͍ͣͦͫͭ͜͡Έ ͒ͦ ͔͔ͫ͋ ͜ ͒ͦ ͤ͜΄͙ͻ ͭ͊ ͔ͨͦͭͪ͋ͯ ͯ 
͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͜͡Φ 

˻͍ͫͤͦͤͦΌ ͍ͯͣͦͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͍;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ Ί ͔ͤ ͭ͜͡Έ͙͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͨͦͭͪ͋ ͍ ͚ͤ͜Σ 
͊ ͚ ͤ͊Ύ͍ͤͫͭ͜Έ ͎͍ͦͭͦͤͦͫͭ͜ ͙͚ͫͨͪͤΎ͙ͭ ͫͤͯ͜Ό;͜ ͙ͪ͊͘͘͟  ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͍͒ͤͦͫͤͦ͜ ͍͎͊ͫͤͦͦ͡ ζΎηΣ ͍ͣͤͤ͜Ύ ͍ͭͦͪ;ͦ 
͔͔͙͙͙ͨͪͦͫͣͫͭ͡ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͼͤͤͦͫͭ͜͜ ͭ͊ ͤ͊ ͍ͤͦͦͣͯ ͯ͟͡Έ͍ͭͯͪͦͭͦͪ;ͦͣͯ ͍ͪͤ͜͜ ͍͍͙͙͒ͭͦͪͭ͜  ͝ͻΦ ͔̇ ͜ Ί ͙͔ͫͫͭͣ͊  ͒ͯͻ͍͙ͦͤͻ ͼ͔͚ͤͤͦͫͭ͜Σ 
΅ͦ ͍͙ͦͤͯ͟Ί ͔͎ͪͯ͡Ύͭͦͪͤͯ ͺͯͤ͟ͼ͜ΌΣ Ύ͊͟ ͫͨͪΎ͍ͣͦͯΊ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͎͎ͨ͒͊ͦ͊ ͭ͊ ͍͙ͤ͊͘;͊Ί ͚͎ͦͦ ͍͙͍ͨ͡ ͤ͊ ͦͭͦ;ͯΌ;͙ͻΦ ̇͜ ͎͚͊ͪͣͦͤͤͦ͜ 
͍͙ͪͦͤͯͭ͘͜ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͜Σ ͔ͣͦͼ͚ͤ͜͜Σ ͔͙ͭ;ͤ͜ ͭ͊ ͔͔͙ͫͭͭ;ͤ͜ Ύͦͫͭ͟͜ ͭ͊ ͨͪͦΎ͍͙ ͨͦͭͪ͋ͤ͜͜ ͍;͙͔ͭ͡Ό ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͭ͊͟ Ύ͟ ͍͒ͦͦ͘͡ΎΌͭΈ 
͚ͦͣͯ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͍ ͦͭͦ;ͯΌ;͚͜ ͚͒ͫͤͦͫͭ͜͜Σ ͙͙ͨͪͦͤ͊ͭ͟ ͒ͦ ͫͯͭͤͦͫͭ͜ Ύ͍͙΅Φ 

́͊ͦ͗͟ ͍͙͍͙͊͗ͣ͡ Ί ͨͦͤΎͭͭΎ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͚͒͋ͤͦͫͭ͘͜Σ ΅ͦ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍ ͯͪͫ͟͜ ζˤ͍͔͔͒ͤͤΎ ͒ͦ ͺ͊ͻͯηΦ ˤ͙͍͊͗͜͡ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͙͍ͨͪͫΎ;͔ͤ͜ ͔ͨͪͦ͋ͣ͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͚͒͋ͤͦͫͭ͘͜Σ ͍͔ͨͪͦ͊͡ ˹ΦˤΦ ˴ͯ͘Έͣͤ͊͜Φ  

˽͔͎͎͒͊ͦ͜;ͤ͜ ͒͋ͤͦͫͭ͘͜͜ ͼ͔Υ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͚͙ͫͭ͜͟ ͍͙͍͊ͫͭͦͫͭ͜͡ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ ͫ͊͒͊͟͡ΌͭΈͫΎ ͍ ͔ͫͨͼ͙ͺ͜;͚ͤ͜ ;͙͍ͯͭͦͫͭ͜͡ ͒ͦ 
ͦ͋ΩΊͭͯ͟Σ ͊ͫͦ͋͊͘ͻΣ ͍ͯͣͦ͊ͻ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͨͪ͊ͼ͜ ͭ͊ ͍͔ͫͭͦͪͤͤΎ ͙͍͙ͨͪͦ͒ͯͭͤ͟ͻ ͔͔͚ͣͦ͒͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ΄͙ͯ͊ͤ͟ͻ Ύ͔͚ͦͫͭ͟ ͍ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ͎ͭͦͦΣ ͻͭͦ ͍͙ͻ͍ͦͯΊͭΈͫΎ ώсΣ снϐΦ 

˨͜Ύ͡Έͤͫͭ͜Έ ͫͯ;͎͊ͫͤͦͦ ͯ;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͔ͨͦͭͪ͋ͯΊ ͙ͭ͊͟ͻ ͙͍͙ͭͨͦͻ ͔͚͒͋ͤͦͫͭ͘͜ ͒͡Ύ ͯͫͨ͜΄͎ͤͦͦ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ 
ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍͊͒͊ͤ͘ΈΥ ͍ͤ͊;͙͙ͭͫΎ  ͙ͪͦͯͣͭ͘͜ ͯ;ͤΎΣ ͒ͦͫͭͯͨͤͦ ͍͙ͨͦ͒͊͊ͭ ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͣ͊ͭͪ͊͜͡ ͭ͊ ͊͘ͼ͍͊͜͟͡Ό͍͙͊ͭ ͙ͤͣΣ 
͔͔͍͙ͨͪͦͤͯ͊ͭ͟ ͜ ͍͙͍͙ͨ͊ͭ͡ ͤ͊ ͍͔ͫͭ͊ͤͤ͡Ύ ͯ;ͤΎ ͒ͦ ͦͭͦ;͔ͤͤΎΣ ͙͋ͯͭ ͍͙ͭ͊ͭͦͤͣ͟ ͭ͊ ͍͙͎͙͍͙ͣͦͣ͡ ͨͦ ͍͒ͤͦ͜΄͔ͤͤΌ ͒ͦ ͔͎ͦͤͪͭͤͦͦ͟͟ 
΄ͦ͟͡Ύͪ͊Σ ͍͙ͣͭ͜ ͔͔ͨͪ͒͋͊;͙͊ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍ͫͦΊ͝ ͙ͪͦ͋ͦͭ ͭ͊ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘ ͙͍ͣͦ͗͜͡ ͙͙ͨͦͣ͟͡ ͭ͊ ͭͪͯ͒ͤͦ΅͜Σ ͔͍͙ͨͪͦͭͯ͊ͭ͟ Ύͦͫͭ͟͜ 
͍͙͊ͫͤ͡ͻ ͍͙ͻ͍ͦ͊ͤͼ͍͜ ͜ ͝ͻ ͤ͊͋ͯͭͭΎ ͤ͊ͤ͘ΈΣ ͍͙͍͙ͪͦ͊ͭ͘ ͒͋ͤͦͫͭ͘͜͜Σ ΅ͦ ͤ͊͒͊ΌͭΈ ͙͍ͣͦ͗ͦͫͭ͜͡ ͤ͊ ͍ͦͫͤͦ͜ ͚͎ͫͭͦͦ͜͟ ͔͔ͤͭͪͫͯ͜ ͒ͦ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͔͎ͦ͟͡ ͍͊ͫͦ͘Ό͍͙͊ͭ ͭ͊ ͍ͫͦΊ;͊ͫͤͦ ͍͍͒ͭͦͪ͜Ό͍͙͊ͭ ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͣ͊ͭͪ͊͜͡Φ 

˿͒͜͡ ͔͔͙͙ͦͫͪ͒ͭ͘ ͍͎ͯ͊ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͭ͊ͦ͗͟ ͤ͊ ͭͦͣͯΣ ΅ͦ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͒͋ͤͦͫͭ͘͜͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘͜ ͎͊͊͘͡Έ͙͙ͤͣ ͒͋ͤͦͫͭ͘͜Ύ͙ͣ 
ό͙ͤ͊ͨͪ͊͒͟͡Σ ͍ͤ͊ͯͦͦ͟Ό ͍ͭͦͪ;ͫͭ͜Ό ;͙ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎͣύΣ ͭ͊͟ Ύ͟ ͔ͫ͊ͣ ͍͙ͦͤ ͍͙ͨ͒͜΅ͯΌͭΈ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͒͜Ύ͡Έͤͦͫͭ͜ ͍;͙͔ͭ͡ΎΣ 
͔ͦͪͣ͊͘͟ ͍;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ 

˽͔͎͎͒͊ͦ͜;ͤ͜ ͒͋ͤͦͫͭ͘͜͜Σ ͒ͦ Ύ͙͟ͻ ͫ͒͜͡ ͍͔͙͒ͤͫͭ͜ ͍ͣͤͤ͜Ύ ͍͙ͫͨͯ͊ͭͫ͜͟͡ΎΣ ͍ͫͨͨͪ͊͜ͼΌ͍͙͊ͭΣ ͔͔͍͙ͨͪ͒͊͊ͭ ͤ͊ͤͤ͘Ύ ͭ͊ ͍ͤ͊;͙͊ͭΤ 
͊ͯ͘͡;͊ͤͤΎ ͒ͦ ͙ͪͤ͘͜ͻ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜Τ ͚͔͒ͫͤͤͤ͘͜Ύ ͍͒͋ͦͪͯ͜Σ ͙ͦͣͨͦ͘͟ͼ͜͝Σ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Τ 
͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͍ͨ͊ͤ͜͡Τ ͙ͦͭͪͣ͊ͤͤΎ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͒͜ ͨͪͦͼ͔ͫͯ ͨͤ͊ͤͤ͘͜ΎΣ ͍ͦͦ͒ͤͤ͜͡Ύ ͔͎͎ͨ͒͊ͦ͜;͙ͤͣ ͔͔ͨͪ͒͋͊;͔ͤͤΎͣ ͭ͊ 
͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύͣ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͊͘Ίͣͦ͒͜͝Τ ͋͊͗͊ͤͤΎ ͙͙ͨͪͦͤ͊ͭ͟ ͯ ͍ͤͯͭͪ͜΄͚ͤ͜ ͍ͫͭ͜ ͯ;ͤΎΣ ΅ͦ͋  ͙ͪͦͯͣͭ͘͘͜  ͚͎ͦͦ ͫͭ͊ͤΤ ͍ͦͦ͒ͤͤ͜͡Ύ 
͔ͣͦͼ͜Ύ͙ͣΣ ͤͭͦͤ͊͜ͼ͜ΊΌ ͍͙ͣͦΣ ͣͣͦ͜͜͟ΌΣ  ͔͙͗ͫͭ͊ͣ ͭ͊ ͙ͨ͊ͫͭͦ͟͡ΌΤ ͍ͣͤͤ͜Ύ ͍͙͍͙͗͊ͭͫΎ ͒ͦ ͔͔͙͍ͨͪ͗͊ͤΈ ΄ͦ͟͡Ύ͍ͪ͜Σ ͍ͫͨ͜;͍͙ͯ͊ͭ ͣ͝ ͭ͊ 
͍͔͔͙͍͙ͫͨͨͪ͗͊ͭ͜Σ ͙͋ͯͭ ͎͍͙ͦͭͦͣ ͒ͦ ͎͒͊ͦ͜͜͡;ͤͦ͝ ͔͔ͤͭͪͨͪͭ͊͜ͼ͜͝ ͨͪͦͼ͔͍ͫ͜ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍͙ͻ͍ͦ͊ͤͤΎΤ  ͚͔͒ͫͤͤͤ͘͜Ύ ͍͙͎͒ͪͭͦͦ͜͟ ͜ 
;͔͎ͫͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΦ ˢ͔͡ ͍͔ͫ ͼ͔ ͔ͤ ͤ͊͒͊ΊͭΈͫΎ ͯ  ͎͍ͦͭͦͦͣͯ ͍͙͎͡Ύ͒͜ ͭ͊ ͨͦ͊͘ ͍͙ͪͦͭͦͣ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͜ ͔ͤ Ί ͘͜ ͎ͫ͊ͣͦͦ ͨͦ;͊ͭͯ͟ 
͙͍͙͙ͨͪ͊ͭͤͣ ͭ͊ ͔͙͙ͤͣͤͤͣ͘͜ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣ ͔͎ͦͤͪͭͤͦͦ͟͟ ͙͍ͤ͒͒ͯ͜͜Σ ͭ͊͟ Ύ͟ ͼ͜ ͒͋ͤͦͫͭ͘͜͜ ͺͦͪͣͯΌͭΈͫΎ ͍ ͨͪͦͼ͔ͫ͜ ͺ͊ͻ͍ͦͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟Φ 

˿͔͊ͣ ͍  ͙ͨͦ͘ͼ͜͝ ͔͎͎ͨ͒͊ͦ͊ ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͚͎ͦͦ ͙ͦͫͦ͋ͫͭͫͭ͜ΈΣ ͻ͔͊ͪ͊ͭͪ͟Σ ͫͦͼ͊͜͡Έͤ͜ ͦͪ͜Ίͤͭ͊ͼ͜͝Σ ͙ͭͨ ͎ͪͦͣ͊͒ͫΈͦ͟͝ ͍͔͙ͨͦ͒ͤ͜͟ 
ͭ͊ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͊ Ύͫͭ͟͜Έ ͤ͊ͤ͘Έ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͙ͭͣΣ ͤ͊ͫ͟͜͡Έ͙͟ ͍͙ͦͤ ΄͙ͪͦͦ͟ ͍͟͡Ό;͊ΌͭΈͫΎ ͙ͦͫͦ͋ͫͭͫͭ͜Ό ͯ ͪͤ͘͜͜ ͍͙͙͒ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˿͔ͨͼ͙ͺ͊͜͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͤ͘Έ ͨͦ͡Ύ͎͊Ί ͯ ͭͦͣͯΣ ΅ͦ ͍͙ͦͤ ͎͋͊͊͘;͔ͤ͜ ͙͙ͦͫͦ͋ͫͭͫͤͣ͜ ͍͒ͤͦ͜΄͔ͤͤΎͣ ͒ͦ ͙ͤͻ ͍;͙͔ͭ͡ΎΣ 
ͨͪͦͨͯ΅͔ͤ͜ ;͔͔ͪ͘ ͚͎ͦͦ ͍͙͚ͫͭͦͫͨͪͤ͜ΎͭͭΎΣ ͍͒ͦͫ͒͜Σ ͔ͫͨͼ͙ͺͯ͜͟ ͙͔ͣͫͤͤ͡ΎΦ 

̒͒ͪͦ ͨͪͦͺ͔ͫͦͤ͊͜͡Έͤͦ-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͤ͘Έ ͫ͊͒͊͟͡Ί ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͜ ͤ͊ͤͤ͘Ύ ͍ ͎͊ͯ͘͜͡ ͔͎͎͙ͨ͒͊ͦ͜͟ ͭ͊ ͙ͨͫͻ͎ͦͦ͜͡͝Σ 
͍͎ͫͭͦ͜͡Ύ͒ͤ͜ ͭ͊ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤ͜ ͤ͊ͤͤ͘ΎΣ ͔ͭͻ͎ͤͦͦ͜͡;ͤ͜ ͤ͊ͤͤ͘ΎΦ 

ˤ͙͍͙ͫͤͦ͟. ˽ͪͦͺ͔͚ͫͤ͊͜ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͍͙ͨͦͤͤ͊ ͚͒ͫͤ͘͜Ό͍͙͊ͭͫΎ ͯ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͒ͦ ͫͯ;͙͊ͫͤͻ ͍͙͎ͣͦ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͭ͊͟ Ύ͟ ͔ͫ͊ͣ ͍͒͜ ͤΈ͎ͦͦ ͔ͨͦͭͪ͋ͯΌͭΈ ͤ͊ͤ͘Έ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͍͊ͫͦ͋͘͜ ͦͣͯͤ͊͟͜͟ͼ͜͝Σ ͍ͣͤͤ͜Ύ ͝ͻ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͍ͤ͊;͊͡Έ͙ͤͻ  ͭ͊ ͤ͜΄͙ͻ ͊͒͊͘;Σ ͊ ͭ͊ͦ͗͟ ͔ͺ͔͙͍ͭͤͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͊͋ͯͭͭ͜ ͤ͊ͤͤ͘ΎΣ ͍ͣͤͤ͜Ύ 
ͭ͊ ͍͙ͤ͊;͙͟ ͯ ͺ͊ͻ͍͚ͦ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍͙ͦͫͭ͜Σ ͔͔ͤͭͪͫͯ͜ ͭ͊ ͙͍ͣͦͭ͊ͼ͜͝ ͙ͭͻΣ ͎ͦͦ͟ ͍ͤ͊;͊ΌͭΈΣ ͒ͦ ͍͙͍;͔ͤͤΎ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ Ύ͟ ͎͊ͯ͘͜͡Σ ΅ͦ ͫͭͪͣͦ͜͟ ͜ ͙͒ͤ͊ͣ͜;ͤͦ  ͍͙͍ͪͦ͊͘ΊͭΈͫΎΦ 

˻͍͙͙ͫͤͦͤͣ ͊͒͊͘;͙͊ͣ ͨͪͦͼ͔ͫͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ Ί ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍ͤ͊;͊ͤͤΎΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͙ͤͻ 
͔͙ͨͦͭͪ͋ ͍ ͔͔͔͍͚͋ͨͪͪͤ͘͜ ͍ͦͫͭ͜͜ ͭ͊ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͍ͫͣ͊͜ ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͒͡Ύ ͼΈ͎ͦͦ ͔͔ͦͣͨͭͤ͟ͼ͜Ύ͙ͣΦ ˤ ͼΈͦͣͯ ͔ͫͤͫ͜ ͍ͦͫͤͦͤ͜ ͊͟ͼ͔͙ͤͭ 
͙ͨͪ ͍͙͊͒͊ͤͤ͟͜͡ ͙͒ͫͼ͙͙ͨͤ͜͡ ζˤ͍͔͔͒ͤͤΎ ͒ͦ ͺ͊ͻͯη ͫ͒͜͡ ͍ͪͦͫͭ͊͘͡Ύ͙ͭ ͙ͭ͊ͣ͟ ;͙ͤͦͣΣ ΅ͦ͋ ͔ͫͭͯ͒ͤͭ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͔͔͙͍ͦͫͪ͒͘ 
͍ͫͦΌ ͍͎ͯ͊ͯ ͤ͊ ͙ͭͻ ͚͍͙͍ͤ͊͊͗͜͡΄͙ͻ ͔͎͊ͭͦͪ͟͜ΎͻΣ  Ύ͟͜ ͫͭ͊ͤͯͭΈ ͒͡Ύ ͤΈ͎ͦͦ ͎͍͙͙ͦͦͤͣ͡ ͣ͊Ύ͙͊ͣ͟ ͤ͊ ͍͔ͫΈ ͔ͨͪͦ͒͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͭ͊ 
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THE MAIN TASKS OF ΨBASICS OF THE PROFESSIONΩ COURSE DURING THE TEACHERS  
OF COMPUTER SCIENCE PREPARATION 

T.L. Arkhipova, K.S. Arkhipova 
Kherson State University, Ukraine 

Abstract. The article is devoted to peculiarities of teaching the course "Introduction into specialty" in preparing Informatics 
teachers. The basic issues of formation of the future expert. Special attention is given to consideration of concepts such as 
pedagogical culture and pedagogical abilities. Highlighted the contents of the specialty of the teacher as a representative of 
creative profession that requires training throughout working life. By plotting a course shown interest in the creative profession 
of the teacher, focused on the disclosure of potential opportunities of students, creating conditions for their development and 
improvement with all the necessary tools and instruments, provides science Informatics. 

The analysis of the knowledge and skills necessary for teachers of Informatics and considered the necessary personal 
qualities. A list of abilities, this requires in particular the ability to translate theoretical and methodical provisions in the 
pedagogical actions, to effectively use the existing experience in a new environment, have the ability to analyze and evaluate their 
own activities, to seek to establish their own style of work, to be able to improvise and generate different solutions to problems 
based on knowledge and intuition. 

Explained the need for the development profession to learn to use the allotted class time, mindful of his constant hard 
limit, and the need in relation to their own professional activities only to a positive result. Demonstrated the need to be able to 
cooperate with pupils and to listen to the opinions of pupils and colleagues. Conclusions concerning professional training of a 
teacher in accordance with the requirements of modern society, which requires a knowledge of information technologies and 
means of communication, the ability to use them for the solution of educational and other tasks, as well as the effective integration 
of knowledge and skills in professional activity with the aim of improving the quality of education, interest and motivation of 
students, to study  ˿ omputer Science. 

Key words: Computer Science teacher, pedagogic culture, pedagogic competence, self-education, self-improvement. 
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͔ͭͻ͎͚ͤͦͦ͜͡Σ ͎͙͊ͦͪͭͣ͊͘͜͡ͼ͜͝ ͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͭ͊ ͙ͫͨͪΎ͙͔ͭͣ ͍͙ͤ͊͘;͔ͤͤΌ ͤ͊ͨͪΎͣͯ ͍͙ͪͦͭͯ͘͟ ͙͙ͦͭͪͣ͊ͤͻ ͍͙ͤ͊;ͦ͟ ͨ͒͜ ;͊ͫ 
ͨͦ͒͊͡Έ΄ͦ͝ ͍͙ͦͫͭ͜ ͫͭ͊ͪ΄͙͙ͦ͊ͫͤ͊ͣ͟͟͡Φ  

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͯͪͫ͟ ͊͘ ͍͙͋ͦͪͦͣΤ ͊͊͒͘͟͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Τ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Τ ͍͔ͪͫͭ͊͟Τ ͍͔͋-
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΤ ͎ͪ͊ͺ͊͜͟Τ ͊ͤͣ͊͜ͼ͜ΎΦ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˹͊ͪ͊͘͜ ͔͔ͤͭͪͫ͜ ͒ͦ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭΣ ΅ͦ ͍ͫͭ͊ ͔͍ͤ͒͜ϥΊͣͤͦΌ ;͙͊ͫͭͤͦΌ ͙͗ͭͭΎ ͋͜͡Έ΄ͦͫͭ͜ ͡Ό͔͚͒ 

ͯͫΈ͎ͦͦ ͍ͫͭͯ͜Σ ͍ͨͪͦ͒ͦ͗ͯΊ ͙ͪͦͫͭ͊ͭ͘Φ ͙͚̒ͫͤ͟͜ ͚ͫ͊ͭ ͫͭ͊Ί ͍͙͍͙͊͗ͣ͡Σ ͊ ͯ ͔͒Ύ͙͟ͻ ͎͊ͯ͘͡Ύͻ ς Ί͙͙͒ͤͣ ͊ͫͦ͋ͦͣ͘ ͒ͦͫΎ͎͔ͤͤͤΎ 
͔ͦͤͦͣ͟͜;͙ͤͻΣ ͙ͨͦͭ͜͡;͙ͤͻΣ ͫͦͼ͊͜͡Έ͙ͤͻΣ ͔͙ͪ͊ͣͤ͟͡ͻ ͭ͊ ͤ͜΄͙ͻ ͼ͔͚͜͡Φ ˭͍ͫͤͦ͜Σ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ Ύ͎ͫͤͦͦ͟͜ ͍͔͋-ͨͪͦ͒ͯͭͯ͟ ͨͦͭͪ͋ͤ͊͜ 
ͨ͒ͤ͊͜͡ ͪͦ͋ͦͭ͊ ͍͙͍ͫͦͦ͊͟͟͜͡ͺ͍͙ͦ͊ͤ͜͟ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ ͘͜ ͤ͊ͤͤ͘Ύͣ ͯͫΈ͎ͦͦ ͔ͫͨͭͪͯ͟ ͍͔͋-͔ͭͻ͎͚ͤͦͦ͜͡Φ 

ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͪͦͨͦͪ͘Ύ͔͒͗ͤͤΎ ͔͊͋ͤͭͯ͟͜ ͍ͣͤͫͭͪ͜͜͜ ͙̂ͪ͊ͤ͟͝ ͨͪͦ ͍͔͔͊ͭͪ͒͗ͤͤ͘Ύ ͨ͊ͤͯ͡ ͊͘ͻ͍ͦ͒͜ ͘ ͙͙ͨ͒ͭͪͣ͜͟ ͍͙ͪͦͭͯ͘͟ 
ͤ͒ͯͫ͜ ͭͪ͜͝ ͎ͨͪͦͪ͊ͣͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝ ͙̂ͪ͊ͤ͟͝Σ ͯͪΎ͒ ͔͔ͨͪ͒͋͊;͊Ί ͤ͊ͫͭͯͨͤ͜ ͊͘ͻ͙ͦ͒Υ 

ς ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍ͦͫͭͤ͜͜ͻ ͎ͨͪͦͪ͊ͣ ͘ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͒͡Ύ ͯ;͍ͤ͜ мл-мм ͍͊ͫ͟͜͡ ͍͊͊͒͘͟͜͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͘ ͔ͣͭͦΌ 
͋͘͜͡Έ΄͔ͤͤΎ ͦ͋ͫΎ͎ͯ ͍͙͊͒͊ͤͤ͟͡Ύ ͍ͦͫͤͦ ͎͙͊ͦͪͭͣ͊͘͜͡ͼ͜͝ ͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΤ 

ς ͋͘͜͡Έ΄͔ͤͤΎ ͦ͋ͫΎ͎͍͜ ͔͍͎͒ͪ͗͊ͤͦͦ ͍͔͊ͣͦͤͤ͘͡Ύ ͤ͊ ͎͍ͨ͒ͦͭͦͯ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͊͘ ͔ͫͨͼ͊͜͡ΈͤͦͫͭΎ͙ͣ ά˽͙ͪ͊͒ͤ͊͟͡ ͔͙ͣ͊ͭͣ͊ͭ͊͟έΣ 
ά˴ͦͣͨΩΌ͔ͭͪͤ͜ ͙ͤ͊ͯ͟ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝έΣ ά˱͔͔ͤ͗ͤͪ͜Ύ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎέΣ ά˴ͦͣͨΩΌ͔ͭͪͤ͊ ͔͔ͤ͗ͤͪ͜͜Ύέ ͭͦ΅ͦΦ 

˭͋͜͡Έ΄͔ͤͤΎ ͍ ̂ͪ͊ͤ͟͜͝ ͙ͦͫͭ͊ͤͤͣ͜ ͙ͪͦ͊ͣ͟ ͔͔ͤͭͪͫͯ͜ ͯ;͍ͤ͜Σ Ύ͟͜ ͍͔͗ ͍ͦͦ͒͜͡ΌͭΈ ͍͙ͤ͊;͙͊ͣ͟ ͙ͪͦ͋ͦͭ ͤ͊ ͦͣͨ͟ΩΌ͔ͭͪ͜Σ ͒ͦ 
˱͔͔ͤͭͪͤͭ ͜ ͍͔͋-͙͚͒͊ͤͯ͘ ͙ͫͨͪ;͙ͤΎΊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͤ͊͒͊ͤͤΎ ͍͒ͦ͒͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜ ͘ ͍͔͋-͔ͭͻ͎͚ͤͦͦ͜͡Φ ̂;ͤ͜ ͯ ͙͔ͣͫͭͼ͍ͭ͜ ͍͔͋-͙͚͒͊ͤͯ͘ 
͒͊ͭͤ͘͜ ͍͙͙͒ͦ͋ͪ͊ͭ͘͜ ͍͚ͫ͜ ͍ͤͯͭͪ͜΄͚ͤ͜ ͍ͫͭ͜Σ ͚͙ͤ͊ͭ͘ ͍ͤͦ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͒͡Ύ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͙ͦ͒ͤͦͭ͊ͣ͜͟͡ ͍ ͯͫΈͦͣͯ ͍ͫͭ͜͜Φ 
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́ͦͣͯ ͍͔ͫͭͦͪͤͤΎ ͍ͯͪͫ͟͜ ͊͘ ͍͙͋ͦͪͦͣ ͒͡Ύ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ͯ ͤ͊ͨͪΎͣ͜ ͍͙͍;͔ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ 
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͙ͭ͊͟ͻ Ύ͟ ζ˻͍͙ͫͤͦ ͍͔͙ͪͫͭ͟ ͭ͊ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎη Ί ͔ͨͦͭͪ͋ͦΌ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͭ͊ ͙ͫͨͪΎ͙͔ͭͣ ͍͙͋ͦͪͯ ͚ͣ͊͋ͯͭͤΈͦ͝ 
͔ͫͨͼ͊͊͘͜͜͡ͼ͜͝ ͯ ͍͙΅ͦͣͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽͙ͭ͊ͤͤΎ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͍ ΄ͦ͟͜͡ ͍ͨͦΩΎ͔͊ͤ͘ ͘ ͙͙ͭ͊ͣ͟ ͍ͤ͊ͯͦ͟ͼΎ͙ͣ Ύ͟ 
ˢΦ ˽ Φ ̐ͪ΄͍ͦΣ ˸Φ ˱Φ  ˬ͊͒͊͟͡Σ ˻Φ ˻Φ ˴ͯͤ͘Ίͼ͍ͦΣ ˤΦ ˿Φ ˶͔͔͍͒ͤΣ ˤΦ ˸Φ ˸ͦͤ͊ͻ͍ͦΣ ˹Φ ˤΦ ˸͔ͦͪ͘Σ ̑Φ ˿Φ ˾͊ͣͫΈ͙͚͟Σ ˿Φ ˱Φ ̊ ͍͊ͪͼ͋ͯͪ͒ ͭ͊ ͤ͜Φ  

˨͔ͦͫ͒͗ͤͤ͜͡Ύ͙ͣ ͔ͨͪͦ͋ͣ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͒͡Ύ ˱́-͎͊ͯ͘͜͡ ͍ ͪͦͪ͘͘͜͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔ͤ͊͗ͤͦ͡͝ Ύͦͫͭ͟͜ ͝ͻ ͍ͤ͊;͊ͤͤΎ ͍ 
͙͔ͫͫͭͣ͜ ͍͙ͦͫͭ͜ ͚͙͊ͣ͊ͫ͘͡Ύ ˽Φ ˨͗Φ ˨͔͎ͤͤ͜Σ ˨Φ ˩Φ ˴ͤͯͭΣ ́Φ ˤΦ ˸͍ͦͪͦͦ͊͘Σ ̑Φ ˤΦ ˹ͦ͜͟͡ΈͫΈ͙͚͟Σ ˤΦ ˱Φ ˽͍͍͊ͦ͡Σ ˤΦ ˤΦ ˽͊ͫ͜;͙ͤ͟Σ 
˸Φ˻Φ ˿ ͍͒ͦͪͦ͜Σ ˭Φ ˿Φ ˿͔͚͔͍͒͊ͣͭͦ͊Σ ˿Φ ˻Φ ˿͔͔͍ͣͪͦ͜͟Σ ˤΦ ˻Φ ˿ͯͻͦͣͤ͜͡Σ ˢΦ ˢΦ ́Ί͔ͪͻ͍ͦΣ ̑Φ ˸Φ ͔͙̋ͪ͋ͤ͊ ͭ͊ ͤ͜΄͜Φ 

˽͔ͪͦ͋ͣ͊ͣ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͯ;͍ͤ͜ ͙͍ͨͪͫΎ;͔ͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ˤΦˤΦ ʕ ͍ͦͫͭͪͦͦ͜͟͝Σ 
˨Φ ˬΦ ˭͍͔͊ͭͪͤͦ͜͟Σ ˤΦ ˽Φ ˭ͤ͜;͔ͤͦ͟Σ ˤΦ ̅Φ ˸͎ͦͪͯͤΣ ˸Φ ʕ Φ ˻ͨ͊;ͦ͟Σ ˹Φ ˻Φ ˽ͦͤͦͣ͊ͪΈ͍ͦͦ͝Σ ˣΦ ˻Φ ͔͙̅͒ͦͪ΄͙ͤ͊ ͭ͊ ͤ͜΄͙ͻΦ  

ˢ͍͙ͭͦͪ͊ͣ ͎ͨͪͦͪ͊ͣ ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͍ͨͦͫ͋ͤ͜͟͜ ͘ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͔ͦͪͣ͊͘͟Σ Ί ˸Φ ˻Φ ˤ͚ͦͼ͔ͻͫ͜Έ͙͚͟Σ ́Φ ˥Φ ˽ͪͦͼ͔ͤͦ͟Σ 
˿Φ˸Φ ˨͘Ό͋͊Σ ˿Φ ˽Φ ˽͔͍͙͊ͪ͊ͫ͟;Σ ˹Φ ˿Φ ˽͍͍͊ͦ͊͡Σ ˱Φ ˶Φ ˿͔͔ͣ΅ͯ͟Σ ́Φ ˥Φ ˴͔ͪ͊ͣ͊ͪͤͦ͟Σ ˻Φ ˥Φ ˴ͯ͘Έͣͤͫ͜Έ͊͟Σ ˶Φ ˤΦ ˥͍ͪ͊ͣ͋ͦͫΈ͊͟Σ 
˻Φ˽Φ ˭ ͔͔ͤ͡Ύ͟ ˤΦ ˤΦ ˾͔͙͋ͪͤ͊Σ ˤΦ ˻Φ ˽ͦͭ͜Ίͤͦ͟Σ ˻Φ ˢΦ ̅ͯͪͣ͊ͤΣ ˤΦ ˤΦ ̊͊ͦͭ͟Έͦ͟Σ ˶Φ ˢΦ ͔͍̉ͪͤͦ͊͜͟ ͭͦ΅ͦΦ 

ˤ ͍ͦͫͤͦͯ ͯͪͫͯ͟  ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͫͯ;͊ͫͤͦ͝ ΄͙ͦ͟͡ ͔͙͚ͨͦ͊͒ͤ͟͡ ͍͙͍ͪͦ͊͘͡Έͤͦ-͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜ ͨ͒͜ͻ͒͜Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔͙ͨͪ͒ͣͭͤͻ ͭ͊ ͟͡Ό;͍͙ͦͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ ͊ ͭ͊ͦ͗͟ ͍͙ͪͦͭͦ͘͟ ͙͔ͣͫͤͤ͡ΎΣ ͔͔ͤ͊ͫ͊ͣͨͪ͒ ͎͙͊ͦͪͭͣ͜͡;͎ͤͦͦ 
͙͔ͣͫͤͤ͡ΎΦ ˹͍͊;͊ͤͤΎ ͍ ΄ͦ͟͜͡ ͔ͤ ͣ͊Ί ͙͋ͯͭ ͍͍͙͒ͪ͊ͤͣ͜͜ ͍͒͜ ͙͗ͭͭΎΦ ́͊͟ ˸Φ ʕ Φ ˥ ͍͔ͦ͒ͤͦ͘͟ ͋ͯͦ͡ ͍ͨͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͫͭ͊ͤ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ 
͙̂ͪ͊ͤ͟͝ ͭ͊ ͍ͦ͋͐ͪͯͤͭͦ͊ͤͦ ͍͙ͨ͒͜΅͔ͤͤΎ ͪͦ͜͡ ͍͙͍;͔ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͔͗ ͯ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ 
͘ ͔ͣͭͦΌ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͔ͨͦͭͪ͋ ͔͍͙͒ͪ͗͊ ͜ ͯ L¢-ͺ͊ͻ͍͜ͼΎͻΣ ͜ ͯ ͺ͊ͻ͍͜ͼΎͻ ͤ͜΄͙ͻ ͎͔͚͊ͯ͘͡Σ Ύ͟͜ ͣͦ͗ͯͭ͘Έ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͯ ͍͚ͫͦ͝ ͺ͊ͻ͍͚ͦ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ώмϐΦ ˨͙ͦͫ͒ͤ͜͟͡ ͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ͫͯ;͊ͫͤ͜ ΄ͦ͟͡Ύͪ͜ ͭ͊ ͫ ͔͙ͭͯ͒ͤͭΣ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͦͣͨ͟ΩΌ͔ͭͪΣ 
͍ͨͪͦͦ͒ΎͭΈ ͎͋͊͊ͭͦ ;͊ͫͯΣ ͔ͨͪͦͭ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͍ ͫͦͼ͊͜͡Έ͙ͤͻ ͔͔ͣͪ͗͊ͻΣ ͦͣͨ͟ΩΌ͔ͭͪͤ͜ ͎͙ͪ͜ ͭ͊ ͍ͤ͊ͭ͜Έ ͍͔͊͊ͤͭ͊͗ͤͤ͘Ύ ͔ͤΎ͙ͫͤ͟͜ͻ 
͔͍͙͋ͣͫͭͦͤ͘͘͜ͻ ͔ͪͺ͔͍ͪ͊ͭ͜ ;͙ ͍͍ͭͦͪ͜Σ ͔ͤ ͣͦ͗ͤ͊ ͍͙ͤ͊͊ͭ͘ ͪͦ͋ͦͭͦΌ ͤ͊ ͦͣͨ͟ΩΌ͔ͭͪ͜Φ ͙́͊ͣ͟ ;͙ͤͦͣ ͍͙͍;͔ͤͤΎ ͙ͪͦ͋ͦͭ ͘ ͦͺ͙͙ͫͤͣ͜ 
͙͒ͦ͒͊ͭ͊ͣ͟Σ ͍ͦͫͤͦ ͊͘ͻ͙ͫͭͯ ͙͒͊ͤͻΣ ͔͍͍ͫͪͫ͜͜ ˱͔͔ͤͭͪͤͭ ͭ͊ ͍ͦͫͤͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͤ͊ ͯͪͦ͊͟ͻ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͙͍ͣͦͭͯΊ ͯ;͍ͤ͜ ͒ͦ 
͍͙͍;͔ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˢ ͙͍ͣͦͭ͊ͼ͜Ύ ͦ;͔͍͙͒ͤ͊ ς ͼ͔ ͜ ͔͔͍͎͙ͨͪ͊ ͨͪ͊ͼ͔͍͊͡΄͍ͭͯ͊ͤͤΎΣ ͜ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͒ͦͻ͍ͦ͒͜ ͜ 
͔͙ͨͪͫͭ͗ͤͫͭ͜Έ ͤ͊ͤ͘Έ ͜ ͍͙ͤ͊;ͦ͟ ͙ͪͦ͋ͦͭ ͤ͊ ͦͣͨ͟ΩΌ͔ͭͪ͜ ͜ ͍͔ͦͫͤͦͤ ς ͋ͯͪͻ͙͍͙͚͡ ͍͙ͪͦͭͦ͘͟ L¢-͔ͭͻ͎͚ͤͦͦ͜͡ ͜ ͚͔ͨͦͫͭͤ͜ ͪͦͫͭ͊ͤͤ͘Ύ 
͔͙ͨͦͭͪ͋ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͍ L¢-ͺ͊ͻ͍͜ͼΎͻΦ 

͔̅͒ͦͪ;ͯ͟ ˢΦ ˶Φ ώнϐ ͎ͪͦ͘͡Ύͤͯͭͦ ͍ͦͫͤͦͤ͜ ͔͔͙ͭͦͪͭ;ͤ͜ ͭ͊ ͔͙ͣͭͦ͒;ͤ͜ ͔͙ͨͪͦ͋ͣ͡Υ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍ͤ͊;͊ͤͤΎΣ ͙͔͙ͨͪͦͪͭͭ͜ 
͍͙ͪͦͭͯ͘͟ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ͙ͨͪ ͍͙͍;͔ͤͤ͜ ͔͔ͨͪ͒ͣͭͯ ζ˱ͤͺ͙ͦͪͣ͊ͭ͊͟η ͯ ͊ͫ͊͟͡ͻ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͨͪͦͺ͜͡ΌΦ ˢ͍ͭͦͪ 
͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ͋͘͜͡Έ΄͔ͤͤΎ ͟͜͡Έͦͫͭ͟͜ ͎͙ͦ͒ͤΣ Ί͒ͤͫͭ͜Έ ͍ͫ͜ͻ ͔ͭͣ ͯͪͫͯ͟Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ΅ͦ͒ͦ ͔ͺ͔͙͍͎ͭͤͦͦ͟ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͨͦ͒͊͡Έ΄͚͜ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͔ͨͤ͡ ͤ͊ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Ό ͎͍ͨ͒ͦͭͦͯ͜͟ ͯ;͍ͤ͜Σ 
ͨͦ͒͊͡Έ΄͔ ͍ͤ͊;͊ͤͤΎ ͜ ͨͪͦͺ͔͚ͫͤͯ͜ ͒͜Ύ͡Έͤͫͭ͜ΈΦ 

ˢͤ͊ͯ͘͜͡Ό;͙ ͫͯ;͊ͫͤ͜ ͔͙ͨͪͦ͋ͣ͡ ΄͟͜͡Έ͎ͤͦͦ ͯͪͫͯ͟ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ˾͔ͯ͒ͤͦ͟ ˤΦ ˨Φ ώоϐ ͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ͍͙͚ͦͫͤͦͤ ΄͡Ύͻ 
ͨͪͦͺ͊͘͜͜͡ͼ͜͝ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ς ͼ͔ ͙ͯͪͫ͟ ͊͘ ͍͙͋ͦͪͦͣΦ ́ͦͣͯ ͍͊ͭͦͪ ͦ;ͯ͜͟Ί ͨͦ͒͊͡Έ΄͎ͦͦ ͪͦͫͭ͊ͤͤ͘Ύ ͙ͭ͊͟ͻ ͍ͯͪͫ͟͜ ͜ ͪͦ͘΄͙͔ͪͤͤΎ ͝ͻ 
͔͙͙ͭͣ͊ͭ͟Φ 

ˢͤ͊͘͜͡ ͔͔͒͗ͪ͡ ͍͊ͫ͒͘͜;ͯΊΣ ΅ͦ ͣͫͭ͘͜ ͍ͯͪͫ͟͜ ͤ͜ͺ͙ͦͪͣ͊ͭ;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͔ͨͦͭͪ͋ͯΊ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙ͪͦͭͯ͘͟Σ ͦͫ͟͜͡Έ͙͟ ͍ 
ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡ ͯ ͣͫͭ͘͜͜ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͍͒ͫͯͭͤ͜͜ ͔͙ͭͣ ͍͙͍;͔ͤͤΎ ͙ͪͦͣͭ͘͜͟ ͭ͊ ͎ͪ͊ͺ͜;͎ͤͦͦ ͙͚͒͊ͤͯ͘ ͍͔͋-ͫͭͦͪͤͦ͜͟Σ ͙͊ͫ͊͒ͤ͟͟ͻ 
͙ͭ͊͋͡ͼΈ ͙͍ͫͭ͜͡Σ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ό͟͜͡ΊͤͭͫΈ͔͟ ͭ͊ ͔͍͔͔ͫͪͪͤ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎύΣ ͍͔ͪͫͭ͊͟ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝ 
ͭͦ΅ͦΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˻ ͎͡Ύ͒ ͜ ͨͦΎ͔ͫͤͤͤΎ ΅ͦ͒ͦ ͣͫͭͯ͘͜ ͯͪͫͯ͟ ͊͘ ͍͙͋ͦͪͦͣ ζ˻͍͙ͫͤͦ ͍͔͙ͪͫͭ͟ ͭ͊ ͍͔͋-͎ͨͪͦͪ ͍͊ͣͯ͊ͤͤΎη ͒͡Ύ ͍;͙͔͍ͭ͜͡ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ΅ͦ͒ͦ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͯ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ 
˻͍ͫͤͦͦΌ ͯͪͫͯ͟ ͊͘ ͍͙͋ͦͪͦͣ ζ˻͍͙ͫͤͦ ͍͔͙ͪͫͭ͟ ͭ͊ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎη ώпϐ ͍ͫͭ͊ ͙ͨͦͫ͋ͤ͜͟ ζˤ͙͍;͔ͤͤΎ 

Web-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍ ΄ͦ͟͜͡η ώрϐΦ ́͊ͦ͗͟ ͫ͒͜͡ ͊ͤ͊͘͘;͙͙ͭ ͎͙ͨͪͦͪ͊ͣ ͍ͯͪͫ͟͜ ͊͘ ͍͙͋ͦͪͦͣ ζ˻͍͙ͫͤͦ ˱͔͔ͤͭͪͤͭη ώсϐ ͭ͊ ζ˻͍͙ͫͤͦ ͍͔͋-
͙͚͒͊ͤͯ͘η ώтϐΣ Ύ͟͜ ͺͦͪͣͯΌͭΈ ͍ ͯ;͍ͤ͜ ͪͦͯͣͤͤ͘͜Ύ ͙ͨͪͤͼ͙͍ͨ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍͔͋-͔͍ͪͫͯͪͫ͜Σ ͍͙ͪͦͭͦ͘͟ ͍͙ͤ͊;ͦ͟ ͙ͪͦ͋ͦͭ ͘ ͎͙͙ͨͪͦͪ͊ͣͤͣ 
͙͊ͫͦ͋͊ͣ͘ ͙ͪͦͪͦ͋͘͟ ͍͔͋-ͫͭͦͪͤͦ͜͟Σ ͊ ͭ͊ͦ͗͟ ͍͙ͻ͍ͦ͊ͤͤΎ ͯ͟͡Έ͙ͭͯͪ ͦͺ͔ͦͪͣͤͤ͡Ύ ͚͍ͫ͊ͭ͜ ͚ ͯͣͤ͜Έ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͙͒͊ͤͻΣ 
ͪͦͣ͘͜΅͔͙ͤͻ ͤ͊ ͙ͤͻΦ ˽͔ͪͦͭ ͍ ͼ͙ͻ ͯͪͫ͊͟ͻ ͊͘ ͍͙͋ͦͪͦͣ ͔ͤ ͙ͪͦͪͭͦ͘͟ ͙ͨͭ͊ͤͤΎ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͊ͫ͊͒ͤ͟͟͜ ͙ͭ͊͋͡ͼ͜ ͭ͊ ͔ͭͻ͎ͤͦͦ͜͡Ό 
͍͔ͫͭͦͪͤͤΎ ͙͒ͤ͊ͣ͜;͙ͤͻ ͍͔͋-ͫͭͦͪͤͦ͜͟ ͔ͤ ͍͟͡Ό;͔ͤͦΦ 

˿͍͔ͭͦͪͤͤΎ ͎͙ͨͪͦͪ͊ͣ ζ˻͍͙ͫͤͦ ͍͔͙ͪͫͭ͟ ͭ͊ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎη ͍͔͔ͦ͋ͯͣͦͤ͡ ͍͒ͫͯͭͤͫͭ͜͜Ό ͎ͨͪͦͪ͊ͣ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-
͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͨͪͦͺ͜͡Ό ΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜Σ ͤ͊ͨͪΎ͔͙ͣͤ͡ͻ ͤ͊ ͍͙͍;͔ͤͤΎ ͍ͦͫͤͦ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͜ ͦͣͨ͟ΩΌ͔ͭͪͤͦ͝ ͍͔͙ͪͫͭ͟Φ 
˽͎ͪͦͪ͊ͣͯ ͪͦͪ͊͘ͻ͍ͦ͊ͤͦ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͯ ͫͭ͊ͪ΄͚͜ ́ ͦ͟͜͡ ͊͊͒ͯ͘͟͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Φ ˤͦͤ͊ Ί ͎ͦ͜͡;͙ͤͣ ͍͔ͨͪͦ͒ͦ͗ͤͤΎͣ 
͍͙͍;͔ͤͤΎ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͍͋͊ͦͦ͘͝ ΄͙ͦ͟͡ ͭ͊ ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͤ͊ ͙͊ͫ͟͡Σ ΅ͦ ͨͪ͊ͼΌΌͭΈ ͊͘ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͙ͨ͊ͤ͊ͣ͡ ͘ ͔͊͊͒ͣ͟͜;͙ͤͣ 
͍͔ͪͤͣ͜ ͍ͤ͊;͊ͤͤΎ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ  

˴ͯͪͫ ͪͦͪ͊͘ͻ͍ͦ͊ͤͦ ͤ͊ ͙͔͍͔ͭ͗ͤ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎ ͯ п ͔͊͊͒ͣ͟͜;ͤ͜ ͎͙͙ͦ͒ͤ ͊͘ ͪ͊ͻͯͤͦ͟ н ͎͙ͦ͒ͤΣ ͍͍͔͔͙͒͒ͤ͜ͻ ͒͡Ύ ͍͙͍;͔ͤͤΎ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͤ͊ ͔͊͊͒ͣ͟͜;ͤͦͣͯ ͍ͪͤ͜͜Σ ͭ͊ ͍͙͒ͦ͒͊ͭͦ͟ͻ н ͎͙ͦ͒ͤΣ ͔͔ͨͪ͒͋͊;͔͙ͤͻ ͙͍͙͙ͭͨͦͣ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͙ͨ͊ͤ͊ͣ͡ ͤ͊ ͍͙͍;͔ͤͤΎ 
͔͔ͨͪ͒ͣͭͯ ζ͔́ͻ͎ͤͦͦ͜͡͝ηΦ ˽͔ͪͦͭΣ ͍ͪ͊ͻ͍ͦͯΌ;͙ ͍͔͍͔ͪͤͦͪͤ͘͜͜ ͍͙͍;͔ͤͤΎ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͯ ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡Σ ͔ͦ͗ͤ͟ ͪͦ͒͘͜͡ ͎͙ͨͪͦͪ͊ͣ 
ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔ͦͪͣͦ͟ ͊͋ͦ ͙ͦ͋ͪ͊ͭ ͟͜͡Έ͊͟ ͍ͪͦ͒͘͜͜͡Σ ͙ͤ͊ͨͪ͊͒͟͡ I¢a[Σ /{{ ͭ͊ WŀǾŀ{ŎǊƛǇǘΦ ˾ͦͨͦ͒͘͜͡ ͎͙ͦ͒ͤ ͣ͗͜ 
͍͙͙ͣͫͭͦͣ͘͜ ͤ͜͜͡Ύ͙ͣ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͍;͙͔͔ͭͣ͡Σ ΅ͦ ͔ͣͦ͗ ͔͙͊͗͊ͭ͘͡ ͍͒͜ ͟͜͡Έͦͫͭ͟͜ ͎͙ͦ͒ͤΣ Ύ͟͜ ͍͍͒ͦ͒͜ΎͭΈͫΎ ͤ͊ ͍͙͍;͔ͤͤΎ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͜ ͍ͪͤ͜Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͊ͫͯ͟͡Φ  

ˤ ͎ͨͪͦͪ͊ͣ͜ ͔͔ͨͪ͒͋͊;͔ͤͦ ͔͔͍ͪͪ͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ;͊ͫͯΣ Ύ͙͚͟ ͔͔͍ͪͦͣͤ͒ͦ͊ͤͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͒͡Ύ ͍͔͔ͨͪͦ͒ͤͤΎ 
͔͙ͭͣ͊ͭ;͎ͤͦͦ ͙͍ͦͨͭͯ͊ͤͤΎ ͊͋ͦ ͍͙ͨ͒ͫͯͣͦ͜͟ͻ ͦͤͭͪͦ͟͡Έ͙ͤͻ ͊͘ͻ͍ͦ͒͜ ͍ ͤ͟͜ͼ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔͍ͫͣͫͭͪ͜Φ 

˽͎ͪͦͪ͊ͣ͊ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͍͒ͦͻ ͍͙ͣͫͭͦ͘͜ͻ ͚ͤ͜͜͡Υ ͍͙ͦͫͤͦ ͍͔͙ͪͫͭ͟ ͭ͊ ͙͚͒͊ͤͯ͘ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝ ͭ͊ ͍͙ͦͫͤͦ ͍͔͙ͪͫͭ͟ 
ͭ͊ ͙͚͒͊ͤͯ͘ ͚͍ͫ͊ͭ͜ ͘ ͍͙͍;͔ͤͤΎͣ ͍ͦͫͤͦ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΦ ˹͊ ͙ͪͫΦ м ͔ͦ͋ͪ͊͗ͤͦ͘ ͍͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ ͔ͭͣ ͎͙ͨͪͦͪ͊ͣ ͘ ͔͙ͭͣ͊ͣ 
͍͋͊ͦͦ͘͝ ΄͙ͦ͟͡Φ 

˶ͤ͜͜Ύ ͍͔͙ͪͫͭ͟ ͭ͊ ͙͚͒͊ͤͯ͘ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝ ͔͔ͨͪ͒͋͊;͊ΊΥ  
ς ͚͍ͤ͊ͦͣͫͭͦ͘ ͘ ͍͒ͦ- ͭ ͊ ͙͍͙ͭͪͣͪͤͦ͜Ό ͎ͪ͊ͺͦ͜͟Ό ͭ͊ ͊ͤͣ͊͜ͼ͜ΊΌΤ 
ς ͪͦ͋ͦͭͯ ͯ ͔ͪ͒͊ͭͦͪ͊͟ͻ ͍ͪ͊ͫͭͪͦͦ͝ ͭ͊ ͍͔ͭͦͪͤͦ͟͝ ͎ͪ͊ͺ͙͜͟Τ 
ς ͍͔ͪͫͭͯ͟ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝Φ 
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˶ͤ͜͜Ύ ͍͔͙ͪͫͭ͟ ͭ͊ ͙͚͒͊ͤͯ͘ ͚͍ͫ͊ͭ͜ ͔͔ͨͪ͒͋͊;͊Ί ͍ͦͨ͊ͤͯ͊ͤͤΎΥ 
ς ͍͙ͣͦ ͎͔͔͍ͨͪͭͫͭͦͦ͜͟͝ ͙ͪͦͣͭ͘͜͟Τ 
ς ͙ͭ͊͋͡ͼΈ ͙͊ͫ͊͒ͤ͟͟ͻ ͙͍ͫͭ͜͡Τ 
ς ͍ͦͫͤͦ ͟͜͡ΊͤͭͫΈ͎ͦͦ͟ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΤ 
ς ͙͔͙ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͙͋͊͊ͣ͘ ͙͒͊ͤͻ aȅ{v[Τ 
ς ͍ͦͫͤͦ ͔͍͔͎ͫͪͪͤͦͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΦ 
 

 
 

˾͙ͫΦ мΦ ˤ͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ ͔ͭͣ ͯͪͫͯ͟ ͊͘ ͍͙͋ͦͪͦͣ ζ˻͍͙ͫͤͦ ͍͔͙ͪͫͭ͟ ͭ͊ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎη  
͘ ͍͙͙ͦͫͤͦͤͣ ͔͙ͭͣ͊ͣ ͍͋͊ͦͦ͘͝ ΄͙ͦ͟͡ 

 

˽͔ͪ΄͙͚ ͪͦ͒͘͜͡Σ Ύ͙͚͟ ͍͙͍;͙͔͊ͭͣͭΈͫΎ ͼ͔ ς ζ˥ͪ͊ͺ͊͜͟ηΣ ΅ͦ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͭͪΈͦͻ ͔ͭͣΥ ͍ͪ͊ͫͭͪͦ͊ ͎ͪ͊ͺ͊͜͟Σ ͍͔ͭͦͪͤ͊͟ 
͎ͪ͊ͺ͊͜͟Σ ͊ͤͣ͊͜ͼ͜ΎΦ  

˽͔ͪ΄ͦΌ ͔ͭͣͦΌΣ Ύ͊͟ ͍͙͍;͊ΊͭΈͫΎΣ Ί ͔ͪ͒͊ͭͦͪ͟ ͍ͪ͊ͫͭͪͦͦ͝ ͎ͪ͊ͺ͙͜͟Φ ˿͔͊ͣ ͊͘ ͚͎ͦͦ ͎͒ͦͨͦͣͦͦΌ ͯ;ͤ͜ ͣͦ͗ͯͭ͘Έ 
ͦͨͪ͊ͼΈ͍͍͙ͦͯ͊ͭ ͔ͦ͋ͪ͊͗ͤͤ͘ΎΣ Ύ͟͜ ͍ ͨͦ͒͊͡Έ΄ͦͣͯ ͋ͯ͒ͯͭΈ ͍͙͙ͦͪͫͭ͊ͤ͟͜ ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ ͚ͫ͊ͭͯ ͊͋ͦ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝Φ 
˻͔ͪͣͦ͟ ͦͨͪ͊ͼΈ͍ͦͯΌͭΈͫΎ ͔͙ͤͫͭͪͯͣͤͭ͜ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜͝Φ ˽͔͍ͤ͜ ͍͙ͤ͊;͙͟ ͙ͪͦ͋ͦͭ ͯ ͔͔͍͙ͫͪ͒ͦ΅͊ͻ ͎ͪ͊ͺ͜;͙ͤͻ ͔͍ͪ͒͊ͭͦͪ͟͜ ͯ;ͤ͜ 
ͣ͊ΌͭΈ ͨͫ͜͡Ύ ͍͊ͫͦ͘ΊͤͤΎ ͯͪͫͯ͟ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͍ͦͫͤͦͤͦ͝ ΄͙ͦ͟͡Φ ˣͯ͒Έ-Ύ͙͚͟ ͔ͪ͒͊ͭͦͪ͟ ͙ͣͫͭͭ͜Έ ͔͙ͤͫͭͪͯͣͤͭ͜ ͒͡Ύ ͣ͊͡Ό͍͊ͤͤΎ ͭ͊ 
͔͎͍ͪ͒͊ͯ͊ͤͤΎ ͔ͦ͋ͪ͊͗ͤ͘ΈΣ ͔ͨͪͦͭ ͎ͤ͊ͦͦͫ͡ ͍ ͚͒͊ͤ͜ ͎ͨͪͦͪ͊ͣ͜ ͤ͊ ͙ͤͻ ͔ͤ ͙ͪͦ͋ͭΈͫΎΣ ͦͫ͟͜͡Έ͙͟ ͻ͙ͫͭ ͒ͦ ͣ͊͡Ό͍͊ͤͤΎ ͣ͊ΌͭΈ ͔͒͊ͦ͟͡ 
͔ͤ ͍ͫ͜ ͯ;ͤ͜Φ ̋ͦ͒ͦ ͎͙͔ͨͦ͋ͤͦ͡͡͝ ͙ͪͦ͋ͦͭ ͍ ͎ͪ͊ͺ͜;͙ͤͻ ͔ͪ͒͊ͭͦͪ͊͟ͻΣ ͭͦ ͼ͔ Ί ͔͔ͨͪ͒ͣͭͦͣ ͔ͫ͊ͣ ͍ͯͪͫ͟͜ ͘ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͦͣͨ͟ΩΌ͔ͭͪͤͦ͝ 
͎ͪ͊ͺ͙͜͟Φ ̂;ͤ͜ ͚ͦͤ͊ͦͣ͘͡ΎͭΈͫΎ ͘ ͙͙ͦͪͤͣ͟͜͡ ͔ͣͦ͒͡Ύ͙ͣΣ ΅ͦ ͍ ͨͦ͒͊͡Έ΄ͦͣͯ ͭ͊ͦ͗͟ ͔͋ͯ͒ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͒͡Ύ ͚͍ͫ͊ͭͦ͋ͯ͒ͯ͊ͤͤΎΤ ͘ 
ͺ͙ͦͪͣ͊ͭ͊ͣ ͔ͨ͊ͨͪͯ ͭ͊ ͍͙͙͒͊ͣ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝Σ ͙͍ͦͫͦ͋ͦͫͭ͡Ύ͙ͣ ͝ͻ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͒ͪͯͯ͟Φ ́͊ͦ͗͟ ͫͭ͊ͪ΄͙͙ͦ͊ͫͤ͟͟͡ 
͍ͤ͊;͊ͭΈͫΎ ͍ͫͭͦͪΌ͍͙͊ͭ ͙͊ͫͦ͋͊ͣ͘ ͍͎ͪ͊ͫͭͪͦͦͦ ͔ͪ͒͊ͭͦͪ͊͟ ͎͋͊͊ͭͦ΄͍͊ͪͦ͜ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͭ͊ ͝ͻ ͙ͦͣͨͦ͘͟ͼ͜͝ ͒͡Ύ ͙͚͒͊ͤͯ͘ ǿŜō-
͙ͫͭͦͪͤ͜͟ ͭ͊ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝ ό͙͍ͫͭ͊͜͟͡Σ ͔͋ͯͭ͟͡Σ ͔͊ͤ͒͊ͪ͟͡ ͭͦ΅ͦύΦ 

̋ͦ ͫͭͦͫͯΊͭΈͫΎ ͍͔ͭͦͪͤͦ͟͝ ͎ͪ͊ͺ͙͜͟Σ ͭͦ ͯ;ͤ͜ ͒ͤ͊͘͜ΌͭΈͫΎ ͨͪͦ ͙ͫͨͦͫͦ͋ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͭ͊ ͎͍ͪͯͨͯ͊ͤͤΎ ͦ͋ϥΊ͍ͭ͟͜Τ ͙ͨͪͤͼ͙͙ͨ 
͍͔ͫͭͦͪͤͤΎ ͙ͫ͊͒ͤ͟͡ͻ ͙ͦͣͨͦ͘͟ͼ͚͜ ͍͔͙ͭͦͪͤ͟ͻ ͦ͋ΩΊ͍ͭ͟͜Φ ˤ͍͙͒ͦ͒ͭ͜ΈͫΎ ;͊ͫ ͤ͊ ͚͍ͤ͊ͦͣͫͭͦ͘ ͘ ͙ͭ͊ͣ͟ ͨͦͤΎͭͭΎͣ Ύ͟ ͺ͍͙͚ͪͣͦ͜ ͙ͫͭ͡ΈΣ 
͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͔͙͋ͪͤ͒͋ͯ͟ ͚ͦͣͨ͊ͤ͟͜Φ ˹͊ ͙ͨͪ͊ͭ͟ͼ͜ ͯ;ͤ͜ ͫ͊ͣ͜ ͣͦ͗ͯͭ͘Έ ͙͙ͪͦͪͦ͋ͭ͘ ͎͙ͦͦͭͨ͡ ͭ͊ ͙͚͒͊ͤ͘ ͔͔͔͍ͣͤͭ͜͡ ͺ͍͎ͪͣͦͦͦ͜ 
͙ͫͭ͡Ό ͦͣͨ͊ͤ͟͜͝ ό͍͙ͭ͊͘͜͟Σ ͋͊ͤ͟͡Σ ͔͋ͯͭ͟͡ύΦ 

˻͍͙ͫͤͦ ͍͔͙ͪͫͭ͟ ͭ͊ 
͙͚͒͊ͤͯ͘ 

͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ 
ͨͪͦ͒ͯ͟ͼ͜͝ 

˻͍͙ͫͤͦ ͍͔͙ͪͫͭ͟ ͭ͊ 
͙͚͒͊ͤͯ͘ ͚͍ͫ͊ͭ͜ 

˽͎͙͔ͦ͋ͤͤ͡͡Ύ ͤ͊ͤ͘Έ ͘ 
͍ͦͫͤͦ ͍ͯͭͦͪͤͦ͟͝ ͭ͊ 
͍ͪ͊ͫͭͪͦͦ͝ ͎ͪ͊ͺ͙͜͟ 
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˾ͦ͋ͦͭ͊ ͯ ͔ͪ͒͊ͭͦͪ͟͜ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͊ͤͣ͊͜ͼ͜͝ Ί ͍͙͍͊͗ͦ͡Ό ͔ͭͣͦΌΣ ͦͫ͟͜͡Έ͙͟ Ί ͨͦͨͯ͡Ύ͙ͪͤͣ ͍͔ͫͭͦͪͤͤΎ ͍͙͊ͤͣͦ͊ͤ͜ͻ 
͔ͦ͋ͪ͊͗ͤ͘Έ ͒͡Ύ ͔͙ͪ͊ͣ͟͡Σ ͊ ͍͙ͻ͒͜ ͤ͊ ͔͙ͪ͊ͤ͟ ͣͯ͡Έ͙ͭͨ͊͜͟͡ͼ͚͙ͤ͜ͻ ͺ͜͡Έ͍ͣ͜ ͯ ͍͔͙͚͟͜͡ ͟͜͡Έͦͫͭ͟͜ Ί ͍͙͘;͙ͤͣ Ύ͍͙΅͔ͣΦ ̂;ͤ͜ ͣͦ͗ͯͭ͘Έ 
͍ͫͭͦͪΌ͍͙͊ͭ ͊ͤͣ͊͜ͼ͜Ό ͒͡Ύ ǿŜō-͚͍ͫ͊ͭ͜Σ ͊ͤͣ͊͜ͼ͚͙͚ͤ͜ ͙ͪͦ͟͡Σ ƎƛŦ-͔͙͋͊ͤͪΦ ˭͍͙;͚͊ͤͦΣ ͒͡Ύ ͚͍ͫ͊ͭ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ I¢a[р ͪͯ͘;ͤ͜΄͔ 
͍ͫͭͦͪΌ͍͙͊ͭ ͙͒ͤ͊ͣ͜;͙͚ͤ ͔ͦͤͭͤͭ͟Σ ͔ͨͪͦͭΣ ͙͍ͣͦ͗ͦ͡Σ ͚͍ͤ͊ͦͣͫͭͦ͘ ͜ ͍ͦͫͤͦͤ͜ ͙ͨͪͤͼ͙͙ͨ ͙ͪͦ͋ͦͭ ͔͍ͪ͒͊ͭͦͪ͟͜ ͒͡Ύ ͊ͤͣ͊͜ͼ͜͝ Ί ͔ͭ͗ 
͔ͤͦ͋ͻ͙͒ͤͣ͜Φ 

˹͙͚͊ͫͭͯͨͤ ͪͦ͒͘͜͡ ς ͼ͔ ζˤ͔͋-͔ͭͻ͎ͤͦͦ͜͡͝ηΣ ͒ͦ Ύ͎ͦͦ͟ ͍ͻͦ͒ΎͭΈ ͔͙ͭͣΥ ͍ͣͦ͊ ͎͔͔͍ͨͪͭͫͭͦͦ͜͟͝ ͙ͪͦͣͭ͘͜͟Σ ͊ͫ͊͒ͤ͟͟͜ ͙ͭ͊͋͡ͼ͜ 
͙͍ͫͭ͜͡Σ ͍͙ͦͫͤͦ WŀǾŀ{ŎǊƛǇǘΣ ͍͙ͦͫͤͦ tItΣ ˿̂ˣ˨ aȅ{v[Φ 

˽͙ͪ ͪͦͪͦ͋͘ͼ͜ ͜ ͍͔ͫͭͦͪͤͤ͜ ͚ͫ͊ͭͯ ͫͤͯ͜Ί ͟͜͡Έ͊͟ ͔͍ͭ͊ͨ͜ ώуϐΥ 
ς web-͙͚͒͊ͤ͘ όͪͦͪͦ͋͊͘͟ ͭ͊ ͍͔ͫͭͦͪͤͤΎ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͚ͫ͊ͭͯύΣ 
ς ͍͔ͪͫͭ͊͟ ͫͭͦͪͤͦ͜͟ ͭ͊ ΄͍͊͋ͦͤ͜͡Σ 
ς ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͤ͊ ͫͭͦͪͦͤ͜ ͟͜͡Ίͤͭ͊ ͭ͊ ͔͍͔ͫͪͪ͊ ό͔͎͍ͤͭͪͯ͊ͤͤ͜Ύ ͯ ͙͔ͫͫͭͣͯ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͔ͦͤͭͤͭͦͣ͟ύΦ 
˭͊ ͦͤ͊͘;͔ͤͤΎͣ ώфϐ ͍͔͋-͙͚͒͊ͤ͘ ό͍͒͜ ͎͊ͤ͡Φ ²Ŝō ŘŜǎƛƎƴύ ς ͎͊ͯ͘͡Έ ͍͔͋-͙ͪͦͪͦ͋͘͟ ͜ ͍͙ͪͤͦ͒͘͜ ͙͚͒͊ͤͯ͘Σ ͒ͦ ͍͊͒͊ͤ͘Έ Ύ͙͟ͻ 

͔͙ͤ͊͗ͭ͡Έ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͙ͨͪͤ͊͘;͔͙ͤͻ ͒͡Ύ ͙͍ͦͪͫͭͯ͊͟;͊ ͍͔͋-͔ͤͭͪ͜ͺ͔͚͍ͫ͜ ͒͡Ύ ͚͍ͫ͊ͭ͜ ͊͋ͦ ͍͔͋-͎ͨͪͦͪ͊ͣΦ ˤ͔͋-͙͚͔͒͊ͤͪ͘ 
͔ͨͪͦͭͯ͟Ί ͫͭͪͯͭͯͪͯ͟ ͍͔-͋ͫͭͦͪͤͦ͜͟Σ ͨͪͦ͒ͯͣͯΊ ͪͯ͘;ͤ͜ ͪ͜΄͔ͤͤΎ ͨͦ͒͊;͜ ͙͒͊ͤͻΣ ͊ ͭ͊ͦ͗͟ ͚͊ͣ͊͘ΊͭΈͫΎ ͻͯ͒ͦ͗ͤͣ͜ ͦͺ͔ͦͪͣͤͤ͡Ύͣ ͍͔͋-
͔ͨͪͦͭͯ͟Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͍ͦͦ͒ͤͤ͜͡Ύ ͔͙ͤͫͭͪͯͣͤͭ͊ͣ͜ ͎ͪ͊ͺ͜;͙ͤͻ ͔͍ͪ͒͊ͭͦͪ͟͜Φ 

˭͍͔͔͙͚͊ͭͪ͒͗ͤ ͙͚͒͊ͤ͘ ͔͔ͨͪ͒͊ΊͭΈͫΎ ƘǘƳƭ-͍͔ͪͫͭ͊͡Έ͙ͤͯ͟ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ƘǘƳƭ-͙ͫͭͦͪͤ͜͟Φ ˤ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͍ͫͭͦͪΌΊͭΈͫΎ ͦ͒͟Σ 
Ύ͙͚͟ ͣͦ͗ͤ͊ ͔͔͎ͨͪ͡Ύ͙͒͊ͭ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͋ͪ͊ͯͪ͊͘Φ ˭͊ ͦͤ͊͘;͔ͤͤΎͣ ώфϐ ƘǘƳƭ-͍͔ͪͫͭ͊͡Έ͙ͤ͟ ς ͼ͔ ͺ͊ͻ͍͔͜ͼΈ ͘ ͍͔ͪͫͭ͊ͤͤΎΣ ͭͦ͋ͭͦ ͘ 
͍ͦͣͨͦͤͯ͊ͤͤ͟Ύ ͔͍͙ͭͫͭͦ͟ͻΣ ͜͡Ό͙͍͙ͫͭͪ͊ͭͤͻ ͜ ͙͒ͦͨͦͣ͗ͤ͜ͻ ͔͔͔͍ͣͤͭ͜͡ ͤ͊ ͍͔͋-ͫͭͦͪͤ͜ͼ͜Φ ˨ͦ ͍͊͒͊ͤ͘Έ ͍͔ͪͫͭ͊͡Έ͙ͤ͊͟ ͍͔͋-ͫͭͦͪͤͦ͜͟ 
͍ͻ͙ͦ͒ͭΈ ͍͔ͫͭͦͪͤͤΎ I¢a[-ͦ͒ͯ͟ ͍͔͋-͙ͫͭͦͪͤ͜͟Σ ͙ͨͦ͘ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͜ ͦͺ͔ͦͪͣͤͤ͡Ύ ͔͔͔͍ͣͤͭ͜͡ ͙ͫͭͦͪͤ͜͟ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͍͙͋ͯ͒ͦ͊ͤͻ 
͍͊ͫͦ͋͘͜ ͍͙ͣͦ ͙ͪͦͣͭ͘͜͟ ͭ͊ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙͊ͫ͊͒ͤ͟͟ͻ ͙ͭ͊͋͡ͼΈ ͙͍ͫͭ͜͡Φ 

͔́ͪͣͤ͜ ζ͍͔ͪͫͭ͊͟η ͎͋͊͊ͭͦͤ͊͘;͙͚ͤΣ ͔͊͒͗ ͼ͔ ͜ ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͭͦͪͤͦ͜͟ ͍͙͒͊ͤͤΎΣ ͜ ͫ͊ͣ ͔ͪͯ͘͡Έͭ͊ͭ ς ͔ͯ͗ ͍͔͙͚ͪͫͭ͊ͤ͘ 
͔ͭͫͭ͟Σ ͙ͭͨ ͔͍ͦͣͨͭͯ͊ͤͤ͟͟͡Ύ ƛ͡Όͫͭͪŀͼƛ͚ ͤŀ ͫͣͯ͘͜Φ ˭͊ ͦͤ͊͘;͔ͤͤΎͣ ͍͔ͪͫͭ͊͟ ς ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͭͦͪͤͦ͜͟ ͭŀ ͎ͫͣͯ όͯ ͍͙͍͙͒͊ͤ;͚͜ 
͍ͫͨͪ͊͜ ͭŀ ͨƻ͡ƛ͎ͪŀͺƛ͝ύΦ ˹Φ ˸Φ ͎̅ͦ͜͡Έ ͍͍ͨͪͦ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ΅ͦ͒ͦ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͭ͊ ͍͙͎ͣͦ ͒ͦ ͍͔͙ͪͫͭ͟ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͙͒͊ͤΈΦ 
˨͙ͦͫ͒ͤ͜͟͡ ͍͒ͤ͊͘͜;͊ΊΣ ΅ͦ ͍͔ͪͫͭ͟ŀ ͒ͪͯ͟ƻ͍ŀͤƻ͎ƻ ͭ͊ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍͙͒͊ͤͤΎ όΎ͟ ͨͪƻͼ͔ͫ ͭŀ Ύ͟ ͔ͪͯ͘͡Έͭ͊ͭύ ͫͯͭͭΊ͍ƻ ͪƛ͙ͤͭ͘ΈͫΎ ;͔͔ͪ͘ 
͍͒ͣͤͤͦͫͭ͜͜͜ ͯ ͺƻͪͣƛ ͼ͙ͻ ͍͙͒ŀͤΈΣ ͻƻ;ŀ ͚ ͣŀΊ ͔͒Ύ͟ƛ ͫͨƛ͡Έͤƛ ͙ͨͪͤͼ͙͙ͨ ώмлϐΦ ˢ͍ͭͦͪͦͣ ͪƻ͎͘͡Ύͤͯͭͦ ͎͊͊͘͡Έ͙͚ͤͦͨͪͤΎͭ͜ ͙͙ͭͨ ͍ ͔͙ͪͫͭ͟Φ  

˨͡Ύ ͍͎͒ͪͯͦ͊ͤͦͦ͟ ͍͙͒͊ͤͤΎ ͫͤͯ͜Ί ͟ƛ͡Έ͟ŀ ͙ͭͨƛ͍ ͟ƻ͔͍ͣͨͭͯ͟͡ŀͤͤΎ ƛ͡Όͫͭͪŀͼƛ͚ ͤŀ ͫͣͯ͘ƛ ͍ ͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͪͦͣ͘͜΅͔ͤͤΎ 
͜͡Όͫͭͪ͊ͼ͚͜ ό͙ͨͪ Ύ͟ƛ͚ ƛ͡ΌͫͭͪŀͼƛΎ ͪƻͣ͘ƛ΅ͯΊͭΈͫΎ ͍͔ͪ͘ͻͯ ŀ͋ƻ ͙ͤͯ͘͘ ͎͙ͫͣͯ ŀ͋ƻ ͍ ƻ͒ͤƻͣͯ ͘ ͝͝ ͯͭ͟ƛ͍Τ ͔ͭͫͭ͟ ͙͙͍ͨͪͪ͟ŀΊ ƛ͡ΌͫͭͪŀͼƛΌ 
͍͔ͪ͘ͻͯ ƛ ͙ͤͯ͘͘Τ ƛ͡ΌͫͭͪŀͼƛΎ ͨƻ͍ͤƛͫͭΌ ͘ŀ͚ͣŀΊ ͎ͫͣͯͯΤ ƛ͡ΌͫͭͪŀͼƛΎ ͘ ͯͫƛͻ ͫͭƻͪƛͤ ͙͙ͨͪͪͭ͟ŀ ͔ͭͫͭ͟ƻͣ ͭͦ΅ͦΤ ͊͋ͦ ͟ƻͣ͋ƛͤƻ͍ŀͤŀ 
͍͔ͪͫͭ͟ŀύΦ ́͊ͦ͗͟ ͤŀ ͫͣͯ͘ƛ ͣƻ͗ͯͭΈ ͙͋ͯͭ ͟ƻ͡ƻͤͼ͙ͺ͙ͪΣ ͟ƻ͡ƻͤ͡ƛͤƛ͚͙͟Σ ͟ƻ͡ƻ͙͙ͤͭͭͯ͡Σ ͙͎ͫͤŀͭͯͪŀ ͭŀ ͤƻͪͣŀΦ ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ 
͎͙ͨͪͦͪ͊ͣ ͔ͭͣ͊ ͍͔͙ͪͫͭ͟ ͍͎͒ͪͯͦ͊ͤͦͦ͟ ͍͙͒͊ͤͤΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͙͍͙͒͊ͤ;ͦ͝ ͙͔͙ͫͫͭͣ ͍͙͔͔ͤͫͤ͊ ͒͡Ύ ͎ͪͦ͘͡Ύ͒ͯ ͨͫ͜͡Ύ ͍͙͍;͔ͤͤΎ 
͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΦ  

˩͔ͭͪ͟͡ƻͤͤƛ ͍͙͒ŀͤͤΎ ͨƻ͎ͫͯ͡ƻ͍ͯΌͭΈͫΎ ͙ͨͪͤͼ͙ͨŀ͙ͣ ͭŀ ͍͙͒ŀ͙ͣ ƘǘƳƭ-͍͔͙ͪͫͭ͟Φ ˸ƻ͗ͤŀ ͎ƻ͍ƻ͙͙ͪͭ ͨͪƻ ƛ͍ͫͤͯŀͤͤΎ ͙ͭ͊͟ͻ 
͍͙͒ƛ͍ ƘǘƳƭ-͍͔͙ͪͫͭ͟ Ύ͟ ͺƛͫ͟ƻ͍ŀͤŀ ό͔͔͔͙ͣͤͭ͡ ͍͔͋-ͫͭƻͪƛ͙ͤ͟ ͍ƛ͒ͨƻ͍ƛ͒ͤƻ ͣŀΌͭΈ ͺƛͫ͟ƻ͍ŀͤƛ ͪƻͣ͘ƛ͙ͪύΣ ζ͔͙ͪͤ͘ƻ͍ŀη ό͍ƛ͒ͤƻͫͤ͜ 
ͪƻͣ͘ƛ͙ͪ ͔͔͔ͣͤͭ͡ƛ͍ ͍͔͋-ͫͭƻͪƛ͙ͤ͟ύΣ ͎ƛ͙͋ͪ͒ͤŀ ό͍͟͡Ό;ŀΊ ͍ ͔͔ͫ͋ Ύ͟ ͺƛͫ͟ƻ͍ŀͤƛΣ ͭŀ͟ ƛ ͍ƛ͒ͤƻͫͤƛ ͪƻͣ͘ƛ͙ͪ ͔͔͔ͣͤͭ͡ƛ͍ύ ͭ͊ ͔͡ŀ͙ͫͭ;ͤŀ 
͍͔ͪͫͭ͟ŀ ό͍ƛ͒ͤƻͫͤŀ ͍͔͙͡;͙ͤŀ ͔͔͔ͣͤͭ͡ƛ͍ ΅ƻ͒ƻ ͪƻͣ͘ƛͪƛ͍ ΄͙ͪͺͭͯύΦ  

˻͔ͭ͗Σ ͍ͦͫͤͦͦΌ ͒͡Ύ ͍͙͍;͔ͤͤΎ ˱͔͔ͤͭͪͤͭ-͔ͭͻ͎͚ͤͦͦ͜͡ Ί ͍͙͍;͔ͤͤΎ ͍͙ͣͦ ͎͔͔͍ͨͪͭͫͭͦͦ͜͟͝ ͙ͪͦͣͭ͘͜͟ I¢a[Φ ̂;ͤ͜ ͤ͊͋ͯ͒ͯͭΈ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͯͣͤ͜Έ ͍͔ͫͭͦͪͤͤΎ ͜͡Ό͍͙ͫͭͪͦ͊ͤͻ ²Ŝō-ͫͭͦͪͤͦ͜͟ ͯ ͺͦͪͣ͊ͭ͜ I¢a[-͔͍͒ͦͯͣͤͭ͟͜Σ ΅ͦ ͣͫͭ͜ΎͭΈ ͺ͍͙͚ͦͪͣ͊ͭͦ͊ͤ ͔ͭͫͭ͟Σ 
͙͙ͫͨͫ͟Σ ͙ͭ͊͋͡ͼ͜Σ ͎͔͙ͨͪͨͦͫ͊ͤͤ͜͡ΎΣ ͎ͪ͊ͺ͜;ͤ͜ ͔ͦ͋ͪ͊͗ͤͤ͘ΎΦ 

˿͒͜͡ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ͤ͊ͤͤ͘Ύ ͍͙ͣͦ ͎͔͔͍ͨͪͭͫͭͦͦ͜͟͝ ͙ͪͦͣͭ͘͜͟ ͊ͣ͊ͦ͘͡ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͍ͨͦͤͦͼͤͤͦ͜͝ ͙ͫͭͦͪͤ͜͟Σ ͭͦͣͯ ͯ;ͤ͜ ͒͊͜͡ 
͍͙͍;͙͊ͭͣͯͭΈ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͔ͫͭͦͪͤͤΎ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͭ͊͋͡ͼΈ ͙͊ͫ͊͒ͤ͟͟ͻ ͙͍ͫͭ͜͡ ͒͡Ύ ͦͺ͔ͦͪͣͤͤ͡Ύ ǿŜō-ͫͭͦͪͤͦ͜͟Φ ˽͙ͪ͊ͭ͟;ͤͦ 
ͯ;ͤ͜ ͍ͤ͊;͊ͭΈͫΎ ͍ͫͭͦͪΌ͍͙͊ͭ ǿŜō-͙ͫͭͦͪͤ͜͟ ͘ ͍͋ͦͫͦͦ͟Ό ͫͭͪͯͭͯͪͦ͟ΌΣ ͚ͤ͊ͨͪͦͫͭ͜΄ͯ ͊ͤͣ͊͜ͼ͜Ό ͒͡Ύ ͔͔͔͍ͣͤͭ͜͡ ǿŜō-͚͍ͫ͊ͭ͜Φ  

˹͙͊ͫͭͯͨͤͣ ͪͦͦͣ͟͟ ͔ͫͭ͊ͤ ͚͍ͤ͊ͦͣͫͭͦ͘ ͘ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎͣΦ ˤ͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͣͦ͗ͤ͊ ͍ͯͣͦͤͦ ͙͙ͨͦ͒ͭ͜͡ ͤ͊ ͍͒͊ 
͍ͦͫͤͦͤ͜ ͍͙͙͒Υ ͔͍͔͔ͫͪͪͤ ͜ ͟͜͡ΊͤͭͫΈ͔͟Φ ˿͔͍͔ͪͪͤ͜ ͙͙ͫͪͨͭ͟ ͍͙ͦͤͯ͟ΌͭΈͫΎ ͤ͊ ͫͭͦͪͦͤ͜ ͔͍͔ͫͪͪ͊ όͦͣͨ͟ϥΌ͔ͭͪ͊Σ ͤ͊ Ύͦͣͯ͟ ͪͦͣ͘͜΅͔ͤͦ 
͚ͫ͊ͭύ ΅͔ ͒ͦ ͍͔͊͊ͤͭ͊͗ͤͤ͘Ύ ͫͭͦͪͤͦ͜͟ ͚ͫ͊ͭͯ ͤ͊ ͦͣͨ͟ϥΌ͔ͭͪ ͙͍ͦͪͫͭͯ͊͟;͊Φ ̂ ͍ͫͦΌ ;͔͎ͪͯΣ ͟͜͡ΊͤͭͫΈ͟͜ ͙͙ͫͪͨͭ͟ ͍͙ͦͤͯ͟ΌͭΈͫΎ ͤ͊ 
ͦͣͨ͟ϥΌ͔ͭͪ͜ ͟͜͡Ίͤͭ͊ ͍͔͗ ͨͫ͜͡Ύ ͍͔͊͊ͤͭ͊͗ͤͤ͘Ύ ͙ͫͭͦͪͤ͜͟ ͘͜ ͔͍͔ͫͪͪ͊ ͚ ͔ͤ ͍͙͎ͣ͊͊ΌͭΈ ͝͝ ͍͎͒ͦ͒͊ͭͦͦͦ͟ ͔͔͍͔ͨͪ͊͊ͤͭ͊͗ͤͤ͘ΎΦ  

ˬͯͪͤ͊͡ L999 {ǇŜŎǘǊǳƳΣ ΅ͦ ͍͙͒͊ΊͭΈͫΎ ˱͙ͤͫͭͭͯͭͦͣ ͔͔͍ͤ͗ͤͪ͜͜ ͔͔͔ͭͪͦͭ͟͡ͻ͙ͤ͜͟ ͭ͊ ͔͔͙ͭͪͦͤ͟͜͟͡ όL999ύΣ ͍͍ͦͨͯ͋ͯ͊͜͟͡ ͍ͤͦͯ 
͔ͪ͒͊͟ͼ͜Ό ͔͚͙͎ͪͭͤͯ ͨͦͨͯ͡Ύͪͤͦͫͭ͜ ͍ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ώммϐΦ ˽͙ͪ ͪͦͪ͊͘ͻͯͤͯ͟ ͔͚͙͎ͪͭͤͯ L999 {ǇŜŎǘǊǳƳ ͍ͪ͊ͻ͍ͦͯΊͭΈͫΎ мн ͔͙ͣͭͪ͟Σ 
͙͙ͦͭͪͣ͊ͤͻ ͍͒͜ мл ͙ͪͤ͘͜ͻ ͔͔͒͗ͪ͡ ό͙ͪͫΦ нύΦ ˸͍͙ͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ WŀǾŀ{ŎǊƛǇǘ ͭ͊ tIt ͍ͻͦ͒ΎͭΈ ͒ͦ ͔ͨͪ΄ͦ͝ ͔͒ͫΎ͙ͭ͟Φ 

 

 
 

˾͙ͫΦ нΦ ˾͔͚͙͎ͭͤ ͍ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ L999 {ǇŜŎǘǊǳƳ 
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˭͍ͫͤͦ͜Σ ͚ͤ͊͋͜͡Έ΄͙͚ ͔͚͙͎ͪͭͤ ͊͘ ͍͔͔͙͙ͤ͊͒ͤͣ ͙͙͒͊ͤͣ ͣ͊Ί ͍ͣͦ͊ tȅǘƘƻƴΣ Ύ͟ ͍͔ͯͤͪͫ͊͜͡Έͤ͊ ͍ͣͦ͊ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͔͊͡ 
͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͔͚͙͎ͪͭͤͯ ͍ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍͒͜ ͦͣͨ͊ͤ͟͜͝ wŜŘaƻƴƪ ώмнϐΣ ͍ͨͦ͋ͯ͒ͦ͊ͤͦͣͯ ͤ͊ ͍ͦͫͤͦ͜ ͦͼ͙ͤ͜͟ ͨͦͨͯ͡Ύͪͤͦͫͭ͜ ͤ͊ 
DƛǘIǳō ͜ ͙͍͊ͭͤͦͫͭ͟͜ ͎͍͔ͦ͋ͦͦͪͤΈ ͤ͊ {ǘŀŎƪ hǾŜǊŦƭƻǿΣ ͔͒ͫΎͭ͊͟ ͔͍͒ͪ͜͜͡ ͍͙͎͡Ύ͒͊Ί ͙ͭ͊ͣ͟ ;͙ͤͦͣΥ WŀǾŀ{ŎǊƛǇǘ ͚͊ͣ͊͘Ί ͔ͨͪ΄͔ ͣͫ͜ͼ͔Σ ͊ 
PHP ς ;͔͍͔͔ͭͪͭΦ 

WŀǾŀ{ŎǊƛǇǘ Ί ͙ͨͪͦͭͦͭͨͤͦ-ͦͪ͜Ί͍ͤͭͦ͊ͤͦΌ ͟͜͡ΊͤͭͫΈͦ͟Ό ͍ͣͦͦΌ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ΅ͦ ͙ͪͦ͋ͭΈ ͙ͫͭͦͪͤ͜͟ ͚ͫ͊ͭͯ ͙͒ͤ͊ͣ͜;͙͙ͤͣΦ 
˴ͦ͒ ͎͙ͨͪͦͪ͊ͣ ͔ͣͦ͗ ͤ͊͘ͻ͙͙ͦ͒ͭͫΈ ͍ I¢a[-͔͒ͦͯͣͤͭ͟͜Σ ͊ ͔͋ͪ͊ͯͪ͘ ͔͔ͤͭͪͨͪͭͯ͜Ί ͚͎ͦͦΦ ˿ͼ͔ͤ͊ͪ͜͜͝ WŀǾŀǎŎǊƛǇǘ ͙ͨ͒ͭͪͣͯ͜ΌͭΈͫΎ 
͙͙ͪͤͣ͘͜ ͙͒ͦ͒͊ͭ͊ͣ͟Σ Ύ͟͜ ͙ͨͪͤ͊͘;͔ͤ͜ ͒͡Ύ ͙ͪͦͪͦ͋͘͟ ͙͚͒͊ͤͯ͘ ͚ͫ͊ͭͯΦ ˤ͍͊͗͊ΊͭΈͫΎΣ ΅ͦ WŀǾŀǎŎǊƛǇǘ Ί ͚ͤ͊ͨͦͨͯ͡Ύͪͤ͜΄ͦΌ 
͟͜͡ΊͤͭͫΈͦ͟Ό ͍ͣͦͦΌΦ 

̂;ͤ͜ ͣͦ͗ͯͭΈ ͙ͣ͊ͭ ;͔ͭ͜͟ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͍ͦͫͤͦͤ͜ ͎͙͊ͦͪͭͣ͜͡;ͤ͜ ͦͤͫͭͪͯ͟͟ͼ͜͝ ό͍ͫ͒ͯ͊ͤͤ͜͡ΎΣ ͎͔ͪͦ͊ͯ͗ͤͤ͘͡ΎΣ ͍͔ͨͦͭͦͪͤͤΎύ ͙ͨͪ 
͍͙͍;͔ͤͤ͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍͙ͣͦ͊ͣ ˽͊ͫ͊͟͡Έ ͊͋ͦ ˿ҌҌ ͪ͊ͤ͜΄͔Φ ˤ ͭ͊ͦͣͯ͟ ͍͙ͨ͊͒ͯ͟ ͍͊ͪͭͦ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ ͯ;͍ͤ͜ ͤ͊ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͍͙͊͊ͤ͘͟ͻ ͎͙͊ͦͪͭͣ͜͡;͙ͤͻ ͦͤͫͭͪͯ͟͟ͼ͚͜ ͍ͣͦͦΌ WŀǾŀ{ŎǊƛǇǘΣ ͭͦ͋ͭͦ ͝ͻ ͙͙ͫͤͭ͊ͫͫ͟Σ Ύ͙͚͟ ͤ͊͘;ͤͦ ͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͍͒͜ 
͙͙ͫͤͭ͊ͫͫͯ͟ ͍͙ͣͦ ˽͊ͫ͊͟͡ΈΦ ˿͒͜͡ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ͍ ͍͔͚ͦͤͦͤ͜͡ ͎ͨͪͦͪ͊ͣ͜ ͘ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ р-ф ͊ͫ͟͡ ͍͔͙͊͟͡ ͍͎ͯ͊͊ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ 
ͪͦ͒ͯ͘͜͡ ͎͙͊ͦͪͭͣ͊͘͜͡ͼ͜Ύ ͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΦ ̂ ͔͙ͣͭͦ͒;͙ͤͻ ͔͔ͪͦͣͤ͒͊͟ͼ͜Ύͻ нлмт-нлму ͤΦ ͪΦ ͊ͤ͊͘͘;͊ΊͭΈͫΎΣ ΅ͦ ͔͙ͭͣ͊ͭ;͙͚ͤ ͨͦ͒͜͡ 
͒͊Ί ͎ͣͦͯ͘ ͍͍͙͙͒ͦ͒ͭ͜ н ͔͔ͫͣͫͭͪ ͤ͊ ͍͙͍;͔ͤͤΎ ͎͙͊ͦͪͭͣ͊͘͜͡ͼ͜͝ ͭ͊ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͊ ͯͪͫ͟ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͔ͨͦ͒ͤͦ͜͡ ͤ͊ н 
ͦͤ͟ͼ͔͙ͤͭͪ;ͤ͜ ͍ͪͤ͜͜Υ ͔͔͍͙ͨͪͦͨ͒ͭ;͙͚ͤ όрςт ͙͊ͫ͟͡ύ ͭ͊ ͍͔ͪͤ͜Έ ͍ͨͦͤͦͼ͎ͤͤͦͦ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ όуςф ͙͊ͫ͟͡ύΦ 
ˤ;͙͔ͭ͡Ό ͒͊ΊͭΈͫΎ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͦ͋ͪ͊ͭ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͎͙͊ͦͪͭͣ͊͘͜͡ͼ͜͝ ͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍͒ͦ͜͡Έͤͯ ͍ͣͦͯΣ ͭͦͣͯΣ Ύ͟΅ͦ ͯ;ͤ͜ ͍͙͍;͙͊͡ 
͍ͣͦͯ ˿ҌҌΣ ͭͦ ͍͊ͪͭͦ ͍͔͙ͪͤͯͭ͘ ͝ͻ ͍͎ͯ͊ͯ ͤ͊ ͍͒ͣͤͤͦͫͭ͜͜͜ ͯ ͫͭͪͯͭͯͪ͟͜ ͎͙ͨͪͦͪ͊ͣ ͤ͊ WŀǾŀ{ŎǊƛǇǘ ͜ ˿ҌҌ όͯ ͎ͨͪͦͪ͊ͣ͜ ͤ͊ WŀǾŀ{ŎǊƛǇǘ ͍͒ͫͯͭͤ͜Ύ 
͔͙͍͒͊ͪ͊ͭͤ͊͟͡ ;͙͊ͫͭͤ͊Σ ͎ͦͦͦ͡΄͔ͤͤΎ ͙ͣͤͤ͘͜ͻ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͨ͒͜ ;͊ͫ ͝ͻ ͤ͜͜ͼ͊͊͘͜͜͡ͼ͜͝Σ ͙ͭͨ ͙ͣͤͤ͘͜ͻ ͔ͤ ͍͊ͯ͘͟ΊͭΈͫΎ Ύ͍ͤͦΣ ͍͍͔͔͒ͤͤΎ 
͜ ͍͙͍͔͔͒ͤͤΎ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͯ ͍ͤ͊͜͟ ǇǊƻƳǇǘΣ ŎƻƴŦƛǊƳ ͊͋ͦ ͔͔͔͙ͣͤͭ͡ ͺͦͪͣύ ώмоϐΦ ̒͟΅ͦ ͗ ͍ͣͦ͊ WŀǾŀ{ŎǊƛǇǘ ͍͙͍;͊ΊͭΈͫΎ Ύ͟ ͔ͨͪ΄͊Σ 
ͭͦ ͨͦ͒͊͡Έ΄͔ ͍͙͍;͔ͤͤΎ ͙ͭ͊͟ͻ ͍ͣͦ Ύ͟ /ҌҌΣ WŀǾŀ ͔ͤ ͍͙͙͟͡;͔ ͯ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ͤ͜Ύ͙͟ͻ ͭͪͯ͒ͤͦ΅͍͜Σ ͻͦ;͊ ͍͔͔͒ͦ͒ͭΈͫΎ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͙͙ͫͤͭ͊ͫͫͯ͟Σ ͍͙͙͊ͭ͘͟ ͒ͦ Ύ͍ͤͦ͝ ͙ͭͨ͊͘͜ͼ͜͝Σ ͒ͦ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͦ͋ΩΊͭͤͦ͟-ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͍ͫ͊͒ͦͦ͟͡͝Φ 

˨͡Ύ ͍͔ͫͭͦͪͤͤΎ ͙͒ͤ͊ͣ͜;͙ͤͻ ͚͍ͫ͊ͭ͜ ͦ͋ͪ͊ͤ͊ ͍ͣͦ͊ ˾˹˾Σ ͦͫ͟͜͡Έ͙͟ ͍ͦͤ͊ ΄͙ͪͦͦ͟ ͍͒ͦͣ͊͜ ͜ ͙͍͊ͭͤͦ͟ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͍͊͒͘Ύ͙͟ 
ͨͪͦͫͭͦͭ͜ ͙͙ͫͤͭ͊ͫͫͯ͟Σ ͍͙͚ͫͦ͟͜ ΄͍͙͒ͦ͒͟͜͝Σ ͙ͨ͒ͭͪͣ͜ͼ͜ ͘ ͋ͦͯ͟ ͋͜͡Έ΄ͦͫͭ͜ ͻ͙͎͍ͦͫͭͤ͜Φ ˿ͼ͔͚ͤ͊ͪ͜ tIt ͨͪͦͫͭͦ ͍͍ͫͭ͊͡ΎΊͭΈͫΎ ͍ ͦ͒͟ 
HTML-͙ͫͭͦͪͤ͜͟ ώмпϐΦ 

̂;ͤ͜ ͍ͤ͊;͊ͭΈͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͍ͫͭ͊ͤͦ͡Ό͍͙͊ͭ ͦ͊͟͡͡Έ͙͚ͤ ͔͍͔ͫͪͪΤ ͍ͫͭͦͪΌ͍͙͊ͭ ͪƘͪ-ͺ͚͙͊͡ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͦͤͫͭͪͯ͟͟ͼ͚͜ 
͍͙ͣͦ ˾˹˾Τ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͊ͫͤ͜͡ ͭ͊ ͫͭ͊ͤ͒͊ͪͭͤ͜ ͺͯͤ͟ͼ͜͝ ͍ ͪƘͪ-͋ͦ͡ͼ͜Τ ͍ͨͦͪͤ͜Ό͍͙͊ͭ ͙͍ͦͪͫͭͯ͊͟ͼΈ͟͜ ͜ ͫͭ͊ͤ͒͊ͪͭͤ͜ ͺͯͤ͟ͼ͜͝Φ 
˽͔͔ͪ͒͋͊;͊ΊͭΈͫΎ ͍͔ͫͭͦͪͤͤΎ ͍͙͊ͫͤ͡ͻ ͔͍ͨͪͦͭ͟͜ ͤ͊ ˾˹˾ ͒͡Ύ ͙ͪͦͪͦ͋͘͟ ͙͒ͤ͊ͣ͜;͎ͤͦͦ ͍͔͋-͚ͫ͊ͭͯΦ 

ˤ ͨͦ͒͊͡Έ΄ͦͣͯ ͯ;ͤ͜ ͍͙͍;͙͊ͭͣͯͭΈ ͍͙ͦͫͤͦ ͙ͪͦ͋ͦͭ ͘ ͋͊ͦ͘Ό ͙͒͊ͤͻ aȅ{v[ ͭ͊ ͍ͫͭͦͪΌ͍͙͊ͭͣͯͭΈ ͍͘ΩΎͦ͘͟ ͙͒ͤ͊ͣ͜;͎ͤͦͦ ͍͔͋-
͚ͫ͊ͭͯ ͘ ͙͋͊͊ͣ͘ ͙͒͊ͤͻ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͙ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ǇƘǇΦ  

˨ͦ ͍͔ͨͪͦ͒ͦ͗ͤͤΎ ͪͦ͒ͯ͘͜͡ ζ˥ͪ͊ͺ͊͜͟η ͍͟͡Ό;͔ͤͦ ͔͙ͭͣ ͙͍͙ͭͪͣͪͤͦ͜͝ ͎ͪ͊ͺ͙͜͟ ͭ͊ ͍͔͙ͪͫͭ͟ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝Φ 
͙͍͙́ͪͣͪͤ͊͜ ͎ͪ͊ͺ͊͜͟ ͍͙ͤ͊͒͘;͚͊ͤͦ ͊ͭͯ͊͟͡Έͤ͊ ͯ ͫͯ;͊ͫͤͦͣͯ ͍ͫͭ͜͜Σ ͘ ͝͝ ͎͒ͦͨͦͣͦͦΌ ͍ͫͭͦͪΌΌͭΈ ͚͔ͣ͊͗ ͯͫ͜ ͎͙ͪ͜Σ 

ͣͯ͡Έͭͺ͜͡Έ͙ͣΣ ͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͍ͤ͊ͯͦ͟͜ ͒͊ͤ͜Σ ͔ͣͦ͒͡ΌΌͭΈ ͙͔͙ͫͫͭͣΣ ͦ͋ΩΊ͙ͭ͟ ͭ͊ Ύ͍͙΅͊Φ ́͊ͦ͗͟ ͨͦͨͯ͡ΎͪͤͦΌ ͍ͦͤ͊ Ί ͜ ͍ ͍͔͋-͙͚͒͊ͤ͘͜Φ 
о5 ͎ͪ͊ͺ͊͜͟ ͒ͦ͒͊Ί ͙͍͙͚ͦͫͦ͋͡ ͔ͺ͔ͭ͟ ͍ ͙͚͒͊ͤ͘ ͚͍ͫ͊ͭ͜Σ ͍͒ͦͦ͘͡ΎΌ;͙ ͯ ͙ͪ͊͘ Ύ͍ͫͪ͊͟͜΄͔ ͍͙͔͙͙ͦͪͣͭ͟ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͔͔͔͙ͣͤͭ͡Φ ˽͒͜ 
;͊ͫ ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͨͪ͊ͭ͟;͙ͤͻ ͪͦ͋ͭ͜ ͯ;ͤ͜ ͍ͫͭͦͪΌ͍͙͊ͭͣͯͭΈ ͙͍͙ͭͪͣͪͤ͜͜ ͦ͋ΩΊ͙ͭ͟ ͭ͊ ͫͼ͔͙ͤ ͘͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͙ͨͦ͋ͯ͒ͦ 
͙͍͙͙ͭͪͣͪͤ͜ͻ ͍͊ͪ͊ͫ͟͟͜Σ ͤ͊͊͒͊ͤͤ͟͡Ύ ͍ͪͭͯ͊͜͡Έ͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ό͔ͭͫͭͯͪ͟ύΣ ͍͍ͫͭ͊ͤͦ͡Ό͍͙͊ͭͣͯͭΈ ͔͙͊ͣͪ͟ ͎ͦ͡Ύ͒ͯ ͭ͊ ͔͙͙ͪ͗ͣ 
͔͔͙͍͙ͨͪͫͨͭ͟Σ ͪͦͣ͘͜΅͍͙ͯ͊ͭͣͯͭΈ ͔͔͒͗ͪ͊͡ ͍ͫͭ͊͜͡Σ ͍ͫͭͦͪΌ͍͙͊ͭͣͯͭΈ ͪͤ͘͜͜ ͔ͺ͔͙ͭ͟ ͭͦ΅ͦΦ 

˽͙ͪ ͍͙͍;͔ͤͤ͜ ͔͙ͭͣ ͍͔ͪͫͭ͊͟ ͯ;ͤ͜ ͙ͦͭͪͣ͊ΌͭΈ ͍͙ͤ͊;͙͟ ͍͔ͫͭͦͪͤͤΎ ͔͍ͣ͊ͭ͟͜ ͍͒ͪͯͦ͊ͤͦ͟͝ ͨͪͦ͒ͯ͟ͼ͜͝ ό͔͙͚ͪ͊ͣͤ͟͡ ͎͊ͭ͊ͦ͟͡Σ 
͙͒ͭΎ;͊ ͙ͤ͗͊͟͟ύ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͤ͊ͫͭ͜͡Έ͙ͤͻ ͍͙͍͙͒͊ͤ;͙ͻ ͙͔ͫͫͭͣΦ 

˻ͫͭ͊ͤͤΎ ͔ͭͣ͊ ͘ ͪͦ͒ͯ͘͜͡ ζ͍͔͋-͔ͭͻ͎ͤͦͦ͜͡͝η ς ͼ͔ ͙͔͙ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͔ͦͤͭͤͭͦͣ͟ ό/a{ύΦ ̂;ͤ͜ ͙ͦͭͪͣ͊ΌͭΈ ͍ͦͫͤͦͤ͜ ͨͦͤΎͭͭΎ 
͜ ͍͙ͤ͊;͙͟ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͫ ͚͍͊ͭ͜ ͨ͘ ͎͒ͦͨͦͣͦͦΌ ͙͔͙ͫͫͭͣ ͔͍ͪͯ͊ͤͤ͟Ύ ͔ͦͤͭͤͭͦͣ͟Φ 

˿Έ͎ͦͦ͒ͤ͜ ͫͤͯ͜Ί ͍͔͙͊͟͡ ͟͜͡Έͫͭ͟͜Έ ͔͍ͤͫͭͪͯͣͤͭ͜͜ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͚͍ͫ͊ͭ͜Σ Ύ͙͙ͣ͟ ͣͦ͗ͤ͊ ͙͙ͫͦͪͫͭ͊ͭͫ͟ΎΦ ˨ͦ ͙ͤͻ ͔ͤ͊͗͊ͭ͡Έ 
ͪͤͦͣ͊ͤͭͤ͘͜͜͜ /a{ ͭ͊ ͙ͦͤͫͭͪͯͭͦͪ͟͟ ͚͍ͫ͊ͭ͜Φ ˭͊ ͎͒ͦͨͦͣͦͦΌ ͙ͭ͊͟ͻ ͍ͦͤͫͭͪͯͭͦͪ͟͟͜ ͚͍ͫ͊ͭ͜Σ Ύ͟ ²ƛȄΣ ǳYƛǘΣ bŜǘƘƻǳǎŜΣ WƛƳŘƻΣ ¦Ƴƛͻ 
ͣͦ͗ͤ͊ ͍͙͙ͫͭͦͪͭ ͚ͫ͊ͭ-͍͙ͭͯ͘͜͟Φ ˽͔͔͍͎͙ͪ͊͊ͣ ͙ͭ͊͟ͻ ͍ͦͤͫͭͪͯͭͦͪ͟͟͜ ͣͦ͗ͤ͊ ͊ͤ͊͘͘;͙͙ͭ ͨͪͦͫͭͦͭͯ ͯ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜Σ ͤ͊͋ͪ͜ 
͙͚͔͒͊ͤͪͫ͘Έ͙͟ͻ ΄͍͊͋ͦͤ͜͡Σ ͤ͊Ύ͍ͤͫͭ͜Έ ͎͍͙ͦͭͦͻ ΄͍͊͋ͦͤ͜͡ ͔͍ͣ͊ͭ͟͜Σ ͔͎ͫͭ͟͜͡Έ ͍͔͊͊ͤͭ͊͗ͤͤ͘Ύ ͔ͦ͋ͪ͊͗ͤ͘Έ ͭͦ΅ͦΦ ˽͔ͪͦͭΣ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ 
͙͙ͪͦ͋ͭ͘ ͙ͣͤ͘͜ ͯ /{{ ͔ͤ ͙͍ͣͦ͗ͦ͡Φ ˭͍͙͊ͨͪͦͨͦͤͯ͊ͭ ͪͦ͋ͦͭͯ ͍ ͼ͙ͻ ͦͤͫͭͪͯͭͦͪ͊͟͟ͻ ͣͦ͗ͤ͊ ͙ͭͣ ͯ;ͤΎͣΣ Ύ͟͜ ͣ͊ΌͭΈ ͨͦ;͍͙͚͊ͭͦ͟ 
͍͔ͪͤ͜Έ ͤ͊ͤ͘ΈΦ  

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͒Ύ͙͟ͻ ͙͔ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͔ͦͤͭͤͭͦͣ͟ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙͙ͤͣ͜ 
͔͙ͪͫͯͪͫ͊ͣ ͤ͊ ͍͔͋-͚ͫ͊ͭ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͪͯ͘;ͤͦ͝ ͔ͨ͊ͤ͜͡ ͔͍ͤͫͭͪͯͣͤͭ͜͜ ͒͡Ύ ͦͨͪ͊ͼΌ͍͊ͤͤΎΣ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͭ͊ ͨͯ͋͊͜͟͡ͼ͜͝ ͼ͙ͻ ͔͍ͪͫͯͪͫ͜ 
ώмрϐΦ ˨ͦ ͙ͤͻ ͣͦ͗ͤ͊ ͍͔͙͒ͤͫͭ͜ ͭ͊͟͜ /a{ Ύ͟ ¦ŎƻȊΣ ²ƻǊŘtǊŜǎǎΣ WƻƻƳƭŀΗΣ 5ǊǳǇŀƭΦ /a{ WƻƻƳƭŀΗ ς ͼ͔ ͍͜͡Έͤͦͨͦ΄͙ͪΌ͍͊ͤ͊ ͙͔ͫͫͭͣ͊ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͣͫͭͦͣ͜ ͚ͫ͊ͭͯ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͤ͊ ͔͍͔ͫͪͪ͜Φ ˿͙͚ͭ͊ͤ͒͊ͪͭͤ ͔ͨ͊ͭ͟ ͙͔͙ͫͫͭͣ WƻƻƳƭŀΗ ͔ͣͦ͗ ͙͋ͯͭ ͔͎ͦ͟͡ ͜ ΄͍͙͒ͦ͟ 
͍͍͔͙͚ͫͭ͊ͤͦͤ͡ ͙͍ͦͪͫͭͯ͊͟;͔ͣΦ ˽ͫ͜͡Ύ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͭ͊ ͊ͨͯͫͯ͘͟ ͙͔͙ͫͫͭͣ WƻƻƳƭŀΗ ͊͘ ͝͝ ͎͒ͦͨͦͣͦͦΌ ͣͦ͗ͤ͊ ͔͎͍͙ͪ͒͊ͯ͊ͭ ͍ͣͫͭ͜ 
ͫͭͦͪͤͦ͜͟ ͭ͊ ͍ͨͦͨͦͤΌ͍͙͊ͭ ͚͎ͦͦΣ ͔ͦͪͣ͊͘͟ ͍͍͙͊͊ͤͭ͊͗ͯ͊ͭ͘ ͙͙͊ͪͭͤ͟͟ ͜ ͙͎͍͙ͦͪͯ͊ͭ͟ ͒͊ͤ͜ ώмрϐΦ 

˭͍͔͊ͪ΄ͯΊͭΈͫΎ ͯͪͫ͟ ͍͔ͫͭͦͪͤͤΎͣ ͍͎͊ͫͤͦͦ͡ ͔ͨͪͦͭͯ͟Σ ͎ͯ͊͊͘͡ΈͤΌΌ;͙ ͍ͫ͜ ͔͙ͭͣ ͯͪͫͯ͟Φ 
˸͔ͭͦΌ ͯͪͫͯ͟ ͊͘ ͍͙͋ͦͪͦͣ ζ˻͍͙ͫͤͦ ͍͔͙ͪͫͭ͟ ͭ͊ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎη Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͯ 

ͨͪͦͼ͔ͫ͜ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͜ ͦͣͨ͟ϥΌ͔ͭͪͤͦ͝ ͍͔͙ͪͫͭ͟Φ 
˸͔ͭ͊ ͯͪͫͯ͟ ͊͘ ͍͙͋ͦͪͦͣΥ 
ς ͎͍ͨ͒ͦͭͦ͊͜͟ ͯ;ͤΎ ͒ͦ ͍ͪͤ͜Ύ ͍͔ͪͫͭ͊͡Έ͙ͤ͊͟ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝ ͭ͊ ͚͍ͫ͊ͭ͜Τ 
ς ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔͎ͤ͊͗ͤͦͦ͡ ͍ͪͤ͜Ύ ͍ͣͤͤ͜Ύ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͎ͪ͊ͺ͜;͙ͤͻ ͦ͋ΩΊ͍ͭ͟͜Σ ͨ͒͋ͦͪͯ͜ ͦ͟͡Έ͍ͦͪͦͦ͝ ͎͙͊ͣͣ ͭ͊ ͍͔ͫͭͦͪͤͤΎ 

ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍͔͋-ͫͭͦͪͤͦ͜͟Τ 
ς ͺ͍ͦͪͣͯ͊ͤͤΎ ͎͊͋ͫͭͪ͊ͭͤͦͦ͟ ͙͊ͤ͊ͭ͜͡;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͔ͤͦ͋ͻ͎͒ͤͦͦ͜ ͒͡Ύ ͔͍ͦͨͪͯ͊ͤͤΎ ͫͯ;͙͙͊ͫͤͣ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣ ͜ 

͍͊ͫͦ͘ΊͤͤΎ ͍ͦͫͤͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΤ 
ς ͙ͦͭͪͣ͊ͤͤΎ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍͙ͤ͊;ͦ͟ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͭ͊ ͦͣ͊ͤ͒ͤͦ͟͝ ͙ͪͦ͋ͦͭ ͤ͊͒ ͔͙ͨͪͦͭ͊ͣ͟Τ 
ς ͎͍ͨ͒ͦͭͦ͊͜͟ ͯ;͍ͤ͜ ͒ͦ ͯ;͊ͫͭ͜ ͯ ͦͤͯͪͫ͊͟͟ͻΣ ͎ͣ͊͊ͤͤ͘Ύͻ ͜ ͦͣͨ͊͒͊͜͜͡ͻΤ 
ς ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͍ͣͦͭ͊ͼ͚͙ͤ͜ͻ ͅ ͍͊ͭͦͪ͟͜ ͒͡Ύ ͍͙͋ͦͪͯ ͨͦ͒͊͡Έ΄͎ͦͦ ͤ͊ͨͪΎͣͯ ͍ͤ͊;͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͫͭ͊ͪ΄͙ͻ ͍͊ͫ͟͜͡Φ 
̒͟ ͊ͤ͊͘͘;͊ΊͭΈͫΎ ͯ ͔͙ͣͭͦ͒;͙ͤͻ ͔͔ͪͦͣͤ͒͊͟ͼ͜Ύͻ нлмт-нлму ͤΦ ͪΦ ΅ͦ͒ͦ ͍͙͍;͔ͤͤΎ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͯ ΄ͦ͟͜͡Σ ͜ ͘ ͦͨͦͪͦͣ ͤ͊ 

͍͔ͦͤͦͤͯ͡ ͎ͨͪͦͪ͊ͣͯ ͘ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͔͔ͦͣͨͭͤͭͤͫͤ͟͜͜ ͍͊͒͊ͤͤ͘Ύ ͭ͊ ͊͒͊͘;͜ ͣ͊ΌͭΈ ͍͍͙͊ͫͭͦͫͦͯ͊ͭͫ͘Ύ ͤ͊ͫͪͤͦ͘͟͜ ;͔͔ͪ͘ ͍͔ͯͫΈ 
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͍ͤ͊;͊͡Έ͙͚ͤ ͯͪͫ͟ ό͔͔ͦͣͨͭͤͭͤͫͤ͟͜͜ ͊͒͊͘;͜ ͘ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͣͦ͗ͤ͊ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͙ͭͨ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͊͒͊͘;Σ ͒͡Ύ Ύ͙͟ͻ 
͍ͦ͋ͦΩΎ͍͙ͦͣ͘͟ Ί ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ˱́Σ Ύ͟ ͊ͫͦ͋ͯ͘ ͝ͻ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘ΎύΦ ˾͍ͦ͘ΩΎ͊ͤͤ͘Ό ͔ͫ͊ͣ ͼ͙ͻ ͊͒͊͘; ͜ ͙ͫͨͪΎΊ ͎ͨͪͦͪ͊ͣ͊ ζζ˻͍͙ͫͤͦ 
͍͔͙ͪͫͭ͟ ͭ͊ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎηηΦ 

́͊͟ ͒ͦ ͔͔͙ͭͦͪͭ;ͤͦ͝ ͙͋͊͘ ͤ͊ͤ͘Έ ͍͒ͤͦͫ͜ΎͭΈͫΎΥ  
ς ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͭ͊ ͙͍ͣͦ͗ͦͫͭ͜͡ ͎ͦ͋͊͡͡Έͤͦ͝ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭΤ 
ς ͨͦͤΎͭͭΎ ͨͪͦ ͍ͣͦͯ ͙ͪͦͣͭ͘͜͟ ͎͔͔ͨͪͭͫͭͯ͜͟Τ 
ς ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͔ͫͭͦͪͤͤΎ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͊ͫ͊͒ͤ͟͟ͻ ͙ͭ͊͋͡ͼΈ ͙͍ͫͭ͜͡ ό/{{ύ ͤ͊ ͍͔͋-ͫͭͦͪ͜ ͤ͊͟ͻΤ 
ς ͍ͦͫͤͦͤ͜ ͨͦͤΎͭͭΎ ͎͙͊ͦͪͭͣ͊͘͜͡ͼ͜͝Τ 
ς ͍͙ͦͫͤͦ ͙ͨͪͦͭͦͭͨͤͦ-ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͜ ͺͯͤ͟ͼͦͤ͊͜͡Έ͎ͤͦͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΤ 
ς ͨͦͤΎͭͭΎ ͨͪͦ ͙͔ͫͫͭͣͯ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͙͋͊͊ͣ͘ ͙͒͊ͤͻ aȅ{v[Τ 
ς ͙ͨͪͤͼ͙͙ͨ ͍͟͡Ό;͔ͤͤΎ ͍ͦ͒͟͜ WŀǾŀ{ŎǊƛǇǘ ͭ͊ tIt ͒ͦ I¢a[-͔͍͒ͦͯͣͤͭ͟͜Τ 
ς ͨͦ΄ͯ͟ ͪ͊ͼͦͤ͊͜͡Έ͙ͤͻ ΄͡Ύͻ͍͜ ͙ͤ͊ͨͫ͊ͤͤΎ ͍͔͋-͙ͫͭͦͪͤ͜͟Τ 
ς ͫͯ;͊ͫͤ͜ ͔͔ͭͤ͒ͤͼ͜͝ ͯ ͍͔͋-͙͚͒͊ͤ͘͜ ͭ͊ ͍ͦͫͤͦͤ͜ ͍͙͎͙ͣͦ ͒ͦ ͙ͪͦͪͦ͋͘͟ ͚͍ͫ͊ͭ͜Τ 
ς ͍͙ͦͫͤͦ ͍͔͙ͪͫͭ͟ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝Τ 
ς ͍ͦͫͤͦͤ͜ ͨͦͤΎͭͭΎ ͜ ͍͙ͤ͊;͙͟ ͙ͨͪ ͔͍ͨͪͦͭͯ͊ͤͤ͟͜ ͙͔͙ͫͫͭͣ ͔͍ͪͯ͊ͤͤ͟Ύ ͔ͦͤͭͤͭͦͣ͟ ό/a{ύΤ 
ς ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͪͤ͘͜ͻ ͍͙͊ͤͣͦ͊ͤ͜ͻ ͭ͊ ͎ͪ͊ͺ͜;͙ͤͻ ͦ͋ϥΊ͍ͭ͟͜ ͙ͨͪ ͪͦͪͦ͋͘ͼ͜ ͔͍ͨͪͦͭ͟͜Φ 
˨ͦ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͙ͤ͊;ͦ͟ ͔ͤ͊͗͊ͭ͡ΈΥ  
ς ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͔͍͋ͪ͊ͯͪ͘͜ ͒͡Ύ ͔͔͎ͨͪ͡Ύ͒ͯ ͍ͦ͒͟͜ ͍͔͋-ͫͭͦͪͤͦ͜͟ΤΤ 
ς ͍͔ͫͭͦͪͤͤΎ ͍͔͋-ͫͭͦͪͤͦ͜͟Σ ΅ͦ ͣͫͭ͜ΎͭΈ ͙ͦ͒͟ ͺ͍ͦͪͣ͊ͭͯ͊ͤͤΎ ͔ͭͫͭͯ͟Σ ͎ͪ͊ͺ͜;ͤ͜ ͦ͋ΩΊ͙ͭ͟Σ ͎͔͙ͨͪͨͦͫ͊ͤͤ͜͡ΎΣ ͙͙ͫͨͫ͟Σ ͙ͭ͊͋͡ͼ͜; 
ς ͍͔ͫͭͦͪͤͤΎ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͊ͫ͊͒ͤ͟͟ͻ ͙ͭ͊͋͡ͼΈ ͙͍ͫͭ͜͡ ͒͡Ύ ͦͺ͔ͦͪͣͤͤ͡Ύ ͍͔͋-ͫͭͦͪͤͦ͜͟Τ 
ς ͍͔ͫͭͦͪͤͤΎ ͭ͊ ͔͎͍ͪ͒͊ͯ͊ͤͤΎ ͔ͦ͋ͪ͊͗ͤ͘Έ ͯ ͎ͪ͊ͺ͜;͙ͤͻ ͔ͪ͒͊ͭͦͪ͊͟ͻΤ 
ς ͍͔ͫͭͦͪͤͤΎ ͊ͤͣ͊͜ͼ͜͝ ͒͡Ύ ͔͔͔͍ͣͤͭ͜͡ ͍͔͋-͚͍ͫ͊ͭ͜Τ 
ς ͍͟͡Ό;͔ͤͤΎ ͍ͦ͒͟͜ WŀǾŀ{ŎǊƛǇǘ ͭ͊ tIt ͒ͦ I¢a[-͔͍͒ͦͯͣͤͭ͟͜Τ 
ς ͍͔ͫͭͦͪͤͤΎ ͜ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͙͋͊͘ ͙͒͊ͤͻ aȅ{v[Τ 
ς ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍ͪ͒͊ͭͦͪ͟͜ I¢a[ ͦ͒ͯ͟Τ 
ς ͍͔ͫͭͦͪͤͤΎ о5 ͦ͋ΩΊ͍ͭ͟͜Τ 
ς ͪͦͪͦ͋͊͘͟ ͍͔͋-͚͍ͫ͊ͭ͜Τ 
ς ͍͔ͪͫͭ͊͟ ͎ͨͦͪ͊͜͡ͺ͜;ͤͦ͝ ͨͪͦ͒ͯ͟ͼ͜͝ ό͙͍ͫͭ͊͜͟͡Σ ͔͋ͯͭ͟͡Σ ͎͊ͭ͊ͦ͟͡ύΤ 
ς ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͚ͫ͊ͭͯ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙͔͙ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͔ͦͤͭͤͭͦͣ͟ ό/aS). 
˨͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙͍;͔ͤͤΎ ͯͪͫͯ͟ ͔ͤͦ͋ͻ͒ͤ͜͜ ͭ͊͟͜ ͎ͨͪͦͪ͊ͣͤ͜ ͙͊ͫͦ͋͘ ό͔ͦͪͣͦ͟ ͣͦ͗ͤ͊ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ͍ͫ͜ ͍͙ͦͤ 

͔͋ͦ͘͟΄͍ͭͦͤ͜ ͜ ͍͜͡Έͤͦͨͦ΄͙ͪΌ͍͊ͤ͜ύΥ 
1. ͪ ͔͒͊ͭͦͪ͟ ͍ͪ͊ͫͭͪͦͦ͝ ͎ͪ͊ͺ͙͜͟ όDLatΣ tŀƛƴǘΦbŜǘύΤ 
2. ͪ ͔͒͊ͭͦͪ͟ ͍͔ͭͦͪͤͦ͟͝ ͎ͪ͊ͺ͙͜͟ όLƴƪǎŎŀǇŜΣ {ȅƴŦƛƎ {ǘǳŘƛƻύΤ 
3. ͪ ͔͒͊ͭͦͪ͟ о5 ͎ͪ͊ͺ͙͜͟ ό.ƭŜƴŘŜǊύΤ 
4. ͪ ͔͒͊ͭͦͪ͟ I¢a[ ͦ͒ͯ͟ ό{ǳōƭƛƳŜ ¢ŜȄǘύΤ 
5. ͘ ͋ͪ͊͜͟ ͍͔͋-͔͍͔ͫͪͪ͊ ό·!attΣ hǇŜƴ{ŜǊǾŜǊύΤ 
6. ͍ ͙͍͙͒͊ͤ;͊ ͙͔ͫͫͭͣ͊ ό{ŎǊƛōǳǎύΦ 
ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͙͒͊ͤͻ ͔͔͒͗ͪ͊͡ ώмсϐ ͍ ͙ͭ͊͋͡ͼ͜ м ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ;͙͙ͦͭͪ ͨͪͦͺ͔ͫ͜͝ ͘ ͔͎͊ͭͦͪ͟͜͝ L¢Σ ͦͣͨ͟ϥΌ͔͙ͭͪ ͭ͊ ˱͔͔ͤͭͪͤͭ 

ͭ͊ ͍͙͎͙ͣͦ ͒ͦ ͍͙͋͊ͦ͘ͻ ͤ͊ͤ͘Έ ͒͡Ύ ͦ͗ͤͦ͟͝ ͘ ͙ͤͻΦ ˹͔ͦ͋ͻ͒ͤͦ͜ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ͯ;ͤ͜Σ Ύ͟͜ ͣ͊ΌͭΈ ͚͒ͦͫͭ͊ͭͤ͜ ͜ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͒ͦͫΎ͎͔ͤͤΈ 
͙ͨͪ ͍ͤ͊;͊ͤͤ͜ ͊͘ ͎ͨͪͦͪ͊ͣͦΌ ζ˻͍͙ͫͤͦ ͍͔͙ͪͫͭ͟ ͭ͊ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎη ͍͔͗ ͙͙ͦͭͪͣ͊͡ ͍͙ͦͫͤͦ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͤ͊ͤ͘Έ ͒͡Ύ ͼ͙ͻ 
ͨͪͦͺ͔͚ͫ͜ ͜ ͍͙ͤ͊͘;͙͙ͫ͡Έ ͘ ͤ͊ͨͪΎ͙ͣ͊ͣ͟ ͍͙ͪͦͭͯ͘͟ ͙͙ͦͭͪͣ͊ͤͻ ͍͙ͤ͊;ͦ͟ ͨ͒͜ ;͊ͫ ͨͦ͒͊͡Έ΄ͦ͝ ͍͙ͦͫͭ͜Φ ˹͔͍͊͗͊͘Ό;͙ ͤ͊ ͔ͭΣ ͭͦ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͨͦ΄͙ͪΌΌͭΈͫΎ ͍ ͯͫ͜ ͫͺ͔͙ͪ ͙͗ͭͭΎΣ ͊Σ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͔͔ͨͪ͜͟͡ ͨͪͦͺ͔͚ͫ͜ ͪͦ͘΄͙ͪΌΊͭΈͫΎ ͜ ͎͙ͨͦ͋͡͡ΌΊͭΈͫΎΣ 
͔͒Ύ͟͜ ͯ;ͤ͜ ͣͦ͗ͯͭΈ ͍͔͍͔ͨͤͤͦ ͤ͊͘ͻ͙͙ͦ͒ͭ ͒͡Ύ ͔͔ͫ͋ ͔͍͔͙ͤ͟͜͡ ͔͙ͨͪͦͭ͟Σ ͊͘ ͍ͫͦͣ͝ ͫͣ͊ͦͣ͟ ͜Σ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͒͋ͤͦͫͭ͘͜Ύ͙ͣΣ ͜ ͯͫͨ͜΄ͤͦ ͝ͻ 
͍͙͍͙ͦͤͯ͊ͭ͟Φ 

͙́͊͋͡ͼΎ мΦ  
ˤ͙͎͙ͣͦ ͒ͦ ͍͙͋͊ͦ͘ͻ ͤ͊ͤ͘Έ ͒͡Ύ ͍͔͋-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͨͪͦͺ͔͚ͫ͜ 
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˿͔͍͔ͪͪͤ͊ ͍ͣͦ͊ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ  +  + 

˴͜͡ΊͤͭͫΈ͊͟ ͍ͣͦ͊ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ  +  + 

ˣ͙͊͘ ͙͒͊ͤͻ  +  + 

 
˽͙ͪ ͙͚ͨͪͦͣ͜ ͤ͊ ͪͦ͋ͦͭͯ ͍ͪͦ͋ͦͭͦ͒͊ͼ͜ ͍ ͍ͦͫͤͦͤͦͣͯ ͍͔ͪͭ͊͘ΌͭΈ ͍͎ͯ͊ͯ ͤ͊ ͨͦͪͭͺͦͦ͜͡ ͜Σ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͍͒ͦͫ͒͜ ͙ͪͦ͋ͦͭΣ ͯ Ύ͙͟ͻ 

͔ͨͪͦͭ͊͟ͻ ͍͋ͪ͊ ͯ;͊ͫͭΈ ͔͔͔ͨͪͭͤ͒ͤͭ ͜ Ύ͟͜ ͨͪͦͺ͔͚ͫͤ͜͜ ͍͙ͤ͊;͙͟ ͜ ͤ͊ͤͤ͘Ύ ͍ͤ͜ ͣ͊ΊΦ ˹͍͊;͊Ό;͙ͫΈΣ ͫͭ͊ͪ΄͙ͦ͊ͫͤ͟͟͡ ͍͙ͦͤͯ͟Ί ͔͋͘͜͡; 
͔͍ͨͪͦͭ͟͜ ͍͊ͫͤͦͪͯ͡; ς ͍ ͒͜ ͒ͦͣ͊΄ͤ͜ͻ ͍͊͒͊ͤ͘Έ ͘ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͍ͭͦͪ;͙ͻ ͍͊͒͊ͤ͘ΈΣ ͙ͦͤͯͪͫͤ͟͟ͻ ͪͦ͋ͭ͜Φ ̂;ͤ͜ ͔͋ͪͯͭΈ 
ͯ;͊ͫͭΈ ͯ ͦͤͯͪͫ͊͟͟ͻ όIntel ͔́ͻͤͦΣ L¢ ˢ͔ͪͤ͊Σ ˤ͔͔ͫ͊͡ ͤ͊ͯ͊͟ ͭͦ΅ͦύΣ ͦͣͨ͊͒͊͜͜͡ͻ ό͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͍͔͋-͙͚͒͊ͤ͘Σ ͎ͪ͊ͺ͊͜͟Σ ͊ͤͣ͊͜ͼ͜ΎύΦ 
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́͊ͦ͗͟ ͒ͦ ͨͦͪͭͺͦͦ͜͡ ͯ;ͤΎ ͣͦ͗ͤ͊ ͙͒ͦ͒͊ͭ ͔͙ͫͪͭͺ͙͊ͭ͜͟Σ ͙͙͒ͨͦͣ͡Σ ͎͙ͪ͊ͣͦͭΦ ́ͦͣͯ ͍͔͗ ͯ ΄͟͜͡Έͤ͜ ͙ͪͦ͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͎͊ͫͤͦͦ͡ 
ͨͦͪͭͺͦͦ͜͡ ς ͔ ͺ͔͙͍͙͚ͭͤ͟ ͫͨͦͫ͋͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔ͪ͊͊͘͜͡ͼ͜͝ Ό͎ͤͦͦ ͺ͊ͻ͍͜ͼΎΦ 

ˤ͙͍͙ͫͤͦ͟Φ ˤ͙͍;͔ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͣ͊Ί ͙ͫͭ͊ͭ ͙͔͙ͨͪͦͪͭͭͤͣ͜ ͯ ͫͯ;͚͊ͫͤ͜ ͙͔ͫͫͭͣ͜ ͍͙ͦͫͭ͜Φ ͔̇ ͔ͨͦͭͪ͋ͯΊ 
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Abstract. The article considers the content of the course "basics of HTML and web programming" for job seekers education 
high school institutions of General secondary education. The increase in Ukraine in recent years, the interest of students who 
already have the skills to work on the computer to the Internet and web design is the need of providing additional education with 
web technology. The course content includes information of the direction requires further development, since high school in the 
Informatics content of the missing issues of layout and graphic design of web pages, cascading style sheets, technology, web 
programming (client and server-side programming), layout of printed products and the like. Create elective courses for high school 
students towards the study of information technology, programming such as "basics of HTML and web programming" is the need 
of the society. The purpose of this article is an overview and explanations on the content of the course "basics of HTML and web 
programming" for computer science teachers for use in the educational process. 

The program is designed to teach high school institutions of General secondary education. It is a logical continuation of 
the study of computer science basic school and focused on classes, working on curriculum with the academic level of teaching 
science. The program is composed of two meaningful lines: the basics of layout and design of printed products and basics of layout 
and design of sites with learning the basics of web programming. Described explanation of the choice sections: two - and three-
dimensional computer graphics and animation, layout, printing products, hypertext markup language, cascading style sheets; the 
basics of client and server programming, database management system. To ensure course learning the necessary software tools 
that are free and freely distributable. The course may be recommended for use in institutions of secondary education. The course 
"basics of HTML and web programming" is an important step for the study of modern information technology, algorithmization 
and programming and will contribute to determining the direction of the acquired skills in further education students. 

Keywords: course of choice; high school; general educational institution; Information Technology; layout; web 
programming; graphics; animation. 
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˹͍͊ͯͦ͊͟ ͍͙ͤͦͤ͊͘ ͨͯ͋͊͜͟͡ͼ͜͝ ς ͙͔͙͍ͫͫͭͣ͊ͭͦ͊ͤͦ͘ ͙͙ͫͭ͊ͭͫͭ;ͤ͜ ͒͊ͤ͜ ͊͘ ͔ͨͪͦ͒͜ нлмоςнлмт ͪͪΦ ΅ͦ͒ͦ ͙ͪͦ͋ͦͭ 
͍͔͒͒ͤ͜͜͡Έ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͭ͊ ͔ͭͻͤ͜;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤΈ ˸͊ͦ͡͝ ͔͊͊͒ͣ͟͜͝ ͤ͊ͯ͟ ͙̂ͪ͊ͤ͟͝ ͔ͦͪͣͦ͟ ͊͘ ͙͙ͦ͋͊ͫͤͣ͡ 
ό͔ͪͫͨͯ͋͊ͤͫ͜͟͡Έ͙͙ͣ͟ύ ͼ͔͙ͤͭͪ͊ͣΣ ͙ͣͫͭ͊ͣ͜ ό͚͙͙ͪ͊ͦͤͤͣ ͼ͔͙ͤͭͪ͊ͣύ ͭ͊ ͔͙ͫ͊ͣ͡ ό͔͙ͫ͡΅͙͊ͣ ͣͫ͜Έ͎ͦͦ͟ ͙ͭͨͯύΦ ˽͙ͪ͊ͭ͟;ͤ͊ 
ͤ͊͘;͙ͣͫͭ͜Έ ͨͯ͋͊͜͟͡ͼ͜͝ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͙ͦͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͍ ͨͪͦͼ͔ͫ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
ͨͦ͊͊ͫͤͦ͘͟͡͝ ͙ͪͦ͋ͦͭ ͯ;͍ͤ͜ ͍ ͨͦ͊͘΄͟͜͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͍͙ͦͫͭ͜Φ   

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ˸͊͊͡ ͔͊͊͒ͣ͟͜Ύ ͤ͊ͯ͟ ͙̂ͪ͊ͤ͟͝Σ ˸͊͊͡ ͔͊͊͒ͣ͟͜Ύ ͤ͊ͯ͟ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡Σ 
ͦͤͯͪͫ͟͟-͊͘ͻ͙ͫͭ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͪͦ͋ͭ͜Φ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽͎͍͒ͦͭͦ͊͜͟ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͍͙ͭ͊͊ͤͦͭͦ͡͝ ͣͦͦ͒͜͡ ͍ ͔ͣ͗͊ͻ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝ 

ͤ͊ ͍ͦͫͤͦ͜ ͙ͪͦͪͦ͋͘͟ ͭ͊ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎͊͊͘͡Έ͔͍͙ͤͦ͒ͪ͗͊ͤͻΣ ͔͎ͪͦͤ͊͜͡Έ͙ͤͻΣ ͣͫ͜ͼ͔͍͙ͻΣ ΄͟͜͡Έ͙ͤͻ ͭ͊ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ Ί ͙ͦ͒ͤͣ 
͘͜ ͙͍͙ͣͦ͗͡ͻ ͤ͊ͨͪΎ͍ͣ͜ ͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔͍͙͒ͪ͗͊ ͍͙͙ͦ͋͒͊ͪͦ͊ͤͣ ͔ͫͨͼ͙͊ͫͭ͊ͣ͜͜͡Φ ˿Έ͎ͦͦ͒ͤ͜ ͙ͣ ͔ͣͦ͗ͣͦ 
͍͙ͦͤͫͭ͊ͭͯ͊ͭ͟Σ ΅ͦ ͋͜͡Έ΄ͫͭ͜Έ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͨͦͣͭͤͦ͜ ͙͍͍͙͊ͭͯ͊͘͟͜͡ ͒͜Ύ͡Έͤͫͭ͜Έ ΅ͦ͒ͦ ͙͔͙ͫͫͭͣ͊ͭ;ͤͦ͝ 
͙ͪͦ͋ͦͭ ͘ ͍ͦ͋͒͊ͪͦ͊ͤͦΌ ͯ;͍ͤͫ͜Έͦ͟Ό ͣͦͦ͒͒͡Ό ΄͡Ύͻͦͣ ͙ͪͦͪͦ͋͘͟ ͭ͊ ͍͔ͭͤͤ͜͡Ύ ͎ͨͪͦͪ͊ͣ ͍͙ͪͦͭͯ͘͟ ͔͚͒͋ͤͦͫͭ͘͜ ͜ ͍ͦ͋͒͊ͪͯ͊ͤΈ 
΄ͦ͟͡Ύ͍ͪ͜Σ ͊ ͭ͊ͦ͗͟ ͍͙͚͔ͤ͊͒ͤͤΎ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͜ ͍͙ͻ͍ͦ͊ͤͤΎ ͍ͭͦͪ;ͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˢ͔͡ ͤ͊ ΄͡Ύͻͯ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͎ͣͦͦ͒ͦͦ͡ ͍ͤ͊ͯͦ͟ͼΎ ͔ͨͪͦ͋ͣ͡ ͋͜͡Έ΄ ͤ͗͜ ͒ͦͫͭ͊ͭͤΈͦΦ 
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ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͙ͤ͊ͯ͟ ͍͔͗ ͫΈ͎ͦͦ͒ͤ͜ ͔͎͙͍ͤ͊ͭͤͦ ͨͦͤ͊͘;͊ΊͭΈͫΎ ͤ͊ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜-͔ͭͻ͎ͤͦͦ͜͡;ͤͦͣͯ ͍͙ͪͦͭͯ͘͟ ͔͍͙͒ͪ͗͊Φ 
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ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ. ˽͔ͪͦ͋ͣ͊͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͒ͦͫ͒ͤͦ͜͡͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͎ͣͦͦ͒ͦͦ͡ ͨͦͦͤͤ͟͜͡Ύ Ί ͎͎͋͊͊ͭͦͪ͊ͤͤͦΌΦ 
˲͝ ͤ͊͘;ͯ΅ͫͭ͜Έ ͯ ͍ͤ͊;͊ͤͤ͜ ͚ͤ͊͘΄͊͡ ͍ͫͦΊ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ Ύ͟ ͯ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ ό̑Φ ˣ͊͋͊ͤͫΈ͙͚͟Σ ˴Φ ˥͙ͪ͒ͤΊ͍͊Σ ̑Φ ˥͙ͪͼ͚͊Σ 
ˤΦ ˭͎͍͊Ύ͙ͤͫ͘Έ͙͚͟Σ ˤΦ ˴͍ͦ͊ͦ͘͟Σ ˤΦ ˽ͦͦͤͫ͡Έ͙͚͟Σ ˻Φ ˾͙ͯ͒ͤͼΈ͊͟Σ ˸Φ ˿͙ͣͦͪͦ͒ͤͫΈ͊͟Σ ˸Φ ˿͔ͦ͒͊ͭͤͦ͟͡Σ ˸Φ ˿ͦͪͦͤ͟͜ ͭ͊ ͤ͜ΦύΣ ͭ͊͟ ͜ ͯ 
͚͊ͪͯ͋͗ͤ͘͜͜ ͍͚ͤ͊ͯͦ͟͜ ͒ͯͣͼ͜ όˤΦ ˻ͦͤ͟Έ ͭ͊ ͤ͜ΦύΦ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˽͍͙ͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͍͒ͦͫ͒͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ͯ ͨͪͦͺ͜͡Έͤͦͣͯ ͨͦ͊͘΄͟͜͡Έͤͦͣͯ 
͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡ ˸͊͊͡ ͔͊͊͒ͣ͟͜Ύ ͤ͊ͯ͟ ͙̂ͪ͊ͤ͟͝ ό˸ˢ˹̂ύΣ ΅ͦ ͣ͊Ί ͙ͤͯ͘͟ ͍ͤ͊;͊͡Έ͙ͤͻ ͼ͔͍ͤͭͪ͜ ό͔͙ͭͪͭͦͪ͊͜͡Έ͙ͤͻ ͍͔͒͒ͤ͜͜͡Έύ 
ͨͦ ͍͚ͫ͜ ̂ͪ͊ͤ͟͜͝Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˹͙͊ͣ ͋ͯͦ͡ ͍ͨͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͍͒ͦͫ͒͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ͯ 
ͨͪͦͺ͜͡Έͤͦͣͯ ͨͦ͊͘΄͟͜͡Έͤͦͣͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡ ˸͊͊͡ ͔͊͊͒ͣ͟͜Ύ ͤ͊ͯ͟ ͙̂ͪ͊ͤ͟͝ ό˸ˢ˹̂ύΣ ΅ͦ ͣ͊Ί ͙ͤͯ͘͟ ͍ͤ͊;͊͡Έ͙ͤͻ ͼ͔͍ͤͭͪ͜ 
ό͔͙ͭͪͭͦͪ͊͜͡Έ͙ͤͻ ͍͔͒͒ͤ͜͜͡Έύ ͨͦ ͍͚ͫ͜ ̂ͪ͊ͤ͟͜͝Φ ˸͔ͭͦΌ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡͝ ͨͯ͋͊͜͟͡ͼ͜͝ Ί ͊ͤ͊͘͜͡ ͔͒Ύ͙͟ͻ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͙͒͊ͤͻ ΅ͦ͒ͦ ͯ;͊ͫͭ͜ 
ͯ;͍ͤ͜ ͫͭ͊ͪ΄͙ͻ ͍͊ͫ͟͜͡ ͯ ˤ͔ͫͯͪ͊ͤͫ͟͝Έͦͣͯ͟ ͦͤͯͪͫ͟͟͜-͊͘ͻ͙ͫͭ͜ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͪͦ͋ͭ͜ ͍͔͒͒ͤ͜͜͡Έ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͭ͊ 
͔ͭͻͤ͜;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ό͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͺ͙͊͘͜͟ ͭ͊ ͊ͫͭͪͦͤͦͣ͜ΎΣ ͙ͤ͊ͯ͟ ͨͪͦ ˭͔ͣ͡ΌΣ ͔ͭͻͤ͜;ͤ͜ ͙ͤ͊ͯ͟ύΦ 

˹͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ˸ˢ˹̂ ͔͔͊͋ͨ͘͘;ͯΊ ͨͪͦͼ͔ͫ ͍͙Ύ͍͔ͤͤ͡Ύ ͭ͊ ͍͒͋ͦͪͯ͜ ͍͙ͦ͋͒͊ͪͦ͊ͤͻ ͔͚͒ͭ͜Τ ͍͙ͪͦͭͦ͘͟ ͝ͻͤ͜ͻ ͔͚͒͋ͤͦͫͭ͘͜Τ 
͒ͯͻ͍͎ͦͤͦͦΣ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦΣ ͍ͭͦͪ;͎ͦͦ ͍͙ͪͦͭͯ͘͟ ͨ͒ͪͦͫͭ͊͜Ό;͎ͦͦ ͨͦͦͤͤ͟͜͡ΎΤ ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͭ͊ 
ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͫ͊ͣͦͤ͊͘;͔ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜Τ ͍͙ͻ͍ͦ͊ͤͤΎ ͚ͣ͊͋ͯͭͤΈͦ͝ ͍ͭͦͪ;ͦ͝ ͭ͊ ͍ͤ͊ͯͦͦ͟͝ ͙ͣͤ͘͜Φ ˨ͦ ͫ͊͒ͯ͟͡ ˸ˢ˹̂ ͫΈ͎ͦͦ͒ͤ͜ 
͍ͻͦ͒ΎͭΈ нт ͔͎ͪͦͤ͊͜͡Έ͙ͤͻ ͔͙ͭͪͭͦͪ͊͜͡Έ͙ͤͻ ͍͔͒͒ͤ͜͜͡ΈΣ Ύ͟͜ ͙ͦͦͪ͒ͤͯ͟ΌͭΈ ͪͦ͋ͦͭͯ ͚͙ͪ͊ͦͤͤͻ ͜ ͣͫ͜Έ͙͟ͻ ͔͙ͭͪͭͦͪ͊͜͡Έ͙ͤͻ ͍͔͒͒ͤ͜͜͡Έ 
ͭ͊ ͍͙ͤ͊ͯͦ͟ͻ ͍͙͍ͭͦ͊ͪͫͭ ͯ;͍ͤ͜Φ ̊ͫͭͤ͊͒͜ͼΎͭΈ  ͘͜ ͍͒͊͒ͼΎ͙ͭ ͔͙ͫͣ ͔͎ͪͦͤ͊͜͡Έ͙ͤͻ ͔͙ͭͪͭͦͪ͊͜͡Έ͙ͤͻ ͍͔͒͒ͤ͜͜͡Έ ˸ˢ˹ ͔ͯ͗ 
͔͎͍ͪͦͪ͊ͤͦ͊ͤͦ͘͜ ͯ ͔ͫͨͼ͍͊ͦ͊ͤ͘͜͜͜͡ ͨͦ͊͘΄͟͜͡Έͤ͜ ͍ͤ͊;͊͡Έͤ͜ ͙͊͊͒͘͟͡ ς ͣ͊͜͡ ͔͊͊͒ͣ͟͜͝ ͤ͊ͯ͟ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡ ό˸ˢ˹̂˸ύΦ ˹͊ 
͚ͪ͊ͦͤͤͦͣͯ ͭ͊ ͣͫ͜Έͦͣͯ͟ ͍ͪͤ͜Ύͻ ͯͫͨ͜΄ͤͦ ͨͪ͊ͼΌΌͭΈ ͚ͪ͊ͦͤͤ͜ όͣͫ͜Έ͟͜ύ ͔͙ͭͪͭͦͪ͊͜͡Έͤ͜ ͍͔͒͒ͤͤ͜͜͡Ύ ˸ˢ˹̂ Ύ͟ ͔ͦͪͣ͟͜ Ό͙͙ͪ͒;ͤ͜ 
͙ͦͫͦ͋Σ ͺ͜͜͡͝ ͔͎ͪͦͤ͊͜͡Έ͙ͤͻ ˸ˢ˹̂˸Σ ͊͋ͦ Ύ͟ ͙ͨ͒ͪͦ͒͘͜͜͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡Σ ͍͙ͤ͊͘;͔͙ͤͻ ͍͍͙͙͒ͨͦ͒ͤͣ͜͜ ͍ͯͨͪ͊ͤͤ͜͡Ύ͙ͣ ͍͙ͦͫͭ͜ 
͜ ͙ͤ͊ͯ͟Φ ˲ͻ ͎͊͊͘͡Έͤ͊ ͟͜͡Έͫͭ͟͜Έ ͍͙ͫͭ͊ͤͦͭΈ ͙͋͘͡Έͦ͟ ͙ͭͫΎ;͜Φ ̋ͦͪͦͯ͟ ͍ ͙͔ͫͫͭͣ͜ ˸ˢ˹̂ ͨͪ͊ͼΌΌͭΈ ͨͦͤ͊͒ т ͙ͭͫΎ; ͍͙ͤ͊ͯͦ͟ͻ ͔ͫ͟ͼ͚͜Σ 
͎͍ͯͪͭ͟͜ ͭ͊ ͤ͜΄͙ͻ ͍ͭͦͪ;͙ͻ ͦ͋ΩΊ͒ͤ͊ͤΈΦ 

˭ͣ͜ͼ͔ͤͤͤΎ ͍͙͔͊ͭͦͪͭͭͯ ˸ˢ˹̂ ͭ͊ ͔͎ͪͦͤ͊͜͡Έ͙ͤͻ ˸ˢ˹̂˸ ͍ ͯͪ͊ͤͫ͟͝Έͦͣͯ͟ ͫͦͼͯͣ͜͜ ͙ͫͨͪΎΊ ͪͦͫͭ͊ͤͤ͘Ό ;͙͔ͫ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ 
͔͊͊͒ͣ͟͜͝Φ ˭ ͙ͦ͗ͤͣ͟ ͪͦͦͣ͟ ͒ͦ ͍͎ͤ͊ͯͦͦͦ͟ ͨͦ΄ͯͯ͟ ͊ͯ͘͡;͊ΊͭΈͫΎ ͔͒͒͊͜͡ ͋͜͡Έ΄͔ ͍͙ͦ͋͒͊ͪͦ͊ͤͻ ͔͚͒ͭ͜ ͤ͊΄ͦ͝ ͔͍͙͒ͪ͗͊Φ ́͊͟Σ 
͍ͨͦͪͤ͜Ύͤͦ ͘ нллоς2004 ͤΦ ͪΦ ;͙͔ͫ͡Έͤͫͭ͜Έ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ς ͯ;͍ͤ͜ ˸ˢ˹̂ ͍ нлмсς2017 ͤΦ ͪΦ ͪͦͫ͊͘͡ ͍͙ͭͪ;͜ όнллоς2004 ͤΦ ͪΦ ς 
рл ͙ͭͫΦ ͦͫ͋͜Σ нлмсς2017 ͤΦ ͪΦ ς 170 ͙ͭ ͫΦύΦ ˾ͦ͘΄͙͔ͪͤͤΎ ͍ ͦͫͭ͊ͤͤ͜ ͙ͪͦ͟ ͔͔͍͙ͨͪͦͨ͒ͭ;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͎ͤ͊ͯͦͦͦ͟ ͼ͔ͤͭͪͯ ά˸ˢ˹̂έΣ 
͒͊ͦ͡ ͎ͣͦͯ͘ ͦͻ͙͙ͦͨͭ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟Ό ͒͜Ύ͡Έͤͫͭ͜Ό ͭ͊ͦ͗͟ ͔͚͒ͭ͜ ͒ͦ΄͟͜͡Έ͎ͤͦͦΣ ͣͦͦ͒͡΄͎ͦͦ ͜ ͔͔ͫͪ͒ͤΈ͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Φ ͙́͊ͣ͟ 
;͙ͤͦͣΣ ͎͊͊͘͡Έͤ͊ ͟͜͡Έͫͭ͟͜Έ ͍͙ͻ͍ͦ͊ͤͼ͍͜ ˸ˢ˹̂Σ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͯ;͙͍͊ͫͤ͟͜ ͍͙ͣ͊ͫͦͻ ͊͘ͻ͍ͦ͒͜Σ ͯ нлмнς2013 ͤΦ ͪΦ ͔͔͍͙ͨͪ΅͙͊͡ 
250 ͭ ͙ͫΦ ͦ ͫ͋͜Σ ͊ ͯ ͔͔ͭͨͪ͜΄͚ͤ͜ ;͊ͫ ͍͙ͫͭ͊ͤͦͭΈ ͒ͦ олл ͙ͭͫΦ ͦͫ͋͜Φ ˴͜͡Έͫͭ͟͜Έ ͔͚͒ͭ͜ ͘ ͫ͜͡ΈͫΈͦ͟͝ ͣͫ͜ͼ͔͍ͦͫͭ͜Σ Ύ͟͜ ͔͋ͪͯͭΈ ͯ;͊ͫͭΈ ͯ ͪͦ͋ͦͭ͜ 
˸ˢ˹ ͙̂ͪ͊ͤ͟͝ ͍͙ͫͭ͊ͤͦͭΈ нн҈ ͍͒͜ ͎͊͊͘͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͯ;͍ͤ͜ ς ;͔͍ͤ͜͡ ˸ˢ˹Φ 

ˤ͔ͫͯͪ͊ͤͫ͟͝Έ͙͚͟ ͦͤͯͪͫ͟͟-͊͘ͻ͙ͫͭ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͪͦ͋ͭ͜ ͯ;͍ͤ͜ ς ;͔͍ͤ͜͡ ˸ˢ˹̂ ό͒͊͜͡ ς ˴ͦͤͯͪͫ͟-͊͘ͻ͙ͫͭύ Ί 
͍ͦͫͤͦͤͦΌ ͍ͫ͊͒ͦͦ͟͡Ό ͙͔͙ͫͫͭͣ ͍͙Ύ͍͔ͤͤ͡ΎΣ ͍͙ͪͦͭͯ͘͟ ͜ ͙͙ͨ͒ͭͪͣ͜͟ ͍͙ͦ͋͒͊ͪͦ͊ͤͻΣ ͙͒͋ͤ͘͜ͻ ͒ͦ ͍ͤ͊ͯͦͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͚͒ͭ͜ ͜ 
͍͙ͭ͊͊ͤͦͭͦ͡͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͣͦͦ͒͜͡Φ ˸ˢ˹ ΅͔ ͘ ;͍͊ͫ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͨͪ΄͙ͻ ͙ͣ͊͡ͻ ͔͚͊͊͒ͣ͟͜ ͤ͊ͯ͟ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡ ͋ͯ͊͡ ͭ͊ 
͙͊͘͡΄͊ΊͭΈͫΎ ͫΈ͎ͦͦ͒ͤ͜ ͙͔ͫͭͪ͗ͤͣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͯͫ͜Ί͝ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͙ͪͦ͋ͦͭ ͯ;͍ͤ͜ ͍ ̂ͪ͊ͤ͟͜͝Φ  

ˢͤ͊͘͜͡ ͙͊ͤ͊ͭ͜͡;͙ͤͻ ͍͍ͭ͘͜͜ ΅ͦ͒ͦ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ˸ˢ˹̂ ͍͒ͦͦ͘͡ΎΊ ͍͙ͦͤͫͭ͊ͭͯ͊ͭ͟ ͙͙͍ͨͦͭͤͯ͘ ͙͒ͤ͊ͣͯ͜͟ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͎ͤ͊͗ͤͦͦ͡ ͍ͤ͊ͯͦͦ͟ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͒͡Ύ ͍ͨͦͤͦͼ͎ͤͤͦͦ͜ ͙ͪͦͪͭͭ͘͟Ύ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ ͍ͭ͊͊ͤͭ͜͡ ͍͙ͦ͋͒͊ͪͦ͊ͤͻ ͔͚͒ͭ͜Φ ́͊͟Σ 
Ύ͟΅ͦ ͯ ͔ͨͪͦ͒͜ нллпςнллр ͪͪΦ ˸ˢ˹̂ ͤ͊͜͡;͍ͯ͊͊͡ ор ͔ͫ͟ͼ͚͜ с ͍͙ͤ͊ͯͦ͟ͻ ͍͔͒͒ͤ͜͜͡ΈΣ ͭͦ ͍ ͔ͨͪͦ͒͜ нлмрςнлмт ͪͪΦ ͍͔͗ ͺͯͤ͟ͼͦͤͯ͜ΌͭΈ 
со ͔ͫ͟ͼ͜͝ мн ͍͙ͤ͊ͯͦ͟ͻ ͍͔͒͒ͤ͜͜͡Έ ό͙ͪͫΦ 1). 

́͊͊͟ ͫͭͪͣ͊͜͟ ͙͒ͤ͊ͣ͊͜͟ ͫͭ͊͊͡ ͙͍ͣͦ͗ͦ͡Ό ͍͊͒͘Ύ͙͟ ͋͘͜͡Έ΄͔ͤͤΌ ͟͜͡Έͦͫͭ͟͜ ͯ;͙͍͊ͫͤ͟͜ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯΦ ˿͍ͭͦͫͦͤͦ ͗ 
ͺͤ͊ͯ͜͡ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͎ͣ͊͊ͤͤ͘Ύ ό˱˱˱ ͔ ͭ͊ͨύΣ ͍͙͒ͣͭͣͦ͜͜ ͍ ͔ͨͪͦ͒͜ нллрςнлмп ͪͪΦ ͍͒͋ͯͦͫ͜͡Ύ ͋͘͜͡Έ΄͔ͤͤΎ ͯ;͙͍͊ͫͤ͟͜ ͯ мΣс ͙ͪ͊͘ ς 
͍͒͜ упу ͯ;͙͍͊ͫͤ͟͜ ͯ нллр ͪΦ ͒ͦ ͙ͣ͊ͫͣ͊͟͡Έͤͦ͝ ͝ͻ ͟͜͡Έͦͫͭ͟͜ ͯ нлмп ͪΦ ς морр ͯ;͙͊ͫͤ͊͟ ό͙ͪͫΦ нύΦ ˱͙ͫͭͦͭͤͣ ͤ͊ ͭ͜͡ ͪͦͫͭ͊ͤͤ͘Ύ 
;͙͔ͫ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ς ;͔͍ͤ͜͡ ˸ˢ˹̂Σ ͤ͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ Ί ͔ͭΣ ΅ͦ ͔ͺ͔͙͍ͭͤ͊͟ ͔͔͍͙ͨͪͦͨ͒ͭ;ͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͙ͭͪͭͦͪ͊͜͡Έ͙ͤͻ ͍͔͒͒ͤ͜͜͡Έ 
͙ͫͨͪΎ͊͡ ͊ͯ͘͡;͔ͤͤΌ ͒ͦ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͦͪͣ͟͜ ͯ;͍ͤ͜ ͫͭ͊ͪ΄͙ͻ ͍͊ͫ͟͜͡ ͔͚͒ͭ͜ ͔͔ͫͪ͒ͤΈ͎ͦͦΣ ͣͦͦ͒͡΄͎ͦͦ ͭ͊ ͒ͦ΄͟͜͡Έ͎ͤͦͦ 
͍ͯ͜͟Φ  

 

  

˾͙ͫΦ мΦ ͙͔̉ͫ͡Έͤͫͭ͜Έ ͍͙ͤ͊ͯͦ͟ͻ ͍͔͒͒ͤ͜͜͡Έ ͜ ͔ͫ͟ͼ͚͜ 
˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ  ͍  нллрςнлмт ͪͪΦ 

˾͙ͫΦ нΦ ˨͙ͤ͊ͣ͊͜͟ ͪͦͫͭ͊ͤͤ͘Ύ ;͙͔ͫ͡Έͤͦͫͭ͜ ͯ;͙͍͊ͫͤ͟͜ ͺͤ͊͜͡Έ͎ͤͦͦ 
ό˱˱˱ύ ͔ ͭ͊ͨͯ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ ͍ ͔ͨͪͦ͒͜ нллрςнлмт ͪͪΦ 

 
͍͙̇͊ͣ͜͟Σ ͤ͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ Ί ͪͦͨͦ͒͘͜͡ ͯ;͙͍͊ͫͤ͟͜ ͺͤ͊͜͡Έ͎ͤͦͦ ͔ͭ͊ͨͯ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ ͊͘ ͣͫ͜ͼ͔ͣ ͙͍ͨͪͦ͗͊ͤͤΎΦ ́͊͟Σ 

͔ͣͦ͗ͣͦ ͍͙͙͒ͣͭͭ͜͜Σ ΅ͦ ͍ ͔ͨͪͦ͒͜ нлмнς 2017 ͪͪΦ ͚ͤ͊;͙͔ͫ͡Έͤ͜΄ͦΌ Ί ͎ͪͯͨ͊ ͍ͦͤͯͪͫ͊ͤͭ͟͟͜Σ ΅ͦ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭΈ ͔͙ͭͪͭͦͪ͊͜͡Έͤ͜ 
͍͔͒͒ͤͤ͜͜͡Ύ ˸ˢ˹ ς ͣΦ ˴͙͍͝Σ ͣΦ ˿͔͍͊ͫͭͦͨͦ͡ΈΣ ͣΦ ˿ͣ͜ͺ͔ͪͦͨͦ͡Έ ͭ͊ ͦ͋͊ͫͤ͜͡ ͼ͔͙ͤͭͪ ό͙ͪͫΦ оύΦ ˹͚͔͊ͣͤ΄ͦΌ ͊͘ ͟͜͡Έͫͭ͟͜Ό ͯ;͙͍͊ͫͤ͟͜ 
˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ ͪͦ͋ͭ͜ Ί ͎ͪͯͨ͊Σ ͒ͦ Ύͦ͟͝ ͍ͻͦ͒ΎͭΈ ͔ͣ΄͊ͤ͟ͼ͜ ͫ͜͡ ͭ͊ ͔͙ͫ͡΅ ͣͫ͜Έ͎ͦͦ͟ ͙ͭͨͯΦ ˴͜͡Έͫͭ͟͜Έ ͔͍͙͍ͨͪ͒ͫͭ͊ͤ͟͜ ͼ͜Ί͝ ͎͙ͪͯͨ ͍ 
͔ͨͪͦ͒͜ нлмнςнлмт ͪͪΦ ͍͙ͫͭ͊ͤͦ͊͡ ͙͋͘͡Έͦ͟ мл ҈Φ ˹͚͎͊ͪ͜΄͙ͣ ͼ͔͚ ͙ͨͦ͊ͤ͘͟͟ ͍͋ͯ ͯ нлмп ͪΦΣ ͙ͦ͟͡ ͟͜͡Έͫͭ͟͜Έ ͔͍͙͍ͨͪ͒ͫͭ͊ͤ͟͜ ͫ͜͡ ͭ͊ 
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͔͙ͫ͡΅ ͣͫ͜Έ͎ͦͦ͟ ͙ͭͨͯ ͍͙ͫͭ͊ͤͦ͊͡ с ҈ ͍͒͜ ͎͊͊͘͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͯ;͙͍͊ͫͤ͟͜ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯΦ ͙͚́͊͟ ͺ͊ͭ͟ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͎͔͙͚͊ͤ͋ͤ 
ͫͭ͊ͤ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͙ͪͦ͋ͦͭ ͍ ΄ͦ͊͟͡ͻ ͙ͯ͊͊ͤ͘͟ͻ ͙͍ͭͨ͜ ͔͔͙ͤ͊ͫͤ͡ͻ ͍ͨͯͤͭ͟͜Φ 

 

 

˾͙ͫΦ оΦ ˾ͦͨͦ͒͘͜͡ ͯ;͙͍͊ͫͤ͟͜ ͺͤ͊͜͡Έ͎ͤͦͦ ό˱˱˱ύ ͔ͭ͊ͨͯ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ ͊͘ ͣͫ͜ͼ͔ͣ ͙͍ͨͪͦ͗͊ͤͤΎ    
 

ˤ͙͍͙͊͗ͣ͡ ͙ͨͦ͊ͤͦͣ͘͟͟ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭ͜ ͯ;͊ͫͭ͜ ͔͙ͭͪͭͦͪ͊͜͡Έ͙ͤͻ ͍͔͒͒ͤ͜͜͡Έ ˸ˢ˹̂ Ί ͍͍͔͒ͫͦͭͦ͜͟ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ 
͟͜͡Έͦͫͭ͟͜ ͔͔ͨͪͣͦ͗ͼ͍͜ ͭ͊ ͟͜͡Έͦͫͭ͟͜ ͯ;͙͍͊ͫͤ͟͜ ͍͒͜ ͔͎ͪͦͤͯ͜Φ ˨͙͚͊ͤ ͙ͨͦ͊ͤ͘͟͟ Ί ͍ͫͦΊ͙ͪ͒ͤͣ͜ ͔ͦ͟ͺ͜ͼ͜Ίͤͭͦͣ ͙ͦͪͫͤͦ͟͝ ͒͜͝ 
͔͙ͭͪͭͦͪ͊͜͡Έ͎ͤͦͦ ͍͔͒͒ͤͤ͜͜͡Ύ ˸ˢ˹Φ ́͊͟Σ ͊ͤ͊͘͜͡ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͙͒͊ͤͻ ό͙ͪͫΦ пύ ͍͙͍͒ͦͦ͘͡ ͍͔͙͒ͤͫͭ͜ ͒ͦ ͙ͭ͊͟ͻ ͍͔͒͒ͤ͜͜͡Έ ͯ ͔ͨͪͦ͒͜ 
2013ςнлмт ͪͪΦ ͔͙ͭͪͭͦͪ͊͜͡Έͤ͜ ͍͔͒͒ͤͤ͜͜͡Ύ ͍̆͊ͪͦ͊͟Σ ˶Έ͍͍ͦ͊Σ ˴͙Ί͍͊Φ ̂ ͚ͭͦ ͔͗ ;͊ͫΣ ͎͙͚͊͒͊ͤ͘ ͙ͨͦ͊ͤ͘͟͟ ͔ͤ ͍͒ͦ͋ͪ͊͗͊͜Ί ͎͊͊͘͡Έͤͯ 
͟͜͡Έͫͭ͟͜Έ ͯ;͍ͤ͜-;͔͍ͤ͜͡ ͔͙ͭͪͭͦͪ͊͜͡Έ͎ͤͦͦ ͍͔͒͒ͤͤ͜͜͡Ύ ˸ˢ˹Σ Ύ͟ ͒͡Ύ ͦ͗ͤͦ͟͝ ͦ͋͊ͫͭ͜͡ ό͔͙ͭͪͭͦͪ͊͜͡Έ͎ͤͦͦ ͍͔͒͒ͤͤ͜͜͡Ύύ Ί ͪͤͦ͘͜ΌΦ ́͊͟Σ 
ͤ͊ ͙ͪͫΦ р ͨͦ͊͊ͤͦ͘͟ ͪͦͨͦ͒͘͜͡ ͍ͦͤͯͪͫ͊ͤͭ͟͟͜ ͺͤ͊͜͡Έ͎ͤͦͦ ͔ͭ͊ͨͯ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ ˸ˢ˹̂ ͊͘ ͦ͋͊ͫͭ͡Ύ͙ͣ ͍ ͔ͨͪͦ͒͜ нлмоςнлмт ͪͪΦ 

˻͙͍ͫͦ͋ͦ͡ ͼ͍͙͊ͣ͜͟Σ ͤ͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ Ί ͪͦͨͦ͒͘͜͡ ͯ;͙͍͊ͫͤ͟͜ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ ͍ ͪͦͪ͘͘͜͜ ͍͙ͤ͊ͯͦ͟ͻ ͍͔͒͒ͤ͜͜͡ΈΦ ́͊͟Σ ͊ͤ͊͘͜͡ 
͙͒͊ͤͻ ό͙ͪͫΦ сύΣ ͍͒ͦͦ͘͡ΎΊ ͍͙ͦͤͫͭ͊ͭͯ͊ͭ͟ ͔͍ͤͭ͜΄ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ς ͍͔͒͒ͤͤ͜͜͡Ύ ά͙̅͊͘͜͟ ͭ͊ ͊ͫͭͪͦͤͦͣ͜Ύέ ό͔͒ͦͪ;͙Σ Ύ͟ ͜ ͍͔͒͒ͤͤ͜͜͡Ύ 
͔ͭͻͤ͜;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎύ ͍ͯͨͪͦ͒ͦ͗ ͦͫͭ͊ͤͤ͜ͻ ͍ͪͦ͟͜ ͊͘ ͟͜͡Έͫͭ͟͜Ό ͯ;͙͍͊ͫͤ͟͜ ͨͦͫ͒͊͜Ί ͔͔ͨͪ͒ͦͫͭ͊ͤͤ͜ ͣͫ͜ͼΎΦ ͙͚́͊͟ ͪͦͨͦ͒͘͜͡ Ί 
ͤ͊ͫ͒ͦͣ͜͟͡ ͊ͭ͊ͫͭͪͦ͟ͺ͜;ͤͦ͝ ͙ͫͭͯ͊ͼ͜͝Σ ΅ͦ ͫ͊͊ͫ͟͡͡Ύ ͘ ͍͙͊͒͊ͤͤ͟͡Ύͣ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͯ ͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡Φ 
˽͔ͪͦ͋ͣ͊͡ ͎͔͋͊͊ͭͦ͊ͫͨͭͤ͊͟ ͭ͊ ͣ͊Ί ͍ ͍͚ͫͦ͝ ͍ͦͫͤͦ͜ ͫͯͭͭΊ͍͔ ͙͔ͤ͗ͤͤ͘Ύ ͍ͪͤ͜Ύ ͍ͣ͊ͫͦͦ͝ ΄͟͜͡Έͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ ͎͊ͯ͘͜͡ ͺ͙͙͘͜͟ ͜ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ͯͨͪͦ͒ͦ͗ ͦͫͭ͊ͤͤ͜ͻ ͍ͪͦ͟͜Φ 

˾ͦͨͦ͒͘͜͡ ͯ;͙͍͊ͫͤ͟͜ ͺͤ͊͜͡Έ͎ͤͦͦ ό˱˱˱ύ ͔ͭ͊ͨͯ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ ͍͔͒͒ͤͤ͜͜͡Ύ ά͙̅͊͘͜͟ ͭ͊ ͊ͫͭͪͦͤͦͣ͜Ύέ ͊͘ ͣͫ͜ͼ͔ͣ 
͙͍ͨͪͦ͗͊ͤͤΎ ͨͦ͊͊ͤͦ͘͟ ͤ͊ ͙ͪͫΦ тΦ ̒͟ ͋͊;͙ͣͦΣ ͟͜͡Έͫͭ͟͜Έ ͯ;͍ͤ͜ ͯ;͙͍͊ͫͤ͟͜ ͺͤ͊͜͡Έ͎ͤͦͦ ͔ͭ͊ͨͯ ͘ ͫ͜͡ΈͫΈͦ͟͝ ͣͫ͜ͼ͔͍ͦͫͭ͜ Ί ͔͙ͤ͒ͦͨͯͫͭͣͦ 
͙ͤ͘Έͦ͟ΌΦ 

 

 
 

˾͙ͫΦ пΦ ˤ͍͔͒ͫͦͭͦ͜͟ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͟͜͡Έͦͫͭ͟͜ ͔͔ͨͪͣͦ͗ͼ͍͜ ͺͤ͊͜͡Έ͎ͤͦͦ ό˱˱˱ύ ͔ͭ͊ͨͯ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ ͒ͦ ͎͊͊͘͡Έͤͦ͝ 
͟͜͡Έͦͫͭ͟͜ ͯ;͙͍͊ͫͤ͟͜ ͍͒͜ ͔͎ͪͦͤͯ͜ 

60%

58%

60%

56%

53%

55%

30%

30%

36%

34%

36%

35%

10%

12%

6%

10%

11%

10%

2012

2013

2014

2015

2016

2017

˿͔͙͡΅͊ ͭ͊ ͔͙ͫ͡΅͊ ͣͫ͜Έ͎ͦͦ͟ ͙ͭͨͯ

˾͚͊ͦͤͤ͜ ͼ͔͙ͤͭͪ

ͣΦ ˴͙͍͝Σ ͣΦ ˿͔͍͊ͫͭͦͨͦ͡ΈΣ ͣΦ ˿ͣ͜ͺ͔ͪͦͨͦ͡Έ ͭ͊ ͦ͋͊ͫͤ͜͡ ͼ͔͙ͤͭͪ

͔́ͪͤͦͨ͜͡ΈͫΈ͊͟ см҈

͔́ͪͤͦͨ͜͡ΈͫΈ͊͟ сл҈

˨͍ͤͨͪͦͫ͜Έ͊͟ сл҈

˨͔ͦͤͼΈ͊͟Σ ˭͊ͨͦͪ͘͜Έ͊͟Σ 
˶Έ͍͍ͫ͜Έ͊͟ рс҈

˭͊ͨͦͪ͘͜Έ͊͟ рп҈

˱͍͊ͤͦ-͍̅ͪ͊ͤͫ͟͜Έ͊͟ см҈

͔͍͔̉ͪͤ͜ͼΈ͊͟ сл҈

ˤ͙ͦͤͫ͡Έ͊͟ ст҈

ˤ͙ͦͤͫ͡Έ͊͟ со҈

˾͍͔ͤͤͫ͜Έ͊͟ сл҈

˴͍͎ͪͦͦͪ͊͒ͫ͜Έ͊͟ см҈

˾͍͔ͤͤͫ͜Έ͊͟ ст҈

˾͍͔ͤͤͫ͜Έ͊͟ ст҈

˾͍͔ͤͤͫ͜Έ͊͟ сп҈

˱͍͊ͤͦ-͍̅ͪ͊ͤͫ͟͜Έ͊͟ со҈

ˤ͙ͦͤͫ͡Έ͊͟ со҈

˨͍ͤͨͪͦͫ͜Έ͊͟ ст҈

ͣΦ ˴͙͍͝ тп҈

͔͍͔̉ͪͤ͜ͼΈ͊͟ ср҈

͍̆͊ͪͫ͟͜Έ͊͟ тн҈

ͣΦ ˴͙͍͝ тл҈

˶Έ͍͍ͫ͜Έ͊͟ тл҈

˶Έ͍͍ͫ͜Έ͊͟ тр҈

͍̆͊ͪͫ͟͜Έ͊͟ тн҈

ͣΦ ˴͙͍͝ ту҈

͍̆͊ͪͫ͟͜Έ͊͟ ум҈

͍̆͊ͪͫ͟͜Έ͊͟ ус҈

͍̆͊ͪͫ͟͜Έ͊͟ ум҈

ͣΦ ˴͙͍͝ тп҈

˶Έ͍͍ͫ͜Έ͊͟ ум҈

2013

2014

2015

2016

2017
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˾͙ͫΦ рΦ ˾ͦͨͦ͒͘͜͡ ͍ͦͤͯͪͫ͊ͤͭ͟͟͜ ͺͤ͊͜͡Έ͎ͤͦͦ ͭͯͪͯ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ ˸ˢ˹ ͙̂ͪ͊ͤ͟͝ ͊͘ ͦ͋͊ͫͭ͡Ύ͙ͣ ͍ ͔ͨͪͦ͒͜ нлмоςнлмт ͪͪΦ  
 

 

 

˾͙ͫΦ сΦ ˾ͦͨͦ͒͘͜͡ ͯ;͙͍͊ͫͤ͟͜ ͦͤͯͪͫͯ͟͟-͊͘ͻ͙ͫͭͯ ͍ ͪͦͪ͘͘͜͜ ͍͙ͤ͊ͯͦ͟ͻ ͍͔͒͒ͤ͜͜͡Έ  
 
 

 

˾͙ͫΦ тΦ ˾ͦͨͦ͒͘͜͡ ͯ;͙͍͊ͫͤ͟͜ ͺͤ͊͜͡Έ͎ͤͦͦ ό˱˱˱ύ ͔ͭ͊ͨͯ ˴ͦͤͯͪͫͯ͟-͊͘ͻ͙ͫͭͯ ͍͔͒͒ͤͤ͜͜͡Ύ ά͙̅͊͘͜͟ ͭ͊ ͊ͫͭͪͦͤͦͣ͜Ύέ  ͊͘ ͣͫ͜ͼ͔ͣ 
͙͍ͨͪͦ͗͊ͤͤΎ  

˶Έ͍͍ͫ͜Έ͊͟ ͦ͋͡Φόрф ͯ;Φύ

˶Έ͍͍ͫ͜Έ͊͟ ͦ͋͡Φόрп ͯ;Φύ

˭͊͊ͪͨ͊ͭͫ͟Έ͊͟ ͦ͋͡Φ όрл ͯ;Φύ

˨͍ͤͨͪͦͫ͜Έ͊͟ ͦ͋͡Φόрм ͯ;Φύ

ˤ͙ͤͤ͜ͼΈ͊͟ ͦ͋͡Φ όпу ͯ;Φύ

˭͊ͨͦͪ͘͜Έ͊͟ ͦ͋͡Φόсл ͯ;Φύ

˨͔ͦͤͼΈ͊͟ ͦ͋͡Φ όрс ͯ;Φύ

˨͍ͤͨͪͦͫ͜Έ͊͟ ͦ͋͡Φ όрм ͯ;Φύ

˭͊͊ͪͨ͊ͭͫ͟Έ͊͟ ͦ͋͡Φ όрн ͯ;Φύ

˭͊ͨͦͪ͘͜Έ͊͟Σ ˱͍͊ͤͦ-͍̅ͪ͊ͤͫ͟͜Έ͊͟ ͦ͋͡Φόрм ͯ;Φύ

˾͍͔ͤͤͫ͜Έ͊͟ ͦ͋͡Φ όсм ͯ;Φύ

˽͍ͦͭ͊ͫ͡Έ͊͟ ͦ͋͡ΦΣˢ˾ ˴͙ͪͣ όрт ͯ;Φύ

˽͍ͦͭ͊ͫ͡Έ͊͟ ͦ͋͡Φ όро ͯ;Φύ

˶Έ͍͍ͫ͜Έ͊͟ ͦ͋͡Φόрр ͯ;Φύ

˶Έ͍͍ͫ͜Έ͊͟Σ ˾͍͔ͤͤͫ͜Έ͊͟ ͦ͋͡Φόрн ͯ;Φύ

ˢ˾ ˴͙ͪͣ όсн ͯ;Φύ

˭͊ͨͦͪ͘͜Έ͊͟Σ ˤ͙ͦͤͫ͡Έ͊͟ ͦ͋͡Φ όру Χ

˭͊ͨͦͪ͘͜ΦΣ ˶Έ͍͍͜Φ ͦ͋͡Φ όрп ͯ;Φύ

ˤ͙ͦͤͫ͡Έ͊͟ ͦ͋͡Φ όрт ͯ;Φύ

˨͍ͤͨͪͦͫ͜Έ͊͟Σ ˭͊ͨͦͪ͘͜Έ͊͟ ͦ͋͡Φ όрс ͯ;Φύ

ˤ͙ͦͤͫ͡Έ͊͟ ͦ͋͡Φ όсо ͯ;Φύ

˭͊͊ͪͨ͊ͭͫ͟Έ͊͟ ͦ͋͡Φ όрф ͯ;Φύ

͍̆͊ͪͫ͟͜Έ͊͟ ͦ͋͡Φόру ͯ;Φύ

͍̆͊ͪͫ͟͜Έ͊͟ ͦ͋͡Φ όру ͯ;Φύ

˽͍ͦͭ͊ͫ͡Έ͊͟ ͦ͋͡Φ όрт ͯ;Φύ

͍̆͊ͪͫ͟͜Έ͊͟ ͦ͋͡Φόст ͯ;Φύ

͍̆͊ͪͫ͟͜Έ͊͟ ͦ͋͡Φ όсп ͯ;Φύ

ˤ͙ͦͤͫ͡Έ͊͟ ͦ͋͡Φ όрф ͯ;Φύ

˾͍͔ͤͤͫ͜Έ͊͟ ͦ͋͡Φ όсм ͯ;Φύ

ͣΦ ˴͙͍͝ όру  ͯ;Φύ

ͣΦ ˴͙͍͝ όсф ͯ;Φύ

ͣΦ ˴͙͍͝ όср ͯ;Φύ

ͣΦ ˴͙͍͝ όсмͯ;Φύ

ͣΦ ˴͙͍͝ όсн ͯ;Φύ

͍̆͊ͪͫ͟͜Έ͊͟ ͦ͋͡Φ όсл ͯ;Φύ

2013

2014

2015

2016

2017

˸͔͙͊ͭͣ͊ͭ͊͟ р҈ όтм ͯ;Φύ

˸͔͙͊ͭͣ͊ͭ͊͟ р҈ όтнͯ;Φύ

˸͔͙͊ͭͣ͊ͭ͊͟ р҈ όсн ͯ;Φύ

˸͔͙͊ͭͣ͊ͭ͊͟ о҈ όоп ͯ;Φύ

˸͔͙͊ͭͣ͊ͭ͊͟ с ҈ όсн ͯ;Φύ

͙̅͊͘͜͟ ͭ͊ ͊ͫͭͪͦͤͦͣ͜Ύ р҈ όтп ͯ;Φύ

͙̅͊͘͜͟ ͭ͊ ͊ͫͭͪͦͤͦͣ͜Ύ с҈ όту ͯ;Φύ

͙̅͊͘͜͟ ͭ͊͜ ͊ͫͭͪͦͤͦͣ͜Ύ с҈ όсф ͯ;Φύ

͙̅͊͘͜͟ ͭ͊ ͊ͫͭͪͦͤͦͣ͜Ύ с҈ όсу ͯ;Φύ

͙̅͊͘͜͟ ͭ͊ ͊ͫͭͪͦͤͦͣ͜Ύ с ҈ όтн ͯ;Φύ

͔́ͻͤ͜;ͤ͜ ͙ͤ͊ͯ͟ ф҈ όммф ͯ;Φύ

˸͍͍͍ͦͦͤ͊ͫͭͦ͘ ф҈όмнм ͯ;Φύ

˸͍͍͍ͦͦͤ͊ͫͭͦ͘ ф҈ όмлм ͯ;Φύ

˸͍͍͍ͦͦͤ͊ͫͭͦ͘ ф҈ όфр ͯ;Φύ

͔́ͻͤ͜;ͤ͜ ͙ͤ͊ͯ͟ ф҈ όмло ͯ;Φύ

˸͍͍͍ͦͦͤ͊ͫͭͦ͘ ф҈ όммф ͯ;Φύ

͔́ͻͤ͜;ͤ͜ ͙ͤ͊ͯ͟ ф҈ όмнт ͯ;Φύ

͔́ͻͤ͜;ͤ͜ ͙ͤ͊ͯ͟ ф҈ όмлп ͯ;Φύ

̅ͦͫͦ͜͡ͺ͜Ύ  ͭ͊ ͫͯͫͨ-͍ͦ мл҈ όмлпͯ;Φύ

˱ͫͭͦͪ͜Ύ ф҈ όмлс ͯ;Φύ

̅ͦͫͦ͜͡ͺ͜Ύ ͭ͊ ͫͯͫͨ-͍ͦ ф ҈ όмнн ͯ;Φύ

˶ͭ͜-͍ͦΣ ͺͦ͡Έ͟-͍ͦ ͭ͊ ͣ-ͼ͍ͭͦ мл҈όмон ͯ;Φύ

˶͔ͭͪ͜-͍ͦΣ ͺͦ͡Έ͟-͊͟ ͭ͊ ͣ-ͼ͍ͭͦ мл ҈ όммо ͯ;Φύ

͔́ͻͤ͜;ͤ͜ ͙ͤ͊ͯ͟ мл ҈ όмлф ͯ;Φύ

˩͎ͦͦ͟͜͡Ύ ͭ͊ ͎͊ͪ͊ͪͤ͜ ͙ͤ͊ͯ͟ мл ҈ όммо ͯ;Φύ

˶͔ͭͪ͜-͍ͦΣ ͺ-͊͟ ͭ͊ ͣ-ͼ͍ͭͦ мл ҈ όмос ͯ;Φύ

̅ͦͫͦ͜͡ͺ͜Ύ ͭ͊ ͫͯͫͨ-͍ͦ мл҈ όмоп ͯ;Φύ

̅ͦͫͦ͜͡ͺ͜Ύ ͭ͊ ͫͯͫͨ-͍ͦ мл҈ όммн ͯ;Φύ

˶ͭ͜-͍ͦΣ ͺͦ͡-͍ͦ ͭ͊ ͣ-ͼ͍ͭͦмм҈ όммс ͯ;Φύ

˶ͭ͜-͍ͦΣ ͺͦ͡-͍ͦ ͭ͊ ͣ-ͼ͍ͭͦ мм҈ όмнп ͯ;Φύ

̆ͣ͜͜Ύ ͜ ͎͋ͦͦ͜͜͡Ύ мп ҈ όмуп ͯ;Φύ

̆ͣ͜͜Ύ ͜ ͎͋ͦͦ͜͜͡Ύ мо҈ όмтт ͯ;Φύ

̆ͣ͜͜Ύ ͭ͊ ͎͋ͦͦ͜͜͡Ύ мо҈ όмпу ͯ;Φύ

̆ͣ͜͜Ύ ͜ ͎͋ͦͦ͜͜͡Ύ мп҈ όмрр ͯ;Φύ

̆ͣ͜͜Ύ ͜ ͎͋ͦͦ͜͜͡Ύ мо ҈ όмпт ͯ;Φύ

2013

2014

2015

2016

2017

10%

2%

12%

10%

5%

24%

21%

25%

34%

31%

66%

77%

63%

56%

64%

2013

2014

2015

2016

2017

ͣΦ ˴͙͍͝Σ ͣΦ ˿͔͍͊ͫͭͦͨͦ͡ΈΣ ͣΦ ˿ͣ͜ͺ͔ͪͦͨͦ͡Έ 
ͭ͊ ͦ͋͊ͫͤ͜͡  ͼ͔͙ͤͭͪ

˾͚͊ͦͤͤ͜ ͼ͔͙ͤͭͪ

˿͔͙͡΅͊ ͭ͊ ͔͙ͫ͡΅͊ ͣͫ͜Έ͎ͦͦ͟ ͙ͭͨͯ
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˻͙͍ͫͦ͋ͦ͡ ͍ ͼΈͦͣͯ ͔͊ͫͨͭ͟͜ ͍͙͒ͣͭͣͦ͜͜ нлмп ͪΣ ͙ͦ͟͡ ͟͜͡Έͫͭ͟͜Έ ͯ;͙͍͊ͫͤ͟͜ ͘ ͫ͜͡ ͜ ͔͙ͫ͡΅ ͣͫ͜Έ͎ͦͦ͟ ͙ͭͨͯ ͍͙ͫͭ͊ͤͦ͊͡ н ҈ ͍͒͜ 
͎͊͊͘͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͺ͍ͤ͊ͫͭ͜͜͜͡ ͍͔͒͒ͤͤ͜͜͡Ύ ά͙̅͊͘͜͟ ͭ͊ ͊ͫͭͪͦͤͦͣ͜ΎέΦ ́͊͊͟ ͍͙ͦ͋ͫͭ͊ͤ͊ Ί ͙ͪ͟;ͯ΅ͦΌΣ ͔͙ͤ͒ͦͨͯͫͭͣͦΌΣ ͜ ͭ͊ͦ͟ΌΣ ΅ͦ 
͍͊ͯ͘͟Ί ͤ͊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͔͍͎ͭͪͣͤͦͦͦ͜ ͙͍͔͔ͨͪͪͤͤͤΎ ͍͎͙ͯ͊ ͤ͊ ͍ͪͤ͜͜ ˸˻˹̂ ͭ͊ ͣͫ͜ͼ͔͍͙ͻ ͎͍ͦͪ͊ͤ͜ ͍͙͊͒͡ ͒ͦ ͔ͨͪͦ͋ͣ͡ ͫ͜͡ΈͫΈͦ͟͝ 
΄͙ͦ͟͡ ό͍ ͭͦͣͯ ;͙ͫ͜͡ ͜ ͫͭ͊ͤͯ ͨͦ͊͘΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͍ ͫ͜͡ΈͫΈ͚͟͜ ΄ͦ͟͜͡ύΦ 

˭͊ ͙͙͒͊ͤͣ ͙ͫͯ͗͋͡ ͙͙͙ͫͭ͊ͭͫͭ͟ ͙̂ͪ͊ͤ͟͝ ͯ нлмпςнлмр ͤΦ ͪΦ ͊ͤ͘͟͜;͙͙͡ ΄ͦͯ͟͡ ˱˱˱ ͔ͫͭͯͨͤΎ ͭ͊ ͔͙ͦ͒ͪ͗͊͡ ͔͊ͭͫͭ͊ͭ ͨͪͦ ͍ͨͦͤͯ 
͎͊͊͘͡Έͤͯ ͔͔ͫͪ͒ͤΌ ͍ͦͫͭͯ͜ сф рсу ͯ;͍ͤ͜ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡Σ ΅ͦ ͍͙ͫͭ͊ͤͦͭΈ пу ҈ ͍͙͙͍ͨͯͫͤ͟͟͜ ͍͒͜ ͎͊͊͘͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜Σ ͊ ͤ͊ ͨͦ;͊ͭͦ͟ 
2015ςнлмс ͤΦ ͪΦ ͟͜͡Έͫͭ͟͜Έ ͯ;͍ͤ͜ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡ ͍͒͜ ͎͊͊͘͡Έͤͦ͝ ͝ͻ ͟͜͡Έͦͫͭ͟͜ ͍ ͔ͣ͗͊ͻ ͙̂ͪ͊ͤ͟͝ ͫͭ͊ͤͦͣ ͍͙ͫͭ͊ͤͦͭΈ он ҈ ώсϐΦ ˤ͒ͭ͊͜͟Σ 
ͫͭ͊Ί ͙ͪͦͯͣͣ͘͘͜͡Σ Ύ͙͚͟ ͔ͨͦͭͤͼ͊͜͡ ͣ͊Ί ͫ͜͡ΈͫΈ͊͟ ΄ͦ͊͟͡ ͚ Ύ͙͚͟ ͍͙͚ͤ͊ͯͦ͟ ͔ͨͦͭͤͼ͊͜͡Σ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͍ͭͪ͊;͊Ί ͤ͊΄͊ ͔͍͒ͪ͗͊͊ 
͍͊͒͘Ύ͙͟ ͭ͊ͦͣͯ͟  ͎͔͊ͤ͋ͤͦͣͯ ͍͔ͫͭ͊ͤͤ͡Ό ͒ͦ ͔ͨͦͭͪ͋ ͫ͜͡ΈͫΈͦ͟͝ ΄͙ͦ͟͡Φ 

 

 

˾͙ͫΦ уΦ ˾ͦͨͦ͒͘͜͡ ͯ;͙͍͊ͫͤ͟͜ ͦͤͯͪͫͯ͟͟-͊͘ͻ͙ͫͭͯ ͍͔͒͒ͤͤ͜͜͡Ύ ά͙̅͊͘͜͟ ͜ ͊ͫͭͪͦͤͦͣ͜Ύέ 
 

 
 

˾͙ͫΦ фΦ ˾ͦͨͦ͒͘͜͡ ͍ͦͤͯͪͫ͊ͤͭ͟͟͜ ͯ ˱ ͭ͊ ˱˱ ͔ͭ͊ͨ͊ͻ ͨͦ ͍͔͒͒ͤͤ͜͜͡Ύͻ ˿ͯͣͫΈ͎ͦͦ͟ ͔͙ͭͪͭͦͪ͊͜͡Έ͎ͤͦͦ ͍͔͒͒ͤͤ͜͜͡Ύ ˸ˢ˹ ͙̂ͪ͊ͤ͟͝ 
όнлмр ͪΦύ 

 

 

˾͙ͫΦ млΦ ˾ͦͨͦ͒͘͜͡ ͍ͦͤͯͪͫ͊ͤͭ͟͟͜ ͯ ˱ ͔ͭ͊ͨ͜ ͨͦ ͍͔͒͒ͤͤ͜͜͡Ύͻ ˿ͯͣͫΈ͎ͦͦ͟ ͔͙ͭͪͭͦͪ͊͜͡Έ͎ͤͦͦ ͍͔͒͒ͤͤ͜͜͜͡ ˸ˢ˹ ͙̂ͪ͊ͤ͟͝ (2016 ͪ Φύ 
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ͺ͙͊͘͜͟
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˴͜͡Έͫͭ͟͜Έ ͪͦ͋ͭ͜ II ͔ ͭ͊ͨͯ˴ ͜͡Έͫͭ͟͜Έ ͪͦ͋ͭ͜ I ͔ ͭ͊ͨͯ






























































































































































































































































































































































































































































































































































































































































