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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˽˾˻˳˩˴́˹ˮ ˭ˢ˨ˢ́ˢ˴ 
 

I. ̂ ˤ˻˨ 

 

˳͍͊ͤͦ ͔͔ͨͪ͒ͯ͘ΐ͔ Ϧ˽͔͍͙ͯͭ ˿͙͔ͪ͋͞Ϧ όͯ ͔͒͊ͣ͢ ͔ͭͫͭͯ͟ ˹͊ͪͯ;͙͊͡ͼύΣ ͙͙ͨͪͫͭͯͨͦ͡ ͔͞ 

ͨͦ͋ͦ͢΄͊ͥͯ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟ ͤ͊ ͍͙͒ͪ͗͊ͤͣ ͔͍͙ͨͯͭͣ͊Σ ͫ͊ ͔ͨͪ͊ͭΐ͙ͣ ͔͙ͦ͋ͭͣ͊͟͞Σ 

͙ͦ͟͞ ͫͯ ͨͦ͒ ͙͎͔͔ͤͪͤͼ͙ͦͣ͞ ˹͊ͪͯ;͙ͦͼ͊Σ ͯ͘ ͔͔ͫͣ͊ͥͥ ͭͪͦ΄͍ͦ͊͟ ͯͭͪͦ΄͊͟ ͔͔͙ͭͪ͟͡;͔ͤ 

͔͔͎͙͔ͤͪ͞Φ 

˿͙͔ͫͭͣ ͍ͯͨͪ͊͊ͥ͊͢ ͔͔͎͙ͤͪͦͣ͞ ͔͞ ͙͔ͫͫͭͣ ͙͙ͦͣͨ͊ͭ͋͊ͤ͟͡ ͫ͊ ͔͔ͦͪͯ͗ͥͣ͟, ͊ ͭͦ ͤ͊͘;͙ ͒͊ ͔ͫ 

͔ͺ͙͙͊ͫͤͣ͟ ͨͦͫͭͯͨͼ͙ͣ͊ ͙͍͔ͨͪͦͦ͒ͥ͘Σ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͔͞ ͙ ͨͦͭͪͦ΄͔ͥ ͔͔͎͙͔ͤͪ͞ ͔ͫͣ͊ͥͯ͞ 

͎͊͊͘Ώ͔͔ͥ ͦ ͙͔ͦͤ͟͡Σ ;͍ͯ͊ͯ͞ ͔͙ͪͫͯͪͫ ͙ ͍ͤͦaͼ ͨ ͔͙ͦͪͫ͟ͻ ͍͔͙ͦ͋ͤ͊͘͟Φ 

˭͊ ͔͔ͨͦͭͪ͋ ͔ͫͣ͊ͥͥ͊ ͭͪͦ΄͍ͦ͊͟ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Σ ˹͊ͪͯ;͙͊͡ͼ ͔͍ͤ͊ͣͪ͊͊ ͒͊ ͙͙ͪ͊͒͘ 

˿͙ͭͯ͒ͯ͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ ͔͒͡ ͙͍͙ͦͪͣ͊͘ ͤ͊ ͫ͊ͦ͋ͪ͊ΐ͊ͤͦ͞͞ 

͙ͤͺ͙ͪ͊ͫͭͪͯͭͯͪ͟Σ ͔ͨͪ͊ͭΐ͙ͣ ͔͙ͦ͋ͭͣ͊͟͞ ͙ ͍͙ͫͣ ͙ͦͫͭ͊ͣ͡ ͔͙ͦ͋ͭͣ͊͟͞ ͨͦ͒ ͙͎͔͔ͤͪͤͼ͙ͦͣ͞ 

˹͊ͪͯ;͙ͦͼ͊Φ 

˿ͻͦ͒ͤͦ ͍͔͔͙ͫ͊ͪͣͤͣ ͙ͫͭ͊ͤ͒͊ͪ͒ͣ͊ ͊͘ ͔ͯͤ͊ͨͪΏ͔͔ͥ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟ ͙ 

͔ͨͪͨͦͪͯ͊ͣ͊͟Σ ˹͊ͪͯ;͙͊͡ͼ ͔͒ͦͤͦ ͔͞ ͦ͒ͯͯ͟͡ ͦ ͔͙ͨͪ͒ͯͣ͊ͥͯ͘ ͔ͤͦͨͻ͙ͦ͒ͤͻ ͔ͭͻ͙ͤ;͙͟ͻ ͊͘ͻ͍͊ͭ͊ 

ͫ͊ ͔ͤ͊ͣͪͦͣ ͔ͫͣ͊ͥͥ͊ ͯͭͪͦ΄͊͟ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞, ͟ ͊ͦ͟ ͙͘ ͔ ͎ͦͤͦͣͫͦ͟͟ ͎ͪ͊ͦ͊͘͡, ͭ ͊ͦ͟ ͙ 

͙ ͔͘ ͦͦ͟͡΄͎ͦ͟Φ 

˿ͻͦ͒ͤͦ ͎͔ͦͪ ͍͔͔ͤ͊͒ͤͦͣ ˹͊ͪͯ;͙͊͡ͼ ͔͍ͤ͊ͣͪ͊͊ ͒͊ ͙ͪ͊ͫͨ΄͔ ˳͍͊ͤͯ ͍ͤ͊͋͊ͯ͟ ͤ͊ ͍ͦͫͤͦͯ ͔ͦ͟͞ 

ΐ͔ ͙͙͊͋ͪ͊ͭ͘ ˻͋ͪ͊Ώ͙͍͊;͊ ͙ͦ͟͞ ΐ͔ ͯ ͼ͔͙ͦͫͭ͡ ͔͙͍͙ͪ͊ͦ͊ͭ͘͡ ͍͔ͫ ͊͘ͻ͔͍͔ͭ ͔͒ͺ͙͙͔ͤͫ͊ͤ ͍͙ͦͣ 

˽͔͙ͪͦͭͤͣ͟͞ ͊͒͊ͭͦͣ͘͟Φ 

II. ˻ ˣ˳˩˴́ˮ  

 

˽ͦ͒ ͔͙ͦ͋ͭͣ͊͟͞ ͔͍ͨͦ͒ͪ͊ͯͣ͊ͯ͘͞ ͔ͫ ͍͙ͫ ͔͙ͦ͋͊ͭ͟͞Σ ͙ͦ͟͞ ͫͯ ͨͦ͒ ͙͎͔͔ͤͪͤͼ͙ͦͣ͞ ˹͊ͪͯ;͙ͦͼ͊Σ ͙ͦ͟͞ 

͔ͨͦͫ͒ͯͯ͞ ͙͍͔ͦͪ͘ ͍͔΄ͭ͊;͎ͦ͟ ͍͔͔ͦͫͭͥ͊͢ ͙ͨͪͯ͟͢;͔͙ͤ ͤ͊ ͙͙͙͍͒ͫͭͪ͋ͯͭͤͯ ͔͔ͭͪͦ͟͡ 

͔͔͎͔ͤͪͭͫͯ͟ ͔ͣͪ͗ͯ ͊͘ ͔ͦ͟͞ ˹͊ͪͯ;͙͊͡ͼ ͨ͊͡ΐ͊ ͪ͊;͔ͯͤ ˩˽˿-ͯΦ 

˽ͦ͒ ͙͎͔͔ͤͪͤͼ͙ͦͣ͞ ˹͊ͪͯ;͙ͦͼ͊ ͔͞ мтс ͙ͪ͊͘͡;͙͙ͭͻ ͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͤ͊ ͙͔͒ͪͭ͊ͤ͟ ͙͙͡ ͔ͨͦͫͪ͒͊ͤ 

ͤ͊;͙ͤ ͭͪͦ΄͔ ͔͔͙ͭͪ͟͡;ͤͯ ͔͔͎͙ͤͪͯ͞Φ ˻͔͔͋ͭ͟͞ ͔ͣͦ͗ͣͦ ͒͊ ͍ͪ͊ͪͫͭ͊ͣͦ͘ ͯ ͔͔ͫ͒͡ΐ͔ ͎͔ͪͯͨΥ 

a) ˳͍͊ͤ͊ ͍͔ͪ͊ͫͭ͊Τ 

b) ˿͍͔ͭͦͫͤ͊͡ ͙͎͙ͫͤ͊͊͘͡ͼ͙͊͞Τ 

c) ͔͙́ͯͤ͡ ͫ͊ ͍͔͔͔ͦͫͭͥͣ͢Σ ͍͔͙ͤͭ͊͡ͼ͙ͦͣ͞ ͙ ͙ͦͫͭ͊ͣ͡ ͨͦͭͪͦ΄͊;͙ͣ͊Τ 

d) ˹͔͊ͨ͊ͭͤ͡ ͔ͪ͊ͣͨ ͫ͊ ͙͙ͨͪͨ͊͒ͤͣ ͔͙ͦ͋ͭͣ͊͟͞Τ 

e) ˢ͙͙͙͍͒ͣͤͫͭͪ͊ͭͤͦ-͍͙ͨͦͫͦͤ͡ ͔͙ͦ͋ͭ͟͞Τ 

f) ˻͔͙͋ͭ͟͞ ͯ ͍͙͊ͫͤ͡΄͍ͭͯ ˹͊ͪͯ;͙ͦͼ͊ ͙ͦ͟͞ ͫͯ ͙͙͒͊ͭ͘ ͔ͭͪΐ͙ͣ ͙͡ͼ͙ͣ͊Σ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˻͋ͪ͊Ώ͙͍͊; ͯ ͙ͫ͊ͪ͊͒ͥ ͫ͊ ͫͭͪͯ;͙ͤͣ ͫͯ͗͋͊ͣ͊͡ ˹͊ͪͯ;͙ͦͼ͊ ͔ͤͦͨͻͦ͒ͤͦ ͔͞ ͒͊ ͎͔ͫ͊͒͊͡ ͍͔ͫ 

͍͔͔͔ͤ͊͒ͤ ͔͔ͦ͋ͭ͟͞ ͙  ͒͊ ͙͙ͪ͊͒͘ ͔͔ͨͪ͒ͣͭͤͯ ˿͙ͭͯ͒ͯ͞Φ 

˿͙ͭͯ͒͊͞ ͫ͊ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͙ͣ ͙͊ͤ͊͊ͣ͊͘͡ ͙ ͙͙͍͙ͫͭͪ͊͗͊ͥͣ͊Σ ͔͍ͨͪ͒ͫͭ͊͊͢ΐ͔ ͍ͦͫͤͦ ͊͘ ͙ͪ͊͒ͯ͘ 

͔ͭͻ͙ͤ;͔͟ ͔͒ͦͯͣͤͭ͊͟ͼ͙͔͞ ͙ ͔͙ͪ͊͊͘͡ͼ͙ͯ͞ ό͙͍ͦ͘Ώ͔͔ͥΣ ͯͻ͍͔ͦ͒͊͊ͥ ͙ ͍ͯͦΏ͔͔ͥ ͯ 

͔ͫͨͦ͊ͭ͊͟͡ͼ͙ͯ͞Σ "onά ͙  αoff line" ͨͪ͊ΐ͔͔ͥ ͨ ͦͭͪͦ΄͔ͥ ͔͔͎͙͔ͤͪ͞Σ ͍͔ͦ͒ͪ͗͊͊ͥ ͙ͭ͒ΦύΦ  

˹͔ͦͨͻͦ͒ͤͦ ͔͞ ͒͊ ͔ͫ ˿͙ͭͯ͒͊͞ ͙͙ͪ͊͒͘ ͙͙ͣͯͭ͒ͫ͡ͼ͙͙ͨͤ͊ͪͤͦ͡ ͫ͊ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͙ͣ ͯ;͔΄ΐ͔ͣ 

͍͙ͫͻ ͔ͫͨͼ͙͙͙͊ͫͭ͞͡;͙͟ͻ ͺ͊͊͘ όͫ͊ͦ͋ͪ͊ΐ͊͞ͼ͙Σ ͊ͪͻ͙͔͔ͭͭ͟Σ ͣ͊΄͙͙ͤͫ͟ ͙͔͔͙ͤ͗ͥͪΣ ͔͔ͭͪͦ͟͡ 

͔͔͎͔͙ͤͪͭ;͙͊ͪ ͙ ͙͔͔͙ͤ͗ͥͪ ͔͔͙ͭͦͣͯͤ͊͟͟͡ͼ͙͊͞ύ ͊͘ ͍͙ͫ͊͟ ͔ͦ͋͊ͭ͟͞Σ ͦ͒ͤͦͫͤͦ ͦ͊͟͡ͼ͙ͯ͞Σ ͙ ͯ 

͙͙ͫͭͣ ͔ͫ ͣͦͪ͊ͯ͞ ͙͔͔͙͙ͣͨͣͤͭͪ͊ͭ͡ ͔͔͍͙ͪ͊ͤͭͤ͡ ͨͦ͒͊ͼ͙ ͤ͊ ͼ͔ͦͯͨͤͦ͟͡͞ ͔͙͙͙ͭͪͭͦͪ͞ 

˾͔͙͔ͨͯ͋͟͡ ˿͙͔ͪ͋͞Φ 

˻͋ͪ͊Ώ͙͍͊; ͔͞ ͯ ͍͔͙ͦ͋͊͘ ͒͊Σ ͫͻͦ͒ͤͦ ͍͔ͯͫͦͤͦͣ͞ ͙ͫͨͫͯ͟ ͔ͦ͋͊ͭ͊͟͞Σ ͍͔͔ͫͨͪͦ͒ ͙͔ͫͭͪ͊͗ͤ ͔ͪ͊͒ͥ 

͙ ͙ͦ͋Ώ͔ ͍͙ͫ͊͟ ͔ͦ͋͊ͭ͟͞Σ ͎͔ͫ͊͒͊͡ ͔ͨͦͫͭͦ͞ΐ͔ ͔ͫͭ͊ͥ ͔ͦ͋ͭ͊͟͞ ͙ ͎͔ͫ͊͒͊͡ ͔ͣͫͭͦ ͙ ͤ͊;͙ͤ 

͙ͨͪͯ͟͢;͊͟ ͤ͊ ͔͔͙ͭͪ͟͡;͙ͤ ͙͍ͦͪ͘ ͙ ͙͙ͪ͊͒͘ ͔ͤͦͨͻ͔ͦ͒ͤ ͎͔ͨͦ͒ͦ͡ ͤ͊ ͍ͦͫͤͦͯ ͙ͦ͟͞ͻ ͔ͫ ͔ͣͦ͗ 

͙͒͊ͭ ͔͔͍ͪ͊ͤͭͤͦ͡ ͔ͭͻ͙ͤ;ͦ͟ ͔ͪ΄͔͔ͥ ͊͘ ͔͔ͫͣ͊ͥͥ ͭͪͦ΄͍ͦ͊͟ ͔͔͎͙͔ͤͪ͞ ͙ ͤ͊;͙ͤ "on-line" 

ͨͪ͊ΐ͔ͥ͊ ͭͪͦ΄͍ͦ͊͟ ͯ ͍ͫ͊ͦͣ͟ ͔ͣͦͣͤͭͯ ͫ͊ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͙ͣ ͙͍͔͘΄͙ͭ͊ͣ͊͞ ͔ͣͤ͊ͽ͔ͣͤͭͯ 

˹͊ͪͯ;͙ͦͼ͊Φ  

˾͔͔ͯͭ͊ͭ͘͡ ͙͙ͫͭͪ͊͗ͤͻ ͙ͪ͊͒ͥ ͔͔͙͙ͨͪͤͭͪ͊ͭ͘ ͙ ͙͙ͪͭ͟;͙͟ ͙͙͙͊ͤ͊ͪ͊ͭ͘͡ ͨͦ ͍ͫ͊ͦ͟͞ ͍͔͔ͤ͊͒ͤͦ͞ 

ͭ͊;͙͟Φ 

˹͊ ͍ͦͫͤͦͯ ͍͔͙ͯͫͦͤ͞ͻ ͎ͨͦ͒ͦ͊͡ ˹͊ͪͯ;͙͊͡ͼ ͔͍ͤ͊ͣͪ͊͊ ͒͊ ͙͙ͨͪͫͭͯͨ ͙͙ͪ͊͒͘ ˮ͔͎͒ͤͦ͞ ͔ͨͪͦͭ͊͟͞ 

͙ ˿͙͔ͭͯ͒͞ ͙͍͙͍͙ͦ͒ͦͫͭ͘͢Φ 

˹͊ͦͤ͟ ͙͔ͪ͊͒͘ ͍͔ͫ͊͟ ͺ͔͊͘Σ ͔ͨͪͣ͊ ͍ͦͦͣ ˽͔ͪͦͭͤͦͣ͟͞ ͊͒͊ͭͯ͘͟Σ ˴͙͙ͦͪͫͤ͟ ΐ͔ ͙͍ͪ͘΄͙͙ͭ 

͙͔ͤͭͪͤͯ ͫͭͪͯ;ͤͯ ͦͤͭͪͦͯ͟͡ ˿͙͔ͭͯ͒͞ ͙ ͔ͦ͒ͪΏ͔ͤͯ ͔ͪͼ͔͙ͤͯ͘͞Φ ˽͔ͪͦͭ͊ͤͭ͟͞ ͔͞ ͒ͯ͗͊ͤ ͒͊ ͙ͨͦͫͭͯͨ 

ͨͦ ͍͙ͦͨͪ͊͒͊ͤͣ ͙͔ͨͪͣ͒͋͊ͣ͊ ˹͊ͪͯ;͙ͦͼ͊Φ 

˽ͦ͒ ͔͙ͦ͋ͭͣ͊͟͞ ͔͍ͨͦ͒ͪ͊ͯͣ͊ͯ͘͞ ͔ͫ ͍͙ͫ ͔͙ͦ͋͊ͭ͟͞Σ ͙ͦ͟͞ ͫͯ ͨͦ͒ ͙͎͔͔ͤͪͤͼ͙ͦͣ͞ ˹͊ͪͯ;͙ͦͼ͊Σ ͙ͦ͟͞ 

͔ͨͦͫ͒ͯͯ͞ ͙͍͔ͦͪ͘ ͍͔΄ͭ͊;͎ͦ͟ ͍͔͔ͦͫͭͥ͊͢ ͙ͨͪͯ͟͢;͔͙ͤ ͤ͊ ͙͙͙͍͒ͫͭͪ͋ͯͭͤͯ ͔͔ͭͪͦ͟͡ 

͔͔͎͔ͤͪͭͫͯ͟ ͔ͣͪ͗ͯ ͊͘ ͔ͦ͟͞ ˹͊ͪͯ;͙͊͡ͼ ͨ͊͡ΐ͊ ͪ͊;͔ͯͤ ˩˽˿-ͯΦ 

 

III. ˿ ́̂˨ˮ˳ˢ 

 

˹͊ ͍ͦͫͤͦͯ ͍͔͔ͯͫͦͤ͞ ͔͒ͦͯͣͤͭ͊͟ͼ͙͔͞ ͙͘ ͔ͨͪͭͻ͎ͦ͒ͤͦ ͎͍ͨͦ͊͊͢͡ ͙ ͔͒ͺ͙͙͙ͤͫ͊ͤͻ ͎ͨͦ͒ͦ͊͡ 

͙ͨͪͫͭͯͨ͊ ͔ͫ ͙͙ͪ͊͒͘ ˿͙͔ͭͯ͒͞ ͦ͊͟͞ ΐ͔ ͦ͋ͯͻ͍͙͙͊ͭͭΥ 

1. ͙͍͔́ͨͦ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙͙ͫͭ͢͟ ͙ͫͦͪͭͪ͊ͤͦ ͨͦ ͍͙ͪͫͭ ͔ͦ͋͊ͭ͊͟͞ ͫ͊ ͔ͭͻ͙ͤ;͙ͣ͟ 

͔͙͙͊ͪ͊ͭͪͫͭ͊ͣ͊͟͟͟Τ 

2. ˨͙͊ͭ ͔͎ͨͪ͒ͦ͡ ͔͔͊ͣͤ͘ ͔ͦ͒ͪΏ͔͔ͤ ͍͔ͪͫͭ ͍͔͔ͫͭ͡ΐ͙ͻ ͙͍ͦͪ͊͘ ͍͔͔͙ͫ͊ͪͣͤͣ ͯ͘ 

͔͔ͨͪͤͭ͊͘ͼ͙ͯ͞ ͙͍ͤͦ͊ ͯ΄͔͔ͭ͒Τ 

3. ˨͔ͺ͙͙͔ͤͫ͊ͥ ͤ͊;͙ͤ͊ ͙͔͒͊ͤͫ͢͟ ͔ͦͤͭͪͦ͟͡ ͔͔͙ͭͪ͟͡;͙ͤͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͔ͦ͋͊ͭ͊͟͞ 

όͤ͊ͨͦͤΣ ͫͭͪͯ͊͞Σ ͔ͭͪͤͯͭͤ͊Σ ͔͍͒ͤͤ͊ ͙ ͔͔ͣͫ;ͤ͊ ͨͦͭͪͦ΄ͥ͊ ͙͍͔͊ͭͤ͟ ͙ ͔͙͍͔ͪ͊ͭͤ͟ ͎͔ͫͤ͊Σ cos ˒ ) 

͔ͦ͋͊ͭ͊͟͞ ͙ ͙͙ͨͪͨ͊͒ͤͻ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Τ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

4. ˹͊ ͍ͦͫͤͦͯ ͦ͋ͪ͊Ώ͔͔ͤ ͭ͊;͔͟ н ͔͒ͺ͙͙͙ͤͫ͊ͭ ͤ͊;͙ͤ ͔ͦͤͭͪͦ͟͡ ͔ͺ͔͊ͭ͊͟ ͔͔͊ͣͤ͘ 

͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ ͍͙ͤͦͣ ͊͘ ͔͔ͨͦͭͪ͋ ͯ΄͔͔ͭ͒ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Τ 

5. ˮ͍ͪ͘΄͙͙ͭ ͊ ͙ͤ͊ͯ͘͡ ͔͔ͦͨͭͪΐ͔ͥ͊ ͯ͘ ͙͙ͪͭ͟;͙͟ ͍ͦͫͪͭ ͤ͊ ͔ͺ͔͔ͭ͟Τ 

6. ˨͔͙͙͙ͤͫ͊ͭͅ ͤ͊;͙ͤ Ϧon lineϦ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ͒ͦ ͼ͔͔ͤͭͪ͊ͤ͡ ͺ͙͙͔ͤ͊ͤͫͫ͟͞ ͔ͫͯ͗͋͡ 

ͦ͊͟͞ ΐ͔ ͙͙ͨͪ͊ͭͭ ͔ͺ͔͔ͭ͟ ͯ΄͔ͭ͒͊ ͙ ͍ͪ΄͙͙ͭ ͦͤͭͪͦͯ͟͡ ͭͪͦ΄͍ͦ͊͟ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Τ  

˴͔ͦͣͨͭͤ͊͡ ͔ͭͻ͙ͤ;͊͟ ͔͒ͦͯͣͤͭ͊͟ͼ͙͊͞ όͫ͊ ͔͍͙͒ͦͣ͊͡ м ͒ͦ сύΣ  ͔ͭͪ͋͊ ͒͊ ͎ͦͣͦͯΐ͙ ͎͔͍͔ͫ͊͒͊͊ͥ͡ 

͔ͺ͔͊ͭ͊͟ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ ͍͙ͤͦͣ ͊ͦ͟͟ ͫ͊ ͔͊ͫͨͭ͊͟ ͯ΄͔͔ͭ͒ ͔͔͙ͭͪ͟͡;͔ͤ 

͔͔͎͙͔ͤͪ͞ ͭ͊ͦ͟ ͙ ͫ͊ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͎ͦ͟ ͔͊ͫͨͭ͊͟ ͙ ͔͊ͫͨͭ͊͟ ͍ͦ͒ͪ͗͊͊ͥ͊Φ 

 

IV. ˭ ˢˤ˾̊˹˩ ˹ ˢ˽˻˸˩˹˩ 

 

˿͙ͭͯ͒ͯ͞ ͍͙͙͒ͦͫͭ͊ͭ ͯ ͔͔ͭͪͦͤͫͦ͟͟͡͞ ͺ͙ͦͪͣ ͯ о ͙͔ͨͪͣͪ͊͟ ό/5ύ ͊ͦ͟ ͙ о ͙͔ͨͪͣͪ͊͟ ͯ ͙ͨ͊ͨͪͤͦ͞ 

͍͔͙͙ͪ͘͞ όƘŀǊŘŎƻǇȅύ. 

 

˾ͦ͟ ͙͔ͪ͊͒͘ ͔͞ сл ͒͊ͤ͊ ͦ͒ ͒͊ͤ͊ ͊ͯ͘͟͢;͔ͥ͊ ͎͍ͯͦͦͪ͊ Φ 

 

V ˿ ˽ˮ˿ˢ˴ ˶ ˻˴ˢ̇ˮ˳ˢ 

 

 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

1 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˽ˢ˹̉˩ˤˢ̉˴ˮ 

˽̂́ ннм 
˽ˢ˶ˮ˶̂˶ˢ 

ˣ˩˻˥˾ˢ˨-

˽ˢ˶ˮ˶̂˶ˢ 
27842 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

2 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˽ˢ˹̉˩ˤˢ̉˴ˮ 

˽̂́ мсо 
˽ˢ˶ˮ˶̂˶ˢ 

ˣ˩˻˥˾ˢ˨-

˽ˢ˶ˮ˶̂˶ˢ 
27838 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

3 
ˢ̂́˻˽̂́ ˣ˥˨-

˹ˮ ̊

ˢ̂́˻˽̂́ 

ˣ˥˨-˹ˮ ̊
    ˴͔ͦͪ͟ͼ͙͊͞ 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

4 
˽ˢ˹̉˩ˤˢ̉˴ˮ 

˽̂́ 

˽ˢ˹̉˩ˤˢ̉˴ˮ 

˽̂́ 
˽ˢ˶ˮ˶̂˶ˢ 

ˣ˩˻˥˾ˢ˨-

˽ˢ˶ˮ˶̂˶ˢ 
˴͔ͦͪ͟ͼ͙͊͞ 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

5 

˿˩˸ˢ̅˻˾ 

˽ˢ˹̉˩ˤˢ̉˴ˮ 

˽̂́ ˣˣ ˴˾˺ˢ̉ˢ 

˽ˢ˹̉˩ˤˢ̉˴ˮ 

˽̂́ 
˽ˢ˶ˮ˶̂˶ˢ 

ˣ˩˻˥˾ˢ˨-

˽ˢ˶ˮ˶̂˶ˢ 
8151 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

6 

˿˩˸ˢ̅˻˾-

˽ˢ˹̉˩ˤˢ̉˴ˮ 

˽̂́ ˣˣ ˴˾˺ˢ̉ˢ 

˽ˢ˹̉˩ˤˢ̉˴ˮ 

˽̂́ 
˽ˢ˶ˮ˶̂˶ˢ 

ˣ˩˻˥˾ˢ˨-

˽ˢ˶ˮ˶̂˶ˢ 
8182 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

7 

˿˩˸ˢ̅˻˾-

ˣ˾ˢ˹˴ˢ 

˸˻˸ˮ˾ˢ н 

˴˾˺ˢ̉ˢ 

ˣ˾ˢ˹˴ˢ 

˸˻˸ˮ˾˻ˤˢ 
˽ˢ˶ˮ˶̂˶ˢ 

ˣ˩˻˥˾ˢ˨-

˽ˢ˶ˮ˶̂˶ˢ 
8097 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

8 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˸˻˿́ ˹ˢ 

˨̂˹ˢˤ̂ 
˿˸˩˨˩˾˩ˤ˻ ˿˸˩˨˩˾˩ˤ˻ 01090647 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

9 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˻˾˩̊ˢ̇ ˸ 

нпΣ ́˿ ˸ˮ˾ˢ 

˿́̂˽ˮ̇ˢ 

˿˸˩˨˩˾˩ˤ˻ ˿˸˩˨˩˾˩ˤ˻ 6152197 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

10 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˾ˢ˿ˤ˩́ˢ ˸ 

нпΣ ˿́̂ˣ˹ˢ 

˸˴ ˿

˿˸˩˨˩˾˩ˤ˻ ˿˸˩˨˩˾˩ˤ˻ 6129794 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

11 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˴˻˶ˢ˾˿˴ˮ 

˽̂́ ˸ нпΣ ́˿ 

˭ˢˣ˾ˢ˹ 

˿˸˩˨˩˾˩ˤ˻ ˿˸˩˨˩˾˩ˤ˻ 6119785 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

12 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 
˽˩́˷ˢ ˽˩́˾ˮ˳˩ˤ˻ ˿˸˩˨˩˾˩ˤ˻ 00000147 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

13 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˳ˢˤ˹˻ 

˻˿ˤ˩́˷˩˺˩ 

˾ˢ˿˴˾˿˹ˮ̇˩ 

˻ˣˮ˶ˮ̔˩ˤˢ 

1 
ˣ˻˷˩ˤˢ̇ ˣ˻˷˩ˤˢ̇ 30002 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

14 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˣ˩˻˥˾ˢ˨ 

˳ˢˤ˹˻ 

˻˿ˤ˩́˷˩˺˩ 

˨˾ˢ˥ˮ̊˩ 

˽˩́˾˻ˤˮ̔ˢ 

100 

ˣ˻˷˩ˤˢ̇ ˣ˻˷˩ˤˢ̇ 30019 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

15 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩˳ˢˤ˹˻ 

˻˿ˤ˩́˷˩˺˩ 

˾ˢ˿˴˾˿˹ˮ̇˩ 

˽˩˾˩ 

˾ˢ˨˻ˤˢ˹˻ˤˮ

̔ˢ м 

ˣ˻˷˩ˤˢ̇ ˣ˻˷˩ˤˢ̇ 029835 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

16 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˳ˢˤ˹˻ 

˻˿ˤ˩́˷˩˺˩ 

˴˻˨ ˢ˸˿˿ 

˴̂̉ˢ˳˿˴ˢ ˣˣ ˣ˻˷˩ˤˢ̇ ˣ˻˷˩ˤˢ̇ 3985333 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

17 

˳˾ ˢ̂́˻˽̂́ ˸-5 

˴˻˨ ˿˩˶ˢ 

˶̂˴˻ˤˢ 

˶̂˴˻ˤ˻ ˣˣ ˶̂˴˻ˤ˻ ˣ˻˷˩ˤˢ̇ 157452 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

18 ́̂˹˩˶ ˿́˾˸˩˹ ˴˻́ ˣˣ ˸˩́˻ˤ˹ˮ̇ˢ  ˣ˻˾ 1821163 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

19 

˾˿ ˨ˮ˾˩˴̇ˮ˳ˢ 

˭ˢ ˽̂́˩ˤ˩ 

˹ˢ˽˶ˢ́˹ˢ 

˿́ˢ˹ˮ̇ˢ 

˨˻˷˩ˤˢ̇ ˣˣ ˨˻˷˩ˤˢ̇ ˨˻˷˩ˤˢ̇ 070256 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

20 

˾˿ ˨ˮ˾˩˴̇ˮ˳ˢ 

˭ˢ ˽̂́˩ˤ˩ 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ  

˿˩˸˻˨˥ ˳̂˶ˢ 

6 
˸˩˨ˮ˳ˢ˹ˢ 

˹ˮ-̊

˸˩˨ˮ˳ˢ˹ˢ 
8060472 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

21 

˾˿ ˨ˮ˾˩˴̇˳ˢ ˭ˢ 

˽̂́˩ˤ˩ 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ 

ˣ̂˶˩ˤˢ˾ 

˨ˤˢ˹ˢ˩˿́ˮ 

̅˩ˣ˾̂ˢ˾ ффф 

̇˾ˤ˩˹ˮ ˴˾˿́ 
˹ˮ-̊̇˾ˤ˩˹ˮ 

˴˾˿́ 
8090252 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

22 

˾˿ ˨ˮ˾˩˴̇ˮ˳ˢ 

˭ˢ ˽̂́˩ˤ˩ 

̉˩˻˹ˢ 

˹ˢ˽˶ˢ́˹ˢ 

́˾̂˽ˢ˶˩ ˣˣ ́˾̂˽ˢ˶˩ 
˹ˮ-̊

˸˩˨ˮ˳ˢ˹ˢ 
70829 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

23 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˥˩˹˩˾ˢ˶ˢ 

́˾ˢ˹ˮ˳˩ˢ 

моκˢ 

˸˩˨ˮ˳ˢ˹ˢ 
˹ˮ-̊

˸˩˨ˮ˳ˢ˹ˢ 
17142609 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

24 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˥˩˹˩˾ˢ˶ˢ 

́˾ˢ˹ˮ˳˩ˢ 

моκˢ 

˸˩˨ˮ˳ˢ˹ˢ 
˹ˮ-̊

˸˩˨ˮ˳ˢ˹ˢ 
8088763 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

25 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

̇˾ˤ˩˹ˢ ˾˩˴ˢ 

ˣ x
̇˾ˤ˩˹ˢ ˾˩˴ˢ 

ˣ˩˶ˢ 

˽ˢ˶ˢ˹˴ˢ 
5463706 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

26 

˸ˮ˹ˮ˿́ˢ˾˿́ˤ˻ 

˿ˢ˻ˣ˾ˢ̔ˢ˳ˢ 

ˤ˩˭˩ ˨ˮ˾Φ˭ˢ 

˽̂́Φˮ˭˶Φ 

˽˻˷˿˴ˢ 

˾ˬˢ˹ˢ ˣˣ 

˽˻˷˿˴ˢ 

˾ˬˢ˹ˢ 
˽ˮ˾˻́ 8046084 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

27 

ˣ̂ˤ - ˳ ˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ̂˶ˢ˭˹ˢ 

˽˩́˷ˢ ˽ˮ˾˻́ 

ˤ˻˳ˤ˻˨˩ 

˸ˮ̊ˮ̔ˢ ˣˣ 
˽ˮ˾˻́ ˽ˮ˾˻́ 406 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

28 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˭ˢ ˽˩˷̂ 

˥˾ˢ˨ˮ̊́˩ 

ˣ̂˶˩ˤˢ˾ 

˴˾ˢ˷ˢ 

ˢ˶˩˴˿ˢ˹˨˾ˢ 

282 

˭ˤ˩˭˨ˢ˾ˢ 
ˣ˩˻˥˾ˢ˨-

˭ˤ˩˭˨ˢ˾ˢ 
1498838 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

29 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˽˩́˷ˢ 

ˢ˶˩˴˿ˢ˹˨˾˻ˤ˻ 

˸˩˾˻̊ˮ˹ˢ 

ˣ x
˸˩˾˻̊ˮ˹ˢ ˸˩˾˻̊ˮ˹ˢ 81340 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

30 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 
˳ˢ˿ˮ˴ˢ ˳ˢ˿ˮ˴ˢ  ˴˾̂̊˩ˤˢ̇ 2709111 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

31 
˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ 

˸ннκ˸п ̔˩˶ˮ˳˩ 

˾ˢ˿˴˾˿˹ˮ̇ˢ 

̔˩˶ˮ˳˩ л 
̔˩˶ˮ˳˩ ˶ˢ˳˴˻ˤˢ̇ 843 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

32 

˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ 

ˤ˩˶ˮ˴ˮ 

̇˾˷˩˹ˮ ˴˻˨ 

˻ˣ˾˩˹ˢ 

ˮˣˢ˾˿˴ˮ ˽̂́ 

0 

ˤ˩˶ˮ˴ˮ 

̇˾˷˩˹ˮ 

ˣ˩˻˥˾ˢ˨-

˶ˢ˭ˢ˾˩ˤˢ̇ 
329 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

33 ˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ 
˴˻˨ ̆˻́˩˶ˢ 

0 
˷ˮ ˥ ˷ˮ ˥ 81009 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

34 ˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ 
˾ˢˤ˹˻˥˻˾˿˴

ˢ л 
˷ˮ ˥ ˷ˮ ˥ 81007 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

35 
˿˩˸ˢ̅˻˾ˮ ˳˽ 

˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 
˽˾˺ˢˤ˻˾ л ˽˾˺ˢˤ˻˾ ̊ˢˣˢ̇ 7309379 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

36 

̂˶ˮ̉˹ˢ 

˾ˢ˿ˤ˩́ˢ ́˿ 

˹˻ˤˮ ˸˻˿́ 

ό˳Φ˽Φ˽Φ˿Φύ 

˸Φ˭ˤ˻˾˹ˮ˴ л ˸Φ˭ˤ˻˾˹ˮ˴ 
˸ˢ˶ˮ 

˭ˤ˻˾˹ˮ˴ 
3758159 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

37 
˨ˮ˾˩˴̇ˮ˳ˢ ˭ˢ 

˽̂́˩ˤ˩ 

˸ˮ˶˻̊ˢ 

˻ˣˮ˶ˮ̔ˢ 

123 

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴   
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

38 

˨ˮ˾˩˴̇ˮ˳ˢ ˭ˢ 

˽̂́˩ˤ˩κ́˿ 

˭ˢ˹ˢ́ 

ˤ˻˳ˤ˻˨˩ 

˸ˮ˶ˢ˹ˢ л 
˥Φ˸ˮ˶ˢ˹˻ˤˢ̇ 

˥˻˾˺ˮ 

˸ˮ˶ˢ˹˻ˤˢ̇ 
374461 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

39 
˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ-

˽˾˩˷ˮ˹ˢ 
˽˾˩˷ˮ˹ˢ ˣˣ ˽˾˩˷ˮ˹ˢ ̉ˢ̉ˢ˴ 50109 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

40 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 

˾ˢ˿ˤ˩́ˢ 

ˣ̂˶˩ˤˢ˾ 

˻˿˶˻ˣ˻˨ˮ˶

ˢ̇ˢ ̉ˢ̉˴ˢ 

ˣ x

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 113425 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

41 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 

˾ˢ˿ˤ˩́ˢ ̇˾˽˹ˢ 

˿́Φ 

ˣ̂˶˩ˤˢ˾ 

˻˿˶˻ˣ˻˨ˮ˶

ˢ̇ˢ ̉ˢ̉˴ˢ 

ˣ x

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 152202 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

42 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩Σ ˳ˢˤΦ 

˾ˢ˿Φˣ˾ˢ̔ˢ 

˿́ˢ˹ˮ̔ 

ˣ̂˶˩ˤˢ˾ 

˻˿˶˻ˣ˻˨ˮ˶

ˢ̇ˢ ̉ˢ̉˴ˢ 

ˣ x

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 152201 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

43 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 

˾ˢ˿ˤ˩́ˢ 

ˣ˩˷ˮ˹ˢ ˣˣ ̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 119914 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

44 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 

˾ˢ˿ˤ˩́ˢ 

ˣ̂˶˩ˤˢ˾ 

˻˿˶˻ˣ˻˨ˮ˶

ˢ̇ˢ ̉ˢ̉˴ˢ 

ˣ x

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 109598 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

45 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 

˾ˢ˿ˤ˩́ˢ 

˽ˢ˾˸˩˹ˢ̇ 

ˣ x
̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 119913 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

46 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 

˾ˢ˿ˤ˩́ˢ 

˴˻˺˩ˤˮ̔ˮ 

ˣ̂˶˩ˤˢ˾ 

˻˿˶˻ˣ˻˨ˮ˶

ˢ̇ˢ ̉ˢ̉˴ˢ 

ˣ x

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 140100 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

47 

́˿ ˹˻ˤˮ 

˸˻˿́κопрκ˳ˢˤ˹

ˢ ˾s ˿ˤ˩́ˢ 

˹˻ˤˮ ˸˻˿́-

77-̊ˢˣˢ̇ л 
̊ˢˣˢ̇ ̊ˢˣˢ̇ 2098873 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

48 

̂˶ˢ˭˹˻-

ˮ˭˶ˢ˭˹ˢ ˽˩́˷ˢ 

́˿ ˳˻ˤˮ̔˩ˤˮ̔ˮ 

˴˺ˢ˭ˢ 

˸ˮ˶˻̊ˢ л 
˽˻ˬ˩˥ˢ ˽˻ˬ˩˥ˢ 1738564 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

49 

̂˶ˢ˭˹˻-

ˮ˭˶ˢ˭˹ˢ ˽˩́˷ˢ 

́˿ ˾ˢ˴˩́ˢ 

˸ˮ˶˻ˤˮ̔ˢ 

˶ˮˤˢ˨˩ л 
˽˻ˬ˩˥ˢ ˽˻ˬ˩˥ˢ 2766179 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

50 

˳ˢˤ˹˻ 

˽˾˩̓̂˭˩̔˩ 

˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˴˾ˢ˷˩ˤˮ 

˴˻˹ˢ̇ˮ ˣˣ 
˭˶ˢ́ˮˣ˻˾ ̉ˢ˳˩́ˮ˹ˢ 291313 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

51 

́˿ ˳ˢˤ˹ˢ 

˾ˢ˿ˤ˩́ˢ 

˾ˢ˿˴˾˿˹ˮ̇ˢ 

̉˩˶ˢ˾˩ˤ˻ 

˻ˣˮ˶ˢ˭˹ˮ̇ˢ 

˿́˿ ˸т 

ˣΦ˽ˢ˶ˢ˹˴ˢ-

˥ˢ˳˨˻ˣ˾ˢ 

ˣˢ̉˴ˢ 

˽ˢ˶ˢ˹˴ˢ  

ˣˢ̉˴ˢ 

˽ˢ˶ˢ˹˴ˢ  
5606 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

52 

́˿˳ˢˤ˹ˢ 

˾ˢ˿ˤ˩́ˢ 

˾ˢ˿˴˾˿˹ˮ̇ˢ 

˴ˢ˾ˢ˨˳˻˾˨˳˩ˤ˻ 

˿́˿ ˸му 

˻ˣˮ˶ˢ˭˹ˮ̇ˢ 

ˣΦ˽ˢ˶ˢ˹˴ˢ-

˴ˢ˾ˢ˨˳˻˾˨˳˩

ˤ  ˻

˴ˢ˾ˢ̓˻˾̓˩ˤ˻ 
ˣˢ̉˴ˢ 

˽ˢ˶ˢ˹˴ˢ  
2687 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

53 
˳˾ ˸ˣ́˿ ˴ˢ̉˴ˢ 

˽˩́˷ˢ 

˹ˢ 

˭˾˩˺ˢ˹ˮ˹˿˴

˻˸ ˽̂́̂ 

˹˻ˤˮ ˿ˢ˨ ˹˻ˤˮ ˿ˢ˨ 37201 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

54 
˾ˢ˿˴˾˿˹ˮ̇ˢ 

˽̂́˩ˤˢ 

˹ˮ˴˻˶˩ 

́˩˿˶˩ ˣˣ 
ˬˢˣˢ˷ ˬˢˣˢ˷ 6035931 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

55 ˾́˿ -1 

ˤ˻ˬ˨ˢ 

˴ˢ˾ˢ̓˻˾̓ˢ 

ˣ x

˿˩̉ˢ˺ ˿˩̉ˢ˺ 
210802150

30 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

56 
˾ˢ˿ˤ˩́ˢ ˸˻˿́ˢ 

˹ˢ ˾˩̇ˮ ˣ˻˿̂́ 
ˢ̂́˻-˽̂́ ˢ˨ˢ̊˩ˤ̇ˮ ̊ˮ ˨ 8091838 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

57 
˻˿ˤ˩́˷˩˺˩ ˹ˢ 

˸˻˿́̂ 
˹Φ˹Φ ˣˣ ́ˮ́˩˶ ́ˮ́˩˶ 2191696 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

58 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 
˻˾ˢ̊˴ˢ ˤ˩˶ˮ˴ˢ ˽˶ˢ˹ˢ 

ˤ˩˶ˮ˴ˢ 

˽˶ˢ˹ˢ 
00042469 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

59 

˸˻˿́ ˹ˢ 

˨̂˹ˢˤ̂ 

ˤ˻˳ˤ˻˨ˮ˹ˢ˽̂́ 

˨̂˹ˢˤ ˣˣ ˣ˩˭˨ˢ˹ ˿˻˸ˣ˻˾ 91269078 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

60 
˳˽ ˾ˢ˿ˤ˩́ˢ 

˸˻˿́ˢ 

˳Φ˾ˢ˿ˤ˩́ˢ 

˸˻˿́ˢ 
ˣ˻˥˻˳˩ˤ˻ ˻̈ˢ̇ˮ 1786214 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

61 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩-˽˩́˷ˢ 

˸ˢ˾˴˻ˤˢ̇ 

уΦ˻˴́˻ˣˢ˾ ˸ˢ˾˴˻ˤˢ̇ 
ˤ˩˶ˮ˴ˢ 

˽˶ˢ˹ˢ 
00042516 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

62 

˳ˢˤ˹˻ 

˻˿ˤ˩́˷˩˺˩ 

˨˩˻˹ˮ̇ˢ ˸-13 

̇ˮ˥ˢ˹˿˴ˢ 

˸ˢ̆ˢ˶ˢ ˣˣ 
˽˾˩˴˻˨˻˶̇˩ 

ˤ˶ˢ˨ˮ̉ˮ˹ 

̆ˢ˹ 
216468 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

63 

˳ˢˤ˹˻ 

˻˿ˤ˩́˷˩˺˩ 

˨˩˻˹ˮ̇ˢ ˸-13 

̇ˮ˥ˢ˹˿˴ˢ 

˸ˢ̆ˢ˶ˢ ˣˣ 
˽˾˩˴˻˨˻˶̇˩ 

ˤ˶ˢ˨ˮ̉ˮ˹ 

̆ˢ˹ 
216463 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

64 
˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ 

˹ˢ ˽˩́˷ˮ 

˹ˮ˴˻˶˩ 

́˩˿˶˩ ˣˣ 

ˤ˶ˢ˨ˮ̉ˮ˹ 

̆ˢ˹ 

ˤ˶ˢ˨ˮ̉ˮ˹ 

̆ˢ˹ 
163404 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

65 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˻˿ˤ˩́˷˩˺˩ 

˽̂́ˢ ̂˶ˢ˭ ̂ 

˹ˮ˴˻˶˩ 

˽ˢ̊ˮ̔ˢ 300 
˭ˢ˳˩̉ˢ˾ ˭ˢ˳˩̉ˢ˾ 345067 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

66 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 
̊ˢ˾˥ˢ˹ ˣˣ ˴˾˩˸˹ˢ ̂ˬˮ̇˩ 10622244 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

67 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˣ˩˻˥˾ˢ˨ 

ό˾ˢ˸˽ˢύ 

˾ˢ˸˽ˢ 

̔̂˽˾ˮ˳ˢ л 
̔̂˽˾ˮ˳ˢ ̔̂˽˾ˮ˳ˢ 7964 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

68 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 
ˣˮˤ˻˷˩ ˣˣ ˣˮˤ˻˷˩ ˴˾̂̊˩ˤˢ̇ 805408 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

69 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˿́̂˽̉˩ˤˮ̔ˮ 

ˣ x
ˢ˾ˮ˷˩ ˢ˾ˮ˷˩ 330587 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

70 
˹ˢ˽˶ˢ́˹ˢ 

˿́ˢ˹ˮ̇ˢ 

˽˾˩˸ˢ 

˿˾ˣ˻ˣ˾ˢ˹̂ 
ˤ˾ˣˢ˿ ˤ˾ˣˢ˿ 1707 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

71 

˹ˢ˽˶ˢ́˹ˢ 

˿́ˢ˹ˮ̇ˢ 

˭˸ˢ˳˩ˤ˻ ˩ тр 

ˢ̂́˻˽̂́ ˭˸ˢ˳˩ˤ˻ ˤ˾ˣˢ˿ 17377 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

72 ˸˻˿́ ˣ˩̊˴ˢ 
˨̂˹ˢˤ˿˴ˢ 

˻ˣˢ˶ˢ ˣˣ 
ˣ˩̊˴ˢ ˮ˹̓ˮ˳ˢ 74154 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

73 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˿́˿ пс 

ˢ̂́˻˽̂́ ˩тр 

ˣ x

ˣˢ̉˴ˮ 

ˤˮ˹˻˥˾ˢ˨ˮ 
˿̂ˣ˻́ˮ̇ˢ 041596 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

74 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ ˽˩́˷ˢ 

ˣ˩̊˴ˢ 

ˢ̂́˻˽̂́ ˩-75 ˣ˩̊˴ˢ ˮ˹̓ˮ˳ˢ 
7759;2465

3 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

75 

˹ˢ˽˶ˢ́˹ˢ 

˿́ˢ˹ˮ̇ˢ 

̊ˮ˸ˢ˹˻ˤ̇ˮ 

ˢ̂́˻˽̂́ κ˸-

1 
˴˾˺˩̊˩ˤ̇ˮ 

˿́ˢ˾ˢ 

˽ˢ˭˻ˤˢ 

70737;711

56 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

76 
̊ˮ˸ˢ˹˻ˤˢ̉˴ˢ 

˽˩́˷ˢ - ́˿ ˮ 
ˢ̂́˻˽̂́ ˣˣ ˴˾˺˩̊˩ˤ̇ˮ 

˿́ˢ˾ˢ 

˽ˢ˭˻ˤˢ 
71200 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

77 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢΣ ˸ˣ́˿ 

нлκлΣп ˴ˤ 

ˢ̂́˻˽̂́ κˣˣ ˽˩̔ˮ˹̇ˮ ˽˩̔ˮ˹̇ˮ 
71009;705

38 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

78 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢΣ ˸ˣ́˿ 

млκлΣп ˴ˤ 

ˢ̂́˻˽̂́ κˣˣ ˾̂˸ˢ ˾̂˸ˢ 71075 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

79 

́˿ млκлΣп ˴ˤ 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ ˾ˢ˿́ 

ˢ̂́˻˽̂́ ˩- ˿́ˢ˾ˢ ˽ˢ˭˻ˤˢ 
˿́ˢ˾ˢ 

˽ˢ˭˻ˤˢ 
71092 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

80 

˸ˣ́˿ нлκлΦп ˴ˤ 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ ˽˩́̂ˢ 

̊ˮ ˨

ˢ̂́˻˽̂́ ˣˣ ˢ˨ˢ̊˩ˤ̇ˮ ̊ˮ ˨ 1649 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

81 

˸ˣ́˿ нлκлΦп˴ˤ 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ 

˿˾˩˸˿˴ˮ 

ˢ̂́˻-˽̂́ ˢ˨ˢ̊˩ˤ̇ˮ ̊ˮ ˨ 1687 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

82 
˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ ˴̂˭˸ˮ˹ 
ˢ̂́˻-˽̂́ ˴̂˭˸ˮ˹ 

˿˾˩˸˿˴ˢ 

˸ˮ́˾˻ˤˮ̇ˢ 
1807 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

83 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ ˿˾˩˸˿˴ˢ 

˸ˮ́˾˻ˤˮ̇ˢ 

ˢ̂́˻-˽̂́ ˣˣ 
˿˾˩˸˿˴ˢ 

˸ˮ́˾˻ˤˮ̇ˢ 

˿˾˩˸˿˴ˢ 

˸ˮ́˾˻ˤˮ̇ˢ 
1805 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

84 
˸˻˿́ ˹ˢ 

˨̂˹ˢˤ̂ 
˨̂˹ˢˤ˿˴ˢ ˣˣ ˣ˩̊˴ˢ ˮ˹̓ˮ˳ˢ 11382 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

85 

˨ˮ˾˩˴̇˨ˢ ˭ˢ 

˽̂́˩ˤ˩-˿˩˴́˻˾ 

˿˩ˤ˩˾ 

ˣ̂˶Φ ˴˾ˢ˷ˢ 

˽˩́˾ˢ ˮ нуκˣ 
˹˻ˤˮ ˿ˢ˨ ˹˻ˤˮ ˿ˢ˨ 2665979 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

86 

˽˻˴˾ˢ˳ˮ˹˿˴ˢ 

˭ˢ˳˩˨˹ˮ̇ˢ ˭ˢ 

˽̂́˩ˤ˩ 

˸ˮ˶˩́ˮ̔˩ˤˢ ˹˻ˤˮ ˿ˢ˨ ˹˻ˤˮ ˿ˢ˨ 2287698 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

87 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ ́˿ ̉˿˹ 

˹˻ˤˮ ˿ˢ˨ - ˿˩ˤ˩ 

ˢ̂́˻˽̂́ ˩ тр 

- ˿ ˩ˤ˩˾ 
˹˻ˤˮ ˿ˢ˨ ˹˻ˤˮ ˿ˢ˨ 10628172 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

88 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ ́˿ ̉˿˹ 

˹˻ˤˮ ˿ˢ˨ - ˳̂˥ 

ˢ̂́˻˽̂́ ˩ тр 

- ˳ ̂˥ 
˹˻ˤˮ ˿ˢ˨ ˹˻ˤˮ ˿ˢ˨ 37204 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

89 

˻˿ˤ˩́˷˩˺˩ ́˿ 

˽˩́˷ˢ ˹˿ - 

̇˩˹́ˢ˾ 

ˢ̂́˻˽̂́ ˩ тр 

- ́ ͔͔͙͙ͣͪͤͫ͟ 

ͨͯͭ 

˹˻ˤˮ ˿ˢ˨ ˹˻ˤˮ ˿ˢ˨ 37195 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

90 

˽̂˹˴́ ˭ˮ˸˿˴˩ 

˿˶̂ˬˣ˩ ˳˽ 

˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˽˩́˷ˢ 

ˢ̂́˻˽̂́ˢ ˣˣ 

˹˻ˤˮ 

ˣˢ˹˻ˤ̇ˮ 

˿́ˢ˾ˢ 

˽ˢ˭˻ˤˢ 
10633647 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

91 
̊ˮ˸ˢ˹˻ˤˢ̉˴ˢ 

˽˩́˷ˢ - ́˿ ˮˮ 
ˢ̂́˻-˽̂́ ˣˣ ˴˾˺˩̊˩ˤ̇ˮ 

˿́ˢ˾ˢ 

˽ˢ˭˻ˤˢ 
70603 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

92 

˽˩́˷ˢ ˮ˹̓ˮ˳ˢ -

ˢ̂́˻˽̂́ 

ˣ˩˻˥˾ˢ˨-˹˻ˤˮ 

˿ˢ˨ 

ˢ̂́˻-˽̂́ 

˹͍͙ͦ ˿͊͒ ˣˣ 
ˮ˹̓ˮ˳ˢ ˮ˹̓ˮ˳ˢ 10630623 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

93 

˽˩́˷ˢ 

˸ˢ˾ˢ˨ˮ˴-

ˢ̂́˻˽̂́ 

ˣ˩˻˥˾ˢ˨-˹˻ˤˮ 

˿ˢ˨ 

ˢ̂́˻-˽̂́ 

˹͍͙ͦ ˿͊͒ ˣˣ 
˸ˢ˾ˢ˨ˮ˴ ˮ˹̓ˮ˳ˢ 10637602 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

94 

́˿ ˽˩́˷ˢ ˹˻ˤˮ 

˿ˢ-˨˿˩ˤ˩˾ - 

˻˨˾ˬˢˤˢ˺˩ 

ˢ̂́˻˽̂́ ˩ тр 

- ˹ ͍͙ͦ ˿͊͒ 

˿˩ˤ˩˾ 

˹˻ˤˮ ˿ˢ˨ ˹˻ˤˮ ˿ˢ˨ 10616771 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

95 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - 

˻˨˩˷˩˺˩ ˭ˢ 

˽̂́ˢ˾˩ 

˷̂ˣ˩ ̉̂˽˩ р ˭ˤ˩˭˨ˢ˾ˢ 
ˣ˩˻˥˾ˢ˨-

˭ˤ˩˭˨ˢ˾ˢ 
20135 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

96 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ˳ˢˤ˹ˢ 

˾ˢ˿ˤ˩́ˢ ˭ˢ 

˽˩́˷̂ 

ˢ̂́˻˽̂́ ˩тр 

͔͙͒ͦͤͼ͊ 

ˣ͊ͭ͊ͤ͞ͼ͊-

˨͍ͦ͋͊ͤͦͼ͙ 

˿ˢˤ˿˴ˮ ˤ˩˹ˢ̇ 

ˣ˩˻˥˾ˢ˨-

˿ˢˤ˿˴ˮ 

ˤ˩˹ˢ̇ 

21676 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

97 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˥˾˻ˣ˷˩ 

˻˾˶˻ˤˢ̉ˢ 2 
˾ˢ˴˻ˤˮ̇ˢ 

ˣ˩˻˥˾ˢ˨-

˾ˢ˴˻ˤˮ̇ˢ 
249829 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

98 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˥˾˻ˣ˷˩ 

˻˾˶˻ˤˢ̉ˢ о 
˾ˢ˴˻ˤˮ̇ˢ 

ˣ˩˻˥˾ˢ˨-

˾ˢ˴˻ˤˮ̇ˢ 
229794 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

99 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˸˩˾˹˻ 

˸˩˿́˻ п 

˥˾˻ˣ˷˩ 

˻˾˶˻ˤˢ̉ˢ п 
˾ˢ˴˻ˤˮ̇ˢ 

ˣ˩˻˥˾ˢ˨-

˾ˢ˴˻ˤˮ̇ˢ 

52377;  

223793 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

100 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˸˩˾˹˻ 

˸˩˿́˻ м 

˥˾˻ˣ˷˩ 

˻˾˶˻ˤˢ̉ˢ м 
˾ˢ˴˻ˤˮ̇ˢ 

ˣ˩˻˥˾ˢ˨-

˾ˢ˴˻ˤˮ̇ˢ 
249828 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

101 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ˽ ˩́˷ˢ 

˨˻ˣˢ˹˻ˤ̇ˮ 

̂˥˾ˮ˹˻ˤˢ̉˴

ˮ ˽̂́ 
˭˩˸̂˹ 

ˣ˩˻˥˾ˢ˨-

˭˩˸̂˹ 
16909 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

102 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

̂˥˾ˮ˹˻ˤˢ̉˴

ˮ ˽̂́ 
˭˩˸̂˹ 

ˣ˩˻˥˾ˢ˨-

˭˩˸̂˹ 
144092 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

103 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ ˩тр 

͔͙͒ͦͤͼ͊ 

ˣ͊ͭ͊ͤ͞ͼ͊-

˨͍ͦ͋͊ͤͦͼ͙ 

˿ˢˤ˿˴ˮ ˤ˩˹ˢ̇ 

ˣ˩˻˥˾ˢ˨-

˿ˢˤ˿˴ˮ 

ˤ˩˹ˢ̇ 

24971 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

104 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ ˩тр 

͔͙͒ͦͤͼ͊ 

ˣ͊ͭ͊ͤ͞ͼ͊-

˨͍ͦ͋͊ͤͦͼ͙ 

˿ˢˤ˿˴ˮ ˤ˩˹ˢ̇ 

ˣ˩˻˥˾ˢ˨-

˿ˢˤ˿˴ˮ 

ˤ˩˹ˢ̇ 

144091 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

105 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ ˩тр 

͔͙͒ͦͤͼ͊ 

ˣ͊ͭ͊ͤ͞ͼ͊-

˨͍ͦ͋͊ͤͦͼ͙ 

˿ˢˤ˿˴ˮ ˤ˩˹ˢ̇ 

ˣ˩˻˥˾ˢ˨-

˿ˢˤ˿˴ˮ 

ˤ˩˹ˢ̇ 

144096 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

106 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ˳ˢˤ˹˻ 

˻˿ˤ˩́˷˩˺˩ 

ˮˣˢ˾˿˴ˮ ˽̂́ 

м s
˾ˢ˴˻ˤˮ̇ˢ 

ˣ˩˻˥˾ˢ˨-

˾ˢ˴˻ˤˮ̇ˢ 
71997 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

107 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ˳ˢˤ˹˻ 

˻˿ˤ˩́˷˩˺˩ 

ˮˣˢ˾˿˴ˮ ˽̂́ 

м x
˾ˢ˴˻ˤˮ̇ˢ 

ˣ˩˻˥˾ˢ˨-

˾ˢ˴˻ˤˮ̇ˢ 
72006 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

108 

̂˽˾ˢˤ˹ˢ 

˭˥˾ˢ˨ˢ - ˳ ˽ 

˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˴˾̂ˬ˹ˮ ˽̂́ 

˴ˮ˳˩ˤ˻ 
˾ˢ˴˻ˤˮ̇ˢ 

ˣ˩˻˥˾ˢ˨-

˾ˢ˴˻ˤˮ̇ˢ 
4013 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

109 
˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ-

˽˩́˷ˢ 
ˣ˩˶ˮ ˽˻́˻˴ 

˸ˢ˶ˮ 

˽˻ˬˢ˾˩ˤˢ̇ 

ˣ˩˻˥˾ˢ˨-

˿˻˽˻́ 
43415 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

110 ˾ˢ˸˽ˢ-˴ˢˣˮ˹ˢ 
ˢ̂́˻˽̂́ ˭ˢ 

˹ˮ ̊
˭ˤ˩˭˨ˢ˾ˢ 

ˣ˩˻˥˾ˢ˨-

˭ˤ˩˭˨ˢ˾ˢ 

8816716;8

829304 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

111 
ˤ˾̉ˮ˹˿˴ˢ 

˽˩́˷ˢ 

ˣ̂˶˩ˤˢ˾ 

˾˩ˤ˻˶̂̇ˮ˳˩ 

2 

ˤ˾̉ˮ˹ 
ˣ˩˻˥˾ˢ˨-

˥˾˻̇˴ˢ 
22882 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

112 
˽˩́̂ˢ ˹ˢ ˢ̂́˻-

˽̂́̂ 
˾ˢˤ˹ˮ ˥ˢ˳ ˣˣ 

˸ˢ˶ˮ 

˽˻ˬˢ˾˩ˤˢ̇ 

ˣ˩˻˥˾ˢ˨-

˿˻˽˻́ 
40362 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

113 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ 

ˣ͔͎ͦͪ͊͒-

˽͊ͤ;͔͍ͦ ͋͋ 

    3853 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

114 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ 

ˣ͔͎ͦͪ͊͒-

˽͊ͤ;͔͍ͦ ͋͋ 

    149467 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

115 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ 

ˣ͔͎ͦͪ͊͒-

˻͙ͫͭͪͯ͗ͤͼ͊ 

͋ ͋

̉̂˴ˢ˾ˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-

̉̂˴ˢ˾ˮ̇ˢ 
19397 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

116 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˨˻ˣˢ˹˻ˤ̇ˮ 

˩тр 
˨˻ˣˢ˹˻ˤ̇ˮ 

ˣ˩˻˥˾ˢ˨-

˿̂˾̉ˮ˹ 
19131 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

117 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ˮ˿˽˻˨ 

˻˿́˾̂ˬ˹ˮ̉˴˻˥ 

˸˻˿́ˢ 

˹˻ˤˮ 

ˣ˩˻˥˾ˢ˨ ˣˣ 
˹˻ˤˮ ˣ˩˻˥˾ˢ˨ 

ˣ˩˻˥˾ˢ˨-

˹˻ˤˮ 

ˣ˩˻˥˾ˢ˨ 

10637715 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

118 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ́̂˹˩˶ 

˿́ˢ˾ˢ 

˿́˾ˢˬ˩ˤˮ̇ˢ 

˴˾̂ˬ˹ˮ ˽̂́ 

- x ˥ ˾͔͙ͫͤ͟ 
˾˩˿˹ˮ˴ 

ˣ˩˻˥˾ˢ˨-

˾ˢ˴˻ˤˮ̇ˢ 
11471 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

119 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ́̂˹˩˶ 

˿́˾ˢˬ˩ˤˮ̇ˢ 

˿́˾ˢˬ˩ˤˮ̉˴

 s
˿́˾ˢˬ˩ˤˮ̇ˢ 

ˣ˩˻˥˾ˢ˨-

˾ˢ˴˻ˤˮ̇ˢ 
23601 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

120 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ́̂˹˩˶ 

˶ˮ˽ˢ˴ - 

ˬ˩˶˩˭˹ˮ˴ 

˿́˩ˤˢ˹ˢ 

̅ˮ˶ˮ˽˻ˤˮ̔

 s

̉̂˴ˢ˾ˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-

̉̂˴ˢ˾ˮ̇ˢ 
23636 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

121 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ́̂˹˩˶ 

˶ˮ˽ˢ˴ - ̅ ˢ˭ˢ ˮ 

˿ˢˤ˿˴ˢ ˻˿́˾̂ˬ˹ˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-

̉̂˴ˢ˾ˮ̇ˢ 
23640 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

122 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˢ̂́˻-

˽̂́ 

ˣ̂˶˩ˤˢ˾ 

˾˩ˤ˻˶̂̇ˮ˳˩ 

282 

̂˸̉ˢ˾ˮ 
ˣ˩˻˥˾ˢ˨-

˥˾˻̇˴ˢ 
3570609 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

123 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - 

˨ˮ˹ˢ˸ˮ̉˴ˮ 

ˮ˹̅˻˾˸ˢ́ˮˤ˹

 ˮ

˸ˮ˶˻˾ˢ˨ˢ 

ˣ˻˹̈̂˶ˮ̔ˢ 

5 

˭ˤ˩˭˨ˢ˾ˢ 
ˣ˩˻˥˾ˢ˨-

˭ˤ˩˭˨ˢ˾ˢ 
11003593 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

124 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˨˾ˮ˽-

˽˩́̂ˢ 

˨˻ˣˢ˹Φ˿˸˩˾ ˴ˢ 

ˬˮ́˹ˢ пм ˨˻ˣˢ˹˻ˤ̇ˮ 
ˣ˩˻˥˾ˢ˨-

˿̂˾̉ˮ˹ 
11007191 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

125 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ -˨˾ˮ˽ 

́с-˭˻˹ˢ 

˾ˢ˿˴˾Φ˽˶ˢˤˮ 

ˢ̂́˻˽̂́ ͊͘ 

˭͎͔͊ͪ͋ ннˢ 
˭˩˸̂˹ 

ˣ˩˻˥˾ˢ˨-

˭˩˸̂˹ 
11008691 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

126 

˳ˢˤ˹˻ 

˽˾˩˨̂˭˩̔˩ 

˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˿̂˾̉ˮ˹˿˴ˮ 

˽̂́ мˢ 
˹˻ˤˮ ˣ˩˻˥˾ˢ˨ 

ˣ˩˻˥˾ˢ˨-

˹˻ˤˮ 

ˣ˩˻˥˾ˢ˨ 

11008674 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

127 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˽˻˿Φ˽˾˻˿́˻˾ 

̂˿́ˢ˹ˮ̉˴ˢ 

сп ͫͨΦм  
˭ˤ˩˭˨ˢ˾ˢ 

ˣ˩˻˥˾ˢ˨-

˭ˤ˩˭˨ˢ˾ˢ 
36221 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

128 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

̂˿́ˢ˹ˮ̉˴ˢ 

64 
˭ˤ˩˭˨ˢ˾ˢ 

ˣ˩˻˥˾ˢ˨-

˭ˤ˩˭˨ˢ˾ˢ 
253477 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

129 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˻˨˩̂Φ˭ˢ 

˽̂́ˢ˾Φ 

˷̂ˣ˩ ̔̂˽˩ р ˭ˤ˩˭˨ˢ˾ˢ 
ˣ˩˻˥˾ˢ˨-

˭ˤ˩˭˨ˢ˾ˢ 
5925171 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

130 
˽˩́̂ˢ 

˨˻ˣˢ˹˻ˤ̇ˮ 

ˢ̂́˻˽̂́ ͊͘ 

˭͎͔͊ͪ͋ ͋͋ 
˭˩˸̂˹ 

ˣ˩˻˥˾ˢ˨-

˭˩˸̂˹ 
459243 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

131 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˭˾˩˺ˢ˹ˮ˹˿˴

ˮ ˽̂́ м 
˽ˢ˶ˮ˶̂˶ˢ 

ˣ˩˻˥˾ˢ˨-

˽ˢ˶ˮ˶̂˶ˢ 
182244 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

132 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˽ˢ˹̉˩ˤˢ̉˴ˮ 

˸˻˿́ м 
˽ˢ˶ˮ˶̂˶ˢ 

ˣ˩˻˥˾ˢ˨-

˽ˢ˶ˮ˶̂˶ˢ 
277377 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

133 
˽˻˨˭˩˸˹ˮ 

˽˾˻˶ˢ˭ 

ˮˣˢ˾˿˴ˮ ˽̂́ 

м ˣˣ 
˸˩˷ˢ˴ 

ˣ˩˻˥˾ˢ˨-

ˣˢ˾ˢ˳˩ˤ˻ 
89004 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

134 

˸ˮ˹ˮ˿́ˢ˾Φ˿ˢ˻

ˣ˾Φˮ ˤ˩˭ˢ ˣ˥˨ 

˹ˢ˽˶ˢ́˹ˢ 

˿́ˢ˹ˮ̇ˢ 

́ˮ̆˻˸ˮ˾ˢ 

̓˻˾̓˩ˤˮ̔ˢ 

999 

ˢ˶˩˴˿ˮ˹ˢ̉˴ˮ 

˾̂˨˹ˮ˴ 
ˢ˶˩˴˿ˮ˹ˢ̇ 00068763 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

135 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˥˶˻˥˻ˤˮ̇ˢ 

282 
˥˶˻˥˻ˤˮ̇ˢ ˢ˶˩˴˿ˮ˹ˢ̇ 00068926 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

136 

˾˿ ˨ˮ˾˩˴̇˨ˢ ˭ˢ 

˽̂́˩ˤ˩ 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ 

˨˻˷˩ˤˢ̇ ˣˣ ˨˻˷˩ˤˢ̇ ˨˻˷˩ˤˢ̇ 2969 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

137 

˾˿ ˨ˮ˾˩˴̇˨ˢ ˭ˢ 

˽̂́˩ˤ˩ ˹ˢ˽˶Φ ˾Φ 

˹˻ˤ˻ ˿˩˶˻  

˹˻ˤ˻ ˿˩˶˻-

˴˽˨ ˹˻ˤ˻ 

˿˩˶˻ 

˹˻ˤ˻ ˿˩˶˻ 
˹ˮ-̊

˸˩˨ˮ˳ˢ˹ˢ 
68837 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 



 

˿ ͭ ͪ͊ͤ͊ | 20 

˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

138 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

ˣ̂˶˩ˤˢ˾ 

˴˾ˢ˷ˢ 

ˢ˶˩˴˿ˢ˹˨˾ˢ 

282 

˭ˤ˩˭˨ˢ˾ˢ 
ˣ˩˻˥˾ˢ˨-

˭ˤ˩˭˨ˢ˾ˢ 
17342 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

139 

˾ˢ˿˴˾˹ˮ̇ˢ 

˿˩˶ˮ̊́˩ 

̊ˢ˾ˣˢ˹˻ˤˢ̇ 

̊ˢ˾ˣˢ˹˻ˤˢ

̇ ˣˣ 
̊ˢ˾ˣˢ˹˻ˤˢ̇ ˣ˻˾ 128021 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

140 

˻˿ˤ˩́˷˩˺˩ 

˻˨˸˻˾ˮ̊́ˢ 

ˢ̂́˻ ˽̂́ˢ ˩ тр  

ˣ˻ˣ˻ˤˮ̊́˩ 

ˣ x
ˣ˻ˣ˻ˤˮ̊́˩ ˢ˶˩˴˿ˮ˹ˢ̇ 00341136 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

141 

˾˿ ˨ˮ˾˩˴̇ˮ˳ˢ 

˭ˢ ˽̂́˩ˤ˩ 

˹ˢ˽˶ˢ́˹ˢ 

˿́ˢ˹ˮ̇ˢ 

́˾̂˽ˢ˶˩ ффф ́˾̂˽ˢ˶˩ 
˹ˮ-̊

˸˩˨ˮ˳ˢ˹ˢ 
068691 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

142 
˽˩́˷ˢ ˴˻˨ 

ˣ˾˩˿́˻ˤ̇ˢ 

ˣ˾˩˿́˻ˤˢ̇ 

ˣ x
ˣ˾˩˿́˻ˤˢ̇ ˶˩˿˴˻ˤˢ̇ 042308 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

143 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ́̂˹˩˶ 

˴˾ˬˮ˹̇˩ 

˴˾ˬˮ˹̇˩ ˣˣ ˴˾ˬˮ˹̇˩ 
ˤ˶ˢ˨ˮ̉ˮ˹ 

̆ˢ˹ 
2031 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

144 

˸ˮ˹ˮ˿́ˢ˾˿́ˤ˻ 

˿ˢ˻ˣΦ ˮ ˤ˩˭ˢ 

˻ˣ˳Φ ˽ ˮ˾˻́ н 

˶ˢ˭˩ 

˶ˢ˭ˢ˾˩ˤˮ̔ˢ 

1 

˥˺ˮ˶ˢ˹ ˽ˮ˾˻́ 23453437 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

145 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - s ˾̆ˮˤ 

˹˻ˤˢ˴˻ˤˢ ˤˮ˶ˢ 

˶ˢ˭˩ 

˶ˢ˭ˢ˾˩ˤˮ̔ˢ 

ˣ x

˽ˮ˾˻́ ˽ˮ˾˻́ 281717 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

146 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ́̂˹˩˶ 

˸ˢ˹ˢ˳˶˩ 

˿ˤ˩́˻˿ˢˤ˿˴

ˢ м 

ˤ˶ˢ˨ˮ̉ˮ˹ 

̆ˢ˹ 

ˤ˶ˢ˨ˮ̉ˮ˹ 

̆ˢ˹ 
2030 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

147 

˳ˢˤ˹˻ 

˻˿ˤ˩́˶˩˺˩ 

˽˩́˷˩ ˴˻˾ˮ˨˻˾ 

10 

˻˾ˢ˻ˤˮ̇ˢ  

ό˴˻˨ 

˥˾˨˩˶ˮ̇˩ύ 

ˣ x

˻˾ˢ˻ˤˮ̇ˢ 

ό˴˻˨ 

˥˾˨˩˶ˮ̇˩ύ 

˶˩˿˴˻ˤˢ̇ 393949 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

148 

˻˿ˤ˩́̂Φ˽˩́˷˩ 

ˤ˶ˢ˿˻́ˮ˹̇˩ ˹ˢ 

˽̂́̂ ˩-тр ˽˩ 

˸ˢ˹˻˳˶˻ˤ̇˩ 

ˣ x
˸ˢ˹˻˳˶˻ˤ̇˩  ˶˩˿˴˻ˤˢ̇ 452556 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

149 

˻˿ˤ˩́˷˩˺˩ 

˽˩́̂ˢ ˹ˢ ˢ̂́˻ 

˽̂́̂ 

˽˩̉˩˺˩ˤˢ̇ 

˽˩̉˩˺˩ˤ̇˩ 

ˣ x
˽˩̉˩˺˩ˤ̇˩ ˶˩˿˴˻ˤˢ̇ 452565 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

150 
˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ ́˿ мрфл 
ˣˢ́˻̉ˮ˹ˢ ˣˢ́˻̉ˮ˹ˢ ˣˢ́˻̉ˮ˹ˢ 022397 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

151 

˳ˢˤ˹˻ 

˽˾˩˨̂˭˩̔˩ 

˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˾ˢ˷ˢ мΣ 

˽˩́˷ˢ 
˾ˢ˷ˢ ˿˻˽˻́ 2467 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

152 

˳ˢˤ˹˻ 

˽˾˩˨̂˭˩̔˩ 

˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˽˩́˷ˢ ˤ˻˨ˢ˺ ˤ˻˨ˢ˺ 42439 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

153 

˳ˢˤ˹˻ 

˽˾˩˨̂˭˩̔˩ 

˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˾ˢ˷ˢ нΣ 

˽˩́˷ˢ 
˾ˢ˷ˢ ˿˻˽˻́ 00042513 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

154 

˹ˢ˽˶ˢ́˹ˢ 

˾ˢ˸˽ˢ ˶ˢ˽˻ˤ˻ 

́˿ мром 

ˤ˻˳ˤ˻˨˩ 

˿́˩˽˩ рˢ 

˶ˢ˽˻ˤ˻ 

όˤˢ˾˻̊ύ 
˶ˢ˽˻ˤ˻ 8838293 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

155 

˳ˢˤ˹˻ 

˽˾˩˨̂˭˩̔˩ 

˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˽˩́˷ˢ ˴˻˶ˢ˾ˮ ˴˻˶ˢ˾ˮ 12746 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

156 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˿́̂ˣ˶˩˹ˮ̇ˢ 

0 
̂ x ̂ x 7799452 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

157 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ˣ˩˻˥˾ˢ˨ 

˿́̂ˣ˶˩˹ˮ̇ˢ 

0 
̂ x ̂ x 85481 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

158 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ό˽˩́˷ˢ 

˭ˢ ˢ̂́˻˽̂́ύ 

ˢ̂́˻˽̂́ л ˳ˢ˥˻˨ˮ˹ˢ ˳ˢ˥˻˨ˮ˹ˢ 10268 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

159 ˢ̂́˻˽̂́ ˽˩́˷ˢ ˾ˢˬˢ˺ л ˾ˢˬˢ˺ ˾ˢˬˢ˺ 11298 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

160 ˢ̂́˻˽̂́ ˽˩́̂ˢ ˽˻˳ˢ́˩ л ˽˻˳ˢ́˩ ̔ˮ̔˩ˤˢ̇ 11332 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

161 
˿˾ˣˮ˳ˢ ˽̂́ 

ˣ˾˻˳̇Φ ˴̂̔ˢ 
˳ˢ˿ˮ˴ˢ л ˳ˢ˿ˮ˴ˢ ˴˾̂̊˩ˤˢ̇ 100234 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

162 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˸ˢ˴˾˩̊ˢ˹˩ 

ˣ x
˸ˢ˴˾˩̊ˢ˹˩ ˴˾̂̊˩ˤˢ̇ 25186 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

163 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 
˴˻̊˩ˤˮ ˣˣ ˴˻̊˩ˤˮ ˴˾̂̊˩ˤˢ̇ 25161 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

164 
˻˿ˤ˩́˶˩˺˩ 

́̂˹˩˶ˢ ˹ˢ ˥˾˭ˮ 

́˻˸˩ 

ˬˮˤˢ˹˻ˤˮ̔

ˢ л 

˽ˢ˾ˢ̔ˮ˹ ˽ˢ˾ˢ̔ˮ˹ 

18409;184

пф ό͍͒͊ 

͋ͪύ 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

165 
˽˩́˷ˢ ˹ˢ ˢ̂́˻ 

˽̂́̂ 

́˻˸˩ 

ˬˮˤˢ˹˻ˤˮ̔

ˢ л 

˽ˢ˾ˢ̔ˮ˹ ˽ˢ˾ˢ̔ˮ˹ 18472 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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 ˾ ͔

͒Φ 

ˣͪΦ 

́ ˿ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 

͙͋ͪͦ͊͞͡ 

˴͔͎͙͊ͭͦͪ͊͞ 

ͨͦͭͪͦ΄͔ͥ 

166 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˴˾ˢ́˻ˤ˿˴ˢ 

˿́˩˹ˢ ˣˣ 
˶̂̉ˢ˹ˮ ˶̂̉ˢ˹ˮ 3538 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

167 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 
ˤ˾˹̉ˢ˹ˮ ˣˣ ˻ˤ̉ˢ˾ ˣˢ˺ˢ ̉ˢ̉ˢ˴ 10095 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

168 ́˿ ˽̂́ˢ˾ˢ  ˭˶ˢ́ˮˣ˻˾ л ̂ˬˮ̇˩ ̂ˬˮ̇˩ 

8269402 - 

8867448 

ό͍͒͊ ͋ͪύ 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

169 
˨ˮ˾˩˴̇ˮ˳ˢ ˭ˢ 

˽̂́˩ˤ˩ 

˴˹˩˭ˢ 

˸ˮ˶˻̊ˢ мср 
̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 4593028 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

170 
˨ˮ˾˩˴̇ˮ˳ˢ ˭ˢ 

˽̂́˩ˤ˩ 

ˣ̂˶˩ˤˢ˾ 

˻˿˶˻ˣ˻̓˩˺

ˢ л 

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 9201928 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

171 
˨ˮ˾˩˴̇ˮ˳ˢ ˭ˢ 

˽̂́˩ˤ˩ 

ˤ˶Φ˹ˮ˴Φ 

ˤ˩˶ˮ˸ˮ˾˻ˤ

ˮ̔ˢ фр 

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 8936011 
˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

172 

˸ˮ˹ˮ˿́ˢ˾˿́ˤ˻ 

˭ˢ ˿ˢ˻ˣ˾ˢ̔ˢ˳ ˮ 

ˤ˩˭˩ 

˽ˢ˾́ˮ˭ˢ˹˿˴

˩ ˤ˻˨˩ ˣˣ 
̂ˬˮ̇˩ ̂ˬˮ̇˩ 24118 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

173 ˽̂́˩ˤˮ 
̂˸ˮ˹ˢ ˤ˻˨ˢ 

ˣ x
˽ˢ˶ˮ˿ˢ˨ ̉ˢ˳˩́ˮ˹ˢ 18697 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

174 

˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

˸˩́˩˻˾˻˶˻̊˴ˢ 

˿́ˢ˹ˮ̇ˢ 

˹˻ˤˮ ˸˻˿́ 

77- ̊ ͊͋͊ͼ л 
̊ˢˣˢ̇ ̊ˢˣˢ̇ 319866 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

175 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ 

ˣˢ̈ˢ˴˻ˤˢ 

̔̂˽˾ˮ˳ˢ 
˴˾̔˩ˤˢ̇ ́˻˽˻˶ˢ 318310 

˴͔ͦͣͪͼ͙͊ͤͦ͞͡ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 

176 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ́˿ т 

˻ˣˮ˶ˢ˭˹ˮ̇ˢ 

ˣ x
˿̂˾̉ˮ˹ 

ˣ˩˻˥˾ˢ˨-

˿̂˾̉ˮ˹ 
10637717 

˾͔͔͍ͪͤͦ͘ 

͔͍͔ͫͤ͊͋͒͊ͥ 

͙͙ͤͫ͟ ͤ͊ͨͦͤ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

1. ˭͊ͦͤͦͣ͟ ͍ͯͭͪΏ͔͔ͤ ͍͔͔ͦ͋͊͘ ˳˽ α˽͔͍ͯͭ͊ ˿͙͔ͪ͋͞ά ͯ ͙ͦ͋͊ͫͭ͡ 

͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟ 
 

̂ ͍ͦͦͣ ͔͒ͯ͡ ͙͔ͫͭͯ͒͞ ΐ͔ͣͦ ͔ͫ ͯͪ͊ͭͦ͟͟ ͍͙ͦͫͪͤͯͭ ͤ͊ ͊ͦͤͦͣ͘͟ ͍ͯͭͪΏ͔͔ͤ ͍͔͔ͦ͋͊͘ ͯ ͙ͦ͋͊ͫͭ͡ 

͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟Σ ͔ͦ͟͞ ͔ͫ ͔ͦ͒ͤͦͫ ͤ͊ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞άΦ ˹͙͔͊ͣΣ ͙ͦͫͣ ͔͔ͨͦͭͪ͋ ͘ ͊

͍͙͍͔ͦͫͭ͊ͪ͊ͥ ͣ ͼ͙͔͍͊͢ ͔ͺ͙͎͊ͫͤͦ͟ ͙ͦͪ͟΄ΐ͔ͥ͊ ͔͔͎͙͔ͤͪ͞,  ͊  ͯ ͍ͨͪͦͣ ͔ͪ͒ͯ, ͯ΄͔ͭ͒͊ 

ͨͦ͋ͦ͢΄͔͊ͥͣ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟ ͦ͒͟ ͔ͫͯ͋͊ͭ͊͟͞  ͍͙ͯͫͣ ͔͎͔͙ͫͣͤͭͣ͊ ͙͍͔͔ͨͪͪ͒  ͙

͒ͪͯ΄͍ͭ͊, ͦ ͍͊ ͣ ͔͙͊ͭͪ͊͞ ͙ ͣ͊ ͙  ͫ ͍ͦ͞ ͘ ͍͙͊ͦͤͦ͒͊ͤ͟ ͦ ͍͙ͪ͟, ͨ  ͊͞ ͔ ͫ ͎ͭͦ͊ ͒ ͔ͺ͙͙ͤͫ͊ͤ͊ ˭ ͊ͦͤͦͣ͟ ͦ  

͔ͺ͙͊ͫͤͦͣ͟ ͙ͦͪ͟΄ΐ͔ͥͯ ͔͔͎͙͔ͤͪ͞ όα˿͡. ˥͙͊ͫͤ͟͡ ˾ά˿Σ ͋.ͪ 25/2013), ͟ ͊ͦ  ͙;͙͍͙ͭ͊ͣ ͙ͤͦͣ͘ 

͙ͨͦ͒͊ͦͤͫ͘͟͟ͻ ͊͊ͭ͊͟ (͔͙ͯͪ͒͋  ͙͍͙͙ͨͪ͊ͤ͊͟͡), ͊ͦ͟  ͙͘ ͊ͤ͊ͫ ͍͔ͦ͋͊ͯͯ͘͞ΐͦͣ ˨͙͔͙͍ͪͭͦͣ͟ 

2009/28/˩ ,˭ ˩ ͍͔ͪͦͨͫ͟ ̂ ͙͔ͤ͞, ͙  ͘2009. ͎ ͙͔ͦ͒ͤ ͙  ͪ ͔͎͙ͦͤ͊ͤͦͣ͡ ͫ ͔͎͙ͭͪ͊ͭͦͣ͞ (Energy Strategy 

of the Energy Community) ͙  ͘2012. ͎ ͙͔ͦ͒ͤ. 

˭͊ͦͤ͟  ͔ͦͺ͙͊ͫͤͦͣ͟ ͙ͦͪ͟΄ΐ͔ͥͯ ͔͔͎͙͔ͤͪ͞ όα˿͡. ˥͙͊ͫͤ͟͡ ˾ά˿Σ ͋.ͪ 25/2013) ͍͙ͯͦ͒ ͙͔ͫͫͭͣ 

͔͔͎͔͎ͤͪͭͫͦ͟ ͣ ͔ͤ͊ͽ͔ͣͤͭ͊ ͟ ͙ͦ͞ ͙ ͣ͊ ͫ ͍͔ͦ͞ ͼ͙͔͍͔͢Σ ͤ͊;͔͊͡ ͙  ͫ ͔͔ͯ͋ͭ͟͞. 

͙͔͍͙̇͢ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟ ό͔ͺ͙͎͊ͫͤͦ͟ ͙ͦͪ͟΄ΐ͔ͥ͊ ͔͔͎͙͔ͤͪ͞ύ 

Å ˽͍͔ͦΐ͔͊ͥ ͫ ͙͎͙ͯͪͤͦͫͭ ͫ ͔͍ͤ͊͋͒͊ͥ͊ ͔ ͔͎͙ͤͪͦͣ͞ ͙  ͥ ͔ͤͦ ͔ ͺ͙͙͔͊ͫͤ͟͞ ͟ ͙ͦͪ΄ΐ͔͔ͥ; 

Å ˽͍͔ͦΐ͔͊ͥ ͔͙ͦͤͯͪͤͭͤͦͫͭ͟͟ ͙͍͔͔ͨͪͪ͒ ͪͦ͘͟ ͍͔͔ͦͫͭ͊ͪͤ ͯ΄͔͔ͭ͒Τ 

Å ˿͔͔ͣ͊ͥͥ ͤ ͔͎͙͍͙͊ͭͤͻ ͯ ͙ͭͼ͊͊͞ ͔ ͔͎͔͎ͤͪͭͫͦ͟ ͫ ͔ͭͦͪ͊͟ ͤ  ͊͗ ͙͍ͦͭͤͯ ͫ ͔͙ͪ͒ͤͯ, ͙  

Å ˽͙ͦ͒ͫͭͼ͔͊ͥ ͦ ͎͍͎͒ͦͦͪͤͦ ͨ ͦͤ͊΄͊ͥ͊ ͨ ͔ͪͣ͊ ͔ ͔͎͙͙ͤͪ͞. 

˻͍ͫͤͦͤ͊ ͤ͊;͔͊͡ ͤ͊ ͙ͦͣ͊͟͞ ͔ͫ ͙͍͊ͫͤ͊͘ ͔ͺ͙͊ͫͤͦ͟ ͙ͦͪ͟΄ΐ͔͔ͥ ͔͔͎͙͔ͤͪ͞ 

Å ˩͔͎͔ͤͪͭͫ͊͟ ͫ ͙͎ͯͪͤͦͫͭ; 

Å ˴͔ͦͤͯͪͤͭͤͦͫͭ͟ ͨ ͙͍ͪͦͦ͒͊͘ ͙  ͯ ͎ͫͯ͊͡; 

Å ˻͙͍͒ͪ͗ͦͫͭ ͟ ͙ͦͪ΄ΐ͔ͥ͊ ͔ ͔͎͙͔ͤͪ͞; 

Å ˻͎͙͍ͪ͊ͤͦ͊ͤͦ͘ ͯ ͍͔ͨͪ͊͊ͥ͢ ͔ ͔͎͙ͤͪͦͣ͞ ς ͯ ͍͔ͨͪ͊͊ͥ͢ ͨ ͦͭͪͦ΄ͥͦͣ ͔ ͔͎͙͔ͤͪ͞; 

Å ˩ͦͤͦͣͫ͊͟͟ ͙͙͍ͫͨ͊ͭͦͫͭ͡ ͔ͣͪ͊ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟Σ ͙ 

Å ˸͙͙͙ͤͣ͊ͤ͡ ͘ ͊ͻ͔͍͙ͭ ͔ ͔͎͔͔ͤͪͭͫ͟ ͔ ͺ͙͙͊ͫͤͦͫͭ͟. 

˿͔͙ͯ͋ͭ͟͞ ͙͔ͫͫͭͣ͊ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͣͤͭ͊ ͫͯΥ 

Å ˤ͊͒͊͡; 

Å ˸͙͙͍ͤͫͭ͊ͪͫͭͦ ͔ͤ͊͒͗ͤͦ͡ ͘ ͊ ͭ ͔ ͍͔ͨͦͫͦ͡ (˸͙͙͍ͤͫͭ͊ͪͫͭͦ ͍ͪͯ͒͊ͪͫͭ͊  ͙

͔͔͎͔͙͔ͤͪͭ͟); 

Å ˻͍͔͙͋ͤ͘ͼ͙ ͫ ͙͔ͫͭͣ͊ ͔ ͔͎͔͎ͤͪͭͫͦ͟ ͣ ͔ͤ͊ͽ͔ͣͤͭ͊; 

Å ˩͔͎͔͙ͤͪͭͫ͟ ͣ ͔ͤ͊ͽ͔͙ͪ, ͙  

Å ˻͍͊͡΄ΐ͔͙ͤ ͔ ͔͎͔͙ͤͪͭͫ͟ ͫ ͍͔͙͊ͭͤͼ͙.  
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˭͊ͦͤ͟ ͔͒͊͢ ͔͒ͺ͙͙ͤ΄͔ ͦ͟ ͫͯ ͍͔͙ͦ͋ͤ͘ͼ͙ ͙͔ͫͫͭͣ͊ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͣͤͭ͊: 

¶ ˽͙͍͔ͪͪ͒ͤ͊ ͒ ͪͯ΄͍ͭ͊ ;͙͊͞ ͞ ͔ ͨ ͔͔ͪͭ͗ͤ͊ ͒ ͔͊ͭͤͦͫͭ͡ ͯ  ͨ ͙͍ͪͦͦ͒ͤͦͣ͘ ͫ ͔ͭͦͪͯ͟, ͯ ͙ͦͦ͟͟͡ 

͔ͤ͊ͣ͊ͥ͞ ͤ ͔͊͒ͤͦ͞͞ ͦ͊͟͡ͼ͙͙͞, ͦ͊͟͞ ͫ ͔͍͙ͦ͒ ͤ ͔͊ͨͦͫ͋ͤͦ͞ ͔͙͊͒ͪͫ, ͙ͣ͊ͯ͞ ͔͔ͦ͋ͭ͟͞ ͘ ͊

͍͔ͦ͋͊͊ͥ͢ ͔͙͒͊ͭͤͦͫͭ͡ ;͙͊͞ ͔͞ ͎͙ͦ͒΄ͥ͊ ͍͔ͦͫͭ͊ͪͤ͊ ͨͦͭͪͦ΄ͥ͊ ͙͔ͨͪͣ͊ͪͤ ͔͔͎͙͔ͤͪ͞ 

͍͔ΐ͊ ͦ :͒ 

Á 2.500 ́ ˻˩1, ͦ ͒ͤͦͫͤͦ, 104,67 ́ ,˳ ͦ ͒ͤͦͫͤͦ 29,08 GWh 

¶ ˽͙͍͔ͪͪ͒ͤ͊ ͒ ͪͯ΄͍ͭ͊ ;͙͊͞ ͞ ͔ ͨ ͔͔ͪͭ͗ͤ͊ ͒ ͔͊ͭͤͦͫͭ͡ ͯ  ͨ ͙͍ͪͦͦ͒ͤͦͣ͘ ͫ ͔ͭͦͪͯ͟, ͯ ͙ͦͦ͟͟͡ 

͔ͨͦͫ͒ͯͯ͞ ͔͔ͦ͋ͭ͟͞ ͘ ͍͔͊ͦ͋͊͊ͥ͢ ͔͙͒͊ͭͤͦͫͭ͡ ;͙͊͞ ͔͞ ͎͙ͦ͒΄ͥ͊ ͍͔ͦͫͭ͊ͪͤ͊ ͨͦͭͪͦ΄ͥ͊ 

͙͔ͨͪͣ͊ͪͤ ͔ ͔͎͙͔ͤͪ͞ ͯ  ͘ ͙͋ͪͯ ͘  ͊ͫ ͍͔ ͦ ͔͔͋ͭ͟͞, ͍ ͔ΐ͊ ͦ :͒ 

Á 1.000 ́ ˻˩, ͦ ͒ͤͦͫͤͦ, 41,87 ́ ,˳ ͦ ͒ͤͦͫͤͦ 11,63 GWh 

¶ ˽͙͍͔ͪͪ͒ͤ͊ ͒ͪͯ΄͍ͭ͊ ;͙͊͞ ͔͞ ͔͔ͨͪͭ͗ͤ͊ ͔͒͊ͭͤͦͫͭ͡ ͯ ͔ͫͭͦͪͯ͟ ͎͍͙͔ͭͪͦͤ ͙ ͎ͯͫͯ͊͡Σ 

͙ͯͦͦ͟͟͡ ͔ͤ͊ͣ͊ͥ͞ ͤ͊ ͔͒ͤͦ͞͞ ͦ͊͟͡ͼ͙͙͞Σ ͦ͊͟͞ ͔ͫ ͍͙ͦ͒ ͤ͊ ͔ͨͦͫ͋ͤͦ͞ ͔͙͊͒ͪͫΣ ͙ͣ͊ͯ͞ 

͔͔ͦ͋ͭ͟͞ ͊͘ ͍͔ͦ͋͊͊ͥ͢ ͔͙͒͊ͭͤͦͫͭ͡ ;͙͊͞ ͔͞ ͎͙ͦ͒΄ͥ͊ ͍͔ͦͫͭ͊ͪͤ͊ ͨͦͭͪͦ΄ͥ͊ ͙͔ͨͪͣ͊ͪͤ 

͔͔͎͙͔ͤͪ͞ ͍͔ΐ͊ ͦ͒Υ 

Á 1.000 ́ ˻˩Σ ͦ͒ͤͦͫͤͦΣ пмΣут ́˳Σ ͦ͒ͤͦͫͤͦ 11,63 GWh 

¶ ˻͎͙ͪ͊ͤ ͍͔͒ͪ͗͊ͤ ͍͔ͯͨͪ͊ ͙ ͎͙͒ͪͯ ͎͙ͦͪ͊ͤ ˾͔͙͔ͨͯ͋͟͡ ˿͙͔ͪ͋͞Σ ͎͙ͦͪ͊ͤ ͔͊ͯͭͦͤͦͣͤ 

͙͔ͨͦͪ͊ͤ͟͞Σ ͎͙ͦͪ͊ͤ ͔͙͙͒ͤ͞ͼ͊ ͔ͦ͊ͤ͟͡͡ ͍͔ͫ͊ͣͦͯͨͪ͊ ͫ͊ ͍͙΄͔ ͦ͒ нлΦллл ͍͙ͫͭ͊ͤͦͤ͊͟, 

͊ͦ͟ ͙ ͎͔͒ͪͯ ͍͔͊ͤ͞ ͔ͫͯ͗͋͡ ͔ͦ͟͞ ͙͔ͦͪͫͭ͟ ͔͔ͦ͋ͭ͟͞ ͯ ͍͊ͤͦ͞͞ ͍͙͙ͫͦͤ͞Φ  

̂ ͫ͊͒ͯ͟͡ ͫ͊ ͎͔ͦͪ ͍͔͔͙ͤ͊͒ͤͣ ͔͒ͺ͙͙ͤͼ͙͊ͣ͊͞Σ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞ά ͫͯ ˭͊ͦͤͦͣ͟ ͔͙ͨͪͨͦͤ͊ͭ͘ 

͊ͦ͟ ͍͔͙ͦ͋ͤ͘ͼ͙ ͙͔ͫͫͭͣ͊ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͣͤͭ͊Σ ͙ ͯ ͫ͊͒ͯ͟͡ ͫ͊ ͙ͭͣΣ ͊ͦ͟ ͍͔͙ͦ͋ͤ͘͟ 

͙͔ͫͫͭͣ͊ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͣͤͭ͊ ͔͞ ͒ͯ͗͊ͤ ͒͊Υ 

Å ˾͔͙͔͊ͯ͘͡͞ ͙͙ͨ͊ͤͪ͊ͤ͡ ͼ͙ ͯ͢΄͔͔ͭ͒ ͔͔͎͙͔ͤͪ͞ ͙ͦ͟͞ ͙͔ͨͪͦͨͫͯ͞ ˤ͊͒͊͡  ͙͔ͭͪͤͯͭͤͦ ͘ ͊

͔ͤ͊ͪ͒ͤͯ ͎ ͙ͦ͒ͤͯ ͼ͙ ͢͞ ͔ ͨ ͍͔ͦͫͭ͊ͤ͢ ͟ ͊ͦ м҈ ͯ΄͔͔ͭ͒ ͯ  ͦ ͒ͤͦͫͯ ͤ  ͊ͨ ͔ͪͭͻͦ͒ͤͯ ͎ ͙ͦ͒ͤͯ; 

Å ˮ͔͔ͣͤͯ͞ ͔ͨͦͭͪ͋͊ͤ ͋ͪͦ͞ ͔͔͎͔͙ͤͪͭͫ͟ͻ ͔ͣͤ͊ͽ͔ͪ͊ ͙ ͔ͪ͒͊͘ ͫͭ͊ͤͦ͡ ͔͙͊ͨͦͫͤ͘͡ͻ ͙͡ͼ͊ 

ͦ͒͟ ͦ ͍͔͙͋ͤ͊͘͟ ͫ ͙͔ͫͭͣ͊; 

Å ˨͙ͦͤͦͫ ͎ͨͪͦͪ͊ͣ  ͙ͨ͊ͤ͡ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟  ͙͍͒ͦͫͭ͊͊͢ ͎ ͊˸͙͙͍ͤͫͭ͊ͪͫͭͯ ͤ ͊

͔͎͍ͥͦ ͘ ͊ͻ͔͍ͭ; 

Å ˿͍͙ͨͪͦͦ͒ ͣ ͔͔ͪ ͘  ͔͊ ͺ͙͊ͫͤͦ͟ ͟ ͙ͦͪ΄ΐ͔͔ͥ ͔ ͔͎͙͔ͤͪ͞ ͤ ͍͔͔͔͊͒ͤ ͯ  ͨ ͎ͪͦͪ͊ͣͯ, ͦ ͒ͤͦͫͤͦ 

ͨ͊ͤͯ͡; 

Å ˨͍ͦͫͭ͊͊͢ ˸ ͙͙͍ͤͫͭ͊ͪͫͭͯ ͎ ͙ͦ͒΄͔ͥ ͙ ͍͔͘΄͔ͭ͊͞ ͦ  ͦ ͍͙͍ͫͭ͊ͪ͊ͥͯ ͼ͙͔͍͊͢ ͫ ͙͊͒ͪ͗͊ͤͻ ͯ  

͎ͨͪͦͪ͊ͣͯ ͙  ͨ ͊ͤͯ͡; 

Å ˻͍͔͋͊΄͍ͭ͊͊ ˸ ͙͙͍ͤͫͭ͊ͪͫͭͦ ͦ  ͡ ͙ͼͯ ͟ ͔ͦ͞ ͞ ͔ ͙ ͔͍ͣͤͦ͊ͤͦ ͘  ͔͊ ͔͎͔͎ͤͪͭͫͦ͟ ͣ ͔ͤ͊ͽ͔ͪ͊ ͙  ͦ  

͙͡ͼͯ ͔ͦ͟͞ ͔͞ ͍ͦ͊͡΄ΐ͔ͤͦ ͒ ͊  ͯ ͙͔ͣ ͍͔͙ͦ͋ͤ͊͘͟, ͔ͨͦͪ͒ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͪ͊, 

͙͔ͨͦͭͨͫͯ͞ ͎ ͙ͦ͒΄͔ͥ ͙ ͍͔͘΄͔ͭ͊͞; 

                                                      
1 ́ͦͤ-͔͍͙͍͔͊ͤͭ͟͡ ͤ͊ͺ͔ͭ ό¢h9ύ ς ˳͔͙͙͒ͤͼ͊ ͊͘ ͔͔͎͙ͤͪͯ͞ ͦ͊͟͞ ͔͞ ͔͒ͤ͊͊͟͞ ͔͔͎͙͙ͤͪ͞ ͦ͊͟͞ ͔ͫ ͙͒ͦ͋͊͞ ͎͔͍͔ͫ͊ͦͪ͊ͥͣ 
͔͔͒ͤ͞ ͔͙ͣͭͪ;͔͟ ͔ͭͦͤ όтΣп ͔͋͊ͪ͊͡ύ ͤ͊ͺ͔ͭ ͙ ͔͒ͤ͊͊͟͞ ͔͞ ͔͔͎͙͙ͤͪ͞ ͦ͊͟͞ ͔ͫ ͙͒ͦ͋͊͞ ͎͔͍͔ͫ͊ͦͪ͊ͥͣ мнтл m3 
͙͎ͨͪͪͦ͒ͤͦ ͎͊ͫ͊ ͙͙͡ мΣп ͔͙ͣͭͪ;͔͟ ͔ͭͦͤ ͎ͯ͊͢Σ ͦ͒ͤͦͫͤͦ пмΣут G˳ Σ ͭ͞Φ ммΣсо ˸²h ͙ ͙͡ офΣсу MMBtu 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

Å ˻͔͔͋͋͘Ώ͔ͯ͞ ͫ ͍ͨͪͦͦΏ͔͔ͥ ͔ ͔͎͔͙ͤͪͭͫ͟ͻ ͨ ͔͎͔ͪ͒͊͡ ͤ ͔͊ͣ͊ͥ͞ ͞ ͔͒ͤͦͣ ͯ  ͨ ͔ͭ ͎ ͙ͦ͒ͤ͊, ͭ ͞. ͯ  

͔͙ͨͪͦ͒ͯ ͟ ͙ͦ͞ ͞ ͔ ͨ ͙ͪͦͨͫ͊ͤ ͘ ͊ͦͤͦͣ͟. 

˩͔͎͔͙ͤͪͭͫ͟ ͔ͣͤ͊ͽ͔ͪ ͔͞ ͺ͙͙͘;ͦ͟ ͙͡ͼ͔ ͙͔͍ͣͤͦ͊ͤͦ ͦ ͒ ͔ͫͭͪ͊ͤ ͍͔͙ͦ͋ͤ͊͘͟ ͙͔ͫͫͭͣ͊ 

͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͣͤͭ͊ ͔ͦ͟͞ ͙ͨͪ͊ͭ  ͙ ͔͔͙͋͗͡ ͤ͊;͙͔ͤ ͙ͦͪ͟΄ΐ͔ͥ͊  ͙ ͙ͦ͟͡;͙͔ͤ 

͔͔͔ͯͨͦͭͪ͋ͤ͢ ͔͔͎͙͔ͤͪ͞, ͔͔ͨͪ͒͊͗͡  ͙͍͙ͫͨͪͦͦ͒ ͔͔ͣͪ ͔ͺ͙͎͊ͫͤͦ͟ ͙ͦͪ͟΄ΐ͔ͥ͊ ͔͔͎͙͔ͤͪ͞. 

˩͔͎͔͙ͤͪͭͫ͟ ͔ͣͤ͊ͽ͔ͪ ͔͞ ͒ͯ͗͊ͤ ͒͊ ͫ͊;͙͍ͥ͊͊ ˮ͍͔͘΄ͭ͊͞ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͪ͊Φ 

ˮ͍͔͘΄ͭ͊͞ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͪ͊ ͔͞ ͙͙ͨͫ͊ͤ ͙͍͔͘΄ͭ͊͞ ͙ͦͣ͟͞ ͔͔͎͔͙ͤͪͭͫ͟ ͔ͣͤ͊ͽ͔ͪ 

͙͍͔͘΄͍ͭ͊͊  ͍͔͔͙ͦͫͨͪͦ͒ͤͣ ͔ͣͪ͊ͣ͊  ͙͙͍͙͊ͭͤͦͫͭͣ͊͟ ͔͒ͺ͙͙͙ͤͫ͊ͤͣ ͎ͨͪͦͪ͊ͣͦͣ  ͙ͨ͊ͤͦͣ͡ 

͔͔͎͔͔ͤͪͭͫ͟ ͔ ͺ͙͙͊ͫͤͦͫͭ͟.  

˽͎ͪͦͪ͊ͣ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟ ͔͞ ͙ͨ͊ͤͫ͟͡ ͔͒ͦͯͣͤͭ͟ ͙ͦ͟͞ ͙͒ͦͤͦͫ ͔͙͙͒ͤ͞ͼ͊ ͔ͦ͊ͤ͟͡͡ 

͍ͫ͊ͣͦͯͨͪ͊,͔ ͦ͒ͤͦͫͤͦ ͎͙͒ͪͯ ͍͔͙ͦ͋ͤ͘͟ ͙͔ͫͫͭͣ͊ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͣͤͭ͊  ͙ͦͨ͊ͤͪ͊ͤͦͣ͡ 

ͤ͊;͙ͤͯ ͍͙͍ͦͫͭ͊ͪ͊ͥ͊  ͙ ͍͔͙͡;͙͙ͤ ͙͎ͨ͊ͤͪ͊ͤͦ͡ ͼ͙͊͢ ͯ΄͔͔ͭ͒ ͔͔͎͙͔ͤͪ͞, ͘ ͔͙͊ͨͪͦ͒ ͦ ͒

͔ͤ͊ͣ͊ͥ͞ ͭ ͙ͪ ͎ ͙͔ͦ͒ͤ 

˽͊ͤ͡ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟ ͔͞ ͙ͨ͊ͤͫ͟͡ ͔͒ͦͯͣͤͭ͟ ͫ ͔͊ͣͪ͊ͣ͊  ͙͙͍͙͊ͭͤͦͫͭͣ͊͟ ͙ͦͣ͟͞ 

͍͔͙ͦ͋ͤ͘ͼ͙ ͫ ͙͔ͫͭͣ͊ ͔ ͔͎͔͎ͤͪͭͫͦ͟ ͣ ͔ͤ͊ͽ͔ͣͤͭ͊ ͨ ͙͊ͤͪ͊ͯ͡͞ ͒  ͊ͫ ͍͔ͨͪͦ͒ͯ ͨ ͎ͪͦͪ͊ͣ ͔ ͔͎͔͔ͤͪͭͫ͟ 

͔ͺ͙͙͊ͫͤͦͫͭ͟.  

˽͔ͦͪ͒ ͔͔͎͔͙ͤͪͭͫ͟ͻ ͔ͣͤ͊ͽ͔ͪ͊Σ ͍͔͙ͦ͋ͤ͘ͼ͙ ͙͔ͫͫͭͣ͊ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͣͤͭ͊ ͎ͣͦͯ 

͙͙͙ͦͪͫͭͭ͟ ͙ ͎͔ͯͫͯ͡ ͍ͦ͊͡΄ΐ͔͙ͤͻ ͔͔͎͔͙ͤͪͭͫ͟ͻ ͍͔͙ͫ͊ͭͤ͊͟Φ 

˻͍͊͡΄ΐ͔͙ͤ ͔͔͎͔͙ͤͪͭͫ͟ ͍͔͙ͫ͊ͭͤ͟ ͔͞ ͺ͙͙͘;ͦ͟ ͙͙͡ ͍ͨͪ͊ͤͦ ͙͡ͼ͔ ͍ͦ͊͡΄ΐ͔ͤͦ ͘ ͍͊ͪ΄͔͔ͥ 

͔͔͎͔͎ͤͪͭͫͦ͟ ͨ ͔͎͔ͪ͒͊͡ ͯ  ͫ ͊͒ͯ͟͡ ͫ  ͊ͦ ͔͒ͪ͒͋͊ͣ͊ ͘ ͊ͦͤ͊͟ ͙  ͨ ͙ͪͦͨͫ͊ ͒ ͔͙ͦͤͭͻ ͤ  ͊ͦ ͍ͫͤͦͯ ͘ ͊ͦͤ͊͟ 

 ͔ͦ ͺ͙͊ͫͤͦͣ͟ ͟ ͙ͦͪ΄ΐ͔ͥͯ ͔ ͔͎͙͔ͤͪ͞. 

˩͔͎͔͙ͤͪͭͫ͟ ͔͎͔ͨͪ͒͡ ͔͞ ͙͔ͫͫͭͣ͊ͭͫ͊͟ ͨͪͦͼ͔͒ͯͪ͊ ͘ ͙͍͔͊ͨͪ͋͊͊ͥ͢ ͔͙ͨͦͭͪ͋ͤͻ ͨͦ͒͊ͭ͊͊͟  ͙

ͫ͊ͤ͊ͥ͊͘  ͔ͦͨͦͫͭͦ͞ΐ͔ͣ ͙͍ͤͦͯ  ͙ͤ͊;͙ͤͯ ͙͍͔ͨͪͦͦ͒ͥ͘, ͔ͨͪͤͦͫ͊, ͙͙͒ͫͭͪ͋ͯͼ͙͔͞  ͙͔͔ͯͨͦͭͪ͋ 

͔͔͎͙͔ͤͪ͞ ͔ͦ͋ͭ͊͟͞, ͔ͭͻ͙ͤ;͎ͦ͟ ͙͔ͫͫͭͣ͊, ͙͍͙ͨͪͦͦ͒ͤ͘ͻ ͨͪͦͼ͔ͫ͊, ͙͍͙ͨͪ͊ͭͤͻ  ͙͍͙͊ͤ͞ͻ ͎ͯͫͯ͊͡, 

ͨͦͣͦΐͯ ͟ ͙ͦ͞ͻ ͫ  ͔ͯ ͍ͭͪΏͯͯ͞ ͙  ͟ ͍͙͊ͤͭͺ͙ͯͯ͟͞ ͣ ͎ͦͯΐ͙ͤͦͫͭ ͘  ͔͊ ͙ͦͤͦͣͫ͟͟ ͙ ͙͍ͫͨ͊ͭͦ͡, ͔ ͺ͙͊ͫͤͦ͟ 

͙ͦͪ͟΄ΐ͔͔ͥ ͔ ͔͎͙͔ͤͪ͞. 

ˮ͍͔͘΄ͭ͊ ͞  ͔͔͎͔ͦͤͪͭͫͦͣ͟ ͔͎͔ͨͪ͒ͯ͡ ͔͞ ͙͙ͨͫ͊ͤ ͙͍͔͘΄ͭ͊͞ ͙ͦ͟͞ ͤ͊ͦͤ͟ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔͎͔ͨͪ͒͊͡ 

͔ͨͦ͒ͤͦͫ ͍ͦ͊͡΄ΐ͔͙ͤ ͔͔͎͔͙ͤͪͭͫ͟ ͍͔͙ͫ͊ͭͤͼ͙,  ͊ ͙ͦ͟͞ ͔ͨͦͪ͒ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟ 

͔ͨͦͫͭͪͦͥ͊͞ ͙͙͡ ͔ͦ͋ͭ͊͟͞ ͙ͫ͊͒ͪ͗  ͙ ͔ͭͻͤͦ-͔ͦͤͦͣͫͯ͟͟ ͙͊ͤ͊ͯ͘͡ ͎ͣͦͯΐ͙ͤͦͫͭ ͍͔ͨͦΐ͊ͥ͊ 

͔͔͎͔͔ͤͪͭͫ͟ ͔ ͺ͙͙͊ͫͤͦͫͭ͟. 

́͊ͦ͟Ώ͔Σ ˭͊ͦͤͦͣ͟ ͦ ͔ͺ͙͊ͫͤͦͣ͟ ͙ͦͪ͟΄ΐ͔ͥͯ ͔͔͎͙͔ͤͪ͞ όα˿͡. ˥͙͊ͫͤ͟͡ ˾ά˿Σ ͋.ͪ 25/2013), 

͍͔͔ͯ͒ͤ͊ ͔͞ ͎ͣͦͯΐͤͦͫͭ ͒͊ ͍͔͙ͦ͋ͤ͘ͼ͙ ͔͔͎͔͎ͤͪͭͫͦ͟ ͔ͣͤ͊ͽ͔ͣͤͭ͊ ͙͔ͦͪͫͭ͟ ͔͔͎͔͔ͤͪͭͫ͟ ͎͔ͯͫͯ͡ 

ͨͦ ͔ͣͦ͒ͯ͡ αESCOά ͎ͯ ͍ͦ͊ͪ͊ͥ͊Φ 

ESCO (Energy Service Company) ͔͞ ͙͍͔ͨͪͪ͒ͤͦ ͒ͪͯ΄͍ͭͦ, ͎͒ͪͯͦ ͍ͨͪ͊ͤͦ ͙͡ͼ͔ ͙͙͡ 

͔͔͙ͨͪ͒ͯͭͤ͘͟, ͟ ͔ͦ͞ ͞ ͔ ͪ ͔͎͙͍ͫͭͪͦ͊ͤͦ ͘  ͊ͦ ͍͔͋͊͊ͥ͢ ͔ ͔͎͔͙ͤͪͭͫ͟ͻ ͯ ͎ͫͯ͊͡ ͙  ͟ ͔ͦ͞ ͨ ͔ͪͯ͗͊ͥͣ ͭ ͙ͻ 

͎ͯͫͯ͊͡ ͨ ͍͔ͦΐ͍͊͊ͯ͞ ͔ ͔͎͔ͤͪͭͫͯ͟ ͔ ͺ͙͊ͫͤͦͫͭ͟ ͦ ͔͋ͭ͊͟͞, ͭ ͔ͻͤͦͦ͡΄͎ͦ͟ ͨ ͪͦͼ͔ͫ͊ ͙  ͯ ͎͔ͫͯ ͙  ͟ ͔ͦ͞ ͒  ͦ

͙͍͔͎ͫͤͦ͘ ͔͔ͫͭͨͤ͊ ͙ͨͪͻ͍͊ͭ͊ ͺ͙͙͙ͤ͊ͤͫͫ͟͞ ͙͙ͪ͘͟ ͘ ͍͔͔͊ͦ͋͊ͤ͢ ͔͔͎͔͔ͤͪͭͫ͟ ͎͔ͯͫͯ͡, ͭ ͊ͦ͟ ΄ͭͦ 

ͤ͊ͨ͊ͭͯ͡ ͍͙ͫͦ͞ͻ ͎ͯͫͯ͊͡, ͨ ͦͭͨͯͤͦ ͙͙͡ ͔͙͙͒ͣ͡;ͤͦ, ͦ ͍͔ͫͭ͊ͪͯ͞ ͤ ͍͊ͦͫͤͦͯ ͙͎͙ͨͦͫͭͤͯͭͻ ͯ΄͔ͭ͒͊ 

͙ͤ͊ͫͭ͊͡ͻ ͤ  ͊ͦ ͍ͫͤͦͯ ͫ ͍͔͔͙ͨͪͦ͒ͤͻ ͣ ͔ͪ͊ ͙  ͘ ͍͔͊͒ͦͦͥ͊͢ ͦ ͙ͫͭ͊͡ͻ ͯ ͎͍͔͙ͦͦͪͤͻ ͟ ͙͔͙ͪͭͪͯͣ͊͞ ͙  

ͯ;͙ͤ͊͊͟. 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˩͔͎͔ͤͪͭͫ͊͟ ͎ͯͫͯ͊͡ ͔͞ ͎ͯͫͯ͊͡ ͦ͊͟͞ ͦ͋ͯͻ͍͊ͭ͊ ͙͍͙͊ͭͤͦͫͭ͟  ͙ ͔ͪ͊͒ͥ ͔ͦ͟͞  ͯ ͙ͤͦͪͣ͊ͤͣ͡ 

͙ͦͦͤͦͫͭͣ͊͟͡ ͍͔͒ͦͦ͒ ͒ ͦ ͍͔͙͍͎ͨͪͦͪͦ͢  ͙ ͔͙͍͎ͣͪͦ͢ ͙͙͡ ͨͪͦͼ͔͙͍͎ͥͦ ͍͔ͨͦΐ͊ͥ͊ 

͔͔͎͔͔ͤͪͭͫ͟ ͔ ͺ͙͙͊ͫͤͦͫͭ͟ ͔ͦ͋ͭ͊͟͞, ͭ ͔ͻ͙ͤ;͎ͦ͟ ͙͔ͫͫͭͣ͊, ͨ ͙͍͙ͪͦͦ͒ͤ͘ͻ ͨͪͦͼ͔ͫ͊, ͨ ͙͍͙ͪ͊ͭͤͻ  ͙

͍͙͊ͤ͞ͻ ͎ͯͫͯ͊͡ /͙͙͙͡ ͯ΄͔͔ͭ͒ ͙͔ͨͪͣ͊ͪͤ ͔͔͎͙͔ͤͪ͞. ˻͍͔ ͎͔ͯͫͯ͡ ͫ ͔͙͍͊ͫͤ͊ͯ͘͞ ͤ ͙͔͙͊ͨͪͣͤ 

͔͔͎͔͙ͤͪͭͫ͟ ͔ͅ ͙͔͊ͫͤ͟ ͔ͭͻ͎͙͔ͤͦͦ͡͞, ͦ͒ͤͦͫͤͦ ͨͦͫͭͯͨ͊͊͟ ͙ͦͣ͊͟͞ ͫ ͔ ͙ͨͦͫͭ͗ͯ ͯ΄͔͔ͭ͒ 

͔͔͎͙͔ͤͪ͞  ͙͎͙͒ͪͯ ͔ͨͪ͊ͭΐ͙ ͙͙͍͙ͨͦͭͤ͘ ͔ͺ͔͙ͭ͟,  ͎͊ͣͦͯ ͒ ͊ͯͯ͟͢;͔ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͊ ͍ͪͯͦ͊ͥ͊͟, 

͍ͦ͒ͪ͗͊͊ͥ͊  ͙͔ͦͤͭͪͦ͟͡. ˩ ͔͎͔ͤͪͭͫ͊͟ ͎ͯͫͯ͊͡ ͫ ͔ͨͪͯ͗͊ ͤ ͍͊ͦͫͤͦͯ ͎͍ͯͦͦͪ͊, ͟ ͙ͦͣ͞ ͫ ͔͙͔ͣ͘Ώͯ 

͎ͦͫͭ͊ͦ͡, ͯ ͎͍ͦ͊ͪ͊ ͯ ΄͔ͭ͒͊ ͔ ͔͎͙͔ͤͪ͞. 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

2. ˻͍͙ͫͤͦͤ ͍͙ͨͦͣͦ͞ ͯ ͔ͭͻ͙ͤͼ͙ ͍͔͔ͦͫͭͥ͊͢ 
 

̂ ͍͙ͦͪͯ͟ ͍͎ͦͦ ͎͍ͨͦ͊͊͢͡ ͙͔ͫͭͯ͒͞ ͍͔ͤ͊΄ΐ͔ͣͦ ͍͔ͦͫͤͦͤ ͍͔ͨͦͣͦ͞ ͙ ͔͙ͭͦͪͫ͊͟͞ ͪ͊ͣ͊ͭͪ͊ͥ͊͘ 

ͦ͊͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͯ ͔ͭͻ͙ͤͼ͙ ͍͔͔ͦͫͭͥ͊͢ ͙  ͦ͊͟͞ ͫͯ ͙ͦͪ͟΄ΐ͔ͤ͊ ͯ ͍ͫͪͻͯ ͙͔ͪ͊͒͘ ͍͔ͦ ͙͔ͫͭͯ͒͞. 

2.1. ̅ ͔͙͔ͦͭͦͣͭͪͫ͟͞ ͍͔͙͡;͙͔ͤ ͙ ͙ͥͻ͍͔ͦ ͔͙͙͒ͤ͞ͼ͔ 

 ̂ ͔ͭͻ͙ͤͼ͙ ͍͔͔ͦͫͭͥ͊͢Σ ͯ ͨͦͫͭͯͨͯ͟ ͔͍ͨͪͦͭͦ͊ͥ͊͟͞ ͍͔͔ͪ͊ͫͭΣ ͙͔ͦͪͫͭ͟ ͔ͫ ͺ͔͙͔ͦͭͦͣͭͪͫ͟͞ 

͍͔͙͡;͙͔ͤΦ ͔͙͔̅ͦͭͦͣͭͪͫ͟͞ ͍͔͙͡;͙͔ͤ ͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ ͔͔ͨͦ͊͊ͭ͘͟͢ ͔ͪ͊͟ͼ͙͔͞ ͎ͯ͒ͫͦ͢͟ ͦ͊͟ ͤ͊ 

ͪ͊͘;͔͔ͥ ͔ͦ͟͞ ͙ͦͨͫͯͯ͞ ͍͔ͫͭ͊ͪͤ ͺ͙͙͘;͔͟ ͍͔͙͡;͙͔ͤΣ ͨ͊ ͔ͫ ͎ͫͭͦ͊ ͙͊ͫ͟͡ͺ͙ͯͯ͟͞ ͊ͦ͟ 

͙ͨͫͻͦͺ͙͙͘;͔͟Φ ˭ ͎͋ͦ ͎ͭͦ͊ ͙ͤͫͯ ͯ ͙͔͒ͪͭͤͦ͟͞ ͔ͪ͊͡ͼ͙͙͞ ͫ͊ ͙ͦͫͭ͊ͣ͡ ͺ͙͙͘;͙ͣ͟ ͍͔͙͡;͙ͤ͊ͣ͊Σ ͊ 

ͦ͋ͪ͊ͯͯ͘͞ ͙͔ͫͫͭͣ ͙ͦ͟͞ ͔͞ ͍͔ͫ͊ͫͭ͊ͤ͢ ͦ͒ ͫ͊ͣͦ ;͔͙͙ͭͪ ͍͔ͦͫͤͦͤ ͍͔͙͡;͙͔ͤΦ ́ͦ ͫͯΥ ͍͔͙ͫͭͦͫͤ͡ 

ͺͯͫ͟͡Σ ͍͔͙ͫͭͦͫͤ͡ ͙͔͙͔ͤͭͤͭͭ͘Σ ͍͔͔ͦͫͭͤͦͫͭ͢ ͙ ͫ͊ͤͦͫͭ͞͞Φ 

2.1.1 ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ 

˻͍ͫͤͦͤ͊ ͺ͔͙ͦͭͦͣͭͪͫ͊͟͞ ͍͔͙͡;͙ͤ͊Σ ͦ͊͟͞ ͍͍ͯ͊͗͊͊ ;͙͔͙ͥͤͼͯ ͒͊ ͔ͫ ͍͔ͫͭͦͫͭ͡ ͣͦͪ͊ 

͙ͨͦͫͣ͊ͭͪ͊ͭ ͙ ͊ͦ͟ ͺ͙͙͘;͊͟ ͙ ͊ͦ͟ ;ͯͤ͊͡ ͍ͨͦ͊͊͞Σ ͔͔ͫͭ͞ ͍͔͙ͫͭͦͫͤ͡ ͺͯͫ͟͡Φ ˻ͤ ͔͍ͨͪ͒ͫͭ͊͊͢ 

͎ͫͤ͊ͯ ͪ͊͘;͔ͥ͊ ͙͍ͦͪ͊͘Σ ͦ͊͟͞ ͔͞ ͯ͘ ͍͍͔ͯ͊͗͊͊ͥ ͔͔ͫͨͭͪ͊ͤ͟͡ ͔͙͍͙ͦͫͭͦͫͭ͢ ͎ͯ͒ͫͦ͢͟ ͦ͊͟ 

͔͍͔͔ͨͪ͒ͤ͊ ͯ ͍͔͙ͫͭͦͫͤ͡ ͙ͯͭͫ͊͟Φ ˳͔͙͙͒ͤͼ͊ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͔͞ ͔ͯͣͤ͡ όͫͪ͊͟ΐ͔ͤͦΥ lm). 

˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͔ͫ ͔ͣͦ͗ ͙ͪ͊͘;͙ͯͤ͊ͭ ͙͔ͨͪͣͤͦͣ ͺ͔ͦͪͣͯ͡: 

 ὰά  ὑ ὠ ‗
 

 

Ͻὖ ‗ Ὠ‗ 

˥͔͒ ͔͞ t ό˂ύ Ř˂ ͎ͫͤ͊͊ όͯ ͍͙͊ͭͣ͊ύ ͙ͪ͊͘;͔ͤ͊ ͯ ͭ͊͊ͫͤͦͣ͡ ͔͎ͦͨͫͯ ŘΣ˂ ͊ ὑ  ͦͤͫͭ͊ͤͭ͊͟ ͦ͊͟͞ 

͔ͦ͒ͪΏ͔ͯ͞ ͺͯͫ͟͡ ό͙͔ͪ͊͗ͤ͘ ͯ ͔͙ͯͣͤͣ͊͡ύ ͙ͦ͟͞ ͍ͫͭ͊ͪ͊ ͣͦͤͦͻ͙ͪͦͣ͊ͭͫ͟ ͙͍ͦͪ͘ ͎͔ͫͤ͊ мW ͙ 

͔ͭ͊͊ͫͤ͡ ͙͔͒ͯ͗ͤ ррр nmΣ ͙ͨͪ ͦͦ͟͞͞ ͔͞ ͍͔͙ͫͭͦͫͤ͡ ͙ͯͭͫ͊͟ ͍͔ͤ͊͞ΐ͙ όV (555 nm) = 1). 

˸͔Ώͯͤ͊ͪͦ͒ͤͦ ͔͞ ͙ͨͪͻ͍͊ΐ͔ͤͦ ͒͊ ͔ͯͣͤ͡ ͔͋ͯ͒ ͙͍͔͔͒ͤ͊͘ ͔͙͙͒ͤ͞ͼ͊Σ ͊ ͔͙͙͒ͤ͞ͼ͊ ͍͔͎ͫͭͦͫͤͦ͡ 

͙͔͙͔ͤͭͤͭͭ͊͘ ό͔͊ͤ͒͊͟͡ύ ς ͯ ͍͔ͫͦͤ͊͞ ͔͙͙͒ͤ͞ͼ͊Φ ˮ͘ ͔͔ͥͤ ͔͒ͺ͙͙ͤͼ͙͔͞Σ ͦ͊͟͞ ͔͞ ͒͊ͭ͊ ͯ ͔ͤ͊ͪ͒ͤͦͣ 

͎͍ͨͦ͊ͯ͢͡Σ ͔͔ͤͨͦͫͪ͒ͤͦ ͙͙ͨͪͦ͊͘͘͡ ͒͊ ͔͞ ὑ  = 683 lm/W. 

2.1.2 ˿͍͔͙ͭͦͫͤ͡ ͙͔͙͔ͤͭͤͭͭ͘ 

˿͍͔͙ͭͦͫͤ͡ ͙͔͙͔ͤͭͤͭͭ͘ ͫ ͔ ͯ ͍ͨͪ͊ͼͯ ˖ ͔͒ͺ͙͙ͤ΄͔ ͨͦͣͦΐͯ ͔ͪ͊͡ͼ͙͔͞: 

Ὅ  
Ὠ 

Ὠ‫
 

˥͔͒ ͔͞ Ὠ  ͔ ͔͔ͣͤͭ͊ͪ͊ͤ͡ ͍͔͙ͫͭͦͫͤ͡ ͺͯͫ͟͡ ͦ͋ͯͻ͍͊ΐ͔ͤ ͔͔͔͙ͣͤͭ͊ͪͤͣ͡ ͙ͨͪͦͫͭͦͪͤͣ ͎ͯͦͣ͡ Ὠ‫ 

ͦͦ͟ ͍ͨͪ͊ͼ͊ ˖Φ 

˽͙ͪͦͫͭͦͪͤ ͎ͯ͊ͦ ͔͍ͨͪ͒ͫͭ͊͊͢ ͔ͣͪͯ ͍͔͙͡;͙͔ͤ ͨͪͦͫͭͦͪ͊ ͯ ͙ͦ͋ͯ͟͡ ͔ͯͨ͟ ͙͙͡ ͙͙͔ͨͪ͊ͣ͒ ό͍ͦ͊͞ 

͎͙͒ͪͯ ͔ͦ͒ͪΏͯͯ͞ ͍͔͙ͫͭͦͫͤ͡ ͪ͊͘ͼ͙ ͔ͦ͟͞ ͔͙͔ͣͭͯ͞ ͭ͊;͙͊ͫͭ͟ ͍͔͙ͫͭͦͫͤ͡ ͙͍ͦͪ͘ {LύΣ ͙ ͔͒ͺ͙͙ͤ΄͔ 

͔ͫ ͤ͊ ͔͔ͫ͒͡ΐ͙ ͤ͊;͙ͤΥ 

‫  
Ὓ

ὶ
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͎͔͒ ͔͞ S ͍ͨͦͪ΄͙ͤ͊ ͔͔ͨͪͫ͊͟ ͙͙͔ͨͪ͊ͣ͒ ό͔ͯͨ͟ύ ͙ ͔ͦͨͭ͡ ͔ͨͦͯͨͪ͡;͙ͤ͊͟ rΣ ͫ͊ ͼ͔ͤͭͪͦͣ ͯ ͭ͊;͙͟ 

SIΦ ˽͙ͪͦͫͭͦͪͤ ͎ͯ͊ͦ ͔ͫ ͙͍ͪ͊͗͊͊͘ ͯ ͔͙͙ͫͭͪ͊͒͊ͤͣ͊ (ǎǘύΦ ˮ͘ ͔ͨͪͭͻ͎ͦ͒ͤͦ ͔͞ ͊ͫͤͦ͞ ͒͊ ͨͯͤ 

͙ͨͪͦͫͭͦͪͤ ͎ͯ͊ͦ όʍύΣ ͙ͦ͟͞ ͦ͋ͯͻ͍͊ͭ͊ ͼ͔͙ͦͯͨͤ͟͡ ͨͪͦͫͭͦͪ ͦͦ͟ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Σ ͙͙ͤͦͫ͘ 

   
Ὓ

ὶ
 
τ“ὶ

ὶ
τ“ ίὸ 

̂ ͎͙ͣͤͦͣ ͙ͨͪ͊ͭ͟;͙ͤͣ ͫͯ͡;͔͍͙͊ͣ͊͞ ͔͞ ͔ͨͦͭͪ͋ͤͦ ͙ͤ͊ͭ͘ ͍͔ͯ͘ ͦ͊͟͞ ͊͘ ͫͯ͡;͊͞ ͎ͨͪͦͫͭͦͪͤͦ ͎ͯ͊͡ 

ͯ ͙ͦ͋ͯ͟͡ ͔ͯͨ͟ ͙ͨͦͫͭͦ͞ ͙͔ͣ͘Ώͯ ͎ͨͪͦͫͭͦͪͤͦ ͎ͯ͊͡ ˖ ͙ ͔ͥͣͯ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͔͎ ͎ͯ͊͡ ͯ ͍͙ͪ͊ͤ ʰ όʰ 

͔͞ ͎ͯ͊ͦ ͙͔ͣ͘Ώͯ ͙͍͙ͦ͒ͤ͘ͼ͔ ͭ͞Φ ͔ͨͦͯͨͪ͡;͙ͤ͊͟ ͔ͦͨͭ͡ r ͙ ͍͙͙͔ͫͤ ͔ͯͨ͟ h). ́͊  ͍͔͊͘ ͔ͫ ͙͍͙ͦ͒͘ 

ͤ͊ ͔͔ͫ͒͡ΐ͙ ͤ͊;͙ͤΦ ˴͊ͦ͟ ͔͞ ͍ͨͦͪ΄͙ͤ͊ ͔͊ͦͭ͟͡ ͔ͦͨͭ͡ ͦ͊͟͞ ͔͞ ͔ͦ͒ͪΏ͔ͤ͊ ͯͨͦͣ͟: 

Ὓ ς“ὶϽὶ Ὤ ς“ὶ ὶ ὶϽὧέί ‌ ς“ὶρ ÃÏÓ‌ 

˨͔͊͢ ͔͞Υ 

‫  
Ὓ

ὶ
ς“ ρ ÃÏÓ‌ 

˸͔͙͊ͭͣ͊ͭ;͙͟ ͎͔͒͊ͤͦ͡Σ ͙ͨͪͦͫͭͦͪͤ ͎ͯ͊ͦ ͣͦͪ͊ ͙͙ͣ͊ͭ ͭ͊;ͯ͟ ͦ͊͟͞ ͔͍ͨͪ͒ͫͭ͊͊͢ ͔͎͍ͥͦ ͍ͪͻΤ 

͍͔ͦ͒͊͒ ͙͙͙ͨͪͦ͊͘͘͡ ͒͊ ͍͔͔ͤ͊͒ͤ͊ ͔͒ͺ͙͙ͤͼ͙͊͞ ͍͔͎ͫͭͦͫͤͦ͡ ͙͔͙͔ͤͭͤͭͭ͊͘ ͎ͫͭͪͦͦ ͍͙͊͗ ͫ͊ͣͦ 

͊͘ ͭ͊;͙͊ͫͭ͟ ͍͔͙ͫͭͦͫͤ͡ ͙͍ͦͪ͘Σ ͍͊͊͟͟ ͔ͤ ͙ͨͦͫͭͦ͞ ͯ ͙͙ͨͪͪͦ͒Φ ̂ ͙ͨͪ͊ͫ͟ ͔ͫ ͔͙ͪ͊ͤ͡ ͙͍ͦͪ͘Σ ;͙͔͞ 

ͫͯ ͙͔͙͔͒ͣͤ͘͞ ͔͙͍͔͊ͤͣ͊ͪ͘͢ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͔ͪ͊ͫͭͦ͊ͥ͞ ͦ͒ ͔ͨͦͫͣ͊ͭͪ͊ͤ ͭ͊;͔͟Σ ͫͣ͊ͭͪ͊ 

ͭ͊;͙͊ͫͭͣ͟ ͙͍ͦͪͦͣ͘Φ ͔͙́ͪͣͤ α͔͙͍͔͊ͤͣ͊ͪ͘͢ά ͤ͊͘;͙ ͒͊ ͔͞ ͔ͪ͊ͫͭͦ͊ͥ͞ ͙͔ͣ͘Ώͯ ͭ͊;͔͟ ͙ ͼ͔ͤͭͪ͊ 

͙͍ͦͪ͊͘ ͋͊ͪ ͔ͨͭ ͨͯͭ͊ ͍͔ΐ͔ ͦ͒ ͍͔ͤ͊͞ΐ͔ ͙͔͔ͤ͊ͪͤ͡ ͙͔͙͔͒ͣͤ͘͞ ͙͍ͦͪ͊͘Σ ͦ͊͟͞ ͔ͫ ͍͙͙͒ ͙͘ ͔ͭ 

ͭ͊;͔͟Φ 

ˮ͘ ͔͒ͺ͙͙ͤͼ͙͎ͦͤͦ ͙ͪ͊͊͘͘Υ 

Ὅ  
Ὠ 

Ὠ‫
 

͔͙ͫ͒͡ ͒͊ ͔͞ ͍͔͙ͫͭͦͫͤ͡ ͙͔͙͔ͤͭͤͭͭ͘ ͙͙ͫͭ ͯ ͍͙ͫͣ ͭ͊;͊ͣ͊͟ ͍ͨͪ͊ͼ͊ ͙ͦ͟͞ ͙ͨͪͦ͊͘͡ ͪͦ͘͟ ͼ͔ͤͭ͊ͪ 

͍͔͎ͫͭͦͫͤͦ͡ ͙͍ͦͪ͊͘Φ 

˳͔͙͙͒ͤͼ͊ ͍͔͎ͫͭͦͫͤͦ͡ ͙͔͙͔ͤͭͤͭͭ͊͘ ͔͞ ͔͒ͤ͊͞ ͦ͒ ͍͔͙ͯͫͦͤ͞ͻ ͔͙͙͒ͤ͞ͼ͊ ͔ͣΏ͎ͯͤ͊ͪͦ͒ͤͦ SI 

͙͔ͫͫͭͣ͊ ͙ ͙͍ͤ͊͊͘ ͔ͫ ͔͊ͤ͒͊͟͡ όcd). ˨͔ͺ͙͙ͤ΄͔ ͔ͫ ͊ͦ͟ ͍͔͙ͫͭͦͫͤ͡ ͙͔͙͔ͤͭͤͭͭ͘ ͙ͦ͟͞ ͯ 

ͨͦͫͣ͊ͭͪ͊ͤͦͣ ͍ͨͪ͊ͼͯ ͍ͫͭ͊ͪ͊ ͭ͊;͙͊ͫͭ͟ ͣͦͤͦͻ͙ͪͦͣ͊ͭͫ͟ ͍͔͙ͫͭͦͫͤ͡ ͙͍ͦͪ͘ ͔ͭ͊͊ͫͤ͡ ͙͔͒ͯ͗ͤ 

555 nm, ͙ͦ͟͞ ͯ ͭͦͣ ͍ͨͪ͊ͼͯ ͪ͊͘;͙ ͎ͫͤ͊ͦͣ мκсуо W/st. ˻͍͔͒͊͒ ͔͙ͫ͒͡ ͒͊ ͦͤͫͭ͊ͤͭ͊͟ ὑ  

͙͙ͤͦͫ͘ суо lm/W. 

́͊ͦ͟Ώ͔Σ ͙͘ ͺ͔ͦͪͣͯ͡Υ 

Ὅ  
Ὠ 

Ὠ‫
 

͍͙͙͒ ͔ͫ ͒͊ ͔͞: 

ὧὨ 
ὰά

ίὸ
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

2.1.3 ˻͍͔͔ͫͭͤͦͫ͢ ͭ

˻͍͔͔ͫͭͤͦͫͭ͢ ͔ͫ ͯ ͔ͤͦ͟͞ ͭ͊;͙͟ ˸ ͔͒ͺ͙͙ͤ΄͔ ͨͦͣͦΐͯ ͔ͪ͊͡ͼ͙͔͞ 

Ὁ  
Ὠ 

ὨὛ
 

͎͒ ͔ ͔͞ Ὠ  ͔͔͔͙ͣͤͭ͊ͪͤ͡ ͍͔͙ͫͭͦͫͤ͡ ͺͯͫ͟͡ ͙ͦ͟͞ ͔ͨ͊͒ͤ ͤ͊ ͔͔͔ͣͤͭ͊ͪͤͯ͡ ͍ͨͦͪ΄͙ͤͯ ὨὛ ͦͦ͟ 

ͭ͊;͔͟ ˸Σ ͤͦͪͣ͊ͤͯ͡ ͤ͊ ͍ͨͪ͊͊ͼ ͙ͦ͟͞ ͔ͦ͒ͪΏͯͯ͞ ͙͍ͦͪ͘ ͙ ͭ͊;͊͟ ˸Φ 

˸͔ͦ͗ ͔ͫ ͙͍͔͙ͫͭ͘ ͔ͪ͊͡ͼ͙͊͞ ͦ͊͟͞ ͙ͨͦͫͭͦ͞ ͙͔ͣ͘Ώͯ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͙ ͍͔͎ͫͭͦͫͤͦ͡ ͙͔͙͔ͤͭͤͭͭ͊͘Φ 

˴͙ͦͪ΄ΐ͔͔ͥͣ ͔͒ͺ͙͙ͤͼ͙͙ͦͤͻ ͙ͪ͊͊͘͘ ͔ͫ ͙͒ͦ͋͊͞ ͒͊ ͔͞: 

˒  
Ὠ 

ὨὛ
 
ὍὨ‫

ὨὛ
 

˴͊ͦ͟ ͔͞ ὨὛ ͔͔͔ͣͤͭ͊ͪͤ͊͡ ό͔͋ͫͦͤ͊͟;ͤͦ ͣ͊͊͡ύ ͍ͨͦͪ΄͙ͤ͊Σ ͦͤ͊ ͔͞ ͙ͨͪ͊ͭ͟;ͤͦ ͔͒ͤ͊͊͟͞ ͫ͊ 

͍ͨͦͪ΄͙ͤͦͣ ͔͊ͦͭ͟͡Σ ͦͯ͟͞ ͔ͦ͒ͪΏ͔ͯ͞ ͙ͨͪͦͫͭͦͪͤ ͎ͯ͊ͦ Ὠͤ ‫ ͊ ͙ͦͨͭ͡ ͔ͨͦͯͨͪ͡;͙ͤ͊͟ ǊΣ ͨ͊ ͔͞: 

Ὠ‫  
ὨὛ

ὶ
 

ˮ͘ ͍͔͒ ͔͔ͨͦͫ͒ͥ͡ ͺ͔ͦͪͣͯ͡ ͔͔ͤͨͦͫͪ͒ͤͦ ͙͙͙ͨͪͦ͊͘͘͡ ͒͊ ͔͞: 

˒  
Ὅ

ὶ
 

ͦ͒ ͤͦͫͤͦ ͒͊ ͔͞ ͍͔͔ͦͫͭͤͦͫͭ͢ ͔ͫͪ͊ͣͪͤ͊͘ ͫ͊ ͍͔͙ͫͭͦͫͤͣ͡ ͙͔͙͔ͤͭͤͭͭͦͣ͘Σ ͊ ͦ͋ͪͤͯͭͦ 

͔ͫͪ͊ͣͪͤ͊͘ ͫ͊ ͍͊͒ͪ͊ͭͦͣ͟ ͪ͊ͫͭͦ͊ͥ͊͞ ͙͔ͣ͘Ώͯ ͙͍ͦͪ͊͘ ͙ ͭ͊;͔͟ όͨͦͫͣ͊ͭͪ͊;͊ύΦ 

˳͔͙͙͒ͤͼ͊ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͔͞ ͯͫ͟͡ όlx) ͙  ͔͍ͨͪ͒ͫͭ͊͊͢ ͙͍͔͔͒ͤͯ͘ ͔͙͙͒ͤ͞ͼͯΥ 

ὰὼ 
ὰά

ά
  

ὧὨϽίὸ

ά
 

˽ͪ͊ͫ͊͟ ͍͔͔ͫͭͦͫͤ͡ ͔ͭͻ͙͔ͤ͟ ͔͞ ͨͦ͊͊͊͘͟͡ ͒͊ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͭ͊;͊͊͟ ͔ͪ͊͒ͤ ͍͙ͪ͊ͤ ό͎ͪ͊͒ͤͦ 

ͫͭͦ͊͡Σ ͺ͔͊ͫ͊͒ ͔ͦ͋ͭ͊͟͞Σ ͍ͦͦͦ͊͘͟͡Χύ ͙ͤͫͯ ͎͙͙ͤ͊ͨͦͦ͒ͤ͞͞ ͍͙͙͍͙͊ͤͭͭ͊ͭͤ͟ ͔͙ͨͦ͊͊ͭ͘͟͢  

͍͙͔͊ͭͭ͊͟͡ ͔͔ͥͤ ͍͔͔͙ͦͫͭͤͦͫͭ͢Φ ̂ ͼ͙ͯ͢ ͔ͤ͊͊͗ͥ͊͡ ͙͋ͦ͢ͻ ͔ͨͦ͊͊ͭ͊͘͟͢Σ ͍͔͔͙ͯ͒ͤ ͫͯ 

͍͙ͨͦͣͦ͞ ͻ͙͔ͦͪͦͤͭ͊ͤ͘͡ ͙ ͍͔͙͔ͪͭ͊ͤ͟͡ ͔͔ͦͣͨͦͤͤͭ͟ ͍͔͔͙ͦͫͭͤͦͫͭ͢ όͫͪ͊͟ΐ͔ͤͦΥ 

ͻ͙ͦͪͦͤͭ͊ͤ͊͘͡ ͙ ͍͔͙ͪͭ͊ͤ͊͟͡ ͍͔͔ͦͫͭͤͦͫͭ͢ύΦ ˻ͫ ͍͔͔ͭͤͦͫͭ͢ ͔ͫ ͨͦͫͣ͊ͭͪ͊ ͊ͦ͟ ͍͔ͭͦͪͫ͊͟͟ 

͍͔͙͡;͙ͤ͊Σ ͦ͊͟͞ ͔ͫ ͦͤ͒͊ ͔ͣͦ͗ ͎͙ͪ͊͊͊ͭ͘͡ ͤ͊ ͙ͪ͊͘͡;͙͔ͭ ͤ͊;͙͔ͤΣ ͨ͊ ͙ ͔͍͙ͨͪ͒ͫͭ͊͊ͭ͢ ͔ͨͪͦ͟ 

͍͔ͫͦ͞ ͻ͙͔ͦͪͦͤͭ͊ͤ͘͡ ͙ ͍͔͙͔ͪͭ͊ͤ͟͡ ͔͔ͦͣͨͦͤͤͭ͟Φ 

˽͙ͪͦͫͭͣ ͨͪͦ΄͙͔͔ͪͥͣ ͺ͔ͦͪͣͯ͡ 

˒  
Ὅ

ὶ
 

˨͙ͦ͋͊͞ ͔ͫ ͔͒ͺ͙͙ͤͼ͙ͦͤ͊ ͺͦͪͣͯ͊͡ ͍͔ͭͦͪ͊͟ ͍͔͔͙ͦͫͭͤͦͫͭ͢: 

ᴆ˒  
Ὅ

ὶ
Ͻὶᴆ 

˥͔͒ ͔͞ ὶᴆ ͞ ͔͙͙͒ͤ;͙ͤ ͍͔ͭͦͪ͟ ͯ ͍ͨͪ͊ͼͯ ͙ͦ͟͞ ͔ͦ͒ͪΏͯͯ͞ ͙͍ͦͪ͘ ͙ ͭ͊;͊͟Σ ͫ͊ ͔ͫͣͪͦͣ ͦ͒ ͙͍ͦͪ͊͘Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

2.1.4 ˿͊ͤͦͫͭ͞͞ 

˿͊ͤͦͫͭ͞͞ ͔͞ ͔͙͒ͤ͊͞ ͺ͔͙ͦͭͦͣͭͪͫ͊͟͞ ͍͔͙͡;͙ͤ͊ ͦͯ͟͞ ͦͦ͟ ͔͔ͤͨͦͫͪ͒ͤͦ ͔ͦͫΐ͊Σ ͨ͊ ͔͍ͨͪ͒ͫͭ͊͊͢ 

͔ͣͪͯ ͫ ͍͔͎ͭͦͫͤͦ͡ ͙ͯͭͫ͊͟Φ  

˨͔ ͺ͙͙ͤͼ͙͊͞ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͫ ͙ͦ͒ͤͦͫ ͤ͊ ͙͍ͦͪ͘ ͦͤ͊͟;͙ͤͻ ͙͔͙͒ͣͤ͊͘͞ ͘ ͊ ͙ͪ͊ͯ͘͟͡ ͦ͒ ͔͒ͺ͙͙ͤͼ͙͊͞ 

͍͔͎ͫͭͦͫͤͦ͡ ͙͔͙͔ͤͭͤͭͭ͊͘ ͙ ͍͔͔͙ͦͫͭͤͦͫͭ͢Σ ͎͔͒ ͔ͫ ͨͦͫͣ͊ͭͪ͊ ͭ ͊;͙͊ͫͭ͟ ͍͔͙ͫͭͦͫͤ͡ ͙͍ͦͪ͘. 

˿͊ͤͦͫͭ͞͞ όL) ͔͔ͤ͟ ͭ͊;͔͟ ˸ ͍͔͔ͫͭ͡ΐ͔ ͍ͨͦͪ΄͙͔ͤ ͔ͫ ͯ ͊͒͊ͭͦͣ͘ ͍ͨͪ͊ͼͯ ͔͒ͺ͙͙ͤ΄͔ ͊ͦ͟ ͦ͒ͤͦͫ 

͍͔͎ͫͭͦͫͤͦ͡ ͙͔͙͔ͤͭͤͭͭ͊͘ όdI) ͙ͦ͟͞ ͯ ͒͊ͭͦͣ ͍ͨͪ͊ͼͯ ͙͍͙ͨͪͦͦ͒͘ ͔͔͔ͣͤͭ͊ͪͤ͊͡ ͍͔͔ͫͭ͡ΐ͊ 

͍ͨͦͪ΄͙ͤ͊ όdS) ͦ ͦ͟ ͔ͭ ͭ͊;͔͟ ͙ ͎͔ͦͪͭͦͦͤ͊ͤ͡ ͔ͨͪͦ͟͞ͼ͙͔͞(ὨὛ) ͭ ͔ ͔͔͔͔ͣͤͭ͊ͪͤ͡ ͍ͨͦͪ΄͙͔ͤ ͤ͊ 

͍͙ͪ͊ͤ ͤͦͪͣ͊ͤͦ͡͞ ͤ͊ ͙ͨͦͫͣ͊ͭͪ͊ͤ ͍ͨͪ͊͊ͼ ͦ͒ͤͦͫͤͦ 

ὒ  
ὨὍ

ὨὛ
 
Ὠ 

ὨὨὛ ‫
 

 ͎ ͔͒ ͔͞ ͫ͊ n ͦ ͤ͊͘;͔ͤ͊ ͤͦͪͣ͊͊͡ ͯ ͭ͊;͙͟ M ͤ͊ ͔͔͔ͣͤͭ͊ͪͤͯ͡ ͍ͨͦͪ΄͙ͤͯ dS. 

˿͊ͤͦͫͭ͞͞ ͔ͫ ͭ͊ͦ͟Ώ͔ ͔ͣͦ͗ ͔͒ͺ͙͙͙ͤͫ͊ͭ ͙ ͨͦͣͦΐͯ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͔͔͔͔ͣͤͭ͊ͪͤ͡ ͍ͨͦͪ΄͙͔ͤ ͤ͊ 

ͦͯ͟͞ ͨ͊͒͊ ͍͔͙ͫͭͦͫͤ͡ ͪ͊͘͟Σ ͦ͒ͤͦͫͤͦ 

ὒ  
Ὠ 

ὨὛ Ὠ‫
 
ὨὉ

Ὠ‫
  

ˮ͘ ͔ͨͪͭͻ͙ͦ͒ͤͻ ͺͦͪͣͯ͊͡Σ ͍͙͙͒ ͔ͫ ͒͊ ͔͞ ͔͙͙͒ͤ͞ͼ͊ ͊͘ ͫ͊ͤͦͫͭ͞͞ ͙ ͍͔͔͒ͤ͊͘ ͔͙͙͒ͤ͞ͼ͊ cd/ά . 

 ̂ ͔ͤͦͣ͟ ͍ͨͪ͊ͼͯ ͙ͦ͟͞ ͙ͨͪͦ͊͘͡ ͪͦ͘͟ ͼ͔ͤͭ͊ͪ ͔͎ͪ͊ͤͦ͡ ͙͍ͦͪ͊͘ ό͍͔͙͔ͫͭ͢͟ύ ͔ͫ ͔ͣͦ͗ 

͔͍͒ͤͦͫͭ͊ͤͦ͞ ͙ͪ͊͘;͙ͯͤ͊ͭ ͫ͊ͤͦͫͭ͞͞Σ ͨͦ͒ ͔͍ͨͪͭͨͦͫͭ͊ͦͣ͟ ͒͊ ͔͞ ͭ͊;͊͟ ͨͦͫͣ͊ͭͪ͊ͥ͊ όͦ͊͟͞ 

͙ͨͪͨ͊͒͊ ͭͦͣ ͍ͨͪ͊ͼͯύ ͍͒ͦͦͤͦ͢ ͔ͯ͒͊ͤ͊͢ ͦ͒ ͙͍ͦͪ͊͘Σ ͦ͒ͤͦͫͤͦ ͒͊ ͫͯ ͙͔͙͔͒ͣͤ͘͞ ͙͍ͦͪ͊͘ 

͔ͣ͊͡ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͔ͪ͊ͫͭͦ͊ͥ͞ ͦ͒ ͙͍ͦͪ͊͘ ͒ͦ ͭ͊;͔͟ ͨͦͫͣ͊ͭͪ͊ͥ͊Φ ˤ͙͊͗ ͙͙ͨͪ͋͗ͤ͊͡ ͺͦͪͣͯ͊͡: 

ὒ‎ 
Ὅ‎

ὛϽὧέί‎
  

ͦ͟ ͊͞ ͔͞ ͙ͯͭͦͦ͟͡ ͭ͊;͙ͤ͊͞ ͙ͯͦͦ͟͟͡ ͔͞ ͭ͊;͊͟ ͨͦͫͣ͊ͭͪ͊ͥ͊ ͔͙ͯ͒͊ͤ͊͢͞ ͦ ͒ ͙͍ͦͪ͊͘Φ ˹͔͙͊ͨͦͣͤͣͦ 

͒͊ ͔ͫ ͔͒ͺ͙͙ͤͼ͙ͦͤ͊ ͺͦͪͣͯ͊͡ 

ὒ  
ὨὍ

ὨὛ
 
Ὠ 

ὨὨὛ ‫
 

ͣͦ ͔͗ ͙͔͙͙ͨͪͣͤͭ ͔ͤ ͫ͊ͣͦ ͊͘ ͙ͪ͊͘;͍͔ͯͤ͊͊ͥ ͙ͫ͊ͤͦͫͭ͞͞ ͍͔͔ͫͭ͡ΐ͙ͻ ͍ͨͦͪ΄͙ͤ͊Σ ͔͎ͤͦ ͙ ͊͘ 

͙ͪ͊͘;͍͔ͯͤ͊͊ͥ ͙ͫ͊ͤͦͫͭ͞͞ ͍͔͔͙ͦͫͭͤ͢ͻ ͍ͨͦͪ΄͙ͤ͊Σ ͦ͒ͤͦͫͤͦ ͍ͨͦͪ΄͙ͤ͊ ͔ͦ͟͞ ͔͙ͣͭͯͯ͞ 

͔ͪͺ͔͍ͭͦ͊ͤͯ͟͡ ͍͔ͫͭͦͫͭ͡Φ 

2.2 ˻ ͙ͨͭ;ͦ͟ ͔͍͔ͨͪͦͭͦ͊ͥ͟͞ 

͔͍͔̂ͫͣͪ͊͊ͥ ͍͔͙ͫͭͦͫͤ͡ͻ ͪ͊͊͘͟ ͯ ͔͔͙͗ͤͣ͢ ͍ͨͪ͊ͼ͙ͣ͊Σ ΄ͭͦ ͔͞ ͍͙ͦͫͤͦͤ ͊͒͊ͭ͊͘͟ 

͔ͨͪͦͭ͊ͤ͊ͭ͊͟͞ ͙ ͦͤͫͭͪͯͭͦͪ͊͟͟ ͍͔͙͙ͫͭ͢͟Σ ͔ͣͦ͗ ͔ͫ ͙͍ͪ͘΄͙͙ͭ ͤ͊ ͙ͪ͊͘͡;͙͔ͭ ͤ͊;͙͔ͤΣ ͙ͨͪ 

;͔ͣͯ ͍͙ͫ ͙ͦͤ ͨͦ;͙͍͊ͯ͞ ͤ͊ ͫ͊ͣͦ ͍͒͊ ͺ͙͙͘;͊͟ ͺ͔͔ͤͦͣͤ͊Υ ͙ͦ͒͋͊ͥͯ͞ ό͔ͪͺ͔͙͙ͫ͟͡͞ύ ͙ 

͔ͨͪ͊ͣ͊ͥͯ͡ ό͔ͪͺͪ͊͟ͼ͙͙͞ύ ͍͔͙ͫͭͦͫͭ͡Φ ˻͍͔ ͍͔ͨͦ͊͞ ͫͯΣ ͯ ͍͔ΐͦ͞ ͙͙͡ ͣ͊ͥͦ͞ ͔͙ͣͪΣ ͍͔ͯ͟ ͨͪ͊ΐ͔͔ͤ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͙ ͍ͨͦ͊ͦͣ͞ ͙ͯͨ͊ͥ͊͞ ό͊ͨͫͦͪͨͼ͙͔͞ύ ͍͔͙ͫͭͦͫͭ͡Σ ͦͦͣ͟͞ ͔ͫ ͔͔͎͙ͤͪ͊͞ ͍͙͙͍͎͒ͦ͢ ͪ͊͘;͔ͥ͊ 

͔͍ͨͪͭ͊ͪ͊ ͯ ͭͦͨͦͭͯ͡Φ 

2.2.1 ˻͙͔͒͋͊ͥ͞ ό͔ͪͺ͔͙ͫ͊͟͡͞ύ ͍͔͙ͫͭͦͫͭ͡ 

˽͍ͦ͊͊͞ ͙ͦ͒͋͊ͥ͊͞ ͍͔͙ͫͭͦͫͭ͡ ͔ͫ ͙ͫ͊ͫͭͦ͞ ͯ ͔ͭͦͣ ͒͊ ͔ͫ ͔͒ͦ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͙ͦ͟͞ ͔ͨ͊͒ͤ ͤ͊ 

͔ͤͯ͟ ͍ͨͦͪ΄͙ͤͯ ͙͔ͦ͒͋͞Σ ͦ͒ͤͦͫͤͦ ͍͙ͪ͊ͭ ͯ ͨͦͯͨͪͦͫͭͦͪ͡ ͔ͯͨ͊͒ͤ ͍͔͙ͫͭͦͫͭ͡Φ ˽͔͙ͪͦͫͭ͊͡ ͔͒ͦ 

͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͔ͫ ͙͔ͯͨ͞ ͙͙͡Σ ΄ͭͦ ͔͞ ͫͯ͡;͊͞ ͫ͊ ͍͙͙ͨͪͦ͒ͤͣ ͔͙ͭͣ͊͡Σ ͔͙͙͒ͣ͡;ͤͦ ͙͔ͯͨ͞Σ ͊ 

͔͙͙͒ͣ͡;ͤͦ ͙ͨͪͦͨͯͫͭΦ 

˿͍͊͊͟ ͍ͨͦͪ΄͙ͤ͊ ͔ͪͺ͔͔ͭͯ͟͡͞ ͔͒ͦ ͔ͯͨ͊͒ͤ ͍͔͙ͫͭͦͫͭ͡Σ ͙ͨͪ ;͔ͣͯ ͔ͫ ͦ͒ͤͦͫ ͔ͪͺ͔͍͎ͭͦ͊ͤͦ͟͡ ͙ 

͎ͯͯͨͤͦ͟ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͙ͦ͟͞ ͔ͨ͊͒ͤ ͤ͊ ͔ͤͯ͟ ͍ͨͦͪ΄͙ͤͯ ͙͍ͤ͊͊͘ ͺ͊ͭͦͪ͟ ͔ͪͺ͔͙͔ͫ͟͡͞ ͔ͭ 

͍ͨͦͪ΄͙͔ͤ όͤ͊͞;͔΄ΐ͔ ͔ͫ ͦͤ͊͘;͍͊͊ ͨͦͣͦΐͯ ͎ͪ;͎ͦ͟ ͍ͫͦ͊͡ ˊύΦ ˴ͦ͒ ͍͔͙͎ͦ͟͡ ͋ͪͦ͊͞ ͔͙ͣ͊ͭͪ͊͊͞͡ 

ͺ͊ͭͦͪ͟ ͔ͪͺ͔͙͔ͫ͟͡͞ ͍͙͙͊ͫ͘ ͦ͒ ͔͎ͫͨͭͪ͊ͤͦ͟͡ ͍ͫ͊ͫͭ͊͊ ͔ͯͨ͊͒ͤ ͍͔͙ͫͭͦͫͭ͡Φ 

˽͔ͦͫͭͦ͞ ;͔͙͙ͭͪ ͍͔ͪͫͭ ͔ͪͺ͔͙͔ͫ͟͡͞Υ ͔͔ͯͫͣͪͤ͊Σ ͙͒ͺͯͤ͊͘Σ ͙ͨͦͯ͒͡ͺͯͤ͊͘ ͙ ͔ͣ΄͍͙ͦͭ͊Φ 

̂˿ ˸˩˾˩˹ˢ ˾˩̅˶˩˴˿ˮ˳ˢ 

˻͍͊͞ ͙ͭͨ ͔ͪͺ͔͙͔ͫ͟͡͞ ͔ͫ ͍͊͊͢͞ ͦ͒͟ ͎ͯ͊͡;͙͊ͤͻ ͔͙ͣͭ͊ͤ͡ͻ ͍ͨͦͪ΄͙ͤ͊ ͙ ͔͙ͫͭ͊ͤ͟͡ͻ ͙͙͡ 

͙ͨ͊ͫͭ͡;͙ͤͻ ͎͔ͦ͒͊͊͡͡Σ ͔ͫͨͪ͒͊ ͔͙͍͔͙ͨͪͪͤ͟ͻ ͙ͭ͊ͤͣ͟ ͔ͫͦͣ͡͞ ͔ͣͭ͊͊͡ όͤ͊͞;͔΄ΐ͔ 

͙͙͊ͯͣͤͯͣ͊͡͞ ͙͙͡ ͔ͫͪ͋ͪ͊ύΦ ˹͊ ͙͔ͨͪͣͪΣ ͔ͫͭ͊ͤ͊͟͡ ͎͔ͦ͒͊͊͡͡ ͔ͫ ͯ ͔ͭͻ͙ͤͼ͙ ͍͔͔ͦͫͭͥ͊͢ 

͍͊͊ͯ͢͞͞ ͦ͒͟ ͔ͪͺ͔͙ͭͦͪͫ͟͟͡ͻ ͙͍ͦͪ͊͘ ͫ͊ ͔ͯ͗͊ͪͤͦͣ ͙͙ͤͭΣ ͦ͒͟ ͙ͦ͟͞ͻ ͔͞ ͤ͊ ͯͤͯͭͪ͊΄ͥͦ͞ ͙ͫͭͪ͊ͤ 

͔͒͊͡ ͔͎ͫͭ͊ͤͦ͟͡ ͋͊ͦͤ͊͡ ͔͔ͤ͊ͤͫͤ ͭ͊ͤ͊͟ ͫͦ͡͞ ͙͍͙͙͗ͤͻ ͙ͦͫ͒͊͟Σ ͙ͦ͟͞ ͔͔ͯͫͣͪͤͦ ͔ͪͺ͔͔ͭͯ͟͡͞ 

͍͔ͫͭͦͫͭ͡ ͙ ͔͍ͯͫͣͪ͊͊ ͔͞ ͯ ͔͒ͦ ͨͪͦͫͭͦͪ͊ ͔ͦ͒ͪΏ͔ͤ ͍͙͙ͨͪͦ͒ͤͣ ͔͒ͦͣ͡ ͋͊ͦͤ͊͡Φ ˽͙͊ͫͭ͡;ͤ͊ 

͎͔ͦ͒͊͊͡͡ ͫͯ ͍͙͔͎ͤͦ͞ ͒͊ͭͯͣ͊Σ ͊ ͔͙͍͔ͨͪͪͤ͊͟ ͫͯ ͍͔ͦͣ͊ ͙ͭ͊ͤͣ͟ ͔ͪͺ͔ͭͯͯ͟͡͞ΐ͙ͣ ͔ͫͦͣ͡͞ 

͙͙͊ͯͣͤͯͣ͊͡͞ ͍͔͙͔͟͡ ;͙ͫͭͦΐ͔Φ 

˨ˮ ̅̂˭˹ˢ ˾˩̅˶˩˴˿ˮ˳ˢ 

˻͍͊͞ ͙ͭͨ ͔ͪͺ͔͙͔ͫ͟͡͞ ͔ͫ ͍͊͊͢͞ ͦ͒͟ ͻ͍͙ͪ͊ͨ͊ͻ ͍ͨͦͪ΄͙ͤ͊ ͙͙͡ ͍ͨͦͪ΄͙ͤ͊ ͔͙ͣ͊ͭͪ͊͊͞͡ 

͍͙ͦ͋ͪ͊ͦ͊ͤ͘ͻ ͦ͒ ͍͔ͦͣ͊ ͙ͫΐͯ΄͙ͤͻ ͙ͪͫͭ͊͊͟͡Φ ˿͍͙͊͟ ͪ͊͘͟ ͙ͦ͟͞ ͔ͨ͊͒ͤ ͤ͊ ͔ͤͯ͟ ͦ͒ ͙ͭͻ 

͙ͫΐͯ΄͙ͤͻ ;͔͙ͫͭͼ͊ ͔ͫ ͔ͪͺ͔͔ͭͯ͟͡͞ ͨͦ ͍͙͙ͨͪ͊ͣ͊͡ ͔͔ͯͫͣͤ ͔ͪͺ͔͙͔ͫ͟͡͞Σ ͙͊͡ ͨͦ΄ͭͦ ͫͯ 

͍ͨͦͪ΄͙͔ͤ ;͔͙ͫͭͼ͊ ͯ ͙ͪ͊͘͡;͙͙ͭͣ ͍͙ͪ͊ͤͣ͊Σ ͔ͪͺ͔͍͙ͭͦ͊ͤ͟͡ ͪ͊͘ͼ͙ ͫͯ ͪ͊ͫͨͪ΄͔͙ͤ ͯ ͍͙ͫͣ 

͍ͨͪ͊ͼ͙ͣ͊Φ 

˽˻ ˶̂˨ˮ̅̂˭˹ˢ ˾˩̅˶˩˴˿ˮ˳ s

˻͍͍͊͊͟ ͙ͭͨ ͔ͪͺ͔͙͔ͫ͟͡͞ ͔ͫ ͍͊͊͢͞ ͦ͒͟ ͙͙ͣ͊ͭͪ͊ͤͻ ͔͙ͣͭ͊ͤ͡ͻ ͍ͨͦͪ΄͙ͤ͊Σ ͍ͨͦͪ΄͙ͤ͊ 

͔͍ͨͪͯ;͔͙ͤͻ ͔ͣ͊͞͡-͊ͦͣ͟͡ ͙ ͔͔ͯͫͣͪͤͦ ͔ͪͺ͔ͭͯͯ͟͡͞ΐ͙ͻ ͍ͨͦͪ΄͙ͤ͊Σ ͤ͊ͤ͊͒ͤͦ͟ ͔ͣͻ͙͊ͤ;͙͟ 

͔͙͙ͭͪͭͪ͊ͤͻ ό͙ͤ͊͋ͦͪ͊ͤͻΣ ͒ͯ͋ͦͦ͟ ͎͍͙͙ͪ͊ͪ͊ͤͻΣ ͙ͭ͒ΦύΦ ˴ͦ͒ ͔͎ͥ͊ ͔͞ ͔ͪ͊ͫͨͦ͒͊͡ ͍͔͎ͫͭͦͫͤͦ͡ 

͙͔͙͔ͤͭͤͭͭ͊͘ ͔͙͙͒ͣ͡;ͤͦ ͔͔ͯͫͣͪͤ͊Σ ͙ͨͪ ;͔ͣͯ ͔ͫ ͙ͣ͊ͫͣ͊͊ͤ͟͡ ͍͔͙ͫͭͦͫͤ͡ ͙͔͙͔ͤͭͤͭͭ͘ ͙ͣ͊ ͯ 

͍ͨͪ͊ͼͯ ͙͔͎ͦ͒͋ͤͦ͞ ͎ͯ͊͡ ͙ͦ͟͞ ͔͞ ͔͒ͤ͊͟͞ ͯͨ͊͒ͤͦͣΦ 

˸˩ ̊˻ˤˮ́s ˾˩̅˶˩˴˿ˮ˳ˢ 

˹͍͔͊͞ΐ͙ ͋ͪͦ͞ ͔͙ͣ͊ͭͪ͊͊͞͡ ͔͍ͨͪ͒ͫͭ͊͊͢ ͔ͣ΄͍͙͔ͦͭ ͔ͪͺ͔͔ͭͦͪ͟͡Σ ͔ͪ͞ ͙ͻ ͔͙͊ͪ͊ͭͪ͟͟΄͔ ͔ͤ͊͟ ͦ͒ 

͙ͦͣ͋ͤ͊͟ͼ͙͊͞ ͙ͭͪ ͔ͤ͊ͨͪ͒ ͔ͨͦͣͤͯͭ͊ ͙ͭͨ͊ ͔ͪͺ͔͙͔ͫ͟͡͞Φ ˽͙ͪ ͔ͭͦͣ ͤ͊͞;͔΄ΐ͔ ͙͙͒ͦͣͤͪ͊ͯ͞ 

ͫ͊ͣͦ ͍͒͊ ͙ͭͨ͊ ͔ͪͺ͔͙͔ͫ͟͡͞ ό͎ͣͦͯΐ͔ ͫͯ ͍͔ͫ ͙ͭͪ ͙ͦͣ͋ͤ͊͟ͼ͙͔͞ύΦ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

́˻ ́ˢ˶˹ˢ ˾˩̅˶˩˴˿ˮ˳ˢ 

˽͔͙ͦͣͤͣͦ ͙ ͍ͭ͘Φ ͭͦͭ͊ͤͯ͡ ͔ͪͺ͔͙ͫͯ͟͡͞Σ ͍ͨͦ͊ͯ͞ ͦ͊͟͞ ͔ͫ ͯ ͍͙͔ͤͦ͞ ͍͔͔ͪͣ ͍͔ͫ ͍͙΄͔ ͙͙ͦͪͫͭ͟ ͙ͨͪ 

͙͙ͪ͊͒͘ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ ;͙͙͞ ͫͯ ͍͙ͦͫͤͦͤ ͔͒ͦ ͍ͭ͘Φ ͙ͦͨͭ;͊͟ ͍͊ͤ͊͟͡Φ ˻ͤ͊ ͔͍ͨͪ͒ͫͭ͊͊͢ 

͙ͦ͋͟͡ ͔͔͔ͯͫͣͪͤ ͔ͪͺ͔͙͔ͫ͟͡͞Σ ͦ͊͟͞ ͔ͤ͊ͫͭ͊͞ ͦͤ͒͊ ͊͒͊͟ ͍͔͙ͫͭͦͫͤ͡ ͪ͊͘ͼ͙ ͙͎ͫͭͤͯ ͒ͦ ͍͔ͪ͊͒ͦͤ͘͞ 

͍ͨͦͪ΄͙͔ͤ ͔͎ͤͦ͟ ͍͙͎ͨͪͦ͒ͤͦ ͔͙ͣ͊ͭͪ͊͊͞͡ όͫͭ͊͊͟͡Σ ͙͔ͨ͊ͫͭ͟͡Σ ͍͔ͦ͒ύ ͙ ͍͊͒ͯ͘ͻ͊ ͨͦ͒ ͙ͯͨ͊͒ͤͣ 

͎͍͙ͯͦͣ͊͡ ͙ͦ͟͞ ͫͯ ͍͔ΐ͙ ͦ͒ ͍͎ͭ͊ͦ͊ͤͦ͘͟ ͙͙ͪͭ͟;͎ͤͦ ͎ͯ͊͡ ͙Σ ͔ͯͣͫͭͦ ͒͊ ͔ͨͪΏͯ ͯ ͍͊͒ͯ͘ͻΣ 

͔͔ͯͫͣͪͤͦ ͔ͫ ͔ͪͺ͔ͭͯͯ͟͡͞ ͙ ͍͔ͪ͊ͭ ͯ ͍͙͙ͨͪͦ͒ͤ ͔͙ͣ͒ͯͣ͞Φ 

2.3 ́ ͔͔ͣͨͪ͊ͭͯͪ͊ ͔͋ͦ͞ 

˭͊ ͦͤ͊͘;͍͔͊͊ͥ ͔͋ͦ͞ ͍͔͙ͫͭͦͫͭ͡ ͔͎ͤͦ͟ ͙͍ͦͪ͊͘Σ ͔ͨͦͪ͒ ͙ͭͪͻ͙ͪͦͣ͊ͭͫ͟ͻ ͙ͦͦͪ͒ͤ͊ͭ͊͟ ͍͔͔ͯ͒ͤ ͔͞ 

͙ ͨͦ͊ͣ͞ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͔͋ͦ͞Φ ˻ͤ ͔ͫ ͙͙ͦͪͫͭ͟ ͒͊ ͙͋ ͔ͫ ͋ͦ͊͞ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͙ͦͨͫ͊͊͡ 

͔ͨͦͪΏ͔͔ͥͣ ͫ͊ ͋ͦͦͣ͞ ͙͔͎͒͊ͤͦ͡ ͼ͎ͪͤͦ ͔ͭ͊͡ ͔ͦ͒ͪΏ͔͔ͤ ͔͔͔ͭͣͨͪ͊ͭͯͪΦ 

ˢͦ͟ ͔ͫ ͤ͊ ͙͎͒͊ͪ͊ͣͯ͞ ͋ͦ͊͞ ͔ͫͨͦ͞ ͍͔ͫ ͭ͊;͔͟ ͔ͦ͟͞ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ ͋ͦ͊ͣ͊͞ ͼ͎ͪͤͦ ͔ͭ͊͡ ͤ͊ ͙ͪ͊͘͡;͙͙ͭͣ 

͔͔ͭͣͨͪ͊ͭͯͪ͊ͣ͊Σ ͙͒ͦ͋͊͞ ͔ͫ ͙͍ͪ͊͟ ͦ͊͟͞ ͔ͫ ͙͍ͤ͊͊͘ ˽͍͊ͤͦ͟͡ ͦͯͫ͟͡Φ ˭͊ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͙͔ͣ͘Ώͯ 

улл ͙ флл ˴ ͋ͦ͊͞ ͼ͎ͪͤͦ ͔ͭ͊͡ ͔͞ ͼ͍͔ͪͤ͊Σ ͊͘ олл ˴ ͗ͯΐ͊ͫͭͦ͟-͔͋͊͡Σ ͊͘ рллл ˴ ͔͋͊͡Σ ͊ ͊͘ мл ллл 

˴ ͍͙ͨ͊͡;͊ͫͭ͊Φ 

͔͔́ͣͨͪ͊ͭͯͪ͊ ͔͋ͦ͞ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔ͫ ͔͒ͺ͙͙ͤ΄͔ ͊ͦ͟ ͦͤ͊ ͊ͨͫͦͯͭͤ͊͡ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͼ͎ͪͤͦ 

͔ͭ͊͡ ͙ͨͪ ͦͦ͟͞͞ ͔͞ ͔͎͍ͥͦ͊ ͋ͦ͊͞ ͙͔͙͒ͤͭ;ͤ͊ όͨͦ ͨͦͦ͗͊ͯ͡͞ ͙ͭͪͻ͙ͪͦͣ͊ͭͫ͟ͻ ͙ͦͦͪ͒ͤ͊ͭ͊͟ ͯ 

͙͎͒͊ͪ͊ͣͯ͞ ͋ͦ͊͞ύ ͫ͊ ͋ͦͦͣ͞ ͍͔͙ͫͭͦͫͭ͡ ͎ͨͦͫͣ͊ͭͪ͊ͤͦ ͙͍ͦͪ͊͘Φ ˮ͘ ͔ͫ͊ͣ ͔͒ͺ͙͙ͤͼ͙͔͞ ͙͙͙ͨͪͦ͊͘͘͡ 

͒͊ ͨͦ͊ͣ͞ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͔͋ͦ͞ ͔ͣͦ͗ ͙͙͋ͭ ͙͔ͨͪ͒ͪͯ͗ͤ ͫ͊ͣͦ ͍͔͙ͫͭͦͫͤͣ͡ ͙͍͙ͦͪͣ͊͘ ͙ͦ͟͞ ͫͯ ͯ 

͙͎͒͊ͪ͊ͣͯ͞ ͋ͦ͊͞ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͢ ͭ͊;͊ͣ͊͟ ͔ͦ͟͞ ͔͔͗͡ ͤ͊ ˽͍͊ͤͦͦͣ͟͡ ͦͯͫͯ͟͡Φ ˻͍ͦ ͙ͨͪ͊ͭ͟;ͤͦ 

͍͙͊͗ ͔͙͒ͤͦ͞ ͊͘ ͙͍͔ͦͪ͘ ͫ͊ ͔ͯ͗͊ͪͤͦͣ ͙͙ͤͭΣ ͙ͦ͟͞ ͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ ͙͍͔ͦͪ͘ ͔͙ͭͪͣ;͎ͦ͟ ͪ͊͘;͔ͥ͊ 

ͫ͊ ͔͙ͫͨͭͪ͊ͤͣ͟͡ ͍͍͙ͫͦͫͭͣ͊͞ ͍͔ͦͣ͊ ͙ͫ͡;͙ͤͣ ͔͙ͫͨͭͪ͊ͤͣ͟͡ ͍͍͙ͫͦͫͭͣ͊͞ ͼ͎ͪͤͦ ͔ͭ͊͡Φ 

ˤ˩ ˭ˢ ˮ˭˸˩̓̂ ́˩˸˽˩˾ˢ́̂˾˩ ˣ˻˳˩ ˮ ˹ˮˤ˻ˢ ˻˿ˤ˩́˷˩˹˻˿́ˮ  

ˮ͘ ͙͍ͫͯͫͭ͊͟ ͔͞ ͨͦͤ͊ͭͦ͘ ͒͊ αͦ ͨͯ΄͔ͭͤ͊ ͊ͭͣͦͫͺ͔ͪ͊ά ͯ ͔ͤͦ͟͞ ͙͙ͨͪͦͫͭͦͪ͞ ͔ͣͦ͗ ͒͊ ͔ͫ ͔͙ͪͪ͊͟ 

͙͙ͤͫͣ͟ ͙͍͙ͤͦͣ͊ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͙ ͙͔ͨͪͣͤͦͣ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔ͭͦͨ͡ ͔͋ͦ͞ ό͙͙ͤͫ͟ͻ 

͍͔͙ͪ͒ͤͦͫͭ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͔͋ͦ͞ύΣ ͒ͦ͟ ͙ͪ͊͒ͤ ͙ͨͪͦͫͭͦͪ ͊͘ͻ͔͍ͭ͊ͯ͞ ͍͙͔ͫͦ͟ ͙͍͔ͤͦ ͍͔͔͙ͦͫͭͤͦͫͭ͢Σ 

͙͎͔ͨͦͫͭͤͯͭ ͙͔ͨͪͣͤͦͣ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͻ͔͊͒ͤ͡ ͔͋ͦ͞ ό͍͙͙ͫͦ͟ͻ ͍͔͙ͪ͒ͤͦͫͭ ͔͔͔ͭͣͨͪ͊ͭͯͪ 

͔͋ͦ͞ύΣ ;͙͊͞ ͔͞ ͍͔ͫͭͦͫͭ͡ ͙͙͍ͫͭͣͯ͊ͭͤ͊͡ ͙ ͙ͯͭ;͔ ͤ͊ ͍͔ͨͦΐ͔͊ͥ ͎ͪ͊͒ͤͦ ͔͊ͤ͊͡Φ ̂ ͼ͙ͯ͢ 

͍͙͙͍͎͊ͤͭͭ͊ͭͤͦ͟ ͍͔͍ͪ͒ͤͦ͊ͥ͊ ͍͙ͦͻ ͙͍͔͙ͫͯͫͭͤ͟ͻ ͔ͨͦ͊͊ͭ͊͘͟͢Σ ˴͙ͪͯͭͻͦͺ ͔͞Σ 

͔͔͙͔͙ͫͨͪͣͤͭ͟΄ͯΐ͙ ͫ͊ ͍͔͙ͫͭ͊ͣ͊͢͟ ͫ͊ ͺͯͦ͡ ͼ͔͍͙ͣ͊ ͙ͪ͊ͤ͘ͻ ͋ͦ͊͞Σ ͒ͦ΄͊ͦ ͒ͦ ͔ͪͯͭ͊ͭ͊͘͡ ͔ͦ͟͞ 

͔͞ ͔͍͙ͨͪ͒ͫͭ͊ͦ ͯ ͍͙͒ͯ ͙͎͒͊ͪ͊ͣ͊͞ ͙ͦ͟͞ ͙ͫ͊͒ͪ͗ ͍͔͒ ͙͍͔ͪ͟Φ ˻͔ͤ ͊͘ ͍ͫ͊ͯ͟ ό͙͔ͨͪ͒ͪͯ͗ͤͯύ 

͔͔ͭͣͨͪ͊ͭͯͪͯ ͔͋ͦ͞ ͙͍ͦͪ͊͘ ͔͒ͺ͙͙ͤ΄ͯ ͒ͦͥͯ ͙ ͎ͦͪͥͯ ͎͙ͪ͊ͤͼͯΣ ͦ͒ͤͦͫͤͦ ͔͎ͦͨͫ ͙͍ͤͦ͊ 

͍͔͔͙ͦͫͭͤͦͫͭ͢ ͯ ͍͙ͦͪͯ͟ ͎ͦ͊͟ ͔ͫ ͙͙ͦͪͫͤ͟ͼ͙ ͙ͨͪͦͫͭͦͪ͊͞ ͔ͦͫΐ͊ͯ͞ ͙ͨͪ͊ͭͤͦ͞Φ ˽͙͍͙ͯ͋ͦ͊ͤ͟͡ 

͔͙ͪͯͭ͊ͭ͘͡ ͫͯ ͙ͨͦ͊͊͘͟͡ ͒͊ ͔ͫ ͙͍͙ͤͦ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͯ ͔͎ͦͨͫͯ тлл-3000 lx ͎ͣͦͯ ͙ͫͣ͊ͭͪ͊ͭ 

͙ͨͪͻ͍͙͍͙͊ͭͣ͢ ͊͘ ͍͔ͫ ͙͍͔ͭͨͦ ͺͯͦ͡ ͼ͔͍͙Σ ͦ͒ͤͦͫͤͦ ͊͘ ͍͔ͫ ͙ͥͻ͍͔ͦ ͙͔͔ͨͪ͒ͪͯ͗ͤ 

͔͔͔ͭͣͨͪ͊ͭͯͪΦ ˭͙͙͍͊ͤͣͦ͢ ͔͞ ͔͙ͨͦͣͤͯͭ ͙ ͊ͯ͘͟͢;͊͟ ͙͙͍ͫͭͪ͊͗͊ͥ͊ ͍͔͙ͦ͋͊ͤ͢ͻ мфтпΦ 

͎͙͔ͦ͒ͤΦ ˹͔͍͙͊ͫͤͦ͘ ͦ͒ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͔͋ͦ͞ ͺͯͦ͡ ͼ͔͍͙ όонллΣ пмлл ͙͙͡ рплл ˴ύΣ тр҈ 

͙͙͙ͫͨͭ͊ͤ͊͟ ͫͯ ͍͔͔͔ͦͫͭͥ͢ ͙͔ͨͪͦͫͭͦͪ͞ ͙ͫͣ͊ͭͪ͊͡ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ΐ͙ͣ ͔ͭ͟ ͊͒͊͟ ͙͋ ͙͍ͤͦ 

͍͔͔͙ͦͫͭͤͦͫͭ͢ ό͙ͦ͟͞ ͔ͫ ͔ͣͥ͊ͦ ͯ ͔͎ͦͨͫͯ ͦ͒ фл ͒ͦ нплл lxύ ͙͎͒ͦͫͭ͊ͦ тлл lx. 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

ˮ˹ ˨˩˴˿ ˾˩˽˾˻˨̂˴̇ˮ˳˩ ˣ˻˳ˢ (COLOUR RENDERING INDEX ς CRI) 

ˮ͔ͤ͒ͫ͟ ͔ͪͨͪͦ͒ͯ͟ͼ͙͔͞ ͋ͦ͊͞ (Colour Rendering Index ς CRI) ͔͞ ͍͙͙͍͊ͤͭͭ͊ͭͤ͊͟ ͔ͣͪ͊ 

͙ͫͨͦͫͦ͋ͤͦͫͭ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͒͊ ͍͔ͪͤͦ ͙͔ͨͪ͊͗͟ ͋ ͔ͦ͞ ͙ͪ͊͘͡;͙͙ͭͻ ͔͔ͨͪ͒ͣͭ͊ ͯ ͔ͨͦͪΏ͔ͥͯ 

ͫ͊ ͙͔͙͒͊ͤͣ͡ ͙͙͡ ͙͙ͨͪͪͦ͒ͤͣ ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡Φ ˮ͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ ͫ͊ ͍͙͙ͫͦͣ͟ CRI ͫͯ 

͔͙ͨͦ͗ͤ͢ ͯ ͙ͪ͊͘͡;͙͙ͭͣ ͙ͪ͊͒ͤͣ ͍͙ͯͫͦͣ͊͡ ͦ͒ ͍͍͒ͪ͊ͫͭ͊͘ ό͔͙͍͙ͦͨͪ͊ͭͤ ͍͙͋ͦͦ͟͡Σ 

͔ͤͦͤ͊ͭ͊ͤ͊͡ ͔͎ͤ͊ύ ͒ͦ ͙ͪ͊͒ͤͻ ͍ͯͫͦ͊͡ ͙ͦ͟͞ ͫͯ ͔͙ͨͦͭͪ͋ͤ ͙ͨͪ ͔͙ͪͫͭ͊ͯͪ͊ͭͦͪͫͣ͟ ͍͙ͨͦͫͦͣ͊͡ ͯ 

͔͙ͯͣͭͤͦͫͭΦ ˨͔ͺ͙͙ͤͼ͙ͯ͞ ͍͎ͦͦ ͙͔ͤ͒ͫ͊͟ ͒ ͊͊͡ ͞ ͔ ˸͔Ώͯͤ͊ͪͦ͒ͤ͊ ͙͙ͦͣͫ͊͟͞ ͘ ͊ ͍͔͔͔ͦͫͭͥ͢ όCIE), 

͙ ͦͤ͊ ͎͙͊ͫ͡:  

˾͔ͨͪͦ͒ͯ͟ͼ͙͊͞ ͋ͦ͊͞Υ ͙̂ͭͼ͊͞ ͍͔͙ͫͭͦͫͭ͡ ͤ͊ ͙͎͔͒͘͡ ͋ͦ͊͞ ͯ ͔͙ͦ͋ͭͣ͊͟͞ ͨͦͣͦΐͯ ͍͔͎ͫͫͤͦ ͙͙͡ 

͍͔͎ͨͦ͒ͫͫͤͦ ͔ͨͦͪΏ͔ͥ͊ ͫ͊ ͙ͥͻ͍͙ͦͣ ͙͎͔͒ͦͣ͘͡ ͯ ͙͋ͦ͞ ͨͦ͒ ͔ͪͺ͔͔͙ͪͤͭͤͣ ͍͔ͫͭͦͣ͡. 

CRI ͙ ͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔ͤ ͔ͯ͊ͯ͘͟͞ ͤ͊ ͦ;͙͎͔͒ͤͯ͡ ͋ͦͯ͞ ͍͔͎ͫͭͦͫͤͦ͡ ͙͍ͦͪ͊͘Τ ͭ͊ ͙ͤͺͦͪͣ͊ͼ͙͊͞ ͔ͫ 

͔͒͊͞ ͊ͦ͟ ͨͦ͒͊ͭ͊͟ ͦ ͔͔͙ͭͣͨͪ͊ͭͯͪ ͔͋ͦ͞ ͙͍ͦͪ͊͘. CRI ͞ ͔ ͔ͦ͒ͪΏ͔ͤ ͔ͫͨͭͪͦͣ͟ ͍͔͎ͫͭͦͫͤͦ͡ ͙͍ͦͪ͊͘; 

΄ͭͦ ͔͞ ͔ͫͨͭ͊ͪ͟ ͙͙͙ͦͤͭͤͯ͊ͤ͟͡͞ ͭͦ ͔͞ ͙ CRI ͍͔ΐ͙ ό͙͔ͨͪͣͪ ͙͔ͤ͊͒ͫ͟ͼ͔͔ͤͭͤ ͙͙ͫ͊͞͡ͼ͔ύ ͙ 

ͦ͋ͪͤͯͭͦΣ ΄ͭͦ ͔͞ ͔ͫͨͭ͊ͪ͟ ͙͔͙͙͒ͫͪͭͤ͟͞ ό͙͔ͨͪͣͪ ͺ͔ͯͦͪͫ͡ͼ͔͔ͤͭͤ ͙͙ͫ͊͞͡ͼ͔ύΣ ͭͦ ͔͞ ͙ͣ͊ͥ CRI.  

ˤ͔ͪ͒ͤͦͫͭ ͦ͊͟͞ ͔͞ ;͔ͫͭͦ ͼ͙͙ͭͪ͊ͤ͊ ͊ͦ͟ CRI ͤ͊ ͔ͦͣͪ͟ͼ͙͊ͤͦ͞͡ ͙͒ͦͫͭͯͨͤͣ ͙͍͙ͨͪͦͦ͒ͣ͊͘ ͊͘ 

͍͔͔͔ͦͫͭͥ͢Σ ͔ͫ ͍͙ͨͪ͊ͤͦ͡ ͙͍ͤ͊͊͘ CRI Ra ͍͔ͪ͒ͤͦͫͭΦ CRI ͔͞ ͦͨ΄͙ͭ ͙ͪ͊͘͘Σ ͊ CRI Ra ͔͞ 

͔ͣΏ͙ͯͤ͊ͪͦ͒ͤ ͙ͫͭ͊ͤ͒͊ͪ͒ͤ ͙͔ͤ͒ͫ͟ ͔ͪͨͪͦ͒ͯ͟ͼ͙͔͞ ͋ͦ͊͞Φ ˹͔͙ͯͣͪ;͙͟Σ ͍͙ͤ͊͞΄͊ ͎ͣͦͯΐ͊ CRI Ra 

͍͔ͪ͒ͤͦͫͭ ͔͞ млл ͙ ͍ͦͯ ͍͔ͪ͒ͤͦͫͭ ͎ͣͦͯ ͙͙ͣ͊ͭ ͫ͊ͣͦ ͙͍͙ͦͪ͘ ͙ͦ͟͞ ͫͯ ͙͔͙͒ͤͭ;͙ͤ 

͙͍ͫͭ͊ͤ͒͊ͪ͒ͦ͊ͤͦ͘͞ ͒ ͔͍ͤͤͦ͞ ͍͔͙ͫͭͦͫͭ͡ ͙͙͡ ͼͪͤͦͣ ͔ͭ͡Φͯ ˤ͔ͪ͒ͤͦͫͭ ͍͎ͦͦ ͙͔ͤ͒ͫ͊͟ ͔ͣͦ͗ ͙͙͋ͭ 

͙ ͔͎͙͍ͤ͊ͭͤ͊ ͊͘ ͔͔ͤ͟ ͙͍͔ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡Φ ́͊ͦ͟ ͙͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ ͫ͊ ͙ͤ͊ͭͪͯͣͦͣ͞ ͙͎ͤͫͦ͟ 

͙͙ͨͪͭͫ͊͟ ͙ͣ͊ͯ͞ ͔͎͙͍ͤ͊ͭ͊ͤ CRI RaΣ ͺ͔ͯͦͪͫ͡ͼ͔͙ͤͭͤ ͙͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ ͟ ͔ͪΐͯ ͔ͫ ͦ͒ ͦͦ͟ рл ͊͘ 

͍͔ͦͫͤͦͤ ͙͍͔ͭͨͦΣ ͒ͦ ͦͦ͟ фу ͊͘ ͙ͤ͊͋ͦ͢͞ ͙ͣͯͭ͡-ͺͦͫͺ͙ͦͪͤ ͙ͭͨΦ ͙͙́ͨ;͔ͤ LED ͙͔͒ͦ͒ ͙ͣ͊ͯ͞ 

CRI Ra  ͦ ͒ 80 ͙  ͍͙΄͔Σ ͙ ͙͒ͦͫͭ͗ͯ фу ͊͘ ͔͔ͤ͟ ͙͍͔ͭͨͦ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED ͦ ͍͔͔͔ͫͭͥͣ͢Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

3. ͔͙͔́ͦͪͫ͟͞ ͍͔ͦͫͤͦ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͙ ͔ͭͯͤ͊͡ 
 

˻͍ͦ ͎͍͔ͨͦ͊͢͡ ͙͔ͫͭͯ͒͞ ͯͪ͊ͭͦ͟͟ ͙͔ͨͪ͊ͯ͘͟͞ ͔͙ͭͦͪͫ͊͟͞ ͪ͊ͣ͊ͭͪ͊ͥ͊͘ ͦ͊͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͙ͨͪ 

͔͍ͨͪͦͭͦ͊ͥͯ͟͞ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͙ ͔ͭͯͤ͊͡Σ ͊ ͦ͊͟͞ ͫͯ ͙ͦͪ͟΄ΐ͔ͤ͊ ͊͘ ͔͔ͨͦͭͪ͋ ͙͔ͪ͊͒͘ 

͙͔ͫͭͯ͒͞. ́͊ͦ͟Ώ͔Σ ͍͔͔ͤ͊͒ͤ͊ ͔͙ͭͦͪͫ͊͟͞ ͪ͊ͣ͊ͭͪ͊ͥ͊͘ ͎ͣͦͯ ͙͙͋ͭ ͦ͒ ͙͙ͦͪͫͭ͟ ͙͙ͨͪͦͣ͟͡ 

͔͒ͺ͙͙ͤͫ͊ͥ͊ ͔͙ͨͪͦͭͤ͟͞ͻ ͊͒͊ͭ͊͊͘͟ ͊͘ ͔͔ͨͦͭͪ͋ ͔͍ͨͪͦͭͦ͊ͥ͊͟͞ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͙ ͔ͭͯͤ͊͡Σ 

͊ͦ͟ ͙ ͙͙ͨͪͦͣ͟͡ ͔͒ͺ͙͙ͤͫ͊ͥ͊ ͍ͯͫͦ͊͡ ͯ ͨͦͫͭͯͨͼ͙ͣ͊ ͍͙͊ͤ͞ͻ ͍͙ͤ͊͋͊͟Φ 

3.1 ˴ ͍͔ͦͦͦͤ͘͡ ͍ͨͦͪ΄͙͔ͤ ͙  ͙ͥͻ͍͔ͦ ͔ͪͺ͔͙͔ͫͦͤ͟͡ ͙͔ͦͫͦ͋ͤ 

˽ͦ͒ ͍ͨͦͪ΄͙ͤͦͣ ͍ͦͦͦ͊͘͟͡ ͔ͫ ͔͍ͨͦ͒ͪ͊ͯͣ͊͘ ͍ͨͦͪ΄͙͙ͤͫ͟Σ ͍͊ͪ͘΄͙ͤ ͫͦ͡͞ ͍͎ͫ͊ͦ͟ ͍͎ͦͦͦͤͦ͘͟͡ 

͙͍ͨͦͪ͊͟;͊Σ ͙ ͯ ͎ͪ͊Ώ͔͍͙ͤͫͦͣ͟ ͙ͫͣͫͯ͡ ͔ͣͦ͗ ͔ͫ  ͦͨ ͙͙ͫ͊ͭ ͔ͨͪͦ͟ ͣ͊ͪͦ͟ ͙ ͙ͣͪͦ͟ ͔͔ͭͫͭͯͪ͟Σ 

͔ͦ͟͞ ͔ͫ ͎ͣͦͯ ͙͍͙ͦͣ͋ͤͦ͊ͭ͟Φ ͔́͊͋͊͡ оΦмΦ ͙͔ͨͪ͊ͯ͘͟͞ ͥ ͙ͻ͍͔ͦ ͤ͊͞;͔΄ΐ͔ ͙ͦͣ͋ͤ͊͟ͼ͙͔͞. 

͔́͊͋͊͡ оΦмΦ ˹͊͞;͔΄ΐ͔ ͙ͦͣ͋ͤ͊͟ͼ͙͔͞ ͣ͊ͪͦ͟ ͙ ͙ͣͪͦ͟ ͔͔ͭͫͭͯͪ͟ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡ 

˽͍ͦͪ΄͙ͤ͊ ˤͪͫͭ͊ ͔͔ͭͫͭͯͪ͟ 

˸͊ͪͦ͟ όͪͯͨͤ͊͟ύ ˸͙ͪͦ͟ ό͙ͫͭͤ͊ύ 

A ͻ͍ͪ͊ͨ͊͊ ͎ͪͯ͋͊ 

B ͻ͍ͪ͊ͨ͊͊ ͎ͯ͊͡;͊ͤ͊ 

C ͎͊ͭ͊͟͡ ͎ͪͯ͋͊ 

D ͎͊ͭ͊͟͡ ͎ͯ͊͡;͊ͤ͊ 

 

˸͊ͪͦ͟ ͙ ͙ͣͪͦ͟ ͔͔ͭͫͭͯͪ͟ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡ ͔ͫͯ͗͡ ͒͊ ͔ͫ ͍͔ͯͭͪ͒ ͔ͤ ͫ͊ͣͦ ͍͙͊͗ͤ 

ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ ͔͔͔͙ͣͤͭ͡ ό͙͍ͤͦ ͔͋ͯ͟ ͙ ͦͭͨͦͪ ͙͊ͥ͊͘͟͡ύΣ ͔͎ͤͦ ͙ ͍͙͊͗ͤ ͺ͔͙͙ͦͭͦͣͭͪͫ͟͞ 

͔͔͔͙ͣͤͭ͡Σ ͙ͦ͟͞ ͨͦ͊ͯͯ͘͟͞ ͤ͊;͙ͤ ͙ͦ͒͋͊ͥ͊͞ ͍͔͙ͫͭͦͫͭ͡ ͦ͊͟͞ ͔ͨ͊͒ͤ ͤ͊ ͭͯ ͍ͨͦͪ΄͙ͤͯΦ 

͔͙̅ͯͤ͒͊ͣͤͭ͊ͤ͡ ͙ͨͪͫͭͯͨ ͙͙ͫͭͯ͒͞ ͔ͪͺ͔͙͙ͫͦͤ͟͡ͻ ͙ͦͫͦ͋ͤ͊ ͍͙ͦͦͦͤ͘͟͡ͻ ͍ͨͦͪ΄͙ͤ͊ ͍͔͒ͦͦ ͔͞ 

͒ͦ ͔͎͋ͦ͢ ͔͍ͪ͊ͯͣ͊ͥ͊͘ ͔ͣͻ͙͊ͤͣ͊͘ ͙ͦ͒͋͊ͥ͊͞ ͍͔͙ͫͭͦͫͭ͡Σ ͙͊͡ ͔ͤ ͙ ͒ͦ ͍ͪ͊ͦ͊͘͞ ͙͔ͫͫͭͣ͊ ͙ͦ͟͞ 

͙͋ ͦ͊͟͡΄͊ͦ ͔͍͔ͨͪͦͭͦ͊ͥ͟͞ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊Φ ˭͊ͭͦ ͔͞ ͪ͊ͪ͊͘Ώ͔ͤ ͯͨͪͦ΄ΐ͔ͤΣ 

͙͙ͦͨͫͤ ͙͔ͫͫͭͣ ͔ͪͺ͔͙͙ͫͦͤ͟͡ͻ ͙ͦͫͦ͋ͤ͊ ͍͙ͦͦͦͤ͘͟͡ͻ ͍ͨͦͪ΄͙ͤ͊Σ ͤ͊ ͍ͦͫͤͦͯ ͎ͦ͊͟ ͫͯ ͍͔ͫ ͍͔ͫͯ 

͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ ͍͔ͫͪͫͭ͊ͤ ͯ ͔͙ͤͦͦ͟͟͡ ͙ͫͭ͊ͤ͒͊ͪ͒ͤͻ ͔ͪͺ͔͙͙ͫͦͤ͟͡ͻ ͊ͫ͊͟͡Φ  

ˣ͔ͪͦͤ͞ ͙͔ͫͭͯ͒͞ ͫͯ ͔ͨͦ͊͊͘͟͡ ͒͊ ͔ͫ ͍ͫ͊͊͟ ͍ͨͦͪ΄͙ͤ͊ ͙ͫ͊ͫͭͦ͞ ͦ͒ ͍͔͙͎ͦ͟͡ ͋ͪͦ͊͞ ͙ͪ͊͘͡;͙ͭͦ 

͙͔͙͙ͦͪͤͭͫ͊ͤ͞ͻ ͙ͣ͊ͥͻ ͍ͨͦͪ΄͙ͤΣ͊ ͦ͒ ͙ͦ͟͞ͻ ͍ͫ͊͊͟ ͔ͪͺ͔͔ͭͯ͟͡͞ ͫ ͍͔ͭͦͫͭ͡Φ ́͊ͦ͟Ώ͔ ͔͞ ͍ͯͭͪΏ͔ͤͦ 

͒͊ ͤ͊ ͍͙ͦͣ ͙ͣ͊ͣ͡ ͍ͨͦͪ΄͙ͤ͊ͣ͊ ͙͒ͦ͊͘͡ ͔ͤ ͫ͊ͣͦ ͒ͦ ͔͔͔ͯͫͣͪͤΣ ͔͎ͤͦ ͙ ͒ͦ ͙͒ͺ͔ͯͤ͘ 

͔ͪͺ͔͙͔ͫ͟͡͞Σ ͦ͊͟͞ ͔ͤ͊ͫͭ͊͞ ͔ͯͫ͒͡ ͔͙͙͒ͣ͡;͎ͤͦ ͪ͊ͫͨͪ΄͙͍͊ͥ͊ ͍͔͙ͫͭͦͫͭ͡Φ ˿͎ͭͦ͊ ͫͯ ͍ͪ΄͔ͤ͊ 

͙͙͍ͫͭͪ͊͗͊ͥ͊ ͫ͊ ͼ͙͔ͣ͢ ͒͊ ͔ͫ ͦͼ͔͔ͤ ͙ͯͭͼ͙͊͞ ͙ͣͪͦ͟ ͙ ͣ͊ͪͦ͟ ͔͔ͭͫͭͯͪ͟ ͤ͊ ͍ͫ͊ ͔ͪͺ͔͙ͫͦͤ͊͟͡ 

͍͍ͫͦͫͭ͊͞ ͍͙͊͗ͤ͡ͻ ͍ͦͦͦ͊͘͟͡Φ ˭͊ͯ͟͢;͔ͤͦ ͔͞ ͒͊ ͔͞ ͯ ͙ͭͣ ͙ͫͭͯ͊ͼ͙͊ͣ͊͞ ͙ͣͪͦ͟ ͔ͭͫͭͯͪ͊͟ 

͍͔ͨͦͨ͊ͤ͊͢͡Σ ͨ͊ ͔͞ ͎ͫͭͦ͊ ͊ͦ͟ ͎͔ͦ͒͊ͦ͡͡Φ ̂ ͍͙ͭ͊ͣ͟ ͫͯ͡;͔͍͙͊ͣ͊͞ ͔ͪͺ͔͙ͫ͊͟͡͞ ͍͔͍͔ͨͪͤͫͭͤͦ 

͍͙͙͊ͫ͘ ͦ͒ ͣ͊ͪͦ͟ ͔͔ͭͫͭͯͪ͟Σ ͨ͊ ͦͤ͊ ͔͍ͨͪ͒ͫͭ͊͊͢ ͔͙͙͒ͤ͞ ͺ͊ͭͦͪ͟ ͤ͊ ͍ͦͫͤͦͯ ͎ͦ͊͟ ͔ͫ ͔ͣͦ͗ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͍ͪ΄͙͙ͭ ͎͔͔ͤͪ͊ͤ͊͡ ͙͊ͫ͟͡ͺ͙͊͟ͼ͙͊͞ ͍͙͊͗ͤ͡ͻ ͍͙ͦͦͦͤ͘͟͡ͻ ͍ͨͦͪ΄͙ͤ͊ ͯ ͎͔ͨͦ͒ͯ͡ 

͔ͪͺ͔͙͙ͫͦͤ͟͡ͻ ͍͍ͫͦͫͭ͊͊͞Φ 

̂ ͫ͊͒ͯ͟͡ ͫ͊ ͊ͯ͘͟͢;ͼ͙ͣ͊ ͔ͣΏ͔ͯͤ͊ͪͦ͒ͤ ͙͙͔ͦͣͫ͟͞ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ς CIE ͙ ͔ͣΏ͔ͯͤ͊ͪͦ͒ͤ 

͙͙͔ͦͣͫ͟͞ ͊͘ ͙͎ͪ͊͒ͥͯ͘ ͔͍ͨͯͭ͊ ς PIARC ͟ ͦͤͫͭͪͯ͟ͼ͙ͯ͞ ͙ ͍ͫ͊ͫͭ͊ ͍͙ͦͦͦͤ͘͟͡ͻ ͍ͨͦͪ΄͙ͤ͊ ͔ͭͪ͋͊ 

ͨͪͦͯ;͍͙͊͊ͭ ͫ͊ ͍͒͊ ͔͊ͫͨͭ͊͟Υ 

- ˨͊ ͔ͫ ͍͔͊͒ͦͦ͘͢ ͎ͪ͊Ώ͔͍͙͔ͤͫ͟ ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͍ͦͦͦ͊͘͟͡ ͯ ͎͔ͨͦ͒ͯ͡ ͔͔͔͋͋͒ͤ͘ ͙ 

͔ͯ͒ͦ͋ͤ ͍͔ͦ͗ͥΣ ͙ 

- ˨͊ ͔ͫ ͍͔͒ͦ͒͊͊ͥͣ ͙ͪ͊ͤ͘ͻ ͎ͪ͊ͤͯ͊ͭ͊͡ ͍͊ͪ͘΄ͤͦͣ ͫͦͯ͡͞ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡ 

ͨͦ͋ͦ͢΄͊ͯ͞ ͔ͪͺ͔͙͔ͫͦͤ͟͡ ͙͔ͦͫͦ͋ͤΣ ͊ ͯ ͼ͙ͯ͢ ͪ͊ͼ͙͙͔͎ͦͤ͊ͤ͡͞ ͔ͪ΄͔ͥ͊ 

͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊Φ 

˾˩ ̅˶˩˴˿ˮ˻˹˩ ˴ˢ˾ˢ˴́˩˾ˮ˿́ˮ˴˩ ˴˻˶˻ˤ˻˭˹ˮ̆ ˽˻ˤ˾̊ˮ˹ˢ 

˿͊ͤͦͫͭ͞͞ ͍͔͔͔ͦͫͭͤ͢ ͍ͨͦͪ΄͙͔ͤ ͔͍ͨͪ͒ͫͭ͊͊͢ ͔͙ͣͪͦ͡ ͍͔͎ͫͭͦͫͤͦ͡ ͙ͯͭͫ͊͟ ͔ͦͫͦ͋ ͦ͊͟͞ ͔͞ 

ͨͦͫͣ͊ͭͪ͊Φ ́͊͞ ͙ͯͭͫ͊͟ ͍͙͙͊ͫ͘ ͔ͤ ͫ͊ͣͦ ͦ͒ ͍͔͔͙ͦͫͭͤͦͫͭ͢Σ ͍͔ΐ ͙ ͦ͒ ͔ͪͺ͔͙͙ͫͦͤ͟͡ͻ 

͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟ ͍͔͔͔ͦͫͭͤ͢ ͍ͨͦͪ΄͙͔ͤΦ ˤ͙͔ͯͤ͊͘͡ ͔ͨͪͼ͔ͨͼ͙͊͞ ͔͎ͤͦ͟ ͔ͦ͋ͭ͊͟͞ όͤͨͪΦ 

͔͔͔ͨͪͨͪ͟ ͤ͊ ͨͯͭͯύ ͙ͨͦͭ;͔ ͦ͒ ͔͙͍͎ͫͯ͋ͭͤͦ͟͞ ͙ͯͭͫ͊͟ ͒͊ ͙ͨͦͫͭͦ͞ ͦͤͭͪ͊ͫͭ͟Σ ͦ͒ͤͦͫͤͦ ͙ͪ͊͊͘͟͡ 

͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͣ͘Ώͯ ͔ͦ͋ͭ͊͟͞ ͙ ͔͎͍͔ͥͦ ͙͔ͨͦ͊͒ͤ͘Σ ͙ͨͪ ;͔ͣͯ ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͦ͊͒ͤ͘ ͍͙͙͊ͫ͘ ͙ ͦ͒ 

͔ͪͺ͔͙͙ͫͦͤ͟͡ͻ ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡Φ 

˻͒ ͙ͪ͊͘͡;͙͙ͭͻ ͙͍ͭͨͦ͊ ͔ͪͺ͔͙͔ͫ͟͡͞Σ ͊͘ ͍͔ΐ͙ͤͯ ͍͙ͫͯͻ ͍͙ͦͦͦͤ͘͟͡ͻ ͍ͨͦͪ΄͙ͤ͊Σ 

͔͙͙ͤ͊͊ͪ͊ͭͪͫͭ͟͟͞;͙ͤ͊͞ ͔͞ ͔ͣ΄͍͙ͦͭ͊ ͔ͪͺ͔͙ͫ͊͟͡͞ ͦ͊͟͞ ͔͞ ͍͔ͫ͊ͫͭ͊ͤ͊͢ ͦ͒ ͙ͨͦͯ͒͡ͺ͔ͯͤ͘ ͙ 

͙͒ͺ͔ͯͤ͘ ͔͔ͦͣͨͦͤͤͭ͟. 

̂ ͍͙͙͊ͫͤͦͫͭ͘ ͦ͒: 

- ͔͙ͣ͊ͭͪ͊͊͞͡ ͙ ͔͔ͭͫͭͯͪ͟ ͟ ͍͔ͦͦͦͤ͘͡ ͍ͨͦͪ΄͙͔ͤΣ 

- ͫͭ͊ͥ͊ ͙ ͫͭͪͦ΄͔͙ͤͦͫͭ ͙ ͙͊ͨͪ͊ͤͦͫͭ͘͢ ͟ ͍ͦͦͦ͊͘͡, 

- ͍͊͗ͤͦͫͭ͡,͙ 

- ͎͊ͭͦͫͭ͟͡Σ͙ ͙ 

- ͔ͫͣͪ ͊ͯ ͔ͨ͊͒ͤ ͍͔͙ͫͭͦͫͭ͡ ͙ ͨͦͦ͗͊͊͡͞ ͨͦͫͣ͊ͭͪ͊;͊Σ 

ͦ͟ ͍͔ͦͦͤ͘͡ ͍ͨͦͪ΄͙͔ͤ ͨͦ͊ͯͯ͘͟͞ ͍͔͙ͯ͟͡ ͙ͪ͊ͤͦͦͫͭ͘͟͡ ͯ ͎͔ͨͦ͒ͯ͡ ͍͔͙ͪ͒ͤͦͫͭ ͺ͊ͭͦͪ͊͟ 

͔ͪͺ͔͙͔ͫ͟͡͞ ͙ ͔ͯ͒͊͡ ͔͔ͦͣͨͦͤͤͭ͟ ͙ͨͦͯ͒͡ͺ͔ͯͤ͘ ό͔͔͔ͯͫͣͪͤύ ͔ͪͺ͔͙͔ͫ͟͡͞Φ 

˴˻ ˩̅ˮ̇ˮ˳˩˹́ ˿˳ˢ˳˹˻˿́ˮ 

˨͊ ͙͋ ͔ͫ ͔ͪͺ͔͙͔ͫͦͤ͟͡ ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡ ͍͙͙͍͊ͤͭͭ͊ͭͤͦ͟ ͔͙͔ͭͪͭͪ͊͡Σ 

͍͔͔ͯ͒ͤ ͔͞ ͨͦ͊ͣ͞ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ ͙ͫ͊ͤͦͫͭ͞͞ (luminance coefficient). ˹͊;͙ͤ ͤ͊ ͙ͦ͟͞ ͔ͫ 

͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞ ͨͪͦͪ͊;͍ͯͤ͊͊Σ ͊ͦ͟ ͙ ͎͔͒ͪͯ ͍͔͙͡;͙͔ͤ ͦ͒ ͤ͊͘;͊͊͞ ͊͘ ͔ͭͻ͙ͤͯ͟ 

͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊Σ ͙͔ͨͪͦͨͫͯ͞ ͍͔͊͗ΐ͙ ͫͭ͊ͤ͒͊ͪ͒2 SRPS EN 13201-3:2016 ˻͍͔͔͔ͫͭͥ͢ 

                                                      
2 ̂ ͫ͊͒ͯ͟͡ ͫ͊ ˭͊ͦͤͦͣ͟ ͦ ͙ͫͭ͊ͤ͒͊ͪ͒͊͘ͼ͙͙͞ όα˿͔͙ͯ͗͋ͤ͡ ͎͙͊ͫͤ͟͡ ˾˿άΣ ͋ͪͦ͞ осκнллф ͙ псκнлмрύΣ ͙͔ͨͪͣͤ͊ 
ͫͭ͊ͤ͒͊ͪ͒͊ ͔͞Σ ͯ ͫ͊͒ͯ͟͡ ͫ͊ ;͊ͤͦͣ͡ мтΦ ˭͊ͦͤ͊͟Σ ͍͒ͦ͋ͪͦͦͤ͊͢. 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔͍ͨͯͭ͊ τ ˨͔ͦ оΥ ˽ͪͦͪ͊;ͯͤ ͙ͪ͊͒ͤͻ ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟ (Road lighting - Part 3: Calculation of 

performance). 

˴͔ͦͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞ όq) ͯ ͔ͤͦ͟͞ ͭ͊;͙͟ P ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ ͔͒ͺ͙͙ͤ΄͔ ͔ͫ ͊ͦ͟ ͦ͒ͤͦͫ 

͙ͫ͊ͤͦͫͭ͞͞ (ὒ), ͦͯ͟͞ ͤ͊ ͦͯ͟ ͨͦͫͣ͊ͭͪ͊;͊ ͙͙͍͊͊͘͘ ͍͔͙ͫͭͦͫͤ͡ ͪ͊͘͟ ͤ͊ͫͭ͊ͦ ͪ͊ͫͨͪ΄͔ͤͦͣ 

͔ͪͺ͔͙ͫͦͣ͟͡͞ ͯ ͭ͊;͙͟ P ͍͔͔ͦͫͭͤͦ͢͞ ͨͦͣͦΐͯ ͍͔͎ͫͭͦͫͤͦ͡ ͙͍ͦͪ͊͘ SΣ ͙ ͻ͙͔ͦͪͦͤͭ͊ͤ͘͡ 

͍͔͔͙ͦͫͭͤͦͫͭ͢ ( Ὁ ) ͯ  ͭͦ͞ ͭ͊;͙͟Σ ͦ͒ͤͦͫͤͦ: 

ή  
ὒ

Ὁ
 

˸͔Ώ͙ͯͭͣΣ ͊ͫͤͦ͞ ͔͞ ͒͊ ͯ ͒͊ͭͦ͞ ͭ͊;͙͟ P ͤ͊ ͨͯͭͤͦͣ ͙͍ͨͦͪ͊͟;ͯ ͙ͣ͊ ͭ͊ͦ͟ ͎ͣͤͦͦ ͍͔͙ͪ͒ͤͦͫͭ ͊͘ 

͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞ qΣ ͙ͦͦ͟͟͡ ͙ ͎ͣͦͯΐ͙ͻ ͍ͨͪ͊͊ͼ͊ ͔ͯͨ͊͒ͤ ͍͔͙ͫͭͦͫͭ͡ ͙ ͍ͨͪ͊͊ͼ͊ 

ͨͦͫͣ͊ͭͪ͊ͥ͊Φ 

 

˿͙͊͟͡ оΦмΦ ͎͍͙̂ͦ͡ ͦ͒ ͟ ͙ͦ͞ͻ ͍͙͙͊ͫ͘ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞ 

˽ͦ΄ͭͦ ͔ͫ ͨͦͦ͗͊͡͞ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͙ ͨͦͦ͗͊͡͞ ͨͦͫͣ͊ͭͪ͊;͊ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͒͊ͭͯ ͭ͊;ͯ͟ P ͣ ͎ͦͯ 

͔͙͙ͦ͒ͪ͒ͭ ͨͦͣͦΐͯ ͎͍ͯͦ͊͡ Σ̀ ʲΣ  ʁ͙ ʵΣ ͊ͦ͟ ΄ͭͦ ͔͞ ͙ͨͪ͊͊ͤͦ͘͟ ͤ͊ ͙ͫ͡ͼ͙ оΦмΣ ͍͔ͯͫͦͤͦ͞ ͔͞ ͒͊ ͔ͫ 

i ͟ ͔ͦͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͯ͘͟͞ ͯ ͍͙͙͊ͫͤͦͫͭ͘ ͦ ͒ ͎͙͒ͪͯͻ ͎͍ͯͦ͊͡Σ ͦ͒ͤͦͫͤͦ q = q( Σ̀ ʲΣ Σʁ ʵύΦ 

˿͊ ͔ͨͪͭͻ͔ͦ͒ͤ ͙͔ͫ͟͡ ͔ͫ ͍͙͙͒ ͒͊ ͔͞Υ 

 ̀ς ͎ͯ͊ͦ ͨͦͫͣ͊ͭͪ͊ͥ͊ ό͎ͯ͊ͦ ͙͔ͣ͘Ώͯ ͍ͨͪ͊ͼ͊ ͨͦͫͣ͊ͭͪ͊ͥ͊ ͙ ͔͎͍͔ͥͦ ͔ͨͪͦ͟͞ͼ͙͔͞ ͤ͊ ͍͙ͪ͊ͤ 

͍ͦͦͦ͊͘͟͡ύΣ 

ʲ ς ͯ ͎͊ͦ ͙͔ͣ͘Ώͯ ͍͔͙͔ͪͭ͊ͤ͟͡ ͍͙ͪ͊ͤ ͯͨ͊͒͊ ͍͔͙ͫͭͦͫͭ͡ ͙ ͍͔͙͔ͪͭ͊ͤ͟͡ ͍͙ͪ͊ͤ ͨͦͫͣ͊ͭͪ͊ͥ͊Σ 

 ʁς ͎ͯ ͊ͦ ͙͔ͣ͘Ώͯ ͔ͫͣͪ͊ ͯͨ͊͒͊ ͍͔͙ͫͭͦͫͭ͡ ͙ ͍͔͙͔ͪͭ͊ͤ͟͡ ͔ͦͫ ͍͔͙͔ͫͭ͢͟ ͔͔͔ͯͫͣͪͤ ͙͔ͤ͊ͤ͗ 

ό͙ͯͨ͊͒ͤ ͎ͯ͊ͦ ͍͔͙ͫͭͦͫͭ͡ύΣ ͙ 

ʵ ς ͯ ͎͊ͦ ͙͔ͣ͘Ώͯ ͍͔͙͔ͪͭ͊ͤ͟͡ ͍͙ͪ͊ͤ ͨͦͫͣ͊ͭͪ͊ͥ͊ ͙ ͔ͦͫ ͨͯͭ͊Φ 

˽ͦ΄ͭͦ ͔͞ ͊͘ ͙ͯͦ͋;͔͔͊ͤ͞ ΄͙͙͔ͪͤ ͨͯͭ͊ ͔ͣ͊ͥ ͦ͒ нр m ͙  ͙͔͒͊ͤ͢ ͨͦͫͣ͊ͭͪ͊ͥ͊ ͍͔ΐ͔ ͦ͒ сл m 

͎ͯ͊ͦ ʵ < 20°, ͭ ͦ ͔ͫ ͔͎͍ͥͦ ͙ͯͭͼ͊͞ ͤ͊ ͍͔ͪ͒ͤͦͫͭ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͣͦ͗ ͔͙͙͊ͤͣ͊ͪͭ͘Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˭͊ ͔ͨͦ͢ ͨͦͫͣ͊ͭͪ͊ͥ͊Σ ͦ͒ͤͦͫͤͦ ͙͙ͨͪͦͨͫͣ͊ ͔͒ͺ͙͙ͤͫ͊ͤͯ ͍ͨͦͪ΄͙ͤͯ ͨͯͭ͊ ͙͔ͫͨͪ͒ ͍ͦ͊͘;͊ ͤ͊ 

ͦͦ͟͞͞ ͦͤ ͔ͭͪ͋͊ ͒͊ ͎͔ͯ͒͊͡ ͔͔ͨͪͨͪͯ͟Σ ͊ͦ͟ ͙ ͊͘ ͫͭ͊ͤ͒͊ͪ͒ͤͯ ͍͙͙ͫͤͯ ͨͦͫͣ͊ͭͪ͊ͥ͊ ͦ͒ мΦр m όͦ͊͟͞ 

͔ͫ ͔ͣͦ͗ ͙ͫͣ͊ͭͪ͊ͭ ͨ ͔ͪͦͫ;ͤͦͣ ͍͙͙ͫͤͦͣ ͦ͊͟ ͍ͦ͊͘;͊ ͎ͣͦͭͦͪͤͦ ͍͙ͦ͊͘͡ύΣ ͎ͯ͊ͦ ͨͦͫͣ͊ͭͪ͊ͥ͊  ̀

͍͙͊ͪͪ͊ ͫ͊ͣͦ ͙͔ͣ͘Ώͯ лΦрϲ ͙ мΦрϲΦ ˸͔͔ͪͥ͊ ͫͯ ͨͦ͊͊͊͘͟͡ ͒͊ ͔ͫ ͯ ͍ͦͦͣ ͔͎ͦͨͫͯ ͔ͣͦ͗ 

͔͙͙͊ͤͣ͊ͪͭ͘ ͙ ͍͙͊ͫͤͦͫͭ͘ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ ͙ͫ͊ͤͦͫͭ͞͞ q ͦ ͒ ͎ͯ͊͡ .̀  

ˮͣ͊ͯ͞ΐ͙ ͔ͨͪͭͻͦ͒ͤͦ ͯ ͍͙͒ͯΣ ͯ ͙ͨͪ͊ͫ͟ ͔ͫ ͙ͯͣ͊͘ ͒͊ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞ ͍͙͙͊ͫ͘ ͫ͊ͣͦ ͦ͒ 

͔ͨͪͦͫͭ͊͊͡ ͍͒͊ ͎ͯ͊͡Σ ͦ͒ͤͦͫͤͦ q = q όʲΣ ʶ). 

˽ͪ ͔͍͔͒ͫͭ͊͊ͥ͢ ͔͎ͦͤͪͭͤͦ͟͟ ͎ͨͯͭͤͦ ͙͍ͨͦͪ͊͟;͊ ͨͦͣͦΐͯ ͍͔͙ͪ͒ͤͦͫͭ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ ͙ͫ͊ͤͦͫͭ͞͞ 

ͯ ͔͎͍͙ͥͦͣ ͙͙͊͋ͪ͊ͤͣ͘ ͭ͊;͊ͣ͊͟ ͔͞ ͍͔ͦͣ͊ ͙͍ͦͣͨͦ͊ͤͦ͟͟͡ ͙ ͔ͣͦ͗ ͔ͫ ͫͨ ͍͔͙ͪͦͫͭ ͫ͊ͣͦ ͯ 

͙͙͊͋ͦͪ͊ͭͦͪͫͣ͟͡͞ ͍͙ͯͫͦͣ͊͡Φ ˭͊ͭͦ ͔ͫ ͯ ͙ͨͪ͊ͫ͟ ͙͔ͦͪͫͭ͟ ͔͍͔͙ͨͦ͒ͤͦͫͭ͊ͤ͢͞ ͙͙ͦͨͫͤ ͙͔͙ͫͫͭͣ 

͙ͨͯͭͤͻ ͙͍ͨͦͪ͊͟;͊Σ ͨͦͣͦΐͯ ͙ͦ͟͞ͻ ͔ͫ ͫ͊ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ΐͦͣ ͭ͊;ͤͦ΄ΐͯ ͎ͣͦͯ ͔͙͙ͦ͒ͪ͒ͭ 

͔ͪͺ͔͙ͫͦͤ͊͟͡ ͍͍ͫͦͫͭ͊͞ ͙͋ͦ͡ ͍͔͊͟͟ ͍͔ͫͯ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤΦ 

˻˽ ˮ˿ ˴˻˶˻ˤ˻˭˹ˮ̆ ˽˻ˤ˾̊ˮ˹ˢ ˽˻˸˻̔̂ ́ˢˣ˩˶ˢ (˾˩˨̂˴˻ˤˢ˹˻˥) ˴ ˻˩̅ˮ̇ˮ˳˩˹́ˢ ˿˳ˢ˳˹˻˿́ˮ 

̂ ͙ͨͪ͊ͫ͟ ͔ͫ ͔ͪͺ͔͙͔ͫͦͤ͟͡ ͙͔ͦͫͦ͋ͤ ͔͔ͦͣͨͭͤ͟͡ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ ͙ͨͪ͊ͯͯ͘͟͞ ͨͦͣͦΐͯ 

͍͙͔͙͔͒ͦ͒ͣͤͦͤ͊ͤ͘͡ ͔͔ͭ͊͋͡ ͯ ͦͦ͟͞͞ ͔͞ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞ όqύ ͒͊ͭ ͊͘ ;͙͍ͭ͊ ͙ͤ͘ 

͙ͦͣ͋ͤ͊͟ͼ͙͊͞ ͎͍ͯͦ͊͡ ʲ ͙ .ʁ 

˭͊ ͊͟͡΄͔ ͙ͪ͊͘;͍͔ͯͤ͊͊ͥ ͙ͫ͊ͤͦͫͭ͞͞Σ ͔ͯͣͫͭͦ ͔ͭ͊͋͊͡ ͫ͊ ͍͔͙ͪ͒ͤͦͫͭͣ͊ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ 

͙ͫ͊ͤͦͫͭ͞͞Σ ͒͊ͯ͞ ͔ͫ ͔͔ͭ͊͋͡ ͫ͊ ͍͔͙ͪ͒ͤͦͫͭͣ͊ ͔͍͎ͪ͒ͯͦ͊ͤͦ͟ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ ͙ͫ͊ͤͦͫͭ͞͞ (r), ͟ ͙ͦ͞ ͔ͫ 

ͯ ͫ͊͒ͯ͟͡ ͫ͊ ͫͭ͊ͤ͒͊ͪ͒ͦͣ SRPS EN 13201-3:2016 ͒ ͔ͺ͙͙ͤ΄͔ ͟ ͊ͦΥ 

ὶ ή Ͻὧέί ‎ ὶ ‍ȟ‐Ȣ 

˿͊ͤͦͫͭ͞͞ ͯ ͔ͤͦ͟͞ ͭ͊;͙͟ P ͫ ͔ ͫ͊͒͊ ͔ͣͦ͗ ͙ͪ͊͘;͙ͯͤ͊ͭ ͨͦͣͦΐͯ ͺ͔ͦͪͣͯ͡ 

ὒ ή Ͻ Ὁ ή Ͻ 
Ὅ

Ὤ
 

ͯ ͦͦ͟͞͞ ͫͯΥ 

Ὅ ς ͙ ͔͙͔ͤͭͤͭͭ͘ ͍͔͙͔ͫͭ͢͟ ͯ ͍ͨͪ͊ͼͯ ͭ͊;͔͟ P, ͙  

h ς ͍ ͙͙ͫͤ͊ ͔ͣͦͤͭ͊͗ ͍͔͙͔ͫͭ͢͟Φ 

͔́͊͋͊͡ ͔͍͎ͪ͒ͯͦ͊ͤͦ͟ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͫ ͭ͊ͦ͟Ώ͔ ͍͔ͦ͘ ͙ ͔ͭ͊͋͊͡ ͔ͪͺ͔͙͔ͫ͟͡͞ ό͙͙͡ r ς 

͔ͭ͊͋͊͡ύΦ ̂ ͥͦ͞ ͫͯ ͍͔͙ͪ͒ͤͦͫͭ r ͔͔ͨͦͣͤͦ͗ͤ ͫ͊ ρπ͙  ͔͒͊ͭ ͊͘ ͔ͫͭ͊ͤ͒͊ͪ͒ͤ ͙ͦͣ͋ͤ͊͟ͼ͙͔͞ 

͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ʲ ͙ ǘƎ.ʁ 

˽͔͍͔ͦͫ͒ͦ͊ͥ ͔͔ͭ͊͋͡ ͔ͪͺ͔͙͔ͫ͟͡͞ ͎ͦͣͦͯΐ͍͊͊ ͙ͪ͊͘;͍͔ͯͤ͊͊ͥ ͙ͫ͊ͤͦͫͭ͞͞ ͦͯ͟͞ ͨͦͫͣ͊ͭͪ͊ͤ͊ 

͍͔͙ͫͭ͊͢͟ ͍ͫͭ͊ͪ͊ ͯ ͙͍ͨͪͦͦͤͦ͘͢͞ ͭ͊;͙͟ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤΣ ͊ ͊͘ ͔ͯͤ͊ͨͪ͒ ͔͒ͺ͙͙ͤͫ͊ͤ 

ͨͦͦ͗͊͡͞ ͨͦͫͣ͊ͭͪ͊;͊Φ 

˽͔ͪͭͻͦ͒ͤͦ ͔͞ ͔ͪ;͔ͤͦ ͒͊ ͔ͫ ͔ͭ͊͋͊͡ ͔ͪͺ͔͙͔ͫ͟͡͞ ͊͘ ͔ͦͤͪͭͤͯ͟͟ ͍ͦͦͦͤͯ͘͟͡ ͍ͨͦͪ΄͙ͤͯ ͔ͣͦ͗ 

͙͙͒ͦ͋ͭ ͫ͊ͣͦ ͤ͊ ͍ͦͫͤͦͯ ͎͙͒ͯͻ ͙͙͊͋ͦͪ͊ͭͦͪͫ͟͡͞ͻ ͔͔ͣͪͥ͊ ͤ͊ ͯͦͪͯ͘͟ ͍͎ͫͭ͊ͪͤͦ ͍ͦͦͦ͊͘͟͡Φ ˨͊ 

͙͋ ͔ͫ ͦͤ͊ ͙͔͎͋͊͘͡Σ ͔͒ͺ͙͙͔ͤͫ͊ͤ ͫͯ ;͔͙͙ͭͪ ͔ͫͭ͊ͤ͒͊ͪ͒ͤ ͔ͪͺ͔͙͔ͫͦͤ͟͡ ͔͊ͫ͟͡ ͍ͦͦͦ͊͘͟͡Σ 

͔ͦ͒͊͋ͪ͊ͤ ͭ͊ͦ͟ ͒͊ ͔͔͔ͪͨͪͤͭͯͯ͘͞ ͫͦͪͦ͟ ͍͔ͫ ͍͔ͪͫͭ ͍͙ͫͯͻ ͨ ͙ͯͭͤͻ ͙͍ͨͦͪ͊͟;͊ ͙ͦ͟͞ ͔ͫ ͍͊͊ͯ͢͞͞ ͯ 

͙ͨͪ͊ͫ͟Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

ˮ͋ͦͪ͘ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͨͦͣͦΐͯ ͙ͦ͟͞ͻ ͔ͫ ͙ͦͨͫͯͯ͞ ͔ͪͺ͔͙͔ͫͦͤ͟͡ ͙͔ͦͫͦ͋ͤ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ 

͙͋͊ͪ͊ͤ͘ ͔͞ ͤ͊ ͙ͣ΄͔ͥͯ͢ ͒͊ ͔ͫ ͍͔ͤ͊͞ΐ͙ ͋ͪͦ͞ ͍ͨͦͪ΄͙ͤ͊ ͔ͣͦ͗ ͍͒ͦͦͤͦ͢ ͒ͦ͋ͪͦ 

͔͙͙ͦ͊ͪ͊ͭͪͫ͊ͭ͟͟ ͨͦͣͦΐͯ ͔͔ͫͭͨͤ͊ ͍͔͙͔ͫͭͤ͡ ό͙͙͡ ͔͔ͫͭͨͤ͊ ͙͍͎ͫͦΣ ͦ͒ ͔͎͋ͦ͡ ͊͟ ͼͪͤͦͣύ ͙ 

͔͔ͫͭͨͤ͊ ͎͔͙ͦ͒͊ͤͦͫͭ͡͡ ό͔͔͙ͯͫͣͪͤͦͫͭ ͔ͪͺ͔͙͔ͫ͟͡͞ύΦ ˽͔͙͊ͪ͊ͣͭͪ ͔ͦ͟͞ ͔͞ CIE3 ͯ ͍͙ͫͦ͊͞͡ ͊͘ ͍ͦ͊͞ 

͙͙ͦͨͫͤ ͙͔ͫͫͭͣ ͫͯΥ 

͊ύ ͊͘ ͔͔ͫͭͨͤ ͍͔͙͔ͫͭͤ͡ ς ͫ ͔͙ͪ͒ͥ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞ ὗ , ͒ ͔ͺ͙͙ͤͫ͊ͤ ͔ͪ͊͡ͼ͙ͦͣ͞ 

ὗ  
᷿ ήὨ 

 
 

͋ύ ͊͘ ͔͔ͫͭͨͤ ͎͔͙ͦ͒͊ͤͦͫͭ͡͡ ς ͅ ͙͊ͭͦͪ͟ S1 ͙  S2Σ ͔͒ͺ͙͙͙ͤͫ͊ͤ ͨͦͣͦΐͯ ͔ͪ͊͡ͼ͙͊͞ 

Ὓ
ὶ πȟς

ὶ πȟπ
πȢπψω 

ή πȟς

ή πȟπ
 

 ͙

Ὓ  
ὗ

ὶ πȟπ
 

ͯ ͙ͦͣ͊͟͞ ͫͯΥ 

q ς ͟ ͔ͦͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞ ό͙ͦ͟͞ ͍͙͙͊ͫ͘ ͦ͒ ͎͍ͯͦ͊͡ ʲ ͙ ʶ), 

   ς ͨ ͙ͪͦͫͭͦͪͤ ͎ͯ͊ͦ ͙ͦ͟͞ ͙ͫ͊͒ͪ͗ ͍͔ͫ ͔͍͔ͫͣͪͦ ͯͨ͊͒͊ ͍͔͙ͫͭͦͫͭ͡ ͯ ͨͦͫͣ͊ͭͪ͊ͤͯ ͭ͊;ͯ͟ ͤ͊ ͨͯͭͯ 

(P), ͟ ͙ͦ͞ ͙ͨͪ͊ͭ͟;ͤͦ ͙ͯͭ;ͯ ͤ͊ ͔ͥͤͯ ͫ͊ͤͦͫͭ͞͞Σ 

ὶ πȟς ς ͪ ͔͍͙͒ͯͦ͊ͤ͟ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͍ͨͪ͊ͼͯ ͔͒ͺ͙͙ͤͫ͊ͤͦͣ ͫ͊ ʲ Ґ л ͙ ǘƎ ʁҐ нΣ ͙ 

ὶ πȟπ ς ͪ ͔͍͙͒ͯͦ͊ͤ͟  ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞  ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͍ͨͪ͊ͼͯ  ͔ͤͦͪͣ͊͡ ͤ͊ ͍ͨͦͪ΄͙ͤͯ  ͯ ͭ͊;͙͟ P  

όʲ Ґ л ͙ ǘƎ ʁ= 0), 

˴˶ ˢ˿ˮ̅ˮ˴ˢ̇ˮ˳ˢ ˿̂ˤˮ̆ ˴˻˶˻ˤ˻˭˹ˮ̆ ˽˻ˤ˾̊ˮ˹ˢ 

˻͙͙ͨͫͤ ͔͙ͨ͊ͪ͊ͣͭͪ ὗ  ͙ Ὓ ͫͯ ͔͙ͯͭ͘ ͊ͦ͟ ͋͊͊͘ ͊͘ ͔͒ͺ͙͙͔ͤͫ͊ͥ ͙ͫͭ͊ͤ͒͊ͪ͒ͤͻ 

͙͊ͫ͟͡ͺ͙͊͟ͼ͙͙ͦͤͻ ͙͔ͫͫͭͣ͊ ͊͘ ͍͔ͫ ͍͔ͫͯ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤΦ ˩͔͙͔ͫͨͪͣͤͭ͊ͤͦ͟͡ ͔͞ 

ͨͦ͊͊ͤͦ͘͟ ͒͊ ͔͞ ͔͙͍ͪ͊ͭͤͦ͡ ͙ͣ͊͡ ͋ͪͦ͞ ͊ͫ͊͟͡ ͍͒ͦͦ͊ͤ͢ ͊͘ ͙͔ͨͦͫͭ͊ͥ͘ ͔͔ͨͦͭͪ͋ͤ ͭ͊;͙ͤͦͫͭΦ 

˥͙ͪ͊ͤ ͼ͔ ͙ͭͻ ͊ͫ͊͟͡ ͫͯ ͙͔͊͋ͪ͊ͤ͘ ͫ͊ͣͦ ͤ͊ ͙͋͊͘ ͺ͊ͭͦͪ͊͟ ͎͔͙ͦ͒͊ͤͦͫͭ͡͡ Ὓ. 

R - ˴ ˶ˢ˿ˮ̅ˮ˴ˢ̇ˮ˻˹ˮ ˿ˮ˿́˩  ˸

˹͙͙͊ͨͦͤ͊ͭ͘͞͞ ͙ ͍͙͔ͤ͊ͣ͊ͫͦͤ͞͞ ͙ͦͪ͟΄ΐ͔ͤ ͙͔ͫͫͭͣ ͔͞ R - ͟ ͙͊ͫ͡ͺ͙͊͟ͼ͙͙ͦͤ ͙͔ͫͫͭͣΣ ͍͔ͯͫͦͤ͞ ͦ͒ 

͔ͫͭͪ͊ͤ CIE. ˻ͤ ͎ͦͣͦͯΐ͍͊͊ ͒͊ ͔ͫ ͍͙ͫ͊͟ ͙ͭͨ ͍͔ͫͯ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤΣ ͊ ͯ ͍͙͙͊ͫͤͦͫͭ͘ ͦ͒ 

͍͔͙ͪ͒ͤͦͫͭ ͺ͊ͭͦͪ͊͟ ὛΣ ͍ͫͪͫͭ͊ ͯ ͔͒ͤͯ͞ ͦ͒ ;͔͙͙ͭͪ ͔ͫͭ͊ͤ͒͊ͪ͒ͤ ͔ͪͺ͔͙͔ͫͦͤ͟͡ ͔͊ͫ͟͡ ͍ͦͦͦ͊͘͟͡ 

(R1, R2, R3 ͙ R4ύΦ ˭͊ ͍ͫ͊ͯ͟ ͦ͒ ͙ͥͻ ͙ͨͦͫͭͦ͞ ͔ͭ͊͋͊͡ ͔ͪͺ͔͙͔ͫ͟͡͞ (r ς ͭ ͔͊͋͊͡ύ ͙ ͥͦ͞ ͙͔ͨͪ͒ͪͯ͗ͤ 

͙͍͙ͤͦͪͣ͊ͦ͊ͤ͘͡ ͔͙ͫͪ͒ͥ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ ͙ͫ͊ͤͦͫͭ͞͞Φ 

˽͔ͪͨͦͪͯ;͔ͯ͞ ͔ͫ ͒͊ ͔ͫ R ς ͙͔ͫͫͭͣ ͙͙ͦͪͫͭ͟ ͯ ͙ͦͤͣ ͔ͣ͊ͣ͊͘͢ ͎͔͒ ͔ͫ ͯ ͍ͨͦͪ΄͙͙ͤͫ͟ ͫͦ͡͞ 

͍ͦͦͦ͊͘͟͡ ͔ͤ ͍ͫͭ͊͊ͯ͢͞ ͍͔΄ͭ͊;͙͟ ͎͙ͪ͊ͤͯ͊ͭ͡ ͊͘ ͨͦ͋ͦ͢΄͔͊ͥ ͔ͪͺ͔͙͔ͫ͟͡͞Φ ˨͊ ͙͋ ͔ͫ ͍ͦ͊͞ 

͙͔ͫͫͭͣ ͍͙ͨͪ͊ͤͦ͡ ͙͔͙ͨͪͣͤͦΣ ͔ͤͦͨͻͦ͒ͤͦ ͔͞ ͒͊ ͔ͫ ͔͔͙ͣͪͥͣ͊ ͤ͊ ͔ͦͤͪͭͤͦͣ͟͟ ͯͦͪͯ͘͟ 

                                                      
3 Commission International de l'Eclairage ς aŜŚǳƴŀǊƻŘƴŀ ƪƻƳƛǎƛƧŀ Ȋŀ ƻǎǾŜǘƭƧŜƴƧŜ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔͔ͦ͒ͪ͒ ͔͙ͨ͊ͪ͊ͣͭͪ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ ὗ  ͙ ὛΦ ˻͍͊͞ ͎͙͒ͪͯ ͎ͦͣͦͯΐ͍͊͊ ͍͔ͯͫ͊͊ͥ͞ 

͙͙͙͔ͤ͊ͨͪ͋͗ͤ͞͡͞ ͔ͫͭ͊ͤ͒͊ͪ͒ͤ ͔ͪͺ͔͙͔ͫͦͤ͟͡ ͔͊ͫ͟͡ ͍ͦͦͦ͊͘͟͡Σ ΄ͭͦ ͔͞ ͙ͨͪ͊͊ͤͦ͘͟ ͯ ͔ͤ͊ͪ͒ͤͦ͞ 

͔͙ͭ͊͋͡Φ 

͔́͊͋͊͡ оΦнΦ R - ͟ ͙͊ͫ͡ͺ͙͊͟ͼ͙͙ͦͤ ͙͔ͫͫͭͣ ͊͘ ͍͔ͫͯ ͍͔ͦͦͦ͘͟͡ 

˴͊ͫ͊͡ ╢ - ͎ ͙ͪ͊ͤͼ͔ 
╢ 

ͫͭ͊ͤ͒͊ͪ͒ 
╠  

ͤͦͪͣ͊͡Φ 
͙́ͨ ͔ͪͺ͔͙͔ͫ͟͡͞ 

R1 Ὓ < 0.42 0.25 0.10 ˨͙ͺͯͤ͊͘ 

R2 0.42 Җ Ὓ < 0.85 0.58 0.07 ˽͙͙ͪ͋͗ͤͦ͡ ͙͒ͺͯͤ͊͘ 

R3 0.85 Җ Ὓ < 1.35 1.11 0.07 ˿͊͋ͦ͡ ͔͔ͯͫͣͪͤ͊ 

R4 1.35 Җ Ὓ 1.55 0.08 ͔͔̂ͫͣͪͤ͊ 

 

˨͊ ͙͋ ͔ͫ ͙͒ͦ͋͊͡ r ς ͔ͭ͊͋͊͡ ͎ͨͦͫͣ͊ͭͪ͊ͤͦ ͍ͦͦͦ͊͘͟͡Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͍͔͙ͪ͒ͤͦͫͭ ͔͍͎ͪ͒ͯͦ͊ͤͦ͟ 

͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ ͙ͫ͊ͤͦͫͭ͞͞ ͙͘ ͔͔ͭ͊͋͡ ͔ͪͺ͔͙͔ͫ͟͡͞ ͦ͊͟͞ ͔͞ ͙͔ͨͪ͒ͪͯ͗ͤ͊ ͍͔ͯͫͦͤͦ͞͞ ͫͭ͊ͤ͒͊ͪ͒ͤͦ͞ 

͔ͪͺ͔͟͡ͼ͙ͦͤͦ͞ ͙͊ͫ͟͡ ͙͙ͨͦͣͤͦ͗ͭ ͔ͦͪ͟͟ͼ͙͙ͦͤͣ ͺ͊ͭͦͪͦͣ͟ 

ὑ  
ὗ ̉̈̍̆̑̆̎̏

ὗ ̉  ̵̈̓́̆̌̆
 

˸͔͔͔ͪͥ ͺ͊ͭͦͪ͊͟ ὗ  ͍ ͪ΄͙ ͔ͫ ͙͔͙͒ͪͭͤͣ͟ ͙͙͡ ͙͙͔͙ͤ͒ͪͭͤͣ͟ ͔ͪͺ͔͔ͭͦͣͭͪͦͣ͟͡Φ 

̂ ͔͙ͭ͊͋͡ 3.3. ͞ ͔ ͙ͦͨͫͤͦ ͒͊ͭ ͍ͫ͊ͫͭ͊ ͍ͨͦͪ΄͙͎ͤͫͦ͟ ͫͦ͊͡͞ ͍ͦͦͦ͊͘͟͡ ͊͘ ͍ͫ͊ͯ͟ ͦ͒ ͙ͫͭ͊ͤ͒͊ͪ͒ͤͻ 

͔ͪͺ͔͙͙ͫͦͤ͟͡ͻ ͊ͫ͊͟͡ R1, R2, R3 ͙ R4. 

͔́͊͋͊͡ оΦоΦ ˻͙ͨͫ ͍ͫ͊ͫͭ͊͊ ͍ͨͦͪ΄͙͎ͤͫͦ͟ ͫͦ͊͡͞ ͍ͦͦͦ͊͘͟͡ ͙ͫͭ͊ͤ͒͊ͪ͒ͤͻ ͊ͫ͊͟͡ 

˴͊ͫ͊͡ ˻͙ͨͫ 

R1 ˢͫͺ͙͊ͭͤ͡ ͙ͨͯͭͤ ͙͍ͨͦͪ͊͟; ͫ͊ ͔ͤ͊ͣ͊ͥ͞ мр҈ ͍͔΄ͭ͊;͎ͦ͟ ͔͙ͣ͊ͭͪ͊͊͞͡ ͊͘ 
͍͔ͨͦΐ͔͊ͥ ͙ͫ͊ͤͦͫͭ͞͞ (Grenette, Luxovite, Synopal ͙ ͫ͡Φύ ͙͙͡ ͫ͊ ͔ͤ͊ͣ͊ͥ͞ ол҈ 
͊ͦ͟͞ ͍͔͙ͫͭ͡ͻ ͙͊ͤͦͪͭͦͭ͊͘ ό͊ͪͼ͙ͭ͡Σ ͙͊͋ͪ͊͒ͦͪͭ͡ ͙ ͫ͡ΦύΦ 

˽͙͍ͦͪ͊͟;͙ ͫ͊ ͔͊ͣͤͦͣ͟ ͙͔͙ͫͭͤ͗ ͦ͊͟͞ ͙͍ͨͦͪ͊͟ ͍͙΄͔ ͦ͒ ул҈ ͍ͨͦͪ΄͙͔ͤ 
͍ͦͦͦ͊͘͟͡Σ ͙ͨͪ ;͔ͣͯ ͔͞ ͔͊ͣͤ͊͟ ͙͔ͫͭͤ͗ ͔͔ͨͪͭ͗ͤͦ ͍͔ͫ͊ͫͭ͊ͤ͊͢ ͦ͒ ͔͙ͣ͊ͭͪ͊͊͞͡ 
͊͘ ͍͔ͨͦΐ͔͊ͥ ͙ͫ͊ͤͦͫͭ͞͞ ͙͙͡ ͦ͒ млл҈ ͍͔ͦͣ͊ ͍͔͙ͫͭ͡ͻ ͙͊ͤͦͪͭͦͭ͊͘Φ 

ˣ͔ͭͦͤͫ͊͟ ͍ͨͦͪ΄͙ͤ͊Φ 

R2 ˽͙͍ͦͪ͊͟;͙ ͫ͊ ͻ͍ͪ͊ͨ͊ͦͣ ͔ͭͫͭͯͪͦͣ͟ ͙ ͙ͤͦͪͣ͊ͤͣ͡ ͎͔͎͙͊ͪ͊ͭͣ͊Φ 

ˢͫͺ͙͊ͭͤ͡ ͙͍ͨͦͪ͊͟;͙ ͫ͊ мл ͒ͦ мр҈ ͍͔΄ͭ͊;͎ͦ͟ ͔͙ͣ͊ͭͪ͊͊͞͡ ͊͘ ͍͔ͨͦΐ͔͊ͥ 
͙ͫ͊ͤͦͫͭ͞͞Φ 

˥ͪͯ͋ ͙ ͻ͍ͪ͊ͨ͊ ͊ͫͺ͙͊ͭͤ͡ ͔͋ͭͦͤ ͎͋ͦ͊ͭ ΄ͯͤͦͣ͢͟ όҔ сл҈ύΣ ͫ͊ ͙ͪͤͣ͊͘ ͍͔͙͡;͙͔ͤ 
͒ͦ ͙͙͡ ͙ͤ͊͒͘ мл mm. 

˶͙͍͔͙ͤ ͊ͫͺ͊ͭ͡ ͔͔ͤͨͦͫͪ͒ͤͦ ͨͦ ͙͍ͦ͘Ώ͔ͥͯΦ 

R3 ˢͫͺ͙͊ͭͤ͡ ͔͋ͭͦͤ ͯ ͻ͊͒ͤͦͣ͡ ͫͭ͊ͥͯ ό͙͍͔͙ͤ͡ ͊ͫͺ͊ͭ͡ύ ͫ͊ ΄ͯͤͦͣ͢͟ ͎ͪ͊ͤͯ͊͡ͼ͙͔͞ 
͒ͦ мл mmΣ ͙͊͡ ͫ͊ ͻ͍ͪ͊ͨ͊ͦͣ ͔ͭͫͭͯͪͦͣ͟Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˽͙͍ͦͪ͊͟; ͫ͊ ͎ͪͯ͋ͦͣ ͔ͭͫͭͯͪͦͣ͟Σ ͙͊͡ ͎ͯ͊͡;͊ͤͦͣΦ 

R4 ˶͙͍͔͙ͤ ͊ͫͺ͊ͭ͡ ͔ͨͦͫ͡ ͍͙΄͔ ͔͔ͣͫͼ͙ ͙ͦͪ͟΄ΐ͔ͥ͊Φ 

˽͙͍ͦͪ͊͟;͙ ͫ͊ ͙͙ͨͪ͡;ͤͦ ͎͊ͭͦͣ͟͡ ͙͙͡ ͎ͯ͊͡;͊ͤͦͣ ͔ͭͫͭͯͪͦͣ͟Φ 

˽͔ͦͪ͒ ͔ͨͪͭͻͦ͒ͤͦ ͍͔͔͎ͤ͊͒ͤͦ ͙͊ͫ͟͡ͺ͙͊͟ͼ͙͎ͦͤͦ ͙͔ͫͫͭͣ͊Σ ͯ ͔͙ͯͨͦͭͪ͋ ͫͯ ͙ ˿ ς 
͙͊ͫ͟͡ͺ͙͊͟ͼ͙͙ͦͤ ͙͔ͫͫͭͣ ͙ N - ͙͊ͫ͟͡ͺ͙͊͟ͼ͙͙ͦͤ ͙͔ͫͫͭͣΣ ͙ͦ͟͞ ͔͞ ͭ͊ͦ͟Ώ͔ ͍͔ͯͫͦͤ͞ ͦ͒ CIEΦ ˻ͤ 
͔ͫ ͍͙ͤ͊͞΄͔ ͙͔͔ͨͪͣͥͯ͞ ͯ ͙͍͙ͫ͊ͤ͒ͤ͊ͫͣ͟͟ ͔ͣ͊ͣ͊͘͢, ͎͔͒ ͔͞ ͍͙ͨͪ͊ͦ͡ ͒͊ ͔ͫ ͍ͨͦͪ΄͙ͤͫͦͣ͟ 
ͫ͡ ͦͯ͞ ͒ͦ͒͊ͯ͞ ͍͔΄ͭ͊;͙͟ ͔͙͙ͣ͊ͭͪ͊͞͡ ό͍͙ͭ͊ͦ͊ͤ͘͟ α͍͔͙͍ͦͫͭ͊͢;͙άύΣ ͨͦͣͦΐͯ ͙ͦ͟͞ͻ ͔ͫ ͙ͨͦͫͭ͗ͯ 
͙͒ͺ͔ͯͤ͘ ͔ͪͺ͔͙͔ͫ͟͡͞ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡. ˻͍͊͞ ͙͔ͫͫͭͣ ͔͞ ͭ͊ͦ͟Ώ͔ ͙͋͊ͪ͊ͤ͘ ͤ͊ ͺ͙͊ͭͦͪͣ͊͟ 
Ὓ  ͙ὗȢ ˽͔ͪͣ͊ ͍͔͙ͪ͒ͤͦͫͭͣ͊ ͺ͊ͭͦͪ͊͟ ὛΣ ͔͒ͺ͙͙͔ͤͫ͊ͤ ͫͯ ;͔͙͙ͭͪ ͔ͫͭ͊ͤ͒͊ͪ͒ͤ ͔͊ͫ͟͡ ͙ͭͨ͊ N 
͙ ;͔͙͙ͭͪ ͙ͥͣ͊ ͙͔͔ͨͪ͒ͪͯ͗ͤ r ς ͔͔ͭ͊͋͡Σ ͊ͦ͟ ΄ͭͦ ͔͞ ͭͦ ͯͪ͊Ώ͔ͤͦ ͙ ͫ͊ R - ͟ ͙͊ͫ͡ͺ͙͊͟ͼ͙͙ͦͤͣ 
͙͔ͫͫͭͣͦͣΦ  

ˤ˶ ˢˬ˹˩ ˴˻˶˻ˤ˻˭˹˩ ˽˻ˤ˾̊ˮ˹˩ 

˿͍͔ͭͦͫͭ͡ ͦͯ͟͞ ͔͙͔ͣͭͯ͞ ͍͔͙ͫͭ͊͢͟ ͤ͊ ͫͭͯ͋ͯ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͔ͫ ͭ͊ͦ͟ ͔ͪͺ͔͔ͭͯ͟͡͞ ͦ͒ 

͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡ ͒͊ ͨͦͫͣ͊ͭͪ͊;Σ ͔ͯ͒͊ͤ͢ ͦͦ͟ сл m ͦ ͒ ͫͭͯ͋͊Σ ͙ͣ͊ ͙ͯͭͫ͊͟ ͒͊ ͦͤ͊ ͙͒ͦ͊͘͡ 

ͦ͒ ͍͔͔ͫͭ͡ ͔ͣͪ͢ ͤ͊ ͍ͦͦͦͯ͘͟͡Σ ;͙͙͞ ͔͞ ͙ͦ͋͟͡ ͙ͫ͡;͊ͤ ͍ͫͦͯ͡ ́Φ ˻ͤ͊ ͔ͫ ͙ͫ͊ͫͭͦ͞ ͦ͒ α͎͍͔͊͡ά ͙ 

α͔ͪͨ͊άΦ ˥͍͊ͯ͡ ͔ͦ͋ͪ͊ͯ͘͞ ͍͔ͫͭͦͫͭ͡ ͦ͊͟͞ ͔ͫ ͔͙͔ͣͭͯ͞ ͨͦ͒ ͎͍͙ͯͦͣ͊͡ ͙ͣ͊ͥͣ ͦ͒ сл҈Σ ͪ͊;͙ͯͤ͊ͭͣ 

ͯ ͦ͒ͤͦͫͯ ͤ͊ ͍͔͙ͪͭ͊ͤͯ͟͡ ͦͫͯ ͍͔͙͔ͫͭ͢͟ ͔ͦͪͤͯͭͯ͟ ͙͔ͤ͊ͤ͗Φ ˽͔͙ͪͦͫͭ͊͡ ͔͒ͦ ͍͔͙ͫͭͦͫͭ͡ 

͔ͦ͋ͪ͊ͯ͘͞ ͔ͪͨΦ 

˨͙͔͙͔ͣͤ͘͞ ͎͍͔͊͡ ͙ ͔ͪͨ͊ ͍͙͔͊ͫ͘ ͦ͒ ͍͔ΐ͔͎ ͋ͪͦ͊͞ ͺ͊ͭͦͪ͊͟Σ ͦ͒ ͙ͦ͟͞ͻ ͫͯ ͙ͤ͊ͯͭ͞ͼ͙͙͊ͤ͞͞Υ ͍ͫ͊ͫͭ͊ 

͙ ͔ͫͭ͊ͥ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡ ό͍͔͙ͫͭ͊͡͞ ͙͙͡ ͙ͭ͊ͣͤ͊͞Σ ͎ͪͯ͋͊ ͙͙͡ ͎͊ͭ͊͟͡Σ ͍ͫͯ͊ ͙͙͡ ͍͊͗ͤ͊͡ύΣ 

͙͊ͭͣ͘ ͔ͪ͊ͫͨͦ͒͊͡ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͙ ͍͙͙ͫͤ͊ ͔ͣͦͤͭ͊͗ ͍͔͙͔ͫͭ͢͟Σ ͊ͦ͟ ͙ ͔ͦ͊ͤ͟͡͡ 

͎͔͎ͦͪ͊ͺ͔ͫ͟ ͔ͫͨͼ͙ͺ͙;͙ͤͦͫͭ όͦͨ͊ͦ͡ ͙͡΄ΐ͔Σ ͔ͨͫ͊͟Σ ͔͎ͫͤΣΧύΦ 

˥͍͊͊͡ ́-͔ͣͪ͢ ͔͞ ͙ͯͭͦͦ͟͡ ͍͔ΐ͊Σ ͙ͯͦͦ͟͟͡ ͔͞ ͍͔ΐ͙ ͔ͯ͒ͦ ͔͔ͦͣͨͦͤͤͭ͟ ͙͒ͺ͔ͯͤ͘ ͔ͪͺ͔͙͔ͫ͟͡͞ ͙ 

͙ͯͦͦ͟͟͡ ͍͔ͫͭͦͫͭ͡ ͦͯ͟͞ ͔͙͔ͣͭͯ͞ ͍͔͙ͫͭ͊͢͟ ͙͍ͨͦͪ͊͟ ͍͔ΐ͙ ͔͒ͦ ΄͙͙͔ͪͤ ͍ͦͦͦ͊͘͟͡Φ ˾͔ͨ ͍͔͔ͫͭ͡ 

͔ͣͪ͢ ͔͞ ͙ͯͭͦͦ͟͡ ͙͒ͯ͗Σ ͙ͯͦͦ͟͟͡ ͔͞ ͍͔͙ͫͭ͊͢͟ ͙͔ͫ͊͋͡͞ ͔͔͊ͫͥͤ͊͘ ό͙ͯͦͦ͟͟͡ ͒ͯ͗ ͔ͦͫ ͍ͦͦͦ͊͘͟͡ 

ͪ͊͘;͙ ͙ ͨͦ͒ ͍͔ΐ͙ͣ ͎͍͙ͯͦͣ͊͡ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͍͔͙ͪͭ͊ͯ͟͡ύ ͙ ͙ͯͦͦ͟͟͡ ͔͞ ͍ͦͦͦ͘͟͡ ͎͙͙͊ͭ͟͡͞ ͙͙͡ 

͍͙͙͊͗ͤ͡͞Φ 

˨͔͊͟͡Σ ͦ͒͟ ͍͔͊͗ͤ͡ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤΣ ͦ͒͟ ͔ͦ͟͞ ͔͍͍ͨͪͦ͊͒͊͊͡ ͔ͦͣͨͦͤͤͭ͊͟ ͔͔͔ͯͫͣͪͤ 

͔ͪͺ͔͙͔ͫ͟͡͞Σ ͙͒ͦ͊͘͡ ͒ͦ ͔ͫͣ͊ͥͥ͊ ͎͍͔͊͡ ́-͔ͣͪ͢ ͙ ͍͔ͨͦΐ͊ͥ͊ ͙ ͍ͫͯ͗͊͊ͥ͊ ͔͎ͥͤͦ ͔ͪͨ͊Φ 

˽͔͙ͦͫ͒͡ͼ͊ ͍͎ͦͦ͊ ͔͞ ͤ͊͘;͊ͤͦ͞ ͔ͦͨ͊͒͊ͥ ͦͨ΄͔ͭ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ όὟ , ͒ͦ͟ ͔͞ 

͔ͦͨ͊͒͊ͥ ͔ͨͦ͒ͯ͗ͤ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ (Ὗύ ͒ͦͫͭ͊ ͔ͣ͊ͥ ͙͔ͪ͊͗ͤͦ͘Φ ˤ͔͙͡;͙ͤ͊ ͍͎ͦͦ 

͔ͺ͔ͭ͊͟ ͍͙͙͊ͫ͘ ͦ͒ ͔ͫͭͪͯͭͯͪ͟ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤΣ ͎͔͔͙͔ͦͣͭͪ͞ ͔ͯͪΏ͊͊͞ ͍͔͔ͦͫͭͥ͊͢ ͙ 

͔͔ͪ͊ͫͨͦ͒͡ ͺͯͫ͊͟͡ ͍͔͙͙ͫͭ͢͟Φ ͙̂ͦͦ͟͟͡ ͔͞ ͙͔͔ͨͪͣͥͤ͊ ͎ͪͯ͋͊͢ ͔ͭͫͭͯͪ͊͟Σ ͍ͦ͊͞ ͔ͺ͔͊ͭ͟ ͔͞ 

͔ͣ͊ͥ ͙͔ͪ͊͗ͤ͘ όͭ͊͒͊ ͫͯ ͔ͪͺ͔ͭͯͯ͟͡͞ΐ͊ ͍͍ͫͦͫͭ͊͞ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ ͔ͣ͊ͥ ͔͙͍ͦͫͭ͊͢ ͤ͊ 

͍͊͗ͤͦͫͭ͡ύΦ ˻͋ͪͤͯͭͦΣ ͔ͺ͔͊ͭ͟ ͍͔͙͔͟͡ ͔͍͔͙ͤͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ όͨͦ 

͍͙ͨͪ͊ͯ͡ ͨͪ͊ΐ͔ͤ ͙ ͍ͨͦ͊ͦͣ͞ ͔ͪͺ͔͍͎ͭͦ͊ͤͦ͟͡ ͔͋͢΄ͭ͊ͥ͊ύ ͍͔ͦͣ͊ ͔͞ ͙͔ͪ͊͗ͤ͘ ͦ͒͟ ͎͙͊ͭ͟͡ͻ 

͍͙ͦͦͦͤ͘͟͡ͻ ͍ͨͦͪ΄͙ͤ͊. ˭͎͋ͦ ͎ͭͦ͊ ͔ͫ ͤ͊ ͎͔͎ͦͪ͊ͺ͙ͫͣ͟ ͦ͊͟͡ͼ͙͊ͣ͊͞ ͫ͊ ͍͊͗ͤͦͣ͡ ͙ͣͦͣ͟͡ 

ͨͪͦͼ͔ͫ ͔͍ͨͪͦͭͦ͊ͥ͊͟͞ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͊ͨͦ͘;͙͔ͥ ͙͍͔͔ͫͭͦͪͣͤͦ ͫ͊ 

͔͒ͺ͙͙͔ͤͫ͊ͥͣ ͙ͭͨ͊ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤΣ ͦ͒ͤͦͫͤͦ ͔ͨͪͦͭ͊ͤͭ͟͞ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͪ͋͊ ͒͊ 

ͯ;͔͍͔ͫͭͯ͞ ͯ ͙͋ͦͪͯ͘ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ. ˽͍͙ͪ͊͊ͤ͡ ͙͋ͦͪ͘ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ 

͔͍ͨͪ͒ͫͭ͊͊͢ ͔͍ͨͪ͒ͯͫͦ͡ ͊͘ ͙͔ͨͦͫͭ͊ͥ͘ ͙ͨͪͻ͍͙͍͙͊ͭ͢ͻ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ͻ ͔ͨͪͺ͙ͦͪͣ͊ͤͫ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͍ͦͦͦ͊͘͟͡ ͯ ͍͙͊͗ͤͣ͡ ͍͙ͯͫͦͣ͊͡Σ ͔ͦ͟͞ ͔ͭͪ͋͊ ͙ͨͦͫͭΐ͙ ͔͋͘ ͍͔͙͎ͦ͟͡ ͍͍͗ͪͭͦ͊ͥ͊ ͔ͨͪͺ͙ͦͪͣ͊ͤͫ 

͍ͦͦͦ͊͘͟͡ ͯ ͍͙ͫͯͣ ͍͙ͯͫͦͣ͊͡Φ ˽͙ͪ ͔ͭͦͣΣ ͔͙͒ͤͦ͞ ͙͔ͯͣ͊ͥ͘ ͯ ͙ͦ͋ͪ͘ ͙ ͍͙ͫͯͻ ͙ ͍͙͊͗ͤ͡ͻ ͍ͯͫͦ͊͡ 

͔ͣͦ͗ ͍͔͙͒ͦͫͭ ͒ͦ ͙͎ͦͨͭͣ͊ͤͦ͡ ͙͎ͦͣͨͪͦͣͫͤͦ͟ ͔ͪ΄͔ͥ͊ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Φ 

ˣͪͦͤ͊͞ ͙͙͍ͫͭͪ͊͗͊ͥ͊ ͯ ͍ͦͦ͞ ͙ͦ͋͊ͫͭ͡ ͍͔͒ͦ͊͡ ͫͯ ͒ͦ ͍ͪ͊ͦ͊͘͞ ͙ͨͪ͊ͭ͟;͎ͤͦ ͙͔ͫͫͭͣ͊ 

͙͊ͫ͟͡ͺ͙͊͟ͼ͙͔͞ ͍͙͊͗ͤ͡ͻ ͍ͦͦͦ͊͘͟͡Σ ͙ͦ͟͞ ͎ͦͣͦͯΐ͍͊͊ ͙ͪ͊͘;͍͔ͯͤ͊͊ͥ ͍͙ͦͫͤͦͤͻ 

͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ό͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͙ ͦͨ΄͔ͭ ͙ ͔ͨͦ͒ͯ͗ͤ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ 

͙ͫ͊ͤͦͫͭ͞͞ύΦ ˮ͊ͦ͟ ͍ͦ͊͞ ͙͔ͫͫͭͣ ͙ͣ͊ ͙͔ͦ͋ͤ͘͢ ͔͔ͤ͒ͦͫͭ͊ͭ͟Σ ͨͪ͊ͫ͊͟ ͔͞ ͨͦ͊͊͊͘͟͡ ͒͊ ͔ͫ ͔͎͍ͥͦͦͣ 

͙͔ͨͪͣͤͦͣ ͙͒ͦ͋͊ͯ͞͞ ͎͍ͯ͊ͤͦͣ͡ ͔͔ͦͪͭͤ͟͟ ͔͍͔ͨͪ͒ͫͭ͊ ͦ ͔ͪͺ͔͙͙ͫͦͤͣ͟͡ ͍͍͙ͫͦͫͭͣ͊͞ ͍͙͊͗ͤ͡ͻ 

͍͙ͦͦͦͤ͘͟͡ͻ ͍ͨͦͪ΄͙ͤ͊Φ  

оΦн ˻͍͔͔͔ͫͭͥ͢ ͔͍ͨͯͭ͊ 

˻˿ ˹˻ˤ˹ˮ ˭ˢ˨ˢ̇ˮ ˻˿ˤ˩́˷˩˺ˢ ˽̂́˩ˤˢ 

˻͍͙ͫͤͦͤ ͊͒͊͘ͼ͙ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͫͯΥ 

- ͒͊ ͍ͦ͊͘;͙ͣ͊ ͙ͣͦͭͦͪͤͻ ͍͙ͦ͊͘͡Σ ͣͦͭͦͼ͙͙͙ͫͭͣ͊͟͡ ͙ ͙͋ͼ͙͙͙ͫͭͣ͊͟͡ ͎ͦͣͦͯΐ͙ 

͔͔͋͋͒ͤͦ͘Σ ͋ͪͦ͘ ͙ ͯ͒ͦ͋ͤͦ ͔͔ͪͭ͊ͥ͟, 

- ͒͊ ͎ͦͣͦͯΐ͙ ͔͔͋͋͒ͤͦ͘ ͔͔ͪͭ͊ͥ͟ ͔ͨ΄͊͊͟Σ ͊ ͯ ͙ͫͣͫͯ͡ ͨͪͯ͗͊ͥ͊ ͎ͣͦͯΐ͙ͤͦͫͭ ͒͊ 

ͯͦ;͔ ͦͨ͊ͫͤͦͫͭΣ ͙͔͙ͦͪͤͭ͞΄ͯ ͔ͫ ͙ ͔ͨͪͨͦͤ͊ͯ͘͞ ͎͔͒ͪͯ ͔ͨ΄͔͊͟Σ ͙ 

- ͒͊ ͍͙ͨͦͨͪ͊ ͤͦΐ͙ͤ ͙͎͔͒͘͡ ͔ͦͪͯ͗ͥ͊͟ ͨͯͭ͊Φ 

˴͊ͦ ΄ͭͦ ͔ͫ ͍͙͙͒Σ ͊͟ͼ͔ͤ͊ͭ ͔͞ ͍͔ͫͭ͊ͤ͢ ͤ͊ ͔͔͋͋͒ͤͦͫͭ͘ ͙͙ͦͪͫͤ͊͟͟ ͔͍ͨͯͭ͊Φ ˹͙͔͊ͣΣ ͦ͞΄ ͫͯ ͍ͨͪ͊ 

͙͙͍ͫͭͪ͊͗͊ͥ͊ ͙ͯͭͼ͊͊͞ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͤ͊ ͋ͪͦ͊͞ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͻ ͔ͯ͒ͫ͊Σ ͍͔͔ͫͨͪͦ͒ͤ͊ 

͔͔͔͙ͨ͒ͫͭͻ ͎͙ͦ͒ͤ͊ ͯ ˤ͔͙ͦ͟͡͞ ˣ͙͙͙ͪͭ͊ͤ͞Σ ͨͦ͊͊͊͘͟͡ ͒͊ ͋ͪͦ͞ ͙ͫͣͪͭͤͻ ͫͯ͡;͔͍͊͊͞ ͙ ͙͙ͦ͋ͤ͘͢ͻ 

͍͔ͨͦͪ͒͊ ͔ͣͦ͗ ͒͊ ͔ͫ ͙ͫͣ͊ͥ ͊͘ ͦͦ͟ ол҈ ͙ͯͦͦ͟͟͡ ͔ͫ ͔͍͙ͨͯͭ ͍͔͔ͦͫͭ͡Φ ˾͔͙ͯͭ͊ͭ͘͡ 

͍͔ͫͦ͋ͯͻ͍͔͊ͭͤ ͙͔͊ͤ͊͘͡Σ ͙ͫ͊͒ͪ͗͊ͤ ͯ ͙͍͔͘΄ͭ͊ͯ͞ CIE ͋ ͪΦ фо-мффн ͙ ͙͙͋͊ͪ͊ͤ͘ ͤ͊ ͙ͫͭͯ͒͊ͣ͊͞ 

͔ͦ͟͞ ͫͯ ͙ͨͦͭͼ͔͊͡ ͙ ͘ мр ͔ͣ͊͊͘͢Σ ͙ͨͦ͊͊͘͟͡ ͫͯ ͒͊ ͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊ ͍͙͒ͦͦ͒ ͒ͦΥ 

- ͔ͫͣ͊ͥͥ͊ ͍͗ͪͭ͊͊ ͔ͣΏͯ ͔ͨ΄͊ͼ͙ͣ͊ ͦ͒ пр ͒ͦ рт҈Σ 

- ͔ͫͣ͊ͥͥ͊ ͙ͫͣͪͭͤͻ ͫͯ͡;͔͍͊͊͞ ͤ͊ ͔͍͙ͨͯͭͣ͊ ͦ͒ пу ͒ͦ ср҈Σ ͙ 

- ͔ͫͣ͊ͥͥ͊ ͎ͯͯͨͤͦ͟ ͋ͪͦ͊͞ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͻ ͔ͯ͒ͫ͊ ͦ͒ мп ͒ͦ ро҈Φ 

˽ͦ΄ͭͦ ͔͞ ͔ͤͫͨͦͪͤͦ ͍ͨͦͭͪΏ͔ͤͦ ͒͊ ͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊ ͤ͊͘;͊ͤͦ͞ ͍͔ͨͦΐ͍͊͊ ͔͔͋͋͒ͤͦͫͭ͘ 

ͯ;͔͙ͫͤ͊͟ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞Σ ͊ ͙ͫ͊ͣͣ ͙ͭͣ ͙ ͔ͫͣ͊ͥͯ͞ ͔͙͔ͣ͊ͭͪ͊ͤ͞͡ ΄͔͔ͭͭ ͔ͦ͟͞ ͤ ͊ͫͭ͊ͯ͞ ͙͙ͨͪͦͣ͟͡ 

ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͻ ͔ͯ͒ͫ͊Σ ͍͙ͦͫͤͦͤ ͊͒͊ͭ͊͘͟ ͫͭͪͯ;ͥ͊͊͟ ͙͘ ͍͔ͦ ͙ͦ͋͊ͫͭ͡ ͙͋ͦ ͔͞ ͒͊ ͔ͫ ͔ͤ͊ͨͪ͞ 

͔͒ͺ͙͙ͤ΄ͯ ͺ͙͊ͭͦͪ͟ ͍͙͔͊ͭͭ͊͟͡ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ό͙͙͒ͦͣͤ͊ͤͭͤ ͙ͯͭͼ͙͊ͤ͞ 

͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ ͔͙ͨ͊ͪ͊ͣͭͪύΣ ͊ ͙͊ͭͣ͘ ͔͔ͦ͒ͪ͒ ͙ͥͻ͍͔ͦ ͙͙͔ͣͤͣ͊ͤ͡ ό͙ͨͪͻ͍͙͍͔͊ͭ͢ύ 

͍͔͙ͪ͒ͤͦͫͭΦ ˽͙ͪ ͔ͭͦͣ ͔͞ ͔ͨͦͪ͒ ͊͘ͻ͔͍ͭ͊ ͊͘ ͒ͦ͋ͪͦͣ ͍͙͙͍͒ͦ͢΄ΐͯΣ ͦ͒ͤͦͫͤͦ 

͍͍͊͒ͦͦ͊͊ͯ͘͢͞ΐ͙ͣ ͍͙͙͒ͤͣ ͔ͨͪͺͦͪͣ͊ͤͫ͊ͣ͊Σ ͔ͭͪ͋͊ͦ͡ ͙͙͙ͫͨͯͤͭ ͙ ͊͘ͻ͔͍ͭ ͊͘ ͍͙͒ͦͦͤͣ͢ 

͍͙͙͒ͤͣ ͦͣ͟ͺͦͪͦͣΣ ͙ͦ͟͞ ͯͯ͟͢;͔ͯ͞ ͔͔ͫͣ͊ͥͥ ͙ͨͫͻ͙;͔͟ ͔͙ͤ͊ͨͭͦͫͭ ͍ͦ͊͘;͊ ͯ ͭͦͯ͟ ͍͔ͦ͗ͥΣ ͊ 

͙ͫ͊ͣͣ ͙ͭͣ ͙ ͔ͫͨͪ;͍͔͊͊ͥ ͔͎͍͎ͥͦͦ ͔͍͔͔͎ͨͪͪͣͤͦ ͊ͣͦͪ͊͘ ͙ ͎͙ͯ͋ͭ͊͟ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͔͞Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˽˻ ˿́ˮ˭ˢ˺˩ ˨˻ˣ˾˩ ˤˮ˨˷ˮˤ˻˿́ˮ 

˽͙͔ͦͫͭ͊ͥ͘ ͔͒ͦ͋ͪ ͍͙͙͍͙͒ͦͫͭ͢ ͯ ͤͦΐ͙ͤͣ ͙ͫ͊ͭͣ͊ ͤ͊͘;͙ ͔͙͔ͪͪ͊ͥ͟ ͍͙ͭ͊͟ͻ ͍͙͙͒ͤͻ ͍ͯͫͦ͊͡ 

͙ͦ͟͞ ΐ͔ ͎ͦͣͦͯΐ͙͙ͭ ͍ͦ͊͘;ͯ ͒͊ ͍͍͔͔ͨͪ͊ͦͪͣͤͦ ͙ ͊ͫͤͦ͞ ͯͦ;͙ ͭͦ͟ ͙ ͎͙ͪ͊ͤͼ͔ ͨͯͭ͊Σ ͯͪ͟΄ͭ͊ͥ͊Σ 

͙ͨͪͯ͟͢;͔͟ ͙ ͍͔ͦ͒ͦ͟͞Σ ͔ͨ΄͊;͔͟ ͔͔ͨͪ͊͘͡Σ ͦͨ͊ͫͤ͊ ͔ͣͫͭ͊ ͙ ͫ͊ͦ͋ͪ͊ΐ͊ͤͯ͞ ͙͎͙ͫͤ͊͊͘͡ͼ͙ͯ͞Φ 

˽͔ͦͫ͋ͤͦ ͔͞ ͍͊͗ͤͦ ͒͊ ͍ͦ͊͘; ͤ͊ ͍͔͔ͪͣ ͯͦ;͙ ͔͍͔ͤͭͯ͊ͤͯ͡ ͔͔ͨͪͨͪͯ͟ ͤ͊ ͨͯͭͯ ͙ ͒͊ ͔͋ͯ͒ ͯ 

͎ͣͦͯΐ͙ͤͦͫͭ ͒͊ ͔͙ͦ͒ͪ͒ ͔ͥͤͯ ͍͔͙͡;͙ͤͯΣ ͔ͯ͒͊ͤͦͫͭ͢Σ ͙͋ͪͤͯ͘ ͙ ͔ͫͣͪ ͔ͪͭ͊ͥ͊͟Φ ˿͊ͣͦ ͯ ͭͦͣ 

ͫͯ͡;͊ͯ͞ ΐ͔ ͙͙͋ͭ ͯ ͎ͣͦͯΐ͙ͤͦͫͭ ͒͊ ͍͍͔͔ͨͪ͊ͦͪͣͤͦ ͙͍ͪ͘΄͙ ͔ͨͦͭͪ͋͊ͤ ͔͍ͣ͊ͤ͊ͪΣ ͙ͦ͟͞ ͔ͤΐ͔ 

͙͙͋ͭ ͦͨ͊ͫ͊ͤ ͙ͤ ͨͦ ͔͎ͥ͊Σ ͙ͤ ͨͦ ͔ͦͫͭ͊͡ ͯ;͔͙͔ͫͤ͟ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞Φ 

˽ͪ͊ͫ͊͟ ͔͞ ͨͦ͊͊͊͘͟͡ ͒͊ ͒ͦ͋ͪ͊ ͍͙͙͍͒ͦͫͭ͢ ͤ͊͘;͙ ͙͔ͨͦͫͭ͊ͥ͘ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ΐ͔ ͔ͦͤͭͪ͊ͫͭͤ͟ 

͔͙͍͙ͦͫͭͦͫͭ͢Σ ͦ΄͙͔ͭͪͤ ͍͙͒͊Σ ͨͪͦͼ͔͔ͤ ͪ͊ͫͭͦ͊ͥ͊͞ ͙ ͙͔͋ͪͤ͘ ͊ͨ͊͗͊ͥ͊͘Φ ˣ͔ͪͦͤ͞ ͙͔ͫͭͯ͒͞ ͫͯ 

͍͙͔ͨͦͭͪ͒͡ ͒͊ ͔͞ ͔͒͊ͤ͞ ͦ͒ ͍͙ͦͫͤͦͤͻ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͦ͒ ͎ͦ͊͟ ͍͙͔͊ͫ͘ ͍͔ͫ 

͔ͨͦ͋ͪͦ͊ͤ͞ ͍͙͔͒ͤ ͔ͨͪͺ͔ͦͪͣ͊ͤͫ ς ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡Φ ˹͙͔͊ͣΣ ͨͦ͊͊ͦ͘͟͡ ͔ͫ ͒͊ ͔ͭͪ͋͊ 

͙͔͙͙ͨͪͣͤͭ ͙ͨͪͤͼ͙ͨ ͍͔͔͎ͦͫͭͤͦ͢ ͍ͦͦͦ͊͘͟͡ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͙ͦ͟͞ ͔ͫ ͔͙ͦ͋ͭ͟͞ ό͔͔͔ͨͪͨͪ͟ύ ͤ͊ ͨͯͭͯ 

ͯͦ;͍͊͊ͯ͞ ͊ͦ͟ ͔ͭ͊ͣͤ ͙͔͔ͫͯͭ͡Φ ˭͊ͭͦ ͍͔ͨͦΐ͊ͤ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡ ͤ͊͘;͙ ͙ ͍͔ͨͦΐ͔͊ͤ 

͙ͦͤͭͪ͊ͫͭ͟ ͔͔ͨͪͨͪ͊͟Σ ͦ͒ͤͦͫͤͦ ͍͔ͨͦΐ͊ͤͯ ͣͦΐ ͯͦ;͍͊͊ͥ͊Φ ˩͔͙͔͙ͫͨͪͣͤͭ͟ ͫͯ ͙ͨͦ͊͊͘͟͡ ͒͊ 

ͣͦΐ ͯͦ;͍͊͊ͥ͊Σ ͔͒ͺ͙͙ͤͫ͊ͤ͊ ͊ͦ͟ ͨͪͦͼ͔ͤ͊ͭ ͔ͯͤ͊ͨͪ͒ ͔͒ͺ͙͙͎ͤͫ͊ͤͦ ͫͯͨ͊͟ ͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ΐ͔ 

͙͙͋ͭ ͔͔͍͒ͭͭͦ͊ͤ͟ ͯ ͙͋ͦ͡ ͦͦ͟͞͞ ͭ͊;͙͟ ͨͯͭ͊ ό͔͒͊͟͡Σ ͙ ͤ͊ ͔͎͍ͥͦͦͣ ͙͔ͤ͊ͭ͊ͣͤͣ͞͞ ͔͒ͯ͡ύΣ ͙͙ͤͦͫ͘ 

͙ͫͨͦ͒  мл҈ ͙ͨͪ ͙͍ͤͦͯ ͙ͫ͊ͤͦͫͭ͞͞ ͦ͒ лΣ5 cd/ά , ͊  ;͊͟ ур҈ ͙ͨͪ ͙͍ͤͦͯ ͙ͫ͊ͤͦͫͭ͞͞ ͦ͒ н cd/ά . ̂  

ͦ͋͊ ͫͯ͡;͊͊͞ ͔͞ ͦͨ΄ͭ͊ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ όὟ , ͦ͊͟͞ ͔͞ ͔͒ͺ͙͙ͤͫ͊ͤ͊ ͦ͒ͤͦͫͦͣ 

͙͙͔ͣͤͣ͊ͤ͡ ͙ͫ͊ͤͦͫͭ͞͞ ͦ͊͟͞ ͔ͫ ͙ͣ͊ ͯ ͭ͊;͊ͣ͊͟ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡ ͙ ͔͎͍͔ͥͦ ͔͔ͫͪ͒ͥ 

͙ͫ͊ͤͦͫͭ͞͞Σ ͙͙ͤͦͫ͊͘͡ пл҈Σ ͒ͦ͟ ͔͞ ͔͙͍͙ͪ͊ͭͤ͡ ͨͦͪ͊ͫͭ ͎ͨͪ͊͊ (TI) ͙͙ͤͦͫͦ͘ т҈Φ ́͊ͦ͟Ώ͔ ͔͞ 

͍ͦͤͫͭ͊ͭͦ͊ͤͦ͟ ͒͊ ͍͔͔ͦͫͭͤͦͫͭ͢ ͙͔ͦͦͤ͟͡ ͨͯͭ͊ ͙ͯͭ;͔ ͤ͊ ͔ͨͦͭͪ͋͊ͤ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡Φ 

˻͍͔͔͔ͫͭͤ͢ ͙͔ͦͦͤ͟͡ ͨͯͭ͊ ͫͣ͊ͥͯͯ͞ ͦͤͭͪ͊ͫͭͤͯ͟ ͔͙͍ͦͫͭͦͫͭ͢ ͦ͊͟Σ ΄ͭͦ ͔ͫ ͔ͣͦ͗ 

͔͍͙ͦͣͨͤͦ͊ͭ͘͟ ͍͔ͨͦΐ͔͊ͥͣ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡Φ ˻͋ͪͤͯͭͦΣ ͙ͭ͊ͣͤͣ ͙ͦͦͤ͊ͣ͊͟͡ ͨͯͭ͊ 

͎͍ͦ͒ͦ͊ͪ͊ͯ͞ ͙ͣ͊ͥ ͙͍͙ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡Φ 

˿ ͦ͋͘ ͙ͪͦͣ ͤ͊ ;͙͔͙ͥͤͼͯ ͒͊ ͫͯ ͦ;͙ ͍ͦ͊͘;͊ ͙͔͊͒͊ͨͭͪ͊ͤ ͤ͊ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͨͦͪ΄͙͔ͤ 

͍ͦͦͦ͊͘͟͡Σ ͔͍ͪ͒ͯͦ͊ͤ͊͟ ͔͞ ͣͦΐ ͦͨ͊͗͊ͥ͊ ͔ͦ͋͊ͭ͊͟͞ ͯ ͙͙ͭ͊ͣͤͣ͞ ͔͍͙͒ͦͣ͊͡ ͙͔ͦͦͤ͟͡ ͨͯͭ͊Σ ͙͘ 

͙ͦ͟͞ͻ ͔ͣͦ͗ ͒͊ ͔ͫ ͍͙ͨͦ͊͞ ͦͨ͊ͫͤ͊ ͔͔ͨͪͨͪ͊͟Φ ˨͊ ͙͋ ͔ͫ ͙͔͎͋͊͘͡ ͍ͦ͊ ͦͨ͊ͫͤͦͫͭΣ ͔ͨͦͭͪ͋ͤͦ ͔͞ 

͍͔͙͙ͦͫͭͭ͡ ͙ ͔͒ͦ ͔͔͔ͤͨͦͫͪ͒ͤ ͙͔ͦͦͤ͟͡ ͨͯͭ͊Φ ˴͊ͦ ͍͙͙͍͙͊ͤͭͭ͊ͭͤ͟ ͔ͨͦ͊͊ͭ͘͟͢ ͍͙͔͊ͭͭ͊͟͡ 

͍͔͔ͦͫͭͥ͊͢ ͔͔͔ͤͨͦͫͪ͒ͤ ͙͔ͦͦͤ͟͡ ͨͯͭ͊Σ ͍͔͔ͯ͒ͤ ͔͞ ͨͦ͊ͣ͞ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ ͔ͦͪͯ͗ͥ͊͟ 

όͫͪ͊͟ΐ͔ͤͦ SR ς ͦ͒ ͔͎͔͙ͤͫ͟͡ͻ ͔ͪ;͙ surround ratio). ˻ ͤ ͔ͫ ͊͘ ͔͔ͤͨͦͫͪ͒ͤͦ ͔͔ͦͪͯ͗ͥ͟ ͍͔ͫ͊͟ 

͙͍͙ͼ͔ ͍ͦͦͦ͊͘͟͡ ͔͒ͺ͙͙ͤ΄͔ ͊ͦ͟ ͦ͒ͤͦͫ ͔͔ͫͪ͒ͥ ͻ͙͔ͦͪͦͤͭ͊ͤ͘͡ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͔ͭͪ͊͟ ΄͙͙͔ͪͤ 

5m ό͙͙͡ ͔ͣ͊ͥΣ ͊ͦ͟ ͔ͤͣ͊ ͍͒ͦͦͤͦ͢ ͨͪͦͫͭͦͪ͊ύΣ ͦ͊͟͞ ͔ͫ ͍ͤ͊ͫͭ͊͊͢ ͤ͊ ͍ͦͦͦ͘͟͡Σ ͙ ͔͔ͫͪ͒ͥ 

ͻ͙͔ͦͪͦͤͭ͊ͤ͘͡ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͥͦ͞ ͔͎ͫͯͫ͒ͤͦ ͔͒͊͡ ͍ͦͦͦ͊͘͟͡Σ ;͙͊͞ ͔͞ ΄͙͙ͪͤ͊ 5mΣ ͦ͒ͤͦͫͤͦ 

͍͙ͨͦͦͤ͊͡ ΄͙͙͔ͪͤ ͍ͦͦͦ͊͘͟͡ ό͙ͯͣ͊͘ ͔ͫ ͣ͊ͥ͊ ͦ͒ ͙ͥͻύΦ ˽͙ͪ ͔ͭͦͣ ͔ͫ ͔͍͙ͨͯͭ ͫ͊ ͍͔͙ͦ͒ͦͤͣ͞ 

ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ͣ͊ ͊͘ ͍͙ͫ͊͟ ͔ͫͣͪ ͍͔ͦ͗ͥ ͙ ͍͙ͪ͊͒ͦͤͣ͘͞ ͨͦ͊ͫͦͣ͞ ͙͔ͣ͘Ώͯ ͙ͥͻ ͔͙ͭͪͭͪ͊ͯ͞ ͊ͦ͟ 

͔͙͍͔͒ͤͫͭͤ͊͞ ͨͯͭͤ͊ ͍ͨͦͪ΄͙ͤ͊Σ ͙͔͍ͯ͘͘ ͊͒͊͟ ͔͞ ΄͙͙ͪͤ͊ ͍͎ͪ͊͒ͦͤͦ͘͞ ͨͦ͊ͫ͊͞ ͍͔ΐ͊ ͦ͒ 10 m.  ̂

ͫͯ͡;͔͍͙͊ͣ͊͞ ͊͒͊͟ ͫͯ ͔͔͔ͤͨͦͫͪ͒ͤ ͙͔ͦͦͤ͟͡ ͙͍͙ͼ͊ ͍ͦͦͦ͊͘͟͡ ͔ͨͦͫ͋ͤͦ ͍͔͔͔ͦͫͭͤ͢Σ ͙͔ͤ͞ 

͔ͨͦͭͪ͋ͤͦ ͍͔͍͙ͨͪͦͪ͊͊ͭ ͒͊ ͙͡ ͔ͫ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ ͔ͦͪͯ͗ͥ͊͟ ͙ͤ͊͊͘͡ ͯ ͙ͨͪͻ͍͙͍͙͊ͭͣ͢ 

͎͙ͪ͊ͤͼ͊ͣ͊Φ 

˽͔ͦͪ͒ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡Σ ͤ͊ ͒ͦ͋ͪͯ ͍͙͙͍͒ͦͫͭ͢ ͍͔ͦͣ͊ ͙ͯͭ;͔ ͙ ͦͨ΄ͭ͊ 

͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞Φ ˸͔ͦ͗ ͔ͫ ͍͙͔͙͒ͭ ͒͊ ͯ ͔͎ͦͨͫͯ ͔ͨͪͨͦͪͯ;͔͙ͤͻ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͍ͦͦͦ͊͘͟͡ ͊͘ ͙ͪ͊͘͡;͙͔ͭ ͍͔ͪͫͭ ͔͍ͨͯͭ͊ όлΣ5 - 2 cd/ά ύ ͍͔ͨͦΐ͔͊ͥ ͦͨ΄͔ͭ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ 

͙ͫ͊ͤͦͫͭ͞͞ ͦ͒ лΣн ͤ͊ лΣп ͔ͣͦ͗ ͍͔͙͒ͦͫͭ ͒ͦ ͍͙΄͔͎ͫͭͪͯͦ͟ ͍͔ͨͦΐ͊ͥ͊ ͣͦΐ͙ ͯͦ;͍͊͊ͥ͊Φ 

˹͊ ͒ͦ͋ͪͯ ͍͙͙͍͒ͦͫͭ͢ ͤ͊͘;͊ͤͦ͞ ͙ͯͭ;͔ ͙ ͺ͙͙ͦͦ͘͡΄ͦ͟ ͔͋͢΄͔ͭ͊ͥΣ ͔ͦ͟͞ ͔ͭͪ͋͊ ͍͔͙ͫͫͭ ͯ 

͎͙ͪ͊ͤͼ͔ ͙ͨͪͻ͍͙͍͎͊ͭͦ͢ ͯ ͼ͔ͦͯͨͤͦͣ͟͡ ͍͊ͤͦͣ͞ ͍͔͔ͦͫͭͥͯ͢Φ ˴͊ͦ ͔ͨͦ͊͊ͭ͘͟͢ ͔ͯͫͨ΄͙ͤͦͫͭ 

͎͙ͦͪ͊ͤ;͔ͥ͊ ͍͔ͦ ͍͔ͪͫͭ ͔͋͢΄ͭ͊ͥ͊ ͙͙ͦͪͫͭ͟ ͔ͫ ͔͙͍͙ͪ͊ͭͤ͡ ͨͦͪ͊ͫͭ ͎ͨͪ͊͊Φ ́͊ͦ͟Ώ͔Σ ͤ͊ ͍͙͔͒ͤ 

͔ͨͪͺ͔ͦͪͣ͊ͤͫ ͍ͦ͊͘;͊ ͙ͯͭ;͔ ͙ ͔ͫͨͭ͊ͪ͟ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Φ 

˽˻ ˿́ˮ˭ˢ˺˩ ˨˻ˣ˾˻˥ ˤˮ˨˹˻˥ ˴˻˸̅˻˾ˢ 

̊ͭͦ ͔ͫ ͙ͭ;͔ ͍͙͎͒ͤͦ ͦͣ͟ͺͦͪ͊Σ ͤ͊ ͔͎ͥ͊ ͦ͒ͯ͡;ͯͯ͞ΐ͔ ͙ͯͭ;ͯ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞Σ ͨͦ͒ͯ͗ͤ͊ 

͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞Σ ͙ͨͫͻͦͦ͡΄ͦ͟ ͔͋͢΄͔ͭ͊ͥ ͙ ͍͙͔ͯͤͦ͘͡ ͍ͦΏ͔͔ͥΦ 

ˣ͙ͪͦͤ͞ ͔͔͙͔͙ͫͨͪͣͤͭ͟ ͫͯ ͙ͨͦ͊͊͘͟͡ ͒͊ ͔͞ ͤ͊ ͔͍͙ͨͯͭͣ͊ ͔͎ͫͯͤ͒͊ͪͤͦ͟ ͤ͊͘;͊͊͞ ͊͘ ͒ͦ͋͊ͪ ͍͙͙͒ͤ 

ͦͣ͟ͺͦͪ ͔ͨͦͭͪ͋͊ͤ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡ ͦ͒ ͦͦ͟ мΣ2 cd/ά Σ ͊ ͤ͊ ͎͍͙͊ͤͣ͡ ͔͍͙ͨͯͭͣ͊ ς 

͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͦ͒ ͦͦ͟ о cd/ά . 

˹͊ ͍͙͙͒ͤ ͦͣ͟ͺͦͪ ͤ͊͘;͊ͤͦ͞ ͙ͯͭ;͔ ͙ ͨͦ͒ͯ͗ͤ͊ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ όὟ), ͦ͊͟͞ ͔ͫ ͊ͦ͟ 

ͦ͒ͤͦͫ ὒ /ὒ  ͔͒ͺ͙͙ͤ΄͔ ͊͘ ͦͫͯ ͍͔ͫ͊͟ ͫ͊ͦ͋ͪ͊ΐ͔͊ͤ͞ ͔ͭͪ͊͟ ὒ  ͙ ὒ  ͫͯ ͙͙ͣͤͣ͊ͤ͊͡ 

͙ ͙ͣ͊ͫͣ͊ͤ͊͟͡ ͍͔ͪ͒ͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͭ͊;͊ͣ͊͟ ͔ͦͫύΦ ˽ͦ͒ͯ͗ͤ͊ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ 

͔ͨͦ͊ͯ͘͟͞ ͒͊ ͙͡ ͔͞ ͙͔͙ͤ͊ͣͤ͘;ͤͦ ͍͙͍͔ͨͦ͊͊ͥ͢͞ ͔͍͒ͦ͊͡ ͍ͦͦͦ͊͘͟͡ ͍͔ΐ͙ͻ ͙ ͙ͣ͊ͥͻ ͙ͫ͊ͤͦͫͭ͞͞ ͯ 

͎͙ͪ͊ͤͼ͊ͣ͊ ͙ͨͪͻ͍͙͍͎͊ͭͦ͢Φ ˻ͤ͊ ͔ͫ ͊ͦ͟ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ ͔ͨ͊ͪ͊ͣͭ͊ͪ ͙͔͔ͨͪͣͥͯ͞ ͫ͊ͣͦ ͦ͒͟ 

͎͙͒ͯͻΣ ͔͔͙͙ͤͨͪͤͯͭ͟ͻ ͔͙͒ͦͤͼ͊ ͨͯͭ͊ ͫ͊ ͎͙ͯͫͭͣ ͫ͊ͦ͋ͪ͊ΐ͔͊ͣ͞Φ 

˹͔ ͙ͨͦͫͭͦ͞ ͨͦͭͨͯͤͦ ͙ͨͪͻ͍͙͍͊ͭ͊͢ ͔ͣͭͦ͒͊ ͊͘ ͍͙͙͍͊ͤͭͭ͊ͭͤͯ͟ ͨͪͦͼ͔ͤͯ ͫͤͦ΄͙͍͙ͦͫͭ͢ 

͙ͨͫͻͦͦ͡΄͎ͦ͟ ͔͋͢΄ͭ͊ͥ͊Φ ˨ͦ ͫͦͪ͊͟ ͔ͫ ͙͔͙͍ͨͪͣͥ͊͊͡ ͔ͣͭͦ͒͊ ͦ͊͟͞ ͔͞ ͨͦ;͙͍͊͊͡ ͤ͊ 

͙ͪ͊͘;͍ͯͤ͊͊ͥͯ ͙͔ͤ͒ͫ͊͟ ͔͋͢΄ͭ͊ͥ͊Φ ˮ͊ͦ͟ ͔͞ ͦ͒͟ ͙ͫͭ͊ͤ͒͊ͪ͒ͤͻ ͙ͤͫͭ͊͊͡ͼ͙͊͞ ͍͔͔ͦͫͭͥ͊͢ 

͔͍ͨͯͭ͊ ͍ͦ͊ ͔ͣͭͦ͒͊ ͍͒͊͊͊͡ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ΐ͔ ͔͔ͪͯͭ͊ͭ͘͡Σ ͔ͨͦͫͭͦ͊͞͡ ͫͯ ͙ ͙ͤͫͭ͊͊͡ͼ͙͔͞ όͤͨͪΦ 

͙͍͔͔͔͒ͤ͘ ͙͔ͨͪͣͤͦͣ ͍͙͙ͫͦ͟ͻ ͍ͫͭͯ͋ͦ͊ ͙͙͡ ͙͔ͨͪͣͤͦͣ ͙ͪ͊͘͡;͙͙ͭͻ ͙͍ͭͨͦ͊ ͍͔͙͙ͫͭ͢͟ ͯ 

͍͙ͦͪͯ͟ ͙͎ͫͭͦ ͙͔ͫͫͭͣ͊ ͍͔͔ͦͫͭͥ͊͢ύ ͦ͒͟ ͙ͦ͟͞ͻ ͔͞ ͙͔ͨͪͣͤ͊ ͍͔ͦ ͔͔ͣͭͦ͒ ͍͙͒ͦͦ͒͊͡ ͒ͦ 

͙͊ͨͫͯͪ͒ͤͻ ͊ͯ͘͟͢;͊͊͟Φ ̂ ͘ ͭͦΣ ͒ͦ΄ͦ͡ ͔ͫ ͙ ͒ͦ ͫ͊ͤ͊ͥ͊͘ ό͍͔͙ͪͺ͙͍͎ͦ͊ͤͦ͟ ͙͋ͪͦͤͣ͞ ͍͔ͨͪͦͪ͊ͣ͊ 

ͤ͊ ͙͍͔͔͙͒ͤͣ͘ ͙ͤͫͭ͊͊͡ͼ͙͊ͣ͊͞ ͍͔͔ͦͫͭͥ͊͢ύ ͒͊ ͙͔͙ͫͫͭͣ ͍͔͔ͦͫͭͥ͊͢ ͙ͦ͟͞ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ ͫ͊ 

͔͊ͫͨͭ͊͟ ͎͙ͦͪ͊ͤ;͔ͥ͊ ͺ͙͙ͦͦ͘͡΄͎ͦ͟ ͔͋͢΄ͭ͊ͥ͊Σ ͨͦ ͍͙ͨͪ͊ͯ͡ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ ͙ ͫ͊ ͔͊ͫͨͭ͊͟ 

͎͙ͦͪ͊ͤ;͔ͥ͊ ͙ͨͫͻͦͦ͡΄͎ͦ͟ ͔͋͢΄ͭ͊ͥ͊Φ ˻͍͔ ;͙͔͙ͥͤͼ͔ ͫͯ ͍͔͔͒ͦ͡ ͒ͦ ͎ͭͦ͊ ͒͊ ͔͞ ͙ͨͫͻͦͦ͡΄ͦ͟ 

͔͋͢΄͔ͭ͊ͥ ͙͍͔ͦͫͭ͊ͤͦ͘͢ ͫ͊ ͙͔ͫͭ͡ ͺ͊ͭͦͪ͊͟ ͍͙͔͊ͭͭ͊͟͡ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊Φ 

ˤ͙͔ͯͤͦ͘͡ ό͙ͦͨͭ;ͦ͟ύ ͍ͦΏ͔͔ͥ ͔͍ͨͪ͒ͫͭ͊͊͢ ͫͯͨ͟ ͔ͣͪ͊ ͔ͦ͟͞ ͯ;͔͙ͫͤͼ͙ͣ͊ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞ ͔ͭͪ͋͊ 

͒͊ ͎ͦͣͦͯΐ͔ ͊ͫͤͯ͞ ͔͍ͨͪ͒ͫͭ͊ͯ ͦ ͭͦͯ͟ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Σ ͦ͒ͤͦͫͤͦ ͋ͪͦ͘ ͯͦ;͍͔͊͊ͥ ͙ͤ͊͊ͫ͊͟͡ 

͙͍͙ͪͤ͊͟ ͙ ͍͙ͫͻ ͔ͨͪͦͣͤ͊ ͤ͊ ͙ͭͪ͊ͫ ό͙ͨͪͯ͟͢;ͼ͙Σ ͍ͦ͒ͦ͞ͼ͙Σ ͯͪ͟΄ͭ͊ͥ͊Σ ͔͔ͨͭ͢Σ ͦͨ͊ͫͤ͊ ͔ͣͫͭ͊ύΣ 

͙ ͭͦ ͫ͊ ͔͙ͯ͒͊ͤͦͫͭ͢ ͦ͊͟͞ ͙ ͙ͨͪ ͙ͣ͊ͫͣ͊ͤͦ͟͡͞ ͙͙͋ͪͤ͘ ͍͔ͦ͗ͥ, ͦ͊͟͞ ͔͞ ͍͔͒ͦͦͤ͊͘͢ ͤ͊ 

ͨͦͫͣ͊ͭͪ͊ͤͦ͞ ͔͙͒ͦͤͼ͙ ͨͯͭ͊, ͎ͦͣͦͯΐ͍͊͊ ͙͍ͦ͘Ώ͔͔ͥ ͔͔͎͋͋͒ͤͦ͘ ͔͍ͣ͊ͤͪ͊Φ ˭ͤ͊;͙͊ͤͣ͞ 

ͨͪͦ΄͙͔͔ͪͥͣ ͍͙͎͒ͤͦ ͨͦ͊͢ ͍ͦ͊͘;͊ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͦͤͦ ͔ͦ͟͞ ͔͞ ͔ͦ͒ͪΏ͔ͤͦ ͺ͍͙͊ͪͦͣ͊ ͍͙ͦ͊͘͡ ͙ 

͔ͨͪͯ͗͊ͥͣ ͍͙͔ͨͪ͊ͤ͡ ͙ͤͺͦͪͣ͊ͼ͙͔͞ ͦ ͙ͭͪ͊ͫ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Σ ͍͙͔ͯͤͦ͘͡ ͍ͦΏ͔͔ͥ ͔ͤ ͫ͊ͣͦ ͒͊ 

͍͔ͨͦΐ͍͊͊ ͔͔͋͋͒ͤͦͫͭ͘ ͍ͦ͊͘;͊Σ ͔͎ͤͦ ͙ ͔ͫͣ͊ͥͯ͞ ͔͎͍ͥͦͦ ͔͔ͤ͊ͨͪ͊ͥ͘ ͙ ͊ͣͦͪ͘Φ 

˿͊ ͔͊ͫͨͭ͊͟ ͍͙͔͎ͯͤͦ͘͡ ͍ͦΏ͔ͥ͊Σ ͙ͨͪ ͔͍ͨͪͦͭͦ͊ͥͯ͟͞ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͔ͨͦͫ͋ͤͯ 

ͨ͊͗ͥͯ ͍͔͙͙ͨͦͫͭͭ ͙͔͙ͨͪͣͤ ͔͔ͫ͒͡ΐ͙ͻ ͔ͣͪ͊Υ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

- ͤ͊ ͔͍͙ͨͯͭͣ͊ ͫ͊ ͔͙ͨͦͫ͋ͤͣ ͍͙ͦͦͦͤͣ͘͟͡ ͍ͨͦͪ΄͙ͤ͊ͣ͊ ͊͘ ͍͙ͫ͊͟ ͔ͫͣͪ ͍͔ͦ͗ͥ ͙ 

͔͍͙ͤͦͤͣ͘ ͍͙ͪ͊͒ͦͤͣ͘͞ ͨͦ͊ͫͦͣ͞Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͒͊ ͍͙ͫͭͯ͋ͦ ͋ͯ͒ͯ ͍͔͙ͨͦͫͭ͊ͤ͢ ͯ ͙ͦͫ 

͍͎ͪ͊͒ͦͤͦ͘͞ ͨͦ͊ͫ͊͞Σ 

- ͯ ͙͍͙͙ͪͤ͟ ͍͔ͫͭͯ͋ͦ ͔ͭͪ͋͊ ͍͙͙ͨͦͫͭ͊ͭ ͒ͯ͗ ͔͔ͥͤ ͔ͫͨͦͤ͢ ͙͍͙ͼ͔Σ 

- ͊͘ ͔͍͔ͯͫͣͪ͊͊ͥ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͤ͊ ͔͙͙ͨͦ͒ͤͣ͞ ͔͍͙͒ͦͣ͊͡ ͨͯͭ͊ όͤͨͪΦ ͦ͒͟ ͙ͨͪͯ͟͢;͊͊͟ 

͙ ͍ͦ͒ͦ͊͊͟͞ύ ͔ͨͪͨͦͪͯ;͔ͯ͞ ͔ͫ ͙͔ͨͪͣͤ͊ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͙ͪ͊͘͡;͙͙ͭͻ ͋ͦ͊͞ όͭ͊͒͊ 

͋ͦ ͔͞ ͙͍ͦͪ͊͘ ͔͒ͯͯ͡͞ ͊ͦ͟ ͙ͨͯͭͦ͊͘͟ύΣ ͙ 

- ͔ͨͪͨͦͪͯ;͔ͯ͞ ͔ͫ ͔ͨͪͦͣͤ͊ ͔͋ͦ͞ ͍͔͎ͫͭͦͫͤͦ͡ ͙͍ͦͪ͊͘ ͤ͊ ͔͙ͣͫͭͣ͊ ͯͪ͟΄ͭ͊ͥ͊ ͫ͊ 

͎͙͒ͪͯͣ ͔͍͙ͨͯͭͣ͊Σ ͙ͪͯ͗ͤͣ͟ ͍͙ͭͦͦͣ͊͟Σ ͙ͭ͒Φ ό͔ͨͪͦͣͤͯ ͔ͭͪ͋͊ ͔͒ͦͫ͒ͤͦ͡ 

͙͔͙͍͙ͨͪͣͥ͊ͭ ͒ͯ͗ ͼ͔͎ͦ͡ ͨͯͭ͊ύΦ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˿ʕ ˩́˶˻́˩̆˹ˮ̉˴˩ ˴˶ˢ˿˩ ˽̂́˩ˤˢ ˭ˢ ˸˻́˻˾˹ˮ ˮ ˸˩̊˻ˤˮ́ˮ ˿ˢ˻ˣ˾ˢ̔ˢ˳ 

̂ ͫ͊͒ͯ͟͡ ͫ͊ ͍͔͊͗ΐ͙ͣ ͫͭ͊ͤ͒͊ͪ͒ͦͣ SRPS CEN/TR 13201-мΥнлмр ˻͍͔͔͔ͫͭͥ͢ ͔͍ͨͯͭ͊ τ ˨ ͔ͦ м: 

˿͔͙ͣͪͤͼ͔ ͊͘ ͙͋ͦͪ͘ ͊ͫ͊͟͡ ͍͔͔ͦͫͭͥ͊͢ (Road lighting τ Part 1: Guidelines on selection of 

lighting classes)Σ ͍͔ͫ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͊͘ ͙ͣͦͭͦͪͤ ͙ ͔ͣ΄͍͙͙ͦͭ ͫ͊ͦ͋ͪ͊ΐ͊͞ ͍͔ͫͪͫͭ͊ͤ ͫͯ ͯ ΄͔ͫͭ 

͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ͻ ͊ͫ͊͟͡Σ ˸м ͒ͦ ˸сΣ ͊ ͯ ͍͙͙͊ͫͤͦͫͭ͘ ͦ͒ ͔͎͙͔͊ͭͦͪ͟͞ ͨͯͭ͊Σ ͎͙͔ͯͫͭͤ ͙ 

͔͙ͫͦ͗ͤͦͫͭ͡ ͫ͊ͦ͋ͪ͊ΐ͊͊͞Σ ͊ͦ͟ ͙ ͦ͒ ͨͦͫͭͦ͊ͥ͊͞ ͔͍ͫͪ͒ͫͭ͊͊ ͊͘ ͦͤͭͪͦͯ͟͡ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ 

ό͔ͫͣ͊ͺͦͪ͊Σ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͻ ͍ͤ͊ͦ͊͘͟Σ ͦͤ͊͊͘͟ ͤ͊ ͨͯͭͯΣ ͔͔ͨͦͭͪ͋ͤ ͫ͊ͦ͋ͪ͊ΐ͔͊ͤ͞ ͔͎͙͍͔ͪͯ͊ͭ͡ύ ͙ 

͔͍ͫͪ͒ͫͭ͊͊ ͊͘ ͍͔ͦ͒͊͊ͥ͞ ͔͙͙ͨͦ͒ͤ͞ͻ ͯ;͔͙ͫͤ͊͟ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞Φ ̂ ͔͔ͫ͒͡ΐͦ͞ ͔͙ͭ͊͋͡ ͫͯ ͙͒͊ͭ 

͙͙ͭͨ;͙ͤ ͙͔͙ͨͪͣͪ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͔ͦ͟͞ ͙ͨͪͨ͊͒͊ͯ͞ ͔͙͙ͨͦ͒ͤͣ͞ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙ͣ͟ ͊ͫ͊ͣ͊͟͡Φ 

˽͔ͪ͊ͭΐ͙ ͙͙ͦͨͫ ͫͯ ͙͒͊ͭ ͫ͊ͣͦ ͯ ͍͙ͦͫͤͦͤͣ ͼͪͭ͊ͣ͊Σ ͊ ͯ ͼ͙ͯ͢ ͦ͊͟͡΄͍͊͊ͥ͊ ͙͊ͫ͟͡ͺ͙͊͟ͼ͙͔͞ 

͍͙ͫͭ͊ͪͤͻ ͔͍ͨͯͭ͊Φ ̂ ͭͦͣ ͨͪͦͼ͔ͫͯ ͔ͭͪ͋͊ ͙ͪ͊ͣ͊ͭͪ͊ͭ͘ ͍͔ͫ ͯ;͔͙͔ͫͤ͟ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞Υ ͍ͦ͊͘;͔ 

͙ͣͦͭͦͪͤͻ ͍͙ͦ͊͘͡Σ ͣͦͭͦͼ͙͙͔ͫͭ͟͡Σ ͙͋ͼ͙͙͔ͫͭ͟͡ ͙ ͔ͨ΄͔͊͟Φ 

͔́͊͋͊͡ оΦп. ˿ ͍͔͔ͭͦͭ͡ͻ͙ͤ;͔͟ ͔͊ͫ͟͡ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͊͘ ͙ͪ͊͘͡;͙͔ͭ ͙͍͔ͭͨͦ ͔͍ͨͯͭ͊ 

˻͙ͨͫ ͨͯͭ͊ ˿͍͔͔ͭͦͭ͡ͻ͙ͤ;͊͟ ͟ ͊ͫ͊͡ 

˽͔͍͙ͯͭ ͍͔͙͙͟͡ͻ ͙͋ͪͤ͊͘ ͫ͊ ͍͔͙ͦ͒ͦͤͣ͞ ͍͙ͦͦͦͣ͊͘͟͡Σ ͔͋͘ ͙ͪ͊ͫͪͫͤ͟ͼ͊ ͯ ͙͍ͤͦͯ ͙ ͫ͊ 
ͨͦͭͨͯͤͦͣ ͦͤͭͪͦͦͣ͟͡ ͙ͨͪͯ͟͢;͊͊͟ ͙ ͍ͦ͒ͦ͊͊͟͞Σ ͔͍͙͊ͯͭͦͨͯͭΣ ͔͔͙ͫͨͪͫͤ͟ ͔͍͙ͨͯͭΦ 

˥͙ͯͫͭͤ͊ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͙ ͔ͫͦ͗ͤͦͫͭ͡ ͔ͭͪ͊ͫ ͨͯͭ͊4: 

ˤ͔͙͊͟͡ ˸м 

˿͔ͪ͒ͥ͊ ˸н 

˸͊͊͡ ˸о 

˽͔͍͙ͯͭ ͍͔͙͙͟͡ͻ ͙͋ͪͤ͊͘ ͫ͊ ͍ͦͦͦͦͣ͘͟͡ ͊͘ ͍͒͊ ͔ͫͣͪ͊ ͍͔ͦ͗ͥΦ 

˴ͦͤͭͪͦ͊͡ ͫ͊ͦ͋ͪ͊ΐ͊͊͞5 ͙  ͍͔ͦ͒͊͊ͥ͞6 ͪ ͙͊ͤ͘ͻ ͯ;͔͙ͫͤ͊͟ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞7 

˶ͦ΄͊ ˸м 

˨ͦ͋ͪ͊ ˸н 

ˤ͔͊͗ͤ ͎͔ͪ͊͒ͫ͟ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Υ ͎͔ͪ͊͒ͫ͟ ͔͙͔͊ͪͭͪ͞ ͙ ͎͍͙͊ͤ͡ ͙ͦ͋͊ͫͤ͡ ͔͍͙ͨͯͭΦ 

˴ͦͤͭͪͦ͊͡ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͙ ͍͔ͦ͒͊͊ͥ͞ ͙ͪ͊ͤ͘ͻ ͯ;͔͙ͫͤ͊͟ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞Υ 

˶ͦ΄͊ ˸м 

˨ͦ͋ͪ͊ ˸н 

                                                      
4 ˹͔͊ͨͦͣͤ͊Υ ˿͔ͦ͗ͤͦͫͭ͡ ͔ͭͪ͊ͫ ͨͯͭ͊ ͔ͫ ͙ͦ͒ͤͦͫ ͤ͊ ͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟Σ ͔͔ͪͭ͊ͥ͟ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͙ ͍͙͔ͯͤͦ͘͡ 
͔͔ͦͪͯ͗ͥ͟Φ ͙̅͊ͭͦͪ͟ ͔ͦ͟͞ ͔ͭͪ͋͊ ͙ͪ͊ͣ͊ͭͪ͊ͭ͘ ͫͯΥ ͋ͪͦ͞ ͭͪ͊͊͟Σ ͎͙͙ͤ͊͋Σ ͤ͊͘ͼ͙ ͙ ͔ͫͣ͊ͺ͙ͦͪΦ ͔̂͊ͤ͘͡ ͙ ͙͔͊ͤ͘͘͡ 
͔ͪ͊ͣͨΣ ͙͍͔ͯ͊ͥ͡ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͻ ͍ͭͦͦ͊͟Σ ͎ͭͪͦͯ͊ͦͤ͊ ͍ͦͫͭͪ͊ ͙ ͔ͭͦͣ ͙ͫ͡;ͤͦΣ ͭ͊ͦ͟Ώ͔ ͔ͫ ͣͦͪ͊ͯ͞ ͔͙ͯͭ͘ ͯ ͙ͦ͋ͪ͘Φ 
5 ̂ ͍͔ͨͪ͊͊ͥ͢ ͫ͊ͦ͋ͪ͊ΐ͔͊ͣ͞ ͔ͫ ͙ͦ͒ͤͦͫ ͤ͊ ͔ͨͦͫͭͦ͊ͥ͞ ͔ͫͣ͊ͺͦͪ͊Σ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͻ ͍ͤ͊ͦ͊͘͟Σ ͦͤ͊͊͘͟ ͤ͊ ͍ͦͦͦͯ͘͟͡ ͙ 
ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͻ ͙ͨͪͦͨͫ͊Φ ˴͊͒ ͙ͻ ͔ͤͣ͊ ͙͙͡ ͫͯ ͔͙ͪͭ͟Σ ͍͔ͯͨͪ͊͊ͥ͢ ͫ͊ͦ͋ͪ͊ΐ͔͊ͣ͞ ͔ͫ ͫͣ͊ͭͪ͊ ͦ͡΄͙ͣ ͙ ͦ͋ͪͤͯͭͦΦ 
6 ˻͍͔͒͊͊ͥ͞ ͔͙͙ͨͦ͒ͤ͞ͻ ͯ;͔͙ͫͤ͊͟ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞ ͔ͫ ͍ͦ͋͊͊͢ ͭͪ͊͊ͣ͊͟ ͔͔ͨͦͫ͋ͤ ͔͔ͤ͊ͣͤ ͙͙͡ ͎͙ͦͪ͊ͤ;͍͔͊͊ͥͣ 
͔͎͒ͤͦ͞ ͙͙͡ ͍͙΄͔ ͍͙͍͒ͦ͊ ͫ͊ͦ͋ͪ͊ΐ͊͊͞Φ ˽͙ͪ ͍͍ͦ͊ͦͣ͟ ͍ͪ͊͒͊͊ͥͯ͘͞ ͙ ͙͙ͤ͗ ͔͔ͫͭͨͤ ͍͔͔ͦͫͭͥ͊͢ ͔ͣͦ͗ ͒͊ ͒ͦΏ͔ ͯ 
͙ͦ͋ͪ͘Φ 
7 ˾ ͙͊ͤ͘ ͙͙ͦͪͫͤ͟ͼ͙ ͨͯͭ͊ όͯ;͔͙ͫͤͼ͙ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞ύ ͫͯ ͍ͦ͊͘;͙ ͙͊ͯͭͦͣͦ͋͊͡Σ ͙͊ͣͦͤ͊͟Σ ͙ͫͨͦͪͻ ͍͙ͦ͊͘͡Σ ͊ͯͭͦ͋ͯͫ͊Σ 
͊ͦ͟ ͙ ͣͦͭͦͼ͙͙͙ͫͭ͟͡Σ ͙͋ͼ͙͙͙ͫͭ͟͡ ͙ ͔ͨ΄͊ͼ͙Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˻͙ͨͫ ͨͯͭ͊ ˿͍͔͔ͭͦͭ͡ͻ͙ͤ;͊͟ ͟ ͊ͫ͊͡ 

˿͙͔͊͋ͪͤ ͙ͯ͡ͼ͊ ͔͎ͣ͊ͥ ͤ͊͘;͊͊͞Σ ͔ͦ͊ͤ͟͡͡ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Σ ͎͍͙͊ͤ͡ ͔͍͙ͨͯͭ ͊͘ ͙ͨͪ͊͘͡ 
͔ͤ͊ͫͯ͢Φ ̂ ͙͡ͼ͔ ͔ͦ͟͞ ͔͔ͦ͋͋͘Ώͯͯ͞ ͙͔͒ͪͭ͊ͤ͟ ͙ͨͪͫͭͯͨ ͔͙ͨͦͫ͒ͣ͊ ͙ ͙͔͊͘͘͡ ͤ͊ ͙͔ͫ͊͋ͪͤ ͙ͯ͡ͼ͔Φ 

˴ͦͤͭͪͦ͊͡ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͙ ͍͔ͦ͒͊͊ͥ͞ ͔͙͙ͨͦ͒ͤ͞ͻ ͯ;͔͙ͫͤ͊͟ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞Υ 

˶ͦ΄͊ ˸м 

˨ͦ͋ͪ͊ ˸н 

˹͔͙͊ͨͦͣͤͣͦ ͒͊ ͯ ͫͯ͡;͊ͯ͞ ͙͍͔͔͔ͨͪͪͣͤ ͔͔ͨͪͦͣͤ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͔͟ ͔͊ͫ͟͡ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ 

όͦ͊͟͞ ͔ͫ ͤ͊͞;͔΄ΐ͔ ͙͔͔ͨͪͣͥͯ͞ ͯ ͫͯ͡;͔͍͙͊ͣ͊͞ ͤ͊͘;͙͔͊ͤ͞͞ ͔͔ͨͪͦͣͤ ͎͙͔ͯͫͭͤ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͯ ͭͦͯ͟ 

͒͊ͤ͊ύΣ ͔ͨͪ͊͊͘͟͡ ͙͘ ͔͔͒ͤ͞ ͔͊ͫ͟͡ ͯ ͎͒ͪͯͯ ͔͍ͨͦ͒ͪ͊ͯͣ͊͘ ͙͔ͫͨͯͥͤͦͫͭ ͍͙ͫͻ ͊͘ͻ͔͍ͭ͊ ͙ͦ͟͞ ͍͔͊͗ 

͊͘ ͊ͫͯ͟͡ ͯ ͦͯ͟͞ ͔ͫ ͙͍͔͔ͨͪͪͣͤͦ ͔͙ͨͪ͊͘͡Φ 

˿͔͔͒͡ΐ͊ ͔ͭ͊͋͊͡Σ ͦ͊͟͞ ͔͞ ͙ͨͪͦͨͫ͊ͤ͊ ͍͔͊͗ΐ͙ͣ ͫͭ͊ͤ͒͊ͪ͒ͦͣ SRPS EN 13201-2:2016 

˻͍͔͔͔ͫͭͥ͢ ͔͍ͨͯͭ͊ τ ˨͔ͦ нΥ ˭͊ͻ͔͍͙ͭ ͊͘ ͔ͪ͊͒ͤ ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ (Road lighting - Part 2: 

Performance requirements), ͦ ͎ͣͦͯΐ͍͊͊ ͒͊ ͔ͫ ͨͦ ͍͍ͫͪͫͭ͊͊ͥͯ ͎ͨͦͫͣ͊ͭͪ͊ͤͦ ͨͯͭ͊ ͊͘ ͙ͣͦͭͦͪͤ 

͙͙͡ ͔ͣ΄͍͙͙ͦͭ ͫ͊ͦ͋ͪ͊ΐ͊͞ ͯ ͔ͤͯ͟ ͦ͒ ͫͭ͊ͤ͒͊ͪ͒ͦͣ ͒ ͔ͺ͙͙͙ͤͫ͊ͤͻ ͫ ͍͔͔ͭͦͭ͡ͻ͙ͤ;͙͟ͻ ͊ͫ͊͟͡ ό˸м 

͒ͦ ˸сύΣ ͔͔ͦ͒ͪ͒ ͔ͦͤ ͍͔͙ͪ͒ͤͦͫͭ ͙ͨͦ͋ͪͦ͊ͤ͞ͻ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͔ͦ͟͞ ͦ͞΄ ͍͔ͯ͟ 

͔͔ͦ͋͋͘Ώͯͯ͞ ͒ͦ͋ͪͯ ͍͙͙͍͒ͦͫͭ͢ ͙ ͒ͦ͋͊ͪ ͍͙͙͒ͤ ͦͣ͟ͺͦͪΦ 

͔́͊͋͊͡ оΦрΦ ˿͍͔͔ͭͦͭ͡ͻ͙ͤ;͙͟ ͊͘ͻ͔͍͙ͭ ͊͘ ͙ͣͦͭͦͪͤ ͙ ͔ͣ΄͍͙͙ͦͭ ͫ͊ͦ͋ͪ͊ΐ͊͞ 

˴͊ͫ͊͡ 
˹͙͍͙ͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡ ͯ ͍͙ͯͫͦͣ͊͡ ͍͙ͫͯͻ 

͙ ͍͡ ͙͊͗ͤͻ ͍͙ͦͦͦͤ͘͟͡ͻ ͍ͨͦͪ΄͙ͤ͊ 

ˤ͔ͪ͒ͤͦͫͭ 
͔͙͍͎ͪ͊ͭͤͦ͡ 
ͨͦͪ͊ͫͭ͊ 
͎ͨͪ͊͊ 

˴͔ͦͺ͙ͼ͙͔ͤͭ͞ 
͔ͦͪͯ͗ͥ͊͟ 

 ˿͍͔ͯ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ ˤ͔͊͗ͤ͡ 
ͦ͟͡Φ ͍ͨͦͪΦ 

˿͍͔ͯ ͦ͟͡Φ 
͍ͨͦͪΦ 

˿͍͔ͯ ͦ͟͡Φ 
͍ͨͦͪΦ 

 ὒ  

(min) 

(cd/ά ) 

Ὗ  

(min) 

Ὗ 

(min) 

Ὗ  

(min) 

TI 

(max) 

% 

SR 

(min) 

˸м 2,00 0,40 0,70 0,15 10 0,35 

˸н 1,50 0,40 0,70 0,15 10 0,35 

˸о 1,00 0,40 0,60 0,15 10 0,30 

˸п 0,75 0,40 0,60 0,15 15 0,30 

˸р 0,50 0,35 0,35 0,15 15 0,30 

˸с 0,30 0,35 0,35 0,15 20 0,30 

̂ ͨͪ ͔ͭͻͦ͒ͤͦ͞ ͔͙ͭ͊͋͡ ͫͯ ͔͒͊ͭ ͙͙͔ͣͤͣ͊ͤ͡ ͍͔͔͒ͦͦͤ͘͢ ͍͔͙ͪ͒ͤͦͫͭ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ όͦ͒ͤͦͫͤͦ 

͔͔ͫͪ͒ͥ ͙ͫ͊ͤͦͫͭ͞͞ύ ͍ͦͦͦ͊͘͟͡ ό ὒ ύΣ ͦͨ΄͔ͭ ͙ ͔ͨͦ͒ͯ͗ͤ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ό͔ͪ͒ͦͣ Ὗ  

͙ Ὗύ ͙ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ ͔ͦͪͯ͗ͥ͊͟ όSR), ͟ ͊ͦ ͙ ͙ͣ͊ͫͣ͊ͤ͊͟͡ ͍͔͒ͦͦͤ͊͘͢ ͍͔ͪ͒ͤͦͫͭ ͔͙͍͎ͪ͊ͭͤͦ͡ 

ͨͦͪ͊ͫͭ͊ ͎ͨͪ͊͊ όÍ). ˽͙ͪ ͔ͭͦͣ ͔ͫ ͨͦ͒ ͙͍ͤͦͦͣ ͙ͫ͊ͤͦͫͭ͞͞ ͔͍ͨͦ͒ͪ͊ͯͣ͊͘ ͔͎͍ͥͦ͊ ͎ͨͦͦͤͫ͊͟ 

͍͔ͪ͒ͤͦͫͭ ό͙͔͒ͦ͋ͤ͊͞ ͔͔ͣͤͦ͗ͥͣ ͨͦ;͔͔ͭͤ ͍͔͙ͪ͒ͤͦͫͭ ͙ ͺ͊ͭͦͪ͊͟ ͍ͦ͒ͪ͗͊͊ͥ͊ύΣ ͒ͦ͟ ͔ͫ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔͙͍͙ͪ͊ͭͤ͡ ͨͦͪ͊ͫͭ ͎ͨͪ͊͊ ͙ͦ͒ͤͦͫ ͤ͊ ͙͙ͤ͊ͪͭ͟͞;͙͙ͤ͞ ͫͯ͡;͊͞Σ ͦ͒ͤͦͫͤͦ ͫͯ͡;͊͞ ͙ͦ͟͞ ͔ͫ ͙ͣ͊ ͙ͨͪ 

ͨͦ;͔͙ͭͤͣ ͍͙ͯͫͦͣ͊͡Φ 

˻˿ ˤ˩́˷˩˺˩ ˾ˮ˭ˮ̉˹ˮ̆ ˽˻˨˾̂̉˳ˢ 

˾͙͙͘;ͤ͊ ͨͦ͒ͪͯ;͊͞ ͔ͫ ͍ͨͦ͊ͯͯ͢͞͞ ͍ͫͯ͒͊ ͎͔͒ ͔ͫ ͯͪ͟΄ͭ͊ͯ͞ ͔ͭͪ͊ͫ ͍͙ͦ͊͘͡Σ ͎͔͒ ͔ͦͤ ͔͊͊͘͘͡ ͯ 

ͨͦ͒ͪͯ;͊͞ ͫ͊ ͨͯͤͦ ͔ͨ΄͊͊͟ ͙ ͙͋ͼ͙͙ͫͭ͊͟͡Σ ͙͙͡ ͭ͊ͣͦ ͎͔͒ ͔ͨͦͫͭͦ͞ΐ͙ ͨͯͭ ͔͙ͨͪ͊͘͡ ͯ ͔͙͒ͦͤͼͯ 

͔͔ͤͫͭ͊ͤ͒͊ͪ͒ͤ ͎͔͔͙͔ͦͣͭͪ͞ ό͙ͣ͊ͥ ͋ͪͦ͞ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͻ ͭͪ͊͊͟Σ ͣ͊ͥ͊ ΄͙͙ͪͤ͊ ͭͪ͊͊͟ ͙ ͔ͭͦͣ 

͙ͫ͡;ͤͦύΦ ̂ ͍͙ͦͣ ͨͦ͒ͪͯ;͙ͣ͊͞ ͔ͫ ͍͔ͨͦΐ͍͊͊ ͍͔͍ͪͦ͊ͭͤͦΐ͊ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͻ ͔ͯ͒ͫ͊ ͍͙ͫͻ ͍ͪͫͭ͊Φ 

˳͔͒ͤ͊ ͦ͒ ͎ͯͦ͊͡ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͔͞ ͒͊ ͔ͯ͊͗͟ ͤ͊ ͔ͨͦͫͭͦ͊ͥ͞ ͙͙ͪ͘;͎ͤͦ ͨͦ͒ͪͯ;͊͞ ͙ ͎ͦͣͦͯΐ͙ 

͒͊ ͔ͫ ͊ͫͤͦ͞ ͯͦ;͔ ͙͍͙;ͥ͊ͼ͙ ͙ ͔ͦͤ͊͘͟ ͤ͊ ͨͯͭͯΣ ͔͎͍ͥͦ͊ ͭͪ͊ͫ͊Σ ͙͍ͨͪͫͯͫͭͦ ͙ͦͫͭ͊͡ͻ ͍͙ͦ͊͘͡Σ 

͙͋ͼ͙͙ͫͭ͊͟͡ ͙ ͔ͨ΄͊͊͟Σ ͊ͦ͟ ͙ ͒͊ ͔ͫ ͊ͫͤͦ͞ ͦ͡ͼ͙ͪ͊ͯ͞ ͔͍͔͔ͤͭͯ͊ͤ͡ ͔͔͔ͨͪͨͪ͟Φ ˢͦ͟ ͔ͤ ͙ͨͦͫͭͦ͞ 

͍͔͔͔ͦͫͭͥ͢ ͤ͊ ͨͯͭͯ ͙ͦ͟͞ ͍͙ͦ͒ ͊͟ ͙͙ͪ͘;ͤͦͣ ͨͦ͒ͪͯ;ͯ͞ ͙͙͡ ͙͘ ͔͎ͥ͊Σ ͔ͭͪ͋͊ ͎͊ ͙͍͔͙ͫͭ͘ ͯ 

ͫ͊͒ͯ͟͡ ͫ ͨͦ͒͊ͼ͙ͣ͊ ͙͒͊ͭͣ ͯ ͍͔͔͙ͤ͊͒ͤͣ ͔ͭ͊͋͊ͣ͊͡Σ ͙ ͭͦ ͤ͊ ͔͙͒ͦͤͼ͙ ;͙͊͞ ͙͒ͯ͗ͤ͊ ͔ͭͪ͋͊ ͒͊ 

͔͔͙ͦ͋͋͒͘ ͍ͦ͗ͥͯ ͯ ͭͪ͊͊ͥͯ͞ ͦ͒ ͔ͤ͊ͣ͊ͥ͞ рsΣ ͊ ͙ͨͪ ͙͙͋ͪͤ͘ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͦ͊͟͞ ͔͞ ͔͍͙ͨͪ͒Ώ͔ͤ͊ 

͊͘ ͭͯ ͔͙͒ͦͤͼͯ όͤ͊ ͙͔ͨͪͣͪΣ ͙͙͋ͪͤ͘ ͦ͒  80 km/h ͦ ͎͍͒ͦ͊ͪ͊ ͙͒ͯ͗ͤ͊ ͒ ͔͙ͦͤͼ͔ ͦ͒ ͋͊ͪ 110 m). 

˥͔͒ ͎ͦ͒ ͔͞ ͭͦ ͎ͣͦͯΐ͔Σ ͍͔͔͔ͦͫͭͥ͢ ͎ͫ͊ͣͦ ͙͙ͪ͘;͎ͤͦ ͨͦ͒ͪͯ;͊͞ ͔ͭͪ͋͊ ͔͍͙ͨͪͦͭͦ͊ͭ͟͞ ͙͔ͨͪͣͤͦͣ 

͙͔͙ͪͭͪͯͣ͊͟͞ ͙ͫ͊ͤͦͫͭ͞͞Σ ͙ͦ͟͞ ͔ͫΣ ͊ͦ͟ ΄ͭͦ ͔͞ ͔ͤ͊ͨͪ͒ ͔ͪ;͔ͤͦΣ ͙͙ͦͪͫͭ͟ ͊͘ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͊͘ 

͙ͣͦͭͦͪͤ ͙ ͔ͣ΄͍͙͙ͦͭ ͫ͊ͦ͋ͪ͊ΐ͊͞Φ ˽͙ͪ ͔ͭͦͣΣ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͊͟ ͊ͫ͊͟͡ ͙͙ͪ͘;͎ͤͦ ͨͦ͒ͪͯ;͊͞ 

͔ͭͪ͋͊ ͒͊ ͔͋ͯ͒ ͊͘ ͔͒͊ͤ͞ ͔͔ͫͭͨͤ ͍͔ΐ͊ ͦ͒ ͍͔ͤ͊͞ΐ͔ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͔͟ ͔͊ͫ͟͡ ͔͍ͨͯͭ͊ ͙ͦ͟͞ ͍͔ͦ͒ ͯ 

͙͙ͪ͘;ͤͦ ͨͦ͒ͪͯ;͔͞ ͙ ͙͘ ͔͎ͥ͊ όͤ͊ ͙͔ͨͪͣͪΣ ͔ͭͪ͋͊ ͍͙͙ͯͫͦͭ͞ ͊ͫͯ͟͡ ˸н ͔ͯͣͫͭͦ ͔͊ͫ͟͡ ˸оύΦ 

͔͙͒ͤͦ͞ ͊ͦ͟ ͔͙ͤ͟ ͦ͒ ͙͙ͨͪ͊ͤ͘͡ͻ ό͍͙ͦ͒ͦ͒ͤͻύ ͔͍ͨͯͭ͊ ͙ͣ͊ ͊ͫͯ͟͡ ˸мΣ ͦͤ͒͊ ͦͤ͊ ͔ͦͫͭ͊͞ ͙ͫͭ͊ ͙ 

͊͘ ͙͙ͪ͘;ͤͦ ͨͦ͒ͪͯ;͔͞Φ 

̂ ͫͯ͡;͊ͯ͞ ͙ͪ͊ͭ͟͟ͻ ͔͙͒ͦͤͼ͊Σ ͦ͒ͤͦͫͤͦ ͙ͪ͊ͭ͟͟ͻ ͍͙͙͒ͤͻ ͪ͊ͫͭͦ͊ͥ͊͞Σ ͊ͦ͟ ͙ ͯ ͫͯ͡;͊ͯ͞ ͨͦͫͭͦ͊ͥ͊͞ 

͎͙͒ͪͯͻ ͺ͊ͭͦͪ͊͟ ͙ͦ͟͞ ͔͎ͦͤͣͦͯΐ͍͊͊ͯ͞ ͙͔ͨͪͣͤͯ ͙͔͙ͪͭͪͯͣ͊͟͞ ͙ͫ͊ͤͦͫͭ͞͞ όͤͨͪΦ ;͔͔ͫͭ ͔͔ͨͪͦͣͤ 

ͨͦͦ͗͊͊͡͞ ͍ͦ͊͘;͊Σ ͦ͒ͤͦͫͤͦ ͭ͊;͔͟ ͨͦͫͣ͊ͭͪ͊ͥ͊ύΣ ͯ ͔͒ͤͦͣ͞ ͔͒ͯ͡ ͙͙͡ ͤ͊ ͼ͔ͦͣ͡ ͙͙ͪ͘;ͤͦͣ 

ͨͦ͒ͪͯ;ͯ͞ ͔ͭͪ͋͊ ͙͔͙͙ͨͪͣͤͭ ͙͔͙ͪͭͪͯͣ͟͞ ͍͔͔͙ͦͫͭͤͦͫͭ͢Σ ͊ͦ͟͟ ͔͞ ͭͦ ͒͊ͭͦ ͫͭ͊ͤ͒͊ͪ͒ͦͣ SRPS 

EN 13201-2:2016Σ ͊ ͙ͨͪ͊͊ͤͦ͘͟ ͔ͭ͊͋ͦͣ͡ оΦсΦ  

˽͙ͪ ͙͔͙ͨͪͣͤ ͙͔͙ͪͭͪͯͣ͊͟͞ ͍͔͔͙ͦͫͭͤͦͫͭ͢Σ ͔ͭͪ͋͊ ͔ͫ ͙͒ͪ͗͊ͭ ͍͙ͨͪ͊͊͡ ͒͊ ͙ͤ ͯ ͔͒ͤͦͣ͞ ͔͒ͯ͡ 

͙͙ͪ͘;͎ͤͦ ͨͦ͒ͪͯ;͊͞ ͙͍ͤͦ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͔ͤ ͔ͫͣ ͒͊ ͔͋ͯ͒ ͙ͣ͊ͥ ͦ͒ ͍͔ͤ͊͞ΐ͔͎ ͙͍ͤͦ͊ 

͍͔͔͙ͦͫͭͤͦͫͭ͢ ͔͍ͨͯͭ͊ ͙ͦ͟͞ ͔ͯ͊͘͡ ͯ ͔͎ͥ͊Φ ˨͊ ͙͋ ͦͤͦ ͙͋ͦ͡ ͙͔ͫͨͯͥͤͦΣ ͍͒ͦͦͤͦ͢ ͔͞ ͙͙͙ͦͪͫͭͭ͟ 

͔ͭ͊͋ͯ͡ 3.7Σ ͯ ͦͦ͟͞͞ ͫͯ ͔͒ͺ͙͙͔ͤͫ͊ͤ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͔͟ ͔͊ͫ͟͡ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͔ͦ͟͞ ͨͦ;͙͍͊ͯ͞ ͤ͊ 

͙͔͙ͪͭͪͯͣͯ͟͞ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ό͔͊ͫ͟͡ ͙ͭͨ͊ ˿ύΦ ˻͔ͤ ͫͯ ͊͘ ͔͙ͨͦ͒ͤ͊͞ ͙͙ͪ͘;ͤ͊ ͨͦ͒ͪͯ;͊͞ ͔͒͊ͭ ͯ 

ͺͯͤ͟ͼ͙͙͞ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ͻ ͊ͫ͊͟͡ ό͙ͭͨ͊ ˸ύ ͍͙͙ͤ͊͊͗ͤ͞͞ͻ ͔͍ͨͯͭ͊ ͙ͦ͟͞ ͍͔ͦ͒ ͒ͦ ͙͙ͪ͘;͙ͤͻ 

ͨͦ͒ͪͯ;͊͞ όͤ͊ ͙͔ͨͪͣͪΣ ͊ͦ͟ ͔͞ ͍͙͙ͤ͊͊͗ͤ͞͞ ͨͯͭ ͙ͦ͟͞ ͙ͯ͊͘͡ ͯ ͙͙ͪ͘;ͤͦ ͨͦ͒ͪͯ;͔͞ ͙ͭͨ͊ ˸пΣ ͦͤͦ 

͔ͭͪ͋͊ ͒͊ ͔͋ͯ͒ ͍͔͔ͦͫͭͤͦ͢ ͯ ͫ͊͒ͯ͟͡ ͫ͊ ͊͘ͻ͔͍͙ͭͣ͊ ͙ͦ͟͞ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ ͙͊ͫ͟͡ ˿п ͙͙͡Σ ͯ ͙͍͔͙ͫͤͣ͘ 

ͫͯ͡;͔͍͙͊ͣ͊͞ ͍͔͔͙ͤ͊͒ͤͣ ͯ ͔͔ͫ͒͡ΐͦ͞ ͔͙ͭ͊͋͡Σ ͯ ͫ͊͒ͯ͟͡ ͫ͊ ͊͘ͻ͔͍͙ͭͣ͊ ͙ͦ͟͞ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ 

͔͔ͫ͒͡ΐͦ͞ ͍͙΄ͦ͞ ͙͊ͫ͟͡Σ ͦ͒ͤͦͫͤͦ ͙͊ͫ͟͡ ˿оύΦ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔́͊͋͊͡ оΦсΦ ˿͍͔͔ͭͦͭ͡ͻ͙ͤ;͙͟ ͊͘ͻ͔͍͙ͭ ͊͘ ͙͙ͪ͘;ͤ͊ ͨͦ͒ͪͯ;͊͞ ͦ͒͟ ͙ͦ͟͞ͻ ͔ͫ ͙͔͔ͨͪͣͥͯ͞ 

͙͔͙ͪͭͪͯͣ͟͞ ͍͔͔͙ͦͫͭͤͦͫͭ͢ 

˿͍͔͔ͭͦͭ͡ͻ͙ͤ;͊͟ ͟ ͊ͫ͊͡ 

╔▼►
8 

(lx) 

ό͎ͨͦ ͙ͦͤͫ͟ ͙͙ͣͤͣͯͣ) 

╤▫ ό˩ύ
9 

ό͙͙ͣͤͣͯͣύ 

C0 50 0.40 

C1 30 0.40 

C2 20 0.40 

C3 15 0.40 

C4 10 0.40 

C5 7.5 0.40 

͔́͊͋͊͡ оΦтΦ ˽͙͔͙ͪͣͪ ͔ͦ͒ͪΏ͙͍͊ͥ͊ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͔͟ ͔͊ͫ͟͡ ͙͙ͪ͘;͎ͤͦ ͨͦ͒ͪͯ;͊͞ ό͔͊ͫ͟͡ 

͙ͭͨ͊ ˿ύ 

˾͙͙͘;ͤͦ ͨͦ͒ͪͯ;͔͞ ˿͍͔͔ͭͦͭ͡ͻ͙ͤ;͊͟ ͊ͫ͊͟͡ 
ͨͦ ͙͔͙ͪͭͪͯͣͯ͟͞ 
͍͔͔͙ͦͫͭͤͦͫͭ͢ 

˽͍ͦ͒ͦ͗ͥ͊ͼ͙ C(N) = M (N) 

̂ͪ͟΄ͭ͊ͥ͊Σ ͎ͭͪͦͯ͊ͦͤ͊ ͍ͦͫͭͪ͊Σ ͔ͪ͊ͣͨΣ ͔͙͒ͦͤͼ͔ ͔ͦ͟͞ ͔ͫ 
͔͙ͨͪͨ͡ΐͯΣ ͨͦ͒ͪͯ;͊͞ ͫ͊ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤͣ͞ ͭͪ͊͊ͣ͊͟ ͔ͣ͊ͥ 
΄͙͙͔ͪͤ 

C(N-1) = M (N) 

̂ͪ͟΄͔ͭ͊ͥ ͎͔ͨͪͯ ͙ ͨͯͭ͊Υ 
           ͨ ͪͦͫͭͦ 
           ͫ ͔ͦ͗ͤͦ͡ 

 
C(N) = M (N) 

C(N-1) = M (N) 

˹͔͔͎͙ͪͯͫ͊ͤ͊͡ ͙ͪ͊ͫͪͫͤ͟ͼ͊ ͫ͊ ͙ͪͯ͗ͤͣ͟ ͭͦͦͣ͟Υ 
           ͫ ͔ͦ͗ͤ͊͡ ͙͙͡ ͨͪͦͫͭͪ͊ͤ͊ 
           ͫ ͔͔ͪ͒ͥ ͔͙ͫͦ͗ͤͦͫͭ͡ 
           ͨ ͪͦͫͭ͊ ͙͙͡ ͣ͊͊͡ 

 
C1 
C2 
C3 

˽͙ͪͦͫͭͦͪ ͯ ͙ͦͣ͊͟͞ ͔ͫ ͦ͋ͪ͊ͯͯ͘͞ ͔͍͙ͪ͒ͦ ͍͙ͦ͊͘͡Υ 
           ͫ ͔͙ͦ͗ͤ͡ ͙͙͡ ͙ͨͪͦͫͭͪ͊ͤ 
           ͫ ͔͔ͪ͒ͥ ͔͙ͫͦ͗ͤͦͫͭ͡ 
           ͨ ͙ͪͦͫͭ ͙͙͡ ͙ͣ͊͡ 

 
C1 
C3 
C5 

 

˹͔͙͊ͨͦͣͤͣͦ ͒͊ ͔ͯͨͦͭͪ͋͊ ͔͙͍͎ͪ͊ͭͤͦ͡ ͨͦͪ͊ͫͭ͊ ͎ͨͪ͊͊ (TI) ͘ ͊ ͍͙͙͍͊ͤͭͭ͊ͭͤͦ͟ ͍͔͍͔ͪ͒ͤͦ͊ͥ 

ͫͤͦ΄͙͍͙ͦͫͭ͢ ͺ͙͙ͦͦ͘͡΄͎ͦ͟ ͔͋͢΄ͭ͊ͥ͊ ͯ ͙͙ͪ͘;͙ͤͣ ͨͦ͒ͪͯ;͙ͣ͊͞ ;͔ͫͭͦ ͙͔ͤ͞ ͎ͣͦͯΐ͊ ό͎͋ͦ͘ 

                                                      
8 ˿͊ Ὁ  ͔ͫ ͦͤ͊͘;͍͊͊ ͙͙ͣͤͣ͊ͤ͊͡ ͍͔͒ͦͦͤ͊͘͢ ͎ͨͦͦͤͫ͊͟ ͍͔ͪ͒ͤͦͫͭ ͙͍ͤͦ͊ ͍͔͔͙ͦͫͭͤͦͫͭ͢Σ ͦ͒ͤͦͫͤͦ ͔͔ͫͪ͒ͥ 
ͻ͙͔ͦͪͦͤͭ͊ͤ͘͡ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͼ͔͔͡ ͍ͨͦͪ΄͙͔ͤ ͦͯ͟͞ ͙͔ͦͪͫͭ͟ ͍͙ͦ͊͘͡Σ ͙͋ͼ͙͙͙ͫͭ͟͡ ͙ ͔ͨ΄͊ͼ͙ όͥͯ ;͙͔ͤ ͍ͦͦͦ͘͟͡ 
͙Σ ͊ͦ͟ ͙ͻ ͙ͣ͊Σ ͔ͨ΄͊;͔͟ ͙ ͙͋ͼ͙͙͙ͫͭ͟͡;͔͟ ͔ͫͭ͊͘ύ. 
9 ˿͊ Ὗ  ό˩ύ ͔͞ ͦͤ͊͘;͔ͤ͊ ͙͙ͣͤͣ͊ͤ͊͡ ͍͔͒ͦͦͤ͊͘͢ ͍͔ͪ͒ͤͦͫͭ ͦͨ΄͔ͭ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ όͻ͙͔ͦͪͦͤͭ͊ͤ͘͡ύ 
͍͔͔͙ͦͫͭͤͦͫͭ͢Σ ͦ͊͟͞ ͔ͫ ͔͒ͺ͙͙ͤ΄͔ ͎͊ͤ͊ͦͤͦ͡ ͦͨ΄ͭͦ͞ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔͎ͤͣͦͯΐ͙ͤͦͫͭ ͙ͪ͊͘;͍ͯͤ͊͊ͥ͊ ͔͔ͫͪ͒ͥ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡ύΦ ˭͎͋ͦ ͎ͭͦ͊ ͔ͫ ͯ ͍͍͙ͦ͊ͣ͟ 

ͫͯ͡;͔͍͙͊ͣ͊͞ ͔ͨͪͨͦͪͯ;͔ͯ͞ ͙͔ͨͪͣͤ͊ ͔͔ͫ͒͡ΐ͔͎ ͙͔͙ͪͭͪͯͣ͊͟͞Υ  

͙̅ ͙ͦͦ͘͡΄ͦ͟ ͔͋͢΄͔ͭ͊ͥ ͔͞ ͯ ͎͙ͪ͊ͤͼ͊ͣ͊ ͙ͨͪͻ͍͙͍͎͊ͭͦ͢ ͊ͦ͟ ͍͔͙ͫͭͦͫͤ͡ ͙͔͙͔͙ͤͭͤͭͭ͘ ͯ 

͍ͨͪ͊ͼ͙ͣ͊ ͙ͦ͟͞ ͫͯ ͔ͦ͒ͪΏ͔͙ͤ ͎͍͙ͯͦͣ͊͡ ʴ Ґ улϲ ͙ ʴ Ґ флϲ όͯ ͦ͒ͤͦͫͯ ͤ͊ ͍͔͙ͪͭ͊ͯ͟͡ ͔ͦͪͤͯͭͯ͟ 

͙͔ͤ͊ͤ͗ύ ͙ͤͫͯ ͔ͪ͒ͦͣ ͍͔ΐ͙ ͦ͒ ол cd/klm ͙  мл cd/klmΣ ͙ ͭͦ ͯ ͍͙ͫͣ ͍͙ͪ͊ͤͣ͊ ͙͘ ͙ͦ͟͞ͻ ͍ͦ͊͘; 

͔ͣͦ͗ ͒͊ ͍͙͙͒ ͍͔͙ͫͭͯ͢͟Φ 

˽s ˾ˢ˸˩́˾ˮ ˤ˾˩˨˹˻ˤˢ˺ˢ ̅ˢ˴́˻˾ˢ ˴ˤˢ˶ˮ́˩́ˢ ˻˿ˤ˩́˷˩˺ˢ ˿ˢ˻ˣ˾ˢ̔ˢ˳˹ˮ̇ s

˨͊ ͙͋ ͔ͫ ͎ͣͦ͊͡ ͙͍ͪ͘΄͙͙ͭ ͨͪͦͼ͔ͤ͊ ͍͙͙͍͙͒ͦͫͭ͢ ͙ ͍͙͎͒ͤͦ ͦͣ͟ͺͦͪ͊ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͊͘ 

͙ͣͦͭͦͪͤΣ ͔ͣ΄͍͙͙ͦͭ ͙͙͡ ͔ͨ΄͊;͙͟ ͫ͊ͦ͋ͪ͊ΐ͊͞Σ ͔ͤͦͨͻͦ͒ͤͦ ͔͞ ͎͙ͪ͊ͫͨͦ͊͊ͭ͡ ͨͦ͒͊ͼ͙ͣ͊ ͦ 

͙͍ͤͦͯ ͙ͫ͊ͤͦͫͭ͞͞Σ ͦͨ΄ͭͦ͞ ͙ ͨͦ͒ͯ͗ͤͦ͞ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͙ ͔͙͍ͪ͊ͭͤͦͣ͡ ͨͦͪ͊ͫͭͯ 

͎ͨͪ͊͊Σ ͦ͒ͤͦͫͤͦ ͨͦ͒͊ͼ͙ͣ͊ ͦ ͙͍ͤͦͯ ͙ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͍͔͔͙ͦͫͭͤͦͫͭ͢Φ ˿͎ͭͦ͊ ͔͞ ͔ͤͦͨͻͦ͒ͤͦ 

͔͒ͺ͙͙͙ͤͫ͊ͭ ͔͒ͦ ͍ͦͦͦ͊͘͟͡ ͯ ;͙͙ͣ͞ ΐ͔ ͔ͫ ͙͙͊͋ͪ͊ͤͣ͘ ͭ͊;͊ͣ͊͟ ͙ͪ͊͘;͍͙ͯͤ͊͊ͭ ό͔͙͙ͣͪͭύ 

ͫ͊ͤͦͫͭ͞͞ ό͍͔͔ͦͫͭͤͦͫͭ͢ύΣ ͊ ͤ͊ ͍ͦͫͤͦͯ ͎ͭͦ͊ ͔ͦ͒ͪΏ͙͍͙͊ͭ ͙ ͍͙ͫ ͙ͨͦ͋ͪͦ͊ͤ͞ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ 

͔͙ͨ͊ͪ͊ͣͭͪΦ ˿ ͙ͦ͋ͪͦͣ͘ ͒͊ ͔ͫ ͦ͒͟ ͔͙ͪ͊ͤ͡ͻ ͍ͦͦͦ͊͘͟͡ ͔ͫͯͫͪΐ͔ͣͦ ͫ͊ ͔ͪͺ͔͙ͫͦͣ͟͡͞ ͦ͊͟͞ ͔ͫ ͔ͤ 

͔ͣͦ͗ ͙ͫͣ͊ͭͪ͊ͭ ͍ͫ͊ͪ΄͔ͤͦ ͙͒ͺͯͤͦͣ͘Σ ͫ͊ͤͦͫͭ͞͞ ͯ ͙͋ͦ͡ ͦͦ͟͞͞ ͭ͊;͙͟ ͍ͦͦͦ͊͘͟͡ ͍͙͙͊ͫ͘ ͙ ͦ͒ 

ͨͦͦ͗͊͊͡͞ ͨͦͫͣ͊ͭͪ͊;͊Σ ͨ͊ ͔͞ ͙ ͔͎ͥ͊ ͔ͨͦͭͪ͋ͤͦ ͔͒ͺ͙͙͙ͤͫ͊ͭΣ ͦ͒ͤͦͫͤͦ ͍͙͙ͯͫͦͭ͞Φ ˨͊ ͙͋ ͔ͫ 

͎͍͙ͦ͒ͦͦͪͦ͡ ͍͙ͫͣ ͔ͤ͊ͨͪ͒ ͙͔͙ͤͭͣ͘ ͊͘ͻ͔͍͙ͭͣ͊Σ ͍͔͔͙ͯ͒ͤ ͫͯ ͍͙ͨͦͣͦ͞ ͨͦ͊͢ ͨͦͫͣ͊ͭͪ͊ͥ͊Σ 

ͨͦ͊͢ ͍͔͍ͪ͒ͤͦ͊ͥ͊Σ ͭ͊;͊͊͟ ͍͔͍ͪ͒ͤͦ͊ͥ͊ ͙ ͨͦͦ͗͊͊͡͞ ͨͦͫͣ͊ͭͪ͊ͥ͊Φ 

˽͔ͦ͢ ͨͦͫͣ͊ͭͪ͊ͥ͊ 

˻ͤͦ ͔ͫ ͔͒ͺ͙͙ͤ΄͔ ͊ͦ͟ ͔͒ͦ ͍ͦͦͦ͊͘͟͡ ͙͔͒ͯ͗ͤ млл m ͙ͦ͟͞ ͔͙͗͡ ͙͔ͫͨͪ͒ ͨͦͫͣ͊ͭͪ͊;͊Σ ͊ 

ͨͦ;͙͔ͥ ͤ͊ сл m ͦ ͒ ͔͎ͥ͊Φ ˢͦ͟ ͔ͫ ͔ͯͣ͘ ͍͙͙ͫͤ͊ ͦ;͙ͯ͞ ͨͦͫͣ͊ͭͪ͊;͊ ό͍ͦ͊͘;͊ύ ͦ͒ мΦр mΣ ͦͤ ͍ͦ͊͞ 

͔͒ͦ ͍ͦͦͦ͊͘͟͡ ͍͙͙͒ ͨͦ͒ ͎͍͙ͯͦͣ͊͡ ͙ͦ͟͞ ͫͯ ͙͔ͣ͘Ώͯ мΦрϲ ͙ лΦрϲΦ 

˽͔ͦ͢ ͍͔͍ͪ͒ͤͦ͊ͥ͊ 

˽͙ͪ ͔ͪͭ͊ͥͯ͟ ͍͙ͦ͊͘͡Σ ͔͊͒ͤͦ͘͞ ͫ͊ ͍ͦ͊͘;͔ͣ ͔ͪ͟ΐ͔ ͔ͫ ͙ ͔͎͍ͥͦͦ ͔ͨͦ͢ ͨͦͫͣ͊ͭͪ͊ͥ͊Φ ˽ͦ;͔͍ ͦ͒ 

͔͔͒ͤ͞ ͍͔͙͔ͫͭ͢͟ ͊ͦ͟ ͨͦ;͔ͭ͊͟ ͨͦ͊͢ ͨͦͫͣ͊ͭͪ͊ͥ͊Σ ͊ͫͤͦ͞ ͔͞ ͒͊ ΐ͔ ͔ͫ ͙ͫ͊͟͡ ͙ͫ͊ͤͦͫͭ͞͞ ͔͙ͣͥ͊ͭ 

ͫ͊ͣͦ ͒ͦ ͔͔ͫ͒͡ΐ͔ ͍͔͙͔ͫͭ͢͟Φ ˨͔͊͟͡Σ ͊͘ ͍͔͔ͪͣ ͍͔ͦ͗ͥ ͙ͫ͊͟͡ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͫ ͔͙͙ͨͪͦ͒;ͤͦ 

͍ͨͦͤ͊͊͢ ͙͔ͣ͘Ώͯ ͍͔ͫ͊͟ ͍͔͒ ͔͔ͫͯͫ͒ͤ ͍͔͙͔ͫͭ͢͟Φ ˭͎͋ͦ ͎ͭͦ͊ ͔͞ ͍͔͔ͯ͒ͤͦ ͍ͭ͘Φ ͔ͨͦ͢ 

͍͔͍ͪ͒ͤͦ͊ͥ͊Σ ͔͒ͺ͙͙ͤͫ͊ͤͦ ͊ͦ͟ ͔͒ͦ ͍ͦͦͦ͊͘͟͡ ͙͔ͣ͘Ώͯ ͍͔͒ ͔͔ͫͯͫ͒ͤ ͍͔͙͔ͫͭ͢͟ ͙͎ͫͭͦ ͙ͤ͊͘ 

͍͔͙͙ͫͭ͢͟Φ ˴ͦ͒ ͔͍ͨͯͭ͊ ͔͋͘ ͔͔͎ͫͪ͒ͥ ͔͍͎ͤͦͤͦ͘ ͨͦ͊ͫ͊͞ ΄͙͙ͪͤ͊ ͍͎ͦͦ ͨͦ͊͢ ͔͒ͤ͊͊͟͞ ͔͞ ΄͙͙͙ͪͤ 

ͼ͔͎ͦ͡ ͍ͦͦͦ͊͘͟͡Σ ͒ͦ͟ ͔͞ ͦ͒͟ ͙ͦͤͻ ͎͙͒ͪͯͻ ͔͒ͤ͊͊͟͞ ΄͙͙͙ͪͤ ͍ͦͦͦ͊͘͟͡ ͊͘ ͫ͊ͣͦ ͔͒͊ͤ͞ ͔ͫͣͪ 

͍͔ͦ͗ͥΦ ́͊ͦ͟Ώ͔ ͍͙͊͗ ͒͊ ͦ͒͟ ͍͎͒ͦͫͭͪ͊ͤͦ ͔͔͎ͨͦͣͪͤͦ όͼ͙͟-ͼ͊͟ύ ͔ͪ͊ͫͨͦͪ͒͊Σ ͔ͨͦ͢ 

͍͔͍ͪ͒ͤͦ͊ͥ͊ ͊ͨͦ͘;͙͔ͥ ͟ ͦ͒ ͍͔͙͔ͫͭ͢͟ ͔͍͎ͦ͡ ͙ͤ͊͘Σ ͎͔͒͊ͤͦ͡ ͯ ͔ͫͣͪͯ ͍͔ͦ͗ͥΦ 

́͊;͔͟ ͍͔͍ͪ͒ͤͦ͊ͥ͊ 

́ͦ ͫͯ ͔ͦͤ ͭ͊;͔͟ ͯ ͨͦͯ͢ ͍͔͍ͪ͒ͤͦ͊ͥ͊ ͯ ͙ͦͣ͊͟͞ ͔ͫ ͙ͪ͊͘;͍ͯͤ͊͊ͯ͞ ό͔͔ͣͪύ ͙ͫ͊ͤͦͫͭ͞͞ ͙͙͡ 

͍͔͔͙ͦͫͭͤͦͫͭ͢Φ ˿͙͍ͭ͊ͤ͒͊ͪ͒ͦ͊ͤͦ͘ ͔͞ ͒͊ ͫͯ ͔ͦͤ ͍͔ͪ͊ͤͦͣͪͤͦ ͔ͪ͊ͫͨͦͪΏ͔͔ͤΦ ˮ͋ͦͪ͘ ͭ͊;͊͊͟ 

͍͔͍ͪ͒ͤͦ͊ͥ͊ ͊͘ ͙͍͔͔͊ͪͤ͘͟͢ ͔͍͔͒ͦ͡ ͍ͦͦͦ͊͘͟͡ ͦ͒͟ ͙ͦ͟͞ͻ ͔ͨͦͯͨͪ͡;͙ͤ͟ ͙͍͙͔ͪͤ͟ ͙͔ͤ͞ ͙ͣ͊ͥ 

ͦ͒ 200 m ͔ͫ ͙͔͔ͨͪͣͥͯ͞ ͫ͊ͣͦ ͤ͊ ͙͍͔͔͊ͪͤ͘͟͢ ͔͍͔͒ͦ͡ ͍ͦͦͦ͊͘͟͡ ;͙͙͞ ͔ͨͦͯͨͪ͡;͙ͤͼ͙ 

͙͍͙͔ͪͤ͟ ͙ͤͫͯ ͙ͣ͊ͥ ͦ͒ нлл m ό͙ͤ͊;͔ ͨͦ͒ͯ͗ͤ͊ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞Σ ͪ͊;ͯͤ͊ͭ͊ ͨͦͣͦΐͯ 

͙͙͊͋ͪ͊ͤ͘ͻ ͭ͊;͊͊͟Σ ͔ͣͦ͗ ͙͙ͣ͊ͭ ͔͔͔ͤͪ͊ͤ͡ ͍͔͙ͪ͒ͤͦͫͭύΦ 

́͊ͦ͟Ώ͔ ͯ ͍͙ͦͪͯ͟ ͙ͫͭ͊ͤ͒͊ͪ͒͊͘ͼ͙͔͞ ͔͞ ͍͔ͯͫͦͤͦ͞: 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

- ͊ͦ͟ ͔͞ ͔ͪ͊ͫͭͦ͊ͥ͞ ͙͔ͣ͘Ώͯ ͔͙ͫͯͫ͒ͤͻ ͍͔͙͙ͫͭ͢͟  5 Җ 50 mΣ ͋ͪͦ͞ ͭ͊;͊͊͟ ͍ ͔͍ͪ͒ͤͦ͊ͥ͊ 

ͯ ͯ͒ͯ͗ͤͦͣ͘ ͔ͫͣͪͯ ͙͙ͤͦͫ͘ ὲ = 10, 

- ͊ͦ͟ ͔͞ D > 50 mΣ ͦͤ͒͊ ͔͞ ὲ ͙ͤ͊ͣ͊ͥ͞ ͼ͔ͦ ͋ͪͦ͞ ͙ͦ͟͞ ͙͍ͫͨͯͥ͊͊ ͍ͯͫͦ͡ ὲ җ  (ͭ͊͒͊ 

ͯ͒ͯ͗ͤͦ͘ ͔ͪ͊ͫͭͦ͊ͥ͞ ͙͔ͣ͘Ώͯ ͔͙ͫͯͫ͒ͤͻ ͭ͊;͊͊͟ ͍͔͍ͪ͒ͤͦ͊ͥ͊ (d) ͤ ͙͔͞ ͍͔ΐ͔ ͦ͒ 5m), 

 ͙

- ͔ͨͦͨͪ;ͤͦ ͔ͪ͊ͫͭͦ͊ͥ͞ ͙͔ͣ͘Ώͯ ͔͙ͫͯͫ͒ͤͻ ͭ͊;͊͊͟ ͍͔͍ͪ͒ͤͦ͊ͥ͊ ͙͙ͤͦͫ͘ Ĥ = 
£

 (ͫ͊ £ 

͔͞ ͦͤ͊͘;͔ͤ͊ ΄͙͙ͪͤ͊ ͔͔͒ͤ͞ ͍͔ͦͤ͘ ͔ͭͪ͊͟ύΦ 

ˮ͘ ͺ͔ͦͪͣͯ͡ ͙͙͙ͨͪͦ͊͘͘͡ ͒͊ ͊͘ ͍ͫ͊ͯ͟ ͫ͊ͦ͋ͪ͊ΐ͊ͤͯ͞ ͭͪ͊ͯ͟ ͯ ͔ͨͦͨͪ;ͤͦͣ ͔ͫͣͪͯ ͔ͭͪ͋͊ 

͔͍͙͔͙ͨͪ͒͒ͭ р ͭ͊;͊͊͟ ͍͔͍ͪ͒ͤͦ͊ͥ͊Φ ˽͙ͪ ͔ͭͦͣΣ ͔ͫͪ͒ͥ͊ ͭ͊;͊͟ ͣͦͪ͊ ͒͊ ͔͙͗͡ ͤ͊ ͙ͦͫ 

͙͔͙͔ͫͣͭͪ͞ ͫ͊ͦ͋ͪ͊ΐ͔͊ͤ͞ ͔ͭͪ͊͟ ό͙͔ͭͣ ͔͞ ͎ͦͣͦͯΐ͔ͤͦ ͙ͪ͊͘;͍͔ͯͤ͊͊ͥ ͔ͨͦ͒ͯ͗ͤ 

͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ύΦ ˻͔͒͊ͭ͡ ͙͙͙ͨͪͦ͊͘͘͡ ͒͊ ͫͯ ͔ͦ͋ ͔ͪ͊ͥ͟͞ ͭ͊;͔͟ ͔͔͒ͤ͞ ͔ͭͪ͊͟ ͤ͊ 

ͪ͊ͫͭͦ͊ͥͯ͞ лΦм Ͻ £ ͦ ͒ ͙͔͋͗͡ ͙͍͙ͼ͔ ͔ͭͪ͊͟Φ  

˽ͦͦ͗͊͡͞ ͨͦͫͣ͊ͭͪ͊ͥ͊ 

˽ͦͦ͗͊͡͞ ͨͦͫͣ͊ͭͪ͊ͥ͊Σ ͙͋ͭ͊ͤ ͊͘ ͙ͪ͊͘;͍͔ͯͤ͊͊ͥ ͙ͫ͊ͤͦͫͭ͞͞Σ ͔͒ͺ͙͙ͤͫ͊ͤ ͔͞ ͊ͦ͟ ͭ͊;͊͟ ͦ͊͟͞ ͔͞ ͯ 

ͯ͒ͯ͗ͤͦͣ͘ ͔ͫͣͪͯ ͔ͯ͒͊ͤ͊͢ сл m ͦ͒ ͨͦ;͔ͭ͊͟ ͨͦ͊͢ ͍͔͍ͪ͒ͤͦ͊ͥ͊Σ ͦ͊͟͞ ͔͞ ͤ͊ мΦр m ͙ͤ͊͒͘ 

͍ͦͦͦ͊͘͟͡ ͙ ͦ͊͟͞ ͔͞Υ 

- ͙ͨͪ ͪ͊;ͯͤ͊ͥͯ ό͔͔ͣͪͥͯύ ͔͔ͫͪ͒ͥ ͙ͫ͊ͤͦͫͭ͞͞ όὒ ) ͙͙͡ ͦͨ΄͔ͭ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ 

͙ͫ͊ͤͦͫͭ͞͞ όὟ ) ͦ͒ ͔͔͒ͫͤ ͙͍͙ͼ͔ ͍ͦͦͦ͊͘͟͡ ό͎͔͒͊ͤͦ͡ ͯ ͔ͫͣͪͯ ͍͔ͦ͗ͥύ ͔ͯ͒͊ͤ͊͢ ͊͘ 

мκп ΄͙͙͔ͪͤ ͍ͦͦͦ͊͘͟͡Σ ͊ 

- ͙ͨͪ ͪ͊;ͯͤ͊ͥͯ ό͔͔ͣͪͥͯύ ͔ͨͦ͒ͯ͗ͤ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ όὟ) ͍͔ͨͦͫͭ͊ͤ͊͢ ͯ 

͙͔ͫͣͭͪ͊ͤͦ͡͞ ͍͙ͪ͊ͤ ͍͔ͫ͊͟ ͍͔ͦͤ͘ ͔ͭͪ͊͟Φ 

ˮ͘ ͍͔ͦ ͔͒ͺ͙͙ͤͼ͙͔͞ ͙͙͙ͨͪͦ͊͘͘͡ ͒͊ ͯ ͫͯ͡;͊ͯ͞ ͍ͦͦͦ͊͘͟͡ ͊͘ ͍͒͊ ͔ͫͣͪ͊ ͍͔ͦ͗ͥ ͔ͨͦͫͭͦ͞ ͨͦ ͍͔͒ 

͍͔͙ͪ͒ͤͦͫͭ ὒ  ͙  ὟΣ ͊ͦ͟ ͙ ͒͊ ͔͞ ͋ͪͦ͞ ͍͔͙ͪ͒ͤͦͫͭ Ὗ ͞ ͔͒ͤ͊͟ ͋ͪͦͯ͞ ͭͪ͊͊͟Φ  

˹͊ ͍ͦͫͤͦͯ ͔ͨͪͭͻ͎ͦ͒ͤͦΣ ͔ͣͦ͗ ͔ͫ ͙ͪ͊͘;͙ͯͤ͊ͭ ͍͔ͪ͒ͤͦͫͭ ͔͔ͫͪ͒ͥ ͙ͫ͊ͤͦͫͭ͞͞ ό͍͔͔͙ͦͫͭͤͦͫͭ͢ύ 

͍ͦͦͦ͊͘͟͡ ͊ͦ͟ ͙͔͙͊ͪͭͣͭ;͊͟ ͔͙ͫͪ͒ͤ͊ ͍͔͙ͪ͒ͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ όͻ͙͙ͦͪͦͤͭ͊ͤ͘͡ͻ ͍͔͔͙ͦͫͭͤͦͫͭ͢ύ 

͍͙ͫͻ ͭ͊;͊͊͟ ͍͔͍ͪ͒ͤͦ͊ͥ͊: 

ὒ  
ρ

ὲ
 ὒ 

 ͙

Ὁ  
ρ

ὲ
 Ὁ  

͎͔͒ ͔͞ n = 5 Ͻ ὲϽ ὲ, ͎ ͔͒ ͔͞ ͫ͊ ὲ ͦ ͤ͊͘;͔ͤ ͋ͪͦ͞ ͍͙ͦͤ͘ͻ ͭͪ͊͊͟ύΦ 

˻ͨ΄͔ͭ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ό͍͔͔͙ͦͫͭͤͦͫͭ͢ύ ͫͯ ͔ͪ͒ͦͣ ͔ͦ͒ͪΏ͔͔ͤ ͔ͪ͊͡ͼ͙͊ͣ͊͞: 

Ὗ  
ὒ

ὒ
  

 ͙
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

Ὗ ˒  
Ὁ

Ὁ
  

͎͔͒ ͔͞ ὒ  (Ὁ ) ͤ͊ͣ͊ͥ͊͞ ͦ͒ ͍͙ͫͻ ͙ͫ͊ͤͦͫͭ͞͞ όͻ͙͙ͦͪͦͤͭ͊ͤ͘͡ͻ ͍͔͔͙ͦͫͭͤͦͫͭ͢ύ ͯ ͭ͊;͊ͣ͊͟ 

͍͔͍ͪ͒ͤͦ͊ͥ͊Φ ˽ͦ ͒ͯ͗ͤ͊ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͔͞ ͊͘ i-ͭ ͯ ͍ͦͤͯ͘ ͭͪ͊ͯ͟ ͔ͦ͒ͪΏ͔ͤ͊ 

ͺͦͪͣͯͦͣ͡: 

Ὗ  
ὒ  Ὥ

ὒ  Ὥ
 

͎͔͒ ͫͯ ὒ   Ὥ ̉ ὒ  Ὥ ͔ͪ͒ͦͣ, ͙͙ͣͤͣ͊ͤ͊͡ ͙ ͙ͣ͊ͫͣ͊ͤ͊͟͡ ͫ͊ͤͦͫͭ͞͞ ͯ ͭ͊;͊ͣ͊͟ ͍͔͍ͪ͒ͤͦ͊ͥ͊ 

͔ͦ͟͞ ͙ͨͪͨ͊͒͊ͯ͞ ͙ͦͫ ͙͔͙͔ͫͣͭͪ͞ i-ͭ ͔͍ ͔ͦͤ͘ ͔ͭͪ͊͟ύΦ 

˹͍͔͔͔͊͒ͤ ͺ͔ͦͪͣͯ͡ ͔ͫ ͙͔ͦͪͫͭ͟ ͙ ͙ͨͪ ͔͔ͣͪͥͯ ͔͔ͫͪ͒ͥ ͙ͫ͊ͤͦͫͭ͞͞ ό͍͔͔͙ͦͫͭͤͦͫͭ͢ύΣ ͦͨ΄͔ͭ 

͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ό͍͔͔͙ͦͫͭͤͦͫͭ͢ύ ͙ ͔ͨͦ͒ͯ͗ͤ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞Σ ͙ͨͪ ;͔ͣͯ 

͔͞ ͔ͤͦͨͻͦ͒ͤͦ ͎͙ͪ͊ͫͨͦ͊͊ͭ͡ ͍͔͙ͪ͒ͤͦͫͭͣ͊ ͙ͫ͊ͤͦͫͭ͞͞ ό͍͔͔͙ͦͫͭͤͦͫͭ͢ύ ͯ ͍͙ͫͣ ͭ͊;͊ͣ͊͟ 

͍͔͍ͪ͒ͤͦ͊ͥ͊Φ ˿͊ͤͦͫͭ͞͞ ͔ͫ ͔͙ͣͪ ͙͔ͨͪͣͤͦͣ ͙͔ͯͣͤ͊ͤͫͣͭͪ͊͡Σ ;͙͙͞ ͔͞ ͨͦͦ͗͊͡͞ ͔ͦ͒ͪΏ͔ͤ 

͔ͨͦͦ͗͊ͣ͡͞ ͨͦͫͣ͊ͭͪ͊ͥ͊Φ 

˿́ ˢ˹˨ˢ˾˨˹ˮ ˾ˢ˿˽˻˾˩˨ˮ ˿́̂ˣ˻ˤˢ ˮ ˿ˤ˩́ˮ˷˴ˮ 

˽͔͍͙ͯͭ ͔͋͘ ͔͔͎ͫͪ͒ͥ ͔͍͎ͤͦͤͦ͘ ͨͦ͊ͫ͊͞ 

˭͊ ͍ͦͯ ͍ͪͫͭͯ ͔͍ͨͯͭ͊ ͔ͫ ͙͔͔ͨͪͣͥͯ͞ ͔͒͊ͤ͞ ͦ͒ ;͔͙͙ͭͪ ͍ͦͫͤͦͤ͊ ͙ͭͨ͊ ͔ͪ͊ͫͨͦͪ͒͊ ͍ͫͭͯ͋ͦ͊Σ 

ͦ͒ͤͦͫͤͦ ͍͔͙͙ͫͭ͢͟Υ 

- ͔͙͒ͤͦͫͭͪ͊ͤ͞ ͔ͪ͊ͫͨͦͪ͒Σ 

- ͍͙͒ͦͫͭͪ͊ͤ ͔͔͙ͨͦͣͪͤ όͼ͙͟-ͼ͊͟ύ ͔ͪ͊ͫͨͦͪ͒Σ 

- ͍͙͒ͦͫͭͪ͊ͤ ͙ͤ͊ͫͨͪ͊ͣͤ ͔ͪ͊ͫͨͦͪ͒Σ 

- ͙͙͊ͫ͊ͤ͟͞͡ ͔ͪ͊ͫͨͦͪ͒Φ 

˳͔͒ͤ ͙ͦͫͭͪ͊ͤ ͔ͪ͊ͫͨͦͪ͒ 

˻͍͊͞ ͔ͪ͊ͫͨͦͪ͒Σ ͯ ͔ͦͣ͟ ͫͯ ͍͙ͫͭͯ͋ͦ ͍͔͙ͨͦͫͭ͊ͤ͢ ͔ͨͦͪ͒ ͙͔ͫͭ ͙͍͙ͼ͔ ͨͯͭ͊Σ ͙͙ͦͪͫͭ͟ ͔ͫ ͫ͊ͣͦ 

͊͒͊͟ ΄͙͙ͪͤ͊ ͨͯͭ͊ ͙͔ͤ͞ ͍͔ΐ͊ ͦ͒ ͍͙͙͔ͫͤ ͍ͨͦͫͭ͊͊ͥ͊͢ ͍͔͙͙ͫͭ͢͟ ό~ Җ H). s ͦ͟ ͔ͫ ͙ͪ͊͒ ͦ ͨͯͭͯ 

͊͘ ͔͔͙͒ͤͦͫͣͪͤ͞ ͫ͊ͦ͋ͪ͊ΐ͊͞Σ ͔ͨͪͨͦͪͯ;͔ͯ͞ ͔ͫ ͒͊ ͔ͫ ͍͔͙͔ͫͭ͢͟ ͍͔ͨͦͫͭ͊ ͔ͨͦͪ͒ ͔͔͒ͫͤ ͙͍͙ͼ͔ 

͍ͦͦͦ͊͘͟͡Σ ͎͔͒͊ͤͦ͡ ͯ ͔ͫͣͪͯ ͍͔ͦ͗ͥΦ ˴ͦ͒ ͍͔͙͒ͦͫͣͪͤͻ ͔͍ͨͯͭ͊ ͍͔͙͔ͫͭ͢͟ ͔ͭͪ͋͊ ͍͙͙ͨͦͫͭ͊ͭ 

͔ͨͦͪ͒ ͔ͦͤ ͙͍͙ͼ͔ ͍ͦͦͦ͊͘͟͡ ͯ͘ ͦͯ͟͞ ͔͞ ͎ͯ΄ΐ͙ ͫ͊ͦ͋ͪ͊ΐ͊͞Φ ˹͊ ͙͍͙ͪͤ͊ͣ͊͟Σ ͊ ͙͘ ͎ͪ͊ͦ͊͘͡ 

͙ͨͦͫͭ͊ͥ͊͘ ͎͒ͦ͋ͪͦ ͍͙͔͎ͯͤͦ͘͡ ͍ͦΏ͔ͥ͊Σ ͍͔͙͔ͫͭ͢͟ ͔ͭͪ͋͊ ͍͙͙ͨͦͫͭ͊ͭ ͔ͨͦͪ͒ ͎ͫͨͦͤͦ͢ ͯ͊͟͡ 

͙͍͙͔ͪͤ͟Φ 

˳͔͙͒ͤͦͫͭͪ͊ͤ ͔ͪ͊ͫͨͦͪ͒ ͍͔͙͙ͫͭ͢͟ ͙ͣ͊ ͔ͤ͒ͦͫͭ͊ͭ͊͟ ͙ͦ͟͞ ͔ͫ ͎͔ͦ͒͊͡ ͯ ;͙͔͙ͥͤͼ͙ ͒͊ ͔͞ ͫ͊ͤͦͫͭ͞͞ 

͔͒͊͡ ͍ͦͦͦ͊͘͟͡ ͯ͘ ͫͯͨͪͦͭͤͯ ͙͍͙ͼͯ ͔͙͔ͤ͋͗ͤͦ͘ ͣ͊ͥ͊ ͦ͒ ͔ͦͤ ͦ͊͟͞ ͔͙͊ͪ͊ͭͪ͟͟΄͔ ͔͒ͦ 

͍ͦͦͦ͊͘͟͡ ͯ͘ ͙͍͙ͼͯ ͔ͨͦͪ͒ ͔ͦ͟͞ ͫͯ ͍͔͔ͨͦͫͭ͊ͤ͢ ͍͔͙͔ͫͭ͢͟Φ ˻͍͊͞ ͔ͤ͒ͦͫͭ͊ͭ͊͟ ͔ͫ ͔ͣͦ͗ 

͙͙ͯ͋͊͗ͭ͡ ͍͔ͨͦΐ͔͊ͥͣ ͔͍͔ͨͪͫ͊ ͍͔͙͔ͫͭ͢͟ ͙͙͡ ͍͔ͨͦΐ͔͊ͥͣ ͎͙ͤ͊͋͊ ͍͔͙͔ͫͭ͢͟ ͔͒ͺ͙͙͎ͤͫ͊ͤͦ 

͎ͯͦͣ͡ ͙͔ͣ͘Ώͯ ͍͙ͪ͊ͤ ͍ͦͭͦͪ͊ ͙ͦͨͭ;͎ͦ͟ ͙͔ͫͫͭͣ͊ ͍͔͙͔ͫͭ͢͟ ͙ ͍͙ͪ͊ͤ ͍ͦͦͦ͊͘͟͡Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˨͍͙ͦͫͭͪ͊ͤ ͔͔͙ͨͦͣͪͤ όͼ͙͟-ͼ͊͟ύ ͔ͪ͊ͫͨͦͪ͒ 

̂ ͍ͦͦͣ ͫͯ͡;͊ͯ͞ ͫͯ ͍͔͙͔ͫͭ͢͟ ͍͔͔ͨͦͫͭ͊ͤ͢ ͯ ͍͒͊ ͔ͣΏͯͫͦ͋ͤͦ ͔͔ͨͦͣͪͤ͊ ͙ͤ͊͘Σ ͦ͒ ͙ͦ͟͞ͻ ͔ͫ 

͍͙ͫ͊͟ ͙ͤ͊͊͘͡ ͔ͨͦͪ͒ ͔͔͒ͤ͞ ͦ͒ ͙͍͙ͼ͊ ͍ͦͦͦ͊͘͟͡Φ ͙̇͟-ͼ͊͟ ͔ͪ͊ͫͨͦͪ͒ ͔ͫ ͎͍ͯ͊ͤͦͣ͡ ͙͙ͦͪͫͭ͟ ͊ͦ͟ 

͔͞ ͙͔ͫͨͯͥͤ ͍ͯͫͦ͡ м < ~κI Җ 1.5. ͔́ͪ͋͊ ͎͙͙ͤ͊͊ͫͭ͡ ͒͊ ͔ͨͦͫ͋ͤͯ ͨ͊͗ͥͯ ͔ͭͪ͋͊ ͍͔͙͙ͨͦͫͭͭ 

͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞Σ ͒͊ ͔ͤ ͙͋ ͒ͦ΄ͦ͡ ͒ͦ ͙͔͙ͤ͊ͣͤ͘;͎ͤͦ ͍͙͍ͨͦ͊͊ͥ͊͢͞ ͍͔͙ͫͭ͡ͻ ͙ 

͙ͭ͊ͣͤͻ ͔͍͒ͦ͊͡ ͍ͦͦͦ͊͘͟͡Σ ΄ͭͦ ͙͍͙ͨͪͦͦ͒͘ ͔͙ͤͨͪ͊ͭ͊ͤ͞ ͼ͙͟-ͼ͊͟ ͔ͺ͔͊ͭ͟Φ ˽ͦ΄ͭͦ ͔͞ ͔͍͔ͨͪͫ 

͍͔͙͔ͫͭ͢͟ ͎͙ͦͪ͊ͤ;͔ͤ ό͙͘ ͙ͫͭ͊ͭ;͙͟ͻ ͙͙͡ ͔͔͙ͫͭͭͫ͟ͻ ͎ͪ͊ͦ͊͘͡ύΣ ͔ͪ΄͔͔ͥ ͔ͭͪ͋͊ ͙͙ͭͪ͊͗ͭ ͯ 

͍͔ͨͦΐ͊ͥͯ ͎͙ͤ͊͋͊ ͍͔͙͔ͫͭ͢͟Φ  

˨͍͙ͦͫͭͪ͊ͤ ͙ͤ͊ͫͨͪ͊ͣͤ ͔ͪ͊ͫͨͦͪ͒ 

˻͍͊͞ ͙ͭͨ ͔ͪ͊ͫͨͦͪ͒͊Σ ͦ͒͟ ͎ͦ͊͟ ͫͯ ͍͔͙͔ͫͭ͢͟ ͍͔͔ͨͦͫͭ͊ͤ͢ ͔͒ͤ͊͞ ͤ͊ͫͨͪ͊ͣ ͎͔͒ͪͯΣ ͎͍ͯ͊ͤͦͣ͡ ͔ͫ 

͙͙ͦͪͫͭ͟ ͦͤ͒͊ ͊͒͊͟ ͔͞ ~κI > 1.5Φ ˺͔͎͊ ͔͙͊ͪ͊ͭͪ͟͟΄͔ ͙ͦ͒͡;ͤ͊ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞Φ 

ˢ͙͙ͫ͊ͤ͟͞͡ ͔ͪ͊ͫͨͦͪ͒ 

˻͍͊͞ ͙ͭͨ ͔ͪ͊ͫͨͦͪ͒͊ ͔ͫ ͨͦ ͍͙ͨͪ͊ͯ͡ ͙͔͔ͨͪͣͥͯ͞ ͊͘ ͍͔͍͔ͦͫͭ͊͊ͥ͢ ͙ͯͫ͟ͻ ͙ͯ͡ͼ͊ ͔ͦ͟͞ ͫͯ ͫ͊ ͔ͦ͋ 

͔ͫͭͪ͊ͤ ͙͍͙ͦ;͔͔ͤ ͎ͪ͊͒͊ͣ͊͘Φ ˿͍͔͙͔ͭ͢͟ ͔ͫ ͍ͨͦͫͭ͊͊ͯ͢͞ ͙ͤ͊͒͘ ͔ͦͫ ͙ͯ͡ͼ͔Σ ͍͔΄͊ͯ͞ΐ͙ ͔ͫ ͤ͊ 

;͔͙͡;͔ͤ ͔͎͊ͭ͘ ͔͙ͨͪ;͍ͪ΄ΐ͔͔ͤ ͤ͊ ͺ͊ͫ͊͒͊ͣ͊ ͙ͤ͊ͫͨͪ͊ͣͤͻ ͎ͪ͊͒͊͘Φ ˻͍ͦ ͔͞ ͍͔ͦͣ͊ ͔͞ͺ͙ͭͤͦ 

͔ͪ΄͔͔ͥΣ ;͙͊͞ ͔͞ ͔ͨͪ͒ͤͦͫͭ ͙ ͋ͦ͊͢ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͦ͒ ͔ͦͤ ͦ͊͟͞ ͔͙͊ͪ͊ͭͪ͟͟΄͔ 

͔͙͒ͤͦͫͭͪ͊ͤ͞ ͔ͪ͊ͫͨͦͪ͒Φ ˿͔͊͋͡ ͔ͫͭͪ͊ͤ ͍͎ͦͦ ͔ͪ΄͔ͥ͊ ͫͯ ͙ͥͻ͔͊ͥ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͨͪͦͯͪͦͯ͘͟͞ 

͍͔ͭ͊ͪ ό΄ͭͦ ͍͙͒ͦͦ͒ ͒ͦ ͔ͨͪͦͣͤ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡Σ ͊ ͔ͨͦͤ͊͒͟ ͙ ͒ͦ ͍͔ͨͦ͊͞ ͔͋͢΄ͭ͊ͥ͊ύΣ ͙ 

͔͔ͦͣͭ͊ͥ ͎ͤͦͪͣ͊ͤͦ͡ ͭͦ͊͟ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͙ͨͪ ;͙΄ΐ͔ͥͯ ͍͔͙͙ͫͭ͢͟ ͙ ͔͙͊ͣͤ͘ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Φ 

˽͔͍͙ͯͭ ͫ͊ ͔͙ͫͪ͒ͥͣ ͔͍͙ͤͦͤͣ͘ ͨͦ͊ͫͦͣ͞ 

˭͊ ͍ͦͯ ͍ͪͫͭͯ ͔͍ͨͯͭ͊ ͤ͊͞;͔΄ΐ͔ ͔ͫ ͙͔ͨͪͣͥͯͯ͞ ͼ͔͙ͤͭͪ͊ͤ͡ ͔ͪ͊ͫͨͦͪ͒ ͙ ͔͎͍ͥͦ͊ ͙ͦͣ͋ͤ͊͟ͼ͙͊͞ 

ͫ͊ ͍͙͒ͦͫͭͪ͊ͤͣ ͙ͤ͊ͫͨͪ͊ͣͤͣ ͔ͪ͊ͫͨͦͪ͒ͦͣΦ 

͔͙̇ͤͭͪ͊ͤ͡ ͔ͪ͊ͫͨͦͪ͒ 

˻͍͊͞ ͙ͭͨ ͔ͪ͊ͫͨͦͪ͒͊Σ ͙ͦ͟͞ ͔ͫ ͦ͞΄ ͙͍ͤ͊͊͘ ͙ ͔͙͒ͤͦͫͭͪ͊ͤ͞ ͔ͪ͊ͫͨͦͪ͒ ͍͙͒ͦͪ͊͟͟ͻ ͍ͫͭͯ͋ͦ͊Σ 

͙͍͙ͦ͒͘ ͔ͫ ͍͔ͨͦͫͭ͊͊ͥͣ͢ ͍͔͙͙ͫͭ͢͟ ͤ͊ ͍͙ͫͭͯ͋ͦͣ͊ ͙ͦ͟͞ ͔ͫ ͔ͤ͊͊͘͡ ͯ ͙ͦͫ ͔͍͎ͤͦͤͦ͘ ͨͦ͊ͫ͊͞Φ 

˻͙͋;ͤͦ ͔ͫ ͙͔͔ͨͪͣͥͯ͞ ͦͤ͒͊ ͊͒͊͟ ͔͞ ~κI Җ м ό~ ͞ ͔ ΄͙͙ͪͤ͊ ͍ͦͦͦ͊͘͟͡ ͊͘ ͔͒͊ͤ͞ ͔ͫͣͪ ͍͔ͦ͗ͥύΦ  

˴͙͍͙ͦͣ͋ͤͦ͊ͤ ͼ͔͙ͤͭͪ͊ͤ͡ ͙ ͍͙͒ͦͫͭͪ͊ͤ ͙ͤ͊ͫͨͪ͊ͣͤ ͔ͪ͊ͫͨͦͪ͒ 

˻͍͊͞ ͙ͭͨ ͔ͪ͊ͫͨͦͪ͒͊ ͔ͫ ͙͍͙ͦ͒͘ ͙͍͔ͦͣ͋ͤͦ͊ͥͣ͟ ͼ͔͎ͤͭͪ͊ͤͦ͡ ͫ͊ ͍͙͒ͦͫͭͪ͊ͤͣ ͙ͤ͊ͫͨͪ͊ͣͤͣ 

͔ͪ͊ͫͨͦͪ͒ͦͣ ό͍͔͙͔ͫͭ͢͟ ͍͎ͦͦ ͎͎͒ͪͯͦ ͫͯ ͍͔͔ͨͦͫͭ͊ͤ͢ ͔ͨͦͪ͒ ͔͙͙ͯ͒͊ͤ͢͞ͻ ͙͍͙ͼ͊ ͦ͋͊ 

͍ͦͦͦ͊͘͟͡ύΦ ˹͊͞;͔΄ΐ͙ ͫͯ͡;͊͞ ͍͍͎ͦ͊ͦ͟ ͙͍͎ͦͣ͋ͤͦ͊ͤͦ͟ ͔ͪ͊ͫͨͦͪ͒͊ ͊͘ ͍͙ͫ͊͟ ͦ͒ 

͙͙͍͙͙ͤ͒͒ͯ͊ͤ͡ͻ ͍ͦͦͦ͊͘͟͡ ͯ ͍͙ͫͭ͊ͪ ͔͍ͨͪ͒ͫͭ͊͊͢ ͼ͙͟-ͼ͊͟ ͔ͪ͊ͫͨͦͪ͒Φ ˻͙͋;ͤͦ ͔ͫ ͙͍͙ͦ͒͘ 

ͦͤ͒͊ ͊͒͊͟ ͔͞ м < ~κI Җ 1.5. 

 ̂ͫͯ͡;͔͍͙͊ͣ͊͞ ͊͒͊͟ ͔͞ ~κI > 1.5 ό͙ͦ͟͞ ͫͯΣ ͒ͦ͒ͯ΄͔Σ ͔͙ͪͭ͟ύΣ ͙͍͙ͤͦ͘ ͍͎͒ͦͫͭͪ͊ͤͦ ͎ͤ͊ͫͨͪ͊ͣͤͦ 

͔ͪ͊ͫͨͦͪ͒͊ ͍͔͙͙ͫͭ͢͟ ͔ͫ ͍ͨͦͫͭ͊͊ͯ͢͞ ͭ͊ͦ͟ ͒͊ ͫͯ ͍͔͙͔ͫͭ͢͟ ͍͎ͫ͊ͦ͟ ͦ͒ ͍͙ͦͻ ͙͍ͤͦ͊͘ ͤ͊ͫͯͨͪͦͭ 

͍͔͙ͫͭ͊ͣ͊͢͟ ͼ͔͎ͤͭͪ͊ͤͦ͡ ͔ͪ͊ͫͨͦͪ͒͊ όͤ͊ ͭ͊͞ ͤ͊;͙ͤ ͔ͫ ͊͘ ͍͙ͫ͊͟ ͔͙ͨͦ͒ͤ͊͞;͙ͤ ͍ͦͦͦ͘͟͡ 

͙ͨͪ͊ͭ͟;ͤͦ ͙͔ͨͦͫͭ͗ ͍͙͒ͦͫͭͪ͊ͤ ͙ͤ͊ͫͨͪ͊ͣͤ ͔ͪ͊ͫͨͦͪ͒ύΦ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˹˩ ˿́ˢ˹˨ˢ˾˨˹ˮ ˾ˢ˿˽˻˾˩˨ˮ ˿ˤ˩́ˮ˷˴ˮ 

˹͔͙ͫͭ͊ͤ͒͊ͪ͒ͤ ͔͙ͪ͊ͫͨͦͪ͒ ͍͔͙͙ͫͭ͢͟ ͔ͫ ͙͔ͨͪͣͥͯͯ͞ ͤ͊ ͔͍͙͒ͦͣ͊͡ ͨͯͭ͊ ͊ͦ͟ ΄ͭͦ ͫͯ ͙͍͙͔ͪͤ͟Σ 

͙ͪ͊ͫͪͫͤ͟ͼ͔Σ ͙ͨͪͯ͟͢;ͼ͙ ͙ ͍ͦ͒ͦ͞ͼ͙Σ ͙ͪ͊ͫͪͫͤ͟ͼ͔ ͫ͊ ͙ͪͯ͗ͤͣ͟ ͭͦͦͣ͟ ͫ͊ͦ͋ͪ͊ΐ͊͊͞Σ ͔͔ͨͭ͢ ͯ 

͍͙΄͔ ͙͍ͤͦ͊Σ ͍͙ͣͦͫͭͦ ͙ ͍ͤ͊͒ͦ͗ͥ͊ͼ͙ΣΧ ˹͊ ͍ͫ͊ͦ͟͞ ͦ͒ ͙ͨͦ͋ͪͦ͊ͤ͞ͻ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͻ ͍ͨͦͪ΄͙ͤ͊ 

͍͔͙͔ͫͭ͢͟ ͔ͭͪ͋͊ ͒͊ ͋ͯ͒ͯ ͭ͊ͦ͟ ͔ͪ͊ͫͨͦͪΏ͔͔ͤ ͒͊ ͍ͦ͊͘;͊ ͍͙͔ͯͤͦ͘͡ ͍͔ͦ͒Σ ͨͦ͊ͯͯ͘͟͞ΐ͙ ͣͯ ͙͒͊͢ 

ͭͦ͟ ͨͯͭ͊ ͙ ͍ͯͨͦͦͪ͊͊ͯ͘͞ΐ͙ ͎͊ ͤ͊ ͦͨ͊ͫͤ͊ ͔ͣͫͭ͊ ό͙͍͙͔ͪͤ͟Σ ͙ͪ͊ͫͪͫͤ͟ͼ͔Σ ͍ͫͯ͗͊͊ͥ͊ ͨͯͭ͊Σ ΧύΦ 

˴͙͍͙͔ͪͤ 

˴͙͍͙͔ͪͤ ͔ͨͦͯͨͪ͡;͙ͤ͊͟ ͍͔ΐ͔͎ ͦ͒ оллm ͦ ͍͔͍ͫͭ͊͊ͯ͢͞ ͔ͫ ͙͔ͨͪͣͤͦͣ ͙ͦͤͻ ͙͙ͫͭͻ ͍͙ͨͪ͊͊͡ ͦ͊͟͞ 

͍͔͊͗ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͍͙͙͙ͨͪ͊ͦͤͫ͟͡͞ͻ ͙ͨͯͭͤͻ ͔͙͒ͦͤͼ͊Φ ˢͦ͟ ͔͞ R < 300 mΣ ͔ͨͦͭͪ͋ͤͦ ͔͞ 

͙͙ͫͣ͊ͥͭ ͔ͪ͊ͫͭͦ͊ͥ͞ ͙͔ͣ͘Ώͯ ͔͙ͫͯͫ͒ͤͻ ͍͔͙͙ͫͭ͢͟Σ ͙͔ͨͪͣͥͯͯ͞ΐ͙ ͔͔ͫ͒͡ΐ͔ ͍͙ͨͪ͊ͦ͡Υ ΄ͭͦ 

͙ͣ͊ͥ ͔ͨͦͯͨͪ͡;͙ͤ͟ ͙͍͙͔ͪͤ͟Σ ͭͦ ͪ͊͟ΐ͔ ͔ͪ͊ͫͭͦ͊ͥ͞Φ ˮ͍͔ͫͯͫͭͤͦ͟ ͍͙ͨͪ͊ͦ͡ ͔͞ ͒͊ ͦͤͦ ͔ͭͪ͋͊ ͒͊ 

͔ͫ ͙͋ͪ͊ ͙͘ ͔͎ͦͨͫ͊ 0,5 D ς 0,75 DΣ ͎͔͒ ͔͞ ͫ͊ D ͦͤ͊͘;͔ͤͦ ͔ͪ͊ͫͭͦ͊ͥ͞ ͙͔ͣ͘Ώͯ ͔͙ͫͯͫ͒ͤͻ 

͍͔͙͙ͫͭ͢͟ ͤ͊ ͍͙͙ͨͪ͊ͦͤͫͦ͟͡͞͞ ͔͙͒ͦͤͼ͙ ͙͎ͫͭͦ ͨͯͭ͊Φ 

˹͊ ͔͋ͦ͢͞ ͍͙͔ͯͤͦ͘͡ ͍ͦΏ͔͔ͥ ͫ ͔͙͔ͨͦͫͭ͗ ͙͔ͨͪͣͤͦͣ ͔͎͒ͤͦͫͭͪ͊ͤͦ͞ ͔ͪ͊ͫͨͦͪ͒͊ ͍͔͙͙ͫͭ͢͟ ͤ͊ 

ͫͨͦͤͦͣ͢ ͯͯ͟͡ ͙͍͙͔ͪͤ͟Φ ˹͊;͔ͤͦ͡Σ ͍ͦͦ ͍͙ͨͪ͊ͦ͡ ͔ͫ ͙͔͔ͨͪͣͥͯ͞ ͊ͦ͟ ΄͙͙ͪͤ͊ ͨͯͭ͊ ͙͔ͤ͞ ͍͔ΐ͊ 

ͦ͒ мΣ5 HΦ ˢͦ͟ ͫͯ ͤ͊ ͍͙͙ͨͪ͊ͦͤͫͦͣ͟͡͞ ͔͒ͯ͡ ͨͯͭ͊ ͍͔͙͔ͫͭ͢͟ ͭ͊ͦ͟ ͍͔͔ͨͦͫͭ͊ͤ͢ ͒͊ ͙͋ ͔ͫ 

͍͔ͤ͊ͫͭ͊͊ͥͣ͢ ͙ͥͻ͍͎ͦͦ ͙ͤ͊͘ ͔ͦͤ ͍͙͔ͨͦ͊͞͡ ͤ͊ ͯͤͯͭͪ͊΄͔ͥͣ ͯͯ͟͡ ͙͍͙͔ͪͤ͟Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͒͊ 

͔ͫ ͤ͊ ͙͍͙͙ͪͤ͟ ͔͙ͨͪͦͣͤ ͙ͥͻ͍ͦ ͔ͪ͊ͫͨͦͪ͒Φ ˽͙ͪ ͔ͭͦͣ ͔ͭͪ͋͊ ͙͙ͨ͊ͭ͘ ͒͊ ͔ͫ ͙͔͎͔͋ͤ͘ ͦͨ͊ͫͤ͊ 

͙ͫͭͯ͊ͼ͙͊͞ ͦ͊͟͞ ͔ͣͦ͗ ͒͊ ͙ͨͪͯ͗ ͎͔ͨͦͪ΄ͤͯ ͔͍ͨͪ͒ͫͭ͊ͯ ͦ ͭͦͯ͟ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Φ 

ˢ͙͙ͫ͊ͤ͟͞͡ ͔ͪ͊ͫͨͦͪ͒ ͔ͫ ͍͊͒ͪ͗͊͊͘ ͙ ͯ ͙͍͙͙ͪͤ͟Σ ͫ ͙ͭͣ ΄ͭͦ ͔ͫ ͫͪ͊͟ΐ͔ͯ͞ ͔ͪ͊ͫͭͦ͊ͥ͞ ͙͔ͣ͘Ώͯ 

͔͙ͫͯͫ͒ͤͻ ͍͔͙͙ͫͭ͢͟ ό͍͙͊͗ ͙ͫͭͦ ͍͙ͨͪ͊ͦ͡ ͊ͦ͟ ͙ ͊͘ ͔͙͒ͤͦͫͭͪ͊ͤ͞ ͔ͪ͊ͫͨͦͪ͒ύΦ 

ˢͦ͟ ͔͞ ΄͙͙ͪͤ͊ ͨͯͭ͊ ͍͔ΐ͊ ͦ͒ м,5 HΣ ͔ͨͪͨͦͪͯ;͔ͯ͞ ͔ͫ ͙͔ͨͪͣͤ͊ ͍͎͒ͦͫͭͪ͊ͤͦ ͎ͤ͊ͫͨͪ͊ͣͤͦ 

͔ͪ͊ͫͨͦͪ͒͊Φ 

˾͙͊ͫͪͫͤ͟ͼ͔Σ ͙ͨͪͯ͟͢;ͼ͙ ͙ ͍ͦ͒ͦ͞ͼ͙ 

˾͙͊ͫͪͫͤ͟ͼ͔ ͔ͭͪ͋͊ ͒͊ ͋ͯ͒ͯ ͭ͊ͦ͟ ͍͔͔͔ͦͫͭͤ͢ ͒͊ ͙͔͒͊͊͘͟͡ ͋ͯ͒ͯ ͊ͫͤͦ͞ ͯͦ;͙͍͔͢Φ ˺͙ͻ͍ͦͦ 

͍͔͔͔ͦͫͭͥ͢ ͔ͭͪ͋͊ ͒͊ ͎͔ͨͦͣͦͤ ͍ͦ͊͘;ͯ ͒͊ ͭ͊;ͤͦ ͙͔͔͊͋ͪ͘ ͍ͤ͊ͫͭ͊͊͟ ͨͯͭ͊ ͙ͦͣ͟͞ ͔ͫ ͔ͪͭ͊ͦ͟Φ ̂ 

ͭͦͣ ͼ͙ͯ͢ ͔ͫ ͔ͨͪͨͦͪͯ;ͯͯ͞Υ 

- ͍͔ΐ͙ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͦ͒ ͍͔ͤ͊͞ΐ͔͎ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͙ͨͪͯ͟͢;͙ͤͻ ͔͍ͨͯͭ͊Σ 

- ͙ͪ͊͘͡;͙͙ͭ ͔͙ͪ͊ͫͨͦͪ͒ ͍͔͙͙ͫͭ͢͟ ͤ͊ ͎͍͙͊ͤͣ͡ ͙ ͔͙ͫͨͦͪ͒ͤͣ ͔͍͙ͨͯͭͣ͊Σ ͙ 

- ͔ͨͪͦͣͤ͊ ͔͋ͦ͞ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͯ ͍͔͙ͫͭ͊ͣ͊͢͟ ͤ͊ ͙ͪ͊ͫͪͫͤ͟ͼ͙Φ 

̊ͭͦ ͔ͫ ͙ͭ;͔ ͍͔͍ͦͫͭ͊͊ͥ͊͢ ͙ͪ͊ͫͪͫͤ͟ͼ͊ ͫ͊ ͙ͪͯ͗ͤͣ͟ ͭͦͦͣ͟ ͫ͊ͦ͋ͪ͊ΐ͊͊͞Σ ͨͪ͊ͫ͊͟ ͔͞ ͨͦ͊͊͊͘͟͡ 

͒͊ ͔ͤ͊͋ͦ͢͞ ͔ͪ΄͔͔ͥ ͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ ͍͙ͫͭͯ͋ͦ ͍͔͙ͨͦͫͭ͊ͤ͢ ͯ͘ ͙ͫͨͦͤ͢ ͙ͦ͋ͣ ͙ͪ͊ͫͪͫͤ͟ͼ͔Φ ˻͙ͤ 

͔ͫ ͙͘ ͙͔͒͊ͤ͢ ͔͋ͦ͢ ͎͔͍ͫ͊͒͊͊ͯ͡͞ ͔͎ͤͦ ͍͙ͫͭͯ͋ͦ ͍͔͙ͨͦͫͭ͊ͤ͢ ͤ͊ ͼ͔ͤͭͪ͊ͤͦͣ͡ ͍ͦͫͭͪͯ 

͙ͪ͊ͫͪͫͤ͟ͼ͔Σ ͊ ͔͔ͦ͋͋͘Ώͯͯ͞ ͙ ͤ͊͘;͊ͤͦ͞ ͔͋ͦ͢ ͍͙͔ͯͤͦ͘͡ ͍ͦΏ͔͔ͥΦ ˹͊ ͍͍͙ͦ͊ͣ͟ ͙ͪ͊ͫͪͫͤ͟ͼ͊ͣ͊ 

͍͙ͦ͊͘͡ ͔ͭͪ͋͊ ͒͊ ͋ͯ͒ͯ ͊ͫͤͦ͞ ͍͔͔ͦͫͭͤ͊͢ ͙͔͒ͪͭͤͦͣ͟ ͍͔ͫͭͦ͡΄ΐͯΣ ͔ͪ͞ ͎͍͙ͯͦ͡ ͙ ͪ͊ͫͭͦ͊ͥ͊͞ ͤ͊ 

͙ͪ͊ͫͪͫͤ͟ͼ͙ ͨͦ ͍͙ͨͪ͊ͯ͡ ͤ ͔ ͍͍͒ͦͦ͊͊ͯ͘͢͞ ͔ͯͨͦͭͪ͋ͯ ͙ͨͪͤͼ͙ͨ͊ ͔ͭ͊ͣͤ ͙͔͔ͫͯͭ͡Σ ͙͔͔͎ͨͪͣͥͤͦ 

͊͘ ͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˽͔͔ͭ͢ ͯ ͍͙΄͔ ͙͍ͤͦ͊ 

˽ͪ͊ͫ͊͟ ͔͞ ͨͦ͊͊͊͘͟͡ ͒͊ ͔͞ ;͔ͫͭͦ ͔͋ͦ͢ ͙͔͙͙ͨͪͣͤͭ ͔ͪ΄͔͔ͥ ͫ͊ ͙ͣ͊ͥͣ ͔͋ͪͦͣ͞ ͍͙͙ͫͦ͟ͻ 

͍ͫͭͯ͋ͦ͊ όI җ нл ƳύΣ ͔͎ͤͦ ͔ͪ΄͔͔ͥ ͫ͊ ͍͔͙͙ͣ͟͡ ͔͋ͪͦͣ͞ ͍͔ͦͤͤ͟ͼ͙͙ͦͤ͊ͤ͡ͻ ͍ͫͭͯ͋ͦ͊Σ ͔ͪ͞ 

͙͍͙ͤͦ͘ ͍͙ͦͻ ͎͙͒ͪͯͻ ͎ͣͦͯ ͒͊ ͔͒ͯͯ͡͞ ͋ͯͥͯͯ͘͞ΐ͔Φ ˹͊ ͍͙ͫ͊͟ ͦ͒ ͍͙͙ͫͦ͟ͻ ͍ͫͭͯ͋ͦ͊ ͔ͫ ͙ͣͦͤͭͪ͊ 

͍͔ΐ͙ ͋ͪͦ͞ ͔ͪͺ͔ͭͦͪ͊͟͡ ͫ͊ ͙͍͙ͦͪͣ͊͘ ͍͔͙͙͟͡ͻ ͎ͫͤ͊͊Σ ͦ͒ ͙ͦ͟͞ͻ ͍͙ͫ͊͟ ͍͔͍ͦͫͭ͊͊͢ ͔͒ͦ ͔͔ͨͭ͢Φ 

˾͔΄͔͔ͥ ͫ͊ ͍͙͙ͫͦͣ͟ ͍͙ͫͭͯ͋ͦͣ͊ ͔͞ ͍ͫ͊͊ͦ͟͟ ͙͍͙͔͊ͭͪ͊ͭͤ͟͞Σ ͣ͊͒͊ ͔͞ ͔ͦ͒ͪΏ͙͍͔͊ͥ ͙ͥͻ͍͙ͦͻ 

ͦ͊͟͡ͼ͙͊͞ ͙͙ͨͪ͡;ͤͦ ͔ͦͣͨͫ͊ͤ͟͟͡ ͔ͨͪͦ͋ͣ͡Σ ͊ͦ͟ ͙ ͫ͊ͣ ͙͋ͦͪ͘ ͔ͪͺ͔ͭͦͪ͊͟͡Φ  

˸͍͙ͦͫͭͦ ͙ ͍ͤ͊͒ͦ͗ͥ͊ͼ͙ 

˸͍͔ͦͫͭͦ ͙ ͍͔ͤ͊͒ͦ͗ͥ͊͟ ͔ͭͪ͋͊ ͭ͊ͦ͟ ͍͔͙͙ͦͫͭͭ͡ ͒͊ ͫ͊ͤͦͫͭ͞͞ ͙ͥͻ͍͙ͦͻ ͍ͦͦͦ͊͘͟͡ ͔͋ͯ͒ ͔͒ͤ͊͊͟͞ 

͙͙͡ ͍͔ΐ͊ ͦ͒ ͙ͫ͊ͤͦͫͭ͞͞ ͙ͨͪͯ͟͢;͙ͤͻ ͔͍ͨͯͭ͊Φ ˽͙ͪ ͔ͭͦͣΣ ͊ͦ͟ ͔͞ ͨͪͦͺ͙͡ ͣͦͫͭ͊ ό͍ͤ͊͒ͦ͗ͥ͊͊͟ύ 

͙͔͙͒ͤͭ;͊ͤ ͫ͊ ͨͪͦͺ͙ͦͣ͡ ͙ͨͪͯ͟͢;͎ͤͦ ͨͯͭ͊Σ ͔ͪ͊ͫͨͦͪ͒ ͍͔͙͙ͫͭ͢͟Σ ͊ ͙ͫ͊ͣͣ ͙ͭͣ ͙ 

͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ ͔͙ͨ͊ͪ͊ͣͭͪΣ ͔ͭͪ͋͊ ͒͊ ͦͫͭ͊ͤͯ ͙͙ͫͭ ͫ͊ ͙ͦͤͣ͊ ͤ͊ ͨͯͭͯΦ ̂ ͫͯ͡;͊ͯ͞ ͊͒͊͟ ͔͞ 

͍ͦͦͦ͘͟͡ ͣͦͫͭ͊ ό͍ͤ͊͒ͦ͗ͥ͊͊͟ύ ͙ͯ͗ ͦ͒ ͍ͦͦͦ͊͘͟͡ ͙ͨͪͯ͟͢;͎ͤͦ ͨͯͭ͊Σ ͔ͨͪͨͦͪͯ;͔ͯ͞ ͔ͫ 

͍͔ͨͦΐ͔͊ͥ ͙ͫ͊ͤͦͫͭ͞͞Σ ͒ͦ͟ ͔ͫ ͯ ͫͯ͡;͊ͯ͞ ͣͦͫͭ͊ ό͍ͤ͊͒ͦ͗ͥ͊͊͟ύ ;͙͙͞ ͔͞ ͍ͦͦͦ͘͟͡ ΄͙͙ͪ ͦ͒ 

͍ͦͦͦ͊͘͟͡ ͙ͨͪͯ͟͢;͎ͤͦ ͨͯͭ͊Σ ͔ͨͪͨͦͪͯ;͔ͯ͞ ͔ͨͪͦͣͤ͊ ͔ͪ͊ͫͨͦͪ͒͊ ͍͔͙͙ͫͭ͢͟ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͦͤ͊͞ 

͙ͦ͟͞ ͔͞ ͙͔͔ͨͪͣͥͤ ͤ͊ ͭͦͣ ͨͯͭͯΦ ˽͙͔ͪͣͤͦͣ ͍͙ͦͻ ͙ͨͪͤͼ͙ͨ͊Σ ͯ ͦ͋͊ ͫͯ͡;͊͊͞ ΐ͔ ͔ͫ ͍ͦ͊͘; 

͍͍͔͔ͨͪ͊ͦͪͣͤͦ ͙͙ͯͨͦͦͪͭ͘ ͤ͊ ͔ͨͪͦͣͤͯ ͦ͊͟͞ ͙͙ͤ͊͊͘͡Φ ̂ ͭͦͣ ͼ͙ͯ͢ ͔͞ ͔ͨͦͭͪ͋ͤͦ ͙ ͔ͨͦͫ͋ͤͦ 

͙ͫͭ͊ΐ͙ ͙ͨͪͫͭͯͨͤ͊ ͙ ͙͊ͤ͊͘͘͡ ͔ͣͫͭ͊ ͤ͊ ͣͦͫͭͯ ό͍ͤ͊͒ͦ͗ͥ͊ͯ͟ύ ͙ ͎ͦͣͦͯΐ͙͙ͭ ͒ͦ͋ͪͯ ͍͙͙͍͒ͦͫͭ͢ 

͙͍͙ͼ͊ ͍ͦͦͦ͊͘͟͡ ͙ ͎͔ͦͪ͊͒ ͣͦͫͭ͊Σ ͦ͒ͤͦͫͤͦ ͍ͤ͊͒ͦ͗ͥ͊͊͟Φ 

͙̂ͦͦ͟͟͡ ͫͯ ͍͙ͣͦͫͭͦ ͙͎͙ͨͦ͒ͤͯͭ ͔ͨͪͦ͟ ͍͙ͨͦͤ͡ͻ ͔ͪ͊͟Σ ͙͙͡ ͙͔ͣ͘Ώͯ ͍ͦͫͭͪ͊ ͙ ͦͨͤ͊͟Σ 

͔ͨͦͭͪ͋ͤͦ ͔͞ ͒͊ ͙ͥͻ͍ͦͦ ͍͔͔͔ͦͫͭͥ͢ ͍͙͔ͯͤͦ͘͡ ͙͔ͫͭ͊ͤ͟ ͦͤͭͯͪͯ͟ ͣͦͫͭ͊ ͙ ͤ͊ ͭ͊͞ ͤ͊;͙ͤ 

͎ͦͣͦͯΐ͙ ͊͟͡΄͙ ͨͪͦ͊͘͡ ͍͋ͪͦ͒ͦ͊Φ ͔̉ͫͭͦ ͔ͫ ͙͔ͨͪͣͥͯͯ͞ ͔͔͔͊ͫͥͤ͘ ͍͔͙͔ͫͭ͢͟Σ ͊ ͯ ͼ͙ͯ͢ 

͔ͫͨͪ;͍͊͊ͥ͊ ͍͔ͨͦ͊͞ ͔͋͢΄ͭ͊ͥ͊Σ ͔ͦ͟͞ ͙͋ ͔ͦͣͭ͊ͦ͡ ͫ͊ͦ͋ͪ͊ΐ͊͞ ͤ͊ ͍͙ͦ͒Σ ͦ͒ͤͦͫͤͦ ͤ͊ ͨͯͭͯ 

͙ͫͨͦ͒ ͍ͤ͊͒ͦ͗ͥ͊͊͟Φ 

˹͊͞;͔΄ΐ͔ ͔ͫ ͙͔͔ͨͪͣͥͯ͞ ͍͙͒ͦͫͭͪ͊ͤ ͔ͪ͊ͫͨͦͪ͒ ͍͔͙͙ͫͭ͢͟Σ ͔ͦ͟͞ ͔ͫ ͙ͣͦͤͭͪ͊ͯ͞ ͙͋ͦ͡ ͤ͊ 

͍͔ͫͭͯ͋ͦ ͔ͫͭ͊ͤ͒͊ͪ͒ͤ ͍͙͙͔ͫͤΣ ͙͋ͦ͡ ͤ͊ ͔͔͔͔ͣͤͭ͡ ͎͔ͦͪ͊͒ ͣͦͫͭ͊Σ ͦ͒ͤͦͫͤͦ ͍ͤ͊͒ͦ͗ͥ͊͊͟Φ 

˻˨ ˾ˬˢˤˢ˺˩ ˿ˮ˿́˩˸ˢ ˻˿ˤ˩́˷˩˺ˢ ˽̂́˩ˤˢ 

˽ͦ΄ͭͦ ͯ  ͭͦͯ͟ ͔ͫͨͦ͊ͭ͊͟͡ͼ͙͔͞ ͔ͯͪΏ͊͊͞ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͙͒ͦ͊͘͡ ͒ͦ ͦͨ͊͒͊ͥ͊ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ 

͍͔͙͙ͫͭ͢͟ ό͔ͯͫ͒͡ ͊ͨͪ͊ͥ͊͘͢ ͙ͥͻ͍͙ͦͻ ͙ͦͨͭ;͙͟ͻ ͔͍͒ͦ͊͡ ͙ ͔ͫͭ͊ͪͥ͊ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ύΣ 

͔ͤͦͨͻͦ͒ͤͦ ͔͞ ͔͔͙͙ͦ͋͋͒ͭ͘ ͙͍͊ͭͤͦ͟ ͍͔ͦ͒ͪ͗͊͊ͥΣ ͔ͦ͟͞ ΐ͔ ͎ͦͣͦͯΐ͙͙ͭ ͔͙͙ͨͪͦ͒;ͤͦ 

͍͔ͦ͋ͤ͊͊ͥ͢ ͨͦ;͔͙ͭͤͻ ͍͔͙ͪ͒ͤͦͫͭ ͺ͔͙͙ͦͭͦͣͭͪͫ͟͞ͻ ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟ ͍͔͙͙ͫͭ͢͟Σ ͊ ͙ͫ͊ͣͣ ͙ͭͣ 

͙ ͨͦ;͔͙ͭͤͻ ͍͔͙ͪ͒ͤͦͫͭ ͔͔͍͙ͪ͊ͤͭͤ͡ͻ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Φ ˽͙ͪ 

͔ͭͦͣ ͔͞ ͊ͫͤͦ͞ ͒͊ ͍͙͔͙͔͊ͭͭͤ͟͡͞ ͍͔ͦ͒ͪ͗͊͊ͥ ͤ͊͘;͙ ͍͔ΐ͙ ͺ͊ͭͦͪ͟ ͍ͦ͒ͪ͗͊͊ͥ͊Σ ͦ͒ͤͦͫͤͦ ͣ͊ͥͯ 

͙ͪ͊ͯ͘͟͡ ͙͔ͣ͘Ώͯ ͨͦ;͔͙ͭͤͻ ͙ ͎͙ͨͦͦͤͫ͟ͻ ͍͔͙ͪ͒ͤͦͫͭ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ό͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡Σ ΄ͭͦ 

͊͘ ͔͙ͨͦͫ͒͡ͼͯ ͙ͣ͊ ͙ͣ͊ͥ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͤ͊ ͨͦͫͣ͊ͭͪ͊ͤͦ͞ ͔͙͒ͦͤͼ͙ ͨͯͭ͊Σ ͦ͒ͤͦͫͤͦ ͣ͊ͥ͊ 

͙͍͔͙ͤͫͭͼ͙ͦͤ͊ ͎ͯ͊͊ͥ͊͡ ͙ ͣ͊ͥͯ ͨͦͭͪͦ΄ͥͯ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Φ ˽ͦ΄ͭͦ ͔͋ͦ͢ ͍͔ͦ͒ͪ͗͊͊ͥ 

͔͍ͨͦ͒ͪ͊ͯͣ͊͘ ͍͔ΐ͔ ͭͪͦ΄͍͔ͦ͟Σ ͙ ͯ ͍ͦͦͣ ͫͯ͡;͊ͯ͞ ͔ͫ ͔ͣͦ͗ ͙͔͙͙ͨͪͣͤͭ ͎͙͊ͦͪͭ͊ͣ͡ ͙ͦ͟͞ ͙͋Σ 

͙ͦͪ͟΄ΐ͔͔ͥͣ ͙͔͙ͪͭͪͯͣ͊͟͞ ͙͙͙ͣͤͣ͊ͤ͡ͻ ͙ͯͯͨͤ͟ͻ ͭͪͦ΄͍ͦ͊͟Σ ͎ͦͣͦͯΐ͙ͦ ͔ͦ͒ͪΏ͙͍͔͊ͥ 

͙͙ͦͨͭͣ͊ͤ͡ͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͍ͦ͒ͪ͗͊͊ͥ͊ ό͔͙ͨͪͦ͒͊ ;͙΄ΐ͔ͥ͊ ͍͔͙͙ͫͭ͢͟ ͙ ͔͙ͨͪͦ͒͊ ͔͔͊ͣͤ͘ 

͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ύΦ  
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˨ͦ ͋ͪͦ ͍͔ͦ͒ͪ͗͊͊ͥ ͔͞ ͎ͣͦͯΐ͔ ͫ͊ͣͦ ͊ͦ͟ ͔ͫ ͙͔͔ͨͪͣͤ ͍͔͙͔ͫͭ͢͟ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͔͎ ͔͔ͫͭͨͤ͊ 

͔ͣͻ͙͊ͤ;͔͟ ͊͘΄͙͔ͭͭΦ ˹͊ ͙͔ͨͪͣͪΣ ͯ ͫͯ͡;͊ͯ͞ ͔ͭͪΐ͔ ͔͎͙͔͊ͭͦͪ͟͞ ͎͊͊͘Ώ͔͙ͤͦͫͭ ͍͊͒ͯ͘ͻ͊ ό͍ͨͪ͊͊͢ 

͊ͭͣͦͫͺ͔ͪ͊ύΣ ͺ͊ͭͦͪ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ό͔ͦ͒ͪΏ͔ͤ ͊͘ ͙ͯͦ͋;͔͔͊ͤ͞ ͍͔ͯͫͦ͡ ͍ͦ͒ͪ͗͊͊ͥ͊ύ ͙ͣ͊ 

͔͔ͫ͒͡ΐ͔ ͍͔͙ͪ͒ͤͦͫͭΥ ͊͘ ͍͔͔ͦͭͦͪͤ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͔͔ͫͭͨͤͦͣ ͔ͣͻ͙͊ͤ;͔͟ ͊͘΄͙͔ͭͭ IP 23 ς 0.50, 

͊͘ ͍͔͔͊ͭͦͪͤ͘ ͍͔͙͔ͫͭ͢͟ ͔͔ͫͭͨͤ͊ IP 54 ς лΦтлΣ ͊ ͊͘ ͨͪ͊ͻ͙͍͔͔ͦ͊ͨͭͤ͘ ͍͔͙͔ͫͭ͢͟ (IP 65) ς ;͊͟ 

лΦурΦ ˭͎͋ͦ ͎ͭͦ͊ ͔͞ ͍͙ͨͪ͊͊ͤ͡ ͙͋ͦͪ͘ ͍͔͙͔ͫͭ͢͟Σ ͙ͦ͟͞ ͔ͫΣ ͙͔ͣ͘Ώͯ ͎ͦͫͭ͊ͦ͡Σ ͍ͪ΄͙ ͙ ͯ ͍͙͙͊ͫͤͦͫͭ͘ 

ͦ͒ ͎͊͊͘Ώ͔͙ͤͦͫͭ ͍͊͒ͯ͘ͻ͊Σ ͍͙ͦͫͤͦͤ ͔͍ͨͪ͒ͯͫͦ͡ ͍͙͔͎͊ͭͭͤͦ͟͡ ͍ͦ͒ͪ͗͊͊ͥ͊ ͔ͯͪΏ͊͊͞ ͊͘ 

͍͔͔͔ͦͫͭͥ͢Φ 

 ̂ͼ͙ͯ͢ ͊͘΄͙͔ͭͭ ͦ͒ ͙͔ͦͪͦ͘͟͞, ͔ͤͦͨͻͦ͒ͤͦ ͔͞ ͔͙͙ͨͪͦ͒;ͤͦ ͔͔͋ͦͥ͞ ͍ͫͭͯ͋ͦ͊Σ ͔ͦ͟͞ ͔ͫ ͍ͪ΄͙ 

͙ͦͪ͟΄ΐ͔͔ͥͣ ͔͎ͤͦ͟ ͦ͒ ͊͘΄͙͙ͭͭͤͻ ͔ͨͪͣ͊͊͘Φ 

˾˩ ˥̂˶ˢ̇ˮ˳ˢ ˤ˾˩˨˹˻˿́ˮ ˿ˤ˩́˶˻́˩̆˹ˮ̉˴ˮ̆ ˽ˢ˾ˢ˸˩́ˢ˾ˢ ˻˿ˤ˩́˷˩˹˻˥ ˽̂́ s

˽ͦ΄ͭͦ ͔ͫ ͍͔͔͔ͦͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͔͔ͨͪͦͭͯ͟͞͞ ͊͘ ͔͍͙͔ͤ͊ͤͨͦͦͤ͢͞͞ ͍͔ͯͫͦ͡ ό͍͔ͤ͊͞ΐ͔ 

͎͙͔ͯͫͭͤ ͍͙ͦ͊͘͡ ͙ ͔ͨ΄͊͊͟ύΣ ͊ͫͤͦ͞ ͔͞ ͒͊ ͔͞ ͔͍͙ͨͪͦͭͦ͊ͤ͟͞ ͙͍ͤͦ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ό͙ͫ͊ͤͦͫͭ͞͞ύ 

͍ͦͦͦ͊͘͟͡ ͍͔ͦͣ͊ ;͔ͫͭͦ ͎ͣͦͯΐ͔ ͙͙ͫͣ͊ͥͭ ͯ ͙͙͊ͫͤͣ͟͞ ͤͦΐ͙ͤͣ ͙ͫ͊ͭͣ͊ όͤ͊ ͭ͊͞ ͤ͊;͙ͤ ͫͯ ͎ͣͦͯΐ͔ 

ͤ͊͘;͙͔͊ͤ͞͞ ͯ΄͔͔ͭ͒ ͔͔͎͙͔ͤͪ͞ύ ˽ͦ΄ͭͦ ͔͞ ͔ͨͦͭͪ͋ͤͦ ͙͊͒ͪ͗͊ͭ͘ ͔͍͔ͨͪͦͭͦ͊ͤ͟͞ ͍͔͙ͪ͒ͤͦͫͭ 

͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ό͙ͫ͊ͤͦͫͭ͞͞ύΣ ͯ ͙͔͙ͨͪͣͤ ͫͯ ͔͔ͫ͒͡ΐ͊ ͙ͭͪ ͔ͪ΄͔ͥ͊Υ 

- ͔ͯͨͦͭͪ͋͊ ͍͔͙͙ͫͭ͢͟ ͫ͊ ͨͦ ͍͒͊ ͙͍ͦͪ͊͘Σ ͦ͒ ͙ͦ͟͞ͻ ͔ͫ ͔͒͊ͤ͞ ͙ͫͯ͟͢;͔ͯ͞ ͯ 

͔͙ͨͪͦ͒ͯ ͔ͪ͒ͯ͟ͼ͙͔͞ ͙͍ͤͦ͊ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ό͙ͫ͊ͤͦͫͭ͞͞ύΣ 

- ͔ͯͨͦͭͪ͋͊ ͒ ͍͔͔͙ͦͫͭͨͤͻ ͋͊͊ͫͭ͊͡Σ ͙ 

- ͔ͯͨͦͭͪ͋͊ ͯ ͔ͪΏ͊͊͞ ͊͘ ͔͎ͪͯ͊͡ͼ͙ͯ͞ ͺͯͫ͊͟͡ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ό͙͔͒ͣͪ͊ύΦ 

˽͍ͪ͊ ͍͒͊ ͔ͪ΄͔ͥ͊ ͫͯ ͔ͭͻ͙ͤ;ͦ͟-͔ͭͻͤͦͦ͡΄͙͟ ͔͍͙ͨͪ͊͘Ώ͔ͤ͊Σ ͭ͊ͦ͟ ͒͊ ͔ͫ ͯ ͔ͣͦ͒ͪͤͦͣ 

͍͔͔ͦͫͭͥͯ͢ ͙͙ͦͪͫͭ͟ ͔ͭͪΐ͔ ͔ͪ΄͔͔ͥΣ ͔ͦ͟͞ ͎ͦͣͦͯΐ͍͊͊ ͯ΄͔͔ͭ͒ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞. 

˽˾ ˻˳˩˴́˻ˤˢ˺˩ ˻˿ˤ˩́˷˩˺ˢ ˿ˢ˻ˣ˾ˢ̔ˢ˳˹ˮ̇ˢ 

˽ͦͫͭͯͨ͊͟ ͔͍ͨͪͦͭͦ͊ͥ͊͟͞ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͔ͫ ͙ͫ͊ͫͭͦ͞ ͦ͒ ͔ͦ͒ͪΏ͔͎ͤͦ ͋ͪͦ͊͞ ͔ͭ͊ͨ͊Σ 

͔ͦ͟͞ ͔ͫ ͨͦ ͍͙ͨͪ͊ͯ͡ ͍͙ͦ͒͊ͯ͞͞ ͨͦ ͫ ͔͔͒͡ΐ͔ͣ ͔͔ͪ͒ͦͫ͒ͯ͡Υ 

1. ˽͔ͪ ͨͦ;͔ͭ͊͟ ͙͔ͪ͊͒͘ ͔ͨͪͦͭ͊͟͞Σ ͔ͭͪ͋͊ ͎͙ͪ͊ͫͨͦ͊͊ͭ͡ ͔͔ͫ͒͡ΐ͙ͣ ͎ͨͦ͒ͦ͊ͣ͊͡Σ ͨͦ͒͊ͼ͙ͣ͊ 

͙ ͊͘ͻ͔͍͙ͭͣ͊Υ 

- ͊ͭ͊ͫͭ͊ͪͫͦ͟͟-͎ͭͦͨͦͪ͊ͺ͙ͫͣ͟ ͨ͊ͤͦͣ͡ ͙ ͙ͫͭͯ͊ͼ͙͙ͦͤͣ ͨ͊ͤͦͣ͡ ό͙͘ ͙ͦ͟͞ͻ ͔ͫ 

͍͙͔͒ ͭͪ͊ͫ͊ ͨͯͭ͊Σ ͔͎͍ͥͦ͊ ͙ͦͦͤ͊͟͡ ͙ ͔͙͙͊ͪ͊ͭͪͫͭ͟͟;͙ͤ ͔͙͒ͭ͊͢ ͨͯͭ͊ ͙ 

͙͔ͦͦͤ͟͡ ό͙ͨͪͯ͟͢;ͼ͙ ͙ ͍ͦ͒ͦ͞ͼ͙Σ ͯͪ͟΄ͭ͊ͥ͊Σ ͔ͦͦͤ͟͡ ͎͔ͪ͊͒͘Σ ͍͔͙͒ͪͦͪ͒Σ ΧύύΤ 

- ͔͙͙͊ͪ͊ͭͪͫͭ͟͟;͙ͤͣ ͨͪͦͺ͙͙ͣ͊͡ ͨͯͭ͊ ό͙͘ ͙ͦ͟͞ͻ ͔ͫΣ ͙͔ͣ͘Ώͯ ͎ͦͫͭ͊ͦ͡Σ ͔ͣͦ͗ 

͍͙͔͙͒ͭ ͙ ͒͊ ͙͡ ͔ͨͦͫͭͦ͞ ͔ͨ΄͊;͔͟Σ ͙͋ͼ͙͙͙ͫͭ͟͡;͔͟ ͙ ͍͔ͭͪ͊ͣ͊ͫ͟͞ ͔ͫͭ͊͘ύΣ 

- ͨͦ͒͊ͼ͙ͣ͊ ͦ ͍ͨͦͪ΄͙ͤͫͦͣ͟ ͫͦͯ͡͞ ͍ͦͦͦ͊͘͟͡Σ ͒͊ ͙͋ ͔ͫ ͎ͣͦ͊͡ ͔͒ͺ͙͙͙ͤͫ͊ͭ 

͔͎͍ͥͦ ͊ ͔ͪͺ͔͙ͫͦͤ͊͟͡ ͊ͫ͊͟͡ ό͍͙ͦ ͨͦ͒͊ͼ͙ ͫͯ ͔͙ͨͦͭͪ͋ͤ ͊ͦ͟ ͔ͫ ͙͔͔ͨͪͣͥͯ͞ 

͙ͨͪͤͼ͙ͨ ͔͍ͨͪͦͭͦ͊ͥ͊͟͞ ͤ͊ ͍ͦͫͤͦͯ ͙ͫ͊ͤͦͫͭ͞͞ύΣ 

- ͨͦ͒͊ͼ͙ͣ͊ ͦ ͫ͊͒͊΄͔ͥͣ ͙ ͋ͯ͒ͯΐ͔ͣ ͤ͊͘;͊ͯ͞ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͙ ͍͙ͫͻ ͍ͪͫͭ͊ 

͙ͨͪͯ͟͢;͊͊͟ ό͍͔ͪͫͭ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ό͙͒ͪͯͣͫ͟Σ ͍͙ͭͪ͊ͣ͊ͫ͟͞Σ ͔͙ͭͪͦ͋ͯͫ͟͡͞Σ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͙͋ͼ͙͙͙ͫͭ͟͡;͙͟Σ ͔ͨ΄͊;͙͟ύΣ ͙͋ͪͤ͊͘ ͍͔ͦ͗ͥ ͙ ͎͙ͯͫͭͤ͊ ͎ͣͦͭͦͪͤͦ ͙ ͔ͨ΄͊;͎ͦ͟ 

ͫ͊ͦ͋ͪ͊ΐ͊͊͞ύΣ 

- ͨͦ͒͊ͼ͙ͣ͊ ͦ ͨͯͭͤͦ͞ ͙͎͙ͫͤ͊͊͘͡ͼ͙͙͞Σ 

- ͨͦ͒͊ͼ͙ͣ͊ ͦ ͎͊͊͘Ώ͔͙ͤͦͫͭ ͙͔ͦͦͤ͟͡Σ ͙  

- ͙͙ͯͪ͋͊ͤͫͭ;͙ͣ͟ ͙ ͫ͊ͦ͋ͪ͊ΐ͊ͤͦ͞-͔ͭͻ͙ͤ;͙ͣ͟ ͊͘ͻ͔͍͙ͭͣ͊ ό͙ͦ͟͞ ͎ͣͦͯ ͤ͊͘;͊ͤͦ͞ 

͒͊ ͙ͯͭ;ͯ ͤ͊ ͍͙͙ͫͤͯΣ ͤ͊;͙ͤ ͔ͣͦͤͭ͊͗ ͙ ͙͎͔͒͘͡ ͍͔͙͙ͫͭ͢͟ύΦ 

2. ˹͊  ͍ͦͫͤͦͯ ͍͔͔͙ͤ͊͒ͤͻ ͨͦ͒͊ͭ͊͊͟ ͔ͭͪ͋͊ ͔͙͙ͦ͒ͪ͒ͭ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;ͯ͟ ͊ͫͯ͟͡ 

ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ό͙ͭͨ͊ ˸Σ ˿ ͙͙͡ ˾ύΣ ͔ͦ͒͊͟͡ ͙͙͙ͨͪͦ͊͘͘͡ ͙ ͙͋ͦͪ͘ ͙ͨͪͤͼ͙ͨ͊ 

͔͍ͨͪͦͭͦ͊ͥ͊͟͞ όͤ͊ ͍ͦͫͤͦͯ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͙͙͡ ͙ͫ͊ͤͦͫͭ͞͞ύΦ 

3. ˭͙͊ͭͣ ͔ͫ όͤ͊ ͍ͦͫͤͦͯ ͫͭ͊ͤ͒͊ͪ͒͊ύ ͔ͦ͒ͪΏͯͯ͞ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ ͊͘ͻ͔͍͙ͭ ͔ͦ͟͞ ͔ͭͪ͋͊ 

͙͙͙ͫͨͯͤͭΦ 

4. ˢͦ͟ ͔ͫ ͙͔͔ͨͪͣͥͯ͞ ͙ͨͪͤͼ͙ͨ ͔͍ͨͪͦͭͦ͊ͥ͊͟͞ ͤ͊ ͍ͦͫͤͦͯ ͙ͫ͊ͤͦͫͭ͞͞Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͙͙͡ ͤ͊ 

͍ͦͫͤͦͯ ͨͦ͒͊ͭ͊͊͟ ͦ ͍ͨͦͪ΄͙ͤͫͦͣ͟ ͫͦͯ͡͞ ͍ͦͦͦ͊͘͟͡ ͙͘ ͭ͊;͔͟ м. ͙  ͙͊ͫ͟͡ͺ͙͊͟ͼ͙͔͞Σ ͙͙͡ 

ͤ͊ ͍ͦͫͤͦͯ ͔͔ͣͪͥ͊ ͤ͊ ͍ͫͭ͊ͪͤͦͣ ͍ͦͦͦͯ͘͟͡ ͙͙͡ ͯ ͙͙͊͋ͦͪ͊ͭͦͪ͡͞Σ ͔͙͙ͦ͒ͪ͒ͭ 

ͫͭ͊ͤ͒͊ͪ͒ͤͯ ͔ͪͺ͔͙ͫͦͤͯ͟͡ ͊ͫͯ͟͡ ͍ͦͦͦ͊͘͟͡ όR1 ÷ R4) ͙  ͔͙ͫͪ͒ͥ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ 

͙ͫ͊ͤͦͫͭ͞͞ όὗ ). 

5. ˭͊ ͙ͭͣ ͔ͫ ͙͔͊͋ͪͯ͘ ͙ͭͨ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͙ ͍͔͙ͫͭ͊͢͟Σ ͊ ͤ͊ ͍ͦͫͤͦͯ ͔͔ͫ͒͡ΐ͙ͻ 

ͨͦ͒͊ͭ͊͊͟Υ 

- ͙͎͔͒͊͘͡ ͙͔ͦͦͤ͟͡Σ ͦ͒ͤͦͫͤͦ ͔͔ͨͦͭͪ͋ ͊͘ ͋ͦͦͣ͞ ͙ ͔ͪͨͪͦ͒ͯ͟ͼ͙ͦͣ͞ ͔͋ͦ͞ ͙͍ͦͪ͊͘ 

͍͔͙ͫͭͦͫͭ͡Σ 

- ͊͘ͻ͔͍ͭ͊ ͍͙͔͎ͯͤͦ͘͡ ͍ͦΏ͔ͥ͊Σ ͔͍͔ͤͭͯ͊ͤͦ͡ ͍͔͙͊ͤ͘ͻ ͊͘ ͋ͦͯ͞ ͍͔͙ͫͭͦͫͭ͡Σ 

- ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͔͟ ͔͊ͫ͟͡ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Σ 

- ͔ͤ͊ͨͪ͒ ͔ͦ͒ͪΏ͔͙ͤͻ ͍͔͙ͪ͒ͤͦͫͭ ͔͔͍͙ͪ͊ͤͭͤ͡ͻ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊Σ 

͙ͦ͟͞ ͙ͯͭ;ͯ ͤ͊ ͙ͭͨ ͙ ͎ͫͤ͊ͯ ͙͍ͦͪ͊͘Σ ͊ͦ͟ ͙ ͤ͊ ͙͋ͦͪ͘ ͙ͭͨ͊ ͍͔͙͔ͫͭ͢͟ ό͔ͨͪ ͍͔͎ͫ͊ 

ͫ͊ ͔͊ͫͨͭ͊͟ ͎͙ͦͪ͊ͤ;͔ͥ͊ ͔͋͢΄ͭ͊ͥ͊ ͙ ͙ͨͦͫͭ͊ͥ͊͘ ͨ ͔͙ͦͭͪ͋ͤͻ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ 

͍͔͔͙ͦͫͭͤͦͫͭ͢Σ ͦ͒ͤͦͫͤͦ ͙ͫ͊ͤͦͫͭ͞͞ύΣ 

- ͎͊͊͘Ώ͔͙ͤͦͫͭ ͙͔ͦͦͤ͟͡ ό͙ͯͭ;͔ ͤ͊ ͔͔ͫͭͨͤ ͔ͣͻ͙͊ͤ;͔͟ ͊͘΄͙͔ͭͭ ͍͔͙͙ͫͭ͢͟ύΣ 

- ͔͔͙ͫͭͭͫ͟ͻ ͊͘ͻ͔͍ͭ͊ όͯͫ͊͟͡Ώ͔ͤͦͫͭ ͫ͊ ͙ͦͦͤͦͣ͟͡ύΣ ͙ 

- ͎ͣͦͯΐ͙ͤͦͫͭ ͔ͣͦͤͭ͊͗ ͙ ͍ͦ͒ͪ͗͊͊ͥ͊ ͍͔͙͙ͫͭ͢͟Φ 

6. ˽ͦͭͦͣ ͔ͫ ͙͔͔͊͋ͪ͘ ͔ͪ͊ͫͨͦͪ͒ ͍͔͙͙ͫͭ͢͟Σ ͙ͦ͟͞ ͤ͊͞;͔΄ΐ͔ ͍͙͙͊ͫ͘ ͦ͒ ΄͙͙͔ͪͤ ͍ͦͦͦ͊͘͟͡Σ 

͔͙͙͊ͪ͊ͭͪͫͭ͟͟;͙ͤͻ ͔͒ͭ͊͊͢ ͔ͭͪ͊ͫΣ ͊͘ͻ͔͍ͭ͊ ͍͙͔͎ͯͤͦ͘͡ ͍ͦΏ͔ͥ͊ ͙ ͙͙ͯͪ͋͊ͤͫͭ;͙͟ͻ 

͊͘ͻ͔͍ͭ͊Σ ͦ͒ͤͦͫͤͦ ͎ͣͦͯΐ͙ͻ ͍͙͙ͫͤ͊ ͔ͣͦͤͭ͊͗ ͍͔͙͙ͫͭ͢͟Φ 

7. ˽͔ͦͫ͡ ͎ͭͦ͊ ͔ͫ ͔͔ͦ͒ͪ͒ ͔͔ͫ͒͡ΐ͙ ͔͙ͨ͊ͪ͊ͣͭͪ ͎͔͔͙͔ͦͣͭͪ͞ ͔ͯͪΏ͊͊͞ ͍͔͔ͦͫͭͥ͊͢Υ 

- ͍͙͙ͫͤ͊ ͔ͣͦͤͭ͊͗ ͍͔͙͔ͫͭ͢͟ (H), 

- ͔͍͔ͨͪͫ ͍͔͙͔ͫͭ͢͟ (£), 

- ͔ͪ͊ͫͭͦ͊ͥ͞ ͍͔ͦͫͤͦ ͫͭͯ͋͊ ͦ͒ ͙͔͋͗͡ ͙͍͙ͼ͔ ͍ͦͦͦ͊͘͟͡ £), ͙  

 ‏ ͔͙͔͍ͭͫ͟͢ ͙͎͋͊ͤ -
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˽͙ͪ ͔ͦ͒ͪΏ͙͍͊ͥͯ ͍͙͙͔ͫͤ ͔ͣͦͤͭ͊͗ ͍͔͙͙ͫͭ͢͟Σ ͔ͭͪ͋͊ ͙͙ͪ͊ͣͦͭͪͭ͘ ͔͔ͫ͒͡ΐ͔ 

͔͙ͫͣͪͤͼ͔Υ 

- ͦ͒͟ ͙ͯͦ͋;͔͙͊ͤ͞ͻ ΄͙͙ͪͤ͊ ͍ͦͦͦ͊͘͟͡ ͊͘ ͙ͣͦͭͦͪͤ ͙ ͔ͣ΄͍͙͙ͦͭ ͫ͊ͦ͋ͪ͊ΐ͊͞Σ 

͍͙͙ͫͤ͊ ͔ͣͦͤͭ͊͗ ͍͔͙͙ͫͭ͢͟ ͔ͭͪ͋͊ ͒͊ ͙͙ͤͦͫ͘ тΦр ς 10 m, 

- ͦ͒͟ ΄͙͙ͪͻ ͍ͦͦͦ͊͘͟͡ ό͊ͯͭͦ-͔͍͙ͨͯͭΣ ͔͍͙ͨͯͭ ͍͔͙͙͟͡ͻ ͙͋ͪͤ͊͘Σ ͎͍͙͊ͤ͡ ͔͍͙ͨͯͭύΣ 

͍͙͙ͫͤ͊ ͔ͣͦͤͭ͊͗ ͍͔͙͙ͫͭ͢͟ ͔ͭͪ͋͊ ͒͊ ͔͋ͯ͒ I җ мн ƳΣ ͙ 

- ͤ͊ ͔ͨͭ͊ͣ͊͢ ͙ ΄͙͙ͪͦͣ͟ ͙ͪ͊ͫͪͫͤ͟ͼ͊ͣ͊ ͔ͭͪ͋͊ ͒͊ ͔ͫ ͙͔ͦͪͫͭ͟ ͍͙͙ͫͦ͟ ͍͙ͫͭͯ͋ͦ 

ͦ͒͟ ͙ͦ͟͞ͻ ͔͞ I җ нл Ƴ. 

ˮ͋ͦͪ͘ ͔͍͔ͨͪͫ͊ ͙ ͎͙ͤ͊͋͊ ͍͔͙͔ͫͭ͢͟ ͨͦ ͍͙ͨͪ͊ͯ͡ ͍͙͙͊ͫ͘ ͦ͒ ΄͙͙͔ͪͤ ͍ͦͦͦ͊͘͟͡ ͙ 

͎ͣͦͯΐ͙ͤͦͫͭ ͔ͨͦ͒΄͍͊͊ͥ͊ ͙ͦͨͭ;͎ͦ͟ ͙͔ͫͫͭͣ͊ ͍͔͙͔ͫͭ͢͟Φ 

˾͔͊ͫͭͦ͊ͥ͞ ͍͔ͦͫͤͦ ͫͭͯ͋͊ ͦ͒ ͙͔͋͗͡ ͙͍͙ͼ͔ ͍ͦͦͦ͊͘͟͡ ͔͞ ͨͦ ͍͙ͨͪ͊ͯ͡ ͔ͦ͒ͪΏ͔ͤͦ 

ͫ͊ͦ͋ͪ͊ΐ͊ͤͦ͞ ς ͔ͭͻ͙ͤ;͙ͣ͟ ͊͘ͻ͔͍͙ͭͣ͊ όͣͦͪ͊ ͒͊ ͔͋ͯ͒ ͍͒ͦͦͤͦ͢ ͍͔͙ͦ͟͡ ͒͊ ͙͋ ͔ͫ 

͙͔͎͔͋͘͡ ͫ͊ͦ͋ͪ͊ΐ͔͊ͤ͞ ͔͎͔ͤͦ͒͘ ͙ ͔͔ͤͨͦͭͪ͋ͤ͊ ͦ΄͔ͭΐ͔ͥ͊ ͍ͫͭͯ͋ͦ͊ύΦ 

8. ˹͊ ͪ͊ͯ͟͞ ͔ͫ ͙͍ͪ͘΄͙ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ ͨͪͦͪ͊;ͯͤΣ ͙ͦ͟͞ ͔ͭͪ͋͊ ͒͊ ͔͙ͦ͒ͪ͒ ͔ͪ͊ͫͭͦ͊ͥ͞ (D) 

͙͔ͣ͘Ώͯ ͔͙ͫͯͫ͒ͤͻ ͍͔͙͙ͫͭ͢͟Φ ̂ ͭͦͯ͟ ͍͎ͦͦ ͨͪͦͪ͊;ͯͤ͊Σ ͯ ͍͙͙ͦͪͣ͊͟  ͔ͭͻ͙ͤ;͙͟ ͙ 

͔͔͙ͫͭͭͫ͟ ͙ͨͪͻ͍͙͍͎͊ͭͦ͢ ͎ͣͦͯ ͔ͫ ͔͙ͣͥ͊ͭ ͙ ͔͙ͨ͊ͪ͊ͣͭͪ ͎͔͔͙͔ͦͣͭͪ͞ ͔ͯͪΏ͊͊͞ 

͍͔͔ͦͫͭͥ͊͢Σ ͊ ͯ ͼ͙ͯ͢ ͙͍ͫͨͯͥ͊͊ͥ͊ ͍͙ͫͻ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ͻ ͊͘ͻ͔͍ͭ͊ ͙͘ ͭ͊;͔͟ оΦ 

оΦо ˻͍͔͔͔ͫͭͥ͢ ͔ͭͯͤ͊͡ 

˽ͦ ͙͙ͨͪͪͦ͒ ͍͙ͫͭ͊ͪΣ ͍͙ͫ͊͟ ͔ͭͯͤ͡ ͔͞ ͍͙ͫ͊ͫͭ͊ͤ ͔͒ͦ ͔͔ͤ͟ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Σ ͨ͊ ͙ͫ͊ͣͣ ͙ͭͣ ͙ 

ͼ͔͙͔ͤ͡ ͙͔ͫͫͭͣ͊ ͫ͊ͦ͋ͪ͊ΐ͊͊͞. ̂ ͔͔͋͋͒ͤͦͫͤͦͣ͘ ͙ͫͣͫͯ͡ ͔ͭͯͤ͡ ͔͍ͨͪ͒ͫͭ͊͊͢ ͔ͨͪͦ͋ͣ͡Σ ͔ͨͪ 

͍͔͎ͫ͊ ͎͋ͦ͘ ͎ͭͦ͊ ΄ͭͦ ͯ;͔͙ͫͤͼ͙ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞Σ ͙͙ͨͪͦͣ͟͡ ͯ͊ͫ͊͟͡ ͯ ͔ͭͯͤ͡ ͙͙͡ ͙͊ͫ͊͘͟͡ ͙͘ ͔͎ͥ͊ 

͙ͣ͊ͯ͞ ͔ͨͦͭͪ͋ͯ ͊͘ ͊͒͊ͨͭ͊ͼ͙ͦͣ͞ ͍͎ͫͦ ͍͙͒͊Φ ˨͊ ͙͋ ͔ͫ ͍ͦ͊͞ ͔ͨͪͦ͋ͣ͡ ͙ͯ͋͊͗ͦ͡Σ ͔͙ͭͯͤ͡ ͔ͫ 

͍͔͍ͦͫͭ͊͊ͯ͢͞Φ ˽͙ͪ ͔ͭͦͣ ͔͞ ͤͦΐͤͦ ͍͔͔͔ͦͫͭͥ͢ ͙ͯͦ͋;͔͊ͤͦ͞Σ ͙ͫ͡;ͤͦ ͍͔͔ͦͫͭͥͯ͢ ͎͙͒ͪͯͻ 

ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊Σ ͒ͦ͟ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡ ͯ ͔͍͙͒ͤͤͣ ͍͙ͯͫͦͣ͊͡ ͊͘ͻ͔͍ͭ͊ ͔ͨͦͫ͋͊ͤ ͔ͭͪͭͣ͊ͤΣ ͫ͊ 

͍͔ͦͣ͊ ͍͙͙ͫͦͣ͟ ͺ͔͙͙ͦͭͦͣͭͪͫͣ͟͞ ͊͘ͻ͔͍͙ͭͣ͊Φ ˽͔ͪͼ͙ͤͦ͘ ͍͔͙ͨͦͫͭ͊ͤ͢ ͙ ͔ͦͤͪͭͤͦ͟͟ 

͔͙͍͙ͪ͊ͦ͊ͤ͘͡Σ ͍͙ͦ ͊͘ͻ͔͍͙ͭ ͔ͭͪ͋͊ ͒͊ ͔͔͔ͦ͋͋͒͘ ͒͊ ͔ͦͨ͊͒͊ͥ ͍͙͔͙ͯͤ͘͡ͻ ͔ͨͪͺ͙ͦͪͣ͊ͤͫ 

͍ͦ͊͘;͊ ͙ͦ͟͞ ͙ͯ͊͘͡ ͯ ͔ͭͯͤ͡ ͙ ͔ͨͯͭͯ͞ ͪͦ͘͟ ͔͎ͥ͊ ͔͋ͯ͒ ͯ ͎͙ͪ͊ͤͼ͊ͣ͊ ͙ͨͪͻ͍͙͍͎͊ͭͦ͢Φ 

˨͔͊͟͡Σ ͔ͯ͊͘͡ΐ͙ ͯ ͔ͭͯͤ͡Σ ͍ͦ͊͘; ͔ͫ ͫͯͦ;͍͊͊ ͫ͊ ͔ͨͪͦ͋ͣͦͣ͡ ͊͒͊ͨͭ͊ͼ͙͔͞ ͍͎ͫͦ ͍͙͒͊Φ ˹͙͔͊ͣΣ 

͙͒ͦ͊͘͡ ͒ͦ ͎͔ͤ͊͡ ͔͔ͨͪͦͣͤ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞Σ ͦ͒ ͎ͦͤͦ ͙ͦ͟͞ ͍ͫͭ͊ͪ͊ ͔͍͒ͤͤ͊ ͍͔ͫͭͦͫͭ͡ ͙͍͊ͤ͘ 

͔ͭͯͤ͊͡Σ ͒ͦ ͍͔ͦͣ͊ ͙͎ͤͫͦ͟ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͔ͭͯͤͯ͡ όͦͤ ͔͞ ͤ͊͞;͔΄ΐ͔ ͔ͦ͒ͪΏ͔ͤ ͺ͍͙͊ͪͦͣ͊ 

͍͙ͦ͊͘͡ύΦ ˽͙ͪ ͍ͦ͊ͦ͟ ͍͔͙ͦ͟͡͞ ͔͙ͨͪͦͣͤ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞Σ ͦ;͙ ͍ͦ͊͘;͊ ͔ͫ ͫͨͦͪͦ ͙͎ͨͪ͊ͦ͡Ώ͍͊͊ͯ͞Φ 

˴͊ͦ͟ ͔͞ ͔ͨͪΏ͔͙ͤ ͨͯͭ ͔ͫͪ͊ͣͪ͊ͤ͘ ͫ͊ ͍͔͔ͪͣͤͦͣ ͊͒͊ͨͭ͊ͼ͙͔͞ ͍͙͒͊Σ ͙ͨͪ ͍͔ΐ͙ͣ ͙͋ͪͤ͊ͣ͊͘ 

͍͙ͦ͊͘͡ ͔ͣͦ͗ ͒ͦΐ͙ ͒ͦ ͙ͦͨ͊ͫͤͻ ͙ͫͭͯ͊ͼ͙͊͞Φ ˻͍ͦͣ ͺ͔͔ͤͦͣͤͯΣ ͙ͦ͟͞ ͔ͫ ͔ͣͦ͗ ͍͙ͤ͊͊ͭ͘ 

͍͔͔ͪͣͤͫ͊͟ ͔ͦͣͨͦͤͤͭ͊͟ ͊͒͊ͨͭ͊ͼ͙͔͞ ͍͙͒͊Σ ͔ͭͪ͋͊ ͙͒ͦ͒͊ͭ ͙ ͔ͨͪͦ͋ͣ͡ ͍͔ͭ͊ͦ͊ͤ͘͟ ͔ͨͪͦͫͭͦͪͤ 

͊͒͊ͨͭ͊ͼ͙͔͞Φ  

˽͙ͪ ͤͦͪͣ͊ͤͦ͡͞ ͍͙ͦ͗ͥΣ ͍͙͒ͤͦ ͔ͨͦ͢ ͍ͦ͊͘;͊Σ ͙͊ͦ͟ ͎͙ͦͪ͊ͤ;͔ͤͦ ͔͙ͨͪ͒ͥͣ ͫͭ͊ͦͣ͟͡ ͍͙ͦ͊͘͡Σ 

͔͙͍ͪ͊ͭͤͦ͡ ͔͞ ΄͙ͪͦͦ͟ ς ͙͙ͤͦͫ͘ ͦͦ͟ нлϲ ͯ ͍͙͎͒ͦͪͯͯ͟Φ ˽͙͙͍͔ͪ͋͗͊͊ͥͣ͡ ͯ͊ͤͦͣ͘͡ ͨͦͪͭ͊ͯ͡ 

͔ͭͯͤ͊͡Σ ͎͔ͨͦ͒͡ ͍ͦ͊͘;͊ ͔ͫ ͔͔ͯͫͪ͒ͫͪΏ͔ͯ͞ ͤ͊ ͫ͊ͣ ͨͦͪͭ͊͡Σ ͨ͊ ͔ͫ ͍͙͒ͤͦ ͔ͨͦ͢ ͍ͦ͊͘;͊ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͙͍͔͔ͨͪͪͣͤͦ ͍ͫͯ͗͊͊ όͤ͊ ͔ͣͫͭͯ ͔ͦ͟͞ ͔͞ ͦ͒ ͯ͊͊͘͡ ͯ ͭ ͔ͯͤ͡ ͔ͯ͒͊ͤͦ͢ ͊͘ ͙͒ͯ͗ͤͯ ͍͎͊ͯͫͭ͊ͤͦ͘ ͨͯͭ͊ 

͍͙ͦ͊͘͡ ͦͤͦ ͙͙ͤͦͫ͘ ͫ͊ͣͦ нϲΣ ͒͊ ͙͋ ͔ͫ ͔ͨͦͫ͡ ͎ͭͦ͊ ͍͔ͨͦΐ͍͊͊ͦ͡ύΦ 

˻͍͔ͦͣ ͔ͭͪ͋͊ ͙͒ͦ͒͊ͭ ͙ ͙͔ͯͭͤͦ͘͘ ͔͙ͤͨͪ͊ͭ͊ͤ͞ ͺ͔͔ͤͦͣͤ αͼ͔ͪͤ ͔ͪͯͨάΦ ́ͦ ͔͞ ͍ͨͦ͊͊͞ ͦ͊͟͞ ͔ͫ 

͎͔ͦ͒͊͡ ͯ ͔͎ͤͣͦͯΐ͙ͤͦͫͭ ͍ͦ͊͘;͊ ͒͊ ͍͙͙͒ ͯͤͯͭͪ͊΄ͥͦͫͭ ͔͍͔͔͎ͤͦͫͭͤͦ͢ ͙͙͡ ͦ͡΄͔ ͍͔͔͎ͦͫͭͤͦ͢ 

͔ͭͯͤ͊͡Σ ;͊͟ ͙ ͊͒͊͟ ͔ͫ ͍͔ͦͣ͊ ͙͙͙ͨͪ͋͗͡ ͔͎͍ͥͦͦͣ ͯ͊ͯ͘͡Φ 

˭͊ ͔͔ͨͦͭͪ͋ ͔ͦ͒ͪΏ͙͍͊ͥ͊ ͺ͔͙͙ͦͭͦͣͭͪͫ͟͞ͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͙ͦ͟͞ ͙ͦͨͫͯͯ͞ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡ ͯ 

͔͍͙͒ͤͤͣ ͍͙ͯͫͦͣ͊͡, ͍ ͙͒ͤͦ ͔ͨͦ͢ ͍ͦ͊͘;͊ ͔ͫ ͔͒ͺ͙͙ͤ΄͔ ͯ ͭ͊;͙͟ ͦ͊͟͞ ͔͞ ͯ ͍͙͙͙ͫͤ ͦ;͙ͯ͞ ͍ͦ͊͘;͊ 

όҒ мΦр ƳύΣ ͦ͊͟͞ ͎͍ͦ͒ͦ͊ͪ͊ ͙ͯͦ͋;͔͊ͤͦͣ͞ ͨͦͦ͗͊ͯ͡͞ ͍ͦ͊͘;͊ ͨͦ ΄͙͙͙ͪͤ ͨͯͭ͊ ͙ ͦ͊͟͞ ͔͞ ͦ͒ ͯ͊͊͘͡ 

ͯ ͔ͭͯͤ͡ ͔ͯ͒͊ͤ͊͢ ͊͘ ͙͒ͯ͗ͤͯ ͍͎͊ͯͫͭ͊ͤͦ͘ ͨͯͭ͊ ͍͙ͦ͊͘͡Φ ́͊ ͭ͊;͊͟ ͔͞ ͍ͪͻ ͔ͯͨ͟ ͦ͊͟͞ ͎͙ͦͪ͊ͤ;͍͊͊ 

ͨͪͦͫͭͦͪ ͍͙͎͒ͤͦ ͨͦ͊͢Φ ˺͔ͤ͊ ͻ͙ͦͪͦͤͭ͊ͤ͊͘͡ ͦͫ͊ όͫ͊ ͦͦͣ͟͞ ͙͍͙ͦ͒ͤ͘ͼ͔ ͦ͋ͪ͊ͯͯ͘͞ ͎ͯ͊ͦ ͦ͒ млϲύ 

͙ͨͪͦ͊͘͡ ͪͦ͘͟ ͍͔͙ͪͭ͊ͤͯ͟͡ ͦͫͯ ͙͔͙͔ͫͣͭͪ͞ ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡Φ 

˽͔͙ͪͦ͋ͣ͊ͭ͊͟͡ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡ ͔͞ ͔͙͔ͤ͊ͦͣͨͭͤ͟͞͡͞ ͦ͋ͪ͊Ώ͔ͤ͊ ͯ CIE ͔ͨͪͨͦͪͯ͊ͣ͊͟ ͊͘ 

͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡Σ ͊ ΄ͭͦ ͔ͫ ͙ͭ;͔ ͫͭ͊ͤ͒͊ͪ͒͊Σ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡ ͔͞ ͔͔ͨͪ͒ͣͭ ͤ͊ͼ͙͎ͦͤ͊ͤͦ͡ 

ͫͭ͊ͤ͒͊ͪ͒͊ ό͙ͦ͟͞ ͔͞ ͙͔͙͒ͤͭ;͊ͤ ͔͍ͪͦͨͫͦͣ͟ ͫͭ͊ͤ͒͊ͪ͒ͯύ SRPS CR 14380:2012 ˽͙͔ͪͣͤ͊ 

͍͔͔ͦͫͭͥ͊͢ ς ˻ ͍͔͔͔ͫͭͥ͢ ͔ͭͯͤ͊͡ όLighting applications τ Tunnel lighting)Σ ͭ͊ͦ͟ ͒͊ ͔ͫ ͙͒͊͢ 

͔ͭͫͭ͟ ͙͍ͨͦ͊͘ ͤ͊ ͍͔͔͙ͤ͊͒ͤ ͫͭ͊ͤ͒͊ͪ͒ ͙ CIE ͔͔ͨͪͨͦͪͯ͟. ˿ͭ͊ͤ͒͊ͪ͒ ͙ ͔͔ͨͪͨͦͪͯ͟ ͫͯ 

͙ͨͪͦ͊͘΄͙͡ ͙͘ ͔͔ͨͦͭͪ͋ ͒͊ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡ ͍͙ͫͣ ͯ;͔͙ͫͤͼ͙ͣ͊ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞Σ ͊ ͔ͨͦͫ͋ͤͦ 

͍ͦ͊͘;͙ͣ͊Σ ͔͔͙ͦ͋͋͒͘ ͙͙ͣͤͣͯͣ ͍͙͔͙ͯͤ͘͡ͻ ͙ͤͺͦͪͣ͊ͼ͙͊͞ ͦ ͭͦͯ͟ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͙ ͎ͣͦͯΐ͙ͣ 

͔͔ͨͪͨͪ͊ͣ͊͟ ͯ ͔ͭͯͤͯ͡Σ ͯͯ͟͢;ͯͯ͞ΐ͙ ͍ͫ͊ ͍͙ͦ͊͘͡ ͙ ͙ͥͻ͍ͦ͊ ͔ͪͭ͊ͥ͊͟ ͊ ͯ ͼ͙ͯ͢ ͔͔͎͋͋͒ͤͦ͘ ͙ 

͔͔͎ͤͫͣͭ͊ͤͦ ͍͙ͦ͒͊ͥ͊͞ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͪͦ͘͟ ͔ͭͯͤ͡Φ 

˨̂ ˥ˮ ́̂˹˩˶ˮ 

˿͊ ͎͔͙͒͡΄ͭ͊ ͍͙͙͒ͤͻ ͍ͯͫͦ͊͡Σ ͔ͭͯͤ͡ ͔͞ ͍͙ͫ͊͟ ͙ͦ͋͟͡ ͙͍͔͎ͨͦͪͤͦ͟ ͔͒͊͡ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Σ ͔͋͘ 

͙ͦ͋ͪ͊͘ ͤ͊ ͙͒ͯ͗ͤͯ ͙ ͤ͊;͙ͤ ͙͍͔͙ͨͦͪͤͦͫͭ͟Φ ˿͎ͭͦ͊ ͔ͫ ͯ ͔͔ͭͯͤ͡ ͯ͋ͪ͊͊ͯ͞͞ ;͊͟ ͙ ͍ͨͦ͒ͦ͗ͥ͊ͼ͙ ͙ 

͔ͤ͊͒ͫͭͪ΄͙ͤͼ͔Σ ͊ͦ͟ ͙ ͍͙ͫ ͎͙͒ͪͯ ͙͙ͨͪͪͦ͒ͤ ͙͙͡ ͍͔΄ͭ͊;͙͟ ͙͊ͫͦͤ͘͡Σ ͙ͦ͟͞ ͤ͊ ͔͙ͤ͟ ͤ͊;͙ͤ 

͙͊ͫͭͪͯ͘ ͔͍͒ͤͤͯ ͍͔ͫͭͦͫͭ͡Φ 

ˣ͔ ͘ ͙ͦ͋ͪ͊͘ ͤ͊ ͍ͫͭ͊ͪͤͯ ͙͒ͯ͗ͤͯΣ ͎͙͒ͯ ͔ͭͯͤ͡ ͔͞ ͍͙ͫ͊͟ ͔ͭͯͤ͡ ;͙͙͞ ͔ͫ ͙͊͘͘͡ ͙ ͔͒ͦ 

ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͙͊͘ ͔͎ͥ͊ ͔ͤ ͎ͣͦͯ ͍͙͔͙͒ͭ ͙ͤ ͙͘ ͔͔͒ͤ͞ ͭ͊;͔͟ ͦ͊͟͞ ͔ͫ ͙ͤ͊͊͘͡ ͙͔ͫͨͪ͒ ͯ͊͊͘͡ ͯ 

͔ͭͯͤ͡Φ 

˿͊ ͔͊ͫͨͭ͊͟ ͍͙͙͒ͤͻ ͍ͯͫͦ͊͡Σ ͔͙͙͔ͤ͊͒͊ͭͤ͟͞͡͞ ͙ͫͭͯ͊ͼ͙͔͞ ͔ͫ ͍͊͊ͯ͢͞͞ ͤ͊ ͙ͯ͊ͣ͊͘͡ ͯ ͎͔͒ͯ ͔͔ͭͯͤ͡ 

͔ͨͦͫ͋ͤͦ ͯ ͔͍͙͒ͤͤͣ ͍͙ͯͫͦͣ͊͡Φ ˨͔ͺ͙͙ͤ΄ͯ ͔ͫ ͙ͭͪ ͍ͦͫͤͦͤ͊ ͔ͨͪͦ͋ͣ͊͡Σ ͙ͦ͟͞ ͔ͫ ͔͍ͪ͒ͦͤͦ 

͍͊͊ͯ͢͞͞ ͯ ͍͍͙ͦ͊ͣ͟ ͙ͫͭͯ͊ͼ͙͊ͣ͊͞Φ ˽͔ͦͪ͒ ͍͒͊ ͔ͤ͊ͨͪ͒ ͙ͦͨͫ͊ͤ͊ ό͔͔ͨͦͭͪ͋ ͊͘ ͊͒͊ͨͭ͊ͼ͙ͦͣ͞ 

͍͙͒͊ ͙͙ͨͪͦͣ͟͡ ͯ͊ͫ͊͟͡ ͯ ͔ͭͯͤ͡ ͙ ͺ͔͔ͤͦͣͤ͊ αͼ͔ͪͤ ͔ͪͯͨάύΣ ͊ͦ͟ ͔ͭͪΐ͙ ͔ͫ ͙͍͒͊͊͘͞ ͔ͨͦͭͪ͋͊ 

͊͘ ͔ͨͪͦͣͤ͊ͣ͊ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͯͤͯͭͪ͊΄͙ͥͦͫͭ ͔ͭͯͤ͊͡Σ ͦ͊͟͞ ͔͞ ͍ͯͪͦͦ͊ͤ͊͘͟ ͔͙ͦͤͦͣͫͣ͟͟ 

͙ͪ͊ͦͣ͊͘͘͡Φ 

˽͍͙ͪ͊ͤͦ͡ ͔ͪ΄͍͔͊͊ͥ ͍͎ͦͦ ͔ͨͪͦ͋ͣ͊͡ ͔͞ ͦ͒ ͔͎ͨͪͫͯ͒ͤͦ ͤ͊͘;͊͊͞ ͊͘ ͔͍͊͒͊ͭͤͯ͟ ͊͒͊ͨͭ͊ͼ͙ͯ͞ 

ͦ;͙ͯ͞ ͍ͦ͊͘;͊Σ ͒ͦ ͔ͦͤ ͦ͊͟͞ ͎͍ͦ͒ͦ͊ͪ͊ ͙͔ͤ͊ͤ͗ͣ͞ ͙͍ͤͦͯ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͔ͭͯͤͯ͡Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˨͊ ͙͋ ͔ͫ ͙͙ͪ͘ͼ͙ ͦ͒ ͎ͣͦͯΐ͙ͻ ͔͙ͨͦͫ͒͡ͼ͊ ͔͙ͨͦͣͤͯͭͻ ͍ͨͦ͊͊͞ ͙͙ͫͣ͊ͥ͡ ͤ͊ ͤ͊ͣ͊ͥͯ͞ ͔ͣͪͯΣ 

͔ͨͦͭͪ͋ͤͦ ͔͞ ͒͊ ͔ͫ ͯ͊ͤ͊͘͡ ͦͤ͊͘ ͔ͭͯͤ͊͡ ͍͔͙ͦͫͭ͡ ͯ ͍͒ͦͦͤͦ͢͞ ͔͙ͣͪ ͙ ͤ͊ ͙͙͒ͯ͗ͤ ͦ͊͟͞ ͔͞ 

͔͒ͤ͊͊͟͞ ͙͙͒ͯ͗ͤ ͍͎͊ͯͫͭ͊ͤͦ͘ ͨͯͭ͊ ͍͙ͦ͊͘͡10. 

͔͙͙̅ͦͭͦͣͭͪͫ͟͞ ͊͘ͻ͔͍͙ͭ ͔ͦ͟͞ ͔ͭͪ͋͊ ͙͙͙ͫͨͯͤͭ ͯ ͎͙͒ͯͣ ͔͙ͭͯͤͣ͊͡ ͔͔͔ͭͣ͢ ͔ͫ ͤ͊ ͔ͪ΄͍͊͊ͥͯ 

͔ͤ͊ͨͪ͒ ͔ͫͨͼ͙ͺ͙ͼ͙͙ͪ͊ͤͻ ͍͙ͦͫͤͦͤͻ ͔ͨͪͦ͋ͣ͊͡Φ ˿͊ ͙ͥͣ͊ ͔͞ ͔ͭͫͤͦ ͍͔ͨͦ͊ͤ͊͘ ͙ ͍ͫ͊ ͦͫͭ͊͊͡ 

͔͙ͨͪͦ͋ͣ͊ͭ͊͟͡ ό͍͔͔͔ͦͫͭͥ͢ ͙͊͊͘͘͡ ͙͘ ͔ͭͯͤ͊͡Σ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡ ͯ ͤͦΐ͙ͤͣ ͍͙ͯͫͦͣ͊͡Σ 

͍͔͔͔ͦͫͭͥ͢ ͙ͪ͊ͭ͟͟ͻ ͔ͭͯͤ͊͡ύΦ 

 

˭͔ͦͤ ͯ ͔ͭͯͤͯ͡ 

˭͎͋ͦ ͙ͪ͊͘͡;͙͙ͭͻ ͍͙͙͒ͤͻ ͊͘ͻ͔͍ͭ͊ ͯ ͔͙͙ͨͦ͒ͤͣ͞ ͔͍͙͒ͦͣ͊͡Σ ͔ͭͯͤ͡ ͔ͫ ͔͙͒͡ ͤ͊ 

͔͙͙͊ͪ͊ͭͪͫͭ͟͟;͔ͤ ͔ͦͤ͘Σ ͙ͦͣ͊͟͞ ͔ͫ ͙͔ͨͪ͒ͪͯ͗ͯ͞ ͙ ͔͒ͦ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͔͔ͤͨͦͫͪ͒ͤͦ ͙͔ͫͨͪ͒ 

ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡Σ ͙ͦ͟͞ ͔͞ ͔͍͔ͨͪ͒ͫͭ͊ͤ͢ ͔͙͍͔͒ͤͫͭͤͦͣ͞Σ ͙ͨͪ͊ͤͦͣ͘͡ ͦͤͦͣ͘Φ ˭͔ͦͤ ͫͯ ͭ͊ͦ͟ 

͔͒ͺ͙͙͔ͤͫ͊ͤ ͒͊ ͎ͦͣͦͯΐ͍͊͊ͯ͞ ͔͍͒ͤͦͫͭ͊ͤͦ͞ ͭͯͣ͊;͔͔ͥ ͙ ͔ͪ΄͍͔͊͊ͥ ͔ͨͪͦ͋ͣ͊͡ ͊͒͊ͨͭ͊ͼ͙͔͞ 

ͦ;͙ͯ͞ ͍ͦ͊͘;͊Φ ˹͔͔͊ͪ͒ͤ ͔͒ͺ͙͙ͤͼ͙͔͞ ͫͯ ͔͒͊ͭ ͤ͊΄͙ͣ ͍͔͊͗ΐ͙ͣ ͫͭ͊ͤ͒͊ͪ͒ͦͣ SRPS CR 

14380:2012: 

˽͙ͪ͊ͤ͊͘͡ ͦͤ͊͘ (access zone) 

˽͙ͪ͊ͤ͊͘͡ ͦͤ͊͘ ͔ͭͯͤ͊͡ ͔͞ ͔͒ͦ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͔͔ͤͨͦͫͪ͒ͤͦ ͙͔ͫͨͪ͒ ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡Σ ͫ͊ ;͙͔͎͞ ͔͞ 

ͨͦ;͔ͭ͊͟ ό͙ͦ͟͞ ͔͞ ͦ͒ ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡ ͔ͯ͒͊ͤ͢ ͊͘ ͙͒ͯ͗ͤͯ ͔͒ͤ͊ͯ͟͞ ͍͊ͯͫͭ͊ͤͦͣ͘ ͨͯͭͯ ͍͙ͦ͊͘͡ύ 

͔ͨͦͭͪ͋ͤͦ ͯͦ;͙͙ͭ ͔͍͔͔ͤͭͯ͊ͤ͡ ͔͔͔ͨͪͨͪ͟ ͯ ͔ͭͯͤͯ͡Φ ˽͔ͦ͗ͤͦ͢ ͔͞ ͒͊ ͔͞ ͙ͨͪ͊ͤ͊͘͡ ͦͤ͊͘ ͭ͊ͦ͟ 

͙͎ͪ͊͘Ώ͔ͤ͊ ͙͙͡ ͎ͪ͊Ώ͔͍͙͙ͤͫ͟ ͙͎͍ͦͪͦ͊ͤ͊͟Σ ͒͊ ͎ͦͣͦͯΐ͙ ΄ͭͦ ͋ͦͯ͢ ͙ ͋ͪ͗ͯ ͊͒͊ͨͭ͊ͼ͙ͯ͞ ͍͙͒͊ ͯ 

ͫ͊ͣͦͣ ͔ͭͯͤͯ͡Φ 

˭ͦͤ͊ ͎ͨͪ͊͊ (threshold zone) 

˭ͦͤ͊ ͎ͨͪ͊͊ ͔͞ ͙ͯ͊ͤ͘͡ ͔͒ͦ ͔ͭͯͤ͊͡Σ ͯ ͔ͦͣ͟ ͔͞ ͔ͤͦͨͻͦ͒ͤͦ ͍͙͙ͦͫͭ͊ͪͭ ͍͒ͦͦͤͦ͢ ͍͙ͫͦ͟ ͙͍ͤͦ 

͙ͫ͊ͤͦͫͭ͞͞Σ ͙ͦ͟͞ ΐ͔ ͍ͦ͊͘;ͯΣ ͦ͞΄ ͨͦ͒ ͙ͯͭͼ͔͊ͣ͞ ͙ͫ͊ͤͦͫͭ͞͞ ͙͍͊ͤ͘ ͔ͭͯͤ͊͡Σ ͎ͦͣͦͯΐ͙͙ͭ ͒͊ ͔ͨͪ ͔͎ͤͦ 

΄ͭͦ ͯΏ͔ ͯ ͔ͭͯͤ͡Σ ͔ͨͪͨͦͤ͊͘ ͔͍͔ͤͭͯ͊ͤͯ͡ ͔͔ͨͪͨͪͯ͟ ͯ ͔ͥͣͯΦ ˨͙ͯ͗ͤ͊ ͔ͦͤ͘ ͎ͨͪ͊͊ ͔͞ ͔ͤ͊ͣ͊ͥ͞ 

͔͒ͤ͊͊͟͞ ͙͙͒ͯ͗ͤ ͍͎͊ͯͫͭ͊ͤͦ͘ ͨͯͭ͊ ͍͙ͦ͊͘͡Σ ͔͒ͺ͙͙͎ͤͫ͊ͤͦ ͔ͨͪ ͍͔͎ͫ͊ ͙͋ͪͤͦͣ͘ ͍͙ͦ͊͘͡ ͙ 

͍͙͔͊ͭͭͦͣ͟͡ ͎ͨͯͭͤͦ ͙͍ͨͦͪ͊͟;͊Φ 

͙́ͪ͊ͤͭͤ͊͘ ͦͤ͊͘ (transition zone) 

˹͊ ͦͤͯ͘ ͎ͨͪ͊͊ ͔ͫ ͍͔͔ͤ͊͒ͦͯ͘͞ ͙ͭͪ͊ͤͭͤ͊͘ ό͔ͨͪ͊ͤ͊͘͡ύ ͦͤ͊͘ ͔ͭͯͤ͊͡Σ ͒ͯ͗ ͔ͦ͟͞ ͔ͫ ͫ͊ͤͦͫͭ͞͞ ͯ 

͔ͭͯͤͯ͡ ͔͔ͨͦͫͭͨͤͦ ͙ ͍͙ͨͪ͊ͤͦ͡ ͔ͫͣ͊ͥͯ͞Σ ͔͋͘ ͙ͦͨ͊ͫͤͦͫͭ ͒͊ ͍͙͙͒ͤ ͍͙ͯͫͦ͡ ͨͦͫͭ͊ͤͯ 

͔͍͙ͤ͒ͦͦͤ͢Φ 

̂ͤͯͭͪ͊΄ͥ͊ ͦͤ͊͘ (interior zone) 

̂ͤͯͭͪ͊΄ͥ͊ ͦͤ͊͘ ͔͞ ͔͒ͦ ͔ͭͯͤ͊͡ ͯ ͔ͦͣ͟ ͔͞ ͍͙͒ ͍ͦ͊͘;͊ ͙͊͒͊ͨͭͪ͊ͤ ͤ͊ ͙ͤ͊ͣ͊ͥ͞ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ 

ͯ ͔ͭͯͤͯ͡Σ ͙ͦ͟͞ ͔͞ ͦͤͫͭ͊ͤͭ͊ͤ͟ ͒ͦ ͎ͫ͊ͣͦ ͙͊͊͘͘͡ ͙͘ ͔ͭͯͤ͊͡Φ 

  

                                                      
10 ˭͍͙͊ͯͫͭ͊ͤ ͨͯͭ ͍͙ͦ͊͘͡ όSD ς stopping distance) ͔ͫ ͙ͯͦ͋;͔͊ͤͦ͞ ͔͒ͺ͙͙ͤ΄͔ ͤ͊ͼ͙ͦͤ͊ͤͦͣ͡ ͔͎͙͙͍ͫ͊ͭͦͣ͡͡Φ 
́͊ͦ͟Ώ͔Σ ͔͒ͺ͙͙ͤͫ͊ͤ ͔͞ ͙ ͔͒ͦͣ͡ пΦмΦмΦ ͫͭ͊ͤ͒͊ͪ͒͊ SRPS CR 14380:2012 ˽͙͔ͪͣͤ͊ ͍͔͔ͦͫͭͥ͊͢ ς ˻͍͔͔͔ͫͭͥ͢ 
͔ͭͯͤ͊͡ όLighting applications τ Tunnel lighting) 



 

˿ ͭ ͪ͊ͤ͊ | 60 

˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

ˮ͊ͤ͊͘͘͡ ͦͤ͊͘ (exit zone) 

ˮ͊ͤ͊͘͘͡ ͦͤ͊͘ ͙ͣ͊ ͊͒͊ͭ͊͘͟ ͒͊ ͙͍ͪ͘΄͙ ͊͒͊ͨͭ͊ͼ͙ͯ͞ ͦ;͙ͯ͞ ͍ͦ͊͘;͊ ͙ͨͪ ͙͊ͫͯ͘͟͡ ͙͘ ͔ͭͯͤ͊͡Φ ˿ 

͙ͦ͋ͪͦͣ͘ ͒͊ ͔͞ ͍͔͔ͪͣ ͙͎ͨͪ͊ͦ͡Ώ͍͊͊ͥ͊ ͙ͨͪ ͔ͨͪ͊ͫͯ͟͡ ͙͘ ͔ͭ͊ͣ ͤ͊ ͍͔ͫͭͦͫͭ͡ ͍͔ͦͣ͊ ͪ͊ͭͦ͟͟Σ 

͔ͪ΄͍͔͊͊ͥ ͔ͨͪͦ͋ͣ͊͡ ͊͒͊ͨͭ͊ͼ͙͔͞ ͔ͤ ͊͘ͻ͔͍ͭ͊ ͍͔ͨͦΐ͔͊ͥ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ όͯ ͦ͒ͤͦͫͯ ͤ͊ ͙͍ͤͦ 

͙ͦ͟͞ ͙ͨͦͫͭͦ͞ ͯ ͯͤͯͭͪ͊΄ͥͦ͞ ͙ͦͤ͘ύΦ ˸͔Ώ͙ͯͭͣΣ ͔ͨͦͫͭͦ͞ ͎͙͒ͪͯ ͙ͪ͊ͦ͘͘͡ ͊͘ ͙͒ͦ͒͊ͭͤͣ 

͍͔͔͔ͦͫͭͥͣ͢ ͙͔͊ͤ͘͘͡ ͔ͦͤ͘Σ ͦ ͙ͦͣ͊͟͞ ΐ͔ ͙͔͊ͫͤ͟͞ ͙͙͋ͭ ͍͙΄͔ ͔ͪ;͙. 

˭ͦͤ͊ ͨͯͭ͊ ͨͦ ͙͊ͯ͘͘͡ ͙͘ ͔ͭͯͤ͊͡ όparting zone)  

˽͍͙ͪ ͔͒ͦ ͍͔͎ͦͭͦͪͤͦ ͨͯͭ͊ ͙ͦ͟͞ ͔ͫ ͙ͤ͊͊͘͡ ͦ͒ͣ͊ͻ ͨͦ ͙͊ͫͯ͘͟͡ ͙͘ ͔ͭͯͤ͊͡ ͔͞ ˭ͦͤ͊ ͨͯͭ͊ ͨͦ 

͙͊ͯ͘͘͡ ͙͘ ͔ͭͯͤ͊͡Φ ˻͍͊ ͦͤ͊͘ ͔ͤ ͙ͨͪͨ͊͒͊ ͔ͭͯͤͯ͡Σ ͙͊͡ ͔͞ ͯͫͦ͟ ͍͔ͨͦ͊ͤ͊͘ ͫ͊ ͍͔͔͔ͦͫͭͥͣ͢ 

͔ͭͯͤ͊͡Φ ˻͍͊ ͦͤ͊͘ ͊ͨͦ͘;͙͔ͥ ͤ͊ ͔ͣͫͭͯ ͙͎͊ͤͦ͘͘͡ ͨͦͪͭ͊͊͡ ͔ͭͯͤ͊͡Φ 

˹͙͍͙ͦ ͙ͫ͊ͤͦͫͭ͞͞ ͔͙͙ͨͦ͒ͤ͞ͻ ͦͤ͊͘ ͔ͭͯͤ͊͡ ͯ ͔͍͙͒ͤͤͣ ͍͙ͯͫͦͣ͊͡ 

˻͍͔͔͔ͫͭͥ͢ ͔ͭͯͤ͊͡ ͯ ͔͍͙͒ͤͤͣ ͍͙ͯͫͦͣ͊͡ ͔͙͊ͪ͊ͭͪ͟͟΄ͯ ͙ͪ͊͘͡;͙͙ͭ ͙͍ͤͦͯ ͙ͫ͊ͤͦͫͭ͞͞ ͙ͦ͟͞ 
͎͍ͦ͒ͦ͊ͪ͊ͯ͞ ͔ͤ͊ͨͪ͒ ͔͒ͺ͙͙͙ͤͫ͊ͤͣ ͦͤ͊ͣ͊͘Φ ˽͙ͪ ͔ͭͦͣ ͔ͫ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘ 
͙ͦ͒ͤͦͫ ͤ͊ ͔͍͒ͤͤͯ ͍͔ͫͭͦͫͭ͡Σ ͒ͦ͟ ͔ͫ ͯ ͍͙ͫͣ ͙ͦͫͭ͊ͣ͡ ͦͤ͊ͣ͊͘ ͙͍͙ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦ͒ͤͦͫ ͤ͊ 
͍͔΄ͭ͊;ͯ͟ ͍͔ͫͭͦͫͭ͡Φ ˻͍͙ ͙͍͙ͤͦ ͫͯ ͔͒ͺ͙͙͙ͤͫ͊ͤ ͍ͭ͘Φ αL20 ͟ ͦͤͼ͔ͨͭͦͣά ͙ͦ͟͞ ͔͞ ͍͙ͨͪͦ͋ͭͤͦ 
͙ͦͨͫ͊ͤ ͯ CIE 88 ͨ ͙ͯ͋͊͟͡ͼ͙͙͞ όмффлύΣ ͙ ͦ͊͟͞ ͔͞ ͦ͒ ͭ͊͒͊ ͙ͣͦ͒ͺ͙͍ͦ͊ͤ͊͟ ͭ͊ͦ͟ ͒͊ ͔ͯͣ͘ ͯ ͙ͦ͋ͪ͘ 
͙ ͙͍ͫͯͫͭ͊͟ ͦ͊͟͞ ͫͯ ͔ͫͭ;͔ͤ͊ ͔ͨͦͫ͡ мффлΦ ͎͙͔ͦ͒ͤΦ ˹͍͔͔͙͊͒ͤ ͦͤ͟ͼ͔ͨͭ ͫ͊ ͙ͣͦ͒ͺ͙͊͟ͼ͙͊ͣ͊͞ ͔͞ 
͙ͦͨͫ͊ͤ ͯ ͍͔͊͗ΐ͔ͣ ͤ͊ͼ͙ͦͤ͊ͤͦͣ͡ ͫͭ͊ͤ͒͊ͪ͒ͯ SRPS CR 14380:2012. 

˹͙͍ͦ ͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘ 

˴͊͒͊ ͔ͫ ͍ͦ͊͘; ͙͙͍ͨͪ͋͗͊͊͡ ͔ͭͯͤͯ͡Σ ͯ ͔͒ͤͦͣ͞ ͔ͭͪͤͯͭͯ͟ ͔ͫ ͤ͊Ώ͔ ͯ ͭ͊;͙͟ ͦ͒ ͔ͦ͟͞ ͙ͭ͊ͣͤ ͍ͦͭͦͪ 

͔͎ͭͯͤͫͦ͟͡ ͯ͊͊͘͡ ͔ͦ͒͒ͤͦͣ͞ ͔ͨͦͫͭ͊͞ ͎ͤ͊ͦ͡ ͪ͊ͫͭͯΐ͙ ͔͒ͦ ͔͎͍͎ͥͦͦ ͍͙͎͒ͤͦ ͨͦ͊͢Φ ́͊ ͭ͊;͊͟ ͔ͫ 

͙͍ͤ͊͊͘ ͭ͊;͊͟ ͊͒͊ͨͭ͊ͼ͙͔͞Φ ˻͒ ͔ͭͪͤͯͭ͊͟ ͊͒͊͟ ͒ͦΏ͔ ͯ ͭͯ ͭ͊;ͯ͟Σ ͔ͫͭ͊ͥ ͊͒͊ͨͭ͊ͼ͙͔͞ ͍ͦ͊͘;͊ ͍ͪͦ͡ 

ͣ͊ͦ͡ ͍͙͙͊ͫ͘ ͦ͒ ͔͔ͭͪͤͯͭͤ ͔͔ͪ͊ͫͨͦ͒͡ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͔͎͍ͥͦͦͣ ͍͙͒ͤͦͣ ͨͦͯ͢Φ ˺͔͎͊ ͫͯ 

͙ͨͪ͊ͭ͟;ͤͦ ͔͙͔ͦ͒ͪ͒͡ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦ͟͞ ͔͞ ͯͦ;͍͊͊ͦ ͔͔ͤͨͦͫͪ͒ͤͦ ͔ͨͪ ͙ͫͭ͊ͥ͊͘ ͯ ͭ͊;ͯ͟ 

͊͒͊ͨͭ͊ͼ͙͔͞Φ ˨͔͊͟͡Σ ͊͘ ͔ͫͭ͊ͥ ͊͒͊ͨͭ͊ͼ͙͔͞ ͦ;͙ͯ͞ ͍ͦ͊͘;͊ ͔͔ͤͨͦͫͪ͒ͤͦ ͔ͨͪ͒ ͯ͊͊͘͟͡ ͯ ͔ͭͯͤ͡ 

ͦ͒ͯ͡;ͯͯ͞ΐ͔ ͫͯ ͔ͭ ͙ͫ͊ͤͦͫͭ͞͞Σ ͦ͒ͤͦͫͤͦ ͙ͥͻ͍ͦ͊ ͔ͫͪ͒ͥ͊ ͍͔ͪ͒ͤͦͫͭΣ ͦ͊͟͞ ͔ͫ ͙͍ͤ͊͊͘ ͙͍ͤͦ 

͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘ όὒ ). ˹͙͍ͦ ͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘ ͔͞ ͔ͦ͒ͪΏ͔ͤ ͤ͊ ͍ͦͫͤͦͯ 

͙͙͍ͫͭͪ͊͗͊ͥ͊ ͔ͦ͟͞ ͔ͫ ͔ͪͭ͊ͦ͟͡ ͯ ͍͒͊ ͙͋ͭͤͦ ͙ͪ͊͘͡;͙ͭ͊ ͍ͨͪ͊ͼ͊Φ ˴͙͔ͦͪͫͭΐ͙ ͔͔ͪͯͭ͊ͭ͘͡ 

͔͔͙͔ͫͨͪͣͤ͊ͭ͊͟ ͯ ͙͙͊͋ͦͪ͊ͭͦͪͫͣ͟͡͞ ͍͙ͯͫͦͣ͊͡Σ ͙ͦ͟͞ ͫͯ ͍ͪ΄͔͙ͤ ͤ͊ ͙͔͙͍͒͊ͦ͊ͤͦ͘͡͞ ͙ͫ͡ͼ͙ 

ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡Σ ͯ ͍͙ͦͪͯ͟ ͔͎͒ͤͦ͞ ͦ͒ ͍͙ͦͻ ͍ͨͪ͊͊ͼ͊ ͔͒ͺ͙͙ͤͫ͊ͤ ͔͞ ͨͦ͊ͣ͞ ͎ͫͭ͊ͤ͒͊ͪ͒ͤͦ ͍͙͎͒ͤͦ 

ͨͦ͊͢Σ ͔ͯ͒ͤ͊͞;͔͔ͤ ͔͍͙͍͔͔͊ͤͭͤ͟͡ ͙ͫ͊ͤͦͫͭ͞͞Φ ˿͍ͭ͊ ͒͊ ͔ͫ ͤ͊ ͍ͦ͊͞ ͤ͊;͙ͤ ͔ͣͦ͗ ͙͙ͨͪ͊͊ͭ͘͟ 

͙ͦͦͤ͊͟͡ ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡ ͙ ͭ͊ͦ͟ ͔͍͙͙ͨͦ͒ͤͦͫͭ͊ͭ͞ ͭͯͣ͊;͔͔ͥ ͊͒͊ͨͭ͊ͼ͙͔͞ ͍͙͒͊Σ ͣͦͪ͊ͦ ͔͞ 

͔͔͙ͨͪͭͪͨͭ ͔ͦͪ͟͟ͼ͙ͯ͞Φ ˨͊ ͊͢ ͙͙͍ͫͭͪ͊͗͊ͥ͊ ͫͯ ͨͦ͊͊͊͘͟͡ ͒͊ ;͊͟ ͙ ͊͒͊͟ ͫͯ ͦ;͙ ͨͦͫͣ͊ͭͪ͊;͊ 

͙͔͋͡ ͍͙ͫ͊ͫͣ ͙͎ͨͪ͊ͦ͡Ώ͔͔ͤ ͤ͊ ͔͍͙͍͔͊ͤͭͤͯ͟͡ ͔ͯ͒ͤ͊͞;͔ͤͯ ͫ͊ͤͦͫͭ͞͞ ͎ͫͭ͊ͤ͒͊ͪ͒ͤͦ ͍͙͎͒ͤͦ 

ͨͦ͊͢Σ ͫ͊ͣ͊ ͺ͍͔ͦ͊ όͼ͔ͤͭ͊ͪ ͔ͣͪ͗ͥ͊;͔ ͯ ͔ͦͣ͟ ͔͞ ͔ͫͣ΄͔ͭͤ͊ ͙ͫ͊͟͡ ͨͯͭ͊ ͙ ͔ͭͯͤ͊͡ύ ͙͔ͤ͞ ͍͔ͯ͟ 

͙͋͊͡ ͙͊͒͊ͨͭͪ͊ͤ͊ ͤ͊ ͔͍͙͍͔͊ͤͭͤͯ͟͡ ͫ͊ͤͦͫͭ͞͞ ͍͎ͫͦ ͍͙͎͒ͤͦ ͨͦ͊͢Φ ͍͔̅ͦ͊ ͔͞ ͍ͫͭ͊ͪͤͦ ͙͋͊͡ 

͙͎ͨͪ͊ͦ͡Ώ͔ͤ͊ ͤ͊ ͫ͊ͤͦͫͭ͞͞ ͤ͊ ͦͯ͟͞ ͫͯ ͙ͯͭͼ͔͊͡ ͊ͦ͟͟ ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡Σ ͊ͦ͟ ͔͒͊͡ ͍͙͎͒ͤͦ ͨͦ͊͢Σ 

ͭ͊ͦ͟ ͙ ͔͊ͫͨͯͯ͘͢͡͞ΐ͔ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦ͟͞ ͔͒ͦ͊͘͡ ͦ͒ ͦͫͭ͊ͭ͊͟ ͍͙͎͒ͤͦ ͨͦ͊͢Φ ˻͍͊͞ ͊ͯ͘͟͢;͊͟ ͔͞ ͯ 

͍͙ͦͫͤͦ ͎͎͒ͪͯͦ ͍ͨͪ͊ͼ͊ ͙͙͍ͫͭͪ͊͗͊ͥ͊Σ ͙ͦ͟͞ ͔͞ ͔͙ͪͯͭͪ͊ͦ͘͡ ͯ ͍ͨͦͫͭ͊͊ͥͯ͢ ͔͙͙͔ͣͨͪͫ͟͞ 

ͺ͔ͦͪͣͯ͡ ͊͘ ͙ͪ͊͘;͍͔ͯͤ͊͊ͥ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘Σ ͦ͊͟͞ ͎͙͊ͫ͡Υ 

ὒ  ‎ὒ  ” ὒ  ‐ ὒ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͎͔͒ ͫͯΣ ͊ͦ͟ ΄ͭͦ ͔͞ ͙ͨͪ͊͊ͤͦ͘͟ ͙ ͙ͫͦͣ͟͡ оΦмΣ ,ɹ ́  ͙  ʶ, ͪ ͔͒ͦͣ, ͯ ͔͙͒͡ ͔ͤ͋͊Σ ͍ͦͦͦ͊͘͟͡ ͙ ͔͎͍͔ͥͦ 

͙͔ͦͦͤ͟͡ ͯ ͍͙͒ͤͦͣ ͨͦͯ͢ ͍ͦ͊͘;͊ ͯ ͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘Σ ͊ ὒȟὒ ̉ ὒ ͫ,ͯ ͔ͪ͒ͦͣΣ ͙ͥͻ͍͔ͦ 

͙ͫ͊ͤͦͫͭ͞͞Φ ˹͍͔͔͊͒ͤ͊ ͺͦͪͣͯ͊͡ ͔͍ͨͪ͒ͫͭ͊͊͢ ͔͍͔ͨͦ͒ͤͦͫͭ͊ͤͯ͢͞ ͍͔͙ͪͯ͘͞ ͙͍͔ͦͪͤ͘ ͺ͔ͦͪͣͯ͡Σ ͯ 

͍͙ͦͪͯ͟ ͔ͦ͟͞ ͔͞ ͙͋ͦ ͦ͋ͯͻ͍͊ΐ͔ͤ ͙ ͙ͯͭͼ͊͞ ͎ͫ͊ͣͦ ͍ͦͭͦͪ͊ ͔ͭͯͤ͊͡Σ ;͙͙͞ ͔͞ ͎ͯ͊ͦ ͦͤ͊͘;͔ͤ ͫ͊ ˍΦ 

ˤ͔͙ͪ͒ͤͦͫͭ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ʴ, ́  ͙  ʶ ͔ͫ ͙ͨͪ͊ͭ͟;ͤͦ ͔ͦ͒ͪΏͯͯ͞ ͫ͊ ͺ͎ͦͭͦͪ͊ͺ͙͔͞ ͙͔͔ͫͤͣͤ͢ ͙͘ ͭ͊;͔͟ 

ͨͦͦ͗͊͊͡͞ ͦ;͙ͯ͞ ͍ͦ͊͘;͊ ͔͎ͯ͒͊ͤͦ͢ ͦ͒ ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡ ͊͘ ͙͒ͯ͗ͤͯ ͍͎͊ͯͫͭ͊ͤͦ͘ ͨͯͭ͊ ͍͙ͦ͊͘͡Σ ͙ͨͪ 

;͔ͣͯ ͔ͫ ͺͦͭͦ-͊ͨ͊ͪ͊ͭ ͍ͨͦͫͭ͊͊͢ ͻ͙ͦͪͦͤͭ͊ͤͦ͘͡ ͙ ͔͍ͯͫͣͪ͊͊ ͔ͨͪͣ͊ ͼ͔ͤͭͪͯ ͔ͭͯͤ͊͡Φ ˻͔ͤ 

͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ ͔ͪ͒ͦͣ ͔͔ͯ͒͡ ͔ͤ͋͊Σ ͍ͦͦͦ͊͘͟͡ ͙ ͔͎͍͔ͥͦ ͙͔ͦͦͤ͟͡ ͯ ͍ͨͦͪ΄͙͙ͤ ͎ͪͯ͊͟Σ ͙ͦ͟͞ 

͔͔͔͔ͪͨͪͤͭͯ͘͞ ͍͙͒ͤͦ ͔ͨͦ͢ ͍ͦ͊͘;͊Φ ˺͔͎͍ͦ ͼ͔ͤͭ͊ͪ ͔͞ ͤ͊ ;͔͍͙͙ͭͪͭͤ ͍͙͙͔ͫͤ ͦ͊͟͞ ͙ͨͪͨ͊͒͊ 

͍͔͙ͪͭ͊ͤͦ͟͡͞ ͙ͦͫ ͙͔͙͔ͫͣͭͪ͞ ͔͎ͭͯͤͫͦ͟͡ ͍ͦͭͦͪ͊Σ ͒ͦ͟ ͔͎͍ͥͦ ͔ͨͦͯͨͪ͡;͙ͤ͟ ͙͙ͤͦͫ͘: 

ὶ Ὠ ϽὸὫ ρπЈ 

͎͔͒ ͔͞ ͫ͊ d ͦ ͤ͊͘;͔ͤ͊ ͙͒ͯ͗ͤ͊ ͍͎͊ͯͫͭ͊ͤͦ͘ ͨͯͭ͊ ͍͙ͦ͊͘͡. 

 

˿͙͊͟͡ оΦнΦ ˴͙ͪͯ͗ͤ ͔͔ͨͪͫ͟ ͍͙͎͒ͤͦ ͨͦ͊͢ ͍ͦ͊͘;͊ ͯ ͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘ 

͙̂ͦͦ͟͟͡ ͔ͫ ͔ͤ ͔ͪ͊ͫͨͦ͊͗͡ ͍͔͙ͪ͒ͤͦͫͭͣ͊ ͙ͫ͊ͤͦͫͭ͞͞ ὒȟὒ ̉ ὒΣ ͙͔͙͒ͦ͋ͤͣ͞ ͔͔͙ͣͪͥͣ͊ ͤ͊ 

͙͡ͼͯ ͔ͣͫͭ͊Σ ͔ͦͤ ͔ͫ ͎ͣͦͯ ͔͙͙ͦ͒ͪ͒ͭ ͙͘ ͔͔ͫ͒͡ΐ͔ ͔͔ͭ͊͋͡ όͦ͊͟͞ ͔͞ ͍͙ͫ͊ͫͭ͊ͤ ͔͒ͦ CIE ͨ ͔ͪͨͦͪͯ͊͟ 

͙ ͫͭ͊ͤ͒͊ͪ͒͊ύΣ ͊ͦ͟ ͺͯͤ͟ͼ͙͊͞ ͔ͫͣͪ͊ ͍͔ͦ͗ͥ ͙ ͙͎͔͒͊͘͡ ͙͔ͦͦͤ͟͡ ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡Φ ˹͔͙͊ͨͦͣͤͣͦ 

͒͊ ͔͞ ͨͪ͊ͫ͊͟ ͨͦ͊͊͊͘͟͡ ͒͊ ͔ͫ ͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘ ͔ͪ͟ΐͯ ͙͔ͣ͘Ώͯ мрлл ͙ трлл cd/ά . 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔́͊͋͊͡ оΦуΦ ˤ͔ͪ͒ͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ὒȟὒ ̉ ὒ όͯ k cd/ά ) 

˿͔ͣͪ ͍͔ͦ͗ͥ 

ό͔͍͔ͫͪͤ͊ ͻ͔͙ͣͫͺ͔ͪ͊ύ 

╛▪ȟ ╛▓ ╛▫ 

͔͔ͫͭͤ ͎͔ͪ͊͒͘ ͔͎ͫͤ ͙͍͔͊͒͡ 

 ˿

ό͔͍͔ͫͪύ 

8 3 3 8 15(VΣ ˹)11 2 

-ˮ  ˭

ό͙ͫͭͦ͟ ͙͙͡ ͊ͨ͊͒͘ύ 

12 4 2 6 10(V) 

15(H) 

2 

 ˳

ό͎ͯ͞ύ 

16 5 1 4 5(V) 

15(H) 

2 

˹͙͍ͦ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊ 

˴͊͒͊ ͔ͫ ͍ͦ͊͘; ͯ ͔͍͙͒ͤͤͣ ͍͙ͯͫͦͣ͊͡ ͙͙͍ͨͪ͋͗͊͊͡ ͯ͊ͯ͘͡ ͯ ͔ͭͯͤ͡Σ ͔͎͍͔ͥͦ ͦ;͙ ͫͯ ͙͔͊͒͊ͨͭͪ͊ͤ 

ͤ͊ ͍͙ͫͦ͟ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͫͦ͋ͦ͒ͤͦͣ͡ ͨͪͦͫͭͦͪͯ ό͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘ύΦ ˽͙͔ͪ͊͘͡ΐ͙ ͯ͊ͯ͘͡ ͯ 

͔ͭͯͤ͡Σ ͍ͦ͊͘;ͯ ͔ͫ ;͙͙ͤ ͒͊ ͙͙ͤ͊͊͘͡ ͤ͊ αͼͪͤͯ ͪͯͨͯάΣ ͯ ͦͦ͟͞͞ ͙ͤ΄ͭ͊ ͔ͤ ͔͔ͨͪͨͦͤ͊͘͞Φ ́͊͞ ͔ͺ͔͊ͭ͟ 

ͫ ͔͔ͣͦ͗ ͔͍͙ͨͪ͊͘ΐ͙ ͭ͊ͦ͟ ΄ͭͦ ͙͋ ͔ͫ ͙͍͙ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘ ͙ ͙ͦͤ͘ ͎ͨͪ͊͊ 

͔ͫͪ͊ͣͪͤͦ͘ ͙͙͙͙ͨͪ͋͗͡͡ ͙ ͭ͊ͦ͟ ͍͙͙ͫͭͦͪ͡ ͍͙ͯͫͦ͡ ͊͘ ͊͒͊ͨͭ͊ͼ͙ͯ͞ ͦ;͙ͯ͞ ͍ͦ͊͘;͊Φ CIE 

͔͔ͨͪͨͦͪͯ͟ ͫͯ ͙͔ͨͦͤͯ͒͡ ͒͊ ͦ͒ͤͦͫ ͍͙ͦͻ ͙ͫ͊ͤͦͫͭ͞͞ ͙ͣ͊ ͍͔ͪ͒ͤͦͫͭ млΣ ͙͊͡ ͫͯ ͨͪ͊ͫ͊͟ ͙ 

͔͙ͦͤͦͣͫ͟͟ ͙ͪ͊ͦ͘͘͡ ͍͔͙͒ͦ͡ ͒ͦ ͔͎͍͔ͥͦ ͔ͦͪ͟͟ͼ͙͔͞Σ ͍͊͒ͪ͗͊͊ͯ͘͞ΐ͙ ͙ͨͪͤͼ͙ͨ ͒͊ ͔͞ ͙͍ͤͦ 

͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊ (ὒ ) ͡ ͙͔ͤ͊ͪͤͦ ͔ͫͪ͊ͣͪ͊ͤ͘ ͫ͊ ͙͍ͤͦͦͣ ͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘ (ὒ ). 

˿ͻͦ͒ͤͦ ͔ͤ͊ͨͪ͒ ͔ͪ;͔ͤͦͣΣ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊ ͔ͫ ͔ͣͦ͗ ͔͙͙ͦ͒ͪ͒ͭ ͨͦͣͦΐͯ ͺ͔ͦͪͣͯ͡: 

ὒ Ὧ ὼ ὒ  

̂ ͦͦ͟͞͞ ͔͞ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͞ Ὧ ͅ ͯͤ͟ͼ͙͊͞ ͙͔͒ͯ͗ͤ ͍͎͊ͯͫͭ͊ͤͦ͘ ͨͯͭ͊ ͍͙ͦ͊͘͡ ͙ ͙͔͔͎ͨͪͣͥͤͦ ͙͔ͫͫͭͣ͊ 

͍͔͔ͦͫͭͥ͊͢Σ ͊ͦ͟ ΄ͭͦ ͔͞ ͙ͨͪ͊͊ͤͦ͘͟ ͔͔ͫ͒͡ΐͦͣ ͔ͭ͊͋ͦͣ͡Υ  

͔́͊͋͊͡ оΦфΦ ˽͔ͪͨͦͪͯ;͔͔ͤ ͙͙͔ͣͤͣ͊ͤ͡ ͍͔͙ͪ͒ͤͦͫͭ ͦ͒ͤͦͫ͊ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊ ͙ 

͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘ 

˭͍͊ͯͫͭ͊ͤͦ ͔ͪ͊ͫͭͦ͊ͥ͞ 

(m) 

˿͙͔͙ͣͭͪ;͊ͤ ͙͔ͫͫͭͣ 
͍͔͔ͦͫͭͥ͊͢ 

╛◄▐Ⱦ╛  

˴ͦͤͭͪ͊-ͺͯͫ͟͡ ͙͔ͫͫͭͣ 
͍͔͔ͦͫͭͥ͊͢ 

╛◄▐Ⱦ╛  

60 0.05 0.04 

100 0.06 0.05 

160 0.10 0.07 

˸͔ͦ͗ ͔ͫ ͍͙͔͙͒ͭ ͒͊ ͍͔ΐ͔ ͍͔͙ͪ͒ͤͦͫͭ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ ὯΣ ͦ͒ͤͦͫͤͦ ͍͔ΐ͔ ͍͔͙ͪ͒ͤͦͫͭ ͙͍ͤͦ͊ 

͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊Σ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ ͙͒ͯ͗ͣ ͍͙͊ͯͫͭ͊ͤͣ͘ ͙ͪ͊ͫͭͦ͊ͥͣ͊͞Σ ͦ͒ͤͦͫͤͦ ͍͔ΐ͙ͣ 

͙͋ͪͤ͊ͣ͊͘ ͔ͪͭ͊ͥ͊͟ ͍͙ͦ͊͘͡ ͔͔ͤͨͦͫͪ͒ͤͦ ͔ͨͪ͒ ͯ͊͊͘͟͡ ͯ ͔ͭͯͤ͡Φ ́͊ͦ͟Ώ͔ ͔ͫ ͔ͣͦ͗ ͍͙͔͙͒ͭ ͒͊ 

                                                      
11 (V) ς ͨ ͙͊ͤͤͫͦ͟͡ ͔ͭ͡Σ ͫ͊ ͎͍ͯ͊ͤͦͣ͡ ͙ͫͭͪͣͣ ͍ͨͦͪ΄͙ͤ͊ͣ͊ ͔ͦ͟͞ ͦͪͯ͗ͯͯ͟͞ ͍ͦ͊͘;͊ 
    (H) ς ͪ ͍͊ͤͦΣ ͔ͣ͊ͥ-͍͙΄͔ ͻ͙ͦͪͦͤͭ͊ͤͦ͘͡ ͔ͭ͡ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔ͫ ͔ͣ͊ͥ ͍͔͙ͪ͒ͤͦͫͭ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ Ὧ ͙ͣ͊ͯ͞ ͯ ͫͯ͡;͊ͯ͞ ͙͔͔ͨͪͣͤ ͙͔ͫͫͭͣ͊ ͦͤͭͪ͊͟-ͺͯͫ͊͟͡. 

˾͊ ͙͊͘͟͡ ͙͔ͣ͘Ώͯ ͙͔͙ͫͣͭͪ;͎ͤͦ ͙͔ͫͫͭͣ͊ ͍͔͔ͦͫͭͥ͊͢ ͙ ͦͤͭͪ͊͟-ͺͯͫ͟͡ ͙͔ͫͫͭͣ͊ ͍͔͔ͦͫͭͥ͊͢ 

͎͔ͦ͒͊͡ ͔ͫ ͯ ͙ͪ͊͘͡;͙͙ͭͣ ͎͙͙͙ͦͤͭͯ͒ͤ͊ͤͣ͡͡ ͔ͪ͊ͫͨͦ͒͊ͣ͊͡ ͍͔͙ͫͭͦͫͭ͡ ͙͙͙ͤͫͭ͊ͪ͊ͤ͡ͻ 

͍͔͙͙ͫͭ͢͟Φ ˴͊ͦ͟ ͔͞ ͍͔ͪ͒ͤͦͫͭ ͔ͦ͟ͺ͙ͼ͙͔ͤͭ͊͞ Ὧ ͦͤͫͭ͊ͤͭͤ͊͟ ͯ ͍ͫ͊ͦͣ͟ ͨͦͫͣ͊ͭͪ͊ͤͦͣ ͫͯ͡;͊ͯ͞Σ 

ͭͦ ͔ͫ ͤ͊ ͔͔ͫͣ͊ͥͥ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊ ͔ͣͦ͗ ͙ͯͭͼ͙͊ͭ ͔͙͒ͤͦ͞ ͔͔ͫͣ͊ͥͥͣ ͙͍ͤͦ͊ 

͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘Φ ˹͙͔͊ͨͦͣͥͣͦ ͒͊ ͔͞ ͯ͊ͫͦͣ͟͡ ͯ ͔ͭͯͤ͡ ͦ͒ͤͦͫͤͦ ͯ ͦͤͯ͘ ͎ͨͪ͊͊Σ 

͔ͨͪͦ͋ͣ͡ ͔ͨͪͦͫͭͦͪͤ ͊͒͊ͨͭ͊ͼ͙͔͞ ͔ͨͪͫͭ͊ͦ ͒͊ ͙ͨͦͫͭͦ͞Φ 

˿͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊ ͔͞ ͙͙͡ ͦͤͫͭ͊ͤͭͤ͊͟ ͒ͯ͗ ͼ͔͔͡ ͔ͦͤ͘Σ ͙͙͡ ͦͨ͊͒͊ ͦ͒ ͔͔ͤ͟ ͔͔ͥͤ ͭ͊;͔͟ ͦ͊͟͞ 

͔ͫ ͙ͤ͊͊͘͡ ͯ ͎͒ͪͯͦ͞ ͍͙͙ͨͦͦͤ͡ ͔ͦͤ͘Σ ͙͊͡ ͭ͊ͦ͟ ͒͊ ͤ͊ ͔ͥͤͦͣ ͪ͊ͯ͟͞ ͔ͤ ͔͋ͯ͒ ͣ͊ͥ͊ ͦ͒ пл҈ 

͙ͫ͊ͤͦͫͭ͞͞ ͦ͊͟͞ ͔ͫ ͙ͣ͊ ͤ͊ ͨͦ;͔ͭͯ͟ ͍͔ͦ ͔ͦͤ͘Φ ˹͊ ͍ͦ͊͞ ͤ͊;͙ͤ ͔ͫ ͙͔ͨͦͫͭ͗ ͪ͊ͼ͙͙͔ͦͤ͊ͤ͡͞ 

͔ͪ΄͔͔ͥ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡ ͙ ͍ͤ͊ͫͭ͊͊͢ ͨͪͦͼ͔ͫ ͊͒͊ͨͭ͊ͼ͙͔͞ ͦ;͙ͯ͞ ͍ͦ͊͘;͊Φ 

˹͙͍ͦ ͙ͫ͊ͤͦͫͭ͞͞ ͔͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘ 

̂ ͔ͨͪ͊ͤͦ͘͡͞ ό͙ͭͪ͊ͤͭͤͦ͘͞ύ ͙ͦͤ͘ ͔ͫ ͍ͤ͊ͫͭ͊͊͢ ͨͪͦͼ͔ͫ ͊͒͊ͨͭ͊ͼ͙͔͞ ͦ;͙ͯ͞ ͍ͦ͊͘;͊Σ ͊ͦ͟ 

͔͙ͨͦͫ͒͡ͼ͊ ͔͔͎ͨͦͫͭͨͤͦ ͦͨ͊͒͊ͥ͊ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞Σ ͙ ͭͦ ͦ͒ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊ ͒ͦ 

͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͯͤͯͭͪ͊΄͔ͥ ͔ͦͤ͘Φ ˿͔͔ͣ͊ͥͥ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͙ͭͪ͊ͤͭͤͦ͘͞ ͙ͦͤ͘ ͔ͣͦ͗ ͔ͫ 

͙͙ͨͪ͊͊ͭ͘͟ ͔ͪ͊͡ͼ͙ͦͣ͞ 

ὒ ὒ ρȢω ὸ Ȣ 

̂ ͦͦ͟͞͞ ͔͞ ὒ  ͣ ͙͙ͤͣ͊ͤ͊͡ ͍͔͒ͦͦͤ͊͘͢ ͫ͊ͤͦͫͭ͞͞ ͯ ͔͒ͯ͡ ͙͔ͭͪ͊ͤͭͤ͘ ͔ͦͤ͘ ͯ ͙ͦ͟͞ ͍ͦ͊͘; ͔͍͒ͦͫͨ͊ 

͔ͨͦͫ͡ ͍͔͔ͪͣͤ͊ t ( ͯ  sec.) ͨ ͍͔͔͎ͪͦ͒ͤͦ ͯ ͍ͦͦ͞ ͙ͦͤ͘Φ ˢ͙ͤ͊ͦͣ͘͡ ͔͒͊ͭ ͺ͔ͦͪͣͯ͡ ͔ͫ ͔ͣͦ͗ ͍͙͔͙͒ͭ 

͒͊ ͔͞ ͊͘ t = 0 

ὒ πȢτὒ  

΄ͭͦ ͎͍ͦ͒ͦ͊ͪ͊ ͔ͤ͊ͨͪ͒ ͙ͦͨͫ͊ͤͦͣ ͔͙ͦͤͦͣ͟;͙͔ͤͣ͞ ͔ͪ΄͔ͥͯ ͍͔͔ͦͫͭͥ͊͢ ͔ͦͤ͘ ͎ͨͪ͊͊Φ 

˿ͣ ͔͔͊ͥͥ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͔ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘ ͔ͫ ͯ ͙ͨͪ͊ͫ͟ ͙͔ͨͦͫͭ͗ ͯ͘ ͨͦͣͦΐ ͔͙ͤͦͦ͟͟͡ ͍͙͙ͫͦͦͭ͟͟ͻ 

͔ͨͪͦͣͤ͊ όͫ͊ ͦ͒ͤͦͫͦͣ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͤ ͍͔ΐ͙ͣ ͦ͒ оΥм ͙ͨͪ ͍ͫ͊ͦ͟͞ ͦ͒ ͙ͥͻύΣ ͙ͨͪ ;͔ͣͯ ͙͔͒ͦ͋ͤ͊͞ 

͔͔ͫͭͨͤ͊ͫͭ͊ ͙͍ͪ͊͟ ͣͦͪ͊ ͯ ͙ͨͦͭͨͯͤͦͫͭ ͒͊ ͔͋ͯ͒ ͙ͤ͊͒͘ ͔͙͔ͭͦͪͫ͟͞ ͙͍͔ͪ͟ ͔͒ͺ͙͙͔ͤͫ͊ͤ 

ͺͦͪͣͯͦͣ͡: 

ὒ ὒ ρȢω ὸ Ȣ 

͊ͦ͟ ΄ͭͦ ͔͞ ͭͦ ͙ͨͪ͊͊ͤͦ͘͟ ͙ͫͦͣ͟͡ оΦоΦ 

˹͙͍ͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯͤͯͭͪ͊΄͔ͥ ͔ͦͤ͘ ὒ  

 ͎͙̂͒ͯͣ ͔͙ͭͯͤͣ͊͡Σ ͔ͨͦͫ͡ ͙͔ͭͪ͊ͤͭͤ͘ ͔ͦͤ͘ ͔͙ͫ͒͡ ͔͒ͦ ͫ͊ ͙͙ͤ͊ͤ͗ͣ͞ ͙ ͙ͦͤͫͭ͊ͤͭͤͣ͟ ͙͍ͤͦͦͣ 

͙ͫ͊ͤͦͫͭ͞͞Φ ̂ ͭͦͣ ͔͒ͯ͡ ͔ͭͯͤ͊͡Σ ͙ͦ͟͞ ͔ͫ ͙͍ͤ͊͊͘ ͯͤͯͭͪ͊΄ͥ͊ ͦͤ͊͘Σ ͙ͦ͋;ͤͦ ͔ͫ ͔ͤ ͙͔ͨͦͫͭ͗ 

ͨͦͭͨͯͤ͊ ͊͒͊ͨͭ͊ͼ͙͊͞ ͦ;͙ͯ͞ ͍ͦ͊͘;͊ ό͙͙ͯͣ͊ͯ͘͘͞ ͔ͫΣ ͍ͤ͊ͪ͊ͤͦΣ ͍͔ͦͣ͊ ͎͙͒ͯ ͔͙ͭͯͤ͡ύΣ ͨ͊ ͔͞ ͙͍ͤͦ 

͙ͫ͊ͤͦͫͭ͞͞ ͯ ͍ͦͦ͞ ͙ͦͤ͘ ;͔ͫͭͦ ͤ͊͘;͊ͤͦ͞ ͍͔ΐ͙ ͦ͒ ͙ͦͤͻ ͙ͦ͟͞ ͫͯ ͙ͯͦ͋;͔͙͊ͤ͞ ͊͘ ͙ͦ͋;͔ͤ 

ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Φ ˹͙͍ͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͯͤͯͭͪ͊΄ͥͦ͞ ͙ͦͤ͘ ͔ͭͯͤ͊͡ ͍͙͙͊ͫ͘ ͦ͒ ͙͔͒ͯ͗ͤ ͍͎͊ͯͫͭ͊ͤͦ͘ 

ͪ͊ͫͭͦ͊ͥ͊͞ ό͙͔͋ͪͤ͘ ͍͔ͦ͗ͥύ ͙ ͎͙͔ͯͫͭͤ ͫ͊ͦ͋ͪ͊ΐ͊͊͞Φ ˽͙͔ͪͣͪ͊ ͙ͪ͊͒Σ ͊͘ ͍͊ͯͫͭ͊ͤͦ͘ ͔ͪ͊ͫͭͦ͊ͥ͞ 

ͦ͒ 60 m (ͣ͊͊͡ ͙͋ͪͤ͊͘ύ ͙ ͫ͊͋ͯ͡ ͎͙ͯͫͭͤͯ ͫ͊ͦ͋ͪ͊ΐ͊͊͞Σ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͯͤͯͭͪ͊΄ͥͦ͞ ͙ͦͤ͘ 

͔ͭͯͤ͊͡ ͔ͣͦ͗ ͙͙͋ͭ ͫ͊ͣͦ м cd/ά , ΄ͭͦ ͎͍ͦ͒ͦ͊ͪ͊ ͊͘ͻ͔͍͙ͭͣ͊ ͊͘ ͙͍ͤͦͦͣ ͙ͫ͊ͤͦͫͭ͞͞ ͤ͊ 

͙ͦ͋;͙ͤͣ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ͣ͊Φ ˭͊ ͤ͊͘;͊ͤͦ͞ ͍͔ΐͯ ͙͋ͪͤͯ͘ ͍͔ͦ͗ͥ ͙ ͍͔͙ͯ͟͡ ͎͙ͯͫͭͤͯ ͫ͊ͦ͋ͪ͊ΐ͊͊͞Σ 

͍ͦ͊͞ ͺ͔͙͙ͦͭͦͣͭͪͫ͟͞ ͔ͨ͊ͪ͊ͣͭ͊ͪ ͣ ͔ͦ͗ ͒͊ ͙ͣ͊ ͙ мр ͨͯͭ͊ ͍͔ΐͯ ͍͔ͪ͒ͤͦͫͭΦ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

̂ ͔ͤ͊ͪ͒ͤͦ ͞ ͔͙ͭ͊͋͡Σ ͔͒͊ͭ ͫͯ ͔ͨͪͨͦͪͯ;͔͔ͤ ͍͔͙ͪ͒ͤͦͫͭ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͯͤͯͭͪ͊΄͔ͥ ͔ͦͤ͘ 

͔ͭͯͤ͊͡Σ ͊ ͯ ͺͯͤ͟ͼ͙͙͞ ͙͔͒ͯ͗ͤ ͍͎͊ͯͫͭ͊ͤͦ͘ ͨͯͭ͊ ͙ ͎͙͔ͯͫͭͤ ͫ͊ͦ͋ͪ͊ΐ͊͊͞Φ 

͔́͊͋͊͡ оΦмлΦ ˽͔ͪͨͦͪͯ;͔͔ͤ ͍͔͙ͪ͒ͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͯͤͯͭͪ͊΄͔ͥ ͔ͦͤ͘ όcd/ά ) 

˭͊ͯͫͭ ͍͙͊ͤ ͨͯͭ 
͍͙ͦ͊͘͡ 

˥͙ͯͫͭͤ͊ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ 

˸͊͊͡ 

Җ млл ͍͙ͦ͊͘͡κƘ 

˿͔ͪ͒ͥ͊ 

млл ͍κƘ < < 1000 ͍ κƘ 

ˤ͔͙͊͟͡ 

җ млл0 ͍ ͙ͦ͊͘͡κƘ 

160 m 5 10 15 

100 m 2 4 6 

60 m 1 2 3 

͔́ͪ͋͊ ͦ͞΄ ͔͙ͤ͊ͨͦͣͤͯͭ ͙ ͒͊ ͔ͫ ͔ͨͪ͊͊͘͟͡ ͙͘ ͙͔ͭͪ͊ͤͭͤ͘ ͯ ͯͤͯͭͪ͊΄ͥͯ ͦͤͯ͘ ͤ͊͞;͔΄ΐ͔ 

͍͔ͦͫͭ͊ͪͯ͞ ͭͪͦͫͭͪͯͦͣ͟ ͔͔ͫͣ͊ͥͥͣ ͙ͫ͊ͤͦͫͭ͞͞Φ ˮͣ͊ͯ͞ΐ͙ ͍ͦͦ ͯ ͍͙͒ͯΣ ͔ͣͦ͗ ͔ͫ ͔͍͒ͤͦͫͭ͊ͤͦ͞ 

͙ͪ͊͘;͙ͯͤ͊ͭ ͯͯͨͤͦ͟ ͍͔͔ͪͣ ͍͔ͦ͗ͥ ͪͦ͘͟ ͔ͨͪ͊ͤͯ͘͡ ͦͤͯ͘Σ ͊ ͙ͫ͊ͣͣ ͙ͭͣ ͙ ͔ͥͤ͊ ͙͒ͯ͗ͤ͊Φ 

 

˿͙͊͟͡ оΦоΦ ˽͙ͪͤͼ͙͙͔ͨͤ͊͞͡ ͔ͪ͊ͫͨͦ͒͊͡ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͙ͦͤ͘ ͎ͨͪ͊͊ ͙ ͔ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘ ͔ͭͯͤ͊͡ 

˿͊ͤͦͫͭ͞͞ ͙͍͒ͦ͊͘ ͔ͭͯͤ͊͡ 

˹͊ ͼ͔ͦ͡͞ ͙͙͒ͯ͗ͤ ͔ͭͯͤ͊͡Σ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͙͍͒ͦ͊͘ ͔ͭͯͤ͊͡ ό͒ͦ ͍͙͙͔ͫͤ н m ͙ͤ͊͒͘ ͊ͫͺ͊ͭ͊͡ύ 

͔ͭͪ͋͊ ͒͊ ͔͋ͯ͒ ͙͙ͨͪ͋͗ͤͦ͡ ͙͙ͫͭ ͫ͊ ͔ͫͪ͒ͥͦͣ ͫ͊ͤͦ͞͞΄ΐͯ ͍ͦͦͦ͊͘͟͡ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͔͎ ͔͒͊͡ 

͔ͭͯͤ͊͡Φ ˻͍ͦ ͔ͫ ͙ͦ͒ͤͦͫ ͤ͊ ͔͔ͭͯͤ͡ ͙͔͒ͯ͗ͤ ͦ͒ ͔͙ͤͦͦ͟͟͡ ͙ͫͭͦͭͤ͊ ͔ͣͭ͊ͪ͊Φ ˴ͦ͒ ͍͔ͦͣ͊ ͎͙͒ͯͻ 

͔ͭͯͤ͊͡Σ ͭ͊͞ ͊͘ͻ͔͍ͭ ͔ͫ ͍ͨͦͫͭ͊͊͢ ͫ͊ͣͦ ͊͘ ͦͤͯ͘ ͙͎ͨͪ͊ͦ͡Ώ͍͊͊ͥ͊ ͦ;͙ͯ͞ ͍ͦ͊͘;͊Σ ͒ͦ͟ ͔͞ ͊͘ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔͙ͨͪͦͫͭ͊͡ ͔͒ͦ ͔ͭͯͤ͊͡ ͍͒ͦͦͤͦ͢ ͙ͨͦͫͭΐ͙ ͒͊ ͫ͊ͤͦͫͭ͞͞ ͙͍͒ͦ͊͘ ͙͙ͤͦͫ͘ ͦͦ͟ ол҈ ͙ͫ͊ͤͦͫͭ͞͞ 

͍ͦͦͦ͊͘͟͡Φ 

˻͍͔͔͔ͫͭͥ͢ ͙͔͊ͤ͘͘͡ ͔ͦͤ͘ 

ˮ͔͊͘͘͡ΐ͙ ͙͘ ͔ͭͯͤ͊͡ ͤ͊ ͔͍͒ͤͤͯ ͍͔ͫͭͦͫͭ͡Σ ͍ͦ͊͘;͙ ͍ͫͦ͞ ͍͙͒ ͙͎ͨͪ͊ͦ͡Ώ͍͊͊ͯ͞ ͤ͊͘;͊ͤͦ͞ ͔͋ͪ͗ ͙ 

͊͟͡΄͔ ͔͎ͤͦ ͙͙ͨͪͦͣ͟͡ ͯ͊ͫ͊͟͡ ͯ ͔ͭͯͤ͡Φ ˿͎ͭͦ͊ ͍͔ͨͦΐ͔͊ͥ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͙͊ͤͦ͘͘͡͞ ͙ͦͤ͘ 

͔ͭͯͤ͊͡ ͙͔ͤ͞ ͔ͤͦͨͻͦ͒ͤͦ ͯ ͙ͫͣͫͯ͡ ͨͦͣͦΐ͙ ͊͒͊ͨͭ͊ͼ͙͙͞ ͦ;͙ͯ͞ ͍ͦ͊͘;͊Φ 

˽͔ͦͫͭͦ͞ ͍͒͊ ͎ͪ͊ͦ͊͘͡ ͎͋ͦ͘ ͙ͦ͟͞ͻ ͔ͫ ͍͔ͨͦΐ͔͊ͥ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͙͊ͤͦ͘͘͡͞ ͙ͦͤ͘ ͙ͨ͊͟ 

͔ͨͪͨͦͪͯ;͔ͯ͞Φ ˽͍͙ͪ ͔͞ ͒͊ ͙ͨͦͫͭͦ͞ ͔ͨͦͭͪ͋͊ ͒͊ ͔ͫ ͊͞;͔ ͍͔͔ͦͫͭ͡ ͣ͊ͥ͊ ͍͙ͦ͊͘͡Σ ͊ ͔ͯͫ͒͡ 

͙ͦͨ͊ͫͤͦͫͭ ͒͊ ͙ͻ ͍ͦ͊͘;͙ ͙͊͘ ͙ͥͻ ͔ͤ ͙͔͔ͨͪͣͭ ͙ͯͦͦ͟͟͡ ͙ͻ ͊͊ͥ͊ͯ͘͟͡͞ ͍͔ΐ͊ ͍͙ͦ͊͘͡Σ ΄ͭͦ ͔ͫ 

͔ͣͦ͗ ͎͙͙͒ͦͦ͒ͭ ͔ͯͫ͒͡ ͔͋͢΄ͭ͊ͥ͊ ͔ͦ͟͞ ͙͒ͦ͊͘͡ ͦ͒ ͍͔ͦͣ͊ ͍͔͎ͫͭͦ͡ ͙͊͊͘͘͡ ͙͘ ͔ͭͯͤ͊͡Φ ˨͎͙ͪͯ 

͔͞ ͒͊ ͔͞ ͍ͦ͊͘;͙ͣ͊ ͙ͦ͟͞ ͙͔͊͘͘͡ ͙͘ ͔ͭͯͤ͊͡ ͔ͨͦͭͪ͋ͤͦ ͔͔͙͙ͦ͋͋͒ͭ͘ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ΐͯ 

͔͎͔ͨͪ͒ͤͦͫͭ͡ ͯͤ͊͊͒͘ όͯ ͎͔ͦ͒͊ͯ͡͡ύΣ ͊ ͔ͨͦͫ͋ͤͦ ͊͒͊͟ ͔͞ ͯ ͙ͨͭ͊ͥͯ ͎͒ͯ͊;ͦ͟ ͍͙ͦͦ͘͡Φ 

˨͍ͦͦͤͦ͢ ͔͞ ͒͊ ͔ͫ ͒ͦ͒͊ͭͤͦ ͍͔͔͔ͦͫͭͥ͢ ͙͔͊ͤ͘͘͡ ͔ͦͤ͘ ͙͙ͤͫͭ͊ͪ͊͡ ͒ͯ͗ ͔͙ͨͦͫ͒ͥ͡ͻ сл m ͦ ͍͔ 

͔ͦͤ͘Σ ͔͔ͦ͋͋͘Ώͯͯ͞ΐ͙ ͔ͨͭ ͨͯͭ͊ ͍͔ΐ͙ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͦ͒ ͎ͦͤͦ ͙ͦ͟͞ ͔͙͊ͪ͊ͭͪ͟͟΄͔ ͯͤͯͭͪ͊΄ͥͯ 

ͦͤͯ͘Φ 

˴͊͒͊ ͔͞ ͯ ͙ͨͭ͊ͥͯ ͔ͭͯͤ͡ ͊͘ ͍͔͙͒ͦͫͣͪͤ ͫ͊ͦ͋ͪ͊ΐ͊͞Σ ͙͊ͤͯ͘͘͡ ͦͤͯ͘ ͨͦ ͍͙ͨͪ͊ͯ͡ ͍͔͍ͦͫͭ͊͊ͣͦ͢ 

ͤ͊ ͙͙ͫͭ ͤ͊;͙ͤ ͊ͦ͟ ͯ͊ͤͯ͘͡Σ ͔ͪ͞ ͦͤ͊ ͭ͊͒͊ ͔͍ͨͪ͒ͫͭ͊͊͢ ͯ͊͘͡ ͯ ͔ͭͯͤ͡ ͊͘ ͍͙ͦ͊͘͡ ͦ͊͟͞ ͔͒ͦ͊͘͡ ͙͘ 

͎ͫͯͨͪͦͭͤͦ ͔ͫͣͪ͊Φ 

˿ˮ ˿́˩˸ˮ ˻˿ˤ˩́˷˩˺ˢ ́̂˹˩˶ˢ 

ˤ͙͙͍͒ͦͫͭ͢ ͙ ͔͔͒ͭ͟ͼ͙͊͞ ͦͤͭͪ͊ͫͭ͊͟ 

˽͔͔͔ͪͨͪ͟ ͯ ͔ͭͯͤͯ͡ ͔͞ ͎ͣͦͯΐ͔ ͍͙͔͙͒ͭ ͊͘ͻ͍͊ͯͯ͢͞ΐ͙ ͦͤͭͪ͊ͫͭͯ͟Σ ͦ͒ͤͦͫͤͦ ͙ͪ͊͘͡ͼ͙ ͙ͫ͊ͤͦͫͭ͞͞ 

͔͔͔ͨͪͨͪ͟ ͙ ͔͔ͥͤ ͙͔ͨͦ͊͒ͤ͘Φ ˴ͦͤͭͪ͊ͫͭ  ˿ͫ ͔ ͙ͪ͊͘;͍ͯͤ͊͊ ͤ ͊ ͔͔ͫ͒͡ΐ͙ ͤ͊;͙ͤΥ 

ὅ
ὒ  ὒ

ὒ
 

”
“Ͻ Ὁ  ὒ

ὒ
 

͎͔͒ ͫͯΥ ὒ ͙ Ὁ ͫͯ ͫ͊ͤͦͫͭ͞͞ ͙ ͍͔͙ͪͭ͊ͤ͊͟͡ ͍͔͔ͦͫͭͤͦͫͭ͢ ͔ͦ͋ͭ͊͟͞Σ ˊ ͔͞ ͔͎͍ͥͦ ͔͙ͫͪ͒ͥ ͺ͊ͭͦͪ͟ 

͔ͪͺ͔͙͔ͫ͟͡͞Σ ͊ ὒ ς ͫ ͊ͤͦͫͭ͞͞ ͙͔ͨͦ͊͒ͤ͘. 

ˢͦ͟ ͔͞ ͔͔ͨͪͨͪ͊͟ ͍͔͙ͫͭ͊͡͞ ͦ͒ ͍ͦͦͦ͊͘͟͡ ό͙͔ͨͦ͊͒ͤ͘ύΣ ͦͤ͒͊ ͔͞ ͦͤͭͪ͊ͫͭ͟ ,˿ ͙͙͍ͨͦͭ͊ͤ͘Φ 

˻͋ͪͤͯͭͦΣ ͊ͦ͟ ͔͞ ͔͔ͨͪͨͪ͊͟ ͭ ͙͊ͣͤ͊͞ ͦ͒ ͙͔ͨͦ͊͒ͤ͘Σ ͦͤͭͪ͊ͫͭ͟ ͔͞ ͔͎͙͍ͤ͊ͭ͊ͤΦ 

̂ ͼ͙ͯ͢ ͍͙͍ͦͫͭ͊ͪ͊ͥ͊ ͔͒ͦ͋ͪ ͍͙͙͍͙͒ͦͫͭ͢Σ ͊ͨͫͦͯͭͤ͊͡ ͍͔ͪ͒ͤͦͫͭ ͦͤͭͪ͊ͫͭ͊͟ ό͙͋ͦ͡ ͒͊ ͔͞ 

͙͙͍ͨͦͭ͊ͤ͘ ͙͙͡ ͔͎͙͍ͤ͊ͭ͊ͤύ ͣͦͪ͊ ͒͊ ͔͎͔͒ͦͫͤ ͔ͨͦͭͪ͋͊ͤ ͙͍ͤͦΦ ˩͔͙͔͙ͫͨͪͣͤͭ͟ ͫͯ ͙ͨͦ͊͊͘͟͡ ͒͊ 

ͯ ͙ͦͤ͘ ͎ͨͪ͊͊ ͦͤ ͣͦͪ͊ ͒͊ ͙͙ͤͦͫ͘ ͋͊ͪ нл҈Σ ͒͊ ͙͋ ͔ͫ ͔͋͘ ͍͔ΐ͙ͻ ͤ͊ͨͦͪ͊ ͎ͣͦ͊͡ ͙͍ͪ͘΄͙͙ͭ 

͔͔͒ͭ͟ͼ͙͊͞ ͔͔͔ͨͪͨͪ͟ ͒ͦ͟ ͔ͫ ͙͙ͨͪ͊͘͡ ͔ͭͯͤͯ͡Φ 

ˮ͋ͦͪ͘ ͙͔ͫͫͭͣ͊ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡ 

˹͊ ͍ͦͫͤͦͯ ͍͔͙ͪ͒ͤͦͫͭ ͦ͒ͤͦͫ͊ ὒ / Ὁ Σ ͭ͞Φ ͦ͒ͤͦͫ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͦ͊͒ͤ͘ ͔͔͔ͨͪͨͪ͟ ͯ ͔ͭͯͤͯ͡ ͙ 

͔͔ͥͤ ͍͔͙͔ͪͭ͊ͤ͟͡ ͍͔͔͙ͦͫͭͤͦͫͭ͢Σ ͔ͣͦ͗ͣͦ ͎ͦ͋͊ͤͦ͡͡ ͙͍͙ͪ͊ͦ͊ͭ͘͟͡ ͍͒͊ ͙ͭͨ͊ ͙͔ͫͫͭͣ͊ 

͍͔͔ͦͫͭͥ͊͢Υ 

- ͙͔͙ͫͣͭͪ;͙ͤ ͙͔ͫͫͭͣ ͍͔͔ͦͫͭͥ͊͢ ͙ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

- ͙͔͙͊ͫͣͭͪ;͙ͤ ͙͔ͫͫͭͣ ͍͔͔ͦͫͭͥ͊͢ ό͙͔ͫͫͭͣ ͦͤͭͪ͊͟-ͺͯͫ͊͟͡ύΦ 

˿͙͔͙ͣͭͪ;͊ͤ ͙͔ͫͫͭͣ ͍͔͔ͦͫͭͥ͊͢Σ ͔ͣͦ͗ ͙͙͋ͭ ͯ ͍͔͒ ͍͙͔͊ͪ͊ͤͭ͞Υ ͫ͊ ͔͔ͨͪͭ͗ͤͦ 

͍͔ͭͪ͊ͤͫͪ͊ͤͦͣ͘͡ ό͔ͨͦͨͪ;ͤͦͣύ ͔ͪ͊ͫͨͦ͒ͦͣ͡ ͫ ͍͔͎ͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ό͔͙͙͊ͪ͊ͭͪͫͭ͟͟;ͤ͊ ͊͘ ͺͯͦ͡-

ͼ͔͍͙ύ ͙ ͫ͊ ͔͔ͨͪͭ͗ͤͦ ͎͙͙ͦͤͭͯ͒ͤ͊ͤͦͣ͡͡ όͯ͒ͯ͗ͤͦͣ͘ύ ͔ͪ͊ͫͨͦ͒ͦͣ͡ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ όͦ͊͟͞ 

͔͞ ͔͙͙͊ͪ͊ͭͪͫͭ͟͟;ͤ͊ ͊͘ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍͙ͦͪͣ͊͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ύΦ ̂ ͦ͋͊ 

ͫͯ͡;͊͊͞ ͔͞ ͨͦ ͍͙ͨͪ͊ͯ͡ ͙͔ͫͨͯͥͤ ͍ͯͫͦ͡ ὒ / Ὁ Җ лΦнΦ 

˻͍͔͔͔ͫͭͥ͢ ͔ͭͯͤ͊͡ ͔ͫ ͫͭ͊ͤͦ͡ ͙͔ͫͭͪ͊͗ͯ͞Σ ͍͔ͫ ͯ ͼ͙ͯ͢ ΄ͭͦ ͙͔͎ͨͦͭͨͯͤ͞ ͫͻ͍͊ͭ͊ͥ͊ ͍͙͔͎ͯͤͦ͘͡ 

͔ͣͻ͙͊ͤͣ͊͘ ͙ͦ͟͞ ͔ͫ ͙͍͙͊ͭͪ͊͟ ͙ͨͪ ͯ͊ͫͯ͟͡ ͯ ͔ͭͯͤ͡Φ ˽͙ͪ ͔ͭͦͣΣ ͙ͪ͊ͥ͟͞ ͼ͙͢ ͍͙ͫͻ ͙͔͔͙ͨͪͣͥͤͻ 

͔ͣͭͦ͒͊ ͔͍ͨͪͦͭͦ͊ͥ͊͟͞ ͔͞ ͙͔ͨͦͫͭ͊ͥ͘ ͙͎ͦͨͭͣ͊ͤͦ͡ ͙ͦͪ͟΄ΐ͔ͥ͊ ͔͔͎͙͔ͤͪ͞ ͙ ͙͙͙ͣͤͣ͊ͤ͡ͻ 

ͭͪͦ΄͍ͦ͊͟ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͍͔͔ͦͫͭͥ͊͢ ͯ ͔ͭͯͤͯ͡Φ 

˴ͦ͒, ͙͔͊ͫͤ͟͞ ͍͙͔͎ͪ͊ͤͦ͘͞Σ ͙͔͙͊ͫͣͭͪ;͎ͤͦ ͙͔ͫͫͭͣ͊ ͍͔͔ͦͫͭͥ͊͢ ό͙͔ͫͫͭͣ͊ ͦͤͭͪ͊͟-ͺͯͫ͊͟͡ύΣ 

͙ͦ͟͞ ͔ͫ ͔͔͙ͭͣ͢ ͤ͊ ͔͔ͨͪͭ͗ͤͦͣ ͔͍ͯͫͣͪ͊͊ͥͯ ͍͔͙ͫͭͦͫͭ͡ ͔ͨͪͣ͊ ͯ͊ͯ͘͡ ͯ ͔ͭͯͤ͡Σ ͫͯͨͪͦͭͤͦ 

͔ͫͣͪͯ ͍͔ͦ͗ͥΣ ͨͦ ͍͙ͨͪ͊ͯ͡ ͔͞ ͍͔͊͒ͦͦͤ͘͢ ͍ͯͫͦ͡ ὒ / Ὁ җ лΦсΦ ˻͍͊ ͔ͪ͊͡ͼ͙͊͞ ͔͞ ͔ͨͪ ͍͔͎ͫ͊ 

͔͙ͨͦͫ͒͡ͼ͊ ;͙͔͙ͥͤͼ͔ ͒͊ ͔͞ ͍͔͙ͪͭ͊ͤ͊͟͡ ͍͔͔ͦͫͭͤͦͫͭ͢ ͤ͊ ͔͔ͨͪͨͪͼ͙ ͯ ͔ͭͯͤͯ͡Σ ͔ͨͪͣ͊ ͍ͦ͊͘;ͯΣ 

͙͋ͭͤͦ ͔ͫͣ͊ͥͤ͊Φ 

˭͊ͻ͍͊ͯͯ͢͞ΐ͙ ;͙͔͙ͥͤͼ͙ ͒͊ ͔ͫ ͊ͦ͟ ͔͔͔ͨͪͨͪ͟ ͤ͊͞;͔΄ΐ͔ ͍͊͊ͯ͢͞͞ ͙ͭ͊ͣͤ ͔͙ͦ͋ͭ͟͞Σ ͔ͦ͟͞ 

͔͙͊ͪ͊ͭͪ͟͟΄ͯ ͙͙ͤͫ͟ ͺ͙͊ͭͦͪ͟ ͔ͪͺ͔͙͔ͫ͟͡͞ ό͔ͪ͒͊ лΦмрύΣ ͙ ͊͘ͻ͍͊ͯͯ͢͞ΐ͙ ͙ͣ͊ͣ͡ ͍͔͙ͪ͒ͤͦͫͭͣ͊ 

͍͔͙͔ͪͭ͊ͤ͟͡ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ὉΣ ͔ͯͨͦͭͪ͋ͦͣ ͙͔ͫͫͭͣ͊ ͦͤͭͪ͊͟-ͺͯͫ͊͟͡ ͔ͣͦ͗ ͒͊ ͔ͫ ͙͎͔ͨͦͫͭͤ ͒͊ 

͔ͫ ͔͙ͨͦͭͪ͋ͤ ͙ͦͤͭͪ͊ͫͭ͟ ͯ ͙ͦͤ͘ ͎ͨͪ͊͊ ͍͔ͦͫͭ͊ͪ ͫ͊ ͙͙ͤ͗ͣ ͙͍͙ͤͦͣ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͦ͒ ͙ͦͤͻ ͙ͦ͟͞ ͫͯ 

͔ͤͦͨͻ͙ͦ͒ͤ ͯ ͫͯ͡;͊ͯ͞ ͙͔͔ͨͪͣͤ ͙͔͙ͫͣͭͪ;͎ͤͦ ͙͔ͫͫͭͣ͊ ͍͔͔ͦͫͭͥ͊͢Φ ́ͦ ͔͔ͫͭ͞ ͔͍͙͔͒ͤͭͤ͊ 

͔ͨͪ͒ͤͦͫͭ ͙͔ͫͫͭͣ͊ ͦͤͭͪ͊͟-ͺͯͫ͊͟͡ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͙͊ͫ͟͡;͊ͤΣ ͙͔͙ͫͣͭͪ;͊ͤ ͙͔ͫͫͭͣ ͍͔͍ͦͫͭ͊͊ͥ͊͢ 

͔ͭͯͤ͊͡Φ 

˿͙͔ͫͭͣ ͦͤͭͪ͊͟-ͺͯͫ͊͟͡ ͙ͣ͊ ͙ ͍͔ͦͣ͊ ͙ͦ͋͊ͤ͘͢ ͔ͤ͒ͦͫͭ͊ͭ͊͟Φ ˹͙͔͊ͣΣ ͍ͦ͊͘; ͯ ͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘ 

͔͔ͭ͗ ͯͦ;͍͊͊ ͙͔ͫ͊͋͡͞ ͍͔͔͔ͦͫͭͤ͢ ͔͊͒ͥ͘ ͔͍͔͒ͦ͡ ͍͙ͦ͊͘͡ ͔ͦ͟͞ ͔ͫ ͙ͤ͊͊͘͡ ͯ ͙ͦͤ͘ ͎ͨͪ͊͊ όͯ ͦͦ͟͞͞ 

͔͞ ͙͔͔ͨͪͣͥͤ ͍ͦ͊͞ ͙͔ͫͫͭͣ ͍͔͔ͦͫͭͥ͊͢ύΣ ͔ͯͫ͒͡ ;͔͎͊ ͔ͫ ͔ͫͣ͊ͥͯ͞ ͔͎͍ͥͦ͊ ͔͔͋͋͒ͤͦͫͭ͘Φ ˽͙ͦͫͭͦ͞ 

͙ ͙͙ͪ͘͟ ͒͊ ͯ ͙ͦͤ͘ ͎ͨͪ͊͊ ͍͔ΐ͊ ͍͙ͦ͊͘͡ ͔͊ͦͤ͘͟͡ ͣ͊ͥ͊ ͦ͊͟͞ ͔͒ͦ͊͘͡ ͔͔ͤͨͦͫͪ͒ͤͦ ͙͊͘ ͙ͥͻ ͙ 

ͯ;͙͔ͤ ͙ͻ ͍͔ͦͣ͊ ͦ͡΄͔ ͍͙͙͍͙͒ͣ͢Φ 

˹͊ ͍ͦͫͤͦͯ ͍͔͎ͫ͊ ͔ͤ͊ͨͪ͒ ͔ͪ;͔͎ͤͦΣ ͔ͣͦ͗ ͔ͫ ͊ͯ͘͟͢;͙͙ͭ ͒͊ ͙͋ͦͪ͘ ͙͔ͫͫͭͣ͊ ͍͔͔ͦͫͭͥ͊͢ 

͔͍ͨͪ͒ͫͭ͊͊͢ ͙͋ͦͪ͘ ͙͔ͣ͘Ώͯ ͔͔͙͔͎͋͋͒ͤ͘͞ ό͙͔͙ͫͣͭͪ;͎ͤͦύ ͙ ͪ͊ͼ͙͙͔͎ͦͤ͊ͤ͡͞ ό͙͔͙͊ͫͣͭͪ;͎ͤͦύ 

͙͔ͫͫͭͣ͊ ͍͔͔ͦͫͭͥ͊͢Φ 

˾͍͔͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͔ͭͯͤͯ͡ 

˨͊ ͙͋ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞Σ ͊ͦ͟ ͔͒͊ͤ͞ ͦ͒ ͍͙͙ͤ͊͊͗ͤ͞͞ͻ ͺ͊ͭͦͪ͊͟ ͍͙͔͊ͭͭ͊͟͡ ͍͔͔ͦͫͭͥ͊͢ 

͔ͭͯͤ͊͡Σ ͙͋͊͡ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ΐ͊Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͒͊ ͦ͒ͤͦͫ ͙͙͔ͣͤͣ͊ͤ͡ ͙ ͔͔ͫͪ͒ͥ ͙ͫ͊ͤͦͫͭ͞͞ ͤ͊ 

͍ͦͦͦͯ͘͟͡ ͔͋ͯ͒ ͋͊ͪ лΦпΦ ˽͙͔ͭ͊ͥ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͔ͭͯͤͯ͡ ͔ͨͦ͒͒ͤ͊ͦ͟͞ ͔͞ ͍͊͗ͤͦ ͙ 

ͯ ͔͍͙͒ͤͤͣ ͙ ͯ ͤͦΐ͙ͤͣ ͍͙ͯͫͦͣ͊͡Φ 

˽ͦ΄ͭͦ ͙ ͙͙ͤ͗ ͔͍͙͒ͦ͡ ͙͍͒ͦ͊͘ ͯ ͔ͭͯͤͯ͡ ό͒ͦ ͍͙͙͔ͫͤ ͦ͒ 2 m) ͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ ͙ͨͦ͊͒ͤͯ͘ ͊͘ 

ͯͦ;͍͔͊͊ͥ ͔͔ͨͪͨͪ͊͟ ͯ ͭͦͯ͟ ͍͔ͦ͗ͥΣ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͤ͊ ͙ͥͣ͊ ͙͋ͭͤͦ ͙ͯͭ;͔ ͤ͊ ͍͙͔͒ͤ 

͔ͨͪͺ͔ͦͪͣ͊ͤͫ ͍ͦ͊͘;͊Σ ͨ͊ ͔ͫ ͙ͦͤ ͎͋ͦ͘ ͎ͭͦ͊ ͔͙ͭͪͭͪ͊ͯ͞ ͔͒ͤ͊ͦ͟͞ ͊ͦ͟ ͙ ͍ͦͦͦ͘͟͡Φ ˽ͦ͒ͯ͗ͤ͊ 

͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͒ͯ͗ ͔ͦͫ ͍͔ͫ͊͟ ͫ͊ͦ͋ͪ͊ΐ͔͊ͤ͞ ͔ͭͪ͊͟ ͯ ͔ͭͯͤͯ͡ ͔ͤ ͔ͫͣ ͙͙͋ͭ ͣ͊ͥ͊ ͦ͒ 

0.6. 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˹͊ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡ ͙ ͙͍͒ͦ͊͘ ͯ ͔ͭͯͤͯ͡ ͙͋ͭͤͦ ͙ͯͭ;ͯΥ 

- ͙͎͔͒͘͡ ͔ͨͦͨͪ;͎ͤͦ ͨͪͦͺ͙͊͡ ͔ͭͯͤ͊͡Σ 

- ͙͋ͦͪ͘ ͙ͭͨ͊ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Σ 

- ͙͋ͦͪ͘ ͙ͭͨ͊ ͍͔͙͔ͫͭ͢͟Σ ͙ 

- ͔ͪ͊ͫͨͦͪ͒ ͍͔͙͙ͫͭ͢͟ ͯ ͔ͭͯͤͯ͡Φ 

̂ ͫͯ͡;͊ͯ͞ ͙͔͔ͨͪͣͤ ͙͔ͫͫͭͣ͊ ͍͔͔ͦͫͭͥ͊͢ ͦͤͭͪ͊͟-ͺͯͫͦͣ͟͡Σ ͍͔͔͔ͦͫͭͥ͢ ͙͍͒ͦ͊͘ ͔͞ 

͙ͦͣͨͪͦͣͫ͟ ͙͔ͣ͘Ώͯ ͔͔ͦ͋͋͘Ώ͙͍͊ͥ͊ ͍͒ͦͦͤͦ͢ ͍͔͔ͫͭ͡ ͙͔ͨͦ͊͒ͤ͘ ͙ ͙͔͎͍͋͊͊ͥ͊͘ ͍͙ͫͯ΄͔ͤ 

͔ͪͺ͔͙͔ͫ͟͡͞ ͙͍͒ͦ͊͘Σ ͦ͊͟͞ ͙ͯͭ;͔ ͤ͊ ͔͔ͫͣ͊ͥͥ ͦ͒ͤͦͫ͊ ὒ / Ὁ. 

˻͎͙ͪ͊ͤ;͔͔ͥ ͔͋͢΄ͭ͊ͥ͊ ͯ ͔ͭͯͤͯ͡ 

˽ͦ΄ͭͦ ͫͯ ͯ ͙ͤͫͭ͊͊͡ͼ͙͙͞ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡ ͍͔͙͔ͫͭ͢͟ ͍͔͔ͨͦͫͭ͊ͤ͢ ͤ͊ ͤ͊͘;͊ͤͦ͞ ͣ͊ͥͦ͞ 

͍͙͙͙ͫͤ ͔͎ͤͦ ͯ ͙͊ͫ͟͡;ͤͦͣ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞Σ ͔ͦͤ ͣͦͪ͊ͯ͞ ͙͙͋ͭ ͍͙΄͔ ͔͔͔͊ͫͥͤ͘Σ ͒͊ ͔ͤ ͙͋ 

͍͔ͨͪͦͯͪͦͦ͊͘͟͡ ͔͔ͨͪͦͣͪͤͦ͟ ͔͋͢΄͔ͭ͊ͥΦ ̂ ͤͦΐ͙ͤͣ ͍͙ͯͫͦͣ͊͡Σ ͔͋͢΄͔ͭ͊ͥ ͍͔͙͙ͫͭ͢͟ ͔ͫ 

͎͙ͦͪ͊ͤ;͍͊͊ ͒ͯ͗ ͼ͔͎ͦ͡ ͔ͭͯͤ͊͡Φ ̂ ͔͍͙͒ͤͤͣ ͍͙ͯͫͦͣ͊͡Σ ͔ͨͦͫ͋ͤ͊ ͨ͊͗ͥ͊ ͔ͫ ͍͔ͨͦͫΐ͔ͯ͞ 

͎͙ͦͪ͊ͤ;͔ͥͯ ͔͋͢΄ͭ͊ͥ͊ ͯ ͯͤͯͭͪ͊΄ͥͦ͞ ͙ͦͤ͘Φ ̂ ͦͤ͊ͣ͊͘ ͯ͊͊͘͡ ͙ ͙͊͊͘͘͡ ͔͋͢΄͔ͭ͊ͥ ͙͔ͤ͞ 

͙͙ͪͭ͟;ͤͦΣ ͔ͪ͞ ͫͯ ͙͍͙ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͙ͭͣ ͦͤ͊ͣ͊͘ ͍͙͙ͫͦ͟Σ ͨ͊ ͫͯ ͍͔ΐ͔ ͙ ͍͔͔͒ͦͦͤ͘͢ ͙ͫ͊ͤͦͫͭ͞͞ 

͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Φ 

̂ ͫͯ͡;͊ͯ͞ ͔͎ͭͯͤͫͦ͟͡ ͍͔͔ͦͫͭͥ͊͢Σ ͙ͦͤͭͪͦ͟͡΄͔ ͔ͫ ͺ͙͙ͦͦ͘͡΄ͦ͟ ͔͋͢΄͔ͭ͊ͥΣ ;͙͔͞ ͔͞ ͔͙ͣͪͦ͡Σ 

͔͙͍͙ͪ͊ͭͤ͡ ͨͦͪ͊ͫͭ ͎ͨͪ͊͊ ς ́ I. 

͙͙̅ͦͦ͘͡΄ͦ͟ ͔͋͢΄͔ͭ͊ͥ ͤ͊͘;͊ͤͦ͞ ͔ͫͣ͊ͥͯ͞ ͍͙͔͒ͤ ͔ͨͪͺ͔ͦͪͣ͊ͤͫ ͍ͦ͊͘;͊Σ ͔ͪ͞ ͤ͊ ͔͎͍͙ͥͦͣ 

ͦ;͙ͣ͊ ͔ͯͪͦͯ͘͟͞ ͍ͨͦ͊ͯ͞ ͍͔͔ͫͭͦͫͤ͡ ͍͔͔͊ͫ͘ ό͔͔ͦͨͪͤ͟ύ. ˾ ͔͙͍͙͊ͭͤ͡ ͨͦͪ͊ͫͭ ͎ͨͪ͊͊ ͔ͤ ͙͋ ͔ͭͪ͋͊ͦ͡ 

͒͊ ͔͋ͯ͒ ͍͔ΐ͙ ͦ͒ мр҈ ͙ͤ ͯ ͔͒ͤͦ͞͞ ͦ͒ ͦͤ͊͘ ͔ͭͯͤ͊͡Φ ˻ͤ ͔ͫ ͙͍ͪ͊͗͊͊͘ ͙͔ͨͪͣͤͦͣ ͔͔ͫ͒͡ΐ͙ͻ 

ͺͦͪͣͯ͊͡Υ 

ὝὍ φυ Ȣ ᾀὥ ὒ υ cd/ά ) 

ͦ͒ͤͦͫͤͦ: 

ὝὍ ωυ Ȣ  ᾀὥ ὒ υ cd/ά ) 

ͯ ͙ͦͣ͊͟͞ ͫͯΥ 

ὒ  ς ͔ͫͪ͒ͥ͊ ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡ ͙ ͙͍͒ͦ͊͘ ͔ͭͯͤ͊͡ ό͒ͦ ͍͙͙͔ͫͤ ͦ͒ 2 m), ͟ ͙ͦ͞ ͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ 

͙ͨͦ͊͒ͤͯ͘ ͊͘ ͔͍͔ͤͭͯ͊ͤͯ͡ ͔͔ͨͪͨͪͯ͟ ͯ ͔ͭͯͤͯ͡Σ ͙ 

ὒ ς ͔͍͙͍͔͊ͤͭͤ͊͟͡ ͔͊ͫͨͯͯ͘͢͡͞ΐ͊ ͫ͊ͤͦͫͭ͞͞Σ ͦ͊͟͞ ͙ͨͦͭ;͔ ͦ͒ ͍͙ͫͻ ͍͔͙͙ͫͭ͢͟ ͯ ͍͙͒ͤͦͣ ͨͦͯ͢ 

͍ͦ͊͘;͊ όͦ͒ ͻ͙͎ͦͪͦͤͭ͊ͤͦ͘͡ ͙͍ͤͦ͊ ͒ͦ нлϲ ͙ͤ͊͒͘ ͔͎ͥ͊ύΦ 

͔͔̅ͤͦͣͤ ͔͔͔ͭͪͨͪͥ͊ 

˴͊͒͊ ͫͯ ͍͔͙͔ͫͭ͢͟ ͯ ͔ͭͯͤͯ͡ ͍͔͔ͨͦͫͭ͊ͤ͢ ͯ ͙͔͙ͫͨͪ͒͊ͤͦͣ͟ ͙ͤͯ͘Σ ͯ ͍͙͒ͤͦͣ ͨͦͯ͢ ͍ͦ͊͘;͊ ͔ͫ 

͔͙͙ͨͪͦ͒;ͤͦ ͍͊͊ͯ͢͞͞ ͍͔ͫͭ͊͡ ͙ ͭ͊ͣͤ͊ ͨͦ͊͢Σ ͦ͊͟͞ ͙͍͔ͨͪͦͦ͒͘ α͔ͺ͔͊ͭ͟ ͔͔͔ͭͪͨͪͥ͊άΦ ˻ͤ ͔͞ 

͔͙ͨͦͫ͒͡ͼ͊ ͍͙͍ͨͦ͊͊ͥ͊͢͞ ͙ ͔ͤͫͭ͊͊ͥ͊͞ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͯ ͔͙ͨͪͺ͔ͪͤͦͣ ͔͒ͯ͡ ͔ͣͪ͗ͥ͊;͔ 

ͦ͊͟ ͍ͦ͊͘;͊ ͙ͦ͟͞ ͔ͫ ͔ͪ͟ΐ͔ ͪͦ͘͟ ͔ͭͯͤ͡Φ ˻͍͊͞ ͺ͔͔ͤͦͣͤ ͔͞ ͍ͨͪͦͯͪͦͦ͊ͤ͘͟ ͊ͦ͟͟ ͦ͒ ͍͔͙ͫͭͦͫͭ͡ 

͙͙͙ͤͫͭ͊ͪ͊ͤ͡ͻ ͍͔͙͙ͫͭ͢͟Σ ͭ͊ͦ͟ ͙ ͦ͒ ͍͔͙ͫͭͦͫͭ͡ ͦ͊͟͞ ͔ͫ ͙ͦ͒͋͊͞ ͦ͒ ͙ͫ͊ͤ͞͞ͻ ͍ͨͦͪ΄͙ͤ͊ ͯ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͙͙ͦͦͤ͟͡ ό͔͙ͨͪ͒ͥ ͙͙͡ ͙͊͒ͥ͘ ͔͍͙͒ͦ͡ ͙͊ͯͭͦͣͦ͋͊͡ ͙ ͔ͭͦͣ ͙ͫ͡;ͤͦύΦ ˿͔͔ͣͭͥ ͔ͦ͟͞ ͍ͦ͊͘; 

͔ͦͫΐ͊ ͊ͦ͟ ͔͙ͨͦͫ͒͡ͼͯ ͔ͺ͔ͭ͊͟ ͔͔͔ͭͪͨͪͥ͊ ͍͙͔͊ͫ͘ ͊ͦ͟͟ ͦ͒ ͺ͔͍͔ͪͤ͟ͼ͙͔͞ ͔͔͔ͭͪͨͪͥ͊Σ 

͔͒ͺ͙͙͔ͤͫ͊ͤ ͦ͒ͤͦͫͦͣ ͙͔͋ͪͤ͘ ͍͙ͦ͊͘͡ ͙ ͪ͊ͫͭͦ͊ͥ͊͞ ͙͔ͣ͘Ώͯ ͔͙ͫͯͫ͒ͤͻ ͍͔͙͙ͫͭ͢͟Σ ͭ͊ͦ͟ ͙ ͦ͒ 

͙͔͒ͯ͗ͤ ͔ͭͯͤ͊͡Σ ͦ͒ͤͦͫͤͦ ͍͔͔ͪͣͤ͊ ͙͔͙ͦ͗ͤͦͫͭ͘͡ ͍ͦ͊͘;͊ ͍ͦͦͣ ͔͙ͤͨͪ͊ͭͤͦͣ͞ ͺ͔͔ͤͦͣͤͯΦ 

ˮ͙͙͍ͫͨͭ͊ͥ͊ ͫͯ ͨͦ͊͊͊͘͟͡ ͒͊ ͔ͦͣͭ͊ͯ͞ΐ͔ ͔͔͔͔ͭͪͨͪͥ ͔ͤ͊ͫͭ͊͞ ͯ ͔͎ͦͨͫͯ ͺ͔͍͔ͪͤ͟ͼ͙͊͞ ͙͔ͣ͘Ώͯ 

2,р ͙ мр Hz. ˩ͺ͔͊ͭ͟ ͔͔͔ͭͪͨͪͥ͊ ͔ͫ ͙ͨͪ͊ͭ͟;ͤͦ ͔͙ͭͪͭͪ͊ ͫ͊ͣͦ ͊͘ ͯͤͯͭͪ͊΄ͥͯ ͦͤͯ͘ ͔ͭͯͤ͊͡Φ 

˭ͦͤ͊ ͎ͨͪ͊͊ ͙ ͙ͭͪ͊ͤͭͤ͊͘ ͦͤ͊͘ ͫͯ ͯ ͙ͨͪͤͼ͙ͨͯ ͍ͪͦ͡ ͔ͪ͊ͭ͟͟Σ ͭ͊ͦ͟ ͒͊ ͔ͫ ͯ ͙ͥͣ͊ ͍ͦ͊͞ 

͔͙͍ͯͤͣͪ͊͊ͯ͘͞ΐ͙ ͔ͺ͔͊ͭ͟ ͙ͨͪ͊ͭ͟;ͤͦ ͙ ͔ͤ ͍͔ͨͦ͊ͯ͢͞͞Φ 

˹͔͙ͨͪ͊ͭ͊ͤ͞ ͙ ͦͨ͊ͫ͊ͤ ͔ͺ͔͊ͭ͟ ͔͔͔ͭͪͨͪͥ͊ ͔ͣͦ͗ ͒͊ ͔ͫ ͙ͯ͋͊͗͡ ͍͔͙ͫͭͣ͡ ͙͍͙͒ͦͣ͊͘ ͯ ͔ͭͯͤͯ͡ 

͙͙͡ ͔ͯͨͦͭͪ͋ͦͣ ͍͔͙͙ͫͭ͢͟ ͔ͣ͊ͥ ͙ͫ͊ͤͦͫͭ͞͞Φ ˴ͦ͒ ͔͔͙͎ͤͨͪ͒ͤͦ͟ ͙ͤ͊͘ ͍͔͙͙ͫͭ͢͟ ό͍͔͔ͫͭͦͫͤ͡ 

͔ͭͪ͊͟ύ ͔ͤ ͙͒ͦ͊͘͡ ͒ͦ ͍͔ͨͦ͊͞ ͔͔͔ͭͪͨͪͥ͊Φ 

˻͍͔͔͔ͫͭͥ͢ ͔ͭͯͤ͊͡ ͯ ͤͦΐ͙ͤͣ ͙ͫ͊ͭͣ͊ 

̂ ͤͦΐ͙ͤͣ ͙ͫ͊ͭͣ͊ ͔͞ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͔ͭͯͤͯ͡ ͍͔ΐ͙ ͔͎ͤͦ ͦͤ͊͞ ͙͍͊ͤ͘ ͔ͭͯͤ͊͡Σ ͨ͊ ͎͋ͦ͘ ͎ͭͦ͊ ͎ͣͦͯ 

͙ͤ͊ͫͭ͊ͭ ͔ͭ΄ͦ͟ΐ͔ ͯ ͎͔ͨͦ͒ͯ͡ ͙͎ͨͪ͊ͦ͡Ώ͍͊͊ͥ͊ ͤ͊ ͔ͺ͔͊ͭ͟ αͼ͔ͪͤ ͔ͪͯͨάΣ ͫ͊ͣͦ ͫ͊͒͊ ͙ͨͪ ͙͊ͫͯ͘͟͡ 

͙͘ ͔ͭͯͤ͊͡Φ ˻ͼ͔͔ͥͤͦ ͔͞Σ ͔ͣΏ͙ͯͭͣΣ ͒͊ ͔ͨͪͦ͋ͣ͊͡ ͫ͊ ͊͒͊ͨͭ͊ͼ͙ͦͣ͞ ͔ͤΐ͔ ͙͙͋ͭ ͙ͯͦͦ͟͟͡ ͔ͫ ͔͒ͦ 

ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͔͔ͤͨͦͫͪ͒ͤͦ ͨͦ ͙͊ͫͯ͘͟͡ ͙͘ ͔ͭͯͤ͊͡Σ ͊ ͤ͊ ͙͙͒ͯ͗ͤ ͔ͤ ͣ͊ͥͦ͞ ͦ͒ ͔ͦͤ ͦ͊͟͞ 

͎͍ͦ͒ͦ͊ͪ͊ ͍͙ͦ͗ͥ ͯ ͭͪ͊͊ͥͯ͞ ͦ͒ 5 sΣ ͍͔͙ͦͫͭ͡ ͭ͊ͦ͟ ͒͊ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡ ͙͙ͤͦͫ͘ ͋͊ͪ 

мκо ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͙͔͊ͤ͘͘͡ ͔ͦͤ͘ ͔ͭͯͤ͊͡Φ ̂ ͤͦΐ͙ͤͣ ͍͙ͯͫͦͣ͊͡ ͔ͭͪ͋͊ ͙ͫͯ͟͢;͙͙ͭ ͒ͦ͒͊ͭͤͦ 

͍͔͔͔ͦͫͭͥ͢Σ ͔ͦ͟͞ ͔͞ ͙͙ͤͫͭ͊ͪ͊ͤͦ͡ ͊͘ ͔͔ͨͦͭͪ͋ ͙͎ͨͪ͊ͦ͡Ώ͍͊͊ͥ͊ ͦ;͙ͯ͞ ͍ͦ͊͘;͊ ͯ ͔͍͙͒ͤͤͣ 

͍͙ͯͫͦͣ͊͡Φ ˽͔ͦͭͪ͋ͤͦ ͔͞ ͒͊ ͔ͫ ͤ͊ ͼ͔ͦ͡͞ ͙͙͒ͯ͗ͤ ͔ͭͯͤ͊͡Σ ͯ ͍͙ͫͣ ͔͎͍͙ͥͦͣ ͦͤ͊ͣ͊͘Σ ͙͔ͫͨͯͤ 

ͺ͔͙͙ͦͭͦͣͭͪͫ͟͞ ͊͘ͻ͔͍͙ͭ ͔͙͒ͤ͊͟͞ ͙ͦͤͣ͊ ͙ͦ͟͞ ͫͯ ͙͔͙ͫͨͯͥͤ ͤ͊ ͙ͨͪ͊ͤͦͣ͘͡ ͨͯͭͯΦ ˢͦ͟ 

͙͙ͨͪ͊ͤ͘͡ ͨͯͭ ͙͔ͤ͞ ͍͔͔ͦͫͭͤ͢Σ ͭ͊͒͊ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͔ͭͯͤͯ͡ ͔ͭͪ͋͊ ͒͊ ͙͙ͤͦͫ͘ ͋͊ͪ м cd/ά  , 

ͯ͘ Ὗ  җ 0.4 ͙ Ὗ җ 0.6. ˿͔͔ͣ͊ͥͥ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͦͤ͊͞ ͙ͦ͟͞ ͔͞ ͨͦͫͭͦ͊ͦ͞ ͯ 

͔͍͙͒ͤͤͣ ͍͙ͯͫͦͣ͊͡ ͔ͣͦ͗ ͔ͫ ͙͍͔͙ͫͭ͘ ͙ͫͯ͟͢;͔͔ͥͣ ͔͎͒ͤͦ͞ ͔͒͊͡ ͍͔͙͙ͫͭ͢͟ ͙͙͡ 

͔͎͙͔ͪͯͫ͊ͥͣ͡ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͙͍ͦͪ͊͘ ͫ ͍͔͙ͭͦͫͭ͡Φ ˻͍͊ ͎͒ͪͯ͊ ͔ͣͪ͊ ͔͞Σ ͍ͤ͊ͪ͊ͤͦΣ ͋ͦ͊͢Σ ͔ͪ͞ 

͔ͫ ͯͨͪͦͫ͟ ͙͔ͤ͗ͣ ͙͍ͤͦͯ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͤ ͔ͣͥ͊ ͔ͥͤ͊ ͔͙͍ͪ͊ͭͤ͊͡ ͔ͪ͊ͫͨͦ͒͊͡Σ ;͙͔ͣ ͔ͫ ͍ͦ͒ͪ͗͊͊ 

͍ͨͦͦͤ͊͢ ͦͨ΄ͭ͊ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͤ͊ ͙͍ͤͦͯ Ὗ  = 0.4, ͦ͒ͤͦͫͤͦ ͍ͨͦͦͤ͊͢ ͨͦ͒ͯ͗ͤ͊ 

͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͤ͊ ͙͍ͤͦͯ Ὗ = 0.6  ͊͘ ͍ͫ͊ͯ͟ ͦ͒ ͭͪ͊͊͟ ͔ͭͯͤ͊͡ ͨͦͤ͊ͦͫͦ͋Φ 

ˤ͙͔ͯͤͦ͘͡ ό͙ͦͨͭ;ͦ͟ύ ͍ͦΏ͔͔ͥ 

˨͊ ͙͋ ͔ͫ ͙͎ͨͦͫͭͦ͡ ͒ͦ͋ͪͦ ͍͙͔ͯͤͦ͘͡ ͍ͦΏ͔͔ͥΣ ͔ͦ͟͞ ͔͞ ͤ͊͘;͊͊ͤ͞ ͔͔͔ͣͤͭ͡ ͙ͯ͒ͦ͋ͤͦͫͭ ͍ͦ͊͘;͊Σ 

͊͘ ͍͔ͫ ͙͔ͦ͋͟͡ ͔ͭͯͤ͊͡ ͙ ͍͔ͫ ͙͔͔ͫͫͭͣ ͍͔͔ͦͫͭͥ͊͢ ͯ ͔ͥͣͯΣ ͙͔ͨͪͣͥͯͯ͞ ͔ͫ ͔͔ͫ͒͡ΐ͔ ͔͔ͣͪΥ 

- ͍͔͔͔ͦͫͭͥ͢ ͍͙ͫͻ ͦͤ͊͘ ͙ ͍͙ͫͻ ͔͍͙ͨͪͦͭͦ͊ͤ͟͞ͻ ͔͙ͪ͗ͣ͊ ͔ͭͪ͋͊ ͒͊ ͎ͦͣͦͯΐ͙ ͊ͫͤͦ͞ 

͍͙͔ͯͤͦ͘͡ ͍͔ͦ͒͊͊ͥ͞ ͍͔͔͔ͦͫͭͤ͢ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡ ͦ͒ ͍͔͔͙ͦͫͭͤ͢ͻ 

͍ͨͦͪ΄͙ͤ͊ ͙ͦͦͤ͟͡ͻ ͙͍͒ͦ͊͘Σ 

- ͔ͨͦͭͪ͋ͤͦ ͔͞ ͍͙ͦ͒ͪ͗͊͊ͭ ;͙ͫͭͦΐͯ ͍ͨͦͪ΄͙ͤ͊ ͙͍͒ͦ͊͘ ͔ͭͯͤ͊͡Σ 

- ͔ͨͦͭͪ͋ͤͦ ͔͞ ͯ;͙͙͙ͤͭ ͊ͫͤͦ͞ ͯͦ;͙͍͙ͣ͢ ͍͔͙͔ͪͭ͊ͤ͟͡ ͍ͨͦͪ΄͙͔ͤ ͙͍͙ͼ͊ ͨͯͭ͊Σ 

- ͻ͙ͦͪͦͤͭ͊ͤ͊͘͡ ͙͎͙ͫͤ͊͊͘͡ͼ͙͊͞ ͣͦͪ͊ ͙͙͋ͭ ͨͦͭͨͯͤͦ ;͙ͫͭ͊ ͙ ͔ͤͦ΄͔ͭΐ͔ͤ͊Σ 

- ͔ͪ͊ͫͨͦͪ͒ͦͣ ͍͔͙͙ͫͭ͢͟ ͔ͭͪ͋͊ ͎ͦͣͦͯΐ͙͙ͭ ͍ͦ͊͘;ͯ ͒͊ ͊ͫͤͦ͞ ͙ ͔͍͙͔ͤ͒ͦͫͣͫͤͦ͡ 

ͯͦ;͍͊͊ ͍ͨͪ͊͊ͼ ͍͔ͦ͗ͥΣ ͙ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

- ͯ ͦ΄͙ͭͪͣ ͙͍͙ͪͤ͊ͣ͊͟ ͔ͭͯͤ͊͡ ό͔ͨͦͫ͋ͤͦ ͙ͪ͊ͭͣ͟͟ύ ͔ͭͪ͋͊ ͙͒͊ͭ ͔ͨͪ͒ͤͦͫͭ 

͔ͨͦͣͪ͊ͥͯ ͍͔͙͙ͫͭ͢͟ ͔ͨͪͣ͊ ͙͒ͯ͘ ͙ͦ͟͞ ͔͞ ͤ͊ ͫͨͦ͊͢΄ͥͦ͞ ͙ͫͭͪ͊ͤ ͙͍͙͔ͪͤ͟ 

͔ͭͯͤ͊͡Φ 

ˢͪͻ͙͔͔ͭͭͦͤͫ͟͟ ͙ ͎ͪ͊Ώ͔͍͙͔ͤͫ͟ ͔͔ͣͪ ͔ͦ͟͞ ͔ͫ ͍͔ͫͨͪͦͦ͒ ͯ ͼ͙ͯ͢ ͔ͫͣ͊ͥͥ͊ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ 

͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘ ͙ ͍͔ͨͦΐ͊ͥ͊ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊ 

̂ ͼ͙ͯ͢ ͔ͫͣ͊ͥͥ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘Σ ͔ͦ͟͞ ͍͙͒ͦͦ͒ ͒ͦ ͔ͫͣ͊ͥͥ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊ 

͙ ͙͔ͭͪ͊ͤͭͤ͘ ͔ͦͤ͘Σ ͦ͒ͤͦͫͤͦ ͒ͦ ͔ͫͣ͊ͥͥ͊ ͭͪͦ΄͍ͦ͊͟ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͍͔͔ͦͫͭͥ͊͢ ͯ ͔ͭͯͤͯ͡Σ 

͔ͨͪ͒͊͗ͯ͡ ͔ͫ ͔͔ͫ͒͡ΐ͔ ͔͔ͣͪΥ 

- ͙͙ͨͪͦͣ͟͡ ͔͍ͨͪͦͭͦ͊ͥ͊͟͞ ͔ͭͪ͊ͫ ͔ͭͯͤ͊͡Σ ͔ͭͪ͋͊ ͙͔͎͍͙͋͊͊ͭ͘ ό͙ͦͦ͟͟͡ ͔͞ ͭͦ 

͎ͣͦͯΐ͔ύ ͙͔ͦͪͤͭ͊͞ͼ͙ͯ͞ ͔ͭͯͤ͊͡ ͙ͨͪ ͦͦ͟͞͞ ͔ͫ ͙ͣ͊ ͍͔͙͙͟͡ ͙ͯͭͼ͊͞ ͙͔͔͒ͪͭͤ͟ 

ͫͯͤ;͔͍͔ ͍͔͙ͫͭͦͫͭ͡ ͤ͊ ͫ͊ͤͦͫͭ͞͞ ͯ ͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘, 

- ͦͤͫͭͪͯ͟͟ͼ͙ͦͤͦΣ ͙ͯ͊ͤ͘͡ ͨͦͪͭ͊͡ ͔ͭͯͤ͊͡ ͔ͭͪ͋͊ ͙ͣ͊ͫͣ͊ͤͦ͟͡ α͍ͯͯΐ͙ά ͯ ͙ͦͦͤ͟͡ 

͔͔ͭͪͤΣ 

- ͙ͦͦͤͯ͟͡ ͎ͯ͊ͤͦ͘͡ ͨͦͪͭ͊͊͡ ͔ͭͪ͋͊ ͙͙͊ͫ͊͒ͭ͘ ͙͔ͪ͊ͫͭͥͣΣ ͍ͭͪ͊ͦͣ ͙ 

͋ͪͦͪ͊ͫͭͯ͘ΐ͙ͣ ͍͙͙ͫͦͣ͟ ͍͔͒ͪΐ͔ͣΣ 

- ͋ͦ;͔ͤ ͔͔͋ͭͦͤͫ͟ ͙͍͙ͼ͔ ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡ ͔ͭͪ͋͊ ͙͙ͦ͋ͦͭ͞ ͯ ͼͪͤͦΣ ͙ 

- ͍ͨͦͪ΄͙ͤ͊ ͍ͦͦͦ͊͘͟͡Σ ͔ͤ͊ͣ͊ͥ͞ нлл m ͔ͨͪ ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡Σ ͔ͭͪ͋͊ ͒͊ ͔͋ͯ͒ ΄ͭͦ 

͙ͭ͊ͣͤ͊͞Φ 

̂ ͼ͙ͯ͢ ͍͔ͨͦΐ͊ͥ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͒͊Υ 

- ͍ͨͦͪ΄͙ͤ͊ ͍ͦͦͦ͊͘͟͡ ͔͋ͯ͒ ΄ͭͦ ͍͔͙ͫͭ͊͡͞ ό͙͔ͨͪͣͪ͊ ͙ͪ͊͒Σ ͻ͙ͦͪͦͤͭ͊ͤ͊͘͡ 

͍͔͔ͦͫͭͤͦͫͭ͢ ͦ͒ нллл lx ͤ͊ ͭ͊ͣͤͦͣ ͊ͫͺ͊ͭͤͦͣ͡ ͙͍ͨͦͪ͊͟;ͯ ͒͊ΐ͔ ͫ͊ͤͦͫͭ͞͞ ͦ͒ 

ͦͦ͟ 80 cd/ά ȟ ͒ͦ͟ ΐ͔ ͦ͒͟ ͍͔͎ͫͭͦ͡ ͍ͦͦͦ͊͘͟͡ ͙͙ͫͭ ͙͍ͤͦ ͍͔͔͙ͦͫͭͤͦͫͭ͢ 

͙͍͔͙ͨͪͦͫͭ͘ ͫ͊ͤͦͫͭ͞͞ ͦ͒ ;͊͟ мнл cd/ά ύΣ ͙ 

- ͙͍͙͒ͦ͘ ͔ͭͯͤ͊͡Σ ͤ͊ ͙͙͒ͯ͗ͤ ͦ͒ ͔ͤ͊ͣ͊ͥ͞ нл m ͪ͊;ͯͤ͊ͭͦ ͦ͒ ͯ͊͊͘͡Σ ͔ͭͪ͋͊ ͒͊ 

͋ͯ͒ͯ ͔͙ͦ͋ͦͤ͞ ΄ͭͦ ͍͔͙ͫͭͦͣ͡͞ ͋ͦͦͣ͞Φ 

͙̂ͦͦ͟͟͡ ͙ͨͦͫͭͦ͞ ͎ͣͦͯΐͤͦͫͭΣ ͔ͭͪ͋͊ ͔͍͙ͨͪͦͭͦ͊ͭ͟͞ ͔͔ͨͪ͒ͨͦͪͭ͊͡Σ ͊ ͯ  ͼ͙ͯ͢ ͔ͫͣ͊ͥͥ͊ ͙ͯͭͼ͊͊͞ 

͔͍͔͒ͤͤ ͍͔͙ͫͭͦͫͭ͡ ͯ ͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘Φ 

̂ ͙ͦͣ͋ͤ͊͟ͼ͙͙͞ ͫ͊ ͔͙ͨͦͣͤͯͭͣ ͔ͣͪ͊ͣ͊Σ ͒ͦ͋ͪͦ ͔͞ ͔͍͙͔͙ͨͪ͒͒ͭ ͊ͫͺ͊ͭͤͯ͡ ͎ͨͦ͒ͦͯ͡ ͙ ͙͍͔͒ͦ͘ 

͔ͭͯͤ͊͡ ͫ͊ ΄ͭͦ ͍͔ΐ͙ͣ ͔ͦ͟ͺ͙ͼ͙͔ͤͭͦͣ͞ ͔ͪͺ͔͙͔ͫ͟͡͞Σ ͫ͊ ͼ͙͔ͣ͢ ͒͊ ͔ͫ ͯ ͍͙ͫͣ ͦͤ͊ͣ͊͘ ͔ͭͯͤ͊͡ 

͍͔ͦͫͭ͊ͪ ͔͔ͨͦͭͪ͋ͤ ͙ͫ͊ͤͦͫͭ͞͞ ͯ͘ ͙ͦͪ͟΄ΐ͔͔ͥ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ΄ͭͦ ͙ͣ͊ͥͻ ͎ͫͤ͊͊Σ ͦ͒ͤͦͫͤͦ 

ͯ͘ ͔ͯͨͦͭͪ͋ͯ ͔͎ͤ͊ͣ͊ͥ͞ ͎ͣͦͯΐ͔͎ ͋ͪͦ͊͞ ͍͔͙͙ͫͭ͢͟Φ 

͙̂ͭͼ͊͞ ͙͔͒ͯ͗ͤ ͔ͭͯͤ͊͡ ͤ͊ ͔͎͍ͥͦͦ ͍͔͔͔ͦͫͭͥ͢ ͯ ͔͍͙͒ͤͤͣ ͍͙ͯͫͦͣ͊͡ 

̂ͦͨ΄͔ͭ ͔͍ͯ͘΄ Σ͙ ͦ͒͟ ͍͙ͫͻ ͔ͭͯͤ͊͡ ͔ͫ ͙͔ͨͪͣͥͯͯ͞ ͍͙ͦͫͤͦͤ ͙ͨͪͤͼ͙͙ͨ ͍͔͔ͦͫͭͥ͊͢ ͎͙͒ͯͻ 

͔ͭͯͤ͊͡Σ ͙͊͡ ͔ͫ ͙ͨͪ ͔͍ͨͪͦͭͦ͊ͥͯ͟͞ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͍͔͔ͦͫͭͥ͊͢ ͪ͊͟ΐ͙ͻ ͔ͭͯͤ͊͡Σ ͔ͨͦͪ͒ ͙ͥͻ͍͔ͦ 

͙͔͒ͯ͗ͤΣ ͣͦͪ͊ͯ͞ ͔͙ͯͭ͘ ͯ ͙ͦ͋ͪ͘ ͙ ͎͙͒ͪͯ ͺ͙͊ͭͦͪ͟Σ ͊ͦ͟ ΄ͭͦ ͫͯ ͨͪͦ͒ͦͪ ͔͍͔͒ͤͤ ͍͔͙ͫͭͦͫͭ͡Σ 

ͺ͊ͭͦͪ͟ ͔ͪͺ͔͙͔ͫ͟͡͞ ͙͍͒ͦ͊͘Σ ͎͙ͯͫͭͤ͊ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͙ ͒͊ ͙͡ ͔͞ ͙͊͘͘͡ ͙͘ ͔ͭͯͤ͊͡ ͨͦͭͨͯͤͦ ͍͙͙͍͒͢ 

ͫ͊ ͔ͣͫͭ͊ ͙͔ͫͨͪ͒ ͔ͭͯͤ͊͡ ͔ͦ͟͞ ͔͞ ͦ͒ ͯ͊͊͘͡ ͯ ͔ͭͯͤ͡ ͔ͯ͒͊ͤͦ͢ ͊͘ ͙͒ͯ͗ͤͯ ͍͎͊ͯͫͭ͊ͤͦ͘ ͨͯͭ͊ 

͍͙ͦ͊͘͡Φ ˹͔͍͙͊ͫͤͦ͘ ͦ͒ ͙͔͒ͯ͗ͤΣ ͍͙ͫ ͔͙ͭͯͤ͡ ͔ͭͪ͋͊ ͒͊ ͋ͯ͒ͯ ͍͔͔͙ͦͫͭͤ͢ ͯ ͤͦΐ͙ͤͣ ͍͙ͯͫͦͣ͊͡Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˩˶ ˩˸˩˹́ˮ ˮ˹˿́ˢ˶ˢ̇ˮ˳˩ ˻˿ˤ˩́˷˩˺ˢ ́̂˹˩˶ˢ 

ˮ͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ 

˭͊ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡ ͔ͫ ͎ͣͦͯ ͙͙͙ͦͪͫͭͭ͟ ͫ͊ͣͦ ͙ͦͤ ͙͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ ͔ͦ͟͞ ͔͙͊ͪ͊ͭͪ͟͟΄ͯ 

͍͔͙͊͟͡ ͍͔ͫͭͦͫͤ͊͡ ͙͙͙͍ͫͦͪͫͭͦͫͭ͟ ͙ ͎͙͒ͯ ͍͔͟ ͭͪ͊͊ͥ͊͞Φ 

˭͎͋ͦ ͎ͭͦ͊ ͫͯ ͔ͫ  ͒ͦ ͔͍ͤ͒͊ͤͦ ͯ ͙ͨͪ͊ͫ͟ ͤ͊͞;͔΄ΐ͔ ͙͙͔ͦͪͫͭ͟͡ ͊ͦ͟͟ ͺͯͦ͡ ͼ͔͍͙Σ ͭ͊ͦ͟ ͙ 

͙͍͙ͤ͊ͭͪͯͣͦ͞ ͙͍͙ͦͪ͘ ͍͙͎ͫͦͦ͟ ͙ ͙͎ͤͫͦ͟ ͙͙ͨͪͭͫ͊͟Φ ˽͙ͪ ͔ͭͦͣ ͔ͫ ͔͙͍͔͒ͤͫͭͤ͞ ͙ͭͨ ͙͍ͦͪ͊͘ 

͍͔͙ͫͭͦͫͭ͡ ͔ͣͦ͗ ͙͙͙ͦͪͫͭͭ͟ ͯ ͼ͔ͦͣ͡ ͔ͭͯͤͯ͡Σ ͙͊͡ ͔ͫ ;͔ͫͭͦ ͔ͣͦ͗ ͙ͤ͊ΐ͙ ͙ ͤ͊ ͙ͦͣ͋ͤ͊͟ͼ͙ͯ͞ 

͍͒͊Σ ͨ͊ ;͊͟ ͙ ͍ͫ͊ ͙ͭͪ ͙ͭͨ͊ ͙͍ͦͪ͊͘Φ ˽͔͙ͦͫ͒ͥ͡ͻ ͎͙ͦ͒ͤ͊Σ ͯ ͙ͨͪ͊ͫ͟ ͔ͫ ͙͔ͦͪͫͭ͟ LED ͙͍͙ͦͪ͘ 

͍͔͙ͫͭͦͫͭ͡Φ 

˿͍͔͙͔ͭ͢͟ 

˹͊ ͙͋ͦͪ͘ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ΐ͔ ͔ͫ ͙͙͙ͦͪͫͭͭ͟ ͊͘ ͍͔͍͔ͦͫͭ͊͊ͥ͢ ͔͎ͦͤͪͭͤͦ͟͟ ͔ͭͯͤ͊͡Σ ͦ͒ͯ͡;ͯͯ͞ΐ͔ 

͙ͯͭ;ͯ ͔͔ͫ͒͡ΐ͙ ͺ͙͊ͭͦͪ͟Υ 

- ͤ͊;͙ͤ ͍ͨͦͫͭ͊͊ͥ͊͢ ͍͔͙͙ͫͭ͢͟ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͔͔ͨͪͫ͟ ͔ͭͯͤ͊͡Σ 

- ͔ͪ͊ͫͨͦͪ͒ ͍͔͙͙ͫͭ͢͟ ͒ͯ͗ ͔ͭͯͤ͊͡Σ ͙ 

- ͔͔ͨͦͭͪ͋ͤ ͔͔͙ͭͪ͟͡;͔ͤΣ ͺ͔͙͔ͦͭͦͣͭͪͫ͟͞ ͙ ͔ͣͻ͙͊ͤ;͔͟ ͙͔ͦͫͦ͋ͤ ͍͔͙͙ͫͭ͢͟Φ 

˹͊;͙ͤ ͍ͨͦͫͭ͊͊ͥ͊͢ ͍͔͙͙ͫͭ͢͟ ͯ ͔ͭͯͤͯ͡ ͙͙͒ͭͪ͊ͯ͟͞ ͙ͦ͋͟͡ ͙ ͙͔͙͔͒ͣͤ͘͞ ͔͎͍͎ͥͦͦ ͔ͨͦͨͪ;͎ͤͦ 

͔͔ͨͪͫ͊͟Φ ˭͊ ͒ͦ͋ͪͦ ͙ͦͨͭ;ͦ͟ ͍ͦΏ͔͔ͥ ͔ͤ͊͋ͦ͢͞ ͔͞ ͒͊ ͔ͫ ͍͔͙͔ͫͭ͢͟ ͍͔ͨͦͫͭ͊ ͤ͊ ͍͙ͭ͊͊ͤͼ͙ 

͔ͭͯͤ͊͡Φ ̂ ͙ͨͪ͊ͫ͟ ͔ͫ ;͔ͫͭͦ ͙͔͔ͨͪͣͥͯ͞ ͙͔͙͊ͫͣͭͪ;ͤͦ ͍͔ͨͦͫͭ͊͊ͥ͢ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͨͦͫ͒ͯͯ͞ 

͙͔͙͊ͫͣͭͪ;ͤͯ ͺ͔͙ͦͭͦͣͭͪͫͯ͟͞ ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟͟Φ ̂ ͍͙ͭ͊ͣ͟ ͫͯ͡;͔͍͙͊ͣ͊͞ ͫͯ ͺ͔͙͙ͦͭͦͣͭͪͫ͟͞ 

͔͙ͪͯͭ͊ͭ͘͡ ͨͦ ͍͙ͨͪ͊ͯ͡ ͙ͦ͒͡;͙ͤΣ ͊ ͍͙ͯͫͦ͡ ͍ͦ͒ͪ͗͊͊ͥ͊ ͙ͫͭͯ͊ͼ͙͔͞ ͍͔ͦͣ͊ ͍͙ͨͦͦͤ͢Φ 

˨ͯ͗ ͔ͭͯͤ͊͡ ͍͔͙͔ͫͭ͢͟ ͔ͫ ͍ͨͦͫͭ͊͊ͯ͢͞ ͯ ͙͍͔ͤͦ͘Σ ͨͦ ͎ͣͦͯΐ͙ͤͦͫͭ ͔͔͙͔ͤͨͪ͒ͤ͟ ό͍͔͔ͫͭͦͫͤ͡ 

͔ͭͪ͊͟ύΦ ͙͔́ͣ ͔ͫ ͙ͨͦͫͭ͗ͯ ͙ͦ͒͡;ͤͦ ͙ͦͨͭ;ͦ͟ ͍ͦΏ͔͔ͥ ͙ ͒ͦ͋ͪ͊ ͍͔ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞Φ ˹͊ 

ͭ͊͞ ͤ͊;͙ͤ ͔ͫ ͔͙͙͙ͣͤ͡΄͔ ͙ ͔ͺ͔͊ͭ͟ ͔͔͔ͭͪͨͪͥ͊Φ 

͔͔́ͯͤͫ͟͡ ͍͔͙͔ͫͭ͢͟ ͔ͫ ͣͦͪ͊ͯ͞ ͙͍ͦͤͫͭͪͯͭͤͦ͟͟ ͭ͊ͦ͟ ͙͍͔͙ͫͭ͘ ͒͊ ͎ͦͣͦͯΐ͔ ͔͋ͪ͘ ͙͔͍͔ͤͭͪͤͼ͙͔͞ 

͙ ͔͍͒ͤͦͫͭ͊ͤͦ͞ ͍͔ͦ͒ͪ͗͊͊ͥΦ ˿͎ͭͦ͊ ͙͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ ͙ ͔͔ͨͪ͒ͫͨͦͤ͞ ͍͔ͫͨͪ͊ ͣͦͪ͊ͯ͞ ͙͙͋ͭ 

͙ͨͪͫͭͯͨ͊;͙ͤΣ ͍͙͔͙͊ͭͭͤ͟͡ ͙ ͎͎͒ͯͦ ͍͔͊͟ ͭͪ͊͊ͥ͊͞Φ ˹͊ ͭ͊͞ ͤ͊;͙ͤ ͔ͫ ͎ͦͣͦͯΐ͍͊͊ ͒͊ ͔ͫ 

͍͔ͦ͒ͪ͗͊͊ͥ ͙ͤͫͭ͊͊͡ͼ͙͊͞ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡ ͙͍͙ͦ͒͘ ͎͍ͦͭͦͦ ͔͋͘ ͊ͫͭͦ͊͘͞ ͫ͊ͦ͋ͪ͊ΐ͊͊͞Φ 

˿͍͔͙͔ͭ͢͟ ͙͙͔ͤͫͭ͊ͪ͊ͤ͡ ͯ ͔ͭͯͤͯ͡ ͣͦͪ͊ͯ͞ ͙͙͋ͭ ͔ͦͭͨͦͪͤ ͤ͊ ͎͔͙͍͊ͪͫͤͯ ͊ͭͣͦͫͺ͔ͪͯ ͦͯ͟͞ 

͍ͫͭ͊ͪ͊ͯ͞ ͙͍͙͒ͯͤ͘ ͎͍͙͊ͫͦ ͍͙ͦ͊͘͡Φ ˭͎͋ͦ ͎ͭͦ͊ ͔ͫ ͯ ͔͙ͭͯͤͣ͊͡ ͙͔ͦͪͫͭ͟ ͍͔͙͔ͫͭ͢͟ ͔ͦ͟͞ ͙ͣ͊ͯ͞ 

͔͔ͫͭͨͤ ͔ͣͻ͙͊ͤ;͔͟ ͊͘΄͙͔ͭͭ ͔ͤ͊ͣ͊ͥ͞ IP 65 ͙  ͟ ͔ͦ͞ ͫͯ ͊͘΄͙ͭΐ͔͔ͤ ͦ͒ ͙͙ͦͪͦͦͤ͘͟ͻ ͔ͺ͔͊ͭ͊͟Φ 

˿͊ ͔͊ͫͨͭ͊͟ ͺ͔͙͔ͦͭͦͣͭͪ͞Σ ͍͔ͦͣ͊ ͔͞ ͍͊͗͊ͤ ͊ͦ͟͟ ͍͙ͨͪ͊͊ͤ͡ ͙͋ͦͪ͘ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Σ ͭ͊ͦ͟ ͙ 

͍͙ͨͪ͊͊ͤ͡ ͙͋ͦͪ͘ ͍͔͙͙ͫͭ͢͟Σ ͔ͦ͟͞ ͔ͭͪ͋͊ ͒͊ ͔ͫ͊͒ͪ͗ ͒ͦ͋ͪͦ ͙͔ͦͤͫͭͪͯͫ͊ͤ͟ ͙ͦͨͭ;͔͟ ͙͔͔ͫͫͭͣ 

ό͎͔ͦ͒͊͊͡͡ύ. 

˿͙͎ͯͪͤͦͫͤͦ ͍͔͔͔ͦͫͭͥ͢ 

˭͊ ͔͔ͭͯͤ͡ ͔͒ͯ͗ ͦ ͒ 100 m ͔ͤͦͨͻͦ͒ͤͦ ͔͞Σ ͊ͦ͟ ͙ͨͪͨ͊͒͊ͯ͞ΐ͙ ͔͔͔ͣͤͭ͡ ͙ͤͫͭ͊͊͡ͼ͙͔͞Σ 

͔͍͙͔͙ͨͪ͒͒ͭ ͍ͭ͊ͦ͊ͤͦ͘͟ ͙͎ͫͯͪͤͦͫͤͦ ͍͔͔͔ͦͫͭͥ͢Φ ˹͙͔͊ͣΣ ͯ ͫͯ͡;͊ͯ͞ ͙ͫͨ͊͒͊ ͔͎ͣͪ͗ͤͦ ͤ͊ͨͦͤ͊ 

͙͒ͦ͊͘͡ ͒ͦ ͔ͤͫͭ͊ͤ͊͟ ͍͔͔ͦͫͭͥ͊͢ ͯ ͔ͭͯͤͯ͡Σ ΄ͭͦ ͔ͣͦ͗ ͒͊ ͎͙ͯͪͦ͘ ͔͔͋͋͒ͤͦͫͭ͘ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ 

ό͔ͨͦͫ͋ͤͦ ͒͊ͥͯύΦ ˿͙͎ͯͪͤͦͫͤͦ ͍͔͔͔ͦͫͭͥ͢ ͔ͫ ͔ͣͦ͗ ͙͍͔͙ͫͭ͘ ͤ͊ ͙ͭͪ ͤ͊;͙ͤ͊Υ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

- ͔ͤ͊ͨ͊͊ͥͣ͞ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͍͔͔ͦͫͭͥ͊͢ ͨͦͣͦΐͯ ͍͒͊ ͔ͣΏͯͫͦ͋ͤͦ ͍͔ͦ͒ͦͤ͊͞ 

͔͔͎͔ͤͪͭͫ͊͟ ͍ͦ͒͊Σ ͤ͊ͨ͊͊ͤ͊͞ ͙͘ ͍͒͊ ͔ͨͦͫ͋ͤ͊ ͔͔͎͔ͤͪͭͫ͊͟ ͙͍ͦͪ͊͘ ό͙͔ͨͪͣͪΥ ͍͒͊ 

ͭͪ͊ͤͫͺͦͪͣ͊ͭͦͪ͊Σ ͫ͊ ͍͔͙ͦ͒ͦͤͣ͞ ͍͙͙ͫͦͦͤ͊ͨͦͤͫͣ͟͟ ͔ͤ͊ͨ͊͊ͥͣ͞ύΣ 

- ͔ͤ͊ͨ͊͊ͥͣ͞ ͔͒͊͡ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ό͙ͦ͟͞ ͔ͫ ͔ͨͦͫ͋ͤͦ ͔ͦ͒ͪΏ͔ͯ͞ ͔ͨͪͦͭͦͣ͟͞ύ ͙ ͙͘ 

͙͔͒͘͡-͎͔͎͊ͪ͊ͭ͊Σ ͙ͦ͟͞ ͔ͫ ͔ͨͦͫ͡ ͙ͫͨ͊͒͊ ͔͎ͣͪ͗ͤͦ ͤ͊ͨͦͤ͊ ͙͊ͯͭͦͣ͊ͭͫ͟ 

ͯͯ͟͢;͔ͯ͞Σ ͙ ͭͦ ͊͘ ͍ͪͦ͡ ͪ͊ͭͦ͟͟ ͍͔͔ͪͣΣ ͙ 

- ͙͔ͫͫͭͣͦͣ ͔͎ͨͦͫ͋ͤͦ ͍͔͔ͦͫͭͥ͊͢Σ ͙͍͔͔͎͒ͤͦ͘ ͨͦͣͦΐͯ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ 

͙͎ͤͫͦ͟ ͤ͊ͨͦͤ͊Σ ͙ͦ͟͞ ͔ͫ ͍ͨͦͫͭ͊͊ͯ͢͞ ͫ͊ ͔ͦ͋ ͔ͫͭͪ͊ͤ ͍ͦͦͦ͊͘͟͡ ͤ͊ ͍͙͙͙ͫͤ ͦ͒ лΦу 

m ͙ ͤ͊ ͪ͊ͣ͊ͯ͘͟ ͦ͒ ͨͦ 10 mΦ ˿͙͔ͫͭͣ ͔ͫ ͤͦͪͣ͊ͤͦ͡ ͤ͊ͨ͊͊͞ ͙͘ ͔͔ͣͪ͗Σ ͊ ͦ͒͟ 

͙ͫͨ͊͒͊ ͔͎ͣͪ͗ͤͦ ͤ͊ͨͦͤ͊ ͔ͤ͊ͨ͊͊ͥ͞ ͔͙ͨͪͯͣ͊͘ ͨͦͣͦΐ͙ͤ ͔͔͎͔͙ͤͪͭͫ͟ ͙͍ͦͪ͘ 

ό͎͔͎͊ͪ͊ͭ ͙͙͡ ͊ͯͣͯ͊ͭͦͪͫ͊͟͟͡ ͔͙͋͊ͭͪ͊͞ύΦ 

˾͔͎ͯ͊͡ͼ͙͊͞ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ 

˹͊ ͔ͨͪ͒ ͔͞ ͦ͋͊͞΄͔ͥͤͦ ͒͊ ͦ͒͟ ͒ͦ͋ͪͦ ͔͍͔ͨͪͦͭͦ͊ͤ͟͞ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡Σ ͙͍͙ͤͦ 

͙ͫ͊ͤͦͫͭ͞͞ ͔ͦͤ͘ ͎ͨͪ͊͊ ͙ ͙͔ͭͪ͊ͤͭͤ͘ ͔ͦͤ͘ ͣͦͪ͊ͯ͞ ͍͔ͫ ͍͔͔ͪͣ ͒͊ ͋ͯ͒ͯ ͯ ͔ͦ͒ͪΏ͔͙ͤͣΣ ͔ͯͤ͊ͨͪ͒ 

͙͊͒͊ͭͣ͘ ͙ͦ͒ͤͦͫͣ͊ ͔ͨͪͣ͊ ͙͍ͤͦͯ ͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘ ͔ͭͯͤ͊͡Φ ˸͔Ώ͙ͯͭͣΣ ͙͍ͤͦ 

͙ͫ͊ͤͦͫͭ͞͞ ͙͔ͨͪ͊ͤ͘͡ ͔ͦͤ͘ ͔ͫ ͫͭ͊ͤͦ͡ ͔ͣͥ͊Σ ͊ ͯ ͍͙͙͊ͫͤͦͫͭ͘ ͦ͒ ͔͔ͣͭͦͪͦͦ͡΄͙͟ͻ ͙͙ͨͪ͊͟͡ όͦͤ 

͔ͨͪ ͍͔͎ͫ͊ ͍͙͙͊ͫ͘ ͦ͒ ͔͔ͭͪͤͯͭͤ ͙ͦ͟͡;͙͔ͤ ͔͍͔͒ͤͤ ͍͔͙ͫͭͦͫͭ͡ ͯ ͫͦ͋ͦ͒ͤͦͣ͡ ͨͪͦͫͭͦͪͯ ͦͦ͟ 

͔ͭͯͤ͊͡ύΦ ˭͎͋ͦ ͎ͭͦ͊ ͔͞Σ ͔ͨͪ ͍͔͎ͫ͊ ͙͘ ͔͙ͦͤͦͣͫ͟͟ͻ ͎ͪ͊ͦ͊͘͡Σ ͔ͨͦͭͪ͋ͤͦ ͍ͪ΄͙͙ͭ ͔͎ͪͯ͊͡ͼ͙ͯ͞ 

͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͍͔͙͙ͫͭ͢͟ ͙ ͤ͊ ͭ͊͞ ͤ͊;͙ͤ ͔ͨͦ͒΄͍͙͊͊ͭ ͙͍͔ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͔͙͙ͨͦ͒ͤͣ͞ 

ͦͤ͊ͣ͊͘ ͔ͭͯͤ͊͡Φ 

˾͔͎ͯ͊͡ͼ͙͊͞ ͔ͫ ͔ͣͦ͗ ͍͔͙ͫͨͪͦͫͭ ͤ͊ ͍͒͊ ͤ͊;͙ͤ͊Υ 

- ͦͤͭͪͦͦͣ͟͡ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͯ ͫͦ͋ͦ͒ͤͦͣ͡ ͨͪͦͫͭͦͪͯ ͙ 

- ͦͤͭͪͦͦͣ͟͡ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͫͦ͋ͦ͒ͤͦͣ͡ ͨͪͦͫͭͦͪͯΦ 

˿͊ ͔͊ͫͨͭ͊͟ ͺ͔͙͔ͦͭͦͣͭͪ͞Σ ͎͙ͨͦͦ͒ͤ͊͞ ͔͞ ͦͤͭͪͦ͊͟͡ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘Σ ͔ͪ͞ ͔ͫ ͤ͊ ͭ͊͞ 

ͤ͊;͙ͤ ͍͔͙ͦͫͭ͊ͪͤ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͙ͦͤ͘ ͎ͨͪ͊͊ ͔ͤ͊͋ͦ͢͞ ͙͎ͨͪ͊ͦ͡Ώ͍͊͊ ͫͭ͊ͥͯ ͍ͨͦͪ΄͙͔ͤ 

͍ͦͦͦ͊͘͟͡ ͯ ͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘ ό͍ͫͯ ͙͙͡ ͍͊͗͊ͤ͡ ͍ͦͦͦ͘͟͡Σ ͔͎ͫͤ ͙ ͔ͭͦͣ ͙ͫ͡;ͤͦύΦ ˣ͔͘ ͙ͦ͋ͪ͊͘ ͦ 

ͦͦ͟͞͞ ͔ͫ ͔͙ͣͭͦ͒ ͙ͪ͊͒Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͔͍͙͔͙ͨͪ͒͒ͭ ͙ ͯ ͙ͤͫͭ͊͊͡ͼ͙ͯ͞ ͎͙͙ͯͪ͊͒ͭ ͊͘ ͭͯ ͍ͫͪͻͯ 

͔͔ͨͦͭͪ͋ͤ ͯ ͔ͪΏ͔͊͞Φ 

˴ͦ͒ ͔ͦͤͭͪͦ͟͡ ͍͔͔͙ͦͫͭͤͦͫͭ͢Σ ͔ͤ͊͒͊͟ ͫͯ ͔ͫ ͙͙͔ͦͪͫͭ͟͡ ͺͦͭͦΐ͔͙͔͡͞Σ ͔ͦ͟͞ ͔ͨͪ͊ͭ ͔͔ͨͪͦͣͤ 

͙͍ͤͦ͊ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ͍͊ͤ ͔ͭͯͤ͊͡ ͙ ΄͊ͯ͢ ͙͎͔ͫͤ͊͡ ͊͘ ͔ͨͪͦͣͤͯ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͙͍ͦͪ͊͘ 

͙͙͡ ͊͘ ͯͯ͟͢;͙͍͔͊ͥ ό͙ͫͯ͟͢;͙͍͔͊ͥύ ͔ͦ͒ͪΏ͔͎ͤͦ ͔͒͊͡ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡Σ 

͔͒ͺ͙͙͎ͤͫ͊ͤͦ ͔ͨͪͭͻͦ͒ͤͦ ͯͪ͊Ώ͔͙ͤͣ ͔ͨͪͦͭͦͣ͟͞Φ 

˨͊ͤ͊ͫ ͔ͫ ͎͍ͯ͊ͤͦͣ͡ ͙͔ͦͪͫͭ͟ ͍͔͔͙ͫ͊ͪͣͤ ͔͙ͫͤͦͪ͘ ͍͔͙ͫͭͦͫͭ͡Σ ͊ͦ͟ ΄ͭͦ ͔͞ ͤ͊ ͙͔ͨͪͣͪ 

͙͔ͯͣͤ͊ͤͫͣͭ͊͡Φͪ ˻ͤ ͙ͨͪ͊ͭ ͔͔ͨͪͦͣͤ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͯ ͙ͨͪ͊ͤͦ͘͡͞ ͙ͦͤ͘ ͙ ͤ͊ ͙͋͊͘ ͙ͭͻ 

͔ͨͪͦͣͤ͊ ͙͍͙͊ͭͪ͊͟ ͙͙͡ ͙ͫͯ͟͢;͔ͯ͞ ͔͍͔͒ͦ͡ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡Φ ˴ͦͤͭͪͦ͊͡ ͔ͫΣ 

͔͋͘ ͙ͦ͋ͪ͊͘ ͤ͊ ͔ͣͭͦ͒ͯΣ ͔ͨͦ͒΄͍͊͊ ͫ͊ ͍͔͔͙ͪͣͤͫͣ͟ ͊͊͘͟΄͔͔ͥͥͣΣ ͭ͊ͦ͟ ͒͊ ͔ͪ͊ͭͦͭͪ͊ͤ͟͟͞ 

͔͔ͨͪͦͣͤ ͔ͤ ͍͔͒ͦͦ͒ ͒ͦ ͙͍͙͊ͭͪ͊ͥ͊͟ ͔͎ͪͯ͊͡ͼ͙͎ͦͤͦ ͙͔ͫͫͭͣ͊Φ 

ˮ͘ ͎ͪ͊ͦ͊͘͡ ͍͙͎͒ͤͦ ͦͣ͟ͺͦͪ͊Σ ͔ͪ͒ͯ͟ͼ͙͊͞ ͙͍ͤͦ͊ ͙ͫ͊ͤͦͫͭ͞͞ ͔ͫ ͍͙ͫͨͪͦͦ͒ ͔ͨͦͫ͋ͤͦΣ ͯ ͦͪ͊͟ͼ͙ͣ͊ 

͔ͤ ͍͔ΐ͙ͣ ͦ͒ оΥмΦ ˹͙͔͞Σ ͔ͣΏ͙ͯͭͣΣ ͔͙ͤͨͪͻ͍͙͍͊ͭͦ͢ ͙͙͙ͦͪͫͭͭ͟ ͙ ͦ͒ͤͦͫ рΥмΣ ͍͙͊ͫͤͦ͘ ͦ͒ 

͔ͨͦͭͪ͋͊Σ ͎ͣͦͯΐ͙ͤͦͫͭ ͙ ͙ͫͭͯ͊ͼ͙͔͞ ͤ͊ ͔͔ͭͪͤͯΦ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˻͍͔͒ͪ͗͊͊ͥ 

˹͔͊ͨͪ͒ ͔͞ ͔ͪ;͔ͤͦ ͒͊ ͍͔͙͔ͫͭ͢͟ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡ ͔ͤ ͙͋ ͔͔ͫͣ͡ ͒͊ ͋ͯ͒ͯ 

͙͍͔͔͔͒ͤ͘ ͫ͊ ͔͔ͫͭͨͤͦͣ ͊͘΄͙͔ͭͭ ͙ͣ͊ͥͣ ͦ͒ IP 65. ̊ ͭͦ ͔͞ ͎ͯ΄ΐ͙ ͫ͊ͦ͋ͪ͊ΐ͊͞Σ ͭͦ ͔͞ ͔͊ͨͪ͊ͥ͘͢ 

͍͔͙͙ͫͭ͢͟ ͍͔ΐ͔Σ ͊ ͙ͫ͊ͣͣ ͙ͭͣ ͙ ͔͔ͭ͗ ͍͔ͦ͒ͪ͗͊͊ͥ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͍͔͔ͦͫͭͥ͊͢Φ 

˿ͣ͊ͭͪ͊ ͔ͫ ͒͊ ͯ ͙ͤͦͪͣ͊ͤͣ͡ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤͣ͞ ͍͙ͯͫͦͣ͊͡ ͨͦ;͔͙ͭͤ ͙͍ͤͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍͔ͫ͊͟ ͦ͒ 

͔͙͙ͨͦ͒ͤ͞ͻ ͦͤ͊͘ ͔ͭͯͤ͊͡ ͔ͭͪ͋͊ ͒͊ ͔͋ͯ͒ ͔͍ͨͪͦͭͦ͊ͤ͟͞ ͫ͊ ͺ͊ͭͦͪͦͣ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ лΦтΣ ͦ͒ͤͦͫͤͦ: 

˽͎ͦͦͤͫ͊͟ ͫ͊ͤͦͫͭ͞͞ Ґ лΦт x ͨ ͦ;͔ͭͤ͊ ͫ͊ͤͦͫͭ͞͞Φ 

˽͔ͪͨͦͪͯ;͔ͯ͞ ͔ͫ ͔͙͙ͨͪͦ͒;ͤ͊ ͔͊ͣͤ͊͘ ͙͙ͫ͊͞͡ͼ͊ ό͔͙ͨͪͦ͒ ͔͔͊ͣͤ͘ ͔͞ ͔ͦ͒ͪΏ͔ͤ ͙͋ͪͤͦͣ͘ 

ͦͨ͊͒͊ͥ͊ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡Σ ͦ͒ͤͦͫͤͦ ͍͔ͦͣ͟ ͭͪ͊͊ͥ͊͞ ͙͍ͦͪ͊͘ύΦ ̂ ͍͙ͦͪͯ͟ ͍͙͔͎͊ͭͭͤͦ͟͡ 

͍ͦ͒ͪ͗͊͊ͥ͊ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͍͔͔ͦͫͭͥ͊͢Σ ͔ͭͪ͋͊ ͔͍͙͔͙ͨͪ͒͒ͭ ͙ ;͙΄ΐ͔͔ͥ ͍͔͙͙ͫͭ͢͟Σ 

ͯͤͯͭͪ͊΄͙ͥͦͫͭ ͔ͭͯͤ͊͡ ͙ ͺ͔ͦͭͦͣͭ͊ͪ͊ ό͊ͦ͟ ͔ͨͦͫͭͦ͞ύΦ 

͙̉΄ΐ͔͔ͥ ͍͔͙͙ͫͭ͢͟ ͔ͭͪ͋͊ ͍ͫ͊͊ͦ͟͟ ͍͙͙ͦ͋͊ͭ ͙͙ͨͪͦͣ͟͡ ͔͙͙ͨͪͦ͒;͔ͤ ͔͔͊ͣͤ͘ ͍͔͙ͫͭͦͫͤ͡ͻ 

͙͍ͦͪ͊͘Σ ͊ ͔ͨͪͨͦͪͯ;͔ͯ͞ ͔ͫ ͒͊ ͔ͫ ͦͤͦ ͍ͪ΄͙ ͫ͊ ͔͙ͨͪͦ͒ͦͣ ͦ͒ о-с ͔͔ͣͫͼ͙Φ ˭͊ ͎͙ͯͫͭͤͯ 

ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͍͔ΐͯ ͦ͒ мллл ͍͙ͦ͊͘͡ ͤ͊ ͒͊ͤΣ ͔ͨͪͨͦͪͯ;ͯͯ͞ ͔ͫ ͔͎͔ͨͪ͒͡ ͙ ;͙΄ΐ͔͔ͥ ͙ͦͨͭ;͙͟ͻ 

͔͍͒ͦ͊͡ ͍͔͙͙ͫͭ͢͟ ͔ͤ͊ͣ͊ͥ͞ ͔͒͊ͤͨͯͭ͞ ͎͙ͦ͒΄͔ͥΣ ͊ ͔ͨͪ͊ͥ ͙͍͒ͦ͊͘ ;͊͟ ͍͒͊ͨͯͭ ͎͙ͦ͒΄͔ͥΦ 

˴͙͊͋ͪ͊͡ͼ͙ͯ͞ ͺ͔ͦͭͦͣͭ͊ͪ͊ ͔ͭͪ͋͊ ͍ͪ΄͙͙ͭ ͔͒͊ͤͨͯͭ͞ ͎͙ͦ͒΄͔ͥΦ 

˻͍͊ͦ͟ ͎͙͍ͦͪ͊ͤͦ͊ͤͦ͘ ͙͔ͫͫͭͣ͊ͭͫͦ͟ ͍͔ͦ͒ͪ͗͊͊ͥ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡ ͎͔͊ͪ͊ͤͭͯ͞ 

͙ ͦ;͍͔ͯ͊ͥ ͍͙ͫͻ ͙͊ͭͪ͋ͯͭ͊ ͍͙͔͎͊ͭͭͤͦ͟͡ ͍͔͔ͦͫͭͥ͊͢ ͯ ͎͒ͯͦͣ ͍͔͔ͪͣͤͫͦͣ͟ ͔͙ͨͪͦ͒ͯΣ ͊ ͙͔ͭͣ ͙ 

͙͒ͯ͗ ͍ ͔͟ ͭͪ͊͊ͥ͊͞ ͔͍͔ͨͪͦͭͦ͊ͤ͟͞ ͙ͤͫͭ͊͊͡ͼ͙͔͞Φ 

оΦп ˿͍͔͙͔ͭ͢͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊ ͙ ͔ͭͯͤ͊͡ 

˩̅ ˮ˴ˢ˿˹˻˿́ ˿ˤ˩́ˮ˷˴ˮ ˭ˢ ˻˿ˤ˩́˷˩˺˩ ˽̂́˩ˤˢ ˮ  ́̂˹˩˶ˢ ˴˻˳˩ ˿̂ ̂ ̂˽˻́˾˩ˣˮ ˿ˢ ˢ˿˽˩˴́ˢ ˮ˭ˤ˻˾ˢ ˿ˤ˩́˶˻˿́ˮ 

˩ͺ͙͊ͫͤͦͫͭ͟ ͍͔͙͔ͫͭ͢͟ ͦ͊͟͞ ͔ͫ ͙͙ͦͪͫͭ͟ ͊͘ ͍͔͍͔ͦͫͭ͊͊ͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͍͙͙͊ͫ͘ ͦ͒ 

͍͔͔ͫͭͦͫͤ͡ ͙͙͙͍͙ͫͦͪͫͭͦͫͭ͟ ͙͍ͦͪ͊͘Σ ͔͔ͫͭͨͤ͊ ͙͙ͫͦͪ͟΄ΐ͔ͥ͊ ͍͔͙͔ͫͭ͢͟ ͙ ͍͔͙͡;͙͔ͤ ͎ͦͤͦ 

͔͒͊͡ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͍͔͙͔ͫͭ͢͟ ͙ͦ͟͞ ͔͞ ͔͔ͯͫͣͪͤ ͔ͨͪͣ͊ ͍ͦͦͦͯ͘͟͡Φ ˨͊ ͙͋ ͦͤ͊ ͙͋͊͡ ΄ͭͦ 

͔͞ ͎ͣͦͯΐ͔ ͍͔ΐ͊Σ ͔ͤͦͨͻͦ͒ͤͦ ͔͞ ͔ͤ ͫ͊ͣͦ ͙ͦͪ͟΄ΐ͔͔ͥ ͔͙ͦͤͦͣ͟;͙ͤͻ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Σ ͔͎ͤͦ 

͙ ͔ͯͨͦͭͪ͋͊ ͔͙ͣ͊ͭͪ͊͊͞͡ ͙ͤ͊͋ͦ͢͞ͻ ͺ͔͙͙ͦͭͦͣͭͪͫ͟͞ͻ ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟Σ ͔ͪͺ͔ͭͦͪ͊͟͡ ͫ 

͍͔ͤ͊͞ΐ͙ͣ ͺ͊ͭͦͪͦͣ͟ ͔ͪͺ͔͙͔ͫ͟͡͞ ͙ ͔ͨͪͦͭͭͦͪ͊͟ ό͔ͪͺͪ͊ͭͦͪ͊͟ύ ͫ͊ ͍͔ͤ͊͞ΐ͙ͣ ͺ͊ͭͦͪͦͣ͟ 

͔ͭͪ͊ͤͫͨ͊ͪͤͼ͙͔͞Φ ˻͍͔ͦͣ ͔ͭͪ͋͊ ͙͒ͦ͒͊ͭ ͙ ͤ͊͘;͊͞ ͦͤͫͭͪͯ͟͟ͼ͙͔͞ ͫͦͺ͙͙ͫͭͼ͙͎ͪ͊ͤͦ ͙ͦͨͭ;͎ͦ͟ 

͙͔ͫͫͭͣ͊ ͙ͦͣ͟͞ ͔ͫ ͙͔ͨͦͫͭ͗ ͔͔͗ͤ͊͢ ͔ͪ͊ͫͨͦ͒͊͡ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͍͔͙͔ͫͭ͢͟Φ 

̊ͭͦ ͔ͫ ͙ͭ;͔ ͙͋ͦͪ͊͘ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͊ͦ͟ ͙ ͦͤͫͭͪͯ͟͟ͼ͙͔͞ ͙ͦͨͭ;͎ͦ͟ ͙͔ͫͫͭͣ͊ ͍͔͙͔ͫͭ͢͟Σ ͯ 

ͨͪͦ΄͙ͦͫͭ͡ ͫͯ ͙ͦͪ͟΄ΐ͔ͤ͊ ͙ͪ͊͘͡;͙ͭ͊ ͔ͪ΄͔ͥ͊. ̂ ͎͔ͨͦ͒ͯ͡ ͔ͭͻͤͦͦ͡΄͔͟ ͔͔ͯͨͦͭͪ͋Σ ͍ͨͪͦ 

΄͙ͪͦͦ͟ ͙ͦͪ͟΄ΐ͔ͤͦ ͔ͪ΄͔͔ͥ ͫͯ ͙͔͋͡ ͙͊ͫ͟͡;͔ͤ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙͙͗ͤͣ ͙͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ 

͙͙ͨͪͭͫ͊͟Φ ˻͍͊ ͍͔͙ͫͭ͊͢͟ ͙ͣ͊ ͔͙͙͙ͨͫͦ͒ͤ͡ ͋͊ͦͤ͡ ͔͍ͨͪͫͯ;͔ͤ ͺ͔ͯͦͪͫ͡ͼ͔͙ͤͭͤͣ ͔ͫͦͣ͡͞Φ 

ˣ͊ͦͤ͡ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͙͊ͯͣ͊͘͘ ͤ͊͘;͊͊ͤ͞ ͔͒ͦ ͔͙͔͊ͨͪͣͤ͘ ͔ͪͺ͔ͭͦͪ͊͟͡Σ ͔ͯͫ͒͡ ;͔͎͊ ͙͍ͦͪ͘ 

͍͔͙ͫͭͦͫͭ͡ ͔͊ͨͫͦͪ͋ͯ͞ ͍͔ͤ͊͞ΐ͙ ͔͒ͦ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͙ͦ͟͞ ͔ͫ ͔ͪͺ͔͔ͭͯ͟͡͞ ͦ͒ ͎͔͎ͦͪͥ ͔͒͊͡ 

͔ͪͺ͔ͭͦͪ͊͟͡Φ ˭͎͋ͦ ͎ͭͦ͊ ͔ͫ ͍͍ͦ͊͊͟ ͍͔͙ͫͭ͊͢͟ ͙͔ͦ͒ͯ͟͡͞ ͣ͊ͦͣ͡ ͔ͺ͙͊ͫͤͦ͟΄ΐͯΦ  

˽͔͙ͦͫ͒ͥ͡ͻ ͔͒ͤͼ͔͙ͤ͊͞ ͨͪͦ΄͎ͦ͡ ͍͔͊͟Σ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙͙͗ͤͣ ͙͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ 

ͫͯ ͙͔ͨͦͭͫͤͯͭ ͦ͒ ͍͔͙͙ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Φ ˻͍͔ ͍͔͙͔ͫͭ͢͟ ͫͯ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͙͔ͣ͊͡ ͔͙͙ͤ͊ͨͪ͒ͤ͞ ͔ͪͺ͔ͭͦͪ͟͡ ͙ ͍͙͙ͨͪͦ͒ͤ ͙͍ͤ͊ͭͪͯͣͦ͞ ͙͍ͦͪ͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟. 

˴͙͔ͦͪͫͭΐ͙ ͔ͫ ͔͙ͤ͊ͨͪ͒ͤͦͣ͞ ͔ͭͻ͎͙ͤͦͦͦͣ͡͞Σ ͍͔ͦ ͍͔͙͔ͫͭ͢͟ ͫͯ ͙͔ͣ͊͡ ͔͙͍ͪ͊ͭͤͦ͡ ͔ͣ͊͡ 

͙͔͙͔͒ͣͤ͘͞ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͙ ͔͍͊͒͊ͭͤͦ͟ ͔͍ͨͪͦͭͦ͊ͤ͟͞ ͙ͦ͋͟͡ ͔ͪͺ͔ͭͦͪ͊͟͡, ;͙͔ͣ ͫͯ ͔ͫ 

ͤ͊͘;͊ͤͦ͞ ͙͙ͫͣ͊ͥ͡ ͎͙ͯ͋ͼ͙ ͫ ͍͔͎ͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͙͍ͦͪ͊͘Φ  

̂ ͔ͨͪͭͻ͔ͦ͒ͤ ͫͦͪͦ͟ ͍͔͒ ͔͒ͼ͔͙͔ͤ͞Σ ͊ ͤ͊ͪͦ;͙ͭͦ ͨͦ ͙͒ͦͫͭ͊ͥͯ͘ ͔ͨͯͤ ͔ͭͻͤͦͦ͡΄͔͟ ͔͙ͪͦͫͭ͘͡ 

͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͫ͊ LED ͔ͭͻ͎͙ͤͦͦͦͣ͡͞Σ ͔͎͔ͤ͒ ͦ͒ нлмлΦ ͎͙͔ͦ͒ͤ ͨ͊ ͒ͦ ͒͊ͤ͊ͫΣ ͍͔͙͔ͫͭ͢͟ ͫ͊ 

͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ ͙͍͋͊ͯ͞ ͙͔ͨͦͭͫͤͯͭ ͦ͒ ͔ͫͭͪ͊ͤ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED 

͙͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡Φ ˥͍͊ͤ͊͡ ͔͔ͨͪͨͪ͊͟ ͔ͨͪ нлмлΦ ͎͙͔ͦ͒ͤ ͔͞ ͙͋͊͡ ͦ͡΄͙͊͞ ͍͔ͫͭͦͫͤ͊͡ 

͙͙͙͍ͫͦͪͫͭͦͫͭ͟ LED ͙ ͍ͦͪ͊͘Σ ͦ͊͟͞ ͔͞ ͙͘ ͎͙͔ͦ͒ͤ ͯ ͎͙ͦ͒ͤͯ ͪ͊ͫ͊͡Σ ΄ͭͦ ͔ͫ ͔ͣͦ͗ ͍͙͔͙͒ͭ ͤ͊ ͙ͫ͡ͼ͙ 

оΦпΦ ́͊ͦ͟Ώ͔Σ ͦ͒͟ LED ͫ ͍͔͙͙ͭ͢͟ ͔͔ͫͣ͊ͥͥ ͎͙ͯ͋ͭ͊͟ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͙͍ͦͪ͊͘ ͔ͫ ͙͒ͦ͋͊͞ 

͔͙ͨͦͫ͋ͤͣ ͦͤͫͭͪͯ͟͟ͼ͙͊ͣ͊͞ ͔ͨͪͦͭͭͦͪ͊͟ ό͔ͪͺͪ͊ͭͦͪ͊͟ύ, ;͙͔ͣ ͔ͫ ͙͒ͦ͋͊ͯ͞͞ ͙ͦ͒͡;͔ͤ 

͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͍͎ͦͦ ͙ͭͨ͊ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Φ  

˴͊ͦ ͙͔ͨͪͣͪ ͔ͣͦ͗ͣͦ ͔͙͙ͯͨͦͪ͒ͭ ͍͔͒ ͍͔͙͔ͫͭ͢͟Σ ͔͒ͤͯ͞ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ 

͙͙ͨͪͭͫ͊͟ ͙ ͎͒ͪͯͯ ͫ͊ LED ͙ ͍ͦͪͦͣ͘Φ ˿͍͔ͭͦͫͤ͊͡ ͙͙͙͍ͫͦͪͫͭͦͫͭ͟ ͔͎͒ͤͦ͞ ͙͙ͭͨ;͎ͤͦ ͍͙͔͎͊ͭͭͤͦ͟͡ 

͙͍͎ͤ͊ͭͪͯͣͦͦ͞ ͙͍ͦͪ͊͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Σ ͔͙͎ͪͤͦͣͪ͊ͤͦ ͙͍ͨͪͦͦ͘Ώ͊;͊ όPhilips, OSRAM, Minel 

ς Schreder) ͙͙ͤͦͫ͘ мон lm/W ͊͘ ͙͍ͦͪ͘ ͎͔ͫͤ͊ нрл WΦ ˹͔͊͟ ͔͞ ͊͘ ͙͙ͫͭ͊͋͊͘͡ͼ͙ͯ͞ ͪ͊͒͊ 

͍͔͎ͫͭͦͫͤͦ͡ ͙͍ͦͪ͊͘ ͙ͦͪ͟΄ΐ͔ͤ ͔͔͎͔͙ͭͪͦͣ͊ͤͤͭͫ͟͟͡ ͋͊͊ͫͭ͡ ό͙ͦ͟͞ ͔͞ ͙͒ͦͣͤ͊ͤͭ͊ͤ ͯ 

͍͔͙ͫͭ͊ͣ͊͢͟ ͊͘ ͍͊ͤͦ͞ ͍͔͔͔ͦͫͭͥ͢ύ ͫ͊ ͔ͨͪͦͫ;ͤͦͣ ͔ͺ͙͊ͫͤͦ͟΄ΐͯ ͦ͒ ͦͦ͟ ур҈Φ ̂͘ ͙ͦͨͭ;ͯ͟ 

͔ͺ͙͊ͫͤͦͫͭ͟ ͔ͪͺͪ͊ͭͦͪ͊͟ ͙ ͔ͨͪͦͭͭͦͪ͊͟ ͦͦ͟ ун҈Σ ͔ͣͦ͗ ͔ͫ ͔͙ͯͭ͘ ͒͊ ͔͞ ͙͙ͨͪ͋͗ͤ͊͡ ͍͔ͫͭͦͫͤ͊͡ 

͙͙͙͍ͫͦͪͫͭͦͫͭ͟ ͙͍͎ͤ͊ͭͪͯͣͦͦ͞ ͙͍ͦͪ͊͘ πȟψυϽπȟψςϽρσς ως . 

˩ͺ͙͊ͫͤͦͫͭ͟ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘ ͔͔ͨͦͭͪ͋ ͍͔͍ͦͫͭ͊͊ͥ͊͢ ͔͍ͨͯͭ͊ ͙ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ 

͔ͫ ͔ͪ͟ΐ͔ ͦͦ͟ пр҈ ͙ ͍͙͙͊ͫ͘ ͦ͒ ͔͔ͫͭͨͤ͊ ͙͙ͫͦͪ͟΄ΐ͔ͥ͊ ό͙ͦͨͭ;͔͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟ύΣ ͍͔͔ͫͭͦͫͤ͡ 

͙͙͙͍͙ͫͦͪͫͭͦͫͭ͟ ͙͍ͦͪ͊͘ ͙ ͍͔͙͡;͙͔ͤ ͎ͦͤͦ ͔͒͊͡ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͍͔͙͔ͫͭ͢͟ ͙ͦ͟͞ ͔͞ 

͔͔ͯͫͣͪͤ ͔ͨͪͣ͊ ͍ͦͦͦͯ͘͟͡Φ ́͊͒͊ ͔͞ ͔ͺ͙͊ͫͤͦͫͭ͟ ͍͔͙͔ͫͭ͢͟Υ πȟτυϽως τρȟτ   

̂ ͫͯ͡;͊ͯ͞ LED ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Σ ͊ͦ͟ ͔͔ͯͣͣͦ͘ ͊ͦ͟ ͙͔ͨͪͣͪ ͙͍ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ ;͙͊͞ ͔͞ 

͍͔ͫͭͦͫͤ͊͡ ͙͙͍ͫͦͪͦͫͭͦͫͭ͟ ͙͍ͦͪ͊͘ мол lm/WΣ ͯ͘ ͔ͺ͙͊ͫͤͦͫͭ͟ ͦ͒ тл҈ ͎͋ͦ͘ ͙͔ͨͪͪͦ͒ ͙͍ͦͪ͊͘ 

͔ͪ͞ ͔ͫ ͍͔ͫͭͦͫͭ͡ ͙ͪ͊͘;͔ͯ͞ ͫ͊ͣͦ ͯ ͙͒ͦͥ ͨͦͯͨͪͦͫͭͦͪ͡Σ ͙͒ͦ͊ͣͦ͘͡ ͒ͦ ͔ͺ͙͙͊ͫͤͦͫͭ͟ ͍͔͙͔ͫͭ͢͟ 

ͫ͊ LED ͙ ͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡Υ πȟχϽρσπ ψς .  

˹͊ ͍ͦͫͤͦͯ ͔ͨͪͭͻ͔ͦ͒ͤ ͙͔͊ͤ͊͘͡Σ ͍͙͙͒ ͔ͫ ͒͊ ͫͯ ͯ ͎͔ͨͦ͒ͯ͡ ͔ͯͯͨͤ͟ ͙͙͙͍͙͙ͫͦͪͫͭͦͫͭ͟ ͍͔͙͔ͫͭ͢͟ 

ͤ͊ ͒͊ͤ͊΄͔ͥͣ ͙͍ͤͦͯΣ ͍͔͙͔ͫͭ͢͟ ͫ͊ LED ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͋͊ͪ ͍͒ͦͫͭͪͯͦ͟ ͔ͺ͙͙͔͊ͫͤ͟͞ ͯ 

ͦ͒ͤͦͫͯ ͤ͊ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟͟ ͙͙ͨͪͭͫ͊͟Φ  
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

 

˿͙͊͟͡ оΦпΦ ˿͍͔ͭͦͫͤ͊͡ ͙͙͙͍ͫͦͪͫͭͦͫͭ͟ LED ͫ ͍͔͙͙ͭ͢͟ ͔͔ͣͪͤ͊ ͦ͒ ͔ͫͭͪ͊ͤ ͔͙͍͔͊ͪ͒ͭͦ͊ͤ͟ 

͙͔͊͋ͦͪ͊ͭͦͪ͡͞ ͔ͤͣ͊;͔͟ ͙͔ͦͣͨ͊ͤ͟͞ α5L![ά12 

˽ͦ͒͊ͼ͙ ͍͔͔͙ͤ͊͒ͤ ͯ ͔͙ͭ͊͋͡ 3.11. ͫͯ ͔͙ͤͯͣͪ;͊͟ ͍ͨͦͭͪ͒͊ ͔ͤ͊ͨͪ͒ ͙͍͔͔͙͒ͤ͘ͻ ͊ͯ͘͟͢;͊͊͟Φ 

ˤ͙͙͒ ͔ͫ ͒͊ ͔͞ ͍͔ͫͭͦͫͤ͊͡ ͙͙͙͍ͫͦͪͫͭͦͫͭ͟ ͍͔͙͔ͫͭ͢͟ ό͔͍͔ͨͪ͒ͫͭ͊ͤ͊͢ ͦ͒ͤͦͫͦͣ ͍͔͎ͫͭͦͫͤͦ͡ 

ͺͯͫ͊͟͡ ͍͔͙͔ͫͭ͢͟ ͙ ͙͍͔͊ͭͤ͟ ͔͔͙ͭͪ͟͡;͔ͤ ͎͔ͫͤ͊ ͙͍ͦͪ͊͘Σ ͦ͊͟͞ ͯͯ͟͢;͔ͯ͞ ͙ ͎ͫͤ͊ͯ ͋͊͊ͫͭ͊͡), 

͍͔ͤ͊͞ΐ͊ ͯ ͫͯ͡;͊ͯ͞ LED ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͨ͊ ͨͦͭͦͣ ͍͔͙͙ͫͭ͢͟ ͫ͊ ͍͙͙ͨͪͦ͒ͤͣ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ 

͙͍͙ͦͪͣ͊͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Φ ˽͔͙ͦ͒ͫͭͣͦ ͔ͫ ͒͊ ͔͞ ͍͔ͫͭͦͫͤ͊͡ ͙͙͙͍ͫͦͪͫͭͦͫͭ͟ ͙͍͙ͤ͊ͭͪͯͣͦ͞ͻ 

͙͍ͦͪ͊͘ ͙͎ͤͫͦ͟ ͙͙ͨͪͭͫ͊͟ ͙͋͊͡ ͊͘ ͦͦ͟ рл҈ ͍͔ΐ͊ ͦ͒ ͍͔͔ͫͭͦͫͤ͡ ͙͙͙͍͙ͫͦͪͫͭͦͫͭ͟ 

͙͍͙ͤ͊ͭͪͯͣͦ͞ͻ ͙͍ͦͪ͊͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Φ ˸͔Ώ͙ͯͭͣΣ ͍͔͙͔͟͡ ͙͔͙͔͒ͣͤ͘͞ ͍͎ͦͦ ͍͎ͨͪͦ ͫͯ 

͙ͨͦͤ΄͙͔ͭ͡ ͭͯ ͤ͊͘;͊ͤͯ͞ ͔ͨͪ͒ͤͦͫͭ ͙ ͍͔͙ͫͭͯ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍͙ͦͪͣ͊͘ ͍͙͎ͫͦͦ͟ 

͙͙ͨͪͭͫ͊͟ ͯ;͙͙͔ͤ͡ ͔ͺ͙͙͊ͫͤͦͣ͟͞Φ 

˹͔͊ͨͪ͒ ͔͞ ͔ͪ;͔ͤͦ ͒͊ ͔ͺ͙͊ͫͤͦͫͭ͟ ͍͔͙͔ͫͭ͢͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊ ͔ͤ ͍͙͙͊ͫ͘ ͫ͊ͣͦ ͦ͒ ͔͎ͥͤͦ 

͔͔ͫͭͨͤ͊ ͙͙ͫͦͪ͟΄ΐ͔ͥ͊Σ ͔͎ͤͦ ͙ ͦ͒ ͍͔͙͡;͙͔ͤ ͎ͦͤͦ ͔͒͊͡ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͍͔͙͔ͫͭ͢͟ ͙ͦ͟͞ 

͔͞ ͔͔ͯͫͣͪͤ ͔ͨͪͣ͊ ͍ͦͦͦͯ͘͟͡Φ ˨ͦ ͙͒ͦͫͭ͊ͥ͊͘ ͔͙ͪͦͫͭ͘͡ LED ͔ͭͻ͎͙͔ͤͦͦ͡͞ ͍͔͔ͦͫͭͥ͊͢Σ 

ͪ͊ ͔ͫͨͦ͒͊͡ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ ͫͯ 

͔͔ͦ͋͋͘Ώ͙͍͙͊͡ ͍͔ͤ͊͞ΐ͔ ͔ͪ͊ͫͭͦ͊ͥ͞ ͙͔ͣ͘Ώͯ ͔͙ͫͯͫ͒ͤͻ ͍ͫͭͯ͋ͦ͊Σ ͨ͊  ͫ ͯ ͙ͫ͊ͣͣ ͙ͭͣ 

͔͍͔ͨͪ͒ͫͭ͊͊͢͡ ͔͙ͦͤͦͣͫ͟͟ ͍͙͙ͤ͊ͨͦͦͤ͢͞͞ ό͔ͤ͊͞ͺ͙͙͙͊ͫͤ͟͞ύ ͔ͯͪΏ͊͞ ͍͔͔ͦͫͭͥ͊͢Φ ̂ ͫͯ͡;͊ͯ͞ 

͔͔͊ͫͭ͊ͪ͘͡ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͺͯͦ͡ ͼ͔͍͙ͣ͊ ό͙ͫ͡;͊ͤ ͊ͯ͘͟͢;͊͟ ͔ͫ ͙ͦ͒ͤͦͫ ͙ ͤ͊ ͍͔͙͔ͫͭ͢͟ ͫ͊ 

͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍͙ͦͪͣ͊͘ ͙͎ͤͫͦ͟ ͙͙ͨͪͭͫ͊͟ύΣ ͍͔͙ͫͭͦͫͤ͡ ͺ͔͍͙ͯͫ͟͡ ͙ͪ͊͘;͔͙ͤ ͙͔ͫͨͪ͒ ͙ ͙͊͘ 

͍͔͙͔ͫͭ͢͟ ͫͯ ͫͦͪͦ͟ ͔͙͒ͤ͊͟͞Φ ͔̂ͫ͒͡ ͎ͭͦ͊ ͔ͫ ͎͙ͯ͋ ͤ͊͘;͊͊ͤ͞ ͔͒ͦ ͺͯͫ͊͟͡ ͍͔͙͔ͫͭ͢͟Σ ͔ͪ͞ ͍ͦ͊͞ 

ͨ͊͒͊ ͙͍͊ͤ͘ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡Φ ˻͍͊͞ ͔ͤ͒ͦͫͭ͊ͭ͊͟ ͍͔͙͙ͫͭ͢͟ ͫ͊ ͺͯͦ͡ ͼ͔͍͙ͣ͊ ͙ 

͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍͙ͦͪͣ͊͘ ͙͎ͤͫͦ͟ ͙͙ͨͪͭͫ͊͟ ͔͞ ͔͙ͨͦͫ͒͡ͼ͊ ͍͔͙͔͟͡ ͙͔͒ͯ͗ͤ ͍͙ͦͻ ͙͍ͦͪ͊͘Σ 

ͦ͒ͤͦͫͤͦ ͔͎ͤͣͦͯΐ͙ͤͦͫͭ ͙ͨͦͫͭ͊ͥ͊͘ ͍͙͔ͨͦͦͤ͢͞ ͔͔ͪ͊ͫͨͦ͒͡ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͯ ͯ͒ͯ͗ͤͦ͘͞ 

͍͙ͪ͊ͤ ͍͔͙͔ͫͭ͢͟ ό͍͙ͪ͊ͤ ͤͦͪͣ͊ͤͦ͡͞ ͤ͊ ͦͫͯ ͨͯͭ͊ύΦ 

                                                      
12 https://www.dial.de/en/blog/article/efficiency-of-ledsthe-highest-luminous-efficacy-of-a-white-led/ 
 

https://www.dial.de/en/blog/article/efficiency-of-ledsthe-highest-luminous-efficacy-of-a-white-led/
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

̂ ͫͯ͡;͊ͯ͞ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙͙͗ͤͣ ͙͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Σ ͦ͒ͤͦͫ ͺ͔͍ͯͫ͊͟͡ ͙ͪ͊͘;͔͙ͤͻ 

͙͔ͫͨͪ͒ ͙ ͙͊͘ ͍͔͙͔ͫͭ͢͟ ͔͞ ͎ͣͤͦͦ ͍͙͙ͨͦͦͤ͢͞Σ ͣ͊͒͊ ͔ͫ ͦ͞΄ ͍͔ͯ͟ ͤ͊͘;͊͊ͤ͞ ͔͒ͦ ͍͔͎ͫͭͦͫͤͦ͡ 

ͺͯͫ͊͟͡ ͍͔͙͔ͫͭ͢͟ ͔͙͔ͣͭͯ͞ ͙͍͊ͤ͘ ͍ͨͦͪ΄͙͔ͤ ͍ͦͦͦ͊͘͟͡Φ 

ˤ͔ͦͣ͊ ͔ͣ͊͡ ͙͔͙͔͒ͣͤ͘͞ ͎͙͙ͦͪͦͤ͊͟ ͍͙͎ͨͪͦ͒ͤͦ ͙͍͎ͤ͊ͭͪͯͣͦͦ͞ ͙͍ͦͪ͊͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ 

͎ͦͣͦͯΐ͍͊͊ͯ͞ ͙͔ͨͦͫͭ͊ͥ͘ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ΐ͔ ͔͔ͪ͊ͫͨͦ͒͡ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͍͔͙͔ͫͭ͢͟ ͙ ͯ 

͍͙ͪ͊ͤ ͤͦͪͣ͊ͤͦ͡͞ ͤ͊ ͦͫͯ ͨͯͭ͊Σ ͭ͊ͦ͟ ͒͊ ͔͞ ͍͔ͤ͊͞ΐ͙ ͔͒ͦ ͔͎ͥͤͦ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͔͔ͯͫͣͪͤ 

͔ͨͪͣ͊ ͍ͦͦͦͯ͘͟͡Φ ˮͫͭͦ ͍͙͊͗ ͙ ͊͘ LED ͍͔͙ͫͭ͢͟ŜΣ ;͙͔ͣ ͔͞ ͎ͦͣͦͯΐ͔ͤ͊ ͔͊ͣͤ͊͘ ͙͍͙ͤ͊ͭͪͯͣͦ͞ͻ 

͙͍ͦͪ͊͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ ͫ͊ LED ͍͔͙ͫͭ͊ͣ͊͢͟, ͯ ͙ͫͭͯ͊ͼ͙͙͞ ͊͒͊͟ ͔͞ ͍͔͔͔ͦͫͭͥ͢ 

͔͍ͨͪͦͭͦ͊ͤͦ͟͞ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍͙ͦͪͣ͊͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Σ ͊ ͒͊ ͔ͫ ͙ͨͪ ͭͦͣ ͍͙ͦͫͭ͊ͪ ͙ 

ͤ͊͘;͙͊ͤ͊͞͞ ͯ΄͔ͭ͒͊ ͯ ͎͔ͨͦ͒ͯ͡ ͔͔͙ͭͪ͟͡;͔ͤ ͎͔ͫͤ͊ ͙͍ͦͪ͊͘Φ 

͔́͊͋͊͡ 3.11. ˿͍͔͔ͭͦͫͤ͡ ͙͙͙͍͙ͫͦͪͫͭͦͫͭ͟ ͙ͪ͊͘͡;͙͙ͭͻ ͙͍ͭͨͦ͊ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͙ 

͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊13 

͙́ͨ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ 
˿͍͔ͭͦͫͤ͊͡ ͙͙͙͍ͫͦͪͫͭͦͫͭ͟ 

͙͍ͦͪ͊͘ όlm/W) 
˿͍͔ͭͦͫͤ͊͡ ͙͙͙͍ͫͦͪͫͭͦͫͭ͟ 

͍͔͙͔ͫͭ͢͟ όlm/W) 

ˬ͙͍͙ͤ ͙͍ͦͪ͘ ͍͙͎ͫͦͦ͟ 
͙͙ͨͪͭͫ͊͟ 

42-55 13-17 

˹͙͍͍͊ͭͪͯͣͦͦ͞ ͙͍ͦͪ͘ 
͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ ͫ͊ 
ͺ͔ͯͦͪͫ͡ͼ͔͙ͤͭͤͣ ͔ͫͦͣ͡͞ 

59-119 18-36 

ˣ͙ͫͭͪ͊ ͙͍ͤ͊ͭͪͯͣͦ͊͞ 
͙͙ͫ͊͞͡ͼ͊ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ 

67-129 30-58 

˹͙͍͊ͭͪͯͣͦ͞ ͙͍ͦͪ͘ ͙͎ͤͫͦ͟ 
͙͙ͨͪͭͫ͊͟ 

99-180 25-43 

LED ͙ ͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ 90 - 150 72-120 

ˢ͙ͤ͊͊ͣ͊͘͡ ˴-͙͍ͪ͊͟ ͍͔͙͙ͫͭ͢͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊ ͙͒ͦ͋͊ͯ͞͞ ͔ͫ ͍͙͙͔ͤ͊͊͒ͤ͞͡͞ 

͙ͤͺͦͪͣ͊ͼ͙͔͞ ͦ ͍͔͙͡;͙͙ͤ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͍͔͙͔ͫͭ͢͟ ͙ͦ͟͞ ͔͞ ͔͔ͯͫͣͪͤ ͔ͨͪͣ͊ ͍ͦͦͦͯ͘͟͡Φ 

͙̂ͦͦ͟͟͡ ͔ͫ ͨͦͫͣ͊ͭͪ͊ ͫ ͯ͡;͊͞ ͊͒͊͟ ͔͞ ΄͙͙ͪͤ͊ ͍ͦͦͦ͊͘͟͡ ͔͒ͤ͊͊͟͞ ͍͙͙͙ͫͤ ͍͔΄͊ͥ͊ ͍͔͙͔ͫͭ͢͟Σ 

;͙͙͞ ͔ͫ ͙ͦͨͭ;͙͟ ͼ͔ͤͭ͊ͪ ͔͔ͨͪͦͭͯ͟͞͞ ͤ͊ ͙͍͙ͼͯ ͍ͦͦͦ͊͘͟͡Σ ͙͒ͦ͊͘͡ ͔ͫ ͒ͦ ͔͔ͫ͒͡ΐ͙ͻ ͔ͪͯͭ͊ͭ͊͘͡Φ 

 ̂ͫ͡;ͯ͊ͯ͞ ͙͍͙ͤ͊ͭͪͯͣͦ͞ͻ ͙͍ͦͪ͊͘ ͙͎ͤͫͦ͟ ͙͙ͨͪͭͫ͊͟ ͫ͊ͣͦ нл ͒ͦ нр҈ ͺͯͫ͊͟͡ ͙͍ͦͪ͊͘ ͔ͨ͊͒ͤ ͤ͊ 

͍ͨͦͪ΄͙ͤͯ ͍ͦͦͦ͊͘͟͡Σ ͯ ͫͯ͡;͊ͯ͞ ͙͍͙͙͗ͤͻ ͙͍ͦͪ͊͘ ͭ͊͞ ͨͪͦͼ͔ͤ͊ͭ ͔ͫ ͪ͟ ͔ΐ͔ ͦ͒ ол ͒ͦ ор҈Σ ͯ 

ͫͯ͡;͊ͯ͞ ͙͍͙ͤ͊ͭͪͯͣͦ͞ͻ ͙͍ͦͪ͊͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ ͨͪͦͼ͔ͤ͊ͭ ͺͯͫ͊͟͡ ͙͍ͦͪ͊͘ ͙ͦ͟͞ ͔ͨ͊͒ͤ ͤ͊ 

͍ͨͦͪ΄͙ͤͯ ͍ͦͦͦ͊͘͟͡ ͙͙ͤͦͫ͘ ͦ͒ пл ͒ͦ пр%. LED ͙͍͙ͦͪ͘ ͍͔͔ͦͫͭͥ͊͢ ͫͯ ͯ ͍ͦͦͣ ͎͔ͨͦ͒ͯ͡ 

͔ͤ͊͞ͺ͙͙͙͊ͫͤ͟͞Σ ͋ͯ͒ͯΐ͙ ͒͊ ͔ͫ ͍͔ͫͭͦͫͭ͡ ͙ͪ͊͘;͔ͯ͞ ͫ͊ͣͦ ͯ ͙͒ͦͥ ͨͦͯͨͪͦͫͭͦͪ͡Σ ͙ ͨͪͦͼ͔ͤ͊ͭ 

ͺͯͫ͊͟͡ ͙͍ͦͪ͊͘ ͙ͦ͟͞ ͔ͨ͊͒ͤ ͤ͊ ͍ͨͦͪ΄͙ͤͯ ͍ͦͦͦ͊͘͟͡ ͙͙ͤͦͫ͘ ͦ͒ ср ͒ͦ тл҈Φ 

ˮ͘ ͔ͤ͊ͨͪ͒ ͍͔͔͔ͫͨͪͦ͒ͤ ͙͔͊ͤ͊͘͡ ͔ͣͦ͗ ͔ͫ ͔͙͒ͦͤͭ ͊ͫ͊ͤ͞ ͊ͯ͘͟͢;͊͟Υ ͫ ͙͊ͦ͋ͪͦͣ͘ ͤ͊ ͍ͫͦͯ͞ 

͔ͺ͙͊ͫͤͦͫͭ͟Σ LED ͍͔͙͔ͫͭ͢͟ ͒͊ͤ͊ͫ ͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ ͎͙͔ͤ͊ͨͦͦ͒ͤ͞͞ ͔ͪ΄͔͔ͥ ͊͘ ͍͔͔͔ͦͫͭͥ͢ 

                                                      
13 ˮ͍ͦͪ͘ ͨͦ͒͊ͭ͊͊͟Υ ˸͙͙ͦͣͪ ˣΦ ˴͙ͦͫͭΐΣ αˤ͙ͦ͒; ͪͦ͘͟ ͍͔ͫͭ ͔ͭͻ͙͔ͤ͟ ͍͔͔ͦͫͭͥ͊͢ά όнлллύΣ ˣ͔͎ͦͪ͊͒ ͙ Philips 
͙͊ͭ͊ͦ͘͟͡ LED ͫ ͍͔͙͙ͭ͢͟ όнлмтύ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔͍ͨͯͭ͊, ͔ͨͦͪ͒Σ ͯ ͨͪͦ΄͙ͦͫͭ͡ ΄͙ͪͦͦ͟ ͙ͦͪ͟΄ΐ͔͙ͤͻ ͍͔͙͙ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍͙ͦͪͣ͊͘ 

͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟. 

CIE ˿ ˮ˿́˩˸ ˴˶ˢ˿ˮ̅ˮ˴ˢ̇ˮ˳˩ ˿ˤ˩́ˮ˷˴ˮ 

/L9 ͙͔ͫͫͭͣ ͙͊ͫ͟͡ͺ͙͊͟ͼ͙͔͞ ͍͔͙͙ͫͭ͢͟ ͨͪͯ͗͊ ͎ͣͦͯΐͤͦͫͭ ͙͒ͦ͋͊ͥ͊͞ ͙͔ͨͦͭͨͯͤ͞ ͙ͤͺͦͪͣ͊ͼ͙͔͞ 

ͦ ͍͔͙ͫͭ͊ͣ͊͢͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊Σ ͔ͪ͞ ͔͞ ͙͋͊ͪ͊ͤ͘ ͤ͊ ͙ͭͪ ͯ͟͢;ͤ͊ ͨͦ͒͊ͭ͊͟ ͦ ͍͔͙ͫͭ͊ͣ͊͢͟ 

͍͎ͦͦ ͙ͭͨ͊Φ ́ͦ ͫͯΥ 

1. ͔̂͒͊ͤͦͫͭ͢ ͒ͦ ͔ͦ͟͞ ͙ͫͭ͗ͯ ͍͔͙ͫͭͦͫͤ͡ ͪ͊͘ͼ͙ ͤ͊͘;͙͔͎͊ͤ͞͞ ͙͔͙͔ͤͭͤͭͭ͊͘ ͯ ͍ͨͪ͊ͼͯ 

͔ͨ͊ͪ͊ͤͦͣ͡͡ ͫ͊ ͦͫͦͣ ͨͯͭ͊ ό͍ͤ͊͊͘ΐ͔ͣͦ ͔͞ α͒ͦ͋͊;͊͞ά ͍͔͙͔ͫͭ͢͟ ͒ͯ͗ ͔ͦͫ ͨͯͭ͊ ς 

ͫͪ͊͟ΐ͔ͤͦ α͒ͦ͋͊;͊͞άύΣ 

2. ˨͔ͦͣͭ ͍͔͙ͫͭͦͫͤ͡ͻ ͪ͊͊͘͟ ͤ͊͘;͙͔͎͊ͤ͞͞ ͙͔͙͔ͤͭͤͭͭ͊͘ ͯ ͍ͨͪ͊ͼͯ ͤͦͪͣ͊ͤͦͣ͡ ͤ͊ ͦͫͯ ͨͯͭ͊ 

ό͍ͤ͊͊͘ΐ͔ͣͦ ͎͊ α΄͙͙ͪͤ͊ά ͔ͨͦͨͪ;͎ͤͦ ͫͤͦͨ͊ύΣ ͙ 

3. ˹͙͍ͦ ͎͙ͦͪ͊ͤ;͔ͥ͊ ͔͋͢΄ͭ͊ͥ͊ όαͦͤͭͪͦ͊͟͡ά ͔͋͢΄ͭ͊ͥ͊ύΦ 

α˨ͦ͋͊;͊͞ά ͔ͫ ͔͒ͺ͙͙ͤ΄͔ ͨͦͣͦΐͯ ͎ͯ͊͡ ɾ  ͙ͦ͟͞ ͦ͋ͪ͊ͯͯ͘͞ ͍͔͙ͪͭ͊ͤ͊͟͡ ͦͫ͊ ͍͔͙͔ͫͭ͢͟ 

͔ͦͪͤͯͭ͊͟ ͙͔ͤ͊ͤ͗ ͙ ͍ͨͪ͊͊ͼ ͙͔͔ͫͣͭͪ͊͡ ͎ͯ͊͡ ;͙͙͞ ͫͯ ͍͙ͪ͊ͦ͟͟ ͙ͦͤ ͍ͨͪ͊ͼ͙ ͯ ͎͍͊ͤͦ͡͞ 

͍͙ͨͦͯͪ͊ͤ͡  ό͍͔͙ͪͭ͊ͤͦ͟͡͞ ͍͙ͨͦͯͪ͊ͤ͡ ͙͎ͣ͊ͫͣ͊ͤͦ͟͡ ͙͔͙͔ͤͭͤͭͭ͊͘ύ ͙ͦͣ͊͟͞ ͎͍ͦ͒ͦ͊ͪ͊ 

͍͔͙ͫͭͦͫͤ͡ ͙͔͙͔ͤͭͤͭͭ͘ ͦ͒ фл҈ Ὅ . 

͍͔̂ͫͦͤ͊͞ ͫͯ ͙ͭͪ ͔͔ͫͭͨͤ͊ α͒ͦ͋͊;͊͊͞άΥ 

1. ˴ͪ͊ͭ͊͟ ό ɾ  < 60°), 

2. ˿͔͙ͪ͒ͥ (60°Җ ɾ  Җ 70°), ͙  

3. ˨͎ͯ͊;͊͟ ό ɾ  > 70°). 

α͙͙̊ͪͤ͊ά ͔ͫ ͔͒ͺ͙͙ͤ΄͔ ͨͦͣͦΐͯ ͎ͯ͊͡ ɾ  ͙ͦ͟͞ ͦ͋ͪ͊ͯͯ͘͞ ͍͔͙ͪͭ͊ͤ͊͟͡ ͍ͪ͊͊ͤ ͦ͊͟͞ ͙ͫ͊͒ͪ͗ 

͙ͦͨͭ;͙͟ ͼ͔ͤͭ͊ͪ ͍͔͙͔ͫͭ͢͟ ͙ ͔ͨ͊ͪ͊ͤ͊͡͡ ͔͞ ͫ͊ ͦͫͦͣ ͨͯͭ͊ ͙ ͍ͪ͊͊ͤ ͦ͊͟͞ ͙ͫ͊͒ͪ͗ ͙ͦͨͭ;͙͟ 

ͼ͔ͤͭ͊ͪ ͍͔͙͔ͫͭ͢͟ ͙ ͦͤͯ ͍ͨͪ͊ͯ ͤ͊ ͍ͦͦͦͯ͘͟͡ ͦ͊͟͞ ͔͞ ͔ͨ͊ͪ͊ͤ͊͡͡ ͫ͊ ͦͫͦͣ ͨͯͭ͊ ͙ ͙͔͒ͦ͒ͪͯ͞ 

͙͍ͪͯ͟ ͙͔͎ͦ͊ͤ͒ͤͦ͘͟͡ ͙͎͒͊ͪ͊ͣ͊͞ ͦͦ͟͞͞ ͎͍ͦ͒ͦ͊ͪ͊ ͍͔͙ͫͭͦͫͤ͡ ͙͔͙͔ͤͭͤͭͭ͘ ͦ͒ фл҈ Ὅ . 

͍͔̂ͫͦͤ͊͞ ͫͯ ͙ͭͪ ͔͔ͫͭͨͤ͊ α΄͙͙͔ͪͤά ͔ͨͦͨͪ;͎ͤͦ ͫͤͦͨ͊Υ 

1. ̂͊ͤ͘ ό ɾ  < 45°), 

2. ˿͔͙ͪ͒ͥ (45°Җ ɾ  Җ 55°), ͙  

3. ͙̊ͪͦ͟ ό ɾ  > 55°). 

α˴ͦͤͭͪͦ͊͡ά ͔͋͢΄ͭ͊ͥ͊ ͔͞ ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟ ͍͔͙͔ͫͭ͢͟ ͦ͊͟͞ ͔ͫ ͙ͦ͒ͤͦͫ ͤ͊ ͔͔ͫͭͨͤ ͎͙ͦͪ͊ͤ;͔ͥ͊ 

͙ͨͫͻͦͦ͡΄͎ͦ͟ ͔͋͢΄ͭ͊ͥ͊Σ ͊ ͔͒ͺ͙͙ͤͫ͊ͤ͊ ͔͞ ͨͦͣͦΐͯ ͔ͫͨͼ͙ͺ͙;͎ͤͦ ͙͔ͤ͒ͫ͊͟ ͍͔͙͔ͫͭ͢͟ SLI. 

ˮ ͯ ͍ͦͦͣ ͫͯ͡;͊ͯ͞ ͫͯ ͔͒ͺ͙͙ͤͫ͊ͤ͊ ͙ͭͪ ͔͔ͫͭͨͤ͊ α͔ͦͤͭͪͦ͟͡ά ͔͋͢΄ͭ͊ͥ͊Υ 

1. ˻͎͙ͪ͊ͤ;͔ͤ͊ ͦͤͭͪͦ͊͟͡ ͔͋͢΄ͭ͊ͥ͊ όSLI < 2), 

2. ͔͔̂ͣͪͤ͊ ͦͤͭͪͦ͊͟͡ ͔͋͢΄ͭ͊ͥ͊ (2 Җ {[L Җ 4), ͙  

3. ˻͙͒͡;ͤ͊ ͦͤͭͪͦ͊͟͡ ͔͋͢΄ͭ͊ͥ͊ όSLI > 4). 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

оΦр ˿͍͔͙͔ͭ͢͟ ͫ͊ LED ͙ ͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊ ͙ ͔ͭͯͤ͊͡ 

˿͍͔͙͔ͭ͢͟ ͫ͊ LED ͙ ͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͫͯ ͯ ͔ͨͪͭͻ͙ͦ͒ͤͻ ͔͔͒ͫͭ ͎͙ͦ͒ͤ͊ ͤ͊͘;͙͔͊ͤ͞͞ ͯ΄͔͡ ͤ͊ 
͙ͭͪ͗΄͔ͭ ͍͔͔ͦͫͭͥ͊͢Σ ͍͔͍͔ͨͪͤͫͭͤͦ ͎͋ͦ͘ ͍͔ͫͦ͞ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟Φ ˴͊ͦ ͔͔͎͔͙ͤͪͭͫ͟ 
͔ͤ͊͞ͺ͙͙͔͊ͫͤ͟͞Σ ͍͔ͦ ͍͔͙͔ͫͭ͢͟ ͍͔ͫ ͍͙΄͔ ͔͙ͨͪͯͣ͊ͯ͘͞ ͙ͨͪͣ͊ͭ ͙ ͔ͨͪͫͭ͊ͯ͞ ͒͊ ͋ͯ͒ͯ 
͔͙͍͊ͭͪͤ͊ͭ͊͡ ͙ͭͪ͊͒ͼ͙͙ͦͤ͊ͤͣ͡ ͙͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡. ˹͊ͦͤ͟ ͯ͊ͫ͊͟͡ ͤ͊ ͙ͭͪ͗΄͔ͭ 
͍͔͔ͦͫͭͥ͊͢Σ LED ͙ ͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ ͫͯ ͔ͫ ͫͯͦ;͙͙͡ ͫ͊ ͎͙ͣͤͦͣ ͙͔͋͊ͪͪ͊ͣ͊͞ ͊͘ ͙͔͒ͦ͋͊ͥ͞ 
͙ͭͪ͗΄͎ͤͦ ͔ͯ͒͊͡ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͙ͭͪ͊͒ͼ͙͔ͦͤ͊ͤ͡ ͙͍͔ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡. ˽͔͙ͪͦ͒ ͙͔͙͍͎ͤͭͤͦ͘ 
͍ͪ͊ͦ͊͘͞ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED ͙ ͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͙ ͔͒͊͢ ͔ͭͪ͊͞ ͙ ͦ͞΄ ͍͔ͯ͟ ͙ͨͦͫͭͦ͞ ͍͔͙͙͟͡ 
ͨͪͦͫͭͦͪ ͊͘ ͙͒͊͢ ͔ͭͻͤͦͦ͡΄͙͟ ͍ͪ͊ͦ͘͞. 

̊ͭͦ ͔ͫ ͙ͭ;͔ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED ͙ ͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͙ͯ͡ͼ͊ 
ό͙͙͡ ͊ͦ͟͟ ͔ͫ ͦ͞΄ ;͔ͫͭͦ ͙͍ͤ͊͊͘Σ ͊͘ ͙ͯ͡;ͤͯ ͍͔ͪ͊ͫͭͯύΣ ͔͙͙͊ͪ͊ͭͪͫͭ͟͟;ͤͦ ͔͞ ͭͦ ͒͊ ͯ ͍͔ΐ͙͙ͤ 
ͫͯ͡;͔͍͊͊͞ ͍͔͙ͫͭ͊͢͟ ͙ ͯ͟ΐ͙΄͔ͭ ͙ͤͫͯ ͔͙͊ͫ͋ͤ͘ ͔͍͙͒ͦ͡Σ ͨ͊ ͔ͫ ͎ͫͭͦ͊ ͔͎͙͊ͭͦͪ͟΄͔ ͊ͦ͟ 
͙͔͎͙ͤͭͪͫ͊ͤͦ ͍͔ͫͭͦ͡Φ ̂ ͙͍͙ͨͪͦͦ͒ͥ͘Σ LED ͣ ͙ͦ͒ͯ͡ ͔ͫ ͙ͣͦͤͭͪ͊ͯ͞ ͤ͊ ͔ͨ͊ͤ͡ ͫ͊ ͻ͊͒ͥ͊ͦͣ͟͡ ͊ 
ͨͦͭͦͣ ͙͍͊ͨͭ͊ͯ͘͞ ͯ ͯ͟ΐ͙΄ͭͯ ͍͔͙͔ͫͭ͢͟Σ ͔͊͒ͤͦ͘͞ ͫ͊ ͙ͦͫͭ͊ͣ͡ ͔͍͙͒ͦͣ͊͡Σ ͦ͒ ͙ͦ͟͞ͻ ͔͞ 
͍͙͙ͤ͊͊͗ͤ͞͞ ͔͎͙͙ͪͯͫ͊ͤ͡ ͙͍ͦͪ͘ ͤ͊ͨ͊͊ͥ͊͞ ͊͘ LED ͣ ͔ͦ͒ͯ͡ ͙͙͡ ͪ͊͟ΐ͔Σ ͍͔͒ͪ͊ͪ͞Σ ͊ͦ͟͟ ͔ͫ ;͔ͫͭͦ 
ͯ ͙ͨͪ͊ͫ͟ ͙͍ͤ͊͊͘Φ  

̂ ͙ͨͦͤͯ͒ ͙͍ͨͪͦͦ͘Ώ͊;͊Σ ͎ͣͦͯ ͔ͫ ͤ͊ΐ͙ ͍͔͙͔ͫͭ͢͟ ͙ͪ͊͘͡;͙͎ͭͦ ͙͒͊ͤ͊͘͞ ͫ͊ ͪ͊ ͙͘͡;͙͙ͭͣ 
͙͍͙ͭͨͦͣ͊ LED ͙ ͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡Φ ́͊ͦ͟Σ ͔ͨͦͫͭͦ͞ ͔͙ͣͦ͒͡ ͙ͦ͟͞ ͙͔ͦͪͫͭ͟ ͣ ͙͊ͥ ͋ͪͦ͞ LED ͒ ͙ͦ͒͊ 
͍͙͔ͫͦ͟ ͎͔ͫͤ͊Σ ͒ͦ͟ ͫ͊ ͎͔͒ͪͯ ͔ͫͭͪ͊ͤ ͎ͣͦͯ ͔ͫ ͤ͊ΐ͙ ͙ ͍͔͙͔ͫͭ͢͟ ͔ͦ͟͞ ͙͔ͦͪͫͭ͟ ͔͒͊ͦ͟͡ ͍͙΄͔ LED 
͙͒ͦ͒͊ ͙ͤ ͔͗ ͎ͫͤ͊ͦͣΦ ˻͙͔͒͟͡ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED ͙ ͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͍͙͔͊ͫ͘ ͦ͒ ͔͙ͤͦͦ͟͟͡ 
ͺ͊ͭͦͪ͊͟Σ ͦ͒ ͙ͦ͟͞ͻ ͔͞ ͍͙ͤ͊͊͗ͤ͊͞͞ ͟ ͦͤͺ͙͎ͯͪ͊ͼ͙͊͞ LED ͣ ͦ͒ͯ͊͡Σ ͍ͪͫͭ͊ ͔ͪͺͪ͊ͭͦͪ͊͟ ό͙͔ͦͨͭ͟ύΣ ͊ 
ͤ͊ ͫ͊ͣ ͙͒͊ͤ͘͞ ͍͔͙͔ͫͭ͢͟ ͙ͯͭ;͔ ͙ ͍ͪͫͭ͊ ͻ͊͒ͥ͊͊͟͡ ͙ͦ͟͞ ͔ͫ ͙͙ͦͪͫͭ͟Φ ̆͊͒ͥ͊͡ͼ͙ ͊͘ ͍͔͙͔ͫͭ͢͟ 
ͫ ͊LED ͙ ͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ ͫͯ ͨͦ  ͦͤͫͭͪͯ͟͟ͼ͙͙͞ ͙ ͙͎͔͒ͯ͘͡ ͙ͫ͡;͙ͤ ͻ͊͒ͥ͊͡ͼ͙ͣ͊ ͙ͦ͟͞ ͔ͫ 
͙͔ͦͪͫͭ͟ ͊͘ ͻ͊͡Ώ͔͔ͥ ͎͙͒ͪͯͻ ͔͔͙ͭͪͦͤͫ͟͟͡ͻ ͍ͤ͊ͨͪ͊͊Σ ͊ͦ͟ ΄ͭͦ ͫͯ ͪ͊;͙ͯͤ͊ͪΦ ˣͯ͒ͯΐ͙ ͒͊ 
͊ͨ͊͟ͼ͙͔ͭͭ ͔ͭͦͨͦͭͤ͡ ͔͔ͪ͊ͣͤ͘ ͙͔͒ͪͭͤͦ͟ ͙ͯͭ;͔ ͤ͊ ͙͍͙͗ͦͭͤ ͍͔͟ ͍͔͙͔ͫͭ͢͟ ͫ͊ LED ͙ ͍ͦͪͦͣ͘ 
͍͔͙ͫͭͦͫͭ͡Σ ͻ͊͒ͥ͊͡ͼ͙ ͔ͫ ͙ͪ͊͘Ώͯͯ͞ ͫ͊ ͍͔͙͙ͣ͟͡ ͔͋ͪͦͣ͞ ͔ͪ͋͊ͪ͊ ͊ͦ͟͟ ͙͋ ͔ͫ ͍͔ͨͦΐ͊͊͡ 
͍ͨͦͪ΄͙ͤ͊ ͊͘ ͔ͪ͊ͣͤͯ͘ ͔ͭͦͨͦͭ͡ ͫ͊ ͙ͦͦͤͦͣ͟͡Φ  

ˬ͙͍͙ͦͭͤ ͍͔͟ ͍͎ͦͦ ͙ͭͨ͊ ͍͔͙͙ͫͭ͢͟ ͔͞ ͔ͦ͒ͪΏ͔ͤ ͦ͒ͤͦͫͦͣ ͔͔ͭͪͤͯͭͤ ͍͔͔ͫͭͦͫͤ͡ 
͙͙͙͍͙ͫͦͪͫͭͦͫͭ͟ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͨͦ;͔ͭͤͯ ό͔ͫͨͼ͙ͺ͙ͼ͙ͪ͊ͤͯύ ͍͔ͫͭͦͫͤͯ͡ ͙͙͙͍ͫͦͪͫͭͦͫͭ͟Φ ˴͊͒͊ ͔ͫ 
͍͔ͫͭͦͫͤ͊͡ ͙͙͙͍ͫͦͪͫͭͦͫͭ͟ ͙ͫͣ͊ͥ ͊͘ ол҈Σ ͦ͒ͤͦͫͤͦ ͙͙ͤͦͫ͘ тл҈ ͙͔ͤͦͣͤ͊ͤ͡ ͍͔͔ͫͭͦͫͤ͡ 
͙͙͙͍͙ͫͦͪͫͭͦͫͭ͟Σ ͫͣ͊ͭͪ͊ ͔ͫ ͒͊ ͔͞ ͍͔͙ͫͭ͊͢͟ ͤ͊ ͪ͊ͯ͟͞ ͙͍͎͗ͦͭͤͦ ͍͔͊͟Φ  

ˤ͔ΐ͙ͤ͊ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED ͙ ͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ ͊͘ ͙ͯ͡;ͤͯ ͍͔ͪ͊ͫͭͯ ͙ ͣ͊ ͙ͦͨͭ;͙͟ ͔ͪͺͪ͊ͭͦͪ͟ ͤ͊ 
ͫ͊ͣͦͣ LED ͨ ͔͊ͤͯ͡Σ ͙ͦ͟͞ ͔͞ ͍͔ͤ͊ͨͪ͊ͤ͢ ͭ͊ͦ͟ ͒͊ ͔ͣ ͙͔ͭͯ͞ ͍͔ͫͭͦͫ͡ ͭͯ ͦ͋ ͙ͯ͟͡ ͍͎͙ͨͪ͊ͦͯ͊ͦͤ͟,͊ 
΄ͭͦ ͔͍ͨͪ͒ͫͭ͊͊͢ ͤ͊͘;͊ͤͯ͞ ͔ͨͪ͒ͤͦͫͭ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͙ͭͪ͊͒ͼ͙͔ͦͤ͊ͤ͡ ͙͍͔ͭͨͦ ͍͔͙͙ͫͭ͢͟ ͊͘ 
͙ͯ͡;ͤͯ ͍͔ͪ͊ͫͭͯΣ ͔ͦ͟͞ ͙ͦ͋;ͤͦ ͙ͣ͊ͯ͞ ͔ͪͺ͔ͭͦͪ͟͡ ͤ͊ ͊͒ͥͦ͘͞ ͙ͫͭͪ͊ͤ ͔͊ͣͨ͡ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ 
͙͍ͦͪͦͣ͘ ͍ ͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Φ ˴͊ͦ ΄ͭͦ ͫͣͦ ͯ ͔ͨͪͭͻͦ͒ͤͦͣ ͔ͭͫͭͯ͟ ͎͙͙ͤ͊͊ͫ͡͡Σ ͭ͊ͦ͟ ͔ͫ ͔ͫͣ͊ͥͯ͞ 
͍͔ͫͭͦͫͤ͊͡ ͙͙͍ͫͦͪͦͫͭͦͫͭ͟ ͍͔͙͔ͫͭ͢͟Σ ͊ ͔ͨͦͪ͒ ͎ͭͦ͊ ͍ͫͭ͊ͪ͊ ͔ͫ ͍͔ͫͭͦͫͤͦ͡ ͎͊͊͘Ώ͔͔ͥ ͯ 
͔ͦͪͯ͗ͥͯ͟ ͍͔͙͔ͫͭ͢͟ ͙ ͍͔ͨͦ͊ͯ͢͞͞ ͔ͫ ͔ͨͪͦ͋ͣ͡ ͔͋͢΄ͭ͊ͥ͊Σ ͙ͦ͟͞ ͔͞ ͭ͊ͦ͟Ώ͔ ͪ͊ͣ͊ͭͪ͊ͤ͘ ͯ ͍ͦͦͣ 
͎͍ͨͦ͊ͯ͢͡Φ  

˽ͦ΄ͭͦ ͔͞ ͍͔ΐ͙ͤ͊ ͍͔͎ͫͭͦͫͤͦ͡ ͺͯͫ͊͟͡ ͔͔ͯͫͣͪͤ͊ ͤ͊ ͫ͊ͣͯ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼͯΣ ͊ ͔͒͊ͦ͟͡ ͔ͣ͊ͥ 
͍͔͙ͫͭͦͫͭ͡ ͔͍͒ͦͫͨ͊ ͯ ͔͔ͦͪͯ͗ͥ͟Σ ͍͔͍͔ͦͫͭ͊͊ͥ͢ ͔ͨ΄͊;͙͟ͻ ͫͭ͊͊͘ ͔ͨͦͪ͒ ͨͯͭ͊ ͙ ͔ͦͦͤ͟͡ 
͙ͦ͋͊ͫͭ͡ ͔͞ ͔ͣ͊ͥΣ ͨ͊ ͭͦ ͔ͨͦͤ͊͒͟ ͔ͣͦ͗ ͙͙͋ͭ ͙ ͔ͤ͒ͦͫͭ͊ͭ͊͟ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED ͙ ͍ͦͪͦͣ͘ 
͍͔͙ͫͭͦͫͭ͡Φ ˮͨ͊͟ ͊͘ ͔͔ͤ͊ͣͤ ͎͔͒ ͔ͫ ͔ͨͦͪ͒ ͨͯͭ͊ ͔͙͗͡ ͙ ͍͔͍͔ͦͫͭ͊͊ͥ͢ ͔ͨ΄͊;͔͟ ͔ͫͭ͊͘ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

όͭͪͦͭͦ͊ͪ͊ύΣ ͍ͦ͊͞ ͔ͤ͒ͦͫͭ͊ͭ͊͟ ͔ͫ ͔ͣͦ͗ ͔ͪ΄͙͙ͭ ͔ͯͨͦͭͪ͋ͦͣ ͍͔͙͙ͫͭ͢͟ ͫ͊ ͔ͫͨͼ͙͊ͤͦ͞͡ 
͙͙͙͒͊ͤͪ͊ͤͣ͘͞ ͫͦ;͙͍͙ͣ͊ ͊͘ ͭͯ ͔ͤ͊ͣͤͯΦ 

˿͍͊͊ͦ͟͟Σ ͍͔ͤ͊͞Ώ͊ ͔ͨͪ͒ͤͦͫͭ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED ͙ ͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ ͊͘ ͙ͯ͡;ͤͦ ͍͔͔͔ͦͫͭͥ͢ ͔͞ 
͔͔͎͔ͤͪͭͫ͊͟ ͔ͺ͙͊ͫͤͦͫͭ͟ ͯ ͔ͨͦͪΏ͔ͥͯ ͫ͊ ͍͔ͦͤͤ͟ͼ͙͙ͦͤ͊ͤͣ͡ ͔ͭͻ͎͙ͤͦͦ͊ͣ͊͡͞ ͍͔͙͙ͫͭ͢͟ ͊͘ 
͙ͯ͡;ͤͦ ͍͔͔͔ͦͫͭͥ͢ ͊ͦ͟ ΄ͭͦ ͫͯ ͯ ͍ͨͪͦͣ ͔ͪ͒ͯ ͙͍͙ͤ͊ͭͪͯͣͦ͞ ͙͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ ͍͙͎ͫͦͦ͟ 
͙͙ͨͪͭͫ͊͟ όHPSύ ͙ ͔ͣͭ͊͡-ͻ͙͙͊͒ͤ͡ ͙͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ (MH). ˿͍͔͙ͭ͊͢͟ ͫ͊ LED ͙ ͍ͦͪͦͣ͘ 
͍͔͙ͫͭͦͫͭ͡ ͊͘ ͙ͯ͡;ͤͦ ͍͔͔ͦͫͭͥ͢ ͔͟ ͦ͊͞ ͔ͫ ͦͤͫͭͪͯ͟͟ͼ͙ͦͤͦ ͙͍͊ͫͤ͊͘ ͤ͊ ͔͙ͯͨͦͭͪ͋ ͙͔͊ͤ͘͘͡ LED 
͙͔͒ͦ͒ ͎͔ͫͤ͊ флм Ƴ² όлΣфлм ²ύ ͔ͣͦ͗ ͒͊ ͯ ͍͙͙͊ͫͤͦͫͭ͘ ͦ͒ ͔͎ͦͤͪͭͤͦ͟͟ ͫͯ͡;͊͊͞ ͙͍͔͔ͨͪͦ͒͘ 
͙͙ͫͭ ͙͍ͤͦ ͍͔͔͙ͦͫͭͤͦͫͭ͢ ό͙͙͡ ͍͔ΐ͙ύ ͊ͦ͟ ͙ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙ͭͪ͊͒ͼ͙͙ͦͤ͊ͤͣ͡ ͙͍͙ͦͪͣ͊͘ 
͍͔͙ͫͭͦͫͭ͡ ͊͘ ͙ͯ͡;ͤͦ ͍͔͔͔ͦͫͭͥ͢Σ ͯ͘ н ͒ͦ п ͨͯͭ͊ ͙ͣ͊ͥ ͯͭͪͦ΄͊͟ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Φ   

́͊ͦ͟Ώ͔Σ ͍͊͗ͤͦ ͔͞ ͎͙͙ͤ͊͊ͫͭ͡ ͒͊ ͔ͫ ͍͔͙͔ͫͭ͢͟ ͫ͊ LED ͙ ͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͙ͦ͋;ͤͦ ͔ͤ ͍͔͊ͪ͟ 
όα͔ͤ ͔͎͔͍ͨͪͦͪ͊ͯ͞άύΣ ͍͔ΐ ͔ͫ ͍͔͔ͪͣͤͦͣ ͔ͫͣ͊ͥͯ͞ ͍͔ͦͫͭ͊͢͞ ͒ͦ͟ ͔ͤ ͔ͨ͊͒ͤ ͤ͊ ͒ͦͥͯ ͎͙ͪ͊ͤͼͯΣ 
͊͒͊͟ ͔ͭͪ͋͊ ͔͙͙͊ͣͤͭ͘ LED ͣ ͦ͒ͯ͡ ͤ͊ ͍͔͙ͫͭ͢ͼ͙Φ  

̂ ͔͒ͤͦ͞͞ ͙͙ͫͭͯ͒͞ ͦ͊͟͞ ͔͞ ͪ͊Ώ͔ͤ͊ нллуΦ ͎͙͔ͦ͒ͤΣ ͨͪͦͼ͔͔ͥͤͦ ͔͞ ͒͊ ͙͋ ͔ͫ ͔͊ͣͤͦͣ͘ ͔ͨͦͫͭͦ͞ΐ͔ 
͙ ͎ͯͪ͊͒ͥͦͣ LED ͯ ͙͡;͔ͤ ͍͔͔ͪ͊ͫͭ ͯ мл ͍͔ͤ͊͞ΐ͙ͻ ͔ͣͭͪͦͨͦ͊͡ ͯ ˿ˢ˨ ͎ͣͦ͊͡ ͙͙ͫͣ͊ͥͭ ͎͙ͦ͒΄ͥ͊ 
͔͙͙ͣͫ͊͞ ͎͔ͯͤ͢ ͙͙͒ͦͫ͒͊͟ ό˿˻2) ͘  ͊мΣн ͙͙ͣͦͤ͊͡ ͭͦͤ͊ ό͔ͭ͊͋͊͡ оΦмоύΦ ˾͙͊͒ ͙ͯͫͭͪ͊͡ͼ͙͔͞ ͭͦ ͔͞ 
͔͍͙͍͔͊ͤͭͤͦ͟͡ ͎͙ͦ͒΄͔ͥͣ ͎͊͊͘Ώ͔ͥͯ ͔ͯͫ͒͡ ͔͙͙͔ͣͫ͞ ˿˻н ͔ͦ͟͞ ͔͙͔ͣͭͯ͞ нмнΦллл ͍͙ͦ͊͘͡. 
˻͙ͫͣ ͎ͭͦ͊ ͯ΄͔͔ͭ͒ ͯ ͭͪͦ΄͍͙͔ͦͣ͟ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͙͋ ͙͔͋͡ ͔ͤ͊ͣ͊ͥ͞ фл ͙͙ͣͦͤ͊͡ 
͒ͦ͊ͪ͊͡14Φ ˨͊ ͔͞ ͙ͫͭͯ͒͊͞ ͪ͊Ώ͔ͤ͊ нлмтΦ ͎͙͔ͦ͒ͤ ͔ͯͣͫͭͦ нллуΦ ͎͙͔ͦ͒ͤΣ ͊ ͎͋ͦ͘ ͔ͤ͊ͨͪͭ͊͟ LED 
͍͔͔ͦͫͭͥ͊͢ ͙ ͔͎͒͊͢ ͍͔ͨͦΐ͊ͥ͊ ͔͎͍͔ͥͦ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟Σ ͔͙ͪͯͭ͊ͭ͘͡ ͙͋ ͙͙͋͡ ͦͦ͟ 
мΣт ͙͙ͣͦͤ͊͡ ͭͦͤ͊ ˿˻нΣ ͦ͒ͤͦͫͤͦ ͔͍͙͍͔͊ͤͭ͟͡ ͙͋ ͙͋͊͡ ͎͙ͦ͒΄ͥ͊ ͔͙͙ͣͫ͊͞ нуоΦллл ͍͙ͦ͊͘͡Φ  

͔́͊͋͊͡ оΦм2. ˽͔͎͔ͪ͒͡ мл ͍͔ͤ͊͞ΐ͙ͻ ͎͍ͪ͊͒ͦ͊ ͯ ˿ˢ˨ ͫ͊ ͍͙ͫͭ͊ͤͦ΄ͭ͊ ͋ͪͦ͊͞ ͍͔͙͙ͫͭ͢͟ 

͙ͯ͡;͎ͤͦ ͍͔͔ͦͫͭͥ͊͢ ͙ ͔͙͙͔ͣͫ͞ ˿˻2 ͤ ͊ ͎͙ͦ͒΄͔ͥͣ ͙͍ͤͦͯ ͦͯ͟͞ ͙͍͔͔ͨͪ͒͘ ͍͊ͤͦ͞ ͍͔͔͔ͦͫͭͥ͢ 

˾Φ͋ͪΦ ˥ͪ͊͒ 
ˣͪͦ͞ ͍͔͙͙ͫͭ͢͟ 
͙ͯ͡;͎ͤͦ 
͍͔͔ͦͫͭͥ͊͢ 

˩͙͙ͣͫ͊͞ ˿˻2 ͤ ͊ 
͎͙ͦ͒΄͔ͥͣ ͙͍ͤͦͯ 

1 ˺ͯͦͪ͟͞ 1.053.838 553.394 

2 ˶ͦͫ ˢͤΏ͔͔ͫ͡ 725.207 380.799 

3 ͙͎̉͊ͦ͟ 532.321 279.496 

4 ˨͊͊ͫ͡ 336.222 176.561 

5 ͙͔̅͊͒͡͡ͺ͙͊͞ 326.297 171.352 

6 ̆ͯͫͭͦͤ͞ 310.237 162.955 

7 ˸͙͊͊ͣ͞ 305.975 160.700 

8 ˤ͊΄͙͎ͤͭͦͤ 296.262 155.491 

9 ˢͭ͊ͤͭ͊͡ 287.740 151.060 

10 ˨͔͙ͭͪͦͭ 250.262 131.390 

̂ͯͨͤͦ͟Υ 4.424.361 2.323.431 

˻͍͙ ͔ͺ͔͙ͭ͟ ΐ͔ ͔ͫ ͔͙͔͒ͭ͊ͤ͢͞ ͙ͪ͊ͣ͊ͭͪ͊ͭ͘ ͯ ͔ͤ͊ͪ͒ͤͦͣ ͎͍ͨͦ͊ͯ͢͡Σ ͔ͦ͟͞ ͙͒ͦͤͦͫ ͔͔ͤ͟ ͍͔͔ͫͭͫ͟ 
͙͔͔ͨͪͣͪ ͔ͨͪ͊ͫ͟ ͯ ͔͙ͯͨͦͭͪ͋ LED ͯ ͙͡;͎ͤͦ ͍͔͔ͦͫͭͥ͊͢Φ  
 
 

                                                      
14 Grow, Robert T., αEnergy Efficient Streetlights - Potentials for Reducing Greater Washington's Carbon 
FootprintάΣ ͣ͊ͪͭΣ нллуΦ ͎͙͔ͦ͒ͤ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˸͎ͦͯ ͔ͫ ͙͙ͫͯͣͪ͊ͭ ͔͔ͫ͒͡ΐ͔ ͨͪ ͔͙͒ͤͦͫͭ ͔͔ͯͨͦͭͪ͋ ͙ͯ͡;͔ͤ ͍͔͔ͪ͊ͫͭ ͫ͊ LED ͙͍͙ͦͪͣ͊͘ 
͍͔͙ͫͭͦͫͭ͡Υ 

¶ ̂΄͔ͭ͒͊ ͯ ͨͦͭͪͦ΄͙ͥ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͦ͒ рл҈ ͨ͊ ͒ͦ ул%. 

¶ ˨͎ͯ ͙ ͔͍͙͙͍ͨͪ͒͒ ͍͔͟ ͭͪ͊͊ͥ͊͞ - ͦ͒ мр ͒ͦ нл ͎͙ͦ͒ͤ͊Σ ΄ͭͦ ͔͞ н ͒ͦ п ͨͯͭ͊ ͔͒ͯ͗ ͦ͒ 
͍͔͙͙ͫͭ͢͟ ͫ͊ HPS ͙ ͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡. 

¶ ˸͎ͤͦͦ ͙ͣ͊ͥ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊. 

¶ ˤ͔ΐ͙ ͔͔ͫͭͨͤ ͍͔͙ͪͤͦͫͭ ͙ͨͪ ͔ͪͨͦͪ͒ͯ͟ͼ͙͙͞ ͋ͦ͊͞ - CRI Ra ͙͔ͤ͒ͫ͟ ͔͞ ͍͔ΐ͙ ͯ ͦ͒ͤͦͫͯ ͤ͊ 
͍͔͙͔ͫͭ͢͟ ͫ͊ HPS ͙͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡Σ ΄ͭͦ ͍ͦ͊͘;͙ͣ͊ ͦ͊͟͡΄͍͊͊ ͔͍͔ͨͪͨͦͤ͊͊ͥ͘ 
͔ͦ͋͊ͭ͊͟͞ ͙ ͔͔ͨͪͨͪ͊͟ ͤ͊ ͨͯͭͯ. 

¶ ͔́ͪͤͯͭͤͦ ͯͯ͟͢;͔͔ͥ ͙ ͙͔ͨͦͫͭ͊ͥ͘ ͎ͨͯͤͦ ͍͔ͦͫͭ͊͊͢͞ - ͦ͒͟ ͎͙͒ͪͯͻ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ 
͊ͦ͟ ΄ͭͦ ͫͯ ͙͍͙͔͗ͤ ͙͙ͫ͊͞͡ͼ͔Σ ͙ ͙͙ͫ͊͞͡ͼ͔ ͫ͊ Na ͍ ͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͔ͤͦ͟ 
͍͔͔ͪͣ ͊͘ ͙͔ͨͦͫͭ͊ͥ͘ ͎ͨͯͤͦ ͍͔ͦͫͭ͊͊͢͞ ό͍͔͔ͪͣ ͎͔͍͊ͪ͊ͥ͊͘ύ. 

¶ ͔́ͪͤͯͭͤͦ ͯͯ͟͢;͔͔ͥ ͔͔ͤͨͦͫͪ͒ͤͦ ͔ͨͦͫ͡ ͙ͫͯ͟͢;͔ͥ͊ - - ͟ ͦ͒ ͎͙͒ͪͯͻ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ 
͊ͦ͟ ΄ͭͦ ͫͯ ͙͍͙͔͗ͤ ͙͙ͫ͊͞͡ͼ͔Σ ͙ ͙͙ͫ͊͞͡ͼ͔ ͫ͊ Na ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Σ ͔͔ͤͨͦͪ͒ͤͦ ͨͦ 
͙ͫͯ͟͢;͔ͥͯΣ ͔ͦ͟͞ ͙ͦ͋ΐͤͦ ͔ͤ͊ͫͭ͊͞ ͔ͯͫ͒͡ ͎ͪ͊ͭͦͭͪ͊ͤͦ͟͟͞ ͙ͫͯ͟͢;͔ͥ͊ ͙͙͡ ͨͪͦͨ͊͒͊ 
ͤ͊ͨͦͤ͊Σ ͍ͨͦͤͦͤͦ ͯͯ͟͢;͔͔ͥ όα͍ͪͯΐ͔ ͔͔ͨ͊ͥ͢άύ ͔͞ ͔ͦ͒ͦ͗ͤͦ͡ ͊͘ ͔͙ͤ͟ ͍͔͔͙ͪͣͤͫ͟ 
͙͔͍ͤͭͪ͊͡ ͙ͦ͟͞ ͔͞ ͔ͨͦͭͪ͋͊ͤ ͒͊ ͔ͫ ͍ͨͦͤͦͦ ͙͎͔ͨͦͫͭͤ ͙͙ͨͪͭͫ͊͟ ͯ ͙͙ͫ͊͞͡ͼ͙Φ 

¶ ˿͎͊͊ͫͤͦͫͭ͡ ͫ͊ ˾ͦ̆˿ όRoHS Compliance)15: ˿͍͔͙͔ͭ͢͟ ͫ͊ LED ͙ ͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͔ͤ 
͔ͫ͊͒ͪ͗ ͙͍͗ͯ ͙͙͡ ͍ͦͦͦ͡Σ ͙ ͔ͤ ͦͭͨͯ΄ͭ͊ͯ͞ ͍͔ͦͭͪͦͤ ͎͍͔͊ͫͦ ͊ͦ͟ ͫͯ ͦ΄͔ͭΐ͔͙ͤΦ 

¶ ˸͊ͥ͊ ͙͍ͨͪ͊͡;ͤͦͫ ͭ͊͘ ͤͦΐ͔ͤ ͙͔͔ͤͫͭ͟Υ ͤͦΐ͔ͤ ͙͔͔ͤͫͭ͟ ͙͍ͨͪ͊͡;͙ ͙ͯͭͪ͊ͯ͋͢͡;͊ͫͭͦ 
͍͔ͫͭͦ͡ ͔ͦ͟͞ ͊͘ ͙ͪ͊ͯ͘͟͡ ͦ͒ LED ͦ ͍͔͔ͫͭͥ͊͢Σ ͔͙ͣͭͯͯ͞ ͣ ͎͙ͤͦ ͍͔ͦͤͤ͟ͼ͙͙ͦͤ͊ͤ͡ ͙͍͙ͦͪ͘ 
͍͔͙ͫͭͦͫͭ͡Φ 

¶ ˹͊͋ͦ͊͢͞ ͍͔ͫͭͦͫͤ͊͡ ͙͙͙͍ͫͦͪͫͭͦͫͭ͟ ͍͔͙͔ͫͭ͢͟ όƭƳκ²ύ - ͒ͪ ͎͔ͯ ͍͔ͪͫͭ ͙ͯ͡;͙ͤͻ 
͍͔͙͙ͫͭ͢͟ ͙͔ͦͪͫͭ͟ ͔ͪͺ͔ͭͦͪ͟͡ ͊͘ ͔ͪͺ͔͙ͫͯ͟͡͞ ͍͔ͫͭ͊͡ ͔ͦ͟͞ ͔ͫ ͔͙͔ͣͭͯ͞ ͙ͤ͊͒͘ ͔͊ͣͨ͡Φ 
̉͊͟ ͙ ͨͦ͒ ͙ͤ͊͋ͦͣ͢͞ ͍͙ͯͫͦͣ͊͡Σ ͔ͪͺ͔ͭͦͪ͟͡ ͔͊͋ͫͦͪ͋ͯ͞ ͔͒ͦ ͫ ͍͔͙ͭͦͫͭ͡Σ ΄ͭͦ ͔͔ͪͯͭͯ͘͡͞ 
͔ͫͣ͊ͥͤͦͣ ͙͙͙͍ͫͦͪͫͭͦ͟͢΄ΐͯ ͍͔͙͔ͫͭ͢͟. ˴ ͊ͦ ΄ͭͦ ͔͞ ͍͔ΐ ͔ͪ;͔ͤͦΣ ͦ͒͟ LED ͫ ͍͔͙͙ͭ͢͟Σ 
LED ͣ ͦ͒ͯ͡ ͪ͊͘;͙ ͍͔ͫͭͦͫͭ͡ ͯ ͔͔͗ͤͦͣ͢ ͔ͫͣͪͯΣ ͔͋͘ ͔ͪͺ͔ͭͦͪ͊͟͡Φ 

¶ ˸͙͊ͥ ͙͍ͤͦ ͔͋͢΄ͭ͊ͥ͊Υ ˨͙͔ͪͭͤͦ͟ ͔͍͔ͯͫͣͪ͊͊ͥ ͍͔͙ͫͭͦͫͭ͡ ͔ͨͪͣ͊ ͍ͦͦͦͯ͘͟͡ ͔ͨͯͭͣ 
͔ͫͨͼ͙͊ͤͦ͞͡ ͙͙͔͒͊ͤͪ͊ͤ͘͞ ͙͔ͦͨͭ͟Σ ͔ͫͣ͊ͥͯ͞ ͙ͦ͟͡;͙ͤͯ ͍͔͙ͫͭͦͫͭ͡ ͦ͊͟͞ ͔ͫ ͔͍ͯͫͣͪ͊͊ ͯ 
ͦ;͙ ͍ͦ͊͘;͊Φ 

¶ ˹͔͔͙͍ͦͫͭͦͫͭ͢ ͤ͊ ͔͔͔ͭͣͨͪ͊ͭͯͪͤ ͔͔ͨͪͦͣͤ ς ͊͘ ͙ͪ͊ͯ͘͟͡ ͦ͒ ͔͙ͤ͟ͻ ͎͙͒ͪͯͻ ͙͍ͦͪ͊͘ 
͍͔͙ͫͭͦͫͭ͡ ͙ͦ͟͞ ͒͊ͯ͞ ͙ͣ͊ͥ ͍͔͙ͫͭͦͫͤ͡ ͺͯͫ͟͡ ͙ͨͪ ͙͙ͤͫͣ͟ ό͙͙ͣͫͣ͘͟ύ ͔͔ͭͣͨͪ͊ͭͯͪ͊ͣ͊Σ 
LED ͫ ͍͔͙͔ͭ͢͟ ͙ͣ͊ͯ͞ ͙ͫͭ͊͋͊ͤ͡ ͍͔͙ͫͭͦͫͤ͡ ͺͯͫ͟͡ ͤ͊ ͙͙ͤͫͣ͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ͣ͊Φ  

˹͍͊ͪ͊ͤͦΣ ͔ͨͦͪ͒ ͔͙ͨͪ͒ͤͦͫͭΣ ͤ͊͞;͔΄ΐ͔ ͍ͤ͊ͦΏ͔͔ͤ ͔ͣ͊ͤ ͦ͒͟ ͔͔ͯͨͦͭͪ͋ ͙ͯ͡;͔ͤ ͍͔͔ͪ͊ͫͭ ͫ͊ 
LED ͙ ͍͙ͦͪͣ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͫͯ: 

¶ ͔͔́ͣͨͪ͊ͭͯͪ͊ ͔͋ͦ͞ ͦ͒ пллл ˴ ͙ ͍͙΄͔ ς ͔͙ͤͣ͟ ͙ͯ͒ͣ͊͢ ͔ͫͣͭ͊ ͙͔͊ͣ͋ͤͭ͞ ͙ͦ͟͞ ͔͞ 
͍͔͔ͦͫͭͤ͢ ͫ͊ ͔͔ͭͣͨͪ͊ͭͯͪ͊ͣ͊ ͔͋ͦ͞ ͦ͒ пллл ˴ ͙ ͍͙΄͔Σ ͔ͪ͞ ͔͙͍ͫͯ͋ͭͤͦ͟͞ ͔ͤ͊͊͘͡ ͒͊ ͔͞ 
αͻ͊͒͊ͤ͡άΦ ˽͔ͦͫͭͦ͞ ͙ LED ͙ ͍͙ͦͪ͘ ͍͔͙ͫͭͦͫͭ͡ ͫ͊ ͔͔ͭͣͨ ͪ͊ͭͯͪͦͣ ͔͋ͦ͞ ͦ͒ 2700 ˴  ͙ оллл 

                                                      
15 ˨ ͙͔͙͍ͪͭ͊͟ ͦ ͙͊͋ͪ͊ͤ͘ ͙ͦͨ͊ͫͤͻ ͔͙ͣ͊ͭͪ͊͞ όRestriction of Hazardous Substances Directive) 2002/95/EC 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

Σ˴ ͙͊͡ ͫͯ ͍͔͙͔ͫͭ͢͟ ͫ͊ α͙͙ͭͦͨͣ͡͞ ͭͦͤͦͣά ͔ͣ͊ͥ ͔ͺ͙͔͊ͫͤ͟ ͔ͪ͞ ͍͔͍ͦͫͭ͊͊ͯ͢͞ ͣ͊ͥͯ 
͍ͨͦͪ΄͙ͤͯ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͍͔͙ͫͭͯ͢͟ ͫ͊ αͻ͙͙͊͒ͤͣ͡͞ ͭͦͤͦͣά. 

¶ ˮ͙ͤͼ͙͊ͤ͊͞͡ ͼ͔ͤ͊ LED ͯ ͙͡;͎ͤͦ ͍͔͔ͦͫͭͥ͊͢ ͔͞ ͍͔ΐ͊ ́ ͭͦ ͊͘ ͔͙ͨͦͫ͒͡ͼͯ ͙ͣ͊ ͍͔ΐ͙ ͪͦ͟ 
͔ͦͭͨ͊ͭ͡Φ ˾͎͊ͦ͘͡ ͔ͭͦͣ ͔͞ ͙ ΄ͭͦ ͔ͫ ͯ ͔ͭͻ͎͙͙ͤͦͦ͡͞ ͙͍͔ͨͪͦͦ͒ͥ͘ LED ͫ ͍͔͙͙ͭ͢͟ ͙͔ͦͪͫͭ͟ 
͙ ͔͙ͤ͟ ͙ͫͯͨ͟ ͔͙͙ͣ͊ͭͪ͊͞͡ ό͊ͦ͟ ͤͨͪΦ ͫ͊ͺ͙ͪ ͙ ͫ͡Φύ. 

¶ ˽͙ͪ ͙͎͊͊ͥͯ͘͡ ͔͋ͦ͡͞ ͍͔͙ͫͭͦͫͭ͡ LED ͫ ͍͔͙͙ͭ͢͟Σ ͦ͒͟ ;͍͔ͦ͊͟ ͔ͫ ͔ͫͣ͊ͥͯ͞ ͯ͡;͔͔ͥ 
͔͙ͣ͊ͭͦͤͤ͡ ͙͊ ͒ͦ  ͔ͨͭ ͨͯͭ͊ ͍͙΄͔  ͯͦ͒ͤͦͫͯ ͤ͊ ͔͎͍ͥͦͦ ͯ͡;͔͔ͥ ͙͙ͨͪͦͣ͟͡ ͙͎͊͊ͥ͊͘͡ 
͍͔͙ͫͭͦͫͭ͡ ͔ͦ͟͞ ͪ͊͘;͔ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍͙ͦͪͣ͊͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟. 
˸͎͔ͤͦ ͙͔ͫͭͯ͒͞ ͫͯ ͔ͨͦ͊͊͘͟͡ ͒͊ ͔͋ͦ͡ ͍͔ͫͭͦ͡Σ ͔ͦ͟͞ ͔ͫ ͔͙͔ͣͭͯ͞ ͤ͊ ͙ͭ͊͊ͫͤͣ͡ ͙͒ͯ͗ͤ͊ͣ͊ 
ͦ͒ плл ͒ͦ рлл ͔ͤ͊ͤͦͣͭ͊ͪ͊Σ ͙͔ͨͦͭͫͯ͟͞ ͙͍ͨͪͦͦ͒ͥͯ͘ ͔͙ͣ͊ͭͦͤͤ͊͡ ͙ͦ͟͞ ͙͍͙ͨͪͦͦ͒͘ 
͙͔ͨͤ͊ͤ͊͡ ͔͗͒͊͘͡Φ ˽͔͙ͦͫ͒͡ͼ͊ ͎ͭͦ͊ ͞ ͔ ͔͔ͨͦͪͣΐ͊͞ ͙͋ͦͦ͡΄͎ͦ͟ ͫ͊ͭ͊ ;͍͔ͦ͊͟Σ ΄ͭͦ ͔ͣͦ͗ 
͔͍͙ͪͯͭͦ͊ͭ͘͡ ͦ͡΄͙ͣ ͔͙͙ͨͪͦ͒ͣ͊ ͍ͫͨ͊͊ͥ͊ ͙ ͦ͒ͣͦͪ͊Φ 

¶ ˹͔͊͟ ͙͙͍ͫͭͪ͊͗͊ͥ͊ ͯ͊ͯͯ͘͟͞ ͤ͊ ͭͦ ͒͊ ͎͒ͯͦͭͪ͊ͤ͊͞ ͙͔ͦ͗ͤͦͫͭ͘͡ LED ͙ͯ͡;ͤͦͣ 
͍͔͔ͦͫͭͥͯ͢ ͯ ͔͙ͤͣ͟ ͫͯ͡;͔͍͙͊ͣ͊͞ ͔ͣͦ͗ ͍͙ͯͪͦͦ͊ͭ͘͟ ͔͍͙͍ͤͨͦͨͪ͊ͯ͢ ΄͔ͭͭͯ ͤ͊ 
͔͙͙ͪͭͤ ͎ͯ͒ͫͦ͢͟ ͦ͊͟. ˿͙ͭͯ͒͊͞ ͦ͊͟͞ ͔͞ ͍͔͔ͫͨͪͦ͒ͤ͊ ͤ͊ ͙͍͔͙͔̂ͤͪͭͭͯ͘ αMadrid 
Complutense Universityά ͯ͟ ͔͊ͯ͘͞ ͒͊ ͔͞ ͭͦ ͍ͯͪͦͦ͊ͤͦ͘͟ ͍͙͙ͫͦͣ͟ ͙͍ͤͦͦͣ ͪ͊͘;͔ͥ͊ ͯ 
͔ͫͨͭͪͯ͟ ͍͔ͨ͊͡ ͔͋ͦ͞Φ 

¶ ˤ͔΄ͭ͊;ͦ͟ ͤͦΐͤͦ ͍͔͔͔ͦͫͭͥ͢ ͙ͣ͊ ͙ͪ͊͘͡;͙͔ͭ ͔ͺ͔͔ͭ͟ ͤ͊ ͔ͯ͒͢ ό͒͊ ͔ͤ ͙͔ͨͦͣͥͣͦ 
͙͍͙͔͗ͦͭͥύΣ ͊ ͙͎͔͊͊ͥ͘͡ ͙ͦͨͭ;ͦͣ͟ ͪ͊͘;͔ͥͯ ͙ͯͭ;͔ ͤ͊ ͯ͒ͫͯ͢͟ ͺ͙͙͎͙ͦͦͯ͘͡͞ ͙ 
ͨͦͤ͊΄͔͊ͥΣ ͙͔͒ͪͭͤͦ͟ ͙ ͙͙͔ͤ͒ͪͭͤͦ͟Φ  

˹͊ ͔ͤ͊ͪ͒ͤͦͣ ͙͎͒͊ͪ͊ͣͯ͞ ͞ ͔ ͒͊ͭ ͔͙ͯͨͦͪ͒ͤ ͙ͨͪ͊͘͟ ͤ ͍͔͔͙͊͒ͤͻ ͔͙ͨͪ͒ͤͦͫͭ ͙ ͣ͊ͤ͊Φ 

  

˽˾˩˨˹˻˿́ˮ

ω̂ ΄͔ͭ͒͊ ͯ ͨͦͭͪͦ΄͙ͥ 
͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͦ͒ рл҈ ͨ͊ 
͒ͦ тр҈

ω˨ ͎ͯ ͍͔͟ ͭͪ͊͊ͥ͊͞

ω˸ ͙͊͡ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊

ωx ͙ͦ͢ CRI

ώ ͔ͪͤͯͭͤͦ ͯͯ͟͢;͔͔ͥ ͙ 
͙͔ͨͦͫͭ͊ͥ͘ ͎ͨͯͤͦ ͍͔ͦͫͭ͊͊͢͞

ω˿ ͎͊͊ͫͤͦͫͭ͡ ͫ͊ ˾ͦ̆˿

ω˸ ͊ͥ͊ ͙͍ͨͪ͊͡;ͤͦͫͭ ͊͘ ͤͦΐ͔ͤ 
͙͔͔ͤͫͭ͟

ω˹ ͊͋ͦ͊͢͞ ͍͔ͫͭͦͫͤ͊͡ 
͙͙͙͍ͫͦͪͫͭͦͫͭ͟ ͍͔͙͔ͫͭ͢͟ 
(lm/W)

ω˸ ͙͊ͥ ͙͍ͤͦ ͔͋͢΄ͭ͊ͥ͊

ώ ͔͔ͣͨͪ͊ͭͯͪͤ͊ ͙ͫͭ͊͋ͤͦͫͭ͡

˸ˢ˹˩

ώ ͔͔ͣͨͪ͊ͭͯͪ͊ ͔͋ͦ͞ ͦ͒ пллл ˴ ͙ 
͍͙΄͔

ωʕ ͔ΐ͊ ͼ͔ͤ͊

ω˽ ͔ͦͭͤͼ͙͙͊ͤ͞͡ ͍͍͔͙͒ͪ͊ͫͭͤ͘ 
͔͙ͨͪͦ͋ͣ͡ ͙ͨͪ ͎͒ͯͦͪ͊ͤͦ͞͞ 
͙͔͙ͦ͗ͤͦͫͭ͘͡ LED ͯ ͙͡;ͤͦͣ 
͍͔͔ͦͫͭͥͯ͢
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

оΦс ˽͙͔͙ͪͣͪ ͔͒ͦ͋ͪ ͔ͨͪ͊ͫ͟ ͙ͦͪ͟΄ΐ͔ͥ͊ ͍͔͙͙ͫͭ͢͟ ͫ͊ [95 ͙͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ ͙ 

͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͊͘ ͔͔ͨͦͭͪ͋ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ 

̊̉ ˩̔ˮ˹, ˽ ˻˷˿˴ˢ (SZCZECIN, POLAND) 

̊;͔ΐ͙ͤ ͔͞ ͍͔ͤ͊͞ΐ͙ ͎ͪ͊͒ ͙ ͎͍͙͊ͤ͡ ͎ͪ͊͒ ͙͔ͨͦͪ͊ͤ͟͞ ˭͊ͨ͊͒ͤͦͨͦͣͦͪͫͦ͟ ͍͍͍ͦͦ͒ͫͭͦ͞Σ ͯ 

˽ͦͫͦ͢͟͞Φ ˿͊ ͍͙΄͔ ͦ͒ плуΦллл ͍͙ͫͭ͊ͤͦͤ͊͟ ͔͍ͨͪ͒ͫͭ͊͊͢ ͔͙ͫ͒ͣ ͎ͪ͊͒ ͨͦ ͍͔͙͡;͙͙ͤ ͯ ˽ͦͫͦ͢͟͞Φ 

˽ͦ΄ͭͦ ͔͞ ͯͪ͋͊ͤ͊ ͦͤ͊͘ ͎ͪ͊͒͊ ͨͯͤ͊ ͔͔͙ͤ͊͘͡͡ ͙ ͙͔͔ͫͨͪͫͼ͊ͤ͊ ͔ͪ͊ͣ͊͟Σ ͍ͦ͊͞ ͯ͡;͙͟ ͎ͪ͊͒ ͙ͣ͊ ͙ 

͙ͤ͊͒ͣ͊͟ α˽͙͍͊ͯ͡͞ΐ͊ ͋͊΄ͭ͊άΦ ̂ ͔͙͗͢ ͒͊ ͔ͫ ͍͔ͦͫͭ͊ͪ ͯ΄͔͔ͭ͒ ͯ ͋ͯͽ͔ͭͯ ͙ ͒͊ ͔ͫ ͙͍͔͔ͫͭͦͪͣͤͦ 

͍͔ͨͦΐ͊ ͙͍͊ͭͪ͊ͭͤͦͫͭ͟ ͎ͫ͊ͣͦ ͎ͪ͊͒͊Σ ͊ͦ͟͟ ͊͘ ͙͔ͭͯͪͫͭΣ ͭ͊ͦ͟ ͙ ͊͘ ͙͍͔͙͔ͤͫͭͭͦͪΣ ͎ͪ͊͒ ͔͞ 

͙͙ͨͪͫͭͯͨͦ ͔͙͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͔͎ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͪͦ͘͟ ͙͙͔ͨͪͦͪͭͭ͊ͤ ͎ͨͪͦͪ͊ͣ ͔͔͎͔͙ͤͪͭͫ͟ 

͔ͺ͙͎͊ͫͤͦ͟ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͙͘ ͍͎͒ͪ͗͊ͤͦ ͺͦͤ͒͊Φ  

˽͊ͤͫ͊͟͡ ͔͊ͣͤ͊͘ ͙ͫͭ͊ͪͻ 

͍͔͙͙ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ 

͙͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͫͭͫ͊͟ ͔͞ 

͊ͨͦ͘;͔ͦ ͯ ͔͔ͫͨͭͣ͋ͪͯ нлмпΦ 

͎͙͔ͦ͒ͤΦ ̂ͯͨͤͦ͟ пΦфур LED 

͍͔͙͙ͫͭ͢͟ ͙͘ ͙͙͔ͤ͡͞ αLumaάΣ 

͙͍ͨͪͦͦ͘Ώ͊;͊ αtƘƛƭƛǇǎά ͔͞ 

͙͙ͤͫͭ͊ͪ͊ͤͦ͡Σ ͊ ͦ͒ ͎ͭͦ ͋ͪͦ͊͞ 

мΦууу ͍͔͙͙ͫͭ͢͟ ͔͞ ͯ ͙͔ͫͫͭͣͯ 

͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Σ ͭ͊ͦ͟Ώ͔ 

αtƘƛƭƛǇǎά ͙͍͔ͨͪͦ͒ͥ͘Σ ͨͦ͒ 

͙͔ͣͤͦͣ α/ƛǘȅ¢ƻŎǳƘά. 

ˣͯ͒ͯΐ͙ ͒͊ ͍͔͔͙ͤ͊͒ͤ ͙͔ͫͫͭͣ 

͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͔͔ͦ͋͋͘Ώ͔ͯ͞ 

͔͙ͨͦ͒ͤ͊͞;ͤͦ ͍͔ͯͨͪ͊͊ͥ͢ ͫ͊ 

͍ͫ͊ͦͣ͟ ͍͔͙ͫͭͦͣ͢͟Σ ͍ͫ͊͊͟ ͦ͒ 

мΦууу ͙͙͙ͤͫͭ͊ͪ͊ͤ͡ͻ ͍͔͙͙ͫͭ͢͟ ͙ͣ͊ ͎ͣͦͯΐͤͦͫͭ ͙͎͒͊ͤͫͦ͢͟ ͯͯ͟͢;͔ͥ͊ ͙ ͙ͫͯ͟͢;͔ͥ͊Σ ͊ͦ͟ ͙ 

͔ͫͣ͊ͥͥ͊ ͙ ͍͔ͨͦΐ͍͊͊ͥ͊ ͙͔͙͔ͤͭͭͭ͊͘ ͍͔͙ͫͭͦͫͭ͡ ό͍ͭ͘Φ α͙͍͒ͣͦ͊ͥ͊άύΦ ́͊ͦ͟Ώ͔Σ ͔ͫ͊ͣ ͍͔͙͔ͫͭ͢͟ 

͙͘ ͍͔͔͔ͤ͊͒ͤ ͔͙͔ͫͪ͞ ͎ͦͣͦͯΐ͍͊͊ͯ͞ ͙ ͎͙͔ͨͪͦͪ͊ͣͪ͊ͥ ͔ͨͪ ͍ͨͦͫͭ͊͊ͥ͊͢ ό͍ͭ͘Φ ͦ͊ͤͯ͟͡͡ 

͙͊ͯͭͦͣ͊ͭͯ͟ύΣ ͨ͊ ͔ͫ ͍͔͙͔ͫͭ͢͟ α͔ͨ͊͡ά ͙ α͎͔͊ͫά ͨͦ ͔ͯͤ͊ͨͪ͒ ͦ͒͊͋ͪ͊ͤͦͣ ͔͍͒ͤͤͦͣ ͙͙͡ 

͔ͫͦͤͫͦͣ͘͟ ͔͊ͤ͒͊ͪͯ͟͡ ͙ ͯ ͫͯ͡;͊ͯ͞ ͒͊ ͍͔͙ͫͭ͊͢͟ ͙ͣ͊ ͔ͨͪͦ͋ͣ͡ ͫ͊ ͙ͦͣͯͤ͊͟͟ͼ͙ͦͣ͞Φ ˹͍͔͔͊͒ͤ͊ 

͔͙ͫͪ͊͞ ͍͔͙͙ͫͭ͢͟ ͔͔ͨͦͫ͒ͯ͞ αOptifluxά ͙ͦͨͭ;ͯ͟ ͔ͭͻ͎͙ͤͦͦͯ͡͞Σ ;͙͔ͣ ͔͞ ͔͔ͦ͋͋Ώ͔ͤ͊ ͒ͦ͋ͪ͊ 

͙͙͒ͫͭͪ͋ͯͼ͙͊͞ ͍͔͙ͫͭͦͫͭ͡ ͙ ͔ͺ͙͊ͫͤͦ͟ ͍͔͍͔ͦͫͭ͊͊ͥ͢ ͔͍ͨͯͭ͊ ͙ ͙ͯ͡ͼ͊ ͯ ͫ͊͒ͯ͟͡ ͫ͊ ͔͍͙ͪͦͨͫͣ͟ 

͙ͫͭ͊ͤ͒͊ͪ͒ͣ͊Φ ˿ͦͺ͍͔ͭͪͫ͊͟ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͨ͊ͭ͡ͺͦͪͣ͊ αCityTouchάΣ ͔͔ͦ͋͋͘Ώ͔ͯ͞ ͨͪ͊ΐ͔͔ͥ 

͍͙ͫͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͦ͒ ͤ͊͘;͊͊͞Σ ͊ͦ͟ ͙ ͙͎͙͒͊ͤͦͫͭͯ͟͞ ͙ ͍͔ͦ͋͊΄͍͔ͭ͊͊ͥ ͯ ͫͯ͡;͊ͯ͞ ͍͊ͪ͊͟ ͤ͊ 

͍͔͙ͫͭ͢ͼ͙Φ 

͔͙̉ͤ͡ͼ͙ ͎ͪ͊͒͊ ͍͔ͤ͊ͦ͒ ͒͊ ͫͯ ͙ͦͪ͟΄ΐ͔͔ͥͣ ͍͎ͦͦ ͙͔ͫͫͭͣ͊ ͔͔͙͙ͦ͋͋͒͘͡ ͔ͯͯͨͤ͟ ͯ΄͔͔ͭ͒ ͯ 

ͭͪͦ΄͍͙ͦͣ͊͟ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͤ͊ ͙͍ͤͦͯ ͦ͒ тл҈Φ ˴͙ͦͪ΄ΐ͔͔ͥͣ LED ͭ ͔ͻ͎͙͔ͤͦͦ͡͞Σ ͔ͫͣ͊ͥͤ͊ 

͔͞ ͨͦͭͪͦ΄ͥ͊ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͊͘ сл҈ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͔ͨͪͭͻ͙ͦ͒ͤ ͙͔ͫͫͭͣ ͍͔͔ͦͫͭͥ͊͢ ͙ 

ͤ͊͘;͊ͤͦ͞ ͫͯ ͔͙ͫͣ͊ͥͤ ͭͪͦ΄͍͔ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊Σ ΄ͭͦ ͔͞ ͔͍ͪͯͭͦ͊ͦ͘͡͡ ͯͯͨͤͦͣ͟ ͯ΄͔ͭ͒ͦͣ ͦ͒ 

тл҈Σ ͦ͒ͤͦͫͤͦ ͦ͒ ослΦллл ϵ ͤ͊ ͎͙ͦ͒΄͔ͥͣ ͙͍ͤͦͯΦ ˿͔ͣ͊ͥͤ͊ ͨͦͭͪͦ΄ͥ͊ ͔͔͙ͭͪ͟͡;͔ͤ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔͔͎͙͔ͤͪ͞ ͔ͫ ͎͔ͦ͒͊͡ ͙ ͯ ͔ͫͣ͊ͥͥͯ ˿˻н ͔͙͙͔ͣͫ͞ ͊͘ ͦͦ͟ тΦллл ͭͦͤ͊ ͤ͊ ͎͙ͦ͒΄͔ͥͣ ͙͍ͤͦͯΣ ΄ͭͦ 

͔͞ ͯ ͫ͊͒ͯ͟͡ ͙ ͫ͊ ͔͍ͪͦͨͫͦͣ͟ ͙͙ͤͼ͙͙͍͊ͭͦͣ͞ ͊͘ ͙͔͒ͦͫͭ͊ͥͣ͘ ͔ͫͣ͊ͥͥ͊ ͔͙͙͔ͣͫ͞ ͎͔ͯͤ͢-

͙͙͒ͦͫ͒͊͟ ͒ͦ нлолΦ ͎͙͔ͦ͒ͤ ͊͘ пл҈ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͙͍ͤͦ ͙͘ мффлΦ ͎͙͔ͦ͒ͤΦ 

˶˻ ˿ s˹̓˩˶˩˿, ˿ ˢ˨ (LOS ANGELES, USA) 

˶ͦͫ ˢͤΏ͔͔ͫ͡ ͔͞ ͨͦ ͍͙ͨͪ ͨͯͭ ͍͔͔ͦͫͭͤ͢ ͦ͞΄ ͍͔͒͊ͤ мфорΦ ͎͙͔ͦ͒ͤΦ ˻͒ ͭ͊͒͊ ͍͊ͤͦ͞ ͍͔͔͔ͦͫͭͥ͢ 

ͯ ͍ͦͦͣ ͎ͪ͊͒ͯ ͔͞ ͤ͊ͪ͊ͫͦ͡ ͤ͊ ͫͦͪͦ͟ нрлΦллл ͍͔͙͙ͫͭ͢͟ ς ΄ͭͦ ͔͞ ͍͔ͤ͊͞ΐ͙ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͯ 

ͦ͒ͤͦͫͯ ͤ͊ ͔ͦͫͭ͊͡ ͎͍͔ͪ͊͒ͦ ͯ ˿ˢ˨Φ ˣͯ͒ͯΐ͙ ͒͊ ͙ͯ͡ͼ͔ ͙͊ͯͣ͊ͯ͘͘͞ ͦͦ͟ мр҈ ͔ͯͯͨͤ͟ ͍ͨͦͪ΄͙͔ͤ 

͎ͪ͊͒͊Σ ͔ͨͪͭͻ͙ͦ͒ͤ ͨͦ͒͊ͭ͊͟ ͔ͤ ͔ͭͪ͋͊ ͒͊ ;͙ͯ͒Σ ͙ ͎͋ͦ͘ ͎ͭͦ͊ ͔͞ ˶ͦͫ ˢͤΏ͔͔ͫ͡ ͯ ͍͔ͫͭͯ ͨͦͤ͊ͭ͘ ͙ 

͊ͦ͟ ͎ͪ͊͒ ͫ͊ ͫ͊ͦ͋ͪ͊ΐ͔͊ͣ͞ ͍͙͎ͫͦͦ͟ ͙͔͙͔ͤͭͭͭ͊͘Φ  

˽͔ͦͪ͒ ͍͙͔͔ͪ͊ͤ͘͞ ͔ͨͯͭͤ ͔͔ͣͪ͗Σ ͯ ͙͙͔͙ͨͪͦͪͭͭͣ͊ ͎͎ͪ͊͒ͫͦ͟ ͍ͪ͊ͦ͊͘͞ ͔͞ ͙ ͍ͪ͊ͦ͘͞ ͔ͨ΄͊;͙͟ͻ 

ͦͤ͊͘ ͪͦ͘͟ ͍ͭ͘Φ ˮ͙ͤͼ͙͙͍͊ͭͯ͞ ͍͔͙͙͟͡ͻ ͙ͯ͡ͼ͊Σ ͎͔͒ ͔ͫ ͎ͪ͊͒ͫ͊͟ ͍ͯͨͪ͊͊ ͙ͭͪͯ͒ ͒͊ ͍͔ͫ ͙ͯ͡ͼ͔ ΄ͭͦ 

͍͙΄͔ ͙͎͙ͨͪ͊ͦ͒͡ ͙ ͔ͨ΄͊;ͦͣ͟ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞Φ ˳͔͒ͤ͊ ͦ͒ ͍͙͙ͤ͊͊͗ͤ͞͞ͻ ͔͙ͦͣͨͦͤͤͭ͟ ͔͞ ͙ ͍ͯͦΏ͔͔ͥ 

͍͎ͤͦͦΣ ͔ͺ͙͎͊ͫͤͦ͟ ͙͔ͫͫͭͣ͊ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭͦͣΣ ͫ͊ ͼ͙͔ͣ͢ ͒͊ ͔ͫ ͔ͫͣ͊ͥ 

͙͙ͤͼ͙͙͊ͤ͞͡ ͙ ͔ͭͯ͟ΐ͙ ͭͪͦ΄͍͙ͦ͟Σ ͙ͫͣ͊ͥ ͼ͙ͯͫ͟͡ ͍͔ͨͦͨͪ͊͟ ͙ ͔͙ͯͤ͊ͨͪ͒ ͙͔ͫͫͭͣ ͊͘ 

͎͔͔ͤ͊͒͒͊ͥ͡ ͙ ͍͔ͦ͒ͪ͗͊͊ͥΦ 

͔́ͻ͙ͤ;͙͟ ͙͍͊ͦ͘͘ ͊͘ ͍ͯͦΏ͔͔ͥ ͍͎ͤͦͦ ͙͔ͫͫͭͣ͊ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͔͞ ͙͋ͦ ͎ͦͪͦͣ͊ͤΦ ˥ͪ͊͒ 

͔ͪ͊ͫͨͦ͊͗͡ ͫ͊ нмрΦллл ͍͔͙͙ͫͭ͢͟ ͫ͊ ͍͙΄͔ ͦ͒ плл ͙ͪ͊͘͡;͙͙ͭͻ ͙͍ͭͨͦ͊ ͍͔͙͙ͫͭ͢͟Σ ͔ͦ͟͞ ͫͯ 

͔ͪ͊ͫͨͦͪΏ͔͔ͤ ͒ͯ͗ ͙ͯ͡ͼ͊ ͔ͯͯͨͤ͟ ͙͔͒ͯ͗ͤ ͍͔ΐ͔ ͦ͒ мнΦллл ͙͔ͦͣͭ͊ͪ͊͟͡Φ ˻͍͔͒ͪ͗͊͊ͥ ͙ 

͔͊ͣͤ͊͘ ͔͙͍͙ͤͫͨͪ͊ͤͻ ͍͔͙͙ͫͭ͢͟ ͔͞ ͪ͊Ώ͔ͤͦ ͤ͊ͦͤ͟ ͙͎͙͔͒͊ͤͦͫͭ͟͞ ͍͊ͪ͊͟Σ ͦ͊͟͞ ͔ͫ ͍͙ͦ͒͊͊͞͡ ͤ͊ 

͙ͭͪ͊͒ͼ͙ͦͤ͊͊ͤ͡ ͤ͊;͙ͤΤ ͤͦΐ͙ͤͣ ͙ͦ͋͊ͫͦͣ͟͡ ͙ͯ͡ͼ͊ ͦ͒ ͔ͫͭͪ͊ͤ ͔͙ͨ͊͟ ͙ ͙͍ͨͪ͊͊ͣ͊͞ ͎ͪ͊Ώ͊ͤ͊Σ 

͙ͨͪ ;͔ͣͯ ͔͞ ͎͙ͦ͒΄͔ͥ ͙͋ͦ͡ ͦͦ͟ плΦллл ͙͍ͨͪ͊͊͞Φ  

˳͊ͫͤͦ ͔͞ ͒͊ ͔͞ ͦ͒͟ ͍ͦ͊ͦ͟ ͍͔͙͎ͦ͟͡ ͙͔ͫͫͭͣ͊ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢Σ ͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͦ͒ 

͍͔͙͔͟͡ ͍͙͊͗ͤͦͫͭΦ ˥ͪ͊͒ͫ͊͟ ͍ͯͨͪ͊͊ ͔͞ ͎ͫͭͦ͊ ͍͔ͫͨͪͦ͊͡ ͔͙ͤͦͦ͟͟͡ ͙ͨͦͭ͡-͔ͨͪͦ͊ͭ͊͟͞ ͫ͊ 

͍ͫ ͔͙ͭ͊ͣ͊͢͟ ͙ ͙͔ͫͫͭͣͦͣ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͙ͪ͊͘͡;͙͙ͭͻ ͙͍ͨͪͦͦ͘Ώ͊;͊Φ ˹͊ ͪ͊ͯ͟͞ ͔͞ 

ͦ͒͊͋ͪ͊ͤ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͨ͊ͭ͡ͺͦͪͣ͊ αCityTouchάΣ ͙͍ͨͪͦͦ͘Ώ͊;͊ αtƘƛƭƛǇǎάΣ ;͙͔ͣ ͔͞ 

͎ͦͣͦͯΐ͔ͤͦ ͙͒͊ͤͫͦ͢͟ ͎͔͔ͤ͊͒͒͊ͥ͡ ͙ ͍͔ͯͨͪ͊͊ͥ͢Σ ͯ͘ ͔ͨͪ͒ͤͦͫͭ ͔͊͟͡ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͙ 

ͯͯ͟͢;͔ͥ͊ ͍͔͙͔ͫͭ͢͟ ͯ ͙͔ͫͫͭͣ ͙͎͒͊ͤͫͦ͢͟ ͍ͯͨͪ͊͊ͥ͊͢Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˹͙ͫͯ ͍͔ͫ ͍͔͙͔ͫͭ͢͟ ͔ͦ͟͞ ͫͯ ͯ΄͔͡ ͯ ͙͔ͫͫͭͣ ͙͎͒͊ͤͫͦ͢͟ ͍ͯͨͪ͊͊ͥ͊͢ ͔͔͔͊ͣͥͤ͘ LED 

͔͍͙͍͔͙͊ͤͭͣ͊͟͡Σ ͔͙͔ͨͦ͒ͤ͞ ͍͔͙͔ͫͭ͢͟ ͫͯ ͯͯ͟͢;͔͔ͤ ͯ ͙͔ͫͫͭͣ ͍͔͒ͦ͒͊͊ͥͣ ͣͦ͒ͯ͊͡ 

όαCityTouch connector nodeάύ ͤ͊ ͔ͨͦͫͭͦ͞ΐͯ ͍͔͙ͫͭͯ͢͟Φ 

˽͙ͪ ͍ͨͦͫͭ͊͊ͥͯ͢ ͣͦ͒ͯ͊͡Σ ͔ͤͣ͊ ͔͙ͤ͟ͻ ͎͙͒ͪͯͻ ͊͘ͻ͔͍ͭ͊ 

͊͘ ͔ͨͦ͒΄͍͔͊͊ͥͣΣ ͔ͪ͞ ͔ͫ ͍͔ͫͭ͊͊ͥ͢ ͍͔͙͔ͫͭ͢͟ ͨͦ͒ 

͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͔͒΄͍͊͊ ͙͊ͯͭͦͣ͊ͭͫ͟Σ ͦ͒ͣ͊ͻ ͨͦ 

͎͙ͯͪ͊͒ͥ ͣͦ͒ͯ͊͡ ͙ ͍ͫͭ͊͊ͥ͊͢ ͣͦ͒ͯ͊͡ ͨͦ͒ ͤ͊ͨͦͤΦ 

˸ͦ͒ͯ͡ ͫ͊ͣ ͊ͨͦ͘;͙͔ͥ ͔ͫ͊ͥ͡ ͍͔ͫͦ͞ ͦ͊͟͡ͼ͙͔͞ ͙ ͙ͦͫͭ͊͡ͻ 

͙ͤͺͦͪͣ͊ͼ͙͊͞ ͔ͨͯͭͣ ͔͔ͣͪ͗ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞Σ ͒ͦ 

ͼ͔͔ͤͭͪ͊ͤ͡ ͨ͊ͭ͡ͺ͔ͦͪͣΣ ͦ͊͟͞ ͔ͫ ͙ͤ͊͊͘͡ ͯ αcloudά-ͯΦ 

ˮͣ͊ͯ͞ΐ͙ ͯ ͍͙͒ͯ ͒͊ ͔͞ ͎ͯͪ͊͒ͥ͊ ͣͦ͒ͯ͊͡ ͒ͦͫͭ͊ 

͔͍͒ͤͦͫͭ͊ͤ͊͞Σ ͔͒ͤ͊͞ ͔͙ͨ͊͟ ͔ͣͦ͗ ͒͊ ͙ͦ͋ͪ͊͒ ͍͔͙͙͟͡ ͋ ͪͦ͞ 

͍͔͙͙ͫͭ͢͟Σ ;͊͟ ͙ ͦͦ͟ рлл ͊͘ ͔͒͊ͤ͞ ͒͊ͤΦ ˿ͦͺ͍͔ͭͪͫ͊͟ 

ͨ͊ͭ͡ͺͦͪͣ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ αCityTouchά ͔͞ ͔ͨͪͦ͟ 

͍͔͎ͫͦ͞ ͙͔ͤͭͪͺ͔ͫ͊͞ ͊͘ ͎͙͔ͨͪͦͪ͊ͣͪ͊ͥ ͙͊ͨ͊͟͡ͼ͙͊͞ όˢ˽ˮύ 

͍͔ͨͦ͊ͤ͊͘ ͙ ͙͔͎͙ͤͭͪͫ͊ͤ͊ ͫ͊ ͔ͨͦͫͭͦ͞ΐ͙ͣ ͎͙ͪ͊͒ͫͣ͟ 

͙͔ͫͫͭͣͦͣ ͊͘ ͔ͫ͊ͥ͡ ͊͘ͻ͔͍ͭ͊ ͊͘ ͙͔͍͔ͤͭͪͤͼ͙ͦͣ͞ 

͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐͦ͞ ͎ͪ͊͒ͫͦ͟͞ ͙ͫͯ͗͋͡ ͦ͊͟͞ ͔ͫ ͍͙͋͊ 

͍͔ͦ͒ͪ͗͊͊ͥͣ ͍͔͙͙ͫͭ͢͟Φ ̂ ͔ͨͪͭͻ͙ͦ͒ͤͻ р ͎͙ͦ͒ͤ͊Σ 

͙͙ͤͫͭ͊ͪ͊ͤͦ͡ ͔͞ ͦͦ͟ ммлΦллл ͣͦ͒ͯ͊͡Σ ͨ͊ ͔͞ ͦͦ͟ рл҈ ͍͔͙͙ͫͭ͢͟ ͯ ͙͔ͫͫͭͣͯ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Φ 

́͊ͦ͟Ώ͔Σ ͙͍ͪ͘΄͔ͤ͊ ͔͞ ͔͊ͣͤ͊͘ ͦͦ͟ мсрΦллл ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙͙ͫͭ͢͟ ͫ͊ ͍͙ͤͦͣ LED ͫ ͍͔͙ͭ͊ͣ͊͢͟Φ 

 

˻˽ ̊́ˮ˹ˢ ˾ˮ ˣ˩ˮ˾ˢ, ˥ ˢ˶ˮ̇ˮ˳ˢ, ̊ ˽ˢ˹ˮ˳ˢ (RIBEIRA, GALICIA, SPAIN) 

͔͙̉ͤ͡ͼ͙ ͍͔ͦ ͦͨ΄͙͔ͭͤ ͯ ˥͙͊͡ͼ͙͙͞ ͫͯ нлмрΦ ͎͙͔ͦ͒ͤ ͊͘ ͔ͣ͊ͥ ͦ͒ с 

͔͔ͣͫͼ͙ ͙͍ͪ͘΄͙͙͡ ͔͊ͣͤͯ͘ уΦслл ͍͔ͦͤͤ͟ͼ͙͙ͦͤ͊ͤ͡ͻ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED 

͍͔͙ͫͭ͊ͣ͊͢͟Σ ͙ͨͪ ;͔ͣͯ ͔͞ сΦрлл ͍͔͙͙ͫͭ͢͟ ͯͯ͟͢;͔ͤͦ ͯ ͙͔ͫͫͭͣ 

͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Φ ˴͊ͦ ͔͊ͣͤ͊͘ ͊͘ ͔ͨͦͫͭͦ͞ΐ͔ ͍͔͙͔ͫͭ͢͟Σ ͙͔͊͋ͪ͊ͤ͘ ͫͯ 

LED ͍͔͙͔ͫͭ͢͟ ͙͘ ͙͍͙ͨͪͦͦ͒ͤ͘ͻ ͙͙ͤ͊͡͞ α¦ƴƛ{ǘǊŜŜǘάΣ α/ƛǘȅ{ƻǳƭάΣ 

α¢ƻǿƴDǳƛŘŜάΣ α[ǳƳŀά ͙ αLǊƛŘƛǳƳ DŜƴ оά, ͍͔ͫ ͙͍ͨͪͦͦ͘Ώ͊;͊ αPhilipsάΦ 

˻͍͔ ͍͔͙͔ͫͭ͢͟ ͯ ͔͙ͫ͋ ͍͔ΐ ͙ͣ͊ͯ͞ ͎ͯͪ͊Ώ͔͔ͤ ͔ͣͦ͒ͯ͡ ͊͘ ͔͔ͭ͡-͔ͣͤ͊ͽ͔ͣͤͭ 

͊͘ ͨ͊ͭ͡ͺͦͪͣͯ α/ƛǘȅ¢ƻǳŎƘάΣ ͭ͊ͦ͟ ͒͊ ͔͞ ͍ͦ͊ ͨ͊ͭ͡ͺͦͪͣ͊ ͙͊͋ͪ͊ͤ͊͘ ͊ͦ͟ 

͙͔ͫͫͭͣ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭΦ 

˥ͪ͊͒ͫ͊͟ ͍ͯͨͪ͊͊ ͔͞ ͍͔ͦͣ͊ ͍͊͒ͦͦͤ͊͘͢ ͍͙ͦͣ ͔ͨͪͦͭͦͣ͟͞ ͙ ͙͙ͫͭ;͔ ͒͊ ͔͞ 

͍͙ͤͦ ͙͔ͫͫͭͣ ͔͒ͦͤͦ ͯ΄͔͔ͭ͒ ͦ͒ тл҈ ͯ ͔͔͙ͭͪ͟͡;ͤͦ͞ ͔͔͎͙͙ͤͪ͞Σ ͔͋ͦ͢ 

͍͔͔͔ͦͫͭͥ͢ ͎ͪ͊͒͊Σ ͔ͫͣ͊ͥͤͯ ͔͙͙ͣͫͯ͞ ͎͔ͯͤ͢-͙͙͒ͦͫ͒͊͟ ͙ ͍͔͙ͦ͟͡ 

͔͔ͫͣ͊ͥͥ ͯ ͗͊͋͊ͣ͊͡ ͎ͪ͊Ώ͊ͤ͊Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˿s ˹ ̆˻˭˩, ˿ ˢ˨ (SAN JOSÉ,USA) 

˿͊ͤ ͔̆ͦ͘ ͯ ˴͙͊͡ͺ͙͙ͦͪͤ͞ ͔͞ ͔͙ͨͪͫͭͦͤͼ͊ ˿͙͙͔ͦͤͫ͟͟͡ ͙͔͒ͦͤ͡ ͙ ͔͙ͫ͒΄͔ͭ ͎͙ͣͤͦͻ ͍͔͙ͫͭͫ͟ͻ 

͙ͦͣͨ͊ͤ͊͟͞ ͙͘ ͙ͦ͋͊ͫͭ͡ ͙͎͙͙͒ͭ͊ͤ͡ͻ ͔ͭͻ͎͙ͤͦͦ͊͡͞Φ ˻͍͊͞ ͎ͪ͊͒ ͔͞ ͊ͨͦ͘;͔ͦ ˽͎ͪͦͪ͊ͣ ͔͔͊ͣͤ͘ 

͍͔͙͙ͫͭ͢͟ ͫ͊ LED ͫ ͍͔͙ͭ͊ͣ͊͢͟ нлммΦ ͎͙͔ͦ͒ͤΣ ͫ͊ ͼ͙͔ͣ͢ ͒͊ снΦллл ͍͔͙͙ͫͭ͢͟Σ ͔ͦ͟͞ ͔ͭͪͤͯͭͤͦ 

͍͔͍ͦͫͭ͊͊ͯ͢͞ ͎ͪ͊͒Σ ͔͙͊ͣͤ͘ ͫ͊ LED ͫ ͍͔͙ͭ͊ͣ͊͢͟ ͒ͦ нлннΦ ͎͙͔ͦ͒ͤΦ ˭͊ LED ͫ ͍͔͙͔ͭ͢͟ ͙͔͊͋ͪ͊ͤ͘ 

ͫͯ ͍͔͙͔ͫͭ͢͟ ͙͘ ͙͍͙ͨͪͦͦ͒ͤ͘ͻ ͙͙ͤ͊͡͞ αSchréderά, ͊ ͊ͦ͟ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͙͔ͫͫͭͣ ͙͊͋ͪ͊ͤ͘ ͔͞ 

ͫͦͺ͍͔͙ͭͪͫ͟ ͙͔ͫͫͭͣ αhǿƭŜǘέΣ ͭ͊ͦ͟Ώ͔ ͙͍͔ͨͪͦͦ͒ͥ͘ ͙͔ͦͣͨ͊ͤ͟͞ αSchréderάΦ ˽͙͊ͤͪ͊ͤͦ͡ ͔͞ ͒͊Σ 

͊͒͊͟ ͙͔ͫͫͭͣ ͔ͦͣͨͭͤͦ͟͡ ͔͋ͯ͒ ͙͙ͤͫͭ͊ͪ͊ͤ͡ ͒͊ ΐ͔ ͔ͫ ͭͪͦ΄͍͙ͦ͟ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͙͔ͤͪ͞ 

͙͙ͫͣ͊ͥͭ ͊͘ ͍͙΄͔ ͦ͒ рл҈Φ ́͊ͦ͟ΐ͔Σ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢Σ ͙ͦ͟͞ ͫͯ ͤ͊ 

͙͍ͤͦͯ нлмлΦ ͎͙͔ͦ͒ͤ ͙͙͙ͤͦͫ͘͡ ͍͙΄͔ ͦ͒ с ͙͙ͣͦͤ͊͡ ͒ͦ͊ͪ͊͡Σ ͙͋ΐ͔ ͤ͊͘;͊ͤͦ͞ ͔͙ͫͣ͊ͥͤ 

͙͔ͨͪͣͤͦͣ LED ͭ ͔ͻ͎͙͔ͤͦͦ͡͞ ͙ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Φ 

˿͊ͤ ͔̆ͦ͘ ͦ͞΄ ͦ͒ нллтΦ ͎͙͔ͦ͒ͤ ͙͔͔ͨͪͣͥͯ͞ ͎ͨͪͦͪ͊ͣ ͨͦ͒ ͙͍ͤ͊ͦͣ͘ α˭͔͔ͤ͊͡ ͍͙͙͊͘͞άΣ ;͙͙͞ ͔͞ 

ͼ͙͢ ͒͊ ͙ͫͣ͊ͥ ͨͦͭͪͦ΄ͥͯ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Σ ͔͙͙͙ͣͤ͡΄͔ ͍͔ͫͭͦͫͤͦ͡ ͎͊͊͘Ώ͔͔ͥ ͙ 

͊͘΄͙͙ͭͭ ͤͦΐͤͦ ͔ͤ͋ͦΦ ˿͎ͭͦ͊ ͔͞ ͎ͪ͊͒ͫ͊͟ ͍ͯͨͪ͊͊ ͍͔͔ͯͪͤ͊ ͒͊ ΐ͔ ͔ͫ ͔ͯͤ͊ͨͪΏ͔͔ͥͣ ͍͎͊ͤͦ͞ 

͍͔͔ͦͫͭͥ͊͢ ͍͙͙ͦͫͭ͊ͪͭ ͙ ͤ͊͘;͙͊ͤ͞ ͨͦͣ͊ͼ͙ ͯ ͊͘΄͙͙ͭͭ ͙͍͔͗ͦͭͤ ͔͙͔ͫͪ͒ͤΣ ͊ ͨ͊ͤ͡ ͔͞ ͒͊ ͎ͪ͊͒ 

͒ͦ нлннΦ ͎͙͔ͦ͒ͤΣ ͍ͫͯ ͨͦͭͪͦ΄ͥͯ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͍͔ͦͫͭ͊ͪͯ͞ ͙͘ ͍͙͍͙ͦ͋ͤͦ͢ͻ ͙͍ͦͪ͊͘ 

͔͔͎͙͔ͤͪ͞Φ  
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˭ˮ ˥ˣ̂˾˥, ˹ ˩˸ˢ̉˴ˢ (SIEGBURG, GERMANY) 

̂ ˹͔ͣ͊;ͦͣ͟ ͎ͪ͊͒ͯ ͫ͊ фрл ͎͙ͦ͒ͤ͊ ͎͒ͯͦͣ ͙͙ͫͭͦͪͦͣ͞ ͙ плΦллл ͍͙ͫͭ͊ͤͦͤ͊͟Σ ˭͙͎͎͋ͯͪͯΣ ͙͔ͫͫͭͣ 

͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͔͞ ͍͔ͫ͊ͫͭ͊ͤ͢ ͦ͒ пΦнлл ͍͔͙͙ͫͭ͢͟Σ ͔ͦ͟͞ ͍͔͍ͦͫͭ͊͊ͯ͢͞ ͙ͯ͡ͼ͔ ͙ ͎͔͒ͪͯ 

͔͔ͦ͋ͭ͟͞ ͍͎ͦͦ ͎ͪ͊͒͊Φ ˮͣ͊ͯ͞ΐ͙ ͯ ͍͙͒ͯ ͒͊ ͎͔ͣͤͦ ͦ͒ ͍͔͙͙ͫͭ͢͟ ͔ͤ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ ͔ͫͭ͊ͤ͒͊ͪ͒ 

͍͙͔ͫͦ͟ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͙͊ͫͤͦͫͭ͟ Σ ͙ ͯ ͔͙͗͢ ͒͊ ͔ͫ ͨͦ͋ͦ͢΄͊ ͔͙͍ͦͨͪ͊ͭͤ͊ ͔ͺ͙͊ͫͤͦͫͭ͟ 

͎͎ͪ͊͒ͫͦ͟ ͙͔ͫͫͭͣ͊ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢Σ ͎ͪ͊͒ ͔͞ ͙͙ͨͪͫͭͯͨͦ ͔͙͊ͣͤ͘ ͔ͦ͒ͪΏ͔͎ͤͦ ͋ͪͦ͊͞ 

͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED ͍͔͙ͫͭ͊ͣ͊͢͟ ͙ ͍ͯͦΏ͔ͥͯ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͙͔ͫͫͭͣ͊ ͙͎͒͊ͤͫͦ͢͟ 

͍ͯͨͪ͊͊ͥ͊͢Φ 

˿͍͙ͻ пΦнлл ͍͔͙͙ͫͭ͢͟ ͔͞Σ ͙͋ͦ͡ ͔͊ͣͤͦͣ͘ ͫ͊ LED ͍͔͙ͫͭ͊ͣ͊͢͟ ͔ͦ͟͞ ͫͯ ͍͔ΐ ͔͔͔ͦͨͪͣͤ͢ 

ͣͦ͒ͯͦͣ͡ ͊͘ ͙͒͊ͤͫͦ͢͟ ͍͔ͯͨͪ͊͊ͥ͢Σ ͙͋ͦ͡ ͎ͯͪ͊͒ͥͦͣ ͣͦ͒ͯ͊͡ ͯ ͔ͨͦͫͭͦ͞ΐ͔ ͍͔͙͔ͫͭ͢͟Σ 

͍͔͔ͯ͒ͤͦ ͯ ͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Σ ͙ͨͪ ;͔ͣͯ ͔͞ ͙͋ͦͪ͘ ͨ͊ͦ ͤ͊ ͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 

α/ƛǘȅ¢ƻǳŎƘάΣ ͙͍ͨͪͦͦ͘Ώ͊;͊ αPhilipsάΦ ˻͒ ͙͎ͫͭͦ ͙͍ͨͪͦͦ͘Ώ͊;͊ ͫͯ ͔ͦ͒͊͋ͪ͊ͤ LED ͍͔͙͔ͫͭ͢͟ ͙͘ 

͙͍͔ͨͪͦͦ͒ͤ͘ ͙͙͔ͤ͡͞ α[ǳƳŀά ͙ ͫ͊ ͍͙ͦͣ ͍͔͙ͫͭ͊ͣ͊͢͟ ͔͞ ͙͍ͪ͘΄͔ͤ͊ ͔͊ͣͤ͊͘ нΦмур ͍͔͙͙ͫͭ͢͟Φ  

 

˴˻ ˽˩˹̆ˢ˥˩˹, ˨ ˢ˹˿˴s  (COPENHAGEN, DENMARK) 

̂ ˴͔ͦͨͤͻ͎͔͊ͤͯΣ ͨ͊ͤͫ͊͟͡ ͔͊ͣͤ͊͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED ͍͔͙ͫͭ͊ͣ͊͢͟ ͔͞ ͊ͨͦ͘;͔ͭ͊ 

нлмнΦ ͎͙͔ͦ͒ͤΣ ͙ ͒ͦ нлмрΦ ͎͙͔ͦ͒ͤ ͔͞ ͯͯͨͤͦ͟ ͔͔͊ͣͥͤͦ͘ ͦͦ͟ фΦллл ͍͔͙͙ͫͭ͢͟Φ ˻͍͙ͫͤͦͤ ͊͘ͻ͔͍ͭ 

͔͞ ͙͋͊͡ ΄ͭͦ ͍͔ΐ͊ ͯ΄͔ͭ͒͊ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Σ ͙͊͡ ͙ ͎ͣͦͯΐͤͦͫͭ ͔ͫͣ͊ͥͥ͊ ͍͙ͫͻ 

͔͙͍͙ͦͨͪ͊ͭͤͻ ͭͪͦ΄͍ͦ͊͟ ͪͦ͘͟ ͍ͯͦΏ͔͔ͥ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͙͔ͫͫͭͣ͊Σ ͊ͦ͟ ͙ ͍͔ͨͦΐ͔͊ͥ 

͙͎͙ͫͯͪͤͦͫͭ ͫ͊ͦ͋ͪ͊ΐ͊͊͞ ͙ ͎ͪ͊Ώ͊ͤ͊Φ ˹͊ ͍ͦ͊͞ ͤ͊;͙ͤ ͔͞ ͍͔ͦͫͭ͊ͪͤ͊ ͯ΄͔ͭ͒͊ ͯ ͭͪͦ΄͍͙ͦͣ͊͟ 

͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͊͘ ͔ͤ͊ͣ͊ͥ͞ тр҈Σ ͊ ͙ ͔͙ͫͣ͊ͥͤ ͫͯ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͊͘ нκо ͯ 

ͦ͒ͤͦͫͯ ͤ͊ ͭͪͦ΄͍͔ͦ͟ ͙ͦ͟͞ ͫͯ ͔ͫ ͙͙ͣ͊͡ ͔ͨͪ ͊ͨͦ͘;͙ͥ͊ͥ͊ ͔ͨ͊ͤͫ͟͡ ͔͔͊ͣͤ͘ ͍͔͙͙ͫͭ͢͟Φ ˿͊ 

͍͙ͦͣ ͨͦͫͦͣ͡ ͔ͫ ͍ͤ͊ͫͭ͊͊͢ ͙ ͔͒͊͢Φ 

˽s ˶˩˹˿ˮ˳ˢ, ̊ ˽ˢ˹ˮ˳ˢ (PALENCIA, SPAIN) 

˻͍͊͞ ΄͙ͨ͊ͤͫ͟ ͎ͪ͊͒ ͦ͒ улΦллл ͍͙ͫͭ͊ͤͦͤ͊͟ ͯ ͍ͫͦͣ ͙͔ͫͫͭͣͯ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͙ͣ͊ ммΦллл 

͍͔͙͙ͫͭ͢͟Φ ˮ͊ͦ͟ ͍͔͙ͫͫͤ ͎ͣͦͯΐ͙ͤͦͫͭ ͍͔ͦͫͭ͊ͪͥ͊ ͯ΄͔ͭ͒͊ ͔͊ͣͤͦͣ͘ ͍͔͙͙ͫͭ͢͟ ͫ͊ LED 

͍͔͙ͫͭ͊ͣ͊͢͟ ͙ ͍ͯͦΏ͔͔ͥͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Σ ͎ͪ͊͒ͫ͊͟ ͍ͯͨͪ͊͊ ͙͔ͤ͞ ͯ ͍ͫͦͣ ͋ͯͽ͔ͭͯ ͙ͣ͊͊͡ 

͔͍ͫͪ͒ͫͭ͊͊ ͊͘ ͦͭͨͦ;͙͔ͥ͊ͥ ͙͔͔ͫͫͭͣ͊ͭͫ͟ ͔͔͊ͣͤ͘ ͍͔͙͙ͫͭ͢͟Φ ˾͔΄͔͔ͥ ͔͞ ͨͪͦͤ͊Ώ͔ͤͦ ͪͦ͘͟ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͙͙͍͔ͪ͊ͫͨͫ͊ͥ ͍͎͊ͤͦ͞ ͔͔ͭͤ͒ͪ͊ ͊͘ ͔͊ͣͤͯ͘ ͙͔ͫͫͭͣ͊ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢Σ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͙ 

͍͔ͦ͒ͪ͗͊͊ͥ ͙͔ͫͫͭͣ͊ ͨͦ ͍ͭ͊ͦ͊ͤͦͣ͘͟ αESCOά ͣ ͔ͦ͒ͯ͡Σ ͦ͒ͤͦͫͤͦ ͔ͫ͊ͨ͊ͥͣ͟͡ ͎͍ͯͦͦͪ͊ ͫ͊ ESCO 

(Energy Service Company) ͙ͦͣͨ͊ͤͦͣ͟͞Σ ͙ͨͪ ;͔ͣͯ ͔ͫ ͤ͊ͨ͊ͭ͊͡ ͘ ͍͔͔͊ͦ͋͊ͤ͢ ͔͔͎͔͔ͤͪͭͫ͟ 

͎͔ͯͫͯ͡, ͨ ͦͭͨͯͤͦ ͦ ͍͔ͫͭ͊ͪͯ͞ ͤ  ͊ͦ ͍ͫͤͦͯ ͨ ͙͎͙ͦͫͭͤͯͭͻ ͯ ΄͔ͭ͒͊ ͤ ͙͊ͫͭ͊͡ͻ ͤ  ͊ͦ ͍ͫͤͦͯ ͫ ͍͔͔͙ͨͪͦ͒ͤͻ 

͔ͣͪ͊ ͙  ͘ ͍͔͊͒ͦͦͥ͊͢ ͦ ͙ͫͭ͊͡ͻ ͯ ͎͍͔͙ͦͦͪͤͻ ͟ ͙͔͙ͪͭͪͯͣ͊͞ ͙  ͯ ;͙ͤ͊͊͟. 

͎͍̂ͦͦͪ ͔͞ ͙ͨͦͭͨͫ͊ͤ ͫ͊ ͙ͦͣͨ͊ͤͦͣ͟͞ αCleceά ͦ͊͟͞ ͔͞ ͙ͣ͊͊͡ ͍͔ͦ͋͊ͯ͘ ͒͊ ͯ ͙͙ͤͼ͙͊ͤͦ͞͡͞ ͺ͙͊͘ 

͔͙͊ͣͤ͘ оΦмуф ͍͔͙͙ͫͭ͢͟ ͦ͒ ͯͯͨͤͦ͟ ммΦллл ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙͙ͫͭ͢͟Σ ͫ͊ LED ͍͔͙ͫͭ͊ͣ͊͢͟Φ 

˨͔͊͢Σ ͔͔͒ͦ͒ͤͦ͢ ͙ͣ ͔͞ ͙ ͍͔ͯͨͪ͊͊ͥ͢ ͙ ͍͔ͦ͒ͪ͗͊͊ͥ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͤ͊ ͔͙ͨͪͦ͒ ͦ͒ мн 

͎͙ͦ͒ͤ͊Φ ˴͙ͦͣͨ͊ͤ͊͞ αCleceά ͔ͫ ͦ͒ͯ͡;͙͊͡ ͊͘ ͒͊ ͔͊ͣͤͯ͘ ͍͔͙͙ͫͭ͢͟ ͍ͪ΄͙ ͍͔͙ͫͭ͊ͣ͊͢͟ ͙͘ 

αPhilipsά ͙͍͙ͨͪͦͦ͒ͤ͘ͻ ͙͙ͤ͊͡͞ αLumaά ͒ͯ͗ ͎͍͙͊ͤ͡ͻ ͔͍ͨͯͭ͊ ͙ ͔͍͋ͯ͊ͪ͊͡Σ α{ŜƭŜƴƛǳƳά ͯ 

͔͙ͤ͊ͫͣ͊͢ ͙ α±ƛƭƭŀά ͯ ͫͭ͊ͪͦͣ ͔͒ͯ͡ ͎ͪ͊͒͊ ͙ ͍͙ͨ͊ͪͦͣ͊͟Φ ́͊ͦ͟Ώ͔Σ ͍͔ͫ ͍͔͙͔ͫͭ͢͟ ͫͯ ͍͔͔ͫͭ͊ͤ͢ 

͙ ͯ ͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ α/ƛǘȅ¢ƻǳŎƘάΣ ͙͍ͨͪͦͦ͘Ώ͊;͊ αPhilipsάΦ 

˽͔ͪͦ͊ͭ͟͞ ͔͞ ͎ͦͣͦͯΐ͙ͦ ͔͔ͫͣ͊ͥͥ ͯ ͨͦͭͪͦ΄͙ͥ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͊͘ ͍͙΄͔ ͦ͒ тр҈ ͯ 

ͦ͒ͤͦͫͯ ͤ͊ ͔ͨͪͭͻͦ͒ͤͦ ͍͊ͤͦ͞ ͍͔͔͔ͦͫͭͥ͢Σ ͦ͒ͤͦͫͤͦΣ ͫ͊ оΦлорΦлнт kWhκ͎͙ͦ͒΄͔ͥ ͤ͊ тмрΦрур 

kWhκ͎͙ͦ͒΄͔ͥΦ ˹͙͍͙ͦ ͍͔͔ͦͫͭͥ͊͢ ͙ͤͫͯ ͙͙͋͡ ͔͙ͫͣ͊ͥͤΣ ͍͔ΐ ͫͯ ͙͙͋͡ ͍͔ͨͦΐ͙͊ͤ ͙ ͨͦ 

͍͙͔͊ͭͭͯ͟͡ ͙ ͨͦ ͙͔͙͔ͤͭͭͭͯ͘Φ ˨͙͔ͪͭͤ͊͟ ͯ΄͔ͭ͒͊ ͔͞ ͙ ͔͔ͫͣ͊ͥͥ ͔͙͙͔ͣͫ͞ ͎͔ͯͤ͢-͙͙͒ͦͫ͒͊͟ ͊͘ 

ͫͦͪͦ͟ утм ͭͦͤͯ ˿˻н ͤ͊ ͎͙ͦ͒΄͔ͥͣ ͙͍ͤͦͯΦ ̂ ͺ͙͙ͤ͊ͤͫͫͦͣ͟͞ ͙ͫͣͫͯ͡Σ ͦͫ͊ͥ͊ͯ͡͞ΐ͙ ͔ͫ ͤ͊ 

αESCOά ͣ ͔ͦ͒͡Σ ˽͔͙͊ͤͫ͊͡͞ ͔͞ ͍͙ͤ͊ͨͪ͊͊͡ ͯ΄͔͔ͭ͒ ͯ ͎ͪ͊͒ͫͦͣ͟ ͋ͯͽ͔ͭͯ ͊͘ ͦͦ͟ н ͙͙ͣͦͤ͊͡ ͔͍ͪ͊Σ 

͔ͦ͟͞ ͔͞ ͔ͭͪ͋͊ͦ͡ ͒͊ ͙͍͔͙ͤͫͭͪ͊ ͯ ͔͊ͣͤͯ͘ оΦмуф ͍͔͙͙ͫͭ͢͟ ͙ ͙ͤͫͭ͊͊͡ͼ͙ͯ͞ ͙͔ͫͫͭͣ͊ 

͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Φ ̂ ͔͊ͣͤͯ͘ ͊͘ ͭͦΣ мн ͎͙ͦ͒ͤ͊ ΐ͔ ͔ͫ αESCOά ͙͙ͦͣͨ͊ͤ͟͞ ͙ͫͨ͊͡ΐ͙͍͙͊ͭ 

ͭͪͦ΄͍͙ͦ͟ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͙ ͍ͦ͒ͪ͗͊͊ͥ͊ ͤ͊ ͙͍ͤͦͯ ͊ͦ͟ ͔ͨͪ ͔͔͊ͣͤ͘Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

3.7 ˿ ͙ͨͫ͊͟ ͍͔͊͗ΐ͙ͻ ͤ͊ͼ͙͙ͦͤ͊ͤ͡ͻ ͫͭ͊ͤ͒͊ͪ͒͊ ͙͘ ͙ͦ͋͊ͫͭ͡ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͙ ͔ͭͯͤ͊͡ 

˽͙ͪ ͙͙ͪ͊͒͘ ͙͔ͫͭͯ͒͞Σ ͙͊ͯͭͦͪ ͫͯ ͔ͫ ͙͙͙ͦͪͫͭ͟͡ ͍͔͊͗ΐ͙ͣ ͙ͫͪͨͫͣ͟ ͙ͫͭ͊ͤ͒͊ͪ͒ͣ͊ ͙͘ ͙ͦ͋͊ͫͭ͡ 

͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͙ ͔ͭͯͤ͊͡Φ ̂ ͔͙ͭ͊͋͡ оΦмнΦ ͒͊ͭ͊ ͔͞ ͔ͭ͊͋͊͡ ͍͙ͫͻ ͫͭ͊ͤ͒͊ͪ͒͊ ͙ͦ͟͞ ͔ͫ ͔ͦ͒ͤͦͫ 

ͤ͊ ͦ͋͊ͫͭ͡ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͙ ͔ͭͯͤ͊͡Σ ͫ͊ ͍͙ͦͫͤͦͤͣ ͙ͤͺͦͪͣ͊ͼ͙͊ͣ͊͞ ͦ ͫͭ͊ͤ͒͊ͪ͒ͯΦ ˿͍͙ 

͍͔͔͙ͤ͊͒ͤ ͙ͫͭ͊ͤ͒͊ͪ͒ ͔ͫ ͎ͣͦͯ ͙͙ͯͨͭ͟ όͯ ͔͙ͭ͊͋͡ ͔͞ ͍͔͔ͤ͊͒ͤ͊ ͙ ͙ͥͻ͍ͦ͊ ͼ͔ͤ͊ύ ͦ͒ 

ͤ͊ͼ͙͎ͦͤ͊ͤͦ͡ ͔ͭ͊͡ ͊͘ ͙ͫͭ͊ͤ͒͊ͪ͒͊͘ͼ͙ͯ͞Σ ˮ͙ͤͫͭͭͯͭ͊ ͊͘ ͙ͫͭ͊ͤ͒͊ͪ͒͊͘ͼ͙ͯ͞ ˿͙͔ͪ͋͞Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔́͊͋͊͡ оΦм3Φ ͔́͊͋͊͡ ͍͙ͫͻ ͍͔͊͗ΐ͙ͻ ͤ͊ͼ͙͙ͦͤ͊ͤ͡ͻ ͫͭ͊ͤ͒͊ͪ͒͊ ͙ͦ͟͞ ͔ͫ ͔ͦ͒ͤͦͫ ͤ͊ ͦ͋͊ͫͭ͡ ͍͔͔ͦͫͭͥ͊͢ ͔͍ͨͯͭ͊ ͙ ͔ͭͯͤ͊͡ 

ˣͪͦ͞ ͫͭ͊ͤ͒͊ͪ͒͊ ˹͙͍͊͘ ͫͭ͊ͤ͒͊ͪ͒͊ 
˳͔͙͘͟ ͫͭ͊ͤ͒͊ͪ͒͊ 
ό͙ͫͪͨͫ͟κ͔͎͔͙ͤͫ͟͡ύ 

˾͔ͺ͔͔͙ͪͤͭͤ ͫͭ͊ͤ͒͊ͪ͒ 
ˣͪͦ͞ 

ͫͭͪ͊ͤ͊ 

͔̇ͤ͊ 
ͫͭ͊ͤ͒͊ͪ͒͊ 
ό˾˿˨ύ 

SRPS CEN/TR 13201-1:2015 
˻͍͔͔͔ͫͭͥ͢ ͔͍ͨͯͭ͊ τ ˨ ͔ͦ мΥ ˿͔͙ͣͪͤͼ͔ ͊͘ ͙͋ͦͪ͘ ͊ͫ͊͟͡ 
͍͔͔ͦͫͭͥ͊͢ / Road lighting - Part 1: Guidelines on selection of 
lighting classes 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ CEN/TR 13201-1:2014 26 2502 

SRPS EN 13201-2:2016 
˻͍͔͔͔ͫͭͥ͢ ͔͍ͨͯͭ͊ τ ˨ ͔ͦ нΥ ˭͊ͻ͔͍͙ͭ ͊͘ ͔ͪ͊͒ͤ 
͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ / Road lighting - Part 2: Performance 
requirements 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 13201-2:2015 21 2346 

SRPS EN 13201-3:2016 
˻͍͔͔͔ͫͭͥ͢ ͔͍ͨͯͭ͊ τ ˨ ͔ͦ оΥ ˽ͪͦͪ͊;ͯͤ ͙ͪ͊͒ͤͻ 
͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟ / Road lighting - Part 3: Calculation of 
performance 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 13201-3:2015 63 3910 

SRPS EN 13201-4:2016 
˻͍͔͔͔ͫͭͥ͢ ͔͍ͨͯͭ͊ τ ˨ ͔ͦ пΥ ˸͔͔ͭͦ͒ ͊͘ ͔͔͔ͣͪͥ ͙ͪ͊͒ͤͻ 
͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟ ͍͔͔ͦͫͭͥ͊͢ / Road lighting - Part 4: Methods 
of measuring lighting performance 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 13201-4:2015 49 3480 

SRPS EN 13201-5:2016 
˻͍͔͔͔ͫͭͥ͢ ͔͍ͨͯͭ͊ τ ˨ ͔ͦ рΥ ˮ͙͙ͤ͒͊ͭͦͪ͟ ͔͔͎͔͙ͤͪͭͫ͟ͻ 
͙ͪ͊͒ͤͻ ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟ / Road lighting - Part 5: Energy 
performance indicators 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 13201-5:2015 28 2659 

SRPS CR 14380:2012 
˽͙͔ͪͣͤ͊ ͍͔͔ͦͫͭͥ͊͢ - ˻ ͍͔͔͔ͫͭͥ͢ ͔ͭͯͤ͊͡ / Lighting 
applications - Tunnel lighting 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ CR 14380:2003 60 3674 

SRPS EN 60598-2-3:2010 
˿͍͔͙͔ͭ͢͟ - ˨͔ͦ н-оΥ ˽͔͙ͦͫ͋ͤ ͊͘ͻ͔͍͙ͭ - ˿ ͍͔͙͔ͭ͢͟ ͊͘ 
͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊ ͙ ͙ͯ͡ͼ͊ / Luminaires -- Part 2-3: Particular 
requirements - Luminaires for road and street lighting 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 60598-2-3:2003 37 3128 

SRPS EN 60598-2-
3:2010/Corr:2017 

˿͍͔͙͔ͭ͢͟ ς ˨͔ͦ н-оΥ ˽͔͙ͦͫ͋ͤ ͊͘ͻ͔͍͙ͭ ς ˿ ͍͔͙͔ͭ͢͟ ͊͘ 
͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊ ͙ ͙ͯ͡ͼ͊ ς ˮ ͍ͫͨͪ͊͊͟ / Luminaires -- Part 2-
3: Particular requirements - Luminaires for road and street 
lighting ςς Corrigendum 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ 
EN 60598-2-
3:2003/Corr:2005 

1 0 

SRPS EN 60598-2-
3:2010/A1:2011 

˿͍͔͙͔ͭ͢͟ - ˨͔ͦ н-оΥ ˽͔͙ͦͫ͋ͤ ͊͘ͻ͔͍͙ͭ - ˿ ͍͔͙͔ͭ͢͟ ͊͘ 
͍͔͔͔ͦͫͭͥ͢ ͔͍ͨͯͭ͊ ͙ ͙ͯ͡ͼ͊ - ˮ͔ͣͤ͊͘ м / Luminaires -- Part 2-
3: Particular requirements - Luminaires for road and street 
lighting 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ 
EN 60598-2-
3:2003/A1:2011 

15 1916 

SRPS EN 40-1:2012 
˿͍͙ͭͯ͋ͦ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ς ˨͔ͦ мΥ ͔͙͙́ͪͣͤ ͙ ͔͒ͺ͙͙ͤͼ͙͔͞ / 
Lighting columns - Part 1: Definitions and terms 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 40-1:1991 8 1290 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

ˣͪͦ͞ ͫͭ͊ͤ͒͊ͪ͒͊ ˹͙͍͊͘ ͫͭ͊ͤ͒͊ͪ͒͊ 
˳͔͙͘͟ ͫͭ͊ͤ͒͊ͪ͒͊ 
ό͙ͫͪͨͫ͟κ͔͎͔͙ͤͫ͟͡ύ 

˾͔ͺ͔͔͙ͪͤͭͤ ͫͭ͊ͤ͒͊ͪ͒ 
ˣͪͦ͞ 

ͫͭͪ͊ͤ͊ 

͔̇ͤ͊ 
ͫͭ͊ͤ͒͊ͪ͒͊ 
ό˾˿˨ύ 

SRPS EN 40-2:2012 
˿͍͙ͭͯ͋ͦ ͘ ͊ ͍͔͔͔ͦͫͭͥ͢ ς ˨͔ͦ нΥ ˻ͨ΄͙ͭ ͊͘ͻ͔͍͙ͭ ͙ ͔͔ͣͪ / 
Lighting columns - Part 2: General requirements and 
dimensions 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 40-2:2004 24 2502 

SRPS EN 40-2:2017 
˿͍͙ͭͯ͋ͦ ͊͘ ͍͔͔͔ͦͫͭͥ͢ τ ˨͔ͦ нΥ ˻ͨ΄͙ͭ ͊͘ͻ͔͍͙ͭ ͙ ͔͔ͣͪ / 
Lighting columns - Part 2: General requirements and 
dimensions 

˿͙ͪͨͫ͟ ͔͙͘͟͞ EN 40-2:2004 24 3030 

SRPS EN 40-3-1:2013 

˿͍͙ͭͯ͋ͦ ͊͘ ͍͔͔͔ͦͫͭͥ͢ τ ˨͔ͦ о-мΥ ˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͙ 
͍͔͙ͪͺ͙͊͟ͼ͙͊͞ τ ˿ ͔ͨͼ͙ͺ͙͊͟ͼ͙͊͞ ͊͘ ͔͙͙͊ͪ͊ͭͪͫͭ͟͟;ͤ͊ 
͔͔ͦͨͭͪΐ͔ͥ͊ / Lighting columns - Part 3-1: Design and 
verification - Specification for characteristic loads 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 40-3-1:2013 15 1916 

SRPS EN 40-3-2:2013 

˿͍͙ͭͯ͋ͦ ͊͘ ͍͔͔͔ͦͫͭͥ͢ τ ˨͔ͦ о-нΥ ˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͙ 
͍͔͙ͪͺ͙͊͟ͼ͙͊͞ τ ˽ ͍ͦͭͪΏ͙͍͔͊ͥ ͙͙͙͍͔ͫͨͭ͊ͥͣ / Lighting 
columns - Part 3-2: Design and verification - Verification by 
testing 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 40-3-2:2013 14 1760 

SRPS EN 40-3-3:2013 

˿͍͙ͭͯ͋ͦ ͊͘ ͍͔͔͔ͦͫͭͥ͢ τ ˨͔ͦ о-оΥ ˽͔͍͔ͪͦͭͦ͊ͥ͟͞ ͙ 
͍͔͙ͪͺ͙͊͟ͼ͙͊͞ τ ˽ ͍ͦͭͪΏ͙͍͔͊ͥ ͨͪͦͪ͊;ͯͤͦͣ / Lighting 
columns - Part 3-3: Design and verification - Verification by 
calculation 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 40-3-3:2013 28 2659 

SRPS EN 12665:2012 
˿͍͔ͭͦͫͭ͡ ͙ ͍͔͔͔ͦͫͭͥ͢ τ ˻ ͍͙ͫͤͦͤ ͍͙ͨͦͣͦ͞ ͙ ͙͔͙͙ͪͭͪͯͣ͟͞ 
͊͘ ͍ͯͭͪΏ͙͍͔͊ͥ ͊͘ͻ͔͍ͭ͊ ͊͘ ͍͔͔͔ͦͫͭͥͣ͢ / Light and lighting - 
Basic terms and criteria for specifying lighting requirements 

˩͎͔͙ͤͫ͟͡ ͔͙͘͟͞ EN 12665:2011 50 3480 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

4. ˢ͙ͤ͊͊͘͡ ͔ͦ͋ͭ͊͟͞ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞ά ͙ͦ͟͞ ͫͯ ͔͔ͨͪ͒ͣͭ ͙͔ͫͭͯ͒͞ 
 

̂ ͫ͟ ͊͒ͯ͡ ͫ͊ ͔͙ͨͪͦͭͤͣ͟͞ ͊͒͊ͭͦͣ͘͟Σ ͙͍ͪ͘΄͔ͤ͊ ͔͞ ͙͊ͤ͊͊͘͡ ͙ ͙͊ͫ͟͡ͺ͙͊͟ͼ͙͊͞ ͔ͦ͋͊ͭ͊͟͞Σ ;͙͙͞ ͔͞ 

͙ͫͨͫ͊ ͟ ͒͊ͭ ͔͙ͨͪͦͭͤͣ͟͞ ͊͒͊ͭ͊ͦͣ͘͟Φ ̂ ͍͙ͦͪͯ͟ ͍͎ͦͦ ͎͍ͨͦ͊͊͢͡ ͙͋ΐ͔ ͙ͨͪ͊͊ͤ͘͟ ͔ͣͭͦ͒ͦͦ͡΄͙͟ 

͙ͨͪͫͭͯͨ ͯ ͙͙͊ͤ͊͘͡ ͫ͊ ͔͔͙ͯͨͦͭͪ͋ͤͣ͢ ͙ͯ͊ͤͣ͘͡ ͎ͨͦ͒ͦ͊ͣ͊͡Σ ͙ͫͨͫ͊͟ ͔ͦ͋͊ͭ͊͟͞ ͫ͊ 

ͨͪͦͼ͔͔͙ͥͤͣ ͍͔͙ͪ͒ͤͦͫͭͣ͊ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͙ͦ͟͞ ͫͯ ͦ͒ ͤ͊͘;͊͊͞ ͙ ͔ͫͯͣ͊ͪͤ ͔ͨͦ͒͊ͭ͟ ͙ͦ͟͞ ͫͯ 

͔͙ͨͦͭͪ͋ͤ ͘ ͊ ͔͒͊͢ ͺ͙͙ͤ͊ͤͫͫ͟͞-͔͔ͦͦͤͦͣͫ͟͟ ͙͔͊ͤ͊͘͡ ͯ ͫͦͨͯ͟͡ ͙͔͊ͤ͊͘͡ ͭͪͦ΄͍ͦ͊͟ ͙ ͙͙ͦͪͫͭ͟ 

(αcost ς benefit analysisάΣ ͯ ͔͒͊ͣ͢ ͔ͭͫͭͯ͟ ˿-ˤˢύΣ ͦ͊͟͞ ͔ͫ ͍ͪ΄͙ ͯ ͙͙ͫͭͯ͒͞Φ  

4.1 ˽ ͔͙ͦͭͪ͋ͤ ͙ͯ͊ͤ͘͡ ͨͦ͒͊ͼ͙ 

˨͊ ͙͋ ͔ͫ ͔͍͊͒͊ͭͤͦ͟ ͙͍ͪ͘΄͙͊͡ -˿ˤˢΣ ͔ͨͦͭ͋ͤͦ ͔͞ ͎͙ͪ͊ͫͨͦ͊͊ͭ͡ ͫ͊ ͔͔ͫ͒͡ΐ͙ͣ ͨͦ͒͊ͼ͙ͣ͊ 

͍͔͊ͤͦ͘ ͊͘ ͔͔ͦ͋ͭ͟͞ ͙ͦ͟͞ ͔ͫ ͪ͊ͣ͊ͭͪ͊ͯ͘͞Υ 

1. ͙́ͨ ͔ͦ͋ͭ͊͟͞Υ ͍͔͔͔ͦͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͙͙͡ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡Τ 
2. ˤͪͫͭ͊ ͙ ͙ͭͨ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢Τ 
3. ˿͎ͤ͊͊ ͙͙ͫ͊͞͡ͼ͊ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟Τ 
4. ˿͎ͤ͊͊ ͤ͊ ͔ͣͪͤͦͣ ͔ͣͫͭͯΤ 
5. ˥͙ͦ͒΄ͥ͊ ͨͦͭͪͦ΄ͥ͊ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Σ ͙ 
6. ˥͙ͦ͒΄͙ͥ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͙ͨͪͨ͊͒͊ͯ͞ ͍͔͔ͦͫͭͥͯ͢ όͭͪͦ΄͍͙ͦ͟ 
͍ͦ͒ͪ͗͊͊ͥ͊ ͭͪ͊ͤͫͺ͙ͦͪͣ͊ͭͦͪͫ͟ͻ ͙ͫͭ͊ͤͼ͊Σ ͍ͫͭͯ͋ͦ͊Σ ͍͙ͨͪͦͦ͒ͤ͊͟ ͙ ͍͊͋ͦ͊͟͡Σ ͔ͣͪͤͦ-
͍͙ͪ͊ͦ͒ͤ͘ͻ ͦͪͣ͊ͤ͊Σ ͍͔͙͙ͫͭ͢͟ ͙ ͙͙ͫ͊͞͡ͼ͊ ͊ͦ͟ ͙ ͙ͦͫͭ͊͡ ͭͪͦ΄͍͙ͦ͟ ͍͔͙͊ͤ͘ ͊͘ 
͍͔ͦ͒ͪ͗͊͊ͥ ͍͔͔ͦͫͭͥ͊͢ύΦ 

˻͋ͪ͊Ώ͙͍͊;͙ͣ͊ ͙͔ͫͭͯ͒͞ ͫͯ ͔ͨͦͪ͒ ͙ͫͨͫ͊͟ ͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͔͞ ͒͊ͭ ͔͙ͨͪͦͭͤͣ͟͞ ͊͒͊ͭͦͣ͘͟Σ ͤ͊ 

͎͔ͪ͊ͫͨͦ͊͊ͥ͡ ͍͔͙ͫͭ͊ͤ͢ ͔͔ͫ͒͡ΐ͙ ͨͦ͒͊ͼ͙Υ 

1. ˾͔͎͙ͫͭ͊ͪ ͔͔͎͔͙ͤͪͭͫ͟ͻ ͨͦͭͪͦ΄͊;͊ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞ά ς ˾͊͒ͤ͊ ͍͔͙ͪ͊͘͞Σ ˣ͔͎ͦͪ͊͒Σ 

˨͔ͼ͔ͣ͋͊ͪ нлмтΦ ͙ͦ͟͞ ͔͞ ͙͙ͪ͊͒ͦ͘ ˽˨ α˴͍͔ͦͫͦͦͨͪͦͭ͟͞ ˽ͯͫ͡ά ͒ΦͦΦͦΦ 

2. ˥͙ͦ͒΄͔ͥ ͨͦͭͪͦ΄͔ͥ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͊͘ нлмсΦ ͎͙ͦ͒ͤͯ ͙ нлмтΦ ͎͙ͦ͒ͤͯ ό͔͋͘ 

͔͒ͼ͔͎ͣ͋͊ͪͫͦ͟ ͦ͋ͪ͊;ͯͤ͊ύΣ ͊͘ ͍͙ͫ͊͟ ͔͙ͨͦ͒ͤ͊͞;͙ͤ ͔ͦ͋͊ͭ͟͞Φ 

͍͙̂͒ͦͣ ͯ ͔͎͙ͪͫͭ͊ͪ ͔͔͎͔͙ͤͪͭͫ͟ͻ ͨͦͭͪͦ΄͊;͊Σ ͊ͦ͟ ͙ ͯ ͔ͨͦ͒͊ͭ͟ ͦ ͨͦͭͪͦ΄͙ͥ ͔͔͙ͭͪ͟͡;͔ͤ 

͔͔͎͙͔ͤͪ͞Σ ͦ͒ ͨͦ;͔͎ͭͤͦ ͙ͫͨͫ͊͟ ͔ͨͪͨͦͤ͊ͭͦ͘ ͔͞ ͙ ͙͔͙͒ͤͭͺ͙͍ͦ͊ͤͦ͟ ͯͯͨͤͦ͟ 144 ͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ 

͔ͫ͊͒ͪ͗ ͍͔͔͔ͦͫͭͥ͢ ͦ͒ 176 ͦ ͔͋͊ͭ͊͟͞ ͙ͦ͟͞ ͫͯ ͔ͫ ͙͙ͤ͊͊͘͡͡ ͤ͊ ͙ͫͨͫͯ͟Φ ˻ ͙ͫͭ͊͡ͻ 32 ͦ ͔͋͊ͭ͊͟͞ ͫͯ 

͎͍ͯ͊ͤͦͣ͡ ͔͙ͦ͋ͭ͟͞ ͔ͫͣ͊ͺͦͪ͊ ͤ͊ ͙ͪ͊ͫͪͫͤ͟ͼ͊ͣ͊Σ ͙ͦ͟͞ ͔ͤ ͔ͫ͊͒ͪ͗ ͍͊ͤͦ͞ ͍͔͔͔ͦͫͭͥ͢ ͙͙͡ 

ͦ͋ͪ͊Ώ͙͍͊;͙ͣ͊ ͙͔ͫͭͯ͒͞ ͤ ͙͔͞ ͙͋ͦ͡ ͎ͣͦͯΐ͔ ͔͙ͨͪͨͦͤ͊ͭ͘ ͦ ͍͊ͦͣ͟͟ ͔ͫ ͔ͦ͋ͭͯ͟͞ ͙ͪ͊͒Φ 

̂ ͔͒͊ͣ͢ ͪ͊͒ͯΣ ͦ͒ 144 ͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͔ͫ͊͒ͪ͗ ͍͔͔͔ͦͫͭͥ͢Σ 136 ͔ͦ͋͊ͭ͊͟͞ ͫͯ ͔͙ͦ͋ͭ͟͞ ͍͎͊ͤͦ͞ 

͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊Σ ͒ͦ͟ ͫͯ ͙ͦͫͭ͊͡ͻ 8 ͔ͦ͋͊ͭ͊͟͞Σ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡ ͫ͊ ͔ͨͪ͊ͭΐͦͣ 

͔ͦͨͪͣͦͣΦ ˭͊ ͔͔ͦ͋ͭ͟͞ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊Σ ͤ͊ ͍ͦͫͤͦͯ ˾͔͎͙ͫͭͪ͊ ͔͔͎͔͙ͤͪͭͫ͟ͻ 

ͨͦͭͪͦ΄͊;͊Σ ͎ͪ͊ͫͨͦ͊͊ͦ͡͡ ͔ͫ ͙ͭͨͦͣ ͍͔͙͔ͫͭ͢͟ ͙ ͎ͫͤ͊ͦͣ ͙ ͍ͪͫͭͦͣ ͙͙ͫ͊͞͡ͼ͔Σ ͙͊͡ ͔ͫ ͙͔ͤ͞ 

͎͎ͪ͊ͫͨͦ͊͊ͦ͡ ͙ͯͯͨͤͣ͟ ͔͋ͪͦͣ͞ ͍͔͙͙ͫͭ͢͟Σ ͔ͭ ͔͞ ͙͙ͫͭ ͣͦͪ͊ͦ ͒͊ ͔͋ͯ͒ ͨͪͦͼ͔͔ͥͤΦ ˭͊ ͔͔ͦ͋ͭ͟͞ 

͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡Σ ͔ͨͦͪ͒ ͙ͭͨ͊ ͍͔͙͔ͫͭ͢͟ ͙ ͎͔ͫͤ͊ ͙ ͍͔ͪͫͭ ͙͙ͫ͊͞͡ͼ͔Σ ͎ͪ͊ͫͨͦ͊͊ͦ͡͡ ͔ͫ ͙ 

͔͋ͪͦͣ͞ ͍͔͙͙ͫͭ͢͟Σ ͨ͊ ͔͞ ͍͔͙ͪͺ͙͊͟ͼ͙͊͞ ͙͍͙ͫͨͪ͊ͤͦͫͭ ͔ͣͭͦ͒ͦͦ͡΄͎ͦ͟ ͙ͨͪͫͭͯͨ͊ ͨͪͦͼ͔͙ͤ 

͋ͪͦ͊͞ ͍͔͙͙ͫͭ͢͟ ͙͍ͪ͘΄͔ͤ͊ ͤ͊ ͍ͦͦͣ ͯͦͪͯ͘͟Φ 



 

˿ ͭ ͪ͊ͤ͊ | 91 

˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

4.2 ˸ ͔ͭͦ͒ͦͦ͡΄͙͟ ͙ͨͪͫͭͯͨ ͨͪͦͼ͔͔ͤ ͍͔͙ͪ͒ͤͦͫͭ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͦ͒ ͤ͊͘;͊͊͞ 

˹͔͒ͦͫͭ͊ͯ͞ΐ͙ ͨͦ͒͊ͼ͙ ͫͯ ͊͘ мос ͔ͦ͋͊ͭ͟͞ ͊ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͙͙͋͡ ͔͍͔͔͒ͤͦͪͣͤ͊͞ 

͎ͫͤ͊͊ ͔ͦ͋ͭ͊͟͞ ͙ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͎ͭͦ ͔ͦ͋ͭ͊͟͞Σ ͒ͦ͟ ͔͞ ͊͘ у ͔ͦ͋͊ͭ͊͟͞ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡ 

͔ͤ͒ͦͫͭ͊͊ͦ͞ ͨͦ͒͊ͭ͊͟ ͦ ͙ͫͤ͊͘Φ ˨͊ ͙͋ ͔ͫ ͙͍ͪ͘΄͙͊͡ ͨͪͦͼ͔ͤ͊ ͔ͤ͒ͦͫͭ͊ͯ͞ΐ͙ͻ ͨͦ͒͊ͭ͊͊͟Σ ͨͦ΄ͦ͡ 

͔ͫ ͦ͒ ͔ͪ͊ͫͨͦͪ͒͊ ͍͔͔ͪͣͤ͊ ͯͯ͟͢;͙͍͊ͥ͊ ͙ ͙ͫͯ͟͢;͙͍͊ͥ͊ ͍͔͊ͤ͞ ͍͔͔ͪ͊ͫͭΦ 

̂ͯ͟͢;͔͔ͥ ͙ ͙ͫͯ͟͢;͔͔ͥ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͔ͫ ͍ͪ΄͙ ͦ͒ ͔ͫͭͪ͊ͤ ͔ͦͨͪ͊ͭͦͪ͊ ͙͙͙͍͎͒ͫͭͪ͋ͯͭͤͦ 

͙͔ͫͫͭͣ͊ α˩˽˿ ͙͙͙͒ͫͭͪ͋ͯͼ͙͊͞ά ͒ΦͦΦͦΦ ͤ͊ ͍͒͊ ͤ͊;͙ͤ͊Υ 

¶ ˽͔ͯͭͣ ͙͔͒͊ͤͫ͢͟ ͔ͦͣ͊ͤ͒͟ ͪͦ͘͟ ͙͙͙͍͒ͫͭͪ͋ͯͭͤͯ ͔͔͙ͭͪ͟͡;ͤͯ ͔ͣͪ͗ͯΣ ͙͔ͦͪͫͭ͟ΐ͙ ͔ͫ 

͔͙ͣͪ͗ͤ ͣ ͭͦͤ-ͺ͔͍͔͙ͪͤͭͤ͟ ͣ ͙͔ͫͫͭͣͦ  ͣ ό˸́˴16ύ ͙ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͙ͣ ˸́˴ 

͙͔͙ͨͪͣͤ͞ͼ͙ͣ͊ ͟ ͙ͦ͞ ͫͯ ͎ͯͪ͊Ώ͔͙ͤ ͯ  ͍͔ͪ͊ͦ͒ͤ͘ ͔ͦͪͣ͊ͤ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢Σ ͯ  ͫ͊͒ͯ͟͡ ͫ͊ 

͔ͪ͊ͫͨͦͪ͒ͦͣ ͍͔͔ͪͣͤ͊ ͯͯ͟͢;͙͍͊ͥ͊ ͙ ͙ͫͯ͟͢;͙͍͊ͥ͊ ͍͔͊ͤ͞ ͍͔͔ͪ͊ͫͭΣ ͯ ͔͍͙͒ͦͣ͊͡ ͙ͦ͟͞ 

ͫͯ ͙͍͔͙ͨͦͪͤ͟ ˸́˴ ͙͎ͫͤ͊ͦͣ͡Σ ͙ 

¶ ˽͔ͯͭͣ ͙ͦͪ͟΄ΐ͔ͥ͊ ͙ͯͦͨͤ͟͡ͻ ͙ α͙͔͙͎͔͙ͤͭͤͭͤ͡ͻ17ά ͙ͯͦͨͤ͟͡ͻ ;͍͙͊ͫͦͤ͊͟Σ ͯ 

͔͍͙͒ͦͣ͊͡ ͙ͦ͟͞ ͙ͤͫͯ ͙͍͔͙ͨͦͪͤ͟ ˸́˴ ͙͎ͫͤ͊ͦͣ͡. 

̂ ͦ͋͊ ͫͯ͡;͊͊͞Σ ͍͔͔ͪͣ ͯͯ͟͢;͔͙ͤͦͫͭ ͍͔͔ͦͫͭͥ͊͢ ͔͞ ͔͒ͺ͙͙ͤͫ͊ͤͦ ͔ͪ͊ͫͨͦͪ͒ͦͣ ͍͔͔ͪͣͤ͊ 

ͯͯ͟͢;͙͍͊ͥ͊ ͙ ͙ͫͯ͟͢;͙͍͊ͥ͊ ͍͔͊ͤ͞ ͍͔͔ͪ͊ͫͭΦ ˻͍͊͞ ͔ͪ͊ͫͨͦͪ͒ ͔͞ ͔͒ͺ͙͙ͤͫ͊ͤ ͦ͒ͯ͊ͣ͊͟͡ 

͙ͦ͊ͤ͟͡͡ͻ ͍ͫ͊ͣͦͯͨͪ͊͊Σ ͙͊͡ ͋ͯ͒ͯΐ͙ ͔ͫ α˩˽˿ ͙͙͒ͫͭͪ͋ͯͼ͙͊͞ά ͒ΦͦΦͦΦ ͙͍ͨͪ͒ͪ͗͊͊ ͔ͪ͊ͫͨͦͪ͒͊ 

͍͔͔ͪͣͤ͊ ͔ͦ͟͞ ͔͞ ͍͔͔ͤ͊͒ͤͦ ͯ ˻͒ͯ͡ͼ͙ ͦ ͍͊ͤͦ͞͞ ͍͔͙ͪ͊ͫͭ όα˿͡Φ ͙ͫͭ͡ ͎ͪ͊͒͊ ˣ͔͎ͦͪ͊͒͊άΣ ͋ͪͦ͞ пκутΣ 

10/87 ς ͙ͫͨͪΦΣ нрκI/88, 13/90, 15(91, 23/92, 9/93, 25/93, 31/93, 4/94, 2/95, 6/99, 11/2005, 

тоκнлмс ͙ мфκнлмтύΣ ͊͘ ͔͒͊͢ ͔͔͍͔ͪ͊ͤͭͤ͡ ͙͔͊ͤ͊͘͡ ͙͙ͦͪͫͭ͟ΐ͔ͣͦ ͔ͫ ͍͔͔͙ͤ͊͒ͤͣ 

͔ͪ͊ͫͨͦͪ͒ͦͣ ͍͔͔ͪͣͤ͊, ͟ ͙ͦ͞ ͔͞ ͒͊ͭ ͯ ͔͙ͭ͊͋͡ пΦп. ͤ ͊ ͪ͊ͯ͟͞ ͍͎ͦͦ ͎͍ͨͦ͊͊͢͡Φ 

˿͎͊͊ͫͤͦ͡ ͔ͪ͊ͫͨͦͪ͒ͯ ͙͘ ͔͔ͭ͊͋͡ пΦпΦ ͍͙͙͒ ͔ͫ ͒͊ ͍͔͔ͪͣ ͯͯ͟͢;͔͙ͤͦͫͭ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ ͤ͊ 

͎͙ͦ͒΄͔ͥͣ ͙͍ͤͦͯ ͙͙ͤͦͫ͘ 4.046 ;͍͊ͫͦ͊Φ 

˭͊ ͙͙ͫͭ͊͋͊͘͡ͼ͙ͯ͞ ͪ͊͒͊ ͍͔͎ͫͭͦͫͤͦ͡ ͙͍ͦͪ͊͘ ͔ͫ ͙͙ͦͪͫͭ͟ ͔͔͎͔͙ͭͪͦͣ͊ͤͤͭͫ͟͟͡ ͋͊͊ͫͭ͡ ͙ ͔͎͍ͥͦ͊ 

ͨͦͭͪͦ΄ͥ͊ ͔͞ ͦͦ͟ мл% ͎͔ͫͤ͊ ͍͔͎ͫͭͦͫͤͦ͡ ͙͍ͦͪ͊͘ ό͙͙ͫ͊͞͡ͼ͔ύΣ ͭ͊ͦ͟ ͒͊ ͔͞ ͯ ͨͪͦͪ͊;͙ͯͤͣ͊ 

͙ͦͪ͟΄ΐ͔ͤ͊ ͎ͫͤ͊͊ ͙͙ͫ͊͞͡ͼ͔ ͫ͊ ͋͊͊ͫͭͦͣ͡Σ ͙ ͭͦ ͔ͨͪͣ͊ ͔͔ͫ͒͡ΐͦ͞ ͔͙ͭ͊͋͡Υ 

͔́͊͋͊͡ пΦмΦ ˿͎͔ͤ͊ ͙͙ͫ͊͞͡ͼ͊ ͫ͊ ͋͊͊ͫͭͦͣ͡ 

ˤͪͫͭ͊ ͙͍ͦͪ͊͘ 
˿͎ͤ͊͊ 

͙͍ͦͪ͊͘ όW) 
˿͎ͤ͊͊ 

͋͊͊ͫͭ͊͡ (W) 

̂ͯͨͤ͊͟ 
͎ͫͤ͊͊ 
╟▼○╦  

˿͙͙͊͞͡ͼ͊ ͫ͊ Na ͙ ͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ 150 15 165 

˿͙͙͊͞͡ͼ͊ ͫ͊ Na ͙ ͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ 250 25 275 

˿͙͙͊͞͡ͼ͊ ͫ͊ Na ͙ ͍ͦͪͦͣ͘ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ 400 40 440 

                                                      
16 ˸ ́˴ ͔͞ ͫͪ͊͟ΐ͔͙ͤͼ͊ ͦ͒ ͣͪ ͔͗ͤ͊ ͭͦ -ͤͺ͔͍͔ͪͤͭͤ͊͟ ͦ͟ ͣ͊ͤ͒͊ 
17 ͙ͪ͊͘͘ α͙͔͙͎͔͙ͤͭͤͭͤ͡ά ͔ͫ ͙ͦ͒ͤͦͫ ͤ͊ ͍͔͔͔ͫ͊ͪͣͤ ͙ͣͪͦͨͪͦ͟ͼ͔͔ͫͦͪͫ͟ ͔ͯͪΏ͔͊͞ ͫ͊ ͔͙ͣͣͦͪͦͣ͞ ͙ ͔ͨͪͼ͙͙ͤͣ͘ 
;͍͙͊ͫͦͤͦͣ͟ ͙ ͒͊ͭͯͣͦͣΣ ͦ͒͟ ͙ͦ͟͞ͻ ͔͞ ͎ͣͦͯΐ͔ ͙͎͙͙ͫͨͪͦͪ͊ͣͪ͊ͭ ͍͔͔ͪͣͤ͊ ͯͯ͟͢;͔ͥ͊ ͙ ͙ͫͯ͟͢;͔ͥ͊ ͯ ͫ͊͒ͯ͟͡ ͫ͊ 
͔ͪ͊ͫͨͦͪ͒ͦͣ ͍͔͔ͪͣͤ͊ ͯͯ͟͢;͙͍͊ͥ͊ ͙ ͙ͫͯ͟͢;͙͍͊ͥ͊ ͍͔͊ͤ͞ ͍͔ͪ͊ͫͭ ͔
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˹͊ ͍ͦͫͤͦͯ ͒ͦ͋ͪͦ ͎ͨͦͤ͊ͭͦ͘ ͙ͪ͊͊͘͘ ͊͘ ͍͔ͯ͘ ͙͔ͣ͘Ώͯ ͙ͦ͟͡;͙͔ͤ ͯͭͪͦ΄͔͔ͤ ͔͔͎͙͔ͤͪ͞Σ ͎͔ͫͤ͊ ͙ 

͍͔͔ͪͣͤ͊Σ ͙ͦ͟͞ ͎͙͊ͫ͡Υ 

ὖ
ὡ

ὸ
 

͍͔͊͘ ͙͔ͣ͘Ώͯ ͔͍͔͔͔͒ͤͦͪͣͤ͞ ͎͔ͫͤ͊ ͙ ͎͙ͦ͒΄͔ͥ ͙ͦ͟͡;͙͔ͤ ͯͭͪͦ΄͔͔ͤ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͯ 

нлмсΦ ͎͙͙ͦ͒ͤΣ ͔͞ ͒͊ͭ͊ ͺͦͪͣͯͦͣ͡Υ 

ὖ Ὧὡ
ὡ ὯὡὬ

τȢπτφ Ὤ
 

͒ͦ͟ ͔ͫ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ (Nsv) ͨ ͪͦͼ͔͔ͥͯ͞ ͤ͊ ͍ͦͫͤͦͯ ͔͍͔͔͔͒ͤͦͪͣͤ͞ ͎͔ͫͤ͊Σ ͤ͊ ͔͔ͫ͒͡ΐ͙ ͤ͊;͙ͤΥ 

ὔ
ρȢπππϽὖ Ὧὡ

ὖ ὡ
 

˽͙͔ͪͣͪΥ 

˭͊ ͔ͦ͋͊ͭ͟͞ ͨͦ͒ ͔͙ͪ͒ͤͣ ͔͋ͪͦͣ͞ оΣ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞ά ς ˸ͦͫͭ ͤ͊ ˨͍ͯͤ͊ͯΣ ˿͔͔͔͍ͣ͒ͪͦΣ ͋ͪͦ͞ 

͙͋ͪͦ͊͞͡Υ млфлсптΣ ͎͙ͦ͒΄ͥ͊ ͙ͦ͟͡;͙ͤ͊ ͯͭͪͦ΄͔͔ͤ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ ͔͞Υ стΦтнл kWh, ͯ 

͙ͤͦͫͯ͘ ͦ͒Υ стмΦфолΣмп ˾˿˨Φ ͍͙̂͒ͦͣ ͯ ͔͎͙ͪͫͭ͊ͪ ͔͔͎͔͙ͤͪͭͫ͟ͻ ͨͦͭͪͦ΄͊;͊Σ ͍ͯͭͪΏ͔ͤͦ ͔͞ ͒͊ ͔ͫ 

͔ͦ͋͊ͭ͟͞ ͍͔͍ͦͫͭ͊͊͢ ͍͔͙ͫͭ͊ͣ͊͢͟ αZ2ά ͫ͊ Na ͙͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Σ ͎͔ͫͤ͊ 

400 W. 

˽ͪͦͼ͔͔ͥͤ͊ ͔͍͔͔͒ͤͦͪͣͤ͊͞ ͎ͫͤ͊͊ ͔͞ ͯ ͭͦͣ ͫͯ͡;͊ͯ͞Υ 

ὖ Ὧὡ
ὡ ὯὡὬ

τȢπτφ Ὤ

φχȢχςπ ὯὡὬ

τȢπτφ Ὤ
ρφȟχτ Ὧὡ 

˽ͪͦͼ͔͔ͥͤ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͔͞Υ 

ὔ
ρȢπππϽὖ Ὧὡ

ὖ ὡ

ρȢπππϽρφȟχτ Ὧὡ

ττπ ὡ
σψ 

˻͋ͪ͊Ώ͙͍͊;͙ ͙͔ͫͭͯ͒͞ ͫͯ ͭ͊;ͤͦͫͭ ͔͎͙͔ͣͭͦ͒ͦͦ͡͞ ͊͘ ͨͪͦͼ͔ͤͯ ͋ͪͦ͊͞ ͍͔͙͙ͫͭ͢͟ ͍͔͙͙ͨͪͦͪ͡ ͤ͊ 

͙͔ͨͪͣͪͯ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡Σ ͎͔͒ ͔ͫ ͎ͪ͊ͫͨͦ͊͊ͦ͡͡ ͫ͊ ͭ͊;͙ͤͣ ͨͦ͒͊ͼ͙ͣ͊ ͦ ͋ͪͦͯ͞ ͍͔͙͙ͫͭ͢͟Υ 

͔́͊͋͊͡ пΦн. ̂ ͔͙ͨͦͪ͒ͤ ͙ͨͪ͊͘͟ ͭ͊;͎ͤͦ ͙ ͨͪͦͼ͔͔͎ͥͤͦ ͋ͪͦ͊͞ ͍͔͙͙ͫͭ͢͟ ͙ ͎͔ͪ΄͊͟ ͨͪͦͼ͔͔ͤ 

˾Φ͋ͪΦ ˹͙͍͊͘ ͔ͭͯͤ͊͡ ͙́ͨ 
͙͍ͦͪ͊͘ 

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡ͼ͔ όW) 

ˣͪͦ͞ 
͍͔͙͙ͫͭ͢͟ 

˽ͪͦͼ͔͔ͥͤ ͋ͪͦ͞ 
͍͔͙͙ͫͭ͢͟ 

˥͔ͪ΄͊͟ 
ͨͪͦͼ͔͔ͤ 

137 ˻˿ˤ˩́˶˩˺˩ ́̂˹˩˶ˢ ˹ˢ ˥˾˭ˮ NaVt 400 157 153  -2,55%. 

138 ́̂˹˩˶ ˿́˾˸˩˹ NaVt 250 310 299  -3,55%. 

139 ́̂˹˩˶ ˴˾ˬˮ˹̇˩ NaVt 150 213 199  -1,88%. 

140 ˿˾ˣˮ˳˩ ́̂˹˩˶ ˸ˢ˹ˢ˳˶˩ NaVt 150 216 206  -4,63%. 

141 ́̂˹˩˶ ˿́ˢ˾ˢ ˿́˾ˢˬ˩ˤˮ̇ˢ NaVt 250 154 157  1,95%. 

142 ́̂˹˩˶ ˿́˾ˢˬ˩ˤˮ̇ˢ NaVt 250 247 256  3,64%. 

143 ́̂˹˩˶ ˶ˮ˽ˢ˴ - ˬ ˩˶˩˭˹ˮ˴ NaVt 150 310 312  0,65%. 

144 ́̂˹˩˶ ˶ˮ˽ˢ˴ - ̅ ˢ˭ˢ L NaVt 400 253 264  4,35%. 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˹͊ ͍ͦͦͣ ͯͦͪͯ͘͟ ͎͔͒ ͔ͫ ͎ͪ͊ͫͨͦ͊͊ͦ͡͡ ͭ͊;͙ͤͣ ͔͋ͪͦͣ͞ ͍͔͙͙ͫͭ͢͟Σ ͎͔ͪ΄͊͟ ͨͪͦͼ͔͔ͤ ͔ͫ ͔ͪͭ͊͊͟͡ 

͙͔ͣ͘Ώͯ -5% ͙ 5%Σ ͭ͊ͦ͟ ͒͊ ͔ͫ ͔ͣͦ͗ ͙ͫͣ͊ͭͪ͊ͭ ͒͊ ͔͞ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͨͪͦͼ͔͔ͥͤ ͫ͊ ͎͔ͪ΄ͦͣ͟ 

ͦ͒ ±5%, ͯ  ͦ͒ͤͦͫͯ ͤ͊ ͔ͪ͊ͤͯ͡ ͍͔ͪ͒ͤͦͫͭΦ 

4.3 ́ ͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͔ͦ͋͊ͭ͊͟͞ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͙ ͔ͭͯͤ͊͡ ˳˽ α˽͔͍͙ͯͭ 

˿͙͔ͪ͋͞ά 

˥͙ͦ͒΄͙ͥ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͙ͨͪͨ͊͒͊ͯ͞ ͍͔͔ͦͫͭͥͯ͢ όͭͪͦ΄͍͙ͦ͟ 

͍ͦ͒ͪ͗͊͊ͥ͊ ͭͪ͊ͤͫͺ͙ͦͪͣ͊ͭͦͪͫ͟ͻ ͙ͫͭ͊ͤͼ͊Σ ͍ͫͭͯ͋ͦ͊Σ ͍͙ͨͪͦͦ͒ͤ͊͟ ͙ ͍͊͋ͦ͊͟͡Σ ͔ͣͪͤͦ-

͍͙ͪ͊ͦ͒ͤ͘ͻ ͦͪͣ͊ͤ͊Σ ͍͔͙͙ͫͭ͢͟ ͙ ͙͙ͫ͊͞͡ͼ͊ ͊ͦ͟ ͙ ͙ͦͫͭ͊͡ ͭͪͦ΄͍͙ͦ͟ ͍͔͙͊ͤ͘ ͊͘ ͍͔ͦ͒ͪ͗͊͊ͥ 

͍͔͔ͦͫͭͥ͊͢ύΣ ͊ ͤ͊ ͍ͦͫͤͦͯ ͍͙ͯ͒͊ ͯ ˽͊ͤ͡ ͍ͨͦͫͦ͊ͥ͊͡ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞ά ͊͘ нлмрΦ ͎͙ͦ͒ͤͯ ͙ 

нлмсΦ ͎͙ͦ͒ͤͯΣ ͫͯ ͙͒͊ͭ ͔͔ͫ͒͡ΐͦͣ ͔ͭ͊͋ͦͣ͡. 

͔́͊͋͊͡ пΦо. ́ ͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͊͘ нлмрΦ ͙ нлмсΦ ͎͙ͦ͒ͤͯ 

ˤͪͫͭ͊ ͭͪͦ΄͊͟ 2015. ͎ ͦ͒. 2016. ͎ ͦ͒. ˽͔ͪͦͫ͟ 

˻͍͔͒ͪ͗͊͊ͥ ͍ͫͭͯ͋ͦ͊ 61.500.000 65.000.000 63.250.000 

˻͍͔͒ͪ͗͊͊ͥ ͍͔͙͙ͫͭ͢͟ ͙ 
͙͙ͫ͊͞͡ͼ͊ 

51.800.000 42.000.000 46.900.000 

˻͍͔͒ͪ͗͊͊ͥ ͍͊͋ͦ͊͟͡ ͙ 
͍͙ͨͪͦͦ͒ͤ͊͟ 

19.000.000 20.000.000 19.500.000 

˻͍͔͒ͪ͗͊͊ͥ ͍͙ͪ͊ͦ͒ͤ͘ͻ ͦͪͣ͊ͤ͊ 14.600.000 18.000.000 16.300.000 

˻͍͔͒ͪ͗͊͊ͥ ͭͪ͊ͤͫͺ͙ͦͪͣ͊ͭͦͪͫ͟ͻ 
͙ͫͭ͊ͤͼ͊ 

23.000.000 15.000.000 19.000.000 

˻͙ͫͭ͊͡ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ 41.500.000 41.500.000 41.500.000 

̂˴̂˽˹ˮ ́˾˻̊˴˻ˤˮΥ 211.400.000 201.500.000 206.450.000 

 

˹͊ ͍ͦͫͤͦͯ ͎͙ͦͪͥͻ ͭͪͦ΄͍ͦ͊͟Σ ͎ͣͦͯ ͔ͫ ͙ͪ͊͘;͙ͯͤ͊ͭ ͙ ͔ͨͪͦͫ;͙ͤ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͨͦ 

͔͒ͤͦ͞͞ ͍͔͙ͫͭ͢ͼ͙Σ ͙ ͙ͦͤ ͙͔ͤͦͫ͘Υ 3.894,00 ˾ ˿˨ ͤ ͊ ͎͙ͦ͒΄͔ͥͣ ͙͍ͤͦͯΦ 

4.4 ˽ ͪͦ΄͙͔ͪͤ ͙ ͔͒ͦͨͯͥͤ ͔͙ͭ͊͋͊ͪͤ͡ ͔͎͔ͨͪ͒͡ ͔ͦ͋͊ͭ͊͟͞ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞ά 

˽ͦ ͍͔ͦ͋͊ͤͦͣ͢ ͍͒ͦͨͯͥ͊͊ͥͯ ͫ͊ ͨͦ͒͊ͼ͙ͣ͊ ͙͘ ˾͔͎͙ͫͭͪ͊ ͔͔͎͔͙ͤͪͭͫ͟ͻ ͨͦͭͪͦ΄͊;͊ ͙ ͨͦ͒͊ͭ͊͊͟ 

ͦ ͎͙ͦ͒΄ͥͦ͞ ͨͦͭͪͦ΄͙ͥ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Σ ͙͍ͪ͘΄͔ͤ͊ ͔͞ ͨͪͦͼ͔ͤ͊Σ ͊ͦ͟͟ ͔͞ ͭͦ ͙ͦͨͫ͊ͤͦ ͯ 

͔͒ͯ͡ 4.2Σ ͙ ͺ͙ͦͪͣͪ͊ͤ ͔͞ ͭ͊ ͔͙͋͊ͪͤ͡ ͔͎͔ͨͪ͒͡ ͔ͦ͋͊ͭ͊͟͞ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞ά ͫ͊ ͙ͭͨͦͣ 

͍͔͙͔ͫͭ͢͟Σ ͙ͭͨͦͣ ͙͍ͦͪ͊͘Σ ͎ͫͤ͊ͦͣ ͙͙ͫ͊͞͡ͼ͔Σ ͎͙ͦ͒΄ͥͦͣ ͨͦͭͪͦ΄ͥͦͣ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Σ 

ͨͪͦͼ͔͔ͥͤͦͣ ͎ͫͤ͊ͦͣ ͙ ͨͪͦͼ͔͔͙ͥͤͣ ͔͋ͪͦͣ͞ ͍͔͙͙ͫͭ͢͟Σ ͙ͦ͟͞ ͔͞ ͒͊ͭ ͯ ͔͙ͭ͊͋͡ пΦр.  

˹͊ ͍ͦͫͤͦͯ ͍͔͔͙ͫͨͪͦ͒ͤͻ ͙͊ͤ͊͊͘͡ ͯ ͍ͦͦͣ ͎͍ͨͦ͊ͯ͢͡Σ ͊ ͊ͦ͟ ͔͙ͨ͊ͪ͊ͣͭͪ ͦ͒ ͤ͊͘;͊͊͞ ͊͘ 

͍ͫͨͪͦͦΏ͔͔ͥ ˿κˤˢ ͙͔͊ͤ͊͘͡Σ ͎ͣͦͯ ͔ͫ ͙͍͙͙͒ͦͭ͘͞ ͔͔ͫ͒͡ΐ͙ ͨͦ͒͊ͼ͙Σ ͊ͦ͟͟ ͔͞ ͭͦ ͙ͨͪ͊͊ͤͦ͘͟ ͤ͊ 

͔͔ͫ͒͡ΐͦ͞ ͙ͫͭͪ͊ͤΦ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

  

˻͍͔͔͔ͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ 
˭͊ ͍͔͔͔ͦͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊Σ ͯ нлмсΦ ͎͙͙ͦ͒ͤ ͯͭͪͦ΄͔ͤͦ ͔͞Υ  14.754.378,15 kWh 
ͯ ͙ͤͦͫͯ͘ ͦ͒ ό͔͋͘ ͦ͋ͪ͊;͎ͯͤ͊ͭͦ ˽˨ˤύΥ мрлΦутсΦрмлΣму ˾˿˨ 
̂ͯͨͤ͊͟ ͙͙ͤͫͭ͊ͫ͊ͤ͊͡ ͎ͫͤ͊͊ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͔͞Υ 3.646,66 kW 
̂ͯͨ͊ͤ͟ ͋ ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͔͞Υ  10.184 
 
˻͍͔͔͔ͫͭͥ͢ ͔ͭͯͤ͊͡ 
˭͊ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡Σ ͯ нлмсΦ ͎͙͙ͦ͒ͤ ͯͭͪͦ΄͔ͤͦ ͔͞Υ  2.143.683,00 kWh 
ͯ ͙ͤͦͫͯ͘ ͦ͒ ό͔͋͘ ͦ͋ͪ͊;͎ͯͤ͊ͭͦ ˽˨ˤύΥ нмΦпосΦтнсΣтл ˾˿˨ 
̂ͯͨͤ͊͟ ͙͙ͤͫͭ͊ͫ͊ͤ͊͡ ͎ͫͤ͊͊ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡ ͔͞Υ 529,83 kW 
̂ͯͨ͊ͤ͟ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡ ͔͞Υ  1.860 
 
˻͍͔͔͔ͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͙ ͔ͭͯͤ͊͡ 
˭͊ ͍͔͔͔ͦͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͙ ͔ͭͯͤ͊͡Σ ͯ нлмсΦ ͎͙͙ͦ͒ͤ ͯͭͪͦ΄͔ͤͦ ͔͞Υ  16.898.061,15 kWh 
ͯ ͙ͤͦͫͯ͘ ͦ͒ ό͔͋͘ ͦ͋ͪ͊;͎ͯͤ͊ͭͦ ˽˨ˤύΥ мтнΦомоΦносΣуу ˾˿˨ 
̂ͯͨͤ͊͟ ͙͙ͤͫͭ͊ͫ͊ͤ͊͡ ͎ͫͤ͊͊ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͙ ͔ͭͯͤ͊͡ ͔͞Υ 4.176,49 kW 
̂ͯͨ͊ͤ͟ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͙ ͔ͭͯͤ͊͡ ͔͞Υ 12.044 

˿ͭͪͯͭͯͪ͊͟ ͔ͦ͋͊ͭ͊͟͞ ͫ͊ ͍͔͙ͫͭ͊ͣ͊͢͟ 

͙́ͨ ͙ ͎ͫͤ͊͊ ͍͔͙͔ͫͭ͢͟ 
ˣͪΦ 

͔ͦ͋͊ͭ͊͟͞ 

˥͙ͦ͒΄ͥ͊ 
ͯͭͪͦ΄͔ͤ͊ ͔͡Φ 
͔͔͎͙ͤͪ͊͞ 

(kWh) 

ˮͤͦͫ͘ 
͎͙ͦ͒΄͔͎ͥ 

ͪ͊;ͯͤ͊ ͔͋͘ ˽˨ˤ 
ό˾˿˨ύ 

˳͔͍͔͔͒ͤͦͪͣͤ͊ 
͎ͫͤ͊͊ 
╟▄■▓╦  

ˣͪͦ͞ 
͍͔͙͙ͫͭ͢͟ 

LED ˿ ˤ˩́ˮ˷˴˩ ˿ ˹ˢ˥˩ ммр ² 1 10.377,00 105.052,70 2,56 22 

bŀ±t ˿ˤ˩́ˮ˷˴ ˩˿ ˹ˢ˥˩ мрл ² 8 519.714,00 5.840.190,40 128,45 909 

bŀ±t ˿ˤ˩́ˮ˷˴ ˩˿ ˹ˢ˥˩ нрл ² 73 6.132.040,65 56.721.049,14 1.515,58 5.440 

bŀ±t ˿ˤ˩́ˮ˷˴ ˩˿ ˹ˢ˥˩ плл ² 62 10.235.929,50 109.646.944,64 2.529,89 5.673 

˽͔ͪͦͫ;͔ͤ ͍͔͙͡;͙͔ͤ ͨͦ ͍͔͙ͫͭ͊ͣ͊͢͟ 

˽͔ͪͦͫ;͔ͤ ͍͔͙͡;͙͔ͤ ͨͦ 
͍͔͙ͫͭ͊ͣ͊͢͟ 

˿͎ͤ͊͊ ͍͔͙͔ͫͭ͢͟ 
(͙͙ͫ͊͞͡ͼ͔ ͙ 
͋͊͊ͫͭ͡)͊ 

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ ͔Φ͔Φ 
ͨͦ ͍͔͙ͫͭ͢ͼ͙ 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔͎ͥ 
ͪ͊;ͯͤ͊ ͨͦ 
͍͔͙ͫͭ͢ͼ͙ 

͔̇ͤ͊ ƪ²Ƙ 
͔͋͘ ˽˨ˤ-͊ ͨͦ 
͍͔͙ͫͭ͢ͼ͙ 

͔̇ͤ͊ ͔Φ͔Φ 
ͨͦ ² 

 W kWh ˾˿˨ ˾˿˨ ˾˿˨ 

bŀ±t ͎͔ͫͤ͊ мрл ² 165 572 5.355 9,3644 0,00936 

bŀ±t ͎͔ͫͤ͊ нрл ² 275 1.127 8.689 7,7083 0,00771 

bŀ±t ͎͔ͫͤ͊ плл ² 440 1.804 16.107 8,9266 0,00893 

˽͔ͪͦͫ;͔ͤ ͼ͔͔ͤ ͔ͦ͟͞ ΐ͔ ͔ͫ ͔͙ͯͭ͘ ͊͘ ˿κˤˢ ͙͊ͤ͊ͯ͘͡: 8,6665 0,00867 

LED ͫ ͎͔ͤ͊ 48 W 48 194 1.683 8,6665 0,00867 

LED ͫ ͎͔ͤ͊ 81 W 81 328 2.840 8,6665 0,00867 

LED ͫ ͎͔ͤ͊ 130 W 130 596 4.558 8,6665 0,00867 

́ͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ 

ˤͪͫͭ͊ ͭͪͦ΄͊͟ 
ˮͤͦͫ͘ ͊͘ 
˿κˤˢ 

ˤͪͫͭ͊ ͭͪͦ΄͊͟ 
ˮͤͦͫ͘ ͊͘ 
˿κˤˢ 

˻͍͔͒ͪ͗͊͊ͥ ͍ͫͭͯ͋ͦ͊ 63.250.000 ˻͍͔͒ͪ͗͊͊ͥ ͍͙ͪ͊ͦ͒ͤ͘ͻ ͦͪͣ͊ͤ͊ 16.300.000 

˻͍͔͒ͪ͗͊͊ͥ ͍͔͙͙ͫͭ͢͟ ͙ ͙͙ͫ͊͞͡ͼ͊ 46.900.000 ˻͍͔͒ͪ͗͊͊ͥ ͭͪ͊ͤͫͺ͙ͦͪͣ͊ͭͦͪͫ͟ͻ ͙ͫͭ͊ͤͼ͊ 19.000.000 

˻͍͔͒ͪ͗͊͊ͥ ͍͊͋ͦ͊͟͡ ͙ ͍͙ͨͪͦͦ͒ͤ͊͟ 19.500.000 ˻͙ͫͭ͊͡ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ 41.500.000 

̂˴̂˽˹ˮ ́˾˻̊˴˻ˤˮΥ 206.450.000 

˽͔ͪͦͫ;͙ͤ ͎͙ͦ͒΄͙ͥ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͨͦ ͔͒ͤͦ͞͞ ͍͔͙ͫͭ͢ͼ͙Υ            3.894,00 ˾ ˿˨ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔́͊͋͊͡ пΦ4. ˾ ͔͊ͫͨͦͪ͒ ͍͔͔ͪͣͤ͊ ͯͯ͟͢;͔ͥ͊ ͙ ͙ͫͯ͟͢;͔ͥ͊ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢ όα˴͔͊ͤ͒͊ͪ͡ ͍͔͔ͪ͊ͫͭάύ 

͔ͣ ͔ͫͼ ͒͊ͭͯͣ ͯͯ͟͢;͔͔ͥ ͙ͫͯ͟͢;͔͔ͥ ͋ͪͦ͞ ͒͊ͤ͊ ͍͔͔ͪͣ ͯͯ͟͢;͔͙ͤͦͫͭ 
͙͙ͫ͊͞͡ͼ͊ 

͔͔ͣͫ;͙ͤ ;͍͙͊ͫͦ ͯͯ͟͢;͔ͥ͊ 

ͦ ͒ ͒ ͦ (ͻͻ:ͣ )ͣ (ͻͻ:ͣ )ͣ ͔͍͒ͤͤͦ 

(ͻ, ͣ ͙)ͤ 

͔͔͔͍͒ͫͭͦ͒ͤͤͦ 

(ͻ, ͣ ͙)ͤ 

ˤ ́

(ͻ, ͣ ͙)ͤ 

˸  ́

(ͻ, ͣ ͙)ͤ 

̂˴̂˽˹˻ 

(ͻ, ͣ ͙)ͤ 

͊ͤͯ͊ͪ͞ 1 10 16:15 7:00 10 14,45 147,30 

165,15 297,00 444,15 

11 21 16:30 6:45 11 14,15 156,45 

22 31 16:45 6:45 10 14,00 140,00 

ͺ͔͋ͪͯ͊ͪ 1 10 17:00 6:30 10 13,30 135,00 

113,30 252,00 365,30 

11 21 17:15 6:15 11 13,00 143,00 

22 28 17:30 6:00 7 12,30 87,30 

ͣ͊ͪͭ 1 10 17:45 5:45 10 12,00 120,00 

93,00 263,30 356,30 

11 21 18:00 5:30 11 11,30 126,30 

22 31 18:15 5:15 10 11,00 110,00 

͙͊ͨͪ͡ 1 10 18:15 5:00 10 10,45 107,30 

75,15 227,45 303,00 

11 21 18:30 4:30 11 10,00 110,00 

22 30 18:45 4:15 9 9,30 85,30 

ͣ͊͞ 1 10 19:00 4:00 10 9,00 90,00 

54,15 209,15 263,30 

11 21 19:15 3:45 11 8,30 93,30 

22 31 19:30 3:30 10 8,00 80,00 

ͯͤ͞ 1 10 19:45 3:15 10 7,30 75,00 

32,30 182,30 215,00 

11 21 20:00 3:00 11 7,00 77,00 

22 30 20:00 3:00 9 7,00 63,00 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔͔ͣͫͼ ͒͊ͭͯͣ ͯͯ͟͢;͔͔ͥ ͙ͫͯ͟͢;͔͔ͥ ͋ͪͦ͞ ͒͊ͤ͊ 10 ͔͔ͣͫ;͙ͤ ;͍͙͊ͫͦ ͯͯ͟͢;͔ͥ͊ 

ͦ ͒ ͒ ͦ (ͻͻ:ͣ )ͣ (ͻͻ:ͣ )ͣ ͔͍͒ͤͤͦ 

(ͻ, ͣ ͙)ͤ 

͔͔͔͍͒ͫͭͦ͒ͤͤͦ 

(ͻ, ͣ ͙)ͤ 

ˤ ́

(ͻ, ͣ ͙)ͤ 

˸  ́

(ͻ, ͣ ͙)ͤ 

̂˴̂˽˹˻ 

(ͻ, ͣ ͙)ͤ 

ͯ͞͡ 

1 10 20:00 3:15 10 7,15 72,30 

38,45 201,30 240,15 

11 21 19:45 3:30 11 7,45 85,15 

22 31 19:30 3:45 10 8,15 82,30 

͍͎͊ͯͫͭ 

1 10 19:15 3:45 10 8,30 85,00 

62,00 217,00 279,00 

11 21 19:00 4:00 11 9,00 99,00 

22 31 18:45 4:15 10 9,30 95,00 

͔͔ͫͨͭͣ͋͊ͪ 

1 10 18:30 4:30 10 10,00 100,00 

87,15 232,15 319,30 

11 21 18:00 4:45 11 10,45 118,15 

22 30 17:45 5:00 9 11,15 101,15 

ͦͭͦ͋͊ͪ͟ 

1 10 17:30 5:15 10 11,45 117,30 

121,30 263,30 385,00 

11 21 17:00 5:30 11 12,30 137,30 

22 31 16:45 5:45 10 13,00 130,00 

͍͔ͤͦͣ͋͊ͪ 

1 10 16:30 6:00 10 13,30 135,00 

144,30 270,00 414,30 

11 21 16:30 6:15 11 13,45 151,15 

22 30 16:15 6:30 9 14,15 128,15 

͔͒ͼ͔ͣ͋͊ͪ 

1 10 16:15 6:45 10 14,30 145,00 

181,00 279,00 460,00 

11 21 16:00 7:00 11 15,00 165,00 

22 31 16:00 7:00 10 15,00 150,00 

̂˴̂˽˹˻ ˥˻˨ˮ̊˺˩Υ 365  1.168,45 2.877,15 4.046,00 

̂˴̂˽˹˻ ˥˻˨ˮ̊˺˩ ό˽˾˩˿́̂˽˹ˢ ˥˻˨ˮ˹ˢύΥ 366  1.172,15 2.886,15 4.058,30 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔́͊͋͊͡ пΦ5Φ ͔͙́͊͋͊ͪͤ͡ ͔͎͔ͨͪ͒͡ ͔ͦ͋͊ͭ͊͟͞ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞ά ͫ͊ ͙ͭͨͦͣ ͍͔͙͔ͫͭ͢͟Σ ͙ͭͨͦͣ ͙͍ͦͪ͊͘Σ ͎ͫͤ͊ͦͣ ͙͙ͫ͊͞͡ͼ͔Σ ͎͙ͦ͒΄ͥͦͣ 

ͨͦͭͪͦ΄ͥͦͣ ͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞Σ ͨͪͦͼ͔͔ͥͤͦͣ ͎ͫͤ͊ͦͣ ͙ ͨͪͦͼ͔͔͙ͥͤͣ ͔͋ͪͦͣ͞ ͍͔͙͙ͫͭ͢͟18 

.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

˻˿ˤ˩́˷˩˺˩ ˿ˢ˻ˣ˾ˢ̔ˢ˳˹ˮ̇ˢ 

1 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˽ˢ˹̉˩ˤˢ̉˴ˮ 
˽̂́ ннм 

˽ˢ˶ˮ˶̂˶ˢ 
ˣ˩˻˥˾ˢ˨-
˽ˢ˶ˮ˶̂˶ˢ 

27842 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 250 21.091,00 208.556,50 ˾ ˿˨ 5,21 19 

2 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˽ˢ˹̉˩ˤˢ̉˴ˮ 
˽̂́ мсо 

˽ˢ˶ˮ˶̂˶ˢ 
ˣ˩˻˥˾ˢ˨-
˽ˢ˶ˮ˶̂˶ˢ 

27838 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 250 26.853,00 265.560,50 ˾ ˿˨ 6,64 24 

3 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˸˻˿́ ˹ˢ 
˨̂˹ˢˤ̂ 

˿˸˩˨˩˾˩ˤ˻ ˿˸˩˨˩˾˩ˤ˻ 1090647 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 400 67.720,00 671.930,14 ˾ ˿˨ 16,74 38 

4 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˻˾˩̊ˢ̇ ˸ нпΣ 
́˿ ˸ˮ˾ˢ 
˿́̂˽ˮ̇ˢ 

˿˸˩˨˩˾˩ˤ˻ ˿˸˩˨˩˾˩ˤ˻ 6152197 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 42.332,00 419.226,36 ˾ ˿˨ 10,46 38 

5 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˾ˢ˿ˤ˩́ˢ ˸ нпΣ 
˿́̂ˣ˹ˢ ˸˴˿ 

˿˸˩˨˩˾˩ˤ˻ ˿˸˩˨˩˾˩ˤ˻ 6129794 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 43.720,00 400.995,50 ˾ ˿˨ 10,81 39 

6 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˴˻˶ˢ˾˿˴ˮ ˽̂́ 
˸ нпΣ ́˿ 
˭ˢˣ˾ˢ˹ 

˿˸˩˨˩˾˩ˤ˻ ˿˸˩˨˩˾˩ˤ˻ 6119785 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 18.301,00 183.436,50 ˾ ˿˨ 4,52 16 

7 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˽˩́˷ˢ ˽˩́˾ˮ˳˩ˤ˻ ˿˸˩˨˩˾˩ˤ˻ 147 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 28.109,00 278.157,70 ˾ ˿˨ 6,95 25 

8 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ˳ˢˤ˹˻ 
˻˿ˤ˩́˷˩˺˩ 
˾ˢ˿˴˾˿˹ˮ̇˩ 

˻ˣˮ˶ˮ̔˩ˤˢ м ˣ˻˷˩ˤˢ̇ ˣ˻˷˩ˤˢ̇ 30002 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 12.996,00 128.956,50 ˾ ˿˨ 3,21 12 

9 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˣ˩˻˥˾ˢ˨ ˳ˢˤ˹˻ 
˻˿ˤ˩́˷˩˺˩ 

˨˾ˢ˥ˮ̊˩ 
˽˩́˾˻ˤˮ̔ˢ 

100 
ˣ˻˷˩ˤˢ̇ ˣ˻˷˩ˤˢ̇ 30019 

˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 13.477,00 133.764,70 ˾ ˿˨ 3,33 12 

                                                      
18 ˭ ͊ ͔͔ͦ͋ͭ͟͞ ς ͭ ͔͔ͯͤ͡Σ ͯ ͎͔ͨͦ͒ͯ͡ ͋ͪͦ͊͞ ͍͔͙͙ͫͭ͢͟ ͍͔͔͔ͤ͊͒ͤ ͫͯ ͍͔ͫͭ͊ͪͤ ͍͔͙ͪ͒ͤͦͫͭ ͊ ͔ͤ ͨͪͦͼ͔͔͔ͥͤ 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

10 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩˳ˢˤ˹˻ 
˻˿ˤ˩́˷˩˺˩ 
˾ˢ˿˴˾˿˹ˮ̇˩ 

˽˩˾˩ 
˾ˢ˨˻ˤˢ˹˻ˤˮ̔

ˢ м 
ˣ˻˷˩ˤˢ̇ ˣ˻˷˩ˤˢ̇ 29835 

˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 8.269,00 82.100,80 ˾ ˿˨ 2,04 7 

11 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ˳ˢˤ˹˻ 
˻˿ˤ˩́˷˩˺˩ 
˴˻˨ ˢ˸˿˿ 

˴̂̉ˢ˳˿˴ˢ ˣˣ ˣ˻˷˩ˤˢ̇ ˣ˻˷˩ˤˢ̇ 3985333 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 4.910,00 48.390,10 ˾ ˿˨ 1,21 4 

12 
˳˾ ˢ̂́˻˽̂́ ˸-5 
˴˻˨ ˿˩˶ˢ 
˶̂˴˻ˤˢ 

˶̂˴˻ˤ˻ ˣˣ ˶̂˴˻ˤ˻ ˣ˻˷˩ˤˢ̇ 157452 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 400 10.505,00 96.350,80 ˾ ˿˨ 2,60 6 

13 

˾˿ ˨ˮ˾˩˴̇ˮ˳ˢ 
˭ˢ ˽̂́˩ˤ˩ 
̉˩˻˹ˢ 
˹ˢ˽˶ˢ́˹ˢ 

́˾̂˽ˢ˶˩ ˣˣ ́˾̂˽ˢ˶˩ 
˹ˮ-̊

˸˩˨ˮ˳ˢ˹ˢ 
70829 

˴˿ 
˹  ˹

3˭ ˹͊ˤ˽ 400 117.880,00 1.167.306,40 ˾ ˿˨ 29,13 66 

14 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˥˩˹˩˾ˢ˶ˢ 
́˾ˢ˹ˮ˳˩ˢ моκˢ 

˸˩˨ˮ˳ˢ˹ˢ 
˹ˮ-̊

˸˩˨ˮ˳ˢ˹ˢ 
17142609 

˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 97.182,00 934.817,50 ˾ ˿˨ 24,02 87 

15 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˥˩˹˩˾ˢ˶ˢ 
́˾ˢ˹ˮ˳˩ˢ моκˢ 

˸˩˨ˮ˳ˢ˹ˢ 
˹ˮ-̊

˸˩˨ˮ˳ˢ˹ˢ 
8088763 

˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 63.776,00 631.596,50 ˾ ˿˨ 15,76 57 

16 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˣ̂˶˩ˤˢ˾ 
˨ˤˢ˹ˢ˩˿́ˮ 
̅˩ˣ˾̂ˢ˾ ффф 

˸˩˨ˮ˳ˢ˹ˢ 
˹ˮ-̊
̇˾ˤ˩˹ˮ 
˴˾˿́ 

8088764 
˴˿ 
˹  ˹

˻ Y˹X 3 ˹͊ˤ˽ 250 751.830,00 7.535.817,60 ˾ ˿˨ 185,82 676 

17 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

̇˾ˤ˩˹ˢ ˾˩˴ˢ 
ˣ x

̇˾ˤ˩˹ˢ ˾˩˴ˢ 
ˣ˩˶ˢ 
˽ˢ˶ˢ˹˴ˢ 

5463706 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 11.528,00 114.275,10 ˾ ˿˨ 2,85 10 

18 

˸ˮ˹ˮ˿́ˢ˾˿́ˤ
˻ ˿ˢ˻ˣ˾ˢ̔ˢ˳ˢ 
ˤ˩˭˩ ˨ˮ˾Φ˭ˢ 
˽̂́Φˮ˭˶Φ 

˽˻˷˿˴ˢ 
˾ˬˢ˹ˢ ˣˣ 

˽˻˷˿˴ˢ 
˾ˬˢ˹ˢ 

˽ˮ˾˻́ 8046084 
˴˿ 
˹  ˹

˻ Y˹X 3 ˹͊ˤ˽ 400 60.930,00 603.558,50 ˾ ˿˨ 15,06 34 

19 
ˣ̂ˤ - ˳ ˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ̂˶ˢ˭˹ˢ 
˽˩́˷ˢ ˽ˮ˾˻́ 

ˤ˻˳ˤ˻˨˩ 
˸ˮ̊ˮ̔ˢ ˣˣ 

˽ˮ˾˻́ ˽ˮ˾˻́ 406 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 209.430,00 2.086.781,60 ˾ ˿˨ 51,76 188 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

20 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ˭ˢ 
˽˩́˷ ̂ 
˥˾ˢ˨ˮ̊́˩ 

ˣ̂˶˩ˤˢ˾ 
˴˾ˢ˷ˢ 

ˢ˶˩˴˿ˢ˹˨˾ˢ 
282 

˭ˤ˩˭˨ˢ˾ˢ 
ˣ˩˻˥˾ˢ˨-
˭ˤ˩˭˨ˢ˾ˢ 

1498838 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 8.565,00 84.687,80 ˾ ˿˨ 2,12 8 

21 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ˽˩́˷ˢ 
ˢ˶˩˴˿ˢ˹˨˾˻ˤ

 ˻

˸˩˾˻̊ˮ˹ˢ ˣˣ ˸˩˾˻̊ˮ˹ˢ ˸˩˾˻̊ˮ˹ˢ 81340 
˴˿ 
˹  ˹

 ˭2 ˹͊ˤ˽ 250 7.321,00 72.250,10 ˾ ˿˨ 1,81 7 

22 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˳ˢ˿ˮ˴ˢ ˳ˢ˿ˮ˴ˢ ˴˾̂̊˩ˤˢ̇ 2709111 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˹˩˻˿ 2 

˹͊ˤ˽ 250 14.875,00 147.586,00 ˾ ˿˨ 3,68 13 

23 
˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ 
˸ннκ˸п 
̔˩˶ˮ˳˩ 

˾ˢ˿˴˾˿˹ˮ̇ˢ 
̔˩˶ˮ˳˩ л 

̔˩˶ˮ˳˩ ˶ˢ˳˴˻ˤˢ̇ 843 
˴˿ 
˹  ˹

˾ ́3 ˹͊ˤ˽ 400 20.809,00 205.553,10 ˾ ˿˨ 5,14 12 

24 

˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ 
ˤ˩˶ˮ˴ˮ 

̇˾˷˩˹ˮ ˴˻˨ 
˻ˣ˾˩˹ˢ 

ˮˣˢ˾˿˴ˮ ˽̂́ л 
ˤ˩˶ˮ˴ˮ 
̇˾˷˩˹ˮ 

ˣ˩˻˥˾ˢ˨-
˶ˢ˭ˢ˾˩ˤˢ̇ 

329 
˴˿ 
˹  ˹

˻ Y˹X 3 ˹͊ˤ˽ 400 21.035,00 208.358,00 ˾ ˿˨ 5,20 12 

25 ˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ ˴˻˨ ̆˻́˩˶ˢ л ˷ˮ ˥ ˷ˮ ˥ 81009 
˴˿ 
˹  ˹

˻ Y˹X 3 ˹͊ˤ˽ 400 38.479,00 381.313,60 ˾ ˿˨ 9,51 22 

26 ˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ 
˾ˢˤ˹˻˥˻˾˿˴ˢ 

0 
˷ˮ ˥ ˷ˮ ˥ 81007 

˴˿ 
˹  ˹

˻ Y˹X 3 ˹͊ˤ˽ 400 10.551,00 104.397,10 ˾ ˿˨ 2,61 6 

27 

̂˶ˮ̉˹ˢ 
˾ˢ˿ˤ˩́ˢ ́˿ 
˹˻ˤˮ ˸˻˿́ 
ό˳Φ˽Φ˽Φ˿Φύ 

˸Φ˭ˤ˻˾˹ˮ˴ л ˸Φ˭ˤ˻˾˹ˮ˴ 
˸ˢ˶ˮ 
˭ˤ˻˾˹ˮ˴ 

3758159 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 150 1.500,00 15.036,00 ˾ ˿˨ 0,37 2 

28 
˨ˮ˾˩˴̇ˮ˳ˢ ˭ˢ 
˽̂́˩ˤ˩ 

˸ˮ˶˻̊ˢ 
˻ˣˮ˶ˮ̔ˢ мно 

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴  
˴ ˿
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 0,00 0,00 ˾ ˿˨ 0,00 0 

29 
˨ˮ˾˩˴̇ˮ˳ˢ ˭ˢ 
˽̂́˩ˤ˩κ́˿ 
˭ˢ˹ˢ́ 

ˤ˻˳ˤ˻˨˩ 
˸ˮ˶ˢ˹ˢ л 

˥Φ˸ˮ˶ˢ˹˻ˤˢ
 ̇

˥˻˾˺ˮ 
˸ˮ˶ˢ˹˻ˤˢ

 ̇
374461 

˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 37.243,00 371.462,20 ˾ ˿˨ 9,20 33 
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.˾ 
ˣͪΦ 
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͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

30 
˳ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ-
˽˾˩˷ˮ˹ˢ 

˽˾˩˷ˮ˹ˢ ˣˣ ˽˾˩˷ˮ˹ˢ ̉ˢ̉ˢ˴ 50109 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 51.269,00 508.055,70 ˾ ˿˨ 12,67 46 

31 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ 

ˣ̂˶˩ˤˢ˾ 
˻˿˶˻ˣ˻˨ˮ˶ˢ̇
ˢ ̉ˢ̉˴ˢ ˣˣ 

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 113425 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 50.472,00 494.780,10 ˾ ˿˨ 12,47 45 

32 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ 
̇˾˽˹ˢ ˿́Φ 

ˣ̂˶˩ˤˢ˾ 
˻˿˶˻ˣ˻˨ˮ˶ˢ̇
ˢ ̉ˢ̉˴ˢ ˣˣ 

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 152202 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 16.387,00 150.300,00 ˾ ˿˨ 4,05 15 

33 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩Σ ˳ˢˤΦ 
˾ˢ˿Φˣ˾ˢ̔ˢ 
˿́ˢ˹ˮ̔ 

ˣ̂˶˩ˤˢ˾ 
˻˿˶˻ˣ˻˨ˮ˶ˢ̇
ˢ ̉ˢ̉˴ˢ ˣˣ 

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 152201 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 35.492,00 352.847,90 ˾ ˿˨ 8,77 32 

34 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ 

ˣ˩˷ˮ˹ˢ ˣˣ ̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 119914 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 45.579,00 451.474,00 ˾ ˿˨ 11,27 41 

35 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ 

ˣ̂˶˩ˤˢ˾ 
˻˿˶˻ˣ˻˨ˮ˶ˢ̇
ˢ ̉ˢ̉˴ˢ ˣˣ 

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 109598 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 46.439,00 465.526,70 ˾ ˿˨ 11,48 42 

36 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ 

˽ˢ˾˸˩˹ˢ̇ ˣˣ ̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 119913 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 34.455,00 341.868,00 ˾ ˿˨ 8,52 31 

37 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩Σ ˳ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ 
˴˻˺˩ˤˮ̔ˮ 

ˣ̂˶˩ˤˢ˾ 
˻˿˶˻ˣ˻˨ˮ˶ˢ̇
ˢ ̉ˢ̉˴ˢ ˣˣ 

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 140100 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 47.262,00 471.340,60 ˾ ˿˨ 11,68 42 

38 
́ ˿˹ ˻ˤˮ 

˸˻˿́κопрκ˳ˢˤ
˹ˢ ˾ˢ˿ˤ˩́ˢ 

˹˻ˤˮ ˸˻˿́-
77-̊ˢˣˢ̇ л 

̊ˢˣˢ̇ ̊ˢˣˢ̇ 2098873 
˴˿ 
˹  ˹

˻ Y˹X 3 ˹͊ˤ˽ 250 24.322,00 240.309,60 ˾ ˿˨ 6,01 22 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

39 

̂˶ˢ˭˹˻-
ˮ˭˶ˢ˭˹ˢ 
˽˩́˷ˢ ́˿ 
˳˻ˤˮ̔˩ˤˮ̔ˮ 

˴˺ˢ˭ˢ 
˸ˮ˶˻̊ˢ л 

˽˻ˬ˩˥ˢ ˽˻ˬ˩˥ˢ 1738564 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 54.055,00 536.122,10 ˾ ˿˨ 13,36 49 

40 

̂˶ˢ˭˹˻-
ˮ˭˶ˢ˭˹ˢ 
˽˩́˷ˢ ́˿ 
˾ˢ˴˩́ˢ 

˸ˮ˶˻ˤˮ̔ˢ 
˶ˮˤˢ˨˩ л 

˽˻ˬ˩˥ˢ ˽˻ˬ˩˥ˢ 2766179 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 84.000,00 832.818,10 ˾ ˿˨ 20,76 75 

41 
˳ˢˤ˹˻ 

˽˾˩̓̂˭˩̔˩ 
˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˴˾ˢ˷˩ˤˮ 
˴˻˹ˢ̇ˮ ˣˣ 

˭˶ˢ́ˮˣ˻˾ ̉ˢ˳˩́ˮ˹ˢ 291313 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 33.499,00 330.042,50 ˾ ˿˨ 8,28 30 

42 

́˿ ˳ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ 
˾ˢ˿˴˾˿˹ˮ̇ˢ 
̉˩˶ˢ˾˩ˤ˻ 

˻ˣˮ˶ˢ˭˹ˮ̇ˢ 
˿́˿ ˸т 

ˣΦ˽ˢ˶ˢ˹˴ˢ-
˥ˢ˳˨˻ˣ˾ˢ 

ˣˢ̉˴ˢ 
˽ˢ˶ˢ˹˴ˢ 

ˣˢ̉˴ˢ 
˽ˢ˶ˢ˹˴ˢ 

5606 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 35.080,00 347.079,10 ˾ ˿˨ 8,67 32 

43 

́˿˳ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ 
˾ˢ˿˴˾˿˹ˮ̇ˢ 
˴ˢ˾ˢ˨˳˻˾˨˳˩ˤ

 ˻

˿́˿ ˸му 
˻ˣˮ˶ˢ˭˹ˮ̇ˢ 
ˣΦ˽ˢ˶ˢ˹˴ˢ-
˴ˢ˾ˢ̓˻˾̓˩ˤ˻ 

˴ˢ˾ˢ̓˻˾̓˩ˤ
 ˻

ˣˢ̉˴ˢ 
˽ˢ˶ˢ˹˴ˢ 

2687 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 32.900,00 325.789,10 ˾ ˿˨ 8,13 30 

44 
˳˾ ˸ˣ́˿ ˴ˢ̉˴ˢ 
˽˩́˷ˢ 

˹ˢ 
˭˾˩˺ˢ˹ˮ˹˿˴˻
˸ ˽̂́̂ 

˹˻ˤˮ ˿ˢ˨ ˹˻ˤˮ ˿ˢ˨ 37201 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 186.965,00 1.852.164,08 ˾ ˿˨ 46,21 168 

45 
˾ˢ˿˴˾˿˹ˮ̇ˢ 
˽̂́˩ˤˢ 

˹ˮ˴˻˶˩ ́˩˿˶˩ 
ˣ x

ˬˢˣˢ˷ ˬˢˣˢ˷ 6035931 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 45.780,00 453.507,10 ˾ ˿˨ 11,31 41 

46 ˾́˿ -1 
ˤ˻ˬ˨ˢ 

˴ˢ˾ˢ̓˻˾̓ˢ ˣˣ 
˿˩̉ˢ˺ ˿˩̉ˢ˺ 

21080215
030 

˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 4.919,00 45.116,60 ˾ ˿˨ 1,22 4 

47 
˾ˢ˿ˤ˩́ˢ 
˸˻˿́ˢ ˹ˢ 
˾˩̇ˮ ˣ˻˿̂́ 

ˢ̂́˻-˽̂́ ˢ˨ˢ̊˩ˤ̇ˮ ̊ˮ ˨ 8091838 
˴˿ 
˹  ˹

3˭ ˹͊ˤ˽ 400 101.880,00 1.008.271,80 ˾ ˿˨ 25,18 57 

48 
˻˿ˤ˩́˷˩˺˩ 
˹ˢ ˸˻˿́̂ 

˹Φ˹Φ ˣˣ ́ˮ́˩˶ ́ˮ́˩˶ 2191696 
˴˿ 
˹  ˹

˻˽ˢ˶˻ ˹͊ˤ˽ 150 12.070,00 119.677,30 ˾ ˿˨ 2,98 18 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

49 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˻˾ˢ̊˴ˢ 
ˤ˩˶ˮ˴ˢ 
˽˶ˢ˹ˢ 

ˤ˩˶ˮ˴ˢ 
˽˶ˢ˹ˢ 

42469 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 195.420,00 2.693.548,00 ˾ ˿˨ 48,30 110 

50 

˸˻˿́ ˹ˢ 
˨̂˹ˢˤ̂ 

ˤ˻˳ˤ˻˨ˮ˹ˢ˽̂
 ́

˨̂˹ˢˤ ˣˣ ˣ˩˭˨ˢ˹ ˿˻˸ˣ˻˾ 91269078 
˴˿ 
˹  ˹

˻˽ˢ˶˻ ˹͊ˤ˽ 150 47.160,00 432.564,80 ˾ ˿˨ 11,66 71 

51 
˳˽ ˾ˢ˿ˤ˩́ˢ 
˸˻˿́ˢ 

˳Φ˾ˢ˿ˤ˩́ˢ 
˸˻˿́ˢ 

ˣ˻˥˻˳˩ˤ˻ ˻̈ˢ̇ˮ 1786214 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 150 52.684,00 509.580,40 ˾ ˿˨ 13,02 79 

52 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩-˽˩́˷ˢ 
˸ˢ˾˴˻ˤˢ̇ 

уΦ˻˴́˻ˣˢ˾ ˸ˢ˾˴˻ˤˢ̇ 
ˤ˩˶ˮ˴ˢ 
˽˶ˢ˹ˢ 

42516 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 240.480,00 3.066.122,50 ˾ ˿˨ 59,44 135 

53 
˳ˢˤ˹˻ 

˻˿ˤ˩́˷˩˺˩ 
˨˩˻˹ˮ̇ˢ ˸-13 

̇ˮ˥ˢ˹˿˴ˢ 
˸ˢ̆ˢ˶ˢ ˣˣ 

˽˾˩˴˻˨˻˶̇˩ 
ˤ˶ˢ˨ˮ̉ˮ˹ 
̆ˢ˹ 

216468 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 29.635,00 1.355.353,40 ˾ ˿˨ 7,32 27 

54 
˳ˢˤ˹˻ 

˻˿ˤ˩́˷˩˺˩ 
˨˩˻˹ˮ̇ˢ ˸-13 

̇ˮ˥ˢ˹˿˴ˢ 
˸ˢ̆ˢ˶ˢ ˣˣ 

˽˾˩˴˻˨˻˶̇˩ 
ˤ˶ˢ˨ˮ̉ˮ˹ 
̆ˢ˹ 

216463 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 52.234,00 1.716.131,10 ˾ ˿˨ 12,91 47 

55 
˳ˢˤ˹ˢ ˾ˢ˿ˤ˩́ˢ 
˹ˢ ˽˩́˷ˮ 

˹ˮ˴˻˶˩ ́˩˿˶˩ 
ˣ x

ˤ˶ˢ˨ˮ̉ˮ˹ 
̆ˢ˹ 

ˤ˶ˢ˨ˮ̉ˮ˹ 
̆ˢ˹ 

163404 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 47.171,00 457.593,80 ˾ ˿˨ 11,66 42 

56 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˻˿ˤ˩́˷˩˺˩ 
˽̂́ˢ ̂˶ˢ˭ ̂ 

˹ˮ˴˻˶˩ 
˽ˢ̊ˮ̔ˢ олл 

˭ˢ˳˩̉ˢ˾ ˭ˢ˳˩̉ˢ˾ 345067 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 39.197,00 388.018,40 ˾ ˿˨ 9,69 35 

57 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

̊ˢ˾˥ˢ˹ ˣˣ ˴˾˩˸˹ˢ ̂ˬˮ̇˩ 10622244 
˴˿ 
˹  ˹

2˭, ˻ Y˹X 
2, ˹ ˩˻˿ 

˹͊ˤ˽ 250 68.745,00 683.769,60 ˾ ˿˨ 16,99 62 

58 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 
ˣ˩˻˥˾ˢ˨ 
ό˾ˢ˸˽ˢύ 

˾ˢ˸˽ˢ 
̔̂˽˾ˮ˳ˢ л 

̔̂˽˾ˮ˳ˢ ̔̂˽˾ˮ˳ˢ 7964 
˴˿ 
˹  ˹

3˭ ˹͊ˤ˽ 400 365.920,00 3.718.153,10 ˾ ˿˨ 90,44 206 

59 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˣˮˤ˻˷˩ ˣˣ ˣˮˤ˻˷˩ ˴˾̂̊˩ˤˢ̇ 805408 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˹˩˻˿ 2 

˹͊ˤ˽ 250 36.079,00 356.330,70 ˾ ˿˨ 8,92 32 
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͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

60 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˿́̂˽̉˩ˤˮ̔ˮ 
ˣ x

ˢ˾ˮ˷˩ ˢ˾ˮ˷˩ 330587 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˹˩˻˿ 2 

˹͊ˤ˽ 250 15.173,00 146.776,40 ˾ ˿˨ 3,75 14 

61 ˸˻˿́ ˣ˩̊˴ˢ 
˨̂˹ˢˤ˿˴ˢ 
˻ˣˢ˶ˢ ˣˣ 

ˣ˩̊˴ˢ ˮ˹̓ˮ˳ˢ 74154 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 400 232.608,00 2.198.919,30 ˾ ˿˨ 57,49 131 

62 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ˿́˿ пс 

ˢ̂́˻˽̂́ ˩тр 
ˣ x

ˣˢ̉˴ˮ 
ˤˮ˹˻˥˾ˢ˨ˮ 

˿̂ˣ˻́ˮ̇ˢ 41596 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˹˩˻˿ 2 

˹͊ˤ˽ 250 5.240,00 185.690,60 ˾ ˿˨ 1,30 5 

63 
˹ˢ˽˶ˢ́˹ˢ 
˾ˢ˸˽ˢ ˽˩́˷ˢ 
ˣ˩̊˴ˢ 

ˢ̂́˻˽̂́ ˩-75 ˣ˩̊˴ˢ ˮ˹̓ˮ˳ˢ 
7759; 
24653 

˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 191.743,00 1.755.741,90 ˾ ˿˨ 47,39 108 

64 
˹ˢ˽˶ˢ́˹ˢ 
˿́ˢ˹ˮ̇ˢ 
̊ˮ˸ˢ˹˻ˤ̇ˮ 

ˢ̂́˻˽̂́ κ˸-1 ˴˾˺˩̊˩ˤ̇ˮ 
˿́ˢ˾ˢ 
˽ˢ˭˻ˤˢ 

70737; 
71156 

˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 466.800,00 4.848.924,40 ˾ ˿˨ 115,37 262 

65 
̊ˮ˸ˢ˹˻ˤˢ̉˴
ˢ ˽˩́˷ˢ - ́ ˿ ˮ 

ˢ̂́˻˽̂́ ˣˣ ˴˾˺˩̊˩ˤ̇ˮ 
˿́ˢ˾ˢ 
˽ˢ˭˻ˤˢ 

71200 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 126.320,00 1.427.039,20 ˾ ˿˨ 31,22 71 

66 
˹ˢ˽˶ˢ́˹ˢ 
˾ˢ˸˽ˢΣ ˸ˣ́˿ 
нлκлΣп ˴ˤ 

ˢ̂́˻˽̂́ κˣˣ ˽˩̔ˮ˹̇ˮ ˽˩̔ˮ˹̇ˮ 
71009; 
70538 

˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 396.965,00 3.558.191,60 ˾ ˿˨ 98,11 223 

67 
˹ˢ˽˶ˢ́˹ˢ 
˾ˢ˸˽ˢΣ ˸ˣ́˿ 
млκлΣп ˴ˤ 

ˢ̂́˻˽̂́ κˣˣ ˾̂˸ˢ ˾̂˸ˢ 71075 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 392.829,00 3.918.561,80 ˾ ˿˨ 97,09 221 

68 
́˿ млκлΣп ˴ˤ 
˹ˢ˽˶ˢ́˹ˢ 
˾ˢ˸˽ˢ ˾ˢ˿́ 

ˢ̂́˻˽̂́ ˩- 
˿́ˢ˾ˢ 
˽ˢ˭˻ˤˢ 

˿́ˢ˾ˢ 
˽ˢ˭˻ˤˢ 

71092 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 254.945,00 2.495.575,30 ˾ ˿˨ 63,01 143 

69 

˸ˣ́˿ нлκлΦп ˴ˤ 
˹ˢ˽˶ˢ́˹ˢ 
˾ˢ˸˽ˢ ˽˩́̂ˢ 
̊ˮ ˨

ˢ̂́˻˽̂́ ˣˣ ˢ˨ˢ̊˩ˤ̇ˮ ̊ˮ ˨ 1649 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 357.554,00 3.545.966,40 ˾ ˿˨ 88,37 201 

70 

˸ˣ́˿ нлκлΦп˴ˤ 
˹ˢ˽˶ˢ́˹ˢ 
˾ˢ˸˽ˢ 
˿˾˩˸˿˴ˮ 

ˢ̂́˻-˽̂́ ˢ˨ˢ̊˩ˤ̇ˮ ̊ˮ ˨ 1687 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 240.726,00 2.491.598,60 ˾ ˿˨ 59,50 135 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

71 
˹ˢ˽˶ˢ́˹ˢ 
˾ˢ˸˽ˢ 
˴̂˭˸ˮ˹ 

ˢ̂́˻-˽̂́ ˴̂˭˸ˮ˹ 
˿˾˩˸˿˴ˢ 
˸ˮ́˾˻ˤˮ̇

 s
1807 

˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 288.780,00 3.242.696,40 ˾ ˿˨ 71,37 162 

72 

˹ˢ˽˶ˢ́˹ˢ 
˾ˢ˸˽ˢ 
˿˾˩˸˿˴ˢ 
˸ˮ́˾˻ˤˮ̇ˢ 

ˢ̂́˻-˽̂́ ˣˣ 
˿˾˩˸˿˴ˢ 
˸ˮ́˾˻ˤˮ̇ˢ 

˿˾˩˸˿˴ˢ 
˸ˮ́˾˻ˤˮ̇

 s
1805 

˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 350.061,00 3.644.432,20 ˾ ˿˨ 86,52 197 

73 
˸˻˿́ ˹ˢ 
˨̂˹ˢˤ̂ 

˨̂˹ˢˤ˿˴ˢ ˣˣ ˣ˩̊˴ˢ ˮ˹̓ˮ˳ˢ 11382 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 2,00 11.405,90 ˾ ˿˨ 0,00 0 

74 
˻˿ˤ˩́˷˩˺˩ ́˿ 
˽˩́˷ˢ ˹˿ - 
̇˩˹́ˢ˾ 

ˢ̂́˻˽̂́ ˩ тр - 
͔͔͙͙́ͣͪͤͫ͟ ͨͯͭ 

˹˻ˤˮ ˿ˢ˨ ˹˻ˤˮ ˿ˢ˨ 37195 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 400 245.736,00 2.222.430,00 ˾ ˿˨ 60,74 138 

75 
̊ˮ˸ˢ˹˻ˤˢ̉˴
ˢ ˽˩́˷ˢ - ́ ˿ 

ˮ  ˮ
ˢ̂́˻-˽̂́ ˣ x ˴˾˺˩̊˩ˤ̇ˮ 

˿́ˢ˾ˢ 
˽ˢ˭˻ˤˢ 

70603 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 400 106.869,00 1.246.394,40 ˾ ˿˨ 26,41 60 

76 

˽˩́˷ˢ ˮ˹̓ˮ˳ˢ 
-ˢ̂́˻˽̂́ 

ˣ˩˻˥˾ˢ˨-˹˻ˤˮ 
˿ˢ˨ 

ˢ̂́˻-˽̂́ ˹͍͙ͦ 
˿͊͒ ˣˣ 

ˮ˹̓ˮ˳ˢ ˮ˹̓ˮ˳ˢ 10630623 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 400 166.169,00 1.659.767,00 ˾ ˿˨ 41,07 93 

77 

˽˩́˷ˢ 
˸ˢ˾ˢ˨ˮ˴-
ˢ̂́˻˽̂́ 

ˣ˩˻˥˾ˢ˨-˹˻ˤˮ 
˿ˢ˨ 

ˢ̂́˻-˽̂́ ˹͍͙ͦ 
˿͊͒ ˣˣ 

˸ˢ˾ˢ˨ˮ˴ ˮ˹̓ˮ˳ˢ 10637602 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 400 151.417,00 1.569.595,60 ˾ ˿˨ 37,42 85 

78 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ - ˳ ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ ˭ˢ 
˽˩́˷̂ 

ˢ̂́˻˽̂́ ˩тр 
͔͙͒ͦͤͼ͊ 
ˣ͊ͭ͊ͤ͞ͼ͊-
˨͍ͦ͋͊ͤͦͼ͙ 

˿ˢˤ˿˴ˮ 
ˤ˩˹ˢ̇ 

ˣ˩˻˥˾ˢ˨-
˿ˢˤ˿˴ˮ 
ˤ˩˹ˢ̇ 

21676 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 400 295.642,00 2.837.926,80 ˾ ˿˨ 73,07 166 

79 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˥˾˻ˣ˷˩ 
˻˾˶˻ˤˢ̉ˢ н 

˾ˢ˴˻ˤˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-
˾ˢ˴˻ˤˮ̇ˢ 

249829 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 39.370,00 403.375,20 ˾ ˿˨ 9,73 22 

80 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˥˾˻ˣ˷˩ 
˻˾˶˻ˤˢ̉ˢ о 

˾ˢ˴˻ˤˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-
˾ˢ˴˻ˤˮ̇ˢ 

229794 
˴ ˿
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 66.458,00 590.964,50 ˾ ˿˨ 16,43 37 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

81 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ˸˩˾˹˻ 
˸˩˿́˻ п 

˥˾˻ˣ˷˩ 
˻˾˶˻ˤˢ̉ˢ п 

˾ˢ˴˻ˤˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-
˾ˢ˴˻ˤˮ̇ˢ 

52377;  
223793 

˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 24.482,00 284.924,00 ˾ ˿˨ 6,05 14 

82 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ˸˩˾˹˻ 
˸˩˿́˻ м 

˥˾˻ˣ˷˩ 
˻˾˶˻ˤˢ̉ˢ м 

˾ˢ˴˻ˤˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-
˾ˢ˴˻ˤˮ̇ˢ 

249828 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 41.141,00 392.606,40 ˾ ˿˨ 10,17 23 

83 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ˽ ˩́˷ˢ 
˨˻ˣˢ˹˻ˤ̇ˮ 

̂˥˾ˮ˹˻ˤˢ̉˴ˮ 
˽̂́ 

˭˩˸̂˹ 
ˣ˩˻˥˾ˢ˨-
˭˩˸̂˹ 

16909 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˿˥˿ 

˹͊ˤ˽ 250 295.642,00 2.837.926,80 ˾ ˿˨ 73,07 266 

84 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

̂˥˾ˮ˹˻ˤˢ̉˴ˮ 
˽̂́ 

˭˩˸̂˹ 
ˣ˩˻˥˾ˢ˨-
˭˩˸̂˹ 

144092 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˿˥˿ 

˹͊ˤ˽ 250 75.103,00 782.369,70 ˾ ˿˨ 18,56 67 

85 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ ˩тр 
͔͙͒ͦͤͼ͊ 
ˣ͊ͭ͊ͤ͞ͼ͊-
˨͍ͦ͋͊ͤͦͼ͙ 

˿ˢˤ˿˴ˮ 
ˤ˩˹ˢ̇ 

ˣ˩˻˥˾ˢ˨-
˿ˢˤ˿˴ˮ 
ˤ˩˹ˢ̇ 

24971 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 89.578,00 787.723,10 ˾ ˿˨ 22,14 50 

86 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ ˩тр 
͔͙͒ͦͤͼ͊ 
ˣ͊ͭ͊ͤ͞ͼ͊-
˨͍ͦ͋͊ͤͦͼ͙ 

˿ˢˤ˿˴ˮ 
ˤ˩˹ˢ̇ 

ˣ˩˻˥˾ˢ˨-
˿ˢˤ˿˴ˮ 
ˤ˩˹ˢ̇ 

144091 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 94.073,00 828.338,10 ˾ ˿˨ 23,25 53 

87 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ ˩тр 
͔͙͒ͦͤͼ͊ 
ˣ͊ͭ͊ͤ͞ͼ͊-
˨͍ͦ͋͊ͤͦͼ͙ 

˿ˢˤ˿˴ˮ 
ˤ˩˹ˢ̇ 

ˣ˩˻˥˾ˢ˨-
˿ˢˤ˿˴ˮ 
ˤ˩˹ˢ̇ 

144096 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 95.380,00 858.544,00 ˾ ˿˨ 23,57 54 

88 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ˳ ˢˤ˹˻ 
˻˿ˤ˩́˷˩˺˩ 

ˮˣˢ˾˿˴ˮ ˽̂́ 
м s

˾ˢ˴˻ˤˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-
˾ˢ˴˻ˤˮ̇ˢ 

71997 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 0,00 63.361,20 ˾ ˿˨ 0,00 0 

89 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ˳ ˢˤ˹˻ 
˻˿ˤ˩́˷˩˺˩ 

ˮˣˢ˾˿˴ˮ ˽̂́ 
м x

˾ˢ˴˻ˤˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-
˾ˢ˴˻ˤˮ̇ˢ 

72006 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 0,00 63.361,20 ˾ ˿˨ 0,00 0 

90 
̂˽˾ˢˤ˹ˢ 
˭˥˾ˢ˨ˢ - ˳ ˽ 
˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˴˾̂ˬ˹ˮ ˽̂́ 
˴ˮ˳˩ˤ˻ 

˾ˢ˴˻ˤˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-
˾ˢ˴˻ˤˮ̇ˢ 

4013 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 400 31.315,00 537.394,70 ˾ ˿˨ 7,74 18 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

91 
˳ˢˤ˹ˢ 
˾ˢ˿ˤ˩́ˢ-
˽˩́˷ˢ 

ˣ˩˶ˮ ˽˻́˻˴ 
˸ˢ˶ˮ 

˽˻ˬˢ˾˩ˤˢ̇ 
ˣ˩˻˥˾ˢ˨-
˿˻˽˻́ 

43415 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 250 175.012,00 1.615.702,60 ˾ ˿˨ 43,26 157 

92 
ˤ˾̉ˮ˹˿˴ˢ 
˽˩́˷ˢ 

ˣ̂˶˩ˤˢ˾ 
˾˩ˤ˻˶̂̇ˮ˳˩ н 

ˤ˾̉ˮ˹ 
ˣ˩˻˥˾ˢ˨-
˥˾˻̇˴ˢ 

22882 
˴˿ 
˹  ˹

2˭, ˭ 3, 
˻ Y˹X 2 

˹͊ˤ˽ 400 194.940,00 2.071.867,60 ˾ ˿˨ 48,18 110 

93 
˽˩́̂ˢ ˹ˢ 
ˢ̂́˻-˽̂́̂ 

˾ˢˤ˹ˮ ˥ˢ˳ ˣˣ 
˸ˢ˶ˮ 

˽˻ˬˢ˾˩ˤˢ̇ 
ˣ˩˻˥˾ˢ˨-
˿˻˽˻́ 

40362 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 284.246,00 2.843.757,70 ˾ ˿˨ 70,25 160 

94 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ 
ˣ͔͎ͦͪ͊͒-
˽͊ͤ;͔͍ͦ ͋͋ 

  3853 
˴˿ 
˹  ˹

2˭, ˭ 3, 
˻ Y˹X 2 

˹͊ˤ˽ 400 68.956,00 732.518,30 ˾ ˿˨ 17,04 39 

95 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ 
ˣ͔͎ͦͪ͊͒-
˽͊ͤ;͔͍ͦ ͋͋ 

  149467 
˴˿ 
˹  ˹

2˭, ˭ 3, 
˻ Y˹X 2 

˹͊ˤ˽ 400 163.206,00 5.314.855,60 ˾ ˿˨ 40,34 92 

96 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˢ̂́˻˽̂́ 
ˣ͔͎ͦͪ͊͒-

˻͙ͫͭͪͯ͗ͤͼ͊ ͋͋ 
̉̂˴ˢ˾ˮ̇ˢ 

ˣ˩˻˥˾ˢ˨-
̉̂˴ˢ˾ˮ̇ˢ 

19397 
˴˿ 
˹  ˹

2˭, ˭ 3, 
˻ Y˹X 2 

˹͊ˤ˽ 400 255.797,00 1.886.425,80 ˾ ˿˨ 63,22 144 

97 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˨˻ˣˢ˹˻ˤ̇ˮ 
˩тр 

˨˻ˣˢ˹˻ˤ̇ˮ 
ˣ˩˻˥˾ˢ˨-
˿̂˾̉ˮ˹ 

19131 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3, 
˿˥˿ 

˹͊ˤ˽ 400 299.737,00 3.147.169,70 ˾ ˿˨ 74,08 168 

98 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ - 
ˮ˿˽˻˨ 

˻˿́˾̂ˬ˹ˮ̉˴˻
˥ ˸˻˿́ˢ 

˹˻ˤˮ ˣ˩˻˥˾ˢ˨ 
ˣ x

˹˻ˤˮ 
ˣ˩˻˥˾ˢ˨ 

ˣ˩˻˥˾ˢ˨-
˹˻ˤˮ 
ˣ˩˻˥˾ˢ˨ 

10637715 
˴˿ 
˹  ˹

2˭, ˭ 3, 
˻ Y˹X 2 

˹͊ˤ˽ 400 20.670,00 312.897,80 ˾ ˿˨ 5,11 12 

99 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ˨˾ˮ˽-
˽˩́̂ˢ 

˨˻ˣˢ˹Φ˿˸˩˾ 
˴ s

ˬˮ́˹ˢ пм ˨˻ˣˢ˹˻ˤ̇ˮ 
ˣ˩˻˥˾ˢ˨-
˿̂˾̉ˮ˹ 

11007191 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3, 
˿˥˿ 

˹͊ˤ˽ 250 0,45 16.955,60 ˾ ˿˨ 0,00 0 

100 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ -˨˾ˮ˽ 
́с-˭˻˹ˢ 

˾ˢ˿˴˾Φ˽˶ˢˤˮ 

ˢ̂́˻˽̂́ ͊͘ 
˭͎͔͊ͪ͋ ннˢ 

˭˩˸̂˹ 
ˣ˩˻˥˾ˢ˨-
˭˩˸̂˹ 

11008691 
˴˿ 
˹  ˹

3˭, ˻ Y˹X 
2, ˻ Y˹X 
3 

˹͊ˤ˽ 400 1.389,00 11.857,40 ˾ ˿˨ 0,34 1 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

101 
˽˩́̂ˢ 

˨˻ˣˢ˹˻ˤ̇ˮ 
ˢ̂́˻˽̂́ ͊͘ 
˭͎͔͊ͪ͋ ͋͋ 

˭˩˸̂˹ 
ˣ˩˻˥˾ˢ˨-
˭˩˸̂˹ 

459243 
˴˿ 
˹  ˹

3˭, ˻ Y˹X 
2, ˻ Y˹X 
3 

˹͊ˤ˽ 400 185.672,00 1.989.794,00 ˾ ˿˨ 45,89 104 

102 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˭˾˩˺ˢ˹ˮ˹˿˴ˮ 
˽̂́ м 

˽ˢ˶ˮ˶̂˶ˢ 
ˣ˩˻˥˾ˢ˨-
˽ˢ˶ˮ˶̂˶ˢ 

182244 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 250 60.840,00 616.190,60 ˾ ˿˨ 15,04 55 

103 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˽ˢ˹̉˩ˤˢ̉˴ˮ 
˸˻˿́ 1 

˽ˢ˶ˮ˶̂˶ˢ 
ˣ˩˻˥˾ˢ˨-
˽ˢ˶ˮ˶̂˶ˢ 

277377 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 250 38.391,00 446.331,20 ˾ ˿˨ 9,49 35 

104 
˾ˢ˿˴˾˹ˮ̇ˢ 
˿˩˶ˮ̊́˩ 
̊ˢ˾ˣˢ˹˻ˤˢ̇ 

̊ˢ˾ˣˢ˹˻ˤˢ̇ 
ˣ x

̊ˢ˾ˣˢ˹˻ˤˢ
 ̇

ˣ˻˾ 128021 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 19.134,00 229.972,00 ˾ ˿˨ 4,73 17 

105 
˻˿ˤ˩́˷˩˺˩ 
˻˨˸˻˾ˮ̊́ˢ 
ˢ̂́˻ ˽̂́ˢ ˩ тр 

ˣ˻ˣ˻ˤˮ̊́˩ ˣˣ ˣ˻ˣ˻ˤˮ̊́˩ ˢ˶˩˴˿ˮ˹ˢ̇ 341136 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 15.720,00 142.333,10 ˾ ˿˨ 3,89 14 

106 
˽˩́˷ˢ ˴˻˨ 
ˣ˾˩˿́˻ˤ̇ˢ 

ˣ˾˩˿́˻ˤˢ̇ ˣˣ ˣ˾˩˿́˻ˤˢ̇ ˶˩˿˴˻ˤˢ̇ 42308 
˴˿ 
˹  ˹

˻ Y˹X 2 ͙ 
˻ Y˹X 3 

˹͊ˤ˽ 400 97.978,50 942.086,30 ˾ ˿˨ 24,22 55 

107 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ - s ˾̆ˮˤ 
˹˻ˤˢ˴˻ˤˢ 
ˤˮ˶ˢ 

˶ˢ˭˩ 
˶ˢ˭ˢ˾˩ˤˮ̔ˢ 

ˣ x
˽ˮ˾˻́ ˽ˮ˾˻́ 281717 

˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 150 0,00 3.757,20 ˾ ˿˨ 0,00 0 

108 

˳ˢˤ˹˻ 
˻˿ˤ˩́˶˩˺˩ 
˽˩́˷˩ 

˴˻˾ˮ˨˻˾ мл 

˻˾ˢ˻ˤˮ̇ˢ  
ό˴˻˨ 

˥˾˨˩˶ˮ̇˩ύ ˣˣ 

˻˾ˢ˻ˤˮ̇ˢ 
ό˴˻˨ 

˥˾˨˩˶ˮ̇˩ύ 
˶˩˿˴˻ˤˢ̇ 393949 

˴˿ 
˹  ˹

˻ Y˹X 2 ͙ 
˻ Y˹X 3 

˹͊ˤ˽ 400 90.597,00 3.255.124,30 ˾ ˿˨ 22,39 51 

109 

˻˿ˤ˩́̂Φ˽˩́˷˩ 
ˤ˶ˢ˿˻́ˮ˹̇˩ 
˹ˢ ˽̂́̂ ˩-75 

˽ ˩

˸ˢ˹˻˳˶˻ˤ̇˩ 
ˣ x

˸ˢ˹˻˳˶˻ˤ̇
 ˩

˶˩˿˴˻ˤˢ̇ 452556 
˴˿ 
˹  ˹

˻ Y˹X 2 ͙ 
˻ Y˹X 3 

˹͊ˤ˽ 400 65.588,00 641.700,70 ˾ ˿˨ 16,21 37 

110 

˻˿ˤ˩́˷˩˺˩ 
˽˩́̂ˢ ˹ˢ ˢ̂́˻ 

˽̂́̂ 
˽˩̉˩˺˩ˤˢ̇ 

˽˩̉˩˺˩ˤ̇˩ ˣˣ ˽˩̉˩˺˩ˤ̇˩ ˶˩˿˴˻ˤˢ̇ 452565 
˴˿ 
˹  ˹

˻ Y˹X 2 ͙ 
˻ Y˹X 3 

˹͊ˤ˽ 400 72.146,00 719.966,90 ˾ ˿˨ 17,83 41 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

111 
˹ˢ˽˶ˢ́˹ˢ 
˾ˢ˸˽ˢ ́˿ мрфл 

ˣˢ́˻̉ˮ˹ˢ ˣˢ́˻̉ˮ˹ˢ ˣˢ́˻̉ˮ˹ˢ 22397 
˴˿ 
˹  ˹

3˭ ˹͊ˤ˽ 400 278.720,00 2.850.732,60 ˾ ˿˨ 68,89 157 

112 
˳ˢˤ˹˻ 

˽˾˩˨̂˭˩̔˩ 
˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˾ˢ˷ˢ мΣ 
˽˩́˷ˢ 

˾ˢ˷ˢ ˿˻˽˻́ 2467 
˴ ˿
˹  ˹

˻ Y˹X 2 ͙ 
˻ Y˹X 3 

˹͊ˤ˽ 400 257.500,00 2.751.677,30 ˾ ˿˨ 63,64 145 

113 
˳ˢˤ˹˻ 

˽˾˩˨̂˭˩̔˩ 
˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˽˩́˷ˢ ˤ˻˨ˢ˺ ˤ˻˨ˢ˺ 42439 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 250 466.440,00 4.348.209,60 ˾ ˿˨ 115,28 419 

114 
˳ˢˤ˹˻ 

˽˾˩˨̂˭˩̔˩ 
˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˾ˢ˷ˢ нΣ 
˽˩́˷ˢ 

˾ˢ˷ˢ ˿˻˽˻́ 42513 
˴˿ 
˹  ˹

˻ Y˹X 2, 
3˭ 

˹͊ˤ˽ 400 250.750,00 2.401.134,80 ˾ ˿˨ 61,97 141 

115 

˹ˢ˽˶ˢ́˹ˢ 
˾ˢ˸˽ˢ 
˶ˢ˽˻ˤ˻ ́˿ 

1531 

ˤ˻˳ˤ˻˨˩ ˿́˩˽˩ 
р s

˶ˢ˽˻ˤ˻ 
όˤˢ˾˻̊ύ 

˶ˢ˽˻ˤ˻ 8838293 
˴˿ 
˹  ˹

˻ Y˹X 3 ˹͊ˤ˽ 400 134.790,00 1.439.029,40 ˾ ˿˨ 33,31 76 

116 
˳ˢˤ˹˻ 

˽˾˩˨̂˭˩̔˩ 
˽̂́˩ˤˮ ˿˾ˣˮ˳˩ 

˽˩́˷ˢ ˴˻˶ˢ˾ˮ ˴˻˶ˢ˾ˮ 12746 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 678.209,20 52.985,00 ˾ ˿˨ 167,62 610 

117 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˿́̂ˣ˶˩˹ˮ̇ˢ л ̂ x ̂ x 7799452 
˴˿ 
˹  ˹

2˭, 
˻˽ˢ˶˻ 

˹͊ˤ˽ 250 0,00 6.623,80 ˾ ˿˨ 0,00 0 

118 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 
ˣ˩˻˥˾ˢ˨ 

˿́̂ˣ˶˩˹ˮ̇ˢ л ̂ x ̂ x 85481 
˴˿ 
˹  ˹

2˭, 
˻˽ˢ˶˻ 

˹͊ˤ˽ 250 0,00 6.623,80 ˾ ˿˨ 0,00 0 

119 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ ό˽˩́˷ˢ 
˭ˢ ˢ̂́˻˽̂́ύ 

ˢ̂́˻˽̂́ л ˳ˢ˥˻˨ˮ˹ˢ ˳ˢ˥˻˨ˮ˹ˢ 10268 
˴˿ 
˹  ˹

3˭ ˹͊ˤ˽ 400 245.970,00 2.290.815,30 ˾ ˿˨ 60,79 138 

120 
ˢ̂́˻˽̂́ 
˽˩́˷ˢ 

˾ˢˬˢ˺ л ˾ˢˬˢ˺ ˾ˢˬˢ˺ 11298 
˴˿ 
˹  ˹

˻ Y˹X 3 ˹͊ˤ˽ 400 117.271,00 1.402.283,50 ˾ ˿˨ 28,98 66 

121 ˢ̂́˻˽̂́ ˽˩́̂ˢ ˽˻˳ˢ́˩ л ˽˻˳ˢ́˩ ̔ˮ̔˩ˤˢ̇ 11332 
˴˿ 
˹  ˹

2˭ ͙  ˭ 3 ˹͊ˤ˽ 400 284.440,00 2.702.578,00 ˾ ˿˨ 70,30 160 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

122 
˿˾ˣˮ˳ˢ ˽̂́ 
ˣ˾˻˳̇Φ ˴̂̔ˢ 

˳ˢ˿ˮ˴ˢ л ˳ˢ˿ˮ˴ˢ ˴˾̂̊˩ˤˢ̇ 100234 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˹˩˻˿ 2 

˹͊ˤ˽ 250 0,00 10.349,70 ˾ ˿˨ 0,00 0 

123 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˸ˢ˴˾˩̊ˢ˹˩ 
ˣ x

˸ˢ˴˾˩̊ˢ˹˩ ˴˾̂̊˩ˤˢ̇ 25186 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˹˩˻˿ 2 

˹͊ˤ˽ 250 14.635,00 125.772,40 ˾ ˿˨ 3,62 13 

124 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˴˻̊˩ˤˮ ˣˣ ˴˻̊˩ˤˮ ˴˾̂̊˩ˤˢ̇ 25161 
˴˿ 
˹  ˹

˻ Y˹X 2, 
˹˩˻˿ 2 

˹͊ˤ˽ 250 19.355,00 165.535,50 ˾ ˿˨ 4,78 17 

125 
˽˩́˷ˢ ˹ˢ 
ˢ̂́˻ ˽̂́̂ 

́˻˸˩ 
ˬˮˤˢ˹˻ˤˮ̔ˢ 

0 
˽ˢ˾ˢ̔ˮ˹ ˽ˢ˾ˢ̔ˮ˹ 18472 

˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 250 300.467,00 2.983.851,70 ˾ ˿˨ 74,26 270 

126 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˴˾ˢ́˻ˤ˿˴ˢ 
˿́˩˹ˢ ˣˣ 

˶̂̉ˢ˹ˮ ˶̂̉ˢ˹ˮ 3538 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 250 116.040,00 1.129.032,90 ˾ ˿˨ 28,68 104 

127 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˤ˾˹̉ˢ˹ˮ ˣˣ ˻ˤ̉ˢ˾ ˣˢ˺ˢ ̉ˢ̉ˢ˴ 10095 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 250 145.738,00 1.673.966,50 ˾ ˿˨ 36,02 131 

128 ́˿ ˽̂́ˢ˾ˢ ˭˶ˢ́ˮˣ˻˾ л ̂ˬˮ̇˩ ̂ˬˮ̇˩ 
8269402; 
8867448 

˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 39.320,00 494.634,80 ˾ ˿˨ 9,72 35 

129 
˨ˮ˾˩˴̇ˮ˳ˢ ˭ˢ 
˽̂́˩ˤ˩ 

˴˹˩˭ˢ 
˸ˮ˶˻̊ˢ мср 

̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 4593028 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 4.685,00 53.370,40 ˾ ˿˨ 1,16 4 

130 
˨ˮ˾˩˴̇ˮ˳ˢ ˭ˢ 
˽̂́˩ˤ˩ 

ˣ̂˶˩ˤˢ˾ 
˻˿˶˻ˣ˻̓˩˺ˢ 

0 
̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 9201928 

˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 1.926,00 30.872,00 ˾ ˿˨ 0,48 2 

131 
˨ˮ˾˩˴̇ˮ˳ˢ ˭ˢ 
˽̂́˩ˤ˩ 

ˤ˶Φ˹ˮ˴Φ 
ˤ˩˶ˮ˸ˮ˾˻ˤˮ̔

ˢ фр 
̉ˢ̉ˢ˴ ̉ˢ̉ˢ˴ 8936011 

˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 4.829,00 61.804,60 ˾ ˿˨ 1,19 4 

132 

˸ˮ˹ˮ˿́ˢ˾˿́ˤ
˻ ˭ˢ 

˿ˢ˻ˣ˾ˢ̔ˢ˳ ˮ 
ˤ˩˭˩ 

˽ˢ˾́ˮ˭ˢ˹˿˴˩ 
ˤ˻˨˩ ˣˣ 

̂ˬˮ̇˩ ̂ˬˮ̇˩ 24118 
˴˿ 
˹  ˹

2˭ ˹͊ˤ˽ 250 15.784,00 179.007,30 ˾ ˿˨ 3,90 14 

133 ˽̂́˩ˤˮ 
̂˸ˮ˹ˢ ˤ˻˨ˢ 

ˣ x
˽ˢ˶ˮ˿ˢ˨ ̉ˢ˳˩́ˮ˹ˢ 18697 

˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 250 131.600,00 1.392.358,00 ˾ ˿˨ 32,53 118 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

134 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

˸˩́˩˻˾˻˶˻̊˴
ˢ ˿́ˢ˹ˮ̇ˢ 

˹˻ˤˮ ˸˻˿́ тт- 
̊͊͋͊ͼ л 

̊ˢˣˢ̇ ̊ˢˣˢ̇ 319866 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 400 204,00 3.926,30 ˾ ˿˨ 0,05 0 

135 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ 

ˣˢ̈ˢ˴˻ˤˢ 
̔̂˽˾ˮ˳ˢ 

˴˾̔˩ˤˢ̇ ́˻˽˻˶ˢ 318310 
˴˿ 
˹  ˹

ˮ˽˿˻ LED 115 10.377,00 105.052,70 ˾ ˿˨ 2,56 22 

136 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ - ́ ˿ т 

˻ˣˮ˶ˢ˭˹ˮ̇ˢ 
ˣ x

˿̂˾̉ˮ˹ 
ˣ˩˻˥˾ˢ˨-
˿̂˾̉ˮ˹ 

10637717 
˾˿ 
˹  ˹

˻ Y˹X 2, 
˻ Y˹X 3 

˹͊ˤ˽ 250 98.420,00 1.548.015,80 ˾ ˿˨ 24,33 88 

̂˴̂˽˹˻ ˻˿ˤ˩́˷˩˺˩ ˿ˢ˻ˣ˾ˢ̓ˢ˳˹ˮ̇ˢΥ 14.754.378,15 150.876.510,18 ˾ ˿˨ 3.646,66 10.184 

˻˿ˤ˩́˷˩˺˩ ́̂˹˩˶ˢ 

137 
˻˿ˤ˩́˶˩˺˩ 
́̂˹˩˶ˢ ˹ˢ 
˥˾˭ˮ 

́˻˸˩ 
ˬˮˤˢ˹˻ˤˮ̔ˢ 

0 
˽ˢ˾ˢ̔ˮ˹ ˽ˢ˾ˢ̔ˮ˹ 

18409; 
18449 

˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 400 272.790,00 3.027.310,50 ˾ ˿˨ 67,42 157 

138 ́̂˹˩˶ ˿́˾˸˩˹ ˴˻́ ˣˣ ˸˩́˻ˤ˹ˮ̇ˢ ˣ˻˾ 1821163 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 250 299.460,00 2.746.617,20 ˾ ˿˨ 74,01 310 

139 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ́̂˹˩˶ 
˴˾ˬˮ˹̇˩ 

˴˾ˬˮ˹̇˩ ˣˣ ˴˾ˬˮ˹̇˩ 
ˤ˶ˢ˨ˮ̉ˮ˹ 
̆ˢ˹ 

2031 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 150 106.300,00 1.323.716,00 ˾ ˿˨ 26,27 213 

140 
˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ ́̂˹˩˶ 
˸ˢ˹ˢ˳˶˩ 

˿ˤ˩́˻˿ˢˤ˿˴ˢ м 
ˤ˶ˢ˨ˮ̉ˮ˹ 
̆ˢ˹ 

ˤ˶ˢ˨ˮ̉ˮ˹ 
̆ˢ˹ 

2030 
˴˿ 
˹  ˹

˻ Y˹X 2 ˹͊ˤ˽ 150 91.800,00 997.155,10 ˾ ˿˨ 22,69 216 

141 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ - ́ ̂˹˩˶ 
˿́ˢ˾ˢ 

˿́˾ˢˬ˩ˤˮ̇ˢ 

˴˾̂ˬ˹ˮ ˽̂́ - 
ˣ˥ ˾͔͙ͫͤ͟ 

˾˩˿˹ˮ˴ 
ˣ˩˻˥˾ˢ˨-
˾ˢ˴˻ˤˮ̇ˢ 

11471 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 250 219.533,00 1.926.827,50 ˾ ˿˨ 54,26 154 

142 
˳˽ ˽̂́˩ˤˮ 

˿˾ˣˮ˳˩ - ́ ̂˹˩˶ 
˿́˾ˢˬ˩ˤˮ̇ˢ 

˿́˾ˢˬ˩ˤˮ̉˴ˢ ˿́˾ˢˬ˩ˤˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-
˾ˢ˴˻ˤˮ̇ˢ 

23601 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 250 351.600,00 3.479.584,20 ˾ ˿˨ 86,90 247 
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.˾ 
ˣͪΦ 

˹͙͍͊͘ ͙̂͡ͼ͊ ͙ ͋ͪͦ͞ ˸͔ͫͭͦ ˻ͨ΄͙ͭͤ͊ 
ˣͪͦ͞ 
͙͋ͪͦ͊͞͡ 

˴͊ͭ. 
ͨͦͭ. 

͙́ͨ 
͍͔͙ͫͭ-
͔͢͟ 

͙́ͨ 
͙͍ͦ͘-
ͪ ͊

˿͎ͤ͊͊ 
͙͙ͫ͊͞͡-
ͼ ͔

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ 
͔ͦ͋ͭ͊͟͞ ͯ нлмсΦ 
͎ͦ͒Φ ( W͟ͻ) 

ˮͤͦͫ͘ ͎͙ͦ͒΄͔ͥ 
ͨͦͭͪͦ΄͔ͥ ͫ ͊ ˽˨ˤ-

ͦ  ͣ

˽ͪͦͼ͔-
͔ͥͤ͊ 
͎ͫͤ͊͊ 
( W͟) 

˽ͪͦͼ͔͔ͥ ͤ 
͋ͪͦ͞ 

͍͔͙͙ͫͭ͢͟ 

143 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ - ́ ̂˹˩˶ 
˶ˮ˽ˢ˴ - 
ˬ˩˶˩˭˹ˮ˴ 

˿́˩ˤˢ˹ˢ 
̅ˮ˶ˮ˽˻ˤˮ̔ˢ 

̉̂˴ˢ˾ˮ̇ˢ 
ˣ˩˻˥˾ˢ˨-
̉̂˴ˢ˾ˮ̇ˢ 

23636 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 150 208.200,00 2.438.703,60 ˾ ˿˨ 51,46 310 

144 

˳˽ ˽̂́˩ˤˮ 
˿˾ˣˮ˳˩ - ́ ̂˹˩˶ 
˶ˮ˽ˢ˴ - ̅ ˢ˭ˢ 

 ˮ

˿ˢˤ˿˴ˢ 
˻˿́˾̂ˬ˹ˮ̇

 s
ˣ˩˻˥˾ˢ˨-
̉̂˴ˢ˾ˮ̇ˢ 

23640 
˴˿ 
˹  ˹

˿˥˿ ˹͊ˤ˽ 400 594.000,00 5.496.812,60 ˾ ˿˨ 146,81 253 

̂˴̂˽˹˻ ˻˿ˤ˩́˷˩˺˩ ́̂˹˩˶ˢΥ 2.143.683,00 21.436.726,70 ˾ ˿˨ 529,83 1.860 

̂˴̂˽˹˻ ˻˿ˤ˩́˷˩˺˩ ˿ˢ˻ˣ˾ˢ̔ˢ˳˹ˮ̇ˢ ˮ ́̂˹˩˶ˢΥ 16.898.061,15 172.313.236,88 ˾ ˿˨ 4.176,49 12.044 

˾ˢ˭ˤ˾˿́ˢ˹˻ ˽˻ ˿˹ˢ˥ˢ˸ˢ ˿ˮ˳ˢ˶ˮ̇ˢΥ 

ˣ˾˻˳ ˻ˣ˳˩˴ˢ́ˢ ˻˿ˤ˩́˷˩˹ˮ̆ ˿ˢ LED ˿ ˤ˩́ˮ˷˴˻˸ ˿˹ˢ˥˩ ммр ²Υ 1 10.377,00 105.052,70 ˾ ˿˨ 2,56 22 

ˣ˾˻˳ ˻ˣ˳˩˴ˢ́ˢ ˻˿ˤ˩́˷˩˹ˮ̆ ˿ˢ ˹͊ˤ˽ ˿ ˤ˩́ˮ˷˴˻˸ ˿˹ˢ˥˩ мрл ²Υ 8 519.714,00 5.840.190,40 ˾ ˿˨ 128,45 909 

ˣ˾˻˳ ˻ˣ˳˩˴ˢ́ˢ ˻˿ˤ˩́˷˩˹ˮ̆ ˿ˢ ˹͊ˤ˽ ˿ ˤ˩́ˮ˷˴˻˸ ˿˹ˢ˥˩ нрл ²Υ 73 6.132.040,65 56.721.049,14 ˾ ˿˨ 1.515,58 5.440 

ˣ˾˻˳ ˻ˣ˳˩˴ˢ́ˢ ˻˿ˤ˩́˷˩˹ˮ̆ ˿ˢ ˹͊ˤ˽ ˿ ˤ˩́ˮ˷˴˻˸ ˿˹ˢ˥˩ плл ²Υ 62 10.235.929,50 109.646.944,64 ˾ ˿˨ 2.529,89 5.673 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

5. ˮ͋ͦͪ͘ LED ͍͔͙͙ͫͭ͢͟ ͤ͊ ͙͔ͨͪͣͪͯ ͎͔͎ͦ͒ͤͦ͡ ͔ͨͪͦͭ͊͟͞ ͙ ͨͪͦͪ͊;ͯͤ͊ 

͔͎͒ͤͦ͞ ͙͙ͭͨ;͎ͤͦ ͔ͦ͋ͭ͊͟͞ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞ά ͙ͦ͟͞ ͫͯ ͔͔ͨͪ͒ͣͭ 

͙͔ͫͭͯ͒͞ 
 

˨͊ ͙͋ ͔ͫ ͍͙͔͊ͭͭͤͦ͟͡ ͙͍ͪ͘΄͙͊͡ ˿-ˤˢ ͙͊ͤ͊͊͘͡Σ ͔͒͊ͤ͞ ͦ͒ ͍͙ͦͫͤͦͤͻ ͔͔͔ͣͤ͊ͭ͊͡ ͫͯ ͙͋ͦͪ͘ ͙ 

͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ LED ͍͔͙͙ͫͭ͢͟ ͫ͊ ͙ͦͣ͊͟͞ ΐ͔ ͔ͫ ͔͙ͣͥ͊ͭ ͔ͨͦͫͭͦ͞ΐ͔ ͍͔͙͔ͫͭ͢͟Φ ˻͍͊͞ ͊͒͊ͭ͊͘͟ 

͙͔ͤ͞ ͙ͤͣ͊ͦ͡ ͊͟͡Σ ͔ͪ͞ ͔ͫ ͙͋ͦͪ͘ ͍͔͙͙ͫͭ͢͟ ͍ͪ΄͙ ͤ͊ ͍ͦͫͤͦͯ ͔ͪͯͭ͊ͭ͊͘͡ ͨͪͦͪ͊;ͯͤ͊ ͊͘ ͍͙ͫ͊͟ 

͔ͦ͋͊ͭ͟͞ ͨͦͤ͊ͦͫͦ͋Φ ˮͨ͊͟Σ ͊ͦ͟͟ ͔͞ ͔ͨͦͭͪ͋ͤͦ ͙͍ͪ͘΄͙͙ͭ ͍͙͊ͤͭ͟ͺ͙͊͟ͼ͙ͯ͞ ͔ͺ͔͊ͭ͊͟ ͔͔͊ͣͤ͘Σ 

͙ͨͪͫͭͯͨ ͊ͯͭͦͪ͊ ͙͔ͫͭͯ͒͞ ͔͞ ͒͊ ͔ͫ ͤ͊ ͔͒ͤͦͣ͞ ͙͙ͭͨ;ͤͦͣ ͔ͦ͋ͭͯ͟͞Σ ͙ͦ͟͞ ͨͦ ͍͙ͫͦͣ͞ 

͔͙͙͊ͪ͊ͭͪͫͭ͊ͣ͊͟͟͟ ͔͍ͨͪ͒ͫͭ͊͊͢ ͍͔ΐ͙ͤͯ ͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͔ͫ ͪ͊ͣ͊ͭͪ͊ͯ͘͞Σ ͔͔ͦ͒ͪ͒ 

͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͔͙͊ͣͤͫ͘͟ͻ ͍͔͙͙ͫͭ͢͟Σ ͙ ͒͊ ͔ͫ ͎͊ͤ͊ͦͤͦ͡ ͭͦ͞ ͙͊ͫ͟͡ͺ͙͊͟ͼ͙͙͞Σ ͙͒͊͢ 

ͨͪͦͪ͊;͙ͯͤ ͊ͫͤͯͯ͘͞ ͤ͊ ͭͦ͞ ͔͙ͭ͊͋͡ ͔͔͊ͣͤ͘Φ ˿͎ͭͦ͊ ΐ͔ ͔ͫ ͯ ͍͙ͦͪͯ͟ ͍͎ͦͦ ͎͍ͨͦ͊͊͢͡ ͙͙ͨͪ͊͊ͭ͘͟ 

͔͙ͪͯͭ͊ͭ͘͡ ͔͎͒ͤͦ͞ ͍͎ͭ͊ͦ͟ ͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͎ͦ͟ ͨͪͦͪ͊;ͯͤ͊Σ ͊ ͨͦͭͦͣ ͙͙ͨͪ͊͊ͭ͘͟ ͔͔ͤ͟ ͦ͒ LED 

͍͔͙͙ͫͭ͢͟Σ ͔ͦ͟͞ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ ͍͔͔͔ͤ͊͒ͤ ͔͔ͪͯͭ͊ͭ͘͡Φ ˹͊ ͪ͊ͯ͟͞ ͊͘ ͔͔ͨͦͭͪ͋ ˿-ˤˢ ͙͔͊ͤ͊͘͡Σ 

͙͍ͪ͘΄͙ΐ͔ ͔ͫ ͙͋ͦͪ͘ ͍͔͒ ͔ͪͺ͔͔͔ͪͤͭͤ ͙͙͔ͤ͡͞ ͍͔͙͙ͫͭ͢͟Σ ͙ ͔ͨͪͣ͊ ͍ͫ͊ͦ͟͞ ΐ͔ ͔ͫ ͯ ͎͍ͨͦ͊ͯ͢͡ 

͎͔͒ ΐ͔ ͙͙͋ͭ ͙͍ͪ͘΄͔ͤ͊ -˿ˤˢ ͊ͤ ͙͊͊͘͡Σ ͍͙͙ͨͦͫͭ͊ͭ ͨͦ ͔͒͊ͤ͞ ͫͼ͔͙ͤ͊ͪͦΦ  

5.1 ˽͙͔ͪͣͪ ͎͔͎ͦ͒ͤͦ͡ ͔ͨͪͦͭ͊͟͞ ͙ ͨͪͦͪ͊;ͯͤ͊ ͔͎͒ͤͦ͞ ͙͙ͭͨ;͎ͤͦ ͔ͦ͋ͭ͊͟͞ ˳˽ α˽͔͍͙ͯͭ 

˿͙͔ͪ͋͞ά 

˴͊ͦ ΄ͭͦ ͔͞ ͍͔ΐ ͔ͨͪͭͻͦ͒ͤͦ ͎ͤ͊͊͡΄͔ͤͦΣ ͨͦͫͭͯͨ͊͟ ͔͍ͨͪͦͭͦ͊ͥ͊͟͞ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ 

͔ͫ ͙ͫ͊ͫͭͦ͞ ͦ͒ ͔ͦ͒ͪΏ͔͎ͤͦ ͋ͪͦ͊͞ ͔ͭ͊ͨ͊Σ ͔ͦ͟͞ ͔ͫ ͨͦ ͍͙ͨͪ͊ͯ͡ ͍͙ͦ͒͊ͯ͞͞ ͨͦ ͔ͤͦͣ͟ ͍ͯͭͪΏ͔ͤͦͣ 

͔͔ͪ͒ͦͫ͒ͯ͡Φ 

˽˻ ˨˶˻˥˩, ˽ ˻˨ˢ̇ˮ ˮ ˭ˢ̆́˩ˤˮ 

˭͊ ͎͔͙ͦ͒ͤ͡ ͙͔ͨͪͣͪ ͙͊͋ͪ͊ͤ͊͘ ͔͞ ͔͙͒ͦͤͼ͊ ͊ͯͭͦ-ͨͯͭ͊ ͔ͦͤ͊͘͟ ˢм ό˩тр ς ͔͙͒ͦͤͼ͊ ˣ͔͎ͦͪ͊͒ ς 

˹͙΄ύ ͟ ͦ͒ ˣͯ͋͊ͥ ˽ͦͭͦ͊͟Φ ˾͊ͣ͊ͭͪ͊ͤ͊͘ ͔͙͒ͦͤͼ͊ ͊ͯͭͦ-ͨͯͭ͊ ͔͞ ͍ͪ͊ͤ͊ ͙ ͔͋͘ ͙͍͙ͪͤ͊͟Φ  

1. ˻͙ͫͭ͊͡ ͨͦ͒͊ͼ͙ ͦ͒ ͤ͊͘;͊͊͞ ͊͘ ͔͍͔ͨͪͦͭͦ͊ͥ͟͞ ͫͯΥ 

¶ ͙͒ͯ͗ͤ͊ ͔ͪ͊ͣ͊ͭͪ͊ͤ͘ ͔͙͒ͦͤͼ͔Υ мΦотр mΣ ͦ͒ͤͦͫͤͦ мΣп km; 

¶ ͔͙͙͊ͪ͊ͭͪͫͭ͟͟;͙ͤ ͨͪͦͺ͙͡ ͨͯͭ͊: ͨͯͭ ͫ͊ ͙ͭͪ ͔ͭͪ͊͟ ͯ ͍ͫ͊ͦͣ͟ ͍ͨͪ͊ͼͯ ͫ͊ ͔͙ͫͪ͒ͥͣ 

͔͍͙ͤͦͤͣ͘ ͨͦ͊ͫͦͣ͞ ό͙ͫ͊͟͡ рΦмΦύ; 

¶ ͍ͨͦͪ΄͙͙ͤͫ͟ ͫͦ͡͞ ͍ͦͦͦ͊͘͟͡ ͨ ͙ͪͨ͊͒͊ ͔ͪͺ͔͙ͫͦͤͦ͟͡͞ ͙͊ͫ͟͡ R3, 

¶ ͤ͊͘;͊͞ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔Υ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ I  s͔ͪ͒͊ ͦ͒ ͔ͣΏ͎ͯͤ͊ͪͦ͒ͤͦ ͤ͊͘;͊͊͞Σ ͫ͊ 

͙ͫͯ͟͢;͙͍ͦ ͙͒ͪͯͣͫͣ͟ ͫ͊ͦ͋ͪ͊ΐ͔͊ͣ͞Σ ͙ ͎͙ͦͪ͊ͤ;͔͔ͥͣ ͙͔͋ͪͤ͘ мнл km/h; 
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˿͙͊͟͡ 5.1. ˽ ͪͦͺ͙͡ ͨͯͭ͊ ͫ͊ ͔͙͙͊ͪ͊ͭͪͫͭ͟͟;͙ͤͣ ͙͔͙͒ͣͤ͊ͣ͊͘͞ 



 

˿ ͭ ͪ͊ͤ͊ | 114 
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2. ˿͍͔͔ͭͦͭ͡ͻ͙ͤ;ͯ͟ ͊ͫ͊͟͡ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͔͞ ˸м, ͨ͊ ͫͯ ͊͘ͻ͔͍͙ͭ ͊͘ ͔͍͔ͨͪͦͭͦ͊ͥ͟͞ 

͔͔ͫ͒͡ΐ͙Υ 

͔́͊͋͊͡ рΦмΦ ˸͙͙͙ͤͣ͊ͤ͡ ͯ͊ͻ͔͍͙ͭ ͊͘ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ ͔͊ͫ͟͡ ˸м 

˹͙͍͙ͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡ ͯ ͍͙ͯͫͦͣ͊͡ ͍͙ͫͯͻ 
͙ ͍͙͊͗ͤ͡ͻ ͍͙ͦͦͦͤ͘͟͡ͻ ͍ͨͦͪ΄͙ͤ͊ 

ˤ͔ͪ͒ͤͦͫͭ 
͔͙͍͎ͪ͊ͭͤͦ͡ 
ͨͦͪ͊ͫͭ͊ ͎ͨͪ͊͊ 

˴͔ͦͺ͙ͼ͙͔ͤͭ͞ 
͔ͦͪͯ͗ͥ͊͟ 

˿͍͔ͯ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ ˤ͔͊͗ͤ͡ 
ͦ͟͡Φ ͍ͨͦͪΦ 

˿͍͔ͯ ͦ͟͡Φ 
͍ͨͦͪΦ 

˿͍͔ͯ ͦ͟͡Φ ͍ͨͦͪΦ 

╛▼► 

(min) 

(cd/□ ) 

Ὗ  

(min) 

Ὗ 

(min) 

Ὗ  

(min) 

TI 

(m x͊) 

% 

SR 

(min) 

2,00 0,40 0,70 0,15 10 0,35 

3. ˽͔ͦͫͭͦ͞ΐ͙ ͭ ͙ͨ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͙ ͍͔͙ͫͭ͊͢͟Υ 

¶ Z3, ͙͍͔ͨͪͦͦ͒ͥ͘ αMinel ς Schrederά, ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ 
͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Σ ͎͔ͫͤ͊ ͙͙ͫ͊͞͡ͼ͔ плл W. 

4. ˾͔͊ͫͨͦͪ͒ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙͙ͫͭ͢͟Υ 

¶ ͔͙̇ͤͭͪ͊ͤ͡ ͔ͪ͊ͫͨͦͪ͒Σ ͦ͒ͤͦͫͤͦΣ ͔͙͒ͤͦͫͭͪ͊ͤ͞ ͔ͪ͊ͫͨͦͪ͒ ͍͙͒ͦͪ͊͟͟ͻ ͍ͫͭͯ͋ͦ͊Σ ͫ͊ 
͍͔͙ͫͭ͊ͣ͊͢͟ ͤ͊ ͍͙ͫͭͯ͋ͦͣ͊ ͙ͦ͟͞ ͔ͫ ͔ͤ͊͊͘͡ ͯ ͙ͦͫ ͔͍͎ͤͦͤͦ͘ ͨͦ͊ͫ͊͞ ͙ ͔ͪ͊ͫͭͦ͊ͥͣ͞ 
͙͔ͣ͘Ώͯ ͍ͫͭͯ͋ͦ͊ ͦ͒ нр m. 

5. ˽͊ ͔͙ͪ͊ͣͭͪ ͎͔͔͙͔ͦͣͭͪ͞ ͔ͯͪΏ͊͊͞ ͍͔͔ͦͫͭͥ͊͢Υ 

¶ ͍͙͙ͫͤ͊ ͔ͣͦͤͭ͊͗ ͍͔͙͔ͫͭ͢͟ ό͙ͫ͊͟͡ рΦнΦ ͙ͨͦ͘ͼ͙͊͞ (1)): 13,5 m 

¶ ͔͍͔ͨͪͫ ͍͔͙͔ͫͭ͢͟ ό͙ͫ͊͟͡ рΦнΦ ͙ͨͦ͘ͼ͙͊͞ (4)): 1,5 m 

¶ ͔ͪ͊ͫͭͦ͊ͥ͞ ͔ͤͦͪͣ͊ͤ͡ ͔ͨͪͦ͟͞ͼ͙͔͞ ͫ ͍͔͙͔ͭ͢͟ ͒ͦ  
͙͔͋͗͡ ͙͍͙ͼ͔ ͍ͦͦͦ͊͘͟͡ ό͙ͫ͊͟͡ рΦнΦ (2)): 0,5 m 

¶ ͎͙ͤ͊͋ ͍͔͙͔ͫͭ͢͟ ό͙ͫ͊͟͡ рΦнΦ (3)): 10° 

 

˿͙͊͟͡ рΦн. ˽ ͔͙͊ͪ͊ͣͭͪ ͎͔͔͙͔ͦͣͭͪ͞ ͔ͯͪΏ͊͊͞ ͍͔͔ͦͫͭͥ͊͢ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

̅˻ ́˻˸˩́˾ˮ˳˿˴ˮ ˽˾˻˾ˢ̉̂ ˹

˭͊ ͔ͨͪͭͻ͙ͦ͒ͤ ͙͔ͨͪͣͪ ͙͍ͪ͘΄͔ͤ ͔͞ ͺ͔͙͙ͦͭͦͣͭͫ͟͞ ͨͪͦͪ͊;ͯͤ ͙͔ͨͪͣͤͦͣ ͫͦͺ͍͔͎ͭͪͫͦ͟ ͔ͨ͊ͭ͊͟ 

αDIALuxάΣ ͙ͦ͟͞ ͫͨ͊͒͊ ͯ ͍͔ͦ͒ΐ͔ ͫͦͺ͍͔͔ͭͪ ͤ͊ ͍͔ͫͭͯΣ ͔ͤͣ͊;͔͟ ͺ͙͔ͪͣ αDialάΦ ˻͍͊͞ ͫͦͺ͍͔ͭͪ ͔͞ 

͔͍͔͔ͨͪ͒ͤ ͤ͊ нр ͔͙͊͘͟͞Σ ͙ ͙ͫͯ͗͡ ͊͘ ͔͍͔ͨͪͦͭͦ͊ͥ͟͞Σ ͨͪͦͪ͊;͔ͯͤ ͙ ͍͙͔ͯͤͦ͘͡ ͔͍͔ͨͪ͒ͫͭ͊͊ͥ͢ 

͍͔͔ͦͫͭͥ͊͢ ͦ͒ ͔͙ͨͦ͒ͤ͊͞;͙ͤͻ ͙ͨͪͦͫͭͦͪ͊͞ όͫͦ͋͊ύΣ ͨ͊ ͒ͦ ͔͙ͫͦ͗ͤ͡ͻ ͫͼ͔ͤ͊ ͎ͪ͊͒͊͘Σ ͔͍ͨͯͭ͊Σ 

͔ͭͯͤ͊͡Φ ˻͍͊͞ ͫͦͺ͍͔ͭͪ ͔͔ͨͦͫ͒ͯ͞ ͙ ͔͔͙ͭͪͦͤͫ͟͟͡ ͎͊ͭ͊ͦ͟͡ ͍͔͙͙ͫͭ͢͟ ͍͙ͫͻ ͍͔ͦ͒ΐ͙ͻ 

͙͍ͨͪͦͦ͘Ώ͊;͊ ͯ ͍͔ͫͭͯΣ ͙ ͙ͣ͊ ͙͔ͤͭͪͺ͔ͫ͞ ͔ͨͪͣ͊ ͍͙ͫͣ CAD ͨ ͎͙ͪͦͪ͊ͣͣ͊Φ 

 

˿͙͊͟͡ рΦо. ˮ ͎͔͒͘͡ ͙͙ͭͨ;͎ͤͦ ͔ͪ͊ͤ͊͟ ͫͦͺ͍͔ͭͪ͊ αDIALuxά ͨ ͙ͪ ͺ͔͙ͦͭͦͣͭͪͫͦͣ͟͞ 

ͨͪͦͪ͊;ͯͤͯ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͔ 

 

͔͙͙̅ͦͭͦͣͭͪͫ͟͞ ͨͪͦͪ͊;ͯͤ ͔͞ ͙͍ͪ͘΄͔ͤ ͊͘ ͙ͪ͊͘͡;͙͔ͭ ͍͔ͪͫͭ ͍͔͙͙ͫͭ͢͟Φ ˹͊ ͎͔ͦ͒ͤͦͣ͡ 

͙͔ͨͪͣͪͯΣ ͔ͨͦ͊ͯ͘͟͞ ͔ͫ ͒͊ ͔ͫ ͊͘ ͔ͨͦͫͭͦ͞ΐ͔ ͍͔ͯͫͦ͡ ό͔ͪ͊ͫͭͦ͊ͥ͞ ͙ ͔ͪ͊ͫͨͦͪ͒ ͍ͫͭͯ͋ͦ͊Σ ͊ͦ͟ ͙ 

͙ͦͫͭ͊͡ ͔͙ͨ͊ͪ͊ͣͭͪύΣ ͊͘ͻ͔͍͙ͭ͊ͤ ͍͙ͯͫͦ͡ ͎ͣͦͯ ͙͙͒ͦ͋ͭ ͙͔ͨͪͣͤͦͣ ͍͔͙͔ͫͭ͢͟Σ ͔͔ͫ͒͡ΐ͙ͻ 

͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟Υ 

 

¶ ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͙ ͍ͦͪ͊͘Υ  20.000 lm 

¶ ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͍͔͙͔ͫͭ͢͟Υ  17.743 lm 

¶ ˿͎ͤ͊͊ ͙͍ͦͪ͊͘Υ  126 W 

 

˹͍͔͔͔͊͒ͤ ͍͔ͯͫͦ͡ ͍͍͍͊͒ͦͦ͊͊͊ͯ͘͢͞ ͍͔͙͔ͫͭ͢͟ ͙͘ ͍͙΄͔ ͙ͪ͊͘͡;͙͙ͭͻ ͙͙ͤ͊͡͞Σ ͙ͪ͊ͤ͘ͻ 

͙͍ͨͪͦͦ͘Ώ͊;͊Σ ͊ ͊͘ ͔͔ͨͦͭͪ͋ ͙ͯͫͭͪ͊͡ͼ͙͔͞ ͔ͪͯͭ͊ͭ͊͘͡ ͺ͔͙͎ͦͭͦͣͭͪͫͦ͟͞ ͨͪͦͪ͊;ͯͤ͊ ͤ͊ 

͎͔ͦ͒ͤͦͣ͡ ͙͔ͨͪͣͪͯΣ ͙͋ΐ͔ ͙͒͊ͭ ͔͙ͪͯͭ͊ͭ͘͡ ͙ͦ͟͞ ͔ͫ ͙͒ͦ͋͊ͯ͞͞ ͫ͊ ͙͋ͦͪͦͣ͘ ͫ ͍͔͙ͭ͊͢͟ ͙͘ ͙͙͔ͤ͡͞ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

αDigiStreetάΣ ͙͍͔ͨͪͦͦ͒ͥ͘ αPhilipsάΣ ͔͔ͫ͒͡ΐ͔ ͔ͦͤ͊͘͟: αPhilips Lighting BGP762 T25 1 

xLED200-4S/740 DN10 1xLED200-4Sκтплά, ͫ ͔͔͒͡ΐ͙ͻ ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟Υ 

 

¶ ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͙ ͍ͦͪ͊͘Υ  20.000 lm 

¶ ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͍͔͙͔ͫͭ͢͟Υ  17.743 lm 

¶ ˴͔ͦͺ͙ͼ͙͔ͤͭ͞ ͍͔͔ͫͭͦͫͤ͡ ͙͙ͦͪͫͤͦͫͭ͟Υ  88,72% 

¶ ˿͎ͤ͊͊ ͙͍ͦͪ͊͘Υ  126 W 

¶ ˿͍͔ͭͦͫͤ͊͡ ͔ͺ͙͊ͫͤͦͫͭ͟Υ  140,8 lm/W 

˨͙͔͙ͦ͋ͤ͞ ͫͯ ͙͔͙͒ͤͭ;͙ͤ ͔͙ͪͯͭ͊ͭ͘͡ ͊͘ ͦ͋͊ ͍ͨͪ͊ͼ͊ ͊ͯͭͦͨͯͭ͊ м ͙ н ό͔ͨͪͣ͊ ͙ͫ͡ͼ͙ рΦмύΣ ͙ͨͪ 

ͺ͊ͭͦͪͯ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͦ͒ лΣурΣ ͙ͦ͟͞ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ ͙͔ͨͪͦͨͫ͊ͤ ͊͘ͻ͔͍͔ͭΣ ͊ͦ͟ ΄ͭͦ ͔͞ ͙ͨͪ͊͊ͤͦ͘͟ 

͔ͭ͊͋ͦͣ͡ рΦнΦ 

͔́͊͋͊͡ рΦн. ˾ ͔͙ͯͭ͊ͭ͘͡ ͊͘ ͍ͨͪ͊͊ͼ ͊ͯͭͦͨͯͭ͊ м ͙  н 

˴͊ͫ͊͡ ˸м 
˹͙͍͙ͦ ͙ͫ͊ͤͦͫͭ͞͞ ͍ͦͦͦ͊͘͟͡ ͯ ͍͙ͯͫͦͣ͊͡ 
͍͙ͫͯͻ ͙ ͍͙͊͗ͤ͡ͻ ͍͙ͦͦͦͤ͘͟͡ͻ ͍ͨͦͪ΄͙ͤ͊ 

ˤ͔ͪ͒ͤͦͫͭ 
͔͙͍͎ͪ͊ͭͤͦ͡ 
ͨͦͪ͊ͫͭ͊ 
͎ͨͪ͊͊ 

˴͔ͦͺ͙ͼ͙͔ͤͭ͞ 
͔ͦͪͯ͗ͥ͊͟ 

 ˿͍͔ͯ ͍͔ͦͦͦͤ͘͟͡ ͍ͨͦͪ΄͙͔ͤ ˤ͔͊͗ͤ͡ 
ͦ͟͡Φ 
͍ͨͦͪΦ 

˿͍͔ͯ ͦ͟͡Φ 
͍ͨͦͪΦ 

˿͍͔ͯ ͦ͟͡Φ 
͍ͨͦͪΦ 

 ὒ  

(min) 

(cd/ά ) 

Ὗ  

(min) 

Ὗ 

(min) 

Ὗ  

(min) 

TI 

(max) 

% 

SR 

(min) 

͊͘ͻ͔͍ͭ͊ͤͦ 2,00 0,40 0,70 0,15 10 0,35 

͙͔͒ͦ͋ͤͦ͞ 2,20 0,49 0,95 0,15 10 0,75 

͍͍͊͒ͦͦ͊͊͘͢ ˨  s ˨  s ˨  s ˨  s ˨  s ˨  s

˽͙͔ͪͣͪ ͔͎ͦͣͨͭͤͦ͟͡ ͺ͔͙͎ͦͭͦͣͭͪͫͦ͟͞ ͨͪͦͪ͊;ͯͤ͊Σ ͤ͊ ͔͒ͺ͙͙ͤͫ͊ͤͦͣ ͔͒ͯ͡ ͍ͦͦͦ͊͘͟͡ ͯ ;͙͙ͣ͞ 

͔ͫ  ͙͙͊͋ͪ͊ͤͣ͘ ͭ͊;͊ͣ͊͟ ͙ͪ͊͘;͍ͯͤ͊͊͊͡ ͫ͊ͤͦͫͭ͞͞ ͙ ͔ͦ͒ͪΏ͙͍͙͊͡ ͍͙ͫ ͙ͨͦ͋ͪͦ͊ͤ͞ 

͍͔͔ͫͭͦͭ͡ͻ͙ͤ;͙͟ ͔͙ͨ͊ͪ͊ͣͭͪΣ ͊͘ ͎͔ͦͪ ͍͔͔ͤ͊͒ͤͯ ͍͔͙ͫͭͯ͢͟Σ ͞ ͔ ͒͊ͭ ͯ ͙͎ͨͪͦͯ͡ м ͦ ͍͔ ͙͔ͫͭͯ͒͞. 

˽ͪͦͪ͊;ͯͤ ͔͞ ͪ͊Ώ͔ͤ ͊͘Υ 

˽͔ͦ͢ ͨͦͫͣ͊ͭͪ͊ͥ͊ ͟ ͔ͦ͞ ͔͞ ͔͒ͺ͙͙ͤͫ͊ͤͦ ͊ͦ͟ ͔͒ͦ ͍ͦͦͦ͊͘͟͡ ͙͔͒ͯ͗ͤ млл m ͟ ͙ͦ͞ ͔͙͗͡ ͙͔ͫͨͪ͒ 

ͨͦͫͣ͊ͭͪ͊;͊Σ ͊ ͨͦ;͙͔ͥ ͤ͊ сл m ͦ ͒ ͔͎ͥ͊Φ ˢͦ͟ ͔ͫ ͔ͯͣ͘ ͍͙͙ͫͤ͊ ͦ;͙ͯ͞ ͨͦͫͣ͊ͭͪ͊;͊ ό͍ͦ͊͘;͊ύ ͦ͒ 

1.5 ͣ Σ ͦͤ ͍ͦ͊͞ ͔͒ͦ ͍ͦͦͦ͊͘͟͡ ͍͙͙͒ ͨͦ͒ ͎͍͙ͯͦͣ͊͡ ͙ͦ͟͞ ͫͯ ͙͔ͣ͘Ώͯ мΦрϲ ͙ лΦрϲΤ 

́͊;͔͟ ͍͔͍ͪ͒ͤͦ͊ͥ͊ ͔ͦ͟͞ ͫͯ ͯ ͫ͊͒ͯ͟͡ ͫ͊ ͙ͫͭ͊ͤ͒͊ͪ͒͊͘ͼ͙ͦͣ͞ ͙͔͊͋ͪ͊ͤ͘ ͔ͨͪͣ͊ ͙͔͙ͪͭͪͯͣͯ͟͞Υ 

α͊ ͦ͟ ͔͞ ͔ͪ͊ͫͭͦ͊ͥ͞ ͙͔ͣ͘Ώͯ ͔͙ͫͯͫ͒ͤͻ ͍͔͙͙ͫͭ͢͟   ˨Җ 50 mΣ ͋ͪͦ͞ ͭ͊;͊͊͟ ͍͔͍ͪ͒ͤͦ͊ͥ͊ ͯ 

ͯ͒ͯ͗ͤͦͣ͘ ͔ͫͣͪͯ ͙͙ͤͦͫ͘ ὲ = 10ά; 

˽ͦͦ͗͊͡͞ ͨͦͫͣ͊ͭͪ͊ͥ͊ ͙ͦ͟͞ ͔͞ ͔͒ͺ͙͙ͤͫ͊ͤ ͊ͦ͟ ͭ͊;͊͟ ͦ͊͟͞ ͔͞ ͯ ͯ͒ͯ͗ͤͦͣ͘ ͔ͫͣͪͯ ͔ͯ͒͊ͤ͊͢ сл 

m ͦ ͒ ͨͦ;͔ͭ͊͟ ͨͦ͊͢ ͍͔͍ͪ͒ͤͦ͊ͥ͊Σ ͦ͊͟͞ ͔͞ ͤ͊ мΦр m ͙ ͤ͊͒͘ ͍ͦͦͦ͊͘͟͡ ͙ ͦ͊͟͞ ͔͞Υ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

- ͙ͨͪ ͪ͊;ͯͤ͊ͥͯ ό͔͔ͣͪͥͯύ ͔͔ͫͪ͒ͥ ͙ͫ͊ͤͦͫͭ͞͞ όὒ ) ͙͙͡ ͦͨ΄͔ͭ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ 

͙ͫ͊ͤͦͫͭ͞͞ όὟ ) ͦ͒ ͔͔͒ͫͤ ͙͍͙ͼ͔ ͍ͦͦͦ͊͘͟͡ ό͎͔͒͊ͤͦ͡ ͯ ͔ͫͣͪͯ ͍͔ͦ͗ͥύ ͔ͯ͒͊ͤ͊͢ ͊͘ 

мκп ΄͙͙͔ͪͤ ͍ͦͦͦ͊͘͟͡Σ ͊ 

- ͙ͨͪ ͪ͊;ͯͤ͊ͥͯ ό͔͔ͣͪͥͯύ ͔ͨͦ͒ͯ͗ͤ ͍͔͙ͪ͊ͤͦͣͪͤͦͫͭ ͙ͫ͊ͤͦͫͭ͞͞ όὟ) ͍͔ͨͦͫͭ͊ͤ͊͢ ͯ 

͙͔ͫͣͭͪ͊ͤͦ͡͞ ͍͙ͪ͊ͤ ͍͔ͫ͊͟ ͍͔ͦͤ͘ ͔ͭͪ͊͟Φ 

ˮ͘ ͍͔ͦ ͔͒ͺ͙͙ͤͼ͙͔͞ ͙͙͙ͨͪͦ͊͘͘͡ ͒͊ ͯ ͫͯ͡;͊ͯ͞ ͍ͦͦͦ͊͘͟͡ ͊͘ ͍͒͊ ͔ͫͣͪ͊ ͍͔ͦ͗ͥ ͔ͨͦͫͭͦ͞ ͨͦ ͍͔͒ 

͍͔͙ͪ͒ͤͦͫͭ ὒ  ͙ ὟΣ ͊ͦ͟ ͙ ͒͊ ͔͞ ͋ͪͦ͞ ͍͔͙ͪ͒ͤͦͫͭ Ὗ ͔͒ͤ͊͟͞ ͋ͪͦͯ͞ ͭͪ͊͊͟Σ ͭ͊ͦ͟ ͒͊ ͙ͣ͊ͣͦ ͙ͭͪ 

ͨͦͦ͗͊͊͡͞ ͨͦͫͣ͊ͭͪ͊ͥ͊ ͊͘ ͍͙ͫ͊͟ ͍ͨͪ͊͊ͼ όͯ ͺ͔͙ͦͭͦͣͪͫͦͣ͟͞ ͨͪͦͪ͊;ͯͤͯ ͯ ͙͎ͨͪͦͯ͡Σ 

͔͒ͺ͙͙͙ͤͫ͊ͤ ͊ͦ͟ αobserver мά, αobserver нά ͙  αobserver оά). 

рΦн ˾͔͙ͯͭ͊ͭ͘͡ ͨͪͦͪ͊;ͯͤ͊ ͙͔͙͙͔͒ͣͤͦͤͫ͊ͥ͘ LED ͍͔͙͙ͫͭ͢͟ ͙ͦͣ͊͟͞ ͔ͫ ͔͊ͣͥͯͯ͘͞ 

͔ͨͦͫͭͦ͞ΐ͔ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ 

˹͊ ͤ͊;͙ͤ ͊ͦ͟͟ ͔͞ ͭͦ ͙ͦͨͫ͊ͤͦ ͯ ͔ͨͪͭͻͦ͒ͤͦͣ ͎͍ͨͦ͊ͯ͢͡Σ ͙͍ͪ͘΄͔͙ͤ ͫͯ ͨͪͦͪ͊;͙ͯͤ ͊͘ ͍͙΄͔ 

͙ͪ͊͘͡;͙͙ͭͻ ͙͙ͭͨ;͙ͤͻ ͔ͦ͋͊ͭ͊͟͞Σ ͊ͦ͟͟ ͙͋ ͔ͫ ͍͙͔ͯͭͪ͒͡ ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͙ ͙͔͙͔͒ͣͤ͘͞ LED 

͍͔͙͙ͫͭ͢͟ ͙ͦͣ͊͟͞ ͔ͫ ͎ͣͦͯ ͔͙͙͊ͣͤͭ͘ ͔ͨͦͫͭͦ͞ΐ͔ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍ͦͪͦͣ͘ 

͍͔͙ͫͭͦͫͭ͡ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Φ  

˿ʕ ˩́ˮ˷˴˩ ˹ˢ́˾ˮ˳̂˸˻ˤ˻˥ ˮ ˭ˤ˻˾ˢ ˿ˤ˩́˶˻˿́ˮ ˤˮ˿˻˴˻˥ ˽˾ˮ́ˮ˿˴ˢ ˿˹ˢ˥˩ 400 W 

˿͍͔͙͔ͭ͢͟ ͫ͊ ͙͙ͫ͊͞͡ͼͦͣ ͙͍͎ͤ͊ͭͪͯͣͦͦ͞ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ ͦ͒ плл W 

ό͎͍ͯ͊ͤͦͣ͡ ͙ͭͨ͊Υ Z3, Onyx 3, ͙ ͫ͡Φύ ͔ͫ ͔͊ͣͥͯͯ͘͞ ͫ͊ LED ͍͔͙ͫͭ͊ͣ͊͢͟ ͔͔ͫ͒͡ΐ͙ͻ 

͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟Υ 

¶ ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͙ ͍ͦͪ͊͘Υ  20.000 lm 

¶ ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͍͔͙͔ͫͭ͢͟Υ  17.743 lm 

¶ ˿͎ͤ͊͊ ͙͍ͦͪ͊͘Υ  126 W 

¶ ˿͍͔ͭͦͫͤ͊͡ ͔ͺ͙͊ͫͤͦͫͭ͟Υ  140,8 lm/W 

˿ʕ ˩́ˮ˷˴˩ ˹ˢ́˾ˮ˳̂˸˻ˤ˻˥ ˮ ˭ˤ˻˾ˢ ˿ˤ˩́˶˻˿́ˮ ˤˮ˿˻˴˻˥ ˽˾ˮ́ˮ˿˴ˢ ˿˹ˢ˥˩ 250 W 

˿͍͔͙͔ͭ͢͟ ͫ͊ ͙͙ͫ͊͞͡ͼͦͣ ͙͍͎ͤ͊ͭͪͯͣͦͦ͞ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ ͦ͒ нрл W 

ό͎͍ͯ͊ͤͦͣ͡ ͙ͭͨ͊Υ Z2, Onyx 2, ͙ ͫ͡Φύ ͔ͫ ͔͊ͣͥͯͯ͘͞ ͫ͊ LED ͍͔͙ͫͭ͊ͣ͊͢͟ ͔͔ͫ͒͡ΐ͙ͻ 

͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟Υ 

¶ ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͙ ͍ͦͪ͊͘Υ  12.900 lm 

¶ ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͍͔͙͔ͫͭ͢͟Υ  11.289 lm 

¶ ˿͎ͤ͊͊ ͙͍ͦͪ͊͘Υ  81 W 

¶ ˿͍͔ͭͦͫͤ͊͡ ͔ͺ͙͊ͫͤͦͫͭ͟Υ  139 lm/W 

˿ʕ ˩́ˮ˷˴˩ ˹ˢ́˾ˮ˳̂˸˻ˤ˻˥ ˮ ˭ˤ˻˾ˢ ˿ˤ˩́˶˻˿́ˮ ˤˮ˿˻˴˻˥ ˽˾ˮ́ˮ˿˴ˢ ˿˹ˢ˥˩ 150 W 

˿͍͔͙͔ͭ͢͟ ͫ͊ ͙͙ͫ͊͞͡ͼͦͣ ͙͍͎ͤ͊ͭͪͯͣͦͦ͞ ͙͍ͦͪ͊͘ ͍͔͙ͫͭͦͫͭ͡ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ ͦ͒ мрл W 

ό͎͍ͯ͊ͤͦͣ͡ ͙ͭͨ͊Υ Z1, Onyx 1, ͙ ͫ͡Φύ ͔ͫ ͔͊ͣͥͯͯ͘͞ ͫ͊ LED ͍͔͙ͫͭ͊ͣ͊͢͟ ͔͔ͫ͒͡ΐ͙ͻ 

͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟Υ 

¶ ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͙ ͍ͦͪ͊͘Υ  7.400 lm 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

¶ ˿͍͔͙ͭͦͫͤ͡ ͺͯͫ͟͡ ͍͔͙͔ͫͭ͢͟Υ  6.660 lm 

¶ ˿͎ͤ͊͊ ͙͍ͦͪ͊͘Υ  48 W 

¶ ˿͍͔ͭͦͫͤ͊͡ ͔ͺ͙͊ͫͤͦͫͭ͟Υ  139 lm/W 

˹͊ ͍ͦͫͤͦͯ ͔ͨͪͭͻͦ͒ͤͦ ͍͔͔͎ͤ͊͒ͤͦΣ ͔ͣͦ͗ ͔ͫ ͊ͯ͘͟͢;͙͙ͭ ͔͔ͫ͒͡ΐ͔Υ 

͔́͊͋͊͡ рΦ3. ́ ͔͊͋͊͡ ͔͊ͣͤ͊͘ ͍͔͙͙ͫͭ͢͟ ͫ͊ NaVP, LED ͫ ͍͔͙ͭ͊ͣ͊͢͟Σ ͨͦ ͙ͫͤ͊͘ 

˾Φ ͋ͪΦ ˿͎ͤ͊͊ 
NaVP 
͙͙ͫ͊͞͡ͼ͔ 

(W) 

˿͎ͤ͊͊ 
NaVP 
͍͔͙͔ͫͭ͢͟ 

(W) 

˿͎ͤ͊͊ LED 
͍͔͙͔ͫͭ͢͟ 

ͦͦͣ͟͞ ͔ͫ ͔ͣͥ͊ 
(W) 

˻͒ͤͦͫ 

╟╛╔╓Ⱦ╟╝╪╥╟ 

(%) 

̂΄͔ͭ͒͊ ͯ ͨͦͭͪͦ΄͙ͥ 
͔͔͙ͭͪ͟͡;͔ͤ ͔͔͎͙͔ͤͪ͞ 

(%) 

1 150 165 48 29 71 

2 250 275 81 29 71 

3 400 440 130 29 71 

 

˹͊ ͙ͭͪ͗΄ͭͯ ͔ͫ ͔ͣͦ͗ ͤ͊ΐ͙ ͍͔͙͙͟͡ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟Σ ͙ͪ͊͘͡;͙͙ͭͻ ͙͍ͨͪͦͦ͘Ώ͊;͊Σ ͔ͦ͟͞ 

͍͍͊͒ͦͦ͊͊ͯ͘͢͞ ͎͔ͦͪ ͍͔͔͔ͤ͊͒ͤ ͊͘ͻ͔͍͔ͭΦ ˢ͙ͯͭͦͪ ͙͔ͫͭͯ͒͞ ͫͯ ͔ͫ ͦ͒ͯ͡;͙͙͡ ͒͊ ͔͍͔ͨͪ͒ͫͭ͊ 

͍͔͙͔ͫͭ͢͟ ͍͒͊ ͍͔ͦ͒ΐ͊ ͍͔ͫͭͫ͊͟ ͙͍ͨͪͦͦ͘Ώ͊;͊ ͙ͦ͟͞ ͫͯ ͔ͯ͒ͤͦ͞ ͙ ͙͙͙ͤ͊ͨͪͫͯͭͤ͞͞ ͤ͊ ͒ͦͣ͊ΐ͔ͣ 

͙ͭͪ͗΄ͭͯΣ αMinel - Schrederά ͙ αPhilipsάΣ ͔ͦ͒͊͋ͪͯ ͨͦ ͔͒ͤͯ͞ ͙͙ͤͯ͡͞Σ ͦ͊͟͞ ͔͍ͨͪ͒ͫͭ͊͊͢ 

͙ͤ͊͋ͦ͢͞ ͦ͒ͤͦͫ ͼ͔͔ͤ ͙ ͍͙͔͊ͭͭ͊͟͡ ͙ ͙ͨͪ ͔ͭͦͣ ͍͍͊͒ͦͦ͊͊͘͢ ͍͔ͫ ͊͘ͻ͔͍͔ͭΣ ͙ ͒͊ ͫ͊ ͨͦ ͙ͭͪ 

͍͔͙͔ͫͭ͢͟ ͙͘ ͍͔ͫ͊͟ ͦ͒ ͙͙͔ͤ͡͞ ͍͔͔͙ͤ͊͒ͤͻ ͙͍ͨͪͦͦ͘Ώ͊;͊Σ ͺ͙ͦͪͣͪ͊ ͍͒͊ ͫͼ͔͙ͤ͊ͪ͊͞ ͊͘ ˿-ˤˢ 

͙͊ͤ͊ͯ͘͡Φ 

5.3 LED ͍͔͙͔ͫͭ͢͟ ͙ͦͣ͊͟͞ ͔ͫ ͎ͣͦͯ ͔͙͙͊ͣͤͭ͘ ͔ͨͦͫͭͦ͞ΐ͔ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ 

͙͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Σ ͙͍ͨͪͦͦ͘Ώ͊;͊ αPhilipsά 

̂ ͙͍ͨͪͦͦ͒ͤͦͣ͘ ͎ͨͪͦͪ͊ͣͯ ͙͔ͦͣͨ͊ͤ͟͞ αPhilipsά ͙ͤ͊͊͘͡ ͔ͫ ͍͔͙͙͟͡ ͋ͪͦ͞ ͙ͪ͊ͤ͘ͻ ͙͙ͤ͊͡͞ 

͍͔͙͙ͫͭ͢͟Φ ˭͊ ͔͔ͨͦͭͪ͋ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͤ͊͞;͔΄ΐ͔ ͙ͦͪ͟΄ΐ͔͔ͤ ͫͯ ͍͔͙͔ͫͭ͢͟ ͙͘ 

͙͙ͤ͊͡͞Υ αLumaάΣ αIridium gen 3ά ͙ αDigiStreetάΦ ˻ ͙͔͒͟͡ ͍͔ͫ͊͟ ͦ͒ ͔͙ͫͪ͊͞ ͫͯ ͔͒͊ͭ ͯ ͙͙ͨͪͦͣ͊͘͡ 

͙͔ͫͭͯ͒͞ ͙ ͭͦΥ αLumaά ς ͨ ͙͎ͪͦ͡ нΣ αIridium gen 3ά ς ͨ ͙͎ͪͦ͡ о ͙ αDigiStreetά ς ͨ ͙͎ͪͦ͡ 4.  

˽͔ͦͪΏ͔͔ͥͣ ͼ͔ͤ͊ ͙ ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͙ͻ ͔ͣͦ͒͊͡ ͙͘ ͍͔ͫ ͙ͭͪ ͙͙͔ͤ͡͞Σ ͊͘ ͎ͫͤ͊ͯ ͦ͒ 

126 W ό͔ͪ; ͔͞ ͦ ͔͔ͫ͒͡ΐ͙ͣ ͍͔͙ͫͭ͊ͣ͊͢͟ύΥ 

1. αLumaάΣ ͔ͣͦ͒͡ BGP625 LED200-4S/740 PSD DN 10 DGR D9 SRG, ͼ͔ͤ͊Υ 710 ϵΤ 

2. αDigiStreetάΣ ͔ͣͦ͒͡ BGP762 LED200/740 I DN 10 CTGO-DGR SR, ͼ͔ͤ͊Υ 585 ϵΣ ͙ 

3. αIridium gen 3άΣ ͔ͣͦ͒͡ BGP383 GRH185-/740 II CO GR CTGO SR, ͼ͔ͤ͊Υ 675 ϵΦ 

͊ͯ͘͟͢;͔ͯ͞ ͔ͫ ͒͊ ͙ͤ͊͋ͦ͢͞ ͦ͒ͤͦͫ ͼ͔ͤ͊κ͍͙͔͊ͭͭ͟͡ ͙ͣ͊ͯ͞ ͍͔͙͔ͫͭ͢͟ ͙͘ ͙͙͔ͤ͡͞ αDigiStreetάΣ ͨ͊ 

ΐ͔ ͔ͫ ͊͘ ͍͙ͨͪ ͫͼ͔͙ͤ͊ͪͦ ͯ C-Bs  ͊ ͙͙ͤ͊͘͡ ͙ͦ͒͊͋ͪ͊ͭ ͍͔͙͔ͫͭ͢͟ ͙͘ ͍͔ͦ ͙͙͔ͤ͡͞ ͙ ͭͦΥ 

1. αDigiStreetάΣ ͣͦ ͔͒͡ BGP761 LED74-/740 I DM50 DGR 32-48, ͼ͔ͤ͊Υ пфн ϵΣ 

͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͔ͣͦ͒͊͡ ͫͯ ͔͒͊ͭ ͙͎ͨͪͦͦͣ͡ рΤ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

2. αDigiStreetάΣ ͣͦ ͔͒͡ BGP762 LED129-/740 I DM11 DGR 32-48, ͼ͔ͤ͊Υ 560 ϵΣ 

͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͔ͣͦ͒͊͡ ͫͯ ͔͒͊ͭ ͙͎ͨͪͦͦͣ͡ сΤ 

3. αDigiStreetάΣ ͔ͣͦ͒͡ BGP762 LED200/740 I DN 10 CTGO-DGR SR, ͼ͔ͤ͊Υ 585 ϵΣ 

͊ͪ͊͟͟ ͔͙͙͔ͭͪͫͭ͟ ͔ͣͦ͒͊͡ ͫͯ ͔͒͊ͭ ͙͎ͨͪͦͦͣ͡ тΦ 

͔́ͪ͋͊ ͔͙ͤ͊ͨͦͣͤͯͭ ͒͊ ͫͯ ͙͔͊͋ͪ͊ͤ͘ ͍͔͙͔ͫͭ͢͟ ͨͦͭͨͯͤͦ ͔͔ͫͨͪͣͤ ͊͘ ͙͒͊ͤͫͦ͢͟ ͍͔ͯͨͪ͊͊ͥ͢Σ 

ͦ͒ͤͦͫͤͦ ͊͘ ͪ͊͒ ͯ ͙͔ͫͫͭͣͯ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ αCityTouchάΣ ΄ͭͦ ΐ͔ ͔ͫ ͙ͪ͊ͣ͊ͭͪ͊ͭ͘ ͯ ͔͔ͫ͒͡ΐ͔ͣ 

͎͍ͨͦ͊ͯ͢͡Φ 

5.4 LED ͍͔͙͔ͫͭ͢͟ ͙ͦͣ͊͟͞ ͔ͫ ͎ͣͦͯ ͔͙͙͊ͣͤͭ͘ ͔ͨͦͫͭͦ͞ΐ͔ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ 

͙͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟Σ ͙͍ͨͪͦͦ͘Ώ͊;͊ αMinel - Schrederά 

ˮ ͯ ͙͍ͨͪͦͦ͒ͤͦͣ͘ ͎ͨͪͦͪ͊ͣͯ ͙͔ͦͣͨ͊ͤ͟͞ αMinel - Schrederά ͔ͫ ͭ͊ͦ͟Ώ͔ ͙ͤ͊͊͘͡ ͍͔͙͙͟͡ ͋ͪͦ͞ 

͙ͪ͊ͤ͘ͻ ͙͙ͤ͊͡͞ ͍͔͙͙ͫͭ͢͟Φ ˭͊ ͔͔ͨͦͭͪ͋ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͤ͊͞;͔΄ΐ͔ ͙ͦͪ͟΄ΐ͔͔ͤ ͫͯ 

͍͔͙͔ͫͭ͢͟ ͙͘ ͙͙ͤ͊͡͞Υ αVoltanaάΣ αAmperaά ͙ αTeceoάΦ ˻͙͔͒͟͡ ͍͔ͫ͊͟ ͦ͒ ͔͙ͫͪ͊͞ ͫͯ ͔͒͊ͭ ͯ 

͙͙ͨͪͦͣ͊͘͡ ͙͔ͫͭͯ͒͞ ͙ ͭͦΥ αVoltanaά ς ͨ ͙͎ͪͦ͡ уΣ αAmperaά ς ͨ ͙͎ͪͦ͡ ф ͙  αTeceoά ς ͨ ͙͎ͪͦ͡ 10.  

˽͔ͦͪΏ͔͔ͥͣ ͼ͔ͤ͊ ͙ ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟͟ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͙ͻ ͔ͣͦ͒͊͡ ͙͘ ͍͔ͫ ͙ͭͪ ͙͙͔ͤ͡͞Σ ͊͘ ͎ͫͤ͊ͯ ͦ͒ 

126 - 130 W ͊ͯ͘͟͢;͔ͤͦ ͔͞ ͒͊ ͙ͤ͊͋ͦ͢͞ ͦ͒ͤͦͫ ͼ͔ͤ͊κ͍͙͔͊ͭͭ͟͡ ͙ͣ͊ͯ͞ ͍͔͙͔ͫͭ͢͟ ͙͘ ͙͙͔ͤ͡͞ 

αTeceoάΣ ͨ͊ ΐ͔ ͔ͫ ͊͘ ͎͙͒ͪͯ ͫͼ͔͙ͤ͊ͪͦ ͯ C-Bs  ͙͙͊ͤ͊͘͡ ͙ͦ͒͊͋ͪ͊ͭ ͍͔͙͔ͫͭ͢͟ ͙͘ ͍͔ͦ ͙͙͔ͤ͡͞ ͙ 

ͭͦΥ 

1. αTeceo 1άΣ ͔ͣͦ͒͡ 48LEDͫ 7200-53, ͼ͔ͤ͊Υ 400 ϵΣ ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͔ͣͦ͒͊͡ ͫͯ ͔͒͊ͭ 

͙͎ͨͪͦͦͣ͡ мм; 

2. αTeceo 2άΣ ͔ͣͦ͒͡ 80LEDͫ 12000-86, ͼ͔ͤ͊Υ пр0 ϵΣ ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͔ͣͦ͒͊͡ ͫͯ ͔͒͊ͭ 

͙͎ͨͪͦͦͣ͡ мм; 

3. αTeceo 2άΣ ͔ͣͦ͒͡ 120LEDͫ 18000-132, ͼ͔ͤ͊Υ рс0 ϵΣ ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͔ͣͦ͒͊͡ ͫͯ ͔͒͊ͭ 

͙͎ͨͪͦͦͣ͡ мм. 

͔́ͪ͋͊ ͔͙ͤ͊ͨͦͣͤͯͭ ͒͊ ͫͯ ͙͔͊͋ͪ͊ͤ͘ ͍͔͙͔ͫͭ͢͟ ͙ͣ͊ͯ͞ ͎ͣͦͯΐͤͦͫͭ ͊͘ ͙͒͊ͤͫͦ͢͟ ͍͔ͯͨͪ͊͊ͥ͢Σ 

ͦ͒ͤͦͫͤͦ ͊͘ ͪ͊͒ ͯ ͙͔ͫͫͭͣͯ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ αOwletάΣ ΄ͭͦ ΐ͔ ͔ͫ ͙ͪ͊ͣ͊ͭͪ͊ͭ͘ ͯ ͔͔ͫ͒͡ΐ͔ͣ 

͎͍ͨͦ͊ͯ͢͡Φ 

рΦр ˽ͪͦͼ͔ͤ͊ ͭͪͦ΄͍ͦ͊͟ ͔͔͊ͣͤ͘ ͙ ͍ͦ͒ͪ͗͊͊ͥ͊ LED ͍͔͙͙ͫͭ͢͟ ͙ͦͣ͊͟͞ ͔ͫ ͔͊ͣͥͯͯ͘͞ 

͔ͨͦͫͭͦ͞ΐ͔ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͙͍͙ͤ͊ͭͪͯͣͦͣ͞ ͙͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡ ͍͙͎ͫͦͦ͟ ͙͙ͨͪͭͫ͊͟ 

̂ ͫͯ͡;͊ͯ͞ ͦ͋͊ ͙͍ͨͪͦͦ͘Ώ͊;͊Σ ͙ͯͨͭͦͣ ͦ͒͟ ͔ͫͨͼ͙͙͍͙͊ͦ͊ͤ͘͞͡ͻ ͔͔ͨͪ͒ͯ͘ΐ͊ ͊͘ ͍͔ͦ͒ͪ͗͊͊ͥ 

͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢Σ ͊ͦ͟ ͙ ͤ͊ ͍ͦͫͤͦͯ ͙͍ͫͯͫͭ͊͟ ͊ͯͭͦͪ͊ ͙͔ͫͭͯ͒͞Σ ͭͪͦ΄͍͙ͦ͟ ͔͔͊ͣͤ͘ ͙ͦ͟͞ 

ͦ͋ͯͻ͍͊ͭ͊ͯ͞ ͔͒ͣͦͤͭ͊͗ͯ ͍͔͙͔ͫͭ͢͟ NaVP ͙ ͣͦͤͭ͊͗ͯ ͍͔ͤͦ LED ͍͔͙͔ͫͭ͢͟ ͫͯ но ϵΣ ͯ ͫͯ͡;͊ͯ͞ 

͎͔ͪͯͨͤ ͔͔͊ͣͤ͘ ͍͔͙͙ͫͭ͢͟Σ ͭ͊ͦ͟ ͒͊ ΐ͔ ͔ͫ ͍͔͔͙ͤ͊͒ͤ ͙ͤͦͫ͘ ͔͙ͯͭ͘ ͊ͦ͟ ͔͔͍ͪ͊ͤͭ͊ͤ͡ ͊͘ ˿-ˤˢ 

͙͊ͤ͊ͯ͘͡Φ 

́͊ͦ͟Ώ͔Σ ͤ͊ ͍ͦͫͤͦͯ ͼ͔͔ͤ ͔͔͍͎ͪͪͤͦ͘ LED ͣͦ͒ͯ͊͡ ͙ ͍͔͒ͪ͊ͪ͊͞Σ ͨͦ͒ ͔͍ͨͪͭͨͦͫͭ͊ͦͣ͟ ͒͊ ΐ͔ ͔ͫ 

ͦ͒͟ ͍͔ͫ͊͟ ͍͔͙͔ͫͭ͢͟ ͋͊ͪ ͔͒ͤͦͣ͞ ͯ ͙͍͗ͦͭͤͦͣ ͍͔ͯ͟ ͔͙͙͊ͣͤͭ͘ ͙ ͣͦ͒ͯ͡ ͙ ͍͔͒ͪ͊ͪ͞Σ ͙͊ͯͭͦͪ ͫͯ 

ͨͪͦͼ͔͙͙ͤ͡ ͒͊ ͙͋ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ LED ͫ ͍͔͙͙ͭ͢͟ ͙͙͋͡ ͤ͊ ͙͍ͤͦͯ мм ϵ ͎͙ͦ͒΄͔ͥΦ  



 

˿ ͭ ͪ͊ͤ͊ | 120 

˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

5.6 ̂ ͙͊ͤ͘͡ ͨͦ͒͊ͼ͙ ͍͔͙͊ͤ͘ ͊͘ LED ͫ ͍͔͙͔ͭ͢͟ ͙ͦ͟͞ ΐ͔ ͔ͫ ͙͙͙ͦͪͫͭͭ͟ ͯ ˿-ˤ s

˹͊ ͍ͦͫͤͦͯ ͙͊ͤ͊͊͘͡ ͯ ͍ͦͦͣ ͎͍ͨͦ͊ͯ͢͡Σ ͊ͦ͟ ͔͙ͨ͊ͪ͊ͣͭͪ ͦ͒ ͤ͊͘;͊͊͞ ͙ ͙ͯ͊ͤ͘͡ ͨͦ͒͊ͼ͙ ͙ͦ͟͞ ΐ͔ 

͔ͫ ͦ͟ ͙͙͙ͪͫͭͭ ͯ ͺ͙͙ͤ͊ͤͫͫͦ͟͞-͔ͦͤͦͣͫͦͣ͟͟ ͔ͣͦ͒ͯ͡ ͊͘ ͔͔ͨͦͭͪ͋ ˿-ˤˢ ͙͔͊ͤ͊͘͡Σ ͎ͣͦͯ ͔ͫ 

͙͍͙͙͒ͦͭ͘͞ ͔͔ͫ͒͡ΐ͙ ͨͦ͒͊ͼ͙Υ 

 

 

͔͔̇ͤ LED ͫ ͍͔͙͙ͭ͢͟ ͙͍ͨͪͦͦ͘Ώ͊;͊ αPhilipsά 
 

1. αPhilips - 5ƛƎƛ{ǘǊŜŜǘάΣ ͎͔ͫͤ͊ 48 W, ͼ͔ͤ͊Υ      492 ϵ 

2. αPhilips - 5ƛƎƛ{ǘǊŜŜǘάΣ ͎͔ͫͤ͊ ум W, ͼ͔ͤ͊Υ      560 ϵ 

3. αPhilips - 5ƛƎƛ{ǘǊŜŜǘάΣ ͎͔ͫͤ͊ 130 W, ͼ͔ͤ͊Υ      585 ϵ 

͔͔̇ͤ ͔͔͍͙ͪͪͤ͘ͻ ͔͍͒ͦ͊͡ ͊͘ ͍͔ͦ ͍͔͙͔ͫͭ͢͟ ͫͯΥ 
 

1. ˾͔͔͍͙ͪͤ͘ LED ͣ ͦ͒ͯ͡ ͫ͊ ͭͪͦ΄͍͙ͦͣ͊͟ ͔͔͊ͣͤ͘Σ ͼ͔ͤ͊Υ   мпл ϵ 
2. ˾͔͔͍͙ͪͤ͘ ͍͔͒ͪ͊ͪ͞ ͫ͊ ͭͪͦ΄͍͙ͦͣ͊͟ ͔͔͊ͣͤ͘Σ ͼ͔ͤ͊Υ      уп ϵ 

 
͔͔̇ͤ LED ͫ ͍͔͙͙ͭ͢͟ ͙͍ͨͪͦͦ͘Ώ͊;͊ αMinel - Shrederά 
 

1. αMinel - Shreder - ¢ŜŎŜƻάΣ ͎͔ͫͤ͊ 48 W, ͼ͔ͤ͊Υ     400 ϵ 

2. αMinel - Shreder - ¢ŜŎŜƻάΣ ͎͔ͫͤ͊ 81 W, ͼ͔ͤ͊Υ    450 ϵ 

3. αMinel - Shreder - ¢ŜŎŜƻάΣ ͎͔ͫͤ͊ 130 W, ͼ͔ͤ͊Υ    560 ϵ 

͔͔̇ͤ ͔͔͍͙ͪͪͤ͘ͻ ͔͍͒ͦ͊͡ ͊͘ ͍͔ͦ ͍͔͙͔ͫͭ͢͟ ͫͯΥ 
 

1. ˾͔͔͍͙ͪͤ͘ LED ͣ ͦ͒ͯ͡ ͫ͊ ͭͪͦ΄͍͙ͦͣ͊͟ ͔͔͊ͣͤ͘Σ ͼ͔ͤ͊Υ   мпл ϵ 
2. ˾͔͔͍͙ͪͤ͘ ͍͔͒ͪ͊ͪ͞ ͫ͊ ͭͪͦ΄͍͙ͦͣ͊͟ ͔͔͊ͣͤ͘Σ ͼ͔ͤ͊Υ      уп ϵ 

 
͔̇ͤ͊ ͔͔͒ͣͦͤͭ͊͗ ͔ͨͦͫͭͦ͞ΐ͔ ͙ ͔ͣͦͤͭ͊͗ ͍͔ͤͦ ͍͔͙͔ͫͭ͢͟ ͔͞Υ     но ϵ 
 
˽ͪͦͼ͔ͤ͊ ͭͪͦ΄͍ͦ͊͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͔͙ͨͦ͒ͤ͊͞;͔ͤ LED ͫ ͍͔͙͔ͭ͢͟ je: 

¶ ͯ ͔͙ͨͪͦ͒ͯ ͦ͒ ͔ͣͦͤͭ͊͗ ͒ͦ р ͎͙͔ͦ͒ͤ ό͎͊ͪ͊ͤͭͤͦͣ ͔͙ͨͪͦ͒ͯύ      л ϵ 

¶ ͯ ͔͙ͨͪͦ͒ͯ ͦ͒ р ͎͙͔ͦ͒ͤ ͒ͦ ͪ͊͊͟͞ ͙͍͎͗ͦͭͤͦ ͍͔͊͟ όнр ͎͙ͦ͒ͤ͊ύ    мм ϵ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

6. ˮ͋ͦͪ͘ ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 
 

˿͔͔͒͡ΐ͙ ͍͊͗͊ͤ ͔͔͔ͣͤͭ͡ ͔͞ ͙͋ͦͪ͘ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͔͎ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͙͔ͫͫͭͣ͊ ͙ͦ͟͞ ΐ͔ ͙͙͋ͭ 

͙͔͔ͨͪͣͥͤΦ ˮ ͤ͊ ͍ͦͦͣ ͨͦͯ͢ ͙ͨͦͫͭͦ͞ ;͙͍ͭ͊ ͙ͤ͘ ͔ͪ΄͔ͥ͊Σ ͨ͊ ΐ͔ ͔ͫ ͎ͫͭͦ͊ ͯ ͍͙ͦͪͯ͟ ͍͎ͦͦ 

͎͍ͨͦ͊͊͢͡ ͯͪ͊ͭͦ͟͟ ͔͔͍͙ͨͪͤͭͦ͊ͭ͘ ͍͔ͦ͒ΐ͊ ͔ͪ΄͔ͥ͊ ͯ ͍ͦͦ͞ ͙ͦ͋͊ͫͭ͡ ͦ͊͟͞ ͫͯ ͔ͫͨͼ͙͙͍͊ͦ͊ͤ͊͘͞͡ 

͊͘ ͦ͋͊ͫͭ͡ ͍͔͔ͦͫͭͥ͊͢Φ ˭͊ ͔ͨͦͫ͒ͥ͊͡ ͙ͭͪ ͔ͪ΄͔ͥ͊Σ ͙͋ΐ͔ ͒͊ͭ ͔͙͙͒ͭ͊ͤ͢͞ ͙ͨͪ͊͘͟Σ ͦ͊͟͞ ͨͦ 

͙ͣ΄͔ͥͯ͢ ͊ͯͭͦͪ͊ ͙͔ͫͭͯ͒͞Σ ͔ͯ͒ͤͦ͞ ͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ ͙ ͣͦ ͎ͯΐ͊ ͔ͪ΄͔ͥ͊ ͊͘ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞άΦ 

˹͊ ͪ͊ͯ͟͞ ͊͘ ͔͔ͨͦͭͪ͋ ˿-ˤˢ ͙͔͊ͤ͊͘͡Σ ͙͍ͪ͘΄͙ΐ͔ ͔ͫ ͙͋ͦͪ͘ ͍͒͊ ͔ͪͺ͔͔ͪͤͭͤ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ 

͙͔ͫͫͭͣ͊Σ ͙ ͔ͨͪͣ͊ ͍ͫ͊ͦͣ͟ ΐ͔ ͔ͫ ͯ ͎͍ͨͦ͊ͯ͢͡ ͎͔͒ ΐ͔ ͙͙͋ͭ ͙͍ͪ͘΄͔ͤ͊ ˿-ˤˢ ͙͊ͤ͊͊͘͡Σ ͍͙͙ͨͦͫͭ͊ͭ 

ͨͦ ͔͒͊ͤ͞ ͫͼ͔͙ͤ͊ͪͦΦ  

6.1 ̇ ͙͔͍͙͢ ͙ ͊͘ͻ͔͍͙ͭ ͔ͦ͟͞ ͔ͭͪ͋͊ ͒͊ ͙͙ͫͨͯͤ ͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢ 

˻͍͙ͫͤͦͤ ͼ͙͔͍͙͢ ͔ͦ͟͞ ͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢ ͔ͭͪ͋͊ ͒͊ ͙͙ͫͨͯͤ ͫͯΥ 

1. ˽͍͔ͦΐ͔͊ͥ ͔͔͎͔͔ͤͪͭͫ͟ ͔ͺ͙͊ͫͤͦͫͭ͟ ͙ ͙ ͍͙͍͔ͦͫͭ͊ͪ͊ͥ ΄ͭͦ ͍͔ΐ͙ͻ ͯ΄͔ͭ͒͊ ͯ 

͔͔͙ͭͪ͟͡;ͤͦ͞ ͔͔͎͙͙ͤͪ͞; 

2. ͔̂ͤ͊ͨͪΏ͔͔ͥ ͔͙͍͎ͦͨͪ͊ͭͤͦ ͍ͯͨͪ͊͊ͥ͊͢ ͍͔͔͔ͦͫͭͥͣ͢Σ ͪͦ͘͟ ͔͔ͫͣ͊ͥͥ ͔͙͍͙ͦͨͪ͊ͭͤͻ 

ͭͪͦ΄͍ͦ͊͟Σ ͯ ͍ͨͪͦͣ ͔ͪ͒ͯ ͭͪͦ΄͍ͦ͊͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͙ ͍͔ͨͦΐ͔͊ͥ ͔ͺ͙͙͊ͫͤͦͫͭ͟ 

͍ͦ͒ͪ͗͊͊ͥ͊; 

3. ˣ͙ͦ͢ ͍͙͔͊ͭͭ͟͡ ͍͔ͫͭ͊͡ ͙ ͍͔ΐ͙ ͦͣ͟ͺͦͪ ͊͘ ͍͔ͫ ͙͙͔ͦͪͫͤ͟͟Σ ;͙͔ͣ ΐ͔ ͔ͫ ͍͔ͨͦΐ͙͊ͭ ͙ 

͔͔ͫͭͨͤ ͍͍͊͒ͦͦͫͭ͊͘͢ ͦ͒͟ ͙͙ͦͪͫͤ͊͟͟Τ 

4. ˽͍͔ͦΐ͔͊ͥ ͔͔͙͋͋͒ͤͦͫͭ͘ ͯ;͔͙ͫͤ͊͟ ͯ ͫ͊ͦ͋ͪ͊ΐ͊ͯ͞ ͙ ͍͔ͨͦΐ͔͊ͥ ͙ͨͦͯ͒͊ͤͦͫͭ͘ ͙͔ͫͫͭͣ͊ 

͍͔͔ͦͫͭͥ͊͢Σ ͪͦ͘͟ ͔͋ͪ͗ ͙ ͍͍͔͔ͨͪ͊ͦͪͣͤͦ ͔͎͍͔ͪ͊ͦ͊ͥ ͤ͊ ͍͍͔͊ͪͦ͟ ͍͔͔ͦͫͭͥ͊͢Σ ͙ 

5. ˿͔͔ͣ͊ͥͥ ͙ͯͭͼ͊͊͞ ͤ͊ ͙͍͗ͦͭͤͯ ͔͙ͫͪ͒ͤͯ ͪͦ͘͟ ͔͔ͫͣ͊ͥͥ ͔͙͙͔ͣͫ͞ ˿˻нΣ ͔͔ͫͣ͊ͥͥ 

͍͔͎ͫͭͦͫͤͦ͡ ͎͊͊͘Ώ͔ͥ͊. 

 

˿͙͊͟͡ с.1. ˻ ͍͙ͫͤͦͤ ͼ͙͔͍͙͢ ͍ͯͦΏ͔ͥ͊ ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 

̂΄͔ͭ͒͊ ͔͔͎͙͔ͤͪ͞

˩ͺ͙͊ͫͤͦͫͭ͟ ͔͙͍͎ͦͨͪ͊ͭͤͦ ͍ͯͨͪ͊͊ͥ͊͢

ˤ͔ΐ͙ ͍͙͔͊ͭͭ͟͡ ͍͔ͫͭ͊͡ ͙ ͍͔ΐ͙ ͦͣ͟ͺͦͪ ͊͘ ͙͙͔ͦͪͫͤ͟͟

˽͍͔ͦΐ͔͊ͥ ͔͔͙͋͋͒ͤͦͫͭ͘

͙̂ͭͼ͊͞ ͤ͊ ͙͍͗ͦͭͤͯ ͔͙ͫͪ͒ͤͯ
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˨͊ ͙͋ ͔ͫ ͍͔͔͙ͤ͊͒ͤ ͼ͙͔͍͙͢ ͙͙͙ͫͨͯͤ͡Σ ͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͣͦͪ͊ ͒͊ ͙͍ͫͨͯͥ͊͊ 

͔͔ͫ͒͡ΐ͔ ͊͘ͻ͔͍͔ͭΥ 

1. ˸͎ͦͯΐͤͦͫͭ ͦ;͙͍ͭ͊͊ͥ͊ ͍͙ͫͻ ͔͔͙ͭͪ͟͡;͙ͤͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͙ ͎͙͒ͪͯͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ 

͍͔͊ͤ͘ ͙ͻ ͊͘ ͪ͊͒ ͍͔͙͔ͫͭ͢͟Σ ͊ͦ͟ ΄ͭͦ ͫͯΥ ͤ͊ͨͦͤΣ ͫͭͪͯ͊͞Σ ͺ͊ͭͦͪ͟ ͎͔ͫͤ͊Σ ͎ͫͤ͊͊ 

͔͙ͨͦ͒ͤ͊͞;͔ͤ ͍͔͙͔ͫͭ͢͟Σ ͔ͫͭ͊ͥ ͯͯ͟͢;͔͙ͤͦͫͭ ͍͔͙͔ͫͭ͢͟Σ ͙͎ͫͤ͊͡ ͔͔͒ͭ͟ͼ͙͔͞ ͍͊ͪ͊͟ 

͔͙ͨͦ͒ͤ͊͞;͔ͤ ͍͔͙͔ͫͭ͢͟Τ 

2. ˳͔͍͒ͤͦͫͭ͊ͤ͊ ͎͔ͦͦ͊͟͡ͼ͙͊͞ ͍͔ͫ͊͟ ͍͔͙͔ͫͭ͢͟Τ 

3. ͔͙͙̅ͫ͋ͤ͊͟͡͡ ͫͭͪͯͭͯͪ͊͟ ͙͔ͫͫͭͣ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭΣ ͎ͣͦͯΐͤͦͫͭ ͎͊ͦ͟͡ ͨͪͦ΄͙͔ͪͥ͊ 

͙͔ͫͫͭͣ͊Τ 

4. ̊ͭͦ ͔͍͙͒ͤͦͫͭ͊ͤ͊͞͞ ͙ ͔͞ͺ͙͙ͭͤ͊͞ ͙ͦͣͯͤ͊͟͟ͼ͙͊͞ ͙͔ͣ͘Ώͯ ͔͙ͦͣͨͦͤͤͭ͟ ͙͔ͫͫͭͣ͊Τ 

5. ˮ͔͔͙ͤͭͪͦͨͪ͊͋ͤͦͫͭ͡ ͫ͊ ͔ͦͣͨͦͤͤͭ͊ͣ͊͟ ͎͙͒ͪͯͻ ͙͍ͨͪͦͦ͘Ώ͊;͊Τ 

6. ˸͎ͦͯΐͤͦͫͭ ͙͔͎ͤͭͪ͊ͼ͙͔͞ ͫ͊ ͎͙͒ͪͯͣ ͙ͤͺͦͪͣ͊ͼ͙͙ͦͤͣ ͙͔͙ͫͫͭͣͣ͊Τ 

7. ˽͔͍͔ͦͫ͒ͦ͊ͥ ͎ͣͦͯΐ͙ͤͦͫͭ ͔ͨͦ͒΄͍͊͊ͥ͊ ͙͔͙͔ͤͭͭͭ͊͘ ͍͔͔ͦͫͭͥ͊͢ ͔͙ͨͦ͒ͤ͊͞;͙ͤͻ 

͍͔͙͙ͫͭ͢͟Σ ͪͦ͘͟ ͍͔ͦͣ͊ͤ͒ͦ͊ͥ͟ ͙͍ͤͦͦͣ ͙͔͙͔ͤͭͭͭ͊͘ ό͍ͭ͘Φ α͙͍͔͒ͣͦ͊ͥͣά 

͍͔͔ͦͫͭͥ͊͢ύΤ 

8. ˸͎ͦͯΐͤͦͫͭ ͎͊ͯͭͦͤͦͣͤͦ ͪ͊͒͊ ͯ ͙ͫͭͯ͊ͼ͙͊ͣ͊͞ ͊͒͊͟ ͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͙͔ͤ͞ 

͔͙͍ͦͨͪ͊ͭ͊ͤ όͫ͊ͣͦͫͭ͊ͤͦ͡ ͯͯ͟͢;͔͔ͥ ͯ ͫ͊͒ͯ͟͡ ͫ͊ ͔͊ͤ͒͊ͪͦͣ͟͡ ͯͯ͟͢;͔ͥ͊ύΣ ͙͙͡ ͊͒͊͟ 

͔͞ ͔ͨͦͭͪ͋ͤͦ ͍͔ͦͣ͊ͤ͒ͦ͊ͥ͟ ͍͔ͫͭͦͣ͡ ͫ͊ͣͦ ͔͔͒ͤ͞ ͍͔͙͔ͫͭ͢͟ όͤͨͪΦ α͍͔ͫͭͦ͡ ͤ͊ ͊͘ͻ͔͍ͭά 

͍ͦͣ͊ͤ͒ͦ͊ͤͦ͟ ͔ͫͤͦͪͦͣ͘ ͔ͨͦͪͭ͊͟ύΤ 

9. ˸͎ͦͯΐͤͦͫͭ ͙ͫ͊͒͟͡΄͔ͭͥ͊ ͙ ͊ͪͻ͙͍͙ͪ͊ͥ͊ ͨͦ͒͊ͭ͊͊͟ ͤ͊͘;͙͊ͤ͞ͻ ͊͘ ͪ͊͒ ͙͔ͫͫͭͣ͊Σ ͙ 

10. ˸ ͎ͦͯΐͤͦͫͭ ͙͔ͨͪͨͪͣ͊ͥ͊ ͙͍͔͘΄ͭ͊͊͞ ͦ ͎͒ͦ͊ΐ͙͊ͣ͊͞ ͯ ͙͔ͫͫͭͣͯΦ 

̂ ͫ͊͒ͯ͟͡ ͫ͊ ͍͔͔͙ͤ͊͒ͤͣΣ ͙͊ͯͭͦͪ ͙͔ͫͭͯ͒͞ ͫͯ ͙͍ͪ͘΄͙͙͡ ͙͊ͤ͊ͯ͘͡ ͔͙ͤͦͦ͟͟͡ ͍͔ͦ͒ΐ͙ͻ ͙͔ͫͫͭͣ͊ 

͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Σ ͙ͦ͟͞ ΐ͔ ͙͙͋ͭ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͢ ͯ ͔ͤ͊ͪ͒ͤͦͣ ͔ͭͫͭͯ͟Φ ˥ ͍͔͊ͤ͡ ͙͔ͪ͊͘͟͡ ͙͔ͣ͘Ώͯ 

͔͙͙ͨͦ͒ͤ͞ͻ ͙͔ͫͫͭͣ͊ ͫͯ ͯ ͙ͨͪͫͭͯͨͯ ͙ ͤ͊;͙ͤͯ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͙͔ͣ͘Ώͯ ͔͙ͨͦ͒ͤ͊͞;͙ͤͻ ͍͔͙͙ͫͭ͢͟Σ 

ͨ͊ ΐ͔ ͔ͫ ͭͦ ͔ͨͦͫ͋ͤͦ ͎͙͙ͤ͊͊ͫͭ͡Σ ͙͙ͨͪͦͣ͟͡ ͙ͦͨͫ͊ ͍͎ͫ͊ͦ͟ ͦ͒ ͔ͪ΄͔ͥ͊Φ 

6.2 ˽ ͔͎͔ͪ͒͡ ͍͔ͦ͒ΐ͙ͻ ͔ͪ΄͔ͥ͊ ͯ ͙ͦ͋͊ͫͭ͡ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢ 

˿͙͔͙ͫͭͣ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͙ͦ͟͞ ΐ͔ ͙͙͋ͭ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͢ ͯ ͍ͦͦͣ ͎͍ͨͦ͊ͯ͢͡Σ ͺͯͤ͟ͼ͙ͦͤ͊ͤͦ͡ 

͙͍ͫͨͯͥ͊͊ͯ͞ ͫͦͪͦ͟ ͍͔ͫ ͊͘ͻ͔͍͔ͭΣ ͙ͦ͟͞ ͫͯ ͍͔͔͙ͤ͊͒ͤ ͯ ͔ͨͪͭͻͦ͒ͤͦͣ ͎͍ͨͦ͊ͯ͢͡Φ ˥͍͔͊ͤ͡ ͙͔ͪ͊͘͟͡ 

͙͔ͣ͘Ώͯ ͔͙͙ͨͦ͒ͤ͞ͻ ͙͔ͫͫͭͣ͊Σ ͨ͊ ͙ͫ͊ͣͣ ͙ͭͣ ͙ ͯ͟͢;ͤͦ ͙͔ͨͭ͊ͥΣ ͫͯ ͯ ͙ͨͪͫͭͯͨͯ ͙ ͤ͊;͙ͤͯ 

͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͙͔ͣ͘Ώͯ ͔͙ͨͦ͒ͤ͊͞;͙ͤͻ ͍͔͙͙ͫͭ͢͟Φ ˮͣ͊ͯ͞ΐ͙ ͭͦ ͯ ͍͙͒ͯΣ ͤ͊;͙ͤ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ 

ΐ ͔ͨ ͔ͦͫ͋ͤͦ ͙͙͋ͭ ͎ͤ͊͊͡΄͔ͤΣ ͙͙ͨͪͦͣ͟͡ ͙ͦͨͫ͊ ͍͎ͫ͊ͦ͟ ͦ͒ ͔ͪ΄͔ͥ͊Φ 

TELENSA ς PLANET 

˻͍ͦ ͔ͪ΄͔͔ͥ ͺ͙͔ͪͣ αTelensaά ͙͘ ˤ͔͙͔͟͡ ˣ͙͙͔ͪͭ͊ͤ͞Σ ͔ͫ ͯ͋ͪ͊͊͞ ͯ ͔͒ͤͦ͞ ͦ͒ ͤ͊͞;͔΄ΐ͙ͻ 

͔ͪ΄͔ͥ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͍͔͔͔ͦͫͭͥͣ͢Σ ͙ ͔ͣͦ͗ ͔ͫ ͤ͊ΐ͙ ͯ ͙͔͙ͨͪͣͤ ͯ ͦͦ͟ рл ͎͍ͪ͊͒ͦ͊Φ 

˩͔͔͙ͣͤͭ͡ ͙͔ͫͫͭͣ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͫͯ  ͔͙ͨͦͫ͋ͤ ͣͦ͒ͯ͡ ς αTelecellά ͙ͦ͟͞ ͔ͫ ͎ͯͪ͊Ώ͔ͯ͞ ͤ͊ 

͍ͫ͊ͯ͟ ͍͔͙ͫͭͯ͢͟ ͨͦͤ͊ͦͫͦ͋Σ ͙ ͔ͨͪͦ͟ ͎ͦ͊͟ ͔ͫ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͫ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣ ς αBase 

StationάΣ ͔ͨͯͭͣ ͙ͪ͊͒ͦ-͍͔͔͘Φ ˴ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͙ͣ͊ ͎ͣͦͯΐͤͦͫͭ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͫ͊ ͒ͦ рΦллл 

ͣͦ͒ͯ͊͡Σ ͯ ͙ͪ͊͒ͯͫͯ͞ ͦ͒ 9,5 km. ˴ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͫ͊ ͔͍͔ͫͪͪͦͣ ͙ͦ͟͞ ͔͞ ͔ͫͣ΄͔ͭͤ ͯ αcloudά-ͯΣ 

͙ͦͣͯͤ͟ͼ͙ͪ͊ ͔ͨͯͭͣ ͙͔͔ͤͭͪͤͭ ͔ͦͤ͟͟ͼ͙͔͞ ͔ͨͪͦ͟ GSM/GPRS/E/3G/H+/4G/4GLTE ͙͔ͣͦ͋ͤ͡ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔͔ͣͪ͗Φ ˴͙ͦͣͯͤ͊͟ͼ͙͊͞ ͣͦ͒ͯ͊͡ αTelecellά ͫ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣ ς αBase StationάΣ ͔͞ ͊ͦ͟ ΄ͭͦ 

͔͞ ͔ͪ;͔ͤͦΣ ͔ͨͯͭͣ ͙ͪ͊͒ͦ-͍͔͔͘ ͙ͭͨ͊ αUNB low power wirelessάΦ  

 

˿͙͊͟͡ сΦ1. ˽ ͙ͪͤͼ͙͙͔ͨͤ͊͞͡ ΄͔ͣ͊ αPLANetά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢ 

 

˿͙͊͟͡ сΦ2. ˻ ͍͙ͫͤͦͤ ͔͔͔͙ͣͤͭ͡ αPLANetά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢ 

 

˿͙͊͟͡ сΦ3. ˮ ͯͫͭͪ͊͡ͼ͙͊͞ ͍ͯͨͪ͊͊ͥ͊͢ ͙͍ͤͦͦͣ ͍͔͔ͦͫͭͥ͊͢ ͊ͯͭͦ-ͨͯͭ͊ ͔ͨͯͭͣ αPLANetά 

͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢  



 

˿ ͭ ͪ͊ͤ͊ | 124 

˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

CIMCON LIGHTING ς LIGHTINGGALE 

˻͍ͦ ͔ͪ΄͔͔ͥ ͺ͙͔ͪͣ αCimcon Lightingά ͙͘ ˿ˢΣ˨ ͔ͫ ͔ͣͦ͗ ͤ͊ΐ͙ ͯ ͙͔͙ͨͪͣͤ ͯ ͍͔͙ͦͣ͟͡ ͋ͪͦͯ͞ 

͎͍ͪ͊͒ͦ͊ ͯ ˿ˢ˨Φ ˩͔͔͙ͣͤͭ͡ ͙͔ͫͫͭͣ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͫͯ  ͔͙ͨͦͫ͋ͤ ͣͦ͒ͯ͡ ς αiSLCά ͙ͦ͟͞ ͔ͫ 

͎ͯͪ͊Ώ͔ͯ͞ ͤ͊ ͍ͫ͊ͯ͟ ͍͔͙ͫͭͯ͢͟ ͨͦͤ͊ͦͫͦ͋Σ ͙ ͔ͨͪͦ͟ ͎ͦ͊͟ ͔ͫ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͫ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣ ς 

αWireless GatewayάΣ ͔ͨͯͭͣ ͙ͪ͊͒ͦ-͍͔͔͘Φ ˴ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͙ͣ͊ ͎ͣͦͯΐͤͦͫͭ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͫ͊ 

͙ͣͦ͒ͯͣ͊͡Σ ͯ ͙ͪ͊͒ͯͫͯ͞ ͦ͒ 1,5 km. ˴ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͫ͊ SCADA ͔͍͔ͫͪͪͦͣ, ͙ͦ͟͞ ͔͞ ͔ͫͣ΄͔ͭͤ ͦ͒͟ 

͙͙ͦͪͫͤ͊͟͟Σ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͔ͨͯͭͣ ͙͔͔ͤͭͪͤͭ ͔ͦͤ͟͟ͼ͙͔͞ ͔ͨͪͦ͟ GSM/GPRS/E/3G/H+/4G/4GLTE 

͙͔ͣͦ͋ͤ͡ ͔͔ͣͪ͗Φ ˴͙ͦͣͯͤ͊͟ͼ͙͊͞ ͣͦ͒ͯ͊͡ αiSLCά ͫ͊  ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣ ς αWireless GatewayάΣ 

͔͞ ͊ͦ͟ ΄ͭͦ ͔͞ ͔ͪ;͔ͤͦΣ ͔ͨͯͭͣ ͙ͪ͊͒ͦ-͍͔͔͘ ͙ͭͨ͊ αZigBeeάΦ ˸͙ͦ͒ͯ͡ ͙ͣ͊ͯ͞ ͎ͣͦͯΐͤͦͫͭ 

͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͫ͊ ͔͍͔ͤͭͯ͊ͤͦ͡ ͍͔͙ͨͦͫͭ͊ͤͣ͢ ͔͙ͫͤͦͪͣ͊͘Σ ͔ͨͪͦ͟ αBluetoothά ͔͙͋͗;͔ͤ ͍͔͔͘Σ 

͊ ͍ͦͦ ͔ͪ΄͔͔ͥ ͔͙͊ͪ͊ͭͪ͟͟΄͔ ͙ 128-bit/256-bit AES ͔ ͙ͤͪͨ͟ͼ͙͊͞ ͨͦ͒͊ͭ͊͊͟Φ 

 

˿͙͊͟͡ сΦ4. ˽ ͙ͪͤͼ͙͙͔ͨͤ͊͞͡ ΄͔ͣ͊ αLightingGaleά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 

͍͔͔͔ͦͫͭͥͣ͢ 

  

˿͙͊͟͡ сΦ5. ˻ ͍͙ͫͤͦͤ ͔͔͔͙ͣͤͭ͡ αLightingGaleά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

DIMONOFF ς SMCS 

͙̅ͪͣ͊ αDimOnOffά ͙͘ ˴͔͊ͤ͊͒, ͙ͤͯ͒ ͔ͪ΄͔͔ͥ ͨͦ͒ ͙͔ͣͤͦͣ αSCMSά. ˴͊ͦ ͙ ͦ͒͟ ͔ͨͪͭͻͦ͒ͤͦ 

͙͙ͦͨͫ͊ͤͻ ͙͔ͫͫͭͣ͊Σ ͔͔͔͙ͣͤͭ͡ ͙͔ͫͫͭͣ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͫͯ  ͔͙ͨͦͫ͋ͤ ͣͦ͒ͯ͡ ς 

αSmartModuleά ͟ ͙ͦ͞ ͔ͫ ͎ͯͪ͊Ώ͔ͯ͞ ͤ͊ ͍ͫ͊ͯ͟ ͍͔͙ͫͭͯ͢͟ ͨͦͤ͊ͦͫͦ͋Σ ͙ ͔ͨͪͦ͟ ͎ͦ͊͟ ͔ͫ ͙ͦͣͯͤ͟ͼ͙ͪ͊ 

ͫ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣ ς αGatewayάΣ ͔ͨͯͭͣ ͙ͪ͊͒ͦ-͍͔͔͘Φ ˴ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͙ͣ͊ ͎ͣͦͯΐͤͦͫͭ 

͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͫ͊ ͍͙ͤ͊͞΄͔ рлл ͣͦ͒ͯ͊͡Σ ͯ ͙ͪ͊͒ͯͫͯ͞ ͦ͒ м0 km. ˴ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͫ͊ SCADA 

͔͍͔ͫͪͪͦͣΣ ͙ͦ͟͞ ͔ͣͦ͗ ͙͙͋ͭ ͔ͫͣ΄͔ͭͤ ͯ αcloudά-ͯ ͙͙͡ ͦ͒͟ ͙͙ͦͪͫͤ͊͟͟Σ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͔ͨͯͭͣ 

͙͔͔ͤͭͪͤͭ ͔ͦͤ͟͟ͼ͙͔͞ ͔ͨͪͦ͟ GSM/GPRS/E/3G/H+/4G/4GLTE ͣ ͙͔ͦ͋ͤ͡ ͔͔ͣͪ͗Φ ˴͙ͦͣͯͤ͊͟ͼ͙͊͞ 

ͣͦ͒ͯ͊͡ αSmartModuleά ͫ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣ ς αGatewayάΣ ͔͞ ͊ͦ͟ ΄ͭͦ ͔͞ ͔ͪ;͔ͤͦΣ ͔ͨͯͭͣ 

͙ͪ͊͒ͦ-͍͔͔͘ ͙ͭͨ͊ αStarά ͙͙͡ αMeshάΦ ˻͍ ͦ ͔ͪ΄͔͔ͥ ͔͙͊ͪ͊ͭͪ͟͟΄ ͔ 128-bit/256-bit AES 

͔͙ͤͪͨ͟ͼ͙͊͞ ͨͦ͒͊ͭ͊͊͟Φ 

 

˿͙͊͟͡ сΦ6. ˻ ͍͙ͫͤͦͤ ͔͔͔͙ͣͤͭ͡ αSMCSά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢ 

NOVACCESS ς NOVALIGHT 

͙̅ͪͣ͊ αNovaccessά ͙͘ ͍̊͊͞ͼ͔͊ͪͫ͟Σ ͙ͤͯ͒ ͔ͪ΄͔͔ͥ ͨͦ͒ ͙͔ͣͤͦͣ αNovaLightάΦ ˴͊ͦ ͙ ͦ͒͟ 

͔ͨͪͭͻͦ͒ͤͦ ͙͙ͦͨͫ͊ͤͻ ͙͔ͫͫͭͣ͊Σ ͔͔͔͙ͣͤͭ͡ ͙͔ͫͫͭͣ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͫͯ  ͔͙ͨͦͫ͋ͤ ͣͦ͒ͯ͡ ς 

αOLC Nemaά ͟ ͙ͦ͞ ͔ͫ ͎ͯͪ͊Ώ͔ͯ͞ ͤ͊ ͍ͫ͊ͯ͟ ͍͔͙ͫͭͯ͢͟ ͨͦͤ͊ͦͫͦ͋Σ ͙ ͔ͨͪͦ͟ ͎ͦ͊͟ ͔ͫ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͫ͊ 

ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣ ς αGatewayάΣ ͔ͨͯͭͣ ͙ͪ͊͒ͦ-͍͔͔͘ ͙  αpoint to pointά ͙͘ ͔ͣΏͯ ͍͎ͫ͊ͦ͟ ͣͦ͒ͯ͊͡Φ 

˴ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͫ͊ SCADA ͔͍͔ͫͪͪͦͣΣ ͙ͦ͟͞ ͔ͣͦ͗ ͙͙͋ͭ ͔ͫͣ΄͔ͭͤ ͯ αcloudά-ͯ ͙͙͡ ͦ͒͟ 

͙͙ͦͪͫͤ͊͟͟Σ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͔ͨͯͭͣ ͙͔͔ͤͭͪͤͭ ͔ͦͤ͟͟ͼ͙͔͞ ͔ͨͪͦ͟ GSM/GPRS/E/3G/H+/4G/4GLTE 

͙͔ͣͦ͋ͤ͡ ͔͔ͣͪ͗Φ ˴͙ͦͣͯͤ͊͟ͼ͙͊͞ ͣͦ͒ͯ͊͡ αSmartModuleά ͫ ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣ ς αGatewayάΣ 

͔͞ ͊ͦ͟ ΄ͭͦ ͔͞ ͔ͪ;͔ͤͦΣ ͔ͨͯͭͣ ͙ͪ͊͒ͦ-͍͔͔͘ ͙ͭͨ͊ αsmart wireless mesh networkάΦ ˻ ͍ͦ ͔ͪ΄͔͔ͥ 

͔͙͊ͪ͊ͭͪ͟͟΄͔ 128-bit/256-bit AES ͔ ͙ͤͪͨ͟ͼ͙͊͞ ͨͦ͒͊ͭ͊͊͟Φ 

 

˿͙͊͟͡ сΦ7. ˻ ͍͙ͫͤͦͤ ͔͔͔͙ͣͤͭ͡ αNovaLightά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

 

˿͙͊͟͡ сΦ8. ˽ ͙ͪͤͼ͙͙͔ͨͤ͊͞͡ ΄͔ͣ͊ αNovaLightά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢ 

PETRASYSTEMS ς INTELLIGENT STREETLIGHT 

͙̅ͪͣ͊ αPetrasystemsά ͙͘ ˿ˢ˨Σ ͙ͤͯ͒ ͔ͪ΄͔͔ͥ ͨͦ͒ ͙͔ͣͤͦͣ αInteligent StreetlightάΦ ˴͊ͦ ͙ 

ͦ͒͟ ͔ͨͪͭͻͦ͒ͤͦ ͙͙ͦͨͫ͊ͤͻ ͙͔ͫͫͭͣ͊Σ ͔͔͔͙ͣͤͭ͡ ͙͔ͫͫͭͣ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͫͯ  ͔͙ͨͦͫ͋ͤ 

ͣͦ͒ͯ͡ ͙ͦ͟͞ ͔ͫ ͎ͯͪ͊Ώ͔ͯ͞ ͤ͊ ͍ͫ͊ͯ͟ ͍͔͙ͫͭͯ͢͟ ͨͦͤ͊ͦͫͦ͋Σ ͙ ͔ͨͪͦ͟ ͎ͦ͊͟ ͔ͫ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͫ͊ 

ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣΣ ͔ͨͯͭͣ Wi-Fi ͙ αpoint to pointά ͙͘ ͔ͣΏͯ ͍͎ͫ͊ͦ͟ ͣͦ͒ͯ͊͡Φ ˴ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͫ͊ 

SCADA ͔͍͔ͫͪͪͦͣΣ ͙ͦ͟͞ ͔ͣͦ͗ ͙͙͋ͭ ͔ͫͣ΄͔ͭͤ ͯ αcloudά-ͯ ͙͙͡ ͦ͒͟ ͙͙ͦͪͫͤ͊͟͟Σ ͙ͦͣͯͤ͟ͼ͙ͪ͊ 

͔ͨͯͭͣ ͙͔͔ͤͭͪͤͭ ͔ͦͤ͟͟ͼ͙͔͞ ͔ͨͪͦ͟ GSM/GPRS/E/3G/H+/4G/4GLTE ͙͔ͣͦ͋ͤ͡ ͔͔ͣͪ͗Φ ˻͍ͦ 

͔ͪ΄͔͔ͥ ͔ͫ ͙͔ͪ͊ͯ͘͟͡͞ ͦ͒ ͎͙͒ͪͯͻ ͔ͪ΄͔ͥ͊ ͔ͪ͞ ͔ͫ ͙͙ͤͦͪͨͦͪͪ͊͟ ͯ ͔ͨͦͫͭͦ͞ΐͯ ͙ͣͦ͋ͤͯ͡ ͔ͣͪ͗ͯΣ 

ͭ͊ͦ͟ ͒͊ ͙ͣͦ͒ͯ͡ ͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ ͙͍͔͔ͫͭͦͪͣͤͦ ͙ ͙͔ͨͪͫͭͯͨͤ ͭ͊;͔͟ ͊͘ ͎͔͒ͪͯ ͔ͯͪΏ͔͊͞Σ ;͙͔ͣ ͔ͫ 

͙͔ͨͦͫͭ͗ ͔͔͋ͤͺ͙ͭ ͙ ͊͘ ͍͔͔ͨͪͦ͊͒ͪ͞ ͙͔͔ͤͭͪͤͭ͊Φ 

 

˿͙͊͟͡ сΦ9. ˽ ͙ͪͤͼ͙͙͔ͨͤ͊͞͡ ΄͔ͣ͊ αIntelligent Streetlightά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 

͍͔͔͔ͦͫͭͥͣ͢ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

SCHRÉDER GROUP ς ˻ WLET 

˻͍ͦ ͔ͪ΄͔͔ͥ ͺ͙͔ͪͣ αSchréderά ͦ͟ ͊͞ ͔͞ ͔͊ͫͭͯͨͤ͊͘͢ ͙ ͯ ˿͙͙ͪ͋͞ ͔ͨͪͦ͟ ͙͍͔͎ͨͪͪ͒ͤͦ ͒ͪͯ΄͍ͭ͊ 

αMinel Schrederά ͙͘ ˣ͔͎ͦͪ͊͒͊Σ ͔͍ͨͪ͒ͫͭ͊͊͢ ͔͒ͤͦ͞ ͼ͔͍͙ͦͭͦ͡ ͔ͪ΄͔͔ͥ ͯ ͍ͯͨͪ͊͊ͥͯ͢ 

͙ͪ͊͘͡;͙͙ͭͣ ͔͔͔͙ͣͤͭͣ͊͡ αSmartCityά ͔ͪ΄͔ͥ͊Σ ͎͔͒ ͔͞ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͣͦ 

͔͒ͤ͊͞ ͦ͒ ͔͙ͦͣͨͦͤͤͭ͟ ͙͔ͫͫͭͣ͊Φ  

 

˿͙͊͟͡ сΦ10. s ͪͻ͙͔ͭͭͯͪ͊͟ αOwletά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 

˩͔͔͙ͣͤͭ͡ ͙͔ͫͫͭͣ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͫͯ ͔͙ͨͦͫ͋ͤ ͣͦ͒ͯ͡ ς αLuco P7CMά ͙ͦ͟͞ ͔ͫ ͎ͯͪ͊Ώ͔ͯ͞ 

ͤ͊ ͍ͫ͊ͯ͟ ͍͔͙ͫͭͯ͢͟ ͨͦͤ͊ͦͫͦ͋Σ ͙ ͔ͨͪͦ͟ ͎ͦ͊͟ ͔ͫ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͫ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣ ς αSegment 

ControllerάΣ ͔ͨͯͭͣ ͙ͪ͊͒ͦ-͍͔͔͘ ͭ ͙ͨ͊ αZigBee meshnetά. ˿ ͍͔͙ͭ ͔͢͟ ͙ͦͣͯͤ͟ͼ͙ͪ͊ͯ͞ ͙ αpoint to 

pointά ͙͘ ͔ͣΏͯ ͍͎ͫ͊ͦ͟ ͣͦ͒ͯ͊͡Φ 

 

˿͙͊͟͡ сΦ11. ˽ ͙ͪͤͼ͙͙͔ͨͤ͊͞͡ ΄͔ͣ͊ αOwletά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͊ͦ ͍͔͔͔ͫͭͥͣ͢  
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˴ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͫ͊ ͔͍͔ͫͪͪͦͣ ͙ͦ͟͞ ͔͞ ͔ͫͣ΄͔ͭͤ ͯ αcloudά-ͯΣ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͔ͨͯͭͣ ͙͔͔ͤͭͪͤͭ 

͔ͦͤ͟͟ͼ͙͔͞ ͔ͨͪͦ͟ GSM/GPRS/E/3G/H+/4G/4GLTE ͙͔ͣͦ͋ͤ͡ ͔͔ͣͪ͗Φ ̂ ͍͙͙͊ͫͤͦͫͭ͘ ͦ͒ 

͍͔͙͡;͙͔ͤ ͔ͨ͊ͭ͊͟Σ ͭ͞Φ ͋ͪͦ͊͞ ͙͙ͦͤͭͪͦͫ͊ͤ͟͡ͻ ͍͔͙͙ͫͭ͢͟Σ ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟͟ ͙͔ͫͫͭͣ͊ ͔ͫ ͎ͣͦͯ 

͙͙ͫͯͣͪ͊ͭ ͤ͊ ͤ͊;͙ͤ ͊ͦ͟͟ ͔͞ ͭͦ ͙ͨͪ͊͊ͤͦ͘͟ ͙ͫͦͣ͟͡ сΦмнΦ 

 

˿͙͊͟͡ сΦ12. ˴ ͔͙͙͔͊ͪ͊ͭͪͫͭ͟͟ αOwletά ͙͔ͫͫͭͣ͊ ͯ ͍͙͙͊ͫͤͦͫͭ͘ ͦ͒ ͋ͪͦ͊͞ ͙͙ͦͤͭͪͦͫ͊ͤ͟͡ͻ 

ͭ͊;͊͊͟ 

̂ ͙͔ͫͫͭͣͯ ͔ͫ ͙͍͒͊͊ͯ͘͞͞ ͙ ͦͨͼ͙͔͞ ͎͊ͫͭͪͦͤͦͣͫͦ͟ ;͍͙͊ͫͦͤ͊͟Σ ͙ ͙ͪ͊͘͡;͙͙ͭͻ ͍ͪͫͭ͊ 

͍͔ͯͨͪ͊͊ͥͣ͢ ͙͔͙͔ͤͭͭͭ͊͘ ͍͔͔ͦͫͭͥ͊͢Σ ͪͦ͘͟ ͙ͪ͊͘͡;͙͔ͭ ͎͔ͨͪͦͪ͊ͣ ͙͍͒ͣͦ͊ͥ͊Υ ͺ͙ͫͤͦ͟Σ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͙͙͒ͤ͊ͣ;ͦ͟ ͙ ͙͙͊͒͊ͨͭ͋ͤͦ͡Φ ˿͍͙͊͟ ͔ͦͤͭͪͦͪ͟͡ ͍͔͙͔ͫͭ͢͟ ͔͔ͨͦͫ͒ͯ͞ ͎ͣͦͯΐͤͦͫͭ ͍͊͒͊͊ͥ͊͘ р 

͙ͪ͊͘͡ ;͙͙ͭͻ ͎ͨͪͦͪ͊ͣ͊ ͙͍͒ͣͦ͊ͥ͊ ͍͔͔ͦͫͭͥ͊͢Σ ͊ͦ͟ ΄ͭͦ ͔͞ ͭͦ ͙ͨͪ͊͊ͤͦ͘͟ ͙ͫͦͣ͟͡ 6.13. 

 

˿͙͊͟͡ сΦ13. ˮ ͎͔͒͘͡ ͙͙ͭͨ;͎ͤͦ ͙͎͒͊ͪ͊ͣ͊͞ ͙͍͒ͣͦ͊ͥ͊ ͯ αOwletά ͙͔ͫͫͭͣͯΣ ͙ͨͪ ;͔ͣͯ ͔ͫ 

͎ͨͪͦͪ͊ͣ ͙͍ͪ͘΄͍͊͊ ͊ͯͭͦͤͦͣͤͦΣ ͯ ͍͙ͦͪͯ ͣͦ͒ͯ͊͡ 

˿͙͔ͫͭͣͯ ͔ͫ ͙ͨͪͫͭͯͨ͊ ͔ͨͪͦ͟ αcloudά-͊Σ ͭ͊ͦ͟ ͒͊ ͔ͫ ͯ ͎͔ͨͦ͒ͯ͡ ͔ͪ΄͔ͥ͊ ͙ͦͪ͟΄ΐ͔ͥ͊ ͙͔ͫͫͭͣ͊Σ 

͔ͤ ͙͔ͪ͊ͯ͘͟͡͞ ͦ͒ ͍͔ΐ͙͔ͤ ͙͙ͨͪ͊͊ͤ͘͟ͻ ͔ͪ΄͔ͥ͊Φ 

CIRCUTOR ς CIRLAMP 

˻͍ͦ ͔ͪ΄͔͔ͥ ͺ͙͔ͪͣ αCircutorά ͦ͊͟͞ ͔͞ ͔͊ͫͭͯͨͤ͊͘͢ ͙ ͯ ˿͙͙ͪ͋͞ ͔ͨͪͦ͟ ͙͍͔͎ͨͪͪ͒ͤͦ ͒ͪͯ΄͍ͭ͊ 

αAvalon Partners - Circutorά ͙͘ ˣ͔͎ͦͪ͊͒͊Σ ͔͞ ͨͦ ͎͙͙ͭͦͨͦͦ͡͞ ͍͔ͦͣ͊ ͙ͫ͡;ͤͦ ͔ͨͪͭͻͦ͒ͤͦ 

͔͍͔͙ͨͪ͒ͫͭ͊ͤͣ͢ ͙͔͙ͫͫͭͣͣ͊Σ ͯ͘ ͔͒ͤͯ͞ ͙ͪ͊ͯ͘͟͡Τ αCirLampά ͙͔ͫͫͭͣ ͫ ͔͙͋͊ͪ͊͘ ͤ ͊ PLC19 

͙ͦͣͯͤ͊͟͟ͼ͙͙͞ ͦ͊͟͞ ͔͞ ͍͔ͦͣ͊ ͨͦͯ͒͊ͤ͊͘ ͙ ͍ͫ͊͊ͦ͟͟ ͙ͨͦͯ͒͊ͤ͊͘͞ ͦ ͙͒͋ͦ͡ ͔ͦ͟͞ Wi-Fi ͍͔͔͘.  ̂

͍͙ͫ͊͟ ͫͭͯ͋ ͔ͫ ͤ͊ ͔͔͎͔ͤͪͭͫͦͣ͟ ͍͒ͦͦ͒ͯ ͎ͯͪ͊Ώ͔ͯ͞ ͣͦ͒ͯ͡ αCirLamp Node DNά ͙ͦ͟͞ ͙ͦͫͣ 

͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͙ͣ͊ ͺͯͤ͟ͼ͙ͯ͞ ͔͔͒ͭ͟ͼ͙͔͞  ͙ ͔͙ͨͪ͒͟ͼ͙͔͞ ͍͊ͪ͊͟ ͍͔͙͔ͫͭ͢͟, ͍ͯͨͪ͊͊ͥ͊͢ 

͙͍ͤͦͦͣ ͍͔͔ͦͫͭͥ͊͢ (͙ͦͤͭͤͯ͊ͤͦ͟͡ 1-10 V ͘ ͊LED ͍͔͙͔ͫͭ͢͟, ͔͔ͫͭͨͤ͊ͫͭͦ ͘ ͎͔͊͒ͪͯ ͍͔ͪͫͭ 

͍͔͙͙ͫͭ͢͟ύ ͊ͦ͟ ͙ ͎͔ͦͦ͊͟͡ͼ͙ͯ͞ ͍͔͙͔ͫͭ͢͟. αCirLamp Nodeά ͙ͣͦ͒ͯ͡ ͙ͦͣͯͤ͟ͼ͙ͪ͊ͯ͞ ͫ ͊

ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣ αCirLamp Managerά ͙ͦ͟͞ ͔͞ ͔ͫͣ΄͔ͭͤ ͯ ͔ͣͪͤͦ-͍ͪ͊ͦ͒ͤͦͣ͘ ͦͪͣ͊ͤͯ 

͍͔͔ͦͫͭͥ͊͢ ό͔͒͊͟͡ ͤ͊ ͨͦ;͔ͭͯ͟ ͎ͤ͊ͨͦͤͦ͞ ͊͋͊͟͡ύΦ ˴ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͔͒͊͢Σ ͫ͊ ͼ͔͙ͤͭͪ͊ͤͣ͡ 

͔͍͔ͫͪͪͦͣΣ ͙ͦ͟͞ ͔͞ ͔ͫͣ΄͔ͭͤ ͯ αcloudά-ͯΣ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͔ͨͯͭͣ ͙͔͔ͤͭͪͤͭ ͔ͦͤ͟͟ͼ͙͔͞ ͔ͨͪͦ͟ 

GSM/GPRS/E/3G/H+/4G/4GLTE ͙͔ͣͦ͋ͤ͡ ͔͔ͣͪ͗Φ ˴͙ͦͣͯͤ͊͟ͼ͙͊͞ ͫ ͊ͼ͔͙ͤͭͪ͊ͤͣ͡ ͔͍͔ͫͪͪͦͣ 

͍͔ͦͫͭ͊ͪͯ͞ ͫ ͔ͨ ͔͙ͦͨͦͭͪ͋ ͙͙͡ ͔͙͙ͨͪͦ͒;ͤͦ ͔ͪ͞ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪ ͙ͣ͊ ͍ͫͯ ͎͙ͦͯ͟͡ ͔ͨͦͭͪ͋ͤͯ ͘ ͊

͔͍͙ͤ͊ͫͤͦ͘ ͍ͦΏ͔͔ͥ ͍͔͙͙ͫͭ͢͟. ́ ͦͤ͊͘;͙ ͒ ͙͊ ͒͊ ͔͞ ͙ͦ͟͡;͙ͤ͊ ͨͦ͒͊ͭ͊͊͟ ͦ͊͟͞ ͙͔͒ ͔ͨͪͦ͟ 

͔ͣͦ͒ͣ͊ ͣ͊ͥ͊. ́͊ͦ͟Ώ͔, ͙ͯͦͦ͟͟͡ ͙ͣͦ͋ͤ͊͡ ͍͔͊͘ ͤ ͔͙ͪ͊͒Σ ͍͔͔͔ͦͫͭͥ͢ ΐ ͔ͺͯͤ͟ͼ͙͙͙ͦͤͫ͊ͭ 

͙ͯͦ͋;͔͊ͤͦ͞, ͞ ͔ͪ ͔͞ ͎͙ͦ͊͟͡ ͦ͊ͤ͊͟͡͡, ͊  ͔͍͔ͫͪͪ ͫ ͔͙͙ͦͪͫͭ͟ ͘ ͊ͤ͊͒ͦͪ͘ ͙͔ͫͫͭͣ͊, ͙ ͍͔͘΄͍͔ͭ͊͊ͥ 

 ͦ͟ ͍͍͙͊ͪͦͣ͊, ͨ ͦͭͪͦ΄͙ͥ, ͎ ͔ͦͦ͡ͼ͙͔ͪ͊ͥ ͙ ͒ ͙͊ͤͫͦ͢͟ ͯ ͯ͟͢;͔͔ͥκ͙ͫͯ͟͢;͔͔ͥ ͨ  ͦͨ ͔͙ͦͭͪ͋Φ 

 

                                                      
19 Power Line Communication ς ͟ ͙ͦͣͯͤ͊͟ͼ͙͊͞ ͔ͨͯͭͣ ͔͔͔͔͎͔͔ͭͪͦͤͪͭͫ͟͟͡ ͔͔ͣͪ͗ 
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˿͙͊͟͡ сΦ14. ˽ ͙ͪͤͼ͙͙͔ͨͤ͊͞͡ ΄͔ͣ͊ αCirLampά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͊ͦ ͍͔͔͔ͫͭͥͣ͢ 

 

 

˿͙͊͟͡ сΦ15. ˻ ͍͙ͫͤͦͤ ͔͔͔͙ͣͤͭ͡ αCirLampά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͊ͦ ͍͔͔͔ͫͭͥͣ͢  

͍͔̂ͨͪ͊͊ͥ͢ ͙͍ͤͦͦͣ ͍͔͔ͦͫͭͥ͊͢ ͔͞ ͙͔͔ͤͭͪͫ͊ͤͭͤͦ ͫ ͍͙͊ͫͭ͊ͤͦ΄ͭ͊ ͯ΄͔ͭ͒͊, ͔ͪ͞ ͍͍͒ͦͦ͊͊͘͢ 

͒ ͊ͫ  ͔ͯ  ͨ ͔͙ͪ͊ͤͣ͘͡ ͨ ͔͙͙ͪͦ͒ͣ͊, ͫ ͯͣͪ͊͟ (͍͙͔ͫͭ͊ͥ) ͙  ͦ͋ ͊͡;ͤͦ ͍ ͔͔ͪͣ, ͦ ͍͔͍ͫͭ͊͊͢ ͫ  ͊ͤ ͙͗ͦͣ 

͎ͫͤ͊ͦͣ, ́ ͭͦ  ͙ͯͨͪ͊ͫ͟ ͍͙ͦ͒ ͔ͫͣ͊ͥͥͯ ͨͦͭͪͦ΄͔ͥ ͦ ͙͒͒ͦ͒͊ͭͤͻ 20-30% ͯ  ͦ͒ͤͦͫͯ ͤ ͙͔͊ͫͫͭͣ 

͔͋͘ ͍͔ͦ ͔͎ͪͯ͊͡ͼ͙͔͞. ̂ ͍ͫͦ͡ ͘ ͍͔͊ͯͨͪ͊͊ͥ͢ ͙͍ͤͦͦͣ ͍͔͔ͦͫͭͥ͊͢ ͞ ͔ ͒ ͊LED ͫ ͍͔͙ͭ͊͢͟, ͭ ͞. ͥ ͔ ͤ

͍͔͒ͪ͊ͪ͞ ͒ ͍͍ͦͦ͊͊͘͢ ͒ ͙͍͔ͣͦ͊ͥ.  

αCirLampά ͣ ͔ͦ͗ ͒  ͊ͅ ͯͤ͟ͼ͙͙ͦͤ΄͔ ͫ  ͊͋ ͙ͦ͡ ͟ ͙ͦͣ͞ ͫ ͍͔͙ͭ͊ͣ͊͢͟ ͭ ͊ͦ͟ ͒  ͊ͫ ͙͔ͫͭͣ ͣ ͔ͦ͗ ͦ ͒ͣ͊ͻ 

͒ ͊ͫ  ͔͙ ͔͔͙ͣͨͣͤͭͪ͊͡ ͤ  ͊ͨ ͔ͦͫͭͦ͞ΐ͔ ͫ ͔ͭ͊ͥ, ͊  ͘ ͙͊ͭͣ ͟ ͊ͦ͟ ͫ  ͔ͣ ͔ͥ͊ͯ͞ ͫ ͍͔͙͔ͭ͢͟ ͒ ͦ͒͊ͯ͞ ͫ  ͔ͫ ͊ͣͦ 

αCirLamp Nodeά ͣͦ ͙͒ͯ͡. ˿ ͍͔͙͔ͭ͢͟ ͔ͦ͟͞ ͫ ͔͎ͯͪ͊Ώͯͯ͞ ͎ͣͦͯ ͙͙͋ͭ ͙͋ͦ͡ ͎ͦ͟ ͙͍ͨͪͦͦ͘Ώ͊;͊ ΄ͭͦ 

͔͞ ͨ ͍ͦͦͤͦ͢ ͘  ͊͟ ͔͎ͪ͊ͥ͞ ͟ ͙͙ͦͪͫͤ͊͟. 
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PHILIPS ς CITYTOUCH 

˽͔ͪ͒ͤͦͫͭ αCityTouchά ͔ͪ ΄͔ͥŀ ͺ͙͔ͪͣ αPhilipsά ͔ͫ  ͎͔ͦ͒͊͡ ͯ ͔ͫͣ͊ͥͤͦͣ ͋ͪͦͯ͞ ͔͙ͦͣͨͦͤͤͭ͟ 

͙͔ͫͫͭͣ͊Φ ˭͊ ͙ͪ͊ͯ͘͟͡ ͦ͒ ͍͙ͫͻ ͔ͨͪͭͻ͙ͦ͒ͤͻ ͔ͪ΄͔ͥ͊Σ ͔ͦ͟͞ ͔ͫ ͔ͫ͊ͫͭͦ͞ ͙͘ ͣͦ͒ͯ͊͡ ͊͘ ͍͔͙ͫͭͯ͢͟Σ 

ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪ͊ ͙ ͼ͔͎ͤͭͪ͊ͤͦ͡ ͔͍͔ͫͪͪ͊Σ ͦ͒͟ αCityTouchά ͔ͪ΄͔ͥ͊ ͙͋͊͘;͔ͤ͊ ͔͞ ͔ͨͦͭͪ͋͊ ͊͘ 

ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪͦͣΣ ͍͔ΐ ͍͙ͫ͊͟ ͔͙ͨͦ͒ͤ͊͞;͙ͤ ͣͦ͒ͯ͡ ͙͔͒ͪͭͤͦ͟ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͫ͊ ͼ͔͙ͤͭͪ͊ͤͣ͡ 

͔͍͔ͫͪͪͦͣ ͔ͨͯͭͣ GSM/GPRS/E/3G/H+/4G/4GLTE ͙͔ͣͦ͋ͤ͡ ͔͔ͣͪ͗Φ ˻͍͊͞ ͙͔ͫͫͭͣΣ ͊ͦ͟ ͙ ͍͙ͫ 

͔ͨͪͭͻ͙ͦ͒ͤΣ ͔ͣͦ͗ ͙͙ͪ͊͒ͭ ͫ͊ ͍͙ͫͣ ͍ͪͫͭ͊ͣ͊ ͍͔͙͙ͫͭ͢͟Σ ͯ͘ ͎ͯͪ͊͒ͥͯ ͣͦ͒ͯ͊͡Σ ͊ ͦ͞΄ ͔͒ͤ͊͞ 

͔ͨͪ͒ͤͦͫͭ ͍͎ͦͦ ͙͔ͫͫͭͣ͊ ͔͞ ΄ͭͦ ͫͯ ͍͔͙͔ͫͭ͢͟ ͙͘ ͔͙ͤ͟ͻ ͙͍͙ͨͪͦͦ͒ͤ͘ͻ ͙͙ͤ͊͡͞ αPhilipsά LED 

͍͔͙͙ͫͭ͢͟ ͍͔ΐ ͯ ͫ͊ͣͦͣ ͫͭ͊ͪͭͯΣ ͺ͙͊͋ͪ;͙͟ ͔͔͔ͦͨͪͣͤ͢ ͫ͊ ͣͦ͒ͯͦͣ͡Σ ͯ ͙ͦ͟͞ ͔͞ ͺ͙͊͋ͪ;͙͟ 

͎ͯͪ͊Ώ͔ͤ͊ ͙ SIM ͙͊ͪͭ͟ͼ͊ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞Φ ̂ ͭͦͣ ͫͯ͡;͊ͯ͞Σ ͙͔ͫͫͭͣ ͔͞ αPlug and playά, 

ͦ͒ͤͦͫͤͦ ;͙ͣ ͔ͫ ͎͙ͯͪ͊͒ ͍͔͙ͫͭ͊͢͟Σ ͔͋͘ ͙͍͎͊ͦ͟͟ ͔ͨͦ͒΄͍͊͊ͥ͊ ͔ͫ ͙ͫͭ͊ ͍͔ͤ͊͊ͯ͢͞͞Σ ͎͔ͦͦ͡ͼ͙ͪ͊ 

͔ͨͯͭͣ ͎ͯͪ͊Ώ͔͎ͤͦ GPS ͙͔͙ͨͪͣͤ͊͟͞ ͯ ͫ͊ͣͦ͞ ͍͔͙ͫͭ͢ͼ͙ ͙ ͙͔͙͒ͤͭͺ͙͔ͯ͟͞ ͯ ͙͔ͫͫͭͣͯ 

αCityTouchά.  

 

 

˿͙͊͟͡ сΦ16. s ͪͻ͙͔ͭͭͯͪ͊͟ αCityTouchά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 

˽͙ͪ ͎͙ͯͪ͊͒ͥ ͙͔ͫͫͭͣ͊ ͔ͣͦ͗ ͔ͫ ͙͙͙ͦͪͫͭͭ͟ ͊ͦ͟ ͦ͒͟ ͎͙͒ͪͯͻ ͙͔ͫͫͭͣ͊ ͙ ͙ͪ͊͒ͦΣ Wi-Fi  ͙PLC 

͙ͦͣͯͤ͊͟͟ͼ͙͊͞Σ ͙ͯͦͦ͟͟͡ ͤ͊ ͦ͊͟͡ͼ͙͙͞ ͔ͤ ͙ͨͦͫͭͦ͞ ͙͎ͫͤ͊͡ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞Σ ͙ ͯ ͭͦͣ 

ͫͯ͡;͊ͯ͞ ͔ͫ ͙͙ͦͪͫͭ͟ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪ ͊ͦ͟ ͔͔͔ͣͤͭ͡Σ ΄ͭͦ ͔͞ ͙ͨͪ͊͊ͤͦ͘͟ ͙ͫͦͣ͟͡ сΦмтΦ 
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˿͙͊͟͡ сΦ17. ˸ ͎ͦͯΐ͙ ͤ͊;͙͙ͤ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ αCityTouchά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 

                     

˿͙͊͟͡ сΦ18. ˽ ͔͙ͪ͒ͤͦͫͭ αCityTouchά ͙͔ͫͫͭͣ͊ ͙ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͎ͯͪ͊Ώ͔͙ͤͣ ͣͦ͒ͯͦͣ͡ 
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˴͊ͦ ͎͍͔͊ͤ͡ ͔͙ͨͪ͒ͤͦͫͭ αPhilipsά αCityTouchά ͙͔ͫͫͭͣ͊ ͙͙ͫͭ;ͯ ͔ͫ ͍ͯͨͪ͊ͦ ͊ͯͭͦͣ͊ͭͫ͊͟ 

ͦ͊͟͡ͼ͙͊͞ ͍͔͙͔ͫͭ͢͟ ͦ͒ͣ͊ͻ ͨͦ ͎͙ͯͪ͊͒ͥΣ ͊ͯͭͦͣ͊ͭͫͦ͟ ͙͍͙͍͔ͨͪ͊͊ͥ͢͞ (Automatic 

commisioningύ ͤ͊ αCityTouchά ͙͔ͫͫͭͣ ͦ͒ͣ͊ͻ ͨͦ ͙ͤͫͭ͊͊͡ͼ͙͙͞ ͙ ͙͊ͯͭͦͣ͊ͭͫ͟ αupdateά ͍͙ͫͻ 

͍͔͙͙ͫͭ͢͟Φ 

̂ ͙͔ͫͫͭͣͯ ͔ͫ ͙͍͒͊͊ͯ͘͞͞ ͙ ͦͨͼ͙͔͞ ͎͊ͫͭͪͦͤͦͣͫͦ͟ ;͍͙͊ͫͦͤ͊͟Σ ͙ ͙ͪ͊͘͡;͙͙ͭͻ ͍ͪͫͭ͊ 

͍͔ͯͨͪ͊͊ͥͣ͢ ͙͔͙͔ͤͭͭͭ͊͘ ͍͔͔ͦͫͭͥ͊͢Σ ͪͦ͘͟ ͙ͪ͊͘͡;͙͔ͭ ͎͔ͨͪͦͪ͊ͣ ͙͍͒ͣͦ͊ͥ͊. 

˿͙͔ͫͭͣͯ ͔ͫ ͙ͨͪͫͭͯͨ͊ ͔ͨͪͦ͟ αcloudά-͊Σ ͭ͊ͦ͟ ͒͊ ͔ͫ ͯ ͎͔ͨͦ͒ͯ͡ ͔ͪ΄͔ͥ͊ ͙ͦͪ͟΄ΐ͔ͥ͊ ͙͔ͫͫͭͣ͊Σ 

͔ͤ ͙͔ͪ͊ͯ͘͟͡͞ ͦ͒ ͍͔ΐ͙͔ͤ ͙͙ͨͪ͊͊ͤ͘͟ͻ ͔ͪ΄͔ͥ͊Φ 

сΦо ˮ͋ͦͪ͘ ͔ͪ΄͔ͥ͊ ͯ ͙ͦ͋͊ͫͭ͡ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͍͔͔͔ͦͫͭͥͣ͢ ͙ͦ͟͞ ͎͍ͦ͒ͦ͊ͪ͊ ͔ͨͦͭͪ͋͊ͣ͊ 

˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞ά 

˿͍͙ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͢ ͙͔͙ͫͫͭͣ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͯ ͔ͨͪͭͻͦ͒ͤͦͣ ͎͍ͨͦ͊ͯ͢͡ ͺͯͤ͟ͼ͙ͦͤ͊ͤͦ͡ 

͙͍ͫͨͯͥ͊͊ͯ͞ ͍͔ͫ ͊͘ͻ͔͍͔ͭΣ ͙ͦ͟͞ ͔ͫ ͔ͤ͊ͣΐͯ ͊͘ ͔͒͊ͤ͞ ͔ͣͦ͒ͪ͊ͤ ͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͙ 

͍͔͔ͦͫͭͥͯ͢Σ ͊ ͭͦ ͫͯΥ 

1. ˸͎ͦͯΐͤͦͫͭ ͦ;͙͍ͭ͊͊ͥ͊ ͍͙ͫͻ ͔͔͙ͭͪ͟͡;͙ͤͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͍͔͙͔ͫͭ͢͟ ͙ ͭͦΥ ͤ͊ͨͦͤ͊Σ 

͔ͫͭͪͯ͞Σ ͙͍͔͊ͭͤ͟ ͙ ͔͙͍͔ͪ͊ͭͤ͟ ͎͔ͫͤ͊ ͙ ͺ͊ͭͦͪ͊͟ ͎͔ͫͤ͊ όcos ˒ ); 

2. ˸͎ͦͯΐͤͦͫͭ ͤ͊͒ͦͪ͊͘ ͙ ͙͎͙͔͒͊ͤͦͫͭ͟͞ ͔͙͙͊ͪ͊ͭͪͫͭ͟͟;͙ͤͻ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͍͔͙͔ͫͭ͢͟Υ 

͔ͫͭ͊ͥ ͯͯ͟͢;͔͙ͤͦͫͭ ͍͔͙͔ͫͭ͢͟Σ ͙͎ͫͤ͊͡ ͔͔͒ͭ͟ͼ͙͔͞ ͍͊ͪ͊͟ ͔͙ͨͦ͒ͤ͊͞;͔ͤ ͍͔͙͔ͫͭ͢͟ ͙ 

͙͒͊ͤͫͦ͢͟ ͯ ͯ͟͢;͔͔ͥκ͙ͫͯ͟͢;͔͔ͥ ͨ  ͦͨ ͔͙ͦͭͪ͋Τ 

3. ˥͔ͦͦ͊͟͡ͼ͙͊͞ ͍͔ͫ͊͟ ͍͔͙͔ͫͭ͢͟ ͔ͨͪͦ͟ ͎ͯͪ͊Ώ͔͎ͤͦ GPS ͫ ͙͔ͫͭͣ͊Τ 

4. ˽͔͍͔ͦͫ͒ͦ͊ͥ ͙͔͎ͤͭͪͤͦ ͎͊ͫͭͪͦͤͦͣͫͦ͟ ;͍͙͊ͫͦͤ͊͟Τ 

5. ˽͔͍͔ͦͫ͒ͦ͊ͥ ͎ͣͦͯΐ͙ͤͦͫͭ ͔ͨͦ͒΄͍͊͊ͥ͊ ͙͔͙͔ͤͭͭͭ͊͘ ͍͔͔ͦͫͭͥ͊͢ ͔͙ͨͦ͒ͤ͊͞;͙ͤͻ 

͍͔͙͙ͫͭ͢͟Σ ͪͦ͘͟ ͍͔ͦͣ͊ͤ͒ͦ͊ͥ͟ ͙͍ͤͦͦͣ ͙͔͙͔ͤͭͭͭ͊͘ ό͍ͭ͘Φ α͙͍͔͒ͣͦ͊ͥͣά 

͍͔͔ͦͫͭͥ͊͢ύΤ 

6. ˸͎ͦͯΐͤͦͫͭ ͎͊ͯͭͦͤͦͣͤͦ ͪ͊͒͊ ͯ ͙ͫͭͯ͊ͼ͙͊ͣ͊͞ ͊͒͊͟ ͙͔ͫͫͭͣ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͙͔ͤ͞ 

͔͙͍ͦͨͪ͊ͭ͊ͤ όͫ͊ͣͦͫͭ͊ͤͦ͡ ͯͯ͟͢;͔͔ͥ ͯ ͫ͊͒ͯ͟͡ ͫ͊ ͔͊ͤ͒͊ͪͦͣ͟͡ ͯͯ͟͢;͔ͥ͊ύΣ ͙͙͡ ͊͒͊͟ 

͔͞ ͔ͨͦͭͪ͋ͤͦ ͍͔ͦͣ͊ͤ͒ͦ͊ͥ͟ ͍͔ͫͭͦͣ͡ ͫ͊ͣͦ ͔͔͒ͤ͞ ͍͔͙͔ͫͭ͢͟ όͤͨͪΦ α͍͔ͫͭͦ͡ ͤ͊ ͊͘ͻ͔͍ͭά 

͍ͦͣ͊ͤ͒ͦ͊ͤͦ͟ ͔ͫͤͦͪͦͣ͘ ͔ͨͦͪͭ͊͟ύΤ 

7. ˮ͔͔͙ͤͭͪͦͨͪ͊͋ͤͦͫͭ͡ ͙͔ͫͫͭͣ͊ ͫ͊ ͔ͦͣͨͦͤͤͭ͊ͣ͊͟ ͎͙͒ͪͯͻ ͙͍ͨͪͦͦ͘Ώ͊;͊Τ 

8. ˸͎ͦͯΐͤͦͫͭ ͙͔͎ͤͭͪ͊ͼ͙͔͞ ͫ͊ ͎͙͒ͪͯͣ ͙ͤͺͦͪͣ͊ͼ͙͙ͦͤͣ ͙͔͙ͫͫͭͣͣ͊Τ 

9. ˸͎ͦͯΐͤͦͫͭ ͙ͫ͊͒͟͡΄͔ͭͥ͊ ͙ ͊ͪͻ͙͍͙ͪ͊ͥ͊ ͨͦ͒͊ͭ͊͊͟ ͤ͊͘;͙͊ͤ͞ͻ ͊͘ ͪ͊͒ ͙͔ͫͫͭͣ͊Σ ͙ 

10. ˸ ͎ͦͯΐͤͦͫͭ ͙͔ͨͪͨͪͣ͊ͥ͊ ͙͍͔͘΄ͭ͊͊͞ ͦ ͎͒ͦ͊ΐ͙͊ͣ͊͞ ͯ ͙͔ͫͫͭͣͯΦ 

˿͎ͭͦ͊ ͫͯ ͔ͫ, ͨ ͙ͪ ͙͋ͦͪͯ͘ ͔ͪ΄͔ͥ͊Σ ͊ ͙ͯͭͦͪ ͙͔ͫͭͯ͒͞ ͍͙͙ͦ͒͡ ͔͔ͫ͒͡ΐ͙ͣ ͔͙ͨ͊ͪ͊ͣͭͪͣ͊Υ 

¶ ͔ͫͨͼ͙ͺ͙;ͤͦͫͭ ͔ͨͦͭͪ͋͊ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞άΤ 

¶ ͤ͊;͙ͤ͊ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͯ ͎͔ͨͦ͒ͯ͡ ͔͔ͨͦͭͪ͋ͤ ͙ͤͺ͔ͪ͊ͫͭͪͯͭͯͪ͟ όͣͦͪ͊ ͒͊ ͔ͫ ͎͙ͪ͊͒ ͙͙͡ 

͔ͫ ͙͙ͦͪͫͭ͟ ͔ͨͦͫͭͦ͞ΐ͊ύ; 

¶ ͙͋ͪͤ͊͘ ͙ ͊ͦ͟͡ΐ͊ ͙͔͔ͨͪͣͤ ͔ͪ΄͔ͥ͊ ͯ ͙ͫͣͫͯ͡ ͔͎ͨͦͭͪ͋ͤͦ ͍͔͔ͪͣͤ͊ ͊͘ ͎ͯͪ͊͒ͥͯΣ 

͔͎ͨͦͭͪ͋ͤͦ ͍͔͔ͪͣͤ͊ ͊͘ ͔ͨͦ͒΄͍͔͊͊ͥ ͙͔ͫͫͭͣ͊ ͙ͨͪ ͎͙ͯͪ͊͒ͥ ͙ ͔͙ͨͦͭͪ͋ͤͻ 

͔ͨͪ͒ͪ͊͒ͥ ͙ͪ ͙͊͒ ͨͪͦ΄͙͔ͪͥ͊ ͙͔ͫͫͭͣ͊Σ ͙ 

¶ ͔ͨͦͫͭͦ͊ͥ͞ ͎ͦ͊ͤͦ͟͡͡ ό͎ͫͪͨͫͦ͟ύ ͔͍͙ͨͪ͒ͫͭ͊ͤ΄͍ͭ͊Σ ͔͔ͦ͋͋͘Ώ͔͔ͤ ͨͦ͒ͪ΄͔͟ ͙ ͔͍͙ͫͪͫ͊Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

ˮͣ͊ͯ͞ΐ͙ ͯ ͍͙͒ͯ ͒͊ ͍ͫ͊ ͔ͪ΄͔ͥ͊ ͯ ͔ͤͦͣ͟ ͔͎͔ͫͣͤͭͯ ͙͔ͦͪͫͭ͟ ͔ͣͪ͗ͯ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞Σ 

͙͊ͯͭͦͪ ͙͔ͫͭͯ͒͞ ͫͯ ͍͔͙͙ͨͪͦͪ͡ ͎ͣͦͯΐ͙ͤͦͫͭ ͙ͦͪ͟΄ΐ͔ͥ͊ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞ ͍ͫ͊ ͙ͭͪ 

͙ͨͪͫͯͭͤ͊ ͍͔ͨͪͦ͊͒ͪ͊͞ ͯ ˿͙͙ͪ͋͞Σ ͫ͊ ͍͙ͫͭ͊ͤͦ΄ͭ͊ ͎͔ͦͦ͊͟͡ͼ͙͔͞ ͍͙ͫͻ ͙ͪ͊ͣ͊ͭͪ͊ͤ͘ͻ ͔ͦ͋͊ͭ͊͟͞Φ 

́͊ͦ͟Ώ͔Σ ͍͔͔͙ͨͪͦͪͤ ͫͯ ͙ ͙ͥͻ͍͙ͦ ͍͙ͯͫͦ͡ ͯ ͎͔ͨͦ͒ͯ͡ ͼ͔ͤ͊Σ ΄ͭͦ ΐ͔ ͙͙͋ͭ ͙ͨͪ͊͊ͤͦ͘͟ ͔͒ͭ͊ͤͦ͢ 

ͯ ͔ͤ͊ͪ͒ͤͦͣ ͎͍ͨͦ͊ͯ͢͡Φ 

˴͊ͦ͟ ͍ͫ͊ ͙ͭͪ ͍͔ͨͪͦ͊͒ͪ͊͞ ͔͔ͦ͋͋͘Ώͯͯ͞ ͒ͦ͋͊ͪ ͙͎ͫͤ͊͡ ͤ͊ ͍͙ͫͣ ͦ͊͟͡ͼ͙͊ͣ͊͞ ͙ͪ͊ͣ͊ͭͪ͊ͤ͘ͻ 

͔ͦ͋͊ͭ͊͟͞Σ ͙ͦͣͯͤ͊͟͟ͼ͙͊͞ ͔ͨͯͭͣ GSM/GPRS/E/3G/H+/4G/4GLTE ͙͔ͣͦ͋ͤ͡ ͔͔ͣͪ͗ ͊ͦ͟ ͙ 

͙ͦͣͯͤ͊͟͟ͼ͙͊͞ ͔ͨͯͭͣ ͔ͨͦͫͭͦ͞ΐ͔ ͔͔͔͔͎͔͔ͭͪͦͤͪͭͫ͟͟͡ ͔͔ͣͪ͗ ς PLC ͙ͦͣͯͤ͊͟͟ͼ͙͊͞ ͫͯ 

͔ͦ͒͊͋ͪ͊ͤ ͊ͦ͟ ͔͍ͫͪ͒ͫͭͦ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞Φ ˻͍ͦ ͍͔͍͔ͨͪͤͫͭͤͦ ͙͘ ͎ͪ͊ͦ͊͘͡ ΄ͭͦ ͯ ͦ͋͊ ͫͯ͡;͊͊͞ ͙͔ͤ͞ 

͔ͨͦͭͪ͋ͤͦ ͙͍͔͙͙ͤͫͭͪ͊ͭ ͙ ͎͙ͯ͊͊ͭ͡ ͒ͦ͒͊ͭͤ͊ ͔͍ͫͪ͒ͫͭ͊ ͯ ͙͎ͪ͊͒ͥͯ͘ ͙ͦͣͯͤ͊͟͟ͼ͙͔ͦͤ 

͙ͤͺ͔ͪ͊ͫͭͪͯͭͯͪ͟Σ ͊ ͍͔͔͙ͤ͊͒ͤ ͤ͊;͙͙ͤ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͔ͨͪ͒ͫ ͍ͭ͊͊ͯ͢͞ ͍͒ͦͦͤͦ͢ ͨͦͯ͒͊ͤ͘ 

͙͔ͫͫͭͣ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞Σ ͙ͣ͊ͯ͞ΐ͙ ͯ ͍͙͒ͯ ͒͊ ͍͔ͯͨͪ͊͊ͥ͢ ͍͔͔͔ͦͫͭͥͣ͢ ͨͦ ͍ͫͦͦ͞͞ ͙͙ͨͪͪͦ͒ ͤ ͔

͔͍ͨͪ͒ͫͭ͊͊͢ ͍ͯͨͪ͊͊ͥ͢  ͔͙͙ͪͭ͟;͙ͤͣ ͨͪͦͼ͔͙ͫͣ͊Σ ͎͔͒ ͔͞ ͔ͨͦͭͪ͋ͤ͊ ͔ͪ͒ͯ͒͊ͤͫ͊ ͯ ͎͔ͨͦ͒ͯ͡ 

͙ͦͣͯͤ͊͟͟ͼ͙͎ͦͤͦ ͨͯͭ͊. 

́͊ͦ͟Ώ͔Σ ͔͍ͯ͘΄͙ ͯ ͙ͦ͋ͪ͘ ͔ͨͦͫͭͦ͊ͥ͞ ͎ͦ͊ͤͦ͟͡͡ ό͎ͫͪͨͫͦ͟ύ ͔͍͙ͨͪ͒ͫͭ͊ͤ΄͍ͭ͊ ͔͔ͤ͟ ͦ͒ 

͔͙ͨͦͣͤͯͭͻ ͺ͙͙ͪͣΣ ͔͔ͦ͋͋͘Ώ͔ͤͦͫͭ ͨͦ͒ͪ΄͔͟ ͙ ͔͍͙ͫͪͫ͊ ͊͘ ͔͔ͦͣͨͦͤͤͭ͟ ͙͔ͫͫͭͣ͊ 

͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Σ ͊ͦ͟ ͙ ͙ͣ͊ͯ͞ΐ͙ ͔ͨͪͭͻͦ͒ͤͦ ͔ͪ͊ͣ͊ͭͪ͊ͥ͘ ͯ ͍͙͒ͯΣ ͔ͤ͊ͣΐͯ ͔ͫ ͙ͭͪ ͔ͪ΄͔ͥ͊Υ 

1. tƘƛƭƛǇǎ α/ƛǘȅ¢ƻǳŎƘάΤ 

2. Minel ς {ŎƘǊŜŘŜǊ αhǿƭŜǘά, ͙  

3. /ƛǊŎǳǘƻǊ α/ƛǊ[ŀƳǇάΦ 

˥͍͊ͤ͊͡ ͒ͦ͒͊ͭͤ͊ ͔ͨͪ͒ͤͦͫͭ ͍͎ͨͪͦ ͔ͪ΄͔ͥ͊Σ tƘƛƭƛǇǎ α/ƛǘȅ¢ƻǳŎƘά ͞ ͔ ΄ͭͦ ͙͔͊͋ͪ͊ͤ͘ ͍͔͙͔ͫͭ͢͟ ͙͘ 

͙͍͔ͨͪͦͦ͒ͤ͘ ͙͙͔ͤ͡͞ α5ƛƎƛ{ǘǊŜŜǘά ͺ͙͊͋ͪ;͙͟ ͯ ͔͙ͫ͋ ͙ͣ͊ͯ͞ ͎ͯͪ͊Ώ͔ͤ ͣͦ͒ͯ͡ ͊͘ ͙ͦͣͯͤ͊͟͟ͼ͙ͯ͞ 

͔ͨͯͭͣ ͙͔ͣͦ͋ͤ͡ ͔͔ͣͪ͗Φ ́ͦ ͤ͊͘;͙ ͒͊ ͔ͤͣ͊ ͔͔ͨͦͫ͋ͤ ͍͙͔ͯͨͦͤ͟ ͣͦ͒ͯ͊͡ ͊͘ ͍͔͙ͫͭͯ͢͟Σ ͊ 

ͭ͊ͦ͟Ώ͔ ͤ͊͘;͙ ͙ ͒͊ ͔͞ ͍͔͙ͫͭ͊͢͟ αtƭǳƎ ŀƴŘ ǇƭŀȅάΣ ͦ͒ͤͦͫͤͦ ͒͊ ͔ͫ ͙ͫ͊ͣͣ ͍͔ͨͦͫͭ͊͊ͥͥͣ͢ ͙ 

͙ͨͪͯ͟͢;͔͔ͥͣ ͤ͊ ͔͔͙ͭͪ͟͡;ͤͯ ͔ͣͪ͗ͯΣ ͍͔͙ͫͭ͊͢͟ ͫ͊ͣ͊ ͍͔͔ͨͦͯ͘͞ ͫ͊ ͼ͔͙ͤͭͪ͊ͤͣ͡ ͔͍͔ͫͪͪͦͣΣ 

΄͔͊͢ ͍ͫͦͯ͞ ͦ͊͟͡ͼ͙ͯ͞ ͙ ͙ͨͪͦͭͦͦ͟͡΄͔ ͔ͫ ͯ ͋͊ͯ͘ ͨͦ͒͊ͭ͊͊͟Φ ̂ ͍ͦͦͣ ͎͔ͨͦ͒ͯ͡Σ ͨͦ ͙͙͋ͪͤ͘ ͙ 

͊ͦ͟͡ΐ͙ ͙͔͔ͨͪͣͤ ͔ͪ΄͔ͥ͊ ͯ ͙ͫͣͫͯ͡ ͔͎ͨͦͭͪ͋ͤͦ ͍͔͔ͪͣͤ͊ ͊͘ ͎ͯͪ͊͒ͥͯΣ ͔͎ͨͦͭͪ͋ͤͦ ͍͔͔ͪͣͤ͊ 

͊͘ ͔ͨͦ͒΄͍͔͊͊ͥ ͙͔ͫͫͭͣ͊ ͙ͨͪ ͎͙ͯͪ͊͒ͥ ͙ ͔͙ͨͦͭͪ͋ͤͻ ͔͙ͨͪ͒ͪ͊͒ͥ ͙ͪ͊͒ ͨͪͦ΄͙͔ͪͥ͊ 

͙͔ͫͫͭͣ͊, tƘƛƭƛǇǎ α/ƛǘȅ¢ƻǳŎƘά ͔ͪ΄͔͔ͥ ͔͞ ͙͔ͫͨͪ͒ ͍͙ͫͻ ͎͙͒ͪͯͻ ͔ͪ΄͔ͥ͊Φ ˽͙ͪͫͭͯͨ ͙ 

͙ͦͪ͟΄ΐ͔͔ͥ tƘƛƭƛǇǎ α/ƛǘȅ¢ƻǳŎƘά ͫͦͺ͍͔ͭͪ͊Σ ͭͪͦ΄͍͙ͦ͟ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͍͔ͫ͊͟ ͍͔͙͔ͫͭ͢͟ 

ͨͦͤ͊ͦͫͦ͋ ͫ͊ ͙ͣͦ͋ͤͦͣ͡ ͔ͣͪ͗ͦͣ ͔ͫ ͨ͊͡ΐ͊ ͔ͨͪͦ͟ ͔͙͍͔͔͒ͤͫͭͤ͞ ͎͙ͦ͒΄͔ͥ ͔ͤ͊ͤ͊͒͟ ͨͦ ͋ͪͦͯ͞ 

͍͔͙͙ͫͭ͢͟ ͯ ͙͔ͫͫͭͣͯ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Σ ͦ͊͟͞ ͙͙ͤͦͫ͘ мм ϵΦ ˾͙͊͒ ͙ͯͫͭͪ͊͡ͼ͙͔͞Σ ͎͙ͦ͒΄ͥ͊ 

ͤ͊ͤ͊͒͊͟ ͊͘ ͙ͦͪ͟΄ΐ͔͔ͥ tƘƛƭƛǇǎ α/ƛǘȅ¢ƻǳŎƘά ͨ͊ͭ͡ͺ͔ͦͪͣ ͤ͊ ͔ͦͤͪͭͤͦͣ͟͟ ͫͯ͡;͊ͯ͞ ˳˽ α˽͔͍ͯͭ͊ 

˿͙͔ͪ͋͞άΣ ͨͦ͒ ͔͍ͨͪͭͨͦͫͭ͊ͦͣ͟ ͒͊ ͔͞ ͙͔ͫͫͭͣ ͔ͦͣͨͭͤͦ͟͡ ͍͙͍ͯͨͪ͊͢Σ ͦ͒ͤͦͫͤͦ ͒͊ ͫͯ ͍͔ͫ 

͍͔͙͔ͫͭ͢͟ ͔͔͔͊ͣͥͤ͘Σ ͙͋ ͙͙ͤͦͫ͊͘͡ ͦͦ͟ морΦллл ϵΦ ̂ ͍ͦͯ ͼ͔ͤͯ ͫͯ ͯͪ͊;͙ͯͤ͊ͭ ͍͙ͫ ͭͪͦ΄͍͙ͦ͟ 

͙ͦͪ͟΄ΐ͔ͥ͊ ͫͦͺ͍͔ͭͪ͊Σ ͔͍͔ͫͪͪ͊ ͤ͊ αcl͊ udά-ͯ ͙ ΄ͭͦ ͔͞ ͤ͊ͪͦ;͙ͭͦ ͍͊͗ͤͦ ͙ ͭͪͦ΄͍͙ͦ͟ 

͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͍͔ͫ͊͟ ͍͔͙͔ͫͭ͢͟ ͫ͊ ͔͍͔͙ͫͪͪͣ͊ ͔ͨͯͭͣ ͙͔ͣͦ͋ͤ͡ ͔͔ͣͪ͗Σ ͔͒͊͟͡ ͤ͊ͤ͊͒ͯ͟ ͊͘ 

͙ͦͪ͟΄ΐ͔͔ͥ ͙͔ͣͦ͋ͤ͡ ͔͔ͣͪ͗ ͔ͨͪͣ͊ ͙ͣͦ͋ͤͦͣ͡ ͔͔ͦͨͪ͊ͭͪͯ ͨ͊͡ΐ͊ ͙ͦͣͨ͊ͤ͊͟͞ PhilipsΣ ͊ 

͙͙ͦͪͫͤ͟͟ ͙͔ͫͫͭͣ͊ ͨ͊͡ΐ͊ ͫ͊ͣͦ ͤ͊ͤ͊͒ͯ͟ Philips-ͯΦ 

˨͎ͪͯͦ ͔ͪ΄͔͔ͥ αOwletά ͙͔ͦͣͨ͊ͤ͟͞ αaƛƴŜƭ ς {ŎƘǊŜŘŜǊάΣ ͊͘ ͙ͪ͊ͯ͘͟͡ ͦ͒ ͔ͨͪͭͻ͎ͦ͒ͤͦ 

͔͍ͨͦ͒ͪ͊ͯͣ͊͘ ͎ͯͪ͊͒ͥͯ αLucoά ͣͦ ͒ͯ͊͡Σ ͙ͦ͟͞ ͔ͫ ͔͍͒ͤͦͫͭ͊ͤͦ͞ ͔ͨͯͭͣ ͊͘ ͭͦ ͙͔͔͎ͨͪͨͪͣͤͦ͢ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͙͔ͤͭͪͺ͔ͫ͊͞Σ т-͙͔ͨͤͫ͟ αNEMAά ͙ͯͭ;͙ͤͼ͔Σ ͙ͨͪͯ͟͢;͔ͯ͞ ͤ͊ LED ͫ ͍͔͙ͭͯ͢͟Φ ́͊ͦ͟Ώ͔Σ ͨͦ ͍ͫ͊ͦͣ͟ 

͔͙ͨͦ͒ͤ͊͞;ͤͦͣ ͔ͦ͋ͭͯ͟͞Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͙͙͙ͤͫͭ͊ͪ͊ͭ͡ ͙ ͔͒͊ͤ͞ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪ - αSegment 

ControllerάΣ ͙ͦ͟͞ ͔ͨͯͭͣ RF ͍ ͔͔͘ ͙ͭͨ͊ α½ƛƎ.ŜŜ ƳŜǎƘƴŜǘάΣ ͙ͦͣͯͤ͟ͼ͙ͪ͊ ͫ͊ ͍͔͙ͫͭ͊ͣ͊͢͟Φ ˹͊ 

͔ͣͫͭͯ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪ͊ ͨ ͔ͦͭͪ͋ͤͦ ͔͞ ͙͙͙ͤͫͭ͊ͪ͊ͭ͡ ͙ ͔ͣͦ͒ͣ ͊͘ ͙ͦͣͯͤ͊͟͟ͼ͙ͯ͞ ͫ͊ 

͙ͣͦ͋ͤͦͣ͡ ͔ͣͪ͗ͦͣΣ ͊ͦ͟͟ ͙͋ ͔ͫ ͍͙ͯͫͨͦͫͭ͊͊͡ ͍͔͊͘ ͊͟ αhǿƭŜǘά ͔͍͔ͫͪͪͯΣ ͙ͦ͟͞ ͔ͫ ͙ͤ͊͊͘͡ ͯ 

αcloudά-ͯ ͙͙͡ ͤ͊ ͦ͊ͤͦ͟͡͡͞ ͔͙͊͒ͪͫΦ 

̂ ͍ͦͦͣ ͫͯ͡;͊ͯ͞ ͭͪͦ΄͍͙ͦ͟ ͍ͯͦΏ͔ͥ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͙͔ͫͫͭͣ͊ ͫ ͯ ͙͙ͨͪ͊͊ͤ͘͟ ͔ͭ͊͋ͦͣ͡ сΦмΦ 

͔́͊͋͊͡ с.1. ́ ͪͦ΄͍͙ͦ͟ ͍ͯͦΏ͔ͥ͊ αhǿƭŜǘά ͙͔ͫͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 

˾Φ͋ͪΦ ˹͙͍͊͘ ͯ;͔ͫͭ͊ͤͦͫͭ ͨ͊͡ΐ͊ͥ͊ ͙  
͔ͣͫͭͦ ͙ͤͫͭ͊͊͡ͼ͙͔͞ 

ˮͤͦͫ͘ ͫ͊ 
͍͙ͪ͊͒ͦͣ͊ ͤ͊ 
͎͙ͯͪ͊͒ͥ 

1. α[ǳŎƻά ͣͦ͒ͯ͡ ͔͒ͤͦͪ͊ͭͤͦ͟͞ ͨͦ 
͍͔͙ͫͭ͢ͼ͙ 

ммр ϵ 

2. αSegment Controllerά ͟ ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͔͒ͤͦͪ͊ͭͤͦ͟͞ ͨͦ ͔ͣͪͤͦͣ 
͔ͣͫͭͯ 

нΦллл ϵ 

͙ͪ͊͘;ͯͤ͊ͭͦ ͔͒ͤͦͪ͊ͭͤͦ͟͞ 
ͨͦ ͍͔͙ͫͭ͢ͼ͙ 

нп ϵ 

3. αhǿƭŜǘά {ƻŦǘǿŀǊŜ ͤ ͊ αŎƭƻǳŘά-  ͯ ͔͒ͤͦͪ͊ͭͤͦ͟͞ ͨͦ ͔͒ͤͦͣ͞ 
͙͔ͫͫͭͣͯ 

флΦллл ϵ 

4. ́ͪͦ΄͍͙ͦ͟ ͎͙ͦ͒΄͔ͥ ͙͡ͼ͔ͤͼ͔ ͔͒ͤͦͣ͞ ͎͙ͦ͒΄͔ͥ ͨͦ 
͙͔ͫͫͭͣͯ 

прΦллл ϵ 

 

͔́ͪΐ͔ ͔ͪ΄͔͔ͥ αCirLampά ͙͔ͦͣͨ͊ͤ͟͞ α/ƛǊŎǳǘƻǊάΣ ͔͞ ͫͦͪͦ͟ ͙͔͙͒ͤͭ;ͤͦ ͔ͨͪͭͻͦ͒ͤͦͣ ͔ͪ΄͔ͥͯΦ 

˽͔ͦͭͪ͋ͤͦ ͔͞ ͯ ͫͭͯ͋ͯ ͍͔ͫ͊͟ ͍͔͙͔ͫͭ͢͟ ͎͙͙ͯͪ͊͒ͭ αCirLamp Nodeά ͣͦ͒ͯ͡Σ ͙ͦ͟͞ ͔ͫ ͍͔͔ͨͦͯ͘͞ ͤ͊ 

͍͙͒ͦͦ͒ͤ ͔͔͎͔͙ͤͪͭͫ͟ ͊͋͟͡ ͫͭͯ͋͊ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢Φ ́͊ͦ͟Ώ͔Σ ͣͦ͒ͯ͡ ͔ͫΣ ͙ͪ͊͒ ͍ͦͣ͊ͤ͒ͦ͊ͥ͊͟Σ 

͙͎͙ͫͤ͊ͤͣ͡ ͊͋ͦͣ͟͡ όм-10 Vύ ͙ͨͪͯ͟͢;͔ͯ͞ ͤ͊ LED ͫ ͍͔͙ͭͯ͢͟Φ ˨͔͊͢Σ ͨͦ ͍ͫ͊ͦͣ͟ ͔͙ͨͦ͒ͤ͊͞;ͤͦͣ 

͔ͦ͋ͭͯ͟͞Σ ͯ ͍ͪ͊ͦ͒ͤͦͣ͘ ͦͪͣ͊ͤͯ ͍͎͊ͤͦ͞ ͍͔͔ͦͫͭͥ͊͢Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͙͙͙ͤͫͭ͊ͪ͊ͭ͡ ͙ ͔͒͊ͤ͞ 

ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪ - αCirLamp ManagerάΣ ͙ͦ͟͞ ͔ͨͯͭͣ PLC ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͙ ͔͔͎͔͙ͤͪͭͫ͟ͻ ͍͊͋ͦ͊͟͡ 

͙ͦͣͯͤ͟ͼ͙ͪ͊ ͫ͊ ͍͔͙ͫͭ͊ͣ͊͢͟Φ ˹͊ ͔ͣͫͭͯ ͙ͤͫͭ͊͊͡ͼ͙͔͞ ͦͤ͟ͼ͔ͤͭͪ͊ͭͦͪ͊ ͔ͨͦͭͪ͋ͤͦ ͔͞ 

͙͙͙ͤͫͭ͊ͪ͊ͭ͡ ͙ ͔ͣͦ͒ͣ ͊͘ ͙ͦͣͯͤ͊͟͟ͼ͙ͯ͞ ͫ͊ ͙ͣͦ͋ͤͦͣ͡ ͔ͣͪ͗ͦͣΣ ͊ͦ͟͟ ͙͋ ͔ͫ ͍͙ͯͫͨͦͫͭ͊͊͡ 

͍͔͊͘ ͊͟ α/ƛǊ[ŀƳǇά ͫ ͔͍͔ͪͪͯΣ ͙ͦ͟͞ ͔ͫ ͙ͤ͊͊͘͡ ͯ αcloudά-ͯ ͙͙͡ ͤ͊ ͦ͊ͤͦ͟͡͡͞ ͔͙͊͒ͪͫΦ 

̂ ͍ͦͦͣ ͫͯ͡;͊ͯ͞ ͭͪͦ΄͍͙ͦ͟ ͍ͯͦΏ͔ͥ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͙͔ͫͫͭͣ͊ ͫͯ ͙͙ͨͪ͊͊ͤ͘͟ ͔ͭ͊͋ͦͣ͡ сΦнΦ 

˾͊ͣ͊͘ ͔ͭͪ͊ͥͣ ͔͔ͭ͊͋͡ сΦмΦ ͙ сΦнΦ ͍͙͙͒ͣͦ ͒͊ ͫͯ ͭͪͦ΄͍͙ͦ͟ ͯ ͎͔ͨͦ͒ͯ͡ ͍ͦ͊ ͍͒͊ ͔ͪ΄͔ͥ͊ ͊ͦ͟͞ 

͙ͫ͡;͙ͤΣ ͨ͊ ΐ͔ͣͦ ͊͘ ͫͼ͔͙͔ͤ͊ͪ͞ ͤ͊ ͙ͦͣ͊͟͞ ΐ͔ͣͦ ͍ͪ΄͙͙ͭ ˿-ˤˢ ͙͊ͤ͊ͯ͘͡ ͙͙͊͋ͪ͊ͭ͘Υ 

1. ˿ͼ͔͙ͤ͊ͪͦ ͋ͪͦ͞ м ς ͫ͊ ͎ͯͪ͊͒ͥͦͣ αtƘƛƭƛǇǎά α5ƛƎƛ{ǘǊŜŜǘά [95 ͍͔͙͙ͫͭ͢͟ ͙ α/ƛǘȅ¢ƻǳŎƘά 

͙͔ͫͫͭͣ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͍͔ͪ͊ͫͭͦͣΤ 

2. ˿ͼ͔͙ͤ͊ͪͦ ͋ͪͦ͞ н ς ͫ ͊ ͎ͯͪ͊͒ͥͦͣ αaƛƴŜƭ {ŎƘǊŜŘŜǊά α¢ŜŎŜƻά [95 ͍͔͙͙ͫͭ͢͟ ͙ α/ƛǊŎǳǘƻǊά 

α/ƛǊ[ŀƳǇά ͫ ͙͔ͫͭͣ͊ ͊͘ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͍͔ͪ͊ͫͭͦͣΦ 

 

 



 

˿ ͭ ͪ͊ͤ͊ | 136 

˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

͔́͊͋͊͡ с.2. ́ ͪͦ΄͍͙ͦ͟ ͍ͯͦΏ͔ͥ͊ αCirLampά ͙ͫ ͔ͫͭͣ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 

˾Φ͋ͪΦ ˹͙͍͊͘ ͯ;͔ͫͭ͊ͤͦͫͭ ͨ͊͡ΐ͊ͥ͊ ͙ 
͔ͣͫͭͦ ͙ͤͫͭ͊͊͡ͼ͙͔͞ 

ˮͤͦͫ͘ ͫ͊ 
͍͙ͪ͊͒ͦͣ͊ ͤ͊ 
͎͙ͯͪ͊͒ͥ 

1. αCirLamp nodeά ͣͦ ͒ͯ͡ ͔͒ͤͦͪ͊ͭͤͦ͟͞ ͨͦ 
͍͔͙ͫͭ͢ͼ͙ 

120 ϵ 

2. αCirLamp Managerά ͟ ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͔͒ͤͦͪ͊ͭͤͦ͟͞ ͨͦ ͔ͣͪͤͦͣ 
͔ͣͫͭͯ 

1.8лл ϵ 

͙ͪ͊͘;ͯͤ͊ͭͦ ͔͒ͤͦͪ͊ͭͤͦ͟͞ 
ͨͦ ͍͔͙ͫͭ͢ͼ͙ 

22 ϵ 

3. αCirLampά {ƻŦǘǿŀǊŜ ͤ ͊ αŎƭƻǳŘά-  ͯ ͔͒ͤͦͪ͊ͭͤͦ͟͞ ͨͦ ͔͒ͤͦͣ͞ 
͙͔ͫͫͭͣͯ 

86Φллл ϵ 

4. ́ͪͦ΄͍͙ͦ͟ ͎͙ͦ͒΄͔ͥ ͙͡ͼ͔ͤͼ͔ ͔͒ͤͦͣ͞ ͎͙ͦ͒΄͔ͥ ͨͦ 
͙͔ͫͫͭͣͯ 

40Φллл ϵ 

 

сΦп ˽͍͔ͪͦͪ͊ ͎ͣͦͯΐ͙ͤͦͫͭ ͙ ͍͙ͯͫͦ͡ ͙ͦͪ͟΄ΐ͔ͥ͊ ͔͔ͣͪ͗ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞ 

͍͔ͨͪͦ͊͒ͪ͊͞ α˸́˿άΣ α±Ltά ͙ α¢ŜƭŜƴƻǊά 

˴͊ͦ ΄ͭͦ ͔͞ ͍͔ΐ ͔ͪ;͔ͤͦΣ ͍ͫ͊ ͔ͪ΄͔ͥ͊ ͯ ͔ͤͦͣ͟ ͔͎͔ͫͣͤͭͯ ͙͔ͦͪͫͭ͟ ͔ͣͪ͗ͯ ͙͔ͣͦ͋ͤ͡ 

͔͔ͭ͡ͺ͙͔ͦͤ͞Φ ˿͎ͭͦ͊ ͔͞ ͊͘ ͔͔ͨͦͭͪ͋ ͙͔ͫͭͯ͒͞ ͙͋ͦ͡ ͔ͤͦͨͻͦ͒ͤͦ ͍͙͙ͯͭͪ͒ͭ ͙ ͍͔͙͙ͨͪͦͪͭ 

͎ͣͦͯΐ͙ͤͦͫͭ ͙ͦͪ͟΄ΐ͔ͥ͊ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞ ͍ͫ͊ ͙ͭͪ ͙ͨͪͫͯͭͤ͊ ͍͔ͨͪͦ͊͒ͪ͊͞ ͯ ˿͙͙ͪ͋͞Σ ͫ͊ 

͍͙ͫͭ͊ͤͦ΄ͭ͊ ͎͔ͦͦ͊͟͡ͼ͙͔͞ ͍͙ͫͻ ͙ͪ͊ͣ͊ͭͪ͊ͤ͘ͻ ͔ͦ͋͊ͭ͊͟͞Φ ˻͙ͫͣ ͎ͭͦ͊Σ ͊ ͊͘ ͔͔ͨͦͭͪ͋ ˿-ˤˢ 

͙͔͊ͤ͊͘͡ ͍͔͔͔ͨͪͦͪͤ ͫͯ ͙ ͙ͥͻ͍͙ͦ ͍͙ͯͫͦ͡ ͯ ͎͔ͨͦ͒ͯ͡ ͼ͔ͤ͊Φ ́͊ͦ͟Ώ͔Σ ͯ ͍͙ͦͪͯ͟ ͍͎ͦͦ ͔͒͊͡Σ 

͍͔͔͙ͤ͊͒ͤ ͫͯ ͔͙ͪͯͭ͊ͭ͘͡ ͔͎͊͒ͥ͘ αōŜƴŎƘƳŀǊƪƛƴƎά-͊ ͍ͫ͊ ͙ͭͪ ͍͔ͨͪͦ͊͒ͪ͊͞ ͙͘ ͦͭͦ͋ͪ͊͟ нлмтΦ 

͎͙͔ͦ͒ͤΣ ͔ͦ͟͞ ͔͞ ͍͔ͫͨͪͦ͊͡ ˾͔͎ͯ͊ͭͦͪͤ͊͡ ͎͔͊ͤͼ͙͊͞ ͊͘ ͔͔͔ͭͪͦͤͫ͟͟͡ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͙ ͨͦ΄͔ͭ͊ͤͫ͟ 

͎͔ͯͫͯ͡ α˾ˢ́˩˶άΦ 

˽͙ͪͫͭ ͯͨ ͍͔͙ͨͪͦͪ ͎ͣͦͯΐ͙ͤͦͫͭ ͙ͦͪ͟΄ΐ͔ͥ͊ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞ ͍ͫ͊ ͙ͭͪ ͍͔ͨͪͦ͊͒ͪ͊͞ ͯ 

˿͙͙ͪ͋͞Σ ͫ͊ ͍͙ͫͭ͊ͤͦ΄ͭ͊ ͎͔ͦͦ͊͟͡ͼ͙͔͞ ͍͙ͫͻ ͙ͪ͊ͣ͊ͭͪ͊ͤ͘ͻ ͔ͦ͋͊ͭ͊͟͞ ͔͞ ͙͋ͦ ͔͔ͫ͒͡ΐ͙Τ ͤ͊ ͍ͦͫͤͦͯ 

͔͊͒ͪͫ͊ ͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͔ͫ ͪ͊ͣ͊ͭͪ͊ͯ͘͞Σ ͺ͙ͦͪͣͪ͊ͤ͊ ͔͞ ͊ͪͭ͊͟ ͎͔ͦͦ͊͟͡ͼ͙͊͞ ͍͙ͫͻ ͙ͪ͊ͣ͊ͭͪ͊ͤ͘ͻ 

͔ͦ͋͊ͭ͊͟͞ ͯ ͙͎͙͒ͭ͊ͤͦͣ͡ ͙ͦ͋ͯ͟͡ ό͙ͫ͊͟͡ сΦмфΦύΣ ͊ ͨͦͭͦͣ ͔͞ ͭ͊ ͊ͪͭ͊͟ α͔͙ͫͯͨͪͨͦͤͪ͊ͤ͊ά ͦ͒ͤͦͫͤͦ 

͔͔ͨͪͦͨͤ͊͟͢͡ ͫ͊ ͙͎͙͙͒ͭ͊ͤͣ͡ ͊ͪͭ͊ͣ͊͟ ͙͍͔͙ͨͦͪͤͦͫͭ͟ ͙͎ͫͤ͊ͦͣ͡ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞ ͍ͫ͊ 

͙ͭͪ ͪ͊ͣ͊ͭͪ͊ͤ͊͘ ͍͔ͨͪͦ͊͒ͪ͊͞ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞Υ ˸́˿ ό͙ͫ͊͟͡ сΦнлΦύΣ Telenor ό͙ͫ͊͟͡ сΦнмΦύ 

͙ VIP ό͙ͫ͊͟͡ с.22.) 

˾͔͊ͣ͊ͭͪ͊ͥͣ͘ ͙͒͊ͭͻ ͊ͪ͊ͭ͊͟Σ ͊ͦ͟ ͙ ͍͔ͨͪͦͪ͊ͣ͊ ͍͙ͫͻ ͙ͣͪͦͦ͊͟͟͡ͼ͙͊͞Σ ͍ͯͭͪΏ͔ͤͦ ͔͞ ͒͊ ͫͯ ͍͔ͫ 

ͦ͊͟͡ͼ͙͔͞ ͔ͦ͟͞ ͫͯ ͔ͪ͊ͣ͊ͭͪ͊ͤ͘ ͍ͦͦͣ ͙ͫͭͯ͒ͦͣ͞ ͒ͦ͋ͪͦ ͙͍͔͔ͨͦͪͤ͟ ͙͎ͫͤ͊ͦͣ͡ ͍ͫ͊ ͙ͭͪ 

͍͔ͨͪͦ͊͒ͪ͊͞ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞Σ ͨ͊ ͔ͫ ͔ͣͦ͗ ͊ͯ͘͟͢;͙͙ͭ ͒͊ ͯ ͎͔ͨͦ͒ͯ͡ ͙ͦͪ͟΄ΐ͔ͥ͊ ͔͔ͣͪ͗ 

͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞Σ ͍ͫ͊ ͙ͭͪ ͍͔ͨͪͦ͊͒ͪ͊͞ ͍͍͊͒ͦͦ͊͊ͯ͘͢͞ ͊͘ͻ͔͍͔ͭ ͙ͦ͟͞ ͔ͫ ͙ͭ;ͯ ͍͙͔͊ͭͭ͊͟͡ 

͔͔ͣͪ͗ ͙ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟Φ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

 

 

˿͙͊͟͡ 6.19. ˸ ͊ͨ͊ ͦ͊͟͡ͼ͙͊͞ ͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͔ͫ ͪ͊ͣ͊ͭͪ͊ͯ͘͞ ͯ ͙͙ͫͭͯ͒͞Φ ˻͔͙͋ͭ͟͞ ͫͯ ͦͤ͊͘;͔͙ͤ ͍͙ͨ͊ͣ͡ ͙ͪͯ͗͟ΐ͙ͣ͊ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

 

˿͙͊͟͡ 6.20. ˸ ͊ͨ͊ ͙͍͔͙ͨͦͪͤͦͫͭ͟ ͙͎ͫͤ͊ͦͣ͡ оG ͣ ͔͔ͪ͗ ͍͔ͨͪͦ͊͒ͪ͊͞ ˸́˿ ͙ ͦ͊͟͡ͼ͙͊͞ 
͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͔ͫ ͪ͊ͣ͊ͭͪ͊ͯ͘͞  
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

 

 

˿͙͊͟͡ 6.21. ˸ ͊ͨ͊ ͙͍͔͙ͨͦͪͤͦͫͭ͟ ͙͎ͫͤ͊ͦͣ͡ оG ͣ ͔͔ͪ͗ ͍͔ͨͪͦ͊͒ͪ͊͞ ͔́ƭŜƴƻǊ ͙  ͦ͊͟͡ͼ͙͊͞ 

͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͔ͫ ͪ͊ͣ͊ͭͪ͊ͯ͘͞ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

 

 

˿͙͊͟͡ 6.22. ˸ ͊ͨ͊ ͙͍͔͙ͨͦͪͤͦͫͭ͟ ͙͎ͫͤ͊ͦͣ͡ оG ͣ ͔͔ͪ͗ ͍͔ͨͪͦ͊͒ͪ͊͞ VIP ͙  ͦ͊͟͡ͼ͙͊͞ 

͔ͦ͋͊ͭ͊͟͞ ͙ͦ͟͞ ͔ͫ ͪ͊ͣ͊ͭͪ͊ͯ͘͞ 

 

 



 

˿ ͭ ͪ͊ͤ͊ | 141 

˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

αBENCHMARKINGά ˸ ˻ˣˮ˶˹ˮ̆ ˸˾˩ˬˢ ˴˻˳ˮ ˳˩ ˻ˣˢˤ˷˩˹ ́˻˴˻˸ ˿˩˽́˩˸ˣ˾ˢ ˮ ˻˴́˻ˣ˾ˢ 2017. ˥ ˻˨ˮ˹˩ 

αBenchmarkingά ͙͙ͣͦ͋ͤ͡ͻ ͔ͣͪ͗͊ ͍͔ͦ͋͊ͤ͢ ͔͞ ͭͦͦͣ͟ ͔͔ͫͨͭͣ͋ͪ͊ ͙ ͦͭͦ͋ͪ͊͟ нлмтΦ ͎͙͔ͦ͒ͤΣ 
ͦ͒ ͔ͫͭͪ͊ͤ ˾͔͎͔ͯ͊ͭͦͪͤ͡ ͎͔͊ͤͼ͙͔͞ ͊͘ ͔͔͔ͭͪͦͤͫ͟͟͡ ͙ͦͣͯͤ͊͟͟ͼ͙͔͞ ͙ ͨͦ΄͔ͭ͊ͤͫ͟ ͎͔ͯͫͯ͡ 
α˾ˢ́˩˶άΣ ˾͔͙͔ͨͯ͋͟͡ ˿͙͔ͪ͋͞Φ ˮ͔͔͔ͣͪͤ͘ ͙ ͨͪͦͪ͊;͔ͯͤ͊ͭ ͍͔͙ͪ͒ͤͦͫͭ ͔ͨ͊ͪ͊ͣͭ͊ͪ͊ ͍͙͔͊ͭͭ͊͟͡Σ 
͊ͦ͟ ͙ ͯͯͨ͊ͤ͟ ͔ͪͯͭ͊ͭ͘͡ ͔ͫ ͔ͦ͒ͤͦͫ ͫ͊ͣͦ ͤ͊ ͭ͊͞ ͔͙ͨͪͦ͒20. ˮ͙͍͔ͫͭͪ͊͗͊ͥ ͔͞ ͪ͊Ώ͔ͤͦ ͊͘ ͍͔ͫ 
͙͔ͣͦ͋ͤ͡ ͔͔͔ͦͨͪ͊ͭͪ ͯ ˿͙͙ͪ͋͞Σ ͊ ͔͙ͪͯͭ͊ͭ͘͡ ͫͯ ͙͙ͨͪ͊͊ͤ͘͟ ͤ͊ ͔͔ͫ͒͡ΐ͙ ͤ͊;͙ͤΥ α˸́˿ά 
ͼ͍͔ͪͤͦͣ ͋ͦͦͣ͞Σ αTelenorά ͨ ͍͊ͦͣ͡ ͋ͦͦͣ͞ ͙ αVIPά ͤ ͊ͪ͊ͤͽ͊ͫͭͦͣ ͋ͦͦͣ͞Φ 

˾͔͙ͯͭ͊ͭ͘͡ ͔͙ͭͫͭͪ͊ͥ͊ ͯ͟͢;͙ͤͻ ͙͙ͤ͒͊ͭͦͪ͊͟ ͔ͨͪͺ͙ͦͪͣ͊ͤͫ ό˴tLύ ͎͔ͯͫͯ͡ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟Σ 
͔ͦ͟͞ ͫͯ ͔͙ͦͨͪ͊ͭͦͪ ͙͎͙ͨͦͫͭ͡ ͯ ͙ͪ͊͘͡;͙͙ͭͣ ͔͎͙͊ͭͦͪ͟͞ ͊ͣ͊ ͙͙ͨͪ͊͊ͤ͘͟ ͫͯ ͤ͊ ˿͙͡ͼ͙ сΦно. 
͔̂ͨͦͪ͒ͤͦ ͫͯ ͙͔ͨͪ͊͊ͤ͘͟ ͍͔͙ͪ͒ͤͦͫͭ ͊͘ ͙͔͔ͤͭͪͤͭ ͔͙͍͔ͨͪͭͪ͊͗͊ͥ όbrowsingύΣ ͔ͨͪͤͦͫ 
ͨͦ͒͊ͭ͊͊͟ όdata transferύ ͙ ¸ƻǳ¢ǳōŜ ͍͙͔͒ͦ ͔͍͙͔ͫͪͫΦ 

 

˿͙͊͟͡ 6.23. ˾ ͔͙ͯͭ͊ͭ͘͡ ͔͙ͭͫͭͪ͊ͥ͊ ͔͍͙ͫͪͫ͊ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ 

˾͔͙ͯͭ͊ͭ͘͡ ͔͙ͭͫͭͪ͊ͥ͊ ͔͍͙ͫͪͫ͊ C5¢¢ I¢¢t ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ό5ƻǿƴƭƻŀŘ ͺ͊͊͞͡ ͍͔͙͡;͙͔ͤ 
4ллa.ύ ͙͙ͨͪ͊͊ͤ͘͟ ͫͯ ͤ͊ ˿͙͡ͼ͙ сΦнп. 

˽͙͙ͪͦͣ͟͡ ͔͙͔ͭͫͭͪ͊ͥ ͔ͦ͟͞ ͔͞ ͍ͪ΄͔ͤͦ ͒ͯ͗ ͎͍͙͊ͤ͡ͻ ͔͍ͨͯͭ͊ αTelenorά ͔͞ ͙͎ͨͦͫͭ͊ͦ ͙ͤ͊͋ͦ͢͞ 
͔ͪͯͭ͊ͭ͘͡ ΄ͭͦ ͔ͫ ͙ͭ;͔ ͨͪͦͼ͔ͤͭ͊ ͔ͯͫͨ΄ͤͦ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞Σ ͊ ͔ͤ ͤ͊ͭͤͦ͘ ͙͙ͫ͊͋͡͞ ͙͋ͦ ͔͞ 
α±LtάΣ ͒ͦ͟ ͔͞ α˸ ́ά˿ ͍͙ͦͫͭ͊ͪͦ ͊͘ мΣс ͨͪͦͼ͔ͤ͊ͭ͊ ͙͙ͫ͊͋͡͞ ͔ͪͯͭ͊ͭ͘͡ ͯ ͦ͒ͤͦͫͯ ͤ͊ αTelenorά. 
˹͍͔͊͞ΐͯ ͔ͨͪͦͫ;ͤͯ ͙͋ͪͤͯ͘ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ͙ͣ͊ͦ ͔͞ α±LtάΦ ˽͙͔ͪͣͭͤͦ ͔͞ ͒͊ ͔͞ пD ͔ͣͪ͗͊ 
͙͔ͫ͊͋͡͞ ͍͙͔ͪ͊ͤ͊͘͞ ͤ͊ ͔͍͙ͨͯͭͣ͊Σ ͯ ͦ͒ͤͦͫͯ ͤ͊ ͎͍͔ͪ͊͒ͦΣ ͙ͦͫͣ ͯ ͫͯ͡;͊ͯ͞ α±Ltά ͔͔ͣͪ͗Σ ͎͔͒ ͔ͫ 

                                                      
20 http://benchmark.ratel.rs/podaci-rezultati-cyr 
 

http://benchmark.ratel.rs/podaci-rezultati-cyr
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

пD ͙͙ͦͪͫͭͦ͟ ͯ фн҈ ͫͯ͡;͔͍͊͊͞Φ ̂ ͦ͒ͤͦͫͯ ͤ͊ α±Ltά, αTelenorά ͙ ˸́  ˿ͫͯ ͍͙͙ͦͫͭ͊ͪ͡ ͔ͨͪͦͫ;͔ͤ 
͙͔͋ͪͤ͘ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ͙͔ͤ͗ ͊͘ ͦͦ͟ млaōκǎΣ ͙ ͙͙ͣ͊͡ ͫͯ ͍͔ΐ͙ ͨͪͦͼ͔ͤ͊ͭ ͙ͦ͒͋ͪ͊͊͟ ;͙͔͞ 
͔͞ ͙͋ͪͤ͊͘ ͔ͨͪͤͦͫ͊ ͙ͫͨͦ͒ пaōκǎΦ 

 

 

˿͙͊͟͡ 6.24. ˾ ͔͙ͯͭ͊ͭ͘͡ ͔͙ͭͫͭͪ͊ͥ͊ ͔͍͙ͫͪͫ͊ C5¢¢ I¢¢t ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ό5[ пллa.ύ 

͔͙̂ͨͦͪ͒ͤ ͙ͨͪ͊͘͟ ͍͔͔ͦͫͭ͊ͪͤ ͙͔ͣ͊ͫͣ͊ͤ͟͡ ͙ ͔ͨͪͦͫ;͔ͤ ͙͔͋ͪͤ͘ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͟ ͊ ͤ ͊
͔͍͙ͨͯͭͣ͊ ͒͊ͭ ͔͞ ͤ͊ ˿͙͡ͼ͙ сΦнрΦ ˹͊ ͙ͫ͡ͼ͙Σ ͍͔͙͔ͫͭ͡͞ ͙͔ͤ͊ͤͫ͞ ͔͋ͦ͞ ͔͍ͨͪ͒ͫͭ͊͊ͯ͢͞ ͙ͣ͊ͫͣ͊ͤͯ͟͡ 
͙͋ͪͤͯ͘ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟Σ ͒ͦ͟ ͫͯ ͔ͨͪͦͫ;͔ͤ ͍͔͙ͪ͒ͤͦͫͭ ͙͔ͨͪ͊͊ͤ͘͟ ͙ͭ͊ͣͤͦͣ͞ ͙ͤ͊ͤͫͦͣ͞Φ 

 

˿͙͊͟͡ сΦн5. FDTT HTTP DL max. ͙  ͔ͨͪͦͫ;͔ͤ ͙͔͋ͪͤ͘ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ͤ͊ ͔͍͙ͨͯͭͣ͊ 

˾͔͙ͯͭ͊ͭ͘͡ ͔͙͔ͭͫͭͪ͊ͥ ͔͍͙ͫͪͫ͊ C5¢¢ I¢¢t ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ό¦ǇƭƻŀŘ ͺ͊͊͞͡ ͍͔͙͡;͙͔ͤ 
пллa.ύ ͙͙ͨͪ͊͊ͤ͘͟ ͫͯ ͤ͊ ˿͙͡ͼ͙ с.26. 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

 

˿͙͊͟͡ с.26. ˾ ͔͙ͯͭ͊ͭ͘͡ ͔͙ͭͫͭͪ͊ͥ͊ ͔͍͙ͫͪͫ͊ C5¢¢ I¢¢t ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ό¦[ пллa.ύ 

˽ͪͦͼ͔ͤ͊ͭ ͔ͯͫͨ΄ͤͦ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞ ͤ͊ ͔͍͙ͨͯͭͣ͊ ͙͋ͦ ͔͞ ͙ͣ͊ͥ ͔͎ͤͦ ͯ ͎͍͙ͪ͊͒ͦͣ͊Σ ͙͊͡ 
͙ ͔͒͊͢ ͤ͊ ͍͙ͫͦͦͣ͟ ͙͍ͤͦͯΦ ˽͔ͪͦͫ;͔ͤ ͙͔͋ͪͤ͘ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ͙͔͋͡ ͫͯ ͔ͣ͊ͥ ͔͎ͤͦ ͯ 
͎͍͙ͪ͊͒ͦͣ͊Φ ˿͊ͣͦ ͔͞ ±ƛǇ ƳƻōƛƭŜ ͊͒ͪ͗͊ͦ͘ ͍͔͙͙͟͡ ͨͪͦͼ͔ͤ͊ͭ ͙ͦͪ͟΄ΐ͔ͥ͊ пD ͊͘ ͔͙ͪ͊͊͘͡ͼ͙ͯ͞ 
͔͙ͫͫ͊͞Φ 

˾͔͙ͯͭ͊ͭ͘͡ ͔͙͔ͭͫͭͪ͊ͥ ͔͍͙ͫͪͫ͊ I¢¢t ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ό5ƻǿƴƭƻŀŘ оa.ύ ͙͙ͨͪ͊͊ͤ͘͟ ͫͯ ͤ͊ 
˿͙͡ͼ͙ сΦн7. 

 

˿͙͊͟͡ сΦн7Φ ˾͔͙ͯͭ͊ͭ͘͡ ͔͙ͭͫͭͪ͊ͥ͊ ͔͍͙ͫͪͫ͊ I¢¢t ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ό5ƻǿƴƭƻŀŘ оa.ύ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˽ͪͦͼ͔ͤ͊ͭ ͔ͯͫͨ΄ͤͦ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞ ͔͞ ͤ͊ ͔͍͙ͨͯͭͣ͊ ͙͋ͦ ͙ͣ͊ͥ ͔͎ͤͦ ͯ ͎͍͙ͪ͊͒ͦͣ͊Φ 
α±Ltά ͔͞ ͍͙ͦͫͭ͊ͪͦ ͙ͤ͊͋ͦ͢͞ ͔ͪͯͭ͊ͭ͘͡ ͔ͪ͞ ͔͞ ͙ͣ͊ͦ ͤ͊ͪ͊͟͞ΐ͔ ͔ͨͪͦͫ;ͤͦ ͍͔͔ͪͣ ͭͪ͊͊ͥ͊͞ ͔͙͔ͫͫ͞ 
͙ ͒ͦ͋͊ͪ ͨͪͦͼ͔ͤ͊ͭ ͔ͯͫͨ΄ͤͦ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞Φ αTelenorά ͞ ͔ ͙ͣ͊ͦ ͍ͪͦ͡ ͒ͦ͋͊ͪ ͨͪͦͼ͔ͤ͊ͭ 
͔ͯͫͨ΄ͤͦ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞Σ ͙͊͡ ͣ͊ͥͯ ͔ͨͪͦͫ;ͤͯ ͙͋ͪͤͯ͘ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟Σ ΄ͭͦ ͔͞ 
͔͙ͪͯͭͪ͊ͦ͘͡͡ ͙͒ͯ͗ͣ ͔ͭͪ͊͊ͥͣ͞ ͔͙ͫͫ͊͞Φ α˸ ́˿ά ͔͞ ͙ͣ͊ͦ ͙ͤ͊ͣ͊ͥ͞ ͨͪͦͼ͔ͤ͊ͭ ͔ͯͫͨ΄ͤͦ 
͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞Σ ͒ͦ͟ ͔͞ ͊͘ ͔ͨͪͦͫ;ͤͦ ͍͔͔ͪͣ ͭͪ͊͊ͥ͊͞ ͔͙͔ͫͫ͞ ͙ ͔ͨͪͦͫ;ͤͯ ͙͋ͪͤͯ͘ 
͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ͍͙ͦͫͭ͊ͪͦ ͔͋ͦ͢ ͔͔ͪͯͭ͊ͭ͘͡ ͦ͒ αTelenorά-͊Φ 

˾͔͙ͯͭ͊ͭ͘͡ ͔͙ͭͫͭͪ͊ͥ͊ ͔͍͙ͫͪͫ͊ I¢¢t ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ό¦ǇƭƻŀŘ мa.ύ ͙͙ͨͪ͊͊ͤ͘͟ ͫͯ ͤ͊ 
˿͙͡ͼ͙ 6.28. 

 

˿͙͊͟͡ сΦн8Φ ˾͔͙ͯͭ͊ͭ͘͡ ͔͙ͭͫͭͪ͊ͥ͊ ͔͍͙ͫͪͫ͊ I¢¢t ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ό¦[ мa.ύ 

˽ͪͦͼ͔ͤ͊ͭ ͔ͯͫͨ΄ͤͦ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞ ͤ͊ ͔͍͙ͨͯͭͣ͊ ͙͋ͦ ͔͞ ͙ͣ͊ͥ ͔͎ͤͦ ͯ ͎͍͙ͪ͊͒ͦͣ͊Φ 
αTelenorά ͔͞ ͙ͣ͊ͦ ͙ͤ͊͋ͦ͢͞ ͨͪͦͼ͔ͤ͊ͭ ͔ͯͫͨ΄ͤͦ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞Σ ͙͊͡ ͔͞ α±Ltά ͙ͣ͊ͦ 
ͤ͊ͪ͊͟͞ΐ͔ ͔ͨͪͦͫ;ͤͦ ͍͔͔ͪͣ ͔ͭͪ͊͊ͥ͞ ͔͙͔ͫͫ͞Σ ͎͍ͯ͊ͤͦͣ͡ ͎͋ͦ͘ ͎ͣ͊ͦ͡ ͨͪͦͼ͔ͤͭ͊ ͙ͦ͒͋ͪ͊͊͟ ͫ͊ 
ͣ͊ͦͣ͡ ͔ͨͪͦͫ;ͤͦͣ ͙͋ͪͤͦͣ͘ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟Φ α˸́˿ά ͔͞ ͙ͣ͊ͦ ͔ͨͪͦ͟ нс҈ ͙ͦ͒͋ͪ͊͊͟ ;͙͊͞ 
͔͞ ͔ͨͪͦͫ;ͤ͊ ͙͋ͪͤ͊͘ ͔ͨͪͤͦͫ͊ ͨͦ͒͊ͭ͊͊͟ ͙͋͊͡ ͣ͊ͥ͊ ͦ͒ нaōκǎΦ 

˾͔͙ͯͭ͊ͭ͘͡ ͔͙ͭͫͭͪ͊ͥ͊ αbrowsinƎά ͫ ͔͍͙ͪͫ͊ ͙͙ͨͪ͊͊ͤ͘͟ ͫͯ ͤ͊ ˿͙͡ͼ͙ сΦн9. 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

 

˿͙͊͟͡ с.29. ˾ ͔͙ͯͭ͊ͭ͘͡ ͔͙ͭͫͭͪ͊ͥ͊ αbrowsingά ͫ ͔͍͙ͪͫ͊ 

˽ͪͦͼ͔ͤ͊ͭ ͔ͯͫͨ΄ͤͦ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞ ͙͋ͦ ͔͞ ͙ͣ͊ͥ ͤ͊ ͔͍͙ͨͯͭͣ͊ ͔͎ͤͦ ͯ ͎͍͙ͪ͊͒ͦͣ͊Φ 
αTelenorά ͙ α˸́˿ά ͫͯ ͙͙ͣ͊͡ ͍͔͙͙͟͡ ͨͪͦͼ͔ͤ͊ͭ ͔͙ͫͫ͊͞ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͙ͦͪ͟΄ΐ͔͔ͥͣ оD 
͔ͭͻ͎͙͔ͤͦͦ͡͞Σ ͒ͦ͟ ͔͞ фо҈ ͙ͦ͒͋ͪ͊͊͟ ͯ α±Ltά ͔͙ͣͪ͗ ͙͋ͦ͡ ͯ пD ͔ͭͻ͎͙͙ͤͦͦ͡͞Φ α˸́˿ά ͔͞ ͙ͣ͊ͦ 
͙ͤ͊ͣ͊ͥ͞ ͨͪͦͼ͔ͤ͊ͭ ͔ͯͫͨ΄ͤͦ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞ ͊͘ αKeplerά ͙ αlive webά ͙ͫͭͪ͊ͤͼ͔Φ 
αTelenorά ͞ ͔ ͙ͣ͊ͦ ͍͔ͤ͊͞ΐ͙ ͨͪͦͼ͔ͤ͊ͭ ͔ͯͫͨ΄ͤͦ ͔͙͍͙ͪ͊ͦ͊ͤ͘͡ͻ ͔͙ͫͫ͊͞Φ 

 

˿͙͊͟͡ 6.30. tƛƴƎ ͔͍͙ͭͫͭͦ 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˾͔͙ͯͭ͊ͭ͘͡ άǇƛƴƎά ͔͍ͭͫͭͦ͊ ͙͙ͨͪ͊͊ͤ͘͟ ͫͯ ͤ͊ ˿͙͡ͼ͙ сΦол. ˽͔ͪͦͫ;͊ͤ αǇƛƴƎά ͤ͊ ͔͍͙ͨͯͭͣ͊ ͙͋ͦ 
͔͞ ͤ͊͘;͊ͤͦ͞ ͔͎͙͒ͪ͊͒ͪ͊ͤ ͯ ͔͙ͣͪ͗ α˸́˿ά όснƳǎύ ΄ͭͦ ͔͞ ͙͔͋͗͡ ͍͔͙ͪ͒ͤͦͫͭͣ͊ ͔ͦ͟͞ ͔ͫ ͦ;͔ͯͯ͟͞ 
ͯ оD ͔ͣͪ͗͊ͣ͊ όͦͦ͟ мллƳǎύΦ αTelenorά ͙  α±Ltά ͫ ͯ ͙͊͒ͪ͗͊͘͡ ͔͒ͦ͋ͪ ͍͔͙ͪ͒ͤͦͫͭ ǇƛƴƎŀ όорƳǎύΦ 

˾͔͊ͣ͊ͭͪ͊ͥͣ͘ ͍͙ͫͻ ͔ͨͪͭͻͦ͒ͤͦ ͍͔͙ͦͫͭ͊ͪͤͻ ͔ͪͯͭ͊ͭ͊͘͡Σ ͍͙͙͒ͣͦ ͒͊ ͔͞ ΄ͭͦ ͔ͫ ͙ͭ;͔ 
͍͔͎ͫͯͯͨͤͦ͟ ͍͙͔͊ͭͭ͊͟͡ ͔͔ͣͪ͗ ͙͔ͣͦ͋ͤ͡ ͔͔ͭ͡ͺ͙͔ͦͤ͞ ͒ͯ͗ ͔͍ͨͯͭ͊ ͯ ˿͙͙ͪ͋͞Σ ͤ͊ ͍ͨͪͦͣ ͔ͣͫͭͯ 
α±Ltά ͊ ͨͦͭͦͣ ͔͔ͫ͒͡ αTelenorά ͙ α˸́˿άΦ 

̂˽ ˻˾˩˨˹ˮ ˽˾ˮ˴ˢ˭ ̇˩˹ˢ ˭ˢ ˽˾˩˹˻˿ ˽˻˨ˢ́ˢ˴ˢ ˿ˤˢ ́˾ˮ ˽˾˻ˤˢ˳˨˩˾ˢ 

ˢ͙ͯͭͦͪ ͙͔ͫͭͯ͒͞ ͫͯ ͯ ͙ͦͣͯͤ͊͟͟ͼ͙͙͞ ͫ͊ ͍ͫ͊ ͙ͭͪ ͍͔ͨͪͦ͊͒ͪ͊͞Σ ͍͔͙͙ͨͪͦͪ͡ ͊ͦ͟͟ ͍͔ͯͫͦ͡Σ ͭ͊ͦ͟ ͙ 

ͼ͔͔ͤ ͊ͯͨ͊͘͟ ͔͔ͣͪ͗ ͊͘ ͔ͨͪͤͦͫ ͨͦ͒͊ͭ͊͊͟ ͯ ͙͔ͫͫͭͣͯ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊Φ ˽͔ͦͤͯ͒ ͫͯ ͪ͊Ώ͔͔ͤ ͤ͊ 

͙͋͊͘ ͔͔ͨͪͤ΄͔͔ͤ ͙ͦ͟͡;͙͔ͤ ͨͦ͒͊ͭ͊͊͟ ͨͦ ͔͙ͨͦ͒ͤ͊͞;ͤͦ͞ ͭ͊;͙͟ ͙ͨͪͫͭͯͨ͊ ͊͘ ͙͔ͫͫͭͣ 

͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͦ͒ 300 ͨ ͙͙ͪͫͭͯͨͤͻ ͭ͊;͊͊͟Σ ͙ ͙͔ͨͪ͊͊ͤ͘͟ ͫͯ ͔ͤ͊ͪ͒ͤͦͣ ͔ͭ͊͋ͦͣ͡Φ 

͔́͊͋͊͡ сΦоΦ ͔͔̇ͤ ͙ͨͪͫͭͯͨ͊ ͊͘ ͙͍͙ͦͪͨͦͪ͊ͭͤ͟ APN ͙  ͙͙ͣͦ͋ͤ͡ ͙͔͔ͤͭͪͤͭ  

˽͍͔ͪͦ͊͒ͪ͞ ˴͙͍͙ͦͪͨͦͪ͊ͭͤ !tbκaнa 

˴͙ͦ͡;͙ͤ͊ ͨͦ͒͊ͭ͊͊͟/˸͔͔ͫ;ͤ͊ ͔ͨͪͭͨ͊ͭ͊͡/ ͔̇ ͤ͊ ͤ͊ͦͤ͟ 
ͨͦͭͪͦ΄͔͔ͤ ͙ͦ͟͡;͙͔ͤ ͨͦ KB 

Mobilni Internet FUP 

˸́ ˿ 100MB/230 RSD/0.04 RSD 1GB/200 RSD 

3GB/900 RSD/0.04 RSD 5GB/400 RSD 

Telenor 50MB/170 RSD/0 RSD 1GB/550 RSD 

300MB/330 RSD/0 RSD 5GB/900 RSD 

VIP 1GB/270 RSD 1GB/300 RSD 

3GB/390 RSD N/A 

5GB/430 RSD 5GB/450 RSD 

20GB/650 RSD 20GB/750 RSD 

 

ˮͣ͊ͯ͞ΐ͙ ͯ ͍͙͒ͯ ͒͊ ͔͞ ͨͦ ͍͙͔͊ͭͭͯ͟͡ αVIPά ͔ͣͪ͗͊ ͯ ͔͙ͨͪ͒ͤͦͫͭΣ ͯ ˿-ˤˢ ͙͙͊ͤ͊͘͡Σ ͍͙ͫ 

ͨͪͦͪ͊;͙ͯͤ ͫͯ ͪ͊Ώ͔͙ͤ ͤ͊ ͙͋͊͘ ͼ͔͔ͤ αVIPά-͊ ͊͘  ͙͙ͣͦ͋ͤ͡ ͙͔͔ͤͭͪͤͭ ͒ͦ р GBΣ ͦ͊͟͞ ͙͙ͤͦͫ͘ прл 

˾˿˨Σ ͍͔͘ ˽˨ˤ-͊Φ 



 

˿ ͭ ͪ͊ͤ͊ | 147 

˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

7. ˢ͙ͤ͊͊͘͡ ͭͪͦ΄͍ͦ͊͟ ͙ ͙͙ͦͪͫͭ͟ ͊͘ ͔ͨͪͦ͊ͭ͟͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͔͎ 

͍͔͔ͦͫͭͥ͊͢ LED ͍͔͔͔ͦͫͭͥͣ͢ ͙ ͍ͯͦΏ͔͔ͥ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ 

͙͔ͫͫͭͣͦͣ ͍͔͔ͦͫͭͥ͊͢ 
 

̂ ͔ͨͪͭͻ͙ͦ͒ͤͣ ͎͍͙ͨͦ͊ͣ͊͢͡ ͙͍ͪ͘΄͔ͤ͊ ͔͞ ͙͊ͤ͊͊͘͡ ͙ ͙͋ͦͪ͘ ͍͙ͫͻ ͍͙͊͗ͤͻ ͔͔͔ͣͤ͊ͭ͊͡ ͊͘ 

͔ͨͪͦ͊ͭ͟͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͔͎ ͍͔͔ͦͫͭͥ͊͢ ͍͔͔͔ͦͫͭͥͣ͢ ͫ͊ LED ͙͍ͦͪͦͣ͘ ͍͔͙ͫͭͦͫͭ͡Σ ͙ 

͍ͯͦΏ͔͔ͥ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ͊ ͙͔ͫͫͭͣͦͣ ͍͔͔ͦͫͭͥ͊͢ ͯ ˳˽ α˽͔͍͙ͯͭ ˿͙͔ͪ͋͞άΦ ̂ ͍ͦͦͣ ͎͍ͨͦ͊ͯ͢͡ 

ΐ͔ ͔ͫ ͙͙ͫͯͣͪ͊ͭ ͍͙ͫ ͙ͯ͊ͤ͘͡ ͔͙ͨ͊ͪ͊ͣͭͪ ͊͘ ͔͔ͨͦͭͪ͋ ͍ͪ΄͔ͥ͊ ˿-ˤˢ ͙͔͊ͤ͊͘͡Φ ˨͊ΐ͔ ͔ͫ ͙ ͪ͊ͭ͊͟͟ 

͔͙͙ͭͦͪͫ͟͞ ͍ͦͫͪͭ ͤ͊ ͔͎͙ͣͭͦ͒ͦͦͯ͡͞ ͦ͊͟͞ ͔ͫ ͙͙ͦͪͫͭ͟ ͯ ˿-ˤˢΣ ͙ ͙͍ͪ͘΄͙ΐ͔ ͔ͫ ͙͋ͦͪ͘ ͍͒͊ 

͔ͪͺ͔͔ͪͤͭͤ͊ ͔͔͔ͭͣͤ͊͡ͽ͔ͣͤͭ ͙͔ͫͫͭͣ͊Σ ͙ ͔ͨͪͣ͊ ͍ͫ͊ͦͣ͟ ΐ͔ ͔ͫ ͍͙͙ͨͦͫͭ͊ͭ ͨͦ ͔͒͊ͤ͞ ͫͼ͔͙ͤ͊ͪͦΦ 

˹͊ ͪ͊ͯ͟͞ ͦ͋͊ ͫͼ͔͙ͤ͊ͪ͊͞ ΐ͔ ͙͙͋ͭ ͙͍͒ͫͯͭͦ͊ͤ͊͟ ͙ ͙͋ΐ͔ ͙͍ͯ͘;͔͙ͤ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͙ ͊ͯ͘͟͢;ͼ͙Φ 

7.1 s ͙ͤ͊͊͘͡ ͭͪͦ΄͍ͦ͊͟ ͙ ͙͙ͦͪͫͭ͟ όαCost ς .ŜƴŜŦƛǘάΣ ˿-ˤˢύ 

ˢ͙ͤ͊͊͘͡ ͭͪͦ΄͍ͦ͊͟ ͙ ͙͙ͦͪͫͭ͟ ͨͪͯ͗͊ ͙ͤͺͦͪͣ͊ͼ͙͔͞ ͔ͦ͟͞ ͔ͫ ͎ͣͦͯ ͙͙͙ͦͪͫͭͭ͟ ͊͘ ͔͍͊ͯ͊͡ͼ͙ͯ͞ 

͔͙ͨͦ͒ͤ͊͞;͙ͤͻ ͔ͨͪͦ͊ͭ͊͟͞Σ ͙͊͡ ͙ ͊͘ ͔ͯͨͦͪΏ͙͍͔͊ͥ ͙ ͔ͦ͒ͪΏ͙͍͔͊ͥ ͙͙͔ͨͪͦͪͭͭ͊ ͎ͪͯͨ͊ 

͙ͪ͊͘͡;͙͙ͭͻ ͔ͨͪͦ͊ͭ͊͟͞ ͙͙͡ ͎ͨͪͦͪ͊ͣ͊Φ ˻͔͔͋ͪ͊ͦ͗ͥ͘͡ ͊͘ ͙͔ͨͪͣͤͯ /-. ͙͔͊ͤ͊͘͡ ͔͞ ͒͊ ͔ͯ͊ͤ͘͡ 

͔͔ͨ͊ͪ͊ͣͭͪ ͔ͨͪͦͭ͊͟͞ ͔ͭͪ͋͊ ͍͔͍͙ͪ͒ͤͦ͊ͭ ͔ͨͪͣ͊ ͙ͥͻ͍ͦͦͣ ͙͔ͦͨͦͪͭͯͤͭͭͤͦͣ ͭͪͦ΄ͯ͟Σ ͊ 

͔͔ͪͯͭ͊ͭ͘͡ ͔ͨͪͦͭ͊͟͞ ͔ͨͪͣ͊ ͔͙ͫͨͪͣͤͦͫͭ ͙͙ͦͪͫͤ͊͟͟ ͒͊ ͙ͨ͊ͭ͡Φ ˸͔Ώ͙ͯͭͣΣ ͙͔͙ͦͨͦͪͭͯͤͭͭͤ 

ͭͪͦ΄͍͙ͦ͟ ͔ͤ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ ͍͔ͯ͟ ͙ͨͦͫͣ͊ͭͪ͊ͤͣ ͺ͙͙͙ͤ͊ͤͫͫͣ͟͞ ͭͪͦ΄͍͙ͦͣ͊͟Φ ˿͙͡;ͤͦΣ 

͔ͫͨͪͣͤͦͫͭ ͒ ͊ ͔ͫ ͙ͨ͊ͭ͡ ͙͔ͤ͞ ͍͔ͯ͟ ͭ͊;ͤͦ ͙ͨͪ͊͊ͤ͊͘͟ ͯ ͙ͨͦͫͣ͊ͭͪ͊ͤͣ ͙ͭͪ͗΄͙ͤͣ ͼ͔ͤ͊ͣ͊. 

˿͊ ͎͔͒ͪͯ ͔ͫͭͪ͊ͤΣ ͔͙ͤ͟ ͙ͯͭͼ͙͊͞ ͙ͦ͟͞ ͔ͫ ͔ͤ ͎ͣͦͯ ͍͔͍͙ͪ͒ͤͦ͊ͭ ͯ ͍ͤͦͼͯ ό͔͙͙͍͔ͤͦͨͨ͢ 

͍͔͙ͪ͒ͤͦͫͭύ ͙ ͔͒͊͢ ͎ͣͦͯ ͒͊ ͦͫͭ͊ͤͯ ͍͊ͤ ͍͙͙͍͔͊ͤͭͭ͊ͭͤ͟ ͙͔͊ͤ͊͘͡Φ ͍͔́͊͟ ͙ͯͭͼ͔͊͞ ͔ͭͪ͋͊ 

ͤ͊ͤ͊͒ͤͦ͟ ͍͙͙͍͊ͭ͊ͭͤͦ͟͡ ͙͙ͦͨͫ͊ͭ ͤ͊ ͙ͤ͊͋ͦ͢͞ ͎ͣͦͯΐ͙ ͤ͊;͙ͤΣ ͙ ͤ͊ ͭ͊͞ ͤ͊;͙ͤ ͔ͫ ͨͪͯ͗͊ 

͎ͣͦͯΐͤͦͫͭ ͙͙ͦͪͫͤ͊͟͟ ͙͔͊ͤ͊͘͡ ͒͊ ͙ͨͪ ͒ͦͤͦ΄͔ͥͯ ͦ͒ͯ͊͟͡ ͔͒͊͞ ͍͔ͫͦͨͫͭͤͯ ͍͔ͪ͒ͤͦͫͭ ͙ͭͣ 

͔͍͙ͤ͊ͤͭ͟ͺ͙͍͙ͦ͊ͤͣ͟ ͔ͺ͔͙ͭͣ͊͟Φ 

̂ /-. ͙͙͊ͤ͊͘͡ ͔ͫ ͙͙ͦͪͫͭ͟ ͙ͨͪͫͭͯͨ ͙͍͎͒ͫͦͤͭͦ͊ͤͦ͟ ͍ͤͦ;͎͊ͤͦ ͭͦ͊͟ ͊͘ ͪ͊;͔ͯͤ͊ͥ 

ͺ͙͙͙ͤ͊ͤͫͫ͟͞ͻ ͙ ͔͙ͦͤͦͣͫ͟͟ͻ ͔ͨͦ͊͊ͭ͊͘͟͢ ͯ;͙ͤ͊͟ ͔ͨͪͦͭ͊͟͞Σ ͭ͞Φ ͙͔͔ͤͭͪͤ ͔ͫͭͦͨ 

͔͙͙ͪͤͭ͊͋ͤͦͫͭ͡ όInternal Rate of Return - IRRύ ͙ ͔ͤͭͦ ͫ͊͒͊΄͔ͥ ͍͔͙ͪ͒ͤͦͫͭ όNet Present Value 

- NPVύΦ ˿͍ͪͻ͊ ͙͍͒ͫͦͤͭͦ͊ͥ͊͟ ͔͞ ͒͊ ͔ͫ ͯ ͫ͊͒͊΄͙ͥͣ ͍͔͙ͪ͒ͤͦͫͭͣ͊ ͙͔ͨͪ͊͗͟ ͭͦ͟ ͭͪͦ΄͍ͦ͊͟ ͙ 

͙͙ͦͪͫͭ͟ ͙ͦ͟͞ ͔ͫ ͍͊͊ͯ͢͞͞ ͭͦͦͣ͟ ͙͍͎͗ͦͭͤͦ ͍͔͊͟ ͔ͨͪͦͭ͊͟͞ ς ͙͙͡ ͔ͦ͒ͪΏ͔͎ͤͦ ͔͙ͨͪͦ͒͊ ͊͘ ͙ͦ͟͞ 

͔ͫ ͙ͪ͊͒ ͨͪͦͼ͔ͤ͊ ͔ͨͪͦͭ͊͟͞Φ ˴͊͒͊ ͔ͫ ͔ͦ͒ͪΏ͔͔ͤ ͋ͯ͒ͯΐ͔ ͍͔͙ͪ͒ͤͦͫͭ ͙ͫ͊͗ͯ͟ ͯ ͫ͊͒͊΄͙ͥͣ 

͍͔͙ͪ͒ͤͦͫͭͣ͊ ͔ͦͤ ͔ͫ ͎ͣͦͯ ͔ͯͨͦͪΏ͙͍͙͊ͭΣ ;͙͔ͣ ͔ͫ ͔ͣͦ͗ ͔͙͙ͦ͒ͪ͒ͭ ͒͊ ͙͡ ͔͞ ͦͨ΄͙ͭ ͨͦͪ͊ͫͭ 

͙͙͒ͦ͋ͪͦ͋ͭ ͦ͒ ͨ ͔ͪͦͭ͊͟͞ ͍͔ͪ͒͊ͤ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͙ͻ ͭͪͦ΄͍ͦ͊͟Φ 

˽͔ͦͣͤͯͭͦ ͦ͟ ͙ͪ΄ΐ͔͔ͥ ͙͍͎͒ͫͦͤͭͦ͊ͤͦ͟ ͍ͤͦ;͎͊ͤͦ ͭͦ͊͟ ͘ ͊ ͙͊ͤ͊ͯ͘͡ ͘ ͤ͊;͙ ͔͔ͫ͒͡ΐ͔Υ 

¶ ˾͊ͣ͊ͭͪ͊ͯ͘͞ ͔ͫ ͫ͊ͣͦ ͍ͤͦ;͙͊ͤ ͙͙͍͙ͨͪ͡ ͙ ͙͒͊͘ͼ͙ ό͔͊ͤͣ͊ͪͯͯ͘͞ ͔ͫ ͙͊ͣͦͪͭ͊͘ͼ͙͊͞Σ 

͔͔͍͔ͪͪ͘ ͙ ͎͔͒ͪͯ ͦ͋ͪ͊;͔ͯͤͫ͟ ͍͔ͫͭ͊͟ ͔ͦ͟͞ ͔ͤ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ ͫ ͍͙ͭ͊ͪͤͣ ͍͙ͭͦͦͣ͊͟ύΦ 

¶ ˥͙͔ͦͣ͊ͥ͡ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͔ͦ͟͞ ͔ͫ ͍͔ͨͦ͊ͯ͢͞͞ ͯ ͙ͪ͊͘͡;͙͙ͭͣ ͎͙ͦ͒ͤ͊ͣ͊ ͊͘ͻ͔͍ͭ͊ 

͍͔ͯͫ͊͊ͥ͞ ͎͍ͦ͒ͦ͊ͪ͊ͯ͞ΐ͔ ͺ͙͙͔ͤ͊ͤͫͫ͟͞ ͙͔͒ͫͦͤͭͤ͟ ͔ͫͭͦͨ ͊ͦ͟͟ ͙͋ ͔ͫ ͙ͪ͊͘;ͯͤ͊͊͡ 

ͫ͊͒͊΄ͥ͊ ͍ ͔ͪ͒ͤͦͫͭ ͋ͯ͒ͯΐ͙ͻ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟. 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

¶ ˻͔͒ͪΏ͙͍͔͊ͥ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͔ͨͪͦͭ͊͟͞ ͔ͭͪ͋͊ ͒͊ ͔ͫ ͙͋͊ͪ͊͘ ͤ͊ ͙͔͔ͤͪͣͤͭ͊ͤͦͣ͟͡ 

͙ͨͪͫͭͯͨͯΦ 

̂ /-. ͙͙͊ͤ͊͘͡ ͔ͫ ͙͙ͦͪͫͭ͟ ͙͔͔͙ͤͪͣͤͭ͊ͤ͟͡ ͔ͣͭͦ͒ ͯ ͔ͦͣ͟͞ ͔ͫ ͔ͯͨͦͪΏͯͯ͞ ͫͼ͔͙ͤ͊ͪͦ ͫ͊ 

͔ͨͪͦͭͦͣ͟͞ ͙ ͔͙͍͙͊ͭͪͤ͊ͭͤ͡ ͫͼ͔͙ͤ͊ͪͦ ͔͋͘ ͔ͨͪͦͭ͊͟͞Φ ́ͦ ͔ͫ ͙ͪ͊͒ ͙  ͯͺ͙͙ͤ͊ͤͫͫͦ͟͞͞ ͙ ͯ 

͔ͦͤͦͣͫͦ͟͟͞ ͙͙͊ͤ͊͘͡Φ ˮ͔͔͙ͤͪͣͤͭ͊ͤ͟͡ ͔ͣͭͦ͒ ͔ͫ ͙͔͔ͨͪͣͥͯ͞ ͤ͊ ͫ ͔͔͒͡ΐ͙ ͤ͊;͙ͤΥ 

˽͍͙ͪ ͦͪ͊͟͟Υ ͍͙ͨͪ͊ ͔ͫ ͔ͨͪͦ͟͞ͼ͙͊͞ ͍͙ͫͻ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͍͔͙͊ͤ͘ͻ ͊͘ ͔ͫͨͦ͊ͭ͊͟͡ͼ͙ͯ͞ ͙ 

͍͔ͦ͒ͪ͗͊͊ͥ ͔ͨͪͦͭ͊͟͞ ͊͘ ͍ͫ͊ͯ͟ ͎͙ͦ͒ͤͯ ͭͦͦͣ͟ ͙͍͎͗ͦͭͤͦ ͍͔͊͟ ͔ͨͪͦͭ͊͟͞ ͯ ͙ͫͭͯ͊ͼ͙͙͞ ͔͋͘ 

͔͔͎ͨͪ͒ͦ͗ͤͦ͡ ͔ͨͪͦͭ͊͟͞Φ  

˨͎͙ͪͯ ͦͪ͊͟͟Υ ͙ͪ͊͒ ͔ͫ ͙ͫ͡;ͤ͊ ͔ͨͪͦ͟͞ͼ͙͊͞ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͊͘ ͙ͫͭͯ͊ͼ͙ͯ͞ ͫ͊ ͔͔͙ͨͪ͒ͦ͗ͤͣ͡ 

͔ͨͪͦͭͦͣ͟͞Φ ͙̂ͣ͊ͯ͘͞ ͔ͫ ͯ ͙ͦ͋ͪ͘ ͍͙ͫ ͙͍͔͙ͤͫͭͼ͙͙ͦͤ ͭͪͦ΄͍͙ͦ͟Σ ͊ͦ͟ ͙ ͺ͙͙͙ͤ͊ͤͫͫ͟͞ ͙ 

͔͟ ͙ͦͤͦͣͫ͟ ͭͪͦ΄͍͙ͦ͟ ͙ ͙͙ͦͪͫͭ͟ ͔ͦ͟͞ ͪ ͔͙ͯͭͪ͊ͯ͘͡͞ ͙͘ ͨ ͔ͪͦͭ͊͟͞Φ  

˴ͦͤ͊;ͤͦΣ /-B ͙͊ͤ͊͊͘͡ όͤͨͪΦ ͺ͙͙ͤ͊ͤͫͫ͊͟͞ ͙ ͔ͦͤͦͣͫ͊͟͟ ͙͊ͤ͊͊͘͡ύ ͙ͯͣ͊͘ ͯ ͙ͦ͋ͪ͘ ͫ͊ͣͦ 

͙ͪ͊ͯ͘͟͡ ͙͔ͣ͘Ώͯ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͯ αͫͼ͔͙ͤ͊ͪͯ͞ ͫ͊ ͔ͨͪͦͭͦͣ͟͞ά ͙ αͫͼ͔͙ͤ͊ͪͯ͞ ͔͋͘ ͔ͨͪͦͭ͊͟͞άΦ  

̂ ͫͯ͡;͊ͯ͞ ͒͊ ͔͞ ͔͔͙ͨͪ͒ͦ͗ͤ͡ ͔ͨͪͦ͊ͭ͟͞ ͯ ͙ͨͦͭͨͯͤͦͫͭ ͍ͤͦΣ αͫͼ͔͙ͤ͊ͪͦ ͫ͊ ͔ͨͪͦͭͦͣ͟͞ά 

͔͍ͨͪ͒ͫͭ͊͊͢ ͍ͦͫͤͦ ͊͘ ͙ ͔͔͙ͤͪͣͤͭ͊ͤ͟͡ ͍ͤͦ;͙͊ͤ ͭͦ͟Φ 

͙͙̅ͤ͊ͤͫͫ͊͟͞ ͙͊ͤ͊͊͘͡ ͔͞ ͨͪͦͼ͔ͤ͊ ͭͪͦ΄͍ͦ͊͟ ͭͦͦͣ͟ ͙͍͎͗ͦͭͤͦ ͍͔͊͟ ͔ͨͪͦͭ͊͟͞Φ ͙̇͢ 

ͺ͙͙͔ͤ͊ͤͫͫ͟͞ ͙͔͊ͤ͊͘͡ ͔͞ ͍ͯͭͪΏ͙͍͔͊ͥ ͨͪͦͺ͙͙͙ͭ͊͋ͤͦͫͭ͡ ͔ͨͪͦͭ͊͟͞Σ ͊ͦ͟ ͙ ͍ͨͦͪ͊ͭ ͤ͊ 

͙͍͔͙ͤͫͭͼ͙͔͞ ͔ͦ͟͞ ͎͔͔͙ͤͪ΄͔ ͔ͣͤ͊ͽ͔ͣͤͭ ͙͔ͦͪͫͭ͟ΐ͙ ͺ͙͙͔ͤ͊ͤͫ͞ ͔͔ͦ͋͋͘Ώ͔͔ͤ ͊͘ ͎͔ͯ͊͊ͥ͡ ͯ 

͔͍ͫͪ͒ͫͭ͊Σ ΄ͭͦ ͔͞ ͦ͒ ͪͯ͟ͼ͙͎͊ͤͦ͞͡ ͤ͊͘;͊͊͞ ͊͘ ͒ͪͯ΄͍͔ͭͤͦ ͔͙ͦͤͦͣͫ͟͟ ͍ͪ͊ͦ͘͞Φ ˿͔ͣ ͎ͭͦ͊Σ 

͍͔ͦͫͭ͊ͪͯ͞ ͔ͫ ͺ͙͙ͤ͊ͤͫͫ͊͟͞ ͙͒ͦ͋ͭΣ ͙͔ͦͪͫͭ͟ΐ͙ ͔ͤ͊͋ͦ͢͞ ͙͍͔ͪ͊ͫͨͦͦ͗͡ ͔ͭͻ͙͔ͤ͟Φ 

̆ͪ͊͋ͪͦͫͭΣ ͙ͤͺͦͪͣ͊ͼ͙͔͞Σ ͔ͤ͊ͥ͘ ͙ ͔ͦͫΐ͊͞ ͊͘ ͍͍͔͔͔ͨͪ͊ͦͪͣͤ ͔ͦ͒ͯ͟͡ ͫͯ ͦ͒ ͫͯ΄͙͎ͭͤͫͦ͟ 

ͤ͊͘;͊͊͞ ͙͙ͨͪͦͣ͟͡ ͔͙ͨͪ͒ͯͣ͊ͥ͊͘ ͊͒͊ͭ͊͊͘͟ ͊ͦ͟ ΄ͭͦ ͔͞ ͎͔ͯ͊͊ͥ͡ ͔ͤ ͫ͊ͣͦ ͍ͤͦ;͙͊ͤͻ 

͔͍ͫͪ͒ͫͭ͊͊Σ ͍͔ΐ ͙ ͔ͪ͊͒ͤ ͎͔ͫͤ͊Σ ͭ͞Φ ͔ͭͻ͙͔ͤ͟ ͨͪͦͼ͔͔ͤ ͎ͯ͊͊ͥ͊͡ ͦ͊͟͞ ͍͔͒ͦͦ͒ ͒ͦ ͍͍͔͔͔ͨͪ͊ͦͪͣͤ 

͔ͦ͒ͯ͟͡Φ 

˴͊ͦ ΄ͭͦ ͔͞ ͍͔ΐ ͔ͪ;͔ͤͦΣ ͊͘ ͍͙ͨͪ͊ͤͦ͡ ͔͍͔ͪ͊ͯͣ͊ͥ͘ ͺ͙͙͔ͤ͊ͤͫͫ͟͞ ͙͔͊ͤ͊͘͡ ͙͙ͦͪͫͭ͟ ͔ͫ ͙ͭͪ 

͙ͨͪͫͭͯͨ͊Φ ͙ͪ͊͘;͍͔ͯͤ͊͊ͥ ͔ͺ͙͙͙ͤ͊ͤͫͫ͟͞ͻ ͙ ͔͙ͦͤͦͣͫ͟͟ͻ ͔ͨͦ͊͊ͭ͊͘͟͢ ͯ;͙ͤ͊͟ ͔ͨͪͦͭ͊͟͞Σ ͭ͞Φ 

˽͍ͪ͊ ͍͒͊ ͙͙ͫͭ;ͯ ͤ͊͘;͊͞ ͦͤ͟ͼ͔ͨͭ͊ ͍͔͔͔ͪͣͤͫ͟ ͍͔͙ͪ͒ͤͦͫͭ ͍ͤͦͼ͊ ͙ ͙ͦͨͫͯͯ͞ ͔ͫ ͊ͦ͟ ˮ͔ͤͭͪͤ͊ 

͔ͫͭͦͨ ͪ ͔͙͙ͤͭ͊͋ͤͦͫͭ͡ όInternal Rate of Return - IRRύ ͙ ˹͔ͭͦ ͫ͊͒͊΄ͥ͊ ͍͔ͪ͒ͤͦͫͭ͊ (Net Present 

Value - NPV), ͒ͦ͟ ͔͙ͨͦͫ͒ͥ͡ ˤ͔͔ͪͣ ͍ͨͦͪ͊ΐ͊͊͞ ͙͙͡ ˽͔͙ͪͦ͒ ͔ͦͭͨ͊ͭ͡ (Payback Period - PP) 

͙͎ ͙ͤͦͪ΄͔ ͍͔͔ͪͣͤͫͯ͟ ͍͔ͪ͒ͤͦͫͭ ͍ͤͦͼ͊Φ ˿͍͔ ͙ͭͪ ͔͔ͣͭͦ͒Σ ͔ͫ ͫͣ͊ͭͪ͊ͯ͞ ͙͙ͨͦͭͨͯͤͣ͞ ͦ͒ 

͙ͭͪ͊͒ͼ͙͙ͦͤ͊ͤ͡ͻ ͔ͭͻ͙ͤ͊͟ ͍ͨͦͪ͊ͭ͊ ͤ͊ ͙͊ͨͭ͊͟͡ ͙͙͡ ͍ͨͦͪ͊ͭ͊ ͤ͊ ͙͍͔͙ͤͫͭͼ͙͔͞Φ  

˹͔ͭͦ ͫ͊͒͊΄ͥ͊ ͍͔ͪ͒ͤͦͫͭ όͯ ͔͒͊ͣ͢ ͔ͭͫͭͯ͟ ˹˿ˤύ ͔͞ ͙ͪ͊͊͘͟͡ ͙͔ͣ͘Ώͯ ͫ͊͒͊΄͔ͥ ͍͔͙ͪ͒ͤͦͫͭ 

͙͙͍ͨͪ͊͡ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͙ ͫ͊͒͊΄͔ͥ ͍͔͙ͪ͒ͤͦͫͭ ͙͍ͦ͒͊͡ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͯ ͔ͦ͒ͪΏ͔ͤͦͣ 

͍͔͔ͪͣͤͫͦͣ͟ ͔͙ͨͪͦ͒ͯΦ ˹˿ˤ ͔ͫ ͭ͊ͦ͟Ώ͔ ͙͙ͦͪͫͭ͟ ͦ͒͟ ͋ͯͽ͔͙ͭͪ͊ͥ͊ ͊ͦ͟͟ ͙͋ ͔ͫ ͙͙͊ͤ͊ͪ͊͊͘͡͡ 

ͨͪͦͺ͙͙ͭ͊͋ͤͦͫͭ͡ ͔͍͔ͨͪͦͭͦ͊ͤ͟͞ ͙͍͔͙ͤͫͭͼ͙͔͞ ͙͙͡ ͎ͫ͊ͣͦ ͔ͨͪͦͭ͊͟͞Φ 

̅ͦͪͣͯ͊͡ ͊͘ ͙ͪ͊͘;͍͔ͯͤ͊͊ͥ ˹˿ˤ ͞ ͔ ͔͔ͫ͒͡ΐ͊Σ 

ὔὛὠ ὥὛ Ὓ
Ὓ

ρ Ὥ

Ὓ

ρ Ὥ
Ễ

Ὓ

ρ Ὥ
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

Ὓ= ͪ ͙͊͊͘͟͡ ͙͔ͣ͘Ώͯ ͫ͊͒͊΄͔ͥ ͍͔͙ͪ͒ͤͦͫͭ ͙͙͍ͨͪ͊͡ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͙ ͫ͊͒͊΄͔ͥ ͍͔͙ͪ͒ͤͦͫͭ 
͙͍ͦ͒͊͡ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͯ ͔ͦ͒ͪΏ͔ͤͦͣ ͍͔͔ͪͣͤͫͦͣ͟ ͔͙ͨͪͦ͒ͯ άǘέ 

ὥ = ͅ ͙͙͙ͤ͊ͤͫͫ͟͞ ͙͙͒ͫͦͤͭͤ͟ ͺ͊ͭͦͪ͟ =  

Ὥ = ͅ ͙͙ͤ͊ͤͫͫ͊͟͞ ͒ ͙ͫͦͤͭͤ͊͟ ͫͭͦͨ͊ 

Ὥ = ͨ ͔͙ͪͦ͒ ͦͼ͔͔ͤ 

˽͙͙͍ͦͭͤ͊͘ ͔ͤͭͦ ͫ͊͒͊΄ͥ͊ ͍͔ͪ͒ͤͦͫͭ ͔ͯ͊ͯ͘͟͞ ͒͊ ͔͍ͨͪͦͭͦ͊ͤ͊͟͞ ͊ͪ͊͒͊͘ ͍͔ͦͫͭ͊ͪͤ͊ ͔ͨͪͦͭͦͣ͟͞ 
͙͙͡ ͙͍͔͙ͤͫͭͼ͙ͦͣ͞ ͔ͨͪͣ͊΄͔ͯ͞ ͦ;͔͙͍͔͊ͤ͟ ͭͪͦ΄͍͔ͦ͟Φ ˮ͍͔͙ͤͫͭͼ͙͊͞ ͫ͊ ͙͙͍͙ͨͦͭͤͣ͘ ˹˿ˤ ΐ͔ 
͙͙͋ͭ ͨͪͦͺ͙͙ͭ͊͋ͤ͊͡Σ ͒ͦ͟ ΐ͔ ͔͎͙͍ͤ͊ͭͤ͊ ˹˿ˤ ͔͙͙ͪͯͭͪ͊ͭ͘͡ ͔ͤͭͦ ͎͙ͯ͋ͭͦͣ͟Φ ˻͍͊͞ ͦͤ͟ͼ͔ͨͭ ͔͞ 
͍ͦͫͤͦ͊ ͊͘ ˽͍͙ͪ͊ͦ͡ ˹͔ͭͦ ͫ͊͒͊΄͔ͥ ͍͔͙ͪ͒ͤͦͫͭΣ ͦ͒ͤͦͫͤͦ ͒͊ ͔͙͔͒ͤ͞ ͙͍͔͙ͤͫͭͼ͙͔͞ ͔ͦ͟͞ ͔ͭͪ͋͊ 
͙͔͙͙ͨͪͣͤͭ ͫͯ ͙͍͔͙ͤͫͭͼ͙͔͞ ͫ͊ ͙͙͍͙ͨͦͭͤͣ͘ ˹˿ˤ ͍͔͙ͪ͒ͤͦͫͭͣ͊Φ 

ˮ͔ͤͭͪͤ͊ ͫͭͦͨ͊ ͙ͨͪͤͦͫ͊ όͯ ͔͒͊ͣ͢ ͔ͭͫͭͯ͟ ˮ˿˽ύ ͔͞ ͔ͨͦ͊͊ͭ͘͟͢Σ ͙ͦ͟͞ ͔ͫ ͙͔͔ͨͪͣͥͯ͞ ͦ͒͟ 

͋ͯͽ͔͙ͭͪ͊ͥ͊ ͊ͦ͟͟ ͙͋ ͔ͫ ͨͪͦͼ͔͙ͤ͊͡ ͨͪͦͺ͙͙ͭ͊͋ͤͦͫͭ͡ ͔ͨͦͭͤͼ͙͙͊ͤ͞͡ͻ ͙͍͔͙ͤͫͭͼ͙͊͞Φ ˮ˿˽ ͔͞ 

͙͒ͫͦͤͭͤ͊͟ ͫͭͦͨ͊ ͦ͊͟͞ ˹˿ˤ ͍͙ͫͻ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͍͙ͫͦ͒ ͤ͊ ͤͯͯ͡Φ 

˴͊ͦ͟ ͙͋ ͙ͪ͊͘;͙ͯͤ͊͡ ˮ˿˽ ͙͔ͦͪͫͭ͟ΐ͙ ͺͦͪͣͯͯ͡Σ ͔ͨͦͭͪ͋ͤͦ ͔͞ ˹˿ˤ ͍͔͙ͫͫͭ ͤ͊ ͤͯͯ͡ ͙ 

͙ͪ͊͘;͙ͯͤ͊ͭ ͙͒ͫͦͤͭͤͯ͟ ͫͭͦͨͯΦ ̅ͦͪͣͯͯ͡ ͙͔ͤ͞ ͎ͣͦͯΐ͔ ͍͙͙ͨͦͫͭ͊ͭ ͙ ͙ͪ͊͘;͙ͯͤ͊ͭ ͙͙͊ͤ͊ͭ͡;͙͟Σ 

͔ͭ ͎ͫͭͦ͊ ͣͦͪ͊ ͙͙͋ͭ ͙ͪ͊͘;ͯͤ͊ͭ͊ ͙͔ͦͪͫͭ͟ΐ͙ ͔͔ͨͦͫ͋ͤ ͫͦͺ͍͔͔ͭͪͫ͟ ͎͔ͨͪͦͪ͊ͣ ͙ ͫͦͺ͍͔ͭͪͫ͊͟ 

͔ͪ΄͔ͥ͊Φ 

ὔὖὠ
Ὓ

ρ ὍὛὖ
π 

˽͙ͪ ;͔ͣͯ ͔͞, 

Ὓ= ͪ ͙͊͊͘͟͡ ͙͔ͣ͘Ώͯ ͫ͊͒͊΄͔ͥ ͍͔͙ͪ͒ͤͦͫͭ ͙͙͍ͨͪ͊͡ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͙ ͫ͊͒͊΄͔ͥ ͍͔͙ͪ͒ͤͦͫͭ 
͙͍ͦ͒͊͡ ͍ͤͦ;͙͊ͤͻ ͍ͭͦͦ͊͟ ͯ ͔ͦ͒ͪΏ͔ͤͦͣ ͍͔͔ͪͣͤͫͦͣ͟ ͔͙ͨͪͦ͒ͯ άǘέ 

˥͔͔ͤͪ͊ͤͦ͡ ͨͦͫͣ͊ͭͪ͊ͯ͞ΐ͙Σ ΄ͭͦ ͔͞ ͍͔ΐ͊ ˮ˿˽ ͔ͨͪͦͭ͊͟͞Σ ͭͦ ͔͞ ͔͙͔ͨͦ͗ͤ͢͞ ͒͊ ͔ͫ ͍ͭ͊͊͟ ͔ͨͪͦ͊ͭ͟͞ 

͙ ͔͔ͨͪ͒ͯͣ͘Φ ˮ˿˽ ͔͞ ͔͙͍͔͒ͤͫͭͤ͞ ͊͘ ͙͍͔͙ͤͫͭͼ͙͔͞ ͙ͪ͊͘͡;͙͙ͭͻ ͙͍ͭͨͦ͊ ͙ ͊ͦ͟ ͍ͭ͊͊͟ ͔ͣͦ͗ ͔ͫ 

͙͙͙ͦͪͫͭͭ͟ ͊͘ ͎͙͔ͪ͊ͤͪ͊ͥ ͍͙΄͔͙ͫͭͪͯ͟ͻ ͔ͨͪͦ͊ͭ͊͟͞ ͔ͦ͟͞ ͙ͦͣͨ͊ͤ͊͟͞ ͎͔͍ͫ͊͒͊͊͡ ͔͙ͨͦ͒͒ͤ͊ͣ͟͞Φ 

˽ͦ͒ ͔͍ͨͪͭͨͦͫͭ͊ͦͣ͟ ͒͊ ͫͯ ͭͪͦ΄͍͙ͦ͟ ͙͍͔͙ͤͫͭͼ͙͊͞ ͔͙͒ͤ͊͟͞ ͔ͣΏͯ ͙ͪ͊͘͡;͙͙ͭͣ ͔͙ͨͪͦͭͣ͊͟͞Σ 

͔ͨͪͦ͊ͭ͟͞ ͫ͊ ͍͙ͤ͊͞΄͙ͣ ˮ˿˽-ͦͣ ͫͣ͊ͭͪ͊ ͔ͫ ͙ͤ͊͋ͦͣ͢͞Φ 

ˮ͊ͦ͟ ΐ͔ ͔ͫ ͍͔ͦͫͭ͊ͪͤ͊ ˮ˿˽ ͙͍͙ͪ͊ͦ͊ͭ͘͟͡ ͦ͒ ͨͪͦͼ͔͔͔ͥͤ ˮ˿˽Σ ͔ͨͪͦ͊ͭ͟͞ ͫ ͊ͤ͊ͭͤͦ͘ ͍͙΄ͦͣ 

ˮ˿˽ ͍͔ͪ͒ͤͦ΄ΐͯ ͦ͒ ͎͙͒ͪͯͻ ͦͨͼ͙͊͞ ͙ ͔͒͊͢ ͔͍ͨͪ͒ͫͭ͊͊͢ ͎ͣͤͦͦ ͍͔ΐͯ ΄͊ͤͫͯ ͊͘ ͙͋ͦ͢ ͪ͊ͫͭΦ 

˳͔͒ͤ͊ ͦ͒ ͔ͯͨͦͭͪ͋͊ ˮ˿˽ ͔͞ ͔ͯͨͦͪΏ͙͍͔͊ͥ ͨͪͦͺ͙͙͙ͭ͊͋ͤͦͫͭ͡ ͍ͯͫͨͦͫͭ͊͊ͥ͊͢ ͍͙ͤͦͻ 

͔ͦͨͪ͊ͼ͙͊͞ ͫ͊ ͨͪͦ΄͙͔͔ͪͥͣ ͙ͫͭ͊ͪͻΦ ˮ͊ͦ͟ ͙͋ ͦ͋͊ ͔ͨͪͦͭ͊͟͞ ͙͔͙͒ͦͨͪͤ͡ ͍͔ͪ͒ͤͦͫͭ ͙͔ͦͣͨ͊ͤ͟͞Σ 

͍͔͍ͪͦ͊ͭͤͦ ͔͞ ͒͊ ΐ͔ ͔ͫ ͙͙͙ͨͪͫͭͯͨͭ ͦ͒ͯ͡ͼ͙ ͦͯ͟͞ ͙͔ͨͪͦͨͫͯ͞ ˮ˿.˽ 

̂ ͔͙͙ͭͦͪ͞Σ ͍͙ͫ͊͟ ͔ͨͪͦ͊ͭ͟͞ ͫ͊ ˮ˿˽-ͦͣ ͍͔ΐ͙ͣ ͦ͒ ͭͪͦ΄͍ͦ͊͟ ͙͊ͨͭ͊͊͟͡ ͔͞ ͨͪͦͺ͙͙ͭ͊͋͊ͤ͡Σ ͔ͭ 

͎ͫͭͦ͊ ͔͞ ͯ ͙͔͔ͤͭͪͫͯ ͙͔ͦͣͨ͊ͤ͟͞ ͒͊ ͔͔ͨͪ͒ͯͣ͘ ͍͔ͭ͊͟ ͔͔ͨͪͦͭ͟͞Φ ̂ ͙ͨ͊ͤͪ͊ͥͯ͡ ͙͍͔͙ͤͫͭͼ͙͙ͦͤͻ 

͔ͨͪͦ͊ͭ͊͟͞Σ ͙ͦͣͨ͊ͤ͊͟͞ ΐ͔ ;͔ͫͭͦ ͍͙͙ͯͫͨͦͫͭ͊ͭ ͙ ˽͔ͦͭͪ͋ͤͯ ͫͭͦͨͯ ͙ͨͪͤͦͫ͊ ό˽˿˽ύ ͊ͦ͟͟ ͙͋ 

͔͙͙ͦ͒ͪ͒͡ ͙͙͙ͣͤͣ͊ͤ͡ ͙ͨͪͻ͍͙͍͙͊ͭ͢ ͨͪͦͼ͔ͤ͊ͭ ͙ͨͪͤͦͫ͊ ͤ͊ ͙͍͔͙ͤͫͭͼ͙͔͞Φ ˿͍͙͊͟ ͔ͨͪͦ͊ͭ͟͞ 

ͫ͊ ˮ˿˽-ͦͣ ͙ͦ͟͞ ͔͙ͨͪ͊͘͡ ˽˿˽ ͍͔͍ͪͦ͊ͭͤͦ ΐ͔ ͔ͫ ͙ͫͣ͊ͭͪ͊ͭ ͨͪͦͺ͙͙͙ͭ͊͋ͤͣ͡Σ ͙͊ͦ͟ ͙͔ͦͣͨ͊ͤ͟͞ 

͔ͤ ͣͦͪ͊ͯ͞ ͤ ͯ͗ͤͦ ͒͊ ͔ͨͪ͊ͭ ͔ͨͪͦ͊ͭ͟͞ ͫ͊ͣͦ ͨͦ ͭͦ͞ ͍͙ͦͫͤͦΦ  
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

ˮ͊ͦ͟ ͔͞ ˮ˿˽ ͙͍͊ͭͪ͊ͭ͊ͤ͟ ͔ͨͦ͊͊ͭ͘͟͢Σ ͔ͨͦ͗ͤͦ͢ ͔͞ ͒͊ ͔ͫ ͙͙ͦͪͫͭ͟ ͔͊͒ͤͦ͘͞ ͫ͊ ˹˿ˤ-ͦͣ ͙ͪ͊͒ 

͙͔͊ͫͤ͞͞ ͙͔ͫ͟͡ ͦ ͍͔͙ͪ͒ͤͦͫͭ ͦͯ͟͞ ͔͍ͨͪ͒ͫͭ͊͊͢ ͔ͨͦͭͤͼ͙͙͊ͤ͞͡ ͔ͨͪͦ͊ͭ͟͞Φ 

˽͔͙ͪͦ͒ ͔ͦͭͨ͊ͭ͡ ͔͞ ͍͔͔ͪͣ ͔ͨͦͭͪ͋ͤͦ ͊͘ ͍ͨͦͪ͊ͭ ͙͍͔͙ͤͫͭͼ͙͊͞Σ ͤ͊ ͍ͦͫͤͦͯ ͔͎ͦ͟͞ ͔ͫ ͙͒ͦͤͦͫ 

ͦ͒ͯ͊͟͡ ͒͊ ͙͡ ͔͞ ͔ͨͪͦ͊ͭ͟͞ ͙͙͍ͫͨ͊ͭ͡Σ ͊ͦ͟ ͙ ͒͊ ͙͒ͯ͗ ͔͙͙ͨͪͦ͒ ͔ͦͭͨ͊ͭ͡ ͙ͤͫͯ ͔͙ͨͦ͗ͤ͢ ͫ͊ 

͔͊ͫͨͭ͊͟ ͙͍͔͙ͤͫͭͼ͙͊͞Φ  

˴͊ͦ͟ ͙͋ ͔ͫ ͎͔ͦͪ ͔͙ͨͦͣͤͯͭ ͙͙ͨͪͫͭͯͨ ͙ͪ͊͘;͙ͯͤ͊͡ ͙ ͙͔͙͙ͨͪͣͤ͡ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͙͙ͯͪ͊͒ͭ 
ͨͪͦͼ͔ͤͯ ͙ͤͺͦͪͣ͊ͼ͙͊͞ ͦ ͺ͙͙͙ͤ͊ͤͫͫͣ͟͞ ͍ͤͦ;͙͊ͤͣ ͍͙ͭͦͦͣ͊͟ όͯͯͨ͊ͤ͟ ͭͪͦ΄͊͟ ͙͍͔͙ͤͫͭͼ͙͊͞ 
ͭͪͦ΄͍͙ͦ͟Σ ͙ͯͯͨͤ͟ ͭͪͦ΄͍͙ͦ͟ ͙ ͯ΄͔ͭ͒͊ύΣ ͯͫ͊͟͡Ώ͔͙ͤͣ ͫ͊ ͫͭͦͨͦͣ ͙ͤͺ͊͡ͼ͙͔͞ ͊ͦ͟ ͙ ͔ͪ͊ͤͦͣ͡ 
ͫͭͦͨͦͣ ͪ͊ͫͭ͊Φ ́ͦͦͣ͟ ͔͍ͣͦ͒ͦ͊ͥ͊͡ ͔ͨͪͦͭ͊͟͞ ͔ͨͦͭͪ͋ͤͦ ͔͞ ͙͍ͪ͘΄͙͙ͭ ͨͪͦͼ͔ͤͯ ͍͙ͫͻ 
ͭͪͦ΄͍ͦ͊͟ ͙͍͔͙ͤͫͭͼ͙͊͞ ͯ ͍͔͙͘ ͫ͊ ͔͙͙ͣ͊ͭͪ͊ͣ͊͞͡Σ ͪ͊͒ͤͦͣ ͎ͫͤ͊ͦͣΣ ͔͔͎͙ͤͪͦͣ͞Σ ͙͔ͨͪͨͪͣͦͣΣ 
ͻ͙ͦͤͦͪ͊ͪͣ͊ ͯ ͫ͊͒ͯ͟͡ ͫ͊ ͍͔͔͙ͤ͊͒ͤͣ ͔ͪ΄͔͙ͥͣ͊ ͨͦͤͯΏ͊;͊Φ ˮ͍͔͙ͤͫͭͼ͙͙ͦͤ ͭͪͦ΄͍͙ͦ͟ ͔ͫ 
͔ͫ͊ͫͭͦ͞ ͦ͒ ͭͪͦ΄͍ͦ͟ŀ ͙͎͔ͪ͊͒ͥ͘ ͔ͨͪͦͭ͊͟͞ ͙ ͺ͙͙͘;͔͟ ͙ͤͺ͔ͪ͊ͫͭͪͯͭͯͪ͟Φ 

˸͔͎͙ͭͦ͒ͦͦ͊͡͞ ͙͔͔ͨͪͣͥͤ͊ ͯ ͍ͦͦͣ ͙͍͔͘΄ͭ͊ͯ͞ ͍͊ͫͤͦ͊ͤ͊͘ ͔͞ ͤ͊ ͙͙͊ͤ͊͘͡ ͭͪͦ΄͍ͦ͊͟ 
͔ͨͪͭͻ͙ͦ͒ͤͻ ͎͙ͦ͒ͤ͊Σ ͊ͦ͟ ͙ ͍͙ͫͭ͊ͪͤͻ ͼ͔ͤ͊ ͦ͒ ͔ͫͭͪ͊ͤ ͍͒͊ ͨͦͤͯΏ͊;͊Φ ˽͙ͪͫͭͯͨ ͊͒͊ͭͯ͘͟ ͔͞ ͯ 
ͫ͊͒ͯ͟͡ ͫ͊ ͎͍͔͙ͯͦͦͪͤͣ ͙ͦ͋ͣͦͣ ͎͍͊ͤ͊͗ͦ͊ͥ͊Σ ͊ͦ͟ ͙ ͫ͊ ͨͪͦͺ͔͙͙ͫͦͤ͊ͤͣ͡ ͙ ͙͍͙ͦͪͨͦͪ͊ͭͤͣ͟ 
͔ͦ͒ͫͦͣ͟͟Φ  

тΦн ͙̂͊ͤ͘͡ ͨͦ͒͊ͼ͙ ͔͙ͨͦͭͪ͋ͤ ͊͘ ͙ͪ͊͒ͯ͘ ͺ͙͙͎ͤ͊ͤͫͫͦ͟͞ ͔ͣͦ͒͊͡ 

˴͊ͦ ͙ͯ͊ͤ͘͡ ͨͦ͒͊ͼ͙Σ ͊͘ ͔͔ͨͦͭͪ͋ ͙͔ͪ͊͒͘ ͺ͙͙͎ͤ͊ͤͫͫͦ͟͞ ͔ͣͦ͒͊͡Σ ͙͙ͦͪͫͭ͟ΐ͔ ͔ͫ ͔͔ͫ͒͡ΐ͔Φ 

˻˿ ˤ˩́˷˩˺˩ ˿ˢ˻ˣ˾ˢ̔ˢ˳˹ˮ̇  s

˭͊ ͍͔͔͔ͦͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊Σ ͯ нлмсΦ ͎͙͙ͦ͒ͤ ͯͭͪͦ΄͔ͤͦ ͔͞Υ  14.754.378,15 kWh 
ͯ ͙ͤͦͫͯ͘ ͦ͒ ό͔͋͘ ͦ͋ͪ͊;͎ͯͤ͊ͭͦ ˽˨ˤύΥ мрлΦутсΦрмлΣму ˾˿˨ 
̂ͯͨͤ͊͟ ͙͙ͤͫͭ͊ͫ͊ͤ͊͡ ͎ͫͤ͊͊ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͔͞Υ 3.646,66 kW 
̂ͯͨ͊ͤ͟ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ 
ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͔͞Υ  10.184 
 

˻˿ ˤ˩́˷˩˺˩ ́̂˹˩˶ˢ 

˭͊ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡Σ ͯ нлмсΦ ͎͙͙ͦ͒ͤ ͯͭͪͦ΄͔ͤͦ ͔͞Υ  2.143.683,00 kWh 
ͯ ͙ͤͦͫͯ͘ ͦ͒ ό͔͋͘ ͦ͋ͪ͊;͎ͯͤ͊ͭͦ ˽˨ˤύΥ нмΦпосΦтнсΣтл ˾˿˨ 
̂ͯͨͤ͊͟ ͙͙ͤͫͭ͊ͫ͊ͤ͊͡ ͎ͫͤ͊͊ ͍͔͔ͦͫͭͥ͊͢ ͔ͭͯͤ͊͡ ͔͞Υ 529,83 kW 
̂ͯͨ͊ͤ͟ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘ ͍͔͔͔ͦͫͭͥ͢ ͔ͭͯͤ͊͡ ͔͞Υ  1.860 
 

˻˿ ˤ˩́˷˩˺˩ ˿ˢ˻ˣ˾ˢ̔ˢ˳˹ˮ̇ˢ ˮ ́̂˹˩˶ˢ 

˭͊ ͍͔͔͔ͦͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͙ ͔ͭͯͤ͊͡Σ  
ͯ нлмсΦ ͎͙͙ͦ͒ͤ ͯͭͪͦ΄͔ͤͦ ͔͞Υ  16.898.061,15 kWh 
ͯ ͙ͤͦͫͯ͘ ͦ͒ ό͔͋͘ ͦ͋ͪ͊;͎ͯͤ͊ͭͦ ˽˨ˤύΥ мтнΦомоΦносΣуу ˾˿˨ 
̂ͯͨͤ͊͟ ͙͙ͤͫͭ͊ͫ͊ͤ͊͡ ͎ͫͤ͊͊ ͍͔͔ͦͫͭͥ͊͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͙ ͔ͭͯͤ͊͡ ͔͞Υ 4.176,49 kW 
̂ͯͨ͊ͤ͟ ͋ͪͦ͞ ͍͔͙͙ͫͭ͢͟ ͔ͦ͟͞ ͔ͫ ͙͔ͦͪͫͭ͟ ͊͘  
͍͔͔͔ͦͫͭͥ͢ ͫ͊ͦ͋ͪ͊ΐ͙͊ͤ͞ͼ͊ ͙ ͔ͭͯͤ͊͡ ͔͞Υ 12.044 
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˿͙ͭͯ͒͊͞ ͔͔͊ͣͤ͘ ͔ͨͦͫͭͦ͞ΐ͙ͻ ͍͔͙ͫͭͦͫͤ͡ͻ ͙͍ͦͪ͊͘ [95 ͙͍͙ͦͪͣ͊͘ ͫ͊ ͔͔͙͙͎͍͙ͭ͒ͪͦ͊ͤͣ͡ ͔ͣͤ͊ͽ͔ͣͤͭͦͣ 

˿́ ˾̂˴́̂˾ˢ ˻ˣ˳˩˴ˢ́ˢ ˿ˢ ˿ ˤ˩́ˮ˷˴ˢ˸ˢ 

͙́ͨ ͙ ͎ͫͤ͊͊ ͍͔͙͔ͫͭ͢͟ 
ˣͪΦ 
͔ͦ͋͞
͊ͭ͊͟ 

˥͙ͦ͒΄ͥ͊ 
ͯͭͪͦ΄͔ͤ͊ ͔͡Φ 
͔͔͎͙ͤͪ͊͞ 

(kWh) 

ˮͤͦͫ͘ 
͎͙ͦ͒΄͔͎ͥ 

ͪ͊;ͯͤ͊ ͔͋͘ ˽˨ˤ 
ό˾˿˨ύ 

˳͔͍͔͔͒ͤͦͪͣͤ͊ 
͎ͫͤ͊͊ 
╟▄■▓╦  

ˣͪͦ͞ 
͍͔͙͙ͫͭ͢͟ 

LED ˿ ˤ˩́ˮ˷˴˩ ˿ ˹ˢ˥˩ ммр ² 1 10.377,00 105.052,70 2,56 22 

bŀ±t ˿ˤ˩́ˮ˷˴ ˩˿ ˹ˢ˥˩ мрл ² 8 519.714,00 5.840.190,40 128,45 909 

bŀ±t ˿ˤ˩́ˮ˷˴ ˩˿ ˹ˢ˥˩ нрл ² 73 6.132.040,65 56.721.049,14 1.515,58 5.440 

bŀ±t ˿ˤ˩́ˮ˷˴ ˩˿ ˹ˢ˥˩ плл ² 62 10.235.929,50 109.646.944,64 2.529,89 5.673 

˽˾ ˻˿˩̉˹˩ ˤ˩˶ˮ̉ˮ˹˩ ˽˻ ˿ˤ˩́ˮ˷˴ˢ˸ˢ 

˽͔ͪͦͫ;͔ͤ ͍͔͙͡;͙͔ͤ 
ͨͦ ͍͔͙ͫͭ͊ͣ͊͢͟ 

˿͎ͤ͊͊ 
͍͔͙͔ͫͭ͢͟ 

(͙͙ͫ͊͞͡ͼ͔ ͙ 
͋͊͊ͫͭ͡)͊ 

˥͙ͦ͒΄ͥ͊ 
ͨͦͭͪͦ΄ͥ͊ ͔Φ͔Φ 
ͨͦ ͍͔͙ͫͭ͢ͼ͙ 

ˮͤͦͫ͘ 
͎͙ͦ͒΄͔͎ͥ 
ͪ͊;ͯͤ͊ ͨͦ 
͍͔͙ͫͭ͢ͼ͙ 

͔̇ͤ͊ ƪ²Ƙ 
͔͋͘ ˽˨ˤ-͊ 
ͨͦ 

͍͔͙ͫͭ͢ͼ͙ 

͔̇ͤ͊ 
͔Φ͔Φ ͨͦ 

W 

 W kWh ˾˿˨ ˾˿˨ ˾˿˨ 

bŀ±t ͎͔ͫͤ͊ мрл ² 165 572 5.355 9,3644 0,00936 

bŀ±t ͎͔ͫͤ͊ нрл ² 275 1.127 8.689 7,7083 0,00771 

bŀ±t ͎͔ͫͤ͊ плл ² 440 1.804 16.107 8,9266 0,00893 

˽͔ͪͦͫ;͔ͤ ͼ͔͔ͤ ͔ͦ͟͞ ΐ͔ ͔ͫ ͔͙ͯͭ͘ ͊͘ ˿κˤˢ ͙͊ͤ͊ͯ͘͡Υ 8,6665 0,00867 

LED ͫ ͎͔ͤ͊ 48 W 48 194 1.683 8,6665 0,00867 

LED ͫ ͎͔ͤ͊ 81 W 81 328 2.840 8,6665 0,00867 

LED ͫ ͎͔ͤ͊ 130 W 130 596 4.558 8,6665 0,00867 

́˾ ˻̊˴˻ˤˮ ˻˨˾ˬˢˤˢ˺ˢ 

ˤͪͫͭ͊ ͭͪͦ΄͊͟ 
ˮͤͦͫ͘ ͊͘ 
˿κˤˢ 

ˤͪͫͭ͊ ͭͪͦ΄͊͟ 
ˮͤͦͫ͘ ͊͘ 
˿κˤˢ 

˻͍͔͒ͪ͗͊͊ͥ ͍ͫͭͯ͋ͦ͊ 63.250.000 ˻͍͔͒ͪ͗͊͊ͥ ͍͙ͪ͊ͦ͒ͤ͘ͻ ͦͪͣ͊ͤ͊ 16.300.000 

˻͍͔͒ͪ͗͊͊ͥ ͍͔͙͙ͫͭ͢͟ ͙ ͙͙ͫ͊͞͡ͼ͊ 46.900.000 
˻͍͔͒ͪ͗͊͊ͥ ͭͪ͊ͤͫͺ͙ͦͪͣ͊ͭͦͪͫ͟ͻ 
͙ͫͭ͊ͤͼ͊ 

19.000.000 

˻͍͔͒ͪ͗͊͊ͥ ͍͊͋ͦ͊͟͡ ͙ 
͍͙ͨͪͦͦ͒ͤ͊͟ 

19.500.000 ˻͙ͫͭ͊͡ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ 41.500.000 

̂˴̂˽˹ˮ ́˾˻̊˴˻ˤˮΥ 206.450.000 

˽͔ͪͦͫ;͙ͤ ͎͙ͦ͒΄͙ͥ ͭͪͦ΄͍͙ͦ͟ ͍ͦ͒ͪ͗͊͊ͥ͊ ͨͦ ͔͒ͤͦ͞͞ ͍͔͙ͫͭ͢ͼ͙Υ           оΦуфпΣлл ˾˿˨ 

̇˩ ˹˩ LED ˿ ˤ˩́ˮ˷˴ˮ ˽˾˻ˮ˭ˤ˻̓ˢ̉ˢ αtHILIPSά 

 
4. αPhilips - 5ƛƎƛ{ǘǊŜŜǘάΣ ͎͔ͫͤ͊ 48 W, ͼ͔ͤ͊Υ      492 ϵ 

5. αPhilips - 5ƛƎƛ{ǘǊŜŜǘάΣ ͎͔ͫͤ͊ ум W, ͼ͔ͤ͊Υ      560 ϵ 

6. αPhilips - 5ƛƎƛ{ǘǊŜŜǘάΣ ͎͔ͫͤ͊ 130 W, ͼ͔ͤ͊Υ      585 ϵ 

͔͔̇ͤ ͔͔͍͙ͪͪͤ͘ͻ ͔͍͒ͦ͊͡ ͊͘ ͍͔ͦ ͍͔͙͔ͫͭ͢͟ ͫͯΥ 
 

1. ˾͔͔͍͙ͪͤ͘ LED ͣ ͦ͒ͯ͡ ͫ͊ ͭͪͦ΄͍͙ͦͣ͊͟ ͔͔͊ͣͤ͘Σ ͼ͔ͤ͊Υ   мпл ϵ 
2. ˾͔͔͍͙ͪͤ͘ ͍͔͒ͪ͊ͪ͞ ͫ͊ ͭͪͦ΄͍͙ͦͣ͊͟ ͔͔͊ͣͤ͘Σ ͼ͔ͤ͊Υ      уп ϵ 
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̇˩ ˹˩ LED ˿ ˤ˩́ˮ˷˴ˮ ˽˾˻ˮ˭ˤ˻̓ˢ̉ˢ αMINEL - SHREDERά 

 
1. αMinel - Shreder - ¢ŜŎŜƻάΣ ͎͔ͫͤ͊ 48 W, ͼ͔ͤ͊Υ     400 ϵ 

2. αMinel - Shreder - ¢ŜŎŜƻάΣ ͎͔ͫͤ͊ 81 W, ͼ͔ͤ͊Υ    450 ϵ 

3. αMinel - Shreder - ¢ŜŎŜƻάΣ ͎͔ͫͤ͊ 130 W, ͼ͔ͤ͊Υ    560 ϵ 

͔͔̇ͤ ͔͔͍͙ͪͪͤ͘ͻ ͔͍͒ͦ͊͡ ͊͘ ͍͔ͦ ͍͔͙͔ͫͭ͢͟ ͫͯΥ 
 

1. ˾͔͔͍͙ͪͤ͘ LED ͣ ͦ͒ͯ͡ ͫ͊ ͭͪͦ΄͍͙ͦͣ͊͟ ͔͔͊ͣͤ͘Σ ͼ͔ͤ͊Υ   мпл ϵ 
2. ˾͔͔͍͙ͪͤ͘ ͍͔͒ͪ͊ͪ͞ ͫ͊ ͭͪͦ΄͍͙ͦͣ͊͟ ͔͔͊ͣͤ͘Σ ͼ͔ͤ͊Υ      уп ϵ 

 

̇˩ ˹˩ ˾ˢ˨˻ˤˢ ˹ˢ ˸˻˹́ˢˬˮ ˮ ˨˩˸˻˹́ˢˬˮ 

͔̇ͤ͊ ͔͔͒ͣͦͤͭ͊͗ ͔ͨͦͫͭͦ͞ΐ͔ ͙ ͔ͣͦͤͭ͊͗ ͍͔ͤͦ ͍͔͙͔ͫͭ͢͟ ͔͞Υ     но ϵ 
 

˽˾ ˻̇˩˹ˢ ́˾˻̊˴˻ˤˢ ˻˨˾ˬˢˤˢ˺ˢ ˽˻˳˩˨ˮ˹ˢ̉˹˩ LED ˿ ˤ˩́ˮ˷˴˩ W9: 

¶ ͯ ͔͙ͨͪͦ͒ͯ ͦ͒ ͔ͣͦͤͭ͊͗ ͒ͦ р ͎͙͔ͦ͒ͤ ό͎͊ͪ͊ͤͭͤͦͣ ͔͙ͨͪͦ͒ͯύ      л ϵ 

¶ ͯ ͔ͨ ͙ͪͦ͒ͯ ͦ͒ р ͎͙͔ͦ͒ͤ ͒ͦ ͪ͊͊͟͞ ͙͍͎͗ͦͭͤͦ ͍͔͊͟ όнр ͎͙ͦ͒ͤ͊ύ    мм ϵ 

 

́˾ ˻̊˴˻ˤˮ ̂ˤ˻̓˩˺ˢ αCITYTOUCHά ˿ ˮ˿́˩˸ˢ ́˩˶˩˸˩˹ˢ̈˸˩˹́ˢ 

˾Φ͋ͪΦ ˹͙͍͊͘ ͯ;͔ͫͭ͊ͤͦͫͭ ͨ͊͡ΐ͊ͥ͊ ͙ 
͔ͣͫͭͦ ͙ͤͫͭ͊͊͡ͼ͙͔͞ 

ˮͤͦͫ͘ ͫ͊ 
͍͙ͪ͊͒ͦͣ͊ ͤ͊ 
͎͙ͯͪ͊͒ͥ 

1. αCityTouchά ͊͘ ͯͨ͟ ͙͔ͫͫͭͣ͊ ͫ͊ ͍͙ͫͣ 
ͭͪͦ΄͍͙ͦͣ͊͟ ͙ ͭͪͦ΄͍͙ͦͣ͊͟ 
͙ͦͣͯͤ͊͟͟ͼ͙͔͞ 

͔͞ ͒ͤͦͣ ͎͙ͦ͒΄͔ͥ ͨ ͦ 
͍͔͙ͫͭ͢ͼ͙ 

11 ϵ 

 

́˾ ˻̊˴˻ˤˮ ̂ˤ˻̓˩˺ˢ αhWLETά ˿ ˮ˿́˩˸ˢ ́˩˶˩˸˩˹ˢ̈˸˩˹́ˢ 

˾Φ͋ͪΦ ˹͙͍͊͘ ͯ;͔ͫͭ͊ͤͦͫͭ ͨ͊͡ΐ͊ͥ͊ ͙ 
͔ͣͫͭͦ ͙ͤͫͭ͊͊͡ͼ͙͔͞ 

ˮͤͦͫ͘ ͫ͊ 
͍͙ͪ͊͒ͦͣ͊ ͤ͊ 
͎͙ͯͪ͊͒ͥ 

1. α[ǳŎƻά ͣͦ͒ͯ͡ ͔͒ͤͦͪ͊ͭͤͦ͟͞ ͨͦ 
͍͔͙ͫͭ͢ͼ͙ 

ммр ϵ 

2. αSegment Controllerά ͟ ͦͤͼ͔ͤͭͪ͊ͭͦͪ ͔͒ͤͦͪ͊ͭͤͦ͟͞ ͨͦ ͔ͣͪͤͦͣ 
͔ͣͫͭͯ 

нΦллл ϵ 

͙ͪ͊͘;ͯͤ͊ͭͦ ͔͒ͤͦͪ͊ͭͤͦ͟͞ 
ͨͦ ͍͔͙ͫͭ͢ͼ͙ 

нп ϵ 

3. αhǿƭŜǘά {ƻŦǘǿŀǊŜ ͤ ͊ αŎƭƻǳŘά-  ͯ ͔͒ͤͦͪ͊ͭͤͦ͟͞ ͨͦ ͔͒ͤͦͣ͞ 
͙͔ͫͫͭͣͯ 

флΦллл ϵ 

4. ́ͪͦ΄͍͙ͦ͟ ͎͙ͦ͒΄͔ͥ ͙͡ͼ͔ͤͼ͔ ͔͒ͤͦͣ͞ ͎͙ͦ͒΄͔ͥ ͨͦ 
͙͔ͫͫͭͣͯ 

прΦллл ϵ 












