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˴͙͍ͯͦ͊͟͡ ́͊ͭΈΎͤ͊ ˮ͍͍͊ͤͦͤ͊Σ ͟Φ͙ͨͫͻΦͤΦ 
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˸ͯͻ͔͔͍͊ͣ͊͒͊ ˭͙ͤͺ͙ͪ͊ ͙͍̅͊ͤͫͦͤ͊Σ ͟ΦͫͦͼΦͤΦ 
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˽͔͍ͫͦ͟ ˢ͙͚ͪ͊͒͟ ˩͍͎͔ͤΈ͔͍͙;Σ ͟Φ͙ͨͦͭ͡ΦͤΦ 
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˿͊ͺ͙ͤ͊ ˭͙͡Ύ ˭͙͍͊͋ͪͦͤ͊Σ ͟ΦΉΦͤΦ 
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͍̂ͣ͊ͪͦ ˣ͔ͻͦ͒͘ ͎͍͙́ͯͪͯͤͨͯ͊ͭͦ͡;Σ ͒ΦͭΦͤΦ 
͚͍̆͊ͪͦ ˾͙͊ͫͣ ˭͙ͦͣ͡ͻͦͤ ͎ͯ͡·Σ ͟Φ͔ͨ͒ΦͤΦ  
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̂˨˴ рп                     

      x ͔͍͊͋͊͊ ˨͗Φ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ͙ͤͼ͊ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸͊ͻ͙ͭͯͣͯ͟͡ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ˤˢˬ˹˻˿́̎ ̆ˮ˸ˮˮ ˤ ˿˻ˤ˾˩˸˩˹˹˻˸ ˸ˮ˾˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͍͊͗ͤͦͫͭΈ ͻ͙͙͙ͣ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪ ͙ ͔͖ ͍͙͡Ύ͙͔ͤ ͤ͊ ͙ͪ͊͘͡;ͤ·͔ 

͙ͦ͋͊ͫͭ͡Σ ͍͟͡Ό;͊Ύ ͔͙ͣ͒ͼ͙ͤͯΣ Ή͎͙ͦͦ͟͡ΌΣ ͨͪͦͣ·΄͔ͤͤͦͫͭ͡Έ ͙ Ή͔͎͔͙ͤͪͭͯ͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ 

͙ͪͦ͡ ͻ͙͙͙ͣ ͍ ͍͙͙͙ͪ͊ͭ͘ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙͙ͫͦ͒͊ͤ͘ ͍ͤͦ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͔ͪ΄͔͙͙ͤ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͔ͨͪͦ͋ͣ͡ ͙ 

͔ͪ͊ͪ͊͋ͦͭ͘͟ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ Ή͔͎͙͙ͤͪΦ ͔́͊͗͟ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙͔͙͒ͦͫͭ͗ͤΎ ͙͋ͦͻ͙͙͙ͣ ͙ 

ͻ͙͙ͣ;͔͚ͫͦ͟ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Σ ͦͭͦͪ͟·͔ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͙͡ΎΌͭ ͤ͊ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͙ ͚ͯͫͭͦ;͙͍͔ͦ ͍͙͙͔ͪ͊ͭ͘ 

ͦ͋΅͔͍ͫͭ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

ͻ͙͙ͣΎΣ ͻ͙͙ͣ;͔͙͔ͫ͟ ͔ͪ͊͟ͼ͙͙Σ ͺ͊ͪͣ͊ͼ͔͍͙ͭ͊͟Σ Ή͎͙ͦͦ͟͡ΎΣ ͻ͙͙ͣ;͔ͫ͊͟Ύ ͨͪͦͣ·΄͔ͤͤͦͫͭ͡ΈΣ ͙͋ͦͻ͙͙ͣΎΣ 

͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·͔ ͙ͫͭͦ;͙͙ͤ͟ Ή͔͎͙͙ͤͪΣ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ;͙ͫͭ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͔͙ͣ͊ͭͪ͊͡·Σ Ή͔͎͔͙ͤͪͭ͊͟Σ  

͙͊ͤ͊͘͡ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Σ ͻ͙͙ͣ;͔͔ͫͦ͟ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Σ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͙͍ͤͤͦ͊ͼ͙͙Σ  

͙͔͙ͫͤͭͭ;͔͙͔ͫ͟ ͔͙ͣ͊ͭͪ͊͡·Σ ͚ͯͫͭͦ;͙͍͔ͦ ͍͙͙͔ͪ͊ͭ͘Φ 

 

͙͙̆ͣΎ τ Ήͭͦ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͊Ύ ͤ͊ͯ͊͟Σ ͦͭͦͪ͊͟Ύ ͙ͯ͘;͔͊ͭ ͍͔΅͔͍ͫͭ͊Σ ͙ͻ ͍ͫͦͫͭ͊Σ ͍͚͍ͫͦͫͭ͊Σ ͔͙͔ͫͭͪͦͤ ͙ 

͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˤ͙͡Ύ͙͔ͤ ͻ͙͙͙ͣ ͤ͊ ͍͔͔ͫͦͪͣͤͤ·͚ ͙ͣͪ ͭͪͯ͒ͤͦ ͔͔ͨͪͦͼ͔͙ͤͭΈΣ ͭ͊͟ ͊͟͟ ͦͤ͊ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ 

͎͙ͣͤͦͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ ͔͚ͦͭͪ͊ͫ͡Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͍͙͙͔ͪ͊ͭ͘ ͔͙ͣ͒ͼ͙ͤ·Σ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Σ ͔ͫ͡Έ͎ͫͦͦ͟ 

ͻͦ͘Ύ͚͍ͫͭ͊Σ Ή͔͎͔͙͙ͤͪͭ͟ ͙ Ή͎͙͙ͦͦ͟͡Φ 

͙͙̆ͣΎ ͍ ͍͔͔͍͚ͨͦͫ͒ͤͤͦ ͙͙͗ͤ͘ 

͙͙̆ͣΎ ͔ͦͪͯ͗͊ͭ͟ ͤ͊ͫ ͍ͨͦͫΌ͒ͯΥ ͦͭ ͔͒·Σ ͦͭͦͪͯ͟Ό ͣ· ͔͙͒ͣΣ ͒ͦ ͍ͦ͒ͯ͘ͻ͊Σ ͦͭͦͪ͟·ͣ ͒·΄͙ͣΦ 

͙͙̆ͣ;͔͙͔ͫ͟ ͔ͪ͊͟ͼ͙͙ ͙ͨͪͦͫͻͦ͒Ύͭ ͍ ͤ͊΄͙ͻ ͔ͭ͊͡ͻΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͨͪͦͼ͔ͫͫ· ͔͙ͣͭ͊͋ͦͣ͊͘͡Σ ͊ ͔ͭ͊͗͟ ͍ 

ͦͪͯ͗͊͟Ό΅͔͚ ͔͔ͫͪ͒Φ ͙̉ͫͭΎ΅͙͔ ͔͍ͫͪ͒ͫͭ͊Σ ͔͍͊ͪͫͭ͊͟͡Σ ͙͔͙ͫͤͭͭ;͔͙͔ͫ͟ ͔͙ͣ͊ͭͪ͊͡· τ ͍͔ͫ Ήͭͦ ͔ͪͯ͘͡Έͭ͊ͭ 

ͪ͊͋ͦͭ· ͻ͙͙͙ͣΦ ˽͙͙͔ͦͤͣ͊ͤ ͍͚͍ͫͦͫͭ ͍͔΅͔͍ͫͭ ͙ ͙ͻ ͔ͪ͊͟ͼ͙͚ ͎͔ͨͦͣͦ͊ͭ ͪ͊ͪ͊͋͊ͭ͘·͍͊ͭΈ ͍ͤͦ·͔ ͔͙ͣ͊ͭͪ͊͡·Σ 

͔͍͊ͪͫͭ͊͟͡ ͙ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͯͯ͡;΄͊Ύ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͡Ό͔͚͒Φ 

͙͙̆ͣΎ ͙ ͔͙ͣ͒ͼ͙ͤ͊ 

˻͚͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ ͔͚ͦ͋͊ͫͭ͡ ͙͔͔͙ͨͪͣͤͤΎ ͻ͙͙͙ͣ Ύ͍͡Ύ͔ͭͫΎ ͔͙ͣ͒ͼ͙ͤ͊Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ 

ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͔ͫ͊͟Ύ ͨͪͦͣ·΄͔ͤͤͦͫͭ͡Έ ͙͍͊ͭͤͦ͟ ͙ͫͨͦ͡Έ͔ͯͭ͘ ͻ͙͙ͣ;͔͙͔ͫ͟ ͙ͤ͊ͤ͘Ύ ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͍ͤͦ·ͻ 

͔͍͊ͪͫͭ͟͡ ͙ ͔͡;͔͙ͤΎ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˣ͙ͦͻ͙͙ͣΎΣ ͊͟͟ ͍͊͗ͤ͊Ύ ͍͔͍ͭΈ ͻ͙͙͙ͣΣ ͙ͯ͘;͔͊ͭ ͻ͙͙ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͍ 

͙͍͗·ͻ ͎͙ͦͪ͊ͤͣ͊͘ͻ ͙ ͙͎͔ͪ͊ͭ ͍͔͚͊͗ͤ΄ͯΌ ͪͦ͡Έ ͍ ͙͙͙ͨͦͤͣ͊ͤ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͔ͭ͊͡Φ 

˻ͭͪ͟·͙ͭΎ ͍ ͙ͦ͋͊ͫͭ͡ ͻ͙͙͙ͣ ͙͍͔͙ͨͪ͡ ͟ ͙ͫͦ͒͊ͤ͘Ό ͙ͭ͊͟ͻ ͔͍ͪͦ͡Όͼ͙ͦͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͔͡;͔͙ͤΎΣ ͊͟͟ 

ͻ͙͙͔͙ͣͦͭͪ͊ͨΎΣ ͙͔ͫͤͭ͘ ͍ͤͦ·ͻ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ ͙ ͍͊͟ͼ͙ͤΦ 

͙͙̆ͣΎ ͙ ͦͪͯ͗͊͟Ό΅͊Ύ ͔ͫͪ͒͊ 

͙͙̆ͣΎ ͔ͭ͊͗͟ ͙͎͔ͪ͊ͭ ͔ͪ΄͊Ό΅ͯΌ ͪͦ͡Έ ͍ ͔ͪ΄͔͙͙ͤ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͔ͨͪͦ͋ͣ͡Φ ˿͍͔͔ͦͪͣͤͤ·͔ 

ͻ͙͙ͣ;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͪ͊ͪ͊͋ͦͭͯ͘͟ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ;͙ͫͭ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ͭ͊͟ͻ ͊͟͟ 

͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·͔ ͙ͫͭͦ;͙͙ͤ͟ Ή͔͎͙͙ͤͪΣ ͔͔ͨͪͪ͊͋ͦͭ͊͟ ͦͭͻ͍ͦ͒ͦ ͙ ͙͔ͫͦ͒͊ͤ͘ ͙͎͔͋ͦͪ͊͊͊ͣ͘͡·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Φ 

˾͊ͪ͊͋ͦͭ͊͘͟ ͍ͤͦ·ͻ ͙͙͊ͭ͊ͭ͟͡;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ ͍ͨͦͦ͘͡Ύ͔ͭ ͫͦͪ͊͟΅͊ͭΈ ͍·͋ͪͦͫ· ͍͔ͪ͒ͤ·ͻ ͍͔΅͔͍ͫͭ ͍ 

͊ͭͣͦͫͺ͔ͪͯΣ ͊ ͻ͙͙ͣ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͎͔ͨͦͣͦ͊ͭ ͙͙ͣͦͤͭͦͪͭΈ ͫͦͫͭͦΎ͙͔ͤ ͍ͦ͒·Σ ͍ͦ͒ͯ͘ͻ͊ ͙ ͨͦ;͍·Φ 

͙͙̆ͣΎ ͙ ͨͪͦͣ·΄͔ͤͤͦͫͭ͡Έ 

͙͙̆ͣ;͔ͫ͊͟Ύ ͨͪͦͣ·΄͔ͤͤͦͫͭ͡Έ τ ͦ͒ͤ͊ ͙͘ ͔͚ͪͯͨͤ͟΄͙ͻ ͙ ͍͔͚͊͗ͤ΄͙ͻ ͔͚ͦͭͪ͊ͫ͡ ͙͍͚ͣͪͦͦ 
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Ή͙͙ͦͤͦͣ͟͟Φ ͙͙̆ͣ;͔͙͔ͫ͟ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͙͔ͫͦ͒͊ͤ͘ ͙ͭ͊͟ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͊͟͟ ͙͙ͨ͊ͫͭ͟͡Σ 

͙͔ͨͦͣͪ͡·Σ ͔ͣͭ͊͡͡·Σ ͙͔͙ͪ͊ͫͭ͟͡ ͙ ͔͙ͯ͒ͦ͋ͪͤΎΦ ͙̏ͭ ͔͙ͣ͊ͭͪ͊͡· ͤ͊ͻͦ͒Ύͭ ͙͔͔͙͔ͨͪͣͤͤ ͍ ͙͔ͫͭͪͦͭ͡Έ͍͔ͫͭΣ 

ͣ͊΄͙͔͙͙ͤͦͫͭͪͦͤΣ ͔ͫ͡Έͫͦͣ͟ ͻͦ͘Ύ͚͍͔ͫͭ ͙ ͎͙ͣͤͦͻ ͎͙͒ͪͯͻ ͦͭͪ͊ͫ͡ΎͻΦ ˮ͍ͤͤͦ͊ͼ͙͙ ͍ ͙ͦ͋͊ͫͭ͡ ͻ͙͙͙ͣ 

͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͙ͫͦ͒͊ͤ͘Ό ͔͔͋ͦ͡ ͨͪͦ;ͤ·ͻΣ ͔͎͙͟͡ͻ ͙ ͔͋ͦͨ͊ͫͤ͘·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ;ͭͦΣ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ 

ͯͫͦͪ͟Ύ͔ͭ ͍͙͙͔ͪ͊ͭ͘ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Φ 

͙͙̆ͣΎ ͙ Ή͔͎͔͙ͤͪͭ͊͟ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͻ͙͙ͣΎ ͙͎͔ͪ͊ͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͔ͪ΄͔͙͙ͤ ͎ͦ͋͊͡͡Έ͚ͤͦ Ή͔͎͔͙ͤͪͭ;͔͚ͫͦ͟ ͔ͨͪͦ͋ͣ͡·Φ 

˾͊ͪ͊͋ͦͭ͊͘͟ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ Ή͔͎͙͙ͤͪΣ ͙ͭ͊͟ͻ ͊͟͟ ͔ͫͦͤ͡;ͤ͊ΎΣ ͍͔͍ͭͪͦ͊Ύ ͙ ͍ͦ͒ͦͪͦ͒ͤ͊Ύ 

Ή͔͎͔͙ͤͪͭ͊͟Σ ͔͍ͤͦͣͦ͗ͤ͊͘ ͔͋͘ ͯ;͙͊ͫͭΎ ͻ͙͙͍ͣͦ͟Φ ̏ͺͺ͔͙͍ͭͤ͟·͔ ͔ͣͭͦ͒· ͻ͔͙ͪ͊ͤͤΎ ͙ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ 

Ή͔͎͙͙ͤͪΣ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͍ͤͦ·ͻ ͔͚͋͊ͭ͊ͪ ͙ ͙͍ͭͦͨͤ͡·ͻ Ή͔͔͍ͣͤͭͦ͡ τ ͍͔ͫ Ήͭͦ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͎͋͊ͦ͒͊ͪ͡Ύ 

͙͔͙͒ͦͫͭ͗ͤΎͣ ͍ ͙ͦ͋͊ͫͭ͡ ͻ͙͙͙ͣ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙ Ή͔ͭͪͦ͟͡ͻ͙͙͙ͣΦ 

͙͙̆ͣΎ ͙ ͔ͫ͡Έ͔ͫͦ͟ ͻͦ͘Ύ͚͍ͫͭͦ 

͙͙̆ͣΎ ͙͎͔ͪ͊ͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͍͙͙͙ͪ͊ͭ͘ ͔ͫ͡Έ͎ͫͦͦ͟ ͻͦ͘Ύ͚͍ͫͭ͊Φ ˽͙͍͍ͪͦͦ͒ͫͭͦ͘ ͔͙͚ͯ͒ͦ͋ͪͤΣ 

͔͙ͨͫͭͼ͙͍͒ͦ ͙ ͎͔͙ͪ͋ͼ͙͍͒ͦ ͍ͦͫͤͦ͊ͤͦ ͤ͊ ͙͔͙͒ͦͫͭ͗ͤΎͻ ͻ͙͙͙ͣ ͙ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔͙ͯ͡;͙ͭΈ ͚ͯͪͦ͗͊ͤͦͫͭΈ ͙ 

͊͘΅͙͙ͭͭΈ ͔͙ͪ͊ͫͭͤΎ ͦͭ ͍͔͙͔͔͚ͪ͒ͭ͡ ͙ ͔͔͚͋ͦͤ͘͡Φ ˣ͙ͦͻ͙͙ͣ;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͎ͨͦͣͦ͊Όͭ ͯͯ͡;΄͙ͭΈ 

͚ͯͫͭͦ;͙͍ͦͫͭΈ ͯ͟͡Έͭͯͪ ͟ ͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤ·ͣ ͍͙ͯͫͦ͡ΎͣΣ ;ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍ ͔͔ͦͤͭͫͭ͟͟ ͙͔͔͙ͣͤͤ͘Ύ 

͙ͣ͊ͭ͊͟͡Φ 

͙͙̆ͣΎ ͙ ͔ͤ͊ͤͦͭͻ͎͙͙ͤͦͦ͡ 

˹͔͊ͤͦͭͻ͎͙͙ͤͦͦ͡Σ ͙͍͊ͭͤͦ͟ ͍͙͍ͪ͊͊͘Ό΅͙͔ͫΎ ͎͋͊ͦ͒͊ͪ͡Ύ ͻ͙͙͙ͣΣ ͦͭͪ͟·͍͊Όͭ ͍ͤͦ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍ 

͙͙ͫͦ͒͊ͤ͘ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͫ ͙ͯͤ͊͟͡Έͤ·͙ͣ ͍͚͍͙ͫͦͫͭ͊ͣΦ ˹͔͙͊ͤͦͣ͊ͭͪ͊͡· ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͔͙ͣ͒ͼ͙͔ͤΣ 

Ή͔͎͔͙͔ͤͪͭ͟ ͙ Ή͔͙͔ͭͪͦͤ͟͟͡Φ ˹͙͔͊ͨͪͣͪΣ ͤ͊ͤͦ;͙͊ͫͭͼ· ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͻ 

͔ͫͦͤ͡;ͤ·ͻ ͔͚͋͊ͭ͊ͪΣ ͙͍͊ͭ͊͊ͭͦͪͦ͘͟͡ ͙ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͫ ͔͚͊͒ͪͫͤͦ ͍͚͒ͦͫͭ͊ͦ͟Φ 

͙͙̆ͣΎ ͙ ͙ͦͫͣ͟;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

͙͙̆ͣΎ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͍ ͙ͦͫͣ͟;͔͙ͫ͟ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎͻΦ ˾͊ͪ͊͋ͦͭ͊͘͟ ͙͍ͭͦͨͤ͡·ͻ 

Ή͔͔͍ͣͤͭͦ͡ ͒͡Ύ ͔ͪ͊ͭ͟Σ ͙ͯ͘;͔͙͔ͤ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͔ͨ͊ͤͭ͡ ͙ ͙ͻ ͊ͭͣͦͫͺ͔ͪ τ Ήͭͦ ͍͊͗ͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΣ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͎͔ͨͪͦͪͫͫ ͍ ͍͔͙͙ͦͫͦͤ ͦͫͣͦͫ͊͟Φ ͙͙̆ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͔ͭ͊͗͟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ 

͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙͙͗ͤ͘ ͤ͊ ͋ͦͪͭͯ ͙ͦͫͣ͟;͔͙ͫ͟ͻ ͫͭ͊ͤͼ͙͚Σ ͙͔ͤ͊ͨͪͣͪΣ ͒͡Ύ ͦ;͙͙ͫͭ͟ ͍ͦ͒ͯ͘ͻ͊ ͙ ͍ͦ͒·Φ 

͙͙̆ͣΎ ͙ ͔͙ͣ͊ͭͪ͊͡· ͋ͯ͒ͯ΅͔͎ͦ 

˾͊ͪ͊͋ͦͭ͊͘͟ ͍ͤͦ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͤ͊ ͍͔ͦͫͤͦ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ 

͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͔ͭͻ͎͙͚ͤͦͦ͡ ͋ͯ͒ͯ΅͔͎ͦΦ ˴͙ͦͣͨͦͭͤ͘·͔ ͔͙ͣ͊ͭͪ͊͡·Σ ͔͔ͫͯͨͪͦͤ͒ͤͫ͊ͭͦͪ͟· ͙ 

͙͍͔͙͋ͦͫͦͣͫͭͣ·͔ ͙͔ͨͦͣͪ͡· τ Ήͭͦ ͙͡΄Έ ͔ͤͦͭͦͪ͟·͔ ͙͔ͨͪͣͪ· ͙͍ͤͤͦ͊ͼ͙͚Σ ͦͭͦͪ͟·͔ ͔͒͊͡Όͭ ͤ͊΄ͯ ͙͗ͤ͘Έ 

͔͔ͯ͒ͦ͋ͤΣ ͔͔͔͋ͦͨ͊ͫͤ͘ ͙ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ;͙΅͔Φ ͙͙̆ͣΎ ͎͔ͨͦͣͦ͊ͭ ͍ͫͦ͒͊͊ͭ͘Έ ͔͙ͣ͊ͭͪ͊͡·Σ ͦͭͦͪ͟·͔ ͫͦ;͔ͭ͊Όͭ ͍ 

͔͔ͫ͋ ͔͎ͦͫͭ͟͡ΈΣ ͨͪͦ;ͤͦͫͭΈ ͙ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ ͙ͤͦͫͯ͘Φ 

˭͊͟͡Ό;͔͙͔ͤ 

͙͙̆ͣΎ τ Ήͭͦ ͤ͊ͯ͊͟Σ ͦͭͦͪ͊͟Ύ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͎͙ͣͤͦͻ ͨͪͦͼ͔͍ͫͫͦΣ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ ͦͭͪ͟·͙͚ͭΣ 

͍͙͡ΎΌ΅͙ͻ ͤ͊ ͍͔ͫ ͔͊ͫͨͭ͟· ͤ͊΄͔͚ ͙͙͗ͤ͘Φ ˣͯ͒Έ ͭͦ ͔͙ͣ͒ͼ͙ͤ͊Σ ͦͪͯ͗͊͟Ό΅͊Ύ ͔ͫͪ͒͊Σ ͨͪͦͣ·΄͔ͤͤͦͫͭ͡Έ ͙͙͡ 

Ή͔͎͔͙ͤͪͭ͊͟Σ ͻ͙͙ͣΎ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͔ͪ΄͔͙͙ͤ ͎͙ͣͤͦͻ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍·͍͍ͦͦ͘Φ ˽ͦͫͭͦΎ͔ͤͤͦ 

͍͙͙͔ͪ͊ͭ͘ Ή͚ͭͦ ͙ͤ͊ͯ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͤ͊ͣ ͔ͤ ͭͦ͡Έͦ͟ ͯ͡;΄͔ ͙ͨͦͤͣ͊ͭΈ ͦͪͯ͗͊͟Ό΅͙͚ ͙ͣͪΣ ͤͦ ͙ ͍ͫͦ͒͊͊ͭ͘Έ ͍ͤͦ·͔ 

͔ͭͻ͎͙͙ͤͦͦ͡Σ ͦͭͦͪ͟·͔ ͋ͯ͒ͯͭ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͯͯ͡;΄͔͙ͤΌ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͙ ͔͔ͦ͋ͫͨ;͔͙ͤΌ ͚ͯͫͭͦ;͙͍͎ͦͦ 

͋ͯ͒ͯ΅͔͎ͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. Atkins P., Jones L. Chemical Principles: The Quest for Insight. W.H. Freeman and Company, 2013. 

2. Zumdahl S., Zumdahl S. Chemistry. Cengage Learning, 2016. 

3. Berg J.M., Tymoczko J.L., Stryer L. Biochemistry. W.H. Freeman and Company, 2012. 

ϭ ˣ͔͍͊͋͊͊ ˨͗ нлнп 
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̂˨˴ рт                    

      s ΄͙͍ͪͦ͊ ̏Φ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ͙ͤͼ͊ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸͊ͻ͙ͭͯͣͯ͟͡ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

ˣ͚͊͒͗͊͡·͔͍ ˢΦ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ͙ͤͼ͊ 

͔͙͚́ͯͪͣͤͫ͟͟ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙͙ͤͫͭͭͯͭ ͙͍ͣͪͦ·ͻ Ύ͘·͍ͦ͟ ͙ͣΦ ˨͍͔͔ͦͭͣ͊ͣͣͭ͊͡ ˢ͙͊͒͘ 

 ͎ Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ˮ˿˽˻˶̎˭˻ˤˢ˹ˮ˩ ˮ˹̅˻˾˸ˢ̇ˮ˻˹˹̍̆ ́˩̆˹˻˶˻˥ˮ˯ ˤ ˣˮ˻˶˻˥ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͯ͊͟ͻΦ 

˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙ͭ͊ͣ͟ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎͣΣ ͊͟͟ ͙͙͋ͦͤͺ͙ͦͪͣ͊ͭ͊͟Σ ͦͣͨ͟ΈΌ͔͔ͭͪͤͦ 

͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͙͔͔͙͔ͨͪͣͤͤ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͙ ͣ͊΄͙͎ͤͤͦͦ 

ͦ͋ͯ;͔͙ͤΎΣ ͊ ͔ͭ͊͗͟ о5-͙͔͋ͦͨ;͊ͭΈ ͙ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙Ύ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ˻͍͔ͫ΅͊ΌͭͫΎ 

͔͔͙͍ͨͪͫͨͭ͟· ͍͙͙ͪ͊ͭ͘Ύ ͙͎͙͙͋ͦͦ͡ ͎͋͊ͦ͒͊ͪ͡Ύ ͙͔͎ͤͭͪ͊ͼ͙͙ ͔͔͍ͨͪ͒ͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ ͙͙͔͊ͤ͊ͪͯͭͫ͘͡Ύ ͙ͻ 

ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͔͙ͣ͒ͼ͙͙͔ͤͫ͟Σ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͙͙͋ͦͤͺ͙ͦͪͣ͊ͭ͊͟Σ ͙ͫ ͍͔ͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡Σ ͣ͊΄͙͔ͤͤͦ ͦ͋ͯ;͔͙͔ͤΣ 

ͦͣͨ͟ΈΌ͔͔ͭͪͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Σ о5-͙͔͋ͦͨ;͊ͭΈΣ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙Ύ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ 

 ͋ ͙͎͙ͦͦ͡;͔͙͔ͫ͟ ͒͊ͤͤ·͔Σ ͔ͤ͊ͤͦͭͻ͎͙͙ͤͦͦ͡Φ 

 

˿͍͔͔ͦͪͣͤͤ·͔ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ όˮ́ύ ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͍͙͙͙ͪ͊ͭ͘ ͙ͪ͊͘͡;ͤ·ͻ 

ͤ͊ͯ;ͤ·ͻ ͙͒ͫͼ͙͙ͨͤ͡Σ ͙ ͙͎͙͋ͦͦ͡Ύ ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͙ͫ͟͡Ό;͔͙͔ͤͣΦ ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͙͎͙͋ͦͦ͡Ύ 

͔͔͙͍͔ͨͪ͗͊ͭ ͤ͊ͫͭͦΎ΅ͯΌ ͔͍ͪͦ͡Όͼ͙Ό ͎͋͊ͦ͒͊ͪ͡Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͔͔͍ͨͪ͒ͦ·ͻ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ 

ͦͭͦͪ͟·͔ ͦͭͪ͟·͍͊Όͭ ͍ͤͦ·͔ ͎͙ͦͪͦͤͭ͘· ͒͡Ύ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͙͙ͨͦͤͣ͊ͤΎ ͙͍͗·ͻ ͙͔ͫͫͭͣΦ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ 

͙ͪ͊ͫͫͣͦͭͪͣ ͍ͦͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ˮ́ ͍ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͯ͊͟ͻ ͙ ͙ͻ ͤ͊͘;͙ͣͦͫͭΈ ͒͡Ύ 

͒͊͡Έ͔͚ͤ΄͙ͻ ͦͭͪ͟·͙͚ͭΦ 

ˣ͙͙ͦͤͺ͙ͦͪͣ͊ͭ͊͟Υ ͙͊ͤ͊͘͡ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ 

˻͚͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ ͔͚ͦ͋͊ͫͭ͡Σ ͎͔͒ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͤ͊΄͙͡ ͍͔ͫͦ ͙͔͔͙͔ͨͪͣͤͤ ͍ 

͙͎͙͙͋ͦͦ͡Σ Ύ͍͡Ύ͔ͭͫΎ ͙͙͋ͦͤͺ͙ͦͪͣ͊ͭ͊͟Φ ˣ͙͙ͦͤͺ͙ͦͪͣ͊ͭ͊͟ ͙͔͊ͤͣ͊ͭͫ͘Ύ ͙͊ͤ͊ͦͣ͘͡ ͙ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ 

͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻΣ ͙ͭ͊͟ͻ ͊͟͟ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ˨˹˴Σ ˾˹˴ ͙ ͔͍͋ͦ͟͡Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· 

͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟Ύ ͍ͨͦͦ͘͡ΎΌͭ ͨͦͯ͡;͊ͭΈ ͎ͦͪͦͣͤ·͔ ͦ͋Ά͔ͣ· ͒͊ͤͤ·ͻΣ ͦͭͦͪ͟·͔ ͔͋͘ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ˮ́ ͋·ͦ͡ 

͋· ͔͍ͤͦͣͦ͗ͤͦ͘ ͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͭ͘͡ΈΦ ˴ͦͣͨΈΌ͔ͭͪͤ·͔ ͎͙͊ͦͪͭͣ͡· ͙ ͎ͨͪͦͪ͊ͣͣͤ·͔ ͔ͪ΄͔͙ͤΎΣ ͙͔ͭ͊͟ ͊͟͟ 

.[!{¢Σ ͍͙͙ͨͦͦ͘͡͡ ͯ;͔ͤ·ͣ ͍͙͍ͫͪ͊ͤ͊ͭΈ ͎͔ͤ· ͙ ͔͙͋͟͡ ͪ͊ͤ͘·ͻ ͎͙͍ͦͪ͊ͤͣͦ͘Σ ͍·Ύ͍͡ΎͭΈ ͫͻ͍ͦ͒ͫͭ͊ ͙ ͙ͪ͊͘͡;͙ΎΣ 

͊ ͔ͭ͊͗͟ ͔͙͍ͣͦ͒ͪͦ͊ͭ͡Έ Ή͍ͦ͡Όͼ͙ͦͤͤ·͔ ͨͪͦͼ͔ͫͫ·Φ 

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ 

ˮͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͔ͭ͊͗͟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͙ ͙ͫͣͯ͡Ύͼ͙͙ 

͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ ͤ͊ ͙ͪ͊͘͡;ͤ·ͻ ͍ͯͪͦͤΎͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙͍͗·ͻ ͙͔ͫͫͭͣ τ ͦͭ ͔ͣͦͯ͟͡͡ ͒ͦ ͼ͔͡·ͻ 

Ή͙͔ͦͫͫͭͣ͟Φ ˴ͦͣͨΈΌ͔͔ͭͪͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͫͦ͒͊͊ͭ͘Έ ͍͙ͪͭͯ͊͡Έͤ·͔ ͔͙ͣͦ͒͡ ͔ͭͦ͟͟͡Σ ͎͍ͦͪ͊ͤͦ 

͙ ͎͙͍ͦͪ͊ͤͣͦ͘Σ ;ͭͦ ͖͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͙ͻ ͍͔͔͙͔ͨͦ͒ͤ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͍͙ͯͫͦ͡ΎͻΦ ˹͙͔͊ͨͪͣͪΣ 

͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͎͔ͨͦͣͦ͊ͭ ͍ ͙ͯ͘;͔͙͙ͤ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͙ͤͺ͔͟ͼ͙͚Σ ͙͙͙͒ͤ͊ͣ͟ ͨͦͨͯ͡Ύͼ͙͚Σ 

͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͔͚ͨͯͭ ͙ ͎͙͒ͪͯͻ ͫͦ͗ͤ͡·ͻ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͙͔ͫͫͭͣΦ 
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ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ ͙ ͣ͊΄͙͔ͤͤͦ ͦ͋ͯ;͔͙͔ͤ 

ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ όˮˮύ ͙ ͣ͊΄͙͔ͤͤͦ ͦ͋ͯ;͔͙͔ͤ ό˸˻ύ ͦ͊͘͟·͍͊Όͭ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ 

͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ ͙̏ͭ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙͔ͨͪͣͤΎΌͭͫΎ ͒͡Ύ ͙͊ͤ͊͊͘͡ ͫͦ͗ͤ͡·ͻ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ 

͒͊ͤͤ·ͻ ͙ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͍ͦͣͦ͗ͤ͘·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ ˤ ;͙͊ͫͭͤͦͫͭΣ ˸˻ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ 

͔͍ͨ͊ͭͭͪͤͦ ͍ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻΣ ;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͍ͤͦ·ͻ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭΣ 

͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ό ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͔͍ͣͭͦ͒ͦ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙ͤ·Φ 

3D-͙͔͋ͦͨ;͊ͭΈ ͙ ͔ͤ͊ͤͦͭͻ͎͙͙ͤͦͦ͡ 

ˮͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͤ͊ͻͦ͒Ύͭ ͍͖ͫͦ ͙͔͔͙͔ͨͪͣͤͤ ͙ ͍ ͙͙͔͔͙͙͋ͦͤ͗ͤͪΦ ˿ ͨͦͣͦ΅ΈΌ о5-

͙͔͋ͦͨ;͙͊ͭ ͙ ͔ͤ͊ͤͦͭͻ͎͙͚ͤͦͦ͡ ͯ;͖ͤ·͔ ͫͦ͒͊͘Όͭ ͙͍͔ͫͯͫͫͭͤͤ͟·͔ ͙ͭ͊ͤ͟ ͙ ͎ͦͪ͊ͤ·Φ ͙̏ͭ ͙ͪ͊ͪ͊͋ͦͭ͘͟ 

ͦ͊͘͟·͍͊Όͭ ͎͔ͦͪͦͣͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͔͎͔͔͙͍ͪͤͪ͊ͭͤͯΌ ͔͙ͣ͒ͼ͙ͤͯ ͙ ͎͙ͭͪ͊ͤͫͨ͊ͤͭͦͦ͡͡ΌΦ ˽͎͔ͪͦͪ͊ͣͣͤͦ 

͔͔ͦ͋ͫͨ;͔͙͔ͤ ͙ ͔͙ͣͦ͒͡ ͍ͨͦͦ͘͡ΎΌͭ ͭͦ;ͤͦ ͔͙͍ͨͪͦͭͪͦ͊ͭ͟Έ ͙ ͍ͫͦ͒͊͊ͭ͘Έ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͫͭͪͯͭͯͪ͟· ͫ 

͊͒͊ͤͤ͘·͙ͣ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Σ ;ͭͦ ͦͭͪ͟·͍͔͊ͭ ͍ͤͦ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ ͔͙ͣ͒ͼ͙ͤ· ͋ͯ͒ͯ΅͔͎ͦΦ 

˻͋͊͡;ͤ·͔ ͍·;͙͔͙ͫͤ͡Ύ ͍ ͙͎͙͙͋ͦͦ͡ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͦ͋͊͡;ͤ·ͻ ͨ͊ͭ͡ͺͦͪͣ ͒͡Ύ ͻ͔͙ͪ͊ͤͤΎ ͙ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ ͍ͨͦͦ͘͡Ύ͔ͭ 

͙ͯͫͦͪͭ͟Έ ͙͊ͤ͊͘͡ ͎͔ͤͦͣͤ·ͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ ͙ ͎͙͔͒ͪͯ ͣ͊ͫ΄ͭ͊͋ͤ·͔ ͊͒͊͘;͙Φ ˻͋͊͡;ͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ 

͔͎ͨͪ͒͊͊͡Όͭ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Ύͣ ͎͙͙͔͋͟ ͔ͪͫͯͪͫ· ͒͡Ύ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͋ͦ͡Έ΄͙͙ͣ ͒͊ͤͤ·͙ͣΣ ;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͍ͨͦ·΄͔͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͙͋ͦͤͺ͙͙ͦͪͣ͊ͭ͟Φ 

ˮ͔͔ͤͭͪͤͭ ͍͔΅͔͚ όLƻ¢ύ ͍ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͻ 

ˮ͔͔ͤͭͪͤͭ ͍͔΅͔͚ όLƻ¢ύ ͍͔ͤ͒ͪΎ͔ͭͫΎ ͍ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͒͡Ύ ͙͙͎ͣͦͤͭͦͪͤ͊ ͫͦͫͭͦΎ͙ͤΎ 

͙͍͗·ͻ ͎͙͍ͦͪ͊ͤͣͦ͘ ͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤΦ ͙͔́͊͟ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙͔ͨͪͣͤΎΌͭͫΎΣ ͙͔ͤ͊ͨͪͣͪΣ ͍ ͔ͫ͡Έͫͦͣ͟ 

ͻͦ͘Ύ͚͍͔ͫͭΣ ͒͡Ύ ͔͙͍͙ͦͭͫ͗͊ͤ͡Ύ ͍͒ͦͪͦ͘ΈΎ ͙͍͗ͦͭͤ·ͻ ͙ ͔͙͚ͪ͊ͫͭͤΣ ͊ ͔ͭ͊͗͟ ͍ ͔͙ͣ͒ͼ͙͔ͤ ͒͡Ύ ͤ͊͋͡Ό͔͙͒ͤΎ ͊͘ 

ͨ͊ͼ͙͔͙ͤͭ͊ͣΦ 

ˤ͙ͪͭͯ͊͡Έͤ͊Ύ ͙ ͔͒ͦͨͦͤͤͤ͊͡Ύ ͔ͪ͊͡ΈͤͦͫͭΈ 

ˤ͙ͪͭͯ͊͡Έͤ͊Ύ ͔ͪ͊͡ΈͤͦͫͭΈ ό±wύ ͙ ͔͒ͦͨͦͤͤͤ͊͡Ύ ͔ͪ͊͡ΈͤͦͫͭΈ ό!wύ ͤ͊;͙ͤ͊Όͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͒͡Ύ 

͙ͯ͘;͔͙ͤΎ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͫͭͪͯͭͯͪ͟Σ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͫͦ͗ͤ͡·ͻ ͒͊ͤͤ·ͻ ͙ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟Φ 

͙̏ͭ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ͨͦͦ͘͡ΎΌͭ ͍ͫͦ͒͊͊ͭ͘Έ ͙͔͙͍ͤͭͪ͊ͭͤ͟·͔ ͯ;͔͋ͤ·͔ ͙ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͔ͫ͟ ͔ͫͪ͒·Σ ͯͯ͡;΄͊Ύ 

͙͙͔ͨͦͤͣ͊ͤ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͙͔ͫͫͭͣΦ 

ˣͦ͡Έ΄͙͔ ͒͊ͤͤ·͔ ͙ ͙͙͊ͤ͊ͭ͊͟͡ 

˿ ͍͙͙͔ͪ͊ͭͣ͘ ͔͍ͣͭͦ͒ͦ Ϧ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻϦ ό.ƛƎ 5ŀǘŀύ ͙͎͙͋ͦͦ͡ ͨͦͯ͡;͊Όͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͦ͋ͪ͊͋͊ͭ·͍͊ͭΈ 

͎͙͎͙͔͊ͤͭͫ͟ ͦ͋Ά͔ͣ· ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͙͔ͫͦ͋ͪ͊ͣ·͔ ͙͘ ͙ͪ͊͘͡;ͤ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟Φ ˮ͔ͤͫͭͪͯͣͤͭ· ͙͙͙͊ͤ͊ͭ͟͡ 

͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻ ͙͔ͨͪͣͤΎΌͭͫΎ ͒͡Ύ ͙ͦ͋ͪ͊͋ͦͭ͟ ͎͔͚ͤͦͣͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͙͊ͤ͊͊͘͡ Ή͙͔ͦͫͫͭͣ͟ ͙ 

͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͙͎͙͙͋ͦͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͻ 

͍͔͙͚ͤ͊ͨͪ͊ͤ͡ ͤ͊ͯ;͎ͤͦͦ ͎͔ͨͪͦͪͫͫ͊Φ ˿ ͙ͻ ͨͦͣͦ΅ΈΌ ͔ͪ΄͊ΌͭͫΎ ͊͒͊͘;͙Σ ͦͭͦͪ͟·͔ ͔͔ͪ͊ͤ ͋·͙͡ ͔ͤ͒ͦͫͭͯͨͤ· 

͒͡Ύ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͪ͊ͯͣ͊͘Φ ˽͙͔͔͙͔ͪͣͤͤ ˮ́ ͍ ͙͎͙͙͋ͦͦ͡ ͦͭͪ͟·͍͔͊ͭ ͍ͤͦ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ 

͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͯͫͦͪ͟Ύ͔ͭ ͨͦͯ͡;͔͙͔ͤ ͤ͊ͯ;ͤ·ͻ ͒͊ͤͤ·ͻ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͔͙ͣ͒ͼ͙ͤ·Σ ͔ͫ͡Έ͎ͫͦͦ͟ 

ͻͦ͘Ύ͚͍ͫͭ͊ ͙ Ή͎͙͙ͦͦ͟͡Φ ˤ ͋ͯ͒ͯ΅͔ͣ ͪͦ͡Έ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͙͎͙͙͋ͦͦ͡ ͔͋ͯ͒ͭ ͭͦ͡Έͦ͟ 

͍ͦͪ͊ͫͭ͊ͭ͘ΈΣ ͙͍ͨͪͦ͒Ύ ͟ ͍ͤͦ·ͣ ͔͍ͪͦ͡Όͼ͙ͦͤͤ·ͣ ͦͭͪ͟·͙ͭΎͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. Durbin R., Eddy S., Krogh A., Mitchison G. Biological Sequence Analysis: Probabilistic Models of Proteins 

and Nucleic Acids. Cambridge University Press, 1998. 

2. Lesk A. Introduction to Bioinformatics. Oxford University Press, 2019. 

3. Baldi P., Brunak S. Bioinformatics: The Machine Learning Approach. MIT Press, 2001. 

ϭ ˢ΄͙͍ͪͦ͊ ̏Σ ˣ͚͊͒͗͊͡·͔͍ ˢΦ нлнп 
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  ˥ ͍͊͒͊ͣͦ ˨ͯͪ͒·ͣ·ͪ͊ͭ ˥͍͙ͯͪ͋͊ͤͦ;Σ 

 ˨ ͙͔ͪͭͦͪ͟ ˸͔͎͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ ͨ͊ͪ͊͟ ˢ͔͙͙͊͒ͣ͟ ͤ͊ͯ͟  

͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Σ ͒ͦͭͦͪ͟ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͤ͊ͯ͟. 

  ˾ ͊ͻ͍ͣ͊ͤͦ͊ ˢͭ͡·ͤ ˴͔͍͊͊͋͊ͤ͊͟Σ  

ͤ͊;͊͡Έ͙ͤ͟ ͙͙͊͋ͦͪ͊ͭͦͪ͡  

ˣ͙͔ͦͭͻ͎͙͚ͤͦͦ͡ ˸͔͎͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ ͨ͊ͪ͊͟ ˢ͔͙͙͊͒ͣ͟ ͤ͊ͯ͟  

͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Σ ͒ͦͭͦͪ͟ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͤ͊ͯ͟Φ 

˾͔͔͒͗ͨͫ͊ͻ͔͍͒ͦ ˽͊ͪ͊ͻ͊ͭΣ  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ 

͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˿ΦˢΦ ˹͙Ύ͍ͦ͊͘Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

ˣ˩˭˻́̆˻˨˹̍˩ ˣˮ˻́˩̆˹˻˶˻˥ˮˮ ˽˻˶̂̉˩˹ˮ̒ ˾ˢ˿́ˮ́˩˶̎˹˻˥˻ ˥ˢ˶ˢ˴́˻˸ˢ˹˹ˢ˹ˢ  

˨˶̒ ˴˻˾˸ˢ ˿˩˶̎˿˴˻̆˻˭̒˯˿́ˤ˩˹˹̍̆ ˬˮˤ˻́˹̍̆ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˥͊͊ͭͦͣ͊ͤͤ͊ͤ͟͡ τ Ήͭͦ ͙ͨͦͫ͊͡ͻ͙͊ͪ͒Σ ͦͭͦͪ͟·͚ ͤ͊ͻ͙ͦ͒ͭ ΄͙͔ͪͦͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͍ ͔͙͙ͦͪͣͤ͟͡ 

͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·ͻ ͙͍͗ͦͭͤ·ͻ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͙ͫͦͣ ͙͔ͨͭ͊ͭ͡Έͤ·ͣ ͍͚͍ͫͦͫͭ͊ͣ ͙ ͙͔ͨͦͦ͗ͭ͡͡Έͤͦͣͯ 

͍͔͚͍͙ͦ͒ͫͭ͘Ό ͤ͊ ͍͒ͦͪͦ͘Έ͔ ͙͍͗ͦͭͤ·ͻΦ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͋ͦͭ͘ͻͦ͒ͤ·͔ ͙͔͋ͦͭͻ͎͙͙ͤͦͦ͡, 
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WASTE-FREE BIOTECHNOLOGIES FOR PRODUCING PLANT GALACTOMANNAN FOR FARM ANIMALS FEED 

 

Annotation 

Galactomannan is a polysaccharide that is widely used in animal feed due to its nutritional properties 

and positive impact on animal health. This article discusses waste-free biotechnologies that can produce 

plant galactomannan from a variety of sources, minimizing waste and increasing sustainability. 
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;ͭͦ ͙͍͔͔ͨͪ͒ͭ ͟ ͍͔͙ͯ͡;͔͙ͤΌ ͙ͨͪ͋·͡Έ͙ͤͦͫͭ ͺ͔͔͙ͪͣͪͫ͟ͻ ͻͦ͘Ύ͚͍ͫͭΦ 

ˣ͔ͦͭ͘ͻͦ͒ͤ·͔ ͙͔͋ͦͭͻ͎͙͙ͤͦͦ͡ ͨͦͯ͡;͔͙ͤΎ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͎͊͊ͭͦͣ͊ͤͤ͊ͤ͊͟͡ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ 

͙͍ͤͤͦ͊ͼ͙͔ͦͤͤͦ ͔ͪ΄͔͙͔ͤ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͔ͫ͡Έ͎ͫͦͦ͟ ͻͦ͘Ύ͚͍ͫͭ͊ ͙ ͯͯ͡;΄͔͙ͤΎ ͍͒ͦͪͦ͘ΈΎ 

͙͍͗ͦͭͤ·ͻΦ ˽͔͙͔ͪͦ͒ͦ͗ͤ͡ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍ Ή͚ͭͦ ͙ͦ͋͊ͫͭ͡ ͔ͨͦͣͦ͗ͭ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ Ήͺͺ͔͙͍ͭͤ͟·͔ ͔ͣͭͦ͒· 

͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙ ͙͔͔͙ͨͪͣͤͤΎ ͎͊͊ͭͦͣ͊ͤͤ͊ͤ͊͟͡Σ ;ͭͦΣ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͙͍͔͔ͨͪ͒ͭ ͟ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤͦͣͯ͟ ͙ 

Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ;͙ͫͭͦͣͯ ͙͍͍ͨͪͦͦ͒ͫͭͯ͘ ͙͍͍͗ͦͭͤͦͦ͒;͔͚ͫͦ͟ ͨͪͦ͒ͯ͟ͼ͙͙Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. ˮ͍͍͊ͤͦ ˮΦˮΦΣ ˽͔͍ͭͪͦ͊ ˢΦˢΦ Ϧ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͔͔͙ͨͪͪ͊͋ͦͭ͟ ͙͔ͪ͊ͫͭͭ͡Έͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ΦϦ 

ˬͯͪͤ͊͡ ͎͙͙͊ͪͦͤͦͣΣ нлннΦ 

2.  ˿ ͙͍ͣͪͤͦ͊ ˹Φ˹Φ Ϧ˥͊͊ͭͦͣ͊ͤͤ͊ͤ͟͡Υ ͍͚͍ͫͦͫͭ͊ ͙ ͙͔͔͙͔ͨͪͣͤͤ ͍ ͔͙͙ͦͪͣͤ͟͡ΦϦ ˤ͔͙ͫͭͤ͟ ͙͍͍͍͗ͦͭͤͦͦ͒ͫͭ͊Σ 

2023. 

3. ˴͔ͯͤ͘ͼ͍ͦ ˢΦˤΦ Ϧ͎͙̏ͦͦ͟͡;͔͙͔ͫ͟ ͔͊ͫͨͭ͟· ͔͋ͦͭ͘ͻ͎ͦ͒ͤͦͦ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ΦϦ ͎͙̏ͦͦ͟͡Ύ ͙ ͚ͯͫͭͦ;͙͍͔ͦ 

͍͙͙͔ͪ͊ͭ͘Σ нлно 

ϭ ˥͍͊͒͊ͣͦ ˨. .˥Σ ˾͊ͻ͍ͣ͊ͤͦ͊ ˢ. .˴Σ ˾͔͔͒͗ͨͫ͊ͻ͔͍͒ͦ ˽., 2024 
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TECHNOLOGY OF MINI RECONNAISSANCE FPY DRONE 

 

Abstract 

The development of mini reconnaissance FPV (First Person View) drones has emerged as a pivotal 

advancement in the field of aerial surveillance and reconnaissance. These compact and agile drones are 

designed for various applications, including military operations, disaster management, environmental 

monitoring, and commercial uses. This paper explores the technological innovations, operational capabilities, 

and potential applications of mini reconnaissance FPV drones. The unique features of these drones include 

advanced imaging systems, real-time video transmission, and enhanced maneuverability, which enable them 

to operate effectively in diverse environments. The integration of artificial intelligence (AI) and machine 

learning algorithms further enhances their functionality, allowing for autonomous navigation and intelligent 

data analysis. 

 

Introduction 

The significance of mini reconnaissance FPV drones lies in their ability to provide situational awareness 

in scenarios where traditional methods may be impractical or too costly. For instance, in military contexts, 

these drones can conduct surveillance missions with minimal risk to personnel while providing critical 

intelligence on enemy movements. In civilian applications, they can assist in search and rescue operations by 

quickly surveying large areas and identifying individuals in distress. This paper also examines the regulatory 

landscape surrounding drone operations, emphasizing the need for comprehensive guidelines to ensure 

safety and privacy. 

Statistical analysis indicates a growing market demand for mini reconnaissance FPV drones, driven by 

advancements in technology and increasing awareness of their potential benefits. By 2025, the global drone 

market is expected to reach USD 43 billion, with a significant portion attributed to FPV drones. However, 

challenges such as battery life limitations, regulatory hurdles, and public perception must be addressed to 

fully realize their potential. This research aims to provide a comprehensive overview of mini reconnaissance 

FPV drones' capabilities and applications while highlighting the need for ongoing innovation and regulatory 

development to support their integration into various sectors.  
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The advent of mini reconnaissance FPV drones marks a transformative shift in how aerial surveillance 

is conducted across multiple domains. These drones are characterized by their small size, lightweight design, 

and advanced technological features that enable them to perform complex tasks efficiently. The evolution of 

drone technology has been propelled by rapid advancements in battery life, imaging systems, and 

communication protocols. As a result, mini FPV drones are now capable of delivering high-resolution imagery 

and real-time data transmission over considerable distances. 

In military applications, mini reconnaissance FPV drones serve as vital tools for intelligence gathering 

and battlefield surveillance. They provide commanders with real-time situational awareness that is crucial 

for making informed decisions during operations. Their ability to operate in confined spaces and challenging 

terrains makes them invaluable assets in urban warfare scenarios where traditional reconnaissance methods 

may be limited. 

Table 1 

Statistic overview 

Statistic Description Source Year 

Global Drone Market Size Estimated market value for 
drone technology 

Markets and Markets 2023 

Annual Growth Rate Projected CAGR for drone 
market 

Fortune Business Insights 2023 

Military Drone Market Share Percentage of total drone 
market attributed to military 
use 

Statista 2023 

Civilian Drone Applications Percentage distribution of 
civilian drone applications 

Drone Industry Insights 2022 

 

The Impact of Mini Reconnaissance FPV Drones 

Mini reconnaissance FPV (First Person View) drones have significantly transformed various sectors, 

particularly in military, emergency response, and commercial applications. Their ability to provide real-time 

data and high-resolution imagery has made them invaluable tools for enhancing situational awareness and 

operational efficiency. 

Military Applications 

In military contexts, mini FPV drones are crucial for reconnaissance and surveillance missions. They 

allow troops to gather intelligence without exposing personnel to danger. These drones can be deployed for: 

Real-Time Surveillance: Mini drones equipped with FPV cameras enable soldiers to scout areas beyond 

their immediate line of sight. This capability is essential in urban warfare, where visibility is often obstructed 

by buildings or terrain features. By providing live feeds, these drones help commanders make informed 

decisions quickly and effectively. 

Target Tracking: FPV drones are utilized in anti-terror operations to detect and track targets in remote 

areas. Their agility allows them to navigate complex environments, making them effective tools for 

monitoring enemy movements and planning tactical responses. 
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̂˨˴ от                     

      x ͚͔͍͊ͣ͊ͣͣ͒ͦ ˢΦ, ͫ ͔ͭͯ͒ͤͭ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ Ή͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

͎Φ ˸͊ͪ·Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

ˢ͎͔͙͔͍ͪ͊͒͊͘͡ ˢΦ, ͫ ͔ͭͯ͒ͤͭ͊͟ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ Ή͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

͎Φ ˸͊ͪ·Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˨͔͎͔͙͔͍ͦͭ͒͊͡͡ ˢΦ, ͫ ͔ͭͯ͒ͤͭ͊͟ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ Ή͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

͎Φ ˸͊ͪ·Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

́˩̆˹˻˶˻˥ˮˮΣ ˮ˿˽˻˶̎˭̂˩˸̍˩ ˤ ̏˹˩˾˥˩́ˮ˴˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͙ͫͨͦ͡Έ͔ͯͣ͘·͔ ͍ Ή͔͎͔͙͔ͤͪͭ͟ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ 

Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Σ ͔͔ͨͪ͒͊;͙ ͙ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ Ή͔͎͙͙ͤͪΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ 

͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·ͣ ͙ͫͭͦ;͙ͤ͊ͣ͟ Ή͔͎͙͙ͤͪΣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͣ ͔ͫͭΎͣ όǎƳŀǊǘ ƎǊƛŘǎύΣ ͔ͭͻ͎͙ͤͦͦ͡Ύͣ ͻ͔͙ͪ͊ͤͤΎ 

Ή͔͎͙͙ͤͪ ͙ ͍ͤͦ·ͣ ͔ͣͭͦ͒͊ͣ ͍ͨͦ·΄͔͙ͤΎ Ή͔͎ͤͪͦΉͺͺ͔͙͍͙ͭͤͦͫͭ͟Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙͔ͨͪͣͪ· ͔ͯͫͨ΄͎ͤͦͦ 

͍͔͔͙ͤ͒ͪͤΎ Ή͙ͭͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͫͭͪ͊ͤ͊ͻΣ ͊ ͔ͭ͊͗͟ ͙ͻ ͪͦ͡Έ ͍ ͔͔ͦ͋ͫͨ;͔͙͙ͤ ͚ͯͫͭͦ;͙͍͎ͦͦ ͍͙͙ͪ͊ͭ͘Ύ 

Ή͔͎͔͙͙ͤͪͭ͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

Ήͤ ͔͎͔͙ͪͭ͊͟Σ ͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·͔ ͙ͫͭͦ;͙͙ͤ͟ Ή͔͎͙͙ͤͪΣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͔͙ͫͭΣ ͻ͔͙͔ͪ͊ͤͤ Ή͔͎͙͙ͤͪΣ 

Ή͔͎ͤͪͦΉͺͺ͔͙͍ͭͤͦͫͭ͟ΈΣ ͚ͯͫͭͦ;͙͍͔ͦ ͍͙͙͔ͪ͊ͭ͘Φ 

 

˿͍͔͔ͦͪͣͤͤ͊Ύ Ή͔͎͔͙ͤͪͭ͊͟ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͪΎ͒ͦͣ ͍·͍͍ͦͦ͘Σ ͙ͭ͊͟ͻ ͊͟͟ ͪͦͫͭ ͫͨͪͦͫ͊ ͤ͊ Ή͔͎͙ͤͪΌΣ 

͙͔͔͙͔ͣͤͤ͘ ͙ͣ͊ͭ͊͟͡ ͙ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙͔͙ͫͤ͗ͤΎ ͍·͍͋ͪͦͫͦ ͎͔ͯͪͦ͒͊͡Φ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͍͙͔ͦͤ͊ͭ͘͟ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍ ͍ͤͦ·ͻ ͔ͭͻ͎͙ͤͦͦ͡ΎͻΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͔͔ͦ͋ͫͨ;͙ͭΈ ͔͔͋ͦ͡ ͚ͯͫͭͦ;͙͍͔ͦ ͙ Ήͺͺ͔͙͍͔ͭͤͦ͟ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͔͍ͪͫͯͪͫͦΦ ˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ ͍͙͙ͪ͊ͭ͘Ύ Ύ͍͡Ύ͔ͭͫΎ 

͍͔͔͙͔ͤ͒ͪͤ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔ͪ΄͔͙͚ͤΣ ͦͭͦͪ͟·͔ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͔͙͒͊ͪ͋ͦͤ͊͘͟ͼ͙͙ Ή͙͙ͦͤͦͣ͟͟ ͙ 

͍ͨͦ·΄͔͙ͤΌ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΦ 

˻͍ͫͤͦͤ͊Ύ ;͊ͫͭΈΥ 

ˤ͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·͔ ͙ͫͭͦ;͙͙ͤ͟ Ή͔͎͙͙ͤͪΥ ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· ͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ͊Ύ Ή͔͎͔͙ͤͪͭ͊͟Σ ͍͟͡Ό;͊Ύ 

͔ͫͦͤ͡;ͤͯΌΣ ͍͔͍ͭͪͦͯΌΣ ͎͙͒ͪͦΉ͔͎͙ͤͪΌ ͙ ͙͋ͦͣ͊ͫͫͯΣ ͫͭ͊͊͡ ͙ͦ͒ͤͣ ͙͘ ͍͔͚͊͗ͤ΄͙ͻ ͙ͫͭͦ;͙͍ͤͦ͟ Ή͔͎͙͙ͤͪΦ ͙̏ͭ 

͔ͭͻ͎͙͙ͤͦͦ͡ ͍ͨͦͦ͘͡ΎΌͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͫͦͪ͊ͭͭ͟Έ ͍·͋ͪͦͫ· ͙͍ͨ͊ͪͤͦ͟·ͻ ͎͍͊ͦ͘ ͙ ͙͙ͫͤͭ͘Έ ͍͙͙͊ͫͣͦͫͭ͘Έ ͦͭ 

͙͔ͫͦͨ͊ͣ͟·ͻ ͍͙͍͒ͦ ͙͍ͭͦͨ͊͡Φ ˾͍͙͙͔͊ͭ͘ ͔ͫͦͤ͡;ͤ·ͻ ͔͔͚ͨ͊ͤ͡ ͙ ͍͔ͭͪΎͤ·ͻ ͙ͭͯͪ͋ͤΣ ͍ ;͙͊ͫͭͤͦͫͭΣ ͙͎͒ͦͫͭͦ͡ 

ͤ͊͘;͙͔ͭ͡Έ͎ͤͦͦ ͎͔ͨͪͦͪͫͫ͊Σ ;ͭͦ ͍͙ͨͦͦͦ͘͡͡ ͙͙ͫͤͭ͘Έ ͙ͫͭͦͣͦͫͭΈ ͙ͻ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙ ͍͔͙ͯ͡;͙ͭΈ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΦ 

ˤ͚͊͗ͤͦ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͙͍ͤͤͦ͊ͼ͙͔͚ ͍ Ήͭͦͣ ͔͔ͫͭͦͪ͟ Ύ͍͡Ύ͔ͭͫΎ ͙͔ͫͦ͒͊ͤ͘ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͻ 

ͺͦͭͦΉ͔͙ͭͪ͟͡;͔͙ͫ͟ͻ Ύ;͔͔͟Σ ͫͨͦͫͦ͋ͤ·ͻ ͔͍ͨͪͦ͋ͪ͊ͦ͘·͍͊ͭΈ ͋ͦ͡Έ΄͔ ͔ͫͦͤ͡;͚ͤͦ Ή͔͎͙͙ͤͪ ͍ Ή͔͙ͭͪ͟͡;͔͍ͫͭͦΦ 

ˤ͔͍ͭͪͦ·͔ ͙ͭͯͪ͋ͤ·Σ ͎͋͊ͦ͒͊ͪ͡Ύ ͯͯ͡;΄͔͙ͤΌ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͙ ͍͔͙ͯ͡;͔͙ͤΌ ͔͍ͪ͊ͣͪͦ͘Σ ͔ͭ͊͗͟ ͙ͫͭ͊͡ ͔͔͋ͦ͡ 

͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έͤ·͙ͣΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͎͔͔͙͍ͤͪͪͦ͊ͭΈ ͋ͦ͡Έ΄͔ Ή͔͎͙͙ͤͪ ͙ͨͪ ͔ͣͤΈ΄͙ͻ ͊ͭͪ͊ͭ͊͘ͻΦ 

ˮ͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͔͙ͫͭ ό{ƳŀǊǘ DǊƛŘǎύΥ ˻͚͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔͔͙͍ͨͪͫͨͭͤ͟·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ 

Ή͔͎͔͙͔ͤͪͭ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͙͙͔ͪ͊ͭ͘ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͻ ͔͔͚ͫͭ όǎƳŀǊǘ ƎǊƛŘǎύΦ ͙̏ͭ ͙͔ͫͫͭͣ· ͙ͫͨͦ͡Έͯ͘Όͭ 

ͼ͙ͺ͍ͪͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͒͡Ύ ͙͙͎ͣͦͤͭͦͪͤ͊ ͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤͣ͡ Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ ͍ ͔͙͔ͪ͗ͣ 

͔ͪ͊͡Έ͎ͤͦͦ ͍͔͔͙ͪͣͤΦ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͨͦ·͙ͫͭΈ ͔ͤ͊͒͗ͤͦͫͭΈ Ή͔͎͔͙ͤͪͦͫͤ͊͋͗ͤΎΣ ͔ͯͣͤΈ΄͙ͭΈ ͔͙ͨͦͭͪ 

͙ͨͪ ͔͔ͨͪ͒͊;͔ Ή͔͎͙͙ͤͪ ͙ ͙͔͎͙͍ͤͭͪͪͦ͊ͭΈ ͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·͔ ͙ͫͭͦ;͙͙ͤ͟ Ή͔͎͙͙ͤͪ ͍ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͔ 
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Ή͔͎͙͔ͤͪͦͫͫͭͣ·Φ 

ˮ͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͔͙ͫͭ ͔ͭ͊͗͟ ͍ͨͦͦ͘͡ΎΌͭ ͔͙͔ͨͦͭͪ͋ͭ͡Ύͣ ͍ͯͨͪ͊͡ΎͭΈ ͍͙ͫͦͣ ͔͔͙͔ͨͦͭͪ͋ͤͣ͡ 

Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤͦ͟Σ ͊ Ή͔͎͔͙ͤͪͭ;͔͙ͫͣ͟ ͙ͦͣͨ͊ͤ͟Ύͣ τ ͎͙͍ͨͪͦͤͦͪͦ͊ͭ͘Έ ͫͨͪͦͫ ͤ͊ 

Ή͔ͭͪͦ͟͡Ή͔͎͙ͤͪΌ ͙ ͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ ͪ͊͋ͦͭͯ ͔͔͚ͫͭΦ 

͔́ͻ͎͙͙ͤͦͦ͡ ͻ͔͙ͪ͊ͤͤΎ Ή͔͎͙͙ͤͪΥ ˤ͊͗ͤ·ͣ Ή͔͔ͣͤͭͦͣ͡ ͍͔͔͚ͫͦͪͣͤͤͦ Ή͔͎͔͙͙ͤͪͭ͟ Ύ͍͡Ύ͔ͭͫΎ 

ͪ͊ͪ͊͋ͦͭ͊͘͟ ͔ͭͻ͎͙͚ͤͦͦ͡ ͻ͔͙ͪ͊ͤͤΎ Ή͔͎͙͙ͤͪΦ ˤ͔͔͙͔ͤ͒ͪͤ ͊ͯͣͯ͟͟͡Ύͭͦͪͤ·ͻ ͙͔ͫͫͭͣΣ ͙ͭ͊͟ͻ ͊͟͟ ͙͙͚ͭ͡-͙ͦͤͤ·͔ 

͔͙͋͊ͭ͊ͪΣ ͍ͨͦͦ͘͡Ύ͔ͭ ͫͦͻͪ͊ͤΎͭΈ ͙͋͘·ͭͦ;ͤͯΌ Ή͔͎͙ͤͪΌΣ ͙͍͔͔ͨͪͦ͒ͤͤͯ͘Ό ͔ͫͦͤ͡;ͤ·͙ͣ ͙͙͡ ͍͔͍ͭͪͦ·͙ͣ 

Ή͔ͭͪͦͫͭ͊ͤ͟͡ͼ͙Ύ͙ͣΣ ͙ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͔͖ ͍ ͔͙ͨͪͦ͒· ͍ͨͦ·΄͔͎ͤͤͦͦ ͫͨͪͦͫ͊ ͙͙͡ ͍͙ͦͭͫͯͭͫͭΎ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Φ 

˹͍ͦ·͔ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͍ ͙ͦ͋͊ͫͭ͡ ͙͔͔͚ͤ͊ͦͨͭ͟͡ Ή͔͎͙͙ͤͪΣ ͍͟͡Ό;͊Ύ ͔ͭͻ͎͙͙ͤͦͦ͡ ͤ͊ ͍͔ͦͫͤͦ ͍ͦ͒ͦͪͦ͒͊ ͙ 

͍͔ͫͪͻ͍͙͍ͨͪͦͦ͒ͤͦ͟Σ ͎ͣͦͯͭ ͫͭ͊ͭΈ ͟͡Ό;͔͍·͙ͣ ͒͡Ύ ͙͔͎ͤͭͪ͊ͼ͙͙ ͋ͦ͡Έ΄͙ͻ ͦ͋Ά͔͍ͣͦ ͍͍ͦͦ͋ͤͦ͘͡Ύ͔͚ͣͦ 

Ή͔͎͙͙ͤͪ ͍ Ή͔͎͙͔ͤͪͦͫͫͭͣ·Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͎͙͋ͦͫͭ͟Έ ͙ ͚ͯͫͭͦ;͙͍ͦͫͭΈ Ή͔͎͔͙ͤͪͭ;͔͚ͫͦ͟ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟·Φ 

͔͎̏ͤͪͦΉͺͺ͔͙͍ͭͤͦͫͭ͟ΈΥ ͔́ͻ͎͙͙ͤͦͦ͡ ͍ͨͦ·΄͔͙ͤΎ Ή͔͎ͤͪͦΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͎ͪ͊Όͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ 

͙͔͙͙ͫͤ͗ͤ Ή͔͎͔͔͙ͤͪͦͨͦͭͪ͋ͤ͡Ύ ͙ ͔ͯͣͤΈ΄͔͙͙ͤ ͎͙ͤ͊ͪͯ͘͟ ͤ͊ Ή͔͎͔͙ͤͪͭ;͔ͫͯ͟Ό ͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟Φ ˤ͟͡Ό;͔͙͔ͤ 

͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͙͔ͫͫͭͣ ͔͙ͦͭͦͨͤ͡ΎΣ ͍͔͙ͤͭ͡Ύͼ͙͙ ͙ ͙ͦͤ͒͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͍ͦ͒ͯ͘ͻ͊Σ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

͍͔͙͎ͫͭͦ͒ͦ͒ͤͦͦ ͍͔ͦͫ΅͔͙ͤΎ ͙ ͍͔͔͙͔ͤ͒ͪͤ Ή͔͎ͤͪͦΉͺͺ͔͙͍ͭͤ͟·ͻ ͨͪͦͣ·΄͔ͤͤ͡·ͻ ͨͪͦͼ͔͍ͫͫͦ ͎ͨͦͣͦ͊Όͭ 

͙͙ͫͤͭ͘Έ ͔͔͙͔ͨͦͭͪ͋ͤ͡ Ή͔͎͙͙ͤͪ ͙ ͊ͭͪ͊ͭ͘·Φ 

˻͙͒ͤͣ ͙͘ ͙͔͍ͨͪͣͪͦ ͙͔͔͙ͨͪͣͤͤΎ ͙ͭ͊͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭͦ Ϧ͔͔ͤ͘͡·ͻϦ ͙͚͒͊ͤ͘ ͫ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ Ή͔͎͔͔͎ͤͪͦͫ͋ͪ͊Ό΅͙ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ;ͭͦ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙͔ͫͤ͗͊ͭ 

͔͔͙͔ͨͦͭͪ͋ͤ͡ Ή͔͎͙͙ͤͪ ͙ ͍·͋ͪͦͫ· ͎͔͙͎ͯͫͦͦ͟͡͡ ͎͊͊͘Φ 

˭͊͟͡Ό;͔͙͔ͤΥ 

˾͍͙͙͔͊ͭ͘ ͍ͤͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ Ή͔͎͔͙͔ͤͪͭ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ ΄͎͊ͦͣ ͤ͊ ͙ͨͯͭ ͟ ͚ͯͫͭͦ;͙͍ͦͣͯ 

͍͙͙ͪ͊ͭ͘Ό ͙ ͙͔͙ͫͤ͗ͤΌ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͙͔ͫͦͨ͊ͣ͟·ͻ ͔͍ͪͫͯͪͫͦΦ ˤ͔͔͙͔ͤ͒ͪͤ 

͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ Ή͔͎͙͙ͤͪΣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͻ ͔͔͚ͫͭ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡ ͻ͔͙ͪ͊ͤͤΎ Ή͔͎͙͙ͤͪ 

͍ͨͦͦ͘͡Ύ͔ͭ ͔ͫ͒͊ͭ͡Έ Ή͔͎͔͙ͤͪͭ;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯ ͔͔͋ͦ͡ ͎͙͚͋ͦ͟ ͙ Ή͎͙ͦͦ͟͡;͚ͤͦΦ ˻͒ͤ͊ͦ͟ ͒͡Ύ ͔ͯͫͨ΄͚ͤͦ 

͔͙ͪ͊͊͘͡ͼ͙͙ Ή͙ͭͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͔ͤͦ͋ͻ͙ͦ͒ͣ· ͙͍͔͙ͤͫͭͼ͙͙ ͍ ͤ͊ͯ;ͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͍͙͙͔ͪ͊ͭ͘ 

͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· ͙ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͔ͨͦ͒͒ͪ͗͊͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. International Energy Agency (IEA). World Energy Outlook 2023. IEA Publications, 2023. 

2. REN21. Renewables 2023 Global Status Report. REN21 Secretariat, 2023. 

3. European Commission. Energy Efficiency Directive. Brussels: European Commission, 2022. 

                         ϭ ˣ͚͔͍͊ͣ͊ͣͣ͒ͦ ˢΣ ˢ͎͔͙͔͍ͪ͊͒͊͘͡ ˢΣ ˨͔͎͔͙͔͍ͦͭ͒͊͡͡ ˢΦ нлнп 
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˸͎͊ͭ·͎ͣͯ͡·͔͍ ˿͊ͨ͊, ͨ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ 

˻͍͔͍ͦ͊͘ ̊, ͫ ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

ˢ͍ͣ͊ͤͦ ͙̏ͪͤ͟, ͫ ͔ͭͯ͒ͤͭ 

͔͙͚́ͯͪͣͤͫ͟͟ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟ ͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙͙ͤͫͭͭͯͭ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˽͙ͪ͊͒ͤ͊͟͡Ύ ͔ͣͻ͙͊ͤ͊͟Σ ͍ ͙ͦͭ͡;͙͔ ͦͭ ͔͔͙ͭͦͪͭ;͔͚ͫͦ͟Σ ͔͙͔ͦͨͪͪͯͭ ͔ͤ ͫ ͔͙ͣ͊ͭͪ͊͡Έ͚ͤͦ ͭͦ;͚ͦ͟Σ ͊ ͫ 
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͔͒ͺ͙͍ͦͪͣͪͦ͊ͤͤ·ͣ ͍͔ͭͪ͒·ͣ ͔ͭͦͣ͡Σ ͙ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍͙ͨͪͦͦ͒ͭ͘Έ  ͪ͊ͫ;͔ͭ·  ͙ͪ͊͘͡;ͤ·ͻ  ͦͤͫͭͪͯ͟͟ͼ͙͚  ͤ͊  

ͨͪͦ;ͤͦͫͭΈΣ  ͔͗ͫͭͦͫͭ͟ΈΣ  ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ ͍͙͋ͪ͊ͼ͙ΎͣΣ ͯ͒͊ͪ͊ͣ ͙ ͎͙͒ͪͯͣ ͔ͣͻ͙͊ͤ;͔͙ͫͣ͟ ͍͔͚͍͙ͦ͒ͫͭ͘ΎͣΦ 

˽͙ͪ͊͒ͤ͊͟͡Ύ  ͔ͣͻ͙͊ͤ͊͟  ͍ͨͦͦ͘͡Ύ͔ͭ  ͦͼ͔͙͍ͤ͊ͭΈ  ͔ͣͻ͙͊ͤ;͔͙͔ͫ͟  ͍͚͍ͫͦͫͭ͊  ͔ͤ ͭͦ͡Έͦ͟  ͋ͦ͡Έ΄͙ͻ  

͙͔ͫͭͪͦͭ͡Έͤ·ͻ  ͦͤͫͭͪͯ͟͟ͼ͙͚  ό͊͟͟  Ϧ͙͍͔͙͔ͫͦͨͪͦͭͤ͡  ͔͙͍ͣ͊ͭͪ͊ͦ͡ϦύΣ ͤͦ ͙ ͎͙ͣ͊ͦ͊͋͊ͪͭͤ͡·ͻΣ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ 

͒͡Ύ ͙͔͙ͨͪ͋ͦͪͦͫͭͪͦͤΎΦ 

˴͡Ό;͔͍·͔ ͫ ͍ͦ͊͡ 

ͨͪ ͙͊͒ͤ͊͟͡Ύ ͔ͣͻ͙͊ͤ͊͟, ͣ ͔ͦ͒͡Έ, ͫ ͙͊͡ ͍ ͔ͣͻ͙͔͊ͤ͟, ͅ ͦͪͣ͊, ͫ ͦ͗ͤ͡·͔ ͙͔ͫͫͭͣ·Σ ͒ ͔ͺͦͪͣ͊ͼ͙ΎΣ ͔͔ͫͭͪ͗ͤΈ. 

 

ˤ ͡Ό͚͋ͦ ͭͦ;͚ͤͦ ͔ͤ͊ͯ͟ ͙ͨͪ ͙͙͊ͤ͊ͭ͡;͔ͫͦͣ͟ ͙͙͙ͦͨͫ͊ͤ ͫͦͫͭͦΎ͙ͤΎ ͙͙͡ Ύ͍-͔͙͚ͤ͡  ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ  

͔͙ͣͦ͒͡Σ  ͦͭͦͪ͟·͔  ͯͨͪͦ΅͊Όͭ  ό͙͔͙͙͒͊ͪͯ͘͡Όͭύ  ͔ͪ͊͡Έͤ·͔͍͚͍ͫͦͫͭ͊  ͦ͋Ά͔ͭ͊͟Σ  ͦͭͪ͊͗͊Ύ  ͙͔͔ͤ͊͋ͦ͡  

ͫͯ΅͔͍͔ͫͭͤͤ·͔Φ  ˽͙ͪ͊͒ͤ͊͟͡Ύ  ͔ͣͻ͙͙͊ͤ͊ͫͨͦ͟͡Έ͔ͯͭ͘ ͔ͣͦ͒͡Έ ͔͒ͺ͙͔͎ͦͪͣͪͯͣͦͦ ͍͔͎ͭͪ͒ͦͦ ͔ͭ͊͡ ό͍ ͙ͦͭ͡;͙͔ 

ͦͭ ͔͔͙ͭͦͪͭ;͔-͚ͫͦ͟ ͔ͣͻ͙͙͊ͤ͟Σ ͙ͫͨͦ͡Έͯ͘Ό΅͔͚ ͔ͣͦ͒͡Έ ͊͋ͫͦ͡Όͭͤͦ ͔͎͗ͫͭͦͦ͟ ͔ͭ͊͡ύΦ ̏ͭͦ ͙ͣ͊ͪͦͫͦͨ͟͟;͔ͫ͊͟Ύ 

͔ͣͦ͒͡ΈΣ ͭΦ ͔Φ ͔ͭͦ͡ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͫͨͦ͡΄͔ͤͦΤ ͔ͣͦͯ͟͡͡Ύ͔͙ͪͤͦ ͔͊ͭͦͣ͊ͪͤͦ ͔͙͔ͫͭͪͦͤ ͔ͤ ͯ;͙ͭ·͍͔͊ͭͫΎΦ 

˽͙ͪ  ͔͙͙ͨͦͫͭͪͦͤ  ͔͙ͣͦ͒͡  ͙͔͙͙͒͊ͪͯ͘͡ΌͭͫΎ  ͍͚͍ͫͦͫͭ͊  ͔͙ͣ͊ͭͪ͊͊͡Σ  ͍͔ͤ΄͙͔͎͙ͤͤ͊ͪͯ͘͟Σ ͺͦͪͣ͊ ͔ͭ͊͡ ͙ ͔͎ͦ 

͔͔͙͔͊ͪͨͤ͘͟͡Φ 

˿;͙͔ͭ͊ͣΣ ;ͭͦ ͔͙ͣ͊ͭͪ͊͡ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͔ͦ͋͊͒͊ͭ͡ ͔ͫ͒ͯ͡Ό΅͙͙ͣ ͍͚͍͙ͫͦͫͭ͊ͣΥ  ͫͨͦ͡΄ͤͦͫͭΈΌ  ς  

ͫͨͦͫͦ͋ͤͦͫͭΈΌ  ͊ͨͦͤ͘͡ΎͭΈ  ͍͔ͫΈ  ͦ͋Ά͖ͣΣ  ͔͋͘  ͍ͫΎ͙͟ͻ  ͨͯͫͭͦͭΤ   ͦ͒ͤͦͪͦ͒ͤͦͫͭΈΌ ς ͔͙͔ͤͣͤͤͦͫͭ͘ΈΌ 

ͺ͙͙͘;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟· ͙ ͻ͙͙ͣ;͔ͫͦ͟-͎ͦ ͍ͫͦͫͭ͊͊ ͎ͣ͊ͦͦ͡ ͦ͋Ά͔ͣ͊Σ ͍·͔͔͎͒ͤͤͦͦ͡ ͍ ͔͙ͦͪͫͭͤͦͫͭ͟ ͡Ό͚͋ͦ 

ͭͦ;͙͟ ͔ͭ͊͡Τ   ͙ ͦͭͪͦͨͤͦͫͭ͘ΈΌ ς ͙͍ͦ͒ͤ͊ͦͦͫͭ͟ΈΌ ͺ͙͙͘;͔͙ͫ͟ͻ ͍͚͍ͫͦͫͭ ͍ͦ ͍͔ͫͻ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎͻΤ  ͎͚ͯͨͪͯͦ 

͔͒ͺ͙͔ͦͪͣͪͯͣͦͫͭΈΌΦ ˨͔ͺͦͪͣ͊ͼ͙ΎΣ ͍ ͦ͋΅͔ͣ ͫͯ͡;͔͊Σ Ήͭͦ ͙͔ͣ͘-͔͙͔ͤͤ ͺͦͪͣ· ͙ ό͙͙͡ύ ͔͍ͪ͊ͣͪͦ͘ ͔ͭ͊͡ ͨͦ͒ 

͔͚͍͙͔͒ͫͭͣ ͍͔ͤ΄͙ͤͻ ͎ͤ͊ͪͯͦ͘͟Φ ˩͙͔ͫ͒͡ͺͦͪͣ͊ͼ͙Ύ ͨͦͤͦͫͭ͡ΈΌ ͙ͫ;͔͔͊ͭ͘ ͔ͨͦͫ͡ ͔͙ͯͫͭͪ͊ͤͤΎ ͍·͍͍͊͘΄͔͚ ͔͔ 

͙ͨͪ;͙ͤ·Σ ͭͦͦͤ͊ ͤ͊͘·͍͔͊ͭͫΎ ͎͚ͯͨͪͯͦΣ ͔͙ͫ͡ ͔ͤͭ ς ͭͦ ͦͫͭ͊ͭͦ;͚ͤͦ ͙͙͡ ͙ͨ͊ͫͭ͡;͚ͤͦΦ̂͊͊ͤͤ͊͘͟Ύ ͔ͣͦ͒͡Έ 

͍͒ͦͦ͡Έͤͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙͔͙͙͔͒͊ͪͯͭ͘͡ ͍͚͍ͫͦͫͭ͊ ͍͔ͭͪ͒ͦ-͎ͦ ͔ͭ͊͡Σ ͦ͒ͤ͊ͦ͟ ͦͤ͊ ͍ͨͦͦ͘͡Ύ͔ͭ Ήͺͺ͔͙͍ͭͤͦ͟ 

͔ͪ΄͊ͭΈ ͎͙͔ͣͤͦ ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͊͒͊͘;͙Φ 

˽ͦ͒ ͍͔ͤ΄͙͙ͤͣ ͎͙ͤ͊ͪͯ͊ͣ͘͟ ͍ ͙͚ͨͪ͊͒ͤͦ͟͡ ͔ͣͻ͙͔͊ͤ͟ ͙ͨͦͤͣ͊ΌͭͫΎ ͙ͫ͡· ͙͔ͣͦͣͤͭ· ͙ͫ͡ ό͔͔͒͊͡ ς 

ͨͪͦͫͭͦ ͔ͣͦͣͤͭ·ύΦ˿͙͊͡ ͍ ͔ͣͻ͙͔͊ͤ͟ ό͊͟͟ ͙ ͍ ͺ͙͙͔͘͟ύ ς ͔ͣͪ͊ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ 

͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύͦ͋Ά͔͍ͭͦ͟Φ˻͍͔ͫͤͦͤͦ ͔͔͙͔͒ͤ͡ ς ͫ ͙͡·Σ ͍͔ͤ΄͙͔ͤ ͨͦ ͦͭͤͦ΄͔͙ͤΌ ͟ ͦ͋Ά͔ͭͯ͟Σ ͙ ͍͔ͤͯͭͪͤ-͙͔ͤΦ 

ˤ͔ͤ΄͙͔ͤ ͙ͫ͡· ͍·͍͊ͤ͘· ͍͔ͤ΄͙͙ͤͣ ͺ͙͊ͭͦͪ͊ͣ͟Σ ͙͔ͤ͊ͨͪͣͪΣ ͯ͒͊ͪͦͣ ͎͎͒ͪͯͦͦ ͔ͭ͊͡Φ ˤ͔͙͔ͤͯͭͪͤͤ Ύ͍͡ΎΌͭͫΎ 

͍͔͚ͦͭͭͤͦ ͔ͪ͊͟ͼ͙͔͚ ͤ͊ ͍͔ͤ΄͙͔ͤΦ ͙͙̅͘;͔͙ͫ͟ ͙ͦͤͦ͋ΆΎͫͤΎΌͭͫΎ  ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭͣ͘  ;͙͊ͫͭͼ  ͔ͭ͊͡  ό͔ͣͦͯ͟͡͡Σ  

͍͊ͭͦͣͦύΣ  ͦ͒ͤ͊ͦ͟  Ή͍͔ͭͦͭͯͪͦͤΈ  ͔͙ͫͭͪͦͤΎ  ͍͔΅͔͍ͫͭ͊  ͍ͦͫͤͦͤ͊Ύ  ͔ͣͦ͒͡Έ  ͙͚ͨͪ͊͒ͤͦ͟͡  ͔ͣͻ͙͙͊ͤ͟  ͔ͤ  ͪ͊ͫ-

͙͍͔ͫͣ͊ͭͪ͊ͭΦ  ˤ͔͙͔ͤͯͭͪͤͤ  ͙ͫ͡·Σ  ͍  ͔ͦͤ͟;ͤͦͣ  ͫ;͔͔ͭΣ  ͔͔ͦͨͪ͒͡ΎΌͭ  ͨͪͦ;ͤͦͫͭΈ  ͙͔͗ͫͭͦͫͭ͟Έ ͦͤͫͭͪͯ͟͟ͼ͙͙Σ 

͙ ͙ͣ ͋ͯ͒ͯͭ ͍ͨͦͫΎ΅͔ͤ· ͔ͫ͒ͯ͡Ό΅͙͔ ͔ͪ͊͒͘͡· ͤ͊΄͔͎ͦͯͪͫ͊͟Φ ˽͙ͪͦ͒ͦ͗ͣ͡ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ό ͍͔ͤ΄͙ͤͻ ͙ͫ͡Φ 

˿͙͡· ͋·͍͊Όͭ ͍͔ͨͦͪͻͤͦͫͭͤ·͔͙ ͦ͋Ά͔ͣͤ·͔Φ˽͍͔ͦͪͻͤͦͫͭͤ·͔ ͙ͫ͡· ς ͙ͫ͡·Σ ͙͔ͨͪͦ͗ͤͤ͡·͔ ͟ ͍͔ͨͦͪͻ͙ͤͦͫͭ 

Ή͔͔ͣͤͭ͊ͪͤͦ͡-͎ͦ ͦ͋Ά͖ͣ͊ ͫͨͦ͡΄͚ͤͦ ͔ͫͪ͒· ͙ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͔ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭͣ͘ ͫ ;͙͊ͫͭͼ͙͔͊ͣͫͪ͒·  ͍  

͔͙ͫͦͫ͒ͤͻ  Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ  ͦ͋Ά͖ͣ͊ͻΦ   

˾͔͊͡Έͤ·͔  ͦͤͫͭͪͯ͟͟ͼ͙͙  ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ  ͚ͫͦ͋ͦ  ͫͦ͗ͤ͡·͔  ͙͔ͫͫͭͣ·Σ  ͫͦͫͭͦΎ-΅͙͔  ͙͘ ͔͍ͣͤͦ͗ͫͭ͊ 

Ή͔͔͍ͣͤͭͦ͡Σ  ͦ͒ͤ͊ͦ͟ ͫ  ͭͦ;͙͟  ͔͙ͪͤ͘Ύ ͙͚ͨͪ͊͒ͤͦ͟͡  ͔ͣͻ͙͙͍͔͊ͤͫ͟  Ή͔͔ͣͤͭ͡·  ͍  ͍͔͍͙͙ͫͦͦͭͭͫͭ  ͫ  

ͫͦͦͭͤͦ΄͔͙͔ͤͣ  ͎͙͊͋͊ͪͭͤ·ͻ  ͔͍ͪ͊ͣͪͦ͘  ͔͙ͣͦ͗ͤͦͪ͊͒ͭ͘͡Έ ͤ͊ ͙ͭͪ ͎ͪͯͨͨ·Υ ͔͙ͫͭͪ͗ͤΣ ͦ͋ͦͦ͡;͙͟ ͙ 

͙͍ͣ͊ͫͫͤ·͔ ͔ͭ͊͡Φ ˿͔͔ͭͪ͗ͤΈ  ς  ͦ͋Ά͔ͭ͟Σ  ͯ  ͎ͦͭͦͪͦͦ͟  ͙ͦ͒ͤ  ͙͘  ͔͍ͪ͊ͣͪͦ͘  ͎ͣͤͦͦ  ͋ͦ͡Έ΄͔  ͍͒ͯͻ͎͙͒ͪͯͻΦ 

˻͋ͦͦ͡;͊͟  ς  ͦ ͋Ά͔ͭ͟Σ  ͯ  ͎ͦͭͦͪͦͦ͟  ͙ͦ͒ͤ  ͙͘  ͔͍ͪ͊ͣͪͦ͘  ͎ͣͤͦͦ  ͔ͣͤΈ΄͔  ͍͒ͯͻ ͎͙͒ͪͯͻΤ ͨͦͫ͊͟͡Ύ ͦ͋ͦͦ͡;͊͟ 

ͤ͊͘·͍͔͊ͭͫΎ ͙͚ͨ͊ͫͭͤͦ͡Φ ˸͙͍͔͊ͫͫͤͦ ͔ͭͦ͡ ς ͦ͋Ά͔ͭ͟Σ ͯ ͎ͦͭͦͪͦͦ͟ ͍͔ͫ ͔ͪ͊ͣͪ͘· ͎ͦ͒ͤͦͦ ͨͦͪΎ͒͊͟Φˤ 

͙͙͔ͨͪ͋ͦͪͦͫͭͪͦͭ͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙Ύͻ ͦͦͦ͟͡ ул ҈ Ή͔͔͍ͣͤͭͦ͡ Ύ͍͡ΎΌͭͫΎ͔ͫͭͪ͗ͤΎ͙ͣΣ ͨͦΉͭͦͣͯ ͙ͣ ͣ· ͔͋ͯ͒ͣ 

͔ͯ͒͡ΎͭΈ ͍͔ͦͫͤͦͤͦ ͍͙͙͔ͤͣ͊ͤ ͍ ͤ͊΄͔ͣ ͔ͯͪͫ͟Φ ˿͔͔ͭͪ͗ͤΈ  ͣͦ͗ͤͦ  ͔͍͙ͨͪ͒ͫͭ͊ͭΈ  ͔͔ͫ͋  ͊͟͟  ͔ͭͦ͡Σ  ͔ͦͭͦͪͦ͟  

͔ͦ͋ͪ͊ͯͭͫ͘Ύ  ͙͍͙͔͙͙ͨͪ͒͗ͤ ͚ͨͦͫͦ͟͡ ͺ͙͎ͯͪ· ͍ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡Σ ͔͔͙ͨͪͨͤ͒ͯ͟͡Ύͪͤͦͣ ͙ͨͦͫͦͫͭ͟͡ ͺ͙-͎ͯͪ·Τ  

ͼ͔ͤͭͪ  ͭΎ͔͙͗ͫͭ  ͺ͙͎ͯͪ·  ͙ͨͪ  Ήͭͦͣ  ͨͪͦ;͔ͪ;͙͍͔͊ͭ  ͙͙ͤ͡ΌΣ  ͤ͊͘·͍͔͊ͣͯΌͦͫΈΌ  ͔ͫͭͪ͗ͤΎΦ  ˩͙ͫ͡  ͦͫΈ  ͔ͫͭͪ͗ͤΎ  



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

22 

ς  ͨͪΎͣ͊Ύ  ͙͙ͤ͡ΎΣ  ͭͦ  Ήͭͦ  ͨͪΎ͙͔͚ͣͦͤͤ͡·͚ ͔͔ͫͭͪ͗ͤΈΦ ˩͙ͫ͡  ͦͫΈ  ͔ͫͭͪ͗ͤΎ  ς  ͙͍ͪ͊͟Ύ  ͙͙ͤ͡ΎΣ  ͭͦ  ͔͎ͦ  

ͤ͊͘·͍͊Όͭ  ͙͍͙͔͚ͪͦͤͤ͟͡·ͣ ͔͔ͫͭͪ͗ͤͣΦ ˿͔;͔͙͔ͤ  ͔ͫͭͪ͗ͤΎΣ  ͔͔͙ͨͪͨͤ͒ͯ͟͡Ύ͔ͪͤͦ  ͔͎ͦ  ͙ͦͫΣ  ͤ͊͘·͍͔͊ͭͫΎ  

͔͔ͨͦͨͪ;ͤ·ͣΣͦͫͭ͊͡Έͤ·͔ ς ͤ͊ͦͤͤ͟͡·͙ͣΦ ˩͙ͫ͡ ͔͔ͨͦͨͪ;͔ͤͦ ͔ͫ;͔͙͔ͤ ͙ͨͪ ͍͙͔͙͙͒͗ͤ ͍͒ͦ͡Έ ͙͔ͦͫͤ 

͙͔ͣͤ͘Ύ͔ͭͫΎΣ ͭͦ ͎ͭͦ͒͊ ͙͔͔ͣͭ ͔ͣͫͭͦ ͔͔ͫͭͪ͗ͤΈ ͨͦͫͭͦΎ͎ͤͤͦͦ ͔ͫ;͔͙ͤΎΤ ͍ ͙͍ͨͪͦͭͤͦͣ  ͫͯ͡;͔͊  ς  ͔͔ͫͭͪ͗ͤΈ  

͔͔͔͎ͨͪͣͤͤͦͦ  ͔ͫ;͔͙ͤΎΦ  ˩͙ͫ͡  ͔͔ͨͦͨͪ;͔ͤͦ  ͔ͫ;͔͙͔͙ͤͨͪ  ͍͙͔͙͙͒͗ͤ  ͍͒ͦ͡Έ  ͙ͦͫ  ͍ͪ͊΅͔͊ͭͫΎ  ͍͎ͦͪͯ͟  

͔͊ͫ͊ͭ͟͡Έ͚ͤͦ  ͟  ͙ͦͫΣ  ͭͦ  ͔͔ͫͭͪ͗ͤΈͤ͊͘·͍͊Όͭ  ͔͔͍͔ͫͭͫͭͤͤͦ-͊ͪͯ͘͟;͔ͤͤ·ͣΦ  ˽͙͔ͪͣͪͦͣ  ͨͪΎ͎ͣͦͦ  

͔͔͍͔ͫͭͫͭͤͤͦ-͊ͪͯ͘͟;͔͎ͤͤͦͦ  ͔ͫͭͪ͗ͤΎ  ͨͦͫͭͦΎ͎ͤͤͦͦ  ͔ͫ;͔͙ͤΎ  Ύ͍͡Ύ͔ͭͫΎ  ͪ͊͋ͦ;͊Ύ  ;͊ͫͭΈ  

͍͔ͫͪ͊͡Φˮͫͨͦ͡Έͯ͘ΌͭͫΎ ͔ͭ͊͗͟ ͙ ͎͙͔͒ͪͯ ͍͙ͤ͊͊ͤ͘ΎΦ ˤ ;͙͊ͫͭͤͦͫͭΣ ͔͔ͫͭͪ͗ͤΈΣ ͪ͊͋ͦͭ͊Ό΅͙͚ͤ͊  ͙͎͙͋͘Σ  ͦ͋·;ͤͦ  

ͤ͊͘·͍͊Όͭ  ͚͋͊ͦ͟͡Σ  ͊  ͔͔ͫͭͪ͗ͤΈΣ  ͔͔ͨͪ͒͊Ό΅͙͚  ͍ͪ͊΅͔͊ͭ͡Έ͔͍͙͔͙͔ͤͦ͒͗ͤΣ ς ͍ ͊ͦͣ͡Φ 

˾͊ͫ;͔ͭ· ͤ͊ ͨͪͦ;ͤͦͫͭΈ ͙ͨͪ ͪ͊ͫͭΎ͔͙͙͗ͤ ό͙͙ͫ͗͊ͭύ ͔ͫͭͪ͗ͤΎΦ ˽͙ͪ ͪ͊ͫͭΎ͔͙͙͗ͤ ό͙͙ͫ͗͊ͭύ ͙͘ ͍͔ͫͻ 

͍͔͙ͤͯͭͪͤͤͻ ͙͙͚ͯͫ͡ ͭͦ͡Έͦ͟  л b  Τ ͙͘ͺͦͪͣͯ͡ ͔ͨͪ͒·͒ͯ΅͔͎ͦ ͎ͨ͊ͪ͊ͪ͊ͺ͊ ͔͔ͫ͒ͯͭ͡Σ ;ͭͦȄbC  Σ ͊ ͦͫͭ͊͡Έͤ·͔ 

ͤ͊ͨͪΎ͔͗-͙ͤΎ ͍ͪ͊ͤ· ͤͯ͡ΌΦ ˽ͦͫͦ͟͡Έͯ͟ ͔͊ͫ͊ͭ͟͡Έͤ·͔ ͤ͊ͨͪΎ͔͙͗ͤΎ ͍ͦͭͫͯͭͫͭͯΌͭΣȄ  Ύ͍͡Ύ͔ͭͫΎ ͎͍͊ͤ͡·ͣ 

ͤ͊ͨͪΎ͔͙͔͗ͤͣΦ͍͙͔̂ͫͦ͡  ͨͪͦ;͙ͤͦͫͭ  ͙͔͔ͣͭ  ͍͙͒ΥƳŀȄώ ϐȄ   Σ  ͎͔͒  ͦͨ ώ ϐ ƴ      ς  ͣ ͙͊ͫͣ͊͟͡Έͤͦ  ͙͔͒ͦͨͯͫͭͣͦ  

ͤ͊ͨͪΎ͔͙͔͗ͤΣ  ͔ͦͭͦͪͦ͟  ͔ͣͦ͗ͭ  ͍·͔͒ͪ͗͊ͭΈ  ͔͙ͣ͊ͭͪ͊͡  ͦͤͫͭͪͯ͟͟ͼ͙͙ ͔͋͘ ͪ͊ͪͯ͘΄͔͙ͤΎ ͫ ͯ;͔ͭͦͣ 

ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ͊ͨ͊ͫ͊͘  ƴ  όͦ͋·;ͤͦ ͙͙ͨͪͤ-ͣ͊Όͭ  мΣр о n  ύΤ  ͦͨͭ     ͒ ͡Ύ ͙ͨ͊ͫͭ͡;ͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙  ͦͨ ͍  

   ͒ ͡Ύ ͻ͙ͪͯͨ͟ͻΦ ˽͔͔ͪ͒͡ ͔ͭͯ͟;͔͙ͫͭ  ͭ  ͙ ͍͔͔͔ͪͣͤͤͦ ͙͍͔͙͔ͫͦͨͪͦͭͤ͡  ͍  ͔͔ͦͨͪ͒͡ΎΌͭͫΎ Ήͫ͟-͔͙͔ͨͪͣͤͭ͊͡ΈͤͦΦ 

˽͙ͪ ͪ͊ͫ;͔ͭ͊ͻ ͤ͊ ͨͪͦ;ͤͦͫͭΈ ͙ͨͪ ͪ͊ͫͭΎ͔͙͙͗ͤ ό͙͙ͫ͗͊ͭύ ͔͔ͫ͒ͯͭ͡ ͯ;͙ͭ·͍͊ͭΈ͔ͭ͊ͦ͟  Ύ͍͔͙͔ͤ͡  ͊͟͟  

ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ  ͤ͊ͨͪΎ͔͙͚͗ͤ  ς  ͔ͫͦͫͪ͒ͦͭͦ;͔͙͔ͤ  ͋ͦ͡Έ΄͙ͻͤ͊ͨͪΎ͔͙͚͗ͤ  ͤ͊  ͣ͊͡·ͻ  ͯ;͊ͫͭ͊͟ͻΣ  

͙͔͎ͨͪ͊͡Ό΅͙ͻ  ͟  ͔ͣͫͭ͊ͣ  ͫ  ͙ͪ͊͘͡;͎ͤͦͦ  ͙͔͔͙͔ͪͦ͒͊ͣͤͤͣ͘  ͺͦͪͣ·  ͍͔ͨͦͪͻ͙ͤͦͫͭ  ͙͙͡  ͔ͫ;͔͙ͤΎ 

͔͒ͺ͙͍͎ͦͪͣͪͦ͊ͤͤͦͦ ͔ͭ͊͡Φ ͙̅͊ͭͦͪ͊ͣ͟Σ  ͍͙͍ͦ͋ͯͫͦ͊͡͡Ό΅͙͙ͣ  ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό  ͤ͊ͨͪΎ͔͙͚͗ͤ  

όͦͤ͟ͼ͔͙ͤͭͪ͊ͭͦͪ͊ͣͤ͊ͨͪΎ͔͙͚͗ͤύΣ  Ύ͍͡ΎΌͭͫΎ  ͍͔͙ͦͭͪͫͭΎΣ  ͙ͨͦͦͫͭ͡Σ͔ͭͪ΅͙ͤ·Σ ͍·ͭͦ;͙͟Σ ͔ͤ͊͒ͪ͘·Σ ͎ͯ͡·Σ 

͍·ͫͭͯͨ·Σͦͫͭͪ·͔  ͪ͊͟ΎΣ  ͔ͪ͘Έ͋͊Σ  ͊  ͔ͭ͊͗͟  ͙ͪ͊͘͡;ͤ·͔  ͔͍͙ͤͪͦͤͦͫͭ  ͍͔ͨͦͪͻ͙ͤͦͫͭ  ό͙͙ͪͫ͟Σ  ͼ͙͊ͪ͊ͨͤ·Σ͔͙ͣͭ͟Σ 

͍ͫ͊ͪͤ·͔ ΄͍· ͙ ͭΦ ͨΦύΦ ˨͡Ύ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ  ͤ͊ͨͪΎ͔͙͚͗ͤ  ͍ ͔ͦͤ͘  ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙  ͻ͔͊ͪ͊ͭͪͤͦ͟  ͔͔ͪͦ͘͟  

͍͔͙ͯ͡;͔͙͔ͤ  ͤ͊ͨͪΎ͔͙͗ͤΎ  ό͍͔ͤͫͦ͟͡Έͦ͟  ͪ͊͘ύΣ  ͍͔͔ͫͦͨͪͦͦ͗͒͊ͣͦ  ͋·ͫͭͪ·ͣ͊ͭͯ͘ͻ͙͔͊ͤͣ ͙ͨͪ ͔͙͙ͯ͒͊ͤ͡ ͦͭ 

Ή͚ͭͦ ͦͤ͘·Φ ̉ͭͦ͋· ͔͔ͦ͋ͫͨ;͙ͭΈ ͍·͔͙͔ͨͦͤͤ͡ ͍͙ͯͫͦ͡Ύ ͨͪͦ;͙ͤͦͫͭ ͍ Ήͭͦͣ ͫͯ͡;͔͊Σ ͙ͨͪͻͦ-͙͒ͭͫΎ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͍͔͙ͯ͡;͙͍͊ͭΈ ͨͦ͡΅͊͒Έ ͔͔ͨͦͨͪ;͎ͤͦͦ ͔ͫ;͔͙ͤΎ ͦͤͫͭͪͯ͟͟ͼ͙͙Σ;ͭͦ ͍͔͔͒ͭ ͟ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦͣͯ ͪ͊ͫͻͦ͒ͯ 

͔͙ͣ͊ͭͪ͊͊͡Φ ˽͙ͪ ͒͊ͤͤͦͣ ͍͙͔͒ ͔͒ͺͦͪͣ͊-ͼ͙͙  ͙ͦͨͭͣ͊͡Έ͚ͤͦ  Ύ͍͡Ύ͔ͭͫΎ  ͫͨͦ͡΄ͤ͊Ύ  ͺͦͪͣ͊  ͔ͫ;͔͙ͤΎ  ͔͋͘  

͍·΄͔͍ͤ͊͊ͤͤ͘·ͻͦͤ͟ͼ͔͍ͤͭͪ͊ͭͦͪͦ ͤ͊ͨͪΎ͔͙͗ͤΎΦ 

˿͍͔͔͔ͦͪͣͤͤͦ ͍͔ͣ͊ͫͫͦͦ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͔͍ͤͦͣͦ͗ͤͦ͘ ͔͋͘ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍͙͊ͣͦ͊͘͘-͔ͣͤΎ͔͙ͣͦͫͭ  

͔͔͚͒ͭ͊͡Φ  ˤ͙͔͊ͣͦ͊ͣͤ͘͘Ύ͔ͣͦͫͭΈ ς  ͫ ͍͚͍ͦͫͭͦ  Ή͔͔͍ͣͤͭͦ͡  ͦͤͫͭͪͯ͟͟ͼ͙͙Σ  ͙͎͍͔ͦͭͦͤͤ͘͡·ͻ  ͫ  ͔͔͖͚ͦͨͪ͒ͤͤͦ͡  

ͭͦ;ͤͦͫͭΈΌ  ͎͔͔͙ͦͣͭͪ;͔͙ͫ͟ͻΣ  ͔ͣͻ͙͊ͤ;͔-͙ͫ͟ͻ ͙ ͙ͤ·ͻ ͔͍ͨ͊ͪ͊ͣͭͪͦΣ ͔͔ͦ͋ͫͨ;͙͍͊ͭΈ ͊͒͊ͤͤ͘·͔  

Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ ͍͔ͤ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍͔͔͙ͪͣͤ ͙ ͔ͣͫͭ͊ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ ͙ͨͪ ͔ͫ͋ͦͪ͟Σ ͔͔ͪͣͦͤͭ 

͙͔͔͊ͣͤ͘ Ή͙ͭͻ Ή͔͔͍ͣͤͭͦ͡Φˤ͙͔͊ͣͦ͊ͣͤ͘͘Ύ͔ͣͦͫͭΈ  ͔͔ͦ͋ͫͨ;͙͍͔͊ͭͫΎ  ͔͔͔͚ͦͨͪ͒ͤͤͦ͡  ͭͦ;ͤͦͫͭΈΌ  

͍·͔͙ͨͦͤͤ͡Ύ͔͍ͪ͊ͣͪͦ͘Σ  ͺͦͪͣ·  ͙  ͔͙ͪ͊ͫͨͦͦ͗ͤ͡Ύ  ͙΄͔ͪͦͻ͍͙ͦ͊ͭͦͫͭ  ͍͔ͨͦͪͻ͔͚ͤͦͫͭΣ  ͍·͔͙͋ͦͪͦͣͣ͊ͭͪ͊͊͡ 

͙ ͨͦͪ͟·͙ͭΎΦ 

˾͔͊͡Έͤ͊Ύ  ͔͒ͭ͊͡Έ  ͔ͦͭ͒͡Ύ͔ͭͫΎ  ͦͭ  ͦͪͯ͗͊͟Ό΅͔͚  ͔ͫͪ͒·  ͍͔ͨͦͪͻͤͦͫͭΎ͙ͣΦ  ˿͔͔͙͒ͯͭͪ͊͘͡͡;͊ͭΈ 

ͫͦͨͪΎ͎͔͊ͣ·͔ ͙ ͔ͤͫͦͨͪΎ͎͔͊ͣ·͔ ͍͔ͨͦͪͻ͙ͤͦͫͭΦ˿ͦͨͪΎ͎͔͊ͣ·͔ ς Ήͭͦ ͍͔ͨͦͪͻ͙ͤͦͫͭΣ ͨͦ ͦͭͦͪ͟·ͣ ͔͙͒ͭ͊͡ 

͔͙ͫͦ͒ͤΎΌͭͫΎ ͍ ͫ͋ͦͪͦ;-ͤ·͔ ͔͙͙͒ͤͼ·Σ ͊ ͔͙͔ͨͦͫ͒ͤ͡ ς ͍  ͎͍͔ͦͭͦͦ ͙͔͙͔͒͘͡Φ˹͔ͫͦͨͪΎ͎͔͊ͣ·͔  ͙͙͡  ͍ͫͦ͋ͦ͒ͤ·͔  

ς  Ήͭͦ  ͙͍͔ͦͤͫͭͪͯͭͤͦͤͦ͋͟͟ͻ͙ͦ͒ͣ·͔  ͍͔ͨͦͪͻ͙ͤͦͫͭΣ  ͔ͤ  ͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤͤ·͔  ͒͡Ύ͔͙͔͙ͫͦ͒ͤͤΎ  ͫ  

͍͔ͨͦͪͻͤͦͫͭΎ͙ͣ  ͎͙͒ͪͯͻ  ͔͔͚͒ͭ͊͡Φ  ˹͊  ͙ͪͫΦсΦм  ͨͦ͊͊ͤ͘͟  ͎ͪͯ͟͡·͚  ͔͔ͫͭͪ͗ͤΈ  мΣ  ͔͔͔ͨͪͣ΅͊Ό΅͙͚ͫΎ  

͍ͨͦ͒΄͙͙͔ͨͤ͟ нΦ ˹͊ͪͯ͗ͤ͊Ύ ͼ͙͙͙ͤ͒ͪ͡;͔ͫ͊͟Ύ ͍͔ͨͦͪͻͤͦͫͭΈ͔ͫͭͪ͗ͤΎ qо ͙ ͍͔ͤͯͭͪͤͤΎΎ ͍͔ͨͦͪͻͤͦͫͭΈ 

ͨͦ͒΄͙͙ͨͤ͊͟ qо Ύ͍͡ΎΌͭͫΎ  ͫͦͨͪΎ͎͔͊ͣ·͙ͣ  ͍͔ͨͦͪͻͤͦͫͭΎ͙ͣΣ  ͊  ͙͔ͨͦͫ͟͡  ͭͦͪͼ·  ͔ͫͭͪ͗ͤΎ  ͙  ͨͦ͒-΄͙͙ͨͤ͊͟ 

ς ͤ ͔ͫͦͨͪΎ͎͔͊ͣ·͙ͣΦ͔͙́ͪͣͤ·  Ϧ͍͊͡Ϧ  ͙  Ϧ͍͔͙͔ͦͭͪͫͭϦ  ͪ͊ͫͨͪͦͫͭͪ͊ͤΎΌͭͫΎ  ͔ͤ  ͭͦ͡Έͦ͟  ͤ͊  ͼ͙͙͙ͤ͒ͪ͡;͔-͙͔ͫ͟ 

͍͔ͨͦͪͻ͙ͤͦͫͭΦˤ͊͡ ς  ͭ ͔͙ͪͣͤΣ  ͍ͯͫͦͤͦ͡  ͙͔ͨͪͣͤΎ͔ͣ·͚  ͒͡Ύ  ͦ͋ͦͤ͊͘;͔͙͚ͤ  ͤ͊ͪͯ͗ͤ·ͻ  Ή͔͔͍͔͔͚ͣͤͭͦ͒ͭ͊͡͡Σ 

͍͟͡Ό;͊Ύ ͙ ͔ͤͼ͙͙͙ͤ͒ͪ͡;͔͙͔ͫ͟ Ή͔͔ͣͤͭ͡·Φ˻͍͔͙͔ͭͪͫͭ  ς  ͔͙ͭͪͣͤΣ  ͍ͯͫͦͤͦ͡  ͙͔ͨͪͣͤΎ͔ͣ·͚  ͒͡Ύ  
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ͦ͋ͦͤ͊͘;͔͙ͤΎ  ͍͔͙ͤͯͭͪͤͤͻ Ή͔͔͍ͣͤͭͦ͡ ͔͔͚͒ͭ͊͡Σ ͍͟͡Ό;͊Ύ ͙ ͔ͤͼ͙͙͙ͤ͒ͪ͡;͔͙͔ͫ͟ Ή͔͔ͣͤͭ͡·Φ 

˨͡Ύ  ͙ͫ͟͡Ό;͔͙ͤΎ  ͔ͪͦͤ͊ͤͫ͊͘  ͔ͤͦ͋ͻ͙ͦ͒ͣͦ  ͍·͍͔͙ͫͭ  ͍͔ͫͦ͋ͫͭͤͤͯΌ  ;͊ͫͭͦͭͯ  ͦͤͫͭͪͯ͟͟ͼ͙͙ 0   ͙͘ 

͙ͦ͋͊ͫͭ͡ ͍ͦͣͦ͗ͤ͘·ͻ ;͊ͫͭͦͭ ͍͙͋ͪ͊ͼ͙͚Ƴƛƴ ƳŀȄΦΦΦ   Σ ;ͭͦ ͔͔ͦ͋ͫͨ;͙ͭ ͔͍ͤ·͔ͫͦͦ͟ ͤ͊͘;͔͙͔ͤ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ 

͙͙͒ͤ͊ͣ;͙ͤͦͫͭ max  Φ ̏ͭͦ ͣͦ͗ͤͦ ͔ͫ͒͊ͭ͡ΈΣ ͙͔ͤ͊ͨͪͣͪΣ  ͙͔͙͍ͣͤ͘  ͔͔͙͔ͪͨͤ͟͡  ͔͙͒ͭ͊͡  ͤ͊  ͔͔͋ͦ͡  ͔͔͗ͫͭͦ͟  

ό΄͙͊ͪͤͪ  ς  ͔͊͒͊͘͟͡ύΦ  ˸ͦ͗ͤͦ  ͔ͭ͊͗͟  ͍͙ͯͫͭ͊ͤͦͭΈ  ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ  ͔ͪ͋ͪͦ  ͔͙͗ͫͭͦͫͭ͟Σ  ͦ͒ͤ͊ͦ͟Ήͭͦ 

͙ͯͫͦ͗ͤͭ͡ ͦͤͫͭͪͯ͟͟ͼ͙ΌΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ  ˽͎ͪͦͪ͊ͣͣ͊ ˽͔͙͔ͪ͒ͤͭ͊͘ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͫͭͪ͊ͤ· ͤ͊ нлннς2028 

͎ͦ͒·Φ 

нΦ  ˢ͔͍ͭ͊ ˸Φ ͙͙̆ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊ ͔͙ͭͫͭ͟͡Έͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ˢ΄ͻ͊͋͊͒ нлмо͎Φ 

оΦ ́˥˿ мΦл-фо ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͙͔ͫͫͭͣ͊ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙͙ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Φ ˻͍ͫͤͦͤ·͔ ͍͙ͨͪ͊͊͡ 

пΦ ́˥˿ ˮ˿˻ фллм-нллнΣ ˻͍ͫͤͦͤ·͔ ͨͦͤΎ͙ͭΎ ͙͔ͫͫͭͣ ͔͔͔ͣͤ͒͗ͣͤͭ͊ ͊͟;͔͍ͫͭ͊Σ ͔́ͯͪͣͤͫͭ͊ͤ͒͊ͪͭͫ͟Σ ˢ΄ͻ͊͋͊͒Φ 

ϭ ˸͎͊ͭ·͎ͣͯ͡·͔͍ ˿ΦΣ ˻͍͔͍ͦ͊͘ ̊ΦΣ  ˢ͍ͣ͊ͤͦ ̏ΦΣ 2024 
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