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˥͍͊ͤ͡·͚ ͔ͪ͒͊ͭͦͪ͟Υ 
˿͙ͯ͊ͫ͟Ύͤ ˢͫ͊ͭͯͪ ˢ͡Έ͔͍͙͋ͪͭͦ;Σ ͟ΦΉΦͤΦ 
˾͔͒͊͟ͼ͙ͦͤͤ·͚ ͍͔ͫͦͭΥ 
ˢ͙͍͋͒ͦ͊ ˥͙ͯͣͪ͊͡ ̊ͯͻ͍ͪ͊ͭͦͤ͊Σ ͒ΦͭΦͤΦ 
ˢ͍͍͊ͦ͘ ˿͊ͪ͒ͦͪ͗ͦͤ ͙̏ͪͤ͟ ͎͙ͯ͡Σ ͒ΦͫΦ-ͻΦͤΦ 
ˢ͎͊ͺ͍ͦͤͦ ͙͚̑ͪ ˢ͔͔͔͍͙ͫ͟͡;Σ ͒ΦͣΦͤΦ 
ˢ͔͚͙͍ͤͦ͊͟͡ ˩͔ͤ͊͡ ˤ͙͙͍͊͒ͣͪͦͤ͊͡Σ ͒Φ͎ͦͫΦͯͨͪΦ 
ˢ͙͔͍͡ ˭͙͊ͪ͟ ˥͔͚ͯͫͤ ͎ͦ͡·Σ ͒Φͺ͙͡Φ͎͊ͪΦͤΦ 
ˢ΄͍ͪ͊ͨͦ ˣ͊ͻͦ͒ͯͪ͒͗ͦͤ ˽͍͙ͯͦͭͦ͡;, ͟ Φͺ͙͡ΦͤΦ 
ˣ͊͋͊Ύͤ ˢ͔ͤ͗͊͡ ˤ͙͍͍͊͒ͫ͊ͦͤ͊͡͡Σ ͒Φ͔ͨ͒ΦͤΦ 
ˣ͙͊΄͔͍͊ ˭͙͡Ύ ˤ͎͙͍͊ͦͤ͊͘Σ ͒Φͺ͙͡ΦͤΦ 
ˣ͍ͯ͊ͭͦ͊͡ ˢ͚ͫ·ͯ͡ ˮ͡Έ͍͒͊ͪͦͤ͊Σ ͟ΦͫͦͼΦͤΦ 
ˣͯͪ͊͟ ˶͔͙ͦͤ͒ ͔͍͍͙̉ͫ͊ͦ͡;Σ ͟ΦͭΦͤΦΣ tƘ5 
ˤ͔͊ͤͫΎͤ ˢ΄ͦͭ ˿͙͍͙͊ͪͫͦ͟;Σ ͒ΦͣΦͤΦ 
ˤ͙͊ͫ͡Έ͔͍ ͔̅͒ͦͪ ˽͔͍͙ͭͪͦ;Σ ͒ΦΌΦͤΦΣ ;͔ͤ͡ ˾ˢ̑˹ 
ˤ͔͡Έ;͙ͤͫ͊͟Ύ ˩͔ͤ͊͡ ˤ͙͊ͫ͡Έ͔͍ͤ͊Σ ͒Φͺ͊ͪͣΦͤΦ 
ˤ͙͔͍ͤͫ͊͟Ύ ˢͤͤ͊ ˤΎ;͔͍͍ͫ͊ͦͤ͊͡Σ ͟Φ͔ͨ͒ΦͤΦ 
˥͊͋ͪͯͫΈ ˢ͔͚ͤ͒ͪ ˢ͔͍͙ͫ͊ͤ͒ͪͦ͟͡;Σ ͟ΦΉΦͤΦ 
˥͙͍͊ͣͦ͊͡ ˥͙ͯ͊͘͡Ύ ˢ͙͍͋͊͒ͪͦͤ͊͟Σ ͟ΦΉΦͤΦ 
˥͔ͭͣ͊ͤͫ͊͟Ύ ˩͔ͤ͊͡ ˤ͔͙͍͊ͤͭͤͦͤ͊͡, ͒ Φ͔ͨ͒ΦͤΦ 
˥͙͍ͣͪ͊ͤͦ͊ ˥͔ͯ͘͡Έ ͙͍̆͊ͣ͒ͯͦͤ͊͡͡Σ ͟ΦΉΦͤΦ 
˥͙͎ͪͦͪΈ͔͍ ˸͙ͻ͙͊͡ ͔͔͔͍͙̅͒ͦͫ;Σ ͟ΦͫΦ-ͻΦͤΦ 
˥͙ͪͯͤͫ͊͘͟Ύ ˩͔͙͊ͭͪͤ͊͟ ˮ͎͔͍ͦͪͤ͊Σ ͟ΦΌΦͤΦ 
˥͙͔͍ͯ͡ ˮ͎͋͊͡ ˢ͙͔͍͙͒͡;Σ ͟ΦΉΦͤΦ 
˨͙͚͊ͭ ˢ͔͔͚ͫ͟͡ ˤ͙͊ͫ͡Έ͔͍͙;Σ ͒ΦͣΦͤΦ 
˨͎͍ͦͦ͡ ˨͙͙͚ͣͭͪ ˮ͍͍͙͊ͤͦ;Σ ͟ΦΉΦͤΦ 
˨͍ͯͫͣ͊ͭͦ ˢ͋͒ͯͪ͊ͻ͙ͣ ˨͍͙ͯͫͣ͊ͭͦ;Σ ͟Φ ͭΦ ͤΦ 
˩͍͗ͦ͊͟ ˹͙ͤ͊ ˿͔͎͔͔͍ͪͤ͊Σ ͒Φ͔ͨ͒ΦͤΦ 
˩͟΄͙͔͔͍͟ ͎͔́͊ͪ ˴͊͒·͍͙ͪͦ;Σ ͟ΦΉΦͤΦ 
˩ͨͻ͙͔͍͊ ˸͙͊ͪͤ͊ ˴͙͍ͦͤͫͭ͊ͤͭͤͦͤ͊Σ ͟Φ͔ͨ͒ΦͤΦΣ ͨͪͦͺΦ ˾ˢ˩ 
˩ͺ͔͔ͪͣͤͦ͟ ˩͍͎͔͙͚ͤ ˿͔͎͔͔͍͙ͪ;Σ ͟ΦͣΦͤΦ 
˭͙͍͊ͪͦ͟ ˸͍͙ͯͤ͊ͪ ˭͙͔͍͙͊͟;Σ ͟ΦͭΦͤΦ 
˭͙͍͊ͪͨͦ ̆ͯͫ͊ͤ ˣ͊ͻ͙͍͙ͦ͒ͪͦ;, PhD. 
ˮ͍͍͊ͤͦ͊ ˹͙͙ͦͤ͊͡ ˮ͍͍͊ͤͦͤ͊Σ ͒ΦͫΦ-ͻΦͤΦ 
˴͙͊ͯ͗ͤ͊͡ ˿͍͔ͭ͊ͤ͊͡ ˢͤ͊ͭͦ͡Έ͔͍ͤ͊Σ ͒ΦͻΦͤΦ 
˴͔͚͙͊ͤ͊ͪͤ͟ ˢ͔ͫ͊ͤ͒ͪ͟͡ ˮ͍͍͙͊ͤͦ;Σ ͟ΦͭΦͤΦ 
˴͙͍͊ͫͣͦ͊ ˨͙͊ͪ͊͡ ͙͍̅͊ͪͭͦͤ͊Σ ͟ΦΉΦͤΦ 
˴͙ͪ͊ͦͫ͟Ύͤ ˿ͯͫ͊ͤ͊ ˢ͔͍ͪͫͤͦͤ͊Σ ͟ΦΌΦͤΦ 
˴͙͙͔͍ͪͣ͋͊͊͟ ˬ͎ͯͣ͊ͯ͡Έ ˿͡Ύ͔͍ͣ͋ͦͤ͊͟Σ ͒Φ͍͔ͭΦͤΦ 
˴͔͙ͤͤ͊͡ ˩͔ͤ͊͡ ˢͤ͊ͭͦ͡Έ͔͍ͤ͊Σ ͟Φͺ͙ͦͫ͡ΦͤΦ 
˴͔͡΅͙ͤ͊ ˸͙͊ͪͤ͊ ˥͔ͤͤ͊͒Έ͔͍ͤ͊Σ ͟ΦΉΦͤΦΣ 
˴͍ͦͦ͘͡ ͙͚̑ͪ ˽͍͍͙͊ͦ͡;Σ ͒Φ͋ΦͤΦΣ ͔͊ͫͯ͗ͤͤ͘͡·͚ Ή͎ͦͦ͟͡ ˾̅ 
˴ͦͤ͒ͪ͊΄͙ͻ͙ͤ ˢ͔͚ͤ͒ͪ ˣ͙͍͙ͦͪͫͦ;Σ ͒ΦΉΦͤΦ 
˴ͦͤͦͨ͊ͼ͍ͦ͊͟ ˻͡Έ͎͊ ˸͙ͻ͚͍͊ͦͤ͊͡Σ ͒ΦͣΦͤΦ 
˴͙͍ͯͦ͊͟͡ ́͊ͭΈΎͤ͊ ˮ͍͍͊ͤͦͤ͊Σ ͟Φ͙ͨͫͻΦͤΦ 
˴͔͍ͯͪ͋͊ͤ͊͊ ˶͙͙͡Ύ ͍̆͊ͣͣ͊ͭͦͤ͊Σ ͟ΦΉΦͤΦ 
˴͍ͯͪͣ͊ͤͦ͊ ˶͙͙͡Ύ ˾͊΄͙͍͒ͦͤ͊Σ ͒ΦΉΦͤΦ 
˶͙͍͊ͪͦͤͦ ˸͙͊ͫͣ͟ ˤ͙͍͙ͭͦͪͦ͟;Σ ͒Φ͋ΦͤΦ 
˸͊͡·΄͙ͤ͊͟ ˩͔ͤ͊͡ ˤ͙͙͍͊͒ͣͪͦͤ͊͡Σ ͟Φ͙Φ ͤΦ 
˸͍͊ͪͦ͊͟ ˹͔͊͒͗͒͊ ˥͙͎ͪͦͪΈ͔͍ͤ͊Σ ͒Φ͔ͨ͒ΦͤΦ 
˸͔΅͔ͪΎ͍ͦ͊͟ ˢ͊͡͡ ˣ͙͍͍ͪͦͤͫ͊ͦͤ͊͡Σ ͟ΦΉΦͤΦ 
˸ͯͻ͔͔͍͊ͣ͊͒͊ ˭͙ͤͺ͙ͪ͊ ͙͍̅͊ͤͫͦͤ͊Σ ͟ΦͫͦͼΦͤΦ 
˸ͯͻ͔͍͊ͣ͒ͦ͊ ˥ͯ͡;͔ͻͪ͊ ˾͙ͻ͙͔͍ͫ͋͊ͤ͊Σ ͟Φ͔ͨ͒ΦͤΦ 
˹͙͔͍͊͋ ́ͯͻͭ͊ͣͯͪͦ͒ ˿͊ͻ͍͙ͦ͋ͦ;Σ ͒ΦͭΦͤΦ 
˽͔͍ͫͦ͟ s ͙͚ͪ͊͒͟ ˩͍͎͔ͤΈ͔͍͙;Σ ͟Φ͙ͨͦͭ͡ΦͤΦ 
˽͍͔ͦͦͤ͡Ύ ˿͔͎͔͚ͪ ˮ͍͍͙͊ͤͦ;Σ ͟ΦͭΦͤΦ 
˽͔͍ͦͤͦͣ͊ͪ͊ ˶͙͊ͪͫ͊ ˹͙͔͍ͦ͊ͤ͊͟͡Σ ͟ΦΉΦͤΦ 
˽ͦ;͙͍͍͊ͦ͡ ˢ͔ͫ͊ͤ͒ͪ͟͡ ˤ͙͙͍͙͊͒ͣͪͦ͡;Σ ͒ΦͣΦͤΦ 
˽ͪͦ΄͙ͤ ˮ͍͊ͤ ˢ͔͍͙ͫ͊ͤ͒ͪͦ͟͡;Σ ͒ΦͭΦͤΦ 
˿͍͊ͭͭ͊ͪͦ͊ ˾͊ͤͦ ˴͊͒·͍ͪͦͤ͊Σ ͟Φ͙͋ͦ͡ΦͤΦ 
˿͊ͺ͙ͤ͊ ˭͙͡Ύ ˭͙͍͊͋ͪͦͤ͊Σ ͟ΦΉΦͤΦ 
˿͙͍͙ͣͦͤͦ; ˹͙͚ͦ͊͟͡ ˩͍͎͔ͤΈ͔͍͙;Σ ͒Φ͙ͨͫͻΦ ͤΦΣ ͔͙͊͊͒ͣ͟͟ ˾ˢ˩˹ 
˿͙͙ͪ͟ ˸͙͊ͪͤ͊ ˿͔͎͔͔͍ͪͤ͊Σ ͟ΦΌΦͤΦ 
˿͙͍ͣͪͤͦ ˽͍͔͊͡ ˥͔ͤͤ͊͒Έ͔͍͙;Σ ͟Φ͔ͨ͒ΦͤΦ 
˿ͭ͊ͪͼ͔͍ ˢ͔͚ͤ͒ͪ ˤ͙͊ͫ͡Έ͔͍͙;Σ ͒ΦͭΦͤΦ 
͔͍́͊ͤ͊͊ ˭͊ͣͺ͙ͪ͊ ˾͊ͺ͙͍ͫͦͤ͊Σ ͒Φ͔ͨ͒ΦͤΦ 
͔͙͔͍́ͪ͘ ˤ͔͔͙ͤͤ͡ ˴ͪΆ͔͍ͫͭΣ ͒ΦΉΦͤΦΣ ;͔ͤ͡ ˾ˢ˩ 
͍̂ͣ͊ͪͦ ˣ͔ͻͦ͒͘ ͎͍͙́ͯͪͯͤͨͯ͊ͭͦ͡;, ͒ ΦͭΦͤΦ 
͚͍̆͊ͪͦ ˾͙͊ͫͣ ˭͙ͦͣ͡ͻͦͤ ͎ͯ͡·Σ ͟Φ͔ͨ͒ΦͤΦ  
͔͍̆͊ͣ͊͘ ˮͤͦͣ͗ͦͤ ͔͍͙̆͊ͣ͊͘;Σ ͟Φ ͭΦ ͤΦ  
͍̆͊ͫ͊ͤͦ ˿͚͙͙͊͒ͤ͊͋ ˿͚͙͍͙͔͍͙͊͒͊͡;Σ ͒ΦͫΦ-ͻΦͤΦ 
͔̉ͪͤ·΄͔͍ ˢ͔͚ͤ͒ͪ ˤ͔͙͍͙͊ͤͭͤͦ͡;Σ ͒ΦΉΦͤΦ 
͙͔̉͊͒͘͡ ˥͔͎͙͚ͦͪ ˣ͙͙͍͙͒ͤͦ͘;Σ ͒ΦΉΦͤΦΣ ͒ΦΌΦͤΦΣ ;͔ͤ͡  ˾ˢ˩ 
͙͙̊ͤ͊͟͡ ˩͔ͤ͊͡ ˶͔͙͍ͦͤ͒ͦͤ͊Σ ͒ΦͫͦͼΦͤΦ 
͙͍̊ͪͣͦͤͭͦ͟ ˢ͔ͫ͊ͤ͒ͪ͟͡ ˽ͪͦͦͨ͟Έ͔͍͙;Σ ͒ΦͭΦͤΦΣ ;͔ͤ͡-˾ˢ˩ 
̊͡Ύͻ͍ͦ ˿͙͍ͭ͊ͤͫ͊͡ ˸͙ͻ͚͍͙͊ͦ͡;Σ ͒Φͺ͙͘Φ-ͣ͊ͭΦͤΦ 
̊ͦ΄͙ͤ ˿͔͎͔͚ͪ ˤ͙͙͍͙͊͒ͣͪͦ͡;Σ ͟ΦΌΦͤΦ 
͍̑ͫͯͨͦ ˾͊ͻ͙ͣΈΎͤ ˥͙͊ͣ͡ΈΎ͍͙ͤͦ;Σ ͒Φ͙Φ ͤΦ 
͍͙̒ͦ͟΄͙ͤ͊ ́͊ͭΈΎͤ͊ ͔͍̅͒ͦͪͦͤ͊Σ ͒ΦͭΦͤΦ 
͎͙͍̒ͤͪͦ ˢ͊ͭ͘ ˤ͙͍͙͊ͪͦ͘;Σ ͒ΦΉΦͤΦ 
͙̒ͪͯͤ͡͡ ˾͊ͯ͡Έ ˾͊ͺ͊Ή͍͙ͦ͡͡;, ͒ ΦΉΦͤΦΣ ;͔ͤ͡ ˾ˢ˩ 

 
ISSN (p) 2411-717X 
ISSN (e) 2712-9470 

 
˽͔͙͙ͪͦ͒;ͤͦͫͭΈΥ м ͪ͊͘ ͍ ͔ͣͫΎͼ 

 
ˬͯͪͤ͊͡ ͔ͪ͊ͣ͘΅͔͊ͭͫΎ ͍ ˹͊ͯ;͚ͤͦ Ή͔͚ͭͪͦͤͤͦ͟͡ ͙͙͔͔͋͋ͦͭ͟͡ 

elibrary.ru ͨ ͦ ͎͍͒ͦͦͦͪͯ Ѕрмм-луκнлмр ͦͭ лсΦлуΦнлмр 
 

ˬͯͪͤ͊͡ ͔ͪ͊ͣ͘΅͔ͤ ͍ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤͦͣ ͎͔͊ͭ͊ͦ͟͡  
͔͙͙ͨͪͦ͒;͔͙ͫ͟ͻ ͙͙͚͒͊ͤ͘ ¦ƭǊǳŎƘΩǎ tŜǊƛƻŘƛŎŀƭǎ 5ƛǊŜŎǘƻǊȅΦ 

 
ˤ͔ͪͫͭ͊͟Υ ˸͙͊ͪͭͪͦͫΎͤ ˻ΦˤΦ 

˾͔͒͊ͭͦͪ͟κ͔ͦͪͪͭͦͪ͟͟Υ ˸͙͊ͪͭͪͦͫΎͤ ˥ΦˤΦ 
 

̂;͔͙͔ͪ͒ͭ͡ΈΣ ͙͔͒͊ͭ͘͡Έ ͙ ͔ͪ͒͊͟ͼ͙Ύ 
ͤ͊ͯ;͎ͤͦͦ ͗ͯͪͤ͊͊͡ ζCETERIS PARIBUSη 

ˢ͔͙͊͒ͣ͟;͔͔ͫͦ͟ ͙͔͒͊ͭ͘͡Έ͍ͫͭͦ ζ˹͊ͯ;ͤ͊Ύ ͔͊ͪͭ͡ΈηΥ 
+7 (495) 514 80 82 
https:// sciartel.ru 
info@sciartel.ru 

прллртΣ ͯ͡Φ ˿͍͊͊͊ͭ͊͡ мр 
 

˽͙ͦ͒ͨͫ͊ͤͦ ͍ ͔ͨ;͊ͭΈ ϝϝΦϝϝΦнлн5 ͎Φ 
̅ͦͪͣ͊ͭ слͻфлκу 
̂ͫ͡Φ ͔ͨ;Φ ͡Φ ϝϝΦϝϝ 
͙́ͪ͊͗ рллΦ 

 
˻͔ͭͨ;͊ͭ͊ͤͦ 

͍ ͔ͪ͒͊͟ͼ͙ͦͤͤͦ-͙͔͒͊ͭ͘͡Έͫͦͣ͟ ͔͔ͦͭ͒͡ ͔͙͊͊͒ͣ͟;͔͎ͫͦͦ͟ ͙͔͒͊ͭ͘͡Έ͍ͫͭ͊ 
ζ˹͊ͯ;ͤ͊Ύ ͔͊ͪͭ͡Έη 
https:// sciartel.ru 
info@sciartel.ru 

+7 (495) 514 80 82 

 
͔̇ͤ͊ ͍ͫͦ͋ͦ͒ͤ͊ΎΦ ˾͊ͫͨͪͦͫͭͪ͊ͤΎ͔ͭͫΎ ͨͦ ͙͔ͨͦ͒ͨͫ͟Φ 
 
ˤ͔ͫ ͫͭ͊ͭΈ͙ ͨͪͦͻͦ͒Ύͭ Ή͔ͫͨͪͭͤͯ͟Ό ͍͔ͨͪͦͪͯ͟Φ ́ͦ;͊͟ ͔͙ͪͤ͘Ύ ͔ͪ͒͊͟ͼ͙͙ ͔ͤ 
͍͔͎ͫ͒͊ ͍͔ͫͦͨ͊͒͊ͭ ͫ ͭͦ;͚ͦ͟ ͔͙ͪͤ͘Ύ ͍͍͊ͭͦͪͦ ͙͔ͨͯ͋ͯͣ͟͡·ͻ ͔͚ͫͭ͊ͭΦ  
 
ˢ͍ͭͦͪ· ͔͚ͫͭ͊ͭ ͔ͤͫͯͭ ͨͦͤͯ͡Ό ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈ ͊͘ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔͚ͫͭ͊ͭ ͙ ͊͘ 
ͫ͊ͣ ͺ͊ͭ͟ ͙ͻ ͙ͨͯ͋͊͟͡ͼ͙͙Φ ˾͔͒͊͟ͼ͙Ύ ͔ͤ ͔͔ͤͫͭ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͔͔ͨͪ͒ 
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10 

̆͊ͤ͊͡·͔͍ ˢΦΣ  

˴͙͊ͤ͒͒͊ͭ ͅ ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ˸ ͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͔͙͊͊͒ͣ͟Ύ ͔͍͍ͦͤͦ͒ͫͭ͊͟ ͙͔͙ͣͤ ˢ͋͊ ˢ͔͍ͤͤ͊͊ 

ˣ͔͎͔͍ͤ͒͗ͦ͊ ̏ΦΣ 

 ˿ ͔ͭͯ͒ͤͭ͊͟  

˽͔͎͎͙͒͊ͦ;͔ͫ͊͟Ύ ͔ͫͪ͒ͤΎΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ΄ͦ͊͟͡ 

 ͙ ͔͙ͣͤ ˣ͔ͪ͒·ͣͯͻ͔͊ͣ͒͊ ˢ͔͍ͤͤ͊͊ ͎ͦͪͦ͒͊ ˢ͎ͪ͊͒͊͟  

ˢ͎ͪ͊͒͊͟Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˴͙͍͊ͣ͒͗͊ͤͦ͡ ̍ͻ͊ͫ͡,  

ˤͦ ͔ͤͤ·͚ ͔ͫͭͯ͒ͤͭΦ 

 ʕ ͔ͦͤͤͦ-ͣͦͪͫͦ͟ ͚͙ ͙ͤͫͭͭͯͭ ˸͙͙͔͍ͤͫͭͪͫͭ͊ ͦ͋ͦͪͦͤ· ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Σ 

͔́ͯͪͣͤ͋͊͟΄͙Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˸ˢ́˩˸ˢ́ˮ˴ˢΥ ˥˶̂ˣˮ˹˹ˢ̒ ˿́˾̂˴́̂˾ˢ ˾˩ˢ˶̎˹˻˿́ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˸͔͙͊ͭͣ͊ͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͍͙ͤͭ͟Ή͔ͫͫͤͼ͙͔͚ ͙ͤ͊ͯ͟ ͦ ͔ͫͭͪͯͭͯͪ͟Σ ͔͊ͦͤͦͣͪͤͦͫͭ͘͟Ύͻ ͙ ͎͙ͦ͡;͔͚ͫͦ͟ 

͔͒͒ͯ͟ͼ͙͙Φ ˻ͤ͊ ͙ͫͯ͗ͭ͡ ͍ͦͫͤͦͤ·ͣ ͺͦͪͣ͊͡Έͤ·ͣ Ύ͘·ͦͣ͟Σ ͫ ͨͦͣͦ΅ΈΌ ͎ͦͭͦͪͦͦ͟ ;͔͍͔ͦ͡;͔͍ͫͭͦ ͔͙͔ͣͦ͒ͪͯͭ͡ 

͙ ͙͔͔͙͔ͤͭͪͨͪͭͪͯͭ ˤ͔͔ͫͤͤͯ͡ΌΣ ͤ͊;͙ͤ͊Ύ ͦͭ ͎ͫͯ͋͊ͭͦͣͤͦͦ ͙ ͊͊ͤ͘͟;͙͍͊Ύ ͎͙ͦͫͣͦͦ͟͡;͔͙ͫͣ͟ ͣ͊ͫ΄ͭ͊͋ͦͣΦ ˤ 

͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔ͤ ͨͪͦͫͭͦ ͊͟͟ ͍·;͙͙͔ͫͭ͡͡Έͤ·͚ ͙͔ͤͫͭͪͯͣͤͭΣ ͤͦ ͊͟͟ 

ͦ͋΄͙͔ͪͤͦΣ ͍͙͍͊ͣͦͫ͘Ύ͔͊ͤͤͦ͘ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͔ͤͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦΣ ͔͔ͨͦͫͭͪͦͤͤͦ ͤ͊ ͊͋ͫͭͪ͊͟ͼ͙͙Σ ͙͔͊ͫͦͣ͟ ͙ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭΦ ˸· ͎ͯͯ͋͡͡Ύ͔ͣͫΎ ͍ ͦͤ͟ͼ͔ͨͼ͙Ό ˸͔͙͊ͭͣ͊ͭ;͔͚ͫͦ͟ ˮ͙ͫͭͤ·Σ ͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͦͭͤͦ΄͔͙ͤΎ 

͔ͣ͗͒ͯ ͙͚̉ͫͭͦ ͙ ˽͙͚ͪ͊͒ͤͦ͟͡ ˸͔͙͚͊ͭͣ͊ͭͦ͟ ͙ ͎ͯ͋ͦͯ͟͡Ό ͪͦ͡ΈΣ ͦͭͦͪͯ͟Ό ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡ 

͙͎͔ͪ͊ͭ ͍ ͍͙͙͙ͪ͊ͭ͘ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡ ͙ ͍͙͔͙͙ͨͪͦ͒͗ͤ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͎͙ͪ͊ͤͼ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͙ͣͪ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͙͙͊ͫͦͣ͊ͭ͟;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊Σ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͊͋ͫͭͪ͊͟ͼ͙ΎΣ ͎͙ͦ͡;͔ͫ͊͟Ύ ͔͒͒ͯ͟ͼ͙ΎΣ ;͙ͫͭ͊Ύ 

͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͙ͨͪ͊͒ͤ͊͟͡Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͙͙ͪͭ͟;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡Σ  

͙͍͔ͯͤͪͫ͊͡Έͤ·͚ Ύ͘·͟Σ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫ͊͟Ύ ͙͙ͫͭͤ͊Φ 

 

мΦ ̉ͭͦ ˻͔͔ͨͪ͒͡Ύ͔ͭ ˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ˸·΄͔͙͔ͤ͡Κ 

˸͔͙͊ͭͣ͊ͭ͊͟ ͙ͦͭ͡;͔͊ͭͫΎ ͦͭ Ή͙͙ͣͨͪ;͔͙ͫ͟ͻ ͤ͊ͯ͟ ό͙ͭ͊͟ͻ ͊͟͟ ͺ͙͙͊͘͟ ͙͙͡ ͙͎͙͋ͦͦ͡Ύύ ͍͔͚ͫͦ ͚ͦͨͦͪͦ ͤ͊ 

͔͙͍͔͒͒ͯͭͤͦ͟ ͔͙͔ͪ͊ͫͫͯ͗͒ͤ ͙  ͦͤ͟ͼ͔ͨͼ͙Ό ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊. 

¶ ˢ͙͙ͫͦͣ͊ͭ͟;͔͙͔ͫ͟ ˻͍ͫͤͦ·Υ ˸͔͙͊ͭͣ͊ͭ͊͟ ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͔ͤ͋ͦ͡Έ΄͎ͦͦ ͤ͊͋ͦͪ͊ ͙͊ͫͦͣ͟ τ 

ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͍͔͔͙͚ͯͭͪ͗͒ͤΣ ͙͙͔ͨͪͤͣ͊ͣ·ͻ ͊͘ ͙͙ͫͭͤͯ ͔͋͘ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͍͚͍ͫͦͫͭ͊ 

;͙͔ͫ͡Σ ͔͙ͭͦͪΎ ͔͍ͣͤͦ͗ͫͭύΦ ˤ͔ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙͔ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͙ͤ͊ͤ͘Ύ ͫͭͪͦΎͭͫΎ ͔͙͍͒͒ͯͭͤͦ͟ ͙͘ Ή͙ͭͻ 

͍ͦͭͨͪ͊ͤ·ͻ ͭͦ;͔͟Φ 

¶ ˿͙͊͡ ˨͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Υ ˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ τ Ήͭͦ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͎͙ͦ͡;͔͙ͫ͟ͻ 

΄͎͍͊ͦΣ ͔͙͒ͣͦͤͫͭͪͪͯΌ΅͙ͻΣ ;ͭͦ ͍͔͔͙͔ͯͭͪ͗͒ͤ ό͔͔ͭͦͪͣ͊ύ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͙͙ͫͭͤͤ·ͣΣ ͔͙ͫ͡ ͙͙ͫͭͤͤ· 

͙ͫͻͦ͒ͤ·͔ ͙͊ͫͦͣ͟·Φ ̏ͭ͊ ͔͎͙ͣͭͦ͒ͦͦ͡Ύ ͙͔ͨͪ͒͊ͭ ͔͙͔ͣ͊ͭͣ͊ͭ͟ ͔͔ ͙ͯͤ͊͟͡Έ͔ͤͦ ͊͟;͔͍ͫͭͦ ͍͔͙͒ͦͫͭͦͪͤͦͫͭ ͙ 

͙͍͔ͯͤͪͫ͊͡Έ͙ͤͦͫͭΣ ͎͙͊ͪ͊ͤͭͪͯΎΣ ;ͭͦ ͔͔ ͔ͪͯ͘͡Έͭ͊ͭ· ͔͚͍͙͔͒ͫͭͭ͡Έͤ· ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͍͔͔͙ͪͣͤ ͙ 

ͤ͊͋͡Ό͔͒͊ͭ͡ΎΦ 

¶ ˢ͋ͫͭͪ͊͟ͼ͙ΎΥ ˸͔͙͊ͭͣ͊ͭ͊͟ ͨͦͫͭͦΎͤͤͦ ͍͙͔͒͗ͭͫΎ ͦͭ ͔͎ͦͤͪͭͤͦͦ͟͟ ͟ ͊͋ͫͭͪ͊ͭͤͦͣͯ͟Φ ˴ͦͤͼ͔ͨͼ͙͙Σ 

ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·͔ ͒͡Ύ ͔ͪ΄͔͙ͤΎ ͺ͙͙͘;͔͙ͫ͟ͻ ͔ͨͪͦ͋ͣ͡ ό͙͔ͤ͊ͨͪͣͪΣ ͎͔͔͙ͦͣͭͪΎύΣ ͦ͋ͦ͋΅͊ΌͭͫΎ ͙ 

ͺ͙ͦͪͣ͊ͯ͘͡ΌͭͫΎ ό͙͔ͤ͊ͨͪͣͪΣ ͎͙ͭͦͨͦͦ͡ΎύΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͣͦ΅ͤ·ͣ ͫͭͪͯͭͯͪ͊ͣ͟Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ 

͙͔͔ͨͪͣͤͤ· ͟  ͍͔ͫͦͪ΄͔ͤͤͦ ͍ͤͦ·ͣ ͦ͋͊ͫͭ͡ΎͣΦ 
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нΦ ˨͍͔ ˿ͺ͔ͪ·Υ ͙̉ͫͭ͊Ύ ͙͍ͨͪͦͭ ˽͙͚ͪ͊͒ͤͦ͟͡ 

̆ͦͭΎ ͍ͫΎ ͦ͋͊ͫͭ͡Έ ͍͙͍͊ͣͦͫ͘Ύ͊ͤ͊͘Σ ͔͙ͣ͊ͭͣ͊ͭͯ͟ ͣͦ͗ͤͦ ͍ͯͫͦͤͦ͡ ͔͙ͪ͊͒ͭ͘͡Έ ͨͦ ͔͔ ͙͍ͣͦͭ͊ͼ͙͙Φ 

нΦмΦ ͙̉ͫͭ͊Ύ ˸͔͙͊ͭͣ͊ͭ͊͟Υ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ˿ͭͪͯͭͯͪ͟· 

͙̉ͫͭ͊Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͍͙͙͒͗ͣ͊ ͡Ό͋ͦͨ·͍ͭͫͭͦͣ ͙ ͍͔͙ͤͯͭͪͤͤͣ ͔͙͔͗͊ͤͣ͡ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͎͙ͦ͡;͔͙͔ͫ͟ 

ͫͭͪͯͭͯͪ͟· ͙ͪ͊͒ ͙ͤͻ ͙ͫ͊ͣͻΣ ;͊ͫͭͦ ͔͋͘ ͯ;͔ͭ͊ ͔͔͔͎ͤͣ͒ͤͤͦͦ͡ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎΦ 

¶ ͔͙́ͦͪΎ ͙͔̉ͫ͡Υ ˮ ͯ͘;͔͙͔ͤ ͍͚͍ͫͦͫͭ ͙ ͦͭͤͦ΄͔͙͚ͤ ;͙͔ͫ͡ ό͙͔ͤ͊ͨͪͣͪΣ ͨͪͦͫͭ·ͻ ;͙͔ͫ͡Σ ͺ͙͊ͭͦͪ͊͘͟ͼ͙͙ύΦ 

̆ͦͭΎ ͦͤ͊ ͔͍͒ͪͤΎΎΣ ͔͎ͫͦ͒ͤΎ ͦͤ͊ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ͊ ͒͡Ύ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͎ͪͨͭͦͪ͊͟ͺ͙͙. 

¶ ˢ͋ͫͭͪ͊ͭͤ͊͟Ύ ˢ͎͔͋ͪ͊͡Υ ͙͔̅ͦͯͫͪͯͭͫ͟Ύ ͤ͊ ͫͭͪͯͭͯͪ͊͟ͻΣ ͙ͭ͊͟ͻ ͊͟͟ ͎ͪͯͨͨ·Σ ͦ͟͡Έͼ͊ ͙ ͨͦ͡ΎΣ ͦͭͦͪ͟·͔ 

͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͊͋ͫͭͪ͊ͭͤͯ͟Ό ͍ͦͫͤͦͯ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ ͙͔͙͙ͫͣͣͭͪ ͙ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘Φ 

¶ ͎͙́ͦͨͦͦ͡ΎΥ ˮͯ͘;͔͙͔ͤ ͔͔ͤͨͪͪ·͍͚ͤͦ ͔͒ͺͦͪͣ͊ͼ͙͙ τ ͙͔͊͟͟ ͍͚͍ͫͦͫͭ͊ ͺͦͪͣ· ͦͫͭ͊ΌͭͫΎ 

͔͙͔ͤͣͤͤ͘·͙ͣ ͙ͨͪ ͔͔ ͪ͊ͫͭΎ͔͙͙͗ͤΣ ͫͪͯ͟;͙͍͙͙͊ͤ ͙͙͡ ͙͙͙ͫͣͤ͊ͤ ό͙͔ͤ͊ͨͪͣͪΣ ͙͋ͯ͋͟͡ ͎͙ͭͦͨͦͦ͡;͔͙ͫ͟ 

Ή͍͙͍͔͔͊ͤͭͤ͟͡ ͦ͟ͺ͔͚͚ͤͦ ;͊΄͔͟ύΦ 

нΦнΦ ˽͙ͪ͊͒ͤ͊͟͡Ύ ˸͔͙͊ͭͣ͊ͭ͊͟Υ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ˸͙ͪ͊ 

˽͙ͪ͊͒ͤ͊͟͡Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͺ͙͔ͦͯͫͪͯͭͫ͟Ύ ͤ͊ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͍͔ͯͫͭ͊ͤͦͤͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ 

͔͍ͣͭͦ͒ͦ ͒͡Ύ ͔ͪ΄͔͙ͤΎ ͔ͨͪͦ͋ͣ͡Σ ͍͙ͦͤ͊͘͟Ό΅͙ͻ ͍ ͎͙͒ͪͯͻ ͤ͊ͯ;ͤ·ͻΣ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͙ ͨͪͦͣ·΄͔ͤͤ͡·ͻ 

ͦ͋͊ͫͭ͡ΎͻΦ 

¶ ˨͙ͺͺ͔͔ͪͤͼ͙͊͡Έͤ·͔ ͍͔͙̂ͪ͊ͤͤΎΥ ˹͔ͦ͋ͻ͙ͦ͒ͣ· ͒͡Ύ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͙͔ͫͫͭͣΣ ͦͭͦͪ͟·͔ ͔ͣͤΎΌͭͫΎ 

ͫ ͔ͭ;͔͙͔ͤͣ ͍͔͔͙ͪͣͤΣ ͙ͭ͊͟ͻ ͊͟͟ ͎ͨͦͦ͒ͤ·͔ ͍͙ͯͫͦ͡ΎΣ ͎͙͙͙͒ͪͦ͒ͤ͊ͣ͊͟ ͙ Ή͔͙ͭͪ͟͡;͔͙͔ͫ͟ ͼ͔͙ͨΦ 

¶ ͙͔̉ͫͤͤ͡·͚ ˢ͙ͤ͊͘͡Υ ˾͊ͪ͊͋͊ͭ͘·͍͔͊ͭ ͎͙͊ͦͪͭͣ͡· ͒͡Ύ ͤ͊ͻ͔͙ͦ͗͒ͤΎ ͙͙͙͔ͨͪ͋ͭ͘͡͡Έͤ·ͻΣ ͤͦ ͦ;͔ͤΈ 

ͭͦ;ͤ·ͻ ͔ͪ΄͔͙͚ͤ ͫͦ͗ͤ͡·ͻ ͊͒͊͘;Σ ͦͭͦͪ͟·͔ ͔ͤ ͎ͣͦͯͭ ͋·ͭΈ ͔ͪ΄͔ͤ· ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟Σ τ ;ͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ 

͍͊͗ͤͦ ͒͡Ύ ͙͔͔͎ͤ͗ͤͪͤͦͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͙ ͍·;͙͙͔ͫͭ͡͡Έ͚ͤͦ ͺ͙͙͙͘͟Φ 

¶ ͔͙́ͦͪΎ ˻͙͙ͨͭͣ͊͘ͼ͙͙Υ ˮ ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͙͔͔͋ͤͫ͘ ͙ ͎͙͙͔ͦͫͭ͟͡ ͒͡Ύ ͙ͨͦͫ͊͟ ͙͔͔ͤ͊͋ͦ͡ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ 

͔ͪ΄͔͙ͤΎ ό͙͔ͤ͊ͨͪͣͪΣ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ͙͙ͫͭͦͣͦͫͭ ͍͙͒ͦͫͭ͊͟Σ ͙͙ͣ͊ͫͣ͊͘͟ͼ͙͙ ͙͍͔͙ͤͫͭͼ͙͚ͦͤͤͦ ͙ͨͪ͋·͙͡ύ ͙ͨͪ 

͊͒͊ͤͤͦͣ͘ ͔ͦͤ͟;ͤͦͣ ͔ͤ͊͋ͦͪ ͎͙ͦͪ͊ͤ;͔͙͚ͤΦ 

оΦ ˸͔͙͊ͭͣ͊ͭ͊͟ ͙ ͙̇ͺ͍ͪͦ͊Ύ ̏ͨͦͻ͊ 

˿͍͔͔ͦͪͣͤͤ͊Ύ Ήͨͦͻ͊ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͭͻ͎͙ͤͦͦ͡Ύ͙ͣΣ ͦͭͦͪ͟·͔ ͨͦ ͍͔͚ͫͦ ͙͔ͨͪͪͦ͒ Ύ͍͡ΎΌͭͫΎ 

ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͙ͫͣ͟Φ 

¶ ˴ͦͣͨΈΌ͔ͭͪͤ·͔ ˹͙͊ͯ͟Υ ͔͔͙́ͦͪͭ;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͍·;͙͔͙͚ͫͤ͡ τ ͍͟͡Ό;͊Ύ ͎͙͊ͦͪͭͣ͡·Σ ͫͭͪͯͭͯͪ͟· 

͒͊ͤͤ·ͻ ͙ ͔͙ͭͦͪΌ ͍·;͙͙͙ͫͣͦͫͭ͡ τ ͟ ͔ͦͪͤΎͭͫΎ ͍ ͙͔͚͒ͫͪͭͤͦ͟ ͔͙͔ͣ͊ͭͣ͊ͭ͟ ͙ ͎͙͔ͦ͟͡. 

¶ ˴͙͎ͪͨͭͦͪ͊ͺ͙ΎΥ ˽ͦ;͙ͭ ͨͦͤͦͫͭ͡ΈΌ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͔͔͍ͨͪ͒ͦͯΌ ͔͙ͭͦͪΌ ;͙͔ͫ͡ ͙ ͔͙ͭͦͪΌ ͙ͫͦ͗ͤͦͫͭ͡ 

͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͔͋ͦͨ͊ͫͤ͘·ͻ ͍ͨͪͦͭͦͦͦ͟͡ ͍ͫΎ͙͘Σ ͙ͭ͊͟ͻ ͊͟͟ w{! ͙ ͙͎ͪͨͭͦͪ͊͟ͺ͙Ύ ͤ͊ Ή͙͙ͨͭ͡͡;͔͙ͫ͟ͻ ͙͍ͪ͟·ͻΦ 

¶ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ˮ͔͔ͤͭͭ͟͡͡ όˮˮύΥ ˣ·ͫͭͪ·͚ ͪͦͫͭ ˮˮ ͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭͫΎ 

͙͔͚͚ͤͤͦ͡ ͎͔͚͊͋ͪͦ͡ ό͙ͣ͊ͤͨͯ͡Ύͼ͙͙ ͫ ͙ͣ͊ͭͪͼ͙͊ͣύΣ ͙͙͚ͫͭ͊ͭͫͭͦ͟ ό͍͔ͪͦΎ͔ͭͤͦͫͭͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ύ ͙ 

͙ͫ;͙͔͙͔ͫͤͣ͡ ό͎͙͊ͦͪͭͣ͡· ͙͙ͦͨͭͣ͊͘ͼ͙͙Σ ͙͔ͭ͊͟ ͊͟͟ ͎͙͔ͪ͊͒ͤͭͤ·͚ ͫͨͯͫ͟ύΦ 

пΦ ˭͊͟͡Ό;͔͙͔ͤ 

˸͔͙͊ͭͣ͊ͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͔͔͙͚ͤ͊ͣͤͣͦ͘ ͍͚ͦͫͤͦͦ ͍͔͔͚ͫͦͪͣͤͤͦ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ ˻ͤ͊ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ 

͙ͯͤ͊͟͡Έͤ·͚ ͦ͋Ά͔͙͍ͭ͟ ͒͡Ύ ͺ͙͡Έͭͪ͊ͼ͙͙ ͙ͫͦ͗ͤͦͫͭ͡ ͙ ͙͙ͨͦͤͣ͊ͤΎ ͎͙ͯ͋ͤͤ͡·ͻΣ ͔͗͊͡΅͙ͻ ͍ ͍͔ͦͫͤͦ 

͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ ͔ͪ͊͡Έ͙ͤͦͫͭΦ ˭͙͊ͤͣ͊ΎͫΈ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫͣ͟ ͣ·΄͔͙͔ͤͣ͡Σ ͡Ό͙͒ ͍͙͍ͪ͊͊͘Όͭ 

͔͔͋ͫͨͪͼ͔͔͒ͤͭͤ·͔ ͍ͤ͊·͙͟ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΣ ͎͙ͦ͡;͔͚ͫͦ͟ ͎͙ͫͭͪͦͦͫͭ ͙ ͎͊͋ͫͭͪ͊ͭͤͦͦ͟ ͔ͪ΄͔͙ͤΎ 

͊͒͊͘;Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͣ ͙͔͙͍ͦͪͤͭͪͦ͊ͭΈͫΎ ͙ ͍͍͙ͦ͒ͭΈ ͍ͤͦ΄͔͍ͫͭ͊ ͍ͦ ͍͔ͫͻ ͦ͋͊ͫͭ͡Ύͻ ;͔͍͔ͦ͡;͔͚ͫͦ͟ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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ϭ ̆͊ͤ͊͡·͔͍ ˢΦΣ ˣ͔͎͔͍ͤ͒͗ͦ͊ ̏ΦΣ ˴͙͍͊ͣ͒͗͊ͤͦ͡ ̍Φ, 2025 

 

 

 

 

̆͊ͤ͊͡·͔͍ ˢΦΣ  

˴͙͊ͤ͒͒͊ͭ ͅ ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ˸ ͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͔͙͊͊͒ͣ͟Ύ ͔͍͍ͦͤͦ͒ͫͭ͊͟ ͙͔͙ͣͤ ˢ͋͊ ˢ͔͍ͤͤ͊͊ 

ˢ͟·͔͍͊ ˥ΦΣ 

 ˿ ͔ͭͯ͒ͤͭ͊͟  

˽͔͎͎͙͒͊ͦ;͔ͫ͊͟Ύ ͔ͫͪ͒ͤΎΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ΄ͦ͊͟͡ ͙͔͙ͣͤ ˣ͔ͪ͒·ͣͯͻ͔͊ͣ͒͊ ˢ͔͍ͤͤ͊͊ ͎ͦͪͦ͒͊ 

ˢ͎ͪ͊͒͊͟  

ˢ͎ͪ͊͒͊͟Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˸ˢ́˩˸ˢ́ˮ˴ˢΥ ˥˶̂ˣˮ˹˹ˢ̒ ˿́˾̂˴́̂˾ˢ ̉˩˶˻ˤ˩̉˩˿˴˻˥˻ ˸̍̊˶˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˸͔͙͊ͭͣ͊ͭ͊͟ τ Ήͭͦ ͎ͫͭͪͦ͊ΎΣ ͙͍͔ͯͤͪͫ͊͡Έͤ͊Ύ ͙͒ͫͼ͙͙ͨͤ͊͡Σ ͙͊ͤͣ͊͘Ό΅͊ΎͫΎ ͙ͯ͘;͔͙͔ͤͣ ͫͭͪͯͭͯͪ͟·Σ 

͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟Σ ͙ͦ͟͡;͔͍ͫͭ͊ ͙ ͙͔͔͙͚ͣͤͤ͘Φ ˣͯ͒ͯ;͙ ͔͒͊ͦ͟͡ ͔ͤ ͙ͫͭ͊ͭ;ͤ·ͣ ͤ͊͋ͦͪͦͣ ͍͙ͨͪ͊͡Σ ͦͤ͊ 

Ύ͍͡Ύ͔ͭͫΎ ͙͙͒ͤ͊ͣ;͚ͤͦΣ ͚͊͋ͫͭͪ͊ͭͤͦ͟ ͚ͤ͊ͯͦ͟Σ ͔͚ͨͦͫͭͪͦͤͤͦ ͤ͊ ͍͔ͦͫͤͦ ͎͙͙ͦ͟͡Σ ͔͒͒ͯ͟ͼ͙͙ ͙ 

͙͙͊ͫͦͣ͊ͭ͟;͔͎ͫͦͦ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Φ ˸͔͙͊ͭͣ͊ͭ͊͟ ͙ͫͯ͗ͭ͡ ͔͔͙ͤ͊ͣͤͣ͘·ͣ ͺͦͪͣ͊͡Έͤ·ͣ Ύ͘·ͦͣ͟Σ ͫ 

ͨͦͣͦ΅ΈΌ ͎ͦͭͦͪͦͦ͟ ͣ· ͔͙͔ͣͦ͒ͪͯͣ͡Σ ͎͙͔ͨͪͦͤͦͪͯͣ͘ ͙ ͙͔͔͙͔ͤͭͪͨͪͭͪͯͣ ͊͟͟ ͺ͙͙͘;͔ͫͯ͟Ό ͍͔͔ͫͤͤͯ͡ΌΣ ͭ͊͟ 

͙ ͊͋ͫͭͪ͊ͭͤ͟·͚ ͙ͣͪ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͍ͭͦͪ;͔͍ͫͭ͊Φ ̏ͭ͊ ͫͭ͊ͭΈΎ ͙͔͔ͫͫ͒ͯͭ͡ ͺ͙ͦͫͦ͡ͺͫͯ͟Ό ͫͯ΅ͤͦͫͭΈ 

͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͔͔ ͍͎ͦͫͤͦͦͨͦ͊͊͡Ό΅ͯΌ ͔͎͙ͣͭͦ͒ͦͦ͡ΌΣ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔ͣ͗͒ͯ ͙͚̉ͫͭͦ ͙ ˽͙͚ͪ͊͒ͤͦ͟͡ 

˸͔͙͚͊ͭͣ͊ͭͦ͟ ͙ ͔͔ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͊͟;͔͍͔ͫͭ ͍͙͎͔͒͊ͭ͡Ύ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͙͍ͤͤͦ͊ͼ͙͚ ͙ ͺ͊ͭͦͪ͊͟Σ 

͍ͫͨͦͫͦ͋ͫͭͯΌ΅͔͎ͦ ͍͙͙ͪ͊ͭ͘Ό ͔͍ͨͪͦͫͻ͎ͦ͒ͤͦͦ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͙ ͙͙͊ͤ͊ͭ͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡Ύ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ 

͙͔ͣͪΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͙͙͊ͫͦͣ͊ͭ͟;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊Σ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͊͋ͫͭͪ͊͟ͼ͙ΎΣ ͎͙ͦ͡;͔ͫ͊͟Ύ ͔͒͒ͯ͟ͼ͙ΎΣ ;͙ͫͭ͊Ύ 

͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͙ͨͪ͊͒ͤ͊͟͡Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͙͙ͪͭ͟;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡Σ 

 ͯ ͙͍͔ͤͪͫ͊͡Έͤ·͚ Ύ͘·͟Σ ͤ͊ͯ;͔ͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Φ 

 

мΦ ˸͔͎͙ͭͦ͒ͦͦ͡;͔͔ͫͦ͟ ̒͒ͪͦΥ ˶͎͙ͦ͊͟ ͙ ˨͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ 

˻͔͔ͨͪ͒͡ΎΌ΅͊Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͙ͦͭ͡;͊Ό΅͊Ύ ͔͔ ͦͭ Ή͙͙ͣͨͪ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ τ Ήͭͦ ͔͔ 

͊͋ͫͦ͡Όͭͤ͊Ύ ͦͨͦͪ͊ ͤ͊ ͔͙͍͔͒͒ͯͭͤͦ͟ ͔͙͔ͪ͊ͫͫͯ͗͒ͤ ͙  ͦͤ͟ͼ͔ͨͼ͙Ό ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊. 

¶ ˢ͙͙ͫͦͣ͊ͭ͟;͔͙͚ͫ͟ ͔̅ͯͤ͒͊ͣͤͭΥ ˸͔͙͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͙͔ͫͫͭͣ· ͤ͊;͙ͤ͊ΌͭͫΎ ͫ ͙͙ͣͤͣ͊͡Έ͎ͤͦͦ ͤ͊͋ͦͪ͊ 

͙͊ͫͦͣ͟ όͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͍͔͔͙͚ͯͭͪ͗͒ͤΣ ͙͙͔ͨͪͤͣ͊ͣ·ͻ ͊͘ ͙͙ͫͭͤͯΣ ͙ͭ͊͟ͻ ͊͟͟ ͙͊ͫͦͣ͟· ͙͊ͪͺ͔͙͙ͣͭ͟ ͙͙͡ 

͔͙͙ͭͦͪ ͔͍ͣͤͦ͗ͫͭύΦ ̏ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙ͫͭ͊͋͡ΈͤͯΌΣ ͔͙͍͔ͤͨͪͦͭͦͪ;͙͍ͯΌ ͍ͦͭͨͪ͊ͤͯΌ ͭͦ;ͯ͟Φ 

¶ ˿ͭͪͯͭͯͪ͊͟ ˨͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Υ ˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ τ Ήͭͦ ͼ͔ͨͦ;͊͟ ͎͙ͦ͡;͔͙ͫ͟ͻ 

͔͒͒ͯ͟ͼ͙͚Σ ͦͭͦͪ͊͟Ύ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭΣ ;ͭͦ ͍͔͔͙͔ͯͭͪ͗͒ͤ ό͔͔ͭͦͪͣ͊ύ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͙͙ͫͭͤͤ·ͣΣ ͔͙ͫ͡ ͙ͨͪͤΎͭ· 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ11 / 2025 

 

 

13 

͙ͫͻͦ͒ͤ·͔ ͙͊ͫͦͣ͟·Φ ̏ͭ͊ ͔͎͙ͣͭͦ͒ͦͦ͡Ύ ͔ͤ͊͒͡Ύ͔ͭ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͙͙ͫͭͤ· ͙ͻ ͙ͯͤ͊͟͡Έͤ·͙ͣ ͊͟;͔͍͙ͫͭ͊ͣ 

͍͔͙͒ͦͫͭͦͪͤͦͫͭ ͙ ͙͍͔ͯͤͪͫ͊͡Έ͙ͤͦͫͭΣ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͺ͙͙͘;͔͎ͫͦͦ͟ ͤ͊͋͡Ό͔͙͒ͤΎ ͙͙͡ ͔ͦͤͭͫͭ͊͟͟Φ 

¶ ˢ͋ͫͭͪ͊͟ͼ͙Ύ ͙ ˻͋ͦ͋΅͔͙͔ͤΥ ˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡ ͨͦͫͭͦΎͤͤͦ ͍͍ͦ͘·΄͔͊ͭ ͦͤ͟ͼ͔ͨͼ͙͙ ͦͭ 

͔ͦͤͪͭͤ͟͟·ͻ ͙͔͍ͨͪͣͪͦ ό͙͔ͤ͊ͨͪͣͪΣ ͨͦ͒ͫ;͔ͭ Ύ͋ͦ͟͡ύ ͒ͦ ͊͋ͫͭͪ͊ͭͤ͟·ͻ ͙ͨͪͤͼ͙͍ͨͦ ό͙͔ͤ͊ͨͪͣͪΣ ͔͙ͭͦͪΎ 

;͙͔ͫ͡ύΦ ̏ͭ͊ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͦ͋ͦ͋΅͔͙ͤΌ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔ͨͪͣͤΎͭΈ ͦͤ͟ͼ͔ͨͼ͙͙Σ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·͔ ͍ ͚ͦ͒ͤͦ 

͙ͦ͋͊ͫͭ͡ ό͙͔ͤ͊ͨͪͣͪΣ ͎͔͔͙͙ͦͣͭͪύΣ ͟ ͍͔ͫͦͪ΄͔ͤͤͦ ͪ͊ͤ͘·ͣ ͔͒ͦͣͤ͊ͣ ό͙͔ͤ͊ͨͪͣͪΣ ͺ͙͙͔͘͟ ͙͙͡ Ή͙͔ͦͤͦͣ͟͟ύΦ 

нΦ ˨͍͚͍͔ͦͫͭͤͤͦͫͭΈ ˨͙ͫͼ͙͙ͨͤ͡Υ ͙̉ͫͭ͊Ύ ͙͍ͨͪͦͭ ˽͙͚ͪ͊͒ͤͦ͟͡ 

˻͋΄͙͔ͪͤͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͔͙͒ͭͫ͡Ύ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͍͚ͦͫͤͦͤͦ 

͙͍ͣͦͭ͊ͼ͙͔͚Σ ͔͗͊͡΅͔͚ ͍ ͍͔ͦͫͤͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ 

нΦмΦ ͙̉ͫͭ͊Ύ ˸͔͙͊ͭͣ͊ͭ͊͟Υ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ˤ͔͔͚ͤͯͭͪͤͤ ˿ͭͪͯͭͯͪ͟· 

˨͍͙͙͗ͣ͊Ύ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͣ ͡Ό͋ͦͨ·͍ͭͫͭͦͣΣ ;͙ͫͭ͊Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͙͔͔ͫͫ͒ͯͭ͡ ͎͙ͦ͡;͔͙͔ͫ͟ 

ͫͭͪͯͭͯͪ͟· ͔͋͘ ͔͔͍͔͚ͤͨͦͫͪ͒ͫͭͤͤͦ ͼ͔͙͡ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎΦ ˻ͤ͊ ͔͙ͫͭͪͣͭͫΎ ͟ ͔ͨͦͤͦͭ͡ ͙ ͔ͪ͊ͫͦͭ͟ 

͍͙ͤͯͭͪ ͙͔ͫͫͭͣ·Φ 

¶ ͎͙́ͦͨͦͦ͡Ύ ͙ ˥͔͔͙ͦͣͭͪΎΥ ˮͯ͘;͔͙͔ͤ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Σ ͺͦͪͣ· ͙ ͫͭͪͯͭͯͪ͟·Σ ͫͺ͙͍͔ͦͯͫͪͦ͊ͤͤͦ͟ ͤ͊ 

͍͚͍ͫͦͫͭ͊ͻΣ ͫͦͻͪ͊ͤΎΌ΅͙ͻͫΎ ͙ͨͪ ͔͔ͤͨͪͪ·͍ͤͦͣ ͔͍͙͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ό͎͙́ͦͨͦͦ͡Ύύ ͙͙͡ ͙͔͔͙͙ͣͪͤ͘ 

ό˥͔͔͙ͦͣͭͪΎ). 

¶ ˢ͙ͤ͊͘͡ όˮͫ;͙͔͙͔ͫͤ͡ύΥ ˿͎͔ͭͪͦͦ ͙ͯ͘;͔͙͔ͤ ͔͔ͤͨͪͪ·͍ͤ·ͻ ͙͔͔͙͚ͣͤͤ͘Σ ͔͔͍ͨͪ͒ͦ͡ ͙ ͔͔͋ͫͦͤ͟;ͤ·ͻ 

ͨͪͦͼ͔͍ͫͫͦΦ ˻ͤ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ͭͦ;ͤ·͔ ͙͔ͤͫͭͪͯͣͤͭ·Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͔ ͒͡Ύ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ 

͙͔ͫͫͭͣΦ 

¶ ͔͙́ͦͪΎ ͙͔̉ͫ͡Υ ˮͯ͘;͔͙͔ͤ ͼ͔͡·ͻ ;͙͔ͫ͡ ͙ ͙ͻ ͍͚͍ͫͦͫͭ ό͙͔ͤ͊ͨͪͣͪΣ ͨͪͦͫͭ·ͻ ;͙͔ͫ͡ύΦ ̉͊ͫͭͦ 

ͤ͊͘·͍͔͊ͣ͊Ύ ζ͔͍͚ͦͪͦͦ͟͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ηΣ ͔͔ ͊͋ͫͭͪ͊ͭͤ͟·͔ ͦͭͪ͟·͙ͭΎ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ Ύ͍͡ΎΌͭͫΎ 

͍͎ͦͫͤͦͦͨͦ͊͊͡Ό΅͙͙ͣ ͒͡Ύ ͙͎ͪͨͭͦͪ͊͟ͺ͙͙ ͙ ͙͔͔͙͋ͪ͋ͦͨ͊ͫͤͦͫͭ͘͟. 

нΦнΦ ˽͙ͪ͊͒ͤ͊͟͡Ύ ˸͔͙͊ͭͣ͊ͭ͊͟Υ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ˤ͔ͤ΄͔͎ͤͦ ˸͙ͪ͊ 

˽͙ͪ͊͒ͤ͊͟͡Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͙ͫͨͦ͡Έ͔ͯͭ͘ ͍͔ͯͫͭ͊ͤͦͤͤ͡·͔ ͔͙͙ͭͦͪ ͙ ͔ͣͭͦ͒· ͒͡Ύ ͔ͪ΄͔͙ͤΎ ͔ͨͪͦ͋ͣ͡Σ 

͍͙ͦͤ͊͘͟Ό΅͙ͻ ͍ ͔ͤ͊ͯ͟Σ ͙͔͔͙͙ͤ͗ͤͪ ͙ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Φ 

¶ ˿͙͙ͭ͊ͭͫͭ͊͟ ͙ ˤ͔ͪͦΎͭͤͦͫͭΈΥ ˹͔͔͙͊ͣͤͣ͘· ͒͡Ύ ͙ͦ͟͡;͔͍͔͚ͫͭͤͤͦ ͦͼ͔͙ͤ͟ ͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͔͔͔͔ͤͦͨͪ͒ͤͤͦͫͭ͡ΈΌΣ ͍͔͙ͫͦͫͭ͊ͤ͡Ύ ͎͍ͨͪͦͤͦͦ͘ ͙ ͙͍͔͘͡;͔͙ͤΎ ͔ͤ͊͒͗ͤ·ͻ ͍·͍͍ͦ͒ͦ ͙͘ ͒͊ͤͤ·ͻ ͍ͦ ͍͔ͫͻ 

Ή͙͙ͣͨͪ;͔͙ͫ͟ͻ ͤ͊ͯ͊͟ͻΦ 

¶ ˨͙ͺͺ͔͔ͪͤͼ͙͊͡Έͤ·͔ ͍͔͙̂ͪ͊ͤͤΎΥ ˮͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͺ͙͙͘;͔͙ͫ͟ͻ ͙͔ͫͫͭͣΣ ͍ 

ͦͭͦͪ͟·ͻ ͔͔͔ͨͪͣͤͤ·͔ ͔ͣͤΎΌͭͫΎ ͍ͦ ͍͔͔͙ͪͣͤ ͙͙͡ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ ͙ͭ͊͟ͻ ͊͟͟ ͎͙͙͙͒ͪͦ͒ͤ͊ͣ͊͟Σ 

Ή͔͎͔͙ͭͪͦͣ͊ͤͭͣ͘͟͡ ͙ ͨͦͨͯ͡Ύͼ͙ͦͤͤ͊Ύ Ή͎͙ͦͦ͟͡ΎΦ 

¶ ˤ·;͙͙͔ͫͭ͡͡Έͤ͊Ύ ˸͔͙͊ͭͣ͊ͭ͊͟Υ ̏ ͭ͊ ͦ͋͊ͫͭ͡ΈΣ ͦͭͦͪ͊͟Ύ ͍͟͡Ό;͔͊ͭ ͙͔̉ͫͤͤ͡·͚ ˢ͙ͤ͊͘͡Σ ͺ͙͔ͦͯͫͪͯͭͫ͟Ύ 

ͤ͊ ͔ͪ͊ͪ͊͋ͦͭ͘͟ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͎͙͍͊ͦͪͭͣͦ͡ ͙ ͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦ ͒͡Ύ ͤ͊ͻ͔͙ͦ͗͒ͤΎ 

͙͙͙͔ͨͪ͋ͭ͘͡͡Έͤ·ͻ ͔ͪ΄͔͙͚ͤ ͫͦ͗ͤ͡·ͻ ͔ͨͪͦ͋ͣ͡ ͔ͪ͊͡Έ͎ͤͦͦ ͙ͣͪ͊Φ 

оΦ ˸͔͙͊ͭͣ͊ͭ͊͟ ͊͟͟ ˨͍͙͎͔͊ͭ͡Έ ˿͍͔͔ͦͪͣͤͤ·ͻ ͔́ͻ͎͙͚ͤͦͦ͡ 

˸͔͙͊ͭͣ͊ͭ͊͟ τ Ήͭͦ ͔͍͙͙ͤ͒ͣ͊ΎΣ ͔͔͙ͤ͊ͣͤͣ͊͘Ύ ͍ͦͫͤͦ͊Σ ͔͗͊͡΅͊Ύ ͍ ͍͔ͦͫͤͦ ͨͦ;͙ͭ ͍͔ͫͻ ͍͔͔ͫͦͪͣͤͤ·ͻ 

͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͙͔͙͚͒ͦͫͭ͗ͤΦ 

¶ ˴ͦͣͨΈΌ͔ͭͪͤ·͔ ˹͙͊ͯ͟Υ ͔͔͙́ͦͪͭ;͔͙͚ͫ͟ ͺ͔ͯͤ͒͊ͣͤͭ ͍·;͙͔͙͚ͫͤ͡ ͔ͨͦͫͭͪͦͤ ͤ͊ ͙͔͚͒ͫͪͭͤͦ͟ 

͔͙͔ͣ͊ͭͣ͊ͭ͟ ͙ ͔͍͚͋ͯͦ͡ ͎͙͔ͦ͟͡Φ ˢ͎͙ͦͪͭͣ͡·Σ ͫͭͪͯͭͯͪ͟· ͒͊ͤͤ·ͻ ͙ ͫ͊ͣ͊ ͦͤ͟ͼ͔ͨͼ͙Ύ ͍·;͙͔͙͚ͫͤ͡ ͔ͦͪͤ͟ΎͭͫΎ 

͍ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͙ͨͪͤͼ͙ͨ͊ͻΦ 

¶ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ˮ͔͔ͤͭͭ͟͡͡ όˮˮύΥ ˾͔͍ͦ͡Όͼ͙Ύ ͍ ͣ͊΄͙ͤͤͦͣ ͦ͋ͯ;͔͙͙ͤ ͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͫͦ͗ͤ͡·ͻ 

͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͙͔ͤͫͭͪͯͣͤͭ͊ͻΣ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ˶͙͔͚͚ͤͤͦ ˢ͎͔͔͋ͪ͡ ό͒͡Ύ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͙ 

͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ͒͊ͤͤ·ͻύΣ ˮͫ;͙͔͙͙ͫͤ͡ ό͒͡Ύ ͎͙͍͊ͦͪͭͣͦ͡ ͙͙ͦͨͭͣ͊͘ͼ͙͙Σ ͙ͭ͊͟ͻ ͊͟͟ ͎͙͔ͪ͊͒ͤͭͤ·͚ ͫͨͯͫ͟ύ ͙ 

˿͙͙͔ͭ͊ͭͫͭ͟ ό͒͡Ύ ͍͔ͪͦΎ͎ͭͤͦͫͭͤͦͦ ͔͙ͪ͊ͫͫͯ͗͒ͤΎύΦ 

¶ ˴͙͎ͪͨͭͦͪ͊ͺ͙ΎΥ ˻͔͔͋ͫͨ;͔͙͔ͤ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͼ͙ͺ͍͚ͪͦͦ ͍ͫΎ͙͘ ͙ ͺ͙͍ͤ͊ͤͫͦ·ͻ ͭͪ͊ͤ͊͘͟ͼ͙͚ 
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ͨͦͤͦͫͭ͡ΈΌ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫͯ͟Ό ͫͦ͗ͤͦͫͭ͡Έ ͔ͪ΄͔͙ͤΎ ͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͊͒͊͘; ό͙͔ͤ͊ͨͪͣͪΣ 

ͺ͙͊ͭͦͪ͊͘͟ͼ͙͙ ͋ͦ͡Έ΄͙ͻ ;͙͔ͫ͡Σ ͙͔͒ͫͪͭͤ͟·ͻ ͎͙ͦ͊ͪ͡ͺ͍ͣͦύΣ ͨͦͯ͡;͔ͤͤ·ͻ ͙͘ ͔͙͙ͭͦͪ ;͙͔ͫ͡Φ 

пΦ ˭͊͟͡Ό;͔͙͔ͤΥ ˾͍͙͙͔͊ͭ͘ ˢ͙͙ͤ͊ͭ͡;͔͎ͫͦͦ͟ ˸·΄͔͙ͤ͡Ύ 

ˮ͙ͫͭͤͤ͊Ύ ͔͔ͤͨͪͻͦ͒Ύ΅͊Ύ ͼ͔ͤͤͦͫͭΈ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͙ͪͭ͟;͔ͫͦͣ͟ ͣ·΄͔͙͙ͤ͡ ͙ 

͙͙͊ͤ͊ͭ͡;͔͚ͫͦ͟ ͙͔ͫ͡Σ ͦͭͦͪ͟·͔ ͦͤ͊ ͙͍͙͍͔ͨͪ͊ͭΦ ˭͍͊ͫͭ͊͡ΎΎ ͯͣ ͪ͊ͫͫͯ͗͒͊ͭΈ ͊͋ͫͭͪ͊ͭͤͦ͟Σ ͍͔ͨͪͦͪΎͭΈ 

͔͔͙ͨͪ͒ͨͦͦ͗ͤ͡Ύ ͙ ͙͎͒ͦͫͭ͊ͭΈ ͍·͍͍ͦ͒ͦ ;͔͔ͪ͘ ͍͔ͨͪͦͪΎ͔ͣ·͔ ͎͙ͦ͡;͔͙͔ͫ͟ ΄͎͙͊Σ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ 

͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍͔ͦͦͪͯ͗͊ͭ ͡Ό͔͚͒ ͫ͊ͣ·͙ͣ ͣͦ΅ͤ·͙ͣ ͙͔͙ͤͫͭͪͯͣͤͭ͊ͣ ͒͡Ύ ͙͔ͦͪͤͭ͊ͼ͙͙ ͍ ͫͦ͗ͤͦͫͭ͡ΎͻΣ 

͙͙ͪͭ͟;͔͚ͫͦ͟ ͦͼ͔͙ͤ͟ ͙ͤͺͦͪͣ͊ͼ͙͙ ͙ ͙͙͍͙ͫͭͣͯͪͦ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ ͍ͦ ͍͔ͫͻ ͦ͋͊ͫͭ͡Ύͻ ;͔͍͔ͦ͡;͔͚ͫͦ͟ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˸͔͙͊ͭͣ͊ͭ͊͟ ͔ͦͫͭ͊ͭͫΎ ͫ͊ͣ·ͣ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣ ͙ ͣͦ΅ͤ·ͣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͣ 

͙͔ͤͫͭͪͯͣͤͭͦͣΣ ͒ͦͫͭͯͨͤ·ͣ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔ͪ͊͡Έ͙ͤͦͫͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. Hardy, G. H. (1940). A Mathematician's Apology. Cambridge University Press.  

2. Devlin, K. (2000). The Language of Mathematics: Making the Invisible Visible. W. H. Freeman and Company.  

3. National Research Council. (2013). The Mathematical Sciences in 2025. The National Academies Press.  

4. Courant, R., & Robbins, H. (1996). What is Mathematics? An Elementary Approach to Ideas and Methods 
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5. Steen, L. A. (Ed.). (1990). On the Shoulders of Giants: New Approaches to Numeracy. National Academy 
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̆͊ͤ͊͡·͔͍ ˢ͔ͫͪ͟Σ 

 ˴ ͙͊ͤ͒͒͊ͭ ͅ ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ˸ ͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͔͙͊͊͒ͣ͟Ύ ͔͍͍ͦͤͦ͒ͫͭ͊͟ ͙͔͙ͣͤ ˢ͋͊ ˢ͔͍ͤͤ͊͊ 

˴͊͊ͣ͟·͍ͪ͊͒ͦ͊ ˻͎ͯ͋͊͡ͻ͊ͪΣ 

 ˿ ͔ͭͯ͒ͤͭ͊͟  

˽͔͎͎͙͒͊ͦ;͔ͫ͊͟Ύ ͔ͫͪ͒ͤΎΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ΄ͦ͊͟͡  

͙͔͙ͣͤ ˣ͔ͪ͒·ͣͯͻ͔͊ͣ͒͊ ˢ͔͍ͤͤ͊͊ ͎ͦͪͦ͒͊ ˢ͎ͪ͊͒͊͟  

ˢ͎ͪ͊͒͊͟Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˸͔͙͊ͭͣ͊ͭ͊͟ τ Ήͭͦ ͎͙͚ͫͭͪͦΣ ͙͍͔ͯͤͪͫ͊͡Έͤ·͚ Ύ͘·͟Σ ͔ͨͦͫͭͪͦͤͤ·͚ ͤ͊ ͍͔ͦͫͤͦ ͎͙͙ͦ͟͡Σ ͔͒͒ͯ͟ͼ͙͙ ͙ 

͎͊͋ͫͭͪ͊ͭͤͦͦ͟ ͣ·΄͔͙ͤ͡ΎΦ ̏ͭͦ ͤ͊ͯ͊͟ ͦ ͔͊ͦͤͦͣͪͤͦͫͭ͘͟ΎͻΣ ͔ͫͭͪͯͭͯͪ͟Σ ͙͔͔͙ͣͤͤ͘Ύͻ ͙ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ. 

˸͔͙͊ͭͣ͊ͭ͊͟ τ Ήͭͦ ͔͒͊ͦ͟͡ ͔ͤ ͨͪͦͫͭͦ ͤ͊͋ͦͪ ͺͦͪͣͯ͡Σ ͊ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͚ ͙͔ͤͫͭͪͯͣͤͭ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ 

ˤ͔͔͚ͫͤͤͦ͡Σ ͍͙͒͗ͯ΅͊Ύ ͙ͫ͊͡ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͙͍ͤͤͦ͊ͼ͙͚ ͙ ͍ͦͫͤͦ͊ ͒͡Ύ ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ 

͍ͦ ͍͔ͫͻ ͙͒ͫͼ͙͙ͨͤ͊͡ͻ τ ͦ ͭ ͺ͙͙͙͘͟ ͙ ͙͔͔͙͙ͤ͗ͤͪ ͒ͦ Ή͙͙ͦͤͦͣ͟͟ ͙ ͙͎͙͙͋ͦͦ͡Φ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͔͔ͫͫ͒ͯͭͫ͡Ύ 

͍ͦͫͤͦͤ͊Ύ ͙ͨͪͪͦ͒͊ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͔͔ ͍͎ͦͫͤͦͦͨͦ͊͊͡Ό΅͙͔ ͔ͪ͊͒͘͡· ͙ ͔͔ ͔͔͙ͤ͊ͣͤͣ͊͘Ύ ͪͦ͡Έ ͍ ͊͟;͔͍͔ͫͭ 

͎͍͎͊ͤͦͦ͡ Ύ͘·͊͟ ͙ͤ͊ͯ͟ ͙ ͔͎ͪ͊ͯͦ͟͡Έ͎ͤͦͦ ͊ͣͤ͟Ύ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͙ͤ͊ͤ͘ΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͎͙ͦ͊͟͡Σ ͔͊͋ͫͭͪ͊ͭͤͦ͟ ͣ·΄͔͙͔ͤ͡Σ ͙͍͔ͯͤͪͫ͊͡Έͤ·͚ Ύ͘·͟Σ ;͙ͫͭ͊Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͙ͨͪ͊͒ͤ͊͟͡Ύ 

͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͎͔͊͋ͪ͊͡Σ ͙ͫ;͙͔͙͔ͫͤ͡ ό͙͊ͤ͊͘͡ύΣ ͎͔͔͙ͦͣͭͪΎΣ ͔ͪ΄͔͙͔ͤ ͊͒͊͘;Φ 
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мΦ ˽͙ͪͪͦ͒͊ ˸͔͙͙͊ͭͣ͊ͭ͟ 

˸͔͙͊ͭͣ͊ͭ͊͟ ;͊ͫͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͊͟͟ ͙ͯ͘;͔͙͔ͤ ͺ͙͍ͦͪͣ͊ͦ͊ͤͤ͘͡·ͻ ͫͭͪͯͭͯͪ͟ ͙ ͦͭͤͦ΄͔͙͚ͤΦ ˻ͤ͊ 

ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍͔͚ͫͦ ͭͦ;ͤͦͫͭΈΌΣ ͍͔͒ͦͫͭͦͪͤͦͫͭΈΌ ͙ ͙͍͔ͯͤͪͫ͊͡ΈͤͦͫͭΈΌ. 

¶ ˶͎͙ͦ͊͟ ͙ ˨͔͒ͯ͟ͼ͙ΎΥ ˸͔͎͙ͭͦ͒ͦͦ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ͫͭͪͦͭͫΎ ͤ͊ ͙͊ͫͦͣ͊͟ͻ ό͙͙͔ͨͪͤͣ͊ͣ·ͻ ͊͘ ͙͙ͫͭͤͯύ 

͙ ͔͔ͭͦͪͣ͊ͻΣ ͍·͍͙ͦ͒ͣ·ͻ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͎͚ͫͭͪͦͦ ͎͙ͦ͡;͔͚ͫͦ͟ ͔͒͒ͯ͟ͼ͙͙Φ ˸͔͙͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͙͙ͫͭͤ·Σ ͋ͯ͒ͯ;͙ 

͒ͦ͊͊ͤͤ͘͟·͙ͣΣ Ύ͍͡ΎΌͭͫΎ ͙͍͔ͯͤͪͫ͊͡Έͤͦ ͔͚͍͙͔͒ͫͭͭ͡Έͤ·͙ͣ ͙ ͔ͤ ͍͙͊ͫ͘Ύͭ ͦͭ ͟ ͔ͦͤͭͫͭ͊͟Φ 

¶ ˮͯ͘;͔͙͔ͤ ˭͔͔͚͊ͦͤͦͣͪͤͦͫͭ͟Υ ˽ͦ ͍͔͚ͫͦ ͙ͫͯͭΣ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͙͔͊ͤͣ͊ͭͫ͘Ύ ͙ͨͦͫͦͣ͟Σ ͙͙͔ͦͨͫ͊ͤͣ ͙ 

ͦ͋ΆΎ͔͙͔ͫͤͤͣ ͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟Φ ͙̏ͭ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͎ͣͦͯͭ ͋·ͭΈ ͺ͙͙͘;͔͙͙ͫͣ͟ ό͙ͫͨͪ͊͡Έ ͎͙͙͊͊ͭ͟͟͡ύΣ 

;͙͍ͫͦ͡·͙ͣ όͨͪͦͫͭ·͔ ;͙ͫ͊͡ύ ͙͙͡ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ·͙ͣ όͫͭͪͯͭͯͪ͊͟ ͎͔͙͊͋ͪ͊͡;͔͚ͫͦ͟ ͎ͪͯͨͨ·ύΦ 

¶ ̒͘·͟ ˹͙͊ͯ͟Υ ˴ ͊͟ ͍͔ͯͭͪ͗͒͊͡ ˥͙͔͊ͦ͡͡ ˥͙͔͚͊͡͡Σ ˤ͔͔ͫͤͤ͊͡Ύ ζ͙ͤ͊ͨͫ͊ͤ͊ ͤ͊ Ύ͘·͔͟ ͔͙͙ͣ͊ͭͣ͊ͭ͟ηΦ ˻ͤ͊ 

͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͍ͦͫͤͦͯ ͒͡Ύ ͍·͔͙ͪ͊͗ͤΎ ͤ͊ͯ;ͤ·ͻ ͍͊ͦͤͦ͘͟Σ ͔͙ͨͦͫͭͪͦͤΎ ͎͙ͨͪͦͤͦͫͭ;͔͙ͫ͟ͻ 

͔͔͚ͣͦ͒͡ ͙ ͍͔͙ͨͪͦͪ͟ ͎͙͔ͨͦͭ͘ ͍ ͦ͋͊ͫͭ͡Ύͻ ͦͭ ͍͍͚͊ͤͭͦͦ͟ ͔ͣͻ͙͙͊ͤ͟ ͒ͦ ͙͎͙͙ͣ͊ͭͦͦ͟͡͡Φ 

нΦ ˻͍ͫͤͦͤ·͔ ˾͔͊͒͘͡· ˸͔͙͙͊ͭͣ͊ͭ͟ 

˨͙ͫͼ͙͙ͨͤ͊͡ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͔͙͒ͭͫ͡Ύ ͤ͊ ͍͔͒ ͍ͦͫͤͦͤ·͔ ͫͺ͔ͪ·Υ ͙̉ͫͭͯΌ ˸͔͙͊ͭͣ͊ͭͯ͟ ό͍͙͙͒͗ͣͯΌ 

͊͋ͫͭͪ͊ͭͤ͟·ͣ ͡Ό͋ͦͨ·͍ͭͫͭͦͣύ ͙ ˽͙ͪ͊͒ͤͯ͟͡Ό ˸͔͙͊ͭͣ͊ͭͯ͟ ό͍͙͙͒͗ͣͯΌ ͔ͪ͊͡Έͤ·͙ͣ ͔͙ͨͪͦ͋ͣ͊ͣ͡ύΦ 

нΦмΦ ͙̉ͫͭ͊Ύ ˸͔͙͊ͭͣ͊ͭ͊͟ όˤ͔ͤͯͭͪͤͤΎΎ ˹͍͔͊ͨͪ͊ͤͤͦͫͭ͡Έύ 

͙̉ͫͭ͊Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͙΅͔ͭ ͙ͤ͊ͤ͘Ύ ͙ͪ͊͒ ͙ͤͻ ͙ͫ͊ͣͻΣ ;͊ͫͭͦ ͊͊͒͘͟͡·͍͊Ύ ͍ͦͫͤͦͯ ͒͡Ύ ͋ͯ͒ͯ΅͙ͻΣ ͔΅͔ ͔ͤ 

͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡·ͻ ͙͔͙͚ͨͪͦ͗ͤ͡Φ 

¶ ˢ͎͔͋ͪ͊͡Υ ˮͯ͘;͔͙͔ͤ ͫͭͪͯͭͯͪ͟·Σ ͦͭͤͦ΄͔͙͚ͤ ͙ ͙ͦ͟͡;͔͍ͫͭ͊Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͎͔͊͋ͪ͊͡ ͍·ͻ͙ͦ͒ͭ ͊͘ 

͙ͪ͊ͣ͟ ͍ͦͫͤͦͤ·ͻ ͍͔͙͚ͯͪ͊ͤͤ ͙ ͍͟͡Ό;͔͊ͭ ͊͋ͫͭͪ͊ͭͤ͟·͔ ͫͭͪͯͭͯͪ͟·Σ ͙͔ͭ͊͟ ͊͟͟ ͎ͪͯͨͨ·Σ ͦ͟͡Έͼ͊ ͙ ͨͦ͡ΎΦ 

¶ ˢ͙ͤ͊͘͡ όˮͫ;͙͔͙͔ͫͤ͡ύΥ ˮͯ͘;͔͙͔ͤ ͔͔ͤͨͪͪ·͍͎ͤͦͦ ͙͔͔͙ͣͤͤ͘Ύ ͙ ͔͔͋ͫͦͤ͟;ͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΦ 

ˮͫ;͙͔͙͔ͫͤ͡ ό͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͔ͤͦ ͙ ͙͔͎ͤͭͪ͊͡Έ͔ͤͦύ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ͙͔ͤͫͭͪͯͣͤͭ· ͒͡Ύ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ 

͍͙͔͙͒͗ͤΎΣ ͎͙͙͙͙͒ͪͦ͒ͤ͊ͣ͟Σ ͪͦͫͭ͊ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙Φ 

¶ ͎͙́ͦͨͦͦ͡ΎΥ ˾ ͔͊͒͘͡ ͎͔͔͙͙ͦͣͭͪΣ ͙͊ͤͣ͊͘Ό΅͙͚ͫΎ ͍͚͍͙ͫͦͫͭ͊ͣ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Σ ͦͭͦͪ͟·͔ ͫͦͻͪ͊ͤΎΌͭͫΎ 

͙ͨͪ ͔͔ͤͨͪͪ·͍ͤ·ͻ ͔͒ͺͦͪͣ͊ͼ͙Ύͻ ό͙ͭ͊͟ͻ ͊͟͟ ͪ͊ͫͭΎ͔͙͔͗ͤ ͙͙͡ ͎͙͙͔ͫ͋͊ͤύΦ 

нΦнΦ ˽͙ͪ͊͒ͤ͊͟͡Ύ ˸͔͙͊ͭͣ͊ͭ͊͟ όˤ͔ͤ΄ͤΎΎ ˹͍͔͊ͨͪ͊ͤͤͦͫͭ͡Έύ 

˽͙ͪ͊͒ͤ͊͟͡Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͙ͫͨͦ͡Έ͔ͯͭ͘ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͙͔ͤͫͭͪͯͣͤͭ· ͙ ͔͙͙ͭͦͪ ͒͡Ύ ͔ͪ΄͔͙ͤΎ 

͔ͨͪͦ͋ͣ͡ ͍ ͎͙͒ͪͯͻ ͙͒ͫͼ͙͙ͨͤ͊͡ͻΦ 

¶ ˿͙͙ͭ͊ͭͫͭ͊͟ ͙ ˤ͔ͪͦΎͭͤͦͫͭΈΥ ˹͔͔͙͊ͣͤͣ͘· ͒͡Ύ ͪ͊͋ͦͭ· ͫ ͔͔͔͔ͤͦͨͪ͒ͤͤͦͫͭ͡ΈΌΣ ͍͔͙ͫͦͫͭ͊ͤ͡Ύ 

͎͍ͨͪͦͤͦͦ͘ ͙ ͙͍͔͘͡;͔͙ͤΎ ͔ͤ͊͒͗ͤ·ͻ ͍·͍͍ͦ͒ͦ ͙͘ ͒͊ͤͤ·ͻ ό͙͔ͤ͊ͨͪͣͪΣ ͔͙ͣ͒ͼ͙͙͔ͤͫ͟ ͙ͫͨ·͙ͭ͊ͤΎΣ 

ͺ͙͍͔ͤ͊ͤͫͦͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ύΦ 

¶ ͙͔̉ͫͤͤ͡·͚ ˢ͙ͤ͊͘͡Υ ˾͊ͪ͊͋͊ͭ͘·͍͔͊ͭ ͙ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͎͙͊ͦͪͭͣ͡· ͒͡Ύ ͤ͊ͻ͔͙ͦ͗͒ͤΎ ;͙͔ͫͤͤ͡·ͻ 

͔ͪ΄͔͙͚ͤ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͊͒͊͘;Σ ;ͭͦ ͙͔͔ͣͭ ͔ͪ΄͊Ό΅͔͔ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͙͔͔͙͙ͤ͗ͤͪ ͙ ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ 

͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΦ 

¶ ˻͙͙ͨͭͣ͊͘ͼ͙ΎΥ ˻͋͊ͫͭ͡ΈΣ ͍ͨͦͫΎ΅͔ͤͤ͊Ύ ͙ͨͦͫͯ͟ ͙ͤ͊ͯ͡;΄͔͎ͦ ͍͎ͦͣͦ͗ͤͦͦ͘ ͔ͪ΄͔͙ͤΎ ͔ͨͪͦ͋ͣ͡· ͙ͨͪ 

͊͒͊ͤͤͦͣ͘ ͔ͤ͊͋ͦͪ ͎͙ͦͪ͊ͤ;͔͙͚ͤ ό͙͔ͤ͊ͨͪͣͪΣ ͙͙ͣ͊ͫͣ͊͘͟ͼ͙Ύ ͙ͨͪ͋·͙͡Σ ͙͙͙ͣͤͣ͊͘ͼ͙Ύ ͊ͭͪ͊ͭ͘ύΦ 

оΦ ˹͔͔͙͊ͣͤͣ͊͘Ύ ˾ͦ͡Έ ˸͔͙͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ˸·΄͔͙ͤ͡Ύ 

ˮ͙ͫͭͤͤ͊Ύ ͼ͔ͤͤͦͫͭΈ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͊͘͟͡Ό;͔͊ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͍ ͔͔ ͔ͪͯ͘͡Έͭ͊ͭ͊ͻΣ ͤͦ ͙ ͍ ͨͪͦͼ͔͔ͫͫ 

ͣ·΄͔͙ͤ͡ΎΣ ͦͭͦͪ͟·͚ ͦͤ͊ ͯ͟͡Έ͙͍͙͔ͭͪͯͭΦ 

¶ ˾͔΄͔͙͔ͤ ˭͊͒͊;Υ ˸͔͙͊ͭͣ͊ͭ;͔ͫ͊͟Ύ ͎͍ͨͦ͒ͦͭͦ͊͟ ͯ;͙ͭ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·ͣΣ ͙͙͊ͤ͊ͭ͡;͔͙ͫͣ͟ 

ͨͦ͒ͻͦ͒͊ͣ ͟ ͫͦ͗ͤ͡·ͣ ͔ͨͪͦ͋ͣ͊ͣ͡Υ ͙͔͙ͪ͊͋ͤ͘Ό ͙ͻ ͤ͊ ;͙͊ͫͭΣ ͔͔͔͙ͦͨͪ͒ͤ͡Ό ͔͔͔ͨͪͣͤͤ·ͻ ͙ ͙͔͔͙ͨͪͣͤͤΌ 

͎͙ͦ͡;͔͙ͫ͟ͻ ΄͎͍͊ͦ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͍͔͔͎ͨͪͦͪͤͤͦͦ ͔ͪ΄͔͙ͤΎΦ 

¶ ˴͙͙ͪͭ;͔͔ͫͦ͟ ˸·΄͔͙͔ͤ͡Υ ˻ͤ͊ ͔͙͔ͭͪͤͪͯͭ ͯͣ ͙͍ͦ͋ͤ͊ͪͯ͗͊ͭΈ ͎͙ͦ͡;͔͙͔ͫ͟ ͦ΄͙͙͋͟Σ ͦͼ͔͙͍ͤ͊ͭΈ 

͔͔͙ͨͪ͒ͨͦͦ͗ͤ͡Ύ ͙ ͎ͫͭͪͦͦ ͪ͊ͫͫͯ͗͒͊ͭΈ τ ͤ ͍͊·͙͟Σ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͔ ͒͡Ύ ͔͙͒ͣͦͪ͊ͭ͟;͔͎ͫͦͦ͟ ͎͍ͪ͊͗͒͊ͤͫͭ͊ 

͙ ͔͙͊͊͒ͣ͟;͔͎ͫͦͦ͟ ͔ͯͫͨͻ͊ ͍ ͡Ό͚͋ͦ ͙ͦ͋͊ͫͭ͡Φ 
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¶ ͔́ͻ͎͙͙ͤͦͦ͡ ͙ ˮ͍ͤͤͦ͊ͼ͙͙Υ ˸͔͙͊ͭͣ͊ͭ͊͟ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͨͦ;͙ͭ ͍͔ͫͻ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ 

˴͙͎ͪͨͭͦͪ͊ͺ͙Ύ ό͔͙ͭͦͪΎ ;͙͔ͫ͡ύΣ ˴ͦͣͨΈΌ͔ͭͪͤ·͔ ˹͙͊ͯ͟ ό͎͙ͦ͊͟͡ ͙ ͙͔͒ͫͪͭͤ͊͟Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟ύ ͙ 

ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ˮ͔͔ͤͭͭ͟͡͡ ό͙͔͚ͤͤ͊͡Ύ ͎͔͊͋ͪ͊͡ ͙ ͙͙ͫͭ͊ͭͫͭ͊͟ύ τ ͍ ͔ͫ Ήͭͦ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ 

͙͒ͫͼ͙͙ͨͤ͡·Φ 

пΦ ˭͊͟͡Ό;͔͙͔ͤ 

˸͔͙͊ͭͣ͊ͭ͊͟ τ Ήͭͦ ͋ͦ͡Έ΄͔Σ ;͔ͣ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͔͔ͨͪ͒ͣͭΤ Ήͭͦ ͎͔ͯ͋ͦͦ͟͡ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͔ͤͦ 

ͤ͊;͙͙͔ͤ͊ͤΣ ͔ͦͭͦͪͦ͟ ͦͻ͍͊ͭ·͍͔͊ͭ ͍ͫΌ ͙͙ͫͭͦͪΌ ;͔͍͔ͦ͡;͔͍ͫͭ͊ ͙ ͔ͨͪͦ͒ͦ͗͊ͭ͡ ͔͔ͦͨͪ͒͡ΎͭΈ ͤ͊΄͔ ͋ͯ͒ͯ΅͔͔Φ 

˽͔͍ͪ͒ͦͫͭ͊͡ΎΎ ͙͔ͤͫͭͪͯͣͤͭ· ͒͡Ύ ͙͊ͤ͊͊͘͡ ͙ͫͦ͗ͤͦͫͭ͡Σ ͙͙ͨͦͤͣ͊ͤΎ ͙ͨͪ;͙ͤͤͦ-͔͍͔ͫ͒ͫͭͤͤ͡·ͻ ͍ͫΎ͔͚͘ ͙ 

͍·͔͙ͪ͊͗ͤΎ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͙͙ͫͭͤΣ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͔ͦͫͭ͊ͭͫΎ ͫ͊ͣ·ͣ ͣͦ΅ͤ·ͣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͣ 

͙͔ͤͫͭͪͯͣͤͭͦͣΣ ͙͔ͣΌ΅͙ͣͫΎ ͍ ͪ͊ͫͨͦͪΎ͔͙͙͗ͤ ;͔͍͔ͦ͡;͔͍ͫͭ͊Σ ͒͡Ύ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ 

͔ͪ͊͡Έ͙ͤͦͫͭ ͺ͙͙͘;͔͎ͫͦͦ͟ ͙ͣͪ͊ ͙ ͎͊͋ͫͭͪ͊ͭͤͦͦ͟ ͙ͣͪ͊ ;͙͚ͫͭͦ ͣ·͙ͫ͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. Hardy, G. H. (1940). A Mathematician's Apology. Cambridge University Press.  

2. Devlin, K. (2000). The Language of Mathematics: Making the Invisible Visible. W. H. Freeman and 

Company.  

3. National Research Council. (2013). The Mathematical Sciences in 2025. The National Academies Press.  

4. Courant, R., & Robbins, H. (1996). What is Mathematics? An Elementary Approach to Ideas and Methods 

(2nd ed.). Oxford University Press.  

5. Steen, L. A. (Ed.). (1990). On the Shoulders of Giants: New Approaches to Numeracy. National Academy 

Press.  

ϭ ̆͊ͤ͊͡·͔͍ ˢΦΣ ˴͊͊ͣ͟·͍ͪ͊͒ͦ͊ ˻., 2025 

 

 

 

 

̆͊ͤ͊͡·͔͍ ˢ͔ͫͪ͟Σ  

˴͙͊ͤ͒͒͊ͭ ͅ ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ˸ ͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͔͙͊͊͒ͣ͟Ύ ͔͍͍ͦͤͦ͒ͫͭ͊͟ ͙͔͙ͣͤ ˢ͋͊ ˢ͔͍ͤͤ͊͊ 

̉͊ͪ·͔͍͊ ˻ΦΣ  

˿͔ͭͯ͒ͤͭ͊͟  

˽͔͎͎͙͒͊ͦ;͔ͫ͊͟Ύ ͔ͫͪ͒ͤΎΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ΄ͦ͊͟͡  

͙͔͙ͣͤ ˣ͔ͪ͒·ͣͯͻ͔͊ͣ͒͊ ˢ͔͍ͤͤ͊͊ ͎ͦͪͦ͒͊ ˢ͎ͪ͊͒͊͟  

ˢ͎ͪ͊͒͊͟Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

̏ͺͺ͔͙͍͔ͭͤͦ͟ ͔͍͙͔ͨͪͨͦ͒͊͊ͤ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔͔͔͍͔ͨͪͭͪͨ͊ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ Ή͍ͦ͡Όͼ͙ΌΣ ͔ͫͣ΅͊Ύ ͊͟ͼ͔ͤͭ 

ͫ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͙͙͊ͨͦͣͤ͊ͤ͘Ύ ͙ ͨͪͦͼ͔͒ͯͪͤ·ͻ ͔͙͚ͯͨͪ͊͗ͤͤ ͤ͊ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͔ͤͦ ͙͙͔ͨͦͤͣ͊ͤΣ ͔ͪ΄͔͙͔ͤ 

͊͒͊͘; ͙ ͙͙ͪͭ͟;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· ͍·ͫͭͯͨ͊Όͭ ͊͘ ͙͔͔͙͔ͣͤͤ͘ 

͚͊ͫͫͤͦ͟͡ ͙͙͙͒ͤ͊ͣ͟ ͦͭ ͦ͋ͯ;͔͙ͤΎΣ ͙͔͙͍͎ͦͪͤͭͪͦ͊ͤͤͦͦ ͤ͊ ͯ;͙͔ͭ͡ΎΣ ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΌΣ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤͦͣͯ 

ͤ͊ ͯ;͔͙ͤ͊͟Φ ˤ Ή͚ͭͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ ͔͎͙͙ͣͭͦ͒ͦͦ͡Σ ͍͟͡Ό;͊Ύ ˴ͦͤͼ͔ͨͭͯ͊͡Έ͔ͤͦ 

˻͋ͯ;͔͙͔ͤΣ ˽͙͍͔ͪͦ͒ͯͭͤͦ͟ ͙͙͔̂ͫ͡ ͙ ˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡Σ ͦͭͦͪ͟·͔ ͔ͨͪͦ͋ͪ͊ͯ͘Όͭ 

͔͍͙͔ͨͪͨͦ͒͊͊ͤ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ͔̇͡Έ ͙ͫͦͫͭͦͭ ͍ ͭͦͣΣ ;ͭͦ͋· ͍͙͍ͪ͊͊ͭ͘Έ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫͯ͟Ό ͎ͪ͊ͣͦͭͤͦͫͭΈ τ 

ͫͨͦͫͦ͋ͤͦͫͭΈ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ ͪ͊ͫͫͯ͗͒͊ͭΈ ͙ ͙͔ͨͪͣͤΎͭΈ Ή͙ͭ ͍ͤ͊·͙͟ ͍ ͔ͪ͊͡Έͤ·ͻ ͔ͦͤͭͫͭ͊͟͟ͻΣ τ ͭ ͔ͣ ͫ͊ͣ·ͣ 

͔͒͊͡Ύ ͔͙ͣ͊ͭͣ͊ͭͯ͟ ͚͒ͦͫͭͯͨͤͦΣ ͤ͊͘;͙͚ͣͦ ͙ ͔ͤͦ͋ͻ͙͚ͦ͒ͣͦ ͒͡Ύ ͍͔ͫͻ ͯ;͊΅͙ͻͫΎΦ 
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˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Σ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͔ͤͦ ͙͙͔ͨͦͤͣ͊ͤΣ ͔ͪ΄͔͙͔ͤ ͊͒͊͘;Σ ͙͍͔ͨͪͦ͒ͯͭͤͦ͟ ͙͙͔ͯͫ͡Σ 

͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Σ ͦ͋ͯ;͔͙͔ͤ ͤ͊ ͍͔ͦͫͤͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ  

͔͙ͣ͊ͭͣ͊ͭ;͔ͫ͊͟Ύ ͎ͪ͊ͣͦͭͤͦͫͭΈΣ ͔͎͎͙ͨ͒͊ͦ͊͟Φ 

 

мΦ ˹͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ˴ͦͤͼ͔ͨͭͯ͊͡Έ͎ͤͦͦ ˽͙͙ͦͤͣ͊ͤΎ 

˻͍ͫͤͦͤ͊Ύ ͔ͤͯ͒͊;͊ ͙ͭͪ͊͒ͼ͙͎ͦͤͤͦͦ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͙ͫͦ͒͊ͤ͘ ͪ͊ͪ͘·͍͊ 

͔ͣ͗͒ͯ ͔ͭͣΣ ;ͭͦ ͯ;͊΅͙͔ͫΎ ͍·;͙ͫ͡ΎΌͭΣ ͙ ͔ͭͣΣ ͨͦ;͔ͣͯ Ή͙ͭ ͍·;͙͔͙ͫͤ͡Ύ ͪ͊͋ͦͭ͊ΌͭΦ ˿͍͔͔͔ͦͪͣͤͤͦ 

͔͍͙͔ͨͪͨͦ͒͊͊ͤ ͔͙ͫͭͪͣͭͫΎ ͔͔ͨͪͦ͒ͦͭ͡Έ Ήͭͦͭ ͪ͊ͪ͘·͍Φ 

¶ ˴ͦͤͼ͔ͨͭͯ͊͡Έͤ·͔ ͙͍ͨͪͦͭ ˽ͪͦͼ͔͒ͯͪͤ·ͻ ˭͙͚ͤ͊ͤΥ ̂;͊΅͙͔ͫΎ ͒ͦ͗ͤ͡· ͍͙ͪ͊ͭ͘Έ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͔ͤͦ 

͙͙͔ͨͦͤͣ͊ͤ τ ͙͔ͤ͊ͤ͘ ͎ͭͦͦΣ ͨͦ;͔ͣͯ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫ͊͟Ύ ͙͔͒Ύ ͍͊͗ͤ͊ ͙ ͙͔͊͟͟ ͍ͫΎ͙͘ ͦͤ͊ ͙͔͔ͣͭ ͫ ͎͙͙͒ͪͯͣ 

͙͔͒Ύ͙ͣΣ τ ͔͔ͨͪ͗͒ ;͔ͣ ͍͙ͦͫͦͭΈ ͨͪͦͼ͔͒ͯͪͤ·͔ ͙ͤ͊ͤ͘Ύ τ ͙͔ͤ͊ͤ͘ ͎ͭͦͦΣ ͊͟͟ ͍·͙ͨͦͤͭ͡Έ ͎͙͊ͦͪͭͣ͡ ͙͙͡ 

͍·;͙͔͙͔ͫͤ͡Φ ˹͙͔͊ͨͪͣͪΣ ͙͙͔ͨͦͤͣ͊ͤ ͎ͭͦͦΣ ͨͦ;͔ͣͯ ŀϣн Ҍ ōϣн Ґ Ŏϣн όͦͤ͟ͼ͔ͨͼ͙ΎύΣ ͔͔ͨͪ͗͒ ;͔ͣ ͨͪͦͫͭͦ 

͊ͯ͘;͙͍͊ͭΈ ΄͎͙͊ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔͔ͭͦͪͣ· ˽͙ͺ͎͊ͦͪ͊ όͨͪͦͼ͔͒ͯͪ͊ύΦ 

¶ ˻͋ͯ;͔͙͔ͤ ˽͙͙ͦͤͣ͊ͤΌΥ ̏ͭͦ ͍͟͡Ό;͔͊ͭ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͙ͯ͊͘͡Έͤ·ͻ ͙͚ͨͦͫͦ͋Σ ͙ͣ͊ͤͨͯ͡Ύ͙͍ͭͤ·ͻ 

͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͎͙͚͊ͤ͊ͦ͡ ͫ ͔ͪ͊͡Έͤ·ͣ ͙ͣͪͦͣ ͙  ͙͙͚͒ͫͯͫͫ͟ ͔ͣ͗͒ͯ ͯ;͊΅͙͙ͣͫΎΣ ;ͭͦ͋· ͨͦͣͦ;Έ ͙ͣ ͙ͨͦͫͭͪͦͭΈ 

͔ͣͤͭ͊͡Έͤ·͔ ͔͙ͣͦ͒͡ ͊͋ͫͭͪ͊ͭͤ͟·ͻ ͦͤ͟ͼ͔ͨͼ͙͚ ό͙͔ͤ͊ͨͪͣͪΣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͨͭͦ͟͡ ͔͚͒ͪͦ͋ ͒͡Ύ 

͙͙ͨͦͤͣ͊ͤΎ ͦ͋΅͙ͻ ͔͔͔͚ͤ͊ͣͤ͊ͭ͘͡ύΦ 

нΦ ˴͡Ό;͔͍·͔ ˸͔͎͙͙ͭͦ͒ͦͦ͡ ˢ͙͍͎ͭͤͦͦ͟ ˻͋ͯ;͔͙ͤΎ 

̏ͺͺ͔͙͍͔ͭͤͦ͟ ͔͍͙͔ͨͪͨͦ͒͊͊ͤ ͔͔ͭͪ͋ͯͭ ͔ͫͣ΅͔͙ͤΎ ͙ͪͦ͡ ͯ;͊΅͔͎ͦͫΎ ͫ ͙͍͎ͨ͊ͫͫͤͦͦ ͨͦͯ͡;͔͊ͭ͡Ύ ͤ͊ 

͙͍͎͊ͭͤͦͦ͟ ͦͤͫͭͪͯͭͦͪ͊͟͟ ͙͚ͤ͊ͤ͘. 

нΦмΦ ˽ͦͦ΅͔͙͔ͪͤ ˽͙͍͎ͪͦ͒ͯͭͤͦͦ͟ ͙͙̂ͫ͡Ύ 

˻͋ͯ;͔͙͔ͤ ͙ͨͪͦͫͻ͙ͦ͒ͭΣ ͎ͦ͒͊͟ ͯ;͊΅͙͔ͫΎ ͙͍ͫͭ͊͊͟͡ΌͭͫΎ ͫ ͎͙͙͍ͦͤͭͤ͟·ͣ ͔ͨͪͨΎ͍͙͔ͭͫͭͣ ͙ ͒ͦ͗ͤ͡· 

͙͙ͨͪͦ͗ͭ͡Έ ͙͙ͯͫ͡ΎΣ ;ͭͦ͋· ͔͎ͦ ͔͔ͨͪͦ͒ͦͭ͡ΈΦ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͤ͊͘·͍͔͊ͭͫΎ ˽͙͍͔ͪͦ͒ͯͭͤͦ͟ ͙͙͔̂ͫ͡ όtǊƻŘǳŎǘƛǾŜ 

Struggle). 

¶ ˾ͦ͡Έ ̂;͙͔ͭ͡ΎΥ ˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͍·͔ͫͭͯͨ͊ͭ ͍ ͙ͪͦ͡ ͺ͙͙͊ͫͭ͊ͭͦͪ͊͡Σ ͔͎ͨͪ͒͊͊͡Ύ ͊͒͊͘;͙Σ ͦͭͦͪ͟·͔ 

Ύ͍͡ΎΌͭͫΎ ͫͦ͗ͤ͡·͙ͣΣ ͤͦ ͒ͦͫͭͯͨͤ·͙ͣΣ ͙ ͔͍ͨͪ͒ͦͫͭ͊͡ΎΎ ͔͎͙ͫͭͪ͊ͭ;͔ͫͯ͟Ό ͔ͨͦ͒͒ͪ͗ͯ͟ όǎŎŀŦŦƻƭŘƛƴƎύΣ ͊ ͔ͤ 

ͨͪΎ͔ͣͦ ͔͍͔͙͔ͨͪ͒ͦͫͭ͊ͤ͡ ͔ͪ΄͔͙ͤΎΦ 

¶ ˽͔͙ͪͣͯ΅͔͍ͫͭ͊Υ ̏ͭͦ ͺ͙͔ͦͪͣͪͯͭ ͚ͯͫͭͦ;͙͍ͦͫͭΈΣ ͨͦͦ΅ͪΎ͔ͭ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔͍ͣͤͦ͗ͫͭ͊ ͔͎͙͚ͫͭͪ͊ͭ ͙ 

͎ͯͯ͋͡͡Ύ͔ͭ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͔ͤͦ ͙͙͔ͨͦͤͣ͊ͤΣ ͨͦͭͦͣͯ ;ͭͦ ͔ͪ΄͔͙͔ͤ ͯ;͊΅͔͎ͦͫΎ ͊ͪ͊͋ͦͭ͊ͤͦ͘ ͙͙ͯͫ͡Ύ͙ͣΦ 

нΦнΦ ˻͋ͯ;͔͙͔ͤ ͤ͊ ˻͍͔ͫͤͦ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ όL.[ύ 

L.[ ͙ͫͭͪͦͭ ͯ;͔͋ͤ·͚ ͨͪͦͼ͔ͫͫ ͍͎ͦͪͯ͟ ͦͭͪ͟·ͭ·ͻ ͍͍ͦͨͪͦͫͦ ͙ ͙͡ ͫͦ͗ͤ͡·ͻ ͙͚͊͒͊ͤ͘Σ ͔ͭͪ͋ͯΎ ͦͭ ͯ;͊΅͙ͻͫΎ 

ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͦͭͪ͟·͍͊ͭΈ ͣ ͔͙͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͍͙ͨͪ͊͊͡ ͙ ͍ͫΎ͙͘Φ 

¶ ˽͙͔ͪͣͪΥ ˤ͔ͣͫͭͦ ͎ͭͦͦΣ ;ͭͦ͋· ͍͒͊͊ͭΈ ͯ;͊΅͙ͣͫΎ ͺͦͪͣͯͯ͡ ͒͡Ύ ͨͦ͡΅͙͊͒ ͎ͪͯ͊͟Σ ͯ;͙͔ͭ͡Έ ͔ͣͦ͗ͭ 

͙ͨͦͨͪͦͫͭΈ ͙ͻ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͔ͣͭͦ͒ ͦͼ͔͙ͤ͟ ͨͦ͡΅͙͊͒ ͎͚ͪͯͦ͟͡ ͙ͨͼͼ·Σ ͙ͫͨͦ͡Έͯ͘Ύ ͭͦ͡Έͦ͟ ͙͙͔͍ͣͣͭͪͦͯ͡͡Ό 

͎͋ͯͣ͊ͯΦ ˽͔͍ͦͫͪ͒ͫͭͦͣ Ή͎ͭͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͯ;͊΅͙͔ͫΎ ͙͙ͨͪ͋͗͊͡ΌͭͫΎ ͟ ͺ͔ͦͪͣͯ͡Φ 

2.3Φ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ˸͔͙͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ˸͔͙͍͙ͦ͒ͪͦ͊ͤ͡Ύ 

˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ τ Ήͭͦ ͨͪͦͼ͔ͫͫ ͔͔͍ͨͪͦ͒͊ ͔ͪ͊͡Έ͚ͤͦ ͔ͨͪͦ͋ͣ͡· ͍ 

͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͙ͭͪͣͤ·Σ ͔ͪ΄͔͙ͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͊͒͊͘;͙Σ ͊ ͔͊ͭͣ͘ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͪ΄͔͙ͤΎ ͦ͋ͪ͊ͭͤͦ 

͍ ͔ͦͤͭͫͭ͟͟ ͔ͪ͊͡Έ͎ͤͦͦ ͙ͣͪ͊Φ 

¶ ˢͭͯ͊͟͡ΈͤͦͫͭΈΥ ˻ͤͦ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͔͔ͤͣ͒ͤͤͯ͡Ό ͔ͨͦͤͦͫͭ͘͡Έ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ̂;͊΅͙͔ͫΎ ͎ͣͦͯͭ 

͔͙͍ͣͦ͒ͪͦ͊ͭ͡Έ ͙ͦͨͭͣ͊͡Έͤ·͚ ͣ͊ͪ΄ͪͯͭ ͒͡Ύ ͎͍͙ͪͯͦ͊͘͟ ͍͙͒ͦͫͭ͊͟ ό͙ͫͨͦ͡Έͯ͘Ύ ͔͙ͭͦͪΌ ͎ͪ͊ͺ͍ͦύ ͙͙͡ 

͎͙͍ͨͪͦͤͦͪͦ͊ͭ͘Έ ͪͦͫͭ ͔͎ͣͫͭͤͦͦ ͔͔͙ͤ͊ͫͤ͡Ύ ό͙ͫͨͦ͡Έͯ͘Ύ Ή͔ͫͨͦͤͤ͟ͼ͙͊͡Έͤ·͔ ͺͯͤ͟ͼ͙͙ύΦ 

¶ ˹͍͊·͙͟Υ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͍͙͍͔ͪ͊͊ͭ͘ ͍ͤ͊·͙͟ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡Σ ͙͊ͨͨͪͦͫͣ͊͟ͼ͙͙ ͙ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙Σ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ ͔͎ͪ͊ͯͦ͟͡Έͤ·͙ͣ ͊ͣͤ͟Ύ͙ͣ ͙ͦ͟͡;͔͍͔͚ͫͭͤͤͦ ͎͙ͪ͊ͣͦͭͤͦͫͭΦ 
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оΦ ˻ͼ͔͙͍͙͔ͤ͊ͤ ͙ ͔́ͻ͎͙͙ͤͦͦ͡ 

˿͍͔͔͔ͦͪͣͤͤͦ ͦͼ͔͙͍͙͔ͤ͊ͤ ͙ ͔ͭͻ͎͙͙ͤͦͦ͡ ͒ͦ͗ͤ͡· ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͔ͤͦ ͦ͋ͯ;͔͙͔ͤΣ ͊ ͔ͤ 

ͭͦ͡Έͦ͟ ͍͔ͨͪͦͪͯ͟ ͨͪͦͼ͔͒ͯͪΦ 

͙̅ͦͪͣͪͯΌ΅͔͔ ˻ͼ͔͙͍͙͔ͤ͊ͤΥ ˨ͦ͗ͤͦ͡ ͋·ͭΈ ͨͦͫͭͦΎͤͤ·ͣ ͙ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͒͡Ύ ͙͎͙͙͒͊ͤͦͫͭ͟ 

͙͙ͨͦͤͣ͊ͤΎ ͯ;͊΅͙͙ͣͫΎ ͙ ͔͙͍͙ͦͪͪͭͪͦ͟͟͟ ͦ͋ͯ;͔͙ͤΎ ͒ͦ ͍·͍͔͙ͫͭ͊ͤ͡Ύ ͦͦͤ͟;͔͊ͭ͡Έ͚ͤͦ ͦͼ͔͙ͤ͟Φ ˽͙͔ͪͣͪ· 

͍͟͡Ό;͊Όͭ ͍·ͻͦ͒ͤ·͔ ͙͔͋ͭ͡·Σ ͦͭͦͪ͟·͔ ͨͪͦͫΎͭ ͯ;͊΅͙ͻͫΎ ͦ͋ΆΎ͙ͫͤͭΈ ͦͤ͟ͼ͔ͨͼ͙Ό ͍͙͙ͫͦͣ ͍͙ͫͦ͊ͣ͡Σ ͙͙͡ 

͋·ͫͭͪ·͔ ͦͨͪͦͫ· ͦ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ·ͻ ͭͪͯ͒ͤͦͫͭΎͻΦ 

͔́ͻ͎͙͙ͤͦͦ͡ ͒͡Ύ ˤ͙͙ͯ͊͊͘͘͡ͼ͙͙Υ ˮ͔ͤͫͭͪͯͣͤͭ·Σ ͙͔ͭ͊͟ ͊͟͟ ͎ͪ͊ͺ͙;͔͙͔ͫ͟ ͊͟͡Έͯ͟͡Ύͭͦͪ·Σ DŜƻDŜōǊŀ ͙ 

͎͔ͨͪͦͪ͊ͣͣͤͦ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͒͡Ύ ͙͙͒ͤ͊ͣ;͔͚ͫͦ͟ ͎͔͔͙͙ͦͣͭͪΣ ͍ͨͦͦ͘͡ΎΌͭ ͯ;͊΅͙ͣͫΎ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ 

͍͙͙͙͍ͯ͊ͪͦ͊ͭ͘͘͡Έ ͊͋ͫͭͪ͊ͭͤ͟·͔ ͦͤ͟ͼ͔ͨͼ͙͙ ό͙͔ͤ͊ͨͪͣͪΣ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͙͍ͨͪͦͦ͒ͤ͘·͔ύΣ ͯͫͦͪ͟ΎΎ 

ͦͤ͟ͼ͔ͨͭͯ͊͡ΈͤͯΌ ͙͙ͤͭͯͼ͙ΌΦ 

˴͙͍͙͔ͦ͒ͪͦ͊ͤ ͍ ˸͔͙͔͊ͭͣ͊ͭ͟Υ ˤ͔͔͙͔ͤ͒ͪͤ Ύ͘·͍ͦ͟ ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎ ό͙͔ͤ͊ͨͪͣͪΣ tȅǘƘƻƴύ 

͍ͨͦͦ͘͡Ύ͔ͭ ͯ;͊΅͙ͣͫΎ ͔͙͍ͪ͊ͦ͘͡·͍͊ͭΈ ͎͙͊ͦͪͭͣ͡·Σ ͔͙͍ͣͦ͒ͪͦ͊ͭ͡Έ ͫͦ͗ͤ͡·͔ ͊͒͊͘;͙ ό͙͔ͤ͊ͨͪͣͪΣ 

͍͔ͪͦΎͭͤͦͫͭΈύ ͙ ͍͙͔͚͍͍͊ͣͦ͒ͫͭͦ͊ͭ͘Έ ͫ ͍·;͙͙͔ͫͭ͡͡Έ͚ͤͦ ͙͚ͨͪͪͦ͒ͦ ͙͚ͨͪ͊͒ͤͦ͟͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ 

пΦ ˭͊͟͡Ό;͔͙͔ͤ 

͔̇͡Έ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ τ ͫͦ͒͊ͭ͘Έ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ ͎ͪ͊ͣͦͭͤ·ͻ ͡Ό͔͚͒Σ ͫͨͦͫͦ͋ͤ·ͻ 

͎͙ͦ͡;͔͙ͫ͟ ͪ͊ͫͫͯ͗͒͊ͭΈ ͙ ͙͔ͨͪͣͤΎͭΈ ͙ͦ͟͡;͔͍͔ͫͭͤͤ·͔ ͍ͤ͊·͙͟ ͒͡Ύ ͔ͪ΄͔͙ͤΎ ͫͦ͗ͤ͡·ͻΣ 

͔͙͍ͤͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·ͻ ͔ͨͪͦ͋ͣ͡Φ ˿͔ͣ΅͊Ύ ͔͎͎͙ͨ͒͊ͦ;͔͙͚ͫ͟ ͺͦͯͫ͟ ͍ ͫͭͦͪͦͤͯ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͎ͤͦͦ ͙͙ͨͦͤͣ͊ͤΎΣ 

͙͍͎ͨͪͦ͒ͯͭͤͦͦ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͔ͪ͊͡Έ͎ͤͦͦ ͙ͣͪ͊Σ ͔͍͔͙ͨͪͨͦ͒͊͊ͭ͡ ͎͙͊ͪ͊ͤͭͪͯΌͭΣ ;ͭͦ 

͔͙ͣ͊ͭͣ͊ͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͨͪͦͫͭͦ ͔͔ͨͪ͒ͣͭͦͣ-ζ͙͍͙ͨͪͪ͊ͭͤͦͣ͟ηΣ ͤͦ ͣͦ΅ͤ·ͣ ͙ ͔͔͙ͤ͊ͣͤͣ͘·ͣ 

͙͔ͤͫͭͪͯͣͤͭͦͣ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ ͙ ͯͯ͡;΄͔͙ͤΎ ͙ͣͪ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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2. Devlin, K. (2000). The Language of Mathematics: Making the Invisible Visible. W. H. Freeman and 
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4. Courant, R., & Robbins, H. (1996). What is Mathematics? An Elementary Approach to Ideas and Methods 
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5. Steen, L. A. (Ed.). (1990). On the Shoulders of Giants: New Approaches to Numeracy. National Academy 
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ϭ ̆͊ͤ͊͡·͔͍ ˢΦΣ ̉͊ͪ·͔͍͊ ˻., 2025 

 

 

 

 

̆͊ͤ͊͡·͔͍ ˢ͔ͫͪ͟Σ  

˴͙͊ͤ͒͒͊ͭ ͅ ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ˸ ͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͔͙͊͊͒ͣ͟Ύ ͔͍͍ͦͤͦ͒ͫͭ͊͟ ͙͔͙ͣͤ ˢ͋͊ ˢ͔͍ͤͤ͊͊ 

ˢ͎ͪ͊͒͊͟Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˸ˢ́˩˸ˢ́ˮ˴ˢ ˤ ˿˻ˤ˾˩˸˩˹˹̂̑ ̏˽˻̆̂Υ ˨ˤˮ˥ˢ́˩˶̎ ˨ˢ˹˹̍̆Σ ˮˮ ˮ ˮ˹˹˻ˤˢ̇ˮ˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͍͔͔ͫͦͪͣͤͤͯΌ Ήͨͦͻͯ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͍·΄͊͡ ͊͘ ͙ͪ͊ͣ͟ ͍͔͚ͫͦ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͙ͪͦ͡ ͙͔ͤͫͭͪͯͣͤͭ͊ ͒͡Ύ 

ͺ͙͙͘;͔͙ͫ͟ͻ ͤ͊ͯ͟ ͙ ͫͭ͊͊͡ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣ Ύ͘·ͦͣ͟ ͙ ͍͙͎͔͔͒͊ͭͣ͡ ͼ͙ͺ͍͎ͪͦͦͦ ͙ͣͪ͊Φ ˩͖ ͙ͨͪͤͼ͙ͨ· ͔͗͊ͭ͡ 

͍ ͍͔ͦͫͤͦ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͦͭͦͪ͟·͔ ͔͔ͦͨͪ͒͡ΎΌͭ ͍͔͔ͫͦͪͣͤͤͯΌ ͙͗ͤ͘ΈΥ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ˮ͔͔ͤͭͭ͟͡͡ όˮˮύΣ ͤ͊ͯ͊͟ 
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ͦ ͒͊ͤͤ·ͻΣ ͙͔͔͋ͪ͋ͦͨ͊ͫͤͦͫͭ͘͟Έ ͙ ͺ͙͍͔ͤ͊ͤͫͦͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Φ ˤ Ή͚ͭͦ ͫͭ͊ͭΈ͔ ͙͔͔ͫͫ͒ͯͭͫ͡Ύ 

͔ͨͪͦ͋ͪ͊ͯ͘Ό΅͊Ύ ͪͦ͡Έ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͫ ͊͟ͼ͔ͤͭͦͣ ͤ͊ ͭͦΣ ͊͟͟ ͙͔ͭ͊͟ ͙ͦ͋͊ͫͭ͡Σ ͊͟͟ ͙͔͒ͫͪͭͤ͊͟Ύ 

͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͙͔͚ͤͤ͊͡Ύ ͎͔͊͋ͪ͊͡ ͙ ͍·;͙͙͔ͫͭ͡͡Έͤ͊Ύ ͙͙ͫͭ͊ͭͫͭ͊͟Σ ͍ͯͨͪ͊͡ΎΌͭ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͙ͫͣ͟ 

͙͍ͤͤͦ͊ͼ͙Ύ͙ͣΦ ͍͔͔̂ͭͪ͗͒͊ͭͫΎΣ ;ͭͦ ͍͔͙͔͊͒ͤ͡ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫͣ͟ ͣ·΄͔͙͔ͤͣ͡ ͍  ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ Ύ͍͡Ύ͔ͭͫΎ 

͙͔͔ͤ͊͋ͦ͡ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͚͊͗ͤͦ ͺ͚ͦͪͣͦ ͙ͦ͟͡;͔͍͔͚ͫͭͤͤͦ ͎͙ͪ͊ͣͦͭͤͦͫͭΣ ͔ͤͦ͋ͻ͙͚ͦ͒ͣͦ ͒͡Ύ ͍͙͎ͤ͊͊ͼ͙͙ ͙ 

͍͔͔͙ͤͫͤΎ ͍͊͒͊͟͡ ͍ Ή͙ͦͤͦͣͯ͟͟ ··L ͍͔͊͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͍͔͔ͫͦͪͣͤͤ͊Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͤ͊ͯ͊͟ ͦ ͒͊ͤͤ·ͻΣ ͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ όˮˮύΣ ͙͔͚ͤͤ͊͡Ύ ͎͔͊͋ͪ͊͡Σ 

͙͔͒ͫͪͭͤ͊͟Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͍·;͙͙͔ͫͭ͡͡Έͤ͊Ύ ͙͙ͫͭ͊ͭͫͭ͊͟Σ ͺ͙͍͔ͤ͊ͤͫͦͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Σ  

͙͎ͪͨͭͦͪ͊͟ͺ͙ΎΣ ͙ͦ͟͡;͔͍͔ͫͭͤͤ͊Ύ ͎ͪ͊ͣͦͭͤͦͫͭΈΦ 

 

мΦ ˿͍͙͎͒ ͍ ˿ͭͦͪͦͤͯ ˤ·;͙͙͔ͫͭ͡͡Έ͎ͤͦͦ ͙ ˨͙͔͎ͫͪͭͤͦͦ͟ 

ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͋ͦ͡Έ΄͊Ύ ;͊ͫͭΈ ͙͚ͨͪ͊͒ͤͦ͟͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͋·͊͡ ͔ͫͦͫͪ͒ͦͭͦ;͔ͤ͊ ͤ͊ ͔͔ͤͨͪͪ·͍ͤ·ͻ 

͙͔͔͙ͣͤͤ͘Ύͻ ͒͡Ύ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͺ͙͙͙͘͟Φ ˿͔͎ͦ͒ͤΎ ͊͟ͼ͔ͤͭ ͔͙ͫͣͫͭͫ͡Ύ ͤ͊ ͙͔͔͒ͫͪͭͤͦ͟ ͙ ͍·;͙͙͔ͫͭ͡͡Έ͔ͤͦ, 

;ͭͦ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͍͙͒ͦ;͚ͤͦ ͙͚ͨͪͪͦ͒ͦ ͦͣͨ͟ΈΌ͔͍ͭͪͦ ͙ ͦ͋΄͙ͪͤͦͫͭΈΌ ͼ͙ͺ͍ͪͦ·ͻ ͒ ͊ͤͤ·ͻΦ 

˨͙͔ͫͪͭͤ͊͟Ύ ˸͔͙͊ͭͣ͊ͭ͊͟Υ ̏ͭ͊ ͦͭͪ͊ͫ͡ΈΣ ͦͭͦͪ͊͟Ύ ͍͟͡Ό;͔͊ͭ ͔͙ͭͦͪΌ ͔͍ͣͤͦ͗ͫͭΣ ͎͙ͦͯ͟͡Σ 

͙͙ͦͣ͋ͤ͊ͭͦͪͯ͟͟ ͙ ͔͙ͭͦͪΌ ͎ͪ͊ͺ͍ͦΣ ͺ͙͔ͦͪͣͪͯͭ ͔͔͙ͭͦͪͭ;͔ͫͯ͟Ό ͍ͦͫͤͦͯ ˴ͦͣͨΈΌ͔ͭͪͤ·ͻ ˹͊ͯ͟Φ ˤ͔ͫΣ ͦͭ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͫͭͪͯͭͯͪ͟ ͒͊ͤͤ·ͻ ͒ͦ ͙͙ͤ͊ͨͫ͊ͤΎ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͎͙͍͊ͦͪͭͣͦ͡ ͙ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ ͫͦ͗ͤ͡·ͻ 

͔͔͚ͫͭΣ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͙͔͒ͫͪͭͤ͟·͔ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͙ͨͪͤͼ͙ͨ·Φ 

˶͙͔͚ͤͤ͊Ύ ˢ͎͔͋ͪ͊͡Υ ˴͎ͦ͒͊-ͭͦ ͙ͤ΄͔͍͊Ύ ͦ͋͊ͫͭ͡ΈΣ ͙͔͚ͤͤ͊͡Ύ ͎͔͊͋ͪ͊͡ τ ͙ͯ͘;͔͙͔ͤ ͍͔͍ͭͦͪͦ͟Σ ͙ͣ͊ͭͪͼ 

͙ ͙͔ͫͫͭͣ ͙͔͚ͤͤ͡·ͻ ͍͔͙͚ͯͪ͊ͤͤ τ ͔͔ͭͨͪΈΣ ͚ͨͦ͗͊ͯ͡Σ Ύ͍͡Ύ͔ͭͫΎ ͚ͫ͊ͣͦ ͍͚͊͗ͤͦ ͦͭͪ͊ͫ͡ΈΌ ͙͚ͨͪ͊͒ͤͦ͟͡ 

͍͔͔͚ͫͦͪͣͤͤͦ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ̏ͭͦ Ύ͘·͟Σ ͙ͫͨͦ͡Έ͔ͯͣ͘·͚ ͒͡Ύ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͙ ͙͙͍͙ͣ͊ͤͨͯͪͦ͊ͤ͡Ύ 

͎͔ͣͤͦͦͣͪͤ·͙ͣ ͒͊ͤͤ·͙ͣ τ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͒͡Ύ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎΣ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ ͙ 

͙ͫ͗͊ͭΎ ͒͊ͤͤ·ͻΦ 

нΦ ˸͔͙͊ͭͣ͊ͭ͊͟ ͊͟͟ ̒͒ͪͦ ˮ͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ˮ͔͔ͤͭͭ͊͟͡͡ 

˿͔͙͔ͭͪͣͭ͡Έͤ·͚ ͨͦ͒Ά͔ͣ ˮˮ ͙ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ Ύ͍͡Ύ͔ͭͫΎΣ ͨͦ ͙ͫͯͭΣ ͙ͭͪͯͣͺͦͣ ͙͚ͨͪ͊͒ͤͦ͟͡ 

͔͙͙ͣ͊ͭͣ͊ͭ͟Φ 

ˮͫ;͙͔͙͔ͫͤ͡ ͒͡Ύ ˻͋ͯ;͔͙ͤΎΥ ˸ ͔͙ͦ͒͡ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎΣ ͔ͦͫͦ͋ͤͤͦ ͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭΣ ͦ͋ͯ;͊ΌͭͫΎ 

͔ͨͯͭͣ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ͺͯͤ͟ͼ͙͙ ͦ΄͙͙͋͟Φ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ͍ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͔͔͙ͫͭͨͤ ͙͔ͦͨͪ͊ͭͫΎ 

ͤ͊ ͙͒ ͺͺ͔͔ͪͤͼ͙͊͡Έ͔ͤͦ ͙ͫ;͙͔͙͔ͫͤ͡ ͒͡Ύ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͎ͭͦͦΣ ͊͟͟ ͔͙͍ͦͪͪͭͪͦ͊ͭ͟͟Έ 

͔ͨ͊ͪ͊ͣͭͪ· ͔͙ͣͦ͒͡Φ 

˿͙͙ͭ͊ͭͫͭ͊͟ ͙ ˤ͔ͪͦΎͭͤͦͫͭΈΥ ͙̏ͭ ͙ͦ͋͊ͫͭ͡ ͙͊ͤͣ͊͘Όͭ ͼ͔ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͍ͦ ͍͔ͫͻ ͺͦͪͣ͊ͻ 

͎͙ͨͪͦͤͦͫͭ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΦ ˢ͎͙ͦͪͭͣ͡· ͎ͨͦ͊͊͡ΌͭͫΎ ͤ͊ ͚͔͍͋͊ͫͦͫͯ͟Ό ͙͙ͫͭ͊ͭͫͭͯ͟ ͙ ͔͙ͭͦͪΌ 

͍͔ͪͦΎ͔͚ͭͤͦͫͭ ͒͡Ύ ͙ͦ͟͡;͔͍͔͚ͫͭͤͤͦ ͦͼ͔͙ͤ͟ ͔͔͔͔͙ͤͦͨͪ͒ͤͤͦͫͭ͡Σ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͒͊ͤͤ·ͻ ͙ ͙ͨͪͤΎ͙ͭΎ 

͍ͦ͋ͦͫͤͦ͊ͤͤ·ͻ ͔ͪ΄͔͙͚ͤΦ 

˿͙͔͙͔ͤ͗ͤ ˾͔͙͊ͣͪͤͦͫͭ͘Υ ˸͔ͭͦ͒·Σ ͍ͦͫͤͦ͊ͤͤ·͔ ͤ͊ ͙͔͚͚ͤͤͦ͡ ͎͔͔͊͋ͪ͡Σ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ 

ͯͨͪͦ΅͔͙ͤΎ ͫͦ͗ͤ͡·ͻ ͍ͤ͊͋ͦͪͦ ͒͊ͤͤ·ͻ ͔ͨͯͭͣ ͍·Ύ͍͔͙ͤ͡Ύ ͙͔͔ͤ͊͋ͦ͡ ͍͊͗ͤ·ͻ ͍͋͊ͦ͘·ͻ ͔͔͔ͨͪͣͤͤ·ͻΣ ;ͭͦ 

͔͔͒͊ͭ͡ ͦ͋ͯ;͔͙͔ͤ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͋·͔͔ͫͭͪ ͙ Ήͺͺ͔͙͍͔͔ͭͤ͟Φ 

оΦ ˭͊΅͙ͭ͊ ͙̇ͺ͍ͪͦ·ͻ ˥͙ͪ͊ͤͼΥ ˸͔͙͊ͭͣ͊ͭ͊͟ ͍ ˴͙͔͔͙͋ͪ͋ͦͨ͊ͫͤͦͫͭ͘ 

˸͔͙͊ͭͣ͊ͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͔͔͙͋ͪ͋ͦͨ͊ͫͤͦͫͭ͘͟Σ ͔͍ͨͪ͒ͦͫͭ͊͡ΎΎ ͙͔ͤͫͭͪͯͣͤͭ·Σ 

͔ͤͦ͋ͻ͙ͦ͒ͣ·͔ ͊͟͟ ͒͡Ύ ΄͙ͺ͍͙ͪͦ͊ͤΎ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͭ͊͟ ͙ ͒͡Ύ ͍ͦͣ͊͘͡ ͍ͦ͒ͦ͟Φ 

¶ ˴͙͎ͪͨͭͦͪ͊ͺ͙ΎΥ ˽ ͦ;͙ͭ ͨͦͤͦͫͭ͡ΈΌ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͔͙́ͦͪΌ ͙͔̉ͫ͡ τ ͙ ͯ͘;͔͙͔ͤ ͼ͔͡·ͻ ;͙͔ͫ͡Σ ͨͪͦͫͭ·ͻ 

;͙͔ͫ͡ ͙ ͔͙͙͒ͣͦͫͭ͡Φ ˴͙͙͔ͪͨͭͦͫͫͭͣ· ͫ ͦͭͪ͟·ͭ·ͣ ͟͡Ό;ͦͣ ͍͙͊ͫ͘Ύͭ ͦͭ ͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͙ͫͦ͗ͤͦͫͭ͡ 

ͺ͙͊ͭͦͪ͊͘͟ͼ͙͙ ͋ͦ͡Έ΄͙ͻ ͨͪͦͫͭ·ͻ ;͙͔ͫ͡ τ ͔ͨͪͦ͋ͣ͡·Σ ͦͭͦͪͯ͟Ό ͔͎ͦ͟͡ ͍͔͙ͨͪͦͪͭΈΣ ͤͦ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ 

͔͍ͤͦͣͦ͗ͤͦ͘ ͔ͪ΄͙ͭΈ ͔͋͘ ͟͡Ό;͊Φ 

¶ ˽͍͍ͦͫͭ͊ͤͭͦ͊͟Ύ ˴͙͎ͪͨͭͦͪ͊ͺ͙ΎΥ ˤ ͙͙͙ͦ͗͒͊ͤ ͣͦ΅ͤ·ͻ ͍͍͊ͤͭͦ͟·ͻ ͦͣͨ͟ΈΌ͔͍ͭͪͦΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ 
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ͪ͊ͪͯ͘΄͙ͭΈ ͔ͭͯ͟΅͔͔ ΄͙ͺ͍͙͔ͪͦ͊ͤΣ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙͍͊ͭͤͦ͟ ͪ͊ͪ͊͋͊ͭ͘·͍͊Όͭ ͍ͤͦ·͔ ͎͙͊ͦͪͭͣ͡·Σ ͍ͦͫͤͦ͊ͤͤ·͔ 

ͤ͊ ͔ͪ΄͔ͭ͊͟ͻ ͙ ͔͙͙ͭͦͪ ͙͍͙ͦ͒ͪͦ͊ͤ͟ΎΣ ;ͭͦ͋· ͎͙͍͊ͪ͊ͤͭͪͦ͊ͭΈ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͒͊ͤͤ·ͻ ͍ ͋ͯ͒ͯ΅͔ͣΦ 

пΦ ˽͙ͪ͊͒ͤ͊͟͡Ύ ˸͔͙͊ͭͣ͊ͭ͊͟ ͍ ͙̅ͤ͊ͤͫ͊ͻ ͙ ͙͔̏ͦͤͦͣ͟͟ 

˴͙ͦ͡;͔͍͔ͫͭͤͤ·͔ ͺ͙ͤ͊ͤͫ·Σ ͙͙͡ ζ͍͍͊ͤͭͦ͊͟Ύη ͪ͊͋ͦͭ͊Σ τ Ήͭͦ ͦ͋΄͙ͪͤ͊Ύ ͦ͋͊ͫͭ͡Έ ͙͔͔͙ͨͪͣͤͤΎΣ ͎͔͒ 

͔͔͍ͨͪ͒ͦ͊Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔ͦͤͯͪͤͭͤͦ͟͟ ͔͙ͨͪͣͯ΅͔͍ͫͭͦΦ 

¶ ˿ͭͦͻ͙͊ͫͭ;͔͔ͫͦ͟ ˮͫ;͙͔͙͔ͫͤ͡Υ ̏ͭ͊ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͊͘͡Ύ ͦͭͪ͊ͫ͡Έ ͙ͫ;͙͔͙ͫͤ͡Ύ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ 

͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͙͔ͫͫͭͣΣ ͍͟͡Ό;͊Ό΅͙ͻ ͫͯ͡;͚͊ͤͦͫͭΈΣ ͺ͙ͦͪͣͪͯΎ ͍ͦͫͤͦͯ ͒͡Ύ ͼ͔͍͙ͤͦͦ͋ͪ͊ͦ͊ͤ͘Ύ 

ͺ͙͍ͤ͊ͤͫͦ·ͻ ͔͙͍͙͍͍͒ͪ͊ͭͦΦ 

¶ ˤ·;͙͙͔ͫͭ͡͡Έ͔ͤͦ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡Υ ͙͍̅ͤ͊ͤͫͦ·͔ ͯ;͔͔͙ͪ͗͒ͤΎ ͙ͫͨͦ͡Έͯ͘Όͭ ͫͦ͗ͤ͡·͔ ;͙͔ͫͤͤ͡·͔ 

͔ͣͭͦ͒· ͙ ͙ͫͣͯ͡Ύͼ͙͙ ͒͡Ύ ͦͼ͔͙ͤ͟ ͙ͪͫ͊͟Σ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͨͦͪͭͺ͔͔͚͡ ͙ ͙͊ͤ͊͊͘͡ ͍͙ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͪ·ͤ͊͟Φ 

рΦ ˭͊͟͡Ό;͔͙͔ͤΥ ˴͙ͦ͡;͔͍͔ͫͭͤͤ͊Ύ ˥ͪ͊ͣͦͭͤͦͫͭΈ ͊͟͟ ˿͍͔͔͔ͦͪͣͤͤͦ ͔͍͙͔́ͪ͋ͦ͊ͤ 

˸͔͙͊ͭͣ͊ͭ͊͟ ͋ͦ͡Έ΄͔ ͔ͤ ͎͙ͦͪ͊ͤ;͙͍͔͊ͭͫΎ ͔͙͊͊͒ͣ͟;͔͙͙ͫͣ͟ ͔͙ͫͭͤ͊ͣΤ Ήͭͦ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͚ ͤ͊͋ͦͪ 

͙͔͍ͤͫͭͪͯͣͤͭͦ ͒͡Ύ ͍͙͎ͤ͊͊ͼ͙͙ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪΦ ˿ͨͦͫͦ͋ͤͦͫͭΈ ͎͙ͦ͡;͔͙ͫ͟ ͪ͊ͫͫͯ͗͒͊ͭΈΣ 

͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈ ͒͊ͤͤ·͔ ͙ ͙ͨͦͤͣ͊ͭΈ ͒ͦͨͯ΅͔͙ͤΎΣ ͔͗͊͡΅͙͔ ͍ ͍͔ͦͫͤͦ ͫͦ͗ͤ͡·ͻ ͎͙͍͊ͦͪͭͣͦ͡ τ ͤ ͍͊·͙͟Σ 

͍͙͍͔ͪ͊͊ͣ͘·͔ ͎͋͊ͦ͒͊ͪ͡Ύ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫͦͣͯ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΌΣ τ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͍͔͔ͫͦͪͣͤͤͯΌ 

͙ͦ͟͡;͔͍͔ͫͭͤͤͯΌ ͎ͪ͊ͣͦͭͤͦͫͭΈΦ ˽ͦͫͦ͟͡Έͯ͟ ͒͊ͤͤ·͔ ͙ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙Ύ ͨͪͦ͒ͦ͗͊͡Όͭ ͍ͯͨͪ͊͡ΎͭΈ 

͎ͦ͋͊͡͡Έͤ·͙ͣ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΣ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡ ͔ͦͫͭ͊ͭͫΎ ͫ͊ͣ·ͣ ͣͦ΅ͤ·ͣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͣ 

͙͍͊ͭͦͣ͟ ͒͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ ͙ ͙ͨͪͤΎ͙ͭΎ ͍ͦ͋ͦͫͤͦ͊ͤͤ·ͻ ͔ͪ΄͔͙͚ͤΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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̆͊ͤ͊͡·͔͍ ˢΦΣ 

 ˴ ͙͊ͤ͒͒͊ͭ ͅ ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

 s ͍ͣ͊ͤͦ ˸ΦΣ  

˿͔ͭͯ͒ͤͭ 

˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͔͙͊͊͒ͣ͟Ύ ͔͍͍ͦͤͦ͒ͫͭ͊͟ ͙͔͙ͣͤ ˢ͋͊ ˢ͔͍ͤͤ͊͊ 

ˣ͔͎͔͍ͤ͒͗ͦ͊ ̏ΦΣ  

˿͔ͭͯ͒ͤͭ͊͟  

˽͔͎͎͙͒͊ͦ;͔ͫ͊͟Ύ ͔ͫͪ͒ͤΎΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ΄ͦ͊͟͡ 

 ͙ ͔͙ͣͤ ˣ͔ͪ͒·ͣͯͻ͔͊ͣ͒͊ ˢ͔͍ͤͤ͊͊ ͎ͦͪͦ͒͊ ˢ͎ͪ͊͒͊͟  

ˢ͎ͪ͊͒͊͟Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˽˾˩˽˻˨ˢˤˢ˹ˮ˩ ˸ˢ́˩˸ˢ́ˮ˴ˮΥ ˾ˢ˭ˤˮ́ˮ˩ ˸ˢ́˩˸ˢ́ˮ̉˩˿˴˻˯ 

 ˥ ˾ˢ˸˻́˹˻˿́ˮ ˮ ˴˾ˮ́ˮ̉˩˿˴˻˥˻ ˸̍̊˶˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

̏ͺͺ͔͙͍͔ͭͤͦ͟ ͔͍͙͔ͨͪͨͦ͒͊͊ͤ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ ··L ͍͔͔͟ ͔͔ͭͪ͋ͯͭ ͤ͊͘;͙͔ͭ͡Έ͎ͤͦͦ ͍͙͎ͫ͒͊ ͦͭ 
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ͨͪͦͼ͔͎͒ͯͪͤͦͦ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͊ͯ͘;͙͍͙͊ͤΎ ͟ ͍͙͙ͪ͊ͭ͘Ό ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͎ͤͦͦ ͙͙ͨͦͤͣ͊ͤΎΣ ͔͙͊ͯͭͤͭ;͎ͤͦͦ 

͔ͪ΄͔͙ͤΎ ͊͒͊͘; ͙ ͙͍͎͊͒͊ͨͭͤͦͦ ͣ·΄͔͙ͤ͡ΎΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͎͙ͨ͒͊ͦ͊͟ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ 

͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͎͙ͪ͊ͣͦͭͤͦͫͭ τ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͪ͊ͫͫͯ͗͒͊ͭΈΣ ͺ͙͍ͦͪͣͯͪͦ͊ͭ͡ΈΣ ͙͔ͨͪͣͤΎͭΈ ͙ 

͙͔ͤͭͪ ͔͙͍ͨͪͭͪͦ͊ͭΈ ͔͙ͣ͊ͭͣ͊ͭͯ͟ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͔ͦͤͭͫͭ͊͟͟ͻΣ τ ͔͒͊͡Ύ Ήͭͦͭ ͔͔ͨͪ͒ͣͭ ͊ͭͯ͊͟͡Έͤ·ͣ ͙ 

͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͒͡Ύ ͍͔ͫͻ ͯ;͊΅͙ͻͫΎΦ ˤ Ή͚ͭͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ 

͔͎͙͙ͣͭͦ͒ͦͦ͡Σ ͍͟͡Ό;͊Ύ ˽͙͍͔ͪͦ͒ͯͭͤͦ͟ ͙͙͔̂ͫ͡Σ ˻͋ͯ;͔͙͔ͤ ͤ͊ ˻͍͔ͫͤͦ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ όL.[ύ ͙ 

˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡Σ ͊ ͔ͭ͊͗͟ ͔ͦ͋ͫͯ͗͒͊ͭͫΎΣ ͊͟͟ ͔ͭͻ͎͙͙ͤͦͦ͡ ͎ͣͦͯͭ ͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͒͡Ύ 

͙ͫͦ͒͊ͤ͘Ύ ͙͙͒ͤ͊ͣ;͎ͤͦͦΣ ͙͔͙͍͎ͦͪͤͭͪͦ͊ͤͤͦͦ ͤ͊ ͯ;͔͙ͤ͊͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͊ͫͫ͊͟͡Σ ͦͭͦͪ͟·͚ ͎͍͙ͦͭͦͭ 

ͯ;͊΅͙ͻͫΎ ͟ ͙ͣͪͯΣ ͍͔ͫ ͔͔͋ͦ͡ ͍ͯͨͪ͊͡Ύ͔ͣͦͣͯ ͒͊ͤͤ·͙ͣΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Σ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͔ͤͦ ͙͙͔ͨͦͤͣ͊ͤΣ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫ͊͟Ύ ͎ͪ͊ͣͦͭͤͦͫͭΈΣ ͔ͪ΄͔͙͔ͤ 

͊͒͊͘;Σ ͙͍͔ͨͪͦ͒ͯͭͤͦ͟ ͙͙͔ͯͫ͡Σ ͦ͋ͯ;͔͙͔ͤ ͤ͊ ͍͔ͦͫͤͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ όL.[ύΣ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ 

͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Σ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͔͎͎͙ͨ͒͊ͦ͊͟Φ 

 

мΦ ˽͙͙͔ͪͦͪͭͭΥ ˴ͦͤͼ͔ͨͭͯ͊͡Έͤ͊Ύ ˥͙ͯ͋ͤ͊͡Σ ˢ ˹͔ ˽ͪͦͼ͔͒ͯͪͤ͊Ύ ˿ͦͪͦͫͭ͟Έ 

˹͊ ͨͪͦͭΎ͔͙͙͗ͤ ͔͒ͫΎ͙͔͙͚ͭͭ͡ ͍ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫͦͣ͟ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘ ͙͙͔ͨͪͦͪͭͭ ͍ͦͭ͒͊͊ͫ͡Ύ ͨͪͦͼ͔͚͒ͯͪͤͦ 

͔͎͙͋ͦͫͭ͡ ό͋·ͫͭͪͦͣͯ ͍·;͙͔͙ͫͤ͡Ό ͍͔͍ͦͭͭͦύ ͔͔ͨͪ͒ ͎͙ͯ͋ͦͣ͟͡ ͙͙͔ͨͦͤͣ͊ͤͣΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

ͨͦ͒;͔͙͍ͪ͊͟Όͭ ͔ͤΉͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͎ͭ͊ͦͦ͟ ͨͦ͒ͻͦ͒͊Σ ͨͦͫͦ͟͡Έͯ͟ ͯ;͊΅͙͔ͫΎ ;͊ͫͭͦ ͊͋͘·͍͊Όͭ ͨͪͦͼ͔͒ͯͪ·Σ 

ͦͭͦͪ͟·͔ ͙ͦͤ ͔ͤ ͨͦͤΎ͙͡ ͦͤ͟ͼ͔ͨͭͯ͊͡ΈͤͦΦ 

¶ ˴ͦͤͼ͔ͨͭͯ͊͡Έ͔ͤͦ ˽͙͙͔ͦͤͣ͊ͤΥ ˻͍ͫͤͦͤ͊Ύ ͼ͔͡Έ ͙ͫͦͫͭͦͭ ͍ ͭͦͣΣ ;ͭͦ͋· ͯ;͊΅͙͔ͫΎ ͙ͤ͊͘͡Σ ͨͦ;͔ͣͯ 

͔͙ͣ͊ͭͣ͊ͭ;͔ͫ͊͟Ύ ͙͔͒Ύ ͔ͪ͊͋ͦͭ͊ͭΣ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͙ͪ͊͘͡;ͤ·͙ͣ ͦͤ͟ͼ͔ͨͼ͙Ύ͙ͣ ͙ ͎ͦ͒͊͟ ͙͔ͨͪͣͤΎͭΈ 

͔ͦͤͪͭͤ͟͟·͚ ͔ͣͭͦ͒Φ ̏ͭͦ ͙͎͔͒ͦͫͭ͊ͭͫΎ ͊͘ ͫ;͔ͭ ͔ͫͦͫͪ͒ͦͭͦ;͔͙ͤΎ ͍͙͙ͤͣ͊ͤΎ ͤ͊ ͦͭͤͦ΄͔͙ͤΎͻΣ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

͔͍͔ͣͤͦ͗ͫͭͤͤ·ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͙ ͨͦͦ΅͔͙ͪͤΎ ͦ͋ΆΎ͔͙͚ͫͤͤ ͯ;͊΅͙ͻͫΎΦ 

¶ ˣ͊͊ͤͫ͡ ˣ͔͎͙ͦͫͭ͡Υ ˽ͪͦͼ͔͒ͯͪͤ͊Ύ ͔͎͋ͦͫͭ͡Έ ͔ͦͫͭ͊ͭͫΎ ͍͚͊͗ͤͦΣ ͤͦ ͦͤ͊ ͒ͦ͗ͤ͊͡ ͙ͫͭͪͦͭΈͫΎ ͍͔ͨͦͪͻ 

ͨͪͦ;͎ͤͦͦ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͎ͤͦͦ ͺ͔ͯͤ͒͊ͣͤͭ͊Σ ͊ ͔ͤ ͔͊ͣͤ͘ΎͭΈ ͔͎ͦΦ ̂;͊΅͙͔ͫΎΣ ͦͭͦͪ͟·͔ ͙ͨͦͤͣ͊Όͭ ͦͤ͟ͼ͔ͨͼ͙ΌΣ 

͎ͣͦͯͭ ͍͍͙ͦͫͫͭ͊ͤͦͭΈ ͨͪͦͼ͔͒ͯͪͯΣ ͔͙ͫ͡ ͦ ͙ͤ ͔͔ ͊͋ͯ͒ͯͭ͘Φ 

нΦ ˸͔͎͙͙ͭͦ͒ͦͦ͡ ˢ͙͍͎ͭͤͦͦ͟ ˻͋ͯ;͔͙ͤΎ ͙ ˻ͭͪ͟·͙ͭΎ 

̏ͺͺ͔͙͍ͭͤ͟·͔ ͔ͣͭͦ͒· ͦ͋ͯ;͔͙ͤΎ ͔͍ͨͪͪ͊΅͊Όͭ ͊ͫͫ͟͡ ͍ ͙͊͋ͦͪ͊ͭͦͪ͡Ό ͒͡Ύ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ 

ͦͭͪ͟·͙͚ͭΦ 

нΦмΦ ˾͍͙͙͔͊ͭ͘ ˽͙͍͎ͪͦ͒ͯͭͤͦͦ͟ ͙͙̂ͫ͡Ύ 

˽͙͍͔ͪͦ͒ͯͭͤͦ͟ ͙͙͔̂ͫ͡ τ Ήͭͦ ͨͪͦͼ͔ͫͫ ͔͍͔͙ͨͪ͒ͦͫͭ͊ͤ͡Ύ ͯ;͊΅͙ͣͫΎ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͋ͦͪͦͭΈͫΎ ͫͦ 

ͫͦ͗ͤ͡·͙ͣ ͊͒͊͘;͙͊ͣΣ ͦͭͦͪ͟·͔ ͙ͣ ͨͦ ͙ͫ͊ͣ͡Σ ͍͔ͣͫͭͦ ͔͔͔͎ͤͣ͒ͤͤͦͦ͡ ͔͍͔͙ͨͪ͒ͦͫͭ͊ͤ͡Ύ ͔ͪ΄͔͙ͤΎΦ 

¶ ˾ͦ͡Έ ̂;͙͔ͭ͡ΎΥ ˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͔͒ͦ͗ͤ͡ ͍·ͫͭͯͨ͊ͭΈ ͍ ͙ͪͦ͡ ͺ͙͙͊ͫͭ͊ͭͦͪ͊͡Σ ͍͊͒͊͊͘Ύ ͍ͤ͊ͦ͒Ύ΅͙͔ 

͍ͦͨͪͦͫ· ͙ ͔͍ͨͪ͒ͦͫͭ͊͡ΎΎ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅ͯΌ ͔ͨͦ͒͒ͪ͗ͯ͟Σ ͤͦ ͙͍ͫͦͨͪͦͭ͡ΎΎͫΈ ͔͙͗͊ͤ͡Ό ͍·ͪͯ;͙ͭΈ 

ͯ;͊΅͔͎ͦͫΎΦ 

¶ ˤ͙͡Ύ͙͔ͤΥ ̏ ͭͦ ͺ͙͔ͦͪͣͪͯͭ ͍͔͚͊͗ͤ΄͙͔ ͔͎͙͙͍ͣͭ͊ͦͤͭͤ͟·͔ ͍ͤ͊·͙͟Σ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͙ ͔͔͋ͦ͡ ͎͔ͯ͋ͦͦ͟͡Σ 

͔͔͋ͦ͡ ͨͪͦ;͔ͤͦ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͔ͤͦ ͙͙͔ͨͦͤͣ͊ͤΣ ͨͦͭͦͣͯ ;ͭͦ ͙͔ͤ͊ͤ͘ ͊ͪ͊͋ͦͭ͊ͤͦ͘ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͣ 

͙͙͔ͯͫͣ͡Φ 

нΦнΦ ˻͋ͯ;͔͙͔ͤ ͤ͊ ˻͍͔ͫͤͦ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ όL.[ύ 

IBL ͼ͔͙͔ͤͭͪͪͯͭ ͨͪͦͼ͔ͫͫ ͦ͋ͯ;͔͙ͤΎ ͤ͊ ͍ͦͨͪͦͫ͊ͻΣ ͔ͨͪͦ͋ͣ͊͡ͻ ͙͙͡ ͫͦ͗ͤ͡·ͻ ͊͒͊͘;͊ͻΣ ͙͍ͨͪ͊ͤͤ͘·ͻ 

͍͙ͨͦͦͭ͘͡Έ ͯ;͊΅͙ͣͫΎ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͦͭͪ͟·͍͊ͭΈ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͔ͭͦͪͣ· ͙ ͍͙ͨͪ͊͊͡Φ 

¶ ˽͙͔ͪͣͪΥ ˤ͔ͣͫͭͦ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͍͚͊͒ͪ͊ͭͤͦ͟ ͺͦͪͣͯ͡·Σ ͯ;͙͔ͭ͡Έ ͍ͤ͊ͨͪ͊͡Ύ͔ͭ ͯ;͊΅͙ͻͫΎ ;͔͔ͪ͘ 

ͨͪͦͼ͔ͫͫ ζ͔͙͒ͦͨͦͤͤ͡Ύ ͒ͦ ͎ͨͦͤͦͦ͡ ͍͊͒ͪ͊ͭ͊͟η ͤ͊ ͦ͋΅͔ͣ ͍͊͒ͪ͊ͭͤͦͣ͟ ͍͔͙͙ͯͪ͊ͤͤΣ ͍ͨͦͦ͘͡ΎΎ ͯ;͊΅͙ͣͫΎ 

͍·͍͔͙ͫͭ ͺͦͪͣͯͯ͡ ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦΦ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͙͔ͨͪ͒͊ͭ ͺ͔ͦͪͣͯ͡ ͫͣ·ͫ͡Φ 

нΦоΦ ˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ 
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˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ τ Ήͭͦ ͙ͨͪ͊ͭ͊͟͟ ͔͔͍ͨͪͦ͒͊ ͫͦ͗ͤ͡·ͻΣ ͦͭͪ͟·ͭ·ͻ ͫͼ͔͙͔͍ͤ͊ͪ 

͔ͪ͊͡Έ͎ͤͦͦ ͙ͣͪ͊ ͍ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͊͒͊͘;͙Σ ͙ͻ ͔ͪ΄͔͙ͤΎ ͙ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͪ΄͔͙ͤΎ ͦ͋ͪ͊ͭͤͦ ͍ ͙ͫͻͦ͒ͤ·͚ 

͔ͦͤͭͫͭ͟͟Φ 

¶ ˽ͪͦͼ͔ͫͫΥ ˻ͤ ͍͟͡Ό;͔͊ͭ ;͔ͭ·͔ͪ ͍ͦͫͤͦͤ·ͻ ΄͎͊͊Υ мύ ˤ·Ύ͍͔͙͔ͤ͡ ͔͔͔ͨͪͣͤͤ·ͻ ͙ ͙ͨͪͤΎ͙͔ͭ 

͒ͦͨͯ΅͔͙͚ͤΣ нύ ͙͍͙͔̅ͦͪͣͯͪͦ͊ͤ͡ ͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͊͒͊͘;͙Σ оύ ˾͔΄͔͙͔ͤ ͊͒͊͘;͙Σ ͙ пύ ˽͍͔ͪͦͪ͊͟ ͙ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͔ͪ΄͔͙ͤΎΦ 

¶ ˢͭͯ͊͟͡ΈͤͦͫͭΈΥ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔͔ͤͣ͒ͤͤͯ͡ΌΣ ͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͊ͭͯ͊͟͡ΈͤͦͫͭΈ 

͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͦͤ͟ͼ͔ͨͼ͙͚Φ 

оΦ ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͔́ͻ͎͙͚ͤͦͦ͡ ͙ ˻ͼ͔͙͍͙͔ͤ͊ͤ 

͔́ͻ͎͙͙ͤͦͦ͡ ͙ ͦͼ͔͙͍͙͔ͤ͊ͤ ͒ͦ͗ͤ͡· ͋·ͭΈ ͔͎͙ͫͭͪ͊ͭ;͔͙ͫ͟ ͍͔ͪ͊ͪͤͯͭ͘· ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͟ ͔͔͋ͦ͡ 

͎͎ͯ͋ͦͦͦ͟͡ ͙͙ͨͦͤͣ͊ͤΎΣ ͊ ͔ͤ ͭͦ͡Έͦ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟Φ 

¶ ˮ͔ͤͫͭͪͯͣͤͭ· ˤ͙͙ͯ͊͊͘͘͡ͼ͙͙Υ ˽͎͔ͪͦͪ͊ͣͣͤͦ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͒͡Ύ ͙͙͒ͤ͊ͣ;͔͚ͫͦ͟ ͎͔͔͙͙ͦͣͭͪ ͙ 

͍͙ͨͪͦ͒ͤͯͭ·͔ ͎ͪ͊ͺ͙;͔͙͔ͫ͟ ͊͟͡Έͯ͟͡Ύͭͦͪ· ͍ͨͦͦ͘͡ΎΌͭ ͯ;͊΅͙ͣͫΎ ͎͍͔ͣͤͦͤͤͦ ͍͙͙͙͍ͯ͊ͪͦ͊ͭ͘͘͡Έ 

͊͋ͫͭͪ͊ͭͤ͟·͔ ͦͤ͟ͼ͔ͨͼ͙͙Σ ͍ͫͨͦͫͦ͋ͫͭͯΎ ͋·ͫͭͪͦͣͯ ͍͙͙ͪ͊ͭ͘Ό ͙͙ͤͭͯͼ͙͙Σ ͔ͦͭͦͪͦ͟ ͭͪͯ͒ͤͦ ͙͒ͦͫͭ;Έ ͫ 

ͨͦͣͦ΅ΈΌ ͙ͫͭ͊ͭ;͔͙ͫ͟ͻ ;͔͔͔͚ͪͭ͗Φ 

¶ ˤ·;͙͔͙ͫͤ͡Ύ ͙ ˴͙͍͙͔ͦ͒ͪͦ͊ͤΥ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͙ ͍͔͔͙͔ͤ͒ͪͤ 

ͨͪͦͫͭ·ͻ Ύ͘·͍ͦ͟ ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎ ͍ͨͦͦ͘͡Ύ͔ͭ ͯ;͊΅͙ͣͫΎ ͔͙͍ͪ͊ͦ͊ͭ͘͡Έ ͙ ͔͙͍ͭͫͭͪͦ͊ͭΈ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ 

͎͙͊ͦͪͭͣ͡·Σ ͔͙ͣͦ͒ͪͯ͡Ύ ͫͦ͗ͤ͡·͔ Ύ͍͔͙ͤ͡Ύ ͙ ͺ͙ͦͯͫͪͯ͟Ύ ͍͔ͪͣΎ ͤ͊ ͙͔͊ͤ͊͘͡Σ ͊ ͔ͤ ͤ͊ ͙͔ͯͭͦͣͭ͡Έͤ·ͻ 

͍·;͙͔͙ͫͤ͡ΎͻΦ 

¶ ͙̅ͦͪͣͪͯΌ΅͔͔ ˻ͼ͔͙͍͙͔ͤ͊ͤΥ ˻ͼ͔͙͍͙͔ͤ͊ͤ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͔͔ͤͨͪͪ·͍ͤ·ͣ ͙ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫͣ͟Σ 

ͺ͙ͦͯͫͪͯ͟ΎͫΈ ͤ͊ ͨͪͦͼ͔͔ͫͫ ͔͙ͪ͊ͫͫͯ͗͒ͤΎ ͯ;͊΅͔͎ͦͫΎΣ ͊ ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ ͦͦͤ͟;͔͊ͭ͡Έͤͦͣ ͍͔͔ͦͭͭΦ ̂;͙͔ͭ͡Ύ 

͙ͫͨͦ͡Έͯ͘Όͭ ͙͔ͭ͊͟ ͙͔ͤͫͭͪͯͣͤͭ·Σ ͊͟͟ ͤ͊͋͡Ό͔͙͔͒ͤΣ ͋·ͫͭͪ·͔ ͙ͨͫΈ͔ͣͤͤ·͔ ͦ͋ΆΎ͔͙ͫͤͤΎ ͙ ͔͔ͨͪͤͭ͊͘ͼ͙͙ 

ͯ;͊΅͙ͻͫΎΣ ;ͭͦ͋· ͦͼ͔͙ͤͭΈ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ·͔ ͔ͨͪͦ͋͡· ͙ ͔͙͍ͫͦͪͪͭͪͦ͊ͭ͟͟Έ ͦ͋ͯ;͔͙͔ͤ ͍ ͔͙͔ͪ͗ͣ ͔ͪ͊͡Έ͎ͤͦͦ 

͍͔͔͙ͪͣͤΦ 

пΦ ˭͊͟͡Ό;͔͙͔ͤ 

̏ͺͺ͔͙͍͔ͭͤͦ͟ ͔͍͙͔ͨͪͨͦ͒͊͊ͤ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ ͍͔͚ͫͦ ͍͔ͦͫͤͦ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͙͍͊͒͊ͨͭͤ·ͻ 

ͣ·͙͔͔͚ͫͭ͡͡ ͙ ͔ͪ΄͔͔͚͊ͭ͡ ͔ͨͪͦ͋ͣ͡Φ ˽͙͙ͪͤͣ͊Ύ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Σ ͦͭͦͪ͟·͔ ͦͭ͒͊Όͭ ͙͙͔ͨͪͦͪͭͭ 

ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤͦͣͯ ͙͙ͨͦͤͣ͊ͤΌΣ ͔͙͊ͯͭͤͭ;ͤͦͣͯ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͙ ͙͍ͨͪͦ͒ͯͭͤͦͣͯ͟ ͙͙ͯͫ͡ΌΣ ͔͍͔͙ͨͪͨͦ͒͊͊ͭ͡ 

͎ͣͦͯͭ ͔͙͙͒ͣͫͭͺ͙ͼ͙͍ͪͦ͊ͭΈ ͔͙ͣ͊ͭͣ͊ͭͯ͟Σ ͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊ͭΈ ͔͔ ͎ͦͪͦͣͤͯΌ ͙ͫͯ͡ ͊͟͟ ͙͔ͦͨͫ͊ͭ͡Έ͎ͤͦͦ ͙ 

͎͙ͨͪͦͤͦͫͭ;͔͎ͫͦͦ͟ ͙͔ͤͫͭͪͯͣͤͭ͊ ͙ ͎͙͍͊ͪ͊ͤͭͪͦ͊ͭΈΣ ;ͭͦ ͍͔ͫ ͯ;͊΅͙͔ͫΎ ͙͎͒ͦͫͭͤͯͭ ͙ͦ͟͡;͔͍͔͚ͫͭͤͤͦ 

͎͙ͪ͊ͣͦͭͤͦͫͭΣ ͔ͤͦ͋ͻ͙͚ͦ͒ͣͦ ͒͡Ύ ͨͪͦͼ͍͔͙ͭ͊ͤΎ ͍ ͚ͫͦ͗ͤͦ͡ ͎ͦ͋͊͡͡Έ͚ͤͦ ͔͔ͫͪ͒Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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͚̆͊·͍͒ͦ͊ ˢ͚;͊  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ, 

 ˿ ͔͚ͭͣͯͻ͔͍͊ͣͣ͒ͦ ˨͗ͯͣ͊ͣ·ͪ͊ͭ  

˿͔ͭͯ͒ͤͭ, 

 ˿ ͔͚ͭͣͯͻ͔͍͊ͣͣ͒ͦ͊ ˸͊ͻ͙ͪ͋͊ͤ  

˿͔ͭͯ͒ͤͭ. 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸͊ͻ͙ͭͯͣͯ͟͡ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

ˮ˹˹˻ˤˢ̇ˮ˻˹˹̍˩ ˽˻˶ˮ˸˩˾˹̍˩ ˸ˢ́˩˾ˮˢ˶̍Υ ̏˴˻˶˻˥ˮ̉˩˿˴ˮ˩ ˮ ̅̂˹˴̇ˮ˻˹ˢ˶̎˹̍˩ ˢ˿˽˩˴́̍ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

 ʕͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͍͙͙ͪ͊ͭ͘Ύ ͙͔ͨͦͣͪͤ͡·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͫ ͯ;͖ͭͦͣ 

Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͔͍͊ͫͨͭͦ͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͎͔͋ͦͪ͊͊͊ͣ͘͡·ͣ ͙͔ͨͦͣͪ͊ͣ͡ 

ͤ͊ ͍͔ͦͫͤͦ ͍͍ͦͦ͋ͤͦ͘͡Ύ͔͎ͣͦͦ ͫ·ͪΈΎ ͙ ͍ͤͦ·ͣ ͙͔ͨͦͣͪͤ͡·ͣ ͙ͤ͊ͤͦͦͣͨͦͭ͊ͣ͘͟ ͫ ͯͯ͡;΄͔ͤͤ·͙ͣ 

͍͚͍͙ͫͦͫͭ͊ͣΦ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͔ͫͤͭ͊͘ ͙͎͔͋ͦͪ͊͊͊ͣ͘͡·ͻ ͙͔͍ͨͦͣͪͦ͡ ό͙͔ͤ͊ͨͪͣͪΣ 

͙ͨͦͣͦͦ͡͡;͚ͤͦ ͙ͫͦͭ͟͡·ύ ͙ ͙ͻ ͔ͪ͊͡Έͤ͊Ύ Ή͎͙ͦͦ͟͡;͔ͫ͊͟Ύ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΦ ˻͙ͨͫ·͍͊ΌͭͫΎ ͙ͤ͊ͤͦͦͣͨͦͭ͘͟·Σ ͍ 

ͦͭͦͪ͟·ͻ ͎͙ͦͪ͊ͤ;͔ͫ͊͟Ύ ͙ͣ͊ͭͪͼ͊ ͙͙͔ͦͣ͋ͤͪͯͭͫ͟Ύ ͫ ͔͎͙ͤͦͪ͊ͤ;͔͙͙ͫͣ͟ ͤ͊ͤͦͺ͙͊͊ͣ͘ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ 

͔ͣͻ͙͊ͤ;͔͙ͫ͟ͻΣ ͔͍ͭͨͦ͡·ͻ ͙ Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Φ ˻͋ͫͯ͗͒͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͣͭͦ͒· 

͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙Σ ͙͔ͭ͊͟ ͊͟͟ ͺ͔ͦͭͦͪ͒ͦͫ͟-͙͊ͭ͊͘͟͡Σ ͍ͨͦͦ͘͡ΎΌ΅͙͔ ͙͙ͫͤͭ͘Έ ͙ͭͦͫ͟;ͤͦͫͭΈ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Φ 

˨͔͔͊ͭͫ͡Ύ ͍·͍ͦ͒ ͦ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Σ ͦ͋Ά͔͙͒ͤΎΌ΅͔͎ͦ Ή͎͙ͦͦ͟͡;ͤͦͫͭΈ ͙ 

͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ͨͪ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͍ͤͦ·ͻ ͙͔ͨͦͣͪͤ͡·ͻ ͙͔ͫͫͭͣΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͨͦ ͙͔ͣͪ͡·Σ Ή͎͙ͦͦ͟͡;͔͙ͫͣ͟ ͔ͨͪͦ͋ͣ͊ͣ͡Σ ͔ͫͣͤΎΌ΅͔͚ͫΎ ͙ͤͫͦ͡Ύͼ͙͔͚Σ  

ͯͯ͡;΄͔ͤͤ·͙ͣ ͍͚͍͙ͫͦͫͭ͊ͣΣ ͫͦͻ͔͙͙ͪ͊ͤͤΦ 

 

˽͙͔ͦͣͪ͡·Σ ͙͙͡ ͍·͔ͫͦͦͣͦͯ͟͟͡͡Ύͪͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͫͦͫͭͦΎͭ ͙͘ ͔ͣ͊ͪͦͣͦͯ͟͟͡͡Σ ͔ͫͦ͒ͪ͗͊΅͙ͻ 

͔͍ͣͤͦ͗ͫͭͦ ͍ͨͦͭͦͪΎΌ΅͙ͻͫΎ ͔ͣͦͤͦͣͪͤ·ͻ ͍͔ͤ͘Έ͔͍Φ ˮͻ ͙ͯͤ͊͟͡Έͤ·͔ ͺ͙͙ͦ͘͟-ͻ͙͙ͣ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ς 

͍·ͫͦ͊͟Ύ ͨͪͦ;ͤͦͫͭΈΣ Ή͙͊ͫͭ͡;ͤͦͫͭΈΣ ͔ͭͨͦ͡- ͙ ͻ͙͙ͣ;͔ͫ͊͟Ύ ͚ͫͭͦͦͫͭ͟Έ ς ͦ ͔͔͋ͫͨ;͙͍͊Όͭ ͼ͔ͤͭͪ͊͡ΈͤͯΌ ͪͦ͡Έ ͍ 

͍͔͔͚ͫͦͪͣͤͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Φ ˽͙͔ͦͣͪ͡· ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͍͔ͯͨ͊ͦ͟͟Σ ͙͔ͫͭͪͦͭ͡Έ͍͔ͫͭΣ ͔͙ͣ͒ͼ͙͔ͤΣ 

Ή͔͙͔ͭͪͦͤ͟͟͡ ͙ ͎͙ͣͤͦͻ ͎͙͒ͪͯͻ ͦ͋͊ͫͭ͡ΎͻΥ ͔͙ͣ͊ͭͪ͊͡· ͤ͊ ͙͔͚ͨͦͣͪͤͦ͡ ͍͔ͦͫͤͦ ͍ͻͦ͒Ύͭ ͍ ͍ͫͦͫͭ͊ ͔͔ͫͪ͒;ͤ·ͻ 

͍͊ͨ͊ͤͦ͟͡Σ ͔͍ͫͭͤͭͦΣ ͙͍ͣͨ͊ͤͭͦ͡Σ ͒͊ͭ;͙͍ͦ͟ ͙ ͔͍ͣͤͦ͗ͫͭ͊ ͔͙͔ͨͦͭͪ͋ͭ͡Έ͙ͫ͟ͻ ͙͔͙͚͒͘͡Φ ˮ͔͙͍ͤͭͤͫͤ·͚ ͪͦͫͭ 

͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͙͍ͨ͊ͫͭͦ͟͡ ͙͍͖ͨͪ͡ ͟ ͔ͫͪΈ͖ͤ͘·ͣ Ή͎͙ͦͦ͟͡;͔͙ͫͣ͟ ͔ͨͪͦ͋ͣ͊ͣ͡Φ ˽͔ͦͫ͡ 

ͦͭͪ͟·͙ͭΎ ͙́ͻ͔͎ͦͦ͊ͤͫͦͦ͟͟ ζ͍ͣͯͫͦͪͦͦͪͦͭ͊η ͫͭ͊ͦ͡ ͨͦͤΎͭͤͦΣ ;ͭͦ ͦ͋Ά͖ͣ ͙͍ͨ͊ͫͭͦ͟͡·ͻ ͦͭͻ͍ͦ͒ͦ ͙͎͔͒ͦͫͭ͊ͭ 

͎ͦ͋͊͡͡Έͤ·ͻ ͣ͊ͫ΄͍ͭ͊͋ͦΦ ˸͎͙͔ͤͦ ͫͭͪ͊ͤ· ͤ͊;͙͊͡ ͍͍͙ͦ͒ͭΈ ͔͊ͨͪͭ͘· ͤ͊ ͍ͦ͒ͤͦͪ͊ͦ͘·͔ ͙͙ͨ͊ͫͭ͟͡ ͙ ͙ͫ͊ͭ͟Έ 

͔͔͋ͦ͡ ;͙ͫͭ·͔ ͊͡Έ͔͙͍ͭͪͤ͊ͭ·Φ ˿͔͙ͪ͒ ͙ͭ͊͟ͻ ͊͡Έ͔͙͍ͭͪͤ͊ͭ ς ͙͎͔͋ͦͪ͊͊͊ͣ͘͡·͔ ͙͔ͨͦͣͪ͡·Σ ͨͦͯ͡;͔͊ͣ·͔ ͙͘ 

͔͙͚ͪ͊ͫͭͤΦ ͙̏ͭ ͔͙ͣ͊ͭͪ͊͡·Σ ͊͟͟ ͙ͦ͗͒͊ͦͫ͡ΈΣ ͒ͦ͗ͤ͡· ͎ͪ͊͊͊ͭ͘͡ΈͫΎ ͍ ͙͔ͨͪͪͦ͒ ͙ ͙ͫͤ͗͊ͭΈ ͎ͤ͊ͪͯͯ͘͟ ͤ͊ 

͙ͨͪͪͦ͒ͯΦ 

˻͍͔͔͒ͤͦͪͣͤͤͦ ͦͭͪ͊ͫ͡Έ ͙͔͍ͨͦͣͪͦ͡ ͔ͤ ͙ͫͭͦͭ ͤ͊ ͔͔ͣͫͭΦ ́͊͟Σ ͤ͊ ͍·͍͔ͫͭ͊͟ CŀƪǳƳŀ-20нп ͔͔ͤͣͼ͊͟Ύ 

͙ͦͣͨ͊ͤ͟Ύ 9a{-DǊƛǾƻǊȅ ͔͍͙ͨͪ͒ͫͭ͊͊͡ ͙͙͔͙͍͋ͦͦͪͤͭͪͦ͊ͤͤ·͔ ͙͙ͨͦ͊ͣ͒͡· ͔͙͙ͫͪ DǊƛƭŀƳƛŘ { όt!смлΣ t!млмлΣ 

t!ммύΣ ;͙͊ͫͭ;ͤͦ ͙͔͙͔ͫͤͭͪͯͣ͘·͔ ͙͘ ͍͎͊ͫͭͦͪͦͦͦ͟ ͣ͊ͫ͊͡Φ ͙̏ͭ ͙͙͔͋ͦͨͦͣͪ͡· ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͔͒͊͗ 

͍ͨͦ·΄͔ͤͤͯΌ ͖͚ͭͨͦͫͭͦͦͫͭ͟͡Έ ͙ ͨͪͦ;ͤͦͫͭΈ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͙ͣ ͎͙͊ͤ͊ͦ͊ͣ͡Σ ͎͋͊ͦ͒͊ͪ͡Ύ 

͙͙͙͍͚ͦͨͭͣͪͦ͊ͤͤͦ͘ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͔ͫͭͪͯͭͯͪ͟Φ ˽ͦ͒ͦ͋ͤ·͔ ͙͔ͨͪͣͪ· ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ 

͙͔ͨͦͣͪ͡· ͫ ͙͔ͪ͊ͫͭͭ͡Έͤ·͙ͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ ͎ͣͦͯͭ ͍͙ͫͦͫͭ͊ͭΈ ͔ͫͪΈ͖ͤͯ͘Ό ͔ͦͤͯͪͤ͟͟ͼ͙Ό 

͔ͤͺ͔͍ͭͨͪͦ͒ͯͭͦ͟·ͣΦ 
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͎͙̏ͦͦ͟͡;͔͙͔ͫ͟ ͔͊ͫͨͭ͟· ͙͙͔͍͋ͦͨͦͣͪͦ͡. ˣ͙͎͔ͦͪ͊͊͊ͣ͘͡·͔ ͙͔ͨͦͣͪ͡· ͙ͨͦ͘ͼ͙͙ͦͤͪͯΌͭͫΎ ͊͟͟ 

Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ͔͋ͦͨ͊ͫͤ͊͘Ύ ͊͡Έ͔͙͍ͭͪͤ͊ͭ͊ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͣ ͙͍ͨ͊ͫͭͦ͟͡·ͣ ͙͔͙͒͘͡Ύͣ ͤ͊ ͔ͤͺͭΎ͚ͤͦ ͍͔ͦͫͤͦΦ 

˻͋·;ͤͦ ͙ͻ ͨͦͯ͡;͊Όͭ ͙͘ ͍͍ͦͦ͋ͤͦ͘͡Ύ͔͎ͣͦͦ ͫ·ͪΈΎ όͪ͊͟ͻͣ͊͡Σ ͼ͔͡͡Όͦ͊͘͡Σ ͙͔ͪ͊ͫͭͭ͡Έͤ·͔ ͣ͊ͫ͊͡ύΣ ͙ 

͔͎͔ͨͪ͒ͨͦ͊͊ͭͫ͡ΎΣ ;ͭͦ ͔ͨͦͫ͡ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙ͦͤ ͋ͯ͒ͯͭ ͎ͪ͊͊͊ͭ͘͡ΈͫΎ ͔͔͍͔ͫͭͫͭͤͤ·ͣ ͖ͨͯͭͣΦ ˾͊ͪ͊͋ͦͭ͘;͙͙͟ 

͙ͭ͊͟ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͎͙ͨͦ͊͊͡͡Σ ;ͭͦ ͙͎͔͋ͦͪ͊͊͊ͣ͘͡·͔ ͙͙ͨ͊ͫͭ͟͡ ͫͦͪ͊ͭ͟Ύͭ ͦ͋Ά͖ͣ ͣͯͫͦͪ͊Φ ˻͒ͤ͊ͦ͟ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͫͯ΅͔͍ͫͭͯΌ΅͙͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙ ͙͙ͯͭ͊͘͡ͼ͙͙ 

͙͎͔͋ͦͪ͊͊͊ͣ͘͡·ͻ ͙͔͍ͨͦͣͪͦ͡ ͣ͊ͦ͡ ͙ͦͭ͡;͊ΌͭͫΎ ͦͭ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻΥ ͒͡Ύ ͙͔ͫͤͭ͊͘ ͙ͨͦͣͦͦ͡͡;͚ͤͦ ͙ͫͦͭ͟͡· 

όt[!ύ ͙͔ͨͪͣͤΎΌͭ ͙͊ͭ͊͊ͭͦͪ͘͟͡· ͍ͦͦ͊͡ ͙ ͙ͭͦͫ͟;ͤ·͔ ͻ͎͙ͦͪͦͪ͊ͤ͡;͔͙͔ͫ͟ ͍͙͔͙ͪ͊ͫͭͦͪͭ͡Φ ˤ ͙͎͔ͭͦ ͎͍ͦͭͦ·͚ 

͔͙ͣ͊ͭͪ͊͡ ͔ͣͦ͗ͭ ͔ͫͦ͒ͪ͗͊ͭΈ ͔ͫ͒͡· ͍͔ͪ͒ͤ·ͻ ͍͔΅͔͍ͫͭΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͔ͫͪΈ͖͚ͤͦ͘ ͔͚ͨͪͦ͋ͣͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͻ͔͊ͪ͊ͭͪ͟ ͔͎͒ͪ͊͒͊ͼ͙͙ ͙͙͍͋ͦͨ͊ͫͭͦ͟͡Φ ˤ ͔ͪ͊͡Έͤ·ͻ 

͙ͨͪͪͦ͒ͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ό͔ͫͣͤΎΌ΅͔͚ͫΎ ͙ͤͫͦ͡Ύͼ͙͔͚Σ ͔͔͚ͭͣͨͪ͊ͭͯͪͦΣ ͍͊͗ͤͦͫͭ͡ΈΌύ ͫͦͪͦͫͭ͟Έ ͔͙ͪ͊ͦ͗ͤ͘͡Ύ 

͙͎͔͋ͦͪ͊͊͊ͣ͘͡·ͻ ͙͔͍ͨͦͣͪͦ͡ ͔ͣͦ͗ͭ ͦ͊͊ͭ͘͟ΈͫΎ ͤ͊ ͨͦͪΎ͙͒͟ ͙͔ͤ͗ ͊͘Ύ͍͔͚ͤͤͦ͡Φ ˽͙ͪ Ήͭͦͣ ͋·ͫͭͪ·͚ ͪ͊ͫͨ͊͒ 

ͫͭͪͯͭͯͪ͟· ͙͙͋ͦͨ͊ͫͭ͊͟͡ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͔ͤ͊ͨͤͦͣͯ͘ ͍·͔͔͙͒ͤ͡Ό ͍͔ͫͻ ͍ͻͦ͒Ύ΅͙ͻ ͍ ͔͎ͤͦ ͔͍ͦͣͨͦͤͤͭͦ͟Υ 

͙ͨ͊ͫͭ͡ͺ͙͍͊ͭͦͪͦ͟Σ ͙͙͍ͫͭ͊͋͊ͭͦͪͦ͘͡Σ ͙͔͔͚ͪ͊ͫͭ͟͡ ͙ ͎͙͒ͪͯͻ ͍͒ͦ͋͊ͦ͟Φ ͔́͊ͦ͟ ͦͤ͟ͼ͔͙͍͔ͤͭͪͪͦ͊ͤͤͦ 

͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭ ͔ͣͦ͗ͭ ͦ͊͊ͭ͘͟Έ ͔͔͋ͦ͡ ͔ͫͪΈ͖͔ͤͦ͘ ͔͎͙͍͔ͤ͊ͭͤͦ ͍͙͡Ύ͙͔ͤΣ ;͔ͣ 

͔͔͔ͨͦͫͭͨͤͤͦ ͔͙͔ͪ͊ͫͨ͊͒ͤ ͦ͋·;͎ͤͦͦ ͙ͨ͊ͫͭ͊͟͡Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͊ͤ͊͘͡ ͯ;͖ͤ·ͻ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͙ͨͪ 

͔ͭͯ͟΅͙ͻ ͔ͭͻ͎͙ͤͦͦ͡Ύͻ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙ ͙͙ͯͭ͊͘͡ͼ͙͙ ͙͎͔͋ͦͪ͊͊͊ͣ͘͡·ͻ ͙͔͍ͨͦͣͪͦ͡ ͔ͤ ͔ͪ΄͔͊ͭͫΎ 

͙ͤ͊͘;͊͡Έͤ͊Ύ ͊͒͊͘;͊ ͨͦ ͙͔͙ͫͤ͗ͤΌ ͍͔ͪ͒͊ ͦͪͯ͗͊͟Ό΅͔͚ ͔͔ͫͪ͒Φ 

˾͙͚͙͔ͦͫͫͫ͟ ͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ͙ͨͪ΄͙͡ ͟ ͍·͍ͦ͒ͯΣ ;ͭͦ ͒͡Ύ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͍͔͔͙ͤ͒ͪͤΎ ͙͙͔͍͋ͦͨͦͣͪͦ͡ 

͔͔ͭͪ͋ͯͭͫΎ ͔ͦͪͤͤ͊͟Ύ ͔͔ͨͪͪ͊͋ͦͭ͊͟ ͔ͭͻ͎͙͚ͤͦͦ͡Φ ˤ ;͙͊ͫͭͤͦͫͭΣ ͨͦ͊͟ ;ͭͦ ͒ͦ нл ҈ ͙͍ͨ͊ͫͭͦ͟͡·ͻ ͙͔͙͚͒͘͡ ͍ 

˾͙͙ͦͫͫ ͔͒͊͡Όͭ ͙͘ ͔͔͎ͨͪͪ͊͋ͦͭ͊ͤͤͦͦ ͫ·ͪΈΎΣ ͎ͭͦ͒͊ ͊͟͟ ͍ͤͦ·͔ ͙͙͔͋ͦͨͦͣͪ͡· ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͔ͤ ͨͦ͒͒͊ΌͭͫΎ 

ͫͯ΅͔͍ͫͭͯΌ΅͔͚ ͔͔͔ͨͪͪ͊͋ͦͭ͟Φ ̏ͭͦ ͦͤ͊͘;͔͊ͭΣ ;ͭͦ ͙͔ͫͫͭͣ͊ ͦ͋ͪ͊΅͔͙ͤΎ ͫ ͦͭͻ͙ͦ͒͊ͣ ͒ͦ͗ͤ͊͡ ͋·ͭΈ 

͙͍͊͒͊ͨͭͪͦ͊ͤ͊ ͟ ͍ͤͦ·ͣ ͔͙ͣ͊ͭͪ͊͊ͣ͡Φ ˣ͔͘ ͍͙͚ͪ͊ͭͦ͘ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· ͫ͋ͦͪ͊ ͙ ͔ͪͼ͙͙͎ͤ͊͟͡ ͔͒͊͗ 

Ή͎͙ͦͦ͟͡;ͤ·͔ ͙͔ͨͦͣͪ͡· ͔ͤ ͎ͫͣͦͯͭ ͍ ͚ͨͦͤͦ͡ ͔͔ͣͪ ͙͙ͫͤͭ͘Έ ͎͊ͪ͘Ύ͔͙͔ͤͤ͘Φ 

˽͙͔ͦͣͪͤ͡·͔ ͙ͤ͊ͤͦͦͣͨͦͭ͘͟·. ˽͔͊ͪ͊͡͡͡Έͤͦ Ή͎͙ͦͦ͟͡;͔͙ͫͣ͟ ͊͒͊͘;͊ͣ ͙͍͊ͭͤͦ͟ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ 

͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͙͔ͨͦͣͪͤ͡·ͻ ͙͍ͤ͊ͤͦͦͣͨͦͭͦ͘͟ ς ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͍ ͦͭͦͪ͟·ͻ ͙͔ͨͦͣͪͤ͊͡Ύ ͙ͣ͊ͭͪͼ͊ ͔͙ͫͦ͒ͪ͗ͭ 

ͤ͊ͤͦͣ͊ͫ΄ͭ͊͋ͤ·͔ ͙͔͙ͤ͊ͨͦͤͭ͡͡ ͒͡Ύ ͪ͊ͫ΄͙͔͙ͪͤΎ ͺͯͤ͟ͼ͙ͦͤ͊͊͡Φ ˨͍͔͙͔ͦ͋͊ͤ͡ ͎͔ͯͪͦ͒ͤ͡·ͻ ͤ͊ͤͦͭͪͯ͋ͦ͟Σ 

͎ͪ͊ͺ͔ͤ͊ ͙͙͡ ͤ͊ͤͦ;͙͊ͫͭͼ ͔͍ͣͭ͊ͦ͡͡ ό/ǳΣ !ƎΣ !ǳύ ͙ ͙͍ͦͫ͒ͦ͟ ό{ƛhіΣ ¢ƛhіΣ ½ǊhіΣ ¸іhї ͙ ͒ͪΦύ ͍ͨͦͦ͘͡Ύ͔ͭ 

ͫͯ΅͔͍͔ͫͭͤͤͦ ͯͯ͡;΄͙ͭΈ ͍͚͍ͫͦͫͭ͊ ͙͔͍ͨͦͣͪͦ͡Φ ˤ͍͔͔͙͔͒ͤ ͤ͊ͤͦͺ͊͘ ͍ͨͦ·΄͔͊ͭ ͔ͣͻ͙͊ͤ;͔ͫͯ͟Ό ͨͪͦ;ͤͦͫͭΈΣ 

͍͖ͭͪ͒ͦͫͭΈ ͙ ͙͚ͤͦͫͦͫͭͦͦͫͭ͘͟Έ ͙͍ͦͣͨͦͭͦ͘͟Σ ͊ ͔ͭ͊͗͟ ͙͖ͨͪ͒͊ͭ Ή͔͍ͭͪͦͨͪͦͦ͒ͤͦͫͭ͟͡Έ ͙ ͔͍ͭͨͦͨͪͦͦ͒ͤͦͫͭ͡ΈΦ 

͙͔́͊͟ ͙ͦͣͨͦͭ͘͟· ͤ͊ͻͦ͒Ύͭ ͙͔͔͙͔ͨͪͣͤͤ ͍ ͊Ή͙ͪͦͦͫͣ͟;͔͚ͫͦ͟ ͔ͭͻ͙͔ͤ͟Σ Ή͔͙͔ͭͪͦͤ͟͟͡ ͙ ͔͙ͣ͒ͼ͙͔ͤΦ 

˹͙͔͊ͨͪͣͪΣ ͙ͦͣͨͦͭ͘͟· ͫ ͎͔ͯͪͦ͒ͤ͡·͙ͣ ͙ͤ͊ͤͦͭͪͯ͋͊ͣ͟ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͦ;͔ͤΈ ͙͙͚ͤ͘͟ ͎ͨͦͪͦ 

͔ͨͪͦ͟͡Ύͼ͙͙ ό͔͔͔ͣͤ м ͣ͊ͫΦ҈ ͙͔ͤ͊ͨͦͤͭ͡͡Ύύ ͙ͨͪ ͫͦͻ͔͙͙ͪ͊ͤͤ ͔ͣͻ͙͊ͤ;͔͙ͫ͟ͻ ͍͚͍ͫͦͫͭ ͙ͣ͊ͭͪͼ·Φ ͔̂͗ ͙ͨͪ 

ͣ͊ͦͣ͡ ͔͙͙ͫͦ͒ͪ͗͊ͤ ͭͪͯ͋ͦ͟ ͺ͙͔ͦͪͣͪͯͭͫΎ ͍ͨͪͦͦ͒Ύ΅͊Ύ ͔ͫͭΈΣ ͔͒͊͡Ύ ͔͙ͣ͊ͭͪ͊͡ Ή͔͍ͭͪͦͨͪͦͦ͒͟͡Ύ΅͙ͣΦ 

ˢ͎͙ͤ͊ͦ͡;ͤͦΣ ͎ͪ͊ͺ͔͍ͤͦ·͔ ͙ͦͣͨͦͭ͘͟· ͙ͦͭ͡;͊ΌͭͫΎ ͍·͒͊Ό΅͔͚ͫΎ Ή͔͍ͭͪͦͨͪͦͦ͒ͤͦͫͭ͟͡ΈΌ ͙ ͖͗ͫͭͦͫͭ͟ΈΌΣ ͊ 

͙͔ͨͦͣͪ͡· ͫ ͤ͊ͤͦ;͙͊ͫͭͼ͙͊ͣ ͔͔ͫͪ͋ͪ͊ ͙͔ͨͪͦ͋ͪͭ͊Όͭ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έͤ·͔ ͍͚͍ͫͦͫͭ͊ ͊͘ ͫ;͖ͭ ͙͍ͦͤͦ !ƎяΦ ˤ 

͙͔͙͋ͦͣ͒ͼ͙͔ͤ ͙͔ͨͦͣͪͤ͡·͔ ͙ͤ͊ͤͦͦͣͨͦͭ͘͟· ͤ͊ ͍͔ͦͫͤͦ ͙͎͔͋ͦͪ͊͊͊ͣ͘͡·ͻ ͙ͣ͊ͭͪͼ ͙ ͙͙͍͋ͦ͊ͭͤ͟·ͻ 

͙͔͔͚ͤ͊ͨͦͤͭ͡͡ ό͙͔ͤ͊ͨͪͣͪΣ ͎͙͙͙͒ͪͦͫ͊ͨ͊ͭͭ͊͟ύ ͙ͫͨͦ͡Έͯ͘Όͭ ͒͡Ύ ͙͙͍͙ͫͭͣͯͪͦ͊ͤ͡Ύ ͪͦͫͭ͊ ͚ͦͫͭͤͦ͟ ͙ͭ͊ͤ͟Σ ͊ ͫ 

͔͔ͫͪ͋ͪͦͣ ς ͒͡Ύ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͨͦͪ͟·͙͚ͭΣ ͔͍ͨͪ͒ͦͭͪ͊΅͊Ό΅͙ͻ ͙ͤͺ͔͟ͼ͙͙Φ ˤ Ή͔͙͔ͭͪͦͤ͟͟͡ ͙ͦͣͨͦͭ͘͟· ͤ͊ 

͍͔ͦͫͤͦ ͍ͨͪͦͦ͒Ύ΅͙ͻ ͨ ͙͔͍ͦͣͪͦ͡ όt95h¢Σ ttȅύ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͎͙͙͋͟ͻ ͔ͫͤͫͦͪ͊ͻ ͙ ͙ͣͪͦ͒͊ͭ͟;͙͊͟ͻΦ 

˴͊͊ͤ͘Έ͙͔ͫ͟ ͯ;͖ͤ·͔ ͙ͨͦ͊͊͘͟͡ ͔ͦͤͪͭͤ͟͟·͚ ͙͔ͨͪͣͪ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͍ͤ͊ͤͦͦͣͨͦͭͦ͘͟Υ ͙ͪ͊ͪ͊͋ͦͭ͊͘͡ 

͔͙ͣ͊ͭͪ͊͡ ͤ͊ ͍͔ͦͫͤͦ ͍ͨͪͦͦ͒Ύ΅͔͎ͦ ͙͔ͨͦͣͪ͊͡ ͙͙͙ͨͦ͊ͤͤ͊͡͡ ͙ ͙͎ͦͤͤͦͦ ͙ͦͫ͒͊͟ ͙͙ͭͭͪΎ ό¸іhїύΦ 

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͨͦ͊͊ͦ͘͟͡Σ ;ͭͦ ͙͙͙ͨͦ͊ͤͤ͡͡ ͙ ¸іhї ͦ͋ͪ͊ͯ͘Όͭ ͨͪͦ;ͤ·͚ ͙ͦͣͨͦͭ͘͟ ͊͘ ͫ;͖ͭ ͍͔ͦ͊ͤͭͤ͟͡·ͻ ͙ 

Ή͔͙ͭͪͦͫͭ͊ͭ͟͡;͔͙ͫ͟ͻ ͍ͫΎ͔͚͘Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ Ή͔͍ͭͪͦͨͪͦͦ͒ͤͦͫͭ͟͡Έ ͔͙ͤ͊ͤͦͣ͊ͭͪ͊͊͡ ͍ͦͪͦͫ͊͘͡ ͍ ͪ͊͘·Φ ˴͔ͪͦͣ 

͎ͭͦͦΣ ͍͙͎ͫ͒ ͔ͫͨͭͪ͊͟ ͙ͦͨͭ;͔͎ͫͦͦ͟ ͎ͨͦͦ͡΅͔͙ͤΎ ͙ͦͣͨͦͭ͊͘͟ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͔͎ͦ ͔͔͙͍ͨͪͫͨͭͤͦͫͭ͟Έ ͍ 
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ͦͨͭͦΉ͔͙͔ͭͪͦͤ͟͟͡ ͙ ͺ͔͔ͦͭͦ͒ͭͭͦͪ͊͟ͻΦ 

˹͙͊ͤͦͦͣͨͦͭ͘͟· ͔ͭ͊͗͟ ͨͪͦΎ͍͡ΎΌͭ ͍·͒͊Ό΅͙͔ͫΎ ͔ͫͤͫͦͪͤ·͔ ͍͚͍ͫͦͫͭ͊Φ ́͊͟Σ ͙͔ͭͦͤ͟ ζ͍͍ͦͫͭͪͦͦ͟·͔η 

͔͙ͨͤ͟͡ ͦͦͭ͊͘͡ ͤ͊ Ή͔͚͊ͫͭͦͣͪͤͦ͡ ͔ͨͦ͒ͦ͗͟͡ ͨͦ͊͘͟·͍͊Όͭ Ή͔ͫͭͪͣ͊͟͡Έͤͦ ͍·ͫͦͯ͟Ό ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͙ͨͪ 

͔͒ͺͦͪͣ͊ͼ͙͙Φ ˽͙ͪ ͪ͊ͫͭΎ͔͙͙͗ͤ ͙͔ͭ͊͟ ͔͙ͨͤ͟͡ ͍ͫͭ͊ͤͦΎͭͫΎ ͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡·͙ͣ ͊͘ ͫ;͖ͭ ͔͙͍͙ͭͯͤͤͪͦ͊ͤ͡Ύ 

Ή͔͍ͭͪͦͤͦ͟͡ ͔ͣ͗͒ͯ ͔͙ͣͭ͊͡͡;͔͙͙ͫͣ͟ ͤ͊ͤͦ;͙͊ͫͭͼ͙͊ͣΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔ͪͦͣͯ͘͟ ͙͔͔͙ͣͤͤ͘Ό 

͙͍͔͙ͫͦͨͪͦͭͤ͡ΎΦ ˢ͎͙ͤ͊ͦ͡;ͤ·͔ Ύ͍͔͙ͤ͡Ύ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͙ ͍ ͙ͦͣͨͦͭ͊͘͟ͻ ͫ ͎͔ͯͪͦ͒ͤ͡·͙ͣ ͤ͊ͤͦ;͙͊ͫͭͼ͙͊ͣΥ 

͔͒͊͗ ͙ͨͪ ͣ͊ͦͣ͡ ͙ͻ ͔͙͙ͫͦ͒ͪ͗͊ͤ ͙͎͔͒ͦͫͭ͊ͭͫΎ ͔ͨͪͦ͟͡Ύͼ͙ͦͤͤ·͚ Ήͺͺ͔ͭ͟Σ ͙͍ͨͪͦ͒Ύ΅͙͚ ͟ ͙ͫ͡Έͤ·ͣ 

͙͔͔͙ͣͤͤ͘Ύͣ ͍͙͙ͨͪͦͦ͒ͣͦͫͭΦ ͙̏ͭ Ήͺͺ͔ͭ͟· ͙ͫͨͦ͡Έͯ͘Όͭ ͍ ͔͔͙͙͍ͭͤͦͪͫͭͤ͘͘·ͻ ͔ͫͤͫͦͪ͊ͻ ͔͒ͺͦͪͣ͊ͼ͙͙Σ 

͔͔͔͊ͫͪͦͣͭͪ͊͟͡ͻ ͙ ͎͙͙͋͟ͻ Ή͔ͭͪͦͤͤ͟͡·ͻ ͙͔ͤͭͪͺ͔͚ͫ͊ͻΦ 

˻͙͒ͤͣ ͙͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͙͔ͫͦ͒͊ͤ͘ ͙͍ͦͣͨͦͭͦ͘͟ ͒͡Ύ Ή͔͎͔͙͙ͤͪͭ͟ ͙ 

Ή͔͙͙ͭͪͦͤ͟͟͡Φ ˹͙͔͊ͨͪͣͪΣ ͍ ˹ˮ́̂ ˸ˮ˿͙˿ ͙ͪ͊ͪ͊͋ͦͭ͊͘͡ ͙ͦͣͨͦͭ͘͟ ͤ͊ ͍͔ͦͫͤͦ ͔͚͎ͭͪͣͦͫͭͦͦͦ͟ 

͙ͨͦͫͯ͡͡Έͺͦͤ͊ ͫ ͨͦͪͦ΄͍ͦ͟·ͣ ͎͔ͯͪͦ͒ͤ͡·ͣ ͙͔͔ͤ͊ͨͦͤͭͣ͡͡Σ ͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤͤ·͚ ͒͡Ύ ͙͍ͭͦͨͤ͡·ͻ 

Ή͔͔͍ͣͤͭͦ͡Φ ˹͍ͦ·͚ ͔͙ͣ͊ͭͪ͊͡ ͫͦ;͔͔ͭ͊ͭ ͨͪͦ;ͤͦͫͭΈ ͙͔ͨͦͣͪ͊͡ ͫ ͍·͚ͫͦͦ͟ ͔͍͚ͭͨͦͦ͡ ͙ Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ 

͍͙ͨͪͦͦ͒ͣͦͫͭΈΌΣ ;ͭͦ ͔͔͒͊ͭ͡ ͔͎ͦ ͊͡Έ͔͙͍͚ͭͪͤ͊ͭͦ ͔͙ͣͭ͊͡͡;͔͙ͫͣ͟ ͔ͦͣͨͦͤͤͭ͊ͣ͟Φ ˽͙ͪ Ήͭͦͣ ͒͡Ύ 

͙͔͙͒ͦͫͭ͗ͤΎ ͙ͦ͒ͤͦͪͦ͒ͤͦͫͭ ͔͙ͣ͊ͭͪ͊͊͡ ͙͔͔ͨͪͣͤͤ͊ ͍ͪ͊ͫͭͦͪͤ͊Ύ ͔ͭͻ͎͙ͤͦͦ͡Ύ ͔ͫͣ΄͙͍͙͊ͤΎΥ ͍ 

͙ͨͦͫͯ͡͡Έͺ͍ͦͤͦͦͣ ͍͔ͪ͊ͫͭͦͪ ͍͔ͪ͊ͤͦͣͪͤͦ ͔͔ͪ͊ͫͨͪ͒͡ΎΌͭ ͍ͫ·΄͔ ол҈ ͎ͪ͊ͺ͙ͭ͊Σ ;ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍·͙͔ͫͦ͟ 

͔͙ͨͦ͊͊ͭ͘͟͡ ͍͙͙ͨͪͦͦ͒ͣͦͫͭ ͙ ͨͪͦ;͙ͤͦͫͭΦ 

˹͍ͦ·͔ ͔ͣͭͦ͒· ͙͔ͫͤͭ͊͘ ͙͔͍ͨͦͣͪͦ͡. ˹ ͊ͪΎ͒ͯ ͫ ͚ͪ͊ͪ͊͋ͦͭͦ͘͟ ͍ͤͦ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͋ͦ͡Έ΄͔ͦ ͍͙͙͔ͤͣ͊ͤ 

͔ͯ͒͡Ύ͔ͭͫΎ ζ͔͖ͤ͘͡·ͣη ͔ͣͭͦ͒͊ͣ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙Φ ˻͙͒ͤͣ ͙͘ ͔͔͙͍ͨͪͫͨͭͤ͟·ͻ ͨͦ͒ͻ͍ͦ͒ͦ Ύ͍͡Ύ͔ͭͫΎ 

ͺ͙͙ͦͭͦ͊ͭ͊ͭ͟͡;͔͔ͫͦ͟ ͙͙ͤͼ͙͙͍͙͔ͪͦ͊ͤ ͔ͪ͊͟ͼ͙͚ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙Φ ˤ͔ͣͫͭͦ ͭΎ͖͗͡·ͻ ͔͙ͣͭ͊͡͡;͔͙ͫ͟ͻ 

͙͙ͤͼ͙͍͊ͭͦͪͦ ͙ͫͨͦ͡Έͯ͘Όͭ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͺ͙ͦͭͦ͊ͭ͊͊ͭͦͪ͘͟͡· ͙ ͍͙͙͒ͣ·͚ ͍͔ͫͭΦ ͚́͊ͦ͟ ͔ͣͭͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ 

͙͙ͤͼ͙͙͍ͪͦ͊ͭΈ ͔ͪ͊͟ͼ͙Ό ͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙ ͙ͨͪ ͙͙ͤ͘͟ͻ ͔͔ͭͣͨͪ͊ͭͯͪ͊ͻ ͙ ͔͋͘ ͙ͭͦͫ͟;ͤ·ͻ ͍͔΅͔͍ͫͭΦ  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

мΦ ˸·͍ͪ͊͒ͦ͊ ˢΦΣ ͙͔͍̆͊͋͋ͯ͊͡͡ ́ΦΣ ˥͔͍͊ͪ͊͒͗͊͊ ˸ΦΣ ˹͎͔ͯͪ͡Έ͙͔͍͒ ˿Φ ˤ·͔ͫͦͦͣͦͯ͟͟͡͡Ύͪͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎΥ 

͍͚͍ͫͦͫͭ͊Σ ͫͭͪͯͭͯͪ͊͟ ͙ ͙͔͔͙͔ͨͪͣͤͤΦ ˮ͍ͤͤͦ͊ͼ͙ͦͤͤ͊Ύ ͤ͊ͯ͊͟Φ ς 2024. 

нΦ {ƛƳŜƎŀΦǊǳΦ ˸͔͙͊ͭͪ͊͡·Σ ͙ͫͨͦ͡Έ͔ͯͣ͘·͔ ͍ ͔͙ͣ͒ͼ͙͔ͤΦ нлнрΦ 

оΦ t// DǊƻǳǇ tǊƻŘǳŎǘ tƻǊǘŀƭΦ ˿͍͚͍ͦͫͭ͊ ͙ ͨ ͙͔͔͙͔ͪͣͤͤ ͙͔͍ͨͦͣͪͦ͡Φ нлнрΦ 

ϭ͚̆͊·͍͒ͦ͊ ˢΦΣ ˿͔͚ͭͣͯͻ͔͍͊ͣͣ͒ͦ ˨͗., ˿ ͔͚ͭͣͯͻ͔͍͊ͣͣ͒ͦ͊ ˸., 2025 

 

 

 

 

͚̆͊·͍͒ͦ͊ ˢ͚;͊  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ, 

 ˻ ͔͍ͭͯ͋͊͊͘ ͚̆ͯͣ͊ 

˿ͭ ͔ͯ͒ͤͭΣ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸͊ͻ͙ͭͯͣͯ͟͡ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˿ˮ˹́˩˭ ˮ ˽˩˾˿˽˩˴́ˮˤ̍ ˽˾ˮ˸˩˹˩˹ˮ̒ ˤ̍˿˻˴˻˸˻˶˩˴̂˶̒˾˹̍̆ ˿˻˩˨ˮ˹˩˹ˮ˯ ˤ ˾ˢ˭˾ˢˣ˻́˴˩ 

˿˻ˤ˾˩˸˩˹˹̍̆ ̅̂˹˴̇ˮ˻˹ˢ˶̎˹̍̆ ˸ˢ́˩˾ˮˢ˶˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͤ͊ͫͭͦΎ΅͔͚ ͔ͪ͊͋ͦͭ ͔ͪ͊ͫͫͣͦͭͪͤ· ͟͡Ό;͔͍·͔ ͔͊ͫͨͭ͟· ͙͔ͫͤͭ͊͘ ͙ ͙ͣͦ͒ͺ͙͊͟ͼ͙͙ 

͍·͔ͫͦͦͣͦͯ͟͟͡͡Ύͪͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ όˤ˸˿ύΣ ͫͺ͙͍ͦͯͫͪͦ͊ͤͤ͟·͔ ͤ͊ ͨͦͯ͡;͔͙͙ͤ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͫ ͊͒͊ͤͤ͘·ͣ 
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͔ͦͣͨͫͦͣ͟͟͡ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͍͚͍ͫͦͫͭΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔ͣͭͦ͒͊ͣ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙Σ 

͍ͨͦͦ͘͡ΎΌ΅͙ͣ ͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͔ͣͦͯ͟͡͡Ύͪͤͦ-͍ͣ͊ͫͫͦ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙ ͊ͪͻ͙͔ͭͭͯͪͯ͟ ͙͔ͨͦͣͪͤ͡·ͻ 

ͼ͔͔͚ͨΣ ;ͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͙ͻ ͙͔͔͙ͨͪͣͤͤΎ ͍ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·ͻ ͦ͋͊ͫͭ͡ΎͻΣ ͙ͭ͊͟ͻ ͊͟͟ 

͔͙ͣ͒ͼ͙ͤ͊Σ Ή͔͙ͭͪͦͤ͊͟͟͡ ͙ ͔͙͍͔͔͙͔ͣ͊ͭͪ͊ͦ͒ͤ͡Φ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͔͔͙͍ͨͪͫͨͭ͟· ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ˤ˸˿ ͒͡Ύ 

͙ͫͦ͒͊ͤ͘Ύ ͙͍ͦͣͨͦͭͦ͘͟ ͙ ͙͍ͤ͊ͤͦͦͣͨͦͭͦ͘͟ ͫ ͯͯ͡;΄͔ͤͤ·͙ͣ ͔ͣͻ͙͊ͤ;͔͙͙ͫͣ͟Σ ͔͙ͭͪͣ;͔͙͙ͫͣ͟ ͙ 

Ή͔͙ͭͪ͟͡;͔͙͙ͫͣ͟ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

·͍͔ͫͦͦͣͦͯ͟͟͡͡Ύͪͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙ΎΣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͔͙ͣ͊ͭͪ͊͡·Σ  

͙ͦͣͨͦͭ͘͟·Σ ͔ͣͦͯ͟͡͡Ύͪͤ͊Ύ ͊ͪͻ͙͔ͭͭͯͪ͊͟Σ ͙͔ͫͤͭ͘ ͙͔͍ͨͦͣͪͦ͡Φ 

 

ˤ·͔ͫͦͦͣͦͯ͟͟͡͡Ύͪͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎ όˤ˸˿ύΣ ͙͙͡ ͙͔ͨͦͣͪ͡·Σ ͍ͫͦͫͭ͊͡ΎΌͭ ͍ͦͫͤͦͯ ͍͔͔͎ͫͦͪͣͤͤͦͦ 

͔͙͍͔͔͙ͣ͊ͭͪ͊ͦ͒ͤ͡ΎΦ ˮͻ ͙ͯͤ͊͟͡ΈͤͦͫͭΈ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͎ͦͪͦͣͤͦͣ ͙͙ͪ͊ͤͦͦ͋ͪ͊͘͘ ͫͭͪͯͭͯͪ͟Σ ͔ͦͭͦͪͦ͟ 

͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͙ͭͨͦͣ ͔ͣͦͤͦͣͪ͊Σ ͔ͣͭͦ͒ͦͣ ͙͔ͫͤͭ͊͘Σ ͊ ͔ͭ͊͗͟ ͍ͦͣͦ͗ͤͦͫͭ͘ΈΌ ͙͔͚ͦͤͭͪͦͪͯͣͦ͟͡ 

͙ͣͦ͒ͺ͙͊͟ͼ͙͙Φ ˾͍͙͙͔͊ͭ͘ ͔ͭͻ͎͙͚ͤͦͦ͡ ͔͔ͭͪ͋ͯͭ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͦ͋͊͒͊͡Ό΅͙ͻ ͙ͫ͟͡Ό;͙͔ͭ͡Έ͚ͤͦ ͔͎ͦͫͭ͟͡ΈΌΣ 

ͨͪͦ;ͤͦͫͭΈΌΣ ͔͚ͭͪͣͦͫͭͦͦͫͭ͟ΈΌΣ ͊ ͔ͭ͊͗͟ ͔ͫͨͼ͙ͺ͙;͔͙͙ͫͣ͟ Ή͔͙ͭͪ͟͡;͔͙͙ͫͣ͟ ͙͙͡ ͙͎͙͋ͦͦ͡;͔͙͙ͫͣ͟ 

͍͚͍͙ͫͦͫͭ͊ͣΦ 

˴͙͊ͫͫ͡;͔͙͔ͫ͟ ͙͔ͨͦͣͪ͡·Σ ͙͔ͭ͊͟ ͊͟͟ ͙ͨͦ͡Ή͙͔ͭͤ͡Σ ͙͙͔ͨͦͨͪͦͨͤ͡͡ ͙ ͙͙ͨͦͫͭͪͦ͡͡Σ ͙͙͒ͦͣͤͪͯΌͭ ͍ 

͍ͣ͊ͫͫͦͦͣ ͙͍͍͔ͨͪͦͦ͒ͫͭ͘Φ ˻͒ͤ͊ͦ͟ ͒͡Ύ ͔ͪ΄͔͙ͤΎ ͊͒͊͘; ··L ͍͔͊͟ τ ͦͭ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙͎͔͋ͦͪ͊͊͊ͣ͘͡·ͻ 

͙͍ͣͨ͊ͤͭ͊ͭͦ͡ ͒ͦ ͎͙͚͋ͦ͟ Ή͔͙͙ͭͪͦͤ͟͟͡ τ ͔͔ͭͪ͋ͯͭͫΎ ͔͔ͨͪͻͦ͒ ͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ ˤ˸˿Φ ͙̏ͭ ͙͔ͨͦͣͪ͡· 

ͦ͋͊͒͊͡Όͭ ͔ͤ ͨͪͦͫͭͦ ͦͤͫͭͪͯ͟͟ͼ͙ͦͤͤ·͙ͣΣ ͤͦ ͙ ͙͍͊ͭͤ͟·͙ͣ ͺͯͤ͟ͼ͙Ύ͙ͣΣ ͙͎͔͒ͦͫͭ͊ͣ·͙ͣ ͊͘ ͫ;͔ͭ ͍͍͔͔͙͒ͤΎ 

͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͎ͪͯͨͨ ͙͙͡ ͙͔͚ͦͤͭͪͦͪͯͣͦ͟͡ ͊ͪͻ͙͔ͭͭͯͪ͟· ͔ͣ͊ͪͦͣͦͯ͟͟͡͡ ό͙͔ͤ͊ͨͪͣͪΣ 

͍͔͒ͦͦ͋ͪ͊ͤ͘͘͘·͔Σ ͎͔͔ͪ͋ͤͦ͋ͪ͊ͤ͘·͔ ͙͙͡ ͔͙͒ͤ͒ͪͭͤ·͔ ͙͔ͨͦͣͪ͡·ύΦ 

͔̇͡ΈΌ ͚͒͊ͤͤͦ ͪ͊͋ͦͭ· Ύ͍͡Ύ͔ͭͫΎ ͙͊ͤ͊͘͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͔ͭͤ͒ͤͼ͙͚ ͍ ͙ͦ͋͊ͫͭ͡ ͙͔ͫͤͭ͊͘ ˤ˸˿ ͙ ͦͼ͔ͤ͊͟ 

͙ͻ ͔ͨͦͭͤͼ͙͊͊͡ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͍͎ͤͦͦͦ ͔͙ͨͦͦͤ͟͡ΎΦ 

нΦ ˿͍͔͔ͦͪͣͤͤ·͔ ˸͔ͭͦ͒· ˿͙͔ͤͭ͊͘ ͙ ˴ͦͤͭͪͦ͡Ύ ˢͪͻ͙͔ͭͭͯͪ͟· ˤ˸˿Φ ˴͡Ό;͔͍·ͣ ͍·͍ͦͦͣ͘ ͍ 

͙͔͚ͨͦͣͪͤͦ͡ ͻ͙͙͙ͣ Ύ͍͡Ύ͔ͭͫΎ ͙͔͙͔͒ͦͫͭ͗ͤ ͍·͚ͫͦͦ͟ ͔͔͙ͫͭͨͤ ͦͤͭͪͦ͟͡Ύ ͤ͊͒ ͨͪͦͼ͔ͫͫͦͣ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙Φ 

˹͔ͦ͋ͻ͙ͦ͒ͣ ͭͦ;ͤ·͚ ͦͤͭͪͦ͟͡Έ ͔ͤ ͭͦ͡Έͦ͟ ͔͔͚ͫͪ͒ͤ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͣ͊ͫͫ·Σ ͤͦ ͙ ͙͙͔͙ͨͦ͒ͫͨͪͫͤͦͫͭ͡Σ ͊ ͔ͭ͊͗͟ 

͔͙͔ͪ͊ͫͨͦͦ͗ͤͣ͡ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͎ͪͯͨͨΦ 

нΦмΦ ˴͙͔ͦͤͭͪͦͪͯͣ͊͡Ύ ˾͙͊͒͊͟͡Έͤ͊Ύ ˽͙͔͙ͦͣͪ͊͘͡ͼ͙Ύ ό/wt). ˸ ͔ͭͦ͒· ˴͙͔͚ͦͤͭͪͦͪͯͣͦ͡ ˾͙͊͒͊͟͡Έ͚ͤͦ 

˽͙͔͙ͦͣͪ͊͘͡ͼ͙͙ ό/ƻƴǘǊƻƭƭŜŘ wŀŘƛŎŀƭ tƻƭȅƳŜǊƛȊŀǘƛƻƴΣ /wtύΣ ͍͟͡Ό;͊Ύ RAFT (Reversible Additionς

Fragmentation Chain-Transfer), ATRP ό!ǘƻƳ ¢ǊŀƴǎŦŜǊ wŀŘƛŎŀƭ tƻƭȅƳŜǊƛȊŀǘƛƻƴύ ͙ NMP (Nitroxide-Mediated 

tƻƭȅƳŜǊƛȊŀǘƛƻƴύΣ ͙͍͔͙ͨͪͦ͘͡ ͔͍ͪͦ͡Όͼ͙Ό ͍ ͙͔͔ͫͤͭ͘ ˤ˸˿Φ ˻͙ͤ ͍ͨͦͦ͘͡ΎΌͭ ͍͙ͨͪͦͦ͒ͭΈ ͍͙͙͍͊͗ͯ͘͟Ό 

͙͔͙ͨͦͣͪ͊͘͡ͼ͙ΌΣ ;ͭͦ ͔͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘ΈΥ ˿͙͔͙͍ͤͭͪͦ͊ͭ͘Έ ͋ͦ͟͡-͙͔ͫͦͨͦͣͪ͡· ͫ ;͔ͭͦ͟ ͊͒͊ͤͤ͘·͙ͣ 

͎͙ͪ͊ͤͼ͙͊ͣ ͺ͊͘Φ ˽ͦͯ͡;͊ͭΈ ͙͔ͨͦͣͪ͡· ͫ ͙͚ͤͦ͘͟ ͙͙͔ͨͦ͒ͫͨͪͫͤͦͫͭ͡ΈΌΦ ˿͍ͦ͒͊͊ͭ͘Έ ͫͦ͗ͤ͡·͔ ͔ͣͦͯ͟͡͡Ύͪͤ·͔ 

͊ͪͻ͙͔ͭͭͯͪ͟· ό΅͔͙ͭ͟Σ ͍͔͒͘͘·Σ ͎͙͔ͪ͊͒ͤͭͤ·͔ ͙͔ͫͦͨͦͣͪ͡·ύΦ 

˹͙͔͊ͨͪͣͪΣ ͍ ͔͔ͣͭͦ͒ !¢wt ͙͔͔ͦͤͭͪͦͪͯͣͦ͟͡ ͙͔ͦ͋ͪ͊ͭͣͦ ͔͙͍͙͍͙͔͒͊ͭͪͦ͊ͤ͘͟ ͪ͊ͫͭͯ΅͔͚ ͼ͔͙ͨ ͫ 

ͨͦͣͦ΅ΈΌ ͎͎͔͙͍͊ͦͤ͒ͦ͡ ͔͙ͣ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͔ͪ͊͟ͼ͙͙ ͦ͋ͪ·͍͊Σ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫͣ͟ 

͒͡Ύ ͨͦͯ͡;͔͙ͤΎ ͍·͎͙͍ͫͦͦͦͪ͊ͤͦ͊ͤͤ͘͟·ͻ ͫͭͪͯͭͯͪ͟Φ 

2.2. ˴ ͙͙͊ͭ͊ͭ͡;͔͙͔ͫ͟ ˸͔ͭͦ͒·Φ ˨͡Ύ ͙͔ͫͤͭ͊͘ ͔͔͔͎ͫͭͪͦͪͯ͡Ύͪͤ·ͻ ͙͔͍ͨͦͣͪͦ͡ ͙ ͙͔ͨͦͦ͡͡ͺ͙͍ͤͦ ͫ ͙ͯͣ͘͟ 

͔ͣͦͯ͟͡͡Ύͪͤͦ-͍ͣ͊ͫͫͦ·ͣ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤͣ͡ ͨͦ-͔͔ͨͪ͗ͤͣͯ ͔͔͙ͤ͊ͣͤͣ͘·͙ͣ ͦͫͭ͊ΌͭͫΎ ͙͙͊ͭ͊ͭ͟͡;͔͙͔ͫ͟ 

͙͔ͫͫͭͣ· ͙͎͔̇ͪ͊͡-˹͊ͭͭ͊ ͙Σ ͍ ͔͔͋ͦ͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͙͊ͪ͊ͤͭ͊ͻΣ ͚͍ͦ͒ͤͦͫ͊ͭͦ·͔ ͔ͣͭ͊ͦ͡͡ͼ͔͍ͤͦ·͔ 

͙͊ͭ͊͊ͭͦͪ͘͟͡·Φ ˽͔͙͔ͦͫ͒ͤ͡ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͔͔͋ͫͨͪͼ͔͔͒ͤͭͤ·͚ ͦͤͭͪͦ͟͡Έ ͤ͊͒ ͙͚ͣͪͦͫͭͪͯͭͯͪͦ͟͟ ͙͔ͨͦͣͪ͊͡ 

ό͙͔ͤ͊ͨͪͣͪΣ ͙ͭ͊ͭ͟;ͤͦͫͭΈΌύΣ ;ͭͦ ͤ͊ͨͪΎͣͯΌ ͍͙͡Ύ͔ͭ ͤ͊ ͙͔ͭ͊͟ ͍͚͍ͫͦͫͭ͊Σ ͊͟͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͍͔͙ͨ͊ͤ͡͡Ύ ͙ 

͙͙ͪͫͭ͊͟͡͡;ͤͦͫͭΈΦ 

оΦ ˽͙͔͔͙͔ͪͣͤͤ ˤ˸˿ ͍ ̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ˸͔͙͊ͭͪ͊͊͡ͻΦ ˽͔͔ͪͻͦ͒ ͦͭ ͦ͋·;ͤ·ͻ ˤ˸˿ ͟ 
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ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ ͔͙ͣ͊ͭͪ͊͊ͣ͡ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔ͨͯͭͣ ͍͟͡Ό;͔͙ͤΎ ͙͔͍ͨͦͣͪͦ͡ ͍ ͙ͦͣͨͦ͘͟ͼ͙ͦͤͤ·͔ ͙ 

͙ͤ͊ͤͦͦͣͨͦ͘͟ͼ͙ͦͤͤ·͔ ͙͔ͫͫͭͣ·Φ 

оΦмΦ ˽͙͔ͦͣͪͤ͡·͔ ˴͙ͦͣͨͦͭ͘· ͙ ˹͙͊ͤͦͦͣͨͦͭ͘͟·Φ ˤ͟͡Ό;͔͙͔ͤ ͔͎͙ͤͦͪ͊ͤ;͔͙ͫ͟ͻ ͙͔͔͚ͤ͊ͨͦͤͭ͡͡Σ ͙ͭ͊͟ͻ 

͊͟͟ ͙ͤ͊ͤͦͭͪͯ͋͟Σ ͎ͪ͊ͺ͔ͤ ͙͙͡ ͤ͊ͤͦ;͙͊ͫͭͼ· ͔͍ͣͭ͊ͦ͡͡Σ ͍ ͙͔ͨͦͣͪͤͯ͡Ό ͙ͣ͊ͭͪͼͯ ό͙͔ͤ͊ͨͪͣͪΣ Ή͙ͨͦͫ͒ͤ͟·͔ 

ͫͣͦ͡· ͙͙͡ ͙͙͙ͨͦͣ͒͡·ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͫͦ͒͊ͭ͘Έ ͔͙ͣ͊ͭͪ͊͡· ͫ ͙͔͎͔͙ͫͤͪͭ;͔͙͙ͫͣ͟ ͍͚͍͙ͫͦͫͭ͊ͣ: 

˸͔ͻ͙͊ͤ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊Υ ˭ͤ͊;͙͔ͭ͡Έ͔ͤͦ ͍ͨͦ·΄͔͙͔ͤ ͨͪͦ;͙ͤͦͫͭ ͙ ͣͦ͒ͯ͡Ύ ͎͙ͯͨͪͯͦͫͭ ͙ͨͪ 

͙͙ͣͤͣ͊͡Έͤͦͣ ͍͔͙ͯ͡;͔͙͙ͤ ͙ͨͦͭͤͦͫͭ͡Φ 

͔͍́ͨͦͨͪͦͦ͒ͤͦͫͭ͡ΈΥ ˽͙͔ͦͣͪͤ͡·͔ ͙ͦͣͨͦͭ͘͟· ͫ .b-͙ͤ͊ͤͦͭͪͯ͋͊ͣ͟ ͙͙͡ ͎ͪ͊ͺ͔ͤͦͣ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ 

͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͔͍ͭͨͦͦͭͦ͒͡Ύ΅͙ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͍ Ή͔͙͔ͭͪͦͤ͟͟͡Φ͔͙̏ͭͪ͟͡;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊Υ 

˨͍͔͙͔ͦ͋͊ͤ͡ ͍ͨͪͦͦ͒Ύ΅͙ͻ ͙͔͔͚ͤ͊ͨͦͤͭ͡͡ ό͙͔ͤ͊ͨͪͣͪΣ ͎͔ͯͪͦ͒ͤ͡·ͻ ͤ͊ͤͦͭͪͯ͋ͦ͟ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͍͙ͨͪͪ͊ͭͭΈ 

͙͒Ή͔͙ͭͪ͟͡;͔͙͚ͫ͟ ͙͔ͨͦͣͪ͡ ͍ ͙͙͊ͤͭͫͭ͊ͭ;͔͙͚ͫ͟ ͙͙͡ ͍ͨͪͦͦ͒Ύ΅͙͚ ͔͙ͣ͊ͭͪ͊͡Φ 

˨͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ Ήͺͺ͔ͭ͊͟ ͔͔ͭͪ͋ͯͭͫΎ ͻ͙͙ͣ;͔ͫ͊͟Ύ ͺͯͤ͟ͼ͙͙ͦͤ͊͊͘͡ͼ͙Ύ 

͙͔ͤ͊ͨͦͤͭ͡͡ΎΣ ;ͭͦ͋· ͔͔ͦ͋ͫͨ;͙ͭΈ ͨͪͦ;͔ͤͦ ͍͔͔ͦ͊ͤͭͤͦ͟͡ ͙͙͡ ͔͍͔͔ͤͦ͊ͤͭͤͦ͟͡ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ 

͙͔͚ͨͦͣͪͤͦ͡ ͙ͣ͊ͭͪͼ͔͚Σ ;ͭͦ ͙ͦͨͫ·͍͔͊ͭͫΎ ͍͔͙͔ͯͪ͊ͤͤͣ ͒͡Ύ ͎͔͙͚͊͒ͦͤͤͦ͘ ͨͪͦ;͙ͤͦͫͭ  

оΦнΦ ˣ͙͔͙ͦͣ͒ͼ͙͙͔ͤͫ͟ ˽͙͔͙ͪͦ͗ͤ͡ΎΦ ˤ˸˿ Ύ͍͡ΎΌͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ ͙͔ͫͫͭͣ ͔͚͊͒ͪͫͤͦ ͍͙͒ͦͫͭ͊͟ 

͔͍͊ͪͫͭ͟͡Σ ͙͍͔͙͋ͦͫͦͣͫͭͣ·ͻ ͙͍ͣͨ͊ͤͭ͊ͭͦ͡ ͙ ͔͍͚ͭ͊ͤͦ͟ ͙͔͔͙͙ͤ͗ͤͪΦ ˣ͙͔͎͙͔ͦ͒ͪ͊͒ͪͯͣ·͔ ͙͔ͨͦͣͪ͡· 

ό͙͔ͤ͊ͨͪͣͪΣ ͙͙ͨͦ͊ͭ͒͟͡͡Σ ͙͎͙͙ͨͦͦ͒͟͡͡͡ύ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͍͊ͪ͊ͫͦ͟͟Σ ͦͭͦͪ͟·͔ ͔͔ͨͦͫͭͨͤͤͦ 

ͪ͊ͫͨ͊͒͊ΌͭͫΎ ͍ ͎͙͔ͦͪ͊ͤͣ͘Σ ͔͊ͣ͘΅͊ΎͫΈ ͤ͊ ͔͔͍͔ͫͭͫͭͤͤͯΌ ͭ͊ͤ͟ΈΦ 

˴͙͔ͦͤͭͪͦͪͯͣ͊͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͊͟ ͙͔͍ͨͦͣͪͦ͡Σ ͨͦͯ͡;͔ͤͤ͊Ύ ͔͙ͣͭͦ͒͊ͣ /wtΣ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͫͦ͒͊͊ͭ͘Έ 

͙͔ͨͦͣͪͤ͡·͔ ͙ͣͼ͔͡͡· ͙ ͍͔͙ͯ͘͟͡·Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͙͙͍ͤ͊ͨͫͯͪͦ͊ͭ͟͡Έ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔ͨͪͨ͊ͪ͊ͭ·Σ 

͊͘΅͙΅͊Ύ ͙ͻ ͦͭ ͔͔͍͔͔͎ͨͪ͗͒ͪͣͤͤͦͦ ͪ͊ͫͨ͊͒͊ ͙ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͙ͻ ͍͒ͦͫͭ͊ͯ͟ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͍ ͼ͔͔͍ͯ͡Ό 

ͦͤͯ͘ ό͙͔ͤ͊ͨͪͣͪΣ ͦͨͯͻͦ͡ΈύΦ 

ˤ·͔ͫͦͦͣͦͯ͟͟͡͡Ύͪͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎ ͦͫͭ͊ΌͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͙͙͒ͤ͊ͣ;ͤͦ ͍͙͍ͪ͊͊͘Ό΅͙ͻͫΎ 

͔͚ͦ͋͊ͫͭ͡ ͙ͤ͊ͯ͟Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙͔͎ͦͤͭͪͦͪͯͣͦͦ͟͡ ͙͔ͫͤͭ͊͘Σ ͙͔ͭ͊͟ ͊͟͟ !¢wt ͙ w!C¢Σ ͦͭͪ͟·͙͡ ͨͯͭΈ 

͟ ͨͦͯ͡;͔͙ͤΌ ͙͔͍ͨͦͣͪͦ͡ ͫ ͔͔͋ͫͨͪͼ͔͔͒ͤͭͤ·ͣ ͔ͦͤͭͪͦͣ͟͡ ͤ͊͒ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͊ͪͻ͙͔͚ͭͭͯͪͦ͟Φ ͙̏ͭ 

͙͔͙͒ͦͫͭ͗ͤΎ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ· ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͙ͦͣͨͦ͘͟ͼ͙ͦͤͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ 

ͦͭͦͪ͟·͔ ͚ͤ͊͒ͯͭ ͍͔ͫͦ ͙͔͔͙͔ͨͪͣͤͤ ͍ Ή͔͙͔ͭͪͦͤ͟͟͡Σ Ή͔͎͔͙͔ͤͪͭ͟Σ ͙Σ ͍ ͔͙ͦͫͦ͋ͤͤͦͫͭΣ ͍ ͙͔͙͋ͦͣ͒ͼ͙͔ͤΦ 

˨͊͡Έ͔͚ͤ΄͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͒ͦ͗ͤ͡· ͋·ͭΈ ͔ͫͦͫͪ͒ͦͭͦ;͔ͤ· ͤ͊ ͣ͊ͫ΄͙͍͙͙ͭ͊͋ͪͦ͊ͤ Ή͙ͭͻ ͫͦ͗ͤ͡·ͻ 

͙͔͙ͫͤͭͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͙ ͔ͪ͊ͪ͊͋ͦͭ͘͟ Ϧͯͣͤ·ͻϦ ͙͔͍ͨͦͣͪͦ͡Σ ͫͨͦͫͦ͋ͤ·ͻ ͔͎͙͍ͪ͊ͪͦ͊ͭΈ ͤ͊ ͍͔ͤ΄͙͔ͤ 

͙ͫͭͣͯ͡· όǇIΣ ͔͔ͭͣͨͪ͊ͭͯͪ͊Σ ͍͔ͫͭύΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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CYBERSECURITY AND TECHNOLOGY: THE ADAPTIVE DIGITAL FRONTIER 

 

Abstract 

The relationship between cybersecurity and technology is a continuous, escalating arms race. 

Technology creates vast opportunities for productivity and connectivity but also expands the attack surface, 

requiring constant innovation in defense. Modern cybersecurity has shifted from simple perimeter defense 

to an adaptive, intelligence-driven, and proactive model to counteract increasingly sophisticated, AI-powered 

threats. 

 

1. The Technological Drivers of Modern Threats 

The primary challenge in cybersecurity is managing the explosion of interconnected, data-generating 

technologies. 

¶ Artificial Intelligence (AI) as a Weapon: Threat actors are leveraging generative AI to automate and 

scale attacks. This includes creating polymorphic malware that changes its signature to evade detection, 

crafting hyper-realistic deepfake phishing campaigns, and autonomously executing multi-stage attacks across 

entire networks at speeds impossible for human teams to match. 

¶ The Expanded Attack Surface: 

o Cloud Migration: As 85% of organizations become "cloud-first," misconfigurations in cloud security 

posture management (CSPM) are now a primary cause of major breaches. 

o IoT and OT: The proliferation of Internet of Things (IoT) devices (smart homes, industrial sensors) 

and Operational Technology (OT) (critical infrastructure like power grids) introduces millions of unmonitored 

entry points, making them prime targets for disruptive, crippling attacks. 

o Remote Work: The rise of Bring Your Own Device (BYOD) and remote access has dissolved 

traditional network perimeters. 

2. Innovative Technologies Reshaping Defense 

To counter these advancements, defenders are implementing groundbreaking technologies that 

prioritize verification, automation, and predictive analysis. 

2.1. AI-Driven Autonomous Defense 

Artificial Intelligence and Machine Learning (AI/ML) are no longer just tools but essential components 

of the security infrastructure. 

¶ Behavioral Analytics: ML algorithms continuously monitor user and network activity to establish a 

"normal" baseline. This User and Entity Behavior Analytics (UEBA) approach instantly flags deviations (e.g., 

an employee accessing sensitive files at 3 a.m. from an unusual location), effectively detecting insider threats 

and compromised accounts. 

¶ Predictive Threat Hunting: AI models analyze vast amounts of global threat intelligence to 

identify patterns and predict potential attack vectors, enabling organizations to patch vulnerabilities 
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before they are exploited. 

¶ SOAR Platforms: Security Orchestration, Automation, and Response (SOAR) platforms, powered by 

AI, automate routine tasks like alert triage, data enrichment, and containment actions, significantly reducing 

the Mean Time to Respond (MTTR) from hours to minutes. 

2.2. Zero Trust Architecture (ZTA) 

The Zero Trust model is rapidly replacing the legacy "trust-but-verify" model. 

¶ Principle: "Never trust, always verify." Every single user, device, and application attempting to access 

a resource must be authenticated and authorized, regardless of whether they are inside or outside the 

network. 

¶ Implementation: ZTA relies on continuous monitoring and dynamic, context-aware access policies, 

significantly reducing the risk of lateral movement should an attacker gain initial access. 

2.3. Identity and Access Innovation 

Traditional passwords are the weakest link. Technology is moving toward more secure and convenient 

identity methods. 

¶ Passkeys: These are a cryptographic replacement for passwords, using biometrics (fingerprint/face 

scan) or the device's screen lock. Passkeys are phishing-resistant and significantly improve both security and 

user experience. 

¶ Decentralized Identity (Blockchain): Using blockchain's distributed, immutable ledger can create 

secure, tamper-proof identity credentials, enhancing security and streamlining authentication. 

2.4. Post-Quantum Cryptography (PQC) 

In anticipation of Quantum Computing eventually breaking current public-key encryption standards 

(the "Q-Day" threat), researchers are actively developing and standardizing Quantum-Resistant Algorithms 

(PQC). This next-generation cryptography is essential to secure sensitive data against future decryption. 

3. The Future: Cyber Resilience and Regulation 

The modern focus is shifting from merely preventing breaches to Cyber Resilienceτthe ability to 

anticipate, withstand, recover from, and adapt to cyberattacks. 

¶ Intensified Regulation: Governments worldwide are increasing regulatory pressure (e.g., the EU AI 

Act, new SEC rules) that mandate stronger security practices and often hold executives personally liable for 

significant breaches, driving greater investment and strategic alignment of cybersecurity within the business. 

¶ Fighting Fire with Fire: The most successful defense strategy involves deploying AI-powered security 

agents that can detect and autonomously counteract AI-orchestrated adversary operations at the speed of 

the machine, making technology the ultimate weapon for both attack and defense. 
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INNOVATIVE INFORMATION SECURITY TECHNOLOGIES 

 

Abstract 

The landscape of cybersecurity is evolving rapidly due to the adoption of advanced and innovative 

technologies. As digital threats become more sophisticated, static, perimeter-based defenses are no longer 

sufficient. This article examines the key innovative technologies that are reshaping information security, 

focusing on the transformative roles of Artificial Intelligence (AI) and Machine Learning (ML), Blockchain 

technology, and Quantum Computing. These innovations offer proactive, adaptive, and predictive security 

models that are essential for protecting data integrity, confidentiality, and availability in the age of 

digitalization and hybrid work environments. 

Keywords:  

information security, cybersecurity, artificial intelligence (ai), quantum computing, blockchain, zero trust 

architecture (zta), behavioral analytics, threat detection, data protection. 

 

1. The Necessity for Innovative Defense 

Traditional cybersecurity relies on known signatures and defined perimeters (like firewalls). However, 

modern attackers utilize stealthy, complex, and automated methods. The response is a shift toward adaptive, 

intelligence-driven defense mechanisms. 

¶ Challenge: The sheer volume of network data generated daily makes manual threat analysis 

impossible. 

¶ Solution: Innovative technologies provide the capability to process massive datasets, identify subtle 

anomalies, and automate responses at machine speed. 

2. Artificial Intelligence and Machine Learning (AI/ML) 

AI and ML are the most significant current innovations in proactive security, transforming defense from 

reactive patching to predictive threat hunting. 

¶ Behavioral Analytics: ML algorithms continuously analyze user and network behavior to establish a 

"baseline." Any deviation from this normal behavior (e.g., a user accessing unusual files or logging in from a 

strange location) is flagged as anomalous, indicating a potential compromise or insider threat. 

¶ Intelligent Threat Detection: AI models can be trained on vast amounts of historical threat data to 

recognize the patterns of new, never-before-seen malware (zero-day attacks). This ability to learn and adapt 

allows AI to automate threat hunting and accelerate response times, often neutralizing threats before human 

analysts can intervene. 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ11 / 2025 

 

 

33 

¶ Security Orchestration, Automation, and Response (SOAR): AI/ML powers SOAR platforms, 

automating routine security tasks like triaging alerts, enriching data, and initiating predefined mitigation 

steps, freeing up human experts for complex investigation. 

3. Blockchain Technology for Data Integrity 

While often associated with cryptocurrencies, the core principle of blockchainτthe distributed, 

immutable ledgerτoffers powerful advantages for data security and integrity. 

¶ Tamper-Proof Logging: Blockchain can be used to store critical security logs and audit trails. Because 

each block of data is cryptographically linked to the previous one and distributed across many nodes, 

tampering with a record is virtually impossible, making it ideal for forensic investigations and proving 

regulatory compliance. 

¶ Identity and Access Management (IAM): Decentralized identity solutions built on blockchain offer 

enhanced security by eliminating single points of failure, protecting user credentials, and streamlining secure 

access across multiple platforms without relying on a central authority. 

4. Quantum Computing and Cryptographic Resilience 

Quantum computing, though still emerging, poses both the biggest future threat and the most 

promising solution for data encryption. 

¶ The Threat: Quantum computers will eventually be able to break the currently dominant public-key 

cryptographic algorithms (like RSA and ECC) that secure the internet, banking, and government 

communications. This is known as the "Q-Day" threat. 

¶ The Solution (Post-Quantum Cryptography - PQC): Researchers are developing Quantum-Resistant 

Encryption Algorithms (PQC) that can withstand attacks from future quantum machines. These new 

cryptographic methods are being standardized globally to secure sensitive data now against future 

decryption. 

5. Architectural Innovations 

Innovative technologies are also driving fundamental changes in network security design itself. 

¶ Zero Trust Architecture (ZTA): This model operates on the principle of "never trust, always verify." 

Unlike traditional models that trust internal users, ZTA requires strict verification for every user and device 

attempting to access resources, regardless of whether they are inside or outside the network perimeter. 

¶ Secure Access Service Edge (SASE): This architecture converges networking (SD-WAN) and security 

functions (firewalls, ZTA) into a unified, cloud-delivered service, providing consistent, robust protection for 

the modern hybrid workforce accessing resources anywhere. 
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ό͙ͣͦ͒ͺ͙͊͟ͼ͙͙ Ǉ-ƳŜŘƛŀƴ ͙ ŎƻǾŜǊƛƴƎ ƳƻŘŜƭǎύΤ ͔͙ͣͦ͒͡ ͔͙ͤ͊͒͗ͤͦͫͭ ͙ ͙͒ͦͫͭͯͨͤͦͫͭ όa¢.Cκa¢¢wΣ 

ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ͎͍͙ͦͭͦͤͦͫͭΣ ͙͊ͤ͊͘͡ ͍ͦͭ͊ͦ͘͟ ͙ ͍͙͡Ύ͙ͤΎύΤ ͙͙ͣͭ͊ͼ͙͔ͦͤͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͍ͨͦͭͦͦ͟ ͫͦ͋·͙͚ͭ 

͙ ͎͙ͤ͊ͪͯ͘͟ ͍͊ͤ͊ͦ͟͡ ͍ͫΎ͙͘Τ ͦͼ͔ͤ͊͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͨͦ ͟͡Ό;͔͍·ͣ ͔ͨͦ͊͊ͭ͘͟͡Ύͣ όYtLύ ͫ ͋ͯͭͫͭͪΉ͍ͨͦ·͙ͣ 

͙͔͍͙ͤͭͪ͊͊ͣ͡Φ 
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˨͊ͤͤ·͔Υ ͙͍ͭͨͦ·͔ ͎͙͔ͦͪͦ͒ͫ͟ ͙ͫͦ͡ DL{ ό͔͔͙͔ͤ͊ͫͤ͡Σ ͭͪ͊ͤͫͨͦͪͭΣ ͦ͋Ά͔ͭ͟· ͙͙ͪͭ͟;͔͚ͫͦ͟ 

͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟·ύΣ ͎͙͊ͭ͊ͦ͟͡ ͙͍ͪͫͦ͟Σ ͨ͊ͫͨͦͪͭ͊ ͎ͯͪͦ͘Σ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͙ ͔͔͚ͫͭ ͍ͫΎ͙͘Φ 

͔͔͍̇͊͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͊͟ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͦ͋ͦͪͦͤ· τ Ήͭͦ ͫͦ͋·͙͚ͭͤͦ-͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·͚ ͟ ͦͤͭͯͪ ŜŘƎŜ-to-

ŎƭƻǳŘΣ ͍ ͦͭͦͪͦͣ͟ ͨͦ͡Ύ ͔͍ͫͤͫͦͪͦ όΉ͎͙ͦͦ͟͡ΎΣ ͔ͭͻ͎͔ͤͦͤͤ·͔ ͺ͊ͭͦͪ͟·Σ ͔͔͔͙ͭͣͭͪ͡Ύ ͙͙ͪͭ͟;͔͚ͫͦ͟ 

͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟·ύ ͙ ͙͙͔ͫͨͦͤͭ͡͡Έͤ·͔ ͚͍ͯͫͭͪͦͫͭ͊ ό͙͔ͫͪͤ·Σ ͭ͊͋ͦ͡ύ ;͔͔ͪ͘ ͎͙͙͋ͪ͒ͤͯΌ ͍ͫΎͤͦͫͭ͘Έ ό[¢9κрDΣ 

NB-Lƻ¢Σ ¢9¢w!κ5awΣ ͙ͫͨͯͭͤ͟Σ ͍ͦͦͦͤͤ͟͡·͔ ͙ ͎͙͔ͦͪͦ͒ͫ͟ ƳŜǎƘ-͔͙ͫͭύ ͔͙ͫͦ͒ͤΎΌͭͫΎ ͫ ͨ͊ͭ͡ͺ͚ͦͪͣͦ 

͍͚ͨͦͭͦͦͦ͟ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙ ͎͔͙͙͙ͦ͊ͤ͊ͭ͟͡Φ 

˹͊ ͔͍ͪ͊͟·ͻ ΄͡Ό͊͘ͻ ͍·ͨͦͤ͡ΎΌͭͫΎ ͺ͙͡Έͭͪ͊ͼ͙ΎΣ ͔ͦͪͪ͟͡Ύͼ͙Ύ ͙ ͋ͯͺ͔͙ͪ͊͘ͼ͙Ύ ͒͊ͤͤ·ͻ ͒͡Ύ ͪ͊͋ͦͭ· 

͙ͨͪ ͔͎͒ͪ͊͒͊ͼ͙͙ ͍͊ͤ͊ͦ͟͡Τ ͍ Ύ͔͒ͪ τ ΄͙ͤ͊ ͫͦ͋·͙͚ͭΣ /9tΣ ͻ͙͙ͪ͊ͤ͡΅͊ ͍͔͔ͪͣͤͤ·ͻ ͪΎ͍͒ͦ ͙ DL{Σ /!t-

͍͔ͫͦͣͫͭͤ·͔ ͔͍͙ͫͪͫ· ͍͎ͣ͊ͫͫͦͦͦ ͍͔ͦͨͦ΅͔͙ͤΎ όŎŜƭƭ ōǊƻŀŘŎŀǎǘΣ {a{κǇǳǎƘΣ ͍͍͊ͭͦ͒ͦͦͤ͘Σ ͔͙ͣ͒͊ύ ͙ 

͙͔ͤͫͭͪͯͣͤͭ· ͔͙͎͒ͤͦͦ ͼ͔ͤͭͪ͊ ͍͔͙ͯͨͪ͊ͤ͡Ύ ό͔͙͍ͦͨͪ͊ͭͤ͊Ύ ͙͊ͪͭͤ͊͟Σ ͙͔͒ͫͨͭ;͔͙ͪ͊͘ͼ͙ΎΣ ͔͙͎ͭͪͤ͟ ͔͍ͪͫͯͪͫͦύΦ 

͚́͊ͦ͟ ͦͤͭͯͪ͟ ͙͙͙͙͔ͣͤͣͪͯͭ͘ ͍͔ͪͣΎ ͦͭ ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͒ͦ ͍͔͔͙͒ͦ͒ͤΎ ͙͎ͫͤ͊͊͡Σ ͫͦͻͪ͊ͤΎ͔ͭ 

͙͔͔͔ͤͭͪͦͨͪ͊͋͡ΈͤͦͫͭΈ ͫ ͔͔ͤ͊ͫ͒ͯͣ͡·͙ͣ ͙͔͙ͫͫͭͣ͊ͣ ͙ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͭͫΎ ͨͦ ͔͔ͣͪ ͪͦͫͭ͊ ͊͒͊͘;Φ 

˽͔͙͍͙͔ͪͦͭͪͦ͊ͤ͟ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͣͦ͒ͯ͡ΈͤͦͫͭΈ ͙ ͦͭͪ͟·ͭ·͔ ͫͭ͊ͤ͒͊ͪͭ· όL{h ннолмκннонлΣ h!{L{ 

CAP/EDXL, ITU-¢ ·ΦмолоΣ оDtt a/·Σ 9¢{L ¢9¢w!Σ L9/ снппоύΣ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ƴҌм ͙ ͔͙ͪ͗ͣ· Ŧŀƛƭ-operational, 

͊ ͔ͭ͊͗͟ ͤ͊ ͙͔͚͋ͪͯͫͭͦ͟;͙͍ͦͫͭΈ ͊ͫͫ͊͟͡ ½ŜǊƻ ¢Ǌǳǎǘ ͫ ͔͎͔ͫͣͤͭ͊ͼ͙͔͚ h¢κL¢Σ {!{9Σ ͙͎ͪͨͭͦͪ͊͟ͺ͙;͔͚ͫͦ͟ 

͊͘΅͙͚ͭͦ ͙ ͔͙͔ͤͣͤ͘Ύ͔ͣ·ͣ ͙͊ͯ͒ͭͦͣΦ ̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͔ͣͪ͘Ύ͔ͭͫΎ ͔͙͙ͣͭͪ͊ͣ͟ ǘψŘŜǘŜŎǘΣ ǘψŘŜŎƛŘŜΣ ǘψŀƭŜǊǘΣ 

ǘψŘƛǎǇŀǘŎƘΣ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭͦͣ ͎͍͙ͦͭͦͤͦͫͭ !Σ ͦͻ͍͊ͭͦͣ ͙ ͔͚͊͒ͪ͗ͦ͘͟ ͍͔ͦͨͦ΅͔͙ͤΎΣ ͎͍ͫͦ͊ͫͦ͊ͤͤͦͫͭ͡ΈΌ ͍͔͙͚ͪͫ 

ͫͦͦ͋΅͔͙͚ͤ ͙ ͍͔͔͔ͪͣͤͣ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͔͍͙͍ͫͪͫͦΦ 

˸͔ͭͦ͒· ˮˮ ͍ͨͦ·΄͊Όͭ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭΈ ͊͘ ͫ;͔ͭ ͙͙͙͊ͤͦͣ͊ͫͭ͟͡ ͙ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘ΎΣ ͙͙ͦͨͭͣ͊͘ͼ͙͙ 

͔ͪ͊ͣ͘΅͔͙ͤΎ ͔͍ͫͤͫͦͪͦΣ ͯͪ͟·͙͚ͭ ͙ ͣ͊ͪ΄͍ͪͯͭͦ Ή͍͊ͯ͊͟ͼ͙͙Σ ͔͙ͫͣ͊ͤͭ;͔͚ͫͦ͟ ͙ͤͦͪͣ͊͊͘͡ͼ͙͙ ͫͦ͋·͙͚ͭ ͙ 

ͫͤ ͙͔͙͗ͤΎ ͙͍͒ͯ͋͊ͭͦ͟͡Φ ˤ ͙͔ͨͦͭ͡ ͒͡Ύ ͎ͦͪͦ͒͊ оллςулл ͭ·ͫΦ ͙͔͔͚͗ͭ͡ ͙͔ͦ͗͒͊ͭͫΎ ͫͦͪ͊͟΅͔͙͔ͤ ǘψŘŜǘŜŎǘ ͍ нς

о ͪ͊͊͘Σ ǘψŀƭŜǊǘ ͒ͦ нлςсл ͔ͫͯͤ͒͟ ͙ͨͪ ͦͻ͍͔͊ͭ Ҕфл҈ ͙ ͪͦͫͭ ͎͍͙ͦͭͦͤͦͫͭ ͨ͊ͭ͡ͺͦͪͣ· җлΣффрΤ ͔͍ͨͪͦͦ;͔͔ͪ͒ͤ·͔ 

΄͎͙͊ τ ͙͍͔͙ͤͤͭ͊ͪ͊͘ͼ͙Ύ ͙͍͍͊ͭͦ͟ ͙ ͍͊ͤ͊ͦ͟͡Σ ͊ͪͭ͊͟ ͙͍ͪͫͦ͟Σ ͍͔͔͙͔ͤ͒ͪͤ /!t-͍͔ͦͨͦ΅͔͙ͤΎΣ ͔͎͔ͫͣͤͭ͊ͼ͙Ύ 

͔͔͚ͫͭ ͙ ͔͎ͪͯ͡Ύͪͤ·͔ ͯ;͔͙ͤΎΦ 

˾͔ͺ͔͔ͪͤͫͤ͊Ύ ͔ͭͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ ͊ͪͻ͙͔ͭͭͯͪ͊͟ ˥˻Φ 

˿͚ͦ͡ {л ͒͊ͭ;͙͙͟ ͙ ͙͙͔ͫͨͦͤͭ͡͡Έͤ·͔ ͚͍ͯͫͭͪͦͫͭ͊Υ ͫͭ͊ͼ͙ͦͤ͊ͪͤ·͔ ͙ ͙ͣͦ͋͡Έͤ·͔ ͔ͫͤͫͦͪ· 

ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· ό͔͔ͣͭͦΣ ͒·ͣΣ ͎͊͘Σ ͙ͪ͊͒͊ͼ͙ͦͤͤ·͚ ͺͦͤύΣ ͔͔͔͙ͭͣͭͪ͡Ύ ͙͔͔ͤ͗ͤͪͤ·ͻ ͙͔ͫͫͭͣΣ 

͍͙͔͒ͦͤ͊͋͡Ό͔͙͔͒ͤ ͫ ͙͙͚͊ͤ͊ͭͦ͟͡ ͤ͊ ͪ͊͟ΌΤ ͙͙͔ͫͨͦͤͭ͡͡Έͤ·͔ Ή͔͔ͣͤͭ͡·Υ ͙͔ͫͪͤ·Σ ͭ͊͋ͦ͡Σ ͙͔ͫͫͭͣ· 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͒ͦͫͭͯͨͦͣ ͙ ͙͔͔ͤ͗ͤͪͤ·͙ͣ ͙ͯ͊ͣ͘͡Φ 

˿͚ͦ͡ {м ͔͍ͨͦ͡·͔ ΄͡Ό͘· ͙ ŜŘƎŜ-͍·;͙͔͙ͫͤ͡ΎΥ ͎͔͎͊ͪ͊ͼ͙Ύ ͔͔͔͙͙ͭͣͭͪ͡Σ ͔ͨͪ͒ͦ͋ͪ͊͋ͦͭ͊͟ 

όͺ͙͡Έͭͪ͊ͼ͙ΎΣ ͔͙͒͒ͯͨ͊͟͡ͼ͙ΎύΣ ͦ͊͟͡͡Έͤ͊Ύ ͔ͦͪͪ͟͡Ύͼ͙Ύ ͫͦ͋·͙͚ͭΤ ͦͺ͚͊ͤ͡-ͪ͊͋ͦͭ͊ ͫ ͔͚ͦͭͦ͗ͤͤͦ͡ ͍͚͒ͦͫͭ͊ͦ͟ 

͙ ͋ͯͺ͔͙ͪ͊͘ͼ͙͔͚ ͒͡Ύ ͚ͯͫͭͦ;͙͍͙ͦͫͭΦ 

˿͚ͦ͡ {н ͭͪ͊ͤͫͨͦͪͭ ͙ ͍ͫΎͤͦͫͭ͘ΈΥ ͎ͣͤͦͦ͊ͤ͊͟͡Έͤ͊Ύ ͍ͫΎ͘Έ [¢9κрD ό͍͟͡Φ b.-Lƻ¢ύΣ ͊͘΅͙΅͔ͤͤ·͔ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·͔ ͔͙ͫͭ ό¢9¢w!κ5awύΣ ͙͍ͫͨͯͭͤͦ͟·͔ ͊ͤ͊͟͡·Σ ͎͙͔ͦͪͦ͒ͫ͟ ͍ͦͨͭͦͦͦͦͤͤ͟͡·͔ ͦ͟͡Έͼ͊, mesh; 

͙͙͙ͨͪͦͪͭ͊͘ͼ͙Ύ ͭͪ͊ͺ͙͊͟ ͙͙͙ͣͫͫ όvƻ{κvƻ9ύΣ ͔͔͍ͪͪͤ͘·͔ ͣ͊ͪ΄ͪͯͭ·Σ a/·-͔͍͙ͫͪͫ· ό͎ͦͦͫ͡κ͒͊ͤͤ·͔κ͍͙͔͒ͦ 

͒͡Ύ ͫͯ͗͋͡ύΦ 

˿͚ͦ͡ {о ͨ͊ͭ͡ͺ͔ͦͪͣͤͤ·͚ ͍͔ͯͪͦͤΈΥ ΄͙ͤ͊ ͫͦ͋·͙͚ͭ όŜǾŜƴǘ ōǳǎύΣ ͨͦͭͦ;ͤ͊Ύ ͦ͋ͪ͊͋ͦͭ͊͟ ό/9tύΣ 

ͻ͙͙ͪ͊ͤ͡΅͊ ͍͔͔ͪͣͤͤ·ͻ ͪΎ͍͒ͦ ͙ Řŀǘŀ ƭŀƪŜΤ ͔͍͙ͫͪͫ· /!tκ95·[ ͒͡Ύ ͙ͯͤͺ͙ͼ͙͍͎ͪͦ͊ͤͤͦͦ ͍͔ͦͨͦ΅͔͙ͤΎΣ 

͎͙͊ͭ͊ͦ͟͡ ͔͍ͪͫͯͪͫͦΣ ͍͔͙͔ͯͨͪ͊ͤ͡ ͙ͤͼ͙͔͙͒ͤͭ͊ͣΦ 

˿͚ͦ͡ {п ͙ͨͪ͊͒ͤ͟͡·͔ ͔͍͙ͫͪͫ·Υ ͔͙͒ͤ·͚ ͼ͔ͤͭͪ ͍͔͙ͯͨͪ͊ͤ͡Ύ ό9h/ύΣ ͎͔͙͙ͦ͊ͤ͊ͭ͊͟͡ ͙ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ 

͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͍͔͚͍͙͚ͦ͒ͫͭ͘Σ ͙͔͒ͫͨͭ;͔͙ͪ͊͘ͼ͙Ύ ͙ ͔͙͎ͭͪͤ͟ ͔͍ͪͫͯͪͫͦΤ ͙ͨͯ͋͡;͔ͤͦ ͍͔ͦͨͦ΅͔͙͔ͤΥ ŎŜƭƭ 

broadŎŀǎǘΣ ǇǳǎƘκ{a{Σ ͎͍ͦͦͫͦ͡·͔ ͍·͍ͦ͘·Σ ͙ͯ͡;ͤ·͔ ͙͔ͫͪͤ·Σ ͔͙ͣ͒͊-͔ͨ͊ͪͭͤͪ·Φ 

˿͚ͦ͡ {р ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͍͔͙͔ͯͨͪ͊ͤ͡Σ ͙͔͔͋ͪ͋ͦͨ͊ͫͤͦͫͭ͘͟ΈΥ ȊŜǊƻ ǘǊǳǎǘΣ ͔͎͔ͫͣͤͭ͊ͼ͙Ύ ͔͔͚ͫͭ h¢κL¢Σ 

͍͔͙͔ͯͨͪ͊ͤ͡ ͯΎ͍͙ͣͦͫͭ͘Ύ͙ͣΣ ͙͎ͪͨͭͦͪ͊͟ͺ͙Ύ ͙ I{aΤ ͤ͊͋͡Ό͔͒͊ͣͦͫͭΈ ͙͍ͭͪ͊ͫͫͪͦ͊͟Σ ͔͔͔͙ͭͣͭͪ͡ΎΣ {[hκ{[!Τ 

͍͔͙͔ͯͨͪ͊ͤ͡ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙Ύ͙ͣ ͙ ͙͙͙ͨͦͭ͊ͣ͟͡Φ 
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˻͍͔ͨͦ΅͔͙͔ͤ ͙  ͦ ͔͋ͣͤ ͒ ͊ͤͤ·͙ͣ: OASIS CAP v1.2; OASIS EDXL-DE/Resource; ITU-T X.1303 (CAP). 

˿͍Ύ͘Έ ͒ ͡Ύ ͫ ͯ͗͋͡ ͙  ͤ ͔͔͙͊ͫͤ͡Ύ: 3GPP MCX (MCPTT/MCData/MCVideo), 5G QoS/URLLC; ETSI TETRA. 

˴͙͔͔͋ͪ͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙ h¢Υ bL{¢ {t улл-53; IEC 62ппо ͒͡Ύ ͨͪͦͣ·΄͔ͤͤ͡·ͻ ͙͔ͫͫͭͣΦ 

͙̏ͭ;͔͙͔ͫ͟Σ ͍͍ͨͪ͊ͦ·͔ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·͔ ͔͊ͫͨͭ͟·Υ ͨͪͦͪ͊͘;ͤͦͫͭΈ ͍͔ͦͨͦ΅͔͙͚ͤ ͙ ͦ͋ͪ͊ͭͤ͊Ύ ͍ͫΎ͘Έ 

͎ͪ͊͗͒͊ͤ ό͊ͤ͊͟͡· ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͙ ͔͙͍͙ͦͪͪͭͪͦ͟͟͟ύΤ ͊͘΅͙ͭ͊ ͒͊ͤͤ·ͻ ό͙͙ͣͤͣ͊͡Έͤͦ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͔ 

͙͊ͭͪ͋ͯͭ·Σ ͻ͔͙͔ͪ͊ͤͤ ͙ ͔͙͔ͯ͒͊ͤ͡ ͨͦ ͙͙͔ͨͦͭ͟͡Σ ͙͊ͯ͒ͭ ͒ͦͫͭͯͨ͊ύΤ ͎͍ͨͦ͒ͦͭͦ͊͟ ͍͊͒ͪͦ͟ ό͍͔͙ͫͦͣͫͭͣ·͔ 

͔͎͔ͪ͊ͣͤͭ͡·Σ ͔͎ͪͯ͡Ύͪͤ·͔ ͯ;͔͙ͤΎΣ ͔͍͔͍͔ͣ͗͒ͦͣͫͭͤͤ·͔ ͨͪͦͭͦͦ͟͡· ͍͔͙͙ͫͦͣͫͭͣͦͫͭύΦ 

ˤ·͍ͦ͒· ͙ ͒͊͡Έ͔͚ͤ΄͙͔ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͔ͫͤͫͦͪͤ·ͻ ͔͔͚ͫͭΣ ͫͦ͋·͙͚͚ͭͤͦ ͙ͦ͋ͪ͊͋ͦͭ͟Σ ͎ͣͤͦͦ͊ͤ͊͟͡Έ͎ͤͦͦ ͍͔ͦͨͦ΅͔͙ͤΎ ͙ 

͊͘΅͙΅͔͚ͤͤͦ ͍ͫΎ͙͘ ͺ͙͔ͦͪͣͪͯͭ ͍ͦͫͤͦͯ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ ͔͚ͪͦ͘͡ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͦ͋ͦͪͦͤ·Φ ˾͔ͺ͔͔ͪͤͫͤ͊Ύ 

͊ͪͻ͙͔ͭͭͯͪ͊͟ ͙ ͔͔ͨͪ͒ͦ͗ͤͤ͡·͔ ͔͙͙ͣͭͪ͟ ͍ͨͦͦ͘͡ΎΌͭ ͔ͨ͊ͤͦͣͪͤͦ͡ ͤ͊ͪ͊΅͙͍͊ͭΈ ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͦͫͭΈ ͙ 

͙͔͙ͣͪͣͦ͘ ͍ͨͦ·΄͊ͭΈ ͚ͯͫͭͦ;͙͍ͦͫͭΈΦ ˽͔͍ͪͦͦ;͔͔ͪ͒ͤ·͔ ΄͎͙͊ τ ͙͍͔͙ͤͤͭ͊ͪ͊͘ͼ͙Ύ ͙͍͍͊ͭͦ͟ ͙ ͍͊ͤ͊ͦ͟͡Σ 

͍͔͔͙͔ͤ͒ͪͤ /!t-͍͔͙͎ͫͦͣͫͭͣͦͦ ͍͔ͦͨͦ΅͔͙ͤΎΣ ͔͎͔ͫͣͤͭ͊ͼ͙Ύ ͔͔͚ͫͭ h¢κL¢ ͙ ͍͖ͪ͊ͪͭ͘·͍͙͔͊ͤ ͤ͊͋͡Ό͔͙͒͊ͣͦͫͭΦ 

˨͊͡Έ͔͚ͤ΄͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͼ͔͔ͫͦͦ͋ͪ͊ͤ͘͡· ͍ ͙ͦ͋͊ͫͭ͡ ͦͼ͔͙ͤ͟ ͙͙͚ͣͫͫͦͤͤͦ ͼ͔͙ͤͤͦͫͭ ͒͊ͤͤ·ͻΣ 

͚ͯͫͭͦ;͙͍͙ͦͫͭ ͟ ͊ͫ͊͒ͤ͟͟·ͣ ͦͭ͊͊ͣ͘͟ ͙ ;͔͍͔ͦͦ͟͡-ͣ͊΄͙͎ͤͤͦͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΎΦ 

˿͙ͨͫͦ͟ ͙ ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͡ ͙͔ͭͪ͊ͭͯͪ·: 

1.  ISO 22301:2019 Security and resilience τ Business continuity management systems. 

2.  ISO 22320:2018 Security and resilience τ Emergency management τ Guidelines. 

3. OASIS Common Alerting Protocol (CAP) v1.2; ITU-T X.1303. 

4. OASIS EDXL Distribution Element/Resource Messaging. 

5. 3GPP TS 23.179 (MCPTT); ETSI EN 300 392 (TETRA). 

6. NIST SP 800-53; IEC 62443 (industrial cybersecurity). 

7. OGC. Web Map Service (WMS) 1.3.0; Web Feature Service (WFS) 2.0. Open Geospatial Consortium. 

8. ETSI GS MEC 003. Multi-access Edge Computing (MEC); Framework and Reference Architecture. ETSI. 

ϭ s ͍͍ͦͦ͡͡ ˨Φ̉Φ, 2025 

 

 

 

 

ˢΦ s ͎ͤͤ͊ͯ͡·͔͍͊, 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙͙ͤͫͭͭͯͭΣ 

 s ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

ˢΦ ˸·ͪ͊ͭ͡·͔͍ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙͙ͤͫͭͭͯͭΣ  

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˻Φ ͍̉ͦ͒·͍ͪͦ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙͙ͤͫͭͭͯͭΣ  

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˨͗Φ ˸͔͍ͯͫ͊͊ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙͙ͤͫͭͭͯͭΣ  

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͙ͦͣͨ͊ͤ͟ ͙͍ͫͭ͊͊͟͡ΌͭͫΎ ͫ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͋·͚ͫͭͪͦ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ11 / 2025 

 

 

37 

͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎ ͎͎ͨͪͦͪ͊ͣͣͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͙ͨͪ ͍·͙ͫͦ͟ͻ ͔͍͙ͭͪ͋ͦ͊ͤΎͻ ͟ ͊͟;͔͍ͫͭͯΣ ͣ͊ͫ΄͙͔͙ͭ͊͋ͪͯͣͦͫͭ ͙ 

͔͙ͤ͊͒͗ͤͦͫͭΦ ˻͋͊͡;ͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ 5ŜǾhǇǎ-͙͙ͨͪ͊ͭ͟͟ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͔ͪ΄͔͙͔ͤ Ή͙ͭͻ ͊͒͊͘;Σ ͍ͨͦͦ͘͡ΎΎ 

͙ͯͫͦͪͭ͟Έ ͨͪͦͼ͔ͫͫ· ͙ ͍ͨͦ·͙ͫͭΈ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͦͣ͊ͤ͒͟Φ 

͔̇͡ΈΦ ˽͙͙͍ͪͦ͊ͤ͊ͪͦ͊ͭ͘͡Έ ͍͙͡Ύ͙͔ͤ ͦ͋͊͡;ͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ 5ŜǾhǇǎ ͤ͊ ͨͪͦͼ͔ͫͫ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙ 

Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙ ͎͎ͨͪͦͪ͊ͣͣͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎΣ ͍·Ύ͍͙ͭΈ ͙ͻ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͙ ͟͡Ό;͔͍·͔ ͙͔ͤͫͭͪͯͣͤͭ·Φ 

˸͔ͭͦ͒Φ ˽͙͔͔ͪͣͤͤ ͙͔ͫͫͭͣͤ·͚ ͨͦ͒ͻͦ͒Σ ͍͟͡Ό;͊Ό΅͙͚ ͙͊ͤ͊͘͡ ͦ͋͊͡;ͤ·ͻ ͨ͊ͭ͡ͺͦͪͣ ό!²{Σ !ȊǳǊŜΣ DƻƻƎƭŜ 

/ƭƻǳŘύΣ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙͙ 5ŜǾhǇǎΣ ͙ͨͪ͊ͭ͟͟ /Lκ/5 ͙ ͙͔͍͙͚ͣͪͦͫͪͫͤͦ͟ ͊ͪͻ͙͔ͭͭͯͪ͟·Φ 

˾͔ͯ͘͡Έͭ͊ͭΦ ˮ͔͎ͤͭͪ͊ͼ͙Ύ 5ŜǾhǇǎ ͙ ͦ͋͊͡;ͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͫͦͪ͊ͭͭ͟Έ ͍͔ͪͣΎ ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎΣ 

͍ͨͦ·͙ͫͭΈ ͚ͦͭ͊ͦͯͫͭͦ͘͟;͙͍ͦͫͭΈ ͙͔͙͚ͨͪͦ͗ͤ͡Σ ͯͯ͡;΄͙ͭΈ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͦͣ͊ͤ͒͟ ͙ ͙͙ͫͤͭ͘Έ ͙ͦ͟͡;͔͍ͫͭͦ 

ͦ΄͙͋ͦ͟Φ 

ˤ·͍ͦ͒·Φ ˻͋͊͡;ͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ 5ŜǾhǇǎ ͔͎͙ͫͭͪ͊ͭ;͔͙ͫ͟ ͍͊͗ͤ· ͒͡Ύ ͙͚ͦͣͨ͊ͤ͟Σ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·ͻ 

ͤ͊ ͼ͙ͺ͍ͪͦͯΌ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙ΌΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͔͙͔ͯͫͦͪͤ͟ ͼ͙͊͟͡ ͙ͪ͊ͪ͊͋ͦͭ͘͟Σ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͣͦͫͭΈ ͙ 

͙͙ͦͨͭͣ͊͘ͼ͙Ό ͔͍ͪͫͯͪͫͦΦ 

˴͡Ό;͔͍·͔ ͫ ͍ͦ͊͡: 

ͦ͋ ͊͡;ͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ 5ŜǾhǇǎΣ /Lκ/5Σ ͔͚͔͙ͦͤͭͤͪ͊͘͟ͼ͙ΎΣ ͙͔͍͙ͣͪͦͫͪͫ͟·. 
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CLOUD TECHNOLOGIES AND DEVOPS 

 

Abstract 

Relevance. Modern companies face the challenge of rapidly developing and deploying software while 

maintaining high quality, scalability, and reliability. Cloud technologies and DevOps practices address these 

challenges by accelerating processes and improving team efficiency.  

Goal. To analyze the impact of cloud technologies and DevOps on software development and 

operations, identifying their advantages and key tools. Method. A systematic approach was applied, including 

the analysis of cloud platforms (AWS, Azure, Google Cloud), DevOps automation tools, CI/CD practices, and 

microservice architecture. 

Result. Integrating DevOps with cloud technologies significantly reduces deployment time, enhances 

application resilience, improves team collaboration, and reduces errors. Conclusions. Cloud technologies and 

DevOps are strategically important for companies pursuing digital transformation, providing faster 

development cycles, scalability, and resource optimization.  

Keywords 

cloud technologies, DevOps, CI/CD, containerization, microservices. 
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˻͋͊͡;ͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ DevOps ͙ ͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͍ͨͦ·΄͔͙͙ͤ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ͪ͊ͪ͊͋ͦͭ͘͟ 

͙ ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎ ͎͎ͨͪͦͪ͊ͣͣͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͎͙͋ͦͫͭ͟ΈΣ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͣͦͫͭΈ ͙ ͫͦͪ͊͟΅͔͙͔ͤ 

͍͔͔͙ͪͣͤ ͍·ͻͦ͒͊ ͍ͨͪͦ͒ͯͭͦ͟ ͤ͊ ͪ·ͤͦ͟Φ 

˻͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡· 

ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· ͦ͋͊͡;ͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ DevOps ͙ͫͭ͊͡ ͟͡Ό;͔͍·͙ͣ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ͙ͣ ͍ ͍͙͙͙ͪ͊ͭ͘ 

͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͙͔ͫͫͭͣ ͙ ͨͪͦͼ͔͍ͫͫͦ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͎͎ͨͪͦͪ͊ͣͣͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎΦ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͦ͋͊͡;ͤ·͔ ͨ͊ͭ͡ͺͦͪͣ· ͔͍ͨͪ͒ͦͫͭ͊͡ΎΌͭ ͙ͦͣͨ͊ͤ͟Ύͣ ͎͙͙͔͋͟ ͔ͪͫͯͪͫ·Σ ͦͭͦͪ͟·͔ ͍ͨͦͦ͘͡ΎΌͭ 

ͣ͊ͫ΄͙͍ͭ͊͋ͪͦ͊ͭΈ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͎͙ͤ͊ͪͯ͘͟ ͙ ͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ ͊ͭͪ͊ͭ͘· ͤ͊ ͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟ 

(MarinescuΣ нлмтύΦ ˿͔͙ͪ͒ ͍ͦͫͤͦͤ·ͻ ͔͙ͨͪͣͯ΅͔͍ͫͭ ͦ͋͊͡;ͤ·ͻ ͔ͪ΄͔͙͚ͤ ͍·͔͒͡ΎΌͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ 

͔͎ͯ͒͊ͤͤͦͦ͡ ͒ͦͫͭͯͨ͊Σ ͍͙͊ͭͦͣ͊ͭ;͔͔ͫͦ͟ ͍͔͙͔ͯͨͪ͊ͤ͡ ͔͙ͪͫͯͪͫ͊ͣΣ ͍·ͫͦͯ͟Ό ͒ͦͫͭͯͨͤͦͫͭΈ ͙ 

͚ͦͭ͊ͦͯͫͭͦ͘͟;͙͍ͦͫͭΈ ͙͔ͫͫͭͣΦ 

˻͍ͫͤͦͤ͊Ύ ;͊ͫͭΈ ό͔͎͙ͣͭͦ͒ͦͦ͡ΎΣ ͔ͪͯ͘͡Έͭ͊ͭ·ύ 

˸͔͎͙ͭͦ͒ͦͦ͡Ύ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙͔͋͊ͪͯͭͫ͘Ύ ͤ͊ ͙͔ͫͫͭͣͤͦͣ ͨͦ͒ͻ͔ͦ͒ ͟ ͙ͯ͘;͔͙ͤΌ ͍͔͔ͫͦͪͣͤͤ·ͻ 

ͦ͋͊͡;ͤ·ͻ ͨ͊ͭ͡ͺͦͪͣ ͙ ͙ͨͪ͊ͭ͟͟ DevOpsΦ ˢ͙ͤ͊͘͡ ͍͙ͨͪͦͦ͒ͫ͡Ύ ͨͦ ͔ͤͫͦ͟͡Έ͙ͣ͟ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎͣΥ 

1. ˻͋͊͡;ͤ·͔ ͨ͊ͭ͡ͺͦͪͣ·Φ ˾͙͍͙͊ͫͫͣ͊ͭͪ͊ͫ͡Έ ͍͔͒ͯ΅͙͔ ͙ͨͯ͋͡;ͤ·͔ ͦ͋͊͡;ͤ·͔ ͔͍͙ͫͪͫ·Σ ͙͔ͭ͊͟ ͊͟͟ 

Amazon Web Services (AWS), Microsoft Azure ͙ Google Cloud PlatformΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύͦͫ͡Έ 

͍ͦͣͦ͗ͤͦͫͭ͘Ύͣ ͣ͊ͫ΄͙͍͙ͭ͊͋ͪͦ͊ͤΎΣ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔͙ͪͫͯͪͫ͊ͣΣ ͔͙ͤ͊͒͗ͤͦͫͭ ͙ 

͚ͦͭ͊ͦͯͫͭͦ͘͟;͙͍͙ͦͫͭ ͙͔͙͚ͨͪͦ͗ͤ͡Σ ͊ ͔ͭ͊͗͟ ͙͔͎ͤͭͪ͊ͼ͙͙ ͫ ͙͔͙ͤͫͭͪͯͣͤͭ͊ͣ DevOps. 

2. ˮ͔ͤͫͭͪͯͣͤͭ· DevOpsΦ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍͟͡Ό;͊ͦ͡ ͙ͯ͘;͔͙͔ͤ ͙͔ͫͫͭͣ ͔͔ͤͨͪͪ·͍͚ͤͦ ͙͔͎ͤͭͪ͊ͼ͙͙ ͙ 

͍͙͒ͦͫͭ͊͟ όCI/CDύΣ ͙ͭ͊͟ͻ ͊͟͟ Jenkins, GitLab CI, CircleCIΣ ͊ ͔ͭ͊͗͟ ͨ͊ͭ͡ͺͦͪͣ ͔͚͔͙ͦͤͭͤͪ͊͘͟ͼ͙͙ ͙ 

͔ͦͪͫͭͪ͊͟ͼ͙͙ Docker ͙ Kubernetes. ˣ·͙͡ ͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͤ͘͡· ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙͙ 

͔͙͍͙ͭͫͭͪͦ͊ͤΎΣ ͔͒ͨͦ͡Ύ ͙ ͙͙͎ͣͦͤͭͦͪͤ͊ ͙͔͙͚ͨͪͦ͗ͤ͡Φ 

3. ˢͪͻ͙͔ͭͭͯͪͤ͟·͔ ͨͦ͒ͻͦ͒·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύͦͫ͡Έ ͙͔͍͙͚ͣͪͦͫͪͫͤͦ͟ ͊ͪͻ͙͔͔ͭͭͯͪ͟Σ 

ͦͭͦͪ͊͟Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍ͪ͊͋͊ͭ͘Έ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͤ͊ ͔͍͙͙ͤ͊ͫͣ͘·͔ ͔ͦͣͨͦͤͤͭ͟·Σ ͍ͨͦ·΄͊Ύ ͎͙͋ͦͫͭ͟Έ ͙ͪ͊ͪ͊͋ͦͭ͘͟ 

͙ ͯͨͪͦ΅͊Ύ ͔ͨͦ͒͒ͪ͗ͯ͟ ͫͦ͗ͤ͡·ͻ ͙͔ͫͫͭͣΦ ˮ͔͍͙ͫͫ͒ͦ͊ͫ͡͡Έ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͙͔͍͙͍ͣͪͦͫͪͫͦ͟ ͍ ͔͔ͦͤͭͫͭ͟͟ 

ͦ͋͊͡;ͤ·ͻ ͔ͪ΄͔͙͚ͤΣ ͍͟͡Ό;͊Ύ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͣ͊ͫ΄͙͍͙ͭ͊͋ͪͦ͊ͤΎ ͔ͦͭ͒͡Έͤ·ͻ ͔͍͙͍ͫͪͫͦ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙Ό 

͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔͍ͪͫͯͪͫͦΦ 

4. ˽ͪͦͼ͔ͫͫ· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͦͣ͊ͤ͒͟Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ͦͫ͡Έ ͍͙͡Ύ͙͔ͤ DevOps-ͯ͟͡Έͭͯͪ· ͤ͊ 

͎͙ͦͪ͊ͤ͊͘ͼ͙Ό ͪ͊͋ͦͭ·Σ ͨͪͦͪ͊͘;ͤͦͫͭΈ ͨͪͦͼ͔͍ͫͫͦΣ ͍͔ͫͦͣͫͭͤͯΌ ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈ ͊͘ ͨͪͦ͒ͯͭ͟ ͙ ͫͦͪ͊͟΅͔͙͔ͤ 

͍͔͔͙ͪͣͤ ͤ͊ ͍·ͨͯͫ͟ ͍͔͙͚ͦ͋ͤͦͤ͡Φ 

˾͔ͯ͘͡Έͭ͊ͭ· ͙͊ͤ͊͊͘͡ ͙ͨͦ͊͊͘͟͡ ͔ͫ͒ͯ͡Ό΅͙͔ ͔͔ͭͤ͒ͤͼ͙͙ ͙ ͍·͍ͦ͒·: 

¶ ͔͙͔̂ͫͦͪͤ͟ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙ ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎ ͙͔͙͚ͨͪͦ͗ͤ͡Φ ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͦ͋͊͡;ͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͫ 

DevOps ͍ͨͦͦ͘͡Ύ͔ͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͫͦͪ͊ͭͭ͟Έ ͍͔ͪͣΎ ͦͭ ͙͙ͤ͊ͨͫ͊ͤΎ ͦ͒͊͟ ͒ͦ ͔͎ͦ ͍·ͨͯͫ͊͟ ͍ ͪ͊͋ͦ;ͯΌ ͔ͫͪ͒ͯΦ 

˽͙͔͔͙͔ͪͣͤͤ CI/CD ͙  ͔͚͔͙ͦͤͭͤͪ͊͘͟ͼ͙͙ ͙͔ͫͤ͗͊ͭ ͪͯ;ͤ·͔ ͔ͦͨͪ͊ͼ͙͙ ͙ ͍͔ͪͦΎͭͤͦͫͭΈ ͦ΄͙͋ͦ͟Φ 

¶ ˽͍ͦ·΄͔͙͔ͤ ͣ͊ͫ΄͙͔͙ͭ͊͋ͪͯͣͦͫͭ ͙ ͚ͦͭ͊ͦͯͫͭͦ͘͟;͙͍͙ͦͫͭΦ ˻͋͊͡;ͤ·͔ ͨ͊ͭ͡ͺͦͪͣ· ͔͍ͨͪ͒ͦͫͭ͊͡ΎΌͭ 

͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ ͍͔͙ͯ͡;͙͍͊ͭΈ ͔ͪͫͯͪͫ· ͨͦ͒ ͎ͤ͊ͪͯͯ͘͟Σ ͊ ͙͔͍͙ͣͪͦͫͪͫ͟· ͙ ͍͙͙͍͊ͭͦͣ͊ͭͪͦ͊ͤͤ͘·͚ 

͔͚͒ͨͦ͡ ͍ͨͦ·΄͊Όͭ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͙͔͙͚ͨͪͦ͗ͤ͡ ͟ ͫ͋ͦΎͣΦ 

ˤ·͍ͦ͒· ͙ ͒͊͡Έ͔͚ͤ΄͙͔ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

˹͊ ͍͙͙ͦͫͤͦ͊ͤ ͍͔͔͎ͨͪͦ͒ͤͤͦͦ ͙͊ͤ͊͊͘͡ ͣͦ͗ͤͦ ͔ͫ͒͊ͭ͡Έ ͔ͤͫͦ͟͡Έͦ͟ ͟͡Ό;͔͍·ͻ ͍·͍͍ͦ͒ͦΦ ˤͦ-͔͍ͨͪ·ͻΣ 

͙͔͎ͤͭͪ͊ͼ͙Ύ ͦ͋͊͡;ͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ DevOps ͫͯ΅͔͍͔ͫͭͤͤͦ ͯͫͦͪ͟Ύ͔ͭ ͨͪͦͼ͔ͫͫ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙ 

͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎ ͎͎ͨͪͦͪ͊ͣͣͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͔ͫͫͭͣ CI/CDΣ ͔͚͔͙ͦͤͭͤͪ͊͘͟ͼ͙͙ ͙ 

͙͔͍͙͚ͣͪͦͫͪͫͤͦ͟ ͊ͪͻ͙͔ͭͭͯͪ͟· ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͫͦͪ͊ͭͭ͟Έ ͙ͦ͟͡;͔͍ͫͭͦ ͪͯ;ͤ·ͻ ͔ͦͨͪ͊ͼ͙͚Σ ͔ͯͣͤΈ΄͙ͭΈ 

͍͔ͪͦΎͭͤͦͫͭΈ ͦ΄͙͋ͦ͟ ͙ ͍ͨͦ·͙ͫͭΈ ͊͟;͔͍ͫͭͦ ͍·͔ͨͯͫ͊ͣ͟·ͻ ͙͔͙͚ͨͪͦ͗ͤ͡Φ 

ˤ-͍ͦͭͦͪ·ͻΣ ͦ͋͊͡;ͤ·͔ ͨ͊ͭ͡ͺͦͪͣ· ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͍·ͫͦͯ͟Ό ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͣͦͫͭΈ ͙ 

͚ͦͭ͊ͦͯͫͭͦ͘͟;͙͍ͦͫͭΈΣ ;ͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍·͎͔ͫͦͦͤ͊ͪͯ͗ͤͤ͟·ͻ ͔͍͙͍ͫͪͫͦ ͙ 
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ˢΦ s ͎ͤͤ͊ͯ͡·͔͍͊, 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙͙ͤͫͭͭͯͭΣ 

 s ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

ˢΦ ˸·ͪ͊ͭ͡·͔͍ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙͙ͤͫͭͭͯͭΣ  

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˻Φ ͍̉ͦ͒·͍ͪͦ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙͙ͤͫͭͭͯͭΣ 

 s ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˨͗Φ ˸͔͍ͯͫ͊͊ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙͙ͤͫͭͭͯͭΣ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͙ͦͣͨ͊ͤ͟ ͔͔ͨͪͻͦ͒Ύͭ ͤ͊ ͦ͋͊͡;ͤ·͔ ͔ͪ΄͔͙ͤΎ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ 

͎͙͙͋ͦͫͭ͟Σ ͣ͊ͫ΄͙͔͙ͭ͊͋ͪͯͣͦͫͭ ͙ ͔͙ͤ͊͒͗ͤͦͫͭ ˮ́-͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟·Φ ˿͔͙ͪ͒ ͍͔͒ͯ΅͙ͻ ͦ͋͊͡;ͤ·ͻ ͨ͊ͭ͡ͺͦͪͣ 

͍·͔͒͡ΎΌͭͫΎ !ƳŀȊƻƴ ²Ŝō {ŜǊǾƛŎŜǎ ό!²{ύΣ aƛŎǊƻǎƻŦǘ !ȊǳǊŜ ͙ DƻƻƎƭŜ /ƭƻǳŘ tƭŀǘŦƻǊƳ όD/tύΣ ͦͭͦͪ͟·͔ 

͔͍ͨͪ͒ͦͫͭ͊͡ΎΌͭ ΄͙͙͚ͪͦ͟ ͤ͊͋ͦͪ ͔͍͙͍ͫͪͫͦ ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟Σ ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎ ͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͙͔͙ͨͪͦ͗ͤ͡Ύ͙ͣΦ 

͔̇͡ΈΦ ˽͙͙͍ͪͦ͊ͤ͊ͪͦ͊ͭ͘͡Έ ͔͙ͦͫͦ͋ͤͤͦͫͭΣ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͔ͭͪͻ ͍͔͒ͯ΅͙ͻ ͦ͋͊͡;ͤ·ͻ 

ͨ͊ͭ͡ͺͦͪͣΣ ͍·Ύ͍͙ͭΈ ͙ͻ ͟͡Ό;͔͍·͔ ͙͔ͤͫͭͪͯͣͤͭ· ͙ ͙ͦ͋͊ͫͭ͡ ͙͔͔͙ͨͪͣͤͤΎΦ 

˸͔ͭͦ͒Φ ˤ ͔ͪ͊͋ͦͭ ͙͔͔ͨͪͣͤͤ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͦ͋͊͡;ͤ·ͻ ͨ͊ͭ͡ͺͦͪͣΣ ͙ͯ͘;͔͙͔ͤ ͙ͻ ͔͍͙͍ͫͪͫͦ ͙ 

͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͔ͪ΄͔͙͚ͤΣ ͊ ͔ͭ͊͗͟ ͙͊ͤ͊͘͡ ͔͙ͨͪͣͯ΅͔͍ͫͭ ͙ ͎͙ͦͪ͊ͤ;͔͙͚ͤ ͚͊͗͒ͦ͟ ͨ͊ͭ͡ͺͦͪͣ·Φ 

˾͔ͯ͘͡Έͭ͊ͭΦ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͨͦ͊͊ͦ͘͟͡Σ ;ͭͦ !²{Σ !ȊǳǊŜ ͙ D/t ͦ͋͊͒͊͡Όͭ ͙ͯͤ͊͟͡Έͤ·͙ͣ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣΣ 

͔͍ͨͪ͒ͦͫͭ͊͡ΎΌͭ ͙͔ͤͫͭͪͯͣͤͭ· ͒͡Ύ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙͙Σ ͣ͊ͫ΄͙͍͙ͭ͊͋ͪͦ͊ͤΎ ͙ ͙͔͎ͤͭͪ͊ͼ͙͙ ͫ 5ŜǾhǇǎ-

͙͙ͨͪ͊ͭ͊ͣ͟͟Σ ͊ ͍·͋ͦͪ ͨ͊ͭ͡ͺͦͪͣ· ͍͙͙͊ͫͭ͘ ͦͭ ͔ͫͨͼ͙ͺ͙͙͟ ͔ͨͪͦͭ͊͟ ͙ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͙͔͋ͤͫ͊͘Φ 

ˤ·͍ͦ͒·Φ ˻͋͊͡;ͤ·͔ ͨ͊ͭ͡ͺͦͪͣ· Ύ͍͡ΎΌͭͫΎ ͔͎͙ͫͭͪ͊ͭ;͔͙ͫ͟ ͍͊͗ͤ·͙ͣ ͙͔͙ͤͫͭͪͯͣͤͭ͊ͣ ͒͡Ύ ͼ͙ͺ͍͚ͪͦͦ 

ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͙͚ͦͣͨ͊ͤ͟Σ ͍ͨͦͦ͘͡ΎΎ ͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ ͔ͪͫͯͪͫ·Σ ͍ͨͦ·͙ͫͭΈ ͔ͤ͊͒͗ͤͦͫͭΈ ͙ ͙ͯͫͦͪͭ͟Έ 

ͨͪͦͼ͔ͫͫ· ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙ Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙ ͙͔͙͚ͨͪͦ͗ͤ͡Φ  
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CLOUD PLATFORMS: AWS, MICROSOFT AZURE, GOOGLE CLOUD PLATFORM (GCP) 

 

Abstract 

Relevance. Modern companies adopt cloud solutions to improve flexibility, scalability, and reliability 

of IT infrastructure. Leading cloud platforms, including Amazon Web Services (AWS), Microsoft Azure, and 

Google Cloud Platform (GCP), provide a wide range of services for application development, deployment, 

and management. 

Goal. To analyze the features, capabilities, and advantages of the three leading cloud platforms, 

identifying key tools and areas of application. 

Method. Comparative analysis of cloud platforms was conducted, including the study of services, 

architectural solutions, and advantages and limitations of each platform. Result. The study demonstrated 

that AWS, Azure, and GCP have unique features, provide automation, scalability, and DevOps integration 

tools, and the choice of platform depends on project specifics and business requirements. Conclusions. Cloud 

platforms are strategically important tools for digital transformation, enabling resource optimization, 

increasing reliability, and accelerating development and operations processes. 

Keywords: 

Cloud platforms, AWS, Microsoft Azure, Google Cloud Platform, IaaS, PaaS, SaaS. 

 

˻͋͊͡;ͤ·͔ ͨ͊ͭ͡ͺͦͪͣ· ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͼ͙ͺ͍͚ͪͦͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͙͚ͦͣͨ͊ͤ͟Σ ͍ͨͦͦ͘͡ΎΎ 

ͯͫͦͪ͟ΎͭΈ ͪ͊ͪ͊͋ͦͭͯ͘͟ ͙ ͍͔ͪ͊ͪͭ͘·͍͙͔͊ͤ ͙͔͙͚ͨͪͦ͗ͤ͡Σ ͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͍ͪͫͯͪͫͦ ͙ 

͔͔ͦ͋ͫͨ;͙͍͊ͭΈ ͚ͦͭ͊ͦͯͫͭͦ͘͟;͙͍ͦͫͭΈ ͙͔ͫͫͭͣΦ ˿͔͙ͪ͒ ͙͔͔ͤ͊͋ͦ͡ ͍͔͍ͦͫͭͪ͋ͦ͊ͤͤ·ͻ ͨ͊ͭ͡ͺͦͪͣ τ AWS, 

Microsoft Azure ͙ GCP τ ͊͗͒͊͟Ύ ͙͘ ͦͭͦͪ͟·ͻ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͔͍͙͍ͫͪͫͦ ͒͡Ύ 

͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟·Σ ͨ͊ͭ͡ͺ͔ͦͪͣͤͤ·ͻ ͔ͪ΄͔͙͚ͤ ͙ ͙͔͙͚ͨͪͦ͗ͤ͡Φ 

˻͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡· 

˻͋͊͡;ͤ·͔ ͨ͊ͭ͡ͺͦͪͣ· ͙ͫͭ͊͡ ͟͡Ό;͔͍·ͣ Ή͔͔ͣͤͭͦͣ͡ ͼ͙ͺ͍͚ͪͦͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͙͚ͦͣͨ͊ͤ͟Σ 

͍ͨͦͦ͘͡ΎΎ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͣ ͋·ͫͭͪͦ ͣ͊ͫ΄͙͍ͭ͊͋ͪͦ͊ͭΈ ͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟Σ ͙ͫͤ͗͊ͭΈ ͊ͭͪ͊ͭ͘· ͙ ͍ͨͦ·΄͊ͭΈ 

͔ͤ͊͒͗ͤͦͫͭΈ ͙͔͙͚ͨͪͦ͗ͤ͡Φ ˿͎ͦ͊ͫͤͦ͡ Marinescu όнлмтύΣ ͦ͋͊͡;ͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͎͙͋ͦͫͭ͟Έ ͍ 
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͍͔͙͙ͯͨͪ͊ͤ͡ ͔͙ͪͫͯͪͫ͊ͣΣ ͍ͨͦͦ͘͡ΎΌͭ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ ͍·͔͒͡ΎͭΈ ͍·;͙͙͔ͫͭ͡͡Έͤ·͔ ͣͦ΅͙ͤͦͫͭ ͙ ͯͨͪͦ΅͊Όͭ 

͙͙͙͍͙͔͊͒ͣͤͫͭͪͪͦ͊ͤ ͙͔ͫͫͭͣΦ 

˻͍ͫͤͦͤ͊Ύ ;͊ͫͭΈ ό͔͎͙ͣͭͦ͒ͦͦ͡ΎΣ ͔ͪͯ͘͡Έͭ͊ͭ·ύ 

˸͔͎͙ͭͦ͒ͦͦ͡Ύ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͟͡Ό;͊͊͡ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͦ͋͊͡;ͤ·ͻ ͨ͊ͭ͡ͺͦͪͣ AWS, 

Microsoft Azure ͙  GCP ͨ ͦ ͔ͫ͒ͯ͡Ό΅͙ͣ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎͣΥ 

1. ˮͤͺͪ͊ͫͭͪͯͭͯͪͤ͟·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ όIaaS) τ ͍͙ͪͭͯ͊͡Έͤ·͔ ͣ͊΄͙ͤ·Σ ͔͚͔ͦͤͭͤͪ͟·Σ ͔͙ͫͭΣ 

ͻ͙͙ͪ͊ͤ͡΅͊ ͒͊ͤͤ·ͻΦ 

2. ˽͊ͭ͡ͺ͔ͦͪͣͤͤ·͔ ͔͍͙ͫͪͫ· όPaaS) τ ͋͊͘· ͒͊ͤͤ·ͻΣ ͔͍͔ͫͪͪͤ·͔less-͔͍͙ͫͪͫ·Σ ͙͙͊ͤ͊ͭ͊͟͡Σ 

͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡Φ 

3. ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͫ DevOps τ CI/CDΣ ͔͚͔͙ͦͤͭͤͪ͊͘͟ͼ͙Ύ όDocker, KubernetesύΣ ͍͙͙͍͔͊ͭͦͣ͊ͭͪͦ͊ͤͤͦ͘ 

͔͙͍͙͔ͭͫͭͪͦ͊ͤ ͙ ͙͙͎ͣͦͤͭͦͪͤΦ 

ˤ·͍ͦ͒· ͙ ͒͊͡Έ͔͚ͤ΄͙͔ ͨ ͔͔͙͍ͪͫͨͭ͟· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

˽͍͔͖ͪͦ͒ͤͤ·͚ ͙͊ͤ͊͘͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͦ͋͊͡;ͤ·͔ ͨ͊ͭ͡ͺͦͪͣ· AWS, Microsoft Azure ͙  Google Cloud 

Platform Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·͙ͣ ͙͔͙ͤͫͭͪͯͣͤͭ͊ͣ ͒͡Ύ ͼ͙ͺ͍͚ͪͦͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͚ͦͣͨ͊ͤ͟Φ 

˻͙ͤ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͍·ͫͦͯ͟Ό ͎͙͋ͦͫͭ͟ΈΣ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͣͦͫͭΈ ͙ ͔ͤ͊͒͗ͤͦͫͭΈ ˮ́-͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟·Σ ͯͫͦͪ͟ΎΌͭ 

ͨͪͦͼ͔ͫͫ· ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙ ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎ ͙͔͙͚ͨͪͦ͗ͤ͡Σ ͊ ͔ͭ͊͗͟ ͍ͨͦͦ͘͡ΎΌͭ ͙͙ͫͤͭ͘Έ ͊ͭͪ͊ͭ͘· ͤ͊ 

͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ ͙ ͔ͨͦ͒͒ͪ͗ͯ͟ ͙͔ͫͫͭͣΦ 

˨͊͡Έ͔͚ͤ΄͙͔ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ ͟͡Ό;͊Όͭ ͔ͤͫͦ͟͡Έͦ͟ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡Υ 

1. ͙̏ͦͤͦͣ͟;͔ͫ͊͟Ύ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ τ ͙ͯ͘;͔͙͔ͤ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͫͦͦͭͤͦ΄͔͙ͤΎ ͊ͭͪ͊ͭ͘ ͙ 

͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έ͙ͤͦͫͭ ͙ͨͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͙ͪ͊͘͡;ͤ·ͻ ͦ͋͊͡;ͤ·ͻ ͨ͊ͭ͡ͺͦͪͣ ͒͡Ύ ͪ͊ͤ͘·ͻ ͙͍ͭͨͦ ͙͔͋ͤͫ͊͘Φ 

2. ˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͍͔͍͙͔ͫͦͦͭͭͫͭ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ τ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔͍ͣͭͦ͒ͦ ͊͘΅͙ͭ· ͒͊ͤͤ·ͻΣ 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͒ͦͫͭͯͨͦͣ ͙ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍͔͍͙ͫͦͦͭͭͫͭΎ ͫͭ͊ͤ͒͊ͪͭ͊ͣ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͍ ͦ͋͊͡;ͤ·ͻ ͔ͫͪ͒͊ͻΦ 

3. ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͫ ˮˮ ͙ ͙͙͚͊ͤ͊ͭͦ͟͡ τ ͙ͯ͘;͔͙͔ͤ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͙͔͔͙ͨͪͣͤͤΎ ͣ͊΄͙͎ͤͤͦͦ 

ͦ͋ͯ;͔͙ͤΎΣ ͙͊ͤ͊͊͘͡ ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻ ͙ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙͙ ͨͪͦͼ͔͍ͫͫͦ ͤ͊ ͔͋͊͘ ͦ͋͊͡;ͤ·ͻ 

ͨ͊ͭ͡ͺͦͪͣΦ 

4. ˸͎ͤͦͦͦ͋͊͡;ͤ·͔ ͙ ͎͙͙͋ͪ͒ͤ·͔ ͊ͪͻ͙͔ͭͭͯͪ͟· τ ͙͊ͤ͊͘͡ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

͔ͤͫͦ͟͡Έ͙͟ͻ ͨ͊ͭ͡ͺͦͪͣ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ ͚ͦͭ͊ͦͯͫͭͦ͘͟;͙͍͙ͦͫͭ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͪ͊ͫͻ͍ͦ͒ͦΦ 

5. ˻͎͙ͪ͊ͤ͊͘ͼ͙ͦͤͤ·͔ ͨͪͦͼ͔ͫͫ· ͙ DevOps-ͯ͟͡Έͭͯͪ ͊ τ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍͙͡Ύ͙ͤΎ ͍͔͔͙ͤ͒ͪͤΎ 

ͦ͋͊͡;ͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͤ͊ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͦͣ͊ͤ͒͟Σ ͯ͟͡Έͭͯͪͯ DevOps ͙  ͨͪͦͼ͔ͫͫ· ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔͙ͨͪͦͭ͊ͣ͟Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͦ͋͊͡;ͤ·͔ ͨ͊ͭ͡ͺͦͪͣ· ͔ͤ ͭͦ͡Έͦ͟ ͍ͨͦ·΄͊Όͭ ͔ͭͻ͎͙ͤͦͦ͡;͔ͫͯ͟Ό Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 

͙͚ͦͣͨ͊ͤ͟Σ ͤͦ ͙ ͫͦ͒͊͘Όͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ ͔͎͙ͫͭͪ͊ͭ;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͙͍ͤͤͦ͊ͼ͙͚Φ ˨͊͡Έ͔͚ͤ΄͙͔ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ͨͦͦ͘͡Ύͭ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͍·͋ͦͪͯ ͙ ͙͔͎ͤͭͪ͊ͼ͙͙ ͨ͊ͭ͡ͺͦͪͣ ͨͦ͒ ͔ͦͤͪͭͤ͟͟·͔ 

͔ͨͪͦͭ͟·Σ ͍ͨͦ·͙ͫͭΈ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙ Ή͙ͦͤͦͣ͟;͔ͫͯ͟Ό Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΣ ͊ ͔ͭ͊͗͟ ͯͯ͡;΄͙ͭΈ ͙͙ͨͪ͊ͭ͟͟ DevOps 

͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͼ͙ͺ͍ͪͦ·͙ͣ ͪ ͔͙ͫͯͪͫ͊ͣΦ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. .ŀǎǎΣ [ΦΣ ²ŜōŜǊΣ LΦΣ ϧ ½ƘǳΣ [Φ 5ŜǾhǇǎΥ ! {ƻŦǘǿŀǊŜ !ǊŎƘƛǘŜŎǘΩǎ tŜǊǎǇŜŎǘƛǾŜΦ !ŘŘƛǎƻƴ-Wesley, 2015. 

2. Humble, J., & Farley, D. Continuous Delivery: Reliable Software Releases through Build, Test, and 

Deployment Automation. Addison-Wesley, 2010. 

3. Kim, G., Humble, J., Debois, P., & Willis, J. The DevOps Handbook. IT Revolution Press, 2016. 

4. Marinescu, D. C. Cloud Computing: Theory and Practice. Morgan Kaufmann, 2017. 

5. Rountree, N., & Castrillo, L. The Basics of Cloud Computing. Syngress, 2014. 

ϭ ˢ͎ͤͤ͊ͯ͡·͔͍͊ s ΦΣ ˸·ͪ͊ͭ͡·͔͍ s ΦΣ ͍̉ͦ͒·͍ͪͦ ˻ ΦΣ ˸͔͍ͯͫ͊͊ ˨ .͗, 2025 
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˨͗Φ ˸ ͔͍ͯͫ͊͊ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙ ͙ͤͫͭͭͯͭΣ  

ˢ΄ͻ͊͋͊͒Σ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

˨͗Φ ̉ ͦ΄͍ͯͪͦ͊ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙ ͙ͤͫͭͭͯͭΣ 

 s ΄ͻ͊͋͊͒Σ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

˶Φ ̉ ͊ͪ·͔͍͊ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙ ͙ͤͫͭͭͯͭΣ 

 s ΄ͻ͊͋͊͒Σ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

ˢΦ s ͎ͤͤ͊ͯ͡·͔͍͊ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙ ͙ͤͫͭͭͯͭΣ 

 s ΄ͻ͊͋͊͒Σ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

 

˾ˢ˭˾ˢˣ˻́˴ˢ ˽ ˾˻˥˾ˢ˸˸˹˻˥˻ ˻ ˣ˩˿˽˩̉˩˹ˮ̒ ˮ  DATA ENGINEERING 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͙ͦͣͨ͊ͤ͟ ͙͍ͫͭ͊͊͟͡ΌͭͫΎ ͫ ͎ͦͪͦͣͤ·͙ͣ ͦ͋Ά͔͙ͣ͊ͣ ͒͊ͤͤ·ͻΣ ;ͭͦ 

͔͔ͭͪ͋ͯͭ ͙͔͎ͤͭͪ͊ͼ͙͙ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͎͎ͨͪͦͪ͊ͣͣͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͙ ͨͦ͒ͻ͍ͦ͒ͦ 5ŀǘŀ 9ƴƎƛƴŜŜǊƛƴƎΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͙ͨͪ͊ͭ͟͟ ͍ͨͦͦ͘͡ΎΌͭ ͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ ͦ͋ͪ͊͋ͦͭͯ͟ ͒͊ͤͤ·ͻΣ ͍ͫͦ͒͊͊ͭ͘Έ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͣ·͔ ͙ 

͔ͤ͊͒͗ͤ·͔ ͙͔͙ͨͪͦ͗ͤ͡ΎΣ ͊ ͔ͭ͊͗͟ ͍ͨͦ·΄͊ͭΈ ͊͟;͔͍ͫͭͦ ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤΦ 

͔̇͡ΈΦ ˽͙͙͍ͪͦ͊ͤ͊ͪͦ͊ͭ͘͡Έ ͨͪͦͼ͔ͫͫ· ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͎͎ͨͪͦͪ͊ͣͣͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍ ͔͔ͦͤͭͫͭ͟͟ 5ŀǘŀ 

9ƴƎƛƴŜŜǊƛƴƎΣ ͔ͪ͊ͫͫͣͦͭͪͭΈ ͔ͣͭͦ͒· ͪ͊͋ͦͭ· ͫ ͒͊ͤͤ·͙ͣΣ ͊ͪͻ͙͔ͭͭͯͪͤ͟·͔ ͨͦ͒ͻͦ͒· ͙ ͙͔ͤͫͭͪͯͣͤͭ· 

͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙͙Φ 

˸͔ͭͦ͒Φ ˤ ͔ͪ͊͋ͦͭ ͙͔͔ͨͪͣͤͤ ͙͔ͫͫͭͣͤ·͚ ͙ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ 

͙ͪ͊ͪ͊͋ͦͭ͘͟ ˽˻ ͙ ͙͔͍ͤͫͭͪͯͣͤͭͦ 5ŀǘŀ 9ƴƎƛƴŜŜǊƛƴƎΣ ͍͟͡Ό;͊Ύ 9¢[-ͨͪͦͼ͔ͫͫ·Σ ͻ͔͙͔ͪ͊ͤͤ ͒͊ͤͤ·ͻ ͙ 

͙͔͎ͤͭͪ͊ͼ͙Ό ͫ ͦ͋͊͡;ͤ·͙ͣ ͨ͊ͭ͡ͺ͙ͦͪͣ͊ͣΦ 

˾͔ͯ͘͡Έͭ͊ͭΦ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͨͦ͊͊ͦ͘͟͡Σ ;ͭͦ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͙ͨͪ͊ͭ͟͟ 5ŀǘŀ 9ƴƎƛƴŜŜǊƛƴƎ ͍ ͨͪͦͼ͔ͫͫ· 

͙ͪ͊ͪ͊͋ͦͭ͘͟ ˽˻ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ Ήͺͺ͔͙͍ͭͤͯ͟Ό ͦ͋ͪ͊͋ͦͭͯ͟ ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻΣ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙Ό ͨͪͦͼ͔͍ͫͫͦ ͙ 

͍ͨͦ·΄͔͙͔ͤ ͔͙ͤ͊͒͗ͤͦͫͭ ͙͔͙͚ͨͪͦ͗ͤ͡Φ 
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SOFTWARE DEVELOPMENT AND DATA ENGINEERING 

 

Abstract 

Relevance. Modern companies deal with large volumes of data, requiring integration of software 

development and Data Engineering practices. These approaches optimize data processing, enable the 

creation of scalable and reliable applications, and improve analytical decision-making. 

Goal. To analyze software development processes in the context of Data Engineering, including data 

processing methods, architectural approaches, and automation tools. 

Method. A systematic and comparative analysis of modern software development methods and Data 

Engineering tools, including ETL processes, data storage, and integration with cloud platforms, was 

conducted. 

Result. The study demonstrated that integrating Data Engineering practices into software 

development ensures efficient data processing, process automation, and improved application reliability. 

Conclusions. Modern software development and Data Engineering approaches allow organizations to 

accelerate data processing, improve analytics quality, and build more scalable and reliable systems. 

Keywords 

Software development, Data Engineering, ETL, Big Data, cloud platforms, automation, data analytics 
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ͦͭ͊͘͟ ͚ͦͯͫͭͦ;͙͍ͦͫͭΈ ͙ ͯͫͦͪ͟Ύ͔ͭ ͪ͊ͪ͊͋ͦͭͯ͘͟Φ 
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MICROSERVICE ARCHITECTURE: DESIGNING APPLICATIONS AS A SET OF SMALL INDEPENDENT SERVICES 

 

Abstract 

Relevance. Modern applications are increasingly complex, requiring flexibility, scalability, and 

reliability. Microservice architecture allows applications to be built as a set of independent services, 

simplifying project management, enhancing fault tolerance, and accelerating development. 

Goal. To analyze the principles of microservice architecture design, its advantages, limitations, and impact 

on development and operational processes. 

Method. A systematic approach was applied, including analysis of modern microservice development 

methodologies, containerization and orchestration tools, DevOps practices, and real-world implementation 

examples on leading platforms. 

Result. The study demonstrated that microservices provide high scalability, team autonomy, and the 

ability to update individual components without affecting the entire system. 

Conclusions. Microservice architecture is a strategic tool for building flexible, scalable, and reliable 

applications, especially when combined with DevOps practices and cloud platforms. 

Keywords 

microservices, application architecture, DevOps, containerization, scalability, fault tolerance. 
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˸͙͔͍͙ͪͦͫͪͫͤ͊͟Ύ ͊ͪͻ͙͔ͭͭͯͪ͊͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͙͍ͨͪͦͭͪͦ͊ͭ͟Έ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͊͟͟ ͤ͊͋ͦͪ ͔͍͙͙ͤ͊ͫͣ͘·ͻ 
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¶ ˤ·ͫͦ͊͟Ύ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͣͦͫͭΈΥ ͔ͦͭ͒͡Έͤ·͔ ͔͍͙ͫͪͫ· ͣͦ͗ͤͦ ͍͔͙ͯ͡;͙͍͊ͭΈ ͔͍͙͙ͤ͊ͫͣͦ͘Σ 

͙͙͙ͦͨͭͣͪͯ͘Ύ ͔ͪͫͯͪͫ·Φ 

¶ ˢ͍ͭͦͤͦͣͤͦͫͭΈ ͦͣ͊ͤ͟Υ͒ ͦͣ͊ͤ͒͟· ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͎ͣͦͯͭ ͪ͊͋ͦͭ͊ͭΈ ͤ͊͒ ͪ͊ͤ͘·͙ͣ ͔͍͙͙ͫͪͫ͊ͣ 
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͙͔͙ͨͪͦ͗ͤ͡ΎΦ 

¶ ˣ·͔ͫͭͪͦ ͍͔͙͔ͦ͋ͤͦͤ͡Υ ͔ͦͭ͒͡Έͤ·͔ ͔͍͙ͫͪͫ· ͣͦ͗ͤͦ ͍ͦ͋ͤͦ͡ΎͭΈ ͔͋͘ ͍͙ͦͫͭ͊ͤͦ͟ ͍͔͚ͫ ͙͔ͫͫͭͣ·Φ 
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ͺͯͤ͟ͼ͙͚Φ 

˨͊͡Έ͔͚ͤ΄͙͔ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ ͟͡Ό;͊Όͭ ͔ͫ͒ͯ͡Ό΅͙͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ 

1. ˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ ͙͔͍͙͍ͣͪͦͫͪͫͦ͟ τ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͔͙ͣͭͦ͒͟ ͨͦ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ό 

ͺͯͤ͟ͼ͙ͦͤ͊͊͡ ͔ͣ͗͒ͯ ͔͍͙͙ͫͪͫ͊ͣΣ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ͍͙͙͙͊ͫͣͦͫͭ͘ ͔ͣ͗͒ͯ ͙͙ͤͣ ͙ ͍ͨͦ·΄͔͙ͤΌ 

͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έ͙ͤͦͫͭΦ 

2. ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͫ ͦ͋͊͡;ͤ·͙ͣ ͨ͊ͭ͡ͺ͙ͦͪͣ͊ͣ τ ͙ͯ͘;͔͙͔ͤ ͙ͦͨͭͣ͊͡Έͤ·ͻ ͔͎͙͚ͫͭͪ͊ͭ ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎ 

͙͔͍͙͍ͣͪͦͫͪͫͦ͟ ͤ͊ AWS, Azure ͙  GCPΣ ͍͟͡Ό;͊Ύ ͎͙͙͋ͪ͒ͤ·͔ ͙ ͣͯ͡Έ͙ͭͦ͋͊͡;ͤ·͔ ͔ͪ΄͔͙ͤΎ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ 

͚ͦͭ͊ͦͯͫͭͦ͘͟;͙͍͙ͦͫͭ ͙ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟Φ 

3. ˢ͍͙ͭͦͣ͊ͭ͊͘ͼ͙Ύ ͙ DevOps-͙͙ͨͪ͊ͭ͟͟ τ ͍͙͙͔ͪ͊ͭ͘ ͙͔͍ͤͫͭͪͯͣͤͭͦ CI/CDΣ ͍͙͙͍͎͊ͭͦͣ͊ͭͪͦ͊ͤͤͦͦ͘ 
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͔͔͔ͪ͊ͫͨͪ͒ͤͤ͡·ͻ ͙͔ͫͫͭͣ͊ͻΦ 

4. ˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ ͔͔͔ͪ͊ͫͨͪ͒ͤͤ͡·ͻ ͔͍͙͍ͫͪͫͦ τ ͙ͯ͘;͔͙͔ͤ ͔͍ͣͭͦ͒ͦ ͊͘΅͙ͭ· ͒͊ͤͤ·ͻΣ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͒ͦͫͭͯͨͦͣΣ ͔͙͊ͯͭͤͭͺ͙͊͟ͼ͙͙ ͙ ΄͙ͺ͍͙ͪͦ͊ͤΎ ͍ ͙͔͍͙͚ͣͪͦͫͪͫͤͦ͟ ͔͔ͫͪ͒Φ 
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THE AKHAL-TEKE: AN UNRIVALED BLEND OF ANCIENT PURITY AND ATHLETIC VERSATILITY 

 

Abstract 

The Akhal-Teke horse, indigenous to the Central Asian nation of Turkmenistan, is distinguished not 

only by its mesmerizing beauty and legendary "Heavenly Horse" moniker but also by its extraordinary athletic 

capacity and genetic purity. Recognized as one of the oldest horse breeds, the Akhal-Teke possesses an 

unparalleled combination of stamina, speed, and agility, making it a surprisingly versatile competitor across 

modern equestrian sports, despite its primary role as a desert endurance animal. This article focuses on the 

performance traits, genetic resilience, and modern competitive successes of the Akhal-Teke, asserting its 

unique position in the global equestrian world. 

 

Keywords: 

 akhal-teke, athletic versatility, endurance riding, dressage, genetic purity, 

 stamina, competitive success, turkmen heritage. 

 

1. Genetic Purity and Athletic Foundation 

The Akhal-¢ŜƪŜΩǎ ŀǘƘƭŜǘƛŎ ǇǊƻǿŜǎǎ ƛǎ ǊƻƻǘŜŘ ƛƴ ǘƘƻǳǎŀƴŘǎ ƻŦ ȅŜŀǊǎ ƻŦ ƛǎƻƭŀǘŜŘΣ ǎŜƭŜŎǘƛǾŜ ōǊŜŜŘƛƴƎ ōȅ ǘƘŜ 

Turkmen tribes, resulting in a genetically pure and highly specialized desert athlete. 

¶ Hardiness and Resilience: The breed's development in the extreme conditions of the Karakum Desert 

favored horses with minimal water requirements, high heat tolerance, and exceptional efficiency of 

movement. This evolutionary pressure created a horse defined by toughness, sound joints, and remarkable 

recovery rates. 

¶ The Endurance Benchmark: The breed's ability to cover vast distances with minimal rest is legendary. 

The 1935 endurance ride from Ashgabat to Moscow (over 4,150 km) remains a historic benchmark, 

demonstrating the breed's intrinsic, superior stamina and physical capability. 

¶ Unique Build for Efficiency: The Akhal-¢ŜƪŜΩǎ ƭŜŀƴΣ ǎƭŜƴŘŜǊ ŎƻƴŦƻǊƳŀǘƛƻƴτoften compared to a 

greyhoundτis perfectly adapted for high-speed, long-distance travel. The flat, cord-like muscle structure and 

efficient, "gliding" gait reduce energy expenditure, allowing them to conserve resources where other breeds 

would fail. 

2. Versatility in Modern Equestrian Sports 

While often romanticized for its appearance, the Akhal-Teke has proven its worth across multiple 

modern disciplines, showcasing surprising versatility beyond endurance. 
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2.1. Dressage 

The breed's high intelligence, sensitivity, and natural elegance lend themselves well to the precision 

required in dressage. 

¶ Temperament and Trainability: The horse's tendency to bond deeply with a single rider allows for a 

high degree of cooperative training. Their naturally animated and elastic gaits are advantageous, providing 

the presence and fluidity necessary for advanced movements. 

¶ Olympic Success: The most famous competitive success belongs to the Akhal-Teke stallion, Absent, 

who, ridden by Sergei Filatov, won the individual gold medal in Dressage at the 1960 Rome Olympics and 

secured medals in two subsequent Olympic Games. 

2.2. Endurance Riding 

This remains the most natural and successful discipline for the breed, directly utilizing its desert 

heritage. 

¶ Competitive Edge: The Akhal-Teke excels in modern competitive endurance events, where their 

inherent stamina, speed, and rapid metabolic recovery allow them to meet rigorous veterinary checks and 

maintain competitive speeds over courses up to 160 km (100 miles). 

2.3. Show Jumping and Eventing 

Although not traditionally bred for jumping, the Akhal-Teke possesses the agility, quick reflexes, and 

mental sharpness necessary for success in show jumping and the cross-country phase of eventing. Their 

courage, developed from years of navigating unpredictable desert terrain, translates into confidence on 

course. 

3. The Bond: Intelligence and Partnership 

The Akhal-Teke's performance is intrinsically linked to its unique psychology, a trait developed through 

close partnership with Turkmen nomads. 

¶ Focus and Sensitivity: The breed is known for its intense focus and high sensitivity, requiring a skillful, 

empathetic rider. This close bond is often described as a partnership of equals, where success depends on 

mutual trust and understanding rather than forceful control. 

¶ The Athlete-Companion: This combination of intelligence and devotion means the Akhal-Teke often 

performs not just as an obedient athlete, but as a willing and dedicated companion. 

4. Conclusion 

The Akhal-Teke is a living testament to the power of selective breeding under environmental pressure. 

Its signature metallic beauty is inseparable from its functional excellence. From the legendary desert 

crossings of antiquity to Olympic podiums in the modern era, the Akhal-Teke stands as an unrivaled symbol 

of resilience and grace, securing its place not only as a cultural treasure of Turkmenistan but as a vital and 

unique genetic resource for the global equestrian community. 
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THE AKHAL-TEKE HORSE: TURKMENISTAN'S GOLDEN HERITAGE 

 

Abstract 

The Akhal-Teke horse is globally recognized as one of the oldest and most exquisite horse breeds, 

originating from the harsh deserts of Turkmenistan. Revered as the "Heavenly Horse" (Argamak) since 

antiquity, the breed is defined by a unique blend of extreme endurance, remarkable intelligence, and 

unparalleled aesthetic beauty, most notably its distinctive metallic coat sheen. This article explores the 

historical significance, unique biological characteristics, and profound cultural value of the Akhal-Teke, 

highlighting its role as a resilient athlete, a national symbol, and a genetic treasure that embodies the spirit 

and history of the Turkmen people. 

Keywords:  

Akhal-Teke, Heavenly Horse, Turkmenistan, Metallic Sheen, Endurance,  

Ancient Breed, National Symbol, Cultural Heritage. 

 

1. Historical Roots and Enduring Purity 

The Akhal-Teke's history is deeply intertwined with the nomadic cultures of Central Asia, specifically 

the ancient tribes of the region now known as Turkmenistan. 

¶ Ancient Lineage: The breed traces its ancestry back over 3,000 years, linking it to the ancient Nisean 

horses prized by empires such as the Persians and the Han Chinese. Its lineage is regarded as one of the 

purest among domesticated horses, having been selectively bred in isolation by the Turkmen tribes, 

particularly the Teke tribe near the Akhal oasis (hence the name). 

¶ The "Heavenly Horse" Myth: In ancient China, these horses were so highly valued for their speed and 

stamina that they were named the "Heavenly Horses." Legends surrounding their ability to "sweat blood" (a 

phenomenon now believed to be caused by a parasite or skin condition during extreme exertion) further 

cemented their mythical status. 

¶ Endurance Athlete: The horses were essential for war and travel across the unforgiving Karakum Desert. 

Their physical resilience was famously demonstrated by the 1935 ride, where a group of Turkmen riders covered 

4,152 km from Ashgabat to Moscow in 84 days, confirming the breed's extraordinary hardiness and stamina. 

2. Unique Biological and Aesthetic Features 

The Akhal-Teke possesses physical traits that distinguish it from nearly every other horse breed, 

making it a biological and aesthetic marvel. 

¶ The Metallic Sheen: The breed's most striking feature is the iridescent, liquid-like luster of its coat. 

This is caused by a structural genetic anomaly where the opaque core of the hair shaft is minimized. The 

transparent layer acts like a fiber-optic cable, refracting light and creating a shimmering effect, most famously 

seen in the golden Palomino and silvery Cremello coats. 

¶ Conformation (The "Greyhound" Build): Akhal-Tekes have a lean, athletic, and refined build, often 

likened to a greyhound due to their slender necks, long backs, and fine bones. Their muscle structure is flat 

and hard, optimized for efficiency and endurance rather than bulk. 

¶ Gait and Movement: They possess a smooth, elastic, and seemingly effortless gait, often described 

as a "gliding" or "floating" movement. This efficiency is a direct result of their desert lineage, ensuring 

minimal energy expenditure over long distances. 

¶ Temperament: Known for their high intelligence, sensitivity, and fierce loyalty, Akhal-Tekes typically form 
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a deep, protective bond with a single handler. This close partnership was essential for survival in the desert. 

3. Cultural Significance and National Symbolism 

In Turkmenistan, the Akhal-Teke is not just a breed; it is a profound element of the national identity 

and a central source of national pride (aƛƭƭƛ .ǳȇǎŀƴƧȅƳȅȊ). 

¶ Symbol of Statehood: The silhouette of the Akhal-Teke is prominently featured on the State Emblem 

of Turkmenistan and the national currency, symbolizing the nation's strength, freedom, and historical legacy. 

¶ National Celebrations: The breed is the focus of the annual National Horse Day, a major cultural 

festival held every April. This event underscores the nation's spiritual and cultural reverence for the animal. 

¶ UNESCO Heritage: The tradition and expertise associated with the horse have received international 

recognition. The Art of Akhal-Teke horse breeding and traditions of horses' decoration was inscribed on the 

UNESCO Intangible Cultural Heritage list, acknowledging the deep, specialized knowledge preserved by the 

Turkmen people. 

4. Modern Role and Conservation. 

Today, the Akhal-Teke continues to be a versatile competition horse, excelling in dressage, show 

jumping, and especially endurance riding, where its natural stamina is unmatched. 

¶ Preservation Efforts: Due to the breed's relatively small global population, Turkmenistan maintains 

rigorous state programs focused on preserving the genetic purity and health of the breed, ensuring its legacy 

continues for future generations. 

¶ Global Recognition: While originating in Central Asia, the horse has gained international recognition, with 

enthusiasts and breeders working across the globe to promote and maintain this remarkable "Golden Horse." 
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THE BEAUTY OF THE AKHAL-TEKE HORSE: A LIVING LEGEND OF GOLD AND GRACE 

 

Abstract 

The Akhal-Teke horse, native to Turkmenistan, is universally acclaimed for a unique, almost 
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supernatural beauty that has secured its legendary status as the "Heavenly Horse". This article delves into 

the aesthetic appeal of the breed, analyzing the distinct combination of physical attributesτincluding its 

sleek, athletic conformation, fine bone structure, and intelligent featuresτthat contribute to its elegance. 

The primary focus is the iridescent, metallic coat sheen, a genetic anomaly that causes the coat to reflect 

light with a liquid gold or silver glow. Beyond biology, the article discusses the breed's profound cultural 

importance as a national symbol, emphasizing the deep historical connection between the horse and the 

Turkmen people. 

Keywords: 

 Akhal-Teke, Heavenly Horses, Turkmenistan, Metallic Sheen, Golden Horse,  

Ancient Horse Breed, Endurance, Cultural Heritage. 

 

1. The Ethereal Luster: The Metallic Sheen 

The most arresting characteristic of the Akhal-Teke is the iridescent, metallic sheen that covers its coat, 

making the animal look sculpted from polished metal. This effect is a biological rarity and the single greatest 

source of the breed's fame. 

¶ The Science of the Shine: The luster is caused by a unique structural difference in the hair shaft. In 

most horses, the hair is opaque. In the Akhal-Teke, the opaque core of the individual hair shaft is significantly 

reduced or absent. The light is instead refracted through a transparent layer, causing the hair to act like a 

fiber-optic cable. This process scatters and reflects light off the melanin pigment, resulting in a distinct 

metallic glowτmost notable in golden colors (Palomino) but visible across all shades, including chestnut and 

black. 

¶ Coloration: While the famous "Golden Horses" are often Palomino or Cremello, their coat's unique 

ability to shift between hues of gold, platinum, or copper depending on the light is what truly defines their 

splendor. 

2. Conformation: The Elegance of the Desert Athlete 

The Akhal-Teke's physical structure is a testament to thousands of years of natural selection and 

selective breeding for endurance in the harsh, arid environment of the Karakum Desert. 

¶ Sleek and Athletic Build: The Akhal-Teke possesses a lean, refined, and sinuous build, often referred 

to as the "Greyhound of Horses." Their muscles are flat and powerful, designed for efficiency, speed, and 

immense stamina rather than bulky power. 

¶ Distinguished Features: Key features contributing to their elegance include a long, finely sculpted 

neck; a straight or slightly convex profile of the head; and distinctively large, intelligent, often almond-shaped 

eyes. 

¶ Gait and Movement: Their movement is celebrated for being light, elastic, and seemingly effortless, 

often described as a "gliding" motion. This highly efficient gait allowed the breed to cover vast distances 

across the desert with minimal fatigue, a trait that was highly valued by ancient nomads. 

3. Intelligence, Loyalty, and Historical Purity 

The beauty of the Akhal-Teke extends beyond its physical appearance to its temperament and its deep 

historical roots. 

¶ Ancient Purity: The Akhal-Teke is one of the world's oldest breeds, tracing its lineage back over 3,000 

years with minimal outside influence. This genetic purity contributes to the uniformity of its unique physical 

characteristics. The breed's endurance feats, such as the 1935 ride from Ashgabat to Moscow (4,152 km in 

84 days), attest to its superior hardiness. 

¶ The Horse of Kings: These horses were highly prized by emperors and nomadic leaders across Asia. 

Chinese chronicles famously named them the "Heavenly Horses" and coveted them intensely, often 
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launching expeditions simply to acquire them. 

¶ Temperament: Bred in close proximity to their owners, Akhal-Tekes are known for forming intense, 

single-person bonds. They are highly sensitive, intelligent, and spirited, demanding skilled, patient 

horsemanship. 

4. Cultural Significance and National Pride 

In Turkmenistan, the Akhal-Teke is more than an animal; it is the central national symbol and a pillar 

of cultural identity (aƛƭƭƛ .ǳȇǎŀƴƧȅƳȅȊ - National Pride). 

¶ National Emblem: The horse is prominently featured on the state emblem and the currency of 

Turkmenistan, symbolizing the nation's strength, freedom, and historical legacy. 

¶ Preservation and Celebration: The Turkmen government places immense value on preserving the 

breed's genetic purity and cultural traditions. National Horse Day is celebrated annually in April, underscoring 

the breed's spiritual and cultural importance to the nation. The Art of Akhal-Teke horse breeding and 

traditions of horses' decoration was recently added to the UNESCO Intangible Cultural Heritage list, 

recognizing the deep, intergenerational knowledge involved in its care. 

5. Conclusion 

The Akhal-Teke horse represents a rare convergence of genetic phenomenon and ancient excellence. 

Its metallic coat provides an immediate, striking beauty, while its conformation speaks to its history as a 

formidable athlete of the desert. The continued dedication to its preservation ensures that the "Heavenly 

Horse" remains a profound, living embodiment of elegance, endurance, and Turkmen heritage. 
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AGRICULTURE AND SCIENCE: DRIVING INNOVATION AND SUSTAINABILITY 

 

Abstract 

The global challenge of feeding a growing population sustainably requires a continuous, synergistic 

relationship between agriculture and science. Scientific disciplinesτincluding genetics, soil chemistry, data 

analytics, and engineeringτare the driving forces behind modern agricultural innovation, enabling farmers 

to maximize yields while minimizing environmental impact. This article explores how key scientific 
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advancements have transformed farming practices, focusing on the critical roles of Genomic Science, 

Precision Agriculture, and Sustainable Intensification in securing global food security and promoting 

ecological resilience. 

Keywords:  

Agricultural Science, Sustainable Intensification, Plant Breeding, Genomics, Precision Agriculture,  

Soil Science, Food Security, Biotechnology. 

 

1. The Foundation: Scientific Disciplines in Agriculture 

Agricultural science is inherently interdisciplinary, relying on specialized knowledge to address 

biological and environmental complexities. 

¶ Genetics and Biotechnology: Focuses on improving crop and livestock traits (e.g., disease resistance, 

higher yield, enhanced nutritional value) through selective breeding and molecular tools. 

¶ Soil and Crop Science: Examines the physical, chemical, and biological properties of soil to optimize 

nutrient cycling, water retention, and plant health. 

¶ Engineering and Data Science: Develops the machinery, sensors, and analytical models used in 

modern data-driven farming. 

2. Revolutionizing Crop and Livestock Improvement 

Scientific breakthroughs have allowed for unprecedented control over the genetic material of food 

sources, leading to rapid improvements in productivity. 

2.1. Genomic Science and Modern Breeding 

Traditional breeding is slow and often imprecise. Modern genomics accelerates the process: 

¶ Marker-Assisted Selection (MAS): Scientists use molecular markers (specific DNA sequences) to 

quickly identify plants or animals with desirable traits (e.g., drought tolerance or strong immunity) at the 

seedling stage. This reduces the time needed to develop new varieties from years to months. 

¶ Gene Editing (CRISPR): Advanced biotechnology allows for precise modifications to plant genomes to 

introduce specific beneficial traits, such as resistance to major diseases or the ability to absorb nutrients 

more efficiently. 

2.2. Animal Health and Nutrition 

Veterinary science and nutritional chemistry optimize livestock production by focusing on welfare and 

feed efficiency. Science informs the development of vaccines and diagnostics to prevent epidemics and 

designs precision feed formulations that reduce waste and environmental emissions (such as methane from 

cattle). 

3. Precision Agriculture: Data Meets the Field 

Precision Agriculture (PA) is the practical application of data science and engineering to farming. Its 

core principle is managing crops and livestock based on site-specific needs, rather than treating an entire 

field uniformly. 

¶ Sensing and Mapping: Technologies like Geographic Information Systems (GIS) and remote sensing 

(satellites and drones) provide real-time data on soil quality, moisture levels, and crop stress across a field. 

¶ Variable Rate Technology (VRT): Based on the analyzed data, VRT-equipped machinery automatically 

adjusts the application rate of inputs (seed, water, fertilizer) as it moves across the field. This maximizes 

output while minimizing the wasteful application of resources, significantly reducing costs and environmental 

runoff. 

4. The Goal: Sustainable Intensification 

The ultimate goal of agricultural science is achieving Sustainable Intensificationτincreasing food 

production from existing farmland without negative environmental impacts and while preserving natural 

resources. 
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¶ Integrated Pest Management (IPM): IPM is a scientific approach that uses biological controls, habitat 

manipulation, and resistant varieties to manage pests, reducing reliance on broad-spectrum chemical 

pesticides. 

¶ Water Management: Hydrology and engineering science drive the development of highly efficient 

irrigation systems (like drip irrigation) and predictive models that inform farmers precisely when and how 

much water to apply, conserving a critical resource. 

¶ Soil Health: Science promotes practices like no-till farming and cover cropping, which enhance soil 

biology, increase carbon sequestration, and prevent erosion, ensuring the long-term productivity of the land. 

5. Conclusion 

The continued collaboration between agriculture and scientific research is non-negotiable for 

planetary well-being. From the molecular precision of genomics to the data-driven efficiency of Precision 

Agriculture, science provides the necessary tools to navigate the complex challenges of climate change and 

scarcity. By integrating these innovative technologies, the agricultural sector can move toward a future that 

is simultaneously more productive, profitable, and ecologically sound. 
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AGRICULTURE AND MODERNIZATION: THE RISE OF SMART FARMING 

 

Abstract 

Agriculture is undergoing a profound transformation driven by modernization, moving from traditional 

labor-intensive practices to technologically advanced, data-driven systems known as Smart Farming or Digital 

Agriculture. This transition is vital for addressing the intertwined global challenges of food security, climate 

change adaptation, and resource scarcity. This article examines the core technological components of 

agricultural modernization, including Precision Agriculture, automation, and data analytics, highlighting how 

these innovations enhance productivity, improve sustainability, and reshape the role of the modern 

agricultural specialist. 
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1. The Drivers of Change 

The modernization of agriculture is necessary due to several global pressures: 

¶ Population Growth: A projected global population of nearly 10 billion by 2050 necessitates a 

substantial increase in food production with limited new arable land. 

¶ Climate Change: Increased weather variability (droughts, extreme heat) requires farming practices 

that are resilient and efficient in resource use. 

¶ Environmental Sustainability: Consumer and regulatory demands require agriculture to minimize its 

environmental footprint, particularly concerning water usage, pesticide application, and greenhouse gas 

emissions. 

2. Core Technological Components 

Modernization is centered around the ability to gather, process, and act upon granular field data. 

2.1. Precision Agriculture 

Precision Agriculture (PA) is the central pillar of modernization, defined as managing crops and 

livestock based on site-specific needs. 

¶ GPS and GIS: Global Positioning System (GPS) technology guides tractors and machinery, ensuring 

accurate planting and application, while Geographic Information Systems (GIS) map field variability (soil type, 

yield data) to inform decisions. 

¶ Variable Rate Technology (VRT): Based on GIS maps, VRT allows farmers to apply inputs (seed, 

fertilizer, water) only where needed, leading to significant cost savings and reduced environmental runoff. 

¶ Remote Sensing: Drones and satellites collect data on crop health, moisture levels, and pest 

infestations. This allows for predictive analysis and targeted intervention, optimizing resource use. 

2.2. Automation and Robotics 

Automation addresses labor scarcity and enhances the efficiency of repetitive tasks. 

¶ Autonomous Machinery: GPS-guided tractors and harvesters operate with high precision 24/7, 

increasing productivity. 

¶ Robotics: Specialized robots are increasingly used for delicate tasks, such as automated weeding 

(reducing herbicide use), precise fruit picking (reducing manual labor costs), and livestock monitoring. 

2.3. Data Analytics and IoT 

The Internet of Things (IoT) provides the sensory infrastructure, while data analytics provides the 

intelligence. 

¶ Sensors: In-field sensors monitor soil moisture, temperature, and nutrient levels, transmitting real-

time data to a central platform. Wearable sensors monitor the health and location of livestock. 

¶ Big Data Analytics: Farmers use sophisticated software and AI to integrate data from all sources 

(weather reports, machinery, sensors) to generate actionable insights for optimized planting, harvesting 

windows, and inventory management. 

3. Impact on Sustainability and Productivity 

Modernization is intrinsically linked to improved sustainability metrics. 

¶ Resource Efficiency: By precisely controlling inputs, Smart Farming leads to up to 20% reduction in 

water consumption and significant reductions in fertilizer and pesticide use, minimizing environmental 

impact. 

¶ Yield Optimization: Predictive modeling and precise input management ensure that every part of the 
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field is managed for maximum productivity, closing the gap between potential and actual yields. 

¶ Traceability: Digital record-keeping improves the traceability of food products from farm to 

consumer, enhancing food safety and meeting consumer demand for transparency. 

4. Conclusion 

Agricultural modernization, driven by the integration of technology and data, is not simply a trend but 

an essential global strategy. By transforming farming into a highly efficient, knowledge-intensive industry, 

Smart Farming enhances productivity while simultaneously ensuring the sustainability and resilience of food 

systems against future economic and environmental shocks. The future of agriculture depends on the 

successful adoption and skilled management of these innovative technologies. 
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TRICHOPHYTOSIS (RINGWORM): PREVENTION STRATEGIES AND PUBLIC HEALTH MEASURES 

 

Abstract 

Trichophytosis, commonly known as ringworm is a highly contagious fungal infection of the skin, hair, 

and nails caused by various species of the Trichophyton genus. Despite its misleading name, the condition is 

caused by dermatophyte fungi, not a worm. As it is easily transmitted between humans, animals, and 

contaminated surfaces, effective management relies heavily on robust prevention strategies. This article 

details the etiology and transmission routes of Trichophytosis and outlines essential preventative measures, 

focusing on personal hygiene, environmental disinfection, and public health awareness, particularly in high-

risk settings. 
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Trichophytosis, Ringworm, Dermatophyte, Fungal Infection, Prevention,  

Hygiene, Contagious, Public Health, Trichophyton. 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ11 / 2025 

 

 

59 

1. Understanding Trichophytosis and Transmission 

Trichophytosis is a common group of infections (tinea infections) that cause characteristic circular, 

scaly, and often itchy rashes. The fungus responsible thrives on keratin, the material found in the outermost 

layer of skin, hair, and nails. 

¶ Etiology: The infection is caused by fungi of the genus Trichophyton, which can be classified as 

anthropophilic (infecting only humans) or zoophilic (primarily infecting animals like cats, dogs, cattle, and 

horses, but easily transmissible to humans). 

¶ Transmission Routes: Trichophytosis is highly contagious and spreads primarily through three routes: 

1. Direct Contact: Skin-to-skin contact with an infected person or animal (especially in contact 

sports). 

2. Indirect Contact (Fomites): Contact with contaminated objects like clothing, towels, bedding, 

combs, brushes, or sports equipment. 

3. Environmental Contact: Contact with fungal spores that can survive on contaminated surfaces 

(e.g., locker room floors, showers) and in the soil for months. 

2. Primary Prevention Strategies  

Preventing the spread of Trichophytosis centers on maintaining stringent hygiene and reducing 

exposure to the fungal spores. 

2.1. Personal Hygiene and Skin Management 

Since the fungus thrives in warm, moist environments, keeping the skin clean and dry is the single most 

critical preventative measure. 

¶ Thorough Drying: Dry the skin completely after showering, swimming, or excessive sweating, paying 

special attention to skin folds (groin, underarms) and the areas between the toes. Using a separate, clean 

towel for the infected area can prevent spread. 

¶ Daily Changes: Change socks and underwear daily, or more frequently if they become damp. 

¶ Nail Care: Keep fingernails and toenails clipped short and clean, as nails can harbor the fungus and 

spread it to other body parts. 

¶ Immediate Showering: Shower immediately after participating in contact sports or strenuous 

exercise. 

2.2. Environmental and Public Area Measures 

Contaminated public areas are significant sources of infection and require specific precautions. 

¶ Protective Footwear: Always wear sandals, flip-flops, or shower shoes in public areas such as locker 

rooms, gyms, swimming pools, and communal showers. Never walk barefoot. 

¶ Disinfection: Surfaces known to be contaminated (gym equipment, wrestling mats, shared tables) 

should be regularly cleaned with fungicidal disinfectants, such as diluted chlorine bleach or a strong 

commercial disinfectant. 

¶ Laundering: Wash clothing, bedding, towels, and athletic gear frequently in hot water with detergent 

to kill fungal spores. 

3. Avoiding Contact and Cross-Contamination 

Reducing direct exposure to infected sources is crucial, especially in high-risk groups like children and 

pet owners. 

¶ Do Not Share Personal Items: Strictly avoid sharing clothing, towels, washcloths, sheets, combs, 

brushes, or any personal care items with others, even within the same family. 

¶ Avoid Infected Individuals: Avoid direct skin-to-skin contact with anyone exhibiting signs of ringworm 

(the characteristic scaly, ring-like rash) until they are fully treated. 

¶ Animal Care: Be aware that pets (especially kittens and puppies) are frequent carriers of zoophilic 
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Trichophyton. If a pet shows symptoms like patches of hair loss, take it to a veterinarian immediately. 

o Wear gloves and long sleeves when handling infected animals. 

o Thoroughly wash hands with soap and running water after any contact with pets. 

o Vacuum and disinfect the pet's bedding and living areas frequently. 

4. Public Health Awareness and Management 

Effective prevention requires public education and rapid response to potential outbreaks. 

¶ Education: Public health campaigns should be launched in schools, sports clubs, and rural 

communities to increase awareness about the contagious nature of the fungus, transmission routes, and the 

importance of early diagnosis. 

¶ Monitoring High-Risk Groups: Individuals involved in contact sports (wrestling, martial arts) should 

be routinely checked for skin infections. 

¶ Treatment Compliance: If infection occurs, it is essential to complete the full course of antifungal 

treatment as prescribed by a doctor (usually 2ς4 weeks), even if symptoms clear up quickly. Stopping early 

allows the infection to return and spread. 

5. Conclusion 

Trichophytosis, though rarely serious, is a highly pervasive and easily transmitted infection that 

significantly impacts public health and quality of life. The implementation of rigorous personal and 

environmental hygiene practices and increased awareness are the most effective tools in the comprehensive 

strategy to prevent its spread in communities, schools, and homes. 
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TRICHOPHYTOSIS: THE PERSISTENT DERMATOPHYTE CHALLENGE 

 

Abstract 

Trichophytosis, widely known as ringworm or tinea, represents a collection of highly common and 

contagious fungal infections primarily caused by the genus Trichophyton.1 These infections are a significant 

public health concern due to their ease of transmission between hosts (humans, animals) and environments.2 

This article offers a concise overview of the dermatophyte classification, the diverse clinical spectrum of the 
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infection based on anatomical location, the standard diagnostic methods, and the crucial role of targeted 

antifungal treatment and public hygiene in controlling these persistent cutaneous diseases. 

Keywords:  

Trichophytosis, Dermatophytes, Tinea, Trichophyton, Keratin, Mycology, Diagnosis,  

Antifungal Treatment, Public Health. 

 

1. The Biology of the Causative Agent 

Trichophytosis is one type of infection caused by a group of fungi known as dermatophytes. 3 These 

fungi are unique in that they possess the ability to digest and thrive on keratin, the protein found in skin, hair, 

and nails.4 

¶ Genus Trichophyton: This genus is the most frequent cause of tinea infections globally. Species are 

classified based on their primary host: 

o Anthropophilic: Primarily infects humans (e.g., T. rubrum, a common cause of athlete's foot).5 

o Zoophilic: Primarily infects animals but is easily transmitted to humans (e.g., T. mentagrophytes, 

often spread from pets).6 

o Geophilic: Found in soil but can occasionally infect humans or animals.7 

¶ Transmission: The fungi spread through direct contact (skin-to-skin) or indirect contact via fomites 

(contaminated objects like towels, clothing, or shower floors).8 

The name of the infection changes depending on the specific anatomical site affected, though the 

causative fungus may be the same.9 

2. Diagnosis and Targeted Treatment 

Accurate diagnosis is critical because the rash can mimic other non-fungal skin conditions (like eczema 

or psoriasis).10 

¶ Diagnosis: 

o KOH Preparation: The standard rapid diagnostic test involves scraping skin or nail samples and 

viewing them under a microscope after adding Potassium Hydroxide (KOH). The KOH dissolves skin cells, 

making the characteristic branching fungal hyphae and spores visible.11 

o Fungal Culture: A slower but more definitive test that identifies the specific Trichophyton species, 

which can inform the treatment choice, especially for persistent infections. 

¶ Treatment Modalities: 

o Topical Therapy: For Tinea Corporis, Pedis, and Cruris, topical antifungal creams (e.g., containing 

miconazole, clotrimazole, or terbinafine) are typically applied for several weeks. 

o Systemic Therapy: Infections of the hair (Tinea Capitis) and nails (Tinea Unguium) require oral 

antifungal medication (e.g., oral terbinafine or griseofulvin) because topical agents cannot penetrate these 

dense tissues effectively. Treatment often lasts for several months for nail infections.12 

3. Prevention: The Key to Control 

Due to the persistent nature of fungal spores, public health measures and rigorous hygiene are 

essential to interrupt the transmission cycle.13 

Moisture Control: Fungi thrive in dampness.14 Keep skin thoroughly dry after washing, especially in skin 

folds and between toes.15 

Public Area Hygiene: Always wear protective footwear (sandals, flip-flops) in communal wet areas like 

locker rooms, pools, and gym showers.16 

Do Not Share: Never share personal items such as towels, combs, clothing, or footwear.17 

Animal Monitoring: Regularly check pets for patches of hair loss or scaling, as zoophilic species can be 

easily transmitted to humans. 
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TRICHOPHYTOSIS: UNDERSTANDING AND MANAGING FUNGAL SKIN INFECTIONS 

 

Abstract 

Trichophytosis, commonly known as ringworm or tinea, is a highly prevalent dermatophyte infection 

caused primarily by fungi of the genus Trichophyton. Despite its name, it involves no worm but is 

characterized by its signature circular, scaly lesions. As a contagious infection affecting the skin, hair, and 

nails, Trichophytosis requires a comprehensive understanding of its etiology, diverse clinical manifestations, 

and effective management strategies. This article details the common forms of the infection (e.g., athlete's 

foot, jock itch), outlines modern diagnostic techniques, and reviews current medical treatments and crucial 

public health preventative measures. 

Keywords:  

Trichophytosis, Ringworm, Tinea, Dermatophyte, Trichophyton, Tinea Corporis, Tinea Pedis,  

Antifungal Treatment, Diagnosis, Contagious. 

 

1. Etiology and Transmission 

Trichophytosis is caused by parasitic fungi that feed on keratin, the structural protein found in the 

outer layer of skin (stratum corneum), hair, and nails. 

¶ The Causative Agent: The genus Trichophyton is the most common culprit, encompassing species like 

T. rubrum (frequently anthropophilic, or human-adapted) and T. mentagrophytes (often zoophilic, or animal-

adapted). 

¶ Transmission: The infection is highly contagious and spreads primarily through: 

o Direct Contact: Skin-to-skin contact with an infected person (common in wrestling and other 

contact sports). 

o Indirect Contact (Fomites): Sharing contaminated items such as towels, bedding, shoes, and 

clothing. 

o Environmental Contact: Exposure to fungal spores in warm, moist environments like communal 
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showers, pool decks, and locker rooms, where the spores can survive for extended periods. 

2. Diagnosis and Treatment 

Accurate diagnosis is crucial to distinguish Trichophytosis from other skin conditions (like eczema or 

psoriasis), which require different treatments. 

3.1. Diagnosis 

¶ Clinical Examination: Initial diagnosis is based on the characteristic appearance and location of the 

lesion. 

¶ Potassium Hydroxide (KOH) Prep: A sample of skin scrapings or hair is viewed under a microscope 

after treatment with KOH, which dissolves keratin but leaves the fungal hyphae and spores intact, confirming 

the fungal nature of the infection. 

¶ Fungal Culture: The gold standard, though slower, is culturing the sample to identify the specific 

Trichophyton species, guiding treatment selection. 

3.2. Medical Management 

Treatment depends on the site and severity of the infection. 

¶ Topical Antifungals: For Tinea Corporis, Pedis, and Cruris, topical creams (containing agents like 

clotrimazole, miconazole, or terbinafine) are the first line of defense. Treatment typically lasts 2 to 4 weeks, 

with application continuing for a week after symptoms clear to prevent recurrence. 

¶ Oral Antifungals: Infections of the hair (Tinea Capitis) and nails (Onychomycosis) require systemic 

treatment because topical creams cannot penetrate the hair shaft or nail plate effectively. Medications like 

terbinafine or griseofulvin are prescribed for several weeks or months. 

3. Prevention and Public Health 

The contagious nature of Trichophyton makes prevention essential to control community spread. 

Hygiene and Moisture Control: Keep skin clean and dry, particularly in folds and between toes. Always 

wear clean, dry socks and change them frequently. 

Public Safety: Wear protective footwear (flip-flops/sandals) in communal areas like gyms, pools, and 

showers. 

Environmental Measures: Do not share personal items (towels, combs, hats). Wash contaminated 

clothing and bedding in hot water. Regularly inspect pets, as they can be asymptomatic carriers. 
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˿͎ͦͦͯ͋͡ ˴͙͙ͪ͡͡ ˹͙͔͍͙ͦ͊͟͡; 

˴͊ͤ͒Φ ͔ͣ͒Φͤ͊ͯ͟Σ ͔͍͙͙ͤ͊ͫͣ͘·͚ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡ΈΣ 

 ͎Φ ˸͍ͦͫ͊͟Σ ˾̅ 

 

˴˻˸˿˻˸˻˶̎˿˴ˮ˩ ˭˹ˢ̉˴ˮ ˻ˣ˾ˢ˭̇ˢ мфпр ˮ мфру ˥˥Φ ˮ ˮ̆ ̇˩˹˹˻˿́̎  

˨˶̒ ˨ˢ́ˮ˾˻ˤ˴ˮ ̅˻́˻˥˾ˢ̅ˮ˯ мфпл ς мфслπ̆  ˥˥Φ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͙͍͚ͤͦͪͣ͊ͭͤͦ ͋͊͘· ͍͍͔͔͙͒ͤΎ ͙ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

ͯ͊͊ͤͤ͘͟·ͻ ͍͙͍͒ͦ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͤ͊͘;͍ͦ͟Σ ͊ ͔ͭ͊͗͟ ͙ͻ ͼ͔͙ͤͤͦͫͭ ͍ ͊͟;͔͍͔ͫͭ Ή͔͔͍ͣͤͭͦ͡Σ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙ͻ 

͔͚ͦͪͪͭͤͦ͟͟ ͙͍͔͒͊ͭͪͦ͟ ͺ͎ͦͭͦͪ͊ͺ͙͚ мфплπмфслπͻ ͎͎Φ 

˿͔ͦ͒ͪ͗͊΅͙͔ͫΎ ͍ ͔͚ͤ ͍͔͔͙ͫ͒ͤΎ ͫͯ͗͊ͭ͡ ͍ͨͦ·΄͔͙ͤΌ ͍ͯͪͦͤΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͔ͦͣͨͭͤ͟ͼ͙͙ 

͙͙͍ͫͭͦͪͦ͟Σ ͺ͔͙͍͊ͪͫͭͦ͡ ͙ ͎͔͔͎͍ͤ͊ͦͦ͡Φ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ˤ͔ͫͫͦΌͤ͘·͚ ͔͙͙͚ͤͤͫ͟͡ ͙͙ͦͣͣͯͤͫͭ͟;͔͙͚ͫ͟ ͫͦΌ͘ ͔͙ͣͦͦ͒͗͡Σ ˴͙͙ͦͣͣͯͤͫͭ;͔͙͚ͫ͟ ͙͔ͤͭͪͤ͊ͼ͙ͦͤ͊͡ 

͔͙ͣͦͦ͒͗͡Σ ͦͣͫͦͣͦ͟͡Έ͙͚ͫ͟ ͤ͊͘;ͦ͟Σ ͔̇ͤͭͪ͊͡Έͤ·͚ ˴͙͔ͦͣͭͭ ˤ͔ͫͫͦΌ͎ͤͦͦ͘ ͔͙͎ͤͤͫͦͦ͟͡ 

͙͙ͦͣͣͯͤͫͭ͟;͔͎ͫͦͦ͟ ͫͦΌ͊͘ ͔͙ͣͦͦ͒͗͡ 

 

{ƻƭƻƎǳō YƛǊƛƭƭ bΦ 

aΦ5ΦΣ tƘΦ5ΦΣ LƴŘŜǇŜƴŘŜƴǘ ǎŎƛŜƴǝǎǘΣ 

 aƻǎŎƻǿΣ wǳǎǎƛŀ 

 

Yha{hah[ .!5D9{ ˸мфпр !b5 ˸мфру !b5 ¢I9Lw ±![¦9 Chw 5!¢LbD 

 hC tIh¢hDw!tI{ Cwha ¢I9 мфпл{ ¢h мфсл{Φ 

 

¢Ƙƛǎ ŀǊǝŎƭŜ ƛǎ ŘŜǾƻǘŜŘ ǘƻ ǘƘŜ ǎǘǳŘȅ ƻŦ ǘƘŜ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǘƘŜ ƛƴǘǊƻŘǳŎǝƻƴ ŀƴŘ ǳǎŜ ƻŦ ǘƘŜǎŜ 

ǘȅǇŜǎ ƻŦ YƻƳǎƻƳƻƭ ōŀŘƎŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ ǾŀƭǳŜ ŀǎ ŜƭŜƳŜƴǘǎ ǘƘŀǘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ŎƻǊǊŜŎǘ ŘŀǝƴƎ ƻŦ 

ǇƘƻǘƻƎǊŀǇƘǎ ŦǊƻƳ ǘƘŜ мфплǎ ǘƻ мфслǎΦ 

¢ƘŜ ƛƴŦƻǊƳŀǝƻƴ ŎƻƴǘŀƛƴŜŘ ƘŜǊŜƛƴ ǎŜǊǾŜǎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǇǊƻŦŜǎǎƛƻƴŀƭ ŎƻƳǇŜǘŜƴŎŜ ƻŦ ƘƛǎǘƻǊƛŀƴǎΣ 

ǇƘŀƭŜǊƛǎǘǎ ŀƴŘ ƎŜƴŜŀƭƻƎƛǎǘǎΦ 

YŜȅǿƻǊŘǎΥ 

!ƭƭπ¦ƴƛƻƴ [Ŝƴƛƴƛǎǘ /ƻƳƳǳƴƛǎǘ ¸ƻǳǘƘ ¦ƴƛƻƴΣ /ƻƳƳǳƴƛǎǘ ¸ƻǳǘƘ LƴǘŜǊƴŀǝƻƴŀƭΣ YƻƳǎƻƳƻƭ ōŀŘƎŜΣ /ŜƴǘǊŀƭ 

/ƻƳƳƛǧŜŜ ƻŦ ǘƘŜ !ƭƭπ¦ƴƛƻƴ [Ŝƴƛƴƛǎǘ /ƻƳƳǳƴƛǎǘ ¸ƻǳǘƘ ¦ƴƛƻƴΦ 

 

˹͊ͫͭͦΎ΅͊Ύ ͪ͊͋ͦͭ͊ ͔ͨͪͦ͒ͦ͗͊ͭ͡ ͼ͙͟͡ ͔͚ͫͭ͊ͭΣ ͍ͨͦͫΎ΅͔ͤͤ·ͻ ͙ͯ͘;͔͙ͤΌ ͙͍͙͙ͫͣͦ͟͡ ͍͔͙ͫͦͭͫ͟ͻ 

͔ͣͦͦ͒͗ͤ͡·ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͚ ͍ ͼ͔͡Ύͻ ͦͫͯ΅͔͍͔͙ͫͭͤ͡Ύ ͔͚ͦͪͪͭͤͦ͟͟ ͙͍͙͒͊ͭͪͦ͟ ͺ͎ͦͭͦͪ͊ͺ͙͚ мфплπмфслπͻ ͎͎ΦΣ 

ͤ͊ ͦͭͦͪ͟·ͻ ͦͤ͊ ͔͊ͨ͘;͔͊ͭͤ͊͡ ώмΣ нϐΦ  

 

˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ ͫ ͙ͤ͊͒ͨͫΈΌ ζʕ ˶˴˿η˸ ͤ͊  ͺ͔ͦͤ ͍͔͒͘͘· όζͦ͋ͪ͊͘ͼ͊ мфпр ͎Φηύ1 

˽͔ͪͪ͊͟΅͔͙͔ͤ ͍ ͔ͣ͊ мфпо ͎Φ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ˴͙͙ͦͣͣͯͤͫͭ;͔͎ͫͦͦ͟ ͙͔ͤͭͪͤ͊ͼ͙ͦͤ͊͊͡ ώоΣ /Φ нфнπнфрϐ ͙Σ 

                                                           
1 ͍̂ͫͦͤͦͫͭ͡Έ Ή͚ͭͦ ͙͍͙͒͊ͭͪͦ͟ ͔͋ͯ͒ͭ ͨͦͤΎͭͤ͊ ͙͘ ͙͍͔͔ͨͪ͒ͤͤ·ͻ ͍ ͔͔ͭͫͭ͟ ͤ͊ͫͭͦΎ΅͔͚ ͪ͊͋ͦͭ· ͺ͎͊ͭͦͪ͊͟ͺ͙;͔͙ͫ͟ͻ 
͙ͫͭͦ;͙͍ͤͦ͟Φ  
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͊͟͟ ͔͍͙͔ͫ͒ͫͭ͡Σ ͔͎ͦ ͔͚ͣͦͦ͒͗ͤͦ͡ ͔ͫ͟ͼ͙͙Σ ˴͙͙ͦͣͣͯͤͫͭ;͔͎ͫͦͦ͟ ͙͔ͤͭͪͤ͊ͼ͙ͦͤ͊͊͡ ͔͙ͣͦͦ͒͗͡ ό͔͔͒͊͡ ς ˴ˮ˸ύΣ 

͙͍͔ͨͪͦ͡ ͟ ͙͔͔͙ͣͤͤ͘Ό ͍͔ͤ΄͔͎ͤͦ ͍͙͒͊ ;͔͎ͤͫͦͦ͟͡ ͤ͊͘;͊͟ ˤ͔ͫͫͦΌ͎ͤͦͦ͘ ͔͙͎ͤͤͫͦͦ͟͡ ͙͙ͦͣͣͯͤͫͭ͟;͔͎ͫͦͦ͟ 

ͫͦΌ͊͘ ͔͙ͣͦͦ͒͗͡ ό͔͔͒͊͡ ς ʕ ˶˴˿˸ύΣ ;͔͚ ͔ͨͪ͒΄͔͍͔͙ͫͭͤͤ͟Σ ˾͙͚͙͚ͦͫͫͫ͟ ͔͙͙͚ͤͤͫ͟͡ ͙͙ͦͣͣͯͤͫͭ͟;͔͙͚ͫ͟ 

ͫͦΌ͘ ͔͙ͣͦͦ͒͗͡2Σ Ύ͍͡Ύͫ͡Ύ ͔͙͍ͦͭͤ͟͟͡͡·ͣ ;͔ͤͦͣ͡ ˴ˮ˸ ͫ мфнл ͎Φ ώпΣ ˿Φ омϐΦ  

˽ͦ ͍͔͚ͫ ͍͙͙͙͒ͣͦͫͭΣ ͙ͦ͒ͤͣ ͙͘ ͔͍ͨͪ·ͻ ͙͍ͤͦͪͣ͊ͭͤ·ͻ ͍͊ͭͦ͟Σ ͍͊ͫ͊͟΄͙ͻͫΎ ͍͍͔͔͙͒ͤΎ ͍ͤͦ·ͻ 

;͔͙ͤͫ͟͡ͻ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͤ͊͘;͍ͦ͟Σ ͋·͡ ͨͪͦͭͦͦ͟͡ ͔͙͊ͫ͒͊ͤ͘Ύ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ ͦͭ нмΦлфΦмфпп ͎Φ Ѕ оусΣ 

͟ ͦͭͦͪͦͣͯ͟ ͙͎ͨͪ͊͊ͦͫ͡͡ΈΣ ͍ ͭͦͣ ;͙͔ͫ͡Σ ͙͙͔ͦͨͫ͊ͤ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸Σ ͙͔͔͒͊ͭͪͯͣͦ 

нфΦлфΦмфпп ͎ΦΥ 

ζонΦ ˻ ˴˻˸˿˻˸˻˶̎˿˴˻˸ ˮ ˽ˮ˻˹˩˾˿˴˻˸ ˭˹ˢ̉˴ˢ̆3 

LΦ ʕ ͍͔͙ͫͭ ͦͣͫͦͣͦ͟͡Έ͙͚ͫ͟ ͙ ͙͔͙͚ͨͦͤͪͫ͟ ͤ͊͘;͙͟Φ 

нΦ ˻͋ͪ͊͘ͼ· ͙ ͙͙͔ͦͨͫ͊ͤ ͤ͊͘;͍ͦ͟ ͍͔͙ͯͭͪ͒ͭΈ ό˽͙͎ͪ͊͊͡ΌͭͫΎύη ώрΣ ˶Φ пмϐΦ  

 

ζ˻  ˽ ˮ ˿ ˢ ˹ ˮ ˩ 

˹ˢ˥˾̂˨˹˻˥˻ ˭˹ˢ̉˴ˢ ̉˶˩˹ˢ ˤ˶˴˿˸ 

 

˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͪ͊ͫͤͦ͟ ͤ͊ͣ͘ΎΣ ͍͔͔ͪ͊ͪͤͯͭͦ͘ ͍͍ͨͪ͊ͦ ͦͭ 

͔͍͒ͪ͊͟Φ ˹͊ ͔͙ͤ͊ͣͤ͘ ͔ͨͦͣ΅͔ͤ ͎ͪͯ͟Σ ͍ ͦͭͦͪͦͣ͟ ͙͔ͦ͋ͪ͊͗ͤ͊͘ ͍͔͒͊͘͘ ͫ ͙ͤ͊͒ͨͫΈΌ Ϧˤ˶˴˿˸ϦΦ 

˽͍͔ͦͪͻͤͦͫͭΈ ͔͙ͤ͊ͣͤ͘ ͙ ͨΎ͙͔ͭͦͤ͟;ͤ͊Ύ ͍͔͒͊͘͘ ͨͦͪ͟·ͭ͊ ͙͍ͪͯ͋ͤͦͦπ͟ ͚ͪ͊ͫͤͦ Ήͣ͊͡ΈΌ ͙ ͍ͦ͊ͤͭͦ͊ͤ͟· 

͍·ͫͭͯͨ͊Ό΅͙ͣ ͨͦͦͦ͘͡;͔ͤͤ·ͣ ͦ͋ͦ͒ͦͣ͟Φ  

˹͙͊͒ͨͫΈ ͤ͊ ͍͔͔͒͘͘ Ϧˤ˶˴˿˸ϦΣ ͦ͋ͦ͒ͦ͟ ͦ͋ͪ͊ͣ͡ΎΌ΅͙͚ ͎ͪͯ͟ ͙ ͔͍͒ͪͦ͟ ͔͙ͤ͊ͣͤ͘ ͨͦͦͦ͘͡;͔ͤ·Φ  

˽͔͙ͪͦͣ͗ͯͭ͟ ͔ͣ͗͒ͯ ͦͤ͟ͼ͙͊ͣ ͍͔͒͘͘· ͔ͫ͒͊ͤ͡· ͍·ͨͯ͟͡·͙ͣ ͨͦͦͦ͘͡;͔ͤͤ·͙ͣ ͙͙ͤ͡Ύ͙ͣΣ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·͙ͣ ͟ ͼ͔ͤͭͪͯΦ  

˭ͤ͊;ͦ͟ ͔͙ͣͭ͊͡͡;͔͙͚ͫ͟Φ ˾͔͊ͣͪ͘ ͤ͊͘;͊͟ ͨͦ ͍·͔ͫͦͭ му ͣͣΦΣ ͨͦ ΄͙͙͔ͪͤ нм ͣͣΦ  

˹͊ ͚ͦ͋ͦͪͦͭͤͦ ͔ͫͭͦͪͦͤ ͤ͊͘;ͦ͟ ͙͔͔ͣͭ ͍͋ͯ͊ͯ͟͡ ͒͡Ύ ͙͔͔͙ͨͪͪͨͤ͟͡Ύ ͟ ͔͔ͦ͒͗͒η ώрΣ ˶Φ ппϐΦ 

 

ˤ Ύ͍͔ͤ͊ͪ мфпр ͎Φ ·LLL ͔ͨͤͯͣͦͣ͡ ̇˴ ˤ˶˴˿˸ ͋·ͦ͡ ͔͔͔ͦͨͪ͒ͤͦ͡ ͔ͫ͒ͯ͡Ό΅͔͔Υ 

ζмрΦ ˽͔ͤͯͣ͡ ͫ;͙͔ͭ͊ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣΥ 

͊ύ ͍͍͔͙ͫͭ ζ˭ ͤ͊;ͦ͟ ;͔ͤ͊͡ ˤ˶˴˿˸ηΤ 

͋ύ ͍͍͔͙ͫͭ ͤ͊ͣ͘Ύ ͒͡Ύ ͚͚ͪ͊ͦͤͤͦ ͙ ͎͚ͦͪͦ͒ͫͦ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ˤ˶˴˿˸Φ 

˽͔ͤͯͣ͡ ͨͦͪͯ;͔͊ͭ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ˽͔͙͔ͦͦ͗ͤ͡ ͦ ζ˭ ͤ͊;͔͟ ;͔ͤ͊͡ ˤ˶˴˿˸η ͙ ͫͭ͊ͭͯͭ 

͔͙ͤ͊ͣͤ͘η ώсΣ /Φ мрπмсϐΦ  

 

ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣΣ ͨͪͦͭͦͦͦͣ͟͡ ͔͙͊ͫ͒͊ͤ͘Ύ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ ͦͭ нлΦлоΦмфпр ͎Φ Ѕ плс ͋·͙͡ ͍͍͔͔͒ͤ· 

͔ͫ͒ͯ͡Ό΅͙͔ ͙͍ͤͦͪͣ͊ͭͤ·͔ ͍͔ͤͦ͡͡·Υ 

ζрΦ ˻ ͙͙ͫͭͦͣͦͫͭ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸Ϧ 

͍͔͙̂ͭͪ͒ͭΈ ͙ͫͭͦͣͦͫͭΈ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸Ϧ ς о ͪͯ͋͡ΎΦ  

сΦ ˻ ͎ͤ͊ͪͯ͒ͤͦͣ ͤ͊͘;͔͟ Ϧˤ˶˴˿˸Ϧ 

ˤ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͍͔͙͔ͨͦͫͭ͊ͤͦͤͣ͡ ·LLL ͨ ͔ͤͯͣ͊͡ ̇˴ ˤ˶˴˿˸ Ϧ˻͋ ͯͯ͡;΄͔͙͙ͤ ͙͙ͨͦͭͦ͟͡π

͍͙͔ͦͫͨͭ͊ͭ͡Έ͚ͤͦ ͪ͊͋ͦͭ· ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͚ ͔͙ͫͪ͒ ͔͙ͣͦͦ͒͗͡ϦΣ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ ͍ͨͦͫͭ͊ͤͦ͡Ύ͔ͭΥ 

LΦ ̂ ͍͔͙ͭͪ͒ͭΈ ˽͔͙͔ͦͦ͗ͤ͡ ͦ ͎ͤ͊ͪͯ͒ͤͦͣ ͤ͊͘;͔͟ Ϧˤ˶˴˿˸Ϧ ό˽͙͎͔ͪ͊͊ͭͫ͡Ύύ 

                                                           
2 ˽ ͔͔͙͔͍ͪͣͤͦ͊ͤ ͍ ˤ˶˴˿˸ ͍ мфнс ͎Φ ώпΣ ˿Φ нптϐΦ 
3 ˭͔͒ͫΈ ͙ ͔͔͒͊͡ ͨͦ ͔ͭͫͭͯ͟ ͼ͙ͭ͊ͭ ͫͦͻ͔ͪ͊ͤͤ͊ ͙͎͙ͦͪͤ͊͡Έͤ͊ΎΣ ͍ ͭͦͣ ;͙͔ͫ͡Σ ͔ͫͦ͒ͪ͗͊΅͊Ύ ͦ΄͙͙͋͟Σ ͦͪͺ͎ͦͪ͊ͺ͙Ύ ͙ 
ͨͯͤͭͯ͊͟ͼ͙ΎΦ  
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нΦ ͍͔͙̂ͭͪ͒ͭΈ ͙͙͔ͦͨͫ͊ͤ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸Ϧ ό˽͙͎͔ͪ͊͊ͭͫ͡Ύύ 

 

тΦ ˻͋ ͙͙͙ͦͨͫ͊ͤ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸ϦΦ 

 ˤ ͍ͫΎ͙͘ ͫ ͍͔͔͙͔ͯͭͪ͗͒ͤͣ ͍͎ͤͦͦͦ ͔ͭͫͭ͊͟ ͙͙ͦͨͫ͊ͤΎ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸ϦΣ ͙͙͔ͦͨͫ͊ͤ 

͍͔͔͔ͯͭͪ͗͒ͤͤͦ ͍͔͙͔ͨͦͫͭ͊ͤͦͤͣ͡ ̇˴ ˤ˶˴˿˸ ς ͨͪͦͭͦͦ͟͡ Ѕ оус ͍ ͨΦ онκн ς ͔͙ͦͭͣͤͭΈη ώтΣ ˶Φ рϐΦ 

 

ζ̂ ͍͔͔ͭͪ͗͒ͤͦ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ 

ͦͭ нпΦLLLπпр ͎Φ Ѕ плс ͨΦ сΦ 

 

˽ ˻ ˶ ˻ ˬ ˩ ˹ ˮ ˩ 

˻ ͎ͤ͊ͪͯ͒ͤͦͣ ͤ͊͘;͔͟ Ϧˤ ˶ ˴ ˿ ˸Ϧ 

 

мΦ ˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ Ϧˤ˶˴˿˸Ϧ Ύ͍͡Ύ͔ͭͫΎ ͔͙͒ͤ·ͣ ͤ͊͘;ͦͣ͟ ˤ͔ͫͫͦΌ͎ͤͦͦ͘ ˶͔͙͎ͤͤͫͦͦ͟ 

˴͙͙ͦͣͣͯͤͫͭ;͔͎ͫͦͦ͟ ˿ͦΌ͊͘ ˸͔͙ͦͦ͒͗͡Φ 

˭ͤ͊;ͦ͟ ͍͍͙ͦ͒ͭͫΎ ͒͡Ύ ͤͦ΄͔͙ͤΎ ͊͗͒͟·ͣ ;͔ͤͦͣ͡ ͦͣͫͦͣͦ͊͟͡Φ 

нΦ ˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ Ϧˤ˶˴˿˸Ϧ ͍ͪͯ;͔͊ͭͫΎ ͙ͨͪͤΎͭͦͣͯ ͍ ͪΎ͒· ͦͣͫͦͣͦ͊͟͡ ͔͔͔ͫͪͭ͊ͪͣ͟ ͚ͪ͊ͦͣ͊͟Σ 

͎ͦͪͦͣ͊͟ ͦͣͫͦͣͦ͊͟͡ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͫ ͦͣͫͦͣͦ͟͡Έ͙ͫͣ͟ ͙͔͋ͭͦͣ͡Φ 

оΦ ˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ Ϧˤ˶˴˿˸Ϧ ͙ͤͦͫͭͫΎ ͤ͊ ͔͍͚ͦ͡ ͔ͫͭͦͪͦͤ ͎͙ͪͯ͒Φ  

пΦ ͔̉ͤ͡ ˤ˶˴˿˸ ͔ͤ ͙͔͔ͣͭ ͍ͨͪ͊͊ ͔͔͍ͨͪ͒͊͊ͭΈ ͙͔ͨͪͤ͊͒͗͊͡΅͙͚ ͔ͣͯ ͤ͊͘;ͦ͟ ͎͒ͪͯͦͣͯ ͙͡ͼͯΦ 

рΦ ˮͫ͟͡Ό;͔ͤͤ·͔ ͙͘ ;͔͍ͤͦ͡ ͦͣͫͦͣͦ͊͟͡ ͙͡΄͊ΌͭͫΎ ͍ͨͪ͊͊ ͤͦ΄͔͙ͤΎ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸Ϧ ͙ ͫ͒͊Όͭ ͔͎ͦ 

͍͔͔ͣͫͭ ͫ ͦͣͫͦͣͦ͟͡Έ͙ͫͣ͟ ͙͔͋ͭͦͣ͡η ώтΣ ˶Φ мтϐΦ 

 

ζ̂ ͍͔͔ͭͪ͗͒ͤͦ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ 

ͦͭ нпΦLLLπпр ͎Φ Ѕ плс ͨΦ сΦ 

 

˻ ˽ ˮ ˿ ˢ ˹ ˮ ˩ 

͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ ˶ ˴ ˿ ˸Ϧ 

 

˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ Ϧˤ˶˴˿˸Ϧ ͙͔ͦ͋ͪ͊͗͊ͭ͘ ͚ͫͦ͋ͦ ͔ͪ͊ͫͤͦ͟ ͤ͊ͣ͘ΎΣ ͍͔͔ͪ͊ͪͤͯͭͦ͘ ͍͍ͨͪ͊ͦ ͦͭ ͔͍͒ͪ͊͟Φ ˹͊ 

͔͙ͤ͊ͣͤ͘ ͔ͨͦͣ΅͔ͤ ͎ͪͯ͟Σ ͍ ͦͭͦͪͦͣ͟ ͙͔ͦ͋ͪ͊͗ͤ͊͘ ͨΎ͙͔ͭͦͤ͟;ͤ͊Ύ ͍͔͒͊͘͘ ͫ ͙ͤ͊͒ͨͫΈΌ Ϧˤ˶˴˿˸ϦΦ 

˽͍͔ͦͪͻͤͦͫͭΈ ͔͙ͤ͊ͣͤ͘ ͙ ͨΎ͙͔ͭͦͤ͟;͚ͤͦ ͍͔͒͘͘· ͨͦͪ͟·ͭ͊ ͙͍ͪͯ͋ͤͦͦπ ͚ͪ͊ͫͤͦ͟ Ήͣ͊͡ΈΌ ͙ ͍ͦ͊ͤͭͦ͊ͤ͊͟ 

͍·ͫͭͯͨ͊Ό΅͙ͣ ͨͦͦͦ͘͡;͔ͤͤ·ͣ ͦ͋ͦ͒ͦͣ͟Φ ˹͙͊͒ͨͫΈ ͤ͊ ͍͔͔͒͘͘ Ϧˤ˶˴˿˸ϦΣ ͔͍͒ͪͦ͟ ͔͙ͤ͊ͣͤ͘Σ ͦ͋ͦ͒ͦ͟ ͙ 

͍͔ͨͦͪͻͤͦͫͭΈ ͎ͪͯ͊͟ ͨͦͦͦ͘͡;͔ͤ·Φ 

˭ͤ͊;ͦ͟ ͔͙ͣͭ͊͡͡;͔͙͚ͫ͟Φ ˾͔͊ͣͪ͘ ͤ͊͘;͊͟ ͨͦ ͍͔͙͙ͪͭ͊͟͡ му ͣͣΦΣ ͨͦ ΄͙͙͔ͪͤ π нм ͣͣΦ ˹͊ ͚ͦ͋ͦͪͦͭͤͦ 

͔ͫͭͦͪͦͤ ͤ͊͘;ͦ͟ ͙͔͔ͣͭ ͍͋ͯ͊ͯ͟͡ ͒͡Ύ ͙͔͔͙ͨͪͪͨͤ͟͡Ύ ͤ͊͘;͊͟ ͟ ͔͔ͦ͒͗͒η ώтΣ ˶Φ муϐΦ 

 

 ˤ ͼ͔ͦͣ͡ ͍͔ͤ΄͙͚ͤ ͍͙͒ ͤ͊͘;͍ͦ͟ ͍͎ͤͦͦͦ ͦ͋ͪ͊͘ͼ͊ ͍ͨͦͭͦͪΎ͡ ͍͔ͤ΄͙͚ͤ ͍͙͒ ͔͔ͪ͊ͤ ͙ͫͨͦ͡Έ͍͍ͦ͊͘΄͙ͻͫΎ 

ͦͣͫͦ͟ ͣͦ͡Έ͙ͫ͟ͻ ͤ͊͘;͍ͦ͟ ͫ ͔͚͊ͣͤͦ͘ ͙͙ͤ͊͒ͨͫ ζ˴ ˮη˸ ό˾͙ͫͯͤͦ͟ мύ ͙ͤ͊͒ͨͫΈΌ ζʕ ˶˴˿˸η ͍ ͼ͔͔ͤͭͪ ͍͔͒͘͘· 

ό˾͙͙ͫͯͤ͟ нπоύΦ   

 ˮ͔͙͔ͦ͋ͪ͊͗ͤ͘ ͤ͊͘;͊͟ ζͦ ͋ͪ͊͘ͼ͊ мфпр ͎Φη  ό˾͙ͫͯͤͦ͟ нύ ώуΣ ˿Φ оϐ ͙ ͔͙͔ͨͦͦ͗ͤ͡ ͦ ͔ͤͣ ͋·ͦ͡ 

͙͍ͦͨͯ͋ͦ͊ͤͦ͟͡ ͍ ͪΎ͔͒ ͔͙͙ͨͪͦ͒;͔͙ͫ͟ͻ ͙͙͚͒͊ͤ͘ ώуΣ ˿Φ оΤ фΣ ˿Φ нϐΦ 
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˾͙ͫͯͤͦ͟ м ς ͔͙͚̉ͤͫ͟͡ ͦͣͫͦͣͦ͟͡Έ͙͚ͫ͟ ͤ͊͘;ͦ͟ ͫ ͙ͤ͊͒ͨͫΈΌ ζ˴ ˮη˸Φ ˮͫͭͦ;͙ͤ͟Υ ώмлϐΦ 

 

 
˾͙ͫͯͤͦ͟ н ς ˮ͔͙͔ͦ͋ͪ͊͗ͤ͘ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ζʕ ˶˴˿˸η ζͦ͋ͪ͊͘ͼ͊ мфпр ͎Φη ͙ ͔ͭͫͭ͟ ͔͙ͨͦͦ͗ͤ͡Ύ ͦ ͔ͤͣΦ  

 ˮͫͭͦ;͙ͤ͟Υ ώуϐΦ 
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˾͙ͫͯͤͦ͟ о ς ˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ ζʕ ˶˴˿˸η ζͦ ͋ͪ͊͘ͼ͊ мфпр ͎Φη 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ 

 

 ˿ͯ΅͔͍͔ͫͭͯͭ ͭͦ;͊͟ ͔͙ͪͤ͘Ύ ͦ ͭͦͣΣ ;ͭͦ ͤ͊͘;͙͟ ͫ ͙ͤ͊͒ͨͫΈΌ ζ˴ ˮη˸ ͨͪ ͙ͦ͒ͦ͗͊͡͡ ͍·͍͒͊͊ͭΈͫΎ4 ͒ ͦ ͙ͻ 

͙ͫ;͔͙ͪͨ͊ͤΎ ͍ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙ΎͻΣ ͙͔͙͍ͦͪͤͭͪͦͦ;ͤͦ ͒ͦ мфпт ͎Φ ώмоϐΦ ˻͒ͤ͊ͦ͟Σ ͔ͫͭΈ ͪΎ͒ ͺ͍͊ͭͦ͟Σ 

͙͍͔ͨͪͦͭͦͪ;͊΅͙ͻ ͔͚Υ 

¶ ˽ ͪͦͭͦͦͦͣ͟͡ ͔͙͊ͫ͒͊ͤ͘Ύ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ ͦͭ моΦлоΦмфпр ͎Φ Ѕ плр ͋·͡ ͍͔ͯͫͭ͊ͤͦͤ͡ ͔ͫ͒ͯ͡Ό΅͙͚ 

ͨͦͪΎ͒ͦ͟ ͍·͒͊;͙ ͤ͊͘;͍ͦ͟ ͍ ͔͍͙ͨͪ;ͤ·ͻ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙ΎͻΥ 

¶  

ζмΦ ˻ ͍·͒͊;͔ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ Ϧˤ˶˴˿˸Ϧ ͍ ͔ͣͫͭͤ·ͻ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙ΎͻΦ 

1. ˤ ͍ͫΎ͙͘ ͫ ͍͔͔͚ͦ͒ͤͦͪͣͤͤͦ ͍͚ͣ͊ͫͫͦͦ ͍·͒͊;͔͚ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸Ϧ ͦͣͫͦͣͦ͟͡Έͼ͊ͣΣ 

͔ͪ͊ͪ͘΄͙ͭΈ ͚ͪ͊ͦͣ͊ͣ͟ ό͎ͦͪͦͣ͊ͣ͟ύ ͦͣͫͦͣͦ͊͟͡ ͍͙ͨͪͦͦ͒ͭΈ ͍·͒͊;ͯ ͤ͊͘;͍ͦ͟ ͍ ͔͍͙ͨͪ;ͤ·ͻ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ 

͎͙ͦͪ͊ͤ͊͘ͼ͙ΎͻΣ ͊ ͔ͤ ͍ ͚ͪ͊ͦͣ͊͟ͻ ό͎ͦͪͦͣ͊͟ͻύ ͦͣͫͦͣͦ͊͟͡Σ ͊͟͟ Ήͭͦ ͔͔ͨͪ͒ͯͫͣͦͭͪͤͦ ͙ͤͫͭͪͯ͟ͼ͙͔͚ ̇˴ ˤ˶˴˿˸ 

Ϧ˻ ͨͦͪΎ͔͒͟ ͍·͒͊;͙ ͙ ͯ;͔ͭ͊ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸ϦϦ 

2. ˤ·͒͊;ͯ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ Ϧˤ˶˴˿˸Ϧ ͍ ͔͍͙ͨͪ;ͤ·ͻ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͻ ͔ͪ͊ͪ͘΄͙ͭΈ 

͙͍͙ͨͪͦͦ͒ͭ͘Έ ;͔ͤ͊ͣ͡ ͋Όͪͦ ͚ͪ͊ͦͣ͊͟ ό͎ͦͪͦͣ͊͟ύ ͦͣͫͦͣͦ͊͟͡Φ 

3. ͍͙̂ͫͭ͊ͤͦͭΈΣ ;ͭͦ ͍ ͔͍͙ͨͪ;ͤ·ͻ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͻ ͤ͊͘;͙͟ ͍·͒͊ΌͭͫΎ ͨͦ ͚ͭͦ ͔͗ 

͍͔͙͒ͦͣͦͫͭΣ ͦͭͦͪ͊͟Ύ ͍͔ͯͫͭ͊ͤͦͤ͊͡ ͒͡Ύ ͍·͒͊;͙ ͤ͊͘;͍ͦ͟ ͦͣͫͦͣͦ͟͡Έͼ͊ͣ ͍ ͚ͪ͊ͦͣ͊͟ͻ ό͎ͦͪͦͣ͊͟ͻύ 

ͦͣͫͦͣͦ͊͟͡η ώмпΣ ˶Φ мϐΦ 

 

¶ ʕ  ͪΎ͔͒ ͔͙͙ͨͪͦ͒;͔͙ͫ͟ͻ ͙͙͚͒͊ͤ͘ ͍ ͔͔͊ͨͪ͡ςͣ ͔͊ мфпр ͎Φ ͋·͙͡ ͙͍ͦͨͯ͋ͦ͊ͤ͟͡· ͔͙ͣ͊ͭͪ͊͡·Σ 

                                                           
4 ˤ·͒͊;͊ ͦͫͯ΅͔͍ͫͭ͡Ύ͊ͫ͡Έ ͤ͊ ͍͔͚ͦͣ͒ͤͦ͘͘ ͍͔ͦͫͤͦΣ ͨͦ ͫͦͫͭͦΎ͙ͤΌ ͤ͊ мфпр ͎Φ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͋·ͦ͡ ͍͔͙ͤͫͭ ͫͯͣͣͯ ͍ 
͔͔ͪ͊ͣͪ͘ о ͔͚ͪͯ͋͡ ώтΣ ˶Φ рΤ ммΣ ˿Φ нϐΣ ͨͦ ͫͦͫͭͦΎ͙ͤΌ ͤ͊ мфпс ͎Φ ς н ͔͚ͪͯ͋͡ ώмнΣ ˿Φ мпϐΦ ˻ͭ ͔͔ ͯͨ͊ͭ͡· ͍͙ͦͫͦ͋ͦ͗͒͊ͫ͡Έ 
͔ͤͦͭͦͪ͟·͔ ͙͊ͤ͒͒͊ͭ͟· ͍ ;͔ͤ͡· ˤ˶˴˿˸Σ ͙͔ͤ͊ͨͪͣͪΣ ͙͡ͼ͊ ͪΎ͍͎͒ͦͦͦΣ ͔͎ͫͪ͗͊ͤͭͫͦͦ͟ ͙ ͫͭ͊ͪ΄͙͎ͤͫͦͦ͟ ͍ͫͦͫͭ͊͊ 
͍͔ͦͦͪͯ͗ͤͤ·ͻ ͙ͫ͡ ˿˿˿˾Σ ͨͦͯ͡;͍͊΄͙͔ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͒ͦ ор ͔͚ͪͯ͋͡ ώммΣ ˿Φ нΤ мнΣ ˿Φ мпϐΦ 
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͍ͨͦͫΎ΅͔ͤͤ·͔ ͍ͪͯ;͔͙ͤΌ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ ζʕ ˶˴˿˸η ͙͡ ͼ͊ͣΣ ͔ͯ͗ ͫͦͫͭͦΎ͍΄͙ͣ ;͔͙ͤ͊ͣ͡ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͚ ͯ;͔͋ͤ·ͻ ͍͔͔͙͚͊͒ͤ͘Σ ͍͙͙ͦͤͫ͟ͻ ;͔͚͊ͫͭΣ ͨͪͦͣ·΄͔ͤͤ͡·ͻ ͔͙ͨͪ͒ͨͪΎ͙͚ͭ ώмрΣ ˿Φ мΤ мсΣ ˿Φ нΤ мтΣ 

˿Φ мϐΦ ˤ ͒͊ͤͤ·ͻ ͫͭ͊ͭΈΎͻ ͦͫͦ͋ͦ ͨͦ͒;͔͙͍ͪ͊ͦͫ͟͡ΈΣ ;ͭͦ ͍ͪͯ;͔͙͔ͤ ͯ͊͊ͤͤ͘͟·ͻ ͤ͊͘;͍ͦ͟ ͔͔ͫ͒ͯͭ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ 

͍ ͊͟;͔͍͔ͫͭ ͨͦͦ΅͔͙ͪͤΎ ͔͔͍ͨͪ͒ͦ·ͻ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͚Σ ͊ ͔ͭ͊͗͟ ͺ͊ͭ͟ ͙ͦͭ͊͟͟͡ ͍ͭͪͯ͒ͦ·ͻ 

͔͙͍͍ͦͭͦ͟͟͡͡ ͤ͊ ͙ͻ ͍ͪͯ;͔͙͔ͤ ͫͭ͊ͻ͍͙͊ͤͦͫͣ͟ ͭͪͯ͒ͦͣΦ ˴͔ͪͦͣ ͎ͭͦͦΣ ͙͍͔ͫͭͤ͘· ͎͙͊ͤ͊ͦ͡;ͤ·͔ ͔͙ͣ͊ͭͪ͊͡·Σ 

͔ͭ͊͗͟ ͙͔͒͊ͭͪͯͣ·͔ мфпр ͎ΦΣ ͊ͫ͊͟Ό΅͙͔ͫΎ ͍ͪͯ;͔͙ͤΎ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ζʕ ˶˴˿˸η ͙͡ ͼ͊ͣΣ ͍ͫͭͯͨ͊Ό΅͙ͣ ͍ 

ͦͣͫͦͣͦ͟͡ ώмуΣ ˿Φ мϐΦ  

¶ ̆ ͦͭΎ ͨͦ ͒͊ͤͤ·ͣ ώмрΣ ˿Φ мΤ мфΣ ˿Φ мϐ ͙͔͔ͤ͊͋ͦ͡ ͔͔ͪ͊ͤͤ ͍ͪͯ;͔͙͔ͤ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ ζʕ ˶˴˿˸η 

͙͔͒͊ͭͪͯͭͫΎ ол ͣ͊ͪͭ͊ мфпр ͎ΦΣ ͔ͤ͡Έ͘Ύ ͙ͫ͟͡Ό;͙ͭΈ ͙ ͔͔͋ͦ͡ ͔͔ͪ͊ͤͤ ͙ͻ ͍ͪͯ;͔͙͔ͤΦ ̏ͭͦ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡ 

͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͙ͤͺͦͪͣ͊ͼ͙͙ ͙͘ ͫͭ͊ͭΈ͙ ζʕ ͪͯ;͔͙͔ͤ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ζʕ ˶˴˿˸ηΣ ͙͍͚ͦͨͯ͋ͦ͊ͤͤͦ͟͡ ͍ 

ͺ͔͍ͪ͊͡Έͫͦͣ͟ ͔͔ͤͦͣͪ ͗ͯͪͤ͊͊͡ ζ˴ ͦͣͫͦͣͦ͡Έ͙͚ͫ͟ ͙ͪ͊͋ͦͭͤ͟ηΣ ͙͎ͨͦ͒ͨͫ͊ͤͤͦͦ ͟ ͔ͨ;͙͊ͭ нсΦлоΦмфпр ͎ΦΥ 

ζ˿ ͔͚;͊ͫ ͍ ͍ͫΎ͙͘ ͫ ͍͚ͣ͊ͫͫͦͦ ͍·͒͊;͔͚ ͤ͊͘;͍ͦ͟ ͍ ΄͔͚ͫͭͦ ͎ͪ͊ͺ͔ ώͦͣͫͦͣͦ͟͡Έ͎ͫͦͦ͟ ͙͔͋ͭ͊͡ ς ͙ͨͪͣΦ ͍͊ͭͦͪ͊ϐ 

͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͭ͊͊͟Ύ ͙͊ͨͫ͘ΈΥ ζ˽ ͍͔͙͔ͦͫͭ͊ͤͦͤ͡ ·LLL ͔ͨͤͯͣ͊͡ ̇˴ ˤ˶˴˿˸ ͦ ͍͍͔͔͙͙͒ͤ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ 

͒͡Ύ ;͔͍ͤͦ͡ ͦͣͫͦͣͦ͊͟͡η ώнлΣ ˿Φ нлϐΦ 

¶ ʕ  ͦͭ;͔ͭͤ·ͻ ͺͦͪͣ͊ͻ ζ˻ ͋ ͙ͪ͊ͫ͘ͻ͍͙͙ͦ͒ͦ͊ͤ ͍͋͊ͤͦ͟͡ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͙͔͍͋ͭͦ͡Σ ͙͙͊ͤ͒͒͊ͭͫ͟͟ͻ 

͊ͪͭͦ͟;͔͟ ͦ͋ͪ͊͘ͼ͊ мфоу ͎Φ ͙ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ Ϧˤ˶˴˿˸Ϧη ͨͦ ͍͔͙ͫͭ͊ͤͦͤ͡Ύ ̇˴ ˤ˶˴˿˸ ͦͭ млΦлмΦ мфпс ͎Φ ζ˻ ͋ 

͙͔͔͙͙ͣͤͤ͘ ͍ ͺͦͪͣ͊ͻ ͦͭ;͔͙ͭͤͦͫͭ ͚͍ͪ͊ͦͣͦ͟Σ ͎͍ͦͪͦͣͦ͟Σ ͍ͦ͋ͦͣͦ͟Σ ͚͍ͪ͊ͦͣͦ͟͟Σ ̇˴ ˶˴˿˸ ͫͦΌͤ͘·ͻ 

͔͙ͪͫͨͯ͋͟͡ ͦ͋ ͙ͪ͊ͫ͘ͻ͍͙͙ͦ͒ͦ͊ͤ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͙͔͍͋ͭͦ͡Σ ͙͙͊ͤ͒͒͊ͭͫ͟͟ͻ ͊ͪͭͦ͟;͔͟ ͙ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ 

Ϧˤ˶˴˿˸Ϧη ώнмΣ ˿Φ оπпϐ ͙ͯͨͦͣͤ͊ΌͭͫΎ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͎ͤ͊ͪͯ͒ͤ·͔ ͤ͊͘;͙͟ ζʕ ˶˴˿˸η ς ͨ ͯͤͭ͟ ζ͒η ͫͭ ͊ͭΈ͙ п 

όζʕ·͒͊ͤͦ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ ζʕ ˶˴˿˸ηΣ ͍͔͊ͣͤ͘ ͙ͫͨͦͪ;͔ͤͤ·ͻηύ ͙ ͫͭ͊ͭΈΎ р όζ˴ͦ ͙͡;͔͍ͫͭͦ ͎ͤ͊ͪͯ͒ͤ·ͻ 

ͤ͊͘;͍ͦ͟ ζʕ ˶˴˿˸ηΣ ͙͘ΆΎͭ·ͻ ͯ ͙ͫ͟͡Ό;͔ͤͤ·ͻ ͙͘ ͦͣͫͦͣͦ͊͟͡ηύΦ  

¶ ʕ  ζˮ ͤͫͭͪͯ͟ͼ͙͙ ͦ͋ ͯ;͔͔ͭ ;͔͍ͤͦ͡ ͙ ͙͍͊ͤ͒͒͊ͭͦ͟ ͍ ;͔ͤ͡· ˤ˶˴˿˸Σ ͦ ͨͦͪΎ͔͒͟ ͻ͔͙ͪ͊ͤͤΎΣ ͍·͒͊;͙ 

ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͔͍͒ͦͯͣͤͭͦ͟ ͙ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧʕ ˶˴˿˸Ϧ ͍ ͙͎ͨͦͭͦͪ͊ͤ͊͡ͻ ͙ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ 

͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͻ ˤ͔ͦͦͪͯ͗ͤͤ·ͻ ˿͙͡ ˿ͦΌ͊͘ ˿˿˾ηΣ ͙͔͚͒͊ͭͪͯͣͦ лтΦмнΦ мфпс ͎Φ ͙ ͍͍͔͔͚͒ͤͤͦ ͍ ͔͚͍͙͔͒ͫͭ ͫ лмΦлоΦ 

мфпт ͎Φ ͔ͭ͊͗͟ ͙ͯͨͦͣͤ͊ΌͭͫΎ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͎ͤ͊ͪͯ͒ͤ·͔ ͤ͊͘;͙͟ ζʕ ˶˴˿˸η ώмнΣ ˿Φ моπмпϐΦ   

 

˶Ό͋ͦͨ·ͭͤͦΣ ;ͭͦ ͻͦͭΎ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ ζʕ ˶˴˿˸η ͤ͊ ;͊ͦͫ͡Έ ͔΅͔ ͍ L± ͍͔͊ͪͭ͊͟͡ мфпп 

͎Φ ώннΣ ˶Φ тπфϐΣ ͍ͪͯ;͔͙͔ͤ ς ͔ͤ ͔͔ͨͦ͒ͤ͘ ͣ͊ͪͭ͊ мфпр ͎ΦΣ ͔ͭͻ͙ͤ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡Ύ ό͔͔͒͊͡ ς ́̂ύ ͤ͊ ͙ͻ ͙͎͍͔͙͔ͦͭͦͤ͘͡ 

͋·͙͡ ͍͔͔ͯͭͪ͗͒ͤ· ͭͦ͡Έͦ͟ ͍ ͦͤ͟ͼ͔ ͣ͊Ύ мфпр ͎Φ ώноΣ ˶Φ мΣ пϐΦ  

˿͎ͦ͊ͫͤͦ͡ ζ˴ ͪ͊ͭͦͣͯ͟ ͙͙ͦͨͫ͊ͤΌηΣ ͔͍ͨͪ͒͊ͪΎ͍΄͔ͣͯ ͍͔ͫͦ͋ͫͭͤͤͦ ́̂Σ ͤ͊͘;ͦ͟ ͔͒ͦ͗ͤ͡ ͋·͡ ͍·͎͡Ύ͔͒ͭΈ 

͔ͫ͒ͯ͡Ό΅͙ͣ ͦ͋ͪ͊ͦͣ͘ ό˾͙ͫͯͤͦ͟ пύΥ 

 

ζΦ LΦ ˴˾ˢ́˴˻˩ ˻˽ˮ˿ˢ˹ˮ˩ 

1. ζ˹ ͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͙͔ͦ͋ͪ͊͗͊ͭ͘ ͚ͫͦ͋ͦ ˴͔ͪ͊ͫͤͦ ͤ͊ͣ͘ΎΣ ͍͔͔ͪ͊ͪͤͯͭͦ͘ ͍͍ͨͪ͊ͦ ͦͭ 

͔͍͒ͪ͊͟Φ ˹͊ ͔͙ͤ͊ͣͤ͘ ͔ͨͦͣ΅͔ͤ ͎ͪͯ͟Σ ͍ ͦͭͦͪͦͣ͟ ͙͔ͦ͋ͪ͊͗ͤ͊͘ ͨΎ͙͔ͭͦͤ͟;ͤ͊Ύ ͍͔͒͊͘͘ ͫ ͙ͤ͊͒ͨͫΈΌ Ϧˤ˶˴˿˸ϦΦ 

2. ˽͍͔ͦͪͻͤͦͫͭΈ ͔͙ͤ͊ͣͤ͘ ͙ ͨΎ͙͔ͭͦͤ͟;ͤ͊Ύ ͍͔͒͊͘͘ ͨͦͪ͟·ͭ· ͙͍ͪͯ͋ͤͦͦπ͟ ͚ͪ͊ͫͤͦ Ήͣ͊͡ΈΌ ͙ 

͍ͦ͊ͤͭͦ͊ͤ͟· ͍·ͫͭͯͨ͊Ό΅͙ͣ ͨͦͦͦ͘͡;͔ͤͤ·ͣ ͦ͋ͦ͒ͦͣ͟Φ  

3. ˹͙͊͒ͨͫΈ ͤ͊ ͍͔͔͒͘͘ Ϧˤ˶˴˿˸ϦΣ ͦ͋ͦ͒ͦ͟Σ ͦ͋ͪ͊ͣ͡ΎΌ΅͙͚ ͎ͪͯ͟ ͙ ͔͍͒ͪͦ͟ ͔͙ͤ͊ͣͤ͘ ͨͦͦͦ͘͡;͔ͤ·Φ  

4. ˽͔͙ͪͦͣ͗ͯͭ͟ ͔ͣ͗͒ͯ ͦͤ͟ͼ͙͊ͣ ͍͔͒͘͘· ͔ͫ͒͊ͤ͡· ͍·ͨͯ͟͡·͙ͣ ͨͦͦͦ͘͡;͔ͤͤ·͙ͣ ͙͙ͤ͡Ύ͙ͣΣ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·͙ͣ ͟ ͼ͔ͤͭͪͯΦ  

5. ˭ͤ͊;ͦ͟ ͔͙ͣͭ͊͡͡;͔͙͚ͫ͟Φ ˾͔͊ͣͪ͘· ͤ͊͘;͊͟Υ ͨͦ ͍·͔ͫͦͭ ς му ͣͣΣ ͨͦ ΄͙͙͔ͪͤ ς нм ͣͣΣ ͫ ͒ͦͨͯͫͦͣ͟ ҕ 

лΣр ͣͣΦ  

6. ˹͊ ͔͔͙͔ͫͪ͒ͤ ͚ͦ͋ͦͪͦͭͤͦ ͫͭͦͪͦͤ· ͤ͊͘;ͦ͟ ͙͔͔ͣͭ ͍͋ͯ͊ͯ͟͡ ͒͡Ύ ͙͔͔͙ͨͪͪͨͤ͟͡Ύ ͟ ͔͔ͦ͒͗͒Φ  
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˽˾ˮ˸˩̉ˢ˹ˮ˩Υ ˭ͤ͊;͙͟Σ ͫ ͎͙ͫͦ͊ͫ͡Ύ ͊͊͘͘͟;͙͊͟Σ ͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͦͦͭ͊͘͡ ͎ͣͦͯͭ ͋·ͭΈ ͙͍͊ͭͯͤͪͦ͊ͤͤ͡·͙ͣ 

͍͔ͣͫͭͦ ͦͦ͘͡;͔ͤ·ͻη ώноΣ ˶Φ мϐΦ  

́̂ ͔͙ͫͦ͒ͪ͗͊͡ ͍ ͔͔ͫ͋ ͔ͤ ͭͦ͡Έͦ͟ ͔͔ͨͪ;͔ͤΈ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ ͤ͊͘;͍ͦ͟Σ 

ͤͦ ͙ ͪΎ͒ ͎͙͒ͪͯͻ ͔͙͚ͨͦͦ͗ͤ͡Σ ͊ͫ͊͟Ό΅͙ͻͫΎ ͙ͻΥ  

 

ζLLΦ ́˩̆˹ˮ̉˩˿˴ˮ˩ ̂˿˶˻ˤˮ̒Φ 

 

ˢΦ ˸͔͙͊ͭͪ͊͡· ͒͡Ύ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ ͤ͊͘;͊͟Φ  

7. ˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ ͙͎͍ͦͭͦ͘͡Ύ͔ͭͫΎ ͙͘ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͯ͊͊ͤͤ͘͟·ͻ ͍ ͙ͭ͊͋͡ͼ͔ Ѕ мΦ  

 

͙́͊͋͡ͼ͊ м  

Ѕ ˽  ˽ ˹͙͔͍͙͔͊ͣͤͦ͊ͤ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ́ͦ͡΅͙ͤ͊ ͍ ͣͣΦ ˹͊ͤ͊͘;͔͙͔ͤ 

м ˶͙͍͚ͫͭͦͦ ͭͦͣͨ͊͟ ˶́πфл мΣсҕлΣм ˹͊ ͙͎͍͔͙͔ͦͭͦͤ͘͡ ͍ͦͫͤͦ· ͤ͊͘;͊͟Φ 

н ˽͍ͪͦͦͦ͊͟͡ ͫͭ͊͡Έͤ͊Ύ лΣсҕлΣм ˹͊ ͙͎͍͔͙͔ͦͭͦͤ͘͡ ͍͙͋ͯ͊͟͡Φ 

о ˭ͦͦͭͦ͡ ффф ͨͪͦ͋·  ˹͊ ͦͦ͘͡;͔͙͔ͤ ͤ͊͘;͍ͦ͟ ͫ ͙ͦ͋ͦͻ ͫͭͦͪͦͤΦ 

п ̏ͣ͊͡Έ ͨͪͦͪ͊͘;ͤ͊Ύ ͙͍ͪͯ͋ͤͦͦπ͟ ͪ͊ͫͤ͊Ύ Ѕ о  ˨͡Ύ ͨͦͪ͟·͙ͭΎ ͔ͦͭ͒͡Έͤ·ͻ ;͔͚͊ͫͭ 
ͤ͊͘;͊͟ ͯ͊͊ͤͤ͘͟·ͻ ͍ ͎ͨ͊ͪ͊ͪ͊ͺ͔ нΦ 

 

ˣΦ ˻͍ͫͤͦͤ·͔ ͒͊ͤͤ·͔ ͨͦ ͔ͦ͋ͪ͊͋ͦͭ͟ ͤ͊͘;͊͟ 

уΦ ˭ͤ͊;ͦ͟ ͔͔͒͊ͭͫ͡Ύ ͼ͔͡Έͤͦ΄͍ͭ͊ͣͨͦ͊ͤͤ·ͣ ͙͘ ͎ͦ͒ͤͦͦ ͯͫ͊͟͟ ͔ͣͭ͊͊͡͡Φ 

фΦ ˮ͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͤ͊ ͤ͊͘;͔͟ ͒ͦ͗ͤ͡· ͋·ͭΈ ;͔͙͙ͭͣ͟ ͙ ͔ͤ ͍͔ͫ͒ͦͤͤ·͙ͣΦ  

млΦ ˻͋ͦͪͦͭͤ͊Ύ ͫͭͦͪͦͤ͊ ͤ͊͘;͊͟ ͔ͣͦ͗ͭ ͋·ͭΈ ͎͊͒͊͟͡Ύ ͙ ͔ͪ͡Έ͔ͺͤ͊ΎΦ  

ммΦ ˭ͤ͊;ͦ͟ ͔ͤ ͔͒ͦ͗ͤ͡ ͙͔ͣͭΈ ͔͊ͯͫͤ͘ͼ͔͍ ͤ͊ ͪ͊͟ΎͻΦ 

мнΦ͔͍͔̏ͣ͊ͦ͡ ͨͦͪ͟·͙͔ͭ ͤ͊ ͤ͊͘;͔͟ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͍ͪͦͤ·ͣΣ ͙͍ͦ͒ͤ͊ͦ͟·ͣ ͨͦ ͼ͍͔ͭͯΣ ͔ͤ ͙͔ͣͭΈ ͨΎ͔ͭͤΣ 

ͼ͙͊ͪ͊ͨͤ ͙ ͔ͭͪ΅͙ͤ ͊͘ ͙ͫ͟͡Ό;͔͙͔ͤͣ ͔͙͙͒ͤ;ͤ·ͻ ͭͦ;͔͟Σ ͎ͫͦ͊ͫͤͦ͡ ͍͔͔ͯͭͪ͗͒ͤͤ·ͻ ͦ͋ͪ͊͘ͼ͍ͦΦ 

моΦ ˭͔ͦͦͭͦ͡ ͨͦͪ͟·͙͔ͭ ͤ͊͘;͊͟ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ Ή͔͙͙ͭͪͦͭ͟͡͡;͔͙ͫͣ͟ ͔ͣͭͦ͒ͦͣ ͭͦ͡΅͙͚ͤͦ оҕлΣо 

͙ͣͪͦͤ͊͟ ͙ ͒ͦ͗ͤͦ͡ ͙͔ͣͭΈ ͎͡Ύͤͼ͔͍ͯΌ ͍͔ͨͦͪͻͤͦͫͭΈΦ 

мпΦ ˭͔ͦͦͭͦ͡ ͨͦͪ͟·͙͔ͭ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͦ͒ͤͦͪͦ͒ͤ·ͣ ͨͦ ͼ͍͔ͭͯ ͙ ͔ͤ ͙͔ͣͭΈ ͤ͊ ͔͔ͫ͋ ͨΎ͔ͭͤΣ ͔͍ͨͦ͒ͭͦ͟ ͙ 

͔͍ͫ͒ͦ͡ ΄͔ͯ͡΄͔͙ͤΎΦ 

мрΦ ˣ͍ͯ͊͊͟͡ ͤ͊͘;͊͟ ͙͎͍ͦͭͦ͘͡Ύ͔ͭͫΎ ͙͘ ͫͭ͊͡Έ͚ͤͦ ͍͙ͨͪͦͦͦ͟͡ ͙͔͒͊ͣͭͪͦͣ лΣсл ҕ лΣм ͣͣ ͙ ͙͚͒ͤͦ͡ 

мпҕлΣр ͣͣΦ ˤ·ͫͦͭ͊ ͍͙͋ͯ͊͟͡ ͒ͦ͗ͤ͊͡ ͋·ͭΈ п ҕ лΣр ͣͣ ͙ ͎͙͊͋͘ ͪ͟Ό;͊͟ н π лΣо ͣͣΦ ˴ͦͤͼ· ͍͙͋ͯ͊͟͡ ͔ͤ ͒ͦ͗ͤ͡· 

͍·ͫͭͯͨ͊ͭΈ ͊͘ ͪ͊͟Ύ ͤ͊͘;͊͟Φ ˻͙͔ͫͭͪ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͻͦͪͦ΄ͦ ͦ͋ͭͦ;͔ͤͦΦ 

мсΦ ˽ ͙͚ͪͨ͊͊͟ ͍͙͋ͯ͊͟͡ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͨͦ ͔͔͙͔ͫͪ͒ͤ ͚ͦ͋ͦͪͦͭͤͦ ͫͭͦͪͦͤ· ͤ͊͘;͊͟ ͎͙ͦͪͦͤͭ͊͘͡Έͤͦ 

͙͔ͨͪͨͦͣ ͙ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͨͪͦ;͚ͤͦΦ 

мтΦ ˤͦ ͍͔ͫͣ ͦͫͭ͊͡Έͤͦͣ ͤ͊͘;ͦ͟ ͔͒ͦ͗ͤ͡ ͙͎͍ͦͭͦ͘͡ΎͭΈͫΎ ͍ ͭͦ;ͤͦͣ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ;͔͔ͪͭ͗ͦͣ ͙ 

͍͔͔ͯͭͪ͗͒ͤͤ·ͣ ͦ͋ͪ͊͘ͼͦͣΦ 

 

LLLΦ ˽˾ˢˤˮ˶ˢ ˽˾ˮ˩˸˴ˮ ˭˹ˢ̉˴˻ˤΦ 

 

муΦ ˴ ͊͗͒·͚ ͤ͊͘;ͦ͟ ͙͍͔ͦͫͣ͊ͭͪ͊ͭͫΎ ͍ ͔ͦͭ͒͡Έ͙ͤͦͫͭ ͙ ͙͙͔ͨͪͤͣ͊ͭͫΎ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͔ͭͻ͙ͤ;͔͙͙ͫͣ͟ 

͍͙ͯͫͦ͡Ύ͙ͣΣ ;͔͔ͪͭ͗ͦͣ ͙ ͫ ͍͔͔ͯͭͪ͗͒ͤͤ·ͣ ͦ͋ͪ͊͘ͼͦͣΦ 

 

˱̂Φ ˸˩́˻˨ ˮ˿˽̍́ˢ˹ˮ̒ ˭˹ˢ̉˴˻ˤΦ 

 

мфΦ ˽ͪͦ;ͤͦͫͭΈ ͙͚͙ͨͪͨ͊͟ ͍͙͋ͯ͊͟͡ ͒ͦ͗ͤ͊͡ ͔͔ͦͨͪ͒͡ΎͭΈͫΎ ͙͔ͤ͊͗͊ͭͣ ͦͭ ͙ͪͯ͟ ͤ͊ ͙ͦͣ͘͡ ͤ͊ ͔ͦͤ͟ͼ ͍͙͋ͯ͊͟͡Φ 
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˻ͫͦ͋ͦ ͦͭ ͚͊͗͒ͦ͟ ͙͙ͨ͊ͪͭ ͍ млл ͤ͊͘;͍ͦ͟ ͙͔ͦͭ͋ͪ͊ͭͫΎ м ͤ͊͘;ͦ͟ ͙ ͦͨͪͦ͋·͍͔͊ͭͫΎ ͤ͊ ͦͭͪ·͍ ͤ͊ 

͔ͫͨͼ͙͊͡Έͤͦͣ ͔͊ͨͨ͊ͪ͊ͭ ͎ͪͯͦͣ͘ о ͎͟Φ 

ˤ ͫͯ͡;͔͊ ͦͭͪ·͍͊ ͍͙͋ͯ͊͟͡ ͍͔ͨͪͦͪΎ͔ͭͫΎ ͍ͫΎ ͙ͨ͊ͪͭΎΦ 

нлΦ ˣ͍ͯ͊͊͟͡ ͤ͊͘;͊͟ ͒ͦ͗ͤ͊͡ ͻͦͪͦ΄ͦ ͙͙ͨͪͯ͗ͤͭΈ ͙ ͔ͨͦͫ͡ рπͭ ͙ ͎ͪ͊ͭͤͦͦ͟ ͦͭͪ͟·͍͙͊ͤΎ ͙ ͊ͪ͘͟·͙ͭΎ 

͙͔ͦͫͭͪ ͒ͦ͗ͤͦ͡ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͙ͨͦ͒ͤͣ͊ͭΈͫΎ ͍͍͔ͪͻ ͤ͊ ͎ͯͦ͡ ͔ͤ ͔͔͔ͣͤ олϲΣ ͍ ͙͍ͨͪͦͭͤͦͣ ͫͯ͡;͔͊ ͤ͊͘;ͦ͟ 

͔͋ͪ͊ͯͭͫ͟ΎΦ 

нмΦ ́ͦ͡΅͙ͤ͊ ͨͦͦͦͭ͘͡· ͍͔ͨͪͦͪΎ͔ͭͫΎ ͦͭ ͙͙ͨ͊ͪͭ ͍ мллл ΄ͭͯ͟ ͤ͊ нπͻ ͤ͊͘;͊͟ͻ ͊͋ͦͪ͊ͭͦͪͤ͡·ͣ 

ͫͨͦͫͦ͋ͦͣΦ 

˩͙ͫ͡ ͭͦ͡΅͙ͤ͊ ͨͦͦͦͭ͘͡· ͔͋ͯ͒ͭ ͔͔͔ͣͤ ͔͚͒ͦͨͯͫ͊ͣͦ͟Σ ͒͡Ύ ͙ͫͨ·͙ͭ͊ͤΎ ͔͋ͪͯͭͫΎ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ о 

ͤ͊͘;͊͟Φ 

˩͙ͫ͡ ͙ͨͪ ͍ͨͦͭͦͪͤͦͣ ͙ͫͨ·͙͙ͭ͊ͤ ͭͦ͡΅͙ͤ͊ ͨͦͦͦͭ͘͡· ͔ͦ͊͗ͭͫ͟Ύ ͔͔͔ͣͤ ͚ͯ͊͊ͤͤͦ͘͟ ͍ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ 

͍͙ͯͫͦ͡ΎͻΣ ͭͦ ͍ͫΎ ͙ͨ͊ͪͭΎ ͍͍ͦͪ͊͘΅͔͊ͭͫΎ ͍ ͼ͔ͻ ͤ͊ ͙͍͔͙͔ͫͨͪ͊ͤ͡Φ 

ннΦ ˴͊;͔͍ͫͭͦ Ή͔͍͎ͣ͊ͦͦ͡ ͨͦͪ͟·͙ͭΎ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͨͦ ͍͔ͤ΄͔ͤͣͯ ͍͙͒ͯ ͙ ͙ͫͨ·͙͔ͭ͊ͤͣ ͤ͊ 

ͨͪͦ;ͤͦͫͭΈ ͨΎ͙ͭͪ͊ͭͤ͟·ͣ ͔͔͔ͨͦͨͪͣͤͤ·ͣ ͙͔ͦͨͯͫ͊ͤͣ͟ ͍ ͙ͨ͟Ύ΅ͯΌ ͙ ͻͦͦ͒ͤͯ͡Ό ͍ͦ͒ͯ оπͻ ͤ͊͘;͍ͦ͟ ͦͭ 

͙͙ͨ͊ͪͭ ͍ млл ΄ͭͯ͟Φ 

˩͙ͫ͡ Ήͣ͊͡Έ ͔ͦͨͤͭ͡ ͻͦͭΎ ͋· ͤ͊ ͦ͒ͤͦͣ ͤ͊͘;͔͟ π ͙ͫͨ·͙ͭ͊ͤΌ ͍͔͎͔ͨͦ͒ͪ͊ͭͫΎ ͍ͫΎ ͙ͨ͊ͪͭΎΦ 

 

̂Φ ̂˽ˢ˴˻ˤ˴ˢ ˮ ˸ˢ˾˴ˮ˾˻ˤ˴ˢ ˭˹ˢ̉˴˻ˤΦ 

 

ноΦ ˭ͤ͊;͙͟ ͨͦ мл ΄ͭΦ ͍͔͊ͪͭ͘·͍͊ΌͭͫΎ ͍ ͍͒͊ ͫͦ͡Ύ ͍ ͭͦͤͯ͟Ό ͨͦͭͤͯ͡Ό ͔ͦ͋ͪͭͦ;ͤͯΌ ͎͋ͯͣ͊ͯΦ ˭͔͊ͭͣ ͨͦ 

млл ΄ͭͯ͟ ͤ͊͘;͙͟ ͯ͊͒͟͡·͍͊ΌͭͫΎ ͍ ͊ͪͭͦͤͤ͟·͔ ͙ͦͪͦ͋͟͟Σ ͤ͊ ͦͭͦͪ͟·ͻ ͯ͊͘͟·͍͔͊ͭͫΎ ͙͔͍͙͔ͤ͊ͣͤͦ͊ͤ ͙ 

͙ͦ͟͡;͔͍ͫͭͦ ͤ͊͘;͍ͦ͟Φ 

ˤͤͯͭͪΈ ͚͊͗͒ͦ͟ ͙ͦͪͦ͋͟͟ ͍͊͒͟͡·͍͔͊ͭͫΎ ͭ͊ͦͤ͡Σ ͫ ͙͔ͯ͊͊ͤͣ͘͟ ͙͙ͨ͊ͪͭΣ ͙͔͍͙ͤ͊ͣͤͦ͊ͤΎ ͙ ͙ͦ͟͡;͔͍ͫͭ͊ 

͙͔͙͚͒͘͡Σ ͒͊ͭ· ͙͔͙ͨͪͣ͟Σ ЅЅ ͔ͦͤͭͪͦͪ͊͟͡ ͙ ͍ͯͨ͊ͦ͟΅͙͊͟Φ 

нпΦ ˹͊ ͚ͦ͋ͦͪͦͭͤͦ ͔ͫͭͦͪͦͤ ͤ͊͘;͊͟ ͍·΄͍ͭ͊ͣͨͦ·͍͔͊ͭͫΎ ͍͊ͦ͒ͫ͊͘͟Ύ ͣ͊ͪ͊͟Σ ͤ͊͘͟Φ 

нрΦ ˨͡Ύ ͙͎͙ͤͦͦͪͦ͒ͤͻ ͍ͦͭͨͪ͊ͦ͟ ͙͔͙͒͘͡Ύ ͍ͯͨ͊ͦ͟·͍͊ΌͭͫΎ ͍ ͔͔͍͒ͪΎͤͤ·͔ Ύ΅͙͙͟ ͫ ͍͊͗ͤͦͫͭ͡ΈΌ ͔ͤ 

͔͔͋ͦ͡ ол҈Σ ͨͦ ͍͙ͨͪ͊͊ͣ͡ ͍͙ͯͨ͊ͦ͟͟ ͨͯͤͭ͊͟ Ѕ ноΦ 

нсΦ ˹͊ Ύ΅͙͊͟ͻ ͤ͊ͤͦͫΎͭ ͙͙ͤ͊͒ͨͫ ͚ͪ͊ͫͦ͟͟Υ  

͊κ͙͔͍͙͔ͤ͊ͣͤͦ͊ͤ ͍ͨͦͫͭ͊΅͙͊͟ ͙ ͔͎ͦ ͔͊͒ͪͫΣ  

͋κ͔͊͒ͪͫ ͙ ͙͔͍͙͔ͤ͊ͣͤͦ͊ͤ ͎ͪͯͦͨͦͯ͘͡;͔͊ͭ͡ΎΣ  

͍κ͙͔͍͙͔ͤ͊ͣͤͦ͊ͤ ͙͔͙͚͒͘͡ ͙ ͙ͦ͟͡;͔͍ͫͭͦΦ 

ˤͤͯͭͪΈ Ύ΅͙͊͟ ͍͊͒͟͡·͍͔͊ͭͫΎ ͭ͊ͦͤ͡ ͫ ͙͔ͯ͊͊ͤͣ͘͟ Ѕ ͨ ͙͙͊ͪͭΣ ͙ͦ͟͡;͔͍ͫͭ͊ ͙ ЅЅ ͟ ͔ͦͤͭͪͦͪ͊͡ ͙ 

͍ͯͨ͊ͦ͟΅͙͊͟Φ 

 

L̂Φ ̆˾ˢ˹˩˹ˮ˩ ˮ ́˾ˢ˹˿˽˻˾́ˮ˾˻ˤ˴ˢ ˭˹ˢ̉˴˻ˤ 

 

нтΦ ͔͙͔̆ͪ͊ͤͤ ͙ ͙͍ͭͪ͊ͤͫͨͦͪͭͪͦ͊͟ ͤ͊͘;͍ͦ͟ ͔͒ͦͨͯͫ͊ͭͫ͟Ύ ͭͦ͡Έͦ͟ ͍ ͫͯͻ͙ͻ ͔͔͍͒ͪΎͤͤ·ͻ Ύ΅͙͊͟ͻΦ 

͔͙͔̆ͪ͊ͤͤ ͤ͊͘;͍ͦ͟ ͍ ͔ͨͦͣ΅͔͙͙ͤ ͫ ͍͔΅͔͍͙ͫͭ͊ͣ ͍͔ͪ͒ͤͦ ͔͚͍͒ͫͭͯΌ΅͙͙ͣ ͤ͊ ͔ͣͭ͊͡͡ π ͤ ͔ 

͔͒ͦͨͯͫ͊ͭͫ͟ΎΦ 

˽˾ˮ˶˻ˬ˩˹ˮ˩Υ ͔͔̉ͪͭ͗ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͟η͊ ώноΣ ˶Φ мπпϐΦ 
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˾͙ͫͯͤͦ͟ п ς ˻͋ͪ͊͘ͼ͍ͦ·͚ ;͔͔ͪͭ͗ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸ 

ˮͫͭͦ;͙ͤ͟Υ ώноΣ ˶Φ млϐΦ 
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˹͔ͫͣͦͭͪΎ ͤ͊ ͭͦΣ ;ͭͦ ͎ͫͦ͊ͫͤͦ͡ ͔͔ͨͪ;ͤΌ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͯͨͦͣΎͤͯͭ·ͻ ͍ ͙ͭ͊͋͡ͼ͔ Ѕ м ́̂Σ ͍ ͔͎ͤͦ ͍ͻ͙ͦ͒ͦ͡ 

ͦͦͭͦ͘͡ фффπ͚  ͨͪͦ͋·Σ ͙͍͚ͫͭͦͦ͡ ͭͦͣͨ͊͟ ˶́πфлΣ Ήͣ͊͡Έ ͨͪͦͪ͊͘;ͤ͊Ύ ͪ ͙͍ͯ͋ͤͦͦπ͟ ͪ͊ͫͤ͊Ύ Ѕ о ͙ ͫͭ͊͡Έͤ͊Ύ 

͍ͨͪͦͦͦ͊͟͡Σ ͭͦ͡Έͦ͟ ͔ͨͦͫ͒ͤ͡ΎΎ ͙ͨͦ͘ͼ͙Ύ ͙͍͍ͨͪͫͯͭͫͭͦ͊͊͡ ͍ ͍͔ͫΈͣ͊ ͨͦ͒ͪͦ͋ͤ·ͻ ζʕ ͔͙͒ͦͣͦͫͭ ͤ͊ ͔͙ͣ͊ͭͪ͊͡·Σ 

͍·͔͒͡Ύ͔ͣ·͔ ͨͦ ͺͦͤ͒͊ͣ м̂ ͍͊ͪͭ͊͊͟͡ мфпп ͎Φ ͤ͊ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ ˤ˶˴˿˸ ͙ Ϧˣͯ͒Έ ͎͍ͦͭͦϦη 

͙ ζʕ ͔͙͒ͦͣͦͫͭ ͤ͊ ͔͙ͣ͊ͭͪ͊͡·Σ ͍·͔͒͡Ύ͔ͣ·͔ ͨͦ ͺͦͤ͒͊ͣ м ͍͊ͪͭ͊͊͟͡ мфпр ͎Φ ͤ͊ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͎ͤ͊ͪͯ͒ͤ·ͻ 

ͤ͊͘;͍ͦ͟ ˤ˶˴˿˸ ͙ Ϧˣͯ͒Έ ͎͍ͦͭͦϦη5Σ ͦ ͋ΆΎ͍͔ͤͤ͡·ͻ ͙͔͙ͨͪͦ͗ͤ͡Ύ͙ͣ ЅЅ н ͙ о ͟ ͪ͊ͫͨͦͪΎ͔͙͗ͤΌ ˿͍͔ͦͭ͊ 

˹͊ͪͦ͒ͤ·ͻ ˴͙͍ͦͣͫͫ͊ͪͦ ˾˿̅˿˾ ͦͭ ну ͔ͫͤͭΎ͋ͪΎ мфпп ͎Φ Ѕ ннонπͪ Φ ˨͊ͤͤ·͚ ͙͍ͤͦͪͣ͊ͭͤ·͚ ͊ͭ͟ 

͔͎͔͙͍ͪ͊ͣͤͭͪͦ͊͡͡ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͯ͊͊ͤͤ͘͟·ͻ ͤ͊͘;͍ͦ͟ ͍ L± ͟ ͍͔͊ͪͭ͊͡ мфпп ͎Φ ͙ L ͟ ͍͔͊ͪͭ͊͡ мфпр ͎Φ 

͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ͙ͣΣ ͍͔͍͔ͨͦ͒͒ͦͣͫͭͤͤ·͙ͣ ˹͊ͪͦ͒ͤͦͣͯ ͙͙ͦͣͫͫ͊ͪ͊ͭͯ͟ ͔͚ͣͫͭͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ˾˿̅˿˾Σ 

͍͔͙̂ͨͪ͊ͤ͡Ό ͨͪͦͣ·΄͔͚ͤͤͦ͡ ͔ͦͦͨͪ͊͟ͼ͙͙ ͙ͨͪ ˿͍͔͔ͦͭ ˹͊ͪͦ͒ͤ·ͻ ˴͙͍ͦͣͫͫ͊ͪͦ ˾˿̅˿˾ ͙ ˤ͔ͫͫͦΌͤͦͣͯ͘ 

͔͙͍ͦͦͨͪ͊ͭͤͦͣͯ͟ ͫͦΌͯ͘ ͙͍͙͍ͤ͊͒ͦ͡ ώннΣ ˶Φ сπтϐΥ 

                                                                     ζ˽ ͙͔͙͔ͪͦ͗ͤ͡ Ѕ н ͟ ͪ͊ͫͨͦͪΎ͔͙͗ͤΌ 

˿͍ͦͤ͊ͪͦͣ͊͟ ˾˿̅˿˾ ͦͭ ну ͔ͫͤͭΎ͋ͪΎ  

                                         мфпп ͎ͦ͒͊ Ѕ ннонπͪ 

 

ˤ˩˨˻˸˻˿́̎ 

 

˹ ͊ͣ ͔͙͊ͭͪ͊͡·Σ ͍·͔͒͡Ύ͔ͣ·͔ ͨͦ ͺͦͤ͒͊ͣ м̂ ͍͊ͪͭ͊͊͟͡ мфпп ͎Φ ͤ͊ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ 

ˤ˶˴˿˸ ͙ Ϧˣͯ͒Έ ͎͍ͦͭͦϦ 

˹͙͔͍͙͔͊ͣͤͦ͊ͤ 
͔͙͍ͣ͊ͭͪ͊ͦ͡ 

˩͙͙͒ͤͼ͊ 
͙͔͔͙ͣͪͤ͘Ύ 

ˤ͔͎ͫͦ ͍ ͭͦͣ ;͙͔ͫ͡ ˽͍ͦͫͭ͊΅͙͟ 

˹͊ͪͦͣ͟π
͔ͣͫͭͨͪͦͣ 
˾˿̅˿˾ 

͍͔͙͔̂ͨͪ͊ͤ͡ 
͔ͨͪͦͣͦͦͨ͟π 
ͪ͊ͼ͙͙ 

ˤ͔ͫͦͦͨ͟π
͙ͤͫͦΌ͘ 

˽͍ͪͦͦͦ͊͟͡ ͫͭ͊͡Έͤ͊Ύ 
лΣп ͣͣ 

͎ͪ͟Φ нул ул нлл π ˹͊ͪͦͣ͟;͔͔ͪͣͭ 
˿˿˿˾ 

˿ͭ͊͡Έ ̂ уˢ Ϧ мтлл пнр ммфл оур ππππϦππππ 

˿ͭ͊͡Έ ͋·͔ͫͭͪͦͪπ 
͗ͯ΅͊Ύ 

Ϧ омл тр нмл нр ππππϦππππ 

˹͙ͻ͍ͪͦͣͦ͊Ύ 
͍ͨͪͦͦͦ͊͟͡ 

Ϧ пл мл ну н ππππϦππππ 

˽͙͚ͪͨͦ ͔ͣ͒ͤ·͚ Ϧ рс мс пл π ˹͊ͪͦͣ͟ͼ͍͔͔ͭͣͭ 
˿˿˿˾ 

˻͍ͦͦ͡ ;ͯ΄͍͔ͦͦ͟ Ϧ омΣр фΣл ннΣр π ππππϦππππ 

˿͍͙͔ͤͼ ;ͯ΄͍ͦ͟·͚ Ϧ тΣл нΣл рΣл π ππππϦππππ 

˴͙ͫͦͭ͊͡ ͔ͫͪͤ͊Ύ Ϧ мфул рпл мппл π ˹͊ͪͦͣ͟ͻ͙ͣͨͪͦͣ 
˿˿˿˾ 

˴͙ͫͦͭ͊͡ ͊ͦͭͤ͊͘Ύ Ϧ млпл нул тсл π ππππϦππππ 

˴͙ͫͦͭ͊͡ ͫͦ͡Ύͤ͊Ύ Ϧ нмл сл мрл π ππππϦππππ 

˴͙͊ͯͫͭ͟ Ϧ тол нлл рол π  

ˢͼ͔ͭͦͤ ͙͙͡ 
͙ͤͭͪͦ͊͟͡ 

Ϧ рф мс по π ππππϦππππ 

˿͙ͨͪͭ  
͔͙ͪͭ͟ͺ͙͊ͭ͟ 

͒͟͡Φ нΣп лΣт мΣт π ˹͙͊ͪͦͣͨ͟΅͔ͨͪͦͣ 
˿˿˿˾ 

˴͔͙ͪͦͫͤ ͎ͪ͟Φ нрнл тнл мулл π ˥͍͔͊ͤ͡ͺ͔ͭͫͤ͊͋ 
͙ͨͪ ˿˹˴ ˿˿˿˾ 

ˣ͔͙ͤͤ͘ Ϧ мос оу фу π ˥͍͔͊ͤ͡ͺ͔ͭͫͤ͊͋ 
͙ͨͪ ˿˹˴ ˿˿˿˾ 

͎̊ͨ͊͊ͭ Ϧ нмл сл мрл π ˹͔͙͊ͪͦͣͭͫͭ͟͟͡Έ 
˿˿˿˾ 

˴͊ͪͭͦͤ ͒͡Ύ 
ͦͪͦ͋ͦ͟͟ 

Ϧ упл нпл слл π ˹͊ͪͦͣ͋ͯͣͨͪͦͣ͟  
˿˿˿˾ 

                                                           
5 ˤ ͔͙ͦ͋ͻ ͙͎͙ͦͪͤ͊͡Έͤ·ͻ ͍͔͒ͦͣͦͫͭΎͻ ͔ͫͦ͒ͪ͗͊ͭͫΎ ͙͊ͪͺ͔͙ͣͭ;͔͙͔ͫ͟ ͦ΄͙͙͋͟ ό͙ͦ͟͡;͔͍ͫͭͦ ͔͙ͣ͊ͭͪ͊͊͡Σ ͔ͯ͊͊ͤͤͦ͘͟ ͍ 
͎ͪ͊ͺ͔ ζˤ͔͎ͫͦηΣ ͔ͤ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͔ͫͯͣͣ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͨͦ ͔ͦͭ͒͡Έͤ·ͣ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΎͣύΦ  
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                                                                    ˽͙͔͙͔ͪͦ͗ͤ͡ Ѕ о ͟ ͪ͊ͫͨͦͪΎ͔͙͗ͤΌ 

˿͍ͦͤ͊ͪͦͣ͊͟ ˾˿̅˿˾ ͦͭ ну ͔ͫͤͭΎ͋ͪΎ  

                                          мфпп ͎ͦ͒͊ Ѕ ннонπͪ 

 

ˤ˩˨˻˸˻ ˿́̎ 

 

˹ ͊ͣ ͔͙͊ͭͪ͊͡·Σ ͍·͔͒͡Ύ͔ͣ·͔ ͨͦ ͺͦͤ͒͊ͣ м ͍͊ͪͭ͊͊͟͡ мфпр ͎Φ ͤ͊ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ 

ˤ˶˴˿˸ ͙ Ϧˣͯ͒Έ ͎͍ͦͭͦϦ 

˹͙͔͍͙͔͊ͣͤͦ͊ͤ 
͔͙͍ͣ͊ͭͪ͊ͦ͡ 

˩͙͙͒ͤͼ͊ 
͙͔͔͙ͣͪͤ͘Ύ 

ˤ͔͎ͫͦ ͍ ͭͦͣ ;͙͔ͫ͡ ˽͍ͦͫͭ͊΅͙͟ 

˹͊ͪͦͣ͟π
͔ͣͫͭͨͪͦͣ 
˾˿̅˿˾ 

͍͔͙͔̂ͨͪ͊ͤ͡ 
͔ͨͪͦͣͦͦͨ͟π 
ͪ͊ͼ͙͙ 

ˤ͔ͫͦͦͨ͟π
͙ͤͫͦΌ͘ 

˽͍ͪͦͦͦ͊͟͡ 
ͫͭ͊͡Έͤ͊Ύ лΣп ͣͣ 

͎ͪ͟Φ рнл мнл осл пл ˹͊ͪͦͣ͟;͔͔ͪͣͭ 
˿˿˿˾ 

˽͙͚ͪͨͦ ͔ͣ͒ͤ·͚ Ϧ млп нп тн у ˹͊ͪͦͣ͟ͼ͍͔͔ͭͣͭ 
˿˿˿˾ 

˻͍ͦͦ͡ ;ͯ΄͍͔ͦͦ͟ Ϧ руΣр моΣр плΣр пΣр ππππϦππππ 

˿͍͙͔ͤͼ ;ͯ΄͍ͦ͟·͚ Ϧ моΣл оΣл фΣл мΣл ππππϦππππ 

˴͙ͫͦͭ͊͡ ͊ͦͭͤ͊͘Ύ  Ϧ мсул нпл мнул мсл ˹͊ͪͦͣ͟ͻ͙ͣͨͪͦͣ 
˿˿˿˾ 

˴͙ͫͦͭ͊͡ ͔ͫͪͤ͊Ύ Ϧ ортл умл нпсл олл ππππϦππππ 

˴͙ͫͦͭ͊͡ ͫͦ͡Ύͤ͊Ύ Ϧ офл фл нтл ол ππππϦππππ 

˴͙͊ͯͫͭ͟ Ϧ монл олл фмл ммл ππππϦππππ 

ˢͼ͔ͭͦͤ ͙͙͡ 
͙ͤͭͪͦ͊͟͡ 

Ϧ млс нп то ф ππππϦππππ 

˿͙ͨͪͭ  
͔͙ͪͭ͟ͺ͙͊ͭ͟ 

͒͟͡Φ пΣо мΣл оΣл лΣо ˹͙͊ͪͦͣͨ͟΅͔ͨͪͦͣ 
˿˿˿˾ 

˴͔͙ͪͦͫͤ ͎ͪ͟Φ псул млул онул осл ˥͍͔͊ͤ͡ͺ͔ͭͫͤ͊͋ 
͙ͨͪ ˿˹˴ ˿˿˿˾ 

ˣ͔͙ͤͤ͘ Ϧ нпф рт мтн нл ˥͍͔͊ͤ͡ͺ͔ͭͫͤ͊͋ 
͙ͨͪ ˿˹˴ ˿˿˿˾ 

͎̊ͨ͊͊ͭ Ϧ офл фл нтл ол ˹͔͙͊ͪͦͣͭͫͭ͟͟͡Έ 
˿˿˿˾ 

˴͊ͪͭͦͤ ͒͡Ύ 
ͦͪͦ͋ͦ͟͟ 

Ϧ мссл осл млул мнл ˹͊ͪͦͣ͋ͯͣͨͪͦͣ͟  
˿˿˿˾η 

 

˻͋ΆΎ͙ͫͤͭΈ ͍͙͔ͦͭͫͯͭͫͭ ͍ ͯ͊͊ͤͤ͘͟·ͻ ͍͔͒ͦͣͦͫͭΎͻ ͟͡Ό;͔͍·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͒͡Ύ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ ͤ͊͘;͍ͦ͟Σ 

͊ ͙͔ͣͤͤͦ ͙͍͎ͫͭͦͦͦ͡ ͭͦͣͨ͊͊͟ ͙ Ή͙ͣ͊͡ Ѕ оΣ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ͙͔ͣΌ΅͙ͻͫΎ ͺ͎͊ͭͦͪ͊͟ͺ͙;͔͙ͫ͟ͻ ͙ͫͭͦ;͙͍ͤͦ͟ 

͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͚͔ͪ͊ͤ͟ ͙͔͊ͭͪͯ͒ͤͭ͘͡Έͤ·ͣΣ ͔͒͊͗ ͔͙ͫ͡ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͨͦ ͫͦͫͭͦΎ͙ͤΌ ͤ͊ мфпп ͎ΦΣ ͊͟͟ ͙ 

ͫͨͯͫͭΎ у ͔ͭ͡ Ή͙ͣ͊͡ ͔ͤ ͺ͙͍͙ͦͤ͒ͪͦ͊ͫ͡Έ ώнпΣ ˶Φ олϐΦ ́ͦΣ ;ͭͦ Ή͙ͭ ͔͙ͣ͊ͭͪ͊͡·Σ ͊ ͔ͭ͊͗͟ ͦͦͭͦ͘͡Σ 

͙ͫͨͦ͡Έ͍͍ͦ͊͘΄͔͔ͫΎ ͒͡Ύ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ ͍·΄͔ͯͨͦͣΎ͚ͤͯͭͦ Ή͙ͣ͊͡ Ѕ о όζ˿ͦ ͍͔ͭ ˸͙͙͍ͤͫͭͪͦ ˾˿̅˿˾ ͙ͨͪͦͫͭ 

͍·͔͙͒ͭ͡Έ ͍ м̂ ͍͔͊ͪͭ͊͟͡ ͫΦ͎Φ ώмфрн ͎Φ ς ͨ ͙ͪͣΦ ͍͊ͭͦͪ͊ϐ руп ͎ͪ͊ͣͣ͊ ͦͦͭ͊͘͡ ͤ͊ ͙͎͍͔͙͔ͦͭͦͤ͘͡ тмл ͎͟ 

͙͍͚ͪͯ͋ͤͦͦ Ή͙ͣ͊͡ Ѕ о ͒͡Ύ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͙ ͙͔͙ͨͦͤͪͫ͟ͻ ͤ͊͘;͍ͦ͟η ώнпΣ ˶Φ оϐύ ͤ͊ ͫ͊ͣͦͣ 

͔͔͒͡ ͋·͙͡ ͔͔͙ͤ͊ͣͤͣ͘· ͒͡Ύ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ ͊͟;͔͍͔ͫͭͤͤ·ͻ ͤ͊͘;͍ͦ͟Σ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭΣ ͙͔ͤ͊ͨͪͣͪΣ 

ͨͪͦͫͭͪ͊ͤͤ͊Ύ ͔͔͙ͨͪͨͫ͊͟Σ ͙ͨͪͦͫͻ͙͍ͦ͒΄͊Ύ ͍ Ύ͍͔ͤ͊ͪ ς ͦͭ͟Ύ͔͋ͪ мфрн ͎Φ ͔ͣ͗͒ͯ ͺͯͤ͟ͼ͙͔͙ͦͤͪ͊ͣ ͙ͪ͊͘͡;ͤ·ͻ 

͎͍ͦͪ͊ͤͦ ͙͙͔ͫͨͦͤͭ͡͡Έ͚ͤͦ ͍͙͊ͫͭ͡ ˾˿̅˿˾Σ ˿˿˿˾ ͙ ̇˴ ˤ˶˴˿˸ ώнпϐΦ  

˹͔͍͔͍͙͔ͯ͒ͦͭͦͪͭ͡͡Έͤ·͔ Ή͔͙ͫͭͭ;͔͙͔ͫ͟ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͊͟;͔͍ͫͭ͊ ͤ͊͘;͍ͦ͟Σ ͙͎͍͙͍͍ͦͭ͊͊͘͡΄͙ͻͫΎ ͫ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͎͍ͫͯͪͪͦ͊ͭͦ Ή͙ͣ͊͡ Ѕ о ͙ ͭͦͣͨ͊͊͟ όζʕ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͦͣͫͦͣͦ͟͡Έ͙͔ͫ͟ ͙ ͙͔͙͔ͨͦͤͪͫ͟ 

ͤ͊͘;͙͟ ͍·ͨͯͫ͊͟ΌͭͫΎ ͔͍͔͍͙͔ͤͯ͒ͦͭͦͪͭ͡͡Έ͎ͤͦͦ ͊͟;͔͍ͫͭ͊Σ ͭ͊͟ ͊͟͟ ͙ͨͪ ͙͎͍͔͙͙ͦͭͦͤ͘͡ ͙ͻΣ ͍͔ͣͫͭͦ 

͔͔͚ͨͪ͒ͯͫͣͦͭͪͤͤͦ ͨͦ ͔ͭͻ͙ͤ;͔͙ͫͣ͟ ͍͙ͯͫͦ͡Ύͣ ͙͍͚ͪͯ͋ͤͦͦ Ή͙ͣ͊͡ Ѕ оΣ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͔͍͙͋ͫͫͤͼ͍ͦ͊Ύ Ήͣ͊͡Έ 

Ѕ мноΣ ͙͙͡ ͔͔͍͔ͨͪͨ͊ͤͤ͡͡·͔ ͫͣ·͍͙͟ Ή͔͚ͣ͊͡ Ѕ о ͙ рΧ ˽͙͔ͪͣͤΎ͔ͣ·͔ Ή͙ͣ͊͡ ς ͔͙͔͙͊ͣͤͭ͘͡ ͔ͤ ͦ͗͊ͭͫ͡Ύ 

͍ͪͦͤͦ ͤ͊ ͍͔ͨͦͪͻͤͦͫͭΈ ͤ͊͘;͊͟ ͙ ͔ͤ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͻͦͪͦ΄͔͎ͦ ͍͔ͤ΄͔͎ͤͦ ͍͙͒͊ ͙͔͙͚͒͘͡Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͙ͨͪ 

͙͎͔ͦ͋͗ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍·͎͙͔ͦͪ͊ͤ ͔ͦͭ͒͡Έͤ·ͻ Ή͔͔͍ͣͤͭͦ͡ Ή͙ͣ͊͡Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͨͦΎ͍͔͙ͤ͡Ό Ϧ͍ͤ͊ͦͦ͟͡Ϧ 
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κ͙͙ͣͪͦͫͦͨ͟͟;͔͙ͫ͟ͻ ͍͔͙͚ͦͭͪͫͭκ ͙ ͔ͭͪ΅͙ͤη ώнпΣ ˶Φ сϐΣ ζ˸ ͔͒ͤ͊Ύ ͙͍ͪͯ͋ͤͦ͊Ύ Ήͣ͊͡Έ Ѕ мно ͙͔͔ͣͭ 

͙ͦͪ͟;͔͍ͤ·͚ ͔ͦͭͭͤͦ͟ ͙ ͔ͤ ͙ͦ͗ͭͫ͡Ύ ͍ͪͦͤͦ ͤ͊ ͍͔ͨͦͪͻͤͦͫͭΈ ͤ͊͘;͍ͦ͟η ώнпΣ ˶Φ оϐύ ͙͍͙͙ͨͪͦ͒͡Σ ͍ ͔ͤͦͭͦͪ͟·ͻ 

ͫͯ͡;͊ΎͻΣ ͔͒͊͗ ͟ ͙ͻ ͙͘ΆΎ͙ͭΌ ͙͘ ͙ͫͭͦ͡;͚ͤͦ ͎͍͚ͭͦͪͦͦ ͔͙ͫͭ όζͫͤ ΎͭΈ ͫ ͙ͨͪͦ͒͊͗ ͍ ˸͍͙ͦͫͦͫ͟͟ͻ ͣ ͎͙͊͊ͤ͊͘ͻ 

͙͔͙͔ͨͦͤͪͫ͟ ͙ ͦͣͫͦͣͦ͟͡Έ͙͔ͫ͟ ͤ͊͘;͙͟Σ ͙͎͍͔ͦͭͦͤͤ͘͡·͔ ͙͘ ͙͔͋ͣͭ͊͊͡͡Σ ͙ ͔͔ͦ͋ͫͨ;͙ͭΈ ͨͪͦ͒͊͗ͯ ͍ ͎Φ 

˸͍͔ͦͫ͟ ͙͔͙ͨͦͤͪͫ͟ͻ ͙ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͤ͊͘;͍ͦ͟ ͙͘ ͎͊ͭͯͤͤͦͦ͡ ͨͪͦ͊ͭ͊͟ ͔ͨͯͭͣ ͊͘͟͡Ό;͔͙ͤΎ ͎͍͍͒ͦͦͦͪͦ ͫ 

͔͙͙̋ͪ͋ͤͫͣ͟ ΄͍ͭ͊ͣͨͦͦ;ͤ·ͣ ͍͊ͦ͒ͦͣ͘ ˽ͦ͒ͦ͡Έ͎ͫͦͦ͟ ͚͙ͪ͊ͨͪͦͣͦͣ͋ͤ͊ͭ͊͟ ˸͍͚ͦͫͦͫͦ͟͟ ͙ͦ͋͊ͫͭ͡η ώнпΣ ˶Φ 

муϐύΦ ́ͦΣ ;ͭͦ ͔ͨͪͦ͋ͣ͊͡ ͊͟;͔͍ͫͭ͊ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͤ͊͘;͍ͦ͟ ό˾͙͙ͫͯͤ͟ рπсύ ͔ͤ ͋·͊͡ ͪΎ͍͚͒ͦͦΣ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ 

͍·͙͚ͫͦ͟ ͍͔ͯͪͦͤΈΣ ͤ͊ ͦͭͦͪͦͣ͟ ͙͙͙ͨͪͤͣ͊ͫ͡Έ ͔ͪ΄͔͙ͤΎ ͨͦ ͒͊ͤͤͦͣͯ ͍ͦͨͪͦͫͯΥ ζΧͭΦ ˿͔͙ͣ;͊ͫͭͤ·͚6 ͙ͨͪͦͫͭ 

͍·ͨͯͫ͟ ͤ͊͘;͍ͦ͟ ͍ мфро ͎ͦ͒ͯ ͍͙ͦͦ͗ͭ͘͡Έ ͤ͊ ͔͙͙͚̋ͪ͋ͤͫ͟ ΄͍ͭ͊ͣͨͦͦ;ͤ·͚ ͍͊ͦ͒͘ ˸͙͙͔͍ͤͫͭͪͫͭ͊ 

͔͚ͣͫͭͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ˾˿̅˿˾ ͍ ͍ͫΎ͙͘ ͫ ͔ͭͣΣ ;ͭͦ ͔͊ͪͭ͡Έ ζ˽ ͔ͦ͋͒͊η ʕ͔͙ͫͦͦͨͤͫͦ͟Ό͊͘ ͔ͤ 

͍ͫͨͪ͊͡Ύ͔ͭͫΎ ͫ ͍·͔͙͔ͨͦͤͤͣ͡ ͙͚͊͒͊ͤ͘ ͙ ͍·͔ͨͯͫ͊ͭ͟ ͤ͊͘;͙͟ ͨͦ͡ͻ͎ͦͦ ͊͟;͔͍ͫͭ͊η όˮ͘ ͙ͨͫΈͣ͊ ͔͙͔͊ͣͫͭͭ͘͡Ύ 

͔͔͔ͨͪ͒ͫ͒͊ͭ͡Ύ ˿͍͔ͦͭ͊ ˸͙͙͍ͤͫͭͪͦ ˾˿̅˿˾ ˢΦ˸Φ ˽ͪͦͦ͟ͺΈ͔͍͊ ͔͔͔ͨͪ͒ͫ͒͊ͭ͡Ό ˿͍͔ͦͭ͊ ˸͙͙͍ͤͫͭͪͦ ˾˿̅˿˾ ˣΦ˹Φ 

͔͍̉ͪͤͦͯͫͦͯ ώнпΣ ˶Φ ммϐύΦ  

˽ͪͦͭͦͦͦͣ͟͡ ͔͙͊ͫ͒͊ͤ͘Ύ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ ͦͭ нрΦлрΦмфпу ͎Φ Ѕ рлп ͋·ͦ͡ ͍͔ͯͫͭ͊ͤͦͤͦ͡ ͔ͫ͒ͯ͡Ό΅͔͔Υ  

ζсΦ ˻ ͎ͤ͊ͪͯ͒ͤͦͣ ͤ͊͘;͔͟ Ϧˤ˶˴˿˸Ϧ  

мΦ ˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ Ϧˤ˶˴˿˸Ϧ Ύ͍͡Ύ͔ͭͫΎ ͔͙͒ͤ·ͣ ͤ͊͘;ͦͣ͟ ˤ͔ͫͫͦΌ͎ͤͦͦ͘ ˶͔͙͎ͤͤͫͦͦ͟ 

˴͙͙ͦͣͣͯͤͫͭ;͔͎ͫͦͦ͟ ˿ͦΌ͊͘ ˸͔͙ͦͦ͒͗͡Φ 

нΦ ˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ Ϧˤ˶˴˿˸Ϧ ͙ͤͦͫͭͫΎ ;͔ͤͦͣ͡ ͦͣͫͦͣͦ͊͟͡ ͤ͊ ͔͍͚ͦ͡ ͔ͫͭͦͪͦͤ ͎͙ͪͯ͒Φ 

оΦ ˮͫ͟͡Ό;͔ͤͤ·͔ ͙͘ ˤ˶˴˿˸ ͙͡΄͊ΌͭͫΎ ͍ͨͪ͊͊ ͤͦ΄͔͙ͤΎ ͤ͊͘;͊͟η ώнрΣ ˶Φ тϐΦ 

 

моΦ ˻͋ ͦͭͪ͟·͚ͭͦ ͔ͨͪͦ͒͊͗ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸Ϧ 

1. ˤ͍͔͙ͫͭ ͫ мπ͎ ͦ ͙Ό͡Ύ мфпу ͎ͦ͒͊ ͦͭͪ͟·ͭͯΌ ͨͪͦ͒͊͗ͯ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸ϦΦ 

͍͙̂ͫͭ͊ͤͦͭΈ ͙ͫͭͦͣͦͫͭΈ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ Ϧˤ˶˴˿˸Ϧ ς н ͪͯ͋͡ΎΦ  

2. ˿;͙ͭ͊ͭΈ ͙͍ͯͭͪ͊ͭ΄͙͙ͣ ͙ͫͯ͡ ͔͙͔ͨͦͦ͗ͤ͡ ͦ ͎ͤ͊ͪͯ͒ͤͦͣ ͤ͊͘;͔͟ Ϧˤ˶˴˿˸ϦΣ ͍͔͔͔ͯͭͪ͗͒ͤͤͦ 

͍͔͙͔ͨͦͫͭ͊ͤͦͤͣ͡ ̇˴ ˤ˶˴˿˸ ͦͭ нл ͣ͊ͪͭ͊ мфпр ͎ͦ͒͊ ͙ ͙ͤͫͭͪͯ͟ͼ͙Ό ͦ ͨͦͪΎ͔͒͟ ͍·͒͊;͙ ͙ ͯ;͔ͭ͊ ͎͎ͤ͊ͪͯ͒ͤͦͦ 

ͤ͊͘;͊͟ Ϧˤ˶˴˿˸ϦΣ ͍͔͔ͯͭͪ͗͒ͤͤͯΌ ͍͔͙͔ͨͦͫͭ͊ͤͦͤͣ͡ ̇˴ ˤ˶˴˿˸ ͦͭ ф ͣ͊ͪͭ͊ мфпр ͎ͦ͒͊Φ 

3. ͍͙̂ͫͭ͊ͤͦͭΈΣ ;ͭͦ ͙͔ͣΌ΅͙͔ͫΎ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͍ ͚ͪ͊ͦͣ͊͟ͻΣ ͎ͦͪͦͣ͊͟ͻ ͦͣͫͦͣͦ͊͟͡ ͎ͤ͊ͪͯ͒ͤ·͔ 

ͤ͊͘;͙͟ Ϧˤ˶˴˿˸ϦΣ ͍·͒͊ΌͭͫΎ ;͔ͤ͊ͣ͡ ˤ˶˴˿˸ ͚͙ͪ͊ͦͣ͊ͣ͟Σ ͎͙ͦͪͦͣ͊ͣ͟ ͒ͦ ͚ͨͦͤͦ͡ ͔͙ͪ͊͊͘͡ͼ͙͙ ͤ͊͘;͍ͦ͟Φ  

4. ˻͋ͦͣ͊ͣ͟Σ ͚ͪ͊ͦͣ͊ͣ͟͟ ͦͣͫͦͣͦ͊͟͡Σ ̇˴ ˶˴˿˸ ͫͦΌͤ͘·ͻ ͔͙ͪͫͨͯ͋͟͡ ͫ мπ͎ ͦ ͙ΌͤΎ мфпу ͎ͦ͒͊ 

͔͙ͨͪͪ͊ͭͭ͟Έ ͪ͊ͫͫ·ͯ͟͡ ͍ ͚ͪ͊ͦͣ͟·Σ ͎ͦͪͦͣ͟· ͦͣͫͦͣͦ͊͟͡ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ Ϧˤ˶˴˿˸ϦΦ ˮ͔ͣΌ΅͙͔ͫΎ ͤ͊͘;͙͟ 

ͫ͒͊ͭΈ ͎ͭͦͪͯΌ΅͙ͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙ΎͣΣ ͔͔ͦ͋ͫͨ;͙͍ ͙ͨͪ Ήͭͦͣ ͎͔ͫͭͪͦͦ ͫͦ͋͡Ό͔͙͔͒ͤ ͍͔ͫͻ ͺ͙͍ͤ͊ͤͫͦͦπͯ ;͔ͭͤ·ͻ 

͔ͦͨͪ͊ͼ͙͚Φ  

5. ˾͔͔͍ͦͣͤ͒ͦ͊ͭ͟Έ ͦ͋ͦͣ͊ͣ͟Σ ͚ͪ͊ͦͣ͊ͣ͟͟Σ ̇˴ ˶˴˿˸ ͫͦΌͤ͘·ͻ ͔͙ͪͫͨͯ͋͟͡ ͙͔͙ͫͫͭͣ͊ͭ;͔͙ͫ͟ 

͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͔ͪ͊ͣ͘΅͔͙͔ͤ ͎ͭͦͪͯΌ΅͙͙ͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ͙ͣ ͤ͊͘;͍ͦ͟ ͍ ͨͪͦ͒͊͗ͯ ͍͙ͤͯͭͪ ͙ͦ͋͊ͫͭ͡Σ ͪ͊͟ΎΣ 

͔͙͙ͪͫͨͯ͋͟͡Φ  

6. ˻͋Ύ͊ͭ͘Έ ͍͔͙͔̂ͨͪ͊ͤ͡ ͔͙͒͊ͣ͡ ͙ ͎͙͙͚ͦͪͤͫͭͪͯͭͦͪͫ͟͟ ͔ͦͭ͒͡ ̇˴ ˤ˶˴˿˸ ͔͎ͪͯ͡Ύͪͤͦ ͔͙ͫ͒ͭ͡Έ ͊͘ 

͔͔͔͙͔ͪ͊ͫͨͪ͒ͤͣ͡ ͤ͊͘;͍ͦ͟ ͍ ͎͍͚ͭͦͪͦͦ ͔͙ͫͭη ώнрΣ ˶Φ фπмлϐΦ 

 

˽͙ͪ͊ͭ͊͟͟ ͔͙ͪ͊͊͘͡ͼ͙͙ ;͔͙ͤͫ͟͡ͻ ͤ͊͘;͍ͦ͟ ˤ˶˴˿˸ ;͔͔ͪ͘ ͎͍ͭͦͪͦͯΌ ͔ͫͭΈ ͋·͊͡ ͔ͨͪͪ͊͟΅͔ͤ͊ ͫͨͯͫͭΎ 

͔͒ͫΎͭΈ ͔ͭ͡7 όͨͪͦͭͦͦ͟͡ ͔͙͊ͫ͒͊ͤ͘Ύ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ ͦͭ моΦлмΦмфру ͎Φ Ѕ срύΥ  

 

ζммΦ ˻͋ ͙͔͔͙͙ͣͤͤ͘ ͨͦͪΎ͒͊͟ ͙͔͔͙ͨͪͦ͋ͪͭͤΎ ;͔͙ͤ͊ͣ͡ ˤ˶˴˿˸ ͦͣͫͦͣͦ͟͡Έ͎ͫͦͦ͟ ͤ͊͘;͊͟Φ  

мΦ ͍͙̂ͫͭ͊ͤͦͭΈΣ ;ͭͦ ͫ м ͣ͊ͪͭ͊ мфру ͎ͦ͒͊ ͦͣͫͦͣͦ͟͡Έ͙͔ͫ͟ ͤ͊͘;͙͟ ͒ͦ͗ͤ͡· ͍·͍͒͊͊ͭΈͫΎ ͚͙ͪ͊ͦͣ͊ͣ͟Σ 

͎͙ͦͪͦͣ͊ͣ͟ ͦͣͫͦͣͦ͊͟͡ ͍ͫͭͯͨ͊Ό΅͙ͣ ͍ ˤ˶˴˿˸ ͍͔͔ͣͫͭ ͫ ͦͣͫͦͣͦ͟͡Έ͙ͫͣ͟ ͙͔͋ͭͦͣ͡Φ 

                                                           
6 ʕ Φ˩Φ ˿͔͙ͣ;͊ͫͭͤ·͚Σ ͨͦ ͫͦͫͭͦΎ͙ͤΌ ͤ͊ мфрн ͎Φ ς ͫ ͔͔ͪͭ͊ͪ͟Έ ̇˴ ˤ˶˴˿˸Φ  
7 ˾ ͔;Έ ͙͔͒ͭ ͔ͯ͗ ͦ  ͤ͊͘;͊͟ͻ ͍͎ͤͦͦͦ ͦ͋ͪ͊͘ͼ͊ όмфру ͎ΦύΦ  
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нΦ ˻͋Ύ͊ͭ͘Έ ͦ͋ͦͣ͟·Σ ͚ͪ͊ͦͣ͟͟· ͦͣͫͦͣͦ͊͟͡ ̇˴ ˶˴˿˸ ͫͦΌͤ͘·ͻ ͔͙ͪͫͨͯ͋͟͡ ͙ͦ͒ͤ ͪ͊͘ ͍ ͎ͦ͒ κ͟ м 

͔͒͊͋ͪ͟Ύκ ͔͍ͨͪ͒ͫͭ͊͡ΎͭΈ ͍ ̇˴ ˤ˶˴˿˸ ͙ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͎͍ͭͦͪͦ·͔ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͎͍ͦ͒ͦͯΌ ͊͘Ύ͍ͯ͟ ͤ͊ 

ͤ͊͘;͙͟ ͙ ͙ͦ͒ͤ ͪ͊͘ ͍ ͍͊ͪͭ͊͟͡ ς ͊͘Ύ͍ͯ͟ ͤ͊ ͍͊ͪͭ͊͟͡Φ 

оΦ ˤ͙ͦͦ͗ͭ͘͡Έ ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈ ͊͘ ͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͨͦͯ͡;͔͙͔ͤ ͤ͊͘;͍ͦ͟Σ ͙ͻ ͻ͔͙͔ͪ͊ͤͤ ͙ 

͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͍ ͚ͪ͊ͦͣ͊͟ͻΣ ͎ͦͪͦͣ͊͟ͻ ͦͣͫͦͣͦ͊͟͡Σ ͦ͋ͦͣ͊͟ͻΣ ͚ͪ͊ͦͣ͊͟͟ͻ ͦͣͫͦͣͦ͊͟͡ ͙ ̇˴ ˶˴˿˸ 

ͫͦΌͤ͘·ͻ ͔͙ͪͫͨͯ͋͟͡ ͤ͊ ͍͔͊͒ͯ͘Ό΅͙ͻ ͦ͋΅͙͙ͣ ͔͙ͫͭͦͪ͊ͣ͟Φ 

пΦ ͍͙̂ͫͭ͊ͤͦͭΈΣ ;ͭͦ ͔͔ͨͦͭͪ͋ͤͦ ͙ͦ͟͡;͔͍ͫͭͦ ͤ͊͘;͍ͦ͟ ͒͡Ύ ˤ˶˴˿˸ ͤ͊ ͎ͦ͒ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͍͔͙͔̂ͨͪ͊ͤͣ͡ 

͔͙͒͊ͣ͡ ̇˴ ˤ˶˴˿˸ ͍͔ͫͦͣͫͭͤͦ ͫ ͔͙ͦͭ͒͊ͣ͡ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͍ͦͪ͊ͤͦ ̇˴ ˤ˶˴˿˸ ͤ͊ ͍͔ͦͫͤͦ ͎͍ͦ͒ͦ·ͻ ͊͘Ύ͍ͦ͟ 

͍ͦ͋ͦͣͦ͟Σ ͚͍ͪ͊ͦͣͦ͟͟ ͦͣͫͦͣͦ͊͟͡ ͙ ̇˴  ˶˴˿˸ ͫͦΌͤ͘·ͻ ͔͙ͪͫͨͯ͋͟͡Φ 

рΦ ͔́ͫͭ͟ ͙ͨͫΈͣ͊ ͔ͣͫͭͤ·ͣ ͦͣͫͦͣͦ͟͡Έ͙ͫͣ͟ ͎ͦͪ͊ͤ͊ͣ ͙ ͎ͭͦͪͯΌ΅͙ͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͣ ζ˻  ͍ͤͦͦͣ ͨͦͪΎ͔͒͟ 

͙͔͔͙ͨͪͦ͋ͪͭͤΎ ͦͣͫͦͣͦ͟͡Έ͎ͫͦͦ͟ ͤ͊͘;͊͟ ;͔͙ͤ͊ͣ͡ ˤ˶˴˿˸η ͯͭ ͍͔͙ͪ͒ͭΈ ό͙͎͔ͨͪ͊͊ͭͫ͡Ύύη ώнсΣ ˶Φ мсΣ мтϐΦ 

˿˩˴˾˩́ˢ˾̒˸ ̇˴ ˶˴˿˸ ˿˻̑˭˹̍̆ ˾˩˿˽̂ˣ˶ˮ˴Σ ˴˾ˢ˯˴˻˸˻ˤΣ ˻ˣ˴˻˸˻ˤΣ ˥˻˾˴˻˸˻ˤ ˮ ˾ˢ˯˴˻˸˻ˤ 

˴˻˸˿˻˸˻˶ˢ 

˸ˮ˹ˮ˿́˾ˢ˸ ́˻˾˥˻ˤ˶ˮ ˿˻̑˭˹̍̆ ˮ ˢˤ́˻˹˻˸˹̍̆ ˾˩˿˽̂ˣ˶ˮ˴Σ ˹ˢ̉ˢ˶̎˹ˮ˴ˢ˸ ˴˾ˢ˩ˤ̍̆Σ 

˻ˣ˶ˢ˿́˹̍̆ ˮ ˥˻˾˻˨˿˴ˮ̆ ό˥˻˾˻˨˻ˤ ˾˩˿˽̂ˣ˶ˮ˴ˢ˹˿˴˻˥˻ ˽˻˨̉ˮ˹˩˹ˮ̒ύ ̂˽˾ˢˤ˶˩˹ˮ˯ ˮ ˻́˨˩˶˻ˤ 

́˻˾˥˻ˤ˶ˮ 

˽˾˩˨˿˩˨ˢ́˩˶̒˸ ˾ˢ˯˻˹˹̍̆Σ ˻ˣ˶ˢ˿́˹̍̆Σ ˴˾ˢ˩ˤ̍̆ ˮ ˾˩˿˽̂ˣ˶ˮ˴ˢ˹˿˴ˮ̆ ˽˻́˾˩ˣ˿˻̑˭˻ˤ 

ˤ ̇˴ ˤ˶˴˿˸ ͨͦͫͭͯͨ͊Όͭ ͎ͣͤͦͦ;͙͔ͫͤͤ͡·͔ ͙ͨͫΈͣ͊ ͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͦͭ ͦͣͫͦͣͦ͟͡Έͼ͔͍ ͙ 

ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͚ ͦ͋ ͙͔͔͙͙ͣͤͤ͘ ͨͦͪΎ͒͊͟ ͙͔͔͙ͨͪͦ͋ͪͭͤΎ ͦͣͫͦͣͦ͟͡Έͼ͙͊ͣ ͤ͊͘;͊͟ ˤ˶˴˿˸Φ ˻͋ 

Ήͭͦͣ ͎͍ͦͦͪΎͭ ͙ ͎͙͔ͣͤͦ ͔͔͎͒͊ͭ͡· ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͦͤ͟ͺ͔͔ͪͤͼ͙͚Φ 

̇˴ ˤ˶˴˿˸Σ ͔͍ͪ͊ͫͫͣͦͭͪ Ήͭͦͭ ͍ͦͨͪͦͫΣ ͔ͪ΄͙͡ ͍͙ͯͫͭ͊ͤͦͭΈ ͫ м ͣ͊ͪͭ͊ мфру ͎ͦ͒͊ ͍ͤͦ·͚ ͨͦͪΎ͒ͦ͟ 

ͨͪ ͙͔͔͙ͦ͋ͪͭͤΎ ͤ͊͘;͊͟ ˤ˶˴˿˸ ͦͣͫͦͣͦ͟͡Έͼ͙͊ͣΦ ˴ͦͣͫͦͣͦ͡Έ͙͚ͫ͟ ͤ͊͘;ͦ͟ ͔ͤ ͔͋ͯ͒ͭ ͍ͫͦ͋ͦ͒ͤͦ ͍ͨͪͦ͒͊͊ͭΈͫΎ 

;͔͔ͪ͘ ͙ͪͦͤ͘;ͤͯΌ ͎͍ͭͦͪͦͯΌ ͔ͫͭΈΣ ͊ ͔͋ͯ͒ͭ ͍·͍͒͊͊ͭΈͫΎ ͊͘ ͨ͊ͭͯ͡ ͚͙ͪ͊ͦͣ͊ͣ͟ ͙ ͎͙ͦͪͦͣ͊ͣ͟ ͦͣͫͦͣͦ͊͟͡ 

͍ͫͭͯͨ͊Ό΅͙ͣ ͍ ˤ˶˴˿˸ ͍͔͔ͣͫͭ ͫ ͦͣͫͦͣͦ͟͡Έ͙ͫͣ͟ ͙͔͋ͭͦͣ͡Φ 

ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ̇˴ ˤ˶˴˿˸Σ ˸͙͙͔͍ͤͫͭͪͫͭͦ ͎͍͙ͭͦͪͦ͡ ˿˿˿˾ ͙ ˽͍͔͙͔ͪ͊ͤ͡ ͔̇ͤͭͪͦͫͦΌ͊͘ ͍͙͍ͯͫͭ͊ͤ͊͊͡Όͭ 

͔ͫ͒ͯ͡Ό΅͙͚ ͨͦͪΎ͒ͦ͟ ͦͭͨͯͫ͊͟ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͤ͊͘;͍ͦ͟ ͙͘ ͎͍͚ͭͦͪͦͦ ͔͙ͫͭ ͙ ͔͙ͨͦͫͭͯͨͤ͡Ύ ͙ͻ ͍ ͚ͪ͊ͦͣ͟· ͙ 

͎ͦͪͦͣ͟· ͦͣͫͦͣͦ͊͟͡Φ 

˻͋΅͔͔ ͙ͦ͟͡;͔͍ͫͭͦ ͤ͊͘;͍ͦ͟ ͒͡Ύ ˤ˶˴˿˸ ͤ͊ ͎ͦ͒ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͍͔͙͔̂ͨͪ͊ͤͣ͡ ͔͙͒͊ͣ͡ ̇˴ ˤ˶˴˿˸ 

͍͔ͫͦͣͫͭͤͦ ͫ ͔͙ͦͭ͒͊ͣ͡ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͍ͦͪ͊ͤͦ ̇˴ ˤ˶˴˿˸ ͤ͊ ͍͔ͦͫͤͦ ͎͍ͦ͒ͦ·ͻ ͊͘Ύ͍ͦ͟ ̇˴ ˶˴˿˸ ͫͦΌͤ͘·ͻ 

͔͙ͪͫͨͯ͋͟͡Σ ͚͍ͪ͊ͦͣͦ͟͟ ͙ ͍ͦ͋ͦͣͦ͟ ͦͣͫͦͣͦ͊͟͡Φ 

̇˴ ˶˴˿˸ ͫͦΌͤ͘·ͻ ͔͙ͪͫͨͯ͋͟͡Σ ͚ͪ͊ͦͣ͟͟· ͙ ͦ͋ͦͣ͟· ͦͣͫͦͣͦ͊͟͡ ͙ͦ͒ͤ ͪ͊͘ ͍ ͎ͦ͒ ό͟ м ͔͒͊͋ͪ͟Ύύ 

͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͍ ̇˴ ˤ˶˴˿˸ ͙ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͍ͦͨͭͦ·ͣ ͋͊͊ͣ͘ ˥͍͊ͯ͟͡͡Έ͎ͭͭͦͪ͊ ˸͙͙͔͍ͤͫͭͪͫͭ͊ ͎͍͙ͭͦͪͦ͡ 

˿˿˿˾ ͙ ͔̇ͤͭͪͦͫͦΌ͊͘ ͎͍ͦ͒ͦ·͔ ͊͘Ύ͍͙͟ ͤ͊ ͤ͊͘;͙͟Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ̇˴ ˶˴˿˸ ͫͦΌͤ͘·ͻ ͔͙ͪͫͨͯ͋͟͡Σ ͚ͪ͊ͦͣ͟͟· ͙ 

ͦ͋ͦͣ͟· ͦͣͫͦͣͦ͊͟͡ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͍ͦͨͭͦ·ͣ ͋͊͊ͣ͘ ͍͊ͪͭ͊͟͡Έͤ·͔ ͪ͊ͤ͊ͪ͘Ύ͙͒͟ ͫ ͪ͊ͫ΄͙ͺ͍͚ͪͦͦ͟ ͨͦ 

͊͗͒ͦͣͯ͟ ͎ͦͪͦͣͯ͟ ͙ ͚ͪ͊ͦͣͯ͟ ͦͣͫͦͣͦ͊͟͡Φ ˾͔͙͊͊͘͡ͼ͙Ύ ͤ͊͘;͍ͦ͟ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͭͦ͡Έͦ͟ ͚ͪ͊ͦͣ͊ͣ͟ ͙ 

͎ͦͪͦͣ͊ͣ͟ ͦͣͫͦͣͦ͊͟͡ ;͔͔ͪ͘ ͔͔͔ͦͨͪ͒ͤͤ͡·͔ ͎͙ͣ͊͊ͤ͘·Σ ͙͙ͫͨͫ͟ ͦͭͦͪ͟·ͻ ͍͙͍ͯͫͭ͊ͤ͊͊͡ΌͭͫΎ ͔ͣͫͭͤ·͙ͣ 

͎͙ͦͪ͊ͤ͊ͣ ͎͍͙ͭͦͪͦ͡ ͙ ͚͔ͪ͊ͨͦͭͪ͋ͫͦΌ͙͊ͣ͘ ͨͦ ͎͍͙ͫͦ͊ͫͦ͊ͤ͡Ό ͫ ͎͙ͦͪͦͣ͊ͣ͟ ͙ ͚͙ͪ͊ͦͣ͊ͣ͟ ͦͣͫͦͣͦ͊͟͡Φ 

˻ͭ ͨͯͫ͟ ͤ͊͘;͍ͦ͟ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͨͦ ͍͔͔ͯͭͪ͗͒ͤͤ·ͣ ͙ͪͦͤ͘;ͤ·ͣ ͼ͔ͤ͊ͣ ͊͟͟ ͊͘ ͙ͤ͊͡;ͤ·͚ ͪ͊ͫ;͔ͭΣ ͭ͊͟ ͙ ͨͦ 

͔͙͋ͤ͊͘͡;ͤͦͣͯ ͪ͊ͫ;͔ͭͯΣ ͔͋͘ ͊͘;͔ͭ͊ ͍ ͙͙ͣͭ͡ ͔͎ͣͦͦ͟͡ ͦͨͭ͊Φ 

˽͙ͪ ͔͙͙ͦ͋ͤ͊ͪͯ͗ͤ ͙ͨͪ ͙͔͔ͨͪͣ͟ ͤ͊͘;͍ͦ͟ ͨͦͦͣͦ͟͡ ͙͙͡ ͙ͤ͊͡;͙Ύ ͎͙͒ͪͯͻ ͔͒ͺ͔͍ͭͦ͟ ͎ͦͪͦͣ͟· ͙ 

͚ͪ͊ͦͣ͟· ͦͣͫͦͣͦ͊͟͡ ͍ͫͦͫͭ͊͡ΎΌͭ ͍ ͍͔ͯͫͭ͊ͤͦͤͤͦͣ͡ ͨͦͪΎ͔͒͟ ͊ͭ͟Σ ͙ ͔͙͎ͤͨͪͦ͒ͤ·͔ ͤ͊͘;͙͟ ͍͍ͦͪ͊͘΅͊ΌͭͫΎ ͍ 

͎͍ͭͦͪͦ·͔ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙Σ ͦͭ ͦͭͦͪ͟·ͻ ͙ͦͤ ͋·͙͡ ͨͦͯ͡;͔ͤ·Φ 

ˤ ͔ͦͭ͒͡Έͤ·ͻ ͫͯ͡;͊Ύͻ ͎ͦͪͦͣ͟· ͙ ͚ͪ͊ͦͣ͟· ͦͣͫͦͣͦ͊͟͡ ͎ͣͦͯͭ ͍·͍͒͊͊ͭΈ ͤ͊͘;͙͟ ͔͍͙ͨͪ;ͤ·ͣ 

ͦͣͫͦͣͦ͟͡Έ͙ͫͣ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͣ ͨͦ ͍͔͔͙͒ͦͪͤͤͦͫͭΣ ͙͚ͨͦ͒ͨͫ͊ͤͤͦ ͔͔͔ͫͪͭ͊ͪͣ͟ ͦͣͫͦͣͦ͟͡Έ͚ͫͦ͟ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙Φ 

˩͙ͫ͡ ;͔ͤ͡ ˤ˶˴˿˸ ͔ͨͦͭͪΎ͡ ͤ͊͘;ͦ͟ ͙͙͡ ͔͔͗͊ͭ͡ ͨͦ ͙͊ͣ͟͟π͡ ͙͋ͦ ͙ͨͪ;͙ͤ͊ͣ ͔͙͊ͣͤͭ͘Έ ͔͎ͦΣ ͭͦ ͦͤ ͦ͋ 

Ήͭͦͣ ͊͘Ύ͍͡Ύ͔ͭ ͔͔ͫͪͭ͊ͪ͟Ό ͔͍͙ͨͪ;͚ͤͦ ͦͣͫͦͣͦ͟͡Έ͚ͫͦ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙Σ ͦͭͦͪ͟·͚ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͒͡Ύ ͔͎ͤͦ 
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ͤ͊͘;ͦ͟ ͍ ͎͔ͦͪͦͣ͟Σ ͚͔ͪ͊ͦͣ͟ ͦͣͫͦͣͦ͊͟͡Φ ˻͔ͭ͒͡Έͤ·͔ ͦͣͫͦͣͦ͟͡Έͼ·Σ ͔ͤ ͙͔ͣΌ΅͙͔ ͤ͊͘;͊͟Σ ͎ͣͦͯͭ 

͙͔ͨͪͦ͋ͪͭ͊ͭΈ ͔͎ͦ ͍ ͍͙͔͒ ͙ͫ͟͡Ό;͔͙ͤΎ ͙͡;ͤͦ ͍ ͎͔ͦͪͦͣ͟Σ ͚͔ͪ͊ͦͣ͟ ͦͣͫͦͣͦ͊͟͡Φ 

˻͍͔͍͔ͭͭͫͭͤͤͦͫͭΈ ͊͘ ͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͨͦͯ͡;͔͙͔ͤ ͤ͊͘;͍ͦ͟Σ ͙ͻ ͻ͔͙͔ͪ͊ͤͤ ͙ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͍ ̇˴ 

˶˴˿˸ ͫͦΌͤ͘·ͻ ͔͙ͪͫͨͯ͋͟͡Σ ͚ͪ͊ͦͣ͊͟͟ͻΣ ͦ͋ͦͣ͊͟ͻΣ ͎ͦͪͦͣ͊͟ͻ ͙ ͚ͪ͊ͦͣ͊͟ͻ ͦͣͫͦͣͦ͊͟͡ ͍͎͔ͦ͊͊ͭͫ͘͡Ύ ͤ͊ 

͍͔͊͒ͯ͘Ό΅͙ͻ ͦ͋΅͙͙ͣ ͔͙ͫͭͦͪ͊ͣ͟η ώнтΣ ˿Φ нπпϐΦ 
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˾͙ͫͯͤͦ͟ р ς ˽͙͔ͪͣͪ· ;͔͎ͭͦͦ͟ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͙͙ͤ͊͒ͨͫ ζʕ ˶˴˿˸η ͤ͊  ͺ͎ͦͭͦͪ͊ͺ͙Ύͻ ;͔͙ͤͫ͟͡ͻ 

ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͤ͊͘;͍ͦ͟ ζͦ ͋ͪ͊͘ͼ͊ мфпр ͎ΦηΦ ˿͙͙ͤͣ͟ ͙͒͊ͭͪͯΌͭͫΎ ͨͦ ͙͙ͤͫͪͨͭ͊ͣ͟ ͤ͊ ͔ͦ͋ͦͪͦͭ 

мтΦлпΦмфрр͎ΦΣ луΦммΦмфрс ͎ΦΣ муΦлрΦмфрм ͎͎Φ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΦ 

 ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ  
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˾͙ͫͯͤͦ͟ с ς ˹͙͊͡;͙͔ ͤ͊ ͺ͙͔ͦͭͦͫͤͣ͟ ͤ͊͘;͊͟ ͫ ;͔ͭͦ͟ ;͙͔͚ͭ͊ͣͦ ͙ͤ͊͒ͨͫΈΌ ζʕ ˶˴˿˸η ͨͦ ͍ͦ͘͡Ύ͔ͭ 

͙͍͒͊ͭͪͦ͊ͭΈ ͔͎ͦ ͔͙ͨͪͦ͒ͦͣ ͔ͤ ͔͔ͪ͊ͤ ͍͔ͫͤ· мфпр ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ  
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˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͦ͋ͪ͊͘ͼ͊ мфру ͎Φ 8 

 

˿͔͒ͯ͡Ό΅͔͔ ͔ͨͦͫ͡ мфпп ͎Φ ͙ͪ͊͒͊͟͡Έ͔ͤͦ ͙͔͔͙͔ͣͤͤ͘ ͍͔ͤ΄͔͎ͤͦ ͍͙͒͊ ;͔͎ͤͫͦͦ͟͡ ͤ͊͘;͊͟ ˤ˶˴˿˸Σ ͨͦ 

͍͔͚ͫ ͍͙͙͙͒ͣͦͫͭΣ ͣͦ͗ͤͦ ͙͍͒͊ͭͪͦ͊ͭΈ ͔͙ͨͪͦ͒ͦͣ ͔ͤ ͔͔ͪ͊ͤ нр ͺ͔͍ͪ͊͡Ύ мфрт ͎ΦΣ ͎ͦ͒͊͟ ͨͪͦͭͦͦͦͣ͟͡ 

͔͙͊ͫ͒͊ͤ͘Ύ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ Ѕ ро ͋·ͦ͡ ͔͔͔ͦͨͪ͒ͤͦ͡ ͔ͫ͒ͯ͡Ό΅͔͔Υ  

 

ζтΦ ˤͦͨͪͦͫ ͔͍ͦͭ͒ͦ͡ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͍ͦͪ͊ͤͦ ͙ ͍͔͙̂ͨͪ͊ͤ͡Ύ ͔͙͒͊ͣ͡ ̇˴ ˤ˶˴˿˸  

1. ˽͔͔͙ͪ͒ͦ͗ͤ͡Ύ ͔͍ͦͭ͒ͦ͡ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͍ͦͪ͊ͤͦ ͙ ͍͔͙̂ͨͪ͊ͤ͡Ύ ͔͙͒͊ͣ͡ ̇˴ ˤ˶˴˿˸ ͦ ͍͍͔͔͙͙͒ͤ 

͍͎ͤͦͦͦ ͦ͋ͪ͊͘ͼ͊ ͤ͊͘;͊͟ ˤ˶˴˿˸ ͙ ͙͔͔͙͙ͣͤͤ͘ ͨͦͪΎ͒͊͟ ͪ͊ͫͫ·͙͟͡ ͤ͊͘;͍ͦ͟ ͍ ͦͣͫͦͣͦ͟͡Έ͙͔ͫ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 

͍ ͙ͨͪͤͼ͙͔ͨ ͙ͨͪͤΎͭΈΦ 

2. ˽ͦͪͯ;͙ͭΈ ͔͔͙ͫͪͭ͊ͪ͊ͭͯ͟ ̇˴ ˤ˶˴˿˸ ͔ͪ΄͙ͭΈ ͍͔ͫ ͍ͦͨͪͦͫ·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͍͍͔͔͙͔͒ͤͣ ͍͎ͤͦͦͦ 

ͦ͋ͪ͊͘ͼ͊ ͤ͊͘;͊͟ ˤ˶˴˿˸η ώнуΣ ˶Φ оϐΦ 

 

˿ͨͯͫͭΎ ͨͦ;͙ͭ ͨͦͭͦͪ͊͡ ͎ͦ͒͊Σ ͨͪͦͭͦͦͦͣ͟͡ ͔͙͊ͫ͒͊ͤ͘Ύ ͋Όͪͦ ̇˴ ˤ˶˴˿˸ ͦͭ нуΦлтΦ мфру ͎Φ Ѕ с ͋·͙͡ 

͍͔͔ͯͭͪ͗͒ͤ· ͔͙͔ͨͦͦ͗ͤ͡ ͙ ͙͙͔ͦͨͫ͊ͤ ͍͎ͤͦͦͦ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸Υ   

 

ζтΦ ˻ ͍ͤͦͦͣ ͦ͋ͪ͊͘ͼ͔ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸Φ 

мΦ ˽͔͙͍ͦ͒͒ͪ͗͊Ύ ͎ͣͤͦͦ;͙͔ͫͤͤ͡·͔ ͔͙ͨͦ͗͊ͤ͡Ύ ͦͣͫͦͣͦ͟͡Έͼ͔͍Σ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͚Σ 

͔͔͎͍͒͊ͭͦ͡ ̆˱˱˱ ͫΆ͔͒͊͘ ˤ˶˴˿˸Σ ͍͔͙ͯͭͪ͒ͭΈ ͍ͤͦ·͚ ͔ͦ͋ͪ͊͘ͼ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸Φ 

нΦ ˽͔͙͔ͦͦ͗ͤ͡ ͙ ͙͙͔ͦͨͫ͊ͤ ͍͎ͤͦͦͦ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͍͔͙ͯͭͪ͒ͭΈ κ͙͎ͨͪ͊͊͡ΌͭͫΎκΦ 

оΦ ͍͙̂ͫͭ͊ͤͦͭΈΣ ;ͭͦ ͤ͊͘;ͦ͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͍ͪͯ;͔͊ͭͫΎ ͙ͨͪͤΎͭͦͣͯ ͍ ͦͣͫͦͣͦ͟͡ ͔͔͔ͫͪͭ͊ͪͣ͟ ͚ͪ͊ͦͣ͊͟Σ 

͎ͦͪͦͣ͊͟ ͦͣͫͦͣͦ͊͟͡ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͫ ͦͣͫͦͣͦ͟͡Έ͙ͫͣ͟ ͙͔͋ͭͦͣ͡Φ 

ˤͪͯ;͔͙͔ͤ ͍͎ͤͦͦͦ ͤ͊͘;͊͟ Όͤͦ΄͊ͣ ͙ ͔͍͒ͯ΄͊ͣ͟Σ ͔ͯ͗ ͫͦͫͭͦΎ΅͙ͣ ͍ ͔ͦͣͫͦͣͦ͟͡Σ ͍͔͙ͨͪͦͫͭ ͍ 

͔͍͔͚ͭͦͪ͗ͫͭͤͤͦ ͍͔ͦ͋ͫͭ͊ͤͦ͟ ͤ͊ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͙ͫͦ͋ͪ͊ͤΎͻΦ ˮͫͨͦ͡Έ͍ͦ͊ͭ͘Έ Ή͙ͭ ͙ͫͦ͋ͪ͊ͤΎ ͒͡Ύ ΄͙͎ͪͦͦͦ͟ 

ͪ͊͘ΆΎ͔͙ͫͤͤΎ ͔͙͙ͤͤͫ͟͡ͻ ͙ͨͪͤͼ͙͍ͨͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ˤ˶˴˿˸Σ ͍͔͍͊ͭͦ͘ ˤΦ ˮΦ ˶͔͙ͤͤ͊Σ ͙͚ͯ͊͊ͤ͘͟ ͙ ͔ͪ΄͔͙͚ͤ 

˴͙͙ͦͣͣͯͤͫͭ;͔͚ͫͦ͟ ͙͙ͨ͊ͪͭ ˿͍͔͎ͦͭͫͦͦ͟ ˿ͦΌ͊͘ ͨͦ ͙͙ͦͣͣͯͤͫͭ͟;͔ͫͦͣͯ͟ ͍͙͙ͦͫͨͭ͊ͤΌ ͔͙ͣͦͦ͒͗͡Φ 

пΦ ˽ͦͪͯ;͙ͭΈ ͔͔͙ͫͪͭ͊ͪ͊ͭͯ͟ ̇˴ ˤ˶˴˿˸ ͔ͪ΄͙ͭΈ ͍ͦͨͪͦͫ·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙͎͍͔͙͔ͦͭͦͤͣ͘͡ ͙ 

͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ ͍ ͦͣͫͦͣͦ͟͡Έ͙͔ͫ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔ͤͦ͋ͻ͙͎ͦ͒ͣͦͦ ͙ͦ͟͡;͔͍ͫͭ͊ ͍ͤͦ·ͻ ͤ͊͘;͍ͦ͟ ;͔ͤ͊͡ ˤ˶˴˿˸Σ 

͊ ͔ͭ͊͗͟ ͍͔͙ͯͭͪ͒ͭΈ ͙ͫͭͦͣͦͫͭΈ ͤ͊͘;͊͟η ώнфΣ ˶Φ рϐΦ 

 

ζ˽ ˻˶˻ˬ˩˹ˮ˩ 

˻ ˹ˢ˥˾̂˨˹˻˸ ˭˹ˢ̉˴˩ ̉˶˩˹ˢ ˤ˶˴˿˸ 

 

мΦ ˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ ;͔ͤ͊͡ ˤ˶˴˿˸ Ύ͍͡Ύ͔ͭͫΎ ͔͙͒ͤ·ͣ ͤ͊͘;ͦͣ͟ ˤ͔ͫͫͦΌ͎ͤͦͦ͘ ˶͔͙͎ͤͤͫͦͦ͟ 

˴͙͙ͦͣͣͯͤͫͭ;͔͎ͫͦͦ͟ ˿ͦΌ͊͘ ˸͔͙ͦͦ͒͗͡Φ 

˹ͦ΄͔͙͔ͤ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸ Ύ͍͡Ύ͔ͭͫΎ ͨͦ;͔͚ͭͤͦ ͦ͋Ύ͊ͤͤͦͫͭ͘ΈΌ ͎͊͗͒ͦͦ͟ ͦͣͫͦͣͦ͟͡Έͼ͊Φ 

нΦ ˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͍ͪͯ;͔͊ͭͫΎ ͙ͨͪͤΎͭͦͣͯ ͍ ͪΎ͒· ͦͣͫͦͣͦ͊͟͡ ͔͔͔ͫͪͭ͊ͪͣ͟ ͚ͪ͊ͦͣ͊͟Σ 

͎ͦͪͦͣ͊͟ ͦͣͫͦͣͦ͊͟͡ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͫ ͦͣͫͦͣͦ͟͡Έ͙ͫͣ͟ ͙͔͋ͭͦͣ͡Φ 

оΦ ˹͎͊ͪͯ͒ͤ·͚ ͤ͊͘;ͦ͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͙ͤͦͫͭͫΎ ͤ͊ ͔͍͚ͦ͡ ͔ͫͭͦͪͦͤ ͎͙ͪͯ͒Φ 

пΦ ˮͫ͟͡Ό;͔ͤͤ·͔ ͙͘ ;͔͍ͤͦ͡ ͦͣͫͦͣͦ͊͟͡ ͙͡΄͊ΌͭͫΎ ͍ͨͪ͊͊ ͤͦ΄͔͙ͤΎ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͙ ͫ͒͊Όͭ 

͔͎ͦ ͍͔͔ͣͫͭ ͫ ͦͣͫͦͣͦ͟͡Έ͙ͫͣ͟ ͙͔͋ͭͦͣ͡η ώолΣ ˿Φ нонϐΦ 

ˮ͔͙͔ͦ͋ͪ͊͗ͤ͘ ͙ ͙͙͔ͦͨͫ͊ͤ ͦͣͫͦͣͦ͟͡Έ͎ͫͦͦ͟ ͤ͊͘;͊͟ ͍͎ͤͦͦͦ ͍͙͒͊ ͋·ͦ͡ ͙͍ͦͨͯ͋ͦ͊ͤͦ͟͡ ͍ ͤ͊;͔͊͡ 

͍͎͊ͯͫͭ͊ мфру ͎Φ ͍ ζ˴ ͦͣͫͦͣͦ͡Έ͚ͫͦ͟ ͍͔ͨͪ͊͒η ώомΣ ˿Φ мϐ ͙ ζ˽ ͙͔͚ͦͤͪͫͦ͟ ͍͔ͨͪ͊͒η ώонΣ ˿Φ мϐ ό˾͙͙ͫͯͤ͟ тπуύΦ 

                                                           
8 ˤ ͤ͊ͫͭͦΎ΅͔͚ ͔ͪ͊͋ͦͭ ͔ͤ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·͔ όͦͨ·ͭͤ·͔Σ ͙ͣ͊ͦͭͪ͊͗ͤ͡·͔ύ ͔͙ͣͦ͒͡ ;͔͙ͤͫ͟͡ͻ 
ͤ͊͘;͍ͦ͟ ˤ˶˴˿˸ ͍ ͙ͫͯ͡ ͎ͭͦͦΣ ;ͭͦ ͤ͊ ͺ͎ͦͭͦͪ͊ͺ͙Ύͻ ͙ͦͤ ͍͔ͫͭͪ;͊ΌͭͫΎ ͚͔ͪ͊ͤ͟ ͔ͪ͒ͦ͟ ͙Σ ͍ ͙ͫͯ͡ ;͔͎ͦΣ ͔ͤ ͎ͣͦͯͭ ͋·ͭΈ 
͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͒͡Ύ ͙͍͙͒͊ͭͪͦ͟ ͔͙ͨͦͫ͒ͤ͡ͻΦ  
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˾͙ͫͯͤͦ͟ т ς ˮ͔͙͔ͦ͋ͪ͊͗ͤ͘ ͙ ͙͙͔ͦͨͫ͊ͤ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͦ͋ͪ͊͘ͼ͊ мфру ͎Φ  

ˮͫͭͦ;͙ͤ͟Υ ώомΣ ˿Φ мϐΦ 

 
˾͙ͫͯͤͦ͟ у ς ˮ͔͙͔ͦ͋ͪ͊͗ͤ͘ ͙ ͙͙͔ͦͨͫ͊ͤ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͦ͋ͪ͊͘ͼ͊ мфру ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ώонΣ ˿Φ мϐΦ  
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̉ͭͦ ͔͊ͫ͊ͭͫ͟Ύ ͔͊ͣͤ͘· ͤ͊͘;͍ͦ͟ ζͦ ͋ͪ͊͘ͼ͊ мфпр ͎Φη ͤ͘ ͊;͙͊ͣ͟ ͦ͋ͪ͊͘ͼ͊ мфру ͎Φ  ό˾͙͙ͫͯͤ͟ фπмлύΣ ͙͡ͼ͊ͣΣ 

͔ͯ͗ ͫͦͫͭͦΎ͍΄͙ͣ ͍ ˤ˶˴˿˸ ͭͦΣ ͨͦ ͍͔͚ͫ ͍͙͙͙͒ͣͦͫͭΣ ͍ͭ͊ͦ͊͟Ύ ͊͟͟ ͙͙ͣͤͣͯͣ ͔͎ͨͪ͒ͨͦ͊͊͊ͫ͡͡Έ ͍ ͔͙͙ͭͦͪΣ ͭΦ͟Φ 

ͨͯͤͭ͟ о ͍͔͙ͨͦͫͭ͊ͤͦͤ͡Ύ ̇˴ ˤ˶˴˿˸ ζ˻  ͍ͤͦͦͣ ͦ͋ͪ͊͘ͼ͔ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸η ͦͭ  нуΦлтΦмфру ͎Φ 

͔͍ͤ͒ͯͫͣ·͔ͫͤͤͦ͡ ͎͙͊ͫ͡͡ ͦ ͭͦͣΣ ;ͭͦ ζʕ ͪͯ;͔͙͔ͤ ͍͎ͤͦͦͦ ͤ͊͘;͊͟ Όͤͦ΄͊ͣ ͙ ͔͍͒ͯ΄͊ͣ͟Σ ͔ͯ͗ ͫͦͫͭͦΎ΅͙ͣ ͍ 

͔ͦͣͫͦͣͦ͟͡Σ ͍͔͙ͨͪͦͫͭ ͍ ͔͍͔͚ͭͦͪ͗ͫͭͤͤͦ ͍͔ͦ͋ͫͭ͊ͤͦ͟ ͤ͊ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͙ͫͦ͋ͪ͊ͤΎͻη ώнфΣ ˶Φ рϐΦ  

 

 
˾͙ͫͯͤͦ͟ ф ς ˮ͔͙͔ͦ͋ͪ͊͗ͤ͘ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͦ͋ͪ͊͘ͼ͊ мфру ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ  
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˾͙ͫͯͤͦ͟ мл ς ˽͙͔ͪͣͪ ͤͦ΄͔͙ͤΎ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ͦ͋ͪ͊͘ͼ͊ мфру ͎Φ  

˿͙ͤͣͦ͟ ͙͔͒͊ͭͪͯͭͫΎ ͨͦ ͙͙ͤͫͪͨͭͯ͟ ͤ͊ ͔ͦ͋ͦͪͦͭ мтΦммΦмфрф ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ 
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˽͙͙ͪͤͣ͊Ύ ͍ͦ ͍͙͙͔ͤͣ͊ͤ ͭͦͭ ͺ͊ͭ͟Σ ;ͭͦ ͔ͨͦͪͭͪͭͤ·͔ ͺ͎ͦͭͦͪ͊ͺ͙͙ ͫ ͍·͚ͫͦͦ͟ ͔͔ͫͭͨͤΈΌ ͔͙ͪͦͫͭ͘͟ 

͔͔͚͒ͭ͊͡ ͍ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͣ·͚ ͔͙ͨͪͦ͒ ͍͔͔͙ͪͣͤ ͍͔ͫͭͪ;͊ΌͭͫΎ ͔ͤ;͊ͫͭͦΣ ͙͒ͺͺ͔͔ͪͤͼ͙͍ͪͦ͊ͭΈ ͤ͊͘;͙͟ ͫ 

͙ͤ͊͒ͨͫΈΌ ζ˴ ˮη˸ ͦͭ ͤ͊͘;͍ͦ͟ ͫ ͙ͤ͊͒ͨͫΈΌ ζʕ ˶˴˿˸η ͒ͦͫͭ͊ͭͦ;ͤͦ ͫͦ͗ͤͦ͡Φ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣΣ ͙ͤ͊͡;͙͔ ͤ͊ 

ͺ͎ͦͭͦͪ͊ͺ͙͙ ͤ͊͘;͊͟ ͻ͔͚͊ͪ͊ͭͪͤͦ͟ ͺͦͪͣ· ͫͦ ͫ͊͋ͦ͡ ͙ͪ͊͘͡;͙͚ͣͦ ͙ͤ͊͒ͨͫΈΌ όζ˴ˮ η˸κζʕ˶ ˴˿˸ηύ ͔͔͒͊ͭ͡ ͔͎ͦ 

͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͔͔͋ͫͨͦͤ͘͡·ͣ ͒͡Ύ ͙͊ͭͪ͋ͯͼ͙͙ ͍͔͔͙ͪͣͤ ͫΆ͔͙ͣ͟Σ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͍͔͒ͦͫͭͦͪͤͦ 

͔͔ͦͨͪ͒͡ΎΌ΅͊ΎͫΎ ͙ͤ͊͒ͨͫΈ ζʕ ˶˴˿˸η ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍͒͊ͭͪͦ͊ͭΈ ͙ͤ͗ͤΌΌ ͎͙ͪ͊ͤͼͯ ͫΆ͔͙ͣ͟ ͔͙ͨͪͦ͒ͦͣ ͔ͤ 

͔͔ͨͦ͒ͤ͘ ͣ͊ͪͭ͊ мфпр ͎Φ  

̉ͭͦ ͔͊ͫ͊ͭͫ͟Ύ ͤ͊͘;͍ͦ͟ ͦ͋ͪ͊͘ͼ͊ мфру ͎ΦΣ ͭͦ ͙ͻ ͙͍͙͔ͨͪͫͯͭͫͭ ͤ͊ ͙ͫͤͣ͊͟ͻ ͍ͨͦͦ͘͡Ύ͔ͭ ͫ;͙ͭ͊ͭΈ ͙ͻ 

͍·͔ͨͦͤͤͤ͡·͙ͣ ͔ͤ ͔͔ͪ͊ͤ ͔ͭ͊͡ мфру ͎Φ  

˴͔ͦͪͪͭͤ͊͟Ύ ͙ͤͺͦͪͣ͊ͼ͙ΎΣ ͊ͫ͊͟Ό΅͊ΎͫΎ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͤ͊͘;͍ͦ͟ ζͦ ͋ͪ͊͘ͼ͊ мфпр ͎Φη ͨͦ ͔ͫ͡ ͍͍͔͔͙͒ͤΎ 

ͤ͊͘;͍ͦ͟ ͦ͋ͪ͊͘ͼ͊ мфру ͎Φ ͒ͦ ͙ͫͻ ͨͦͪ ͍͔ͦͭͫͯͭͫͭͯͭ ͍ ΄͙ͪͦͦͣ͟ ͤ͊ͯ;ͤͦͣ ͔ͦ͋ͦͪͦͭΣ ;ͭͦΣ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ 

͔͎͙͍ͤ͊ͭͤͦ ͍͙͡Ύ͔ͭ ͤ͊ ͨͪͦͼ͔ͫͫ ͙͊ͭͪ͋ͯͼ͙͙ ͍͔ͪͻ͔͚ͤ ͎͙ͪ͊ͤͼ· ͍͔͔ͪͣͤͤ·ͻ ͪ͊ͣͦ͟ ͺ͎ͦͭͦͪ͊ͺ͙͚Σ ͤ͊ ͦͭͦͪ͟·ͻ 

͔͊ͨ͘;͔͊ͭͤ͡· ͙͡ͼ͊ ͫͦ ͤ͊͘;͙͊ͣ͟ ζͦ ͋ͪ͊͘ͼ͊ мфпр ͎ΦηΦ ˻͙ͨͪ͊ΎͫΈ ͤ͊ ͎͙͔ͨͦͭͯ͘ ͦ ͭͦͣΣ ;ͭͦ ͒͊ͭ͊ ͙͙ͤͫͪͨͭ͊͟ ͍ 

ͪΎ͔͒ ͫͯ͡;͔͍͊ ͙ͦͭ͡;͔͊ͭͫΎ ͦͭ ͒͊ͭ· ͫΆ͔͙ͣ͟ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͫͯͭͦ͟Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ 

ͺ͎ͦͭͦͪ͊ͺ͙͙Σ ͫ ͔͔͔͚ͦͨͪ͒ͤͤͦ͡ ͔͔ͫͭͨͤΈΌ ͍͔ͪͦΎ͙ͭͤͦͫͭ ͣͦ͗ͤͦ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͤͦ΄͔͙͔ͤ ͤ͊͘;͍ͦ͟ 

ζͦ ͋ͪ͊͘ͼ͊ мфпр ͎Φη ͨͪ ͦ͒ͦ͗͊ͦͫ͡͡Έ ͊͟͟ ͙͙ͣͤͣͯͣ ͒ͦ ͍͔ͫͤ· мфрф ͎Φ ό˾͙͙ͫͯͤ͟ ммπмнύΦ  

 
˾͙ͫͯͤͦ͟ мм ς ˽͙͔ͪͣͪ ͤͦ΄͔͙ͤΎ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ζͦ ͋ͪ͊͘ͼ͊ мфпр ͎Φη ͨͦ ͔ͫ͡ мфру ͎Φ 

˿͙ͤͣͦ͟ ͙͔͒͊ͭͪͯͭͫΎ ͨͦ ͙͙ͤͫͪͨͭͯ͟ ͤ͊ ͔ͦ͋ͦͪͦͭ моΦлпΦмфрф ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ  
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˾͙ͫͯͤͦ͟ мн ς ˽͙͔ͪͣͪ ͤͦ΄͔͙ͤΎ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͊͟ ;͔ͤ͊͡ ˤ˶˴˿˸ ζͦ ͋ͪ͊͘ͼ͊ мфпр ͎Φη ͨͦ ͔ͫ͡ мфру ͎Φ 

˿͙ͤͣͦ͟ ͙͔͒͊ͭͪͯͭͫΎ ͨͦ ͙͙ͤͫͪͨͭͯ͟ ͤ͊ ͔ͦ͋ͦͪͦͭ нуΦлоΦмфрф ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ  

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˿͎ͦͦͯ͋͡ ˴Φ˹Φ ˭͙ͤ͊͟ ͪ ͙͊͘͡;͙Ύ ͙͔͎ͨͦͤͪͫͦͦ͟ ͙͍͊ͭ͊͟ ˿˿˿˾Φ мфпнςмффм κκ Lb {L¢¦Φ нлнрΦ Ѕ оΦ ˿Φос-70. 

2. ˿͎ͦͦͯ͋͡ ˴Φ˹Φ ˽͙͔ͦͤͪͫ͊͟Ύ ͔͙ͣͭ͊ͦͨ͊ͫͭ͊͟͡͡͡ ͤ͊ ͺ͎ͦͭͦͪ͊ͺ͙Ύͻ мфпл ς 1960-ͻ ͎͎Φ ˴͍͊ͦ͊͟ ͔͔ ͼ͔ͤͤͦͫͭΈ ͒͡Ύ 

͙͊ͭͪ͋ͯͼ͙͙ ͍͔͔͙ͪͣͤ ͫΆ͔͙ͣ͟Κ κκ /hDbL¢Lh w9w¦aΦ нлнрΦ Ѕ млΦ ˿Φ рс-69. 

3. ˴͙͙ͦͣͣͯͤͫͭ;͔͙͚ͫ͟ ˮ͔ͤͭͪͤ͊ͼ͙ͦͤ͊͡ ͙ ͙͚ͭ͊ͫ͊͟͟Ύ ͔͍ͪͦ͡Όͼ͙ΎΥ ˨͔ͦͯͣͤͭ͟· ͙ ͔͙ͣ͊ͭͪ͊͡·Φ ˸͍ͦͫ͊͟Σ 

мфусΦ онн ͫΦ 

4. ͍͙́ͦ͊ͪ΅ ͦͣͫͦͣͦ͟͡Φ мфмуςмфсуΥ ˨͔ͦͯͣͤͭ͟· ͫΆ͔͍͒ͦ͘Σ ͦͤ͟ͺ͔͔ͪͤͼ͙͚ ͙ ̇˴ ˤ˶˴˿˸Φ ́Φ мΦ мфмуς1941. 

˸͍ͦͫ͊͟Σ мфсфΦ слл ͫΦ 
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5. ˾͙͚͙͚ͦͫͫͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͍ ͫͦͼ͙͊͡Έͤͦ-͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙͙͙ͫͭͦͪ ό͔͔͒͊͡ ς ˾ ˥ˢ˿˽ˮύΦ ̅Φ ˸-мΦ ˻ͨΦ 

мΦ ˨Φ онсΦ  

6. ˽͍͔͙ͦͫͭ͊ͤͦͤ͡Ύ ·LLL ͔ͨͤͯͣ͊͡ ̇˴ ˤ˶˴˿˸Φ ˸͍ͦͫ͊͟Σ мфпрΦ нп ͫΦ   

7. ˾˥ˢ˿˽ˮΦ ̅Φ ˸-мΦ ˻ͨΦ мΦ ˨Φ орсΦ  

8. ˴ͪ͊ͫͤͦͺͦͭͫ͊͟͡Ύ ͍ͨͪ͊͒͊Φ мфпрΦ Ѕ мтт όмрорύΦ нф ͙Ό͡ΎΦ  

9. ˭͊ ˾͙ͦ͒ͤͯΦ мфпрΦ Ѕ ос όпумύΦ мм ͣ͊ΎΦ  

10. ̏ ͔ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫΦ ¦w[Υ ƘǘǘǇǎΥκ/antikskupka.ru/product/znachok-chlenskij-znachok-kim-perhodnyj/ 

˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ моΦммΦ нлнр ͎Φ 

11. ́ ͔͍͎ͪͦ͊Φ мфпрΦ Ѕ мнс όпттоύΦ нф ͣ͊ΎΦ 

12. ˮ ͤͫͭͪͯ͟ͼ͙Ύ ͦ͋ ͯ;͔͔ͭ ;͔͍ͤͦ͡ ͙ ͙͍͊ͤ͒͒͊ͭͦ͟ ͍ ;͔ͤ͡· ˤ˶˴˿˸Σ ͦ ͨͦͪΎ͔͒͟ ͻ͔͙ͪ͊ͤͤΎΣ ͍·͒͊;͙ 

ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ ͔͍͒ͦͯͣͤͭͦ͟ ͙ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͤ͊͘;͟ ͊ Ϧˤ˶˴˿˸Ϧ ͍ ͙͎ͨͦͭͦͪ͊ͤ͊͡ͻ ͙ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ 

͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͻ ˤ͔ͦͦͪͯ͗ͤͤ·ͻ ˿͙͡ ˿ͦΌ͊͘ ˿˿˾Φ ˸͍ͦͫ͊͟Σ мфпсΦ нп ͫΦ 

13. ̏ ͔ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫΦ URL:  https:// www.monetnik.ru/obuchenie/ faleristika/znachki-komsomol-vlksm/ 

˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ моΦммΦ нлнр ͎Φ 

14. ˾ ˥ˢ˿˽ˮΦ ̅Φ ˸-мΦ ˻ͨΦ оΦ ˨Φ ор4.  

15. ˹ ͊ ͎ͪ͊ͪͦͣ͘ ͍͎ͪ͊͊Φ мфпрΦ Ѕ упΦ м ͔͊ͨͪ͡ΎΦ  

16. ˿ ·ͤ ˻͔ͭ;͔͍ͫͭ͊Φ мфпрΦ Ѕ млрΦ т ͣ͊ΎΦ  

17. ˸ ͎͙͎͙͚͊ͤͭͦͦͪͫ͟ ͔ͣͭ͊͡͡Φ мфпрΦ Ѕ ру όуорύΦ мф ͣ͊ΎΦ  

18. ˴ ͦͣͫͦͣͦ͡Έͫ͊͟Ύ ͍ͨͪ͊͒͊Φ мфпрΦ Ѕ мсф όсмуфύΦ нл ͙Ό͡ΎΦ  

19. ˿ ͍͔ͦͭͫ͊͟Ύ ˢ͋ͻ͙͊͘ΎΦ мфпр Ѕ сп όтлмфύΦ м ͔͊ͨͪ͡ΎΦ  

20. ˴ ͦͣͫͦͣͦ͡Έ͙͚ͫ͟ ͙ͪ͊͋ͦͭͤ͟Φ мфпрΦ Ѕ пΣ ͺ͔͍ͪ͊͡ΈΦ он ͫΦ  

21. ˽ ͍͔͙͔ͦͫͭ͊ͤͦͤ͡ ̇˴ ˤ˶˴˿˸ ͦͭ мл Ύ͍ͤ͊ͪΎ мфпс ͎ͦ͒͊Φ ˻͋ ͙͔͔͙͙ͣͤͤ͘ ͍ ͺͦͪͣ͊ͻ ͦͭ;͔͙ͭͤͦͫͭ ͚͍ͪ͊ͦͣͦ͟Σ 

͎͍ͦͪͦͣͦ͟Σ ͍ͦ͋ͦͣͦ͟Σ ͚͍ͪ͊ͦͣͦ͟͟Σ ̇˴ ˶˴˿˸ ͫͦΌͤ͘·ͻ ͔͙ͪͫͨͯ͋͟͡ ͦ͋ ͙ͪ͊ͫ͘ͻ͍͙͙ͦ͒ͦ͊ͤ ͦͣͫͦͣͦ͟͡Έ͙ͫ͟ͻ 

͙͔͍͋ͭͦ͡Σ ͙͙͊ͤ͒͒͊ͭͫ͟͟ͻ ͊ͪͭͦ͟;͔͟ ͙ ͎ͤ͊ͪͯ͒ͤ·ͻ ͤ͊͘;͍ͦ͟ Ϧˤ˶˴˿˸ϦΦ ˸͍ͦͫ͊͟Σ мфпсΦ т ͫΦ 

22. ˥ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͊ͪͻ͙͍ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ ό͔͔͒͊͡ ς ˥ ˢ ˾̅ύΦ ̅Φ ˢ-нрфΦ ˻ͨΦ рΦ ˨Φ моуΦ  

23. ˾ ˥ˢ˿˽ˮΦ ̅Φ ˸-мΦ ˻ͨΦ ооΦ ˨Φ носΦ  

24. ˥ ˢ ˾̅Φ ̅Φ ˢ-нрфΦ ˻ͨΦ тΦ ˨Φ пррΦ 

25. ˾ ˥ˢ˿˽ˮΦ ̅Φ ˸-мΦ ˻ͨΦ оΦ ˨Φ рпуΦ  

26. ˾ ˥ˢ˿˽ˮΦ ̅Φ ˸-мΦ ˻ͨΦ о ˨Φ фссΦ 

27. ˻ ͋ ͙͔͔͙ͣͤͤ͘Ύͻ ͨͦͪΎ͒͊͟ ͙͔͔͙ͨͪͦ͋ͪͭͤΎ ;͔͙ͤ͊ͣ͡ ˤ˶˴˿˸ ͦͣͫͦͣͦ͟͡Έ͎ͫͦͦ͟ ͤ͊͘;͊͟Φ ˽͍͔͙͔ͦͫͭ͊ͤͦͤ͡ 

ˣΌͪͦ ̇˴ ˤ˶˴˿˸ ͦͭ мо Ύ͍ͤΦ мфру ͎ΦΣ Ѕ срΣ ͨΦ ммΦ ˸͍ͦͫ͊͟Σ мфруΦ п ͫΦ 

28. ˾ ˥ˢ˿˽ˮΦ ̅Φ ˸-мΦ ˻ͨΦ оΦ ˨Φ фонΦ 

29. ˾ ˥ˢ˿˽ˮΦ ̅Φ ˸πмΦ ˻ͨΦ оΦ ˨Φ футΦ  

30. ˿ ͙͋ͦͪͤ͟ ͍͔͙͚ͨͦͫͭ͊ͤͦͤ͡ ̇˴ ˤ˶˴˿˸ ό͍̒ͤ͊ͪΈ мфру ͎Φ ς Ύ͍ͤ͊ͪΈ мфсл ͎ΦύΦ ˸͍ͦͫ͊͟Σ мфслΦ рру ͫΦ  

31. ˴ ͦͣͫͦͣͦ͡Έͫ͊͟Ύ ͍ͨͪ͊͒͊Φ мфруΦ Ѕ муп όмлнлоύΦ т ͍͎͊ͯͫͭ͊Φ  

32. ˽ ͙͔ͦͤͪͫ͊͟Ύ ͍ͨͪ͊͒͊Φ мфруΦ Ѕ сп όпмфмύΦ мн ͍͎͊ͯͫͭ͊Φ  

 ϭ ˿͎ͦͦͯ͋͡ ˴Φ˹ΦΣ нлнр 
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MACROECONOMIC IMPACTS OF OIL AND GAS 

 

Abstract 

The oil and gas sector exerts a profound and multifaceted influence on global and national 

macroeconomic stability. As the primary source of commercial energy, its dynamicsτparticularly price 

volatilityτripple through key macroeconomic indicators like Gross Domestic Product (GDP), inflation, 

employment, trade balances, and currency exchange rates. For oil-exporting nations, hydrocarbon revenues 

are the main fiscal engine, creating the twin challenges of managing wealth responsibly and mitigating the 

risks associated with resource dependence (the 'Resource Curse'). Conversely, importing nations grapple 

with the inflationary pressures and trade deficits caused by high energy costs. This article analyzes the 

principal channels through which the oil and gas sector shapes macroeconomic performance, focusing on 

revenue generation, price shocks, and the complexities of resource management. 

Keywords: 

Oil Prices, Macroeconomics, GDP Volatility, Inflation, Exchange Rate, Fiscal Policy, Resource Curse,  

Dutch Disease, External Balance, Energy Security. 

 

Contribution to National Income and Fiscal Health 

For resource-rich nations, the oil and gas sector represents the single most dominant economic force, 

providing the vast majority of government income and export earnings. 

1. Gross Domestic Product (GDP) and Growth: 

The sector's contribution to GDP is often disproportionately large relative to its share of employment, 

driving overall national economic growth. 

¶ Direct Contribution: Includes exploration, extraction, and processing activities. For major exporters 

(like those in the Gulf or Central Asia), this share can exceed 30-50% of total GDP. 

¶ Volatile Growth: Because oil prices are highly volatile, the national GDP growth rate in oil-dependent 

economies often tracks the commodity price cycle, leading to boom-bust economic cycles. 

o Example: During the oil price collapse of 2014-2016, many oil exporters experienced negative 

GDP growth or severe fiscal contraction. 

1. Inflationary Pressures: 

Oil is a ubiquitous input cost in nearly all production and transport processes globally. Changes in its 

price directly affect the general price level. 

¶ Cost-Push Inflation: A sharp rise in oil prices immediately increases production and transportation 

costs across all sectors, leading to a rise in the Consumer Price Index (CPI). 

o Example: The 1970s oil crises resulted in severe, persistent stagflation (high inflation and low 

economic growth) across the industrialized world. 

¶ Monetary Policy Response: Central banks in importing countries are often forced to raise interest 

rates to combat oil-induced inflation, which can slow down domestic economic activity. 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ11 / 2025 

 

 

91 

2. Exchange Rates and External Balance: 

¢ƘŜ Ŧƭƻǿ ƻŦ ǊŜǾŜƴǳŜ ŦǊƻƳ ƻƛƭ ŜȄǇƻǊǘǎ ŎǊƛǘƛŎŀƭƭȅ ƛƳǇŀŎǘǎ ŀ ƴŀǘƛƻƴΩǎ ŜȄǘŜǊƴŀƭ ōŀƭŀƴŎŜ όǘǊŀŘŜ 

surplus/deficit) and its exchange rate. 

¶ Export Earnings: Hydrocarbon exports generate enormous foreign currency inflows. 

¶ Currency Appreciation (The Dutch Disease): The large inflow of foreign currency often causes the 

domestic currency to appreciate (strengthen). This makes the country's non-oil exports (e.g., manufacturing, 

agriculture) more expensive and less competitive on the global market, leading to the decline of the non-oil 

sector. 

o The formula for the real exchange rate, RER, highlights this relationship: RER=PEҎtz, where E is 

the nominal exchange rate, Pz is the foreign price level, and P is the domestic price level. Oil wealth often 

causes E to fall (appreciation) or P to rise (inflation), hurting competitiveness. 

 The Resource Curse and Development Challenges 

The paradox where resource-rich countries often exhibit slower economic growth, weaker institutions, 

and greater income inequality than resource-poor countries is known as the Resource Curse. 

Conclusion 

The oil and gas sector remains a macroeconomic giant. Its influence is felt through volatile GDP growth, 

the fiscal stability of exporting nations, global inflation rates, and the competitive position of non-oil sectors 

via exchange rate effects. While the sector provides essential capital for development, its unique 

characteristics create systemic macroeconomic risks, particularly the long-term threat of the Dutch Disease 

and the Resource Curse. Effective macroeconomic management for oil-dependent states requires rigorous 

fiscal discipline, including the strategic use of stabilization and savings funds, and aggressive policy 

implementation to foster economic diversification before the inevitable global energy transition undermines 

their primary source of wealth. 
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OIL MARKET SUPPLY AND DEMAND: DRIVERS OF PRICE VOLATILITY 

 

Abstract 

The global oil market operates on the fundamental principles of supply and demand, yet its defining 
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characteristic is its profound volatility. Unlike other commodities, crude oil is a strategic resource highly 

susceptible to geopolitical events, speculative trading, and macroeconomic shifts, making its equilibrium 

price (P*) highly unstable. Supply is influenced by geological reserves, technological innovation (e.g., 

fracking), and coordinated production policies, notably those of OPEC+. Demand is largely driven by global 

economic growth, industrial activity, and the pace of the energy transition. Understanding the unique factors 

that shift the global supply and demand curves for oil is essential for predicting market movements, managing 

macroeconomic risks, and formulating effective energy policy. This article dissects the core drivers of oil 

supply and demand and explains how their interaction generates extreme price swings. 

Keywords: 

Oil Supply, Oil Demand, Price Volatility, OPEC+, Strategic Petroleum Reserve (SPR), Global GDP,  

Geopolitical Risk, Non-OPEC Supply, Inventory Levels, Price Elasticity. 

 

The Dynamics of Global Oil Demand 

Global demand for crude oil is heavily concentrated in the transportation sector and as a vital industrial 

input. Demand is generally inelastic in the short run because consumers and industries lack immediate 

substitutes for gasoline or petrochemicals. 

Core Drivers of Demand: 

¶ Global Economic Activity (GDP): This is the single largest determinant. Periods of strong global 

economic expansion, particularly in emerging markets, dramatically increase the demand for transportation 

fuels and industrial feedstock. 

o Example: Robust economic growth in China and India in the early 2000s fueled a massive, 

sustained upward shift in global oil demand. 

¶ Price of Substitutes: While oil is crucial for transport, high prices can eventually spur demand for 

alternatives. 

o Example: Sustained high gasoline prices accelerate the consumer shift toward electric vehicles 

(EVs), causing long-term structural demand destruction for oil. 

¶ Seasonal Factors: Demand peaks during summer driving seasons and in winter for heating oil, 

creating predictable annual demand fluctuations. 

Short-Run Inelasticity of Demand: 

Demand for oil is price inelastic in the short run, meaning a large change in price leads to only a small 

change in quantity demanded. This characteristic amplifies price volatility: when supply suddenly tightens, 

buyers must pay substantially more because they cannot easily reduce consumption immediately. 

 The Complexity of Global Oil Supply 

Oil supply is governed by geological constraints, high capital costs, and the collective decisions of major 

producing entities, both state-owned and private. 

1. OPEC+ Production Policy: 

The Organization of the Petroleum Exporting Countries (OPEC) and its allies (notably Russia) function 

as an oligopolistic cartel. Their coordinated decisions to adjust production quotas are the most powerful 

short-term supply lever in the world. 

¶ Example: When OPEC+ agrees to a production cut (reducing QS), the global supply curve shifts left, 

leading to higher prices, demonstrating their influence as price makers. 

¶ Mechanism: Their spare capacity allows them to rapidly increase or decrease output, often 

attempting to stabilize prices within a target band. 

3. Geopolitical and Unexpected Shocks: 

Political instability is the primary disruptor of supply. Since production is concentrated in geopolitically 
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sensitive regions, unexpected events lead to severe supply contraction. 

¶ Example: A war or blockade in the Middle East or sanctions against a major producer (like Venezuela 

or Iran) immediately removes supply from the market, causing price spikes due to the market's inability to 

compensate quickly. 

 Supply-Demand Interaction and Price Volatility 

The high inelasticity of both short-run supply and short-run demand, combined with frequent 

exogenous shocks, is what makes oil prices notoriously volatile. 

1. The Inventory Buffer: 

Commercial and strategic oil inventories act as a crucial, though limited, buffer. 

¶ High Inventory: If commercial inventory levels are high, a supply cut will have a muted price effect 

because the excess stock can be drawn down. 

¶ Strategic Petroleum Reserve (SPR): Governments maintain emergency stocks (like the US SPR) to 

release oil during major supply crises, temporarily shifting the supply curve right to cushion price spikes. 

Conclusion 

The equilibrium price of oil is the constantly shifting intersection of global demand (driven primarily by 

economic activity and, increasingly, EV adoption) and global supply (determined by OPEC+ coordination, non-

OPEC technology, and geopolitical stability). The market's high short-run inelasticity means that relatively 

small, sudden shifts in either curveτwhether from political unrest or unexpected economic dataτtranslate 

into amplified and rapid price volatility. For consumers and policymakers alike, the challenge remains 

managing the macroeconomic risk posed by this volatility while navigating the long-term trend of structural 

demand erosion brought on by the accelerating global energy transition. 
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TEACHING: EXPERIENTIAL LEARNING AND ECONOMIC EXPERIMENTS 

 

Abstract 

Effective economics teaching must evolve from rote memorization of models and definitions to 

fostering economic reasoning, critical thinking, and robust quantitative literacy. Modern pedagogical 

approaches emphasize active learning strategies that connect abstract principles to real-world policy and 

personal decisions. This article explores key methodologiesτincluding Problem-Based Learning (PBL), 
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experiential learning, and the integration of data analysisτthat are transforming the economics classroom. 

The goal is to equip students with the analytical tools needed to understand markets, evaluate policy impacts, 

and navigate a complex, data-driven global economy. 

Keywords:  

Economics Education, Economic Reasoning, Active Learning, Problem-Based Learning (PBL),  

Quantitative Literacy, Experiential Learning, Pedagogy, Data Analysis. 

 

1. The Imperative for Economic Reasoning 

The core purpose of teaching economics is not to produce professional economists, but to develop 

economic reasoningτthe ability to systematically analyze problems using core economic concepts like 

scarcity, incentives, trade-offs, and marginal analysis. 

¶ Beyond Definitions: Effective teaching moves beyond requiring students to simply define terms (like 

GDP or elasticity) toward using these concepts to analyze complex scenarios (e.g., assessing the marginal cost 

and benefit of implementing a new regulation). 

¶ The Quantitative Link: Economics requires mathematical tools (algebra, calculus, statistics) to 

formulate, solve, and test models. Teaching must explicitly bridge the gap, showing students that math is the 

essential language for economic analysis. 

2. Core Methodologies for Active Learning 

Modern economics instruction utilizes methods that engage students directly in the process of 

economic inquiry. 

2.1. Problem-Based Learning (PBL) and Case Studies 

PBL uses authentic, complex economic problems as the starting point for instruction, forcing students 

to identify necessary knowledge and apply concepts collaboratively. 

¶ Real-World Contexts: Instead of lecturing on inflation, the class might analyze a case study about the 

central bank's actions during the 2008 financial crisis or a current labor market shortage. This approach 

compels students to integrate concepts from macroeconomics, monetary policy, and history. 

¶ Benefits: PBL enhances critical thinking and decision-making skills by requiring students to defend 

policy choices using economic theory. 

2.2. Experiential Learning and Economic Experiments 

Classroom experiments and simulations offer a powerful way to make abstract concepts concrete and 

demonstrate the predictability of human behavior under certain conditions. 

¶ Market Experiments: Students can simulate markets (e.g., a double auction or a prisoners' dilemma) 

to observe how self-interest leads to efficient (or inefficient) market equilibrium or how externalities emerge 

without regulation. 

¶ Simulations: Using software to simulate business cycles or policy impacts (e.g., modeling the effect 

of a tax hike on consumer behavior) gives students risk-free practice in analysis. 

2.3. Integrating Data Analysis and Econometrics 

In the data-driven world, quantitative literacy is paramount. Teaching must integrate real data early 

and often. 

¶ Data Visualization: Students should work with publicly available datasets (e.g., FRED from the Federal 

Reserve, World Bank data) to graph economic trends (like unemployment rates or income inequality). 

¶ Basic Econometrics: Even at the introductory level, students can learn to interpret simple regression 

analysis to estimate causal relationships between economic variables, demystifying the research underlying 

economic policy. 

3. Assessment and Reflective Practice 
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!ǎǎŜǎǎƳŜƴǘ ƛƴ ŜŎƻƴƻƳƛŎǎ ǎƘƻǳƭŘ ŜǾŀƭǳŀǘŜ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŀǎƻƴΣ ƴƻǘ Ƨǳǎǘ ǊŜŎŀƭƭ ŦŀŎǘǎΦ 

¶ Policy Evaluation Essays: Requiring students to write essays that analyze the potential consequences 

(intended and unintended) of a specific policy (e.g., a minimum wage increase) demands the use of a formal 

economic framework. 

¶ Reflection: Encouraging students to reflect on how economic principles affect their personal 

decisions (e.g., saving, borrowing, career choice) solidifies the real-world relevance of the subject. 

4. Conclusion 

By adopting active, context-rich, and quantitative teaching methods, educators can successfully 

transform economics from a dry theoretical subject into an essential analytical tool. Cultivating strong 

economic reasoning and quantitative literacy is crucial for empowering students to become informed 

consumers, responsible citizens, and effective decision-makers in their professional and personal lives. 
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CORE METHODOLOGIES FOR ACTIVE LEARNING ECONOMICS 

 

Abstract 

Effective economics teaching must evolve from rote memorization of models and definitions to 

fostering economic reasoning, critical thinking, and robust quantitative literacy. Modern pedagogical 

approaches emphasize active learning strategies that connect abstract principles to real-world policy and 

personal decisions. This article explores key methodologiesτincluding Problem-Based Learning (PBL), 

experiential learning, and the integration of data analysisτthat are transforming the economics classroom. 

The goal is to equip students with the analytical tools needed to understand markets, evaluate policy impacts, 

and navigate a complex, data-driven global economy. 
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The Imperative for Economic Reasoning 

The core purpose of teaching economics is not to produce professional economists, but to develop 

economic reasoningτthe ability to systematically analyze problems using core economic concepts like 

scarcity, incentives, trade-offs, and marginal analysis. 

Beyond Definitions: Effective teaching moves beyond requiring students to simply define terms (like 

GDP or elasticity) toward using these concepts to analyze complex scenarios (e.g., assessing the marginal cost 

and benefit of implementing a new regulation). 

The Quantitative Link: Economics requires mathematical tools (algebra, calculus, statistics) to 

formulate, solve, and test models. Teaching must explicitly bridge the gap, showing students that math is the 

essential language for economic analysis. 

Core Methodologies for Active Learning 

Modern economics instruction utilizes methods that engage students directly in the process of 

economic inquiry. 

Problem-Based Learning (PBL) and Case Studies 

PBL uses authentic, complex economic problems as the starting point for instruction, forcing students 

to identify necessary knowledge and apply concepts collaboratively. 

Real-World Contexts: Instead of lecturing on inflation, the class might analyze a case study about the 

central bank's actions during the 2008 financial crisis or a current labor market shortage. This approach 

compels students to integrate concepts from macroeconomics, monetary policy, and history. 

Benefits: PBL enhances critical thinking and decision-making skills by requiring students to defend 

policy choices using economic theory. 

Experiential Learning and Economic Experiments 

Classroom experiments and simulations offer a powerful way to make abstract concepts concrete and 

demonstrate the predictability of human behavior under certain conditions. 

Market Experiments: Students can simulate markets (e.g., a double auction or a prisoners' dilemma) 

to observe how self-interest leads to efficient (or inefficient) market equilibrium or how externalities emerge 

without regulation. 

Simulations: Using software to simulate business cycles or policy impacts (e.g., modeling the effect of 

a tax hike on consumer behavior) gives students risk-free practice in analysis. 

Integrating Data Analysis and Econometrics 

In the data-driven world, quantitative literacy is paramount. Teaching must integrate real data early 

and often. 

Data Visualization: Students should work with publicly available datasets (e.g., FRED from the Federal 

Reserve, World Bank data) to graph economic trends (like unemployment rates or income inequality). 

Basic Econometrics: Even at the introductory level, students can learn to interpret simple regression 

analysis to estimate causal relationships between economic variables, demystifying the research underlying 

economic policy. 

Assessment and Reflective Practice 

AssŜǎǎƳŜƴǘ ƛƴ ŜŎƻƴƻƳƛŎǎ ǎƘƻǳƭŘ ŜǾŀƭǳŀǘŜ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŀǎƻƴΣ ƴƻǘ Ƨǳǎǘ ǊŜŎŀƭƭ ŦŀŎǘǎΦ 

Policy Evaluation Essays: Requiring students to write essays that analyze the potential consequences 

(intended and unintended) of a specific policy (e.g., a minimum wage increase) demands the use of a formal 

economic framework. 

Reflection: Encouraging students to reflect on how economic principles affect their personal decisions 

(e.g., saving, borrowing, career choice) solidifies the real-world relevance of the subject. 
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THE GLOBAL ECONOMY: STRUCTURE, CHALLENGES, AND MODERN DYNAMICS 

 

Abstract 

Economics is the social science that studies the production, distribution, and consumption of goods 

and services. The global economy today is a highly interconnected and dynamic system characterized by rapid 

technological change, complex financial flows, and persistent issues of inequality and sustainability. This 

article analyzes the fundamental structure of economic systems, the primary forces driving global economic 

activity, and the major challenges facing policymakers in the modern era, including the rise of digital finance 

and the necessity of addressing climate change. 
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Global Economy, Economic Systems, Macroeconomics, Microeconomics, Digital Economy, Fiscal Policy, 

Monetary Policy, Globalization, Sustainability, Inequality. 

 

1. The Foundation of Economic Systems 

At its core, economics addresses the fundamental problem of scarcityτhow societies allocate limited 

resources to satisfy unlimited wants. All economic systems, regardless of their complexity, must answer three 

basic questions: What to produce, how to produce it, and for whom to produce it? 

¶ Market Economy (Capitalism): Decisions are primarily made by private individuals and firms 

interacting through markets, driven by price signals and the pursuit of profit. Competition and decentralized 

decision-making are key features. 

¶ Command Economy (Socialism/Communism): Decisions regarding production and distribution are 

centralized and made by the government or planning authority. 

¶ Mixed Economy: Most modern economies, including the United States and European nations, are 
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mixed economies, blending market mechanisms with government regulation and public provision of certain 

goods and services (e.g., healthcare, education). 

2. Microeconomics and Macroeconomics 

Economic analysis is divided into two major branches that study different levels of activity: 

¶ Microeconomics: Focuses on the behavior of individual economic units, such as households, firms, 

and industries. Key concepts include supply and demand, elasticity, market structure (e.g., monopoly vs. 

perfect competition), and consumer choice. 

¶ Macroeconomics: Studies the economy as a whole, focusing on broad aggregates like Gross Domestic 

Product (GDP), inflation, unemployment, and economic growth. Policy tools at this level include fiscal policy 

(government spending and taxation) and monetary policy (central bank management of interest rates and 

money supply). 

3. Modern Economic Dynamics and Challenges 

The 21st century has introduced transformative dynamics and novel challenges to global economic 

management. 

3.1. Globalization and Trade 

Globalizationτthe increasing interdependence of world economies through trade, capital flows, and 

labor migrationτhas accelerated economic growth but also increased global financial volatility. International 

trade models, based on the principle of comparative advantage, show how specialization can lead to greater 

overall efficiency and output for all participating nations. 

3.2. The Digital Economy 

The rapid growth of the digital economy, powered by technology, has created new business models 

(e.g., platform economics, e-commerce) and fundamentally changed labor markets. This shift introduces 

challenges in: 

¶ Measurement: Accurately measuring the value and contribution of digital goods (which are often 

"free") to GDP. 

¶ Regulation: Addressing issues like data privacy, market concentration among tech giants, and 

taxation of multinational digital firms. 

3.3. Inequality and Sustainability 

Two of the most pressing challenges are rising economic inequality within many developed nations 

and the imperative of environmental sustainability. 

¶ Inequality: Concentration of wealth and income often leads to social instability and hinders long-

term growth. Economists debate the best policy tools, such as progressive taxation, universal basic income, 

and investments in education. 

¶ Climate Economics: The integration of climate change into economic models requires analyzing the 

cost of carbon emissions (externalities) and designing market mechanisms (like carbon taxes or cap-and-

trade systems) to internalize these costs and shift investment toward green technologies. 

4. Conclusion 

The global economy is a complex adaptive system driven by the rational and behavioral decisions of 

billions of actors. Mastering the principles of economicsτboth micro and macroτis crucial for policymakers 

seeking to achieve sustainable growth, reduce inequality, and manage the revolutionary forces unleashed by 

digital technology. The central ongoing task of economic thought remains ensuring that the pursuit of 

efficiency is balanced with the need for equity and environmental resilience. 
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TEACHING ECONOMICS: CULTIVATING REASONING AND QUANTITATIVE LITERACY 

 

Abstract 

Effective economics teaching must evolve from rote memorization of models and definitions to 

fostering economic reasoning, critical thinking, and robust quantitative literacy. Modern pedagogical 

approaches emphasize active learning strategies that connect abstract principles to real-world policy and 

personal decisions. This article explores key methodologiesτincluding Problem-Based Learning (PBL), 

experiential learning, and the integration of data analysisτthat are transforming the economics classroom. 

The goal is to equip students with the analytical tools needed to understand markets, evaluate policy impacts, 

and navigate a complex, data-driven global economy. 

Keywords:  

Economics Education, Economic Reasoning, Active Learning, Problem-Based Learning (PBL), Quantitative 

Literacy, Experiential Learning, Pedagogy, Data Analysis. 

 

1. The Imperative for Economic Reasoning 

The core purpose of teaching economics is not to produce professional economists, but to develop 

economic reasoningτthe ability to systematically analyze problems using core economic concepts like 

scarcity, incentives, trade-offs, and marginal analysis. 

¶ Beyond Definitions: Effective teaching moves beyond requiring students to simply define terms (like 

GDP or elasticity) toward using these concepts to analyze complex scenarios (e.g., assessing the marginal cost 

and benefit of implementing a new regulation). 

¶ The Quantitative Link: Economics requires mathematical tools (algebra, calculus, statistics) to 

formulate, solve, and test models. Teaching must explicitly bridge the gap, showing students that math is the 

essential language for economic analysis. 
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2. Core Methodologies for Active Learning 

Modern economics instruction utilizes methods that engage students directly in the process of 

economic inquiry. 

2.1. Problem-Based Learning (PBL) and Case Studies 

PBL uses authentic, complex economic problems as the starting point for instruction, forcing students 

to identify necessary knowledge and apply concepts collaboratively. 

¶ Real-World Contexts: Instead of lecturing on inflation, the class might analyze a case study about the 

central bank's actions during the 2008 financial crisis or a current labor market shortage. This approach 

compels students to integrate concepts from macroeconomics, monetary policy, and history. 

¶ Benefits: PBL enhances critical thinking and decision-making skills by requiring students to defend 

policy choices using economic theory. 

2.2. Experiential Learning and Economic Experiments 

Classroom experiments and simulations offer a powerful way to make abstract concepts concrete and 

demonstrate the predictability of human behavior under certain conditions. 

¶ Market Experiments: Students can simulate markets (e.g., a double auction or a prisoners' dilemma) 

to observe how self-interest leads to efficient (or inefficient) market equilibrium or how externalities emerge 

without regulation. 

¶ Simulations: Using software to simulate business cycles or policy impacts (e.g., modeling the effect 

of a tax hike on consumer behavior) gives students risk-free practice in analysis. 

2.3. Integrating Data Analysis and Econometrics 

In the data-driven world, quantitative literacy is paramount. Teaching must integrate real data early 

and often. 

¶ Data Visualization: Students should work with publicly available datasets (e.g., FRED from the Federal 

Reserve, World Bank data) to graph economic trends (like unemployment rates or income inequality). 

¶ Basic Econometrics: Even at the introductory level, students can learn to interpret simple regression 

analysis to estimate causal relationships between economic variables, demystifying the research underlying 

economic policy. 

3. Assessment and Reflective Practice 

!ǎǎŜǎǎƳŜƴǘ ƛƴ ŜŎƻƴƻƳƛŎǎ ǎƘƻǳƭŘ ŜǾŀƭǳŀǘŜ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŀǎƻƴΣ ƴƻǘ Ƨǳǎǘ ǊŜŎŀƭƭ ŦŀŎǘǎΦ 

¶ Policy Evaluation Essays: Requiring students to write essays that analyze the potential consequences 

(intended and unintended) of a specific policy (e.g., a minimum wage increase) demands the use of a formal 

economic framework. 

¶ Reflection: Encouraging students to reflect on how economic principles affect their personal 

decisions (e.g., saving, borrowing, career choice) solidifies the real-world relevance of the subject. 

4. Conclusion 

By adopting active, context-rich, and quantitative teaching methods, educators can successfully 

transform economics from a dry theoretical subject into an essential analytical tool. Cultivating strong 

economic reasoning and quantitative literacy is crucial for empowering students to become informed 

consumers, responsible citizens, and effective decision-makers in their professional and personal lives. 
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ͤͦ ͙ ͨͦ͊͊͘͟͡ Ήͺͺ͔͙͍ͭͤͯ͟Ό ͔ͣͦ͒͡Έ ͙ͫͦ͒͊ͤ͘Ύ ͦͣ͟ͺ͚ͦͪͭͤͦ ͔ͫͪ͒· ͒͡Ύ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·ͻ 

͙͍͍ͨͪͦͦ͒ͫͭ͘ ͙ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Φ ώпϐ ˨͊͡Έ͔͚ͤ΄͔͔ ͍͙͙͔ͪ͊ͭ͘ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͣ͊ͫ΄͙͍͙͔ͭ͊͋ͪͦ͊ͤ ͔ͯͫͨ΄ͤ·ͻ 

͙ͨͪ͊ͭ͟͟ ͙ ͪ͊ͫ΄͙͔͙͔ͪͤ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ Ή͙͔ͦͫͫͭͣ͟·Φ 

˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͔͍͊ͫͨͭͦ͟ ͍͔͎ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ˮ͙ͤͤͦͨͦͫ͊͡ Ύ͍͡Ύ͔ͭͫΎ ͙͔ͫͦ͒͊ͤ͘ 

͙͍͚ͫ͋͊͊ͤͫͪͦ͊ͤͤͦ͡ ͔ͫͪ͒·Σ ͫͦ;͔ͭ͊Ό΅͔͚ ͍ ͔͔ͫ͋ ͍͔͔ͫͦͪͣͤͤ·͔ ͙͗͡·͔ ͔ͦͣͨͫ͟͟͡·Σ ͔͔͍ͨͪ͒ͦ·͔ ͤ͊ͯ;ͤͦ-

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͯ;͔͔͙ͪ͗͒ͤΎ ͙ ͍͙ͪ͊ͭͯ͘Ό ͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟ ͒͡Ύ ͙͔͋ͤͫ͊͘ ͙ ͦͭ͒·ͻ͊Φ ˥ͦͪͦ͒ ͔͙ͫͭͪͣͭͫΎ 

͔͙ͨͪ͒ͦ͗ͭ͡Έ ͍͙ͫͦͣ ͙͔͗ͭ͡Ύͣ ͔ͤ ͭͦ͡Έͦ͟ ͦͣ͟ͺ͔ͦͪͭͤͦ ͙͍͙͔ͨͪͦ͗͊ͤ ͙ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͪͦͫͭ͊Σ ͤͦ ͙ ΄͙͙͔ͪͦ͟ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ ͔͙ͫ͊ͣͦͪ͊͊͘͡ͼ͙͙Σ ͍ͭͦͪ;͔͍ͫͭ͊ ͙ ͙͍͎͊ͭͤͦͦ͟ 

ͦͭ͒·ͻ͊Φ 

ˤ͊͗ͤ·ͣ ͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ ͍͙͙ͪ͊ͭ͘Ύ Ύ͍͡Ύ͔ͭͫΎ ͙͔ͫͦ͒͊ͤ͘ ͦ͋΅͔͍͔ͫͭͤͤ·ͻ ͍ͨͪͦͫͭͪ͊ͤͫͭΣ 

͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙ͻ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͫͦͦ͋΅͔͍ͫͭ͊ ͙ ͍͙͙ͪ͊ͭ͘Ό ͫͦͼ͙͊͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟Φ ώрϐ ˽͙͊ͪ͟Σ ͍͔ͫͪ͟·Σ 

͔ͨ΄͔ͻͦ͒ͤ·͔ ͦͤ͘· ͙ ͙͍ͫͨͦͪͭͤ·͔ ͨͦ͡΅͙͊͒͟ ͍ͫͭ͊ͤͦΎͭͫΎ ͔͙ͣͫͭ͊ͣ ͍͔ͫͭͪ; ͙ ͦ͋΅͔͙ͤΎΣ ͍ͫͨͦͫͦ͋ͫͭͯΎ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ;͍͍ͯͫͭ͊ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ ͟ ͎ͦͪͦ͒ͯ ͙ ͔͔͙ͯͪͨͤ͟͡Ό ͫͦͼ͙͊͡Έͤ·ͻ ͍ͫΎ͔͚͘Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ 

͔ͯ͒͡Ύ͔ͭͫΎ ͙ͫͦ͒͊ͤ͘Ό ͔͋͋͊ͪ͘Έ͔͚ͪͤͦ ͔ͫͪ͒·Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͔͚ ͍ͪ͊ͤ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ ͍͔ͫͻ ͙͔͔͚͗ͭ͡Σ 

͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͍ͦͪ͊ͫͭ͊͘ ͙ ͺ͙͙͘;͔͙ͫ͟ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘Φ 

˾͍͙͙͔͊ͭ͘ ͚ͭͪ͊ͤͫͨͦͪͭͤͦ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· Ύ͍͡Ύ͔ͭͫΎ ͔΅͔ ͙ͦ͒ͤͣ ͍͊͗ͤ·ͣ ͺ͊ͭͦͪͦͣ͟Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͣ 

͍͔͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͍͙͙͔ͪ͊ͭ͘ ˮ͙ͤͤͦͨͦͫ͊͡Φ ˿͙͔ͦ͒͊ͤ͘ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͙͔ͫͫͭͣ· ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͭͪ͊ͤͫͨͦͪͭ͊Σ 

͍͙͙͔ͪ͊ͭ͘ ͍͔͙͔͚ͦͫͨ͒ͤͦ͡ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͯ͒ͦ͋ͤ·ͻ ͍ͨ͊ͪͦͦ͟;ͤ·ͻ ͔ͣͫͭ ͍ͨͦͦ͘͡ΎΌͭ ͙͙ͫͤͭ͘Έ 

͍͙͙͊ͫͣͦͫͭ͘Έ ͦͭ ͙͡;͎ͤͦͦ ͭͪ͊ͤͫͨͦͪͭ͊ ͙ ͯͯ͡;΄͙ͭΈ Ή͎͙ͦͦ͟͡;͔ͫͯ͟Ό ͍ͦ͋ͫͭ͊ͤͦͯ͟Φ ώсϐ ˮ͔͎ͤͭͪ͊ͼ͙Ύ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͙͔ͫͫͭͣͯ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͭͪ͊ͤͫͨͦͪͭͦͣΣ ͙ͭ͊͟ͻ ͊͟͟ ͯͣͤ·͔ ͍͔ͫͭͦͺͦͪ· ͙ ͙͔ͫͫͭͣ· 

͙͙͎ͣͦͤͭͦͪͤ͊ ͭͪ͊ͺ͙͊͟Σ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ ͭͪ͊ͤͫͨͦͪͭͤ·͔ ͙ͨͦͭͦ͟ ͙ ͍ͨͦ·͙ͫͭΈ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ 

͎͒ͦͪͦ͗ͤͦͦ ͍͙͔͙͒͗ͤΎΦ 

ˤ ͔͔͙͍͔ͨͪͫͨͭ͟ ͍͔͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͍͙͙͔ͪ͊ͭ͘ ˮ͙ͤͤͦͨͦͫ͊͡ ͔͋ͯ͒ͭ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͙͔ͫͦ͒͊ͤ͘ 

͚ͯͫͭͦ;͙͍͚ͦ ͙ ͫ͊ͣͦ͒ͦͫͭ͊ͭͦ;͚ͤͦ ͎͚ͦͪͦ͒ͫͦ͟ ͔ͫͪ͒·Σ ͚ͫͨͦͫͦ͋ͤͦ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ ͔ͣͤΎΌ΅͙ͣͫΎ 

͔ͨͦͭͪ͋ͤͦͫͭΎͣ ͙͔͔͚͗ͭ͡ ͙ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ ͍͔͔͙ͪͣͤΦ ώтϐ ˥ͦͪͦ͒ ͔͋ͯ͒ͭ ͨͪͦ͒ͦ͗͊ͭ͡Έ ͍͙͍ͪ͊͊ͭ͘ΈͫΎ ͊͟͟ 

͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͚ ͼ͔ͤͭͪΣ ͙͍͔ͨͪ͊͟͡Ό΅͙͚ ͭ͊͊ͤͭ͡· ͙ ͙͍͔͙ͤͫͭͼ͙͙Σ ͙ ͊͟͟ ͦͣ͟ͺ͔ͦͪͭͤͦ ͔ͣͫͭͦ ͒͡Ύ ͙͙͗ͤ͘ ͙ 

ͪ͊͋ͦͭ·Σ ͎͔͒ ͊͗͒͟·͚ ͙͔͗ͭ͡Έ ͙͔͔ͣͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͙͍ͪ͊ͦ͊ͭ͘͡Έ ͍͚ͫͦ ͔ͨͦͭͤͼ͙͊͡ ͙ ͍͔͙ͤͫͭ ͍͊͒͟͡ ͍ ͍͙͙͔ͪ͊ͭ͘ 

͎ͦͪͦ͒͊ ͙ ͫͭͪ͊ͤ·Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͭͣ͊ ͍͔͎ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ˮ͙ͤͤͦͨͦͫ͊͡ Ύ͍͡Ύ͔ͭͫΎ ͚͔ͪ͊ͤ͟ ͊ͭͯ͊͟͡Έ͚ͤͦ ͙ 

͔͔ͭͪ͋ͯͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Σ ͯ;͙ͭ·͍͊Ό΅͔͎ͦ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟Σ ͫͦͼ͙͊͡Έͤ·͔Σ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ 

͔ͭͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͔͊ͫͨͭ͟·Φ ˻ͭ ͎͎ͪ͊ͣͦͭͤͦͦ ͔ͪ΄͔͙ͤΎ Ή͙ͭͻ ͍͍ͦͨͪͦͫͦ ͍͙͙͊ͫͭ͘ ͋ͯ͒ͯ΅͔͔ ͎ͦͪͦ͒͊ ͊͟͟ 

͙͍ͤͤͦ͊ͼ͙͎ͦͤͤͦͦ ͼ͔ͤͭͪ͊ ͙ ͔ͯͫͨ΄͎ͤͦͦ ͙͔ͨͪͣͪ͊ ͚ͯͫͭͦ;͙͍͎ͦͦ ͎͎ͦͪͦ͒ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘ΎΦ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˢ͙͍͋͒ͯͣͯͭ͊͋ͦ͊͡͡Σ ˢΦˢΦ ͔͔́ͤ͒ͤͼ͙͙ ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͍͙͙ͪ͊ͭ͘Ύ Ϧͯͣͤ·ͻ ͎͍ͦͪͦ͒ͦϦ ͍ ˾̅ όͤ͊ ͙͔͔ͨͪͣͪ 

ˮ͙ͤͤͦͨͦͫ͊͡ύ κ ˢΦˢΦ ˢ͙͍͋͒ͯͣͯͭ͊͋ͦ͊͡͡Σ ˸Φ ˹Φ ˸͙͍ͪͦͤͦ͊ κκ ˮ͍ͤͤͦ͊ͼ͙ͦͤͤ͊Ύ Ή͙ͦͤͦͣ͊͟͟Φ ς 2021. ς Ѕ оόнуύΦ 

ς ˿ Φ нп-44.  

2. ˿͙͍ͣ͊ͦ͟Σ ˤΦ˨Φ ˽͍͔ͦ͒ͫͤ·͔ ͔ͤͫͯ΅͙͔ ͙͔ͫͫͭͣ· ͙͚͒͊ͤ͘ ͔ͭͻͤͦͨ͊ͪ͊͟ ͙ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͍ ͎͔ͦͪͦ͒ 

ˮ͙͔ͤͤͦͨͦͫ͡ κ ˤΦ˨Φ ˿͙͍ͣ͊ͦ͟Σ ˥Φ ˽Φ ˹͙͙͙ͭͤ͟ κκ ˽ͪͦͣ·΄͔͔ͤͤͦ͡ ͙ ͎͔ͪ͊͗͒͊ͤͫͦ͟ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭͦΦ ς 2022. ς Ѕ 

3. ς ˿ Φ мф-24. 

3. ˮ͋͡Ύ͙͍ͣͤͦ͊Σ ˢΦ ˢΦ ˮ͙ͤͤͦͨͦͫ͡ ͊͟͟ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ͊Ύ ͨͦ͡΅͊͒͊͟ ͦͫͯ΅͔͍͔͙ͫͭͤ͡Ύ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͒͡Ύ 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͎ͦͪͦ͒ͦͣ κ ˢΦ ˢΦ ˮ͋͡Ύ͙͍ͣͤͦ͊Σ ˽Φ ˢΦ ˴͔͍ͦͨͭ͊Σ ˶Φ ˾Φ ͚͙̅͊ͯͤ͊͘͡͡ κκ ˴͙͚͊͊ͤͫ͘͟ ͫͦͼ͙͊͡Έͤͦ-

͎͙ͯͣ͊ͤͭ͊ͪͤ·͚ ͍͔͙ͫͭͤ͟Φ ς 2021. ς Ѕ пόрмύΦ ς ˿ Φ мт-20.  

4. ˣ͔ͯͪ͟ ͔͍Σ ˨Φ ˻Φ ˮ͙ͤͤͦͨͦͫ͡· ͊͟͟ ͔ͤͦͭΆ͔͔ͣͣ͡·͚ ͔ͫͭͦͪ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͎͙ͪͦͤ͊͡Έ͚ͤͦ Ή͙͙ͦͤͦͣ͟͟ κ ˨Φ ˻Φ 

ˣ͔͔͍ͯͪ͟ κκ ˴͔͙͍ͪ͊ͭͤ͊Ύ Ή͙ͦͤͦͣ͊͟͟Φ ς 2012. ς Ѕ ммόтмύΦ ς ˿ Φ фр-99. 

5. ˣ͎͍ͦ͒͊ͤͦΣ ˤΦ˿Φ ͔͔́ͤ͒ͤͼ͙͙ ͍͙͙ͪ͊ͭ͘Ύ ͙͚͙ͪͦͫͫͫ͟ͻ ζͯͣͤ·ͻ ͎͍ͦͪͦ͒ͦηΥ ͔ͨͪͦ͋ͣ͡· ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ 

͔͍͔͍ͤͪ͊ͤͫͭ͊ κ ˤΦ˿Φ ˣ͎͍ͦ͒͊ͤͦ κκ ˹͊ͯ;ͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭΦ ˿ͦͼ͙͎͙ͦͦ͡Ύ ͙ ͍͔͙͔ͯͨͪ͊ͤ͡Φ ς 2023. ς ́Φ фΣ Ѕ мΦ ς ˿Φ 

85-97.  

6. ˨͔ͣΈΎ͔ͤͤͦ͟Σ ˤΦ ˮΦ ˿ͯ͋Ά͔ͭͤͦͫͭ͟Έ ͍ ͔ͪ΄͔͙͙ͤ ͔ͨͪͦ͋ͣ͡ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͎͙͍ͪͦͤͦ 

˾̅ όͨͦ ͔͙ͣ͊ͭͪ͊͊ͣ͡ ͙͒ͫͭ͊ͤͼ͙͎ͦͤͤͦͦ ͙͊ͤ͊͊͘͡ ͦͭͪ͟·ͭ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ ͔͙ͫͭ ͙͔͔ͤͭͪͤͭύ κ ˤΦ ˮΦ ˨͔ͣΈΎ͔ͤͤͦ͟ 

κκ ˹͊ͯ;ͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭΦ ˿ͦͼ͙͎͙ͦͦ͡Ύ ͙ ͍͔͙͔ͯͨͪ͊ͤ͡Φ ς 2022. ς ́ Φ уΣ Ѕ пΦ ς ˿ Φ мнс-147.  

7. ͙̒ͤͼ͙͚͟Σ ˻Φ ˹Φ ˸͊͡·͔ ͎ͦͪͦ͒͊ ˾͙͙ͦͫͫΥ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͙͊ͤ͊͘͡ κ ˻Φ ˹Φ ͙̒ͤͼ͙͚͟ κκ ˹͊ͯ;ͤ·͚ 

͔ͪͯ͘͡Έͭ͊ͭΦ ˿ͦͼ͙͎͙ͦͦ͡Ύ ͙ ͍͔͙͔ͯͨͪ͊ͤ͡Φ ς 2018. ς ́ Φ пΣ Ѕ пΦ ς ˿ Φ 52-64.  

ϭˢ͍͊ͣͦ͡͡ ˣ., 2025 

 

 

 

 

̂˨˴смр 

ˣ͔ͣ͟·͍ͪ͊͒ͦ ˸·ͪ͊ͭ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͦͪ͊ͤ͊͘ͼ͙͙Σ Ή͙͙ͦͤͦͣ͟͟ ͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͍͒ͪ͊ͦͦ͘ͻ͔͙͔ͪ͊ͤͤͣ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ˸͔͙͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

 

˽̂́ˮ ˽˻ˤ̍̊˩˹ˮ̒ ̏˴˻˹˻˸ˮ˴ˮ ˭˨˾ˢˤ˻˻̆˾ˢ˹˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍ͨͦ·΄͔͙ͤΎ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ Ή͙͙ͦͤͦͣ͟͟ 
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WAYS TO IMPROVE THE ECONOMICS OF HEALTHCARE 

 

Annotation 

The article discusses the main directions of improving the efficiency of the healthcare economy. Special 

attention is paid to cost optimization, the development of health insurance, the introduction of digital 

technologies and the formation of a sustainable financing model. Measures aimed at rational allocation of 

resources and improvement of the quality of medical services are proposed. 
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˿̂̋˹˻˿́̎ ˮ  ˽ ˻˨̆˻˨̍ ˴  ˻ ˽˾˩˨˩˶˩˹ˮ̑ ˽ ˻˹̒́ˮ̒ ˾ ̍˹˴ˢ ́ ˾̂˨ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͤ͊ ͍͔ͦͫͤͦ ͙͊ͤ͊͊͘͡ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙͔ͭͪ͊ͭͯͪ͡· ͦ ͨͦͤΎ͙͙ͭ ζͪ·ͤͦ͟ ͭͪͯ͒͊η ͍·Ύ͍͔ͤͦ͡ 

ͫͯ΅͔͍ͫͭͯΌ΅͔͔ ͺ͙͊ͭ͟;͔͔ͫͦ͟ ͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘ ͨͦͤΎ͙ͭΎΣ ͯͫͦ͗ͤ͡ΎΌ΅͔͔ ͔ͨͪͦ͋ͣͯ͡ ͔͎ͦ ͔͔͔͙ͦͨͪ͒ͤ͡ΎΤ 

͍͙͊ͭͦͪ͊ͣ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͙ ͔͎͔ͨͪ͒͊͊ͭͫ͡Ύ ͨͦ͒ͻͦ͒ ͟ ͔͔͔͙ͦͨͪ͒ͤ͡Ό ͪ·ͤ͊͟ ͭͪͯ͒͊ ͊͟͟ Ήͭͦ ͎͔͚ͣͤͦͦͣͪͤͦ 

͙͔ͫͫͭͣ͊Σ ͫͦ;͔ͭ͊Ό΅͔͚ ͍ ͔͔ͫ͋ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟Σ ͫͦͼ͙͊͡Έͤ·͔ ͙ ͍͍ͨͪ͊ͦ·͔ ͔ͣͻ͙͊ͤͣ͘·Σ ;͔͔ͪ͘ ͦͭͦͪ͟·͔ 

ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔ͣ͗͒ͯ ͙͙ͪ͊͋ͦͭͤ͊ͣ͟ ͙ ͔ͪ͊͋ͦͭͦ͒͊ͭ͡ΎͣΦ 

˴͡Ό;͔͍·͔ ͫ ͍ͦ͊͡: 

·ͪͤͦ͟ ͭͪͯ͒͊Σ ͫͨͪͦͫ ͭͪͯ͒͊Σ ͔͔͙͔ͨͪ͒ͦ͗ͤ͡ ͭͪͯ͒͊Σ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ ͙͍͊ͭͤ͊͟Ύ ;͊ͫͭΈ ͔͔͙ͤ͊ͫͤ͡ΎΣ 

͔ͭͪͯ͒ͦͫͨͦͫͦ͋ͤͦ ͔͔͙͔ͤ͊ͫͤ͡. 
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ESSENCE AND APPROACHES TO DETERMINING ECONOMIC SECURITY 

 

Abstract 

In this article, based on an analysis of the economic literature on the concept of ζlabor marketη, the 

existing actual diversity of the concept is revealed, which complicates the problem of its definition; the 

authors of this article propose an approach to defining the labor market as a multidimensional system that 

combines economic, social and legal mechanisms through which interaction between employees and 

employers is carried out. 

Keywords: 

c͔onomic security, sovereignty, national interests. 

  

ˤ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙͔͔ͭͪ͊ͭͯͪ͡ ͍͔ͫͭͪ;͔͊ͭͫΎ ͔͍ͣͤͦ͗ͫͭͦ ͙ͪ͊͘͡;ͤ·ͻ ͍͙͍͊ͪ͊ͤͭͦ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ 

ͨͦͤΎ͙ͭΎ ζͪ·ͤͦ͟ ͭͪͯ͒͊ηΦ ˤ ͍ͦͫͤͦͤͦͣ ͔͙ͭͪͣͤ ͔ͭͪ͊ͭͯͭͫ͟Ύ ͙͔ͨͪͣͪͤͦ ͙͍ͦ͒ͤ͊ͦͦ͟Σ ͦ͒ͤ͊ͦ͟ ͔͔͔͙ͦͨͪ͒ͤ͡ΎΣ 

ͦͭͦͪ͟·͔ ͒͊Όͭ ͍͔͔ͫͦͪͣͤͤ·͔ Ή͙ͦͤͦͣͫͭ͟·Σ ͪ͊ͫͪ͟·͍͊Όͭ ͙ͪ͊͘͡;ͤ·͔ ͔͊ͫͨͭ͟· ͨͦͤΎ͙ͭΎΣ ͔ͨͪͦ͋ͣ͡·, 

͔ͣͻ͙͊ͤͣ͘· ͔͎͙͍͙ͪͯͪͦ͊ͤ͡Ύ ͙ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Σ ͙ͪ͊͘͡;͊Ύ ͔͙ͭͪͣͤ ͍ 

͔͒ͭ͊͡ΎͻΦ ˾͙͊͘͡;ͤ·͔ ͍͙ͭͪ͊ͭͦ͟͟ ͨͦͤΎ͙ͭΎ ζͪ·ͤͦ͟ ͭͪͯ͒͊η ͍ ͪ͊͋ͦͭ͊ͻ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͚͙ͪͦͫͫͫ͟ͻ ͯ;͖ͤ·ͻ 

͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͍ ͙ͭ͊͋͡ͼ͔ мΦ  

͙́͊͋͡ͼ͊ м 

͍́ͪ͊ͭͦ͊͟͟ ͨͦͤΎ͙ͭΎ ζͪ·ͤͦ͟ ͭͪͯ͒͊η ͍ ͪ͊͋ͦͭ͊ͻ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͚͙ͪͦͫͫͫ͟ͻ ͯ;͖ͤ·ͻ 

Ѕ ˢ͍ͭͦͪ· ˻͔͔͔͙ͨͪ͒ͤ͡Ύ 

1 ˤ͙΄͙ͤ͊ ˩ΦΣ ˣ͙͊͋;͔͍͊ 
ˢΦΣ  
[4, C. 884] 

ˤ ͔ͪ͊͋ͦͭ ˩ΦˤΦ ˤ͙΄͙͚ͤͦ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͒͊ͤͦ ͭ͊͟Υ ζ˾·ͤͦ͟ ͭͪͯ͒͊ - Ήͭͦ ͙͔ͫͫͭͣ͊Σ ͦͭͦͪ͊͟Ύ 
ͨͦͫͭͦΎͤͤͦ ͙͔ͣͤ͘Ύ͔ͭͫΎ ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͍͔ͤ΄͙ͤͻ ͙ ͍͔͙ͤͯͭͪͤͤͻ ͺ͍͊ͭͦͪͦ͟Φ ˾͔͙͊͊͘͡ͼ͙Ύ 
͍ͦͫͤͦͤ·ͻ ͺͯͤ͟ͼ͙͚ ͪ·ͤ͊͟ ͭͪͯ͒͊ ͙͍ͨͪ͊ͤ͊͘ ͔͔ͦ͋ͫͨ;͙͍͊ͭΈ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͫͦͼ͙͊͡Έͤͦ-͍ͭͪͯ͒ͦ·ͻ 
ͦͭͤͦ΄͔͙͚ͤ ͙ͨͪ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͨͪͦͼ͔͒ͯͪ· ͦͭ͋ͦͪ͊ ͙ ͚ͤ͊ͣ͊ ͍ͭͪͯ͒ͦ·ͻ ͔͍ͪͫͯͪͫͦη [4]. 

2 ˮΦˢΦ ˢ΄͍ͣ͊ͪͦ 
[3, C. 28] 

ˤ ͫͭ͊ͭΈ͔ ˮΦˢΦ ˢ΄͍ͣ͊ͪͦ͊ ͒͊ͤ͊ ͭ͊͊͟Ύ ͔͒ͺ͙͙ͤͼ͙ΎΥ ζ˾·ͤͦ͟ ͭͪͯ͒͊ ͙͔͔ͣͭ Ύ͍ͤͦ ͍·͔ͪ͊͗ͤͤͯΌ 
͙͙ͤͫͭͭͯͼ͙ͦͤ͊͡ΈͤͯΌ ͙ͨͪͪͦ͒ͯ ͙ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎΣ ͍ͦ-͔͍ͨͪ·ͻΣ ͊͟͟ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤ·͚ 
Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͙Σ ͍ͦ-͍ͭͦͪ·ͻΣ ͊͟͟ ͍ͫͦͦͯͨͤͦͫͭ͟Έ ͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͙ͻ ͔͎ͦ 
Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͙͙͍ͤͫͭͭͯͭͦη ώоϐΦ 

3 ˽΄͙ͻ͔͍ͦ͗͊ ˨Φ˸Φ 
[6, C. 1] 

ζˤ ͯͦͣ͘͟ ͫͣ·͔ͫ͡ ͪ·ͤͦ͟ ͭͪͯ͒͊ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͔ͣͻ͙͊ͤͣ͘ ͎͍͙ͫͦ͊ͫͦ͊ͤ͡Ύ ͫͨͪͦͫ͊ ͙ 
͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͪ͊͋ͦ;͔͚ ͙ͫ͡·Φ ˤ ΄͙ͪͦͦͣ͟ ͫͣ·͔ͫ͡ ͪ·ͤͦ͟ ͭͪͯ͒͊ -Ήͭͦ ͔ͫͨͼ͙ͺ͙;͔ͫ͊͟Ύ ͺͦͪͣ͊ 
͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ ͦ͋΅͔͍ͫͭ͊Σ Ήͭͦ ζͪ·ͤͦ;ͤ͊Ύ ͺͦͪͣ͊ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͭͪͯ͒͊ ͙ ͊ͤ͘Ύ͙ͭͦͫͭ 
͔͔͙ͤ͊ͫͤ͡Ύη [6]. 

4 ˢ͙͔͍͊͘ ˾Φ̆Φ 
[1, C. 1] 

˾Φ̆Φ ˢ͙͔͍͊͘ ͍͔͔ͯͭͪ͗͒͊ͭΣ ;ͭͦ ζ˾·ͤͦ͟ ͭͪͯ͒͊ ͊͟͟ ͫͦ͗ͤ͡·͚ ͔͔͙͔ͪ͊ͫͨͪ͒ͭ͡͡Έͤ·͚ ͔ͣͻ͙͊ͤͣ͘Σ 
͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͚ ͔͙͔͙͔ͫͦ͒ͤͤ ͙͍ͪ͊͋ͦͭͤͦ͟ ͫ ͪ͊͋ͦ;͙͙ͣ ͔͙ͣͫͭ͊ͣΣ ͙͔͔ͣͭ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͍ 
͍͔͔͚ͫͦͪͣͤͤͦ Ή͙͔ͦͤͦͣ͟͟Σ ͔ͭͣ ͫ͊ͣ·ͣ ͦ͊͘͟·͍͊Ύ ͍͙͡Ύ͙͔ͤ ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈ ͙ 
͔ͭͣͨ· ͪͦͫͭ͊Σ ͤͦ ͙ ͤ͊ ͎͙͔ͣͤͦ ͎͙͔͒ͪͯ ͔͙ͨͦ͊͊ͭ͘͟͡ Ή͙͙ͦͤͦͣ͟͟η [1]. 

5 ˢͣ͟Ύ͔͍ͣ͒ͦ͊ ˢΦΣ 
ˢͨ͋·͔͍͊ ˥Φ ώнΣ ˿Φ млϐ  

ζ˾·ͤͦ͟ ͭͪͯ͒͊ - Ήͭͦ ͔ͣͫͭͦΣ ͎͔͒ ͪ͊͋ͦ;͙͔ ͙ ͫͯ͗͊͡΅͙͔ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Όͭ ͎͒ͪͯ ͫ ͎͒ͪͯͦͣΦ ˹͊ 
ͪ·͔ͤ͟ ͭͪͯ͒͊ ͔͙ͪ͊͋ͦͭͦ͒͊ͭ͡ ͔͍ͫͦͪͤͯΌͭͫΎ ͊͘ ͭͦΣ ;ͭͦ͋· ͤ͊ͤΎͭΈ ͯ͡;΄͙ͻΣ ͊ ͙͙ͪ͊͋ͦͭͤ͟ 
͔͍ͫͦͪͤͯΌͭͫΎ ͊͘ ͙͔͔ͤ͊͋ͦ͡ ͍͔͍ͯ͒ͦͭͦͪ͡ΎΌ΅ͯΌ ͙ͻ ͪ͊͋ͦͭͯηΦ [2] 

6 ̏͟Ύ͔͍ ˽ΦΣ  ˢͨ͋·͔͍͊ ˥ΦΣ 
ˢ͎͔͍͊ ˣΦΣ ˨͍͍ͦͪ͊ͤͦ͊ 
˿Φ ώфΣ ˿Φммоϐ 

ζ˾·ͤͦ͟ ͭͪͯ͒͊ - Ήͭͦ ͔ͣͫͭͦΣ ͎͔͒ ͍͔ͫͭͪ;͊ΌͭͫΎ ͫͨͪͦͫ ͙ ͔͔͙͔ͨͪ͒ͦ͗ͤ͡ ͤ͊ ͪ͊͋ͦ;͙͔ ͔ͣͫͭ͊Σ ͎͔͒ 
͙͙ͪ͊͋ͦͭͤ͟ ͙͙͡ ͪ͊͋ͦ;͊Ύ ͙ͫ͊͡ ͔͍ͨͪ͒ͦͫͭ͊͡ΎΌͭ ͎͙ͯͫͯ͡Σ ͦͭͦͪ͟·͔ ͔ͭͪ͋ͯΌͭͫΎ ͔ͪ͊͋ͦͭͦ͒͊ͭ͡ΎͣΦ 
˾͙͊͋ͦͭͤͦͣ͟ ͔ͣͦ͗ͭ ͋·ͭΈ ͡Ό͚͋ͦΣ ͭͦ͟ ͔͔͗͊ͭ͡ ͔͙ͨͪ͒ͦ͗ͭ͡Έ ͍͙ͫͦ ͎͙ͯͫͯ͡ ͊͘ ͔ͦͣͨͤͫ͊͟ͼ͙ΌΣ ͊ 
͔͔ͪ͊͋ͦͭͦ͒͊ͭͣ͡ ͔ͣͦ͗ͭ ͋·ͭΈ ͔ͦͭ͒͡Έ͔ͤͦ ͙͡ͼͦ ͙͙͡ ͎͙ͦͪ͊ͤ͊͘ͼ͙ΎΣ ͚ͦͭͦͪͦ͟ ͔͔ͭͪ͋ͯͭͫΎ 
ͺ͙͙͘;͔͔ͫͦ͟ ͙͡ͼͦ ͒͡Ύ ͍·͔͙ͨͦͤͤ͡Ύ ͔͚ͦͤͪͭͤͦ͟͟ ͪ͊͋ͦͭ· ͙͙͡ ͍·͔͙ͨͦͤͤ͡Ύ ͊͒͊͘;͙Φ ͎́ͦ͒͊ 
͙ͪ͊͋ͦͭͤ͟ ͍͙ͫͦͨͦͫͭ͊ͣ ͫ ͍ͨͪͦ͒͊ͼͦͣΣ ͊ ͔ͪ͊͋ͦͭͦ͒͊ͭ͡Έ τ ͫ  ͔͔ͨͦͯͨ͊ͭͣ͟͡ηΦ [9] 

7 ́ͦ͊͟͡;͔͍͊ ˻Φ˽Φ ώуΣ 
˿Φрфϐ 

ζ˾·ͤͦ͟ ͭͪͯ͒͊ - Ήͭͦ ͦͫͦ͋·͚ Ή͔͔ͣͤͭ͡ ͪ·ͤͦ;͚ͤͦ Ή͙͙ͦͤͦͣ͟͟Σ ͦͭͦͪ͟·͚ ͔ͤͫͣͦͭͪΎ ͤ͊ ͪ·ͤͦ;ͤ·͔ 
͔ͣͻ͙͊ͤͣ͘· ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͫͨͪͦͫ͊ ͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͔ͦ͋͊͒͊ͭ͡ ͍͔͚ͫͦ ͔ͫͨͼ͙ͺ͙͚ͦ͟Σ ͔ͭͪ͋ͯΌ΅͔͚ 
͙͊ͤ͊͊͘͡ηΦ [8] 

8 ˸͎ͦͤͯ΄ ˻Φ ˿ΦΣ ˻ͤ͒͊ͪ 
˻Φ ˿Φ ώрΣ ˿Φннϐ 

ζ˾·ͤͦ͟ ͭͪͯ͒͊ - Ήͭͦ ͙͔͔ͤ͊͋ͦ͡ ͫͦ͗ͤ͡·͚ Ή͔͔ͣͤͭ͡ ͪ·ͤͦ;͚ͤͦ Ή͙͙ͦͤͦͣ͟͟Φ ˭͔͒ͫΈ ͔ͤ ͭͦ͡Έͦ͟ 
͔͔͔ͨͪͨͭ͊͡ΌͭͫΎ ͙͔͔ͤͭͪͫ· ͙ͪ͊͋ͦͭͤ͊͟ ͙ ͔ͪ͊͋ͦͭͦ͒͊ͭ͡Ύ ͙ͨͪ ͔͔͔͙͙ͦͨͪ͒ͤ͡ ͼ͔ͤ· ͭͪͯ͒͊Σ ͤͦ ͙ 
ͦͭͪ͊͗͊ΌͭͫΎ ͍͔ͫ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͔͙ͨͦ͊͊ͭ͘͟͡η ώрϐΦ 

9 ͙͍́ͭͦ ˤΦ ˹Φ ώтΣ ˿Φпфϐ ζ˾·ͤͦ͟ ͭͪͯ͒͊ τ Ήͭͦ ͔͙ͭͪͣͤΣ ͦͭͦͪ͟·͚ Ή͙ͦͤͦͣͫͭ͟· ͙ͫͨͦ͡Έͯ͘Όͭ ͒͡Ύ ͦ͋ͦͤ͊͘;͔͙ͤΎ ͍͔ͫͻ 
͙ͪ͊͘͡;ͤ·ͻ ͪ·͍ͤͦ͟ ͪ͊͋ͦ;͔͚ ͙ͫ͡·Φ ˿͍͔͔ͦͪͣͤͤ·͚ ͪ·ͤͦ͟ ͭͪͯ͒͊ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͋·ͫͭͪ·͙ͣ ͙ 
͙͙͒ͤ͊ͣ;ͤ·͙ͣ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΣ ͨͦΉͭͦͣͯ ͒͡Ύ ͙͊ͤ͊͊͘͡ ͫͦͫͭͦΎ͙ͤΎ ͔͎͙ͪͦͤ͊͡Έͤ·ͻ ͪ·͍ͤͦ͟ 
͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙ͤ͊͡;͙͔ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ͙ ͭͦ;ͤ·ͻ ͒͊ͤͤ·ͻηΦ [7] 
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˹͊ ͍͔ͦͫͤͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͻ ͔͔͔͙͚ͦͨͪ͒ͤ͡ ͪ·ͤ͊͟ ͭͪͯ͒͊ ͣͦ͗ͤͦ ͍·͔͙͒ͭ͡Έ ;͔ͭ·͔ͪ ͟͡Ό;͔͍·ͻ 

͔͊ͫͨͭ͊͟Σ ͨͦ ͦͭͦͪ͟·ͣ ͙ͦͨͫ·͍͊ΌͭͫΎ ͫͯ΅ͤͦͫͭΈ ͙ ͺͯͤ͟ͼ͙͙ Ή͎ͭͦͦ ͔͔͔͙ͦͨͪ͒ͤ͡ΎΥ  

мΦ ˮ͙ͤͫͭͭͯͼ͙ͦͤ͊͡Έͤ͊Ύ ͙ͨͪͪͦ͒͊ - ͪ·ͤͦ͟ ͭͪͯ͒͊ ;͊ͫͭͦ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤ·͚ 

Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭΣ ͍͟͡Ό;͊Ό΅͙͚ ͍ͫͦͦͯͨͤͦͫͭ͟Έ ͤͦͪͣΣ ͍͙ͨͪ͊͡ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙͚Σ ͔͎͙ͪͯͪͯ͡Ό΅͙ͻ 

ͦͭͤͦ΄͔͙ͤΎ ͔ͣ͗͒ͯ ͙͙ͪ͊͋ͦͭͤ͊ͣ͟ ͙ ͔ͪ͊͋ͦͭͦ͒͊ͭ͡Ύ͙ͣΥ ͙ͨͪ Ήͭͦͣ ͦͤ ͔ͭ͊͗͟ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ 

͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·͚ ͨͪͦͼ͔ͫͫ ͚ͤ͊ͣ͊Σ ͦͭ͋ͦͪ͊ ͙ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͍ͭͪͯ͒ͦ·ͻ ͔͍ͪͫͯͪͫͦΣ ͔͙͍ͨͦ͒͒ͪ͗͊Ύ 

ͫͦͼ͙͊͡Έͤͦ-͍ͭͪͯ͒ͦ·͔ ͦͭͤͦ΄͔͙ͤΎΦ  

нΦ ˸͔ͻ͙͊ͤͣ͘ ͫͨͪͦͫ͊ ͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ - ͪ·ͤͦ͟ ͭͪͯ͒͊ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͔ͣͻ͙͊ͤͣ͘ ͎͍͙ͫͦ͊ͫͦ͊ͤ͡Ύ 

ͫͨͪͦͫ͊ ό͔͙ͪ͊͋ͦͭͦ͒͊ͭ͡ύ ͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ό͙͙ͪ͊͋ͦͭͤ͟ύ ͪ͊͋ͦ;͔͚ ͙ͫ͡·Σ ͎͔͒ ͺ͙ͦͪͣͪͯΌͭͫΎ ͍͙͙͊͊ͤͫ͟ ͙ 

͍͙ͯͫͦ͡Ύ ͊ͤ͘Ύ͙ͭͦͫͭΦ 

оΦ ˿ͦͼ͙-ͦΉ͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͺ͔͔ͤͦͣͤ - ͪ·ͤͦ͟ ͭͪͯ͒͊ ͫͦ;͔͔ͭ͊ͭ ͍ ͔͔ͫ͋ ͊͟͟ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͺͯͤ͟ͼ͙͙ 

ό͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͔͍ͪͫͯͪͫͦΣ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͼ͔ͤ ͤ͊ ͭͪͯ͒ύΣ ͭ͊͟ ͙ ͫͦͼ͙͊͡Έͤ·͔ ͔͊ͫͨͭ͟· ό͍͙͡Ύ͙͔ͤ ͤ͊ ͍͔ͯͪͦͤΈ 

͙͙͗ͤ͘Σ ͙͎ͣͪ͊ͼ͙ΌΣ ͨͪͦͺ͔͙ͫͫͦͤ͊͡ΈͤͯΌ ͔͙ͪ͊͊͘͡ͼ͙ΌύΣ ͦͭͪ͊͗͊Ύ ͙͔͔ͤͭͪͫ· ͫͭͦͪͦͤ ͍ ͔ͦͤͯͪͤ͟͟ͼ͙͙ ͊͘ 

ͪ͊͋ͦ;͙͔ ͔ͣͫͭ͊ ͙ ͦͨ͊ͭͯ͡ ͭͪͯ͒͊Φ 

пΦ ˨͙͙ͤ͊ͣ;ͤͦͫͭΈ ͪ·ͤ͊͟ ͭͪͯ͒͊ ͙ ͔͎ͦ ͊͒͊ͨͭ͊ͼ͙Ύ ͟ ͙͔͔͙ͣͤͤ͘ΎͣΦ ˤ Ήͭͦͣ ͫͯ͡;͔͊ ͪ·ͤͦ͟ ͭͪͯ͒͊ τ Ήͭͦ 

͙͔ͫͫͭͣ͊Σ ͨͦͫͭͦΎͤͤͦ ͭͪ͊ͤͫͺ͙ͦͪͣͪͯΌ΅͊ΎͫΎ ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͍͔ͤ΄͙ͤͻ όΉ͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͙͙ͪͫ͘͟·Σ 

͔ͭͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύύ ͙ ͍͔͙ͤͯͭͪͤͤͻ ͺ͍͊ͭͦͪͦ͟ ό͙͙ͨͦͭ͊͟͡Σ ͔͎͒ͣͦͪ͊ͺ͙ΎύΦ  

˽͙͍͔͖ͪ͒ͤͤ·͔ ͍͙ͭͪ͊ͭͦ͟͟ ͙͡΄Έ ͯ͊͘͟·͍͊Όͭ ͤ͊ ͍͙͔ͦͭͫͯͭͫͭ ͎ͫͭͪͦͦ ͙ͯͤͺ͙ͼ͙͍͎ͪͦ͊ͤͤͦͦ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ 

ͨͦͤΎ͙ͭΎ ζ˾·ͤͦ͟ ͭͪͯ͒͊ηΦ ˴͊͗͒͊Ύ ͎ͪͯͨͨ͊ ͍͍͊ͭͦͪͦ ͦͤ͟ͼ͔͙͔ͤͭͪͪͯͭ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͔͔͖ͦͨͪ͒ͤͤ͡·ͻ ͨͪͦͼ͔ͫͫ͊ͻΣ 

ͤ͊ ͍͔ͦͫͤͦ ;͔͎ͦ ͣͦ͗ͤͦ ͍·͔͙͒ͭ͡Έ о ͨͦ͒ͻͦ͒͊ ͟ ͒͊ͤͤͦͣͯ ͔͔͔͙ͦͨͪ͒ͤ͡ΌΣ ͪ͊ͫͪ͟·͍͊Ό΅͙ͻ ͔͎ͦ ͙ͪ͊͘͡;ͤ·͔ 

͔͊ͫͨͭ͟·Φ  

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͣͦ͗ͤͦ ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ ͪ·ͤͦ͟ ͭͪͯ͒͊ τ Ήͭͦ ͎͔ͣͤͦͦͣͪͤ͊Ύ ͙͔ͫͫͭͣ͊, ͫͦ;͔ͭ͊Ό΅͊Ύ 

Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟Σ ͫͦͼ͙͊͡Έͤ·͔ ͙ ͍͍ͨͪ͊ͦ·͔ ͔ͣͻ͙͊ͤͣ͘·Σ ;͔͔ͪ͘ ͦͭͦͪ͟·͔ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ 

͔ͣ͗͒ͯ ͙͙ͪ͊͋ͦͭͤ͊ͣ͟ ό͔͎ͨͪ͒͊͊͡Ό΅͙͙ͣ ͪ͊͋ͦ;ͯΌ ͙ͫͯ͡ύ ͙ ͔ͪ͊͋ͦͭͦ͒͊ͭ͡Ύ͙ͣ ό͔ͨͪ͒ΆΎ͍͡ΎΌ΅͙͙ͣ ͫͨͪͦͫ ͤ͊ 

ͭͪͯ͒ύΦ ˩͎ͦ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ Ήͺͺ͔͙͍͔ͭͤͦ͟ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͍ͭͪͯ͒ͦ·ͻ ͔͍ͪͫͯͪͫͦΣ 

͍͔͙͔ͯͫͭ͊ͤͦͤ͡ ͍͔͙͍ͫͨͪ͊͒͡·ͻ ͍͙͚ͯͫͦ͡ ͭͪͯ͒͊ ͙ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͊ͤ͘Ύ͙ͭͦͫͭ ͔͔͙ͤ͊ͫͤ͡ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦˢ͙͔͍͊͘ ˾Φ ̆Φ ͔͔͙́ͦͪͭ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͪ·ͤ͊͟ ͭͪͯ͒͊Υ ͫͯ΅ͤͦͫͭΈ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ κˢ͙͔͍͊͘ ˾Φ̆Φκκ {ŎƛŜƴŎŜǎ ƻŦ 

9ǳǊƻǇŜΦ нлмуΦ Ѕнф-1 (29).  

нΦˢͣ͟Ύ͔͍ͣ͒ͦ͊ ˢΦΣ ˢͨ͋·͔͍͊ ˥Φ ˻͍ͫͤͦͤ·͔ ͨͦͤΎ͙ͭΎ ͤ͊ ͪ·͔ͤ͟ ͭͪͯ͒͊ κ ˢΦ ˢͣ͟Ύ͔͍ͣ͒ͦ͊Σ ˥Φ ˢͨ͋·͔͍͊ κκ /9¢9wL{ 

t!wL.¦{Φ нлннΦ ЅмлΦ  

3Φˢ΄͍ͣ͊ͪͦ ˮΦˢΦ ˸͔͎͙ͭͦ͒ͦͦ͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· ͟ ͙͊ͤ͊ͯ͘͡ ͪ·ͤ͊͟ ͭͪͯ͒͊ κ ˮΦˢΦ ˢ΄͍ͣ͊ͪͦκκ ˤ͔͙ͫͭͤ͟ 

Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͔͙͙ͭͦͪΦ нллфΦ ЅмΦ  

пΦˤ͙΄͙ͤ͊ ˩ΦˤΦΣ ˣ͙͊͋;͔͍͊ ˢΦˢΦ ˾·ͤͦ͟ ͭͪͯ͒͊Υ ͫͯ΅ͤͦͫͭΈΣ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͙ ͫͭͪͯͭͯͪ͊͟ κ ˩ΦˤΦ ˤ͙΄͙ͤ͊Σ ˢΦˢΦ 

ˣ͙͊͋;͔͍͊κκ ̅ͦͪͯͣ ͣͦͦ͒͡·ͻ ͯ;͔ͤ·ͻΦ нлмуΦ Ѕмн-1 (28). 

рΦ˸͎ͦͤͯ΄ ˻Φ ˿ΦΣ ˻ͤ͒͊ͪ ˻Φ ˿Φ ˾͔͎͙ͦͤ͊͡Έͤ·͚ ͪ·ͤͦ͟ ͭͪͯ͒͊ κ ˸͎ͦͤͯ΄Σ ˻Φ˿ΦΣ ˻ͤ͒͊ͪ ˻Φ˿Φ κκ ͙̏ͦͤͦͣ͊͟͟ ͙ 

͙͔͋ͤͫ͘Υ ͔͙ͭͦͪΎ ͙ ͙ͨͪ͊ͭ͊͟͟Φ нлнмΦ Ѕм-1.  

сΦ˽΄͙ͻ͔͍ͦ͗͊ ˨Φ˸Φ ˾͙͊͘͡;ͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͔͔͔͙ͦͨͪ͒ͤ͡Ό ͨͦͤΎ͙ͭΎ ζ˾·ͤͦ͟ ͭͪͯ͒͊η κ ˨Φ˸Φ ˽΄͙ͻ͔͍ͦ͗͊ κκ 

͙̏ͦͤͦͣ͊͟͟ ͙ ͍͔͙͔ͯͨͪ͊ͤ͡Υ ͙͊ͤ͊͘͡ ͔͔ͭͤ͒ͤͼ͙͚ ͙ ͔͔͙͍ͨͪͫͨͭ͟ ͍͙͙ͪ͊ͭ͘ΎΦ нлмпΦ ЅмоΦ  

тΦ͙͍́ͭͦ ˤΦ ˹Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͙ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͪ·ͤ͊͟ ͭͪͯ͒͊ κ͙͍́ͭͦ ˤΦ˹Φκκ ˢ͡Έͣ͊ͤ͊ͻ ζ˴ͪ·ͣηΦ 

нлноΦ ЅофΦ  

уΦ́ͦ͊͟͡;͔͍͊ ˻Φ˽Φ ͙̏ͦͤͦͣͦ͟͟-͙͙ͫͭ͊ͭͫͭ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͍͙͡Ύ͙ͤΎ ͪ·ͤ͊͟ ͭͪͯ͒͊ ͤ͊ Ή͙ͦͤͦͣ͟;͔ͫͯ͟Ό 

͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͫͭͪ͊ͤ· κ ˻Φ˽Φ ́ͦ͊͟͡;͔͍͊ κκ ˮ͍͔͙ͫͭ͘Ύ ˤ̂˭͍ͦ ͙̏̅̂˽Φ нлноΦ Ѕо όртύΦ  

фΦ̏͟Ύ͔͍ ˽ΦΣ ˢͨ͋·͔͍͊ ˥ΦΣ ˢ͎͔͍͊ ˣΦΣ ˨͍͍ͦͪ͊ͤͦ͊ ˿Φ ˽ͦͤΎ͙͔ͭ ͪ·ͤ͊͟ ͭͪͯ͒͊ ͍ Ή͙͔ͦͤͦͣ͟͟ ͙ ͔͎ͦ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ 

κ ̏͟Ύ͔͍ ˽ΦΣ ˢͨ͋·͔͍͊ ˥ΦΣ ˢ͎͔͍͊ ˣΦΣ ˨͍͍ͦͪ͊ͤͦ͊ ˿Φ  κκ Lb {L¢¦Φ нлннΦ ЅммΦ  

ϭ ˥͊͋͒ͪ͊ͻ͍ͣ͊ͤͦ ˢΦˢΦΣ ˢ͍͊ͣͦ͡͡ ˣΦΣ ˣ͊΅͔͍͊͊ ˻ΦΣ нлнр 
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ˢ͔͔͍ͫ ˻ΦˤΦ,  

͟ΦͺΦͤΦΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· 

˨͙͙͔͍ͣͭͪ͊ ̑ΦˮΦΣ 

 ͟ ΦΉ͟ΦͤΦΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· 

͔͍̅͒ͦͭͦ͊ ˶Φ˶ΦΣ 

 ͟ Φͺ͙ͦ͡͡ΦͤΦΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· 

ˢ͔ͪͭͣΈ͔͍͊ ˿ΦˮΦΣ  

͟Φ͙ͫͭΦͤΦΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ·  

˹͊ͯ;ͤ·͚  ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ ˤ͍ͦͦͫͦ͟͡ ˮΦˤΦΣ 

 ˨ ͦͭͦͪ͟ ͅ ͙ͦͫͦ͡ͺ͙͙Σ ͍͊͘Φ ˴͊ͺ͔͚͒ͪͦ 

˿ͦͼ͙͊͡Έͤͦ-͎͙ͯͣ͊ͤͭ͊ͪͤ·ͻ ͙ ͔͔͍͔ͫͭͫͭͤͤͦ-ͤ͊ͯ;ͤ·ͻ ͙͒ͫͼ͙͙ͨͤ͡ 

 

˿ˮ˿́˩˸ˢ ̇˩˹˹˻˿́˩˯ ˿́̂˨˩˹̉˩˿́ˤˢ ˤ ̂˿˶˻ˤˮ̒̆ ˥˶˻ˣˢ˶ˮ˭ˢ̇ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

 ʕͫͭ͊ͭΈ͔ ͙͔ͫͫͭͣ͊ ͼ͔͔͚ͤͤͦͫͭ ͔ͫͭͯ͒ͤ;͔͍ͫͭ͊ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͍ ͔͙͍͔͒ͤͫͭ ͍͙͡Ύ͙ͤΎ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͙ 

͙͔͋ͪ͊͡͡Έͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΣ ͔ͤ͊ͫ͊͗͒͊ͣ·ͻ ͍ ͨͪͦͼ͔͔ͫͫ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Φ ˹͊ ͔͙ͣ͊ͭͪ͊͊͡ͻ ͫͦͼ͙͎͙ͦͦ͡;͔͙ͫ͟ͻ 

͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͨͦ͊͊ͤͦ͘͟Σ ͊͟͟ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Όͭ ͔ͣ͗͒ͯ ͚ͫͦ͋ͦ ͨͦ͡Όͫ͊ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͙ ͙͔͋ͪ͊͡͡Έͤ·ͻ 

ͼ͔͔͚ͤͤͦͫͭΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔ͣͦͦ͒͗͡ΈΣ ͼ͔͙ͤͤͦͫͭΣ ͙͔͋ͪ͊͡͡Έͤ·͔Σ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͼ͔͙ͤͤͦͫͭΣ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ. 

 

˨ͯͻ͍ͦͤ·͚ ͙ͣͪ ;͔͍͔ͦ͊͟͡- Ύ͍͔͙͔ͤ͡ ͙͔͙ͫͤͭͭ;͔͔ͫͦ͟Σ ͍ ͔͎ͤͦ ͍ͻͦ͒Ύͭ ͙͔ͫͫͭͣ͊ ͼ͔͔͚ͤͤͦͫͭΣ ͙͔͍͒͊ͦ͡Σ 

͙͔ͦͪͤͭ͊ͼ͙͚Σ ͔ͭͫͤͦ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͫͦͼ͙͊͡Έͤ·ͣ ͍͔͔͙͔ͨͦ͒ͤͣΦ ̏ͭ͊ ͍͙͍͊ͣͦͫ͘Ύ͘Έ ͒ͯͻ͍͎ͦͤͦͦ ͙ͣͪ͊ ͫ 

͙ͨͪ͊ͭ͟;͔͙ͫͣ͟ ͔͎ͦ ͨͪͦΎ͍͔͙͔ͤͣ͡ ͍ ͨͦͫͭͯͨ͊͟ͻΣ ͔͙ͫͯ͗͒ͤΎͻΣ ͦͼ͔ͤ͊͟ͻ ͔͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

͒ͯͻ͍͎ͦͤͦͦ ͙ͣͪ͊ ͫ ͨͦͣͦ΅ΈΌ Ή͙͙ͣͨͪ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͫͦͼ͙͎͙͙ͦͦ͡Φ  ˻͋΅͔͍͔ͫͭͤͤ͊Ύ ͙͗ͤ͘Έ ͍͙͔ͦͤ͊ͭ͘͟ ͊͟͟ 

͙͔͙͒͊ͭ͟͡;͔͔ͫͦ͟ ͔͙͍͒ͤͫͭͦ ͫͦͼ͙͊͡Έͤ·ͻ ͍͙͚ͯͫͦ͡Σ ͦͭͦͪ͟·͔ ͔͙ͣͦ͒ͪͯ͡Όͭ ͔͙ͣ͊ͭͪ͊͡Έͤ·͚ ͍͔ͯͪͦͤΈ 

ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ͎ͣͦͦ͒ͦͦ͡ ;͔͍͔ͦ͊͟͡Σ ͔ͭͪ͋ͯΌͭ ͍͔ͫͦͣ΅͔͙ͤΎ ͯ;͔͋· ͙ ͪ͊͋ͦͭ·Σ ͍͙͙ͪ͊ͭ͘Ύ ͍ ͙͡;͙ͤͦͫͭ 

͎͙ͨͪ͊ͣ͊ͭͣ͊͘ ͍ ͦͭͤͦ΄͔͙͙ͤ ͟ ͦ͋΅͔͍ͫͭͯ ͙ ͎͙͒ͪͯͣ ͡Ό͒ΎͣΣ ͙ ͒ͯͻ͍͚ͦͤͦ ͯ͟͡Έͭͯͪ·Σ ͦͭͦͪ͊͟Ύ ͙͙͔ͫͭͣͯͪͯͭ͡ 

͍͙͙͔ͪ͊ͭ͘ ͒ͯͻ͍ͦͤ·ͻ ͍ͦͫͤͦ ͙͡;͙ͤͦͫͭ ͤ͊ ͦ ͍͔ͫͤͦ ͔͎͙͙͊ͭͦͪ͟ ͎͒ͦ͗ͤͦͦ͡Φ  

˻͋΅͔͍ͫͭͦ ͙ͫͨͦ͡Έ͔ͯͭ͘ ͪ͊ͤ͘·͔ ͔ͣͻ͙͊ͤͣ͘· ͨͪͦͼ͔ͫͫͦͣ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͔ͫͫͭͣ· ͼ͔͔͚ͤͤͦͫͭ 

͙͡;͙ͤͦͫͭ ͙ ͎ͪͯͨͨ·Φ ˨ͯͻ͍ͦͤ·͚ ͙ͣͪ ͔ͫͭͯ͒ͤ;͔͍ͫͭ͊ ͊͟͟ ͎ͪͯͨͨ· ͔ͫͨͦͫͦ͋ͤ ͺ͙͍ͦͪͣͪͦ͊ͭΈͫΎ ͨͦ͒ ͍͙͡Ύ͙͔ͤͣ 

͙͔͎͙͒ͦͦ͡;͔͎ͫͦͦ͟ ͍͔͚͍͙ͦ͒ͫͭ͘ΎΣ ͎ͨͪͦͨ͊͊ͤ͒· ͔͔͔͚ͦͨͪ͒ͤͤͦ͡ ͯ͟͡Έ͚ͭͯͪͤͦ ͙ͭͪ͊͒ͼ͙͙ ͫ ͔͔ ͼ͔ͤͤͦͫͭΎ͙ͣ ͙ 

͙ͫͭ͊ͤ͒͊ͪͭ͊ͣΣ ͍͎ͫͦ͋ͦ͒ͤͦͦ ͔͔͔͙ͫ͊ͣͦͦͨͪ͒ͤ͡Ύ ͍ ͪ͊ͣ͊͟ͻ ͙ͭͪ͊͒ͼ͙͙ ͒ͯͻ͍͚ͦͤͦ ͯ͟͡Έͭͯͪ·Φ ˿͍͔͔ͦͪͣͤͤ·͚ Ήͭ͊ͨ 

͍͙͙ͪ͊ͭ͘Ύ ͙͚͎ͪͦͫͫͫͦͦ͟ ͦ͋΅͔͍ͫͭ͊ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͨ͡Ό͙ͪ͊ͣͦͣ͘͡Σ ͦͭͦͪ͟·͚ ͔͍͔ͨͦ͒ͪ͊ͯͣ͊ͭ͘ 

ͫͦͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͙ͪ͊͘͡;ͤ·ͻ ͙͔͎͙͒ͦͦ͡;͔͙ͫ͟ͻΣ ͔͙͎͙ͪͦͤ͘͡·ͻΣ ͒ͯͻ͍ͦͤ·͚ ͔ͭ;͔͙͚ͤΦ ˨͊ͤͤ·͚ ͙ͨͪͤͼ͙ͨ 

͔͔͊ͪͨͤ͘͟͡ ͍ ˴͙ͦͤͫͭͭͯͼ͙͙ ˾̅Σ ͦͤ ͔͔͒͊ͭ͡ ͨͪͦͼ͔ͫͫ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͒ͯͻ͍͎ͦͤͦͦ ͙ͣͪ͊ ;͔͍͔ͦ͊͟͡ ͍ͦ ͎ͣͤͦͦͣ 

ͻ͙͊ͦͭ;͔͙ͫͣ͟ ͙ ͙͍ͨͦͫͦ͟·ͣΦ ˿͙͍ͭ͊͊͟͡ΎͫΈ ͍ ͍͔͚ͫͦ ͍͔͔͍͚ͨͦͫ͒ͤͤͦ ͒ͯͻ͍͚ͦͤͦ ͙͔ͨͪ͊ͭ͟͟ ͫͦ ͎͙͙ͣͤͦͣ 

͔͙͎͙ͪͦͤ͘͡·͙ͣΣ ͙͔͎͙͒ͦͦ͡;͔͙͙ͫͣ͟ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ͙ͣ ;͔͍͔ͦ͟͡ ͙΅͔ͭ ͍ ͙ͤͻ ͍ͫͦͯ͘;͙͔ ͍͙ͫͦͣ ͒ͯͻ͍ͦͤ·ͣ 

ͼ͔ͤͤͦͫͭΎͣΣ ͍͔͔ͯ͊ͭͫ͟͡Ύ ͙ͻ ͍ͯͫͭ͊ͤͦ͊ͣ͟Σ ;͊ͫͭͦ ͔ͭͪΎ͔ͭ ͍ͫΎ͘Έ ͫ ͙ͭͪ͊͒ͼ͙Ύ͙ͣ ͍͔͚ͫͦ ͯ͟͡Έͭͯͪ·Φ ˽͙͍ͦͫͦ͟·͚ 

ͻ͔͊ͪ͊ͭͪ͟ ͨͪͦͼ͔ͫͫ͊ ͒ͯͻ͍͚ͦͤͦ ͫͦͼ͙͙͊͊͘͡ͼ͙͙ ͔ͫͭͯ͒ͤ;͔͍ͫͭ͊ ͙͍͙ͨͪͦ͒ͭ ͟ ͭͦͣͯΣ ;ͭͦ ͙͔ͫͫͭͣ͊ ͼ͔͔͚ͤͤͦͫͭ 

͎ͪͯͨͨ· ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͔͙͔͋ͫͫͫͭͣͤͦ ͙ ͔͍ͤͯͨͪ͊͡Ύ͔ͣͦΣ ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ ͙͔ͨͦͫ͟ ͋͊͊ͤͫ͊͡ ͔ͣ͗͒ͯ ͫͦͼ͙͊͡Έͤ·͙ͣ 

͍͙ͯͫͦ͡Ύ͙ͣ ͙ ͯ͟͡Έͭͯͪͤ·͙ͣ ͙ͭͪ͊͒ͼ͙Ύ͙ͣΦ ώмϐ ˿ͦͼ͙͊͡Έͤ·͔ ͍͙ͯͫͦ͡Ύ ͙ ͯ͟͡Έͭͯͪͤ·͔ ͙ͭͪ͊͒ͼ͙͙ ͍·ͫͭͯͨ͊Όͭ ͊͟͟ 

͍͙͙͊ͣͦͫ͘͟͡Ό;͊Ό΅͙͔ ͺ͊ͭͦͪ͟·Σ ͨͦͫͦ͟͡Έͯ͟ ͔͍ͨͪ·͔ ͙͙ͫͭͣͯͪͯ͡Όͭ ͍͙͙͔ͪ͊ͭ͘ ͎͙ͨͪ͊ͣ͊ͭͣ͊͘Σ ͼ͔͔͚ͤͤͦͫͭ 
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ͪ·ͤͦ;͎ͤͦͦ ͦ͋΅͔͍ͫͭ͊Σ ͔͔͎͒ͤΣ ͔͙ͣ͊ͭͪ͊͡Έ͚ͤͦ ͍·͎ͦ͒·Σ ͊ͪ͟Έ͔ͪ·Σ ͙͙͍͙͙ͤ͒͒ͯ͊ͣ͊͘͡Σ ͍ͭͦͪ·͔ ͔͗ 

͙͔͙͍ͦͪͤͭͪͦ͊ͤ· ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͣͦͪ͊͡Έͤͦ-͍͍͔ͤͪ͊ͫͭͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΣ ͍ͦͫͤͦ͊ͤͤ·ͻ ͤ͊ ͔͎͙͙͊ͭͦͪ͟ ͎͒ͦ͗ͤͦͦ͡Φ 

͔͙̇ͤͤͦͫͭ ͪ·ͤͦ;͎ͤͦͦ ͦ͋΅͔͍ͫͭ͊ ͙ ͎͙ͨͪ͊ͣ͊ͭͣ͊͘ ͎͙ͨͪͦͨ͊͊ͤ͒ͪͯΌͭͫΎ ͨͦ͒ ͍͙͡Ύ͙͔ͤͣ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Σ 

͔͙ͤ͊ͫ͊͗͒ͤΎ ͊ͨ͊͒ͤ͘·ͻ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ·ͻ ͼ͔͔͚ͤͤͦͫͭ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ͍ͫͭ͊ͤ͒͊ͪͭͦΦ ͔͙̇ͤͤͦͫͭ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ 

͙͍͊ͭͤͦ͟ ͎͙ͨͪͦͨ͊͊ͤ͒ͪͯΌͭͫΎ ͔ͣͦͦ͒͗ͤ͡·͙ͣ ͔͔͍͙͙ͭͦͤͤ͘͡·͔ ͙͊ͤ͊͊ͣ͟͡Σ ͍͚ͣ͊ͫͫͦͦ ͣͯ͘·͚ͦ͟Σ ͙ͤͦ͟Φ   

˽͔͙͔ͦͫ͒ͤ͡ ͍ͦ ͎ͣͤͦͦͣ ͙͍͔͙ͤͪͯ͡Όͭ ͯ͟͡ΈͭͯͪͤͯΌ ͙ͭͪ͊͒ͼ͙ΌΣ ͪ͊ͣ͘·͍͔͊ͭ ͼ͔ͤͤͦͫͭͤͯΌ ͙ͯͤ͊͟͡ΈͤͦͫͭΈ 

ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͯ͟͡Έͭͯͪ·Φ  

˽ͦ͡ͻ͙͔ ͔͙ͣ͊ͭͪ͊͡Έͤ·͔ ͍͙ͯͫͦ͡Ύ ͙͙͗ͤ͘ ͡Ό͔͚͒ ͔͒͊͡Όͭ ͔͙ͣ͊ͭͪ͊͡Έͤ·͔ ͎͋͊͊͡ ͤ͊͘;͙͚ͣͦ ͼ͔ͤͤͦͫͭΈΌΦ 

˾͔͔ͦ͘͟ ͯͻͯ͒΄͔͙͔ͤ ͔͙ͣ͊ͭͪ͊͡Έͤ·ͻ ͍͙͚ͯͫͦ͡ ͙͙͗ͤ͘ ͡Ό͔͚͒ ͍ ͨͪͦͼ͔͔ͫͫ ͙͔͋ͪ͊͡͡Έ͎ͤͦͦ ͔ͪͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 

͙͚͎ͪͦͫͫͫͦͦ͟ ͦ͋΅͔͍ͫͭ͊ ͙͍͔ͨͪͦ͡ ͟ ͭͦͣͯΣ ;ͭͦ ͍ ͔ͫͤͭΎ͔͋ͪ нллр͎ΦΣ ͔ͤͫͣͦͭͪΎ ͤ͊ ͙͎͒ͦͫͭͤͯͭͯΌ ͙͙ͫͭ͊͋͊͘͡ͼ͙Ό 

ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙ͫͭͯ͊ͼ͙͙ ͍ ͔ͫͭͪ͊ͤΣ ͎ͪͯͨͨ͊ ͎͙ͦͪ͊ͤ;͔ͤͤ·ͻ ͍ ͔͙ͣ͊ͭͪ͊͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭ͊ͻ ό͔͔͎͒ͤ 

ͻ͍͔͊ͭ͊ͭ ͤ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͔ ͨͪͦ͒ͯͭ͟· ͙͙ͨͭ͊ͤΎΣ ͔ͦ͒͗͒ͯύ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͦͦͦ͟͡ ͍͙ͨͦͦͤ͡· ͔͔͙ͤ͊ͫͤ͡Ύ ͫͭͪ͊ͤ· 

όпр҈ύΣ ͎ͪͯͨͨ͊ ͙ͤ΅͙ͻ ό͔͔͎͒ͤ ͻ͍͔͊ͭ͊ͭ ͭͦ͡Έͦ͟ ͤ͊ ͨͪͦ͒ͯͭ͟· ͙͙ͨͭ͊ͤΎ нф҈ύΦ ώнϐ  

˽͎͙ͪ͊ͣ͊ͭ͊͘ͼ͙Ύ ͒ͯͻ͍͎ͦͤͦͦ ͙ͣͪ͊ ͔ͫͭͯ͒ͤ;͔͍ͫͭ͊Σ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͙͔ͦͪͤͭ͊ͼ͙͚ ͤ͊ ͔͙ͣ͊ͭͪ͊͡Έͤ·͔ 

ͼ͔͙ͤͤͦͫͭ ͔ͤ ͦͤ͊͘;͔͊ͭΣ ;ͭͦ ͙͚ͪͦͫͫͫ͊͟Ύ ͒ͯͻ͍ͦͤ͊Ύ ͙ͭͪ͊͒ͼ͙Ύ ͔ͤ ͦ͊͘͟·͍͔͊ͭ ͍͙͡Ύ͙ͤΎ ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ 

͒ͯͻ͍͎ͦͤͦͦ ͙ͣͪ͊ ͔ͫͭͯ͒ͤ;͔͍ͫͭ͊Φ ˤ ͍͙ͯͫͦ͡Ύͻ ͔͚ͤͯͫͭͦ;͙͍͙ͦͫͭ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͚ͪͦͫͫͫͦͣ͟ 

ͦ͋΅͔͍͔ͫͭΣ ͨͦͫͭͦΎͤͤ·ͻ ͙͍ͪͫͦ͟Σ ͔͙ͤͫͨͦͫͦ͋ͤͦͫͭ ͦͫͦͤ͊ͭ͘Έ ͼ͔͙͡ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͔ͫͭͯ͒ͤ;͔͍ͫͭͦ 

ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ ͙͔ͨͦͫ͟ ͔ͤ͊͒͗ͤ·ͻ ͒ͯͻ͍ͦͤ·ͻ ͍ͦͫͤͦ ͍͔͎ͫͦͦ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎΦ ˽ͦΉͭͦͣͯ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍ͨͦ·΄͔͙͔ͤ 

ͤ͊͘;͙͙ͣͦͫͭ ͙ͭ͊͟ͻ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭ ͊͟͟ ͔ͫͣΈΎΣ ͒ͪͯ͗͋͊Σ ͡Ό͍͋ͦΈΣ ͡Ό͙͋ͣ͊Ύ ͪ͊͋ͦͭ͊Φ  

˻ ͙͔͙ͫͤͭͭ;͔ͫͦͣ͟ ͻ͔͔͊ͪ͊ͭͪ͟ ͙͔͔ͫͫͭͣ ͼ͔͔͚ͤͤͦͫͭ ͔ͫͭͯ͒ͤ;͔͍ͫͭ͊Σ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͙͙ͫͦ͒ͤͭΈ ͪ·ͤͦ;ͤͦ-

͙͔͋ͪ͊͡͡Έͤ·͔ ͙ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͒͊ͤͤ·͔ ͍ͦͨͪͦͫͦ ͪ͊ͤ͘·ͻ ͫͦͼ͙͎͙ͦͦ͡;͔͙ͫ͟ͻ ͼ͔͍ͤͭͪͦ ͍ 

͙͙͔͒ͤ͊ͣ͟ нллл-ͻ ͎͍ͦ͒ͦΦ ˤ нллр ͎ͦ͒ͯΣ ͔ͤͫͣͦͭͪΎ ͤ͊ ͙͙͚ͤ͘͟ ͍͔ͯͪͦͤΈ ͙͙͗ͤ͘Σ ͒ͯͻ͍ͦͤ·͚ ͙ͣͪ ͔ͫͭͯ͒ͤ;͔͍ͫͭ͊ 

ͦͤ͟ͼ͔͙͔ͤͭͪͪͯͭͫΎ ͍͎ͦͪͯ͟ ͔ͫͣΈ͙ ͙ ͔͙ͣ͊ͭͪ͊͡Έ͎ͤͦͦ ͎͋͊ͦͨͦͯ͡͡;͙Ύ όрл҈ύΣ ͒ͪͯ͗͋· ͙ ͡Ό͍͙͋ όоу҈ύΣ ͊ͪ͟Έ͔ͪ· 

όнр҈ύΦ ώоϐΦ ˤ ͙͔͔ͫͫͭͣ ͼ͔͔͚ͤͤͦͫͭ ͎͙ͦͪ͊ͤ;ͤͦ ͫͦ;͔ͭ͊ΌͭͫΎ ͎͙ͨͪ͊ͣ͊ͭ;͔͙͔ͫ͟ ͙͔͋ͪ͊͡͡Έͤ·͔ ͙ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ 

ͼ͔͙ͤͤͦͫͭΦ ˤ ͒͊͡Έ͔͚ͤ΄͔ͣΣ ͊͟͟ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͯͭ ͙ͨͪ͊ͭ͊͟͟ ͫͦͼ͙͎͙ͦͦ͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͙ͨͪͦͫͻ͙ͦ͒ͭ 

͔͔͙͔ͯͪͨͤ͟͡ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΦ ˤͦ ͎ͣͤͦͦͣ Ήͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͎͚ͨͪͦͨ͊͊ͤ͒ͦ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΦ 

ˤ нлмс-нлмф ͎ͦ͒ͯ ͫͦͼ͙͎͙ͦͦ͡;͔͙͔ͫ͟ ͦͨͪͦͫ· ͍͎ͣͦͫͦͫͦͦ͟͟ ͔ͫͭͯ͒ͤ;͔͍ͫͭ͊Σ ͍͔͔ͨͪͦ͒ͤͤ·͔ ˸˥̂ ͙ͣΦ 

˶͍ͦͣͦͤͦͫͦ͊Σ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͙͙͍͙͙͒ͦͣͤͪͦ͊ͤ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΥ см҈ ͍ ͊͟;͔͍͔ͫͭ ͍͋͊ͦ͘·ͻ 

ͼ͔͔͚ͤͤͦͫͭ ͔͙͙ͦͭͣͭ͡ ζ͔ͫͣΈΌΣ ͙͔͔͚ͪͦ͒ͭ͡Σ ͍͔͙͍ͪͦ͒ͫͭͤͤͦ͟ηΣ ͍͒ͦͪͦ͘Έ͔ όор҈ύΣ ͒ͯ΄͔͍͔ͤͦ ͎͋͊ͦͨͦͯ͡͡;͙͔ 

όнф҈ύΣ ͔͙ͣ͊ͭͪ͊͡Έ͔ͤͦ ͎͋͊ͦͫͦͫͭͦ͡Ύ͙͔ͤ όнт҈ύΦ ˻͔͙ͭͣͭͣΣ ;ͭͦ ͪ͊ͪ͘·͍ ͔ͣ͗͒ͯ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͙ͣ ͼ͔ͤͤͦͫͭΎ͙ͣ 

͔ͫͣΈ͙ ͙ ͙ͣ͊ͪ͊͡Έͤ·ͣ ͎͋͊ͦͨͦͯ͡͡;͙͔ͣ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͦͦͦ͟͡ ол҈Φ ώрϐ ͔͔́ͤ͒ͤͼ͙Ύ ͔͔͙ͯͪͨͤ͟͡Ύ ͨͦ͡Όͫ͊ 

͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭ ͔ͨͪͦ͒ͦ͗͊ͭͫ͡Ύ ͍ нлнп-нлнр ͎ͦ͒ͯΦ ˤ͔͙͚͔ͫͪͦͫͫͫͦ͟ ͫͦͼ͙͎͙ͦͦ͡;͔͔ͫͦ͟ 

͙ͫ ͔͍͙͔ͫ͒ͦ͊ͤ͡Σ ͍͔͔͔ͨͪͦ͒ͤͤͦ ͍ нлнп ͎ͦ͒ͯ ͍ ос ͔͎͙ͪͦͤ͊ͻ ˾͙͙ͦͫͫΣ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭΣ ;ͭͦ ͨ͊ͤ͡· ͔͙ͣͦͦ͒͗͡ 

ͦͤ͟ͼ͔͙ͤͭͪͪͯΌͭͫΎ ͍͎ͦͪͯ͟ ͔ͫͣΈ͙ ͙ ͔͔͚͒ͭΦ ˽͙ͪ Ήͭͦͣ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͨͦ͊͘͟·͍͔͊ͭ ͫͦͼ͙͊͡Έͤ·͚ ͙͙ͦͨͭͣͣ͘ 

͔͙ͣͦͦ͒͗͡Σ ͍͔͔ͯͪͤͤͦͫͭΈ ͍ ͭͦͣΣ ;ͭͦ ͍͔ͨͦͫͭ͊ͤͤ͡·͔ ͙͔͗ͤͤͤ͘·͔ ͼ͔͙͡ ͔͙͔ͪ͊ͯͣ͘͡·Φ нп҈ ͔͔͍ͪͫͨͦͤ͒ͤͭͦ 

͔͔ͯ͋͗͒ͤ·Σ ͭͦ ͔ͯ͗ ͫͦ͒͊ͭ͘Έ ͻͦͪͦ΄ͯΌ ͔ͪͨͯ͟͟Ό ͔ͫͣΈΌΣ ͔΅͔ тл҈ ͔͔ͯ͋͗͒ͤ·Σ ;ͭͦ ͙ͣ ͯ͒͊ͫͭͫΎ Ήͭͦ ͔ͫ͒͊ͭ͡Έ ͍ 

͋ͯ͒ͯ΅͔ͣΦ ́ͦ ͔͗ ͔͊ͫ͊ͭͫ͟Ύ ͙ ͍͙͙ͦͫͨͭ͊ͤΎ ͔͔͚͒ͭΣ уу҈ ͦͨͪͦ΄͔ͤͤ·ͻ ͔͔ͯ͋͗͒ͤ·Σ ;ͭͦ ͙ͣ ͯ͒͊ͫͭͫΎ ͍͙ͦͫͨͭ͊ͭΈ 

ͻͦͪͦ΄͙ͻ ͔͔͚͒ͭΦ ώпϐ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͔ͫͫͭͣ͊ ͼ͔͔͚ͤͤͦͫͭ ͔͍ͫͭͯ͒ͤͫͭ͊Σ ͊͟͟ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͫͦͼ͙͊͡Έͤ͊Ύ ͙ͨͪ͊ͭ͊͟͟ 

ͫͦͼ͙͎͙ͦͦ͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ ͙͔ͨͦͫ͟ ͔ͣ͗͒ͯ ͙ͭͪ͊͒ͼͦͤͤ·͙ͣ ͙ ͙͔͋ͪ͊͡͡Έͤ·͙ͣ 

ͼ͔ͤͤͦͫͭΎ͙ͣΦ ˹͙͔͔ͦͫͭͣ͡ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭ ͍·͔ͫͭͯͨ͊ͭ ͯ͟͡Έͭͯͪͤ͊Ύ ͙ͭͪ͊͒ͼ͙ΎΣ ͙͔͔ͤͦͫͭͣ͡ 

͙͔͋ͪ͊͡͡Έͤ·ͻ-͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͙ ͎ͨͪͦͨ͊͊ͤ͒͊ ͼ͔͔͚ͤͤͦͫͭ ͪ·ͤͦ;͚ͤͦ Ή͙͙ͦͤͦͣ͟͟Φ ˨͙͙ͤ͊ͣ͊͟ ͍͙͙ͪ͊ͭ͘Ύ 

͙͔ͫͫͭͣ· ͼ͔͔͚ͤͤͦͫͭ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͔͙ͫ͡ ͍ ͤ͊;͔͊͡ XXI ͍͔͊͟ ͫͯ΅͔͍͍ͫͭͦ͊ͦ͡ ͙͔͙ͫͤͭͭ;͔͔ͫͦ͟ ͔͙͍͒ͤͫͭͦ 
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͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͙ ͙͔͋ͪ͊͡͡Έͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΣ ͭͦ ͔ͯ͗ ͟ нлмр-нлмф ͎ͦ͒ͯ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔͔͙͔ͯͪͨͤ͟͡ 

͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΦ ˨͔͊ͤͤͦ Ύ͍͔͙͔ͤ͡ ͫͦͻͪ͊ͤΎ͔ͭͫΎ ͙ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎΦ ̏ͭͦͣͯ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͙͔͎͙͒ͦͦ͡Ύ ͙͙ͨ͊ͭͪͦͭͣ͊͘ ͙ ͎ͨͪͦͨ͊͊ͤ͒· ͙͚͙ͪͦͫͫͫ͟ͻ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΦ  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˤ͍ͦͦͫͦ͟͡ ˮΦˤΦ ˻͍ͫͤͦ· ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͪ͊͋ͦͭ· ͫ ͔ͣͦͦ͒͗͡ΈΌΦ-˸ΦΥ ˮͤͺͪ͊-˸Σ нлнпΦ-ннлͫΦ 

нΦ ˶͔͍͊΄͍ͦ ˤΦˮΦ ˥͔ͪ͊͗͒͊ͤͫͦ͟ ͦ͋΅͔͍ͫͭͦ ͙ ͔͙͒ͣͦͪ͊ͭ͟;͔͔ͫͦ͟ ͎͍ͦͫͯ͒͊ͪͫͭͦ ͍ ˾͙͙ͦͫͫκκ ˿ͦͼ͙ͫΣ нллсΣ ЅмΦ-

˿Φмл 

оΦ ˴͍͔͍ͦ͊͊͡ ́ΦˤΦΣ ˬ͎͙ͦͤ ˢΦˮΦΣ ˿͔͔͔͍ͤ͊͘͡ ˮΦˢΦΣ ˿͔͍ͭͨ͊ͤͦ͊ ˻Φ˴ΦΣ ̑΄͙ͤ͊ ́ΦˮΦ ˸͍͔ͦͫͦͫͦ͟͟ ͔ͫͭͯ͒ͤ;͔͍ͫͭͦ ͦ͋ 

͊ͭͯ͊͟͡Έͤ·ͻ ͔ͨͪͦ͋ͣ͊͡ͻ ͙͚͎ͪͦͫͫͫͦͦ͟ ͦ͋΅͔͍ͫͭ͊κκ ˾͙ͦͫͫΎΥ ͎ͦ͋͊͡͡Έͤ·͔ ͍·͍ͦ͘· ͙ ͦ͊͟͡͡Έͤ·͔ ͙͙ͪͫ͟Φ- ˸ΦΣ 

2005.-˿Φ спу 

пΦ ˸͔ͦͦ͒͗͡Έ ͍͚ͤͦͦ ˾͙͙ͦͫͫΦ ͔̇ͤͤͦͫͭͤ·͔ ͙͙͔ͨͪͦͪͭͭ·κκisrasκ ͤ͊ͯ;ͤ·͚ ͒ͦ͊͒͟͡Σ нлнпΦ 

рΦ ˻͙͍ͫͨͦ͊ ˹Φ˥ΦΣ ˿͙ͤΎ͍ͦ͟ ˢΦˤΦΣ ˩͙͡΄͔͍ ˿Φ˻ΦΣ ˴͔͍͙͚͊ͤͫ͟ ˽Φ˿ΦΣ ́ͪͦͺ͙͍ͣͦ ˿ΦˤΦ ˢ͙͙ͤ͊ͭ͡;͔͙͚ͫ͟ ͦͭ;͔ͭ ͨͦ 

͙͎ͭͦ͊ͣ ͫͦͼ͙͎͙ͦͦ͡;͔͎ͫͦͦ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ζ˿ͦͼ͙͊͡Έͤ·͚ ͔ͨͦͪͭͪͭ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͙͚͎ͪͦͫͫͫͦͦ͟ ͔ͫͭͯ͒ͤͭ͊ηΦ-

˸ΦΣ ˸˥̂Σ нлмтΦ-˿Φнл 

ϭ s ͔͔͍ͫ ˻ΦˤΦΣ ˨͙͙͔͍ͣͭͪ͊ ̑ΦˮΦΣ ͔͍̅͒ͦͭͦ͊ ˶Φ˶ΦΣ s ͔ͪͭͣΈ͔͍͊ ˿ΦˮΦΣ 2025 

 

 

 

 

̂˨˴ мόлфмύ 

ˣ͊͟·͔͍͊ ˣΎ͎ͯ͡Έ 

͔͙͚́ͯͪͣͤͫ͟͟ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙͙ͤͫͭͭͯͭ ͙͍ͣͪͦ·ͻ Ύ͘·͍ͦ͟ ͙ͣΦ ˨͍͔͔ͦͭͣ͊ͣͣͭ͊͡ ˢ͙͊͒͘  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˸ͯͻ·͔͍͊ ˥͍ͦͻ͔ͪ 

͔͙͚́ͯͪͣͤͫ͟͟ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙͙ͤͫͭͭͯͭ ͙͍ͣͪͦ·ͻ Ύ͘·͍ͦ͟ ͙ͣΦ ˨͍͔͔ͦͭͣ͊ͣͣͭ͊͡ ˢ͙͊͒͘  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˹͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ ˥͔͡Έ͒·͔͍͊ ˸͊Ύ͎͔ͦ͘͡Έ ˢͤͤ͊ͣͯͻ͔͍͊ͣͣ͒ͦͤ͊ 

͔͙͚́ͯͪͣͤͫ͟͟ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙͙ͤͫͭͭͯͭ ͙͍ͣͪͦ·ͻ Ύ͘·͍ͦ͟ ͙ͣΦ ˨͍͔͔ͦͭͣ͊ͣͣͭ͊͡ ˢ͙͊͒͘  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ ͺ͙ͦͫͦ͡ͺ͙͔ͫ͟ ͦͤ͟ͼ͔ͨͼ͙͙ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Σ 

ͫͺ͙͍͍ͦͪͣͪͦ͊΄͙͔ͫΎ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ Ήͨͦͻ͊ͻΥ ͦͭ ͙͊ͤͭ;͚ͤͦ ͙ͭͪ͊͒ͼ͙͙ ͒ͦ ͍͔͔ͫͦͪͣͤͤ·ͻ 

͙͔͋ͪ͊͡͡Έͤ·ͻ ͙ ͙͙͙ͦͣͣͯͤͭ͊ͪͫͭͫ͟͟ͻ ͔͙͚ͭͦͪΦ ˾͊ͫͪ͟·͍͊ΌͭͫΎ ͙ͻ ͍ͦͫͤͦͤ·͔ ͙͔͙͒Σ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͙ͨͦͤͣ͊ͤΎ 

͍͔͍ͪ͊ͤͫͭ͊Σ ͍ͫͦ͋ͦ͒· ͙ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͎͋͊͊͡Φ ˽ͦ͊͊ͤͦ͘͟Σ ͙͊ͣ͟͟ ͦ͋ͪ͊ͦͣ͘ ͔͔͙ͭͦͪͭ;͔͙͔ͫ͟ ͔͙ͣͦ͒͡ 

͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ͔͙ͪ͊ͯ͘͡ΌͭͫΎ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͙ͨͦͭͦ͟͡-͍͍ͨͪ͊ͦ·ͻ ͙͔ͫͫͭͣ͊ͻΣ ͫͦͼ͙͊͡Έͤ·ͻ ͙͙ͤͫͭͭͯͭ͊ͻ ͙ 

͙͔ͨͪ͊ͭ͟͟ ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤΦ ˽͔͍͔ͪ͒ͫͭ͊ͤ͡ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡Σ ͍ͨͦͦ͘͡ΎΌ΅͙͚ ͍·Ύ͍͙ͭΈ 

͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͙ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͙ ͍͔͔ͫͦͪͣͤͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡ΈΣ ͺ͙ͦͫͦ͡ͺ͙ΎΣ ͫͦͼ͙͊͡Έͤ͊Ύ Ή͙ͭ͊͟Σ ͙͙ͨͦͭ͡;͔ͫ͊͟Ύ ͺ͙ͦͫͦ͡ͺ͙ΎΣ  

˾ͦ͘͡Σ ˢ͙͔ͪͫͭͦͭ͡ΈΣ ͙ͨͪ͊ͭ͟;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤΦ 
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PHILOSOPHICAL CONCEPTS OF JUSTICE AND THEIR PRACTICAL APPLICATION 

 

Abstract 

The article examines major philosophical concepts of justice formed in different historical eras, from 

ancient thought to modern liberal and communitarian theories. Their principal ideas and interpretations of 

equality, freedom and public good are analyzed. The paper demonstrates how theoretical models of justice 

are applied in contemporary political and legal systems, social institutions, and decision-making practices. A 

comparative analysis reveals the strengths and limitations of classical and modern approaches to justice. 

Keywords: 

justice, philosophy, ethics, political philosophy, Rawls, Aristotle, practical application. 

 

˽͔ͪͦ͋ͣ͊͡ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͔͎͙͚͊ͭͦͪ͟ ͺ͙ͦͫͦ͡ͺ͙͙Σ 

͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͔͙͙ͭͦͪ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ Ή͙͙ͭ͟Φ ˹͊ ͨͪͦͭΎ͔͙͙͗ͤ ͭ·ͫΎ;͔͔͙͚ͭ͡ ͣ·͙͔͙ͫͭ͡͡ ͔͙͙ͫͭͪͣͫ͡Έ 

͔͔͙ͦͨͪ͒ͭ͡ΈΣ ;ͭͦ ͦͤ͊͘;͔͊ͭ ͋·ͭΈ ͍͔͙͍ͫͨͪ͊͒͡·ͣ ͦ͋΅͔͍ͫͭͯΣ ͎͍ͦͫͯ͒͊ͪͫͭͯ ͙ ͔ͦͭ͒͡Έͤͦͣͯ ;͔͍͔ͦͯ͟͡Φ ˴͊͗͒͊Ύ 

Ήͨͦͻ͊ ͺ͙͍ͦͪͣͪͦ͊͊͡ ͍͔͔ͫͦ͋ͫͭͤͤͦ ͙͙͔ͨͦͤͣ͊ͤ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Σ ͍ͫΎ͔͊ͤͤͦ͘ ͫ ͔͖ ͫͦͼ͙͊͡Έͤ·͙ͣΣ 

Ή͙ͦͤͦͣ͟;͔͙͙ͫͣ͟ ͙ ͯ͟͡Έͭͯͪͤ·͙ͣ ͔͙ͪ͊͡Ύ͙ͣΦ 

ˤ ͍͔͔ͫͦͪͣͤͤͦͣ ͦ͋΅͔͍͔ͫͭΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔ͣͫΎ ͪͦͫͭͦͣ ͔͍͔͍ͤͪ͊ͤͫͭ͊Σ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͨͦ͡Ύ͙ͪ͊͘ͼ͙͙ 

͙ ͍͙͙͔ͪ͊ͭͣ͘ ͍͍ͨͪ͊ͦ·ͻ ͙͙͍ͤͫͭͭͯͭͦΣ ͍ͦͨͪͦͫ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎ ͺ͙ͦͫͦ͡ͺ͙ͫ͟ͻ ͦͤ͟ͼ͔ͨͼ͙͚ 

͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͦͫͦ͋ͯΌ ͊ͭͯ͊͟͡ΈͤͦͫͭΈΦ 

мΦ ˢ͙ͤͭ;ͤ·͔ ͦͤ͟ͼ͔ͨͼ͙͙ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ 

мΦмΦ ˿͍͔͙͍ͨͪ͊͒ͦͫͭ͡Έ ͯ ˽͊ͭͦͤ͊͡ 

˽͊ͭͦͤ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊͡ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡Έ ͊͟͟ ͎͙͊ͪͣͦͤΌ ;͔͚͊ͫͭ ͒ͯ΄͙ ͙ ͦ͋΅͔͍ͫͭ͊Φ ˤ ζ˥͍͔ͦͫͯ͒͊ͪͫͭη 

ͦͤ ͍ͫΎ͘·͍͊͡ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡Έ ͫ ͍͙ͨͪ͊͡Έͤ·ͣ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤͣ͡ ͔͚ͪͦ͡Σ ;ͭͦ ͔ͫͦ͒͊ͭ͘ ͨͦͪΎ͒ͦ͟ ͙ ͋͊͊ͤͫ͡Φ 

˽͙ͪ͊ͭ͟;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ Ή͚ͭͦ ͙͔͙͒ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͙ͨͪͤͼ͙ͨ͊ͻ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔ͫͨͼ͙͙͊͊͘͡ͼ͙͙ ͙ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͦ͋Ύ͔͚͊ͤͤͦͫͭ͘Φ 

мΦнΦ ˢ͙͔ͪͫͭͦͭ͡ΈΥ ͔͔͙͔ͪ͊ͫͨͪ͒ͭ͡͡Έͤ͊Ύ ͙ ͍͙͔ͯͪ͊ͤͭ͡Έͤ͊Ύ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡Έ 

ˢ͙͔ͪͫͭͦͭ͡Έ ͍·͔͙͒͡͡ ͍͒͊ ͟͡Ό;͔͍·ͻ ͍͙͒͊ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Υ 

¶ ͍͙͔ͯͪ͊ͤͭ͡Έͤ͊Ύ τ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͍͍͔͙ͪ͊ͤͦͫΎ ͔ͣ͗͒ͯ ͙ͫͭͦͪͦͤ͊ͣΣ 

¶ ͔͔͙͔ͪ͊ͫͨͪ͒ͭ͡͡Έͤ͊Ύ τ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͎͋͊͡ ͎ͫͦ͊ͫͤͦ͡ ͙͍͒ͦͫͭͦͤͫͭͯ ͙͙͡ ͍͊͒ͯ͟͡Φ 

͙̏ͭ ͙͔͙͒ ͤ͊΄͙͡ ͔͙͔ͦͭͪ͊͗ͤ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͍͙͙ͨͪ͊ͦͫͯ͒ ό͔ͦͣͨͤͫ͊͟ͼ͙͙Σ ͙ͤ͊͊͊ͤ͘͟Ύύ ͙ ͍ ͙͔ͫͫͭͣ͊ͻ 

ͫͦͼ͙͊͡Έ͎ͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎΣ ͎͔͒ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͙͔͙͙ͪͭͪ͟ ͎͊ͫͯ͘͡ ͙ ͔͔͚ͨͦͭͪ͋ͤͦͫͭΦ 

нΦ ˴ͦͤͼ͔ͨͼ͙͙ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ˹͍͎ͦͦͦ ͍͔͔͙ͪͣͤ 

нΦмΦ ˿͍͔͙͍ͨͪ͊͒ͦͫͭ͡Έ ͯ ˨͗ͦͤ͊ ˶ͦ͊͟͟ 
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˶ͦ͟͟ ͍ͫΎ͘·͍͊͡ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡Έ ͫͦ ͍͚ͫͦ͋ͦ͒ͦ ͙͡;͙ͤͦͫͭ ͙ ͔͙͍͔ͤͨͪͦͫͤͦͤͤͦͫͭ͟ΈΌ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭΦ 

ˮ͔ͣͤͤͦ ͔͎ͦ ͺ͙ͦͫͦ͡ͺ͙Ύ ͔͎͊͡͡ ͍ ͍ͦͫͤͦͯ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͍ͨͪ͊ͦ·ͻ ͙͔ͫͫͭͣΣ ͙ͦͨͪ͊Ό΅͙ͻͫΎ ͤ͊ 

͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͔ ͍ͨͪ͊͊ ͙ ͪ·ͤͦ;ͤ·͔ ͙ͨͪͤͼ͙ͨ·Φ 

нΦнΦ ˴͊ͤͭΥ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡Έ ͊͟͟ ͙͔͙͔ͫͨͦͤͤ͡ ͎͒ͦ͊͡ 

ˮ͔͙͍ͣͨͪ͊ͭ ˴͊ͤͭ͊ ͔͍ͭͪ͋ͦ͊͡ ͙͍͔͙͔͙ͯͤͪͫ͊ͯͣͦͫͭ͘͡ ͣͦͪ͊͡Έͤ·ͻ ͔͚͍͙͚͒ͫͭΦ ˽͙ͪ͊ͭ͟;͔͙ͫ͟ Ήͭͦ 

͍·͔ͪ͊͗͊ͭͫΎ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͍͍ͨͪ͊ͦ·ͻ ͤͦͪͣΣ ͙͍ͦ͒ͤ͊ͦͦ͟ ͙͔͙ͨͪͣͤͣ·ͻ ͦ͟ ͍͔ͫͣ ͎ͪ͊͗͒͊ͤ͊ͣΦ 

оΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͺ͙ͦͫͦ͡ͺ͙͔ͫ͟ ͦͤ͟ͼ͔ͨͼ͙͙ 

оΦмΦ ͔͙́ͦͪΎ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ˨͗ͦͤ͊ ˾ͦ͊͘͡ 

˾ͦ͘͡ ͔͎͔ͨͪ͒͊͊ͭ͡ ͍͒͊ ͟͡Ό;͔͍·ͻ ͙ͨͪͤͼ͙ͨ͊Υ 

1. ˸͙͊ͫͣ͊͟͡Έͤ͊Ύ ͍ͫͦ͋ͦ͒͊ ͒͡Ύ ͎͊͗͒ͦͦ͟Σ ͍͔͙ͫͦͣͫͭͣ͊Ύ ͫͦ ͍͚ͫͦ͋ͦ͒ͦ ͎͙͒ͪͯͻΤ 

2. ˿ͦ ͼ͙͊͡ΈͤͦπΉ͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͔͍͔͍ͤͪ͊ͤͫͭ͊ ͒ͦ͗ͤ͡· ͙͙ͨͪͤͦͫͭΈ ͨͦ͡Έͯ͘ ͙͔͔͔ͤ͊ͣͤ 

͔͔ͦ͋ͫͨ;͔ͤͤ·ͣ ͫͦ͡Ύͣ ͦ͋΅͔͍ͫͭ͊Φ 

͙̏ͭ ͙͔͙͒ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͙͙͔ͨͦͭ͟͡ ͔͔͔͔͔͙ͨͪͪ͊ͫͨͪ͒ͤ͡ΎΣ ͎͔͙͍ͨͪͦͪͫͫͤͦͣ ͎͔͙͙ͤ͊ͦͦͦ͋ͦ͗ͤ͡͡ ͙ 

͎ͨͪͦͪ͊ͣͣ͊ͻ ͫͦͼ͙͊͡Έ͚ͤͦ ͔͙ͨͦ͒͒ͪ͗͟Φ 

оΦнΦ ˴͙͙ͦͣͣͯͤͭ͊ͪͫͭͫ͊͟Ύ ͙͙ͪͭ͊͟͟ 

˴͙͙ͦͣͣͯͤͭ͊ͪͫͭ· ό˸Φ ˿Ή͔ͤ͒͡Σ ̉Φ ͔͚́ͦͪ͡ύ ͨͦ͒;͔͙͍ͪ͊͟ΌͭΣ ;ͭͦ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡Έ ͔ͤ ͔ͣͦ͗ͭ 

͔͔ͦͨͪ͒͡ΎͭΈͫΎ ͔͋͘ ͯ;͔ͭ͊ ͯ͟͡Έͭͯͪͤ·ͻ ͙ͭͪ͊͒ͼ͙͚ ͙ ͦ͋΅͙ͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΦ ̏ͭͦ ͍͙͡Ύ͔ͭ ͤ͊ ͪ͊ͪ͊͋ͦͭͯ͘͟ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻΣ ͯ͟͡Έͭͯͪͤ·ͻ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͎ͨͪͦͪ͊ͣͣΣ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·ͻ ͤ͊ ͔͔͙͔ͯͪͨͤ͟͡ 

͔͙͍͚ͦͭͤͦ͟͟͡͡ ͙͔͙͒ͤͭ;͙ͤͦͫͭΦ 

оΦоΦ ˿͍͔͙͍ͨͪ͊͒ͦͫͭ͡Έ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͍ͨͪ͊ͦ·ͻ ͙͔ͫͫͭͣ͊ͻ 

˿͍͔͔ͦͪͣͤͤ·͔ ͎͍ͦͫͯ͒͊ͪͫͭ͊ ͙ͫͨͦ͡Έͯ͘Όͭ ͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͟·͚ ͨͦ͒ͻͦ͒Σ ͦ͋Ά͔͙͒ͤΎΌ΅͙͚Υ 

¶ ͍͔͍ͪ͊ͤͫͭͦ ͍ͨͪ͊ ό͙͔͋ͪ͊͡͡Έͤ͊Ύ ͙ͭͪ͊͒ͼ͙ΎύΣ 

¶ ͔ͨͦ͒͒ͪ͗ͯ͟ ͫͦͼ͙͊͡Έͤͦ ͯΎ͍͙ͣ͘·ͻ ͎ͪͯͨͨ ό͙͙͚ͪͦ͊ͤͫ͘͟͡ ͙ͨͪͤͼ͙ͨύΣ 

¶ ͯ;͔ͭ ͙͙ͫͭͦͪͦ͟π͟ ͯ͡Έͭͯͪͤ·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ό͙͙ͦͣͣͯͤͭ͊ͪͣ͘͟ύΦ 

˭͊͟͡Ό;͔͙͔ͤΦ ̅ ͙ͦͫͦ͡ͺ͙͔ͫ͟ ͦͤ͟ͼ͔ͨͼ͙͙ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Σ ͔ͤͫͣͦͭͪΎ ͤ͊ ͙ͪ͊͘͡;͙Ύ ͍ ͙ͫͻͦ͒ͤ·ͻ 

͍ͯͫͭ͊ͤͦ͊͟ͻΣ ͔ͫͭͪͣΎͭͫΎ ͟ ͦ͒ͤͦͣͯ τ ͅ ͙͍͙ͦͪͣͪͦ͊ͤΌ ͍͙͚ͯͫͦ͡Σ ͙ͨͪ ͦͭͦͪ͟·ͻ ;͔͍͔ͦ͡;͔͔ͫͦ͟ ͦ͋΅͔͙͙͔͗ͭ 

͍͙ͫͭ͊ͤͦͭͫΎ ͚ͯͫͭͦ;͙͍·ͣΣ ͎͙͊ͪͣͦͤ;ͤ·ͣ ͙ ͣͦͪ͊͡Έͤͦ ͍ͦ͋ͦͫͤͦ͊ͤͤ·ͣΦ ˮͻ ͙ͨͪ͊ͭ͟;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͍ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͙͙ͨͦͭͦ͟͡πͨ ͍͍ͪ͊ͦ·ͻ ͙͔ͫͫͭͣ͊ͻ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·͙͍ͫͭͪ͊͊ͭΈ ͔ͣͻ͙͊ͤͣ͘· ͊͘΅͙ͭ· ͍ͨͪ͊ ;͔͍͔ͦ͊͟͡Σ 

͙ͫͤ͗͊ͭΈ ͫͦͼ͙͊͡Έͤ·͔ ͔͍͔͍ͤͪ͊ͤͫͭ͊ ͙ ͺ͙͍ͦͪͣͪͦ͊ͭΈ ͼ͔ͤͤͦͫͭͤ·͔ ͙͔͙ͦͪͤͭͪ· ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˢ͙͔ͪͫͭͦͭ͡ΈΦ ˹͙ͦͣ͊͟ͻ͍ͦ͊ Ή͙ͭ͊͟Φ τ ˸ΦΥ ˸·ͫ͡ΈΣ нлмнΦ 

2. ˽͊ͭͦͤ͡Φ ˥͍ͦͫͯ͒͊ͪͫͭͦΦ τ ˸ΦΥ ̏ͫͣͦ͟Σ нлмуΦ 

3. ˾ͦ͘͡ ˨͗Φ ͔͙́ͦͪΎ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Φ τ ˸ΦΥ ˶˴ˮΣ нлмлΦ 

4. ˿Ή͔ͤ͒͡ ˸Φ ̉ͭͦ ͤ͊͘;͙ͭ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡ΈΚ τ ˸ΦΥ ˸͊ͤͤΣ ˮ͍͍͊ͤͦ ͙ ͔͔̅ͪ͋ͪΣ нлмрΦ 

5. ˴͊ͤͭ ˮΦ ˴͙͙ͪͭ͊͟ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͪ͊ͯͣ͊͘Φ τ ˸ΦΥ ˹͊ͯ͊͟Σ нлмлΦ 

ϭ x͊͟·͔͍͊ ˣΦΣ ˸ͯͻ·͔͍͊ ˥ΦΣ нлнр 
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WORD FORMATION STRUCTURES IN TURKMEN AND TURKISH LANGUAGES 

 

Abstract 

The Turkmen and Turkish languages, both belonging to the Oghuz branch of the Turkic language family, 

share a fundamental linguistic structure characterized by agglutination and vowel harmony. Despite this 

shared heritage, differences exist in their specific word formation processes, morphology, and the 

productivity of certain affixes. This article analyzes the primary methods of word formation in both languages, 

focusing on derivation (Affixation), compounding, and conversion. A comparative examination highlights how 

their distinct evolutionary paths have led to variations in the richness of their vocabularies and the nuances 

of their morphological systems. 

Keywords:  

turkmen language, Turkish language, turkic languages, oghuz, agglutination, word formation, derivation, 

compounding, morphology, comparative linguistics. 

 

1. The Shared Foundation: Agglutination 

Both Turkmen and Turkish are classic examples of agglutinative languages. This means that 

grammatical function and new words are created by adding a sequence of transparent, non-fused suffixes to 

a stable word root. This contrasts sharply with analytic (like English) or fusional (like Arabic) languages. 

¶ Vowel Harmony: The principle of vowel harmony dictates that the vowels within a root and all its 

subsequent suffixes must belong to the same phonetic group (front/back, rounded/unrounded). This 

phonological rule is central to word formation in both languages. 

2. Primary Method: Derivation (Affixation) 

Derivation, the process of creating a new word (lexical unit) by adding a derivational suffix to a root or 

base, is the most productive method in both languages. 

2.1. Negation and Antonymy 

Both languages use specific affixes for negation, which can function as a form of morphological 

antonymy: 

¶ Turkish uses the privative suffix sIz (ƎǸœ-ǎǸȊ - powerless). 

¶ Turkmen uses the cognate privative suffix sYz (ƎǸȇœ-ǎǸȊ - powerless). 

3. Secondary Methods: Compounding and Conversion 

3.1. Compounding 

Compounding involves the creation of a new lexical item by merging two or more existing words. 

¶ Turkish: Compounding is highly productive, often forming compound nouns (gecekondu - shanty, lit. 

"night-stayed") and compound verbs (ȅŀǊŘƤƳ ŜǘƳŜƪ - to help, lit. "help to do"). 

¶ Turkmen: Compounding is also common, particularly with nouns (e.g., ƎǀȊ-ȇŀǒ - tear, lit. "eye-water") 

and the use of auxiliary verbs to form complex actions. 

A key difference is the role of the definite Izafet construction (linking two nouns) which is more integral 

to standard compounding in Turkish. 
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3.2. Conversion (Zero Derivation) 

Conversion occurs when a word shifts from one grammatical category to another without adding any 

suffix. 

¶ Both languages frequently convert verbs and nouns. For instance, the infinitive form (often ending 

in mAk in Turkish and mAk in Turkmen) can often be used as a simple noun (e.g., "the action of reading"). 

¶ Adjectives are often converted into adverbs simply by their placement in the sentence. 

4. Conclusion 

While Turkmen and Turkish exhibit minor phonetic and morphological variations in their affix 

inventories, their fundamental approach to word formation remains identical: a powerful, systematic 

reliance on agglutinative derivation. This shared structure allows speakers to rapidly generate new, 

semantically transparent vocabulary. Understanding these systematic patterns is key to mastering the 

grammar and expanding the vocabulary in both languages. 
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˨ͯͪ͒·͔͍͊ ˥ͯ͡Έͤ͊͋͊ͭΣ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͍ͦͫͭͦ;ͤ·ͻ Ύ͘·͍ͦ͟ ͙ ͙͔ͭͪ͊ͭͯͪ͡· ͫ ͔͙͚ͣͭͦ͒ͦ͟ ͙ͻ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ 

˿͍͊ͨ͊ͪͦ͊ ˢ͋͊͒͊ͤΣ  

˿͔ͭͯ͒ͤͭ  

͔͎́ͯͪͣͤͫͦͦ͟͟ ˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͙ͤͫͭͭͯͭ͊ ͙͔͙ͣͤ ˿͔͚͙ͭͤ͊͊ͪ͊͘ ˿͔͚͙͒ 

͔́ͯͪͣͤ͊͋͊͒͟Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͍͙͡Ύ͙ͤΎ ͨͦΉ͍ͭͦ ζ˸ͯ ͊͊͟͡͡ņǘ ͊ͫ-˿͊͋ ͊η ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ 

͔͚ͭͯͪͣͤͫͦ͟͟ ͙͔͚ͭͪ͊ͭͯͪͤͦ͡ ͙ͭͪ͊͒ͼ͙͙Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔ͣͻ͙͊ͤͣ͘· ͔͔ͨͪͻͦ͒͊ ͨͦΉ͙ͭ;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡ 

͔͚ͪ͊ͤͤ ͚͊ͪ͊͋ͫͦ͟ ͯ͟͡Έͭͯͪ· ͍ ͔ͭͯͪͣͤͫͯ͟͟Ό ͍͔ͫͦͫͤͯ͡Ό ͔ͫͪ͒ͯ ;͔͔ͪ͘ ͔͙ͨͦͫͪ͒ͤ;͔͙͔ͫ͟ ͯ͟͡Έͭͯͪͤ·͔ 

ͫͭͪͯͭͯͪ͟· - ͔ͨͪͫͦΎ͘·;ͤͯΌ ͙͔ͭͪ͊ͭͯͪͯ͡Σ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͼ͔ͤͭͪ· ̆ͦͪ͊ͫ͊ͤ͊Σ ͫͯͺ͙͚͙͔ͫ͟ ͍͋ͪ͊ͭͫͭ͊ ͙ 

ͯͫͭͤͯΌ ͙ͭͪ͊͒ͼ͙Ό ͎͎ͦͯͫͦͦ͘͟ ͙ͣͪ͊Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͍͗͊ͤͪͦ·ͻ ͫͭͪͯͭͯͪ͟Σ 

͙͍͙ͫͣͦ͡;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· ͙ ͙͙ͪͭͦͪ;͔͙ͫ͟ͻ ͙ͨͪͤͼ͙͍ͨͦΣ ͍ͦͫͻͦ͒Ύ΅͙ͻ ͟ ͙͚͒ͦͫ͊ͣͫͦ͟͡ ͚͊ͪ͊͋ͫͦ͟ ͨͦΉ͙͙͘Σ ͊ 

͔ͭ͊͗͟ ͙ͪͦ͡ ͔͍͔͎͒ͪͤ͊ͪ͊͋ͫͦͦ͟ ͔ͦ͒ͫ͊͟͟ ͨͦΉ͙ͭ;͔͙ͫ͟ͻ ͼ͔͔͚ͤͤͦͫͭ ͍ ͍͔͙͙ͫͭ͊ͤͦͤ͡ Ή͙͙ͭ͟ ͙ Ή͔͙͙ͫͭͭ͟ 

͔͚ͭͯͪͣͤͫͦ͟͟ ͨͦΉ͙͙͘Φ ˿ͭ͊ͭΈΎ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͍͙͡Ύ͙͔ͤ ͨͦΉ͍ͭͦ ˸ͯ ͊͊͟͡͡ņǘ ͔ͤ ͋·ͦ͡ ͨͪΎͣ·ͣΣ ͤͦ 

͙͔ͨͪͦ͋ͪͦ͡ ͺ͔ͯͤ͒͊ͣͤͭ͊͡ΈͤͯΌ ͤ͊͘;͙ͣͦͫͭΈ ͎͋͊ͦ͒͊ͪ͡Ύ ͎ͯ͋ͦͦͣͯ͟͡ ͍͔͍͙ͫͦͦͭͭͫͭΌ ͯ͟͡Έͭͯͪͤ·ͻ ͔͔͚ͣͦ͒͡ 

ͦ͟;͔͍·ͻ ͦ͋΅͔͍ͫͭΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

˸ͯ ͊͊͟͡͡ņǘΤ ͊ͪ͊͋ͫ͊͟Ύ ͨͦΉ͙͘ΎΤ ͔ͭͯͪͣͤͫ͊͟͟Ύ ͙͔ͭͪ͊ͭͯͪ͊͡Τ ͍ͦͫͭͦ;ͤ͊Ύ ͨͦΉ͙ͭ͊͟Τ ͯ͟͡Έͭͯͪͤ͊Ύ ͙͙ͭͪ͊ͤͫͣͫͫΎΤ 

̆ͦͪ͊ͫ͊ͤΤ ͎͙͔ͦͯͫ͘͟ ͙ͭͪ͊͒ͼ͙͙Τ ͍͗͊ͤͪͦ͊Ύ ͫͭͪͯͭͯͪ͊͟Φ 
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ˤ͍͔͔͙͔͒ͤ 

͔́ͯͪͣͤͫ͊͟͟Ύ ͙͔ͭͪ͊ͭͯͪ͊͡ ͫͺ͙͍ͦͪͣͪͦ͊͊ͫ͡Έ ͍ ͍͙ͯͫͦ͡Ύͻ ͙͔͙͍͎ͤͭͤͫͤͦͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͯ͟͡Έ͚ͭͯͪͤͦ 

͔ͫͪ͒· ˮͪ͊ͤ͊Σ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘ ͙ ˣ͙͔͎͗ͤͦ͡ ˤͦͫͭͦ͊͟Φ ˹͊ ͔͖ ͍͙͙͔ͪ͊ͭ͘ ͍͙͡Ύ͙͡ ͪ͊ͤ͘·͔ ͯ͟͡Έͭͯͪͤ·͔ 

͙ͨͦͭͦ͟Σ ͔͙ͫͪ͒ ͦͭͦͪ͟·ͻ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͙͔͙ͨͪͤ͊͒͗ͭ͡ ͚͊ͪ͊͋ͫͦ͟ ͙͚͒ͦͫ͊ͣͫͦ͟͡ ͨͦΉ͙͙͘Φ ζ˸ͯ ͊͊͟͡͡ņǘ ͊ͫ-

˿͊͋ ͊ηΣ ͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͙͔ ͚ͫͦ͋ͦ ͔͙͙ͫͣͦ͒;͔͙͚ͫ͟ ͊ͤͦͤ͟ Ή͙͚ͭͤͦ͡ ͨͦΉ͙͙͘ Ήͨͦͻ͙ ˨͗͊ͻ͙͙͚͙͡Σ ͙ͫͭ͊͡ 

͍͚ͦͫͤͦͦ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ ͤͦͪͣ· ͍ͦ ͎͙ͣͤͦͻ ͙͔ͭͪ͊ͭͯͪͤ͡·ͻ ͙ͭͪ͊͒ͼ͙Ύͻ ˤͦͫͭͦ͊͟Σ ͔͔ͦͨͪ͒͡ΎΎ 

͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͨͦΉ͙ͭ;͔ͫͦͣ͟ ͔͍͔ͣ͊ͫͭͪͫͭΣ Ύ͘·͔͟Σ ͔ͫͭͪͯͭͯͪ͟ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͦ͋ͪ͊͊͘ ͙ Ή͙ͭ;͔ͫͦͣ͟ 

͔ͫͭ͊ͭͯͫ ͨͦΉͭ͊Φ 

͔́ͯͪͣͤͫ͊͟͟Ύ ͍͔ͫͦͫͤ͊͡Ύ ͯ͟͡Έͭͯͪ͊Σ ͫͺ͙͍ͦͪͣͪͦ͊ͤͤ͊Ύ ͍ ͔͙͙ͦͪͯ͗ͤ͟ ͎͙ͦͯͫ͘͟ͻ ͔͖ͨͣͤ͡Σ ͦ͊͊͊ͫ͘͟͡Έ 

͍͙͙ͦͫͨͪͣ;͙͍͚ͦ ͟ ͔͙ͣͦ͒͡ ͨͦΉ͙ͭ;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΣ ͻ͔͚͊ͪ͊ͭͪͤͦ͟ ͒͡Ύ ͦ͟;͔͍·ͻ ͦ͋΅͔͍ͫͭΦ ̏ͭͦ ͙͍͔ͨͪͦ͡ ͟ 

ͭͦͣͯΣ ;ͭͦ ͎͙͔ͣͤͦ ͔ͦͣͨͦͤͤͭ͟· ͚͊ͪ͊͋ͫͦ͟ ͨͦΉ͙͙ͭ͟ ͙͙ͨͪͦͤ͟͡ ͍ ͔ͭͯͪͣͤͫͯ͟͟Ό ͙ͭͪ͊͒ͼ͙Ό ͔ͤ ͫͯ͡;͚͊ͤͦΣ ͊ 

͔͊ͦͤͦͣͪͤͦ͘͟Σ ͨͦͫͦ͟͡Έͯ͟ ͔ͦ͋ ͯ͟͡Έͭͯͪͤ·͔ ͙͔ͫͫͭͣ· ͔ͪ͊͒͘͡Ύ͙͡ ͙͎͙ͭͨͦͦ͡;͔͙ͫ͟ ͫͻͦ͒ͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ 

͙͔ͨͪͪͦ͒ ͍͔͎ͫͦͫͤͦͦ͡ ͙͍ͫͯͫͫͭ͊͟Φ 

˴ͯ͡Έͭͯͪͤ͊Ύ ͔ͫͪ͒͊ ͍ͦͫͭͦ͊͟ ͙ ͦͫͦ͋·͚ ͫͭ͊ͭͯͫ ζͣͯ ͊͊͊ͭ͟͡͡η 

˽ͦΉ͙ͭ͊͟ ˸ͯ ͊͊͟͡͡ņǘ ͺ͙͍ͦͪͣͪͦ͊͊ͫ͡Έ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͔͚ͨͣͤͤͦ͡ ͯ͟͡Έͭͯͪ· ˢ͍͙͙ͪ͊Σ ͎͔͒ ͍ͭͦͪ;͔͍ͫͭͦ 

ͨͦΉͭ͊ ͙ͫͯ͗ͦ͡͡ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͺͯͤ͟ͼ͙͔͚ ͫͦͻ͔͙ͪ͊ͤͤΎ ͙͙ͫͭͦͪ;͔͚ͫͦ͟ ͨ͊ͣΎ͙ͭΣ ͺ͙ͫ͊͟ͼ͙͙ ;͔͙ͫͭ ͪͦ͒͊Σ 

͙͔͎͙͒ͦͦ͡;͔͎ͫͦͦ͟ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͙ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͍·͔͙ͪ͊͗ͤΎΦ ͙̏ͭ ͦ͒· ͙ͫͭ͊͡ Ήͭ͊ͦͤͦͣ͡ ͙͔͚ͭͪ͊ͭͯͪͤͦ͡ 

ͤͦͪͣ·Υ ͙ͻ ͫͭͪͯͭͯͪ͊͟Σ ͦ͋ͪ͊ͤ͊͘Ύ ͙͔ͫͫͭͣ͊Σ ͔͙ͣͭͪ͊͟ ͙ ͙͍͔ͣͪͦͦͪͤ͘͘;͔͙͔ͫ͟ ͔͙ͣͦ͒͡ ͋·͙͡ ͍͟͡Ό;͔ͤ· ͍ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͎ͨͪͦͪ͊ͣͣ· ͙͎ͫ͊ͣͫͦͦ͟͡ ͙ͣͪ͊Σ ;ͭͦ ͔͔ͦ͋ͫͨ;͙ͦ͡ ͙ͻ ͔͎͙ͭͪ͊ͤͫͪͦͤ͊͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤΦ 

͔́ͯͪͣͤͫ͊͟͟Ύ ͙͔ͭͪ͊ͭͯͪ͊͡ ͍͙͍ͪ͊͊͊ͫ͘͡Έ ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͯ͟͡Έͭͯͪͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͦͻ͍͙͍͊ͭ΄͙ͻ 

͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͦͭ ˴͙͊ͫͨΎ ͒ͦ ˥͙ͤ͒ͯͯ͟΄͊Φ ͔̇ͤͭͪ͊͡ΈͤͯΌ ͪͦ͡Έ ͍ Ήͭͦͣ ͙͎ͪ͊͊͡ ͔͙ͨͪͫ͒ͫ͊͟Ύ ͙ͭͪ͊͒ͼ͙ΎΣ ͦͭͦͪ͊͟Ύ 

ͫ͊ͣ͊ ͍ͦ͋ͪ͊͊͡ Ή͔͔ͣͤͭ͡· ͚͊ͪ͊͋ͫͦ͟ ͨͦΉ͙͙ͭ͟Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ˸ͯ ͊͊͟͡͡ņǘ ͍͙͙ͫͭ͊ͤͦͫ͡Έ ;͊ͫͭΈΌ ͙͔͎ͭͪ͊ͭͯͪͤͦͦ͡ 

͙ͫͦͤ͊ͤ͘Ύ ͔͙ͭͯͪͣͤͫ͟͟ͻ ͨͦΉ͍ͭͦ ͔ͤ ͊͟͟ ͔ͦͭ͒͡Έͤ·͚ ͔ͭͫͭ͟Σ ͊ ͊͟͟ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·͚ ͊ͤͦͤ͟Σ ͙͍͍͍ͨͪͫͯͭͫͭͦ͊΄͙͚ 

͍ ͯ͟͡Έ͔ͭͯͪ ;͔͔ͪ͘ ͔͙͙ͦͣͣͤͭ͊ͪ͟Σ ͭͪ͊ͭ͊ͭ͟·Σ ͙͙ͪͭͦͪ;͔͙͔ͫ͟ ΄ͦ͟͡· ͙  ͦ͋΅ͯΌ ͙͔ͫͫͭͣͯ ͍ͦͫͭͦ;͚ͤͦ ͨͦΉ͙͙ͭ͟Φ 

˿ͻ͍ͦ͒ͫͭͦ ͙͍͔ͣͪͦͦͪͤ͘͘;͔͙ͫ͟ͻ ͍ͦͫͤͦ ͦ͟;͔͍·ͻ ͯ͟͡Έͭͯͪ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͦ͡ ͍͙ͦͫͨͪΎ͙ͭΌ ͨͦΉ͙͙ͭ͟ 

˸ͯ ͊͊͟͡͡ņǘ ͔͙ͭͯͪͣͤͫͣ͟͟ ͦ͋΅͔͍ͫͭͦͣΦ ˤ ͙ͦ͋ͦͻ ͫͯ͡;͊Ύͻ ͨͦΉͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͫ͡Ύ ͊͟͟ ͙͔ͤͦͫͭ͡Έ ͔͙͍͚ͦͭͤͦ͟͟͡͡ 

͙ͣͯ͒ͪͦͫͭΣ ͊ ͨͦΉ͙͘Ύ ͙ͫͯ͗͊͡͡ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͫͦͼ͙͊͡Έ͚ͤͦ ͨ͊ͣΎ͙ͭΦ ˽͔ͦ͒ͦ͋ͤͦ ͍͔͍͙͔ͫͦͦͭͭͫͭ 

͍͋͊ͦ͘·ͻ ͍ͯͫͭ͊ͤͦͦ͟ ͯ͟͡Έͭͯͪ· ͔͎ͦ͋͡;͊ͦ͡ ͙͔͎ͤͭͪ͊ͼ͙Ό Ή͔͔͍ͣͤͭͦ͡ ͎͊ͪ͊͋ͫͦͦ͟ ͨͦΉ͙ͭ;͔͎ͫͦͦ͟ ͔͙ͤ͊ͫ͒͡Ύ ͍ 

͔ͭͯͪͣͤͫͯ͟͟Ό ͍͔ͫͦͫͤͯ͡Ό ͙ͨͪ͊ͭͯ͟͟Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͙͡Ύ͙͔ͤ ˸ͯ ͊͊͟͡͡ņǘ ͋·ͦ͡ ͔ͤ ͍͔ͤ΄͙ͤͣ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘Σ ͊ ͔ͪͯ͘͡Έͭ͊ͭͦͣ 

ͦͪ ͎͙͊ͤ;͎ͤͦͦ ͔͔͔ͨͪͫ;͔͙ͤΎ ͯ͟͡Έͭͯͪͤ·ͻ ͙ͭͪ͊͒ͼ͙͚Σ ͍͎ͦͫͤͦ͊ͤͤͦͦ ͤ͊ ͚ͫͭͪͯͭͯͪͤͦ͟ ͙͙͋ͦͫͭ͘͡ 

ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͣ·΄͔͙ͤ͡ΎΦ 

 ˽ ͦΉ͙ͭ;͔͙͔ͫ͟ ͙ͨͪͤͼ͙ͨ·Σ ͊ͫͦͼ͙͙͔ͪͯͣ·͔ ͫ ͣͯ ͊͊͊ͭ͟͡͡Σ ͊͟͟ ͺ͔ͯͤ͒͊ͣͤͭ ͔͚ͭͯͪͣͤͫͦ͟͟ ͨͦΉ͙͙ͭ͟ 

͔́ͯͪͣͤͫ͊͟͟Ύ ͙͔ͭͪ͊ͭͯͪ͊͡ ͔͍ͯͤ͊ͫ͒ͦ͊͊͡͡ ͪΎ͒ ͨͦΉ͙ͭ;͔͙ͫ͟ͻ ͙ͨͪͤͼ͙͍ͨͦΣ ͍ͦͫͻͦ͒Ύ΅͙ͻ ͟ ͙͊ͫͫ͟͡;͔͚ͫͦ͟ 

͚͊ͪ͊͋ͫͦ͟ ͨͦΉ͙͙͘Φ ͙̏ͭ ͙ͨͪͤͼ͙ͨ· ͙ͫͭ͊͡ ͟͡Ό;͔͍·͙ͣ ͫͭͪͯͭͯͪͤ͟·͙ͣ Ή͔͔͙ͣͤͭ͊ͣ͡ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ 

ͣ·΄͔͙ͤ͡ΎΣ ͺ͙ͦͪͣͪͯΎ ͫͨͦͫͦ͋· ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙͙͙ͪ͟͡Σ ͎͔͙ͪͦ;͔͎ͫͦͦ͟ ͍͔͍͍͙ͨͦͫͭͦ͊ͤΎ ͙ ͺ͙ͦͫͦ͡ͺ͚ͫͦ͟ 

͔ͪͺ͔͙͙ͫ͟͡Φ 

˻͙͒ͤͣ ͙͘ ͙ͭ͊͟ͻ ͙ͨͪͤͼ͙͍ͨͦ ͋·ͦ͡ ͙͙͔ͨͪͤ͊ͤ͘ ͍·͚ͫͦͦ͟ ͙͙ͪͭͦͪ;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ·Σ ͔ͭͪ͋ͯΌ΅͔͚ 

͎͙͊ͪͣͦͤ;͎ͤͦͦ ͔͙͔͙ͫͦ͒ͤͤΎ ͚ͦ͋ͪ͊ͤͦ͘ ͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭΣ ͎͙ͦ͡;͔͚ͫͦ͟ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͙ 

Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͤ͊ͫ·΅͔͙ͤͤͦͫͭΦ ˽͙ͪͤͼ͙ͨ ζ͍·͎ͫͦͦͦ͟ ͙ͫͭ͡Ύη ͫͭ͊͡ ͚ͤͦͪͣͦ ͒͡Ύ ͔͚ͭͯͪͣͤͫͦ͟͟ ͨͦΉ͙͙͘Σ ͎͔͒ 

͍ͫͦͦ͡ ͍͙͙ͦͫͨͪͤͣ͊ͦͫ͡Έ ͊͟͟ ͙͔ͤͦͫͭ͡Έ ͚ͦͫͦ͋ͦ ͙ͫ͡· ͙ ͙͍͙ͫͣͦ͡;͔͎ͫͦͦ͟ ͤ͊͘;͔͙ͤΎΦ ˨͎͙ͪͯͣ ͍͊͗ͤ·ͣ 

͔͊ͫͨͭͦͣ͟ ͋·͊͡ ͫͭͪͯͭͯͪ͊͟ ͨͦΉ͙ͭ;͔͎ͫͦͦ͟ ͔ͭͫͭ͊͟Σ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ͊Ύ ͤ͊ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ 

Ήͣͦͼ͙͙Σ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͎ͤͦͦ ͤ͊͋͡Ό͔͙͒ͤΎ ͙ ͺ͙ͦͫͦ͡ͺ͎ͫͦͦ͟ ͪ͊ͣ͘·΄͔͙ͤ͡ΎΦ ͚́͊ͦ͟ ͙ͨͪͤͼ͙ͨ ͙ͦͣͨͦ͘͟ͼ͙͙ 

ͫͭ͊͡ ͻ͔͊ͪ͊ͭͪͤ͟·ͣ ͒͡Ύ ͎͙ͣͤͦͻ ͔͙ͭͯͪͣͤͫ͟͟ͻ ͨͦΉ͍ͭͦΣ ͍ͫͦ͒͊͊͘Ύ ͦͫͦ͋·͚ ͙ͭͨ ͙͙ͪ͡;͔͎ͫͦͦ͟ ͍͔͍͍͙ͨͦͫͭͦ͊ͤΎΦ 

˻ͫͦ͋ͯΌ ͪͦ͡Έ ͫ·͎ͪ͊͊͡ ͨͦΉ͙ͭ͊͟ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Σ ͻ͔͊ͪ͊ͭͪͤ͊͟Ύ ͒͡Ύ ͦ͒· ˸ͯ ͊͊͟͡͡ņǘΦ ͔́ͯͪͣͤͫ͊͟͟Ύ 
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ͨͦΉ͙͘Ύ ͔͍ͯͤ͊ͫ͒ͦ͊͊͡͡ ͦͤ͟ͼ͔ͨͼ͙Ό ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ͊͟͟ ͔ͣͭ͊ͺͦͪ· ͙͔͎͗ͤͤͤͦͦ͘ ͙ͨͯͭΣ ͫͯ͒Έ͋·Σ ͒ͯͻ͍͚ͦͤͦ 

ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙Φ ̏ͭͦ ͙͍ͨͪ͒͊͊ͦ͡ ͨͦΉ͙͙͘ ͦͫͦ͋·͚ ͙͍͙ͫͣͦ͡;͔͙͚ͫ͟ ͚ͫͭͪͦΣ ͍ͦͫͤͦ͊ͤͤ·͚ ͤ͊ ͙͔͔͒ ͍͙͔͙͒͗ͤΎ 

͊͟͟ ͍͔͔͎ͤͯͭͪͤͤͦ ͍͙͙ͪ͊ͭ͘ΎΦ 

͙̏ͭ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊Σ ͍ͦͫͻͦ͒Ύ΅͊Ύ ͟ ͙ͭͪ͊͒ͼ͙Ύͣ ˸ͯ ͊͊͟͡͡ņǘΣ ͔ͭ͊͗͟ ͫ·͎ͪ͊͊͡ ͪͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 

͔͚ͭͯͪͣͤͫͦ͟͟ ͨͦΉ͙͙͘Φ ˽͔͍͔͙ͪ͒ͫͭ͊ͤ͡Ύ ͦ ͙͍͔͒ͦͫͭͦͤͫͭΣ ͚͙ͫͭͦͦͫͭ͟Σ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͔͔ͨͪ͒ ͔͙͍ͦͭͦͣ͟͟͡͡ ͙ 

͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ ͍͔͔ͤͯͭͪͤͤͣͯ ͔͔͙ͨͪͦ͒ͦͤ͡Ό ͍͙ͨͫ·͍͙͊ͫ͡Έ ͍ ͙͍͔͙͔ͣͪͦͦͪͤ͘͘ ͎͚ͦͯͫͦ͘͟ ͯ͟͡Έͭͯͪ· ͙ 

͍͙͙ͫͭ͊ͤͦͫ͡Έ ;͊ͫͭΈΌ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͔͙ͫͦ͒ͪ͗͊ͤΎΦ͔́ͣ ͫ͊ͣ·ͣ Ή͔͔ͣͤͭ͡· ˸ͯ ͊͊͟͡͡ņǘ ͋·͙͡ ͍͙ͦͫͨͪͤΎͭ· 

͔ͤ ͊͟͟ ͍͔ͤ΄͙͔ͤ ͙͍͍͙͊ͣͫͭͦ͊ͤ͘ΎΣ ͊ ͊͟͟ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͺͦͪͣͯ͡· ͦ͟;͔͍͚ͦ ͯ͟͡Έͭͯͪ·Σ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ·͔ ͍ 

͙͔ͫͫͭͣͯ ͔͚ͭͯͪͣͤͫͦ͟͟ ͨͦΉ͙͙ͭ͟Φ 

˸͔ͻ͙͊ͤͣ͘· ͔͔ͨͪ͒͊;͙ ͨͦΉ͙ͭ;͔͙ͫ͟ͻ ͙ͭͪ͊͒ͼ͙͚ ͍ ͔ͭͯͪͣͤͫͯ͟͟Ό ͔ͫͪ͒ͯ 

˽͙͍͔͙͔ͪͦͤͤͦͤ͟ Ή͔͔͍ͣͤͭͦ͡ ͚͊ͪ͊͋ͫͦ͟ ͨͦΉ͙͙ͭ͟ ͍ ͔ͭͯͪͣͤͫͯ͟͟Ό ͙͔ͭͪ͊ͭͯͪͯ͡ ͦͫͯ΅͔͍ͫͭ͡Ύͦͫ͡Έ ;͔͔ͪ͘ 

ͪΎ͒ ͯ͟͡Έͭͯͪͤ·ͻ ͔͙͍ͨͦͫͪ͒ͤͦ͟Φ ˤ͔͚͊͗ͤ΄ͯΌ ͪͦ͡Έ ͙͎ͪ͊͊͡ ͔͙ͨͪͫ͒ͫ͊͟Ύ ͙͔ͭͪ͊ͭͯͪͤ͊͡Ύ ͙ͭͪ͊͒ͼ͙ΎΣ ͍ ͪ͊ͣ͊͟ͻ 

͚ͦͭͦͪͦ͟ ͊ͪ͊͋ͫ͊͟Ύ ͨͦΉ͙͘Ύ ͋·͊͡ ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͤ͊͘Σ ͔͙͍ͨͪͦͦͣͣͤͭͪͦ͊ͤ͊͟ ͙ ͙͍͊͒͊ͨͭͪͦ͊ͤ͊ ͟ ͍͚ͤͦͦ 

ͯ͟͡Έ͚ͭͯͪͤͦ ͔͔ͫͪ͒Φ ͔͙͔́ͯͪͣͤͫ͟͟ ͨͦΉͭ·Σ ͤ͊ͻ͙͍ͦ͒΄͙͔ͫΎ ͍ ͨͦͫͭͦΎͤͤͦͣ ͔ͦͤͭ͊ͭ͟͟ ͫ ͔͙͚ͨͪͫ͒ͫͦ͟ ͯ͟͡Έ͚ͭͯͪͦΣ 

͍͙͙͙ͦͫͨͪͤͣ͊͡ Ή͔͔ͣͤͭ͡· ˸ͯ ͊͊͟͡͡ņǘ ͊͟͟ ;͊ͫͭΈ ͦ͋΅͔͎ͦ ͙͊ͫͫ͟͡;͔͎ͫͦͦ͟ ͔͙ͤ͊ͫ͒͡ΎΦ 

˨͎͙ͪͯͣ ͔ͣͻ͙͊ͤͣͦͣ͘ ͋·͙͡ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͫͭͪͯͭͯͪ͟· -  ͔͔͔ͣ͒ͪͫ ͙ ;͊ͫͭͤ·͔ ͙͔ͭͪ͊ͭͯͪͤ͡·͔ 

΄ͦ͟͡·Φ ˻͙ͤ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎ͙͡ ͤͦͪͣ· ͙͊ͫͫ͟͡;͔͚ͫͦ͟ ͙͙͙ͪͭͦͪ͟Σ ͍͟͡Ό;͍͊΄͙͔ ͍ ͔ͫ͋Ύ ͙ͯ͘;͔͙͔ͤ ͚͊ͪ͊͋ͫͦ͟ 

͎͙͙ͪ͊ͣͣ͊ͭ͟Σ ͔͙͙ͫ͟͟͡ ͙ ͨͦΉ͙ͭ;͔͚ͫͦ͟ ͔͙͎͙͙ͭͪͣͤͦͦ͡Φ ͔͔̉ͪ͘ Ή͙ͭ ͙͙ͤͫͭͭͯͭ· Ή͔͔ͣͤͭ͡· ͚͊ͪ͊͋ͫͦ͟ ͨͦΉ͙͙ͭ͟ 

͔͊ͪͨ͘͟͡Ύ͙ͫ͡Έ ͍ ͙͔ͭͪ͊ͭͯͪͤͦͣ͡ ͙͙ͫͦͤ͊ͤ͘ ͔͙ͭͯͪͣͤͫ͟͟ͻ ͍͍͊ͭͦͪͦ ͊͟͟ ͫͭ͊ͤ͒͊ͪͭ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ 

͍·͔͙ͪ͊͗ͤΎΦ 

˿ͯͺ͙͚͙͔ͫ͟ ͍͋ͪ͊ͭͫͭ͊ ̆ͦͪ͊ͫ͊ͤ͊ ͔ͭ͊͗͟ ͍͍͙ͫͨͦͫͦ͋ͫͭͦ͊͡ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΌ ͙ͭͪ͊͒ͼ͙͚ ͚͊ͪ͊͋ͫͦ͟ 

ͨͦΉ͙͙͘Φ ˤ ͙ͻ ͒ͯͻ͍͚ͦͤͦ ͙͔ͨͪ͊ͭ͟͟ ͍͔ͫͦͫͤͦͫͭ͡Έ ͙͊ͤͣ͊͊͘͡ ͍͔͊͗ͤͦ ͔ͣͫͭͦΣ ͙ ͎͙͔ͣͤͦ ͙͙ͪͭͦͪ;͔͙͔ͫ͟ 

ͺͦͪͣͯ͡·Σ ͍ͦͫͻͦ͒Ύ΅͙͔ ͟ ͔͚ͪ͊ͤͤ ͚͊ͪ͊͋ͫͦ͟ ͨͦΉ͙͙͘Σ ͔͔͍͙ͨͪ͒͊͊ͫ͡Έ ͊͟͟ ;͊ͫͭΈ ͒ͯͻ͍͎ͦͤͦͦ ͦͨ·ͭ͊Φ ˴͔ͪͦͣ 

͎ͭͦͦΣ ͯͫͭͤ͊Ύ ͙ͭͪ͊͒ͼ͙Ύ ͔͙ͭͯͪͣͤͫ͟͟ͻ ͔͖ͨͣͤ͡ ͔͔ͦ͋ͫͨ;͙͍͊͊͡ ͔͔͍͔ͫͭͫͭͤͤͯΌ ͔ͫͪ͒ͯ ͒͡Ύ ͍͙ͦͫͨͪΎ͙ͭΎ 

ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·ͻ ͤͦͪͣΣ ͍ͦͫͤͦ͊ͤͤ·ͻ ͤ͊ ͔ͪ;͔͍͚ͦ ͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭΣ ͍·͚ͫͦͦ͟ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ 

ͤ͊ͫ·΅͔͙ͤͤͦͫͭ ͙ ͍͔͙͙ͯ͊͗ͤ ͟ ͍ͫͦͯ͡Σ ͙͙͋͘͟͡ͻ ͟ ͫͭͪͯͭͯͪ͊ͣ͟ ͚͊ͪ͊͋ͫͦ͟ ͨͦΉ͙͙ͭ͟Φ  

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͙͡Ύ͙͔ͤ ˸ͯ ͊͊͟͡͡ņǘ ͤ͊ ͔ͭͯͪͣͤͫͯ͟͟Ό ͙͔ͭͪ͊ͭͯͪͯ͡ ͦͫͯ΅͔͍ͫͭ͡Ύͦͫ͡Έ ͔͔ͨͦͫͭͨͤͤͦ ͙ 

͎ͣͤͦͦ͊ͤ͊͟͡ΈͤͦΣ ͔͍ͨͪͪ͊΅͊ΎͫΈ ͍ ;͊ͫͭΈ ͚ͯͫͭͦ;͙͍͚ͦ ͯ͟͡Έ͚ͭͯͪͤͦ ͙ͣ͊ͭͪͼ·Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˢ͙ͤ͊͘͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͍͙͡Ύ͙͔ͤ ͨͦΉ͍ͭͦ ˸ͯ ͊͊͟͡͡ņǘ ͤ͊ ͔ͭͯͪͣͤͫͯ͟͟Ό ͙͔ͭͪ͊ͭͯͪͯ͡ ͋·ͦ͡ 

ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣΣ ͤͦ ͔͍ͦͨͦͫͪ͒ͦ͊ͤͤ·ͣΣ ͦͫͯ΅͔͍ͫͭ͡Ύ͍΄͙ͣͫΎ ;͔͔ͪ͘ ͫͦ͗ͤ͡·͔ ͯ͟͡Έͭͯͪͤ·͔ ͔ͣͻ͙͊ͤͣ͘·Φ 

̏ͭͦ ͍͙͡Ύ͙͔ͤ ͔ͤ ͎͙ͦͪ͊ͤ;͙͍͊ͦͫ͡Έ ͔͙ͭͣ͊ͭ;͔͙͙ͫͣ͟ ͙͙͡ ͍͗͊ͤͪͦ·͙ͣ ͙͍͍͙͊ͣͫͭͦ͊ͤ͘Ύ͙ͣΣ ͤͦ ͔͔͙ͦͨͪ͒ͦ͡͡ 

͍ͦͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͣ·΄͔͙ͤ͡ΎΣ ͙ͨͪͫͯ΅͙͔ ͔͚ͭͯͪͣͤͫͦ͟͟ ͙ͭͪ͊͒ͼ͙͙Υ ͍͔͙͔ͯ͊͗ͤ ͟ ͍ͫͦͯ͡ 

͊͟͟ ͟ ͫ͊ͪ͊͟͡Έ͚ͤͦ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͙͔ͫ͡Σ ͙͔ͦͪͤͭ͊ͼ͙Ό ͤ͊ ͍·͙͚ͫͦ͟ ͙ͫͭ͡ΈΣ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤͦͫͭ͟Έ ͨͦΉ͙ͭ;͔͎ͫͦͦ͟ 

͍·͔͙ͪ͊͗ͤΎ ͙ Ή͙ͭ;͔ͫͯ͟Ό ͔ͤ͊ͨͦͤͤͤͦͫͭ͡Έ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ ͔ͪ;͙Φ 

˿ͻ͍ͦ͒ͫͭͦ ͯ͟͡Έͭͯͪͤ·ͻ ͔͔͚ͣͦ͒͡ ͦ͟;͔͍·ͻ ͦ͋΅͔͍ͫͭ -  ͙͊ͪ͊͋ͫ͟ͻ ͔͖ͨͣͤ͡ ˨͗͊ͻ͙͙͚͙͡ ͙ ͎͙ͦͯͫ͘͟ͻ 

ͦ͋΅͔͚ͤͦͫͭ -  ͍ͫͦ͒͊͊ͦ͘͡ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͎͎ͯ͋ͦͦͦ͟͡ ͍͔͍͙ͫͦͦͭͭͫͭΎ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·ͻ ͙͔ͫͫͭͣΦ ͔͔̉ͪ͘ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͼ͔ͤͭͪ·Σ ͫͯͺ͙͚͙͔ͫ͟ ΄ͦ͟͡· ͙ ͔͙ͨͪͫ͒ͫͯ͟Ό ͙͊ͫͫͯ͟͟͡ Ή͔͔ͣͤͭ͡· ͨͦΉ͙͙ͭ͟ ˸ͯ ͊͊͟͡͡ņǘ 

͍͙͙ͪ͊ͫͭͦͪͫ͡Έ ͍ ͦ͋΅͔͚ ͍ͦͫͭͦ;͚ͤͦ ͙ͭͪ͊͒ͼ͙͙Σ ͍ͫͭ͊ ͙ͦ͒ͤͣ ͙͘ ͍͋͊ͦ͘·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 

͔͚ͭͯͪͣͤͫͦ͟͟ ͨͦΉ͙͙͘Φ  

˾͔͙͔͊ͫͫͣͦͭͪͤ Ή͙ͭͻ ͨͪͦͼ͔͍ͫͫͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͎͔ͯ͋͗͡ ͨͦͤΎͭΈ ͙͙ͫͭͦͪ;͔͔ͫͦ͟ ͍͙͙͔ͪ͊ͭ͘ ͔͚ͭͯͪͣͤͫͦ͟͟ 

͙͔ͭͪ͊ͭͯͪ͡· ͙ ͔͖ ͍ͫΎ͘Έ ͫ ͯ͟͡Έͭͯͪͤ·͙ͣ ͙ͭͪ͊͒ͼ͙Ύ͙ͣ ˣ͙͔͎͗ͤͦ͡ ˤͦͫͭͦ͊͟Σ ͊ ͔ͭ͊͗͟ ͍·Ύ͍͙ͭΈ ͪͦ͡Έ 

͙͊ͫͫ͟͡;͔͚ͫͦ͟ ͚͊ͪ͊͋ͫͦ͟ ͨͦΉ͙͙͘ ͊͟͟ ͙͍͔ͯͤͪͫ͊͡Έ͎ͤͦͦ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͺ͔ͯͤ͒͊ͣͤͭ͊ ͒͡Ύ ͙ͪ͊͘͡;ͤ·ͻ 

͙͔ͭͪ͊ͭͯͪ͡ ͍ͦͫͭͦ;͎ͤͦͦ ͔͎͙ͪͦͤ͊Φ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˢ͡Έ-͙͙́͊͋ͪ͘Σ ̆Φ ˴͔͙͙ͦͣͣͤͭ͊ͪ ͟ ζ˸ͯ ͊͊͟͡͡ņǘ ͊ͫ-˿͊͋ ͊ηΦ -  x ͔͚ͪͯͭΥ ˨͊ͪ ͊͡Έ-˴ͯͭͯ͋ ͊͡Έ-ˮ͙͚ͣ͡ΎΣ нллуΦ -  

опл ͫΦ 

нΦ ˣ͔͔ͪͭ͡ΈͫΣ ˩Φ ̏Φ ˤͦͫͭͦ;ͤ͊Ύ ͨͦΉ͙ͭ͊͟ ͙ ͔͖ ͙ͭͪ͊͒ͼ͙͙Φ -  ˸ ͍ͦͫ͊͟Υ ˹͊ͯ͊͟Σ мфтфΦ -  пмн ͫΦ 

оΦ ˨͔͍͗ͯͣ͊Σ ˢΦ ˢͪ͊͋ͫ͊͟Ύ ͨͦΉ͙ͭ;͔ͫ͊͟Ύ ͙ͭͪ͊͒ͼ͙ΎΥ ͯ͟͡Έͭͯͪͤ·͔ ͦ͒͟· ͙ ͙͙ͫͭͦͪ;͔ͫ͊͟Ύ ͔͔͍͔ͨͪͣͫͭͤͤͦͫͭΈΦ -  

́͊΄͔ͤͭ͟Υ ̅͊ͤΣ нллмΦ -  нсу ͫΦ 

4. Lewis, B. The Arabs in History. -  London: Oxford University Press, 2002. -  245 p. 

ϭ˨ ͯͪ͒·͔͍͊ ˥Φ, ˿ ͍͊ͨ͊ͪͦ͊ ˢΦ, 2025 

 

 

 

 

˸ͯͻ͔͍͊ͣͣ͒ͦ͊ ˸͊ͪ͊͡Σ 

 ˽ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ Ύ͎ͨͦͤͫͦͦ͟ Ύ͘·͊͟ ͊͟ͺ͔͒ͪ· ͒͊͡Έ͔͍ͤͦͫͭͦ;ͤ·ͻ Ύ͘·͍ͦ͟ 

͔͙͚́ͯͪͣͤͫ͟͟ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙͙ͤͫͭͭͯͭ ͙͍ͣͪͦ·ͻ Ύ͘·͍ͦ͟ ͙͔͙ͣͤ ˨͍͔͔ͦͭͣ͊ͣͣͭ͊͡ ˢ͙͊͒͘ 

˾͔͔͒͗ͨͣ·ͪ ͍͊͒ͦ͊ ˥ͯ͒͗͊͡ͻ͊ͤΣ   

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ Ύ͎ͨͦͤͫͦͦ͟ Ύ͘·͊͟  

͙͍͔͙͔̂ͤͪͫͭͭ ͙͔͔͙͙ͤ͗ͤͪ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙͔͙ͣͤ ˻͎ͯ͘ͻ͊ͤ͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˾˩̉˩ˤ̍˩ ̅˻˾˸̂˶̍ ˮ˭ˤˮ˹˩˹ˮ̒ ˤ ̒˽˻˹˿˴˻˸ ̒˭̍˴˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ Ύ͚ͨͦͤͫͦ͟ ͯ͟͡Έ͔ͭͯͪ ͙͍͙͔͙͔ͤͤ͘ ό, shazai) Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͨͪͦͫͭͦ ͍·͔͙͔ͪ͊͗ͤͣ ͔͙ͫͦ͗͊ͤ͡ΎΣ ͊ 

ͫͦ͗ͤ͡·ͣ ͫͦͼ͙͊͡Έͤ·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣΣ ͦͭͪ͊͗͊Ό΅͙ͣ ͙͔ͪ͊ͪͻ͙ΌΣ ͔͔ͫͭͨͤΈ ͍͙ͤ· ͙ ͔͔͙͔ͫͭͪͣͤ͡ ͟ 

͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ό ͎͙͙͊ͪͣͦͤ ό, waύΦ ˾͔;͔͍·͔ ͺͦͪͣͯ͡·Σ ͙ͫͨͦ͡Έ͔ͯͣ͘·͔ ͒͡Ύ ͙͍͙͔͙ͤͤ͘ΎΣ ͎ͫͭͪͦͦ 

͎͙͍ͪ͊͒ͯͪͦ͊ͤ· ͙ ͍͙͊ͫ͘Ύͭ ͦͭ ͔ͦͤͭͫͭ͊͟͟Σ ͫͦͼ͙͊͡Έ͎ͤͦͦ ͫͭ͊ͭͯͫ͊ ͎͍ͦͦͪΎ΅͙ͻ ͙ ͭΎ͔͙͗ͫͭ ͨͪͦͫͭͯͨ͊͟Φ ˨͊ͤͤ͊Ύ 

ͫͭ͊ͭΈΎ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͍ͦͫͤͦͤ·͔ ͔͎͙͙͊ͭͦͪ͟ Ύ͙ͨͦͤͫ͟ͻ ͺͦͪͣͯ͡ ͙͍͙͔͙ͤͤ͘Ύ τ ͦͭ ͋·͍ͭͦ·ͻ ͙ ͍͔͙͍͗͡·ͻ ͒ͦ 

ͺͦͪͣ͊͡Έͤ·ͻ ͙ ͎ͯ͋ͦͦ͟͡ ͨͦ͊͟Ύͤͤ·ͻΣ τ ͔ͯ͒͡ΎΎ ͔ͦͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͙ͻ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫͣ͟ ͙ͪ͊͘͡;͙ΎͣΣ 

͔ͦͤͭͫͭͯ͊͟͟͡Έͤͦͣͯ ͔͔͙ͯͨͦͭͪ͋ͤ͡Ό ͙ ͎͚ͯ͋ͦͦ͟͡ ͍ͫΎ͙͘ ͫ Ύ͚ͨͦͤͫͦ͟ ͙͔͚ͫͫͭͣͦ ͍͔͙͍͙͗ͦͫͭ͡ ό, keigo). 

˽͙͙͔ͦͤͣ͊ͤ Ή͙ͭͻ ͺͦͪͣͯ͡ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;ͦͣ ͟ ͔ͯͫͨ΄͚ͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͙ ͍͙͎ͤ͊͊ͼ͙͙ ͍ ͫͦͼ͙͊͡Έͤ·ͻ 

ͦͭͤͦ΄͔͙ͤΎͻ ͍ ͙͙̒ͨͦͤΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

Ύ͙͚ͨͦͤͫ͟ Ύ͘·͟Σ ͙͍͙͔͙͔ͤͤ͘Σ shazai, keigo, sumimasen, gomennasai,  

ͫͦͼ͙͊͡Έͤ͊Ύ ͎͙͊ͪͣͦͤΎΣ ͍͔͙͍͗ͦͫͭ͡ΈΣ ͔ͪ;͔͍·͔ ͺͦͪͣͯ͡·Φ 

 

мΦ ˴͔͎͙͙͊ͭͦͪ ͙ ͔ͦͤͭͫͭ͟͟ ͙͍͙͔͙͚ͤͤ͘ 

͙͚̒ͨͦͤͫ͟ Ύ͘·͟ ͔͎͔ͨͪ͒͊͊ͭ͡ ͎͋ͦ͊ͭ·͚ ͤ͊͋ͦͪ ͍·͔͙͚ͪ͊͗ͤ ͒͡Ύ ͙͍͙͔͙ͤͤ͘ΎΣ ͦͭͦͪ͟·͔ ͣͦ͗ͤͦ ͍ͯͫͦͤͦ͡ 

͔͙ͪ͊͒ͭ͘͡Έ ͤ͊ ͙ͭͪ ͍ͦͫͤͦͤ·͔ ͔͎͙͙͊ͭͦͪ͟ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͻ ͺͦͪͣ͊͡Έ͙ͤͦͫͭ ͙ ͼ͔͙͡Υ 

2. ˽ ͦ͒ͪͦ͋ͤ·͚ ͙͊ͤ͊͘͡ ͟͡Ό;͔͍·ͻ ͺͦͪͣͯ͡ 

2.1. ∆╖╕∑╪ (Sumimasen) 

̏ͭͦ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭͦ ͙ͫͨͦ͡Έ͔ͯͣ͊͘Ύ ͙ ͎ͣͤͦͦͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͺͪ͊͊͘ ͍ Ύͨͦͤͫͦͣ͟ Ύ͘·͔͟Φ ˩͔ ͤ͊͘;͔͙͔ͤ 

͍·ͻ͙ͦ͒ͭ ͊͘ ͙ͪ͊ͣ͟ ͎ͨͪͦͫͭͦͦ ͙͍͙͔͙ͤͤ͘ΎΥ 

¶ ˮ͍͙͔͙͔ͤͤ͘Υ ˭ ͊ ͔͙͔ͣ͟͡ ͔͍ͤͯ͒ͦ͋ͫͭ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͔͎ͫ͊͟͡ ͔͊͒͘͡ ͎ͦͦ͟-ͭͦ ͍ ͔ͭͦͨ͡ύΦ 

¶ ˽͙͍͔ͪ͡;͔͙͔ͤ ͍͙͙ͤͣ͊ͤΎΥ ͍͙͍͔̏͊ͤͭ͟͡ Ϧˮ͍͙͙͔ͤͭ͘Σ ͣͦ͗ͤͦ ͍͊ͫΚϦ ό͙͔ͤ͊ͨͪͣͪΣ ͦ͋ͪ͊΅͔͙͔ͤ ͟ 

ͦͺ͙ͼ͙͊ͤͭͯύΦ 
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¶ ˣ͎͊ͦ͒͊ͪͤͦͫͭ͡ΈΥ ͍͙͍͔̏͊ͤͭ͟͡ Ϧ˿͙ͨ͊ͫ͋ͦϦ ͫ ͔ͦͭͭͤͦͣ͟ Ϧˮ͍͙͙͔ͤͭ͘ ͊͘ ͭͦΣ ;ͭͦ ͔͙ͨͦ͋ͫͨͦͦ͟͡ ͍͊ͫϦ 

ό͙͔ͤ͊ͨͪͣͪΣ ͎ͦ͒͊͟ ͭͦ͟-ͭͦ ͔ͫ͒͊͡͡ ͍͊ͣ ͔͙͔ͦ͒ͦ͗ͤ͡ύΦ ̏ͭͦ ͔ͦͭͪ͊͗͊ͭ ͙͔͒ΌΣ ;ͭͦ ͡Ό͚͋ͦ ͊ͭ͟ ͨͦͣͦ΅͙ ͔ͫͦ͒͊ͭ͘ 

ͫͦͼ͙͊͡Έͤ·͚ ͎͒ͦ͡Φ 

2.2. ↔╘╪⌂↕™ (Gomennasai) 

̏ͭͦ ͔͔͋ͦ͡ ͨͪΎ͔ͣͦ ͙ ͙͡;͔ͤͦ ͙͍͙͔͙͔ͤͤ͘Σ ͦ͋·;ͤͦ ͙ͫͨͦ͡Έ͔͔ͯͣͦ͘ ͍ ͔ͤͺͦͪͣ͊͡Έ͚ͤͦ ͙͙͡ 

ͨͦͯ͡ͺͦͪͣ͊͡Έ͚ͤͦ ͍͔ͦ͋ͫͭ͊ͤͦ͟Φ 

¶ ̅ͦͪͣ͊Υ ˻ ͍͋ͪ͊ͦ͊ͤͦ͘ ͦͭ ͎͎͊ͦ͊͡͡ ∆ (yurusuΣ ͨͪͦ΅͊ͭΈύΦ 

¶ ˴͔ͦͤͭͫͭ͟Υ ̉͊΅͔ ͍͔͎ͫͦ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͎͙ͦͪͦͤͭ͊͘͡Έͤ·ͻ ͦͭͤͦ΄͔͙ͤΎͻ ό͔ͣ͗͒ͯ ͍ͪ͊ͤ·͙ͣύ ͙͙͡ ͨͦ 

ͦͭͤͦ΄͔͙ͤΌ ͟ ͙͙͋ͣ͘͟͡Φ ̉͊ͫͭͦ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͔͒ͭΈ͙ͣΦ 

2.3. ⇔ ↔↨™╕∑╪ (aǁǎƘƛǿŀƪŜ ƎƻȊŀƛƳŀǎŜƴ) 

̏ͭͦ ͍·͔͙͔ͪ͊͗ͤ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͍͔ͪ΄͙ͤͯ Ύ͚ͨͦͤͫͦ͟ ͺͦͪͣ͊͡Έ͚ͤͦ ͍͔͙͍͙͗ͦͫͭ͡ ό˴Ή͚͎ͦ). 

¶ ˭ͤ͊;͔͙͔ͤΥ ˨ͦͫͦ͡ ͍ͤͦ ͦͤ͊͘;͔͊ͭ Ϧ̂ ͔ͣͤΎ ͔ͤͭ ͍͙͚ͦͨͪ͊͒͊ͤϦ ͙͙͡ Ϧ˹͔ͭ ͍ͫͦ͡Σ ;ͭͦ͋· ͍·͙ͪ͊ͭ͘Έ ͍͔ͫͦ 

͔͙͔ͫͦ͗͊ͤ͡ϦΦ 

¶ ͔͔͙͔̂ͨͦͭͪ͋ͤ͡Υ ˮͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͙͔͔͋ͤͫ͘Σ ͙͍͙͙ͦ͋ͫͯ͗͊ͤ͡ ͙͔͍ͤͭͦ͟͡ ͙ ͙ͨͪ ͦ͋ͪ͊΅͔͙͙ͤ ͟ ͙͡ͼ͊ͣ ͫ 

͔͔͋ͦ͡ ͍·͙ͫͦͣ͟ ͫͦͼ͙͊͡Έͤ·ͣ ͫͭ͊ͭͯͫͦͣ όͤ͊;͊͡Έ͙ͤ͊ͣ͟Σ ͙͔ͤͭ͊ͣ͟͡ύΣ ͎ͦ͒͊͟ ͨͪͦͫͭͯͨͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͔ͫͪΈ͔ͤ͘·ͣ 

͙͙͡ ͔͔ͭͪ͋ͯͭ ͦͺ͙ͼ͙͊͡Έ͎ͤͦͦ ͙͙ͨͪͤ͊ͤ͘Ύ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭΦ 

оΦ ̅ͦͪͣ͊͡Έͤ·͔ ͙ ͨͦ͊͟Ύͤͤ·͔ ͍·͔͙ͪ͊͗ͤΎ 

˨͡Ύ ͍·͔͙ͪ͊͗ͤΎ ͚ͫ͊ͣͦ ͎͚ͯ͋ͦͦ͟͡ ͔͔͙ͫͭͨͤ ͔͙ͫͦ͗͊ͤ͡Ύ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍·͔͙ͪ͊͗ͤΎΣ ͙͔ͯͫͤͤ͡·͔ 

͔ͨͪͺ͙͙ͫ͊ͣ͟ ͙ ͔͔͋ͦ͡ ͍͔͙͍͚͗ͦ͡ ͣͦͪͺ͎͙͔͚ͦͦ͡Υ 

¶ ↔╘╪ (GomenύΥ ˿͊ͣ·͚ ͔ͤͺͦͪͣ͊͡Έͤ·͚Σ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͭͦ͡Έͦ͟ ͔ͣ͗͒ͯ ͦ;͔ͤΈ ͙͙͙͋ͣ͘͟͡ ͡Ό͒Έ͙ͣΦ 

¶ ⇔╕⇔√ (Shitsurei shimashitaύΥ Ϧ̒ ͍͔ͫͦͪ΄͙͡ ͎ͪͯ͋ͦͫͭΈκ͋·͡ ͔͍͔͙͍ͤ͗͡ϦΦ ˮͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ 

͙͍͙͔͙ͤͤ͘Ύ ͊͘ ͤ͊ͪͯ΄͔͙͔ͤ Ή͙͔ͭͭ͊͟ ͙͙͡ ͯͻͦ͒ ό͙͔ͤ͊ͨͪͣͪΣ ͙ͨͦ͒͊͟Ύ ͦͣͤ͊ͭͯ͟ύΦ 

¶ ⅔ ┘ ⇔ →╕∆ (hǿŀōƛ ƳǁǎƘƛŀƎŜƳŀǎǳύΥ ͔͍̉ͪ͘·;͚͊ͤͦ ͺͦͪͣ͊͡Έ͔ͤͦ ͍·͔͙͔ͪ͊͗ͤΣ ;͊ͫͭͦ 

͙ͫͨͦ͡Έ͔͔ͯͣͦ͘ ͍ ͙ͨͫΈ͔͚ͣͤͤͦ ͺ͔ͦͪͣ ͙͙͡ ͍ ͙ͨͯ͋͡;ͤ·ͻ ͊͘Ύ͍͔͙ͤ͡ΎͻΣ ͎͔͒ ƳǁǎƘƛŀƎŜƳŀǎǳ τ Ήͭͦ ͫͪͦͣͤ͊͟Ύ 

ͺͦͪͣ͊ ͎͎͊ͦ͊͡͡ Ϧ͎͍͙ͦͦͪͭΈϦ ό, ƪŜƴƧǁƎƻ). 

¶ ↄ⅔ ┘ ⇔ →╕∆ (Cǳƪŀƪǳ ƻǿŀōƛ ƳǁǎƘƛŀƎŜƳŀǎǳύΥ Ϧ̒ ͎ͯ͋ͦͦ͟͡ ͙͍͙ͤ͘ΎΌͫΈϦΦ ˨͍ͦ͋͊͡Ύ͔ͭ 

͔ͤ͊ͪ;͙͔ ͎ͯ͋ͦͦ͟͡ (fukakuύΣ ;ͭͦ͋· ͨͦ͒;͔ͪͤͯͭ͟Έ ͙͔ͫͪͤͤͦͫͭ͟ΈΦ 

пΦ ˭͊͟͡Ό;͔͙͔ͤ 

˿͙͔ͫͭͣ͊ ͙͍͙͔͙͚ͤͤ͘ ͍ Ύͨͦͤͫͦͣ͟ Ύ͘·͔͟ τ Ήͭͦ ͙͎͍͙͙ͤͫͭ͡;͔͙͚ͫ͟ ͙ͣͪͦͦͫͣ͟͟ Ύ͎ͨͦͤͫͦͦ͟ ͦ͋΅͔͍ͫͭ͊Φ 

˻ͤ͊ ͔͙͔͒ͣͦͤͫͭͪͪͯͭΣ ;ͭͦ ͫͦͼ͙͊͡Έͤ·͔ ͦͭͤͦ΄͔͙ͤΎ ό͙͔ͪ͊ͪͻ͙Ύύ ͙ ͔ͦͤͭͫͭ͟͟ όͭΎ͔͗ͫͭΈ ͨͪͦͫͭͯͨ͊͟ύ ͙͒ͭͯ͟Όͭ 

͍·͋ͦͪ ͺͦͪͣͯ͡·Φ ˻ͭ ͎ͣͤͦͦͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ∆╖╕∑╪ ͒ͦ ͎ͯ͋ͦͦ͟͡ ͨͦ͊͟Ύ͎ͤͤͦͦ ⇔ ↔↨™╕∑╪, 

͊͗͒͊͟Ύ ͺͪ͊͊͘ ͔͔ͤͫͭ ͔ͤ ͭͦ͡Έͦ͟ ͔͙͔ͫͦ͗͊ͤ͡Σ ͤͦ ͙ ͦ͋Ύ͔͊ͭ͘͡Έ͍ͫͭͦ ͍͍͙ͦͫͫͭ͊ͤͦͭΈ ͫͦͼ͙͊͡ΈͤͯΌ ͎͙͊ͪͣͦͤΌΣ ;ͭͦ 

͔͔͒͊ͭ͡ ͙͍͙͔͙͔ͤͤ͘ ͍͊͗ͤ·ͣ ͊ͭͦͣ͟ ͫͦͼ͙͊͡Έ͚ͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. Mizutani, O., & Mizutani, N. (1987). How to be polite in Japanese. Japan Times.  

2. Hendry, J. (2003). Understanding Japanese Society (3rd ed.). Routledge.  

3. Sugito, M. (2004). The Function of "Sumimasen" in Japanese Communication. Japanese Language and 

Literature, 38(1), 1-мтΦ ό˶͙͎͍͙͙ͤͫͭ;͔͔ͫͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͎ͣͤͦͦͺͯͤ͟ͼ͙ͦͤ͊͡Έ͙ͤͦͫͭ ∆╖╕∑╪.) 

4. Wetzel, P. J. (2004). Keigo in Modern Japan: Polite Language from the Bottom Up. University of Hawaii 

Press.  

5. Maynard, S. K. (2002). Linguistic Etiquette of Japanese Apology. In: Cross-Cultural Communication. John 

Benjamins Publishing Company.  

ϭ ˸ͯͻ͔͍͊ͣͣ͒ͦ͊ ˸., ˾ ͔͔͒͗ͨͣ·͍ͪ͊͒ͦ͊ ˥., 2025 
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˿͔͍ͭ͒͊ͪͦ͊ ˢ͍ͪͯ͘Σ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͍ͦͫͭͦ;ͤ·ͻ Ύ͘·͍ͦ͟ ͙ ͙͔ͭͪ͊ͭͯͪ͡· ͫ ͔͙͚ͣͭͦ͒ͦ͟ ͙ͻ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ 

˻ͪ͊ͣͯ͘ͻ͔͍͊ͣͣ͒ͦ͊ ˢͤͯͪ͟Σ  

ˢ͎͍ͤͤ͊ͯͪ͋͊ͤͦ ˸͔ͪ͒͊ͤΣ  

˿͔ͭͯ͒ͤͭ· LLL ͯͪͫ͊͟  

͔͙͚́ͯͪͣͤͫ͟͟ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͎͎͙ͨ͒͊ͦ;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͙͔͙ͣͤ ˿͔͚͙ͭͤ͊͊ͪ͊͘ ˿͔͚͙͒ 

͔́ͯͪͣͤ͊͋͊͒͟Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˾˻˶̎ ˮ ˿́ˢ́̂˿ ˾ˢ˭˶ˮ̉˹̍̆ ̒˭̍˴˻ˤ ό˽˩˾˿ˮ˨˿˴˻˥˻Σ ́̑˾˴˿˴˻˥˻Σ ˢ˾ˢˣ˿˴˻˥˻ύ 

 ˽ ˾ˮ ˨ˤ˻˾˩ ˤ ̏˽˻̆̂ ˿̅˩̅ˤˮ˨˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͪͦ͡Έ ͙ ͫͭ͊ͭͯͫ ͖ͭͪͻ ͍ͦͫͤͦͤ·ͻ Ύ͘·͍ͦ͟ -͔͙͎ͨͪͫ͒ͫͦͦ͟Σ ͭΌ͎ͪͫͦͦ͟͟ ͙ 

͎͊ͪ͊͋ͫͦͦ͟ -͙ͨͪ ͍͔͒ͦͪ ˿͔ͺ͔͍͙͍͒ͦ ͍ ·±Lς·±LLL ͍͍Φ ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͙ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͔ͫͨͼ͙ͺ͙͊͟Σ 

ͫͦͼ͙͊͡Έͤ͊Ύ ͙͍͙ͫͣͦ͊͟͡Σ ͙͙ͨͦͭ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΣ ͊ ͔ͭ͊͗͟ Ή͍ͦ͡Όͼ͙Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ Ύ͘·͍ͦ͟ ͍ ͔͔ͦͤͭͫͭ͟͟ 

ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͔ͫͺ͔͍͙͎͒ͫͦͦ͟ ͎͍ͦͫͯ͒͊ͪͫͭ͊Φ ˻͙ͨͪ͊ΎͫΈ ͤ͊ ͒͊ͤͤ·͔ ͔͙͙ͨͪͫ͒ͫ͟ͻ ͻ͙ͪͦͤ͟Σ 

͙͙͙͍͚͊͒ͣͤͫͭͪ͊ͭͤͦ ͔͒ͦͯͣͤͭ͊͟ͼ͙͙Σ ͙͙͒ͨͦͣ͊ͭ͡;͔͚ͫͦ͟ ͔͔͙͙ͨͪͨͫ͟ ͙ ͙͔ͭͪ͊ͭͯͪͤ͡·ͻ ͙ͫͭͦ;͙͍ͤͦ͟Σ 

͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍·Ύ͍͡Ύ͔ͭ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ Ύ͘·͍ͦ͟·ͻ ͔͚ͪͦ͡ ͔ͣ͗͒ͯ ͫͺ͔͙ͪ͊ͣ ͍͙͊ͫͭ͡Σ ͯ͟͡Έͭͯͪ·Σ ͍͔͚ͦͤͤͦ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙ ͔͙͎͙͎ͪͦͤͦͦ͘͡ ͙͒ͫͯͪͫ͊͟Φ  

˴͡Ό;͔͍·͔ c͡ ͍ͦ͊Υ  

˿͔ͺ͔͍͙͒·Τ ͔͙͙͚ͨͪͫ͒ͫ͟ Ύ͘·͟Τ ͭΌ͙͚ͪͫ͟͟ Ύ͘·͟Τ ͙͚͊ͪ͊͋ͫ͟ Ύ͘·͟Τ ͙͙͋͊͘͟͡΄͙Τ ˮͪ͊ͤΤ  

Ύ͘·͍ͦ͊͟Ύ ͙͙ͨͦͭ͊͟͡Τ ͍͒ͦͪΤ ΄͙͙ͣ͘Τ Ή͙ͭ͡·Φ 

 

B͍ ͔͔͙͔͒ͤ 

ˤͦͨͪͦͫ ͦ ͙ͪͦ͡ ͙ ͔ͫͭ͊ͭͯͫ ͙ͪ͊͘͡;ͤ·ͻ Ύ͘·͍ͦ͟ ͙ͨͪ ͍͔͒ͦͪ ˿͔ͺ͔͍͙͍͒ͦ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ 

͔ͭͣ ͍ ͙ͯ͘;͔͙͙ͤ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙ ͯ͟͡Έ͚ͭͯͪͤͦ ͙͙͙ͫͭͦͪ ˮͪ͊ͤ͊ ͔͎ͪ͊ͤͤͦ ˹͍͎ͦͦͦ ͍͔͔͙ͪͣͤΦ ˿͔ͺ͔͍͙͔͒ͫͦ͟ 

͎͍ͦͫͯ͒͊ͪͫͭͦΣ ͍͙ͦͤ͘͟΄͔͔ ͍ ͤ͊;͔͊͡ ·±L ͍͔͊͟Σ ͦ͋Ά͔͙͙͒ͤͦ͡ ͔͙͙͙ͭͪͪͭͦͪ ͫ ͍·͙ͫͦͣ͟ ͍͔ͯͪͦͤͣ Ή͙ͭͤ;͔͚ͫͦ͟Σ 

ͦͤ͟ͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͙ Ύ͘·͍͚ͦͦ͟ ͺ͎͔ͪ͊ͣͤͭ͊ͼ͙͙Φ ˽͙͙ͦͭ͡;͔͙͚ͫ͟ ͔ͨͪͦͭ͟ ͙͙͙͒ͤ͊ͫͭ ˿͔ͺ͔͍͙͍͒ͦ ͙ͫͭͪͦͫ͡Ύ ͤ͊ 

ͫͦ;͔͙͙ͭ͊ͤ ͭΌ͚ͪͫͦ͟͟ ͔͔͚ͨͣͤͤͦ͡ ͍͔͚ͦͤͤͦ ͔͙ͨͦ͒͒ͪ͗͟Σ ͔ͨͪͫͦΎ͘·;͚ͤͦ ͙͙͙͍͚͊͒ͣͤͫͭͪ͊ͭͤͦ ͙ͭͪ͊͒ͼ͙͙ ͙ 

΄͙͙ͣ͊͘Σ ͍ͫΎ͎͊ͤͤͦͦ͘ ͫ ͙͊ͪ͊͋ͫͣ͟ ͫ͊ͪ͊͟͡Έͤ·ͣ ͔͙͔ͤ͊ͫ͒ͣ͡Φ ̏ͭͦ ͙͍͔ͨͪͦ͡ ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͚ͫͦ͗ͤͦ͡ 

Ύ͘·͍͚ͦͦ͟ Ή͙͔ͦͫͫͭͣ͟·Σ ͍ ͚ͦͭͦͪͦ͟ ͊͗͒͟·͚ Ύ͘·͟ ͙͊ͤͣ͊͘͡ ;͖ͭͦ͟ ͔͔͖͔ͦͨͪ͒ͤͤͦ͡ ͔ͣͫͭͦΦ 

˽͔͙͙͚ͪͫ͒ͫ͟ Ύ͘·͟ ͙ͨͪ ͍͔͒ͦͪ ͔ͫͺ͔͍͙͍͒ͦ 

˽͔͙͙͚ͪͫ͒ͫ͟ Ύ͘·͟ ͙͊ͤͣ͊͘͡ ͼ͔ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͍ ͙͙ͨͦͭ͡;͔͚ͫͦ͟Σ ͯ͟͡Έ͚ͭͯͪͤͦ ͙ ͙͙͙͍͚͊͒ͣͤͫͭͪ͊ͭͤͦ 

͔ͫͭͪͯͭͯͪ͟ ͔ͫͺ͔͍͙͎͒ͫͦͦ͟ ͎͍ͦͫͯ͒͊ͪͫͭ͊Σ ͺ͙ͦͪͣͪͯΎ ͍ͦͫͤͦͯ ͙͍͚ͨͪ͒ͦͪͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͙ ͔͔͔ͪͨͪͤͭ͊͘ͼ͙͙ 

͍͙͊ͫͭ͡Φ ˣͯ͒ͯ;͙ ͔͍ͯͤ͊ͫ͒ͦ͊ͤͤ͡·ͣ ͦͭ ͔ͨͪ͒΄͔͍ͫͭͯΌ΅͙ͻ ͔͍͒ͪ͗͊ - ͙͙͍́ͣͯͪ͒ͦΣ ˢ͟-˴ͦΌͤͯ͡ ͙ ˴͊ͪ͊-˴ͦΌͤͯ͡ 

-ͦͤ ͍ͦ͋ͪ͊͡ ͍ ͔ͫ͋Ύ ͍͙ͪ͊ͭͯ͘Ό ͙͔ͫͫͭͣͯ ͋Ό͙ͪͦͪ͊ͭ͟;͔͙ͫ͟ͻ ͙ͨͪ͊ͭ͟͟Σ ͚ͯͫͭͦ;͙͍·͚ ͦͪͨͯͫ͟ ͙͔ͭͪ͊ͭͯͪͤ͡·ͻ 

͙ͭͪ͊͒ͼ͙͚ ͙ ͍·͙͚ͫͦ͟ ͯ͟͡Έͭͯͪͤ·͚ ͔͙ͨͪͫͭ͗Σ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ͎ͦͭͦͪͦͦ͟ ˿͔ͺ͔͍͙͒· ͔͙͙ͫͭͪͣͫ͡Έ ͍·͙ͫͭͪͦͭΈ 

͍͔ͫͦ͋ͫͭͤͤͯΌ ͔͎͙͙ͭͣ͊͡ͼ͙ΌΦ ͔̂͗ ͙ͨͪ ˮ͙͔ͫͣ͊͡ L ͔͙͙͚ͨͪͫ͒ͫ͟ Ύ͘·͟ ͫͦͻͪ͊ͤΎ͡ ͫͭ͊ͭͯͫ ͦͺ͙ͼ͙͊͡Έ͎ͤͦͦ 

͔͍ͫͪ͒ͫͭ͊ ͙ͨͫΈͣ͊Σ ͔ͤͫͣͦͭͪΎ ͤ͊ ͭΌ͙͚ͪͫ͟͟ ͻ͔͊ͪ͊ͭͪ͟ ͔͎ͦ ͙͚͋͗͊͡΄͔͎ͦ ͔͙ͦͪͯ͗ͤ͟ΎΣ ;ͭͦ ͦͭͪ͊͗͊ͦ͡ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͦͨͦͪ· ͤ͊ ͫͯ΅͔͍ͫͭͯΌ΅ͯΌ ͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤͯΌ ͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟ ͙ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·͔ 

͊͒ͪ͟· ͎͎ͦͪͦ͒ͫͦͦ͟ ͙͎ͪ͊ͤͫͦͦ͟ ͔͔͙ͤ͊ͫͤ͡ΎΦ 

ˤ͔͚͊͗ͤ΄͔͚ ͔ͦͫͦ͋ͤͤͦͫͭΈΌ ͔͙͎ͨͪͫ͒ͫͦͦ͟ Ύ͘·͊͟ ͋·͊͡ ͔͎ͦ ͙͍͔ͯͤͪͫ͊͡ΈͤͦͫͭΈ ͍ ͪ͊ͣ͊͟ͻ 

͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ ˤ͖ͫ ͔͙͍͍͒ͦͨͪͦͦ͒ͫͭͦ͘͡ -ͦͭ ͎͍ͤ͊ͦͦ͡·ͻ ͍͔͔͚͒ͦͣͦͫͭ ͒ͦ ͙͙͒ͨͦͣ͊ͭ͡;͔͚ͫͦ͟ 

͔͔͙͙ͨͪͨͫ͟ -͍͔ͦͫ͡Έ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͤ͊ ͔͙ͨͪͫ͒ͫͦͣ͟Σ ;ͭͦ ͔͒͊ͦ͡͡ ͔͎ͦ ͔͔͙ͤ͊ͣͤͣ͘·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ 

ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͊ͤ͟ͼ͔͡Ύ͙͚ͪΦ ˿͔ͺ͔͍͙͙͔͒ͫ͟ ;͙͍͙͙ͤͦͤ͟Σ ͙ͨͪͦͫͻ͙͍ͦ͒΄͙͔ ͙͘ ͍ͦ͋ͪ͊ͦ͊ͤͤ͘·ͻ ͙͙ͪ͊ͤͫ͟ͻ 
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͔͔͚ͫͣΣ ͋·͙͡ ͙͔ͤͦͫͭ͡Ύ͙ͣ Ή͎ͭͦͦ Ύ͘·͊͟ ͙ ͙ͫͨͦ͡Έ͍͙ͦ͊͘͡ ͔͎ͦ ͊͟͟ ͎͍͊ͤ͡·͚ ͦ͒͟ ͦͺ͙ͼ͙͊͡Έ͙ͤͦͫͭΦ ˾͍͙͊ͭ͘·͔ 

͗͊ͤͪ· ͊ͤ͟ͼ͔͡Ύ͚ͪͫͦ͟ ͨͪͦ͘·Σ ͙͍ͫͦ͗͡΄͙͔ͫΎ ͊͘ ͔ͤͫͦ͟͡Έͦ͟ ͔͙͚ͫͭͦͭ͡Σ ͔͔ͦ͋ͫͨ;͙͍͙͊͡ ͔ͤ ͭͦ͡Έͦ͟ 

͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙Ό ͔͒ͦͯͣͤͭ͊͟ͼ͙͙Σ ͤͦ ͙ ͙͔͎͙͒ͦͦ͡;͔ͫͯ͟Ό ͍·͙͔ͪ͊ͭ͘͡ΈͤͦͫͭΈΣ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͒͡Ύ 

͔͔͔ͪͨͪͤͭ͊͘ͼ͙͙ ͍͙͊ͫͭ͡ ΄͊ͻ͊Φ ˮ͔ͣͤͤͦ ͔͙͙͚ͨͪͫ͒ͫ͟ Ύ͘·͟ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊͡ ͔͍ͨͪͪ͊΅͔͙ͤΌ ͔ͫͺ͔͍͙͎͒ͫͦͦ͟ 

͙͙͙͍͎͊͒ͣͤͫͭͪ͊ͭͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ ͍ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͚ͯͫͭͦ;͙͍ͯΌ ͙ ͔͔ͨͪ͒ͫ͊ͯͣͯ͘͟Ό ͙͔ͫͫͭͣͯΦ 

˽͔͙͙͚ͪͫ͒ͫ͟ Ύ͘·͟ ͙͎ͪ͊͡ ͍͊͗ͤͯΌ ͪͦ͡Έ ͙ ͍ ͙͙͒ͨͦͣ͊ͭ͡;͔͚ͫͦ͟ ͫͺ͔͔ͪΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͭͦ ;ͭͦ ˿͔ͺ͔͍͙͒· 

͍͙ͫͭͯͨ͊͡ ͍ ͦͤͭ͊ͭ͟͟· ͫ ˻͚ͫͣ͊ͤͫͦ͟ ͙͔͙͔͚ͣͨͪΣ ˿͔͔͚ͪ͒ͤ ˢ͙͔͚͘Σ ˸͎ͦͦ͡Έ͚ͫͦ͟ ˮ͙͔͚ͤ͒ ͙ ͔͍͔͚͙͙ͪͦͨͫͣ͟ 

͎͍͙ͦͫͯ͒͊ͪͫͭ͊ͣΣ ͙͔ͣͤͤͦ ͔͙͙͚ͨͪͫ͒ͫ͟ Ύ͘·͟ ;͊΅͔ ͍͔͎ͫͦ ͙ͫͨͦ͡Έ͍ͦ͊ͫ͘͡Ύ ͊͟͟ ͦͺ͙ͼ͙͊͡Έͤ·͚ ͦ͒͟ 

͔͚ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͔͔͙͙ͨͪͨͫ͟Φ ̏ͭͦ ͔ͤ ͭͦ͡Έͦ͟ ͍͙͔͔ͫ͒ͭ͡Έ͍͍ͫͭͦ͊ͦ͡ ͦ ͙͙͙ͨͪͤ͊ͤ͘ ͔͎ͦ ͍·͚ͫͦͦ͟ ͯ͟͡Έ͚ͭͯͪͤͦ 

ͼ͔͙ͤͤͦͫͭ ͍ ͔͎͙͔ͪͦͤΣ ͤͦ ͙ ͔͒͊ͦ͡͡ ͔͎ͦ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͙͙ͨͦͭ͡;͔͎ͫͦͦ͟ ͍͙͡Ύ͙ͤΎΦ ˨͡Ύ ͎͙ͣͤͦͻ ͔͙ͫͦͫ͒ͤͻ 

͔͍͒ͪ͗͊ ͍͔͙͔͊͒ͤ͡ ͔͙͙ͨͪͫ͒ͫͣ͟ Ύ͘·͟ƻͣ Ύ͍͡Ύͦͫ͡Έ ͔͔͍͔ͫͭͫͭͤͤ·ͣ Ή͔͔ͣͤͭͦͣ͡ Ή͙͎ͭͤͦͦ͡ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ;ͭͦ 

͔͎ͦ͋͡;͊ͦ͡ ͙ͦͣͣͯͤ͊͟͟ͼ͙Ό ͙ ͔ͯͪͨ͟͡Ύͦ͡ ͙ͨͦ͘ͼ͙͙ ˿͔ͺ͔͍͙͍͒ͦ ͤ͊ ͙͙͒ͨͦͣ͊ͭ͡;͔ͫͦͣ͟ ͔ͨͦ͡Φ 

˿͙͊ͪ͊͊͘͟͡ͼ͙Ύ ͔͙͎ͨͪͫ͒ͫͦͦ͟ Ύ͘·͊͟ ͍ Ήͨͦͻͯ ˿͔ͺ͔͍͙͍͒ͦ ͙ͨͪͦͫͻ͙ͦ͒͊͡ ͔ͨ͊ͪ͊͡͡͡Έͤͦ ͫ ͨͪͦͼ͔ͫͫͦͣ 

͙͙ͤͫͭͭͯͼ͙͙ͦͤ͊͊͘͡ͼ͙͙ ΄͙͙ͣ͊͘ ͊͟͟ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͔͙͎͙͙ͪ͡Φ ˹͔ͫͣͦͭͪΎ ͤ͊ ͭͦ ;ͭͦ ͟͡Ό;͔͍·͔ 

͔͙͎͙ͪͦͤ͘͡·͔ ͔ͭͫͭ͟· ͍͙ͦͫͭ͊͊ͫ͡Έ ͤ͊ ͊ͪ͊͋ͫͦͣ͟Σ ͙͔ͣͤͤͦ ͔͙͙͚ͨͪͫ͒ͫ͟ ͫͭ͊͡ ͍ͦͫͤͦͤ·ͣ ͔͍ͫͪ͒ͫͭͦͣ 

͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ΄͙͙͚ͭͫͦ͟ ͙͒ͦͭͪͤ͟· ͔͙ͫͪ͒ ͔͔͙ͤ͊ͫͤ͡ΎΦ ˽͍͔͙͙ͪͦͨͦ͒ͤ͟Σ ͎͍͋ͦͦͫͦ͡· ͙ ͍͊ͭͦͪ· 

͔͙ͨͦͣ͡;͔͙ͫ͟ͻ ͍ͭͪ͊ͭ͊ͭͦ͟ ͙͍͊ͭͤͦ͟ ͍͙ͫͦ͒͊͊͘͡ ͔ͨͪͫͦΎ͘·;ͤ·͔ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΣ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ 

ͨͦͨͯ͡Ύ͙ͪ͊͘ͼ͙Ό ΄͙͙͚ͭͫͦ͟ ͎͙͙͒ͦͣ͊ͭ͟Φ ˣ͎͊ͦ͒͊ͪ͡Ύ Ήͭͦͣͯ ͔͙͙͚ͨͪͫ͒ͫ͟ Ύ͘·͟ ͔͍͙ͨͪͪ͊ͭͫ͡Ύ ͍ ͍͊͗ͤ·͚ 

͔͙ͣ͒͊ͭͦͪ ͔ͣ͗͒ͯ ͯ;͖ͤ·͙ͣ-͔͙ͯͣ͊ͣ͡Σ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͙͔͙͍͍ͦͪͤͭͪͦ͊΄͙͙ͣͫΎ ͤ͊ ͙͚͊ͪ͊͋ͫ͟Σ ͙ ΄͙͙͙ͪͦͣ͟ 

͙ͣ͊ͫͫ͊ͣΣ ͍͙͙͍ͦͫͨͪͤͣ͊΄͙͙ͣ ͔͙͎͙ͪͦͤ͘͡·͔ ͙͔͙͒ ;͔͔ͪ͘ ͒ͦͫͭͯͨͤͯΌ ͙ ͙͍ͨͪ·;ͤͯΌ ͔͙ͨͪͫ͒ͫͯ͟Ό ͔͍ͭͫͭͦͯ͟Ό 

͙ ͯͫͭͤͯΌ ͯ͟͡ΈͭͯͪͯΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͙͙͚ͨͪͫ͒ͫ͟ Ύ͘·͟ ͍·ͨͦͤ͡Ύ͡ ͔ͤ ͭͦ͡Έͦ͟ ͯ͟͡ΈͭͯͪͤͯΌ ͙ 

͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤͯΌΣ ͤͦ ͙ ͙͙͔ͣͫͫͦͤͪͫͯ͟Ό ͺͯͤ͟ͼ͙ΌΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͙͙͚ͨͪͫ͒ͫ͟ Ύ͘·͟ ͙ͨͪ ͍͔͒ͦͪ ˿͔ͺ͔͍͙͍͒ͦ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͍·ͨͦͤ͡Ύ͡ ͔ͤͫͦ͟͡Έͦ͟ 

͟͡Ό;͔͍·ͻ ͺͯͤ͟ͼ͙͚Υ ͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤͯΌΣ ͯ͟͡ΈͭͯͪͤͯΌΣ ͙͙͒ͨͦͣ͊ͭ͡;͔ͫͯ͟ΌΣ ͙͔͎͙͒ͦͦ͡;͔ͫͯ͟Ό ͙ 

͙͔͎ͤͭͪ͊ͼ͙ͦͤͤͯΌΦ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͦͤ ͫͭ͊͡ ͔ͤͦͭΆ͔͔ͣͣ͡·ͣ Ή͔͔ͣͤͭͦͣ͡ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭ ͙ 

͔͍͙ͨͪͪ͊ͭͫ͡Ύ ͍ ͺ͔ͯͤ͒͊ͣͤͭΣ ͤ͊ ͦͭͦͪͦͣ͟ ͙͙ͫͭͪͦͫ͡Έ ͙͙ͨͦͭ͡;͔͙͔ͫ͟ ͔͎͙͙ͫͭͪ͊ͭ ˿͔ͺ͔͍͙͍͒ͦΦ ˹͔ͫͣͦͭͪΎ ͤ͊ 

ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͎͙͒ͪͯͻ Ύ͘·͍ͦ͟ -ͭΌ͎ͪͫͦͦ͟͟ ͊͟͟ Ύ͘·͊͟ ͍͔͚ͦͤͤͦ Ή͙ͭ͡· ͙ ͎͊ͪ͊͋ͫͦͦ͟ ͊͟͟ Ύ͘·͊͟ ͔͙͎͙͎ͪͦͤͦͦ͘͡ 

͍͙͔͊ͭͦͪͭͭ͊ -͙͔ͣͤͤͦ ͔͙͙͚ͨͪͫ͒ͫ͟ Ύ͘·͟ ͔͔ͦͨͪ͒͡Ύ͡ ͍͋͊ͦͯ͘Ό ͫͭͪͯͭͯͪͯ͟ ͍͙͊ͫͭ͡ ͙ ͺ͙͍ͦͪͣͪͦ͊͡ ͯ͟͡Έͭͯͪͤ·͚ 

͙ͦ͋͟͡ ͎͍ͦͫͯ͒͊ͪͫͭ͊Φ  

́Ό͙͚ͪͫ͟͟ Ύ͘·͟ ͙ ͍͔ͦͤͤͦ-͙͙ͨͦͭ͡;͔ͫ͊͟Ύ ͯ͟͡Έͭͯͪ͊ ͙͙͋͊͘͟͡΄͔͚ 

́Ό͙͚ͪͫ͟͟ Ύ͘·͟ ͙͊ͤͣ͊͘͡ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͍ ͫͦͼ͙͊͡Έͤͦ-͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͔ͫͭͪͯͭͯͪ͟ ˿͔ͺ͔͍͙͎͒ͫͦͦ͟ 

͎͍ͦͫͯ͒͊ͪͫͭ͊Σ ͦͭͪ͊͗͊Ύ ͔ͫͨͼ͙ͺ͙ͯ͟ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎ ͙͙͙͒ͤ͊ͫͭ ͙ ͻ͔͊ͪ͊ͭͪ͟ ͔͖ ͍͔͚ͦͤͤͦ ͦͨͦͪ·Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ 

͔͙͎ͨͪͫ͒ͫͦͦ͟ Ύ͘·͊͟Σ ͍ͫΎ͎͊ͤͤͦͦ͘ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͫ ͎͚ͦͪͦ͒ͫͦ͟ ͋Ό͙͔͚ͪͦͪ͊ͭ͟ ͙ ͙͔͚ͭͪ͊ͭͯͪͤͦ͡ 

ͯ͟͡Έ͚ͭͯͪͦΣ ͭΌ͙͚ͪͫ͟͟ ͋·͡ ͔͔͙ͤͦͭ͒ͣ͡ ͦͭ ͔͔͚ͨͣͤͤͦ͡ Ή͙ͭ͡· ͙͙͋͊͘͟͡΄͔͚Σ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͔͚ Ύ͒ͪͦ 

͍͔͚ͦͤͤͦ ͣͦ΅͙ ͔͎ͪ͊ͤͤͦ ͔ͫͺ͔͍͙͎͒ͫͦͦ͟ ͎͍ͦͫͯ͒͊ͪͫͭ͊Φ ˮ͔ͣͤͤͦ ͤ͊ ͭΌͪͫͦͣ͟͟ Ύ͘·͔͟ ͍͔ͦͫ͡Έ ͋ͦ͡Έ΄͙͍ͤͫͭͦ 

͙ͦͣͣͯͤ͊͟͟ͼ͙͚ ͍͙ͤͯͭͪ ͍͔͎ͦͤͤͦͦ ͫͦ͡ΎΣ ͙ ͦͤ ͍·ͫͭͯͨ͊͡ ͎͍͊ͤ͡·ͣ ͔͙ͨͦͫͪ͒ͤͦͣ͟ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 

ͦ͡Ύ͡Έ͙ͤͦͫͭΣ ͔͙͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͙͔͎͙͙͒ͦͦ͡ ͙ͭ͊ͪ͊ͭ͊͟ ΄͊ͻ͊ ˮ͙ͫͣ͊͊͡ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ 

ͫͭͪͯͭͯͪ͟Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͔͔ͨͣͤͤ͡·͙ͣ ͍ͦ͗͒Ύ͙ͣΦ 

˻͍͚ͫͤͦͦ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͭΌ͎ͪͫͦͦ͟͟ Ύ͘·͊͟ ͍ ˿͔ͺ͔͍͙͒ͫͦͣ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭ ͋·͊͡ ͔͎ͦ ͍ͫΎ͘Έ ͫ 

ͦ͟;͔͍·͙ͣ ͙ ͨͦͯͦ͟͡;͔͍·͙ͣ ͔͔͙ͨͣͤ͊ͣ͡ ˢ͙͙ͤ͊ͭͦ͡Σ ˢͪͪ͊ͤ͊ ͙ ˢ͔͚ͪ͋͊͒͗͊ͤ͊͘Σ ͦͭͦͪ͟·͔ ͍͙͙ͫͦͫͭ͊͡ 

͙͙͋͊͘͟͡΄ͫͯ͟Ό ͦͤ͟ͺ͔͔͒ͪ͊ͼ͙ΌΦ ͙̏ͭ ͔͔ͨͣͤ͊͡Σ ͍ͦ͋͊͒͊͡΄͙͔ ͨͪͦ;ͤ·͙ͣ ͙ͭͪ͊͒ͼ͙Ύ͙ͣ ͍͔͚ͦͤͤͦ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙ ͔͙ͨͪ͒͊ͤͤͦͫͭ ͻ͙͙͊ͪͣ͊ͭ͘;͔ͫͦͣͯ͟ ͙͔͒ͪͯ͡Σ ͙͍͙ͪ͊ͫͫͣ͊ͭͪ͊͡ ͭΌ͙͚ͪͫ͟͟ Ύ͘·͟ ͔ͤ ͭͦ͡Έͦ͟ ͊͟͟ 

͔͍ͫͪ͒ͫͭͦ ͍͔͔͍͚ͨͦͫ͒ͤͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Σ ͤͦ ͙ ͊͟͟ Ή͔͔ͣͤͭ͡ ͎͍͚ͪͯͨͨͦͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭΦ ˮ͔ͣͤͤͦ ͍ Ή͚ͭͦ 

͔͔ͫͪ͒ ͺ͙͍͙ͦͪͣͪͦ͊ͫ͡Έ ͙͙ͨͦͭ͡;͔͙͔ͫ͟ ͙͙ͨͪ͊ͭ͟͟Σ ͍ͦͫͤͦ͊ͤͤ·͔ ͤ͊ ͙͡;͚ͤͦ ͔͙ͨͪ͒͊ͤͤͦͫͭ ΄͊ͻͯΣ ͤ͊ ͪͦ͒ͦ-

͔͔ͨͣͤͤ͡·ͻ ͍ͫΎ͘Ύͻ ͙ ͤ͊ ͙ͪͭͯ͊͊͡ͻ ͙ͭ͊ͪ͊ͭ͊͟Σ ͍ ͦͭͦͪ͟·ͻ ͭΌ͙͚ͪͫ͟͟ Ύ͘·͟ ͙͎ͪ͊͡ ͍͊͗ͤͯΌ ͪͦ͡Έ ͊͟͟ Ύ͘·͟ 
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͔͔͙͚ͨͫͤͦͨͤΣ ͍͔͙͚ͤ͊ͫͭ͊ͤ͡ ͙ ͚ͯͫͭͤͦ ͔͔ͨͪ͒͊;͙ ͙ͣͺ͎͙͙͍͎ͦͦͪͦ͊ͤͤͦͦ͘͡ ͦ͋ͪ͊͊͘ ΄͊ͻ͊Φ 

ˤ ͙ͦ͋͊ͫͭ͡ ͙͙͙͒ͨͦͣ͊ͭ͡ ͭΌ͙͚ͪͫ͟͟ Ύ͘·͟ ͔ͭ͊͗͟ ͤ͊ͻ͙ͦ͒͡ ͙͔͔͙͔ͨͪͣͤͤΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͦͤͭ͊ͭ͊͟͟ͻ ͫ 

˻͚ͫͣ͊ͤͫͦ͟ ͙͔͙͔͚ͣͨͪΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͭͦ ;ͭͦ ͦͺ͙ͼ͙͊͡Έͤ͊Ύ ͔͔͙ͨͪͨͫ͊͟ ͍͔͊ͫ͡Έ ͤ͊ ͔͙ͨͪͫ͒ͫͦͣ͟Σ ͯͫͭͤ·͔ 

͔͔͎͍ͨͪͦͦͪ· ͙ ͔ͤͺͦͪͣ͊͡Έͤ·͔ ͔͔͋ͫ͒· ͔͔ͤͪ͒ͦ͟ ͙ͨͪͦͫͻ͙͙ͦ͒͡ ͤ͊ ͭΌͪͫͦͣ͟͟Σ ;ͭͦ ͔͎ͦ͋͡;͊ͦ͡ 

͙ͦͣͣͯͤ͊͟͟ͼ͙ΌΣ ͯ;͙ͭ·͍͊Ύ Ύ͘·͍ͦͯ͟Ό ͙͋ͦͫͭ͘͡Έ ͙͚͙͊ͤ͊ͭͦͫ͟͡ͻ ͙ ͔͚͙͊ͪ͋͊͒͗͊ͤͫ͘͟ͻ ͭΌ͍ͪͦ͟Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύͦ͡ 

΄͊ͻ͊ͣ ͦ͊͘͟·͍͊ͭΈ ͍͙͡Ύ͙͔ͤ ͤ͊ ͭΌͪͦ͟Ύ͘·;ͤ·͔ ͎ͪͯͨͨ· ͊͘ ͔͔͙ͨͪ͒͊ͣ͡ ˮͪ͊ͤ͊ ͙ ͔ͯͪͨ͟͡Ύͦ͡ ͯ͟͡Έͭͯͪͤ·͔ 

͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͭΌ͙͙ͪͫͣ͟͟ ͙ͤ͊ͪͦ͒͊ͣ ͔͎͙ͪͦͤ͊Φ 

̒͘·͍ͦ͊͟Ύ ͙ͫͭͯ͊ͼ͙Ύ ͙ͨͪ ͍͔͒ͦͪ ˿͔ͺ͔͍͙͍͒ͦ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔ͫͦ͗ͤͦ͡ ͫͦ;͔͙͔ͭ͊ͤ ͔͙͎ͨͪͫ͒ͫͦͦ͟ ͙ 

ͭΌ͎ͪͫͦͦ͟͟ Ύ͘·͍ͦ͟Υ ͔͍ͨͪ·͚ ͍·ͫͭͯͨ͊͡ Ύ͘·ͦͣ͟ ͦͺ͙ͼ͙͊͡Έ͎ͤͦͦ ͍͙͔͊ͭͦͪͭͭ͊ ͙ ͙ͨͫΈ͔͚ͣͤͤͦ ͯ͟͡Έͭͯͪ·Σ ͍͚ͭͦͪͦ 

-Ύ͘·ͦͣ͟ ͍͔͚ͦͤͤͦ ͙ͫ͡·Σ ͚ͯͫͭͤͦ ͙ͭͪ͊͒ͼ͙͙ ͙ ͔͍͙ͨͪ;͚ͤͦ ͔͎͙͙ͭͣ͊͡ͼ͙͚ͦͤͤͦ ͻ͙͊ͪͣ͘· ͙͙͙͒ͤ͊ͫͭΦ ˨͔͊͗ 

͎ͦ͒͊͟ ͭΌ͙͚ͪͫ͟͟ Ύ͘·͟ ͔ͭͪΎ͡ ͙͙ͨͦͭ͡;͔͔ͫͦ͟ ͍͙͡Ύ͙͔ͤ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͼ͔͙ͤͭͪ͊͊͘͡ͼ͙͙ ͍͙͊ͫͭ͡Σ ͔͎ͦ ͯ͟͡Έͭͯͪͤ͊Ύ 

͙ ͫͦͼ͙͊͡Έͤ͊Ύ ͤ͊͘;͙ͣͦͫͭΈ ͍ͦͫͭ͊͊͊ͫ͡Έ ͫͯ΅͔͍͔͚ͫͭͤͤͦΦ ˿͔ͺ͔͍͙͒ͫ͊͟Ύ ͔ͣͦ͒͡Έ ͍͒ͯΎ͘·;͙Ύ ͔ͦͭͪ͊͗͊ͭ ͔ͤ 

͙͍ͨͪͦͭͦͫͭͦΎ͙͔ͤΣ ͊ ͍͙͔͙͔͊ͣͦ͒ͦͨͦͤͤ͘͡ ͍͒ͯͻ ͋ͦ͡Έ΄͙ͻ Ύ͘·͍ͦ͟·ͻ ͙ͭͪ͊͒ͼ͙͚Σ ͊͗͒͊͟Ύ ͙͘ ͦͭͦͪ͟·ͻ ͙͔ͣ͊͡ 

͍͖ͫͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦΦ 

ˤ ͙͎͔ͭͦ ͭΌ͙͚ͪͫ͟͟ Ύ͘·͟ ͙ͨͪ ͍͔͒ͦͪ ˿͔ͺ͔͍͙͍͒ͦ ͋·͡ ͔͔͙ͤ͊ͣͤͣ͘ ͍ ͫͺ͔͔ͪ ͍͔͚ͦͤͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙Σ 

͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͦ͡Ύ͡Έ͙ͤͦͫͭ ͍͔͚ͦͤͤͦ Ή͙ͭ͡·Σ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͚ͪ͊ͤͤ ͙͔͎͙͙͒ͦͦ͡ ͙͙͙͒ͤ͊ͫͭ ͙ ͫͦͻ͔͙ͪ͊ͤͤΎ 

͔ͫͨͼ͙ͺ͙;͔͚ͫͦ͟ ͔͔͚ͨͣͤͤͦ͡ ͯ͟͡Έͭͯͪ· ͙͙͋͊͘͟͡΄͔͚Φ  

ˢ͙͚ͪ͊͋ͫ͟ Ύ͘·͟ ͍ ͔͙͎͙͚ͪͦͤͦ͘͡Σ ͎͍͚͋ͦͦͫͦͫͦ͟͡ ͙ ͙͔͎͙͒ͦͦ͡;͔͚ͫͦ͟ ͙͔͔ͫͫͭͣ ͔ͫͺ͔͍͙͎͒ͫͦͦ͟ 

͎͍ͦͫͯ͒͊ͪͫͭ͊ 

ˢ͙͚ͪ͊͋ͫ͟ Ύ͘·͟ ͍ Ήͨͦͻͯ ˿͔ͺ͔͍͙͍͒ͦ ͙͊ͤͣ͊͘͡ ͙ͯͤ͊͟͡Έ͔ͤͦ ͔͙͔ͨͦͦ͗ͤ͡Σ ͙ͦͭ͡;͔ͤͦ ͦͭ ͔͚ͪͦ͡ 

͔͙͎ͨͪͫ͒ͫͦͦ͟ ͙ ͭΌ͎ͪͫͦͦ͟͟Φ ˩͙ͫ͡ ͔͙͙͚ͨͪͫ͒ͫ͟ ͋·͡ Ύ͘·ͦͣ͟ ͙͙͊͒ͣͤͫͭͪ͊ͼ͙͙ ͙ ͯ͟͡Έͭͯͪ·Σ ͊ ͭΌ͙͚ͪͫ͟͟ -

͍͔͚ͦͤͤͦ Ή͙ͭ͡· ͙ ͻ͙͙͊ͪͣ͊ͭ͘;͔͎ͫͦͦ͟ ͍͙ͦͫͤͦ͊ͤΎ ͔͔ͪ͊ͤͤͫͺ͔͍͙͚͒ͫͦ͟ ͍͙͊ͫͭ͡Σ ͭͦ ͙͚͊ͪ͊͋ͫ͟ Ύ͘·͟ ͍ͦͫͭ͊͊ͫ͡Ύ 

Ύ͘·ͦͣ͟ ͫ͊ͪ͊͟͡Έ͎ͤͦͦ ͙ͤ͊ͤ͘ΎΣ ͎͍͙͋ͦͦͫͦ͡ΎΣ ͔͙͎͙͎ͪͦͤͦͦ͘͡ ͙͒ͫͯͪͫ͊͟ ͙ ͙͍͙ͤͦͪͣ͊ͭͤͦͫͭ ΄͙͙ͣ͊͘Φ ˩͎ͦ 

͔͙ͨͪͫͭ͗ ͙ ͤ͊͘;͙ͣͦͫͭΈ ͍·͔͙ͭ͊͟͡ ͙͘ ͫͭ͊ͭͯͫ͊ ͎͊ͪ͊͋ͫͦͦ͟ ͊͟͟ Ύ͘·͊͟ ˴ͦͪ͊ͤ͊Σ ͻ͙͍͊͒ͫͦ ͙ ͙͊ͫͫ͟͡;͔͙ͫ͟ͻ 

͍͍ͨͪ͊ͦ·ͻ ͍ͭͪ͊ͭ͊ͭͦ͟Σ ͊ ͔ͭ͊͗͟ Ύ͘·͊͟Σ ͍ͫΎ͘·͍͍͊΄͔͎ͦ ˿͔ͺ͔͍͙͔͒ͫͦ͟ ͎͍ͦͫͯ͒͊ͪͫͭͦ ͫ ͔͎͙ͭͪ͊ͤͫͪͦͤ͊͡Έ͚ͤͦ 

΄͙͙͚ͭͫͦ͟ ͯ;͖ͤͦͫͭΈΌΦ ˮ͔ͣͤͤͦ ;͔͔ͪ͘ ͙͚͊ͪ͊͋ͫ͟ Ύ͘·͟ ΄͙͙ͣ͘ ͙͔͎͙͍ͤͭͪͪͦ͊ͫ͡Ύ ͍ ͙͙ͤͫͭͭͯͼ͙ͦͤ͊͡ΈͤͯΌ 

͙͔ͫͫͭͣͯ ͎͍ͦͫͯ͒͊ͪͫͭ͊Σ ͍ͫͭ͊ͤͦΎͫΈ ͍͔͚͊͗ͤ΄͔͚ ͚ͦͨͦͪͦ ͔͎͙͙ͭͣ͊͡ͼ͙͙ ͙͙͙͒ͤ͊ͫͭΦ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎͊ͪ͊͋ͫͦͦ͟ Ύ͘·͊͟ ͙ͨͪ ͍͔͒ͦͪ ͋·ͦ͡ ͔ͭͫͤͦ ͍ͫΎ͊ͤͦ͘ ͫ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤͣ ΄͙͙͚ͭͫͦ͟ 

͙ͪͭͯ͊͡Έ͚ͤͦ ͯ͟͡Έͭͯͪ·Φ ͔́ͫͭ͟· ͙͍ͣͦͭ͡Σ ͨ͊͡;͔͚-͙͚ͣ͊ͪͫΣ ͔͙͎͙ͪͦͤ͘͡·ͻ ͔͟͡ͼ͙͚ ͙ ͔͙ͨͦͣ͡;͔͙ͫ͟ͻ ͫͦ;͙͔͙͚ͤͤ 

͙͙ͦͨͪ͊ͫ͡Έ ͤ͊ ͙͔͊ͪ͊͋ͫ͟ ͺͦͪͣͯ͡·Σ ͼ͙ͭ͊ͭ· ͙ ͙͊ͤͦͤ͟;͔͙͔ͫ͟ ͍·͔͙ͪ͊͗ͤΎΣ ;ͭͦ ͙͍ͨͪ͒͊͊ͦ͡ ͙ͣ ͍͙͔͊ͭͦͪͭͭ ͙ 

͔͎͙͙ͭͣͤͦͫͭ͡ΈΦ ̆ͦͭΎ ͎͙͔ͣͤͦ ͨͦͯ;͔͙ͤΎ ͒͡Ύ ͤ͊ͪͦ͒͊ ͔͔͍͙͙ͨͪͦ͒ͫ͡Έ ͤ͊ ͔͙͙͚ͨͪͫ͒ͫ͟ ͙ ͙͍͙͊͒͊ͨͭͪͦ͊ͫ͡Έ ͟ 

͔͚ͣͫͭͤͦ ͯ͟͡Έ͚ͭͯͪͤͦ ͔͔ͫͪ͒Σ Ύ͒ͪͦ ͔͙͎͙͚ͪͦͤͦ͘͡ ͙͙͙ͪͭͦͪ͟ ͍ͦͫͭ͊͊ͦͫ͡Έ ͊ͪ͊͋ͦΎ͘·;ͤ·ͣΦ ˿͔ͺ͔͍͙͙͔͒ͫ͟ 

΄͊ͻ͙Σ ͔͙͍ͫͭͪͣ΄͙͔ͫΎ ͨͦ͒;͔ͪͤͯͭ͟Έ ͍ͫͦΌ ͪͦ͡Έ ͊͘΅͙͙͍ͭͤͦ͟ ΄͙͙ͣ͊͘Σ ͙͍͊ͭͤͦ͟ ͔͙͍͙ͨͦ͒͒ͪ͗͊͡ ͊ͪ͊͋ͫͯ͟Ό 

ͯ;͖ͤͦͫͭΈΣ ͺ͙͙͍͙ͤ͊ͤͫͪͦ͊͡ ͔͙͎͙ͪͦͤ͘͡·͔ ΄ͦ͟͡· ͙ ͙͍͔͙ͨͪ͊͟͡͡ ͎͍͍͋ͦͦͫͦͦ͡Σ ͔͔ͦͣͨͭͤͭͤ͟·ͻ ͍ ͚͊ͪ͊͋ͫͦ͟ 

ͺ͙͎͙͙ͦͦ͡͡Φ 

ˢ͙͚ͪ͊͋ͫ͟ Ύ͘·͟ ͔ͭ͊͗͟ ͍·ͨͦͤ͡Ύ͡ ͍͊͗ͤͯΌ ͙͔͎͙͒ͦͦ͡;͔ͫͯ͟Ό ͺͯͤ͟ͼ͙Ό ͍ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙͙͗ͤ͘ 

͎͍ͦͫͯ͒͊ͪͫͭ͊Φ ˩͎ͦ ͫ͊ͪ͊͟͡Έͤ·͚ ͫͭ͊ͭͯͫ ͍͙ͫͭ͊ͤͦͫ͡Ύ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͎͙͙͙ͭͣͤͦͫͭ͡ ΄͊ͻ͊ ͊͟͟ 

͔͙ͤ͊ͣͫͭͤ͊͟ ͙͍ͣ͊ͣͦ ͙ ͎͊ͪ͊ͤͭ͊ ͍͙ͨͪ͊͡Έ͚ͤͦ ͍͔ͪ·Φ ˤ ͦͺ͙ͼ͙͊͡Έͤ·ͻ ͎͍͙͋ͦͦͫͦͫ͟͡ͻ ͭͪ͊ͭ͊ͭ͊͟ͻΣ 

͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤͤ·ͻ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͟ ͔͙͙ͨͪͫͭ͗ͤͦͫͭ ͍͙͊ͫͭ͡Σ ͙͍͊ͭͤͦ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͙͔͊ͪ͊͋ͫ͟ ͼ͙ͭ͊ͭ·Σ ;ͭͦ 

͙͍ͨͪ͒͊͊ͦ͡ ͎͔͊ͪͯͣͤͭ͊ͼ͙͙ ͙͍ͤͦͪͣ͊ͭͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ ˨͙͙ͤ͊ͫͭΎ ˿͔ͺ͔͍͙͍͒ͦ ͔͙ͫͭͪͣ͊ͫ͡Έ ͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͔ͫ͋Ύ 

͎͙ͦͪ͊ͤ;͔͚ͫͦ͟ ;͊ͫͭΈΌ ͼ͔͙ͨ ͫ ͍Ύ΅͔͚ͤͤͦ ͔͔͍͔͙ͨͪͣͫͭͤͤͦͫͭΣ ͙ͦͪͤ͟ ͚ͦͭͦͪͦ͟ ͍ͦͫͻͦ͒Ύͭ ͟ ͙͊ͪ͊͋ͫͣ͟ ͙ͣ͊ͣ͊ͣΣ 

͙ ͨͦΉͭͦͣͯ ͙͚͊ͪ͊͋ͫ͟ Ύ͘·͟ ͍͙ͫͭ͊ͤͦͫ͡Ύ ͙͍ͫͣͦͦͣ͡ ͒ͯͻ͍͚ͦͤͦ ͔͙͊ͯͭͤͭ;͙ͤͦͫͭΦ ˤ Ήͭͦͣ ͔͔ͦͤͭͫͭ͟͟ ͔͎ͦ ͪͦ͡Έ 

͋·͊͡ ͎ͯ͋ͦͦ͟͡ ͙͙͙͍ͨͦͭͪͦ͊ͤ͊͘͡Σ ͻͦͭΎ ͫͦͻͪ͊ͤΎ͊͡ ͎ͫͭͪͦͦ ͫ͊ͪ͊͟͡Έͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ 

ˤ ͙͎͔ͭͦ ͙͚͊ͪ͊͋ͫ͟ Ύ͘·͟ ͙ͨͪ ˿͔ͺ͔͍͙͒͊ͻ ͍·ͨͦͤ͡Ύ͡ ͪͦ͡Έ ͙͍͙ͫͣͦ͡;͔͎ͫͦͦ͟ ͙ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͎ͤͦͦ 

ͺ͔ͯͤ͒͊ͣͤͭ͊ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͔͙͎͙͙ͪ͡Φ ͔͔̉ͪ͘ ͔͎ͤͦ ͦͫͯ΅͔͍ͫͭ͡Ύ͊ͫ͡Έ ͍ͫΎ͘Έ ͫ ͙͊ͫͫ͟͡;͔͚ͫͦ͟ ΄͙͙͚ͭͫͦ͟ 
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͙ͭͪ͊͒ͼ͙͔͚Σ ͺ͙͍͙ͦͪͣͪͦ͊ͫ͡Έ ͎͍͙͔͋ͦͦͫͦͫ͟͡ ͤͦͪͣ·Σ ͍͔ͯͭͪ͗͒͊ͫ͡Ύ ͔͙͎͙ͪͦͤ͘͡·͚ ͍͙͔͊ͭͦͪͭͭ ΄͊ͻ͊ ͙ 

͔͎͙͙͙͍͙ͭͣͪͦ͊ͫ͡͡Έ ͙͙ͨͦͭ͡;͔͙͔ͫ͟ ͔ͪ΄͔͙ͤΎΦ ˩͎ͦ ͤ͊͘;͔͙͔ͤ ͔ͤ͡Έ͘Ύ ͙͔ͣͪ͘ΎͭΈ ͙ͦ͟͡;͔͍ͫͭͦͣ ͍͔͔͍ͨͦͫ͒ͤͤ·ͻ 

͔͔͙͚ͯͨͦͭͪ͋ͤ͡Τ ͦͤͦ ͔͔ͦͨͪ͒͡Ύͦͫ͡Έ ͫ͊ͪ͊͟͡Έ͚ͤͦ ͼ͔ͤͤͦͫͭΈΌΣ ͙͙ͤͫͭͭͯͼ͙ͦͤ͊͡Έ͚ͤͦ ͤ͊͘;͙ͣͦͫͭΈΌ ͙ ͔͎ͦ 

ͪͦ͡ΈΌ ͍ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ΄͙͚ͪͦͦ͟ ͔͙͎͙͚ͪͦͤͦ͘͡ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· ͎͍ͦͫͯ͒͊ͪͫͭ͊Φ  

˭͊͟͡Ό;͔͙͔ͤ  

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙ͪͦ͡ ͔͙͎ͨͪͫ͒ͫͦͦ͟Σ ͭΌ͎ͪͫͦͦ͟͟ ͙ ͎͊ͪ͊͋ͫͦͦ͟ Ύ͘·͍ͦ͟ ͙ͨͪ ͍͔͒ͦͪ ˿͔ͺ͔͍͙͍͒ͦ ͍ͨͦͦ͘͡Ύ͔ͭ 

͍·Ύ͍͙ͭΈ ͫͦ͗ͤͯ͡Ό ͙ ͎͚ͣͤͦͦͫͦͤͯ͡Ό ͔ͣͦ͒͡Έ Ύ͘·͍͚ͦͦ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙Σ ͻ͔͊ͪ͊ͭͪͤͯ͟Ό ͒͡Ύ ͎͍ͦͫͯ͒͊ͪͫͭΣ 

ͤ͊ͻ͙͍ͦ͒΄͙ͻͫΎ ͤ͊ ͔͔͔ͨͪͫ;͔͙͙ͤ ͙ͪ͊͘͡;ͤ·ͻ ͯ͟͡Έͭͯͪͤ·ͻ ͙ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͙ͭͪ͊͒ͼ͙͚Φ ͙͙͎͍́ͪͤ͊͡͡Έͤ͊Ύ 

͙͔ͫͫͭͣ͊Σ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͊ΎͫΎ ͍ ·±Lς·±LLL ͍͍ΦΣ ͔ͤ ͋·͊͡ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͫͯ͡;͚͊ͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͙͙͡ 

ͻ͙͊ͦͭ;͔͎ͫͦͦ͟ ͦͤͭ͊ͭ͊͟͟ Ύ͘·͍ͦ͟Τ ͙͍ͤ͊ͨͪͦͭΣ ͦͤ͊ ͦͭͪ͊͗͊͊͡ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͔͚ͪͦ͡ ͔ͣ͗͒ͯ 

͙ͪ͊͘͡;ͤ·͙ͣ ͫͦͼ͙͊͡Έͤ·͙ͣΣ ͙͙ͤͫͭͭͯͼ͙ͦͤ͊͡Έͤ·͙ͣ ͙ ͙͔͎͙͒ͦͦ͡;͔͙͙ͫͣ͟ ͙ͫͭͪͯͭͯͪ͊ͣ͟ ͔ͫͺ͔͍͙͎͒ͫͦͦ͟ 

ͦ͋΅͔͍ͫͭ͊Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ Ύ͘·͍ͦ͊͟Ύ ͙͙ͨͦͭ͊͟͡ ˿͔ͺ͔͍͙͍͒ͦ ͋·͊͡ ͔ͤ ͭͦ͡Έͦ͟ ͔͙͔ͦͭͪ͊͗ͤͣ Ήͭͤͦ-ͫͦͼ͙͊͡Έ͎ͤͦͦ 

͍ͫͦͫͭ͊͊ Ή͙ͭ͡Σ ͤͦ ͙ ͔ͫͦͤ͊ͭ͘͡Έͤ·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ ˽͔͙͙͚ͪͫ͒ͫ͟Σ ͭΌ͙͚ͪͫ͟͟ ͙ ͙͚͊ͪ͊͋ͫ͟ Ύ͘·͙͟ 

͔ͤ ͙͍͙ͦͤͯͪͪͦ͊͟͟͡ ͔ͣ͗͒ͯ ͚ͫͦ͋ͦΣ ͊ ͒ͦͨͦͤ͡Ύ͙͡ ͎͒ͪͯ ͎͒ͪͯ͊Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͙ 

͎͍͔͍ͣͤͦͦͯͪͦͤͦͫͭΈ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙͔ͫͫͭͣ·Φ ˽͔͙͙͚ͪͫ͒ͫ͟ Ύ͘·͟ ͍ͫͦ͒͊͊͘͡ ͯ͟͡Έͭͯͪͤͦ-͙͙͙͍͔͊͒ͣͤͫͭͪ͊ͭͤͦ 

Ύ͒ͪͦ ͎͍ͦͫͯ͒͊ͪͫͭ͊Σ ͭΌ͙͚ͪͫ͟͟ -͍͔ͦͤͤͯΌ ͙ͫͯ͡ ͙ ͻ͙͙͊ͪͣ͊ͭ͘;͔ͫͯ͟Ό ͍ͦͫͤͦͯ ͔͔ͪ͊ͤͤͫͺ͔͍͙͚͒ͫͦ͟ ͍͙͊ͫͭ͡Σ 

͙͚͊ͪ͊͋ͫ͟ -͔͙͎͙ͪͦͤͯ͘͡Ό ͙ ͎͍͋ͦͦͫͦͫͯ͟͡Ό ͔͎͙͙ͭͣ͊͡ͼ͙Ό ͙͙͙͒ͤ͊ͫͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˢ͍͊͒͗͊ͤͦ͡Σ ˸Φ ˥Φ ̒͘·͍ͦ͊͟Ύ ͙ͫͭͯ͊ͼ͙Ύ ͍ ˮ͔ͪ͊ͤ Ήͨͦͻ͙ ˿͔ͺ͔͍͙͍͒ͦΦ -˸͍ͦͫ͊͟Υ ˹͊ͯ͊͟Σ нлмнΦ -нуп ͫΦ 

нΦ ˢ͙͙ͣͤΣ ̆Φ ˿͔ͺ͔͍͙͒ͫ͊͟Ύ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤͦͫͭΈ ͙ ͔͙͎͙ͪͦͤ͘͡·͔ ͙͙ͤͫͭͭͯͭ·Φ -͔͎͔́ͪ͊ͤΥ aŀǊƪŀȊΣ нллсΦ -пмн ͫΦ 

оΦ ˣ͔͍͊͋͊Σ ˴Φ ˮΦ ˴͙͙͋͊͘͡΄͙ ͙ Ή͙͙ͭͤͦͨͦͭ͡;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͙ͪ͊ͤͤͻ ˿͔ͺ͔͍͙͍͒ͦΦ -˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ 

˽͔͔͎͔ͭͪ͋ͯͪͫͦ͟ ͍͍͔͔͙͔ͦͫͭͦͦ͒ͤ͟Σ нлмтΦ -осу ͫΦ 

пΦ ˣ͍ͦͫͦͪͭΣ ˴Φ ̏Φ ˸ͯͫͯ͡Έ͙͔ͣ͊ͤͫ͟ ͙͙͙͒ͤ͊ͫͭΦ -˸͍ͦͫ͊͟Υ ˤͦͫͭΦ ͙ͭ͡ΦΣ нллпΦ -рпн ͫΦ 

ϭ˿ ͔͍ͭ͒͊ͪͦ͊ ˢΦ, ˻ ͪ͊ͣͯ͘ͻ͔͍͊ͣͣ͒ͦ͊ ˢΦ, s ͎͍ͤͤ͊ͯͪ͋͊ͤͦ ˸Φ, 2025 
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UTILIZING DIGITAL TOOLS IN TEACHING: FEATURES OF ONLINE LEARNING 

 

Abstract 

The integration of digital tools has fundamentally reshaped modern pedagogy, moving educational 

models from traditional, passive knowledge transfer to dynamic, student-centered engagement. This shift is 

most pronounced in online learning, which utilizes digital technologies to facilitate and enhance the learning 

process, often without the constraints of physical presence. Key features of online learning, such as flexibility, 

personalization, and the ability to leverage rich multimedia, provide educators with unprecedented 

opportunities to cater to diverse learning styles and schedules. This article explores the essential role of 

digital tools in contemporary teaching and analyzes the defining characteristics that make online learning a 

powerful and accessible method for educational delivery in the 21st century. 

Keywords: 

Digital Tools, Online Learning, E-Learning, EdTech, Blended Learning, Synchronous, Asynchronous, 

Pedagogical Integration, Learning Management System (LMS), Accessibility. 

 

The Role of Digital Tools in Modern Pedagogy 

Digital tools, collectively known as Educational Technology (EdTech), serve as instrumental aids for 

planning, delivering, assessing, and managing the teaching-learning process. They bridge the gap between 

abstract concepts and concrete understanding, making learning more interactive and reflective. 

Core Functions of Digital Tools: 

¶ Enhancing Content Delivery: Tools like interactive whiteboards or presentation software (e.g., 

PowerPoint, Google Slides) allow for the seamless integration of text, visuals, and video, making complex 

topics more accessible and engaging. 

¶ Facilitating Active Engagement: Gamification platforms (e.g., Kahoot!, Quizlet) transform routine 

quizzes into competitive, low-stakes learning activities, increasing student motivation and participation. 

¶ Streamlining Assessment and Feedback: Online testing platforms (e.g., Google Forms, Moodle 

Quizzes) automate grading for objective questions, allowing teachers to spend more time providing 

qualitative feedback on subjective tasks. 

¶ Managing Learning Resources: A Learning Management System (LMS) like Canvas or Schoology 

organizes course materials, submissions, and grades in a single, accessible hub, providing structure to both 

blended and fully online environments. 

 Key Features of Online Learning 

Online learning, or E-Learning, is distinguished from traditional classroom instruction by several 

defining features enabled by the strategic use of digital tools. These features primarily relate to time, 

location, and the method of interaction. 

1. Flexibility and Accessibility 

Online learning removes geographical barriers and offers unparalleled control over the pace of study. 

¶ Geographical Independence: Learners can access educational content from virtually anywhere with 

an internet connection, allowing institutions to reach a global audience. 

¶ Time Flexibility (Asynchronous Learning): Content (pre-recorded lectures, readings) is available 24/7. 

Students can complete assignments and review materials at times that suit their personal or professional 

schedules, which is crucial for working adults or those in different time zones. 
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¶ Increased Accessibility: Digital formats often incorporate features like screen readers, captions, and 

adjustable font sizes, making education more accessible to students with diverse needs and disabilities. 

2. Personalized and Adaptive Learning 

Digital tools allow instructors to move away from a "one-size-fits-all" approach, adapting the content 

to the individual student's needs and progress. 

¶ Pacing and Review: Students can rewatch lecture videos or review specific modules as often as 

needed before moving forward, ensuring mastery before progression. 

¶ Adaptive Software: Some advanced platforms use algorithms to assess student performance and 

automatically provide targeted practice or remedial materials where specific weaknesses are identified. 

o Example: A student struggling with algebra receives additional problem sets focusing only on 

linear equations, while their peer moves on to quadratics. 

3. Rich Multimedia and Simulation 

Online platforms are ideally suited for integrating multimedia content that would be impractical or 

impossible in a physical classroom. 

¶ Virtual Labs and Simulations: Complex or dangerous procedures (e.g., advanced chemistry 

experiments, surgical simulations) can be safely practiced virtually until proficiency is achieved, significantly 

reducing cost and risk. 

¶ Interactive Content: Tools allow the creation of 3D models, virtual field trips, and interactive data 

visualizations that deepen understanding beyond static textbooks. 

o Example: Medical students use virtual reality (VR) to study human anatomy in three dimensions. 

Conclusion 

The use of digital tools is no longer a peripheral feature but a core component of contemporary 

teaching practice. These tools enable online learning, which provides critical benefits like flexibility, 

personalization, and enhanced multimedia delivery. For educators, the challenge lies not in adopting the 

technology, but in mastering the pedagogical integrationτusing these powerful tools strategically to 

promote active learning and maximize student outcomes, thereby creating a robust, resilient, and inclusive 

educational experience. 
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CONCEPTS OF EDUCATION, KNOWLEDGE, AND TEACHING: THE PEDAGOGICAL TRINITY 

 

Abstract 

The field of pedagogy is fundamentally built upon three interconnected pillars: Education, the 
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encompassing process of human development; Knowledge, the specific learning outcomes and content 

acquired; and Teaching, the deliberate set of actions designed to facilitate this acquisition. Understanding 

the dynamic interplay between these concepts is crucial for effective curriculum design and instructional 

practice. While Education addresses the why and where of learning (personal and societal development), 

Knowledge defines the what (the content, skills, and values), and Teaching outlines the how (the methods 

and interactions). This article examines the core meaning of each concept, their hierarchical relationship, and 

their collective importance in shaping individuals and societies for the demands of the modern world. 

Keywords: 

Education, Knowledge, Teaching, Pedagogy, Didactics, Learning Outcomes, Curriculum,  

Instructional Design, Cognitive Development, Lifelong Learning. 

 

Education: The Holistic Framework 

Education is the broadest and most overarching concept. It's the lifelong process of acquiring or 

imparting Knowledge, skills, values, beliefs, and habits. It extends far beyond the confines of a classroom, 

encompassing all experiences that shape an individual. In a philosophical sense, Education is the process of 

socialization and personal actualization.1 

Core Dimensions of Education: 

¶ Formal Education: Structured, hierarchical, and chronologically graded schooling systems, from 

primary school through university.2 

o Example: Completing a Master's degree in History requires following a predefined curriculum over 

a set period. 

¶ Non-Formal Education: Organized educational activity outside the formal system, often catering to 

specific learning needs.3 

o Example: Participating in a coding bootcamp or an adult literacy class. 

¶ Informal Education: Lifelong learning from daily experiences, environment, and interactions.4 This is 

often unintentional. 

o Example: Learning to manage finances by observing parents or reading personal finance blogs. 

Education, fundamentally, is about preparing an individual to function effectively, ethically, and 

autonomously within their society. 

Knowledge: The Outcome and Content 

Knowledge refers to the specific content, skills, and understanding acquired through the process of 

Education or Teaching. It is the result or learning outcome of an instructional effort. Contemporary pedagogy 

classifies Knowledge into distinct categories to better structure learning objectives (often using Bloom's 

Taxonomy).5 

Key Types of Knowledge: 

¶ Factual Knowledge (Knowing What): Basic elements students must know to be familiar with a 

discipline. 

o Example: Reciting the dates of major historical events or identifying the chemical symbol for water 

($H_2O$). 

¶ Conceptual Knowledge (Knowing Why): The interrelationships among basic elements within a larger 

structure that enable them to function together. 

o Example: Understanding the principles of supply and demand in economics, not just their 

definitions. 

¶ Procedural Knowledge (Knowing How): Skills, algorithms, techniques, and methods used to carry out 

specific tasks. 
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o Example: Knowing how to properly cite a source in APA format or how to perform a chemical 

titration in a lab. 

Knowledge acts as the measurable content unit flowing from the Teaching effort towards the broader 

goal of Education. 

Teaching: The Act of Facilitation 

Teaching is the specialized, intentional activity undertaken by an instructor (a teacher, professor, or 

trainer) to create the conditions necessary for a learner to acquire Knowledge and progress through their 

Education. It is the practical execution of pedagogical theories, often referred to as Didactics (the science of 

teaching). 

Conclusion 

The relationship between Education, Knowledge, and Teaching forms the core paradigm of human 

development. Education sets the grand, long-term objective of a well-rounded and capable individual; 

Knowledge provides the measurable milestones and content necessary to reach that objective; and Teaching 

is the deliberate, skillful process that connects the learner to the content. Effective educational systems must 

ensure coherence between these three concepts: the Knowledge taught must serve the broad goals of 

Education, and the Teaching methods must be designed to maximize the acquisition of that Knowledge. 

When these elements are aligned, learning becomes not just an act of information transfer, but a profound 

engine for personal and societal progress. 
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TEACHING EXACT SCIENCES: FOSTERING LOGIC, INQUIRY, AND APPLICATION 

 

Abstract 

The instruction of Exact Sciences (Takyk Bilimler), encompassing disciplines like Mathematics, Physics, 

Chemistry, and Computer Science, is foundational to technological progress and critical thinking. Effective 

teaching in these fields must transcend rote memorization of facts and formulas, prioritizing the 

development of logical reasoning, problem-solving skills, and a deep conceptual understanding. This article 

examines key pedagogical strategiesτincluding Inquiry-Based Learning (IBL), experimental validation, and 

mathematical modelingτthat transform the instruction of exact sciences. The ultimate goal is to cultivate 

scientifically literate individuals capable of applying rigorous quantitative methods to solve complex, real-

world problems. 
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1. The Core Purpose: Beyond Calculation 

The Exact Sciences are united by their reliance on rigorous deduction, quantitative analysis, and 

empirical testing. Teaching must reflect this methodology. 

¶ Focus on Logical Structure: Instruction should emphasize the underlying axiomatic and deductive 

frameworks (especially in Mathematics and Physics), showing students how conclusions are logically derived 

from first principles, rather than simply presenting the conclusions themselves. 

¶ Conceptual Depth: Students must understand the physical meaning behind equations and formulas. 

For instance, in Physics, understanding the relationship between force, mass, and acceleration (Newton's 

Second Law) conceptually is more important than merely plugging numbers into $F=ma$. 

¶ Quantitative Literacy: Students must be trained to translate real-world problems into mathematical 

terms, solve the resulting models, and interpret the quantitative results back into meaningful conclusions. 

2. High-Leverage Teaching Methodologies 

Effective teaching in the Exact Sciences relies on active student engagement and hands-on 

investigation. 

2.1. Inquiry-Based Learning (IBL) 

IBL structures lessons around questions or phenomena, requiring students to discover scientific 

principles through investigation. 

¶ Physics Example: Instead of lecturing on projectile motion, students might be asked to predict the 

trajectory of an object launched at a certain angle and then design an experiment to test their prediction. 

This forces them to engage with the variables and the underlying mathematical model. 

¶ Benefits: IBL fosters true scientific curiosity and ownership over the learning process. 

2.2. Experimental Validation and Laboratory Work 

In sciences like Chemistry and Physics, hands-on lab work is essential for connecting abstract theory to 

tangible reality. 

¶ Authentic Investigation: Lab exercises should move beyond "cookbook" procedures (following steps 

to get a known result) to include genuine experimental design and error analysis. Students should understand 

why their experimental results might deviate from theoretical predictions. 

¶ Data Analysis: Labs serve as a perfect platform for integrating quantitative skillsτcalculating 

standard deviations, linearizing data, and using statistical tools to draw meaningful conclusions. 

2.3. Mathematical Modeling and Computational Science 

The complexity of modern problems requires the use of computational tools to simulate and solve 

problems. 

¶ Modeling: Students should be taught to build simple mathematical models (e.g., modeling 

population growth, chemical reactions, or simple circuits) and use spreadsheets or programming languages 

(like Python) to explore how changing inputs affect outcomes. 

¶ Visualization: Technology allows students to visualize complex concepts that are difficult to draw or 

imagine (e.g., molecular structures, electric fields), speeding up conceptual intuition. 

3. Fostering Problem-Solving and Resilience 

The study of exact sciences is, fundamentally, training in structured problem-solving. 

¶ Productive Struggle: Teachers must provide challenging problems and allow students time and space 

to struggle with them. The process of analyzing a problem, trying different strategies, making mistakes, and 

finally finding the solution is where true learning occurs. 
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¶ Communication: Students must learn to communicate their solutions clearly, articulating not just the 

final answer, but the logical steps and reasoning used to arrive at it. This reinforces the integrity of the 

scientific process. 

4. Conclusion 

The effective instruction of Exact Sciences is a national priority for any technologically advanced 

society. By emphasizing conceptual understanding, rigorous logical deduction, and active engagement 

through inquiry and experimentation, educators can ensure that students not only master the content but 

also acquire the powerful quantitative and analytical toolkit necessary to innovate and address the complex 

challenges of the future. 
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TEACHING ECOLOGY: INTEGRATING FIELDWORK, DATA SCIENCE, AND SYSTEMS THINKING 

 

Abstract 

Teaching ecology effectively requires more than just imparting knowledge of populations and 

ecosystems; it demands a pedagogical shift toward fostering systems thinking, scientific inquiry, and 

environmental literacy. Modern ecological education must integrate active learning strategies, including 

authentic fieldwork, advanced data analysis, and modeling, to prepare students to address complex, real-

world environmental crises like climate change and biodiversity loss. This article examines the core 

methodologies essential for current ecological instruction across secondary and tertiary education, 

emphasizing the critical role of technology in visualizing and analyzing ecological patterns. 

Keywords: 

 Ecology Education, Systems Thinking, Fieldwork, Data Science, Modeling, Inquiry-Based Learning, 

Environmental Literacy, Pedagogy. 
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1. The Pedagogical Shift: From Rote Memorization to Inquiry 

Ecology is inherently a field science, and instruction must reflect this. Moving beyond textbook 

definitions of biomes and trophic levels, modern teaching emphasizes Inquiry-Based Learning (IBL), where 

students actively investigate ecological questions. 

¶ Systems Thinking: The greatest challenge in ecology is understanding how interconnected 

components (biotic and abiotic) interact across multiple scales. Teaching methods should focus on 

conceptual models and feedback loops to illustrate how changes in one part of an ecosystem (e.g., predator 

population) affect the entire system.1 

¶ The Nature of Science: Students must learn to generate hypotheses, design experiments (both field 

and lab-based), collect quantitative data, and use statistical methods to draw valid ecological conclusions. 

2. Core Methodologies for Active Engagement 

Effective ecology instruction relies on methods that place students directly into the role of a practicing 

scientist. 

2.1. Authentic Fieldwork and Field Stations 

Field experience is non-negotiable for understanding ecology. It builds essential practical skills and 

anchors abstract concepts in reality. 

¶ Techniques: Students should learn standardized methods for measuring biodiversity (quadrat 

sampling, transect methods), population size (mark-recapture), and abiotic factors (soil pH, dissolved 

oxygen). 

¶ Data Collection: Fieldwork should culminate in the collection of original data that students can then 

analyze, rather than simply verifying known principles. 

2.2. Data Science and Computational Ecology 

The volume of ecological data available (from remote sensing, climate databases, and large-scale 

monitoring projects) requires students to develop strong data literacy. 

¶ Statistical Software: Instruction should incorporate statistical programming environments (like R or 

Python) to teach students how to clean, visualize, and analyze complex ecological datasets (e.g., running 

linear regressions to test environmental correlations).2 

¶ Geographic Information Systems (GIS): GIS and mapping tools are vital for visualizing the spatial 

distribution of species, mapping habitat fragmentation, and analyzing land use changeτa core intersection 

of ecology and geography.3 

2.3. Modeling and Simulation 

Ecological processes often occur over long timescales or vast areas, making direct observation 

impractical.4 

¶ Population Models: Students should use mathematical models (e.g., the logistic growth equation 

5$dN/dt = rN(1-N/K)$) to simulate population dynamics and understand the impact of factors like carrying 

capacity (6$K$) and environmental resistance.7 

¶ Ecosystem Simulators: Computer simulations allow students to manipulate variables (e.g., 

temperature, resource levels) within virtual ecosystems to observe long-term effects on species composition 

and energy flow, fostering predictive thinking.8 

3. Fostering Environmental Literacy and Application 

Ecological education must connect theory directly to current societal and environmental issues. 

¶ Case Studies: Using real-world case studies (e.g., the reintroduction of wolves, the impacts of invasive 

species, or local conservation conflicts) demonstrates the applied nature of the discipline and engages ethical 

discussion. 

¶ Sustainability Projects: Students can apply ecological principles to design local solutions, such as 
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developing a sustainable urban gardening plan or assessing the health of a nearby stream, promoting civic 

engagement and practical problem-solving. 

4. Conclusion 

Effective teaching of ecology moves beyond memorizing facts to cultivating rigorous scientific inquiry 

and sophisticated analytical skills. By integrating authentic fieldwork with modern data science tools and 

systems thinking, educators can prepare the next generation of scientists, policymakers, and informed 

citizens capable of tackling the pressing ecological crises that define the 21st century. 
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PROFESSIONALLY IMPORTANT QUALITIES OF A TEACHER AND THE RULES OF PEDAGOGICAL ETHICS 

 

Abstract 

The effectiveness of the education system hinges significantly on the professional qualities and ethical 

conduct of its teachers. A teacher is not merely a dispenser of knowledge but a role model, mentor, and 

facilitator of intellectual and moral development. This dual responsibility necessitates a distinct set of 

professionally important qualities (PIQs), including deep subject mastery, pedagogical skill, and psychological 

readiness. Crucially, these qualities must be underpinned by a rigorous commitment to pedagogical ethics, 

which governs the teacher's moral obligations towards students, colleagues, and the wider community. This 

article delineates the essential PIQs required for success in the classroom and outlines the fundamental 

ethical rules that safeguard the integrity of the teaching profession and the well-being of the students it 

serves. 

Keywords: 

Teacher Qualities, Pedagogical Ethics, Professional Development, Role Model, Empathy, Subject Mastery, 

Educational Integrity, Professionalism, Moral Responsibility, Teacher-Student Relationship. 

 

 Professionally Important Qualities (PIQs) of a Teacher 

PIQs are the integral personality traits, abilities, and knowledge sets that determine a teacher's 
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aptitude and success in performing their educational functions. They are generally categorized into three 

main groups: Cognitive, Communicative, and Personal-Moral. 

Cognitive and Pedagogical Mastery: 

¶ Subject Mastery: A deep, comprehensive, and up-to-date knowledge of the subject matter being 

taught. This allows the teacher to answer complex questions, connect concepts, and inspire intellectual 

curiosity. 

o Example: A science teacher must not only know the formulas but also understand the history and 

real-world applications of scientific theories. 

¶ Didactic Skill (Pedagogical Competence): The ability to select appropriate teaching methods, plan 

effective lessons, and adapt the curriculum to the diverse learning needs of students. 

o Example: Successfully transforming a theoretical concept into an engaging, hands-on activity or a 

relevant case study. 

¶ Reflective Practice: The capacity to self-analyze lessons, identify what worked and what didn't, and 

continuously modify teaching strategies for improvement. 

Communicative and Interpersonal Qualities: 

¶ Empathy and Sensitivity: The ability to understand and share the feelings of students, recognizing 

their individual struggles and emotional states. This is foundational for building trust. 

¶ Communication Skills: Clear, articulate verbal and written communication, coupled with excellent 

listening skills and the ability to simplify complex ideas. 

o Example: Explaining a difficult mathematical theorem using relatable analogies and metaphors. 

¶ Patience and Tolerance: The capacity to remain calm and constructive when faced with disruptive 

behavior, slow learners, or repetitive questions. 

Personal and Motivational Qualities: 

¶ Passion for Teaching: Genuine enthusiasm and love for the profession and the subject, which is often 

contagious and motivates students. 

¶ Fairness and Objectivity: The commitment to treating all students equally regardless of background, 

ability, or personal feelings, especially when grading or enforcing rules. 

¶ Resilience and Stress Management: The ability to handle the high demands, emotional fatigue, and 

often unpredictable nature of the school environment without burnout. 

 Rules of Pedagogical Ethics 

Pedagogical ethics is a system of moral norms and principles that guide the professional conduct of a 

teacher. These rules ensure the protection of the student and the maintenance of public trust in the 

education system. 

Professional Conduct and Integrity: 

¶ Intellectual Honesty: Modeling and upholding academic integrity by never engaging in plagiarism and 

actively teaching students the principles of honest scholarship and proper citation. 

¶ Continuous Professional Development: Maintaining professional competence by staying updated on 

subject knowledge, research, and new pedagogical methods. 

Conclusion 

The essence of an effective teacher lies in the synergy between innate and acquired professionally 

important qualities and an unwavering adherence to pedagogical ethics. While PIQs like empathy and subject 

mastery equip the teacher to deliver quality instruction, the rules of ethics ensure that this instruction is 

delivered with integrity, fairness, and compassion. Ultimately, the successful teacher is one who not only 

imparts knowledge but also models the moral character required for future citizens, making the commitment 

to ethical excellence non-negotiable for the profession. 
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TEACHING METHODS AND TECHNOLOGIES: DRIVING PEDAGOGICAL INNOVATION 

 

Abstract 

The effectiveness of education is inextricably linked to the methods and technologies employed in the 

classroom. Teaching methods are the strategic approaches instructors use to facilitate learning, ranging from 

traditional lectures to student-centered collaborative work. Educational technologies (EdTech) are the 

toolsτboth physical and digitalτthat augment these methods, making content more accessible, engaging, 

and personalized. The modern educational landscape requires educators to skillfully blend proven 

pedagogical methods with innovative technological solutions to address the diverse needs of 21st-century 

learners. This article explores the spectrum of teaching methods, analyzes the impact of current technologies 

on instructional design, and underscores the crucial synergy required to maximize learning outcomes and 

cultivate essential skills like critical thinking and digital literacy. 

Keywords: 

Teaching Methods, Educational Technology (EdTech), Pedagogy, Active Learning, Flipped Classroom, 

Blended Learning, Synchronous, Asynchronous, Gamification, Instructional Design. 

 

The Spectrum of Teaching Methods 

Teaching methods are broadly categorized based on the extent of student participation and the 

teacher's role, ranging from direct transmission models to constructivist engagement models. 

1. Teacher-Centered Methods: 

These methods position the teacher as the primary source of knowledge and the main controller of 

the learning pace. They are highly efficient for delivering core content to large groups. 

¶ Lecture: The direct oral presentation of information. This method is effective for introducing new 
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topics or summarizing complex research. 

o Example: A university professor delivering a detailed, one-hour presentation on macro-economic 

theory to 300 students. 

¶ Demonstration: Visually showing students how a process or procedure is performed. This is crucial 

for subjects involving physical skills or lab work. 

o Example: A chemistry teacher performing a safe titration in front of the class, explaining each step 

carefully. 

2. Student-Centered Methods (Active Learning): 

These methods shift the focus to the learner, emphasizing critical thinking, collaboration, and problem-

solving. The teacher acts as a facilitator or guide. 

¶ Problem-Based Learning (PBL): Students are presented with a real-world, open-ended problem to 

solve collaboratively, requiring them to research, analyze, and apply knowledge. 

o Example: A public policy class is asked to develop a plan to reduce local air pollution, using only 

existing municipal resources. 

¶ Flipped Classroom: Content delivery (lectures) is moved outside the classroom (via video/readings), 

and class time is used for active application, discussion, and project work. 

o Example: Students watch a video on algebra equations at home, and the next day, the entire class 

period is dedicated to solving complex problems with teacher supervision. 

Integrating Educational Technologies (EdTech) 

Technology is not a teaching method itself but a powerful set of tools that enables new pedagogical 

approaches, significantly enhancing both traditional and active learning methods.  

Getty Images 

1. Synchronous vs. Asynchronous Interaction: 

Technology allows for flexibility in when and how instruction occurs: 

¶ Synchronous Teaching: Real-time interaction, regardless of location (in-person lecture or a live video 

conference). This is vital for immediate feedback and community building. 

¶ Asynchronous Learning: Non-real-time activity, allowing students to learn at their own pace. This is 

critical for accommodating diverse schedules and providing time for reflection. 

o Example: A student participating in a weekly discussion forum on a Conclusion 

The evolution of teaching methods has moved decisively towards student-centered, active learning, 

powered significantly by advancements in educational technology. The ideal pedagogical practice integrates 

methods like the Flipped Classroom or Problem-Based Learning with enabling tools such as LMS platforms 

and adaptive software. This synergy allows educators to create highly flexible, personalized, and efficient 

learning environments. By skillfully mastering both traditional methods and modern technologies, teachers 

can ensure that education not only transmits knowledge but actively fosters the creativity, collaboration, and 

critical thinking skills necessary for success in a rapidly changing world. 
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ˢ͍͍ͦͦ͡͡ ˨͍͔ͦͭ͡Ύͪ ̉͊ͪ·͎ͯ͡·͔͍͙; 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ 

͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έͤ·͚ ͙͙ͤͫͭͭͯͭ, 

ͺ͊ͯ͟͡Έ͔ͭͭ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͦ͋ͦͪͦͤ· 

͎Φ ˢ΄͎͊͋͊ͭΣ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˻ˣ˾ˢ˭˻ˤˢ́˩˶̎˹̍˩ ˽˻˨̆˻˨̍ ˮ ˸˩́˻˨ˮ˴ˮ ̅˻˾˸ˮ˾˻ˤˢ˹ˮ̒ ˥˾ˢˬ˨ˢ˹˿˴˻˯ ˻́ˤ˩́˿́ˤ˩˹˹˻˿́ˮ 

ˤ ˿ˮ˿́˩˸˩ ˽˩˨ˢ˥˻˥ˮ˴ˮ ˥˾ˢˬ˨ˢ˹˿˴˻˯ ˻ˣ˻˾˻˹̍ 

 

ˢͤ ͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͔͎͙͙ͫͭͪ͊ͭ ͙ ͔͙͙ͣͭͦ͒͟Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ 

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͙ ͍͚ͦͫͤͦͤͦ ͯ͟͡Έͭͯͪ· ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͯ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ 

˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͔͎ͤͭͪ͊ͼ͙͙ ͎ͪ͊͗͒͊ͤͫͦ͟-͙͙ͨ͊ͭͪͦͭ;͔͙ͫ͟ͻ ͼ͔͔͚ͤͤͦͫͭΣ ͙ͨͪ͊ͭ͟;͔͙ͫͣ͟ 

͍ͤ͊·͊ͣ͟ ͍͔͔͙ͨͦ͒ͤΎ ͍ ;͔͍ͪ͘·;͚͊ͤ·ͻ ͙ͫͭͯ͊ͼ͙Ύͻ ͙ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͙͔͔ͫͫͭͣ 

͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͔͚͍͙ͦ͒ͫͭ͘ΎΦ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͙͔ͨͪͣͪ· ͍͔͔͙ͤ͒ͪͤΎ ͙͔͎͙ͫͫͭͣͦͦ͡;͔͎ͫͦͦ͟ 

ͨͦ͒ͻͦ͒͊ ͙ ͙͎͍ͪͦ·ͻ ͔͍ͣͭͦ͒ͦ ͦ͋ͯ;͔͙ͤΎΣ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙ͻ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͎͍͙ͦͭͦͤͦͫͭ ͟ ͔͚͍͙͒ͫͭΎͣ ͍ 

͍͙ͯͫͦ͡Ύͻ ;͔͍ͪ͘·;͚͊ͤ·ͻ ͙ͫͭͯ͊ͼ͙͚Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͙ ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͔͎͎͙ͨ͒͊ͦ͊͟ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͦ͋ͦͪͦͤ·Σ ͙ͣͦ͋͡Έͤ·͔ ͙͔͙ͨͪͦ͗ͤ͡ΎΣ 

͍͙ͪͭͯ͊͡Έͤ͊Ύ ͔ͪ͊͡ΈͤͦͫͭΈΣ ͙ͫͣͯ͡Ύͭͦͪ·Σ ͎͔͚͙ͣͺ͙͊͟ͼ͙ΎΣ ͚ͦͤ͊ͤ͡-ͦ͋ͯ;͔͙͔ͤΣ ͙͙͎ͣͦͤͭͦͪͤΣ ͙͙͊ͤ͊ͭ͊͟͡Σ 

͙͙ͨ͊ͭͪͦͭͣ͘Σ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͦ͋ͯ;͔͙͔ͤ ͍ ;͔͍ͪ͘·;͚͊ͤ·ͻ ͙ͫͭͯ͊ͼ͙ΎͻΣ  

Ή͔ͭͪͦͤͤ͟͡·͔ ͨ͊ͭ͡ͺͦͪͣ·Φ 

 

ˤ͍͔͔͙͔͒ͤ 

ˤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͔ͭͻ͎͙ͤͦͦ͡;͔͎ͫͦͦ͟ ͎͔ͨͪͦͪͫͫ͊ 

ͪͦ͡Έ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͙͔͔ͫͫͭͣ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͔ͦͫͦ͋ͦ ͤ͊͘;͔͙͔ͤΦ ˻͔ͫͦ͋ͤͤͦ 

͊ͭͯ͊͟͡Έ͚ͤͦ ͦͤ͊ ͍͙ͫͭ͊ͤͦͭͫΎ ͍ ͫͺ͔͔ͪ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͦ͋ͦͪͦͤ·Σ ͎͔͒ ͎͍ͨͦ͒ͦͭͦ͊͟ ͎ͪ͊͗͒͊ͤ ͟ ͔͚͍͙͒ͫͭΎͣ ͍ 

;͔͍ͪ͘·;͚͊ͤ·ͻ ͙ͫͭͯ͊ͼ͙Ύͻ ͔͔ͭͪ͋ͯͭ ͔͙͍͙ͦͨͪ͊ͭͤͦͫͭΣ ͭͦ;͙ͤͦͫͭ ͙ ͍·͚ͫͦͦ͟ ͙͍ͣͦͭ͊ͼ͙͙ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ 

ˤ͔͔͙͔ͤ͒ͪͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔͍ͫͪ͒ͫͭ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔͋ͦ͡ Ήͺͺ͔͙͍͔ͭͤͦ͟ ͍͔͙͔ͯͫͦͤ 

͙͚ͤ͊ͤ͘ ͙ ͍͙͙͔ͪ͊ͭ͘ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ ͍ͤ͊·͍ͦ͟Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͙͡;͚ͤͦ ͙ ͦ͋΅͔͍͔͚ͫͭͤͤͦ 

͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ τ Ήͭͦ ͔ͤ ͭͦ͡Έͦ͟ ͫͨͦͫͦ͋ ͙͔͙ͣͤͭ͘Έ 

͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͦ͋ͯ;͔͙ͤΌΣ ͤͦ ͙ ͣͦ΅ͤ·͚ ͙͔ͤͫͭͪͯͣͤͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͯ ͔͙ͣͦͦ͒͗͡ 

͍͔͍͔͎ͦͭͭͫͭͤͤͦͦ ͙ ͙͍͎͊ͭͤͦͦ͟ ͎͙ͪ͊͗͒͊ͤͤ͊Σ ͎͍͎ͦͭͦͦͦ ͟ ͙͍ͦͤͫͭͪͯͭͤͦͣͯ͟͟ ͯ;͙͊ͫͭΌ ͍ ͙͔ͫͫͭͣ͊ͻ ͎͚ͪ͊͗͒͊ͤͫͦ͟ 

͊͘΅͙ͭ· ͙ ͙͍͙͒͊͟͡ͼ͙͙ ͔͍͙͚ͨͦͫ͒ͫͭ͡ ;͔͍ͪ͘·;͚͊ͤ·ͻ ͙ͫͭͯ͊ͼ͙͚Φ 

˸͔͙͊ͭͪ͊͡· ͙ ͔ͣͭͦ͒·Φ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͎͙ͨ͒͊ͦ͊͟ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͦ͋ͦͪͦͤ· ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͔ͦͣͨͫ͟͟͡ ͔͍ͣͭͦ͒ͦΣ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ ͍͙͙͔ͦͫͨͭ͊ͤ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͙ ;͍͍ͯͫͭͦ ŀƭŜǊǘƴŜǎǎ ό͙͔͋͒ͭ͡Έ͙ͤͦͫͭύΦ ˤ Ή͚ͭͦ 

͙͔͔ͫͫͭͣ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ ͔ͤ ͭͦ͡Έͦ͟ ͔͔͙ͭͦͪͭ;͔͙͔ͫ͟ ͙ͤ͊ͤ͘ΎΣ ͤͦ ͙ ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͍ͤ͊·͙͟Σ 

͔͊ͪͨ͘͟͡Ύ͔ͣ·͔ ;͔͔ͪ͘ ͙͎͍ͪͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͙ͫͭͯ͊ͼ͙͚ ͙ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ͭ͊͟ͻ ͊͟͟ ͙ͫͣͯ͡Ύͼ͙ͦͤͤ·͔ ͔͔ͭͪͤ͊͗ͪ· ͙ ͙ͣͦ͋͡Έͤ·͔ ͦ͋ͯ;͊Ό΅͙͔ 

ͨ͊ͭ͡ͺͦͪͣ·Φ 

˨͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͯ ͦ͋ͯ;͊Ό΅͙ͻͫΎ ͔͙ͣͦ͒͡ ͍͔͔͙ͨͦ͒ͤΎ ͍ ;͔͍ͪ͘·;͚͊ͤ·ͻ ͙ͫͭͯ͊ͼ͙Ύͻ ͍͊͗ͤ͊ 

͔͔͔ͣ͗ͨͪ͒ͣͭͤ͊Ύ ͙͔͎ͤͭͪ͊ͼ͙ΎΥ ͙͙ͫͭͦͪΎΣ ͙͎͙͋ͦͦ͡ΎΣ ͙ͤͺ͙ͦͪͣ͊ͭ͊͟Σ ͍ͦͫͤͦ· ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 

͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ͚́͊ͦ͟ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͨͦ͒ͻͦ͒ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͙͔͎ͫͫͭͣͤͦͦ 

ͣ·΄͔͙ͤ͡ΎΣ ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͍ͤ͊·͍ͦ͟ ͙ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ ͍͔ͫͦͣͫͭͤͦͣͯ ͙ͨͪͤΎ͙ͭΌ ͔ͪ΄͔͙͚ͤΦ ˻͋ͯ;͊Ό΅͙͔ 
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͎ͨͪͦͪ͊ͣͣ· ͒ͦ͗ͤ͡· ͔͙͍ͨͪ͒ͯͫͣ͊ͭͪ͊ͭΈ ͙͍͔͊ͭͤͦ͟ ͯ;͙͔͊ͫͭ ΄ͦ͟͡Έ͙͍ͤͦ͟ ͙ ͔͍ͫͭͯ͒ͤͭͦ ͍ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ 

͔͙ͣͪͦͨͪΎ͙ͭΎͻΥ ͔͙͎ͭͪͤͤ͊ͻ ͨͦ ͙ͦ͊͊ͤ͘͟Ό ͔͍͚ͨͪͦ ͨͦͣͦ΅͙Σ Ή͍͊ͯ͊͟ͼ͙ͦͤͤ·ͻ ͯ;͔͙ͤΎͻΣ ͙ͫͦ͒͊ͤ͘Ό ͔͔͚ͣͦ͒͡ 

͍͔͔͙ͨͦ͒ͤΎ ͙ͨͪ ͎͔ͯͪͦ͘ ͔ͭͻ͎͔ͤͦͤͤ·ͻ ͙ ͙ͨͪͪͦ͒ͤ·ͻ ͍͙͚͊͊ͪΦ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͙͍ͪ͊ͦ͊ͭ͘͡Έ ͦ͋ͯ;͔͙͔ͤ ͍ ͍͙ͯͫͦ͡Ύͻ 

͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͔ͪ͊͡Έͤ·ͻ ͫͼ͔͙͔͍ͤ͊ͪΣ ;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͙ͨͫͻ͎͙ͦͦ͡;͔͚ͫͦ͟ ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͙ 

͍͔͔͙ͯͪͤͤͦͫͭΦ ˹͙͔͊ͨͪͣͪΣ ͙͔͙͍ͤͭͪ͊ͭͤ͟·͔ ͙ͫͣͯ͡Ύͼ͙͙ ;͔͍ͪ͘·;͚͊ͤ·ͻ ͙ͫͭͯ͊ͼ͙͚ ͙ /.¢ όŎƻƳǇǳǘŜǊ-based 

ǘǊŀƛƴƛƴƎύ ͍ͨͦͦ͘͡ΎΌͭ ͍ͨͦ·͙ͫͭΈ ͍͔ͯͪͦͤΈ ͎͍͔͙ͨͦ͒ͦͭͦͤͤͦͫͭ͡ ͙ ͙͙ͫͤͭ͘Έ ͔͍ͫͭͪͫͫͦ·͔ ͔ͪ͊͟ͼ͙͙Φ 

˻͔ͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͍͙͙͔ͪ͊ͭ͘ ͎ͪ͊͗͒͊ͤͫͦ͟-͙͙ͨ͊ͭͪͦͭ;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ·Σ ;͔͔ͪ͘ ͍͙͙͔ͦͫͨͭ͊ͤ 

͎͙ͦͪ͒ͦͫͭ ͊͘ ˾͙ͦ͒ͤͯΣ ͍͔͙͔ͯ͊͗ͤ ͟ ͭͪͯ͒ͯ ͊͘΅͙͙͍ͭͤͦ͟ ͙ ͨ͊ͣΎ͙ͭ ͎͔͔͍ͪͦΦ ̏ͺͺ͔͙͍͔ͭͤͦ͟ ͍͔͔͙͔ͤ͒ͪͤ 

Ή͔͔͍ͣͤͭͦ͡ ͍͔͍ͫͭͦ͟Σ ͍ͦͤͯͪͫͦ͟͟Σ ͔͍ͨͪͦͭͦ͟ ͙ ͍͙ͪͭͯ͊͡Έͤ·ͻ Ή͙͚ͫͯͪͫ͟͟ ͍ ͙͔ͫͫͭͣͯ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͙͙͍͚ͨͦͭͤͦ͘ ͙͍ͣͦͭ͊ͼ͙͙ ͟ ͯ;͙͊ͫͭΌ ͍ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ ͍͒ͦ͋ͪͦͦ͡Έ;͔ͫͦͣ͟ 

͍͙͔͙͙͒͗ͤΦ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ όˮ́ύ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍ͨͦ·΄͔͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 

͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͍ ͙͔͔ͫͫͭͣ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͦ͋ͦͪͦͤ· ͊͘ ͫ;͔ͭ ͍͔͙ͦ͋ͤͦͤ͡Ύ ͔͍ͣͭͦ͒ͦ ͦ͋ͯ;͔͙ͤΎΣ 

ͪ͊ͫ΄͙͔͙ͪͤΎ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͙ͨͪ͊ͭ͟;͔͚ͫͦ͟ ͎͍͙ͨͦ͒ͦͭͦ͟ ͙ ͍ͨͦ·΄͔͙ͤΎ ͙͍ͣͦͭ͊ͼ͙͙ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ ˹͙͔͗ 

͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͍ͦͫͤͦͤ·͔ ͫͨͦͫͦ͋· ͙͔͎ͤͭͪ͊ͼ͙͙ ˮ́ ͍ ͔͎͎͙ͨ͒͊ͦ;͔ͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟Υ 

1. ˮ͔͙͍ͤͭͪ͊ͭͤ͟·͔ ͦ͋ͯ;͊Ό΅͙͔ ͨ͊ͭ͡ͺͦͪͣ· ͙ ͙ͣͦ͋͡Έͤ·͔ ͙͔͙ͨͪͦ͗ͤ͡Ύ ˿͙͔ͦ͒͊ͤ͘ 

͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ͨ͊ͭ͡ͺͦͪͣΣ ͔ͫͦ͒ͪ͗͊΅͙ͻ ͣͯ͡Έ͙͔͙͚ͭͣ͒ͤ·͔ ͔͙ͣ͊ͭͪ͊͡·Σ ͔ͭͫͭ·Σ ͫͼ͔͙͙ͤ͊ͪ ͙ͫͭͯ͊ͼ͙͚ 

͙ ͍͙͔͙͙͒ͦͪͦ͟͡Φ ˸͙ͦ͋͡Έͤ·͔ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͍ͨͦͦ͘͡ΎΌͭ ͦ͋ͯ;͊Ό΅͙ͣͫΎ ͔͙͍ͭͪͤͪͦ͊ͭΈ ͍ͤ͊·͙͟ ͍ ͡Ό͔͋ͦ ͍͔ͪͣΎ 

͙ ͍ ͡Ό͋ͦͣ ͔͔ͣͫͭΣ ͍͙ͨͪͦͦ͒ͭΈ ͫ͊ͣͦͦͼ͔ͤͯ͟ ͙ ͨͦͯ͡;͊ͭΈ ͦ͋ͪ͊ͭͤͯΌ ͍ͫΎ͘ΈΦ 

2. ˤ͙ͪͭͯ ͊͡Έͤ͊Ύ ͙ ͔͒ͦͨͦͤͤͤ͊͡Ύ ͔ͪ͊͡ΈͤͦͫͭΈ ό±wκ!wύ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ±wκ!w-͔ͭͻ͎͙͚ͤͦͦ͡ ͒͡Ύ 

͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ Ή͔ͫͭͪͣ͊͟͡Έͤ·ͻ ͙ͫͭͯ͊ͼ͙͚ ό͙͔ͤ͊ͨͪͣͪΣ ͨͦ͗͊ͪ·Σ ͔͔ͣͭͪ͘͡Ύ͔͙ͫͤΎΣ ͔ͭͻ͎͔ͤͦͤͤ·͔ ͍͙͙͊͊ͪύΦ 

͙͔́͊͟ ͔͙͍͙ͭͪͤͪͦ͟ ͎ͨͦͪͯ͗͊Όͭ ͍ ͔ͪ͊͡ΈͤͯΌ ͍ͦ͋ͫͭ͊ͤͦͯ͟Σ ͙͙ͫͭͣͯͪͯ͡Όͭ Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͯ;͙͔͊ͫͭ ͙ 

ͨͦ ͍·΄͊Όͭ ͍͔ͯͪͦͤΈ ͙͙͊ͨͦͣͤ͊ͤ͘Ύ ͎͙͍͊ͦͪͭͣͦ͡ ͔͚͍͙͚͒ͫͭΦ 

3. ˿ ͙ͣͯ͡Ύͭͦͪ· ͙ ͙͎͍ͪͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ όƎŀƳƛŦƛŎŀǘƛƻƴύ ˿͙͔ͦ͒͊ͤ͘ ͙ͫͣͯ͡Ύͼ͙ͦͤͤ·ͻ ͙͎ͪ ͙ ͔͚ͫ͟-͙ͫͭ͊͒ 

ͫ Ή͔͔͙ͣͤͭ͊ͣ͡ ͎͔͚͙ͣͺ͙͊͟ͼ͙͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͦͣ͊ͤ͒ͤ͟·ͻ ͍ͤ͊·͍ͦ͟Σ ͋·͎ͫͭͪͦͦ ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤ 

͙ ͔͚ͫͭͪͫͫͦͯͫͭͦ;͙͍͙ͦͫͭΦ ͙͔́͊͟ ͔ͣͭͦ͒· ͍͔ͯ͊͟͡Όͭ ͦ͋ͯ;͊Ό΅͙ͻͫΎ ͙ ͔͒͊͡Όͭ ͦ͋ͯ;͔͙͔ͤ ͔͔͋ͦ͡ 

͙͊ͨͦͣͤ͊͘Ό΅͙ͣͫΎΦ 

4. ʕ ͔͙͋ͤ͊ͪ· ͙ ͚ͦͤ͊ͤ͡-ͯͪͫ͟· ˻͔͔͋ͫͨ;͙͍͊Όͭ ͒ͦͫͭͯͨ ͟ ͊ͭͯ͊͟͡Έ͚ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ͙ ͍ͦͣͦ͗ͤͦͫͭ͘Ύͣ 

͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ Ή͔͙ͫͨͪͭ͊ͣ͟ ͍͔ͤ ͪ͊ͣͦ͟ ͦ͊͟͡͡Έͤ·ͻ ͍ͯͪͦͦ͟Φ ˻͚ͤ͊ͤ͡-ͺͦͪͣ͊ͭ· ͒͊Όͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ 

͔͎ͪͯ͡Ύͪͤͦ ͨ ͍ͦͭͦͪΎͭΈ ͔͙ͣ͊ͭͪ͊͡ ͙ ͯ;͍͍͊ͫͭͦ͊ͭΈ ͍ ͔͙ͦ͋ͫͯ͗͒ͤΎͻΦ 

5. ˮ ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͙͔ͫͫͭͣ· ͙͙͎ͣͦͤͭͦͪͤ͊ ͙ ͙͊ͤ͊͊͘͡ ˮ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͨ͊ͭ͡ͺͦͪͣ 

͒͡Ύ ͔͙͍͙ͦͭͫ͗͊ͤ͡Ύ ͎͔ͨͪͦͪͫͫ͊ ͦ͋ͯ;͊Ό΅͙ͻͫΎΣ ͍·Ύ͍͔͙ͤ͡Ύ ͫ͊͋͡·ͻ ͦͤ͘ ͙ ͊͒͊ͨͭ͊ͼ͙͙ ͎ͨͪͦͪ͊ͣͣ ͦ͋ͯ;͔͙ͤΎ 

ͨͦ͒ ͙ͻ ͔͙ͨͦͭͪ͋ͤͦͫͭΦ ̏ͭͦ ͍ͨͦ·΄͔͊ͭ ͊͟;͔͍ͫͭͦ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͙ ͔͔͒͊ͭ͡ ͔͎ͦ ͔͔͋ͦ͡ ͼ͔͔͍͡·ͣΦ  

6. ˿ͦͼ͙͊͡Έͤ·͔ ͔͙ͫͭ ͙ ͺͦͪͯͣ· ˿͙͔ͦ͒͊ͤ͘ ͫͦͦ͋΅͔͍ͫͭ ͔͙͒ͤͦͣ·΄͔͙͍ͤͤͦ͟͡Σ ͎͔͒ ͦ͋ͯ;͊Ό΅͙͔ͫΎ 

͔͒͡ΎͭͫΎ ͦͨ·ͭͦͣΣ ͙ͨͯ͋ͯ͟͡Όͭ ͔͙ͣ͊ͭͪ͊͡·Σ ͙͍͊ͨ͊ͤͪͦ͊ͤͤ͘͡·͔ ͔͙ͣͪͦͨͪΎ͙ͭΎ ͙ ͨͦͯ͡;͊Όͭ ͔ͨͦ͒͒ͪ͗ͯ͟Φ ͚́͊ͦ͟ 

ͺͦͪͣ͊ͭ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͎ͪ͊͗͒͊ͤͫͦ͟-͙͙ͨ͊ͭͪͦͭ;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ·Φ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ˮ́-͙͔͍ͤͫͭͪͯͣͤͭͦ ͔ͫͦ͒͊ͭ͘ ͙͙͒ͤ͊ͣ;ͤͯΌΣ ͙͍͔͔ͨͪ͊ͭ͟͡͡ΈͤͯΌ ͙ 

͙͍͊͒͊ͨͭͤͯΌ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡ΈͤͯΌ ͔ͫͪ͒ͯΣ ͦͭͦͪ͊͟Ύ ͙͍͙͔ͣͦͭͪͯͭ ͔ͣͦͦ͒͗͡Έ ͟ ͯ;͙͊ͫͭΌ ͍ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͔ͦ͋ͦͪͦͤ 

͙ ͍ͨͦ·΄͔͊ͭ ͍͔ͯͪͦͤΈ ͙ͻ ͎͍͔͙ͨͦ͒ͦͭͦͤͤͦͫͭ͡Φ 

ˮ͎͍ͪͦ·͔ ͔ͣͭͦ͒· ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͔͙ͯ͡;͙͍͊Όͭ ͙͍ͣͦͭ͊ͼ͙Ό ͔͔͚͒ͭ ͙ ͔͙ͣͦͦ͒͗͡ ͍ ͙͔͔ͫͫͭͣ 

͎͚ͪ͊͗͒͊ͤͫͦ͟ ͊͘΅͙ͭ· ͊͘ ͫ;͔ͭ ͔͍ͨͪͪ͊΅͔͙ͤΎ ͯ;͔͎͋ͤͦͦ ͨͪͦͼ͔ͫͫ͊ ͍ ͍͔͔ͯ͊ͭ͟͡͡ΈͤͯΌ ͙ ͙͙͒ͤ͊ͣ;ͤͯΌ 

͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͎ͪΣ ͍͔͍ͫͭͦ͟Σ ͙ͫͣͯ͡Ύͼ͙͚ ͙ ͔͍͒ͦ͡·ͻ ͔͍ͪͦ͡·ͻ ͫͼ͔͙͔͍ͤ͊ͪ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͙ͫͦ͒͊ͤ͘Ό Ήͣͦͼ͙ͦͤ͊͡Έͤͦ ͤ͊ͫ·΅͔͚ͤͤͦ ͔ͫͪ͒·Σ ͍ ͚ͦͭͦͪͦ͟ ͦ͋ͯ;͊Ό΅͙͔ͫΎ ;͍͍ͯͫͭͯΌͭ ͔ͫ͋Ύ ͯ;͙͙͊ͫͭͤ͊ͣ͟ 

͔ͪ͊͡Έͤ·ͻ ͙ͫͭͯ͊ͼ͙͚Σ ͊ ͔ͤ ͙͍ͨ͊ͫͫͤ·͙ͣ ͫͯ͡΄͔͊ͭ͡Ύ͙ͣΦ ̏ͭͦ ͍ͨͦ·΄͔͊ͭ ͙ͻ ͙͔͔ͤͭͪͫ ͟ ͔͔ͨͪ͒ͣͭͯΣ ͺ͙͔ͦͪͣͪͯͭ 
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;͍͍ͯͫͭͦ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͙ ͫ͊ͣͦͫͦͻ͔͙ͪ͊ͤͤΎΣ ͊ ͔ͭ͊͗͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͔͙͊ͪͨͤ͘͟͡Ό ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ ͍ͤ͊·͍ͦ͟Φ 

˥͔͚͙ͣͺ͙͊͟ͼ͙Ύ ͙͙͔ͫͭͣͯͪͯͭ͡ ͍͙͙͔ͪ͊ͭ͘ ͚ͦͣ͊ͤ͒ͤͦ͟ ͪ͊͋ͦͭ·Σ ͙͙ͤͼ͙͙͍͙͊ͭͤͦͫͭ ͙ ͔ͪ΄͙͙ͣͦͫͭΣ ͔͒͊͡Ύ 

ͨͪͦͼ͔ͫͫ ͦ͋ͯ;͔͙ͤΎ ͔͔͋ͦ͡ ͒ͦͫͭͯͨͤ·ͣΣ Ύ͙ͪͣ͟ ͙ ͙͊ͨͦͣͤ͊͘Ό΅͙ͣͫΎΣ ;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ 

͚ͯͫͭͦ;͙͍·ͻ ͙͙͍ͨͦͭͤ͘·ͻ ͙͍ͣͦͭ͊ͼ͙͚ ͟ ͍͔͙ͦͫͦͤΌ ͙͚ͤ͊ͤ͘ ͦ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ 

ˤ·͍ͦ͒· ͙ ͒͊͡Έ͔͚ͤ΄͙͔ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͙͍ͤͤͦ͊ͼ͙͚Σ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ ͔͔͔ͣ͗ͨͪ͒ͣͭͤ·ͻ ͍ͫΎ͔͚͘ ͔ͫͦ͒͊ͭ͘ ͣͦ΅ͤ·͚ 

ͺ͔ͯͤ͒͊ͣͤͭ ͒͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͚ͦͫͦͤ͊ͤͤͦ͘ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͙ ͯ͟͡Έͭͯͪ· ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͯ 

͔͙ͣͦͦ͒͗͡Φ ͚́͊ͦ͟ ͔ͦͣͨͫͤ͟͟͡·͚ ͨͦ͒ͻͦ͒ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͎͍͔ͨͦ͒ͦͭͦ͟ ͎ͪ͊͗͒͊ͤΣ ͫͨͦͫͦ͋ͤ·ͻ ͔͍͊͒͊ͭͤͦ͟ 

͔ͪ ͎͙͍͊ͪͦ͊ͭΈ ͙ ͙͙ͨͪͤͣ͊ͭΈ ͯ;͙͔͊ͫͭ ͍ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͙ ͙͍͙͒͊͟͡ͼ͙͙ ;͔͍ͪ͘·;͚͊ͤ·ͻ ͙ͫͭͯ͊ͼ͙͚Σ ͊ ͔ͭ͊͗͟ 

͔ͯͪͨ͟͡Ύ͔ͭ ͫͦͼ͙͊͡ΈͤͯΌ ͫͨͦ͡;͔ͤͤͦͫͭΈ ͙ ͙͙ͨ͊ͭͪͦͭͣ͘Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

мΦ ˮ͍͍͊ͤͦ ˢΦ ˮΦΣ ˽͔͍ͭͪͦ ˤΦ ˣΦ ˮ͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͣͭͦ͒· ͍ ͔͎͎͙͔ͨ͒͊ͦ͟ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͦ͋ͦͪͦͤ·Φ ˸ΦΥ 

ˢ͔͙͊͒ͣ͟ΎΣ нлнлΦ 

нΦ ˿͙͍ͣͪͤͦ͊ ˩Φ ˤΦΣ ˴͔ͯͤ͘ͼ͍ͦ͊ ́Φ ˢΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͙ͪͭͯ͊͡Έ͚ͤͦ ͔ͪ͊͡Έ͙ͤͦͫͭ ͒͡Ύ ͦ͋ͯ;͔͙ͤΎ ͍ͤ͊·͊ͣ͟ 

͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ ˬͯͪͤ͊͡ ζ˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͙ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈηΣ нлмфΣ ЅпΣ ͫΦ прς52. 

оΦ ˸͔͡Έ͙͍ͤͦ͟ ̑Φ ˢΦ ͔̏ͭͪͦͤͤ͟͡·͔ ͨ͊ͭ͡ͺͦͪͣ· ͍ ͔͍͙͙ͨͪͨͦ͒͊͊ͤ ͯͪͫ͊͟ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͦ͋ͦͪͦͤ·Φ ˿˽͋.: 

˽͙͔ͭͪ, 2021. 

4. Johnson L., Adams Becker S. Transforming Education with Technology. New York: EDUCAUSE, 2014. 

рΦ ̆ͦͻ͍ͦ͡ ˢΦ ˿Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͙͔͔ͫͫͭͣ ͎͍͙ͨͦ͒ͦͭͦ͟ ͎ͪ͊͗͒͊ͤ ͨͦ 

͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ζ˽ ͔͎͎͙͒͊ͦ͟ ͙͊  ͙ ͻ͙͎͙ͭͦͦ͡ΎηΣ нлмуΣ ЅоΣ .ͫ 78ς84. 

6. UNESCO. Education for Disaster Risk Reduction. UNESCO Publishing, 2017. 

ϭ s ͍͍ͦͦ͡͡ ˨Φ̉Φ, 2025 

 

 

 

 

̂˨˴ отоΦуту 

ˣ͎͙ͯͪͣ͊ͤ͊ ˤΦ˾ΦΣ ͫ ͔ͭͯ͒ͤͭ  

˹͊ͯ;ͤ ͍͙͔ͪͯͦͦ͒ͭ͟͡Έ ˣ͙͍ͦͪͦͤͦ͊͡ ˮΦ˥Φ ͟ΦͨΦͤΦ ͒ͦͼ͔ͤͭ 

˾̅Σ ͎Φ ̂ͺ͊Σ ̅˥ˣ˻̂ ˤ˻ ζˣ˥˽̂ ͙ͣΦ ˸Φ s ͣͯ͟͡͡·η 

 

˽˾˻˥˾ˢ˸˸ˢ ζ˻˾˶̒́ˢ ς ˨ ˻̊˴˻˶̒́ˢη ˴ˢ˴ ˾˩˿̂˾˿ ˨˶̒ ˽ˢ́˾ˮ˻́ˮ̉˩˿˴˻˥˻ ˤ˻˿˽ˮ́ˢ˹ˮ̒ 

˿́ˢ˾̊ˮ̆ ˨˻̊˴˻˶̎˹ˮ˴˻ˤ ˮ ˽˾˻˿ˤ˩̋˩˹ˮ̒ ˾˻˨ˮ́˩˶˩˯ 

 

˿͍͔͔ͦͪͣͤͤ·͚ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͍͙͔ͦͫͨͭ͊ͭ͡Έͤ·͚ ͙͔͒͊͡Σ ͔͔͊ͪͨͤͤ͘͟͡·͚ ͍ ͔͔̅͒ͪ͊͡Έ͚ͤͦ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͎͔ͨͪͦͪ͊ͣͣ ͒ͦ΄ͦ͟͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ό̅˻˽ ˨˻ύΣ ς Ήͭͦ ͻͦͪͦ΄͙͚Σ ͨͦͪΎ͒ͦ;ͤ·͚ 

͎͙ͪ͊͗͒͊ͤͤ ˾͙͙ͦͫͫΣ ͫ ͍͙ͪ͊ͭ͘·ͣ ͍͔͙͔ͦͦ͋ͪ͊͗ͤͣ ͙ ͤͯ͗ͤ·͙ͣ ͒͡Ύ ͙͙͗ͤ͘ ͙ͤ͊ͤ͘Ύ͙ͣ ;͔͍͔ͦ͟͡Σ ͦͭͦͪ͟·͚ 

͔͔͋ͦͭ͡ ͊͘ ͍ͫͦΌ ͫͭͪ͊ͤͯ ͒ͯ΄͚ͦΣ ͒͡Ύ ͎ͦͭͦͪͦͦ͟ ͍͊͗ͤͦΣ ;ͭͦ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͫ ˾͙͔͚ͦͫͫ ͙ ͙͔ͨͦͤͣ͊ͭΣ ;ͭͦ ͦͭ ͔͎ͦ 

͔͚͍͙͚͒ͫͭ ͙ ͍·͋ͦͪ͊ ͔ͭͦ͗ ͍͙͙͊ͫͭ͘ ͋ͯ͒ͯ΅͔͔ ͫͭͪ͊ͤ·Σ ͙ ͎͍ͦͭͦ ͔͙ͤͫͭ ͊͘ Ήͭͦ ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈ ώпϐΦ 

͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͍ͦͫͤͦ ͎ͭ͊ͦͦ͟ ͎ͪ͊͗͒͊ͤͫͦ͟-͙͙ͨ͊ͭͪͦͭ;͔͎ͫͦͦ͟ ͙ͫ͊ͣͦͫͦͤ͊ͤ͘Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͤ͊;͙ͤ͊ͭΈ ͔ͯ͗ ͍ 

͒ͦ΄ͦ͟͡Έͤͦͣ ͔͍͔͒ͭͫͭΣ ͍ ͔͙ͨͪͦ͒ ͙͔͙͍͎ͤͭͤͫͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͙͡;͙ͤͦͫͭΦ 

˽͙͙͊ͭͪͦͭͣ͘ τ Ήͭͦ ͎ͯ͋ͦ͊͟͡Ύ ͡Ό͍͋ͦΈ ͟ ͍͔͚ͫͦ ͔ͫͭͪ͊ͤΣ ͦ΅ͯ΅͔͙͔ͤ ͔ͤͪ͊ͪ͘·͍͚ͤͦ ͍ͫΎ͙͘ ͫ ͔͔͚ͣ͘͡Σ 

͙͙͔͚ͫͭͦͪ ͙ ͯ͟͡Έ͚ͭͯͪͦ ͍͔͎ͫͦͦ ͤ͊ͪͦ͒͊Σ ͙͘ ͎ͦͭͦͪͦͦ͟ ͔ͪͦ͗͒͊ͭͫΎ ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈ ͊͘ ͔͎ͦ ͋ͯ͒ͯ΅͔͔Φ ̏ͭͦ 

;͍͍ͯͫͭͦ ͙ͨͪ;͙͊ͫͭͤͦͫͭ ͟ ͫͯ͒Έ͔͋ ͍͔͚ͫͦ ͫͭͪ͊ͤ·Σ ͎ͦ͒͊͟ ͔͔ ͔ͨͦ͋͒· ͦ΅ͯ΅͔͊΄Έ ͊͟͟ ͍͙ͫͦΣ ͊ ͙ͭͪͯ͒ͤͦͫͭ - ͊͟͟ 

͙͡;ͤ·͔Φ ˤ ͪ͊ͣ͊͟ͻ ͪ͊͋ͦͭ· ͫ ͔͒ͭΈ͙ͣ Ήͭͦ ;͍͍ͯͫͭͦ ͺ͙͔ͦͪͣͪͯͭͫΎ ͊͟͟ ͍ͦͫͤͦ͊ ͍͍͔͙ͤͪ͊ͫͭͤͤͦͫͭ ͙ 
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͎͍͔͙ͪ͊͗͒͊ͤͫͭͤͤͦͫͭΣ ;ͭͦ͋· ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͼ͔͔͍͔͎ͤ͊ͨͪ͊ͤͤͦͦ͡͡ ͍͙͙ͦͫͨͭ͊ͤΎ ͯ ͙ͤͻ ͨͦΎ͍͙͙ͫ͡Έ Ή͔͔ͣͤͭ͡· 

͙͙ͨ͊ͭͪͦͭͣ͊͘Φ  

˿͔͚;͊ͫ ͔ͦͫͦ͋ͤͤͦ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙ ͍͊͗ͤͦ ͍͙ͦͫͨͭ·͍͊ͭΈ ͍ ͔͒ͭΎͻ ͙͔ͭ͊͟ ͊͟;͔͍ͫͭ͊Σ ͊͟͟ ͙͙ͨ͊ͭͪͦͭͣ͘Σ 

͎͍͔ͪ͊͗͒͊ͤͫͭͤͤͦͫͭΈΣ ͭͪͯ͒ͦ͡Ό͙͔͋Σ ͍͔͙͔ͯ͊͗ͤ ͟    ͍ͨͪ͊͊ͣ ͙ ͍ͫͦ͋ͦ͒͊ͣ ;͔͍͔ͦ͊͟͡Σ ͡Ό͍͋ͦΈ ͟ ˾͙͔ͦ͒ͤΣ 

ͦͪͯ͗͊͟Ό΅͔͚ ͙͔ͨͪͪͦ͒Σ ͔ͫͣΈ͔ - ͍͖ͫ ͭͦΣ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͍͎ͦͫͤͦͦͨͦ͊͊͡Ό΅͙ͻ ͙ͨͪͤͼ͙͍ͨͦ                        

͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͙͙͙ͨͦͭ͟͡ ͍ ͙ͦ͋͊ͫͭ͡ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͔͖͊ͪͨͤͤ͘͟͡·ͻ ͍ ˭͔͊ͦͤ͟ ζ˻͋ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘ ͍     

˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ηώмϐΦ 

ˤ ͦ͋΅͔͍͔ͫͭ ͙͔͒ͭ ͙͍͊ͭͤ͟·͚ ͙ͨͦͫ͟ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͺͦͪͣ ͙ ͔͍ͣͭͦ͒ͦ ͪ͊͋ͦͭ· ͨͦ ͍͍͔ͤͪ͊ͫͭͤͤͦ-

͙͙ͨ͊ͭͪͦͭ;͔ͫͦͣͯ͟ ͍͙͙ͦͫͨͭ͊ͤΌ ͨͦ͒ͪ͊ͫͭ͊Ό΅͔͎ͦ ͔͙ͨͦͦͤ͟͡ΎΦ ˨͡Ύ ͦ͋΅͔͍ͫͭ͊Σ ͤ͊΄͔͎ͦ ͪ͊͟ΎΣ ͎ͦͪͦ͒͊Σ 

͔͎͒ͭͫͦͦ͟ ͫ͊͒͊ ͍͍͔ͤͪ͊ͫͭͤͤͦ - ͙͙ͨ͊ͭͪͦͭ;͔͔ͫͦ͟ ͍͙͙͔ͦͫͨͭ͊ͤ ς Ήͭͦ ͺ͔ͯͤ͒͊ͣͤͭΣ ͒͡Ύ ͒͊͡Έ͔͚ͤ΄͔͎ͦ 

͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͍͙͙ͦͫͨͭ͊ͤΎ     ͔͔ͪ͋ͤ͊͟Σ ͊͟͟ ͙͍͎͊ͭͤͦͦ͟ ;͔ͤ͊͡ ͦ͋΅͔͍ͫͭ͊Σ ͎͍͎ͦͭͦͦͦ ͯ;͍͍͊ͫͭͦ͊ͭΈ ͍ ͍͔͙͙ͯͨͪ͊ͤ͡ 

Ή͙ͭͣ ͦ͋΅͔͍ͫͭͦͣΦ 

ˤ Ήͭͦͣ ͔͔ͦͤͭͫͭ͟͟ ͎ͨͪͦͪ͊ͣͣ͊ ͫͦͼ͙͊͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ζ˻ͪ͡Ύͭ͊ ς ͒ͦ΄ͦ͟͡Ύͭ͊ηΣ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͊͘Ύ ͍ 

ͪ͊ͣ͊͟ͻ ˤ͔͙͚͚ͫͪͦͫͫͫͦ͟ ͎ͨͪͦͪ͊ͣͣ· ζ˻ͪ͡Ύͭ͊ ˾͙͙ͦͫͫηΣ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙ͯͤ͊͟͡Έͤ·͚ ͔ͪͫͯͪͫΣ 

͍͔ͦͭ;͊Ό΅͙͚ ͍·͍ͦ͊ͣ͘ ͍͔͔͙ͪͣͤ ώоϐΦ 

˨͔ͭΎͣ ͍͔͎ͫ͒͊ ͍ͤͪ͊ΎͭͫΎ ͡Ό͙͒ ͍ ͍͔͚ͦͤͤͦ ͺ͔ͦͪͣ - ͣ ͔͍͔ͯ͗ͫͭͤͤ·͔ ͙ ͔ͫͣ͡·͔Σ ͙͒ͫͼ͙͙͙͍ͨͤͪͦ͊ͤͤ͡·͔ 

͙ ͼ͔͔͔͔ͯͫͭͪͣͤͤ͡͡·͔Σ ͫͦ͋͡Ό͒͊Ό΅͙͔ ͍͙ͨͪ͊͊͡ ͍͙͚ͦͤͫͦ͟ ͍͔͙͍͙͗ͦͫͭ͡Σ ͍͔͔͙ͨͦ͒ͤΎ ͙ ͍͙͎ͦͤͫͦͦ͟ 

͙͍͔͍͙ͨͪͭͫͭΎΣ ͍ͦͫͤͦ·͍͊Ό΅͙͔ ͍͖ͫͦ ͍͔͔͙͔ͨͦ͒ͤ ͙ ͙ͨͦͫͭͯͨ͟ ͤ͊ ͤͦͪͣ͊ͻ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͙ͣͦͪ͊͡ ͙ 

͍͍͔͙ͤͪ͊ͫͭͤͤͦͫͭΦ ˻͙ͤ ͻͦͭΎͭ ͙͔͙ͨͪͦ͋ͪͫͭ ͙͔ͭ͊͟ ͔͗ ͊͟;͔͍ͫͭ͊ ͙ ͨͦͯ͡;͙ͭΈ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͙ͤ͊ͤ͘ΎΦ  

˴ͪͯͨͫ͊͟Ύ ˹Φ˴Φ ͍͔ͯͭͪ͗͒͊͊͡Σ ;ͭͦ ͔ͫͣΈΎ ͙͎͔ͪ͊ͭ ͎ͦͪͦͣͤͯΌ ͪͦ͡Έ ͍ ͍͙͙͙ͦͫͨͭ͊ͤ ͔͔͚͒ͭΣ ͙ ͙ͨͪ͘·͍͊͊͡ 

͔ͯͪͨ͟͡ΎͭΈ ͔ͫͣΈΌ ͤ͊ ͍͔ͦͫͤͦ ͎͙͊ͪͣͦͤ;͎ͤͦͦ ͫͦ;͔͙ͭ͊ͤΎ ͙͡;ͤ·ͻ ͙ ͦ͋΅͔͍͔ͫͭͤͤ·ͻ ͙͔͔͍ͤͭͪͫͦΦ ˨͔͙͚ͭͫ͟ ͫ͊͒ 

͔͒ͦ͗ͤ͡ ͙ͫͯ͗ͭ͡Έ ͍ Ήͭͦͣ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͪ͊͋ͦͭ· ͎͙ͦͪ͊ͤͯ͘Ό΅͙ͣ ͼ͔ͤͭͪͦͣ ͙ ͍͙͡ΎͭΈ ͤ͊ ͒ͦͣ͊΄͔͔ͤ 

͍͙͙͔ͦͫͨͭ͊ͤΥ ζˤͦͨͪͦͫ ͦ ͔ͪ͊͋ͦͭ ͫ ͙͔ͪͦ͒ͭ͡Ύ͙ͣ - Ήͭͦ ͋ͦ͡Έ΄͚ͦ ͙ ͍͊͗ͤ·͚ ͍ͦͨͪͦͫΦ ́ͯͭ ͤ͊͒ͦ ͙͊͋ͦͭͭ͘ΈͫΎ ͦ͋ 

͍͔ͯͪͦͤ ͙͚ͤ͊ͤ͘ ͙ͫ͊ͣͻ ͙͔͔͚ͪͦ͒ͭ͡Σ ͦ ͨͦͣͦ΅͙ ͙ͣ ͍ ͔͔͒͡ ͍͙ͫ͊ͣͦͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͙͍͔ͨͪ͡;͔͙͔ͤ ͙ͻ ͟ ͔ͪ͊͋ͦͭ 

͔͎͒ͭͫͦͦ͟ ͫ͊͒͊η ώнϐΦ 

˾͊ͫͭͯ΅͙͚ ͙͔͔ͤͭͪͫ ͟ ͙͙ͨ͊ͭͪͦͭ;͔ͫͦͣͯ͟ ͍͙͙ͦͫͨͭ͊ͤΌ ͦ͋ΆΎͫͤΎ͔ͭͫΎ ͔ͭͣΣ ;ͭͦ ͎͙͔ͣͤͦ ͙͔͙ͪͦ͒ͭ͡ 

͔͔͊ͪ͊ͤ͘ ͊͒ͯͣ͘·͍͊ΌͭͫΎ ͦ ͋ͯ͒ͯ΅͔ͣ ͍͙ͫͦͻ ͔͔͚͒ͭΣ ͻͦͭΎͭ ͍͙͔͒ͭΈ ͙ͻ ͍ͦ͋ͪ͊ͦ͊ͤͤ͘·͙ͣΣ ͙͍ͭ͊͊ͤͭ͡͡·͙ͣΣ 

͙͍ͨͪΎ͊ͤͤ͘·͙ͣ ͟ ͚ͪͦ͒ͤͦ ͔͔ͣ͘͡Σ Ύ͘·ͯ͟Σ ͯ͟͡Έ͔ͭͯͪΣ ͙ͭͪ͊͒ͼ͙Ύͣ ͍͔͚ͫͦ ͫͭͪ͊ͤ·Φ ˤ͙ͦͫͨͭ͊ͭΈ ͙ͨ͊ͭͪͦͭ͊ ͍͔͚ͫͦ 

˾͙ͦ͒ͤ· ς ͦ ͍͔͍͔ͭͭͫͭͤͤ͊Ύ ͙ ͫͦ͗ͤ͊͡Ύ ͊͒͊͘;͊Σ ͔ͪ΄͔͙͔ͤ ͚ͦͭͦͪͦ͟ ͍ ͒ͦ΄ͦ͟͡Έͤͦͣ ͔͍͔͒ͭͫͭ ͭͦ͡Έͦ͟ ͤ͊;͙͔ͤ͊ͭͫΎΦ 

˽͎ͪͦͪ͊ͣͣ͊ ζ˻ͪ͡Ύͭ͊ ς ͒ͦ΄ͦ͟͡Ύͭ͊η ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͣ ͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘Σ ͊ ͎͙ͦͪ͊ͤ;ͤͦ 

͍͙͍͔ͫͭͪ͊͊ͭͫΎ ͍ ͍ͦͫͤͦͤͯΌ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡ΈͤͯΌ ͨ ͎ͪͦͪ͊ͣͣͯ ͔͎͒ͭͫͦͦ͟ ͫ͊͒͊Φ ˩͔ ͼ͔͡Έ ς ͍ ͔͔͔ͫͫͭͦͪͦͤͤ ͍͙͙͔ͪ͊ͭ͘ 

͙͡;͙ͤͦͫͭ ͔͔ͪ͋ͤ͊͟ ;͔͔ͪ͘ ͙͔ͫͫͭͣͯ ͔͙͍ͦͭͤ͟͟͡͡·ͻ ͍ͭͦͪ;͔͙ͫ͟ͻ ͔͒͡Σ ͍ͦͫͤͦ͊ͤͤ·ͻ ͤ͊ ͼ͔ͤͤͦͫͭΎͻ ͒ͪͯ͗͋·Σ 

͍͔͙ͯ͊͗ͤΎΣ ͡Ό͍͙͋ ͟ ˾͙͔ͦ͒ͤ ͙ ͍͙͊ͣͦͨͦͣͦ͘΅͙ ώоϐΦ 

˿͚ͭͪͯͭͯͪͤͦ͟ ͍͚ͦͫͤͦͦ ͎ͨͪͦͪ͊ͣͣ· Ύ͍͡ΎΌͭͫΎ ͔ͫͣΈ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ    ͔͍ͭͪͦ͟ ό͔͔͚ͫͭͯͨͤύΣ ͊͗͒͟·͚ 

͙͘ ͦͭͦͪ͟·ͻ ͔ͪ΄͔͊ͭ ͔ͦͤͪͭͤ͟͟·͔ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͊͒͊͘;͙Υ 

ζ˻͔ͪͤͦ͟͡ ς ̏ ͙ͪͯ͒ͭη ς ͪ ͍͙͙͔͊ͭ͘ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͻ ͔͚ͫͨͦͫͦ͋ͤͦͫͭΦ 

1. ζ˻͔ͪͤͦ͟͡ ς ̆ ͙͔ͪ͊ͤͭ͡Έη ς ͨ ͙͙͊ͭͪͦͭ;͔͔ͫͦ͟ ͍͙͙͔ͦͫͨͭ͊ͤΣ ͙ͯ͘;͔͙͔ͤ ͙͙͙ͫͭͦͪ ͙ ͯ͟͡Έͭͯͪ·Φ 

2.  ζ˻͔ͪͤͦ͟͡ ς ˸ ͔͊ͫͭͪη ς ͪ ͍͙͙͔͊ͭ͘ ͍ͭͦͪ;͔͙ͫ͟ͻ ͔͚ͫͨͦͫͦ͋ͤͦͫͭΦ 

3.  ζ˻͔ͪͤͦ͟͡ ς ˿ ͔ͨͦͪͭͫͣͤη ς ͅ ͙͙͘;͔͔ͫͦ͟ ͍͙͙͔ͪ͊ͭ͘ ͙ ͎ͨͪͦͨ͊͊ͤ͒͊ ˭˻ˬΦ 

4.  ζ˻͔ͪͤͦ͟͡ ς ˨͍͔ͦ͋ͪͦͦ͡ͼη ς ͍͙͙͔ͦͫͨͭ͊ͤ ͒ͦ͋ͪͦͭ·Σ ͦͭ͘·͍;͙͍͙ͦͫͭΣ ͫͦͼ͙͊͡Έ͚ͤͦ 

͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭΦ 

5. ζ˻͔ͪͤͦ͟͡ ς ˶ ͙͔͒ͪη ς ͪ ͍͙͙͔͊ͭ͘ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͍ͤ͊·͍ͦ͟ ͙  

6. ˮͤ ͙ͼ͙͙͍͙͊ͭͤͦͫͭΦ 

7. ζ˻͔ͪͤͦ͟͡ ς ̏ ͎ͦͦ͟͡η ς ͅ ͙͍͙͔ͦͪͣͪͦ͊ͤ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ·Φ 

˽͙͙͊ͭͪͦͭͣ͘ ͒͡Ύ ͒ͦ΄ͦ͟͡Έ͙ͤ͊͟ ς Ήͭͦ ͔ͤ ͔͊͋ͫͭͪ͊ͭͤͦ͟ ͨͦͤΎ͙͔ͭΣ ͊ ;͍͍ͯͫͭͦΣ ͪͦ͗͒͊Ό΅͔͔ͫΎ ͙͘ ͡Ό͍͙͋ 

͟ ͔ͫͣΈ͔Σ ͒ͦͣͯΣ ͪͦ͒ͤͦͣͯ ͪ͊͟ΌΦ  
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˽͎ͪͦͪ͊ͣͣ͊ ζ˻ͪ͡Ύͭ͊ ς ͒ ͦ΄ͦ͟͡Ύͭ͊η ͔͎͔ͨͪ͒͊͊ͭ͡ ͙͔ͫͫͭͣͤ·͚ ͨͦ͒ͻͦ͒ ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ Ή͎ͭͦͦ ;͍͍ͯͫͭ͊Υ 

˻ͭ ͙͎͋ͦͦ͘͟͡ ς ͟ ͔͒͊ͦͣͯ͟͡Υ ͔́ͪ͟ ζ˻͔ͪͤͦ͟͡ ς ͙͔̆ͪ͊ͤͭ͡Έη ͤ͊ͨͪΎͣͯΌ ͍ͫΎ͊ͤ͘ ͫ ͙͙ͨ͊ͭͪͦͭ;͔͙ͫͣ͟ 

͍͙͙͔ͦͫͨͭ͊ͤͣΦ ˨͔͙ͭ ͤ͊;͙ͤ͊Όͭ ͫ ͙ͯ͘;͔͙ͤΎ ͙͙͙ͫͭͦͪ ͍͔͚ͫͦ    ͔ͫͣΈ͙Σ ͫͦ͒͊͘Όͭ ζ͍͔ͪͦ͒ͦͦ ͔͍͒ͪͦηΣ ͔͊ͭͣ͘ 

ͤ͊ͦͣ͘͟ΎͭͫΎ ͫ ͙͙͔͚ͫͭͦͪ ͔͎͒ͭͫͦͦ͟ ͫ͊͒͊Σ ͍͔͎ͫͦͦ ͎ͦͪͦ͒͊Σ ͙Σ ͔ͤ͊ͦͤ͟ͼΣ ͙͍͙ͫͣͦ͊ͣ͡ ˾͙͙ͦͫͫΣ ͔͔ ͯ͟͡Έ͚ͭͯͪͦ ͙ 

͙ͭͪ͊͒ͼ͙Ύ͙ͣΦ 

˽͙͙͊ͭͪͦͭͣ͘ ͍͙ͦͫͨͭ·͍͔͊ͭͫΎ ͔ͤ ;͔͔ͪ͘ ͙͙ͤ͊͒͊ͤ͘ΎΣ ͊ ;͔͔ͪ͘ ͒ ͔Ύ͔ͭ͡ΈͤͦͫͭΈΦ ̂;͍͊ͫͭͯΎ ͍ ͊͟ͼ͙Ύͻ ͨ͊ͣΎ͙ͭΣ 

͍ͫͦ͒͊͊͘Ύ ͍͙͔ͨͦ͒ͪ͊ͭ͘͡Έͤ·͔ ͦͭͪ͟·͙ͭ͟ ͒͡Ύ ͍͔͔͍ͭͪ͊ͤͦΣ ͦͺͦͪͣ͡ΎΎ ͊͡Έ͋ͦͣ· ͦ ͪͦ͒ͤͦͣ ͎͔ͦͪͦ͒Σ ͔͙͒ͭ 

;͍͍ͯͫͭͯΌͭ ͍ͫͦΌ ͔ͪ͊͡ΈͤͯΌ ͙ͨͪ;͊ͫͭͤͦͫͭΈ ͟ ͙͙͗ͤ͘ ͍͔͚ͫͦ ͫͭͪ͊ͤ·Φ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ζͦͪ͡Ύ͙ͭͫ͟ͻη ͙ͭͪ͊͒ͼ͙͚ ς ͎ͪͯ͊͟Σ ͔͔ͨͫͤΣ ͙͍ͪͭͯ͊ͦ͡ ς ͔ͫͦ͒͊ͭ͘ ͦͫͦ͋ͯΌ 

Ήͣͦͼ͙ͦͤ͊͡ΈͤͯΌ ͊ͭͣͦͫͺ͔ͪͯ ͍͔͙͒ͦͪΎ ͙ ͍͙ͭͦ͊ͪ΅͔͍ͫͭ͊Σ ͦͭͦͪ͊͟Ύ Ύ͍͡Ύ͔ͭͫΎ ͙͔ͨͭ͊ͭ͡Έ͚ͤͦ ͔͚ͫͪ͒ͦ ͒͡Ύ 

͍͙͙ͦͫͨͭ͊ͤΎ ͡Ό͍͙͋ ͟ ζ͍͔͚ͫͦη ͦ͋΅͙ͤͦͫͭΣ ͊ ͍ ͔͔͙͍͔ͨͪͫͨͭ͟ ς ͙  ͟ ͋ͦ͡Έ΄͚ͦ ˾͙͔ͦ͒ͤΦ 

˻͚͒ͤͦ ͙͘ ͎͍͊ͤ͡·ͻ ͙ͫ͡Έͤ·ͻ ͫͭͦͪͦͤ ͎ͨͪͦͪ͊ͣͣ· Ύ͍͡Ύ͔ͭͫΎ ͔͔ ͣͦ΅ͤ·͚ ͔ͨͦͭͤͼ͙͊͡ ͒͡Ύ ͍͍͔ͦ͡;͔͙ͤΎ ͙ 

͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͔ͨͪͦͫ΅͔͙ͤΎ ͙͔͔͚ͪͦ͒ͭ͡Φ ˽͎ͪͦͪ͊ͣͣ͊ ͔͙͍͔ͨͪ͒ͯͫͣ͊ͭͪ͊ͭ ͍·͔͙͔ͨͦͤͤ͡ ͎͙ͣͤͦͻ ͙͚͊͒͊ͤ͘Σ 

Ήͭͦ ͙͔ͫͦ͒͊ͤ͘ ͔͔͚ͫͣͤ·ͻ ͔͍ͨͪͦͭͦ͟Σ ͊͡Έ͍͋ͦͣͦΣ ͎͍ͨͦ͒ͦͭͦ͊͟ ͟ ͙ͨͪ͊͒ͤ͊ͣ͘͟Φ ̏ͭͦ ͣΎ͎ͦ͟ ͙    ͔͍ͤͤ͊Ύ͘;͙͍ͦ 

͍ͤ͊ͨͪ͊͡Ύ͔ͭ ͍͙͙͔ͤͣ͊ͤ ͔ͫͣΈ͙ ͤ͊ ͍ͦͨͪͦͫ· ͙͙ͨ͊ͭͪͦͭ;͔͎ͫͦͦ͟ ͙ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎΣ ͍͊ͫͭ͊͘͡Ύ͔ͭ 

͍͔͔ͣͫͭ ͍͙ͫͨͦͣͤͭΈ ͔͔͚ͫͣͤͯΌ ͙͙ͫͭͦͪΌΦ 

˾͙͔͙ͦ͒ͭ͡ ͍͟͡Ό;͊ΌͭͫΎ ͍ ͨͪͦͼ͔ͫͫΣ ͔͔͍ͨͪͫͭ͊͊Ύ ͋·ͭΈ ͨͪͦͫͭͦ ͙͔ͪͭ͘͡Ύ͙ͣΦ ˻͙ͤ ͎ͨͦͣͦ͊Όͭ ͍ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙ Ή͙͚ͫͯͪͫ͟͟Σ ͍ͨͪͦͦ͒Ύͭ ͔ͣ͊ͫͭͪ-͊ͫͫ͟͡·Σ ͯ;͍͊ͫͭͯΌͭ ͍ ͙ͨͪ͊͒ͤ͊͘͟ͻ ζ˽͍ͦͫΎ΅͔͙ͤΎ ͍ ˻ͪ͡Ύͭ͊ηΦ 

͔͔̉ͪ͘ ͍͔ͫͦͣͫͭͤ·͔ ͔ͨͪͦͭ͟· ͙͔͙ͪͦ͒ͭ͡ ͤ͊ ͙͔ͨͪ͊ͭ͟͟ ͍͙͒ΎͭΣ ͙͔͊͟͟ ͔ͣͭͦ͒· ͙ ͺͦͪͣ· ͪ͊͋ͦͭ· Ήͺͺ͔͙͍ͭͤ͟· ͍ 

͍͙͙͙ͦͫͨͭ͊ͤ ͙͙ͨ͊ͭͪͦͭͣ͊͘Φ ˻͙ͤ ͯ;͊ͭͫΎ ͔ͤ ͨͪͦͫͭͦ ͪ͊ͫͫ͊͘͟·͍͊ͭΈ ͔͔ͪ͋ͤͯ͟ ͦ ˾͙͔ͦ͒ͤΣ ͊ ͍͍͔ͦ͊ͭ͟͡Έ ͔͎ͦ ͍ 

͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͔͒͊͡Σ ͔͙͒ͭ͡ΈͫΎ ͙͡;ͤ·ͣ ͦͨ·ͭͦͣ ͙ Ήͣͦͼ͙Ύ͙ͣΦ 

˽͎ͪͦͪ͊ͣͣ͊ ζ˻ͪ͡Ύͭ͊ ς ͒ͦ΄ͦ͟͡Ύͭ͊η ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͫͦͦ͋΅͔͍ͫͭ͊ ͔͔͚͒ͭΣ ͔͎͎͍ͨ͒͊ͦͦ ͙ 

͙͔͔͚ͪͦ͒ͭ͡Σ ͦ͋Ά͔͙͔͒ͤͤͤ·ͻ ͦ͋΅͙͙ͣ ͼ͔͡Ύ͙ͣ ͙    ͼ͔ͤͤͦͫͭΎ͙ͣΦ ̏ͭͦ ͔ͯͪͨ͟͡Ύ͔ͭ ͙ ͔͒ͭͫͦ͟-͙͔ͪͦ͒ͭ͡Έ͙͔ͫ͟ 

ͦͭͤͦ΄͔͙ͤΎΣ ͙ ͍ͫΎ͘Έ ͔ͫͣΈ͙ ͫ ͔͙͒ͭͫͣ͟ ͫ͊͒ͦͣΦ 

˾͔͙͊͊͘͡ͼ͙Ύ ͎ͨͪͦͪ͊ͣͣ· ͍ͨͦͦ͘͡Ύ͔ͭ ͨͦͯ͡;͙ͭΈ ͔ͦͣͨͫͤ͟͟͡·͚ Ήͺͺ͔ͭ͟Υ 

˨͡Ύ ͔͔ͪ͋ͤ͊͟Υ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍ͦͫͤͦ ͙͙ͨ͊ͭͪͦͭͣ͊͘Σ ͙͍͚͊ͭͤͦ͟ ͙͔͚͗ͤͤͤͦ͘ ͙ͨͦ͘ͼ͙͙Σ ͙ ͍͙͙͔ͪ͊ͭ͘ 

ͫͦͼ͙͊͡Έ͎ͤͦͦ ͙͔͔ͤͭͭ͊͟͡͡ ͙ ͍ͭͦͪ;͔͙ͫ͟ͻ ͔͚ͫͨͦͫͦ͋ͤͦͫͭΦ 

˨͡Ύ ͙͔͔͚ͪͦ͒ͭ͡Υ ͍ͨͦ·΄͔͙͔ͤ ͍ͯͪͦͤΎ ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ·Σ ͔͔͙͔ͯͪͨͤ͟͡ ͔͔͚ͫͣͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΣ 

͙͍͊ͭͤ͊͟Ύ ͙ ͦ ͫͦͤ͊ͤͤ͊͘Ύ ͙ͨͦ͘ͼ͙Ύ ͍ ͍͙͙͙ͦͫͨͭ͊ͤ ͔͔ͪ͋ͤ͊͟Φ 

˨͡Ύ ͔͎͎ͨ͒͊ͦ͊Υ ͨͦΎ͍͔͙͔ͤ͡ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙͔ͤͫͭͪͯͣͤͭ͊ ͒͡Ύ ͙͔͚ͫͫͭͣͤͦ ͪ͊͋ͦͭ·Σ ͔͔͙͔ͯͪͨͤ͟͡ 

͔͙ͨ͊ͪͭͤͪͫ͟ͻ ͦͭͤͦ΄͔͙͚ͤ ͫ ͔ͫͣΈΎ͙ͣ ͍͙͙͍ͦͫͨͭ͊ͤͤͦ͟Φ  

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͎ͨͪͦͪ͊ͣͣ͊ ζ˻ͪ͡Ύͭ͊ ς ͒ͦ΄ͦ͟͡Ύͭ͊η ς Ήͭͦ ͍͔͔ͫͦͪͣͤͤ·͚Σ ͙͔ͫͫͭͣͤ·͚ ͙ 

͍͔͔ͯ͊ͭ͟͡͡Έͤ·͚ ͒͡Ύ ͍͔ͫͻ ͯ;͙͍͊ͫͭͤͦ͟ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ ͔ͪͫͯͪͫΦ ˻ͤ͊ ͔ͤ ͭͦ͡Έͦ͟ ͔ͪ΄͔͊ͭ ͊͒͊͘;͙ 

͙͙ͨ͊ͭͪͦͭ;͔͎ͫͦͦ͟ ͍͙͙ͦͫͨͭ͊ͤΎ ͫͭ͊ͪ΄͙ͻ ͒ͦ΄ͦ͟͡Έ͙͍ͤͦ͟ ;͔͔ͪ͘ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͙ ͙͎ͪͯΣ ͤͦ ͙ ͙ͫͯ͗ͭ͡ 

͔͚͍͔͒ͫͭͤͤ·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͔ͨͪͦͫ΅͔͙ͤΎ ͙͔͔͚ͪͦ͒ͭ͡Σ ͦ͋Ά͔͙͒ͤΎΎ ͙͙ͯͫ͡Ύ ͔͎͒ͭͫͦͦ͟ ͫ͊͒͊ 

͙ ͔ͫͣΈ͙ ͍ ͍͔͚͊͗ͤ΄͔ͣ ͔͔͒͡ ς ͍ ͙͙͙ͦͫͨͭ͊ͤ ͎͙ͪ͊͗͒͊ͤͤ͊ ͙ ͙ͨ͊ͭͪͦͭ͊ ͍͔͚ͫͦ ͫͭͪ͊ͤ·Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˭͊ͦͤ͟ ͦ͋ ˻͍͙͙͋ͪ͊ͦ͊ͤ͘ ͍ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ ͦͭ нфΦмнΦнлмн͎Φ Ѕ нто-̅˭Σ ͍ ͔ͪ͒Φ ͦͭ нфΦмнΦнлнн͎Φ ͍ 

͔ͪ͒Φ ͦͭ нрΦмнΦнлно͎Φ 

нΦ ˴ͪͯͨͫ͊͟Ύ ˹Φ˴Φ ζ˨ͦ΄ͦ͟͡Έ͔ͤͦ ͍͙͙͔ͦͫͨͭ͊ͤΦ ˤͦͨͪͦͫ· ͔͔͚͎ͫͣͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ ͙ ͋·ͭ͊ηΣ ˸ΦΥ ζ˨͙͔ͪͭ͟-

˸͔͙͒͊ηΣ нлмп͎Φ  

оΦ ˸͔͙ͭͦ͒;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͍͙͙ͪ͊ͭ͘Ό ͫͦͼ͙͊͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ͔͔͚͒ͭ ͫͭ͊ͪ΄͔͎ͦ ͒ͦ΄ͦ͟͡Έ͎ͤͦͦ 

͍ͦͪ͊ͫͭ͊͘ ͍ ͪ͊ͣ͊͟ͻ ͎ͨͪͦͪ͊ͣͣ· ζ˻ͪ͡Ύͭ͊ ˾͙͙ͦͫͫηΣ ͨͦ͒ ͦ͋΅͔͚ ͔ͪ͒͊͟ͼ͙͔͚ ˢΦ ˤΦ ˨͔͗ͯͫ͊Σ нлнп ͎Φ 

пΦ ͔͔̅͒ͪ͊͡Έͤ·͚ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͚ ͫͭ͊ͤ͒͊ͪͭ ͒ͦ΄ͦ͟͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ 

͔͎͙͙͍͊ͪͫͭͪͪͦ͊ͤ͘ ͍ ˸͙ͤΌ͔ͫͭ ˾͙͙ͦͫͫ мпΦммΦнлмо ЅолоупΦ 

ϭx ͎͙ͯͪͣ͊ͤ͊ ˤΦ˾Φ, 2025 
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̂˨˴ от                                                                                                   

˨ͦ͋ͤ͡Ύ ͙̑͡Ύ ˢ͔͍ͫ͊ͤ͒ͪͦͤ͊͟͡ 

˸͙ͯͤͼ͙ͨ͊͡Έ͔ͤͦ ͋Ό͔͔͒͗ͭͤͦ ͦ͋΅͔͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͔ͤͦ ͯ;͔͔͙͔ͪ͗͒ͤ  

ζ˿͔ͪ͒ͤΎΎ ͦ͋΅͔͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ΄ͦ͊͟͡ Ѕ мсη ͎Φ ˣ͔͎ͦͪͦ͒͊͡ 

˻͍ͫͭ͊ͨͦ͊ ˤ͔͙͊ͤͭͤ͊͡ ˢͤ͊ͭͦ͡Έ͔͍ͤ͊ 

˸͙ͯͤͼ͙ͨ͊͡Έ͔ͤͦ ͋Ό͔͔͒͗ͭͤͦ ͦ͋΅͔͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͔ͤͦ ͯ;͔͔͙͔ͪ͗͒ͤ 

 ζ˿͔ͪ͒ͤΎΎ ͦ͋΅͔͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ΄ͦ͊͟͡ Ѕ мсη ͎Φ ˣ͔͎ͦͪͦ͒͊͡  

˾Ύ͙͒ͤͫ͊͟Ύ ˸͙͊ͪͤ͊ ˢ͔͍ͫ͊ͤ͒ͪͦͤ͊͟͡ 

˸͙ͯͤͼ͙ͨ͊͡Έ͔ͤͦ ͋Ό͔͔͒͗ͭͤͦ ͦ͋΅͔͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͔ͤͦ ͯ;͔͔͙͔ͪ͗͒ͤ  

ζ˿͔ͪ͒ͤΎΎ ͦ͋΅͔͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ΄ͦ͊͟͡ Ѕ мсη ͎Φ ˣ͔͎ͦͪͦ͒͊͡ 

˿͍ͭ͊ͪͦ͟ ˢ͔͔͚ͫ͟͡ ˹͙͔͍͙ͦ͊͟͡; 

˸͙ͯͤͼ͙ͨ͊͡Έ͔ͤͦ ͋Ό͔͔͒͗ͭͤͦ ͦ͋΅͔͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͔ͤͦ ͯ;͔͔͙͔ͪ͗͒ͤ 

 ζ˿͔ͪ͒ͤΎΎ ͦ͋΅͔͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ΄ͦ͊͟͡ Ѕ мсη ͎Φ ˣ͔͎ͦͪͦ͒͊͡ 

͎Φ ˣ͔͎ͦͪͦ͒͡Σ ˾̅ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͍͚ͫͭ͊ͪͭͦͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤͦͣ 

ͨͪͦͼ͔͔ͫͫΤ ͍ ͔͚ͤ ͒͊ΌͭͫΎ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͒͡Ύ ͪ͊͋ͦͭ· ͫ ͦ͋ͯ;͊Ό΅͙͙ͣͫΎ ͨͦ ͔͔ ͙͎ͭͦ͊ͣΦ ˤ ͫͭ͊ͭΈ͔ ͎͍͙ͦͦͪͭͫΎ 

ͦ͋ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͙͔͔ͫͫͭͣ ͦͤͭͪͦ͟͡ΎΣ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͦͼ͔͙ͤ͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͦ͋ͯ;͊Ό΅͙ͻͫΎΤ ͪ͊ͫͪ͟·͍͊ΌͭͫΎ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͔͙ͪͭͪ͊͟͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊ ͟ ͙͙ͦͨͫ͊ͤΌ ͙͔͙͒ͦͫͭ͗ͤΎ ͙͔ͨ͊ͤͪͯͣ͡·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͫͭ ͍͊ͪͭͦ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͙͔͙͔͒ͦͫͭ͗ͤ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΣ ͙͔ͫͫͭͣ͊ ͦͤͭͪͦ͟͡ΎΣ  

͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͦͼ͔͙ͤ͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͦ͋ͯ;͊Ό΅͙ͻͫΎΣ ͙͔͙ͪͭͪ͊͟͡Έͤ·͚ ͨͦ͒ͻͦ͒Φ 
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USE OF START-UP DIAGNOSTICS RESULTS IN THE EDUCATIONAL PROCESS 

 

Abstract 

The article is devoted to the use of start-up diagnostics results in the educational process and contains 

recommendations for working with students based on its results. The article discusses an effective system of 

monitoring, diagnostics and evaluation of students' learning results, reveals the features of the criterion 

approach 
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ˤ͙ͤͯͭͪ΄ͦ͟͡Έ͔ͤͦ ͦͼ͔͙͍͙͔ͤ͊ͤ ͔͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍·Ύ͍͔͙ͤ͡Ύ ͔͔͙ͫͭͨͤ ͍͔͍͙ͫͦͦͭͭͫͭΎ ͎͍͙ͨͦ͒ͦͭͦ͟ 

ͦ͋ͯ;͊Ό΅͙ͻͫΎ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ ̅˥˻˿ ˻˻˻ ͙ ̅˻˽ ˻˻˻Τ ͪ͊ͫͪ͟·͍͊ͭΈ ͯ;͔͋ͤ·͔ ͔͙͊ͭͪͯ͒ͤͤ͘Ύ ΄ͦ͟͡Έ͙͍ͤͦ͟Σ 

͍·Ύ͍͡ΎͭΈ ͙ͻ ͙ͨͪ;͙ͤ·Φ ˹͊ ͍͔ͦͫͤͦ Ή͎ͭͦͦ ͊͗͒͟·͚ ͯ;͙͔ͭ͡Έ ͔ͣͦ͗ͭ ͔͔ͦͨͪ͒͡ΎͭΈ ͔ͣͭͦ͒· ͙͍͙͒͊͟͡ͼ͙͙ Ή͙ͭͻ 

͔͙͚͊ͭͪͯ͒ͤͤ͘Τ ͙͙͍ͫͭͣͯͪͦ͊ͭ͡Έ ͯ;͊΅͙ͻͫΎ ͟ ͔ͨ͊ͤͦͣͪͤͦͣͯ͡ ͯ;͔͋ͤͦͣͯ ͭͪͯ͒ͯΤ ͍͔ͦͨͦ΅͊ͭΈ ͙͔͔͚ͪͦ͒ͭ͡ ͦ͋ 

͔ͯͫͨͻ͊ͻΣ ͭͪͯ͒ͤͦͫͭΎͻΣ ͦͫͦ͋·ͻ ͫͨͦͫͦ͋ͤͦͫͭΎͻ ͦ͋ͯ;͊Ό΅͔͎ͦͫΎΦ  

˴͔ͦͣͨͫͤ͟͡·͚ ͨͦ͒ͻͦ͒ ͟ ͦͼ͔͙͍͙ͤ͊ͤΌ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍ͦ ͍͙͍͊ͣͦͫ͘Ύ͙͘ ͔͎ͦ 

ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͻ ͍͙͍͒ͦ ͙ ͺͦͪͣΦ ˻͙͒ͤͣ ͙͘ ͍͙͍͒ͦ ͍͙ͤͯͭͪ΄ͦ͟͡Έ͎ͤͦͦ ͦͼ͔͙͍͙ͤ͊ͤΎ ͔͔ͨͪ͒ͣͭͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 

͍͔͙ͦͫͦͤΎ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͎ͨͪͦͪ͊ͣͣ Ύ͍͡Ύ͔ͭͫΎ ͍ͫͭ͊ͪͭͦ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͍͔ͤ͊ͨͪ͊ͤͤ͊͡Ύ ͤ͊ ͦͼ͔ͤͯ͟ ͦ͋΅͔͚ 

͎͍͙ͦͭͦͤͦͫͭ ͦ͋ͯ;͊Ό΅͙ͻͫΎ ͟ ͦ͋ͯ;͔͙ͤΌ ͤ͊ ͒͊ͤͤͦͣ ͍͔ͯͪͦͤ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ 

˿͍ͭ͊ͪͭͦ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͍͙ͨͪͦͦ͒ͭͫΎ ͙͙͊͒ͣͤͫͭͪ͊ͼ͙͔͚ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͫ ͼ͔͡ΈΌ 

ͦͼ͔͙ͤ͟ ͎͍͙ͦͭͦͤͦͫͭ ͟ ͦ͋ͯ;͔͙ͤΌ ͤ͊ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣ ͍͔ͯͪͦͤ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ ͍·͔ͫͭͯͨ͊ͭ ͊͟͟ ͍ͦͫͤͦ͊ όͭͦ;͊͟ 

ͦͭͫ;͔ͭ͊ύ ͒͡Ύ ͦͼ͔͙ͤ͟ ͙͙͙͒ͤ͊ͣ͟ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͙͔͙͚͒ͦͫͭ͗ͤ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ 

˹͊ ͍͔ͯͪͦͤ ͤ͊;͊͡Έ͎ͤͦͦ ͦ͋΅͔͎ͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ͫͭ͊ͪͭͦ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͍͙ͨͪͦͦ͒ͭͫΎ ͍ м ͔͊ͫͫ͟͡ ͫ ͼ͔͡ΈΌ 

͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͍ͯͪͦͤΎ ͎͍͙ͦͭͦͤͦͫͭ ͔͍͙͍ͨͪͦ͊ͫͫͤͦ͟͟͡ ͟ ΄͔ͦ͟͡Φ  

˹͊ ͍͔ͯͪͦͤ ͍͎ͦͫͤͦͤͦͦ ͦ͋΅͔͎ͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ͫͭ͊ͪͭͦ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͍͙ͨͪͦͦ͒ͭͫΎ ͍ ͔͍ͨͪ·͚ ͎ͦ͒ 

͙ͯ͘;͔͙ͤΎ ͔͔ͨͪ͒ͣͭ͊ ͤ͊ ͍͔ͯͪͦͤ ͦ͋ͯ;͔͙ͤΎΥ ͍ р ͔͊ͫͫ͟͡ ς ͨͦ ͍͔ͫͣ ͔͔ͨͪ͒ͣͭ͊ͣ ͯ;͔͎͋ͤͦͦ ͨ͊ͤ͊͡Σ ͍ с ͔͊ͫͫ͟͡ π 

ͨͦ ͦ͋΅͔͍͙ͫͭͦͤ͊ͤ͘ΌΣ ͍ т ͔͊ͫͫ͟͡ ς ͨ ͦ ͺ͙͙͔͘͟ ͙ ͙ͤͺ͙͔ͦͪͣ͊ͭ͟Σ ͍ у ͔͊ͫͫ͟͡ ς ͨ ͦ ͻ͙͙͙ͣΣ ˻ˣˬΦ ˹͊ ͍͔ͯͪͦͤ 

͔͔͎ͫͪ͒ͤͦ ͦ͋΅͔͎ͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ͫͭ͊ͪͭͦ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͍͙ͨͪͦͦ͒ͭͫΎ ͍ мл ͔͊ͫͫ͟͡Φ 

˽ͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ͍͚ͫͭ͊ͪͭͦͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͔͔͒͊ͭͫ͡Ύ ͊͘͟͡Ό;͔͙͔ͤ ͊ͫͫͤ͟͡·ͣ ͍͙͔͔ͪͯͦͦ͒ͭͣ͟͡Υ 

- ͫͭ͊ͭͯͫ ζ͎ ͍ͦͭͦη ͦͨ ͔͔ͪ͒͡Ύ͔ͭͫΎ ͊ͫͫͤ͟͡·ͣ ͍͙͔͔ͪͯͦͦ͒ͭͣ͟͡Σ ͔͙ͫ͡ ͨͦ ͍͔ͫͣ ͎ͪ͊ͺ͊ͣ ͙ͫͭͦͭ ͔ͦͭͣͭ͊͟ ζҌηΤ 

- ͫͭ͊ͭͯͫ ζ͎ ͍ͦͭͦ ͫ ͔͔ͪͦͣͤ͒͊͟ͼ͙Ύ͙ͣη ς ͔͙ͫ͡ ͔ͫͭΈ ͻͦͭΎ ͋· ͍ ͚ͦ͒ͤͦ ͎ͪ͊ͺ͔ ͙ͫͭͦͭ ζπηΦ ˽ͦ ͒͊ͤͤͦͣͯ 

͔͔ͨͪ͒ͣͭͯ ͙͙͡ ͯͪͫͯ͟ ͺ͙ͦͪͣͯͪͯ͡ΌͭͫΎ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ό͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͊ͤ͘Ύ͙͚ͭύΤ 

- ͫͭ͊ͭͯͫ ζͤ ͔ ͎͍ͦͭͦη ς ͔͙ͫ͡ ͨͦ ͍͔ͫͣ ͎ͪ͊ͺ͊ͣ ͔ͦͭͣͭ͊͟ ζπηΦ 

˾͔ͯ͘͡Έͭ͊ͭ· ͍͚ͫͭ͊ͪͭͦͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͤͦͫΎͭ ͔ͤ ͦͼ͔ͤͦ;ͤ·͚Σ ͊ ͙͎͙͒͊ͤͦͫͭ;͔͙͚ͫ͟ ͻ͔͊ͪ͊ͭͪ͟ ͙ ͍ͨͦͦ͘͡ΎΌͭ 

ͯ;͙͔ͭ͡ΌΥ  

ς ͔͙͍ͫͦͪͪͭͪͦ͊ͭ͟͟Έ ͙ ͙͍͊͒͊ͨͭͪͦ͊ͭΈ ͺͦͪͣ·Σ ͔ͣͭͦ͒· ͙ ͙͔ͨͪͣ· ͦ͋ͯ;͔͙ͤΎ ͙͔͙͔ͨͪͣͤͭ͡Έͤͦ ͟ 

͔ͦͤͪͭͤͦͣͯ͟͟ ͊ͫͫͯ͟͡ ͙͙͡ ͔ͦͭ͒͡Έͤ·ͣ ͦ͋ͯ;͊Ό΅͙ͣͫΎΤ  

ς ͙͍ͫͨ͊ͤͪͦ͊ͭ͡Έ ͙͙͍͙ͤ͒͒ͯ͊͡ΈͤͯΌ ͔͎͎͙ͨ͒͊ͦ;͔ͫͯ͟Ό ͪ͊͋ͦͭͯΤ ͍·Ύ͍͙ͭΈ ͔ͨͦͭͤͼ͙͊͡Έͤͦ ͔ͦ͒͊ͪͤͤ·ͻ 

͔͔͚͒ͭΣ ͊ ͔ͭ͊͗͟ ͔͔͚͒ͭΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͙ͫͨ·ͭ·͍͊ͭΈ ͙ͭͪͯ͒ͤͦͫͭ ͍ ͍͔͙͙ͦͫͦͤ ͯͪͫ͊͟ ͙͎͙͙͋ͦͦ͡Τ  

 ς ͫ ͦ͒͊ͭ͘Έ Ήͣͦͼ͙ͦͤ͊͡Έͤͦ ͎͙͋͊ͦͨͪ͡ΎͭͤͯΌ ͙ͨͫͻ͎͙ͦͦ͡;͔ͫͯ͟Ό ͔ͫͪ͒ͯΤ  

ς ͨͦͯ͡;͙ͭΈ ͦͤͫͯ͟͡Έͭ͊ͼ͙͙ ͯ ͯ;͙͔͔͚ͭ͡ ͤ͊;͊͡Έͤ·ͻ ͍͊ͫͫͦ͟͡Σ ͔͎͎͍ͨ͒͊ͦͦ-͙ͨͫͻ͎͍ͦͦͦ͡Σ ͙͔͔͚ͪͦ͒ͭ͡Σ 

͊ͫ͊͟Ό΅͙͔ͫΎ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͔ͦͭ͒͡Έͤ·ͻ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ 

ˮͫͻͦ͒Ύ ͙͘ ͍·΄͔͙͔͎ͦ͗ͤͤͦͦ͘͡Σ ͣͦ͗ͤͦ ͒͊ͭΈ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͒͡Ύ ͒͊͡Έ͔͚ͤ΄͔͚ ͪ͊͋ͦͭ· ͫ 

ͦ͋ͯ;͊Ό΅͙͙ͣͫΎΥ 

- ͙͙ͨͪͤͣ͊ͭΈ ͍ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͦͤͪͭͤ͟͟·͔ ͙͡;ͤͦͫͭͤ·͔ ͙ͨͪ;͙ͤ· ͚ͫ͊͋ͦ͡ ͔͍͔͙ͯͫͨ͊ͣͦͫͭΣ ͺ͊ͭͦͪ͟· 

͙ ͍͙ͯͫͦ͡Ύ ͨͪͦͼ͔ͫͫ͊ ͦ͋ͯ;͔͙ͤΎΤ 

- ͤ͊ ͔͎ͪͯ͡Ύ͚ͪͤͦ ͍͔ͦͫͤͦ ͍͔͙ͫͭ ͍ͪ͊ͤͦͨ͊ͤͦͯ͘͡Ό ͪ͊͋ͦͭͯ ͫ ͦͭͫͭ͊Ό΅͙͙ͣ ͙ ΄ͦ͟͡Έ͙͙ͤ͊ͣ͟ ζ͎ͪͯͨͨ· 

͙ͪͫ͊͟η - ͙ ͙͍͙ͤ͒͒ͯ͊͡ΈͤͯΌΣ ͎͍ͪͯͨͨͦͯΌΣ ͦ͋΅͔͊ͫͫͤͯ͟͡ΌΤ 

- ͙ͨͪ ͔ͦͨͪͦͫ ͔͍ͫ͊͋ͦͯͫͨ͊͡Ό΅͙ͣ ͯ;͊΅͙ͣͫΎ ͣͦ͗ͤͦ ͒͊ͭΈ ͙͔ͨͪͣͪͤ·͚ ͨ͊ͤ͡ ͍͔ͦͭͭ͊Σ ͔ͪ͊ͪ͘΄͙ͭΈ 

ͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͨ͊ͤͦͣ͡Σ ͍͔ͫͦͫͭ͊ͤͤ͡·ͣ ͒ͦͣ͊Σ ͋ͦ͡Έ΄͔ ͍͔͔͙ͪͣͤ ͎͍͙ͦͭͦͭΈͫΎ ͟ ͍͔ͦͭͭͯ ͯ ͙͒ͦͫ͟Σ ͔͒͊ͭ͡Έ 

͔͍͙͔ͨͪ͒͊ͪͭ͡Έͤ·͔ ͙͙͊ͨͫ͘Σ ͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͎ͤ͊͡Ύ͒ͤ·͙ͣ ͙ͨͦͫͦ͋Ύ͙ͣΤ 

- ͯ;͔͙ͤ͊ͣ͟ ͊͒͊͘ΌͭͫΎ ͍ͤ͊ͦ͒Ύ΅͙͔ ͍ͦͨͪͦͫ·Σ ͦͭͦͪ͟·͔ ͎ͨͦͣͦ͊Όͭ ͎͙ͦ͡;͔͙ͫ͟ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤͦ͟ 

͙͎͊͊ͭ͘͡Έ ͔͙ͣ͊ͭͪ͊͡Τ  
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- ͔͔ͦ͋ͫͨ;͙͍͊ͭΈ ͊ͭͣͦͫͺ͔ͪͯ ͎͔͔͋͊ͦ͗͊ͭ͡͡͡Έ͙ͤͦͫͭ ͍ ͻ͔ͦ͒ ͦͨͪͦͫ͊ ͙ ͙ͨͪ ͦͼ͔͔ͤ͟ ͔͎ͦ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΤ 

- ͔ͫͦͫͪ͒ͦͭͦ;͙͍͊ͭΈ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͫ͊ͣ·ͻ ͍͊͗ͤ·ͻ ͙ ͫͦ͗ͤ͡·ͻ ͔ͪ͊͒͊͘͡ͻ ͙͍͔͚ͪ͊ͫͫͣ͊ͭͪ͊ͣͦ ͔ͭͣ·Τ 

- ͒͊ΌͭͫΎ ͔͙ͯͨͪ͊͗ͤͤΎΣ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ  ͊ͯ ͔͙͔ͫͭͪ͊ͤͤ ͦ ΄͙͋ͦ͟Σ  

- ͔͒ͦͨͯͫ͊ͣ͟·ͻ ͯ;͊΅͙͙ͣͫΎ ͨ ͙ͪ ͦ ͍͔ͭͭ͊ͻ ͙ ͙͡ ͍  ͨ ͙ͫΈ͔ͣͤͤ·ͻ ͪ ͊͋ͦͭ͊ͻΤ  

- ͍͔ͨͪͦͪͦ;ͤ·͔ ͪ͊͋ͦͭ· ͍͙ͨͪͦͦ͒ͭΈ ͍ ͔ͭͪͻ ͍ͯͪͦͤΎͻ ͙ͫͦ͗ͤͦͫͭ͡Τ 

- ͒ͦͣ͊΄͔͔ͤ ͙͔͊͒͊ͤ͘ ͒͡Ύ ͔͍ͫ͊͋ͦͯͫͨ͊͡Ό΅͙ͻ ͯ;͔͙͍ͤͦ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙ͨͦ͒͋ͪ͊ͭΈ ͤ͊ 

ͦͫͣ·͔͙͔ͫͤ͡ ͙ ͙͔ͦͫͦͤ͊ͤ͘ ͦ΄͙͋ͦ͟Υ ͍͙ͨͪͦͦ͒ͭΈ ͙ͤͫͭͪͯͭ͊͗͟ ͦ ͨͦͪΎ͔͒͟ ͍·͔͙ͨͦͤͤ͡Ύ ͒ͦͣ͊΄͔͚ͤ ͪ͊͋ͦͭ·Τ 

- ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ ͎ͪΣ ͍ ͙͙ͭͦͪͤ͟Σ ͟ ͍ͦͤͯͪͫͦ͟Τ  

- ͍͙͍ͪ͊͊ͭ͘Έ ͭ ͍ͦͪ;͔͍ͫͭͦ ͙  ͒ ͔Ύ͔ͭ͡ΈͤͦͫͭͤͯΌ ͫ ͍ͦͫͭ͊͡ΎΌ΅ͯΌ ͍  ͦ ͋ͯ;͔͙͙ͤΦ  

˽͔͙ͪ͒ͦ͗ͭ͡Έ ͯ;͊΅͙ͣͫΎ ͙ͫ͊ͣͣ ͍͙ͫͦͫͭ͊ͭΈ ͙͔͊͒͊ͤ͘ ͨ ͦ ͙ͭͨͯΥ ζ͚͙ͤ͊͒ ͙͡΄͔͔ͤηΣ ζ͚͙ͤ͊͒ 

͍͔͍͙͔ͫͦͦͭͭͫͭη ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͤ ͔͊ͯͪͦ͟Φ ˹ ͊͒ͦͣ ͣͦ͗ͤͦ ͒͊ͭΈ ͙͔͊͒͊ͤ͘ ͍͙ͫͦͫͭ͊ͭΈ ͍ͪͦͫͫͦͪ͒͟Σ ͔ͫ͒͊ͭ͡Έ 

ͦͪͦͭͯ͟͟Ό ͨ ͔͔ͪͤͭ͊͘ͼ͙Ό ͨ  ͦͦ ͔͔͖ͨͪ͒ͤͤͦͣͯ͡ ͨ ͊ͤͯ͡Φ 

˾͊ͤͦͦ͋ͪ͊ͤ͘͘·͔ ͺͦͪͣ· ͎͍͚ͪͯͨͨͦͦ ͪ͊͋ͦͭ·Φ ˮͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͪ͊͋ͦͭ͊  ͍ͨ͊ͪ͊ͻΣ ͎ͪͯͨͨ͊ͻΣ ͙͔ͤ͊ͨͪͣͪ ς 

͍͙͊ͣͦͦͤͭͪͦ͘͟͡ΈΣ ͎ͦ͒͊͟ ͦ͋ͯ;͊Ό΅͙͔ͫΎ ͍͔ͨͪͦͪΎΌͭ ͪ͊͋ͦͭͯ ͎͒ͪͯ  ͎ͯ͒ͪͯ͊  ͙͍ͫͭ͊Ύͭ ͦͼ͔ͤͯ͟Φ ˭͔͒ͫΈ ͔ͫͭΈ 

͍ͦͣͦ͗ͤͦͫͭ͘Έ ͋ ͔͔ͦ͡ ͫ ͙͡Έͤͦͣͯ ͯ ;͔͙ͤͯ͟ ͨ ͦͣͦ;Έ ͋ ͔͔ͦ͡ ͫ ͊͋ͦͣͯ͡Φ 

̂;͔͙ͤͯ͟Σ ͦͭͦͪ͟·͚ ͤ ͔͎͍͙ͨͦ͒ͦͭͦͫ͡Ύ  ͯͪͦͯ͟͟  ͙ͨͦͯ͡;͙͡ ͔͍͔͍͙͔ͤͯ͒ͦͭͦͪͭ͡͡ΈͤͯΌ ͼ͔ͦͤͯ͟Σ ͍͔͎ͫ͒͊ 

ͣͦ͗ͤͦ ͒͊ͭΈ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔ ͖ ͙͍͙ͫͨͪ͊ͭΈΦ ̂;͔͙͙͋ͤ͟Σ ͫͦ͒͊ͤͤ͘·͔ ͨ ͦ ͙͍ͤͦͪͣ͊ͭ͊ͣ ̅˥˻˿ ͔͔͎ͨͦͫ͒ͤͦ͡ 

͔͙ͨͦͦͤ͟͡ΎΣ ͔͎ͨͪ͒͊͊͡Όͭ ͯ;͔͙ͤͯ͟ ͫ͊ͣ·͔ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͔ ͙͊͒͊ͤ͘ΎΦ ˻͙ͤ ͙ͦͭ͡;͊ΌͭͫΎ ͔ͭͣΣ ;ͭͦ ͒͡Ύ ͍͔ͦͭͭ͊ 

ͤͯ͗ͤͦ ͤ ͔ ͨͪͦͼ͙͙͍ͭͪͦ͊ͭΈ ͎ͨ͊ͪ͊ͪ͊ͺΣ  ͊ ͦͫͣ·͙ͫͭ͡Έ ͔͎ͦ ͔͙ͣ͊ͭͪ͊͡Σ  ͊ ͔ͭ͊͗͟ ͍͙ͫͦͨͦͫͭ͊ͭΈ ͍ͤͦ·͚ 

͔͙ͣ͊ͭͪ͊͡ ͫ  ͪ ͔͔͊ͤ ͙ ͯ͘;͔ͤͤ·ͣΦ 

˨͙͔͙͔ͦͫͭ͗ͤ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͔͍ͤͦͣͦ͗ͤͦ͘ ͔͋͘ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͙͔ͫͫͭͣ· ͦͤͭͪͦ͟͡ΎΣ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͦͼ͔͙ͤ͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ ˻ͫͦ͋ͯΌ ͍͊͗ͤͦͫͭΈ ͙͎͔ͪ͊ͭ ͔ͭͯ͟΅͙͚ ͦͤͭͪͦ͟͡Έ ͙͚ͤ͊ͤ͘Σ 

͔͙͚ͯͣͤΣ ͍ͫͨͦͫͦ͋ͦ ͔͚͍͙͚͒ͫͭΦ ˻ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͯ;͙͔ͭ͡Ό ͍͔͍͔͔ͫͦͪͣͤͤͦ ͙ ͔͎ͪͯ͡Ύͪͤͦ ͨͦͯ͡;͊ͭΈ ͦ͋ͪ͊ͭͤͯΌ 

͍ͫΎ͘Έ ͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ͻΣ ͙͔͙͒ͦͫͭ͗ͤΎͻΣ ͙͙͡Σ ͤ͊ͦ͋ͦͪͦͭΣ ͦ ͔ͨͪͦ͋ͣ͊͡ͻ ͍͔͙ͯͫͦͤΎ ͔ͭͻ ͙͙͡ ͙ͤ·ͻ ͔͍ͪ͊͒ͦ͘͡ ͙ ͔ͭͣΦ 

̏ͭͦ ͔͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͯ;͙͔ͭ͡Ό ͦͼ͔͙͍ͤ͊ͭΈ ͙͙͒ͤ͊ͣͯ͟ ͙͔͙͒ͦͫͭ͗ͤΎ ͔͔ͨͪ͒ͣͭͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙ ͙ͨͪ 

͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͔͙͍ͦͪͪͭͪͦ͊ͭ͟͟Έ ͍͙͒· ͙ ͺͦͪͣ· ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͒ ͔Ύ͔ͭ͡Έ͙ͤͦͫͭ ͫ ͼ͔͡ΈΌ ͦͭ͋ͦͪ͊ ͙͔͔ͤ͊͋ͦ͡ 

Ήͺͺ͔͙͍ͭͤ͟·ͻ ͙ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤ·ͻ ͔͙ͣͭͦ͒͟ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͍ͨͦͦ͘͡ΎΌ΅͙ͻ ͔ͯͫͨ΄ͤͦ ͙͎͒ͦͫͭ͊ͭΈ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 

ͦ͋ͯ;͔͙ͤΎΦ ˤ ͯ;͔͋ͤͦͣ ͨͪͦͼ͔͔ͫͫ ͔ͭͯ͟΅͙͚ ͦͤͭͪͦ͟͡Έ ͍·ͨͦͤ͡Ύ͔ͭ ͔ͫ͒ͯ͡Ό΅͙͔ ͺͯͤ͟ͼ͙͙Υ ͨͦͯ͡;͔͙͔ͤ 

ͯ;͙͔͔ͭͣ͡ ͚ͦ͋ͪ͊ͭͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ͦ ͙͙͙ͨͦͤͣ͊ͤ ͙ͯ͘;͔͎͊ͣͦͦ ͔͙ͣ͊ͭͪ͊͊͡Τ ͎͍ͨͦ͒ͦͭͦ͊͟ ͟ ͍͔͙ͯͫͦͤΌ ͍͎ͤͦͦͦ 

͔͙ͣ͊ͭͪ͊͊͡Τ ͎͔͙͔ͯͯ͋ͤ͡͡ ͙ ͍͙͙͔ͪ͊ͭ͘ ͙͚ͤ͊ͤ͘Τ ͍·Ύ͍͔͙͔ͤ͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͦ͋ͯ;͔͙ͤΎΦ ͙̅ͦͪͣ͊ͣ ͔ͭͯ͟΅͔͎ͦ 

ͦͼ͔͙͍͙ͤ͊ͤΎ ͎ͣͦͯͭ ͋·ͭΈΥ  

- ͙͔ͫͫͭͣ͊ ͯͫͭͤ·ͻ ͍͍ͦͨͪͦͫͦΣ ͔͙͚ͯͨͪ͊͗ͤͤΤ  

- ͙͊͒͊ͤ͘Ύ ͙ͪ͊͘͡;͚ͤͦ ͙͎͙͙ͭͨͦͦ͡ ͙ ͔͔͙ͫͭͨͤ ͙ͫͦ͗ͤͦͫͭ͡ ͒͡Ύ ͦͼ͔͙ͤ͟ ͍͔͙ͯͫͦͤΎ ͔ͦͭ͒͡Έͤ·ͻ 

Ή͔͔͍ͣͤͭͦ͡ ͔͙ͫͦ͒ͪ͗͊ͤΎ ͔͚ͦͤͪͭͤͦ͟͟ ͔ͭͣ·Τ  

- ͍͔͔ͪ͊ͭͦͪͣͤͤ͟͟·͔ ͙ͨͫΈ͔ͣͤͤ·͔ ͪ͊͋ͦͭ· ͨͦ ͙͎ͭͦ͊ͣ ͙ͯ͘;͔͙ͤΎ ͔ͦͭ͒͡Έ͚ͤͦ ͔ͭͣ·Τ 

͙͎͙͋ͦͦ͡;͔͙͚ͫ͟ ͙͒ͭ͊ͤͭ͟ ͙ ͒ͪΦ  

ˤ͔ͫ ͍ͤ͊͊ͤͤ͘·͔ ͺͦͪͣ· ͔ͭͯ͟΅͔͎ͦ ͦͼ͔͙͍͙ͤ͊ͤΎ ͫͯ͗͊ͭ͡ ͍͔͎ͫͦͦ ͪͦ͒͊ ͙͔͙͔ͤͫͭͪͯͣͤͭ͊ͪͣΣ ͒͡Ύ 

͍͔͔͙ͨͪͦ͒ͤΎ ͦͼ͔ͤͦ;ͤ·ͻ ͨͪͦͼ͔͒ͯͪΦ 

͔͙́ͣ͊ͭ;͔͙͚ͫ͟ ͦͤͭͪͦ͟͡Έ ͍͙ͨͪͦͦ͒ͭͫΎ ͒͡Ύ ͍͔͙ͨͪͦͪ͟ ͔ͪͯ͘͡Έ͙͍͙ͭ͊ͭͤͦͫͭ ͍͔͙ͯͫͦͤΎ ͔͙ͣ͊ͭͪ͊͊͡ 

͔͔͔͚ͦͨͪ͒ͤͤͦ͡ ͔ͭͣ· ͙͙͡ ͔ͪ͊͒͊͘͡ ͯ;͔͚͋ͤͦ ͎ͨͪͦͪ͊ͣͣ·Φ ͔͙̇͡ ͔͙ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͦͤͭͪͦ͟͡ΎΥ ͔͙͊ͪͨͭ͘͟Έ 

͙ͤ͊ͤ͘Ύ ͨͦ ͔͔ͭͣΤ ͙͍͙͙͍͒ͪͦ͊ͭ͟͡Έ ͔ͨͪͦ͋͡· ͍ ͙ͤ͊ͤ͘ΎͻΤ ͙͙͍ͫͭͣͯͪͦ͊ͭ͡Έ ͍͙͙͔ͪ͊ͭ͘ ͦ͋΅͙ͻ ͔͚ͫͨͦͫͦ͋ͤͦͫͭΤ 

͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͭ͘Έ ͙ͤ͊ͤ͘Ύ ͦ͋ͯ;͊Ό΅͙ͻͫΎΤ ͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ ͊ͭͪ͊ͭ͘· ͯ;͔͎͋ͤͦͦ ͍͔͔͙ͪͣͤΦ  

˽͙ͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͙ͪ͊͘͡;ͤ·ͻ ͺͦͪͣ ͍͔͔͎ͤͯͭͪͤͤͦ ͦͼ͔͙͍͙ͤ͊ͤΎ ͪ͊ͼ͙ͦͤ͊͡Έͤͦ ͙͔ͨͪͣͤΎͭΈ 

͙͔͙ͪͭͪ͊͟͡Έͤ·͚ ͨͦ͒ͻͦ͒Φ ˻ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͎͎ͨ͒͊ͦͯ ͍͙ͨͦͫͭ͊ͭΈ ͦͭ;͔͙͍ͭ͡·͔ ͼ͔͙͡ ͒͡Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Σ ͦͼ͔͙ͤ͟ ͍͔͙ͯͫͦͤΎ ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡ ͦ͋ͯ;͊Ό΅͙͙ͣͫΎΣ ͊ ͔ͭ͊͗͟ ͔ͦͪͪ͟͟ͼ͙͙ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ11 / 2025 

 

 

145 

͔͙ͣͭͦ͒;͔͙ͫ͟ͻ ͨͪͦͼ͔͒ͯͪ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͍·͎ͫͦͦͦ͟ ͊͟;͔͍ͫͭ͊ ͦ͋ͯ;͔͙ͤΎΦ ̊ͦ͟͡Έ͙ͤ͊ͣ͟ ͔͔͊ͪ͊ͤ͘ ͙͍͔ͫͭͤ͘· 

͙͔͙͙ͪͭͪ͟ ͦͼ͔͙͍͙ͤ͊ͤΎΦ ̏ͭͦ ͎͔ͨͦͣͦ͊ͭ ͯ͡;΄͔ ͙ͨͦͤͣ͊ͭΈ ͯ;͔͋ͤ·͔ ͼ͔͙͡Σ ͙͙ͨͪͤͣ͊ͭΈ ͦͼ͔ͤͯ͟ ͊͟͟ 

͍͔͙͍ͫͨͪ͊͒ͯ͡ΌΦ ˽͙͔͔͙͔ͪͣͤͤ ͎͒͊ͤͤͦͦ ͙͔͙ͪͭͪ͊͟͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊ ͟ ͙͙ͦͨͫ͊ͤΌ ͙͔͙͒ͦͫͭ͗ͤΎ ͙͔ͨ͊ͤͪͯͣ͡·ͻ 

͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͒͡Ύ ͦͼ͔͙ͤ͟ ͔͔ͨͪ͒ͣͭͤ·ͻ ͙ ͔͔͔ͣͭ͊ͨͪ͒ͣͭͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙ͨͪ ͍·͔͙͙ͨͦͤͤ͡ ͙͍ͭͨͦ·ͻ 

ͦͤͭͪͦ͟͡Έͤ·ͻ ͦͼ͔ͤͦ;ͤ·ͻ ͙͚͊͒͊ͤ͘ ͍͙ͨͦͦͭ͘͡ ͯ;͙͔ͭ͡Ό ͔͔͙ͦͨͪ͒ͭ͡Έ ͍͔ͯͪͦͤΈ ͙͔͙͒ͦͫͭ͗ͤΎ ͎͊͗͒ͦͦ͟ 

ͦ͋ͯ;͊Ό΅͔͎ͦͫΎΦ ˴͙͔͙ͪͭͪ͊͡Έͤ·͚ ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͤ͊ͯ;͙ͭΈ ΄ͦ͟͡Έ͙ͤ͊͟ ͦͼ͔͙͍ͤ͊ͭΈ ͔ͤ ͭͦ͡Έͦ͟ ͔ͫ͋ΎΣ ͤͦ ͙ 

͍͙ͫͦͻ ͙͍ͦ͒ͤͦ͊ͫͫͤͦ͟͟͡Φ ̉ͭͦ͋· ͔ͭ͊ͦ͟ ͦͼ͔͙͍͙͔ͤ͊ͤ ͔ͤ ͙ͤͦͫͦ͡ ͫͯ͋Ά͔͙͍ͭͤ͟·͚ ͻ͔͊ͪ͊ͭͪ͟ ͙ ͔ͤ ͍·͘·͍͊ͦ͡ ͯ 

ͯ;͊΅͙ͻͫΎ ͙ͭͪͯ͒ͤͦͫͭ ͙ͨͪ ͦͼ͔͙͍͙͙ͤ͊ͤΣ ͪ͊ͪ͊͋͊ͭ͘·͍͊ΌͭͫΎ ͙͔͙͙ͪͭͪ͟ ͨͦ ͪ͊ͤ͘·ͣ ͍͙͒͊ͣ ͙͚͊͒͊ͤ͘Φ ˴͙͔͙͙ͪͭͪ 

ς Ήͭͦ ͫͭ͊ͤ͒͊ͪͭ·Σ ͺ͊ͭ͟·Σ ͨͦͤΎ͙ͭΎ ͙ ͎͔͊ͪͯͣͤͭ·Σ ͦͭͦͪ͟·͔ ͯ;͔͙͙ͤ͟ ͒ͦ͗ͤ͡· ͤ͊ͭ͘ΈΣ ͙ͨͦͤͣ͊ͭΈΣ ͔ͯͣͭΈ 

͍͙͍͙ͦͫͨͪͦͦ͒ͭ͘Έ ͙ ͔͍ͨͪͦ͋ͪ͊ͦ͘·͍͊ͭΈΦ ˻͙ͤ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͊͒͊͘;͙͊ͣ ͦ͋ͯ;͔͙ͤΎ ͙ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ 

͔͔ͨͪ;͔ͤΈ ͙ͪ͊͘͡;ͤ·ͻ ͍͙͍͒ͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͦ͋ͯ;͊Ό΅͔͎ͦͫΎΣ ͦͭͦͪ͟·͔ ͦͤ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭ ͍ ͻ͔ͦ͒ ͪ͊͋ͦͭ· ͙ 

͔͒ͦ͗ͤ͡ ͍ ͍͔ͫͦͪ΄͔͍͔ͤͫͭ ͍͙ͦͫͦͭΈΦ 

˽͙ͦͫ͟ ͍ͤͦ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͦͼ͔͙͍͙ͤ͊ͤΌ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͙͔͙͚͒ͦͫͭ͗ͤ ͯ;͊΅͙ͻͫΎ ͍ͫΎ͊ͤ͘ ͫ 

͔͔ͨͪͻͦ͒ͦͣ ͦͭ ͙ͨͪͤͼ͙ͨ͊ ͦͼ͔͙͍͙ͤ͊ͤΎ ͨͦ ͍͔͍͙ͫͦͦͭͭͫͭΌ ͔͚ͤͦͭͦͪͦ͟ ͔ͤͦͪͣ ͟ ͙ͨͪͤͼ͙ͨͯ ͦͼ͔͙͍͙ͤ͊ͤΎ 

͍͙ͦ͋ͪ͊ͦ͊ͤͤͦͫͭ͘ ͔͔ͪ͋ͤ͊͟ ͨͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ͔͎ͦ ͍͔͎ͫͦ͋ͫͭͤͤͦͦ ͍͙͔͙ͨͪͦ͒͗ͤΎΦ ˤ ͒͊ͤͤͦͣ ͦͼ͔͙͍͙͙ͤ͊ͤ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͯ;͙ͭ·͍͊ͭΈ ͙͡;ͤͦͫͭͤ·͔ ͙͔͙͒ͦͫͭ͗ͤΎ ΄ͦ͟͡Έ͙ͤ͊͟ ͙ ͍͙͙͔ͪ͊ͭ͘ ͔͎ͦ ͔ͪͺ͔͙͍ͫͤ͟͡·ͻ ͔͙͚ͯͣͤΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. x ͊ͻ͙͚ͣͯͭͫ͟ ˢΦ˩Φ ̊ͦ͟͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊ ͦͼ͔͙ͤ͟ ͊͟;͔͍ͫͭ͊ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ κκ ̊ͦ͟͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Φ ς 2004. ς 

Ѕ мΦ 

2. ˥ ͔͙͍ͪ͊ͫͣͦ͊ ˹Φ ˻ͼ͔ͤ͊͟ ͙͚ͤ͊ͤ͘ ͒ͦ͗ͤ͊͡ ͍͙ͦͫͨͭ·͍͊ͭΈ κκ ˤ͙͙͔ͦͫͨͭ͊ͤ ΄ͦ͟͡Έ͙͍ͤͦ͟Φ ς 2003. ς Ѕ сΦ ς ˿Φ 

37-40. 

3. ˭͙ͣͤΎΎ ˮΦˢΦ ˴͡Ό;͔͍·͔ ͔͔ͦͣͨͭͤ͟ͼ͙͙ τ ͍ͤͦ͊Ύ ͙͎ͨ͊ͪ͊͒ͣ͊ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ κκ ˤ·ͫ΄͔͔ 

͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͔͎ͫͦ͒ͤΎΦ τ 2003. τ Ѕ рΦ τ ˿ Φ оп-42. 

пΦ ˴ͪ·͍ͦ͊͡ ˻Φ ˹ΦΣ ˣ͚ͦͼ͍ͦ͊ ˩Φ ˥Φ ͔́ͻ͎͙ͤͦͦ͡Ύ ͺ͙ͦͪͣͪͯΌ΅͔͎ͦ ͦͼ͔͙͍͙ͤ͊ͤΎ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ΄͔ͦ͟͡Υ ͯ;͔͋ͤͦ-

͔͙ͣͭͦ͒;͔͔ͫͦ͟ ͙͔ͨͦͫͦ͋ κ ˻Φ ˹Φ ˴ͪ·͍ͦ͊͡Σ ˩Φ ˥Φ ˣ͚ͦͼ͍ͦ͊Φ τ ˿ ͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˴ˢ˾˻Σ нлмрΦ  

рΦ ˽͙ͤͫ͊͟Ύ ˸ΦˢΦ ͙̅ͦͪͣͪͯΌ΅͔͔ ͦͼ͔͙͍͙͔ͤ͊ͤΥ ͦͼ͔͙͍͙͔ͤ͊ͤ ͍ ͔͊ͫͫ͟͡Υ ͯ;͔͋Φ ͙͔ͨͦͫͦ͋ κ ˸ΦˢΦ ˽͙ͤͫ͊͟ΎΦ ς ˸ ΦΥ 

˶͎ͦͦͫΣ нлмлΦ ς нсп ͫΦ 

ϭ ˨ͦ͋ͤ͡Ύ ̑. s ΦΣ ˻͍ͫͭ͊ͨͦ͊ ˤΦˢΦΣ ˾Ύ͙͒ͤͫ͊͟Ύ ˸ΦˢΦΣ ˿͍ͭ͊ͪͦ͟ ˢΦ˹ΦΣ нлнр 

 

 

 

 

̂˨˴ ос 

͙͍̆͊ͣͦ͊͟ ˴͙͊ͪͤ͊ ˢ͔͔͔͍ͫͤ͊͟͡ 

˿͔ͭͯ͒ͤͭ 

ˣ͊΄͙͎ͪͫͦͦ͟͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ ˸Φ ˢͣͯ͟͡͡· 

͎Φ ̂ͺ͊Σ ˾̅ 

˹͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ ͙̇͡Ό͎͙ͤ͊ ˮ͙ͪͤ͊ ˣ͙͍ͦͪͫͦͤ͊ 

˴͊ͤΦ ͔ͨ͒Φ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ 

ˣ͊΄͙͎ͪͫͦͦ͟͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ ˸Φ ˢͣͯ͟͡͡· 

 

˸˩́˻˨̍ ˢ˴́ˮˤ˹˻˥˻ ˿˶̂̊ˢ˹ˮ̒ ˤ ˻ˣ̋˩˹ˮˮ ˿ ˽˻˨˾˻˿́˴ˢ˸ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙ͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎ ͊͟͟ 
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͍͔͚͊͗ͤ΄͔͎ͦ ͙͔ͤͫͭͪͯͣͤͭ͊ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͙ͨͦ͒ͪͦͫͭ͊ͣ͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ 

͔ͫͨͼ͙ͺ͙͔͟ ͍͎ͨͦ͒ͪͦͫͭͦͦͦ͟ ͍ͦͪ͊ͫͭ͊͘Σ ͭͪͯ͒ͤͦͫͭΎͣ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͍͔͙͔͒ͦͪͭ͡Έͤ·ͻ ͙ͦͣͣͯͤ͊͟͟ͼ͙͚ ͙ 
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METHODS OF ACTIVE LISTENING IN COMMUNICATION WITH TEENAGERS 

 

Abstract 

The article discusses the psychological and pedagogical foundations of active listening as the most 

important tool for effective interaction with teenagers. Particular attention is paid to the specifics of 

adolescence, the difficulties of establishing trusting communications and the use of active listening methods 

in educational and educational practice. 
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˽͔ͪͦ͋ͣ͊͡ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͦ͋΅͔͙ͤΎ ͔͎͎ͨ͒͊ͦ͊Σ ͙͔ͪͦ͒ͭ͡Ύ ͙ ͨͦ͒ͪͦͫͭ͊͟ ͍ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· ͍͙ͫͭ͊ͤͦͭͫΎ 

͍͖ͫ ͔͔͋ͦ͡ ͊ͭͯ͊͟͡Έ͚ͤͦ ͍ ͔͔ͦͤͭͫͭ͟͟ ͍͔͙ͦ͋ͤͦͤ͡Ύ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͍ͫͭ͊ͤ͒͊ͪͭͦ ͙ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͟ 

͔͎͎͙ͨ͒͊ͦ;͔͙ͫͣ͟ ͔͔ͦͣͨͭͤ͟ͼ͙ΎͣΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͙͔ͫͫͭͣ͊ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͔ͨͪ͒ΆΎ͍͡Ύ͔ͭ ͦͫͦ͋·͔ ͔͍͙ͭͪ͋ͦ͊ͤΎ 

͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͫͦͼ͙͊͡Έͤͦ-͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͔͙͚ͯͣͤ ͙ ͍͙͙ͪ͊ͭ͘Ό ͙͡;͙ͤͦͫͭ ͔͖ͪ͋ͤ͊͟ ͊͟͟ ͙͍͎͊ͭͤͦͦ͟ 

ͯ;͙͊ͫͭͤ͊͟ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ 

ˤ ͍ͨͦ͒ͪͦͫͭͦͦͣ͟ ͍͔ͦͪ͊ͫͭ͘ ͙ͨͪͦͫͻͦ͒Ύͭ ͙͔͙͍ͤͭͤͫͤ·͔ ͙͡;ͤͦͫͭͤ·͔Σ ͎͙͙͍ͦͤͭͤ͟·͔ ͙ Ήͣͦͼ͙ͦͤ͊͡Έͤ·͔ 

͙͔͔͙ͣͤͤ͘ΎΦ ˽ͦ͒ͪͦͫͭͦ͟ ͔͙ͫͭͪͣͭͫΎ ͟ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͙ͤͦͫͭΣ ͍͔͔͙ͫ͊ͣͦͯͭͪ͗͒ͤΌΣ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ 

͍͔͚ͫͦ͋ͫͭͤͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭΦ ͙̏ͭ ͨͪͦͼ͔ͫͫ· ͔͔ͤͪ͒ͦ͟ ͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ ͦͤ͟ͺ͙͙ͭ͊ͣ͟͡ ͫ ͍ͪͦͫ͘͡·͙ͣΣ 

ͭͪͯ͒ͤͦͫͭΎ͙ͣ ͍ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Σ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͔͙ͤͫͭ͊͋͡ΈͤͦͫͭΈΌ ͙ ͙͍͔ͨͪͦͭͦͪ;͙͍ͦͫͭΈΌ ͍͔͔͙ͨͦ͒ͤΎΦ 

ˤ ͍͙ͯͫͦ͡Ύͻ ͍ͦͪ͊ͫͭ͊͘Ό΅͔͚ ͙ͤͺͦͪͣ͊ͼ͙͚ͦͤͤͦ ͎͙ͤ͊ͪͯ͘͟ ͙ ͼ͙ͺ͍͚ͪͦͦ ͫͦͼ͙͙͊͊͘͡ͼ͙͙ ͔͎͎ͨ͒͊ͦͯ ͙ 

͙͔ͪͦ͒ͭ͡Ό ͍͊͗ͤͦ ͔ͤ ͨͪͦͫͭͦ ͔͔͍ͨͪ͒͊͊ͭΈ ͙ͤͺͦͪͣ͊ͼ͙ΌΣ ͤͦ ͙ ͔ͯͣͭΈ ͫ͡·΄͊ͭΈΣ ͙ͨͦͤͣ͊ͭΈ ͙ ͙͙ͨͪͤͣ͊ͭΈ 

͍͔͙͚ͤͯͭͪͤͤ ͙ͣͪ ͨͦ͒ͪͦͫͭ͊͟Φ ˭͔͒ͫΈ ͔ͦͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔ͨͪͦ͋ͪͭ͊Όͭ ͔ͣͭͦ͒· ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎΣ 

ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·͔ ˴Φ ˾͔ͦ͒͗ͪͫͦͣ ͙ ͔͎ͦ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Ύ͙ͣΣ ͙ ͨͦͯ͡;͙͍΄͙͔ ΄͙͔ͪͦͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͍ 

͙ͨͫͻ͎ͦͦͦ͡-͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 

˽ͦͤΎ͙͔ͭ ζ͙͍͔͊ͭͤͦ͟ ͫͯ͡΄͙͔͊ͤη ͍͍͔͔͒ͤͦ ͔͙͙͊ͣͪ͊ͤͫͣ͟͟ ͙ͨͫͻ͎ͦͦͦͣ͡ ˴͊ͪͦͣ͡ ˾͔ͦ͒͗ͪͫͦͣ ͍ 

͔͔͙͔ͫͪ͒ͤ ·· ͍͔͊͟ ͍ ͔͔ͦͤͭͫͭ͟͟ ͎͙͙ͯͣ͊ͤͫͭ;͔͚ͫͦ͟ ͙ͨͫͻ͎͙͙ͦͦ͡Φ ˾͔ͦ͒͗ͪͫ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊͡ ͙͍͔͊ͭͤͦ͟ ͫͯ͡΄͙͔͊ͤ 

͊͟͟ ͨͪͦΎ͍͔͙͔ͤ͡ ͔͋ͦ͘ͼ͔ͤͦ;͎ͤͦͦ ͙ͨͪͤΎ͙ͭΎ ͙͡;͙ͤͦͫͭ ͔͔͙ͫͦ͋ͫ͒ͤ͊͟Σ ͔͎ͨͪ͒ͨͦ͊͊͡Ό΅͔͔ ͔ͤ ͨͪͦͫͭͦ 

͍͙ͦͫͨͪΎ͙͔ͭ ͍ͫͦ͡Σ ͤͦ ͙ ͎͔ͯ͋ͦͦ͟͡ ͙͙͔ͨͦͤͣ͊ͤ Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͖ͨ͊ͪͭͤͪ͊ ͨͦ ͦ͋΅͔͙ͤΌΦ 

˿͎ͦ͊ͫͤͦ͡ ˾͔ͦ͒͗ͪͫͯΣ ͍ͦͫͤͦͤ·͙ͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎ Ύ͍͡ΎΌͭͫΎΥ 

1) Ή͙ͣͨ͊ͭΎ τ ͫ ͨͦͫͦ͋ͤͦͫͭΈ ;͍͍͍ͯͫͭͦ͊ͭΈ ͍͔͙͚ͤͯͭͪͤͤ ͙ͣͪ ͎͎͒ͪͯͦͦ ;͔͍͔ͦ͊͟͡Τ 

2) ͟ ͎ͦͤͪͯΉͤͭͤͦͫͭΈ τ ͙ ͔ͫͪͤͤͦͫͭ͟Έ ͙ ͙ͨͦ͒ͤͤͦͫͭ͡Έ ͍ ͦ͋΅͔͙͙ͤΤ 

3) ͋ ͔͍͔ͯͫͦͤͦ͘͡ ͙ͨͪͤΎ͙͔ͭ τ ͯ ͍͔͙͔͊͗ͤ ͟ ͙͡;͙ͤͦͫͭ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͔͖ ͍ͨͦͫͭͯͨͦ͟Φ 

ˤ ͔ͦͭ;͔͍͔͚ͫͭͤͤͦ ͙ͨͫͻ͎͙͙ͦͦ͡ ͙͔͙͒ ˾͔ͦ͒͗ͪͫ͊ ͨͦͯ͡;͙͙͡ ͍͙͙͔ͪ͊ͭ͘ ͍ ͪ͊͋ͦͭ͊ͻ ˥Φ˸Φ ˢ͔͔͍͚ͤ͒ͪͦΣ ˢΦˢΦ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ11 / 2025 

 

 

147 

ˣ͔͍ͦ͒͊͊͡Σ ˶ΦˮΦ ˣ͍͙ͦ͗ͦ;Σ ˢΦˢΦ ˾͔͊ͤ͊ ͙ ͒ͪΦΣ ͦͭͦͪ͟·͔ ͨͦ͒;͔͙͍͙ͪ͊͟͡Σ ;ͭͦ ͙͍͔͊ͭͤͦ͟ ͫͯ͡΄͙͔͊ͤ τ Ήͭͦ ͔ͤ 

ͭͦ͡Έͦ͟ ͔ͭͻ͙ͤ͊͟Σ ͤͦ ͙ ͺͦͪͣ͊ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΎΣ ͍͔ͤ͊ͨͪ͊ͤͤ͊͡Ύ ͤ͊ ͔ͨͦ͒͒ͪ͗ͯ͟Σ ͍͙͙͔ͪ͊ͭ͘ 

͍͔͙͒ͦͪΎ ͙ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭ͊ ώмΣ нΣ оΣ рϐΦ 

ˢ͙͍͔ͭͤͦ͟ ͫͯ͡΄͙͔͊ͤ ͍͟͡Ό;͔͊ͭ ͊͟͟ ͍͔ͪ͋͊͡Έͤ·͔ ό͔͔ͨͪͺ͙͍͙͔ͪ͊ͪͦ͊ͤ͘Σ ͯͭͦ;͔͙͔ͤͤΣ ͔͙͔ͦͭͪ͊͗ͤ 

;͍͍ͯͫͭύΣ ͭ͊͟ ͙ ͔͍͔ͤͪ͋͊͡Έͤ·͔ ͙͖ͨͪͣ· ό͙͍͙͟͟Σ ͍͎͘͡Ύ͒Σ ͨͦ͊͘Σ ͙ͤͭͦͤ͊ͼ͙ΎύΦ ˻ͤͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͙ͯͫͭ͊ͤͦͭΈ 

Ήͣͦͼ͙ͦͤ͊͡Έͤ·͚ ͦͤͭ͊ͭ͟͟ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙͙͊ͣͦͨͦͤͣ͊ͤ͘Ό ͔ͣ͗͒ͯ ͍ͪͦͫ͘͡·ͣ ͙ ͨͦ͒ͪͦͫͭͦͣ͟Φ 

˽͍ͦ͒ͪͦͫͭͦ͟·͚ ͍ͦͪ͊ͫͭ͘ ό͙͔ͨͪͣͪͤͦ ͦͭ мм ͒ͦ мс ͔ͭ͡ύ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͙͙ͪͣ͘͟ ͙͔͔͙ͣͤͤ͘Ύ͙ͣ ͍ 

͎͙ͦͤ͟ ͙͍͚ͭͤͦΣ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͫͺ͔ͪ͊ͻΦ ˽͙ͦ͒ͪͦͫͭ͟ ͔ͫͭͪͣΎͭͫΎ ͟ ͍͙͙͊ͭͦͤͦͣΣ ͦͫͭͪͦ 

͔͎͙ͪ͊ͪͯΌͭ ͤ͊ ͔͍͔͙͍ͤͫͨͪ͊͒ͦͫͭ͡ΈΣ ͔͔͋ͦͤͤͤͦ͘͡ ͍͙͙ͦͫͨͪͤͣ͊Όͭ ͙͙ͪͭͯ͟͟ ͙ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͤͯ͗͒͊ΌͭͫΎ ͍ 

͙ͨͪͤΎ͙͙ͭ ͙ ͔͔ͨͦ͒͒ͪ͗͟Φ 

˽͙ͫͻ͎͙ͦͦ͡ ό˶Φ˿Φ ˤ·͎͙͚ͦͭͫ͟Σ ˨ΦˣΦ ̏͡Έ͙ͦͤͤ͟Σ ̏Φ ͙̏ͪͫͦͤ͟ ώсΣ тϐύ ͔ͦͭͣ;͙͊͡Σ ;ͭͦ ͍͔͒ͯ΅͔͚ 

͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͨͦ͒ͪͦͫͭ͊͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͦ͋΅͔͙͔ͤ ͫͦ ͍͔͙͙ͫͪͫͭͤ͊ͣ͟Σ ͦ͒ͤ͊ͦ͟ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫͦ 

͍ͪͦͫ͘͡·͙ͣ ͖ͦͫͭ͊ͭͫΎ ͍͊͗ͤ·ͣ ͍͙͔ͯͫͦͣ͡ ͔͎ͦ ͙͡;͎ͤͦͫͭͤͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ ˽͙ͪ Ήͭͦͣ ͔ͤΉͺͺ͔͙͍ͭͤ͟·͔ ͺͦͪͣ· 

͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ό͍͙͊ͭͦͪͭ͊ͪͤͦͫͭΈΣ ͍͔͙͔͒͊ͤ͡Σ ͙͎͙͍͙͔ͤͦͪͪͦ͊ͤ ͔͙ͣͤͤΎ ͨͦ͒ͪͦͫͭ͊͟ύ ;͊ͫͭͦ ͙͍ͨͪͦ͒Ύͭ ͟ 

ͦͭ;͔͙ͯ͗͒ͤΌ ͙ ͙͔͙ͫͤ͗ͤΌ ͍͔͙͒ͦͪΎΦ 

ˢ͙͍͔ͭͤͦ͟ ͫͯ͡΄͙͔͊ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔ͨͪͦ͒ͦͭ͡Έ Ή͙ͭ ͋͊ͪΈ͔ͪ·Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͊ͭͣͦͫͺ͔ͪͯ ͙͎͒͊ͦ͊͡ ͙ 

͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭ͊Φ ˻ͤͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͯ ͨͦ͒ͪͦͫͭ͊͟ ;͍͍ͯͫͭ͊ ͤ͊͘;͙͙ͣͦͫͭΣ ͎͔ͨͦͣͦ͊ͭ ͦͫͦͤ͊ͭ͘Έ 

͍͔ͫͦ͋ͫͭͤͤ·͔ Ήͣͦͼ͙͙ ͙ ͯ;͙ͭ ͙͍ͦͤͫͭͪͯͭͤ͟͟·ͣ ͫͨͦͫͦ͋͊ͣ ͍·͔͙ͪ͊͗ͤΎ ;͍͍ͯͫͭΦ 

ˤ ͍͔͔͚ͫͦͪͣͤͤͦ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͍·͔͒͡ΎΌͭ ͔ͤͫͦ͟͡Έͦ͟ ͟͡Ό;͔͍·ͻ ͔͍ͣͭͦ͒ͦ 

͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎΣ ͦͭͦͪ͟·͔ ͙͍͊͒͊ͨͭͪͦ͊ͤ· ͟ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ό ͫ ͙ͨͦ͒ͪͦͫͭ͊ͣ͟Υ 

1. ͙̏ͣͨ͊ͭ;͔͔ͫͦ͟ ͫͯ͡΄͙͔͊ͤ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͙͙͔ͨͦͤͣ͊ͤ Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͔͔͙ͫͦ͋ͫ͒ͤ͊͟Φ 

˻ͤͦ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͺͪ͊͘Υ ζ̒ ͍͙͗ͯΣ ;ͭͦ ͔͔ͭ͋ ͔͚ͫ;͊ͫ ͔ͤͨͪͦͫͭͦηΣ ζ́·Σ ͔͊͗ͭͫ͟ΎΣ ͔ͪ͊ͫͫͭͪͦͤ 

͙-͊͘͘ Ή͎ͭͦͦηΦ ͚́͊ͦ͟ ͨͦ͒ͻͦ͒ ͎͔ͨͦͣͦ͊ͭ ͨͦ͒ͪͦͫͭͯ͟ ͨͦ;͍͍͍ͯͫͭͦ͊ͭΈΣ ;ͭͦ ͔͎ͦ Ήͣͦͼ͙͙ ͙ͨͪͤ͊ͤ͘· ͙ ͨͦͤΎͭ·Φ 

нΦ ˽͔͔ͪͺ͙͍͙͔ͪ͊ͪͦ͊ͤ͘ ό͙͙͡ ͔͙͔ͦͭͪ͊͗ͤ ͔͙ͫͦ͒ͪ͗͊ͤΎύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͍͔͙͙ͨͦͭͦͪͤ ͣ·͙ͫ͡ ͨͦ͒ͪͦͫͭ͊͟ 

͍͙͙ͫͦͣ ͍͙ͫͦ͊ͣ͡ ͫ ͼ͔͡ΈΌ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͙͙ͨͦͤͣ͊ͤΎΥ 

τ ˽ ͦ͒ͪͦͫͭͦ͟Υ ζ̂;͙͔ͭ͡Έ ͦ͟ ͔ͣͤ ͙͙͔ͨͪ͒ͪ͊ͭͫΎηΦ 

τ ˽ ͔͎͎͒͊ͦΥ ζ͔͔́͋ ͔͊͗ͭͫ͟ΎΣ ;ͭͦ ͯ;͙͔ͭ͡Έ ͔͍͔͙͍ͤͫͨͪ͊͒͡ ͨͦ ͦͭͤͦ΄͔͙ͤΌ ͟ ͔͔ͭ͋ηΦ 

̏ͭͦͭ ͙͖ͨͪͣ ͙͔ͫͤ͗͊ͭ Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͤ͊ͨͪΎ͔͙͔͗ͤ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͯͭͦ;͔͙ͤͤΌ ͙ͨͦ͘ͼ͙͚Φ 

оΦ ˸͔ͭͦ͒ ͯͭͦ;͔͙ͤͤΎ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͨͪͦΎ͔͙ͫͤͤΎ ͔ͤΎͫͤ·ͻ ͔͍ͣͦͣͤͭͦΥ ζ˽͍͙ͪ͊͡Έͤͦ ͙͡ Ύ ͙ͨͦͤͣ͊ΌΣ 

;ͭͦ ͭ· ͙͔͔ͣ΄Έ ͍ ͍͙͒ͯΧΚη ˻ͤ ͎͔ͨͦͣͦ͊ͭ ͙͔͋͗͊ͭ͘Έ ͔͙͙ͤ͒ͦͨͦͤͣ͊ͤΎ ͙ ͔ͨͦ͋ͯ͗͒͊ͭ ͨͦ͒ͪͦͫͭ͊͟ ͟ 

͒͊͡Έ͔͚ͤ΄͔ͣͯ ͔͙ͪ͊ͫͫͯ͗͒ͤΌΦ 

пΦ ˻͔͙͔ͭͪ͊͗ͤ ;͍͍ͯͫͭ ς Ήͭͦͭ ͙͖ͨͪͣ ͍͔ͤ͊ͨͪ͊ͤ͡ ͤ͊ ͍͔͙ͪ͋͊͊͘͡ͼ͙Ό Ήͣͦͼ͙͚ ͨͦ͒ͪͦͫͭ͊͟Φ ˤ͊͗ͤͦ ͔ͤ 

ͦͼ͔͙͍ͤ͊ͭΈΣ ͊ ͙͍ͦͤͫͭ͊ͭͪͦ͊ͭ͟Έ Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͫͦͫͭͦΎ͙͔ͤΥ ζ́· ͙͘͡΄ΈͫΎΣ ͨͦͭͦͣͯ ;ͭͦ ͔͔ͭ͋ ͨͦ͊͊ͦͫ͘͟͡Έ Ήͭͦ 

͔͍͔͙͍ͤͫͨͪ͊͒͡·ͣηΦ 

рΦ ˹͔͍͔ͪ͋͊͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊Υ ͦͤͭ͊ͭ͟͟ ͎͊͘͡Σ ͣΎ͎͊͟Ύ ͙ͤͭͦͤ͊ͼ͙ΎΣ ͦͭͪ͟·ͭ͊Ύ ͨͦ͊͘Σ ͙͍͙͟͟ ͎͍ͦͦ͡· 

͙͙͍ͯͫ͊͡Όͭ ͦ΅ͯ΅͔͙͔ͤ ͙ͨͪͤΎ͙ͭΎΦ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͒ͦ тл҈ ͙ͤͺͦͪͣ͊ͼ͙͙ ͍ ͨͪͦͼ͔͔ͫͫ 

ͦ͋΅͔͙ͤΎ ͔͔͖ͨͪ͒͊ͭͫΎ ͙͔ͣͤͤͦ ͔͍͔ͤͪ͋͊͡Έͤ·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣΦ 

ˢ͙͍͔ͭͤͦ͟ ͫͯ͡΄͙͔͊ͤ ͔ͣͦ͗ͭ ͋·ͭΈ Ήͺͺ͔͙͍ͭͤͦ͟ ͙ͫͨͦ͡Έ͍ͦ͊ͤͦ͘ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͔͔ͫͪ͒ τ ͊͟͟ ͤ͊ 

ͯͪͦ͊͟ͻΣ ͭ͊͟ ͙ ͍ͦ ͍͔ͤͯͪͦ;͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͍ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͔͔͋ͫ͒͊ͻ ͙ ͍ ͦͤ͟ͺ͙ͭͤ͟͡·ͻ ͙ͫͭͯ͊ͼ͙ΎͻΦ 

˽͔͎͎͒͊ͦΣ ͍͔͊͒͡Ό΅͙͚ ͔ͭͻ͙͙ͤ͊ͣ͟ ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎΣ ͔ͫͨͦͫͦ͋ͤ ͍ͫͦ͒͊͊ͭ͘Έ ͍ ͔͊ͫͫ͟͡ ͊ͭͣͦͫͺ͔ͪͯ 

͍͔͙͒ͦͪΎΣ ;ͭͦ ͙͔ͨͦͦ͗ͭ͡͡Έͤͦ ͍͙͡Ύ͔ͭ ͤ͊ ͯ;͔͋ͤͯΌ ͙͍ͣͦͭ͊ͼ͙Ό ͙ Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͎͋͊ͦͨͦͯ͡͡;͙͔ ͯ;͊΅͙ͻͫΎΦ 

˽͙͔͔͙͔ͪͣͤͤ ͙͖͍ͨͪͣͦ Ή͙ͣͨ͊ͭ;͔͎ͫͦͦ͟ ͔͎͙͍͙ͪ͊ͪͦ͊ͤΎ ͎͔ͨͦͣͦ͊ͭ ͍·Ύ͍͡ΎͭΈ ͫͪ͟·ͭ·͔ ͙ͨͪ;͙ͤ· ͦͤ͟ͺ͙͍ͭͦ͟͡ 

͙ ͔͍͙ͭͪͦ͗ͤͦͫͭΦ 

˿͎ͦ͊ͫͤͦ͡ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͣ ˢΦˢΦ ˾͔͊ͤ͊Σ ͍͔ͯͪͦͤΈ ͍͔͙͒ͦͪΎ ͔ͣ͗͒ͯ ͔͎͎ͨ͒͊ͦͦͣ ͙ ͙ͨͦ͒ͪͦͫͭ͊ͣ͟ 

ͤ͊ͨͪΎͣͯΌ ͔͙͔ͦͪͪͪͯͭ͟͡ ͫ ;͚͊ͫͭͦͭͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔͎͎ͨ͒͊ͦͦͣ ͔ͭͻ͙ͤ͟ ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎ ώрϐΦ 
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˽͙ͫͻ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͔ͨͦ͒͒ͪ͗͊͟ ͍ͨͦ͒ͪͦͫͭͦ͟ ͍ ͔͙ͨͪͦ͒ ͍ͦͪ͊ͫͭͤ͘·ͻ ͙͙͍ͪͫͦ͘͟ ͔͍ͤͦͣͦ͗ͤ͊͘ ͔͋͘ ͔͙ͯͣͤΎ 

ͫͯ͡΄͊ͭΈ ͙͍͊ͭͤͦ͟ ͙ ͔͋ͦ͘ͼ͔ͤͦ;ͤͦΦ ˽͙ͪ ͦͤͫͯ͟͡Έ͙͍͙͙ͭͪͦ͊ͤ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͭͻ͙ͤ͟ ͯͭͦ;͔͙ͤͤΎ ͙ ͔͙ͦͭͪ͊͗ͤΎ 

;͍͍ͯͫͭ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͪ͊ͫͪ͟·͙ͭΌ Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͻ ͔͔͙͍͙͚ͨͪ͗͊ͤ ͍ͨͦ͒ͪͦͫͭͦ͟Σ ͔͎ͦ͋͡;͔͊ͭ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ 

͍ͤ͊·͍ͦ͟ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͙͙Φ 

˾͙͔͙ͦ͒ͭ͡Σ ͙͔ͨͪͣͤΎΌ΅͙͔ ͔ͣͭͦ͒· ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎΣ ͙͍͒ͦ͋͊ΌͭͫΎ ͋ͦ͡Έ΄͔͚ ͦͭͪ͟·͙ͭͦͫͭ ͙ 

͍͔͙͒ͦͪΎ ͫͦ ͫͭͦͪͦͤ· ͔͔͚͒ͭΦ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍ ͔ͫͣΈΎͻΣ ͎͔͒ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍ͨͦ·΄͔ͤͤ·͚ ͍͔ͯͪͦͤΈ 

ͦͤ͟ͺ͙͙ͭͤͦͫͭ͟͡ ͙͙͡ ͔͒ͺ͙ͼ͙ͭ Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͦͤͭ͊ͭ͊͟͟Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͫͭ͊ͤ͒͊ͪͭ· ͙͔͙͍ͦͪͤͭͪͦ͊ͤ· ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͚ͫͦ͟ 

͙͍͙͊ͭͤͦͫͭ͟ ͯ;͊΅͙ͻͫΎΦ ˮ͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έͫ͊͟Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͔͙͔ͯͣͤ ͍͙ͫͭ͊ͭΈ ͍ͦͨͪͦͫ·Σ 

ͦ͋ͫͯ͗͒͊ͭΈ ͎͙͔ͨͦͭ͘·Σ ͍·ͪ͊͗͊ͭΈ ͔͙ͫͦͣͤͤΎΣ ͙͙ͨͪͤͣ͊ͭΈ ͙ ͍͒͊͊ͭΈ ͦ͋ͪ͊ͭͤͯΌ ͍ͫΎ͘ΈΦ ˤ͖ͫ Ήͭͦ ͔͍ͤͦͣͦ͗ͤͦ͘ 

͔͋͘ ͍͙ͪ͊ͭ͘·ͻ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͍ͤ͊·͍ͦ͟ ͙ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͫͯ͡΄͊ͭΈ ͎͙͒ͪͯͻΦ 

˽͙͔͔͙͔ͪͣͤͤ ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎ ͍ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͚ͫͦ͟ ͔ͪ͊͋ͦͭ ΄ͦ͟͡Έ͙͍ͤͦ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͎͎ͨ͒͊ͦͯ 

͍ͫͦ͒͊͊ͭ͘Έ ͔ͫͪ͒ͯ ͙͎͒͊ͦ͊͡Σ ͍ ͚ͦͭͦͪͦ͟ ͊͗͒͟·͚ ͯ;͙͊ͫͭͤ͟ ;͍͍͔ͯͫͭͯͭ ͍ͫͦΌ ͤ͊͘;͙ͣͦͫͭΈΦ ˹͙͔͊ͨͪͣͪΣ ͙ͨͪ 

͔͙͙ͦ͋ͫͯ͗͒ͤ ͔ͨͪͦͭ͊͟ ͯ;͙͔ͭ͡Έ ͔ͣͦ͗ͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͔͔ͨͪͺ͙͍͙͔ͪ͊ͪͦ͊ͤ͘ ͒͡Ύ ͯͭͦ;͔͙ͤͤΎ ͙͔͚͒ ͯ;͔͙ͤ͊͟Σ 

Ή͙ͣͨ͊ͭ;͔͔ͫͦ͟ ͫͯ͡΄͙͔͊ͤ τ ͒ ͡Ύ ͔͙ͨͦ͒͒ͪ͗͟ ͙͍ͣͦͭ͊ͼ͙͙Σ ͊ ͯͭͦ;͔͙͔ͤͤ τ ͒ ͡Ύ ͔͙͍͙ͦͪͪͭͪͦ͟͟͟ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͣͭͦ͒· ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͍͙͙ͪ͊ͭ͘Ό ͔ͪͺ͔͙͍͎ͫͤͦͦ͟͡ ͣ·΄͔͙ͤ͡ΎΣ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͍͙ͦͫͨͪΎ͙ͭΎ ͙ͤͺͦͪͣ͊ͼ͙͙ ͙ ͔͙ͯͣͤΌ ͍͔͙ͫͭ ͎͔͙͍͊ͪͯͣͤͭͪͦ͊ͤͤ·͚ ͙͎͒͊ͦ͡Σ 

;ͭͦ ͨͦͤͦͫͭ͡ΈΌ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͼ͔͡Ύͣ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ 

˽͙͔͔͙͔ͪͣͤͤ ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎ ͍ ͦ͋΅͔͙͙ͤ ͫ ͙ͨͦ͒ͪͦͫͭ͊ͣ͟ ͦ͊͘͟·͍͔͊ͭ ͎͍͔ͣͤͦͦͨ͊ͤͦͦ͡ 

͍͔͚͍͙͔ͦ͒ͫͭ͘Υ 

1) Ήͣ ͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ τ ͨͦ͒ͪͦͫͭͦ͟ ;͍͍͔ͯͫͭͯͭ ͔ͫ͋Ύ ͨͦͤΎͭ·ͣΣ ;ͭͦ ͙͔ͫͤ͗͊ͭ ͔͍ͭͪͦ͗ͤͦͫͭΈ 

͙ ͙͍͔͙͔ͫͦͨͪͦͭͤ͡Φ 

2) ͦ͟ ͎͙͙͍͔ͤͭͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ τ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙ͦͫͦͤ͊ͤ͘Ό ͙ ͍͔͙ͪ͋͊͊͘͡ͼ͙͙ ͍͔ͫͦ͋ͫͭͤͤ·ͻ ;͍͍ͯͫͭ ͙ 

ͣ·͔͚ͫ͡Φ 

3) ͫͦ ͼ͙͊͡Έ͔ͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ τ ͔ͯͪͨ͟͡Ύ͔ͭ ͍͔͙͔͒ͦͪΣ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͙ͨͦͫͭͪͦͤΌ ͚ͯͫͭͦ;͙͍·ͻ 

͙͙͍ͨͦͭͤ͘·ͻ ͦͭͤͦ΄͔͙͚ͤΦ 

˴͊͟ ͔ͦͭͣ;͔͊ͭ ˮΦˢΦ ˭͙ͣͤΎΎΣ ͙͍͔͊ͭͤͦ͟ ͫͯ͡΄͙͔͊ͤ ͙͍͙͙͔͊ͭͪͯͭ͘͟ ͨͪͦͼ͔ͫͫ ͍͔͔͚ͤͯͭͪͤͤ ͔ͪͺ͔͙͙ͫ͟͡ ͙ 

͎͔ͨͦͣͦ͊ͭ ͺ͙͍ͦͪͣͪͦ͊ͭΈ ͙͙͍ͦͣͣͯͤ͊ͭͤͯ͟͟Ό ͔͔ͦͣͨͭͤͭͤͦͫͭ͟Έ ͊͟͟ ͔ͦͣͨͦͤͤͭ͟ ͫͦͼ͙͊͡Έ͎ͤͦͦ ͙͔͔ͤͭͭ͊͟͡͡ ώпϐΦ 

˸͔ͭͦ͒· ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͣͦ΅ͤ·͚ ͙͔ͤͫͭͪͯͣͤͭ ͔͙ͨͦͫͭͪͦͤΎ 

͍͔͙͔͒ͦͪͭ͡Έͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ ͔ͣ͗͒ͯ ͔͎͎ͨ͒͊ͦͦͣΣ ͙͔͔ͪͦ͒ͭͣ͡ ͙ ͨͦ͒ͪͦͫͭͦͣ͟Φ ˻͙ͤ ͍ͨͦͦ͘͡ΎΌͭ ͔ͤ ͭͦ͡Έͦ͟ 

͔͔ͨͪͦ͒ͦͭ͡Έ ͋͊ͪΈ͔ͪ· ͍ ͦ͋΅͔͙͙ͤΣ ͤͦ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͍͙͙ͪ͊ͭ͘Ό Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙͔͔ͤͭͭ͊͟͡͡Σ ͔ͪͺ͔͙͙ͫ͟͡Σ 

͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͍ͤ͊·͍ͦ͟ ͙ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟ ͯ;͊΅͙ͻͫΎΦ 

˽͙͔͔͙͔ͪͣͤͤ ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎ ͍͔ͦͭ;͔͊ͭ ͍͔͔ͫͦͪͣͤͤ·ͣ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ 

͍ͫͭ͊ͤ͒͊ͪͭͦΣ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·ͻ ͤ͊ ͙͡;ͤͦͫͭͤͦ-͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·͚ ͨͦ͒ͻͦ͒ ͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͯ͟͡Έͭͯͪ· 

͙͎͒͊ͦ͊͡ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͔͔ͫͪ͒Φ ˤ ͔͔͙͍͔ͨͪͫͨͭ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͒͊͡Έ͔͚ͤ΄͔͔ ͍͙͙͔ͪ͊ͭ͘ ͎ͨͪͦͪ͊ͣͣ 

͎͍͙ͨͦ͒ͦͭͦ͟ ͔͎͎͍ͨ͒͊ͦͦ ͙ ͙͔͔͚ͪͦ͒ͭ͡ ͨͦ ͦ͋ͯ;͔͙ͤΌ ͔ͭͻ͙ͤ͊ͣ͟ ͙͍͎͊ͭͤͦͦ͟ ͫͯ͡΄͙͊ͤΎΣ ;ͭͦ ͔͋ͯ͒ͭ 

͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͎͙͊ͪͣͦͤ͊͘ͼ͙͙ ͍͎ͨͦ͒ͪͦͫͭͦͦͦ͟ ͍ͦͪ͊ͫͭ͊͘ ͙ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͔͍͙͎͒͊ͤͭͤͦͦ ͍͔͔͙ͨͦ͒ͤΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˢ͔͔͍ͤ͒ͪ͊Σ ˥Φ˸Φ ˿ͦͼ͙͊͡Έͤ͊Ύ ͙ͨͫͻ͎͙ͦͦ͡Ύ ώ͔́ͫͭ͟ϐ κ ˥Φ˸Φ ˢ͔͔͍ͤ͒ͪ͊Φ τ ˸ ΦΥ ˢ͔ͫͨͭ͟ ˽͔ͪͫͫΣ нлнлΦ τ отс ͫΦ 

нΦ ˣ͔͍ͦ͒͊͡Σ ˢΦˢΦ ˤ͙ͦͫͨͪΎ͙͔ͭ ͙ ͙͙͔ͨͦͤͣ͊ͤ ;͔͍͔ͦ͊͟͡ ;͔͍͔ͦͦͣ͟͡ ώ͔́ͫͭ͟ϐ κ ˢΦˢΦ ˣ͔͍ͦ͒͊͡Φ τ ˸ΦΥ ˮ͒͘-͍ͦ 

˸˥̂Σ н016. τ онл ͫΦ 

оΦ ˣ͍͙ͦ͗ͦ;Σ ˶ΦˮΦ ˶͙;ͤͦͫͭΈ ͙ ͔͖ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍ ͔͒ͭͫͦͣ͟ ͍͔ͦͪ͊ͫͭ͘ ώ͔́ͫͭ͟ϐ κ ˶ΦˮΦ ˣ͍͙ͦ͗ͦ;Φ τ ˸ΦΥ 

˽͍͔ͪͦͫ΅͔͙͔ͤΣ нллуΦ τ орн ͫΦ 

пΦ ˭͙ͣͤΎΎΣ ˮΦˢΦ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͦ͋ͯ;͔͙ͤΎ ώ͔́ͫͭ͟ϐ κ ˮΦˢΦ ˭͙ͣͤΎΎΦ τ ˸ ΦΥ ˶͎ͦͦͫΣ нлмфΦ τ плл ͫΦ 
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рΦ ˾͔͊ͤΣ ˢΦˢΦ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͙͡;͙ͤͦͫͭ ͙ ͔͙ͣ͗͡;ͤͦͫͭͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ ώ͔́ͫͭ͟ϐ κ ˢΦˢΦ ˾͔͊ͤΦ τ ˿ ˽͋ΦΥ ˽͙͔ͭͪΣ нлнмΦ 

τ пмс ͫΦ 

сΦ ̏͡Έ͙ͦͤͤ͟Σ ˨ΦˣΦ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ώ͔́ͫͭ͟ϐ κ ˨ΦˣΦ ̏͡Έ͙ͦͤͤ͟Φ τ ˸ΦΥ ˮ͙ͤͫͭͭͯͭ ͙ͨͪ͊ͭ͟;͔͚ͫͦ͟ 

͙ͨͫͻ͎͙͙ͦͦ͡Σ нлмлΦ τ нуу ͫΦ 

тΦ ͙̏ͪͫͦͤ͟Σ ̏Φ ˮ͔͙͒ͤͭ;ͤͦͫͭΈΥ ΌͤͦͫͭΈ ͙ ͙͙ͪͫ͘͟ ώ͔́ͫͭ͟ϐ κ ̏Φ ͙̏ͪͫͦͤ͟Φ τ ˸ ΦΥ ˽͎͔ͪͦͪͫͫΣ нллсΦ τ опн ͫΦ 

ϭ̆ ͙͍͊ͣͦ͊͟ ˴. .s, 2025 
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NEUTRAL TURKMENISTAN: A LAND OF HEALTH AND HAPPINESS 

 

Abstract 

Turkmenistan, guided by its constitutional status of Permanent Neutrality, has strategically aligned its 

national development policy with promoting the holistic well-being of its citizens. The concept of Land of 

Health and Happiness is not merely a slogan but a core principle integrating state governance, social 

programs, and infrastructure development. This article explores how Turkmenistan's policies in sports, 

healthcare, education, and environmental protection are structured to foster a healthy, active, and 

prosperous society, reflecting the nation's commitment to prioritizing human development under the 

umbrella of its neutral status. 

Keywords:  

Turkmenistan, Permanent Neutrality, Health and Happiness, Sports Development, Healthcare Reform, 

Environmental Policy, Human Development, Ashgabat. 

 

1. Permanent Neutrality as a Foundation for Human Development 

Since gaining independence, Turkmenistan's foreign policy has been guided by its status of Permanent 

Neutrality, officially recognized by the United Nations in 1995. This political principleτone of non-

interference and peaceful international cooperationτhas been domestically translated into a focus on 

internal stability and human capital investment. 

¶ Focus on Internal Prosperity: By eschewing involvement in military blocs and regional conflicts, the 

nation redirects resources toward non-military infrastructure, including comprehensive national healthcare 

systems, modern sports facilities, and extensive public works. 

¶ International Cooperation in Health: Neutrality facilitates cooperation with international bodies (like 

the UN, WHO, and various global health foundations) to implement best practices in disease prevention and 

public health management. 

2. Promoting a Healthy Lifestyle  

The drive toward a healthy nation is actively supported by extensive state programs, emphasizing 

sports and preventive medicine. 

2.1. The Cult of Sport and Fitness 

Sports are heavily promoted as a cornerstone of public health, extending beyond elite competition to 

daily public life. 

¶ Mass Sports Movements: Regular national campaigns and public holidays are dedicated to promoting 

physical activity, such as annual mass cycling events and health trails that encourage widespread 

participation. 

¶ Infrastructure Investment: Significant state resources have been invested in building world-class 
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sports facilities, including the massive Olympic Complex in Ashgabat, which hosted the 2017 Asian Indoor 

and Martial Arts Games. This infrastructure supports both professional training and community access. 

¶ The Health Trail: Numerous cities feature specially built health trails on hillsides, where citizens are 

encouraged to hike regularly, reinforcing the link between nature, exercise, and health. 

2.2. Healthcare Modernization 

Turkmenistan has invested heavily in modernizing its medical infrastructure and shifting focus toward 

preventive care. 

¶ Centers of Excellence: New hospitals and specialized medical centers have been built and equipped 

with advanced technology, providing specialized care within the country. 

¶ Disease Prevention: Public health efforts are concentrated on preventative measures, promoting 

healthy eating, and raising awareness about non-communicable diseases. 

3. Fostering Happiness and Prosperity  

The concept of happiness is interpreted broadly to encompass social stability, access to opportunity, 

and environmental quality. 

3.1. Social Welfare and Education 

State policies prioritize accessible education and social support systems designed to create stable 

family environments and opportunities for youth. 

¶ Education Investment: Modern schools and universities are built to ensure access to contemporary 

education, preparing the younger generation for the evolving demands of the global economy. 

¶ Housing and Infrastructure: Major construction projects, particularly in the capital and regional 

centers, focus on creating high-quality, modern residential areas, contributing to a higher standard of living. 

3.2. Environmental Harmony 

Environmental protection is crucial for long-term health and well-being. Turkmenistan has undertaken 

major national projects to manage its unique environment. 

¶ The Altyn Asyr Lake: This vast project aims to collect drainage water from irrigated land, mitigating 

salinization and creating a new habitat. 

¶ Greening Campaigns: Large-scale tree-planting initiatives across the country are designed to combat 

desertification and improve air quality in urban centers, directly supporting the national health agenda. 

4. Conclusion 

¢ǳǊƪƳŜƴƛǎǘŀƴΩǎ ǇƻƭƛŎȅ ƻŦ Permanent Neutrality has created a secure environment for ambitious 

internal development. The national philosophy of demonstrates a deep commitment to the holistic well-

being of its population. By prioritizing investments in sports, healthcare, education, and environmental 

sustainability, Turkmenistan strives to build a prosperous society that is robust, active, and prepared for 

future challenges, thereby making its national slogan a lived reality. 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˻͎͍͗ͦͦ͊Ύ ͙ͫͭͪͭͯͪ͊͟ ͙ͨ΅͔͍ͦ͒͊ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͭΎ͖͔͗ͦ͡ ͔͙͔ͦͫͦ͗ͤͤ͡ ͻ͙͙ͣ;͔͎ͫͦͦ͟ 
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͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͍·͔͙ͨͦͤͤ͡Ύ ͔͙͍ͪͦͤͫͭͪͯͭͤ͟͟·ͻ ͔ͦͨͪ͊ͼ͙͚Φ ́ͦͭ͊͡Έͤ͊Ύ Ήͦ͘ͺ͎͙͊ͦͨ͊ͫͭ͊͟͡ Ύ͍͡Ύ͔ͭͫΎ 
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͍͟͡Ό;͊Ύ ͨͪͦͭΎ͖͗ͤͤͦͫͭΈ ͙ͫͭͪͭͯͪ͟·Σ ͔ͪͼ͙͙͍͙͒ͪͯΌ΅͔͔ ͔͙͔ͫͯ͗ͤΣ ͔ͤΉͺͺ͔͙͍ͭͤͦͫͭ͟Έ Ή͙ͤ͒ͦͫͦͨ͟;͔͎ͫͦͦ͟ 

͔͡;͔͙ͤΎΣ ͔͙ͦͫͦ͗ͤͤ͡Ύ ͙ ͫͦͫͭͦΎ͙͔ͤ ͎͙͔͙͊ͫͭͪͦͤͭͫͭͤ͊͡Έ͎ͤͦͦ ͭͪ͊ͭ͊͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͦ ͎͍͗ͦͦ͊Ύ ͙ͫͭͪͭͯͪ͊͟Σ Ήͦ͘ͺ͎͙͊ͦͨ͊ͫͭ͊͟͡Σ ͙ͨ΅͔͍ͦ͒Σ ͔͙͍ͪͦͤͫͭͪͯͭͤ͊͟͟Ύ ͻ͙͎͙ͪͯͪΎΣ ͙͍͙͔͋ͯ͗ͪͦ͊ͤ. 
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ENGLISH TITLE: INDICATIONS FOR TOTAL ESOPHAGOPLASTY IN PATIENTS  

WITH CAUSTIC ESOPHAGEAL STRICTURES 

 

Abstract 

Caustic esophageal stricture is a severe complication of chemical injury, characterized by scar 

deformity, persistent obstruction, and significant impairment of esophageal function. In many cases, 

conservative therapy and endoscopic dilation prove insufficient, necessitating reconstructive surgical 

intervention. Total esophagoplasty is a radical method used to restore the continuity of the gastrointestinal 

tract, especially in patients with complete loss of esophageal function. This article examines the primary 

indications for this procedure, including the length of the stricture, recurrent narrowing, failure of endoscopic 

treatment, associated complications, and the condition of the gastrointestinal tract. 

Keywords:  

caustic stricture, esophagus, esophagoplasty, reconstructive surgery, dilation. 
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͙ͤ͊͡;͙͔ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͙ͭ͊͟ͻ ͊͟͟ Ύ͍͘·Σ ͍͙ͫ΅͙ ͙ ͔ͨͪͺͦͪ͊ͼ͙͙Φ ˽͙ͪ ͍·͔ͪ͊͗ͤͤ·ͻ ͺ͙͋ͪͦͤ͘·ͻ ͔͒ͺͦͪͣ͊ͼ͙Ύͻ 

͍͙ͫͭ͊ͤͦͭͫΎ ͔͍ͤͦͣͦ͗ͤ͘·ͣ ͨͪͦͻ͔͙͔ͦ͗͒ͤ Ήͤ͒ͦͫͦͨ͊͟Σ ;ͭͦ ͔ͭ͊͗͟ ͙ͫͯ͗ͭ͡ ͙͔͙͔ͪͭͪͣ͟ ͒͡Ύ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ 

͔ͦͪͪ͟͟ͼ͙͙Φ ˴͔ͦͣͨͫͤ͊͟͡Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͔ͤͦ͋ͻ͙ͦ͒ͣ͊ ͒͡Ύ ͭͦ;͎ͤͦͦ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͙͚ͨͦ͊͊ͤ͘͟ ͟ ͭͦͭ͊͡Έ͚ͤͦ 

Ήͦ͘ͺ͎͙͔͊ͦͨ͊ͫͭ͟͡Φ 

˹͔Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͍͙͍͎ͦͤͫͪ͊ͭͤͦͦ͟ ͔͡;͔͙ͤΎ ͊͟͟ ͙͔ͨͦ͊͊ͤ͘͟ ͟ ͔ͦͨͪ͊ͼ͙͙ 

˻͍ͫͤͦͤ·ͣ ͔ͣͭͦ͒ͦͣ ͔͡;͔͙ͤΎ ͔͖ͤͦͫͦ͗ͤͤͤ͡·ͻ ͙ͫͭͪͭͯͪ͟ Ύ͍͡Ύ͔ͭͫΎ ͙͍͙͔͋ͯ͗ͪͦ͊ͤ ͙͙͡ ͋͊ͦͤͤ͊͡͡Ύ 

͙͒͊ͭ͊͡ͼ͙ΎΦ ˻͒ͤ͊ͦ͟ ͙ͨͪ ͨͦͭͤ͡·ͻ ͪͯ͋ͼ͍ͦ·ͻ ͙͔͔͙ͣͤͤ͘ΎͻΣ ͔ͦͫͦ͋ͤͤͦ ͔ͨͦͫ͡ ͎͙ͯ͋ͦ͟͡ͻ ͎͍ͦ͗ͦͦΣ Ή͙ͭ ͔ͣͭͦ͒· 

ͦ͊͘͟·͍͊ΌͭͫΎ ͔ͤΉͺͺ͔͙͍ͭͤ͟·͙ͣΦ ˴͙͔͙ͪͭͪΎ͙ͣ ͔ͤΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͫ;͙ͭ͊Όͭ ͔͍ͤͦͣͦ͗ͤͦͫͭ͘Έ ͪ͊ͫ΄͙͙ͪͭΈ 

͍͔ͨͪͦͫͭ ͙ͨ΅͔͍ͦ͒͊ ͒ͦ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͙͔͒͊ͣͭͪ͊Σ ͋·ͫͭͪ·͚ ͔ͪͼ͙͙͍͒ ͔͙ͫͯ͗ͤΎ ͔ͨͦͫ͡ ͔ͤͫͦ͟͡Έ͙͟ͻ ͨͪͦͼ͔͒ͯͪΣ 

͊ ͔ͭ͊͗͟ ͍·͙͚ͫͦ͟ ͙ͪͫ͟ ͔ͨͪͺͦͪ͊ͼ͙͙Φ ̂ ͔ͤͦͭͦͪ͟·ͻ ͨ͊ͼ͙͔͍ͤͭͦ ͍͔ͨͦͭͦͪͤͦ ͙͍͙͔͋ͯ͗ͪͦ͊ͤ ͙͍͙ͨͪͦ͒ͭ ͟ 

͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͪͯ͋ͼ͍ͦ ͙ ͯͻͯ͒΄͔͙ͤΌ ͫͦͫͭͦΎ͙ͤΎΦ ˩͙ͫ͡ ͊͘ ͔͙ͨͪͦ͒ сςмн ͔͔ͤ͒͡Έ 

ͤ͊͋͡Ό͔͙͒ͤΎ ͔ͤ ͖ͯ͒͊ͭͫΎ ͙͒ͦ͋ͭΈͫΎ ͙ͫͭ͊͋͡Έ͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊Σ ͨ͊ͼ͙͔ͤͭͯ ͨͦ͊͊ͤͦ͘͟ ͍·͔͙͔ͨͦͤͤ͡ ͭͦͭ͊͡Έ͚ͤͦ 

Ήͦ͘ͺ͎͙͙͊ͦͨ͊ͫͭ͟͡ ͒͡Ύ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͨͪͦͻ͙͙ͦ͒ͣͦͫͭ ͙ͨ΅͔͍͙͔͊ͪͭ͡Έ͎ͤͦͦ ͭͪ͊ͭ͊͟Φ 

˽ͪͦͭΎ͖͗ͤͤ·͔ ͙ ͔͍͔ͣͤͦ͗ͫͭͤͤ·͔ ͙ͫͭͪͭͯͪ͟· 

˽ͪͦͭΎ͖͗ͤͤͦͫͭΈ ͪͯ͋ͼ͍ͦ·ͻ ͙͔͔͙͚ͣͤͤ͘ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͺ͍͊ͭͦͪͦ͟ ͍ ͍·͔͋ͦͪ 

ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͙͙ͭ͊ͭ͟͟Φ ˩͙ͫ͡ ͙ͫͭͪͭͯͪ͊͟ ͙͔͊ͤͣ͊ͭ͘ ͔͔͋ͦ͡ ͍͙ͨͦͦͤ͡· ͙͒ͤ͡· ͙ͨ΅͔͍ͦ͒͊ ͙͙͡ ͙͔͔ͣͭ 

͔͍͔ͣͤͦ͗ͫͭͤͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Σ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͍͔ͨͪͦͫͭ͊ ͍͙ͫͭ͊ͤͦͭͫΎ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͔͍ͤͦͣͦ͗ͤ͘·ͣΦ ͙͔́͊͟ 

͙͔͔͙ͣͤͤ͘Ύ ͤ͊ͪͯ΄͊Όͭ ͼ͔ͦͫͭͤͦͫͭ͡Έ ͔͙ͨͪͫͭ͊͡Έ͙͙ͭ͟ ͙ ͫͦ͒͊͘Όͭ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ ͔ͤͨͦͤͦ͡ͼ͔ͤͤ·͚ ͙ͨ΅͔͍ͦ͒Φ 

́ͦͭ͊͡Έͤ͊Ύ Ήͦ͘ͺ͎͙͊ͦͨ͊ͫͭ͊͟͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͙͊ͣͤͭ͘Έ ͍͔ͫΈ ͖ͨͦͪ͊͗ͤͤ·͚ ͔͎͔ͫͣͤͭΣ ͙ͫͨͦ͡Έͯ͘Ύ ͔͗ͯ͒ͦ͟͡Σ 

͙͟΄͔;͙ͤ͟ ͙͙͡ ͭͦͫͭͯ͡Ό ͙͟΄ͯ͟Φ ˽ͪͦͭΎ͖͗ͤͤ·͔ ͭͪͯ͋;͊ͭ·͔ ͔͙ͫͯ͗ͤΎ ͙͔͒͊ͣͭͪͦͣ ͔͔͔ͣͤ оςр ͣͣΣ ͊ ͔ͭ͊͗͟ 

͔͒ͺͦͪͣ͊ͼ͙͙Σ ͫͦ;͔ͭ͊Ό΅͙͔ͫΎ ͫ ͯͦͪͦ͟;͔͙͔ͤͣ ͙ͨ΅͔͍ͦ͒͊Σ Ύ͍͡ΎΌͭͫΎ ͊͋ͫͦ͡Όͭͤ·͙ͣ ͙ͨͦ͊͊ͤ͘͟Ύ͙ͣ ͒͡Ύ 

͙ͪ͊͒͊͟͡Έ͚ͤͦ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙Φ ˨͊ͤͤ·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙ͫͭͯ͊ͼ͙͙ ͔ͪ͒ͦ͟ ͨͦ͒͒͊ΌͭͫΎ Ή͙ͤ͒ͦͫͦͨ͟;͔ͫͦͣͯ͟ 

͔͡;͔͙ͤΌΣ ;ͭͦ ͔͔͒͊ͭ͡ ͔͙͍ͦͨͪ͊ͭͤ·͚ ͔ͣͭͦ͒ ͔ͨͪ͒ͨͦ;͙͔ͭͭ͡Έͤ·ͣΦ 

˿ͦ;͔ͭ͊ͤͤ·͔ ͔͙ͦͫͦ͗ͤͤ͡ΎΥ ͍͙ͫ΅͙Σ ͔ͨͪͺͦͪ͊ͼ͙͙Σ ͪͯ͋ͼ͍ͦ͊Ύ ͔͒ͺͦͪͣ͊ͼ͙Ύ ͎͙ͦͪͭ͊ͤ 

̂ ;͙͊ͫͭ ͨ͊ͼ͙͔͍ͤͭͦ ͎ͦ͗ͦ ͙ͨ΅͔͍ͦ͒͊ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͔͙ͦͫͦ͗ͤͤ͡Ύ͙ͣ τ ͭͪ͊ͻ͔͙ͦͨ΅͔͍ͦ͒ͤ·͙ͣ 

͍͙ͫ΅͙͊ͣΣ ͔ͨͪͺͦͪ͊ͼ͙Ύ͙ͣΣ ͔ͫͭͤͦͦͣ͘ ͎͙ͦͪͭ͊ͤ ͙͙͡ ͻ͙ͪͦͤ;͔͙ͫͣ͟ Ήͦ͘ͺ͎͙͊ͭͦͣΦ ˹͙͊͡;͙͔ ͙ͭ͊͟ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ 

ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͻͯ͒΄͔͊ͭ ͎ͨͪͦͤͦ͘ ͙ ͎͙ͦͪ͊ͤ;͙͍͔͊ͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔͍͙͍͚ͦͤͫͪ͊ͭͤͦ͟ ͔͙͙ͭͪ͊ͨΦ ˿͍͙΅͙ ͫͦ͒͊͘Όͭ 

͎ͯͪͦͯ͘ ͙͊ͫͨͪ͊ͼ͙͙Σ ͔͍͙͙ͨͤͣͦͤ ͙ ͔͙ͫͨͫͫ͊Σ ;ͭͦ ͔͔͒͊ͭ͡ ͻ͙͎͙ͪͯͪ;͔ͫͯ͟Ό ͔ͦͪͪ͟͟ͼ͙Ό ͦ͋Ύ͔͊ͭ͘͡Έ͚ͤͦΦ ˽͙ͪ 

͔͔ͫͭͤͦ͘ ͎͙ͦͪͭ͊ͤ ͤ͊ͪͯ΄͔͊ͭͫΎ ͒·ͻ͙͔͊ͤ ͙ ͎͍͙͔ͦͦͫͦͦ͋ͪ͊ͦ͊ͤ͘͡Σ ;ͭͦ ͔ͭ͊͗͟ ͔͔ͭͪ͋ͯͭ ͔͙͍͎ͦͨͪ͊ͭͤͦͦ 

͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ ˩͙ͫ͡ ͪͯ͋ͼ͍ͦ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎΌͭͫΎ ͤ͊ ͍͔ͪͻ͙͔ͤ ͔ͦͭ͒͡· ͙ͨ΅͔͍͙͔͊ͪͭ͡Έ͎ͤͦͦ 

ͭͪ͊ͭ͊͟Σ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ύ ͒ͦ͗ͤ͊͡ ͙ͤͦͫͭΈ ͭͦͭ͊͡Έͤ·͚ ͻ͔͊ͪ͊ͭͪ͟ ͫ ͚ͨͦͤͦ͡ ͔͚͊ͣͤͦ͘ ͖͎ͨͦͪ͊͗ͤͤͦͦ ͙ͨ΅͔͍ͦ͒͊Φ 

˿ͦͫͭͦΎ͙͔ͤ ͔͗ͯ͒͊͟͡ ͙ ͙͟΄͔;͙ͤ͊͟ ͙ͨͪ ͍·͔͋ͦͪ ͔ͣͭͦ͒͊ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙ 

˽͔͔ͪ͒ ͍·͔͙͔ͨͦͤͤͣ͡ Ήͦ͘ͺ͎͙͙͊ͦͨ͊ͫͭ͟͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͦͼ͔͙ͤͭΈ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͫͦͫͭͦΎ͙͔ͤ ͔͗ͯ͒͊͟͡ 

͙ ͙͟΄͔;͙ͤ͊͟Σ ͭ͊͟ ͊͟͟ ͙͔ͣͤͤͦ ͙ͦͤ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͊͟;͔͍͔ͫͭ ͙ͨ͊ͫͭ͡;͔͎ͫͦͦ͟ ͔͙ͣ͊ͭͪ͊͊͡Φ ˩͙ͫ͡ ͔͗ͯ͒ͦ͟͡ 
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ͫͦͻ͖ͪ͊ͤͤ ͙ ͙͔͔ͣͭ ͔͍͔͊͒͊ͭͤͦ͟ ͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ͟Σ ͔ͨͪ͒ͨͦ;͔͙͔ͭͤ ͖ͦͭ͒͊ͭͫΎ ͔͗ͯ͒ͦ͡;͚ͤͦ ͙͔ͨ͊ͫͭ͟͡Σ 

ͨͦͫͦ͟͡Έͯ͟ ͦͤ͊ Ύ͍͡Ύ͔ͭͫΎ ͔ͭͻ͙ͤ;͔͙ͫ͟ ͔͔͋ͦ͡ ͚ͨͪͦͫͭͦ ͙ ͺ͙͙͎͙ͦͦ͘͡;͚ͤͦΦ ˤ ͫͯ͡;͊ΎͻΣ ͎ͦ͒͊͟ ͔͗ͯ͒ͦ͟͡ ͖ͨͦͪ͊͗ͤ 

ͪͯ͋ͼ͙͊ͣ ͙͙͡ ͔͔ͪ͊ͤ ͔͔͖ͨͪͤͫ ͔ͦͨͪ͊ͼ͙͙Σ ͙ͫͨͦ͡Έͯ͘Όͭ ͔͎͔ͫͣͤͭ· ͚ͭͦͫͭͦ͡ ͙͙͡ ͚ͭͦͤͦ͟ ͙͟΄͙͟Φ ˻ͼ͔ͤ͊͟ 

͙͙ͣͦͭͦͪ͟Σ ͔͙ͨͪͫͭ͊͡Έ͙͙ͭ͟Σ ͙͊ͤ͊ͭͦͣ;͔͚ͫͦ͟ ͙͒ͤ͡· ͙ ͙͎ͫͦͫͯ͒ͫͭͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·͋ͪ͊ͭΈ 

͙ͦͨͭͣ͊͡Έͤ·͚ ͔ͣͭͦ͒Φ ˻͍͙͔ͭͫͯͭͫͭ ͙͎͎ͨͪͦ͒ͤͦͦ ͙ͨ͊ͫͭ͡;͔͎ͫͦͦ͟ ͔͙ͣ͊ͭͪ͊͊͡ ͔ͣͦ͗ͭ ͋·ͭΈ 

͙͍͙͔ͨͪͦͭͦͨͦ͊͊ͤͣ͘͟ ͟ ͔ͦͨͪ͊ͼ͙͙Σ ͨͦΉͭͦͣͯ Ήͭͦͭ ͨͯͤͭ͟ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͣ ͍ 

͔͔ͨͪ͒ͦͨͪ͊ͼ͙ͦͤͤͦͣ ͔͍͙͙ͦ͋ͫ͒ͦ͊ͤ͡Φ 

˻͋΅͔͙ͫͦͣ͊ͭ;͔͙͔ͫ͟ ͙ͨͦ͊͊ͤ͘͟Ύ ͙ ͙͍͙ͨͪͦͭͦͨͦ͊͊ͤ͘͟Ύ ͟ ͔ͦͨͪ͊ͼ͙͙ 

˾͙͊͒͊͟͡Έͤ͊Ύ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ύ ͙ͨ΅͔͍ͦ͒͊ ͨͦ͊͊ͤ͊͘͟ ͨ͊ͼ͙͔ͤͭ͊ͣ ͫ ͍·͔ͪ͊͗ͤͤ·ͣ ͤ͊ͪͯ΄͔͙͔ͤͣ 

͙͙ͨͭ͊ͤΎΣ ͙͔͙͔ͫͤ͗ͤͣ ͣ͊ͫͫ· ͔ͭ͊͡Σ ͎͙͍͙͙ͨͦͭ͊ͣͤͦͦͣ͘ ͙ ͔͍ͤͦͣͦ͗ͤͦͫͭ͘ΈΌ ͨͦͤͦ͡ͼ͔͎ͤͤͦͦ ͙͖ͨͪͣ͊ ͙ͨ΅͙Φ 

˻ͤ͊ ͔ͭ͊͗͟ ͔ͤͦ͋ͻ͙ͦ͒ͣ͊ ͙ͨͪ ͎͔ͯͪͦ͘ ͙͔͎͗ͤͯͪͦ͗͊͘Ό΅͙ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͍͟͡Ό;͊Ύ ͙͊ͫͨͪ͊ͼ͙Ό ͙ ͔͙ͫͨͫͫΦ 

˻͒ͤ͊ͦ͟ ͔ͦͨͪ͊ͼ͙Ύ ͙͍ͨͪͦͭͦͨͦ͊͊ͤ͊͘͟ ͙ͨͪ ͭΎ͖͚͗ͦ͡ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͙͙͡ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ 

͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΣ ͔͔͙͍͒ͦͣͨͤͫͪͦ͊ͤͤ͟·ͻ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͔͍͙͊͋ͦ͊ͤ͘͡Ύͻ ͙ ͭΎ͖͗ͦͣ͡ ͙͔ͣͣͯͤͦ͒ͺ͙ͼ͙͔ͭΦ 

˽͔͔ͪ͒ ͔ͦͨͪ͊ͼ͙͔͚ ͍͙ͨͪͦͦ͒ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έͤ͊Ύ ͔ͦͪͪ͟͟ͼ͙Ύ ͙͙ͨͭ͊ͤΎΣ ͔͡;͔͙͔ͤ ͔͙͙͊ͤͣΣ ͙ͤͺ͔͟ͼ͙͚ ͙ 

͙͙ͫͭ͊͋͊͘͡ͼ͙Ύ ͦ͋΅͔͎ͦ ͫͦͫͭͦΎ͙ͤΎ ͨ͊ͼ͙͔ͤͭ͊Φ ˽͍͙ͪ͊͡Έͤ͊Ύ ͦͼ͔ͤ͊͟ ͙ͪͫ͊͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͨͦ·͙ͫͭΈ 

͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͎ͨͪͦͤͦ͘Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

мΦ ˿͍͔͊͡Έ͔͍ ˤΦ˿Φ ˹͔ͦͭͦ͗ͤ͊͡Ύ ͻ͙͎͙ͪͯͪΎ ͎͍ͦͪ͊ͤͦ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡Φ τ ˸ ͍ͦͫ͊͟Υ ˸͔͙͒ͼ͙ͤ͊Σ нлммΦ τ рмн ͫΦ 

2Φ ˣ͔͙ͦͪ͟Ύ ˶ΦˢΦ ͙͎͙̆ͪͯͪΎ ͙ͨ΅͔͍ͦ͒͊Υ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ τ ˸ ͍ͦͫ͊͟Υ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмпΦ τ спл ͫΦ 
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TITLE IN ENGLISH: METHODS OF NUTRITIONAL SUPPORT FOR PATIENTS AFTER EXTENSIVE 

RECONSTRUCTIVE SURGERIES ON THE GASTROINTESTINAL TRACT 

 

Abstract 

The article analyzes modern methods of nutritional support for patients who have undergone 

extensive reconstructive surgeries on the gastrointestinal tract (GIT). The article covers the theoretical 

foundations of clinical nutrition, its role in postoperative recovery, the criteria for choosing a method of 

nutritional therapy, the features of enteral and parenteral nutrition, as well as combined schemes. It also 

discusses the indications, contraindications, monitoring methods, risks, and approaches to optimizing 

nutritional status. The article presents modern ERAS protocols and principles of metabolic support. This 

material can be useful for surgeons, rehabilitation specialists, and intensive care physicians. 
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͙͟΄͔;͙ͤ͊͟ ͙ ͔͎ͦ͋͡;͙ͭΈ ͊͒͊ͨͭ͊ͼ͙Ό ͍͊ͤ͊ͫͭͦͣͦͦ͘ ͟ ͙ͨ΅͔͍·ͣ ͎ͤ͊ͪͯ͊ͣ͘͟Φ ˽͙͔ͪͣͤΎΌͭͫΎ ͙ͪ͊͘͡;ͤ·͔ 

ͫͨͦͫͦ͋· ͍͍͔͔͙͒ͤΎΥ ͎ͤ͊ͦ͊ͫͭͪ͊͘͡Έͤ·͔ ͙ ͔ͤ͊ͦ͘Όͤ͊͡Έͤ·͔ ͦͤ͒͘·Σ ͎͊ͫͭͪͦͫͭͦͣ· ͙ ͔Όͤͦͫͭͦͣ·Φ ˤ͊͗ͤͯΌ 

ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͨͦ͒͋ͦͪ ͔͔͚ͫͣͫΥ ͫͭ͊ͤ͒͊ͪͭͤ·ͻΣ ͨͦͯ͡Ή͔͔ͣͤͭͤ͡·ͻΣ Ή͔͔ͣͤͭͤ͡·ͻ ͙͙͡ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ 

ό͙ͣͣͯͤͤ·ͻύΣ ͔ͫͦ͒ͪ͗͊΅͙ͻ ͎͙͙͊ͪͤͤΣ ͔͎ͦͣ͊-о ͙͗ͪͤ·͔ ͙ͫͦͭ͟͡· ͙ ͔͙ͤͯͦͭ͒͟͡·Φ ˤ͍͔͔͙͔͒ͤ ͤ͊;͙͔ͤ͊ͭͫΎ ͫ 

͙͙ͣͤͣ͊͡Έͤ·ͻ ͒ͦ͘Σ ͔͔ͨͦͫͭͨͤͤͦ ͍͔͙ͯ͡;͙͍͔͊ͣ·ͻ ͫ ͯ;͖ͭͦͣ ͔͔͙͙ͨͪͤͦͫͣͦͫͭΦ ͔̏ͤͭͪ͊͡Έ͔ͤͦ ͙͙͔ͨͭ͊ͤ 

͙͔ͫͤ͗͊ͭ ͙͔͒ͭ͡͡ΈͤͦͫͭΈ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙ ͙ ;͊ͫͭͦͭͯ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͨͦΉͭͦͣͯ 

͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍͔͎ͫ͒͊Σ ͎ͦ͒͊͟ Ήͭͦ ͍ͦͣͦ͗ͤͦ͘Φ 

˽͙ͦ͊͊ͤ͘͟Ύ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͔͔͙ͨͪͣͤͤΎ ͔͔ͨ͊ͪͤͭͪ͊͡Έ͎ͤͦͦ ͙͙ͨͭ͊ͤΎ 

˽͔͔͊ͪͤͭͪ͊͡Έ͔ͤͦ ͙͙͔ͨͭ͊ͤ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͍ ͙ͫͭͯ͊ͼ͙ΎͻΣ ͎ͦ͒͊͟ Ή͔ͤͭͪ͊͡Έͤ·͚ ͨͯͭΈ ͔͍͔ͤͦͣͦ͗ͤ͘ ͙͙͡ 

͔ͤ͒ͦͫͭ͊ͭͦ;͔ͤΦ ˽͙ͦ͊͊ͤ͘͟Ύ ͍͟͡Ό;͊Όͭ ͍·͔ͪ͊͗ͤͤͯΌ ͙͟΄͔;ͤͯΌ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΣ ͭΎ͔͗͡·͚ ͔͙ͨ͊ͤͪ͊ͭͭ͟Σ 

͙ͫͤ͒ͪͦͣ ͚ͦͪͦͭͦ͟͟ ͙͟΄͙͟Σ ͔ͣͻ͙͊ͤ;͔͙͔ͫ͟ ͔ͨͪͨΎ͍͙ͭͫͭΎ ͙͙͡ ͭΎ͖͗͡·͔ ͔͙ͦͫͦ͗ͤͤ͡Ύ ͔ͨͦͫ͡ ͔ͦͨͪ͊ͼ͙͙Φ 

˻͍ͫͤͦͤ͊Ύ ͼ͔͡Έ τ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͔͔͚ͨͦͭͪ͋ͤͦͫͭ ͎͙ͦͪ͊ͤͣ͊͘ ͖ͨͯͭͣ ͍͙͍͔͎ͤͯͭͪͤͤͦͦ 

͍͍͔͔͙͒ͤΎ ͍͍ͪ͊ͫͭͦͪͦ ͙͙͊ͣͤͦͫͦͭ͟͡Σ ͎͡Όͦ͘͟·Σ ͙͍͗ͪͦ·ͻ Ήͣͯ͡Έ͙͚ͫΣ Ή͔͙͍ͭͪͦͭͦ͟͡͡ ͙ ͍͙͙͍ͭ͊ͣͤͦΦ ˽͙ͪ 

͔͔ͨ͊ͪͤͭͪ͊͡Έͤͦͣ ͙͙͙ͨͭ͊ͤ ͍͊͗ͤͦ ͫͦ͋͡Ό͒͊ͭΈ ͎͙͚ͫͭͪͦ ͦͤͭͪͦ͟͡Έ ͊͘ ͔͙ͣͭ͊͋ͦ͡;͔͙͙ͫͣ͟ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣΥ 

͍͔ͯͪͦͤͣ ͎͡Όͦ͘͟·Σ ͙ͫͦͭͤͦ͟͡-΅͔ͦ͡;ͤ·ͣ ͫͦͫͭͦΎ͙͔ͤͣΣ Ή͔͙͙ͭͪͦͭ͊ͣ͟͡͡Σ ͺͯͤ͟ͼ͙͔͚ ͔ͨ;͔͙ͤΦ ˹͔͍͙ͨͪ͊͡Έ͔ͤͦ 

͍͔͙͔ͫͦͫͭ͊ͤ͡ ͫͻ͔ͣ· ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͙͍͚͗ͪͦͦ ͙ͤͺ͙͡Έͭͪ͊ͼ͙͙ ͔ͨ;͔͙ͤΣ ͎͙͔͎͙͔͙͙ͨͪͣ͟͡ ͙͙͡ 

Ή͔͙ͭͪͦͭͤ͟͡͡·ͣ ͤ͊ͪͯ΄͔͙ͤΎͣΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͙͙ͪͫ͟Σ ͔ͣͭͦ͒ ͔͔͙ͤ͊ͣͤͣ͘ ͯ ͨ͊ͼ͙͔͍ͤͭͦΣ ͔͔͖ͨͪͤͫ΄͙ͻ ͋ͦ͡Έ΄͙͔ 

͔͔ͪ͘͟ͼ͙͙ ͙͟΄͔;͙ͤ͊͟ ͙͙͡ ͙͔ͣΌ΅͙ͻ ͭΎ͖͗ͯ͡Ό ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͯΌ ͔ͤͨͪͦͻ͙ͦ͒ͣͦͫͭΈΦ 

˴͙͙͍͔ͦͣ͋ͤͪͦ͊ͤͤͦ Ή͔ͤͭͪ͊͡Έͤͦ-͔͔ͨ͊ͪͤͭͪ͊͡Έ͔ͤͦ ͙͙͔ͨͭ͊ͤΥ ͙ͦͨͭͣ͊͡Έͤ·͚ ͨͦ͒ͻͦ͒ 

ˤͦ ͎͙ͣͤͦͻ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙ͫͭͯ͊ͼ͙Ύͻ ͙ͦͨͭͣ͊͡Έͤ·ͣ ͫ;͙͔ͭ͊ͭͫΎ ͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͟·͚ ͔ͣͭͦ͒Σ ͎ͦ͒͊͟ 

Ή͔ͤͭͪ͊͡Έ͔ͤͦ ͙͙͔ͨͭ͊ͤ ͍͙ͨͪͦͦ͒ͭͫΎ ͍ ͍ͦͣͦ͗ͤͦͣ͘ ͦ͋Ά͖͔ͣΣ ͊ ͔ͤ͒ͦͫͭ͊Ό΅͔͔ ͙ͦ͟͡;͔͍ͫͭͦ Ή͔͎͙͙ͤͪ 

͔͙͔ͦͣͨͤͫͪͯͭͫ͟Ύ ͔͔ͨ͊ͪͤͭͪ͊͡ΈͤͦΦ ͚́͊ͦ͟ ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͫͦͻ͙ͪ͊ͤͭΈ ͋͊ͪΈ͔ͪͤͯΌ ͺͯͤ͟ͼ͙Ό ͙͟΄͔;͙ͤ͊͟Σ 

͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͎͙ͦͪ͊ͤͣ͘ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͙ͣ ͙͊ͦͪ͟͡Ύ͙ͣ ͙ ͙͔͙ͤͯͭͪͤͭ͊ͣΦ ˻͔ͫͦ͋ͤͤͦ ͍͊͗ͤ͊ Ήͭ͊ 

͙ͭ͊ͭ͊͟͟ ͯ ͋ͦ͡Έͤ·ͻ ͔ͨͦͫ͡ ͔͙͍ͪͦͤͫͭͪͯͭͤ͟͟·ͻ ͔ͦͨͪ͊ͼ͙͚ ͤ͊ ͙ͨ΅͔͍͔ͦ͒Σ ͔͔͗ͯ͒͟͡ ͙ ͚ͭͦͤͦ͟ ͙͟΄͔͟Σ ͎ͦ͒͊͟ 

͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͙͙ͣͦͭͦͪ͟ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔͔ͨͦͫͭͨͤͤͦΦ ˴͙͙͍͔ͦͣ͋ͤͪͦ͊ͤͤͦ ͙͙͔ͨͭ͊ͤ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ 

͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͯͯ͡;΄͔͊ͭ ͙͊ͦͭͫͭ͘·͚ ͋͊͊ͤͫ͡Σ ͯͫͦͪ͟Ύ͔ͭ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͔͍͎͋ͦͦͦ͟͡ ͍ͫͦͫͭ͊͊ 

͔͚ͭ͊ͤ͟Φ ˽ͦ͒͋ͦͪ ͔͍ͦͣͨͦͤͤͭͦ͟ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͙͙͍͙ͤ͒͒ͯ͊͡ΈͤͦΣ ͫ ͔͔͔͍͗͒ͤͤ·ͣ ͙͙͎ͣͦͤͭͦͪͤͦͣ 

͎͙͔͙͙ͣ͟͡Σ Ή͔͙͍ͭͪͦͭͦ͟͡͡ ͙ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͔ͨ;͖ͤͦ;͚ͤͦ ͺͯͤ͟ͼ͙͙Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͍͍ͪͯͦͦ͒ͫͭ͊͟ ͔͔ͪͦͣͤ͒ͯ͟Όͭ 

͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ Ήͭͦͭ ͔ͣͭͦ͒ ͍ ͔ͭ;͔͙͔ͤ ͔͔ͨͪͻ͎ͦ͒ͤͦͦ ͔͙ͨͪͦ͒͊ ͔ͣ͗͒ͯ ͔͔ͨ͊ͪͤͭͪ͊͡Έ͚ͤͦ ͙ ͨͦͤͦ͡ͼ͔͚ͤͤͦ 

Ή͔ͤͭͪ͊͡Έ͚ͤͦ ͔͚ͨͦ͒͒ͪ͗ͦ͟Φ 

˽ͪͦͭͦͦ͟͡· ERAS ͙  ͙ͻ ͪͦ͡Έ ͍ ͙͙͍ͤͯͭͪͭͤͦͣ ͔͔ͦ͋ͫͨ;͔͙͙ͤ 

˽ͪͦͭͦͦ͟͡· 9w!{ ό9ƴƘanced Recovery After Surgery) revolutionized perioperative care, placing 
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significant emphasis on early nutrition. According to ERAS principles, patients should begin oral or enteral 

feeding within the first 24 hours after surgery whenever feasible. This approach minimizes muscle 

catabolism, reduces insulin resistance, and shortens hospital stay. In reconstructive gastrointestinal surgery, 

ERAS guidelines recommend avoiding prolonged fasting, using carbohydrate loading preoperatively, ensuring 

adequate protein intake, and minimizing opioid analgesics that impair gut motility. Implementation of ERAS 

improves postoperative outcomes, decreases complication rates, and supports faster functional recovery. 

The integration of ERAS into clinical practice requires multidisciplinary cooperation among surgeons, 

nutrition specialists, anesthesiologists, and nursing staff. 

˻͔͙ͫͦ͗ͤͤ͡Ύ ͙ ͙͙ͪͫ͟ ͙͙͍͚ͤͯͭͪͭͤͦ ͔͙ͨͦ͒͒ͪ͗͟ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͨͦ͡Έͯ͘Σ ͙͙͍ͤͯͭͪͭͤ͊Ύ ͔ͨͦ͒͒ͪ͗͊͟ ͔ͣͦ͗ͭ ͍ͫͦͨͪͦͦ͗͒͊ͭΈͫΎ ͔͙ͦͫͦ͗ͤͤ͡Ύ͙ͣΦ ˽͙ͪ 

Ή͔ͤͭͪ͊͡Έͤͦͣ ͙͙͙ͨͭ͊ͤ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·͙ͣ ͔͙ͨͪͦ͋ͣ͊ͣ͡ Ύ͍͡ΎΌͭͫΎ ͙͔͒͊ͪΎΣ ͭͦ΄ͤͦͭ͊Σ ͍ͪͦͭ͊Σ ͙͊ͫͨͪ͊ͼ͙Ύ ͙ 

͔ͤͨͪͦͻ͙ͦ͒ͣͦͫͭΈ ͦͤ͒͊͘Φ ̂ ͔ͦͫ͊͋ͤͤ͡͡·ͻ ͨ͊ͼ͙͔͍ͤͭͦ ͍ͦͣͦ͗ͤ͊͘ ͎͙͔ͨͪͦͫͣͦ͡ΎͪͤͦͫͭΈ ͔͔͚ͫͣͫ ͙ ͤ͊ͪͯ΄͔͙͔ͤ 

͍ͦ͒ͤͦ-Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͋͊͊ͤͫ͊͡Φ ˽͔͔͊ͪͤͭͪ͊͡Έ͔ͤͦ ͙͙͔ͨͭ͊ͤ ͍ͫΎ͊ͤͦ͘ ͫ ͙ͪͫͦͣ͟ ͔͔͊ͭͭͪ͟-͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·ͻ 

͙ͤͺ͔͟ͼ͙͚Σ ͍ͭͪͦͣ͋ͦͦ͘Σ ͙͍͚͗ͪͦͦ ͙ͤͺ͙͡Έͭͪ͊ͼ͙͙ ͔ͨ;͔͙ͤ ͙ ͭΎ͖͗͡·ͻ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΌ ͙ͫͤ͒ͪͦͣ͊ ͍͍͔͙ͦͦ͋ͤͦͤ͘͡Ύ ͙͙ͨͭ͊ͤΎ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͭΎ͖͗͡·ͣ 

͙ͫͭͦ΅͔͙͔ͤͣΦ ˨͡Ύ ͙͔͙ͫͤ͗ͤΎ ͙͍ͪͫͦ͟ ͔͔ͭͪ͋ͯͭͫΎ ͭ΅͔͊ͭ͡Έͤ·͚ ͙͙͎ͣͦͤͭͦͪͤΥ ͔͎ͪͯ͡Ύͪͤ·͔ ͙͊ͤ͊͘͡· ͍͙ͪͦ͟Σ 

ͦͤͭͪͦ͟͡Έ ͋͊͊ͤͫ͊͡ ͙͙͗͒ͦͫͭ͟Σ ͤ͊͋͡Ό͔͙͔͒ͤ ͊͘ ͺͯͤ͟ͼ͙͔͚ ͔ͨ;͔͙ͤ ͙ ͨͦ;͔͟Φ ˥͔ͪ͊ͣͦͭͤͦ ͍͔͔͙͔͒ͤ ͨ͊ͼ͙͔͍ͤͭͦ 

͍ͨͦͦ͘͡Ύ͔ͭ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͔͙ͦͫͦ͗ͤͤ͡Ύ ͙ ͔͔ͦ͋ͫͨ;͙ͭΈ ͔͔͋ͦͨ͊ͫͤͦ͘ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͍͙͙ͪ͊ͭ͘Ύ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˣ͔͙ͦͪ͟Ύ ˶Φ ˢΦΣ ˥ͯ͡΄͍ͦ͟ ˹Φ ˮΦ ˴͙͙ͤ͡;͔͔ͫͦ͟ ͙͙͔ͨͭ͊ͤ ͍ ͻ͙͎͙͙ͪͯͪΦ τ ˸͍ͦͫ͊͟Υ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмфΦ τ 

пон ͫΦ 

нΦ ˶͙ͻ͔ͭͪ ˸Φ ˮΦ ˸͔͙ͭ͊͋ͦ͡;͔ͫ͊͟Ύ ͔ͨͦ͒͒ͪ͗͊͟ ͍ ͙͔͙͍͚ͤͭͤͫͤͦ ͔͙͙ͭͪ͊ͨΦ τ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˿͔ͨͼ˶͙ͭΣ 

2017. τ осу ͫΦ 

оΦ ˣ͍͊ͪ͊ͤͦ ˢΦ ˢΦΣ ˹͍͊ͣ͊ͦ͊͘-ˣ͍͊ͪ͊ͤͦ͊ ˶Φ ˿Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙ͤͯͭͪͼ͙͎͙ͦͦ͡ΎΦ τ ˸͍ͦͫ͊͟Υ ˽͔͙͒͊ͭͪΆΣ нлнлΦ τ 

рмн ͫΦ 

ϭs ͔͍͋͒ͯ͊͡͡ ˢΦˢΦ, 2025 

 

 

 

 

ˢ͙͔͍͊͘͘ ˸ͯͻ͔͊͋͋ͭΦ 

ˢ͙͔ͫͫͫͭͤͭ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Φ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˽͙ͫͻ͙;͔͙͔ͫ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔ͫͪΈ͔ͤͯ͘Ό ͔ͨͪͦ͋ͣͯ͡ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ 

͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΣ ͎͙͍͊ͭͪ͊͊͘Ύ ͙͙ͣͦͤ͡͡· ͡Ό͔͚͒ ͨͦ ͍͔ͫͣͯ ͙ͣͪͯΦ ˿͍͔͍͔͔͔ͦͪͣͤͤͦ ͍·Ύ͍͔͙͔ͤ͡ ͙  

͔͍͔͊͒͊ͭͤͦ͟ ͔͡;͔͙͔ͤ ͟ ͙͙ͪͭ;͔͙ͫ͟ ͍͊͗ͤ· ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͎ͨͪͦͤͦ͊͘Σ ͍ͨͦ·΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ 

ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͙͔͙ͫͤ͗ͤΎ ͔͔͙͋ͪͣͤ ͒͡Ύ ͦ͋΅͔͍ͫͭ͊Φ ˨͙͎͙͊ͤͦͫͭ͊͟ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͔ͦͣͨͫͤͦͣ͟͟͡ ͨͦ͒ͻ͔ͦ͒Σ 

͍͟͡Ό;͊Ό΅͔ͣ ͙͙ͤͦ͟͟͡πͨ ͙ͫͻ͎͙ͦͨ͊ͭͦͦ͡;͔͙͚ͫ͟ ͔ͣͭͦ͒ ό͔͔͋ͫ͒͊Σ ͤ͊͋͡Ό͔͙͔͒ͤύΣ ͙ͨͫͻ͔͙ͦͣͭͪ;͔͙͔ͫ͟ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙Σ ͙ͨͪ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭΣ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ ͙ ͊͋ͦͪ͊ͭͦͪͤ͡·͔ ͔ͣͭͦ͒· ό͙͔ͤ͊ͨͪͣͪΣ ˸˾́Σ ̏̏˥Σ 
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͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͭͫͭ·ύΦ ˶͔;͔͙͔ͤΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͍͟͡Ό;͔͊ͭ ͙ͦͣ͋ͤ͊͟ͼ͙Ό ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟ 

ό͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ·Σ ͔͚͔͙͙ͤͪͦͨͭ͟͡Σ ͙͙͙ͤͦͪͣͦͭͣ͟ ͙ ͒ͪΦύ ͙ ͙ͨͫͻ͔͙͙ͦͭͪ͊ͨ ό͙͔͔ͤ͊͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͊͟ 

͎͙͙͍ͦͤͭͤͦ͟πͨ ͍͔͔ͦ͒ͤ;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎ π ˴ ˽́Σ ͊ ͔ͭ͊͗͟ ͎͙͔͒ͪͯ ͍͙͒·ύΦ ͔̂ͫͨͻ ͔͡;͔͙ͤΎ ͍ͦ ͎ͣͤͦͦͣ ͘ ͍͙͙͊ͫͭ ͦͭ 

͔͎ͪ͊ͤͤͦ ͦ͋ͪ͊΅͔͙ͤΎ ͊͘ ͨͦͣͦ΅ΈΌΣ ͙͙͍͙͙ͤ͒͒ͯ͊͊͘͡ͼ͙͙ ͔͔͍͙ͭͪ͊ͨͭ;͔͎ͫͦͦ͟ ͨ͊ͤ͊͡ ͙ ͙͍͎͊ͭͤͦͦ͟ ͍͍͔ͦ͡;͔͙ͤΎ 

ͨ͊ͼ͙͔ͤͭ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͙ͨͫͻ͙;͔͔͚͍ͫͦͪ͊ͫͫͭͪͦͫͭͦ͟Σ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͙ͨͫͻ͎͙ͦͨ͊ͭͦͦ͡ΎΣ ͺ͔͙͊ͪͣ͊ͦͭͪ͊ͨ͟ΎΣ ͙ͨͫͻ͔͙ͦͭͪ͊ͨΎΣ ͨͭ͟Σ 

͔͚͔͙͙ͤͪͦͨͭ͟͡Σ ͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ·Σ ͙͎͙ͫͭͣ͊ͭ͊͘ͼ͙ΎΣ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˽͙ͫͻ͙;͔͙͔ͫ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ ό˽˾ύ τ Ήͭͦ ͦ͋΄͙ͪͤ͊Ύ ͎ͪͯͨͨ͊ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͙ͻͫΎ 

͙͙ͤ͟͡;͔͙ͫ͟ ͤ͊͘;͙ͣ·͙ͣ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣ ͍ ͎͙͙͍͚ͦͤͭͤͦ͟Σ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦΣ ͍͔͔ͨͦ͒ͤ;͔͚ͫͦ͟ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ 

ͫͺ͔ͪ͊ͻΦ ˽ͦ ͒͊ͤͤ·ͣ ˤ͔͙͚ͫͣͪͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ όˤ˻˭ύΣ ͙ͨͫͻ͙;͔͔ͫͦ͟ ͍͒ͦͪͦ͘Έ͔ Ύ͍͡Ύ͔ͭͫΎ 

͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ ͦ͋΅͔͎ͦ ͍͒ͦͪͦ͘ΈΎΣ ͊ ˽˾ ͍ͻͦ͒Ύͭ ͍ ;͙ͫͦ͡ ͍͔͒ͯ΅͙ͻ ͙ͨͪ;͙ͤ ͙͍͙͙ͤ͊͒ͤͦͫͭ͡ ͙ 

͔͙ͫͣͪͭͤͦͫͭ ͍ ͙͔ͣͪΦ ˾͔͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͙ͭ͊͟ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͊͟͟ ͔͔͙͒ͨͪͫͫΎΣ ͔͍ͭͪͦ͗ͤ·͔ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Σ 

͙͋ͨͦ͡Ύ͔ͪͤͦ ͚͍ͪ͊ͫͫͭͪͦͫͭͦ ͙ ΄͙ͦ͘ͺ͔͙ͪͤΎΣ ͔ͨͪͦ͒ͦ͗͊ͭ͡ ͍ͦͫͭ͊͊ͭΈͫΎ ͍·͚ͫͦͦ͟Σ ;ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ 

͎ͦ͋͊͡͡ΈͤͯΌ ͤ͊͘;͙ͣͦͫͭΈ ͔ͨͪͦ͋ͣ͡· ͙ͻ ͍·Ύ͍͔͙ͤ͡Ύ ͙ ͔͡;͔͙ͤΎΦ 

ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͙ͫͦ͗ͦͫ͡͡ΈΣ ;ͭͦ ͔ͨͪͦ͋ͣ͡· ͙ͨͫͻ͙;͔͎ͫͦͦ͟ ͍͒ͦͪͦ͘ΈΎ ;͊ͫͭͦ ͦͪͯ͗͊͊͟͡ ͙͎͙ͫͭͣ͊ͭ͊͘ͼ͙Ύ ͙ 

͙͙͙͒ͫͪͣͤ͊͟ͼ͙ΎΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͦ͡ ͟ ͔͔͊͒ͪ͗͘͟ ͦ͋ͪ͊΅͔͙ͤΎ ͊͘ ͨͦͣͦ΅ΈΌΣ ͔͔͍ͤ͊͒͊ͭͤͦͣͯ͟ ͔͡;͔͙ͤΌ ͙Σ ͊͟͟ 

͔͍͙͔ͫ͒ͫͭ͡Σ ͯͻͯ͒΄͔͙ͤΌ ͎ͨͪͦͤͦ͊͘Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͙ͨͫͻ͙͙͊ͭͪΎ ͙ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙ͨͫͻ͎͙ͦͦ͡Ύ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊Όͭ 

͙ͨͫͻ͙;͔͙͔ͫ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ ͊͟͟ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙͔ͣΌ΅͙͔ ͫͦ͗ͤͯ͡Ό ͙͙͋ͦͨͫͻͦͫͦͼ͙͊͡ΈͤͯΌ ͨ ͙ͪͪͦ͒ͯΣ ͎͔͒ 

͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Όͭ ͎͔͔͙ͤͭ;͔͙͔ͫ͟Σ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ό͔͚ͤͪͦͻ͙͙ͣ;͔͙͔ͫ͟ύΣ ͙ͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙ ͫͦͼ͙͊͡Έͤ·͔ 

ͺ͊ͭͦͪ͟·Φ ̏ͭͦͭ ͨͦ͒ͻͦ͒ ͔͔ͭͪ͋ͯͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͙ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊ ͊͟͟ ͟ ͙͎͙͔͒͊ͤͦͫͭ͟Σ ͭ͊͟ 

͙ ͟ ͔͙͙ͭͪ͊ͨΦ 

˿͍͔͍͔͔͔ͦͪͣͤͤͦ ͍·Ύ͍͔͙͔ͤ͡ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ Ύ͍͡Ύ͔ͭͫΎ ͔͎ͪ͊ͯͦ͟͡Έͤ·ͣ ͔͊ͣͤͣ͟ 

Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͔͡;͔͙ͤΎΦ ͔̉ͣ ͪ͊ͤΈ΄͔ ͍͔ͯͫͭ͊ͤͦͤ͡ ͙͎͒͊ͤͦ͘ ͙ ͤ͊;͊ͭ͊ ͔͙ͭͪ͊ͨΎΣ ͔ͭͣ ͍·΄͔ ͍͔ͪͦΎͭͤͦͫͭΈ 

͚ͨͦͤͦ͡ ͔͙͙͙ͪͣͫͫ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͻ͙ͪͦͤ͊͘ͼ͙͙ ͨͪͦͼ͔ͫͫ͊Φ ˻͒ͤ͊ͦ͟Σ ͙ͫͣͨͭͦͣ· ˽˾ ;͊ͫͭͦ ͋·͍͊Όͭ 

͔͔ͤͫͨͼ͙ͺ͙;ͤ·͙ͣΣ ͎ͣͦͯͭ ͙͍ͣ͊ͫͪͦ͊ͭ͟ΈͫΎ ͨͦ͒ ͙ͫͦͣ͊ͭ;͔͙͔ͫ͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ό͙͔ͤ͊ͨͪͣͪΣ ͔͍͎ͭͪͦ͊ ͔ͣͦ͗ͭ 

ͨͪͦΎ͍͡ΎͭΈͫΎ ͍ ͍͙͔͒ ͯ;͊΅͔͎ͤͤͦͦ ͔ͫͪ͒ͼ͔͙͔͙͋ͤΎ ͙͙͡ ͔͚͋ͦ͡ ͍ ͙͍͔͗ͦͭύ ͙͙͡ ͍͙͙ͦͫͨͪͤͣ͊ͭΈͫΎ ͙ͫ͊ͣͣ 

ͨ͊ͼ͙͔ͤͭͦͣ ͙ ͔͎ͦ ͔͙͔ͦͪͯ͗ͤͣ͟ ͊͟͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ζͨ ͦ͡ͻ͎ͦͦ ͻ͔͊ͪ͊ͭͪ͊͟η ͙͙͡ ζͫ ͙͊͋ͦͫͭ͡ ͍͙ͦ͡ηΦ ˽ͦΉͭͦͣͯ 

͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͍ͨͦ·΄͔͙͔ͤ ͍͔͔͙ͦͫ͒ͦͣͤͤͦͫͭ͡ ͊͟͟ ͔͙ͫͪ͒ ͔͔͙ͤ͊ͫͤ͡ΎΣ ͭ͊͟ ͙ ͔͙ͫͪ͒ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ 

͙͍ͪ͊͋ͦͭͤͦ͟ ͔͍͙ͨͪ;͎ͤͦͦ ͍͔ͤ͊͘Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ 

͍̂ͫͭ͊ͤͦ͊͟ ͭͦ;͎ͤͦͦ ͙͎͒͊ͤͦ͊͘ ͍ ͙ͨͫͻ͙͙͙͊ͭͪ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͭ΅͔͊ͭ͡Έ͚ͤͦ ͦͼ͔͔ͤ͟ ͙͙ͤ͟͡;͔͚ͫͦ͟ 

͙͊ͪͭͤ͟·Σ ͙ͫ͟͡Ό;͔͙͙ͤ ͙ͫͦͣ͊ͭ;͔͙ͫ͟ͻ ͙ͨͪ;͙ͤ ͙ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͙͙͍ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͤͤ͘·ͻ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ 

͙͔͙͔͍ͪͭͪ͟Σ ͙ͭ͊͟ͻ ͊͟͟ ˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͔͔͚͋ͦͤ͘͡ ό˸˴ˣπммύ ͙ ͙͡ ˨͙͎͙͊ͤͦͫͭ;͔͔ͫͦ͟ ͙ 

͙͙ͫͭ͊ͭͫͭ;͔͔ͫͦ͟ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͨͦ ͙ͨͫͻ͙;͔͙ͫͣ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ͣ ό5{aπрύΦ 

1. ˴͙͙ͤͦ͟͡πͨ ͙ͫͻ͎͙ͦͨ͊ͭͦͦ͡;͔͙͚ͫ͟ ͔ͣͭͦ͒Φ ̏ͭͦ ͍͚ͦͫͤͦͤͦ ͙ ͙͔͔ͤ͊͋ͦ͡ ͍͊͗ͤ·͚ ͔ͣͭͦ͒Φ ˻ͤ ͍͟͡Ό;͔͊ͭΥ 

o ˣ͔͔ͫ͒͊ όͫ͋ͦͪ ͔͊ͤ͊ͣͤ͊͘ύΥ ʕ ͪ͊;πͨ ͙ͫͻ͙͊ͭͪ ͙͙͡ ͙ͨͫͻ͔͔͍ͦͭͪ͊ͨͭ ͍͙ͨͪͦͦ͒ͭ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤͯ͟Ό 

͔͔͋ͫ͒ͯ ͫ ͨ͊ͼ͙͔ͤͭͦͣ ό͙Σ ͙ͨͪ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭΣ ͫ ͔͎ͦ ͍͔͙͙ͪͦ͒ͫͭͤͤ͊ͣ͟ύ ͒͡Ύ ͍·Ύ͔͙ͫͤͤΎ ͗͊ͦ͋͡Σ ͙͙͙ͫͭͦͪ 

͍͙͙ͪ͊ͭ͘Ύ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͔͍͔͙ͤ͊ͫ͒ͫͭͤͤͦͫͭ͡Σ ͫͦͼ͙͊͡Έͤ·ͻ ͍͙͚ͯͫͦ͡ ͙ ͦͼ͔͙ͤ͟ ͙ͨͫͻ͙;͔͎ͫͦͦ͟ ͫͭ͊ͭͯͫ͊ 

ό͙͔ͦͫͦͤ͊ͤ͘Σ ͣ·΄͔͙͔ͤ͡Σ ͔͙͔ͤ͊ͫͭͪͦͤΣ ͨ͊ͣΎͭΈΣ ͙͔͔ͤͭͭ͟͡͡ύΦ 

o ˹͊͋͡Ό͔͙͔͒ͤΥ ˻ͼ͔ͤ͊͟ ͔͍͔ͤͪ͋͊͡Έͤ·ͻ ͨͪͦΎ͍͔͙͚ͤ͡Σ ͍͔͔͙ͨͦ͒ͤΎΣ ͍͔ͤ΄͔͎ͤͦ ͍͙͒͊ ͙ 
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Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͻ ͔ͪ͊͟ͼ͙͚ ͨ͊ͼ͙͔ͤͭ͊ ͍ͦ ͍͔ͪͣΎ ͙͔ͨͪͣ͊Φ 

2. ˽͙ͫͻ͔͙ͦͣͭͪ;͔͙͔ͫ͟ ͔ͣͭͦ͒·Φ ˮ ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͦ͋Ά͔͙͍͙ͭ͊͘͟ͼ͙͙ ͙ ͙ͦ͟͡;͔͍͔͚ͫͭͤͤͦ ͦͼ͔͙ͤ͟ 

ͭΎ͔͙͗ͫͭ ͙͍ͫͣͨͭͦͣͦΣ ͙͙͙͒ͤ͊ͣ͟ ͫͦͫͭͦΎ͙ͤΎ ͙ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͡;͔͙ͤΎΦ ̏ͭͦ ͙ͪ͊͘͡;ͤ·͔ ͙ͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ 

͔ͭͫͭ· ͙  ΄͊͟͡· ό͙͔ͤ͊ͨͪͣͪΣ ΄͊͊͟͡ ͔͍͎͙ͭͪͦ ˥͙͊ͣ͡Έͭͦͤ͊Σ ΄͊͊͟͡ ͔͔͙͙͒ͨͪͫͫ ˣΉ͊͟ύΦ ˽͍͙ͪͦͦ͒ͭͫΎ 

͙͙ͤ͟͡;͔͙ͫͣ͟ ͙ͨͫͻ͎ͦͦͦͣ͡Φ 

3. ˮ͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ ͙ ͊͋ͦͪ͊ͭͦͪͤ͡·͔ ͔ͣͭͦ͒·Φ ̆ ͦͭΎ ͙ͨͫͻ͙;͔͙͔ͫ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ Ύ͍͡ΎΌͭͫΎ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͙ͣ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣΣ Ή͙ͭ ͔ͣͭͦ͒· ͍͊͗ͤ· ͒͡ΎΥ 

o ˨͙ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Υ ˮ ͫ͟͡Ό;͔͙͔ͤ ͙ͫͦͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ό͙͔ͤ͊ͨͪͣͪΣ 

ͦͨͯͻ͔͚ͦ͡Σ ͙ͤͺ͔͟ͼ͙͚Σ Ή͙ͤ͒ͦͪͤͤ͟·ͻ ͤ͊ͪͯ΄͔͙͚ͤύΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͙͙͙͍ͣͭͪͦ͊ͭΈ ͙ͨͫͻ͙;͔͙͔ͫ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ 

ό͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ˸˾́Σ ˴́Σ ̏̏˥Σ ͙͊ͤ͊͘͡· ͍͙ͪͦ͟Σ ͣͦ;͙ύΦ 

o ˮ͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙ͫ͟ͻ ͼ͔͔͚͡Υ ˮ ͯ͘;͔͙͔ͤ ͔͚͙͎͙ͤͪͦ͋ͦͦ͡;͔͚ͫͦ͟ ͍ͦͫͤͦ· ˽˾ ό˽̏Σ́ ͎͔͔͙ͤͭ;͔͙͔ͫ͟ 

͔ͭͫͭ·ύΦ 

˶͔;͔͙͔ͤ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ 

˿͍͔͔͔ͦͪͣͤͤͦ ͔͡;͔͙͔ͤ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ Ύ͍͡Ύ͔ͭͫΎ ͔ͦͣͨͫͤ͟͟͡·ͣ ͙  ͎͔ͣͤͦͦͦͣͨͦͤͤͭͤ͟·ͣΣ 

͍ͦͫͤͦ·͍͊ΎͫΈ ͤ͊ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤͦͣ ͨͦ͒ͻ͔ͦ͒ ͟ ͊͗͒ͦͣͯ͟ ͨ͊ͼ͙͔ͤͭͯΣ ͯ;͙ͭ·͍͊Ό΅͔ͣ ͙ͭͨ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Σ ͔͎ͦ 

ͭΎ͔͗ͫͭΈΣ ͍ͫͦͨͯͭͫͭͯΌ΅͙͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͙͡;ͤͦͫͭͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭΦ ˻͍ͫͤͦͤ·͔ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· 

͍͟͡Ό;͊Όͭ ͔͙͔ͣ͒͊ͣͤͭͦͤͯ͘͟Ό ͔͙ͭͪ͊ͨΌ ͙ ͙ͨͫͻ͔͙ͦͭͪ͊ͨΌΦ͔͙̅͊ͪͣ͊ͦͭͪ͊ͨ͟Ύ 

˹͊ͤ͊͘;͔͙͔ͤ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͔ͣͭͦ͒ͦͣ ͔͡;͔͙ͤΎ ͒͡Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ 

͔͔ͯͣͪͤͤ·ͻ ͙ ͭΎ͔͗͡·ͻ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΦ 

¶ ˢ͙͔͔ͤͭ͒ͨͪͫͫ͊ͤͭ·Υ ˮ ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͔͡;͔͙ͤΎ ͔͔͙͙͒ͨͪͫͫΣ ͔͍ͭͪͦ͗ͤ·ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΣ ˻˴˾Φ 

˹͙͔͔͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ· ͔͔͙͍ͫͭͤ͟͡·͔ ͙͎͙͙ͤ͋ͭͦͪ· ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͔͙ͫͪͦͭͦͤͤ͊ ό˿ˮ˻˭˿ύΦ 

¶ ˹͔͚͔͙͙ͪͦͨͭ͟͡ ό͙͙͊ͤͭͨͫͻ͙͙ͦͭ͟ύΥ ˻ ͍ͫͤͦͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ͒͡Ύ ͔͡;͔͙ͤΎ ͙ͨͫͻ͙ͦͭ;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ 

ό͙͔ͤ͊ͨͪͣͪΣ ΄͙ͦ͘ͺ͔͙͙ͪͤύΣ ͊ ͔ͭ͊͗͟ ͎ͣͦͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͒͡Ύ ͙͙ͫͭ͊͋͊͘͡ͼ͙͙ ͔͙ͤ͊ͫͭͪͦͤΎ ͙ ͙ͨͪ ͭΎ͔͚͗ͦ͡ 

͔͍͎͔ͭͪͦΦ 

¶ ˹͙͙͙ͦͪͣͦͭͣ͟ ό͙͙ͫͭ͊͋͊ͭͦͪ͘͡· ͔͙ͤ͊ͫͭͪͦͤΎύΥ ˽ ͙͔ͪͣͤΎΌͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͒͡Ύ ͔͡;͔͙ͤΎ 

͙͋ͨͦ͡Ύ͎ͪͤͦͦ ͊ͺͺ͔͙͍͎ͭͤͦͦ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ όˣˢ˾ύ ό͙͔ͤ͊ͨͪͣͪΣ ͔ͨͪͨ͊ͪ͊ͭ· ͙͙ͭ͡ΎΣ ͍͊͡Έͨͪͦ͊ͭ·Σ 

͙͙͊ͣͦͭͪ͒͗ͤ͡ύΦ 

¶ ͍͙͙́ͪ͊ͤ͊ͭͦͪ͘͟͡· ό͙͙͙͙͊ͤͫͦͭ͟͟͡ύΥ ˹ ͊ͤ͊͘;͊ΌͭͫΎ ͒͡Ύ ͋·͎ͫͭͪͦͦ ͙͍͙ͯͨͪͦ͊ͤ͟Ύ ͚ͦͫͭͪͦ ͔͍͎͙ͭͪͦΣ ͤͦ 

͙π͘͘ ͊ ͙ͪͫ͊͟ ͍͙͙ͪ͊ͭ͘Ύ ͍͙͙͙͊ͫͣͦͫͭ͘ ͙͔ͨͪͣͤΎΌͭͫΎ ͙͙ͪ͊ͭͣ͟͟ ͙ͯͪͫ͊ͣ͟Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˤ·Ύ͍͔͙͔ͤ͡ ͙ ͔͡;͔͙͔ͤ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ τ Ήͭͦ ͫͦ͗ͤ͡·͚Σ ͤͦ ͙͙͒ͦͫͭ͗ͣ·͚ ͨͪͦͼ͔ͫͫΣ ͔ͭͪ͋ͯΌ΅͙͚ 

͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͎ͤͦͦ ͨ͊ͤ͊͡ ͔͡;͔͙ͤΎ ͙ ͍͔͚ͫͦͣͫͭͤͦ ͪ͊͋ͦͭ· ͨ͊ͼ͙͔ͤͭ͊Σ ͔͎ͦ ͔ͫͣΈ͙ ͙ 

ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͚ͨͤ͊ͪͤͦ͡ ͦͣ͊ͤ͒͟· ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ό͙ͨͫͻ͙͊ͭͪΣ ͙ͨͫͻ͔͔͍ͦͭͪ͊ͨͭΣ ͙͙ͤ͟͡;͔͙͚ͫ͟ ͙ͨͫͻ͎ͦͦ͡Σ 

ͫͦͼ͙͊͡Έͤ·͚ ͙ͪ͊͋ͦͭͤ͟ύΦ ͙͙̂ͫ͡Ύ ͨͦ ͔͙͎͙͒ͫͭͣ͊ͭ͊͘ͼ͙͙ ͙ ͍ͨͦ·΄͔͙ͤΌ ͙͒ͦͫͭͯͨͤͦͫͭ ͙ͨͫͻ͙͙͊ͭͪ;͔͚ͫͦ͟ ͨͦͣͦ΅͙ 

Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·͙ͣ ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͎ͦ͋͊͡͡Έͤ·ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͙ͨͫͻ͙;͔͎ͫͦͦ͟ ͍͒ͦͪͦ͘ΈΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ͙͎͍́͊ͤͦΣ ˢΦ ˿Φ ό˾͔͒ΦύΦ όнллуύΦ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͨͦ ͙ͨͫͻ͙͙͙͊ͭͪ ό͍ н ͭͦͣ͊ͻύΦ ˸͔͙͒ͼ͙ͤ͊Φ 

2. ˿͔͍͙ͣͯ͡;Σ ˢΦ ˣΦ όнлмрύΦ ˽͙ͫͻ͙;͔͙͔ͫ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ ͍ ͦ͋΅͔͚ ͔͙ͣ͒ͼ͙͔ͤΦ ˸ˮˢΦ 

3. ˴͔͔ͤ͒Σ ˿Φ ˴Φ όнлмуύΦ ˻͍ͫͤͦ· ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙ͨͫͻ͙͙͙͊ͭͪΦ ˿˽͋ΦΥ ˽͙͔ͭͪΦ 

4. ˣ͔͟Σ ˢΦ ́ΦΣ ˾͊΄Σ ˢΦ ˨͗ΦΣ ̊ͦΣ ˣΦ ̅ΦΣ ͔͙̏ͣͪΣ ˥Φ όнлмтύΦ ˴͎͙͙͍ͦͤͭͤ͊Ύ ͔͙ͭͪ͊ͨΎ ͔͔͙͙͒ͨͪͫͫΦ ˿˽͋ΦΥ ˽͙͔ͭͪΦ 

5. ˤ˻˭Φ όнлннύΦ ˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͔͔͚͋ͦͤ͘͡ όммπ͚  ͔͔ͨͪͫͣͦͭͪύ ς ˸ ˴πxммΥ ˥͍͊͡· ͦ 

͙ͨͫͻ͙;͔͙ͫ͟ͻΣ ͍͔͔ͨͦ͒ͤ;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ͻ ͙ ͤ͊ͪͯ΄͔͙ͤΎͻ ͔͚͍͙͙ͤͪͦͪ͊ͭ͘ΎΦ 

            ϭ s͙͔͍͊͘͘ ˸ΦΣ нлнр 
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ˢ͍ͤͤ͊ͣͯͪ͊͒ͦ ˿͊ͨ͊ͪͣͯͪ͊ͭ ͔͍͙̏ͫͤͣͯͪ͊͒ͦ; 

ˢ͙͔ͫͫͫͭͤͭ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

ˢ΄ͻ͊͋͊͒Φ͔͙́ͯͪͣͤͫͭ͊ͤ͟  

 

ˢ˴́̂ˢ˶̎˹̍˩ ˽˾˻ˣ˶˩˸̍ ˻́˻˾ˮ˹˻˶ˢ˾ˮ˹˥˻˶˻˥ˮˮΥ ˻ˣ˭˻˾ ˶˻˾πx ˻˶˩˭˹˩˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ  

˻͙͙͎͎͙ͭͦͪͤͦ͊ͪͤͦͦ͡͡Ύ ς ͦ ͋͊ͫͭ͡Έ ͔͙ͣ͒ͼ͙ͤ·Σ ͙ͯ͘;͊Ό΅͊Ύ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͯͻ͊Σ ͎ͦͪ͊͡Σ ͤͦͫ͊ ͙ 

͙͔͎ͨͪ͊͡Ό΅͙ͻ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͔͚ͦ͋͊ͫͭ͡Φ ˶˻˾π͋ ͔͙ͦͤ͘͡ ό͎͙͙ͨ͊ͭͦͦ͡ ͍͔ͪͻ͙ͤͻ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭ ͙ ͯͻ͊ύ 

͙ͦͭ͡;͊ΌͭͫΎ ͍·͚ͫͦͦ͟ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈΌΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͻ͔ͦͦ͒ͤͦ͡ ͍͔ͪͣΎ ͎ͦ͒͊Σ ͙ ͦ͊͘͟·͍͊Όͭ 

ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ˹ ͙͔͔͊͋ͦ͡ ;͊ͫͭ·͙ͣ Ύ͍͡ΎΌͭͫΎ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ 

ͨͪͦͼ͔ͫͫ·Σ ͙͔ͭ͊͟ ͊͟͟ ͙͙ͪͤͭ·Σ ͙͙ͫͤͯͫͭ·Σ ͙͙ͭͦͤͭ͘͡͡· ͙ ͙ͦͭͭ·Φ ˤ ͋ͦ͡Έ΄͙͍͔ͤͫͭ ͫͯ͡;͔͍͊ Ή͙͎͙ͭͦͦ͡Ύ 

͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ͤͺ͔͟ͼ͙ͦͤͤ͊Ύ ό͍͙ͪͯͫ·Σ ͔͙͙͋͊ͭͪ͟Σ ͎͙͙ͪ͋͟ύΣ ͦ͒ͤ͊ͦ͟ ͫͯ΅͔͍͔ͫͭͤͤͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ ͔ͭ͊͗͟ 

͙͊ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͙͙͊ͤͦͣ͊͡Σ ͔͎͙͊ͪ͡͡;͔͙͔ͫ͟ ͔ͪ͊͟ͼ͙͙ ͙ ͙͔͙͔ͫͤ͗ͤ ͙͙͔ͣͣͯͤͭͭ͊Φ ˿͍͔͍͔͔ͦͪͣͤͤ͊Ύ 

͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͔͍͔͊͒͊ͭͤͦ͟ ͔͡;͔͙͔ͤ ˶˻˾π͋ ͔͔͚ͦͤ͘͡ ͔ͤͦ͋ͻ͙ͦ͒ͣ· ͒͡Ύ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͔ͫͪΈ͔ͤ͘·ͻ 

͔͙͚ͦͫͦ͗ͤͤ͡Σ ͙ͭ͊͟ͻ ͊͟͟ ͔͙͎͙ͣͤͤͭΣ ͊͋ͫͼ͔ͫͫ· ͙ ͔͙ͤͦ͋ͪ͊ͭͣ͊Ύ ͔ͨͦͭͪΎ ͫͯ͡ͻ͊Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊ 

͔͎͔ͨͪ͒͊͊ͭ͡ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͔͍͙͍ͦͤͫͪ͊ͭͤ͟·ͻ ͙ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͔͡;͔͙ͤΎΣ ͍ͦͫͤͦ͊ͤͤ·ͻ ͤ͊ 

͙ͨͪͤͼ͙ͨ͊ͻ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ· ͙ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;͎ͤͦͦ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ 

όΉ͙ͤ͒ͦͫͦͨ͟ΎΣ ˴́ύΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͙͎͎͙ͦͭͦ͊ͪͤͦͦ͡͡ΎΣ ͙͙ͪͤͭΣ ͙͙ͫͤͯͫͭΣ ͙͙ͭͦͤͭ͘͡͡Σ ͙ͦͭͭΣ ͙ͤͺ͔͟ͼ͙ΎΣ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͡;͔͙͔ͤΣ ͔͙ͦͫͦ͗ͤͤ͡ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˭͔͍͙͊͋ͦ͊ͤ͡Ύ ͯͻ͊Σ ͎ͦͪ͊͡ ͙ ͤͦͫ͊Σ ͦ͋Ά͔͙͔͒ͤͤͤ·͔ ͍ ͔͙ͣ͒ͼ͙ͤͫͯ͟Ό ͫͺ͔ͪͯ ͙͙͎͎͙͙ͦͭͦͪͤͦ͊ͪͤͦͦ͡͡Σ 

Ύ͍͡ΎΌͭͫΎ ͙͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͎͙͚ͨ͊ͭͦͦ͡ ͍ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͨͦͨͯ͡Ύͼ͙͙Φ ˻͙ͤ ͨͦͪ͊͗͊Όͭ 

ͨ͊ͼ͙͔͍ͤͭͦ ͍͔ͫͻ ͍͍ͦͪ͊ͫͭͦ͘Σ ͦͭ ͔ͣ͊͒ͤ͡ͼ͔͍ ͒ͦ ͙ͨͦ͗͡·ͻ ͡Ό͔͚͒Σ ͙ ;͊ͫͭͦ ͙͍ͨͪͦ͒Ύͭ ͟ ͍͔͔͚ͪͣͤͤͦ ͔͔ͨͦͭͪ 

͙ͭͪͯ͒ͦͫͨͦͫͦ͋ͤͦͫͭΣ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͫͤ͗͊Ύ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘Φ ˤ͊͗ͤͦͫͭΈ Ή͙ͭͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͤ 

ͭͦ͡Έͦ͟ ͙ͻ ͍ͣ͊ͫͫͦͦͫͭΈΌΣ ͤͦ ͙ ͔ͨͦͭͤͼ͙͊͡Έ͚ͤͦ ͎͚ͯͪͦͦ͘ ͍͙͙ͪ͊ͭ͘Ύ ͔ͫͪΈ͔ͤ͘·ͻΣ ͙͎ͤͦ͒͊ ͙͔͎͗ͤͯͪͦ͗͊͘Ό΅͙ͻΣ 

͔͙͚ͦͫͦ͗ͤͤ͡Σ ͍͔ͦ͋ͯͫͦͤͤ͡͡·ͻ ͔͚ͭͫͤͦ ͙͊ͤ͊ͭͦͣ;͔͚ͫͦ͟ ͍ͫΎ͘ΈΌ ˶˻˾πͦ ͎͍ͪ͊ͤͦ ͫ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͙ͣ 

͙ͫͭͪͯͭͯͪ͊ͣ͟Σ ͍͟͡Ό;͊Ύ ͎͍͚ͦͦͤͦ͡ ͎ͣͦ͘Φ 

˶˻π˾ͦ ͎ͪ͊ͤ· ς Ήͭͦ ͔͙͒ͤ͊Ύ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͍·ͨͦͤ͡ΎΌ΅͊Ύ ͟͡Ό;͔͍·͔ ͊͒͊͘;͙Υ ͒·ͻ͙͔͊ͤΣ 

ͦ͋ͦͤΎ͙͔ͤΣ ͫͯ͡ͻΣ ͎͍͙͔ͦͦͫͦͦ͋ͪ͊ͦ͊ͤ͘͡ ͙ ͊͘΅͙ͭ͊ ͎͙ͦͪ͊ͤͣ͊͘ ͦͭ ͍͔ͤ΄͙ͤͻ ͎͔͍ͨ͊ͭͦͤͦΦ ˹ͦͫ ͙ ͍ͦͦͦͤͦͫͦ͟͡·͔ 

ͨ͊ͯ͘ͻ͙ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͦ;͙΅͔͙͔ͤΣ ͎͔͍͙͔ͫͦͪ͊ͤ ͙ ͍͔͙͔ͯ͊͗ͤͤ͡ ͍͒·ͻ͔͎͊ͣͦͦ ͍ͦ͒ͯ͘ͻ͊Τ ͎ͦͭ͊͟͡ ͙ ͎ͦͪͭ͊ͤΈ 

ͯ;͍͊ͫͭͯΌͭ ͍ ͨͪͦͼ͔͔ͫͫ ͎͙ͦͭ͊ͤ͡Ύ ͙ ͔ͪ;͙Σ ͊ ͙ͣ͡ͺ͔͙͔͊͒ͤͦ͒ͤͦ ͎ͦͭͦ͡;͔ͤͦ ͦ͟͡Έͼͦ ό͙͙ͣͤ͒͊ͤ͡·ύ ͙͎͔ͪ͊ͭ 

͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͙͚ͣͣͯͤͤͦ ͊͘΅͙͔ͭΦ ̂ͻͦ Ύ͍͡Ύ͔ͭͫΎ ͫͦ͗ͤ͡·ͣ ͎ͦͪ͊ͤͦͣ ͫͯ͡ͻ͊ ͙ ͍͍͔͙ͪ͊ͤͦͫΎΦ ˤ͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ 

͙͙͡ ͫͭͪͯͭͯͪͤ͟·͔ ͤ͊ͪͯ΄͔͙ͤΎ ͍ ͦ͒ͤͦͣ ͙͘ Ή͙ͭͻ ͎͍ͦͪ͊ͤͦ ͎ͣͦͯͭ ͋·ͫͭͪͦ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎͭΈͫΎ ͤ͊ ͎͙͔͒ͪͯΣ ;ͭͦ 

ͦ͋ΆΎͫͤΎ͔ͭ ;͔͊ͫͭͦ ͫͦ;͔͙͔ͭ͊ͤΣ ͙͔ͤ͊ͨͪͣͪΣ ͙͙ͪͤͭ͊ ͙ ͔͔͎ͫͪ͒ͤͦ ͙ͦͭͭ͊Φ 

͙͎͙̏ͭͦͦ͡Ύ ͙ ˽͎͔͔͊ͭͦͤ͘ ˶˻˾π͋ ͔͔͚ͦͤ͘͡ 

˽͍ͦ͒͊͡ΎΌ΅͔͔ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ͦͫͭͪ·ͻ ˶˻˾π͘ ͔͍͙͚͊͋ͦ͊ͤ͡ ͙͔ͣΌͭ ͙ͤͺ͔͟ͼ͙ͦͤͤͯΌ ͙ͨͪͪͦ͒ͯΦ 

¶ ˤ͙ͪͯͫ·Υ ̒ ͍͡ΎΌͭͫΎ ͍͚ͦͫͤͦͤͦ ͙ͨͪ;͙͚ͤͦ ͦͫͭͪ·ͻ ͔͙ͪͫͨͪ͊ͭͦͪͤ·ͻ ͍͙ͪͯͫͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ ό˻˾ˤˮύΣ 

ͦͭͦͪ͟·͔ ;͊ͫͭͦ ͙ͣ͊ͤͺ͔͙ͫͭͪͯΌͭ ͊͟͟ ͦͫͭͪ·͚ ͙͙ͪͤͭΣ ͺ͙͎͙͊ͪͤͭ ͙͙͡ ͙͎͙͊ͪͤͭ͡Φ ˾͙͍͙ͤͦͪͯͫ·Σ ͔͍͙͊͒ͤͦͪͯͫ·Σ 

͍͙ͪͯͫ· ͎͙ͪͨͨ͊ ͙ ͎͙ͨ͊ͪ͊ͪͨͨ͊ ς ͤ ͙͔͔͊͋ͦ͡ ;͊ͫͭ·͔ ͍͙͔͙ͦ͋ͯ͒ͭ͘͡Φ ˤ͙͔ͪͯͫͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ;͊ͫͭͦ ͙ͫͯ͗ͭ͡ 

Ϧ͍͙ͦͪͦͭ͊ͣϦ ͒͡Ύ ͔ͨͦͫ͒ͯ͡Ό΅͔͎ͦ ͙͔͙͔͙ͨͪͫͦ͒ͤͤΎ ͔͙͋͊ͭͪ͊͟͡Έ͚ͤͦ ͙ͤͺ͔͟ͼ͙͙Φ 

¶ ˣ͔͙͙͊ͭͪ͟Υ ʕ ͊͗ͤͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ ͙͔ͭ͊͟ ͔͙͙͋͊ͭͪ͟Σ ͊͟͟ {ǘǊŜǇǘƻŎƻŎŎǳǎ ǇƴŜǳƳƻƴƛŀŜΣ IŀŜƳƻǇƘƛƭǳǎ 
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ƛƴƅǳŜƴȊŀŜΣ {ǘŀǇƘȅƭƻŎƻŎŎǳǎ ŀǳǊŜǳǎΣ ͙ {ǘǊŜǇǘƻŎƻŎŎǳǎ ǇȅƻƎŜƴŜǎ όΎ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͤͦ ͙ͨͪ;͙͚ͤͦ ͎͙͊ͤͤ·ύΦ 

ˣ͔͙͊ͭͪ͊͟͡Έͤ͊Ύ ͙ͤͺ͔͟ͼ͙Ύ ;͊ͫͭͦ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͊͟͟ ͔͙͔ͦͫͦ͗ͤͤ͡ ͍͙͚ͪͯͫͤͦΣ ͍·͘·͍͊Ύ ͦͫͭͪ·͔ ͙͙ͫͤͯͫͭ·Σ 

͎͚ͤͦͤ·͔ ͙ͦͭͭ·Σ ͙ ͔͙ͦ͋ͦͫͭͪͤΎ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͙͙ͭͦͤͭ͊͘͡͡Φ 

¶ ˥͙͙ͪ͋͟Υ ˾͔͔͗Σ ͤͦ ͍͔ͫͭͪ;͊ΌͭͫΎ ͎͙͍ͪ͋ͦ͟·͔ ͔͙ͨͦͪ͊͗ͤΎΣ ͙͔ͤ͊ͨͪͣͪΣ ͙͊ͤ͒͒ͦ͘͟ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ 

͎͙ͦͭ͟͡Σ ͔ͦͫͦ͋ͤͤͦ ͯ ͙͡ͼ ͫ ͔ͦͫ͊͋ͤͤ͡͡·ͣ ͙͙͔ͣͣͯͤͭͭͦͣ ͙͙͡ ͔ͨͦͫ͡ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͙͔ͨͪͣ͊ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Φ 

˹͔͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͺ͊ͭͦͪ͟· ͔ͭ͊͗͟ ͙͎ͪ͊Όͭ ͤ͊͘;͙͔ͭ͡ΈͤͯΌ ͪͦ͡ΈΥ 

¶ ˢ͙ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͙͙͊ͤͦͣ͊͡Υ ˮ͙͍͔͙͔ͫͪͤ͟͡ ͍͚ͤͦͫͦͦ ͔͔͎͙ͨͪͦͪͦ͒͟Σ ͎͙͔ͨͪͭͪͦͺ͙Ύ ͍ͤͦͫͦ·ͻ ͍͙ͪ͊ͦͤ͟Σ 

͔͙͊͒ͤͦ͒ͤ·͔ ͍͔͎͔ͭ͊ͼ͙͙ ς ͍ ͔ͫ Ήͭͦ ͤ͊ͪͯ΄͔͊ͭ ͤͦͪͣ͊͡Έͤ·͚ ͔͒ͪͤ͊͗ ͍ͦͦͦͤͦͫͦ͟͡·ͻ ͨ͊ͯ͘ͻ ͙ ͍͔͙ͤͭ͡Ύͼ͙Ό 

͔͔͎ͫͪ͒ͤͦ ͯͻ͊Σ ͍ͫͦ͒͊͊͘Ύ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͙͙͍ͫͤͯͫͭͦ ͙ ͔͔ͫͪͭͦͪͤ͟·ͻ ͙͍ͦͭͭͦΦ 

¶ ˢ͔͎͙ͪ͡͡ΎΥ s͔͎͙ͪ͡͡;͔͙͚ͫ͟ ͙͙ͪͤͭ ͙ ͙͙͙ͪͤͦͫͤͯͫͭΣ ͍·͍͊ͤͤ͘·͔ ͔ͪ͊͟ͼ͙͔͚ ͤ͊ ͨ·͡ΈͼͯΣ ͨ·͡ΈΣ ΄͔ͪͫͭΈ 

͙͍͗ͦͭͤ·ͻ ͙ ͎͙͔͒ͪͯ ͔͎͔͊ͪͤ͡͡·Σ ͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ ͔ͦͭͦͣ͟ ͙͙͚ͫͫͭͦ͘͡ ͙ ͎͙͔͔͔ͨͪͫͪ͟ͼ͙͔͚Σ ͙͙͙ͣͭͪͯΎ ͙͙͡ 

ͦͫͦ͗ͤ͡ΎΎ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͨͪͦͼ͔ͫͫ·Φ 

¶ ˮ͔ͣͣͯͤͦ͒ͺ͙ͼ͙ͭͤ·͔ ͫͦͫͭͦΎ͙ͤΎΥ ˿ ͙͔͙͔ͤ͗ͤ ͦ͋΅͔͎ͦ ͙ ͔͎ͣͫͭͤͦͦ ͙͙͔ͣͣͯͤͭͭ͊ ό;͊ͫͭͦ ͔ͨͦͫ͡ 

͔͔ͨͪͦͻ͔͙͊͗͒ͤ͡ΎΣ ͔ͫͭͪͫͫ͊Σ ͙͙͡ ͤ͊ ͺ͔ͦͤ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ύ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ 

͔͎ͨͪ͒ͪ͊ͫͨͦ͊͊͡Ό΅͙ͣ ͺ͊ͭͦͪͦͣ͟Φ 

˹͙͔͔͊͋ͦ͡ ˾͔͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͔ ˭͔͍͙͊͋ͦ͊ͤ͡Ύ 

1. ˭͔͍͙͊͋ͦ͊ͤ͡Ύ ˹ͦͫ͊ ͙ ˻͍ͦͦͤͦͫͦ͟͡·ͻ ˽͊ͯ͘ͻΥ 

o ˾͙͙ͤͭ ό˹͊ͫͣͦͪ͟ύΥ ʕ ͔͙͔ͦͫͨ͊ͤ͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͤͦͫ͊Φ ˸͔ͦ͗ͭ ͋·ͭΈ ͦͫͭͪ·ͣ ό͍͙ͪͯͫͤ·ͣΣ 

͔͙͋͊ͭͪ͊͟͡Έͤ·ͣύ ͙͙͡ ͻ͙ͪͦͤ;͔͙ͫͣ͟ ό͍͊ͦͣͦͭͦͪͤ͘·ͣΣ ͊ͭͪͦͺ͙;͔͙ͫͣ͟Σ ͔͎͙͊ͪ͡͡;͔͙ͫͣ͟ύΦ 

o ˿͙͙ͤͯͫͭΥ ʕ ͔͙͔ͦͫͨ͊ͤ͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͍ͦͦͦͤͦͫͦ͟͡·ͻ ͨ͊ͯ͘ͻΦ ˽ͦ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͙ͪ͊͘͡;͊Όͭ 

͎͚͙͊ͣͦͪͭ ό͍͔ͪͻ͔ͤ;͔͡Όͫͭͤ͊Ύ ͨ͊ͯ͘ͻ͊ύΣ ͺ͙ͪͦͤͭͭ όͦ͋ͤ͊͡Ύ ͨ͊ͯ͘ͻ͊ύΣ Ή͙͙ͭͣͦ͒ͭ ό͔ͪ΄͔ͭ;͊ͭ·͚ ͙͙͊͋ͪͤͭ͡ύ ͙ 

ͫͺ͔͙͙ͤͦ͒ͭ ό͙͍͙ͤͦ͒ͤ͊͟͡Ύ ͨ ͊ͯ͘ͻ͊ύΦ ̉͊ͫͭͦ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͊͟͟ ͔͙͔ͦͫͦ͗ͤͤ͡ ͙͙ͪͤͭ͊Σ ͎ͦ͒͊͟ ͔ͦͭ͟ ͙͙͚ͫͫͭͦ͘͡ 

͙͔͋ͦͪͯͭ͟͡ ͔͔͍͔ͫͭͫͭͤͤ·͔ ͫͦͯͫͭΈΎΣ ͤ͊ͪͯ΄͊Ύ ͦͭͭͦ͟ ͙͙ͫ͘͡ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΎ ͔͙ͪ͊ͣͤͦ͗ͤ͘Ό ͔͙͚͋͊ͭͪ͟Φ 

2. ˭͔͍͙͊͋ͦ͊ͤ͡Ύ ˥͙ͦͭ͟͡ ͙ ˥͙ͦͪͭ͊ͤΥ 

o ͙͎͙̅͊ͪͤͭΥ ʕ ͔͙͔ͦͫͨ͊ͤ͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͎͙ͦͭ͟͡Σ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͔͔ͫΎ ͔ͨͪ΄͔͙͔ͤͣΣ ͋ͦ͡ΈΌ 

͙ͨͪ ͎͙͙ͦͭ͊ͤ͡Φ ˤ тл҈ ͫͯ͡;͔͍͊ ͙͔͔ͣͭ ͍͙ͪͯͫͤͯΌ Ή͙͎͙ͭͦͦ͡ΌΦ 

o ͙͙́ͦͤͭ͘͡͡ όˢ͎͙ͤͤ͊ύΥ ˻ ͔ͫͭͪͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͔ͤ͋ͤ·ͻ ͙͙ͣͤ͒͊ͤ͡Φ ˿͊ͣ͊Ύ ;͊ͫͭ͊Ύ ͔͙͋͊ͭͪ͊͟͡Έͤ͊Ύ 

͙ͨͪ;͙ͤ͊ ς {ǘǊŜǇǘƻŎƻŎŎǳǎ ǇȅƻƎŜƴŜǎΣ ͔ͭͪ͋ͯΌ΅͙͚ ͦ͋Ύ͔͊ͭ͘͡Έ͎ͤͦͦ ͔͡;͔͙ͤΎ ͙͙͙͙͊ͤͭ͋ͦͭ͊ͣ͟ ͒͡Ύ 

ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͍͙ͪͣ͊ͭͣ͊͘ ͙ ͎͔͔ͦͣͪͯͦͤ͡͡ͺ͙ͪͭ͊Φ ͙̆ͪͦͤ;͔͙͚ͫ͟ ͙͙ͭͦͤͭ͘͡͡ ς Ήͭͦ ͔͙͙ͨͪͫͫͭͪͯΌ΅͙͚ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͨͪͦͼ͔ͫͫ ͍ ͙͙ͣͤ͒͊ͤ͊͡ͻΦ 

o ˶͙͎͙͊ͪͤͭΥ ʕ ͔͙͔ͦͫͨ͊ͤ͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͎͙ͦͪͭ͊ͤΣ ;͊ͫͭͦ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͔͔ͫΎ ͙ͦͫͨͦͫͭ͡ΈΌ 

͎ͦͦͫ͊͡ ͙͙͡ ͔͎ͦ ͚ͨͦͤͦ͡ ͔͔͚ͨͦͭͪ ό͊ͺ͙͔͚ͦͤύΦ 

3. ˭͔͍͙͊͋ͦ͊ͤ͡Ύ ̂ͻ͊Υ 

o ˻͙ͭͭΥ ʕ ͔͙͔ͦͫͨ͊ͤ͡ ͯͻ͊Φ ˾͙͊͘͡;͊Όͭ ͤ͊ͪͯ͗ͤ·͚Σ ͔͙͚ͫͪ͒ͤ ͙ ͍͔͙͚ͤͯͭͪͤͤ ͙ͦͭͭΦ ˿͔͙͚ͪ͒ͤ ͙ͦͭͭ 

ό͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͚ύ ;͊ͫͭͦ ͍͙͔ͦͤ͊ͭ͘͟ ͙͘π͘ ͊ ͙͍͔͙ͨͪͦͤͤͦͤ͟Ύ ͙ͤͺ͔͟ͼ͙͙ ͙͘ ͎͙ͤͦͫͦͦͭ͟͡ ͍ 

͋͊ͪ͊͋͊ͤͤͯΌ ͨͦͦͫͭ͡Έ ;͔͔ͪ͘ ͫͯ͡ͻ͍ͦͯΌ ͭͪͯ͋ͯ ό͙͔ͤ͊ͨͪͣͪΣ ͙ͨͪ ͔ͤ͊ͫͣͦͪ͟ ͙͙͡ ͔͙͙͔͊͒ͤͦ͒ͭύΦ ˿͙ͣͨͭͦͣ·Υ 

͔ͪ͊͘͟Ύ ͋ͦ͡Έ ͍ ͯͻ͔Σ ͙͔͙͔ͫͤ͗ͤ ͫͯ͡ͻ͊Σ ͍ͨͦ·΄͔͙͔ͤ ͔͔ͭͣͨͪ͊ͭͯͪ·Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ˶˻˾π͋ ͔͙ͦͤ͘͡ ς Ήͭͦ ͦ͋΄͙ͪͤ·͚ ͊ͫͫ͟͡ ͎͙͚ͨ͊ͭͦͦ͡Σ ͔ͭͪ͋ͯΌ΅͙͚ ͍͙͔ͤͣ͊ͭ͡Έ͎ͤͦͦ ͙ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊Φ ˾͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͔͔ͦͣͨͫͤͦ͟͟͡ ͔͡;͔͙͔ͤΣ ͯ;͙ͭ·͍͊Ό΅͔͔ Ή͙͎͙ͭͦͦ͡Ό ͙ 

͎͔͔ͨ͊ͭͦͤ͘Σ Ύ͍͡ΎΌͭͫΎ ͘ ͎͊ͦͦͣ͡ ͔ͯͫͨ΄͎ͤͦͦ ͍·͍͔͙͒ͦͪͦͤ͘͡Ύ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͔͔ͨͪͻͦ͒͊ ͦͫͭͪ·ͻ 

ͨͪͦͼ͔͍ͫͫͦ ͍ ͻ͙ͪͦͤ;͔͙͔ͫ͟ ͺͦͪͣ·Σ ͊ ͔ͭ͊͗͟ ͍͙͙ͪ͊ͭ͘Ύ ͦͨ͊ͫͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˽͙͍ͯ͗ͤͦ͟͡ ˸Φ ˿ΦΣ ˶͍͔͍͊ͪͤͦ͊ ˥Φ ˤΦΣ ˾Ύ͊ͤ͘ͼ͔͍ ˿Φ ˤΦ ˭͔͍͙͊͋ͦ͊ͤ͡Ύ ˶˻˾πͦ ͎͍ͪ͊ͤͦΥ ˻͙͙͎͎͙ͭͦͪͤͦ͊ͪͤͦͦ͡͡ΎΦ 

ς оπ͔  ͙͒͘Φ ς ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлмуΦ ς тлп ͫΦ 

2. ˽͊͡Έ;ͯͤ ˤΦ ́ΦΣ ˴ͪΌ͍ͦ͟ ˢΦ ˮΦ ˻͙͙͎͎͙ͭͦͪͤͦ͊ͪͤͦͦ͡͡ΎΥ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ ς нπ͔  ͙͒͘Φ ς ˸ ΦΥ 

˸͔͙͒ͼ͙ͤ͊Σ нллтΦ ς смс ͫΦ 
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3. ˣ͎͙ͦͦͣ͡Έ͙͚ͫ͟ ˸Φ ˾ΦΣ ͙̉ͫͭΎ͍ͦ͊͟ ˤΦ ˾Φ ˨͔ͭͫ͊͟Ύ ͙͙͎͎͙ͦͭͦͪͤͦ͊ͪͤͦͦ͡͡ΎΦ ς ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нллтΦ ς руп ͫΦ 

4. ˿͍͙ͫͭͯ΄͙ͤ͟ ˤΦ ˸ΦΣ ˹͙͙͟ͺ͍ͦͪͦ͊ ˥Φ ˹Φ ˻ͫͭͪ·͚ ͙ ͻ͙ͪͦͤ;͔͙͚ͫ͟ ͙͙͙ͪͤͦͫͤͯͫͭΦ ς ˸ ΦΥ ˸˩˨͔ͨͪͫͫπ͙ ͤͺͦͪͣΣ 

нлнлΦ ς мну ͫΦ 

5. ˴ͦͫΎ͍ͦ͟ ˿Φ ̒ΦΣ ˢ͔ͭ͊ͤͫΎͤ ˢΦ ˥Φ ˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ͔͡;͔͙͔ͤ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͔͔͎ͫͪ͒ͤͦ ͯͻ͊Φ ς ˸ΦΥ 

˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлмфΦ ς мпп ͫΦ 

                   ϭ s͍ͤͤ͊ͣͯͪ͊͒ͦ ˿ΦΣ нлнр 

 

 

 

 

       ˢͤͤ͊ͣͯͻ͔͍͊ͣͣ͒ͦ͊ ˻͎͔͚͙ͯ͟͟͡ ˥͎͔͙͔͍ͯͪ͋͊ͤ͒ͤ͊͡Σ  

˭͍͔͊͒ͯΌ΅͙͚ ͊͟ͺ͔͚͒ͪͦ Ή͙͎͙͙ͤ͒ͦͪͤͦͦ͟͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˿ˢ̆ˢ˾˹̍˯ ˨ˮˢˣ˩́Υ ˿˻ˤ˾˩˸˩˹˹̍˩ ˢ˿˽˩˴́̍ ˽ˢ́˻˥˩˹˩˭ˢΣ ˨ˮˢ˥˹˻˿́ˮ˴ˮ ˮ 

˽˩˾˿˻˹ˢ˶ˮ˭ˮ˾˻ˤˢ˹˹˻˥˻ ̂˽˾ˢˤ˶˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ ό˿˨ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͎ͦ͋͊͡͡ΈͤͯΌ ͔͙ͣ͒ͦ͟πͫ ͦͼ͙͊͡ΈͤͯΌ ͔ͨͪͦ͋ͣͯ͡Σ 

ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΎͫΈ ͚ͯͫͭͦ;͙͍͚ͦ ͎͔͙͔͚ͨͪͦͪͫͫ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭ ͙ Ύ͍͡ΎΎͫΈ ͍͔͒ͯ΅͔͚ ͙ͨͪ;͙͚ͤͦ ͔͔ͫͪ͒;ͤͦπ

͙ͫͦͫͯ͒ͫͭ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͔͙ͭͪͣͤ͊͡Έ͚ͤͦ ͨͦ;͔;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͙ ͔͍͙ͤͭͪ͊ͣ͊ͭ;͔͙ͫ͟ͻ ͊ͣͨͯͭ͊ͼ͙͚Φ 

˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͍͔ͦͫ΅͔͊ͭ ͍͔͔ͫͦͪͣͤͤ·͔ ͍͎͘͡Ύ͒· ͤ͊ ͎͔͔͙ͨ͊ͭͦͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 

͙ͪ͊͘͡;ͤ·ͻ ͙͍ͭͨͦ ˿˨Σ ͫ ͊͟ͼ͔ͤͭͦͣ ͤ͊ ͪͦ͡Έ ͙͙͔͙͔͙ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡Σ ͙͒ͫͺͯͤ͟ͼ͙͙ π̡͟ ͔ͭͦ͟͡ 

͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͗͘͡· ͙ ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͼ͙͙͍ͭͦͤͦ͟Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͊ͭͯ͊͟͡Έͤ·͔ ͙͔͙͙ͪͭͪ͟ 

͙͎͙͙͒͊ͤͦͫͭ͟Σ ͍ͦͫͤͦ͊ͤͤ·͔ ͤ͊ ͔͔͔͙͙ͦͨͪ͒ͤ͡ ͍ͯͪͦͤΎ ͎͙͙͍͎ͪͦ͊ͤͤͦͦ͟͡ ͎͔͎͙ͣͦͦ͋ͤ͊͡ όIō!мŎύΣ ͙ ͙ͨͪͤͼ͙ͨ· 

͙ͫͭͪ͊ͭͺ͙͊͟ͼ͙͙ ͙ͪͫ͊͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤͦͣͯ͘͡ ͨͦ͒ͻͦ͒ͯ ͟ ͍͔͙ͯͨͪ͊ͤ͡Ό 

͔͍͙͔͊͋ͦ͊ͤͣ͘͡Σ ͍͟͡Ό;͊Ό΅͔ͣͯ ͍͔͔ͫͦͪͣͤͤ·͔ ͎͙͎͙͔͙ͨͦͣ͟͡;͔͙͔ͫ͟ ͔ͨͪͨ͊ͪ͊ͭ· ͫ ͙͊ͪ͒ͦ͟π ͙ 

͔ͤͺ͔͙͍ͪͦͨͪͦͭͭͤ͟·͙ͣ ͍͚͍͙ͫͦͫͭ͊ͣΣ ͔ͭͻ͎͙͙ͤͦͦ͡ ͔͔ͤͨͪͪ·͍͎ͤͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ ͎͡Όͦ͘͟· ͙ ͼ͙ͺ͍ͪͦ·͔ 

͔ͪ΄͔͙ͤΎ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͼ͔͔͚͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭΣ ͙͙͔͙͔ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ΈΣ ͎͙͙͍ͪͦ͊ͤͤ͟͡·͚ ͎͔͎͙ͣͦͦ͋ͤ͡ όIō!мŎύΣ 

͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͊͘͡Ύ ͔͙ͭͪ͊ͨΎΣ ͎͙͊ͦͤͫͭ· ͔ͪͼ͔͍ͨͭͦͪͦ ˥˽˽πмΣ ͙͎͙͙ͤ͋ͭͦͪ· {D[¢нΣ ͔͔ͤͨͪͪ·͍ͤ·͚ 

͙͙͎ͣͦͤͭͦͪͤ ͎͡Όͦ͘͟·Σ ͙͔͊ͪ͒ͦͪͤ͊͟͡Έͤ·͚ ͙ͦͤͭͤͯͯͣ͟Φ 

 

мΦ ˤ͍͔͔͙͔͒ͤΥ ͎ͦ͋͊͡͡Έͤ·͚ ͍·͍ͦ͘ ͙ ͙͎ͨ͊ͪ͊͒ͣ͊ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

˿͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ ͔ͦͫͭ͊ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ 

͙͔ͨͪͦ͋ͪͭ͊Ύ ͻ͔͊ͪ͊ͭͪ͟ ͔͙ͤͤͺ͔͟ͼ͙͚ͦͤͤͦ ͔͙͙ͨ͊ͤ͒ͣΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͙͔͎͙͒͊͋ͭͦͦ͡Ύ ͔͙ͫͣͫͭ͊͡ ͺƻƪǳǎ ͫ 

͎ͨͪͦͫͭͦͦ ͦͤͭͪͦ͟͡Ύ ͎͙͔͙͙ͣ͟͡ ͤ͊ ͔ͦͣͨͫͤͯ͟͟͡Ό ͔͎͙ͫͭͪ͊ͭΌ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͍͔ͤ͊ͨͪ͊ͤͤͯ͡Ό ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ 

͔ͦͪͪ͟͟ͼ͙Ό ͍ͯͪͦͤΎ ͎͡Όͦ͘͟·Σ ͤͦ ͙ ͤ͊ ͙͍͊ͭͤͯ͟Ό ͨͪͦͺ͙͙͊ͭͯ͟͟͡ ͔͔ͫͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·ͻ ͙ ͙͙ͣͪͦͫͦͫͯ͒ͫͭ͟·ͻ 

͔͙͚ͦͫͦ͗ͤͤ͡Σ ;ͭͦ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͔ͣͤΎ͔ͭ ͎ͨͪͦͤͦ͘ ͙ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ 

нΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔ͫ͊͟Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙ ͙͎͙͒͊ͤͦͫͭ͊͟ 

нΦмΦ ˥͔͔͎͔ͭͪͦͤͤͦͫͭΈ ͎͔͔ͨ͊ͭͦͤ͊͘ 

ˤ ͍͔ͦͫͤͦ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͔͙͗ͭ͡ ͔ͤ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟Σ ͊ ͍͔͒ͯ΅͙͚ 

͎͔͔͙ͨ͊ͭͦͤͭ;͔͙͚ͫ͟ ͔ͣͻ͙͊ͤͣ͘Υ 
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¶ ˿˨ м ͙ͭͨ͊Υ s ͙ͯͭͦͣͣͯͤͤ͊Ύ ͔͒ͫͭͪͯ͟ͼ͙Ύ π̡͟ ͔ͭͦ͟͡Σ ͙͍ͨͪͦ͒Ύ΅͊Ύ ͟ ͊͋ͫͦ͡Όͭͤͦͣͯ ͔͒ͺ͙ͼ͙ͭͯ ͙͙ͤͫͯͤ͊͡Φ 

¶ ˿˨ н ͙ͭͨ͊Υ ˽ ͎͔͙ͪͦͪͫͫͪͯΌ΅͔͔ ͤ͊ͪͯ΄͔͙͔ͤ ͔͔ͫͪ͟ͼ͙͙ ͙͙ͤͫͯͤ͊͡ ͤ͊ ͺ͔ͦͤ ͙͙͔͙͔͙ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡Φ 

¶ ˽ͪͦ;͙͔ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙ͭͨ·Υ ˤ͟͡Ό;͊Ύ ͎͔ͣͦͤͦͤͤ·͔ ͺͦͪͣ· όah5¸ύΣ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ Ή͙͚ͦͪͤͤͦ͘͟͟ 

;͙͊ͫͭ ͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͗͘͡·Φ 

нΦнΦ ˶͊͋ͦͪ͊ͭͦͪͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͙ͫͭͪ͊ͭͺ͙͊͟ͼ͙Ύ ͙ͪͫ͊͟ 

˴͙͔͙͙ͪͭͪ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͎ͫͦ͊ͫͤͦ͡ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͣ ͔͔ͪͦͣͤ͒͊͟ͼ͙ΎͣΥ 

¶ ͍͔̂ͪͦͤΈ Iō!мŎ җ сΣр҈ όпу ͣͣͦ͡Έκͣͦ͡Έύ 

¶ ˥͡Όͦ͊͘͟ ͨ͊ͣ͘͡· ͤ͊ͭͦ΅͊͟ җ тΣл ͣͣͦ͡Έκ͡ 

¶ ˥͡Όͦ͊͘͟ ͨ͊ͣ͘͡· ;͔͔ͪ͘ н ;͊ͫ͊ ͙ͨͪ ˽˥́́ җ ммΣм ͣͣͦ͡Έκ͡ 

˻ͼ͔ͤ͊͟ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͎ͤͦͦ ͙ͪͫ͊͟ ͔͙͚ͦͫͦ͗ͤͤ͡ ͍͟͡Ό;͔͊ͭ ͙͊ͤ͊͘͡ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͙͙͎ͨ͒ͤͦͦ͡ ͔ͦ͋ͣͤ͊Σ 

ͺͯͤ͟ͼ͙͙ ͨͦ;͔͟ ό˿˴̅Σ ͊͡Έ͙͙͋ͯͣͤͯͪΎύ ͙ ͔͍ͣ͊ͪͪͦ͟ ͙͍͊ͪ͒ͦ͊ͫͯ͟͟͡Ύ͎ͪͤͦͦ ͙ͪͫ͊͟Φ 

оΦ ˽͔͙͙͍ͪͫͦͤ͊ͪͦ͊ͤͤ͊͘͡Ύ ͺ͔͙͊ͪͣ͊ͦͭͪ͊ͨ͟ΎΥ ͺͦͯͫ͟ ͤ͊ ͎͔ͦͪ͊ͤͦͨͪͦͭ͟ͼ͙Ό 

˿͍͔͔͔ͦͪͣͤͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ˿˨ н ͙ͭͨ͊ ͙͔͋͊ͪͯͭͫ͘Ύ ͤ͊ ͙͔͔͙͙ͨͪͣͤͤ ͍͊ͫͫͦ͟͡ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͫ 

͒ͦ͊͊ͤͤ͘͟·͙ͣ ͔͙ͨͪͣͯ΅͔͍͙ͫͭ͊ͣΥ 

оΦмΦ ˢ͎͙ͦͤͫͭ· ͔ͪͼ͔͍ͨͭͦͪͦ ͎͡Ό͎͎͊ͦͤͦͨͦ͒ͦ͋ͤͦͦ͟ ͔͙ͨͨͭ͒͊πм ό͊ͪ˥˽˽πмύ 

¶ ˻͔͔͋ͫͨ;͙͍͊Όͭ Ήͺͺ͔͙͍͔ͭͤͦ͟ ͙͔͙͔ͫͤ͗ͤ Iō!мŎ ͙ ͣ͊ͫͫ· ͔ͭ͊͡ 

¶ ˻͋͊͒͊͡Όͭ ͙͔͙͍͊ͪ͒ͦͨͪͦͭͭͤ͟͟·ͣ ͔͚͍͙͔͒ͫͭͣΣ ͙ͫͤ͗͊Ύ ͙ͪͫ͟ aŀƧƻǊ !ŘǾŜǊǎŜ /ŀǊŘƛƻǾŀǎŎǳƭŀǊ 9ǾŜƴǘǎ 

όa!/9ύ 

¶ ˨͔͙ͣͦͤͫͭͪͪͯΌͭ ͔ͤͺ͔͙͍ͪͦͨͪͦͭͭͤ͟·͔ ͍͚͍ͫͦͫͭ͊ 

оΦнΦ ˮ͎͙͙ͤ͋ͭͦͪ· ͙͚ͤ͊ͭͪπ͎͡Ό͎ͦͤͦͦ͘͟ ͔ͦͭͪ͊ͤͫͨͦͪͭͪ͊͟ н ͙ͭͨ͊ ό͙{D[¢нύ 

¶ ˮͤ͒ͯͼ͙ͪͯΌͭ ͎͡Ό͙ͦͯͪ͘͟ΌΣ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͔͔ͫͪ͟ͼ͙͙ ͙͙ͤͫͯͤ͊͡ 

¶ ˻͋͊͒͊͡Όͭ ͒ͦ͊͊ͤͤ͘͟·͙ͣ ͔͙ͨͪͣͯ΅͔͍͙ͫͭ͊ͣ ͙ͨͪ ͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ 

¶ ˭͔͊ͣ͒͡ΎΌͭ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͨͦ;͔͟ 

пΦ ͔́ͻ͎͙͙ͤͦͦ͡ ͍ ͍͔͙͙ͯͨͪ͊ͤ͡ ͙͔͒͊͋ͭͦͣ 

пΦмΦ ˿͙͔ͫͭͣ· ͔͔ͤͨͪͪ·͍͎ͤͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ ͎͡Όͦ͘͟· ό˹˸˥ύ 

¶ ˻͔͔͋ͫͨ;͙͍͊Όͭ ͙͙͎ͣͦͤͭͦͪͤ ͍ ͔͙͔ͪ͗ͣ ͔ͪ͊͡Έ͎ͤͦͦ ͍͔͔͙ͪͣͤ 

¶ ˽͍ͦͦ͘͡ΎΌͭ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͍͔͔͚ͪͣͤͤͦ ͔ͨͦ͊͊ͭ͘͟͡Έ ͍ ͼ͔͔͍ͦͣ͡ ͙͔͒͊ͨ͊ͦͤ͘ ό¢ƛƳŜ ƛƴ wŀƴƎŜύ 

¶ ˻͔͎͋͡;͊Όͭ ͙ͨͪͤΎ͙͔ͭ ͔ͪ΄͔͙͚ͤ ͨͦ ͔ͦͪͪ͟͟ͼ͙͙ ͔͙͙ͭͪ͊ͨ 

пΦнΦ ͙̇ͺ͍ͪͦ·͔ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͔ͫ͟ ͨ͊ͭ͡ͺͦͪͣ· 

¶ ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͒͊ͤͤ·ͻ ˹˸˥Σ ͺ͙͙͘;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟ ͙ ͙͙ͨͭ͊ͤΎ 

¶ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎͙͍͊ͦͪͭͣͦ͡ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͒͡Ύ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͎͙͔͙͙ͣ͟͡ 

¶ ͔͔͔͙́ͣ͒͡ͼ͙͔ͤͫͦ͟ ͦͤͫͯ͟͡Έ͙͍͙͔ͭͪͦ͊ͤ ͙ ͔ͨͦ͒͒ͪ͗͊͟ 

рΦ ˴͙͙ͤ͡;͔͙͚ͫ͟ ͙͔ͨͪͣͪΥ ͙͔͎ͤͭͪ͊͡Έͤ·͚ ͨͦ͒ͻͦ͒ ͟ ͍͔͔͙͒ͤΌ ͨ͊ͼ͙͔ͤͭ͊ 

¶ ˽͊ͼ͙͔ͤͭΥ ˸ͯ͗;͙ͤ͊Σ ру ͔ͭ͡Σ ˿ ˨ н ͙ͭͨ͊ ͍ ͔ͭ;͔͙͔ͤ т ͔ͭ͡Σ Iō!мŎ уΦр҈Σ ͍ ͔͔͊ͤ͊ͣͤ͘ ͔͙͊ͪͭͪ͊͡Έͤ͊Ύ 

͎͙͔͔͙ͨͪͭͤ͘ΎΦ 

¶ ͙́ͪ͊͒ͼ͙ͦͤͤ͊Ύ ͙ͭ͊ͭ͊͟͟Υ ˹ ͊ͤ͊͘;͔͙͔ͤ ͔ͣͭͺ͙ͦͪͣͤ͊ ͙ ͙͍ͨͪͦͦ͒ͤ͘·ͻ ͫͯ͡Έͺ͙ͦͤͣͦ͡;͔͍͙ͤ·Φ 

¶ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͊͘͡Ύ ͙ͭ͊ͭ͊͟͟Υ 

1. ˻ͼ͔ͤ͊͟ ͙͍ͪͫͦ͟Υ ʕ ·͙͚ͫͦ͟ ͙͔͊ͪ͒ͦͪͤ͊͟͡Έͤ·͚ ͙ͪͫ͟Φ 

2. ˤ·͋ͦͪ ͔͙͙ͭͪ͊ͨΥ ˹͊ ͤ͊͘;͔͙͔ͤ ͔ͣͭͺ͙ͦͪͣͤ͊ Ҍ ͊ͪ˥˽˽πм ͒͡Ύ ͦͤͭͪͦ͟͡Ύ ͎͙͔͙͙ͣ͟͡ ͙ ͙͔͙ͫͤ͗ͤΎ 

͍͔ͫ͊Φ 

3. ˨͍͔͙͔ͦ͋͊ͤ͡ ͙{D[¢н ;͔͔ͪ͘ о ͔ͣͫΎͼ͊ ͒͡Ύ ͙͔͙ͯͫͤ͡Ύ ͙͔͊ͪ͒ͦͪͤ͊͟͡Έ͚ͤͦ ͊͘΅͙ͭ·Φ 

4. ˽͙͔͔͙͔ͪͣͤͤ ˹˸˥ ͒ ͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͎͙͔͙ͣ͟͡;͔͎ͫͦͦ͟ ͦͤͭͪͦ͟͡ΎΦ 

¶ ˾͔ͯ͘͡Έͭ͊ͭ ;͔͔ͪ͘ с ͔ͣͫΎͼ͔͍Υ ˨͙͔͙͔ͦͫͭ͗ͤ ͼ͔͔͍͎ͦͦ͡ Iō!мŎ όсΦу҈ύΣ ͫ ͙͔͙͔ͤ͗ͤ ͣ͊ͫͫ· ͔ͭ͊͡ ͤ͊ у ͎͟Σ 

͙ͫͭ͊͋͡Έͤ·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ ͺͯͤ͟ͼ͙͙ ͨͦ;͔͟Φ 

сΦ ˭͊͟͡Ό;͔͙͔ͤ 
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˿͍͔͔ͦͪͣͤͤ͊Ύ ͙͔͎͙͒͊͋ͭͦͦ͡Ύ ͔͔͙͍͔ͨͪ͗͊ͭ ǇŀǊŀŘƛƎƳ ǎƘƛƊΣ ͊͘͟͡Ό;͊Ό΅͙͚ͫΎ ͍ ͔͔ͨͪͻ͔ͦ͒ ͦͭ 

͙ͯͤͺ͙ͼ͙͍͎ͪͦ͊ͤͤͦͦ ͦͤͭͪͦ͟͡Ύ ͎͙͔͙͙ͣ͟͡ ͟ ͔ͦͣͨͫͤͦͣͯ͟͟͡Σ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤͦͣͯ͘͡ ͍͔͙ͯͨͪ͊ͤ͡Ό 

͔͍͙͔͊͋ͦ͊ͤͣ͘͡ ͫ ͊͟ͼ͔ͤͭͦͣ ͤ͊ ͨͪͦͺ͙͙͊ͭͯ͟͟͡ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ 

ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻ ͍͊ͫͫͦ͟͡ ͫ ͎͔͙͍ͦͪ͊ͤͦͨͪͦͭͭͤ͟·͙ͣ ͍͚͍͙ͫͦͫͭ͊ͣ ͙ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙͙͎ͣͦͤͭͦͪͤ͊ 

͍ͨͦͦ͘͡Ύ͔ͭ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͙͔͙ͣͤͭ͘Έ ͔͔͍͔͔ͫͭͫͭͤͤͦ ͔ͭ;͔͙͔ͤ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͯͯ͡;΄͙ͭΈ ͙͙ͤ͟͡;͔͙͔ͫ͟ 

͙ͫͻͦ͒· ͙ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͎͙͙͚ͣͤͦͦͣͦͤͤͦ͡͡ ͨͦͨͯ͡Ύͼ͙͙ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͫ͊ͻ͊ͪͤ·ͣ ͙͔͒͊͋ͭͦͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˨͔͍͒ͦ ˮΦˮΦΣ ͔͍̊ͫͭ͊ͦ͊͟ ˸ΦˤΦΣ ˸͚͍͊ͦͪͦ ˢΦ̑Φ ˢ͎͙ͦͪͭͣ͡· ͔ͫͨͼ͙͙͙͍͚͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ 

ͨͦͣͦ΅͙ ͋ͦ͡Έͤ·ͣ ͫ͊ͻ͊ͪͤ·ͣ ͙͔͒͊͋ͭͦͣΦ ς ˸ΦΣ нлноΦ ς нмн ͫΦ 

нΦ !ƳŜǊƛŎŀƴ 5ƛŀōŜǘŜǎ !ǎǎƻŎƛŀǝƻƴΦ {ǘŀƴŘŀǊŘǎ ƻŦ aŜŘƛŎŀƭ /ŀǊŜ ƛƴ 5ƛŀōŜǘŜǎ ς нлнп κκ 5ƛŀōŜǘŜǎ /ŀǊŜΦ ς нлнпΦ ς 

±ƻƭΦ птΦ 

оΦ 5ŀǾƛŜǎ aΦWΦΣ Ŝǘ ŀƭΦ aŀƴŀƎŜƳŜƴǘ ƻŦ IȅǇŜǊƎƭȅŎŜƳƛŀ ƛƴ ¢ȅǇŜ н 5ƛŀōŜǘŜǎΣ нлнн κκ 5ƛŀōŜǘƻƭƻƎƛŀΦ ς нлннΦ ς ±ƻƭΦ 

срόммύΦ ς tΦ мфнрπмфссΦ 

4. ˸͚͍͊ͦͪͦ ˢΦ̑ΦΣ ˿͍ͯͪͦ͊͟ ˩ΦˤΦ ˹͔͔ͨͪͪ·͍ͤ·͚ ͙͙͎ͣͦͤͭͦͪͤ ͎͡Όͦ͘͟·Υ ͦͭ ͔͙͙ͭͦͪ ͟ ͙͙ͤ͟͡;͔͚ͫͦ͟ 

͙͔ͨͪ͊ͭ͟͟Φ ς ˸ΦΥ ˸͔͙͒ͼ͙͔ͤͫͦ͟ ͙ͤͺͦͪͣ͊ͼ͙͔ͦͤͤͦ ͎͔͍͊ͤͭͫͭͦΣ нлннΦ ς муп ͫΦ 

рΦ ½ƛƴƳŀƴ .ΦΣ Ŝǘ ŀƭΦ 9ƳǇŀƎƭƛƅƻȊƛƴΣ /ŀǊŘƛƻǾŀǎŎǳƭŀǊ hǳǘŎƻƳŜǎΣ ŀƴŘ aƻǊǘŀƭƛǘȅ ƛƴ ¢ȅǇŜ н 5ƛŀōŜǘŜǎ κκ b 9ƴƎƭ W 

aŜŘΦ ς нлмрΦ ς ±ƻƭΦ отоΦ ς tΦ нммтπнмнуΦ 

ϭ sͤͤ͊ͣͯͻ͔͍͊ͣͣ͒ͦ͊ ˻Φ˥ΦΣ  нлнр 

 

 

 

 

       ˢͤͤ͊ͣ·͍ͪ͊͒ͦ͊ ˸͔͔ͪ͒͗ͤ ͙͔́ͪ͟΄͍ͦͤ͊Σ 

 ˿ ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

̏˽ˮ˨˩˸ˮ˻˶˻˥ˮ̒Υ ˹ˢ̂˴ˢ ˻ ˭ˢ˴˻˹˻˸˩˾˹˻˿́̒̆ ˭˨˻˾˻ˤ̎̒ ˹ˢ˿˩˶˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͙͔͙͎͙̏ͨ͒ͣͦͦ͡Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͺ͔ͯͤ͒͊ͣͤͭ͊͡ΈͤͯΌ ͤ͊ͯͯ͟ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͒ͦͪͦ͘ΈΎΣ 

͙ͯ͘;͊Ό΅ͯΌ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͙ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͊ ͔ͭ͊͗͟ ͫͦͫͭͦΎ͙͚ͤ 

͍͒ͦͪͦ͘ΈΎ ͍ ͨͦͨͯ͡Ύͼ͙ΎͻΦ ˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͪ͊ͫͪ͟·͍͔͊ͭ ͍͔͔͔ͫͦͪͣͤͤͦ ͙͙͔ͨͦͤͣ͊ͤ Ή͙͔͙͎͙͙ͨ͒ͣͦͦ͡ ͊͟͟ 

͙͔ͤͫͭͪͯͣͤͭ͊ ͒͡Ύ ͨ ͙ͪͤΎ͙ͭΎ ͍͔ͯͨͪ͊ͤ͡;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤ ͍ ͍͒ͪ͊ͦͦ͘ͻ͔͙͙ͪ͊ͤͤΦ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ 

͔͎͙ͣͭͦ͒ͦͦ͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Σ ͍͟͡Ό;͊Ύ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ ͤ͊͒ͦͪ͘Σ ͙͙͊ͤ͊ͭ͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ 

ͦͼ͔ͤͯ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͎͙͙ͪͦͦ͡ Ή͙͔͙͎͙͙ͨ͒ͣͦͦ͡ ͍ 

ͺ͙ͦͪͣͪ ͍͙͙ͦ͊ͤ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͋͊͘· ͒͡Ύ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͔͎͙͚ͫͭͪ͊ͭ 

ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͒ͦͪͦ͘ΈΎΦ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͙͒ͫͼ͙͙ͨͤ͡· ͦͭ ͙ͯ͘;͔͙ͤΎ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ 

͔͔͚͋ͦͤ͘͡ ͟ ͙͊ͤ͊ͯ͘͡ ͔͙ͤͤͺ͔͟ͼ͙͚ͦͤͤͦ ͎͙͙ͨ͊ͭͦͦ͡ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͔͔͙͒ͭͪͣͤ͊ͤͭ ͍͒ͦͪͦ͘ΈΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 Ή͙͔͙͎͙ͨ͒ͣͦͦ͡ΎΣ ͦ͋΅͔͍͔͔ͫͭͤͤͦ ͍͒ͦͪͦ͘Έ͔Σ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ ͤ͊͒ͦͪ͘Σ ͨͦͨͯ͡Ύͼ͙ͦͤͤ·͔ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͔͒ͦ͊͊ͭ͘͟͡Έͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ  

ͺ͊ͭͦͪ͟· ͙ͪͫ͊͟Σ ͍͔͙͔ͯͨͪ͊ͤ͡ ͍͒ͪ͊ͦͦ͘ͻ͔͙͔ͪ͊ͤͤͣΦ 
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мΦ ˤ͍͔͔͙͔͒ͤΥ ͍̏ͦ͡Όͼ͙Ύ ˽͔͔ͪ͒ͣͭ͊ ͙ ˸͔͍ͭͦ͒ͦ 

˿͍͔͔ͦͪͣͤͤ͊Ύ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡Ύ ͔͔ͨͪͦ͒ͦ͊͡͡ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͎͙ͪ͊ͤͼ· ͙ͯ͘;͔͙ͤΎ ͙͡΄Έ 

͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͔͚͋ͦͤ͘͡Φ ˿͔͎ͦ͒ͤΎ Ήͭͦ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͊͡Ύ ͤ͊ͯ͊͟Σ ͙͔ͫͫ͒ͯ͡Ό΅͊Ύ ;͊ͫͭͦͭͯ ͙ 

͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͡Ό͋·ͻ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤ όͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍ͭͪ͊ͣΣ ͙ͨͫͻ͙;͔͙ͫ͟ͻ 

͚͍ͪ͊ͫͫͭͪͦͫͭύ ͙ ͺ͍͊ͭͦͪͦ͟ ͍͒ͦͪͦ͘ΈΎ ͍ ;͔͍͔ͦ͡;͔͙ͫ͟ͻ ͨͦͨͯ͡Ύͼ͙ΎͻΦ ˩͖ ͍͚ͦͫͤͦͤͦ ͊͒͊͘;͔͚ Ύ͍͡Ύ͔ͭͫΎ 

͙͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͙ͨͪ;͙ͤ ͙ ͍͙͚ͯͫͦ͡Σ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙ͻ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ό ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ 

ͤ͊ͯ;ͤͦ ͍ͦ͋ͦͫͤͦ͊ͤͤ·ͻ ͔ͣͪ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙ ͦͤͭͪͦ͟͡ΎΦ 

нΦ ˸͔͎͙ͭͦ͒ͦͦ͡;͔͙͚ͫ͟ ˢ͔ͪͫͤ͊͡ ˿͍͔͔͚ͦͪͣͤͤͦ ͙͔͙͎͙͙̏ͨ͒ͣͦͦ͡ 

нΦмΦ ˿͙͔ͫͭͣ͊ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡;͔͎ͫͦͦ͟ ˹͊͒ͦͪ͊͘ 

˹͔͔ͨͪͪ·͍ͤ·͚ ͙͔͙ͫͫͭͣ͊ͭ;͔͙͚ͫ͟ ͫ͋ͦͪΣ ͙͊ͤ͊͘͡ ͙ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͒͊ͤͤ·ͻ ͦ ͍͒ͦͪͦ͘Έ͔ ͔͔͙ͤ͊ͫͤ͡ΎΣ 

͔ͤͦ͋ͻ͙ͦ͒ͣ·͚ ͒͡Ύ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡ΎΣ ͔͙ͪ͊͊͘͡ͼ͙͙ ͙ ͦͼ͔͙ͤ͟ ͔͙ͣͪͦͨͪΎ͙͚ͭ ͍ ͙ͦ͋͊ͫͭ͡ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ 

͍͒ͦͪͦ͘ΈΎΦ ˹͊͒ͦͪ͘ ͙ͫͯ͗ͭ͡ ͍͚ͦͫͤͦͦ ͒͡Ύ ͍͔͍͔͔͎ͫͦͪͣͤͤͦͦ ͍·Ύ͍͔͙ͤ͡Ύ ͍ͫͨ·΄͔͟Σ ͙͙͎ͣͦͤͭͦͪͤ͊ ͙͙͙͒ͤ͊ͣ͟ 

͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ ͦͼ͔͙ͤ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͎ͨͪͦͪ͊ͣͣΦ 

нΦнΦ ˻͍ͫͤͦͤ·͔ ͙́ͨ· ˮ͔͍͙͚ͫͫ͒ͦ͊ͤ͡ 

¶ ˻͙͔ͨͫ͊ͭ͡Έͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ˻ͼ͔͙͍ͤ͊Όͭ ;͊ͫͭͦͭͯ ͙ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͨͦ ͙͡ͼ͊ͣΣ 

͍͔͔͙ͪͣͤ ͙ ͔ͣͫͭͯΣ ͺ͙ͦͪͣͪͯΎ ͎͙͔ͨͦͭ͘· ͒͡Ύ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͙ͯ͘;͔͙ͤΎΦ 

¶ ˢ͙͙ͤ͊ͭ͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ˽͍͔ͪͦͪΎΌͭ ͎͙͔ͨͦͭ͘· ͦ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͺ͍͊ͭͦͪͦ͟ 

͙ͪͫ͊͟ ͙ ͍͙͍͔͙͔ͦͤͤͦͤͣ͘͟ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎΥ 

o ˴͎ͦͦͪͭͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ˹͊͋͡Ό͔͙͔͒ͤ ͊͘ ͎͚ͪͯͨͨͦ ͙͡ͼ ͫ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͙ ͔͋͘ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ 

ͺ͊ͭͦͪ͊͟ ͙ͪͫ͊͟ ͍ ͔ͭ;͔͙͔ͤ ͍͔͔͙ͪͣͤΦ 

o ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ Ϧͫͯ͡;͚͊π͟ ͦͤͭͪͦ͡ΈϦΥ ˿͍͔͙͔ͪ͊ͤͤ ͙͡ͼ ͫ ͔͍͙͔͊͋ͦ͊ͤͣ͘͡ όͫͯ͡;͙͊ύ ͙ ͔͋͘ ͔͎ͤͦ 

όͦͤͭͪͦ͟͡Έύ ͨͦ ͙ͤ͊͡;͙Ό ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͍ ͨͪͦ΄ͦͣ͡Φ 

o ˽͔͔ͦͨͪ;ͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ό͔ͫͪ͘·ύΥ ˻ ͼ͔ͤ͊͟ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ 

͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͍ ͔͔͔ͦͨͪ͒ͤͤ͡·͚ ͔ͣͦͣͤͭ ͍͔͔͙ͪͣͤΦ 

нΦоΦ ˻ͼ͔ͤ͊͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͙ ͙ͨͪ;͙͙ͤͤͦͫͭ 

˿͍͔͔ͦͪͣͤͤ͊Ύ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡Ύ ͔͙͔ͦͨͪͪͯͭ ͎͙͙ͫͭͪͦͣ ͙͔͙ͪͭͪ͟Ύ͙ͣ ͒͡Ύ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͙ͨͪ;͙ͤͤͦπ

͔͍͔ͫ͒ͫͭͤͤ͡·ͻ ͍ͫΎ͔͚͘ ό͙ͫ͊͡ ͍ͫΎ͙͘Σ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͍ͦ ͍͔͔͙ͪͣͤΣ ͔ͫͨͼ͙ͺ͙;ͤͦͫͭΈΣ ͎͍ͫͦ͊ͫͦ͊ͤͤͦͫͭ͡Έ ͫ 

͎͙͙͒ͪͯͣ ͒͊ͤͤ·͙ͣΣ ͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͍ͨͪ͊͒ͦͨͦ͒ͦ͋ͤͦͫͭΈύΦ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͦͭ͒͡ΎͭΈ ͔ͪ͊͡Έͤ·͔ ͺ͊ͭͦͪ͟· 

͙ͪͫ͊͟ ͦͭ ͫͯ͡;͚͊ͤ·ͻ ͊ͫͫͦͼ͙͊ͼ͙͚Φ 

оΦ ˿͍͔͔ͦͪͣͤͤ·͔ ˻͙͋͊ͫͭ͡ ˽͙͔͔͙ͪͣͤͤΎ 

оΦмΦ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡Ύ ˹͔͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ˭͔͍͙͚͊͋ͦ͊ͤ͡ ό˹ˮ˭ύ 

ˮͯ͘;͔͙͔ͤ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭ ͙ ͔͔͙͒ͭͪͣͤ͊ͤͭ ͔͔ͫͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ 

͎͙ͦͤͦͦ͟͡;͔͚ͫͦ͟ ͎͙͙ͨ͊ͭͦͦ͡Σ ͙͔͒͊͋ͭ͊ ͙ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͙ͪͫͨͪ͊ͭͦͪͤ·ͻ ͔͔͚͋ͦͤ͘͡Σ ͤ͊ ͦͭͦͪ͟·͔ ͙ͨͪͻ͙ͦ͒ͭͫΎ 

͍͔ͦͫͤͦͤͦ ͔͋ͪͣΎ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ ͙ ͔͙ͫͣͪͭͤͦͫͭ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪΦ 

оΦнΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ Ήͨ ͙͔͙͎͙͒ͣͦͦ͡Ύ 

˽͙͔͔͙͔ͪͣͤͤ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͒͡Ύ ͦͼ͔͙ͤ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 

͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻΣ ͔͡;͔͋ͤ·ͻ ͙ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Σ ;ͭͦ ͺ͙͔ͦͪͣͪͯͭ 

͍ͦͫͤͦͯ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ 

оΦоΦ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡Ύ ͙ ͼ͙ͺ͍ͪͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻ ό.ƛƎ 5ŀǘŀύΣ ͎͔͙ͦͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͙͔ͫͫͭͣ ό˥ˮ˿ύ ͙ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ 

͙͔͔ͤͭͭ͊͟͡͡ ͒͡Ύ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͍ͫͨ·΄͔͟ ͙ 

͔͙ͨͪͫͦͤ͊͊͘͡ͼ͙͙ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͔͎͙͚ͫͭͪ͊ͭΦ 

пΦ ˽͙͔ͪͣͪΥ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͟ ͙͔͙ͫͤ͗ͤΌ ͔͔ͫͪ͒;ͤͦπͫ ͙͚ͦͫͯ͒ͫͭͦ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ 

¶ ˽͔ͪͦ͋ͣ͊͡Υ ʕ ·ͫͦ͊͟Ύ ͔ͫͣͪͭͤͦͫͭΈ ͦͭ ͙ͤͺ͍͊ͪͭͦ͟ ͙ͣͦ͊ͪ͒͊͟ ͍ ͔͎͙͔ͪͦͤΦ 

¶ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Υ 
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1. ˻͙͔ͨͫ͊ͭ͡Έͤ·͚ Ήͭ͊ͨΥ ˢ͙ͤ͊͘͡ ͒͊ͤͤ·ͻ ͦ ͔͙ͫͣͪͭͤͦͫͭ ͍·Ύ͍͙͡ ͔͔ ͪͦͫͭ ͍ ͔͔͔ͦͨͪ͒ͤͤ͡·ͻ 

͍ͦͪ͊ͫͭͤ͘·ͻ ͙ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͎ͪͯͨͨ͊ͻΦ 

2. ˢ͙͙ͤ͊ͭ͡;͔͙͚ͫ͟ Ήͭ͊ͨΥ ˴ ͎ͦͦͪͭͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͙͙ͯͫͭ͊ͤͦ͡Σ ;ͭͦ ͟͡Ό;͔͍·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟ ͙ͪͫ͊͟ 

͍ ͚͒͊ͤͤͦ ͨͦͨͯ͡Ύͼ͙͙ Ύ͍͡ΎΌͭͫΎ ͔͙͊ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘ΎΣ ͔͙͔ͯͪͤ͟ ͙ ͙ͤ͊͘͟Ύ ͺ͙͙͘;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟ΈΦ 

3. ̏ͭ͊ͨ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Υ ˾͊ͪ͊͋ͦͭ͊ͤ͊͘ ͼ͔͔͍͊͡Ύ ͎ͨͪͦͪ͊ͣͣ͊ ͙͙͎ͫͪͤͤ͊͟ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΣ 

͙͊ͤͭͭ͊͋͊;ͤ͊Ύ ͙͊ͣͨ͊ͤ͟Ύ ͙ ͎ͨͪͦͨ͊͊ͤ͒͊ ͺ͙͙͘;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟Φ 

4. ˻ͼ͔ͤ͊͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟Υ ͔͔̉ͪ͘ р ͔ͭ͡ ͍ͨͦͭͦͪͤ·͚ ͙͊ͤ͊͘͡ ͒͊ͤͤ·ͻ ͨͦ͊͊͘͟͡ ͙͙ͫͭ͊ͭͫͭ;͔͙ͫ͟ 

ͤ͊͘;͙͔ͣͦ ͙͔͙͔ͫͤ͗ͤ ͔͙ͫͣͪͭͤͦͫͭ ͦͭ ͙ͤͺ͍͊ͪͭͦ͟ ͙ͣͦ͊ͪ͒͊͟ ͤ͊ мр҈Φ 

рΦ ˭͊͟͡Ό;͔͙͔ͤΥ ˿͔͎͙ͭͪ͊ͭ;͔ͫ͊͟Ύ ˾ͦ͡Έ ͍ ˿͙͔͔ͫͭͣ ˭͍͒ͪ͊ͦͦͻ͔͙ͪ͊ͤͤΎ 

͙͔͙͎͙̏ͨ͒ͣͦͦ͡Ύ ͍·ͨͦͤ͡Ύ͔ͭ ͪͦ͡Έ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͎ͤͦͦ Ύ͒ͪ͊ ͙͔ͫͫͭͣ· ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͒ͦͪͦ͘ΈΎΦ ˻ͤ͊ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͤ͊ͯ;ͤͯΌ ͍ͦͫͤͦͯ ͒͡Ύ ͙͙͙ͨͪͦͪͭ͊͘ͼ͙͙ ͔ͨͪͦ͋ͣ͡ ͍͒ͦͪͦ͘ΈΎΣ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ 

͔͍ͪͫͯͪͫͦ ͙ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͼ͔͔͍͡·ͻ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͎ͨͪͦͪ͊ͣͣΦ ˤ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Σ ͔͙ͫͭ͊ͪͤΎ 

͔͔͙ͤ͊ͫͤ͡Ύ ͙ ͪͦͫͭ͊ ͔͔͙͋ͪͣͤ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ͫͭ͊ͤͦΎͭͫΎ 

͔ͤ ͨͪͦͫͭͦ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͙ͨͦͤ͊ͤ͘ΎΣ ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ Ή͔͔ͣͤͭͦͣ͡ ͫ ͔͎͙ͭͪ͊ͭ;͔͎ͫͦͦ͟ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡Ύ ͙ 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͚ͯͫͭͦ;͙͍͎ͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͯͯ͡;΄͔͙ͤΎ ͍͒ͦͪͦ͘ΈΎ ͔͔͙ͤ͊ͫͤ͡Ύ ͍ ͎͒ͦͦͫͪͦ͡;͚ͤͦ 

͔͔͙͍͔ͨͪͫͨͭ͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣ͙ͪͦ͟ ˹ΦˮΦΣ ˽͍͙͚ͦͪͦͫ͟͟ ˤΦˮΦ ˻͋΅͊Ύ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡Ύ ͫ ͍͙ͦͫͤͦ͊ͣ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ ς ˸ΦΥ 

˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлннΦ ς плу ͫΦ 

нΦ ƻ˾ǘƘƻũ wΦCΦΣ Dŀƛƭ aΦIΦ aŜǘƘƻŘǎ ƛƴ 9ǇƛŘŜƳƛƻƭƻƎȅΥ tƻǇǳƭŀǝƻƴ IŜŀƭǘƘ wŜǎŜŀǊŎƘΦ ς {ǇǊƛƴƎŜǊΣ нлноΦ ς оор ǇΦ 

3. ˾͔͍͙; ˣΦˢΦΣ ˢ͍͙͙͊͊ͤ͡ ˿Φ˶Φ ͎͙̏ͦͦ͟͡;͔ͫ͊͟Ύ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡Ύ ͙ ͍͔͙͔ͯͨͪ͊ͤ͡ ͙͙ͪͫ͊ͣ͟ ͒͡Ύ ͍͒ͦͪͦ͘ΈΎΦ ς 

˸ΦΥ ˶͎ͦͦͫΣ нлнмΦ ς нфн ͫΦ 

4. ˬͯͪͤ͊͡ Ϧ͙͔͙͎͙̏ͨ͒ͣͦͦ͡Ύ ͙ ˤ͊͟ͼ͙ͤͦͨͪͦͺ͙͙͊ͭ͊͟͟͡ϦΦ ς нлноΦ ς ́Φ ннΦ ς Ѕ пΦ ς ˿Φ мнπнрΦ 

рΦ [ŀǎǘ WΦaΦ ! 5ƛŎǝƻƴŀǊȅ ƻŦ 9ǇƛŘŜƳƛƻƭƻƎȅΦ ς сǘƘ ŜŘΦ ς hȄŦƻǊŘ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΣ нлнлΦ ς нсу ǇΦ 

ϭ sͤͤ͊ͣ·͍ͪ͊͒ͦ͊ ˸Φ́ΦΣ нлнр 

 

 

 

 

˥͊ͪ͒·͔͍ ͎͎͔͙́͊͊ͤ͒͡ ˨͍͔͍͙ͦͤͦ͡;  

ˢ͙͔ͫͫͭͤͭ ˴͊ͺ͔͒ͪ· ˽͙ͫͻ͙͙͊ͭͪΎ ͎͙͙ͤ͊ͪͦͦ͟͡ ͙ ˸͔͙͙͒ͫͤ͊ ͙ͨͫͻ͎͙͊ͦ͡Ύ 

 ˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

ˢ΄ͻ͊͋͊͒Φ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

̊ˮ˭˻̅˾˩˹ˮ̒ ˤ ˨˩́˿˴˻˸ ˤ˻˭˾ˢ˿́˩Υ ˴˶ˮ˹ˮ˴˻π˽ ˿ˮ̆˻˶˻˥ˮ̉˩˿˴ˮ˩ ˽˾˻ˣ˶˩˸̍ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͙̊ͦ͘ͺ͔͙ͪͤΎΣ ͙ͣ͊ͤͺ͔͙ͫͭͪͯΌ΅͊Ύ ͍ ͔͒ͭͫͦͣ͟ ͍͔ͦͪ͊ͫͭ͘Σ Ύ͍͡Ύ͔ͭͫΎ ͭΎ͔͗͡·ͣΣ ͻ͙ͪͦͤ;͔͙ͫͣ͟Σ 

͎͔͙͔ͨͪͦͪ͒ͤͭͤ·ͣ ͙ͨͫͻ͙;͔͙ͫͣ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭͦͣΣ ͦ͊͘͟·͍͊Ό΅͙ͣ ͎͔ͯ͋ͦͦ͟͡ ͙ ;͊ͫͭͦ ͔͙͔ͤͦ͋ͪ͊ͭͣͦ 

͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͙ͨͫͻͦͫͦͼ͙͊͡Έ͔ͤͦ ͙ ͎͙͙͍͔ͦͤͭͤͦ͟ ͍͙͙͔ͪ͊ͭ͘ ͔͔ͪ͋ͤ͊͟Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͍ͪͦͫ͘͡·ͻ ͺͦͪͣΣ 

͔͒ͭͫ͊͟Ύ ΄͙ͦ͘ͺ͔͙ͪͤΎ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͙ͨͦͣͦͪ͡ͺ͙ͣͦͣ͘Σ ͔ͫͭͪͭͦͫͭΈΌ ͙ ͔͙͙ͤͭͨ;ͤͦͫͭΈΌ ͙͍͚ͨͪͦ͒ͯͭͤͦ͟ 

͙͙͙ͫͣͨͭͦͣ͊ͭ͟Σ ͊ ͔ͭ͊͗͟ ͙ͪ͊ͤͤͣ ͙ ͍·͔ͪ͊͗ͤͤ·ͣ ͙͔ͤ͊ͪ͊ͫͭ͊ͤͣ ͔͎͙͍ͤ͊ͭͤ·ͻ ͙͍ͫͣͨͭͦͣͦ ͙ ͎͙͙͍͎ͦͤͭͤͦͦ͟ 

͔͒ͺ͙ͼ͙ͭ͊ ό͎͙͙͍͎ͦͤͭͤͦͦ͟ ͙͎͔͔͒ͦͤͭͦͤ͊͘͘ύΦ ̏ͭͦ ͔ͫͦ͒͊ͭ͘ ͤ͊͘;͙͔ͭ͡Έͤ·͔ ͙͙ͤͦ͟͟͡πͨ ͙ͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ 

͔ͨͪͦ͋ͣ͡· ͍  ͔͚ͪ͊ͤͤ ͙͎͙͔͒͊ͤͦͫͭ͟Σ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͫ ͎͙͙͒ͪͯͣ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣ ͍͙͙ͪ͊ͭ͘Ύ 

ό͙͔ͤ͊ͨͪͣͪΣ ͚͍͙ͪ͊ͫͫͭͪͦͫͭ͊ͣ ͙͙͊ͯͭͫͭ;͔͎ͫͦͦ͟ ͔ͫͨͭͪ͊͟Σ ͍͔͚ͯͣͫͭͤͤͦ ͦͭͫͭ͊ͦͫͭ͡ΈΌύ ͙ ͔ͪ͊ͪ͊͋ͦͭ͘͟ 
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Ήͺͺ͔͙͍ͭͤ͟·ͻΣ ͔ͦͣͨͫͤ͟͟͡·ͻ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙ͦͤͤ·ͻ ͎ͨͪͦͪ͊ͣͣΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͔ͫͨͼ͙ͺ͙͔͟ 

ͤ͊ͪͯ΄͔͙͚ͤ ͣ·΄͔͙ͤ͡ΎΣ Ήͣͦͼ͙ͦͤ͊͡Έͤͦπ͍ ͔͍͚ͦͦ͡ ͫͺ͔ͪ· ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͊͒͊ͨͭ͊ͼ͙͙Σ ͊ ͔ͭ͊͗͟ 

͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͯ;͔ͭ͊ ͍͚ͦͪ͊ͫͭͤͦ͘ ͔͔͙ͤͪͦͫͭ͘͡ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ ͙ͨͪ ͦͼ͔͔ͤ͟ ͙ͨͫͻ͎͙ͦͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ 

ͨͪͦΎ͍͔͙͚ͤ͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͡Υ 

΄͙ͦ͘ͺ͔͙ͪͤΎΣ ͔͙͚͒ͭͫ͟ ͍ͦͪ͊ͫͭ͘Σ ͎͙͙͍ͦͤͭͤ͟·͚ ͔͒ͺ͙ͼ͙ͭΣ ͔͎͙͍ͤ͊ͭͤ·͔ ͙ͫͣͨͭͦͣ·Σ ͙͊ͯͭ͊͘ͼ͙ΎΣ 

͙ͨͫͻ͎͙ͦͨ͊ͭͦͦ͡ΎΣ ͙͎͔͔͒ͦͤͭͦͤ͘͘Σ ͪ͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͙͙ͤͦ͟͟͡πͨ ͙ͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡·Φ 

 

ˤ͍͔͔͙͔͒ͤ 

͙̊ͦ͘ͺ͔͙ͪͤΎΣ ͊͟͟ ͦ͒ͤ͊ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͭΎ͔͗͡·ͻ Ή͎͔ͤ͒ͦͤͤ·ͻ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͎͙͚ͨ͊ͭͦͦ͡Σ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ 

͚ͫͦ͋ͦ ͔ͫͪΈ͔ͤ͘·͚ ͍·͍ͦ͘ ͒͡Ύ ͍͔͔͚ͫͦͪͣͤͤͦ ͙ͨͫͻ͙͙͙͊ͭͪ ͙ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙ͨͫͻ͎͙͙ͦͦ͡Φ ˻ͫͦ͋ͯΌ ͔͍͎ͭͪͦͯ 

͍·͘·͍͔͊ͭ ͙ͣ͊ͤͺ͔ͫͭ͊ͼ͙Ύ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͍ ͔͒ͭͫͦͣ͟ ͍͔ͦͪ͊ͫͭ͘ ό͒ͦ му ͔ͭ͡Σ ͊ ͍ ͔͔ͦͤͭͫͭ͟͟ ͔͚ͪ͊ͤͤ ΄͙ͦ͘ͺ͔͙͙ͪͤ 

τ ͒ͦ мо ͔ͭ͡ύΣ ͨͦͫͦ͟͡Έͯ͟ Ήͭͦ ͔ͤ ͨͪͦͫͭͦ Ϧ΄͙ͦ͘ͺ͔͙ͪͤΎ ͯ ͔ͣ͊ͤ͡Έ͎ͦͦ͟ ;͔͍͔ͦ͊͟͡ϦΣ ͊ ͚͍ͪ͊ͫͫͭͪͦͫͭͦΣ ͔ͦͭͦͪͦ͟ 

͍͔ͣ΄͙͍͔͊ͭͫΎ ͍ ͙͙ͪͭ͟;͔͙͔ͫ͟ ͔͙ͨͪͦ͒· ͍͔͙ͫͭ͊ͤͦͤ͡Ύ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍·ͫ΄͙ͻ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͺͯͤ͟ͼ͙͚Σ 

͙͡;͙ͤͦͫͭΣ ͫͦͼ͙͊͡Έ͚ͤͦ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟ ͙ ͊͒͊ͨͭ͊ͼ͙͙Φ ˨͔ͭͫ͊͟Ύ ΄͙ͦ͘ͺ͔͙ͪͤΎ ό˨̊ύ τ Ήͭͦ ͔͔ͪ͒ͦ͟Σ ͤͦ 

͎͙ͨͪͦͤͦͫͭ;͔͙ͫ͟ ͙͔͔͔ͤ͊ͣͤ ͎͙͋͊ͦͨͪ͡Ύ͔ͭͤͦ ͔͍ͨͦ͒ͣͤͦ͗ͫͭͦ ΄͙ͦ͘ͺ͔͙͙ͪͤΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͔ͫΎ ͔͔͋ͦ͡ 

͍·͚ͫͦͦ͟ ͔͔ͫͭͨͤΈΌ ͎͔͙͔͙ͨͪͦͪ͒ͤͭͤͦͫͭ ͙ ͭΎ͔͗͡·ͣ ͙ͫͻͦ͒ͦͣΣ ;͊ͫͭͦ ͙͍ͨͪͦ͒Ύ΅͙ͣ ͟ ͍·͔ͪ͊͗ͤͤͦͣͯ 

͎͙͙͍ͦͤͭͤͦͣͯ͟ ͙ ͫͦͼ͙͊͡Έͤͦͣͯ ͔͒ͺ͔ͭͯ͟Φ 

ˤ ͙͙ͤͦ͟͟͡πͨ ͙ͫͻ͎͙ͦͦ͡;͔ͫͦͣ͟ ͔͔ͦͤͭͫͭ͟͟ ˨̊ ͔ͫͦ͒͊ͭ͘ ͔ͦͣͨͫ͟͟͡ ͔ͨͪͦ͋ͣ͡Σ ͔ͭͫͤͦ ͍ͫΎ͊ͤͤ͘·ͻ ͫ 

͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͔͎͒ͭͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͔͎ͦ ͤ͊ͪͯ΄͔͙͔ͤͣΦ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͍ͪͦͫ͘͡·ͻ ͨ͊ͼ͙͔͍ͤͭͦΣ ͯ ͔͔͚͒ͭ 

͙ͫͣͨͭͦͣ· ;͊ͫͭͦ ͔ͫͭͪͭ·Σ ͺ͎͔ͪ͊ͣͤͭ͊ͪͤ· ͙ ͔ͤ ͍͔͍ͫͦͦͭͭͫͭͯΌͭ Ϧ͙͊ͫͫ͟͡;͔͚ͫͦ͟Ϧ ͙͔͊ͪͭͤ͟ ͙ͨͫͻͦ͊͘Φ ̂ ͔͔͚͒ͭ 

ͣ͊͒͡΄͔͎ͦ ͍ͦͪ͊ͫͭ͊͘ ό͒ͦ рςт ͔ͭ͡ύ ͙͍ͨͪͦ͒ͯͭͤ͊͟Ύ ͙ͨͫͻ͙ͦͭ;͔ͫ͊͟Ύ ͙͙ͫͣͨͭͦͣ͊ͭ͊͟ ό͔͋ͪ͒Σ ͎͊͡͡Όͼ͙ͤ͊ͼ͙͙ύ 

͔ͣͦ͗ͭ ͍͍ͦͭͫͯͭͫͭͦ͊ͭΈ ͙͙͡ ͋·ͭΈ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͍ͦͪ͊ͫͭͤͦ͘πͤ ͙͍͊ͤ·͙ͣΣ ͦ͋ͪ͊ͤ͘·͙ͣΣ ͔ͦͤͪͭͤͦ͟͟π

;͍͍͔ͯͫͭͤͤ·͙ͣ ͔͔͙͍͙ͨͪ͗͊ͤΎ͙ͣΣ ͦͭͦͪ͟·͔ ͭͪͯ͒ͤͦ ͎͙ͦͭͪ͊ͤ;͙ͭΈ ͦͭ ͺ͔͔͍ͤͦͣͤͦ ͙͍͎ͤͦͪͣ͊ͭͤͦͦ ͍͎ͦͪ͊ͫͭͤͦͦ͘ 

ͺ͙͍͙͊ͤͭ͊ͪͦ͊ͤ͘Ύ ͙͙͡ ͫͭͪ͊ͻ͍ͦΦ ́͊͟Σ ͔͍͋ͪ͒ͦ·͔ ͙͔͙͒ ͎ͣͦͯͭ ͙ͤͦͫͭΈ ͔͙ͭͣ͊ͭͯ͟ ͫ͊ͦ͘͟;ͤ·ͻ ͔͔͚ͨͪͫͦͤ͊͗ ͙͙͡ 

͔͙͒ͭͫ͟ͻ ͙͎ͪΣ ͊ ͎͊͡͡Όͼ͙ͤ͊ͼ͙͙ ͎ͣͦͯͭ ͋·ͭΈ ͔͚͙͙ͤͫͭͦͣ͟ ͙ ͙͔ͣͤ͘;͙͍·͙ͣΦ ̏ͭͦ ͦͫͦ͗ͤ͡Ύ͔ͭ ͪ͊ͤͤΌΌ 

͙͎͙͒͊ͤͦͫͭͯ͟Σ ͦͭͦͪ͊͟Ύ ͊͘;͊ͫͭͯΌ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͫ ͙͔ͦͨͦ͒͊ͤͣ͘Σ ͎ͦ͒͊͟ ͔ͯ͗ ͫͺ͙͍ͦͪͣͪͦ͊ͤ ͤ͊͘;͙͔ͭ͡Έͤ·͚ 

͔͎͙͍ͤ͊ͭͤ·͚ ͔͒ͺ͔ͭ͟Φ 

˴͡Ό;͔͍͊Ύ ͙͙ͤͦ͟͟͡πͨ ͙ͫͻ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͔ͨͪͦ͋ͣ͊͡ ͨ ͙ͪ ͔͚͒ͭͫͦ͟ ΄͙ͦ͘ͺ͔͙͙ͪͤ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ 

͍·͔ͪ͊͗ͤͤͦͣ ͎͙͙͍ͦͤͭͤͦͣ͟ ͙͎͔͔͔͒ͦͤͭͦͤ͘͘Σ ͭͦ ͔ͫͭΈ ͤ͊ͪͯ΄͔͙͙ͤ ͍͙͙ͪ͊ͭ͘Ύ ͍͔ͨͦͤ͊͊ͭ͘͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΦ 

˹͊ͪ͊ͫͭ͊Ό΅͙͔ ͔͎͙͍ͤ͊ͭͤ·͔ ͙ͫͣͨͭͦͣ· ό͙͊ͨ͊ͭΎΣ ͙͊ͯͭ͊͘ͼ͙ΎΣ Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͔͔͙͔ͦ͋͒ͤͤΣ ͙͔͙͔ͫͤ͗ͤ 

Ή͔͎͔͙ͤͪͭ;͔͎ͫͦͦ͟ ͔ͨͦͭͤͼ͙͊͊͡Σ ͍͙͊ͦ͡ͼ͙Ύύ ͙͔ͤͭͪͺ͔͙ͪͪͯΌͭ ͫ  ͔͔͍͔ͫͭͫͭͤͤ·ͣ ͨͪͦͼ͔ͫͫͦͣ ͦ͋ͯ;͔͙ͤΎΣ 

ͫͦͼ͙͙͊͊͘͡ͼ͙͙ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍͔͍͚ͦͦ͡ ͔͎ͪͯ͡Ύͼ͙͙Φ 

ˤ͊͗ͤ·ͣ ͔͊ͫͨͭͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͤ͊ͪͯ΄͔͙͔ͤ Ήͣͦͼ͙ͦͤ͊͡Έͤͦπ͍ ͔͍͚ͦͦ͡ ͫͺ͔ͪ·Φ ̏ͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ 

ͯͨͦ͡΅͔͙͔ͤ ͙͙͡ ͔͔͙͔ͦ͋͒ͤͤΣ ͔ͦͭͦͪͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͪ͒ͤ͊͟͡Έͤ·ͣ ͔͎͙͍ͤ͊ͭͤ·ͣ ͙ͫͣͨͭͦͣͦͣΣ ͔͔͒͊ͭ͡ ͔͔ͪ͋ͤ͊͟ 

͍ͪ͊ͤͦ͒ͯ΄ͤ·ͣ ͟ ͨͦͦ΅͔͙ͪͤΌ ͙ ͙ͤ͊͊͊ͤ͘͟ΌΣ ͙͔ͫͤ͗͊ͭ ͙͍ͣͦͭ͊ͼ͙Ό ͟ ͡Ό͚͋ͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ ͙͍͙ͨͪͦ͒ͭ ͟ 

͙͍͙ͨ͊ͫͫͤͦͫͭ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͙ͦ͘͡Ύͼ͙͙Φ ̏ͭͦ ͍͙ͤͦͫͭ ͫͯ΅͔͍͔ͫͭͤͤ·͚ ͍͊͒͟͡ ͍ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͫͦͼ͙͊͡Έ͚ͤͦ 

͔͒͊͒͊ͨͭ͊͘ͼ͙͙Φ ˾͔͔͋ͤͦ͟ ͍͙ͫͭ͊ͤͦͭͫΎ Ϧ;͍ͯ͒͊ͦ͊ͭ͟·ͣϦΣ ͔͎ͦ ͍͔͔͙͔ͨͦ͒ͤ ͙ ͔ͪ;Έ ͎ͣͦͯͭ ͋·ͭΈ ͔͔ͤͨ͡·͙ͣΣ 

͔ͤͼ͔͔͍͔ͤ͊ͨͪ͊ͤͤ͡͡·͙ͣΦ 

̅͊ͭͦͪ͟· ͙ͪͫ͊͟ ͙ Ή͙͎͙ͭͦͦ͡Ύ ˨̊ ͔ͭ͊͗͟ ͙͔ͣΌͭ ͙͙ͤͦ͟͟͡πͨ ͙ͫͻ͎͙ͦͦ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ ̆ͦͭΎ ͍͔͒ͯ΅ͯΌ 

ͪͦ͡Έ ͙͎ͪ͊Όͭ ͎͔͔͙ͤͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡Έ ό͙ͪͫ͟ ͒ͦ мр҈ ͙ͨͪ ͔͍͙͙͊͋ͦ͊ͤ͘͡ ͙ͦ͋ͦͻ ͙͔͔͚ͪͦ͒ͭ͡ύ ͙ 

͔͚͙͎͙ͤͪͦ͋ͦͦ͡;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎ ό͙͒ͫͺͯͤ͟ͼ͙Ύ ͒ͦͺ͙͍͊ͣͤͦ·ͻ ͙͔ͫͫͭͣύΣ ͙ͨͫͻͦͫͦͼ͙͊͡Έͤ·͔ ͺ͊ͭͦͪ͟· 

ό͙͔ͤ͊ͨͪͣͪΣ ͔͔͚ͫͣͤ͊Ύ ͙͒ͫͺͯͤ͟ͼ͙ΎΣ Ήͣͦͼ͙ͦͤ͊͡Έͤ͊Ύ ͻͦͦ͒ͤͦͫͭ͡Έ ͙͙͡ ͎͙͔͔ͨͪͨͪͦͭ͟ͼ͙ΎΣ ͔͍ͫͭͪͫͫͦ·͔ 

͙ͫͭͯ͊ͼ͙͙ύ ͎ͣͦͯͭ ͍·ͫͭͯͨ͊ͭΈ ͍ ͊͟;͔͍͔ͫͭ ͙͎͎͔͍ͭͪͪͦ ͙͙͡ ͺ͍͊ͭͦͪͦ͟Σ ͎ͯͫͯͯ͋͡ΎΌ΅͙ͻ ͔ͭ;͔͙͔ͤ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˹͔͎͙͋͊ͦͨͪ͡Ύͭͤ͊Ύ ͔͔͚ͫͣͤ͊Ύ ͊ͭͣͦͫͺ͔ͪ͊ ͙ ͔ͤ͒ͦͫͭ͊ͭͦ͟ ͙͔͙ͫͫͭͣͤͦͫͭ ͍ ͍͙͙͙ͦͫͨͭ͊ͤ ͤ ͔ Ύ͍͡ΎΌͭͫΎ ͨͪΎ͚ͣͦ 




