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˹ˢ̂̉˹̍˯ ˬ̂˾˹ˢ˶  
ζ/hDbL¢Lh w9w¦aη 

 
̂;͔͙͔ͪ͒ͭ͡ΈΥ 

˻͋΅͔͍ͫͭͦ ͫ ͎͙ͦͪ͊ͤ;͔͚ͤͤͦ ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈΌ ζˢΉ͔ͭͪͤ͊η 
 

˥͍͊ͤ͡·͚ ͔ͪ͒͊ͭͦͪ͟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 ˩͔ͤ͊͡ ˤ͔͙͍͊ͤͭͤͦͤ͊͡Σ ͒Φ͔ͨ͒ΦͤΦ 
˥͙͍ͣͪ͊ͤͦ͊ ˥͔ͯ͘͡Έ ͙͍̆͊ͣ͒ͯͦͤ͊͡͡Σ ͟ΦΉΦͤΦ 
˥͙͎ͪͦͪΈ͔͍ ˸͙ͻ͙͊͡ ͔͔͔͍͙̅͒ͦͫ;Σ ͟ΦͫΦ-ͻΦͤΦ 
˥͙ͪͯͤͫ͊͘͟Ύ ˩͔͙͊ͭͪͤ͊͟ ˮ͎͔͍ͦͪͤ͊Σ ͟ΦΌΦͤΦ 
˥͙͔͍ͯ͡ ˮ͎͋͊͡ ˢ͙͔͍͙͒͡;Σ ͟ΦΉΦͤΦ 
˨͙͚͊ͭ ˢ͔͔͚ͫ͟͡ ˤ͙͊ͫ͡Έ͔͍͙;Σ ͒ΦͣΦͤΦ 
˨͎͍ͦͦ͡ ˨͙͙͚ͣͭͪ ˮ͍͍͙͊ͤͦ;Σ ͟ΦΉΦͤΦ 
˨͍ͯͫͣ͊ͭͦ s ͋͒ͯͪ͊ͻ͙ͣ ˨͍͙ͯͫͣ͊ͭͦ;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 
˽͔͍ͫͦ͟ ˢ͙͚ͪ͊͒͟ ˩͍͎͔ͤ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 ͎͍͙́ͯͪͯͤͨͯ͊ͭͦ͡;Σ ͒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 
͙̒ͪͯͤ͡͡ ˾͊ͯ͡Έ ˾͊ͺ͊Ή͍͙ͦ͡͡;Σ ͒ΦΉΦͤΦΣ ;͔ͤ͡ ˾ˢ˩ 

 
ISSN (p) 2412-9489 
ISSN (e) 2542-1026 

 
˽͔͙͙ͪͦ͒;ͤͦͫͭ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 
ͤ͊ͯ;͎ͤͦͦ ͗ͯͪͤ͊͊͡ ζIN SITUη 

˻͋΅͔͍ͫͭͦ ͫ ͎͙ͦͪ͊ͤ;͔͚ͤͤͦ ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈΌ ζˢΉ͔ͭͪͤ͊η: 
https://aeterna-ufa.ru 
info@aeterna-ufa.ru 
+7 (347) 266 60 68 

прллртΣ ͯ͡Φ ˽ͯ΄͙ͤ͊͟ мнл 

https:// sciartel.ru 
info@sciartel.ru 

+7 (495) 514 80 82 

 
˽͙ͦ͒ͨͫ͊ͤͦ ͍ ͔ͨ;͊ͭΈ ϝϝΦϝϝΦнлн6 ͎Φ 

̅ͦͪͣ͊ͭ слͻфлκу 
̂ͫ͡Φ ͔ͨ;Φ ͡Φ ϝϝΦϝϝ 
͙́ͪ͊͗ рллΦ 

 
˻͔ͭͨ;͊ͭ͊ͤͦ 

͍ ͔ͪ͒͊͟ͼ͙ͦͤͤͦ-͙͔͒͊ͭ͘͡Έͫͦͣ͟ ͔͔ͦͭ͒͡  
˹͊ͯ;ͤͦ-͙͔͒͊ͭ͘͡Έ͎ͫͦͦ͟ ͼ͔ͤͭͪ͊ ζˢΉ͔ͭͪͤ͊η 

https://aeterna-ufa.ru 
info@aeterna-ufa.ru 
+7 (347) 266 60 68 

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 ͔ͤ ͔͔ͤͫͭ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͔͔ͨͪ͒ 
͍͙͊ͭͦͪ͊ͣ ͙κ͙͙͡ ͔ͭͪͭΈ͙͙ͣ ͙͡ͼ͙͊ͣ ͊͘ ͍ͦͣͦ͗ͤ͘·͚ ͯ΅͔ͪ͋Σ ͍·͍͊ͤͤ͘·͚ 
͙ͨͯ͋͊͟͡ͼ͙͔͚ ͫͭ͊ͭΈ͙Φ  
 
˽͙ͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͙ ͙͍͍͙͙͊ͣͫͭͦ͊ͤ͘ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͙͍ͦͨͯ͋ͦ͊ͤͤ͟͡·ͻ ͍ 
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ˤ ͤ͊ͫͭͦΎ΅͔͚ ͔ͪ͊͋ͦͭ ͔͎͔ͨͪ͒͊͊ͭͫ͡Ύ ͙ͣͦ͒ͺ͙͊͟ͼ͙Ύ ͎ͯ͊͊ͤͤͦͦ͘͟ ͔ͣͭͦ͒͊ ͒͡Ύ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙͊ͤ͊͊͘͡ 

͔͔ͤͪ͡Ύ͙͍͙͙ͭͫͭͫ͟ͻ ͍͍ͦͤͦ͡·ͻ ό͙ͣ͊ͪͦͫͦͨ͟͟;͔͙ͫ͟ͻύ ͨͪͦͼ͔͍ͫͫͦΦ ˤ ͊͟;͔͍͔ͫͭ ͙͔ͨͪͣͪ͊ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ 

͙͊ͤ͊͘͡ ͍͍ͦͤͦ͡·ͻ ͍͔͙͚ͯͪ͊ͤͤ ̏˸˽ ͍ ͙͒Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ ͔ͫͪ͒͊ͻ ͙ ͙͊ͯͫͭ͟;͔͙ͫ͟ͻ ͍͍ͦͤͦ͡·ͻ ͍͔͙͚ͯͪ͊ͤͤ ͍ 

͙͙͗͒ͦͫͭ͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͍ͦ ͍͔ͤͦͦ͡ ͔ͨͦ͡Σ ͍͍ͦͤͦ͡·͔ ͍͔͙ͯͪ͊ͤͤΎΣ ͎͙͊ͪ͊ͤ͗͊ͤ͡Σ ͙͔ͤͪͼ͙͊͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊ ͦͭͫ;͔ͭ͊ όˮ˿˻ύΣ 

 ͭ ͔ͤͦͪ͘ Ή͔͎͙͙ͤͪ ͙ͣͨͯ͡Έͫ͊ ό́̏ˮύΦ 

 

Lvov Oleg Sergeevich 

{th άwǳōƛƴέΣ ŎǳǊǊŜƴǘƭȅ ǊŜǘƛǊŜŘ 

 

LAGRANGIAN ANALYSIS OF NON-RELATIVISTIC WAVE PROCESSES 

 

Abstract 

The Lagrange variational method for analyzing physical processes, in particular relativistic wave 

systems, facilitates the search for their momentum-energy and other indicators. However, in its known form, 

this method is unacceptable for analyzing non-relativistic wave processes.  

In this paper, we propose a modification of this method to enable the analysis of non-relativistic wave 

(macroscopic) processes. As an example, we consider the analysis of electromagnetic wave equations in 

dielectric media and acoustic wave equations in liquids 

Keywords: 

wave field, wave equations, lagrangian, inertial frame of reference, energy-momentum tensor. 

 

ˤ͍͔͔͙͔͒ͤ 

˽ͦ͋ͯ͗͒͊Ό΅͙ͣ ͺ͊ͭͦͪͦͣ͟ ͙ͨͯ͋͊͟͡ͼ͙͙ ͤ͊ͫͭͦΎ΅͔͚ ͪ͊͋ͦͭ· Ύ͍͙͊ͫ͡Έ ͙ͯͤ͊͟͡Έͤ͊Ύ ͙ͫͭͯ͊ͼ͙ΎΣ 

͙͍ͫͦ͗͡΄͊ΎͫΎ ͍ ;͙͊ͫͭ ͙ͣ͊ͪͦͫͦͨ͟͟;͔͎ͫͦͦ͟ ͙͙ͦͨͫ͊ͤΎ Ή͔͙͙ͭͪͦ͒ͤ͊ͣ͟͡;͔͙ͫ͟ͻ Ύ͍͔͙͚ͤ͡ ͍ ͙͒Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ 

͔ͫͪ͒͊ͻΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͊ΎͫΎ ͔ͭͣΣ ;ͭͦ ͔͔͋ͦ͡ ͫͭ͊ ͔ͭ͡ ͔ͤ ͋·ͦ͡ ͚ͨͦͤͦ͡ Ύ͙ͫͤͦͫͭ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͙ͣͨͯ͡Έͫͤͦ-

Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ̏˸˽ ͍ ͯ͊͊ͤͤ͘͟·ͻ ͔ͫͪ͒͊ͻΦ  

͍͔͙̂ͪ͊ͤͤΎ ͍͎ͫͦ͋ͦ͒ͤͦͦ ̏˸˽ ͍ ͔͍͙͚ͤͨͦ͒͗ͤͦ ͙͒Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ ͔͔ͫͪ͒Σ ͍͔͍ͨͪ·͔ ͚͔ͤ͊͒ͤͤ·͔ 

˸͍͔͊ͫͦͣ͟͡͡ ͍ мусм ͎ΦΣ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͙͊ͨͫ͘·͍͊ΌͭͫΎ ͍ ͔ͫ͒ͯ͡Ό΅͔͚ ͍͔͚ͭͦͪͤͦ͟ ͺ͔ͦͪͣ  

ÒÏÔ Ἇ   
Ἄ
ȟÄÉÖ Ἄ ȟÒÏÔ ἒ

 Ἆ

  
ȟÄÉÖ Ἆ πȢ                                (1) 

˭͔͒ͫΈ ͍͔͙͡;͙ͤ· ἏȟἌȟἎȟἒ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͍͔ͭͦͪ͟· ͤ͊ͨͪΎ͔͙͗ͤͤͦͫͭ ͙ ͙ͤ͒ͯ͟ͼ͙͙ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͙ 

͎͙͎ͣ͊ͤͭͤͦͦ ͔͚ͨͦ͡Φ ˤ ͫͯ͡;͔͊ ͨͦͦ͟Ύ΅͔͚ͫΎ ͔ͫͪ͒· ͙ͨͪ ͯ;͔͔ͭ ͫͦͦͭͤͦ΄͔͙͚ͤ Ἆ ‐ἏȟἌ ‘ἒ ͍͔͙ͯͪ͊ͤͤΎ 

Ή͔͙͙͙ͭͪͦ͒ͤ͊ͣ͟͟͡ ͣ ͎ͦͯͭ ͋·ͭΈ ͙͊ͨͫ͊ͤ͘· ͍ ͍͙͔͒ ͍͙͙͔͚͊ͫͣͦͫͭ͘ ͭͦ͡Έͦ͟ ͦͭ ͤ͊ͨͪΎ͔͔͚͗ͤͤͦͫͭ ̏˸˽     
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ÒÏÔ Ἇ   
Ἄ
ȟÄÉÖ Ἄ ȟÒÏÔ Ἄ

 Ἇ

  
ȟÄÉÖ Ἇ πȢ                                         (2) 

˽͔ͦͫ͡ ͙ͫͦ͒͊ͤ͘Ύ ͍ мфлр ͎Φ ˢΦ ͚̏ͤ΄͔͚ͭͤͦͣ ͔ͫͨͼ͙͊͡Έ͚ͤͦ ͔͙͙ͭͦͪ ͙͔ͦͭͤͦͫͭ͡Έ͙ͤͦͫͭ ό˿́˻ύ                             

˥Φ ˸͙͍͙ͤͦͫͣ͟͟ ͋·͊͡ ͔͔ͨͪ͒ͦ͗ͤ͊͡ ͎͔͔͙ͦͣͭͪ;͔ͫ͊͟Ύ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ˿́˻ ͙ ͨͪͦͪ͊͋ͦͭ͊ͤ ͔ͪ͡Ύ͙͍͙͙͚ͭͫͭͫ͟ 

͍͙͊ͪ͊ͤͭ ͔͙͙ͭͦͪ Ή͔͎͔͙ͭͪͦͣ͊ͤͭͣ͊͘͟͡ ώмϐΦ ˮͣ ͋·͙͡ ͍͍͔͔͒ͤ· ͙͙͔͙͊ͤͭͫͣͣͭͪ;ͤ·͔ п-͔ͭͤͦͪ͘· 

ͤ͊ͨͪΎ͔͙͗ͤͤͦͫͭ ̏˸˽ Ὂ Σ ͔ͨͦͫͭͪͦͤͤ·͔ ͤ͊ ͍͔ͦͫͤͦ ͍͔͍ͭͦͪͦ͟ Ἇ ̉ Ἄȟ ͙ ͨͦ͒ͦ͋ͤ·͔ п-͔ͭͤͦͪ͘· ͙ͤ͒ͯ͟ͼ͙͙ 

̏˸˽  Ὄ Σ ͔ͨͦͫͭͪͦͤͤ·͔ ͤ͊ ͍͔ͦͫͤͦ ͍͔͍ͭͦͪͦ͟ Ἆ ̉ ἒȢ ˮͣ ͔ͭ͊͗͟ ͋·͙͡ ͔͔ͨͪ͒ͦ͗ͤ͡· ͔ͭͤͦͪͤ͘·͔ 

͔ͪ͡Ύ͙͍͙͙͔ͭͫͭͫ͟ ͍͔͙ͯͪ͊ͤͤΎ ̏˸˽Σ ͙͊ͨͫ͘·͍͔͊ͣ·͔ ͒͡Ύ ͍͎ͫͦ͋ͦ͒ͤͦͦ ͨͦ͡Ύ ͍ ͔ͫ͒ͯ͡Ό΅͔͚ ͺ͔ͦͪͣ 

‐  π  ̉  πȢ                                                                 (3) 

˭͔͒ͫΈ ‐   ᵄᵄ  4-͔ͭͤͦͪ͘ ˶͔͍͙-͔͍͙̉ͭ·Σ ‐ ρȢ  

ˤ ͙͍͔͔ͨͪ͒ͤͤ·ͻ ͙ ͔ͨͦͫ͒ͯ͡Ό΅͙ͻ ͺͦͪͣͯ͊͡ͻ ͙͔ͤ͒ͫ͟·Σ ͦ͋ͦͤ͊͘;͔ͤͤ·͔ ͙͙͙͊ͭͤͫͣ͟͡ ͍͙͋ͯ͊ͣ͟Σ 

͙͙ͨͪͤͣ͊Όͭ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ·͔ ͤ͊͘;͔͙ͤΎ лΣ мΣ нΣ оΣ ͊ ͙͔ͤ͒ͫ͟·Φ ͦ͋ͦͤ͊͘;͔ͤͤ·͔ ͎͔ͪ;͔͙͙ͫͣ͟ ͍͙͋ͯ͊ͣ͟ ς 

ͤ͊͘;͔͙ͤΎ мΣ нΣ оΦ  

͍͔͙̂ͪ͊ͤͤΎ όоύ ͙͔ͣΌͭ Ύ͍ͤͯΌ ͔ͪ͡Ύ͙͍͙ͭͫͭͫͯ͟Ό ͺͦͪͣͯΦ ͍͔͙̂ͪ͊ͤͤΎ όмύ ͔ͭ͊͗͟ ͙ͨͪͤΎͭͦ ͫ;͙ͭ͊ͭΈ 

͔ͪ͡Ύ͙͍͙͙ͭͫͭ͟ ͙͍͙ͤ͊ͪ͊ͤͭͤ·͙ͣ ώм-рϐ ͙ͨͪ ͍͙͙ͯͫͦ͡Σ ;ͭͦ ͔ͦͣͨͦͤͤͭ͟· ͍͔͍ͭͦͪͦ͟ ἏȟἌ ̉ Ἆȟἒ ͙ͨͪ ͔͔ͨͪͻ͔ͦ͒ ͍ 

͍͙ͨͦ͒͗ͤͯΌ ˮ˿˻ ͭͪ͊ͤͫͺ͙ͦͪͣͪͯΌͭͫΎ ͊͟͟ ͔ͦͣͨͦͤͤͭ͟· ͔͍ͭͤͦͪͦ͘ Ὂ  ͙ Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ Ὄ .  

˽͔͍͔͙͔ͪ͒ͫͭ͊ͤ͡ ̏˸˽ ͍ ͺ͔ͦͪͣ Ύ͍ͤ·ͻ ͔ͪ͡Ύ͙͍͙͙ͭͫͭͫ͟ͻ ͍͔͙͚ͯͪ͊ͤͤ όоύ Ύ͍͙ͦͫ͡Έ ͔ͫͪΈ͔͚ͤͦ͘ ͦ΄͙͚͋ͦ͟ 

˸͙͍͎ͤͦͫͦͦ͟͟Σ ͔ͤ ͔͊ͣ͘;͔͚ͤͤͦ ͍ͨͦͭ͡Έ ͒ͦ ͔͔͎ͨͦͫ͒ͤͦ͡ ͍͔͔͙ͪͣͤ όнлнр ͎ΦύΦ ˸͙͊ͪͦͫͦͨ͟͟;͔͙͔ͫ͟ ͍͔͙ͯͪ͊ͤͤΎ 

̏ˤ˸ ͍ ͔͔ͫͪ͒Σ ͻ͔͙͔͊ͪ͊ͭͪͯͣ͘͟·͔ ͫͦͪͦͫͭ͟ΈΌ ̏˸ ͍ͦͤ͡Σ ͔ͣͤΈ΄͔͚ ͙ͫͦͪͦͫͭ͟ ͍͔ͫͭ͊ ͍ ͍͔͊ͯͯͣ͟Σ ͔ͤ ͎ͣͦͯͭ ͋·ͭΈ 

͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͍ Ύ͍͚ͤͦ ͔ͪ͡Ύ͙͍͙͚ͭͫͭͫͦ͟ ͺ͔ͦͪͣΦ ˨͎͚ͪͯͦ ͦ΄͙͚͋ͦ͟ ˸͙͍͎ͤͦͫͦͦ͟͟ ͙ͨͪ ͔ͪ͡Ύ͙͍͙ͭͫͭͫͦͣ͟ 

͙͙͙ͦͨͫ͊ͤ ̏˸˽ ͍ ͔͔ͫͪ͒ Ύ͍͙ͦͫ͡Έ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͒ͯͻ ͔͍ͭͤͦͪͦ͘ п-͍ͨͪͦͫͭͪ͊ͤͫͭ͊ Ὂ  ͙  Ὄ Σ ;ͭͦ ͙͊ͭͪͯ͒ͤͦ͘͡ 

͙͔͔͙͔ͨͪͣͤͤ ͍͙͊ͪ͊ͼ͙͎ͦͤͤͦͦ ͔ͣͭͦ͒͊ ͙͊ͤ͊͊͘͡ ̏˸˽Φ ̂͊͊ͤͤ͊͘͟Ύ ͙ͫͭͯ͊ͼ͙Ύ Ύ͍͙͊ͫ͡Έ ͙ͨͪ;͙͚ͤͦ ͔ͤͯ͒͊;ͤ·ͻ 

ͨͦͨ·ͭͦ͟ ͨͦͯ͡;͙ͭΈ ͔͔ͦͪͪͭͤͦ͟͟ ͍·͔͙͔ͪ͊͗ͤ ͒͡Ύ ͔ͭͤͦͪ͊͘ Ή͔͎͙͙ͤͪ-͙ͣͨͯ͡Έͫ͊ ̏˸˽ ͍ ͙͒Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ 

͔͔ͫͪ͒Φ 

˽ͦ ͔͙ͣͤͤΌ ͍͊ͭͦͪ͊Σ ͙ͦͨͭͣ͊͡Έͤ·ͣ ͔ͪ΄͔͙͔ͤͣ ͙ͨͪ ͔ͪ͡Ύ͙͍͙ͭͫͭͫͦͣ͟ ͙͙͙ͦͨͫ͊ͤ ̏˸˽ ͍ ͔͔ͫͪ͒ 

Ύ͍͡Ύ͔ͭͫΎ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͙͎͒ͤͦͦ ͙͙͔͙͊ͤͭͫͣͣͭͪ;͎ͤͦͦ ͔ͭͤͦͪ͊͘ ͤ͊ͨͪΎ͔͙͗ͤͤͦͫͭ ͨͦ͡ΎΣ ͔͎ͨͦͫͭͪͦͤͤͦͦ ͤ͊ 

͍͔ͦͫͤͦ ͍͒ͯͻ ͍͔͍ͭͦͪͦ͟ ͔͙͍ͫͦͪͪͭͪͦ͊ͤͤ͟͟·ͻ ͙͍͔ͫͭͤ͘·ͻ ͤ͊ͨͪΎ͔͔͚͗ͤͤͦͫͭ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͙ ͎͙͎ͣ͊ͤͭͤͦͦ 

͔͚ͨͦ͡Φ  

ˤ ͪ͊͋ͦͭ͊ͻ ͍͊ͭͦͪ͊ ώсΣ тΣ уϐ ͔ͪ͊ͫͫͣͦͭͪͤ ͍͙͊ͪ͊ͤͭ ͔ͪ΄͔͙ͤΎ ͚ͯ͊͊ͤͤͦ͘͟ ͔ͨͪͦ͋ͣ͡· ͙ͨͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ 

͔͔͔͎ͦͨͪ͒ͤͤͦͦ͡ ͙ͨͦ͒ͦ͋Ύ ͍͔͙͚ͯͪ͊ͤͤ ̏˸˽ ͍ ͍͔͊ͯͯͣ͟ ͙ ͙͒Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ ͔͔ͫͪ͒Φ ˽͙ͪ ͨͦͯ͡;͔͙͙ͤ ͍ͤͦ·ͻ 

͍͔͙͚ͯͪ͊ͤͤ ͔͒ͫ͘Έ ͍ ͔ͤͦͭͦͪ͟·ͻ ͪ͊ͫ;͔ͭ͊ͻ ͔ͤΎ͍ͤͦ ͙ͫͨͦ͡Έ͍ͦ͊ͫ͘͡Ύ ͙ͣͦ͒ͺ͙ͼ͙͍ͪͦ͊ͤͤ·͚ ͍͙͊ͪ͊ͼ͙ͦͤͤ·͚ 

͔ͣͭͦ͒ ˶͎͊ͪ͊ͤ͗͊Φ ˹͊ͫͭͦΎ΅͊Ύ ͔͗ ͫͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͔ͦͪͪ͟͟ͼ͙͙ ͙͍͔͎ͫͭͤͦͦ͘ ͔ͣͭͦ͒͊ ˶͎͊ͪ͊ͤ͗͊ ώфΣ ͫΦ ммн-

117] ͙ ͔ͪ΄͔͙ͤΌ ͔͙͍ͫͦͪͪͭͪͦ͊ͤͤ͟͟·ͣ ͔ͣͭͦ͒ͦͣ ͔͔ͤͪ͡Ύ͙͍͙͙ͭͫͭͫ͟ͻ ͍͍ͦͤͦ͡·ͻ ͍͔͙͚ͯͪ͊ͤͤΣ ͍ ;͙͊ͫͭͤͦͫͭ 

͍͔͙͚ͯͪ͊ͤͤ Ή͔͙͙͙ͭͪͦ͒ͤ͊ͣ͟͟͡ ͍ ͙͒Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ ͔͔ͫͪ͒ ͙ ͍͔͙͚ͯͪ͊ͤͤ ͎͙͙͙͒ͪͦ͊ͯͫͭ͟͟Φ   

˴͔ͦͪͪ͟ͼ͙Ύ ͔ͣͭͦ͒͊ ˶͎͊ͪ͊ͤ͗͊ ͒͡Ύ ͔͔ͤͪ͡Ύ͙͍͙͎ͭͫͭͫͦͦ͟ ͍͍͎ͦͤͦͦͦ͡ ͨͦ͡Ύ 

˿ͯͭΈ ͔ͦͪͪ͟͟ͼ͙͙ ͔ͣͭͦ͒͊ ˶͎͊ͪ͊ͤ͗͊ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͭͦͣΣ ;ͭͦ ͍͔ͫ ͍͙͊ͪ͊ͼ͙ͦͤͤ·͔ ͨͪͦͼ͔͒ͯͪ·Σ 

͊ͫ͊͟Ό΅͙͔ͫΎ ͙͊ͤ͊͊͘͡ ͙͔͔ͫͫ͒ͯͣ͡·ͻ ͍͔͙͚ͯͪ͊ͤͤΣ ͙͍ͨͪͦͦ͒͘ΎͭͫΎ ͍ ͔ͫͨͼ͙͊͡Έͤͦͣ п-͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ 

͍ͫΎ͊ͤͤ͘·ͣ ͫ ͙͍͔͚ͪ͊ͫͫͣ͊ͭͪ͊ͣͦ ͔͚ͫͪ͒ͦ 

ὼᶻȡ  ὼᶻ ὺz ὸȟὼᶻ ὼȟὼᶻ ώȟὼᶻ ᾀȢ                                            (4) 

ˤ п-͍͔ͨͪͦͫͭͪ͊ͤͫͭ όпύ ͦ͋ͦ͋΅͔ͤͤ͊Ύ ͍͔͔ͪͣͤͤ͊Ύ ͙ͦͦͪ͒ͤ͊ͭ͊͟ п-͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ˸͙͍͎ͤͦͫͦͦ͟͟ ὼ ὧὸ 

͔͊ͣͤ͘Ύ͔ͭͫΎ ͍͔͙͡;͙͚ͤͦ ὼᶻ ὺz ὸ, ͎ ͔͒ ὺz  ͨ ͔͍ͪ͒ͫͭ͊͡Ύ͔ͭ ͤ͊͋͡Ό͔͒͊ͣͯΌ ͫͦͪͦͫͭ͟Έ ͙͔͔͚ͫͫ͒ͯͣͦ͡ ͍ͦͤ͡·Φ ˤ 

ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒·  ὺz ὺ ÃÏÎÓÔΣ ͊ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·͔ ͙ͦͦͪ͒ͤ͊ͭ͟· ͍ͫͦͨ͊͒͊Όͭ ͫ ͙͙ͦͦͪ͒ͤ͊ͭ͊ͣ͟ 

˸͙͍͎ͤͦͫͦͦ͟͟Φ ˽͔͎͔ͪ͒ͨͦ͊͊ͭͫ͡ΎΣ ;ͭͦ ͍ ͙͎͔͊͊ͣͦͣ͘͡ ͍͙͔͊ͪ͊ͤͭ ͍͙͊ͪ͊ͼ͙ͦͤͤ·͚ ͔ͣͭͦ͒ ˶͎͊ͪ͊ͤ͗͊ ͔ͦͫͭ͊ͭͫΎ ͍ 

͙͔ͫ͡ ͙ͨͪ ͔͔͊ͣͤ͘ ͙ͫͦͪͦͫͭ͟ ͍͔ͫͭ͊ ͍ ͔ͨͯͫͭͦͭ ͫͦͪͦͫͭ͟ΈΌ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͍ͦͤ͡ ͍ ͙͍͔͚ͪ͊ͫͫͣ͊ͭͪ͊ͣͦ ͔͔ͫͪ͒Φ  

ˤ ͫͯ͡;͔͊ ͍͙͚ͨͦ͒͗ͤͦ ͔ͫͪ͒· ͙ͦͦͪ͒ͤ͊ͭ͟· ὼᶻ  ͨ -͔͔ͦͨͪ͗ͤͣͯ ͦͫͭ͊ΌͭͫΎ ͍ͫΎ͊ͤͤ͘·͙ͣ ͫ ͙͔͔͚ͫͫ͒ͯͣͦ͡ 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η ˹ˢ̂̉˹˻-ˮ˭˨ˢ́˩˶̎˿˴ˮ˯ ̇˩˹́˾ ζˢ̏́˩˾˹ˢη 
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͔͚ͫͪ͒ͦΣ ͊ ͙ͻ ͤ͊͘;͔͙ͤΎ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ͙ͣ ˶͔ͦͪͤͼ͊ ͙ͫͻͦ͒ͤ·ͻ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ-

͍͔͔ͪͣͤͤ·ͻ ͙ͦͦͪ͒ͤ͊ͭ͟ ὼᶻ  ͍  ͙͔͔ͫͫͭͣ ͨͦͦ͟Ύ ͔ͫͪ͒·Φ  

˹͊͋͡Ό͔͒͊ͣ·͙ͣ ͔ͨͦ͊͊ͭ͘͟͡Ύ͙ͣ ͍͍͎ͦͤͦͦͦ͡ ͨͦ͡Ύ όˤ˽ύ Ύ͍͡ΎΌͭͫΎ ͔͎ͦ ͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͔͔͔ͨͪͣͤͤ·͔ 

Ὂ Σ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͣ·͔ ͫ͊͟͡Ύͪͤ·͙ͣΣ ͍͔ͭͦͪͤ͟·͙ͣ ͙͙͡ ͔ͭͤͦͪͤ͘·͙ͣ ͍͔͙͡;͙͙ͤ͊ͣΦ ˽͙ͪ ͔͔͙ͭͦͪͭ;͔ͫͦͣ͟ 

͙͔͊ͤ͊͘͡ ˤ˽ ͍ ͊͟;͔͍͔ͫͭ ͔͎ͦ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͔ͭ͊͗͟ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔Σ ͔ͤ ͤ͊͋͡Ό͔͒͊ͣ·͔ Ύ͍ͤͦ 

͔͔͔ͨͪͣͤͤ·͔ ͍͔͙͡;͙ͤ· ή   ͔ͨͦͭͤͼ͙͊͡· ͤ͊͋͡Ό͔͒͊ͣ·ͻ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͔͔͔ͨͪͣͤͤ·ͻΦ ˽͙ͪ Ήͭͦͣ 

͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͔͔͔ͨͪͣͤͤ·͔ Ὂ  Ύ͍͡ΎΌͭͫΎ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤ·͙ͣ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ͙ͣ ͦͭ ͔ͨͦͭͤͼ͙͍͊ͦ͡Φ  

ˮͫͻͦ͒ͤ·͙ͣ ͔ͨͦ͊͊ͭ͘͟͡Ύ͙ͣ ͍͍͎ͦͤͦͦͦ͡ ͨͪͦͼ͔ͫͫ͊ ͫ;͙ͭ͊ΌͭͫΎ ͔͎ͦ ͔ͨͦͭͤͼ͙͊͡·Φ ˽͙ͪ Ήͭͦͣ ͙͘ ͺͦͪͣͯ͡ 

͍ͫΎ͙͘ ͔ͨͦͭͤͼ͙͍͊ͦ͡ ͫ ͙͙͒ͤ͊ͣ;͔͙͙ͫͣ͟ ͔͔͔ͨͪͣͤͤ·͙ͣ ͎ͣͦͯͭ ͔͍ͫ͒ͦ͊ͭ͡Έ ͔ͤͦͭͦͪ͟·͔ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤ·͔ 

ͫͦͦͭͤͦ΄͔͙ͤΎ ͒͡Ύ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͔͔͔ͨͪͣͤͤ·ͻΣ ͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͙͔ ͔͍͙ͨͪ;ͤ·͔ ͍͍ͦͤͦ͡·͔ ͍͔͙ͯͪ͊ͤͤΎΦ 

˻͍ͫͤͦͤ·͔ ͍͍ͦͤͦ͡·͔ ͍͔͙ͯͪ͊ͤͤΎ ͙ͯ͘;͔͎͊ͣͦͦ ͨͪͦͼ͔ͫͫ͊ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͙͘ ͙͍͔͎ͫͭͤͦͦ͘ 

͍͙͊ͪ͊ͼ͙͎ͦͤͤͦͦ ͫͦͦͭͤͦ΄͔͙ͤΎ 

ᶻ 
fl

ȟz

fl
πȢ                                                                      (5) 

˭͔͒ͫΈ ή  ͔ͨͦͭͤͼ͙͊͡·Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͙͔ ͙͔͔ͫͫ͒ͯͣ͡·͚ ͍͍͚ͦͤͦͦ͡ ͨͪͦͼ͔ͫͫΣ ήȟz ḳ ᶻ   ;͊ͫͭͤ·͔ 

͙͍ͨͪͦͦ͒ͤ͘·͔ ͦͭ ͔ͨͦͭͤͼ͙͍͊ͦ͡ ή  ͨ ͦ ͙͔ͦͦͪ͒ͤ͊ͭ͟ ὼᶻ  ͫ ͔ͨͼ͙͊͡Έ͎ͤͦͦ п-͍ͨͪͦͫͭͪ͊ͤͫͭ͊ όпύΦ 

fl flή ȟήȟz  ͎͙͊ͪ͊ͤ͗͊ͤ͡ ͍͍͚ͦͤͦͦ͡ ͙͔ͫͫͭͣ·Σ ͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͙͚ ͨͦͭͤͦͫͭ͡Έ ͔͚͍͙͒ͫͭΎ 

͍͍͎ͦͤͦͦͦ͡ ͨͪͦͼ͔ͫͫ͊Φ 

͙̅͊ͭ͟;͔͙ͫ͟ ͙ͤ͊͘;͊͡Έͤͦ ͙͍͔ͫͭͤ͘· ͍͍ͦͤͦ͡·͔ ͍͔͙ͯͪ͊ͤͤΎ όˤ̂ύ ͙͔ͫͫͭͣ·Σ ͍ͫΎ͘·͍͊Ό΅͙͔ ͍ 

͔͍͙͚ͤͨͦ͒͗ͤͦ ͔͔ͫͪ͒ ͔͔ ͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͔͙ͨͦ͊͊ͭ͘͟͡ Ὂ Φ ˤ ͨͪͦͼ͔͔ͫͫ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ ͤ͊ 

͍͔ͦͫͤͦ ͙͍͔ͫͭͤ͘·ͻ ˤ̂ ͍·͙͋ͪ͊ΌͭͫΎ ͔ͨͦͭͤͼ͙͊͡· ͙ ͎͙͊ͪ͊ͤ͗͊ͤ͡Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͨͦͯ͡;͔͙͔ͤ ͍ͤ͊͊ͤͤ͘·ͻ 

ˤ̂Φ  

͔́ͤͦͪ͘ Ή͔͎͙͙ͤͪ-͙ͣͨͯ͡Έͫ͊ ˤ˽ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͙͘ ͍͙͊ͪ͊ͼ͙͚ͦͤͤͦ ͺͦͪͣͯ͡· 

Ὕ ᶻ 
fl

ȟz

 fl Ȣ                                                               (6) ‏

˴͍͙ͦ͊ͪ͊ͤͭͤ·͔ ͙ ͍͙ͦͤͭͪ͊͊ͪ͊ͤͭͤ͟·͔ ͔ͦͣͨͦͤͤͭ͟· ́̏ˮ ͍ ͨͪΎ͎ͣͦͯͦ͡Έ͚ͤͦ ͙͔͔ͫͫͭͣ ͙ͦͦͪ͒ͤ͊ͭ͟ ͙ͨͪ ͔͙͔ͣͭͪ͟ 

ͫ ͙͎͚ͫͤ͊ͭͯͪͦ όҌ  ᵄ   ᵄ   ᵄ ύ ͍͔ͦͭ;͊Όͭ ͍·͔͙ͪ͊͗ͤΎͣ   

Ὕ Ὕ ὝȟὝ Ὕ ὝȟὝ Ὕ ὝȢ                              (7) 

˽ͦͯ͡;͔͊ͣ·͚ ͤ͊ ͍͔ͦͫͤͦ ͺͦͪͣͯ͡ όсΣ тύ ͍͙ͦͤͭͪ͊͊ͪ͊ͤͭͤ͟·͚ ͔ͭͤͦͪ͘ Ὕ  ͤ͊͘·͍͔͊ͭͫΎ ͙͊ͤͦͤ͟;͔͙ͫͣ͟Σ 

˩͎ͦ ͙͙ͫͭͦ͟ ͍ͪ͊ͤ· ͤͯ͡ΌΣ ͭͦ ͔ͫͭΈ ᶻ πȢ ˽͔͔͔ͦͫ͒ͤ͡ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭͦ ͍͔ͦͭ;͔͊ͭ ͫͦͻ͔͙ͪ͊ͤͤΌ ͨͦͤ͡·ͻ 

Ή͔͎͙͙ͤͪ ͙ ͙ͣͨͯ͡Έͫ͊ ͍͍͎ͦͤͦͦͦ͡ ͨͦ͡ΎΦ ˻͒ͤ͊ͦ͟ ͙͊ͤͦͤ͟;͔͙͚ͫ͟ ͔ͭͤͦͪ͘ Ὕ  ͍ ͦ͋΅͔ͣ ͫͯ͡;͔͊ ͔ͤ 

͙͔͙ͫͣͣͭͪ;͔ͤΣ ͙ ͨͦΉͭͦͣͯ ͔ͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͫͦͻ͔͙ͪ͊ͤͤΎ ͎ͨͦͤͦͦ͡ ͔ͣͦͣͤͭ͊ ͙ͣͨͯ͡Έͫ͊ ͨͦ͡ΎΦ  

˨͡Ύ ͨͦͯ͡;͔͙ͤΎ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ́̏ˮ ˤ˽ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͔͎ͦ ͙͔͙ͫͣͣͭͪ͊͘ͼ͙Ύ ͔ͨͯͭͣ ͍͔͙͒ͦ͋͊ͤ͡Ύ 

͍͙ͨͦͨͪ͊͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͔͚ ͫͦͻ͔͙͔ͪ͊ͤͤ ͔͍ͤͯ͡·ͻ ͙͍ͫͭͦͦ͟ ́̏ˮΦ ̂͊͊ͤͤ͊͘͟Ύ ͍ͨͦͨͪ͊͊͟ ͒ͦ͗ͤ͊͡ ͙͔ͣͭΈ ͍͙͒  

ᶻ‪ ȟ   ̄̅ ̆‪ ‪  ̠̎̆̋̏̓̏̑́ ̗̠̔̎̋̉̉̕ ̏  ̓ ή  ̉ ήȟzȢ                                    (8) 

˽͙ͪ Ήͭͦͣ ͍ ͙ͫͯ͡ ͙͙͔͙͙͊ͤͭͫͣͣͭͪ ‪  ͨ ͦ ͙͔ͤ͒ͫ͊ͣ͟ kl  ᶻ ᶻ‪ πȟ ;ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͫͦͻ͔͙͔ͪ͊ͤͤ 

ͨͦͤ͡·ͻ Ή͔͎͙͙ͤͪ ͙ ͙ͣͨͯ͡Έͫ͊ ͍͍͎ͦͤͦͦͦ͡ ͨͦ͡ΎΦ 

˴͔ͦͣͨͦͤͤͭ͊ ́̏ˮ Ὕ  ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͨͦͭͤͦͫͭ͡Έ Ή͔͎͙͙ͤͪ ˤ˽Φ ˴͔ͦͣͨͦͤͤͭ· ͙ͨͦͭͤͦͫͭ͡ ͙ͣͨͯ͡Έͫ͊ ˤ˽ 

Ὓ  ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͙͍͔͔͙͔ͨͪͦ͒ͤͣ͘ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͔ͦͣͨͦͤͤͭ͟ ́̏ˮ Ὕ  ͤ͊ ͺ͙͊ͭ͟;͔ͫͯ͟Ό ͫͦͪͦͫͭ͟Έ 

͙͔͔͚ͫͫ͒ͯͣͦ͡ ͍ͦͤ͡· ὺz  ͍ ͙͍͔͚ͪ͊ͫͫͣ͊ͭͪ͊ͣͦ ˮ˿˻Σ ͔͔͒ͤͤͯ͡Ό ͤ͊ ὧ ͫ ͼ͔͡ΈΌ ͔͔ͨͪͻͦ͒͊ ͦͭ ͙ͨͦͭͤͦͫͭ͡ 

͔͔͙͚ͨͪͤͦͫͣͦ Ή͔͎͙͙ͤͪ ͟ ͙ͨͦͭͤͦͫͭ͡ ͣ͊ͫͫ·Φ ˤ͔͙͡;͙ͤ· Ὕ  ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͔ͦͣͨͦͤͤͭ͟· 

͍͔͎ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͦ ͔ͭͤͦͪ͊͘ ͤ͊ͨͪΎ͔͙͚͗ͤ ͍ ͔͔ͫͪ͒Φ  
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ˤ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ͫͦͦͭͤͦ΄͔͙ͤΎ ᶻ Ὕ π ͣͦ͗ͤͦ ͔͙ͯ͋͒ͭΈͫΎ ͔͔͍͔͚ͤͨͦͫͪ͒ͫͭͤͤͦ 

͍͔͚ͨͪͦͪͦ͟Φ ˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͙͙ͨͪͤͣ͊Ύ ͍ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ́̏ˮ όсύΣ ͨͦͯ͡;͙ͣ 

Ὕ ᶻ 
fl

ȟz

fl ‏ ᶻ 
fl

ȟz

fl
 Ȣ  

˽͔ͪͦ͋ͪ͊ͯ͘Ύ ͔͙͚ͨͦͫ͒ͤ͡ ;͔ͤ͡ ͙͍͔͔͎ͨͪ͒ͤͤͦͦ ͍·͔͙ͪ͊͗ͤΎ ͙ ͍ͨͦ͒ͫͭ͊͡ΎΎ ͍ ͔ͨͪͦͣ͗ͯͭͦ;ͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭ 

ͤ͊͘;͔͙͔ͤ ͍͔͙͡;͙ͤ· 
fl

 ͙ ͘ ͍͔͙ͯͪ͊ͤͤΎ όрύΣ ͙͔͔ͣͣ 

fl fl
ᶻ

fl

ȟz

ȟz

ᶻ ᶻ  
fl

ȟz
ᶻ

fl

ȟz
ᶻ ᶻ

fl

ȟz
ᶻ Ȣ   

ˮ͎͍͔ͭͦͦͦ ͍·͔͙͔ͪ͊͗ͤ ͒͡Ύ 
fl

 ͨ ͦ͊͘͟·͍͔͊ͭ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡Έ ͍͔͍ͪ͊ͤͫͭ͊ Ὕ πȢ 

ˤ ͫͯ͡;͔͊ ͍͙͒͗ͯ΅͔͚ͫΎ ͔ͫͪ͒· ͤ͊͋͡Ό͔͒͊ͣ͊Ύ ͫͦͪͦͫͭ͟Έ ͍ͦͤ͡· ὺz  ͍͙͙͊ͫͭ͘ ͦͭ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͔͔ 

͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͙ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͪ͡Ύ͙͍͙͙ͭͫͭͫͣ͟ ͔͙͔ͫͦ͗ͤͣ͡ ͍͔͍ͭͦͪͦ͟ ͙ͫͦͪͦͫͭ͟ ͍͙͔͙͒͗ͤΎ ͔ͫͪ͒· ͙ 

͙ͫͦͪͦͫͭ͟ ͍ͦͤ͡· ͍ ͔͍͙͚ͤͨͦ͒͗ͤͦ ͔͔ͫͪ͒Φ ˽ͦΉͭͦͣͯ ͙ͨͪ ͙͔͊ͤ͊͘͡ ͨͪͦͼ͔ͫͫ͊ ͫ ͙ͤ͊͡;͙͔ͣ ͍ͦͤ͡ ͙ͪ͊͘͡;͎ͤͦͦ 

͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣ ͔ͦͭ͒͡Έͤ·͚ ͪ͊ͫ;͔ͭ ͔͚ͨͦͭͤͦͫͭ͡ ͙ͣͨͯ͡Έ͍ͫͦ ͒͡Ύ ͚͊͗͒ͦ͟ ͍ͦͤ͡·Φ ˽͙ͪ Ήͭͦͣ 

ͨͦͤ͡·͚ ͙ͣͨͯ͡Έͫ ˤ˽ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͙͍͙͔ͫͯͣͣͪͦ͊ͤͣ ͙ͣͨͯ͡Έ͍ͫͦ ͔ͦͭ͒͡Έͤ·ͻ ͍ͦͤ͡Φ ˮ͘ ͍·΄͔͎ͫ͊͊ͤͤͦͦ͘͟ 

͔͔ͫ͒ͯͭ͡Σ ;ͭͦ ͔ͦͣͨͦͤͤͭ͟· ́̏ˮ  Ὕ  ͙  Ὕ   ͔͔ͦͨͪ͒͡ΎΌͭ ͔ͤ ͔ͦͣͨͦͤͤͭ͟· ͙ͨͦͭͤͦͫͭ͡ ͙ͣͨͯ͡Έͫ͊Σ ͊ 

͔ͦͣͨͦͤͤͭ͟· ͍͔ͭͦͪ͊͟ ͙͎ͦͦͪ͒ͤ͊ͭͤͦͦ͟ ͔͙ͪ͊ͫͭ͊ͤ͟Ύ Ή͔͎͙͙ͤͪ ͍ͦͤ͡Φ   

˽ͦͭͤͦͫͭ͡Έ ͔ͣͦͣͤͭ͊ ͙ͣͨͯ͡Έͫ͊ ͔ͦͭ͒͡Έͤ·ͻ ͍ͦͤ͡ ͍ ͫͯ͡;͔͊ ͔͍͙͚ͤͨͦ͒͗ͤͦ ͔ͫͪ͒· ͔ͣͦ͗ͭ ͋·ͭΈ 

͍·;͙͔ͫͤ͊͡ ͨͦ ͺ͔ͦͪͣͯ͡ ὓ Ὕ ὼᶻ Ὕ ὼᶻ  Ȣ  ˤ ͫͯ͡;͔͊ ͍͙͚ͨͦ͒͗ͤͦ ͔ͫͪ͒· ͒͡Ύ ͚͊͗͒ͦ͟ ͍ͦͤ͡· 

ͯ͊͘͟·͍͔͊ͭͫΎ ͔͔ ͺ͙͊ͭ͟;͔ͫ͊͟Ύ ͫͦͪͦͫͭ͟Έ ὺz .   

 ˽͔͍͙ͪ;ͤ·͚ ͙͊ͤ͊͘͡ ͯ͒ͦ͋ͤͦ ͙͍͙ͨͪͦͦ͒ͭ͘Έ ͍ ˮ˿˻Σ ͍͔ͦͭ;͊Ό΅͔͚ ͔͍͙͚ͤͨͦ͒͗ͤͦ ͔͔ͫͪ͒Φ ˽͙ͪ Ήͭͦͣ 

ͫͦͪͦͫͭ͟Έ ͡Ό͚͋ͦ ͍ͦͤ͡· ͍ͪ͊ͤΎ͔ͭͫΎ ͨͦͫͭͦΎ͚ͤͤͦ ͍͔͙͡;͙͔ͤΣ ͻ͔͚͊ͪ͊ͭͪͤͦ͟ ͒͡Ύ ͙͔͔͎ͫͫ͒ͯͣͦͦ͡ ͍͍͎ͦͤͦͦͦ͡ 

ͨͪͦͼ͔ͫͫ͊Φ ˹͙͔͊ͨͪͣͪΣ ͙ͨͪ ͙͔͊ͤ͊͘͡ ̏˸˽ ͍ ͙͒Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ ͔͔ͫͪ͒ ͫͦͪͦͫͭ͟Έ ͍ͦͤ͡ ͍ ͔͍͙͚ͤͨͦ͒͗ͤͦ ͔͔ͫͪ͒ 

ὺ ὧȾЍ‐‘ Ȣ ˤ ͎͙͙͒ͪͦ͊ͯͫͭ͟;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ͊ͻ ὺ ὑȾ” Σ ͎͔͒  ὑ  ͣͦ͒ͯ͡Έ ͦ͋Ά͔͚ͣͤͦ ͎͙ͯͨͪͯͦͫͭ ͔ͫͪ͒·Σ 

”  ͔ ͔ ͨͦͭͤͦͫͭ͡Έ ͍ ͔͍ͤͦͣͯ͘΅͔ͤͤͦͣ ͫͦͫͭͦΎ͙͙ͤΦ  

ˤ̂ ͍ ͙͍ͨͪͦͦ͘͡Έ͚ͤͦ ˮ˿˻ ͎ͣͦͯͭ ͋·ͭΈ ͨͦͯ͡;͔ͤ· ͙ͨͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͔ͦͪͤ͡ͼ͔͍·ͻ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘ 

ˤ̂ ͍ ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒·Φ  

˨͡Ύ ͨͦͯ͡;͔͙ͤΎ ͍͔͙͚ͯͪ͊ͤͤ ̏˸˽ ͍ ͔͔ͫͪ͒Σ ͍͙͒͗ͯ΅͔͚ͫΎ ͍ ͙͍ͨͪͦͦ͘͡Έͤͦͣ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͫ 

͙͔ͦͭͤͦͫͭ͡Έ͚ͤͦ ͫͦͪͦͫͭ͟ΈΌ ♫ ○Ⱦὧȟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͺͦͪͣͯ͡· ͨͪΎ͎ͣͦͦ ͙ ͎ͦ͋ͪ͊ͭͤͦͦ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ 

˶͔ͦͪͤͼ͊ ώмлϐ 

ὧὸᴂ ‎ὧὸ ‍‎ὼȟ   ὼ ὼ ‎ ρὼ ‎‍ ὧὸ ȟ                                         (9) 

ὧὸ ‎ὧὸ ‍‎ὼ ȟ   ὼ ὼ ‎ ρὼ ‎‍ ὧὸȟ̄ ̅ ̆‎  Ȣ                              (10)  

˴͊͟ ͍͙ͨͪ͊ͦ͡Σ ͍ ͙ͨͪ͊͒ͤ͟͡·ͻ ͊͒͊͘;͊ͻ ͫͦͪͦͫͭ͟Έ ͍͙͔͙͒͗ͤΎ ͔ͫͪ͒· ͤ͊͘;͙͔ͭ͡Έͤͦ ͔ͣͤΈ΄͔ ͙ͫͦͪͦͫͭ͟ 

͍͔ͫͭ͊Φ ˽ͦΉͭͦͣͯ ͙ͨͪ ͔͔ͨͪͻ͔ͦ͒ ͍ ͍͙ͨͦ͒͗ͤͯΌ ˮ˿˻ ͣͦ͗ͤͦ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͯͨͪͦ΅͔ͤͤ·͔ ͨͪΎͣ·͔ ͙ ͦ͋ͪ͊ͭͤ·͔ 

͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ˶͔ͦͪͤͼ͊Σ ͦͭͦͪ͟·͔ ͫ ͭͦ;ͤͦͫͭΈΌ ͒ͦ ͣ͊͡·ͻ ͍͔͙͡;͙ͤ ͔͍͎ͨͪͦͦ ͨͦͪΎ͒͊͟ ͨͦ ‍ ͙ ͔ͣΌͭ ͍͙͒  

ὧὸ ὧὸ ‍ὼȟ   ὼ ὼ ‍ὧὸ,                                                       (11) 

ὧὸ ὧὸ ‍ὼ ȟ   ὼ ὼ ‍ ὧὸȢ                                                       (12) 

˽͔͍ͪͦͤ͊;͊͡Έͤͦ ͫ ͨͦͣͦ΅ΈΌ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ˶͔ͦͪͤͼ͊ όмнύ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͍·͔͙͔ͪ͊͗ͤ 

͔͔͚ͨͦ͊͊ͭ͘͟͡ ˤ˽ ͍ ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒· ;͔͔ͪ͘ ͔͙ͨͦ͊͊ͭ͘͟͡ ˤ˽ ͍ ͍͙͒͗ͯ΅͔͚ͫΎ ˮ˿˻ Ὂ Ὢ Ὂ Φ ˨͔͔͊͡ 

ͨͦͯ͡;͔ͤͤ·͔ ͤ͊͘;͔͙ͤΎ Ὂ  ͍ͨͦ͒ͫͭ͊͡ΎΌͭͫΎ ͍ ͙ͫͻͦ͒ͤ·͔ ˤ̂ ͙͔͔͎ͫͫ͒ͯͣͦͦ͡ ͨͪͦͼ͔ͫͫ͊ ͙ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ 

͔͔ͨͪͻͦ͒ ͦͭ ͙͒ͺͺ͔͔ͪͤͼ͙͍͙ͪͦ͊ͤΎ ͨͦ ͙ͦͦͪ͒ͤ͊ͭͤ͟·ͣ ͔͔͔ͨͪͣͤͤ·ͣ ὼ  ͟ ͙͒ͺͺ͔͔ͪͤͼ͙͍͙ͪͦ͊ͤΌ ͨͦ 

͔͔͔ͨͪͣͤͤ·ͣ ͍͙͚ͨͦ͒͗ͤͦ ˮ˿˻ ὼ  ͫ  ͨͦͣͦ΅ΈΌ ͍ͨͦ͒ͫͭ͊ͤͦͦ͟ ͍͙͒͊  



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

‏ ‏ ‍ ‏ ‏̋ ‍ ȟὧὸὼ ȟ  ὧὸ ὼ Ȣ                        (13)   

˽͙ͪ Ήͭͦͣ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ˶͔ͦͪͤͼ͊ όммύΦ ˽͔ͦͫ͡ ͔ͤͦͭͦͪ͟·ͻ ͯͨͪͦ΅͔͙͚ͤ ͨͦͯ͡;͊ΌͭͫΎ 

͙͎͍ͭͦͦ·͔ ˤ̂ ͍ ͍͙͚ͨͦ͒͗ͤͦ ͔͔ͫͪ͒ ͍͙͒͊ 

ὅ Ὂ πȟ                                                                          (14) 

͎͔͒ N - ͨͦͪΎ͍͒ͦ͟·͚ ͔ͤͦͣͪ ͍͔͙ͯͪ͊ͤͤΎΣ ͊ ὅ  ͔ͤͦͭͦͪ͟·͔ ͨͦͫͭͦΎͤͤ·͔ ͍͔͙͡;͙ͤ·Σ ͍͙͊ͫ͘Ύ΅͙͔ ͦͭ 

͙ͫͦͪͦͫͭ͟ ͙͔͔͚ͫͫ͒ͯͣͦ͡ ͍ͦͤ͡· ͙ ͙ͫͦͪͦͫͭ͟ ͍͙͔͙͒͗ͤΎ ˮ˿˻Φ   

ˢ͙ͤ͊͘͡ ͍͔͙͚ͯͪ͊ͤͤ ̏˸˽ ͍ ͔͔ͫͪ͒ ͔ͣͭͦ͒ͦͣ ˶͎͊ͪ͊ͤ͗͊ 

˽͙ͪ ͙͔͊ͤ͊͘͡ ͍͔͙͚ͯͪ͊ͤͤ ̏˸˽ ͍ ͔͔ͫͪ͒ ͔ͣͭͦ͒ͦͣ ˶͎͊ͪ͊ͤ͗͊ ͍ ͊͟;͔͍͔ͫͭ ͙ͫͻͦ͒ͤ·ͻ ͒͊ͤͤ·ͻ 

͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍͔͙ͯͪ͊ͤͤΎ ˸͍͔͊ͫ͊͟͡͡ όнύΦ ˹͔ͭͪͯ͒ͤͦ ͨͦͤΎͭΈΦ ;ͭͦ ͍ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͣͦͣ ͫͯ͡;͔͊ ͍͔͙͡;͙ͤ͊ͣ 

Ὂ ȟ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͣ ͍ ͙͔͊ͤ͊͘͡ ˶͎͊ͪ͊ͤ͗͊Σ ͍͔ͦͭ;͊Όͭ ͔ͪ͡Ύ͙͍͙͙͔ͭͫͭͫ͟ ͤ͊ͨͪΎ͔͙͗ͤͤͦͫͭ ̏˸˽ Ὂ ȟ ͊ 

͍͔͙͡;͙͔ͤ ὺ ͦ ͍͔ͭ;͔͊ͭ ͍·͔͙͔ͪ͊͗ͤ ὧȾЍ‐‘.  

˴͔ͦͣͨͦͤͤͭ· ͍͔͍ͭͦͪͦ͟ ͤ͊ͨͪΎ͔͔͚͗ͤͤͦͫͭ ͨͦ͡Ύ Ἇ ̉ Ἄ ͔͒ͫ͘Έ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͔ͦͣͨͦͤͤͭ͟· ͙͍͔͎ͫͭͤͦͦ͘ 

͔ͭͤͦͪ͊͘ ̏˸˽ ώрΣ ͫΦ оумϐΦ 

                                                       Ὂ

π Ὁ
Ὁ  π

Ὁ  Ὁ 
ὄ ὄ

Ὁ  ὄ
Ὁ ὄ

  π ὄ
 ὄ   π

Ȣ   

˽͙ͦͣͣͦ ͙͍͔ͫͭͤ͘·ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ̏˸˽Σ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͍ ͔͙͙ͭͦͪ ˸͍͔͊ͫ͊͟͡͡Σ ͍͍ͦ͒ΎͭͫΎ ͍ 

͔͙͔ͪ͊ͫͫͣͦͭͪͤ ͍ͤͦ·͔ ͺͦͪͣ͊͡Έͤ·͔ ͔͙ͨͦ͊͊ͭ͘͟͡Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͔ ͒͡Ύ ͔͎ͦͪͪͭͤͦͦ͟͟ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ́̏ˮ 

̏˸˽ ͍ ͨͦͦ͟Ύ΅͔͚ͫΎ ͙ ͍͙͚ͨͦ͒͗ͤͦ ͔͔ͫͪ͒Φ ˤ ;͙͊ͫͭͤͦͫͭΣ ͍͍ͦ͒ΎͭͫΎΥ  

мΦ ˹͍ͦ·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ ͤ͊ͨͪΎ͔͙͗ͤͤͦͫͭ ̏˸˽Σ ͔͔͔ͦͨͪ͒ͤͤ͡·͔ ͍ п-͍͔ͨͪͦͫͭͪ͊ͤͫͭ ˿́˻ ͍ ͺ͔ͦͪͣ 

͙͙͔͙͊ͤͭͫͣͣͭͪ;ͤ·ͻ ͔͍ͭͤͦͪͦ͘ Ὃ ȟ ͔ͨͦͫͭͪͦͤͤ·ͻ ͤ͊ ͍͔ͦͫͤͦ о-͍͔͍ͭͦͪͦ͟ L ͙ M,  ͨͦ͒ͦ͋ͤͦ ͔ͭͤͦͪͯ͘ 

͍͎͊ͯͯͣͤͦͦ͟ ̏˸˽ Ὂ Σ ͔ͨͦͫͭͪͦͤͤͦͣͯ ͤ͊ ͍͔ͦͫͤͦ ͍ ͔͍ͭͦͪͦ͟ ͤ͊ͨͪΎ͔͔͚͗ͤͤͦͫͭ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͙ ͎͙͎ͣ͊ͤͭͤͦͦ 

͔͚ͨͦ͡ E ͙  B ώфΣ ͫΦ фнϐΦ 

Ὃ

π ὒ
ὒ  π

ὒ  ὒ 
ὓ ὓ

ὒ  ὓ
ὒ ὓ

  π ὓ
  ὓ   π

ȟ   Ὃ

π ὒ
ὒ  π

ὒ  ὒ 
ὓ ὓ

ὒ  ὓ
ὒ ὓ

  π ὓ
  ὓ   π

Ȣ                                (15) 

ˤ ͙͔͔ͫͫͭͣ ͨͦͦ͟Ύ ͔ͫͪ͒· ͯ ͊͊ͤͤ͘͟·͔ ͍ ͔ͭͦͪ͟· ͦ ͍͔ͭ;͊Όͭ ͍·͔͙ͪ͊͗ͤΎͣ Ἐ Ѝ‐Ἇ  ̉  Ἑ ἌȾЍ‘ Ѝ‘ἒȢ 

˽͙ͪ ͔͔ͨͪͻ͔ͦ͒ ͍ ͍͙ͨͦ͒͗ͤͯΌ ˮ˿˻Σ ͔ͦͣͨͦͤͤͭ͟· ͍͔͍ͭͦͪͦ͟ Ἐ ̉ Ἑ, Ύ͍͡ΎΎͫΈ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ ͔͍ͭͤͦͪͦ͘ Ὃ ȟ  

͔ͨͪͦ͋ͪ͊ͯ͘ΌͭͫΎ ͎ͫͦ͊ͫͤͦ͡ ͔͊ͦͤͦͣͪͤͦͫͭ͘͟Ύͣ ˿́˻Φ 

нΦ ˹͍ͦ·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ п-͔ͨͦͭͤͼ͙͍͊ͦ͡ ̏˸˽ ͍ ͔͔ͫͪ͒  ꜝȟ ͔ͦͣͨͦͤͤͭ͟· ͦͭͦͪ͟·ͻ ͍ ͔ͫͨͼ͙͊͡Έ͚ͤͦ 

͙͔͔ͫͫͭͣ ͙ͦͦͪ͒ͤ͊ͭ͟ όпύ ͍͔͍ͯ͒ͦͭͦͪ͡ΎΌͭ ͫͦͦͭͤͦ΄͔͙ͤΎͣ  
ꜝ
ᶻ

ꜝ
ᶻ Ὃ  Ȣ                                                                            (16) 

˽͔ͦͭͤͼ͙͊͡· ꜝ  ͍ ͙ͨͪͤͼ͙͔ͨ ͎ͣͦͯͭ ͋·ͭΈ ͔͔͔ͦͨͪ͒ͤ͡· ;͔͔ͪ͘ ͔ͦͣͨͦͤͤͭ͟· ͍͔͍ͭͦͪͦ͟ Ἐ ̉ Ἑ ͙ͨͪ 

͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͙͍͔ͫͭͤ͘·ͻ ͙͔͎ͤͭͪ͊͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦΦ ˤͦͣͦ͗ͤͦ͘ ͔ͭ͊͗͟ ͔͍ͨͪͦͤ͊;͊͡Έ͔ͤͦ ͙͔͊͒͊ͤ͘ 

͔ͨͦͭͤͼ͙͍͊ͦ͡ ꜝ  ͨ ͙ͪ ͔ͨͦͫ͒ͯ͡Ό΅͔ͣ ͔͔͔͙͙ͦͨͪ͒ͤ͡ ͍͔͍ͭͦͪͦ͟ Ἐ ̉ Ἑ. 

ˮ͘ ͫͦͦͭͤͦ΄͔͙ͤΎ όмсύ ͔͔ͫ͒ͯͭ͡ ͔͍ͨͪ͊Ύ ͎ͪͯͨͨ͊ ͍͍ͦͤͦ͡·ͻ ͍͔͙͚ͯͪ͊ͤͤ  

ᶻ ᶻ ᶻ πȢ                                                                      (17) 

˭͔͒ͫΈ k, l, m   ᵄ   ͡ Ό͋·͔ ͙ͭͪ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ·ͻ ͙͔ͤ͒ͫ͊͟ ͙͘ ͊ͦ͘͟͡Έͼ͍͚ͦ͊ͤͤͦ ͎ͪͯͨͨ· ͙͔͍ͤ͒ͫͦ͟ лΣ мΣ 

нΣ оΦ ͍͔͙̂ͪ͊ͤͤΎ όмтύ ͣͦ͗ͤͦ ͔͔͙ͨͪͨͫ͊ͭΈ ͍ ͺ͔ͦͪͣ  

‐ ᶻ ᶻ  πȟ̄ ̅ ̆Ὃ ‐ Ὃ Ȣ                                                         (18) 
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˹͙͔͗ ͙͍͙ͨͪͦ͒ͭͫΎ Ύ͍ͤ·͚ ͍͙͒ ͔ͭͤͦͪ͊͘ Ὃ  

Ὃ
 

π ὓ
ὓ  π

ὓ ὓ 
ὒ ὒ

ὓ ὒ
ὓ ὒ

π ὒ
ὒ   π

Ȣ                                                     (19) 

˶͎͙͊ͪ͊ͤ͗͊ͤ ̏˸˽ ͔ͣͦ͗ͭ ͋·ͭΈ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͍ ͔ͫ͒ͯ͡Ό΅͔ͣ ͍͙͔͒  

fl  Ὃ Ὃ
ꜝ
ᶻ

ꜝ 
ᶻ Ὃ

 Ἐ  Ἑ
Ȣ                                               (20) 

ˮͫͻͦ͒Ύ ͙͘ ͎͙͊ͪ͊ͤ͗͊ͤ͊͡ όнлύ ͙ͨͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͍͙͊ͪ͊ͼ͙͚ͦͤͤͦ ͺͦͪͣͯ͡· όрύ ͨͦͯ͡;͔͊ͣ ͍ͭͦͪͯΌ 

͎ͪͯͨͨͯ ͍͔͙͚ͯͪ͊ͤͤ ̏˸˽  

ᶻ 
fl

ꜝ ȟz
ᶻὋ πȢ                                                               (21) 

ˤ ͙͔͔ͫͫͭͣ ͨͦͦ͟Ύ ͔ͫͪ͒· ͍͔͙ͯͪ͊ͤͤΎ ͔͍͚ͨͪͦ ͎ͪͯͨͨ· όмуύ ͙͙ͨͪͤͣ͊Όͭ ͍͙͒ 

͙ͨͪ  Ὥ π   πȟ  ÄÉÖ Ἑ πȟ 

͙ͨͪ  Ὥ ρ    ᶻ πȟ  Ѝ
 

 
ÒÏÔ Ἐ  Ȣ  

˻ͦͤ͟;͔͊ͭ͡Έͤͦ ͍ ͍͔͚ͭͦͪͤͦ͟ ͺ͔ͦͪͣ ͙͔͔ͣͣ 

ÒÏÔ Ἐ Ѝ  Ἑ

 
ȟ   ÄÉÖ Ἑ π Ȣ                                                                      (22) 

˨͡Ύ ͍͚ͭͦͪͦ ͎ͪͯͨͨ· ͍͔͙͚ͯͪ͊ͤͤ ͍ ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒· ͙ͨͪ ͯ;͔͔ͭ ͍·͔͙ͪ͊͗ͤΎ όнмύ ͎͙͊ͤ͊ͦ͡;ͤͦ 

ͨͦͯ͡;͔͊ͣ  

ÒÏÔ Ἑ Ѝ  Ἐ

 
ȟ  ÄÉÖ Ἐ πȢ                                                                       (23) 

˻͋Ά͔͙͒ͤΎΎ όннύ ͙ όноύΣ ͨͦͯ͡;͔͊ͣ ͙͔ͫͫͭͣͯ ͍͔ͭͦͪͤ͟·ͻ ͍͔͙͚ͯͪ͊ͤͤ ̏˸˽ 

ÒÏÔ Ἐ Ѝ  Ἑ

 
ȟ   ÄÉÖ Ἑ π ȟ ÒÏÔ Ἑ Ѝ  ╛

 
ȟ  ÄÉÖ Ἐ πȢ                                     (24) 

˽͍ͦ͒ͫͭ͊͡ΎΎ ͍ όнпύ ͍·͔͙ͪ͊͗ͤΎ Ἐ Ѝ‐Ἇȟὓ ἌȾЍ‘ȟ ͍͔͙͍ͫͨͪ͊͒͡·͔ ͒͡Ύ ͔͍͙͚ͤͨͦ͒͗ͤͦ ͔ͫͪ͒·Σ 

ͨͦͯ͡;͔͊ͣ ͙͍͔ͫͭͤ͘·͔ ͍͔͙ͯͪ͊ͤͤΎ Ή͔͙͙͙ͭͪͦ͒ͤ͊ͣ͟͟͡ όнύΦ ˭͔͙͊ͣͭͣΣ ;ͭͦ ͙ͨͪͤΎͭ·͔ ͍·͔͙ͪ͊͗ͤΎ                          

Ἐ Ѝ‐Ἇ ̉ Ἑ ἌȾЍ‘ Ύ͍͡ΎΌͭͫΎ ͔͙͍͔͒ͤͫͭͤͤͦ ͍ͦͣͦ͗ͤ͘·͙ͣ ͙͔͚ͤͤ͡·͙ͣ ͍ͫΎ͘Ύ͙ͣ ἘȟἙ ͍͔͙͡;͙ͤ ͫ 

ͤ͊ͨͪΎ͔͗ͤͤͦͫͭΎ͙ͣ ̏˸˽ Ἇ ̉ Ἄȟ ͦ ͔͔͋ͫͨ;͙͍͊Ό΅͙͙ͣ ͨͦͯ͡;͔͙͔ͤ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͍͙͒͊ ͍͔͙͚ͯͪ͊ͤͤ ̏˸˽ όнύΦ  

˿͔͔͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͔ͭͤͦͪ͘ Ὃ  ͙ͦͭ͡;͔͊ͭͫΎ ͦͭ ͍͔͎ͪͦ͒ͫͭͤͤͦͦ ͔ͭͤͦͪ͊͘ Ὃ  ͔͚͊ͣͤͦ͘ ͔ͦͣͨͦͤͤͭ͟ 

ἙᴼἘ ̉ ἘO ἙȢ ́͊ ͔͗ ͙ͫͭͯ͊ͼ͙Ύ ͙͔͔ͣͭ ͔ͣͫͭͦ ͙ ͍ ;͙͊ͫͭ ͍͔͙͚ͯͪ͊ͤͤ ̏˸˽ ͍ ἘȟἙ ͔͍͔͙͙ͨͪ͒ͫͭ͊ͤ͡ όннύ ͙ 

(23). 

͔́ͤͦͪ͘ Ή͔͎͙͙ͤͪ-͙ͣͨͯ͡Έͫ͊ ̏˸˽Σ ͔͔ͦͨͪ͒͡Ύ͔ͣ·͚ ͨͦ ͺ͔ͦͪͣͯ͡ όсύ ͒͡Ύ ͎͙͊ͪ͊ͤ͗͊ͤ͊͡ ͨͦ͡Ύ           

(20) fl
ꜝ
ᶻ

ꜝ
ᶻ Ὃ ȟ  ͙ ͔͔ͣͭ ͍͙͒ 

Ὕ  
ꜝ
ᶻ Ὃ Ὃ ‏  Ὃ Ȣ    

˨͡Ύ ͍͙ͦͤͭͪ͊͊ͪ͊ͤͭͤ͟·ͻ ͔ͦͣͨͦͤͤͭ͟ ͨͦͯ͡;͔͊ͣ ͍·͔͙͔ͪ͊͗ͤ 

Ὕ  
ꜝ

ᶻ
Ὃ   Ὣ Ὃ Ὃ Ȣ                                                       (25) 

˽͔͙͚ͦͫ͒ͤ͡ ͔ͭͤͦͪ͘ ͔ͤ ͙͔͙ͫͣͣͭͪ;͔ͤΦ ˨͡Ύ ͔͎ͦ ͙͔͙ͫͣͣͭͪ͊͘ͼ͙͙ ͍͒ͦ͋͊͡Ύ͔ͭͫΎ ͍͔͙͡;͙ͤ͊  
ꜝ
ᶻὋ ȟ 

ͦͭͦͪ͊͟Ύ ͍͔͍ͯ͒ͦͭͦͪ͡Ύ͔ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͣͯ ͫͦͦͭͤͦ΄͔͙ͤΌ  ᶻ  
ꜝ
ᶻὋ πȢ ́͊͊͟Ύ ͨͪͦͼ͔͒ͯͪ͊ 

ͫͦͻͪ͊ͤΎ͔ͭ ͔͍ͤͯ͡·͔ ͙͙ͫͭͦ͟ ͔ͭͤͦͪ͊͘ Ὕ  ͙ ͨͦͤ͡·͚ ͔ͣͦͣͤͭ ͙ͣͨͯ͡Έͫ͊ ̏˸˽Φ ˽͔ͦͫ͡ ͙͔͙ͫͣͣͭͪ͊͘ͼ͙͙ ́̏ˮ 

̏˸˽ ͨͦͯ͡;͔͊ͣ ͍·͔͙͔ͪ͊͗ͤ 

Ὕ ὋὋ   Ὣ Ὃ Ὃ ȟ                                                            (26) 

͔ͦͭͦͪͦ͟ ͍͔͙͍ͫͨͪ͊͒ͦ͡ ͍ ͙͍ͨͪͦͦ͘͡Έ͚ͤͦ ˮ˿˻Φ 

˽͙ͪ ͙͙͊ͨͫ͘ ͍ ͍͔͚ͭͦͪͤͦ͟ ͺ͔ͦͪͣ ͔ͦͣͨͦͤͤͭ͟· ́̏ˮ ̏˸˽ όнсύ ͍ ͙͍ͨͪͦͦ͘͡Έ͚ͤͦ ˮ˿˻ ͙ ˮ˿˻ ͨͦͦ͟Ύ 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η ˹ˢ̂̉˹˻-ˮ˭˨ˢ́˩˶̎˿˴ˮ˯ ̇˩˹́˾ ζˢ̏́˩˾˹ˢη 
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͔ͫͪ͒· ό͔͔ͨͪ͒ͦͦͤ͟;ͤ·͔ ͙ ͔ͦͤ͟;ͤ·͔ ͍·͔͙ͪ͊͗ͤΎύ ͙͔ͣΌͭ ͔ͫ͒ͯ͡Ό΅͙͚ ͍͙͒Υ 

Ὕ
Ἐ Ἑ

‐Ἇ ‘ἒ ȟ                                                            (27.1) 

Ὕ Ὕ Ἐ Ἑ Ѝ  Ἇ ἒ ȟ                                                  (27.2) 

 Ὕ  ὒὒ ὓ ὓ Ἐ Ἑ                    

‐ὉὉ ‘Ὄ Ὄ  ‐Ἇ ‘ἒ Ȣ                                                (27.3) 

˴͔ͦͣͨͦͤͤͭ· ͙ͨͦͭͤͦͫͭ͡ ͙ͣͨͯ͡Έͫ͊ ͍ ͙͍ͨͪͦͦ͘͡Έ͚ͤͦ ˮ˿˻ ͍͔ͦͭ;͊Όͭ ͫͦͦͭͤͦ΄͔͙ͤΎͣ  

ί ᶻὝ ᶻ Ἐ Ἑ ȟ                                                               (28) 

͎͔͒ ὺz  ͤ ͊͋͡Ό͔͒͊ͣ͊Ύ ͫͦͪͦͫͭ͟Έ ͍͙͔͙͒͗ͤΎ ͙͔͔͚ͫͫ͒ͯͣͦ͡ ͍ͦͤ͡·Φ  

ˤ͙͊ͪ͊ͤͭ ˮ˿˻Σ ͍͙͒͗ͯ΅͔͚ͫΎ ͍͒ͦ͡Έ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͙͙ͫͤͯͫͦ͒͊͡Έ͚ͤͦ ͍ͦͤ͡·Σ 

͔ͪ͊ͫͫͣͦͭͪͤ ͍ ͫͭ͊ͭΈ͔ ώсϐΣ ͎͔͒ ͨͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͨͦͭͤͦͫͭ͡Έ Ή͔͎͙͙ͤͪ ͙ ͨͦͭͤͦͫͭ͡Έ ͔͔ ͨͦͭͦ͊͟ ͍͔͍ͫͦͦͭͭͫͭͯΌͭ 

͙͍͔͔ͨͪ͒ͤͤ·͙ͣ ͙͔ͤ͗ ͍·͔͙ͪ͊͗ͤΎͣ 

 ύ Ὕ
Ἐ Ἑ

  ȟ  

ί ὺz Ὕ ᶻ Ἐ Ἑ
  

 Ȣ  

˭͔͒ͫΈ 
 
 ͙͔ͦͭͤͦͫͭ͡Έͤ͊Ύ ͫͦͪͦͫͭ͟Έ ͍͙͔͙͒͗ͤΎ ͍ͦͤ͡· ͍ ͙͍͔͚ͪ͊ͫͫͣ͊ͭͪ͊ͣͦ ˮ˿˻Σ  ‫  ;͊ͫͭͦͭ͊ ͍͍ͦͤͦ͡·ͻ 

͔͙͚ͦ͋͊ͤ͟͡Σ ὲ Ѝ‐‘Φ ˢ͙ͣͨͭͯ͒͡· Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ ͙ ͎͙͚ͣ͊ͤͭͤͦ ͤ͊ͨͪΎ͔͙͗ͤͤͦͫͭ ͍ ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒· Ἐ ̉ Ἑ 

͔͒ͫ͘Έ ͍ͪ͊ͤ·  .‫Ⱦὧ   

ˤ ͚ͭͦ ͔͗ ͔ͪ͊͋ͦͭ ώсϐ ͨͦͯ͡;͔ͤ· ͍͔͙ͯͪ͊ͤͤΎ ̏˸˽ ͍ ͙͍ͨͪͦͦ͘͡Έ͚ͤͦ ˮ˿˻Σ ͙͊ͨͫ͊ͤͤ͘·͔ ͍ ͺͦͪͣ͊͡Έͤ·ͻ 

ἘȟἙ ͤ͊ͨͪΎ͔͗ͤͤͦͫͭΎͻ ̏˸˽Φ ˹͙͔͗ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͍͙͊ͪ͊ͤͭ ͙͙͊ͨͫ͘ ͯ͊͊ͤͤ͘͟·ͻ ͍͔͙͚ͯͪ͊ͤͤ ͍ ͙͍ͨͪ·;ͤ·ͻ 

ἏȟἌ ͤ ͊ͨͪΎ͔͗ͤͤͦͫͭΎͻ ̏˸˽Φ 

˹͍ͦ·͔ ͍͔͙ͯͪ͊ͤͤΎ ̏˸˽ ͍ ͍͔͚ͭͦͪͤͦ͟ ͺ͔ͦͪͣ ͒͡Ύ ͫͯ͡;͊Ύ ͍͙͚ͨͦ͒͗ͤͦ ͔ͫͪ͒· ͎ͣͦͯͭ ͋·ͭΈ ͨͦͯ͡;͔ͤ· 

͙ͫͻͦ͒Ύ ͙͘ ͍͔͙͚ͯͪ͊ͤͤ όнύ ͒͡Ύ ͔͍͙͚ͤͨͦ͒͗ͤͦ ͔ͫͪ͒· ͔ͨͯͭͣ ͔ͦͪͤ͡ͼ͔͍·ͻ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ͙ͦͦͪ͒ͤ͊ͭ͟ ͙ 

͔͔͚ͨͦ͊͊ͭ͘͟͡ ̏˸˽ όͫͣΦ ˽͙͔͙͔ͪͦ͗ͤ͡ ˢύΦ ˻͙ͤ ͙͔ͣΌͭ ͔ͫ͒ͯ͡Ό΅͙͚ ͍͙͒Υ 

ÒÏÔ Ἇ  
Ἄ
 ȟ                                                                    (29.1) 

 ÄÉÖ Ἄ π ȟ                                                                       (29.2)  

ÒÏÔἌ ʀʈ
Ἇ

ʀʈρ ♫Ͻɳ Ἇ ♫
Ἄ
ȟ                                        (29.3) 

ÄÉÖἏ ʀʈρ ♫Ͻ
Ἇ

πȢ                                                   (29.4) 

˭͔͙͊ͣͭͣΣ ;ͭͦ ͔͍ͨͪ͊Ύ ͨ͊ͪ͊ ͍͔͙͚ͯͪ͊ͤͤ ̏˸˽ ͫͦͻͪ͊ͤΎ͔ͭ ͍͙͒ ͙ͨͪ ͔͔ͨͪͻ͔ͦ͒ ͍ ͍͙ͨͦ͒͗ͤͯΌ ͔ͫͪ͒ͯΦ ̆ͦͭΎ 

ͯ͊͊ͤͤ͘͟·͔ ͍͔͙ͯͪ͊ͤͤΎ όнфΦмύ ͙ όнфΦнύ ͋·͙͡ ͨͦͯ͡;͔ͤ· ͙͙͔ͨͪ͋͗ͤͤ͡·ͣ ͔ͣͭͦ͒ͦͣΣ ͙ͦͤ ͊͋ͫͦ͡Όͭͤͦ ͭͦ;ͤ·Φ 

́͊͊͟Ύ ͙ͫͭͯ͊ͼ͙Ύ ͔͔ͫ͒ͯͭ͡ ͙͘ ͔ͪ͡Ύ͙͍͙͎ͭͫͭͫͦͦ͟ ͻ͔͊ͪ͊ͭͪ͊͟ ͔͍͚ͨͪͦ ͨ͊ͪ· ͍͔͙͚ͯͪ͊ͤͤ όнύΣ ;ͭͦ Ύ͍ͤͦ ͨͪͦΎ͍͡Ύ͔ͭͫΎ 

͙ͨͪ ͙ͻ ͙͙͊ͨͫ͘ ͍ ͔͚ͭͤͦͪͤͦ͘ ͺ͔ͦͪͣ όͫͣΦ ͔͍͔ͨͪͦ ͍͔͙͔ͯͪ͊ͤͤ όоύύΦ   

˹͔ ͫͦ͗ͤͦ͡ ͔͙ͯ͋͒ͭΈͫΎΣ ;ͭͦ ͙ͨͪ ♫ π ͨͦͯ͡;͔ͤͤ·͔ ͍͔͙ͯͪ͊ͤͤΎ ͍͔ͦͭ;͊Όͭ ͍͔͙ͯͪ͊ͤͤΎͣ ̏˸˽ ͍ 

͔͍͙͚ͤͨͦ͒͗ͤͦ ͔͔ͫͪ͒ όнύΣ ͊ ͙ͨͪ ʀʈρ  ͍ ͊ͯͯͣͤ͟·ͣ ͍͔͙ͯͪ͊ͤͤΎͣ ͍͎ͫͦ͋ͦ͒ͤͦͦ ̏˸˽ ώфΣ ͫΦ фуΣ млфϐΦ   

ˤ͙͊ͪ͊ͼ͙ͦͤͤ·͚ ͙͊ͤ͊͘͡ ͍͔͙͚ͯͪ͊ͤͤ ͎͙͙͙͒ͪͦ͊ͯͫͭ͟͟ 

˽͙͔͙͍ͪ͒ͪ͗͊ΎͫΈ ώммϐΣ ͍ ͊͟;͔͍͔ͫͭ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͎͙͙͒ͪͦ͊ͯͫͭ͟;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊ 

͍·͔͔͋ͪͣ ͍͔ͭͦͪ͟ ͙ͫͦͪͦͫͭ͟ ͔͔ͦ͋͊ͭ͟͡͡Έ͎ͤͦͦ ͍͙͔͙͒͗ͤΎ ͭͦ;͔͟ ͙͙͗͒ͦͫͭ͟ - ○ ͙ ͙ͨͪͪ͊΅͔͙͔ͤ ͍͔͙͒͊ͤ͡Ύ ͍ ͔͔ 

ͭͦ;͊͟ͻ - ὴΦ ͔́͊͗͟ ͤ͊ͫ ͋ͯ͒ͯͭ ͙͔͔͍ͤͭͪͫͦ͊ͭΈ ͤ͊;͊͡Έͤ·͔ ͤ͊͘;͔͙ͤΎ ͍͔͙͒͊ͤ͡Ύ ͙͙͗͒ͦͫͭ͟  ὴ ͙ ͔͔ ͙ͨͦͭͤͦͫͭ͡ 

 ”ȟ ͊ ͔ͭ͊͗͟ ͫͦͪͦͫͭ͟Έ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͍͍ͯͦ͘͟·ͻ ͍ͦͤ͡ ὺ ὑȾ” ὴȾ”. ˭ ͔͒ͫΈ ὑ  ͣͦ͒ͯ͡Έ 

ͦ͋Ά͔͚ͣͤͦ ͎͙ͯͨͪͯͦͫͭ ͔ͫͪ͒·Σ ”  ͙ͨͪͪ͊΅͔͙͔ͤ ͔͔ ͙ͨͦͭͤͦͫͭ͡Φ ˮ͘ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ὺ ͔͔ͫ͒ͯͭ͡ ͫͦͦͭͤͦ΄͔͙͔ͤ 

” ὴȾὺȢ  
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 ˮ ͍͔ͫͭͤ͘·͔ ͍͔͙ͯͪ͊ͤͤΎ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͍͍ͯͦ͘͟·ͻ ͍ͦͤ͡ ͍ ˮ˿˻ ͨͦͦ͟Ύ ͙͚͗͒ͦ͟ ͔ͫͪ͒· ͙͔ͣΌͭ ͍͙͒ 

”
○
ÇÒÁÄὴ πȟ                                                                      (30,1) 

ὺ ” ÄÉÖ○ πȢ                                                                   (30,2) 

˽ͦͭͤͦͫͭ͡Έ Ή͔͎͙͙ͤͪ ͍͍ͯͦ͘͟·ͻ ͍ͦͤ͡ ͙ͨͪ Ήͭͦͣ ͍͔ͦͭ;͔͊ͭ ͍·͔͙ͪ͊͗ͤΌ 

ύ  Ȣ                                                             (31) 

˨͡Ύ ͎ͭͦͦ ;ͭͦ͋· ͍·͙ͪ͊ͭ͘Έ ͍͔ͫ ͔͙͍͔ͤͫͭͤ͘·͔ ͍͔͙͡;͙ͤ· ;͔͔ͪ͘ ͦ͒ͤͯ ͔͔͔ͨͪͣͤͤͯΌ ͯ͒ͦ͋ͤͦ ͍͍͔͙ͫͭ 

͔ͨͦͭͤͼ͙͊͡ ͙ͫͦͪͦͫͭ͟ ͍͙͔͙͒͗ͤΎ ͔ͫͪ͒· ʒȢ ˽ͯͫͭΈ ○ ÇÒÁÄ ʒȢ ˽͙ͪ Ήͭͦͣ ͙͘ ͍͔͙ͯͪ͊ͤͤΎ όолΦмύ ͨͦͯ͡;͙ͣ                 

ὴ ” Ȣ  ˿͍͔͙͍ͨͪ͊͒ͦ͡ ͙ ͔ͦ͋ͪ͊ͭͤͦ ͍͔͔͙͔ͯͭͪ͗͒ͤΥ ͔͍͔ͨͪͦ ͍͍͔ͦͤͦͦ͡ ͍͔͙͔ͯͪ͊ͤͤ όолΦмύ ͔͔ͫ͒ͯͭ͡ ͙͘ 

͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͨͪͦͼ͔ͫͫ͊ ○ ͙  ὴ ;͔͔ͪ͘ ͔ͨͦͭͤͼ͙͊͡ΈͤͯΌ ͺͯͤ͟ͼ͙Ό •Ȣ   

˶͎͙͊ͪ͊ͤ͗͊ͤ ͍͍͎ͦͤͦͦͦ͡ ͨͪͦͼ͔ͫͫ͊ ͍·͔͔͋ͪͣ ͍ ͍͙͔͒       

 fl ᶻ ᶻ ᶻ ᶻ ᶻ ᶻ Ȣ                                              (32) 

˭͔͒ͫΈ ͙͔ͤ͒ͫ͟ ϝ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͔ͫͨͼ͙͊͡Έ͔ͤͦ п-͍ͨͪͦͫͭͪ͊ͤͫͭͦ όпύΦ ͊ ͙͔ͤ͒ͫ͟ ᴂ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͫͯ͡;͚͊ 

͙͍ͨͪͦͦ͘͡Έ͚ͤͦ ˮ˿˻Φ  

ˤ ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒· ὺ ὺȟὼᶻ ὼz ὺ‬ὸȟὼᶻ ὼz ὼ ̉  

fl ᶻ ᶻ ᶻ ᶻ  Ȣ                                                 (33) 

͍͔͙͔̂ͪ͊ͤͤ ͍͍͎ͦͤͦͦͦ͡ ͨͪͦͼ͔ͫͫ͊ ͍ ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒·  

ᶻ 
fl

ȟ
”  ὺ

 
 ”ÄÉÖ ○ πȢ  

̏ͭͦ ͍͔͙͔ͯͪ͊ͤͤ Ή͍͙͍͔͊ͤͭͤͦ͟͡ ͔͔ͪ͊ͤ ͯ͊͊ͤͤͦͣͯ͘͟ ͍͔͙ͯͪ͊ͤͤΌ όолΦнύΦ 

͔́ͤͦͪ͘ Ή͔͎͙͙ͤͪ-͙ͣͨͯ͡Έͫ͊ ͍ ͙͍ͨͪͦͦ͘͡Έ͚ͤͦ ˮ˿˻ ͙͔͔ͣͭ ͍͙͒  

Ὕ ᶻ 
fl

ȟz
 flȢ                                                                         (34) ‏

ˤ ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒· ͔͎ͦ ͔ͦͣͨͦͤͤͭ͟· ͍͔ͦͭ;͊Όͭ ͍·͔͙ͪ͊͗ͤΎͣ 

Ὕ Ὕ ᶻ 
fl

ȟz
fl ‏ ”ὺ ‏ ȟ                             (35.1) 

Ὕ Ὕ Ὕ ” ᶻ ȟ                                                           (35.2) 

Ὕ Ὕ ” ‏ 
 
fl ”ὺὺ ‏

 
ȟ                                   (35.3) 

 ί ὺὝ ὴὺȟ▼ ὴ○Ȣ                                                                         (35.4) 

˭͔͒ͫΈ ▼  ͍ ͔ͭͦͪ͟ ˽͚͙͎ͦͭͤ͊Φ 

˽͙͙ͪͤͣ͊Ύ ͍ͦ ͍͙͙͔ͤͣ͊ͤΣ ;ͭͦ ͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͔͙ͨͦ͊͊ͭ͘͟͡ ᶻ  ͙ 
●z♪

ὺ ͎ͣͦͯͭ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͊͟͟ ͔ͦͣͨͦͤͤͭ͟· п-͍͔ͭͦͪ͊͟ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ˸͙͍͎ͤͦͫͦͦ͟͟  ὠ ͍ ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒·Σ ͣͦ͗ͤͦ 

͙͊ͨͫ͊ͭ͘Έ ͎͙͊ͪ͊ͤ͗͊ͤ͡Σ ́̏ˮ ͙ ͍͔͙ͯͪ͊ͤͤΎ ͍͍͎ͦͤͦͦͦ͡ ͙͊ͯͫͭ͟;͔͎ͫͦͦ͟ ͨͦ͡Ύ ͍ ͔ͫ͒ͯ͡Ό΅͔ͣ ͍͙͔͒  

fl ὠὠ ȟ                                                                            (36) 

Ὕ
 

” ὠὠ ‏
 
ὠὠ ȟ                                                             (37) 

ᶻ ᶻ πȟ   
⸗●z ●z♪

πȢ                                                           (38) 

˨͍͊ ͔͍ͨͪ·ͻ ͍·͔͙ͪ͊͗ͤΎ ͍͔͙͍ͫͨͪ͊͒͡· ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ˸͙͍͎ͤͦͫͦͦ͟͟ ͒͡Ύ ͙͍ͨͪͦͦ͘͡Έ͚ͤͦ ˮ˿˻Σ ͔͙͔ͨͦͫ͒ͤ͡ 

͍·͔͙ͪ͊͗ͤΎ ͍͔͙͍ͫͨͪ͊͒͡· ͍ ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒· όпύΦ 

͍͔͙̂ͪ͊ͤͤΎ ͙͊ͯͫͭ͟;͔͚ͫͦ͟ ͍ͦͤ͡· ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ˸͙͍͎ͤͦͫͦͦ͟͟ ͍ ͍͙͚ͨͦ͒͗ͤͦ ͔͔ͫͪ͒ ͙ͨͪ ͔͔͚ͯͣͪͤͤͦ 

͙ͫͦͪͦͫͭ͟ ͔͔ ͍͙͔͙͒͗ͤΎ ͣͦ͗ͤͦ ͨͦͯ͡;͙ͭΈΣ ͙͔ͨͪͣͤΎΎ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ˶͔ͦͪͤͼ͊ όммΣ мнύ ͟ ͍͔͙ͯͪ͊ͤͤΎͣ όоуύΦ  

˽͔ͪͦ͋ͪ͊ͯ͘Ύ ͔ͨͦͭͤͼ͙͊͡· ͨͦ͡Ύ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͺ͙ͦͪͣͯ͊ͣ͡ όммύ ͨͦͯ͡;͔͊ͣ 

ὠ ὠ ‍ὠ ,  ὠ ὠ ‍ὠ Ȣ                                                        (39) 
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˽͔ͦͫ͡ ͍͙ͨͦ͒ͫͭ͊ͤͦ͟ όофύ ͍ ͔͍ͨͪͯΌ ͺͦͪͣͯͯ͡ όоуύ ͙͔͔ͣͣ 

‍
 

‍ π ͙ ͙͡  ‍
 

‍ πȢ 

˭͔͒ͫΈ ͣͦ͗ͤͦ ͙ͫ͟͡Ό;͙ͭΈ ͔͙͚ͨͦͫ͒ͤ͡ ;͔ͤ͡ ͍͎ͭͦͪͦͦ ͨͦͪΎ͒͊͟ ͙ͣ͊ͦͫͭ͡   ͤ͊ͪΎ͒ͯ ͫ ‍ ͫ;͙͔ͭ͊ͭͫΎ ͚ͣ͊ͦ͡ 

͍͔͙͡;͙͚ͤͦύΦ ˽͔͔ͪͻͦ͒Ύ ͟ ͙͍ͨͪͦͦ͒ͤ͘·ͣ ͍͙͚ͨͦ͒͗ͤͦ ˮ˿˻ ͙ͨͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͺͦͪͣͯ͡ όмнύ ͙ ͙ͫ͟͡Ό;͊Ύ 

;͔ͤ͡· ͍͎ͭͦͪͦͦ ͨͦͪΎ͒͊͟ ͙ͣ͊ͦͫͭ͡Σ ͦͦͤ͟;͔͊ͭ͡Έͤͦ ͨͦͯ͡;͙ͣ 

‍ ‍ πȢ                                                           (40) 

˽͙͔ͪͣͤΎΎ ͨͦ͒ͦ͋ͤ·͔ ͨͪͦͼ͔͒ͯͪ· ͦ͟ ͍ͭͦͪͦͣͯ ͍͔͙ͯͪ͊ͤͤΌ όоуύΣ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͨͦͯ͡;͔͊ͣ 

‍ ‍
ᶻ

πȟ  ‍
 

‍
ᶻ

πȟ  

˻ͦͤ͟;͔͊ͭ͡Έͤͦ  ‍ ‍
 

 
πȢ                                              (41) 

˻͔͙ͭͣͭͣΣ ;ͭͦ ͙ͨͪ ♫ π ͯ ͍͔͙ͪ͊ͤͤΎ όплΣ пмύ ͍ͫͦͨ͊͒͊Όͭ ͫ ͍͔͙ͯͪ͊ͤͤΎ͙ͣ όоуύΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˽ͦͫͦ͟͡Έͯ͟ ͙͍͔ͫͭͤ͘·͚ ͍͙͊ͪ͊ͼ͙ͦͤͤ·͚ ͔ͣͭͦ͒ ͎͔͍͊ͪ͊ͤ͗͊͡ ͙͊ͤ͊͊͘͡ ͺ͙͙͘;͔͙ͫ͟ͻ ͔͚ͨͦ͡ ͙͔͙ͨͪͣͤͣ 

͙͡΄Έ ͍ ͫͯ͡;͔͊ ͙ͻ ͔ͪ͡Ύ͙͍͙͎ͭͫͭͫͦͦ͟ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ΎΣ ͔͎͔ͨͪ͒͊͊ͭͫ͡Ύ ͙ͣͦ͒ͺ͙͊͟ͼ͙Ύ ͎ͯ͊͊ͤͤͦͦ͘͟ ͔ͣͭͦ͒͊ ͒͡Ύ 

ͫͯ͡;͊Ύ ͔͔ͤͪ͡Ύ͙͍͙͙ͭͫͭͫ͟ͻ ͍͍ͦͤͦ͡·ͻ ͔͚ͨͦ͡Φ   

˽͙ͪ ͍͙͙ͦ͋ͦͫͤͦ͊ͤ ͍͎ͤͦͦͦ ͔ͣͭͦ͒͊ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͙͍͔ͫͭͤ͊͘Ύ ͔͙ͣͭͦ͒͊͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͦ͒ͤ͊ͦ͟ 

͍͍͔ͦͤͦͦ͡ ͔ͨͦ͡ ͔͍ͨͪͦͤ͊;͊͡Έͤͦ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͍ ˮ˿˻ ͨͦͦ͟Ύ΅͔͚ͫΎ ͔ͫͪ͒· ͍ ͔ͫͨͼ͙͊͡Έͤͦͣ п-

͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ ͎͔͒ ͦ͋ͦ͋΅͔ͤͤ͊Ύ ͍͔͔ͪͣͤͤ͊Ύ ͔͔͔ͨͪͣͤͤ͊Ύ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͍͔͔͔ͪͣͤͣΣ ͔ͯͣͤͦ͗ͤͤ·ͣ ͤ͊ 

ͫ͟ ͦͪͦͫͭΈ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͍͍ͦͤͦ͡·ͻ ͔͙͚ͦ͋͊ͤ͟͡ ͍ ͙͍͔͚ͪ͊ͫͫͣ͊ͭͪ͊ͣͦ ͔͔ͫͪ͒Φ  ˿ ͼ͔͡ΈΌ ͔͎ͦͪͪͭͤͦͦ͟͟ 

͙͊ͤ͊͊͘͡ ͤ͊ ͍͔ͦͫͤͦ ͤ͊͋͡Ό͔͒͊ͣ·ͻ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͔͔͔ͨͪͣͤͤ·ͻ ͍͍͎ͦͤͦͦͦ͡ ͨͪͦͼ͔ͫͫ͊ ͍͍ͦ͒ΎͭͫΎ ͙ͻ 

ͺͦͪͣ͊͡Έͤ·͔ п-͔ͨͦͭͤͼ͙͊͡·Φ ˽͙ͪ Ήͭͦͣ ͙ͫͻͦ͒ͤ·͔ ͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͔͔͔ͨͪͣͤͤ·͔ Ύ͍͡ΎΌͭͫΎ ;͊ͫͭͤ·͙ͣ 

͙͍ͨͪͦͦ͒ͤ͘·͙ͣ ͦͭ ͍͍͔͔͒ͤͤ·ͻ ͔ͨͦͭͤͼ͙͍͊ͦ͡ ͍ ͯ͊͊ͤͤͦͣ͘͟ ͔ͫͨͼ͙͊͡Έͤͦͣ п-͍͔ͨͪͦͫͭͪ͊ͤͫͭΦ 

˨͡Ύ ͨͦͯ͡;͔͙ͤΎ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͙ ͍͔͙͚ͯͪ͊ͤͤ ͍͍͎ͦͤͦͦͦ͡ ͨͪͦͼ͔ͫͫ͊ ͍ ͍͙͒͗ͯ΅͔͚ͫΎ 

͔͔ͫͪ͒ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͙ͻ ͔͔ͨͪͫ;͔ͭ ͍ ͍ͤͦͯΌ ˮ˿˻ ͫ ͨͦͣͦ΅ΈΌ ͙͍͔ͫͭͤ͘·ͻ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ˶͔ͦͪͤͼ͊Φ ˽͙ͪ 

Ήͭͦͣ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͙ͦͦͪ͒ͤ͊ͭͤ͟·͔ ͔͔͔ͨͪͣͤͤ·͔ п-͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ˸͙͍͎ͤͦͫͦͦ͟͟Σ ͎͔͒ ͦ͋ͦ͋΅͔ͤͤ͊Ύ 

͍͔͔ͪͣͤͤ͊Ύ ͔͔͔ͨͪͣͤͤ͊Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͔ͭͯ͟΅͔͔ ͍͔ͪͣΎ ͨͪͦͼ͔ͫͫ͊Σ ͔͔ͯͣͤͦ͗ͤͤͦ ͤ͊ ͫͦͪͦͫͭ͟Έ ͍͔ͫͭ͊ ͍ 

͍͔͊ͯͯͣ͟ -  ͫ .  

˽͍͙ͪ͊͡ΈͤͦͫͭΈ ͔͙͍͎ͫͦͪͪͭͪͦ͊ͤͤͦͦ͟͟ ͍͙͊ͪ͊ͼ͙͎ͦͤͤͦͦ ͔ͣͭͦ͒͊ ˶͎͊ͪ͊ͤ͗͊ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ 

͍͔͙͔ͫͦͨ͊͒ͤͣ ͪΎ͒͊ ͨͦͯ͡;͔ͤͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͫ ͙͍͔ͫͭͤ͘·͙ͣ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͙͊ͤ͊͊͘͡ ͍͍ͦͤͦ͡·ͻ ͨͪͦͼ͔͍ͫͫͦ 

͎͙͙͒ͪͯͣ ͔͙ͣͭͦ͒͊ͣΦ 

 

˽͙͔͙͔ͪͦ͗ͤ͡ ˢ 

˿ ͼ͔͡ΈΌ ͔͔ͨͪͻͦ͒͊ ͟ ͍͔͙ͯͪ͊ͤͤΎͣ ̏˸˽ ͍ ͍͙͒͗ͯ΅͔͚ͫΎ ͔͔ͫͪ͒ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͙͊ͨͫ͘Έ ͤ͊͘;͔͙͚ͤ 

͔͔͚ͨͦ͊͊ͭ͘͟͡ ̏˸˽ ͍ ͔͍͙͚ͤͨͦ͒͗ͤͦ ͔͔ͫͪ͒ ╔ȟ║ ;͔͔ͪ͘ ͙ͻ ͤ͊͘;͔͙ͤΎ ͍ ͍͙͒͗ͯ΅͔͚ͫΎ ͔͔ͫͪ͒ Ἇ ║ ͙ͨͪ 

͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͺͦͪͣͯ͡ όмнύΦ ˽͔͍ͪͦͤ͊;͊͡Έͤͦ ͍·͙ͪ͊ͣ͘ ͤ͊͘;͔͙͔ͤ ͔ͦͣͨͦͤͤͭ͟· Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ 

ͤ͊ͨͪΎ͔͙͗ͤͤͦͫͭ Ὁ ͍  ˮ˿˻ ͨͦͦ͟Ύ ͔ͫͪ͒· ;͔͔ͪ͘ ͤ͊͘;͔͙ͤΎ ͤ͊ͨͪΎ͔͔͚͗ͤͤͦͫͭ ̏˸˽ ͍ ͙͍ͨͪͦͦ͘͡Έ͚ͤͦ ˮ˿˻  

Ὁ Ὂ
‬ὼ

‬ὼ

‬ὼ

‬ὼ
Ὂ

‬ὼ

‬ὼ

‬ὼ

‬ὼ
Ὂ

‬ὼ

‬ὼ

‬ὼ

‬ὼ
Ὂ

‬ὼ

‬ὼ

‬ὼ

‬ὼ
Ὂ  

Ὂ ‍Ὂ ‍Ὂ Ὁ ‍ὄ ‍ὄ Ὁ ♫ Ἄ .                          όˢΦмύ 

ˢ͎͙ͤ͊ͦ͡;ͤͦ ͨͦͯ͡;͙ͣ ͍·͔͙͔ͪ͊͗ͤ ͒͡Ύ ͎͙͚ͣ͊ͤͭͤͦ ͔ͦͣͨͦͤͤͭ͟· ͨͦ͡Ύ ὄ 

ὄ Ὂ Ὂ ‍Ὂ ‍Ὂ ὄ ‍Ὁ ‍Ὁ ὄ ♫ Ἇ Ȣ 

˽͙͙ͪͤͣ͊Ύ ͍ͦ ͍͙͙͔ͤͣ͊ͤ ͍·͔͙ͪ͊͗ͤΎ ͎ͨͦ͒ͦ͋ͤͦͦ ͍͙͒͊ ͒͡Ύ ὉȟὉȟὄȟὄ Σ ͨͦͯ͡;͙ͣ ͍͔ͭͦͪͤ͟·͔ 

ͺͦͪͣͯ͡·   

Ἇ Ἇ ♫ Ἄȟ  Ἄ Ἄ ♫ ἏȢ                                                      όˢΦнύ 
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 ˽ ͍ͦ͒ͫͭ͊͡ΎΎ ͚͔ͤ͊͒ͤͤ·͔ ͤ͊͘;͔͙ͤΎ Ἇ ̉ Ἄ ͍ ͙ͫͻͦ͒ͤ·͔ ͍͔͙ͯͪ͊ͤͤΎ ̏˸˽ όнύ ͨͦͯ͡;͙ͣ ͔ͫ͒ͯ͡Ό΅͙͔ 

͍·͔͙ͪ͊͗ͤΎ 

ÒÏÔ Ἇ ♫ Ἄ   Ἄ ♫ Ἇ ȟ  ÄÉÖ Ἄ ♫ Ἇ  ȟ 

ÒÏÔ Ἄ ♫ Ἇ Ἇ ♫ Ἄ ȟ  ÄÉÖ Ἇ ♫ Ἄ  Ȣ 

˽͔ͦͫ͡ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ͨͦ ͺͦͪͣͯ͊ͣ͡ ͍͔͎ͭͦͪͤͦͦ͟ ͙͊ͤ͊͊͘͡ ͒͡Ύ ÒÏÔἋ Ἄ ͙ ÄÉÖἋ Ἄ ͙ͨͪ ͯ;͔͔ͭ 

♫ ÃÏÎÓÔ ͙ ͙ͫ͟͡Ό;͔͙ͤΎ ;͔͍ͤͦ͡ ͍͎ͭͦͪͦͦ ͨͦͪΎ͒͊͟ ͙ͣ͊ͦͫͭ͡ ͨͦ ‍ ͨͦͯ͡;͙ͣ ͔ͫ͒ͯ͡Ό΅͙͔ ͔ͨͪͦͣ͗ͯͭͦ;ͤ·͔ 

͍·͔͙ͪ͊͗ͤΎ  

ÒÏÔ Ἇ ♫ ÄÉÖἌ ♫Ͻɳ Ἄ  
Ἄ
♫

Ἇ
 ȟ  ÄÉÖ Ἄ ♫ϽÒÏÔ Ἇ ȟ  

ÒÏÔ Ἄ ♫ ÄÉÖ Ἇ ♫Ͻɳ Ἇ ʀʈ
Ἇ
♫

Ἄ
ȟ  ÄÉÖ Ἇ ♫ϽÒÏÔ Ἄ Ȣ 

˨͔͔͊͡Σ ͔͔ͨͪͻͦ͒Ύ ͍ ͍͔ͭͦͪͤ͟·ͻ ͔ͦͨͪ͊ͭͦͪ͊ͻ ͦͭ ͙͍ͨͪͦͦ͒ͤ͘·ͻ ͨͦ ὼ  ͟ ͙͍ͨͪͦͦ͒ͤ͘·ͣ ͨͦ ὼ  ͙ͨͪ 

͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͺͦͪͣͯ͡ όммύΣ ͔ͨͦͫ͡ ͔͙ͯ͒͊ͤ͡Ύ ;͔͍ͤͦ͡ ͍͎ͭͦͪͦͦ ͨͦͪΎ͒͊͟ ͙ͣ͊ͦͫͭ͡ ͨͦͯ͡;͔͊ͣ ͔ͫ͒ͯ͡Ό΅͙͔ 

͍͔͙ͯͪ͊ͤͤΎ  

ÒÏÔ Ἇ  ♫
Ἇ

♫ ÄÉÖἌ ‍
Ἄ

 
Ἄ

‍
Ἄ
 ♫

Ἇ
  ȟ  

ÄÉÖ Ἄ ♫Ͻ
Ἄ

♫ϽÒÏÔ Ἇ π ȟ               

ÒÏÔ Ἄ ♫
Ἄ

♫ ÄÉÖ Ἇ ‍
 Ἇ

  
ʀʈ

Ἇ
‍

Ἇ
♫

Ἄ
ȟ  

ÄÉÖἏ ♫Ͻ
Ἇ

♫ϽÒÏÔἌ πȢ                  

˽͔ͦͫ͡ ͫͦͪ͊͟΅͔͙ͤΎ ͙͔͙͒ͤͭ;ͤ·ͻ ;͔͍ͤͦ͡ ͙ ͔ͤͦͭͦͪ͟·ͻ ͯͨͪͦ΅͔͙͚ͤ ͨͦͯ͡;͙ͣ  

ÒÏÔ Ἇ ♫ ÄÉÖ║  
║
 ȟ   ÄÉÖ ║ ♫Ͻ

║
ÒÏÔ ╔ π , 

ÒÏÔἌ  ♫ ÄÉÖἏ ʀʈ
Ἇ

ʀʈρ ♫Ͻɳ Ἇ ♫
Ἄ
ȟ  

ÄÉÖἏ ♫Ͻ
Ἇ

ÒÏÔἌ πȢ             

˽͙͙ͪͤͣ͊Ύ ͍ͦ ͍͙͙͔ͤͣ͊ͤΣ ;ͭͦ ͍͔͙͡;͙ͤ· ÄÉÖ Ἄ ̉ ÄÉÖἏ ͎ͫͦ͊ͫͤͦ͡ ͍ͭͦͪͦͣͯ ͙ ;͔͍͔ͭͪͭͦͣͯ 

͍͔͙ͯͪ͊ͤͤΎͣ Ύ͍͡ΎΌͭͫΎ ͣ͊͡·͙ͣ ͍͔͙͡;͙͙ͤ͊ͣ ͔͍͎ͨͪͦͦ ͨͦͪΎ͒͊͟ ͨͦ ‍ ͍ ͔͍ͨͪͦͣ ͙ ͔ͭͪͭΈ͔ͣ ͍͔͙͙ͯͪ͊ͤͤ 
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ANALYSIS STABILITY CONTROL AND CALCULATING PERIODIC OSCILLATION  

OF A SINGLE-LINK FLEXIBLE MANIPULATOR 

 

Abstract 

In robot manipulators operating at high speeds, the elastic vibration of links is inevitable. The present 

paper deals with problem of analysis stability control and calcultation periodic oscillation of a single-link 

flexible manipulator. First, linearize the motion equations of flexible robot around the basic motion based on 

a Taylor expansion. Then, analyze the stability control and calculate the periodic oscillation based on Floquet 

stability theory. The proposed procedure is demonstrated and verified by the model of a flexible single-link 

manipulator. 

Keywords: 

flexible manipulator, linearization, Taylor expansion, stability control, periodic oscillation. 

 

1. Introduction 

Recently, flexible robots have been used in space technology, nuclear reactors, medical engineering, 

and many other fields. Flexibility, small volume, high speed, and low power consumption are advantages over 

rigid robots. However, the elastic displacements created by flexible links are the main cause of questions 

about position accuracy, structure stability and vibration. Some scientists have done research to solve those 

problems. However, the research results obtained are still relatively small and need to be studied further.  

Bayo et al. [1] and Asada et al. [2] have proposed two different algorithms for calculating the torques 

required to move the end effector of flexible manipulators. A brief description about the development of 

stabile and vibration analysis of flexible manipulators has been depicted here. 

The assumed mode method has been used to study the stability and vibration of flexible manipulators. 

Chiou and Shahinpoor [3] analyzed the stability limitations for force-controlled two-link flexible manipulator 

and compared it with the model considering rigid body dynamics. Poppelwell and Chang [4] determined the 

natural frequencies of single link flexible manipulator when the center of the payload does not coincide with 

manipulator end. Coleman [5] analyzed the vibration eigen-frequency of a flexible slewing beam with a 

payload attached at one end using wave propagation method. The results showed that the large frequencies 

are asymptotically identical to those for the clamped free beam independent of the payload. Li et al. [6] 

investigated the accurate modes of a flexible-link and flexible-joint manipulator. Yigit [7] investigated the 

stability of independent joint PD control for a two-link rigid-flexible manipulator. For the flexible manipulator 

investigated in this paper, the fundamental frequency is primarily influenced by the payload mass, while the 

second frequency is primarily influenced by the payload inertia.  Choura and Yigit [8] analyzed the control of 

a two-link rigid-flexible manipulator with a moving payload mass. Ata et al. [9] investigated the effect of 

different sets of initial and boundary conditions on the joints torques of two-link flexible manipulator. The 

elastic deflection for each link has been computed using the assumed mode method for four modes of 

vibration. Simulation results have been presented to analyze the effect of boundary conditions on the 

required hub torque for both the links. Ding and Shen [10] demonstrated that assumed mode method have 

a good accuracy to predict the displacement of the endpoint of the manipulator by comparing the results 

obtained by assumed mode method and absolute nodal coordinate formulation. It has been concluded that 

the AMM is not efficient for analyzing the strength of robotic manipulator.  
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Using the singular perturbation approach, X. Yang et al. [11] investigated the tracking control of a two-

link flexible manipulator by adaptive sliding mode control scheme and linear quadratic regulator control 

method. With the proposed control, the closed-loop stability under unknown disturbances has been proven. 

Using the numerical method. Kumar and Pratiher [12] investigated the free vibration of a two-link flexible 

manipulator. The eigenfrequency equation has been solved numerically to obtain the eigenspectrums of the 

system analytically. The nonlinear analysis has been accomplished to demonstrate the effect of parametric 

variation on the stability of the system. 

In this study, the linearization problem of the non-linear equations governing the motion of flexible 

manipulators in the vicinity of periodic fundamental motion is addressed. A stable control algorithm is 

proposed based on the Floquet standard, which calculates the periodic oscillation in stable cases of a single-

link flexible manipulator. 

нΦ 5ȅƴŀƳƛŎǎ ƻŦ ŀ ǎƛƴƎƭŜπƭƛƴƪ ŦƭŜȄƛōƭŜ ƳŀƴƛǇǳƭŀǘƻǊ 

нΦмΦ Fundamental motion of the flexible manipulator  

¢ƘŜ ŦǳƴŘŀƳŜƴǘŀƭ Ƴƻǘƛƻƴ ƻŦ ǘƘŜ ƳŀƴƛǇǳƭŀǘƻǊ ƛǎ ǘƘŜ ǾƛǊǘǳŀƭ ǊƛƎƛŘ ƭƛƴƪ Ƴƻǘƛƻƴ ƻŦ ǘƘŜ ƭƛƴƪ h9 ώнϐ ǎǳŎƘ ŀǎ ŦƛƎ мΦ  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 ς Single-link rigid manipulator 
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Figure 2 ς Single-link flexible manipulator 
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ŀǎǎǳƳƛƴƎ ǘƘŀǘ ǘƘŜ ŘŜŦƻǊƳŀǘƛƻƴ ƛƴ ǘƘŜ ƭƻƴƎƛǘǳŘƛƴŀƭ ŘƛǊŜŎǘƛƻƴ ƛǎ ƴŜƎƭƛƎƛōƭȅ ǎƳŀƭƭΦ [Ŝǘ ǘƘŜ ǘǊŀƴǎǾŜǊǎŜ ŘŜŦƻǊƳŀǘƛƻƴ 

ƻŦ ǘƘŜ ōŜŀƳ ōŜ ǿǊƛǘǘŜƴ ŀǎ 

          
1 1

( , ) ( ) ( ), ( ) ( )
N N

i ei E i ei
i i

w x t X x q t w X l q t
= =

= =ʝ ʝ ,                                           (10) 

ǿƘŜǊŜ ( )
ei

q t ŀǊŜ ǳƴƪƴƻǿƴ ƎŜƴŜǊŀƭƛȊŜŘ ŎƻƻǊŘƛƴŀǘŜǎ ƻŦ ǘǊŀƴǎǾŜǊǎŜ ŘŜŦƻǊƳŀǘƛƻƴΣ ( )
i

X x  ŀǊŜ ŀ ǎŜǘ ƻŦ ƳƻŘŜ 

  

   
E 

    

l 
  

x   

X 

Y 

  

   

  

Y0 

  

P 

O   X
0
 

  

E 
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ǎƘŀǇŜǎ ƻŦ ǘǊŀƴǎǾŜǊǎŜ ŘŜŦƻǊƳŀǘƛƻƴ ƻŦ ŀ ŎƭŀƳǇŜŘπ ŦǊŜŜ ōŜŀƳ ŀƴŘ b ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƳƻŘŜǎ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ 

ǘƘŜ ŘŜŦŜŎǘƛƻƴ ƻŦ ǘƘŜ ŦƭŜȄƛōƭŜ ƭƛƴƪΦ ¢ƘŜ ƳƻŘŜ ǎƘŀǇŜǎ ŀǊŜ ƎƛǾŜƴ ŀǎ ώмсϐ 

( ) cos( ) cosh( )
i i i

X x x xb b= -  

           ( )
cos cosh

sin( ) sinh( )
sin sinh

i i

i i

i i

l l
x x

l l

b b
b b

b b

+
+ - +

+
                                                     (11) 

¢ƘŜ ƪƛƴŜǘƛŎ ŜƴŜǊƎȅ ƻŦ ǘƘŜ ŦƭŜȄƛōƭŜ ƳŀƴƛǇǳƭŀǘƻǊ ǎƘƻǿƴ ƛƴ CƛƎΦ м ƛǎ ƎƛǾŜƴ ōȅ 

 2

1 1

1
( )

2E OE a
T T T T J q= + + = & + 21

2 E E
m v + 2

0

1

2

l

P
Av dxrʪ , (12) 

ǿƘŜǊŜ 
1

J  ƛǎ ǘƘŜ Ƴŀǎǎ ƳƻƳŜƴǘ ƻŦ ƛƴŜǊǘƛŀ ƻŦ ƭƛƴƪ м όƛƴŎƭǳŘƛƴƎ ǘƘŜ ƳƻǘƻǊύ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ Ǉƻƛƴǘ hΣ 
E

m  ƛǎ 

ǘƘŜ Ƴŀǎǎ ƻŦ ǘƘŜ Ǉƻƛƴǘ 9Σ Ar  ƛǎ ǘƘŜ Ƴŀǎǎ ǇŜǊ ǳƴƛǘ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ōŜŀƳΦ  

.ȅ ǎǳōǎǘƛǘǳǘƛƻƴ ƻŦ 9ǉǎΦ όтύΣ όуύΣ όфύ ŀƴŘ όмлύ ƛƴǘƻ 9ǉΦ όммύΣ ǿŜ ƻōǘŀƛƴ ǘƘŜ ƪƛƴŜǘƛŎ ŜƴŜǊƎȅ ƻŦ ǎȅǎǘŜƳ  

2 3 2 2 2 2

1

1 1 1 1
( )( ) [ ( ) 2 ]+
2 2 6 2E a E E a E E a

T J m l A l q m w q w lw qr= + + + + +& && & &  

 
2 2 2

0 0 0

1 1
( )

2 2

l l l

a a
A w dx A q w dx A q xwdxr r r+ +ʪ ʪ ʪ& && &                                  (13) 

¢ƘŜ ǎǘǊŀƛƴ ŜƴŜǊƎȅ ƻŦ ǘƘŜ ōŜŀƳ h9 ŀŎŎƻǊŘƛƴƎ ǘƻ wŜŘŘȅ ώмсϐ ƛǎ ƎƛǾŜƴ ōȅ 

 

2
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1

2

l

dh

w
EI dx

x

ʞ ʮÆ ʯʟ ʯP = ʟ ʯʟ ʯʯʟÆʠ ʰ
ʪ ,                                                                         (14) 

ǿƘŜǊŜ 9 ŀƴŘ L ƛǎ ǘƘŜ ƳƻŘǳƭǳǎ ƻŦ ŜƭŀǎǘƛŎƛǘȅΣ ŀǊŜŀ ƳƻƳŜƴǘ ƻŦ ƛƴŜǊǘƛŀ ƻŦ ǘƘŜ ōŜŀƳΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ  

.ȅ ǎǳōǎǘƛǘǳǘƛƴƎ 9ǉǎΦ όтύΣ όмлύ ŀƴŘ όммύ ƛƴǘƻ 9ǉΦ όмпύΣ ǿŜ ƻōǘŀƛƴ 

1

sin
[ sin ( ) ( )cos ]

2

N

OE a

E a i ei a

i

m gl q
m g l q X l q t q

=

P = + +ʝ  

  
1 1 1

1
cos

2

N N N

a i ei ij ei ej
i i j

g q C q EI k q qm
= = =

+ +ʝ ʝ ʝ ,                                                       (15) 

ǿƘŜǊŜ  

                          

2

0

l

i i
C X dx= ʪ ; 

2

*

0

l

ij i j
k X X dx˄˄ ˄˄= ʪ                                                                  (16) 

¢ƘŜ [ŀƎǊŀƴƎŜ Ŝǉǳŀǘƛƻƴǎ ƘŀǾŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǊƳ 

 *

j

j j j

d T T
Q

dt q q q

ʞ ʮÆ Æ ÆPʯʟ ʯʟ - = - +ʯʟ ʯʟÆ Æ Æʯʟʠ ʰ&
Σ ƧҐмΣнΣΧΣƴ Σ                                                 (17) 

where 
j

q are the generalized coordinates which include rigid body coordinete 
a

q as well elastic modal 
ei

q , 

and *

j
Q  are generalized forces.       

.ȅ ǎǳōǎǘƛǘǳǘƛƴƎ 9ǉǎΦ όмоύ ŀƴŘ  όмрύ ƛƴǘƻ 9ǉΦόмтύΣ ǿŜ ƻōǘŀƛƴ ǘƘŜ Ŝǉǳŀǘƛƻƴǎ ƻŦ Ƴƻǘƛƻƴ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ŀǎ  

2 3

1

1 1 1 1

1
[ ( ) ( ) ]

3

N N N N

E ij ei ej E i j ei ej a
i j i j

J m l Al A m q q m X l X l q q qr r
= = = =

+ + + +ʝ ʝ ʝ ʝ && 

1 1 1 1 1 1

[2 ( ) ( ) 2 ] [ ( )]
N N N N N N

E i j ij a ei ej i E i ei
i j i j i i

m X l X l A m q q q A D m l X l qr r
= = = = = =

+ + + +ʝ ʝ ʝ ʝ ʝ ʝ&& &&  



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

 

 

24 

1

[ cos ( ) sin ]
N

E a i ei a
i

m g l q X l q q
=

= - - ʝ  
1

os
sin

2

N

OE a

a i ei

i

m glc q
g q C qm

=

- + +ʝ Ű  (18) 

*

1 1 1

[ ( ) ] [ ( ) ( ) ]
N N N

E i i a E i j ij ej ij ej
j j j

m lX l AD q m X l X l A m q EI k qr r
= = =

+ + + +ʝ ʝ ʝ&& &&  

2

1 1

[ ( ) ( ) ]
N N

E i j ej ij ej a
j j

m X l X l q A m q qr
= =

- +ʝ ʝ & ( )cos cos
E i a i a

m gX l q gC qm= - - , ƛ Ґ мΣнΣΧΣbΦ (19) 

ǿƘŜǊŜ  

                   

2
l

i i

0

D = xX dxʪ ;  

2

0

l

ij i j
m X X dx= ʪ                                                      (20) 

LŦ ǿŜ ŎƘƻƻǎŜ b Ґ м ŀƴŘ ǳǎŜ ƻŦ ǎȅƳōƻƭǎ 
1e e

q q= Σ ǘƘŜ ŘƛŦŦŜǊŜƴǘƛŀƭ Ŝǉǳŀǘƛƻƴǎ ƻŦ ǘƘŜ ǎƛƴƎƭŜπƭƛƴƪ ŦƭŜȄƛōƭŜ 

ƳŀƴƛǇǳƭŀǘƻǊ ƎƛǾŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǊƳ  

1

2 3 2 2 2

1 11 1 1 1 1 1

1
[ ( ( ) )] [ ( )]

3E e E e a E e
J m l A l Am q m X l q q AD m lX l qr r r+ + + + + +&& &&

2

1 11 1 1
[2 ( ) 2 ]

E a e e
m X l Am q q qr+ + &&  

1 1

os
sin

2

OE a

a e

m glc q
g q C qm+ -  

1 1
[ cos ( ) sin ]

E a e a
m g l q X l q q= - - + Ű                                                       (21) 

 

2 2 2 2

1 1 1 1 11 1 1 1 11 1
( ) ( ) ( )

E e E a a e E a e a e
m X l q m lX l q AD q Am q m q X l q Aq m qr r r+ + + - -&& && && && & &  

*

11 1e
EIk q+

1 1
( )cos cos

E a a
m gX l q g q Cm= - -                                           (22) 

оΦ [ƛƴŜŀǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ Ƴƻǘƛƻƴ Ŝǉǳŀǘƛƻƴǎ ƻŦ ŦƭŜȄƛōƭŜ ƳŀƴƛǇǳƭŀǘƻǊ ŀōƻǳǘ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ Ƴƻǘƛƻƴ 

bƻǿ ŎƻƴǎƛŘŜǊ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ƭƛƴŜŀǊƛȊƛƴƎ Ƴƻǘƛƻƴ Ŝǉǳŀǘƛƻƴǎ ƻŦ ǘƘŜ ǎƛƴƎƭŜπƭƛƴƪ ŦƭŜȄƛōƭŜ ƳŀƴƛǇǳƭŀǘƻǊΣ ǿƘƛŎƘ 

Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǎƛƴƎƭŜ ŦƭŜȄƛōƭŜ ōŜŀƳ ǿƛǘƘ ŀ ƭƛƴƪ ŀǘ ƻƴŜ ŜƴŘ ŀƴŘ ǘƘŜ Ƙǳō ŀǎ ŀƴ ŜȄŀƳǇƭŜΦ ! ǊƛƎƻǊƻǳǎ ƳƻŘŜƭ ŦƻǊ ǘƘŜ 

ŘȅƴŀƳƛŎǎ ƻŦ ŀ ŦƭŜȄƛōƭŜ ǎƭŜǿƛƴƎ ōŜŀƳΣ ǿƛǘƘ ŀ ǊƻǘƻǊ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ Ƙǳǘ ŀƴŘ ŀ ǇŀȅƭƻŀŘ ŀǘ ǘƘŜ ŦǊŜŜ ŜƴŘ ƛǎ ǎƘƻǿƴ ƛƴ 

CƛƎΦнΦ  

¢ƘŜ ŦǳƴŘŀƳŜƴǘŀƭ Ƴƻǘƛƻƴ ƻŦ ǘƘŜ ƳŀƴƛǇǳƭŀǘƻǊ ƛǎ ŘŜǎŎǊƛōŜŘ ōȅ ( )R tq  ŀƴŘ ( )R tŰ Σ ǿƘŜǊŜ ( )R tq  ƛǎ ǘƘŜ 

ƎŜƴŜǊŀƭƛȊŜŘ ŎƻƻǊŘƛƴŀǘŜ ƻŦ ǘƘŜ ƳŀƴƛǇǳƭŀǘƻǊ 

 ( ) ( ) ( ) ( ) 0
T T

R R R R

a e a
t q t q t q tʡ ʱ ʡ ʱ= =ʢ ʲ ʢ ʲʣ ʳ ʣ ʳ

q .                                                   (23) 

ŀƴŘ ( )R tŰ  ƛǎ ǘƘŜ ǘƻǊǉǳŜ 

 ( ) 0
T T

R t ʡ ʱ ʡ ʱ= ʢ ʲ ʢ ʲʣ ʳ ʣ ʳ
R R R

a e a
Ű Ű = ŰŰ                                                          (24) 

Lƴ 9ǉǎΦ όнмύ ŀƴŘ όннύ ( )q tR

e
 ƛǎ ǘƘŜ ŜƭŀǎǘƛŎ ƎŜƴŜǊŀƭƛȊŜŘ ŎƻƻǊŘƛƴŀǘŜΣ ŀƴŘ ( )R

e
tŰ  ƛǎ ǘƘŜ ŜƭŀǎǘƛŎ ǘƻǊǉǳŜ ƻŦ ǘƘŜ 

ǾƛǊǘǳŀƭ ǊƛƎƛŘ ƭƛƴƪΦ 

¢ƘŜ ŘƛŦŦŜǊŜƴǘƛŀƭ Ŝǉǳŀǘƛƻƴǎ ƻŦ ǘƘŜ ǎƛƴƎƭŜπƭƛƴƪ ŦƭŜȄƛōƭŜ ƳŀƴƛǇǳƭŀǘƻǊ όнмύ ŀƴŘ όннύ Ŏŀƴ ōŜ ŜȄǇǊŜǎǎŜŘ ƛƴ ǘƘŜ 

ŦƻƭƭƻǿƛƴƎ ƳŀǘǊƛȄ ŦƻǊƳ 

 ( ) ( , ) ( ) ( )t+ + =M q q C q q q g q&& && Ű                                                    (25) 

ǿƘŜǊŜ ,q q& ŀƴŘ q&& ŀǊŜ ǾŜŎǘƻǊǎ ƻŦ ƎŜƴŜǊŀƭƛȊŜŘ ǇƻǎƛǘƛƻƴΣ ǾŜƭƻŎƛǘȅ ŀƴŘ ŀŎŎŜƭŜǊŀǘƛƻƴ ǾŀǊƛŀōƭŜǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅ 
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                 ,
T

a e
q qʡ ʱ= ʢ ʲʣ ʳ

q ,  ( ) ( ), ( ) ( ), 0
T T

a e a
t t t tʡ ʱ ʡ ʱ=ʢ ʲ ʢ ʲʣ ʳ ʣ ʳ

= Ű Ű ŰŰ .                                       (26) 

[Ŝǘ 
a

qD ŀƴŘ 
e

qD ŀǊŜ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǊŜŀƭ Ƴƻǘƛƻƴ( )tq ŀƴŘ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ Ƴƻǘƛƻƴ ( )R tq Σ 

ǿŜ ƘŀǾŜ 

 
1

( ) ( ) ( ) ( ) ( )R R

a a a a
q t q t q t q t y t= + D = +                                                    (27) 

 
2

( ) ( ) ( ) ( )R

e e e
q t q t q t y t= + D =                                                             (28) 

Where  
1

y  and 
2

y  are called the additional motion or the perturbed motion. Similarly, we have 

 ( ) ( ), ( ) ( ), 0
T T

a e a
t t t tʡ ʱ ʡ ʱ=ʢ ʲ ʢ ʲʣ ʳ ʣ ʳ

= Ű Ű ŰŰ                                                             (29) 

By substituting Eqs. (25), (26) into Eq. (25) and using Taylor series expansion around fundamental 

motion, then neglecting nonlinear terms, we obtain the system of linear differential equations with time-

varying coefficients for the single-link flexible manipulator as follows [17] 

  

 ( ) ( ) ( ) ( )
L L L L

t t t t+ + =&& &M y C y K y h  .                                                    (30) 

The matrices ( ), ( ), ( )
L L L

t t tM C K  and vector ( )
L

th  of the linear differential equations (30) have 

the following forms 

 

2 2

1 1 1

2

1 1 1 11

1
( )

( ) 3
( )

E OE E
L

E E

J m l m l AD m lX l
t

m lX AD m X l Am

r

r r

ʡ ʱ
ʢ ʲ+ + +
ʢ ʲ=
ʢ ʲ

+ +ʢ ʲ
ʣ ʳ

M                                              (31) 

 
0 0

( )
0 0L

t
ʡ ʱ
ʢ ʲ= ʢ ʲ
ʢ ʲʣ ʳ

C                                                                                   (32) 

                                              11 12

21 22

( )
L

k k
t

k k

ʡ ʱ
ʢ ʲ= ʢ ʲ
ʢ ʲʣ ʳ

K                                                                                    (33)   

  

where   

               

11

12 21 1 1

2 2 2 *

22 1 11 11

sin ( )
sin ( ) ,

2
( ) sin ( ) sin ( ) ,

[ ( )] ( ) [ ( )] .

R

R OE a

a E

R R

E a a

R R

E a a

m gl q t
k l q t m g

k k m gX l q t g q t C

k m q t X l A q t m EIk

m

r

= - -

= = - -

= - - +& &

  (34) 

and   

         
1 1 1 1

0
( )

( ) cos ( ) cos ( ) ( ) ( )R R R RL

E a a E a a

t
m gX l q t g q t C m lX q t AD q tm r

ʡ ʱ
ʢ ʲ= ʢ ʲ- - - -ʢ ʲʣ ʳ

&& &&
h

 

(35) 

where fundamental motion ( )R

a
q t is given by Eq. (4) and constants *

1 1 1 11 11
, , , ,C D X m k  are determined by 

Eqs. (11), (16) and (20). It should be noted that the matrices ( ), ( ), ( )
L L L

t t tM C K  and vector ( )
L

th  are 

time-periodic with least period T.  

The calculating parameters of the considered manipulator are listed in Tab. 1. 
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Table 1 

 Parameters of the manipulator 

Parameters of the model Variable and Unit Value 

Length of link l (m)
 

0.9 

Sectional area of beam A (m2) 410-
 

Density of beam r
 
(kg/ m3) 2700 

Inertial moment of sectional area of beam I (m4) = bh3/12 102.08334 10-ˇ  

Modulus E (N/ m2) 107.11 10ˇ  

Mass moment of inertia of link 1 (including the motor) ( )2

1
kg.mJ  55.86 10-ˇ  

Mass of payload 
E

m   (kg) 0.1 

 

It follows from the parameters in Tab. 1 that 

 
1 1

*

11 11 1

0.7046317896, 0.4607100845,

0.8998501520, 16.95515100, 2

C D

m k X

= - = -

= = = -
                               (36) 

4.  Analysis stability control of flexible manipulator  

 Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ t5 ŎƻƴǘǊƻƭƭŜǊ ŀǇǇƭƛŜŘ ƻƴ ǘƘŜ ƛƴǇǳǘ ƭƛƴƪ Ŏŀƴ ōŜ ǎŜƭŜŎǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 

ŦƻǊƳǳƭŀ 

 
1 1 1 1 1 1
( ) ( )R R

a d p d p
k q q k q q k y k yD = - - = - -

a a a a
- -Ű & & &                                       (37) 

¢ƘŜ ƭƛƴŜŀǊƛȊŜŘ Ŝǉǳŀǘƛƻƴ ŀŎŎƻǊŘƛƴƎ ǘƻ 9ǉΦ όолύ ƴƻǿ ǘŀƪŜǎ ǘƘŜ ŦƻǊƳ  

 ( ) ( ) ( ) ( )
L L L L D P

t t t t - -&& & &M y + C y + K y = h K y K y ,                                       (38) 

Where
D

K and 
P

K  are diagonal matrices with elements on the diagonal, they are positive numbers 

as shown in the following equation  

 
ʡ ʱ ʡ ʱ
ʢ ʲ ʢ ʲ= =ʢ ʲ ʢ ʲ
ʢ ʲ ʢ ʲʣ ʳ ʣ ʳ

1 1

0 0
;

0 0 0 0

d p

D P

k k
K K .                                                              (39) 

From Eqs. (38) and (39) we obtain  

 
( ) [ ( ) ] [ ( ) ] ( )

L L D L P L
t t t t+ +&& &M y + C K y + K K y = h                                        (40) 

Eq. (40) can then be written in the form 

 
( ) ( ) ( ) ( )1 1 1 1

( ) ( ) ( ) ( )
L L L L

t t t tM y + C y + K y = h&& &                                                   (41) 

where 

  

( )1
( ) ( )

L L
t t=M M  , 

( )1
( ) ( )

L L P
t t= +K K K , 

( )1
( ) ( )

L L D
t t= +C C K ,  

( )1
( ) ( )

L L
t t=h h  (42) 

Eq. (38) can then be expressed in the compact form as 

                                                                                 (43) 

where we use the state variable x  

                                                                             (44) 

and the matrix of coefficients P(t), vector f(t) are defined by 

( ) ( )t t= +x P x f

,
è ø è ø
= =é ù é ù
ê ú ê ú

y y
x x

y y
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 ( )1 1 1

0 0
( ) ,

L L L L L L

t t
- - -

ʡ ʱ ʡ ʱ
ʢ ʲ ʢ ʲ= =ʢ ʲ ʢ ʲ- -ʢ ʲ ʢ ʲʣ ʳ ʣ ʳ

E
P f

M K M C M h
                                               (45) 

To study the dynamic stability conditions of flexible manipulators, we need to study the properties of 

the homogeneous linear differential system that corresponds to the differential equation (40)  

 ,                                                                                (46)      

where  is a continuous matrix with the period T. Based on the stable criteria according to the Floquet 

exponents [18], a numerical algorithm for calculating the Floquet exponents was presented in [19]. The gain 

values of the PD controller (37) are chosen so that all Floquet exponents of equation (46) have negative real 

parts and the transient oscillation time is as short as possible, the parameters of the PD controller are chosen 

as  

Case 1                                            (1) (1)
0.5 0 5 0

;
0 0 0 0P D

ʡ ʱ ʡ ʱ
ʢ ʲ ʢ ʲ= =ʢ ʲ ʢ ʲ
ʢ ʲ ʢ ʲʣ ʳ ʣ ʳ

K K   (47) 

Case 2                                           (2) (2)
10 0 20 0

;
0 0 0 0P D

ʡ ʱ ʡ ʱ
ʢ ʲ ʢ ʲ= =ʢ ʲ ʢ ʲ
ʢ ʲ ʢ ʲʣ ʳ ʣ ʳ

K K   (48) 

Case 3                                          (3) (3)
25 0 30 0

;
0 0 0 0P D

ʡ ʱ ʡ ʱ
ʢ ʲ ʢ ʲ= =ʢ ʲ ʢ ʲ
ʢ ʲ ʢ ʲʣ ʳ ʣ ʳ

K K   (49) 

Case 4                             (4) (4)
18.0423 0 3.1027 0

;
0 0 0 0P D

ʡ ʱ ʡ ʱ
ʢ ʲ ʢ ʲ= =ʢ ʲ ʢ ʲ
ʢ ʲ ʢ ʲʣ ʳ ʣ ʳ

K K   (50) 

The initial conditions for the four cases are the same selected and have the following form                                     

 0 : (0) [ 0 0 ]
2 4

Tt p p= =x                                                 (51) 

The results of calculating the Floquet exponents and simulation results of the transient oscillation are 

listed as follows.  

Case 1: With the first dataset of the gain values we have 

 
1 2

3 4

0.0886 +  0.0000i, -5.1260 +  1.0374i

-5.1260 - 1.0374i, -13.5774 +  3.1416i

l l

l l

= =

= =
                                 (52) 

  
Figure 3 ς Transient vibration of flexible manipulator 

( )t=x P x

( )tP
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Because
1

Re( ) 0l > , the transient oscillation should increase gradually, not towards 0 (Show as figure 

3).  

Case 2: With the second dataset of the gain values we have 

 
1 2

3 4

-0.4537 +  0.0000i, -11.4025 +  3.1416i

-1.2752 +  0.4580i, -1.2752 - 0.4580i

l l

l l

= =

= =
                                    (53) 

  
Figure 4 ς Transient vibration of flexible manipulator 

 

From the figure 4 we see that transient oscillation of flexible manipulator decreases to 0 in about 5 

seconds 

Case 3: With the third dataset of the gain values we have 

 
1 2

3 4

-11.9539 +  0.0000i, -0.8047 +  0.0000i

-0.8489 +  0.4408i, -0.8489 - 0.4408i

l l

l l

= =

= =
                                     (54) 

  
Figure 5 ς Transient vibration of flexible manipulator 

 

From the figure 5 we see that transient oscillation of flexible manipulator decreases to 0 in about 10 

seconds 
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Case 4: With the first dataset of the gain values we have 

 1 2

3 4

7.0000 0.8488 , 7.0000 0.8488

8.3595 0.0000 , 14.8409 3.1416

i i

i i

l l

l l

= - + = - -

= - + = - +
                                         (55) 

 
Figure 6 ς Transient vibration of flexible manipulator 

 

From the figure 6 we see that transient oscillation of flexible manipulator decreases to 0 in about 1 

seconds 

From figures 3, 4, 5 and 6 we clearly see the dependence of the transient time on the selection of the 

gain values. When the gain values are selected optimally, the transient time is minimal. 

 

5. Calculating the periodic oscillation of a single ς link flexible manipulator. 

 

5.1. Periodic oscillation 

In the cases of 2, 3.4, the system is stable according to Floquet standards, we go to find the periodic 

solution for the equations. 

 
( ) ( ) ( ) ( )1 1 1 1

( ) ( ) ( ) ( )
L L L L

t t t tM y + C y + K y = h&& &                                                 (56) 

 

Using the periodic solution algorithm of the system of linear differential equations of Khang et al. [19] 

we find the periodic oscillation of the system of equations (56) in the form: 

 * *

1 2
y y*

T
ʡ ʱ= ʢ ʲʣ ʳ

y                                                                          (57) 

When the system is stable then 

 è*
y y                                                                                   (58) 

 

Calculating we have the periodic solution of the equations (56) as shown in Figure 7, 8 and 9. 

From figure 7, 8 and 9 we see that periodic solution in case 4 is smallest. 

 

 

Case 2: With the first dataset of the gain values we have  
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Figure 7ς Periodic solution in case 2 

 

Case 3: With the first dataset of the gain values, we have  

  
Figure 8 ς Periodic solution in case 3 

 

Case 4: With the first dataset of the gain values, we have  

  
Figure 9 ς Periodic solution in case 4 

5.2. Approximate motion of a single ς link flexible manipulator. 
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After determining the elastic oscillation of the robot as in section 5.1, then we have the driving link 

coordinates such as: 

 1

2

( ) ( ) ( )

( ) ( )

R

a a

e

q t q t y t

q t y t

= +

=
                                                                 (59) 

Now, the elastic displacement at the end point such as: 

 
1 2

( , ) ( ) ( )w l t X l y t=                                                                         (60) 

Then, the motion of end point E to given as 

 cos ( ) ( , ) sin ( )
E a a

x l q t w l t q t= -                                                             (61) 

   sin ( ) ( , ) cos ( )
E a a

y l q t w l t q t= +                                                            (62) 

Cucalating by Matlab we obtain the motion of end point as shown in Figure 10, 11, 12. 

Case 2: With the first dataset of the gain values, we have 

  
Figure 10 ς Motion of end point in case 2 

 

Case 3: With the first dataset of the gain values, we have 

  
Figure 11 ς Motion of end point in case 3 
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Case 4: With the first dataset of the gain values, we have  

  
Figure 12 ς Motion of end point in case 4 

 

From figure 10, 11 and 12 we see that motion of end point in case 4 is the smallest deviation from the 

fundamental motion. 

6. Conclusions 

In the present paper, the linearization problem of the equation of motion of flexible manipulators in 

the vicinity of a fundamental motion is addressed. The control problem for error dynamics, which is described 

by linear differential equations with time-periodic coefficients, was investigated. The stability control 

problem based on Floquet standards has been performed. The approximate periodic oscillation of the robot 

arm is then determined. 

Through numerical simulation, the efficiency and usefulness of the proposed algorithm were 

demonstrated as well as the problem and further issues.  
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BRAND TRUST AND BIOSECURITY: THE STRATEGIC CONVERGENCE OF MARKETING  

AND SANITARY EXPERTISE IN DAIRY VALUE CHAINS 

 

Abstract 

The dairy sector operates under stricter physiological and regulatory constraints than almost any other 

department of agribusiness. Milk and its derivatives are highly unstable, perishable, and serve as optimal 

breeding grounds for microbiological pathogens. This article explores the symbiotic connection between 

Dairy Marketing Strategies and Sanitary-Veterinary Expertise. By examining cold-chain fluid logistics, 

chemical and microbiological screening frameworks, consumer psychology regarding food safety, and 

advanced digital validation systems, this study outlines how rigorous sanitary metrics serve as the primary 

engine for brand equity and international market access. 

Keywords:  

dairy marketing, sanitary expertise, milk safety, pasteurization, somatic cell count,  

HACCP, traceability, cold-chain logistics. 

 

Introduction 

Milk is globally recognized as a foundational nutritional commodity, yet it presents unique challenges 

to industrial supply chains. From the moment of bovine extraction, fluid milk undergoes rapid chemical and 

biological shifts. It is highly sensitive to temperature disruptions, prone to absorbing ambient odors, and 

highly vulnerable to spoilage and pathogenic contamination. 

To achieve profitability in this demanding sector, agricultural enterprises must execute highly 

synchronized marketing campaigns that align with strict food safety measures. In the modern dairy market, 

consumer purchasing decisions are no longer driven solely by price points; they are heavily influenced by 

verified health claims, purity metrics, and corporate transparency. Consequently, Sanitary Expertise is no 

longer just a legal hurdleτit has evolved into a vital marketing asset. Dairy processors who integrate rigorous 

veterinary-sanitary standards directly into their brand messaging gain a definitive edge, securing consumer 

trust and navigating international trade barriers with ease. 

1. Market Segmentation and Positioning in the Dairy Sector 

Portfolio Diversification and Shelf-Life Logistics 

Dairy marketing teams structure their product distribution models based on processing methods and 

shelf-life parameters: 

¶ High-Velocity Fluid Channels: Standard pasteurized milk relies on a strict 7- to 14-day shelf-life 

matrix. Marketing focuses on local sourcing, daily freshness, and high-turnover grocery placements. 

¶ Extended-Storage Channels: Ultra-High Temperature (UHT) milk, aged cheeses, and powdered milk 

formulas operate on multi-month lifecycles. Marketing strategies shift toward bulk distribution, export 

channels, and long-term storage convenience. 

Capitalizing on Wellness and Transparency Trends 

As functional nutrition becomes a major driver of consumer behavior, marketing frameworks rely 
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heavily on certified product attributes to justify premium pricing. Brands achieve market differentiation by 

promoting distinct production methods, including: 

¶ A2 Beta-Casein Certification: Targeting consumers who experience digestive issues with standard 

dairy products. 

¶ Grass-Fed and Animal Welfare Verification: Appealing to ethically minded demographics willing to 

pay a premium for verified open-pasture farming methods. 

¶ Organic and Antibiotic-Free Seals: Reassuring parents and health-conscious buyers that the product 

is free from synthetic chemical residues. 

2. The Mechanics of Dairy Sanitary Expertise 

Sanitary expertise serves as the ultimate gatekeeper, using rigorous biochemical and laboratory testing 

to ensure that milk products are safe for public consumption before they enter retail distribution networks. 

Advanced Pathogen and Adulteration Screening 

In addition to routine reception checks, processing lots undergo detailed testing to identify dangerous 

foodborne pathogens and illegal volume-padding agents: 

¶ Pathogen Detection: Utilizing Polymerase Chain Reaction (PCR) assays to confirm the absolute 

absence of Listeria monocytogenes, Salmonella enterica, and Campylobacter jejuni. 

¶ Adulteration Screening: Utilizing Fourier-Transform Infrared (FTIR) spectroscopy to screen for fraud, 

checking for unauthorized additives like industrial melamine, added water, or non-dairy fats used to 

artificially inflate protein and fat readings. 

3. Hazard Analysis Critical Control Points (HACCP) in Dairy Processing 

To consistently maintain regulatory compliance, processing facilities install dedicated Critical Control 

Points (CCPs) along the production line to halt potential contamination events in real time. 

1. Thermal Processing [CCP 1]: Fluid milk passes through High-Temperature Short-Time (HTST) 

pasteurization units (72C for 15 seconds). Automated sensors track temperature parameters; if the heat 

drops even slightly, the system instantly diverts the milk back for re-pasteurization. 

2. Post-Pasteurization Cooling [CCP 2]: Pasteurized milk must be rapidly chilled down to 4C within 

seconds to prevent heat-shocked bacterial spores from regenerating. 

3. Hermetic Packaging [CCP 3]: Automated filling lines must operate within sterile, closed 

environments to prevent airborne microbes from re-contaminating the purified milk during bottling. 

4. Mitigating Trade Vulnerabilities and Non-Tariff Barriers 

In international commerce, sanitary regulations function as highly protective barriers. Because dairy 

products can carry zoonotic diseases such as Brucellosis and Foot-and-Mouth Disease (FMD), importing 

countries enforce strict biosecurity standards. 

If a exporting nation suffers a disease outbreak or fails a routine border safety inspection, importing 

authorities can issue immediate trade halts. For dairy exporters, a single contamination recall damages 

international brand equity within hours, leading to immediate warehouse product loss, canceled retail 

contracts, and decades of reputational harm. 

5. Blockchain and QR Serialization: Trust Automation 

The ultimate convergence of dairy marketing and sanitary validation is realized through modern Digital 

Traceability Architecture. By utilizing immutable blockchain ledgers and unique, package-specific QR codes, 

dairy companies link farm-level agricultural metrics directly with retail consumers. 

This integrated digital setup delivers dual-channel value: 

¶ Sanitary Precision: If a regional pathogen outbreak occurs, safety teams trace the issue back to the 

exact farm silo and production hour within minutes. This protects the wider brand by isolating recalls to a 

few specific cartons rather than wasting entire regional supply runs. 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCOGNITIO RERUMη                    ISSN (p) 2412-9489 / ISSN (e) 2542-1026                    Ѕ6 / 2026 

 

 

37 

¶ Marketing Super-Asset: Consumers scan the milk carton with a smartphone to see verified, 

unalterable data showing the cows' feeding profiles, the exact pasteurization timestamp, and the laboratory 

purity clearances. This deep transparency validates the brand's premium pricing claims and converts cold 

regulatory data into an engaging story of quality. 

Conclusion 

The economic longevity of modern dairy processing relies on the tight integration of marketing 

strategies and sanitary expertise. Because milk products carry inherent biological risks, food safety cannot be 

treated as a secondary operational task. By making laboratory purity metrics, clean cold-chain logistics, and 

HACCP compliance the central focus of consumer brand messaging, dairy producers can build bulletproof 

brand loyalty. Leveraging digital traceability to showcase verified product safety ensures dairy enterprises 

maintain market access, insulate themselves from supply disruptions, and win long-term consumer trust. 
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TRUST IN THE VALUE CHAIN: THE ALIGNMENT OF MEAT MARKETING  

AND SANITARY-VETERINARY EXPERTISE 

 

Abstract 

The commercialization of meat and poultry products requires a highly responsive strategy to manage 

extreme perishability, variable consumer psychology, and severe biological safety risks. This article analyzes 

the relationship between Meat Marketing Frameworks and Sanitary-Veterinary Expertise. By evaluating cold-

chain distribution models, livestock pathogen detection matrices, Hazard Analysis Critical Control Point 

(HACCP) packaging checkpoints, and digital traceability ledgers, this study illustrates how rigorous 

biochemical validation serves as the foundation for brand equity and international market access in the 

modern meat industry. 

Keywords: 

 meat marketing, sanitary-veterinary expertise, pathogen detection, cold-chain logistics,  

HACCP, blockchain traceability, food safety. 

 

Introduction 

Meat products represent one of the highest-value sectors in global agribusiness, yet they operate 

under intense regulatory and biological pressure. As highly unstable, moisture-rich organic commodities, raw 

meats are exceptionally vulnerable to rapid microbial spoilage, enzymatic breakdown, and pathogenic 

contamination. 

To thrive in this competitive market, meat processors must run precise marketing campaigns that align 

closely with strict biosecurity measures. Today's consumer is increasingly sensitive to food safety outbreaks, 

antibiotic usage, and livestock welfare. As a result, Sanitary-Veterinary Expertise has evolved from an 

operational legal obligation into a core marketing asset. Meat processing companies that make rigorous 

biochemical standards and clean production facilities a central part of their brand messaging gain a clear 

competitive advantage. This alignment builds lasting consumer trust and helps producers cleanly navigate 

strict international non-tariff trade barriers. 

1. Market Segmentation and Positioning Strategies 

Product Portfolio Dynamics and Shelf-Life Logistics 

Meat marketing structures its distribution channels based on processing styles, temperature-

controlled logistics, and product lifecycles: 

[ƛǾŜǎǘƻŎƪ tǊƻŎŜǎǎƛƴƎ Ҕ ώCǊŜǎƘκ/ƘƛƭƭŜŘ /ǳǘǎϐ   Ҕ IƛƎƘ-Velocity Cold-Chain (3-7 Day Window) 

                       Ҕ ώCǊƻȊŜƴ .ǳƭƪ tƻǊǘƛƻƴǎϐ Ҕ Dƭƻōŀƭ 9ȄǇƻǊǘ [ƻƎƛǎǘƛŎǎ όaǳƭǘƛ-Month Window) 

                       Ҕ ώtǊƻŎŜǎǎŜŘκ/ǳǊŜŘ aŜŀǘǎϐ Ҕ 9ȄǘŜƴŘŜŘ wŜǘŀƛƭ {ƘŜƭŦ-Life (Value-Added) 

¶ Fresh and Chilled Meat Channels: Fresh beef, pork, and poultry rely on a strict 3- to 7-day un-frozen 

window. Marketing focus is placed on local sourcing, daily retail replenishment, and premium visual 

merchandising. 

¶ Frozen Bulk Export Channels: Frozen inventory operates on multi-month lifecycles, enabling 
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international trade. Marketing strategies emphasize cold-chain resilience, container volume optimization, 

and macro-economic futures hedging. 

¶ Value-Added Processed Channels: Cured, smoked, or cooked meats (e.g., sausages, charcuterie) 

extend shelf life through preservation techniques. Marketing shifts toward taste profiles, convenience 

packaging, and high-margin brand positioning. 

Monitored Attributes as Premium Brand Drivers 

Modern meat consumers frequently look for specific, verified processing standards to guide their 

purchasing decisions. Brands create clear market differentiation by acquiring and promoting verified product 

attributes, such as: 

¶ Certified Humane and Pasture-Raised Labels: Appeals to ethical demographics by validating specific 

livestock space requirements and open-air grazing access. 

¶ Antibiotic-Free and Hormone-Free Claims: Targets health-conscious buyers concerned with the bio-

accumulation of veterinary drugs in livestock tissue. 

¶ Religious and Cultural Dietary Compliance: Acquiring recognized Halal or Kosher certifications, which 

open access to massive, loyal global consumer markets via verified slaughter methodologies. 

2. The Mechanics of Sanitary-Veterinary Expertise 

Sanitary-veterinary expertise acts as the primary shield for public health, using multi-stage laboratory 

testing to isolate and eliminate biological and chemical hazards before products reach the public. 

Ante-Mortem and Post-Mortem Inspections 

The evaluation begins long before packaging. Veterinary experts perform ante-mortem inspections at 

the stockyards to filter out animals showing signs of systemic illness, injury, or central nervous system 

disorders. Following humane slaughter, a rigorous post-mortem inspection is conducted on the lymph nodes, 

internal organs, and carcass surfaces to detect localized infections, abscesses, or systemic anomalies, 

ensuring only entirely healthy tissue proceeds to the cutting room. 

3. HACCP and Cold-Chain Engineering 

Maintaining regulatory compliance across the meat processing floor requires installing dedicated 

Critical Control Points (CCPs) under a strict Hazard Analysis Critical Control Point framework. 

Carcass Splitting/Washing [CCP 1: Antimicrobial Organic Acid Rinse] 

                           Ҕ /ƘƛƭƭƛƴƎ .ƭŀǎǘ ώ//t нΥ wŀǇƛŘ /ƻǊŜ ¢ŜƳǇ 5ǊƻǇ ǘƻ ғҐ пϲ/ϐ 

                                 Ҕ CŀōǊƛŎŀǘƛƻƴ ϧ a!t tŀŎƪŀƎƛƴƎ ώ//t оΥ Dŀǎ CƭǳǎƘ ŀƴŘ {Ŝŀƭ LƴǘŜƎǊƛǘȅϐ 

1. Antimicrobial Rinsing [CCP 1]: Harvested carcasses undergo an organic acid wash (such as a lactic 

acid spray) to dramatically reduce potential surface bacterial loads. 

2. The Chill Blast [CCP 2]: Carcasses are rapidly transferred to intensive blast chillers to bring internal 

muscle temperatures down to or lower within specific hourly windows. This rapid drop arrests the growth 

curve of mesophilic bacteria. 

3. Modified Atmosphere Packaging (MAP) [CCP 3]: During final packaging, the ambient air inside 

the tray is evacuated and replaced with a specialized gas mixture. 

Conclusion 

The long-term economic stability of modern meat processing depends on the tight alignment of 

marketing strategies and sanitary expertise. Because meat carries inherent biological risks, rigorous food 

safety cannot be treated as a secondary operational concern. By placing state-of-the-art laboratory testing, 

precise cold-chain management, and strict HACCP compliance at the very center of corporate brand 

messaging, meat producers can build unshakeable customer loyalty. Utilizing digital traceability to highlight 

verified product safety ensures meat enterprises preserve international market access, insulate themselves 

from supply chain disruptions, and win long-term consumer trust. 
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THEORY OF BEAM OSCILLATION IN THE FREQUENCY DOMAIN  

 

Annotation 

This report presents the theoretical basis of vibration of FGM beams in the frequency domain. 

Specifically, it addresses the problem of natural vibration (calculating natural frequencies and vibration 

modes); the transfer matrix or fundamental solution matrix and the dynamic stiffness matrix. The theory is 

illustrated with specific calculations: material constants, the position of the neutral axis, and the calculation 

of natural frequencies in several specific cases. 
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FGM beam, Natural frequency, Dynamic stiffness, Transfer matrix. 

 

1. Equation of motion  

  Consider a beam of length L, with a constant cross-section A b h= ³, made of FGM material with 

constant material characteristics in the longitudinal and transverse directions, varying only in height (z) 

according to the law 

           

( )
1

( ) , / 2 / 2
2

( )

b t b n

b t b

b t b

E z E E E
z

G z G G G h z h
h

zr r r r

-ë û ë ûë û
î î î î î îå õ

= + - + - ¢ ¢ì ü ì ü ì üæ ö
ç ÷î î î î î î-í ýí ý í ý

                         (1.1) 

In this formula, E is the elastic modulus, G is the shear modulus, r is the bulk density, and t and b 

denote the values of these material characteristics at the top and bottom surfaces, respectively z is the 

coordinate measured from the middle surface at a height of / 2h  from the bottom of the beam. With small 

deformation assumptions, the displacement field can still be calculated using: 

),(),();,()(),(),( 000 txwtxwtxhztxutxu =--= q ,                               (1.2) 

where is ),(0 txu , ),(0 txw  the displacement of the neutral axis, q is the angle of rotation of the cross-

section around the y-axis, 0h  is the distance from the neutral axis plane to the middle plane along the z-axis, 

and the relationship between the displacement field and the strain is given. 
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qgqe -µµ=µµ--µµ= xwxhzxu xzx /;/)(/ 000 .                                   (1.3) 

In this case, the stress-strain relationship is 

xzxzxx zGzE gytes )(;)( == .                                                      (1.4) 

Assuming the beam is subjected to a horizontally distributed load ),( txq , using Hamilton's principle, 

we can establish the equation of motion in the time domain. 

0)()( 12121111 =¡¡--¡¡- qq AIuAuI #### ; 

0)()()( 3322221212 =-¡+¡¡--¡¡- qqq wAAIuAuI #### ;                                        (1.5) 

),()(3311 txqwAwI =¡-¡¡- q## ,               

in there: 
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                       (1.6) 

In the frequency domain, equation (1.5) takes the form: 

0)()( 1212
2

1111
2 =Q¡¡+Q-¡¡+ AIUAUI ww ; 

0)()()( 332222
2

1212
2 =Q-¡-Q¡¡+Q-¡¡+ WAAIUAUI ww ;                            (1.7) 

QWAWI =Q¡-¡¡+ )(3311
2w , 

in there: 

ñ=ñ=Q
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If we include matrices and vectors 
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TT QWU },0,0{,},,{ =Q= qz ,                                                       (1.9) 

We can write the system of equations (1.7) in the form 

qCzzBzA =+¡+¡¡ .                                                              (1.10) 

2. The problem of free oscillation  

The natural oscillation of the system is determined by the equation 

0=+¡+¡¡ CzzBzA .                                                             (2.1) 

The solution of equation (2.1) can be found in the form xemdz= , in which case this equation leads to 

a system of linear algebraic equations 

0][ 2 =++ dCBA mm .                                                            (2.2) 

Equation (2.2) gives us a non-zero solution if 

0]det[ 2 =++ CBA mm .  

Expanding the characteristic equation (2.3) we get 
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In fact, this is a third-degree algebraic equation with respect to 2mh= , which always has 3 solutions 
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321 ,, hhh , so equation (2.3) will have 6 solutions. 

336,3225,2114,1 ;; hgmhgmhgm °=°=°=°=°=°= .                               (2.4) 

Therefore, we can express the general solution of equation (2.2) in the form 
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or in matrix form 
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Paying attention to the first and last two equations in (2.1) we have 
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in there: 
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At this point, with the characteristic solutions (2.4) it is easy to see: 

362514362514 ;;;;; bbbbbbaaaaaa -=-=-====                        (2.7) 

in there: 
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Using formulas (2.6), (2.7) we can rewrite equation (2.5) as follows: 

00 ),(),( dūz ww xx = ,                                                                    (2.8) 

where Tdd ),...,( 16110 =d  are the constants to be found and 
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Applying the general boundary conditions {} {} 0;0 100 == == Lxx zũzũ  to the general solution (2.8) 

with 10,ũũ  first-order differential operators for x, we get 

0)( 0 =dũw ,                                                                          (2.10) 

where the matrix )(wũ  is equal to 

ù
ú

ø
é
ê

è
=ù
ú

ø
é
ê

è
¹

==

==

LxLx

xx

2111

020010

2221

1211
)(

ūũūũ

ūũūũ

ũũ

ũũ
ũw .                                           (2.11) 

For (2.11) to have a non-zero solution, then 

0)(det =wũ  
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Or 

0)]()()()(det[)( 21

1

221211 =-¹ - wwwww ũũũũf .                                           (2.12) 

This is the equation for determining the natural frequency and is called the frequency equation. For 

each solution of equation (2.12) ,...2,1, =kkw  we get a solution of equation (2.10), denoted k0d  as and so 

we have a natural oscillation mode. 

kkk xx 0),()( dūű w= .                                                              (2.13) 

As we know, the solution k0d  contains an arbitrary constant, which can be chosen by normalizing the 

particular form, for example. 

{ } 1),(max 0 =kk
x

x dū w ,                                                             (2.14) 

Then we obtain the standardized solution. 

3. Transmission matrix ς Frequency response 

By definition, a matrix ),( wxH  is called the transfer matrix of system (1.10) if it satisfies the equation 

3)0(];0[)0(;0 IHHCHHBHA =¡==+¡+¡¡ .                                           (3.1) 

If we denote the column vectors of the matrix ),( wxH  as 3,2,1),,( =jxj wh , then matrix equation 

(3.1) can be written as 

3,2,1;0 ==+¡+¡¡ jjjj ChhBhA ,                                                     (3.2) 
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j j . 

According to (2.8), the general solution of (3.2) can be expressed in the form jj xx dūh ),()( w= , so 

we have 

3,2,1,),0(;0),0( ==¡= jjjj edūdū ww                                          (3.3) 
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in which the symbol 
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It is easy to see that the solution of equation (3.4) has the form 

11
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--- -=+= .                                      (3.6) 

Therefore, we obtain the basic solution matrix or the transfer matrix. 
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--= xxxw .                                        (3.7) 

4. Dynamic stiffness matrix 

Consider a two-dimensional beam element made of FGM material that conforms to law (1.1). Let the 

nodal coordinates and nodal forces be denoted as follows: 
TT QMNQMNWUWU },,,,,{;},,,,,{ 222111222111 =QQ= PU ,                            (4.1) 
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in there: 
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Eliminating the constant vector d in (4.2) we get 
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Or: 
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These are the dynamic stiffness matrix and the nodal load matrix of the FGM beam element under 

consideration, respectively. 

5. Conclusion 

This report presents a general model and solution for the vibration problem of FGM beams in the 

frequency domain. Using this model, we can study the axial and bending vibrations of FGM beams 

simultaneously and accurately. Furthermore, this model allows for the development of FGM beam elements 

for studying FGM frames and trusses. 
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Annotation 

When studying robot motion, we need to know the "position and orientation" of the robot's end-
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effector (E) at all times. Often, we also need to know the robot's velocity and acceleration. The solutions to 

these problems are determined from the robot's kinematic equations. These are built on establishing 

relationships between the dynamic coordinate systems associated with each moving joint and the fixed 

coordinate system. 

Keywords: 

robot, kinematics. 

 

1. Robot forward kinematics 

 The robot's forward kinematics equations are as follows: 

1 2
...

0 0 0 1
n

n s a p
A A A

è ø
=é ù

ê ú
    (1.1) 

In this context: , ,n s a are the unit vectors indicating the axes of the coordinate system associated 

with the robot's end effector E. The components of these vectors are defined in a fixed coordinate system. 

*  p  is the vector that defines the position of the end effector point E in the fixed coordinate system. 

* ( 1,..., )
i

A i n=  this is a matrix describing the position and orientation of the i  joint relative to the 

1i-  joint. These coordinate systems are denoted by 0  to n , starting from the fixed value. 

 The matrix 
i

A  is constructed by the product of 4 matrices corresponding to the 4 basic 

transformation steps. 

( , ). (0,0, ). ( ,0,0). ( , )
i i p i p i

A R Z T d T a R xq a=      (1.2) 

This expression is called the DH (Denavit-Hartenberg) model. The rotations (R) and translations (T) in 

expression (1.2) are defined by the transformation parameters, abbreviated as the DH parameter set. 

The DH model approach for kinematic modeling proves convenient in solving robot mechanics 

problems, and is therefore widely used. 

After multiplying the aforementioned matrices, we have: 

i
A
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i i i i i i i

i i i i i i i

i i i

C S C S S aC

S C C C S a S
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                  (1.3) 

For translational joints( 0)a=  , the matrix 
i

A  takes the form: 
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i i i
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S C C C S
A

S C d

q q a q a
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   (1.4) 

For a rotating joint, the joint variation is 
i
q, while for a fixed joint, the joint variation is 

i
d . 

The matrix 
i

T  is the product of matrices 
i

A  and is the matrix describing the position and orientation 

of the coordinate system attached to the i  joint, relative to the fixed coordinate system. In the case i n= , 

where n  is the number indicating the coordinate system attached to the "end point of action" (E), then we 

have. 
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1 2
...

n n
T A A A=          (1.5) 

On the other hand, the coordinate system at this "end point of impact" is described by the matrix 
E

T . 

So it is obvious that: 

   
E n

T T=           (1.6) 

Or: 

0 0 0 1

n s a px x x x

n s a py y y y
Tn

n s a pz z z z

è ø
é ù
é ù

=é ù
é ù
é ù
ê ú

      (1.7) 

Equation (1.7) is the basic kinematic equation of the robot. 

The input data of the software program that automatically sets the kinematic equations is also the DH 

parameter set. 

2. Applying 4-joint robot computation 

The 4-joint robot has the rotation angle and dimensions shown in Figure 1. 

- Shoulder joint: 1800 

- Elbow joint: 2400 

- Wrist joint: 3600 

- Transverse joint at the wrist: 150 mm 

2.1. Determine the coordinate systems of the 4-joint robot. 

 

 
Figure 1 ς Instructions for the 4-joint robot 

 

2.2. 4-joint robot DH specifications table 

Joint 
iq  ia ia  id  

1 *

1q  0 
1a  0 

2 *

2q  180  2a  0 

3 0 0 0 *

3d  

4 *

4q  0 0 
4d  
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2.3. Determine the matrices 
i

A  of the 4-joint robot. 

1 1 1 1

1 1 1 1
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0
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0 0 1 0

0 0 0 1
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2.4. Calculate the matrices 
i

T  of the 4-joint robot. 
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2.5. 4-joint robot kinematic equations 
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    (2.10) 

We have implemented the following program: 
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THE DUAL NEXUS: MARKET INTEGRATION AND SANITARY EXPERTISE IN AGRICULTURAL VALUE CHAINS 

 

Abstract 

The global trade of agricultural commodities demands a sophisticated balance between rapid market 

penetration and rigorous biological safety monitoring. This article examines the intersection of Agro-

Marketing Strategies and Sanitary and Phytosanitary (SPS) Expertise. By analyzing supply chain logistics, the 

economic impact of non-tariff barriers, the execution of veterinary-sanitary examinations, and digital 

traceability architectures, this study establishes a comprehensive framework for optimizing agricultural 

distribution networks while ensuring absolute consumer biosecurity. 

Keywords:  

agro-marketing, sanitary expertise, phytosanitary compliance, HACCP, food safety,  

supply chain logistics, traceability. 

 

Introduction 

Modern agricultural systems operate within a highly volatile environment. Unlike manufactured 

goods, agricultural products are perishable, seasonally dependent, and highly susceptible to biological 

contamination. Maximizing profitability in this sector requires advanced marketing frameworks capable of 

managing volatile supply scales and consumer behavior shifts. 

However, aggressive marketing and rapid distribution cannot exist in a vacuum. The speed of 

contemporary logistics increases the risk of spreading foodborne pathogens, chemical contaminants, and 

invasive agricultural pests across borders. Therefore, Sanitary and Phytosanitary Expertise serves as both a 

regulatory gatekeeper and a marketing asset. True value optimization occurs when rigorous food safety 

metrics are seamlessly integrated into the commercial branding, pricing, and distribution strategies of 

agricultural enterprises. 

1. Strategic Agro-Marketing Dynamics 

Market Segmentation and Perishability Logistics 

Agricultural marketing relies heavily on cold-chain logistical efficiency. Products are segmented into 

distinct commercial categories, each requiring a specialized market approach. 

To maintain product value, marketing teams use Dynamic Pricing Optimization models. These systems 

automatically adjust price points based on real-time shelf-life tracking data, historical local demand curves, 

and local climate shifts. This data-driven approach minimizes product loss and optimizes revenue velocity 

before spoilage occurs. 

Branding Through Quality Assurances 

In modern consumer spaces, product transparency has become a primary differentiator. Marketing 

campaigns leverage official health, safety, and geographical certifications as core brand assets: 

¶ Protected Designation of Origin (PDO): Capitalizes on regional heritage and specific soil-climate 

attributes to command premium prices. 

¶ Certified Organic & Non-GMO Seals: Target high-income demographics willing to pay premium 
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prices for verified production methods. 

2. The Mechanics of Sanitary and Phytosanitary Expertise 

Sanitary expertise acts as a critical line of defense, validating that commodities are safe for human 

consumption and free of eco-system threats before they enter commercial channels. 

Toxicological and Pathogen Screening 

Expert safety inspection teams perform systematic chemical and microbiological testing on incoming 

lots. This process isolates risk factors across three primary contamination areas: 

Hazard Analysis Critical Control Point (HACCP) Implementation 

Sanitary compliance relies on the strict application of HACCP frameworks throughout processing 

plants. Inspectors systematically map out Critical Control Points (CCPs)τspecific stages in production where 

contamination risks can be actively prevented, eliminated, or reduced to acceptable safety levels. 

By continuously monitoring indicators like pasteurization temperatures and processing-line acidity 

levels, facilities catch potential contamination events before products leave the factory floor. 

3. The Commercial Impact of Sanitary Trade Barriers 

In international economics, sanitary regulations can function as non-tariff barriers to trade. The World 

Trade Organization (WTO) enforces the SPS Agreement, which dictates that safety standards must be built 

on sound scientific principles rather than protectionist economic goals. 

When a country detects an infectious outbreakτsuch as Bovine Spongiform Encephalopathy (BSE) or 

Highly Pathogenic Avian Influenza (HPAI)τimporting nations immediately issue trade bans. For agricultural 

exporters, a single failure in sanitary monitoring can result in total market exclusion, causing immediate 

financial losses, supply gluts, and long-term damage to the nation's agricultural reputation. 

4. Digital Traceability: Unifying Safety and Marketing 

The ultimate integration of marketing strategy and sanitary expertise is achieved through modern 

Digital Traceability Frameworks. Utilizing immutable blockchain ledgers and secure QR code labeling, 

agricultural enterprises map the entire journey of a product from the field to the retail shelf. 

This transparent digital architecture delivers dual-channel value: 

1. Sanitary Functionality: If a contamination event occurs, recall teams can instantly trace the 

affected batch back to its exact farm plot and processing hour. This prevents blanket food recalls and isolates 

consumer risk within minutes. 

2. Marketing Value: Consumers scan the package's QR code on their smartphones to view verified 

data regarding harvest dates, soil quality metrics, water usage efficiency, and official chemical safety 

clearance certificates. This level of transparency builds deep brand trust and commands higher customer 

loyalty. 

Conclusion 

The financial sustainability of modern agriculture depends on the successful alignment of marketing 

velocity and sanitary safety. By treating sanitary expertise not as a regulatory burden, but as a core pillar of 

quality assurance, agricultural brands can insulate themselves from supply chain disruptions and regulatory 

trade penalties. As digital traceability networks become the global standard, the integration of food safety 

metrics into commercial marketing strategies will remain the decisive factor in securing international market 

access and long-term consumer trust. 
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THE ALGORITHMIC ENGINE: STRUCTURAL ARCHITECTURES, DECENTRALIZED NETWORKS, 

 AND COGNITIVE CAPITAL IN THE DIGITAL ECONOMY 

 

Abstract 

The global macroeconomic landscape is undergoing a fundamental structural transition, shifting from 

legacy industrial asset allocation to an ecosystem dictated by data velocity, computational automation, and 

decentralized network topologies. This article examines the core mechanisms driving the modern Digital 

Economy. By evaluating the programmatic monetization of data infrastructure, the architectural integration 

of Decentralized Finance (DeFi) and asset tokenization, the transition toward machine-to-machine (M2M) 

autonomous commerce, and the shifting dynamics of cognitive human capital, this study provides an 

advanced framework for understanding the systemic transformations rewriting global productivity. 

Keywords: 

Digital Economy, Hyper-Scale Data Platforms, Decentralized Finance (DeFi), Tokenization, Autonomous 

Commerce, Cognitive Capital, Machine-to-Machine (M2M), Network Effects. 

 

Introduction 

The classical economic modelτbuilt on physical land, manual labor, and industrial capitalτis no longer 

the exclusive driver of global value creation. In its place, the Digital Economy has emerged as a hyper-

connected, programmatic framework where value is generated, distributed, and compounded through 

digital bits rather than physical atoms. 

Unlike traditional physical commodities, which face diminishing returns due to scarcity, digital assets 

operate under a model of near-zero marginal cost reproduction and compounding returns driven by network 

dynamics. This shift does not simply add a digital layer to old economic systems; it rewrites the fundamental 

rules of market access, corporate structures, and sovereign financial oversight. This article breaks down the 

technical, financial, and structural pillars that define this new global computational marketplace. 

1. The Architectural Pillars of Digital Commerce 

The modern digital marketplace is supported by a layered, interconnected technical architecture that 

transforms raw user activity and processing power into programmatic economic value. 

Hyper-Scale Data Infrastructure and the Feedback Loop 

At the foundational level, the digital economy relies on cloud computing, edge networks, and massive 

distributed server systems. This physical infrastructure powers a continuous data feedback loop that serves 

as the primary engine for modern corporate growth: 

By processing vast pools of real-time behavioral metrics through advanced machine learning pipelines, 

digital platforms can predict and influence consumer choices with extreme accuracy. This process turns data 

into a distinct form of capital assetτone that grows more valuable as more users interact with the system. 

Platform Economics and the Network Multiplier Effect 

Modern digital enterprises leverage Platform Economics to act as decentralized matchmakers between 
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supply and demand. By building multi-sided digital marketplaces, these companies enjoy exponential 

expansion driven by direct and indirect network multiplier effects: 

As new users join a digital ecosystem, the utility of the network scales exponentially for all existing 

participants. This unique dynamic creates strong winner-take-all market environments, where leading 

platforms secure massive market dominance by keeping user acquisition costs incredibly low compared to 

legacy physical businesses. 

2. Tokenization, Programmable Money, and DeFi Architecture 

The financial layer of the digital economy is moving away from centralized clearing houses toward 

automated, cryptographically secured ledgers that operate continuously on a global scale. 

Asset Tokenization and Fractionalization 

One of the most significant shifts in modern finance is the transformation of traditional assets into 

digital tokens on distributed ledgers. Asset Tokenization converts ownership rights of real-world assets (such 

as real estate, fine art, or corporate bonds) into digital tokens. 

This fractionalization splits high-value, illiquid assets into thousands of individual digital tokens. By 

removing expensive intermediary brokers and automating compliance through smart contracts, tokenization 

opens up access to global capital pools, lowers investment thresholds, and introduces 24/7 liquidity to 

traditionally slow-moving asset classes. 

3. The Autonomous Economy: M2M Commerce and Generative AI 

The digital economy is entering its next structural phase: the transition from human-mediated 

transactions to autonomous, machine-to-machine (M2M) commercial networks powered by Generative AI 

and advanced automation. 

Machine-to-Machine (M2M) Microtransactions 

As Internet of Things (IoT) sensors and edge devices integrate deeper into supply chains, machines are 

becoming active, independent economic agents. In an autonomous manufacturing facility, an IoT-enabled 

assembly node can independently monitor its own mechanical wear, connect to an open API vendor 

marketplace, negotiate pricing terms with a parts supplier, and execute an encrypted micropayment using 

stablecoinsτall without human oversight. This slashes operational friction and allows logistics and 

manufacturing networks to self-optimize in real time. 

Generative AI as an Operational Orchestration Layer 

Generative Artificial Intelligence has moved past simple content creation to become a dynamic 

operational engine that automates complex corporate workflows: 

¶ Dynamic Code Synthesis: Software engineering platforms use AI agents to write, test, and deploy 

code autonomously, significantly accelerating software development lifecycles. 

¶ Algorithmic Procurement: Enterprise AI agents analyze macro supply chain data, identify shifting 

geopolitical risks, and automatically restructure corporate purchasing contracts to secure optimal pricing and 

material delivery schedules. 

¶ Hyper-Personalized Customer Journeys: Real-time translation and customized generation pipelines 

adapt corporate interfaces to match the specific cultural, linguistic, and emotional profile of individual 

consumers instantly. 

4. Human Capital Transformation: The Shift to Cognitive Specialization 

As routine cognitive tasks and manual workflows become fully automated, the value of human labor 

is shifting toward highly specialized, creative, and strategic domains. 

In the digital economy, the primary asset of human capital is no longer speed or repetitive accuracy, 

but algorithmic literacy and system design expertise. Workers must pivot away from transactional tasks 

toward higher-level responsibilities, such as managing complex AI agent frameworks, designing 
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cryptographic security models, and guiding ethical boundaries for automated systems. This rapid transition 

demands a continuous learning model, where adaptability and systemic thinking serve as the ultimate shields 

against professional obsolescence. 

Conclusion 

The Digital Economy represents a profound restructuring of human productivity and value distribution. 

By replacing the constraints of physical scarcity with the compounding dynamics of network multiplication, 

computational automation, and decentralized finance, this new paradigm challenges centuries of established 

economic theory. The enterprises and nations that achieve long-term economic resilience will be those that 

view data not merely as a record of historical transactions, but as a dynamic capital asset. As autonomous 

machine commerce matures and asset tokenization redefines investment liquidity, the integration of 

algorithmic efficiency and programmatic safety will remain the decisive factor in securing global market 

leadership and lasting economic stability. 
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Abstract 

The global economic landscape is undergoing a structural shift, moving away from classic industrial 

paradigms toward an advanced model of value creation: the Data-Synthesized Value Network. Driven by 

rapid data processing, decentralized computational protocols, and automated machine learning intelligence, 

this network alters traditional economic mechanics. This article analyzes the technical and structural 

components of this shifting system. By evaluating the monetization of hyper-scale platform architectures, 

the deployment of programmable finance via fractionalized token assets, the rise of machine-to-machine 

(M2M) commerce, and the changing demands on cognitive human capital, this study provides an academic 

framework for navigating modern market productivity. 
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Introduction 

For centuries, classical economic models classified land, labor, and industrial equipment as the 

foundational drivers of productivity. In the contemporary market, however, these tangible inputs are 

increasingly guided by a faster, digital framework: the Data-Synthesized Value Network. Within this 

environment, economic worth is created, scaled, and captured through programmable code rather than raw 

physical assets. 

Unlike physical commodities, which are subject to supply depletion and depreciation, digital data 

assets operate under near-zero marginal cost reproduction and scale exponentially through network 

dynamics. This transition does not simply overlay digital tools onto old business workflows; it alters the core 

mechanics of market accessibility, corporate governance, and fiscal oversight. This article explores the 

technical foundations, decentralized infrastructure, and structural changes defining this automated global 

marketplace. 

1. Structural Architecture of the Bitstream Network 

The modern automated marketplace is built on a layered, open technical pipeline that converts user 

activity, data pathways, and processing metrics into predictable financial value. 

The Predictive Machine Learning Feedback Loop 

At the foundational tier, the system depends on distributed server arrays, edge devices, and global 

fiber networks. This physical architecture drives a continuous feedback loop that acts as a primary source of 

corporate value creation: 

By streaming vast pools of user interaction metrics through specialized machine learning pipelines, 

modern systems evaluate and predict micro-consumer choices with high precision. This processing turns raw 

analytical information into a unique form of capital assetτone that naturally increases in utility as network 

usage scales. 

Platform Networks and the Multiplier Phenomenon 

Modern enterprises utilize open platform mechanics to act as friction-free coordinators between 

production and demand. By designing multi-sided digital spaces, these organizations leverage network 

effects where growth scales non-linearly: 

As new nodes connect to a data ecosystem, the net utility of the entire system increases exponentially 

for all current participants. This mathematical dynamic yields highly consolidated market spaces, where 

leading platforms secure deep operational advantages by reducing marginal user acquisition costs relative to 

traditional, asset-heavy industrial competitors. 

2. Programmable Liquidity and Cryptographic Ledgers 

The transactional infrastructure of the modern data network is transitioning from centralized banking 

centers toward open, cryptographically secured ledgers operating globally on a continuous basis. 

Asset Tokenization and Market Fractionalization 

A major evolution within contemporary finance is the conversion of traditional physical titles into 

modular cryptographic records. Asset Tokenization transforms ownership rights of real-world assets (such 

as multi-family real estate, corporate debt instruments, or shipping containers) into programmable digital 

tokens. 

This structural fractionation breaks down historically illiquid, high-capital assets into thousands of 

individual digital tokens. By eliminating third-party clearing houses and enforcing compliance parameters 
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natively within the code, tokenization opens up access to global liquidity pools, reduces investment entry 

thresholds, and enables 24/7 trading for traditionally slow-moving asset classes. 

Decentralized Finance and Automated Exchange Protocols 

Decentralized Finance (DeFi) replicates legacy investment banking mechanisms (such as borrowing, 

lending, and derivative settlement) via automated smart contracts, removing the need for traditional 

intermediary validation. 

3. The Autonomous Machine Economy 

The data network is entering an advanced phase characterized by the transition from human-directed 

transactions to independent, machine-to-machine (M2M) commerce managed by artificial intelligence 

agents and secure APIs. 

Machine-to-Machine (M2M) Microtransactions 

As Internet of Things (IoT) sensors and edge devices integrate into global logistics frameworks, 

machines are operating as independent economic actors. For example, an IoT-enabled assembly node within 

a production facility can monitor its own mechanical degradation, connect to an open API marketplace, 

negotiate purchase conditions with parts vendors, and execute an encrypted stablecoin micro-paymentτ

without human intervention. This setup minimizes processing delays and allows supply chains to adjust 

autonomously to real-time wear and resource needs. 

AI Agents as Operational System Architects 

Generative and specialized artificial intelligence has advanced beyond basic content generation to 

serve as an active orchestration layer for enterprise processes: 

¶ Dynamic Code Compilation: Software operations deploy AI agent structures to write, debug, and 

push functional code independently, reducing software deployment cycles. 

¶ Algorithmic Asset Allocation: Enterprise AI models scan macroeconomic indicators, track maritime 

logistics risks, and automatically rewrite purchasing agreements to maintain optimized raw material streams. 

¶ Hyper-Customized Consumer Frameworks: Real-time synthesis pipelines adapt software interfaces 

to match the specific cultural, linguistic, and behavioral profile of individual users instantly. 

4. Human Capital Transformation: The Cognitive Imperative 

As repetitive cognitive tasks and administrative workflows become highly automated, the market value 

of human labor is realigning toward strategic, creative, and systemic capabilities. 

Within the data-synthesized network, the primary value of human capital shifts from task execution 

speed toward algorithmic literacy and system design expertise. Personnel must shift away from routine data 

entry and transactional management toward higher-level responsibilities, such as supervising AI agent 

configurations, designing cryptographic validation protocols, and determining ethical boundaries for 

automated systems. This transition requires continuous skill development, where systemic thinking and 

adaptability serve as essential tools for professional longevity. 

Conclusion 

The Data-Synthesized Value Network represents a fundamental reorganization of economic 

productivity and wealth distribution. By replacing physical supply constraints with the accelerating dynamics 

of network multiplication, machine-led transactions, and programmable finance, this system challenges long-

standing tenets of industrial economics. Long-term market resilience will belong to the enterprises and 

nations that manage data not merely as an operational log, but as a dynamic capital asset. As machine 

commerce matures and asset tokenization alters market liquidity, the balancing of algorithmic speed with 

structural security will remain the primary determinant of global market leadership and economic stability. 
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THE ROLE OF UNIVERSITIES IN SUPPORTING YOUTH ENTERPRENEURSHIP 

 

Annotation 

This article examines the critical role that universities play in fostering youth entrepreneurship. As 

traditional job markets become increasingly competitive and uncertain, entrepreneurship offers young 

people a pathway to economic independence, innovation, and job creation. Universities are uniquely 

positioned to support youth entrepreneurship through entrepreneurship education, business incubators and 

accelerators, mentorship programs, access to funding, and experiential learning opportunities such as 

business plan competitions and internships with startups. Drawing on recent academic literature and case 

examples from leading entrepreneurial universities, the study finds that effective university support 

significantly increases entrepreneurial intention, startup survival rates, and graduates' ability to launch and 

scale new ventures. However, challenges remain, including curriculum rigidity, limited funding, and 

insufficient faculty experience. The article concludes with practical recommendations for universities seeking 

to strengthen their entrepreneurial ecosystems. 
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1. Introduction 

Youth unemployment remains a pressing global challenge. According to the International Labour 

Organization (ILO), young people are nearly three times more likely to be unemployed than adults. In this 

context, entrepreneurship has emerged as a viable alternative to traditional employment. Entrepreneurship 

enables young people to create their own jobs, generate income, and contribute to economic development. 

However, starting a business requires knowledge, skills, networks, and resources that most young people 

lack. 

Universities τ as centers of learning, research, and community engagement τ are ideally positioned 

to bridge this gap. Beyond delivering traditional degrees, modern universities increasingly recognize their 
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responsibility to prepare students for entrepreneurial careers. This article explores how universities can 

effectively support youth entrepreneurship and what impact such support has on entrepreneurial outcomes. 

2. Why Youth Entrepreneurship Matters 

Youth entrepreneurship offers multiple benefits. For individuals, it provides autonomy, income 

potential, and career flexibility. For communities, youth-led startups create jobs, introduce innovations, and 

solve local problems. For economies, youth entrepreneurship drives dynamism and reduces dependency on 

government employment. However, young entrepreneurs face unique challenges: lack of experience, limited 

access to capital, absence of professional networks, and fear of failure. Universities can address each of these 

barriers. 

3. Key Ways Universities Support Youth Entrepreneurship 

3.1. Entrepreneurship Education 

The most direct form of support is academic courses and degree programs in entrepreneurship. 

Effective entrepreneurship education goes beyond lectures. It includes case studies, guest lectures from 

successful entrepreneurs, and practical assignments such as writing business plans. Research consistently 

shows that students who complete entrepreneurship courses have higher entrepreneurial intentions and are 

more likely to start businesses within five years of graduation. 

Best practices include integrating entrepreneurship across disciplines (engineering, arts, sciences) 

rather than confining it to business schools. 

3.2. Business Incubators and Accelerators 

Many universities now host on-campus business incubators τ dedicated spaces where student 

startups receive free or low-cost office space, access to equipment, and business development support. 

Accelerators provide intensive, time-limited programs that help startups refine their business models, secure 

funding, and launch quickly. University-affiliated incubators and accelerators significantly improve startup 

survival rates compared to startups launched without such support. 

3.3. Mentorship Programs 

Access to experienced mentors is one of the strongest predictors of startup success. Universities can 

connect student entrepreneurs with faculty members, alumni entrepreneurs, and local business leaders. 

Structured mentorship programs that pair students with mentors for six to twelve months have been shown 

to increase revenue growth and reduce premature business failure. 

3.4. Access to Seed Funding 

Lack of capital is the most frequently cited barrier for young entrepreneurs. Universities can help 

through seed funding programs, business plan competitions with cash prizes, and connections to angel 

investors and venture capital firms. Some universities operate their own small investment funds specifically 

for student-led startups. 

3.5. Experiential Learning Opportunities 

Classroom learning alone is insufficient. Universities support youth entrepreneurship through: 

¶ Business plan competitions where students pitch ideas for prizes 

¶ Hackathons and startup weekends where students build prototypes in 48ς72 hours 

¶ Internships with startups providing real-world exposure 

¶ Co-op programs that alternate academic study with work in entrepreneurial settings 

Experiential learning builds confidence, practical skills, and professional networks τ all essential for 

entrepreneurial success. 

4. Evidence of Effectiveness 

Research supports the effectiveness of university entrepreneurship support. A meta-analysis found 

that students who participate in university entrepreneurship programs are 2.5 times more likely to start a 
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business than non-participants. Furthermore, university-supported startups have higher survival rates 

beyond three years compared to startups launched without such support. 

Case examples include: 

¶ Stanford University (USA): Its startup ecosystem has generated thousands of companies, including 

Google and Hewlett-Packard. 

¶ University of Cambridge (UK): Cambridge Enterprise helps students commercialize research, 

creating over 100 startups annually. 

¶ Aalto University (Finland): Its entrepreneurship society runs Europe's largest student-led startup 

event, attracting thousands of participants yearly. 

5. Challenges and Limitations 

Despite these successes, universities face significant challenges in supporting youth entrepreneurship: 

Curriculum rigidity. Traditional academic structures may not accommodate the flexible, 

interdisciplinary learning entrepreneurship requires. 

Faculty expertise gaps. Many professors lack entrepreneurial experience and cannot provide practical 

guidance. 

Limited funding. University seed funds are often too small to support ventures beyond the prototype 

stage. 

Equity and access issues. Entrepreneurship support may disproportionately benefit students from 

privileged backgrounds who have family wealth or existing networks. 

6. Recommendations for Universities 

To maximize their positive impact on youth entrepreneurship, universities should: 

1. Integrate entrepreneurship across all faculties rather than isolating it in business schools. 

2. Establish dedicated entrepreneurship centers with staff who have real-world startup experience. 

3. Create or partner with seed funds specifically for student ventures. 

4. Build formal mentorship programs connecting students with alumni and local entrepreneurs. 

5. Offer co-curricular activities (competitions, hackathons, startup weekends) alongside academic 

courses. 

7. Conclusion 

Universities play an indispensable role in supporting youth entrepreneurship. Through education, 

incubation, mentorship, funding, and experiential learning, universities equip young people with the 

knowledge, skills, networks, and confidence needed to launch and grow successful businesses. While 

challenges remain τ including curriculum inflexibility, limited resources, and access inequities τ the 

evidence clearly demonstrates that effective university support significantly increases entrepreneurial 

intention and startup success rates. As youth unemployment continues to challenge economies worldwide, 

investing in university-based entrepreneurship support is not merely beneficial τ it is essential. 
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Annotation 

This academic article examines the transformative role of innovative advertising and marketing 

strategies within private enterprises and evaluates their direct impact on customer engagement. In an 

increasingly digital and hyper-competitive marketplace, traditional outbound marketing methods have 

declined in effectiveness. This study analyzes five key innovative strategies τ digital content marketing, 

influencer marketing, personalization through artificial intelligence (AI), gamification, and experiential 

marketing τ and their respective effects on behavioral, emotional, and cognitive engagement. Drawing upon 

existing theoretical frameworks (uses and gratifications theory, engagement theory) and empirical case 

studies, the article demonstrates that private enterprises that adopt data-driven, interactive, and value-

oriented strategies experience significantly higher levels of customer retention, brand loyalty, and active 

participation. The findings suggest that innovation in marketing is not optional but essential for sustainable 

customer engagement in the 21st-century economy. 
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1. Introduction 

The rapid evolution of digital technologies and changing consumer expectations have fundamentally 

reshaped the advertising and marketing landscape. Private enterprises τ ranging from small and medium-

sized businesses (SMEs) to large corporations τ are under constant pressure to differentiate themselves 

from competitors. Traditional mass-media advertising (television, radio, print) is no longer sufficient to 

capture and retain consumer attention. Instead, innovative strategies are required to foster deep, 

meaningful customer engagement. 

Customer engagement is defined as the emotional, psychological, and behavioral connection between 

a customer and a brand. Engaged customers are more likely to make repeat purchases, recommend the 

brand to others, and forgive occasional service failures. Therefore, understanding how innovative marketing 

strategies drive engagement is of paramount importance for private enterprises. 

This article addresses the following research question: How do innovative advertising and marketing 

strategies in private enterprises influence customer engagement? The scope includes both digital and 

physical innovation strategies. 

2. Literature Review 

2.1. From Traditional to Innovative Marketing 

Traditional marketing followed the "AIDA" model (Attention, Interest, Desire, Action) using one-way 
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communication. In contrast, innovative marketing emphasizes two-way interaction, personalization, and 

value co-creation. According to Kotler and Keller (2016), modern marketing shifts from "interruption" to 

"engagement." 

2.2. Customer Engagement Theory 

Customer engagement (CE) goes beyond satisfaction and loyalty. Brodie et al. (2011) conceptualized 

CE as a psychological state that occurs through interactive customer experiences. Key dimensions include: 

¶ Cognitive engagement (thinking about the brand) 

¶ Emotional engagement (feeling connected) 

¶ Behavioral engagement (actions such as sharing, commenting, purchasing) 

2.3. The Role of Innovation 

Innovation in advertising includes new media, new message formats, and new ways of targeting. 

Private enterprises that innovate can break through clutter and create memorable brand interactions. 

3. Key Innovative Advertising and Marketing Strategies 

Based on contemporary academic and industry sources, five strategies have emerged as particularly 

influential. 

3.1. Digital Content Marketing 

Content marketing involves creating and distributing valuable, relevant, consistent content (blogs, 

videos, podcasts, infographics) to attract and retain a clearly defined audience. Private enterprises using 

content marketing report higher engagement metrics: longer website visits, more social shares, and 

increased trust. 

Example: A private fitness brand sharing free workout videos and nutrition guides generates 

engagement without direct selling. 

3.2. Influencer Marketing 

Influencer marketing leverages individuals with dedicated social followings to promote products. 

Unlike celebrity endorsements, micro-influencers (10,000ς100,000 followers) often achieve higher 

engagement rates due to perceived authenticity. Research indicates that influencer marketing can increase 

purchase intent by up to 5 times compared to traditional ads. 

3.3. Personalization and Artificial Intelligence (AI) 

AI-driven personalization uses data on browsing history, past purchases, and demographics to deliver 

tailored advertisements, product recommendations, and email content. Private enterprises such as Amazon 

and Netflix have set standards for personalization, resulting in increased click-through rates (CTR) and 

customer lifetime value (CLV). 

3.4. Gamification 

Gamification applies game-design elements (points, badges, leaderboards, challenges) to non-game 

contexts. In marketing, gamification enhances engagement by triggering intrinsic motivation. Examples 

include loyalty programs with tiered rewards, interactive quizzes, and augmented reality (AR) scavenger 

hunts. 

4. Influence on Customer Engagement: Mechanisms and Evidence 

Each innovative strategy influences engagement through specific mechanisms: 

{ǘǊŀǘŜƎȅ tǊƛƳŀǊȅ 9ƴƎŀƎŜƳŜƴǘ 5ƛƳŜƴǎƛƻƴ aŜŎƘŀƴƛǎƳ 

/ƻƴǘŜƴǘ ƳŀǊƪŜǝƴƎ /ƻƎƴƛǝǾŜ ϧ 9Ƴƻǝƻƴŀƭ tǊƻǾƛŘƛƴƎ ǾŀƭǳŜΣ ŜŘǳŎŀǝƻƴΣ ŜƴǘŜǊǘŀƛƴƳŜƴǘ 

LƴƅǳŜƴŎŜǊ ƳŀǊƪŜǝƴƎ 9Ƴƻǝƻƴŀƭ ϧ .ŜƘŀǾƛƻǊŀƭ {ƻŎƛŀƭ ǇǊƻƻŦΣ ǘǊǳǎǘ ǘǊŀƴǎŦŜǊΣ ƛƳƛǘŀǝƻƴ 

!L ǇŜǊǎƻƴŀƭƛȊŀǝƻƴ /ƻƎƴƛǝǾŜ ϧ .ŜƘŀǾƛƻǊŀƭ wŜƭŜǾŀƴŎŜΣ ŎƻƴǾŜƴƛŜƴŎŜΣ ǊŜŘǳŎŜŘ ŎƘƻƛŎŜ ƻǾŜǊƭƻŀŘ 

DŀƳƛŬŎŀǝƻƴ .ŜƘŀǾƛƻǊŀƭ ϧ 9Ƴƻǝƻƴŀƭ wŜǿŀǊŘ ŀƴǝŎƛǇŀǝƻƴΣ ŎƻƳǇŜǝǝƻƴΣ ŀŎƘƛŜǾŜƳŜƴǘ 

9ȄǇŜǊƛŜƴǝŀƭ ƳŀǊƪŜǝƴƎ 9Ƴƻǝƻƴŀƭ ϧ /ƻƎƴƛǝǾŜ {ŜƴǎƻǊȅ ǎǝƳǳƭŀǝƻƴΣ ƳŜƳƻǊȅ ŎǊŜŀǝƻƴΣ ǎǘƻǊȅǘŜƭƭƛƴƎ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCOGNITIO RERUMη                    ISSN (p) 2412-9489 / ISSN (e) 2542-1026                    Ѕ6 / 2026 

 

 

65 

Empirical studies support these links. A 2022 survey by HubSpot found that companies using 

personalization and interactive content saw a 40% higher customer engagement rate compared to those 

using only static ads. Similarly, a study by the Journal of Advertising Research (2021) showed that gamified 

loyalty programs increased repeat purchase rates by 33%. 

5. Case Examples from Private Enterprises 

Case 1 ς Nike (experiential + personalization): 

bƛƪŜΩǎ ϦbƛƪŜ ōȅ ¸ƻǳϦ ŎǳǎǘƻƳƛȊŀǘƛƻƴ ǇƭŀǘŦƻǊƳ ŀƭƭƻǿǎ ŎǳǎǘƻƳŜǊǎ ǘƻ ŘŜǎƛƎƴ ǘƘŜƛǊ ƻǿƴ ǎƘƻŜǎΦ ¢Ƙƛǎ ǎǘǊŀǘŜƎȅ 

transforms passive buyers into active co-creators, significantly increasing emotional engagement and brand 

loyalty. 

Case 2 ς Sephora (gamification + AI): 

{ŜǇƘƻǊŀΩǎ .Ŝŀǳǘȅ LƴǎƛŘŜǊ ƭƻȅŀƭǘȅ ǇǊƻƎǊŀƳ ǳǎŜǎ ŀ Ǉƻƛƴǘǎ ǎȅǎǘŜƳΣ ǘƛŜǊŜŘ ōŀŘƎŜǎΣ ŀƴŘ ŀ ƳƻōƛƭŜ ŀǇǇ ǿƛǘƘ 

an AR "Virtual Artist" feature. Customers spend more time interacting with the brand, and engagement 

scores are among the highest in retail. 

Case 3 ς A local coffee shop (content + influencer): 

A small private coffee chain collaborated with micro-influencers to share user-generated content and 

ran a "latte art challenge" on Instagram. Customer engagement (likes, shares, store visits) increased by 150% 

within three months. 

Conclusion and Practical Recommendations 

Innovative advertising and marketing strategies have a profound positive influence on customer 

engagement in private enterprises. Digital content marketing builds trust and authority; influencer marketing 

leverages social proof; AI personalization increases relevance; gamification drives interactive behavior; and 

experiential marketing creates memorable emotions. The most successful enterprises combine multiple 

strategies in an integrated manner. 

Recommendations for private enterprises: 

1. Audit current engagement levels using metrics (CTR, time on site, social shares, repeat purchase 

rate). 

2. Begin with one or two affordable innovations (e.g., content marketing + micro-influencers) before 

scaling to AI or AR. 

3. Prioritize authenticity over polish ς consumers detect inauthenticity. 

4. Ensure compliance with privacy regulations when personalizing. 

5. Continuously measure and adapt based on customer feedback. 

Future research should explore the long-term effects of AI-driven engagement and cross-cultural 

differences in responses to innovative marketing. 
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Annotation 

This article examines the critical role of leadership in determining organizational success, using the 

¢ǳǊƪƳŜƴ ǇǊƛǾŀǘŜ ŎƻƳǇŀƴȅ Ϧaŀƪǎŀǘƭȅ ¢ǸǊƪƳŜƴϦ ŀǎ ŀ ŎŀǎŜ ǎǘǳŘȅΦ 5ǊŀǿƛƴƎ ƻƴ ŦƻǳƴŘŀǘƛƻƴŀƭ ƭŜŀŘŜǊǎƘƛǇ ǘƘŜƻǊƛŜǎ 

and contemporary research on high-performance teams, the study analyzes how leadership functionsτ

particularly in the areas of strategic vision, organizational culture, team building, and adaptation to market 

challengesτŎƻƴǘǊƛōǳǘŜ ǘƻ ōǳǎƛƴŜǎǎ ƻǳǘŎƻƳŜǎΦ ¢ƘŜ ŎŀǎŜ ƻŦ Ϧaŀƪǎŀǘƭȅ ¢ǸǊƪƳŜƴΣϦ ŀ ŘƛǾŜǊǎƛŦƛŜŘ ǇǊƛǾŀǘŜ 

enterprise operating in construction materials and cable manufacturing, illustrates that effective leadership 

fosters innovation, employee motivation, and sustainable growth. The article concludes that leadership is 

not merely a managerial function but the central driver of organizational success, with practical implications 

for private enterprises in emerging economies. 
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1. Introduction 

The role of leadership in organizational success has been a central question in management studies for 

decades. While various factors contribute to business performanceτmarket conditions, financial resources, 

technological capabilitiesτleadership is consistently identified as the primary differentiator between 

successful and failing organizations. As one expert notes, "Your executive team is costing or earning you 

millions every day through their decisions". This is particularly true for private enterprises, which lack the 

safety nets available to publicly traded companies and must rely heavily on leadership quality to navigate 

competitive markets. 

¢Ƙƛǎ ŀǊǘƛŎƭŜ ŜȄǇƭƻǊŜǎ Ƙƻǿ ƭŜŀŘŜǊǎƘƛǇ ŘǊƛǾŜǎ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ǎǳŎŎŜǎǎΣ ǳǎƛƴƎ Ϧaŀƪǎŀǘƭȅ ¢ǸǊƪƳŜƴϦτa 

private company in Turkmenistan operating in construction and manufacturing sectorsτas a case study. The 

ŎƻƳǇŀƴȅΩǎ ŘƛǾŜǊǎƛŦƛŎŀǘƛƻƴ ŦǊƻƳ ŎƻƴǎǘǊǳŎǘƛƻƴ ǿƻǊƪ ǘƻ ōŜŎƻming the first domestic producer of copper cables 

in Turkmenistan provides a compelling example of strategic leadership in action. 

2. Theoretical Framework: Leadership and Organizational Success 

2.1 Defining Leadership 

Leadership is distinct from management. While management focuses on maintaining systems and 

processes, leadership involves setting vision, inspiring action, and driving change. Research on high-

performance executive teams identifies four essential pillars: building the right core team, establishing clear 

decision-making processes, fostering effective communication, and managing conflict constructively. 

2.2 How Leadership Drives Success 

The mechanisms through which leadership influences organizational success include: 

Strategic Direction. [ŜŀŘŜǊǎ ŘŜŦƛƴŜ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ ƳƛǎǎƛƻƴΣ ǎŜǘ ƭƻƴƎ-term goals, and make critical 

decisions about resource allocation. Private company leaders have the advantage of focusing on long-term 

growth rather than quarterly earnings pressures. 

Organizational Culture. Culture "typically begins at the top and permeates the organization". Leaders 

establish shared beliefs and values that shape employee behavior, motivation, and performance. As Jim 
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Collins found in his research on great companies, leaders in successful organizations "placed greater weight 

on character attributes than on specific educational background, practical skills, specialized knowledge, or 

work experience". 

Talent Development. Effective leaders prioritize recruiting, retaining, and developing the right people. 

One CEO emphasizes, "If you get the people right, the results will follow". 

Adaptability and Innovation. Successful leaders guide their organizations through change. This 

includes diversifying into new markets, adopting new technologies, and responding to competitive pressures. 

оΦ /ŀǎŜ {ǘǳŘȅΥ Ϧaŀƪǎŀǘƭȅ ¢ǸǊƪƳŜƴϦ tǊƛǾŀǘŜ /ƻƳǇŀƴȅ 

3.1 Company Background 

Ϧaŀƪǎŀǘƭȅ ¢ǸǊƪƳŜƴϦ όŀƭǎƻ ǊŜŦŜǊŜƴŎŜŘ ƛƴ ǎƻǳǊŎŜǎ ŀǎ Ϧaŀƪǎŀǘƭȅ ƎŜǊœŜƪϦ ŀƴŘ ƻǘƘŜǊ ǾŀǊƛŀƴǘǎύ ƛǎ ŀ ¢ǳǊƪƳŜƴ 

private enterprise founded around 2018. Initially specializing in construction and building decoration, the 

company has since diversified significantly. The company produces tempered glass office partitions, 

automatic doors, sliding glass structures, blinds, and other modern construction materials using Turkish 

equipment and locally sourced glass. 

In 2024, the company achieved a significant milestone: it became the first producer of copper electrical 

cables in Turkmenistan, expanding beyond its original construction specialization. The cable production 

facility has a capacity of 24,000 meters per day and employs over 20 workers, with plans to export to CIS 

countries. 

оΦн [ŜŀŘŜǊǎƘƛǇ ƛƴ !Ŏǘƛƻƴ ŀǘ aŀƪǎŀǘƭȅ ¢ǸǊƪƳŜƴ 

Several leadership qualities are evident from public statements and company developments. 

Strategic Vision and Diversification. ¢ƘŜ ŎƻƳǇŀƴȅΩǎ ŘŜŎƛǎƛƻƴ ǘƻ ŜƴǘŜǊ ŎƻǇǇŜǊ ŎŀōƭŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

demonstrates forward-looking leadership. Recognizing market demand and the opportunity for import 

substitution, leadership successfully diversified operations while maintaining core construction activities. 

This mirrors a key principle of successful private company leadership: the ability to "evolve and change with 

the marketplace". 

Customer-Centric Approach. /ƻƳǇŀƴȅ ƳŀƴŀƎŜǊ {ƘǀƘǊŀǘ mǿŜȊƻǿ ŜƳǇƘŀǎƛȊŜǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŎƭƛŜƴǘ 

needs: "Each project is executed individually. We consider the layout of the installation site, the number of 

employees, and sound insulation requirements". This attention to customization and quality reflects 

ƭŜŀŘŜǊǎƘƛǇΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ŎǳǎǘƻƳŜǊ ǎŀǘƛǎŦŀŎǘƛƻƴΦ 

Commitment to Quality and Innovation. The company uses imported Turkish technology for cable 

production and sources raw materials from reliable suppliers in Turkey and Uzbekistan. Investment in 

ƳƻŘŜǊƴ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ŀŘƘŜǊŜƴŎŜ ǘƻ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǎǘŀƴŘŀǊŘǎ ƛƴŘƛŎŀǘŜ ƭŜŀŘŜǊǎƘƛǇΩǎ ŦƻŎǳǎ ƻƴ ǉǳŀƭƛǘȅ ŀǎ a 

competitive advantage. 

Workplace Culture and Employee Well-Being. mǿŜȊƻǿ ƴƻǘŜǎ ǘƘŀǘ ōǊƛƎƘǘΣ ƻǇŜƴ ƻŦŦƛŎŜ ǎǇŀŎŜǎ ƘŜƭǇ 

employees "feel more comfortable, which directly affects productivity, creativity, and team performance". 

This recognition of the link between physical work environment and employee outcomes reflects a people-

first leadership philosophy. 

3.3 Evidence of Organizational Success 

¢ƘŜ ŎƻƳǇŀƴȅΩǎ ǎǳŎŎŜǎǎ ƛǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘǊƻǳƎƘΥ 

¶ Market leadership in tempered glass office partitions in Turkmenistan 

¶ First-mover advantage in domestic copper cable production 

¶ Diversification across multiple product lines (construction materials, cable manufacturing) 

¶ Plans for export expansion to CIS markets 

4. Analysis and Discussion 

¢ƘŜ ŎŀǎŜ ƻŦ Ϧaŀƪǎŀǘƭȅ ¢ǸǊƪƳŜƴϦ ƛƭƭǳǎǘǊŀǘŜǎ ǎŜǾŜǊŀƭ ƪŜȅ ƭŜŀŘŜǊǎƘƛǇ ǇǊƛƴŎƛǇƭŜǎΥ 

Leadership Enables Strategic Diversification. ¢ƘŜ ŎƻƳǇŀƴȅΩǎ ŜȄǇŀƴǎƛƻƴ ŦǊƻƳ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴǘƻ ŎŀōƭŜ 
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manufacturing required leaders to assess market opportunities, acquire new technologies, build new 

capabilities, and manage risksτfunctions that only effective leadership can perform. 

Leadership Shapes Organizational Culture. The emphasis on employee comfort, customized solutions, 

and quality standards reflects a leadership team that values both people and performance. Research 

confirms that organizational culture, when shaped by effective leadership, becomes "a source of durable 

competitive advantage, agility and adaptability". 

Leadership Drives Innovation. In a competitive market, private enterprises must innovate to survive. 

Ϧaŀƪǎŀǘƭȅ ¢ǸǊƪƳŜƴϦ ƭŜŀŘŜǊǎƘƛǇΩǎ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ƛƴǾŜǎǘ ƛƴ ƴŜǿ ǇǊƻŘǳŎǘƛƻƴ ƭƛƴŜǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ 

demonstrates the innovative mindset essential for long-term success. 

Private Company Leadership Has Unique Advantages. Unlike public companies pressured by quarterly 

earnings, private enterprises can focus on long-ǘŜǊƳ ƎǊƻǿǘƘΦ ¢Ƙƛǎ ŦƭŜȄƛōƛƭƛǘȅ ŀƭƭƻǿŜŘ Ϧaŀƪǎŀǘƭȅ ¢ǸǊƪƳŜƴϦ ǘƻ 

pursue diversification and capacity expansion without external shareholder pressure. 

5. Conclusion. The role of leadership in organizational success cannot be overstated. Through the case 

ƻŦ Ϧaŀƪǎŀǘƭȅ ¢ǸǊƪƳŜƴΣϦ ǘƘƛǎ ŀǊǘƛŎƭŜ Ƙŀǎ ŘŜƳƻƴǎǘǊŀǘŜŘ Ƙƻǿ ŜŦŦŜŎǘƛǾŜ ƭŜŀŘŜǊǎƘƛǇ ŘǊƛǾŜǎ ǎǘǊŀǘŜƎƛŎ ǾƛǎƛƻƴΣ ǎƘŀǇŜǎ 

organizational culture, builds capable teams, and enables adaptation to market opportunities. The 

ŎƻƳǇŀƴȅΩǎ ǎǳŎŎŜǎǎŦǳƭ ŘƛǾŜǊǎƛŦƛŎŀǘƛƻƴ ŦǊƻƳ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘƻ ŎƻǇǇŜǊ ŎŀōƭŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎτbecoming the first 

domestic producer in TurkmenistanτŜȄŜƳǇƭƛŦƛŜǎ ƭŜŀŘŜǊǎƘƛǇΩǎ ŎŜƴǘǊŀƭ ǊƻƭŜ ƛƴ ŀŎƘƛŜǾƛƴƎ ǎǳǎǘŀƛƴŀōƭŜ ƎǊƻǿǘƘΦ 

For private enterprises in emerging economies, investing in leadership development is not optional 

but essential. As the evidence shows, organizations with strong leadership consistently outperform those 

without, regardless of market conditions. 
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COGNITIVE LOAD THEORY, CONSTRUCTIVIST FRAMEWORKS, AND QUANTITATIVE 

 MASTERY IN MATHEMATICAL EDUCATION 

 

Abstract 

Mathematics education operates at a critical intersection of cognitive science, structural logic, and 
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instructional design. Effective mathematics pedagogy must move past rote memorization toward deep 

conceptual understanding and structural fluency. This article examines the core mechanisms driving modern 

Mathematical PedagogyΦ .ȅ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ {ǿŜƭƭŜǊΩǎ /ƻƎƴƛǘƛǾŜ [ƻŀŘ ¢ƘŜƻǊȅ ƛƴ ŎǳǊǊƛŎǳƭǳƳ 

ŘŜǎƛƎƴΣ ǘƘŜ ǳǎŜ ƻŦ .ǊǳƴŜǊΩǎ /ƻƴŎǊŜǘŜ-Pictorial-Abstract (CPA) instructional cycle, the implementation of 

Formative Assessment Trajectories, and the integration of mathematical visualization models, this study 

provides an advanced pedagogical framework for optimizing student comprehension and mathematical 

retention. 

Keywords:  

mathematics pedagogy, cognitive load theory, CPA approach, constructivism, formative assessment, zone 

of proximal development (ZPD), instructional scaffolding. 

 

Introduction 

Mathematics is uniquely hierarchical; it is a discipline where advanced conceptual structures are built 

entirely upon the absolute mastery of foundational elements. Unlike subjects that allow for isolated, non-

linear reading, mathematics requires a strict, cumulative progression. Because of this structural rigidity, 

errors in early instruction can compound over time, leading to widespread mathematical anxiety and long-

term academic disengagement. 

To combat these challenges, contemporary Educational Psychology rejects traditional passive lecturing 

in favor of active, evidence-based pedagogical frameworks. Teaching mathematics effectively demands a 

dual focus: an understanding of pure mathematical logic and a deep awareness of human cognitive 

architecture. This article breaks down the foundational cognitive, structural, and diagnostic pillars that define 

modern mathematical pedagogy. 

1. Cognitive Architecture and Instructional Load Optimization 

At the core of effective mathematics instruction is an awareness of the physical limitations of the 

human brainτspecifically, how information is processed, stored, and integrated. 

Mitigating Working Memory Bottlenecks 

WƻƘƴ {ǿŜƭƭŜǊΩǎ Cognitive Load Theory (CLT) notes that while long-term memory is practically limitless, 

human working memory is a highly restricted bottleneck, capable of holding only a few distinct pieces of 

information simultaneously. In mathematics, cognitive load is divided into three distinct vectors: 

¶ Intrinsic Load: The inherent structural difficulty of the mathematical concept itself (e.g., introducing 

multi-digit long division versus basic addition). 

¶ Extraneous Load: Mental effort wasted due to poor instructional design, confusing textbook layouts, 

or unstructured whiteboard explanations. 

¶ Germane Load: The productive cognitive processing dedicated to constructing permanent mental 

frameworks, or schemas. 

Pedagogical design must actively minimize extraneous load to free up maximum working memory for 

germane processing. Educators achieve this optimization through Worked Example Effectsτproviding step-

by-step solved problems alongside identical, un-solved practice problems. This structural pacing prevents 

working memory overload, allowing students to map out the underlying algorithmic patterns before 

attempting independent problem-solving. 

нΦ ¢ƘŜ {ǘǊǳŎǘǳǊŀƭ /ƻƴǘƛƴǳǳƳΥ .ǊǳƴŜǊΩǎ /t! !ǇǇǊƻŀŎƘ 

Abstract mathematical notation is an elite shorthand developed over centuries. For a novice learner, 

diving straight into these symbolic abstractions creates a severe cognitive barrier. Modern pedagogy 

ōȅǇŀǎǎŜǎ ǘƘƛǎ ƘǳǊŘƭŜ ǳǎƛƴƎ WŜǊƻƳŜ .ǊǳƴŜǊΩǎ Concrete-Pictorial-Abstract (CPA) instructional loop. 

The Three Phases of Conceptual Progression 
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1. The Concrete Phase: Students physically interact with real-world objects. When learning fractions, 

for instance, students handle segmented geometric tiles or plastic fraction bars to feel how smaller fractional 

parts assemble into a whole unit. 

2. The Pictorial Phase: The physical objects are replaced with visual, two-dimensional diagrams. 

Students draw area models, bar models, or number lines to represent the mathematical relationship. This 

stage bridges physical intuition and abstract calculation. 

By moving systematically through this sequence, abstract symbols stop being arbitrary characters to 

be memorized and instead become meaningful representations of a known visual reality. 

оΦ ±ȅƎƻǘǎƪȅΩǎ {ŎŀŦŦƻƭŘƛƴƎ ŀƴŘ ǘƘŜ ½ƻƴŜ ƻŦ tǊƻȄƛƳŀƭ 5ŜǾŜƭƻǇƳŜƴǘ 

Effective mathematical instruction requires maintaining an optimal level of cognitive challenge. If a 

task is too simple, students experience boredom; if it is too advanced, they encounter paralyzing frustration. 

Pedagogy navigates this balance using Lev VȅƎƻǘǎƪȅΩǎ Zone of Proximal Development (ZPD). 

The Architecture of Instructional Scaffolding 

The ZPD represents the fertile learning space between what a student can accomplish independently 

and what they cannot achieve even with unlimited assistance. Instructional Scaffolding is the temporary 

support mechanism built by the educator to guide the student through this zone: 

¶ Strategic Deconstruction: Breaking down a complex multi-step algebraic equation into isolated sub-

tasks (e.g., mastering the distributive property before attempting to balance a full multi-variable equation). 

¶ Verbalizing Metacognition: The teacher demonstrates "thinking aloud" during complex geometric 

proofs, explicitly modeling the internal decision-making process required to select the correct theorem. 

¶ Systematic Fading: As the student displays growing conceptual independence, the teacher gradually 

removes the guiding scaffolds, shifting the cognitive responsibility entirely onto the learner to secure 

permanent problem-solving autonomy. 

Productive Error Analysis 

In advanced mathematical pedagogy, an incorrect answer is viewed as a valuable window into a 

student's cognitive processing. For instance, if a student consistently calculates. 

A trained math educator bypasses simple grading deduction and identifies a specific conceptual flaw: 

the student is incorrectly applying whole-number addition logic across fractional numerators and 

denominators. By isolating this specific systematic error, the instructor can deploy targeted pictorial 

interventions (like visual fraction bars or grid models) to correct the misconception before it disrupts more 

advanced topics like algebraic fractions. 

Systemic Challenges in Contemporary Mathematics Pedagogy 

Despite the availability of proven cognitive strategies, mathematics education faces significant 

structural and cultural challenges globally: 

¶ The Myth of the "Math Brain": A widespread cultural belief suggests that mathematical ability is a 

fixed genetic trait rather than an acquired skill. This toxic mindset breeds early academic resignation. 

Pedagogy must actively promote a Growth Mindset, demonstrating through structured progress tracking 

that mathematical fluency is achieved through deliberate, scaffolded practice. 

¶ Curriculum Pacing vs. Conceptual Mastery: Many school districts enforce strict pacing schedules that 

prioritize rapid content coverage over deep conceptual understanding. This forces teachers to rush through 

topics before students have achieved foundational mastery, creating hidden learning deficits that eventually 

cause complete academic breakdown when students encounter advanced algebra or calculus. 

Conclusion 

Mathematics pedagogy is an intentional, evidence-based science that translates complex logical 

ǎǘǊǳŎǘǳǊŜǎ ƛƴǘƻ ŀŎŎŜǎǎƛōƭŜ ŎƻƎƴƛǘƛǾŜ ǇŀǘƘǿŀȅǎΦ .ȅ ŘŜǎƛƎƴƛƴƎ ƛƴǎǘǊǳŎǘƛƻƴ ŀǊƻǳƴŘ {ǿŜƭƭŜǊΩǎ /ƻƎƴƛǘƛǾŜ [ƻŀŘ 
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¢ƘŜƻǊȅΣ ǇŀŎƛƴƎ ƳŀǘŜǊƛŀƭ ǘƘǊƻǳƎƘ .ǊǳƴŜǊΩǎ /t! ŎƻƴǘƛƴǳǳƳΣ ŀƴŘ ƭŜǾŜǊŀƎƛƴƎ ǊŜŀƭ-time formative diagnostics, 

educators can eliminate the barriers that traditionally make mathematics intimidating. When instruction is 

aligned with how the human brain actually processes information, mathematics stops being a collection of 

memorized shortcuts and becomes what it was always meant to be: a powerful, accessible language for 

analyzing, understanding, and organizing the universe. 
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NEUROECONOMICS AND NEUROMARKETING: INTEGRATING NEUROSCIENCE  

WITH ECONOMIC DECISION-MAKING 

 

Annotation 

This article explores the interdisciplinary fields of neuroeconomics and neuromarketing, which 

integrate neuroscience, psychology, and economics to understand human decision-making. Traditional 

economic models assume rational choice, yet behavioral anomalies τ such as impulsive buying, loss 

aversion, and brand loyalty τ reveal systematic deviations from rationality. Neuroeconomics uses brain 

imaging tools (fMRI, EEG) to identify the neural mechanisms underlying choice, including the roles of the 

prefrontal cortex (reasoning), nucleus accumbens (reward), and insula (risk aversion). Neuromarketing 

applies these insights to predict consumer preferences, optimize advertising, and design products. The article 

concludes that while these fields offer powerful tools for understanding and influencing decisions, ethical 

concerns regarding privacy and manipulation must be addressed. 
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1. Introduction 

For centuries, economists assumed that humans make rational decisions based on available 

information and self-interest. However, real-world behavior often contradicts this assumption. People buy 

products they do not need, pay more than necessary, and remain loyal to brands despite better alternatives. 

Neuroeconomics and neuromarketing emerged to bridge the gap between economic theory and actual 

human behavior by examining the brain. 

Neuroeconomics studies the neural basis of economic decision-making. Neuromarketing applies these 

findings to marketing practice. Together, they challenge the traditional view of the rational consumer and 

offer a biological account of choice. 

2. The Limitations of Traditional Economics 

Classical economics assumes that consumers maximize utility, have stable preferences, and process all 

available information objectively. Behavioral economists such as Daniel Kahneman and Amos Tversky 

demonstrated systematic biases: loss aversion (losses hurt more than equivalent gains please), framing 

effects (choices depend on how options are presented), and overconfidence. Neuroeconomics goes further 

by asking which brain regions produce these biases. 

3. Key Brain Regions in Decision-Making 

Neuroscientific research has identified three regions critically involved in economic choice: 

Prefrontal Cortex (PFC). Associated with reasoning, planning, and impulse control. The PFC 

enables delayed gratification and complex trade-offs. Damage to this area leads to poor financial 

decisions. 

Nucleus Accumbens (NAcc). Part of the brain's reward system. It releases dopamine in response to 

anticipated rewards. High NAcc activity predicts impulsive choices and preference for immediate over 

delayed rewards. 

Insula. Associated with risk, disgust, and pain. Insula activation often precedes risk-averse choices and 

predicts avoidance of uncertain options. 

These regions interact. When consumers see an appealing product, the nucleus accumbens activates. 

When they see a high price, the insula may activate, creating conflict resolved by the prefrontal cortex. 

4. Neuroeconomics: Key Findings 

Neuroeconomics has produced several robust findings: 

The brain treats losses and gains asymmetrically. Losses produce stronger neural responses than 

equivalent gains, explaining loss aversion. 

Emotion precedes reason. Antonio Damasio's somatic marker hypothesis suggests that emotional 

signals (body states) guide most decisions before conscious reasoning occurs. Patients with damaged 

emotion circuits cannot make even simple choices. 

Context changes neural processing. The same product activates different brain regions depending on 

whether it is framed as a gain or a loss. 

Social preferences have neural correlates. Fairness, trust, and punishment activate brain circuits 

involving the anterior insula and dorsal striatum. 

5. Neuromarketing: Applications 

Neuromarketing uses neuroeconomic insights to improve marketing effectiveness. Common tools 

include: 

fMRI (functional magnetic resonance imaging) measures blood flow in the brain, revealing which 

regions activate during exposure to ads, products, or prices. Expensive but highly detailed. 
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EEG (electroencephalography) measures electrical activity on the scalp, indicating engagement, 

attention, and emotional valence. Cheaper and portable. 

Eye tracking measures visual attention, showing which elements of an ad or package attract gaze. 

Practical applications include: 

¶ Ad testing. Neuromarketing can predict ad effectiveness more accurately than surveys because 

viewers often cannot articulate their true responses. High activation of reward regions predicts sales lift. 

¶ Package design. Eye tracking reveals which package elements consumers notice first and longest. 

¶ Pricing. Neuroimaging shows that prices activate the insula (pain of paying). Reducing perceived pain 

through framing (e.g., "only $5 per month" instead of "$60 per year") increases purchase likelihood. 

¶ Branding. Strong brands activate reward circuits even without product differentiation. Consumers 

neurologically prefer Coca-Cola over Pepsi when told the brand, even when the drinks are identical. 

¶ Website and store design. EEG measures help optimize layout, color schemes, and navigation. 

6. Ethical Concerns 

Neuromarketing raises significant ethical questions. Critics argue that accessing unconscious neural 

responses could enable manipulation without consumer awareness. For example, subliminal cues or 

emotionally charged imagery might trigger purchase impulses that rational scrutiny would reject. 

Proponents respond that all marketing aims to influence behavior, and neuromarketing simply offers 

better measurement. Moreover, consumers retain free will; neural responses are not deterministic. 

Regulatory bodies currently lack specific neuromarketing guidelines, but existing consumer protection 

laws against deceptive practices apply. Transparency τ informing consumers when neuromarketing is used 

τ is widely recommended. 

7. Conclusion 

Neuroeconomics and neuromarketing represent a fundamental shift in understanding economic 

decision-making. By integrating neuroscience with economics, these fields have demonstrated that choice is 

not purely rational but emerges from interactions between reward, emotion, and cognitive control systems. 

Neuromarketing translates these insights into practical tools for predicting consumer behavior, testing 

advertising, and designing products. However, the power to access unconscious neural responses carries 

ethical responsibilities. As these fields advance, balancing scientific insight with consumer protection will 

remain essential. The future likely holds even more precise tools τ perhaps using AI to decode neural 

patterns τ making ethical vigilance increasingly important. 
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ECONOMETRIC ARCHITECTURES, STOCHASTIC DYNAMICS, AND ALGORITHMIC  

EQUILIBRIUM IN MATHEMATICAL AGRIBUSINESS 

 

Abstract 

Modern macroeconomic networks are increasingly dictated by complex mathematical modeling, 

moving away from qualitative analysis toward high-velocity, data-driven systems. This article examines the 

structural integration of Advanced Mathematics and Economic Systems, with a specialized focus on how 

these quantitative models optimize Agricultural Value Chains. By evaluating the deployment of stochastic 

calculus in commodity futures hedging, the use of linear programming in multi-sided market supply chains, 

the application of game theory to trade barriers, and the implementation of automated algorithmic trading 

systems, this study outlines the mathematical framework rewriting global productivity and financial safety. 

 

Keywords:  

Econometrics, Stochastic Calculus, Linear Programming, Game Theory, Agribusiness Supply Chains,  

Market Equilibrium, Algorithmic Optimization. 

 

Introduction 

The modern economy is a hyper-connected computational marketplace where worth is calculated, 

distributed, and compounded through deterministic formulas rather than speculative guess-work. At the 

center of this transition is Econometricsτthe application of statistical and mathematical theories to analyze 

and verify real-world economic data. 

Nowhere is this quantitative precision more critical than in the management of agricultural products. 

Unlike manufactured goods, agribusiness commodities are highly volatile, seasonally dependent, and 

exceptionally perishable. Maximizing profitability in this sector requires advanced mathematical frameworks 

capable of balancing production scales against shifting consumer demand and volatile global market 

conditions. This article breaks down the mathematical and economic frameworks that define modern 

quantitative commerce. 

1. Stochastic Calculus and Commodity Market Hedging 

Agricultural producers and institutional traders navigate extreme price volatility driven by climate 

anomalies, regional logistics shifts, and unpredictable macro-demands. To manage this asset risk, 

quantitative analysts use Stochastic Calculus to model and price complex derivative contracts. 

Modeling Volatility via Geometric Brownian Motion 

Commodity price pathways are modeled as continuous stochastic processes. The foundation of this 

asset tracking relies on the Geometric Brownian Motion (GBM) differential equation: 

dS_t = mu S_t dt + sigma S_t dW_t 
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Where: 

¶ S_t represents the spot price of the agricultural commodity (e.g., wheat, milk, or meat pulp) at time t. 

¶ mu represents the constant drift rate (expected return). 

¶ sigma represents the asset volatility coefficient. 

¶ dW_trepresents a standard Wiener process (Brownian motion), capturing unexpected random 

market shocks. 

By processing historical price data through this formula, agribusinesses calculate the probability 

distribution of future price movements, allowing them to construct bulletproof financial hedges. 

hǇǘƛƻƴǎ tǊƛŎƛƴƎ Ǿƛŀ LǘƻΩǎ [ŜƳƳŀ 

To determine the precise premium for an options contractτgiving a producer the right to sell an 

agricultural yield at a locked-in priceτanalysts apply LǘƻΩǎ [ŜƳƳŀ. This mathematical expansion allows 

traders to find the derivative of a time-dependent stochastic variable. 

By solving this partial differential equation under specific boundary conditions, markets find the risk-

neutral valuation of commodity derivatives. This mathematical certainty prevents panic selling and ensures 

continuous capital flow, even during regional supply shocks. 

2. Linear Programming in Supply Chain Engineering 

Maximizing returns in the agricultural value chain requires the hyper-efficient allocation of limited 

resources across geographically distributed transport routes. Supply chain engineers use Linear 

Programming (LP) to optimize these high-velocity distribution systems. 

Game Theory and International Trade Barriers 

Economic interactions between competing nations or corporate conglomerates are rarely isolated 

events; they are strategic games where the optimal choice depends on the behavior of other market actors. 

Game Theory provides the mathematical tools to analyze these complex interdependencies, particularly 

regarding sanitary regulations and non-tariff trade barriers. 

When an agricultural disease outbreak occurs (e.g., Avian Influenza or African Swine Fever), importing 

and exporting nations face a strategic choice: implement transparent scientific screening or execute blanket, 

protectionist trade bans to protect domestic industries. 

If both nations cooperate through transparent, shared scientific screening, they achieve an optimal 

Nash Equilibrium, maintaining market velocity while preserving consumer health. However, if one nation acts 

purely in its own short-term economic interest by imposing unscientific trade bans, the system degrades into 

a retaliatory trade war. Game-theoretic modeling maps these payoff structures, helping international bodies 

like the World Trade Organization (WTO) design enforcement mechanisms that incentivize mutual 

cooperation and stabilize international agribusiness trade. 

4. Algorithmic Trade Execution and Market Equilibrium 

The convergence of mathematical modeling and modern computing has triggered the rise of 

Algorithmic Commerce. In today's markets, automated software algorithms execute high-frequency trades 

based on quantitative metrics, driving markets toward dynamic equilibrium. 

aŀǊƪŜǘ 5ŀǘŀ CŜŜŘ LƴƎŜǎǘƛƻƴ Ҕ {ǘŀǘƛǎǘƛŎŀƭ !ǊōƛǘǊŀƎŜ !ƴŀƭȅǎƛǎ Ҕ !ǳǘƻƳŀǘŜŘ {ƳŀǊǘ /ƻƴǘǊŀŎǘ 9ȄŜŎǳǘƛƻƴ 

Ҕ wŜŀƭ-Time Liquidity Realignment 

Statistical Arbitrage and Price Convergence 

Automated trading algorithms monitor pricing mismatches for identical commodities across separated 

regional exchanges. By executing near-instantaneous Statistical Arbitrageτbuying the undervalued asset in 

one market and simultaneously selling it at a higher price point in anotherτalgorithms flatten geographical 

price spreads. This automated trading volume drives global commodity prices toward a unified market price, 

ensuring fair market access and stable consumer pricing on a global scale. 

Systemic Risks in Quantitative Economics 

While advanced mathematics brings unparalleled efficiency to the global economy, it also introduces 
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distinct systemic structural risks: 

¶ Model Risk and Black Swan Events: Quantitative frameworks rely heavily on historical data 

parameters. When an unprecedented, chaotic event occursτsuch as a global pandemic or an extreme 

climate anomalyτstandard volatility models can collapse, triggering automated, cascading asset sell-offs 

that threaten wider market stability. 

¶ The Concentration of Algorithmic Power: Developing and running complex econometric models 

demands substantial computational infrastructure and elite data-science talent. This high barrier to entry 

risks concentrating market power within a small group of hyper-scale financial institutions, potentially 

creating market monopolies and stifling smaller, local agribusiness innovations. 

Conclusion 

The modern global economy is an complex, algorithmic ecosystem powered by mathematical 

precision. Through the integration of stochastic calculus, linear programming, and game-theoretic analysis, 

the historical volatility of agribusiness and international trade is transformed into a manageable, highly 

optimized science. By viewing price trends, transport networks, and trade policies through a quantitative 

lens, modern enterprises build deep structural resilience. As automated machine commerce and digital 

traceability pipelines continue to mature, the balancing of mathematical speed with rigorous systemic safety 

will remain the primary factor in securing international market access and long-term economic stability. 
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THE BINARY CONTINUUM: ABSTRACT ALGEBRA, CRYPTOGRAPHIC FABRICS, 

 AND THE MATHEMATICAL ARCHITECTURE OF THE DIGITAL IMPERATIVE 

 

Abstract 

The modern digital landscape is often viewed as a triumph of industrial engineering, but its true 

foundation is purely mathematical. From the silicon gates of microprocessor architectures to the 
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decentralized ledgers of global networks, the digital world is a physical expression of abstract mathematical 

structures. This article examines the deep connection between Advanced Mathematics and Digitalism. By 

evaluating the deployment of Boolean algebra in hardware synthesis, the use of prime number theory and 

elliptic curves in cryptographic protocols, the application of linear algebra in neural network architectures, 

and the implementation of discrete state-machines in automated software execution, this study outlines the 

quantitative framework driving global computing and digital transformation. 

Keywords:  

Boolean Algebra, Cryptography, Elliptic Curve Digital Signature Algorithm (ECDSA), Linear Algebra, Neural 

Networks, Discrete Mathematics, Computability Theory. 

 

Introduction 

Digitalism is more than a collection of hardware devices and software applications; it is a systematic 

framework that translates the analog, continuous realities of the physical universe into discrete, 

programmable information. At the center of this transformation is Discrete Mathematicsτthe study of 

mathematical structures that are fundamentally countable, distinct, and separable. 

While classical physics and industrial economics relied on continuous calculus to measure changes in 

physical assets, the digital economy operates on discrete algebraic structures. In this environment, value, 

security, and intelligence are generated and verified through deterministic algorithms. This article breaks 

down the mathematical frameworks that define the modern computational landscape, tracing the path from 

raw logic gates to complex artificial intelligence networks. 

1. Boolean Algebra and the Logic of Silicon 

Every digital system, from a basic calculator to a hyper-scale cloud server, operates on a binary 

foundation. The physical execution of code inside a microprocessor relies on Boolean Algebra, a branch of 

algebraic logic formulated by George Boole in the 19th century. 

The Mathematical Symmetries of Logic Gates 

Boolean algebra operates on a binary set 0, 1, representing logical falsehood and truth. Complex 

software functions are compiled down to combinations of three core logical operations: 

Hardware engineers use these algebraic rules to design physical logic gates on silicon wafers. By 

combining these operators, designers construct complex arithmetic-logic units (ALUs) capable of executing 

binary addition and multiplication. 

LƴǇǳǘ .ƛǘǎ ό!Σ .ύ Ҕ ·hw DŀǘŜ Ҕ {ǳƳ .ƛǘ ό{ύ 

                  Ҕ !b5 DŀǘŜ Ҕ /ŀǊǊȅ .ƛǘ ό/ύ 

Through this mathematical translation, abstract logical arguments are turned into physical flows of 

electrical currents, forming the computational foundation of all digital systems. 

2. Cryptographic Fabrics and Number Theory 

In a borderless digital ecosystem, trust cannot be verified through physical signatures or centralized 

authorities. Instead, digital security depends on Asymmetric Cryptography, which relies on the mathematical 

difficulty of reversing specific one-way functions. 

The Prime Factorization Barrier (RSA) 

The foundational protocol of secure internet traffic, the RSA algorithm, is built on Modular Arithmetic 

and Prime Number Theory. The security of RSA relies on an asymmetrical mathematical reality: multiplying 

two large prime numbers (p and q) to produce a composite number (n = p \cdot q) is computationally simple, 

but factoring that composite number back into its prime components without prior knowledge is practically 

impossible for modern computers. 

The trapdoor function is governed by Euler's Totient Theorem: 
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Because computing \phi(n) requires knowing the individual prime factors of n, an unauthorized system 

cannot calculate the decryption key within a reasonable timeframe, securing billions of global digital 

transactions every day. 

Elliptic Curve Cryptography (ECC) 

As computing requirements move to mobile devices and edge networks, modern security 

infrastructures increasingly deploy Elliptic Curve Cryptography (ECC). ECC achieves the same security 

strength as RSA but uses significantly smaller key sizes, reducing processing latency and conserving network 

bandwidth. 

ECC operates over finite fields using the algebraic structure of non-singular cubic curves: 

Security is maintained through the Elliptic Curve Discrete Logarithm Problem (ECDLP). Given a base 

point P and a resulting point Q on the curve, it is computationally trivial to calculate Q = kP (geometric point 

addition repeated k times). However, finding the scalar integer k given only P and Q is an intractable 

mathematical challenge, providing a lightweight, highly resilient cryptographic shield for modern mobile 

devices and blockchain networks. 

3. Linear Algebra: The Mathematical Substrate of Artificial Intelligence 

The modern expansion of Generative AI and deep learning networks is driven by high-speed matrix 

calculations. Linear Algebra provides the mathematical framework required to process, transform, and 

evaluate the massive datasets that power neural networks. 

High-Dimensional Vector Spaces and Embeddings 

In artificial intelligence models, real-world data pointsτsuch as words, images, or consumer profilesτ

are converted into arrays of numbers called vectors. These vectors sit within high-dimensional coordinate 

spaces: 

When a user submits a query to a large language model, the system calculates the Cosine Similarity 

between the input vector and its stored data tokens to determine semantic relationships: 

This formula allows the AI model to locate contextually relevant concepts across thousands of abstract 

dimensions within milliseconds. 

Forward Propagation and Matrix Operations 

A deep neural network consists of layers of interconnected processing nodes. As data flows through 

these layers, the system executes massive, parallel matrix multiplications: 

Modern graphics processing units (GPUs) are specialized hardware engines designed to execute these 

matrix equations simultaneously across thousands of cores, transforming abstract linear algebra into real-

time artificial intelligence capabilities. 

Conclusion 

Digitalism is the physical embodiment of mathematical theory. By structuring the continuous physical 

universe into discrete binary states, abstract logical concepts are turned into the structural foundation of 

global computing. Through the application of Boolean logic in hardware engineering, number theory in data 

cryptography, and linear algebra in artificial intelligence systems, advanced mathematics provides the precise 

framework that coordinates modern digital life. As global technology networks face the dual challenges of 

quantum computing transitions and advanced automation, the continuous integration of rigorous 

mathematical validation will remain the primary requirement for building stable, secure, and innovative 

digital infrastructures. 
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EFFECTIVENESS OF DIGITAL MARKETING AND SOCIAL MEDIA STRATEGIES  

ON CUSTOMER ENGAGEMENT 

 

Annotation 

This article examines the effectiveness of digital marketing and social media strategies in enhancing 

customer engagement. In the contemporary business environment, traditional marketing methods are 

increasingly being supplemented or replaced by digital channels such as social media platforms, email 

marketing, search engine optimization (SEO), and content marketing. The study analyzes how strategies 

including interactive content, personalized communication, social media storytelling, and influencer 

collaborations influence behavioral, emotional, and cognitive dimensions of customer engagement. Drawing 

on recent empirical research and established theoretical frameworks (uses and gratifications theory, 

engagement theory), the article finds that effective digital strategies significantly increase customer 

participation, brand loyalty, and purchase intention. However, success depends on strategic alignment with 

target audience preferences, consistency of messaging, and genuine interactivity. The conclusion offers 

practical recommendations for businesses seeking to optimize their digital marketing investments. 

Keywords: 

 digital marketing, social media strategies, customer engagement, content marketing, influencer marketing, 

personalization, social media engagement, consumer behavior, brand loyalty, online interaction. 

 

1. Introduction 

The rise of digital technologies and social media platforms has transformed how businesses 

communicate with their customers. Unlike traditional one-way advertising, digital marketing enables two-

way interaction, real-time feedback, and personalized messaging. For businesses of all sizes, understanding 

the effectiveness of various digital and social media strategies in driving customer engagement has become 

critical. Customer engagement τ defined as the emotional, cognitive, and behavioral connection between a 

customer and a brand τ directly influences repeat purchases, word-of-mouth recommendations, and long-

term profitability. 

This article addresses the question: How effective are digital marketing and social media strategies in 

influencing customer engagement? The focus is on five widely used strategies: content marketing, social 

media engagement, personalization, influencer marketing, and interactive campaigns. 
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2. Theoretical Background 

Two theoretical perspectives help explain the link between digital strategies and engagement. 

First, uses and gratifications theory suggests that consumers actively choose media to satisfy specific needs 

τ information, entertainment, social interaction, or self-expression. Digital marketing succeeds when it 

fulfills these needs. Second, customer engagement theory (Brodie et al., 2011) posits that engagement 

emerges from interactive, co-creative experiences. Social media platforms, by their very nature, facilitate 

such interactivity. 

3. Key Digital Marketing and Social Media Strategies and Their Effectiveness 

3.1. Content Marketing 

Content marketing involves creating valuable, relevant, and consistent content (blogs, videos, 

infographics, podcasts) to attract and retain a defined audience. Studies show that content marketing 

increases time spent on websites, reduces bounce rates, and encourages social sharing. Effective content 

educates, entertains, or inspires rather than explicitly selling. Businesses that publish regular, high-quality 

content report up to 30% higher engagement rates compared to those relying solely on product-focused 

advertising. 

3.2. Social Media Engagement Strategies 

Posting alone is insufficient; true engagement requires active interaction. Strategies proven effective 

include responding promptly to comments, asking questions, running polls, encouraging user-generated 

content (UGC), and featuring customer stories. Brands that reply to customer comments on social media see 

significantly higher loyalty and repeat purchase rates. For example, research indicates that a brand response 

can increase customer spending by 20ς40% over time. 

3.3. Personalization 

Digital marketing allows unprecedented personalization τ addressing customers by name, 

recommending products based on past purchases, and sending tailored email content. Personalization 

increases cognitive engagement (relevance reduces mental effort) and emotional engagement (customers 

feel understood and valued). Studies show that personalized email campaigns achieve open rates 26% higher 

and click-through rates 41% higher than non-personalized equivalents. 

3.4. Influencer Marketing 

Influencer marketing leverages trusted individuals with established social followings. Micro-

influencers (10,000ς100,000 followers) often generate higher engagement rates (likes, comments, shares) 

than celebrities because audiences perceive them as authentic and relatable. Effectiveness depends on 

genuine alignment between influencer values, audience interests, and brand identity. When executed well, 

influencer campaigns can increase brand mentions by up to 60%. 

3.5. Interactive Content and Campaigns 

Interactive content τ quizzes, calculators, polls, contests, and augmented reality filters τ actively 

involves users rather than passively exposing them to messages. This strategy boosts behavioral engagement 

(participation) and emotional engagement (excitement, curiosity). Brands using interactive content report 

two to three times more clicks and shares than static content. 

4. Measuring Customer Engagement in Digital Contexts 

To assess effectiveness, businesses track both quantitative and qualitative metrics: 

¶ Behavioral engagement: likes, shares, comments, clicks, time on page, repeat visits, purchase 

frequency. 

¶ Emotional engagement: sentiment analysis of comments, brand mentions, customer reviews. 

¶ Cognitive engagement: saved posts, direct questions, thorough reading of long-form content. 

High effectiveness is observed when all three dimensions improve simultaneously. 
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5. Challenges and Limitations 

Despite proven effectiveness, digital and social media strategies face challenges. Algorithm changes 

on platforms like Instagram and Facebook can suddenly reduce organic reach. Consumers increasingly suffer 

from "digital fatigue" and ad blindness. Privacy regulations (GDPR, CCPA) restrict personalization without 

explicit consent. Moreover, engagement metrics can be misleading τ high likes do not always translate into 

sales. Therefore, effectiveness must be evaluated against business goals, not vanity metrics alone. 

6. Conclusion and Recommendations 

Digital marketing and social media strategies are highly effective in driving customer engagement, but 

only when implemented strategically. Content marketing builds trust and authority. Active social media 

engagement fosters community. Personalization increases relevance. Influencer marketing leverages 

authentic trust. Interactive content creates memorable experiences. For maximum effectiveness, businesses 

should: 

1. Combine multiple strategies rather than relying on a single channel. 

2. Prioritize genuine interaction over automated broadcasting. 

3. Align content with audience needs (information, entertainment, social connection). 

4. Continuously monitor metrics and adapt to platform changes. 

5. Respect privacy and avoid intrusive personalization. 

Future research should explore the long-term effects of engagement on profitability and cross-cultural 

differences in response to digital strategies. 
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Annotation 

This article examines the digitalization practices implemented by "TUT" company and their impact on 



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

 

 

82 

management operational optimization and customer service. Based on publicly available information about 

TUTτa French co-transportation platform that has achieved over one million deliveries in 2025τthe study 

analyzes key digital transformation initiatives including customer experience restructuring, service-level 

improvements, and data-driven operational management. The findings indicate that strategic digitalization, 

particularly when combined with leadership from experienced professionals, significantly reduces customer 

service wait times, doubles delivery volumes, and strengthens operational efficiency. The case demonstrates 

that successful digital transformation requires not only technology adoption but also organizational 

restructuring focused on customer-centric metrics. 

 

Keywords:  

digitalization, operational optimization, customer service, TUT company, co-transportation platform, 

customer experience, delivery logistics, strategic management. 

 

1. Introduction 

In the contemporary business environment, digitalization has become a fundamental driver of 

operational efficiency and customer satisfaction. Companies across industries are adopting digital tools, data 

analytics, and automated systems to streamline processes, reduce costs, and enhance service quality. The 

logistics and transportation sector, in particular, has witnessed significant transformation through digital 

platforms that connect service providers with customers in real time. 

This article presents a case study of TUT, a French co-transportation platform founded in 2021. The 

company enables private individuals to deliver parcels using their personal vehicles, creating a collaborative 

logistics network. In 2025, TUT achieved a significant milestone by surpassing one million deliveries, 

demonstrating the effectiveness of its digitalization strategy. This study analyzes the digital practices 

implemented by TUT and their measurable impact on operational optimization and customer service. 

2. Company Background 

TUT is a French co-ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǇƭŀǘŦƻǊƳ όрл ŜƳǇƭƻȅŜŜǎΣ нлнп ǊŜǾŜƴǳŜΥ ϵр Ƴƛƭƭƛƻƴύ ǘƘŀǘ ŎƻƴƴŜŎǘǎ 

individuals who need parcels delivered with drivers traveling along relevant routes. The collaborative model 

reduces delivery costs while utilizing existing transportation capacity. In July 2024, Pierre-Etienne Montenot, 

former Director of Logistics for Europe at Amazon, joined TUT as General Director. Under his leadership, the 

company refocused its strategy on customer experience. 

3. Digitalization Practices at TUT 

3.1. Customer-Centric Restructuring 

The primary digitalization practice implemented at TUT was a strategic refocusing on customer 

experience. Under Montenot's direction, the company restructured its operations to prioritize customer 

needs rather than purely operational metrics. This shift included: 

¶ Reinforcement of the major accounts department for personalized follow-up with partner stores 

¶ Integration of customer feedback loops into operational decision-making 

¶ Redesign of service delivery processes to enhance user satisfaction 

3.2. Service-Level Optimization 

Digital tools enabled TUT to achieve measurable improvements in service quality. Between January 

and August 2025: 

¶ Delivery volume doubled 

¶ Customer service wait time was reduced by a factor of four 

These improvements reflect the successful integration of digital monitoring systems and performance 

analytics. 
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3.3. Operational Structure Enhancement 

The company leveraged Montenot's experience at Amazon to implement logistics best practices. This 

included: 

¶ Structured innovation processes to elevate service quality standards 

¶ Data-driven decision-making for capacity planning 

¶ Enhanced network management across over 4,000 partner stores in France 

4. Impact on Operational Optimization 

4.1. Efficiency Metrics 

The most significant operational impact was the doubling of delivery volume within an eight-month 

period. This growth was achieved without proportional increases in staff or infrastructure, indicating genuine 

operational efficiency gains through digital process optimization. 

4.2. Scalability 

TUT's digital platform architecture enables rapid scaling. With over 4,000 partner stores, the company 

has established a dense service network capable of handling increasing delivery volumes. The platform model 

allows for network expansion without traditional capital investment in physical infrastructure. 

4.3. Future Readiness 

The company is now preparing for European development in 2026, demonstrating that its digitalization 

practices have created a scalable and replicable operational model. 

5. Impact on Customer Service 

5.1. Reduced Response Times 

Customer service wait time reduction by a factor of four represents a dramatic improvement in service 

accessibility. This was achieved through: 

¶ Optimized routing of customer inquiries 

¶ Digital self-service options 

¶ Efficient escalation procedures 

5.2. Personalized Service 

The reinforced major accounts department provides dedicated follow-up for each partner store. This 

personalized approach, enabled by customer relationship management (CRM) systems, ensures that high-

volume partners receive tailored support. 

5.3. Service Quality Perception 

Founder Vincent Chabbert noted that Montenot's "experience and vision gave our teams the means 

to structure, innovate, and further raise the level of service quality" . This statement indicates that 

digitalization was accompanied by cultural and organizational changes that enhanced overall service 

perception. 

6. Analysis and Discussion 

6.1. Key Success Factors 

Several factors contributed to TUT's successful digital transformation: 

Leadership Expertise. The appointment of a leader with Amazon logistics experience brought proven 

methodologies for digital optimization. This aligns with research showing that leadership quality is a primary 

determinant of digital transformation success. 

Customer-Centric Metrics. Unlike companies that digitalize without strategic direction, TUT focused 

on measurable customer outcomes (wait times, personalization, service quality) rather than technology 

adoption for its own sake. 

Incremental Scaling. The company doubled delivery volumes while simultaneously improving service 

qualityτa combination that indicates effective rather than chaotic growth. 
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6.2. Comparison with Digital Transformation Theory 

TUT's experience confirms established principles of digital transformation: 

¶ Technology alone is insufficient; organizational restructuring must accompany digital adoption 

¶ Customer experience metrics should drive operational decisions 

¶ Leadership with relevant industry experience accelerates transformation 

6.3. Limitations 

As a single case study based on publicly available information, this analysis has limitations. Detailed 

internal data on specific digital tools, implementation timelines, and cost structures would enable deeper 

analysis. Additionally, the long-term sustainability of TUT's growth remains to be demonstrated. 

7. Conclusion 

The case of TUT company demonstrates that strategic digitalization practices significantly impact both 

operational optimization and customer service. By refocusing on customer experience, implementing data-

driven performance monitoring, and leveraging leadership expertise from the logistics sector, TUT doubled 

delivery volumes while reducing customer service wait times by a factor of four. The company's success 

illustrates that effective digital transformation requires not only technological investment but also 

organizational restructuring centered on customer outcomes. As TUT prepares for European expansion, its 

digitalization model offers valuable lessons for other logistics platforms and service-oriented enterprises. 
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IMPACT OF FINANCIAL TECHNOLOGY ON TRADITIONAL BANKING SERVICES: RISKS AND ADVANTAGES 

 

Annotation 

This article examines the impact of financial technology (fintech) on traditional banking services, 

analyzing both the advantages and risks associated with this transformation. Fintech innovations τ including 

mobile payments, peer-to-peer lending, robo-advisors, blockchain technology, and digital-only banks τ have 

disrupted conventional banking models by offering faster, cheaper, and more accessible financial services. 

The study identifies key advantages such as enhanced customer experience, reduced operational costs, 
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financial inclusion, and personalized services. However, significant risks include cybersecurity threats, data 

privacy concerns, regulatory challenges, systemic risk, and the potential obsolescence of traditional bank 

branches. Drawing on recent academic literature and industry reports, the article concludes that traditional 

banks are increasingly adopting hybrid models that integrate fintech solutions while maintaining core 

banking functions. A balanced approach combining innovation with robust risk management is essential for 

sustainable financial stability. 

Keywords:  

financial technology, fintech, traditional banking, digital banking, blockchain, mobile payments, peer-to-

peer lending, cybersecurity risk, financial inclusion, regulatory compliance, disruptive innovation. 

 

1. Introduction 

The rapid emergence of financial technology (fintech) has fundamentally altered the landscape of 

financial services. Fintech refers to the use of technology to deliver financial products and services more 

efficiently, transparently, and conveniently than traditional methods. Companies such as PayPal, Revolut, 

Stripe, Ant Group, and numerous peer-to-peer lending platforms have challenged the long-standing 

dominance of traditional banks. While traditional banks have historically operated through physical 

branches, centralized decision-making, and face-to-face customer relationships, fintech firms leverage 

algorithms, mobile applications, big data, and artificial intelligence. 

This article addresses two central questions: What advantages does fintech offer over traditional 

banking? And what risks does fintech pose to customers, banks, and the broader financial system? 

Understanding this balance is crucial for policymakers, bankers, and consumers alike. 

2. Advantages of Fintech for Traditional Banking Services 

2.1. Enhanced Customer Experience and Convenience 

Fintech allows customers to perform banking transactions anytime, anywhere, without visiting a 

physical branch. Mobile apps enable instant fund transfers, bill payments, loan applications, and account 

management. This 24/7 availability significantly improves customer satisfaction compared to traditional 

branch hours. 

2.2. Lower Costs and Fees 

Digital-only banks (neobanks) have no physical branch networks, resulting in dramatically lower 

overhead costs. These savings are often passed to customers as reduced fees, higher interest on deposits, 

and lower loan rates. For traditional banks, adopting fintech solutions can similarly reduce operational 

expenses. 

2.3. Financial Inclusion 

Fintech has expanded access to financial services for unbanked and underbanked populations. 

Individuals without traditional identification, credit history, or proximity to a bank branch can often open 

digital accounts, receive microloans, or make mobile payments. In developing economies, mobile money 

services (e.g., M-Pesa) have lifted millions out of financial exclusion. 

2.4. Personalization and Data-Driven Services 

Using big data analytics and artificial intelligence, fintech platforms can analyze customer spending 

patterns, predict needs, and offer personalized product recommendations. Traditional banks, historically 

reliant on standardized products, can now adopt similar technologies to deepen customer relationships. 

2.5. Speed and Efficiency 

Loan approvals that once took weeks can now be completed in minutes using automated underwriting 

algorithms. International money transfers that required several days can be settled nearly instantly using 

blockchain-based systems. 
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3. Risks of Fintech to Traditional Banking Services 

3.1. Cybersecurity Threats 

As financial services become increasingly digital, they become more vulnerable to hacking, phishing, 

ransomware, and data breaches. Fintech platforms, especially smaller startups, may have weaker security 

infrastructure compared to established banks. A single successful cyberattack can compromise millions of 

customer accounts. 

3.2. Data Privacy Concerns 

Fintech companies collect vast amounts of personal and financial data. Without strict governance, this 

data may be misused, sold without consent, or exposed through breaches. Traditional banks face 

reputational and legal risks when partnering with or competing against fintech firms with less mature privacy 

practices. 

3.3. Regulatory and Compliance Risks 

Fintech innovation often outpaces regulation. Many fintech products operate in regulatory grey areas, 

creating uncertainty for traditional banks that must comply with strict banking laws (e.g., capital adequacy 

requirements, anti-money laundering rules). Non-compliance by fintech partners can expose traditional 

banks to legal liability. 

3.4. Systemic Risk 

The rapid growth of interconnected fintech platforms, some operating without full banking licenses, 

can create new sources of systemic risk. A failure of a major peer-to-peer lending platform or a stablecoin 

issuer could trigger cascading losses across the financial system. Traditional banks remain exposed through 

investments, partnerships, or shared customer bases. 

3.5. Disintermediation and Loss of Customer Relationships 

Fintech companies that offer payment services, lending, or wealth management can bypass traditional 

banks entirely. As customers migrate to fintech for specific services, banks risk losing valuable customer 

relationships and cross-selling opportunities. This disintermediation threatens a core revenue source for 

traditional banks. 

3.6. Operational Risk 

Reliance on third-party technology providers (cloud services, payment processors, data analytics firms) 

introduces operational risks. Outages, software bugs, or vendor failures can disrupt banking services, leading 

to customer dissatisfaction and regulatory penalties. 

4. The Response of Traditional Banks 

Rather than disappearing, most traditional banks have adopted hybrid strategies. Many now offer their 

own mobile apps, digital wallets, and online-only account opening. Some have acquired fintech startups or 

formed strategic partnerships. Others have launched independent neobank subsidiaries. This convergence 

suggests that the future of banking will not be fintech versus traditional banking, but rather an integrated 

ecosystem where both coexist. 

5. Conclusion 

Financial technology has undeniably transformed traditional banking services, bringing substantial 

advantages in convenience, cost, inclusion, and personalization. However, these benefits come with 

significant risks, including cybersecurity threats, data privacy challenges, regulatory gaps, systemic 

vulnerability, and customer disintermediation. Traditional banks cannot ignore fintech; they must adapt by 

adopting innovative technologies while strengthening risk management frameworks. Policymakers need to 

update regulations to protect consumers without stifling innovation. Ultimately, the most resilient financial 

system will be one that harnesses the strengths of both fintech and traditional banking. 
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˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΣ ́˥ˮ̅, 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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͔͎͙͙ͫͭͪ͊ͭ ͎͊͗͒ͦͦ͟ ͯ;͙͊ͫͭͤ͊͟Φ ˹͔͔͍͙͔ͦ͋ͫ͟͡ ͔͙͙ͨͪͣ ͨͦ Ή͙͔ͦͤͦͣ͟͟ ͔ͤͦ͒ͤͦͪ͊ͭͤͦ͟ ͙͙ͨͪͫͯ͗͒͊ͫ͡Έ 

͙͔ͣͤͤͦ ͊͘ ͙͔͙͒ͦͫͭ͗ͤΎ ͍ Ή͚ͭͦ ͙ͦ͋͊ͫͭ͡Σ ;ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͔͔ ͺ͔ͯͤ͒͊ͣͤͭ͊͡ΈͤͯΌ ͤ͊͘;͙ͣͦͫͭΈΦ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͚͒͊ͤͤͦ ͪ͊͋ͦͭ· ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͎ͭͦͦΣ ͊͟͟ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫ͊͟Ύ ͎͙ͦ͊͟͡ ͔͙͙ͭͦͪ ͙͎ͪ 

͎͔ͨͦͣͦ͊ͭ ͙͔͋ͤͫͯ͘ ͍·͙͍ͫͭͪ͊͊ͭΈ ͎͒ͦͦͫͪͦ͡;ͤ·͔ ͔͎͙͙ͫͭͪ͊ͭ ͔͋͘ ͤ ͔ͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͎͔͙ͨͦͪͯ͗ͤΎ ͍ ͎͙͔ͪͦͣͦ͒͘͟ 

͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͍·;͙͔͙ͫͤ͡ΎΦ 

мΦ ˿ͯ΅ͤͦͫͭΈ ͔͙͙ͭͦͪ ͙͎ͪ ͊͟͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͔ͣͭͦ͒͊ ͍ Ή͙͔ͦͤͦͣ͟͟ 

͔͙́ͦͪΎ ͙͎ͪ ͙ͯ͘;͔͊ͭ ͙ͫͭͯ͊ͼ͙͙Σ ͍ ͦͭͦͪ͟·ͻ ͯ;͙͙͊ͫͭͤ͟ ό͙͎͙ͪͦ͟ύ ͔͔ͨͪͫ͒ͯ͡Όͭ ͍͙ͫͦ ͙͔͔ͤͭͪͫ·Σ ͊ ͙ͻ 

͍·͙͎ͪ·΄͙ ͍͙͊ͫ͘Ύͭ ͦͭ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͍·͋ͪ͊ͤͤ·ͻ ͍͔͙ͫͣ ͙͎͙ͪͦ͊ͣ͟ ͔͚͍͙͚͒ͫͭΦ ˤ Ή͙͔ͦͤͦͣ͟͟ ͍ ͙ͪͦ͡ ͙͎͍ͪͦͦ͟ 

͍·ͫͭͯͨ͊Όͭ ͦͪͨͦͪ͊͟ͼ͙͙Σ ͎͍ͦͫͯ͒͊ͪͫͭ͊Σ ͔͙͔͙ͨͦͭͪ͋ͭ͡ ͙͙͡ ͙͍͔ͤͫͭͦͪ·Φ ˤ͔ͣͫͭͦ ͎ͭͦͦ ;ͭͦ͋· ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ 

ͪ·ͤͦ͟ ͊͟͟ ͙ͫͭ͊ͭ;ͤͯΌ ͙͔ͫͫͭͣͯΣ ͔͙ͭͦͪΎ ͙͎ͪ ͍͙͙͒ͭ ͍ ͔ͤͣ ͙͙͒ͤ͊ͣ;͔ͫͯ͟Ό ͔͊ͪͤͯΣ ͎͔͒ ͊͗͒͟·͚ ΄͎͊ ͔͙ͫͦͨͪͤ͊͟ 

͍·͘·͍͔͊ͭ ͍͔ͦͭͭͤͯΌ ͔ͪ͊͟ͼ͙ΌΦ 

˸͔͙͊ͭͣ͊ͭ;͔͙͚ͫ͟ ͙͋͊ͫ͘ ͔͙͙ͭͦͪ ͙͎ͪ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍ͪͦ͊ͭΈ ͪ·ͤͦ;ͤ·͔ ͙ͫͭͯ͊ͼ͙͙ ͨͦ 

͔ͤͫͦ͟͡Έ͙ͣ͟ ͙ͨͪͤ͊͊ͣ͘͟Υ 

˴͔͙͍ͦͦͨͪ͊ͭͤ·͔ ͙ ͔͔͙͍ͤͦͦͨͪ͊ͭͤ͟·͔ ͙͎ͪ·Υ ˤ ͔͍ͨͪ·ͻ ͯ;͙͙͊ͫͭͤ͟ ͎ͣͦͯͭ ͙ͨͦ͒ͨͫ·͍͊ͭΈ Ό͙͙ͪ͒;͔͙ͫ͟ 

ͦ͋Ύ͘·͍͊Ό΅͙͔ ͎ͫͦ͊͡΄͔͙ͤΎ ό͙͔ͤ͊ͨͪͣͪΣ ͙͔ͫͦ͒͊ͤ͘ ͊͡ΈΎ͍ͤͫͦύΣ ͍ͦ ͍ͭͦͪ·ͻ τ ͒ ͔͚͍ͫͭͯΌͭ ͎ͫͭͪͦͦ ͍͊ͭͦͤͦͣͤͦΦ 

ˮ͎ͪ· ͫ ͔͍͚ͤͯͦ͡ ͙ ͔͔͍͚ͤͤͯͦ͡ ͚ͫͯͣͣͦΥ ˤ ͙͎ͪ͊ͻ ͫ ͔͍͚ͤͯͦ͡ ͚ͫͯͣͣͦ ͍·͙͎ͪ·΄ ͎ͦ͒ͤͦͦ ͙͎ͪͦ͊͟ ͍ 

ͭͦ;͙ͤͦͫͭ ͍͔ͪ͊ͤ ͙͎ͨͪͦͪ·΄ͯ ͎͎͒ͪͯͦͦ ό͙͔ͤ͊ͨͪͣͪΣ ͔͙͚͗ͫͭ͟ ͔͔͔ͨͪ͒͡ ͺ͙͙͍͚ͫͪͦ͊ͤͤͦ͟ ͙͒ͦ͡ ͪ·ͤ͊͟ύΦ ˻͒ͤ͊ͦ͟ 

͋ͦ͡Έ΄͙͍ͤͫͭͦ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ Ύ͍͡ΎΌͭͫΎ ͙͎͙ͪ͊ͣ ͫ ͔͔͍͚ͤͤͯͦ͡ ͚ͫͯͣͣͦΣ ͎͔͒ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ 

͍͙ͨͪ͊͡Έ͚ͤͦ ͔͎͙͙ͫͭͪ͊ͭ ͍·͙͎ͪ͊ͭΈ ͙͙͡ ͙͎ͨͪͦͪ͊ͭΈ ͎ͣͦͯͭ ͍͔ͫ ͯ;͙͙͊ͫͭͤ͟ ͍͔͔ͦ͒ͤͦͪͣͤͤͦΦ 

нΦ ζ˨͙͔ͣͣ͊͡ ͊͘͟͡Ό;͔͎ͤͤͦͦη ͙ ͼ͔͍ͤͦ·͔ ͍͚ͦͤ· ͤ͊ ͪ·͔ͤ͟ 

˻͚͒ͤͦ ͙͘ ͫ͊ͣ·ͻ ͙͍͔ͫͭͤ͘·ͻ ͔͔͚ͣͦ͒͡ ͔͙͙ͭͦͪ ͙͎ͪΣ ͦ͋ΆΎͫͤΎΌ΅͔͚ Ή͙ͦͤͦͣ͟;͔͔ͫͦ͟ ͍͔͔͙͔ͨͦ͒ͤ 

͙͚ͦͣͨ͊ͤ͟Σ Ύ͍͡Ύ͔ͭͫΎ ζ͙͔͒ͣͣ͊͡ ͊͘͟͡Ό;͔͎ͤͤͦͦηΦ ˤ ͔͔ͦͤͭͫͭ͟͟ ͔ͪ͊͡Έ͎ͤͦͦ ͙͔͋ͤͫ͊͘ Ήͭ͊ ͔ͣͦ͒͡Έ ͙͔͒͊͡Έͤͦ 

͙ͦͨͫ·͍͔͊ͭ ͍͔͔͙͔ͨͦ͒ͤ ͍͒ͯͻ ͪͯͨͤ͟·ͻ ͙ͦͤͯͪͪͯ͟͟Ό΅͙ͻ ͺ͙ͪͣ ͍ ͍͙ͯͫͦ͡Ύͻ ͙͎͙͙ͦͦͨͦ͡͡ ό͙͔ͤ͊ͨͪͣͪΣ ͍͒ͯͻ 

ͪͯͨͤ͟·ͻ ͔͍ͦͨͪ͊ͭͦͪͦ ͍ͫΎ͙͘ ͙͙͡ ͍͙͙͚͊͊ͦͣͨ͊ͤ͟ύΦ 

˽͔͍͙ͪ͒ͫͭ͊ͣ ͙ͫͭͯ͊ͼ͙ΌΣ ͎ͦ͒͊͟ ͔ͦ͋ ͙͙ͦͣͨ͊ͤ͟ ͎ͣͦͯͭ ͙͋ͦ͡ ͔͙͍ͯ͒ͪ͗͊ͭΈ ͍·͙͔ͫͦ͟ ͼ͔ͤ· ͤ͊ ͍͙ͫͦ ͎͙ͯͫͯ͡Σ 

͙͋ͦ͡ ͤ͊;͊ͭΈ ͼ͔͍ͤͦͯΌ ͍͚ͦͤͯΣ ͙͙͍ͫͤ͘ ͼ͔ͤ· ͍ ͔͔ͤ͊͒͗͒ ͔͔͙ͨͪͣ͊ͤͭΈ ͙͔͍ͤͭͦ͟͡Φ ˿ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ 

͔͙͍͚ͦͭͤͦ͟͟͡͡ ͎͙͙ͦ͟͡Σ ͙͔͔ͤ͊͋ͦ͡ ͍·͎ͦ͒ͤ·ͣ ͒͡Ύ ͔͙ͦ͋ͻ ͺ͙ͪͣ ͔ͪ΄͔͙͔ͤͣ ͋·ͦ͡ ͋· ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͍·͙ͫͦ͟ͻ 

ͼ͔ͤΣ ;ͭͦ ͍͙ͨͦͦͦ͘͡͡ ͋· ͙ͣ ͨͦͯ͡;͊ͭΈ ͙ͫͭ͊͋͡ΈͤͯΌ ͙ͣ͊ͫͣ͊͟͡ΈͤͯΌ ͙ͨͪ͋·͡ΈΦ 

˻͒ͤ͊ͦ͟Σ ͔͚͍͒ͫͭͯΎ ͙͙͍ͦͪͦ͊ͤͤͦ͘͡ ͎͒ͪͯ ͦͭ ͎͒ͪͯ͊Σ ͊͗͒͊͟Ύ ͺ͙ͪͣ͊ ͤ͊;͙͔ͤ͊ͭ ͪ͊ͫͫͯ͗͒͊ͭΈ Ή͎͙͙ͦͫͭ;ͤͦΥ 

ζ˩͙ͫ͡ ͚ͣͦ ͔ͦͤͯͪͤͭ͟͟ ͔͙ͯ͒ͪ͗ͭ ͍·ͫͦͯ͟Ό ͼ͔ͤͯΣ ͊ Ύ ͙ͫͤ͗ͯ τ Ύ ͔͊͋ͪͯ͘ ͍͔ͫΈ ͪ·ͤͦ͟ ͙ ͊ͪ͊͋ͦͭ͊͘Ό 

ͦͦͫͫ͊͟͡͡Έͤͦ ͎ͣͤͦͦΦ ˩͙ͫ͡ ͔͗ ͦͤ ͙͙ͫͤͭ͘ ͼ͔ͤͯΣ ͊ Ύ ͍ͦͫͭ͊͡Ό ͍·ͫͦͯ͟Ό τ Ύ ͦ͋͊ͤͪͦ͟;ͯͫΈΦ ˭ͤ͊;͙ͭΣ ͔ͣͤ ͍ 

͡Ό͋ͦͣ ͫͯ͡;͔͊ ͍·͎ͦ͒ͤͦ ͙ͫͤ͗͊ͭΈ ͼ͔ͤͯηΦ  

͔͙́ͦͪΎ ͙͎ͪ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙ͯͤ͊͟͡Έͤ·͚ ͙͔ͨͪͣͪ ͎ͭͦͦΣ ͊͟͟ ͎͙͚ͯ͋ͦ͟͡ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͚ͫ͟ ͔ͣͭͦ͒ 

͔ͣͦ͗ͭ ͋·ͭΈ ͔ͯͫͨ΄ͤͦ ͔͔͍͔͔ͨͪ͒ͤ ͤ͊ Ύ͘·͟ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͙͔͋ͤͫ͊͘ ͙ ͔͎͙ͫͭͪ͊ͭ;͔͎ͫͦͦ͟ ͔͔͔ͣͤ͒͗ͣͤͭ͊Φ ˻ͤ͊ 

ͯ;͙ͭ ͍͙͔͔͚ͪͯͦͦ͒ͭ͟͡ ͣ·͙ͫͭ͡Έ ͙͔ͫͫͭͣͤͦΣ ͔ͫͣͦͭͪͭΈ ͤ͊ ͪ·ͤͦ͟ ͎͙͊͊ͣ͘͡ ͍͙ͫͦͻ ͔͍ͦͤͯͪͤͭͦ͟͟ ͙ ͍ͦͫͦͤ͊͊ͭ͘ΈΣ 

;ͭͦ ͍ Ή͙͔ͦͤͦͣ͟͟ ͔ͤͭ ͙͙͍ͦͪͦ͊ͤͤ͘͡·ͻ ͔ͪ΄͔͙͚ͤΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˢ͔͔͍ͫͪͦ͟͡Σ ̅Φ́Φ ͔͙́ͦͪΎ ͙͎ͪ ͙ Ή͙ͦͤͦͣ͟;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ κ ̅Φ ́Φ нлноΦ ς нмп ͫΦ 

2. ˨͙͍͊ͤͦ͡Σ ˤΦˮΦ ˶͔͟ͼ͙͙ ͨͦ ͔͙͙ͭͦͪ ͙͎ͪ ͙ ͔͔ Ή͙ͦͤͦͣ͟;͔͙ͫͣ͟ ͙͔͙ͨͪͦ͗ͤ͡Ύͣ κ ˤΦ ˮΦ ˨͙͍͊ͤͦ͡Φ ς ˸͍ͦͫ͊͟Υ 

˨͔ͦ͡Σ нлннΦ ς мфс ͫΦ 

3. ˭͊ͻ͍͊ͪͦΣ ˢ.ˤΦ ͔͙́ͦͪΎ ͙͎ͪ ͍ ͦ͋΅͔͍͔ͫͭͤͤ·ͻ ͤ͊ͯ͊͟ͻΥ ͯ;͔͙͋ͤ͟ ͒͡Ύ ͍͍ͯͦ͘ κ ˢΦ ˤΦ ˭͊ͻ͍͊ͪͦΦ ς ˸͍ͦͫ͊͟Υ 

ˮ͔͒͊ͭ͘͡Έ͙͚ͫ͟ ͒ͦͣ ˤ·ͫ΄͔͚ ΄ͦ͟͡· Ή͙͙ͦͤͦͣ͟͟Σ нлнпΦ    

ϭ ˾͊ͻ͍ͣ͊ͤͦ ˸., 2026 
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 ̆ ͍͊ͪ͊ͭͯͦ͘͟͡ ˿͊ͤ͒͗͊ͪ,  

˿͔ͭͯ͒ͤͭ н-͎ͦ ͯͪͫ͊͟ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͺ͊ͯ͟͡Έ͔ͭͭ͊. 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭ Ή͙͙ͦͤͦͣ͟͟ ͙ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ  

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˿˻ˤ˾˩˸˩˹˹̍˩ ́˩˹˨˩˹̇ˮˮ ˾ˢ˭ˤˮ́ˮ̒ ̏˴˻˹˻˸ˮ̉˩˿˴˻˯ ˹ˢ̂˴ˮ ˮ ˽˾ˢ˴́ˮ˴ˮ ̆˻˭̒˯˿́ˤ˻ˤˢ˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ Ή͙ͦͤͦͣ͊͟͟ ͊͟͟ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͊Ύ ͤ͊ͯ͊͟ ͦ͋ ͍͔͙͙ͯͨͪ͊ͤ͡ 

͎͙ͦͪ͊ͤ;͔ͤͤ·͙ͣ ͔͙ͪͫͯͪͫ͊ͣΦ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͍ͦͫͤͦͤ·͔ Ήͭ͊ͨ· ͍͙͙ͪ͊ͭ͘Ύ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͣ·͙ͫ͡Σ 

͙͊ͫͫ͟͡;͔͙͔ͫ͟ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ΄ͦ͟͡·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͔ͭͪͣ ͟͡Ό;͔͍·ͣ 

͍ͦͨͪͦͫ͊ͣ Ή͙͙ͦͤͦͣ͟͟Υ ;ͭͦ ͙͍͙ͨͪͦͦ͒ͭ͘ΈΣ ͊͟͟ ͙͍͙ͨͪͦͦ͒ͭ͘Έ ͙ ͒͡Ύ ͎ͦͦ͟ ͙͍͙ͨͪͦͦ͒ͭ͘ΈΦ ˤ ͔ͪ͊͋ͦͭ 

͙͔ͫͫ͒ͯ͡ΌͭͫΎ ͪ·ͤͦ;ͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͫͨͪͦͫ͊ ͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ ͪͦ͡Έ ͎͍ͦͫͯ͒͊ͪͫͭ͊ ͍ Ή͙͔ͦͤͦͣ͟͟Σ ͊ ͔ͭ͊͗͟ 

͍͔͔ͫͦͪͣͤͤ·͔ ͍·͍ͦ͘·Σ ͙͔ͭ͊͟ ͊͟͟ ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙ΎΣ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͙ ͚ͯͫͭͦ;͙͍͔ͦ ͍͙͙͔ͪ͊ͭ͘Φ ˿ͭ͊ͭΈΎ 

͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤ͊ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦΣ ͔͍͔͔͚ͨͪͨͦ͒͊͊ͭ͡ ͙ ͍͔ͫͻ ͙͔͔ͤͭͪͫͯΌ΅͙ͻͫΎ ͍͙ͦͫͤͦ͊ͣ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ 

͔͙͙ͭͦͪΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 Ή͙ͦͤͦͣ͊͟͟Σ ͎͙ͦͪ͊ͤ;͔ͤͤ·͔ ͔ͪͫͯͪͫ·Σ ͫͨͪͦͫ ͙ ͔͔͙͔ͨͪ͒ͦ͗ͤ͡Σ ͪ·ͤͦ;ͤ͊Ύ Ή͙ͦͤͦͣ͊͟͟Σ ͎͍͔͔ͦͫͯ͒͊ͪͫͭͤͤͦ 

͔͎͙͍͙͔ͪͯͪͦ͊ͤ͡Σ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͙͔ͫͫͭͣ·Σ ͙ͣͪͦ͟Ή͙ͦͤͦͣ͊͟͟Σ ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͊͟͟Σ 

 ͙ ͤͺ͡Ύͼ͙ΎΣ ͔͙͋ͪ͊͋ͦͭ͘ͼ͊Σ Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͪͦͫͭΦ 

 

ˤ͍͔͔͙͔͒ͤ 

͔͙́ͪͣͤ ζΉ͙ͦͤͦͣ͊͟͟η ͙ͨͪͦͫͻ͙ͦ͒ͭ ͦͭ ͔͍͔͎͔͒ͪͤͪ;͔͙ͫ͟ͻ ͍ͫͦ͡ ζ͚ͦͦͫ͟η ό͒ͦͣύ ͙ ζͤͦͣͦͫη ό͍͙ͨͪ͊ͦ͡Σ 

͊ͦͤ͘͟ύΣ ;ͭͦ ͍͋ͯ͊͟͡Έͤͦ ͦͤ͊͘;͔͊ͭ ζ͙͍ͫͯͫͫͭͦ͟ ͍͔͔͙͒ͤΎ ͒ͦͣ͊΄͔͎ͤͦ ͻͦ͘Ύ͚͍ͫͭ͊ηΦ ˿͔͎ͦ͒ͤΎ Ή͙ͦͤͦͣ͊͟͟ τ Ήͭͦ 

ͦ͋΄͙ͪͤ͊Ύ ͤ͊ͯ͊͟Σ ͙ͯ͘;͊Ό΅͊Ύ ͍͔͔͙͔ͨͦ͒ͤ ͡Ό͔͚͒ ͍ ͨͪͦͼ͔͔ͫͫ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Σ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡ΎΣ ͔ͦ͋ͣͤ͊ ͙ 

͔͔͙ͨͦͭͪ͋ͤ͡Ύ ͎͋͊͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦͪ͊ͤ;͔͙ͤͤͦͫͭ ͔͍ͪͫͯͪͫͦΦ ˴͔͊͗͒ͦ ͦ͋΅͔͍ͫͭͦ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ 

ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͔͚ͨͪͦ͋ͣͦ͡Υ ͔͙ͨͦͭͪ͋ͤͦͫͭ ͡Ό͔͚͒ ͔͎͙͋ͪ͊ͤ͘;ͤ·Σ ͊ ͔ͪͫͯͪͫ· ͒͡Ύ ͙ͻ ͍͔͍͔͙ͯ͒ͦͭͦͪͤ͡Ύ τ 

͎͙ͦͪ͊ͤ;͔ͤ·Φ ˮ͔ͣͤͤͦ Ήͭ͊ ͔ͨͪͦ͋ͣ͊͡ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͍͔ͫͻ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤΦ 

мΦ ˻͍ͫͤͦͤ·͔ Ήͭ͊ͨ· ͍͙͙ͪ͊ͭ͘Ύ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͣ·͙ͫ͡ 

͙̏ͦͤͦͣ͟;͔ͫ͊͟Ύ ͤ͊ͯ͊͟ ͨͪͦ΄͊͡ ͎͙͚͒ͦ͡ ͨͯͭΈ ͍͙͙ͪ͊ͭ͘ΎΥ 

¶ ˨͔͍͙͚ͪͤ ͙ͣͪ ό˴͔ͫͤͦͺͦͤͭΣ ˢ͙͔ͪͫͭͦͭ͡Έύ ς ͔͍ͨͪ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͒ͦͣͦͻͦ͘Ύ͚͍͔ͫͭΣ ͔͒ͤΈ͎͊ͻΣ 

͎͍͔ͭͦͪͦ͡Φ 

¶ ˸͔͙͙ͪ͊ͤͭͣ͘͟͡ ό·±Lς·±LL ͍͍Φύ ς ͎͍͋ͦ͊ͭͫͭͦ ͔͍ͦͭͦ͗͒ͫͭ͡Ύͦͫ͡Έ ͫ ͦͦͭͦͣ͘͡ ͙ ͔͔ͫͪ͋ͪͦͣΤ ͍͚ͦͫͤͦͦ 

ͫ;͙ͭ͊͊ͫ͡Έ ͍͔ͤ΄ͤΎΎ ͎͍ͭͦͪͦ͡ΎΦ 

¶ ˴͙͊ͫͫ͡;͔ͫ͊͟Ύ ͙ͨͦͭ͡Ή͙ͦͤͦͣ͟Ύ ό˿͙ͣͭΣ ˾͙͊ͪ͒ͦ͟Σ ·±LLLς·L· ͍͍Φύ ς ͍͍͔͔͒ͤͦ ͨͦͤΎ͙͔ͭ ζ͔͍͙͙͚ͤ͒ͣͦ 

͙ͪͯ͟ ͪ·ͤ͊͟ηΣ ͍͙ͪ͊ͭ͊͘ ͍ͭͪͯ͒ͦ͊Ύ ͔͙ͭͦͪΎ ͙͙ͫͭͦͣͦͫͭΦ 

¶ ˸͙͊ͪͫͣ͘͟ ό˸͊ͪͫ͟Σ ͎͔̏ͤ͡ΈͫΣ ·L· ͍Φύ ς ͟ ͙͙ͪͭ͊͟ ͙͙͊ͨͭ͊ͣ͊͘͟͡Σ ͔͙ͭͦͪΎ ͙͍ͨͪ͋͊ͦ;͚ͤͦ ͙͙ͫͭͦͣͦͫͭΦ 

¶ ˸͙͙͊ͪ͗ͤ͊ͣ͘͡ ͙ ͔͙ͤͦ͊ͫͫ͊͟͟͡ ό͔ͦͤ͟ͼ ·L· ς ͤ͊;͊ͦ͡ ·· ͍͍Φύ ς ͔͔ͨͪͻͦ͒ ͟ ͙͊ͤ͊ͯ͘͡ ͔͔ͨͪ͒͡Έͤ·ͻ 

͍͔͙͡;͙ͤΣ ͔͙ͭͦͪΎ ͔͔ͨͪ͒͡Έ͚ͤͦ ͔͙ͨͦͤͦͫͭ͘͡Φ 

¶ ˴͔͚͙͍ͤͫ͊ͤͫͭͦ ό˨͗Φ ˸Φ ˴͔͚ͤͫΣ мфол-͔ ͎͎Φύ ς ͍͙͔ͦ͋ͦͫͤͦ͊ͤ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ 

͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͍ Ή͙ͦͤͦͣͯ͟͟ ͒͡Ύ ͋ͦͪΈ͋· ͫ ͙͙͙ͪͫ͊ͣ͘͟Φ 

¶ ˸͔͙ͦͤͭ͊ͪͣ͘ ό˸Φ ͙̅ͪ͒ͣ͊ͤΣ мфрлς1980-͔ ͎͎Φύ ς ͙͙͔ͨͪͦͪͭͭ ͔͔͒ͤ͗ͤͦ-͔͙͚ͪ͒ͭͤͦ͟ ͙͙͙ͨͦͭ͟͡ ͍ 

͔͎͙͍͙͙ͪͯͪͦ͊ͤ͡ Ή͙͙ͦͤͦͣ͟͟Φ 

¶ ˿͍͔͔ͦͪͣͤͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ς ͍͔͔ͨͦ͒ͤ;͔ͫ͊͟Ύ Ή͙ͦͤͦͣ͊͟͟ ό˨Φ ˴͔͊ͤͣ͊ͤύΣ ͙͙ͤͫͭͭͯͼ͙ͦͤ͊͡Έͤ͊Ύ 

Ή͙ͦͤͦͣ͊͟͟Σ ͍ͤͦ͊Ύ ͙͊ͫͫ͊͟͟͡Φ 
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нΦ ͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͍ͦͨͪͦͫ· Ή͙͙ͦͤͦͣ͟͟ 

˹͔͍͙͙͊ͫͣͦ͘ ͦͭ ͙ͭͨ͊ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· όͪ·ͤͦ;ͤ͊ΎΣ ͦͣ͊ͤ͒ͤ͊͟ΎΣ ͙ͭͪ͊͒ͼ͙ͦͤͤ͊Ύ ͙͙͡ 

͔ͫͣ΄͊ͤͤ͊ΎύΣ ͡Ό͔͋ͦ ͦ͋΅͔͍ͫͭͦ ͒ͦ͗ͤͦ͡ ͍͔͙ͦͭͭͭΈ ͤ͊ ͙ͭͪ ͎͍͊ͤ͡·ͻ ͍ͦͨͪͦͫ͊Υ 

1. ̉ͭͦ ͙͍͙ͨͪͦͦ͒ͭ͘ΈΚ ς ͟ ͙͔͊͟ ͍ͭͦ͊ͪ· ͙ ͎͙ͯͫͯ͡Σ ͍ ͊ͦͣ͟͟ ͙ͦ͟͡;͔͍͔ͫͭΚ 

2. ˴͊͟ ͙͍͙ͨͪͦͦ͒ͭ͘ΈΚ ς ͫ  ͨͦͣͦ΅ΈΌ ͙͊͟͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͔͍ͪͫͯͪͫͦ ͙ ͔͍ͣͭͦ͒ͦΚ 

3. ˨͡Ύ ͎ͦͦ͟ ͙͍͙ͨͪͦͦ͒ͭ͘ΈΚ ς ͟ ͊͟ ͔͔ͪ͊ͫͨͪ͒͡ΎͭΈ ͙͍͔͖ͨͪͦ͒ͤͤ͘·͔ ͎͋͊͊͡ ͔͙ͫͪ͒ ;͔͍ͤͦ͡ ͦ͋΅͔͍ͫͭ͊Κ 

ˤ ͪ·ͤͦ;͚ͤͦ Ή͙͔ͦͤͦͣ͟͟ Ή͙ͭ ͍ͦͨͪͦͫ· ͔ͪ΄͊ΌͭͫΎ ;͔͔ͪ͘ ͔ͣͻ͙͊ͤͣ͘ ͼ͔ͤΣ ͫͨͪͦͫ͊ ͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ ˤ 

͚ͦͣ͊ͤ͒ͤͦ͟ Ή͙͔ͦͤͦͣ͟͟ τ ;͔͔ͪ͘ ͼ͔͙͍͔ͤͭͪ͊ͦ͊ͤͤͦ͘͡ ͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡Φ 

оΦ ˿ͨͪͦͫ ͙ ͔͔͙͔ͨͪ͒ͦ͗ͤ͡Υ ͪ·ͤͦ;ͤ·͚ ͔ͣͻ͙͊ͤͣ͘ 

˭͊ͦͤ͟ ͫͨͪͦͫ͊ ͎͙͊ͫͭ͡Υ ͙ͨͪ ͨͪͦ;͙ͻ ͍ͪ͊ͤ·ͻ ͍͙ͯͫͦ͡ΎͻΣ ͍ͨͦ·΄͔͙͔ͤ ͼ͔ͤ· ͍͔͖͒ͭ ͟ ͙͔͙ͫͤ͗ͤΌ ͍͔͙͡;͙ͤ· 

ͫͨͪͦͫ͊Φ ˭͊ͦͤ͟ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΥ ͍ͨͦ·΄͔͙͔ͤ ͼ͔ͤ· ͍͔͖͒ͭ ͟ ͪͦͫͭͯ ͍͔͙͡;͙ͤ· ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ 

ͫͨͪͦͫ͊ ͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͪ·ͤͦ;ͤͯΌ ͍͍͔ͪ͊ͤͦͫͤͯΌ ͼ͔ͤͯΦ 

̅ͯͤ͟ͼ͙Ύ ͫͨͪͦͫ͊ όͯͨͪͦ΅͖ͤͤͦύΥ vŘҐŀҍōtQd=aҍbP 

̅ͯͤ͟ͼ͙Ύ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΥ Qs=c+dPQs=c+dP 

˥͔͒ QdQd ς ͍ ͔͙͡;͙ͤ͊ ͫͨͪͦͫ͊Σ QsQs ς ͍ ͔͙͡;͙ͤ͊ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ PP ς ͼ͔ͤ͊Φ 

˾·ͤͦ;͔ͤͦ ͍͍͔͙͔ͪ͊ͤͦͫ ͙͎͔͒ͦͫͭ͊ͭͫΎ ͙ͨͪ ͍͔͍͔ͪ͊ͤͫͭ Qd=QsQd=QsΦ ˶Ό͔͋ͦ ͔͙͔ͦͭͦͤͤ͟͡ ͔ͨͦͪͦ͗͒͊ͭ 

͙͋ͦ͡ ͔͒ͺ͙ͼ͙ͭΣ ͙͋ͦ͡ ͙͋͘·ͭͦ͟Σ ;ͭͦ ͔͊ͨͯͫ͊ͭ͘͟ ͔ͣͻ͙͊ͤͣ͘ ͍͙͊ͭͦͣ͊ͭ;͔͎ͫͦͦ͟ ͍͍ͦͪ͊͘΅͔͙ͤΎ ͟ ͍͍͔͙ͪ͊ͤͦͫΌΦ 

пΦ ˸͙ͪͦ͟Ή͙ͦͤͦͣ͊͟͟ ͙ ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͊͟͟ 

͙̏ͦͤͦͣ͟;͔ͫ͊͟Ύ ͤ͊ͯ͊͟ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͔͙͒ͭͫ͡Ύ ͤ͊ ͍͒͊ ͍ͯͪͦͤΎΥ 

˸͙ͪͦ͟Ή͙ͦͤͦͣ͊͟͟ ͙ ͯ͘;͔͊ͭ ͍͔͔͙͔ͨͦ͒ͤ ͔ͦͭ͒͡Έͤ·ͻ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͎͔͍͊ͤͭͦΥ ͒ͦͣͦͻͦ͘Ύ͚͍ͫͭΣ ͺ͙ͪͣΣ 

͔͙͔͔͚ͨͦͭͪ͋ͭ͡Φ ˩͖ ͍ͦͨͪͦͫ·Υ ͊͟͟ ͔͙͔ͨͦͭͪ͋ͭ͡Έ ͔͔͒͊ͭ͡ ͍·͋ͦͪ ͙ͨͪ ͎͙ͦͪ͊ͤ;͔ͤͤͦͣ ͋Ό͔͔͒͗ͭΚ ͊͟͟ ͺ͙ͪͣ͊ 

͔͔ͦͨͪ͒͡Ύ͔ͭ ͙ͦͨͭͣ͊͡Έͤ·͚ ͦ͋Ά͖ͣ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Κ ͊͟͟ ͺ͙ͦͪͣͪͯΌͭͫΎ ͼ͔ͤ· ͤ͊ ͔ͦͭ͒͡Έͤ·͔ ͪ·͙ͤ͟Κ 

˸͊ͪͦ͟Ή͙ͦͤͦͣ͊͟͟ ͙ ͯ͘;͔͊ͭ Ή͙ͦͤͦͣͯ͟͟ ͊͟͟ ͔͙͔͒ͤͦ ͼ͔͔ͦ͡Φ ˻͍ͫͤͦͤ·͔ ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ 

͔͙ͨͦ͊͊ͭ͘͟͡Υ 

¶ ˤ͍͚͊ͦͦ͡ ͍͔͙͚ͤͯͭͪͤͤ ͨͪͦ͒ͯͭ͟ όˤˤ˽ύ ς ͪ·ͤͦ;ͤ͊Ύ ͙ͫͭͦͣͦͫͭΈ ͍͔ͫͻ ͔ͦͤ͟;ͤ·ͻ ͍͍ͭͦ͊ͪͦ ͙ ͎ͯͫͯ͡Σ 

͙͍͔͖ͨͪͦ͒ͤͤ͘·ͻ ͍ ͔ͫͭͪ͊ͤ ͊͘ ͎ͦ͒Φ 

¶ ͍͔̂ͪͦͤΈ ͙ͤͺ͡Ύͼ͙͙ ς ͪ ͦͫͭ ͦ͋΅͔͎ͦ ͍ͯͪͦͤΎ ͼ͔ͤΦ 

¶ ͍͔̂ͪͦͤΈ ͔͙͋ͪ͊͋ͦͭ͘ͼ· ς ͒ ͦ͡Ύ ͎ͭͪͯ͒ͦͫͨͦͫͦ͋ͤͦͦ ͔͔͙ͤ͊ͫͤ͡ΎΣ ͔ͤ ͙͔ͣΌ΅͔͎ͦ ͪ͊͋ͦͭ·Φ 

¶ ͙̏ͦͤͦͣ͟;͔͙͚ͫ͟ ͪͦͫͭ ς ͯ ͍͔͙͡;͔͙͔ͤ ͔ͪ͊͡Έ͎ͤͦͦ ˤˤ˽ ͤ͊ ͒ͯ΄ͯ ͔͔͙ͤ͊ͫͤ͡ΎΦ 

рΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͍·͍ͦ͘· ͙ ͔͔ͭͤ͒ͤͼ͙͙ 

͙̏ͦͤͦͣ͊͟͟ ··L ͍͔͊͟ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͍ͤͦ·͙ͣ ͍·͍͙ͦ͊ͣ͘Υ 

¶ ͙̇ͺ͍͙ͪͦ͊͘ͼ͙Ύ ς ͍͙͙͔ͪ͊ͭ͘ Ή͔͚ͭͪͦͤͤͦ͟͡ ͔ͦͣͣͪ͟ͼ͙͙Σ ͙͍ͪͨͭͦ͊͟͡ΌͭΣ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ 

͍ ͺ͙͍͚ͤ͊ͤͫͦͦ ͫͺ͔͔ͪΦ 

¶ ˥͙ͦ͋͊͊͘͡͡ͼ͙Ύ ς ͙͔͙͔ͯͫͤ͡ ͍͙͍͙͙͙͊ͣͦ͊ͫͣͦͫͭ͘͘ ͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ Ή͙ͦͤͦͣ͟͟Σ ͎ͦ͋͊͡͡Έͤ·͔ ͼ͔ͨͦ;͙͟ 

͍ͨͦͫͭ͊ͦ͟Φ 

¶ ͚̂ͫͭͦ;͙͍͔ͦ ͍͙͙͔ͪ͊ͭ͘ ό9{D-͙ͨͪͤͼ͙ͨ·ύ ς ͯ;͖ͭ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻΣ ͫͦͼ͙͊͡Έͤ·ͻ ͙ ͍͔ͯͨͪ͊ͤ͡;͔͙ͫ͟ͻ 

ͺ͍͊ͭͦͪͦ͟ ͙ͨͪ ͙ͨͪͤΎ͙͙ͭ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤΦ 

¶ ˹͔͍͔͍ͪ͊ͤͫͭͦ ͒ͦͻ͍ͦ͒ͦ ς ͔ͨͪͦ͋ͣ͊͡ ͙͒ͺͺ͔͔ͪͤͼ͙͊ͼ͙͙ ͎͍͋ͦ͊ͭͫͭ͊ ͙ ͙ͨͦͫ͟ Ήͺͺ͔͙͍ͭͤ͟·ͻ 

͔ͣͻ͙͍͊ͤͣͦ͘ ͔͔͔͔͔͙ͨͪͪ͊ͫͨͪ͒ͤ͡ΎΦ 

¶ ˨͔͎ͣͦͪ͊ͺ͙;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ς ͔͙͔ͫͭ͊ͪͤ ͔͔͙ͤ͊ͫͤ͡Ύ ͍ ͍͙ͪ͊ͭ͘·ͻ ͫͭͪ͊ͤ͊ͻ ͙ ͔͎ͦ ͍͙͡Ύ͙͔ͤ ͤ͊ 

ͪ·ͤͦ͟ ͭͪͯ͒͊ ͙ ͔͙ͨͤͫͦͤͤ·͔ ͙͔ͫͫͭͣ·Φ 

˭͊͟͡Ό;͔͙͔ͤ 

͙̏ͦͤͦͣ͊͟͟ τ Ήͭͦ ͔ͤ ͨͪͦͫͭͦ ͊͋ͫͭͪ͊ͭͤ͊͟Ύ ͤ͊ͯ͊͟Σ ͊ ͍ͦͫͤͦ͊ ͍͔͔͍͚ͨͦͫ͒ͤͤͦ ͙͙͗ͤ͘ ͎͊͗͒ͦͦ͟ ;͔͍͔ͦ͊͟͡Σ 

͚͊͗͒ͦ͟ ͔ͫͣΈ͙ ͙ ͎͊͗͒ͦͦ͟ ͎͍ͦͫͯ͒͊ͪͫͭ͊Φ ˽͙͙͔ͦͤͣ͊ͤ ͍͋͊ͦ͘·ͻ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͙ͨͪͤͼ͙͍ͨͦ ͍ͨͦͦ͘͡Ύ͔ͭ 

͙͙ͨͪͤͣ͊ͭΈ ͔͔͋ͦ͡ ͍ͦ͋ͦͫͤͦ͊ͤͤ·͔ ͔ͪ΄͔͙ͤΎ ͍ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦͪ͊ͤ;͔͙ͤͤͦͫͭ ͔͍ͪͫͯͪͫͦΦ ˻ͭ ͍·͋ͦͪ͊ ͍ͭͦ͊ͪ͊ ͍ 
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͎͙͔ͣ͊͊ͤ͘ ͒ͦ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͋Ό͔͚͒͗ͭͤͦ ͙͙͙ͨͦͭ͟͡ τ ͍͔͔͒͘ ͔͚͍͒ͫͭͯΌͭ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͊ͦͤ͘͟·Φ 

ˮͯ͘;͔͙͔ͤ Ή͙͙ͦͤͦͣ͟͟ ͖͒͊ͭ ͟͡Ό; ͟ ͙͙ͨͦͤͣ͊ͤΌ ͎ͭͦͦΣ ͊͟͟ ͺͯͤ͟ͼ͙͙͔ͦͤͪͯͭ ͍͔͔ͫͦͪͣͤͤ·͚ ͙ͣͪΣ ͙ ͎͔ͨͦͣͦ͊ͭ 

͙͔͙͍ͦͪͤͭͪͦ͊ͭΈͫΎ ͍ ͫͦ͗ͤ͡·ͻ ͨͪͦͼ͔ͫͫ͊ͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Σ ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙͙ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͙͔͔͙͚ͣͤͤ͘Φ 

ˣͯ͒ͯ΅͔͔ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙ͤ͊ͯ͟ ͍ͫΎ͊ͤͦ͘ ͫ ͙͔ͫͤͭͦͣ͘ ͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͔͙͚ͭͦͪ ͙ ͍ͤͦ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ τ 

͍͔͔ͨͦ͒ͤ;͔͚ͫͦ͟ Ή͙͙ͦͤͦͣ͟͟Σ ͔͙͙ͭͦͪ ͙͎ͪΣ ͔͚ͤͪͦΉ͙͙ͦͤͦͣ͟͟Σ ;ͭͦ ͍͙ͨͦͦͭ͘͡ ͔΅͖ ͎͔ͯ͋͗͡ ͨͦͤΎͭΈ ͙ͨͪͪͦ͒ͯ 

;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͍·͋ͦͪ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˸Ήͤ͟ΈΌΣ ˹Φ˥Φ ˽͙ͪͤͼ͙ͨ· Ή͙ͦͤͦͣͫ͟͟. ς ˿˽͋ΦΥ ˽͙͔ͭͪΣ нлнмΦ ς уфс ͫΦ ό˴͙͊ͫͫ͡;͔͙͚ͫ͟ ͙͍͔͙͔͙͚ͯͤͪͫͭͭͫ͟ 

ͯ;͔͙͋ͤ͟ ͨͦ Ή͙͔ͦͤͦͣ͟͟ύ 

2. ˿͊ͣͯΉ͡ΈͫͦͤΣ ˽ΦΣ ˹ͦͪ͒ͻ͊ͯͫΣ ˤΦ ͙̏ͦͤͦͣ͊͟͟Φ ς ˸ΦΥ ˤ͙͡ΈΎͣͫΣ нлнлΦ ς мосл ͫΦ ό͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ·͚ ͭͪͯ͒ 

͔͔͍͎ͤͦ͋ͫͦͦ͟͡ ͔͊ͯͪ͊ͭ͊͡ύ 

3. ˿͙ͣͭΣ ˢΦ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͦ ͙͔ͨͪͪͦ͒ ͙ ͙ͨͪ;͙ͤ͊ͻ ͎͍͋ͦ͊ͭͫͭ͊ ͍ͤ͊ͪͦ͒ͦΦ ς ˸ΦΥ ̏ͫͣͦ͟Σ нлмсΦ ς млрс ͫΦ 

ό˻͍ͫͤͦ͊ ͙͊ͫͫ͟͡;͔͚ͫͦ͟ ͙ͨͦͭ͡Ή͙͙ͦͤͦͣ͟ύ 

4. ˴͔͚ͤͫΣ ˨͗Φ ˸Φ ˻͋΅͊Ύ ͔͙ͭͦͪΎ ͊ͤ͘Ύ͙ͭͦͫͭΣ ͨͪͦͼ͔ͤͭ͊ ͙ ͔͔͎͒ͤΦ ς ˸ΦΥ ˥͔͙ͦͫ͡ ˢ˾ˤΣ нлмуΦ ς орн ͫΦ 

ό˻͍͎ͫͤͦͦͨͦ͊͊͡Ό΅͊Ύ ͪ͊͋ͦͭ͊ ͔͚͙͍ͤͫ͊ͤͫͭ͊͟ύ 

5. ͙̅ͪ͒ͣ͊ͤΣ ˸Φ ˴͙͙͊ͨͭ͊ͣ͘͡ ͙ ͍ͫͦ͋ͦ͒͊Φ ς ˸ΦΥ ˹͍͔ͦͦ ͙͔͒͊ͭ͘͡Έ͍ͫͭͦΣ нлмтΦ ς нпл ͫΦ ό˴͡Ό;͔͍͊Ύ ͪ͊͋ͦͭ͊ 

͔͙ͣͦͤͭ͊ͪͣ͊͘ύ 

6. ˢ͙͙ͤͤ͟Σ ˢΦ ˤΦ ̑ͤͦͫͭΈ ͙ͤ͊ͯ͟Υ ˬ͙ͤ͘Έ ͙ ͙͔͙͒ ͣ·͙͔͔͚ͫͭ͡͡-Ή͙͍ͦͤͦͣͫͭͦ͟ ͒ͦ ˸͊ͪͫ͊͟Φ ς ˸ ΦΥ ͙̏ͦͤͦͣ͊͟͟Σ 

2019. ς оуп ͫΦ όˮ͙ͫͭͦͪΎ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͣ·͙ͫ͡ύ 

7. ˴͔͊ͤͣ͊ͤΣ ˨Φ ˨͚ͯͣ͊ ͔͔ͣ͒ͤͤͦ͡Χ ͔ͪ΄͚͊ ͋·ͫͭͪͦΦ ς ˸ ΦΥ ˢ˿́Σ нлмуΦ ς срс ͫΦ ό˽͍͔͔ͦ͒ͤ;͔ͫ͊͟Ύ Ή͙ͦͤͦͣ͊͟͟Σ 

͔͔͍ͤͦ͋ͫ͊͟͡Ύ ͔͟͡ͼ͙Ύύ 

8. ˹͔͔͍ͯͪΣ ˾Φ ˸Φ ˴ͯͪͫ ͙ͣͪͦ͟Ή͙͙ͦͤͦͣ͟͟Φ ς ˸ΦΥ ˹ͦͪͣ͊Σ нлнмΦ ς ртс ͫΦ ό˾͙͚͙͚ͦͫͫͫ͟ ͯ;͔͙͋ͤ͟ ͨͦ 

͙ͣͪͦ͟Ή͙͔ͦͤͦͣ͟͟ύ 

9. ͔͍͙́͊ͪ͊ͫ;Σ ˶Φ ˿ΦΣ ˥͔͔͙͍ͪ͋ͤͤͦ͟Σ ˽Φ ˮΦΣ ˶͔͙͚ͯͫͫ͟Σ ˢΦ ˮΦ ˸͊ͪͦ͟Ή͙ͦͤͦͣ͊͟͟Φ ς ˸ΦΥ ͚̑ͪ͊ͭΣ нлннΦ ς сус ͫΦ 

ό˿͍͔͔ͦͪͣͤͤ·͚ ͯ;͔͙͋ͤ͟ ͨͦ ͣ͊ͪͦ͟Ή͙͔ͦͤͦͣ͟͟ύ 

10. ˢ͔͎ͫͣͦͯ͡Σ ˨ΦΣ ˾͙ͦ͋ͤͫͦͤΣ ˨͗Φ ˽ͦ;͔ͣͯ ͙ͦ͒ͤ ͫͭͪ͊ͤ· ͎͋ͦ͊ͭ·͔Σ ͊ ͎͙͔͒ͪͯ ͔͋͒ͤ·͔Φ ς ˸ ΦΥ ˢ˿́Σ нлмсΦ ς 720 

ͫΦ όˮ͙ͤͫͭͭͯͼ͙ͦͤ͊͡Έͤ͊Ύ Ή͙ͦͤͦͣ͊͟͟ ͙ ͔ͨͪͦ͋ͣ͡· Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύύ 

ϭ ͍̆͊ͪ͊ͭͯͦ͘͟͡ ˿Φ, 2026 
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˴͊ͪ͊;͙͚ͯͤͫ͟ ʕ ͙͙͊͒ͣͪ͡ ˢ͔͍͙ͫ͊ͤ͒ͪͦ͟͡; 

˽͙͍͙͚ͪ͊ͦͫ͘͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ 

͎Φ ˸͙͊ͪͯͨͦ͡ΈΣ ˾̅ 

 

˶˻˥ˮ˴ˢ ˮ˿˴̂˿˿́ˤ˩˹˹˻˥˻ ˮ˹́˩˶˶˩˴́ˢ ˮ ˻ˣ̋˩˿́ˤ˩˹˹̍̆ ˻́˹˻̊˩˹ˮ˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˢ͙ͤ͊͘͡ ͫͯ͋Ά͔ͭ͊͟ ͍ ͙͎͔ͨ͊ͪ͊͒ͣ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΎΣ ͙ͫͨͦ͡Έ͔ͯͣ͘·͚ ͍ ͚͒͊ͤͤͦ ͔ͪ͊͋ͦͭΣ ͨͦ͊͘͟·͍͔͊ͭ 

͙͔ͫͦͤ͊ͤ͘ ͊͟͟ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͚ͯͫͭͦ;͙͍ͯΌ ͙͙͒ͤ͊ͣ;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯΣ ͨͪͦ͒ͯͭ͟ ͍͍͔͙ͪ͊ͤͦͫΎ ͫ ͦͪͯ͗͊͟Ό΅͔͚ 

͔͚ͫͪ͒ͦΣ ͦͭͦͪ͟·͚ ͍ ͙ͪ͊͘͡;͚ͤͦ ͺ͔ͦͪͣ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͭ͊ͤ͟Ύͻ ͎͙ͦͪ͊ͤͣ͊͘Φ ˸·΄͔͙͔ͤ͡ ͍ Ήͭͦͣ 

͔͔ͦͤͭͫͭ͟͟ ς ͨͪͦͼ͔ͫͫ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͤ͊ͪͯ΄͔͎ͤͤͦͦ ͍͍͔͙ͪ͊ͤͦͫΎΣ ͎͙ͦ͊͟͡ ͎ͦͭͦͪͦͦ͟ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ 

͙͊ͦͤ͊ͣ͘͟ ͙ͨͪͪͦ͒· ͙ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͙͍͔͚͍͙ͨͪͦͭͦ͒ͫͭΎ ͙ͣ ͫͦ ͫͭͦͪͦͤ· ͔͚ͭ͊ͤ͟ ͎͙ͦͪ͊ͤͣ͊͘Φ    

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙ͫ ͍͔ͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡Σ ͎͙ͦ͊͟͡Σ ͦ͋΅͔͍͔ͫͭͤͤ·͔ ͦͭͤͦ΄͔͙ͤΎΣ ͔͙͍͔ͦͭͤͦ͟͟͡͡ ͙͔ͫͦͤ͊ͤ͘Φ 

 

Karachunsky Vladimir A. 

Azov State Technical University, Mariupol, Russian Federation  

 

THE LOGIC OF ARTIFICIAL INTELLIGENCE AND PUBLIC RELATIONS 

 

Abstract 

The analysis of the subject in the interaction paradigm, used in this work, shows consciousness as a 

relatively stable dynamic system, a product of equilibrium with the environment, which is represented in 

various forms in different tissues of the body. In this context, thinking is a process of restoring the disturbed 

equilibrium, the logic of which is determined by the laws of nature and the specific resistance of the body's 

tissues. 

Keywords: 

r͊tificial intelligence, logic, social relations, and collective consciousness. 

 

ˤ ͔͔͔ͨͦͫ͒ͤ͡ ͍͔ͪͣΎ ͙͔ͨͯ͋ͯͭͫ͟͡Ύ ͋ͦ͡Έ΄͔ͦ ͙ͦ͟͡;͔͍ͫͭͦ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͦ ͔͔͙͍ͨͪͫͨͭ͊͟ͻ ͍͙͙ͪ͊ͭ͘Ύ ˮˮΣ 

ͦ͒ͤ͊ͦ͟ ͔͙͔ͯ͋͒ͭ͡ΈͤͦͫͭΈ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡·ͻ ͔͙͚ͣͤͤ ͔ͦͫͭ͊ͭͫΎ ͔͍ͤ·͚ͫͦͦ͟Σ ͨͦͫͦ͟͡Έͯ͟ ͔ͤͭ ͦ͒ͤͦͤ͊͘;͎ͤͦͦ 

͙͙ͨͦͤͣ͊ͤΎ ͙ͨͪͪͦ͒· ͙͔͔ͤͭͭ͊͟͡͡ ͙ ͎͙͙ͦ͟͡ ͣ·΄͔͙ͤ͡ΎΦ ˢ͎͙ͤ͊ͦ͡;ͤ͊Ύ ͙ͫͭͯ͊ͼ͙Ύ ͙͔͔ͣͭ ͔ͣͫͭͦ ͍ ͔͙͙ͭͦͪ 

͎͙͙ͦ͟͡ ͔͎͍͔ͣ͗ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͦͭͤͦ΄͔͙͚ͤΣ ͦͭͦͪ͊͟Ύ ͤ͊ͻ͙ͦ͒ͭΈͫΎ ͍ ͨͪΎ͚ͣͦ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͔ͪ΄͔͙ͤΎ 

͍͍ͦͨͪͦͫͦ ͔͙͍͚ͦͭͤͦ͟͟͡͡ ͙ͨͫͻ͎͙͙ͦͦ͡ ζͦ͋͊ͫͭ͡ΈΣ ͙ͯ͘;͊Ό΅͊ΎΣ ͊͟͟ ͣ·͙ͫ͡Σ ;͍͍ͯͫͭ͊ ͙ ͍͔͔͙͔ͨͦ͒ͤ ;͔͍͔ͦ͊͟͡ 

ͺ͙ͦͪͣͪͯΌͭͫΎ ͨͦ͒ ͍͙͡Ύ͙͔ͤͣ ͙͍͙ͨͪͫͯͭͫͭΎ ͎͙͒ͪͯͻ ͡Ό͔͚͒Σ ͔ͪ͊͡Έͤ·ͻ ͙͙͡ ͍͔ͦͦ͋ͪ͊͗͊ͣ·ͻηΦ ώмϐΦ 

 ˿ ͔͔͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͍͔ͦͭͭ ͤ͊ ͍ͦͨͪͦͫ ͦ ͙͔ͨͪͪͦ͒ ͎͙͙ͦ͟͡ ͔ͯ͗ ͫͯ΅͔͍͔ͫͭͯͭΣ ͤͦ ͔ͦͫͭ͊ͭͫΎ 

͔͔ͤ͊ͣͭͤ͘·ͣ ͔͙ͫͪ͒ ͔͍ͣͤͦ͗ͫͭ͊ ͎͙͔ͨͦͭ͘Σ ͎͔͒ ͚͙ͤ͊ͭ ͦ͒ͤͦͤ͊͘;͔ͤͦ ͔ͪ΄͔͙͔ͤ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͔͍ͤͦͣͦ͗ͤͦ͘Σ ͔ͭͣ 

͔͔͋ͦ͡ ;ͭͦ ͙ͪ͊͘͡;ͤ·͔Σ ;͊ͫͭͦ ͍͙͙͊ͣͦͫ͘͟͡Ό;͊Ό΅͙͔ ͎͙͔ͨͦͭ͘·Σ ͤ͊ͻͦ͒Ύͭ ͍ ζ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦͣ ͔ͣͦͪη 

͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͎͔͊ͪͯͣͤͭ͊ͼ͙Ό ͙ ͔͋ͪͦͨͦͭͤͦ͘ ͍͟͡Ό;͊ΌͭͫΎ ͍ ͔͍͒ͪͦ ͙ͨͦͤ͊ͤ͘ΎΣ ;ͭͦ ͔ͤ ͦ͋ΆΎͫͤΎ͔ͭΣ ͊ 

ͯͫͦ͗ͤ͡Ύ͔ͭ ͙͙͔ͨͦͤͣ͊ͤ ͍ͦͨͪͦͫ͊Φ ˤ Ήͭͦͣ ͔͔ͦͤͭͫͭ͟͟ ͍͔͚͊͗ͤ΄͔͚ ͊͒͊͘;͔͚ ͙ͤ͊ͯ͟ ͍͙ͫͭ͊ͤͦͭΈͫΎ ͔ͤ ͙ͨͦͫ͟ 

͙͎͙ͦͪͤ͊͡Έͤ·ͻ ͔ͪ΄͔͙͚ͤΣ ͊ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙Ύ ͔ͯ͗ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ ͦͤ͟ͼ͔ͨͼ͙͚ ͙ ΉͭͦΣ ͍ ͔ͦͤ͟;ͤͦͣ ͫ;͔͔ͭΣ 

͍͔͔͒ͭ ͟ ͙͙ͨͦͤͣ͊ͤΌ ͔͙͙ͭͦͪ ͙ͨͦͤ͊ͤ͘Ύ ͍ ͊͟;͔͍͔ͫͭ ͔͋͊͘͡Έ͔͙͍͚ͭͪͤ͊ͭͤͦ ͭͦ;͙͟ ͦͭͫ;͔ͭ͊ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 

͙͔ͫͫͭͣͤ·ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͦ͋ ͦͪͯ͗͊͟Ό΅͔ͣ ͙͔ͣͪΦ ˤ ͍͔͔͚ͫͦͪͣͤͤͦ ͔ͤ͊ͯ͟ ͤ͊ ͔͔͔ͨͪ͒ͤͣ ͔ͨ͊ͤ͡ ͍͙͙ͪ͊ͭ͘Ύ 

͔͙͙ͭͦͪ ͙ͨͦͤ͊ͤ͘Ύ ͤ͊ͻ͙ͦ͒ͭͫΎ ͙ͨͫͻͦͺ͙͙͎͙ͦͦ͘͡ΎΣ ͦͭͦͪ͊͟Ύ ͔ͯͫͨ΄ͤͦ ͯͭͦ;ͤΎ͔ͭ ͙ ͍͙͍͔ͪ͊͊ͭ͘ ͤ͊΄͙ 

͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͍͙͊ͣͦͦͭͤͦ͘΄͔͙͙ͤ ͺ͙͙͘;͔͎ͫͦͦ͟ ͙ ͙ͨͫͻ͙;͔͎ͫͦͦ͟Σ ͙ͤ͊͘;͊͡Έͤͦ ͔͊ͦ͗ͤͤ͘͡·͔ ͍ 

ͺ͙ͦͫͦ͡ͺ͙͙Φ   
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˿͙͔͙ͫͭͣ͊ͭ͊͘ͼ͙Ύ Ήͭͦ ͔ͤ ͍ ͙ͨͦͫ͟ ͍ͤͦ·ͻ ͔͔͔͙͚ͦͨͪ͒ͤ͡Σ ͊ ͦ͋Ά͔͙͔͙͔͒ͤͤ ͔͔ͪ͊ͤ ͔͔ͨͪ͒ͦ͗ͤͤ͡·ͻ 

ͦͤ͟ͼ͔ͨͼ͙͚Φ ˽͍͔͔ͪͦ͒ͣ Ή͔͙͔ͫͨͪͣͤͭ͟ ͫ ˮˮΣ ͙ͫͨͪͦͫͣ ˢ͙ͫͯ͡Σ ;ͭͦ ͔ͭ͊ͦ͟ ͣ·΄͔͙͔ͤ͡ ͙ ͎͙ͦ͊͟͡ ώнϐΥ 

˸·΄͔͙͔ͤ͡ τ Ήͭͦ ͍·ͫ΄͙͚ ͍͔ͨͦͤ͊͊ͭ͘͡Έͤ·͚ ͨͪͦͼ͔ͫͫΣ ͦͭͦͪ͟·͚ ͍ͨͦͦ͘͡Ύ͔ͭ ;͔͍͔ͦͯ͟͡ ͨͦͯ͡;͊ͭΈ 

͙ͤ͊ͤ͘Ύ ͦ ͙͔ͣͪΣ ͙ͫͭͪͦͭΈ ͔͙ͣͦ͒͡ ͔ͪ͊͡Έ͙ͤͦͫͭΣ ͍·Ύ͍͡ΎͭΈ ͙ͨͪ;͙ͤͤͦȤͫ ͔͍͔͒ͫͭͤͤ͡·͔ ͍ͫΎ͙͘, ͔ͪ΄͊ͭΈ 

͔ͨͪͦ͋ͣ͡· ͙  ͘ ͊͒͊;͙, ͨ ͙͍͊ͤͪͦ͊ͭ͡Έ ͒ ͔͚͍͙ͫͭΎ. 

˶͎͙ͦ͊͟ τ Ήͭͦ ͤ͊ͯ͊͟ ͦ ͍͙ͨͪ͊͡Έͤͦͣ ͣ·΄͔͙͙ͤ͡Σ ͙ͯ͘;͊Ό΅͊Ύ ͊ͦͤ͘͟·Σ ͺͦͪͣ·Σ ͙͖ͨͪͣ· ͙ ͔ͦͨͪ͊ͼ͙͙Σ 

ͫ ͨͦͣͦ΅ΈΌ ͦͭͦͪ͟·ͻ ;͔͍͔ͦ͟͡ ͖ͨͦͤ͊ͭ͘ ͦͪͯ͗͊͟Ό΅͙͚ ͙ͣͪΦ ˩͖ ͼ͔͡Έ τ ͤ͊ͯ;͙ͭΈ ͦͫͦͤ͊ͤͤͦ͘ ͙͔ͨͪͣͤΎͭΈ 

͍͙ͨͪ͊͊͡ ͔͙ͨͦͫͭͪͦͤΎ ͔͙͚ͪ͊ͫͫͯ͗͒ͤΣ ;ͭͦ͋· ͣ·͙ͫͭ͡Έ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦΣ ͔͙͍͔ͤͨͪͦͭͦͪ;͙͍ͦ ͙ 

͒ͦ ͔͊͊ͭ͘͟͡ΈͤͦΦ 

˿͍͙͍ͪ͊ͤ͊Ύ ͨͦͤΎ͙ͭΎ ζͣ·΄͔͙͔ͤ͡η ͙ ζ͎͙ͦ͊͟͡η ͔ͤ ͔͋ͯ͒ͣ ͙͊ͭ͟Έ ͙ͦͭ͡;͙ΎΣ ͊ ͔ͨͦͨͪͦ͋ͯͣ ͦ͋Ά͔͙͙͒ͤͭΈ 

͙ͻ ͔ͣ͗͒ͯ ͚ͫͦ͋ͦΦ ˿ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͍͎͒ͪ͊ͦͦ͘ ͫͣ·ͫ͊͡ ͎͙ͦ͊͟͡ ͙ ͣ·΄͔͙͔ͤ͡ τ Ήͭͦ ͨͪͦͼ͔ͫͫ·Σ ͦͭͦͪ͟·͔ 

͔͎ͨͪ͒ͨͦ͊͊͡Όͭ ͫͯ͋Ά͔ͭ͊͟ ͊͟͟ ͍͔ͫͦͣͫͭͤͯΌ ͔ͫͪ͒ͯ ͙ͻ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎΦ ˾͔΄͔͙͔ͤ ͔ͤ ͍͔ͤͦͦ ς ͯ ˥͔͎͔͡Ύ 

ͣ·΄͔͙͔ͤ͡ ͔ͭͪ͊ͭͯͭͫ͟Ύ ͊͟͟ ͺ͎͔ͪ͊ͣͤͭ ͍͔ͫͦ͋΅͔͎ͦ ͍͙͔͙͒͗ͤΎ ό͊͋ͫͦ͡Όͭͤ͊Ύ ͙͔͒ΎύΦ ˻͒ͤ͊ͦ͟ ͔ͭ͊ͦ͟Σ ͔͔ͨͪ͒͡Έͤͦ 

͔͊͋ͫͭͪ͊ͭͤͦ͟ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͣ·΄͔͙ͤ͡Ύ ͙͔͔ͣͭ ͫͯ΅͔͍͔ͫͭͤͤ·͚ ͔ͤ͒ͦͫͭ͊ͭͦ͟Σ ͨͦͫͦ͟͡Έͯ͟ ͔͚͍͙͔͒ͫͭͭ͡ΈͤͦͫͭΈ 

͙͙͔͊ͤ͊ͪͯͭͫ͘͡Ύ ͫ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͍͔ͤ΄͔͎ͤͦ ͤ͊͋͡Ό͔͒͊ͭ͡Ύ όͭͦ;͊͟ ͦͭͫ;͔ͭ͊ ͍͔ͤ ͙ͯ͘;͔͚͊ͣͦ ͙͔ͫͫͭͣ·ύΦ ˤ 

͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͭͦ;͊͟ ͦͭͫ;͔ͭ͊ ͍ ͤ͊΄͔ͣ ͔͍͔͙͙ͨͪ͒ͫͭ͊ͤ͡ ͦ ͙͔ͣͪ ͔ͪ͊ͫͨͦͦ͗ͤ͊͡ ͍͙ͤͯͭͪ ͙͔ͫͫͭͣ· 

͔͙͚ͪ͊ͫͫͯ͗͒ͤΣ ͎͔͒ ͫͯ͋Ά͔ͭ͟ Ύ͍͡Ύ͔ͭͫΎ ͺ͎͔ͪ͊ͣͤͭͦͣ ͍͔ͫͦ͋΅͔͎ͦ ͍͙͔͙͒͗ͤΎΦ ˿͍͔ͦ͋ͫͭͤͤͦΣ ͊ͦͤ͘͟· ͙͔͙͙͒͊ͭ͟͟͡ 

˥͔͎͔͡Ύ ς ζ͔͙͍͒ͤͫͭͦ ͙ ͋ͦͪΈ͋͊ ͙͍͔͚ͨͪͦͭͦͨͦͦ͗ͤͦͫͭ͡ηΣ ζ͔͔ͨͪͻͦ͒ ͙ͦ͟͡;͔͍ͫͭ͊ ͍ ͊͟;͔͍ͫͭͦηΣ ζ͙ͦͭͪͼ͙͔͊ͤ 

͙ͦͭͪͼ͙͊ͤΎη ͔͎ͨͪ͒ͨͦ͊͊͡Όͭ ͍ ͍͙͍͚͊ͯ͊ͪͦ͊ͤͤͦ͘͡ ͺ͔ͦͪͣ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͫͯ͋Ά͔ͭ͊͟ ͙ ͍͍ͦͪ͊͘΅͊Όͭ ͭͦ;ͯ͟ 

ͦͭͫ;͔ͭ͊ ͍ͤͯͭͪΈ ͙͔ͫͫͭͣ· ͔͙͚ͪ͊ͫͫͯ͗͒ͤΦ ˤ ͤ͊΄͔ ͍͔ͪͣΎ ͦͤ͟ͼ͔ͨͼ͙Ύ ˥͔͎͔͡Ύ ͨͦͯ͡;͙͊͡ ͔͔ͦͤͪͭͤͦ͟͟ 

͍ͦͨͦ͡΅͔͙͔ͤ ͍ ͨͦͤΎ͙͙ͭ ζ͙͔ͫͫͭͣ͊η - ͦ ͙͔ͭͤͦͫͭ͡Έͤͦ ͚ͯͫͭͦ;͙͍͊Ύ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͙ ͍͔͔͙ͪͣͤ ͙͙͒ͤ͊ͣ;͔ͫ͊͟Ύ 

ͫͭͪͯͭͯͪ͊͟Σ ͫͯ΅͔͍ͫͭͯΌ΅͊Ύ ͊͟͟ ͔ͪͯ͘͡Έͭ͊ͭ ͍͍͔͙ͪ͊ͤͦͫΎ ͔ͣ͗͒ͯ ͍͔ͤ΄͙ͤͣ ͍͙͔͙͔͒͗ͤͣ ͙ ͍͙͔͙͔͒͗ͤͣ ͍͙ͤͯͭͪ 

͔͔Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͤ͊ͪΎ͒ͯ ͫ ͦͤ͟ͼ͔ͨͼ͙͔͚ ͍͙͔͙͒͗ͤΎ ͊͟͟ ͙͔͚͎ͤͤͦͦ͡ ͨͪͦͼ͔ͫͫ͊Σ ͨͦΎ͍͡Ύ͔ͭͫΎ ͙͙͔ͨͦͤͣ͊ͤ 

͍͙͔͙͒͗ͤΎ ͊͟͟ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΎΣ ͙ͨͪ;͔ͣ ͔ͦ͋ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͔ͤ ͙͍͔ͨͪͦͭͦͪ;͊ͭ ͎͒ͪͯ ͎͒ͪͯͯΣ ͨͦͫͦ͟͡Έͯ͟ ͔ͪ;Έ 

͙͔͒ͭ ͦ͋ ͦ͒ͤͦͣ ͨͪͦͼ͔͔ͫͫΣ ͦͭͦͪ͟·͚ ͙ͯ͘;͔͊ͭͫΎ ͫ ͍͒ͯͻ ͭͦ;͔͟ ͔͙ͪͤ͘Ύ όͤ͊͋͡Ό͔͒͊ͭ͡Έ ͍͔ͤ ͙͔ͫͫͭͣ· 

͔͙͚ͪ͊ͫͫͯ͗͒ͤΣ ͤ͊͋͡Ό͔͒͊ͭ͡Έ ͍͙ͤͯͭͪ ͙͔ͫͫͭͣ· ͔͙͚ͪ͊ͫͫͯ͗͒ͤύΦ ˴͊͟ ͋·ͦ͡ ͨͦ͊͊ͤͦ͘͟ ͍ ͎ͣͦͤͦͪ͊ͺ͙͙ 

ζ͙̅ͦͫͦ͡ͺ͙Ύ ͍͙͔͙͒͗ͤΎη ͙͒ͯ͊ͣ͘͡ ͍ ͙͙͙ͨͦͤͣ͊ͤ ͍͙͔͙͒͗ͤΎ ͔͔͊ͦͤͦͣͪͤͦ͘͟ ͔͍͙͔ͫ͒ͫͭ͡ Ή͍ͦ͡Όͼ͙͙ 

;͔͍͔ͦ͊͟͡ ͍ ͙͎͙͋ͦͦ͡;͔ͫͦͣ͟ ͔ͨ͊ͤ͡ ώоϐΦ ˤ͔͙͚ͤͯͭͪͤͤ ͤ͊͋͡Ό͔͒͊ͭ͡Έ ͺ͙͔ͦͪͣͪͯͭ ͔ͣͦ͒͡Έ ͺ͎͔ͪ͊ͣͤͭ͊ 

͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭΣ ͨͦ ͙ͫͯͭΣ ͎ͨͪͦͪ͊ͣͣͯ ͔͚͍͙͚͒ͫͭΣ ͦͭͦͪ͊͟Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ 

;͔͍͔ͦ͊͟͡Φ ˤ͔ͤ΄͙͚ͤ ͤ͊͋͡Ό͔͒͊ͭ͡Έ ͺ͙͔ͦͪͣͪͯͭ ͔͔͔͔ͤͦͨͪ͒ͤͤͯ͡ΌΣ ͔͔͙ͭͦͪͭ;͔ͫͯ͟Ό ͔ͣͦ͒͡Έ 

͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭΣ ͦͭͦͪ͊͟Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔͙͍ͨͪͫͭͪ͊͊ͭΈ ͔͔ͪ͊ͤ ͙ͨͪͤΎͭ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͙ ͤ͊ͻ͙ͦ͒ͭΈ 

͍ͤͦ·͔Σ ͔͔͋ͦ͡ ͍͔ͫͦͪ΄͔ͤͤ·͔ ͎ͨͪͦͪ͊ͣͣ· ͔͚͍͙͚͒ͫͭΦ ˤ ͺ͙ͦͫͦ͡ͺ͙͙ ͙͒ͯ͊ͣ͘͡ ͨͪͦͼ͔ͫͫ͊ ͙ͨͦͤ͊ͤ͘Ύ ͦ΄͙͋ͦ;ͤͦ 

͙͙͔͊ͤ͊ͪͯͭͫ͘͡Ύ ͊͟͟ ͋ͦͪΈ͋͊ ͙͔͒͊͡Έ͎ͤͦͦ ͙ ͔͙ͣ͊ͭͪ͊͡Έ͎ͤͦͦ ͙͍͔͙͚ͣͪͦͦͪͤ͘͘Σ ͔͋͘ ͙͙ͨͦͤͣ͊ͤΎ ͎ͭͦͦΣ ;ͭͦ 

͔͙͙ͣ͊ͭͪ͊ͣ͘͡ ͙ ͙͔͙͒͊ͣ͘͡ Ήͭͦ ͍͔͒Σ ͍͙͊ͣͦ͒ͦͨͦͤ͘͡ΎΌ΅͙͔ ͺ͊͘· ͨͪͦͼ͔ͫͫ͊ ͙ͨͦͤ͊ͤ͘ΎΦ 

˴ͦͤͼ͔ͨͼ͙Ύ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͤ͊;͔ ͍͙ͪ͊ͫͫͭ͊ͭΈ ͊͟ͼ͔ͤͭ· ͍ ͙͙͙ͨͦͤͣ͊ͤ ͎͙ͦͪ͊ͤͣ͊͘ ͙ 

͙ͨͪͦͫͻͦ͒Ύ΅͙ͻ ͍ ͔ͤͣ ͨͪͦͼ͔ͫͫ͊ͻΦ ˻͎͙ͪ͊ͤͣ͘ ς Ήͭͦ ͙͙͒ͤ͊ͣ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ό͔͙͍͒ͤͫͭͦ 

͙͍͔͚ͨͪͦͭͦͨͦͦ͗ͤͦͫͭ͡ύΣ ͦͭͦͪ͊͟Ύ ͤ͊ͻ͙ͦ͒ͭΈͫΎ ͍ ͍͍͔͙͙ͪ͊ͤͦͫ ͫ ͍͔ͤ΄͔͚ͤ ͔͚ͫͪ͒ͦ ͙ ͔͙͙ͨͪͦ͒;͔͙ͫ͟ 

Ή͍ͦ͡Όͼ͙͙͔ͦͤͪͯͭ ͨͦ͒ ͍͙͡Ύ͙͔ͤͣ ͍͔ͤ΄͙ͤͻ ͙ͫ͡ ό͔͔ͨͪͻͦ͒ ͙ͦ͟͡;͔͍ͫͭ͊ ͍ ͊͟;͔͍ͫͭͦΣ ͙ͦͭͪͼ͙͔͊ͤ ͙ͦͭͪͼ͙͊ͤΎύΦ 

˻͎͙ͪ͊ͤͣ͘ ͙͔ͫͫͭͣ͊ ͎͍͔͍ͣͤͦͦͯͪͦͤ͊ΎΣ ͔ͦͭ͒͡Έͤ·͔ ͍͙ͯͪͦͤ ͎ͦͭͦͪͦͦ͟ ͦͭͪ͊͗͊Όͭ Ήͭ͊ͨ· ͍͍͔͙ͪ͊ͤͦͫΎ ͫ 

ͦͪͯ͗͊͟Ό΅͔͚ ͔͚ͫͪ͒ͦΦ ˽ͦ ͔͔ͣͪ Ή͍ͦ͡Όͼ͙͙ ͙ͭ͊ͤ͟ ͙͙ͦͤͫͦ͒ͪͯ͟͡Όͭ ͍ͤͦ·͚ ͦͨ·ͭΣ ;ͭͦ ͍ͨͦ·΄͔͊ͭ 

͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ͎͙ͦͪ͊ͤͣ͊͘ ͍ ͔͔ͫͪ͒ ͙͙ͦ͋ͭ͊ͤΎΦ ˽͙ͪ ͤ͊ͪͯ΄͔͙͙ͤ ͍͍͔͙ͪ͊ͤͦͫΎ ͍ ͭ͊ͤ͟Ύͻ 

͎͙ͦͪ͊ͤͣ͊͘ ͙ͨͪͦͫͻͦ͒Ύͭ ͔͔͚͙ͨͪͫͭͪͦ͟Σ ͦͭͦͪ͟·͔ ͔͊ͪͨ͘͟͡ΎΌͭ ͍ͤͦ·͚ ͦͨ·ͭΣ ͙ͨͪ;͔ͣ Ήͭͦͭ ͨͪͦͼ͔ͫͫ 

͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͍͔ͤ΄͔͚ͤ ͔͚ͫͪ͒ͦΣ ͦͤͭ͊ͭ͟͟· ͫ ͚ͦͭͦͪͦ͟Σ ͍ ͨͪͦͼ͔͔ͫͫ ͨͪͦ͋ ͙ ͦ΄͙͋ͦ͟Σ ͍ͨͦͦ͘͡ΎΌͭ ͭͦ;͔͔ͤ 

͙͍ͤ͊ͫͭͪ͊͊ΌͭͫΎ ͤ͊ ͊ͦͤ͘͟· ͙ͨͪͪͦ͒·Φ  

˿͙͔ͦͤ͊ͤ͘ ͍ ͙͔͔ͤ͊͋ͦ͡ ͦ͋΅͔ͣ ͍͙͔͒ τ Ήͭͦ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͚ͯͫͭͦ;͙͍͊Ύ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊Σ 
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ͦͭͦͪ͊͟Ύ ͤ͊ ͙ͪ͊͘͡;ͤ·ͻ Ήͭ͊ͨ͊ͻ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ Ή͍ͦ͡Όͼ͙͙ ͍͚͍͔ͫͦͫͭͤͤ͊ ͎͔͔͙ͤͭ;͔ͫͦͣͯ͟ ͔͙ͣ͊ͭͪ͊ͯ͡ ό˨˹˴ύΣ 

͔͔ͭ͟͟͡Σ ͨͪͦͼ͔ͫͫ͊ͣ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͭ͊ͤ͟Ύͻ ͎͙ͦͪ͊ͤͣ͊͘Σ ͫͦͦ͋΅͔͍ͫͭ͊ͣ ͎͙͍ͦͪ͊ͤͣͦ͘ όͫͭ͊ΎΣ ͙ͦͦͤ͟͡ΎΣ ͙͋ͦͼ͔ͤͦ͘ύΦ 

˿ Ή͚ͭͦ ͭͦ;͙͟ ͔͙ͪͤ͘ΎΣ ͙͔ͫͦͤ͊ͤ͘ ͍ ͦ͋΅͔͙ͨͪͤΎͭͦͣ ͙͙͙ͨͦͤͣ͊ͤ ͔͔ͫ͒ͯͭ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ ;͊ͫͭͤ·͚ ͫͯ͡;͚͊ 

͙͙͒ͤ͊ͣ;͔͎ͫͦͦ͟ ͍͍͔͙ͪ͊ͤͦͫΎ ͍ ͭ͊ͤ͟Ύͻ ͎͙ͦͪ͊ͤͣ͊͘ ς ͅ ͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͊͡Ύ ͎͍ͪͯͦ͟·͙ͣ 

͙ͨͦͭͦ͊ͣ͟ ͙ͣͨͯ͡Έ͍ͫͦ ͍ ͔͚͚ͤͪͦͤͤͦ ͔͙ͫͭΦ ˿͍͔͍͔ͦͦͭͭͫͭͤͤͦ ͣ·΄͔͙͔ͤ͡ ͔͔ͫ͒ͯͭ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ ͨͪͦͼ͔ͫͫ 

͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͤ͊ͪͯ΄͔͎ͤͤͦͦ ͍͍͔͙ͪ͊ͤͦͫΎ ͔ͣ͗͒ͯ ͍͔ͤ΄͔͚ͤ ͔͚ͫͪ͒ͦ ͙ ͨͪͦͼ͔͙ͫͫ͊ͣ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͭ͊ͤ͟Ύͻ 

͎͙ͦͪ͊ͤͣ͊͘ ό͙͙͔ͣͣͯͤͭͭΣ ͒·ͻ͙͔͊ͤΣ ͙ͨ΅͔͍͔͙͔͊ͪͤύΦ ˸·΄͔͙͔ͤ͡ ͍ ͦ͋΅͔͙ͨͪͤΎͭͦͣ ͙͙͙ͨͦͤͣ͊ͤ ς Ήͭͦ 

;͊ͫͭͤ·͚ ͫͯ͡;͚͊ ͙͍͔͚͍͙ͨͪͦͭͦ͒ͫͭΎ ͎͙ͦͪ͊ͤͣ͊͘ ͔͔ͫͪ͒ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͔͚ͤͪͦͣ·΄͔;͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟Σ ͎͔͒ 

͍͔͔ͨͦ͒ͤ;͔͙͚ͫ͟ ͙ͦͤͭͤͯͯͣ͟ ͍͍͔ͯͪ͊ͤͦ΄͙͍͔͊ͭ ͔͚͍͙͔͒ͫͭ ͔ͫͪ͒·Σ ͊ ͔͚ͤͪͦͤͤ͊Ύ ͔ͫͭΈ ͙͙͔ͦͤͫͦ͒ͪͯͭ͟͡ 

͙͔͔ͨͪͦ͋ͪͭ͊ͣ·͚ ͦͨ·ͭΦ ˤ͊͗ͤͦ ͨͦ͒;͔ͪͤͯͭ͟ΈΣ ;ͭͦ ͎͙ͦ͊͟͡ ͣ·΄͔͙ͤ͡Ύ ͤ͊ ͙ͪ͊͘͡;ͤ·ͻ ͍ͯͪͦͤΎͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 

͎͙ͦͪ͊ͤͣ͊͘ ͔ͦͭͪ͊͗͊ͭ ͍͔͙͔ͫͭ͊ͤͦͤ͡ ͍͍͔͙ͪ͊ͤͦͫΎ ͔ͣ͗͒ͯ ͔͎ͦ ͍͔͙͙ͤͯͭͪͤͤͣ ͨͪͦͼ͔͙ͫͫ͊ͣ ͙ ͙͔ͣͤ͘;͙͍ͦͫͭΈΌ 

ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Σ ͭͦ ͔ͫͭΈ ͨͪͦͼ͔ͫͫ· ͍ ͭ͊ͤ͟Ύͻ ͎͙ͦͪ͊ͤͣ͊͘ ͨͦ ͔͔ͣͪ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍͍͔͙ͪ͊ͤͦͫΎ 

ͤ͊;͙ͤ͊Όͭ ͍ ͔͎͙͍͚ͤ͊ͭͤͦ ͺ͔ͦͪͣ ͙͍ͦͨͪͦ͊ͭ͟Έ ͊ͦͤ͘͟· ͙ͨͪͪͦ͒·Φ  

ˤ·͍ͦ͒·Υ 

¶ ˽ ͙͎͊ͪ͊͒ͣ͊ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͍ ͙͔͔ͤ͊͋ͦ͡ ͦ͋΅͔ͣ ͍͙͔͒ ͻ͔͙͔͊ͪ͊ͭͪͯͭ͘͟ ͙ͭ͊ͤ͟ ͎͙ͦͪ͊ͤͣ͊͘ ͙ 

͙ͨͪͦͫͻͦ͒Ύ΅͙͔ ͍ ͙ͤͻ ͨͪͦͼ͔ͫͫ·Σ ͊͟͟ ͔ͪͯ͘͡Έͭ͊ͭ ͍͔͙͙ͫͭ͊ͤͦͤ͡ ͍͍͔͙ͪ͊ͤͦͫΎ ͫͦ ͔͚ͫͪ͒ͦ ͤ͊ ͙ͪ͊͘͡;ͤ·ͻ Ήͭ͊ͨ͊ͻ 

Ή͍ͦ͡Όͼ͙͙ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͙͔ͫͫͭͣ·Φ 

¶ ˿ ͙͔ͦͤ͊ͤ͘ ς Ήͭͦ ͚ͯͫͭͦ;͙͍·͔ ͨͪͦͼ͔ͫͫ· ͍ ͭ͊ͤ͟Ύͻ ͎͙ͦͪ͊ͤͣ͊͘Σ ͦͨ·ͭ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͍͍͔͙ͪ͊ͤͦͫΎ ͫ 

ͦͪͯ͗͊͟Ό΅͔͚ ͔͚ͫͪ͒ͦ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͙͔ͫͫͭͣ͊ͻ ͎͙ͦͪ͊ͤͣ͊͘Σ ;͊ͫͭͤ·ͣ ͨͪͦΎ͍͔͙͔ͤͣ͡ ͦͭͦͪ͟·ͻ Ύ͍͡Ύ͔ͭͫΎ 

͙͔ͫͦͤ͊ͤ͘ ͍ ͦ͋΅͔͙ͨͪͤΎͭͦͣ ͙͙͙ͨͦͤͣ͊ͤ όͦ͟͡Έͼ͔͍·͔ ͙ͨͦͭͦ͟ ͙ͣͨͯ͡Έ͍ͫͦ ͍ ͔͚͚ͤͪͦͤͤͦ ͔͙ͫͭύΦ 

¶ ˸ ·΄͔͙͔ͤ͡ ͔ͫͭΈ ͨͪͦͼ͔ͫͫ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͤ͊ͪͯ΄͔͎ͤͤͦͦ ͍͍͔͙ͪ͊ͤͦͫΎ ͍ ͺ͔ͦͪͣ ͔͔͚͙ͨͪͫͭͪͦ͟ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͙͔ͫͫͭͣ ͍ ͭ͊ͤ͟Ύͻ ͎͙ͦͪ͊ͤͣ͊͘Φ ˶͎͙ͦͯ͟ ͣ·΄͔͙ͤ͡Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘Σ ͎ͦ͒͊͟ 

ͨͪͦͼ͔ͫͫ· ͍ ͭ͊ͤ͟Ύͻ ͎͙ͦͪ͊ͤͣ͊͘ ͨͦ ͔͔ͣͪ ͨͪͦ͋ ͙ ͦ΄͙͋ͦ͟ ͙͍ͤ͊ͫͭͪ͊͊ΌͭͫΎ ͤ͊ ͊ͦͤ͘͟· ͙ͨͪͪͦ͒· ͙ ͦͭͪ͊͗͊Όͭ 

͙ͻ ͍ ͔͎͙͍͚ͤ͊ͭͤͦ ͺ͔ͦͪͣΦ 

ˤ·΄͔͙͍͔͔ͨͪ͒ͤͤ·͔ ͔͙ͪ͊ͫͫͯ͗͒ͤΎ ͍ͨͦͦ͘͡ΎΌͭ ͪ͊ͦ͋ͪ͊ͭ͘ΈͫΎ ͍ ͙͔ͨͪͪͦ͒ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡Φ 

ˮ͔͔ͤͭͭ͟͡͡ ς Ήͭͦ ͔͙͚ͨͪ͗ͤ ͦͨ·ͭΣ ͙͙͍ͦͤͫͦ͒ͪͦ͊ͤͤ͟͡·͚ ͍ ͔ͭͻ ͙͙͡ ͙ͤ·ͻ ͫͭͪͯͭͯͪ͊͟ͻΣ ͫͨͦͫͦ͋ͤͦͫͭΈ ͔͚ͭ͊ͤ͟ ͙ 

͙͔ͫͫͭͣ ͎͙ͦͪ͊ͤͣ͊͘ ͔͎͙͍ͪ͊ͪͦ͊ͭΈ ͤ͊ ͙͔͔͙ͣͤͤ͘Ύ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· ͍ ͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͍͙ͯͫͦ͡ΎͻΦ ͙́͊ͣ͟ 

͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͣ ͍͚͍ͫͦͫͭͦͣ ͦ͋͊͒͊͡Όͭ ͫͦ͒͊ͤͤ͘·͔ ;͔͍͔ͦͦͣ͟͡ ͍͔΅͙Φ ˤ͔ͨͦͤ͡ ͎͙ͦ͡;ͤͦΣ ;ͭͦ ͤ ͔ͦ͋·;ͤ·͔ 

ͨͪͦͼ͔ͫͫ· ͍ ͦͪͯ͗͊͟Ό΅͔͚ ͔͔ͫͪ͒ ͎ͣͦͯͭ ͍ͫͨͪͦͦͼ͙͍ͪͦ͊ͭΈ ͔͔͔ͤͨͪ͒ͫ͊ͯͣͯ͘͟Ό ͙͍͊ͭ͊͟ͼ͙Ό ͎ͭͦͦ ͙͙͡ ͙͎ͤͦͦ 

ͦ͋Ά͔ͭ͊͟Φ ˥ͪ͊ͤ͊ͭ͊ ͔ͣͦ͗ͭ ͔͙ͤͦ͗͒͊ͤͤͦ ͍͍ͦͪ͊ͭ͘ΈͫΎΣ ͤͦ Ήͭͦ ͔ͤ ͤ͊͘;͙ͭΣ ;ͭͦ ͔͚ ͍͚͍͔ͫͦͫͭͤͤ· ͍͔͍ͦ͡·͔ 

͊͟;͔͍ͫͭ͊Φ ˽ͯ͡ΎΣ ͔ͤ ͍ͨͦͨ͊΄͊Ύ ͍ ͼ͔͡ΈΣ ͔ͤ ͨͪͦΎ͍͡Ύ͔ͭ ͍͚ͫͦ ͻ͔͊ͪ͊ͭͪ͟Σ ͊ ͍͙͊ͭͦͣ͊ͭ;͔͙ͫ͟ ͔͎͙͔ͪ͊ͪͯͭ ͤ͊ 

ͫͦ;͔͙͔ͭ͊ͤ ͍͔ͤ΄͙ͤͻ ͍͙͚ͯͫͦ͡ ͙ ͍͙ͫͦͻ ͍͔͙ͤͯͭͪͤͤͻ ͍͚͍ͫͦͫͭΦ ˾͔͙͊ͫͫͯ͗͒ͤΎ ͦ ͭͦͣΣ ;ͭͦ ͫͦ͗ͤ͡·͔ ͙͔ͫͫͭͣ· 

͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͙͔͔ͣͤͯͣ·͔ ͙͍͔ͫͯͫͫͭͤͤ͟·ͣ ͙͔͔ͤͭͭͦͣ͟͡͡Σ ͔͚͍͒ͫͭͯΌͭ ͍ ͍͙ͫͦͻ ͙͔͔ͤͭͪͫ͊ͻ ͎ͯͨͦͫͭ͡ΈΣ ͫͨͦͫͦ͋ 

͍ͦͨͪ͊͒͊ͭΈ ͔͍͔ͤͫͦͪ΄͔͍ͤͫͭͦ ͎ͨͪͦͪ͊ͣͣ· ͙͙͡ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͔͔ ͔͍͔͎ͤͨͪ͊ͦͣͪͤͦͦ ͙͔͔͙ͨͪͣͤͤΎΦ ͔́ͻ͙ͤ͊͟ ͔ͤ 

͔ͣͦ͗ͭ ͋·ͭΈ ζͦͦͣ͘͟͡ ͦͭͨͯ΅͔͙ͤΎηΣ ͊͘ ͍͔ͫ ͔͒ͦ͗ͤ͡ ͍͔ͦͭ;͊ͭΈ ͍ͫͦ͒͊͘΄͙͚ ͔͔ ;͔͍͔ͦ͟͡Φ ˤ ͫͦ͗ͤ͡·ͻΣ 

͍·͍͙͙͍ͫͦͦ͊ͭͦͣ͊ͭͪͦ͊ͤͤ͘͟·ͻ ͨͪͦͼ͔ͫͫ͊ͻ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙ͤͺͦͪͣ͊ͼ͙͙ ͍͔͎ͫ͒͊ ͫͦͻͪ͊ͤΎ͔ͭͫΎ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ 

͔͔͍͙͔͚ͤͨͪ͒͒ͤͤͦ ͼ͔͚ͨͤͦ ͔ͪ͊͟ͼ͙͙Σ ͦͭͦͪ͊͟Ύ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͔͙ͤͦ͗͒͊ͤͤ·ͣΣ ͍ͦͣͦ͗ͤͦ͘ ͺ͊ͭ͊͡Έͤ·ͣ 

͔ͪͯ͘͡Έͭ͊ͭ͊ͣΦ ˿͔͔͒ͯͭ͡ ͦͫͦ͋ͦ ͨͦ͒;͔ͪͤͯͭ͟ΈΣ ;ͭͦ ͣ·΄͔͙͔ͤ͡ ͨͪͦͼ͔ͫͫΣ ͦͭͦͪ͟·͚ ͙͍͙͔͊ͭͪͯͭͫ͟Ύ ͍͙͚ͤͦͤͦ͘ 

͍͔ͤ΄͙ͤͻ ͍͙͚ͯͫͦ͡ ͙ ͤ͊ͪͯ΄͔͙͔ͤͣ ͍͍͔͙ͪ͊ͤͦͫΎΣ ͨͦΉͭͦͣͯ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡ ͦ ͍͔͔͚ͤͯͭͪͤͤΣ ͙͋͘·ͭͦ;͚ͤͦ 

͙͍͙͊ͭͤͦͫͭ͟ ͙͔ͫͫͭͣ· ͦ΄͙͋ͦ;ͤͦΣ ͨͦͫͦ͟͡Έͯ͟ ͤ͊ͪͯ΄͔͊ͭ ͙ͨͪͤͼ͙ͨ ͫͦͻ͔͙ͪ͊ͤͤΎ Ή͔͎͙͙ͤͪΦ  

˻͎͙ͪ͊ͤ;͔͙͔ͤ ͣ͊΄͙͎ͤͤͦͦ ͙͔͔ͤͭͭ͊͟͡͡ ͍ ͭͦͣΣ ;ͭͦ ͍·͋ͦͪ ͺͦͪͣ ͙͍͙͊ͭͤͦͫͭ͟ ͙͍ͨͪΎ͊ͤ͘ ͟ ͔͔ͪ͊ͤ 

ͫͦ͒͊ͤͤ͘·͙ͣ ͎ͨͪͦͪ͊ͣͣ͊ͣΣ ͎͔͒ ͨͪͦͼ͔ͫͫ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͔͊ͦ͗ͤͤ͘͡·ͻ ͎͚ͨͪͦͪ͊ͣͣͦ ͺͦͪͣ ͙͍͙͊ͭͤͦͫͭ͟ τ Ήͭͦ 

͙͙ͣͭ͊ͼ͙Ύ ͣ·΄͔͙ͤ͡ΎΣ ͦͭͦͪ͊͟Ύ ͔ͤ ͯ;͙ͭ·͍͊Όͭ ͔ͭͯ͟΅ͯΌ ͙͔ͣͤ͘;͙͍ͦͫͭΈ ͔ͫͪ͒· ό͎͙͍͊ͨͪͦͪ͊ͣͣͪͦ͊ͤͤ͘·͔ 

͔͙ͣͦ͒͡ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͫͯ΅͔͍ͫͭͯΌͭ ͍ ͨͪͦ΄ͦͣ͡ ͍͔͔͙ͪͣͤ ͙ ͔ͤ ͎ͣͦͯͭ ͔͎͙͍ͪ͊ͪͦ͊ͭΈ ͤ͊ Ή͍ͦ͡Όͼ͙Ό ͔ͫͪ͒· 

- ͋ͯ͒ͯ΅͔͔ ͍͔ͪͣΎύΦ ˹͙͔͊ͨͪͣͪΣ ;͔͍͔ͦ͟͡ ͫͯ͡;͚͊ͤͦ ͍͙͍ͨͪͦ͊͡΄͙͚ͫΎ ͍ ͔ͨͦ͒ͣͤ͘·͚ ͙͙͊͋ͪͤͭ͡Σ ͔ͦͫͦͤ͊ͭ͘ 
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͍ͦ͋ͫͭ͊ͤͦͯ͟ όͫͦ͒͊ͫͭ͘ ͍ͤͦͯΌ ͔ͣͦ͒͡Έ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭύΣ ͊ ͣ͊΄͙ͤ͊ ͔͋ͯ͒ͭ ͨͪͦ͒ͦ͗͊ͭ͡Έ ͙ͨͦͫ͟ ͔ͪ΄͔͙ͤΎ 

͙͔͙ͦͪͤͭͪͯΎͫΈ ͤ͊ ͔͔ͪ͊ͤ ͔͊ͦ͗ͤͤ͘͡·͔ ͍ ͔͔ ͎ͨͪͦͪ͊ͣͣ͊ͻ ͔͙ͣͦ͒͡ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ ˤ Ήͭͦͣ ͔ͨ͊ͤ͡ 

͔ͪͺ͔ͭͦͪͤ͊͟͡Ύ ͫͺ͔ͪ͊ ;͔͍͔ͦ͊͟͡ ͔ͦ͋͊͒͊ͭ͡ ͙ͨ͊ͫͭ͡;ͤͦͫͭΈΌΣ ͦͭͦͪ͊͟Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ Ή͍ͦ͡Όͼ͙Ό ͔͚ͭ͊ͤ͟ 

͎͙ͦͪ͊ͤͣ͊͘Σ ͭͦ ͔ͫͭΈ ͔ͣͤΎ͔ͭ ͙ͫͻͦ͒ͤ·͔ ͎ͨͪͦͪ͊ͣͣ· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫͦ ͔͚ͫͪ͒ͦΦ ˿͔͔͒ͯͭ͡ ͙ͦ͋ͪ͊ͭͭΈ 

͍͙͙͔ͤͣ͊ͤΣ ;ͭͦ ͙͍͊ͭͤͦͫͭ͟Έ ͎͙ͦͪ͊ͤͣ͊͘ ͔͍͙ͨͪ;ͤ͊Σ ͍͍͔ͯͪ͊ͤͦ΄͙͍͔͊ͭ ͍͔ͤ΄ͤΌΌ ͔ͫͪ͒ͯΣ ͊ ͙͍͊ͭͤͦͫͭ͟Έ 

ͣ͊΄͙ͤ· ͍͙ͭͦͪ;ͤ͊ ς Ήͭͦ ͍͔ͫͦͦ͋ͪ͊ͤ͊͘Ύ ͔ͨͪ;͊ͭ͊͟ ͤ͊ ͔ͪͯ͟ ;͔͍͔ͦ͊͟͡Σ ͦͭͦͪ͊͟Ύ ͍ͨͦ·΄͔͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 

͔͎ͦ ͣ·΄͔͙ͤ͡ΎΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦ ͔͔͙͔ͫͭͪͣͤ͡ ͣ͊΄͙ͤ· ͟ ͔͍͙ͨͪ;ͤͦͣͯ ͍͍͔͙ͪ͊ͤͦͫΌ ͫ ͦͪͯ͗͊͟Ό΅͔͚ ͔͚ͫͪ͒ͦ 

͙͡΄͔ͤͦ ͫͣ·ͫ͊͡ ͊͟͟ ͒͡Ύ ͔͔ͤΣ ͭ͊͟ ͙ ͒͡Ύ ;͔͍͔ͦ͊͟͡Φ  

˽͙͙͔ͦͤͣ͊ͤ ͎͙͙ͦ͟͡ ͣ·΄͔͙ͤ͡Ύ ͍ ͔͔ͦͤͭͫͭ͟͟ ͙ͫ͡ ͙͍͔͚͍͙ͨͪͦͭͦ͒ͫͭΎ ͦͪͯ͗͊͟Ό΅͔͚ ͔͔ͫͪ͒Σ ͊ ͙ͫͦͤ͊ͤ͘Ύ 

͍ ͊͟;͔͍͔ͫͭ ͎ͨͪͦͪ͊ͣͣ· ͔͚͍͙͚͒ͫͭ ό͙͔͔ͨͪͦ͋ͪͭͤͤ·͚ ͦͨ·ͭύΣ ͔͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͪ͊ͦ͋ͪ͊ͭ͘ΈͫΎ ͍ ͍ͦͨͪͦͫ͊ͻ 

͔͙͍͚ͦͭͤͦ͟͟͡͡ ͙ͨͫͻ͎͙͙ͦͦ͡Φ ̅ͪ͊ͤͼ͙͚ͯͫ͘͟ ͺ͙ͦͫͦ͡ͺ ˶͔͍͙-ˣͪΌ͡ΈΣ ͙ͯ͘;͊͡ ͙ͪͪ͊ͼ͙ͦͤ͊͡Έͤ·͔Σ ͫ ͔͎ͦ ͭͦ;͙͟ 

͔͙ͪͤ͘ΎΣ ͔͙ͪ͊ͫͫͯ͗͒ͤΎ ͍ͤ͊ͪͦ͒ͦ ͫ ͙͙͙͍͚ͨͪͣͭͤͦ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤͦͫͭΈΌ ό͎͙͒ͦͦ͡;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡ύ ώпΣ 

ͫͭͪΦмонϐΥ  

˽͔͍ͪͦ͋·͔ͭͤͦ ͣ·΄͔͙͔ͤ͡ ͙͍͔ͦ͋ͤ͊ͪͯ͗͊ͭ ͔͙͋ͪ͊͘͘͡;͙͔ ͟ ͙͍͔ͨͪͦͭͦͪ;͙ΎͣΣ ͔ͦͭͦͪͦ͟ ͔ͤ ͔͙ͭͪͨͭ ͤ͊΄ 

ͪ͊ͯͣ͘Φ   

˴͔͙͍ͦͭͤ͟͡͡·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͔ͤ ͍͙͊ͫ͘Ύͭ ͍ ͍͔ͫͦͣ ͋·͙͙ͭ ͦͭ ͔ͦͭ͒͡Έ͚ͤͦ ͙͡;͙ͤͦͫͭΣ ͙ͻ ͔͍ͤͦͣͦ͗ͤͦ͘ 

ͦͫͣ·͙ͫͭ͡Έ ͙ ͨͦͤΎͭΈ ͔ͨͯͭͣ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͙͙͍͙ͤ͒͒͊ ͊͟͟ ͍͎ͭ͊ͦͦͦ͟Φ  

ˤ ͊͟;͔͍͔ͫͭ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͍͙ͫͦͻ ͍͎͘͡Ύ͍͒ͦ ˶͔͍͙-ˣͪΌ͡Έ ͙͍͙ͨͪͦ͒ͭ ͔͍ͣͤͦ͗ͫͭͦ ͺ͍͊ͭͦ͟Φ ˹͙͔͊ͨͪͣͪΣ 

ͯ ͔ͭͯͣ͘ͼ͔͍ ͙͙̅͒͗ ͙ͤ͊ͫͭͯͨͭΈ ͤ͊ ͔ͭͤΈ ;͔͍͔ͦ͊͟͡ ͫ;͙͔ͭ͊ͭͫΎ ͔͔ͫͣͪͭ͡Έͤ·ͣ ͔͙͔ͦͫͦͪ͋ͤͣ͟͡Φ ˻͔͙ͫͦ͋ͤͤͦͫͭ 

ͣ·΄͔͙ͤ͡ΎΣ ͤ͊ ͦͭͦͪ͟·͔ ͦ͋ͪ͊΅͔͊ͭ ͍͙͙͔ͤͣ͊ͤ ˶͔͍͙-ˣͪΌ͡ΈΣ ͔͎ͦ͟͡ ͦ͋ΆΎ͙ͫͤͭΈΣ ͔͙ͫ͡ ͙ͨͦͤͣ͊ͭΈ ͙͔ͫͦͤ͊ͤ͘ ͊͟͟ 

͎ͨͪͦͪ͊ͣͣͯ ͔͚͍͙͚͒ͫͭΣ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͍ ͙͔ͨͪ͊ͭ͟͟ ͫͦͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ͔ͤ͋ͦ͡Έ΄͚ͦ ͎ͪͯͨͨ· ͡Ό͔͚͒ ͍ 

͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͙ͨͪͪͦ͒ͤ·ͻ ͍͙ͯͫͦ͡ΎͻΦ ˸͙͙ͫͭ;͔͔ͫͦ͟ ͦͭͤͦ΄͔͙͔ͤ ͟ ͔͙ͭͤ ;͔͍͔ͦ͊͟͡ ͔͊ͪͨ͘͟͡Ύ͔ͭ ͙͔͒Ό 

͍͍͙ͪ͊ͤͦͨͪ͊Ύ ;͔͍ͤͦ͡ ͫͦͦ͋΅͔͍ͫͭ͊Σ ͊ ͺ͙͊ͤͭ͊ͫͭ;͔͙͚ͫ͟ ͻ͔͊ͪ͊ͭͪ͟ ͔͙͚ͪ͊ͫͫͯ͗͒ͤ ͔ͤ ͔͔ͭͪ͋ͯͭ ͙ͤ·ͻ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΦ ˤ͊͗ͤͦ ͨͦ͒;͔ͪͤͯͭ͟ΈΣ ;ͭͦ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͙ͫͦͤ͊ͤ͘Ύ ͙ ͔͎ͦ ͎͙ͦ͊͟͡ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͍͙ͯͫͦ͡Ύ͙ͣ 

ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ͙ ͺ͙ͦͪͣͪͯΌͭͫΎ ͍ ͨͪͦͼ͔͔ͫͫ ͨͪͦ͋Σ ͎͔͒ ͙͙ͣͫͭ;͔͔ͫͦ͟ ͙͍͔͙͔ͣͪͦͦͪͤ͘͘ ͫ͊ͣ·͚ ͔ͤ͊͒͗ͤ·͚ 

ͫͨͦͫͦ͋ ͔͙͊ͪͨͭ͘͟Έ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͍͊͗ͤ·͔ ͺͦͪͣ· ͔͙͍͎ͦͭͤͦͦ͟͟͡͡ ͙͍͔͙ͣͪͦͦͪͤ͘͘ΎΦ  

˹͊ ͍͊͗ͤͯΌ ͪͦ͡Έ ͙͙͙͍͚ͤͫͭͤͭͤͦ͟ ͫͺ͔ͪ· ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͙ͫͦͤ͊ͤ͘Ύ ͦ͋ͪ͊΅͔͊ͭ ͎̑ͤΣ ͦͭͦͪ͟·͚ ͍ 

ζˢ͙͙ͤ͊ͭ͡;͔͚ͫͦ͟ ͺ͙ͦͫͦ͡ͺ͙͙η ͙ͫͨͦ͡Έ͔ͯͭ͘ ͨͦͤΎ͙͔ͭ ζ͔͙͍͔ͦͭͤͦ͟͟͡͡ ͔͔͋ͫͫͦͤ͊ͭ͘͡Έ͔ͤͦη ώрΣ ͫͭͪΦ пфнϐΥ  

ΧͨͦͤΎ͙͔ͭ ͦ͋ͦͤ͊͘;͊Ό΅͔͔ ͍ͫͦͦͯͨͤͦͫͭ͟Έ ͔͔ͤ͊ͫ͒ͯͣ͡·ͻ ͡Ό͒Έ͙ͣ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͫͭͪͯͭͯͪ͟Σ 

͔ͣͻ͙͍͊ͤͣͦ͘Σ ͊ͪͻ͔͙͍ͭͨͦΣ ͙͙͍ͤͫͭͤͭͦ͟Σ ͙ͣͨͯ͡Έ͍ͫͦΣ ͍ͦ͋ͪ͊ͦ͘Σ ͔͍͔ͨͪ͒͊͊ͣ·ͻ ͦͭ ͔͙ͨͦͦͤ͟͡Ύ ͟ ͔͙ͨͦͦͤ͟͡Ό ͊͟͟ 

ͫͯ͋ͫͭͪ͊ͭ ͙ͨͫͻ͙;͔͎ͫͦͦ͟ ͋·͙ͭΎΦ ˻͍͔ͫͤͦͤͦ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔͙͍͎ͦͭͤͦͦ͟͟͡͡ ͔͔͋ͫͫͦͤ͊ͭ͘͡Έ͎ͤͦͦ ͍ͫͦͫͭ͊͡ΎΌͭ 

͙͙ͤͫͭͤͭ͟· ͙ ͊ͪͻ͔͙ͭͨ·Φ 

ˤ ͔͔ͦͤͭͫͭ͟͟ ͍·΄͔͙͔͎ͦ͗ͤͤͦͦ͘͡ ͔͙ͣ͊ͭͪ͊͊͡Σ ͔ͫͪ͒͊ ͙͙ͦ͋ͭ͊ͤΎ ͙ ͍͔ͫͦͣͫͭͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ;͔͍ͤͦ͡ 

ͦ͋΅͔͍ͫͭ͊ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͍͔ͫͦͣͫͭͤͯΌ ͎ͨͪͦͪ͊ͣͣͯ ͔͚͍͙͚͒ͫͭ ͙ ͎͙ͦͯ͟͡ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͙͍͎ͦͭͤͦͦ͟͟͡͡ 

͙͍͔͙ͣͪͦͦͪͤ͘͘ΎΣ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͎ͦͭͦͪͦͦ͟ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭͫΎ ͙ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͍ ͨͪͦͼ͔͔ͫͫ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Σ ;ͭͦ 

͔͊ͪͨ͘͟͡Ύ͔ͭͫΎ ͍ ͔ͪͺ͔͚ͭͦͪͤͦ͟͡ ͫͺ͔͔ͪ ό͔͙͍͔ͦͭͤͦ͟͟͡͡ ͔͔͋ͫͫͦͤ͊ͭ͘͡Έ͔ͤͦύΦ ˤ Ήͭͦͣ ͔ͨ͊ͤ͡ ͔͔ͫ͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ 

;ͭͦ ͙͙͙͍ͤͫͭͤͭͤ͊͟Ύ ͫͺ͔ͪ͊ ς ͍͙͙͍͊ͭͦͣ͊ͭͪͦ͊ͤͤ͘·͔ ͺͦͪͣ· ͍͙ͦͫͨͪΎ͙ͭΎ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͙ ͍͔͔͙ͨͦ͒ͤΎ 

ͨͦͫͭͦΎͤͤͦ ͙͍ͤ͊ͫͭͪ͊͊ΌͭͫΎ ͤ͊ ͙͔ͣͤ͘;͙͍ͦͫͭΈ ͔ͫͪ͒· ͙ ͺ͙ͦͪͣͪͯΌͭ ͍ͤͦ·͔ ͫͨͦͫͦ͋· ͊͒͊ͨͭ͊ͼ͙͙Σ ͦͭͦͪ͟·͔ ͍ 

͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͙ͨͪ ͪ͊ͭͤͦͣ͟ ͍͔͙͙ͨͦͭͦͪͤΣ ͔͔ͨͪͻͦ͒Ύͭ ͍ ͙͙͙͍ͤͫͭͤͭͤͯ͟Ό ͫͺ͔ͪͯΦ  

˻͋΅͔͍͔͔ͫͭͤͤͦ ͙͔ͫͦͤ͊ͤ͘ ͍ ͔ͨ͊ͤ͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ τ Ήͭͦ ͨͪͦ͒ͯͭ͟ ͙͙ͨͦͭ͡;͔͎ͫͦͦ͟ ͚͍ͯͫͭͪͦͫͭ͊Σ ͎͔͒ 

͔͙͍ͦͭͤ͟͟͡͡·͔ ͔͚͍͙͒ͫͭΎ ͙ ͙͔͔ͤͭͪͫ· ͔͔ͦͨͪ͒͡ΎΌͭ ͎͙ͦͯ͟͡ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͙͍͎ͦͭͤͦͦ͟͟͡͡ ͙͍͔͙ͣͪͦͦͪͤ͘͘Ύ 

͒͡Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ;͔͍ͤͦ͡ ͎͒͊ͤͤͦͦ ͫͦͦ͋΅͔͍ͫͭ͊Φ ˤ Ήͭͦͣ ͔͔ͦͤͭͫͭ͟͟ ͣͦ͗ͤͦΣ ͍͙ͫͪ͊ͤͭΈ ͫͯ΅͔͍ͫͭͯΌ΅͙͔ 

͔͙͙ͭͦͪ ͔͎͍͔ͣ͗ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ ώсϐΥ 

¶ ˾ ͔͙͊ͣ͘͡ τ ͎͍ͦͫͯ͒͊ͪͫͭ͊ ͙͍ͤ͊͊ͨ͊͟͡Όͭ ͔ͪͫͯͪͫ·Σ ͊ ͻ͔͊ͪ͊ͭͪ͟ ͙ͻ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ 

͙ͦ͟͡;͔͍ͫͭͦͣ ͔͍ͪͫͯͪͫͦΣ ͍͔ͦͤͤ·͙ͣΣ Ή͙ͦͤͦͣ͟;͔͙͙ͫͣ͟ ͙ ͙͙ͨͦͭ͡;͔͙͙ͫͣ͟ ͍ͦͣͦ͗ͤͦͫͭ͘Ύ͙ͣΦ ͔͙́ͦͪΎ 

͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͭͪͯ͒͊ͻ ͙͙̅ͯ͒͒͊͟Σ ˸͙͍͔͙͊͊͟͡͡ ͙ ́Φ ˥ͦ͋͋ͫ͊Φ  
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¶ ˹ ͔͙͔͙ͦ͋ͪ͊ͣ͘͡͡ ͍͔͔ͯͭͪ͗͒͊ͭΣ ;ͭͦ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͔ ͙͙ͨͦͭ͡;͔͙͔ͫ͟ ͙͙ͤͫͭͭͯͭ· ͎ͣͦͯͭ 

͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͔ͯͫͨ΄ͤͦͣͯ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭͯ ͔ͣ͗͒ͯ ͎͍͙ͦͫͯ͒͊ͪͫͭ͊ͣΦ  

¶ ˴ ͙͍͙ͦͤͫͭͪͯͭͣ͘͟ ͊͟ͼ͔͙͔ͤͭͪͯͭ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͭͦͣΣ ;ͭͦ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͙͙ͨͦͭ͊͟͡ ͺ͙͔ͦͪͣͪͯͭͫΎ ͨͦ͒ 

͍͙͡Ύ͙͔ͤͣ ͙͔͚͒Σ ͔͙͍ͦͭͤ͟͟͡͡·ͻ ͼ͔͔͚ͤͤͦͫͭΣ ͯ͟͡Έͭͯͪ· ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙Φ  

¶ ˸ ͙͊ͪͫͣ͘͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤͯΌ ͙͔ͫͫͭͣͯ ͊͟͟ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤͯΌ ͙͙͙͊ͨͭ͊ͫͭ͟͡;͔ͫͯ͟Ό 

͙͔ͫͫͭͣͯΣ ͼ͔͡Έ ͚ͦͭͦͪͦ͟ τ ͤ ͙͊ͦͨͭ͟Έ ͊͟͟ ͣͦ͗ͤͦ ͋ͦ͡Έ΄͔ ͙͊ͨͭ͊͊͟͡Φ 

˾͔͙͊ͣ͘͡ ͦ ͋ͪ͊΅͔͊ͭ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͦ͋΅͔͍͔͔ͫͭͤͤͦ ͙͔ͫͦͤ͊ͤ͘ ͊͟͟ ͨͪͦ͒ͯͭ͟ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͦͭͤͦ΄͔͙͚ͤΣ 

͎͔͒ ͔͙͍͔ͦͭͤͦ͟͟͡͡ ͙͔ͫͦͤ͊ͤ͘ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͔ͣͦ͒͡ΈΌ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭΣ ͦͭͦͪ͊͟Ύ ͔͎͙͔͊ͯͭ͘͡͡ ͙͙ͨͦͭͯ͟͡ 

͎͍ͦͫͯ͒͊ͪͫͭ͊ -͎ͨͪͦͪ͊ͣͣͯ ͔͙͍ͦͭͤ͟͟͡͡·ͻ ͔͚͍͙͚͒ͫͭ ͙ Ήͭͦ ͔ͤ ͙͍͔ͨͪͦͭͦͪ;͙ͭ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͫͯ΅͙ͤͦͫͭ 

;͔͍͔ͦ͊͟͡Φ  

   ˹ ͔͙͔͙ͦ͋ͪ͊ͣ͘͡͡ ͔͎͔ͨͪ͒͊͊ͭ͡ ͙͚ͦ͒ͤͦͫͭͦͪͦͤͤ ͨͦ͒ͻͦ͒Σ ͨͦ ͙ͫͯͭ ͔͙͚ͤ͟ ͙͔͒͊͡Σ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ 

͎ͦͭͦͪͦͦ͟ ͔ͤ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ ͙͙ͫͭͦͪΎ ͔͎͍͔ͣ͗ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͦͭͤͦ΄͔͙͚ͤΦ ˩΅͔ ͔͔͋ͦ͡ ͙͍ͤ͊ͤ·ͣ Ύ͍͡Ύ͔ͭͫΎ 

͙͍͙ͦͤͫͭͪͯͭͣ͘͟͟Σ ͦͭͦͪ͟·͚ ͦ΄͙͋ͦ;ͤͦ ͎͔ͨͦ͊͊ͭ͡Σ ;ͭͦ ͎͙ͦ͊͟͡ ͔͎͍͔ͣ͗ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ 

͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͨͪͦ΄͡·ͣ ͦͨ·ͭͦͣ ς ͯ͟͡Έͭͯͪͤ·͙ͣ ͼ͔ͤͤͦͫͭΎ͙ͣ ͙ ͣͦͪ͊͡Έͤ·͙ͣ ͙ͨͪͤͼ͙͙ͨ͊ͣΣ ;ͭͦ ͍ 

͔͔͙͍͔ͨͪͫͨͭ͟ ͙ͦͭͪͼ͔͊ͭ Ή͍ͦ͡Όͼ͙Ό ͔͔͎ͨͪ͗ͤͦ ͦͨ·ͭ͊ ͙ ͙͎͙͔ͤͦͪͪͯͭ ͙ͨͪͪͦ͒ͯ ͔͙͍͎ͦͭͤͦͦ͟͟͡͡ ͣ·΄͔͙ͤ͡ΎΣ 

͔ͦͭͦͪͦ͟ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͍͙͔ͦͨͪ͊͒͊ͤ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͙͔͔͍ͤͭͪͫͦ ͎͍ͦͫͯ͒͊ͪͫͭ͊Φ ͔́ͣ ͔ͤ ͔͔͔ͣͤΣ ͔ͦ͋ ͔͙͙ͭͦͪ 

͙͔ͣΌͭ ͙ͨͪ͊ͭ͟;͔͙͚ͫ͟ ͫͣ·ͫ͡Σ ͨͦͫͦ͟͡Έͯ͟ ͙͍ͯͫͨͦ͊͊͟Όͭ ͦ͋΅͔͍͔͔ͫͭͤͤͦ ͔͙͔ͣͤͤΣ ͙͙͙ͫͭ͊͋ͪͯ͘͡Όͭ 

ͦ͋΅͔͍͔ͫͭͤͤ·͔ ͦͭͤͦ΄͔͙ͤΎΦ ˴͊͟ ͙ͨͫ͊͡ ˬΦ ˣ͔͔ͪ͊ͤ͗Υ ζ͔̉ͫͭΈ ͔͋ͯͣ͘ͼͯΣ ͦͭͦͪ͟·͚ ͍͔͔ͤ͊ͭ ;͔͍͔ͦ͡;͔͍ͫͭͯ ͫͦ 

͚ͦͦͭͦ͘͡ΗηΦ     

˻͔ͫͦ͋ͦ ͔ͣͫͭͦ ͔͙ͫͪ͒ ͔͙͚ͭͦͪ ͔͎͍͔ͣ͗ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ ͙͔͊ͤͣ͊ͭ͘ ͙͙ͨͦͭ͡;͔ͫ͊͟Ύ Ή͙ͦͤͦͣ͊͟͟ 

˸͊ͪͫ͊͟Σ ͦͭͦͪͯ͟Ό ͨ·ͭ͊ΌͭͫΎ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͍ ͯͦ͘͟ ͙ͨͪ͊͒ͤͦͣ͟͡ ͤ͊͘;͔͙͙ͤΦ ˹͙͔͔͊͋ͦ͡ ͨͦͤͦ͡ ͤ͊͘;͙ͣͦͫͭΈ 

͙͔͚͒ ˸͊ͪͫ͊͟ ͋·͊͡ ͪ͊ͫͪ͟·ͭ͊ ͍ ˿˿˿˾Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ͊͟͟ ζΧ͊ͦͤ͘͟;͔͔ͤͤͦ ͺ͙ͦͫͦ͡ͺ͔ͫͦ͟ ͫͦͼ͙͎͙ͦͦ͡;͔͔ͫͦ͟ 

ͯ;͔͙͔ͤ ͦ ͙͙ͫͦͤ͊ͤ͘η ͙ ͎͙͔ͦ͟͡ ͔͎ͦ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎΦ ˹͙͔͊ͨͪͣͪΣ ͺ͙ͦͫͦ͡ͺ ͙ ͙ͨͫͻ͎ͦͦ͡ ˶͔ͦͤͭΈ͔͍ ˢΦ˹Φ ͙ͨ΄͔ͭ 

ώтΣ ͫͭͪΦ уϐΥ 

˨͡Ύ ˸͊ͪͫ͊͟ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͍ ͔͔ ͙ͫͻ͚ͦ͒ͤͦ ͙ ͍͚ͦͫͤͦͤͦ ͺ͔ͦͪͣ ς Ήͭͦ ;͍͍͔ͯͫͭͤͤ͊ΎΣ ͙ͨͪ͊ͭ͟;͔ͫ͊͟Ύ 

͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͍ ͚ͦͭͦͪͦ͟ ͡Ό͙͒ ͍ͫͭͯͨ͊Όͭ ͍ ͺ͙͙͘;͔͙͚ͫ͟ ͦͤͭ͊ͭ͟͟ ͫ ͔͔͙ͨͪ͒ͣͭ͊ͣ ͦͪͯ͗͊͟Ό΅͔͎ͦ ͙ͣͪ͊Σ 

͙ͫͨ·ͭ·͍͊Όͭ ͤ͊ ͔͔ͫ͋ ͙ͻ ͙͍͔͙͔ͫͦͨͪͦͭͤ͡ ͙ ͍͔͚͍ͦ͒ͫͭͯ͘Όͭ ͤ͊ ͙ͤͻΣ ͨͦ;͙ͤΎΎͫΈ ͙ͻ ͦ͋Ά͔͙͍ͭͤ͟·ͣ ͍͚͍ͫͦͫͭ͊ͣΦ 

ˤ ζ˨͙͔͙͔͊ͭ͟͟͡ ͙ͨͪͪͦ͒·η ͎͔̏ͤ͡Έͫ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͨͦ͊͊͘͟͡ ͎͙ͦͯ͟͡ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͍͗·ͻ 

͎͙͍ͦͪ͊ͤͣͦ͘Σ ͊͟͟ ͔͍͙͔ͫ͒ͫͭ͡ ͙ͻ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͦͪͯ͗͊͟Ό΅͔͚ ͔͚ͫͪ͒ͦΣ ͎͙ͦͯ͟͡ ͨͦΎ͍͔͙ͤ͡Ύ ;͔͍͔ͦ͊͟͡ ͊͟͟ 

͔ͪͯ͘͡Έͭ͊ͭ ͍͚ͭͪͯ͒ͦͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ό͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͡Ό͔͚͒ ͔ͣ͗͒ͯ ͚ͫͦ͋ͦ ͙ ͦͪͯ͗͊͟Ό΅͔͚ ͔͚ͫͪ͒ͦύΦ 

ˮ͔ͣͤͤͦ ͍ Ή͚ͭͦ ͙͎͔ͨ͊ͪ͊͒ͣ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͦͭͤͦ΄͔͙ͤΎ ˸͊ͪͫ͟ ͙ ͒ͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ 

ͦ͋΅͔͍͔͔ͫͭͤͤͦ ͙͔ͫͦͤ͊ͤ͘ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ Ή͙ͦͤͦͣ͟;͔͙͙ͫͣ͟ ͦͭͤͦ΄͔͙ͤΎ͙ͣΣ ͦͭͦͪ͟·͔ ͔͔ͦͨͪ͒͡ΎΌͭ 

͙͔͗ͤͫͨͦͫͦ͋ͤͦͫͭ͘Έ ͎͍ͦͫͯ͒͊ͪͫͭ͊Φ ˤ Ήͭͦͣ ͔͔ͦͤͭͫͭ͟͟ ͍͙ͫͭ͊ͤͦͭΈͫΎ ͨͦͤΎͭͤͦΣ ;ͭͦ ˿̊ˢ ͙ ͔ͤͦͭͦͪ͟·͔ ͫͭͪ͊ͤ· 

˩͍ͪͦͨ· ͔͔ͦ͋ͫͨ;͙͍͊Όͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͍͔͚ͫͦ Ή͙͙ͦͤͦͣ͟͟ ͊͘ ͫ;͔ͭ ͙͍͔͙ͨͪͫͦͤΎ ͎͍͋ͦ͊ͭͫͭ ͎͙͒ͪͯͻ ͫͭͪ͊ͤ ͙ 

͍͔͙ͯͨͪ͊ͤ͡Ύ Ή͔͎͔͙ͤͪͭ;͔͙͙ͫͣ͟Σ ͭͪ͊ͤͫͨͦͪͭͤ·͙ͣ ͙ ͎͙͙͒ͪͯͣ ͺ͙ͦͪͣ͊ͣ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ ˤ ͙͎͙͙͋ͦͦ͡ 

ͻ͙΅͙ͤ;͔͍ͫͭͦ ͙ ͙͙ͨ͊ͪ͊ͭͣ͘͘ ͍͙ͫͭ͊ͭ ͻͦ͘Ύ͙ͤ͊ ͍ ͍͙͙͊ͫͣͦͫͭ͘Έ ͦͭ ͦ͋Ά͔ͭ͊͟ Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙Σ ͨͦͫͦ͟͡Έͯ͟ 

ͯͭͪ͊;͙͍͔͊ͭͫΎ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙ͤ·ͻ ͍ͫͨͦͫͦ͋ͦ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎΦ ˤ ͎͙͊ͤ͊ͦ͡;ͤͦͣ ͔͙͙ͨͦͦ͗ͤ͡ ͙ͦ͊͊ͫ͘͟͡Έ 

͔ͤͦͭͦͪ͟·͔ ͍͙ͪ͊ͭ͘·͔ Ή͙͙ͦͤͦͣ͟͟Σ ͦͭͦͪ͟·͔ ͙͙ͯͭͪ͊ͭ͡ ͫͨͦͫͦ͋ͤͦͫͭΈ ͔͔ͦ͋ͫͨ;͙͍͊ͭΈ ͍͔ͯͪͦͤΈ ͙͙͗ͤ͘ ͍͔͎ͫͦͦ 

͔͔͙͔ͤ͊ͫͤ͡ ͊͘ ͫ;͔ͭ ͍͔͙ͤͯͭͪͤͤͻ ͔͍ͪͫͯͪͫͦ ͙ ͍·͔ͤͯ͗͒ͤͤͦ ͎ͪ͊͋Ύͭ ͔͔͚ͫͦͫ͒Φ ̏ͭͦ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒Έ Ήͭͦ 

ͺ͙͔ͦͪͣͪͯͭ ͔͔ͭͤ͒ͤͼ͙͙ ͍ ͦ͋΅͔͍͔ͫͭͤͤͦͣ ͙͙ͫͦͤ͊ͤ͘ ͙ ͔͔͒͊ͭ͡ ͙ͻ ͙͙͒ͦͣͤͪͯΌ΅͙͙ͣ ͙͔͙͔ͨͪͣͤͭ͡Έͤͦ ͟ 

͔͔ͦͨͪ͒͡ΎΌ΅͙ͣ ͙͙ͨͦͭͯ͟͡ ͎͍ͦͫͯ͒͊ͪͫͭ͊ ͨͪͦͼ͔ͫͫ͊ͣΦ ˴͔ͪͦͣ ͎ͭͦͦΣ ͤ͊͘;͙͔ͭ͡Έͤ·͚ ͙͊ͨͭ͊͟͡ ͔ͫͦͫͪ͒ͦͭͦ;͔ͤͤ·͚ 

͍ ;͊ͫͭͤ·ͻ ͪͯ͊͟ͻ ͨͦͯ͡;͔͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍ͯͨͪ͊͡ΎͭΈ Ή͙͚ͦͤͦͣͦ͟͟ ͎͍ͦͫͯ͒͊ͪͫͭ͊Σ ͍ͤ͊ͨͪ͊͡Ύ͔ͭ ͎͙ͦͯ͟͡ 

͔͙͍͎ͦͭͤͦͦ͟͟͡͡ ͣ·΄͔͙ͤ͡Ύ ͙ ͺ͙͔ͦͪͣͪͯͭ ͦ͋΅͔͍͔͔ͫͭͤͤͦ ͙͔ͫͦͤ͊ͤ͘ ͍ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͣ ͒͡Ύ ζ͊͊͘͘͟;͙͊͟η 

͍͔͙͙ͤ͊ͨͪ͊ͤ͡Φ ˮ͔ͣͤͤͦ Ή͙ͭ ͨͪͦͼ͔ͫͫ· ͙͔ͣΌͭ ͔ͣͫͭͦ ͍ ˩͍͔ͪͦͨΣ ͎͔͒ ͪ͊ͪͯ͘΄͔͙͔ͤ Ή͙͙ͦͤͦͣ͟͟ ͙ 

͔͙͔ͤͦͤͭͪͦͪͯͣ͊͟͡Ύ ͙͎ͣͪ͊ͼ͙Ύ ͔ͫͦ͒͊ͭ͘ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͔͍ͨͪͪ͊΅͔͙ͤΎ ζ͍ͭͪ͊ͦΎ͒ͤ·ͻηΣ ͫ͊ͣͦ͒ͦͫͭ͊ͭͦ;ͤ·ͻ 
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͎͍ͦͫͯ͒͊ͪͫͭ ͍ ζͻ͙΅͙͍ͤͦ͟ηΦ ˤͦͨͪͦͫ ͦ ͭͦͣΣ ͤ͊ ͎ͦͦ͟ ζͻ͙΅͙͙ͤ͟η ͋ͯ͒ͯͭ ͤ͊ͨ͊͒͊ͭΈΣ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭͦͪ;͔͙ͫͣ͟Φ  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˶Ό͍͋ͦΈ ˩͍͔͔͍ͫ͊ ˴͊͟ ͭͦͨ͊͡ ͔ͣͦ͗ͭ ͙͔͙ͣͤͭ͘Έ ͍͊ͫΥ ͔͔ͫͪͭ͟· ͔͙͍͚ͦͭͤͦ͟͟͡͡ ͙ͨͫͻ͎͙͙ͦͦ͡ 

https://www.mostimes.com/news/collective-psychology-secrets/5668/ 

2. ˸·΄͔͙͔ͤ͡ ͍ ͙ͨͫͻ͎͙͙ͦͦ͡Υ ͔͔͔͙͔ͦͨͪ͒ͤ͡Σ ͍͙͒·Σ ͺͯͤ͟ͼ͙͙ ͙ ͊͟͟ ͦͤͦ ͔ͪ͊͋ͦͭ͊ͭ 

https://psyjack.ru/basics/cognitions/thinking/ 

3. ˴͊ͪ͊;͙͚ͯͤͫ͟ ˤΦˢΦ ͙̅ͦͫͦ͡ͺ͙Ύ ͍͙͔͙͒͗ͤΎ κ ˤΦˢΦ ˴͊ͪ͊;͙͚ͯͤͫ͟Φ ς ˸ ΦΥ ˴͙͎ͤˮ͒͊ͭ͘Σ нлнр ς орн ͫΦ 

4. ˶͔͍͙-ˣͪΌ͡Έ ˶Φ ˽͔͍ͪͦ͋·͔ͭͤͦ ͣ·΄͔͙͔ͤ͡ κ ˶Φ ˶͔͍͙-ˣͪΌ͡Έ κκ ͔͙̆ͪͫͭͦͣ͊ͭΎ ͨͦ ͦ͋΅͔͚ ͙ͨͫͻ͎͙͙ͦͦ͡Σ ͨͦ͒ 

͔ͪΌ ̑ΦˣΦ ˥͙͔͔͚͔ͨͨͤͪͭͪΣ ˤΦˤΦ ˽͔ͭͯͻ͍ͦ͊Φ ς ˸ ΦΥ ˮ͒͘-͍ͦ ˸͍͎ͦͫͦͫͦͦ͟͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊Σ мфумΦ ς ˿ Φ мол ς 140. 

5. ˻͍;͔͊ͪͤͦ͟ ˤΦˮΦ ˴͔͙͍͔ͦͭͤͦ͟͡͡ ͔͔͋ͫͫͦͤ͊ͭ͘͡Έ͔ͤͦ κ ˤΦˮΦ ˻͍;͔͊ͪͤͦ͟ κκ ˤ͔͙ͫͣͪͤ͊Ύ Ήͤͼ͙͔͙ͦͨ͒͟͡ΎΥ 

͙̅ͦͫͦ͡ͺ͙Ύ κ ͨͦ͒ ͔ͪ͒Φ ˢΦˢΦ ˥͙ͪͼ͙͍͊ͤͦ͊Φ ς ˸ ΦΥ ͍͔̆͊ͪͫͭΣ ˿͍͔͔ͦͪͣͤͤ·͚ ͙͔ͭͪ͊ͭͦͪ͡Σ нллм ς ˿ Φ пфн   

6. ͔͙͙́ͦͪ ͔͎͍͔ͣ͗ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͦͭͤͦ΄͔͙͚ͤΦ ˣͦ͡Έ΄͊Ύ ͙͚ͪͦͫͫͫ͊͟Ύ Ήͤͼ͙͔͙ͦͨ͒͟͡ΎΦ 

https://bigenc.ru/c/teorii-mezhdunarodnykh-otnoshenii-6526f5 

7. ˶͔ͦͤͭΈ͔͍ ˢΦ˹Φ ˴͊ͪ͡ ˸͊ͪͫ͟ ͙ ͙ͨͫͻ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͤ͊ͯ͊͟Φ κˢΦ˹Φ ˶͔ͦͤͭΈ͔͍ κκ ͔͙̆ͪͫͭͦͣ͊ͭΎ ͨͦ ͦ͋΅͔͚ 

͙ͨͫͻ͎͙͙ͦͦ͡ ͨͦ͒ ͔ͪ͒Φ ˤΦˢΦ ˽͔͍͎ͭͪͦͫͦͦ͟. ς ˸ ΦΥ ζ˽͍͔ͦͫ΅͔͙͔ͤηΣ мфтт ς ˿ Φ т ς 17. 

ϭ˴͊ͪ͊;͙͚ͯͤͫ͟ ˤΦˢΦΣ нлнс 
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PHYSICAL EDUCATION AT THE UNIVERSITY OF MINING AND GEOLOGY 

 IN THE TREND OF FUNDAMENTAL EDUCATIONAL REFORMATION 

 

Abstract 

This paper outlines the compulsory role of physical education within the national educa-tion system 

and its contribution to the ultimate goal of comprehensive development. Physical education serves as a 

ŦƻǳƴŘŀǘƛƻƴŀƭ ǇƛƭƭŀǊ ƛƴ ƛƳǇǊƻǾƛƴƎ ǇŜƻǇƭŜΩǎ ƛƴǘŜƭƭŜŎǘǳŀl standards, train-ing high-quality human resources, and 

fostering talents to meet the rigorous demands of building and defending the socialist nation. 

Keywords:  

educational innovation, innovation trend, physical education, sports. 

 

1. Introduction 

The school-based physical education (PE) task plays a vitally important role in the cause of 

comprehensive educational reformation in the country, aiming to cultivate a new generation of Vietnamese 

citizens who are fully developed in terms of morality, intellect, physical stature, and aesthetics. Physical 

education within schools is defined as an essential component in enhancing health and physical fitness, 

ŦƻǎǘŜǊƛƴƎ ǉǳŀƭƛǘȅΣ ƳƻǊŀƭƛǘȅΣ ŀƴŘ ǿƛƭƭǇƻǿŜǊΣ ŀǎ ǿŜƭƭ ŀǎ ǎƘŀǇƛƴƎ ǎǘǳŘŜƴǘǎΩ ǇŜǊǎƻƴŀƭƛǘƛŜǎΦ ¢Ƙƛǎ ŎƻƴǘǊƛōǳtes directly 

to fulfilling the demands of national industrialization and modernization, ensuring that the youth are "highly 

developed in intellect, physically robust, pure in morality, and rich in spirit." 

Recognizing these values, school physical education has always received profound attention from the 

Party, the State, all levels of authorities, and the entire society. In particular, over the past years, the Ministry 

of Education and Training and the sports sector have maintained close collaboration in comprehensive 

orientation and management, driving strong advancements in school-based physical education. 

Consequently, the practical execution of physical education in modern institutions urgently demands a 

contingent of physical instructors who possess high professional qualifications, profound expertise, and a 

solid foundation in pedagogical methods to successfully adapt to contemporary social requirements. 

 

2. Main content 

2.1 Iƻ /Ƙƛ aƛƴƘΩǎ tŜǊǎǇŜŎǘƛǾŜǎ ƻƴ tƘȅǎƛŎŀƭ ¢ǊŀƛƴƛƴƎ 

2.1.1 Historical Context and Legal Milestones 

Shortly after the Declaration of Independence that established the Democratic Republic of Viet-nam, 

on January 30, 1946, President Ho Chi Minh signed Decree No. 14 to institute the Central Department of 

Physical Education under the Ministry of Youth. This decree mandated the de-partment to collaborate with 

the Ministry of Health and the Ministry of National Education to research methods and implement physical 

education nationwide. Following this event, the first Physical Education School was established in Hanoi, 

marking the birth of revolutionary Vietnamese physical education and sports. 

Subsequently, on March 27, 1946, he signed Decree No. 38 to establish the Department of Youth and 

Physical Education under the Ministry of National Education, comprised of the Youth Division and the Central 

Physical Education Division. 

2.1.2 Core Ideology of the Leader 

On the same day of signing Decree No. 38 (March 27, 1946), President Ho Chi Minh wrote the "Appeal 

for All People to Practice Physical Exercise" published in the Cuu Quoc (National Sal-vation) newspaper. This 
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appeal triggered the nationwide "Healthy for the Country" movement. His core philosophy was encapsulated 

in the paradigm: "A healthy citizen makes a healthy coun-try, an infirm citizen makes the country partly 

weaker." He asserted that maintaining democracy, building the nation, and developing a new lifestyle all 

required physical health, making exercise a duty of every patriotic citizen. 

Furthermore, Uncle Ho served as a brilliant, lifelong role model for self-discipline, famously stating, "I 

myself practice exercise every single day." His ultimate philosophy merged into four words: "Dan cuong, nuoc 

thinh" (Strong citizens, prosperous nation), affirming the direct di-alectical relationship between individual 

physical well-being and national prosperity. In March 1960, at a conference for physical training and sports 

cadres, he elevated this field by strategically defining sports and physical education as an essential 

"revolutionary task." 

2.2 The Position, Role, and Current Status of Physical Education in Modern Schools 

2.2.1 Position and Role of Physical Education 

Physical education is an irreplaceable, compulsory educational activity conducted through both 

curricular and extracurricular formats. In the pedagogical system, physical education is divided into two 

relatively independent yet interconnected aspects: instructional movement techniques and the development 

of physical qualities. It primarily shapes essential lifelong motor skills (such as walking, running, jumping, and 

climbing), alleviates psychological and academic stress, builds willpower, and fosters a disciplined, healthy 

lifestyle adapted to the rapid rhythm of the industrialization era. 

2.2.2 Two Standard Formats of Physical Education Organization 

Curricular Learning (In-class): This is the core, foundational format integrated into the university plan. 

It aims to systematically develop physical attributes, coordinate mo-tor skills, and provide students with the 

technical proficiency needed to execute sports movements properly, while cultivating regular training habits. 

2.2.3 Current Status of Physical Education in Higher Education 

Despite its institutionalized role, the practical implementation of physical education faces sig-nificant 

roadblocks from both systemic and behavioral perspectives: 

Institutional Limitations: A considerable number of universities still treat physical education as a minor 

or secondary subject. Consequently, investment in infrastructure remains severely deficient. Many modern 

campuses suffer from cramped spaces, lack dedi-cated training grounds, or are forced to rent external 

facilities. Additionally, outdated and rigid curricula fail to stimulate student interest. 

2.3 Proposals for Improving the Quality of Physical Education at Hanoi Uni-versity of Mining and 

Geology 

2.3.1 Institutional Context Analysis 

Favorable Conditions: The physical education sector receives strategic attention and direct guidance 

from the University Board of Management. The university is actively piloting the project "Physical Education 

.ŀǎŜŘ ƻƴ [ŜŀǊƴŜǊǎΩ 5ŜƳŀƴŘǎϦ ŦƻǊ ŦƛǊǎǘ-year stu-dents of the K70 cohort. Furthermore, the faculty profile is 

ƘƛƎƘƭȅ ǉǳŀƭƛŦƛŜŘΣ ǿƛǘƘ млл҈ ƻŦ ǘƘŜ ƛƴǎǘǊǳŎǘƻǊǎ ƘƻƭŘƛƴƎ aŀǎǘŜǊΩǎ ƻǊ 5ƻŎǘƻǊŀƭ ŘŜƎǊŜŜǎ ǎǇŜŎƛŀƭƛȊƛƴƎ ƛƴ {ǇƻǊǘǎ ŀƴŘ 

Physical Education. 

2.3.2 Systematic Proposed Solutions 

Solution 1: Overall Curricular Reformation and Educational Architecture 

Conduct routine professional training workshops for faculty members to deeply assimilate the 

contents, paradigms, and rigorous metrics of the newly modernized physical education curriculum. 

Solution 2: Pedagogical Orientations for Faculty Members 

Å Actively execute psychological orientation to cultivate correct and long-term learning mo-tivation 

among students, transforming physical training from a compulsory burden into a conscious health-

preservation habit. 
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Solution 3: Administrative Management and Infrastructure Security 

Å Enhance the synchronization and operational connection among the Department of Phys-ical 

Education, the University Board of Management, functional departments, and youth unions to establish a 

robust framework for mass sports movements. 

3. Conclusion 

Physical education constitutes an fundamentally important pillar within the framework of the new 

national educational curriculum, demanding a highly synchronized, active, and compre-hensive execution 

across all institutional levels. Amidst the accelerating demands of national industrialization, modernization, 

and global integration, the core missions of constructing hu-man capacity, fostering ethical virtues, and 

refining individual personality require the school-based physical education task to become increasingly 

practical, innovative, and highly effective. 

Consequently, the modernization of physical training must be institutionalized, intensified, and 

structurally driven right from the foundational level of teacher training and higher education institutions. 

The systematic solutions and pedagogical measures proposed in this paper are directly de-rived from 

a thorough, realistic assessment of the specific current conditions at the Hanoi Uni-versity of Mining and 

Geology. However, to translate these academic proposals into enduring structural successes, it urgently 

requires the collaborative contribution, intellectual exchange, and shared operational experience of various 

universities and educational training centers na-tionwide. Most importantly, the sector looks forward to 

receiving profound attention, strategic orientation, and robust financial and infrastructural investments from 

relevant governing min-istries, state sectors, and authorized departments to successfully meet the historical 

demands of fundamental educational reformation. 
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SELECT SOME SUPPLEMENTARY EXERCISES TO INCREASE THE EFFICIENCY OF HIGH-HAND SERVICE 

TECHNIQUE FOR K70 STUDENTS OF THE NIVERSITY OF MINING AND GEOLOGY 

 

Abstract 

By using routine sports science research methods, the author has selected and im- plemented a system 

of specialized supplementary exercises to correct common structural errors and increase the efficiency of 

the overhand face-forward serving technique for K70 students at the University of Mining and Geology. The 

pedagogical application results indicate that the proposed framework effectively assisted students in 
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developing stable motor skills, optimizing biomechanical parameters, and eliminating psychological con- 

straints during technical execution. 

Keywords: 

 supporting exercises, overhand front serve, students, University of Mining and Geology. 

 

1. Introduction 

1.1 Significance and Effects of Volleyball 

Volleyball is an highly attractive, easily accessible sport suitable for individuals of all ages and genders. 

Within the university environment, it functions as an active recovery mechanism that helps students restore 

physical capacity and alleviate mental fatigue after demanding academic lectures. 

Regular engagement in volleyball training fundamentally enhances and reinforces overall health while 

comprehensively developing core physical components, specifically speed, power, endurance, and agility. 

Furthermore, the sport serves as a valuable pedagogical tool for culti- vating strong-willed psychological 

attributes, collective consciousness, solidarity, and courage. These qualities equip students with vital life 

competencies for their future careers, actively contributing to the sustainable development and defense of 

the nation. 

1.2 The Core Role of Serving Technique 

The game of volleyball consists of a dynamic matrix of fundamental skills that form the basis of team 

tactics, including passing, setting, spiking, blocking, and serving. Among these components, the serve 

operates as the absolute catalyst that initiates every match, set, and individual rally. 

In modern volleyball, serving has transcended its traditional role of merely putting the ball into play 

and is now deployed as an explicit offensive weapon. A high-velocity, powerful serve directly challenges the 

ƻǇǇƻǎƛƴƎ ǘŜŀƳΩǎ ǇǊƛƳŀǊȅ ǊŜŎŜǇǘƛƻƴ όǘƘŜ ŦƛǊǎt pass), destabilizing and disrupting their organized offensive 

combinations, which frequently yields direct aces. 

tǎȅŎƘƻƭƻƎƛŎŀƭƭȅΣ ŀƴ ŜŦŦŜŎǘƛǾŜ ǎŜǊǾŜ ƛƴǎǘƛƭƭǎ ŘŜŜǇ ŎƻƴŦƛŘŜƴŎŜ ŀƴŘ ǘŀŎǘƛŎŀƭ ǎŜŎǳǊƛǘȅ ǿƛǘƘƛƴ ƻƴŜΩǎ ƻǿƴ ǘŜŀƳ 

while simultaneously applying immense cognitive pressure and emotional inhibition upon the opponents. 

Crucially, the server retains complete operational autonomy during the execution of this technique, allowing 

them to adjust parameters based on personal mastery and tactical choice without any direct interference 

ŦǊƻƳ ǘƘŜ ƻǇǇƻƴŜƴǘ ƻǊ ǊŜƭƛŀƴŎŜ ƻƴ ŀ ǘŜŀƳƳŀǘŜΩǎ ǎŜǘǳǇΦ 

1.3 Current Acquisition Status of K70 Students at HUMG 

Through practical physical education instruction provided to the K70 student cohort at the Hanoi 

University of Mining and Geology (HUMG), the author has observed that the operational efficiency of the 

overhand front serve remains significantly constrained. A vast majority of students fail to achieve technical 

proficiency and routinely exhibit persistent, systematic errors. 

Given the strict limitations on credit hours within the physical education curriculum, a failure to 

establish scientifically accurate motor concepts during the initial phase inevitably leads to the crystallization 

of faulty kinetic habits. These internalized technical errors form long-term negative motor stereotypes that 

become exceptionally difficult to correct in subse- quent training stages. 

1.4 Research Objectives 

Based on the identified instructional challenges, this study aims to isolate the underlying 

biomechanical and pedagogical causes of these technical limitations. Consequently, the ulti- mate objective 

is to select, systematize, and evaluate a dedicated framework of supplementary exercises designed to 

eradicate common structural errors, thereby maximizing the technical efficiency of the overhand front serve 

for K70 students at the Hanoi University of Mining and Geology. 
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2. Factors influencing the efficiency of vol- leyball serving technique 

2.1 Technical Perfection and Tactical Trends 

As a non-cyclic sport with highly volatile and complex scenarios, volleyball requires players to possess 

robust physical endurance, psychological stability, and refined technical skills to execute strategic maneuvers 

both with and without the ball. Within this framework, systematic technical training enables learners to 

master movement mechanics, providing the foundational cornerstone for fluid team tactics. Achieving high-

level technical perfection and consistency shifts the execution of the serve to an automated motor control 

mechanism, which minimizes the functional burden on the central nervous system and liberates the 

conscious mind from micro-structural details like ball-tossing or arm-swing mechanics. This automation 

allows athletes to redirect their focus entirely toward ball velocity, placement, and tactical trends, driving 

modern serving strategies to operate as proactive offensive weapons designed to break the opponent's 

defensive formation and destabilize their tactical transition. 

2.2 Psychological and Physiological Foundations 

The diverse psychological manifestations of sports practitioners are shaped by both subjective 

variables and external stressors like match pressure, officiating quality, and spectator interference, requiring 

instructors to systematically cultivate attributes like courage, decisiveness, and high-achievement readiness 

through diversified training environments. Physiologically, these motor skills and technical habits are 

established as structural templates within the cerebral cortex through the progressive accumulation and 

stabilization of conditioned reflexes. Consequently, pedagogical progression must strictly adhere to the 

principle of systematicityτadvancing sequentially from low to high difficulty and from simple isolated 

components to complex integrated systemsτensuring that each preceding exercise serves as an 

indispensable biomechanical foundation for the next. 

2.3 Theoretical Foundation and Biomechanical Analysis of the Overhand Front Serve 

In competitive volleyball, athletes utilize a diverse repertoire of serving variationsτincluding 

underhand, overhand, and jump servesτto generate trajectories like topspin, float, or high-velocity power. 

Among these, the biomechanical execution of the overhand 

front serve relies heavily on its initial interconnected phases: a 

stable preparatory position, where the student stands facing 

the net with feet staggered half a step apart and weight evenly 

distributed, followed by a precise ball-tossing technique. 

During the toss, the non-dominant hand elevates and launches 

the ball vertically 80 - 100cm (or up to 1.5m) high, tracking 

slightly toward the hitting side while the legs flex and extend 

rhythmically to generate upward kinetic momentum. 

Ultimately, avoiding a low or unstable toss in this phase is 

critical, as it restricts arm-swing amplitude and renders the final 

contact highly inaccurate. 

  

3. Analysis of structural faults and selected supplementary exercises 

3.1 Common Technical Failures Among Students 

Through systematic pedagogical observations and empirical monitoring of novice K70 students at the 

Hanoi University of Mining and Geology, the author identified several prevalent, systematic technical failures 

that fundamentally disrupt the correct ball trajectory. First, inconsistent ball tossing occurs when students 

 

Fig. 1 ς Biomechanical phases of the 

overhand front serve technique. 
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execute unstable tosses that are too far from the body's vertical axis, too low for optimal acceleration, too 

high, or tilted to one side. Second, an inaccurate point of contact arises when the hand strikes the ball off-

centerτwhether too high, too low, or laterally displacedτfailing to hit the absolute center of mass and 

resulting in irregular flight paths, netting, or out-of-bounds serves. Finally, a flexed hitting arm at the exact 

moment of impact limits performance, as the dominant elbow joint remains excessively flexed rather than 

reaching full extension at peak height, drastically reducing kinetic force and lowering the initial launch angle. 

Selected System of Supplementary Exercises 

To thoroughly eliminate the aforementioned structural errors and establish an accurate tech- nical 

paradigm, the author selected and implemented a specialized system of seven supple- mentary exercises: 

To drive technical progression, the author implemented a targeted training framework consisting of 

three core exercises. Exercise 1 (Stationary Toss and Catch) requires students to execute a vertical toss with 

the non-dominant hand and cleanly catch it with the hitting arm at the optimal contact window above the 

head, effectively eradicating erratic tossing vectors and stabilizing spatial-temporal tracking. Exercise 2 (Dry-

Run Kinetic Coordination) utilizes full technical simulations without a ball following a rhythmic cadenceτ

sequentially extending the legs, rotating the torso, and striking the fixed non-dominant palm at maximum 

reachτto synchronize the kinetic chain and eliminate muscular stiffness. Exercise 3 (Over-the-Net Power 

Throws) involves throwing the ball powerfully over the net from behind the endline using an overhand service 

motion to enhance segment acceleration, shoulder girdle power, and force application vectors. Following a 

rigorous period of pedagogical integration, K70 students demonstrated substantial technical progression, 

executing the overhand front serve with a high degree of fluid autonomy, markedly reduced muscle rigidity, 

and significantly higher success rates over the net. 

Conclusion and recommendations 

3.2 Conclusion 

Å For university students in general, and specifically the K70 cohort at the Hanoi Uni- versity of Mining 

and Geology, isolating core technical weaknesses (tossing errors, el- bow flexion, uncoordinated kinetic 

chains) and their underlying biomechanical causes represents the absolute foundational prerequisite for 

engineering effective pedagogical interventions. 

Å The empirical deployment of the selected supplementary exercise framework holds crit- ical 

diagnostic and developmental value. By systematically transitioning from dry-run simulations to high-fidelity 

variations, the framework accelerates error correction, se- cures stable motor stereotypes, and drastically 

elevates serving efficiency. 

3.3 Recommendations 

Å Based on the positive educational outcomes yielded by this study, it is strongly rec- ommended that 

volleyball instructors within the Department of Physical Education broadly integrate this 7-exercise 

supplementary framework into the formal curriculum for all oncoming novice student cohorts at the Hanoi 

University of Mining and Geology. 

Å Throughout subsequent institutional implementations, instructors should continuously track 

performance through objective quantitative metrics and motor tests, accumu- lating empirical data to further 

refine and optimize the volumetric parameters of the selected exercises. 
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A METHODOLOGY FOR USING COMPREHENSIVE TRANSLATION ASSIGNMENTS TO DEVELOP STUDENTS' 

PROFESSIONAL TRANSLATION COMPETENCE 

 

This article examines the typological characteristics of comprehensive translation assignments aimed 

at developing students' lexical, grammatical, and pragmatic competencies. Various types of exercises are 

analyzed, including back-translation, parallel text analysis, translation commentary, transformation tasks, 

and corpus-based assignments. Their effectiveness in developing professional translation competence is 

substantiated.  
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͔͔ͦͣͨͭͤ͟ͼ͙Ύ ͺ͙͔ͦͪͣͪͯͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ;͔͔ͪ͘ ͍͔͙͔ͯͫͦͤ ͔͔͙ͭͦͪͭ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘Σ ͤͦ ͙ ;͔͔ͪ͘ 

͙͔͙ͫͫͭͣ͊ͭ;͔ͫͯ͟Ό ͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͍͔ͤ͊ͨͪ͊ͤͤͯ͡Ό ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͍ͤ͊·͍ͦ͟ ͙͊ͤ͊͊͘͡ ͔ͭͫͭ͊͟Σ 

͍·Ύ͍͔͙ͤ͡Ύ ͔͔͍ͨͪͦ͒;͔͙ͫ͟ͻ ͔͚ͭͪͯ͒ͤͦͫͭ ͙ ͍·͋ͦͪ͊ ͔͍͊͒͊ͭͤ͟·ͻ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔͎͙͚ͫͭͪ͊ͭΦ ˤ Ή͚ͭͦ 

͍ͫΎ͙͘ ͍͊͗ͤͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ ͙͔ͭ͊͟ ͔ͣͻ͙͊ͤͣ͘·Σ ͊͟͟ ͔͙ͫͦ͟͟͡-͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘ΎΣ 

͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟ ͔͔͚͙ͨͪͫͭͪͦ͟Σ ͊ ͔ͭ͊͗͟ ͎͙ͨͪ͊ͣ͊ͭ;͔ͫ͊͟Ύ ͊͒͊ͨͭ͊ͼ͙Ύ ͔ͭͫͭ͊͟ ͟ ͍͙ͯͫͦ͡Ύͣ ͙͙ͨͪͤͣ͊Ό΅͔͚ 

ͯ͟͡Έͭͯͪ· ώнΣ ͫΦ ммнς115]. 

ˤ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Σ ͙͔͙ͤͭͤͫͺ͙͊͟ͼ͙͙ ͔͎ͣ͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭ͊ ͙ ͪ͊ͫ΄͙͔͙ͪͤΎ 

͔ͣ͗ͯ͟͡Έ͚ͭͯͪͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͦͫͦ͋ͯΌ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͍͙͙͔ͪ͊ͭ͘ ͯ ͔͍ͫͭͯ͒ͤͭͦ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ 

͔͍͊͒͊ͭͤͦͣͯ͟ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ Ή͍͙͍͔͊ͤͭͤͦͣͯ͟͡ ͔͔͍ͨͪͦ͒ͯΦ ̏ͭͦ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͔ͤ ͭͦ͡Έͦ͟ ͍͔͙͔͊͒ͤ͡ 

Ύ͘·͍ͦ͟·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣΣ ͤͦ ͙ ͫͺ͙͍͔ͦͪͣͪͦ͊ͤͤͦ ͔͙͔ͯͣͤ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈ ͫͪ͟·ͭ·͔ ͫͣ·ͫ͡·Σ 

͙͙ͣͨ͡ͼ͙ͭͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙ΌΣ ͊ ͔ͭ͊͗͟ ͯ͟͡Έͭͯͪͤͦ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͔ Ή͔͔ͣͤͭ͡· ͙ͫͻ͎ͦ͒ͤͦͦ ͔ͭͫͭ͊͟ ώоΣ ͫΦ стς

70]. 

ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͍͙͔ͦͤ͊ͭ͘͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍͔͔͙ͤ͒ͪͤΎ ͍ ͯ;͔͋ͤ·͚ ͨͪͦͼ͔ͫͫ ͔ͦͣͨͫͤ͟͟͡·ͻΣ 

͎͍͔͍ͣͤͦͦͯͪͦͤ·ͻ ͙ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤͦ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·ͻ ͙͚͊͒͊ͤ͘Σ ͔͙ͣͦ͒ͪͯ͡Ό΅͙ͻ ͔ͪ͊͡Έͤ·͔ 

͔͔͍ͨͪͦ͒;͔͙͔ͫ͟ ͙ͫͭͯ͊ͼ͙͙Φ ˴ ͙ͭ͊ͣ͟ ͙͊͒͊ͤ͘Ύͣ ͦͭͤͦͫΎͭͫΎ ͔͙ͯͨͪ͊͗ͤͤΎ ͤ͊ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙ͦͤͤ·͚ ͙͊ͤ͊͘͡Σ 

ͦ͋ͪ͊ͭͤ·͚ ͔͔͍ͨͪͦ͒ όōŀŎƪ-ǘǊŀƴǎƭŀǘƛƻƴύΣ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ ͔͍ͭͫͭͦ͟Σ ͙͙͔ͤ͊ͨͫ͊ͤ 

͔͔͍ͨͪͦ͒;͔͎ͫͦͦ͟ ͔͙ͦͣͣͤͭ͊ͪ͟ΎΣ ͊ ͔ͭ͊͗͟ ͙͊͒͊ͤ͘ΎΣ ͍ͦͫͤͦ͊ͤͤ·͔ ͤ͊ ͚ͦͪͨͯͫͤͦ͟ ͙͎͍͙͙͔ͤͫͭ͟͡ ͙ ͦͼ͔͔ͤ͟ 

ͣ͊΄͙͎ͤͤͦͦ ͔͔͍ͨͪͦ͒͊Φ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͨͦ͒ͦ͋ͤ·ͻ ͙͚͊͒͊ͤ͘ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͤ ͭͦ͡Έͦ͟ ͍͙͍ͪ͊͊ͭ͘Έ Ύ͘·͍ͦͯ͟Ό ͙ ͔͍ͭͫͭͦͯ͟Ό 

͔͔ͦͣͨͭͤ͟ͼ͙Ό ͔͍ͫͭͯ͒ͤͭͦΣ ͤͦ ͙ ͺ͙͍ͦͪͣͪͦ͊ͭΈ ͯ ͙ͤͻ ͙͙ͪͭ͟;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡Σ ͨͪͦͺ͔͙ͫͫͦͤ͊͡ΈͤͯΌ 

͔ͪͺ͔͙ͫ͟͡Ό ͙ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͍ͦ͋ͦͫͤͦ͊ͤͤͦͣͯ ͍·͋ͦͪͯ ͔͔͍ͨͪͦ͒;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ 

ͦ͋ͯ;͔͙͔ͤ ͔͔͍ͨͪͦ͒ͯ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͔͔͋ͦ͡ ͙ͨͪ͊ͭͦ͟͟-͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·͚ ͙ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͚ͫ͟ ͻ͔͊ͪ͊ͭͪ͟Σ ;ͭͦ 

͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͍͔͔ͫͦͪͣͤͤ·ͣ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ ͎͍͙ͨͦ͒ͦͭͦ͟ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͍ ͙ͦ͋͊ͫͭ͡ ͔ͣ͗ͯ͟͡Έ͚ͭͯͪͤͦ 

͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͙ ͔͔͍͍͔͔͙ͨͪͦ͒ͦ͒ͤΎ ώпΣ ͫΦ фуς101]. 

˽͔͔͍ͪͦ͒;͔ͫ͊͟Ύ ͔͔ͦͣͨͭͤ͟ͼ͙Ύ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͎͍͙͙͔ͤͫͭ͟͡ ͙ ͔͔͍͍͔͔͙͙ͨͪͦ͒ͦ͒ͤ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͊͟͟ 

͔ͦͣͨͫͤ͊͟͟͡Ύ ͫͨͦͫͦ͋ͤͦͫͭΈ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͔ͣ͗ΆΎ͘·͍ͦͯ͟Ό ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ό ͔ͭͫͭ͊͟ ͫ ͫͦͻ͔͙͔ͪ͊ͤͤͣ ͔͎ͦ 

͔͙ͫͣ͊ͤͭ;͔͚ͫͦ͟Σ ͎͙ͨͪ͊ͣ͊ͭ;͔͚ͫͦ͟ ͙ ͙͙͙ͫͭͫͭ͡;͔͚ͫͦ͟ ͼ͔͙ͦͫͭͤͦͫͭ͡Φ ˻ͤ͊ ͍͟͡Ό;͔͊ͭ ͔ͤ ͭͦ͡Έͦ͟ ͍͔͙͔͊͒ͤ͡ 

͔͙ͫͦ͟͟͡-͎͙ͪ͊ͣͣ͊ͭ;͔͙͙ͫͣ͟ ͔͍͙ͫͪ͒ͫͭ͊ͣ ͍͒ͯͻ Ύ͘·͍ͦ͟Σ ͤͦ ͙ ͔͙͔ͯͣͤ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈ ͔ͭͫͭ͟ ͍ ΄͙ͪͦͦͣ͟ 

ͯ͟͡Έͭͯͪͤͦ-͙͙͍ͦͣͣͯͤ͊ͭͤͦͣ͟͟ ͔͔ͦͤͭͫͭ͟͟Σ ͯ;͙ͭ·͍͊Ύ ͔͎ͦ ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͯΌ ͍͔ͤ͊ͨͪ͊ͤͤͦͫͭ͡ΈΣ ͔͊͒ͪͫ͊ͭ͊ ͙ 

͙͙͍ͦͣͣͯͤ͊ͭͤͯ͟͟Ό ͙ͫͭͯ͊ͼ͙ΌΦ 

˿͎ͦ͊ͫͤͦ͡ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ-͙͙͍ͦͣͣͯͤ͊ͭͤͦͣͯ͟͟ ͨͦ͒ͻͦ͒ͯΣ ͔͔͍ͨͪͦ͒ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔ͤ ͊͟͟ 

͔ͣͻ͙͊ͤ;͔ͫ͊͟Ύ ͔͊ͣͤ͊͘ Ύ͘·͍ͦ͟·ͻ ͔͙͙͒ͤͼΣ ͊ ͊͟͟ ͨͪͦͼ͔ͫͫ ͍͙ͭͦͪ;͎ͤͦͦ ͔͔͙ͭͫͭͦͨͦͪͦ͗͒ͤ͟ΎΣ ͙ͨͪ ͦͭͦͪͦͣ͟ 

ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ύ ͫͣ·ͫ͊͡ ͙ͫͻ͎ͦ͒ͤͦͦ ͫͦͦ͋΅͔͙ͤΎ ͍ ͍͙ͯͫͦ͡Ύͻ ͎͚͒ͪͯͦ Ύ͘·͍͚ͦͦ͟ ͙͔ͫͫͭͣ·Φ 

˽͙ͪ Ήͭͦͣ ͟͡Ό;͔͍·ͣ ͍͙ͫͭ͊ͤͦͭͫΎ ͙ͨͪͤͼ͙ͨ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ Ή͍͙͍͔͙͊ͤͭͤͦͫͭ͟͡Σ ͔͎ͨͪ͒ͨͦ͊͊͡Ό΅͙͚ 

͙͔͙͔͒ͦͫͭ͗ͤ ͎͙͊ͤ͊ͦ͡;͎ͤͦͦ ͙͙͍͎ͦͣͣͯͤ͊ͭͤͦͦ͟͟ Ήͺͺ͔ͭ͊͟ ͍ ͔͔ͭͫͭ͟ ͔͔͍ͨͪͦ͒͊Σ ͔͒͊͗ ͙ͨͪ ͙͔͔͙͙ͣͤͤ͘ 

ͺͦͪͣ͊͡Έ͚ͤͦ ͫͭͪͯͭͯͪ͟· ͙ͫͻ͎ͦ͒ͤͦͦ ͍·ͫ͊͘͟·͍͙͊ͤΎ ώнΣ ͫΦ ммнϐΦ 

˨͊ͤͤ·͔ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͍ͨͦͦ͘͡ΎΌͭ ͙͍͊͒͊ͨͭͪͦ͊ͭΈ ͫͭͪͯͭͯͪͯ͟ ͙ͫͻ͎ͦ͒ͤͦͦ ͔ͭͫͭ͊͟ ͟ ͤͦͪͣ͊ͣ ͙ ͯͯͫͯ͘ 

ͼ͔͔͍͎ͦͦ͡ Ύ͘·͊͟Σ ͫͦͻͪ͊ͤΎΎ ͙ͨͪ Ήͭͦͣ ͔͎ͦ ͔͙ͫͣ͊ͤͭ;͔͔ͫͦ͟ Ύ͒ͪͦΦ ˮͻ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͔ͦ͋ͯͫͦͤͦ͡͡ 

͙͔ͫͫͭͣͤ·͙ͣ ͙ͪ͊͘͡;͙Ύ͙ͣ Ύ͘·͍ͦ͟Σ ͊ ͔ͭ͊͗͟ ͙ͪ͊͘͡;͙Ύ͙ͣ ͍ ͫͨͦͫͦ͋͊ͻ ͍·͔͙ͪ͊͗ͤΎ ͎͙ͦ͡;͔͙ͫ͟ͻΣ ͍͔͔ͪͣͤͤ·ͻ 

͙ ͙ͨͪ;͙ͤͤͦ-͔͍͔ͫ͒ͫͭͤͤ͡·ͻ ͦͭͤͦ΄͔͙͚ͤΦ 

ˮ͔ͣͤͤͦ ͤ͊ ͍͔ͦͫͤͦ ͯ͊͊ͤͤ͘͟·ͻ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͫͭͪͦΎͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͙ͨͪ͊ͭͦ͟͟-

͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·͔ ͙͊͒͊ͤ͘Ύ ͨͦ ͔͔͍ͨͪͦ͒ͯΣ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͯ ͔͍ͫͭͯ͒ͤͭͦ ͚ͯͫͭͦ;͙͍·ͻ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͍ͤ͊·͍ͦ͟Φ ͙͔́͊͟ ͙͊͒͊ͤ͘Ύ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͍͙͙ͪ͊ͭ͘Ό ͔͙ͯͣͤΎ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͔ͭͫͭ͟Σ 

͍·Ύ͍͡ΎͭΈ ͔ͨͦͭͤͼ͙͊͡Έͤ·͔ ͔͔͍ͨͪͦ͒;͔͙͔ͫ͟ ͙ͭͪͯ͒ͤͦͫͭ ͙ ͍·͙͋ͪ͊ͭΈ ͙ͦͨͭͣ͊͡Έͤ·͔ ͔͎͙͙ͫͭͪ͊ͭ ͙ͻ 

͔͔͙ͨͪͦ͒ͦͤ͡ΎΣ ;ͭͦ ͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͨͦͤͦ͡ͼ͔͚ͤͤͦ ͔͔͍ͨͪͦ͒;͔͚ͫͦ͟ 
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͔͔ͦͣͨͭͤ͟ͼ͙͙ ͍ ͍͙ͯͫͦ͡Ύͻ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ώоΣ ͫΦ стς69]. 

˹͊ ͍͔ͦͫͤͦ ͙͊ͤ͊͊͘͡ ͯ;͔͋ͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͣͦ͗ͤͦ ͍·͔͙͒ͭ͡Έ ͔ͤͫͦ͟͡Έͦ͟ ͟͡Ό;͔͍·ͻ ͙͍ͭͨͦ ͙͚͊͒͊ͤ͘Φ 

мΦ ˭͙͊͒͊ͤΎ ͤ͊ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙ͦͤͤ·͚ ͙͊ͤ͊͘͡ 

˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͔͙ͯͨͪ͊͗ͤͤΎΣ ͔ͭͪ͋ͯΌ΅͙͔ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙ ͙ ͙͔͔͙ͨͪͣͤͤΎ ͔͔͍ͨͪͦ͒;͔͙ͫ͟ͻ 

ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͚ όǘǊŀƴǎǇƻǎƛǘƛƻƴΣ ƳƻŘǳƭŀǘƛƻƴΣ ŀŘŘƛǘƛƻƴΣ ƻƳƛǎǎƛƻƴύΦ 

˹͙͔͊ͨͪͣͪΣ ͔ͫͭͯ͒ͤͭ͊ͣ ͔͎͔ͨͪ͒͊͊ͭͫ͡Ύ ͔͔͙ͦͨͪ͒ͭ͡Έ ͙͔͔͙ͣͤͤ͘Ύ ͫͭͪͯͭͯͪ͟· ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͙ͨͪ 

͔͔͍͔ͨͪͦ͒Υ Although the weather was cold, they continued their journey. 

͙͔́͊͟ ͙͊͒͊ͤ͘Ύ ͍͙͍ͪ͊͊͘Όͭ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͫͭͪͯͭͯͪͤͦ͟-͔͙ͫͣ͊ͤͭ;͔ͫͦͣͯ͟ ͙͊ͤ͊ͯ͘͡ ͔ͭͫͭ͊͟ ͙ 

ͺ͙ͦͪͣͪͯΌͭ ͍ͤ͊·͟ ͎ͦͫͦͤ͊ͤͤͦͦ͘ ͍·͋ͦͪ͊ ͔͔͍ͨͪͦ͒;͔͚ͫͦ͟ ͔͎͙͙ͫͭͪ͊ͭ ώпΣ ͫΦ фуϐΦ 

2. Back-translation tasks (ͦ ͋ͪ͊ͭͤ·͚ ͨ ͔͔͍ͪͦ͒) 

˨͊ͤͤ·͚ ͙ͭͨ ͙͚͊͒͊ͤ͘ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͔͔͍ͨͪͦ͒ ͔ͭͫͭ͊͟ ͤ͊ ͼ͔͔͍͚ͦ͡ Ύ͘·͟ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ ͦ͋ͪ͊ͭͤ·ͣ 

͔͔͍ͨͪͦ͒ͦͣ ͤ͊ ͙ͫͻͦ͒ͤ·͚ Ύ͘·͟Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͔͙ͨͦͭͪ ͙ ͙͔͔͙ͣͤͤ͘Ύ ͫͭͪͯͭͯͪ͟·Φ 

˻͍ͫͤͦͤ·͔ ͊͒͊͘;͙Υ 

ω ͍ ·Ύ͍͔͙͔ͤ͡ ͫͣ·͍ͫͦ͡·ͻ ͙͔͙͚ͫ͊͗ͤ͟Τ  

ω ͊ ͙ͤ͊͘͡ ͔͔͍ͨͪͦ͒;͔͙ͫ͟ͻ ͍͙͎͍ͫ͒ͦΤ  

ω ͫ ͍͔͙͔ͪ͊ͤͤ ͙ͫͻ͎ͦ͒ͤͦͦ ͙ ͙͎͍͎ͭͦͦͦͦ ͔ͭͫͭ͊͟Φ  

̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͎͒͊ͤͤͦͦ ͔ͣͭͦ͒͊ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ͙ͣ ͍ ͙ͦ͋͊ͫͭ͡ ͎͙͙͍͚ͦͤͭͤͦ͟ 

͙͎͍͙͙͙ͤͫͭ͟͡ ώрΣ ͫΦ ооς36]. 

3. Parallel text analysis 

˭͙͊͒͊ͤΎ ͎͒͊ͤͤͦͦ ͙ͭͨ͊ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͍͔͙͔ͫͦͨͦͫͭ͊ͤ͡ ͙͎͙ͦͪͤ͊͊͡ ͙ ͔͔͍ͨͪͦ͒͊ ͫ ͼ͔͡ΈΌ ͍·Ύ͍͔͙ͤ͡ΎΥ 

ω ͒ ͍͔͙͚ͦ͋͊ͤ͡Τ  

ω ͦ ͨͯ΅͔͙͚ͤΤ  

ω ͫ ͭͪͯͭͯͪͤ͟·ͻ ͙͔͔͙͚ͣͤͤ͘Τ  

ω ͫ ͔͔͙ͭͨͤ Ή͍͙͍͔͙͊ͤͭͤͦͫͭ͟͡Φ  

̏ͭͦͭ ͙ͭͨ ͔͙͚ͯͨͪ͊͗ͤͤ ͔ͦͫͦ͋ͤͤͦ Ήͺͺ͔͙͍͔ͭͤ͟ ͙ͨͪ ͔ͪ͊͋ͦͭ ͫ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·͙ͣ ͙ 

͙ͨͯ͋͡ͼ͙͙ͫͭ;͔͙͙ͫͣ͟ ͔͙ͭͫͭ͊ͣ͟Σ ͨͦͫͦ͟͡Έͯ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͙͍ͪ͊͊ͭ͘Έ ͙͙ͪͭ͟;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡ ͔͔͍ͨͪͦ͒;͙͊͟ ώсΣ 

ͫΦ рмϐΦ 

4. Translation commentary writing 

˿͔ͭͯ͒ͤͭ· ͍·ͨͦͤ͡ΎΌͭ ͔͔͍ͨͪͦ͒ ͔ͭͫͭ͊͟ ͙ ͍ͫͦͨͪͦͦ͗͒͊Όͭ ͔͎ͦ ͙͙͊ͤ͊ͭ͡;͔͙ͫͣ͟ ͔͙͔ͦͣͣͤͭ͊ͪͣ͟Σ 

͍͟͡Ό;͊Ό΅͙ͣΥ 

ω ͨ ͔͔͍ͪͦ͒;͔͙͔ͫ͟ ͙ͭͪͯ͒ͤͦͫͭΤ  

ω ͭ ͪ͊ͤͫͺͦͪͣ͊ͼ͙͙Τ  

ω ͨ ͔ͪͦ͋ͣ͡· Ή͍͙͍͔͙͊ͤͭͤͦͫͭ͟͡Τ  

ω ͫ ͙͙͙ͭͫͭ͡;͔͙͔ͫ͟ ͔ͪ΄͔͙ͤΎΦ  

͚́͊ͦ͟ ͺͦͪͣ͊ͭ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͔ͣͭ͊Ύ͘·͍͎ͦͦͦ͟ ͣ·΄͔͙ͤ͡Ύ ͙ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔ͪͺ͔͙͙ͫ͟͡ 

ώтΣ ͫΦ мнлϐΦ 

5. Multiple translation variants 

˭͙͔͊͒͊ͤ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͙͔ͫͦ͒͊ͤ͘ ͔ͤͫͦ͟͡Έ͙͟ͻ ͍͙͍͊ͪ͊ͤͭͦ ͔͔͍ͨͪͦ͒͊ ͎ͦ͒ͤͦͦ ͔ͭͫͭ͊͟Υ 

ω ͋ ͍ͯ͊͟͡Έ͎ͤͦͦΤ  

ω ͫ ͔͙ͣ͊ͤͭ;͔͎ͫͦͦ͟Τ  

ω ͟ ͙͙͍͎ͦͣͣͯͤ͊ͭͤͦͦ͟Φ  

˿͍͔͙͔ͪ͊ͤͤ ͍͙͍͊ͪ͊ͤͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͍͙͡Ύ͙͔ͤ ͔͎͙͙ͫͭͪ͊ͭ ͔͔͍ͨͪͦ͒͊ ͤ͊ ͔ͦͤ͟;ͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭ ͙ 

͍͙͍͔ͪ͊͊ͭ͘ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͍·͋ͦͪͯ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͔ͪ΄͔͙ͤΎ ώуΣ ͫΦ тпς76]. 

6. Corpus-based translation tasks 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍ͦͪͨͯͫͦ͟ ͙ ͍͔͚ͫͦ͊ͪ͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͫͭͯ͒ͤͭ͊ͣΥ 
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ω ͍ ·Ύ͍͡ΎͭΈ ;͊ͫͭͦͭͤͦͫͭΈ ͔͔͙ͯͨͦͭͪ͋ͤ͡Ύ ͔͙͍ͭͪͣͤͦΤ  

ω ͍ ·͙͋ͪ͊ͭΈ ͙͔͔ͤ͊͋ͦ͡ ͔͍͊͒͊ͭͤ͟·͔ Ή͍͙͍͔͊ͤͭ͟͡·Τ  

ω ͊ ͙͙͍ͤ͊ͪͦ͊ͭ͘͡Έ ͔ͦͤͭͫͭͯ͊͟͟͡Έͤ·͔ ͤ͊͘;͔͙ͤΎΦ  

˨͊ͤͤ·͚ ͙ͭͨ ͙͚͊͒͊ͤ͘ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͍͔͔ͫͦͪͣͤͤ·ͣ ͔͔ͭͤ͒ͤͼ͙Ύͣ ͼ͙ͺ͍͚ͪͦͦ ͙͎͍͙͙͙ͤͫͭ͟͡ ώфΣ ͫΦ ууϐΦ 

7. Machine translation evaluation tasks 

˿͍͔͙͔ͪ͊ͤͤ ͣ͊΄͙͎ͤͤͦͦ ͙ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͔͔͍ͨͪͦ͒͊ ͍ͨͦͦ͘͡Ύ͔ͭΥ 

ω ͍ ·Ύ͍͡ΎͭΈ ͙͙ͭͨ;ͤ·͔ ͦ΄͙͙͋͟ ͣ͊΄͙͎ͤͤͦͦ ͔͔͍ͨͪͦ͒͊Τ  

ω ͟ ͙͊ͫͫ͡ͺ͙ͼ͙͍ͪͦ͊ͭΈ ͦ΄͙͙͋͟ ό͔͙ͫ͟͡;͔͙͔ͫ͟Σ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟Σ ͎͙ͨͪ͊ͣ͊ͭ;͔͙͔ͫ͟ύΤ  

ω ͯ ͯ͡;΄͊ͭΈ ͙͎͍ͭͦͦ·͚ ͔ͭͫͭ͟Φ  

͙̏ͭ ͙͊͒͊ͤ͘Ύ ͺ͙ͦͪͣͪͯΌͭ ͙͙ͪͭ͟;͔͔ͫͦ͟ ͦͭͤͦ΄͔͙͔ͤ ͟ ͍͙͊ͭͦͣ͊ͭ;͔͙ͫͣ͟ ͙͔ͫͫͭͣ͊ͣ ͔͔͍ͨͪͦ͒͊ ώмлΣ ͫΦ 

102ς105]. 

˴͔͔ͦͣͨͫͤͦ͟͡ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͦͨͫ͊ͤͤ·ͻ ͙͍ͭͨͦ ͙͚͊͒͊ͤ͘ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭΥ 

ω ͪ ͍͙͙͔͊ͭ͘ ͔͔͍ͨͪͦ͒;͔͚ͫͦ͟ ͎͙͙͋ͦͫͭ͟Τ  

ω ͅ ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔͎͙ͫͭͪ͊ͭ;͔͚ͫͦ͟ ͔͔ͦͣͨͭͤ͟ͼ͙͙Τ  

ω ͯ ͯ͡;΄͔͙͔ͤ ͍ͤ͊·͍ͦ͟ ͙͊ͤ͊͊͘͡ ͔ͭͫͭ͊͟Τ  

ω ͪ ͍͙͙͔͊ͭ͘ ͔ͣ͗ͯ͟͡Έ͚ͭͯͪͤͦ ͍͔͖͙ͦͫ͒ͦͣͤͤͦͫͭ͡Τ  

ω ͨ ͍ͦ·΄͔͙͔ͤ ͊͟;͔͍ͫͭ͊ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͔͔͍ͨͪͦ͒͊Φ  

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͔ͨͪ͒ͦ͗ͤͤ͊͡Ύ ͙͔ͫͫͭͣ͊ ͙͚͊͒͊ͤ͘ ͔ͣͦ͗ͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͊͟͟ ͔͙ͣͭͦ͒;͔͙ͫ͟ 

͍ͦ͋ͦͫͤͦ͊ͤͤ·͚ ͙͔ͤͫͭͪͯͣͤͭ ͍ͨͦ·΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͎͍͙ͨͦ͒ͦͭͦ͟ ͔͍ͫͭͯ͒ͤͭͦ-͔͔͍ͨͪͦ͒;͙͍ͦ͟Σ 

͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·͚ ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͚ͯͫͭͦ;͙͍·ͻ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͔͔ͦͣͨͭͤ͟ͼ͙͚ ͙ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͙ͻ 

͎͍͙ͦͭͦͤͦͫͭ ͟ ͔ͪ΄͔͙ͤΌ ΄͙͎ͪͦͦͦ͟ ͔ͫͨͭͪ͊͟ ͔͔͍ͨͪͦ͒;͔͙ͫ͟ͻ ͊͒͊͘; ͍ ͔ͪ͊͡Έ͚ͤͦ ͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˴͙͍ͦͣͫͫ͊ͪͦ ˤΦ ˹Φ ͔͙́ͦͪΎ ͔͔͍ͨͪͦ͒͊ ό͙͎͍͙͙ͤͫͭ͡;͔͙͔ͫ͟ ͔͊ͫͨͭ͟·ύΦ τ ˸ ΦΥ ˤ·ͫ΄͊Ύ ΄ͦ͊͟͡Σ мффлΦ τ нро ͫΦ  

2. ͍͔͚̊ͼ͔ͪ ˢΦ ˨Φ ͔͙́ͦͪΎ ͔͔͍ͨͪͦ͒͊Υ ͫͭ͊ͭͯͫΣ ͔ͨͪͦ͋ͣ͡·Σ ͔͊ͫͨͭ͟·Φ τ ˸ ΦΥ ˹͊ͯ͊͟Σ мфууΦ τ нмр ͫΦ  

3. ˣ͊ͪͻ͍ͯ͒͊ͪͦ ˶Φ ˿Φ ̒͘·͟ ͙ ͔͔͍ͨͪͦ͒Φ τ ˸ ΦΥ ˸͔͗͒ͯͤ͊ͪͦ͒ͤ·͔ ͦͭͤͦ΄͔͙ͤΎΣ мфтрΦ τ нпл ͫΦ  

4. Catford J. C. A Linguistic Theory of Translation. τ Oxford: Oxford University Press, 1965. τ 103 p.  

5. Newmark P. A Textbook of Translation. τ London: Prentice Hall, 1988. τ 292 p.  

6. House J. Translation Quality Assessment. τ ¢ǸōƛƴƎŜƴΥ DǳƴǘŜǊ bŀǊǊΣ мффтΦ τ 257 p.  

7. Baker M. In Other Words: A Coursebook on Translation. τ London: Routledge, 2011. τ 352 p.  

8. Nida E. A., Taber C. R. The Theory and Practice of Translation. τ Leiden: Brill, 1969. τ 220 p.  

9. Laviosa S. Corpus-based Translation Studies. τ Amsterdam: Rodopi, 2002. τ 198 p.  

10. Kenny D. Lexis and Creativity in Translation. τ Manchester: St. Jerome Publishing, 2001. τ 189 p. 

ϭ˾ ͊΄͙͍͒ͦ͊ ˨. .sΣ ˸͙ͪͦ͘΄͙͍͊ͪͨͦ͊ ˹., 2026 
 

 

 

 

˾͊΄͙͍͒ͦ͊ ˨͙͊͡ͺͪͯ͘ ˢ͋͒ͯ͊͟Ό͍ͣͦͤ͊, 

 ͟ . .ͅ .ͤΣ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟ ˥˻̂ ζ̆˥̂ ͙ͣ. ͊ ͊͒͟. x .˥͊ͺ͍ͯͪͦ͊η  

ˢͻ͔͍ͣ͒ͦ͊ ˢ͙͊͘͘ ̆ͯͪ΄͔͍͒͒͗ͦͤͦͤ͊,  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͔͙ͨͪͫ͒ͫͦ͟-͙͚͎ͭ͊ͫͦͦ͟͟ Ύ͘·͊͟ ˥ ˻̂ ζ̆˥̂ ͙ͣΦ ͊͊͒͟Φ ˣΦ ˥ ͊ͺ͍ͯͪͦ͊η 
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ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͔͙ͭͦͪͭ;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͙͔ͫͫͭͣ· ͦͼ͔͙͍͙ͤ͊ͤΎ ͍ ͦ͋ͯ;͔͙͙ͤ ͙ͤͦͫͭͪ͊ͤͤͦͣͯ 
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Ύ͘·ͯ͟Φ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͫͯ΅ͤͦͫͭΈΣ ͍͙͒· ͙ ͙ͨͪͤͼ͙ͨ· ͦͼ͔͙͍͙ͤ͊ͤΎΣ ͊ ͔ͭ͊͗͟ ͪͦ͡Έ ͙ͪͯ͋ͪ͟ ͊͟͟ ͙͔ͤͫͭͪͯͣͤͭ͊ 

͍ͨͦ·΄͔͙ͤΎ ͦ͋Ά͔͙͍͙ͭͤͦͫͭ͟ ͙ ͨͪͦͪ͊͘;͙ͤͦͫͭ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟ΎΣ ;ͭͦ 

͍͔͔͔ͫͦͪͣͤͤͦ ͦͼ͔͙͍͙͔ͤ͊ͤ ͍·ͻ͙ͦ͒ͭ ͊͘ ͙ͪ͊ͣ͟ ͙ͭͪ͊͒ͼ͙͎ͦͤͤͦͦ ͦͤͭͪͦ͟͡Ύ ͙͚ͤ͊ͤ͘ ͙ ͍͙ͫͭ͊ͤͦͭͫΎ ͍͊͗ͤ·ͣ 

͔ͦͣͨͦͤͤͭͦͣ͟ ͦ͋ͯ;͔͙ͤΎ ͙ ͍͙͙ͪ͊ͭ͘Ύ ͔͔ͦͣͨͭͤ͟ͼ͙͚ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͦ ͼ͔͙͍͙͔ͤ͊ͤΣ ͺ͙͍͔ͦͪͣ͊ͭͤͦ ͦͼ͔͙͍͙͔ͤ͊ͤΣ ͔͔ͦͣͨͭͤ͟ͼ͙͙Σ ͙ͪͯ͋ͪ͊͟Σ  

͔͙͍͙͔ͭͫͭͪͦ͊ͤΣ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͚ ͨͪͦͼ͔ͫͫΦ 
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THEORETICAL BASIS OF THE ASSESSMENT SYSTEM IN FOREIGN LANGUAGE TEACHING 

 

The article examines the theoretical foundations of the assessment system in foreign language 

teaching. It analyzes the nature, types, and principles of assessment, as well as the role of rubrics as a tool 

for improving the objectivity and transparency of the educational process. It is emphasized that modern 

assessment goes beyond traditional knowledge testing and becomes an essential component of teaching and 

ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƭŜŀǊƴŜǊǎΩ ŎƻƳǇŜǘŜƴŎƛŜǎΦ 

Keywords:  

assessment, formative assessment, competencies, rubric, testing, educational process. 

 

˿͍͔͔ͦͪͣͤͤ·͔ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͙͔ͫͫͭͣ· ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎ ͔͔ͨͪͻͦ͒ͦͣ ͦͭ ͙͔ͤ͊ͤ͘ ͼ͔͙ͤͭͪ;͔͚ͫͦ͟ 

͔͙ͣͦ͒͡ ͦ͋ͯ;͔͙ͤΎ ͟ ͔͔ͦͣͨͭͤͭͤͦͫͭͤͦ͟-͙͔͙͍ͦͪͤͭͪͦ͊ͤͤͦͣͯ ͨͦ͒ͻͦ͒ͯΣ ͙ͨͪ ͦͭͦͪͦͣ͟ ͍͚ͦͫͤͦͤͦ ͊͟ͼ͔ͤͭ 
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ͦͼ͔͙͍͙͔ͤ͊ͤ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͔ͤ ͭͦ͡Έͦ͟ ͦͤͭͪͦ͟͡ΈͤͯΌΣ ͤͦ ͙ ͍͙͍ͪ͊͊͘Ό΅ͯΌΣ ͙͍ͣͦͭ͊ͼ͙ͦͤͤͯΌ ͙ 

͙͎͙͒͊ͤͦͫͭ;͔ͫͯ͟Ό ͺͯͤ͟ͼ͙͙Σ ͍·ͫͭͯͨ͊Ύ ͍͊͗ͤ·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͯ;͔͋ͤ·ͣ ͨͪͦͼ͔ͫͫͦͣ ͙ 

͍ͨͦ·΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͼ͔ͦͣ͡ ώмΣ ͫΦ онϐΦ 

˻͔ͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͔ͨͪͦ͋ͣ͊͡ ͦͼ͔͙͍͙ͤ͊ͤΎ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͍ ͦ͋ͯ;͔͙͙ͤ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·͊ͣ͟Σ ͎͔͒ 
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͔ͪ;͔͍͚ͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΥ ;͔͙ͭͤΎΣ ͙͍͙͊ͯ͒ͪͦ͊ͤΎΣ ͙ͨͫΈͣ͊ ͙ ͎͍͔͙ͦͦͪͤΎΦ ͙́ͪ͊͒ͼ͙ͦͤͤ·͔ ͺͦͪͣ· ͦͤͭͪͦ͟͡ΎΣ 
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ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͦͼ͔͙͍͙ͤ͊ͤΌΦ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͍ͨͦ·΄͔͙ͤΎ ͦ͋Ά͔͙͍͙ͭͤͦͫͭ͟Σ 

ͨͪͦͪ͊͘;͙ͤͦͫͭ ͙ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͦͼ͔͙͍͙ͤ͊ͤΎ ͍ ͦ͋ͯ;͔͙͙ͤ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·͊ͣ͟Σ ͊ ͔ͭ͊͗͟ ͍͔͔͙ͤ͒ͪͤΎ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͙͔͙͔͍ͪͭͪ͟ ͙ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͦͼ͔͙ͤ͟Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͣ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͣ 

ͫͭ͊ͤ͒͊ͪͭ͊ͣΦ ˤ ͍͙ͯͫͦ͡Ύͻ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ ͙͔ͫͫͭͣ· ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͦͫͦ͋ͯΌ ͤ͊͘;͙ͣͦͫͭΈ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͔ͦͣͨͭͤͭͤͦͫͭͤ͟·ͻΣ ͺ͙͍ͦͪͣ͊ͭͤ·ͻ ͙ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͦͼ͔͙͍͙ͤ͊ͤΌΣ 

͍ͨͦͦ͘͡ΎΌ΅͙ͻ ͯ;͙ͭ·͍͊ͭΈ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͦ͋ͯ;͊Ό΅͙ͻͫΎ ͙ ͔͔ͦ͋ͫͨ;͙͍͊ͭΈ ͔͔ͤͨͪͪ·͍͔ͤͦ 

͍͙͙͔ͪ͊ͭ͘ ͙ͻ ͯ;͔͋ͤ·ͻ ͙͔͙͚͒ͦͫͭ͗ͤΦ 
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˴͔ͪͦͣ ͎ͭͦͦΣ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͪ͊͋ͦͭ· ͙͙͍͔ͯͫ͊ͭͫ͡Ύ ͙͍͊ͭͤ͟·ͣ ͍͔͔͙͔ͤ͒ͪͤͣ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ 

Ή͔͔͍ͣͤͭͦ͡ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͚ ͨͪͦͼ͔ͫͫΣ ;ͭͦ ͦͭͪ͟·͍͔͊ͭ ͍ͤͦ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ 

͒͡Ύ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙͙ ͦͼ͔͙͍͙ͤ͊ͤΎΣ ͍ͨͦ·΄͔͙ͤΎ ͔͎ͦ ͭͦ;͙ͤͦͫͭ ͙ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͔͙͍͚ͦͨͪ͊ͭͤͦ ͚ͦ͋ͪ͊ͭͤͦ ͍ͫΎ͙͘Φ 

ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͍͙͔ͦͤ͊ͭ͘͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͤ͊ͯ;͎ͤͦͦ ͦͫͣ·͔͙ͫͤ͡Ύ ͍͔͔ͫͦͪͣͤͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͦͼ͔͙͍͙ͤ͊ͤΌ 

͙ ͙ͻ ͊͒͊ͨͭ͊ͼ͙͙ ͟ ͍͙ͯͫͦ͡Ύͣ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͔ͫͫͭͣ· ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͦͼ͔͙͍͙ͤ͊ͤΌ ͍ ͦ͋ͯ;͔͙͙ͤ ͙ͤͦͫͭͪ͊ͤͤ·ͣ 

Ύ͘·͊ͣ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͍͊͗ͤͯΌ ͤ͊ͯ;ͤͦ-͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͊͒͊͘;ͯΣ ͍͔ͤ͊ͨͪ͊ͤͤͯ͡Ό ͤ͊ 

͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊ ͙ ͍ͨͦ·΄͔͙͔ͤ ͊͟;͔͍ͫͭ͊ ͎͍͙ͨͦ͒ͦͭͦ͟ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ 

ˤ ͙ͦͭ͡;͙͔ ͦͭ ͔͙͍͙ͭͫͭͪͦ͊ͤΎΣ ͔ͦͭͦͪͦ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙͡΄Έ ͙͔ͤͫͭͪͯͣͤͭ ͙͙͍͎ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͤͤͦͦ͘ 

͙͔͔͙ͣͪͤ͘Ύ ͍ͯͪͦͤΎ ͙͚ͤ͊ͤ͘ ͙ ͔͙͚ͯͣͤ ͦ͋ͯ;͊Ό΅͙ͻͫΎΣ ͦͼ͔͙͍͙͔ͤ͊ͤ ͦͻ͍͊ͭ·͍͔͊ͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔͔͋ͦ͡ 

΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͔͚͍͙͚͒ͫͭΣ ͍͟͡Ό;͊Ύ ͤ͊͋͡Ό͔͙͔͒ͤΣ ͙͊ͤ͊͘͡ ͯ;͔͚͋ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ 

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͚ͦ͋ͪ͊ͭͤͦ ͍ͫΎ͙͘ ͙ ͙ͨͪͤΎ͙͔ͭ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤ ώнΣ ͫΦ муϐΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ 

͔͙͍͙͔ͭͫͭͪͦ͊ͤ Ύ͍͡Ύ͔ͭͫΎ ͙͡΄Έ ͙ͦ͒ͤͣ ͙͘ ;͊ͫͭͤ·ͻ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͍ ͦ͋΅͔͚ ͙͔͔ͫͫͭͣ ͦͼ͔͙͍͙ͤ͊ͤΎΦ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͎͙ͨ͒͊ͦ;͔ͫ͊͟Ύ ͤ͊ͯ͊͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͦͼ͔͙͍͙͔ͤ͊ͤ ͊͟͟ ͎ͣͤͦͦͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ 

ͨͪͦͼ͔ͫͫΣ ͍·ͨͦͤ͡ΎΌ΅͙͚ ͪΎ͒ ͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·ͻ ͺͯͤ͟ͼ͙͚Φ ˴ ;͙ͫͯ͡ ͟͡Ό;͔͍·ͻ ͦͭͤͦͫΎͭͫΎ ͙͎͙͒͊ͤͦͫͭ;͔ͫ͊͟ΎΣ 

ͺ͙͍ͦͪͣ͊ͭͤ͊Ύ ͙ ͙͍ͫͯͣͣ͊ͭͤ͊Ύ ͺͯͤ͟ͼ͙͙Φ ˨͙͎͙͊ͤͦͫͭ;͔ͫ͊͟Ύ ͺͯͤ͟ͼ͙Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͙ͫͻͦ͒ͤ·͚ ͍͔ͯͪͦͤΈ 

͎͍͙ͨͦ͒ͦͭͦ͟ ͦ͋ͯ;͊Ό΅͙ͻͫΎΣ ͔͔͙ͦͨͪ͒ͭ͡Έ ͙ͻ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͔͙ͨͦͭͪ͋ͤͦͫͭ ͙ ͔͙͍ͫͦͪͪͭͪͦ͊ͭ͟͟Έ 

͔͙͔ͫͦ͒ͪ͗͊ͤ ͦ͋ͯ;͔͙ͤΎΦ ͙͍̅ͦͪͣ͊ͭͤ͊Ύ ͺͯͤ͟ͼ͙Ύ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͍͔͙͔ͫͦͨͪͦͦ͗͒ͤ ͯ;͔͎͋ͤͦͦ ͨͪͦͼ͔ͫͫ͊ ͙ 

͔͔ͦ͋ͫͨ;͔͙͔ͤ ͔͔ͤͨͪͪ·͍͚ͤͦ ͚ͦ͋ͪ͊ͭͤͦ ͍ͫΎ͙͘Σ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͔͚ ͯͯ͡;΄͔͙ͤΌ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͦ͋ͯ;͔͙ͤΎ ͍ 

ͨͪͦͼ͔͔ͫͫ ͙ͻ ͙͔͙͒ͦͫͭ͗ͤΎΦ ˿͙͍ͯͣͣ͊ͭͤ͊Ύ ͺͯͤ͟ͼ͙Ύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙͎͍ͭͦͦͯΌ ͦͼ͔ͤͯ͟ ͯ;͔͋ͤ·ͻ ͙͔͙͚͒ͦͫͭ͗ͤ 

ͨͦ ͍͔͊ͪ͘΄͔͙͙ͤ ͔͔͖͎ͦͨͪ͒ͤͤͦͦ͡ Ήͭ͊ͨ͊ ͦ͋ͯ;͔͙ͤΎ ώоΣ ͫΦ рпϐΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͎͎͙͔ͨ͒͊ͦ͟ ͍͖ͫ ͋ͦ͡Έ΄͔͔ ͤ͊͘;͔͙͔ͤ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͍͙͍ͪ͊͊͘Ό΅͊Ύ 

ͺͯͤ͟ͼ͙Ύ ͦͼ͔͙͍͙ͤ͊ͤΎΣ ͦͭͦͪ͊͟Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͙͍͙͙ͫͭͣͯͪͦ͊ͤ͡ ͯ;͔͚͋ͤͦ ͙͍ͣͦͭ͊ͼ͙͙Σ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 

͍ͤ͊·͍ͦ͟ ͫ͊ͣͦͦͼ͔͙ͤ͟ ͙ ͍͙͙͙ͪ͊ͭ͘ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͦ͋ͯ;͊Ό΅͙ͻͫΎ ͊͘ ͔ͪͯ͘͡Έͭ͊ͭ· ͍͔͎ͫͦ͋ͫͭͤͤͦͦ ͦ͋ͯ;͔͙ͤΎΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͦͼ͔͙͍͙͔ͤ͊ͤ ͍·͔ͫͭͯͨ͊ͭ ͔ͤ ͭͦ͡Έͦ͟ ͊͟͟ ͙͔ͤͫͭͪͯͣͤͭ ͦͤͭͪͦ͟͡ΎΣ ͤͦ ͙ ͊͟͟ ͍͊͗ͤ·͚ ͔ͣͻ͙͊ͤͣ͘ 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͊͟;͔͍ͫͭͦͣ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ ͙͡;͎ͤͦͫͭͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ 

͙͍͔̅ͦͪͣ͊ͭͤͦ ͦͼ͔͙͍͙͔ͤ͊ͤ όŦƻǊƳŀǘƛǾŜ ŀǎǎŜǎǎƳŜƴǘύ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͔ͨͦ͒͒ͪ͗ͯ͟ ͙ ͍͔͙͔ͫͦͨͪͦͦ͗͒ͤ 

ͨͪͦͼ͔ͫͫ͊ ͦ͋ͯ;͔͙ͤΎΦ ˩͎ͦ ͍ͦͫͤͦͤ͊Ύ ͼ͔͡Έ ͊͘͟͡Ό;͔͊ͭͫΎ ͔ͤ ͍ ͍·͍͔͙͙ͫͭ͊ͤ͡ ͙͎͍͚ͭͦͦͦ ͦͼ͔͙ͤ͟Σ ͊ ͍ 

͔͔ͦ͋ͫͨ;͔͙͙ͤ ͨͦͫͭͦΎ͚ͤͤͦ ͚ͦ͋ͪ͊ͭͤͦ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͔͍͔͔ͨͪͨͦ͒͊͊ͭͣ͡ ͙ ͦ͋ͯ;͊Ό΅͙ͣͫΎΦ ˣ͎͊ͦ͒͊ͪ͡Ύ Ήͭͦͣͯ 

ͦ͋ͯ;͊Ό΅͙͔ͫΎ ͨͦͯ͡;͊Όͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͔͍͔͔ͫͦͪͣͤͤͦ ͔͙͍ͦͪͪͭͪͦ͊ͭ͟͟Έ ͍͙ͫͦ ͯ;͔͋ͤ·͔ ͔͚͍͙͒ͫͭΎΣ ͊ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ τ ͙͍͊͒͊ͨͭͪͦ͊ͭΈ ͔ͣͭͦ͒· ͙ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͦ͋ͯ;͔͙ͤΎ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍·Ύ͍͔ͤͤ͡·ͻ 

͔͚ͭͪͯ͒ͤͦͫͭ ώоΣ ͫΦ рпςрсϐΦ ͙͍͔̅ͦͪͣ͊ͭͤͦ ͦͼ͔͙͍͙͔ͤ͊ͤ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͔͎͙͙͍ͣͭ͊ͦͤͭͤ͟·ͻ ͍ͤ͊·͍ͦ͟Σ 

͍ͨͦ·΄͔͙ͤΌ ͯ;͔͚͋ͤͦ ͙͍ͣͦͭ͊ͼ͙͙ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͙ͤͦͫͭ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ 

˿͙͍͔ͯͣͣ͊ͭͤͦ ͦͼ͔͙͍͙͔ͤ͊ͤ όǎǳƳƳŀǘƛǾŜ ŀǎǎŜǎǎƳŜƴǘύ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͒͡Ύ ͍͔͔͙ͨͦ͒͒ͤΎ ͙͎͍ͭͦͦ 

ͦ͋ͯ;͔͙ͤΎ ͨͦ ͍͔͊ͪ͘΄͔͙͙ͤ ͔͔͖͎ͦͨͪ͒ͤͤͦͦ͡ ͯ;͔͎͋ͤͦͦ ͔͙ͨͪͦ͒͊Σ ͣͦ͒ͯ͡Ύ ͙͙͡ ͯͪͫ͊͟Φ ˻ͤͦ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ 

͔͔͔͙͔ͦͨͪ͒ͤ͡ ͍ͯͪͦͤΎ ͙͔͙͒ͦͫͭ͗ͤΎ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙ ͦ͋·;ͤͦ ͍·͔ͪ͊͗͊ͭͫΎ ͍ ͍͙͔͒ ͍͋͊ͦ͡͡Σ 

ͦͼ͔ͤͦ͟ ͙͙͡ ͔͙ͫͪͭͺ͙͍͊ͭͦ͟ ώпΣ ͫΦ стςсфϐΦ ˨͊ͤͤ·͚ ͍͙͒ ͦͼ͔͙͍͙ͤ͊ͤΎ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͙͔͔ͫͫͭͣ 

ͦͤͭͪͦ͟͡Ύ ͊͟;͔͍ͫͭ͊ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͦ͒ͤ͊ͦ͟ ͔͎ͦ ͎͙ͦͪ͊ͤ;͔͙͔ͤͣ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤ͊Ύ ͙͔ͦͪͤͭ͊ͼ͙Ύ ͤ͊ 

ͨͪͦͼ͔ͫͫ ͦ͋ͯ;͔͙ͤΎΣ ͨͦͫͦ͟͡Έͯ͟ ͦͤͦ ͺ͙͙͔ͫͪͯͭ͟ ͔ͯ͗ ͙͎͒ͦͫͭͤͯͭ·͚ ͔ͪͯ͘͡Έͭ͊ͭΣ ͊ ͔ͤ ͙͙͒ͤ͊ͣͯ͟ ͔͎ͦ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΎΦ 

˨͙͎͙͊ͤͦͫͭ;͔͔ͫͦ͟ ͦͼ͔͙͍͙͔ͤ͊ͤ όŘƛŀƎƴƻǎǘƛŎ ŀǎǎŜǎǎƳŜƴǘύ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͤ͊ ͤ͊;͊͡Έͤͦͣ Ή͔ͭ͊ͨ 

ͦ͋ͯ;͔͙ͤΎ ͙ ͙ͫͯ͗ͭ͡ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͙ͫͻ͎ͦ͒ͤͦͦ ͍ͯͪͦͤΎ ͙͚ͤ͊ͤ͘Σ ͔͙͚ͯͣͤ ͙ ͍ͤ͊·͍ͦ͟ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ ˻ͤͦ 

͍ͨͦͦ͘͡Ύ͔ͭ ͔͔͙ͦͨͪ͒ͭ͡Έ ͙ͫ͡Έͤ·͔ ͙ ͫ͊͋͡·͔ ͫͭͦͪͦͤ· ͎͍͙ͨͦ͒ͦͭͦ͟Σ ͊ ͔ͭ͊͗͟ ͎͙͍ͫͨͪͦͤͦͪͦ͊ͭ͘Έ ͍ͦͣͦ͗ͤ͘·͔ 

͙ͭͪͯ͒ͤͦͫͭ ͍ ͨͪͦͼ͔͔ͫͫ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͦ͋ͯ;͔͙ͤΎ ώрΣ ͫΦ нмςноϐΦ ˹͊ ͍͔ͦͫͤͦ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙͎͙͒͊ͤͦͫͭ;͔͎ͫͦͦ͟ 

ͦͼ͔͙͍͙ͤ͊ͤΎ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͔ͣͦ͗ͭ ͔͙͍ͦͪͪͭͪͦ͊ͭ͟͟Έ ͯ;͔͋ͤͯΌ ͎ͨͪͦͪ͊ͣͣͯΣ ͍·͙͋ͪ͊ͭΈ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ 
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͔ͣͭͦ͒· ͦ͋ͯ;͔͙ͤΎ ͙ ͙͙͍͙͙͙͍ͤ͒͒ͯ͊ͪͦ͊ͭ͘͡Έ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͚ ͨͪͦͼ͔ͫͫΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͊ͤ͊͘͡ ͍ͦͫͤͦͤ·ͻ ͍͙͍͒ͦ ͦͼ͔͙͍͙ͤ͊ͤΎ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͍͔͔ͫͦͪͣͤͤ͊Ύ 

͔͎͎͙ͨ͒͊ͦ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͔͔ͭͪ͋ͯͭ ͙ͻ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͙͔͔͙ͨͪͣͤͤΎΦ ́ͦ͡Έͦ͟ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͺ͙͍͎ͦͪͣ͊ͭͤͦͦΣ 

͙͍͎ͫͯͣͣ͊ͭͤͦͦ ͙ ͙͎͙͒͊ͤͦͫͭ;͔͎ͫͦͦ͟ ͦͼ͔͙͍͙ͤ͊ͤΎ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔ͦ͋ͫͨ;͙ͭΈ ͔͔ͤͨͪͪ·͍ͤͦͫͭΈ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Σ ͍ͨͦ·͙ͫͭΈ ͔͎ͦ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ ͙͔͙͍ͦͪͤͭͪͦ͊ͭΈ ͦ͋ͯ;͔͙͔ͤ ͤ͊ ͙͔͙͔͒ͦͫͭ͗ͤ 

͚ͯͫͭͦ;͙͍·ͻ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ 

˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͙ͨͪͤͼ͙͍ͨͦ Ύ͍͡Ύ͔ͭͫΎ ͍͙͊͒ͤͦͫͭ͡Έ (validityύΣ ͦͭͦͪ͊͟Ύ ͔ͦͭͪ͊͗͊ͭ ͔͔ͫͭͨͤΈ 

͍͔͍͙ͫͦͦͭͭͫͭΎ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͦͼ͔ͤͦ;ͤ·ͻ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͼ͔͡Ύͣ ͙ ͔͙ͫͦ͒ͪ͗͊ͤΌ ͦ͋ͯ;͔͙ͤΎΦ ˮͤ·͙ͣ 

͍͙ͫͦ͊ͣ͡Σ ͦͼ͔͙͍͙͔ͤ͊ͤ ͫ;͙͔ͭ͊ͭͫΎ ͍͙͊͒ͤ͡·ͣ ͍ ͭͦͣ ͫͯ͡;͔͊Σ ͔͙ͫ͡ ͦͤͦ ͔͚͍͙͔͒ͫͭͭ͡Έͤͦ ͙͔ͣͪ͘Ύ͔ͭ ͔ͭ 

͔͔ͦͣͨͭͤ͟ͼ͙͙Σ ͦͭͦͪ͟·͔ ͊͘Ύ͍͔ͤ͡· ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͔ͪͯ͘͡Έͭ͊ͭ͊ͻ ώсΣ ͫΦ ппςпсϐΦ ˹͊ͪͯ΄͔͙͔ͤ ͍͙͙͊͒ͤͦͫͭ͡ 

͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͙ͫ͊͗ͤ͟Ό ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙ ͙͔͙ͫͤ͗ͤΌ ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͼ͔͙ͤͤͦͫͭ ͦͼ͔͙ͤ͟Φ 

˹͔ ͔͔͔ͣͤ ͍͊͗ͤ·ͣ Ύ͍͡Ύ͔ͭͫΎ ͙ͨͪͤͼ͙ͨ ͖͙ͤ͊͒͗ͤͦͫͭ όǊŜƭƛŀōƛƭƛǘȅύΣ ͦͭͦͪ͟·͚ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ 

͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͙ ͍͙͍͙ͦͫͨͪͦͦ͒ͣͦͫͭ͘Έ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͦͼ͔͙͍͙ͤ͊ͤΎ ͙ͨͪ ͍ͨͦͭͦͪͤͦͣ ͙͔͔͙͙ͨͪͣͤͤ ͙͍ͦ͒ͤ͊ͦ͟·ͻ 

͙͙͡ Ή͍͙͍͔͊ͤͭͤ͟͡·ͻ ͙͔͍ͤͫͭͪͯͣͤͭͦΦ ˤ·ͫͦ͊͟Ύ ͖ͤ͊͒͗ͤͦͫͭΈ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙͙͙ͣͤͣ͊͘ͼ͙Ό ͫͯ͡;͚͊ͤ·ͻ 

ͦ΄͙͋ͦ͟ ͙͔͔͙ͣͪͤ͘Ύ ͙ ͍ͨͦ·΄͔͊ͭ ͍͔͙͔͒ͦͪ ͟ ͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ͦͼ͔͙͍͙ͤ͊ͤΎ ͫͦ ͫͭͦͪͦͤ· ͍͔ͫͻ ͯ;͙͍͊ͫͭͤͦ͟ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ 

˽͙ͪͤͼ͙ͨ ͦ͋Ά͔͙͍͙ͭͤͦͫͭ͟ ͍͔ͤ͊ͨͪ͊ͤ͡ ͤ͊ ͙͔͙͔ͫͤ͗ͤ ͍͙͡Ύ͙ͤΎ ͫͯ͋Ά͔͙͍͎ͭͤͦͦ͟ ͺ͊ͭͦͪ͊͟ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ ͙ͨͪ ͍·͍͔͙͙ͫͭ͊ͤ͡ ͦͼ͔ͤͦ͟Φ ˻ͤ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ;͖ͭͦ͟ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·ͻ 

͙͔͙͔͍ͪͭͪ͟Σ ͙ͪͯ͋ͪ͟ ͙ ΄͊͟͡ ͦͼ͔͙͍͙ͤ͊ͤΎΣ ͍ͨͦͦ͘͡ΎΌ΅͙ͻ ͙͙͍ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͭ͘Έ ͨͪͦͼ͔ͫͫ ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤΦ 

˾͔͙͊͊͘͡ͼ͙Ύ ͎͒͊ͤͤͦͦ ͙ͨͪͤͼ͙ͨ͊ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤ͊ ͙ͨͪ ͦͼ͔͔ͤ͟ ͙͍ͨͪͦ͒ͯͭͤ͟·ͻ ͍͙͍͒ͦ ͔ͪ;͔͍͚ͦ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͎͔͒ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͍·ͫͦ͟ ͙ͪͫ͟ ͫͯ͋Ά͔͙͍͚ͭͤͦ͟ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ 

˽ͪͦͪ͊͘;ͤͦͫͭΈ όǘǊŀƴǎǇŀǊŜƴŎȅύ ͦͼ͔͙͍͙ͤ͊ͤΎ ͦͤ͊͘;͔͊ͭΣ ;ͭͦ ͙͔͙͙ͪͭͪ͟Σ ͨͪͦͼ͔͒ͯͪ· ͙ ͙͔ͦ͗͒͊ͣ·͔ 

͔ͪͯ͘͡Έͭ͊ͭ· ͒ͦ͗ͤ͡· ͋·ͭΈ ͔͔͊ͪ͊ͤ͘ ͙͍͔ͫͭͤ͘· ͙ ͨͦͤΎͭͤ· ͦ͋ͯ;͊Ό΅͙ͣͫΎΦ ˨͊ͤͤ·͚ ͙ͨͪͤͼ͙ͨ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͍ͨͦ·΄͔͙ͤΌ ͍͔͙͒ͦͪΎ ͟ ͙͔͔ͫͫͭͣ ͦͼ͔͙͍͙ͤ͊ͤΎΣ ͙͔͙ͫͤ͗ͤΌ ͔͍͙ͭͪͦ͗ͤͦͫͭ ͦ͋ͯ;͊Ό΅͙ͻͫΎ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͯ 

ͤͻ͙ ͎ͦͫͦͤ͊ͤͤͦͦ͘ ͦͭͤͦ΄͔͙ͤΎ ͟ ͯ;͔͋ͤ·ͣ ͙͔͙͒ͦͫͭ͗ͤΎͣΦ 

˽͙ͪͤͼ͙ͨ ͔͙͊ͯͭͤͭ;͙ͤͦͫͭ όŀǳǘƘŜƴǘƛŎƛǘȅύ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͚͊͒͊ͤ͘Σ ͙ͣ͊ͫͣ͊͟͡Έͤͦ 

͙͙͖ͨͪ͋͗ͤͤ͡·ͻ ͟ ͔ͪ͊͡Έͤ·ͣ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͣ ͙ͫͭͯ͊ͼ͙ΎͣΦ ˤ ͔͔ͦͤͭͫͭ͟͟ ͦ͋ͯ;͔͙ͤΎ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·͊ͣ͟ 

Ήͭͦ ͦͤ͊͘;͔͊ͭ ͍͟͡Ό;͔͙͔ͤ ͍ ͦͼ͔ͤͦ;ͤ·͔ ͙͊͒͊ͤ͘Ύ ͔ͪ͊͡Έͤ·ͻ ͔ͪ;͔͍·ͻ ͊͒͊͘;Σ ͔͙ͣͦ͒ͪͯ͡Ό΅͙ͻ ͔͔͍͔ͫͭͫͭͤͤ·͔ 

͍͙ͯͫͦ͡Ύ ͦ͋΅͔͙ͤΎ ώтΣ ͫΦ рфςсмϐΦ ˢ͔͙ͯͭͤͭ;͔ͤͦ ͦͼ͔͙͍͙͔ͤ͊ͤ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ 

Ύ͘·͍͚ͦͦ͟ ͔͔ͦͣͨͭͤ͟ͼ͙͙ ͙ ͍ͨͦ·΄͔͊ͭ ͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͤ͊͘;͙ͣͦͫͭΈ ͦ͋ͯ;͔͙ͤΎΦ 

˻͍͚ͫͤͦͤͦ ͺͯͤ͟ͼ͙͔͚ ͙ͪͯ͋ͪ͟ Ύ͍͡Ύ͔ͭͫΎ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͦ͋Ά͔͙͍͙ͭͤͦͫͭ͟ ͙ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙͙ 

ͦͼ͔͙͍͙ͤ͊ͤΎΣ ͨͦͫͦ͟͡Έͯ͟ ͙ͦͤ ͙͙͙͙ͣͤͣͪͯ͘Όͭ ͍͙͡Ύ͙͔ͤ ͫͯ͋Ά͔͙͍͎ͭͤͦͦ͟ ͔͙ͣͤͤΎ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ ͙ 

͍ͨͦͦ͘͡ΎΌͭ ͙͔ͨͪͣͤΎͭΈ ͔͙͒ͤ·͔ ͙͔͙͙ͪͭͪ͟ ͟ ͙ͪ͊͘͡;ͤ·ͣ ͪ͊͋ͦͭ͊ͣ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ ˣ͎͊ͦ͒͊ͪ͡Ύ Ήͭͦͣͯ 

͍ͨͦ·΄͔͊ͭͫΎ ͍͙ͫͦͨͦͫͭ͊ͣͦͫͭΈ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙ ͔ͯͪͨ͟͡Ύ͔ͭͫΎ ͍͔͙͔͒ͦͪ ͟ ͙͔͔ͫͫͭͣ ͦͼ͔͙͍͙ͤ͊ͤΎ ͫͦ ͫͭͦͪͦͤ· ͍͔ͫͻ 

ͯ;͙͍͊ͫͭͤͦ͟ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊ ώуΣ ͫΦ тоς75]. 

ˤ͊͗ͤ·ͣ ͔͙ͨͪͣͯ΅͔͍ͫͭͦͣ ͙ͪͯ͋ͪ͟ Ύ͍͡Ύ͔ͭͫΎ ͙ͻ ͙͙͒͒͊ͭ͟;͔ͫ͊͟Ύ ͺͯͤ͟ͼ͙ΎΦ ˻͙ͤ ͔͔͊ͪ͊ͤ͘ ͔͔ͦͨͪ͒͡ΎΌͭ 

͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͊͟;͔͍ͫͭͯ ͍·͔͙ͨͦͤͤ͡Ύ ͙͊͒͊ͤ͘ΎΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͦ͋ͯ;͊Ό΅͙ͣͫΎ ;͖ͭͦ͟ ͙ͨͦͤͣ͊ͭΈΣ ͙͔͊͟͟ 

͙͔ͣͤͤͦ ͔͙ͨͦ͊͊ͭ͘͟͡ ͋ͯ͒ͯͭ ͦͼ͔͙͍ͤ͊ͭΈͫΎ ͙ ͙͔͊͟͟ ͍͙ͯͪͦͤ ͙͔͙͒ͦͫͭ͗ͤΎ ͫͯ΅͔͍ͫͭͯΌͭΦ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͍ͨͦ·΄͔͙ͤΌ ͙ͦͫͦͤ͊ͤͤͦͫͭ͘ ͯ;͔͚͋ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͙͔͙ͫͤ͗ͤΌ ͔͔͔͖͙ͤͦͨͪ͒ͤͤͦͫͭ͡ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ 

͙͔͙͍ͦͪͤͭͪͦ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͔͔͋ͦ͡ ͍·͙ͫͦ͟ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͪͯ͋ͪ͟ ͙͍͊ͭͤͦ͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͍ͤ͊·͍ͦ͟ ͫ͊ͣͦͦͼ͔͙ͤ͟ ͙ 

͔ͪͺ͔͙͙ͫ͟͡Φ ˻͋ͯ;͊Ό΅͙͔ͫΎ ͨͦͯ͡;͊Όͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͍͔ͫͦ͋ͫͭͤͤ·͔ 

͙͔͙͒ͦͫͭ͗ͤΎΣ ͍ͫͦͨͦͫͭ͊͡ΎͭΈ ͙ͻ ͫ ͊͒͊ͤͤ͘·͙ͣ ͙͔͙ͪͭͪ͟Ύ͙ͣ ͙ ͍·Ύ͍͡ΎͭΈ ͙ͦ͋͊ͫͭ͡Σ ͔ͭͪ͋ͯΌ΅͙͔ ͯͯ͡;΄͔͙ͤΎΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͪͯ͋ͪ͊͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͦͤͭͪͦ͟͡ΎΣ ͤͦ ͙ ͔͍ͫͪ͒ͫͭͦͣ ͦ͋ͯ;͔͙ͤΎΣ ;ͭͦ 

ͨͦͤͦͫͭ͡ΈΌ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͙ͨͪͤͼ͙ͨ͊ͣ ͔͔͎ͦͣͨͭͤͭͤͦͫͭͤͦͦ͟ ͨͦ͒ͻͦ͒͊ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘Φ 
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͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͔͖ͨͪͦ͒ͤͤ·͚ ͔͔͙ͭͦͪͭ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͭͦͣΣ ;ͭͦ ͙͔ͫͫͭͣ͊ 

ͦͼ͔͙͍͙ͤ͊ͤΎ ͍ ͦ͋ͯ;͔͙͙ͤ ͙ͤͦͫͭͪ͊ͤͤͦͣͯ Ύ͘·ͯ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͦͣͨͫͤ͟͟͡·͚ ͙ 

͎ͣͤͦͦͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ͨͪͦͼ͔ͫͫΣ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͚ ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ ͺ͙ͫ͊͟ͼ͙Ό ͯ;͔͋ͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΣ ͤͦ ͙ ͤ͊ 

͙ͻ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ό ͙ ͔ͨͦͫ͒ͯ͡Ό΅͔͔ ͍͙͙͔ͪ͊ͭ͘Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͤ͊ͯ;ͤ·͔ ͨͦ͒ͻͦ͒· ͨͦ͒;͖͙͍ͪ͊͟Όͭ 

͙͙͔ͨͪͦͪͭͭ ͺ͙͍͚ͦͪͣ͊ͭͤͦ ͺͯͤ͟ͼ͙͙ ͦͼ͔͙͍͙ͤ͊ͤΎΣ ͊ ͔ͭ͊͗͟ ͤ͊͘;͙ͣͦͫͭΈ ͔͎ͦ ͨͪͦͪ͊͘;͙ͤͦͫͭΣ ͔͙͊ͯͭͤͭ;͙ͤͦͫͭ ͙ 

͔͙ͣͭͦ͒;͔͚ͫͦ͟ ͍͙ͦ͋ͦͫͤͦ͊ͤͤͦͫͭΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͔͔͙ͨͪͣͤͤΌ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·ͻ 

ͼ͔ͦͤͦ;ͤ·ͻ ͙͔͍ͤͫͭͪͯͣͤͭͦΣ ͍ ;͙͊ͫͭͤͦͫͭ ͙ͪͯ͋ͪ͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͙͔ͫͫͭͣͤͦͫͭΈΣ ͦ͋Ά͔͙͍ͭͤͦͫͭ͟Έ ͙ 

͔͎͎͙ͨ͒͊ͦ;͔ͫͯ͟Ό ͼ͔͔ͫͦͦ͋ͪ͊ͤͦͫͭ͘͡Έ ͨͪͦͼ͔ͫͫ͊ ͦͼ͔͙͍͙ͤ͊ͤΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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̂˨˴ сммΦпп 

ˢ͍͋͒͊ͦ͡ ˣ͚͊ͤ͊͊ͪ͘ ̊·ͻ͍͙ͤ͊͊ͪͦ͘; 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ζˢ͙͙ͤ͊ͭͦͣ ;͔͍͔ͦ͊͟͡Σ  

͎ͭͦͨͦͪ͊ͺ͙;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣ ͙ ͔͙͍͚ͦͨͪ͊ͭͤͦ ͻ͙͎͙͙ͪͯͪηΣ  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ˢ΄ͻ͊͋͊͒ 

 

˴˶ˮ˹ˮ̉˩˿˴ˢ̒ ˢ˹ˢ́˻˸ˮ̒ ˿ˮ˹˻ˢ́˾ˮˢ˶̎˹˻˯ ˭˻˹̍ ˿˩˾˨̇ˢ ˮ ́˻˽˻˥˾ˢ̅ˮ̉˩˿˴˻˩ 

˻ˣ˻˿˹˻ˤˢ˹ˮ˩ ̆ˮ˾̂˾˥ˮ̉˩˿˴ˮ̆ ˨˻˿́̂˽˻ˤ ˽˾ˮ ˸ˮ˹ˮˮ˹ˤˢ˭ˮˤ˹˻˯ ˴˻˾˾˩˴̇ˮˮ ˢ˾ˮ́˸ˮ˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͙͙ͤͦ͟͟͡-͙͊ͤ͊ͭͦͣ;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ ͎ͭͦͨͦͪ͊ͺ͙͙ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͚ͤͦ ͦͤ͘· 

͔ͫͪ͒ͼ͊ ͙ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·ͻ ͤ͊ ͔͔ ͍͔ͦͫͤͦ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͍͒ͦͫͭͯͨͦΣ ͙͔ͨͪͣͤΎ͔ͣ·ͻ ͙ͨͪ ͙͙͙͍͙͍͚ͣͤͤ͊ͤͦ͘ 

͔ͦͪͪ͟͟ͼ͙͙ ͤ͊ͪͯ΄͔͙͚ͤ ͔͔ͫͪ͒;͎ͤͦͦ ͙ͪͭͣ͊Φ ˹͊ ͍͔ͦͫͤͦ ͔͒ͭ͊͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ ͣ͊ͪͦ͟-͙͙ͣͪͦͫͦͨ͟͟;͔͎ͫͦͦ͟ 

͔͙ͫͭͪͦͤΎ ͍͎ͨͪ͊ͦͦ ͔͔͙ͨͪ͒ͫͪ͒Ύ ͙ͦͨͫ͊ͤ͊ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ͊Ύ ͙ͦ͊͊͘͟͡͡ͼ͙Ύ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͎ͤͦͦ ͯ͊͘͡Σ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͎ͦ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͙͘ ͙͔͚ͦ͒ͤͦͣͤͤͦ ͔͙͙͊ͪͭͪΣ ͊ ͔ͭ͊͗͟ ͍͙͊ͣͦͦͭͤͦ͘΄͔͙ͤΎ ͫ ͎͙ͨͦͪ͊ͤ;ͤ·ͣ 

͎͔͔ͪ͋ͤͣΣ ͯ΄ͦͣ͟ ͍͎ͨͪ͊ͦͦ ͔͔͙ͨͪ͒ͫͪ͒Ύ ͙ ͯͫͭΈ͔ͣ ͍͔ͪͻ͔͚ͤ ͚ͨͦͦ͡ ͍͔ͤ·Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙ͫ ͙ͤͦ͊ͭͪ͊͡Έͤ͊Ύ ͘ ͦͤ͊Σ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΣ ͙͍ͫͤͯͫͦ·͚ ͔ͯ͘͡Σ 

 ͣ ͙͙͙͍͙͍ͤͤ͊ͤ͊͘Ύ ͻ͙͎͙ͪͯͪΎΣ ͤ͊ͪͯ΄͔͙ͤΎ ͙ͪͭͣ͊ ͔ͫͪ͒ͼ͊Φ 

 

˾͍͙͙͔͊ͭ͘ ͙͔͍͔ͤͭͪͤͼ͙͚ͦͤͤͦ ͙͎͙͙͊ͪ͒ͦͦ͟͡ ͙ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͻ͙͎͙͙ͪͯͪ ͍ ͔͙͔ͨͦͫ͒ͤ͡ 

͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͔͙ͫͣͫͭͦ͡ ͺͦͯͫ͟ ͔͡;͔͙ͤΎ ͭ͊ͻ͙͙͙͚͊ͪͭͣΣ ͍ ;͙͊ͫͭͤͦͫͭ ͺ͙͙͋ͪ͡͡Ύͼ͙͙ ͔͔͙͚ͨͪ͒ͫͪ͒Σ ͍ ͫͭͦͪͦͤͯ 

͙͙͙͍͙͍ͣͤͤ͊ͤ͘·ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭΦ ͍̏ͤ͒ͦ͊ͫͯ͟͡Ύͪͤ͊Ύ ͔͔͊ͭͭͪͤ͊͟Ύ ͔͒ͫͭͪͯ͟ͼ͙Ύ ͙ ͍͙͔͙͒ͦͭͦͪ͊ͦͫͦͨ͟͟;͔ͫ͊͟Ύ 

͙ͪ͊͒ͦ;͊ͫͭͦͭͤ͊Ύ ͊͋͊͡ͼ͙Ύ ͙ͫͭ͊͡ ͍·ͫͦͦ͟Ήͺͺ͔͙͍ͭͤ͟·͙ͣ ͊͡Έ͔͙͍͙ͭͪͤ͊ͭ͊ͣ ͦͭͪ͟·ͭ·ͣ ͔ͦͨͪ͊ͼ͙Ύͣ ͤ͊ 

ͦͭͪ͟·ͭͦͣ ͔ͫͪ͒ͼ͔Φ ˻͍ͫͤͦͤ͊Ύ ͊͒͊͘;͊ ͙ͭ͊͟ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͙ͫͦ͒͊ͤ͘ ͙͙͚ͤ͡ Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ 

͙ͦ͘͡Ύͼ͙͙ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͔͚ͨͯͭ ͍͔͔͙ͨͪͦ͒ͤΎ ͙ͣͨͯ͡Έͫ͊ ͙ͨͪ ͙ͣ͊ͫͣ͊͟͡Έͤͦͣ ͫͦͻ͔͙͙ͪ͊ͤͤ 

͙͔͙͗ͤͫͨͦͫͦ͋ͤͦͫͭ͘ ͍͎͒ͦͪͦͦͦ͘ ͙ͣͦ͊ͪ͒͊͟ ͙ Ή͔͔͍ͣͤͭͦ͡ ͍ͨͪͦͦ͒Ύ΅͔͚ ͙͔ͫͫͭͣ·Φ 

˿͔͙ͪ͒ ͍͔ͫͻ ͫͭͪͯͭͯͪ͟ ͍͙͊ͭͦͣ͊ͭͣ͊͘ ͔ͫͪ͒ͼ͊ ͙͙ͫͤͦ͊ͭͪ͊͡Έͤ͊Ύ ͦͤ͊͘ ͙͔͔ͣͭ ͔͔ͦͨͪ͒͡ΎΌ΅͔͔ ͤ͊͘;͔͙͔ͤΣ 

ͨͦͫͦ͟͡Έͯ͟ ͙͔ͣͤͤͦ ͔͒ͫ͘Έ ͎͔͔͙͔ͤͪͪͯͭͫΎ ͤͦͪͣ͊͡Έͤ·͚ ͙͍ͫͤͯͫͦ·͚ ͙ͪͭͣΦ ˢ͙ͤ͊ͭͦͣ;͔ͫ͊͟Ύ ͙͋ͦͫͭ͘͡Έ Ή͚ͭͦ 

ͦͤ͘· ͟ ͯͫͭΈΎͣ ͔͎ͦ͡;ͤ·ͻ ͙ ͨͦ͡·ͻ ͍͔ͤΣ ͦͭͦͪ͟·͔ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͫͯ͗͊ͭ͡ ͙ͣ΄͔ͤΎ͙ͣ ͒͡Ύ ͙͙͙͊ͤͭ͊ͪͭͣ;͔͚ͫͦ͟ 

͙ͦ͘͡Ύͼ͙͙Σ ͔ͫͦ͒͊ͭ͘ ͨͦͫͭͦΎͤͤͯΌ ͎ͯͪͦͯ͘ ͔͔͔͔͎ͤͨͪ͒ͤ͊ͣͪͤͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͚͔͚͔ͨͫͣͪͤ͟·ͻ ͔ͭͦ͟͟͡Φ ˤ 

͍͙ͯͫͦ͡Ύͻ ͍͙ͦͭͫͯͭͫͭΎ ͨͪΎ͎ͣͦͦ ͍͙ͯ͊͘͡Έ͎ͤͦͦ ͦͤͭͪͦ͟͡ΎΣ ͻ͔͎͊ͪ͊ͭͪͤͦͦ͟ ͒͡Ύ ͙͙͙͍͙͍͚ͣͤͤ͊ͤͦ͘ ͻ͙͎͙͙ͪͯͪΣ 

͙͔ͤ͊ͤ͘ ͎ͭͦͨͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͙͔͙͍ͦͪͤͭͪͦ ͙ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͙͔ͣͤ͘;͙͍͙ͦͫͭ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͎ͤͦͦ ͔ͦͣͨͫ͊͟͟͡ 

͍͙ͫͭ͊ͤͦͭͫΎ ͎͍͊ͤ͡·ͣ ͍͙͔ͯͫͦͣ͡ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͨ͊ͼ͙͔ͤͭ͊Φ 

ˢͤ͊ͭͦͣͦ-͎ͭͦͨͦͪ͊ͺ͙;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͚ͤͦ ͦͤ͘· 

˿͙͙ͤͦ͊ͭͪ͊͡Έͤ͊Ύ ͦͤ͊͘ ͎ͭͦͨͦͪ͊ͺ͙;͔͙ͫ͟ ͙ͨͪͯͪͦ;͔ͤ͊ ͟ ͍ͨͪ͊ͦͣͯ ͔͔͙ͨͪ͒ͫͪ͒Ό ͙ ͎͙ͦͪ͊ͤ;͔ͤ͊ ͯͫͭΈ͔ͣ 

͍͔ͪͻ͔͚ͤ ͚ͨͦͦ͡ ͍͔ͤ·Σ ͍͙͔ͦͫͤͦ͊ͤͣ ͯ΄͊͟ ͍͎ͨͪ͊ͦͦ ͔͔͙ͨͪ͒ͫͪ͒Ύ ͙ ͎͙ͨͦͪ͊ͤ;ͤ·ͣ ͎͔͔ͪ͋ͤͣΦ ˿͊ͣ 

͙͙ͫͤͦ͊ͭͪ͊͡Έͤ·͚ ͔ͯ͘͡ ό͔ͯ͘͡ ˴͙ͫ-̅͊͊͟͡ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͍͔͔͔ͪͭͤͦͦ͋ͪ͊ͤͯ͘Ό ͙͙͡ ͨͦͯͯͤͤͯ͡͡Ό 

ͫͭͪͯͭͯͪͯ͟Σ ͔ͪ͊ͫͨͦͦ͗ͤͤͯ͡Ό ͫͯ͋Ή͙͙ͨ͊ͪ͒͊͟͡Έͤͦ ͍ ͔͙ͭͪͣͤ͊͡Έ͚ͤͦ ͔͋ͦͪͦ͒͘ όϷǎǳƭŎǳǎ \  ǘŜǊƳƛƴŀƭƛǎϷύΦ ̏ͭ͊ 

͋ͦͪͦ͒͊͘ Ύ͍͡Ύ͔ͭͫΎ ͍͔ͤ΄͙ͤͣ ͔͙͔ͦͭͪ͊͗ͤͣ ͎͙ͨͦͪ͊ͤ;͎ͤͦͦ ͎͔ͪ͋ͤΎ όϷŎǊƛǎǘŀ \  ǘŜǊƳƛƴŀƭƛǎϷύΣ ͔ͪ͊͒͘͡ΎΌ΅͔͎ͦ 

͎͔͊͒ͦͫͭͤͤͯ͟͡Ό ͙͍ͫͤͯͫͦͯΌ ;͊ͫͭΈ ͔͔͙ͨͪ͒ͫͪ͒Ύ ͙ ͔͎ͦ ͎͔͔ͪ͋ͤ;͊ͭͯΌ ͣ·΄ͼͯΦ 

˸͙͊ͪͦͫͦͨ͟͟;͔͙͔ͫ͟ ͔ͪ͊ͣͪ͘· ͯ͊͘͡ ͍͙͔͊ͪ͊͋͡Έͤ·Σ ͦ͒ͤ͊ͦ͟ ͔͎ͦ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ͊Ύ ͙͔ͦͪͤͭ͊ͼ͙Ύ 

͙͔ͦͭͤͦͫͭ͡Έͤͦ ͯͫͭΈΎ ͍͔ͪͻ͔͚ͤ ͚ͨͦͦ͡ ͍͔ͤ· ͙͔͔ͣͭ ͔ͪ΄͊Ό΅͔͔ ͤ͊͘;͔͙͔ͤΦ ˥͍ͦͦ͊͟͡ ͯ͊͘͡ ͦ͋·;ͤͦ 

͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͨͦ͒ Ή͙ͨ͊ͪ͒ͦͣ͟ ͍ ͔͔ͣͫͭ ͔͙͔͙ͫͦ͒ͤͤΎ ͍͎ͨͪ͊ͦͦ ͪ͊͟Ύ ͍͔ͪͻ͔͚ͤ ͚ͨͦͦ͡ ͍͔ͤ· 
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͙ ͯ΄͊͟ ͍͎ͨͪ͊ͦͦ ͔͔͙ͨͪ͒ͫͪ͒ΎΦ ͔́ͦ͡ ͙ ͻ͍ͦͫͭ ͯ͊͘͡ ͫͨͯͫ͊͟ΌͭͫΎ ͍͔͙ͪͭ͊͟͡Έͤͦ ͍͙ͤ͘ ͍͒ͦ͡Έ ͔͙ͭͪͣͤ͊͡Έ͚ͤͦ 

͋ͦͪͦ͒͘· ͨͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ό ͟ ͙͔͚ͤ͗ͤ ͚ͨͦͦ͡ ͍͔͔ͤΣ ͔͔ͨͦͫͭͨͤͤͦ ͎ͨͦͪͯ͗͊ΎͫΈ ͍ ͭͦ͡΅ͯ ͙ͣͦ͊ͪ͒͊͟Φ ˥͙ͯ͋ͤ͊͡ 

͔͎͙͊͊ͤ͘͡Ύ ͯ͊͘͡ ͔͔͒͊ͭ͡ ͔͎ͦ ͯΎ͍͙ͣ͘·ͣ ͊͟͟ ͙ͨͪ ͭͪ͊ͤͫͣͯͪ͊͡Έͤͦͣ ͔͙ͭͪͣ;͔ͫͦͣ͟ ͍͔͚͍͙͙ͦ͒ͫͭ͘ ͫͦ ͫͭͦͪͦͤ· 

Ή͙ͨ͊ͪ͒͊͟Σ ͭ͊͟ ͙ ͙ͨͪ ͎͚ͯ͋ͦͦ͟͡ Ή͙ͤ͒ͦ͊ͪ͒͊͟͡Έ͚ͤͦ ͊͋͊͡ͼ͙͙Φ 

ˤ͙͊ͪ͊ͤͭͤ͊Ύ ͙͊ͤ͊ͭͦͣΎ ͔͙͙͊ͪͭͪ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͎ͤͦͦ ͯ͊͘͡ 

ˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͍͒ͦͫͭͯͨͦ ͍ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͚ͤͦ ͔ͦͤ͘ ͤ͊ͨͪΎͣͯΌ ͍͙͙͊ͫͭ͘ ͦͭ ͫͦͻ͙ͪ͊ͤͤͦͫͭ 

͔͔ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͪͯͫ͊͡Φ ˢ͔͙ͪͭͪΎ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͎ͤͦͦ ͯ͊͘͡ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͫ͊ͣ·ͻ ͪͯͨͤ͟·ͻ 

͔͔ͨͪ͒ͫͪ͒ͤ·ͻ ͍͔͍͔͚ͭΣ ͙ ͔͔ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͙͍͙ͨͪͦ͒ͭ ͟ ͙΄͔͙ͣ;͔ͫͦͣͯ͟ ͙ͤͺ͊ͪͭͯ͟ ͯ͊͘͡ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ 

͍͙͙͔ͪ͊ͭͣ͘ ͙ͫͤ͒ͪͦͣ͊ ͙ͫ͊͋ͦͫͭ͡ ͙͍͎ͫͤͯͫͦͦͦ ͯ͊͘͡Φ ˢ͙ͤ͊ͭͦͣ;͔ͫ͊͟Ύ ͊ͪͻ͙͔͙ͭͭͦͤ͊͟͟ Ή͚ͭͦ ͔͙͙͊ͪͭͪ 

ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͚͔͚ͪ͊ͤ͟ ͙͔ͣͤ͘;͙͍ͦͫͭΈΌΦ 

˽͙͔ͪͣͪͤͦ ͍ ΄͔͙͔ͫͭ͒ͫΎ͙ͭ ͨͪͦͼ͔ͤͭ͊ͻ ͫͯ͡;͔͍͊ ͔͙͊ͪͭͪΎ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͎ͤͦͦ ͯ͊͘͡ ͦͭͻ͙ͦ͒ͭ ͦͭ 

ͤ͊;͊͡Έ͎ͤͦͦ ͔ͦͭ͒͊͡ ͍͚ͨͪ͊ͦ ͚ͦͪͦͤ͊ͪͤͦ͟ ͔͙͙͊ͪͭͪΦ ˻ͤ͊ ͍ͤ͊ͨͪ͊͡Ύ͔ͭͫΎ ͔͙ͣ͒͊͡Έͤͦ ͙ ͍͍͔ͪͻ ͨͦ ͔͔͔͚ͨͪ͒ͤ 

͔͔ͫͭͤ͟ ͍͎ͨͪ͊ͦͦ ͔͔͙ͨͪ͒ͫͪ͒Ύ ͨͦ͒ ͯ΄ͦͣ͟Σ ͎͙ͦ͋͊Ύ ͯͫͭΈ͔ ͍͔ͪͻ͔͚ͤ ͚ͨͦͦ͡ ͍͔ͤ·Φ ˤ ͫͦͪͦ͊͟ ͨͪͦͼ͔ͤͭ͊ͻ ͫͯ͡;͔͍͊ 

͙ͫͭͦ;͙ͤͦͣ͟ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͍·͔ͫͭͯͨ͊ͭ ͎͙ͦ͋͊Ό΅͊Ύ ͍͔͍ͭΈ ͔͍͚ͦ͡ ͚ͦͪͦͤ͊ͪͤͦ͟ ͔͙͙͊ͪͭͪΦ ˤ Ήͭͦͣ ͫͯ͡;͔͊ 

ͫͦͫͯ͒ ͔͔͔͔ͨͪͫ͊ͭ͟ ͔͔͔ͣ͗ͨͪ͒ͫͪ͒ͤͯΌ ͔͔͎ͨͪͦͪͦ͒ͯ͟ ͙ ͪ͟·΄ͯ ͔͍͎ͦͦ͡ ͔͔͙ͨͪ͒ͫͪ͒ΎΣ ͙͎͒ͦͫͭ͊Ύ 

͙͙ͫͤͦ͊ͭͪ͊͡Έ͚ͤͦ ͦͤ͘· ͙ͫ͊͒͘Φ 

͙͎͙̆ͪͯͪ;͔ͫ͊͟Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͍·͔͒͡Ύ͔ͭ ͙ͭͪ ͍ͦͫͤͦͤ·ͻ ͍͙͊ͪ͊ͤͭ͊ ͦͻ͍͊ͭ͊ ͯͫͭΈΎ ͍͔ͪͻ͔͚ͤ ͚ͨͦͦ͡ 

͍͔ͤ· ͔͙͔͚͊ͪͭͪ ͙͍͎ͫͤͯͫͦͦͦ ͯ͊͘͡Υ ͔͔͔͔ͨͪ͒ͤ ͎͙͙͔ͦ͋͊ͤΣ ͔͔͊͒ͤ͘ ͎͙͙͔ͦ͋͊ͤ ͙ ͼ͙ͪͯ͟͡Ύ͔ͪͤͦ ͍͔͍͔͙͔ͪ͊ͭͤ͘͡Φ 

˽͙ͪ ͔͔͔ͨͪ͒ͤͣ ͎͙͙͙ͦ͋͊ͤ ͔͙͊ͪͭͪΎ ͨͪͦͻ͙ͦ͒ͭ ͍ ͔͔͍͔͚ͤͨͦͫͪ͒ͫͭͤͤͦ ͙͙͋ͦͫͭ͘͡ ͦͭ ͔͔͔͔͙ͨͪ͒ͤͣ͒͊͡Έ͚ͤͦ 

͔͙ͫͭͤ͟ ͍͙ͦͫͤͦ͊ͤΎ ͯ΄͊͟ ͍͎ͨͪ͊ͦͦ ͔͔͙ͨͪ͒ͫͪ͒ΎΦ ˽͙ͪ ͔͊͒ͤͣ͘ ͍͙͔͊ͪ͊ͤͭ ͫͦͫͯ͒ ͙ͦ͗ͭͫ͡Ύ ͍ ͙͍͗ͪͦͯΌ ͔ͭ͟͡;͊ͭͯ͟ 

͔ͣ͗͒ͯ ͯͫͭΈ͔ͣ ͍͔ͤ· ͙ ͪ͟·΄͔͚ ͔͍͎ͦͦ͡ ͔͔͙ͨͪ͒ͫͪ͒ΎΦ ˭͙͔ͤ͊ͤ Ή͙ͭͻ ͍͙͍͊ͪ͊ͤͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͙ͨͪ 

͔͙͙ͤ͊ͦ͗ͤ͡ ͙͍͊͗ͣͦ͘-͔͍͒ͫͭͪͯͭͦͪͦ͟ ͙ ͍͔͔͙͙ͨͪͦ͒ͤ ͙͙͚ͤ͡ Ή͙͙ͨ͊ͪ͒͊͟͡Έ͚ͤͦ ͊͋͊͡ͼ͙͙Σ ͭ͊͟ ͊͟͟ ͔ͫͨ͊͡Ύ 

͎ͦ͊ͯ͟͡Ύͼ͙Ύ ͍ Ή͙ͭͻ ͔ͨͪͦ͟ͼ͙Ύͻ ͔͙͔ͤ͋͗ͤͦ͘ ͍·͘·͍͔͊ͭ ͦ͟͟͡Ό͙͘Ό ͙ͨͭ͊Ό΅͔͎ͦ ͫͦͫͯ͒͊Φ 

͎́ͦͨͦͪ͊ͺ͙;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ Ή͙ͤ͒ͦ͊ͪ͒͊͟͡Έͤ·ͻ ͔͔͊ͭͭͪͤ͟·ͻ ͍͒ͦͫͭͯͨͦ 

˽͙ͪ ͍·͔͙͙ͨͦͤͤ͡ Ή͍ͤ͒ͦ͊ͫͯ͟͡Ύͪͤ·ͻ ͨͪͦͼ͔͒ͯͪΣ ͙ͭ͊͟ͻ ͊͟͟ ͙ͦ͘͡Ύͼ͙Ύ ͯͫͭΈ͔͍ ͔͎ͦ͡;ͤ·ͻ ͍͔ͤ ͙͙͡ 

͔͔͊ͭͭͪͤ͊͟Ύ ͊͋͊͡ͼ͙Ύ ͍͙͙͊ͦͭͪͯͫͨ͒͊͟͟͡Έ͎ͤͦͦ ͙ͫͭͣͯͫ͊Σ ͒ͦͫͭͯͨ ͟ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͚ͤͦ ͔ͦͤ͘ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ 

͔ͭͪ͊ͤͫͫͨͭ͊͡Έͤͦ ͙͙͡ ;͔͔ͪ͘ ͙ͤ͗ͤΌΌ ͨͦͯ͡Ό ͍͔ͤͯΦ ͙̏ͤ͒ͦ͊ͪ͒͊͟͡Έͤ·ͣ ͙͔͙ͦͪͤͭͪͦͣ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͎ͤͦͦ ͯ͊͘͡ 

͙ͫͯ͗ͭ͡ ͎͙ͨͦͪ͊ͤ;ͤ·͚ ͎͔͔ͪ͋ͤΈΣ ͻͦͪͦ΄ͦ ͍͙͙͙͔ͯ͊ͪͯͣ͘͘͡·͚ ͫ ͨͦͣͦ΅ΈΌ ͍͙͔͔ͤͯͭͪͫͪ͒;͎ͤͦͦ 

ͯ͡Έ͍͍͎ͭͪ͊ͯͦͦͦ͘͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͙͔ͫͫͭͣ ͔ͭͪͻ͔͎ͣͪͤͦͦ Ή͔͙ͭͪͦ͊ͤ͊ͭͦͣ͟͡;͔͎ͫͦͦ͟ ͙͍͙͊ͪͭͪͦ͊ͤ͟ΎΦ 

˴͙͙ͪͭ;͔ͫ͊͟Ύ ͦͤ͊͘ ͙ͨͪ Ή͙ͤ͒ͦ͊ͪ͒͊͟͡Έͤ·ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ͻ ͙͔ͦ͊ͯͭͫ͘͟͡͡Ύ ͍ ͙ͦ͋͊ͫͭ͡ ͍͔ͪͻ͔͎ͤͦ 

͔͎͔ͫͣͤͭ͊ ͎͙ͨͦͪ͊ͤ;͎ͤͦͦ ͎͔ͪ͋ͤΎΦ ˽͙ͪ ͙͍͙͙͊ͪͭͪͦ͊ͤ͟ ͍͎ͨͪ͊ͦͦ ͔͔͙ͨͪ͒ͫͪ͒Ύ ͔͔͊ͭͭͪ͟ ͔ͣͦ͗ͭ ͦ͊͘͟·͍͊ͭΈ 

͔ͣͻ͙͊ͤ;͔͔ͫͦ͟ ͍͔͙͔͒͊ͤ͡ ͤ͊ ͎͍ͦͦͯ͟͡ ͯ͊͘͡Σ ͍·͘·͍͊Ύ ͔ͨͪͻͦ͒Ύ΅ͯΌ ͋ͦ͊͒ͯ͟͡ ͍·ͻͦ͒͊ ͙ͣͨͯ͡Έͫ͊Φ ˽͙ͪ 

͍·͔͙͙ͨͦͤͤ͡ ͙͔͚͚ͤͤͦ͡ ͊͋͊͡ͼ͙͙ ͨͦ ͍ͨͦͦ͒ͯ ͔͔͙ͭͪͨͭ͊ͤΎ ͔͔͙͚ͨͪ͒ͫͪ͒ ͍ͨͪ͊͊Ύ ͍͔ͪͻͤΎΎ ͎͙ͪ͊ͤͼ͊ 

͍͔͚͍͙͚ͦ͒ͫͭ͘ ͒ͦ͗ͤ͊͡ ͊͊ͤ͘͟;͙͍͊ͭΈͫΎ ͎ͫͭͪͦͦ ͔͔͙ͨͪ͒͟ ͦͭ ͔͙ͭͪͣͤ͊͡Έ͚ͤͦ ͋ͦͪͦ͒͘·Φ ˹͍͔͙͔͊ͨͪ͊ͤ͡ ͍͔ͭͦͪ͊͟ 

͙͊ͨͨ͊͟͡ͼ͙͙ Ή͔͎͙͙ͤͪ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͔ͨ͊ͪ͊͡͡͡Έͤͦ ͎͔ͪ͋ͤΌΣ ͤͦ ͔ͫͣ΅͔ͤͦ ͔͙ͣ͒͊͡ΈͤͦΣ ͍ ͫͭͦͪͦͤͯ ͎͚͊͒ͦ͟͡ 

͔͙ͫͭͤ͟ ͔͔͙ͨͪ͒ͫͪ͒ΎΣ ;ͭͦ ͔ͫͦ͒͊ͭ͘ ͙͊ͤ͊ͭͦͣ;͔͙͚ͫ͟ ͋ͯͺ͔ͪ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͔͍͔ͭͨͦͦ͡ ͍͔͔͙͔ͨͦͪ͗͒ͤ 

͍͎ͦͫͤͦͤͦͦ ͙͍ͣ͊ͫͫ͊ ͔͚͔͚͔ͨͫͣͪͤ͟·ͻ ͔ͭͦ͟͟͡Φ 

ˢ͙ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͙͔͙͙ͪͭͪ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙ͭͦͪ͊ͦͫͦͨ͟͟;͔͚ͫͦ͟ ͊͋͊͡ͼ͙͙ 

˸͙͙͙͍͙͍ͤͤ͊ͤ͊͘Ύ Ή͙͙ͨ͊ͪ͒͊͟͡Έͤ͊Ύ ͊͋͊͡ͼ͙ΎΣ ͍·ͨͦͤ͡Ύ͔ͣ͊Ύ ;͔͔ͪ͘ ͙ͭͦͪ͊ͦͫͦͨ͟͟;͔͙͔ͫ͟ ͨͦͪͭ·Σ 

͍͙ͫͭ͊ͭ ͔͔ͨͪ͒ ͻ͙͎ͪͯͪͦͣ ͊͒͊͘;ͯ ͙ͦ͘͡Ύͼ͙͙ ͔͚͊͒ͤ͘ ͔͙ͫͭͤ͟ ͔͍͎ͦͦ͡ ͔͔͙ͨͪ͒ͫͪ͒Ύ όͭ͊͟ ͤ͊͘·͍͔͎͊ͣͦͦ ζ͋ͦͫ͊͟ηύ 

͙ ͯͫͭΈ͔͍ ͔͎ͦ͡;ͤ·ͻ ͍͔ͤΦ ˽͍͙͚ͪ͊ͦͫͭͦͪͦͤͤ ͙ͭͦͪ͊ͦͫͦͨ͟͟;͔͙͚ͫ͟ ͒ͦͫͭͯͨ ͔͔ͭͪ͋ͯͭ ͨͪͦͻ͔͙ͦ͗͒ͤΎ 

͙͔͍ͤͫͭͪͯͣͤͭͦ ͍ ͚ͦͨ͊ͫͤͦ ͙͙͋ͦͫͭ͘͡ ͦͭ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͚ͤͦ ͦͤ͘· ͍͎ͨͪ͊ͦͦ ͔͔͙ͨͪ͒ͫͪ͒ΎΦ 

˻͍ͫͤͦͤ·ͣ ͙͊ͤ͊ͭͦͣ;͔͙ͫͣ͟ ͙͔͙ͦͪͤͭͪͦͣ ͤ͊ Ή͙͔ͨ͊ͪ͒͟ ͙ͫͯ͗ͭ͡ ͔͔͔ͣ͗ͨͪ͒ͫͪ͒ͤ͊Ύ ͋ͦͪͦ͒͊͘ ό͋ͦͪͦ͒͊͘ 

ˤ͔͊ͭͪͫͭͦͤ͊-˥͍ͪͦͫ͊ύΣ ͦͭͦͪ͊͟Ύ ͔ͪ͊͒͘͡Ύ͔ͭ ͍͔ͨͪ͊ͦ ͔͔͙͔ͨͪ͒ͫͪ͒ ͙ ͯͫͭΈΎ ͍ͨͪ͊·ͻ ͔͎ͦ͡;ͤ·ͻ ͍͔ͤΦ ˨͡Ύ 

͔͎͋ͦͨ͊ͫͤͦͦ͘ ͍͔͔͙ͨͪͦ͒ͤΎ ͦͻ͍͊ͭ·͍͊Ό΅͔͎ͦ ͙͊͗ͣ͊͘-͊͋͊ͭͦͪ͊͡ ͻ͙͎ͪͯͪ ͔͒ͦ͗ͤ͡ ͍·͙ͨͦͤͭ͡Έ ͭͯͨͯΌ 
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͙͔͒ͫͫ͟ͼ͙Ό ͔ͭ͟͡;͙͊ͭ͟ ͙͔ͣͤͤͦ ͍ Ή͚ͭͦ ͔͋ͦͪͦ͒͘Φ ˿͔ͣ΅͔͙͔ͤ ͍͔ͭͦͪ͊͟ ͙͔͒ͫͫ͟ͼ͙͙ ͔͔͙ͨͪ͒͟Σ ͤ͊ ͔ͫͭͤͯ͟ 

͍͎ͨͪ͊ͦͦ ͔͔͙ͨͪ͒ͫͪ͒ΎΣ ͙͍͙ͨͪͦ͒ͭ ͟ ͨͪΎ͚ͣͦ ͍͔ͭͪ͊ͣ ͻ͍ͦͫͭ͊ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͎ͤͦͦ ͯ͊͘͡Φ 

˻ͫͦ͋ͯΌ ͦͫͭͦͪͦ͗ͤͦͫͭΈ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͫͦ͋͡Ό͒͊ͭΈ ͙ͨͪ ͙ͣ͊ͤͨͯ͡Ύͼ͙Ύͻ ͍ ͙ͦ͋͊ͫͭ͡ ͍͔ͪͻ͔͚ͤ ͍͚ͨͪ͊ͦ 

͔͎ͦ͡;͚ͤͦ ͍͔ͤ·Φ ˶͔͊ͭͪ͊͡Έͤ·͚ ͚ͪ͊͟ Ή͚ͭͦ ͦͤ͘· ͍ͨͦͭͤͯ͡Ό ͙͔͙ͨͪ͗ͭ͡ ͟ ͔͚͊͒ͤ͘ ͔͔ͫͭͤ͟ ͯͫͭΈΎ ͍͔ͪͻ͔͚ͤ ͚ͨͦͦ͡ 

͍͔ͤ·Σ ͎͔͒ ͨͪͦͻ͙ͦ͒ͭ ͔͙͊ͪͭͪΎ ͙͍͎ͫͤͯͫͦͦͦ ͯ͊͘͡ ͙ͨͪ ͔͔ ͔͊͒ͤͣ͘ ͍͙͔͊ͪ͊ͤͭ ͦͭͻ͔͙ͦ͗͒ͤΎΦ ˹͔͙͔͊ͦ͗ͤ͡ 

Ή͙͙ͨ͊ͪ͒͊͟͡Έͤ·ͻ Ή͔͍ͭͪͦ͒ͦ͟͡ ͒͡Ύ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙͎ͦͤͤͦͦ ͙͍͙͊ͪͭͪͦ͊ͤ͟Ύ ͍ Ή͚ͭͦ ͙ͦ͋͊ͫͭ͡ ͒ͦ͗ͤͦ͡ 

ͦͫͯ΅͔͍ͫͭ͡ΎͭΈͫΎ ͎ͫͭͪͦͦ ͔͊ͭͪ͊͡͡Έ͔͔ͤ ͔͙ͭͪͣͤ͊͡Έ͚ͤͦ ͋ͦͪͦ͒͘·Σ ͤ͊ ͔͋ͦͨ͊ͫͤͦͣ͘ ͪ͊ͫͫͭͦΎ͙͙ͤ ͦͭ ͔ͣͫͭ͊ 

͔͙͔͙ͫͦ͒ͤͤΎ ͯ΄͊͟ ͙ ͍͔ͪͻ͔͚ͤ ͚ͨͦͦ͡ ͍͔ͤ·Φ 

˭͊͟͡Ό;͔͙͔ͤ 

͔̂ͫͨ΄ͤ͊Ύ ͙͙͙͍͙͍ͣͤͤ͊ͤ͊͘Ύ ͙ ͙͔͍͔ͤͭͪͤͼ͙ͦͤͤ͊Ύ ͔ͦͪͪ͟͟ͼ͙Ύ ͔͔ͫͪ͒;ͤ·ͻ ͙͙͚͊ͪͭͣ ͔ͤͪ͊ͪ͘·͍ͤͦ 

͍ͫΎ͊ͤ͊͘ ͫ ͫͦ͋͡Ό͔͙͔͒ͤͣ ͎ͭͦͨͦͪ͊ͺͦ-͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͙͔͙͔͍ͪͭͪ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͍ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͚ͤͦ ͙ͦ͋͊ͫͭ͡Φ 

ˤ·ͫͦ͊͟Ύ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ͊Ύ ͍͙͔͊ͪ͊͋͡ΈͤͦͫͭΈ ͔͙ͪ͊ͫͨͦͦ͗ͤ͡Ύ ͔ͭ͊͡ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͎ͤͦͦ ͯ͊͘͡ ͙ ͊ͪͻ͙͔͙͙ͭͭͦͤ͟͟ 

͔͎ͦ ͙ͨͭ͊Ό΅͔͚ ͔͙͙͊ͪͭͪ ͙ͫ͟͡Ό;͔͊ͭ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͫͭ͊ͤ͒͊ͪͭͤ·ͻ ΄͊͋ͦͤͤ͡·ͻ ͫͻ͔ͣ ͔͒ͫͭͪͯ͟ͼ͙͙Φ 

˻͍ͫͤͦͤ·͙ͣ ͙͔͙͙ͦͪͤͭͪ͊ͣΣ ͔͔ͦͨͪ͒͡ΎΌ΅͙͙ͣ ͔͋ͦͨ͊ͫͤ͘·͔ ͔͙͙ͭͪ͊ͭͦͪ͟ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͍͒ͦͫͭͯͨͦΣ ͫͯ͗͊ͭ͡ 

͔͙ͭͪͣͤ͊͡Έͤ͊Ύ ͋ͦͪͦ͒͊͘ ͤ͊ Ή͙͔ͨ͊ͪ͒͟ ͙ ͎͙ͨͦͪ͊ͤ;ͤ·͚ ͎͔͔ͪ͋ͤΈ ͤ͊ Ή͔ͤ͒ͦ͊ͪ͒͟Φ  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˸͙ͻ͚͍͊ͦ͡ ˿Φ˿Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎ ͔ͫͪ͒ͼ͊Φ τ ˸ ͍ͦͫ͊͟Υ ˸͔͙͒ͼ͙ͤ͊Σ мфутΦ τ нуу ͫΦ 

2. ˾͔͍͙΄͍͙͙͡ ˢΦ̊Φ ˮ͔͍͔ͤͭͪͤͼ͙͔ͦͤͤͦ ͔͡;͔͙͔ͤ ͺ͙͙͋ͪ͡͡Ύͼ͙͙ ͔͔͙͚ͨͪ͒ͫͪ͒Υ ͍͔͔͔ͫͦͪͣͤͤͦ ͫͦͫͭͦΎ͙͔ͤ 

͔ͨͪͦ͋ͣ͡· κκ ˤ͔͙ͫͭͤ͟ ͙͎͙͙͊ͪͭͣͦͦ͡Φ τ 2010. τ Ѕ слΦ τ ˿ Φ рς12. 

3. James T.N. Anatomy of the human sinoatrial node // Anatomical Record. τ 1961. τ Vol. 141, No. 2. τ P. 

109ς139. 

4. Cox J.L. The surgical treatment of atrial fibrillation. IV. Surgical technique // Journal of Thoracic and 

Cardiovascular Surgery. τ 1991. τ Vol. 101, No. 4. τ P. 584ς592. 

ϭ ˢ͍͋͒͊ͦ͡ ˣΦ̊Φ, 2026 

 

 

 

 

̂˨˴ сммΦтмп 

ˢ͍͋͒͊ͦ͡ ˣ͚͊ͤ͊͊ͪ͘ ̊·ͻ͍͙ͤ͊͊ͪͦ͘; 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ζˢ͙͙ͤ͊ͭͦͣ ;͔͍͔ͦ͊͟͡Σ  

͎ͭͦͨͦͪ͊ͺ͙;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣ ͙ ͔͙͍͚ͦͨͪ͊ͭͤͦ ͻ͙͎͙͙ͪͯͪηΣ  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ˢ΄ͻ͊͋͊͒ 

 

˴˾ˢ˹ˮ˻˸˩́˾ˮ̉˩˿˴˻˩ ˮ ́˻˽˻˥˾ˢ̅˻-ˢ˹ˢ́˻˸ˮ̉˩˿˴˻˩ ˻ˣ˻˿˹˻ˤˢ˹ˮ˩ 

 ˨ ˻˿́̂˽˻ˤ ˴ ˿́˾̂˴́̂˾ˢ˸ ˭ˢ˨˹˩˯ ̉˩˾˩˽˹˻˯ ̒˸˴ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͙͔͙ͪ͊ͤͦͣͭͪ͟;͔͔ͫͦ͟ ͙ ͎ͭͦͨͦͪ͊ͺͦ-͙͊ͤ͊ͭͦͣ;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ ͍·͋ͦͪ͊ 

͙ͦͨͭͣ͊͡Έͤ·ͻ ͔͙͚ͭͪ͊ͭͦͪ͟ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͍͒ͦͫͭͯͨͦ ͟ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫͣ͟ ͦ;͎͊͊ͣ ͙ ͙͊ͤ͊ͭͦͣ;͔͙ͫͣ͟ 

ͫͭͪͯͭͯͪ͊ͣ͟ ͔͚͊͒ͤ͘ ;͔͔͚ͪͨͤͦ Ύ͙ͣ͟Φ ˹͊ ͍͔ͦͫͤͦ ͔͒ͭ͊͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ ͔͙͊ͤͭͪͦͨͦͣͭͪ;͔͙ͫ͟ͻ ͔͍ͨ͊ͪ͊ͣͭͪͦ 

͊ͭ͘·ͦ͡;͚ͤͦ ͙ͦͫͭ͟Σ ͫͦͫͼ͔͍͙͒ͤ·ͻ ͍ͦͭͪͦͫͭͦ͟ ͙ ͎ͤ͊ͪͯ͗ͤͦͦ ͊ͭ͘·ͦ͡;͎ͤͦͦ ͍·ͫͭͯͨ͊ ͔͔͔ͦͨͪ͒ͤ͡· ͨͦͫͭͦΎͤͤ·͔ 

ͦͫͭͤ͟·͔ ͙͔͙ͦͪͤͭͪ· ͒͡Ύ ͍·͔͙ͨͦͤͤ͡Ύ ͫͯ͋Ήͦͼ͙͙ͨͭ͊͡Έͤ·ͻΣ ͔͙͎͍͙ͪͭͪͦͫͣͦ͒ͤ·ͻ ͙ ͭͪ͊ͤͫƭŀōȅǊƛƴǘƘƛƴŜ 

͍͒ͦͫͭͯͨͦΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͔ͨͪͦ͟ͼ͙͙ ͙ͫͤͯͫͤͦ-͒ͯͪ͊͡Έ͎ͤͦͦ ͎ͯ͊͡Σ 
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͔͔ͨͦͨͪ;͎ͤͦͦ ͙ ͙͎͍͙͎ͫͣͦ͒ͤͦͦ ͍͔ͤͦͤ͘·ͻ ͙͍ͫͤͯͫͦΣ ͊ ͔ͭ͊͗͟ ͻͦ͒ͯ ͍ͨͦͦͤͦ͘;͚ͤͦ ͔͙͙͊ͪͭͪ ͍ ͔͔ ͊ͭ͊ͤͭͦ͡-

ͦ͟ͼ͙͙ͨͭ͊͡Έͤͦͣ ͔͎͔͔ͫͣͤͭΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͊͘ ͒ͤΎΎ ;͔͔ͪͨͤ͊Ύ Ύͣ͊͟Σ ͙͔͙ͪ͊ͤͦͣͭͪ͟ΎΣ ͎ͭͦͨͦͪ͊ͺ͙;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΣ 

 ͤ ͔͚ͪͦͻ͙͎͙ͪͯͪ;͔͙͔ͫ͟ ͒ͦͫͭͯͨ·Σ ͍͔ͤͦͤ͘·͔ ͙ͫͤͯͫ·Φ 

 

˭͊͒ͤΎΎ ;͔͔ͪͨͤ͊Ύ Ύͣ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͎͙ͯ͋ͦͣ͟͡ ͙ ͊ͣͤͯͭ͘͟·ͣ ͙͊ͤ͊ͭͦͣ;͔͙ͫͣ͟ ͍͔͙͙ͣͫͭ͡΅͔ͣ 

͙ͨͦͦͫͭ͡ ;͔͔ͪͨ͊Φ ˻͎͙ͪ͊ͤ;͔ͤͤ͊Ύ ͍͔ͫͪͻͯ ͔ͤ͊ͣͭͦͣ ͔ͣͦ͗͘;͊͟Σ ͔͔͙ͫͨͪ͒ τ ͫ͊ͭͦͣ͟ ͊ͭ͘·ͦ͡;͚ͤͦ ͙ͦͫͭ͟ ͙ 

͙͚ͫͨͤͦ͟ ͔ͭͯͪͼ͎ͦͦ͟ ͔ͫ͒͊͡Σ ͊ ͙ͫ͊͒͘ ͙ ͙ͫͤͯ͘ τ ;͔΄͔͚ͯ ͊ͭ͘·ͦ͡;͚ͤͦ ͙ͦͫͭ͟Σ Ήͭ͊ ͦ͋͊ͫͭ͡Έ ͍͔ͣ΅͔͊ͭ ͍ ͔ͫ͋Ύ 

͎͍ͨͪͦ͒ͦͦ͊ͭ͡·͚ ͎ͣͦ͘Σ ͣͦͫͭΣ ͔ͣͦ͗͘;ͦ͟ ͙ ͨͪͦͻͦ͒Ύ΅͙͔ ͔͒ͫ͘Έ ͍ͨͪͦͦ͒Ύ΅͙͔ ͙ͨͯͭΦ ˽͎͙͊ͭͦͦ͡;͔͙͔ͫ͟ 

ͨͪͦͼ͔ͫͫ· ͚͒͊ͤͤͦ ͙ͦ͊͊͘͟͡͡ͼ͙͙ όͦͨͯͻ͙ͦ͡ ͔ͣͦͫͭͦͣͦ͗͘;͍͎ͦͦͦ͟ ͎ͯ͊͡Σ ͔͍͙͊ͤͪͣ͘· ͍͔͔͙ͪͭ͋ͪͦ͋͊͘͡Ύ͎ͪͤͦͦ 

͔͚͋͊ͫͫͤ͊Σ ͣ͊͡Έͺͦͪͣ͊ͼ͙Ύ ˴͙͙͊ͪύ ͋·ͫͭͪͦ ͙͍ͨͪͦ͒Ύͭ ͟ ͦ͟͟͡Ό͙͚ͦͤͤͦ͘ ͎͙͒ͪͦͼ͔ͺ͙͙͊͡ ͙ ͙͒ͫͦ͊͟͡ͼ͙͙ 

͍ͫͭͦ͊͡ ͎ͣͦ͊͘Σ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͍͔͍͔͔͎ͫͦͪͣͤͤͦͦ ͙ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͙ͨͦͫͦ͋ΎΦ 

˾͍͙͙͔͊ͭ͘ ͙͔͚ͣͪͦͤͪͦ͟ͻ͙͎͙͙ͪͯͪ ͙ Ή͙ͤ͒ͦͫͦͨ͟;͔͚ͫͦ͟ ͙͔͊ͫͫͫͭͤͼ͙͙ ͔ͦͪͤͤ͟·ͣ ͦ͋ͪ͊ͦͣ͘ ͙͔͙ͣͤͦ͘͡ 

ͨͦ͒ͻͦ͒· ͟ ͔ͭͪͨ͊ͤ͊ͼ͙͙ ;͔͔ͪͨ͊Φ ˿͍͔͔ͦͪͣͤͤ·͚ ͙ͨͪͤͼ͙ͨ ζ͊ͣͦ͘;͚ͤͦ ͍͙ͫ͊͗ͤ͟·η όϷƪŜȅƘƻƭŜ \  surgery$) 

͙͔͒ͭͯͭ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍·͔͙ͨͦͤͤ͡Ύ ͙͙ͣͤͣ͊͡Έͤͦ ͒ͦͫͭ͊ͭͦ;ͤ·ͻ ͦͫͭͤ͟·ͻ ͔͔ͪ͘͟ͼ͙͚Φ ˤ Ή͙ͭͻ ͍͙ͯͫͦ͡Ύͻ 

͙ͭͪ͊͒ͼ͙ͦͤͤ·͚ ΄͙͙͚ͪͦ͟ ͦ͋ͦͪ͘ ͔͊ͣͤ͘Ύ͔ͭͫΎ ͔ͨͪͼ͙͙ͦͤͤ͘·ͣ ͎͍ͯͦ͡·ͣ ͍͔ͭͦͪͦͣ͟ ͙͊ͭ͊͟Σ ͦͭͦͪ͟·͚ ͔͒ͦ͗ͤ͡ 

͋·ͭΈ ͪ͊ͫͫ;͙ͭ͊ͤ ͒ͦ ͙͙͔ͣͣͭͪ͊͡͡ ͤ͊ ͍͔ͦͫͤͦ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͙͔͙ͪ͊ͤͦͣͭͪ͟;͔͙ͫ͟ͻ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͨ͊ͼ͙͔ͤͭ͊Φ 

˴͙͔͙ͪ͊ͤͦͣͭͪ;͔͙͔ͫ͟ ͙͔͙ͦͪͤͭͪ· ͍͔ͤͦͤ͘·ͻ ͙͍ͫͤͯͫͦ 

˥͍͊ͤ͡·ͣ ͙͙͙ͣͭͪͯ͡Ό΅͙ͣ ͺ͊ͭͦͪͦͣ͟ ͙ ͍ͦͫͤͦͤ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͙ͦͨ͊ͫͤͦͫͭ ͙ͨͪ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 

͍͒ͦͫͭͯͨͦ ͟ ͔͚͊͒ͤ͘ ;͔͔͚ͪͨͤͦ Ύ͔ͣ͟ Ύ͍͡ΎΌͭͫΎ ͍͔ͤͦͤ͘·͔ ͔ͦͭͦͪ͟͟͡͡· ͍͔͚ͭͪ͒ͦ ͎͍͚ͣͦͦͦ͘ ͦ͋ͦͦ͡;͙͟Σ ͊ 

͙͔ͣͤͤͦ ͔͔ͨͦͨͪ;ͤ·͚ ͙ ͙͎͍͙ͫͣͦ͒ͤ·͚ ͙ͫͤͯͫ·Φ ˮͻ ͫͯ͡;͚͔͊ͤͦ ͍͔͔͙͔ͨͦͪ͗͒ͤ ;͔͍ͪ͊ͭͦ ͙͍ͣ͊ͫͫͤ·ͣΣ 

ͭͪͯ͒ͤ ͙͔ͦͦͤͭͪͦͪͯͣ͟͡·ͣ ͍͔ͪͦͦͭ͟;͔͙͔ͤͣΣ ͍ͦ͒ͯ͘΄͚ͤͦ Ή͙͔͚ͣ͋ͦ͡ ͙͙͡ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ ͭͪͦͣ͋ͦͦͣ͘Σ 

͍͔͒ͯ΅͙ͣ ͟ ͙΄͔͙ͣ;͔ͫͦͣͯ͟ ͙ͤͺ͊ͪͭͯ͟ ͔ͣͦ͗͘;͊͟Φ ˨͡Ύ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͔͙ͤ͊ͦ͗ͤ͡Ύ ͺ͔͔͍ͪ͘·ͻ ͍͔͙͚ͦͭͪͫͭ 

͔͚ͤͪͦͻ͙͎ͪͯͪͯ ͔ͤͦ͋ͻ͙ͦ͒ͣ· ͨͦͫͭͦΎͤͤ·͔ ͤ͊ͪͯ͗ͤ·͔ ͦͫͭͤ͟·͔ ͙͔͙ͦͪͤͭͪ·Σ ͔ͨͪͦͼ͙ͪͯΌ΅͙͔ ͻͦ͒ Ή͙ͭͻ 

͍ͫͦͫͯ͒ͦ ͤ͊ ͍͔ͨͦͪͻͤͦͫͭΈ ;͔΄͙ͯ ͊ͭ͘·ͦ͡;͚ͤͦ ͙ͦͫͭ͟ ͙ ͫͦͫͼ͔͍͙͎͒ͤͦͦ ͦͭͪͦͫͭ͊͟Φ 

˻͍͚ͫͤͦͤͦ ͭͦ;͚ͦ͟ ͦͭͫ;͔ͭ͊ ͙ͫͯ͗ͭ͡ ͤ͊ͪͯ͗ͤ·͚ ͊ͭ͘·ͦ͡;ͤ·͚ ͍·ͫͭͯͨ όϷƛƴƛƻƳϷύΦ ˶͙͙ͤΎΣ ͔͙ͫͦ͒ͤΎΌ΅͊Ύ 

͙͙ͤͦͤ ͫ ͍͔ͪͻ͙ͤͣ ͔ͪ͊ͣ͟ ͎ͤ͊ͪͯ͗ͤͦͦ ͫͯ͡ͻ͍͎ͦͦͦ ͨͪͦͻͦ͒͊ ό͙͔͋͊ͦͣ͊ͭ͊͘͡Έͤ͊Ύ ͙͙ͤ͡ΎύΣ ͍ ͋ͦ͡Έ΄͙͍͔ͤͫͭ 

ͫͯ͡;͔͍͊ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͔ͨͪͦ͟ͼ͙͙ ͔͔ͨͦͨͪ;͎ͤͦͦ ͙ͫͤͯͫ͊Φ ˸͔ͫͭͦͣ ͔͔ͨͪͻͦ͒͊ ͔͔ͨͦͨͪ;͎ͤͦͦ ͙ͫͤͯͫ͊ ͍ 

͙͎͍͙ͫͣͦ͒ͤ·͚ Ύ͍͡Ύ͔ͭͫΎ ͙ͫͤͯͫͤͦ-͒ͯͪ͊͡Έͤ·͚ ͎ͯͦ͡Σ ͔ͨͪͦ͟ͼ͙Ύ ͎ͦͭͦͪͦͦ͟ ͤ͊ ͤ͊ͪͯ͗ͤͯΌ ͍͔ͨͦͪͻͤͦͫͭΈ ;͔͔ͪͨ͊ 

͍͔ͫͦͨ͊͒͊ͭ ͫ ͔͙͊ͫͭͪͦͤͦͣ τ ͭͦ;͚ͦ͟ ͔͙͔͙ͫͦ͒ͤͤΎ ͍͙͎͊ͣ͋͒ͦ͒ͤͦͦ͡Σ ͊ͭ͘·ͦ͡;ͤͦ-ͫͦͫͼ͔͍͙͎͒ͤͦͦ ͙ ͔͔ͭͣͤͤͦ-

ͫͦͫͼ͔͍͙͎͒ͤͦͦ ΄͍͍ͦΦ 

˴͙͔͙ͪ͊ͤͦͣͭͪ;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͔͙͊ͫͭͪͦͤ ͔ͤ ͍͔͎ͫ͒͊ ͙͔ͫͭ͊͋ͤ͡ ͙ ͔ͣͦ͗ͭ 

͔ͫͣ΅͊ͭΈͫΎΣ ͦ͒ͤ͊ͦ͟ ͍ ͍ͦͫΈ͙͔ͣ͒ͫΎ͙ͭ ͨͪͦͼ͔ͤͭ͊ͻ ͫͯ͡;͔͍͊ ͦͤ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͤ͊͒ 

͔ͨͪͦ͟ͼ͙͔͚ ͍͔ͨͪͦͫͭ͊ ͙ͫͤͯͫ͊ ͙͙͡ ͯ ͔͎ͦ ͍͔ͪͻ͔͎ͤͦ ͪ͊͟ΎΦ ˨͙͔ͦͨͦͤͭ͡͡Έͤ·ͣ ͙͔͙ͦͪͤͭͪͦͣ ͒͡Ύ ͍͔͙ͪͺ͙͊͟ͼ͙͙ 

ͻͦ͒͊ ͙͎͍͙͎ͫͣͦ͒ͤͦͦ ͙ͫͤͯͫ͊ ͙ͫͯ͗ͭ͡ ͫͦͫͼ͔͍͙͒ͤ·͚ ͎͔͔ͪ͋ͤΈ ͙ ͫͦͫͼ͔͍͙͔͒ͤͦ ͍͔͙͔ͦͭͪͫͭΣ ;͔͔ͪ͘ ͔ͦͭͦͪͦ͟ 

ͨͪͦͻ͙ͦ͒ͭ ͍͔ͤ͊-͍·͙ͨͯͫͤ͟͟ όϷǾΦ \  emissaria \  ƳŀǎǘƻƛŘŜŀϷύΦ ˹͔͙͔͊ͦ͗ͤ͡ ͔͍͎ͨͪͦͦ ͺ͔͔͍͎ͪͦͦ͘ ͍͔͙ͦͭͪͫͭΎ ͙͊͒͘͟ 

͙ ͙ͤͯ͘͟ ͦͭ ͔͙͊ͫͭͪͦͤ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͦ͋ͤ͊͗ͭΈ ͍͔ͭͪ͒ͯΌ ͎͍ͣͦͦͯ͘Ό ͦ͋ͦͦ͡;ͯ͟ ͊ͭ͘·ͦ͡;͚ͤͦ ͙͒ͦ͡ ͙ ͔ͣͦ͗͘;͊͟Σ 

͙͔͎͋͊͘Ύ ͨͪΎ͚ͣͦ ͔ͨͪͺͦͪ͊ͼ͙͙ ͙͍͎ͫͤͯͫͦͦͦ ͔ͦͤ͊͟͡Φ 

͎́ͦͨͦͪ͊ͺͦ-͙͊ͤ͊ͭͦͣ;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ ͔͙͎͍͙͎ͪͭͪͦͫͣͦ͒ͤͦͦ ͒ͦͫͭͯͨ͊ 

˾͔͙͎͍͙ͭͪͦͫͣͦ͒ͤ·͚ ͒ͦͫͭͯͨ Ύ͍͡Ύ͔ͭͫΎ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͣ ͨͦ͒ͻͦ͒ͦͣ ͟ ͫͭͪͯͭͯͪ͊ͣ͟ ͔ͣͦͫͭͦͣͦ͗͘;͍͎ͦͦͦ͟ 

͎ͯ͊͡Σ ͍͔͔ͤͯͭͪͤͤͣͯ ͫͯ͡ͻ͍ͦͦͣͯ ͨͪͦͻͦ͒ͯ ͙ ͔͊ͭͪ͊͡͡Έͤ·ͣ ͔ͦͭ͒͊ͣ͡ ͣͦͫͭ͊Φ ̏ͭͦͭ ͙ͦͪ͒ͦͪ͟ ͔͔͙ͤ͊ͣͤͣ͘ ͙ͨͪ 

͔͙͙ͯ͒͊ͤ͡ ͍͔͙ͫͭ͋ͯ͡Ύͪͤ·ͻ ΄͍͊ͤͤͦͣ ό͙͊ͯͫͭ͟;͔͙ͫ͟ͻ ͔͍͙ͤͪͤͦͣύ ͙ ͍·͔͙͙ͨͦͤͤ͡ ͙͍ͣͪͦ͊ͫͯ͟͟͡Ύ͚ͪͤͦ 

͔͔͙͙͒ͦͣͨͪͫͫ͟ ͙ͨͪ ͔͍͎͙͙ͤͪ͊͡ ͚͙ͭͪͦͤ;͎ͤͦͦ ͔͍ͤͪ͊Φ 

ˢ͙ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͎͙ͪ͊ͤͼ· ͎ͦͫͭͤͦͦ͟ ͦͤ͊͟ ͙ͨͪ ͔͙͎͍͙ͪͭͪͦͫͣͦ͒ͤͦͣ ͔͒ͦͫͭͯͨ ͎ͫͭͪͦͦ ͙͙͙͍ͣͭͪͦ͊ͤ͡·Υ 
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͍͔ͫͪͻͯ τ ͙͙ͤ͗ͤͣ ͔ͪ͊ͣ͟ ͔͔ͨͦͨͪ;͎ͤͦͦ ͙ͫͤͯͫ͊Σ ͔͔͙ͫͨͪ͒ τ ͙͊͒ͤͣ͘ ͔ͪ͊ͣ͟ ͙͎͍͙͎ͫͣͦ͒ͤͦͦ ͙ͫͤͯͫ͊Φ 

͙͎͙̆ͪͯͪ;͔͙͚ͫ͟ ͍͔ͭͦͪ͟ ͍͔ͤ͊ͨͪ͊ͤ͡ ͍͒ͦ͡Έ ͔͚͊͒ͤ͘ ͎͙ͪ͊ͤ ͔͙͚͊ͣͤͫͭͦ͟ ;͙͊ͫͭ ͍͙ͫͦ;͚ͤͦ ͙ͦͫͭ͟Φ 

˽͔ͪͼ͙͙ͦͤͤͦͫͭ͘Έ ͙ͣ͊ͤͨͯ͡Ύͼ͙͚ ͍ Ή͚ͭͦ ͔ͦͤ͘ ͔͔ͭͪ͋ͯͭ ͪ͊ͫͪ͟·͙ͭΎ ͔ͣͦͫͭͦͣͦ͗͘;͍͚ͦͦ͟ ͼ͙͔ͫͭͪͤ· ͙ 

Ή͍͊ͯ͊͟ͼ͙͙ ͙͎͍͚ͫͨͤͤͦͣͦͦͦ͘ ͙͙͗͒ͦͫͭ͟Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͎͍͙ͪ͊ͭ͊ͼ͙ͦͤͤͦͣͯ ͔͙ͫͨ͊͒ͤΌ ͨͦͯ͡΄͙͊ͪΎ 

͔ͣͦ͗͘;͊͟ ͙ ͦͭͪ͟·͍͔͊ͭ ͎͙͚ͯ͋ͦ͟͡ ͙͊ͤ͊ͭͦͣ;͔͙͚ͫ͟ ͙ͦͪ͒ͦͪ͟ ͔͋͘ ͎͎ͪͯ͋ͦͦ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ΄͔ͨ͊ͭ͡Έ͎ͤͦͦ 

͍͔͙͒͊ͤ͡Ύ ͤ͊ ͔͍ͤͪͤͯΌ ͭ͊ͤ͟ΈΦ 

ˤ͙ͤͯͭͪ ͎ͫ͊ͣͦͦ ͔ͣͦͫͭͦͣͦ͗͘;͍͎ͦͦͦ͟ ͎ͯ͊͡ ͫͭͪͯͭͯͪ͟· ͎ͪ͊ͫͨͦ͊͊͡ΌͭͫΎ ͍ ͍͙͔͒ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ Ή͔͚ͭ͊͗Φ 

˹͊ ͍͔ͪͻ͔ͤͣ Ή͔ͭ͊͗ ͔͎͔͊͊ͭ͘͡ ͚͙ͭͪͦͤ;ͤ·͚ ͔͍ͤͪ όϷǾ \  ͨ ͊ͪ͊ϷύΣ ͔ͦͪͯ͗ͤͤ͟·͚ ͔ͨͭ͡Ύ͙ͣ ͍͔ͪͻ͔͚ͤ ͔ͣͦ͗͘;͍͚ͦͦ͟ 

͔͙͙͊ͪͭͪΦ ˿͔͙͚ͪ͒ͤ Ήͭ͊͗ ͙͊ͤͣ͊͘Όͭ ͙͡ͼ͔͍͚ͦ όϷǾƛƛ \  ͨ ͊ͪ͊Ϸύ ͙ ͔͍͔ͨͪ͒͒ͪͤͦ-͙͍ͯͭͦ͟͡·͚ όϷǾƛƛƛ \  ͨ ͊ͪ͊Ϸύ ͔͍ͤͪ·Σ 

͍ͤ͊ͨͪ͊͡ΎΌ΅͙͔ͫΎ ͍ͦ ͍͔͔͔ͤͯͭͪͤͤ ͫͯ͡ͻ͍͔ͦͦ ͨͪͦͻͦ͒Σ ͎͔͒ ͙ͻ ͔͔ͭͫͤͦ ͙͔͙͔ͨͪ͗͊ͤ͡ ͟ ͔͔͔͚ͨͪ͒ͤ ͙͔͚ͤ͗ͤ 

͔ͣͦ͗͘;͍͚ͦͦ͟ ͔͙͙͊ͪͭͪ ͔͔ͭͪ͋ͯͭ ͔͙͚͒͊ͭͤͦ͟͡ ͙͔͒ͫͫ͟ͼ͙͙Φ ˹͙͙͚͗ͤ Ήͭ͊͗ ͫͺ͙͍ͦͪͣͪͦ͊ͤ ͊ͯ͒͊͟͡Έ͚ͤͦ ͎͚ͪͯͨͨͦ 

;͔͔ͪͨͤ·ͻ ͔͍͍ͤͪͦ όΎ͘·͎ͦͦͭͦ͟͡;ͤ·͚Σ ͋ͯ͗͒͊͡Ό΅͙͚ ͙ ͍͒ͦ͋͊ͦ;ͤ·͚ ͔͍ͤͪ·ύΣ ͨͪͦͻͦ͒Ύ΅͙ͻ ͟ Ύ͔ͪͣͤͦͣͯ 

͍͔͙ͦͭͪͫͭΌΦ ͔͙́ͪ͊ͭͦͪ͟Ύ ͙͔ͤͫͭͪͯͣͤͭ͊ ͙ͨͪ ͔͙͎͍͙ͪͭͪͦͫͣͦ͒ͤͦͣ ͨͦ͒ͻ͔ͦ͒ ͔ͨ͊ͪ͊͡͡͡Έͤ͊ ͻͦ͒ͯ Ή͙ͭͻ ͔͍ͤͪͤ·ͻ 

͍͍ͫͭͦͦ͡Σ ;ͭͦ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͙ͻ ͭͪ͊͟ͼ͙͎ͦͤͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎΦ 

˿͔͙ͪ͒ͤͤ·͚ ͙ ͔͙ͨ͊ͪ͊ͣ͒͊ͤͤ·͚ ͫͯ͋Ήͦͼ͙͙ͨͭ͊͡Έͤ·͔ ͒ͦͫͭͯͨ· 

˨͡Ύ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ;͔͍ͪΎ ͔ͣͦ͗͘;͊͟Σ ;͔͍͔͎ͭͪͭͦͦ ͔͗ͯ͒ͦ͡;͊͟Σ ͎͍͎ͨͪͦ͒ͦͦ͊ͭͦͦ͡ ͎ͣͦ͊͘ ͙ ͒ͦͪͫ͊͡Έ͚ͤͦ 

͍͔ͨͦͪͻ͙ͤͦͫͭ ;͔͔ͪͨͤͦ-͍͔͔ͪͭ͋ͪ͊͡Έ͎ͤͦͦ ͫͭ·͊͟ ͙͔ͨͪͣͤΎΌͭͫΎ ͔͙ͫͪ͒ͤͤ·͚ ό͔͙ͣ͒͊ͤͤ·͚ύ ͙ ͔͙ͨ͊ͪ͊ͣ͒͊ͤͤ·͚ 

ͫͯ͋Ήͦͼ͙͙ͨͭ͊͡Έͤ·͔ ͒ͦͫͭͯͨ·Φ 

˿͔͙ͪ͒ͤͤ·͚ ͫͯ͋Ήͦͼ͙͙ͨͭ͊͡Έͤ·͚ ͒ͦͫͭͯͨ ͺ͙͔ͦͪͣͪͯͭͫΎ ͔ͨͯͭͣ ͔͔ͪ͘͟ͼ͙͙ ;͔΄͙ͯ ͊ͭ͘·ͦ͡;͚ͤͦ ͙ͦͫͭ͟ 

͙ͤͯ͘͟ ͦͭ ͔ͨͪͦ͟ͼ͙͙ ͔͔ͨͦͨͪ;͎ͤͦͦ ͙ͫͤͯͫ͊ ͙ ͍͟͡Ό;͔͊ͭΣ ͙ͨͪ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭΣ ͊͒ͤ͘ΌΌ ͎ͨͦͯ͒ͯͯ͡ ͔͍͎ͨͪͦͦ 

΄͔͚͎ͤͦͦ ͍ͨͦͦͤ͊͘͟ ό͊ͭ͊ͤͭ͊͡ύΦ ˥͍͊ͤ͡·ͣ ͎ͭͦͨͦͪ͊ͺ͙;͔͙ͫͣ͟ ͙͔͙͔ͪͭͪͣ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͤ͊ Ή͔ͭ͊ͨ 

ͣΎ͎͚ͦͭ͊ͤͤͦ͟͟ ͙͔͒ͫͫ͟ͼ͙͙ Ύ͍͡Ύ͔ͭͫΎ ͎͔ͫͭͪͦͦ ͔͙͔ͯ͒ͪ͗͊ͤ ͙͙͙ͤ͡ ͔ͪ͊ͪ͊͘͘ ͨͦ ͔͙͚ͫͪ͒ͤͤͦ ͔͚͋ͦ͡ ͙͙͙ͤ͡ ΄͔͙ 

($linea \  ŀƭōŀϷύΦ ˿͔ͣ΅͔͙͔ͤ ͫ͊͟͡Έ͔ͨ͡Ύ ͍ ͔͊ͭͪ͊͡͡ΈͤͯΌ ͫͭͦͪͦͤͯ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͔͔͙ͨͦͪ͗͒ͤΌ ͊ͭ͘·ͦ͡;ͤ·ͻ 

͔͙͚͊ͪͭͪ ͙ ͎͙ͯ͋ͦ͟͡ͻ ͣ·΄ͼ ΄͔͙Σ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͔ͣͯͫΎ ͙ͦ͋͡Έͤ·ͣ ͍͔ͪͦͦͭ͟;͔͙͔ͤͣ ͙͘ ͣ·΄͔;ͤ·ͻ 

͍͔ͤͦͤ͘·ͻ ͔͔͙͚ͫͨͭͤ͡Φ 

˽͔͙͊ͪ͊ͣ͒͊ͤͤ·͚ ͒ͦͫͭͯͨ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͔ͫͣ΅͔͙͔ͤ ͎ͦͫͭͤͦͦ͟ ͦͤ͊͟ ͔͊ͭͪ͊͡͡Έͤͦ ͦͭ ͔͙͚ͫͪ͒ͤͤͦ ͙͙͙ͤ͡ 

ͨͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ό ͟ ͊ͭ͘·ͦ͡;ͤͦͣͯ ͣ·΅͔ͯ͟͡Φ ˤ Ή͚ͭͦ ͔ͦͤ͘ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͙͊ͤ͊ͭͦͣ;͔͚ͫͦ͟ ͚ͫͭͪͯͭͯͪͦ͟ 

͍·͔ͫͭͯͨ͊ͭ ͍ͨͦͦͤͦ͘;ͤ͊Ύ ͔͙͊ͪͭͪΎ όϷŀΦ \  ǾŜǊǘŜōǊŀƭƛǎϷύΦ ˤ·ͻͦ͒Ύ ͙͘ ͍͔͙ͦͭͪͫͭΎ ͔͔ͨͦͨͪ;͎ͤͦͦ ͦͭͪͦͫͭ͊͟ ͊ͭ͊ͤͭ͊͡Σ 

͔͙͊ͪͭͪΎ ͙ͦ͗ͭͫ͡Ύ ͍ ͙͔ͦ͒ͤͦͣͤͤͯΌ ͋ͦͪͦ͒ͯ͘ ͤ͊ ͔͎ͦ ͔͚͊͒ͤ͘ ͎͔͒ͯΣ ͺ͙ͦͪͣͪͯΎ ͙͎͙͋͘Σ ͔ͨͦͫ͡ ;͔͎ͦ ͔ͨͪͦ͋ͦ͒͊ͭ 

͊͒ͤ͘ΌΌ ͊ͭ͊ͤͭͦ͡-ͦ͟ͼ͙͙ͨͭ͊͡ΈͤͯΌ ͔ͣͣ͋ͪ͊ͤͯ ͙ ͍͔ͭͪ͒ͯΌ ͎͍ͣͦͦͯ͘Ό ͦ͋ͦͦ͡;ͯ͟Φ ˣ͔ͦͨ͊ͫͤ͘·͚ ͙ͦͪ͒ͦͪ͟ 

͔͙͎ͨ͊ͪ͊ͣ͒͊ͤͤͦͦ ͒ͦͫͭͯͨ͊ ͎͙ͦͪ͊ͤ;͔ͤ ͔͙ͣ͒͊͡Έͤͦ ͔ͪ͊ͣ͟ ͋ͦ͡Έ΄͎ͦͦ ͊ͭ͘·ͦ͡;͎ͤͦͦ ͍͔͙ͦͭͪͫͭΎΣ ͊ ͔͊ͭͪ͊͡͡Έͤͦ 

τ ͚ͦͤͦ͘Σ ͔͗͊͡΅͔͚ ͤ͊ ͨͦͭͦͪ͊͡ ͙͔ͫ͊ͤͭͣͭͪ͊ ͔͙ͣ͒͊͡Έ͔͔ͤ ͍͎ͫͯͫͭ͊ͤͦͦ ͦͭͪͦͫͭ͊͟Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͚͙ͦ͋ͦͭ 

͔ͨͭ͡Ό ͍ͨͦͦͤͦ͘;͚ͤͦ ͔͙͙͊ͪͭͪ ͙ ͙͔͋͗͊ͭ͘Έ ͔͔ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͫͨ͊ͣ͊͘ ͙͙͡ ͔͙ͪ͊ͤͤΎΦ 

˭͊͟͡Ό;͔͙͔ͤ 

ˮ͙͍͙ͤ͒͒ͯ͊͡Έͤ·͚ ͍·͋ͦͪ ͙ ͙͊ͤ͊ͭͦͣ;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ ͔͙͚ͭͪ͊ͭͦͪ͟ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ 

ͫͭͪͯͭͯͪ͊ͣ͟ ͔͚͊͒ͤ͘ ;͔͔͚ͪͨͤͦ Ύ͙ͣ͟ ͍ͫͦͫͭ͊͡ΎΌͭ ͍ͦͫͤͦͯ ͍͔͔͚ͫͦͪͣͤͤͦ ͔ͨͪͼ͙͙͚ͦͤͤͦ͘ ͔͚ͤͪͦͻ͙͎͙͙ͪͯͪΦ 
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͍ͫͦͫͯ͒ͦ ͒͡Ύ ͍͙ͦͫͭ͊ͤͦ͟ ͍͔ͪͦͦͭ͟;͔͙ͤΎ ͙͙͡ ͙͙ͣͦ͋͊͘͡ͼ͙͙ ͔ͪͼ͙͙͍͚͒ͤͦ ͦͨͯͻ͙ͦ͡Σ ͔͔ͫͨͦ͡ ͔͙͔ͤ͊ͦ͗ͤ͡ 

͙͍͊͗ͣͦ͘ ͍ Ή͚ͭͦ ͔ͦͤ͘ ͔͙ͤ͒ͦͨͯͫͭͣͦΣ ͭ͊͟ ͊͟͟ ͔͍ͤͪ ͔ͣͦ͗ͭ ͋·ͭΈ ͍͟͡Ό;͔ͤ ͍ ͙͎͊ͭͯͪͯ͡ ͙͙͡ ͍͔͔ͨͦͪ͗͒ͤ 

͔͙ͭͪͣ;͔͙ͫ͟Φ 

˹͙͔͔͊͋ͦ͡ ͚ͦͨ͊ͫͤͦ ͚ͦͤͦ͘ ͺ͙ͫ͊͟ͼ͙͙ ͔͍ͤͪ͊ Ύ͍͡Ύ͔ͭͫΎ ͍ͫΎ͊͘͟ ˣ͔͙ͪͪ τ ͨͦͭͤ͡·͚ ͺ͊ͫͼ͙͊͡Έͤ·͚ ͭΎ͗Σ 

͙͔ͨͪͪͨ͟͡ΎΌ΅͙͚ ΅͙͍͙ͭͦ͒ͤͯΌ ͔͔͗ͯ͘͡ ͟ ͔͔͍͙ͨͪͫͭͤ͒ͤͦͣͯ ͻͪΎ΅ͯ ͙ ͍͔ͪͻ͙ͤͣ ͦ͟͡Έͼ͊ͣ ͭͪ͊ͻ͔͙Φ ˭͔͒ͫΈ ͔͍ͤͪ 

͙ͫͭͦͤ;͔͊ͭͫΎ ͙ ͙͔ͨͪͦͤ͊ͭ͟ ͨͦ͒ ͙͙͚ͤ͗ͤ ͙ͦͤͫͭͪͭͦͪ͟͟ ͎͙ͦͭ͟͡Φ ˤ Ή͚ͭͦ ͭͦ;͔͟ ͔͍ͤͪ ;͊ͫͭͦ ͔ͪ͊͒͘͡Ύ͔ͭͫΎ ͤ͊ 

͍͔͎ͤͦͪͭ͊ͤͤ·͔ ͍͔͍͙ͭ όͣͦͭͦͪͤͯΌ ͙ ͔ͫͤͫͦͪͤͯΌύ ͔΅͔ ͒ͦ ͍ͻͦ͒͊ ͍ ͎ͦͪͭ͊ͤΈΦ ˽͍͔͔͙͔ͦͪ͗͒ͤ ͔͒͊͗ ͚ͦ͒ͤͦ ͙͘ 

Ή͙ͭͻ ͔͙ͣ͟͡ͻ ͍͔͍͔͚ͭ ͍ ͻ͔ͦ͒ ͍·͔͔͙͒ͤ͡Ύ ͍͔ͪͻ͔͎ͤͦ ͨͦ͡Όͫ͊ ͦͫͭ͊ͭ͊͟ ͔͔͗͘͡· ͍͔͔͒ͭ ͟ ͔ͨ͊ͪͯ͘ ͎͍͚ͦͦͫͦͦ͡ 

͙ͫ͊͒͟͟͡Φ 

˾͔͚͒ͦ͟Σ ͤͦ ͚͔ͪ͊ͤ͟ ͚ͦͨ͊ͫͤͦ ͙͔͚͊ͤͦͣ͊͡ Ύ͍͡Ύ͔ͭͫΎ ͔͍͍ͤͦͪ͊ͭͤ͘·͚ ͎ͦͪͭ͊ͤͤ·͚ ͔͍ͤͪ όƴΦ \  laryngeus \  

inferior \  non-ǊŜŎǳǊǊŜƴǎύΣ ͦͭͦͪ͟·͚ ͍͔ͫͭͪ;͔͊ͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͤ͊ ͍͚ͨͪ͊ͦ ͔ͫͭͦͪͦͤ ͙ ͦͭͻ͙ͦ͒ͭ ͦͭ 

͋ͯ͗͒͊͡Ό΅͔͎ͦ ͔͍ͤͪ͊ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͤ͊ ͍͔ͯͪͦͤ ΄͔͙Σ ͍ͤ͊ͨͪ͊͡ΎΎͫΈ ͟ ͎͙ͦͪͭ͊ͤ ͎͙ͦͪͦͤͭ͊͘͡ΈͤͦΦ ˽͙ͪ 

͍͚ͨͦͭͦͪͤͦ ͔ͦͨͪ͊ͼ͙͙ ͚ͭ͊ͦ͟ ͔͍ͤͪ ͔͎ͦ͟͡ ͔͔͔ͨͪͫ;Έ ͤ͊ Ή͔ͭ͊ͨ ͔͙ͣ͒͊͡Έ͎ͤͦͦ ͔ͫͣ΅͔͙ͤΎ ͎͍ͦͪ͊ͤͦ ΄͔͙Σ ͭ͊͟ ͊͟͟ 

ͻ͙͎ͪͯͪ ͔ͤ ͙͔ͦ͗͒͊ͭ ͍͔͙ͫͭͪͭͭΈ ͪͯͨͤͯ͟Ό ͔͍ͤͪͤͯΌ ͫͭͪͯͭͯͪͯ͟Σ ͙͒ͯ΅ͯΌ ͔͔ͨͦͨͪ;ͤͦΦ 

ˤ͙͊ͪ͊ͤͭ· ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͙ Ή͙͙ͭͦͨ͟ ͦͦͦ͟͡΅͙͍͙ͭͦ͒ͤ·ͻ ͔͔͗͘͡ 

˻ͦͦ͟͡΅͙͍͙ͭͦ͒ͤ·͔ ͔͔͗͘͡· ͍ ͙ͦ͟͡;͔͍͔ͫͭ ;͔ͭ·͔ͪͻ ΄ͭͯ͟ ͦ͋·;ͤͦ ͎ͪ͊ͫͨͦ͊͊͡ΌͭͫΎ ͤ͊ ͔͚͊͒ͤ͘ 

͍͔ͨͦͪͻ͙ͤͦͫͭ ͔͚͒ͦ͡ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Σ ͍͔ͤ ͔͔ ͍͔͚ͫͦ͋ͫͭͤͤͦ ͊ͨͫͯ͟͡·Φ ˤ͔ͪͻͤΎΎ ͨ͊ͪ͊ ͔͔͗͘͡ 

͎ͭͦͨͦͪ͊ͺ͙;͔͙ͫ͟ ͔͔͋ͦ͡ ͙ͫͭ͊͋͡Έͤ͊ ͙ ͙͔ͦ͊ͯͭͫ͘͟͡͡Ύ ͯ ͔ͣͫͭ͊ ͔͔͔ͨͪͫ;͔͙ͤΎ ͍͍͎ͦͪ͊ͭͤͦͦ͘ ͔͍ͤͪ͊ ͫ ͙͔͚ͤ͗ͤ 

΅͙͍͙͚ͭͦ͒ͤͦ ͔͙͔͚͊ͪͭͪΦ ˹͙͗ͤΎΎ ͨ͊ͪ͊ ͔͔͗͘͡ ͙ͦͭ͡;͔͊ͭͫΎ ͍·͚ͫͦͦ͟ ͍͙͔͊ͪ͊͋͡ΈͤͦͫͭΈΌΣ ͨͦͫͦ͟͡Έͯ͟ 

Ή͙͎͙ͣ͋ͪͦͦ͡;͔͙ͫ͟ ͊͊͒͘͟͡·͍͔͊ͭͫΎ ͍͔͔ͣͫͭ ͫ ͙ͭͣͯͫͦͣ ͙ ͙͎͙͔ͣͪͪͯͭ ͤ͊ ͤ͊͘;͙͔ͭ͡Έͤͦ ͋ͦ͡Έ΄͔͔ ͪ͊ͫͫͭͦΎ͙͔ͤΦ 

˽͙ͪ ͍ͨͦͭͦͪͤ·ͻ ͔ͦͨͪ͊ͼ͙Ύͻ ͊ͪͻ͙͔͙ͭͭͦͤ͊͟͟ ͔͔͗͘͡ ͤ͊ͪͯ΄͔͊ͭͫΎ ͙͘-͊͘ ͔ͫͣ΅͔͙ͤΎ ͙ͻ ͪͯ͋ͼ͙͊ͣΦ 

˹͙͙͔͗ͤ ͦͦͦ͟͡΅͙͍͙ͭͦ͒ͤ·͔ ͔͔͗͘͡· ͎ͣͦͯͭ ͤ͊ͻ͙ͦ͒ͭΈͫΎ ͯ ͙͔͎ͤ͗ͤͦ ͨͦ͡Όͫ͊Σ ͍ ͭͦ͡΅͔ ͙͔͙͚ͭͪͦ͒ͤͦ ͙ͭ͊ͤ͟ 

ό͙͙͔͙͔ͤͭͪ͊ͭͪͦ͒ͤͦ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ύΣ ͍ ͍͔ͫͦͫͭ͊ ͋ͪ·͔͚͙͗͟ ͍͙ͦ͡;͍͚ͦͦ͟ ͔͔͗͘͡· ͙͙͡ ͯͻ͙ͦ͒ͭΈ ͎ͯ͋ͦͦ͟͡ ͍ 

͔͔͔͔ͨͪ͒ͤ ͔͔͙͔ͫͪ͒ͦͫͭͤΦ ˮ͙͔͙͔ͤͭͪ͊ͭͪͦ͒ͤͦ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ ͦͦͦ͟͡΅͙͍͙ͭͦ͒ͤ·ͻ ͔͔͗͘͡ ͍·Ύ͍͡Ύ͔ͭͫΎ 

͙͔ͨͪͣͪͤͦ ͍ ͨΎ͙ͭ ͨͪͦͼ͔ͤͭ͊ͻ ͫͯ͡;͔͍͊Φ ˽͙ͪ ͔͙͙ͯ͒͊ͤ͡ ͔ͪͼ͙͙͍͎͒ͤͦͦ ͦ͋͊͘ ͙͙͡ ͍·͔͙͙ͨͦͤͤ͡ ͙ͪ͊͒͊͟͡Έ͚ͤͦ 

͙͔͙ͭͪͦ͒Ή͙͙ͭͦͣ͟ ͨͦ ͍ͨͦͦ͒ͯ ͪ͊͊͟ ͙͔ͭ͊͟ ͔͔͗͘͡· ͯ͒͊͡ΎΌͭͫΎ ͍͔͔ͣͫͭ ͫ ͭ͊ͤ͟ΈΌ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Σ ;ͭͦ 

͍͔͔͒ͭ ͟ ͔͙ͤͦ͋ͪ͊ͭͣͦͣͯ ͎͙͙͔ͨͦͨ͊ͪ͊ͭͪͦͯ͘Σ ͔͙ͫ͡ ͔ͤ ͍·͔ͨͦͤͤ͊͡ ͙ͻ ͊ͯͭͦͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙ΎΦ 

˨͙͔ͦͨͦͤͭ͡͡Έͤ·ͣ ͺ͊ͭͦͪͦͣ͟ ͙ͪͫ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͤ͊ͪͯ΄͔͙͔ͤ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͔͔͗͘͡Φ 

˻ͦͦ͟͡΅͙͍͙ͭͦ͒ͤ·͔ ͔͔͗͘͡· ͙ͨͭ͊ΌͭͫΎ ͙͘ ͦͤ͟ͼ͔͍·ͻ ͍͔͍͔͚ͭ ͙͔͚ͤ͗ͤ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͙͙͊ͪͭͪΦ ˩͙ͫ͡ ͙ͨͪ 
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͔͍͙ͨͪ;͚ͤͦ ͔ͦͨͪ͊ͼ͙͙ ͔͙͊ͪͭͪΎ ͋·͊͡ ͔͔͍ͨͪΎ͊ͤ͊͘ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤΣ ͭͦ ͙͔͗ͤͫͨͦͫͦ͋ͤͦͫͭ͘Έ ͔͔͗͘͡ 

͔͙͍͔ͨͦ͒͒ͪ͗͊ͭͫΎ ͊͘ ͫ;͔ͭ ͔͙ͣ͟͡ͻ ͔͔͚ͦ͊ͭͪ͊͟͡͡͡ ͙͘ ͍ͫͦͫͯ͒ͦ ͭͪ͊ͻ͔͙ ͙ ͙ͨ΅͔͍ͦ͒͊Φ ˽͍ͦͭͦͪͤ͊Ύ ͔͍ͨͪͨ͊ͪͦ͊͟ 

͔͚ͭ͊ͤ͟ ͍ Ή͚ͭͦ ͔ͦͤ͘ ͪ͊ͪͯ͘΄͔͊ͭ Ή͙ͭ ͔ͦͣͨͤͫ͊ͭͦͪͤ͟·͔ ͙ͣͪͦͫͦͫͯ͒͟·Σ ͙͍ͨͪͦ͒Ύ ͟ ͙΄͔͙͙ͣ ͙ ͔ͤͪͦͯ͘͟ 

͙͔͙͚ͨ͊ͪ͊ͭͪͦ͒ͤͦ ͙ͭ͊ͤ͟ ͔͒͊͗ ͙ͨͪ ͺ͙͙͘;͔ͫͦͣ͟ ͫͦͻ͔͙͙ͪ͊ͤͤ ͙ͫ͊ͣͻ ͔͔͗͘͡Φ 

͙́͊ͭ͊͟͟ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͍͔͔͙͒ͤΎ ͍ͨͦͭͦͪͤ·ͻ ͔ͦͨͪ͊ͼ͙͚ 

̂;͙ͭ·͍͊Ύ ͍·͙͔ͫͦ͟ ͙͙ͪͫ͟Σ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͔ ͍͙͚͊ͪ͊ͤͭͤͦ ͙͔͚͊ͤ͊ͭͦͣ ͙ ͪͯ͋ͼ͍ͦ·͙ͣ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΣ 

͍ͨͦͭͦͪͤ·͔ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͔ͭͪ͋ͯΌͭ ͙͔͔͙ͣͤͤ͘Ύ ͚ͫͭ͊ͤ͒͊ͪͭͤͦ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͔͎͙͙ͫͭͪ͊ͭΦ ˽͔͔ͪ͗͒ ͍͔͎ͫͦΣ 

ͻ͙͎͙ͪͯͪ;͔͙͚ͫ͟ ͒ͦͫͭͯͨ ͔͒ͦ͗ͤ͡ ͋·ͭΈ ͪ͊ͫ΄͙͔ͪͤΦ ˾͔͊ͫͫ;͔͙͔ͤ ͔͚ͭ͊ͤ͟ ͼ͔͔ͫͦͦ͋ͪ͊ͤͦ͘͡ ͤ͊;͙ͤ͊ͭΈ ͍͔ͤ ͦͤ͘· 

͔ͨͪ͒·͒ͯ΅͔͎ͦ ͔ͦͨͪ͊ͼ͙͎ͦͤͤͦͦ ͨͦ͡Ύ τ ͍·΄͔ ͙͙͡ ͙͔ͤ͗ ͎ͫͭ͊ͪͦͦ ͪͯ͋ͼ͊Σ ͍ ͔͔ͨͪ͒͊͡ͻ ͔͙͔͔ͤͣͤͤͤ͘·ͻ 

͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͔͍ͫͦ͡Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͫͤ͊;͊͊͡ ͍·͔͙͒ͭ͡Έ ͔͙͔͔ͤͣͤͤͤ͘·͚ ͍ͫͭͦ͡ ͋ͯ͗͒͊͡Ό΅͔͎ͦ ͔͍ͤͪ͊ ͙͙͡ 

ͦ͋΅ͯΌ ͫͦͤͤͯΌ ͔͙͊ͪͭͪΌΣ ͊ ͔͊ͭͣ͘ ͍͙͎ͨͪͦ͒͊ͭΈͫΎ ͟ ͔͚ͨͦͪ͊͗ͤͤͦ ͔ͦͤ͘ ͍͒ͦ͡Έ ͙͍͔ͫͭͤ͘·ͻ ͙͔͙͍ͦͪͤͭͪͦΦ 

ˤ·͔͔͙͔͒ͤ͡ ͍͍͎ͦͪ͊ͭͤͦͦ͘ ͎͎ͦͪͭ͊ͤͤͦͦ ͔͍ͤͪ͊ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͍ͦͫͻͦ͒Ύ΅͙ͣΦ ˹͔͍ͪ ͙͔͙͒ͤͭͺ͙ͼ͙ͪͯΌͭ ͍ 

͙͔͚ͤ͗ͤ ͔ͭͪͭΈ͔͚ ΄͔͙Σ ͎͔͒ ͪͯ͋ͼ͍ͦ·͚ ͨͪͦͼ͔ͫͫ ͦ͋·;ͤͦ ͍·͔ͪ͊͗ͤ ͔ͣͤΈ΄͔Σ ͙ ͔͙͍ͨͪͦͫ͗͊͡Όͭ ͔͎ͦ ͻͦ͒ 

͙ͪ͊ͤ͊͟͡Έͤͦ ͒ͦ ͔ͣͫͭ͊ ͍ͻͦ͒͊ ͍ ͎ͦͪͭ͊ͤΈΦ ˸͙͙ͦ͋͊͘͡ͼ͙Ύ ͔͚ͭ͊ͤ͟ ͒ͦ͗ͤ͊͡ ͍·ͨͦͤ͡ΎͭΈͫΎ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ 

ͦͫͭͪ·ͣ ͔ͨͯͭͣ ό͙͙ͣͪͦͤͦ͗ͤ͟ͼ͙͊ͣ ͙͙͡ ͔ͨͪͼ͙͙ͦͤͤ͘·͙ͣ ͙͋ͨͦ͡Ύͪͤ·͙ͣ ͙ͨͤͼ͔͙ͭ͊ͣύ ͔͋͘ ͭͪ͊͟ͼ͙͎ͦͤͤͦͦ 

ͤ͊ͭΎ͔͙͗ͤΎΣ ͭ͊͟ ͊͟͟ ͍·ͭΎ͔͙͔͗ͤ ͔͍ͤͪ͊Σ ͊͘ͺ͙͙͍͎ͫͪͦ͊ͤͤͦͦ͟ ͍ ͪͯ͋ͼ͊ͻΣ ͍·͘·͍͔͊ͭ ͔͎ͦ ͔͙ͤͦ͋ͪ͊ͭͣͯΌ 

͔͙͊ͫͦͤͦͭͣͫ͘͟Φ 

˨͡Ύ ͍͔͙ͪͺ͙͊͟ͼ͙͙ ͦͦͦ͟͡΅͙͍͙ͭͦ͒ͤ·ͻ ͔͔͗͘͡ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͔ͭͻ͙ͤ͊͟ ͙ͻ ͔͙͎͒͊ͭͤͦͦ͟͡ 

ζ͔͔͙͍͙ͫͭͪͦ͊ͤ͟͡ΎηΦ ˽͙ͪ ͔͙͙ͦ͋ͤ͊ͪͯ͗ͤ ͫͭͪͯͭͯͪ͟·Σ ͨͦͻ͔͚ͦ͗ ͤ͊ ͦͦͦ͟͡΅͙͍͙ͭͦ͒ͤͯΌ ͔͔͗ͯ͘͡ ό͙͔ͣΌ΅͔͚ 

ͻ͔͊ͪ͊ͭͪͤ͟·͚ ͔͍͗ͭͦ͊ͭͦ͡-͙ͦͪ͟;͔͍ͤ·͚ ͼ͍͔ͭ ͙ ͒ͦ͡Έ;͔͊ͭͦ ͔͙͔ͫͭͪͦͤύΣ ͔͔ ͔͔͋ͪ͗ͤͦ ͔ͦͭ͒͡ΎΌͭ ͦͭ ͊ͨͫͯ͟͡· 

ͯ͒͊͡Ύ͔͎ͣͦͦ ͯ͊͘͡Σ ͫͦͻͪ͊ͤΎΎ ͙ͨͭ͊Ό΅ͯΌ ͙ͫͦͫͯ͒ͫͭͯΌ ͤͦ͗ͯ͟Φ ˤ ͫͯ͡;͔͊ ͍·͔͎ͤͯ͗͒ͤͤͦͦ ͤ͊ͪͯ΄͔͙ͤΎ 

͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͔͔͗͘͡· ͙͙͡ ͔͔ ͫͯ͡;͚͎͊ͤͦͦ ͔͙ͯ͒͊ͤ͡Ύ ͨͦ͊͊ͤ͊͘͟ ͔͔͔ͤͣ͒ͤͤ͊͡Ύ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙ͦͤͤ͊Ύ 

Ή͔ͫͨͪͫͫ͟-͙͙͋ͦͨͫΎ ͒͡Ύ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͫͭͪͯͭͯͪ͟· ͙ͭ͊ͤ͟ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ ͔͙ͪͣͨ͊ͤͭ͊͡ͼ͙͔͚ 
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͍͍͔͔͙͒ͤΎ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͙͔ͨͪͣͪͤͦ ͤ͊ ͙ͦ͒ͤ ͙͔ͫ͊ͤͭͣͭͪ ͔͊ͭͪ͊͡͡Έ͔͔ͤ ͎ͤ͊ͪͯ͗ͤͦͦ ͪ͊͟Ύ ͍͔͚ͫͦ͋ͫͭͤͤͦ 

͍ͫΎ͙͘͟ ͔͙ͤ͊͒ͦͤͤ͊͟͟͡ ͙ ͤ͊ ͙ͦ͒ͤ ͙͔ͫ͊ͤͭͣͭͪ ͍·΄͔ ͔͊ͭͪ͊͡͡Έ͎ͤͦͦ ͍͎ͫͯͫͭ͊ͤͦͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Φ ͔͙́ͪ͊ͭͦͪ͟Ύ 

͍͍͔͔͙͒ͤΎ ͭͪͦ͊͊ͪ͊͟ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͟ ͍ͤ ͙ͯͭͪ ͙ ͟ ͍͔ͪͻͯΣ ͍ ͫͭͦͪͦͤͯ ͔ͣ͗ͣ·΅͔͍͚ͦͦ͟͡ ͍·͔͙ͪ͘͟Φ 



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

 

 

124 

͔́͊ͦ͟ ͍͔͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔͋͗͊ͭ͘Έ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͔͔͎ͨͪ͒ͤͦ ͎ͪͦ͊ ͔͊ͭͪ͊͡͡Έ͎ͤͦͦ 

͔͙ͣͤͫ͊͟ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͍͔͙͔ͫ͒͊ͤ͡ ͙͔ͤͫͭͪͯͣͤͭ͊ ͔ͭͦͣ͡ ˥ͦͺͺ͊ τ ͔͙͍͚ͨͦ͒ͤ͊͒ͦͤͤͦͦ͟͟͡ ͙͍͚͗ͪͦͦ 

ͨͦ͒ͯ΄͚ͦ͟Σ ͦͭͦͪ͊͟Ύ ͙ͨͪ ͔͔ͤͦͪͪͭͤͦͣ͟͟ ͔ͤ͊ͦͤ͟͡ ͔ͣͦ͗ͭ ͙͍ͦ͋ͭͯͪͪͦ͊ͭΈ ͙ͦͨͭͯ͟Φ 

˽͔͔͔͔͙ͪ͒ͤͣ͒͊͡Έͤ·͚ ͨͦͪͭ ͺ͙͔ͦͪͣͪͯͭͫΎ ͙͔͙ͫͣͣͭͪ;ͤͦ ͫ ͍͔͔͚ͤͯͭͪͤͤ ͫͭͦͪͦͤ· ͦͭ ͍ͫΎ͙͘͟ 

͔͙ͤ͊͒ͦͤͤ͊͟͟͡ ͙ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͊͟͟ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͚Φ ˩͎ͦ ͔͙ͭͪ͊ͭͦͪ͟Ύ 

͙͔͙͍ͦͪͤͭͪͦ͊ͤ͊ ͔͙͔ͣ͒ͦ͊ͭͪ͊͡͡ΈͤͦΦ ˥͍͚͊ͤͦ͡ ͙͊ͤ͊ͭͦͣ;͔͚ͫͦ͟ ͦͨ͊ͫͤͦͫͭΈΌ ͙ͨͪ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 

͔͔͔͔͙ͨͪ͒ͤͣ͒͊͡Έ͎ͤͦͦ ͨͦͪͭ͊ Ύ͍͡Ύ͔ͭͫΎ ͙ͤͺ͔ͪ͊ͨ͊ͭ͡͡Ύͪͤ͊Ύ ͍͔͍ͭΈ ͎ͨͦ͒ͦ͗ͤͦͦ͟ ͔͍ͤͪ͊ όϷƴΦ \  saphenus$). 

˨͊ͤͤ·͚ ͔͍ͤͪͤ·͚ ͍ͫͭͦ͡ ͨͪͦͻ͙ͦ͒ͭ ͦͫͦ͟ ͍͔ͫͪͻͯ ͍͙ͤ͘ ͙ ͔͔͙ͨͪ͒͟ ͍ ͚ͨͦ͒ͦ͗ͤͦ͟ ͔ͭ͟͡;͔͊ͭ͟ ͔͙ͣ͒͊͡Έ͚ͤͦ 

͙ͦ͋͊ͫͭ͡ ͔ͦͤ͊͟͡Φ ˹͊ͪͯ΄͔͙͔ͤ ͔ͨͪͦ͟ͼ͙ͦͤͤ·ͻ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͙ ͙ͫ͡΄ͦͣ͟ ͙͔ͤͦ͘͟ ͙͙͡ ͔͙ͣ͒͊͡Έ͔ͤͦ ͍͍͔͔͙͔͒ͤ 

ͫ͊͟͡Έ͔ͨ͡Ύ ͍͔͔͒ͭ ͟ ͔͔͔ͨͪͫ;͔͙ͤΌ Ή͚ͭͦ ͍͔͍͙ͭΣ ;ͭͦ ͙͙ͤ͟͡;͔͙ͫ͟ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͚͙ͫͭͦͣ͟ ͔͔͙͔ͦͤͣͤͣ 

͔͔͔͔͙ͨͪ͒ͤͣ͒͊͡Έ͚ͤͦ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͎͔͙ͦͤ͡ ͙͙͡ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ ͔͔͚͋ͦͤͤͤͦ͘͡ ͔͍ͤͪͦͣ·Φ 

ˤ͔ͪͻ͙͔ͤ ͔͊ͭͪ͊͡͡Έͤ·͚ ͙ ͔͙ͣ͒͊͡Έͤ·͚ ͒ͦͫͭͯͨ· 

˨͡Ύ ͔͍͙͙͙ͪ͘ ͍͔ͪͻ͔͎ͤͦ ͍͊ͦͪͦͭ͊͘ ͔͎ͦͤͤͦͦ͟͡ ͍ͫͯͫͭ͊͊Σ ͦͼ͔͙ͤ͟ ͫͦͫͭͦΎ͙ͤΎ ͍͚ͫͯͫͭ͊ͤͦ ͍͔ͨͦͪͻ͙ͤͦͫͭ 

͔͙ͤ͊͒ͦͤͤ͊͟͟͡ ͙ ͍·͔͙ͨͦͤͤ͡Ύ ͔͊ͭͪ͊͡͡Έ͎ͤͦͦ ͔͙ͪ͊͘͡ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍͔ͪͻ͔͔ͤ͊ͭͪ͊͡͡Έͤ·͚ ͙ 

͍͔ͪͻ͔͔͙ͤͣ͒͊͡Έͤ·͚ ͨͦͪͭ·Φ ́ͦ;͙͟ ͙ͻ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔ͨͪͦͼ͙ͪͯΌͭͫΎ ͯ ͍͔ͪͻ͙ͤͻ ͎͍ͯͦ͡ ͔͙ͤ͊͒ͦͤͤ͊͟͟͡Σ ͤ͊ 

͎͙ͪ͊ͤͼ͔ ͔͔ͨͪͻͦ͒͊ ͍ ͫͯͻ͙͙͔ͦ͗͡ ;͔ͭ·͔ͪͻ͎͍͚͊ͦ͡ ͣ·΄ͼ· ͔ͨ͡;͊Φ 

ˤ͔ͪͻ͔͔ͤ͊ͭͪ͊͡͡Έͤ·͚ ͨͦͪͭ ͊͊͒͘͟͡·͍͔͊ͭͫΎ ͤ͊ ͙ͦ͒ͤ ͙͔ͫ͊ͤͭͣͭͪ ͍·΄͔ ͙ ͔͊ͭͪ͊͡͡Έ͔͔ͤ ͍͔ͪͻ͔͎ͤͦ 

ͨͦ͡Όͫ͊ ͔͙ͤ͊͒ͦͤͤ͊͟͟͡Φ ˮ͔ͤͫͭͪͯͣͤͭ ͍͙ͨͪͦͦ͒ͭͫΎ ͨͦ͒ ͎ͯͦͣ͡ ͍ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͙ͨͦͦͫͭ͡ ͍͔ͪͻ͔͎ͤͦ ͍͊ͦͪͦͭ͊͘Φ 

˿ ͙͊ͤ͊ͭͦͣ;͔͚ͫͦ͟ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ Ήͭͦͭ ͒ͦͫͭͯͨ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔͔͋ͦͨ͊ͫͤ͘Σ ͭ͊͟ ͊͟͟ ͍ Ή͚ͭͦ ͔ͦͤ͘ ͍ͦͭͫͯͭͫͭͯΌͭ 

ͪͯͨͤ͟·͔ ͫͦͫͯ͒· ͙ ͔͍ͤͪ·Σ ͦ͒ͤ͊ͦ͟ ͔͙ͭͪ͊ͭͦͪ͟Ύ ͒ͦ͗ͤ͊͡ ͎ͫͭͪͦͦ ͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡ΈͫΎΣ ;ͭͦ͋· ͔ͤ ͍͔͙ͨͦͪ͒ͭΈ 

ͫͯͻ͙ͦ͗͡Έ͔ͤͦ ͪ͊ͫͭΎ͔͙͔͗ͤ ͔͊ͭͪ͊͡͡Έ͚ͤͦ ΄͙͚ͪͦͦ͟ ͣ·΄ͼ· ͔͋͒ͪ͊Φ ˤ͔ͪͻ͔͔͙ͤͣ͒͊͡Έͤ·͚ ͨͦͪͭ ͺ͙͔ͦͪͣͪͯͭͫΎ 

͔͔ͪ͗Σ ͭ͊͟ ͊͟͟ ͔͎ͦ ͔͙ͭͪ͊ͭͦͪ͟Ύ ͨͪͦͻ͙ͦ͒ͭ ͍͙͙͋͘͡ ͙ͤͫͻͦ͒Ύ΅͔͚ ͔͚ͦͤͤͦ͟͡ ͔͙͙͊ͪͭͪ ͙ ͔͙ͣ͒͊͡Έ͎ͤͦͦ 

͔͙͍ͨͦ͒͒ͪ͗͊Ό΅͔͎ͦ ͊ͨͨ͊ͪ͊ͭ͊ ͔͙ͤ͊͒ͦͤͤ͊͟͟͡Σ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͚ͦͫͦ͋ͦ ͙ͦͫͭͦͪͦ͗ͤͦͫͭ ͒͡Ύ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ 

͎͔ͣ͊ͪͭͪͦ͊͘ ͍ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤͦͣ ͔͙͔ͨͪͦ͒Φ 

ˢ͙ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͙͔͙͙ͪͭͪ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͊͒ͤ͘ͻ ͍ͨͦͪͭ͊ͦ͡ 

˹͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͔͍͙͙͙ͪ͘ ͙͊͒ͤ͘ͻ ͔͍ͦͭ͒ͦ͡ ͔͎ͦͤͤͦͦ͟͡ ͍ͫͯͫͭ͊͊ ͍͙͔ͦͤ͊ͭ͘͟ ͙ͨͪ ͔͙͙ͯ͒͊ͤ͡ ͍ͫͦ͋ͦ͒ͤ·ͻ 

͍͙͍ͤͯͭͪͫͯͫͭ͊ͤ·ͻ ͔ͭ͡Σ ͙͍ͫͤͦΉ͙͙ͭͦͣ͟ ͙͙͡ ͙͔ͨ͊ͫͭ͟͡ ͔͚͊͒ͤ͘ ͔͚ͪͫͭͦͦ͋ͪ͊ͤͦ͘͟ ͍ͫΎ͙͘͟Φ ˭͊͒ͤΎΎ ͦ͋͊ͫͭ͡Έ 

͔͎ͦͤͤͦͦ͟͡ ͍ͫͯͫͭ͊͊Σ ͙͙͡ ͔ͨͦ͒ͦͤͤ͊͟͡Ύ Ύͣ͊͟Σ Ύ͍͡Ύ͔ͭͫΎ ͚ͦͤͦ͘ Ή͔ͫͭͪͣ͊͟͡Έ͎ͤͦͦ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͙ͪͫ͊͟ ͙͘-͊͘ 

͔͎͙͊͊ͤ͘͡Ύ ͎͙ͣ͊ͫͭͪ͊͡Έ͎ͤͦͦ ͙ͫͦͫͯ͒ͫͭͦ-͔͍͎ͤͪͤͦͦ ͨͯ;͊͟Σ ͍͟͡Ό;͊Ό΅͔͎ͦ ͔ͨͦ͒ͦͤͤͯ͟͡Ό ͔͙͊ͪͭͪΌΣ 

͔ͨͦ͒ͦͤͤͯ͟͡Ό ͍͔ͤͯ ͙ ͋ͦ͡Έ΄͔͔͋ͪͼ͍ͦ·͚ ͔͍ͤͪΦ 

˭͔͔͙͊͒ͤͣ͒͊͡Έͤ·͚ ͨͦͪͭ ͺ͙͔ͦͪͣͪͯͭͫΎ ͍ ͔͎ͭͪͯͦ͡Έ͙͔ͤ͟Σ ͎͙ͦͪ͊ͤ;͔ͤͤͦͣ ͙͊͒ͤͣ͘ ͔ͪ͊ͣ͟ ͔͙ͣ͒͊͡Έ͎ͤͦͦ 

ͣ·΅͔͊͟͡ ͔͋͒ͪ͊Σ ͫͯͻ͙͙͔ͦ͗ͣ͡ ͋ͦ͡Έ΄͚ͦ ͙͍ͨͪͦ͒Ύ΅͔͚ ͣ·΄ͼ· ͙ ͔ͪ͊ͣ͟ ͔͙ͣ͒͊͡Έ͎ͤͦͦ ͔͙ͣͤͫ͊͟Φ ˨͡Ύ 

͔͎͋ͦͨ͊ͫͤͦͦ͘ ͍͔͔͙ͨͪͦ͒ͤΎ ͙͔ͤͫͭͪͯͣͤͭ͊ ͍ͫͯͫͭ͊ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έͤͦ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͊ͨͦͤ͘͡ΎΌͭ ͙͗͒ͦͫͭ͟ΈΌΣ ;ͭͦ 

͍͔ͪ͊͒ͯ͊ͭ͘ ͊ͨͫͯͯ͟͡ ͙ ͍͙͎͔ͦͭͦ͒͊ͭ ͔ͨͦ͒ͦͤͤ͟͡·͚ ͙ͫͦͫͯ͒ͫͭ·͚ ͨͯ;ͦ͟ ͙͊͒͘͟Φ ́ͪͦ͊͊ͪ͟ ͍͍͙ͦ͒ͭͫΎ ͙ͨͪ ͎ͫͦͤͯͭͦͣ 

ͨͦ͒ ͎ͯͦͣ͡ ͔͍͒Ύͤͦͫͭͦ ͎͍ͪ͊͒ͯͫͦ ͔ͦͤͤͦͣ͟͡ ͍͔ͫͯͫͭ͊Σ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͍͙͔͙͒͗ͤΎ ͙͔ͤͫͭͪͯͣͤͭ͊ ͒ͦ͗ͤͦ͡ ͋·ͭΈ 

͎ͫͭͪͦͦ ͔ͨ͊ͪ͊͡͡͡Έͤͦ ͔͚͊͒ͤ͘ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͣ·΅͔͊͟͡ ͔͋͒ͪ͊Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͚͙ͨͪͦͭ ͔͔͙ͨͪ͒͟ ͦͭ ͫͯͻ͙͙͚ͦ͗͡ 

͔͔ͨͦͯͨͪͨͦͤ͡;͚͊ͭͦ ͙ ͔͚ͤ͗ͤͦ ͣ·΄ͼΣ ͔ͤ ͔͍͊͒͊͘Ύ ͨͦ͒ͦ͗ͤ͟·͚ ͔͍ͤͪ ͙ ͋ͦ͡Έ΄ͯΌ ͨͦ͒ͦ͗ͤͯ͟Ό ͍͔ͤͯΦ 

˭͔͔͊͒ͤ͊ͭͪ͊͡͡Έͤ·͚ ͨͦͪͭ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͔ͣ͗͒ͯ ͫͯͻ͙͙͔ͦ͗ͣ͡ ͍͎͍͚͒ͯ͊ͦ͡ ͣ·΄ͼ· 

͔͋͒ͪ͊ ͙ ͔͊ͭͪ͊͡͡Έ͚ͤͦ ͎͍͚ͦͦͦ͟͡ ͙͚ͪͦͤͦ͗ͤͦ͟ ͣ·΄ͼ·Σ ͍·΄͔ ͔͊ͭͪ͊͡͡Έ͎ͤͦͦ ͣ·΅͔͊͟͡Φ ˻͍ͫͤͦͤ·ͣ 

͙͊ͤ͊ͭͦͣ;͔͙ͫͣ͟ ͙͔͙ͦͪͤͭͪͦͣΣ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͣ ͔͙ͭͪ͊ͭͦͪ͟ΌΣ ͔͒ͫ͘Έ ͍·͔ͫͭͯͨ͊ͭ ͦ͋΅͙͚ ͔ͣ͊ͦ͋ͪ͡ͼ͍ͦ·͚ ͔͍ͤͪ 

($n. \  peroneus \  ŎƻƳƳǳƴƛǎϷύΦ ˹͔͍ͪ ͨͪͦͻ͙ͦ͒ͭ ͔͙ͣ͒͊͡Έ͔͔ͤ ͫͯͻ͙͙ͦ͗͡Ύ ͍͎͍͚͒ͯ͊ͦ͡ ͣ·΄ͼ· ͙ ͎͙͔ͦ͋͊ͭ 

͎͍ͦͦͯ͟͡ ͔ͣ͊ͦ͋ͪ͡ͼ͍͚ͦͦ ͙ͦͫͭ͟Φ ͔͙́ͪ͊ͭͦͪ͟Ύ ͔͔͊͒ͤ͊ͭͪ͊͘͡͡Έ͎ͤͦͦ ͨͦͪͭ͊ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͎ͫͭͪͦͦ 

͔͔͙ͨͪ͒͟ ͙ ͔͙ͣ͒͊͡ΈͤͦΣ ͍ ͫͭͦͪͦͤͯ ͔ͣ͗ͣ·΅͔͍͚ͦͦ͟͡ ͦͤ͘·Σ ͨͪͦͻͦ͒Ύ ͔͔͙ͨͪ͒͟ ͦͭ ͔͊ͭͪ͊͡͡Έ͚ͤͦ ͎͍͙ͦͦ͟͡ 

͙͚ͪͦͤͦ͗ͤͦ͟ ͣ·΄ͼ·Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͚͙ͦ͋ͦͭ ͦͨ͊ͫͤͯΌ ͦͤͯ͘ ͨͪͦͻ͔͙ͦ͗͒ͤΎ ͔ͣ͊ͦ͋ͪ͡ͼ͍͎ͦͦͦ ͔͍ͤͪ͊Φ 

ˣ͙͔ͦͣͻ͙͊ͤ;͔͔ͫͦ͟ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ ͍ͨͦͪͭͦ 

ˤ·͋ͦͪ ͔͙͙ͭͪ͊ͭͦͪ͟ ͨͦͪͭ͊ ͙͔͔ͣͭ ͔ͤ ͭͦ͡Έͦ͟ ͎ͭͦͨͦͪ͊ͺ͙;͔͔ͫͦ͟Σ ͤͦ ͙ ͙͔͋ͦͣͻ͙͊ͤ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ 
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˴͔ͦͤͤ͡·͚ ͍ͫͯͫͭ͊ ͺͯͤ͟ͼ͙͙͔ͦͤͪͯͭ ͊͟͟ ͫͦ͗ͤ͡·͚ ΄͙͊ͪͤͪͤ·͚ ͔ͣͻ͙͊ͤͣ͘ ͫ ͔͔͔͚ͨͪͣͤͤͦ ͦͫΈΌ ͍ͪ͊΅͔͙ͤΎΦ ˤ 

ͨͪͦͼ͔͔ͫͫ ͎͙͙ͫ͋͊ͤΎ ͙ ͎͙͙ͪ͊͋͊ͤ͘Ύ ͍͙͔͊ͣͤͦ͘ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ ͦͫͭͤ͟·ͻ ͍·͍ͫͭͯͨͦ ͙ ͤ͊ͭΎ͔͙͔͗ͤ ͊ͨͫͯ͟͡· 

ͫͯ΅͔͍͔ͫͭͤͤͦ ͔ͣͤΎΌͭͫΎΦ 

˽͍͔͔͙͔ͪͦ͒ͤ ͍ͨͦͪͭͦ ͙ͨͪ ͎ͪ͊ͦͤͯͭͦͣ͘ ͍͔ͫͯͫͭ͊ ͔ͫͯ͗͊ͭ ͍ͫͯͫͭ͊ͤͯΌ ΅͔͡ΈΣ ͍͔͙ͯ͡;͙͍͊Ύ ͙ͪͫ͟ 

͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͻͪΎ΅͔͍͎ͦͦ ͍ͨͦͪͦ͊͟ ͣ·΅͔͍ͦ͟͡ ͔ͤ͊ͦͤ͟;͙ͤͦͣ͟ ͭͪͦ͊͊ͪ͊͟Φ ˹͙͍͊ͨͪͦͭΣ 

͎͙͙͔ͫ͋͊ͤ ͍ͫͯͫͭ͊͊ ͒ͦ ͎ͯ͊͡ ͍ ͔͍͒Ύͤͦͫͭͦ ͎͍ͪ͊͒ͯͫͦ ͦͭͪ͟·͍͔͊ͭ ͒ͦͫͭͯͨ ͟ ͙͊͒ͤͣ͘ ͔ͦͭ͒͊ͣ͡ ͙ ͔ͫͣ΅͔͊ͭ 

͔ͨͦ͒ͦͤͤ͟͡·͚ ͙ͫͦͫͯ͒ͫͭ·͚ ͨͯ;ͦ͟ ͙͊͒͘͟ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͙͙͔͍ͣͣͭͪͦ͡͡Σ ͍͔͙ͯ͡;͙͍͊Ύ ͭ͊͟ ͤ͊͘·͍͔͊ͣ·͚ 

͙͊ͤ͊ͭͦͣ;͔͙͚ͫ͟ ͙ͦͪ͒ͦͪ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ ͙͎̆ͪͯͪ ͔͒ͦ͗ͤ͡ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ ͙͔ͣͤ͘ΎͭΈ ͔͙͔ͨͦͦ͗ͤ͡ ͔ͦͤ͟;͙ͤͦͫͭ 

ͤ͊ ͪ͊ͤ͘·ͻ Ήͭ͊ͨ͊ͻ ͔ͦͨͪ͊ͼ͙͙ ͒͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔͙͙ͭͪ͊ͭͦͪ͟ ͎͊͗͒ͦͦ͟ ͨͦͪͭ͊Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˢ͙ͤ͊ͭͦͣ;͔͙ͫ͟ ͍ͦ͋ͦͫͤͦ͊ͤͤ·͚ ͍·͋ͦͪ ͔͙͚ͭͪ͊ͭͦͪ͟ ͙ ͭͦ;͔͟ ͍͍͔͔͙͒ͤΎ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͍ͨͦͪͭͦ 

Ύ͍͡Ύ͔ͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣ ͍͙͔ͯͫͦͣ͡ ͔ͯͫͨ΄͎ͤͦͦ ͍·͔͙ͨͦͤͤ͡Ύ ͙͙͊ͪͭͪͦͫͦͨ͟ ͔͎ͦͤͤͦͦ͟͡ ͍ͫͯͫͭ͊͊Φ ͔͔̉ͭͦ͟ 

͙ͨͦ͘ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͔͔͙ͨͪ͒ͤͻ ͍ͨͦͪͭ͊ͦ͡ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͍͔͚ͫͦ͋ͫͭͤͤͦ ͍ͫΎ͙͘͟ ͔͙ͤ͊͒ͦͤͤ͊͟͟͡ ͙ ͍͚ͫͯͫͭ͊ͤͦ 

΅͔͙͡ ͋ͦ͡Έ΄͔͔͋ͪͼ͍͚ͦͦ ͙ͦͫͭ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔͋͗͊ͭ͘Έ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͙͍ͣͤͫͦ͟ ͙ ͨͦ͒ͦ͗ͤ͟·ͻ ͔͍ͤͪͤ·ͻ 

͍͔͍͔͚ͭΦ ͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͫͦ͗ͤ͡·ͻ ͙͊͒ͤ͘ͻ ͍͒ͦͫͭͯͨͦ ͔͔ͭͪ͋ͯͭ ͎͎ͫͭͪͦͦͦ ͫͦ͋͡Ό͔͙͒ͤΎ ͙ͦͦͪ͒ͤ͊ͭͤ͟·ͻ 

͙͔͙͍ͦͪͤͭͪͦ ͙ ͔͙ͨͦͦ͗ͤ͡Ύ ͎͙͙ͫ͋͊ͤΎ ͔ͦͤ͟;͙ͤͦͫͭ ͒͡Ύ ͊͘΅͙ͭ· ͎͙ͣ͊ͫͭͪ͊͡Έͤ·ͻ ͍ͫͦͫͯ͒ͦ ͔͚ͨͦ͒ͦͤͤͦ͟͡ Ύ͙ͣ͟Φ  

 ˿ ͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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cruciate ligament // Acta Orthopaedica Scandinavica. τ 1978. τ Vol. 49, No. 4. τ P. 387ς392. 

ϭ ˢ͔͙͔͍͊͋ͪ͒͊͡͡ ˨͗ΦˣΦ, 2026 

 

 

 

 

       ˢ͍ͣ͊ͤͦ͊ ˿ ͔͙͋͡Σ  

˭͍͔͊͒ͯΌ΅͙͚ ͊͟ͺ͔͚͒ͪͦ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ Ή͎͙͙ͦͦ͟͡ ͙ ͎͙͎͙͔ͤ·Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˥ˮ˥ˮ˩˹ˮ̉˩˿˴ˮ˩ ˮ ̅ˮ˭ˮ˻˶˻˥ˮ̉˩˿˴ˮ˩ ˢ˿˽˩˴́̍ ˽˾ˢˤˮ˶ ˹˻̊˩˹ˮ̒ ˻˨˩ˬ˨̍ ˤ ˶˩́˹ˮ˯ ˽˩˾ˮ˻˨ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͍͙ͨͪ͊͊͡ ͍·͋ͦͪ͊ ͙ ͤͦ΄͔͙ͤΎ ͔ͦ͒͗͒· ͍ ͔͔͔ͭͤ͡ ͍͔ͪͣΎ 

͎ͦ͒͊ ͫ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͎͙͎͙͔ͤ·Σ ͺ͙͙͎͙͙ͦͦ͘͡ ͙ ͔͎͙͙͒ͪͣ͊ͭͦͦ͡Φ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͙͔ͭ͊͟ ͺ͊ͭͦͪ͟·Σ ͊͟͟ 

͔͍ͭͨͦͨͪͦͦ͒ͤͦͫͭ͡ΈΣ ͍ͦ͒ͯ͘ͻ͙ͦͨͪͦͤͼ͔͊ͣͦͫͭΈΣ ͍͎͍͊ͦͦͭͦ͒͡Ύ΅͙͔ ͍͚͍ͫͦͫͭ͊ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͊ ͔ͭ͊͗͟ ͍͙͡Ύ͙͔ͤ 

ͼ͍͔ͭ͊ ͙ ͨͦͪͦ͟Ύ ͔ͦ͒͗͒· ͤ͊ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙Ό ͎͙ͦͪ͊ͤͣ͊͘Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ 

͔͔͎͔͍ͨͪͪ͊Σ ͔ͫͦͤ͡;ͤ·ͻ ͎͍ͦ͗ͦͦ ͙ ͦ͗ͤ͟·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˹͊ ͍͔ͦͫͤͦ ͍͔͔ͫͦͪͣͤͤ·ͻ ͤ͊ͯ;ͤ·ͻ ͒͊ͤͤ·ͻ 

ͺ͙ͦͪͣͯͪͯ͡ΌͭͫΎ ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͨͦ͒͋ͦͪͯ ͔͔͎ͭͤͦ͡ ͎͔͊ͪ͒ͪͦ͋͊ ͒͡Ύ ͪ͊ͤ͘·ͻ ͍ͦͪ͊ͫͭͤ͘·ͻ 

͎ͪͯͨͨ ͙ ͍͔͚ͯͪͦͤ ͺ͙͙͘;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟Φ 
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˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔ͭͤ͡ΎΎ ͔ͦ͒͗͒͊Σ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙ΎΣ ͎͙͎͙͔ͤ͊ ͔ͦ͒͗͒·Σ ͤ͊ͭͯͪ͊͡Έͤ·͔ ͙ͭ͊ͤ͟Σ ͊͘΅͙ͭ͊ ͦͭ ͯ͡Έͭͪ͊ͺ͙͔ͦͭ͊͡Σ 

͍ͦ͒ͯ͘ͻ͙ͦͨͪͦͤͼ͔͊ͣͦͫͭΈΣ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͔͔͎͔͍ͨͪͪ͊Σ ͻͦͨͦ͟͡Σ ͖ͤ͡Σ ͍͎͍͔͔͙͔͊ͦͦͭ͒ͤ͡Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˶͔͙͚ͭͤ ͔͙ͨͪͦ͒ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍·͙͙ͫͦͣ͟ ͔͔͙ͭͣͨͪ͊ͭͯͪ͊ͣ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Σ ͙͔͙͍͚ͤͭͤͫͤͦ 

͔ͫͦͤ͡;͚ͤͦ ͙ͪ͊͒͊ͼ͙͔͚ ͙ ͍ͨͦ·΄͔ͤͤ·ͣ ͔͔͙͔ͨͦͭͦͦͭ͒ͤͣ͡Φ ˤ Ή͙ͭͻ ͍͙ͯͫͦ͡Ύͻ ͔ͦ͒͗͒͊ ͔͔͖ͨͪͫͭ͊ͭ ͋·ͭΈ ͭͦ͡Έͦ͟ 

͔͍ͫͪ͒ͫͭͦͣ ͊͘΅͙ͭ· ͦͭ ͍͔ͤ΄͙ͤͻ ͺ͍͊ͭͦͪͦ͟ ͙ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͟͡Ό;͔͍͔ͦ ͤ͊͘;͔͙͔ͤ ͍ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͔͍͎ͭͨͦͦͦ͡ 

͋͊͊ͤͫ͊͡ ͎͙ͦͪ͊ͤͣ͊͘Φ ˹͔͍͙ͨͪ͊͡Έͤ·͚ ͍·͋ͦͪ ͔ͦ͒͗͒· ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͔͔͎͔͍ͨͪͪͯ ό͎͙͔͔͙͙ͨͪͭͪͣύΣ 

͔͍ͭͨͦͦͣͯ͡ ͯ͒͊ͪͯΣ ͔͙ͦ͋ͦͫͭͪͤΌ ͦ͗ͤ͟·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ ͙͔͙ͫͤ͗ͤΌ ͙ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭΦ ͔̇͡Έ ͚͒͊ͤͤͦ 

ͪ͊͋ͦͭ· τ ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͭ͘Έ ͤ͊ͯ;ͤͦ ͍ͦ͋ͦͫͤͦ͊ͤͤ·͔ ͍͙ͨͪ͊͊͡ ͤͦ΄͔͙ͤΎ ͔ͦ͒͗͒· ͔ͭͦͣ͡Φ 

мΦ ͙͙͎͙̅ͦͦ͘͡;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͍·͋ͦͪ͊ ͔͔͚ͭͤ͡ ͔ͦ͒͗͒· 

͔͔͎́ͪͣͦͪͯ͡Ύͼ͙Ύ ;͔͍͔ͦ͊͟͡ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͍ ͍ͦͫͤͦͤͦͣ ;͔͔ͪ͘ ͦ͗ͯ͟Φ ˽͙ͪ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͍ͦ͒ͯ͘ͻ͊ 

͍·΄͔ нрϲ/ ͍ͦͫͤͦͤ·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘ ͦͻ͔͙͊͗͒ͤ͡Ύ ͍͙ͫͭ͊ͤͦͭͫΎ ͙͔͙͔ͫͨ͊ͪͤ ͨͦͭ͊Φ ˻͔͒͗͒͊ ͔ͤ ͒ͦ͗ͤ͊͡ 

͔ͨͪͨΎ͍͍ͭͫͭͦ͊ͭΈ Ήͭͦͣͯ ͨͪͦͼ͔ͫͫͯΦ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͔͙ͣ͊ͭͪ͊͡· ͫ ͙͚ͤͦ͘͟ 

͍ͦ͒ͯ͘ͻ͙ͦͨͪͦͤͼ͔͊ͣͦͫͭΈΌ ό͙͔ͤ͊ͨͪͣͪΣ ͙͔͙ͫͤͭͭ;͔͙͔ͫ͟ ͙ͭ͊ͤ͟ ͫͨͦ͡΄͎ͤͦͦ ͔͔͙ͨͭͤ͡Ύύ ͎ͣͦͯͭ ͍͔͙ͯ͡;͙͍͊ͭΈ 

͍͊͗ͤͦͫͭ͡Έ ͨͦ͒ ͔͚ͦ͒͗͒ͦ ͒ͦ улςфл҈Σ ;ͭͦ ͤ͊ͪͯ΄͔͊ͭ ͙͔͙͔ͫͨ͊ͪͤ ͙ ͍ͨͦ·΄͔͊ͭ ͙ͪͫ͟ ͔͔͎͔͍ͨͪͪ͊Φ 

˴͡Ό;͔͍·͔ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͔͔͚ͭͤ͡ ͙ͭ͊ͤ͟Υ 

¶ ˤ·ͫͦ͊͟Ύ ͍ͦ͒ͯ͘ͻ͙ͦͨͪͦͤͼ͔͊ͣͦͫͭΈ ό͔ͤ ͔͔͔ͣͤ мллςнлл ͒ͣшκͣчͫύΦ 

¶ ̆ͦͪͦ΄͊Ύ ͎͙͎͙ͪͦͫͦͨ͟;ͤͦͫͭΈ όͫͨͦͫͦ͋ͤͦͫͭΈ ͍͙ͨͭ·͍͊ͭΈ ͍͎͊ͯ͡ύΦ 

¶ ˣ·ͫͭͪ͊Ύ ͦͭ͒͊;͊ ͍͎͙͊͡ ͍ͦ ͍͔ͤ΄ͤΌΌ ͔ͫͪ͒ͯΦ 

нΦ ˻͙ͨͭͣ͊͡Έͤ·͔ ͔͙ͣ͊ͭͪ͊͡· ͒͡Ύ ͔͔͚ͭͤ͡ ͔ͦ͒͗͒· 

˿͍͔͔ͦͪͣͤͤ·͔ ͎͙͎͙͔͙ͤ;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͍·͔͒͡ΎΌͭ ͔ͫ͒ͯ͡Ό΅͙͔ ͙͔͔ͤ͊͋ͦ͡ ͨͦ͒ͻͦ͒Ύ΅͙͔ ͙ͭ͊ͤ͟Υ 

мΦ ̆ͦͨͦ͟͡ ς ͍ ·ͫͦ͊͟Ύ ͍ͦ͒ͯ͘ͻ͙ͦͨͪͦͤͼ͔͊ͣͦͫͭΈΣ ͣΎ͎ͦͫͭ͟ΈΣ ͎͙͔͎͔ͨͦ͊ͪͤͤͦͫͭ͡͡ΈΦ ˹͔͒ͦͫͭ͊ͭͦ͟Υ 

͔͔ͣ͒ͤͤͦ͡ ͍·ͫ·ͻ͔͊ͭΦ 

нΦ ˶͖ͤ ς ͡ ͯ;΄͊Ύ ͔͍ͭͨͦͨͪͦͦ͒ͤͦͫͭ͡Έ ͙ ͍͔͙ͤͭ͡Ύͼ͙ΎΣ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έͤ·͔ ͍͚͍ͫͦͫͭ͊Φ ˿͙͔ͤ͗͊ͭ 

͔͔͙͔ͨͦͭͦͦͭ͒ͤ͡ ͤ͊ млςмр҈ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͻͦͨͦͣ͟͡Φ 

оΦ ͔̊ͪͫͭΈ ό͔͙ͣͪͤͦͫΣ ͭͦͤ͊͟Ύύ ς ͍ ͔͙ͦͨͪ͟ ͔͔͙ͫͭͪͦͭͨ͊ͣΣ ͭͦͤ͊͟Ύ ΄͔ͪͫͭΈ ͻͦͪͦ΄ͦ ͍͙ͦͭͦ͒ͭ ͍͎͊ͯ͡ ͙ 

ͨͦ͒ͻ͙ͦ͒ͭ ͒͡Ύ ͎͗͊ͪͦͦ͟ ͫͯͻ͎ͦͦ ͙ͣ͊ͭ͊͟͡Φ 

пΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͙ͭ͊ͤ͟ ό/ƻƻƭƳŀȄΣ 5ǊƛπCƛǘ ͙ ͒ͪΦύ ς ͫ ͦ͒͊ͤ͘· ͔ͫͨͼ͙͊͡Έͤͦ ͒͡Ύ 

͙͍͎͊ͭͤͦͦ͟ ͔͔͙ͨͦͭͦͦͭ͒ͤ͡ΎΤ ͋·ͫͭͪͦ ͍ͦͭͦ͒Ύͭ ͍͎͊ͯ͡ ͦͭ ͔ͭ͊͡Φ 

˹͔ ͔͔͔ͪͦͣͤ͒ͯͭͫ͟ΎΥ ͨ ͙ͦ͡Ή͔ͫͭͪΣ ͔͚ͤͦͤ͡Σ ͙͊ͪ͟͡ ͍ ;͙ͫͭͦͣ ͍͙͔͒ ό͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͍·΄͔ 

олϲ/ύΣ ͭ͊͟ ͊͟͟ ͙ͦͤ ͫͦ͒͊͘Όͭ ζ͙͍ͨ͊ͪͤͦ͟·͚ Ήͺͺ͔ͭ͟ηΦ 

оΦ ˤ͙͡Ύ͙͔ͤ ͼ͍͔ͭ͊ ͙ ͨͦͪͦ͟Ύ 

͍͔̇ͭ ͔ͦ͒͗͒· ͍͙͡Ύ͔ͭ ͤ͊ ͔͙͔ͦͭͪ͊͗ͤ ͔ͫͦͤ͡;͚ͤͦ ͙ͪ͊͒͊ͼ͙͙Υ 

¶ ˣ͔͡·͚ ͙ ͍͔ͫͭ͡·͔ ͭͦͤ͊ ͦͭͪ͊͗͊Όͭ ͒ͦ улςфл҈ ͙ͤͺ͎ͪ͊ͪ͊ͫͤͦͦ͟ ͙ ͯ͡Έͭͪ͊ͺ͙͔͍͎ͦͭͦͦͦ͡ ͙ͯ͘͡;͔͙ͤΎΦ 

¶ ͖̉ͪͤ·͚ ͙ ͖ͭͣͤ·͔ ͼ͍͔ͭ͊ ͎ͣͦͯͭ ͎ͨͦͦ͡΅͊ͭΈ ͒ͦ фл҈ ͔ͭͨ͊͡Σ ͍ͨͦ·΄͊Ύ ͔͔ͭͣͨͪ͊ͭͯͪͯ ͙ͭ͊ͤ͟ ͤ͊ мрςнлϲ/Φ 

̉ͭͦ ͔͊ͫ͊ͭͫ͟Ύ ͨͦͪͦ͟ΎΣ ͍ͫͦ͋ͦ͒ͤ͊Ύ ͔ͦ͒͗͒͊ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔͍͔ͫͭͫͭͤͤͯΌ ͍͔͙ͤͭ͡Ύͼ͙Ό ό͍͔ͦͤ͟͟ͼ͙Όύ 

͍ͦ͒ͯ͘ͻ͊ ͔ͣ͗͒ͯ ͭ͊ͤ͟ΈΌ ͙ ͔͚ͦ͗͟Φ ˻͔͎͋͊͡Ό΅͙͔ ͙͔͙ͫͤͭͭ;͔͙͔ͫ͟ ͙͔͙͒͘͡ΎΣ ͙͍ͤ͊ͨͪͦͭΣ ͤ͊ͪͯ΄͊Όͭ 

͔͔ͭͨͦͦ͋ͣͤ͡Φ 

пΦ ˭͊΅͙ͭ͊ ͦͭ ͯ͡Έͭͪ͊ͺ͙͔ͦͭ͊͡ ό¦tCπͅ ͊ͭͦͪ͟ύ 

˨͡Ύ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͔ͨͪ͋·͍͙͊ͤΎ ͤ͊ ͫͦͤ͡ͼ͔ ͔͔͔ͪͦͣͤ͒ͯͭͫ͟Ύ ͔ͦ͒͗͒͊ ͫ ¦tC олςрлҌΦ ̏ͭͦ ͎ͣͦͯͭ ͋·ͭΈ 

͔ͫͨͼ͙͊͡Έͤ·͔ ͙ͭ͊ͤ͟ ό͙͔ͤ͊ͨͪͣͪΣ ͫ ͍͔͙͔͒ͦ͋͊ͤͣ͡ ͙͙͒ͦͫ͒͊͟ ͙ͭͭ͊ͤ͊ύ ͙͙͡ ͔ͨͦͭͤͦ͡ ͔͔͙͔ͨͭͤ͡ ͙͘ ͤ͊ͭͯͪ͊͡Έͤ·ͻ 

͍ͦͦͦͤ͟͡Φ ˨͔͊͗ ͦ͋·;ͤ͊Ύ ͔͋͊͡Ύ ͻ͍ͦͨͦ͊͟͡Ύ ͺͯͭ͋ͦ͊͟͡ ͙͔͔ͣͭ ¦tC ͦͦͦ͟͡ рςмлΣ ;ͭͦ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦ ͒͡Ύ ͙͗͊ͪ͟ͻ 

ͫͭͪ͊ͤΦ 
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рΦ ˻ͫͦ͋·͔ ͙ͫͭͯ͊ͼ͙͙ ͙ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ 

¶ ˨͡Ύ ͔͔͚͒ͭΥ ͨ ͔ͪ͒ͨͦ;͙͔ͭͭ͡Έͤ· ͍͔ͫͭ͡·͔Σ ͍ͫͦ͋ͦ͒ͤ·͔ ͻͦͨ͡;͊ͭͦ͋ͯͣ͊͗ͤ·͔ ͔ͦͣͨͭ͟͟͡· ͫ ͎͍ͦͦͤ͡·ͣ 

ͯ͋ͦͪͦͣΦ ˸͔ͤΎͭΈ ͙ͨͪ ͙͙ͤ͊ͣͦ͊ͤ͟ ͊͗͒͟·͔ нςо ;͊ͫ͊Φ 

¶ ˨͡Ύ ͙ͨͦ͗͡·ͻ ͡Ό͔͚͒Υ ͙ ͔͎͋͊ͭ͘Έ ͙͔͙͙ͫͤͭͭ͟ ͙͘π͘ ͊ ͙͔͙ͫͤ͗ͤΎ ͺͯͤ͟ͼ͙͙ ͍ͨͦͭͦ·ͻ ͔͖͗͘͡ ͙ ͙ͪͫ͊͟ 

ͤ͊ͪͯ΄͔͙ͤΎ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙Φ 

¶ ˽͙ͪ ͺ͙͙͘;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟ όͫͨͦͪͭΣ ͪ͊͋ͦͭ͊ ͤ͊ ͙ͯ͡ͼ͔ύΥ ͙ ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͍͒ͯͻ͚ͫͦͤ͡·͔ ͙͔ͫͫͭͣ·Υ 

͍͔͙͚ͤͯͭͪͤͤ ͚ͫͦ͡ ς ͍ ͎͍͊ͦͦͭͦ͒͡Ύ΅͙͚ ό͔͙ͣͪͤͦͫ ͙͙͡ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ͙ͨͦ͡Ή͔ͫͭͪύΣ ͍͔ͤ΄͙͚ͤ ς ͫ ͍͔ͭ͡·͚Σ 

͍ͫͦ͋ͦ͒ͤ·͚Σ ͊͘΅͙΅͊Ό΅͙͚ ͦͭ ͫͦͤ͡ͼ͊Φ 

¶ ˥͍ͦͦͤ͡·͔ ͯ͋ͦͪ· ͙ ͔͊ͫͫͫͯ͊ͪ͟·Υ ͟ ͔ͨ͊͟ ͙͙͡ ͨ͊ͤ͊ͣ͊ ͫ ΄͙͙͙ͪͦͣ͟ ͨͦ͡Ύ͙ͣ ͙͔ͫͤ͗͊ͭ ͔͍ͭͨͦͯ͡Ό 

͎ͤ͊ͪͯͯ͘͟ ͤ͊ ͎͍ͦͦͯ͡ ͤ͊ нлςол҈Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͍͙ͪ͊͡Έͤ·͚ ͍·͋ͦͪ ͔͔͚ͭͤ͡ ͔ͦ͒͗͒· τ Ήͭͦ ͔ͤ ͍ͦͨͪͦͫ Ή͔͙͙ͫͭͭ͟Σ ͊ ͔͙ͣ͒ͼ͙ͤͫͦ͟π͎ ͙͎͙͔͙ͤ;͔ͫ͊͟Ύ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΦ ˻͍ͫͤͦͤ·͔ ͍͙ͨͪ͊͊͡ ͍͟͡Ό;͊ΌͭΥ 

мΦ ˽͙͙͔ͪͦͪͭͭ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ͙͙͡ ͔ͫͨͼ͙͊͡Έͤ·ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͔͚ͭ͊ͤ͟Φ 

нΦ ˿͍ͦ͋ͦ͒ͤ·͚ ͚ͨͦͪͦ͟Φ 

оΦ ˿͍͔ͭ͡·͔ ͭͦͤ͊Φ 

пΦ ˹͙͊͡;͙͔ ͊͘΅͙ͭ· ͦͭ ͯ͡Έͭͪ͊ͺ͙͔ͦͭ͊͡ ͙ͨͪ ͙͔͒ͭ͡͡Έͤͦͣ ͔ͨͪ͋·͍͙͙͊ͤ ͤ͊ ͫͦͤ͡ͼ͔Φ 

рΦ ˾͔͎ͯ͡Ύͪͤ͊Ύ ͔ͫͣͤ͊ ͔ͦ͒͗͒· ͙ͨͪ ͙ͫ͡Έͤͦͣ ͔͔͙͙ͨͦͭͦͦͭ͒ͤ͡Φ 

˿ͦ͋͡Ό͔͙͔͒ͤ Ή͙ͭͻ ͍͙ͨͪ͊͡ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͎͙͔͔͙͙ͨͪͭͪͣΣ ͔͍͎ͭͨͦͦͦ͡ ͯ͒͊ͪ͊ ͙ ͦ͗ͤ͟·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͊ 

͔ͭ͊͗͟ ͍ͨͦ·΄͔͊ͭ ͦͣ͟ͺͦͪͭ ͙ ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭΈ ͍ ͗͊ͪͯ͟Ό ͎ͨͦͦ͒ͯΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˢ͒ͦΣ ˤΦ˶Φ ˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙Φ ς ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмуΦ ς омн ͫΦ 

нΦ ˴͔͖͍ͦͪͦͫͭ͡Σ ˹Φ ˣΦ ˥͙͎͙͔ͤ͊ ͔ͦ͒͗͒· ͙ ͍͙ͦ͋ͯΦ ς ˿˽͋ΦΥ ˥͙ͨͨͦͪ͊ͭ͟Σ нлнлΦ ς нрс ͫΦ 

оΦ ˮ͍͍͊ͤͦ͊Σ ˩Φ ˥ΦΣ ˿͙͍ͣͪͤͦΣ ˨Φ ˤΦ ͔͙́ͫͭ͟͡Έͤ·͔ ͔͙ͣ͊ͭͪ͊͡· ͙ ͍͒ͦͪͦ͘Έ͔ ;͔͍͔ͦ͊͟͡Φ ς ˸ΦΥ ˶͔͎ͨͪͦͣ͋·͙ͭ͒͊ͭ͘Σ 

нлмфΦ ς мфу ͫΦ 

пΦ ˤ˻˭ όˤ͔͙ͫͣͪͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎύΦ ˭͊΅͙ͭ͊ ͦͭ ͯ͡Έͭͪ͊ͺ͙͔͍͎ͦͭͦͦͦ͡ ͙ͯ͘͡;͔͙ͤΎΦ 

ˬ͔͔͍͙͚ͤͫ͟ ͒ͦ͊͒͟͡Σ нлнмΦ ς уу ͫΦ 

рΦ ˹͙͙͙ͭͤ͊͟Σ ˶Φ ˢΦ ˨͔ͭͫ͊͟Ύ ͎͙͎͙͔ͤ͊ ͙ ͺ͙͙͎͙ͦͦ͘͡ΎΦ ς ˸ΦΥ ˢ͔͙͊͒ͣ͟ΎΣ нлннΦ ς нлп ͫΦ 

сΦ ˥˻˿́ омплсπнлму ζ˻͔͒͗͒͊ ͒͡Ύ ͊͘΅͙ͭ· ͦͭ ͔͍͎ͭͨͦͦͦ͡ ͙ͯ͘͡;͔͙ͤΎΦ ˻͋΅͙͔ ͔ͭͻ͙ͤ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡ΎηΦ 

ϭ s͍ͣ͊ͤͦ͊ ˿ΦΣ  нлнс 

 

 

 

 

̂˨˴ сммΦфтн 

ˢ͍ͭ͊͒͗͊ͤͦ͊ ˥ͯ͡Έ͒͗͊ͤ ˨ͯͪ͒·͔͍ͤ͊ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ζˢ͙͙ͤ͊ͭͦͣ ;͔͍͔ͦ͊͟͡Σ  

͎ͭͦͨͦͪ͊ͺ͙;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣ ͙ ͔͙͍͚ͦͨͪ͊ͭͤͦ ͻ͙͎͙͙ͪͯͪηΣ  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ˢ΄ͻ͊͋͊͒ 

 

ˢ˹ˢ́˻˸˻-́˻˽˻˥˾ˢ̅ˮ̉˩˿˴˻˩ ˻ˣ˻˿˹˻ˤˢ˹ˮ˩ ζˣ˩˭˻˽ˢ˿˹̍̆ ˭˻˹η ˨˶̒ ˽˾˻ˤ˩˨˩˹ˮ̒ ˿˽ˮ̇ 

 ˮ  ˤˮ˹́˻ˤ ˽˾ˮ ˻˽˩˾ˢ́ˮˤ˹˻˯ ̅ˮ˴˿ˢ̇ˮˮ ˽˩˾˩˶˻˸˻ˤ ˽˶˩̉˩ˤ˻˯ ˴˻˿́ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͊ͤ͊ͭͦͣͦ-͎ͭͦͨͦͪ͊ͺ͙;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ζ͔͋ͦͨ͊ͫͤ͘·ͻ ͦͤ͘η 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η ˹ˢ̂̉˹˻-ˮ˭˨ˢ́˩˶̎˿˴ˮ˯ ̇˩˹́˾ ζˢ̏́˩˾˹ˢη 
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ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͔ͨ͡;͔͍͚ͦ ͙ͦͫͭ͟ ͒͡Ύ ͍͔͔͙ͨͪͦ͒ͤΎ ͙ͫͨͼ ͙ ͍͙͍ͤͭͦ ͙ͨͪ ͍·͔͙͙ͨͦͤͤ͡ ;͔͎ͪͫͦͫͭͤͦͦ͟ 

͔͙͔ͦͫͭͦͫͤͭ͊͘ ͙ ͍͔͔͚ͤͯͭͪͤͤ ͺ͙ͫ͊͟ͼ͙͙ ͔͔͍ͨͪͦͣͦ͡Φ ˹͊ ͍͔ͦͫͤͦ ͔͒ͭ͊͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ ͎ͭͦͨͦͪ͊ͺ͙͙ 

͙ͫͦͫͯ͒ͫͭͦ-͔͍ͤͪͤ·ͻ ͨͯ;͍ͦ͟ τ ͍ ;͙͊ͫͭͤͦͫͭΣ ͯ͡;͔͍͎ͦͦΣ ͨͦ͒ͣ·΄͔;͎ͤͦͦΣ ͔͍͎ͦͭͦͦ͟͡ ͙ ͣ·΄͔;ͤͦ-͎ͦ͗ͤͦͦ͟ 

͔͍͍ͤͪͦΣ ͊ ͔ͭ͊͗͟ ͎͚ͯ͋ͦͦ͟͡ ͔͙͙͊ͪͭͪ ͔ͨ͡;͊ τ ͍·͔͔͒ͤ͡· ͙ ͙ͦͨͫ͊ͤ· ͙ͦͨͭͣ͊͡Έͤ·͔ ͙͊ͤ͊ͭͦͣ;͔͙͔ͫ͟ 

͙ͦͪ͒ͦͪ͟· ͒͡Ύ ͍͍͔͔͙͒ͤΎ ͺ͙͍ͫ͊ͭͦͪͦ͟ ͍ ͙ͨͪͦͫͣ͊͟͡ΈͤͦͣΣ ͔͔ͫͪ͒ͤͣ ͙ ͙͒ͫͭ͊͡Έͤͦͣ ͔ͦͭ͒͊͡ͻ ͔ͨ͡;͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͨ͡ ͔;͔͍͊Ύ ͦͫͭ͟ΈΣ ͊ͤ͊ͭͦͣͦ-͎ͭͦͨͦͪ͊ͺ͙;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͫͤͦ͊ͤΣ  

͔͋ͦͨ͊ͫͤ͘·͔ ͦͤ͘·Σ ͔͙͔ͦͫͭͦͫͤͭ͘Σ ͯ͡;͔͍͚ͦ ͔͍ͤͪΦ 

 

˽͔͡;͔͍͊Ύ ͦ͋͊ͫͭ͡Έ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍·͚ͫͦͦ͟ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͔͚ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ 

ͫͭͪͯͭͯͪ͟Σ ͊͘͟͡Ό;͔ͤͤ·ͻ ͍ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔ͤ͋ͦ͡Έ΄ͦͣ ͦ͋Ά͔͔ͣ ͣΎ͎͙͟ͻ ͔͚ͭ͊ͤ͟Φ ˽͙ͪ ͔͔ͨͪͦͣ͊͡ͻ ͔ͨ͡;͔͍͚ͦ 

͙ͦͫͭ͟ ͻ͙͎͙ͪͯͪ;͔͔ͫͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭͦ ;͊ͫͭͦ Ύ͍͡Ύ͔ͭͫΎ ͔͙͍͔͒ͤͫͭͤͤ·ͣ ͫͨͦͫͦ͋ͦͣ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ 

͙͊ͤ͊ͭͦͣ;͔͚ͫͦ͟ ͼ͔͙ͦͫͭͤͦͫͭ͡ ͔ͦͤ͟;͙ͤͦͫͭ ͙ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍͙͚ͯͫͦ͡ ͒͡Ύ ͔͔ ͔͚ͪ͊ͤͤ ͺͯͤ͟ͼ͙͙Φ ˻͒ͤ͊ͦ͟ 

͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͔͍ͣͤͭͦ͡ ͺ͙ͫ͊͟ͼ͙͙Σ ͙ͭ͊͟ͻ ͊͟͟ ͙ͫͨͼ· ͍͊ͨͨ͊ͪ͊ͭͦ ͍͔ͤ΄͔͚ͤ ͺ͙ͫ͊͟ͼ͙͙Σ ͔͙ͫͭͪ͗ͤ-͔ͫ͊ͣͦͪ͘· 

͙͙͡ ͙͋ͦͪͯ͟͡Ό΅͙͔ ͍͙ͤͭ· ͙͔ͤͭͪ͊ͣ͒ͯ͡͡Ύͪͤ·ͻ ͔͔͚ͫͭͪ͗ͤΣ ͙ͭ͊ͭ ͍ ͔͔ͫ͋ ͫͪ͟·ͭͯΌ ͦͨ͊ͫͤͦͫͭΈ Ύ͎͔ͭͪͦͤͤ·ͻ 

͔͙͚ͦͫͦ͗ͤͤ͡Φ ˹͔͍͎͙ͪͦͦ͡;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎΣ ͍·͍͊ͤͤ͘·͔ ͔ͣͻ͙͊ͤ;͔͙ͫͣ͟ ͍͔͔͙͔ͨͦͪ͗͒ͤͣ ͙͙͡ 

͔͙͔͚ͦͣͨͪͫͫ͟ ͔͍ͤͪͤ·ͻ ͍͍ͫͭͦͦ͡ ͺ͙͙ͫ͊ͭͦͪ͊ͣ͟Σ ͎ͣͦͯͭ ͨͦͤͦͫͭ͡ΈΌ ͙͍͔͙͍ͤͪͦ͊ͭ͡Έ ͔ͯͫͨ΄ͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭ 

͚ͦͫͭͤͦ͟ ͔͙ͪͨͦ͘ͼ͙͙Φ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͭͦ;͔ͤͦ ͙͔ͤ͊ͤ͘ ͎ͭͦͨͦͪ͊ͺ͙;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣ ͙ ;͔͔ͭͦ͟ ͔͔͔͙͔ͦͨͪ͒ͤ͡ 

͔͋ͦͨ͊ͫͤ͘·ͻ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͙͍ͦͪ͒ͦͪͦ͟ ͤ͊ ͊͗͒ͦͣ͟ ͍͔ͯͪͦͤ ͔ͨ͡;͊ ͍ͫͦͫͭ͊͡ΎΌͭ ͍ͦͫͤͦͯ ͔͙͍͚ͦͨͪ͊ͭͤͦ 

͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ 

͎́ͦͨͦͪ͊ͺͦ-͙͊ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ͨͪͦͫͣ͊͟͡Έ͎ͤͦͦ ͔ͦͭ͒͊͡ ͔ͨ͡;͊ 

ˤ ͙ͨͪͦͫͣ͊͟͡Έ͚ͤͦ ͔͙ͭͪͭ ͔ͨ͡;͊ ͍ͦͫͤͦͤ·ͣ ͦ͋Ά͔ͭͦͣ͟ ͙ͪͫ͊͟ ͍·͔ͫͭͯͨ͊ͭ ͨͦ͒ͣ·΄͔;ͤ·͚ ͔͍ͤͪΣ 

ͦͭͦͪ͟·͚ ͎͙͔ͦ͋͊ͭ ͻ͙͎͙ͪͯͪ;͔ͫͯ͟Ό ΄͔͚ͯ͟ ͔ͨ͡;͔͍͚ͦ ͙ͦͫͭ͟ ͙ͫ͊͒͘ ͔͔ͤ͊ͨͪ͒Σ ͨͪͦͻͦ͒Ύ ;͔͔ͪ͘ 

;͔ͭ·͔ͪͻ͔͔ͫͭͦͪͦͤͤ ͍͔͙͔ͦͭͪͫͭΦ ˨͊ͤͤ·͚ ͔͍ͤͪ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͤ͊ ͙ͤ͊͒ͦͫͭͤ͟ͼ͔Σ ;ͭͦ 

͔͔͒͊ͭ͡ ͔͎ͦ ͚͔ͪ͊ͤ͟ ͯΎ͍͙ͣ͘·ͣ ͙ͨͪ ͍͍͔͔͙͙͒ͤ ͍͙͍ͤͭͦ ͍ ͔͊ͭͪ͊͡͡Έͤͦ-͔͙ͣ͒͊͡Έͤͦͣ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡Φ 

ˣ͔ͦͨ͊ͫͤ͊͘Ύ ͦͤ͊͘ ͍ Ήͭͦͣ ͔͎͔͔ͫͣͤͭ ͎͙ͦͪ͊ͤ;͔ͤ͊ ͍͔ͪͻ͙ͤͣ ͔ͪ͊ͣ͟ ͋ͦ͡Έ΄͎ͦͦ ͎͋ͯͦͪ͊͟ ͙ ͦ͋͊ͫͭ͡ΈΌΣ ͔͗͊͡΅͔͚ 

͙͔ͤ͗ ͔ͨͪͦ͟ͼ͙͙ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ΄͔͚͙͟ ͤ͊ ͔͔͔͔ͦͨͪ͒ͤͤͦ͡ ͪ͊ͫͫͭͦΎ͙͔ͤΦ ˹͙͔͔͊͋ͦ͡ ͎͙͋͊ͦͨͪ͡Ύͭͤ·ͣ 

͍͔ͭͦͪͦͣ͟ ͒͡Ύ ͍͔͔͙ͨͪͦ͒ͤΎ ͙ͫͨͼ ͙ ͍͙͍ͤͭͦ ͍ ͙ͨͪͦͫͣ͊͟͡Έͤͦͣ ͔͔ͦͭ͒͡ Ύ͍͡Ύ͔ͭͫΎ ͔͔͊ͤͭͪͦ͊ͭͪ͊͡͡Έ͔ͤͦ 

͍͔͙͔ͤ͊ͨͪ͊ͤ͡Σ ͙͔͙͍͔ͦͪͤͭͪͦ͊ͤͤͦ ͎ͫͭͪͦͦ ͙͔ͤ͗ ͍ͯͪͦͤΎ ͙͊ͪͦͣ͊͟͡Έ͎ͤͦͦ ͦͭͪͦͫͭ͊͟Σ ͤͦ ͍·΄͔ ͦͤ͘· 

ͨͪͦͻ͔͙ͦ͗͒ͤΎ ͨͦ͒ͣ·΄͔;͎ͤͦͦ ͔͍ͤͪ͊Φ ˽͙ͪ ͍͔͔͙͙ͨͪͦ͒ͤ ͺ͙͍ͫ͊ͭͦͪͦ͟ ͔͔͙ͫͨͪ͒ ͤ͊͊͒͘ ͫͯ΅͔͍͔ͫͭͯͭ ͦ ͨ͊ͫͤͦͫͭΈ 

͍͔͔͙ͨͦͪ͗͒ͤΎ ͫͯͻ͙͙ͦ͗͡Ύ ͙͚͒ͤͤͦ͡ ͎͍͙ͦͦ͟͡ ͍͎͍͚͒ͯ͊ͦ͡ ͣ·΄ͼ· ͣ·΄ͼ· ͙ ͔͔͔͚ͨͪ͒ͤ ͎͙ͦ͋͊Ό΅͔͚ ͔͙͙͊ͪͭͪ 

͔ͨ͡;͊Σ ͨͦΉͭͦͣͯ ͍͍͔͔͙͔͒ͤ ͒ͦ͗ͤͦ͡ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈͫΎ ͔͊ͭͪ͊͡͡Έ͔͔ͤ ͔͎͍͚ͣ͗͋ͯͦͪͦͦ͟ ͋ͦͪͦ͒͘·Φ 

ˢ͙ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͙ͦͪ͒ͦͪ͟· ͍ ͔͔͚ͫͪ͒ͤ ͔͙ͭͪͭ ͔ͨ͡;͔͍͚ͦ ͙ͦͫͭ͟ 

˿͔ͪ͒ͤΎΎ ͔ͭͪͭΈ ͙͒͊ͺ͙͊͘ ͔ͨ͡;͊ ͫ;͙͔ͭ͊ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͚ͦͤͦ͘ ͍͍͙͒ͯ ͙͔͍͙͎ͫͨͪ͊͒ͤͦͦ͡ 

ͻͦ͒͊ ͯ͡;͔͍͎ͦͦ ͔͍ͤͪ͊ ͙ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͔͚ ͔͎ͦ ͎͚ͯ͋ͦͦ͟͡ ͔͙͙͊ͪͭͪ ͔ͨ͡;͊Φ ˽͔͔ͪͻͦ͒Ύ ͙͘ ͔͎͊͒ͤͦ͘ 

ͺ͊ͫͼ͙͊͡Έ͎ͤͦͦ ͦ͗͊͡ ͍ ͔͔͔͔ͨͪ͒ͤΣ ͯ͡;͔͍͚ͦ ͔͍ͤͪ ͔ͨͪͦ͋ͦ͒͊ͭ ͔͊ͭͪ͊͡͡ΈͤͯΌ ͔ͣ͗ͣ·΄͔;ͤͯΌ ͔͔͎ͨͪͦͪͦ͒ͯ͟ ͙ 

͙ͦ͗ͭͫ͡Ύ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͤ͊ ͦͫͭ͟Έ ͍ ͔ͨ͡;͔ͣ·΄͔;ͤͦͣ ͔͊ͤ͊͟͡Φ ˹͊ Ήͭͦͣ ͍͔ͯͪͦͤ ͍͍͔͔͙͔͒ͤ ͡Ό͋·ͻ 

ͺ͙͍ͫ͊ͭͦͪͦ͟ ͍ ͔͔͊͒ͤ͊ͭͪ͊͘͡͡Έͤͦͣ ͙͙͡ ͎ͫͭͪͦͦ ͔͊ͭͪ͊͡͡Έͤͦͣ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͔͎͙͊ͭͦͪ͟;͔͙ͫ͟ 

͙͍ͨͪͦͭͦͨͦ͊͊ͤͦ͘͟Σ ͭ͊͟ ͊͟͟ ͙ͪͫ͟ ͨͪΎ͎ͣͦͦ ͔ͨͪͺ͙͍͙ͦͪͪͦ͊ͤΎ ͔͍ͤͪ͊ ͙͙͡ ͔͎ͦ ͯ΅͔͔͙ͣͤ͡Ύ ͙͙͔ͨͪ͋͗͊ͭͫ͡Ύ ͟ 

͙͙ͪͭ͟;͔͙ͫͣ͟ ͤ͊͘;͔͙ͤΎͣΦ ˣ͔ͦͨ͊ͫͤ͘·ͣ ͒ͦͫͭͯͨͦͣ ͙ ͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ ͍ ͔͔ͫͪ͒ͤͣ ͔͔ͦͭ͒͡ ͙͒͊ͺ͙͊͘ Ύ͍͡Ύ͔ͭͫΎ 

͎ͫͭͪͦͦ ͔͔͔͙͚ͨͪ͒ͤ͊͒ͤ͘ ͍͔ͭͦͪ͟Φ ˿͙ͨͼ· ͙͙͡ ͍͙ͤͭ·Σ ͍͍͙ͦ͒ͣ·͔ ͔͔͙ͫͨͪ͒Σ ͨͪͦͻͦ͒Ύͭ ;͔͔ͪ͘ ͭͦ͡΅ͯ ͔ͨ͡;͔͍͚ͦ 

ͣ·΄ͼ· ͔͊ͭͪ͊͡͡Έ͔͔ͤ ͫͯͻ͙͙ͦ͗͡Ύ ͍͎͍͚͒ͯ͊ͦ͡ ͣ·΄ͼ·Σ ͙ͣͤͯΎ ͣ·΄͔;ͤͦ-ͦ͗ͤ͟·͚ ͔͍ͤͪΣ ͦͭͦͪ͟·͚ ͍ Ή͚ͭͦ 

͔ͦͤ͘ ͔ͫͣ΅͔ͤ ͔͙ͣ͒͊͡Έͤͦ ͙ ͔͙͗ͭ͡ ͔ͣ͗͒ͯ ͍͎͍͚͒ͯ͊ͦ͡ ͙ ͔ͨ͡;͔͍͚ͦ ͣ·΄ͼ͙͊ͣΦ ˨͔ͦͨͯͫ͊ͭͫ͟Ύ ͔ͭ͊͗͟ ͍͍͔͔͙͔͒ͤ 

ͺ͙͍ͫ͊ͭͦͪͦ͟ ͫ ͔͙ͣ͒͊͡Έ͚ͤͦ ͫͭͦͪͦͤ·Σ ͦ͒ͤ͊ͦ͟ Ήͭͦͭ ͔͍ͣ͊ͤͪ ͔͔ͭͪ͋ͯͭ ͔ͨͪͼ͙͙͎ͦͤͤͦͦ͘ ͦͤͭͪͦ͟͡ΎΣ ;ͭͦ͋· ͔ͤ 

͍͔͙ͨͦͪ͒ͭΈ ͍͚ͦͫͤͦͤͦ ͙ͫͦͫͯ͒ͫͭͦ-͔͍ͤͪͤ·͚ ͨͯ;ͦ͟ ͔ͨ͡;͊Σ ͍͟͡Ό;͊Ό΅͙͚ ͔͙ͫͪ͒ͤͤ·͚ ͔͍ͤͪ ͙ ͔ͨ͡;͔͍ͯΌ 

͔͙͊ͪͭͪΌΦ 
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ˣ͔ͦͨ͊ͫͤ͘·͔ ͙͔͙ͦͪͤͭͪ· ͙͒ͫͭ͊͡Έ͎ͤͦͦ ͔ͦͭ͒͊͡ ͔ͨ͡;͊ 

ˤ ͙͒ͫͭ͊͡Έ͚ͤͦ ͔͙ͭͪͭ ͔ͨ͡;͔͍͊Ύ ͦͫͭ͟Έ ͯͨͦ͡΅͔͊ͭͫΎ ͍ͦ ͺͪͦͤͭ͊͡Έ͚ͤͦ ͙ͨͦͫͦͫͭ͟͡ ͙ ͪ͊ͫ΄͙ͪΎ͔ͭͫΎ ͍ 

ͤ͊͒ͣ·΅͔͍͚ͦͦ͟͡ ͔ͦͤ͘Φ ˥͍͊ͤͯ͡Ό ͦͨ͊ͫͤͦͫͭΈ ͔͒ͫ͘Έ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͔͍͚ͦͭͦ͟͡ ͔͍ͤͪ ͤ͊ ͔͙ͣ͒͊͡Έ͚ͤͦ ͔ͫͭͦͪͦͤ 

͙ ͯ͡;͔͍͚ͦ ͔͍ͤͪ ͤ͊ ͔͊ͭͪ͊͡͡Έ͚ͤͦ ͔ͫͭͦͪͦͤΦ ˶͔͍͚ͦͭͦ͟ ͔͍ͤͪ ͎͙͔ͦ͋͊ͭ ͔͙ͣ͒͊͡Έͤ·͚ ͤ͊͒ͣ·΅͔ͦ͟͡ ͙ͫ͊͒͘Σ 

͎ͪ͊ͫͨͦ͊͊͡ΎͫΈ ͍ ͦͫͭͤͦ͟-ͺ͙͚͋ͪͦͤͦ͘ ͔͋ͦͪͦ͒͘Σ ͨͦΉͭͦͣͯ ͍͔͔͙͔ͨͪͦ͒ͤ ͙ͫͨͼ ;͔͔ͪ͘ ͔͙ͣ͒͊͡Έͤ·͚ ͣ·΅͔ͦ͟͡ 

͔͔ͭͪ͋ͯͭ ͍͍͔͔͙͒ͤΎ ͨͦ͒ ͎͙ͫͭͪͦͣ ͍͙ͯ͊͘͡Έͤ·ͣ ͔ͦͤͭͪͦͣ͟͡ ͙͙͡ ͫͦ ͔ͫͣ΅͔͙͔ͤͣ ͭͦ;͙͟ ͍ͻͦ͒͊ ͔͔͙ͨͪ͒͟ ͦͭ 

ͤ͊͒ͣ·΅͔͊͟͡Φ ˶͔͊ͭͪ͊͡Έͤ·͚ ͤ͊͒ͣ·΅͔ͦ͟͡ Ύ͍͡Ύ͔ͭͫΎ ͔͔͋ͦ͡ ͔͚͋ͦͨ͊ͫͤͦ͘ ͚ͦͤͦ͘Σ ͦ͒ͤ͊ͦ͟ ͍͔͔͙͔ͨͪͦ͒ͤ 

ͺ͙͍ͫ͊ͭͦͪͦ͟ ͨͦ͒ ͋ͦ͡Έ΄͙ͣ ͎ͯͦͣ͡ ͟ ͎͙ͦͪͦͤͭ͊͘͡Έ͚ͤͦ ͙ͨͦͫͦͫͭ͟͡ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͍͔͔͙ͨͦͪ͗͒ͤΌ ͯ͡;͔͍͎ͦͦ 

͔͍ͤͪ͊Σ ͦͭͦͪ͟·͚ ͍ Ή͚ͭͦ ͙ͦ͋͊ͫͭ͡ ͤ͊ͻ͙ͦ͒ͭͫΎ ͔͔͙ͨͪ͒͟ ͦͭ ͔͊ͭͪ͊͡͡Έ͎ͤͦͦ ͣ·΅͔͊͟͡ ͔ͣ͗͒ͯ ͔ͨ͡;͔ͯ͡;͔͍͚ͦ ͙ 

͔ͨ͡;͔͍͚ͦ ͣ·΄ͼ͙͊ͣΦ ˻͙ͨͭͣ͊͡Έͤ·ͣ ͙ͦͪ͒ͦͪͦͣ͟ ͍ ͙͒ͫͭ͊͡Έͤͦͣ ͔͎͔͔ͫͣͤͭ Ύ͍͡Ύ͔ͭͫΎ ͙ͭͪ͊ͤͫͦͪͭ͊͟͟͡Έ͔ͤͦ 

͍͍͔͔͙͔͒ͤ ͍͙͍ͤͭͦ ͍ͦ ͺͪͦͤͭ͊͡Έ͚ͤͦ ͙ͨͦͫͦͫͭ͟͡ ͎ͫͭͪͦͦ ;͔͔ͪ͘ ͣ·΅͔͙͟͡Σ ͙ͨͪ Ήͭͦͣ ͭͦ;͊͟ ͍ͻͦ͒͊ ͤ͊ 

͔͊ͭͪ͊͡͡Έ͚ͤͦ ͔ͫͭͦͪͦͤ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͼ͔͙͍ͤͭͪͪͦ͊ͤ͊Σ ͊ ͤ͊ ͔͙ͣ͒͊͡Έ͚ͤͦ ͔ͫͭͦͪͦͤ τ ͔ͫͣ΅͔ͤ͊ ͔͔͙ͨͪ͒͟ ͦͭ 

͍͔ͪͻͯ΄͙͟ ͤ͊͒ͣ·΅͔͊͟͡Φ 

˻͋΅͙͔ ͙ͨͪͤͼ͙ͨ· ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͔͙͔ͦͫͭͦͫͤͭ͊͘ 

˽͙ͦͣͣͦ ͎͎ͫͭͪͦͦͦ ͫͦ͋͡Ό͔͙͒ͤΎ ͙ͦͦͪ͒ͤ͊ͭͤ͟·ͻ ͦͤ͘Σ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͺ͙ͫ͊͟ͼ͙͙ ͍͙͙͊ͫͭ͘ ͦͭ ͔ͭͻ͙͙ͤ͟ 

͍·͔͙ͨͦͤͤ͡Ύ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙Φ ˽͙ͪ ;͔ͪͫͦͫͭͤͦͣ͟ ͔͙͔͔ͦͫͭͦͫͤͭ͘ ͍͔͔͙͔ͨͪͦ͒ͤ ͙ͫͨͼ ͒ͦ͗ͤͦ͡ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈͫΎ 

͔ͣͭͦ͒ͦͣ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έ͎ͤͦͦ ͍͔͙͍͙ͨͪͦͫͪ͊ͤ͡Ύ ͙ͦͫͭ͟ ͤ͊ ͙͙ͤ͘͟ͻ ͦ͋ͦͪͦͭ͊ͻ ͫ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͦ ͻ͔͙͔͊͗͒ͤͣ͡Σ 

;ͭͦ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͔͙ͭͪͣ;͔͙͚ͫ͟ ͔ͤͪͦ͘͟ ͔͚ͭ͊ͤ͟Φ ˤ͍͔͔͙͔͒ͤ ͍͙͍ͤͭͦ ͙ ͔͔͚ͫͭͪ͗ͤ ;͔͔ͪ͘ ͙͍ͣ͊ͫͫͤ·͔ 

ͣ·΄͔;ͤ·͔ ͨ͊ͫͭ͡· ͒ͦ͗ͤͦ͡ ͍ͫͦͨͪͦͦ͗͒͊ͭΈͫΎ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έͤ·ͣ ͭͯͨ·ͣ ͔͙͔ͪ͊ͫͫͦͤͣ͡ ͣΎ͎͙͟ͻ ͔͚ͭ͊ͤ͟ ͒ͦ 

͚ͫ͊ͣͦ ͙ͦͫͭ͟ ͫ ͨͦͣͦ΅ΈΌ ͊͘΅͙ͭͤ·ͻ ͊ͤ͟Ό͡ΈΦ ͚́͊ͦ͟ ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͙ͦͭͦ͒ͤͯͭΈ ͫͦ͟͡Έ͘Ύ΅͙͔ ͔͍ͤͪͤ·͔ 

͍ͫͭͦ͡· ͙ ͫͦͫͯ͒· ͦͭ ͪ͊͋ͦ;͔͚ ;͙͊ͫͭ ͙͔ͤͫͭͪͯͣͤͭ͊Φ ˻͔ͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͔͙͔ͨͦͦ͗ͤ͡ ͔ͦͤ͟;͙ͤͦͫͭ ͍ 

͔ͣͦͣͤͭ ͺ͙ͫ͊͟ͼ͙͙Σ ͨͦͫͦ͟͡Έͯ͟ ͪͦͭ͊ͼ͙ͦͤͤ·͔ ͍͙͔͙͒͗ͤΎ ͔͔ͨͪ͒ͨ͡;ΈΎ ͙ ͎͙͙͔ͫ͋͊ͤ ͍ ͔͍ͦͭͦͣ͟͡ ͍͔ͫͯͫͭ͊ 

ͫͯ΅͔͍͔ͫͭͤͤͦ ͔ͫͣ΅͊Όͭ ͔ͨͪͦ͟ͼ͙ͦͤͤ·͔ ͙͙͙ͤ͡ ͯ͡;͔͍͎ͦͦ ͙ ͣ·΄͔;ͤͦ-͎ͦ͗ͤͦͦ͟ ͔͍͍ͤͪͦ ͙͔ͦͭͤͦͫͭ͡Έͤͦ 

ͦͫͭͤ͟·ͻ ͙͔͙͍ͦͪͤͭͪͦΦ 

˾ͦ͡Έ ͔ͭͪͻ͔͎ͣͪͤͦͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͙ ͍͙͎ͤ͊͊ͼ͙ͦͤͤ·ͻ ͙͔ͫͫͭͣ 

ˤ͔͔͙͔ͤ͒ͪͤ ͍ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟ ͙͔ͫͫͭͣ ͦͣͨ͟ΈΌ͔͚ͭͪͤͦ ͍͙͎ͤ͊͊ͼ͙͙ ͙ ͔͔ͨͪ͒ͦͨͪ͊ͼ͙͎ͦͤͤͦͦ 

͔ͭͪͻ͔͎ͣͪͤͦͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔͍͔͙ͨͪͫͭ ͦͤ͟ͼ͔ͨͼ͙Ό ζ͔͋ͦͨ͊ͫͤ͘·ͻ ͦͤ͘η ͤ͊ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ 

͍ͤͦ·͚ ͍͔ͯͪͦͤΈ ͙͙͍͙͙͙͍͚ͤ͒͒ͯ͊ͪͦ͊ͤͤͦ͘͡ ͭͦ;͙ͤͦͫͭΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͒͊ͤͤ·ͻ ͣͯ͡Έ͙͙ͭͫͨͪ͊͡Έ͚ͤͦ 

ͦͣͨ͟ΈΌ͔͚ͭͪͤͦ ͎ͭͦͣͦͪ͊ͺ͙͙ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ͎͙͎͊ͤͦͪ͊ͺ͙͔͚ ͔͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͙͍ͪͦͤͫͭͪͯͪͦ͊ͭ͟Έ 

͍͔͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͍͙͊ͣͦͦͭͤͦ͘΄͔͙͔ͤ ͍͔͔͚ͨͦͪ͗͒ͤͤͦ ͙ͦͫͭ͟ ͙ ͦͪͯ͗͊͟Ό΅͙ͻ ͔͔ ͣΎ͎͙͟ͻ ͔͚ͭ͊ͤ͟Σ ͍͟͡Ό;͊Ύ 

͎͙ͣ͊ͫͭͪ͊͡Έͤ·͔ ͙ͫͦͫͯ͒ͫͭͦ-͔͍ͤͪͤ·͔ ͨͯ;͙͟Φ ˹͊ ͍͔ͦͫͤͦ ͙ͭ͊͟ͻ ͔͔͚ͣͦ͒͡ ͪ͊ͪ͊͋͊ͭ͘·͍͊ΌͭͫΎ 

͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͔ ͻ͙͎͙ͪͯͪ;͔͙͔ͫ͟ ΄͊͋ͦͤ͡·Σ ͔ͤ͊ͨ;͊ͭ͊ͤͤ·͔ ͤ͊ ͔ͭͪͻ͔ͣͪͤͦͣ ͙͔͔ͨͪͤͭͪΣ ͦͭͦͪ͟·͔ ͔͗ͫͭͦ͟ 

ͺ͙͙ͫͪͯ͟ΌͭͫΎ ͤ͊ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͙͔͙ͦͪͤͭͪ͊ͻ ͔ͨ͡;͊ ͍ ͻ͔ͦ͒ ͔ͦͨͪ͊ͼ͙͙Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͤ͊ͨͪ͊͡ΎͭΈ ͍͔ͫͪ͊͡Σ 

͙ͫͨͼ· ͙ ͍͙ͤͭ· ͨͦ ͔͔͊ͪ͊ͤ͘ ͨͪͦͫ;͙ͭ͊ͤͤ·ͣ ͔͋ͦͨ͊ͫͤ͘·ͣ ͔͙ͭͪ͊ͭͦͪ͟Ύͣ ͫ ͭͦ;ͤͦͫͭΈΌ ͒ͦ ͙͙͔ͣͣͭͪ͊͡͡Σ 

͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͨͦͤͦͫͭ͡ΈΌ ͙ͫ͟͡Ό;͊Ύ ;͔͍͔ͦ͡;͔͙͚ͫ͟ ͺ͊ͭͦͪ͟ ͙ ͙ͪͫ͟ ͫͯ͡;͚͎͊ͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͯ͡;͔͍͎ͦͦ ͙͙͡ 

ͨͦ͒ͣ·΄͔;͎ͤͦͦ ͔͍͍ͤͪͦ ͔͒͊͗ ͍ ͦͤ͊͘ͻ ͙ͻ ͙͙͊ͭͨ;͎ͤͦͦ ͙͊ͤ͊ͭͦͣ;͔͎ͫͦͦ͟ ͻͦ͒͊Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˮ͙͍͙͙͙͍ͤ͒͒ͯ͊ͪͦ͊ͤͤ͘͡·͚ ͍·͋ͦͪ ͔͙͙ͭͪ͊ͭͦͪ͟ ͍͔͔͙ͨͪͦ͒ͤΎ ͺ͙͙ͫͪͯ͟Ό΅͙ͻ Ή͔͔͍ͣͤͭͦ͡ ͤ͊ ͍͔ͦͫͤͦ 

;͔͙ͭ͟ͻ ͎ͭͦͨͦͪ͊ͺͦ-͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͙͔͙͍ͦͪͤͭͪͦ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͺ͊ͭͦͪͦͣ͟ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ 

͔͍͎͙ͤͪͦͦ͡;͔͙ͫ͟ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ ͍ ͻ͙͎͙͙ͪͯͪ ͔ͨ͡;͊Φ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎ͫͭͪͦͦ ͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͔͋ͦͨ͊ͫͤ͘·ͻ ͦͤ͘ 

͍ ͙ͨͪͦͫͣ͊͟͡ΈͤͦͣΣ ͔͔ͫͪ͒ͤͣ ͙ ͙͒ͫͭ͊͡Έͤͦͣ ͔͎͔ͫͣͤͭ͊ͻ ͔ͨ͡;͔͍͚ͦ ͙ͦͫͭ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͙͙ͪͫ͟ 

ͫͯ͡;͚͎͊ͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͨͦ͒ͣ·΄͔;͎ͤͦͦΣ ͯ͡;͔͍͎ͦͦ ͙ ͔͍͎ͦͭͦͦ͟͡ ͔͍͍ͤͪͦΦ ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͒͊ͤͤ·ͻ 

͙͊ͤ͊ͭͦͣ;͔͚ͫͦ͟ ͎ͭͦͨͦͪ͊ͺ͙͙ ͍ ͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͪ͊͋ͦͭͯ ͍͎ͭͪ͊ͣ͊ͭͦͦ͊͡ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔ͤ ͭͦ͡Έͦ͟ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ 

ͺ͙ͫ͊͟ͼ͙͙ ͦͫͭͤ͟·ͻ ͍ͦͭͦͣͦ͟͡Σ ͤͦ ͙ ͫͦͻ͔͙͔ͪ͊ͤͤ ͨͦͤͦ͡ͼ͔͎ͤͤͦͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡ ͍͔ͪͻ͔͚ͤ 

͔ͦͤ͟;͙ͤͦͫͭΣ ͫͦͪ͊͟΅͊Ύ ͙ͫͪͦ͟ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͯͯ͡;΄͊Ύ ͦ͋΅͙͔ ͔ͪͯ͘͡Έͭ͊ͭ· ͔͡;͔͙ͤΎΦ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ́͊͟;͔ͤͦ͟ ˿Φ˿Φ ͔̉ͪͫͦͫͭͤ͟·͚ ͔͙͔ͦͫͭͦͫͤͭ͘ ͍ ͍͎͙͙ͭͪ͊ͣ͊ͭͦͦ͡Φ τ ˶ ͔͙͎ͤͤͪ͊͒Υ ˸͔͙͒ͼ͙ͤ͊Σ мфуоΦ τ ннп ͫΦ 

2. ˿͙ͦͦͣͤ͡ ˶Φ˹Φ ˻͍ͫͤͦ· ;͔͎ͪͫͦͫͭͤͦͦ͟ ͔͙͔ͦͫͭͦͫͤͭ͊͘ ͊ͨͨ͊ͪ͊ͭͦͣ ˥Φ ˢΦ ˮ͙͍͊ͪͦ͊͘͡Φ τ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ 

˸ͦͪͫ͊ͪ ˢˤΣ нллрΦ τ рпп ͫΦ 

3. ˴͔ͦͭ͡Έ͙͍ͤͦ͟ ˥Φ˽ΦΣ ˸͙͍ͪͦͤͦ ˿Φ˽Φ ͍͎͙́ͪ͊ͣ͊ͭͦͦ͡Ύ ͙ ͔͙ͦͪͭͦͨ͒ΎΥ ͤ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ τ 

˸͍ͦͫ͊͟Υ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нллуΦ τ улу ͫΦ 

4. Hoagland F.T., States J. D. Factors influencing the rate of healing in fractures of the shaft of the humerus 

// Surgical Clinics of North America. τ 1980. τ Vol. 60, No. 1. τ P. 23ς31. 

5. Boden S.D., Labropoulos P. A. Radial nerve anatomy and its vulnerability during humerus fixation // 

Journal of Bone and Joint Surgery. τ 1994. τ Vol. 76, No. 4. τ P. 541ς547. 

ϭ ˢ͍ͭ͊͒͗͊ͤͦ͊ ˥Φ˨Φ, 2026 

 

 

 

 

       ˢ͔͍ͭ͊͊ ˣΦ̉ΦΣ 

 ˭ ͍͔͊͒ͯΌ΅͙͚ ͊͟ͺ͔͚͒ͪͦ ͔͚͒ͭͫͦ͟ ͎͙͙ͫͭͦͣ͊ͭͦͦ͡Φ  

͙͔͙͔͍̊ͪ͋ͪ͒͊ ˥Φ̉ΦΣ  

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͚͒ͭͫͦ͟ ͎͙͙ͫͭͦͣ͊ͭͦͦ͡Φ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˴˶ˮ˹ˮ̉˩˿˴˻˩ ́˩̉˩˹ˮ˩ ˥˩˾˽˩́ˮ̉˩˿˴˻˥˻ ˿́˻˸ˢ́ˮ́ˢ ̂ ˨˩́˩˯Υ  

˻˿˻ˣ˩˹˹˻˿́ˮΣ ̅˻˾˸̍ ˮ ˻˿˶˻ˬ˹˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͙͊ͤ͊͘͡ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔ͭ;͔͙ͤΎ ͎ͦͫͭͪͦͦ ͎͔͔͙ͪͨͭ;͔͎ͫͦͦ͟ ͙ͫͭͦͣ͊ͭͭ͊ ͯ ͔͔͚͒ͭ 

͙ͪ͊͘͡;͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘Φ ˾͔͊ͫͫͣͦͭͪͤ· Ή͙͎͙ͭͦͦ͡Ύ ό͍͙ͪͯͫ ͎ͨͪͦͫͭͦͦ ͎͔͔ͪͨͫ͊ мπ͎ ͦ ͙ͭͨ͊ύΣ ͎͔͔ͨ͊ͭͦͤ͘Σ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͨͦ ͔͔͙ͫͭͨͤ ͭΎ͔͙͗ͫͭ ό͖͎͊͟͡ΎΣ ͔͔ͫͪ͒ͤͭΎ͖͗͊͡ΎΣ ͭΎ͖͗͊͡Ύ ͺͦͪͣ͊ύΦ ˻͙ͨͫ͊ͤ· ͍ͦͫͤͦͤ·͔ 

͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡ΎΥ ͙͡ͻͦͪ͊͒͊͟Σ ͙ͣ͡ͺ͔͙͊͒ͤͭΣ ͔͔͋ͦͤͤͤ͘͡·͔ ͍·ͫ·͙ͨ͊ͤΎ ͤ͊ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͔͟ 

͙ͨͦͦͫͭ͡ ͪͭ͊Σ ͎͙͔͙͍ͨͪͫ͊͊͡ͼ͙ΎΣ ͦͭ͊͘͟ ͦͭ ͔͒· ͙ ͙ͨͭΈΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔ͦͫͦ͋ͤͤͦͫͭΎͣ ͔ͭ;͔͙ͤΎ 

ͯ ͔͔͚͒ͭ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘ όͦͭ с ͔ͣͫΎͼ͔͍ ͒ͦ о ͔ͭ͡ύΣ ͯ ͍͖ͤͦͦͪͦ͗͒ͤͤ·ͻ ͙ ͯ ͙͔͙͍ͣͣͯͤͦͦͣͨͪͦͣͭͪͦ͊ͤͤ͟·ͻ 

ͨ͊ͼ͙͔͍ͤͭͦΦ ˾͔͊ͫͫͣͦͭͪͤ· ͙͙ͭͨ;ͤ·͔ ͔͙ͦͫͦ͗ͤͤ͡Ύ ό͔͎͙͒͒ͪ͊ͭ͊ͼ͙ΎΣ ͎͔͔͙ͪͨͭ;͔͙͚ͫ͟ ͔ͪ͊ͭͦͦͤ͟͟ΆΌ͙͍͙ͤͭͭ͟Σ 

͎͔͔͙ͪͨͭ;͔͙͚ͫ͟ ͔͙͎ͣͤͤͦΉͤͼ͔ͺ͙͊ͭ͡Σ ͍͙ͭͦͪ;ͤ͊Ύ ͔͙͋͊ͭͪ͊͟͡Έͤ͊Ύ ͙ͤͺ͔͟ͼ͙ΎύΦ ˽͙͍͔͔ͪ͒ͤ· 

͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤͦπ͒ ͙͎͙͊ͤͦͫͭ;͔͙͔ͫ͟ ͙͔͙͙ͪͭͪ͟ ͫ ͊ͺͭͦͤ͘·ͣ ͙ͫͭͦͣ͊ͭͭͦͣΣ Ή͔͍͙͚ͤͭͪͦͪͯͫͤͦ ͙ͤͺ͔͟ͼ͙͔͚Σ 

͙ͫͤ͒ͪͦͣͦͣ ˿͙͍͔ͭͤͫ͊π˨ ͗ͦͤͫͦͤ͊Φ ˿ͭ͊ͭΈΎ ͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤ͊ ͒͡Ύ ͔͙͍ͨ͒͊ͭͪͦΣ ͔͙͒ͭͫ͟ͻ ͎͍ͫͭͦͣ͊ͭͦͦͦ͡ ͙ 

͙ͤͺ͔͟ͼ͙͙͍ͦͤͫͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͎͔ ͔͙ͪͨͭ;͔͙͚ͫ͟ ͙ͫͭͦͣ͊ͭͭΣ ͔͙͒ͭΣ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͔ͭ;͔͙͔ͤΣ ͍͙ͪͯͫ ͎ͨͪͦͫͭͦͦ ͎͔͔ͪͨͫ͊ мπ͎ ͦ ͙ͭͨ͊Σ ͙ͫͭͦͣ͊ͭͭΣ 

ͭΎ͖͗͊͡Ύ ͺͦͪͣ͊Σ ͔͎͙͒͒ͪ͊ͭ͊ͼ͙ΎΣ ͔͙ͦͫͦ͗ͤͤ͡ΎΣ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤ͊Ύ  

͙͎͙͒͊ͤͦͫͭ͊͟Σ ͎͔͔͍͙ͪͨͫͪͯͫͤ͊Ύ ͙ͤͺ͔͟ͼ͙ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˻ͫͭͪ·͚ ͎͔͔͙ͪͨͭ;͔͙͚ͫ͟ ͙ͫͭͦͣ͊ͭͭ ό˻˥˿ύ ς ͦ ͒ͤ͊ ͙͘ ͫ͊ͣ·ͻ ;͊ͫͭ·ͻ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͺͦͪͣ ͔͍͙ͨͪ;͚ͤͦ 

͎͔͔͍͙͚ͪͨͫͪͯͫͤͦ ͙ͤͺ͔͟ͼ͙͙ ͯ ͔͔͚͒ͭΦ ˽͙͟ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ ͙ͨͪͻ͙ͦ͒ͭͫΎ ͤ͊ ͍ͦͪ͊ͫͭ͘ ͦͭ с ͔ͣͫΎͼ͔͍ ͒ͦ о ͔ͭ͡Σ 
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;ͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͙ͫ;͔͍͔͙͔ͤͦͤͣ͘ ͔͙͙ͣ͊ͭͪͤͫ͟ͻ ͙͔͊ͤͭͭ͡ ͙ ͔͔ͤͪͦͫͭ͘͡ΈΌ ͍͔͎ͫͦ͋ͫͭͤͤͦͦ ͙͙͔ͣͣͯͤͭͭ͊Φ ˽ͦ 

͒͊ͤͤ·ͣ ͙͔ͭͪ͊ͭͯͪ͡·Σ ͒ͦ ул҈ ͔͔͚͒ͭ ͙ͤͺ͙ͼ͙ͪͯΌͭͫΎ ͍͙ͪͯͫͦͣ ͎ͨͪͦͫͭͦͦ ͎͔͔ͪͨͫ͊ όˤ˽˥πмύ ͟ рπ͡ ͔͔ͭͤͣͯ 

͍ͦͪ͊ͫͭͯ͘Σ ͙ ͯ олςпл҈ ͙͘ ͙ͤͻ ͔͍͙ͨͪ;ͤ͊Ύ ͙ͤͺ͔͟ͼ͙Ύ ͙ͣ͊ͤͺ͔͙͔ͫͭͪͯͭ ͙͔ͣͤͤͦ ͊͟͟ ͎͔͔͙ͪͨͭ;͔͙͚ͫ͟ ͙ͫͭͦͣ͊ͭͭΦ 

˭͙͔ͤ͊ͤ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔ͭ;͔͙ͤΎ ͪ͊ͤ͘·ͻ ͺͦͪͣ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͒͡Ύ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ 

͙͎͙͙͒͊ͤͦͫͭ͟Σ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͔͡;͔͙ͤΎ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

мΦ ͙͎͙̏ͭͦͦ͡Ύ ͙ ͎͔͔ͨ͊ͭͦͤ͘ 

ˤ͙͔ͦ͋ͯ͒ͭ͘͡Έ ς ͍ ͙ͪͯͫ ͎ͨͪͦͫͭͦͦ ͎͔͔ͪͨͫ͊ мπ͎ ͦ ͙ͭͨ͊ όIŜǊǇŜǎ ǎƛƳǇƭŜȄ ǾƛǊǳǎ ǘȅǇŜ мΣ ˤ˽π˥мύΦ ˽͔͔ͪ͒͊;͊ 

͙ͨͪͦͫͻ͙ͦ͒ͭ ͍ͦ͒ͯ͘΄ͤͦπ͟ ͔͊ͨ͡Έͤ·ͣΣ ͦͤͭ͊ͭͤ͟͟·ͣ ό;͔͔ͪ͘ ͙͎ͪͯ΄͙͟Σ ͨͦͫͯ͒ͯΣ ͙ͪͯ͟ύ ͙ ͔͔ͪ͗ 

ͭͪ͊ͤͫͨ͊͡ͼ͔ͤͭ͊ͪͤ·ͣ ͖ͨͯͭͣΦ ˮͤͯ͋͊͟ͼ͙ͦͤͤ·͚ ͔͙ͨͪͦ͒ ͍ͫͦͫͭ͊͡Ύ͔ͭ нςмп ͔͚͒ͤ ό͍ ͔͔ͫͪ͒ͤͣ пςс ͔͒ͤ ͚ύΦ 

˽͎͔͔͊ͭͦͤ͘ ͍͟͡Ό;͔͊ͭ ͔ͫ͒ͯ͡Ό΅͙͔ Ήͭ͊ͨ·Υ 

мΦ ˢ͒ͫͦͪ͋ͼ͙Ύ ͍͙ͪͯͫ͊ ͤ͊ Ή͙͔͙͙ͨͭ͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͙ͨͦͦͫͭ͡ ͪͭ͊Φ 

нΦ ˾͔͙ͨ͊͟͡ͼ͙Ύ ͍ Ή͙͔͙ͨͭͦ͡ͼ͙ͭ͊ͻ ͫ ͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘ ͙͋͊ͦͤͪͯ͡͡Ό΅͙ͻ ͔ͭͦ͟͟͡ όͼ͙͙ͭͦͨ͊ͭ;͔͙͚ͫ͟ 

Ήͺͺ͔ͭ͟ύΦ 

оΦ ˶͙ͣͺ͎͔ͦͤͤ͊Ύ ͙ ͎͔͎͔ͣ͊ͭͦͤͤ͊Ύ ͙͔͙͒ͫͫͣͤ͊ͼ͙ΎΦ 

пΦ ˤ͙͔͙ͪͯͫͣΎΣ ͦͭͦͪ͊͟Ύ ͙͙ͤ͟͡;͔͙ͫ͟ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͙͡ͻ͚ͦͪ͊͒ͦ͟ ͙ ͙͙ͤͭͦͫ͊͟͟ͼ͙͔͚Φ 

рΦ ˶͔͔͊ͭͤͭͤͦ ͙ͤͺ͙ͼ͙͍͙͔ͪͦ͊ͤ ͔ͫͤͫͦͪͤ·ͻ ͎͎͙͔͍͊ͤ͡ ό͚͙ͭͪͦͤ;͎ͤͦͦ ͔͍ͤͪ͊ύΦ 

нΦ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͨͦ ͔͔͙ͫͭͨͤ ͭΎ͔͙͗ͫͭ 

ˤ·͔͒͡ΎΌͭ ͙ͭͪ ͺͦͪͣ· ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔ͭ;͔͙ͤΎ ˻˥˿Υ 

нΦмΦ ˶͖͎͊͟Ύ ͺͦͪͣ͊ όплςрл҈ ͫͯ͡;͔͍͊ύ 

¶ ͔͔́ͣͨͪ͊ͭͯͪ͊ ͔ͭ͊͡ ͫͯ͋ͺ͔͙͋ͪ͡Έͤ͊Ύ όотΣнςотΣуϲ/ύ ͙͙͡ ͤͦͪͣ͊͡Έͤ͊ΎΦ 

¶ ˿ͦͫͭͦΎ͙͔ͤ ͔͖ͪ͋ͤ͊͟ ͍͔͍͙͔ͯ͒ͦͭͦͪͭ͡͡Έ͔ͤͦΦ 

¶ ˤ·ͫ·͙ͨ͊ͤΎ ͍ ͙ͨͦͦͫͭ͡ ͪͭ͊ ς ͔ ͙͙͒ͤ;ͤ·͔ όоςр Ή͔͔͍ͣͤͭͦ͡ύ ͍ ͍͙͔͒ ͍͔͙ͯ͘͟͡Σ ͋·ͫͭͪͦ 

͔͍ͨͪͪ͊΅͊Ό΅͙ͻͫΎ ͍ Ή͙͙ͪͦ͘ ό͊ͺͭ·ύΦ 

¶ ˽͙͔ͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ς пςт ͔͚͒ͤΦ 

¶ ˶͙ͣͺ͙͊ͭ;͔͙͔ͫ͟ ͯ͘͡· όͨͦ͒;͔͡Όͫͭͤ·͔Σ ΄͔͚ͤ·͔ύ ͔͎ͫ͊͟͡ ͍͔͙ͯ͡;͔ͤ·Σ ͔͔͔͋͋ͦͤͤͤ͘͘͡·Φ 

¶ ˭͙͍͔͙͔͊͗ͤ͡ ͔͋͘ ͪͯ͋ͼ͍ͦΦ 

нΦнΦ ˿͔͔ͪ͒ͤͭΎ͖͗͊͡Ύ ͺͦͪͣ͊ όолςор҈ ͫͯ͡;͔͍͊ύ 

¶ ͔͔́ͣͨͪ͊ͭͯͪ͊ оуΣлςофΣлϲ/Σ ͙͒ͭͫ͡Ύ оςр ͔͚͒ͤΦ 

¶ ˤ·͔ͪ͊͗ͤͤ͊Ύ ͙͙ͤͭͦͫ͊͟͟ͼ͙ΎΥ ͍Ύͦͫͭ͡ΈΣ ͤ͊ͪͯ΄͔͙͔ͤ ͫͤ͊Σ ͙͔͙͔ͫͤ͗ͤ ͔͙͊ͨͨͭͭ͊Φ 

¶ ˤ·ͫ·͙ͨ͊ͤΎ ͔͔͋ͦ͡ ͙ͦ͋͡Έͤ·͔ όмлςнл Ή͔͔͍ͣͤͭͦ͡ύ ς ͍͔͙ͯ͘͟͡· ͤ͊ ͎͙͔͔͙͍ͨͪͣͪͦ͊ͤͤͦͣ ͍͙͙ͦͫͤͦ͊ͤΣ 

͔ͨͦͫ͡ ͍ͫͪ͟·͙ͭΎ ς ͔͔͋ͦͤͤͤ͘͡·͔ Ή͙͙ͪͦ͘Σ ͨͦͪ͟·ͭ·͔ ͺ͙͙͋ͪͤͦͤ͘·ͣ ͖ͤ͊ͭͦͣ͡Φ 

¶ ˽͔͙͔ͦͪ͊͗ͤ ͔ͣͦ͗ͭ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎͭΈͫΎ ͤ͊ ͎ͯ͋· ό͎͔͔ͪͨͫ ͎ͯ͋ύΣ ͦ͗ͯ͟ ͍͎ͦͪͯ͟ ͪͭ͊Σ ͔͔ͪ͗ ς ͤ͊ ͙͙ͫͫͭͯ͘͡Ό 

ͤͦͫ͊Φ 

¶ ˥͙͔͙͍ͨͪͫ͊͊͡ͼ͙ΎΣ ͔ͪ͊͘͟Ύ ͔͔͋ͦͤͤͤͦͫͭ͘͡Έ ͙ͨͪ ͎͙͙ͦͭ͊ͤ͡Σ ͦͭ͊͘͟ ͦͭ ͔͒·Φ 

¶ ˶͙ͣͺ͔͙͊͒ͤͭ ͍·͔ͪ͊͗ͤͤ·͚Σ ͔͔͋ͦͤͤͤ͘͡·͚Φ 

¶ ˽͙͔ͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ς уςмн ͔͚͒ͤΦ 

нΦоΦ ́Ύ͖͗͊͡Ύ ͺͦͪͣ͊ όрςмл҈ ͫͯ͡;͔͍͊ύ 

¶ ͔͔́ͣͨͪ͊ͭͯͪ͊ ͺ͔͙͋ͪ͡Έͤ͊Ύ ͙͙͡ ͎͔͙ͭ͟;͔ͫ͊͟Ύ όофΣлςплΣрϲ/ύ ͒ͦ тςу ͔͚͒ͤΦ 

¶ ́Ύ͖͗͊͡Ύ ͙͙ͤͭͦͫ͊͟͟ͼ͙ΎΥ ͔͖ͪ͋ͤͦ͟ ͙͙͊͒ͤ͊ͣ;͔ͤΣ ͍ͦͣͦ͗ͤ͘· ͎͙ͫͯ͒ͦͪͦΣ ͔͋ͪ͒Σ ͍ͪͦͭ͊Σ 

͔͙͎͔ͣͤͤ͊͡Έͤ·͔ ͙ͫͣͨͭͦͣ·Φ 

¶ ˽͔͙͔ͦͪ͊͗ͤ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͙ͨͦͦͫͭ͡ ͪͭ͊ ͖͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ ς ͒ͦ рлςмлл ͙ ͔͔͋ͦ͡ Ή͔͔͍ͣͤͭͦ͡Φ 

ˤ͔͙ͯ͘͟͡· ͙͍ͫ͊͡ΌͭͫΎΣ ͦ͋ͪ͊ͯ͘Ύ ͦ͋΄͙ͪͤ·͔ Ή͙͍ͪͦͤ͘·͔ ͍͔ͨͦͪͻ͙ͤͦͫͭΦ 

¶ ͔͔̆͊ͪ͊ͭͪͤ͟ ͎͙͎͙͍͙ͤͭ ό͖ͦͭ͟Σ ͍ͪͦͦͭͦ͟;͙͍ͦͫͭΈ ͔͔͒ͫͤύΦ 

¶ ˤͦͣͦ͗ͤ͘· ͍·ͫ·͙ͨ͊ͤΎ ͤ͊ ͔ͦ͗͟ ͙͡ͼ͊Σ ͦͤ͟ΆΌ͙͍͔ͤͭ͟ ͎͊͘͡Σ ͪ͟·͡ΈΎͻ ͤͦͫ͊Φ 

¶ ˻͔͍͙͍͙͔͋ͦ͗͊ͤ͘ ό͔͎͙͒͒ͪ͊ͭ͊ͼ͙Ύύ ͍͔͍͙͔ͫ͒ͫͭ͡ ͦͭ͊͊͘͟ ͦͭ ͙ͨͭΈΎΦ 
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¶ ˶͙ͣͺ͔͙͊͒ͤͭ ͔ͪͦ͘͟ ͍·͔ͪ͊͗ͤ ς ͨ ͦ͒;͔͡Όͫͭͤ·͔Σ ͔͔͔ͨͪ͒ͤ΄͔͚ͤ·͔Σ ͊ͭ͘·ͦ͡;ͤ·͔ ͯ͘͡· ͍͔͙ͯ͡;͔ͤ·Σ 

͔͔͋ͦͤͤͤ͘͡·Σ ͫͨ͊Ύͤ· ͍ ͔ͨ͊ͭ͟·Φ 

¶ ˽͙͔ͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ς ͒ͦ мпςнл ͔͚͒ͤΦ ˤͦͣͦ͗ͤ͘· ͔ͪͼ͙͙͍͒· ͙ ͔͙ͦͫͦ͗ͤͤ͡ΎΦ 

оΦ ˻͔͙ͫͦ͋ͤͤͦͫͭ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔ͭ;͔͙ͤΎ ͍ ͪ͊ͤ͘·ͻ ͍ͦͪ͊ͫͭͤ͘·ͻ ͎ͪͯͨͨ͊ͻ 

оΦмΦ ˨͔͙ͭ ͦͭ с ͔ͣͫΎͼ͔͍ ͒ͦ о ͔ͭ͡ 

̏ͭͦ ͎ͪͯͨͨ͊ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͙ͪͫ͊͟Φ ˮͣͣͯͤͤ͊Ύ ͙͔ͫͫͭͣ͊ ͔͔ͤͪ͊͘͡ΎΣ ͔͙͙͔ͣ͊ͭͪͤͫ͟ ͙͔͊ͤͭͭ͊͡ ͟ ˤ˽˥πм 

͍ͦͭͫͯͭͫͭͯΌͭ ͙͙͡ ͙͔ͫͤ͗ͤ·Φ ˭͔͍͙͔͊͋ͦ͊ͤ͡ ;͊ͫͭͦ ͤ͊;͙͔ͤ͊ͭͫΎ ͦͫͭͪͦ ͫ ͍·͚ͫͦͦ͟ ͙͡ͻ͙ͦͪ͊͒͟ ͙ ͔ͣͦ͗ͭ ͫͪ͊ͯ͘ 

͙ͨͪͤΎͭΈ ͔͔ͫͪ͒ͤͭΎ͖͗ͯ͡Ό ͙͙͡ ͭΎ͖͗ͯ͡Ό ͺͦͪͣͯΦ ˨͔͙ͭ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘ ͔ͤ ͎ͣͦͯͭ ͙͍ͦ͊ͦ͊ͭ͘͟͡͡Έ ͋ͦ͡ΈΣ 

ͨͪͦΎ͍͡Ύ͔ͭͫΎ Ήͭͦ ͨͦͫͭͦΎͤͤ·ͣ ͨ͊͡;͔ͣΣ ͦͭ͊ͦͣ͘͟ ͦͭ ͎͙ͪͯ͒ ͙͙͡ ͋ͯͭ·ͦ͡;͙͟Φ ˥͙͔͙͍ͨͪͫ͊͊͡ͼ͙Ύ ͙ 

͔͔͋ͦͤͤͤͦͫͭ͘͡Έ ͙͍ͨͪͦ͒Ύͭ ͟ ͋·͚ͫͭͪͦ ͔͎͙͒͒ͪ͊ͭ͊ͼ͙͙ ς Ήͭͦ ͔ͫ͊ͣͦ ;͔͊ͫͭͦ ͔͙͔ͦͫͦ͗ͤͤ͡Σ ͔ͭͪ͋ͯΌ΅͔͔ 

͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙Φ 

оΦнΦ ˹͍͖ͦͦͪͦ͗͒ͤͤ·͔ ό͔ͤͦͤ͊ͭ͊͡Έͤ·͚ ͎͔͔ͪͨͫύ 

ˤ͔ͫͭͪ;͔͊ͭͫΎ ͔ͪ͒ͦ͟ όм ͤ͊ олллςрллл ͍ͪͦ͒ͦύΣ ͤͦ ͔͔ͨͪͦͭ͊ͭ͟ ͚͔ͪ͊ͤ͟ ͭΎ͔͗ͦ͡Φ ˮͤͺ͙ͼ͙͍͙͔ͪͦ͊ͤ 

͙ͨͪͦͫͻ͙ͦ͒ͭ ͍ͦ ͍͔ͪͣΎ ͍ͪͦ͒ͦ ͙ͨͪ ͙͍͊ͭͤͦͣ͟ ͎͔͙ͤͭ͊͡Έͤͦͣ ͎͔͔͔ͪͨͫ ͯ ͔͙ͣ͊ͭͪΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟Υ 

¶ ˽͔͙͔ͦͪ͊͗ͤ ͙͙͚ͫͫͭͦ͘͡ ͙ͨͦͦͫͭ͡ ͪͭ͊Σ ͎ͯ͋Σ Ύ͘·͊͟Φ 

¶ ˥͔͔͙͍ͤͪ͊ͦ͊ͤͤ͊͘͡Ύ ͺͦͪͣ͊Υ ͎͔͔͙ͪͨͭ;͔͙͚ͫ͟ Ήͤͼ͔ͺ͙͊ͭ͡Σ ͎͔͙ͨ͊ͭͭΣ ͔͍͙ͨͤͣͦͤΎΣ ˨ˤ˿πͫ ͙ͤ͒ͪͦͣΦ 

¶ ˶͔ͭ͊͡ΈͤͦͫͭΈ ͔͋͘ ͔͡;͔͙ͤΎ ͙͎͔͒ͦͫͭ͊ͭ ул҈ ό͙ͨͪ ͍͔͍͔͔ͫͦͪͣͤͤͦͣ ͍͍͔͔͙͙͒ͤ ͊ͼ͙͍͙ͦͪ͊͟͡ ͙͔ͫͤ͗͊ͭͫΎ 

͒ͦ нлςол҈ύΦ 

оΦоΦ ˨͔͙ͭ ͫͭ͊ͪ΄͔ о ͔ͭ͡ ͙ ͙ͨͦ͒ͪͦͫͭ͟ 

˽͔͍͙ͪ;ͤ·͚ ͎͔͔͙ͪͨͭ;͔͙͚ͫ͟ ͙ͫͭͦͣ͊ͭͭ ͯ ͙ͤͻ ͍͔ͫͭͪ;͔͊ͭͫΎ ͔͔ͪ͗Σ ͤͦ ͍ͦͣͦ͗ͤͦ͘Φ ͔́;͔͙͔ͤ ;͊΅͔ ͖͎͔ͦ͟͡ 

͙͙͡ ͔͔ͫͪ͒ͤͭΎ͖͔͗ͦ͡Φ ˾͔͖͋ͤͦ͟ ͔ͣͦ͗ͭ ͍͗͊ͦ͊ͭ͡ΈͫΎ ͤ͊ ζ͔͙͔͗͗ͤη ͍ͦ ͪͭͯ ͒ͦ ͨͦΎ͍͔͙ͤ͡Ύ ͍·ͫ·͙͚ͨ͊ͤΦ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͔͎͡;͔ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͪ͊ͫͫͨͪͦͫ͊Φ 

пΦ ˻͔͙ͫͦ͗ͤͤ͡Ύ 

¶ ˨͔͎͙͒ͪ͊ͭ͊ͼ͙Ύ όΉ͙ͫͦ͘͟͟ύ ς ͤ ͙͔͔͊͋ͦ͡ ;͔͊ͫͭͦ ͔͙͔ͦͫͦ͗ͤͤ͡ ͯ ͔͔͚͒ͭ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘Φ ˴͙͙ͤ͊͟͡Υ 

ͫͯͻͦͫͭΈ ͙͙ͫͫͭ͘͡·ͻΣ ͔͙͔͊ͨ͊͒ͤ͘ ͋ͦ͡Έ΄͎ͦͦ ͙ͪͦ͒ͤ;͊͟Σ ͙͔͙͔ͫͤ͗ͤ ͙͔͒ͯͪ͊͘Σ ͭ͊ͻ͙͙͊ͪ͒͟ΎΦ 

¶ ˥͔͔͙ͪͨͭ;͔͙͚ͫ͟ ͔ͪ͊ͭͦͦͤ͟͟ΆΌ͙͍͙ͤͭͭ͟ ς ͔͙͔ͨͦͪ͊͗ͤ ͎͍͙ͪͦͦͼ·Σ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͪͯ͋ͼ͔͍͙͊ͤΌ ͙ 

͙͔͙ͫͤ͗ͤΌ ͔͙ͪͤ͘ΎΦ 

¶ ˥͔͔͙ͪͨͭ;͔͙͚ͫ͟ ͔͙͎ͣͤͤͦΉͤͼ͔ͺ͙͊ͭ͡ ς ͪ ͔͔͒ͦ͟ όлΣмςлΣр҈ύΣ ͤͦ ͙͔͎͗ͤͯͪͦ͗͊͘Ό΅͔͔ ͔͙͔ͦͫͦ͗ͤͤ͡Φ 

˽ͪͦΎ͍͡Ύ͔ͭͫΎ ͎͙ͫͯ͒ͦͪͦ͊ͣΣ ͤ͊ͪͯ΄͔͙͔ͤͣ ͙ͫͦͤ͊ͤ͘ΎΣ ͦ;͎͍͚͊ͦͦ ͔͍͎͙ͤͪͦͦ͡;͔͚ͫͦ͟ ͙͙͚ͫͣͨͭͦͣ͊ͭͦ͟Φ 

¶ ˤ͙ͭͦͪ;ͤ͊Ύ ͔͙͋͊ͭͪ͊͟͡Έͤ͊Ύ ͙ͤͺ͔͟ͼ͙Ύ ς ͙ ͔͙͎ͣͨͭͦΣ ͔͍ͫͭͪͨͭͦͦͦ͟͟͟·͚ ͻ͔͚͙ͭ͡Σ ͙͊ͤ͒͒ͦͤ͘͟·͚ 

͙ͫͭͦͣ͊ͭͭ ζ͍͔ͨͦͪͻη ͎͔͔͙ͪͨͭ;͔͙ͫ͟ͻ Ή͙͚ͪͦ͘Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͔ͭ;͔͙͔ͤ ͎͔͔͙ͪͨͭ;͔͎ͫͦͦ͟ ͙ͫͭͦͣ͊ͭͭ͊ ͯ ͔͔͚͒ͭ ͍͙͔͊ͪ͊͋͡Έͤͦ ς ͦͭ ͙͙ͫͯ͋ͤ͟͡;͔͙ͫ͟ͻ ͺͦͪͣ 

͒ͦ ͎͔͔͙͍͚ͤͪ͊ͦ͊ͤͤͦ͘͡ ͙ͤͺ͔͟ͼ͙͙ ͫ Ήͤͼ͔ͺ͙͊ͭͦͣ͡Φ ˹͙͔͔͊͋ͦ͡ ͭΎ͖͗͡·͔ ͫͯ͡;͙͊ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͯ ͔͔͚͒ͭ 

͔͍ͨͪ·ͻ о ͔ͭ͡ ͙͙͗ͤ͘Σ ͍͖ͤͦͦͪͦ͗͒ͤͤ·ͻ ͙ ͙͔͙͍ͣͣͯͤͦͦͣͨͪͦͣͭͪͦ͊ͤͤ͟·ͻ ͨ͊ͼ͙͔͍ͤͭͦΦ ˾͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟Σ 

ͦͼ͔ͤ͊͟ ͔͔͙ͫͭͨͤ ͭΎ͔͙͗ͫͭ ͙ ͍͔͍͔͔ͫͦͪͣͤͤ͊Ύ ͔͙ͭͪ͊ͨΎ ό͊ͼ͙͍͙ͦͪ͟͡Σ ͔͎͙ͪ͒ͪ͊ͭ͊ͼ͙ΎΣ ͔ͣͫͭͤ͊Ύ ͔͔͙͊ͤͫͭ͘Ύύ 

͍ͨͦͦ͘͡ΎΌͭ ͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͔͙ͦͫͦ͗ͤͤ͡ΎΦ ˴͊͗͒·͚ ͔͙ͨ͒͊ͭͪ ͙ ͔͙͚͒ͭͫ͟ ͎ͫͭͦͣ͊ͭͦͦ͡ ͔͒ͦ͗ͤ͡ ͋·ͭΈ ͎͍ͦͭͦ ͟ 

͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ό Ή͎ͭͦͦ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴ͯ͘Έ͔ͣͤͦ͟ ˶Φ˥ΦΣ ˨͙͙͔͍ͣͭͪ͊ ˹ΦˤΦ ˥͔͔͙ͪͨͭ;͔͙͚ͫ͟ ͙ͫͭͦͣ͊ͭͭ ͯ ͔͔͚͒ͭΥ ͙͙ͤ͊͟͟͡Σ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͡;͔͙͔ͤΦ ˸ΦΥ 

˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлмуΦ ς ˾͙͚͔ͦͫͫͫͦ͟ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ 

нΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ όͨͪͦͭͦͦ͟͡ ͔͡;͔͙ͤΎύ ζ˻ͫͭͪ·͚ ͎͔͔͙ͪͨͭ;͔͙͚ͫ͟ ͙ͫͭͦͣ͊ͭͭ ͯ ͔͔͚͒ͭηΦ ˿ͦΌ͘ 

͔͙͍ͨ͒͊ͭͪͦ ˾͙͙ͦͫͫΣ нлнмΦ 

оΦ YƛƳōŜǊƭƛƴ 5Φ²ΦΣ .ǊŀŘȅ aΦ¢ΦΣ WŀŎƪǎƻƴ aΦ!Φ wŜŘ .ƻƻƪΥ нлнмςнлнп wŜǇƻǊǘ ƻŦ ǘƘŜ /ƻƳƳƛǧŜŜ ƻƴ LƴŦŜŎǝƻǳǎ 

5ƛǎŜŀǎŜǎΦ онƴŘ ŜŘΦ !ƳŜǊƛŎŀƴ !ŎŀŘŜƳȅ ƻŦ tŜŘƛŀǘǊƛŎǎΣ нлнмΦ ς ˥͍͊͊͡ ͦ ͎͔͔͍͙ͪͨͫͪͯͫͤ·ͻ ͙ͤͺ͔͟ͼ͙ΎͻΦ 
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пΦ ²ƘƛǘƭŜȅ wΦWΦΣ wƻƛȊƳŀƴ .Φ IŜǊǇŜǎ ǎƛƳǇƭŜȄ ǾƛǊǳǎ ƛƴŦŜŎǝƻƴǎ κκ ¢ƘŜ [ŀƴŎŜǘΦ нлмтΤоуфόмллупύΥнпмсπнполΦ ς 

˻͋ͦͪͤ͊͘Ύ ͫͭ͊ͭΈΎ ͨͦ Ή͙͔͙͎͙͙ͨ͒ͣͦͦ͡ ͙ ͔͡;͔͙ͤΌΦ 

ϭ s͔͍ͭ͊͊ ˣΦ̉ΦΣ ͙͔͙͔͍̊ͪ͋ͪ͒͊ ˥Φ̉ΦΣ нлнс 

 

 

 

 

̂˨˴ сммΦфм 

˸͔͎͔͍ͪͤͦ ˢ͊ͭ͘ ͎́͊͊ͤͣ·͍͙ͪ͊͒ͦ; 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ζˢ͙͙ͤ͊ͭͦͣ ;͔͍͔ͦ͊͟͡Σ ͎ͭͦͨͦͪ͊ͺ͙;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣ ͙ ͔͙͍͚ͦͨͪ͊ͭͤͦ 

ͻ͙͎͙͙ͪͯͪηΣ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ˢ΄ͻ͊͋͊͒ 

 

ˤˢ˾ˮˢ˹́˹ˢ̒ ˢ˹ˢ́˻˸ˮ̒ ˮ ́˻˽˻˥˾ˢ̅ˮ̉˩˿˴ˮ˩ ˻˾ˮ˩˹́ˮ˾̍ ˤ˹˩̉˩˾˩˽˹˻˥˻ ˻́˨˩˶ˢ ˶ˮ̇˩ˤ˻˥˻ 

˹˩˾ˤˢ ˽˾ˮ ˾ˢ˨ˮ˴ˢ˶̎˹̍̆ ˻˽˩˾ˢ̇ˮ̒̆ ˹ˢ ̊˩˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ͦͨͪͦͫ· ͍͙͚͊ͪ͊ͤͭͤͦ ͙͙͊ͤ͊ͭͦͣ ͙ ͎ͭͦͨͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͙͔͙͍ͦͪͤͭͪͦ 

͍͔ͤ;͔͔͎ͪͨͤͦͦ ͔ͦͭ͒͊͡ ͙͡ͼ͔͍͎ͦͦ ͔͍ͤͪ͊Σ ͙͔ͤ͊ͤ͘ ͦͭͦͪ͟·ͻ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͙ͨͪ ͍·͔͙͙ͨͦͤͤ͡ 

͙ͪ͊͒͊͟͡Έͤ·ͻ ͔ͦͨͪ͊ͼ͙͚ ͤ͊ ΄͔͔ ό͍͟͡Ό;͊Ύ ͙ͪ͊͘͡;ͤ·͔ ͍͙͒· ΄͔͚ͤ·ͻ ͙ͣ͡ͺ͙͔ͦ͒ͫͫ͟ͼ͙͚ύΦ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͎ͭͦͨͦͪ͊ͺ͙͙ ͔͍͚ͪ͊ͦ͟ ͍͔͍͙ͭ ͙͔͚ͤ͗ͤ ;͔͡Ό͙ͫͭ ͙ ΄͔͚͚ͤͦ ͍͔͍͙ͭ ͙͡ͼ͔͍͎ͦͦ ͔͍ͤͪ͊Σ 

ͦͭͦͪ͟·͔ ͙͔͔ͤ͊͋ͦ͡ ͍͔͔ͨͦ͒ͪ͗ͤ· ͙ͪͫͯ͟ Ύ͎͔͎ͭͪͦͤͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͙ͨͪ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ͻ ͍ 

͙͔ͨͦ͒ͤ͗ͤ;͔͡Όͫͭͤͦͣ ͔͎ͭͪͯͦ͡Έ͙͔ͤ͟ ͙ ͔͊ͭͪ͊͡͡Έͤ·ͻ ͔ͦͭ͒͊͡ͻ ΄͔͙Φ ˹͊ ͍͔ͦͫͤͦ ͙͊ͤ͊͊͘͡ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ 

͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͙ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͫͯ͡;͔͍͊ ͙ͦͨͫ͊ͤ· ͟͡Ό;͔͍·͔ ͨͦͫͭͦΎͤͤ·͔ ͙͔͙ͦͪͤͭͪ· τ ͙͔ͭ͊͟ ͊͟͟ ͔͔͊͒ͤ͘ 

͋ͪΌ΄ͦ͟ ͍͒ͯ͋ͪΌ΄͚ͤͦ ͣ·΄ͼ·Σ ΄͙ͦͨͦ͒͡ΆΎ͘·;ͤ͊Ύ ͣ·΄ͼ͊Σ ͙͙͚ͤ͗ͤ ͚ͪ͊͟ ͙͔͚ͤ͗ͤ ;͔͡Ό͙ͫͭ ͙ ͙͡ͼ͔͍͊Ύ 

͍͔ͤ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

͙͡ ͼ͔͍͚ͦ ͔͍ͤͪΣ ͍͔ͤ;͔͔͚ͪͨͤͦ ͔ͦͭ͒͡Σ ͍͙͊ͪ͊ͤͭͤ͊Ύ ͙͊ͤ͊ͭͦͣΎΣ ͎ͭͦͨͦͪ͊ͺ͙;͔͙͔ͫ͟ ͙͔͙ͦͪͤͭͪ·Φ 

 

˾͙͊͒͊͟͡Έͤ·͔ ͔͙͍ͦͨͪ͊ͭͤ·͔ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͤ͊ ΄͔͔Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ Ή͙ͪ͊͒͊͟ͼ͙Ό ͔͎͙ͪͦͤ͊ͪͤ·ͻ 

͔͍ͣͭ͊ͫͭ͊ͦ͘ ͪ͊͊͟ ͎͍ͦͪ͊ͤͦ ͎͍ͦͦ͡· ͙ ΄͔͙Σ ͫͦͨͪΎ͔͗ͤ· ͫ ͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͍͊͗ͤ·ͻ 

͔͚͍ͤͪͦ͊ͫͯ͟͡Ύͪͤ·ͻ ͫͭͪͯͭͯͪ͟Φ ˿͔͙ͪ͒ ͙ͤͻ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͙͔͊ͤͣ͊ͭ͘ ͍͔ͤ;͔͔͚ͪͨͤͦ ͔ͦͭ͒͡ ͙͡ͼ͔͍͎ͦͦ ͔͍ͤͪ͊Φ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͭͦΣ ;ͭͦ ͍͚ͦͫͤͦͤͦ ͍ͫͭͦ͡ ͔͍ͤͪ͊ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͍ ͦͦͦͯ͟͡΄͚ͤͦ ͫ͡Ό͚ͤͤͦ ͔͔͔͗͘͡Σ ͔͎ͦ ͙͒ͤͤ͡·͔ 

͔͙ͭͪͣͤ͊͡Έͤ·͔ ͍͔͍͙ͭ ͫͨͯͫ͊͟ΌͭͫΎ ͍ ͙͔ͨͦ͒ͤ͗ͤ;͔͡ΌͫͭͤͯΌ ͦ͋͊ͫͭ͡Έ ͙ ͍͔ͪͻ͙͔ͤ ͔ͦͭ͒͡· ΄͔͙Σ ͨͦͨ͊͒͊Ύ 

͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͍ ͦͤͯ͘ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͙ͨͦͫ͊͟ ͙ͨͪ ͙ͣ͡ͺ͙͔ͦ͒ͫͫ͟ͼ͙͙Φ 

˹͙͔͔͊͋ͦ͡ ͯΎ͍͙͚ͣͦ͘ ͍ Ήͭͦͣ ͦͭͤͦ΄͔͙͙ͤ Ύ͍͡Ύ͔ͭͫΎ ͔͍ͪ͊͊͟Ύ ͍͔͍ͭΈ ͙͔͚ͤ͗ͤ ;͔͡Ό͙ͫͭΣ ͍͔͔͙͔ͨͦͪ͗͒ͤ 

͚ͦͭͦͪͦ͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͚͚ͫͭͦͦ͟ ͙͔͙͙͊ͫͣͣͭͪ ͙͡ͼ͊Σ ͙ͨ͊ͪ͊͡;ͯ ͣ·΄ͼ ͎ͯ͊͡ ͪͭ͊ ͙ ͍·͔ͪ͊͗ͤͤͦͣͯ Ή͔͙ͫͭͭ;͔ͫͦͣͯ͟ 

͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦͣͯ ͔͒ͺ͙ͼ͙ͭͯΦ ˿͙ͭͯ͊ͼ͙Ύ ͦͫͦ͗ͤ͡Ύ͔ͭͫΎ ͚͔͚ͪ͊ͤ͟ ͙͊͋͡͡ΈͤͦͫͭΈΌ ͙ ͍͙͔͊ͪ͊͋͡ΈͤͦͫͭΈΌ ͻͦ͒͊ 

͔͍ͤͪͤ·ͻ ͍͍ͫͭͦͦ͡ ͯ ͪ͊ͤ͘·ͻ ͨ͊ͼ͙͔͍ͤͭͦΦ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͎͔ͯ͋ͦͦ͟͡ ͙͙͔ͨͦͤͣ͊ͤ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ 

͙͊ͤ͊ͭͦͣ;͔͚ͫͦ͟ ͙͔ͣͤ͘;͙͍͙ͦͫͭ ͙ ;͔͔ͭͦ͟ ͙͔ͤ͊ͤ͘ ͨͦͫͭͦΎͤͤ·ͻ ͦͫͭͤ͟·ͻ ͙ ͣΎ͎ͦͭ͊ͤͤ͟͟·ͻ ͙͔͙͍ͦͪͤͭͪͦ ͫͯ͗͊ͭ͡ 

͍͚ͦͫͤͦͦ ͒͡Ύ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͍·͔͙ͨͦͤͤ͡Ύ ͙ͪ͊͒͊͟͡Έͤ·ͻ ͔ͦͨͪ͊ͼ͙͚ ͤ͊ ́ ͔͔Φ 

ˤ͙͊ͪ͊ͤͭͤ͊Ύ ͙͊ͤ͊ͭͦͣΎ ͍͔ͤ;͔͔͎ͪͨͤͦͦ ͔ͦͭ͒͊͡ ͙͡ͼ͔͍͎ͦͦ ͔͍ͤͪ͊ 

˽͔ͦͫ͡ ͍·ͻͦ͒͊ ͙͘ ΄͙ͦͫͦͫ͡ͼ͔͍͙͎͒ͤͦͦ ͍͔͙ͦͭͪͫͭΎ ͙ ͨͪͦͻ͔͙ͦ͗͒ͤΎ ͍ͫͦ͘͟Έ ͭͦ͡΅ͯ ͦͦͦͯ͟͡΄͚ͤͦ 

͔͔͗͘͡· ͙͡ͼ͔͍͚ͦ ͔͍ͤͪ ͔ͪ͊͒͘͡Ύ͔ͭͫΎ ͤ͊ ͍͔͒ ͍ͦͫͤͦͤ·͔ ͨͦͪͼ͙͙Σ ͙͘ ͦͭͦͪ͟·ͻ ͙ͤ͗ͤΎΎΣ ͙͙͡ ΄͔͚ͤͦ-͙͡ͼ͔͍͊ΎΣ 

͔͒͊ͭ ͤ͊;͊ͦ͡ ͔͍͚ͪ͊ͦ͟ ͍͔͍͙ͭ ͙͔͚ͤ͗ͤ ;͔͡Ό͙ͫͭ ͙ ΄͔͚͚ͤͦ ͍͔͍͙ͭΦ ˢͪͻ͙͔͙ͭͭͦͤ͊͟͟ Ή͙ͭͻ ͍͔͍͔͚ͭ 

ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍·͔ͪ͊͗ͤͤ·ͣ ͙ͨͦͣͦͪ͡ͺ͙ͣͦͣ͘Φ ˴͔͍ͪ͊͊Ύ ͍͔͍ͭΈ ͔ͣͦ͗ͭ ͋·ͭΈ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͊͟͟ 

͙ͦ͒ͤͦ;ͤ·ͣ ͍ͫͭͦͦͣ͡Σ ͭ͊͟ ͙ ͪ͊ͫͫ·ͨ͊ͭΈͫΎ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͔ͨ͊ͪ͊͡͡͡Έͤͦ ͙͒ͯ΅͙ͻ ͍ͦͦͦͤ͟͡Σ ͙ͦ͟͡;͔͍ͫͭͦ 
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ͦͭͦͪ͟·ͻ ͍ ͔ͤͦͭͦͪ͟·ͻ ͫͯ͡;͊Ύͻ ͙͎͔͒ͦͫͭ͊ͭ ;͔ͭ·͔ͪͻΦ 

ˮ͙͍͙ͤ͒͒ͯ͊͡Έͤ͊Ύ ͙͔ͣͤ͘;͙͍ͦͫͭΈ ͔͊ͫ͊ͭͫ͟Ύ ͙ ͍͔͎ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͦ ͔͙ͪ͊ͫͨͦͦ͗ͤ͡Ύ ͔͍ͤͪ͊ 
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ͦͭͻ͔͙͔ͦ͗͒ͤ ͫͦͫͯ͒͊ ͔ͣͦ͗ͭ ͋·ͭΈ ͦ΄͙͋ͦ;ͤͦ ͙ͨͪͤΎͭͦ ͊͘ ͺ͙͋ͪͦͤͯ͘Ό ͭΎ͗ ͙͙͡ ͍͔͔ͭͦͪͦͫͭͨͤͤͯΌ ͍͔͍ͭΈΦ 

˿͙͙ͭ͊ͭͫͭ͊͟ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ Ύ͎͔ͭͪͦͤͤ·͔ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͪͯͨͤ͟·ͻ ͔͙͊ͪͭͪ͊͡Έͤ·ͻ ͍͍ͫͭͦͦ͡ ͙ͨͪ 

͔ͦͨͪ͊ͼ͙Ύͻ ͤ͊ ͔͔͗ͯ͒͟͡ ͍ ур҈ ͫͯ͡;͔͍͊ ͍͔ͦ͋ͯͫͦͤ͡͡· ͙͔ͣͤͤͦ ͔͙͔ͤͤ͊ͤͣ͘ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ 

͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͨ͊ͼ͙͔ͤͭ͊Σ ͊ ͔ͤ ͔͒ͺ͔͙ͭ͊ͣ͟ ͣ͊ͤͯ͊͡Έͤ·ͻ ͍ͤ͊·͍ͦ͟ ͻ͙͎ͪͯͪ͊Φ 

͔̇͡Έ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

˻ͼ͔͙ͤͭΈ ;͊ͫͭͦͭͯ ͙ ͻ͔͊ͪ͊ͭͪ͟ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͍͙͍͊ͪ͊ͤͭͦ ͔͙ͫͭͪͦͤΎ ͍͔͍͔͚ͭ ͋ͪΌ΄͚ͤͦ ͊ͦͪͭ·Σ 

͍ͪͦͦͫͤ͊͋͗͊͟Ό΅͙ͻ ͔͗ͯ͒ͦ͟͡Σ ͙ ͔͔͙ͦͨͪ͒ͭ͡Έ ͙ͻ ͍͙͡Ύ͙͔ͤ ͤ͊ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͔ͭͻ͙ͤ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

͍·͔͙ͨͦͤͤ͡Ύ ͙͍͙͍ͣ͊ͦͤ͊ͤ͘͡·ͻ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭΦ 

˸͔͙͊ͭͪ͊͡· ͙ ͔ͣͭͦ͒· 

ˤ ͍ͦͫͤͦͯ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͨͦͦ͗ͤ͡ ͙͊ͤ͊͘͡ ͒͊ͤͤ·ͻ мнл ͨ͊ͼ͙͔͍ͤͭͦΣ ͨͪͦͻ͙͍ͦ͒΄͙ͻ ͔͍͙͔ͦ͋ͫ͒ͦ͊ͤ͡ ͙ 

͙ͪ͊͒͊͟͡Έ͔ͤͦ ͻ͙͎͙ͪͯͪ;͔͔ͫͦ͟ ͔͡;͔͙͔ͤ ό͙͊ͨ͊ͪͦͫͦͨ͟͡;͔ͫ͊͟Ύ ͙͒ͫͭ͊͡Έͤ͊Ύ ͫͯ͋ͭͦͭ͊͡Έͤ͊Ύ ͔͔ͪ͘͟ͼ͙Ύ ͔͗ͯ͒͊͟͡Σ 

͙͊ͨ͊ͪͦͫͦͨ͟͡;͔ͫ͊͟Ύ ͎͊ͫͭͪΉ͙ͭͦͣ͟Ύύ ͍ ͔͙ͨͪͦ͒ ͫ нлно ͨͦ нлнр ͎͎Φ 

ˤ͔ͫͣ ͨ͊ͼ͙͔ͤͭ͊ͣ ͤ͊ ͔͒ͦͦͨͪ͊ͼ͙ͦͤͤͦͣ Ή͔ͭ͊ͨ ͍·ͨͦͤ͡Ύ͊ͫ͡Έ ͣͯ͡Έ͙͙ͭͫͨͪ͊͡Έͤ͊Ύ ͦͣͨ͟ΈΌ͔ͭͪͤ͊Ύ 
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͎ͭͦͣͦͪ͊ͺ͙Ύ ό˸˿˴́ύ ͎͍ͦͪ͊ͤͦ ͋ͪΌ΄͚ͤͦ ͙ͨͦͦͫͭ͡ ͫ ͍͙͍͔ͤͯͭͪͤͤ·ͣ ͋ͦ͡Όͫͤ·ͣ ͙͍͙͔ͦͤͭͪ͊ͫͭͪͦ͊ͤͣ͟ ό˸˿˴́-

͎͙͎͊ͤͦͪ͊ͺ͙ΎύΦ ˹͊ ͍͔ͦͫͤͦ ͨͦͯ͡;͔ͤͤ·ͻ 5L/ha-ͺ͚͍͊ͦ͡ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͔ͭͪͻ͔͔ͣͪͤͦ όо5ύ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ 

͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͪͯͫ͊͡ ͍͔ͪͻ͔͎ͤͦ Ήͭ͊͗͊ ͋ͪΌ΄͚ͤͦ ͙ͨͦͦͫͭ͡Φ ˤ ͻ͔ͦ͒ ͔ͦͨͪ͊ͼ͙͙ ͍ͫͦͨͦͫͭ͊͡Ύ͙ͫ͡Έ ͒͊ͤͤ·͔ ˴́-

͎͙͎͊ͤͦͪ͊ͺ͙͙ ͫ ͔ͪ͊͡Έ͚ͤͦ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙͚ͦͤͤͦ ͙͚͊ͪͭͤͦ͟Φ ˢ͙ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͍͙͊ͪ͊ͤͭ· 

͙͊ͫͫ͟͡ͺ͙ͼ͙͍͙ͪͦ͊ͫ͡Έ ͨͦ ͦ͋΅͔͙ͨͪͤΎ͚ͭͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ !ŘŀŎƘƛ ͙ aƛŎƘŜƭǎΦ 

˾͔ͯ͘͡Έͭ͊ͭ· ͙ ͔͙͔ͦ͋ͫͯ͗͒ͤ 

˿͎ͦ͊ͫͤͦ͡ ͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ˸˿˴́-͎͙͎͊ͤͦͪ͊ͺ͙͙Σ ͙͊ͫͫ͟͡;͔͔ͫͦ͟ ͙͊ͤ͊ͭͦͣ;͔͔ͫͦ͟ ͔͙͔ͫͭͪͦͤ τ ͙͙ͫͭͤͤ͊Ύ 

͙ͭͪͺͯͪ͊͟ͼ͙Ύ ;͔͍͎ͪͤͦͦ ͍ͫͭͦ͊͡ ͤ͊ ͔͍ͯ͡Ό ͔͗ͯ͒ͦ͡;ͤͯΌ όŀΦ \  gastrica \  ǎƛƴƛǎǘǊŀύΣ ͦ͋΅ͯΌ ͔ͨ;͔ͤͦ;ͤͯΌ όŀΦ \  

hepatica \  ŎƻƳƳǳƴƛǎύ ͙ ͔͔͔ͫͤͦ͘͡;ͤͯΌ όŀΦ \  ƭƛŜƴŀƭƛǎύ ͔͙͙͊ͪͭͪ ό͙͊ͫͫ͟͡;͔͙͚ͫ͟ ζ΄͙͍ͭ͊ͭ ͔̆͊ͪ͊͡͡ηύ τ 

ͤ͊͋͡Ό͒͊ͦͫ͡Έ ͯ ут ͨ͊ͼ͙͔͍ͤͭͦ όтнΣр҈ύΦ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙ͨͪ ͙ͣ͡ͺ͙͔ͦ͒ͫͫ͟ͼ͙͙ 

˹͙͊͋ͦ͡Έ΄͙͔ ͔ͭͻ͙ͤ;͔͙͔ͫ͟ ͙ͭͪͯ͒ͤͦͫͭ ͍ ͙͍͙͍͚ͣ͊ͦͤ͊ͤͦ͘͡ ͻ͙͎͙͙ͪͯͪ ͔͗ͯ͒͊͟͡ ͍·͘·͍͊Όͭ ͍͙͊ͪ͊ͤͭ· 

͙́ͨ͊ L± ό͙ͤ͊͡;͙͔ ͍͒ͦ͋͊ͦ;͚ͤͦ ͙͙͡ ͔͊ͣ͘΅͊Ό΅͔͚ ͔͍͚ͦ͡ ͔ͨ;͔ͤͦ;͚ͤͦ ͔͙͙͊ͪͭͪΣ ͦͭͻͦ͒Ύ΅͔͚ ͦͭ ͔͍͚ͦ͡ 

͔͗ͯ͒ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪύΦ ˽͙ͪ ͍·͔͙͙ͨͦͤͤ͡ ͙͊ͨ͊ͪͦͫͦͨ͟͡;͔͚ͫͦ͟ ͎͊ͫͭͪΉ͙͙ͭͦͣ͟ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ Ήͭ͊ͨͦͣ 

Ύ͍͡Ύ͔ͭͫΎ ͙͙ͣͦ͋͊͘͡ͼ͙Ύ ͙ ͔͔͔ͨͪͫ;͔͙͔ͤ ͔͍͚ͦ͡ ͔͗ͯ͒ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪ ͯ ͔ͣͫͭ͊ ͔͔ ͦͭͻ͔͙ͦ͗͒ͤΎ ͦͭ ;͔͍͎ͪͤͦͦ 

͍ͫͭͦ͊͡ ͫ ͔͙͔ͯ͒͊ͤͣ͡ ͙ͣ͡ͺ͙͊ͭ;͔͙ͫ͟ͻ ͍ͯͦ͘͡ т-͚ ͙ ф-͚ ͎ͪͯͨͨΦ 

ˤ͔͊͗ͤͦ ͙͔ͨͪͣ;͙͔͊ͤΥ ˿ͯ͡;͚͔͊ͤͦ ͔͔͔ͨͪͫ;͔͙͔ͤ ͔͊ͣ͘΅͊Ό΅͔͚ ͔͍͚ͦ͡ ͔ͨ;͔ͤͦ;͚ͤͦ ͔͙͙͊ͪͭͪ ͍ ͻ͔ͦ͒ 

͙ͣ͡ͺ͙͔ͦ͒ͫͫ͟ͼ͙͙ 5н ͯ ͋ͦ͡Έͤ·ͻ ͫ ͙͔͚͊ͤͦͣ͊͡ L± ͙ͭͨ͊ ͔͙͔ͤ͋͗ͤͦ͘ ͍͔͔͒ͭ ͟ ͦ;͎͍͊ͦͦͣͯ ͔ͤͪͦͯ͘͟ ͔͍͚ͦ͡ ͙͒ͦ͡ 

͔ͨ;͔͙ͤΦ ̂ мм ͨ͊ͼ͙͔͍ͤͭͦ ͤ͊΄͔͚ ͎ͪͯͨͨ· ͎͋͊ͦ͒͊ͪ͡Ύ ͒͊ͤͤ·ͣ ͔͔ͨͪ͒ͦͨͪ͊ͼ͙͚ͦͤͤͦ ˸˿˴́ Ήͭ͊ ͔͙͊ͪͭͪΎ ͋·͊͡ 

͍͔͙ͪͅ ͙ͼ͙͍ͪͦ͊ͤ͊ ͙ ͔ͨͪͼ͙͙ͦͤͤͦ͘ ͍·͔͔͒ͤ͊͡Τ ͙ͣ͡ͺ͙͔ͦ͒ͫͫ͟ͼ͙Ύ ͍·͔ͨͦͤͤ͊͡ ͔͔͙͍͙͔ͫͭͪͦ͊ͤͣ͟͡ ͫͦͫͯ͒͊ ͔͋͘ 

ͤ͊ͪͯ΄͔͙ͤΎ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͔ͨ;͔͙ͤΦ 

ˤ͙͊ͪ͊ͤͭ· ͫ ͦͭͻ͔͙͔ͦ͗͒ͤͣ ͍͚ͨͪ͊ͦ ͔ͨ;͔ͤͦ;͚ͤͦ ͔͙͙͊ͪͭͪ ͦͭ ͍͔ͪͻ͔͚ͤ ͋ͪ·͔͔͗;͚ͤͦ ͔͙͙͊ͪͭͪ ό͙́ͨ LLL) 

͔ͭͪ͋ͯΌͭ ͚͔͚ͪ͊ͤ͟ ͙ͦͫͭͦͪͦ͗ͤͦͫͭ ͙ͨͪ ͔͔ͪ͘͟ͼ͙͙ ͔͗ͯ͒͊͟͡ ͍ ͔ͦͤ͘ ͙͙ͨͦ͒ͨͦͪ͡;͔͚ͫͦ͟ ͨͦͪͼ͙͙ ͙ 

͍͔͒ͤ͊͒ͼ͙͔͚͊ͭͨͪͫͭͤͦ ͙͟΄͙͟ ͙ͨͪ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͎͊ͫͭͪͦ- ͙ ͙͡ Ή͔͍ͤͭͪͦ͊ͤ͊ͫͭͦͣͦͦ͘Φ ˿ͦͫͯ͒ ͨͪͦͻ͙ͦ͒ͭ ͙͊͒͘͟ 

ͦͭ ͍͚ͦͪͦͭͤͦ ͍͔ͤ· ͙ ͎͍͙ͦͦ͟͡ ͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͗͘͡·Σ ͨͦͨ͊͒͊Ύ ͍ ͦͤͯ͘ ͙ͣ͊ͤͨͯ͡Ύͼ͙͚ ͙ͨͪ ͍·͔͔͙͙͒ͤ͡ 

͍͚ͨͪ͊ͦ ͔͗ͯ͒ͦ͡;ͤͦ-ͫ͊͡Έ͙͍͚ͤͦͦ͟ ͔͙͙͊ͪͭͪ όŀΦ \  gastroomentalis \  ŘŜȄǘǊŀύ ͙ ͙ͣ͡ͺ͙͔ͦ͒ͫͫ͟ͼ͙͙ с-͚ ͎ͪͯͨͨ· 

͙ͣ͡ͺ͍ͦͯͦ͘͡Φ 

ˤ·Ύ͍͔͙͔ͤ͡ ;͔͍ͪͤͦ-͋ͪ·͔͔͗;͎ͤͦͦ ͍ͫͭͦ͊͡ ό͙́ͨ ±Σ нΣп҈ύ ͙͊ͪ͒ͤ͊͟͡Έͤͦ ͔ͣͤΎ͔ͭ ͊ͪͻ͙͔͙ͭͭͦͤͯ͟͟ ͍͔͚ͫ 

͋ͪΌ΄͚ͤͦ ͙ͨͦͦͫͭ͡Φ ˻΄͙͋͊͟ ͙ͨͪ ͙͙͍͙͙ͨͪͦ͊ͤ͟͡ ͍͙ͦͫͤͦ͊ͤΎ ͎ͭ͊ͦͦ͟ ͍ͫͭͦ͊͡ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͭͦͭ͊͡Έͤͦͣͯ 

͔ͤͪͦͯ͘͟ ͍͔͎ͫͦ ͙͟΄͔;͙ͤ͊͟ ͙ ͎͔͙͙͚ͨ͊ͭͦ͋͊ͪͤͦ͡ ͦͤ͘·Σ ;ͭͦ ͔͔͒͊ͭ͡ ͔͒ͦͦͨͪ͊ͼ͙ͦͤͤͯΌ ͙͎͙͒͊ͤͦͫͭͯ͟ 

͙͔͔͔͎͗ͤͫ͋ͪ͊͘Ό΅͙ͣ ͺ͊ͭͦͪͦͣ͟Φ 

ˢ͙ͤ͊͘͡ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔͙ͣ͊ͭͪ͊͊͡ ͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊͡Σ ;ͭͦ ͊ͪͻ͙͔͙ͭͭͦͤ͊͟͟ ͍ͫͦͫͯ͒ͦ ͍͔ͪͻ͔͎ͤͦ Ήͭ͊͗͊ 

͋ͪΌ΄͚ͤͦ ͙ͨͦͦͫͭ͡ ͚͔ͪ͊ͤ͟ ͙͊͋͡͡Έͤ͊Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͙͎͋ͪ͊͒· ͒ͦ͗ͤͦ͡ ͋·ͭΈ 

͙͍ͨͪͦ͊ͤͦ͟ ͟ ͔͍͚ͦ͡ ͔͗ͯ͒ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪΦ ˤ ͔ͤͦͪͣ ͦͤ͊ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͔͚ͣͦ͟͡ ͍͔͍ͭΈΌ ;͔͍͎ͪͤͦͦ 

͍ͫͭͦ͊͡Σ ͦ͒ͤ͊ͦ͟ ͙ͨͪ ͙ͤ͊͡;͙͙ ͍͒ͦ͋͊ͦ;͚ͤͦ ͔͍͚ͦ͡ ͔ͨ;͔ͤͦ;͚ͤͦ ͔͙͙͊ͪͭͪ ͔͖ ͙͊͋ͪ͟͡ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͍͔͙ͯ͡;͙͍͔͊ͭͫΎΦ 

˽͙ͪ ͔͙͙ͦ͋ͤ͊ͪͯ͗ͤ ͎ͭ͊ͦͦ͟ ͙ͭͨ͊ ͔͙ͫͭͪͦͤΎ ό͙́ͨ L± ͨͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ˸͙ͻ͔͡Έͫ͊ύ ͫͭ͊ͤ͒͊ͪͭͤ·͚ 

͎͙͊ͦͪͭͣ͡ ͔ͦͨͪ͊ͼ͙͙ ͔ͣͤΎ͔ͭͫΎΦ ˤ͔ͣͫͭͦ ͔͔͔ͨͪͫ;͔͙ͤΎ ͔͍͚ͦ͡ ͔͗ͯ͒ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪ ͯ ͎ͫ͊ͣͦͦ ͍͙ͦͫͤͦ͊ͤΎ 

;͔͍͎ͪͤͦͦ ͍ͫͭͦ͊͡Σ ͻ͙͎ͪͯͪ ͦ͋Ύ͊ͤ͘ ͍·͙ͨͦͤͭ͡Έ ͔ͨͪͼ͙͙ͦͤͤͯ͘Ό ͙͔͒ͫͫ͟ͼ͙Ό ͍ ͙ͦ͋͊ͫͭ͡ ͭ͊͟ ͤ͊͘·͍͔͚͊ͣͦ 

ζ͚ͣ͊ͦ͡ ͙͍͙ͪͤ͘͟·η ͔͗ͯ͒͊͟͡Σ ;ͭͦ͋· ͙͙͍ͦͪͦ͊ͤͤͦ͘͡ ͙͙͍ͨͪͦ͊ͭ͟͡Έ ͭͦ͡Έͦ͟ ͔ͭ ͍͔͍͙ͭΣ ͦͭͦͪ͟·͔ ͙͒ͯͭ 

͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͟ ͔͔ͫͭͤ͟ ͔͗ͯ͒͊͟͡Φ ˭͔͊ͣ΅͊Ό΅͙͚ ͫͦͫͯ͒Σ ͙͒ͯ΅͙͚ ͟ ͔͍͚ͦ͡ ͔͒ͦ͡ ͔ͨ;͔͙ͤΣ ͭ΅͔͊ͭ͡Έͤͦ 

͍·͔͒͡Ύ͔ͭͫΎ ͙͘ ͦͪͯ͗͊͟Ό΅͙ͻ ͔͚ͭ͊ͤ͟ ͙ ͫͦͻͪ͊ͤΎ͔ͭͫΎΦ 

˨͎͙ͪͯͣ ͙͙ͪͭ͟;͔͙ͫͣ͟ ͔ͣͦͣͤͭͦͣ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͣͦ͋͊͘͡ͼ͙Ύ ͋ͦ͡Έ΄͚ͦ ͙͍͙ͪͤ͘͟· ͔͗ͯ͒͊͟͡Φ 

˴͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ Ή͚ͭͦ ͦͤ͘· ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͊͘ ͫ;͔ͭ ͔͍͚ͦ͡ ͙ ͍͚ͨͪ͊ͦ ͔͗ͯ͒ͦ͡;ͤͦ-ͫ͊͡Έ͙͍ͤͦ͟·ͻ ͔͙͚͊ͪͭͪΦ 

˽͍ͪ͊͊Ύ ͔͗ͯ͒ͦ͡;ͤͦ-ͫ͊͡Έ͙͍ͤͦ͊͟Ύ ͔͙͊ͪͭͪΎ ͔͔͋ͪͭ  
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˭͊͟͡Ό;͔͙͔ͤ 

ˮ͙͍͙ͤ͒͒ͯ͊͡Έͤ͊Ύ ͙͊ͤ͊ͭͦͣ;͔ͫ͊͟Ύ ͙͔ͣͤ͘;͙͍ͦͫͭΈ ͍͔͍͔͚ͭ ͋ͪΌ΄͚ͤͦ ͊ͦͪͭ· ͍͔ͫͭͪ;͔͊ͭͫΎ ͔͔͋ͦ͡ ;͔ͣ ͍ 

;͔͍͔͙ͭͪͭ ͫͯ͡;͔͍͊ όнтΣр҈ύΦ ˤ ͍͙ͯͫͦ͡Ύͻ ͙͍͙͍͚ͣ͊ͦͤ͊ͤͦ͘͡ ͻ͙͎͙͙ͪͯͪ ͔͗ͯ͒͊͟͡Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͚ͫΎ 

͍͙͔ͦͭͫͯͭͫͭͣ ͔ͭͪͻ͔͎ͣͪͤͦͦ ͔͔͍͔͎ͫͭͫͭͤͤͦͦ ͔͙ͪͤ͘Ύ ͙ ͨ͊͡Έ͎ͨ͊ͭͦͪͤͦͦ ͦͤͭ͊ͭ͊͟͟Σ ͔͍͔͔ͤͦͫ͒ͦͣͤͤͦͫͭ͡Έ 

ͻ͙͎ͪͯͪ͊ ͦ͋ Ή͙ͭͻ ͔ͦͫͦ͋ͤͤͦͫͭΎͻ ͔ͪͦ͘͟ ͍ͨͦ·΄͔͊ͭ ͙ͪͫ͟ ͍͔͙͚ͦͤͪͫ͟ ό͔͔ͨͪͻͦ͒͊ ͤ͊ ͦͭͪ͟·ͭͯΌ ͙͊ͨ͊ͪͦͭͦͣ͡Όύ 

͙ ͺ͊ͭ͊͡Έͤ·ͻ ͙ͫͦͫͯ͒ͫͭ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ͔͍̉ͪͤͦͯͫͦ ˢΦ̅ΦΣ ̆ͦͪͦ͋ͪ·ͻ ́ΦˤΦ ͙ ͒ͪΦ ˸͙͍͙͍͊ͦͤ͊ͤ͊͘͡Ύ ͻ͙͎͙ͪͯͪΎ ͪ͊͊͟ ͔͗ͯ͒͊͟͡Υ ͫͭ͊ͤ͒͊ͪͭ· ͙ 

͙͍ͤͤͦ͊ͼ͙͙ κκ ͙͎͙̆ͪͯͪΎΦ ˬͯͪͤ͊͡ ͙ͣΦ ˹ΦˮΦ ˽͙͎͍ͪͦͦ͊Φ τ 2022. τ Ѕ пΦ τ ˿ Φ мрς22. 

2. Adachi B. Das Arteriensystem der Japaner. τ Kyoto: Maruzen Co., 1928. τ Bd. 1. τ 320 s. 

3. Michels N. A. Blood Supply and Anatomy of the Upper Abdominal Organs with a Descriptive Atlas. τ 

Philadelphia: JB Lippincott, 1955. τ 523 p. 

4. ˴͙͍ͦͭ ˤΦ˹ΦΣ ˣ͍͊͒ͪͦ ˤΦˢΦ ˾ͦ͡Έ ͣͯ͡Έ͙͙ͭͫͨͪ͊͡Έ͚ͤͦ ͦͣͨ͟ΈΌ͔͚ͭͪͤͦ ͎ͭͦͣͦͪ͊ͺ͙͙ ͍ ͙͍͙͙ͨ͊ͤͪͦ͊ͤ͡ 

͙͊ͨ͊ͪͦͫͦͨ͟͡;͔͙ͫ͟ͻ ͔ͦͨͪ͊ͼ͙͚ ͍ ͙͊͋͒ͦͣͤ͊͡Έ͚ͤͦ ͎͙͙ͦͤͦͦ͟͡ κκ ˤ͔͙ͫͭͤ͟ ͻ͙͎͙͙ͪͯͪ ͙ͣΦ ˮΦˮΦ ˥͔͍ͪͦ͊͟Φ τ 

2024. τ ́ Φ муоΣ Ѕ нΦ τ ˿ Φ прς51. 

ϭ ˸͔͎͔͍ͪͤͦ ˢΦ́Φ, 2026 

 

 

 

 

       ͙͔͍́͊͒͗͋͊͊ ˻͎͎͔͔ͯͪ͟͡ ˣ͊΄͙͍ͣͦͤ͊Σ 

 ˽ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͙͙͊ͤ͊ͭͦͣ ;͔͍͔ͦ͊͟͡Σ 

 ͎ͭͦͨͦͪ͊ͺ͙;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣ ͙ ͔͙͍͚ͦͨͪ͊ͭͤͦ ͻ͙͎͙͙ͪͯͪΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

ˢ˹ˢ́˻˸ˮ̉˩˿˴ˮ˩ ˻˿˻ˣ˩˹˹˻˿́ˮ ˴˾˻ˤ˻˿˹ˢˣˬ˩˹ˮ̒ ˽˻̉˴ˮ ˮ ˮ̆ ˾˻˶̎  
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͨͦ͒ͪͦ͋ͤ·͚ ͦ͋ͦͪ͘ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͍͙͍͊ͪ͊ͤͭͦ ͨͦ;͔;ͤ·ͻ ͔͙͚͊ͪͭͪ ͙ ͍͔ͤΣ ͙ͻ 

;͊ͫͭͦͭ·Σ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͤ͊͘;͔͙ͤΎΦ ˻͙ͨͫ͊ͤ· ͍͒ͦ͋͊ͦ;ͤ·͔ ͙ ͔͊͋ͪͪ͊ͤͭͤ·͔ ͨͦ;͔;ͤ·͔ 

͔͙͙͊ͪͭͪΣ ͔͍͔ͣͤͦ͗ͫͭͤͤ·͔ ͔͙͙͊ͪͭͪΣ ͔͔ͪ͊ͤͤ ͔͔͙͔͒ͤ͡ ͍͎ͦͫͤͦͤͦͦ ͍ͫͭͦ͊͡ ͨͦ;͔;͚ͤͦ ͔͙͙͊ͪͭͪΣ ͊ ͔ͭ͊͗͟ 

͍͙͊ͪ͊ͤͭ· ͨͦ;͔;ͤ·ͻ ͍͔ͤ όͼ͙ͪͯͣ͊ͦͪͭ͊͟͡Έͤ͊Ύ ͍͔ͤ͊Σ ͔ͪͭͪͦ͊ͦͪͭ͊͡Έͤ͊Ύ ͍͔ͤ͊Σ ͔͍͔ͣͤͦ͗ͫͭͤͤ·͔ ͍͔ͤ·ύΦ 

˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙ͪͦ͡ Ή͙ͭͻ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙ͨͪ ͔ͤͺͪΉ͙͙ͭͦͣ͟ ό͍ ͭͦͣ ;͙͔ͫ͡ 

͙͊ͨ͊ͪͦͫͦͨ͟͡;͔͚ͫͦ͟ύΣ ͔͔ͪ͘͟ͼ͙͙ ͨͦ;͙͟Σ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙͙ ͙ Ή͍ͤ͒ͦ͊ͫͯ͟͡Ύͪͤ·ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ͻΦ 

˽ͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ ͤ͊͘;͔͙͔ͤ ͔͔ͨͪ͒ͦͨͪ͊ͼ͙͚ͦͤͤͦ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ό˴́π͊ ͎͙͎ͤͦͪ͊ͺ͙Ύύ ͒͡Ύ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ 

͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙ͦͤͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

ͨͦ ;͔;ͤ͊Ύ ͔͙͊ͪͭͪΎΣ ͨͦ;͔;ͤ͊Ύ ͍͔ͤ͊Σ ͍͒ͦ͋͊ͦ;ͤ͊Ύ ͨͦ;͔;ͤ͊Ύ ͔͙͊ͪͭͪΎΣ ͔͊͋ͪͪ͊ͤͭͤ͊Ύ ͔͙͊ͪͭͪΎΣ 

͙͊ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͍͙͊ͪ͊ͤͭ·Σ ͔ͤͺͪΉ͙ͭͦͣ͟ΎΣ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙Ύ ͨͦ;͙͟Σ ˴́π͊ ͎͙͎ͤͦͪ͊ͺ͙ΎΣ  

ͻ͙͎͙ͪͯͪ;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΣ ͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ͟ ͨͦ;͙͟Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˴͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ ͨͦ;͙͟ ͙ͦͭ͡;͔͊ͭͫΎ ͍·͙ͫͦͣ͟ ͙͔ͪ͊ͤͦͦ͋ͪ͊ͣ͘͘ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͍͙͍͊ͪ͊ͤͭͦΦ ˭͙͔ͤ͊ͤ 
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Ή͙ͭͻ ͍͙͍͊ͪ͊ͤͭͦ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͒͡Ύ ͎͍ͯͪͦͦͦ͡Σ ͎͍ͭͪ͊ͤͫͨ͊ͤͭͦͦͦ͡͡ ͙ ͙ͫͦͫͯ͒ͫͭ·ͻ ͻ͙͎͍ͪͯͪͦΦ ̉͊ͫͭͦͭ͊ 

͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͨͦ;͔;ͤ·ͻ ͔͙͚͊ͪͭͪ ͙͎͔͒ͦͫͭ͊ͭ нрςпл҈Σ ͊ ͍͙͍͊ͪ͊ͤͭͦ ͨͦ;͔;ͤ·ͻ ͍͔ͤ ς рςмр҈Φ ˹͔ͯ;͖ͭͤͤ·͔ 

͙͙͊ͤͦͣ͊͡ ͎ͣͦͯͭ ͙͍͔͙ͨͪͫͭ ͟ ͭΎ͖͗͡·ͣ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙ͦͤͤ·ͣ ͍͔ͪͦͦͭ͟;͔͙ͤΎͣΣ ͙΄͔͙͙ͣ ͯ;͍͊ͫͭͦ͟ ͨͦ;͙͟Σ 

͙ͤͺ͊ͪͭͯ͟Σ ͔͔ͨͦͭͪ ͎ͦͪ͊ͤ͊ ͙͙͡ ͔͙ͫͣͪͭ ͨ͊ͼ͙͔ͤͭ͊Φ 

мΦ ˹ͦͪͣ͊͡Έͤ͊Ύ ͙͊ͤ͊ͭͦͣΎ ͨͦ;͔;ͤ·ͻ ͔͙͚͊ͪͭͪ 

ˤ ͙͊ͫͫ͟͡;͔ͫͦͣ͟ ͍͙͔͊ͪ͊ͤͭ όррςтл҈ ͫͯ͡;͔͍͊ύ ͊͗͒͊͟Ύ ͨͦ;͊͟ ͨͦͯ͡;͔͊ͭ ͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ͟ ͙͘ ͚ͦ͒ͤͦ 

ͨͦ;͔;͚ͤͦ ͔͙͙͊ͪͭͪΣ ͦͭͻͦ͒Ύ΅͔͚ ͦͭ ͊ͦͪͭ· ͤ͊ ͍͔ͯͪͦͤ [мς[нΦ ˽͍ͪ͊͊Ύ ͨͦ;͔;ͤ͊Ύ ͔͙͊ͪͭͪΎ ͙͔͔͒ͤͤ͡ ͔͍͚ͦ͡ ͙ 

ͨͪͦͻ͙ͦ͒ͭ ͙ͨͦ͊͒͘ ͙͔͚ͤ͗ͤ ͚ͨͦͦ͡ ͍͔ͤ·Φ ˶͔͍͊Ύ ͨͦ;͔;ͤ͊Ύ ͔͙͊ͪͭͪΎ ͦͪͦ͟;͔ ͙ ͔ͪ͊ͫͨͦͦ͗ͤ͊͡ ͔͔͋ͦ͡ 

͎͙ͦͪͦͤͭ͊͘͡ΈͤͦΦ ̂ ͍ͦͪͦͭ ͨͦ;͙͟ ͔͙͊ͪͭͪΎ ͔͙͒ͭͫ͡Ύ ͤ͊ ͔͔ͨͪ͒ͤΌΌ ͙ ͊͒ͤ͘ΌΌ ͍͔͍͙ͭΣ ͔͊ͭͣ͘ ͤ͊ ͔͎͔ͫͣͤͭ͊ͪͤ·͔ 

͔͙͙͊ͪͭͪ ό͍͔ͪͻͤΌΌΣ ͔͔͔͍͔ͨͪ͒ͤͪͻͤΌΌΣ ͔͔͔͙ͨͪ͒ͤͤ͗ͤΌΌΣ ͙ͤ͗ͤΌΌ ͙ ͊͒ͤ͘ΌΌύΦ 

нΦ ˤ͙͊ͪ͊ͤͭ· ͨͦ;͔;ͤ·ͻ ͔͙͚͊ͪͭͪ 

нΦмΦ ˨͍ͦ͋͊ͦ;ͤ·͔ ͙ ͔͊͋ͪͪ͊ͤͭͤ·͔ ͔͙͙͊ͪͭͪ 

¶ ˨͍ͦ͋͊ͦ;ͤ͊Ύ ͨͦ;͔;ͤ͊Ύ ͔͙͊ͪͭͪΎ ς ͒ ͙͔ͦͨͦͤͭ͡͡Έͤ·͚ ͍ͫͭͦ͡Σ ͍ͻͦ͒Ύ΅͙͚ ͍ ͨͦ;ͯ͟ ;͔͔ͪ͘ ͍ͦͪͦͭ͊ 

ͤ͊ͪΎ͒ͯ ͫ ͍͚ͦͫͤͦͤͦ ͔͙͔͚͊ͪͭͪΦ ˤ͔ͫͭͪ;͔͊ͭͫΎ ͯ нлςол҈ ͨ͊ͼ͙͔͍ͤͭͦΦ 

¶ ˢ͔͋ͪͪ͊ͤͭͤ͊Ύ όͨͦ͡Ύͪͤ͊Ύύ ͔͙͊ͪͭͪΎ ς ͫ ͦͫͯ͒Σ ͍ͻͦ͒Ύ΅͙͚ ͍ ͨͦ;ͯ͟ ͍͔ͤ ͍ͦͪͦͭ ό;͔͔ͪ͘ ͍͔ͪͻ͙͚ͤ ͙͙͡ 

͙͙͚ͤ͗ͤ ͨͦ͡ΌͫύΦ ̉͊ͫͭͦͭ͊ ς млςмр҈Φ ˹͙͔͔͊͋ͦ͡ ͦͨ͊ͫͤ͊ ͙ͤ͗ͤΎΎ ͨͦ͡Ύͪͤ͊Ύ ͔͙͊ͪͭͪΎΣ ͦͭͦͪ͊͟Ύ ͔ͣͦ͗ͭ 

͔͔͔ͨͪͫ͊ͭ͟Έ ͣͦ;͔ͭͦ;͙ͤ͟ ͙ ͍·͘·͍͊ͭΈ ͎͙͔͒ͪͦͤͺͪͦ͘Σ ͊ ͔ͭ͊͗͟ ͔͎ͦ͟͡ ͍͔͔ͨͦͪ͗͒͊ͭͫΎ ͙ͨͪ ͙͙ͣͦ͋͊͘͡ͼ͙͙ ͨͦ;͙͟Φ 

нΦнΦ ˾͔͔͊ͤͤ ͔͔͙͔͒ͤ͡ ͨͦ;͔;͚ͤͦ ͔͙͙͊ͪͭͪ 

˻͍͚ͫͤͦͤͦ ͍ͫͭͦ͡ ͨͦ;͔;͚ͤͦ ͔͙͙͊ͪͭͪ ͔͙͒ͭͫ͡Ύ ͤ͊ ͔͎͔ͫͣͤͭ͊ͪͤ·͔ ͍͔͍͙ͭ ͤ͊ ͪ͊ͫͫͭͦΎ͙͙ͤ ͔͔͋ͦ͡ м ͫͣ ͦͭ 

͊ͦͪͭ· ό͍ ͔ͤͦͪͣ ͔͔͙͔͒ͤ͡ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͯ ͍ͦͪͦͭ ͨͦ;͙͟ύΦ ̉͊ͫͭͦͭ͊ ς рςмл҈Φ ̏ͭͦ ͍͊͗ͤͦ ͙ͨͪ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙͙Σ 

ͭ͊͟ ͊͟͟ ͙͚ͦͪͦͭ͟͟ ͍͚ͦͫͤͦͤͦ ͍ͫͭͦ͡ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͊ͤ͊ͫͭͦͣͦ͘Φ 

нΦоΦ ˸͔͍͔ͤͦ͗ͫͭͤͤ·͔ ͨͦ;͔;ͤ·͔ ͔͙͙͊ͪͭͪ όо ͙ ͔͔͋ͦ͡ύ 

ˤ͔ͫͭͪ;͊ΌͭͫΎ ͔ͪ͒ͦ͟ όоςр҈ύΦ ̂ ͙ͭ͊͟ͻ ͨ͊ͼ͙͔͍ͤͭͦ ͊͗͒͊͟Ύ ͔͙͊ͪͭͪΎ ͍͔ͪͦͦͫͤ͊͋͗͊ͭ͟ ͔ͦͭ͒͡Έͤ·͚ ͔͎͔ͫͣͤͭ 

ͨͦ;͙͟Φ ˽͔͔͍ͪΎ͊͘͟ ͚ͦ͒ͤͦ ͙͘ ͙ͤͻ ͍͔͖͒ͭ ͟ ͙ͤͺ͊ͪͭͯ͟ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͦͤ͘·Φ 

͙͎͙̆ͪͯͪ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΥ 

˽͙ͪ ͔ͤͺͪΉ͙͙ͭͦͣ͟ ͍͔ͫ ͍͒ͦ͋͊ͦ;ͤ·͔ ͔͙͙͊ͪͭͪ ͒ͦ͗ͤ͡· ͋·ͭΈ ͙͔͙͒ͤͭͺ͙ͼ͙͍ͪͦ͊ͤ· ͙ ͔͔͍ͨͪΎ͊ͤ͘· 

͔ͦͭ͒͡ΈͤͦΦ ˻͍͔ͫͭ͊ͤͤ͊͡Ύ ͔͔͔͍ͤͨͪΎ͚͊ͤͤͦ͘ ͍͒ͦ͋͊ͦ;ͤ͊Ύ ͔͙͊ͪͭͪΎ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͍ͣ͊ͫͫͤͦͣͯ 

͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤͦͣͯ ͍͔ͪͦͦͭ͟;͔͙ͤΌΦ ˽͙ͪ ͔͔ͪ͘͟ͼ͙͙ ͨͦ;͙͟ ͍͔ͪͻ͙͚ͤ ͙͙͡ ͙͙͚ͤ͗ͤ ͨͦ͡ΌͫΣ ͙ͨͭ͊Ό΅͙͚ͫΎ ͦͭ 

͔͚͊͋ͪͪ͊ͤͭͤͦ ͔͙͙͊ͪͭͪΣ ͔ͤ ͔ͣͦ͗ͭ ͋·ͭΈ ͔͋ͦͨ͊ͫͤͦ͘ ͔͔ͪ͘ͼ͙͍ͪͦ͊ͤ ͔͋͘ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έ͚ͤͦ ͦ͟͟͡Ό͙͙͘ Ή͎ͭͦͦ 

ͫͦͫͯ͒͊Φ 

оΦ ˤ͙͊ͪ͊ͤͭ· ͨͦ;͔;ͤ·ͻ ͍͔ͤ 

оΦмΦ ˶͔͍͊Ύ ͨͦ;͔;ͤ͊Ύ ͍͔ͤ͊ 

ˤ ͔ͤͦͪͣ ͔͍͊͡Ύ ͨͦ;͔;ͤ͊Ύ ͍͔ͤ͊ ͙͔͔͒ͤͤ͡ ͍͚ͨͪ͊ͦ όсςмл ͫͣύ ͙ ͔͔͔͔ͨͪͫ͊ͭ͟ ͊ͦͪͭͯ ͔͔͙ͫͨͪ͒Φ ˤ͙͊ͪ͊ͤͭ·Υ 

¶ ͙̇ͪͯͣ͊ͦͪͭ͊͟͡Έͤ͊Ύ ͔͍͊͡Ύ ͨͦ;͔;ͤ͊Ύ ͍͔ͤ͊ ς ͒ ͍͔ ͍͔͍͙ͭ ό͔͔ͨͪ͒ͤΎΎ ͙ ͊͒ͤ͘ΎΎύ ͦͪͯ͗͊͟Όͭ ͊ͦͪͭͯΦ 

̉͊ͫͭͦͭ͊ ς оςс҈Φ 

¶ ˾͔ͭͪͦ͊ͦͪͭ͊͡Έͤ͊Ύ ͔͍͊͡Ύ ͨͦ;͔;ͤ͊Ύ ͍͔ͤ͊ ς ͨ ͪͦͻ͙ͦ͒ͭ ͙ͨͦ͊͒͘ ͊ͦͪͭ·Φ ̉͊ͫͭͦͭ͊ ς нςп҈Φ ̏ͭ͊ ͍͔ͤ͊ 

͔͎ͦ͟͡ ͍͔͔ͨͦͪ͗͒͊ͭͫΎ ͙ͨͪ ͙͔͒ͫͫ͟ͼ͙͙ ͊ͦͪͭ· ͙͙͡ ͙ͨͪ ͙ͣ͡ͺ͔͊͒ͤΉ͙͙ͭͦͣ͟Φ 

¶ ˸͔͍͔ͤͦ͗ͫͭͤͤ·͔ ͔͍͡·͔ ͨͦ;͔;ͤ·͔ ͍͔ͤ· ς нςо҈ ό͙͔ͤ͊ͨͪͣͪΣ ͍͔͒ ͍͔ͤ·Σ ͍ͨ͊͒͊Ό΅͙͔ ͍ ͙ͤ͗ͤΌΌ 

ͨͦͯ͡Ό ͍͔ͤͯ ͔ͦͭ͒͡ΈͤͦύΦ 

оΦнΦ ˽͍ͪ͊͊Ύ ͨͦ;͔;ͤ͊Ύ ͍͔ͤ͊ 

˴ͦͪͦ;͔ όнςп ͫͣύ ͙ ͍͙͍͊ͪ͊ͤͭͦ ͙͔͔ͣͭ ͔ͣͤΈ΄͔Φ ˾͔͒ͦ͟ ͍͔ͫͭͪ;͔͊ͭͫΎ ͔͍͔͔ͣͤͦ͗ͫͭͤͤͦ ͍͔͙͔ͨ͊͒ͤ 

ό͍͒ͦ͋͊ͦ;ͤ͊Ύ ͍ͨͪ͊͊Ύ ͨͦ;͔;ͤ͊Ύ ͍͔ͤ͊ύ ς мςн҈Φ 

͙͎͙̆ͪͯͪ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙ͨͪ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙͙Υ 

͙̇ͪͯͣ͊ͦͪͭ͊͟͡Έͤ͊Ύ ͙͙͡ ͔ͪͭͪͦ͊ͦͪͭ͊͡Έͤ͊Ύ ͔͍͊͡Ύ ͨͦ;͔;ͤ͊Ύ ͍͔ͤ͊ ͖ͫͦ͒͊ͭ͘ ͔ͭͻ͙ͤ;͔͙͔ͫ͟ ͙ͭͪͯ͒ͤͦͫͭ 

͙ͨͪ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͍͔͎ͤͦͤͦͦ͘ ͊ͤ͊ͫͭͦͣͦ͊͘Φ ˽͙ͪ ͔ͤͺͪΉ͙͙ͭͦͣ͟ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͔ͪͭͪͦ͊ͦͪͭ͊͡Έ͚ͤͦ ͍͔ͤ· 

ͭͪͯ͒ͤͦ ͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͙ ͦͤͦ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͺ͊ͭ͊͡Έͤͦͣͯ ͊͋ͪ͘Ό΄͙ͤͤͦͣͯ ͍͔ͪͦͦͭ͟;͔͙ͤΌΦ 
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пΦ ˤ͙ͤͯͭͪͨͦ;͔;͔ͤͦ ͔͙͊ͪͭͪ͊͡Έ͔ͤͦ ͔͙͔ͫͭͪͦͤ ό͔͎͔ͫͣͤͭ͊ͪͤ·͚ ͙ͭͨύ 

˽ͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ DǊŀǾŜǎΣ ͨͦ;͊͟ ͙͔͔ͣͭ р ͔͎͔͍ͫͣͤͭͦΥ ͍͔ͪͻ͙͚ͤΣ ͔͔͔͍͔ͨͪ͒ͤͪͻ͙͚ͤΣ ͔͔͔͙͙͚ͨͪ͒ͤͤ͗ͤΣ 

͙͙͚ͤ͗ͤ ͙ ͙͚͊͒ͤ͘Φ ˴͊͗͒·͚ ͔͎͔ͫͣͤͭ ͙͔͔ͣͭ ͍ͫͦΌ ͔͎͔ͫͣͤͭ͊ͪͤͯΌ ͔͙͊ͪͭͪΌ ͔͋͘ ͍͊ͤ͊ͫͭͦͣͦͦ͘ ό͔ͦͤ͟;ͤ·͔ 

͔͙͙͊ͪͭͪύΦ ̏ͭͦ ͦͤ͊͘;͔͊ͭΣ ;ͭͦ ͔͔͍ͨͪΎ͊͘͟ ͚ͦ͒ͤͦ ͔͎͔͚ͫͣͤͭ͊ͪͤͦ ͔͙͙͊ͪͭͪ ͍·͘·͍͔͊ͭ ͙ͤͺ͊ͪͭ͟ ͍͔͎ͫͦ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͎͔ͫͣͤͭ͊Φ ̏ͭͦ ͍͚͍ͫͦͫͭͦ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͙ͨͪ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͔͔ͪ͘͟ͼ͙Ύͻ ͨͦ;͙͟ 

ό͍͔ͪͻ͔ͤͨͦ͡Όͫͤ͊ΎΣ ͙͔ͤ͗ͤͨͦ͡Όͫͤ͊Ύ ͔͔ͪ͘͟ͼ͙͙ύΦ 

рΦ ˨͙͎͙͊ͤͦͫͭ͊͟ ͔͔ͨͪ͒ ͔ͦͨͪ͊ͼ͙͔͚ 

˭͚ͦͦͭͦ͡ ͫͭ͊ͤ͒͊ͪͭ ς ͣͯ͡Έ͙͙ͭͫͨͪ͊͡Έͤ͊Ύ ˴́π͊ ͎͙͎ͤͦͪ͊ͺ͙Ύ ό˸˿˴́π͊ ͎͙͎ͤͦͪ͊ͺ͙ΎύΦ ˻ͤ͊ ͍ͨͦͦ͘͡Ύ͔ͭΥ 

¶ ͔͔͙ͦͨͪ͒ͭ͡Έ ͙ͦ͟͡;͔͍ͫͭͦ ͙ ͎ͭͦͨͦͪ͊ͺ͙Ό ͨͦ;͔;ͤ·ͻ ͔͙͚͊ͪͭͪ ͙ ͍͔ͤΤ 

¶ ͍·Ύ͍͙ͭΈ ͍͒ͦ͋͊ͦ;ͤ·͔ ͙ ͔͊͋ͪͪ͊ͤͭͤ·͔ ͫͦͫͯ͒·Τ 

¶ ͙͔͙ͣͪͭ͘Έ ͙͒ͤͯ͡ ͙ ͙͔͒͊ͣͭͪ ͫͦͫͯ͒͊ ͒͡Ύ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙͙Τ 

¶ ͍͙͙͙͍ͯ͊ͪͦ͊ͭ͘͘͡Έ ͼ͙ͪͯͣ͊ͦͪͭ͊͟͡ΈͤͯΌ ͙͙͡ ͔ͪͭͪͦ͊ͦͪͭ͊͡ΈͤͯΌ ͍͔ͤͯΦ 

˨͙͔ͦͨͦͤͭ͡͡Έͤ·͔ ͔ͣͭͦ͒·Υ ˸ π˾͊ ͎͙͎ͤͦͪ͊ͺ͙ΎΣ ͯ͡Έ͍͍ͭͪ͊ͯͦ͊͘͟Ύ ͔͎͒ͦͨͨͪͦͪ͊͡ͺ͙ΎΣ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙͔ͦͤͤͦ 

ͯ͡Έ͍͍͔ͭͪ͊ͯͦͦ͘͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Φ 

сΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͙͔ͨͪͣͪ· ͙ ͔͙ͦͫͦ͗ͤͤ͡Ύ 

¶ ˽͍͔͔͙͔ͦͪ͗͒ͤ ͙͔͚ͤ͗ͤ ͨͦ͡Ύ͚ͪͤͦ ͔͙͙͊ͪͭͪ ͍ ͦ ͍͔ͪͣΎ ͙͙ͣͦ͋͊͘͡ͼ͙͙ ͨͦ;͙͟Υ ͍͔͖͒ͭ ͟ ͙ͤͺ͊ͪͭͯ͟ мκо 

͙͔͎ͤ͗ͤͦ ͨͦ͡Όͫ͊ ͙ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙͚ͦͤͤͦ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘ ό͙΄͔͙ͣ;͔͙ͫ͟π͘ ͍͙͙͊ͫͣ͊Ύ ͔͙ͪͤͤπ

͔͔ͫͪ͟ͼ͙ΎύΦ 

¶ ˹͔ͯͤ͊ͤͤ͊͘Ύ ͍͒ͦ͋͊ͦ;ͤ͊Ύ ͔͙͊ͪͭͪΎ ͙ͨͪ ͙͊ͨ͊ͪͦͫͦͨ͟͡;͔͚ͫͦ͟ ͔ͤͺͪΉ͙͙ͭͦͣ͟Υ ͙ͨͪ;͙ͤ͊ ͍͔͙͙ͦͤͪͫ͟ ͙ 

͙͍͚ͣ͊ͫͫͤͦ ͎͔ͣͦͭͪ͊ͤͫͺ͙͙ͯ͘Φ 

¶ ˢ͔͋ͪͪ͊ͤͭͤ͊Ύ ͔͙͊ͪͭͪΎΣ ͔͔͔ͨͪͫ͊͟Ό΅͊Ύ ͣͦ;͔ͭͦ;͙ͤ͟Υ ͔ͣͦ͗ͭ ͍·͍͊ͭ͘Έ ͎͙͔͒ͪͦͤͺͪͦ͘ ͙ ͫͭ͊ͭΈ 

͙ͨͪ;͙͚ͤͦ ͙͋ͦ͡Σ ͦ΄͙͋ͦ;ͤͦ ͙͙͔͚ͨͪͤͣ͊ͣͦ ͊͘ ͣͦ;͔͔͊ͣͤͤͯ͟Ό ͔͋ͦͤ͘͡ΈΦ 

˭͊͟͡Ό;͔͙͔ͤ 

ˢ͙ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͍͙͊ͪ͊ͤͭ· ͨͦ;͔;ͤ·ͻ ͔͙͚͊ͪͭͪ ͙ ͍͔ͤ ͍͔ͫͭͪ;͊ΌͭͫΎ ͔͔͋ͦ͡ ;͔ͣ ͯ ͔͙ͭͪͭ ͨ͊ͼ͙͔͍ͤͭͦΦ ˻͙ͤ 

͙͔ͣΌͭ ͎͔ͦͪͦͣͤͦ ͤ͊͘;͔͙͔ͤ ͍ ͔͙͍͚ͦͨͪ͊ͭͤͦ ͎͙͙ͯͪͦͦ͡Σ ͎͙͙ͭͪ͊ͤͫͨ͊ͤͭͦͦ͡͡ ͙ ͙͚ͫͦͫͯ͒ͫͭͦ ͻ͙͎͙͙ͪͯͪΦ 

˽͔͔ͪ͒ͦͨͪ͊ͼ͙ͦͤͤ͊Ύ ˴́π͊ ͎͙͎ͤͦͪ͊ͺ͙Ύ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͙͔͍͙͔ͫͫ͒ͦ͊ͤͣ͡ ͔͔ͨͪ͒ ͡Ό͚͋ͦ 

͍͚ͨ͊ͤͦͦ͡ ͔ͦͨͪ͊ͼ͙͔͚ ͤ͊ ͨͦ;͔͟Φ ˭͙͔ͤ͊ͤ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣ ͙ ͔͖ ͍͙͍͊ͪ͊ͤͭͦ ς ͍ͦͫͤͦ͊ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 

ͨ͊ͼ͙͔ͤͭ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

рΦ DǊŀǾŜǎ CΦ¢Φ ¢ƘŜ !ǊǘŜǊƛŀƭ !ƴŀǘƻƳȅ ƻŦ ǘƘŜ YƛŘƴŜȅΦ .ǊƛǎǘƻƭΥ WƻƘƴ ²ǊƛƎƘǘ ϧ {ƻƴǎΣ мфтмΦ ς ˴ ͙͊ͫͫ͡;͔ͫ͊͟Ύ 

͎ͣͦͤͦͪ͊ͺ͙Ύ ͦ ͔͎͔ͫͣͤͭ͊ͪͤͦͣ ͔͙͙ͫͭͪͦͤ ͨͦ;͙͟Φ 

сΦ .ŜǊƎƳŀƴ wΦ!ΦΣ !ŬŬ !ΦYΦΣ aƛȅŀǳŎƘƛ wΦ LƭƭǳǎǘǊŀǘŜŘ 9ƴŎȅŎƭƻǇŜŘƛŀ ƻŦ IǳƳŀƴ !ƴŀǘƻƳƛŎ ±ŀǊƛŀǝƻƴΦ Lƻǿŀ /ƛǘȅΥ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ LƻǿŀΣ нлмрΦ όhƴƭƛƴŜ ǇǳōƭƛŎŀǝƻƴύ ς ˽ͦ͒ͪͦ͋ͤ·͚ ͊ͭ͊ͫ͡ ͍͙͍͊ͪ͊ͤͭͦ ͨͦ;͔;ͤ·ͻ ͍ͫͦͫͯ͒ͦΦ 

тΦ {ǘŀƴŘǊƛƴƎ {Φ ό9ŘΦύ DǊŀȅΨǎ !ƴŀǘƻƳȅΥ ¢ƘŜ !ƴŀǘƻƳƛŎŀƭ .ŀǎƛǎ ƻŦ /ƭƛƴƛŎŀƭ tǊŀŎǝŎŜΦ пнƴŘ ŜŘΦ 9ƭǎŜǾƛŜǊΣ нлнлΦ ς 

˿ͭ͊ͤ͒͊ͪͭͤ·͚ ͙͊ͤ͊ͭͦͣ;͔͙͚ͫ͟ ͍ͫͨͪ͊ͦ;͙ͤ͟Φ 

уΦ IƛƴƳŀƴ CΦ !ǘƭŀǎ ƻŦ ¦ǊƻƭƻƎƛŎ {ǳǊƎŜǊȅΦ оǊŘ ŜŘΦ 9ƭǎŜǾƛŜǊΣ нлмуΦ ς ˽ ͙ͪ͊ͭ͟;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͙͙͊ͤ͊ͭͦͣ ͍ 

͎͙͙ͯͪͦͦ͡Φ 

фΦ /ŀƳǇōŜƭƭ aΦCΦΣ ²ŀƭǎƘ tΦ/Φ /ŀƳǇōŜƭƭπ²ŀƭǎƘ ¦ǊƻƭƻƎȅΦ мнǘƘ ŜŘΦ 9ƭǎŜǾƛŜǊΣ нлнлΦ ς ˥͍͊͡· ͦ ͻ͙͎͙͙ͪͯͪ ͨͦ;͙͟ ͙ 

͍͙͊ͪ͊ͤͭ͊ͻ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟ΎΦ 

млΦ {ŀƳǇŀƛƻ CΦWΦ.ΦΣ tŀǎǎƻǎ aΦ!ΦwΦCΦ wŜƴŀƭ !ǊǘŜǊƛŀƭ !ƴŀǘƻƳȅ κκ WƻǳǊƴŀƭ ƻŦ ¦ǊƻƭƻƎȅΦ мффнΤмпуόоύΥтссπтсфΦ ς 

˴͙͊ͫͫ͡;͔ͫ͊͟Ύ ͫͭ͊ͭΈΎ ͦ ;͔͊ͫͭͦͭ ͍͒ͦ͋͊ͦ;ͤ·ͻ ͔͙͚͊ͪͭͪΦ 

ммΦ {ŀǘȅŀǇŀƭ YΦ{ΦΣ IŀũŜƧŜŜ !Φ!ΦΣ {ƛƴƎƘ .Φ !ŘŘƛǝƻƴŀƭ ǊŜƴŀƭ ŀǊǘŜǊƛŜǎ ς ŀ ǎǘǳŘȅ ƻŦ млл ŎŀŘŀǾŜǊ ƪƛŘƴŜȅǎ κκ {ǳǊƎƛŎŀƭ 

ŀƴŘ wŀŘƛƻƭƻƎƛŎ !ƴŀǘƻƳȅΦ нллмΤноόнύΥммфπмннΦ 

мнΦ YƘŀƳŀƴŀǊƻƴƎ YΦΣ Ŝǘ ŀƭΦ /ƛǊŎǳƳŀƻǊǝŎ ƭŜƊ ǊŜƴŀƭ ǾŜƛƴΥ ŀ ŎŀŘŀǾŜǊƛŎ ǎǘǳŘȅ κκ !ƴŀǘƻƳȅ ϧ /Ŝƭƭ .ƛƻƭƻƎȅΦ 

нлмтΤрлόмύΥноπнсΦ 
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моΦ {ƘŀǊƳŀ bΦΣ Ŝǘ ŀƭΦ aǳƭǝǇƭŜ ǊŜƴŀƭ ŀǊǘŜǊƛŜǎ ŀƴŘ ǘƘŜƛǊ ǎǳǊƎƛŎŀƭ ǎƛƎƴƛŬŎŀƴŎŜ κκ LƴǘŜǊƴŀǝƻƴŀƭ WƻǳǊƴŀƭ ƻŦ !ƴŀǘƻƳȅ 

ŀƴŘ wŜǎŜŀǊŎƘΦ нлмсΤпόоύΥнттпπнттуΦ 

ϭ ͙͔͍́͊͒͗͋͊͊ ˻. ΦxΣ нлнс 

 

 

 

 

       ͙͔͍́͊͒͗͋͊͊ ˻͎͎͔͔ͯͪ͟͡ ˣ͊΄͙͍ͣͦͤ͊Σ 

 ˽ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͙͙͊ͤ͊ͭͦͣ ;͔͍͔ͦ͊͟͡Σ 

 ͎ͭͦͨͦͪ͊ͺ͙;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣ ͙ ͔͙͍͚ͦͨͪ͊ͭͤͦ ͻ͙͎͙͙ͪͯͪΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͦ͋ͦͪ͘ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͍͙͍͊ͪ͊ͤͭͦ ͍͚ͦͪͦͭͤͦ ͍͔ͤ·Σ ͔ͨ;͖ͤͦ;͚ͤͦ 

͔͙͙͊ͪͭͪΣ ͔ͨ;͖ͤͦ;ͤ·ͻ ͍͔ͤ ͙ ͍͔͔ͤͨ;͖ͤͦ;ͤ·ͻ ͔͗͡;ͤ·ͻ ͍ͨͪͦͭͦͦ͟Φ ˻͙ͨͫ͊ͤ· ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·͔ ͔͙ͦͭͦͤͤ͟͡Ύ 

ͦͭ ͙͊ͫͫ͟͡;͔͎ͫͦͦ͟ ͔͙ͫͭͪͦͤΎΥ ͔͊ͣͤ͘ΎΌ΅͙͔ ͙ ͍͒ͦ͋͊ͦ;ͤ·͔ ͔ͨ;͖ͤͦ;ͤ·͔ ͔͙͙͊ͪͭͪΣ ͍͙͊ͪ͊ͤͭ· ͍ ͔͍͔͙ͭͤ͡Ύ 

͍͚ͦͪͦͭͤͦ ͍͔ͤ· ό͙ͭͪͺͯͪ͊͟ͼ͙ΎΣ ͔͔ͪ͊ͤͤ ͦͭͻ͔͙͔ͦ͗͒ͤ ͔͚͊͒ͤ͘ ͔ͫͭͦͪ͊͟͡Έ͚ͤͦ ͍͔͍͙ͭύΣ ͙͙͊ͤͦͣ͊͡ ͍͔͙ͨ͊͒ͤΎ 

ͨͯ͘·͎ͪͤͦͦ ͨͪͦͭͦ͊͟ ͍ ͦ͋΅͙͚ ͖͗͡;ͤ·͚ ͨͪͦͭͦ͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙͙ͤ͟͡;͔ͫͦͣͯ͟ ͤ͊͘;͔͙ͤΌ Ή͙ͭͻ 

͍͙͍͊ͪ͊ͤͭͦ ͙ͨͪ ͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟Σ ͔͔ͪ͘͟ͼ͙Ύͻ ͔ͨ;͔͙ͤ ͙ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙͙Φ ˽ͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ 

͔͔ͨͪ͒ͦͨͪ͊ͼ͙͚ͦͤͤͦ ͯ͡;͔͍͚ͦ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ό˴́π͊ ͎͙͎ͤͦͪ͊ͺ͙ΎΣ ˸˾̆˽˥ύ ͒͡Ύ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ Ύ͎͔ͭͪͦͤͤ·ͻ 

͍͔͔͙͚ͨͦͪ͗͒ͤΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͊ͤ ͙͊ͭͦͣ;͔͙͔ͫ͟ ͍͙͊ͪ͊ͤͭ·Σ ͔ͨ;͔ͤΈΣ ͍ͦͪͦͭͤ͊Ύ ͍͔ͤ͊Σ ͔ͨ;͖ͤͦ;ͤ͊Ύ ͔͙͊ͪͭͪΎΣ ͔͗͡;ͤ·͔ ͙ͨͪͦͭͦ͟Σ 

ͻ͙͎͙ͪͯͪ;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΣ ͻ͔ͦ͡ͼ͙ͫͭΉ͙ͭͦͣ͟ΎΣ Ύ͎͔ͭͪͦͤͤ·͔ ͍͔͔͙ͨͦͪ͗͒ͤΎΣ 

 ˸ ˾̆˽˥Σ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙Ύ ͔ͨ;͔͙ͤΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˭͙͔ͤ͊ͤ ͤͦͪͣ͊͡Έ͚ͤͦ ͙ ͍͙͚͊ͪ͊ͤͭͤͦ ͙͙͊ͤ͊ͭͦͣ ͔ͨ;͔͙ͤ Ύ͍͡Ύ͔ͭͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͍͙͔ͯͫͦͣ͡ 

͔͎͋ͦͨ͊ͫͤͦͦ͘ ͍·͔͙ͨͦͤͤ͡Ύ ͎͔͙͙ͨ͊ͭͦ͋͊ͪͤ͡·ͻ ͔ͦͨͪ͊ͼ͙͚Φ ̉͊ͫͭͦͭ͊ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͍͙͍͊ͪ͊ͤͭͦ ͙͎͔͒ͦͫͭ͊ͭ плς

рл҈Φ ˮͻ ͔͍͔͍͔͔͔ͤͫͦͪͣͤͤͦ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ ς ͦ ͒ͤ͊ ͙͘ ͎͍͊ͤ͡·ͻ ͙ͨͪ;͙ͤ ͭΎ͖͗͡·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͍͟͡Ό;͊Ύ 

͍͔͔͙͔ͨͦͪ͗͒ͤ ͎͙ͣ͊ͫͭͪ͊͡Έͤ·ͻ ͍ͫͦͫͯ͒ͦ ͙ ͍ͨͪͦͭͦͦ͟Σ ͙΄͔͙ͣΌ ͔͚͒ͦ͡ ͔ͨ;͔͙ͤΣ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·͔ 

͙͙͋ͦͣ͡· ͙ ͔ͭ͊͡͡Έͤ·͚ ͙ͫͻͦ͒Φ 

мΦ ˢ͔͙ͪͭͪ͊͡Έͤ·͔ ͍͙͊ͪ͊ͤͭ· ό͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ aƛŎƘŜƭǎύ 

˴͙͊ͫͫ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎ ό͙ͭͨ L ͨͦ  aƛŎƘŜƭǎύ ͍͔ͫͭͪ;͔͊ͭͫΎ ͯ ррςсл҈Υ ͦ͋΅͊Ύ ͔ͨ;͖ͤͦ;ͤ͊Ύ ͔͙͊ͪͭͪΎ 

ͦͭͻ͙ͦ͒ͭ ͦͭ ;͔͍͎ͪͤͦͦ ͍ͫͭͦ͊͡ ͙ ͔͙͒ͭͫ͡Ύ ͤ͊ ͍͔ͫͦ͋ͫͭͤͤͯΌ ͔ͨ;͖ͤͦ;ͤͯΌΣ ͔͊ͭͣ͘ ͤ͊ ͍ͨͪ͊ͯΌ ͙ ͔͍ͯ͡Ό 

͔ͨ;͖ͤͦ;ͤ·͔ ͔͙͙͊ͪͭͪΦ 

˻͍ͫͤͦͤ·͔ ͍͙͊ͪ͊ͤͭ·Υ 

¶ ͙́ͨ LL ς ͔͍͊͡Ύ ͔ͨ;͖ͤͦ;ͤ͊Ύ ͔͙͊ͪͭͪΎ ͦͭͻ͙ͦ͒ͭ ͦͭ ͔͍͚ͦ͡ ͔͗ͯ͒ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪ όмлςмн҈ύΦ 

¶ ͙́ͨ LLL ς ͍ͨͪ͊͊Ύ ͔ͨ;͖ͤͦ;ͤ͊Ύ ͔͙͊ͪͭͪΎ ͦͭͻ͙ͦ͒ͭ ͦͭ ͍͔ͪͻ͔͚ͤ ͋ͪ·͔͔͗;͚ͤͦ ͔͙͙͊ͪͭͪ όмм҈ύΦ 

¶ ͙́ͨ ± ς ͍͒ͦ͋͊ͦ;ͤ͊Ύ ͍ͨͪ͊͊Ύ ͔ͨ;͖ͤͦ;ͤ͊Ύ ͔͙͊ͪͭͪΎ ͦͭ ͍͔ͪͻ͔͚ͤ ͋ͪ·͔͔͗;͚ͤͦ όу҈ύΦ 

¶ ͙́ͨ ±LLL ς ͙ͦͣ͋ͤ͊͟ͼ͙Ύ ͔͊ͣͤ͘ΎΌ΅͔͚ ͙ ͍͒ͦ͋͊ͦ;͚ͤͦ ͔͙͚͊ͪͭͪ ό͔ͪ͒ͦ͟ύΦ 
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͙͎͙̆ͪͯͪ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΥ 

˭͔͖͊ͣͤͤͤ͊Ύ ͍ͨͪ͊͊Ύ ͔ͨ;͖ͤͦ;ͤ͊Ύ ͔͙͊ͪͭͪΎ ;͊ͫͭͦ ͨͪͦͻ͙ͦ͒ͭ ͙ͨͦ͊͒͘ ͨͯ͘·͎ͪͤͦͦ ͨͪͦͭͦ͊͟ ͙ ͔ͣͦ͗ͭ ͋·ͭΈ 

͍͔͔ͨͦͪ͗͒ͤ͊ ͙ͨͪ ͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟Σ ;ͭͦ ͍͔͖͒ͭ ͟ ͙΄͔͙͙ͣ ͍͚ͨͪ͊ͦ ͙͒ͦ͡ ͔ͨ;͔͙ͤΣ ͊͋ͫͼ͔ͫͫͯ ͙ ͙͙͔͋ͦͣ͡Φ 

нΦ ˤ͙͊ͪ͊ͤͭ· ͍͚ͦͪͦͭͤͦ ͍͔ͤ· 

˴͙͊ͫͫ͡;͔ͫ͊͟Ύ ͙͋ͺͯͪ͊͟ͼ͙Ύ ͤ͊ ͍ͨͪ͊ͯΌ ͙ ͔͍ͯ͡Ό ͍͔͍͙ͭ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͯ тлςтр҈Φ ˮ͘ ͍͙͍͊ͪ͊ͤͭͦ 

͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·Υ 

¶ ͙́ͪͺͯͪ͊͟ͼ͙Ύ ς ͔͔͙͔͒ͤ͡ ͤ͊ ͙ͭͪ ͍͔͍͙ͭ ό͍ͨͪ͊ͯΌ ͔͔ͨͪ͒ͤΌΌΣ ͍ͨͪ͊ͯΌ ͊͒ͤ͘ΌΌ ͙ ͔͍ͯ͡Όύ ς уςмр҈Φ 

¶ ˾͔͔͊ͤͤ ͦͭͻ͔͙͔ͦ͗͒ͤ ͔͚͊͒ͤ͘ ͔ͫͭͦͪ͊͟͡Έ͚ͤͦ ͍͔͍͙ͭ ͦͭ ͍ͫͭͦ͊͡ ͍͚ͦͪͦͭͤͦ ͍͔ͤ· ς рςмл҈Φ 

¶ ˽͔͔͙ͪͨ͊ͤͪ͊ͭ͟;͔͔ͫͦ͟ ͙͙͡ ͔͙ͨͦͫͭͨ͊ͤͪ͊ͭ͟;͔͔ͫͦ͟ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ ς ͍ ͙͡Ύ͔ͭ ͤ͊ ͒ͦͫͭͯͨ ͙ͨͪ 

͔͔ͨ͊ͤͪ͊ͭͦ͒ͯͦ͒ͤ͊͟͡Έ͚ͤͦ ͔͔ͪ͘͟ͼ͙͙Φ 

˾͍͙͔͊ͫͨͦͤ͊͊ͤ͘ Ή͙ͭͻ ͍͙͍͊ͪ͊ͤͭͦ ͦ͋Ύ͔͊ͭ͘͡Έͤͦ ͙ͨͪ ͍͚ͨͪ͊ͦ ͎͔͙͎͔ͣͨ͊ͭΉ͙͙ͭͦͣ͟ ͙ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙͙ 

͔ͨ;͔͙ͤΦ 

оΦ ˢ͙ͤ͊ͭͦͣΎ ͔͗͡;ͤ·ͻ ͍ͨͪͦͭͦͦ͟ όͦ͋͊ͫͭ͡Έ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ˴͊ͦ͡ύ 

˴͙͊ͫͫ͡;͔͔ͫͦ͟ ͔͙͔ͫͭͪͦͤΥ ͨͯ͘·ͪͤ·͚ ͨͪͦͭͦ͟ ͍͔ͨ͊͒͊ͭ ͍ ͦ͋΅͙͚ ͔ͨ;͖ͤͦ;ͤ·͚ ͨͪͦͭͦ͟Σ ͦ͋ͪ͊ͯ͘Ύ ͦ͋΅͙͚ 

͖͗͡;ͤ·͚ ͨͪͦͭͦ͟Φ ̏ͭͦ ͍͔ͫͭͪ;͔͊ͭͫΎ ͙͔ͨͪͣͪͤͦ ͍ тл҈ ͫͯ͡;͔͍͊Φ 

˻͍ͫͤͦͤ·͔ ͍͙͊ͪ͊ͤͭ·Υ 

¶ ˹͙͔ͦ͘͟ ͍͔͙͔ͨ͊͒ͤ ͨͯ͘·͎ͪͤͦͦ ͨͪͦͭͦ͊͟ ς ͔ͨ͊ͪ͊͡͡͡Έ͔ͤͦ ͔ͭ;͔͙͔ͤ ͫ ͦ͋΅͙ͣ ͖͗͡;ͤ·ͣ ͨͪͦͭͦͦͣ͟ ͤ͊ 

ͨͪͦͭΎ͔͙͙͗ͤ мςо ͫͣ όмлςмр҈ύΦ 

¶ ˤ͔͙͔ͨ͊͒ͤ ͍ ͍ͨͪ͊·͚ ͙͙͡ ͔͍͡·͚ ͔ͨ;͖ͤͦ;ͤ·͚ ͨͪͦͭͦ͟ ς рςу҈Φ 

¶ ˭͔͔͊͒ͤ ό͙ͫͨͪ͊͡Έ͔ͤͦύ ͍͔͙͔ͨ͊͒ͤ ς рςт҈Φ 

¶ ˤ͔͙͔ͨ͊͒ͤ ͍ ͦ͋΅͙͚ ͖͗͡;ͤ·͚ ͨͪͦͭͦ͟ ͙ͨͦ͊͒͘ ͍͔͒ͤ͊͒ͼ͙͔͚͊ͭͨͪͫͭͤͦ ͙͟΄͙͟ ς ͦͦͦ͟͡ н҈Φ 

˻ͨ͊ͫͤͦͫͭΈΥ 

˽͙ͪ ͙ͤͦͣ͘͟ ͙͙͡ ͔͊͒ͤͣ͘ ͍͔͙͙ͨ͊͒ͤ ͻ͙͎ͪͯͪ ͔ͣͦ͗ͭ ͦ΄͙͋ͦ;ͤͦ ͙ͨͪͤΎͭΈ ͦ͋΅͙͚ ͖͗͡;ͤ·͚ ͨͪͦͭͦ͟ ͊͘ 

ͨͯ͘·ͪͤ·͚ ͙ ͔͔͍ͨͪΎ͊ͭ͘Έ ͔͎ͦ όζͦ͗ͤ͡·͚ ͨͪͦͭͦ͟ηύΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͍͚ͦ͋ͫͭͪͯͭͤͦ͟ ͔͗ͭͯ͡ͻ͔Σ ͙͙͋͊ͪͤͦͣͯ͡ 

͔͙͙ͨͪͭͦͤͭͯ ͙ ͍͚ͨͦͭͦͪͤͦ ͔ͦͨͪ͊ͼ͙͙Φ 

пΦ ˽͔;͖ͤͦ;ͤ·͔ ͍͔ͤ· 

˴͙͊ͫͫ͡;͔͙͚ͫ͟ ͍͙͊ͪ͊ͤͭ ς ͙ͭͪ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤ·ͻ ͍ͫͭͦ͊͡ ό͍ͨͪ͊͊ΎΣ ͔ͫͪ͒ͤΎΎΣ ͔͍͊͡Ύ ͔ͨ;͖ͤͦ;ͤ·͔ ͍͔ͤ·ύΣ 

͍ͨ͊͒͊Ό΅͙͔ ͍ ͙ͤ͗ͤΌΌ ͨͦͯ͡Ό ͍͔ͤͯΦ ˤ͔ͫͭͪ;͔͊ͭͫΎ ͯ ср҈Φ 

˻͍ͫͤͦͤ·͔ ͍͙͊ͪ͊ͤͭ·Υ 

¶ ˻͋΅͙͚ ͍ͫͭͦ͡ ͔͔͚ͫͪ͒ͤ ͙ ͔͍͚ͦ͡ ͔ͨ;͖ͤͦ;ͤ·ͻ ͍͔ͤ ς ͒ͦ ол҈Φ 

¶ ˹͙͊͡;͙͔ ͍͚ͨͪ͊ͦ ͙͔͚ͤ͗ͤ ͔ͨ;͖ͤͦ;͚ͤͦ ͍͔ͤ· ό͍͒ͦ͋͊ͦ;ͤ͊Ύ ͍͔ͤ͊ ͔͎͔͍ͫͣͤͭͦ ±ς±Lύ ς мрςнл҈Φ 

¶ ˤ͔͙͔ͨ͊͒ͤ ͍͚ͨͪ͊ͦ ͔ͨ;͖ͤͦ;͚ͤͦ ͍͔ͤ· ͍ ͙ͤ͗ͤΌΌ ͨͦͯ͡Ό ͍͔ͤͯ ͙͔ͤ͗ ͔ͣͫͭ͊ ͙ͫ͡Ύ͙ͤΎ ͔͔͚ͫͪ͒ͤ ͙ 

͔͍͚ͦ͡ ς р҈Φ 

˽͙ͪ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙͙ ͔ͨ;͔͙ͤ ͙ ͔͔ͪ͘͟ͼ͙͙ ±LLς±LLL ͔͎͔͍ͫͣͤͭͦ ͙͔ͤ͊ͤ͘ Ή͙ͭͻ ͍͙͍͊ͪ͊ͤͭͦ ͎͔ͨͦͣͦ͊ͭ 

ͫͦͻ͙ͪ͊ͤͭΈ ͍͔ͤͦͤ͘·͚ ͦͭͭͦ͟Φ 

рΦ ˽͔͔ͪ͒ͦͨͪ͊ͼ͙ͦͤͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ 

˿͍͔͔ͦͪͣͤͤ·͚ ͫͭ͊ͤ͒͊ͪͭ ς ͦ͋Ύ͔͊ͭ͘͡Έ͔ͤͦ ͔͔ͨͪ͒ͦͨͪ͊ͼ͙͔ͦͤͤͦ ͯ͡;͔͍͔ͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Υ 

¶ ˴π́͊ ͎͙͎ͤͦͪ͊ͺ͙Ύ ς ͒͡Ύ ͔͙͊ͪͭͪ͊͡Έͤ·ͻ ͙ ͍͔ͤͦͤ͘·ͻ ͍͙͍͊ͪ͊ͤͭͦΦ 

¶ ˸˾̆˽˥ ό͎͙ͣ͊ͤͭͤͦπͪ ͔ͦͤ͊ͤͫͤ͊͘Ύ ͻ͎͙͔͎ͦ͊ͤͦͨ͊ͤͪ͊ͭͦͪ͊͟͡ͺ͙Ύύ ς ͒͡Ύ ͍͙͍͊ͪ͊ͤͭͦ ͔͗͡;ͤ·ͻ 

͍ͨͪͦͭͦͦ͟Φ 

¶ ˮ͔ͤͭͪ͊ͦͨͪ͊ͼ͙͔ͦͤͤͦ ͯ͡Έ͍͍͔ͭͪ͊ͯͦͦ͘͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ς ͒͡Ύ ͦͦͤ͟;͔͊ͭ͡Έ͚ͤͦ ͍͔͙ͪͺ͙͊͟ͼ͙͙Φ 

˽͙ͪͤͼ͙ͨ ζ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͍͎͘͡Ύ͒͊ ˴͊ͦ͡η ό/ǊƛǝŎŀƭ ±ƛŜǿ ƻŦ {ŀŦŜǘȅύ ͔͔ͨͪ͒ ͙͙͍͙͔ͨͪͦ͊ͤͣ͟͡ ͙͊͟͟ͻπ͡ ͙͋ͦ 

ͫͭͪͯͭͯͪ͟ ͦ͋Ύ͔͔͊ͭͤ͘͡ ͙ͨͪ ͍͔ͫͻ ͍͙͊ͪ͊ͤͭ͊ͻΦ 

˭͊͟͡Ό;͔͙͔ͤ 

ˢ͙ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͍͙͊ͪ͊ͤͭ· ͔ͨ;͖ͤͦ;ͤ·ͻ ͍ͫͦͫͯ͒ͦ ͙ ͔͗͡;ͤ·ͻ ͍ͨͪͦͭͦͦ͟ ς ͔ͤ ͔ͪ͒ͦͫͭ͟ΈΣ ͊ ͔͔ͫͦͪ͟ ͤͦͪͣ͊ 
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ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͙͙ͨͪ͊ͭ͟͟Φ ˮͻ ͙͎͙͍͙͔ͤͦͪͪͦ͊ͤ ς ͎ ͍͊ͤ͊͡Ύ ͙ͨͪ;͙ͤ͊ Ύ͎͔ͭͪͦͤͤ·ͻ ͍͔͔͙͚ͨͦͪ͗͒ͤ ͙ͨͪ 

ͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟ ͙ ͔͔ͪ͘͟ͼ͙Ύͻ ͔ͨ;͔͙ͤΦ ˽͔͔ͪ͒ͦͨͪ͊ͼ͙͔ͦͤͤͦ ͙͍͙͔͊ͪͭͪͦ͊ͤ͟ ͙͔ͫͤ͗͊ͭ ;͊ͫͭͦͭͯ ͭΎ͖͗͡·ͻ 

͔͙͚ͦͫͦ͗ͤͤ͡ ͍ рςмл ͪ͊͘Φ ˴͊͗͒·͚ ͎͔͙͙ͨ͊ͭͦ͋͊ͪͤ͡·͚ ͻ͙͎ͪͯͪ ͦ͋Ύ͊ͤ͘ ͤ͊ͭ͘Έ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ aƛŎƘŜƭǎΣ 

/ƻǳƛƴŀǳŘ ͙ {ǘǊŀǎōŜǊƎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ aƛŎƘŜƭǎ bΦ!Φ .ƭƻƻŘ {ǳǇǇƭȅ ŀƴŘ !ƴŀǘƻƳȅ ƻŦ ǘƘŜ ¦ǇǇŜǊ !ōŘƻƳƛƴŀƭ hǊƎŀƴǎΦ tƘƛƭŀŘŜƭǇƘƛŀΥ [ƛǇǇƛƴŎƻǧΣ мфррΦ 

нΦ /ƻǳƛƴŀǳŘ /Φ [Ŝ CƻƛŜΥ ;ǘǳŘŜǎ !ƴŀǘƻƳƛǉǳŜǎ Ŝǘ /ƘƛǊǳǊƎƛŎŀƭŜǎΦ tŀǊƛǎΥ aŀǎǎƻƴΣ мфртΦ 

оΦ .ƭǳƳƎŀǊǘ [ΦIΦΣ .ŜƭƎƘƛǝ WΦΣ WŀǊƴŀƎƛƴ ²ΦwΦ {ǳǊƎŜǊȅ ƻŦ ǘƘŜ [ƛǾŜǊΣ .ƛƭƛŀǊȅ ¢ǊŀŎǘ ŀƴŘ tŀƴŎǊŜŀǎΦ сǘƘ ŜŘΦ 9ƭǎŜǾƛŜǊΣ 

нлмтΦ 

пΦ {ƪŀƴŘŀƭŀƪƛǎ WΦ9ΦΣ /ƻƭōƻǊƴ DΦ[ΦΣ {ƪŀƴŘŀƭŀƪƛǎ [ΦWΦ {ǳǊƎƛŎŀƭ !ƴŀǘƻƳȅΥ ¢ƘŜ 9ƳōǊȅƻƭƻƎƛŎ ŀƴŘ !ƴŀǘƻƳƛŎ .ŀǎƛǎ ƻŦ 

aƻŘŜǊƴ {ǳǊƎŜǊȅΦ !ǘƘŜƴǎΥ tatΣ нллпΦ 

рΦ Iƛŀǧ WΦwΦΣ tƘƛƭƭƛǇǎ 9ΦIΦΣ aƻǊƎŜƴǎǘŜǊƴ [Φ {ǳǊƎƛŎŀƭ !ƴŀǘƻƳȅ ƻŦ ǘƘŜ [ƛǾŜǊ ŀƴŘ .ƛƭƛŀǊȅ ¢ǊŜŜ κκ {ǳǊƎƛŎŀƭ /ƭƛƴƛŎǎ ƻŦ 

bƻǊǘƘ !ƳŜǊƛŎŀΦ нлллΤулόнύΥпфтπрнмΦ 

сΦ bǳŜǾƻ CΦwΦΣ Ŝǘ ŀƭΦ !ƴŀǘƻƳƛŎŀƭ ǾŀǊƛŀǝƻƴǎ ƻŦ ǘƘŜ ƘŜǇŀǝŎ ŀǊǘŜǊȅΥ ŀ ǎǘǳŘȅ ƛƴ рл ŎŀŘŀǾŜǊǎ κκ {ǳǊƎƛŎŀƭ ŀƴŘ 

wŀŘƛƻƭƻƎƛŎ !ƴŀǘƻƳȅΦ нлмтΤофόрύΥрнмπрнуΦ 

тΦ wǳǘƪŀǳǎƪŀǎ {ΦΣ Ŝǘ ŀƭΦ ±ŀǊƛŀƴǘǎ ƻŦ ǘƘŜ ƘŜǇŀǝŎ ŀǊǘŜǊȅ ŀƴŘ ǘƘŜƛǊ ǎǳǊƎƛŎŀƭ ǎƛƎƴƛŬŎŀƴŎŜ κκ aŜŘƛŎƛƴŀ όYŀǳƴŀǎύΦ 

нллпΤплόфύΥуорπупмΦ 

ϭ ͙͔͍́͊͒͗͋͊͊ ˻. .x, нлнс 
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Ή͙ͣ͋ͪͦͤ͊͡Έͤ·ͻ ͔͍ͫͦ͡ ͔͔͙ͪ͊͒ͤ͘͡ΎΣ ͫͯ͗͊͡΅͙ͻ ͻ͙͎͙ͪͯͪ;͔͙͙ͫͣ͟ ͙͔͙͙ͦͪͤͭͪ͊ͣ ͒͡Ύ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ 

Ύ͎͔͎ͭͪͦͤͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͍ͤͪͤ·ͻ ͍ͦͦͦͤ͟͡ ͤ͊ Ήͭ͊ͨ͊ͻ ͙͙ͣͦ͋͊͘͡ͼ͙͙ ͨͪΎ͚ͣͦ ͙͟΄͙͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͨͪ Ύͣ͊Ύ ͙͟΄͊͟Σ ͍͔͎͔͙͍ͭ͊ͭͤ·͔ ͔͍ͤͪͤ·͔ ͔͔͙ͫͨͭͤ͡Ύ ͭ͊͊͘Σ ͎ͭͦͨͦͪ͊ͺ͙;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΣ 

 ͤ ͔͍͔͔͎ͪͦͫ͋ͪ͊Ό΅͊Ύ ͻ͙͎͙ͪͯͪΎΦ 
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ͫͯ΅͔͍͔ͫͭͤͤͯΌ Ή͍ͦ͡Όͼ͙Ό ͫ ͔ͣͦͣͤͭ͊ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙͙ ͦͤ͟ͼ͔ͨͼ͙͙ ͭͦͭ͊͡Έ͚ͤͦ ͔͔ͣͦͪͭͯͣ͘͟Ή͙͙ͭͦͣ͟Φ 

͔͙͔̂͒͊ͤ͡ ͨͪΎ͚ͣͦ ͙͟΄͙͟ ͔͙͒ͤ·ͣ ͋ͦͦͣ͟͡ ͫ ͔͔ ͍͔͚ͫͦ͋ͫͭͤͤͦ ͺ͊ͫͼ͙͔͚ ͙ ͦͪͯ͗͊͟Ό΅͙ͣ ͙͍͗ͪͦ·ͣ 

͔ͦͭͦͪͦͣ͟͟͡͡ ό͔͔ͣͦͪͭͯͣͦͣ͘͟ύ ͍͙ͨͦͦͦ͘͡͡ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙͙ͫͤͭ͘Έ ;͊ͫͭͦͭͯ ͦ͊͟͡͡Έͤ·ͻ ͔ͪͼ͙͙͍͍͒ͦ 

͊͋ͦ͘͡ ͔͍͙͊ͤΎΦ ͔́ͣ ͔ͤ ͔͔͔ͣͤΣ ͚ͦ͋ͪ͊ͭͤͦ ͚ͫͭͦͪͦͤͦ ͍·͚ͫͦͦ͟ ͙ͪ͊͒͊͟͡Έ͙ͤͦͫͭ ͔ͦͦͪͭ͊͟͟͡͡Έͤ·ͻ ͔ͦͨͪ͊ͼ͙͚ 

͎͔͒ͦͦ͡ ͍͔ͪͣΎ ͍ͦͫͭ͊͊ͫ͡Ύ ͍·͙͚ͫͦ͟ ͨͪͦͼ͔ͤͭ ͙͍͙͙͙ͤ͊͒ͪͯ͘͡Ό΅͙ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΦ 

˽͍͔͔͙͔ͦͪ͗͒ͤ ͙ͭͦͤ͟ͻ ͍͔͎͔͙͍ͭ͊ͭͤ·ͻ ͔͍ͤͪͤ·ͻ ͍ͦͦͦͤ͟͡Σ ͙͔͍͙ͤͤͪͪͯΌ΅͙ͻ ͎ͦͪ͊ͤ· ͎ͣ͊ͦͦ͡ ͭ͊͊͘Σ ͙͍͙ͨͪͦ͒ͭ 

͟ Ή͔͙ͪͭ͟͡Έ͚ͤͦ ͙ ΉΎͯ͟͡Ύ͚ͭͦͪͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙ ͯ ͣͯ͗;͙ͤΣ ͔͔ͨͦͭͪ ͙ͯ͋ͪ͊͟͡ͼ͙͙ ͙ ͙͔͙͙͒ͫͨ͊ͪͯͤ ͯ ͔͗ͤ΅͙ͤΣ ͊ 

͔ͭ͊͗͟ ͟ ͔͚͎͔ͤͪͦͤͤ·ͣ ͤ͊ͪͯ΄͔͙ͤΎͣ ͣͦ;͔͙͙ͫͨͯͫ͊ͤ͟Ύ ͙ ͔͔ͨͦͭͪ ͦͤͭͪͦ͟͡Ύ ͤ͊͒ ͺͯͤ͟ͼ͙͔͚ ͫͺ͙͔͎ͤͭͪͤͦͦ͟ 

͊ͨͨ͊ͪ͊ͭ͊ ͯ ͙ͦ͋ͦͻ ͍ͨͦͦ͡Φ 
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͔ͦͨͪ͊ͭͦͪ͊ ͔ͤ ͨͪͦͫͭͦ ͙ͤ͊ͤ͘Ύ ͦ͋΅͔͚ ͙͙͊ͤ͊ͭͦͣΣ ͊ ;͔͎ͭͦͦ͟ ͙͙ͨͦͤͣ͊ͤΎ ͚͚ͨͦͫͦͤͦ͡ ͙͎ͣͪͦͭͦͨͦͪ͊͟ͺ͙͙ ͙ 

͔ͭͪͻ͔͚ͣͪͤͦ ͊ͪͻ͙͔͙͙ͭͭͦͤ͟͟ ͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ͭ͊͊͘Φ ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͔͍ͤͪͤ·ͻ ͍͍ͫͭͦͦ͡ ͍ 
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͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ͻΣ ͒ͦ͗ͤ͊͡ ͙͍͋͊ͪͦ͊ͭ͘ΈͫΎ ͤ͊ ͨͦͫͭͦΎͤͤ·ͻ ͙ͣ͊ͪͦͫͦͨ͟͟;͔͙ͫ͟ͻ ͙ ͺ͊ͫͼ͙͊͡Έͤ·ͻ ͙͔͙ͦͪͤͭͪ͊ͻΦ 

ˢͤ͊ͭͦͣͦ-͎ͭͦͨͦͪ͊ͺ͙;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͍͔͎͔͙͍ͭ͊ͭͤ·ͻ ͔͔͙͚ͫͨͭͤ͡ ͎ͣ͊ͦͦ͡ ͭ͊͊͘ 

ˮ͔͍ͤͤͪ͊ͼ͙Ύ ͎͍ͦͪ͊ͤͦ ͎ͣ͊ͦͦ͡ ͭ͊͊͘ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͊͘ ͫ;͔ͭ ͙͙ͫͣͨ͊ͭ;͔͚ͫͦ͟ ͙ ͙͙ͨ͊ͪ͊ͫͣͨ͊ͭ;͔͚ͫͦ͟ 
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ͫͭͪͯͭͯͪ͊͟ ͺ͙͔ͦͪͣͪͯͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͊͘ ͫ;͔ͭ ͋ͪΌ΄͎ͤͦͦ ͊ͦͪͭ͊͡Έ͎ͤͦͦ ͔͔͙ͫͨͭͤ͡Ύ ͙ ͨͦΎ͙ͫͤ;ͤ·ͻ 

͍͔͙ͤͯͭͪͤͤͻ ͔͍͍ͤͪͦΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͙͙ͫͣͨ͊ͭ;͔ͫͯ͟Ό ͙͔͍ͤͤͪ͊ͼ͙ΌΦ 

˹͊ ͍͔ͯͪͦͤ ͣ·ͫ͊ ͔ͪͫͭ͟ͼ͊ ͍͔ͪͻ͔͔ͤ ͨͦ͒;͔͍͔ͪͤͦ ͔͔͙͔ͫͨͭͤ͡ ͔ͪ͊͒͘͡Ύ͔ͭͫΎ ͤ͊ ͍͒͊ ͦͭ;͔͙͍ͭ͡·ͻ 

ͭͪͯ͋;͊ͭ·ͻ ͍ͫͭͦ͊͡ τ ͍ͨͪ͊·͚ ͙ ͔͍͡·͚ ͨͦ͒;͔͍ͪͤ·͔ ͔͍ͤͪ·Φ ͙̏ͭ ͔͍ͤͪ· ͫͨͯͫ͊͟ΌͭͫΎ ͔͊ͭͪ͊͡͡Έͤͦ ͍ ͦͫͦ͟-

͍͔͙ͪͭ͊͟͡Έͤͦͣ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͨͦ ͔͍͚͊͒ͤ͋ͦͦͦ͘͟ ͔͔ͫͭͤ͟ ͭ͊͊͘Σ ͎ͪ͊ͫͨͦ͊͊͡ΎͫΈ ͍ ͔͙͔ͫͯ͋ͨͪͭͦͤ͊͡Έͤͦͣ ͔ͫͦ͡Σ 

͙͊͒͘͟ ͦͭ ͙͔ͨ͊ͪͭ͊͡Έ͚ͤͦ ͺ͊ͫͼ͙͙Φ ˽ͦ͒;͔͍ͪͤ·͔ ͔͍ͤͪ· ͫͯ͗͊ͭ͡ ͍͙͙ͨͪͦͦ͒ͤ͊ͣ͟ ͙͙ͫͣͨ͊ͭ;͔͙ͫ͟ͻ ͙ͣͨͯ͡Έ͍ͫͦ ͟ 

͙͔ͤ͗ͤͣͯ ͨͦ͒;͔͍ͪͤͦͣͯ ͔͔͙ͫͨͭͤ͡ΌΦ 

˹͙͔͔͗ͤ ͨͦ͒;͔͍͔ͪͤͦΣ ͙͙͡ ͍͔ͭ͊ͦͦ͘Σ ͔͔͙͔ͫͨͭͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͨ͊ͪͤ·ͣΣ ͎͙͍ͫͦ͗ͤͦͦͪ͊ͤͦ͊ͤͤ͘͡·ͣ 

͔ͫͭ;͊ͭ·ͣ ͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘Σ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͣ ͎ͯ͋ͦͦ͟͡ ͍ ͣ͊ͦͣ͡ ͭ͊ͯ͘Φ ˻ͤͦ ͙͔͔ͣͭ ͺͦͪͣͯ ͨͪΎ͎ͣͦͯͦ͡Έ͚ͤͦ 

͙ͨ͊ͫͭͤ͡·Σ ͔͗͊͡΅͔͚ ͤ͊ ͍͚͋ͦͦͦ͟ ͔͔ͫͭͤ͟ ͭ͊͊͘ ͔͙ͣ͒͊͡Έ͔͔ͤ ͍͔͙ͤͯͭͪͤͤͻ ͍ͨͦ͒͒ͦ͘΄ͤ·ͻ ͍ͫͦͫͯ͒ͦ ͙ 

͔͊ͭͪ͊͡͡Έ͔͔ͤ ͨͪΎ͚ͣͦ ͙͟΄͙͟Φ ̏ͭͦ ͔͔͙͔ͫͨͭͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͔ͫͣ΄͊ͤͤ·ͣΣ ͭ͊͟ ͊͟͟ ͍ ͔͎ͤͦ ͍ͨ͊͒͊Όͭ ͔ͤ ͭͦ͡Έͦ͟ 

͙͙ͫͣͨ͊ͭ;͔͙͔ͫ͟ ͨͦ͒;͔͍ͪͤ·͔ ͔͍ͤͪ·Σ ͤͦ ͙ ͙͙ͨ͊ͪ͊ͫͣͨ͊ͭ;͔͙͔ͫ͟ ͍ͭ͊ͦ͘·͔ ͍͔ͤͯͭͪͤͤͦͫͭͤ·͔ ͔͍ͤͪ·Σ 

͙ͫͻͦ͒Ύ΅͙͔ ͙͘ ͔͔͙ͨͪ͒ͤͻ ͍͔͍͔͚ͭ ͍͎ͭͦͪͦͦΣ ͔ͭͪͭΈ͔͎ͦ ͙ ;͔͍͔͎ͭͪͭͦͦ ͔ͪͫͭ͟ͼ͍ͦ·ͻ ͙͎͍ͫͨͤͤͦͣͦͦ͘·ͻ ͔͍͍ͤͪͦΦ ˻ͭ 

͔͔͔͙͔͎ͨͪ͒ͤͤ͗ͤͦ ͔ͦͭ͒͊͡ ͍͎ͭ͊ͦͦͦ͘ ͔͔͙ͫͨͭͤ͡Ύ ͦͭͻͦ͒Ύͭ ͔͙ͭͪͣͤ͊͡Έͤ·͔ ͍͔͍͙ͭ ͟ ͣͦ;͔͍ͦͣͯ ͨͯ͘·ͪΌΣ 

͔͔ͨͪ͒ͫͭ͊ͭ͡Έ͚ͤͦ ͔͔͔͗͘͡ ͙͙͡ ͔ͣ͊ͭ͟Σ ͊ ͔ͭ͊͗͟ ͍͔͊ͪͤͦͤ͘͟·͔ ͔͍ͤͪ·Σ ͨͪͦͻͦ͒Ύ΅͙͔ ͍ ͔͔͍͔͚ͤͨͦͫͪ͒ͫͭͤͤͦ 

͙͙͋ͦͫͭ͘͡ ͦͭ ͔ͫͭͤͦ͟ ͙͔ͤ͗ͤ͊ͣͨͯ͡Ύ͎ͪͤͦͦ ͔ͦͭ͒͊͡ ͨͪΎ͚ͣͦ ͙͟΄͙͟Φ 

̅͊ͫͼ͙͊͡Έͤ·͔ ͙͔͙ͦͪͤͭͪ· ͊͟͟ ͙͔͙͙ͪͭͪ͟ ͔ͨͪͼ͙͙͚ͦͤͤͦ͘ ͙͔͒ͫͫ͟ͼ͙͙ 

˥͍͊ͤ͡·ͣ ͙ͨͪ͊͒ͤ͟͡·ͣ ͙͔͙͔ͪͭͪͣ͟ ͔ͯͫͨ΄͎ͤͦͦ ͍·͔͔͙͒ͤ͡Ύ ͙ ͫͦͻ͔͙ͪ͊ͤͤΎ ͔͍ͤͪͤ·ͻ ͔͔͙͚ͫͨͭͤ͡ 

Ύ͍͡Ύ͔ͭͫΎ ͎͔ͫͭͪͦͦ ͫͦ͋͡Ό͔͙͔͒ͤ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͫͦ͡Ύ ͙͔͒ͫͫ͟ͼ͙͙Φ ˽͍ͪͦͫͭͪ͊ͤͫͭͦ ͎ͣ͊ͦͦ͡ ͭ͊͊͘ ͔͔ͪ͊͒ͤͦ͘͡ 

͔ͤͫͦ͟͡Έ͙͙ͣ͟ ͺ͊ͫͼ͙͊͡Έͤ·͙ͣ ͙͙ͫͭ͊ͣ͟͡Σ ͦ͋ͪ͊ͯ͘Ό΅͙͙ͣ ;͔͙͔ͭ͟ Ή͙ͣ͋ͪͦͤ͊͡Έͤ·͔ ͙ͫͦ͡Φ ˽ͪΎͣ͊Ύ ͙͟΄͊͟ ͫ ͔͔ 

͔͔ͣͦͪͭͯͣͦͣ͘͟ ͔ͦͪͯ͗ͤ͊͟ ͍͙ͫͼ͔ͪ͊͡Έ͚ͤͦ ͺ͊ͫͼ͙͔͚Φ ˿͔͙ͭͤ͟ ͎ͣ͊ͦͦ͡ ͭ͊͊͘ ͙ ͪͯͨͤ͟·͔ ͫͦͫͯ͒· ͨͦͪ͟·ͭ· 

͙͔ͨ͊ͪͭ͊͡Έ͚ͤͦ ͍͚ͭ͊ͦͦ͘ ͺ͊ͫͼ͙͔͚Φ ˸͔͗͒ͯ Ή͙͙ͭͣ ͍͒ͯͣΎ ͙͙ͫͭ͊ͣ͟͡ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͚ͫͦ͡ ͪ·ͻ͚ͦ͡ 

͔͙͚͋ͫͫͦͫͯ͒ͫͭͦ ͔ͭ͟͡;͙͊ͭ͟Σ ͨͦͯ͡;͙͍΄͙͚ ͍ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͙͔͔ͭͪ͊ͭͯͪ͡ ͍͙͔ͤ͊͊ͤ͘ ζ͍ͫΎ΅͔͎ͤͤͦͦ ͫͦ͡ΎηΦ 

˽͙ͪ ͔ͨͪͼ͙͙ͦͤͤͦͣ͘ ͍·͔͙͙ͨͦͤͤ͡ ͭͦͭ͊͡Έ͚ͤͦ ͔͔ͣͦͪͭͯͣ͘͟Ή͙͙ͭͦͣ͟ ͙͔͒ͫͫ͟ͼ͙Ύ ͒ͦ͗ͤ͊͡ ͍͙ͨͪͦͦ͒ͭΈͫΎ 

͎ͫͭͪͦͦ ͍͙ͤͯͭͪ Ή͎ͭͦͦ ͔͙͎͋ͫͫͦͫͯ͒ͫͭͦͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Φ ˽͙͔͊ͪͭ͊͡Έͤ͊Ύ ͺ͊ͫͼ͙Ύ ͭ͊͊͘ ͙ͫͯ͗ͭ͡ ͔ͤ͊͒͗ͤ·ͣ 

͙͊ͤ͊ͭͦͣ;͔͙ͫͣ͟ ͋͊ͪΈ͔ͪͦͣΣ ͊͘΅͙΅͊Ό΅͙ͣ ͍͔͎͔͙͍ͭ͊ͭͤ·͔ ͔͍ͤͪ·Φ ˤ͔ͫ Ή͔͔ͣͤͭ͡· ͍͔ͪͻ͔͎ͤͦ ͨͦ͒;͔͍͎ͪͤͦͦ 
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͔͔͙ͫͨͭͤ͡ΎΣ ͨͦ͒;͔͍ͪͤ·͔ ͔͍ͤͪ· ͙ ͍ͭ͊ͦ͘·͔ ͍͔ͤͯͭͪͤͤͦͫͭͤ·͔ ͔͍ͤͪ· ͎ͪ͊ͫͨͦ͊͊͡ΌͭͫΎ ͙͊͒͘͟ ͙ ͔͊ͭͪ͊͡͡Έͤͦ ͦͭ 

͙͔ͨ͊ͪͭ͊͡Έ͎ͤͦͦ ͺ͊ͫͼ͙͊͡Έ͎ͤͦͦ ͙ͫͭ͊͟͡Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͙͔ͯ͒ͪ͗͊ͤ ͙ͨͦͫͦͫͭ͟͡ ͔͔͙ͪ͊͒ͤ͘͡Ύ ͔͚ͭ͊ͤ͟ 

͔͙ͣ͒͊͡Έ͔͔ͤ ͙͔ͨ͊ͪͭ͊͡Έ͚ͤͦ ͺ͊ͫͼ͙͙ ͎͙͔͊ͪ͊ͤͭͪͯͭ ͫͦͻͪ͊ͤͤͦͫͭΈ ͔͍ͤͪͤ·ͻ ͍͙͍ͨͪͦͦ͒ͤͦ͟Φ ˿͔ͣ΅͔͙͔ͤ ͫͦ͡Ύ 

͙͔͒ͫͫ͟ͼ͙͙ ͙͊͒͘͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͔ͨͪͺͦͪ͊ͼ͙͙ ͙͔ͨ͊ͪͭ͊͡Έ͚ͤͦ ͺ͊ͫͼ͙͙ ͙ ͔͙͔ͤ͋͗ͤͦͣͯ͘ ͪ͊ͪ͘·͍ͯ ͨͦ͒;͔͍ͪͤ·ͻ 

͔͍͍ͤͪͦ ͙͙͡ ͍͔͔͙ͨͦͪ͗͒ͤΌ ͔͔ͨͪͪͫͭ͟ͼ͍͎ͦͦͦ ͍͔͎ͤͦͤͦͦ͘ ͔͔͙ͫͨͭͤ͡Ύ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͨͪͦͺ͎ͯͤͦͦ͘ 

͍͔ͪͦͦͭ͟;͔͙ͤΎΦ 

͎́ͦͨͦͪ͊ͺ͙;͔͙͔ͫ͟ ͙͔͙͙ͪͭͪ͟ ͤ͊ Ήͭ͊ͨ͊ͻ ͙͙ͣͦ͋͊͘͡ͼ͙͙ ͨͪΎ͚ͣͦ ͙͟΄͙͟ 

˽ͪͦͼ͔ͫͫ ͙͙ͣͦ͋͊͘͡ͼ͙͙ ͨͪΎ͚ͣͦ ͙͟΄͙͟ ͍͟͡Ό;͔͊ͭ ͔ͤͫͦ͟͡Έͦ͟ ͙͙ͪͭ͟;͔͙ͫ͟ͻ ͦͤ͘Σ ͎͔͒ ͙ͪͫ͟ 

͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͍ͤͪͤ·ͻ Ή͔͔͍ͣͤͭͦ͡ ͙͔͔ͤ͊͋ͦ͡ ͍·ͫͦ͟Φ ˽͔͍͚ͪͦ ͚ͭ͊ͦ͟ ͚ͦͤͦ͘ Ύ͍͡Ύ͔ͭͫΎ Ήͭ͊ͨ ͔͚͊͒ͤ͘ 

͙͙ͣͦ͋͊͘͡ͼ͙͙ ͤ͊ ͍͔ͯͪͦͤ ͣ·ͫ͊ ͔ͪͫͭ͟ͼ͊ ͙ ͔͔͔ͨͪͫ;͔͙ͤΎ ͍͔ͪͻ͔͚ͤ ͨͪΎ͙ͣͦ͟΄͔;͚ͤͦ ͔͙͙͊ͪͭͪΦ ˤ͔ͪͻ͔͔ͤ 

ͨͦ͒;͔͍͔ͪͤͦ ͔͔͙͔ͫͨͭͤ͡ ͔͙͗ͭ͡ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͨͦ͒ ͔ͦͪͤͣ͟ ͋ͪ·͔͚͙͗͟ ͙͎͍͙͚ͫͣͦ͒ͤͦ ͙͟΄͙͟Φ ˨͡Ύ ͔͎ͦ 

ͫͦͻ͔͙ͪ͊ͤͤΎ ͍·͔͔͙͔͒ͤ͡ ͔͙͙͊ͪͭͪ ͒ͦ͗ͤͦ͡ ͤ͊;͙ͤ͊ͭΈͫΎ ͫ ͔͙ͣ͒͊͡Έ͎ͤͦͦ ͙ ͔͊ͭͪ͊͡͡Έ͎ͤͦͦ ͔ͪ͊ͫͫ;͔͙ͤΎ 

͋ͪΌ΄͙ͤ· ͫ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͔͙͒͊ͭͤ͟͡·ͣ ͔ͫͣ΅͔͙͔ͤͣ ͔͍ͤͪͤ·ͻ ͍ͦͦͦͤ͟͡ ͙͊͒͘͟Σ ͟ ͔ͭͯ͡ ͨΎ͎ͭͦͦ ͨͦΎ͙ͫͤ;͎ͤͦͦ 

͍ͨͦͦͤ͊͘͟Φ ˤ͙ͯ͊͘͡Έͤ·ͣ ͙͔͙͔ͪͭͪͣ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͤ͊ Ήͭͦͣ Ή͔ͭ͊ͨ ͙ͫͯ͗ͭ͡ ͫͦͻ͔͙͔ͪ͊ͤͤ ͚ͭͦͤͦ͟ ͔͋ͫͭ͡Ύ΅͔͚ 

ͺ͊ͫͼ͙͊͡Έ͚ͤͦ ͍·͙͙ͫͭ͟͡ ͤ͊͒ ͣ·ͫͦͣ ͔ͪͫͭ͟ͼ͊Φ 

ˤ͚ͭͦͪͦ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͚ͦͤͦ͘ Ύ͍͡Ύ͔ͭͫΎ ͍͋ͦͦ͊͟Ύ ͙͙ͣͦ͋͊͘͡ͼ͙Ύ ͙͟΄͙͟Σ ͎͔͒ ͨͦ͒;͔͍ͪͤ·͔ ͔͍ͤͪ· 

ͫͨͯͫ͊͟ΌͭͫΎ ͟ ͍ͭ͊ͦͦͣͯ͘ ͔͔͙ͫͨͭͤ͡ΌΦ ˹͊ Ήͭͦͣ ͍͔ͯͪͦͤ ͨͦ͒;͔͍ͪͤ·͚ ͔͍ͤͪ ͙͙ͤͭͣͤͦ ͙͔͙ͨͪ͗ͭ͡ ͟ 

͔͔ͣͦͪͭ͊͘͟͡Έ͚ͤͦ ͺ͊ͫͼ͙͙ ͍ ͙ͦ͋͊ͫͭ͡ ͭ͊͟ ͤ͊͘·͍͔͊ͣ·ͻ ͍͋ͦͦ͟·ͻ ͍ͫΎͦ͘͟ ͨͪΎ͚ͣͦ ͙͟΄͙͟Φ ˽͔ͪͼ͙͙͔ͦͤͤͦ͘ 

͍·͔͔͙͔͒ͤ͡ ͔͔ͭͪ͋ͯͭ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͻͦ͒͊ ͔͍ͤͪ͊ ͤ͊ ͍͔ͫͣ ͨͪͦͭΎ͔͙͙͗ͤΦ ˹͊ͭΎ͔͙͔͗ͤ ͨͪΎ͚ͣͦ ͙͟΄͙͟ ͍ 

͙͍ͨͪͦͭͦͨͦͦ͗ͤͯ͡Ό ͫͭͦͪͦͤͯ ͍ͨͦͦ͘͡Ύ͔ͭ ͪ͊ͫͪ͟·ͭΈ ͔ͣ͗ͺ͊ͫͼ͙͊͡Έ͔ͤͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͙ ͔ͦͭͫ;Έ ͍͋ͦͦ͟·͔ 

͍ͫΎ͙͘͟ ͔͙ͣ͒͊͡Έ͔͔ͤ ͨͪͦͻ͔͙ͦ͗͒ͤΎ ͔͍͎ͤͪͤͦͦ ͍ͫͭͦ͊͡Φ ˴͔͎͙͊ͭͦͪ;͔͙ͫ͟ ͙ͫ͟͡Ό;͔͊ͭͫΎ ͔͔ͫͨͦ͡ 

͔ͣͣ͟͡ ͙͍͙͔ͪͦ͊ͤ ͙ ͔͔͔ͨͪͫ;͔͙͔ͤ ͍͋ͦͦ͟·ͻ ͍ͫΎͦ͘͟ ͔͙͒ͤ·ͣ ͋ͦͦͣ͟͡Σ ͨͦͫͦ͟͡Έͯ͟ ͍ ͙ͤͻ ͎ͣͦͯͭ ͋·ͭΈ 

͍͍͔ͦ͡;͔ͤ· ͍͔͍͙ͭ ͍͎ͭ͊ͦͦͦ͘ ͔͔͙ͫͨͭͤ͡ΎΦ 

͔́ͪͭΈ͔͚Σ ͙͔͔ͤ͊͋ͦ͡ ͚ͫͦ͗ͤͦ͡ ͚ͦͤͦ͘ ͍·͔ͫͭͯͨ͊ͭ ͔͔ͨͪ͒ͤΎΎ ͙ ͔͔͔͔ͨͪ͒ͤ͊ͭͪ͊͡͡Έͤ͊Ύ ͔ͫͨ͊ͪ͊ͼ͙Ύ ͍͙͙͋͘͡ 

͙͒ͫͭ͊͡Έ͚ͤͦ ͎͙ͪ͊ͤͼ· ͔͔ͣͦͪͭͯͣ͊͘͟Φ ˭͔͒ͫΈ ͍ͦͦͤ͊͟͡ ͙͔͎ͤ͗ͤͦ ͨͦ͒;͔͍͎ͪͤͦͦ ͔͔͙ͫͨͭͤ͡Ύ ͦͭ͒͊Όͭ ͍͔͍͙ͭ ͟ 

ͣͦ;͔͍ͨͦͦ͡·ͣ ͎ͦͪ͊ͤ͊ͣΣ ͨͪͦͻͦ͒Ύ ͔͊ͭͪ͊͡͡Έ͔͔ͤ ͺ͊ͫͼ͙͙ ˨͔͍͙ͤͦͤ͡͡Έ͔ ό͊ͨͫͯ͟͡· ͔͙ͨͪͨͪͦͫͭ͊ͭ;͔͚ͫͦ͟ 

ͺ͊ͫͼ͙͙ύΦ ˽͙ͪ ͙͙ͤ͘͟ͻ ͔͔ͪ͘͟ͼ͙Ύͻ ͨͪΎ͚ͣͦ ͙͟΄͙͟ ͔͔͙͔ͪ͊͒ͤ͘͡ ͔͚ͭ͊ͤ͟ ͔͔͙ͨͪ͒͟ ͦͭ ͍͙ͫͼ͔ͪ͊͡Έ͚ͤͦ ͺ͊ͫͼ͙͙ 
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͙͎͡· ͙͙͡ ͺ͙ͫ͊ͭͦͪ͊͟ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͔ͨͪͦͪ͘·͍͙͊ͤΌ ͣ·΄͔;͚ͤͦ ͙ͭ͊ͤ͟Σ ͔͔ͨͦͭͪ ͙ͫͭ͊͋͡Έ͙ͤͦͫͭ 

͙ͣͨ͊ͤͭ͊ͭ͊͡ ͙ ͔͎ͦ ͙͒ͫͦ͊͟͡ͼ͙͙ ͍ ͔͍ͨͪ͊͡͡ΈͤͯΌ ͨͦͦͫͭ͡ΈΣ ;ͭͦ ͍͔ͨͦ͡;͔ͭ ͊͘ ͚ͫͦ͋ͦ ͭΎ͔͗͡·͔ ͍͙ͫͼ͔ͪ͊͡Έͤ·͔ 

͍͔͔͙ͨͦͪ͗͒ͤΎΦ 

͎́ͦͨͦͪ͊ͺ͙Ύ ͔͔͔͎ͣ͗ͪ͋ͪͤͦͦ ͙ͫͦͫͯ͒ͫͭͦ-͔͍͎ͤͪͤͦͦ ͨͯ;͊͟ ͙ ͙͙ͪͫ͟ Ύ͎͔͙͙ͭͪͦͤ 

˴͡Ό;͔͍·ͣ ͔͊ͫͨͭͦͣ͟ ͙͚ͨͪ͊͒ͤͦ͟͡ ͙͙͊ͤ͊ͭͦͣ Ή͚ͭͦ ͦͤ͘· Ύ͍͡Ύ͔ͭͫΎ ͍͔͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ 

͔͔͔͎ͣ͗ͪ͋ͪͤͦͦ ͙ͫͦͫͯ͒ͫͭͦ-͔͍͎ͤͪͤͦͦ ͨͯ;͊͟Φ ˤ ͔͔͔ͣ͗ͪ͋ͪͤͦͣ ͔͔ͨͪͦͣ͗ͯͭ͟ ͍͔ͤ͊Σ ͔͙͊ͪͭͪΎ ͙ ͔͍ͤͪ ͔͎͊͊͘͡Όͭ 

͍ ͔ͣ͗ͣ·΄͔;ͤͦͣ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͔ͣ͗͒ͯ ͍͔͙͙ͤͯͭͪͤͤͣ ͙ ͫ͊ͣ·͙ͣ ͍͔͙͙ͤͯͭͪͤͤͣ ͔͔͔ͣ͗ͪ͋ͪͤ·͙ͣ 

ͣ·΄ͼ͙͊ͣΦ ˤ ͙͊͒ͤ͘ͻ ͙ ͔͊ͭͪ͊͡͡Έͤ·ͻ ͔ͦͭ͒͊͡ͻ ͎͚ͪͯ͒ͤͦ ͔͙ͫͭͤ͟ Ήͭͦͭ ͨͯ;ͦ͟ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ 

͍ ͔͋ͦͪͦ͒͘͟ ͔ͪ͋ͪ͊ ͍͒ͦ͡Έ ͔͎ͦ ͙͔͎ͤ͗ͤͦ ͪ͊͟ΎΦ ˽͙ͪ Ήͭͦͣ ͍͔ͤ͊ ͙͔͊ͤͣ͊ͭ͘ ͔ͫ͊ͣͦ ͍͔ͪͻ͔͔ͤ ͔͙͔ͨͦͦ͗ͤ͡Σ ͔͙͊ͪͭͪΎ 

ͤ͊ͻ͙ͦ͒ͭͫΎ ͔͔͙͔ͨͦͫͪ͒ͤΣ ͊ ͔͔͔ͣ͗ͪ͋ͪͤ·͚ ͔͍ͤͪ ͔͙͗ͭ͡ ͙͔͔ͤ͊͋ͦ͡ ͙ͤͦ͘͟Σ ;͊ͫͭͦ ͍·ͻͦ͒Ύ ͊͘ ͔͔ͨͪ͒͡· ͚ͦͫͭͤͦ͟ 

͊͘΅͙ͭ· ͔͔͎ͪ͋ͪͤͦͦ ͪ͊͟ΎΦ 

˨͔͊ͤͤͦ ͎ͭͦͨͦͪ͊ͺ͙;͔͔ͫͦ͟ ͍͙͊ͣͦͦͭͤͦ͘΄͔͙͔ͤ ͙͔͒ͭͯͭ͟ ͔͙͔͗ͫͭ͟ ͍͙ͨͪ͊͊͡ ͍͔͔͙ͨͪͦ͒ͤΎ ͺ͙͙ͫͪͯ͟Ό΅͙ͻ 

͙͔͚ͤͭ ͙͙͡ ͫͦ͋͟Φ ˽͍͔͔͙͔ͪͦ͒ͤ ͔͙ͨͪͦͫͭ͊͟͡Έͤ·ͻ ΄͍͍ͦΣ ͎ͦ͒͊͟ ͙͎͊͡ ͎͙͔ͦ͋͊ͭ ͔ͪ͋ͪͦΣ ͫͦͨͪΎ͔͗ͤͦ ͫ 

͙͙ͪͭ͟;͔͙ͫͣ͟ ͙ͪͫͦͣ͟ ͍͔͙ͫ͒͊ͤ͡Ύ ͙͙͡ ͨͪΎ͎ͣͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͔͔͚ͣ͗ͪ͋ͪͤͦ ͔͙͙͊ͪͭͪ ͙ ͔͍ͤͪ͊Φ 

˽͍͔͔͙͔ͦͪ͗͒ͤ ͔͔͔͚ͣ͗ͪ͋ͪͤͦ ͔͙͙͊ͪͭͪ ͔ͣͦ͗ͭ ͍·͍͊ͭ͘Έ ͙͍͔ͣ͊ͫͫͤͦ ͍͙͔͍ͤͯͭͪͨͪ͊͡͡Έ͔ͤͦ ͍͔ͪͦͦͭ͟;͔͙͔ͤ ͙͙͡ 

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͤ͊ͨͪΎ͔͚͗ͤͤͦ ͎͔ͣ͊ͭͦͣ· ͣΎ͎͙͟ͻ ͔͚ͭ͊ͤ͟Φ ˴͔͙ͦͣͨͪͫͫΎ ͙͙͡ ͨͪͦ΄͙͍͙͔͊ͤ ͔͔͔͎ͣ͗ͪ͋ͪͤͦͦ 

͔͍ͤͪ͊ ͔͙͔ͤ͋͗ͤͦ͘ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͚͎ͫͭͦͦͦ͟Σ ͔͙͔͎ͪͫͭͤͭͤͦͦ͘ ͟ ͊ͤ͊͡Έ͎͔͙ͭ͊ͣ͟ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙͎ͦͤͤͦͦ 

͔͍͎͋ͦͦͦ͡ ͙ͫͤ͒ͪͦͣ͊Σ ͙͍͔͎ͫͭͤͦͦ͘ ͊͟͟ ͙ͨͦͫͭͭͦͪ͊ͦͭͦͣ͟;͔ͫ͊͟Ύ ͔͔͔ͣ͗ͪ͋ͪͤ͊Ύ ͔͍͎͙ͤͪ͊͡ΎΣ ͦͭͦͪ͊͟Ύ 

ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͻͯ͒΄͔͊ͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔ͤͭ͊ ͙ ͔ͨͪͨΎ͍͔ͭͫͭͯͭ ͔͎ͦ ͨͦͤͦ͡ͼ͔͚ͤͤͦ ͔͙͚ͪͫͨͪ͊ͭͦͪͤͦ 

͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙Φ 

˽͍͔ͪͦͫͭͪ͊ͤͫͭͤͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͙͙͊ͤ͊ͭͦͣ ͍ ͔͔͙ͨͪ͒ͤͻ ͔ͦͭ͒͊͡ͻ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡ 

͎́ͦͨͦͪ͊ͺ͙Ύ ͍ͫͦͫͯ͒ͦ ͙ ͔͍͍ͤͪͦ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙͔ͣͤ͘Ύ͔ͭͫΎ ͨͦ ͔͔ͣͪ ͍͙͔͙ͨͪͦ͒͗ͤΎ ͦͭ ͍ͨͦͦͤͦ͘;͙ͤ͊͟ 

͟ ͎͙͔ͪͯ͒ͤΦ ˤ ͔͔͙ͨͪ͒ͤͻ ͔ͦͭ͒͊͡ͻΣ ͤ͊;͙ͤ͊Ύ ͦͭ ͎͙͚ͦͦͦͪͯ͒ͤͤͦ͟͡ ͙͙͙ͤ͡Σ ͔͔͔ͣ͗ͪ͋ͪͤ·͚ ͙ͫͦͫͯ͒ͫͭͦ-͔͍ͤͪͤ·͚ 

ͨͯ;ͦ͟ ͯͭͪ͊;͙͍͔͊ͭ ͦͫͭͤͯ͟Ό ͊͘΅͙ͭͯ ͔͔͚ͪ͋ͪͤͦ ͋ͦͪͦ͒͘· ͙ ͔ͫͣ΅͔͊ͭͫΎ ͟ ͔͔͙͔ͫͪ͒ͤ ͔͔͔͎ͣ͗ͪ͋ͪͤͦͦ 

͔ͨͪͦͣ͗ͯͭ͊͟Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͍ Ή͚ͭͦ ͔ͦͤ͘ ͔͙͙͊ͪͭͪ ͙ ͍͔ͤ· ͤ͊;͙ͤ͊Όͭ ͙͍͊ͭͤͦ͟ ͙͍͊ͤ͊ͫͭͦͣͦͪͦ͊ͭ͘Έ ͫ 

͍͔͙͙ͤͯͭͪͤͤͣ ͎ͪͯ͒ͤ·͙ͣ ͙ͫͦͫͯ͒͊ͣΦ 

˽͙ͪ Ή͔͙͍͙͙ͤ͒ͦͨͪͦͭͪͦ͊ͤ͘ ͔͒ͺ͔͍ͭͦ͟ ͔͔͔͚ͨͪ͒ͤ ͎͚ͪͯ͒ͤͦ ͔͙ͫͭͤ͟Σ ͔ͦͫͦ͋ͤͤͦ ͍͙͙͋͘͡ ͪͯͦ͟Ύ͙ͭ͟ ͙ ͔ͭ͊͡ 

͎͙ͪͯ͒ͤ·Σ ͻ͙͎ͪͯͪͯ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͨͦͤͦͫͭ͡ΈΌ ͦͭ͊͊ͭ͘͟ΈͫΎ ͦͭ ͔͎ͫͨͦͦ͡ ͍͔͔͙ͨͪͦ͒ͤΎ ͺ͙͙ͫͪͯ͟Ό΅͙ͻ Ή͔͔͍ͣͤͭͦ͡ 

͍ ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͦͤ͊͘ͻ ͔͔͔͙͚ͣ͗ͪ͋ͪΦ ͙̅ͫ͊͟ͼ͙Ύ ͍ Ή͚ͭͦ ͙ͦ͋͊ͫͭ͡ ͒ͦ͗ͤ͊͡ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈͫΎ ͙͋ͦ͡ 

͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͟ ͻͪΎ΅͔͍͚ͦ ;͙͊ͫͭ ͔͔ͪ͋ͪ ͔ͣͭͦ͒ͦͣ ͍͎ͫͦͤͦͦ͘͟ ͍͔͙͍͙ͨͪͦͫͪ͊ͤ͡Ύ ͻͪΎ΅͊ ͍ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ 

͔͎ͦ ;͙͊ͫͭΣ ͙͋ͦ͡ ͟ ͔ͭͯ͡ ͎͙ͪͯ͒ͤ·Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͨͦͤͦͫͭ͡ΈΌ ͚͙ͦ͋ͦͭ ͦͤͯ͘ ͨͪͦͻ͔͙ͦ͗͒ͤΎ ͔͊ͭͪ͊͡͡Έͤ·ͻ ͙ 

͔͔͙ͨͪ͒ͤͻ ͨͪͦ͋ͦ͒͊Ό΅͙ͻ ͍͔͍͔͚ͭ ͍͔͙ͤͯͭͪͤͤͻ ͎ͪͯ͒ͤ·ͻ ͍ͫͦͫͯ͒ͦΣ ͔͍ͨͪ͒ͦͭͪ͊΅͊Ύ ͺ͊ͭ͊͡Έͤ·͔ 

͎͔͎͙ͣͦͪͪ͊;͔͙͔ͫ͟ ͔͙ͦͫͦ͗ͤͤ͡ΎΦ 

˽͙ͪ͊͒ͤ͟͡·͔ ͔ͭͻ͙͙ͤ͟ ͔͚͋ͦͨ͊ͫͤͦ͘ ͺ͙ͫ͊͟ͼ͙͙ Ή͔͍ͤ͒ͦͨͪͦͭͦ͘ 

˿ ͯ;͔ͭͦͣ ͙ͦͨͫ͊ͤͤ·ͻ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͍ ͭͦͪ͊͊͟͡Έ͚ͤͦ ͻ͙͎͙͙ͪͯͪ ͪ͊ͪ͊͋ͦͭ͊ͤ͘· 

͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͔ ͎͙͊ͦͪͭͣ͡· ͺ͙ͫ͊͟ͼ͙͙ ͔ͫͭ;͊ͭ·ͻ ͙ ͙ͦͣͨͦͭͤ͘͟·ͻ Ή͔͍ͤ͒ͦͨͪͦͭͦ͘ ͎͚ͪͯ͒ͤͦ ͔͙ͫͭͤ͟Φ 

˹͙͔͔͊͋ͦ͡ ͔͋ͦͨ͊ͫͤ͘·ͣ ͔ͣͭͦ͒ͦͣ ͔͙ͯ͒ͪ͗͊ͤΎ ͣΎ͎͙͟ͻ ͙͔͙ͫͤͭͭ;͔͙ͫ͟ͻ ͔ͫͭͦ͟ ͫ;͙͔ͭ͊ͭͫΎ ͍͔͔͙͔ͨͪͦ͒ͤ 

ͭͪ͊ͤͫͦͫͭ͊͟͡Έͤ·ͻ ΄͍͍ͦ ;͔͔ͪ͘ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έͤͦ ͫͺ͙͍ͦͪͣͪͦ͊ͤͤ·͔ ͋ͦͪͣ͊΄͙͚ͤͦ ͙͙͡ ͍͔ͫͪͦͣ͡ ͍͔͙ͦͭͪͫͭΎ 

͍ ͔͔͚ͫͪ͒ͤ ;͙͊ͫͭ ͔ͪ͋ͪ͊Φ ̏ͭͦͭ ͙͔ͨͪͣ ͨͦͤͦͫͭ͡ΈΌ ͙ͫ͟͡Ό;͔͊ͭ ͦͤͭ͊ͭ͟͟ ͙͙ͤͭ ͫ ͙͙ͤ͗ͤͣ ͔ͪ͊ͣ͟ ͔ͪ͋ͪ͊ ͙ 

͔͎͊͊͘͡Ό΅͙ͣ ͭ͊ͣ ͙ͫͦͫͯ͒ͫͭͦ-͔͍ͤͪͤ·ͣ ͨͯ;ͦͣ͟Φ 
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˽͙ͪ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͺ͙ͫ͊͟ͼ͙͙ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͟ ͣ·΄͔;ͤͦ-ͺ͊ͫͼ͙͊͡Έͤͦͣͯ ͙͍ͣ͊ͫͫͯ ͔͔͔ͣ͗ͪ͋ͪΈΎ 

΄͍· ͤ͊͊͒͟͡·͍͊Όͭ ͎ͫͭͪͦͦ ͨͦ ͍͔ͪͻ͔ͤͣͯ ͪ͊͟Ό ͙͔͔ͤ͗͗͊͡΅͔͎ͦ ͔ͪ͋ͪ͊Φ ˽ͦͫͦ͟͡Έͯ͟ ͍͔ͪͻ͙͚ͤ ͚ͪ͊͟ ͔ͪ͋ͪ͊ 

͍͔ͫͦ͋ͦ͒ͤ ͦͭ ͪͯͨͤ͟·ͻ ͔͍ͤͪͤ·ͻ ͙ ͙ͫͦͫͯ͒ͫͭ·ͻ ͍͍ͫͭͦͦ͡Σ ͔͍ͨͪͨ͊ͪͦ͊͟ ͙ ͨͪͦ΄͙͍͙͔͊ͤ ͔͚ͭ͊ͤ͟ ͍ Ή͚ͭͦ ͚ͯͦ͘͟ 

͔ͦͤ͘ Ύ͍͡ΎΌͭͫΎ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔͋ͦͨ͊ͫͤ͘·͙ͣΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙ͦͣͨͦͭͤ͘͟·ͻ ͔͍ͨͪͦͭͦ͘Σ 

͔ͭͪ͋ͯΌ΅͙ͻ ͔͚͗ͫͭͦ͟ ͺ͙ͫ͊͟ͼ͙͙ ͙͍ͭͭ͊ͤͦ·͙ͣ ͙͙ͨ͊ͫͭͤ͊ͣ͡ ͙ ͍͙͙ͤͭ͊ͣΣ ͍͊ͫͭ͊͘͡Ύ͔ͭ ͻ͙͎ͪͯͪ͊ ͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ 

͙͒ͤͯ͡ ͍͙͍ͤͭͦΣ ;ͭͦ͋· ͙ͻ ͪ͊͋ͦ;͊Ύ ;͊ͫͭΈ ͔ͤ ͙ͨͪͦͤ͊͊͟͡ ͎͔ͯ͋͗͡ ͍͔͔͚ͤͯͭͪͤͤ ͺ͊ͫͼ͙͙ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡ ͙ ͔ͤ 

͍·͘·͍͊͊͡ ͔͙ͪ͊͒ͪ͊͗ͤ͘Ύ ͙͔ͨ͊ͪͭ͊͡Έ͚ͤͦ ͔͍ͨͪ͡· ͍ ͔ͫͣ͗ͤ·ͻ ͔͔͔ͣ͗ͪ͋ͪͤ·ͻ ͔ͨͪͦͣ͗ͯͭ͊͟ͻΦ 

ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͙ ͙ͦͣͨͦͭͤ͘͟·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͍ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ό ͔͔͔͙͚ͣ͗ͪ͋ͪ 

˿͍͔͔ͦͪͣͤͤ·͚ Ήͭ͊ͨ ͍͙͙ͪ͊ͭ͘Ύ ͭͦͪ͊͊͟͡Έ͚ͤͦ ͻ͙͎͙͙ͪͯͪ ͔͍ͦͤ͊ͣͤͦ͊ͤ͘ ͔͔ͨͪͻͦ͒ͦͣ ͦͭ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

͙͙͍ͦͪͦ͊ͤͤ͘͡·ͻ ͙͔͙ͫͤͭͭ;͔͙ͫ͟ͻ ͔͍ͨͪͦͭͦ͘ ͟ ͙͔͔͙ͨͪͣͤͤΌ ͎͙͙͋ͪ͒ͤ·ͻ ͙͊ͦͨ͊ͫͭ͡͡͡;͔͙ͫ͟ͻ ͔͍ͦͣͨͫͦ͟͟͡Φ ˽͙ͪ 

ͺ͙ͫ͊͟ͼ͙͙ ͙ͭ͊͟ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͯ;͙ͭ·͍͊ͭΈ ͔ͤ ͭͦ͡Έͦ͟ ͎ͭͦͨͦͪ͊ͺ͙Ό ͍ͫͦͫͯ͒ͦΣ ͤͦ ͙ 

ͫͦͻͪ͊ͤͤͦͫͭΈ ͙ͣ͡ͺ͙͊ͭ;͔͎ͫͦͦ͟ ͔͒ͪͤ͊͗͊ ͙ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύ͎ͭͦͪͤͦͦ ͪͯͫ͊͡ ͙ͫ͊ͣͻ ͔͔͔ͣ͗ͪ͋ͪͤ·ͻ ͣ·΄ͼΦ 

˴͙͙͍͙͔ͦͣ͋ͤͪͦ͊ͤ ͔͙͗ͫͭ͟ͻ ͙͍ͭͭ͊ͤͦ·ͻ ͺ͙͍ͫ͊ͭͦͪͦ͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͊ͪ͊ͫͤͦͫͭ͟͟ΈΣ ͫ ͙͎͙͋ͦͦ͡;͔͙͙ͫͣ͟ 

͙ͣ͊ͭͪͼ͙͊ͣ ͙͙͡ ͔͔͔ͨͪͣ΅͔ͤͤ·͙ͣ ͣ·΄͔;ͤ·͙ͣ ͙ͦͫͯͭ͊ͣ͟͡ ͤ͊ ͙͚ͫͦͫͯ͒ͫͭͦ ͔ͤͦ͗͟ ͨ ͍ͦͦ͘͡Ύ͔ͭ ͯͪ͟·ͭΈ ͦͤͯ͘ 

Ή͔͙͍͙ͤ͒ͦͨͪͦͭͪͦ͊ͤ͘Ύ ͙͔͚͗ͤͫͨͦͫͦ͋ͤͦ͘ ͭ͊ͤ͟ΈΌΦ ̏ͭͦ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͙ͤͺ͙ͼ͙͍͙ͪͦ͊ͤΎ 

͙ͣͨ͊ͤͭ͊ͭ͊͡ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͎ͦ ͨͦͤͦ͡ͼ͔͚ͤͤͦ ͙͔͎ͤͭͪ͊ͼ͙͙ ͍ ͦͪͯ͗͊͟Ό΅͙͔ ͫͭͪͯͭͯͪ͟· ͔͔͔͙͚ͣ͗ͪ͋ͪΦ 

˽͔ͪͼ͙͙͔ͦͤͤͦ͘ ͫͦͻ͔͙͔ͪ͊ͤͤ ͣ·΄͔;ͤ·ͻ ͍͔͍͔͚ͭ ͔͔͔ͣ͗ͪ͋ͪͤ·ͻ ͔͙͚͊ͪͭͪ ͍ ͨͪͦͼ͔͔ͫͫ ͙͙ͣͦ͋͊͘͡ͼ͙͙ ͔͍ͪ͊͟ 

͔͒ͺ͔ͭ͊͟ ͎͙͔͊ͪ͊ͤͭͪͯͭ ͔͍͔͊͒͊ͭͤͦ͟ ͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ͟ ͫͺ͙͍ͦͪͣͪͦ͊ͤͤ·ͻ ͍ͦͫͯͭͦ͟͡Σ ;ͭͦ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͙ͻ 

͔ͤͪͦ͘͟ ͙ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎͔͔͙ͪͣͭ;ͤͦͫͭΈ ͔͍ͨͪ͊͡͡Έ͚ͤͦ ͙ͨͦͦͫͭ͡ ͍ ͎͒ͦͦͫͪͦ͡;͚ͤͦ ͔͔͙͍͔ͨͪͫͨͭ͟Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˥͔ͯ͋ͦͦ͟͡ ͙͙͔ͨͦͤͣ͊ͤ ͙͚ͨͪ͊͒ͤͦ͟͡ ͙͙͊ͤ͊ͭͦͣ ͔͔͔ͣ͗ͪ͋ͪͤ·ͻ ͔͍ͨͪͦͣ͗ͯͭͦ͟ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͍ͦͫͤͦͯ 

͔ͯͫͨ΄͎ͤͦͦ ͙ ͔͎͋ͦͨ͊ͫͤͦͦ͘ Ή͔͙͍͙ͤ͒ͦͨͪͦͭͪͦ͊ͤ͘Ύ ͔͒ͺ͔͍ͭͦ͟ ͎͚ͪͯ͒ͤͦ ͔͙ͫͭͤ͟Φ ͎́ͦͨͦͪ͊ͺ͙;͔ͫ͊͟Ύ 

͙͊͋͡͡ΈͤͦͫͭΈ ͔͔͔͎ͣ͗ͪ͋ͪͤͦͦ ͙ͫͦͫͯ͒ͫͭͦ-͔͍͎ͤͪͤͦͦ ͨͯ;͊͟ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͦͭ ͍ͨͦͦͤͦ͘;͎ͤͦͦ ͫͭͦ͋͊͡ ͒ͦ 

͎ͪ ͙ͯ͒ͤ· ͔͔ͭͪ͋ͯͭ ͎͙͎͋ͦͦ͟ ͙͔͔͙ͣͤͤ͘Ύ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͙͙ͭ͊ͭ͟͟ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͔͒ͺ͔ͭ͊͟Φ 

˻ͭ͊͘͟ ͦͭ ͍͙ͭͪ͊ͣ͊ͭ;ͤ·ͻ ͔͙ͨͪͦͫͭ͊͟͡Έͤ·ͻ ΄͍͍ͦ ͍ ͨͦ͡Έͯ͘ ͭͪ͊ͤͫͦͫͭ͊͟͡Έ͚ͤͦ ͺ͙ͫ͊͟ͼ͙͙ ͙ ͔ͨͪͼ͙͙͔ͦͤͤͦ͘ 

͍͔͔͙͔ͨͪͦ͒ͤ Ή͔͔͍ͣͤͭͦ͡ ͔ͨͪͦͭ͊͘ ͨͦ ͍͔ͪͻ͔ͤͣͯ ͪ͊͟Ό ͙͔͔ͤ͗͗͊͡΅͔͎ͦ ͔ͪ͋ͪ͊ ͍ͨͦͦ͘͡ΎΌͭ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ 

͙͙ͪͫ͟ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙͚ͦͤͤͦ ͍͔͙ͪͦͦͨͦͭͪ͟ ͙ ͭΎ͔͗͡·ͻ ͔͍͎͙ͤͪͦͦ͡;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΦ  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˤ͙΄͔͍͙͚ͤͫ͟ ˢΦˢΦΣ ˾͍ͯ͒͊ͦ͟ ˿Φ˿ΦΣ ˸͙͍͊ͤͦ͡ ˹Φ˻Φ ͙͎͙̆ͪͯͪΎ ͎͚ͪͯ͒ͤͦ ͔͙ͫͭͤ͟Υ ˾͍͍ͯͦͦ͒ͫͭͦ͟Φ τ ˸͍ͦͫ͊͟Υ 

ˤ͙͒͊ͪΣ нллрΦ τ омн ͫΦ 

2. [ŀǊŘƛƴƻƛǎ 5ΦΣ aǸƭƭŜǊ aΦΣ CǳǊǊŜǊ aΦ Ŝǘ ŀƭΦ CǳƴŎǘƛƻƴŀƭ ǊŜǎǳƭǘǎ ŀŦǘŜǊ ŀƴǘŜǊƻƭŀǘŜǊŀƭ ŎƘŜǎǘ ǿŀƭƭ ǊŜǎŜŎǘƛƻƴ ŀƴŘ 

reconstruction // Annals of Thoracic Surgery. τ 2000. τ Vol. 70, No. 3. τ P. 912ς916. 

3. Deschamps C., Tirnaksiz B. M., Darbandi R. et al. Early and long-term results of prosthetic chest wall 

reconstruction // Journal of Thoracic and Cardiovascular Surgery. τ 2002. τ Vol. 123, No. 4. τ P. 671ς680. 

ϭ ͔͔͍̆ͣͪ͊͊ ˨͗ΦˣΦ, 2026 
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THE BIOSECURITY BENCHMARK: ALIGNING MARKETING STRATEGY  

AND SANITARY EXPERTISE IN THE EGG VALUE CHAIN 

 

Abstract 

The commercialization of shell eggs and liquid egg products requires an agile management framework 

capable of balancing thin retail margins against high biological contamination risks. This article examines the 

critical relationship between Egg Marketing Frameworks and Sanitary-Veterinary Expertise. By assessing 

automated mass-sorting logistics, rapid screening matrices for Salmonella enterica, Hazard Analysis Critical 

Control Point (HACCP) pasteurization windows, and digital supply chain traceability architectures, this study 

demonstrates how rigorous biochemical validation acts as the primary driver for brand differentiation, 

regulatory compliance, and consumer trust. 

Keywords: 

 egg marketing, sanitary expertise, salmonella, pasteurization, HACCP, candling, traceability, egg products. 

 

Introduction 

Eggs and egg products are among the most versatile, nutrient-dense, and highly consumed animal 

proteins globally. However, their unique physical and biological structure places them under intense 

regulatory and operational pressure. A shell egg is a living, porous structure susceptible to moisture loss, gas 

exchange, and environmental contamination. At the same time, liquid egg products (such as whole egg pulp, 

whites, or yolks) are highly sensitive, moisture-rich media that support rapid microbial growth if 

temperature-controlled chains fail. 

To capture value in this demanding market, producers must run marketing campaigns that are directly 

aligned with strict biosecurity measures. Modern consumers are highly sensitive to food safety scares, flock 

housing conditions, and product freshness. Consequently, Sanitary-Veterinary Expertise has transitioned 

from a routine backend compliance requirement into a powerful frontend marketing asset. Egg producers 

who integrate verified laboratory metrics and strict contamination safeguards directly into their brand 

identity can justify premium pricing, insulate themselves from devastating product recalls, and maintain 

access to strict international trade markets. 

1. Market Segmentation and Positioning Strategies 

Product Portfolio Dynamics and Logistical Flow 

The egg marketing sector splits its distribution pipelines based on processing states, consumer 

demographics, and storage lifecycles: 

CƭƻŎƪ tǊƻŘǳŎǘƛƻƴ Ҕ ώ{ƘŜƭƭ 9ƎƎǎϐ        Ҕ ²ŀǎƘƛƴƎΣ /ŀƴŘƭƛƴƎΣ DǊŀŘƛƴƎ Ҕ IƛƎƘ-Velocity Retail (30-Day 

Window) 

Ҕ ώ9ƎƎ tǊƻŘǳŎǘǎϐ     Ҕ .ǊŜŀƪƛƴƎ Ҕ tŀǎǘŜǳǊƛȊŀǘƛƻƴ  Ҕ LƴŘǳǎǘǊƛŀƭ .н. κ 9ȄǘŜƴŘŜŘ {ƘŜƭŦ-Life 

¶ Shell Egg Channels (Table Eggs): Fresh shell eggs rely on rapid retail turnover and continuous 

temperature management (typically maintained at 7C. Marketing strategies emphasize visual uniformity, 

clean outer shells, yolk color consistency, and local farm freshness. 
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¶ Liquid, Frozen, and Dried Egg Products: Liquid eggs, isolated yolks, and egg white powders serve 

commercial bakery, confectionery, and foodservice sectors. Marketing strategies for these B2B channels 

focus on functional performance metrics (e.g., foaming capacity, emulsification stability, heat coagulation 

properties) and guaranteed pathogen-free certification. 

2. The Mechanics of Sanitary-Veterinary Expertise 

Sanitary expertise serves as the primary line of defense against foodborne illnesses, using advanced 

sorting and biomolecular testing to ensure no contaminated or structurally compromised units reach 

distribution. 

Automated Candling, Crack Detection, and Shell Grading 

Before internal chemical testing occurs, eggs pass through high-speed automated grading systems 

running two critical diagnostic steps: 

1. Acoustic Crack Detection: Mechanical sensors tap the eggshells lightly with tiny hammers, 

analyzing the acoustic resonance frequency. Cracked or micro-fractured shells produce a dampened sound 

wave and are immediately rejected, as even microscopic fractures offer an open gateway for external 

bacteria. 

2. Computerized Candling: High-intensity light beams pass through the spinning eggs while high-

speed cameras scan the interior. This step automatically identifies and discards eggs containing internal 

defects such as blood spots, meat spots, or large, stale air cells. 

Pathogen Screening: The Battle Against Salmonella 

The single greatest biological threat to the egg industry is Salmonella enterica serovar Enteritidis. This 

pathogen is uniquely dangerous because it can infect the hen's ovaries, contaminating the internal contents 

of the egg before the shell is even formed. 

¶ Screening Protocols: Sanitary inspectors run routine environmental drag-swabs of the laying barns 

and conduct regular Polymerase Chain Reaction (PCR) assays on pooled liquid egg samples. 

¶ Regulatory Impact: Identifying Salmonella inside a production flock halts all shell egg shipments from 

that facility immediately. The remaining inventory must be diverted to industrial pasteurization plants for 

heat treatment, causing severe financial losses for the producer and damaging their retail brand equity. 

3. HACCP and Thermal Engineering in Liquid Egg Products 

Because liquid egg pulp is a highly optimal medium for bacterial growth, processing facilities install 

dedicated Critical Control Points (CCPs) under a strict Hazard Analysis Critical Control Point framework to 

eliminate microbes while preserving functional cooking properties. 

The Pasteurization Balance Matrix 

Liquid egg components coagulate easily under heat, meaning pasteurization must be engineered 

within incredibly tight parameters to destroy pathogenic cells without cooking the product itself: 

¶ Liquid Whole Eggs [CCP 1]: Typically heated to 60C to 64C for a minimum of 3.5 minutes. This 

temperature profile successfully achieves a 5-log reduction in Salmonella while preserving the egg's natural 

emulsification capabilities. 

¶ Liquid Egg Whites: Egg whites are more heat-sensitive than yolks. They require a lower thermal 

exposure profile (typically 52C to 55C) paired with food-grade stabilizers (like aluminum sulfate) to protect 

the sensitive albumen proteins from denaturing. 

Following pasteurization, the fluid is rapidly chilled below 4C and packaged into aseptic containers 

under sterile atmospheric conditions to prevent any secondary contamination. 

4. Mitigating Trade Vulnerabilities and Border Trade Halts 

In global trade, sanitary and phytosanitary (SPS) regulations are strictly enforced to prevent 

transnational animal disease outbreaks. The most critical risk vector for the egg sector is Highly Pathogenic 

Avian Influenza (HPAI). 
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If a region records an outbreak of HPAI, international trade authorities execute immediate, sweeping 

border closures on all live poultry, shell eggs, and un-pasteurized egg derivatives originating from that zone. 

For export-heavy egg producers, an extended border ban triggers an immediate domestic oversupply, tanks 

local wholesale prices, and forces the destruction of perishable assets. This emphasizes the vital economic 

need for rigorous, proactive regional veterinary monitoring. 

5. Cryptographic Traceability: Transforming Data into Brand Equity 

The ultimate integration of egg marketing and sanitary expertise is achieved through Digital 

Traceability Frameworks. Utilizing decentralized blockchain ledgers, egg packages are printed with unique, 

batch-specific QR codes that connect consumers directly with the product's agricultural history. 

.ŀǊƴ .ƛƻǎŜŎǳǊƛǘȅ [ƻƎ Ҕ {ƻǊǘƛƴƎ ϧ /ŀƴŘƭƛƴƎ ¢ƛƳŜǎǘŀƳǇ Ҕ tŀǎǘŜǳǊƛȊŀǘƛƻƴ [ŀō /ƭŜŀǊŀƴŎŜ Ҕ 

Consumer QR Scan 

This modern data architecture provides clear advantages for both safety and marketing: 

¶ Targeted Sanitary Recalls: If a specific batch tests positive for a contaminant post-retail, recall teams 

consult the immutable ledger to isolate the exact flock barn and packaging window within minutes. This 

enables targeted stock removal, preventing a blanket recall that would destroy the brand's entire regional 

footprint. 

¶ Unverifiable Marketing Legitimacy: When consumers scan the carton's QR code in the grocery aisle, 

they can view verified, unalterable data showing the flock's vaccination history, feed profiles, exact candling 

dates, and laboratory safety clearances. This level of radical transparency validates premium pricing, proves 

cage-free or organic claims, and transforms raw compliance data into a compelling story of safety and brand 

integrity. 

Conclusion 

The financial sustainability of the modern egg and egg product industry depends entirely on the close 

alignment of marketing strategy and sanitary expertise. Because eggs carry significant biological 

vulnerabilities, food safety cannot be managed as an isolated operational cost. By making advanced candling 

technologies, strict Salmonella screening protocols, and precise HACCP pasteurization standards the core 

pillars of public brand messaging, egg producers can construct an unshakeable market position. Leveraging 

digital traceability to showcase verified product safety ensures egg enterprises preserve international market 

access, insulate themselves from supply chain disruptions, and win long-term consumer trust. 
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INFLUENCE OF GYMNASTICS ON PSYCHOMOTOR FUNCTIONS AND SELF-CONFIDENCE OF STUDENTS 

 

Abstract 

The article presents the results of a study on the influence of systematic gymnastics training on the 

development of psychomotor functions and the formation of self-confidence in university students. The 

authors analyze the relationship between regular gymnastics practice and the improvement of such 

psychological qualities as concentration of attention, self-control and emotional stability. Particular attention 

is paid to the mechanisms by which mastering complex coordination exercises improves neuromotor 

regulation, the speed of motor reactions and the accuracy of movements. The work summarizes the data of 

a pedagogical experiment conducted with first- and second-year students, during which indicators of 
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attention concentration, psychomotor coordination and the subjective level of self-confidence were 

assessed. It has been established that purposeful gymnastics training ensures the comprehensive 

development of students' psychophysical qualities, increases their capacity for self-regulation, forms an 

adequate positive self-esteem and confirms the expediency of a wider application of gymnastics methods in 

physical education. 

Keywords:  

gymnastics, psychomotor functions, concentration of attention, self-confidence, self-control, students, 

physical education, coordination, self-regulation, emotional stability. 
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ͫͦ͗ͤͦͣͯ͡η ͫ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͔ͫ͊ͣͦͦͤͭͪͦͣ͟͡ ͔ͭͻ͙͙ͤ͟ ͍·͔͙ͨͦͤͤ͡Ύ ͎͊͗͒ͦͦ͟ Ή͔͔ͣͤͭ͊͡ ώоΣ ͫΦ туϐΦ 

˽ͦ ͙͎ͭͦ͊ͣ Ή͔͙͔ͫͨͪͣͤͭ͊͟ ͍ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤͦ ͎͔ͪͯͨͨ ͊͘ͺ͙͙͍ͫͪͦ͊ͤ͊͟ ͍·͔ͪ͊͗ͤͤ͊Ύ 

͙͔ͨͦͦ͗ͭ͡͡Έͤ͊Ύ ͙͙͒ͤ͊ͣ͊͟ ͙ͨͫͻͦͣͦͭͦͪͤ·ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡Υ ͫͦͪͦͫͭ͟Έ ͙ ͭͦ;ͤͦͫͭΈ ͍͙͎͔͒͊ͭ͡Έͤ·ͻ ͔ͪ͊͟ͼ͙͚ 

ͯͯ͡;΄͙͙ͫ͡Έ ͍ ͔͔ͫͪ͒ͤͣ ͤ͊ нт ҈Σ ͙ͨͫͻͦͣͦͭͦͪͤ·͚ ͔ͭͣͨ ͨͦ ͔͙͎ͭͨͨͤ-͔ͭͫͭͯ τ ͤ ͊ нн ҈Σ ͊ ͙ͦͦͪ͒ͤ͊͟ͼ͙ͦͤͤ·͔ 

͙ͫͨͦͫͦ͋ͤͦͫͭΣ ͦͼ͔͙͍͔ͤ͊ͣ·͔ ͨͦ ͔ͭͫͭ͊ͣ ͤ͊ ͍͍͔͙͔ͪ͊ͤͦͫ ͙ ͙ͫͦ͗ͤͦͦͦͪ͒ͤ͊͟͡ͼ͙ͦͤͤ·ͣ ͔͙ͯͨͪ͊͗ͤͤΎͣΣ τ ͤ͊ 

оп ҈Φ ˤ ͦͤͭͪͦ͟͡Έ͚ͤͦ ͎͔ͪͯͨͨ ͎͙͊ͤ͊ͦ͡;ͤ·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ ͙͔͙͙ͣͤͫ͘͡Έ ͔ͤͤ͊͘;͙͔ͭ͡Έͤͦ όуςмм ҈ύΦ ˽ͦ ͒͊ͤͤ·ͣ 

͔͚ͦͪͪͭͯͪͤͦ͟͟ ͨͪͦ͋· ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͙ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ ͍͙͙ͤͣ͊ͤΎ ͯ ͔͍ͫͭͯ͒ͤͭͦ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤͦ ͎ͪͯͨͨ· 

͍ͨͦ·͙͙ͫͫ͡Έ ͍ ͔͔ͫͪ͒ͤͣ ͤ͊ нп ҈ ͙ͨͪ ͍͔͔ͦ͒ͤͦͪͣͤͤͦͣ ͙͔͙͙ͫͤ͗ͤ ;͙ͫ͊͡ ͦ΄͙͋ͦ͟ ͍ ͙͊͒͊ͤ͘ΎͻΣ ͔ͭͪ͋ͯΌ΅͙ͻ 

͙͔͒ͭ͡͡Έ͎ͤͦͦ ͔ͫͦͫͪ͒ͦͭͦ;͔͙ͤΎΦ ̏ͭͦ ͦ͋ΆΎͫͤΎ͔ͭͫΎ ͔ͭͣΣ ;ͭͦ ͍·͔͙͔ͨͦͤͤ͡ ͎͙͙ͣͤ͊ͫͭ;͔͙ͫ͟ͻ Ή͔͔͍ͣͤͭͦ͡ 

͔͔ͭͪ͋ͯͭ ͔͔ͤͨͪͪ·͍͎ͤͦͦ ͔͙ͯ͒ͪ͗͊ͤΎ ͍͙͙ͤͣ͊ͤΎ ͤ͊ ͔ͭͻ͙͔ͤ͟ ͍͙͔͙͒͗ͤΎ ͙ ͔͙͙ͨͦͦ͗ͤ͡ ͔ͭ͊͡ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ 

͔͙ͭͪͤͪͯΎ ͔ͣͻ͙͊ͤͣ͘· ͙͍ͨͪͦͦ͘͡Έ͚ͤͦ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ώнΣ ͫΦ мплϐΦ 

˽ͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ͔͙͍͙͊ͤͭͪͦ͊ͤ͟Ύ ум ҈ ͔͍ͫͭͯ͒ͤͭͦ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤͦ ͎ͪͯͨͨ· ͔͙͙ͦͭͣͭ͡ ͪͦͫͭ 

͍͔͔͙ͯͪͤͤͦͫͭ ͍ ͔͔ͫ͋ ͙ ͎͍ͦͭͦͤͦͫͭΈ ͋ͪ͊ͭΈͫΎ ͊͘ ͔͔͋ͦ͡ ͫͦ͗ͤ͡·͔ ͍͙͎͔͒͊ͭ͡Έͤ·͔ ͊͒͊͘;͙Σ ͊ ͦͦͦ͟͡ тс ҈ τ 

ͯͯ͡;΄͔͙͔ͤ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΥ ͔͙͔ͯͣͤ ͍ͯͨͪ͊͡ΎͭΈ Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͣ ͫͦͫͭͦΎ͙͔ͤͣΣ 

͔ͫͦͫͪ͒ͦͭͦ;͙͍͊ͭΈͫΎ ͔͔ͨͪ͒ ͍͔͍͔ͦͭͭͫͭͤͤ·ͣ ͔͚͍͙͔͒ͫͭͣ ͙ ͫͦͻͪ͊ͤΎͭΈ ͫͦ͋ͪ͊ͤͤͦͫͭΈ ͙ͨͪ ͔ͤͯ͒͊;͊ͻΦ ˸͎͙͔ͤͦ 

ͯ;͙͙͊ͫͭͤ͟ ͨͦ͒;͔͙ͪͤͯ͟͡Σ ;ͭͦ ͍ͤ͊·͙͟ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͙͙Σ ͙͔͖ͨͪͦ͋ͪͭͤͤ·͔ ͤ͊ ͊ͤ͘Ύ͙ͭΎͻΣ ͔͔ͨͪͤͦͫΎͭͫΎ ͙ ͤ͊ 

ͯ;͔͋ͤͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΦ 

˻͔͙͔͋ͫͯ͗͒ͤΦ ˽ͦͯ͡;͔ͤͤ·͔ ͔ͪͯ͘͡Έͭ͊ͭ· ͍͔ͨͦ͒ͭͪ͗͒͊ΌͭΣ ;ͭͦ ͎͙͙ͣͤ͊ͫͭ͊͟ ͦ͊͘͟·͍͔͊ͭ ͔͔ͦͣͨͫͤͦ͟͟͡ 

͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͙ͨͫͻͦͣͦͭͦͪͤͯΌ ͙ ͙ͨͫͻ͎͙ͦͦ͡;͔ͫͯ͟Ό ͫͺ͔ͪͯ ͔͍ͫͭͯ͒ͤͭͦΦ ˻͍͔͙͔ͫͦͤ 

͙ͫͦ͗ͤͦͦͦͪ͒ͤ͊͟͡ͼ͙ͦͤͤ·ͻ ͔͙͚ͯͨͪ͊͗ͤͤ ͔ͨͪ͒ΆΎ͍͡Ύ͔ͭ ͍·͙͔ͫͦ͟ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͔͚͚ͤͪͦͣͦͭͦͪͤͦ ͔͎ͪͯ͡Ύͼ͙͙Υ 

ͦ͋ͯ;͊Ό΅͔ͣͯͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͔͍ͣͤͦ͗ͫͭͦ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͍͙͔͙͒͗ͤΎΣ ;ͭͦ 

͍͔ͫͦͪ΄͔͍͔ͤͫͭͯͭ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔ͫͤͫͦͪͤ·ͻ ͙ ͣͦͭͦͪͤ·ͻ ͙͔ͫͫͭͣΦ ˾͔͎ͯ͡Ύ͔ͪͤͦ ͔͔͙͔ͨͪͦ͒ͦͤ͡ ͙ͨͦͫ͡Έͤ·ͻ 

͔͚ͭͪͯ͒ͤͦͫͭ ͙ ͙͔͙͔͒ͦͫͭ͗ͤ ͍͙͙͎͒ͣͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙ͨͪ ͍͔͙͙ͦͫͦͤ ͍ͤͦ·ͻ Ή͔͔͍ͣͤͭͦ͡ ͺ͙ͦͪͣͪͯΌͭ ͦ΅ͯ΅͔͙͔ͤ 

͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟Σ ͔͗͊͡΅͔͔ ͍ ͍͔ͦͫͤͦ ͍͔͔͙ͯͪͤͤͦͫͭ ͍ ͔͔ͫ͋Φ ˾͍͙͙͔͊ͭ͘ ͫ͊ͣͦͦͤͭͪͦ͟͡Ύ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͚ͫ͊ͣͦ 

͙͚ͨͪͪͦ͒ͦ ͎͙͙ͣͤ͊ͫͭ;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΥ ͭͦ;ͤͦͫͭΈ ͙ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͍·͔͙ͨͦͤͤ͡Ύ Ή͔͔͍ͣͤͭͦ͡ 

͔͍ͤͦͣͦ͗ͤ͘· ͔͋͘ ͨͦͫͭͦΎ͎ͤͤͦͦ ͍͔͍͎ͦͦͦ͡ ͦͤͭͪͦ͟͡Ύ ͤ͊͒ ͔ͭͦͣ͡Σ ͒·ͻ͙͔͊ͤͣ ͙ Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͣ ͫͦͫͭͦΎ͙͔ͤͣΣ 

͊ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ ͍͙͙ͤͣ͊ͤΎ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͊͟͟ ͔ͤͦ͋ͻ͙͔ͦ͒ͣͦ ͍͙͔ͯͫͦ͡ ͔ͭͻ͙ͤ;͎ͤͦͦ ͍·͔͙ͨͦͤͤ͡Ύ 

͔͙͚ͯͨͪ͊͗ͤͤΦ 

˿͍͔͙͔ͪ͊ͤͤ ͫ ͦͤͭͪͦ͟͡Έ͚ͤͦ ͎͚ͪͯͨͨͦ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͙͔ͣͤͤͦ ͔ͫͨͼ͙ͺ͙͊͟ ͎͙͙ͣͤ͊ͫͭ;͔͚ͫͦ͟ ͎͙ͤ͊ͪͯ͘͟Σ 

͊ ͔ͤ ͺ͙͙͘;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͊͟͟ ͍ͭ͊ͦ͊͟ΎΣ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙͔͔ͤ͊͋ͦ͡ ͍·͔ͪ͊͗ͤͤ·͚ ͙ͨͪͪͦͫͭ 

͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͣ·ͻ ͊͟;͔͍ͫͭΦ ˿͔͙ͪ͒ ͎͙ͦͪ͊ͤ;͔͙͚ͤ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͔ͫ͒ͯͭ͡ ͔͙ͦͭͣͭͭΈ ͙͔ͦͭͤͦͫͭ͡Έͤͦ 

͔ͤ͋ͦ͡Έ΄͚ͦ ͦ͋Ά͖ͣ ͍·͙͋ͦͪ͟Τ ͒͊͡Έ͔͚ͤ΄͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͼ͔͔ͫͦͦ͋ͪ͊ͤͦ͘͡ ͍͙ͤ͊ͨͪ͊ͭΈ ͤ͊ ͙ͯ͘;͔͙͔ͤ 

͎͒ͦͦͫͪͦ͡;͚ͤͦ ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͨͦͯ͡;͔ͤͤ·ͻ Ήͺͺ͔͍ͭͦ͟ ͙ ͙ͻ ͍ͫΎ͙͘ ͫ ͔͙͊͊͒ͣ͟;͔͚ͫͦ͟ ͔͍͔ͯͫͨ͊ͣͦͫͭΈΌΦ 

˭͊͟͡Ό;͔͙͔ͤΦ ˽͍͔͖͔ͪͦ͒ͤͤͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͨͦ͊͊ͦ͘͟͡Σ ;ͭͦ ͙͔͙ͫͫͭͣ͊ͭ;͔͙͔ͫ͟ ͊ͤ͘Ύ͙ͭΎ ͎͙͙͚ͣͤ͊ͫͭͦ͟ 

ͦ͊͘͟·͍͊Όͭ ͙͔ͨͦͦ͗ͭ͡͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͙ͨͫͻͦͣͦͭͦͪͤ·͔ ͺͯͤ͟ͼ͙͙ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ 

͍͔͔͙ͯͪͤͤͦͫͭ ͍ ͔͔ͫ͋ ͯ ͔͍ͫͭͯ͒ͤͭͦΦ ˥͙͙ͣͤ͊ͫͭ;͔ͫ͊͟Ύ ͎͍ͨͦ͒ͦͭͦ͊͟ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍͙͙͔ͪ͊ͭ͘ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ 

͍͙ͤͣ͊ ͙ͤΎΣ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͙ͦͦͪ͒ͤ͊͟ͼ͙͙ ͙ ͭͦ;͙ͤͦͫͭ ͍͙͔͙͚͒͗ͤΣ ͊ ͔ͭ͊͗͟ ͔͔͙͔͊ͪͨͤ͘͟͡ ͍ͤ͊·͍ͦ͟ 

ͫ͊ͣͦͦͤͭͪͦ͟͡Ύ ͙ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͙͙Φ ˽ͦͯ͡;͔ͤͤ·͔ ͒͊ͤͤ·͔ ͍ͨͦͦ͘͡ΎΌͭ ͔͔͍ͪͦͣͤ͒ͦ͊ͭ͟Έ 

͔͔͋ͦ͡ ΄͙͔ͪͦͦ͟ ͍͟͡Ό;͔͙͔ͤ ͎͙͙ͣͤ͊ͫͭ;͔͙ͫ͟ͻ ͔͙ͣͭͦ͒͟ ͍ ͙͔ͫͫͭͣͯ ͺ͙͙͘;͔͎ͫͦͦ͟ ͍͙͙ͦͫͨͭ͊ͤΎ ͍͍ͯͦ͘ ͍ 

͊͟;͔͍͔ͫͭ ͔͍ͫͪ͒ͫͭ͊ ͎͙͊ͪͣͦͤ;͎ͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͺ͙͙͘;͔͙ͫ͟ͻ ͙ ͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͊͟;͔͍ͫͭ ͙͡;͙ͤͦͫͭ 

ͦ͋ͯ;͊Ό΅͙ͻͫΎ ώоΣ ͫΦ млнϐΦ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˥͎͍ͦͯͤͦ ˩Φ˹ΦΣ ˸͊ͪͭΈΎ͍ͤͦ ˣΦˮΦ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͺ͙͙͘;͔͎ͫͦͦ͟ ͍͙͙ͦͫͨͭ͊ͤΎ ͙ ͫͨͦͪͭ͊ Υ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ ͒͡Ύ 

͔͍ͫͭͯ͒ͤͭͦ ͍·ͫ΄͙ͻ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͯ;͔͋ͤ·ͻ ͍͔͔͙͚͊͒ͤ͘Φ ς ˸ ΦΥ ˢ͔͙͊͒ͣ͟ΎΣ нлмуΦ ς ннп ͫΦ 

нΦ ˮ͡Έ͙ͤ ˩.˽Φ ˽͙ͫͻͦͣͦͭͦͪͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ;͔͍͔ͦ͊͟͡Υ ͯ;͔͙͋ͤ͟ ͒͡Ύ ͍͍ͯͦ͘Φ ς ˿ ˽͋ΦΥ ˽͙͔ͭͪΣ нлмсΦ ς оуп ͫΦ 

оΦ ˴͔͊ͪͨͤͦ͟ ˶ΦˢΦ ͔͙́ͦͪΎ ͙ ͔͙ͣͭͦ͒͊͟ ͎͙͙͙ͣͤ͊ͫͭ͟Υ ͯ;͔͙͋ͤ͟ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ ͍·ͫ΄͙ͻ ͯ;͔͋ͤ·ͻ ͍͔͔͙͚͊͒ͤ͘Φ ς 

˸ΦΥ ˢ͔͙͊͒ͣ͟ΎΣ нлмтΦ ς пфс ͫΦ 

пΦ ˾͙͍ͦ͒ͦͤͦ ˢΦˤΦ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͺ͙͙͘;͔͎ͫͦͦ͟ ͍͙͙ͦͫͨͭ͊ͤΎ ͙ ͫͨͦͪͭ͊Υ ͯ;͔͙͋ͤ͟ ͒͡Ύ ͍͍ͯͦ͘Φ ς ˸ΦΥ ͚̑ͪ͊ͭΣ нлмфΦ 

ς пмл ͫΦ 

рΦ ˿͊ͺ͍ͦͤͦ ˤΦ˴Φ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͔ͫͨͦͪͭͫͣͤ͊Υ ͎͔ͫ͊͊ͣ͡·͔ ͔ͯͫͨͻ͊Φ ς ˸ ΦΥ ˿ͨͦͪͭΣ нлмуΦ ς нул ͫΦ 

сΦ ͔͙͍̒ͣ͊ͭ͒ͤͦ͊͡ ˥ ΦˢΦ ˿͍͔͙͔͊ͣͦͯͨͪ͊ͤ͡ ͍͙͎͔͒͊ͭ͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͔͍ͫͭͯ͒ͤͭͦ ͍ ͨͪͦͼ͔͔ͫͫ ͺ͙͙͘;͔͎ͫͦͦ͟ 

͍͙͙ͦͫͨͭ͊ͤΎ κκ ͔͙́ͦͪΎ ͙ ͙ͨͪ͊ͭ͊͟͟ ͺ͙͙͘;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ·Φ ς 2017. ς Ѕ рΦ ς ˿ Φ прς48. 

ϭ˥͙͙͊ͯͤ͡͡͡ ˢΦ˾ΦΣ ˽͍ͦͪͦͫ͊͟͟Ύ ́Φ̑ΦΣ нлнс 
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