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çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ  

ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ:  
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˸˩ˬ˨̂˹ˢ˾˻˨˹̍˯ ˻˾˥ˢ˹ˮ˭ˢ̇ˮ˻˹˹̍˯ ˴˻˸ˮ́˩́ ˴˻˹̅˩˾˩˹̇ˮˮ 

͔̋ͪ͋͊ͭ·ͻ ˿ ͔͎͔͚ͪ  

ˤ͙͍͙ͭͦͪͦ͟; 

 

˨ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͔ͨͪͦͪͭͦͪ͟ ͨͦ ͯ;͔͋π
͚ͤͦ ͔ͪ͊͋ͦͭ ˩͔͡ͼ͎ͦͦ͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ ˮΦˢΦ 
ˣ͙ͯͤͤ͊ ό˩͔͡ͼΣ ˾͙ͦͫͫΎύ 

˭ˢ˸˩˿́ˮ́˩˶̎ ˽˾˩˨˿˩˨ˢ́˩˶̒Υ 

˿͔͔͍ͦ͡ ˢͻͣ͊͒͗ͦͤ  

˿͔͔͍͙ͦ͡; 

˨ͦͭͦͪ͟ ͺ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͔ͨͪͦͪͭͦͪ͟ 
ͨͦ ͯ;͔͚͋ͤͦ ͔ͪ͊͋ͦͭ ˿͎͊ͣ͊ͪ͊ͤ͒ͫͦͦ͟͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͍͔ͯͤͪπ
͙͔ͫͭͭ͊ ό˿͊ͣ͊ͪ͊ͤ͒͟Σ ͔͙̂͋ͫͭ͊ͤ͘͟ύ  

̉˶˩˹̍ ˻˾˥ˢ˹ˮ˭ˢ̇ˮ˻˹˹˻˥˻ ˴˻˸ˮ́˩́ˢΥ 

˥͔͍ͪͦ͒͘ ˿͍͊͊ ˨ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͔ͨͪͦͪͭͦͪ͟ ͨͦ ͤ͊ͯ;ͤͦ-
͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͚ͫͦ͟ ͔ͪ͊͋ͦͭ ͙ ͎͒ͦͭͦͪ͊ͤͭͫͦͦ͟͟ ͦ͋ͯ;͔͙ͤΎ ˤ·ͫ΄͔͚ 
΄ͦ͟͡· ͨͦ ͫͭͪ͊ͻ͍͙ͦ͊ͤΌ ͙ ͺ͙ͤ͊ͤͫ͊ͣ ό˿ͦͺ͙ΎΣ ˣ͎͙ͦ͊ͪ͡Ύύ 

ˬͯ͟ ˶͙͊ͪͫ͊  

ˤ͙͍ͭͦͪͦͤ͊͟ 

˴͙͊ͤ͒͒͊ͭ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ 
͔͙͙ͣͭͦ͒͟ ͔͖ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ˩˥̂ ͙ͣΦ ˮΦˢΦ ˣ͙ͯͤͤ͊ ό˩͔͡ͼΣ ˾͙ͦͫͫΎύ 

˴͔͊ͪ͊ͨͭΎͤ ˤ͙͙͊͒ͣͪ͡ 
˿͔͍͍͙͊ͤͦ; 

˨ͦͭͦͪ͟ ͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͍͔͊͒ͯ͘Ό΅͙͚ ͊͟ͺ͔͒π
͚ͪͦ ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͙ͨͫͻ͎͙͙ͦͦ͡ ˢͪͣΎ͎ͤͫͦͦ͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ 
͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ ̆͊;͊ͭͯͪ͊ ˢ͍͋ͦΎͤ͊ ό˩͔͍ͪ͊ͤΣ 
ˢ͔͙ͪͣͤΎύ 

˴͙͔ͦͪͤͤͦ͟ ˨͙͙͚ͣͭͪ 
ˤ͙͊ͫ͡Έ͔͍͙; 

˴͙͊ͤ͒͒͊ͭ ͺ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· ͔ͣ͊ͭπ
͙ͣ͊ͭ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͙ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ˩˥̂ 
͙ͣΦ ˮΦˢΦ ˣ͙ͯͤͤ͊ ό˩͔͡ͼΣ ˾͙ͦͫͫΎύ 

˸ͪͭ͟;Ύͤ ˸͊ͤͯ͟  

ˢ΄͍͙ͦͭͦ; 

˨ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͍͔͊͒ͯ͘Ό΅͙͚ ͊͋ͦͪ͊͡π
͙͙ͭͦͪ ζ˻͋΅͔͚ ͔͎͙͙ͣͭͦ͒ͦͦ͡ ͙ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͙͍ͤͤͦ͊ͼ͙͚η s ͪπ
ͣΎ͎ͤͫͦͦ͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ 
̆͊;͊ͭͯͪ͊ ˢ͍͋ͦΎͤ͊ ό˩͔͍ͪ͊ͤΣ ˢ͔͙ͪͣͤΎύ 

˽͔͍ͦ͒͊͊ ˹͙͊ͭ͊͡Ύ  

˥͔͎͙͔͍ͦͪͤ͊ 

˨ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͨͪͦͺ͔ͫͫͦͪ ͊͟ͺ͔͒ͪ· 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ ͔͙͙ͣͭͦ͒͟ ͔͔ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ˩˥̂ ͙ͣΦ ˮΦˢΦ ˣ͙ͯͤͤ͊ 
ό˩͔͡ͼΣ ˾͙ͦͫͫΎύ 

˾͍ͦ͊ͤͦ͊͘ ˿͍͔ͭ͊ͤ͊͡ 
ˢ͔͔͔͍ͫͤ͊͟͡ 

˨ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͨͪͦͺ͔ͫͫͦͪ ͊͟ͺ͔͒ͪ· 
͍·ͫ΄͔͚ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ˾͙͚͎ͦͫͫͫͦͦ͟ ͔ͭͻ͎͙ͤͦͦ͡;͔͎ͫͦͦ͟ ͙͍͔͙ͯͤͪͫπ
͔ͭͭ͊ ό˸ˮ˾̏ˢύ ό˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎύ 

˾ͦ΅͙ͯͨͤ͟ ˿͔͎͔͚ͪ  

ˢ͔͍͙ͫ͊ͤ͒ͪͦ͟͡; 

˴͙͊ͤ͒͒͊ͭ ͺ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· ͔ͣ͊ͭπ
͙ͣ͊ͭ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͙ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ˩˥̂ 
͙ͣΦ ˮΦˢΦ ˣ͙ͯͤͤ͊ ό˩͔͡ͼΣ ˾͙ͦͫͫΎύ 

˿͔͎͔͔͍ͪ͊ ́͊ͭΈΎͤ͊  

͔͍̅͒ͦͪͦͤ͊ 

˨ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͍͔͒ͯ΅͙͚ Ή͔ͫͨͪͭ͟ 
˥ˢ˻̂ ˨˽˻ ͎ͦͪͦ͒͊ ˸͍ͦͫ͟· ζ˸͍͙͚ͦͫͦͫ͟͟ ͼ͔ͤͭͪ ͍͙͙ͪ͊ͭ͘Ύ ͊͒ͪͦ͟π
͍͎ͦͦ ͔ͨͦͭͤͼ͙͊͊͡ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύη ό˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎύ 
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͔͍̉ͪͤͦͯͫͦ͊ ˹͙͊ͭ͊͡Ύ 
ˤΎ;͔͍͍ͫ͊ͦͤ͊͡ 

˴͙͊ͤ͒͒͊ͭ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ 
͔͙͙ͣͭͦ͒͟ ͔͖ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ˩˥̂ ͙ͣΦ ˮΦˢΦ ˣ͙ͯͤͤ͊ ό˩͔͡ͼΣ ˾͙ͦͫͫΎύ 

͎̒ͦ͊͡ ˢ͙͚ͤ͊ͭͦ͡  

˥͙͎ͪͦͪΈ͔͍͙; 

˨ͦͭͦͪ͟ ͺ͙͙ͦ͘͟π͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͍͊͘Φ ͊͟ͺ͔͚͒ͪͦ ͣ͊π
͔͙͙ͭͣ͊ͭ͟ ͺ͙͙͘;͔͎ͫͦͦ͟ ͺ͊ͯ͟͡Έ͔ͭͭ͊ ˸˥̂ ͙ͣΦ ˸ΦˤΦ ˶͍ͦͣͦͤͦͫͦ͊Σ ͊ͣ͘ 
͔͔͔ͨͪ͒ͫ͒͊ͭ͡Ύ ˹˸˿ ͨͦ ͔͙͔ͣ͊ͭͣ͊ͭ͟ ό˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎύ 

˽˾˻˥˾ˢ˸˸˹̍˯ ˴˻˸ˮ́˩́ ˴˻˹̅˩˾˩˹̇ˮˮ 

˽˾˩˨˿˩˨ˢ́˩˶̎Υ 

˨͍ͦͪΎ͙ͭͤ͊͟ ˿͍͔ͭ͊ͤ͊͡ 
˹͙͔͍ͦ͊ͤ͊͟͡ 

˨ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͍͊͘Φ ͊͟ͺ͔͚͒ͪͦ  ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ ͔ͣπ
͙͙ͭͦ͒͟ ͔͖ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ˩͔͡ͼ͎ͦͦ͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͍͔͙ͯͤͪͫπ
͔ͭͭ͊ ͙ͣΦ ˮΦˢΦ ˣ͙ͯͤͤ͊ ό˩͔͡ͼΣ ˾͙ͦͫͫΎύ 

˭ˢ˸˩˿́ˮ́˩˶̎ ˽˾˩˨˿˩˨ˢ́˩˶̒Υ 

˨͙͙ͪͯ͗ͤͤ͊ ˻͡Έ͎͊  

ˤ͔͙͍͊ͤͭͤͦͤ͊͡ 

˨ͦͭͦͪ͟ ͺ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͎͍͊ͤ͡·͚ 
ͤ͊ͯ;ͤ·͚ ͙ͫͦͭͪͯ͒ͤ͟ ͔͔̅͒ͪ͊͡Έ͎ͤͦͦ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͎ͫͦͦ͟ ͼ͔ͤͭͪ͊ 
ζˮͤͺ͙ͦͪͣ͊ͭ͊͟ ͙ ͍͔͙͔ͯͨͪ͊ͤ͡η ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 
ό˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎύ 

̉˶˩˹̍ ˽˾˻˥˾ˢ˸˸˹˻˥˻ ˴˻˸ˮ́˩́ˢΥ 

ˢ͋·͊ͫ͟͡·͍ͣͦ͊  

ˢͣ͊͡ ˩͙͔͍ͫͣ͋ͦͤ͊͟ 

˨ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ;͔ͤ͡-͔͔ͦͪͪͫͨͦͤ͒ͤͭ͟ 
˹ˢ˹ ˾˴Σ ͔͙͊͊͒ͣ͟͟ ˾ˢ˻Σ ͙͔͒ͪͭͦͪ͟ ͔̇ͤͭͪ͊ ͍͙͙ͪ͊ͭ͘Ύ ͔͎͎͙ͨ͒͊ͦ;͔π
͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͍͔͊͒ͯ͘Ό΅͙͚ ͊͟ͺ͔͚͒ͪͦ ͔͙͙ͣͭͦ͒͟ ͔ͨͪͨͦ͒͊π
͍͊ ͙ͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͺ͙͙͙͘͟ ͙ ͙ͤͺ͙͙ͦͪͣ͊ͭ͟ ˴͊͊͘ͻ͎ͫͦͦ͟ ͤ͊ͼ͙ͦπ
ͤ͊͡Έ͎ͤͦͦ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ s ͋͊Ύ όˢͣ͊͡-ˢͭ͊Σ 
˴͊͊͘ͻͫͭ͊ͤύ 

ˣ͍͙ͦͪͦͫ͟ͻ ˢ͔͔͚ͫ͟͡ 

ˤ͙͍͍͙͊͒ͫ͊ͦ͡͡; 

˨ͦͭͦͪ͟ ͺ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͨͪͦͺ͔ͫͫͦͪ 
͊͟ͺ͔͒ͪ· ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ˸͍͎ͦͫͦͫͦͦ͟͟ ͎ͦͫͯ͒͊ͪπ
͍͔͎ͫͭͤͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ ˸ΦˤΦ ˶͍ͦͣͦͤͦͫͦ͊ ό˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎύ 

˥͙ͪͤ΄ͯͤ͟ ˤ͙͊͒ͣ  

ˤ͔͊ͪ͡Έ͔͍͙; 

˨ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͍͔͊͒ͯ͘Ό΅͙͚ ͊͟ͺ͔͒π
͚ͪͦ ͙ͤͺ͙ͦͪͣ͊ͭ͊͘ͼ͙͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ˮ͙ͤͫͭͭͯͭ͊ ͼ͙ͺ͍͎ͪͦͦͦ ͦ͋ͪ͊π
͍͙ͦ͊ͤ͘Ύ ˸͍͎ͦͫͦͫͦͦ͟͟ ͎͎ͦͪͦ͒ͫͦͦ͟ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͍͔͙ͯͤͪͫπ
͔ͭͭ͊ ό˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎύ 

ˬ͍ͯͦ͊͟ ˥͙͊ͤ͊͡  

˿͔͍ͦͫͭΈΎ͍ͤͦͤ͊ 

˨ͦͭͦͪ͟ ͺ͙͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͨͪͦͺ͔ͫͫͦͪ 
͔͔͒ͨ͊ͪͭ͊ͣͤͭ͊ ͙͊ͤ͊͊͘͡ ͒͊ͤͤ·ͻΣ ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤ ͙ ͺ͙ͤ͊ͤͫͦπ
͍·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙͍͎̅ͤ͊ͤͫͦͦͦ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͙ͨͪ ˽͍͙͔ͪ͊ͭ͡Έ͍͔ͫͭ 
˾̅ ό˸͍ͦͫ͊͟Σ ˾͙ͦͫͫΎύ 

˿͔͍͊ͪ͊ ˽͍͔͊͡  

ˤ͙͍͙ͭͦͪͦ͟; 

˨ͦͭͦͪ͟ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭΣ ͍͙ͪͦ ͔ͪͭͦͪ͊͟ ˶͙͔ͨͼ͎ͦͦ͟ ͎ͦͫπ
͍͔͎ͯ͒͊ͪͫͭͤͤͦͦ ͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ό˶͙͔ͨͼ͟Σ ˾͙ͦͫͫΎύ 

˿͙͍ͣͪͤͦ ˩͍͎͔͙͚ͤ  

ˮ͍͍͙͊ͤͦ; 

˨ͦͭͦͪ͟ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪΣ ͍͔͊͒ͯ͘Ό΅͙͚ ͊͟ͺ͔͒π
͚ͪͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡Σ ͔͙͙ͭͦͪ ͙ ͔͙͙ͣͭͦ͒͟ ͦ͋ͯ;͔͙ͤΎ 
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͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ ͔͙͙ͣͭͦ͒͟ ͔͖ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ˩˥̂ ͙ͣΦ ˮΦˢΦ ˣ͙ͯͤͤ͊ 
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͔͙͙ͣͭͦ͒͟ ͔͖ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ˩˥̂ ͙ͣΦ ˮΦˢΦ ˣ͙ͯͤͤ͊ 

˽˻˨˨˩˾ˬ˴ˢ ˿ˢ˯́ˢ ˴˻˹̅˩˾˩˹̇ˮˮΥ 

˸͙͍͊ͫͣͦ͟ ˨͙͙͚ͣͭͪ 
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˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͔͙ͣͦ͒ͪͦ͡π
͍͙͊ͤΎ ͙ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ˩˥̂ ͙ͣΦ ˮΦˢΦ ˣ͙ͯͤͤ͊ 
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ʏʠʥʝʥʦʚʘ ɺ.ʅ. éééééééééééééééééééééééééééééééééé. 201 
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ʉʝʢʮʠʷ 1  

 

ʉʆɺʈɽʄɽʅʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ 
ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʅɸʋʂʀ. 
ʇʈʀʂʃɸɼʅʓɽ ɿɸɼɸʏʀ  
ʄɸʊɽʄɸʊʀʂʀ  

 

ɻɽʆʄɽʊʈʀʏɽʉʂʆɽ ʉʊʈʆɽʅʀɽ ʂɺɸɼʈɸʊʀʏʅʓʍ  

ɸɺʊʆʄʆʈʌʀɿʄʆɺ ʂʆʅɽʏʅʆʄɽʈʅʆɻʆ ʉʀʄʇʃɽʂʉɸ  

ɸʙʜʠʨʘʭʤʦʥʦʚʘ ʈ.ʕ. 

ʂʘʨʰʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ.ʂʘʨʰʠ, ʋʟʙʝʢʠʩʪʘʥ 

ɸʅʅʆʊɸʎʀʗ  

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥ ʦʙʱʠʡ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʢʚʘʜʨʘʪʠʯʥʳʭ ʘʚʪʦʤʦʨʬʠʟʤʦʚ. ɸʚʪʦʤʦʨʬʠʟʤʳ ʦʧʠʩʳʚʘ-
ʶʪʩʷ ʢʘʢ ʢʦʤʧʦʟʠʮʠʷ ʧʝʨʤʫʪʘʪʦʨʦʚ  ʠ ʚʦʣʴʪʝʨʦʚʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʠʤʧʣʝʢʩ, ʘʚʪʦʤʦʨʬʠʟʤ, ʦʪʦʙʨʘʞʝʥʠʝ, ʧʝʨʤʫʪʘʪʦʨ, ʦʧʝʨʘʪʦʨ ʚʦʣʴʪʝʨʦʚ-
ʩʢʦʛʦ ʪʠʧʘ. 

 

ʇʫʩʪʴ  ʤʝʨʥʳʡ ʩʠʤʧʣʝʢʩ ʠ  --

ʥʘʙʦʨ ʯʠʩʝʣ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ . ʆʪʦʙʨʘʞʝʥʠʝ  ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʨʘʚʝʥʩʪʚʘʤʠ:  

                                    (1) 

ʥʘʟʳʚʘʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʤ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʦʧʝʨʘʪʦʨʦʤ (ʢ. ʩ. ʦ). 

 ɽʩʣʠ  ʧʨʠ ʪʦ  ʦʧʨʝʜʝʣʷʝʤʳʡ ʨʘʚʝʥʩʪʚʘʤʠ (1), ʥʘʟʳʚʘʝʪʩʷ ʦʧʝʨʘ-

ʪʦʨʦʤ ʚʦʣʴʪʝʨʦʚʩʢʦʛʦ ʪʠʧʘ. ʆʧʝʨʘʪʦʨ ʚʦʣʴʪʝʨʦʚʩʢʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ  

                                                              (2) 

ʛʜʝ  ʠ  ʧʨʠ . 

ʆʧʝʨʘʪʦʨ ʚʦʣʴʪʝʨʦʚʩʢʦʛʦ ʪʠʧʘ (2) ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʩʦʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ 

,  ʛʜʝ .  

 ʇʦʵʪʦʤʫ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʦʧʝʨʘʪʦʨʦʚ ʚʦʣʴʪʝʨʦʚʩʢʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 -ʤʝʨʥʦʛʦ ʢʫʙʘ.  

 ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʘʚʪʦʤʦʨʬʠʟʤʦʚ,  ʜʘʣʝʝ ʦʙʦʟʥʘʯʘʝʤʦʝ , ʧʨʝʜ-

ʩʪʘʚʠʤʦ ʚ ʚʠʜʝ ʦʙʲʝʜʠʥʝʥʠʷ  ʢʫʙʦʚ ʨʘʟʤʝʨʥʦʩʪʠ . ɼʣʷ ʠ  ʧʦʣʦʞʠʤ 

, ʛʜʝ  ʥʦʨʤʘ.  
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 ʆʯʝʚʠʜʥʦ,  -ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʩʠʤʧʣʝʢʩʘ   ʥʝ ʙʦʣʝʝ 2, ʧʨʠʯʝʤ 

ʨʘʚʝʥʩʪʚʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʣʠʰʴ ʥʘ ʚʝʨʰʠʥʘʭ ʩʠʤʧʣʝʢʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ . 

 ʃʝʤʤʘ. ʇʫʩʪʴ  -ʢʦʩʦʩʠʤʤʝʪʨʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ, ʧʨʠʯʝʤ . ʊʦʛʜʘ 

.  

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʣʷ ʣʶʙʦʛʦ  ʧʦʣʦʞʠʤ .  

ɼʘʣʝʝ  ʠʤʝʝʤ  

 

 ʊʘʢ ʢʘʢ , ʪʦ ʧʝʨʚʘʷ ʠ ʧʦʩʣʝʜʥʷʷ ʩʫʤʤʳ ʠʩʯʝʟʘʶʪ.  

 ʇʦʵʪʦʤʫ   

 

ʉʣʝʜʩʪʚʠʝ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʦʧʝʨʘʪʦʨʘʤʠ ʚʦʣʴʪʝʨʦʚʩʢʦʛʦ ʪʠʧʘ ʥʝ ʙʦʣʝʝ 1.  

 ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ  ʦʧʨʝʜʝʣʝʥ ʤʘʪʨʠʮʝʡ  ʤʘʪʨʠʮʝʡ  ʊʦʛʜʘ  

 

ʊʘʢ ʢʘʢ ʥʦʨʤʘ ʠʥʚʘʨʠʘʥʪʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʩʪʘʥʦʚʢʠ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʧʦʩʣʝʜʥʝʝ ʩʣʝʜ-

ʩʪʚʠʝ ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʚ ʚʠʜʝ  ʜʣʷ ʣʶʙʦʛʦ ʧʝʨʤʫʪʘʪʦʨʘ  ʊ ʠ ʦʧʝʨʘʪʦʨʦʚ ʚʦʣʴʪʝ-

ʨʦʚʩʢʦʛʦ ʪʠʧʘ . ɺʩʝ ʚʝʨʰʠʥʳ ʩʠʤʧʣʝʢʩʘ  ʷʚʣʷʶʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤʠ ʪʦʯʢʘʤʠ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ 

ʚʦʣʴʪʝʨʦʚʩʢʦʛʦ ʪʠʧʘ.  

 ɺʩʝ ʚʝʨʰʠʥʳ ʩʠʤʧʣʝʢʩʘ     ʷʚʣʷʶʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤʠ ʪʦʯʢʘʤʠ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʚʦʣʴʪʝʨʦʚ-

ʩʢʦʛʦ ʪʠʧʘ. ʇʦʵʪʦʤʫ ʢʚʘʜʨʘʪʠʯʥʳʝ ʘʚʪʦʤʦʨʬʠʟʤʳ ʥʘ ʚʝʨʰʠʥʘʭ  ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʧʝʨʝʩʪʘʥʦʚʢʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ  ʠ  ʨʘʟʣʠʯʥʳʝ ʧʝʨʤʫʪʘʪʦʨʳ, ʘ  ʠ  ʧʨʦʠʟʚʦʣʴʥʳʝ  ʦʧʝʨʘʪʦʨʳ ʚʦʣʴʪʝ-

ʨʦʚʩʢʦʛʦ ʪʠʧʘ, ʪʦ .  

 ʀʪʘʢ,  ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ   ʧʦʧʘʨʥʦ ʥʝʧʝʨʝʩʝʢʘʶ-

ʱʠʭʩʷ hʘʨʦʚ ʨʘʜʠʫʩʘ 1 ʩ ʮʝʥʪʨʘʤʠ ʷʚʣʷʶʱʠʤʠʩʷ ʧʝʨʤʫʪʘʪʦʨʘʤʠ, ʧʨʠʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʰʘʨʦʚ 2. ʂʨʘʡʥʠʤʠ  ʪʦʯʢʘʤʠ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʰʘʨʦʚ ʩʣʫʞʘʪ ʘʚʪʦʤʦʨʬʠʟʤʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ  ʧʨʠ . 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʈ.ʅ. ɻʘʥʠʭʦʜʞʘʝʚ. ʂʚʘʜʨʘʪʠʯʥʳʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʦʧʝʨʘʪʦʨʳ, ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʠ ʪʫʨʥʠʨʳ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʩʙʦʨʥʠʢ. 1992. ʊ. 183. ˉ8. ʩ. 121-140. 

2. ʈ.ʅ. ɻʘʥʠʭʦʜʞʘʝʚ. ʂʘʨʪʘ ʥʝʧʦʜʚʠʞʥʳʭ  ʪʦʯʝʢ ʠ ʬʫʥʢʮʠʷ ʃʷʧʫʥʦʚʘ ʜʣʷ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʜʠʩ-
ʢʨʝʪʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʳ. ʄʘʪʝʤ. ɿʘʤʝʪʢʠ, 1994. ʊ. 56. ʚʳʧ. 5. ʩ. 40-49. 

3. H.Kesten. Quadratic transformations: a model for population  growth. I-Adv. Appl. Probab.,   1970. 
2, ˉ1. p. 1-82. 

4. ʃ.ɺ. ʂʘʥʪʦʨʦʚʠʯ, ɻ.ʇ. ɸʢʠʣʦʚ, ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ. ʄ. ʅʘʫʢʘ 1977. ʩ. 742.  
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ʂʈɸɽɺɸʗ ɿɸɼɸʏɸ ɼʃʗ ʋʈɸɺʅɽʅʀʗ  
ʉʄɽʐɸʅʅʆ-ʉʆʉʊɸɺʅʆɻʆ ʊʀʇɸ 

 
ɸʙʫʣʦʚ ʄ.ʆ.  

ʂʘʨʰʠʩʢʠʡ  ɻʋ, ʛʦʨʦʜ ʂʘʨʰʠ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɸʅʅʆʊɸʎʀʗ 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʩʤʝʰʘʥʥʦ-ʩʦʩʪʘʚʥʦʛʦ ʪʠʧʘ ʠ ʜʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʦ-
ʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪ ɹʩʣʘʙʳʭ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʋʨʘʚʥʝʥʠʷ ʏʘʧʣʳʛʠʥʘ, ʩʦʧʨʷʞʝʥʥʘʷ ʟʘʜʘʯʘ, ʩʣʘʙʳʝ ʨʝʰʝʥʠʷ, ʩʠʣʴʥʝr ʨʝʰʝʥʠʷ.  
 
ɺ ʦʙʣʘʩʪʠ {( , , ) : 1 1, 0 1, 0 }D x y t x y t T= - < < < < < < ʨʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ 

( )( ) ( , , )tt xx yyLu k x u u u f x y t
x

µ
¹ + + =
µ

                                       (1) 

ʩ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ 

10, 0D x xu uµ == =                                                                           (2) 

ʛʜʝ,    (0) 0, ( ) 0k k x¡= >. ʆʪʤʝʪʠʤ, ʯʪʦ ʙʣʠʟʢʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʘ ʚ [3], ʟʘʜʘʯʘ (1), (2) ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʏʘʧʣʳʛʠʥʘ[1]. ʏʝʨʝʟ ( , , )x y tn n n n=  ʦʙʦʟʥʘʯʠʤ 

ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ .D  ʃʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʩʦʧʨʷʞʝʥʥʦʡ ʟʘ-

ʜʘʯʝʡ ʢ ʟʘʜʘʯʝ (1), (2) ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 
* ( ) ( , , ),xtt xxx xyyL v k x v v v g x y t¹ - - =                                           (3) 

10, 0D x xv vµ =-= =                                                                         (4) 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ *,L L
C C  ʢʣʘʩʩʳ ʬʫʥʢʮʠʡ ʠʟ 

3( )C D , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʨʘʝʚʳʤ 

ʫʩʣʦʚʠʷʤ (2), (4). ʏʝʨʝʟ ( ), *( )H D H D   ʦʙʦʟʥʘʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʉʦʙʦʣʝʚʘ 
1

2 ( )W D , ʧʦʣʫʯʝʥʥʳʝ 

ʟʘʤʳʢʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ *,L LC C  ʧʦ ʥʦʨʤʝ 

                                    
2 2 2 2 2

1.D
( )t x y

D

u u u u u dD= + + +ñ . 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʌʫʥʢʮʠʶ 2( , , ) ( )u x y t L DÍ  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʣʘʙʳʤ ʦʙʦʙʱʝʥʥʳʤ  ʨʝʰʝʥʠʝʤ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1),(2), ʝʩʣʠ ʜʣʷ ʚʩʝʭ ʬʫʥʢʮʠʡ *( , , ) Lv x y t CÍ  ʚʳʧʦʣʥʝʥʦ  ʪʦʞʜʝʩʪʚʦ 

0 0 *( , * ) ( , ) , .Lu L v f v v C= " Í  

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʌʫʥʢʮʠʶ 2( , , ) ( )u x y t L DÍ  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʠʣʴʥʳʤ ʦʙʦʙʱʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʢʨʘ-

ʝʚʦʡ ʟʘʜʘʯʠ  (1), (2), ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʫʥʢʮʠʡ { }i Lu CÍ  ʪʘʢʠʭ,  ʯʪʦ 

0. 0.
lim lim 0.i iD Di i

u u Lu f
­¤ ­¤

- = - = 

ʃʝʤʤʘ. ʇʫʩʪʴ 
1

2( ) ( ), ( , , ) ( )k x C D f x y t L DÍ Í  ʠ    ( ) 0k x d¡ ² > 

ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ  ʪʘʢʘʷ ʢʦʥʩʪʘʥʪʘ 0 0l< , ʯʪʦ ʜʣʷ ʚʩʝʭ ʢʦʥʩʪʘʥʪ 0l l<  ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

              
2

0 ( )
( , ( ) ) , 0,LH D

D

Lu udD Lu x u m u u C ma aÖ Ö = ² " Í >ñ  

                        
0 ( )H D

Lu m u² ,                                                                    (5) 

ʛʜʝ,  ( ) ,x xa l l= + -ʚʝʱʝʩʪʚʝʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʈʘʩʩʤʦʪʨʠʤ ʠʥʪʝʛʨʘʣ 0( , ( ) )Lu x ul+  ʚ ʦʙʣʘʩʪʠ D. ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘ-

ʩʪʷʤ, ʧʦʣʫʯʠʤ 

2 2 21 3 1
( ) [ ( ( ) ) ] [( )( (

2 2 2
x t x y x t t

D D D

Lu x udD k x k u u u dD x u k u nl l l
µ

¡ ¡+ = - + + + + + + +ñ ñ ñ  



16 
 

2 2 2

1 2

1 1 1
) ] .

2 2 2
tx t xx x xy y t x x x y x x xku n u n u n ku n u n u n u n dS I I+ + + - - - - = + 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʚʳʙʦʨʦʤ  ʢʦʥʩʪʘʥʪʳ 0l<  ʤʳ ʜʦʙʴʝʤʩʷ ʥʝʨʘʚʝʥʩʪʚʘ 

                                   

1/2

2 2 2

1 ( ) , 0.t x y L

D

I m u u u dD u C m
å õ

² + + " Í >æ ö
ç ÷
ñ  

ʀʟ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʪʝʛʨʘʣ 
2 0I ²  ʠ 2 2

1 x

D D

u dD m u dD¢ñ ñ . ʊʘʢ ʢʘʢ  

0 ( )H D
Lu m u² , ʪʝʤ ʩʘʤʳʤ ʣʝʤʤʘ ʜʦʢʘʟʘʥʘ. ʉʣʝʜʩʪʚʠʝ. ʉʠʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ  (1), (2)  ʝʜʠʥ-

ʩʪʚʝʥʥʦ. ʊʝʦʨʝʤʘ. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʣʝʤʤʳ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʨʘʚʥʝʥʠʷ (1), ʪʦʛʜʘ ʜʣʷ 

ʣʶʙʦʡ ʬʫʥʢʮʠʠ 
2( , , ) ( )f x y t L DÍ  ʩʫʱʝʩʪʚʫʝʪ ʩʣʘʙʦʝ ʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʈʘʩʩʤʦʪʨʠʤ ʚʳʨʘʞʝʥʠʝ  0( * , ( ) )L v x vl-  ʜʣʷ 
*Lv CÍ . ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ 

ʯʘʩʪʷʤ, ʧʦʣʫʯʠʤ 

2 2 2

2 2 2

1 2

1 3 1
* ( ) [ ( k ( ) k) ] [( ) (

2 2 2

1 1 1
) ] .

2 2 2

x t x y xt t

D D D

xx x xy y x x y x t x x x

L v x vdD x v v v dD x v kv n

v n v n v n v n kv n v vn dS I I

l l l
µ

¡- = - - + + + + - - -

¡ ¡- - + + + - = +

ñ ñ ñ
 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚʳʙʦʨʦʤ ʢʦʥʩʪʘʥʪʳ 0l<  ʤ  rʜʦʙʴʝʤʩʷ ʥʝʨʘʚʝʥʩʪʚʘ 

                           

1/2

2 2 2

1 1 * 1( ) , 0.t x y L

D

I m v v v dD v C m
å õ

¡² + + " Í >æ ö
ç ÷
ñ  

ʀʟ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ (4) ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʪʝʛʨʘʣ 2 0I¡²  ʠ 
2 2

2 x

D D

v dD m v dD¢ñ ñ .  

ʊʘʢ ʢʘʢ ʜʦʢʘʟʘʥʦ ʥʝʨʘʚʝʥʩʪʚʦ 

       
2

0 1 * 1*(D)
( * , ( ) ) , , 0,LH
L v x v m v v C ml- ² Í >                                                     (6) 

                           
2 2 2

10 *( ) 0
.

H D
Lv m v m v² ²                                                                           (7) 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣ  0 2 *( ) ( , ) , ( ), .L

D

l v f v f vdD f L D v C= = Ö Í Íñ  

ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 2( , , ) ( )f x y t L DÍ  ʜʣʷ ʵʪʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʩʧʨʘʚʝʜʣʠʚʘ  ʦʮʝʥʢʘ 

                            0 0 0 0 0
( , ) * .f v f v m f L v¢ ¢  

ʆʪʩʶʜʘ ʠ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ (7) ʩʣʝʜʫʝʪ, ʯʪʦ ( )l v  ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʣʠʥʝʡʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ *L v  ʥʘʜ ʥʝʢʦʪʦʨʳʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʘ 2( )L D . ʇʨʦʜʦʣ-

ʞʘʷ ʵʪʦʪ ʬʫʥʢʮʠʦʥʘʣ ʧʦ ʪʝʦʨʝʤʝ ʍʘʥʘ-ɹʘʥʘʭʘ ʥʘ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 2( )L D  ʠ ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ 

ʈʠʩʩʘ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʥʘʜ ʛʠʣʴʙʝʨʪʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ [2], ʧʦʣʫ-

ʯʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʷ 2u( , , ) ( )x y t L DÍ  ʪʘʢʘʷ, ʯʪʦ 

0 0 *( , * ) ( , ) , .Lu L v f v v C= " Í  

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ɿʘʤʝʯʘʥʠʝ. ɼʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ( )u H DÍ  ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ 0 0x xu ==  ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝ 

ʠʤʝʶʪ ʩʤʳʩʣʘ, ʥʦ ʝʩʣʠ ʵʪʦ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʛʣʘʜʢʠʤ (ʥʘʧʨʠʤʝʨ, ʠʟ 
2

2 ( )W D , ʪʦ ʥʝʪʨʫʜʥʦ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠ ʵʪʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

 
ʃʀʊɽʈɸʊʋʈɸ 

1. ɹʝʨʩ ʃ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʜʦʟʚʫʢʦʚʦʡ ʠ ʦʢʦʣʦʟʚʫʢʦʚʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ. ʄʦʩʢʚʘ, 
ʀʥʦʩʪʨ. ʣʠʪ., 1961. -208 ʩ. 

2. ʉʦʙʦʣʝʚ ʉ.ʃ. ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ. 
ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 1962. 251 ʩ. 

3. ʉʘʣʘʭʠʜʜʠʥʦʚ ʄ.ʉ. ʫʨʘʚʥʝʥʠʷ ʩʤʝʰʘʥʥʦ- ʩʦʩʪʘʚʥʦʛʦ ʪʠʧʘ. ʊʘʰʢʝʥʪ: ʌʘʥ, 1974, 156 ʩ. 
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ʆɹ ʀʉʂʃʖʏʀʊɽʃʔʅʆʄ ʄʅʆɾɽʉʊɺɽ ɺ ɿɸɼɸʏɽ ʍʋɸ-ʃʆ-ʂɽʅɸ 

ɸʣʣʘʢʦʚ ʀ.1, ʉʘʬʘʨʦʚ ɸ.2  

1ʊʝʨʤʝʟʩʢʠʡ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 
2ʊʝʨʤʝʟʩʢʠʡ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʅʅʆʊɸʎʀʗ 
 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʦʮʝʥʢʘ ʜʣʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʦ ʚ ʟʘʜʘʯʝ  ʍʫʘ-ʃʦ- ʂʝʥʘ, ʦ ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʠ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ ʩʫʤʤʦʡ  ʧʨʦʩʪʦʛʦ ʠ ʩʪʝʧʝʥʠ ʧʨʦʩʪʦʛʦ ʯʠʩʣʘ. 

   
ʇʫʩʪʴ -s ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ, Ὧ ς- ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, ὓ- ʤʥʦʞʝʩʪʚʦ ʥʘʪʫ-
ʨʘʣʴʥʳʭ ʯʠʩʝʣ ὲ ὢ ʥʝʧʨʝʜʩʪʘʚʠʤʳʭ ʚ ʚʠʜʝ 

ὲ ὴ ὴ                     (1) 
 ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ                                                                                    

ὲ ρȠ ὴ
ὴ

•ὴ Ὧʌ

ρ ȟ                                    

  

ʛʜʝ  ὴ
ρ
ȟὴ
ς
ȟὴ- ʧʨʦʩʪʳʝ ʯʠʩʣʘ, •ὴ- ʬʫʥʢʮʠʷ ʕʡʣʝʨʘ.  

ɺ.ɸ.ʇʣʘʢʩʠʥ [1], ʨʘʩʩʤʦʪʨʝʚ ὉὯὢ ὧὥὶὨὓ, ʜʦʢʘʟʘʣ, ʯʪʦ ὉὯὢ Ḻὢ
‎, ʛʜʝ  π ‎ ρ ʚʩʝʛʜʘ ʠ  ‎ ρ

ρσχὯὰὲὯ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ  Ὧ. ɿʜʝʩʴ ˍḺ  ˏʦʟʥʘʯʘʝʪ, ʯʪʦ ȿ̱ȿ ̒ȟˏ  ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʧʦʩʪʦ-
ʷʥʥʦʛʦ .̒ 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ.  ɼʣʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ὢ,  ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ ὉὯὢ Ḻὢ
‎ȟ ʛʜʝ  

 

‎

ρ ρχφρςȟωψσὯ ὰὲὯφȟυτυς ̐̑ ̉ς Ὧ ςπυȠ

ρ φψὯ ςὰὲὯὰὲὰὲὯςȟψ  ̐̑ ̉Ὧ ςπυȠ

ρ ρσχὯὰὲὯ ̐̑ ̉ Ὧ Ὡ Ȣ

 

 
ɺ ʯʘʩʪʥʦʩʪʠ ʠʟ ʵʪʦʡ ʪʝʦʨʝʤʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʮʝʥʢʘ ‎ ρ ρσχὯὰὲὯ, ʧʦʣʫʯʝʥʥʘʷ ɺ.ɸ. ʇʣʘʢʩʠʥʳʤ 
[1] ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ Ὧ, ʦʩʪʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʦʡ ʧʨʠ ln 628k> .  

ʀʩʧʦʣʴʟʫʝʤʳʡ ʟʜʝʩʴ ʤʝʪʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʩʥʠʟʫ ʜʣʷ Ὑὲ   ʯʠʩʣʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʡ ὲᶱὓȟὲ ὢ ʚ ʚʠʜʝ (1)  

 Ὑὲ ὅὯȟ‐ Ͻὃὲȟ  

 
ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʛʣʘʚʥʦʛʦ ʯʣʝʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʥʘ ʧʦʩʪʦʷʥʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʝʩʣʠ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʥʫʣʴ ‍ Ὁ
‍
π ʠ ʥʘ ʤʥʦʞʠʪʝʣʴ ὲ‐, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ 

ʥʫʣʴ ‍ Ὁ
‍
π ὒ - ʬʫʥʢʮʠʠ ɼʠʨʠʭʣʝ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ‎ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʟʥʘʯʝʥʠʡ 
ʧʦʩʪʦʷʥʥʳʭ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʮʝʥʢʘʭ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʩʚʦʙʦʜʥʳʭ ʦʪ ʥʫʣʝʡ  ὒ - ʬʫʥʢʮʠʠ ɼʠʨʠʭʣʝ, 
ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʣʘʚʥʳʭ ʜʫʛʘʭ, ʥʦ ʠ ʦʪ ʦʮʝʥʢʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʩʫʤʤ, ʧʦ ʩʪʝʧʝʥʷʤ ʧʨʦ-
ʩʪʳʭ ʯʠʩʝʣ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʘʣʳʭ ʜʫʛʘʭ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʜʝʠ ʨʘʙʦʪ 
[1,2].  

 

ʃʀʊɽʈɸʊʋʈɸ 
 
1. ʇʣʘʢʩʠʥ ɺ.ɸ. ʆʙ ʦʜʥʦʤ ʚʦʧʨʦʩʝ ʍʫʘ- ʃʦ ïʂʝʥʘ.//ʄʘʪ. ʟʘʤʝʪʢʠ.-1990.- ˉ 3(47). - ʩ.78-90. 
2.ɸʣʣʘʢʦʚ ʀ. ʆ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʯʠʩʝʣ ʩʫʤʤʦʡ ʜʚʫʭ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʠʟ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ.  // 
ʀʟʚʝʩʪʠʷ ɺʋɿʦʚ. ñʄʘʪʝʤʘʪʠʢʘò. ï ʂʘʟʘʥʴ, 2000. -  ˉ 8(459). -ʉ.3-15.  
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ʆ ɻɸʄʀʃʔʊʆʅɸ-ɼʆʇʋʉʊʀʄʓʍ ʋʈɸɺʅɽʅʀʗʍ, ʀʍ ʇɽʈɺʓʍ       
ʀʅʊɽɻʈɸʃɸʍ ʀ ɸʃɻɽɹʈɸʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈɸʍ ɺ ʄɽʍɸʅʀʂɽ 

ɹɽʉʂʆʅɽʏʅʆʄɽʈʅʓʍ ʉʀʉʊɽʄ 

ɹʫʜʦʯʢʠʥʘ ʉ.ɸ. 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ  

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʝʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʙʝʩʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʧʨʝʜʩʪʘʚ-
ʣʝʥʳ ʚ ʬʦʨʤʝ ɻʘʤʠʣʴʪʦʥʘ-ʜʦʧʫʩʪʠʤʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʭ ʩʚʦʡʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʘʤʠʣʴʪʦʥʘ-ʜʦʧʫʩʪʠʤʳʝ ʫʨʘʚʥʝʥʠʷ, ʧʝʨʚʳʝ ʠʥʪʝʛʨʘʣʳ, ʃʠ-ʜʦʧʫʩʪʠʤʳʝ ʘʣʛʝʙʨʳ, 
ʘʣʛʝʙʨʳ ʃʠ, ʩʢʦʙʢʠ ʇʫʘʩʩʦʥʘ, ʤʝʭʘʥʠʢʘ ʙʝʩʢʦʥʝʯʥʦʤʝʨʥʳʭ ʩʠʩʪʝʤ.  

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʦʚ ʛʘʤʠʣʴʪʦʥʦʚʦʡ ʤʝʭʘʥʠʢʠ ʥʝʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʙʝʩʢʦʥʝʯ-
ʥʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʚʘʨʠʘʮʠʦʥʥʦʛʦ 
ʠʩʯʠʩʣʝʥʠʷ (ʆɿɺʀ) ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʩ ʥʝʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 
ʆɿɺʀ ʜʣʷ ʪʘʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʟʘʜʘʯʠ ʦ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʙʝʩ-
ʢʦʥʝʯʥʦʤʝʨʥʳʭ ʩʠʩʪʝʤ ʚ ʚʠʜʝ ʥʝʢʘʥʦʥʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ɻʘʤʠʣʴʪʦʥʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ 
ʩʠʩʪʝʤ ʩ ʙʝʩʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʤʦʛʫʪ ʠʛʨʘʪʴ ʘʣʛʝʙʨʘʠ-
ʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʣʫʯʠʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʝʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʙʝʩʢʦʥʝʯ-
ʥʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʬʦʨʤʝ ɻʘʤʠʣʴʪʦʥʘ-ʜʦʧʫʩʪʠʤʳʭ ʫʨʘʚʥʝʥʠʡ, ʯʪʦ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʨʘʟ-
ʚʠʪʠʝʤ ʠ ʫʛʣʫʙʣʝʥʠʝʤ ʪʝʤʘʪʠʢʠ ʨʘʙʦʪ [1-6]. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ʆʧʝʨʘʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʥʘʧʨʷʤʫʶ ʠ ʢʦʩʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 
ʚ ʬʦʨʤʝ ɻʘʤʠʣʴʪʦʥʘ-ʜʦʧʫʩʪʠʤʳʭ ʫʨʘʚʥʝʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʫʨʘʚʥʝʥʠʡ ɻʘʤʠʣʴʪʦʥʘ). 

2. ʀʩʩʣʝʜʦʚʘʥ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʦʚ ɻʘʤʠʣʴʪʦʥʘ-ʜʦʧʫʩʪʠʤʳʭ ʫʨʘʚʥʝʥʠʡ.  

3. ʀʟʣʦʞʝʥ ʚʝʩʴʤʘ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ ɻʘʤʠʣʴʪʦʥʘ-ʜʦʧʫʩʪʠʤʳʭ ʫʨʘʚʥʝʥʠʡ 
ʩ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ19-08-00261ʘ). 
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ʇʈʀʃʆɾɽʅʀɽ ʄɽʊʆɼɸ ʃʗʇʋʅʆɺɸ ʂ ʀʉʉʃɽɼʆɺɸʅʀʖ ʅɸ 
ʋʉʊʆʁʏʀɺʆʉʊʔ ʃʀʅɽʁʅʓʍ ʉʊɸʎʀʆʅɸʈʅʓʍ ʉʀʉʊɽʄ 

ɽʣʝʮʢʠʭ ʀ.ɸ.1  

1ʌɻɹʆʋ ɺʆ çɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘè (ʈʦʩʩʠʷ)  

ɸʅʅʆʊɸʎʀʗ  

ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʶʪʩʷ ʦʙʱʠʝ ʚʦʧʨʦʩʳ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʃʷʧʫʥʦʚʫ: ʜʘʥʳ ʩʪʨʦʛʠʝ ʦʧʨʝʜʝʣʝʥʠʷ 
ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʠʚʝʜʝʥʳ ʦʩ-
ʥʦʚʥʳʝ ʪʝʦʨʝʤʳ ʤʝʪʦʜʘ ʃʷʧʫʥʦʚʘ ʜʣʷ ʩʣʫʯʘʷ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʃʘ-ʉʘʣʣʝʤ ʦʙʦʙ-
ʱʝʥʠʝ ʦʩʥʦʚʥʦʡ ʪʝʦʨʠʠ ʃʷʧʫʥʦʚʘ, ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʳ-
ʚʘʝʪʩʷ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ. ɺ ʩʣʫʯʘʝ ʥʝʘʚʪʦ-
ʥʦʤʥʳʭ ʩʠʩʪʝʤ ʠʩʩʣʝʜʦʚʘʥʳ ʣʠʥʝʡʥʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʩʠʩʪʝʤʘ ʠ ʝʝ ʣʠʥʝʘʨʠʟʘʮʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʚʪʦʥʦʤʥʘʷ ʩʠ-
ʩʪʝʤʘ, ʣʠʥʝʡʥʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʩʠʩʪʝʤʘ, ʣʠʥʝʘʨʠʟʘʮʠʷ. 

 
ʊʝʦʨʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʠ ʚ ʠʥʞʝʥʝʨʥʳʭ ʥʘʫʢʘʭ. ʎʝʥʪʨʘʣʴʥʳʤ 
ʚʦʧʨʦʩʦʤ ʵʪʦʡ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʯʝʢ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 
ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʫʩʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ʠ ʠʥʞʝʥʝʨʦʤ ɸ.ʄ. ʃʷʧʫʥʦʚʳʤ. ɺ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʪʝʦʨʠʝʡ ʪʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ ʫʩʪʦʡʯʠʚʘ, ʝʩʣʠ ʚʩʝ ʨʝʰʝʥʠʷ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʚʙʣʠʟʠ 
ʵʪʦʡ ʪʦʯʢʠ, ʦʩʪʘʶʪʩʷ ʚ ʝʝ ʦʢʨʝʩʪʥʦʩʪʠ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʵʪʘ ʪʦʯʢʘ ʥʝʫʩʪʦʡʯʠʚʘ. ʊʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ, ʝʩʣʠ ʚʩʝ ʨʝʰʝʥʠʷ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʚ ʙʣʠʟʢʠʭ ʢ ʥʝʡ ʪʦʯʢʘʭ, ʥʝ ʪʦʣʴʢʦ ʦʩʪʘ-
ʶʪʩʷ ʚʙʣʠʟʠ ʥʝʝ, ʥʦ ʠ ʩʪʨʝʤʷʪʩʷ ʢ ʵʪʦʡ ʪʦʯʢʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʚʨʝʤʝʥʠ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ 
[1, ʩ.114]. ɹʦʣʝʝ ʩʪʨʦʛʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʦʥʷʪʠʡ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʚ ʩʪʘʪʴʝ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʪʘʢʞʝ 
ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʤʳ ʤʝʪʦʜʘ ʃʷʧʫʥʦʚʘ ʜʣʷ ʩʣʫʯʘʷ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ.  
ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʣʫʞʠʪ ʢʣʘʩʩʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ɸ.ʄ. ʃʷʧʫ-
ʥʦʚʘ çʆʙʱʘʷ ʟʘʜʘʯʘ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷè, ʧʦʷʚʠʚʰʘʷʩʷ ʚ ʈʦʩʩʠʠ ʚ 1892 ʛʦʜʫ. 
ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ɸ. ʄ. ʃʷʧʫʥʦʚ ʠʟʫʯʘʝʪ ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. 
ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ ʃʷʧʫʥʦʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩ-
ʩʣʝʜʫʝʤʦʝ ʨʝʰʝʥʠʝ ʠʟʚʝʩʪʥʦ; ʵʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ ʣʠʰʴ ʢ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʣʘʩʩʫ ʚʘʞʥʳʭ ʩʣʫʯʘʝʚ. 
ʅʘʧʨʦʪʠʚ, ʚʪʦʨʦʡ, ʠʣʠ ʧʨʷʤʦʡ ʤʝʪʦʜ ʃʷʧʫʥʦʚʘ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʦʙʱʠʤ ʠ ʤʦʱʥʳʤ, ʠ, ʩʘʤʦʝ 
ʛʣʘʚʥʦʝ, ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝ ʥʫʞʥʦ ʟʥʘʪʴ ʩʘʤʠʭ ʨʝʰʝʥʠʡ ð ʚ ʵʪʦʤ ʝʛʦ ʥʝʦʮʝʥʠʤʦʝ 
ʧʨʝʠʤʫʱʝʩʪʚʦ. 
 ɺ [2, ʩ. 130-155] ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ɾ. ʃʘ-ʉʘʣʣʝʤ ʠ ʉ. ʃʝʬʰʝʮʝʤ ʧʨʝʜʣʦʞʝʥʦ ʦʙʦʙʱʝʥʠʝ 
ʦʩʥʦʚʥʦʡ ʪʝʦʨʠʠ ʃʷʧʫʥʦʚʘ. ɸʚʪʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʧʨʠʚʦʜʷʪ 
ʧʨʠʤʝʨʳ ʧʨʠʣʦʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʦʛʦ ʦʙʦʙʱʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʠʟʚʝʩʪʥʫʶ ʪʝʦʨʝʤʫ ʃʷʧʫʥʦʚʘ [3]. 
ʊʝʦʨʝʤʘ. ʇʫʩʪʴ ὼ π ï ʪʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ὼ Ὢὼ ʠ ὈṒὙ  ï ʦʪʢʨʳʪʘʷ 
ʦʙʣʘʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ὼ π. ʇʫʩʪʴ ὠȡὈᴼὙ ï ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ, ʪʘʢʘʷ 

ʯʪʦ ὠπ π ʠ ὠὼ π ʚ Ὀ͵ π, ὠὼ π ʚ D. ʊʦʛʜʘ ὼ π ʫʩʪʦʡʯʠʚʘ. ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ ὠὼ π ʚ  
Ὀ͵ π, ʪʦ ὼ π ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ. 
ʃʘ-ʉʘʣʣʴ ʦʙʦʙʱʠʣ ʜʘʥʥʫʶ ʪʝʦʨʝʤʫ ʦʩʣʘʙʠʚ ʪʨʝʙʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʧʨʝʜʝʣʝʥ-
ʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ, ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʠ-
ʩʪʝʤʘ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʦʜʥʫ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʪʦʯʢʫ ʨʘʚʥʦʚʝʩʠʷ, ʥʦ ʠ ʮʝʣʦʝ ʤʥʦʞʝʩʪʚʦ ʫʩʪʦʡʯʠʚʳʭ 
ʩʦʩʪʦʷʥʠʡ, ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʬʫʥʢʮʠʷ ʃʷʧʫʥʦʚʘ ὠὼ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝ-
ʜʝʣʝʥʥʦʡ. 
ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ὼ ὃὼὸ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ ὼ π ʤʦʞʝʪ 
ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠ-
ʩʝʣ ʤʘʪʨʠʮʳ ɸ. ʕʪʦʪ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʨʘʩʩʤʦʪʨʝʥ ʚ ʩʪʘʪʴʝ, ʚ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʧʨʦʩ, ʦ 
ʪʦʤ, ʢʦʛʜʘ ʠ ʢʘʢ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʬʘʢʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠ-
ʥʝʘʨʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ. 
ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʝʦʨʝʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʃʷʧʫʥʦʚʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ 
ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʜʘʶʪ 
ʥʝʦʙʭʦʜʠʤʳʭ ʢʨʠʪʝʨʠʝʚ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʉʫʱʝʩʪʚʫʶʪ ʪʝʦʨʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʫʩʣʦʚʠʷ 
ʤʥʦʛʠʭ ʪʝʦʨʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʃʷʧʫʥʦʚʘ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʦʜʦʙʥʳʝ ʪʝʦ-
ʨʝʤʳ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪʩʷ ʦʙʨʘʪʥʳʤʠ ʪʝʦʨʝʤʘʤʠ ʃʷʧʫʥʦʚʘ ʠ ʠʩʧʦʣʴʟʫʶʪ ʠʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʯʝʢ 
ʨʘʚʥʦʚʝʩʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ [1, ʩ. 171-178]. 
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ï ñʤʘʪʨʠʮʘò ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʝʰʝʥʠʡ  ʣʠʥʝʡʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ  ʅʘʚʴʝïʉʪʦʢʩʘ [2].  

ʕʪʘ ʪʝʦʨʝʤʘ ʚʝʨʥʘ ʜʣʷ ʫʟʢʦʛʦ ʢʣʘʩʩʘ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝïʉʪʦʢʩʘ, ʘ ʠʤʝʥʥʦ ʜʣʷ 
ʨʝʰʝʥʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ (2). ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʨʝ-
ʰʝʥʠʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝïʉʪʦʢʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʧʦʜʭʦʜʷʱʫʶ ñʤʘʪʨʠʮʫò ʬʫʥʜʘʤʝʥ-
ʪʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝïʉʪʦʢʩʘ, ʢʦʪʦʨʘʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ ʫʙʳʚʘʝʪ ʥʘ ʙʝʩʢʦ-
ʥʝʯʥʦʩʪʠ. ɼʣʷ ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ, ʬʦʨʤʫʣʘ ɻʨʠʥʘ ʜʣʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʢʣʘʩʩʝ ʨʘʩʪʫʱʠʭ 
ʨʝʰʝʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʨʘʙʦʪʝ  [3].  

ʃʀʊɽʈɸʊʋʈɸ 
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ɸʉʀʄʇʊʆʊʀʂɸ ʈɽʐɽʅʀʁ ʆɼʅʆɻʆ ʂʃɸʉʉɸ ʉʀʅɻʋʃʗʈʅʆ ɺʆɿ-
ʄʋʑɽʅʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʉʀʉʊɽʄ 

ɾʫʢʦʚʘ ɻ.ʉ. 

ʌʠʥʘʥʩʦʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʈʦʩʩʠʷ 

ɸʅʅʆʊɸʎʀʗ 

ɼʣʷ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʙʩʫʞʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʨʝʰʝʥʠʡ ʦʪ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʋʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʝʡ ʨʘʟʣʦʞʝʥʠʷ ʨʝʰʝʥʠʡ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʘʩʠʤʧʪʦʪʠʢʠ ʨʝʰʝʥʠʡ ʦʪ ʩʧʝʢʪʨʘʣʴʥʳʭ 
ʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʦʛʦ ʦʧʝʨʘʪʦʨʥʦʛʦ ʧʫʯʢʘ. ʆʙʩʫʞʜʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʨʝʜʝʣʴʥʳʡ ʦʧʝ-
ʨʘʪʦʨ ʧʨʠ ʧʨʦʠʟʚʦʜʥʦʡ ʷʚʣʷʝʪʩʷ ʚʳʨʦʞʜʝʥʥʳʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʠʥʛʫʣʷʨʥʦʝ ʚʦʟʤʫʱʝʥʠʝ, ʚʳʨʦʞʜʝʥʥʳʡ 
ʦʧʝʨʘʪʦʨ ʧʨʠ ʧʨʦʠʟʚʦʜʥʦʡ, ʩʪʨʫʢʪʫʨʘ ʘʩʠʤʧʪʦʪʠʢʠ ʨʝʰʝʥʠʡ ʧʦ ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʟʘʧʠʩʘʥʥʫʶ ʚ ʚʝʢʪʦʨʥʦʡ 
ʬʦʨʤʝ: 

‐ὄὸȟ‐ ὃὸȟ‐ὼȢ                                                                    (1) 

ʆʥʠ ʚʦʟʥʠʢʘʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝ-
ʩʢʦʡ ʢʠʥʝʪʠʢʠ, ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠ ʜʨ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʤ ʩʣʝʜʫʶʱʝʝ: 

ρ. ‐ ï ʤʘʣʳʡ ʚʝʱʝʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ‐ɴ πȟ‐ ; ὸɴ πȟὝ; Ὤ ï ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, ʥʘʟʳʚʘʝʤʦʝ 
ʨʘʥʛʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1); 
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ς. ὃὸȟ‐, ὄὸȟ‐ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ὸɴ πȟὝ ʜʦʧʫʩʢʘʶʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ: 

ὃὸȟ‐ḐВ ‐ὃ ὸȟ ὄὸȟ‐ḐВ ‐ὄ ὸ ‐O π.                                     (2) 

σ. ὃ ὸ, ὄ ὸ, ί π ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʤʘʪʨʠʮʘʤʠ ὲ ὲ, ʛʜʝ ὲ ς, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʳʭ ʚʝʱʝ-
ʩʪʚʝʥʥʦʟʥʘʯʥʳ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ ʥʘ πȟὝ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʨʘʟ. 

ʆʙʩʫʞʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (1) ʦʪ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ  ‐, ʚʣʠʷʥʠʝ ʥʘ 
ʥʝʛʦ ʨʘʥʛʘ ʫʨʘʚʥʝʥʠʷ, ʚʳʨʦʞʜʝʥʥʦʩʪʠ ὄ ὸ, ʥʘʣʠʯʠʷ ʢʨʘʪʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫ ʧʨʝʜʝʣʴʥʦʛʦ 
ʦʧʝʨʘʪʦʨʘ ʟʘʜʘʯʠ. 

ɸʩʠʤʧʪʦʪʠʢʘ ʨʝʰʝʥʠʡ ʧʦ ʧʘʨʘʤʝʪʨʫ ‐ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩʠʩʪʝʤʳ (1) ʨʘʩʩʤʘʪʨʠʚʘ-
ʣʘʩʴ ʤʥʦʛʠʤʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʘʚʪʦʨʘʤʠ. ʇʨʠ Ὤ π ʩʠʩʪʝʤʘ (1) ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʦʡ 
ʠ ʚʩʝ ʝʝ ʨʝʰʝʥʠʷ ʨʘʟʣʘʛʘʶʪʩʷ ʧʦ ʮʝʣʳʤ ʩʪʝʧʝʥʷʤ ʧʘʨʘʤʝʪʨʘ, ʥʘʯʠʥʘʷ ʩ ʥʫʣʝʚʦʡ, ʢʘʢ ʠ ʢʦʵʬʬʠʮʠ-
ʝʥʪʳ (2).  ʀʟ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʭ ʩʠʩʪʝʤ (1) ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʦ, ʢʦʛʜʘ  Ὤ ρ,  ὄὸȟ‐ḳὍ, ʛʜʝ Ὅ ï 
ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ (ʥʘʧʨ., [1,2,3]). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʩʣʠ ὃ ὸ ʠʤʝʝʪ ʧʨʠ ʚʩʝʭ ὸ ʧʨʦʩʪʳʝ ʩʦʙʩʪʚʝʥ-
ʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʫ (1) ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʰʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ὲ ʬʫʥʢʮʠʡ, ʜʦʧʫʩʢʘʶʱʠʭ 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʨʘʟʣʦʞʝʥʠʷ ʚʠʜʘ: 

ὼὸȟ‐Ḑὠὸȟ‐ ÅØÐ ‗ὸȟ  ȟ   Ὥ ρȟȣȟὲȢ                                   (3) 

ɿʜʝʩʴ ʚʝʢʪʦʨʥʳʝ ʬʫʥʢʮʠʠ ὠὸȟ‐ ʠ ʩʢʘʣʷʨʥʳʝ ʬʫʥʢʮʠʠ  ‗ὸȟ   ʨʘʟʣʘʛʘʶʪʩʷ ʧʦ ʮʝʣʳʤ ʩʪʝʧʝʥʷʤ 
ʧʘʨʘʤʝʪʨʘ ‐ ʪʠʧʘ (2): 

 ὠὸȟ‐Ḑ ‐ὠ ὸȟ  ‗ὸȟ‐Ḑ ‐‗ ὸȟ 

ʛʜʝ ὠ ὸḴπȟ‗ ὸḴπȢ ɺʩʝ ʨʝʰʝʥʠʷ (3) ʠʤʝʶʪ ʧʦʨʷʜʦʢ ʩʠʥʛʫʣʷʨʥʦʩʪʠ, ʨʘʚʥʳʡ ʚʟʷʪʦʤʫ ʩ ʤʠ-
ʥʫʩʦʤ ʨʘʥʛʫ  Ὤ  ʫʨʘʚʥʝʥʠʷ (1). 

ɽʩʣʠ ὃ ὸ ʠʤʝʝʪ ʧʨʠ ʚʩʝʭ ὸ ʪʦʞʜʝʩʪʚʝʥʥʦ ʢʨʘʪʥʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʥ-
ʜʘʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (1) ʩʦʩʪʦʠʪ ʠʟ ὲ ʬʫʥʢʮʠʡ ʚʠʜʘ (3), ʛʜʝ ὠὸȟ‐ ʠ ‗ὸȟ  ʜʦ-
ʧʫʩʢʘʶʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʥʝʢʠʤ ʜʨʦʙʥʳʤ ʩʪʝʧʝʥʷʤ ὴ  ʧʘʨʘʤʝʪʨʘ ‐ȟ ʨʘʟʣʠʯʥʳʤ, ʚ 
ʦʙʱʝʤ ʩʣʫʯʘʝ, ʜʣʷ ʨʘʟʥʳʭ  Ὥ : 

ὠὸȟ‐ḐВ ‐ὠ ὸȟ  ‗ὸȟ‐ḐВ ‐‗ ὸȢ                                                 (4) 

ɺ ʩʣʫʯʘʝ ʣʶʙʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ Ὤ ʠ ὄὸȟ‐ḳὍ ʘʚʪʦʨʦʤ ʦʙʦʩʥʦʚʘʥ ʜʣʷ ʩʠʥʛʫʣʷʨʥʳʭ ʜʠʬʬʝʨʝʥ-
ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜ ʜʠʘʛʨʘʤʤ [4,5], ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʠ ὴ  ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʨʝʰʝʥʠʡ ʠ ʧʦʩʪʨʦʠʪʴ ʠʭ ʚ ʚʠʜʝ (3)-(4). ʋʩʪʘ-
ʥʦʚʣʝʥʦ [6], ʯʪʦ ʚʩʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʧʦʨʷʜʦʢ ʩʠʥʛʫʣʷʨʥʦʩʪʠ, ʨʘʚʥʳʡ ʯʠʩʣʫ -Ὤ. ʇʨʠ ʵʪʦʤ ʟʘʜʘʯʘ ʙʳʣʘ 
ʩʚʝʜʝʥʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʝʪʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝʢʦʪʦʨʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩ ʧʨʝʜʝʣʴʥʦʡ ʤʘʪ-
ʨʠʮʝʡ ὃ ὸ.  

ʅʘʣʠʯʠʝ ʚ ʫʨʘʚʥʝʥʠʠ (1) ὄὸȟ‐ḴὍȟ ʢʦʛʜʘ ÄÅÔ ὄ ὸ π, ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʘʚʪʦʨʦʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
ʧʦʚʝʜʝʥʠʷʭ ʩʧʝʢʪʨʘ ʧʨʝʜʝʣʴʥʦʡ ʤʘʪʨʠʮʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦʩʪʠ ὴ  ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʡ ὠὸȟ‐ ʠ ‗ὸȟ  ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʤʝʪʦʜʦʤ ʜʠʘʛʨʘʤʤ, ʜʠʢʪʫ-
ʶʪʩʷ ʚʝʪʚʣʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝʢʦʪʦʨʦʛʦ ʦʧʝʨʘʪʦʨʥʦʛʦ ʧʫʯʢʘ ʩ ʧʨʝʜʝʣʴʥʦʡ ʤʘʪʨʠʮʝʡ  
ὃ ὸ ‗ὄ ὸ.  

ʉʣʫʯʘʡ ὄὸȟ‐ḴὍ, ʢʦʛʜʘ ÄÅÔ ὄ ὸḳπ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 
ʥʘ ʧʨʠʤʝʨʘʭ ʚ [6,7]. ɿʜʝʩʴ ʫ ʩʠʩʪʝʤʳ (1) ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʨʝʰʝʥʠʷ ʠʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʘʨʘʤʝʪʨʘ, ʯʝʤ (3), ʫ ʢʦʪʦʨʳʭ ʧʦʨʷʜʦʢ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʤʝʥʴʰʝ ʯʠʩʣʘ -Ὤ. ʊʘʢʠʭ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʥʝ 
ʙʳʪʴ, ʠʣʠ ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ ʠʤʝʝʪ ʯʘʩʪʴ ʠ ʜʘʞʝ ʚʩʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. ʄʥʦʛʦʦʙʨʘʟʠʝ 
ʚʦʟʤʦʞʥʳʭ ʵʬʬʝʢʪʦʚ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʨʝʰʠʪʴ (1) ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʥʦʡ, ʧʨʦʩʪʳʤ 
ʠʣʠ ʢʨʘʪʥʳʤ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨ ʫ ʧʨʝʜʝʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʥʦʛʦ ʧʫʯʢʘ ʠ ʪ.ʜ. ɺʩʝ ʵʪʦ ʦʧʨʝʜʝʣʝʥʥʳʤ 
ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʘʩʠʤʧʪʦʪʠʢʠ ʨʝʰʝʥʠʡ, ʭʘʨʘʢʪʝʨ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ, 
ʠ ʚ ʠʪʦʛʝ ʬʦʨʤʠʨʫʝʪ ʚ ʨʝʰʝʥʠʷʭ ʥʦʚʳʝ ʪʠʧʳ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ.  

ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ÄÅÔ ὄὸȟ‐ ‐ὦὸȟ‐ȟ ʛʜʝ ‍ ï ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ ʠ ὦὸȟ‐ π, ‌ ï ʥʘʠʤʝʥʴʰʠʡ 

ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ πȟρȟȣ, ʜʣʷ ʢʦʪʦʨʦʛʦ  В ὄǴ  ὸὃ ὸḴπȟ ʪʦ ʧʨʠ Ὤ ‍ ‌ π ʩʠʩʪʝʤʘ (1) ʙʫʜʝʪ 
ʨʝʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʡ. ɽʩʣʠ Ὤ ‍ ‌ π, ʪʦ ʩʠʩʪʝʤʘ (1) ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʘʷ ʠ ʧʦʨʷʜʢʠ ʩʠʥ-
ʛʫʣʷʨʥʦʩʪʠ ʝʝ ʨʝʰʝʥʠʡ ʙʫʜʫʪ ʥʝ ʤʝʥʴʰʝ ʯʠʩʣʘ Ὤ ‍ ‌. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ‍ ‌ π, ʦʥʠ ʤʦ-
ʛʫʪ ʩʪʘʪʴ ʤʝʥʴʰʝ ʯʠʩʣʘ Ὤ, ʯʪʦ ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ ʜʣʷ ʩʠʩʪʝʤʳ (1) ʚ ʩʣʫʯʘʝ ÄÅÔ ὄ ὸ π. 
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ɸ. ʅ. ɿʘʨʫʙʠʥ  

ʌɻɹʆʋ ɺʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʉ.ʊʫʨʛʝʥʝʚʘè (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ 
 
ʀʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʊʨʠʢʦʤʠ ʜʣʷ ʠʥʪʝʛʨʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʤʝʰʘʥʥʦ-ʩʦʩʪʘʚ-
ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɼʦʢʘʟʘʥʳ ʪʝʦʨʝʤʳ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʘʞʜʳ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝ-
ʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʘʧʘʟʜʳʚʘʥʠʝ ʠ ʦʧʝʨʝʞʝʥʠʝ. 
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ʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ. 2018,  ʩ.33-37. 
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ʀʛʦʥʠʥʘ ɽ.ɺ. 

ɽɻʋ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ 

ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠ-
ʩʪʝʤ ʩ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʇʨʠʚʝʜʝʥʦ ʧʦʵʪʘʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʢʦʛʥʠʪʠʚʥʦʡ ʤʦʜʝʣʠ ʚ ʧʘʢʝʪʝ 
Fuzzy Logic Toolbox ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʨʝʜʳ Matlab ʫʧʨʘʚʣʷʝʤʦʡ ʤʘʷʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʟʥʘ-
ʥʠʡ ʵʢʩʧʝʨʪʦʚ ʦ ʧʦʚʝʜʝʥʠʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʷʝʤʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʩ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʛʥʠʪʠʚʥʦʝ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʝ, ʥʝʯʝʪʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʘʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʦʛʥʠ-
ʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, 
ʩʠʩʪʝʤ ʩ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ (ʉʅʀ). ʉʅʀ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ (ʠʣʠ 
ʧʨʦʮʝʩʩ) ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʪʦʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚʚʠʜʫ ʤʥʦʛʦʦʙ-
ʨʘʟʠʷ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʥʘʣʠʯʠʷ ʥʝʢʦʥʪʨʦʣʠʨʫ-
ʝʤʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [1]. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʳʭ ʟʥʘʥʠʡ ʦ ʩʠʩʪʝʤʝ ʥʝ ʷʚ-
ʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ. ʅʝʧʦʣʥʦʪʘ 
ʠʥʬʦʨʤʘʮʠʠ ʚʳʨʘʞʘʝʪʩʷ ʪʘʢʞʝ ʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʮʝʣʝʡ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʠ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ 
ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʩʠʩʪʝʤʳ ʦʩʦ-
ʟʥʘʝʪʩʷ ʩʫʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʯʠʥʘʭ ʠ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʘʭ ʠʟʤʝʥʝʥʠʷ 
ʩʠʪʫʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʨʘʟʤʳʪʳ, ʥʝʯʝʪʢʠ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʌʦʨʤʘʣʠʟʘʮʠʷ ʥʝʯʝʪʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ï 
ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʜʝʣʝʡ ʉʅʀ 
[2, 3].  

ʂʦʛʥʠʪʠʚʥʳʡ ʧʦʜʭʦʜ ï ʧʦʜʭʦʜ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʬʦʨʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʅʀ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʩ ʧʦʤʦʱʴʶ 
ʫʯʝʪʘ ʚ ʵʪʠʭ ʤʦʜʝʣʷʭ ʠ ʤʝʪʦʜʘʭ ʢʦʛʥʠʪʠʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ (ʚʦʩʧʨʠʷʪʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʦʟʥʘʥʠʷ, 
ʧʦʥʠʤʘʥʠʷ, ʦʙʲʷʩʥʝʥʠʷ) ʩʫʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʟʘʜʘʯ [2]. ʇʦʜ ʢʦʛʥʠ-
ʪʠʚʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦʥʠʤʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʉʅʀ ʧʦʩʨʝʜʩʪʚʦʤ 
ʧʦʩʪʨʦʝʥʠʷ ʠʭ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʢʦʛʥʠʪʠʚʥʦʡ ʤʦʜʝʣʠ (ʢʘʨʪʳ) [2]. ʂʦʛʥʠʪʠʚʥʘʷ ʢʘʨʪʘ (ʂʂ) ʦʪʨʘʞʘʝʪ 
ʩʫʙʲʝʢʪʠʚʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʣʠ ʢʦʣʣʝʢʪʠʚʥʳʝ) ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʣʝʤʳ, ʩʠʪʫʘ-
ʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʉʅʀ. ʂʦʤʧʦʥʝʥʪʘʤʠ ʂʂ ʷʚʣʷʶʪʩʷ ʙʘʟʠʩʥʳʝ ʬʘʢ-
ʪʦʨʳ ʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ɹʘʟʠʩʥʳʝ ʬʘʢʪʦʨʳ ï ʵʪʦ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶ-
ʱʠʝ ʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʥʘʙʣʶʜʘʝʤʳʝ ʷʚʣʝʥʠʷ, ʠ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ ʠ ʦʢʨʫʞʘʶʱʝʡ ʝʝ ʩʨʝʜʝ, ʠ  
ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʝ ʩʫʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʳʝ, ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʠʟʥʘʢʠ 
ʵʪʠʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ. ʀʟʥʘʯʘʣʴʥʦ, ʧʨʠ ʩʪʘʥʦʚʣʝʥʠʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʠʤʝʣʦ ʤʝʩʪʦ ʬʦʨ-
ʤʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʂʂ ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ (ʟʥʘʢʦʚʦʛʦ ʛʨʘʬʘ), ʚʝʨʰʠʥʘʤ ʢʦʪʦʨʦʛʦ 
ʩʦʧʦʩʪʘʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʘ ʨʝʙʨʘʤ ï ʟʥʘʢʠ (+ ʠʣʠ ï). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʂʂ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʚ ʚʠʜʝ ʚʟʚʝʰʝʥʥʦʛʦ ʛʨʘʬʘ, ʚ ʢʦʪʦʨʦʤ ʚʝʨʰʠʥʘʤ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʬʘʢʪʦʨʳ, ʘ ʨʝʙʨʘʤ ï ʚʝʩʘ ʚ ʪʦʡ 
ʠʣʠ ʠʥʦʡ ʰʢʘʣʝ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʨʝʙʨʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ, ʂʂ ʧʦʜ-
ʨʘʟʜʝʣʷʶʪ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ (ʧʨʦʩʪʳʝ) ʠ ʥʘ ʥʝʯʝʪʢʠʝ ʢʦʛʥʠʪʠʚʥʳʝ ʢʘʨʪʳ. ʆʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʷʤʠ ʚ [4] ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʪʠʧ ʢʦʛʥʠʪʠʚʥʳʭ ʢʘʨʪ ï ʦʙʦʙʱʝʥʥʳʝ ʥʝʯʝʪʢʠʝ ʢʦʛʥʠʪʠʚʥʳʝ 
ʢʘʨʪ,r ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʉʅʀ. ʈʘʟʥʦʚʠʜʥʦʩʪʴ ʦʙʦʙʱʝʥʥʦʡ ʥʝʯʝʪʢʦʡ ʢʦʛʥʠʪʠʚʥʦʡ 
ʢʘʨʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʨʘʥʥʦʡ ʬʦʨʤʦʡ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʪʨʝʫʛʦʣʴʥʘʷ, ʪʨʘʧʝʮʠʠʜʘʣʴʥʘʷ, 
ʛʘʫʩʩʦʚʘ ʠ ʜʨ.), ʩʧʦʩʦʙʦʤ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ (ʧʦ ʄʘʤʜʘʤʠ, ʎʫʢʘʤʦʪʦ, ʃʘʨʩʝʥʫ), ʧʨʦʮʝ-
ʜʫʨʳ ʜʝʬʬʘʟʠʬʠʢʘʮʠʠ ʠ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ [5] ʧʨʦ-
ʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʜʘʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʝʯʝʪʢʠʭ ʣʦʛʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ 
(ʘʣʛʦʨʠʪʤʦʚ), ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʟʘʜʘʥʥʫʶ ʉʅʀ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨ-
ʥʳʭ ʩʨʝʜ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʪʝʦʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ 
ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʉʅʀ. ɺ ʨʘʙʦʪʝ [6] ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʦʩʩʠʡʩʢʠʤ ʫʯʝʥʳʤʠ ʢʦʤʧʴʶ-
ʪʝʨʥʳʭ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʂʂ ʩ ʫʯʝʪʦʤ ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ɿʘʤʝʪʠʤ, ʯʪʦ ʥʝ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚ-
ʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʅʀ ʷʚʣʷʝʪʩʷ ʧʘʢʝʪ Fuzzy Logic Toolbox ʢʦʤʧʴʶʪʝʨʥʦʡ 
ʩʨʝʜʳ Matlab [7]. ʋʢʘʟʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʩʦʩʪʦʠʪ ʠʟ ʚʩʪʨʦʝʥʥʳʭ GUI-ʤʦʜʫʣʝʡ (Graphical User 
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Interface, GUI), ʩʦʟʜʘʶʱʠʭ ʧʦʥʷʪʠʡʥʫʶ ʩʨʝʜʫ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʣʝʛʢʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʧʦ ʚʩʝʤ ʵʪʘ-
ʧʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʢʦʛʥʠʪʠʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʝʤʦʡ ʤʘʷʪʥʠʢʦʚʦʡ ʩʠ-
ʩʪʝʤʳ (ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʪʥʳʤ ʤʘʷʪʥʠʢʦʤ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʪʥʳʭ ʜʘʥ-
ʥʳʭ ʦ ʧʦʚʝʜʝʥʠʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʦ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʝʛʫʣʷʪʦʨʦʤ, ʦʪ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʭ1 ʤʘʷʪʥʠʢʘ 
ʦʪ ʚʝʨʪʠʢʘʣʠ ʠ ʦʪ ʝʛʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʭ2. ʉ ʧʦʤʦʱʴʶ ʧʨʠʢʣʘʜʥʦʛʦ ʧʘʢʝʪʘ ʜʣʷ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ 
ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ (ʩ ʫʯʝʪʦʤ ʠʭ ʪʝʨʤ-ʭʘʨʘʢʪʝʨʠʩʪʠʢ) ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ 
ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪʨʝʟʢʘ [0; 1] ï ʧʨʦʮʝʜʫʨʘ ʚʚʝʜʝʥʠʷ ʥʝʯʝʪʢʦʩʪʠ (ʬʘʟʟʠʬʠʢʘʮʠʷ); ʚʳʙʨʘʥ 
ʪʨʝʫʛʦʣʴʥʳʡ ʪʠʧ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ; ʠʩʧʦʣʴʟʦʚʘʥ ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʄʘʤʜʘʥʠ; ʜʣʷ ʧʨʝʦʙʨʘ-
ʟʦʚʘʥʠʷ ʥʝʯʝʪʢʦʛʦ ʥʘʙʦʨʘ ʚʳʚʦʜʦʚ ʚ ʯʝʪʢʦʝ ʯʠʩʣʦ (ʧʨʦʮʝʜʫʨʘ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ) ʠʩʧʦʣʴʟʦʚʘʥ ʮʝʥʪ-
ʨʦʠʜʥʳʡ ʤʝʪʦʜ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʢʦʥʢʨʝʪʥʳʝ ʯʠʩʣʦʚʳʝ 
ʟʥʘʯʝʥʠʷ, ʢʘʢ ʜʣʷ ʚʭʦʜʷʱʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ ʚʳʭʦʜʘ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʥʘʩʪʦʷ-
ʱʝʡ ʨʘʙʦʪʝ ʢʦʛʥʠʪʠʚʥʳʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʉʅʀ ʙʝʟ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʠ ʟʥʘʥʠʷ ʝʝ ʪʦʯʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 
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ʆ ʇʈʆɹʃɽʄɽ ʉʋɾɽʅʀʗ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʌʋʈʔɽ 

 
ʀ.ɸ.ʀʢʨʦʤʦʚ1, ʉ.ʕ.ʋʩʤʘʥʦʚ2 

1 ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 
2 ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʅʅʆʊɸʎʀʗ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʨʘʚʥʦʤʝʨʥʳʝ ʦʮʝʥʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʤʝʨ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʥʘ 

ʛʣʘʜʢʠʭ ʚʳʨʦʞʜʝʥʥʳʭ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʷʭ. ʊʘʢʞʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʙ ( )qp LL ,  ʦʛʨʘʥʠʯʝʥʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʥʘ ʵʪʠʭ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʷʭ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ, ʚʳʩʦʪʘ ʬʫʥʢʮʠʠ, ʚʳʨʦʞʜʝʥʥʘʷ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴ, 
ʨʘʚʥʦʤʝʨʥʘʷ ʦʮʝʥʢʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. 
 

ʇʫʩʪʴ f ʙʝʩʢʦʥʝʯʥʦ ʛʣʘʜʢʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʚ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ ʠ ʦʥʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ: 0)0( =f  ʠ 0)0( =Ðf . ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ()xDf2  

ʩʠʤʤʝʪʨʠʯʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʤʘʪʨʠʮʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʬʫʥʢʮʠʠ 

f, ʘ ʪʘʢʞʝ () ()xDxD ff 22 L  ʦʟʥʘʯʘʝʪ ʚʥʝʰʥʝʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʪʨʠʮʳ ()xDf2  ʥʘ ʩʘʤʫ ʩʝʙʷ. ɽʩʣʠ 

ʛʣʘʜʢʘʷ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴ 
1+Ë nRS  ʟʘʜʘʸʪʩʷ ʛʨʘʬʠʢʦʤ ʬʫʥʢʮʠʠ f ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʷ 

() () ,022 ¹L xDxD ff  ʪʦ ʝʸ ʥʘʟʦʚʴʸʤ ʚʳʨʦʞʜʝʥʥʦʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʛʣʘʜʢʦʡ ʤʝʨʳ dSy : 

 
( ) () (),:=)(Ĕ , xdSxed xi

S

yxm x

ñ   (1) 

ʛʜʝ ( ) ,...=, 112211 +++++ nnxxxx xxxx  y-ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʙʝʩʢʦʥʝʯʥʦ-ʛʣʘʜʢʘʷ 

ʬʫʥʢʮʠʷ ʩ ʢʦʤʧʘʢʪʥʳʤ ʥʦʩʠʪʝʣʝʤ, ʪ.ʝ. ( )100 +¤Í¢ nRCy . ɽʩʣʠ )(
n

xRShf Í , ʪʦ ʝʩʪʝʩʪʚʝʥʥʦ 

ʦʧʨʝʜʝʣʝʥ ʦʧʝʨʘʪʦʨ ʦʛʨʘʥʠʯʝʥʠʷ (ʩʫʞʝʥʠʷ) 
( ) () ,)(Ĕ=)()( ,2 dxxfefRf xi

Rn

xpxx -

ñ= ʧʨʠ SÍx , ʪʘʢ 

ʢʘʢ )(Ĕxf  ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ  ʧʨʦʩʪʨʘʥʩʪʚʘ ʐʚʘʨʮʘ )(
n

RSh x . 

ʆʧʨʝʜʝʣʝʥʠʝ: ɻʦʚʦʨʷʪ, ʯʪʦ ʦʧʝʨʘʪʦʨ R ʠʤʝʝʪ ʪʠʧ ( )qp LL ,   ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴ-
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SLOWLY VARYING FUNCTIONS WITH REMAINDER  
IN THE THEORY OF MARKOV CRITICAL BRANCHING  

PROCESSES WITH INFINITE VARIANCE 

Azam A. Imomov, Abror Kh. Meyliev  

Karshi State university, 17, Kuchabag street,  
180100 Karshi city, Uzbekistan  

ABSTRACT  

We consider the critical Markov branching process, so that an infinitesimal generating function of the pro-
cess has the infinite second moment, but it regularly varies (in sense of Karamata) with remainder. We 
improve the Basic Lemma of the theory of critical Markov branching process.  

Keywords: Markov Branching Process; Slowly Varying Functions; Extinction time.  

 

We consider the Markov Branching Process (MBP)  to be a homogeneous continuous-time 

Markov chain with the state space , where  and . Transition probabili-

ties of the process  satisfy the following branching property: 

,                                                  (1) 

where the asterisk denotes convolution. Herein transition functions  expressed by  

,                                               (2) 

where  is Kronecker's delta function and  are intensities of individuals' transformation so that that 

 for  and ; see [1, Ch. III].  

Defining the generating function (GF)  it follows from (1) and (2) that the 

process  is determined by the infinitesimal GF  for . Let 

 is finite. Then . We consider the critical case that is .  

Let . It is known that if  then  

                                 (3) 

for all ; see [3, p. 20]. Later on V.Zolotarev [6] has found a principally new result on asymptotic 

representation of  without the assumption . Namely providing that 

 is a regularly varying function at zero, that is 

 

with index , he has proved that  

.                                                  (4) 

Further, we assume that the infinitesimal GF  has the following representation:  

,                                                       (5) 

for all , where  and  is slowly varying (SV) function at infinity in sense of Karamata; 

see [5]. By the criticality of the process the condition (5) implies that .  
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A.Pakes [4], in proof of limit theorems has established, that if the condition (5) holds then 

,                                                    (6) 

where  and  is GF of invariant measures of MBP. And  is the inverse of 

. From (6) follows an alternative relation to (4): 

. 

The Lemma below improves assertions (3) and (6), because firstly the finiteness of  de-

clined here and secondly the character of asymptotical decreasing of the function  seems to be 

more explicitly rather than in (6).  

At first letting  for  we rewrite (5) as . Note that the 

function  is positive and tends to zero and has a monotone derivative so that  

as ; see [2, p. 401]. Thence it is natural to write 

,                                                         (7) 

where  is continuous and  as .  

Since  is SV it is natural to write  

                                                            (8) 

for each , where  as . If henceforth it is supposed that there is some positive 

function  so that  and , then  is said to be SV-function with remain-

der at infinity; see [2, p. 185, condition SR1]. We see  as .  

Lemma. If conditions (7) and (8) hold, then  

. 

If, in addition , then  

 

as , where  for all .  
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ʆN THE BASIC LEMMA OF THE THEORY OF CRITICAL  
GALTON-WATSON BRANCHING PROCESSES  

WITH POSSIBLY INFINITE VARIANCE 
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ABSTRACT  

We investigate an application of slowly varying functions (in sense of Karamata) in the theory of Galton-
Watson branching processes. Consider the critical case so that the generating function of the per-capita 
offspring distribution has the infinite second moment, but its tail is regularly varying with remainder. We 
improve the Basic Lemma of the theory of critical Galton-Watson branching processes and refine some 
well-known limit results.  

Keywords: Galton-Watson branching process, slowly varying functions, generating functions.  
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 denote an offspring probability generating function (PGF) of Galton-Watson (GW) 

branching process, where 0 {0}=N N  and { }1,2,=N . Supposing that 0 0p >  we consider the case 
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where 0 1n< < and ( )L * is slowly varying (SV) function at infinity in sense of Karamata; see [3]. By the 

criticality of our process the condition (1) implies that the second moment (1 )f¡¡- =¤.  

Let ( )Z n  be the population size in n-th generation in GW process and  
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is n -step transition probabilities of the process. In this interpretation { }(1)jp Z j= =P  provided that 
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is n -fold iteration of ( )f s ; see [1].  

An asymptotic representation of ( ; ) 1 ( ; )R n s f n s= -  plays an important role in investigation of 

the process and in literature this assertion called Basic Lemma of the theory of critical GW branching pro-

cesses. First the Basic Lemma established provided that (1 )f¡¡- <¤; see [1]. Later on R.Slack [4], [5] 

found an asymptote of { }( ;0)R n n= >P H , where { }min : ( ) 0n Z n= =H , in the case when ( )L * is 

SV at zero.  
In this report we will improve the above mentioned results imposing additional conditions on the 

function ( )L *. Since ( )L * is SV-function we can write  
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for each 0l> , where ( ) 0xa ­  as x­¤. Henceforth we suppose that some positive function ( )g x  

is given so that ( ) 0g x ­  and ( )( ) ( )x o g xa =  as x­¤. In this case ( )L * is called SV with remain-

der; see [2, p. 185, condition SR3].  
Write  
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A main result of the report is following lemma.  
Lemma. Let conditions (1) and (2) hold. Then  
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where ( )( ; ) ln ( ; )n s o n n sr e= +  and ( ; )n se  is bounded uniformly for [0,1)sÍ  and converges to a 

limit ( )se  as n­¤ which is a bounded function of [0,1)sÍ .  

At 0s=  it follows from last lemma the following results.  
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Theorem 2. Let conditions (1) and (2) hold. Then  
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ʆ Q-ʇʈʆʎɽʉʉɸʍ ɺ ʉʃʋʏɸʁʅʆʁ ʉʈɽɼɽ  

ʀʤʦʤʦʚ ɸʲʟʘʤ ɸʙʜʫʨʘʭʠʤʦʚʠʯ  

ʂʘʨʰʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ,  
ʫʣ. ʂʫʯʘʙʘʛ, 17, 180100 ʂʘʨʰʠ, ʋʟʙʝʢʠʩʪʘʥ  

ɸʅʅʆʊɸʎʀʗ  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʚʝʪʚʷʱʠʡʩʷ ʧʨʦʮʝʩʩ ʚ ʩʣʫʯʘʡʥʦʡ ʩʨʝʜʝ. ʆʧʨʝʜʝʣʝʥ Q-ʧʨʦʮʝʩʩ ʚ ʩʣʫʯʘʡʥʦʡ 
ʩʨʝʜʝ, ʪʨʘʝʢʪʦʨʠʷ ʢʦʪʦʨʦʛʦ ʥʝ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʜʘʣʝʢʦʤ ʙʫʜʫʱʝʤ. ɼʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ ʦ ʩʭʦʜʠʤʦʩʪʠ 
ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʠ Q-ʧʨʦʮʝʩʩʘ ʚ ʩʣʫʯʘʡʥʦʡ ʩʨʝʜʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʪʚʷʱʠʡʩʷ ʧʨʦʮʝʩʩ; ʩʣʫʯʘʡʥʘʷ ʩʨʝʜʘ; Q-ʧʨʦʮʝʩʩʳ; ʩʣʫʯʘʡʥʦʝ ʙʣʫʞʜʘʥʠʝ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʝʪʚʷʱʠʭʩʷ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʣʫʯʘʡʥʦʡ ʩʨʝʜʝ (ɺʇʉʉ) ʧʦʣʫʯʠʣʦ ʥʘʯʘʣʦ ʚ ʦʩ-
ʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʨʘʙʦʪʘʭ ɺ.ʉʤʠʪʘ ʠ ɺ.ɺʠʣʢʠʥʩʦʥʘ [2] ʠ ʂ.ɸʪʨʝʷ ʠ ʉ.ʂʘʨʣʠʥʘ [1].  
ʈʘʩʩʤʦʪʨʠʤ ɺʇʉʉ, ʚ ʢʦʪʦʨʦʤ ʟʘʢʦʥ ʧʨʝʚʨʘʱʝʥʠʷ ʯʘʩʪʠʮ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʟʘʜʘʝʪʩʷ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ (ʇʌ)  

0

( )( ) k k

n n

k

f x xp
Í

=ä
N

, 

ʛʜʝ ʚʝʢʪʦʨʳ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ { }(0) (1) (2), , ,n n n np p p p= , 0nÍN , ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʠ ʥʝʟʘ-

ʚʠʩʠʤʳ, ʟʜʝʩʴ 
0 {0}=N N  ʠ { }1,2,=N . ʇʨʠʯʝʤ, ( )nf x  ʧʨʠʥʘʜʣʝʞʘʪ ʢʣʘʩʩʫ  

0

: ( ) : 0, (1) 1, 0 (1)k

k k

k

f x p x p f f
Í

ë ûî î
¡¡F = = ² = < <¤ì ü

î îí ý
ä

N

. 

ɺʝʢʪʦʨʳ { }0,n np ÍN  ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ, ʛʜʝ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʯʘ-

ʩʪʠʮʳ. ʂʘʞʜʘʷ ʯʘʩʪʠʮʘ n -ʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʨʝʜʘ ʬʠʢʩʠʨʦʚʘʥʘ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʥʝʟʘ-

ʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʧʨʝʜʳʩʪʦʨʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ. ʆʙʦʟʥʘʯʠʤ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ n  ʯʝʨʝʟ nZ  ʠ ʩʠʛʤʘ-ʘʣʛʝʙʨʫ  

( )0 1 1 0 1 1( ) , , , ; , , ,n n nZ Z Z f f fp s - -À = . 

ʇʨʦʮʝʩʩ { }0,nZ nÍN  ʚ ʩʣʫʯʘʡʥʦʡ ʩʨʝʜʝ { }0,n np ÍN  ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

[ ]1

1( ) ( ) , 0 1
nn

ZZ

n nx f x xp+

+
è øÀ = ¢ ¢
ê ú

E .  

ʇʨʝʜʧʦʣʦʞʠʤ { }0 1 1Z = =P . ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʩʣʦʚʥʘʷ ʇʌ (ʩʤ. [1])  

0 1 1( ) ( ( ( ) ))nZ

n nx f f f xp -
è øÀ =
ê ú

E .                                           (1) 

ʉ ʧʦʤʦʱʴʶ (1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʫʩʣʦʚʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚ ʚʠʜʝ  

0 2 1( ) (1) (1) (1)n n nZ f f fp -
¡ ¡ ¡è À ø=ê úE .                                            (2) 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʇʌ ( ) ( )
d

nf x f x= , ʥʝʟʘʚʠʩʷʱʘʷ ʦʪ ( )nf x . ʇʦʩʢʦʣʴʢʫ ʥʘʙʦʨʳ { }0,n np ÍN  

ʥʝʟʘʚʠʩʠʤʳ ʠ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʳ, ʪʦ ʧʦ ʟʘʢʦʥʫ ʙʦʣʴʰʠʭ ʯʠʩʝʣ  

1

1

1 1
lim ln ( ) lim ln (1) ln (1)

n

n n k
n n

k

Z f f
n n

p -
­¤ ­¤

=

¡ ¡è À ø= =ê ú äE E .                                (3) 

ʀʟ (2) ʩ ʫʯʝʪʦʤ ʥʝʟʘʚʠʩʠʤʦʩʪʠ { }0( ),nf x nÍN , ʠʤʝʝʤ ( )(1)
n

nZ f¡=E E , ʛʜʝ (1)f¡  ʦʧʨʝʜʝʣʝʥʘ ʨʘ-

ʚʝʥʩʪʚʦʤ (3) ʠ ʦʙʦʟʥʘʯʘʝʪ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʧʨʷʤʳʭ ʧʦʪʦʤʢʦʚ ʦʜʥʦʡ ʯʘʩʪʠʮʳ.  

ɺʇʉʉ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ : ln (1)a f¡=E . ʇʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʜʦʢʨʠʪʠʯʝ-

ʩʢʠʤ, ʢʨʠʪʠʯʝʩʢʠʤ ʠ ʥʘʜʢʨʠʪʠʯʝʩʢʠʤ, ʝʩʣʠ 0a< , 0a=  ʠ 0a>  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʣʝʝ ʤʳ ʨʘʩ-

ʩʤʦʪʨʠʤ ʩʣʫʯʘʠ 0a¢ . ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʫʯʘʷʭ ʧʨʦʮʝʩʩ ʚʳʨʦʞʜʘʝʪʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 
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1. ʄ. ʂʦʟʣʦʚ [6] ʠʩʩʣʝʜʦʚʘʣ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʞʠʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ɺʇʉʉ ʩ ʜʨʦʙʥʦ-ʣʠʥʝʡʥʳʤʠ ʇʌ 

( )nf x  ʠ ʥʘʰʝʣ ʘʩʠʤʧʪʦʪʫ { } ( )0 1nZ O n> =P  ʧʨʠ n­¤. ʁ.ɻʝʡʛʝʨ ʠ ɻ.ʂʝʨʩʪʠʥʛ [3] ʜʦʢʘʟʘʣʠ 

ʧʦʩʣʝʜʥʶʶ ʘʩʠʤʧʪʦʪʫ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʇʌ ( )nf x . ʆʥʠ ʞʝ ʩ ɺ.ɺʘʪʫʪʠʥʳʤ [4] ʜʦʢʘʟʘʣʠ ʧʨʝʜʝʣʴʥʳʝ 

ʪʝʦʨʝʤʳ ʧʨʠ ʫʩʣʦʚʠʠ { }0nZ >  ʜʣʷ ʜʦʢʨʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ.ɸʬʘʥʘʩʴʝʚ [5] ʜʦʢʘʟʘʣ ʧʨʝʜʝʣʴʥʳʝ 

ʪʝʦʨʝʤʳ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠʭ ɺʇʉʉ.  
ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ  

, 1 1( ) : ( ( ( ( )) ))k n k k nf x f f f x+ -= ,   ,n nf x=   

ʠ ʦʧʨʝʜʝʣʠʤ ʫʩʣʦʚʥʫʶ ʇʌ  

0, ( ) : lim 0, ( )nZ

n n m n m
m

w x x Z p+ +
­¤
è ø= > Àê úE . 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ  

0,

0,

0,

( )
( )

(1)

n

n

n

f x
w x x

f

¡
=

¡
. 

ʆʧʨʝʜʝʣʠʤ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ { }0,nQ nÍN , ʚ ʢʦʪʦʨʦʤ ʟʘʢʦʥ ʧʨʝʚʨʘʱʝʥʠʷ ʯʘʩʪʠʮ ʟʘʜʘʝʪʩʷ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʇʌ { }0, 0( ),nw x nÍN . ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʤ Q-ʧʨʦʮʝʩʩʦʤ ʚ ʩʣʫʯʘʡʥʦʡ ʩʨʝʜʝ 

(Qʇʉʉ). ʉʠʤʚʦʣ 0 1 1( , , , )p p p p=  ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʨʝʜʳ, ʛʜʝ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ 

Qʇʉʉ. ɿʘʤʝʪʠʤ, ʯʪʦ { }0 1 1Q = =P .  

ʇʫʩʪʴ 1: ln (1)n nX f -¡= , 1 1: (1) (1)n n nf fb - -
¡¡ ¡=  ʜʣʷ nÍN. ʉ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ { },nX nÍN  ʩʚʷ-

ʞʝʤ ʩʣʫʯʘʡʥʦʝ ʙʣʫʞʜʘʥʠʝ 0 1
0,

n

n kk
S S X

=
= =ä . ʇʦʩʢʦʣʴʢʫ 0, (1) nS

nf e¡ = , ʪʦ  

1

(1) 1 n k

n
S S

n k

k

w eb -

=

¡ = +ä . 

ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʝʤ ʩʠʤʚʦʣ pE  ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦ-

ʚʘʥʥʦʡ ʩʨʝʜʳ 0 1 1( , , , )p p p p= .  

ʊʝʦʨʝʤʘ. ɽʩʣʠ ʠʩʭʦʜʥʦʡ ʧʨʦʮʝʩʩ { }0,nZ nÍN  ʜʦʢʨʠʪʠʯʝʩʢʠʡ ʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʨʘʙʦʪ [3] ʠ 

[4], ʪʦ ʇʌ 0, ( )nw x  ʩʭʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʢ ʧʨʝʜʝʣʴʥʦʡ ʇʌ ( )w x . ʇʨʠʯʝʤ  

(1)wp ¡ <¤E . 
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ʇʈʆɼʆʃɾɽʅʀɽ ʇʆʃʀɸʅɸʃʀʊʀʏɽʉʂʀʍ ʌʋʅʂʎʀʁ 

ʀʰʘʥʢʫʣʦʚ ʊ.   

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʣʘʩʪʴ Ὀ ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʤʝʥʥʦʡᾀ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʢʦʥʪʫʨʦʤ ὒ ʩʦ-
ʩʪʦʷʱʝʤ ʠʟ ʦʪʨʝʟʢʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ ɸɺ ʠ ʥʝʢʦʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ὰ ʣʝʞʘʱʝʡ ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʧʣʦʩʢʦ-
ʩʪʠ. ʌʦʨʤʫʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʧʦ ʝʝ ʟʥʘʯʝʥʠʷʤ ʥʘ ʯʘʩʪʠ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ 
ʨʝʛʫʣʷʨʥʦʩʪʠ ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʊ.ʂʘʨʣʝʤʘʥʦʤ. 

ɺ.ɸ.ʌʦʢ ʠ ʌ.ʄ.ʂʫʥʠ ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʂʘʨʣʝʤʘʥʘ ʥʘʰʣʠ ʢʨʠʪʝʨʠʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʦʜʦʣ-
ʞʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʠ ʟʘʜʘʥʥʦʡ ʥʘ ʯʘʩʪʠ ʛʨʘʥʠʮʳ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ɺʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʚ ʦʙʣʘʩʪʴ ʬʫʥʢʮʠʡ ʟʘʜʘʥʥʳʭ ʥʘ ʯʘʩʪʠ 
ʛʨʘʥʠʮʳ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ [1,2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʨʦʜʦʣʞʝʥʠʷ ʧʦʣʠʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚ ʦʙ-
ʣʘʩʪʴ Ὀ ʧʦʠʟʚʝʩʪʥʠʤ ʝʝ ʟʥʘʯʝʥʠʷʤ ʠ ʟʥʘʯʝʥʠʷʤ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ zʥʘ ʢʦʥʪʫʨʝ ὰ. ʇʦʣʠʘʥʘʣʠʪʠʯʝ-
ʩʢʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ 
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Teoʨeʤa-1. ʇʫʩʪʴὪᾀ ʧʦʣʠʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʚ ʦʙʣʘʩʪʠ Ὀ, ʥʝʧʨʝʨʳʚʥʘʷ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʧʨʦ-
ʠʟʚʦʜʥʳʤʠ ὲ ρ ʧʦʨʷʜʢʘ ʚʧʣʦʪʴ ʜʦ ʛʨʘʥʠʮʳ. ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦᾀɴ Ὀʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʵʢʚʠ-
ʚʘʣʝʥʪʥʳʝ ʬʦʨʤʫʣʳ ʧʨʦʜʦʣʞʝʥʠʷ 
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ʌʦʨʤʫʣʳ (1), (1.ʘ) ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʦʤ ʬʦʨʤʫʣʳ ʂʘʨʣʝʤʘʥʘ ʜʣʷ ʧʦʣʠʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ.  
ʇʨʠ ὲ ς ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (1) ʠ (1.ʘ) ʜʦʢʘʟʘʥʘ ʩʣʝʜʫʶʱʠʡ ʘʥʘʣʦʛ ʪʝʦʨʝʤʳ ʌʦʢʘ ï ʂʫʥʠ ʜʣʷ 
ʙʠʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʠ. 

ʊʝʦʨʝʤʘ-2. ʇʫʩʪʴ ʥʘ ʢʨʠʚʦʡ ὰ ʟʘʜʘʥʳ ʬʫʥʢʮʠʠ •ᾀ ʠ •
ρ
ᾀ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ ʃʠʧʱʠʮʘ. 

ʊʦʛʜʘ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʫʥʢʮʠʠ)(zf ʙʠʘʥʘʣʠʪʠʯʝʩʢʦʡ  ʚ Ὀ, ʥʝʧʨʝʨʳʚʥʦ-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ 

ʥʘὈ Ὀ᷾ὒ  ʠʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʩʣʦʚʠʷʤ   
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ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʘʷ ʩʭʦʜʠʤʦʩʪʴ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ 
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ʥʘ ʢʘʞʜʦʤ ʢoʤʧʘʢʪʝὑấ Ὅάᾀπ.  

 
ʃʀʊɽʈɸʊʋʈɸ 

 
1.  ʄ.ɹ.ɹʘʣʢ, ʄ.ʌ.ɿʫʝʚ, ʆ ʧʦʣʠʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ, ʋʄʅ, 1970, ʊʦʤ 25, 203-226. 
2. ʌʦʢ ɺ.ɸ. ʂʫʥʠ ʌ.ʄ. ʆ ʚʚʝʜʝʥʠʠ çʛʘʩʷʱʝʡè ʬʫʥʢʮʠʠ ʚ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ.// ɼʦʢʣ. ɸʅ 
ʉʉʉʈ. 1959. ʊ. 127, ʩ.1195-1198. 
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ʆɹ ʆɼʅʆʁ ʆʎɽʅʂɽ ʉʋʄʄʓ ʍɸʈɸʂʊɽʈʆɺ ɼʀʈʀʍʃɽ. 
  

ɻ.ʂʝʥʞʘʝʚʘ 
ʊʝʨʤʝʟʩʢʠʡ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʅʅʆʊɸʎʀʗ 
ɺ ʨʘʙʦʪʝ  ʫʪʦʯʥʝʥʳ  ʥʝʢʦʪʦʨʳʝ ʦʮʝʥʢʠ ʜʣʷ ʩʫʤʤ ʭʘʨʘʢʪʝʨʦʚ ɼʠʨʠʭʣʝ, ʧʦʣʫʯʝʥʥʳʝ D.A.Burgessôʦʤ. 

 
ʇʫʩʪʴ …ὲ ʭʘʨʘʢʪʝʨ ɼʠʨʠʭʣʝ ʧʦ ʤʦʜʫʣʶ ήȢ ɺ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʯʠʩʝʣ ʪʨʝ-
ʙʫʝʪʩʷ ʥʘʡʪʠ ʦʮʝʥʢʫ ʤʦʜʫʣʷ ʩʫʤʤʳ  ʚʠʜʘ (ʩʤ. ʥʘʧʨ.[1])  

 

…ὲ

ὗ Ὄ

ὲ ὗ ρ

 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʥʝʨʘʚʝʥʩʪʚʫ ɺʠʥʦʛʨʘʜʦʚʘïʇʦʡʘ, ʝʩʣʠ ὔρ ̉ ὔς  ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩʣʘ ʩ ʫʩʣʦ-

ʚʠʝʤ  ὔρ ὔςȟ ʪʦʛʜʘ 

…ὲ

ὔς

ὲ ὔρ

Ḻή
ρ

ςὰέὫήȢ 

 

ɿʜʝʩʴ ˍḺ  ˏʦʟʥʘʯʘʝʪ, ʯʪʦ ȿ̱ȿ ̒ȟˏ  ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ .̒ 

ɺ ʨʘʙʦʪʝ D.A.Burgessôa [2] ʜʦʢʘʟʘʥʦ, ʝʩʣʠ ὗ ʧʨʦʠʟʚʦʣʴʥʦʝ ʮʝʣʦʝ, Ὄ ̉ ὶ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʮʝ-
ʣʳʝ ʯʠʩʣʘ ʠ … ʥʝʛʣʘʚʥʳʡ ʭʘʨʘʢʪʝʨ ɼʠʨʠʭʣʝ ʧʦ ʧʨʦʩʪʦʤʫ ʤʦʜʫʣʶ ὴ, ʪʦʛʜʘ 

 

…ὲ

ὗ Ὄ

ὲ ὗ ρ

ḺὌ
ρ
ρ

ὶὴ
ὶρ

τὶςὰὲὴ 

 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʦʢʘʟʘʥ rʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ. 
a). ɽʩʣʠ ὗ  ʧʨʦʠʟʚʦʣʴʥʦʝ ʮʝʣʦʝ, Ὄ  ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ  ʯʠʩʣʦ ʠ … ʥʝʛʣʘʚʥʳʡ ʭʘʨʘʢʪʝʨ 

ɼʠʨʠʭʣʝ ʧʦ ʧʨʦʩʪʦʤʫ ʤʦʜʫʣʶ ὴȟ ʪʦ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ 
 

…ὲ

ὗ Ὄ

ὲ ὗ ρ

Ḻ Ὄ
ς

σὴ
ρ

ψὰὲὴȢ 

 
b). ɽʩʣʠ ὗ  ʧʨʦʠʟʚʦʣʴʥʦʝ ʮʝʣʦʝ, Ὄ ̉ ή ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ  ʯʠʩʣʦ ʠ … ʥʝʛʣʘʚʥʳʡ ʭʘʨʘʢʪʝʨ 

ɼʠʨʠʭʣʝ ʤʦʜʫʣʶ ή, ʪʦ ʜʣʷ ʣʶʙʦʛʦ ‐ π ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ 
 

…ὲ

ὗ Ὄ

ὲ ὗ ρ

Ḻ Ὄ
ρ

ςή
σ

ρφ
‐
Ȣ 

 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʧʦʣʥʷʪʁ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ  D.A.Burgessôa [2].     
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʠʭ ʦʮʝʥʦʢ ʦʩʥʦʚʘʥʦ ʥʘ ʯʘʩʪʠʯʥʦʤ ʩʫʤʤʠʨʦʚʘʥʠʠ (ʩʤ.[1]) ʠ ʠʜʝʶ ʨʘʙʦʪʳ 

[2].   

 
ʃʀʊɽʈɸʊʋʈɸ 

 
1. Montgomery H.L. and Vaughan R.C. Multiplicative number theory. I. Classical theory. Publi- shed in the 
United States of America by Cambridge University Press, New York. 2006. 552p. 
2.D.A.Burgess.On character sums and ὒ series.//Proc.London Math.Soc. (3)13(1963), 524-536.   
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ʊʆɾɼɽʉʊɺɸ ɹʋʃɽɺʆʁ ɸʃɻɽɹʈʓ ʄʅʆɾɽʉʊɺ 

ʀ ʃʆɻʀʏɽʉʂʀɽ ʈɸɺʅʆʉʀʃʔʅʆʉʊʀ 

ʂʦʩʪʠʥ ʉ.ɺ. 

ʄʀʈʕɸ ð ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ  

ʊʦʞʜʝʩʪʚʘ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ ʤʥʦʞʝʩʪʚ ʤʦʞʥʦ ʜʦʢʘʟʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ɺ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʟʘʤʝʥʝ ʟʘʜʘʯʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʞʜʝʩʪʚʘ ʘʣ-
ʛʝʙʨʳ ʤʥʦʞʝʩʪʚ (ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʪʦʞʜʝʩʪʚʘ) ʟʘʜʘʯʝʡ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʣʦ-
ʛʠʯʝʩʢʦʡ ʨʘʚʥʦʩʠʣʴʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʤʳ ʥʘʟʳʚʘʝʤ ʤʝʪʦʜʦʤ ʧʝʨʝʭʦʜʘ ʢ ʣʦʛʠʯʝʩʢʦʡ 
ʨʘʚʥʦʩʠʣʴʥʦʩʪʠ. ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʤʳ ʦʪʤʝʯʘʝʤ ʨʦʣʴ ʠʟʚʝʩʪʥʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʧʝʜʘ-
ʛʦʛʘ ʀ.ʄ. ʗʛʣʦʤʘ ʚ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʪʝʦʨʠʠ ʙʫʣʝʚʳʭ ʘʣʛʝʙʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʣʝʚʘ ʘʣʛʝʙʨʘ, ʘʣʛʝʙʨʘ ʤʥʦʞʝʩʪʚ, ʘʣʛʝʙʨʘ ʚʳʩʢʘʟʳʚʘʥʠʡ, ʀ.ʄ. ʗʛʣʦʤ. 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ 
ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʜʠʩʢʨʝʪʥʳʭè ʠʣʠ çʢʦʥʝʯʥʳʭè ʨʘʟʜʝʣʦʚ ʤʘʪʝʤʘʪʠʢʠ (ʪʘʢʠʭ ʢʘʢ ʢʦʤʙʠʥʘʪʦʨʠʢʘ, ʪʝʦ-
ʨʠʷ ʛʨʘʬʦʚ, ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʜʨ.) ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʧʦʜʘʶʪʩʷ ʩʪʫ-
ʜʝʥʪʘʤ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʵʪʦ ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ 
ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʦʩʥʦʚʝ ʝʝ ʨʘʙʦʪʳ ʣʝʞʘʪ ʜʠʩʢʨʝʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʚʥʠʤʘ-
ʥʠʷ ʢ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ (ʪʘʢʠʤ ʢʘʢ ʛʨʫʧʧʳ, ʢʦʣʴʮʘ, ʢʦʥʝʯʥʳʝ ʧʦʣʷ, ʨʝʰʝʪʢʠ ʠ ʪ. ʜ.). ɺʘʞʥʦʝ 
ʤʝʩʪʦ ʩʨʝʜʠ ʵʪʠʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʟʘʥʠʤʘʶʪ ʙʫʣʝʚʳ ʘʣʛʝʙʨʳ. ʇʨʠʤʝʨʦʤ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ 
ʷʚʣʷʝʪʩʷ ʙʫʣʝʚʘ ʘʣʛʝʙʨʘ ʤʥʦʞʝʩʪʚ, ʪʦ ʝʩʪʴ ʥʝʧʫʩʪʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʥʦʞʝʩʪʚ, ʟʘʤʢʥʫʪʘʷ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʦʧʝʨʘʮʠʡ ʜʦʧʦʣʥʝʥʠʷ, ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʦʙʲʝʜʠʥʝʥʠʷ. 

ʆʧʳʪ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʫʜʝʥʪʳ ʛʣʫʙʞʝ ʦʚʣʘʜʝʣʠ ʪʝʦʨʝ-
ʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʧʦʥʷʪʠʷʤʠ, ʢʨʘʡʥʝ ʧʦʣʝʟʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʥʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʨʘʟʣʠʯ-
ʥʳʭ ʪʦʞʜʝʩʪʚ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ ʤʥʦʞʝʩʪʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʠ ʪʦʞʜʝʩʪʚʘ ʤʦʞʥʦ ʜʦʢʘʟʳʚʘʪʴ ʩ ʧʦʤʦ-
ʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʢʥʠʛʝ [1] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʷʪʴ ʤʝʪʦʜʦʚ: ʤʝʪʦʜ ʜʚʫʭ ʚʢʣʶʯʝ-
ʥʠʡ, ʤʝʪʦʜ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʤʝʪʦʜ ʣʦʛʠʯʝʩʢʠʭ 
ʬʫʥʢʮʠʡ ʠ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʤʝʪʦʜ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʭʦʪʝʣʠ ʙʳ ʨʘʩʩʤʦʪʨʝʪʴ ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʞʜʝʩʪʚ ʘʣʛʝʙʨʳ ʤʥʦ-
ʞʝʩʪʚ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʟʘʤʝʥʝ ʟʘʜʘʯʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʞʜʝʩʪʚʘ ʘʣʛʝʙʨʳ ʤʥʦʞʝʩʪʚ (ʪʝʦʨʝʪʠʢʦ-
ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʪʦʞʜʝʩʪʚʘ) ʟʘʜʘʯʝʡ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʨʘʚʥʦʩʠʣʴʥʦʩʪʠ.  

ʇʫʩʪʴ F ð ʬʦʨʤʫʣʘ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ ʤʥʦʞʝʩʪʚ. ʇʨʦʠʟʚʝʜʝʤ ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝ-
ʥʠʷ: 

1) ʟʘʤʝʥʠʤ ʩʠʤʚʦʣʳ 2 , , , CBA , ʦʙʦʟʥʘʯʘʶʱʠʝ ʤʥʦʞʝʩʪʚʘ, ʥʘ ʩʠʤʚʦʣʳ 2 , , , cba , ʦʙʦʟʥʘʯʘʶʱʠʝ ʙʫ-

ʣʝʚʳ ʧʝʨʝʤʝʥʥʳʝ; 

2) ʟʘʤʝʥʠʤ ʦʧʝʨʘʮʠʶ ʜʦʧʦʣʥʝʥʠʷ ʥʘ ʦʧʝʨʘʮʠʶ ʦʪʨʠʮʘʥʠʷ (aA­ ), ʦʧʝʨʘʮʠʶ ʧʝʨʝʩʝʯʝʥʠʷ ʥʘ ʦʧʝ-

ʨʘʮʠʶ ʢʦʥʲʶʥʢʮʠʠ (baBA Ø­Æ ), ʦʧʝʨʘʮʠʶ ʦʙʲʝʜʠʥʝʥʠʷ ʥʘ ʦʧʝʨʘʮʠʶ ʜʠʟʲʶʥʢʮʠʠ (baBA Ù­Ç

), ʦʧʝʨʘʮʠʶ ʨʘʟʥʦʩʪʠ ʥʘ ʢʦʥʲʶʥʢʮʠʶ ʧʝʨʚʦʛʦ ʦʧʝʨʘʥʜʘ ʩ ʦʪʨʠʮʘʥʠʝʤ ʚʪʦʨʦʛʦ ʦʧʝʨʘʥʜʘ (baBA  \ ­

), ʦʧʝʨʘʮʠʶ ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʥʘ ʦʧʝʨʘʮʠʶ ʩʣʦʞʝʥʠʷ ʧʦ ʤʦʜʫʣʶ ʜʚʘ ( baBA Ä­D  ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʳ ʧʦʣʫʯʠʤ ʥʝʢʦʪʦʨʫʶ ʬʦʨʤʫʣʫ ʘʣʛʝʙʨʳ ʣʦʛʠʢʠ F
~
. ʀʤʝʝʪ ʤʝʩʪʦ 

ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ. ʈʘʚʝʥʩʪʚʦ 21 F=F  ʷʚʣʷʝʪʩʷ ʪʦʞʜʝʩʪʚʦʤ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ ʤʥʦʞʝʩʪʚ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʨʘʚʝʥʩʪʚʦ 
21

~~
F=F  ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʦʡ ʨʘʚʥʦʩʠʣʴʥʦʩʪʴʶ. 

ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʪʝʦʨʝʤʫ, ʤʦʞʥʦ ʩʚʝʩʪʠ ʟʘʜʘʯʫ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʞʜʝʩʪʚʘ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ ʤʥʦʞʝʩʪʚ 
ʢ ʟʘʜʘʯʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʣʦʛʠʯʝʩʢʦʡ ʨʘʚʥʦʩʠʣʴʥʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʣʝʜʥʝʡ ʟʘʜʘʯʠ ʤʦʞʥʦ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʩʪʫʜʝʥʪʘʤ ʠʟ ʢʫʨʩʘ ʠʥʬʦʨ-
ʤʘʪʠʢʠ. 

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʞʜʝʩʪʚ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ ʤʥʦʞʝʩʪʚ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʥʘʟʳʚʘʪʴ 
ʤʝʪʦʜʦʤ ʧʝʨʝʭʦʜʘ ʢ ʣʦʛʠʯʝʩʢʦʡ ʨʘʚʥʦʩʠʣʴʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʢʨʝʪʥʳʡ ʧʨʠʤʝʨ. ɼʦʢʘʞʝʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʝʨʝʭʦʜʘ ʢ ʣʦʛʠʯʝʩʢʦʡ ʨʘʚʥʦʩʠʣʴʥʦ-
ʩʪʠ ʩʣʝʜʫʶʱʝʝ ʪʦʞʜʝʩʪʚʦ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ ʤʥʦʞʝʩʪʚ: 

)(  )()\()\( CBCABCCA ÆDÇ=Ç . (1) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʠʟʤʝʥʝʥʠʡ ʠʟ ʜʘʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ ʤʥʦʞʝʩʪʚ ʤʳ ʧʦ-
ʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʣʦʛʠʯʝʩʢʦʝ ʨʘʚʝʥʩʪʚʦ: 

bccabcca   )(  ÄÙ=Ù . (2) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʢʨʘʪʢʦʩʪʠ (ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʟʨʠʪʝʣʴʥʦ ʚʦʩʧʨʠʷʪʠʷ ʬʦʨʤʫʣ), ʢʦʥʲʶʥʢʮʠʶ 
ʙʫʣʝʚʳʭ ʧʝʨʝʤʝʥʥʳʭ x  ʠ y  ʤʳ ʦʙʦʟʥʘʯʘʝʤ ʧʨʦʩʪʦ xy  (ʘ ʥʝ yxØ ). ʊʘʢʞʝ ʤʳ ʩʯʠʪʘʝʤ, ʢʘʢ ʵʪʦ 

ʦʙʳʯʥʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʦʧʝʨʘʮʠʷ ʢʦʥʲʶʥʢʮʠʠ ʦʙʣʘʜʘʝʪ ʧʨʠʦʨʠʪʝʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʜʨʫʛʠʤʠ 
ʙʠʥʘʨʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʠ ʧʦʪʦʤʫ ʦʧʫʩʢʘʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʫʛʣʳʝ ʩʢʦʙʢʠ. 

ʇʨʝʦʙʨʘʟʫʝʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ (2), ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ ʩʫʤʤʳ ʧʦ ʤʦʜʫʣʶ ʜʚʘ ʯʝʨʝʟ ʦʪʨʠ-

ʮʘʥʠʝ, ʢʦʥʲʶʥʢʮʠʶ ʠ ʜʠʟʲʶʥʢʮʠʶ (xyyxyx     Ù=Ä ), ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥʳ ʜʝ ʄʦʨʛʘʥʘ ʠ ʜʨʫʛʠʝ 

ʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʳ: 

=ÙÙÙ=ÄÙ )(    )(  )  ( cabcbccabcca   

cabcbacabccbca           )  )(  ( ÙÙ=ÙÙÙ= . (3) 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʬʦʨʤʫʣʳ (3) ʨʘʚʥʦʩʠʣʴʥʘ ʣʝʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ (2) ʚ ʩʠʣʫ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʦʙʦʙʱʝʥ-
ʥʦʛʦ ʟʘʢʦʥʘ ʩʢʣʝʠʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʚʝʥʩʪʚʦ (2) ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʦʡ ʨʘʚʥʦʩʠʣʴʥʦʩʪʴʶ, ʘ ʟʥʘ-
ʯʠʪ, ʨʘʚʝʥʩʪʚʦ (1) ʷʚʣʷʝʪʩʷ ʪʦʞʜʝʩʪʚʦʤ ʙʫʣʝʚʦʡ ʘʣʛʝʙʨʳ ʤʥʦʞʝʩʪʚ. 

ɸʚʪʦʨ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʣ ʠʟʣʦʞʝʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʪʠʢʦ-ʤʥʦ-
ʞʝʩʪʚʝʥʥʳʭ ʪʦʞʜʝʩʪʚ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʈʊʋ ʄʀʈʕɸ.  

ɺ ʟʘʚʝʨʰʝʥʠʝ ʩʪʘʪʴʠ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʫʣʝʚʳ ʘʣʛʝʙʨʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʙʫʣʝʚʳ ʘʣʛʝʙʨʳ ʤʥʦ-
ʞʝʩʪʚ) ʟʘʥʠʤʘʣʠ ʙʦʣʴʰʦʝ ʤʝʩʪʦ ʚ ʪʚʦʨʯʝʩʪʚʝ ʠʟʚʝʩʪʥʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʢʘ, ʧʝʜʘʛʦʛʘ ʠ 
ʤʝʪʦʜʠʩʪʘ ʀ.ʄ. ʗʛʣʦʤʘ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʚʦʝʡ ʞʠʟʥʠ (ʩ 1949 ʧʦ 1956 ʛʦʜ) ʨʘʙʦʪʘʣ ʚ 
ʆʨʝʭʦʚʦ-ɿʫʝʚʩʢʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ (ʥʳʥʝ ʄɻʆɻʀ). ɹʫʣʝʚʳʤ ʘʣʛʝʙʨʘʤ ʧʦʩʚʷʱʝʥʳ, ʚ ʯʘʩʪ-
ʥʦʩʪʠ, ʝʛʦ ʢʥʠʛʠ [2] ʠ [3]. 

ɸʚʪʦʨ ʙʫʜʝʪ ʙʣʘʛʦʜʘʨʝʥ ʯʠʪʘʪʝʣʷʤ ʟʘ ʣʶʙʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʠʣʠ ʟʘʤʝʯʘʥʠʷ ʧʦ ʟʘʪʨʦʥʫʪʳʤ ʚ ʜʘʥʥʦʡ 
ʩʪʘʪʴʝ ʚʦʧʨʦʩʘʤ. 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʈʷʟʘʥʦʚ ʖ.ɼ. ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ. ɹʝʣʛʦʨʦʜ: ʀʟʜ-ʚʦ ɹɻʊʋ, 2010. 274 ʩ. 
2. ʗʛʣʦʤ ʀ.ʄ. ʅʝʦʙʳʢʥʦʚʝʥʥʘʷ ʘʣʛʝʙʨʘ. ʄ.: ʅʘʫʢʘ, 1968. 72 ʩ. 
3. ʗʛʣʦʤ ʀ.ʄ. ɹʫʣʝʚʘ ʩʪʨʫʢʪʫʨʘ ʠ ʝʝ ʤʦʜʝʣʠ. ʄ.: ʉʦʚ. ʨʘʜʠʦ, 1980. 192 ʩ. 

 

  



39 
 

ʉʊʈʋʂʊʋʈʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʎʀʂʃʆɺ ʉʀʉʊɽʄʓ 
ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ 

 
ʄʘʤʦʥʦʚ ʉ.ʉ., ʀʦʥʦʚʘ ʀ.ɺ., ʍʘʨʣʘʤʦʚʘ ɸ.ʆ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [1,2,3] 

,  ,        (1) 

ʛʜʝ , , , -ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ. ʇʨʠ ʟʥʘʯʝʥʠʠ 

 ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʩ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚ ʟʚʝʥʝ ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʚ ʬʘʟʦʚʦʡ ʮʝʧʠ ʫʧʨʘʚʣʝʥʠʷ [1,2]. ɿʘʧʘʟʜʳʚʘʥʠʝ ʚ 

ʩʠʩʪʝʤʝ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʘʤʝʪʨ , ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʧʘʟʜʳʚʘʥʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ .  

ɼʣʷ ʩʠʩʪʝʤʳ (1) ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʨʝʘʣʠʟʘʮʠʠ ʙʠʬʫʨʢʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ 
ʘʥʘʣʠʟ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  ʢʨʠʚʠʟʥʘ ʚʨʘʱʘʪʝʣʴ-
ʥʳʭ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ, ʘ ʠʤʝʥʥʦ, ʧʦʚʝʜʝʥʠʝ ʢʨʠʚʠʟʥʳ ʧʨʠ ʙʠʬʫʨʢʘʮʠʠ ʮʠʢʣʦʚ ʧʝʨʚʦʛʦ ʠ ʚʪʦ-
ʨʦʛʦ ʨʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʢʦʣʝʙʘʪʝʣʴʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ ʠ ʭʘʦʪʠ-
ʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʏʘʩʪʦʪʥʦ-ʘʤʧʣʠʪʫʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʚʠʟʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 
ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʮʠʢʣʦʚ ʩʠʩʪʝʤʳ (1), ʧʨʠ 
ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ . 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ (1) ʜʣʷ ʩʣʫʯʘʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʮʠʢʣʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʠʤʝ-
ʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʚʠʟʥʳ. ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʨʝʜʥʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠ-
ʚʠʟʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ ʩʠʩʪʝʤʝ (1) ʬʘʟʦʚʦʡ ʤʫʣʴʪʠ-
ʩʪʘʙʠʣʴʥʦʩʪʠ. 
 

ʃʀʊɽʈɸʊʋʈɸ 
 

1. ʐʘʣʬʝʝʚ ɺ.ɼ. ʂ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ 
ʯʘʩʪʦʪʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʠʥʪʝʛʨʠʨʫʶʱʠʤʠ ʬʠʣʴʪʨʘʤʠ ʚ ʬʘʟʦʚʦʡ ʠ ʯʘʩʪʦʪʥʦʡ ʮʝʧʷʭ // 
ʈʘʜʠʦʬʠʟʠʢʘ. 1969. ʪ.12. ˉ 7. C.1037-1051. 

2. ʄʘʤʦʥʦʚ ʉ.ʉ., ʍʘʨʣʘʤʦʚʘ ɸ.ʆ. ɺʳʥʫʞʜʝʥʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩʠʩʪʝʤ ʬʘʟʦʚʦʡ 
ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ // ɺʝʩʪʥʠʢ ʈʷʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2017. ˉ 62. ʉ. 26ï35. 

3. ʄʘʤʦʥʦʚ ʉ.ʉ., ʀʦʥʦʚʘ ʀ.ɺ., ʍʘʨʣʘʤʦʚʘ ɸ.ʆ. ʏʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʮʠʢʣʦʚ 
ʧʝʨʚʦʛʦ ʨʦʜʘ ʬʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ // ɺʝʩʪʥʠʢ ʈɸɽʅ. 
ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 2018. ˉ 4. ʉ.51-57. 
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ʆ ʉʋʑɽʉʊɺʆɺɸʅʀʀ ʀ ʅɽʇʈɽʈʓɺʅʆʉʊʀ  
ʆʇɽʈɸʊʆʈɸ (A) ʅɸ ɸʃɻɽɹʈɽ H 

 
ʄʦʞʘʨʦʚʘ ʊ. ʅ. 

ʌɻɹʆʋ ɺʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘè, ʈʦʩʩʠʷ 

ɸʅʅʆʊɸʎʀʗ 

ɸʚʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʥʝʧʨʝ-
ʨʳʚʥʦʩʪʠ ʣʠʥʝʡʥʳʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ 
ʧʦʣʥʦʡ ʣʦʢʘʣʴʥʦ ʚʳʧʫʢʣʦʡ ʘʣʛʝʙʨʝ H. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʥʝʡʥʳʡ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʧʝʨʘʪʦʨ, ʧʦʨʷʜʦʢ ʠ ʪʠʧ ʦʧʝʨʘʪʦʨʘ, ʮʝʣʘʷ ʚʝʢʪʦʨʥʦʟʥʘʯ-
ʥʘʷ ʬʫʥʢʮʠʷ, ʧʦʨʷʜʦʢ ʠ ʪʠʧ ʨʦʩʪʘ ʮʝʣʦʡ ʚʝʢʪʦʨʥʦʟʥʘʯʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʣʥʘʷ ʣʦʢʘʣʴʥʦ ʚʳʧʫʢʣʘʷ ʘʣ-
ʛʝʙʨʘ. 

 
ʇʫʩʪʴ ʅ ï ʧʦʣʥʘʷ ʣʦʢʘʣʴʥʦ-ʚʳʧʫʢʣʘʷ ʘʣʛʝʙʨʘ, ʪʦʧʦʣʦʛʠʷ ʢʦʪʦʨʦʡ ʟʘʜʘʝʪʩʷ ʩʯʝʪʥʦʡ ʩʠʩʪʝʤʦʡ 

ʥʦʨʤ {||Ö||p}, ʨ = 1, 2, é, ʧʨʠʯʝʤ 

"ʭ,ʫ Í ʅ, "ʨ, $ʨ1, ʨ2: 
21 ʨʨʨ

ʫʭʭʫ Ö¢ . 

ʇʫʩʪʴ, ʜʘʣʝʝ, ɸ: ʅ ­ ʅ ï ʣʠʥʝʡʥʳʡ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʧʝʨʘʪʦʨ ʧʦʨʷʜʢʘ b  ̧0,¤ ʠ ʪʠʧʘ a < ¤. ɺ ʵʪʠʭ 
ʫʩʣʦʚʠʷʭ ʩʧʨʘʚʝʜʣʠʚʘ 

ʊʝʦʨʝʤʘ 1.  ʂʘʞʜʘʷ ʮʝʣʘʷ ʚʝʢʪʦʨʥʦʟʥʘʯʥʘʷ ʬʫʥʢʮʠʷ ä
¤

=

=
0

)(
k

k

ktxtj , ʭk Í ʅ, "k, ʩʦ ʟʥʘʯʝʥʠ-

ʷʤʠ ʚ ʅ, ʧʦʨʷʜʦʢ ʨʦʩʪʘ ʢʦʪʦʨʦʡ 
b

r
1
¢ , ʘ ʧʨʠ 

b
r

1
=  ʪʠʧ 

ʝa

b
s< , ʦʧʨʝʜʝʣʷʝʪ ʣʠʥʝʡʥʳʡ, ʥʝʧʨʝ-

ʨʳʚʥʳʡ ʦʧʝʨʘʪʦʨ 

)())((
0

ʭɸxʭɸ
k

k
kä¹

¤

=
j ,  

ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʅ ʠ ʧʝʨʝʚʦʜʷʱʠʡ ʅ ʚ ʩʝʙʷ. 
 

ʊʝʦʨʝʤʘ 2.  ʇʫʩʪʴ ʅ ï ʧʦʣʥʘʷ ʣʦʢʘʣʴʥʦ-ʚʳʧʫʢʣʘʷ ʘʣʛʝʙʨʘ ʩ ʟʘʜʘʥʥʦʡ ʥʘ ʥʝʡ ʩʯʝʪʥʦʡ ʩʠʩʪʝ-

ʤʦʡ ʥʦʨʤ {||Ö||p}, ʨ = 1, 2, é, ʠ ɸ: ʅ ­ ʅ ï ʣʠʥʝʡʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ ʦʧʝʨʘʪʦʨ ʧʦʨʷʜʢʘ b  ̧0,¤ ʠ ʪʠʧʘ a 

= ¤, ʧʨʠʯʝʤ aʨ < ¤, "ʨ. ʊʦʛʜʘ ʢʘʞʜʘʷ ʮʝʣʘʷ ʚʝʢʪʦʨʥʦʟʥʘʯʥʘʷ ʬʫʥʢʮʠʷ   ä
¤

=

=
0

)(
k

k

ktxtj , ʭk Í ʅ, - ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʅ, ʧʦʨʷʜʦʢ ʨʦʩʪʘ ʢʦʪʦʨʦʡ 
b

r
1
¢ , ʘ ʧʨʠ ʧʦʨʷʜʢʝ 

b
r

1
=  ʪʠʧ s = 0, ʦʧʨʝʜʝʣʷʝʪ ʣʠʥʝʡ-

ʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ ʦʧʝʨʘʪʦʨ j(ɸ): ʅ ­ ʅ. 
 
 

ʃʀʊɽʈɸʊʋʈɸ 
 

1. ɻʨʦʤʦʚ ɺ.ʇ. ʆ ʨʘʟʣʦʞʝʥʠʠ ʚʝʢʪʦʨʦʚ ʣʦʢʘʣʴʥʦ-ʚʳʧʫʢʣʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʷʜ  // ɺ ʩʙ. çʂʦʤʧʣʝʢʩ-
ʥʳʡ ʘʥʘʣʠʟ ʠ ʝʛʦ ʧʨʠʣʦʞʝʥʠʷè. ɼʝʧ. ʚ ɺʀʅʀʊʀ, 1988, ˉ3728-ɺ88, ʩ.3-27. 

2. ʃʝʦʥʪʴʝʚ ɸ.ʌ. ʆʙʦʙʱʝʥʠʷ ʨʷʜʦʚ ʵʢʩʧʦʥʝʥʪ. ʄ.: ʅʘʫʢʘ, 1981. 
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ʆ ʅɽʂʆʊʆʈʓʍ ɼʀʉʂʈɽʊʅʓʍ ʊʆʏɽʏʅʓʍ ɻʈʋʇʇɸʍ ʇʈɽʆɹʈɸɿʆ-
ɺɸʅʀʁ ɸɺʊʆʅʆʄʅʆʁ ʉʀʉʊɽʄʓ ɼɺʋʍ ʆɹʓʂʅʆɺɽʅʅʓʍ ɼʀʌ-

ʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 

ʅʦʟʜʨʫʥʦʚ ɺ.ɺ. 

ʌɻɹʆʋ ɺʆ "ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ" (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʛʨʫʧʧʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʜʠʩʢʨʝʪʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-
ʥʠʷ, ʧʝʨʝʚʦʜʷʱʝʛʦ ʘʚʪʦʥʦʤʥʫʶ ʩʠʩʪʝʤʫ ʜʚʫʭ ʆɼʋ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʩʠʩʪʝʤʫ ʪʦʛʦ ʞʝ ʢʣʘʩʩʘ, ʯʪʦ ʠ 
ʠʩʭʦʜʥʘʷ. ɼʦʢʘʟʳʚʘʝʪʩʷ ʪʝʦʨʝʤʘ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʦʙʱʝʛʦ 
ʚʠʜʘ ʫ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭ ʆɼʋ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠ ʪʝʦʨʝʤʘ ʦ ʚʠʜʝ ʜʠʩʢʨʝʪʥʦʡ 
ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʯʘʩʪʥʦʛʦ ʚʠʜʘ. ʇʨʠʚʦʜʠʪʴʩʷ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʝʯʥʦʡ ʜʠʩ-
ʢʨʝʪʥʦʡ ʛʨʫʧʧʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭ ʆɼʋ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʠʤʤʝʪʨʠʠ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 
ʫʨʘʚʥʝʥʠʡ, ʜʠʩʢʨʝʪʥʘʷ ʪʦʯʝʯʥʘʷ ʛʨʫʧʧʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʜʠʩʢʨʝʪʥʦ-ʛʨʫʧʧʦʚʦʡ ʘʥʘʣʠʟ.  

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ ʜʚʫʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 
ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ, ʥʝ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʧʨʦʠʟʚʦʜʥʳʭ 

       (1) 

ʛʜʝ   ï ʚʝʢʪʦʨ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [1], ʪ.ʝ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʧʨʠʚʝʜʝʥʥʘʷ ʢ 
ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ [2].  

ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ ʪʦʯʝʯʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʩʦʭʨʘʥʷʶʱʠʤ ʘʚʪʦʥʦʤʥʦʩʪʴ ʩʠʩʪʝʤʳ (1), ʷʚ-
ʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

      (2) 

ʛʜʝ , . 

ʋʩʣʦʚʠʝʤ ʦʙʨʘʪʠʤʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2) ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʝ ʦʪ ʥʫʣʷ ʷʢʦʙʠʘʥʘ ʵʪʦʛʦ ʧʨʝʦʙ-
ʨʘʟʦʚʘʥʠʷ, ʪ.ʝ. 

.       (3) 

ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʜʠʩʢʨʝʪʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2), ʢʦʪʦʨʦʝ ʧʝʨʝʚʦ-
ʜʠʪ ʩʠʩʪʝʤʫ (1) ʚ ʩʠʩʪʝʤʫ ʪʦʛʦ ʞʝ ʢʣʘʩʩʘ ʩʠʩʪʝʤ ʆɼʋ, ʯʪʦ ʠ ʠʩʭʦʜʥʦʝ, ʪ.ʝ. ʚ ʩʠʩʪʝʤʫ ʚʠʜʘ 

        (4) 

ɿʘʤʝʯʘʥʠʝ 1. ʋʩʣʦʚʠʝ  ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ, ʪ.ʢ. ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʝ ʚʳʧʦʣʥʷ-

ʝʪʩʷ (3) ʠ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (2) ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʦʙʨʘʪʠʤʳʤ. 

ɿʘʤʝʯʘʥʠʝ 2. ɽʩʣʠ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ (2) ʩʯʠʪʘʪʴ, ʯʪʦ  h(u,v)=h ï ʢʦʥʩʪʘʥʪʘ, ʪʦ ʧʦʣʫʯʘʝʤ ʧʨʦ-
ʩʪʝʡʰʝʝ ʪʦʯʝʯʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʦʭʨʘʥʷʶʱʝʝ ʘʚʪʦʥʦʤʥʦʩʪʴ ʩʠʩʪʝʤʳ (1), 
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        (5) 

ʊʝʦʨʝʤʘ 1. ʅʝʪʨʠʚʠʘʣʴʥʘʷ ʘʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ (1) ʥʝ ʜʦʧʫʩʢʘʝʪ ʥʠʢʘʢʦʡ ʜʠʩʢʨʝʪʥʦʡ ʪʦʯʝʯʥʦʡ 
ʛʨʫʧʧʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2). 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2), ʢʦʛʜʘ h(u,v) = h ï ʢʦʥʩʪʘʥʪʘ, ʪʦ ʝʩʪʴ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʠʜʘ (5). 

ʊʝʦʨʝʤʘ 2. ɸʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ (1) ʜʦʧʫʩʢʘʝʪ ʜʠʩʢʨʝʪʥʫʶ ʪʦʯʝʯʥʫʶ ʛʨʫʧʧʫ, ʦʧʨʝʜʝʣʷʝʤʫʶ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ (5), ʝʩʣʠ ʠ ʪʦʣʴʢʦ ʝʩʣʠ ʩʦʚʤʝʩʪʥʘ ʩʠʩʪʝʤʘ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ u ʠ v) 

    (6) 

ʛʜʝ  ï ʥʝʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʳʝ, ,  ,  ʧʨʠ ʵʪʦʤ  

       (7) 

ʀʟ ʪʝʦʨʝʤ 1 ʠ 2 ʚʳʪʝʢʘʝʪ ʩʣʝʜʫʶʱʝʝ ʩʣʝʜʩʪʚʠʝ. 

ʉʣʝʜʩʪʚʠʝ. ɼʣʷ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ (1), ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʬʫʥʢʮʠ-
ʦʥʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ (6), ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʜʠʩʢʨʝʪʥʳʝ ʩʠʤʤʝʪʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʜʠʥʘʤʠʯʝ-
ʩʢʠʤʠ, ʪʦ ʝʩʪʴ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʇʨʠʤʝʨ. ʈʘʩʩʤʦʪʨʠʤ ʘʚʪʦʥʦʤʥʫʶ ʩʠʩʪʝʤʫ (1), ʩ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʧʦʣʠʥʦʤʘʤʠ 
ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ y, z (ʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ): 

        (8) 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʠʩʪʝʤʘ (8) ʠʤʝʝʪ ʰʝʩʪʠʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʡʜʷ ʥʝʧʨʝʨʳʚʥʫʶ 
ʛʨʫʧʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ [2], ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʩʠʩʪʝʤʝ ʩ ʦʜʥʦʤʝʨʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 
ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ (ʧʦʩʣʝ ʧʝʨʝʦʙʦʟʥʘʯʝʥʠʡ), ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ 

         (9) 

ʛʜʝ ʧʘʨʘʤʝʪʨ  ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʪʦ ʝʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ (9) ʷʚʣʷʝʪʩʷ ʢʘʥʦʥʠʯʝ-

ʩʢʠʤ [2]. ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ 2 ʥʘʡʜʝʤ ʜʠʩʢʨʝʪʥʫʶ ʪʦʯʝʯʥʫʶ ʛʨʫʧʧʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (5), ʩʠʩʪʝʤʳ (9), 

ʚ ʢʦʪʦʨʦʤ  ʠ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ (7), ʪʦ ʝʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

        (10) 

ʛʜʝ  ï ʥʝʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʳʝ, (,  ). 

ɺʳʧʠʰʝʤ ʧʨʘʚʳʝ ʯʘʩʪʠ ʩʠʩʪʝʤʳ (9) ʚ ʢʦʪʦʨʳʝ ʦʥʠ ʧʝʨʝʡʜʫʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (10) 

        (11) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
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       (12) 

ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (10) ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʦʦʪʥʦʰʝʥʠʷʤ 

     (13) 

ʇʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ  ʧʨʠ ʵʪʦʤ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

      (14) 

ʪʦ ʝʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ (9) ʜʦʧʫʩʢʘʝʪ ʙʝʩʢʦʥʝʯʥʫʶ ʜʠʩʢʨʝʪʥʫʶ ʛʨʫʧʧʫ ʩ ʦʙ-
ʨʘʟʫʶʱʝʡ (14), ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʩʢʨʝʪʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (10) ʜʦʣʞʥʳ ʫʜʦ-
ʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʷʤ (12) ʠ (13). 

ʊʘʢ ʞʝ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ, ʪʦ ʝʩʪʴ ʚʳʙʨʘʚ ʫʜʦʙ-
ʥʫʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʴ (11) (ʪʦ ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ), ʫʪʦʯʥʠʪʴ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (10) ʧʨʠ ʧʦʤʦʱʠ (14).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʝʨʝ-
ʚʦʜʠʪʴ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ ʚ ʩʠʩʪʝʤʫ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʫʜʦʙʥʫʶ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɿʘʡʮʝʚ, ɺ.ʌ., ʌʣʝʛʦʥʪʦʚ, ɸ.ɺ. ɼʠʩʢʨʝʪʥʦ-ʛʨʫʧʧʦʚʳʝ ʤʝʪʦʜʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ï  ʃ.: ʀʟʜ-ʚʦ ʃʀʀɸʅ, 1991. 

2. ʅʦʟʜʨʫʥʦʚ, ɺ.ɺ. ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʛʨʫʧʧʳ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ 
ʩʠʩʪʝʤʳ ʜʚʫʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ / ʉʦʚʨʝʤʝʥʥʳʝ 
ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ. ʄʘʪʝʨʠʘʣʳ III ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 
ʢʦʥʬʝʨʝʥʮʠʠ 23-26 ʥʦʷʙʨʷ 2017 ʛ. / ʧʦʜ ʦʙʱ. ʨʝʜ. ʊ.ʅ. ʄʦʞʘʨʦʚʦʡ. - ʆʨʝʣ: ʆɻʋ, 2017. 
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ʄɽʊʆɼ ɸʃɻʆʈʀʊʄʀʏɽʉʂʆɻʆ ɼʆʂɸɿɸʊɽʃʔʉʊɺɸ ʊɽʆʈɽʄ 
ɽɺʂʃʀɼʆɺʆʁ ɻɽʆʄɽʊʈʀʀ  

 
ʍ. ʅʦʩʠʨʦʚʘ, ɹ. ʐʫʢʨʫʣʣʦʝʚ 

 
ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ˢ˹˹˻́ˢ̇ˮ̒ 

 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ ʝʚʢʣʠʜʦʚʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʨʘʟ-
ʨʘʙʦʪʘʥ ʢʠʪʘʡʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ By ɺʝʥʴ-ʎʫʥʝʤ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʨʝʩʥʳʡ ʚʘʨʠʘʥʪ ʘʣʛʦ-
ʨʠʪʤʘ ʜʝʣʝʥʠʷ ʧʦʣʠʥʦʤʦʚ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

 
ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʦʣʠʥʦʤʘ ʠʟ ʢʦʣʴʮʘ ὯὼȟȣȢȢȟὼȟ̔ȟ ʢʦʪʦʨʳʝ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ  

Ὢ ὧώ ỄȢὧώ ὧ

Ὣ Ὠώ ỄȢὨώ Ὠ
       ρ   

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ὧȟὨ ʷʚʣʷʶʪʩʷ ʧʦʣʠʥʦʤʘʤʠ ʦʪ ὯὼȟȣȢȢȟὼ . ɺ ʨʘʙʦʪʝ ρ ʜʦʢʘʟʘʥʦ ʩʣʝʜʫʶʱʝʝ 

ʧʨʝʜʣʦʞʝʥʠʝ. 
ʇʨʝʜʣʦʞʝʥʠʝ 1.  ʇʫʩʪʴ ὪȟὫᶰὯὼȟȣȢȢȟὼȟώ ʪʘʢʠʝ ʞʝ ʧʦʣʠʥʦʤʳ, ʢʘʢ ʚ(1), ά ὴ ʠ Ὣ π. 
Ὥ ʉʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ ὨὪ ήὫ ὶȟʛʜʝ ήȟὶɴ ὯὼȟȢȢȟὼȟώȟί πȟ ʠʣʠ ʧʦʣʠʥʦʤ ὶ ʨʘʚʝʥ 

π, ʠʣʠ ʝʛʦ ʩʪʝʧʝʥʴ ʧʦ ώ  ʤʝʥʴʰʝ ά. 
ὭὭ  ὶɴ ὪȟὫ ṒὯὼȟȣȢȢȟὼȟώȢ 

ʇʦʣʠʥʦʤʳ ήȟὶ ʥʘʟʳʚʘʶʪʩʷ ʧʩʝʚʜʦʯʘʩʪʥʳʤ ʠ ʧʩʝʚʜʦʦʩʪʘʪʢʦʤ ʧʨʠ ʧʩʝʚʜʦʜʝʣʝʥʠʠ ʧʦʣʠ-
ʥʦʤʘ Ὢ ʥʘ Ὣ ʧʦ ʧʝʨʝʤʝʥʥʦʡ ώ. ʄʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʠʝ ὙὩάὪȟὫȟώ ʜʣʷ ʧʩʝʚʜʦʦʩʪʘʪʢʘ, 
ʚʳʯʠʩʣʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʠʟ ʧʨʝʜʣʦʞʝʥʠʷ. 

ʀʩʧʦʣʴʟʫʷ ʵʪʦ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʨʘʙʦʪʝ ʜʦʢʘʟʘʥʳ: ʪʝʦʨʝʤʘ ʇʘʧʧʘ, ʩʚʷʟʘʥʥʘʷ ʩʚʦʡʩʪʚʘʤʠ ʢʦʣ-
ʣʠʥʝʘʨʥʳʭ ʪʦʯʝʢ ʠ ʪʝʦʨʝʤʘ ʦ ʩʚʦʡʩʪʚʝ ʪʦʯʝʢ ʪʨʘʧʝʮʠʠ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʂʦʢʩ ɼ., ʃʠʪʪʣ ɼʞ., ʐʠ ɼ. ʆ. ʀʜʝʘʣʳ, ʤʥʦʛʦʦʙʨʘʟʠʷ ʠ ʘʣʛʦʨʠʪʤʳ. ï ʄʦʩʢʚʘ.  ñʄʠʨò  2000 

2. ʀʣʴʠʥ ɺ. ɸ, ʇʦʟʥʷʢ ʕ. ɻ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ. ð ʄ.: ʌʀɿʄɸʊʃʀʊ, 2002.   
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ʅɽʂʆʊʆʈʓɽ ʆʎɽʅʂʀ ɼʃʗ ʌʋʅʂʎʀʀ ɼɽʃʀʊɽʃɽʁ 
 

ɼ. ʉʘʜʘʪʦʚʘ 
 

ʊʝʨʤʝʟʩʢʠʡ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 
 

ɸʅʅʆʊɸʎʀʗ 
ɺ ʨʘʙʦʪʝ ʫʪʦʯʥʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʠ ʢʦʥʩʪʘʥʪ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʦʩʪʘʪʦʯʥʳʭ ʯʣʝʥʘʭ ʘʩʠʤʧ-

ʪʦʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣʘʭ ʜʣʷ ʩʫʤʤ ʬʫʥʢʮʠʠ ʜʝʣʠʪʝʣʝʡ. 

  
ʇʫʩʪʴ Ὠὲ ʯʠʩʣʦ ʜʝʣʠʪʝʣʝʡ ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ ὲȢ ɺ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʷʭ 

ʵʪʦʡ ʬʫʥʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʟʥʘʪʴ  ʦʮʝʥʢʠ ʩʫʤʤ ʩʦʜʝʨʞʘʱʠʝʩʷ Ὠὲ.  ɺ ʠʟʚʝʩʪʥʳʭ ʦʮʝʥʢʘʭ ʪʘʢʠʭ ʩʫʤʤ 
ʫʯʘʩʪʚʫʝʪ ʩʠʤʚʦʣ O, ʧʦʵʪʦʤʫ  ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘ-
ʢʫʶ ʦʮʝʥʢʫ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʦʢʘʟʘʥʦ ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ ʩʚʝʨʭʫ. 

 
a). ɽʩʣʠ ὼ ὼ ρ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʪʦ 
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ʛʜʝ ‎ πȟυχχςȣ ʧʦʩʪʦʷʥʥʘʷ ʕʡʣʝʨʘ.  
 

b).  ʇʨʠ  ὼ ὼ ς ʠʤʝʝʤ  
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c). 
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ɿʜʝʩʴ ρ̒ὼπ  ̉ ̒ςὼπ  ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʟʘʚʠʩʷʱʠʡ ʪʦʣʴʢʦ ʦʪ  ὼπȢ  
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʠʭ ʥʝʨʘʚʝʥʩʪʚ ʦʩʥʦʚʘʥʳ ʯʘʩʪʠʯʥʦʤʫ ʩʫʤʤʠʨʦʚʘʥʠʶ (ʩʤ.[1])  ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘ-
ʙʦʪʳ [2]. ʕʪʠ ʦʮʝʥʢʠ ʭʦʨʦʰʠ ʩ ʪʝʤ ʚ ʥʠʭ ʥʝʪ ʩʠʤʚʦʣʘ ʆ ʠ ʫ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʠ 

ʧʦʩʪʦʷʥʥʳʭ ʦʪ ὼπ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ὼ ὼ Ȣ 
 

ʃʀʊɽʈɸʊʋʈɸ 
 
1. Montgomery H.L. and Vaughan R.C. Multiplicative number theory. I. Classical theory. Published in the 

United States of America by Cambridge University Press, New York. 2006. 552p. 
2.ʀʩʨʘʠʣʦʚ ʄ.ʀ. ʆ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʃʦʨʘʥʘ ʜʟʝʪʘ ʬʫʥʢʮʠʠ ʈʠʤʘʥʘ. //ɼʦʢʣ. ɸʅʈʋʟ. 
12, 1979, ʩ.9-10. 
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ʆ ʉɺʗɿʀ ʅɽʂʆʊʆʈʓʍ ʄʆɼʋʃʗʈʅʓʍ ʀ ʂɺɸɼʈɸʊʀʏʅʓʍ ʌʆʈʄ 
 

ʉʦʢʦʣʦʚʩʢʘʷ ʃ.ʉ.1, ʉʝʪʪʘʨʦʚʘ ʕ.ʉ.2 

1ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʋʟʙʝʢʠʩʪʘʥ) 
2ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʋʟʙʝʢʠʩʪʘʥ) 

ɸʅʅʆʊɸʎʀʗ  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ ʠ ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʤʠ ʢʚʘʜ-
ʨʘʪʠʯʥʳʝ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʤ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʤʦʜʫʣʷʨʥʳʝ ʬʦʨʤʳ ʠ ʠʭ ʨʝʰʝʪʢʠ. ʇʦʣʴʟʫʷʩʴ ʦʧʝʨʘʪʦ-
ʨʘʤʠ ɻʝʢʢʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʬʦʨʤʘʤʠ, ʜʦʢʘʟʳʚʘʝʪʩʷ ʠʟʦʤʦʨʬʠʟʤ ʤʦʜʫʣʷʨʥʳʭ ʠ ʢʚʘʜʨʘʪʠʯ-
ʥʳʭ ʬʦʨʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʤʫʪʘʪʠʚʥʦʝ ʢʦʣʴʮʦ, ʢʚʘʜʨʘʪʠʯʥʳʡ ʤʦʜʫʣʴ, ʦʪʦʙʨʘʞʝʥʠʝ, ʤʦʜʫʣʷʨʥʳʝ 
ʬʦʨʤʳ, ʨʝʰʝʪʢʘ, ʦʧʝʨʘʪʦʨ ɻʝʢʢʝ, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ɻʝʢʢʝ, ʠʟʦʤʦʨʬʠʟʤ. 

 

 ʇʫʩʪʴ ὠ  ʤʦʜʫʣʴ ʥʘʜ ʢʦʤʤʫʪʘʪʠʚʥʳʤ ʢʦʣʴʮʦʤ ὃ. ʆʪʦʙʨʘʞʝʥʠʝ ὗȡὠᴼὃ  ʥʘʟʳʚʘʝʪʩʷ ʢʚʘʜ-
ʨʘʪʠʯʥʦʡ ʬʦʨʤʦʡ ʥʘʜ  ὠ, ʝʩʣʠ 

ʘ) ʠʤʝʝʪ ʤʝʩʪʦ ὗὥὼ ὥὗὼ, ʛʜʝ ὥɴ ὃȟὼɴ ὠ  

ʙ) ʦʪʦʙʨʘʞʝʥʠʝ ὼȟώ ᴼὗὼ ώ ὗὼ ὗώ ʝʩʪʴ ʙʠʣʠʥʝʡʥʘʷ ʬʦʨʤʘ. 

 ʇʘʨʘ ὠȟὗ  ʢʚʘʜʨʘʪʠʯʥʳʡ ʤʦʜʫʣʴ. ɽʩʣʠ ὠȟὗ  ʠ ὠᴂȟὗᴂ ʜʚʘ ʢʚʘʜʨʘʪʠʯʥʳʭ ʤʦʜʫʣʷ, ʪʦ ʤʝʪʨʠ-

ʯʝʩʢʠʤ ʤʦʨʬʠʟʤʦʤ ὠȟὗ  ʚ ὠᴂȟὗᴂ ʷʚʣʷʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ Ὢȡὠᴼὠᴂ, ʯʪʦ ὗᴂ Ὢʐ ὗ, ʪʦ ʥʘ ὪὼẗὪώ

ὼȟώ, ʝʩʣʠ ὼȟώɴ ὠ. ʄʘʪʨʠʮʘ ὃ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ ὗ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʠʩʘ ὩὭρ Ὥὲ  ʧʨʦʩʪʨʘʥʩʪʚʘ 

ὠ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ὃ ὥ , ʛʜʝ ὥὭὮ ὩὭẗὩὮ. ɽʩʣʠ ὼ ВὼὩ ʵʣʝʤʝʥʪ ʠʟ ὠ, ʪʦ 

ὗὼ В ὥὼὼȟ , ʪ.ʝ. ὗὼ  ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ. 

 ʀʟʤʝʥʷʷ ʙʘʟʠʩ ὩὭ ʧʨʠ ʧʦʤʦʱʠ ʦʙʨʘʪʠʤʦʡ ʤʘʪʨʠʮʳ, ʪʦ ʤʘʪʨʠʮʝʡ ὃᴂ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ ὗ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʚʦʤʫ ʙʘʟʠʩʫ ʙʫʜʝʪ ὢϽὃϽὢ. 

 ʇʫʩʪʴ Ὗ  ʚʝʢʪʦʨʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ὠ ʠ ʧʫʩʪʴ Ὗᶻ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʧʨʷʞʝʥʥʦʝ ʢ Ὗ. 

ή
ό 
ȡὠᴼὟᶻ ʦʪʦʙʨʘʞʝʥʠʝ, ʩʦʧʦʩʪʘʚʣʷʶʱʝʝ ʢʘʞʜʦʤʫ ὼɴ ὠ  ʣʠʥʝʡʥʫʶ ʬʦʨʤʫ  ώᶰὟᴼὼϽώ. ʗʜʨʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ή
ό 

  ʝʩʪʴ  Ὗέ, ʪʦʛʜʘ ὗ  ʥʝʚʳʨʦʞʜʝʥʥʘʷ ʬʦʨʤʘ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ  ή
ὠ 
ȡὠᴼὠᶻ   

ʠʟʦʤʦʨʬʠʟʤ. 

 ʉ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʤʦʜʫʣʷʨʥʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʩʪʨʦʷʪʩʷ ʢʘʢ ʤʥʦ-
ʞʝʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ  ᾀ. 

 ʇʫʩʪʴ  Ὄ   ʚʝʨʭʥʷʷ ʧʦʣʫʧʣʦʩʢʦʩʪʴ ʠ ʧʫʩʪʴ  Ὄὄ, ʛʜʝ ὄ π  ʦʙʦʟʥʘʯʘʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʯʠʩʝʣ  ᾀ  ʪʘʢʠʭ, ʯʪʦ  Ὅά ᾀ π 

ʆʪʦʙʨʘʞʝʥʠʝ  

ᾀO Ὡ ή 

ʟʘʜʘʝʪ ʛʦʣʦʤʦʨʬʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʤʥʦʞʝʩʪʚʘ   Ὄὄ ʚ ʢʨʫʛ ʩ ʚʳʢʠʥʫʪʳʤ ʮʝʥʪʨʦʤ, ʪ.ʢ.  Ὡς“ὭᾀὩς“ὭὼὩς“ώ     
ʧʨʠ    ᾀ ὼ Ὥώ. 

ʄʦʜʫʣʷʨʥʘʷ  ʬʦʨʤʘ ʚʝʩʘ Ὧ π  (ʮʝʣʦʝ ʯʠʩʣʦ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ  ὛὒςὙ  ʵʪʦ ʛʦʣʦʤʦʨʬʥʘʷ 

ʬʫʥʢʮʠʷ Ὢ  ʥʘ  Ὄ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ  

ὪϽὛὒὙ Ὢȟ ʘ ʬʫʥʢʮʠʷ ὪϽ‌   ʛʦʣʦʤʦʨʬʥʘ ʚʦ ʚʩʝʭ ʚʝʨʰʠʥʘʭ ‌ᶰὛὒὤ   

ʅʦ ʪʦʛʜʘ ʤʦʜʫʣʷʨʥʳʝ ʬʦʨʤʳ ʚʝʩʘ Ὧ   ʦʙʨʘʟʫʶʪ ʤʦʜʫʣʷʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ  ὓὯ
ὕὗ 
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ʅʘ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʝʡʩʪʚʫʶʪ ʦʧʝʨʘʪʦʨʳ ɻʝʢʢʝ   ὝὲḊ ʛʜʝ Ὕ
ρ ρ

π ρ
   ʠ Ὓ

π ρ
ρ π

   ʠ ʠʭ 

ʢʦʤʧʦʟʠʮʠʠ , ʧʨʠʯʝʤ  ὒO ὒᴂ  ʪʘʢ ʯʪʦ  Ὕὲὒ В ὒᴂȡ   ʛʜʝ  ὒ    ʨʝʰʝʪʢʘ, ʘ   ὒᴂ  ʧʦʜʨʝʰʝʪʢʘ. 

ʅʝʩʢʦʣʴʢʦ ʟʘʤʝʯʘʥʠʡ ʧʦ ʨʝʰʸʪʢʝ. 

ʈʝʰʝʪʢʘ ʚ ʚʝʱʝʩʪʚʝʥʥʦʤ ʚʝʢʪʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὠ ʢʦʥʝʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ï ʵʪʦ ʧʦʜʛʨʫʧʧʘ 
ʛʨʫʧʧʳ ɜ  ʚ  ὠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʨʘʚʥʦʩʠʣʴʥʳʤ ʫʩʣʦʚʠʷʤ: 

1. ɜ ʜʠʩʢʨʝʪʥʘ ʠ   ὠȾɜ   ʢʦʤʧʘʢʪʥʘ; 
2. ɜ ʜʠʩʢʨʝʪʥʘ ʠ ʧʦʨʦʞʜʘʝʪ ʚʝʢʪʦʨʥʦʝ  Ὑ ʧʨʦʩʪʨʘʥʩʪʚʦ ὠ; 
3. ʩʫʱʝʩʪʚʫʝʪ  Ὑ ʙʘʟʠʩ  ὩȟὩȟȣȟὩ  ʚ  ὠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ   ὤ ʙʘʟʠʩʦʤ ʚ ɜ  (ʪ.ʝ. ɜ
:ὩἅȣἅὤὩ) 

ʇʫʩʪʴ Ὑ ʤʥʦʞʝʩʪʚʦ ʨʝʰʸʪʦʢ ʚ ὅ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʘʢ ʚʝʢʪʦʨʥʦʝ   Ὑ ʧʨʦʩʪʨʘʥʩʪʚʦ.  ὓ  ʤʥʦʞʝ-

ʩʪʚʦ ʪʘʢʠʭ ʧʘʨ  ‫ρȟ‫ς  ʵʣʝʤʝʥʪʦʚ ʠʟ  ὅᶻ, ʯʪʦ Ὅά ‫Ⱦ‫ π; ʪʘʢʦʡ ʧʘʨʝ ʩʪʘʚʠʤ ʨʝʰʸʪʢʫ ɜ‫Ⱦ‫

:‫ἅὤ‫ρȟ.‫ς. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʦʪʦʙʨʘʞʝʥʠʝ ὓᴼὙ  ʩʶʨʲʝʢʪʠʚʥʦ  ʩ ʙʘʟʠʩʦʤ ‫ 

ʇʫʩʪʴ  Ὃ
ὥ ὦ
ὧ Ὠ

  ɴὛὒᾀ ʠ ʧʫʩʪʴ ‫ρȟ‫ς ᶰὓ 

ʇʦʣʦʞʠʤ  

‫ρ
ᴂ ὥ‫ρ ὦ‫ς ‫ςȠ

ᴂ ὧ‫ρ Ὠ‫ς    

ʗʩʥʦ, ʯʪʦ ‫ρ
ᴂȟ‫ς

ᴂ    ʝʩʪʴ ʙʘʟʠʩ ʚ   ɜ‫ȟ‫ . 

ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʧʦʣʦʞʠʪʴ  ᾀ ‫Ⱦ‫   ʠ  ᾀᴂ ‫ᴂȾ‫ᴂ ,  ʪʦ 

ᾀᴂ
ὥᾀὦ

ὧᾀὨ
Ὣᾀ 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ  Ὅά ᾀ π  ʠ ‫ρᴂȟ:‫ςᴂ  ʧʨʠʥʘʜʣʝʞʠʪ ʤʥʦʞʝʩʪʚʫ ὓ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ  

 ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʚʘ ʵʣʝʤʝʥʪʘ ὓ ʦʧʨʝʜʝʣʷʣʠ ʦʜʥʫ ʠ ʪʫ ʞʝ ʨʝʰʝʪʢʫ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ ʢʦʥʛʨʫʝʥʪʥʳ ʧʦ ʤʦʜʫʣʶ   Ὓὒςᾀ.  

ɼʝʡʩʪʚʠʝ ʦʧʝʨʘʪʦʨʘ ɻʝʢʢʝ ὝὯὲ  ʥʘ ʤʦʜʫʣʷʨʥʫʶ ʬʦʨʤʫ ʟʘʜʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ  

ὝὯὲὪ ὲὯȾς ρ Ὢ

Ὥρ

Ј‌ὭὯ 

ʛʜʝ   ‌Ὥ Ὥ ρȟȣȟ•ὲ   ʧʨʦʙʝʛʘʝʪ ʧʦʣʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʦʚ ʩʤʝʞʥʦʩʪʠ ʤʥʦʞʝ-

ʩʪʚʘ  ὓὲ  ʧʦ  Ὓὒςὤ. ʄʦʜʫʣʷʨʥʘʷ ʬʦʨʤʘ   Ὢ ʚʝʩʘ Ὧ, ʪʦʞʜʝʩʪʚʝʥʥʦ ʥʝ ʨʘʚʥʘʷ ʥʫʣʶ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫ-
ʶʱʠʤ ʩʚʦʡʩʪʚʦʤ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʦʧʝʨʘʪʦʨʦʚ ɻʝʢʢʝ ʠ ʝʩʣʠ   Ὢ Вὥή   
ʝʸ  ή  ʨʘʟʣʦʞʝʥʠʝ.  

ʊʦʛʜʘ  

1) ὥρ π 

2)  ὥὲ ‗ὲ  ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ  ɻʝʢʢʝ. 

ʇʫʩʪʴ   ִיὯ
π

ὓὯ
ὕὙ  ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʜʫʣʷʨʥʳʭ ʬʦʨʤ ʚʝʩʘ Ὧ    ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ Ὓὒςᾀ ɜρ 

ʥʘʜ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʯʠʩʣʘʤʠ. ʅʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ Ὧ ς ʠʛʨʘʝʪ ʦʩʦʙʫʶ ʨʦʣʴ, ʪʘʢ ʯʪʦ ʦʙʦʟʥʘʯʠʤ   
‫ Ὧ ς. ɼʣʷ ʢʘʞʜʦʛʦ ʯʠʩʣʘ ί πȟȣȟὯ ς ʦʧʨʝʜʝʣʠʤ ʧʝʨʠʦʜ   ‫ 

ὶίὪ ὪᾀᾀίὨᾀ

ὭЊ

π

 

ʇʦʣʘʛʘʷ ᾀ Ὥὸȟ   Ὠᾀ ὭὨὸ,  ʧʦʣʫʯʘʝʤ: 
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ʝʩʣʠ ί  ʯʝʪʥʦ, ὶίὪ   ʯʠʩʪʦ ʤʥʠʤʦʝ ʯʠʩʣʦ; 

ʝʩʣʠ  ί ʥʝʯʝʪʥʦ, ὶίὪ  ʚʝʱʝʩʪʚʝʥʥʦ  

ʠ    

ὶίὪ ὪᾀᾀίὨᾀ

ὭЊ

π

 

  ʧʝʨʠʦʜ Ὢ (ʩ ʤʦʤʝʥʪʦʤ  ί) 

 ʇʫʩʪʴ ‫ Ὧ ς ʠ Ὓ
π ρ
ρ π

 ʠ Ὕ
ρ ρ
π ρ

 ʦʙʳʯʥʳʝ ʛʨʫʧʧʳ Ὓὒςᾀ 

ʆʧʨʝʜʝʣʠʤ ʜʚʘ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ʚ  Ὑ‫ ρ, ʧʦʣʘʛʘʷ: 

ὠ ὑὩὶ  ὐ “Ὓ ᷊ὑὩὶ  ὐ “ὛὝ “ ὛὝ    

Ὗ  ὐ “ί  ὑὩὶ ὐ “Ὕ  

ɿʘʜʘʜʠʤ ʦʪʦʙʨʘʞʝʥʠʝ  

ὶḊ ὓ ὅ ᴼὙ  

ʨʘʚʝʥʩʪʚʦʤ  

ὶὪ ὙὩ  Ὢᾀ ᾀ Ὠᾀ 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟ ʦʪʦʙʨʘʞʝʥʠʷ ʧʝʨʠʦʜʦʚ ὶ ʩʦʜʝʨʞʠʪʩʷ ʚ ὠ ʠ ʵʪʦ ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʜʫʮʠʨʫʝʪ  Ὑ  

ʠʟʦʤʦʨʬʠʟʤ ʤʝʞʜʫ ὓὯ
πὅ  ʠ  ὠȾὟ, ʢʦʪʦʨʳʡ ʦʙʦʟʥʘʯʘʝʤ ʢʘʢ  ὶ.  

  ʇʫʩʪʴ  ὓὯ
ὕὅ   ʚʝʢʪʦʨʥʦʝ ὅ  ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʩʘ  Ὧ   ʥʘʜ  ὅ ʠ  ὶ  ʝʛʦ ʨʘʟʤʝʨʥʦʩʪʴ, ʪʦʛʜʘ 

ʩʫʱʝʩʪʚʫʝʪ ʙʘʟʠʩ    Ὢ
ρ
ȟὪ
ς
ȟȣȟὪ

ὶ
, ʜʣʷ ʢʦʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ    ή ʨʘʟʣʦʞʝʥʠʷ  ὥὭὪὮ ʫʜʦʚʣʝʪʚʦ-

ʨʷʝʪ ʫʩʣʦʚʠʷʤ ὥὲ ὪὮ ᶰᾀȟᶅὲ ʠ  Ὦ ρȟȣὶ 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ 

ʊʝʦʨʝʤʘ: 

 ʇʨʦʩʪʨʘʥʩʪʚʘ ʤʦʜʫʣʷʨʥʳʭ ʬʦʨʤ  ὓὯ
ὕὅ ʩ ʫʢʘʟʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟʦʤʦʨʬʥʦ ʧʨʦʩʪʨʘʥʩʪʚʫ  

ὠȾὟ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʬʦʨʤʘʤʠ: 

ὓὯ
ὕὅ ḝὠȾὟ. 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɹʦʨʝʚʠʯ ɿ.ʀ., ʐʘʬʘʨʝʚʠʯ ʀ. çʊʝʦʨʠʷ ʯʠʩʝʣè, ʄ., 1972, 496 ʩʪʨ. 
2. ʉʝʨʨ ɾ.-ʇ. çʂʫʨʩ ʘʨʠʬʤʝʪʠʢʠè, ʄ., ʄʠʨ 1972, 170 ʩʪʨ. 
3. ʃʝʥʛ ʉ. çɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʤʦʜʫʣʷʨʥʳʭ ʬʦʨʤè, ʄ., ʄʠʨ 1979, 250 ʩʪʨ. 
4. ʄʘʤʝʜʦʚ ʕ., ʉʦʢʦʣʦʚʩʢʘʷ ʃ.ʉ. çʆ ʥʝʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʘʭ ʤʦʜʫʣʷʨʥʳʭ ʬʦʨʤè, ɸʭʙʦʨʦʪ, 2009. 
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ɿɸɼɸʏɸ ɼʀʈʀʍʃɽ ɼʃʗ ʋʈɸɺʅɽʅʀʁ ʉʄɽʐɸʅʅʆɻʆ ʊʀʇɸ 

ʉʦʣʜʘʪʦʚ ɸ.ʇ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ʠʤ. ɸ.ɸ. ɼʦʨʦʜʥʠʮʳʥʘ ʌʀʎ ʀʋ ʈɸʅ, ʈʦʩʩʠʷ 

ɸʅʅʆʊɸʎʀʗ  

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ɺ ʯʘʩʪ-
ʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʘʥʦʚʦʢ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʩ ʜʘʥʥʳʤʠ ɼʠʨʠʭʣʝ ʜʣʷ 
ʫʨʘʚʥʝʥʠʷ ʃʘʚʨʝʥʪʴʝʚʘ ï ɹʠʮʘʜʟʝ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʜʘʯʘ ɼʠʨʠʭʣʝ, ʫʨʘʚʥʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ, ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʩ ʜʘʥʥʳʤʠ ɼʠʨʠʭʣʝ, 
ʫʨʘʚʥʝʥʠʝ ʃʘʚʨʝʥʪʴʝʚʘ ï ɹʠʮʘʜʟʝ. 
 
 ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʃʘʚʨʝʥʪʴʝʚʘ ï ɹʠʮʘʜʟʝ 

    ÓÇÎ ώόὼὼ  ÕÙÙ  πȟᾀ  ὼ  Ὥώ ,          (1) 

ʚ ʦʙʣʘʩʪʠ $, ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʠ ώ  π ʠ ώ  π ʣʷʧʫʥʦʚʩʢʠʤʠ ʜʫʛʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʎ ʠ ɾ ʩ ʢʦʥʮʘʤʠ 
ʚ ʪʦʯʢʘʭ Ú  π, Ú  ρ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʜʫʛʠ ʥʝ ʢʘʩʘʶʪʩʷ ʚ ʢʦʥʮʝʚʳʭ ʪʦʯʢʘʭ ʦʩʠ ,̖ ʪʘʢ ʯʪʦ 

ʫʛʣʳ Ὧ ʦʙʣʘʩʪʝʡ $   $ Ẕ Ù  π ʚ ʪʦʯʢʘʭ ᾀ  Ὧ ʧʦʣʦʞʠʪʝʣʴʥʳ. ʇʫʩʪʴ ʢʨʦʤʝ ʪʦʛʦ ʜʫʛʘ ɾ ʥʝ 

ʢʘʩʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ̖  Ù  ÃÏÎÓÔ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʫʢʘʟʘʥʥʳʭ ʪʦʯʢʘʭ ʠ ʦʙʣʘʩʪʴ $- ʚʳʧʫʢʣʘ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʧʨʷʤʳʭ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʵʪʠ ʪʦʯʢʠ. 
 ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1), ʢʦʪʦʨʦʝ ʚ ʦʙʣʘʩʪʠ $- ʧʦʥʠʤʘʝʪʩʷ ʚ ʦʙʦʙʱʝʥʥʦʤ ʩʤʳʩʣʝ, ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʚ ʢʣʘʩʩʝ ʬʫʥʢʮʠʡ, ʥʝʧʨʝʨʳʚʥʳʭ ʚ ʟʘʤʢʥʫʪʦʡ ʦʙʣʘʩʪʠ $ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ, ʙʳʪʴ ʤʦʞʝʪ, ʪʦʯʝʢ 

Ú  π ʠ Ú  ρ, ʛʜʝ ʦʥʠ ʠʤʝʶʪ ʚʝʩʦʚʦʝ ʧʦʚʝʜʝʥʠʝ 

     ÕÚ  / Úȿ ρ  Úȿ ȟπ  ȿʇȿ ɿ .              (2) 

ɿʜʝʩʴ ‏  ‏ʝʩʪʴ ʧʝʨʚʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷˍ‏ ‏̱   π, ʛʜʝ 

!̖  ÁÒÃÔÈ ÔÇ ̖. 
 ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʘʥʦʚʦʢ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʩ ʜʘʥʥʳʤʠ ɼʠʨʠʭʣʝ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ (1). ʇʫʩʪʴ π  ̢  ρ, ʜʫʛʘ ɾᶻ Ṗ ɾ ʟʘʢʣʶʯʝʥʘ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

 ̖  ώ  ̢ ʠ ɾπ  ɾ͵ɾ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʯʘʩʪʴ ʦʙʣʘʩʪʠ $- ʦʙʦʟʥʘʯʠʤ $ᶻ, ʝʝ ʛʨʘʥʠʮʘ ʩʦʩʪʘʚʣʝʥʘ ʠʟ 

ɾᶻʠ ʜʚʫʭ ʦʪʨʝʟʢʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʙʲʝʜʠʥʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʦʟʥʘʯʠʤ ὰ. ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (1) 

ʪʨʠ ʟʘʜʘʯʠ π, , ρ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ 

      όȿ
„᷾ ‎π

 Æπ ;                (3) 

     όȿ
„᷾ ‎

Æ ;             (3*) 

     όȿ
„᷾ ‎π

 Æπ ,  όȿὰ  π ;          (3**) 

ʚ ʢʣʘʩʩʘʭ ʬʫʥʢʮʠʡ ʩʦ ʩʚʦʡʩʪʚʦʤ (2), ʛʜʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʇπ  π, ʇρ  π; ʇπʇρ π; ʇπ  π,  ʇρ π. 

 ʂʦʥʝʯʥʦ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ π ʠ ρ ʠʱʝʪʩʷ ʚ ʦʙʣʘʩʪʠ $ ͵ $ᶻ, ʚ ʦʙʣʘʩʪʴ $ᶻ ʦʥʦ ʧʨʦʜʦʣʞʘʝʪʩʷ ʢʘʢ 
ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ɻʫʨʩʘ (ʨʘʚʥʦʝ ʥʫʣʶ ʚ ʩʣʫʯʘʝ ʧʦʩʣʝʜʥʝʡ ʟʘʜʘʯʠ). ʆʯʝʚʠʜʥʦ, ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦ-

ʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ π, ʫʞʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʜʘʯʠ , ʘ ʧʦʩʣʝʜ-

ʥʝʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʞʝ, ʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ρ. 

 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ π ʧʨʠʥʘʜʣʝʞʠʪ ɸ.ɺ. ɹʠʮʘʜʟʝ [1], ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʠʣ ʝʝ ʦʜʥʦʟʥʘʯʥʫʶ 

ʨʘʟʨʝʰʠʤʦʩʪʴ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʎ ʠ ʚʳʙʦʨʘ ʪʦʯʢʠ 

.̢ ʏʪʦ ʢʘʩʘʝʪʩʷ ʟʘʜʘʯʠ , ʪʦ ʦʥʘ ʚʩʝʛʜʘ ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʘ. ʅʘʢʦʥʝʮ ʟʘʜʘʯʘ ρ ʚʩʝʛʜʘ ʨʘʟʨʝ-
ʰʠʤʘ, ʘ ʝʝ ʷʜʨʦ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 1. ɺʩʝ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʦʥʩʠʨʦʚʘʥʳ ʚ [2]. 

 ʆʪʤʝʪʠʤ, ʯʪʦ ʫʩʣʦʚʠʷ ɸ.ɺ. ɹʠʮʘʜʟʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʟʨʝʰʠʤʦʩʪʴ ʟʘʜʘʯʠ π, ʫʜʘʝʪʩʷ ʥʝ-

ʩʢʦʣʴʢʦ ʦʩʣʘʙʠʪʴ [3]. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʪʦʣʴʢʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʘʜʘʯʘ π ʬʨʝʜʛʦʣʴʤʦʚʘ ʠʥ-

ʜʝʢʩʘ ʥʫʣʴ, ʧʨʠʯʝʤ ʨʘʟʤʝʨʥʦʩʪʴ ʝʝ ʷʜʨʘ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 1. ʆʜʥʘʢʦ ʝʩʣʠ ʦʙʣʘʩʪʠ $  ʠ $-  ʚʳʧʫʢʣʳ 
ʦʪʥʦʩʠʪʝʣʴʥʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʢʨʫʞʥʦʩʪʝʡ ʠ ʛʠʧʝʨʙʦʣ, ʢʘʩʘʶʱʠʭʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ ʚʥʝ ʦʪ-
ʨʝʟʢʘ [0,1], ʪʦ ʵʪʘ ʟʘʜʘʯʘ ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʘ. 

ʃʀʊɽʈɸʊʋʈɸ 
1. ɹʠʮʘʜʟʝ ɸ.ɺ., ʅʝʢʦʨʨʝʢʪʥʦʩʪʴ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. ɼʦ- 
ʢʣ. ɸʅ ʉʉʉʈ, 1958, ʪ. 122, 2, 167-170. 
2. ʉʦʣʜʘʪʦʚ ɸ.ʇ., ɿʘʜʘʯʠ ʪʠʧʘ ɼʠpʠʭʣʝ ʜʣʷ ʫpʘʚʥʝʥʠʷ ʃʘʚpʝʥʪʴʝʚʘ - ɹʠʮʘʜʟʝ. I. ʊʝʦpʝʤʳ ʝʜʠʥ-
ʩʪʚʝʥʥʦʩʪʠ. ɼʦʢʣ. ʈɸʀ. 1993. ʊ.332, No.6. ʉ.696-698. II. ʊʝʦpʝʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 
ɼʦʢʣ. ʈɸʀ. 1993. ʊ.333, No.1. ʉ.16-18. 
3. ʉʦʣʜʘʪʦʚ ɸ.ʇ., ʆ ʟʘʜʘʯʘʭ ʪʠʧʘ ɼʠʨʠʭʣʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʃʘʚʨʝʥʪʴʝʚʘ-ɹʠʮʘʜʟʝ, ʊʨʫʜʳ 
ʄʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ɸ. ʉʪʝʢʣʦʚʘ, 2012, ʪ. 278, ʉ. 242- 249 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʈʆʉʊɸ ʆɼʅʆɻʆ ʀɿ ʆɹʆɹʑɽʅʀʁ 

ʈʗɼɸ ʕʂʉʇʆʅɽʅʊ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ ()H R  

ʉʦʣʦʤʘʪʠʥ ʆ.ɼ. 

ʌɻɹʆʋ ɺʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʉ.ʊʫʨʛʝʥʝʚʘè (ʈʦʩʩʠʷ) 

 

ɸʅʅʆʊɸʎʀʗ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʦ ʠʟ ʦʙʦʙʱʝʥʠʡ ʨʷʜʘ ʵʢʩʧʦʥʝʥʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ()H R , ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦ-

ʙʦʡ ʮʝʣʫʶ ʚʝʢʪʦʨʥʦʟʥʘʯʥʫʶ ʬʫʥʢʮʠʶ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ()H R . 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ.  ʆʙʦʙʱʝʥʥʳʡ ʨʷʜ ʵʢʩʧʦʥʝʥʪ, ʮʝʣʘʷ ʚʝʢʪʦʨʥʦʟʥʘʯʥʘʷ ʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦ-
ʩʪʘ ʮʝʣʦʡ ʬʫʥʢʮʠʠ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢ ʠ ʪʠʧ. 
 

ʇʫʩʪʴ ()H R - ʧʨʦʩʪʨʘʥʩʪʚʦ ʬʫʥʢʮʠʡ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚ ʢʨʫʛʝ z R< , ʪʦʧʦʣʦʛʠʷ ʢʦʪʦʨʦʛʦ ʟʘ-

ʜʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʥʦʨʤ () ()max
p z p R
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= . ʈʘʩʩʤʦʪʨʠʤ ʨʷʜ ʵʢʩʧʦʥʝʥʪ 
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ɽʩʣʠ ()f z ï ʬʫʥʢʮʠʷ, ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʚ ʢʨʫʛʝ 1 1,z R R R< ¢ <¤, ʪʦ ʨʷʜ (1) ʩʭʦʜʠʪʩʷ ʚ 

ʧʦʣʫʧʣʦʩʢʦʩʪʠ Re 0t< Re 0t< . ɼʣʷ ʮʝʣʦʡ ʬʫʥʢʮʠʠ ()f z  ʧʦʨʷʜʢʘ 0r>  ʨʷʜ (1) ʪʘʢʞʝ ʩʭʦʜʠʪʩʷ 

ʚ ʧʦʣʫʧʣʦʩʢʦʩʪʠ Re 0t< . ʆʜʥʘʢʦ, ʝʩʣʠ ()f z  ʠʤʝʝʪ ʧʦʨʷʜʦʢ ʨʦʩʪʘ 0r= , ʪʦ ʨʷʜ (1) ʩʭʦʜʠʪʩʷ ʧʦ 

ʪʦʧʦʣʦʛʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ()H R  ʚʩʶʜʫ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʫʶ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʶ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ()H R . 
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ʜʠʤ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 
4

3; ;
27

p p pr r s s= = = = ". 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʨʷʜ ʩʭʦʜʠʪʩʷ ʧʦ ʪʦʧʦʣʦʛʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ()H R  ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʮʝ-

ʣʫʶ  ʚʝʢʪʦʨ-ʬʫʥʢʮʠʶ () ():u t t C H R" Í ­ . 

ʀʩʩʣʝʜʫʝʤ ʪʝʧʝʨʴ ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ()H R . ɼʣʷ ʬʫʥʢʮʠʠ 
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= =ä  ʚʳʯʠʩʣʷʝʤ ʧʦʨʷʜʦʢ ʨʦʩʪʘ 0r= . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʷʝʤ ʝʝ ʣʦ-

ʛʘʨʠʬʤʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢ ʠ ʪʠʧ []( )1  ʧʦ ʬʦʨʤʫʣʘʤ: 



51 
 

( )
1 1

1
1 ln

lim ; 1; lim
1 ln 1ln ln

n n
n

n

n n

a

a

g

g

g
g g

g ng
g g

-

-

­¤ ­¤

å õ-
= > =æ ö

- -ç ÷
, 

ʛʜʝ { }na ï ʪʝʡʣʦʨʦʚʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢ 
3

2
g=  ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʪʠʧ 

2

3 3
n= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ( );u t z  ʩʦʩʪʦʠʪ ʠʟ ʮʝʣʳʭ ʩʢʘʣʷʨʥʳʭ ʬʫʥʢʮʠʡ 

() ( )0 0;f t u t z=  ʫʢʘʟʘʥʥʦʛʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ ʠ ʪʠʧʘ. 

 

ʃʀʊɽʈɸʊʋʈɸ 
 

1. ɻʨʦʤʦʚ ɺ.ʇ., ʉʦʣʦʤʘʪʠʥ ʆ.ɼ. ʃʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢ ʠ ʪʠʧ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʩʪʘ ʮʝ-
ʣʦʡ ʬʫʥʢʮʠʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʧʦʨʷʜʢʘ. ï ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ 
ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʧʦ ʩʧʝʮʠʘʣʠʟʘʮʠʠ çʊʝʦʨʠʷ ʬʫʥʢ-
ʮʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟè. ï ʆʨʝʣ, ʆɻʋ, ʇʦʣʠʛʨʘʬʠʯʝʩʢʘʷ ʬʠʨʤʘ çʂʘʨʪʫʰè, 2007. 

 

ɿɸɼɸʏɸ ʊʈʀʂʆʄʀ ɼʃʗ ʆʇɽʈɽɾɸʖʑɽïɿɸʇɸɿɼʓɺɸʖʑɽɻʆ 
ʉʄɽʐɸʅʅʆ-ʉʆʉʊɸɺʅʆɻʆ ʋʈɸɺʅɽʅʀʗ 

ʏʘʧʣʳʛʠʥʘ ɽ.ɺ. 

ʌɻɹʆʋ ɺʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʉ.ʊʫʨʛʝʥʝʚʘè, ʈʦʩʩʠʷ 

 

ɸʅʅʆʊɸʎʀʗ 
 

ʀʩʩʣʝʜʫʝʪʩʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʦʧʝʨʝʞʘʶʱʝ-ʟʘʧʘʟʜʳʚʘʶʱʝʛʦ ʩʤʝʰʘʥʥʦ-ʩʦʩʪʘʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 
ʇʦʩʪʨʦʝʥʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ. ɼʦʢʘʟʘʥʳ ʪʝʦʨʝʤʳ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ.  
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʫʨʘʚʥʝʥʠʝ ʩʤʝʰʘʥʥʦ-ʩʦʩʪʘʚʥʦʛʦ ʪʠʧʘ, ʦʧʝʨʘʪʦʨ ɻʝʣʣʝʨʩʪʝʜʪʘ, ʟʘʜʘʯʘ ʊʨʠʢʦʤʠ.  
 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʤʝʰʘʥʥʦ-ʩʦʩʪʘʚʥʦʝ ʫʨʘʚʥʝʥʠʝ  
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 ɿʘʜʘʯʘ G.  ʅʘʡʪʠ ʚ ʦʙʣʘʩʪʠ D  ʨʝʰʝʥʠʝ  ))(\()\()(),( 21 IJDCJDCDCyxu ÇÆÆÍ  

 ʫʨʘʚʥʝʥʠʷ (1), ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ 
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ʧʨʝʨʳʚʥʳʝ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ.  
  

 ʊɽʆʈɽʄɸ. ɽʩʣʠ ),2,1,0(),(],[)(),( 1
2

1 =ÆÍ ++ kxxCxxCxbxa kkkkkk  

),,(],[)( 30
2

30 xxCxxCx ÆÍj
 

),()(),( 12
2

12 ---- ÇÆÇÍ DDCDDCyxr
  

),()(),( 43

2

43 DDCDDCyxq ÇÆÇÍ 0),(),()()()( 303000 ===== yxqyxrxxx jjy  ʠ )(xky¡ ʧʨʠ

)2,1,0( =­ kxx k ʜʦʧʫʩʢʘʶʪ ʠʥʪʝʛʨʠʨʫʝʤʫʶ ʦʩʦʙʝʥʥʦʩʪʴ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝ-

ʥʠʝ ʟʘʜʘʯʠ G. 

 
ʃʀʊɽʈɸʊʋʈɸ 

 
1. ɿʘʨʫʙʠʥ ɸ.ʅ. ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʦʧʝʨʝʞʘʶʱʝ-ʟʘʧʘʟ-
ʜʳʚʘʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʊʨʠʢʦʤʠ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʄʘʪʝʤʘʪʠʢʘ, 2018, ˉ6, ʩ.9-24.  
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ʉʝʢʮʠʷ 2  
 

 

 ʇʈʀʂʃɸɼʅʓɽ ɿɸɼɸʏʀ  
ʄɸʊɽʄɸʊʀʂʀ 
 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄʆɼɽʃʀ ʌʆʅ-ʅɽʁʄɸʅɸ ɼʃʗ ʈɽʐɽʅʀʁ      ɿɸ-
ɼɸʏ ʄʅʆɻʆʆʊʈɸʉʃɽɺʆʁ ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 

ɹʫʨʠʝʚ ʊ.ʕ., ʂʫʨʜʘʰʦʚ ʐ.ʄ. 

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʦʚʨʝʤʝʥʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʢʘʢ ʥʘ ʤʠʢʨʦ-, ʪʘʢ ʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ ʚʢʣʶʯʘʝʪ ʢʘʢ ʝʩʪʝ-
ʩʪʚʝʥʥʳʡ, ʥʝʦʙʭʦʜʠʤʳʡ ʵʣʝʤʝʥʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʢʠ ʚ 
ʵʢʦʥʦʤʠʢʝ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʠ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʵʢʦ-
ʥʦʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, (ʠ ʧʘʨʘʤʝʪʨʦʚ) ʠ ʦʙʲʝʢʪʦʚ. ʀʟʫʯʝʥʠʝ ʩʪʦʣʴ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʝʜʧʦʣʘ-
ʛʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʙʩʪʨʘʢʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟ ʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ 
ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ  ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʲʝʢʪʘ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚʳʚʦʜʳ, ʘʜʝʢʚʘʪʥʳʝ  
ʠʟʫʯʘʝʤʦʤʫ ʦʙʲʝʢʪʫ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ.  

 ʊʘʢʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʜʫʢʪʠʚʥʳʤ ʧʫʪʝʤ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ ʦʙ  
ʦʙʲʝʢʪʝ: ʦʮʝʥʠʚʘʪʴ ʬʦʨʤʫ ʠ  ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʠʤʦʩʪʝʡ ʝʛʦ ʧʝʨʝʤʝʥʥʳʭ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʫʯʘʝʤʦʤʫ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. 

 ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʤʥʦʛʦʦʪʨʘʩʣʝʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʅʝʡʤʘʥʘ. ʄʦʜʝʣʴ ʅʝʡʤʘʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʵʢʦʥʦʤʠʢʠ. ʄʦʜʝʣʴ ʜʦʧʫʩʢʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦ-
ʙʘʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʧʦʩʦʙ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʪʨʘʪ ʠ ʚʳ-
ʧʫʩʢʘ ʟʘʜʘʶʪʩʷ ʤʘʪʨʠʮʘʤʠ. ɺ ʤʦʜʝʣʠ ʟʘʣʦʞʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ,  ʧʨʠʯʝʤ ʦʩʫ-
ʱʝʩʪʚʣʝʥʠʝ ʟʘʪʨʘʪ ʠ ʚʳʧʫʩʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʨʘʟʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ. 

 ʄʦʜʝʣʴ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 ʇʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʩ ʟʘʜʘʥʥʳʤʠ  ʤʘʪʨʠʮʘʤʠ ʜʘʥʥʳʭ. 
ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɼʘʥʠʣʦʚ ʅ.ʅ. ʂʫʨʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ. ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 2006. 
2. ʂʦʣʝʤʘʝʚ ɺ ɸ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʵʢʦʥʦʤʠʢʘ. ʄ.: ʖʅʀʊʀ-ɼɸʅɸ, 2005. 
3. ʄʘʣʳʭʠʥ ɺ.ʀ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʢʠ. ʄ.: ʋ ʈɸʆ, 1998. 
4. ʆʨʣʦʚʘ ʀ.ɺ. ʕʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʄ.: ɺʫʟʦʚʩʢʠʡ ʫʯʝʙʥʠʢ; ɺɿʌʕʀ, 

2007. 
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ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʇʈʀʃʆɾɽʅʀʗ ɿɸɼɸʏʀ  

ʆ ʄɸʂʉʀʄɸʃʔʅʆʄ ʇʆʊʆʂɽ1 

ɺʦʣʢʦʚ ɺ.ʉ., ɼʦʙʨʠʥ ʉ.ɸ. 

ɽɻʋ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ 

ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʢʘ ʷʚʣʷ-
ʝʪʩʷ ʧʨʠʥʷʪʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ʆʜʥʠʤ ʠʟ 
ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʷ. ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʜʘʯ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠ 
ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʘʬʦʚ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ 
ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʚ ʩʬʝʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʪʴ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʪʦʢ, ʟʘʜʘʯʘ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʥʘʟʥʘʯʝʥʠʠ. 
ʇʫʩʪʴ ʟʘʜʘʥ ʥʝʢʦʪʦʨʳʡ ʧʦʪʦʢ ὢ ὼ , ʧʨʠʯʝʤ ʠʤʝʝʪʩʷ ʪʘʢʦʝ ʨʘʟʙʠʝʥʠʝ ʩʝʪʠ, ʯʪʦ ʚ ʧʦʜʤʥʦ-

ʞʝʩʪʚʦ A ʚʭʦʜʷʪ ʠʩʪʦʢ I ʠ ʚʩʝ ʚʝʨʰʠʥʳ i, ʜʦʩʪʠʞʠʤʳʝ ʠʟ ʠʩʪʦʢʘ I ʭʦʪʷ ʙʳ ʧʦ ʦʜʥʦʤʫ ʧʫʪʠ, ʩʦʩʪʦʷʱʝʤʫ 
ʠʟ ʥʝʥʘʩʳʱʝʥʥʳʭ ʨʝʙʝʨ. ɺ ʧʦʜʤʥʦʞʝʩʪʚʦ B ʚʭʦʜʷʪ ʚʝʨʰʠʥʳ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʜʦʩʪʠʯʴ ʠʟ ʠʩʪʦʢʘ ʧʦ 
ʥʝʥʘʩʳʱʝʥʥʳʤ ʨʝʙʨʘʤ. ʇʨʠ ʫʢʘʟʘʥʥʦʤ ʨʘʟʙʠʝʥʠʠ ʚʦʟʤʦʞʥʳ ʜʚʝ ʩʠʪʫʘʮʠʠ: 1) ʩʪʦʢ Ὓɵ ὃ; 2) ʩʪʦʢ Ὓɴ
ὃ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ Ὓɴ ,ˏ ʧʦʵʪʦʤʫ ʧʦʩʪʨʦʝʥʥʦʝ ʨʘʟʙʠʝʥʠʝ ʷʚʣʷʝʪʩʷ ʨʘʟʨʝʟʦʤ A/B. ʇʦ ʫʩʣʦʚʠʶ ʨʘʟ-
ʙʠʝʥʠʷ ʜʣʷ ʣʶʙʦʡ ʚʝʨʰʠʥʳ i Aɴ ʩʫʱʝʩʪʚʫʝʪ ʧʫʪʴ ʠʟ ʠʩʪʦʢʘ ʚ i, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʥʘʩʳʱʝʥʥʳʭ ʨʝʙʝʨ, 
ʘ ʜʣʷ ʣʶʙʦʡ ʚʝʨʰʠʥʳ j Bɴ ʪʘʢʦʛʦ ʧʫʪʠ ʥʝʪ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʣʶʙʦʝ ʨʝʙʨʦ (i, j) ʨʘʟʨʝʟʘ A/B ʙʫʜʝʪ 

ʥʘʩʳʱʝʥʥʳʤ, ʪʦ ʝʩʪʴ ὼὭὮ ὶὭὮ. ʇʨʦʩʫʤʤʠʨʦʚʘʚ ʚʩʝ ʪʘʢʠʝ ʨʘʚʝʥʩʪʚʘ ʧʦ ʚʩʝʤ i Aɴ ʠ j Bɴ, ʧʦʣʫʯʠʤ 

В В ὼὭὮὮɴὄὭɴὃ В В ὶὭὮὮɴὄὭɴὃ . ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʚʝʣʠʯʠʥʘ X ʧʦʪʦʢʘ ʯʝʨʝʟ ʨʘʟʨʝʟ, ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ R ʨʘʟʨʝʟʘ A/B. ʀʟ ʜʘʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʧʦ ʪʝʦʨʝʤʝ ʌʦʨʜʘ ï 
ʌʘʣʢʝʨʩʦʥʘ [1] ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʪʦʢ ὢ ὼ  ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ Ὓɴ ὃȟ ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʫʪʴ ʠʟ ʥʝʥʘʩʳʱʝʥʥʳʭ ʨʝʙʝʨ, ʚʝʜʫʱʠʡ ʠʟ ʠʩ-
ʪʦʢʘ ʚ ʩʪʦʢ, ʧʦ ʨʝʙʨʘʤ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʨʦʧʫʩʪʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʪʦʢ ʚʝʣʠʯʠʥʦʡ Ў ÍÉÎ ὶ

ὼ  ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʱʥʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʨʘʩʪʝʪ ʥʘ ʚʝʣʠʯʠʥʫ Ўȟ ʠ ʤʳ ʧʦʣʫʯʠʤ ʥʦʚʳʡ ʧʦʪʦʢ 

ὢρ ὼὭὮ
ρ . 

ʆʙʲʝʜʠʥʷʷ ʜʚʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ ʧʦʩʪʨʦʝʥʠʷ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʦʢʘ: 

1. ʇʦʩʪʨʦʠʪʴ ʥʘʯʘʣʴʥʳʡ ʧʦʪʦʢ ὢπ ὼὭὮ
π . 

2. ʅʘʡʪʠ ʧʦʜʤʥʦʞʝʩʪʚʦ A ʚʝʨʰʠʥ, ʜʦʩʪʠʞʠʤʳʭ ʠʟ ʠʩʪʦʢʘ I ʧʦ ʥʝʥʘʩʳʱʝʥʥʳʤ ʨʝʙʨʘʤ. ɽʩʣʠ 
ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʩʪʦʢ S ʥʝ ʧʦʧʘʜʝʪ ʚ ʧʦʜʤʥʦʞʝʩʪʚʦ A, ʪʦ ʧʦʩʪʨʦʝʥʥʳʡ ʧʦʪʦʢ ʤʘʢʩʠʤʘʣʴʥʳʡ ʠ ʟʘʜʘʯʘ 
ʨʝʰʝʥʘ.  

3. ɽʩʣʠ ʞʝ ʩʪʦʢ S ʧʦʧʘʜʝʪ ʚ A, ʪʦ ʚʳʜʝʣʠʪʴ ʧʫʪʴ ʠʟ ʠʩʪʦʢʘ I ʚ ʩʪʦʢ S, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʥʘʩʳ-
ʱʝʥʥʳʭ ʨʝʙʝʨ, ʠ ʫʚʝʣʠʯʠʪʴ ʧʦʪʦʢ xij ʧʦ ʢʘʞʜʦʤʫ ʨʝʙʨʫ ʵʪʦʛʦ ʧʫʪʠ ʥʘ ʚʝʣʠʯʠʥʫ                 Ў ÍÉÎ ὶ

ὼ . ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʦʛʦ ʧʦʪʦʢʘ ὢρ ὼὭὮ
ρ, ʥʘʜʦ ʚʝʨʥʫʪʴʩʷ ʢ ʧ. 2 ʘʣʛʦʨʠʪʤʘ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧ. 3 ʘʣʛʦʨʠʪʤʘ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʥʦ ʠʟ ʥʝʥʘʩʳ-
ʱʝʥʥʳʭ ʨʘʥʥʝʝ ʨʝʙʝʨ ʩʪʘʥʦʚʠʪʩʷ ʥʘʩʳʱʝʥʥʳʤ, ʪʦ ʯʝʨʝʟ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦ-
ʪʦʢ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥ [2]. 

ɺʘʞʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʣʦʞʝʥʠʝʤ ʟʘʜʘʯʠ ʦ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʦʪʦʢʝ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʝ ʨʘʙʦʪ ʤʝʞʜʫ ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʣʦʩʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴ-
ʰʝʝ ʠʭ ʯʠʩʣʦ. ʊʘʢʫʶ ʟʘʜʘʯʫ ʥʘʟʳʚʘʶʪ ʟʘʜʘʯʝʡ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʥʘʟʥʘʯʝʥʠʠ [3]. 

ʇʫʩʪʴ ʥʝʢʦʪʦʨʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʨʘʙʦʪʘ ʈ ʩʚʷʟʘʥʘ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʩʦʚʦʢʫʧʥʦʩʪʠ m ʙʦʣʝʝ ʤʝʣ-
ʢʠʭ ʨʘʙʦʪ ʈ1, ʈ2, é, ʈm, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʣʘ-
ʥʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ ʥʘʭʦʜʠʪʩʷ n ʦʨʛʘʥʠʟʘʮʠʡ-ʠʩʧʦʣʥʠʪʝʣʝʡ ʀ1, ʀ2, é, ʀn, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 
ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʙʦʪʳ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʩʧʦʣʥʠʪʝʣʴ ʤʦʞʝʪ ʚʳʧʦʣ-
ʥʷʪʴ ʪʦʣʴʢʦ ʢʘʢʫʶ-ʣʠʙʦ ʦʜʥʫ ʨʘʙʦʪʫ, ʠ ʢʘʞʜʘʷ ʨʘʙʦʪʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʪʦʣʴʢʦ ʦʜʥʠʤ ʠʩʧʦʣʥʠʪʝ-
ʣʝʤ.  

ɿʘʜʘʜʠʤ ʤʘʪʨʠʮʫ ὃ ὥ , ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ὥὭὮ ρ, ʝʩʣʠ i-ʷ ʨʘʙʦʪʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ j-

ʤ ʠʩʧʦʣʥʠʪʝʣʝʤ, ʠ ὥὭὮ π ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. ʆʙʦʟʥʘʯʠʤ ὼὭὮ ʧʝʨʝʤʝʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʪ ʤʝʞʜʫ ʠʩʧʦʣʥʠʪʝʣʷʤʠ, ʧʨʠʯʝʤ ὼὭὮ ρ, ʝʩʣʠ i-ʷ ʨʘʙʦʪʘ ʧʦʨʫʯʝʥʘ j-ʤʫ 

                                                             
1 ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʃ.ɺ. ɾʫʢ 
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ʠʩʧʦʣʥʠʪʝʣʶ, ὼὭὮ π  ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʦʤʫ ʠʩʧʦʣʥʠʪʝʣʶ ʤʦʞʥʦ ʧʦʨʫʯʠʪʴ ʥʝ 

ʙʦʣʴʰʝ ʦʜʥʦʡ ʨʘʙʦʪʳ, ʪʦ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ В ὼὭὮ
ά
Ὥρ ρ, j=1,é,n. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʫʶ ʨʘ-

ʙʦʪʫ ʤʦʞʥʦ ʧʦʨʫʯʠʪʴ ʪʦʣʴʢʦ ʪʘʢʦʤʫ ʠʩʧʦʣʥʠʪʝʣʶ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʝʝ ʚʳʧʦʣʥʠʪʴ, ʧʦʵʪʦʤʫ ὼὭὮ
  ὥὭὮ  (i=1,é,m; j=1,é,n). 

ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʨʘʙʦʪʘ ʧʦʨʫʯʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʤʫ ʠʩʧʦʣʥʠʪʝʣʶ, ʪʦ ʜʦʣʞʥʦ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʫʩʣʦʚʠʝ В ὼὭὮ
ὲ
Ὦρ ρ,  i=1,é,m. ʆʙʱʝʝ ʯʠʩʣʦ m ʨʘʙʦʪ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʚʩʝʤʠ 

ʠʩʧʦʣʥʠʪʝʣʷʤʠ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ Ὢ В В ὼ . 

ʆʯʝʚʠʜʥʦ, ʟʘʜʘʯʘ ʦʙ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʟʥʘʯʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡ-
ʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɹʦʣʝʝ 
ʙʳʩʪʨʳʡ ʨʝʟʫʣʴʪʘʪ ʜʘʸʪ ʝʸ ʩʚʝʜʝʥʠʝ ʢ ʟʘʜʘʯʝ ʦ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʦʪʦʢʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʪʨʦʠʪʩʷ ʩʝʪʴ 
ʩ m+n+2 ʚʝʨʰʠʥʘʤʠ, m ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʙʦʪʘʤ, n  ʠʩʧʦʣʥʠʪʝʣʷʤ, ʜʚʝ ʦʩʪʘʚʰʠʝʩʷ ʚʝʨ-
ʰʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʪʦʢʫ I ʠ ʩʪʦʢʫ S. ʀʩʪʦʢ I ʩʦʝʜʠʥʷʶʪ ʩ ʚʝʨʰʠʥʘʤʠ Pi ʠ ʩʯʠʪʘʶʪ ʧʨʦʧʫʩʢʥʳʝ 
ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʙʝʨ (I, Pi) ʨʘʚʥʳʤʠ 1, ʘ ʨʝʙʝʨ (Pi, I) ʨʘʚʥʳʤʠ 0. ɺʝʨʰʠʥʳ ʀj ʩʦʝʜʠʥʷʶʪ ʩʦ ʩʪʦʢʦʤ S, 
ʠ ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʠʚʰʠʭʩʷ ʨʝʙʝʨ (ʀj, S) ʩʯʠʪʘʶʪ ʨʘʚʥʳʤʠ 1, ʘ ʨʝʙʝʨ (S, ʀj)  ʨʘʚʥʳʤʠ 

0. ɺʝʨʰʠʥʫ Pi ʩʦʝʜʠʥʷʶʪ ʨʝʙʨʦʤ ʩ ʚʝʨʰʠʥʦʡ ʀj  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ὥὭὮ ρ, ʪʦ ʝʩʪʴ ʢʦʛʜʘ 

ʨʘʙʦʪʘ Pi ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʠʩʧʦʣʥʠʪʝʣʝʤ ʀj. ʧʨʠ ʵʪʦʤ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʦʛʦ ʨʝʙʨʘ 
(Pi, ʀj) ʩʯʠʪʘʶʪ ʨʘʚʥʦʡ 1, ʘ ʨʝʙʨʘ (ʀj, Pi) Ꞌ ʨʘʚʥʦʡ 0. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʘʙʦʪ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʪʦʢ ʥʘ 
ʩʝʪʠ: ʝʩʣʠ ʨʘʙʦʪʘ Pi ʧʦʨʫʯʘʝʪʩʷ ʠʩʧʦʣʥʠʪʝʣʶ ʀj, ʪʦ ʧʦ ʮʝʧʦʯʢʝ ʨʝʙʝʨ (I, Pi), (Pi, ʀj), (ʀj, S) ʧʨʦʧʫʩʢʘ-
ʝʪʩʷ ʧʦʪʦʢ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʪʘʢʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʯʠʩʣʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʨʘʙʦʪ ʨʘʚʥʦ ʤʦʱ-
ʥʦʩʪʠ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʘ ʠʟ ʠʩʪʦʢʘ I ʚ ʩʪʦʢ S. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʟʥʘ-
ʯʝʥʠʷʭ ʜʦʩʪʘʪʦʯʥʦ ʥʘʡʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʝʪʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʪʦʢ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʧʦʪʦʢʘʤʠ 
ʧʦ ʨʝʙʨʘʤ ʩʝʪʠ. 
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ʂʅʆʈʋʉ, 2006. ï 768 ʩ. 
3. ʌʦʤʠʥ ɻ.ʇ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʫʯʝʙʥʠʢ. ʄ.: ʌʠ-
ʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 2001. 544 ʩ. 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆʁ ɼɽ-
ʗʊɽʃʔʅʆʉʊʀ ʇʈɽɼʇʈʀʗʊʀʗ 

ʂʦʚʘʣʝʥʢʦ ʄ.ʀ. 

ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 
ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʊʝʦʨʠʷ ʠ ʤʝʪʦʜʳ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝ-
ʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʪʝʢʫʱʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʘʥʳ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʣʘʥʳ ʥʝʦʙʭʦʜʠʤʳʤʠ 
ʨʝʩʫʨʩʘʤʠ, ʧʨʠʥʠʤʘʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʦʩʚʝʱʘ-
ʶʪʩʷ ʧʦʜʭʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʦʨʛʦʚʦʛʦ 
ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʘ 
ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʟʘʜʘʥʥʳʡ ʩʧʨʦʩ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʠ ʭʨʘʥʝʥʠʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʨʛʦʚʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ, ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦ-
ʚʘʥʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʦʜʘʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʭʦ-
ʟʷʡʩʪʚʝʥʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʥʝʜʞʤʝʥʪʝ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘʭʦʜʷʪ ʪʝʦʨʠʷ ʠ ʤʝ-
ʪʦʜʳ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʬʦʨʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʮʝʣʝʡ, ʩʪʨʦ-
ʠʪʴ ʪʝʢʫʱʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʘʥʳ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ, 
ʧʨʠʥʠʤʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʇʨʝʜʤʝʪʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ 
ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʦʧʪʠʤʠʟʘʮʠʠ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʦʨʛʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ 
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ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ. ɿʘʧʘʩʦʤ ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʦʡ ʨʝʩʫʨʩ, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪʩʷ 
ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʙʫʜʫʱʠʭ ʥʫʞʜ (ʛʦʪʦʚʳʝ ʠʟʜʝʣʠʷ, ʤʘʪʝʨʠʘʣʳ, ʨʘʟʣʠʯʥʳʝ ʪʦʚʘʨʳ, ʜʝʥʝʞʥʘʷ 
ʥʘʣʠʯʥʦʩʪʴ  ʜʨ.). ʇʨʠʯʠʥʘʤʠ ʩʦʟʜʘʥʠʷ ʟʘʧʘʩʦʚ ʷʚʣʷʶʪʩʷ ʜʠʩʢʨʝʪʥʦʩʪʴ ʧʦʩʪʘʚʦʢ, ʩʣʫʯʘʡʥʳʝ ʢʦʣʝ-
ʙʘʥʠʷ ʩʧʨʦʩʘ ʟʘ ʧʝʨʠʦʜ ʤʝʞʜʫ ʧʦʩʪʘʚʢʘʤʠ, ʦʙʲʝʤʘ ʧʦʩʪʘʚʦʢ, ʩʝʟʦʥʥʦʩʪʴ ʩʧʨʦʩʘ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʜʧʨʠʷʪʠʝ, ʧʨʦʠʟʚʦʜʷʱʝʝ ʧʘʨʪʠʷʤʠ ʥʝʢʦʪʦʨʳʝ ʠʟʜʝʣʠʷ ʠ ʧʦʣʫʯʠʚʰʝʝ ʟʘʢʘʟʳ ʥʘ ʧ 
ʤʝʩʷʮʝʚ, ʧʨʠʯʝʤ ʨʘʟʤʝʨʳ ʟʘʢʘʟʦʚ ʤʝʥʷʶʪʩʷ ʦʪ ʤʝʩʷʮʘ ʢ ʤʝʩʷʮʫ, ʧʦʵʪʦʤʫ ʠʥʦʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ 
ʚʳʧʦʣʥʠʪʴ ʦʜʥʦʡ ʧʘʨʪʠʝʡ ʟʘʢʘʟʳ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʠ ʟʘʪʝʤ ʭʨʘʥʠʪʴ ʠʟʜʝʣʠʷ, ʧʦʢʘ ʦʥʠ ʥʝ ʧʦʪʨʝ-
ʙʫʶʪʩʷ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʧʣʘʥ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʫʢʘʟʘʥʥʳʝ ʤʝʩʷʮʳ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʡ ʟʘʪʨʘʪʳ 
ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʭʨʘʥʝʥʠʝ.  

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: ʠi ī ʯʠʩʣʦ ʠʟʜʝʣʠʡ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ j-ʡ  ʤʝʩʷʮ; xj ī ʚʝʣʠʯʠʥʘ ʟʘʧʘʩʘ ʢ 
ʥʘʯʘʣʫ j-ʛʦ ʤʝʩʷʮʘ; dj ī ʯʠʩʣʦ ʠʟʜʝʣʠʡ, ʦʪʛʨʫʞʘʝʤʳʭ ʚ j-ʤ ʤʝʩʷʮʝ; fj(xj+1,uj) ī ʟʘʪʨʘʪʳ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 
ʭʨʘʥʝʥʠʝ ʠʟʜʝʣʠʡ ʚ j-ʤ ʤʝʩʷʮʝ. ʉʯʠʪʘʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʟʘʧʘʩʦʚ ʢ ʥʘʯʘʣʫ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʭ1 ʠ ʢ ʢʦʥʮʫ 
ʧʦʩʣʝʜʥʝʛʦ ʭn+1 ʟʘʜʘʥʳ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ ʧʣʘʥ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ό    (1), ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ ʙʘʣʘʥʩʘ  

xj+uj-dj=xj+1,  j=1,2,é, n            (2) 
ʠ ʤʠʥʠʤʠʟʠʨʫʶʪ ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ ʟʘ ʚʝʩʴ ʧʣʘʥʠʨʫʝʤʳʡ ʧʝʨʠʦʜ 

ᾀ В Ὢὼ ȟό ᴼÍÉÎ (3). 

ʇʨʠ ʵʪʦʤ ὼὮᶰ πȟρȟςȟσȟȣ ȟ   όὮɴ πȟρȟςȟσȟȣ ȟὮ ρȟςȟȣȟὲ  (4).  

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʤʝʩʷʮʘ j ʚʝʣʠʯʠʥʘ xj+1 ʟʘʧʘʩʘ ʢ ʢʦʥʮʫ ʤʝʩʷʮʘ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʛʨʘ-
ʥʠʯʝʥʠʷʤ 0Òxj+1Òdj+1+dj+2+é+dn, (5), ʪ. ʝ. ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠj  ʥʘ ʵʪʘʧʝ j ʤʦʞʝʪ ʙʳʪʴ 
ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢ, ʯʪʦ ʟʘʧʘʩ xj+1 ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʧʨʦʩ ʥʘ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ, ʥʦ ʥʝʪ ʩʤʳʩʣʘ 
ʠʤʝʪʴ xj+1 ʙʦʣʴʰʝ ʩʫʤʤʘʨʥʦʛʦ ʩʧʨʦʩʘ ʥʘ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ.  
ʂʨʦʤʝ ʪʦʛʦ, ʫʧʨʘʚʣʝʥʠʝ uj ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʛʨʘʥʠʯʝʥʠʷʤ 0ÒujÒdj+xj+1    (6). 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚʟʷʚ ʟʘ ʦʩ-
ʥʦʚʫ ʘʣʛʦʨʠʪʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ [2].  ɿʘ ʧʘʨʘʤʝʪʨ ʩʦʩʪʦʷʥʠʷ ʭ ʧʨʠʤʝʤ ʥʘʣʠʯʥʳʡ ʟʘʧʘʩ ʚ ʢʦʥʮʝ k-
ʛʦ ʤʝʩʷʮʘ ʭ=ʭk+1, ʘ ʬʫʥʢʮʠʶ ʩʦʩʪʦʷʥʠʷ Fk(x) ʦʧʨʝʜʝʣʠʤ ʢʘʢ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʟʘ ʧʝʨʚʳʝ k ʤʝ-
ʩʷʮʝʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (5): 

ὊὯὼ ÍÉÎ
όρȟόςȟȣȟόὯ

Ὢ
Ὦ
ὼὮρȟόὮȟ

Ὧ

Ὦρ

 

ʛʜʝ ʤʠʥʠʤʫʤ ʙʝʨʝʪʩʷ ʧʦ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤ ʮʝʣʳʤ ʟʥʘʯʝʥʠʷʤ ʠ1, ʠ1...,ʠʢ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʫʩʣʦ-
ʚʠʷʤ 
 xj+uj-dj = xj+1,  xk+uk-dk=x    (7). 

ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ÍÉÎ
όρȟόςȟȣȟόὯ

Ὢ
Ὦ
ὼὮρȟόὮ ÍÉÎ

όὯ
Ὢ
Ὧ
ὼὯ ρȟόὯ ÍÉÎ

όρȟόςȟȣȟόὯ ρ
Ὢ
Ὦ
ὼὮρȟόὮ

Ὧ ρ

Ὦρ

ȟ

Ὧ

Ὦρ

 

ʠ ʚʝʣʠʯʠʥʘ ʟʘʧʘʩʘ ʭk  ʢ ʢʦʥʮʫ (kī1)-ʛʦ ʧʝʨʠʦʜʘ ʨʘʚʥʘ ʭʢ = x+dk-uk  ʧʨʠʭʦʜʠʤ ʢ ʨʝʢʫʨʨʝʥʪʥʦʤʫ ʩʦʦʪʥʦ-
ʰʝʥʠʶ 

ὊὯὼ άὭὲόὯὪὯὼȟόὯ ὊὯ ρὼ ὨὯ όὯ  

ʛʜʝ ʤʠʥʠʤʫʤ ʙʝʨʝʪʩʷ ʧʦ ʧʝʨʝʤʝʥʥʦʡ ʠʢ, ʢʦʪʦʨʘʷ, ʩʦʛʣʘʩʥʦ (6), ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 
0ÒukÒdk+x, ʧʨʠʯʝʤ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʩʦʩʪʦʷʥʠʷ, ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʚ 
ʧʨʝʜʝʣʘʭ 0ÒxÒdk+1+dk+1+é+dn , ʘ ʠʥʜʝʢʩ k ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ k=2,3,4,é, n. 

ʇʨʠ k = 1 ὊὯὼ άὭὲόρὪρὼςȟόρ ,  ʛʜʝ u1=x+d1-x1,  0ÒxÒd2+d3+é+dn , ʪ. ʝ. ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʨʦʚʥʝ x1 ʠʩʭʦʜʥʦʛʦ ʟʘʧʘʩʘ ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʭ ʦʪʚʝʯʘʝʪ ʪʦʣʴʢʦ 
ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ u1. ʇʨʠʤʝʥʠʚ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʧʨʦʮʝʜʫʨʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦ-
ʚʘʥʠʷ, ʥʘ ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ (k=ʧ) ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝʜʥʝʡ ʢʦʤʧʦʥʝʥʪʳ ʠ*

n ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝ-
ʥʠʷ, ʘ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʧʨʝʜʝʣʷʝʤ ʢʘʢ 

όὯ
ᶻ όὯ

ᶻ ὼὲ ρ ὨὮ όὮ
ᶻ

ὲ

ὮὯ ρ

ȟ Ὧ ρȟςȟȣȟὲ ρȢ 
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MODELING THE MAGNETOPTICAL RESPONSE  
TO BISMUTH CRYSTALS  
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ABSTRACT  

It has been demonstrated that results of the high field experiment can be modeled by calculation of the 
coefficient of a transmission. The problem is modeled using Maxwell equations where the medium effect 
on the propagation of the electromagnetic wave is taken into account by the permittivity tensor composed 
of nine components. View the complexity of the problem, analytic method together with numerical method 
and scientific computing techniques are applied.  

Keywords: interband transitions, momentum  space, magneto-optical effect in bismuth.  

 

The magneto-optical effect in bismuth [1], when interband transitions of electrons occur under the action of 
electromagnetic radiation, was observed in a wide range of crystallographic directions and temperatures 
[2]. Another example, when modeling the shape of an experimental line made it possible to obtain com-
pletely new information on the dynamics of the interaction of electromagnetic radiation with matter, is the 
definition of the region of interband transitions in momentum  space. 
In the orientation, when the magnetic field induction vector was located in the binary plane at different 
angles to the bisector and trigonal axes, extremely complex magneto-optical spectra were obtained in some 
directions that at first glance contradict modern ideas about the bismuth band structure.  
With an arbitrary orientation of the magnetic field induction vector with respect to crystallographic directions, 
no more than three series  of magneto-optical oscillations should be observed. At least four series of mag-
neto-optical oscillations  were experimentally observed [3]. Therefore, the modeling of magneto-optical 
spectra was carried out in the framework of the consideration of several alternative hypotheses. Only a 
detailed simulation of the magneto-optical spectra made it possible to substantiate the conclusion about 
the experimental observation of magneto-optical oscillations due to the non-ellipsoidal nature of the Fermi 
surfaces. The surface of the Fermi bismuth only as a first approximation is a triaxial ellipsoid. A detailed 
study of the Fermi bismuth surface at low temperatures and various concentrations of charge carriers, 
analysis of experimental data in the framework of the McClure and Choi model of the electronic energy 
spectrum, which takes into account the terms in the dispersion law with 3 and 4 degrees in the wave vector, 
made it possible similar to the type of "dog bone". It is this form of the Fermi surface that, in the case of a 
certain orientation, given the high quality of the crystal, can form three systems of Landau tubes. As proof 
of the presented point of view, the values of cyclotron masses do not exceed the heaviest cyclotron mass, 
which corresponds to the extremes ñbò and ñcò.  The fact that the values of the cyclotron mass is proportional 
to the extremal cross-sections. Thus, it can be concluded that the deviation from the ellipsoidal surface is 
small, which fits well into modern ideas about the shape of the bismuth Fermi surface. 
In the direction along the magnetic induction vector, there is no quantization of the electron energy spec-
trum. The wave number is quasi-continuous due to the huge number of states. It will be interesting to clarify 
the question of how far in momentum space is the region in which the events considered in the work take 
place, and to compare the data obtained with certain characteristic sizes for bismuth. The natural value 
with which it makes sense to make a comparison is the surface of constant energy. The dimensions of the 
surfaces of constant energy were calculated in the framework of the ellipsoidal model, the electron concen-
tration was assumed to be equal to the hole concentration and was 4.5Ŀ1017 ʩm-1. Since the summation 
over the wave vector for electrons with different cyclotron masses was carried out separately, it was possi-
ble to obtain the transition regions for each of the extrema separately.  
Total, these regions can be united by a circle with a radius of R=1,7Ŀ106 ʩm-1. Thus, the region of interband 
transitions in momentum space does not exceed one-third of the largest size of the Fermi bismuth surface 
at point L of the Brillouin zone. For configurations, when the magnetic field induction vector was located at 
different angles to the directions of high symmetry in bisector and binary planes, a set of magneto-optical 
spectra was also obtained. They carried out a numerical analysis, as a result of which a three-dimensional 
region was obtained at L points of the Brillouin zone, within which inter-band electron transitions occur in 

bismuth under the action of electromagnetic radiation with a wavelength of  l= 10.6 ɛm. This region is a 
triaxial ellipsoid, oriented similarly to the Fermi surface for electrons at point L of the Brillouin zone. Its size 
along the trigonal axis is 1.0Ŀ106 (ʩm-1), along the binary axis ð 1.7Ŀ106 (ʩm-1), along the direction of elon-
gation of the isoenergy surface 2.6Ŀ106 (ʩm-1). 



58 
 

LITERATURE 

1. Vecchi M.P., Pereira J.R., Dresselhaus M.S. Phys. Rev. B, 1976 V. 4. ˉ 2. P.298 ï 317. 

2. Kondakov O.V., Tokarev V.V. Materials of the All-Russian intercollegiate scientific seminar: Nonequi-
librium phenomena in narrow-gap semiconductors and semimetals. Yelets. 2004.  

3. Vintaykin, B.E., Gladkikh, O.B., Kondakov, O.V. Bulletin of Moscow State Technical University, Natural 
Sciences. 2004. ˉ2. P. 90-105. 

4.  Gladkikh O.V., Kondakov O.V., Tokarev V.V. Reports of the VIII International Seminar "Thermoelec-
trics and Their Applications". S.-Peterburg. 2002. P.123-128. 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʆʇʊʀʄɸʃʔʅʆɻʆ ʋʇʈɸɺʃɽʅʀɽ ɼɺʀɾɽʅʀɽʄ 
ʂʆʉʄʀʏɽʉʂʆɻʆ ʂʆʈɸɹʃʗ ɺ ʌʆʊʆɻʈɸɺʀʊɸʎʀʆʅʅʓʍ ʇʆʃʗʍ 

ʂʦʨʦʣʝʚ ɺ.ʉ., ʇʦʣʷʭʦʚʘ ɽ.ʅ. 

ʉʇʙɻʋ, ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠ ̫
 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʨʘʤʢʘʭ ʦʙʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʜʘʯ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘ-
ʨʘʪʦʤ ʠ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. 
ʏʪʦʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʨʘʟʤʝʨʳ, ʩʚʦʡʩʪʚʘ ʠʣʠ ʧʦʣʦʞʝʥʠʝ ʧʘʨʫʩʘ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʧʦʪʦʢʘ ʣʫʯʝʡ ʉʦʣʥʮʘ. ɻʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʡ ʧʦʣʝʪ ʥʘ ʧʣʘʥʝʪʳ, ʘʩʪʝʨʦʠʜʳ ʠʣʠ ʢ ʉʦʣʥʮʫ 
ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʘʢ ʜʚʠʞʝʥʠʝ ʚ ʬʦʪʦʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʚ ʨʘʤʢʘʭ 
ʟʘʜʘʯʠ ʜʚʫʭ ʪʝʣ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʠʣʳ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʣʫʯʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʨʫʩʘ. ʇʨʠ ʜʚʠʞʝʥʠʠ 
ʧʦ ʦʨʙʠʪʘʤ ʚʙʣʠʟʠ ɿʝʤʣʠ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʦʙʱʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʘʜʘʯʠ 
ʪʨʝʭ ʪʝʣ. ʅʘ ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʨ-
ʙʠʪ ʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʣ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʜʘʥʥʦʛʦ ʜʚʠ-
ʞʝʥʠʷ ʥʘ ʛʝʦʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʝʢ ʣʠʙʨʘʮʠʠ. ʆʨʠʝʥʪʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʦʤʝʥʪʘʤʠ ʩʠʣ [1] ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʟʥʘʯʝʥʠʷ ʧʨʠ ʤʘ-
ʣʳʭ ʦʪʢʣʦʥʝʥʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʥʘʤʠʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ, ʩʦʣʥʝʯʥʳʡ ʧʘʨʫʩ, ʩʚʝʪʦʚʦʝ ʜʘʚʣʝʥʠʝ.  

ʇʨʠʥʮʠʧ ʜʚʠʞʝʥʠʷ ʚ ʢʦʩʤʦʩʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʩ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ ʦʩʥʦʚʘʥ ʥʘ 
ʵʬʬʝʢʪʝ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʧʝʨʚʦʛʦ ʧʨʦʝʢʪʘ ʧʨʠʥʘʜʣʝʞʠʪ ʨʦʩʩʠʡʩʢʦʤʫ ʫʯʝʥʦʤʫ ʠ ʠʥ-
ʞʝʥʝʨʫ ʌʨʠʜʨʠʭʫ ʎʘʥʜʝʨʫ (1887-1933). ʉʘʤʘ ʠʜʝʷ ʢʦʩʤʦʧʣʘʚʘʥʠʷ ʚʧʝʨʚʳʝ ʚʳʩʢʘʟʘʥʘ ʠʤ ʚ 1910-
1912 ʛ.ʛ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʚ 1924 ʛʦʜʫ. ʆʥ ʙʳʣ ʧʝʨʚʳʤ 
ʯʝʣʦʚʝʢʦʤ, ʢʦʪʦʨʳʡ ʦʩʦʟʥʘʣ ʧʦʪʝʥʮʠʘʣ ʙʦʣʴʰʠʭ ʟʝʨʢʘʣʴʥʦ ʦʪʨʘʞʘʶʱʠʭ ʱʠʪʦʚ (ʟʝʨʢʘʣ) ʜʣʷ ʢʦʩʤʠ-
ʯʝʩʢʠʭ ʧʦʣʝʪʦʚ, ʧʨʝʜʣʦʞʠʣ ʧʦʩʪʨʦʠʪʴ ʩʦʣʥʝʯʥʳʝ ʧʘʨʫʩʘ ʠ ʨʘʟʨʘʙʦʪʘʣ ʦʩʥʦʚʫ ʪʝʦʨʠʠ ʜʚʠʞʝʥʠʷ. ʇʦ-
ʣʝʪʳ ʂɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʫʞʝ ʥʝ ʷʚʣʷʶʪʩʷ ʥʘʫʯʥʦʡ ʬʘʥʪʘʩʪʠʢʦʡ, ʘ 
ʩʪʘʣʘ ʨʝʘʣʴʥʦʩʪʴʶ [2]. ʇʝʨʚʘʷ ʧʦʧʳʪʢʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ çɿʥʘʤʷè ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ 
ʧʘʨʫʩʘ ʚ ʢʦʩʤʦʩʝ ʙʳʣʘ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʘ ʚ 1993 ʛ.  

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʭ, 
ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʦʜʝʣʷʭ ʟʘʜʘʯʠ ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʪʝʣ ʠʩʧʦʣʴʟʫʷ ʫʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʦʩʥʦʚ-
ʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɻʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʡ ʧʦʣʝʪ ʥʘ ʧʣʘʥʝʪʳ, ʘʩʪʝʨʦʠʜʳ ʠʣʠ ʢ ʉʦʣʥʮʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-
ʚʘʪʴ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʘʢ ʜʚʠʞʝʥʠʝ ʚ ʬʦʪʦʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʟʘʜʘʯʠ ʜʚʫʭ ʪʝʣ ʧʨʠ ʜʝʡʩʪʚʠʠ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʣʳ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʣʫʯʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʨʫʩʘ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʫʛʣʘ 
ʧʦʣʦʞʝʥʠʷ ʥʦʨʤʘʣʠ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ [3, 4]. ʇʨʠ ʩʦʟʜʘʥʠʠ ʦʨʙʠʪ 
ʚʙʣʠʟʠ ɿʝʤʣʠ ʠʣʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʪʦʯʢʘʭ ʣʠʙʨʘʮʠʠ ʩʠʩʪʝʤʳ ʉʦʣʥʮʝ-
ɿʝʤʣʷ-ʂɸ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʦʙʱʫʶ ʤʦʜʝʣʴ ʬʦʪʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʘʜʘʯʠ 
ʪʨʝʭ ʪʝʣ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʜʚʫʭ ʛʣʘʚʥʳʭ ʪʝʣ, ʘ ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪ ʂɸ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʮʝʥʪʨʫ, ʢʦʪʦʨʳʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ 
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ʥʝ ʩʦʚʧʘʜʘʪʴ [5]. ʅʘ ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʣʷ ʨʘʟ-
ʣʠʯʥʳʭ ʦʨʙʠʪ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʦʚʥʳʭ ʪʝʣ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 
ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʜʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʛʝʦʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʣʘ-
ʛʨʘʥʞʝʚʳʭ ʪʦʯʝʢ ʣʠʙʨʘʮʠʠ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʦʤʝʥʪʘʤʠ ʩʠʣ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʟʥʘʯʝʥʠʷ ʧʨʠ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʷʭ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʚʠʞʝʥʠʷ ʠ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥ-
ʪʦʚ ʬʦʨʤʳ ʩʦʣʥʝʯʥʳʭ ʧʘʨʫʩʦʚ. ʂʦʛʜʘ ʧʣʦʩʢʦʩʪʴ ʧʘʨʫʩʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʢ ʧʦʪʦʢʫ ʩʦʣ-
ʥʝʯʥʳʭ ʣʫʯʝʡ, ʚʝʢʪʦʨ ʩʠʣʳ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥ ʧʦʯʪʠ ʥʦʨʤʘʣʴʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘ-
ʨʫʩʘ ʧʨʠ ʝʛʦ ʚʳʩʦʢʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʦʪʨʘʞʝʥʠʷ. ʆʪʤʝʪʠʤ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ [5, 6] ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʝʪʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʩ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʩʚʝʪʦʦʪʨʘʞʘʶʱʝʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʘʨʫʩʦʚ, 

¶ ʫʧʘʢʦʚʢʘ ʧʘʨʫʩʘ ʚ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʜʦʩʪʘʚʢʠ ʚ ʢʦʩʤʦʩ ʚ ʢʦʤʧʘʢʪʥʦʤ ʚʠʜʝ, 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʤʢʠ ʵʣʝʤʝʥʪʦʚ ʜʠʟʘʡʥʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʘʨʫʩʘ, 

¶ ʫʯʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʦʙʱʫʶ ʤʘʩʩʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʩ ʧʘʨʫʩʦʤ, 

¶ ʨʘʟʚʦʨʘʯʠʚʘʥʠʝ ʧʘʨʫʩʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʚ ʝʛʦ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ, 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʘʨʫʩʘ ʠ ʢʦʨʘʙʣʷ, 

¶ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʧʦʣʝʪʝ. 

ʃʫʯʰʝ ʚʩʝʛʦ ʧʦʩʪʨʦʠʪʴ ʧʘʨʫʩ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʞʝʣʘʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʫʧʨʘʚ-
ʣʝʥʠʷ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʝʛʦ. ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʦʨʙʠʪʝ ʪʘʢʠʭ ʟʝʨʢʘʣ ʦʧʨʝʜʝʣʝʥ-
ʥʳʭ ʧʨʦʧʦʨʮʠʡ ʤʳ ʧʦʣʫʯʘʝʤ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʫʶ ʩʠʩʪʝʤʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʢ ʉʦʣʥʮʫ ʜʣʷ ʢʦʧʣʘʥʘʨʥʳʭ 
ʪʨʘʝʢʪʦʨʠʡ. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʠ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʨʙʠʪʘʣʴʥʳʝ ʠ ʚʨʘʱʘ-
ʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ 
ʧʘʨʫʩʦʚ ʩʚʷʟʘʥʘ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʠʭ ʦʨʠʝʥʪʘʮʠʠ ʢ ʣʫʯʘʤ. ɺ ʩʠʩʪʝʤʝ ʟʝʨʢʘʣ ʧʫʪʴ ʣʫʯʝʡ ʤʦʞʝʪ ʙʳʪʴ 
ʫʩʪʘʥʦʚʣʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʘʜʘʶʱʝʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʠʤʝʝʪ ʥʝ-
ʙʦʣʴʰʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʩʦʟʜʘʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʪʷʛʠ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʬʦʪʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ 

1. ɻʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʚ ʨʘʤʢʘʭ ʟʘʜʘʯʠ ʜʚʫʭ ʪʝʣ ʠʣʠ ʦʨʙʠʪʘʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʩ ʫʯʝ-
ʪʦʤ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. 
2. ɻʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʝ ʧʝʨʝʣʝʪʳ  ʢ ʉʦʣʥʮʫ, ʧʣʘʥʝʪʘʤ ʠ ʩʧʫʪʥʠʢʘʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʩʪʨʝʯʠ ʩ ʘʩʪʝʨʦ-
ʠʜʘʤʠ ʠʣʠ ʢʦʤʝʪʘʤʠ. 
3. ʈʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʩ ʫʯʝʪʦʤ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. 
4. ʆʛʨʘʥʠʯʝʥʥʘʷ  ʟʘʜʘʯʘ ʪʨʝʭ ʪʝʣ: ʉʦʣʥʮʝ-ɿʝʤʣʷ-ʂɸ. 
5. ʇʘʨʫʩʥʳʡ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʡ ʧʦʣʝʪ ʥʘ ʦʨʙʠʪʫ ʃʫʥʳ. 
6. ʉʦʣʥʝʯʥʳʡ ʧʘʨʫʩ ʢʘʢ ʩʦʣʥʝʯʥʳʡ ʱʠʪ ʠʣʠ ʦʨʙʠʪʘʣʴʥʳʡ ʦʩʚʝʪʠʪʝʣʴ (ʦʪʨʘʞʘʪʝʣʴ) ʜʣʷ ʦʩʚʝʱʝ-
ʥʠʷ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 
7. ʀʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʝʢ ʣʠʙʨʘʮʠʠ. 
8. ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʬʦʪʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʜʚʫʭ- ʠʣʠ ʪʨʝʭʤʝʨʥʳʭ ʟʘʜʘʯ  ʩ ʧʝʨʝʤʝʥ-
ʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʘʨʫʩʘ.  
9. ɺʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʂɸ ʩ ʩʦʣʥʝʯʥʳʤ ʧʘʨʫʩʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʜʘʚʣʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ 
ʨʘʜʠʘʮʠʠ. 
10. ʆʨʙʠʪʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʩ ʤʘʣʦʡ ʪʷʛʦʡ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ. 
11. ʊʨʝʭʦʩʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ, ʦʨʠʝʥʪʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʠ ʢʨʫ-
ʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ;. 
12. ʆʨʙʠʪʘʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ (ʧʦʜʜʝʨʞʘʥʠʝ ʦʨʙʠʪʳ ʩʪʘʥʮʠʠ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʫʩʦʚ. 

ʊʦʣʴʢʦ ʧʦʩʣʝ ʨʝʰʝʥʠʷ ʚʩʝʭ ʧʨʦʙʣʝʤ ʤʳ ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʢʦʩʤʠʯʝʩʢʠʭ ʧʫʪʝʰʝʩʪʚʠʷʭ ʩ ʧʦ-
ʤʦʱʴʶ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʘʨʫ-
ʩʦʤ, ʠʟʤʝʥʷʷ ʝʛʦ ʨʘʟʤʝʨ, ʬʦʨʤʫ ʠ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʛʦ ʪʝʣʘ ʂɸ. ʄʳ ʤʦʞʝʤ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʘʨʫʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʂɸ ʚ ʦʙʣʘʩʪʷʭ, ʙʣʠʟʢʠʭ ʢ ʉʦʣʥʮʫ, ʛʜʝ ʧʘʨʫʩʘ 
ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʛʨʘʪʴ ʨʦʣʴ ʥʘʜʝʞʥʦʛʦ ʞʘʨʦʧʨʦʯʥʦʛʦ ʵʢʨʘʥʘ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʦʪ ʧʝʨʝʛʨʝʚʘ 
ʦʩʥʦʚʥʦʛʦ ʦʪʩʝʢʘ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʕʪʦʪ ʧʨʦʝʢʪ ʙʫʜʝʪ ʥʝʟʘʤʝʥʠʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʨʦ-
ʩʪʨʘʥʩʪʚʘ, ʚʢʣʶʯʘʷ ʨʘʡʦʥʳ ʚʙʣʠʟʠ ʧʦʣʶʩʦʚ ʉʦʣʥʮʘ ʠ ʥʘʙʣʶʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʩ ʙʣʠʟʢʦʛʦ ʨʘʩ-
ʩʪʦʷʥʠʷ. ʈʘʩʢʨʳʪʠʝ ʧʘʨʫʩʘ ʫʤʝʥʴʰʠʪ ʩʠʣʫ ʛʨʘʚʠʪʘʮʠʠ ʠ ʠʟʤʝʥʠʪ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʳ. ʏʪʦ ʢʘʩʘʝʪʩʷ 
ʦʢʦʣʦʟʝʤʥʳʭ ʤʘʥʝʚʨʦʚ, ʪʦ ʚʘʨʠʘʥʪʦʚ ʤʥʦʛʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʥʘ 
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ʛʝʦʩʠʥʭʨʦʥʥʫʶ ʦʨʙʠʪʫ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʰʠʨʦʪʳ ʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʜʘʣʴʥʝʡʰʝʡ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ 
ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʤʝʱʘʪʴ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʧʘʨʫʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞ-
ʥʳʤ ʬʦʨʤʫʣʠʨʦʚʢʘʤ ʟʘʜʘʯʠ ʠ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠ-
ʙʣʠʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ: ʵʣʣʠʧʩ ɻʦʤʘʥʘ ʜʣʷ ʧʦʣʝʪʘ ʤʝʞʜʫ ʢʨʫʛʦʚʳʤʠ 
ʦʨʙʠʪʘʤʠ ʩ ʧʦʤʦʱʴʶ ʤʦʱʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʠʤʧʫʣʴʩʥʘʷ ʚʝʨʩʠʷ), ʩʧʠʨʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʣʷ ʪʷʛʠ 
ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. ɽʩʣʠ ʧʘʨʫʩ ʨʘʟʚʝʨʥʫʪʴ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʯʪʠ ʤʛʥʦʚʝʥʥʘʷ ʢʦʨʨʝʢʮʠʷ ʵʣʝʤʝʥʪʦʚ 
ʦʨʙʠʪʳ (ʘʥʘʣʦʛ ʠʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʭʦʜʘ), ʘ ʟʘʪʝʤ ʩʨʘʙʘʪʳʚʘʝʪ ʨʝʞʠʤ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʘʨʫʩ, 
ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ ʦʨʙʠʪʝ (ʦʨʠʝʥʪʘʮʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ) ʠ ʚʨʘʱʝʥʠʷ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ. ɸʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʠ ʢʦ-
ʥʝʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʨʙʠʪʳ ʠʣʠ ʮʝʣʴʶ ʤʘʥʝʚʨʘ. 

ɼʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ɿʝʤʣʠ ʠʤʝʝʪ ʫʩʪʦʡʯʠʚʳʝ ʧʦʣʦʞʝʥʠʷ ʦʨʠ-
ʝʥʪʘʮʠʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʫʯʝʪʝ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʘʨʫʩ ʚʦʟʥʠʢʘʶʪ 
ʜʨʫʛʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʠʣ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ 
ʩʦʟʜʘʝʪ ʩʠʣʫ, ʢʦʣʣʠʥʝʘʨʥʫʶ ʧʨʷʤʦʡ ʣʠʥʠʠ ʯʝʨʝʟ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʝʣʘ ʩʠʩʪʝʤʳ ʉʦʣʥʮʝ-ɿʝʤʣʷ-ʂɸ ʚ 
ʟʘʜʘʯʝ ʪʨʝʭ ʪʝʣ. ʅʘ ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚ-
ʣʝʥʠʷ ʠ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʛʝʦʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʣʣʠ-
ʥʝʘʨʥʳʭ ʠʣʠ ʪʨʝʫʛʦʣʴʥʳʭ ʪʦʯʝʢ ʣʠʙʨʘʮʠʠ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʦʤʝʥʪʘʤʠ ʩʠʣ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪʩʷ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʷʭ. 
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ʏʀʉʃɽʅʅʆɽ ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʅɽʉʊɸʎʀʆʅɸʈʅʆɻʆ ʊɽʇʃʆʇɽ-
ʈɽʅʆʉɸ ɺ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʊʂɸʅʗʍ ʉ ʀʄʇʋʃʔʉʅʓʄ ʊɽʇʃʆ-

ɺʓʄ ʇʆʊʆʂʆʄ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ 

ʇʝʪʨʦʚʘ ʃ.ʉ., ɿʘʝʮ ɽ.ɺ. 

ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʪʢʘʥʷʭ ʢʦʞʠ ʩ ʠʤʧʫʣʴʩ-
ʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʣʫʯʝʥʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʪʝʧ-
ʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʢʦʥʝʯʥʫʶ 
ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ ʠ ʷʚʣʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. ʆʧʠʩʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʤʝ-
ʪʦʜʘ ʩʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʝʭʩʣʦʡʥʦʡ ʥʝʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʥʝʩʪʘʮʠʦ-
ʥʘʨʥʦʛʦ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʩ ʜʚʫʭʬʘʟʥʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ. 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʪʢʘʥʷʭ ʢʦʞʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ʪʝʧʣʦʧʨʦ-
ʚʦʜʥʦʩʪʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʫʯʝʪʦʤ ʷʚʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʪʝʤʧʝ-
ʨʘʪʫʨʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʜʚʫʭʬʘʟʥʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʪʢʘʥʷʭ 
ʢʦʞʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʠʧʝʨ-
ʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʤʝʪʦʜ ʧʨʦʛʦʥʢʠ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʪʢʘʥʴ.  

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝ-
ʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ. ʇʨʠ ʵʪʦʤ ʧʨʦʚʝʜʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ  ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘ-
ʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʙʠʦʪʢʘʥʷʭ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɸ.ʇ. ʉʚʠʨʠʜʦʚʘ, ʄ.ɺ.ʇʦʣʷʢʦʚʘ, ɸ.ʀ. ɾʝʨʝʙʮʦʚʦʡ, ɸ.ɽ. 
ʇʫʰʢʘʨʝʚʦʡ, H.Z. Poor, H. Moosavi, A. Moradi, K.C. Liu, P.J. Cheng, Y.N. Wang ʠ ʜʨ. ʨʘʟʨʘʙʦʪʘʥʦ 
ʤʥʦʞʝʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʩ ʧʨʠʤʝ-
ʥʝʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʪʢʘʥʷʭ ʢʦʞʠ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʩ ʜʚʫʭʬʘʟʥʳʤ ʟʘʧʘʟ-
ʜʳʚʘʥʠʝʤ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ H.Z. Poor, H. Moosavi, A. Moradi, K.C. Liu, P.J. Cheng, Y.N. Wang. ʀʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʙʠʦʪʢʘʥʷʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʄ.ɺ.ʇʦʣʷʢʦʚʘ, ɸ.ɽ. ʇʫʰʢʘʨʝʚʦʡ, ɸ.ʇ. ʉʚʠʨʠʜʦʚʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʨʤʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʪʢʘʥʷʭ ʢʦʞʠ ʩ ʠʤʧʫʣʴʩʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʷʚʣʝʥʠʡ 
ʪʝʧʣʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʪʢʘʥʠ]: 
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ʛʜʝ ( ),T x t- ʪʝʤʧʝʨʘʪʫʨʘ ʪʢʘʥʠ ʢʦʞʠ ʚ ʪʦʯʢʝ x  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, c- ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʢʘʥʠ, r- 

ʧʣʦʪʥʦʩʪʴ ʪʢʘʥʠ, l- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʢʘʥʠ, bc - ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʨʦʚʠ, br- ʧʣʦʪ-

ʥʦʩʪʴ ʢʨʦʚʠ, bv - ʩʢʦʨʦʩʪʴ ʧʝʨʬʫʟʠʠ ʢʨʦʚʠ, qt- ʚʨʝʤʷ ʪʝʧʣʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ, Tt- ʚʨʝʤʷ ʪʝʨʤʠ-

ʯʝʩʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, aT - ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʦʚʠ, metQ -ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʚ ʪʢʘʥʠ (

constmetQ = ), 0q - ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ()U t- ʬʫʥʢʮʠʷ ʝʜʠʥʠʯʥʦʛʦ ʩʢʘʯʢʘ, it- ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʠʤʧʫʣʴʩʘ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʩʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʝʭʩʣʦʡʥʦʡ ʥʝʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʜʣʷ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʧʦʣʫʯʝʥʦ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʥʘ 
ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʦʥʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʵʪʘʧʝ 
ʧʨʷʤʦʡ ʧʨʦʛʦʥʢʠ. ʇʨʠ ʵʪʦʤ ʥʘʯʘʣʴʥʳʝ ʧʨʦʛʦʥʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʨʝʤʝʥʥʳʤ 
ʩʣʦʝʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʣʝʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ. ʅʘ ʵʪʘʧʝ ʦʙʨʘʪ-
ʥʦʡ ʧʨʦʛʦʥʢʠ ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʟʣʘʭ ʥʘ ʚʝʨʭʥʝʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ ʦʩʫʱʝʩʪʚʣʷ-
ʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʛʦʥʢʠ ʠ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʜʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝ-
ʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʘʚʦʡ ʛʨʘʥʠʮʝ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʘʚʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ. 

ʇʨʦʛʨʘʤʤʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʨʦʛʦʥʢʠ ʨʝʘʣʠʟʦʚʳʚʘʣʘʩʴ ʚ ʩʠ-
ʩʪʝʤʝ MathCAD ʠ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Dev-ʉ++. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʪʝʤʧʝʨʘ-
ʪʫʨʥʳʭ ʧʦʣʝʡ ʩ ʠʤʧʫʣʴʩʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩ ʟʘʜʘʥʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʠ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʘ-
ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʜʚʫʭʬʘʟʥʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨ-
ʥʳʭ ʧʦʣʝʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʪʢʘʥʷʭ ʢʦʞʠ. 
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In this paper, we explain basic ideas; general statements of the Power Geometry are in  [1,2,3]  (in 
the case d=2,3). Power Geometry is a new calculus developing the differential calculus and aimed 
at the nonlinear problems. The algorithms of Power Geometry are based on the study of nonlinear 
problems not in the original coordinates, but in the logarithms of these coordinates. Then to many 
properties and relations, which are nonlinear in the original coordinates, some linear relations can be 
put in correspondence. They allow to simplify equations, to resolve their singularities, to isolate their 
first approximations, and to find either their solutions or the asymptotic of the solutions.  

Algorithms of Power Geometry are applicable to equations of various types: algebraic, ordinary dif-
ferential and partial differential, and also to system of such equations. There are many nonlinear 
problems which may be solved by these algorithms (and by them only). With the help by these algo-
rithms, namely, with the help  of the Newton polyhedron and power transformations, this non-linear 
problem is reduced to situations similar to the implicit function theorem. For example, in the local 
analysis of two equations in three variables, i.e.  the problem of resolving a singularity of an algebraic 
curve in the three-dimensional case in a small neighborhood of a singular point, we come to the 
problem of uniformization of a space  algebraic curve and its transformation to a plane algebraic 
curve [1]. After that, near the considered singular point, one can obtain the asymptotic expansion of 
a piece of this curve 

The effectiveness of the algorithms was demonstrated on some complicated problems from various 
fields of science (Robotics, Celestial Mechanics, Hydrodynamics and s.o.). Power Geometry is based 
upon the three concepts:  the Newton polyhedron, the power transformation and the logarithmic 
transformation. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʉʊʆʁʏʀɺʆʉʊʀ ʄʅʆɻʆʄɽʈʅʓʍ 
ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ ʇʆʇʋʃʗʎʀʆʅʅʆʁ ɼʀʅɸʄʀʂʀ 

ʊʘʨʦʚʘ ɽ.ɼ.1, ʄʘʩʠʥʘ ʆ.ʅ.2, ɼʨʫʞʠʥʠʥʘ ʆ.ʅ.3  

1ɽɻʋ ʠʤ. ʀ.ʅ. ɹʫʥʠʥʘ (ʈʦʩʩʠʷ) 
2ɽɻʋ ʠʤ. ʀ.ʅ. ɹʫʥʠʥʘ (ʈʦʩʩʠʷ) 

3 ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝè  
ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ  

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʥʦʛʦʤʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 
ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ. ʉ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ ʥʘʡʜʝʥʳ ʩʪʘʮʠʦʥʘʨʥʳʝ 
ʪʦʯʢʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʠ ʧʦʩʪʨʦʝʥʳ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ. ɼʣʷ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ 
ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʨʝʜʫʢʮʠʠ ʟʘʜʘʯʠ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʢ ʟʘʜʘʯʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʫʨʘʚʥʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ 
ʧʦʜʭʦʜ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ  ʤʦʜʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 
ʪʠʧʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ ʤʦʜʝʣʠ ʩ ʤʠʛʨʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ, ʩʠʤʚʦʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, 
ʫʩʪʦʡʯʠʚʦʩʪʴ, ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ, ʧʨʠʥʮʠʧ ʨʝʜʫʢʮʠʠ.  

 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʪʝʦʨʠʷ ʩʠʩʪʝʤ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 
ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʦʦʙʱʝʩʪʚ [1ï8]. 
ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʚ ʩʚʷʟʠ ʩ 
ʧʦʩʪʦʷʥʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʘʭ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 
ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʤʝʶʱʠʭʩʷ ʩʦʦʙʱʝʩʪʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 
ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ MathCad. ʊʝʦʨʝʪʠʯʝʩʢʦʝ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʷʧʫʥʦʚʩʢʦʛʦ ʪʠʧʘ ʤʥʦʛʦʤʝʨʥʦʡ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʦ ʩ 
ʧʦʤʦʱʴʶ ʧʨʠʥʮʠʧʘ ʨʝʜʫʢʮʠʠ [6]. ʀʩʧʦʣʴʟʦʚʘʥʳ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ ʦʙʦʙʱʝʥʥʳʝ ʤʝʪʦʜʳ ʪʝʦʨʠʠ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ: 

   (1) 

ʛʜʝ  ï ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʞʝʨʪʚ,  ï ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʭʠʱʥʠʢʘ,  ï ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʩʪʘ,  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ,  ï ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ,  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʠʱʥʠʢʦʚ ʠ ʞʝʨʪʚ, 

 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʭʠʱʥʠʢʦʚ, c ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʨʪʥʦʩʪʠ ʭʠʱʥʠʢʦʚ. 

ʆʪ ʪʨʝʭʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (1) ʚʳʧʦʣʥʝʥ ʧʝʨʝʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʦʙʦʙʱʝʥʥʦʡ 
ʤʥʦʛʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʚʠʜʘ: 

  (2) 

ʛʜʝ  ï ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʞʝʨʪʚ; y ï ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʭʠʱʥʠʢʦʚ;  ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʩʪʘ; pij ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʢʫʨʝʥʮʠʠ;  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ 

ʭʠʱʥʠʢʦʚ;  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʭʠʱʥʠʢʘʤʠ ʠ ʞʝʨʪʚʘʤʠ; c ï ʢʦɻʬʬʠʮʠʝʥʪ 

ʩʤʝʨʪʥʦʩʪʠ ʭʠʱʥʠʢʦʚ. ʄʦʜʝʣʴ (2) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ 
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ʚʠʜʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʠʜʦʚ ʥʠʞʥʝʛʦ 
ʪʨʦʬʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. 

ɼʣʷ ʤʦʜʝʣʠ (1) ʠʩʩʣʝʜʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦ ʧʝʨʚʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ 
ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ ʃʷʧʫʥʦʚʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʦʩʪʦ-
ʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ, ʧʦʩʪʨʦʝʥʳ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʤʦʜʝʣʝʡ ʠ ʛʨʘʬʠʢʠ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷ-
ʮʠʡ.  

ɼʣʷ ʤʦʜʝʣʠ (2) ʦʩʫʱʝʩʪʚʣʝʥ ʧʝʨʝʭʦʜ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʚʢʣʶʯʝʥʠʶ ʠ 
ʧʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʨʝʜʫʢʮʠʠ ʟʘʜʘʯʠ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʢ ʟʘʜʘʯʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʫʨʘʚʥʝʥʠʡ. ɺʳʜʝʣʝʥ ʯʝʪʳ-
ʨʝʭʤʝʨʥʳʡ ʩʣʫʯʘʡ ʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʦ ʦʙʦʙʱʝ-
ʥʠʝ ʤʦʜʝʣʠ (2) ʥʘ ʩʣʫʯʘʡ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʭʠʱʥʠʢʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦ-
ʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ  ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʚʠʪʠʷ ʨʝʟʫʣʴʪʘʪʦʚ [6, 8]. 
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ʑʝʨʙʘʪʳʭ ɺ.ɽ. 
 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʄʠʄʇ ɽɻʋ ʠʤ. ʀ.ɸ.ɹʫʥʠʥʘ (ʈʌ) 

 
ɸʅʅʆʊɸʎʀʗ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʫʥʢʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ, ʧʨʠʚʦʜʠʪʩʷ ʚʳʚʦʜ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʦʮʝ-
ʥʦʢ ʠʭ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʢʘ, ʠʥʪʝʛʨʘʣʳ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ, ʣʝʤʤʘ ɺʘʪʩʦʥʘ.          
                                                                                               
ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʠʥʪʝʛʨʘʣʳ ʚʠʜʘ  
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 ʃʝʤʤʘ. ʇʨʠ ʣʶʙʳʭ = 0,1,2, ...  ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ 
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ɿʘʬʠʢʩʠʨʫʝʤ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ . ʊʦʛʜʘ ʠʥʪʝʛʨʘʣʳ  ʚ ʩʠʣʫ  (5) ʦʮʝʥʠʚʘ-

ʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

             ,    ,  ,                  (6) 

ʛʜʝ 

            ,                           (7) 

             .                           (8) 

 ʆʮʝʥʠʤ ʠʥʪʝʛʨʘʣʳ . ʇʨʠ   ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

               .                         (9) 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʣʫ  (1) ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ ʧʨʠ : 

             .            (10) 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ (1), (2), (10), ʟʘʧʠʰʝʤ ʦʮʝʥʢʠ ʧʨʠ  : 

                ,                                                              (11) 

ʛʜʝ  -  ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʚʩʝʭ ʜʦʧʫʩʪʠʤʳʭ   ʠ  ;   

                                 

                       0   ʧʨʠ ; 

         

           2    ʧʨʠ ; 

 

                       1     ʚ ʦʩʪʘʣʴʥʳʭ ʚʘʨʠʘʥʪʘʭ  , 

 
 
 

1 ʧʨʠ   ,   ; 

                  

                         0     ʧʨʠ   ,   . 

 
 ʅʝʨʘʚʝʥʩʪʚʘ (9) ʠ (11) ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʬʫʥʢʮʠʠ (7) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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            .                          (12) 

ʇʨʠʤʝʥʷʷ ʚ (12) ʣʝʤʤʫ ɺʘʪʩʦʥʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ , ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ: 

           ,   ;      ,   ,                             (13) 

ʛʜʝ ʧʦʩʪʦʷʥʥʘʷ ʉ>0  ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ . 

 ʇʨʠ ʦʮʝʥʢʝ ʠʥʪʝʛʨʘʣʦʚ   ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

. ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʦʮʝʥʢʦʡ  (11), ʧʦʣʫʯʠʤ 

         . 

ɺʤʝʩʪʦ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ    ʚʚʝʜʝʤ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ   ʧʦ ʬʦʨʤʫʣʝ 

;   . ʀʤʝʝʤ: 

         . 

 ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ: 

           ,                               (14) 

 

                         3/2        ʧʨʠ  ; 

                          İ         ʧʨʠ  ; 

               0          ʧʨʠ ; 

                          5/2        ʧʨʠ   ; 

                           1          ʧʨʠ   . 

  
ʂ ʧʝʨʚʦʤʫ ʠʟ ʠʥʪʝʛʨʘʣʦʚ ʚ (14) ʧʦʩʣʝ ʥʝʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʤʝʥʠʤʘ ʣʝʤʤʘ ɺʘʪʩʦʥʘ. ɺʪʦ-
ʨʦʡ ʠʟ ʠʥʪʝʛʨʘʣʦʚ ʚ (14) ʷʚʣʷʝʪʩʷ ʩʭʦʜʷʱʠʤʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʤʝʝʤ  
 

                                   ʧʨʠ ; 

                                   ʧʨʠ ; 

                   ʧʨʠ ;                                                            (15) 

                                  ʧʨʠ ; 

                                       ʧʨʠ . 

 
ʀʟ ʦʮʝʥʦʢ (13), (15), ʧʨʝʜʩʪʘʚʣʝʥʠʷ (6) ʩʣʝʜʫʶʪ ʦʮʝʥʢʠ (3). ʃʝʤʤʘ ʜʦʢʘʟʘʥʘ.  
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ʉʝʢʮʠʷ 3  
  

ʂʆʄʇʔʖʊɽʈʅʆɽ  
ʄʆɼɽʃʀʈʆɺɸʅʀɽ,  
ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ  
ʊɽʍʅʆʃʆɻʀʀ ʀ ʉʀʉʊɽʄʓ 
 

 

ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ʂʆʕʌʌʀʎʀɽʅʊɸ  

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɻɸɿʆʇʈʆɺʆɼɸ  

1ɹʘʙʘʞʘʥʦʚ ʖ, 2ʆʢʙʘʝʚʘ ʅ, 3ɹʘʙʘʞʘʥʦʚʘ ʀ  

1ʂʘʨʰʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ.ʂʘʨʰʠ, ʋʟʙʝʢʠʩʪʘʥ  
2ʂʘʨʰʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ.ʂʘʨʰʠ, ʋʟʙʝʢʠʩʪʘʥ  
3ʂʘʨʰʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ.ʂʘʨʰʠ, ʋʟʙʝʢʠʩʪʘʥ  

ʊʝʯʝʥʠʝ ʛʘʟʘ ʚ ʛʘʟʦʧʨʦʚʦʜʘʭ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ, ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʩʦʩʪʦʷ-
ʥʠʷ: 
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+
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µ
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µ
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TzRpv ʛ=                                                                     (3) 

ʛʜʝ -pw,,r ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʦʪʥʦʩʪʴ, ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ; -x ʢʦʦʨʜʠʥʘʪʘ, ʩʦʚ-

ʧʘʜʘʶʱʘʷ ʩ ʦʩʴʶ ʛʘʟʦʧʨʦʚʦʜʘ ʠ ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦ ʜʚʠʞʝʥʠʶ ʛʘʟʘ, -t ʚʨʝʤʷ; -z ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʠ-

ʤʘʝʤʦʩʪʠ ʛʘʟʘ; -ʧʨl ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ; -D

ʜʠʘʤʝʪʨ ʛʘʟʦʧʨʦʚʦʜʘ; -c ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʧʦʪʦʢʝ ʛʘʟʘ; -v ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ; -ʛR ʛʘʟʦʚʘʷ ʧʦʩʪʦ-

ʷʥʥʘʷ; -T ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ. 
ʋʨʘʚʥʝʥʠʷ (2) ʠ (3) ʦʧʠʩʳʚʘʶʪ ʜʚʠʞʝʥʠʝ, ʥʝʨʘʟʨʳʚʥʦʩʪʴ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʦʪʦʢʘ ʛʘʟʘ. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1), (2), (3) ʦʧʨʝʜʝʣʷʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ r, ʣʠ-

ʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ pw,  ʠ ʪʝʤʧʝʨʘʪʫʨʳ T  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʛʘʟʦʧʨʦʚʦʜʘ x, ʧʨʠʚʝ-

ʜʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨl  ʠ ʚʨʝʤʝʥʠ t, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥ-

ʥʳʝ ʪʨʫʜʥʦʩʪʠ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʤʦʪʨʠʤ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ 
ʪʝʯʝʥʠʝ ʛʘʟʘ ʚ ʛʘʟʦʧʨʦʚʦʜʝ, ʪʦʛʜʘ ʯʣʝʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ, ʙʫʜʫʪ 
ʨʘʚʥʳ ʥʫʣʷ  

ʀʟ ʫʨʘʚʥʝʥʠʷ (1-3) ʚʳʨʘʟʠʤ ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨl  ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʘʟʦʧʨʦʚʦʜʘ: 

npmpnʬE ll=MM= /                                                   (4) 

ʛʜʝ ,ʬ nM M ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʘʢʪʠʯʝʩʢʘʷ ʠ ʧʨʦʝʢʪʥʘʷ ʤʘʩʩʦʚʳʝ ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʛʘʟʦʧʨʦ-

ʚʦʜʘ. 

ʇʦʜʩʪʘʚʠʤ npl  ʠʟ ʚʳʨʘʞʝʥʠʷ (4)  



70 
 

52

3

2

222

DE

LM

p

TRzm
N ʛ

m

mʛm

mexad

Tp

e
hh

l
=                                               (5) 

ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ npl  ʧʨʠ ʨʘ-

ʙʦʯʠʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʛʘʟʦʧʨʦʚʦʜʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ, ʪʦ ʧʨʠ ʧʨʦ-
ʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʪʨʘʥʩʧʦʨʪ ʛʘʟʘ, ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʢʚʘʜʨʘʪʠʯ-
ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʘʟʦʧʨʦʚʦʜʘ E, ʦʮʝʥʠʚʘʶʱʝʛʦ ʛʠʜʨʘʚ-
ʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʛʘʟʦʧʨʦʚʦʜʘ, ʩʦʟʜʘʚʘʝʤʦʝ ʦʪʣʦʞʝʥʠʷʤʠ (ʟʘʛʨʷʟʥʝʥʠʷʤʠ) ʚ 

ʥʝʤ (ʨʠʩ.1). ʇʨʠ 7,01·=E  ʤʦʱʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ. ɼʘʣʴʥʝʡʰʝʝ 

ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʟʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʦʪʨʝʙʥʦʡ ʤʦʱʥʦʩʪʠ ʠ 

ʧʨʠ 2,01,0 ·=E  ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪ.ʝ. ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩ ʟʘʢʫʧʦʨʢʫ ʛʘʟʦʧʨʦʚʦʜʘ. 

   
 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ eNN /D  ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ E ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʠʘʤʝʪʨʘ ʛʘʟʦʧʨʦʚʦʜʘ (ʨʠʩ.2). ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʠ. ʉʥʠʞʝʥʠʝ ʥʘ 10% ( )%90=E  ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʛʘʟʦʧʨʦʚʦʜʘ ʦʪ ʧʨʦʝʢʪʥʦʡ ( )%100=E  ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʛʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʚʳʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʥʘ 20,3% (ʩʤ.ʨʠʩ.2). ʇʨʠ ( )%70=E  ʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʦ-

ʝʢʪʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʘʟʦʧʨʦʚʦʜʘ ʤʦʱʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʫʚʝʣʠ-
ʯʝʥʘ ʥʘ 100%. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʛʘʟʦʧʨʦʚʦʜʘʭ ʨʝʟʝʨʚ ʤʦʱʥʦʩʪʠ ʥʘ ʂʉ ʦʛʨʘʥʠ-
ʯʝʥ, ʧʦʵʪʦʤʫ ʩʥʠʞʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ ʦʪʨʘʞʘʝʪʩʷ ʠ ʥʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙ-
ʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʝʝ ʫʤʝʥʴʰʝʥʠʷ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
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ʈɽɸʃʀɿɸʎʀʗ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ʄɸʊɽʄɸʊʀʂɽ ʉ 
ʇʈʀʄɽʅɽʅʀɽʄ ɼʀʅɸʄʀʏɽʉʂʀʍ ʈɸʉʏɽʊʅʓʍ ʇʈʆɽʂʊʆɺ  

ɹʦʛʫʥ ɺ. ɺ.1 

1ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ɼ. ʋʰʠʥʩʢʦʛʦ 

ɸʅʅʆʊɸʎʀʗ  

ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʝ ʧʦʜʨʘʟʫʤʝ-
ʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʚ ʩʠʩʪʝʤʘʭ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʚʠ-
ʟʫʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʚʳ-
ʢʦʚ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʥʝʦʙʭʦʜʠʤʘ ʨʝʘʣʠʟʘʮʠʷ ʫʯʘʱʠʤʠʩʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʥʳʭ 
ʦʙʲʝʢʪʦʚ ʩ ʮʝʣʴʶ ʫʢʘʟʘʥʠʷ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʠʪʦʛʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ 
ʥʘ ʦʩʥʦʚʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʜʠʥʘ-
ʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʥʳʝ ʧʨʦʝʢʪʳ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚ ʦʙʫʯʝʥʠʠ 
ʤʘʪʝʤʘʪʠʢʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ16-18-10304) 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʚ ʚʫʟʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʠʥʝʨʛʝʪʠʯʝ-
ʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʯʝʨʝʟ ʧʨʠʟʤʫ 
ʚʳʷʚʣʝʥʠʷ ʠ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ʤʘʩʩʠʚʘʤʠ ʚʘʨʴʠʨʫʝ-
ʤʳʭ ʟʥʘʯʝʥʠʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʷʝʤʳʭ ʟʥʘʯʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʫʯʘ-
ʱʠʤʠʩʷ ʢʦʤʧʣʝʢʩʥʳʭ ʨʘʩʯʝʪʥʳʭ ʧʨʦʝʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ [1, 2].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʚʫʟʦʚ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʥʳʭ ʧʨʦʝʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 
ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʫ ʩʪʫʜʝʥʪʦʚ ʚʟʘʠʤʦ-
ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʦʤ-
ʧʝʪʝʥʮʠʡ [1-3]. 

ʅʝʩʦʤʥʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʝʰʝʥʠʷ ʥʝ ʥʘʙʦʨʘ ʦʪʜʝʣʴʥʦ 
ʚʟʷʪʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘ ʨʝʘʣʠʟʘʮʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩ ʬʦʨʤʫʣʠʨʦʚʢʦʡ 
ʦʙʱʝʡ ʮʝʣʠ, ʚ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʫʛʘ ʢʨʫʧʥʳʭ ʟʘ-
ʜʘʯ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʘʣʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʩʝʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʝʢʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʫʪʝʤ [4, 5]. 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʫʯʝʙʥʳʝ ʪʝʭ-
ʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʢʘʞʜʦʤʫ ʩʪʫʜʝʥʪʫ ʚ 
ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘ-
ʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʫʯʘʱʠʤʠʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʫʟʘʭ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʳʝ 
ʦʙʫʯʝʥʠʷ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʫʯʘʱʠʤʠʩʷ ʨʘʩʯʝʪʥʳʭ ʧʨʦʝʢʪʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʠʭ ʩʫʱʝ-
ʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠ-
ʧʣʠʥ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʮʠʢʣʘ.  

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʫʢʘʟʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠ ʧʨʠʤʝʥʷʶʱʘʷʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥ-
ʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ɹʦʛʫʥʦʤ ɺ.ɺ. ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʨʘʩʯʝʪʥʳʭ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʘʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʤʝʶʱʠʭʩʷ ʥʘ ʨʳʥʢʝ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 
ʧʨʝʜʣʘʛʘʝʪ ʥʝ ʩʪʘʪʠʯʝʩʢʠʝ ʪʝʩʪʦʚʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʫʯʘʱʠʭʩʷ, ʙʘʟʠʨʫʶ-
ʱʠʭʩʷ ʥʘ ʧʨʦʧʠʩʘʥʥʳʭ ʚʨʫʯʥʫʶ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʘ ʧʦʣʥʦʮʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʥʳʭ ʧʨʦʝʢʪʦʚ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʘʚʳʢʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ [6, 7].  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ çʧʨʦ-
ʛʨʘʤʤʘ ʚ ʧʨʦʛʨʘʤʤʝè, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʥʳʭ 
ʧʨʦʝʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 
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ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʩʯʝʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʩʥʦʚʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ.       

ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʩʪʘʥ-
ʮʠʦʥʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʥʳʭ ʧʨʦʝʢʪʦʚ, ʩʫʪʴ 
ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʦʙʫʯʘʝʤʳʤʠ ʟʥʘʯʝʥʠʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚʳʧʦʣʥʝʥʠʠ 
ʩʪʫʜʝʥʪʘʤʠ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʝʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʫʢʘʟʘʥʠʠ ʫʯʘʱʠʤʠʩʷ ʟʥʘʯʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʚʦʟ-
ʤʦʞʥʦʩʪʴʶ ʠʭ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʨʦʚʝʨʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟ-
ʤʦʞʥʦʩʪʷʤʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʧʦʣʥʷʝʤʳʭ ʩʪʫʜʝʥʪʘʤʠ ʨʘʩʯʝʪʥʳʭ 
ʧʨʦʝʢʪʦʚ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠ ʫʯʘʱʠʤʠʩʷ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʪʫʜʝʥʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʝʢʪʘ ʫʯʘʱʠʡʩʷ ʫʢʘʟʳ-
ʚʘʝʪ ʟʥʘʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʠʪʦʛʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʢʩʪʦʚʳʝ 
ʧʦʣʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʝʡ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʂʦʨʨʝʢʪʥʦ ʫʢʘʟʘʥʥʳʝ 
ʟʥʘʯʝʥʠʷ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʪʝʢʩʪʦʚʳʝ ʥʘʜʧʠʩʠ ʩʠʥʝʛʦ ʮʚʝʪʘ ʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʧʦʩʣʝ-
ʜʫʶʱʝʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʥʝʧʨʘʚʠʣʴʥʦ ʫʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʦʙ-
ʨʘʞʘʶʪʩʷ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʢʩʪʦʚʳʭ ʧʦʣʷʭ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʝʜʘʢʪʠʨʦ-
ʚʘʥʠʷ ʠ ʫʢʘʟʘʥʠʷ ʢʦʨʨʝʢʪʥʳʭ ʟʥʘʯʝʥʠʡ. 

ɸʚʪʦʨʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʫʯʝʙʥʦʡ ʜʠʩʮʠ-
ʧʣʠʥʳ çʄʘʪʝʤʘʪʠʢʘè ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʫʜʘʣʝʥʥʦʡ ʜʝʷʪʝʣʴ-
ʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʫʯʘʱʠʤʠʩʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʥʳʭ 
ʧʨʦʝʢʪʦʚ.  
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ʱʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ. ï ʗʨʦʩʣʘʚʣʴ: ʀʟʜ-ʚʦ çʂʘʥʮʣʝʨè, 2014. ï ʉ. 84. 

ʄʆɹʀʃʔʅʓɽ ʇʈʀʃʆɾɽʅʀʗ ʀ ʀʍ ɹɽɿʆʇɸʉʅʆʉʊʔ  

ɻʦʣʦʚʠʥ ɸ.ɸ1 

1 ʤʘʛʠʩʪʨʘʥʪ ʛʨʫʧʧʳ ʇʄʤ-11, ʌɻɹʆʋ ɺʆ çɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 
ʀ.ɸ. ɹʫʥʠʥʘ, ʛ. ɽʣʝʮ 

ɸʅʅʆʊɸʎʀʗ  

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʘ ʪʘʢʞʝ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʮʠʦʥ-
ʥʳʭ ʩʠʩʪʝʤ. ʎʝʥʪʨʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʚʳʩʪʫʧʘʝʪ ʚʳʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʦʙʱʝ ʠʟʚʝʩʪʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ, ʘ 
ʠʤʝʥʥʦ ʩʣʘʙʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ SQL-ʦʧʝʨʘʪʦʨʦʚ, ʥʘʣʠʯʠʝ ʥʝʙʝʟʦʧʘʩʥʳʭ ʢʘ-
ʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʤʝʞʩʘʡʪʦʚʳʡ ʩʢʨʠʧʪʠʥʛ, ʩʝʢʨʝʪʥʳʝ ʜʘʥʥʳʝ ʭʨʘʥʷʱʝʡʩʷ ʚ ʦʪʢʨʳʪʦʤ 
ʚʠʜʝ, ʥʝʧʨʘʚʠʣʴʥʘʷ ʨʘʩʩʪʘʥʦʚʢʘ ʧʨʘʚ ʜʦʩʪʫʧʘ, ʧʨʠʩʫʪʩʪʚʠʝ ʦʪʣʘʜʦʯʥʦʛʦ ʢʦʜʘ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʚʝʨʦʢ, 
ʚʭʦʜʷʱʠʭ ʜʘʥʥʳʭ ʠ ʪʜ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʦʙʠʣʴʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦ-
ʞʝʥʠʷ, ʤʦʙʠʣʴʥʳʝ, IOS, Android. 
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ʄʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʙʳʚʘʶʪ ʨʘʟʚʝʨʥʫʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʭʠʪʝʢʪʫʨʳ: ʪʦʣʩʪʳʡ ʢʣʠʝʥʪ (ʧʨʠ-
ʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʰʠʨʝʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʝʨʚʝʨʘ), ʪʦʥʢʠʡ 
ʢʣʠʝʥʪ (ʧʨʦʛʨʘʤʤʘ ʢʣʠʝʥʪ ʚ ʦʩʥʦʚʥʦʤ ʠʤʝʶʱʘʷ ʪʝʨʤʠʥʘʣʴʥʫʶ ʠʣʠ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, 
ʢʦʪʦʨʘʷ ʧʝʨʝʥʦʩʠʪ ʯʘʩʪʴ ʟʘʜʘʯ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʝʨʚʝʨ) ɺʳʙʦʨ ʪʠʧʘ ʧʨʠʣʦʞʝʥʠʡ ʟʘʚʠ-
ʩʠʪ ʦʪ ʝʛʦ ʩʣʦʞʥʦʩʪʠ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʠ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ. ʇʨʦʚʦʜʷ 
ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʫʛʨʦʟʘʤ ʫʷʟʚʠʤʦʩʪʠ 
ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʤʝʥʴʰʝ ʧʦʜʚʝʨʛʥʫʪʳ ʟʘʢʨʳʪʠʝ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʢʘʢ iOS, ʧʦʩʢʦʣʴʢʫ ʝʸ 
ʘʨʭʠʪʝʢʪʫʨʘ ʚʳʧʦʣʥʝʥʘ ʪʘʢ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʚʠʨʫʩʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʦ ʤʝʩʪʫ ʨʘʩʧʦʣʦʞʝ-
ʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ: SIM-ʧʨʠʣʦʞʝʥʠʷ ï ʧʨʠʣʦʞʝʥʠʷ ʥʘ SIM-ʢʘʨʪʝ, ʥʘʧʠʩʘʥʥʦʝ ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ SIM Application Toolkit(STK), Web-ʧʨʠʣʦʞʝʥʠʷ ï ʩʧʝʮʠʘʣʴʥʘʷ ʚʝʨʩʠʷ Web-
ʩʘʡʪʘ, ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ï ʧʨʠʣʦʞʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʙʠʣʴʥʦʡ ʆʉ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ API, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʚ ʩʤʘʨʪʬʦʥ. ʇʦ ʪʠʧʫ ʠʩʧʦʣʴʟʫʝʤʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʝʨʚʝʨʦʤ: cʩʝʪʝʚʳʝ ʧʨʠʣʦʞʝʥʠʷ ï ʠʩʧʦʣʴʟʫʶʪ ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʦʪʦʢʦʣ 
ʦʙʱʝʥʠʷ ʧʦʚʝʨʭ TCP/IP, ʥʘʧʨʠʤʝʨ, HTTP, SMS-ʧʨʠʣʦʞʝʥʠʷ ï ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ SMS (Short 
Messaging Service), ʧʨʠʣʦʞʝʥʠʷ ʦʙʤʝʥʠʚʘʝʪʩʷ ʩ ʩʝʨʚʝʨʦʤ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʧʦʤʦʱʴʶ ʢʦʨʦʪʢʠʭ ʪʝʢ-
ʩʪʦʚʳʭ ʩʦʦʙʱʝʥʠʡ, USSD-ʧʨʠʣʦʞʝʥʠʷ ï ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ USSD (Unstructured Supplementary 
Service Data). ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ Digital Security ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʘ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʟʘʱʠʱʝʥʥʦ-
ʩʪʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤʘʭ ʪʘʢʠʭ ʢʘʢ: iOS, Android, Java, 
Windows Phone. ʕʢʩʧʝʨʪʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʘʥʠʠ çʀʥʬʦʩʠʩʪʝʤ ɼʞʝʪè [4] ʧʦʢʘʟʘʣ, ʯʪʦ 98% ʤʦʙʠʣʴʥʳʭ 
ʧʨʠʣʦʞʝʥʠʡ ʠʤʝʶʪ ʫʷʟʚʠʤʦʩʪʠ ʠ 40% ʠʟ ʥʠʭ ʢʨʠʪʠʯʝʩʢʠʝ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʫʛʨʦʟ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ ʤʦ-
ʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Android, ʤʝʥʴʰʝ ʚʩʝʛʦ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʧʦʜ iOS. ʆʪ-
ʩʫʪʩʪʚʫʝʪ ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʦʧʘʩʥʦʛʦ ʢʦʜʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʪʴ 
ʭʦʪʷ ʙʳ ʦʜʥʫ ʫʷʟʚʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʣʠʙʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʭʚʘʪʠʪʴ ʜʘʥʥʳʝ, ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ, 
ʣʠʙʦ ʥʘʧʨʷʤʫʶ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʫʷʟʚʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʳ ʥʝʦʙʭʦ-
ʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ, ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʫʜʘʣʝʥʥʦʡ 
ʦʯʠʩʪʢʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʢʘʢ ʤʦʞʥʦ ʯʘʱʝ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʟʘʱʠʱʝʥʥʦʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, 
ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʷʚʠʪʴ ʫʪʝʯʢʠ ʜʘʥʥʳʭ ʠ ʥʝʢʦʨʨʝʢʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʬʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʩʪʦʠʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʣʝʬʦʥʳ ʧʦʜʚʝʨʞʝʥʥʳʝ ʦʧʝʨʘʮʠʷʤ jailbreak ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ iOS ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
root-ʧʨʘʚ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʜ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Android ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʥʘʤʥʦʛʦ ʫʧʨʦʱʘʝʪ ʘʪʘʢʫ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ: ʨʘʟʨʘʙʦʪʯʠʢʠ ʟʘʯʘʩʪʫʶ ʟʘʙʳʚʘʶʪ ʦ ʨʘʟʨʘʙʦʪʢʝ ʙʝʟʦʧʘʩʥʦʛʦ ʢʦʜʘ 
ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʝʢʦʪʦʨʳʝ ʤʦʙʠʣʴʥʳʝ ʙʘʥʢ-ʢʣʠʝʥʪ ʥʝ ʫʜʝʣʷʶʪ ʚʥʠʤʘʥʠʷ ʚʦʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, 
ʋʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʙʘʥʢ-ʢʣʠʝʥʪʦʚ ʩʦʟʜʘʶʪ ʫʛʨʦʟ ʫʪʝʯʢʠ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʭʠʱʝ-
ʥʠʷ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʩʦ ʩʯʝʪʦʚ, ʘ ʪʘʢʞʝ ʫʛʨʦʟʫ ʨʝʧʫʪʘʮʠʠ ʙʘʥʢ. ʄʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʚʩʝ ʪʘʢ ʞʝ 
ʦʩʪʘʶʪʩʷ ʧʦʜʚʝʨʞʝʥʳ ʥʝ ʪʦʣʴʢʦ ʥʦʚʳʤʠ ʫʛʨʦʟʘʤʠ, ʥʦ ʠ ʩʪʘʨʳʤʠ. ɸ ʫʨʦʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʤʦʙʠʣʴ-
ʥʳʭ ʙʘʥʢ-ʢʣʠʝʥʪʦʚ ʥʝ ʚʳʰʝ ʫʨʦʚʥʷ ʟʘʱʠʪʳ ʦʙʳʯʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʯʠ-
ʢʘʤ ʤʦʙʠʣʴʥʳʭ ʙʘʥʢ-ʢʣʠʝʥʪʦʚ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʧʨʠʩʪʘʣʴʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʉʣʝʜʩʪʚʝʥʥʦ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʟʘʱʠʪʝ: ʧʨʦʚʦʜʠʪʴ ʘʫʜʠʪ ʢʦʜʘ, ʯʘʱʝ ʚʳʧʫʩ-
ʢʘʪʴ ʦʙʥʦʚʣʝʥʠʷ ʠ ʙʳʩʪʨʦ ʟʘʢʨʳʚʘʪʴ ʫʷʟʚʠʤʦʩʪʠ, ʟʘʢʣʘʜʳʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʝʱʝ ʥʘ 
ʫʨʦʚʥʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʝʪʠ, ʦʩʚʝʜʦʤʣʷʪʴ ʧʨʦ-
ʛʨʘʤʤʠʩʪʦʚ ʦ ʚʦʧʨʦʩʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠʤʝʥʷʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʠʣʷʪʦʨʘ, ʩʚʷʟʘʥ-
ʥʳʝ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ 
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ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʛʨʘʬʦʚ  

ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ 
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ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ, ʈʦʩʩʠʷ 

ɸʅʅʆʊɸʎʀʗ 

ʃʘʚʠʥʦʦʙʨʘʟʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʜʦʨʦʛʘʭ ʩʪʘʚʠʪ ʧʝʨʝʜ ʦʙʱʝʩʪʚʦʤ 
ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ. ʉʪʦʠʪ ʣʠ ʩʪʨʦʠʪʴ ʥʦʚʫʶ ʘʚʪʦʤʦʙʠʣʴʥʫʶ ʜʦʨʦʛʫ? ɽʩʣʠ ʩʪʨʦʠʪʴ, ʪʦ ʢʘʢʠʤʠ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʘʤʠ ʦʥʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ? ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʠʪʘʮʠʦʥʥʦʝ, 
ʤʦʞʝʪ ʦʪʚʝʪʠʪʴ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʚʦʧʨʦʩʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ 
ʘʜʝʢʚʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ 
ʪʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʜʦʨʦʞʥʘʷ ʩʝʪʴ, ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞ-
ʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ.  
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ. 
 
ʇʦʧʫʣʷʨʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʣʛʦʨʠʪʤʳ ʤʠʢʨʦʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʠ 
ʘʣʛʦʨʠʪʤʦʚ ʤʠʢʨʦʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʣʝʛʢʦ ʘʜʘʧ-
ʪʠʨʫʶʪʩʷ ʢ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʩʨʝʜʩʪʚʘʤ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʤʝʣʠ ʙʳ 
ʨʝʟʝʨʚʳ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. ʕʪʦʪ ʨʝʟʝʨʚ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʚʠʟʫʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʘʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʤʝʪʦʜʳ ʩʝʪʦʯ-
ʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʚ ʛʨʘʬʝ. 
ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʘ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ ʛ. ʃʠʧʝʮʢʘ. 
ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʠʭ ʢʦʤʧʴʶʪʝʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ. ʇʨʦʠʟʚʝʜʝʥ 
ʨʘʩʯʝʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʧʦ ʧʫʪʷʤ ʠ ʠʟʫʯʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘ-
ʨʠʝʚ ʚʦʟʤʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʤʝʶʱʠʡʩʷ ʩʝʪʠ ʜʦʨʦʛ. ʈʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
ɿʘʜʘʯʘ 1. ʉʦʟʜʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʛ. ʃʠʧʝʮʢʘ (ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥ-
ʥʦʛʦ ʛʨʘʬʘ). 
ɿʘʜʘʯʘ 2. ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʤʘʨʰʨʫʪʘ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʚʝʨʰʠʥʘʤʠ 
(ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʦʜʥʦʤʫ ʩʚʷʟʥʦʤʫ ʧʦʜʛʨʘʬʫ). 
ɿʘʜʘʯʘ 3. ʉʦʟʜʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʨʝʜʝʣʷʪʴ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʢʘʞʜʦʤ 
ʫʯʘʩʪʢʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. 
ɿʘʜʘʯʘ 4. ɺʢʣʶʯʝʥʠʝ ʚ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʩʮʝʥʘʨʠʷ ʧʝʨʝʢʨʳʪʠʷ ʫʯʘʩʪʢʘ ʩʝʪʠ (ʠʩʢʣʶʯʝʥʠʷ ʨʝ-
ʙʨʘ) ʠ ʧʝʨʝʩʯʝʪʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʚʦ ʚʩʝʡ ʩʠʩʪʝʤʝ. 
ɿʘʜʘʯʘ 5. ɺʢʣʶʯʝʥʠʝ ʚ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠ-
ʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ï ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ/ʜʚʫʩʪʦʨʦʥʥʝʛʦ; ʨʝ-
ʞʠʤʘ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʦʚ; ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʫʯʘʩʪʢʦʚ ʧʫʪʠ). 
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ɺ.ʀ. ɼʦʨʦʬʝʝʚʘ, ɼ.ʅ. ʅʠʢʦʣʴʩʢʠʡ, ʖ.ʉ. ʌʝʜʷʝʚ 

ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ c ʥʘʫʯʥʳʤʠ ʠ ʥʘʫʯʥʦ-
ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʇʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ CERIF, ʢʦʪʦʨʳʡ 
ʨʝʢʦʤʝʥʜʦʚʘʥ ɽʚʨʦʧʝʡʩʢʦʡ ʂʦʤʠʩʩʠʝʡ ʩʪʨʘʥʘʤ-ʯʣʝʥʘʤ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʠ 
ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʫʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʀʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʵʪʦʛʦ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʢʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, CRIS, ʦʙʱʠʡ ʝʚʨʦʧʝʡʩʢʠʡ 
ʬʦʨʤʘʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, CERIF. 

ɺʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝ-
ʷʪʝʣʴʥʦʩʪʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ. ʏʘʩʪʴ ʠʟ ʥʠʭ ʦʧʠ-
ʩʳʚʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʥʘʫʯʥʳʭ ʠ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ [1-3], ʘ ʯʘʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦ-
ʜʫʢʪʦʚ [4]. ɺʳʙʦʨ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ ʜʠʢʪʫʝʪʩʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʥʘʫʯ-
ʥʘʷ ʠʣʠ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʘ ʠʤʝʥʥʦ, ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʢʘʯʝ-
ʩʪʚʦʤ ʩʦʙʠʨʘʝʤʳʭ ʜʘʥʥʳʭ, ʪʨʘʜʠʮʠʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ [5]. 
ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʜʘʥʥʳʭ ʜʣʷ 

ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ [6]. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʴ ʚ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʠ ʠʥʪʝʛʨʠʨʫʝʤʦʩʪʠ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʘʫʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ɼʣʷ 
ʨʫʢʦʚʦʜʩʪʚʘ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʟʥʘʪʴ ʥʘʫʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 
ʩʚʦʝʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʦ ʠ, ʩʦʧʦʩʪʘʚʣʷʷ ʩʚʦʠ ʧʦʢʘʟʘʪʝʣʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʠʥʠ-
ʤʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʉʦʟʜʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʟʘʠʤʦʩʚʷʟʘʥ-
ʥr ʭ ʥʘʫʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ, ʦʨʛʘ-
ʥʠʟʘʮʠʶ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʫʯʸʥʳʭ, ʚʳʧʦʣʥʝʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʦʚ, ʢʦʣʣʘʙʦʨʘʮʠʠ ʧʦ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʪ.ʧ. 
ʇʨʦʙʣʝʤʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʥʠʢʣʘ ʝʱʝ ʚ 80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ, ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʦʷʚʣʷʣʠʩʴ ʚʘʨʠʘʥʪʳ ʦʙʦʙʱʝʥʠʷ ʩʭʝʤ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝ-
ʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [7]. ʇʦʟʜʥʝʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʦʟʥʠʢ ʩʪʘʥʜʘʨʪ CERIF (Common 
European Research Information Format ï ʦʙɦʠʡ ʝʚʨʦʧʝʡʩʢʠʡ ʬʦʨʤʘʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʦʨ-
ʤʘʮʠʠ) [8]. ʕʪʦʪ ʩʪʘʥʜʘʨʪ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʠʩʪʝʤʘʭ CRIS (Current Research Infor-
mation Systems ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʪʝʢʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʟʚʠʪʠʝʤ CERIF ʟʘʥʠ-
ʤʘʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʥʘʫʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʩʠʩʪʝʤ euroCRIS [9, 10]. 
ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚ ʈʦʩʩʠʠ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʩʦʣʠʜʘʮʠʠ ʜʘʥʥʳʭ ʦ ʪʝʢʫʱʠʭ ʥʘʫʯʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʦʟʜʘʥʠʝ ɽʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʦʡ ʩʠʩʪʝʤʳ ʫʯʸʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʨʘʙʦʪ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ɽɻʀʉʋ ʅʀʆʂʊʈ) [11]. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʩʦʟʜʘʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ 
ï ʨʘʟʚʠʪʠʝ ʝʜʠʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤ ʨʘʙʦʪʘʤ, 
ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘ-
ʙʦʪʦʢ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʥʠʝ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ʉʦʛʣʘʩʥʦ ʧʦʩʪʘʥʦʚʣʝʥʠʶ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 14 ʥʦʷʙʨʷ 2014 ʛ. ˉ 1195 ʥʘʫʯʥʳʝ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴ-
ʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʟʘ ʩʯʸʪ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ ʬʫʥʜʘʤʝʥ-
ʪʘʣʴʥʳʝ ʠ ʧʦʠʩʢʦʚʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʠʪʴ ʦʪʯʸʪ ʦ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷʭ ʠ ʦ ʧʦʣʫʯʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠ (ʠʣʠ) ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʩ ʧʦʤʦʱʴʶ ɽɻʀʉʋ ʅʀʆʂʊʈ. 
ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʦʪʩʫʪʩʪʚʠʝ ʚ ʈʌ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʦʙʲʝʜʠʥʠʪʴ 
ʜʘʥʥʳʝ ʥʝʩʢʦʣʴʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ɺ 2013-2017 ʛʛ. 
ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çʂʘʨʪʘ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠè ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʘʚʪʦʤʘʪʠ-
ʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʯʸʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʚʢʣʶʯʘʷ ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, 
ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [12]. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ 
ʩ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʝʢʪ ʙʳʣ ʟʘʢʨʳʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʷʜ 
ʦʨʛʘʥʠʟʘʮʠʡ ʥʘʯʘʣ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʫʯʸʪʦʤ ʝʚʨʦʧʝʡʩʢʦʛʦ ʦʧʳʪʘ ʩʦʟʜʘ-
ʥʠʷ CRIS-ʩʠʩʪʝʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʧʨʠʩʫʱʝ ʚʝʜʫʱʠʤ ʥʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʘʤ ʈɸʅ ʠ ʥʘʫʯʥʦ-ʦʙʨʘʟʦ-
ʚʘʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ [13,14]. ʇʨʠ ʵʪʦʤ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʜʜʝʨʞʢʠ ʩʪʘʥʜʘʨʪʘ CERIF ʄʠ-
ʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʚʦʟʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙʣʝʤ. 
ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʚʝʜʝʥʘ ʚ ʜʝʡʩʪʚʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʫʯ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʆʨʣʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ [5]. ʆʥʘ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʢʘʞʜʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʚʥʦʩʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 
ʩʚʦʝʡ ʧʣʘʥʠʨʫʝʤʦʡ ʠ ʦʪʯʸʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʣʠʯʥʦʤ ʢʘʙʠʥʝʪʝ. ɼʘʣʝʝ ʚʩʝ ʜʘʥʥʳʝ ʢʦʥʩʦʣʠʜʠʨʫ-
ʶʪʩʷ ʚ ʩʚʦʜʥʦʤ ʧʣʘʥʝ ʨʘʙʦʪʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʥʘ ʧʨʝʜʩʪʦʷʱʠʡ ʛʦʜ ʠʣʠ ʚ ʩʚʦʜʥʦʤ 
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ʦʪʯʸʪʝ ʟʘ ʧʨʦʰʝʜʰʠʡ ʛʦʜ. ɺʧʦʩʣʝʜʩʪʚʠʠ, ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, 
ʬʦʨʤʠʨʫʝʪʩʷ ʠʪʦʛʦʚʳʡ ʛʦʜʦʚʦʡ ʦʪʯʸʪ ʧʦ ʫʥʠʚʝʨʩʠʪʝʪʫ. ɻʣʘʚʥʳʤ ʦʨʠʝʥʪʠʨʦʤ ʛʝʥʝʨʘʮʠʠ ʵʪʦʛʦ ʦʪʯʸʪʘ 
ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʛʦʜʦʚʦʛʦ ʦʪʯʸʪʘ ʚʫʟʘ ʧʝʨʝʜ ʤʠʥʠʩʪʝʨʩʪʚʦʤ ʠ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ 
ʨʘʙʦʪʳ. ɸʥʘʣʠʟʠʨʫʷ ʦʙʲʝʢʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʟʘʤʝʯʘʝʤ, ʯʪʦ ʯʘʩʪʴ ʠʟ ʥʠʭ ʦʧʠʩʘʥʘ ʚ ʩʪʘʥ-
ʜʘʨʪʝ CERIF. ʇʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʨʷʜ ʦʙʲʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, 
ʥʝ ʦʪʨʘʞʸʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʪʱʘʪʝʣʴʥʦ 
ʠʟʫʯʠʪʴ ʝʚʨʦʧʝʡʩʢʠʡ ʦʧʳʪ ʩʦʟʜʘʥʠʷ CRIS-ʩʠʩʪʝʤ ʠ ʚʚʝʩʪʠ ʧʦʜʜʝʨʞʢʫ ʩʪʘʥʜʘʨʪʘ CERIF ʚ ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʨʝʡʪʠʥʛʘ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴ-
ʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʦʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʣʣʘʙʦʨʘʮʠʠ ʫʯʝʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʧʦʜ-
ʜʝʨʞʢʠ ʛʨʘʥʪʦʚʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠʚʣʝʯʝʥʠʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʜʨ. ʫʥʠʚʝʨʩʠʪʝʪʫ 
ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʪʫ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘʫʯʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʸ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ CERIF. ʕʪʦ ʜʘʩʪ ʥʦʚʳʡ 
ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʚʫʟʘ ʠ ʫʢʨʝʧʠʪ ʝʛʦ ʧʦʟʠʮʠʠ ʚ ʥʘʫʯʥʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʝ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʚʦʙʦʜʥʳʭ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʨʷʜ ʧʦ-
ʣʦʞʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-
ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ: ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ; ʩʦʢʨʘʱʘʝʪ 
ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʨʝʟʫʣʴʪʘʪʘ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʯʝʙʥʦʛʦ ʚʨʝʤʝʥʠ; ʫʩʠʣʠʚʘʝʪ ʤʦʪʠʚʘʮʠʶ ʫ ʩʪʫʜʝʥʪʦʚ.  
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʵʢʩʧʝʨʠʤʝʥʪ, ʩʪʘʪʠʩʪʠ-
ʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʘʣʛʦʨʠʪʤʳ. 
 
ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʭʚʘʪʳʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ 
ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʠʩʢ ʨʝʟʫʣʴʪʘʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʩʦʟʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 
ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʥʝʜʦʩʪʘʪʢʠ ʠ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 
ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ ʢʘʢ STADIA, SPSS, STATISTICA, SYSTAT, STATGRAPHICS PLUS ʦʙʣʘʜʘʶʪ ʠʩʯʝʨ-
ʧʳʚʘʶʱʠʤ ʥʘʙʦʨʦʤ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʅʦ ʧʝʨʝʯʠʩʣʝʥ-
ʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʫʢʦʝʤʢʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ, ʷʚʣʷʶʪʩʷ ʣʠʮʝʥ-
ʟʠʦʥʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʧʦʵʪʦʤʫ ʮʝʥʘ ʠʭ ʯʘʩʪʦ ʥʝʜʦʩʪʫʧʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʂʨʦʤʝ 
ʪʦʛʦ, ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʢʦʣʠʯʝ-
ʩʪʚʦ ʬʫʥʢʮʠʡ, ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʥʦ ʦʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚʣʘ-
ʜʝʶʱʝʛʦ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. 
ʊʘʢʠʝ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʢʘʢ ʵʢʦʥʦʤʠʢʘ, ʩʦʮʠʦʣʦʛʠʷ, ʧʩʠʭʦʣʦʛʠʷ ʠ ʜʨ. ʥʘʠʙʦʣʝʝ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤ-
ʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ - ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ  ʧʨʠʤʝʥʝʥʠʠ 
ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 
ɼʣʷ ʦʮʝʥʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʚʦʙʦʜʥʳʭ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʅʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʫʧʥʳʤʠ ʠ ʨʝʟʫʣʴʪʘʪʠʚ-
ʥʳʤʠ  ʩ ʜʨʫʛʦʡ, ʷʚʣʷʶʪʩʷ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʨʘʟʣʠʯʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʥʝ-
ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʚʦ-ʧʝʨʚʳʭ, ʜʣʷ ʥʠʭ  ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 
ʧʨʦʚʝʨʢʠ ʦ ʚʠʜʝ ʠʩʭʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚʦ-ʚʪʦʨʳʭ, ʚʦʟʤʦʞʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʥʦʤʠʥʘʣʴʥʳʭ 
ʠ ʨʘʥʛʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʋʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʢʨʠʪʝ-
ʨʠʝʚ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 
ɺʩʝ ʦʪʤʝʯʝʥʥʦʝ ʚʳʰʝ ʦʧʨʝʜʝʣʠʣʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʚʦʙʦʜʥʳʭ 
ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʝʝ ʢʦʤʧʴʶʪʝʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ. 
ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʤʝʝʪ ʨʷʜ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʭʦʜʝ ʦʨʛʘʥʠʟʘ-
ʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʦʮʝʥʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʚʦʙʦʜʥʳʭ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʧʦʟ-
ʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ; ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ 
ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʨʝʟʫʣʴʪʘʪʘ. 
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ɹʀɹʃʀʆʊɽʂʀ ʉʊɸʅɼɸʈʊʅʓʍ ʇʆɼʉʀʉʊɽʄ  

ɼʃʗ 1ʉ:ʇʈɽɼʇʈʀʗʊʀɽ 8 
ʀʚʘʥʥʠʢʦʚ ʀ.ʉ. 

ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ, ʈʦʩʩʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʚʥʝʜʨʝʥʠʝʤ  ʙʠʙʣʠʦ-
ʪʝʢ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʩʠʩʪʝʤ (ɹʉʇ) 1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ 8.3. ɹʉʇ ï ʵʪʦ ʥʘʙʦʨ ʧʦʜʩʠʩʪʝʤ ʜʣʷ 
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ʢʦʥʬʠʛʫʨʘʮʠʡ ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ 8.3, ʨʝʘʣʠʟʫʶʱʠʝ ʙʘʟʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ 
ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ. ɺʩʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʜʩʠʩʪʝʤʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʙʠʙ-
ʣʠʦʪʝʢʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʨʦʜʠʪʝʣʴʩʢʦʡ ʧʦʜʩʠʩʪʝʤʝ çʉʪʘʥʜʘʨʪʥʳʝ ʧʦʜʩʠʩʪʝʤʳè ʚ ʜʝʨʝʚʝ ʦʙʲʝʢʪʦʚ 
ʤʝʪʘʜʘʥʥʳʭ ʢʦʥʬʠʛʫʨʘʪʦʨʘ. ʇʦʜʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ 
ʨʘʙʦʪʫ ʚ ʤʦʜʝʣʠ ʩʝʨʚʠʩʘ, ʧʦʜʯʠʥʝʥʳ ʧʦʜʩʠʩʪʝʤʝ çʈʘʙʦʪʘ ʚ ʤʦʜʝʣʠ ʩʝʨʚʠʩʘè. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʜʩʠʩʪʝʤ ʙʠʙʣʠʦʪʝʢʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʠʪʴ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʚʥʝʜʨʝʥʠʶ ʠ 
ʥʘʩʪʨʦʡʢʝ, ʚʳʚʝʩʪʠ ʚ ʢʦʤʘʥʜʥʳʡ ʠʥʪʝʨʬʝʡʩ ʦʙʲʝʢʪʳ ʧʦʜʩʠʩʪʝʤ ʠ ʚʳʧʦʣʥʠʪʴ ʪʝʩʥʫʶ ʠʥʪʝʛʨʘʮʠʶ 
ʩ ʦʙʲʝʢʪʘʤʠ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʊʘʢʞʝ ʚ ʧʦʜʩʠʩʪʝʤʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦ-
ʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʮʠʦʥʘʣʴʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʪʝʨ-
ʬʝʡʩʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʠʩʭʦʜʥʳʭ ʪʝʢʩʪʘʭ ʩʘʤʦʡ ʙʠʙʣʠʦʪʝʢʠ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʙʣʠʦʪʝʢʘ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʢʦʥʬʠʛʫʨʘʮʠʷ, ʚʥʝʰʥʷʷ ʦʙʨʘʙʦʪʢʘ, ʚʥʝʰʥʠʡ 
ʦʪʯʝʪ, ʧʦʜʩʠʩʪʝʤʘ, ʢʦʤʘʥʜʥʳʡ ʠʥʪʝʨʬʝʡʩ. 

 
ʂʦʥʬʠʛʫʨʘʮʠʠ ʚ 1ʉ ʧʠʰʫʪʩʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦ ʠʭ çʧʨʘʚʠʣʘʤè (ʢʣʠʝʥʪ ʚʩʝʛʜʘ ʧʨʘʚ), ʧʦ-
ʵʪʦʤʫ ʚ ʦʩʥʦʚʥʦʤ ʚʩʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʘʟʥʳʝ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʠ ʠ ʪʝ 
ʞʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʣʦʞʥʦ ʧʨʝʜʩʪʘ-
ʚʠʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʛʜʝ ʥʝ ʬʠʛʫʨʠʨʦʚʘʣʠ ʙʳ ʪʘʢʠʝ ʩʫʱʥʦʩʪʠ ʢʘʢ ʥʦʤʝʥʢʣʘʪʫʨʘ, ʢʦʥʪʨʘʛʝʥʪʳ, 
ʧʦʣʴʟʦʚʘʪʝʣʠ, ʚʘʣʶʪʘ. ʀ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ: ʚʦʟʤʦʞʥʦʩʪʴ ʙʘʟʦʚʦʛʦ ʨʘʟʛʨʘ-
ʥʠʯʝʥʠʷ ʧʨʘʚ, ʨʘʙʦʪʘ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʦʡ, ʟʘʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠ ʪ.ʜ. ʅʦ ʝʩʪʴ ʢʦʥʬʠʛʫʨʘʮʠʷ, 
ʢʦʪʦʨʘʷ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʠʟʙʘʚʣʷʷ ʝʛʦ ʦʪ ʪʘʢʠʭ çʪʨʠʚʠʘʣʴʥʳʭè ʨʘʙʦʪ  ï ʵʪʦ çɹʠʙ-
ʣʠʦʪʝʢʘ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʩʠʩʪʝʤè (ɹʉʇ), ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʦʨ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʬʫʥʢʮʠ-
ʦʥʘʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʠ ʬʨʘʛʤʝʥʪʳ ʨʘʟʜʝʣʘ çɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʷʭ ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ 8. ɹʠʙʣʠʦʪʝʢʘ ʥʝ ʷʚʣʷʝʪʩʷ 
ʟʘʢʦʥʯʝʥʥʳʤ (ʩ ʧʨʝʜʤʝʪʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ) ʧʨʠʢʣʘʜʥʳʤ ʨʝʰʝʥʠʝʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʜʩʠʩʪʝʤʳ ʙʠʙ-
ʣʠʦʪʝʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ-ʧʦʪʨʝʙʠʪʝʣʝ ʢʘʢ ʚʩʝ ʚʤʝʩʪʝ, ʪʘʢ ʠ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 
ʀ ʜʣʷ ʵʪʦʛʦ ʚ ɹʉʇ ʚʭʦʜʠʪ ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʤʦʱʥʠʢ ʚʥʝʜʨʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʤʦʛʘʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 
ʉʘʤ ʧʦʤʦʱʥʠʢ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʧʦʰʘʛʦʚʦʛʦ ʤʘʩʪʝʨʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢ  ʫʢʘʟʳ-
ʚʘʝʪ  ʥʫʞʥʳʝ ʝʤʫ ʧʦʜʩʠʩʪʝʤʳ, ʘ ʤʘʩʪʝʨ  ʩʦʟʜʘʩʪ ʟʘʛʦʪʦʚʢʫ, ʩ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ  ʚ ʜʘʣʴ-
ʥʝʡʰʝʤ. ʇʦ ʩʫʪʠ ʜʝʣʘ ʤʳ ʧʦʣʫʯʘʝʤ ʟʘʛʦʪʦʚʢʫ ʜʣʷ ʙʫʜʫʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 
ɼʣʷ ʟʘʜʘʯʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʙʠʙʣʠʦʪʝʢʠ ʚ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʷʭ ʚ ʜʠʩʪʨʠʙʫʪʠʚ ʚʭʦ-
ʜʠʪ ʚʥʝʰʥʷʷ ʦʙʨʘʙʦʪʢʘ ʇʝʨʚʦʝɺʥʝʜʨʝʥʠʝɹʉʇ.epf. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʧʦʜʩʠʩʪʝʤʳ ʜʣʷ 
ʚʥʝʜʨʝʥʠʷ ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʫʜʘʣʠʪʴ ʢʦʜ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜʩʠʩʪʝʤ. ɼʣʷ ʧʨʦ-
ʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʩʪʨʘʠʚʘʥʠʷ ʧʨʠ ʧʝʨʚʦʤ ʚʥʝʜʨʝʥʠʠ ɹʉʇ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʨʦʢ ʧʨʠ ʧʦʩʣʝʜʫ-
ʶʱʠʭ ʦʙʥʦʚʣʝʥʠʷʭ ʚʝʨʩʠʠ ʙʠʙʣʠʦʪʝʢʠ ʚ ʩʦʩʪʘʚʝ ʜʠʩʪʨʠʙʫʪʠʚʘ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚʥʝʰʥʠʡ ʦʪʯʝʪ ʇʨʦ-
ʚʝʨʢʘɺʥʝʜʨʝʥʠʷɹʉʇ.erf. ʆʥ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ ʙʠʙʣʠʦʪʝʢʠ 
(ʧʨʦʚʝʨʢʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʟʘʧʦʣʥʝʥʠʷ ʩʦʩʪʘʚʘ ʪʠʧʦʚ, ʧʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʚʩʪʘʚʦʢ ʢʦʜʘ ʠ ʪ. ʧ.). 
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ʋʇʈɸɺʃʗɽʄʆɻʆ ʇʈʀʃʆɾɽʅʀʗ 

ʂʦʨʥʠʝʥʢʦ ɼ.ɺ. 

ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ, ʈʦʩʩʠʷ 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʘʤ ʨʘʟʨʘʙʦʪʢʠ ʚʥʝʰʥʠʭ ʦʪʯʝʪʦʚ ʠ ʦʙʨʘʙʦʪʦʢ. ɺʥʝʰʥʠʝ ʦʪʯʝʪʳ ʠ ʦʙʨʘʙʦʪʢʠ 
- ʵʪʦ ʚʝʩʴʤʘ ʫʜʦʙʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ 
1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ 8. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʙʥʦʚʣʝʥʠʷ ʪʠʧʦʚʳʭ 
ʢʦʥʬʠʛʫʨʘʮʠʡ ʚ ʨʝʞʠʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ - ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ 
ʚʥʝʩʪʠ ʚ ʩʠʩʪʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʥʝʰʥʷʷ ʦʙʨʘʙʦʪʢʘ, ʚʥʝʰʥʠʡ ʦʪʯʝʪ, ʤʦʜʫʣʴ ʦʙʲʝʢʪʘ, ʟʘʧʨʦʩ, ʧʘʨʘʤʝʪʨʳ ʟʘʧʨʦʩʘ, 
ʧʨʦʮʝʜʫʨʘ, ʩʠʩʪʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ. 

ɺʥʝʰʥʠʝ ʦʪʯʝʪʳ ʠ ʦʙʨʘʙʦʪʢʠ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʥʘʭʦʜʷʪ ʩʚʦʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʨʝʜʠ ʧʨʦʛʨʘʤʤʠ-
ʩʪʦʚ 1ʉ, ʪʘʢ ʢʘʢ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʢʨʫʧʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 
ʄʝʭʘʥʠʟʤ ʠʭ ʜʦʙʘʚʣʝʥʠʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʶ ʨʝʘʣʠʟʦʚʘʥ ʯʝʨʝʟ ʙʠʙʣʠʦʪʝʢʫ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʩʠʩʪʝʤ, 
ʢʦʪʦʨʘʷ ʚʩʪʨʦʝʥʘ ʚ ʪʠʧʦʚʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʥʘʧʠʩʘʥʥʫʶ ʥʘ ʫʧʨʘʚʣʷʝʤʳʭ ʬʦʨʤʘʭ. ʆʙʨʘʙʦʪʢʠ ʠ ʦʪ-
ʯʝʪʳ ʧʦʟʚʦʣʷʶʪ ʚʩʪʘʚʠʪʴ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʘʟʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʥʝ ʥʘʢʣʘʜʳʚʘʷ 
ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ ʮʝʣʦʩʪʥʦʩʪʠ ʩʘʤʦʡ ʙʘʟʳ. 

ʆʪʣʠʯʠʝ ʦʙʨʘʙʦʪʦʢ ʦʪ ʦʪʯʝʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʪʯʝʪʳ ʥʫʞʥʳ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 
ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ ʦʙʨʘʙʦʪʢʠ - ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟ-
ʣʠʯʠʡ ʚ ʩʚʦʡʩʪʚʘʭ ʤʝʪʘʜʘʥʥʳʭ, ʪʦ ʦʥʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʪʯʝʪʘʭ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʦʩʥʦʚʥʫʶ 
ʉʭʝʤʫ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ (ʉʂɼ) ʠ ʫʢʘʟʘʪʴ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʪʯʝʪʦʚ, ʘ ʚ ʦʙ-
ʨʘʙʦʪʢʘʭ ʵʪʦʛʦ ʥʝʪ.  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʜʣʷ ʧʝʨʝʥʦʩʘ ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʠʥ-
ʬʦʨʤʘʮʠʠ ʠʟ ʢʦʥʬʠʛʫʨʘʮʠʠ 1ʉ:ʋʧʨʘʚʣʝʥʠʝ ʪʦʨʛʦʚʣʝʡ 10.3 ʚ 1ʉ:ERP ʋʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝʤ 2.4. 
ʅʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʥʪʨʘʛʝʥʪʦʚ, ʜʦʛʦʚʦʨʘ, ʙʘʥʢʦʚʩʢʠʝ ʩʯʝʪʘ ʦʨ-
ʛʘʥʠʟʘʮʠʡ, ʥʦʤʝʥʢʣʘʪʫʨʫ ʠ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʦʙʣʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʪʠʧʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ ʦʩʪʘʪʢʦʚ ʠ ʩʧʨʘʚʦʯʥʠʢʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʙʦ ʚ 
ʦʪʩʫʪʩʪʚʠʠ ʨʷʜʘ ʦʙʲʝʢʪʦʚ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ-ʠʩʪʦʯʥʠʢʝ, ʣʠʙʦ ʚ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 
ʢʦʥʬʠʛʫʨʘʮʠʠ-ʧʨʠʝʤʥʠʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, 
ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʩʪʨʦʝʥ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʙʦʪʢʘʭ. ʂʘʞʜʘʷ ʦʙʨʘʙʦʪʢʘ, ʟʘʧʫʩʢʘʝʤʘʷ ʚ ʙʘʟʝ-ʧʨʠ-
ʝʤʥʠʢʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʦʨʤʫ, ʥʘ ʢʦʪʦʨʫʶ ʚʳʥʝʩʝʥ ʨʝʢʚʠʟʠʪ, ʦʙʷʟʘʪʝʣʴʥʳʡ ʢ ʟʘʧʦʣʥʝʥʠʶ. ɺ 
ʜʘʥʥʦʤ ʨʝʢʚʠʟʠʪʝ ʫʢʘʟʳʚʘʝʪʩʷ ʬʘʡʣ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʘ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʩʦʙʦʡ ʪʘʙʣʠʮʫ, ʚ ʢʦʪʦʨʫʶ ʚʳʛʨʫʞʝʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʟʘʧʨʦʩʦʤ ʠʟ ʙʘʟʳ-ʠʩʪʦʯʥʠʢʘ. 
ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʟʘʧʨʦʩʫ ʤʳ ʧʦʣʫʯʘʝʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʤ ʠʥʬʦʨʤʘʮʠʶ ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʥʘʩ ʚʠʜʝ. 
ʇʨʘʚʠʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʢʘʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʯʝʪʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ. ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ 
ʩʧʠʩʦʢ ʢʦʥʬʠʛʫʨʘʮʠʡ ʜʣʷ ʧʝʨʝʥʦʩʘ ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

 

  



80 
 

ʇʈʀʄɽʈʓ ɼʆʈɸɹʆʊʂʀ ʊʀʇʆɺʆɻʆ ʄɽʍɸʅʀɿʄɸ ʂʆʅʌʀɻʋʈɸʎʀʀ  

ʃʘʟʘʨʝʥʢʦ ɸ.ʇ. 

ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ, ʈʦʩʩʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʤʝʭʘʥʠʟʤ ʨʘʟʨʘʙʦʪʢʠ ʦʪʯʝʪʘ ʜʣʷ ʪʠʧʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 1ʉ:ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ. ɼʘʥʥʳʡ ʦʪʯʝʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʨʝʜʠʪʦʨʩʢʫʶ ʟʘʜʦʣʞʝʥʥʦʩʪʴ ʦʨʛʘʥʠʟʘ-
ʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʨʦʢʘʤʠ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʦʪʯʝʪʘ ʩʚʷʟʘʥʘ ʩ ʥʝʧʨʝʨʳʚ-
ʥʳʤ ʢʦʥʪʨʦʣʝʤ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ ʢʦʤʧʘʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ, ʥʘʯʠʥʘʷ 
ʩ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʥʝʥʫʞʥʳʭ ʟʘʪʨʘʪ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʦʭʨʘʥʝʥʠʝʤ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʥʝʰʥʠʡ ʦʪʯʝʪ, ʤʦʜʫʣʴ ʦʙʲʝʢʪʘ, ʟʘʧʨʦʩ, ʧʘʨʘʤʝʪʨʳ ʟʘʧʨʦʩʘ, ʧʨʦʮʝʜʫʨʘ, ʩʠʩʪʝʤʘ 
ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ. 

ʇʦʯʪʠ ʚʩʝ ʧʨʦʝʢʪʳ ʚ ʣʶʙʦʡ ʢʨʫʧʥʦʡ ʢʦʤʧʘʥʠʠ-ʠʥʪʝʛʨʘʪʦʨʝ 1ʉ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʜʦʨʘʙʦʪʢʝ ʪʠ-
ʧʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠ ʥʘʧʨʘʚʣʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʫʯʝʪʘ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʡ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ ʦʪʯʝʪʥʦʩʪʠ. ɸ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʟʥʘ-
ʯʘʝʪ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʥʝʜʨʷʝʤʳʝ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʜʦʨʘʙʘʪʳʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʯʘʩʪʦ ʤʝʥʷʶʱʠʤʩʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʧʦʯʪʠ ʚʩʝʛʜʘ ʦʟʥʘʯʘʝʪ ʦʙʥʦʚʣʝʥʠʝ ʨʝʣʠʟʦʚ 
ʪʠʧʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʣʦʩʴ ʨʝʰʝʥʠʝ, ʠ ʘʜʘʧʪʘʮʠʷ ʫʞʝ ʚʳʧʦʣʥʝʥʥʳʭ 
ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʦʯʝʨʝʜʥʦʛʦ ʨʝʣʠʟʘ. ʄʝʥʝʝ çʙʦʣʝʟʥʝʥʥʦè ʵʪʦʪ ʧʨʦʮʝʩʩ 
ʧʨʦʭʦʜʠʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʥʝʰʥʠʭ ʦʪʯʝʪʦʚ ʠ ʦʙʨʘʙʦʪʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʪʠʧʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʥʝʰʥʝʛʦ ʦʪʯʝʪʘ ʜʦʩʪʘʪʦʯʥʦ ʚ ʢʦʥʬʠʛʫʨʘʪʦʨʝ ʚʳʙʨʘʪʴ ʤʝʥʶ ʌʘʡʣ/ʅʦʚʳʡ ʠ 
ʚʳʙʨʘʪʴ ʚʠʜ ʬʘʡʣʘ - ʦʪʯʝʪ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʜʢʣʶʯʠʪʴ ʝʛʦ ʚ ʪʠʧʦʚʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚ ʢʘʯʝʩʪʚʝ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʪʯʝʪʘ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʜʦʣʞʥʳ ʚ ʤʦʜʫʣʴ ʧʨʦʧʠʩʘʪʴ ʥʝʩʢʦʣʴʢʦ 
ʧʨʦʮʝʜʫʨ. ʆʙʱʠʡ ʠʭ ʩʤʳʩʣ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʤʳ ʜʘʝʤ ʧʦʥʷʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ ʵʪʦ ʟʘ ʦʙʨʘʙʦʪʢʘ 
(ʦʙʨʘʙʦʪʢʘ, ʦʪʯʝʪ, ʧʝʯʘʪʥʘʷ ʬʦʨʤʘ, ʟʘʧʦʣʥʝʥʠʝ ʪʘʙʣʠʯʥʦʡ ʯʘʩʪʠ ʠ ʪ.ʜ.). ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʤʳ ʫʢʘʟʳ-
ʚʘʝʤ, ʚ ʢʘʢʦʡ ʧʦʜʩʠʩʪʝʤʝ ʦʥ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ. 

ʌʫʥʢʮʠʷ ʉʚʝʜʝʥʠʷʆɺʥʝʰʥʝʡʆʙʨʘʙʦʪʢʝ() ʕʢʩʧʦʨʪ  
ʇʘʨʘʤʝʪʨʳʈʝʛʠʩʪʨʘʮʠʠ = ʅʦʚʳʡ ʉʪʨʫʢʪʫʨʘ;  
ʇʘʨʘʤʝʪʨʳʈʝʛʠʩʪʨʘʮʠʠ.ɺʩʪʘʚʠʪʴ("ɺʠʜ", "ɼʦʧʦʣʥʠʪʝʣʴʥʳʡʆʪʯʝʪ"); //ɺʘʨʠʘʥʪʳ: "ɼʦʧʦʣʥʠʪʝʣʴ-
ʥʘʷʆʙʨʘʙʦʪʢʘ", "ɼʦʧʦʣʥʠʪʝʣʴʥʳʡʆʪʯʝʪ", "ɿʘʧʦʣʥʝʥʠʝʆʙʲʝʢʪʘ", "ʆʪʯʝʪ", "ʇʝʯʘʪʥʘʷʌʦʨʤʘ", "ʉʦ-
ʟʜʘʥʠʝʉʚʷʟʘʥʥʳʭʆʙʲʝʢʪʦʚ"  
ʇʘʨʘʤʝʪʨʳʈʝʛʠʩʪʨʘʮʠʠ.ɺʩʪʘʚʠʪʴ("ʅʘʠʤʝʥʦʚʘʥʠʝ", "<ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʉʧʨʘʚʦʯʥʠʢʘ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʭ ʦʙʨʘʙʦʪʦʢ>");  
ʇʘʨʘʤʝʪʨʳʈʝʛʠʩʪʨʘʮʠʠ.ɺʩʪʘʚʠʪʴ("ɺʝʨʩʠʷ", "<ʅʦʤʝʨ ʚʝʨʩʠʠ ʦʙʨʘʙʦʪʢʠ>"); //"1.0"  
ʇʘʨʘʤʝʪʨʳʈʝʛʠʩʪʨʘʮʠʠ.ɺʩʪʘʚʠʪʴ("ɹʝʟʦʧʘʩʥʳʡʈʝʞʠʤ", ʀʩʪʠʥʘ); //ɺʘʨʠʘʥʪʳ: ʀʩʪʠʥʘ, ʃʦʞʴ  
ʇʘʨʘʤʝʪʨʳʈʝʛʠʩʪʨʘʮʠʠ.ɺʩʪʘʚʠʪʴ("ʀʥʬʦʨʤʘʮʠʷ", "<ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʦʪʯʝʪʘ>");  
ʊʘʙʣʠʮʘʂʦʤʘʥʜ = ʇʦʣʫʯʠʪʴʊʘʙʣʠʮʫʂʦʤʘʥʜ();  
ɼʦʙʘʚʠʪʴʂʦʤʘʥʜʫ(ʊʘʙʣʠʮʘʂʦʤʘʥʜ,  
"<ʀʤʷ ʢʦʤʘʥʜʳ>",  
"<ʀʜʝʥʪʠʬʠʢʘʪʦʨʂʦʤʘʥʜʳ>",  
"ʆʪʢʨʳʪʠʝʌʦʨʤʳ", //ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ɺʘʨʠʘʥʪʳ: "ʆʪʢʨʳʪʠʝʌʦʨʤʳ", "ɺʳʟʦʚʂʣʠʝʥʪʩʢʦʛʦʄʝʪʦʜʘ", 
"ɺʳʟʦʚʉʝʨʚʝʨʥʦʛʦʄʝʪʦʜʘ"  
ʃʦʞʴ,//ʇʦʢʘʟʳʚʘʪʴ ʦʧʦʚʝʱʝʥʠʝ. ɺʘʨʠʘʥʪʳ ʀʩʪʠʥʘ, ʃʦʞʴ  
"");//ʄʦʜʠʬʠʢʘʪʦʨ  
ʇʘʨʘʤʝʪʨʳʈʝʛʠʩʪʨʘʮʠʠ.ɺʩʪʘʚʠʪʴ("ʂʦʤʘʥʜʳ", ʊʘʙʣʠʮʘʂʦʤʘʥʜ);  
ɺʦʟʚʨʘʪ ʇʘʨʘʤʝʪʨʳʈʝʛʠʩʪʨʘʮʠʠ;  
ʂʦʥʝʮʌʫʥʢʮʠʠ  
 
ʌʫʥʢʮʠʷ ʇʦʣʫʯʠʪʴʊʘʙʣʠʮʫʂʦʤʘʥʜ()  
ʂʦʤʘʥʜʳ = ʅʦʚʳʡ ʊʘʙʣʠʮʘɿʥʘʯʝʥʠʡ;  
ʂʦʤʘʥʜʳ.ʂʦʣʦʥʢʠ.ɼʦʙʘʚʠʪʴ("ʇʨʝʜʩʪʘʚʣʝʥʠʝ", ʅʦʚʳʡ ʆʧʠʩʘʥʠʝʊʠʧʦʚ("ʉʪʨʦʢʘ"));  
ʂʦʤʘʥʜʳ.ʂʦʣʦʥʢʠ.ɼʦʙʘʚʠʪʴ("ʀʜʝʥʪʠʬʠʢʘʪʦʨ", ʅʦʚʳʡ ʆʧʠʩʘʥʠʝʊʠʧʦʚ("ʉʪʨʦʢʘ"));  
ʂʦʤʘʥʜʳ.ʂʦʣʦʥʢʠ.ɼʦʙʘʚʠʪʴ("ʀʩʧʦʣʴʟʦʚʘʥʠʝ", ʅʦʚʳʡ ʆʧʠʩʘʥʠʝʊʠʧʦʚ("ʉʪʨʦʢʘ"));  
ʂʦʤʘʥʜʳ.ʂʦʣʦʥʢʠ.ɼʦʙʘʚʠʪʴ("ʇʦʢʘʟʳʚʘʪʴʆʧʦʚʝʱʝʥʠʝ", ʅʦʚʳʡ ʆʧʠʩʘʥʠʝʊʠʧʦʚ("ɹʫʣʝʚʦ"));  
ʂʦʤʘʥʜʳ.ʂʦʣʦʥʢʠ.ɼʦʙʘʚʠʪʴ("ʄʦʜʠʬʠʢʘʪʦʨ", ʅʦʚʳʡ ʆʧʠʩʘʥʠʝʊʠʧʦʚ("ʉʪʨʦʢʘ"));  
ɺʦʟʚʨʘʪ ʂʦʤʘʥʜʳ;  
ʂʦʥʝʮʌʫʥʢʮʠʠ  
 
ʇʨʦʮʝʜʫʨʘ ɼʦʙʘʚʠʪʴʂʦʤʘʥʜʫ(ʊʘʙʣʠʮʘʂʦʤʘʥʜ, ʇʨʝʜʩʪʘʚʣʝʥʠʝ, ʀʜʝʥʪʠʬʠʢʘʪʦʨ, ʀʩʧʦʣʴʟʦʚʘʥʠʝ, 
ʇʦʢʘʟʳʚʘʪʴʆʧʦʚʝʱʝʥʠʝ = ʃʦʞʴ, ʄʦʜʠʬʠʢʘʪʦʨ = "")  
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ʅʦʚʘʷʂʦʤʘʥʜʘ = ʊʘʙʣʠʮʘʂʦʤʘʥʜ.ɼʦʙʘʚʠʪʴ();  
ʅʦʚʘʷʂʦʤʘʥʜʘ.ʇʨʝʜʩʪʘʚʣʝʥʠʝ = ʇʨʝʜʩʪʘʚʣʝʥʠʝ;  
ʅʦʚʘʷʂʦʤʘʥʜʘ.ʀʜʝʥʪʠʬʠʢʘʪʦʨ = ʀʜʝʥʪʠʬʠʢʘʪʦʨ;  
ʅʦʚʘʷʂʦʤʘʥʜʘ.ʀʩʧʦʣʴʟʦʚʘʥʠʝ = ʀʩʧʦʣʴʟʦʚʘʥʠʝ;  
ʅʦʚʘʷʂʦʤʘʥʜʘ.ʇʦʢʘʟʳʚʘʪʴʆʧʦʚʝʱʝʥʠʝ = ʇʦʢʘʟʳʚʘʪʴʆʧʦʚʝʱʝʥʠʝ;  
ʅʦʚʘʷʂʦʤʘʥʜʘ.ʄʦʜʠʬʠʢʘʪʦʨ = ʄʦʜʠʬʠʢʘʪʦʨ;  
ʂʦʥʝʮʇʨʦʮʝʜʫʨʳ 

ɼʘʣʝʝ ʩʦʟʜʘʜʠʤ ʨʷʜ ʨʝʢʚʠʟʠʪʦʚ ʦʪʯʝʪʘ: ʅʘʩʪʨʦʡʢʘʇʝʨʠʦʜʘ, ʆʨʛʘʥʠʟʘʮʠʷ, ʇʝʨʠʦʜ ʠ ʉʧʠʩʦ-
ʢʀʥʪʝʨʚʘʣʦʚ. ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʠʥʪʝʨʚʘʣʦʚ ʩʦʟʜʘʜʠʤ ʦʪʜʝʣʴʥʫʶ ʬʦʨʤʫ ï ʌʦʨʤʘʀʥʪʝʨʚʘʣʳ. ɺ ʤʦʜʫʣʝ 
ʜʘʥʥʦʡ ʬʦʨʤʳ ʧʨʦʧʠʰʝʤ ʧʨʦʮʝʜʫʨʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʬʦʨʤʳ. 

ɼʣʷ ʚʳʙʦʨʘ ʩʯʝʪʦʚ ʫʯʝʪʘ ʩʦʟʜʘʜʠʤ ʩʦʙʩʪʚʝʥʥʫʶ ʬʦʨʤʫ ʠ ʧʨʦʧʠʰʝʤ ʚ ʝʝ ʤʦʜʫʣʝ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ ʠ ʬʫʥʢʮʠʠ. 

ɼʘʣʝʝ ʩʦʟʜʘʜʠʤ ʦʩʥʦʚʥʫʶ ʬʦʨʤʫ ʦʪʯʝʪʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʠ 
ʚʳʟʦʚʝ ʜʘʥʥʦʛʦ ʦʪʯʝʪʘ. ɺ ʤʦʜʫʣʝ ʬʦʨʤʳ ʦʧʠʰʝʤ ʧʦʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʜʫʨ ʠ ʬʫʥʢʮʠʡ. 
ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʙʫʜʝʪ ʦʧʠʩʘʥʠʝ ʤʦʜʫʣʷ ʦʙʲʝʢʪʘ. 

 

ʆ ʈɸɿʈɸɹʆʊʂɽ ʉɽʈɺɽʈ-ʇʈʀʃʆɾɽʅʀʗ ʉʀʉʊɽʄʓ ʕʃɽʂʊʈʆʅʅʆʁ 
ʂʆʄʄʋʅʀʂɸʎʀʀ  

ʄʘʢʩʠʤʦʚ ɼ.ʀ. 

ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʚʘʶʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ 
ʣʶʜʝʡ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ, ʯʘʪʳ, ʙʣʦʛʠ, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʤʝʩʝʥʜʞʝʨʳ. 
ɺʘʞʥʳʤ ʟʚʝʥʦʤ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʩʝʨʚʝʨ-ʧʨʠʣʦʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʭʨʘʥʝʥʠʝ, ʦʙ-
ʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʨʘʟʨʘʙʦʪʢʠ 
ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʵʣʝʢ-
ʪʨʦʥʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʷʟʳʢ PHP. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʩʝʨʚʝʨ-ʧʨʠʣʦʞʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʷ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ, ʵʣʝʢʪʨʦʥʥʘʷ 
ʢʦʤʤʫʥʠʢʘʮʠʷ, PHP.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚ-
ʣʷʶʱʠʝ ʠ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ɺʩʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʝʪ ʢʣʠʝʥʪ, ʥʘʭʦʜʷʪʩʷ ʥʘ 
ʩʝʨʚʝʨʝ. ʇʨʠ ʦʪʧʨʘʚʢʝ ʢʣʠʝʥʪʦʤ ʩʦʦʙʱʝʥʠʷ ʢʘʢʦʤʫ-ʣʠʙʦ ʢʣʠʝʥʪʫ ʝʛʦ ʧʦʣʫʯʘʝʪ ʩʝʨʚʝʨ, ʘ ʫʞʝ ʧʦʪʦʤ 
ʧʝʨʝʧʨʘʚʣʷʝʪ ʝʛʦ ʘʜʨʝʩʘʪʫ. ʊʘʢ ʚʳʛʣʷʜʠʪ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʘʨʭʠʪʝʢʪʫʨʳ çʢʣʠʝʥʪ-ʩʝʨʚʝʨè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʩʝʨʚʝʨ, ʘ ʪʦʯʥʝʝ ʫʩʪʘʥʦʚ-
ʣʝʥʥʦʝ ʥʘ ʥʝʤ ʩʝʨʚʝʨ-ʧʨʠʣʦʞʝʥʠʝ. ɺ ʝʛʦ ʦʙʷʟʘʥʥʦʩʪʠ ʚʭʦʜʠʪ ʨʘʙʦʪʘ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʯʘ ʠ 
ʧʦʣʫʯʝʥʠʝ ʩʦʦʙʱʝʥʠʡ, ʦʧʦʚʝʱʝʥʠʝ ʢʣʠʝʥʪʦʚ.  

ʉʝʨʚʝʨ-ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʧʦʣʥʷʶʱʠʭʩʷ ʥʘ 
ʩʝʨʚʝʨʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʦʜʢʣʶʯʝʥʠʝ ʠ ʨʘʙʦʪʫ ʢʣʠʝʥʪʦʚ. ʄʝʞʜʫ ʛʣʘʚʥʳʤ ʠ ʜʦʯʝʨʥʠʤʠ ʧʨʦʮʝʩ-
ʩʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʚʷʟʠ ʧʨʠ ʧʦʤʦʱʠ ʧʘʨʥʳʭ ʩʦʢʝʪʦʚ, ʘ ʤʝʞʜʫ ʜʦʯʝʨʥʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʢʣʠʝʥ-
ʪʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ TCP-ʩʦʝʜʠʥʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʦ ʜʦʯʝʨʥʠʭ ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʘʩʪʨʦʡʢʘʭ 
ʩʝʨʚʝʨ-ʧʨʠʣʦʞʝʥʠʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʠʝʥʪʦʚ. ʂʘʞʜʳʡ ʜʦʯʝʨʥʠʡ ʧʨʦʮʝʩʩ 
ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʜʦ 1024 ʢʣʠʝʥʪʦʚ. ʂʣʘʩʩʳ ʧʨʦʮʝʩʩʦʚ ʨʝʘʣʠʟʫʶʪ ʠʥʪʝʨʬʝʡʩ ʧʨʦʮʝʩʩʘ, ʩʦʜʝʨʞʘ-
ʱʠʡ ʤʝʪʦʜʳ ʟʘʧʫʩʢʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. 
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ʆʩʥʦʚʥʳʤ ʤʘʥʠʟʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʝʨʚʝʨ-ʧʨʠʣʦʞʝʥʠʷ ʠ ʢʣʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʩʦʦʙʱʝ-
ʥʠʡ. ʇʦʜ ʩʦʦʙʱʝʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʙʣʦʢ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥ ʧʦ ʫʩʪʘ-
ʥʦʚʣʝʥʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ. ʉʦʦʙʱʝʥʠʝ ʜʦʣʞʥʦ ʠʤʝʪʴ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʦʨʤʘʪ. ʆʙʤʝʥ ʩʦʦʙ-
ʱʝʥʠʷʤʠ ʤʝʞʜʫ ʢʣʠʝʥʪʘʤʠ ʠ ʜʦʯʝʨʥʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʘ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ çʇʦʩʨʝʜʥʠʢè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʦʦʙʱʝʥʠʡ ʠ ʚʳʧʦʣʥʷʪʴ ʠʭ ʦʙʨʘ-
ʙʦʪʢʫ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʶ. 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʯʝʨʝʟ TCP-ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʠʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʥʘ ʯʘʩʪʠ ʬʠʢ-
ʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʠʭ ʫʧʘʢʦʚʢʘ ʚ ʙʘʡʪ-ʢʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʫʧʘʢʦʚʢʠ ʠ ʧʦʪʦʢʦʚ ʧʝʨʝ-
ʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʯʝʨʝʟ ʩʦʝʜʠʥʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʣʶʙʳʭ ʪʠʧʦʚ ʚ ʦʜʥʦʤ ʬʦʨʤʘʪʝ. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʙʘʟʦʚʦʛʦ ʢʣʘʩʩʘ ʠ ʠʥʪʝʨʬʝʡʩʘ ʧʦʜʢʣʶʯʝʥʠʷ 
ʙʘʟ ʜʘʥʥʳʭ ʢ ʩʝʨʚʝʨʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʘʟ ʜʘʥʥʳʭ ʚ 
ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʝʨʚʝʨʘ. 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʘ çʜʝʤʦʥʘè, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʟʘʨʘʥʝʝ 
ʥʘʩʪʨʦʝʥʥʳʡ ʦʙʲʝʢʪ ʩʝʨʚʝʨʘ. çɼʝʤʦʥè ʩʦʭʨʘʥʷʝʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʮʝʩʩʘ ʚ ʬʘʡʣ ʠ ʚʝʜʝʪ ʞʫʨʥʘ-
ʣʠʟʘʮʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʦʙʩʣʫʞʠʚʘʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʠʝʥʪʦʚ. 
ʀʩʧʦʣʴʟʫʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʦʦʙʱʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʦʦʙʱʝʥʠʡ ʚ ʩʠʩʪʝʤʫ ʠ 
ʢʦʨʨʝʢʪʥʦ ʠʭ ʦʙʨʘʙʘʪʳʚʘʪʴ. ɺ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʜʠʥʘʤʠʯʝʩʢʠ ʧʦʜʢʣʶʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ. 
ʈʝʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ çʜʝʤʦʥʘè ʦʩʚʦʙʦʞʜʘʝʪ ʠʥʪʝʨʬʝʡʩ ʩʝʨʚʝʨʘ ʠ ʚʦʟʚʨʘʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʘʜʤʠʥʠ-
ʩʪʨʘʪʦʨʫ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

˥͍͊ͤ͡·͚ ͨͪͦͼ͔ͫͫ 

˨ͦ;͔͙͚ͪͤ ͨͪͦπ

ͼ͔ͫͫ 

˴͙͔ͤͭ͡ 

˴͙͔ͤͭ͡ 

 

˴͙͔ͤͭ͡ 

˨ͦ;͔͙͚ͪͤ ͨͪͦπ

ͼ͔ͫͫ 

˴͙͔ͤͭ͡ 

˴͙͔ͤͭ͡ 

˴͙͔ͤͭ͡ 

˨ͦ;͔͙͚ͪͤ ͨͪͦπ

ͼ͔ͫͫ 

˴͙͔ͤͭ͡ 

˴͙͔ͤͭ͡ 

˴͙͔ͤͭ͡ 

˿ͦͦ͋΅͔͙͔ͤ 

ˣͦ͟͡ м 

у ˴͚͋͊ͭ 

ˣͦ͟͡ н 

у ˴͚͋͊ͭ 

Χ 

ˣͦ͟͡ нрс 

у ˴͚͋͊ͭ 

˨͊ͤͤ·͔ 

JSON 

нлпу ˴͚͋͊ͭ 
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ɺ ɿɸɼɸʏɸʍ ʋʇʈɸɺʃɽʅʀʗ ɺ ʉʆʎʀɸʃʔʅʓʍ ʀ ʕʂʆʅʆʄʀʏɽʉʂʀʍ 

ʉʀʉʊɽʄɸʍ 

ʈʝʜʴʢʠʥʘ ʃ.ɸ. 

ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ, ʈʦʩʩʠʷ 

ɸʅʅʆʊɸʎʀʗ 

ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝ-
ʤʘʭ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʠʩʢʘ ʥʦʚʳʭ, ʥʝʪʨʠʚʠʘʣʴʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʭ ʠ ʜʦ-
ʩʪʫʧʥʳʭ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʟʥʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥ-
ʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʋʈ). ɺʘʞʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʠʩʢʘ ʪʘʢʠʭ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ ʛʣʫʙʦʢʠʡ ʠ ʚʩʝʩʪʦ-
ʨʦʥʥʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠ-
ʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʪʪʦʢʘ ʢʣʠʝʥʪʦʚ. 
 

ɺʳʩʦʢʘʷ ʜʠʥʘʤʠʢʘ ʠ ʩʣʦʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨ ʧʨʝʜʲʷʚʣʷʝʪ 
ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʤʝʱʝʥʠʝ ʮʝʥʪʨʦʚ ʧʨʠʥʷʪʠʷ ʋʈ ʦʪ ʚʳʩʰʠʭ 
ʵʰʝʣʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʩʦʮʠʘʣʴʥʳʝ, 
ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʳ, ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʣʠʮ, ʥʝ ʠʤʝʶʱʠʤʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʈʝ-
ʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʦʙʱʘʝʤʳ ʠ ʪʠʨʘʞʠʨʫʝʤʳ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʪʨʦ-
ʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯ ʥʘ ʥʦʚʳʭ ʜʘʥʥʳʭ. 

 
ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ (ʀɸɼ), ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ Data Mining (DM) - 
ʨʘʩʢʦʧʢʘ, ʨʘʟʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʕʪʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʵʣʝʤʝʥʪʳ ʠʩʢʫʩ-
ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝ-
ʥʠʷ ʟʘʜʘʯ ʯʠʩʣʝʥʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ. 

 
ʇʨʠʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʨʠ-

ʤʝʨʝ. ʂʦʤʧʘʥʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʢʣʠʝʥʪʘʤʠ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ. ɹʦʣʴ-
ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʦʷʥʥʳʭ ʢʣʠʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʩʪʨʦʝʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩ-
ʩʘʭ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʠʝʥʪʦʚ. ʇʦʩʪʦʷʥʥʘʷ ʢʣʠʝʥʪʩʢʘʷ ʙʘʟʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʝʝ ʦʙʲʝʤʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʨʘʟʚʠʪʠʠ ʢʦʤʧʘʥʠʠ, ʝʝ ʩʪʘʙʠʣʴʥʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʝʝ 
ʣʫʯʰʠʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʢʣʠʝʥʪʘʤ ʩʚʦʡʩʪʚʝʥʥʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʜʨʫʛʠʝ ʢʦʤʧʘʥʠʠ, ʧʨʝʢʨʘʱʘʪʴ ʨʘʥʦ ʠʣʠ 
ʧʦʟʜʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʣʫʛʘʤʠ ʪʦʡ ʢʦʤʧʘʥʠʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʠ. ʇʨʠ ʦʪʪʦʢʝ ʢʣʠʝʥʪʦʚ 
ʚʦʟʤʦʞʥʦ ʧʨʠʚʣʝʢʘʪʴ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ, ʥʦ ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʧʨʦʮʝʩʩ, ʯʝʤ 
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ʫʜʝʨʞʘʥʠʝ ʠʤʝʶʱʠʭʩʷ. ʋʜʝʨʞʠʚʘʪʴ ʢʣʠʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʜʦ ʨʝʰʝʥʠʷ ʧʨʝʢʨʘʱʝ-
ʥʠʷ ʜʦʛʦʚʦʨʘ ʩ ʢʦʤʧʘʥʠʝʡ - ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʧʨʝʜʧʨʠʥʷʪʳʝ ʤʝʨʳ ʥʝ ʧʦʤʦʛʫʪ ʠʭ ʩʦʭʨʘʥʠʪʴ. ʊʘʢʞʝ 
ʥʫʞʥʦ ʫʤʝʪʴ ʦʧʨʝʜʝʣʷʪʴ ʠʤʝʥʥʦ ʪʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʪʦʨʛʥʫʪʴ ʦʪʥʦʰʝʥʠʷ ʩ ʢʦʤʧʘ-
ʥʠʝʡ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ. ɸʜʨʝʩʥʦʝ ʫʜʝʨʞʘʥʠʝ ʠ ʧʨʦʛʥʦʟ ʦʪʪʦʢʘ ʩ ʩʦʣʠʜʥʳʤ ʛʦʨʠʟʦʥʪʦʤ ʧʦʟʚʦʣʠʪ 
ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʠʟʥʝʩʘ. 

ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʢʣʠʝʥʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʫʜʠʪʦʨʠʠ 
(ʧʦʥʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ). ɼʣʷ ʵʪʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʮʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ, ʩʧʦʩʦʙʳ ʧʨʠʚʣʝʯʝʥʠʷ ʧʦʣʴʟʦ-
ʚʘʪʝʣʝʡ, ʜʝʣʘʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʪʪʦʢʘ ʢʣʠʝʥʪʦʚ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʧʦʩʦʙʳ ʫʜʝʨʞʘʥʠʷ. 

ʂʘʢ ʫʟʥʘʪʴ, ʝʩʪʴ ʣʠ ʦʪʪʦʢ? ʀʩʧʦʣʴʟʫʶʪʩʷ ʙʘʟʦʚʳʝ ʤʝʪʨʠʢʠ. ɼʦʣʷ ʚʦʟʚʨʘʱʘʝʤʦʩʪʠ RR Return 
Rate ï ʜʦʣʷ ʘʫʜʠʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʫʞʝ ʧʦʣʴʟʦʚʘʣʘʩʴ ʩʝʨʚʠʩʦʤ ʨʘʥʝʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʧʝ-
ʨʠʦʜʝ, ʠ ʨʝʰʠʣʘ ʚʝʨʥʫʪʴʩʷ. ɼʦʣʷ ʦʪʪʦʢʘ Churn rate - ʜʦʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʝʨʝʩʪʘʣʠ ʧʦʣʴ-
ʟʦʚʘʪʴʩʷ ʩʝʨʚʠʩʦʤ (ʢʦʣʠʯʝʩʪʚʦ ʫʰʝʜʰʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ / ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ). ʂʘʢʫʶ 
ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʦʚʘʪʴ? ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʥʝʙʦʣʴʰʦʡ 
ʛʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (2 ʥʝʜʝʣʠ). 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʷʪʳ ʦʙʝʟʣʠʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʩʣʫʛ ʦʜʥʦʛʦ ʠʟ 
ʩʘʡʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʦʪʪʦʢ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʬʦʨʤʘʣʠʟʦʚʘʥʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʪʦʢʘ ʧʦ 
ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ, ʧʨʦʚʝʜʝʥ ʧʨʦʛʥʦʟ ʦʪʪʦʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʟʘ ʚʳʙʨʘʥʥʳʡ 
ʧʝʨʠʦʜ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ. 

 

ʆ ɺʆʇʈʆʉɸʍ ʇʈʀʄɽʅɽʅʀʗ ʉʀʉʊɽʄʓ ʂʆʄʇʆʅʆɺʂʀ ɼɸʅʅʓʍ ɺ 
ʇʈʀʂʃɸɼʅʓʍ ʈɽʐɽʅʀʗʍ, ʇʆʉʊʈʆɽʅʅʓʍ ʅɸ ɹɸɿɽ 1ʉ:ʇʈɽɼ-
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ʉʪʘʨʫʭʠʥ ɼ.ɸ. 

ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ, ʈʦʩʩʠʷ 

ʉʠʩʪʝʤʘ ʂʦʤʧʦʥʦʚʢʠ ɼʘʥʥʳʭ (ʉʂɼ) 1ʉ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʛʨʘʤʤʠʩʪʫ ʤʘʩʩʫ ʥʝʦʙʭʦʜʠʤʳʭ ʦʪ-
ʯʸʪʦʚ çʥʘ ʣʝʪʫè. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʩʪʨʫʢʪʦʨʘ ʟʘʧʨʦʩʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-
ʥʦʛʦ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʦʪʯʸʪʘ, ʷʚʣʷʝʪʩʷ ʷʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʥʝʰʥʠʡ ʦʪʯʝʪ, ʟʘʧʨʦʩ, ʤʘʢʝʪ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ, ʦʙʲʝʢʪ,  ʩʠʩʪʝʤʘ ʢʦʤʧʦʥʦʚʢʠ 
ʜʘʥʥʳʭ. 

ʉʠʩʪʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʵʪʘʧʫ ʚʳʧʦʣʥʝʥʠʷ ʦʪʯʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʴ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ 
ʦʪʯʝʪʘ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʧʝʨʝʭʦʜʫ ʦʪ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ 
ʢ ʜʨʫʛʦʤʫ, ʜʦʭʦʜʷ ʚ ʠʪʦʛʝ ʜʦ ʛʦʪʦʚʦʛʦ ʦʪʯʝʪʘ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ ʠʤʝʝʪ 
ʩʦʙʩʪʚʝʥʥʦʝ ʜʝʢʣʘʨʘʪʠʚʥʦʝ ʦʧʠʩʘʥʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʨʠʘʣʠ-
ʟʘʮʠʠ ʚ/ʠʟ XML. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʫʧʨʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʤʠ ʵʪʘʧʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʦʪʯʝʪʘ. 
ʉʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ - ʦʧʠʩʳʚʘʝʪ ʩʫʪʴ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʦʪʯʝʪʫ (ʦʪʢʫʜʘ ʧʦʣʫ-
ʯʘʪʴ ʜʘʥʥʳʝ ʠ ʢʘʢ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʢʦʤʧʦʥʦʚʢʦʡ ʜʘʥʥʳʭ) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʟʫ, ʥʘ ʦʩʥʦʚʝ 
ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚʩʝʚʦʟʤʦʞʥʳʝ ʦʪʯʝʪʳ. ʆʥʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ: 

Á ʪʝʢʩʪ ʟʘʧʨʦʩʘ ʩ ʠʥʩʪʨʫʢʮʠʷʤʠ ʩʠʩʪʝʤʳ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ; 

Á ʦʧʠʩʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ; 

Á ʦʧʠʩʘʥʠʝ ʜʦʩʪʫʧʥʳʭ ʧʦʣʝʡ; 

Á ʦʧʠʩʘʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ; 

Á ʦʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ; 

Á ʦʧʠʩʘʥʠʝ ʤʘʢʝʪʦʚ ʧʦʣʝʡ ʠ ʛʨʫʧʧʠʨʦʚʦʢ ʠ ʜʨ. 
ʅʘʩʪʨʦʡʢʠ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ - ʦʧʠʩʳʚʘʶʪ ʚʩʝ, ʯʪʦ ʤʦʞʝʪ ʥʘʩʪʨʦʠʪʴ ʨʘʟʨʘʙʦʪʯʠʢ ʠʣʠ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʚ ʥʝʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʭʝʤʝ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ. ʆʥʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ: 

Á ʦʪʙʦʨ; 

Á ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ; 

Á ʫʩʣʦʚʥʦʝ ʦʬʦʨʤʣʝʥʠʝ; 
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Á ʩʪʨʫʢʪʫʨʫ ʦʪʯʝʪʘ (ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʙʫʜʫʱʝʛʦ ʦʪʯʝʪʘ); 

Á ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ; 

Á ʧʘʨʘʤʝʪʨʳ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʠ ʜʨ. 
ʄʘʢʝʪ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ - ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʞʝ ʛʦʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʜʦʣʞʝʥ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥ ʦʪʯʝʪ. ɺ ʥʝʤ ʩʦʝʜʠʥʷʝʪʩʷ ʩʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʢʦʤʧʦʥʦʚʢʠ. ʌʘʢʪʠʯʝʩʢʠ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʥʘʩʪʨʦʝʢ ʢ ʩʭʝʤʝ ʢʦʤʧʦʥʦʚʢʠ ʠ ʷʚʣʷʝʪʩʷ ʛʦ-
ʪʦʚʤr ʟʘʜʘʥʠʝʤ ʧʨʦʮʝʩʩʦʨʫ ʢʦʤʧʦʥʦʚʢʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʘ ʥʫʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʫʯʝʪʦʤ ʢʦʥ-
ʢʨʝʪʥʳʭ ʥʘʩʪʨʦʝʢ. 
ʕʣʝʤʝʥʪ ʨʝʟʫʣʴʪʘʪʘ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ - ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʙʦ-

ʨʦʤ ʵʣʝʤʝʥʪʦʚ ʨʝʟʫʣʴʪʘʪʘ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ. ʂʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʣʦʛʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʨʝʟʫʣʴ-
ʪʘʪ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʝʛʦ ʵʣʝʤʝʥʪʳ. ʕʣʝʤʝʥʪʳ ʨʝʟʫʣʴʪʘʪʘ ʢʦʤ-
ʧʦʥʦʚʢʠ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʚ ʪʘʙʣʠʯʥʳʡ ʜʦʢʫʤʝʥʪ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʭ ʢʦʥʝʯʥʦʤʫ ʧʦʣʴʟʦʚʘ-
ʪʝʣʶ ʠʣʠ ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʜʦʢʫʤʝʥʪʦʚ. 
ʄʥʦʛʠʝ ʦʙʲʝʢʪʳ, ʚ ʦʩʥʦʚʥʦʤ ʧʦʜʩʠʩʪʝʤʳ ʥʘʩʪʨʦʝʢ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ, ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ ʙʫʣʝ-

ʚʦʛʦ ʪʠʧʘ ʀʩʧʦʣʴʟʦʚʘʥʠʝ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʦʪʢʣʶʯʘʪʴ ʯʘʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʙʝʟ ʝʝ ʬʠʟʠ-
ʯʝʩʢʦʛʦ ʫʜʘʣʝʥʠʷ. ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʧʦ ʫʤʦʣʯʘʥʠʶ - ʀʩʪʠʥʘ, ʢʨʦʤʝ ʦʪʜʝʣʴʥʦ ʦʧʠʩʘʥʥʳʭ ʩʣʫ-
ʯʘʝʚ. 
ʇʦʣʝ ʩʠʩʪʝʤʳ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ - ʵʪʦ ʦʙʲʝʢʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʧʫʪʴ ʢ ʜʘʥʥʳʤ ʧʦʣʷ. ʇʦʣʝ ʨʝ-

ʘʣʠʟʦʚʘʥʦ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʪʠʧʘ ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʠʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚ ʩʚʦʡʩʪʚʘʭ ʥʝʢʦʪʦʨʳʭ ʦʙʲ-
ʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʢʘʢ ʩʪʨʦʢ, ʪʘʢ ʠ ʧʦʣʝʡ. ʀʤʝʝʪ ʢʦʥʩʪʨʫʢʪʦʨ ʩ ʧʘʨʘʤʝʪʨʦʤ 
ʉʪʨʦʢʘ, ʦʧʠʩʳʚʘʶʱʠʡ ʧʫʪʴ ʢ ʜʘʥʥʳʤ; ʩʚʦʡʩʪʚ ʠ ʤʝʪʦʜʦʚ ʥʝ ʠʤʝʝʪ. ɽʩʣʠ ʧʫʪʴ ʢ ʜʘʥʥʳʤ ʩʦʜʝʨʞʠʪ 
ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩ ʧʨʦʙʝʣʘʤʠ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ, ʪʦ ʪʘʢʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʩʣʝʜʫʝʪ ʟʘ-
ʢʣʶʯʘʪʴ ʚ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ. 
ʄʝʭʘʥʠʟʤ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ ʝʜʠʥʦʦʙʨʘʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʢʦʣʣʝʢʮʠʡ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʡ, ʩʦʩʪʘʚ ʠ ʪʠʧ ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥ ʟʘʨʘʥʝʝ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 
ʠʟʤʝʥʝʥ. ʄʝʭʘʥʠʟʤ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: 

Á ʜʦʩʪʫʧʥʳʝ ʧʘʨʘʤʝʪʨʳ - ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʘʚ ʢʦʣʣʝʢʮʠʠ ʠ ʜʦʧʫʩʪʠʤʳʝ ʪʠʧʳ ʝʝ ʵʣʝʤʝʥʪʦʚ. ʇʘ-
ʨʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʧʦʣʷ ʩʠʩʪʝʤʳ ʢʦʤʧʦʥʦʚʢʠ ʜʘʥʥʳʭ. 

Á ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. 
 

 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ʆʈɻɸʅʀɿɸʎʀʀ ʉʆʎʀɸʃʔʅʆ-
ɺʆʉʇʀʊɸʊɽʃʔʅʆʁ ʈɸɹʆʊʓ ʅɸ ʌɸʂʋʃʔʊɽʊɽ ɺʋɿɸ  

ʏʝʨʥʦʙʨʦʚʢʠʥʘ ʀ.ʀ., ʏʝʨʥʦʙʨʦʚʢʠʥʘ ʖ.ɺ. 

ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ (ʈʦʩʩʠʷ) 

ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ (ʈʦʩʩʠʷ) 

ɸʅʅʆʊɸʎʀʗ  

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩʦʮʠʘʣʴʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘ-
ʙʦʪʳ ʥʘ ʬʘʢʫʣʴʪʝʪʝ ʚ ɺʋɿɽ (ʥʘ ʧʨʠʤʝʨʝ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʆʨʣʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ). ʇʨʦʛʨʘʤʤʘ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʦʚʘʥʘ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ 
- Borland Delphi. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʬʘʢʫʣʴʪʝʪ, ʘ ʪʘʢʞʝ 
ʚʝʩʪʠ ʩʪʨʦʛʠʡ ʫʯʝʪ ʩʦʮʠʘʣʴʥʦʡ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ,ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ, ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦ-
ʷʥʠʡ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʦʮʠʘʣʴʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʘʷ ʨʘʙʦʪʘ.  

ɺ ʣʶʙʦʤ ɺʋɿʝ ʈʦʩʩʠʠ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʩʦʮʠʘʣʴʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʦ ʩʪʫʜʝʥʪʘʤʠ. 
ʆʨʛʘʥʠʟʘʮʠʷ ʚʩʝʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʦʮʠʘʣʴʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜ-
ʩʪʚʝʥʥʦ ʯʝʨʝʟ ʜʝʢʘʥʘʪʳ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ  ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʜʝʢʘʥʘʪʘ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʬʘʢʫʣʴʪʝʪʘ 
ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. ɺʥʝʜʨʝʥʠʝ ʠ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʪ ʩʜʝʣʘʪʴ ʨʘʙʦʪʫ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʩʦʮʠʘʣʴʥʦ-
ʚʦʩʧʠʪʘʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʥʘ ʬʘʢʫʣʴʪʝʪʝ  ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʡ, ʠʟʙʘʚʠʪ ʦʪ ʨʷʜʘ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʨʘʙʦʪʝ, 
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ʧʦʟʚʦʣʠʪ ʚʝʩʪʠ ʯʝʪʢʠʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʯʝʪ ʤʝʨʦʧʨʠʷʪʠʡ ʩʪʫʜʝʥʪʦʚ, ʚ ʥʠʭ ʫʯʘʩʪʚʫʶʱʠʭ, ʦʙʣʝʛʯʠʪ 
ʨʘʙʦʪʫ ʩ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘ-
ʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʜʝʢʘʥʘʪʘ ɺʋɿʘ ʚ ʨʘʤʢʘʭ ʩʦʮʠʘʣʴʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 
ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ. 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʮʠ-
ʘʣʴʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʘ ʬʘʢʫʣʴʪʝʪʝ. ɿʜʝʩʴ ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ ʫʜʦ-
ʚʣʝʪʚʦʨʷʪʴ ʧʨʦʝʢʪʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ. ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʛʣʘʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 
ʬʫʥʢʮʠʠ: ʬʫʥʢʮʠʷ ʘʚʪʦʨʠʟʘʮʠʠ, ʬʫʥʢʮʠʷ ʜʦʙʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʩʪʫʜʝʥʪʘ ʚ ʙʘʟʫ, ʬʫʥʢʮʠʷ ʨʝʜʘʢʪʠʨʦ-
ʚʘʥʠʷ ʜʘʥʥʳʭ ʩʪʫʜʝʥʪʘ, ʬʫʥʢʮʠʷ ʜʦʙʘʚʣʝʥʠʷ ʩʪʫʜʝʥʪʘ ʚ ʤʝʨʦʧʨʠʷʪʠʝ, ʬʫʥʢʮʠʷ ʫʜʘʣʝʥʠʷ ʩʪʫʜʝʥʪʘ. 
ʕʪʠ ʬʫʥʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʩ ʜʘʥʥʳʤʠ, ʦʩʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʘʥʘʣʦʛʠʯʥʳ 
ʦʧʠʩʘʥʥʳʤ ʠʣʠ ʷʚʣʷʶʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ. ʊʘʢ, ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʘʥʘʣʦʛʠʯʥʦ ʜʦʙʘʚ-
ʣʝʥʠʶ ʩʪʫʜʝʥʪʘ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ï ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʜʘʥʥʳʭ ʩʪʫʜʝʥʪʘ, ʫʜʘʣʝʥʠʝ ʤʝʨʦ-
ʧʨʠʷʪʠʷ ï ʫʜʘʣʝʥʠʶ ʩʪʫʜʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʳʩʪʫʧʘʶʪ ʬʫʥʢʮʠʠ ʩʦʭʨʘʥʝʥʠʷ ʠ ʦʪʦʙ-
ʨʘʞʝʥʠʷ ʜʘʥʥʳʭ. 

ɼʝʪʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʢʣʘʩʩʦʚ ʠ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷ-
ʥʠʡ.  ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʫʢʘʟʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʟʘʜʝʡ-
ʩʪʚʦʚʘʥʳ ʪʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʢʘʢ, Design/IDEF ʠ Rational Rose. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫ-
ʤʝʥʪʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Borland Delphi. 

ɼʣʷ ʧʨʠʤʝʨʘ, ʥʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʪʯʝʪ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʩʪʫ-
ʜʝʥʪʫ, ʫʯʘʩʪʚʫʶʱʝʤʫ ʚʦ ʚʩʝʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʚ ɺʋɿʝ. 

 

ʃʀʊɽʈɸʊʋʈɸ 
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ʆɹ ʆɼʅʆʁ ʂʆʄʇʔʖʊɽʈʅʆʁ ʇʈʆɻʈɸʄʄɽ ʊɽʉʊʀʈʆɺɸʅʀʗ 
ʇʆ ʄɸʊɽʄɸʊʀʂɽ ɼʃʗ ʉʊʋɼɽʅʊʆɺ ʉʇʆ 

 

ʑʝʨʙʘʪʳʭ ɸ.ɺ. 
 

ʄʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʄʄʠʂʊ ɽɻʋ ʠʤ.ʀ.ɸ.ɹʫʥʠʥʘ (ʈʌ) 
 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʨʝʯʴ ʠʜʝʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ 
ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʉʇʆ, ʩʦʟʜʘʥʥʦʛʦ ʚ ʩʚʷʟʠ ʩ ʨʘʟʥʦʫʨʦʚʥʝʚʦʡ ʧʦʜ-
ʛʦʪʦʚʢʦʡ ʘʙʠʪʫʨʠʝʥʪʦʚ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʦʛʨʘʤʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʙʫʯʝʥʠʝ, 
ʦʙʨʘʟʦʚʘʥʠʝ, ʉʇʆ.  

 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʯʪʠ ʚ ʢʘʞʜʦʤ ɺʋɿʝ ʠʤʝʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʉʇʆ, ʧʨʝʜʦʩʪʘʚ-

ʣʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʙʘʟʝ ʦʙʱʝʛʦ ʦʩʥʦʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʪ.ʝ. ʫʯʝʥʠʢʘʤ, ʦʢʦʥʯʠʚʰʠʤ ʜʝʚʷʪʴ 
ʢʣʘʩʩʦʚ, ʧʦʣʫʯʘʪʴ ʩʨʝʜʥʝʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. ʇʦʩʪʫʧʣʝʥʠʝ ʥʘ ʙʶʜʞʝʪ ʧʨʦʭʦʜʠʪ ʙʝʟ 
ʵʢʟʘʤʝʥʦʚ, ʥʦ ʚʦʟʤʦʞʝʥ ʢʦʥʢʫʨʩ ʘʪʪʝʩʪʘʪʦʚ, ʝʩʣʠ ʟʘʷʚʣʝʥʠʡ ʦ ʧʨʠʝʤʝ ʥʘ ʫʯʝʙʫ ʩʣʠʰʢʦʤ ʤʥʦʛʦ. ʇʨʝ-
ʧʦʜʘʚʘʪʝʣʠ, ʯʠʪʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʜʠʩʮʠʧʣʠʥʳ ʥʘ ʦʪʜʝʣʝʥʠʷʭ ʉʇʆ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʨʝʜʠ ʩʪʫʜʝʥ-
ʪʦʚ, ʟʘʯʠʩʣʝʥʥʳʭ ʥʘ ʧʝʨʚʳʝ ʢʫʨʩʳ, ʥʝʢʦʪʦʨʳʝ ʠʤʝʶʪ  ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʧʦ ʦʩʥʦʚʥʳʤ 
ʜʠʩʮʠʧʣʠʥʘʤ. 

 ʇʨʝʜʤʝʪʦʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʰʣʳʝ ʠ ʥʦʚʳʝ ʟʥʘʥʠʷ ʩʚʷʟʘʥʳ ʥʘʠʙʦʣʝʝ ʪʝʩʥʦ, ʷʚʣʷʝʪʩʷ ʤʘʪʝ-
ʤʘʪʠʢʘ. ɿʜʝʩʴ ʧʦʯʪʠ ʢʘʞʜʳʡ ʧʨʦʙʝʣ ʚ ʠʟʫʯʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʳʤ. ʇʦʵʪʦʤʫ ʥʝʫʜʠ-
ʚʠʪʝʣʴʥʦ, ʯʪʦ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʠʜʝʪ ʢʦʥʩʪʘʪʘʮʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʫʤʝʥʠʡ ʚʳʧʫʩʢʥʠʢʦʚ ʜʝʚʷʪʳʭ 
ʢʣʘʩʩʦʚ. 

ʉʝʨʴʝʟʥʳʝ ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʪʨʘʛʠʚʘʶʪ ʪʘʢʠʝ ʪʝʤʳ, ʙʝʟ ʢʦʪʦʨʳʭ ʜʘʣʴʥʝʡ-
ʰʝʝ ʦʙʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʢʠ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ. ʕʪʦ, ʥʘʧʨʠʤʝʨ, ʯʠʩʣʦʚʳʝ ʤʥʦʞʝʩʪʚʘ; ʨʘʙʦʪʘ ʩ ʜʨʦ-
ʙʷʤʠ; ʩʪʝʧʝʥʠ ʠ ʢʦʨʥʠ; ʤʦʜʫʣʴ; ʬʫʥʢʮʠʠ ʠ ʪ.ʜ. 
 ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʚ ʥʘʯʘʣʝ ʧʝʨʚʦʛʦ ʩʝʤʝʩʪʨʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʘʪʝʤʘʪʠʢʠ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʚ 
ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʧʦʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ, ʪʦ ʝʤʫ ʧʨʦʩʪʦ ʥʝʦʙʭʦʜʠʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ 
ʧʦʜʭʦʜ  ʚ ʦʙʫʯʝʥʠʠ. 
 ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʟʘʥʷʪʠʡ ʙʦʣʴʰʠʥʩʪʚʦ ʫʯʝʙʥʳʭ ʛʨʫʧʧ ʘʚʪʦ-
ʤʘʪʠʯʝʩʢʠ ʩʪʨʫʢʪʫʨʠʨʫʶʪʩʷ ʧʦ ʪʨʝʤ ʦʩʥʦʚʥʳʤ ʢʘʪʝʛʦʨʠʷʤ: 

1) ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ (ʤʝʥʴʰʘʷ ʯʘʩʪʴ ʛʨʫʧʧʳ); 

2) ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ (ʨʘʟʥʦʨʦʜʥʘʷ ʧʦ ʟʥʘʥʠʷʤ ʯʘʩʪʴ ʛʨʫʧʧʳ); 

3) ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ. 
ʈʘʙʦʪʘ ʚ ʪʘʢʠʭ ʛʨʫʧʧʘʭ ʩʪʨʦʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʫ ʜʦʩʢʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʣʶʙʦʡ ʢʘʪʝʛʦ-

ʨʠʠ ʩ ʧʦʤʦʱʴʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ  ʦʯʝʥʴ ʧʦʜʨʦʙʥʦ ʨʘʟʙʠʨʘʝʪ ʠ ʟʘʧʠʩʳʚʘʝʪ ʨʝʰʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʫʧʨʘʞ-
ʥʝʥʠʡ (ʪʨʝʪʴʷ ʠ ʯʘʩʪʴ ʚʪʦʨʦʡ  ʢʘʪʝʛʦʨʠʠ ʟʘʥʷʪʳ). ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʨʘʙʦʪʘʶʪ ʩ ʦʧʝ-
ʨʝʞʝʥʠʝʤ, ʧʳʪʘʷʩʴ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ  ʧʦ ʧʣʘʥʫ ʫʨʦʢʘ ʧʨʠʤʝʨʳ ʠ ʟʘʜʘʯʠ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʚʪʦʨʦʡ ʢʘ-
ʪʝʛʦʨʠʠ ʩʪʫʜʝʥʪʦʚ ʪʘʢʞʝ ʧʳʪʘʝʪʩʷ ʨʘʙʦʪʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ, ʝʩʣʠ ʯʪʦïʪʦ ʥʝ ʧʦʣʫʯʘʝʪʩʷ, ʪʦ ʧʨʝʜ-
ʩʪʘʚʠʪʝʣʠ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʧʦʤʦʛʘʶʪ ʠʤ (ʦʙʲʷʩʥʷʶʪ ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ, ʧʦʜʩʢʘʟʳʚʘʶʪ ʬʦʨʤʫʣʳ, 
ʩʦʧʦʩʪʘʚʣʷʶʪ ʧʦʣʫʯʠʚʰʠʝʩʷ ʦʪʚʝʪʳ). ʆʯʝʚʠʜʥʦ, ʪʘʢʦʡ ʫʨʦʢ ʙʫʜʝʪ ʜʘʣʝʢ ʦʪ ʩʦʚʝʨʰʝʥʩʪʚʘ ï ʙʫʜʝʪ 
ʩʣʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʣʘʥ, ʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʡ ʩʪʫʜʝʥʪʦʚ ʙʫʜʫʪ ʦʙʜʝʣʝʥʳ 
ʚʥʠʤʘʥʠʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʘ ʟʥʘʯʠʪ ʠ ʢʘʯʝʩʪʚʦʤ ʟʥʘʥʠʡ ʥʘ ʵʪʦʤ ʟʘʥʷʪʠʠ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʥʝʠʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʯʝʛʦ 
ʙʫʜʝʪ ʧʨʠʝʤʣʝʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʞʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦïʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. ɼʣʷ ʵʪʦʛʦ 
ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʨʝʰʠʪʴ ʜʚʝ ʟʘʜʘʯʠ: 

1) ʦʧʨʝʜʝʣʠʪʴ ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʢʘʞʜʦʛʦ ʙʫʜʫʱʝʛʦ ʩʪʫʜʝʥʪʘ ʛʨʫʧʧʳ; 

2) ʚʦʩʧʦʣʥʠʪʴ  ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ. 
ʋʢʘʟʘʥʥʳʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʦʟʜʘʥʥʳʡ ʥʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʩʦʚʤʝʱʘʶʱʠʡ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʟʘ 9-ʳʡ  ʢʣʘʩʩ ʧʦ ʤʘʪʝʤʘʪʠʢʝ [1]. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʙʝʩʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʥʘʰ ʢʦʤʧʣʝʢʩ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʨʦʚʝʨʢʫ ʙʘʟʦ-
ʚʳʭ ʟʥʘʥʠʡ ʟʘ ʜʝʚʷʪʴ ʣʝʪ ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʝ. 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʘ ʪʦʯʥʘʷ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʟʥʘʥʠʡ ʧʦʩʪʫʧʘ-
ʶʱʠʭ (ʥʝʚʳʧʦʣʥʝʥʠʝ ʫʯʝʥʠʢʦʤ ʩʣʦʞʥʳʭ ʟʘʜʘʥʠʡ ʤʘʣʦ ʦ ʯʝʤ ʛʦʚʦʨʠʪ), ʠ ʚ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ 
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ʞʝʣʘʪʝʣʴʥʦ ʠʩʢʣʶʯʠʪʴ ʢʦʛʥʠʪʠʚʥʳʡ ʜʠʩʩʦʥʘʥʩ, ʪʦ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ "ʦʯʝʥʴ ʩʨʝʜʥʠʭ" ʫʯʝʥʠ-
ʢʦʚ,  ʢʦʪʦʨʳʝ ʚ  ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʟʘʭʦʪʝʪʴ "ʧʦʜʪʷʥʫʪʴ ʩʝʙʷ" ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʜʦ ʚʧʦʣʥʝ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʩʧʳʪʫʝʤʳʡ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʟʘʜʘʥʠʝʤ ʢʘʢʦʡïʣʠʙʦ ʪʝʤʳ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤ-
ʧʣʝʢʩ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦʙ ʵʪʦʤ ʠ ʨʝʢʦʤʝʥʜʫʝʪ ʟʘʛʣʷʥʫʪʴ ʚ ʰʧʘʨʛʘʣʢʫ, ʢʦʪʦʨʫʶ ʪʫʪ ʞʝ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘ-
ʚʠʪʴ (ʚʦʨʜʦʚʩʢʠʡ ʬʘʡʣ ʙʝʟ ʧʨʘʚʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʛʜʝ ʜʦʩʪʫʧʥʦ ʠʟʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 
ʜʘʥʥʦʡ ʪʝʤʳ ʠ ʧʦʜʨʦʙʥʦ ʨʘʟʦʙʨʘʥʳ ʧʦʭʦʞʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ). ʇʦʩʣʝ ʯʝʛʦ ʩʪʫʜʝʥʪʫ ʙʫʜʝʪ ʧʨʝʜ-
ʣʦʞʝʥʘ ʧʦʜʦʙʥʘʷ ʟʘʜʘʯʘ ʵʪʦʡ ʞʝ ʪʝʤʳ. ʊʘʢʠʝ ʧʦʚʪʦʨʝʥʠʷ ʚʦʟʤʦʞʥʳ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʟʘʜʘʥʠʝ ʥʝ 
ʙʫʜʝʪ ʨʝʰʝʥʦ ʚʝʨʥʦ. 

ɺʧʨʦʯʝʤ, ʫ ʩʪʫʜʝʥʪʦʚ ʚ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʷʭ ʙʫʜʝʪ  ʚʳʙʦʨ ï ʠʣʠ ʨʘʙʦʪʘʪʴ ʥʘʜ ʟʘʜʘʥʠʝʤ ʜʦ 
ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ, ʠʣʠ ʧʝʨʝʡʪʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʥʠʷ ʩʣʝʜʫʶʱʝʡ ʪʝʤʳ, ʝʩʪʝʩʪʚʝʥʥʦ, ʩ ʧʦʪʝʨʝʡ 
ʙʘʣʣʦʚ, ʦ ʯʝʤ ʝʤʫ ʠ ʩʦʦʙʱʘʝʪʩʷ. 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʘʧʨʦʩʘʤ 
ʚʳʜʘʝʪ ʜʚʘ ʦʪʯʝʪʘ. ʇʝʨʚʳʡ  ï ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʝ ʩʪʫʜʝʥʪʦʚ ʩ ʦʙʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ  ʪʝʩʪʠʨʦ-
ʚʘʥʠʷ (ʩʤ. ʈʠʩ.1). ɺʪʦʨʦʡ ʦʪʯʝʪ ï ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʩʪʫʜʝʥʪʫ, ʛʜʝ ʧʦʤʠʤʦ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, 
ʬʠʢʩʠʨʫʝʪʩʷ  ʩʧʠʩʦʢ ʧʨʦʙʣʝʤʥʳʭ ʪʝʤ, ʝʩʣʠ ʪʘʢʠʝ ʙʳʣʠ. 

 

 

ʈʠʩ. 1 
ʆʯʝʚʠʜʥʦ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ, ʢʪʦ ʧʨʦʰʝʣ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʚʳʩʦʢʠʤ ʨʝʟʫʣʴ-

ʪʘʪʦʤ, ʙʫʜʫʪ ʚʣʘʜʝʪʴ ʙʘʟʦʚʳʤ ʥʘʙʦʨʦʤ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʘ ʟʥʘʯʠʪ, ʩʤʦʛʫʪ ʢʘʯʝʩʪʚʝʥʥʦ ʫʩʚʘʠʚʘʪʴ 
ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʧʨʦʛʨʘʤʤʝ ʜʠʩʮʠʧʣʠʥʳ. 

ɸ ʝʩʣʠ ʚ ʛʨʫʧʧʝ ʫ ʢʦʛʦ ï ʪʦ ʚʩʝ ʞʝ ʦʩʪʘʥʫʪʩʷ ʥʠʟʢʠʝ ʙʘʣʣʳ, ʪʦ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʥʘ ʧʝʨʚʳʭ ʞʝ 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʥʷʪʠʷʭ ʩʤʦʞʝʪ ʚʦʩʧʦʣʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ, ʪ.ʢ. ʟʘʪʨʫʜʥʠ-
ʪʝʣʴʥʳʝ ʜʣʷ ʩʪʫʜʝʥʪʘ ʪʝʤʳ ʙʫʜʫʪ ʠʟʚʝʩʪʥʳ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʠ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʴʠ 
ʜʦʮʝʥʪʫ, ʢ.ʬ.ʤ.ï ʥʘʫʢ  ɺ.ɽ. ʑʝʨʙʘʪʳʭ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʑʝʨʙʘʪʳʭ ɸ.ɺ. ʕʣʝʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʤʘʪʝ-
ʤʘʪʠʢʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʉʇʆ // ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢè, ʯʘʩʪʴ 1, ʆʨʝʣ, 
ʆʨʣʦʚʩʢʠʡ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, 22-25 ʥʦʷʙʨʷ 2018 ʛ. 
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ʉʝʢʮʠʷ 4  
 

 

 ʅʆɺʓɽ ʊɽʆʈʀʀ, ʄʆɼɽʃʀ ʀ  
ʊɽʍʅʆʃʆɻʀʀ ʆɹʋʏɽʅʀʗ  
ʄɸʊɽʄɸʊʀʂɽ ʀ ʀʅʌʆʈʄɸʊʀʂɽ 
ɺ ʐʂʆʃɽ ʀ ɺʋɿɽ  

 

ʄɽʊʆɼʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ʆɹʋʏɽʅʀʗ ʄɸʊɽʄɸʊʀʂɽ ɺ 
ʐʂʆʃɽ ʀ ʇɽɼɺʋɿɽ ɺ ʋʉʃʆɺʀʗʍ ʆɹʅʆɺʃɽʅʀʗ ʉʆɼɽʈɾɸʅʀʗ 
ʐʂʆʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ɺ ʈɽʉʇʋɹʃʀʂɽ ʂɸɿɸʍʉʊɸʅ 

 
ɸʙʳʣʢʘʩʳʤʦʚʘ ɸ.ɽ. 

 
ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʂʘʟʘʭʩʪʘʥʘ, ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ-ʢʦʨʨʝ-
ʩʧʦʥʜʝʥʪ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʈʂ, ʘʢʘʜʝʤʠʢ ʈɸʆ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ ʤʝʪʦ-

ʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ, ʬʠʟʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ  ʂʘʟʅʇʋ ʠʤ. ɸʙʘʷ 

 
ʆʙʥʦʚʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʘ 2016-2019 ʛʦʜʳ. 
ʇʨʦʛʨʘʤʤʘ  ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʘ ʚʦʧʨʦʩʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʰʢʦʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦ-
ʚʘʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʜʛʦʪʦʚʢʫ ʙʫʜʫʱʠʭ ʫʯʠʪʝʣʝʡ ʤʘʪʝʤʘʪʠʢʠ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʢʦʤʧʣʝʢʩʥʦʛʦ 
ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʢʘʢ ʚ ʰʢʦʣʝ, ʪʘʢ ʠ ʧʝʜʚʫʟʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʵʪʠʭ ʟʘʜʘʯ ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʝʡʩʪʚʫʶʱʠʝ ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ï ʦʙʨʘʟʦʚʘʪʝʣʴ-
ʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʫʯʝʙʥʳʝ ʧʣʘʥʳ, ʧʨʦʛʨʘʤʤʳ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʰʢʦʣ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʫ-
ʟʦʚ. ʇʨʠ ʵʪʦʤ ʤʳ ʫʯʠʪʳʚʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ  ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʚ ʦʙʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʝ ʚ ʦʙ-
ʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʰʢʦʣʝ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʚʫʟʝ, ʜʣʷ ʯʝʛʦ ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 
ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʇʨʦʛʨʘʤʤʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʪʚʝʨʞʜʝʥʳ ʥʦʚʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʪʠʧʦʚʳʝ ʫʯʝʙʥʳʝ ʧʣʘʥʳ ʠ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩ ʦʙʥʦʚʣʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ   ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʥʘʯʘʣʴʥʦʡ, ʦʩʥʦʚʥʦʡ ʠ ʩʪʘʨʰʝʡ ʰʢʦʣʝ ʠ ʚ ʧʝʜʚʫʟʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ 2016-2017 ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʚ ʰʢʦʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʂʘʟʘʭʩʪʘʥʘ ʙʳʣʘ ʥʘʯʘʪʘ ʨʘ-
ʙʦʪʘ ʧʦ ʚʥʝʜʨʝʥʠʶ ʦʙʥʦʚʣʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʦʙʫʯʝʥʠʠ ʢʘʢ ʚ ʰʢʦʣʝ, ʪʘʢ ʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʝʜʘʛʦʛʠ-
ʯʝʩʢʠʭ ʢʘʜʨʦʚ ʚ ʚʫʟʝ.  

ʅʘʤʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʤʘʪʝʤʘʪʠʢʝ. ɺ ʠʪʦʛʝ ʧʦʜ ʤʦʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʳʣʠ ʨʘʟʨʘ-
ʙʦʪʘʥʳ ʫʯʝʙʥʠʢʠ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʘʣʛʝʙʨʝ ʜʣʷ ʦʩʥʦʚʥʦʡ ʰʢʦʣʳ (5-9 ʢʣʘʩʩʳ), ʘʣʛʝʙʨʝ ʠ ʥʘʯʘʣʘʤ ʘʥʘʣʠʟʘ 
ʜʣʷ ʩʪʘʨʰʝʡ ʰʢʦʣʳ (10-11 ʢʣʘʩʩʳ) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʠʜʘʢʪʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʤʝʪʦʜʠʯʝʩʢʠʤʠ 
ʧʦʩʦʙʠʷʤʠ ʜʣʷ ʫʯʠʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ-ʙʫʜʫʱʠʭ ʫʯʠʪʝʣʝʡ ʤʘʪʝʤʘʪʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʫʢʘʟʘʥ-
ʥʳʝ ʤʘʪʝʨʠʘʣʳ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʦʙʱʝʛʦ ʩʨʝʜʥʝʛʦ ʦʙʨʘʟʦ-
ʚʘʥʠʷ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʚʫʟʘʭ. 

 

ʃʀʊɽʈɸʊʋʈɸ 
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ʫʥʠʚʝʨʩʠʪʝʪʝ ʚ ʫʩʣʦʚʠʷʭ ʦʙʥʦʚʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. // ʄʘʪʝʨ. ʤʝʞʜʫʥ. ʢʦʥʬ. 
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ɸʅʅʆʊɸʎʀʗ  

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʨʝʜ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʰʢʦʣʴʥʠʢʦʚ ʫʤʝ-
ʥʠʡ ʜʦʢʘʟʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʫʪʚʝʨʞʜʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. ʆʙʦʟʥʘʯʝʥʘ 
ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ GeoGebra ï ʵʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫ-
ʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʤʝʥʠʡ ʰʢʦʣʴʥʠʢʦʚ ʜʦʢʘʟʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʫʪʚʝʨʞʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢ-
ʪʨʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ; ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʫʪʚʝʨʞʜʝʥʠʷ; ʜʦʢʘʟʘʪʝʣʴʥʳʝ 
ʨʘʩʩʫʞʜʝʥʠʷ; ʛʝʦʤʝʪʨʠʷ; ʵʣʝʢʪʨʦʥʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ; ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ. 

  ʇʦ-ʥʘʩʪʦʷʱʝʤʫ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ ʦʪʢʨʳʣʠʩʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝ-
ʨʦʚ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ. ɺ 1988 ʛʦʜʫ ʧʝʨʚʘʷ ʚʝʨʩʠʷ Cabri - geome-
tre ʙʳʣʘ ʟʘʤʝʯʝʥʘ ʢʦʤʧʘʥʠʝʡ Apple. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʩʪʘʣʦ ʤʘʩʩʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦ-
ʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʦʙʫʯʝʥʠʠ ʛʝʦʤʝʪʨʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʥʝ 
ʨʫʩʠʬʠʮʠʨʦʚʘʥ, ʚʦʟʤʦʞʥʦʩʪʠ Cabri ʙʳʣʠ ʧʦ ʜʦʩʪʦʠʥʩʪʚʫ ʦʮʝʥʝʥʳ ʠ ʚ ʈʦʩʩʠʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʫʝʪ ʨʷʜ ʩʪʘʪʝʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʞʫʨʥʘʣʝ çʂʦʤʧʴʶʪʝʨʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚ ʦʙʨʘʟʦʚʘʥʠʠè ʧʨʝʧʦ-
ʜʘʚʘʪʝʣʝʤ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɺʝʡʥʛʘʨʪʝʥ (ɻʝʨʤʘ-
ʥʠʷ) ʍʘʡʥʮʝʤ ʐʫʤʘʥʦʤ . ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ Cabri - geometre ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʪʠ-
ʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʯʪʦ 
ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʯʠʩʣʝʥʥʳʭ ʨʘʟʚʝʜʦʯʥʳʭ ʵʢʩ-
ʧʝʨʠʤʝʥʪʦʚ. 
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ʉʆʎʀɸʃʔʅʓɽ ʉɽʊɽɺʓɽ ʉɽʈɺʀʉʓ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅɸʗ 
ɹɸɿɸ ʆʈɻɸʅʀɿɸʎʀʀ ʂʆʅʊʈʆʃʗ ʀ ʆʎɽʅʂʀ ɿʅɸʅʀʁ                 

ʆɹʋʏɸɽʄʓʍ 
 

ɸʣʝʢʩʘʥʜʨʦʚʘ ʃ.ʅ. 

ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ɸ. ɹʫʥʠʥʘ, 
ʢʘʬʝʜʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʈʦʩʩʠʷ 

ɸʅʅʆʊɸʎʀʗ  

ɺ ʩʪʘʪʴʝ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠ-
ʨʦʚʘʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʚʳʩʰʝʡ ʰʢʦʣʳ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʚʘʞʥʘʷ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 
ʦʪʚʦʜʠʪʩʷ ʩʝʪʝʚʳʤ ʩʦʮʠʘʣʴʥʳʤ ʩʝʨʚʠʩʘʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘ ʧʨʠʤʝʨʝ ʩʝʨʚʠʩʦʚ ʧʦʨʪʘʣʘ Google 
ʨʘʩʢʨʳʪʘ ʧʨʦʮʝʜʫʨʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘ-
ʮʠʠ ʩ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʦʧʠʩʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʬʦʨʤ Google ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ 
ʙʘʟʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʪʝʩʪ, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʝʚʳʝ ʩʝʨ-
ʚʠʩʳ. 

ʇʨʦʚʝʨʢʘ ʠ ʦʮʝʥʢʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝ-
ʥʠʷʭ ï ʚʘʞʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷ-
ʶʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ, ʚʳʷʚʣʷʶʱʠʝ ʫʨʦʚʝʥʴ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟ-
ʨʘʙʦʪʘʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʜʠʩʮʠʧʣʠʥ. ʆʜʥʘʢʦ ʜʣʷ ʤʥʦʛʠʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 
ʩʣʦʞʥʳʤ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 
ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʠʭ ʬʦʨʤ, ʤʝʪʦʜʦʚ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʠʥʩʪʨʫʤʝʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴ-
ʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʪʘʢʠʭ ʩʧʦʩʦʙʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʫʩʧʝʰʥʦʩʪʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʙʳ ʦʪʚʝ-
ʯʘʣʠ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʝʛʦ ʠʥʬʦʨ-
ʤʘʪʠʟʘʮʠʠ ʠ ʨʦʩʪʘ ʧʦʧʫʣʷʨʥʦʩʪʠ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʩʣʫʞʠ-
ʚʘʝʪ ʢʦʤʧʴʶʪʝʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ.  

ʀʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʚ ʬʦʨʤʝ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠ-
ʥʘʤ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʀʂʊ-ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ, ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʟʫʯʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʦ-
ʛʨʘʤʤʘʤʠ ʠ ʧʦʜʛʦʪʦʚʢʫ ʠʭ ʩʦʜʝʨʞʘʥʠʷ, ʜʝʬʠʮʠʪ ʚʨʝʤʝʥʠ ʥʘ ʟʘʥʷʪʠʷʭ, ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥ-
ʥʳʤ ʤʝʪʦʜʘʤ ʢʦʥʪʨʦʣʷ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʚʫʟʝ ʠ ʜʨʫʛʠʝ. ʊʝʤ 
ʥʝ ʤʝʥʝʝ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʪʝʩʪʦʚʳʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʦʙʫʯʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʀʂʊ ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠ-
ʚʘʪʴʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʥʝʦʪʲʝʤʣʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʢ ʥʘʠʙʦʣʝʝ 
ʦʙʲʝʢʪʠʚʥʘʷ, ʥʝʟʘʚʠʩʠʤʘʷ, ʤʘʩʩʦʚʘʷ ʠ ʤʥʦʛʦʤʝʨʥʘʷ ʬʦʨʤʘ ʢʦʥʪʨʦʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʦʩʪʠʞʝʥʠʡ 
ʩʪʫʜʝʥʪʦʚ.  

ʂʦʤʧʴʶʪʝʨʥʦʝ (ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʝ) ʪʝʩʪʠʨʦʚʘʥʠʝ ï çéʢʦʤʧʦʥʝʥʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʵʣʝʢ-
ʪʨʦʥʥʦʛʦ ʠʟʜʘʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʥʘ ʙʘʟʝ ʩʨʝʜʩʪʚ ʀʂʊ, ʷʚʣʷʶʱʠʡʩʷ ʘʥʘʣʦʛʦʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 
ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʜʲʷʚʣʝʥʠʝ ʪʝʩʪʘ, ʬʠʢʩʘʮʠʷ 
ʨʝʟʫʣʴʪʘʪʘ, ʨʝʘʣʠʟʫʶʪʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʘʣʛʦʨʠʪʤʳ (ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʣʠ 
ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʚʨʘʪʘ ʢ ʫʞʝ ʚʳʧʦʣʥʝʥʥʦʤʫ ʠʣʠ ʧʨʦʧʫʱʝʥʥʦʤʫ ʟʘʜʘʥʠʶ, ʦʛʨʘʥʠʯʝʥʠʝ ʚʨʝʤʝʥʠ, 
ʦʪʚʝʜʝʥʥʦʛʦ ʥʘ ʦʜʠʥ ʪʝʩʪ ʠ ʪ.ʧ.)è [1, ʩ. 81]. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʫʜʝʣʷʪʴʩʷ ʚʳʙʦʨʫ ʠʥʩʪʨʫʤʝʥ-
ʪʘʣʴʥʦʡ ʙʘʟʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʤʧʴʶʪʝʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʪʫʜʝʥʪʦʚ.  

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ 
ʩʨʝʜʩʪʚʘʤʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʚʳʭ ʩʝʨʚʠʩʦʚ (ʉʉʉ) - ʚʠʨʪʫʘʣʴʥʳʭ ʧʣʦʱʘʜʦʢ, ʢʦʪʦʨʳʝ, ʚʦ-ʧʝʨʚʳʭ, 
ʩʚʷʟʳʚʘʶʪ ʣʶʜʝʡ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʝʪʝʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʮʝʣʴʶ ʠʭ ʛʨʫʧʧʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʧʦʟʚʦʣʷʶʪ ʦʩʚʘʠʚʘʪʴ ʠ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʣʠʯ-
ʥʳʭ ʮʝʣʷʭ (ʣʠʯʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ).  

ʉʧʠʩʦʢ ʉʉʉ, ʦʙʣʘʜʘʶʱʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ. ɺ ʯʘʩʪʥʦʩʪʠ, 
ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʦʙʫʯʘ-
ʶʱʠʭʩʷ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʘʢʠʝ ʨʝʩʫʨʩʳ ʢʘʢ Mr Tester, ProProfs, ʂʦʥʩʪʨʫʢʪʦʨ ʪʝʩʪʦʚ, Google ʬʦʨʤʳ 
ʠ ʜʨʫʛʠʝ. ɺ ʨʘʤʢʘʭ ʥʘʰʝʡ ʧʫʙʣʠʢʘʮʠʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʦʨʪʘʣʘ 
Google, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʧʨʝʜʣʘʛʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʦ ʧʦʧʫʣʷʨ-
ʥʳʭ ʩʝʪʝʚʳʭ ʩʝʨʚʠʩʦʚ. 

ʊʘʢ, ʥʘ ʙʘʟʝ ʩʝʨʚʠʩʘ Google ʬʦʨʤʳ ʥʘʤʠ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʟʜʘʥ ʪʝʩʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ 
çʄʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝè ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʚ ʬʦʨʤʝ ʵʢʟʘʤʝʥʘ 
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ʜʣʷ ʩʪʫʜʝʥʪʦʚ 4 ʢʫʨʩʘ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 44.03.05 ʇʝʜʘʛʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ (ʩ 
ʜʚʫʤʷ ʧʨʦʬʠʣʷʤʠ), ʧʨʦʬʠʣʴ çʅʘʯʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʪʠʢʘè ɽɻʋ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ. ʇʨʠ ʝʛʦ 
ʨʘʟʨʘʙʦʪʢʝ ʤʳ ʦʧʠʨʘʣʠʩʴ ʥʘ ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ: 
ʥʘʫʯʥʦʩʪʠ, ʠʝʨʘʨʭʠʯʥʦʩʪʠ, ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, ʧʦʣʥʦʪʳ ʠ ʚʩʝʩʪʦʨʦʥʥʦʩʪʠ. ɼʘʥʥʳʡ 
ʩʝʨʚʠʩ ʜʦʩʪʫʧʝʥ ʩ ʣʶʙʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʤ, ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ, ʧʨʝʜʣʘʛʘʝʪ 11 
ʚʘʨʠʘʥʪʦʚ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʠ ʪʝʩʪʘ ʥʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ Google ʬʦʨʤ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʠʥʩʪʨʫʢ-
ʮʠʠ, ʫʢʘʟʘʥʠʝ ʧʨʘʚʠʣʴʥʦʛʦ ʦʪʚʝʪʘ, ʥʘʯʠʩʣʝʥʠʝ ʙʘʣʣʦʚ ʟʘ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ, ʜʝʣʝʥʠʝ ʥʘ ʨʘʟʜʝʣʳ, 
ʚʩʪʘʚʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʬʘʡʣʦʚ, ʧʨʦʜʫʤʳʚʘʥʠʝ ʜʠʟʘʡʥʘ, ʚʚʦʜ ʬʦʨʤʫʣ ʜʣʷ ʚʳʩʪʘʚ-
ʣʝʥʠʷ ʦʮʝʥʢʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʳ ʧʦ ʧʨʦʚʝʨʢʝ ʠ 
ʦʮʝʥʢʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝʩʪʘ, ʩʦʟʜʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘʤʠ ʩʝʨ-
ʚʠʩʘ Google, ʥʘʤʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʝʛʦ ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉʉʉ ʧʦʟʚʦʣʠʣʦ ʫʚʠʜʝʪʴ 
ʪʘʢʠʝ ʧʣʶʩʳ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʢʘʢ ʜʦʩʪʫʧʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ, ʦʙʲʝʢʪʠʚʥʦʩʪʴ, ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ ʨʘʟ-
ʥʳʤ ʛʨʫʧʧʘʤ ʩʪʫʜʝʥʪʦʚ, ʩʦʯʝʪʘʥʠʝ ʩ ʜʨʫʛʠʤʠ ʬʦʨʤʘʤʠ ʢʦʥʪʨʦʣʷ, ʠʥʪʝʛʨʠʨʫʝʤʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʝ 
ʧʨʝʜʤʝʪʥʳʝ ʦʙʣʘʩʪʠ ʠ ʜʨʫʛʠʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʚ ʧʨʘʢʪʠʢʝ ʚʳʩʰʝʡ ʰʢʦʣʳ ʥʝʦʙ-
ʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʢʫʣʴʪʫʨʫ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʩʪʚ ʀʂʊ. ʂ ʪʦʤʫ ʞʝ ʪʘʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʪʚʝ-
ʯʘʝʪ ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʘʤ ʦʙʫʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʜʝʷʤʠ ʣʠʯʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠ ʢʦʤ-
ʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʦʚ, ʨʘʟʚʠʚʘʝʪ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, ʥʘʚʳʢʠ ʨʝ-
ʬʣʝʢʩʠʠ.  
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ɹʝʣʦʚ ʖ. ɸ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʘʨʘʷ (ʜʘʞʝ ʜʨʝʚʥʷʷ) ʧʨʦʙʣʝʤʘ ï ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʮʠʨʢʫʣʝʤ ʠ ʣʠʥʝʡʢʦʡ 
ʧʦ ʪʨʸʤ ʵʣʝʤʝʥʪʘʤ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʟʜʝʩʴ (ʥʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ ʘʚʪʦʨʫ), ʷʚʣʷʶʪʩʷ [1, 
2, 3, 4]. ʆʛʨʘʥʠʯʠʤʩʷ ʪʦʣʴʢʦ çʙʘʟʦʚʳʤʠè (ʩʤ.[2]) ʵʣʝʤʝʥʪʘʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘ,  ʪʦ ʝʩʪʴ ʩʪʦʨʦʥʘʤʠ, ʫʛ-
ʣʘʤʠ, ʚʳʩʦʪʘʤʠ, ʤʝʜʠʘʥʘʤʠ ʠ ʙʠʩʩʝʢʪʨʠʩʘʤʠ. ʊʦʛʜʘ ʠʟ ʩʦʪʝʥ ʟʘʜʘʯ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʰʠʨʝʥʥʳʭ ʢʣʘʩ-
ʩʠʬʠʢʘʮʠʷʭ, ʠʤʝʶʱʠʭʩʷ ʚ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪʘʭ, ʤʦʞʥʦ ʫʚʠʜʘʪʴ, ʯʪʦ ʠʤʝʝʪʩʷ ʨʦʚʥʦ 95 ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ çʙʘʟʦʚʳʭè ʟʘʜʘʯ. ʀʟ ʥʠʭ 62 ʟʘʜʘʯʠ ʠʤʝʶʪ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ (ʠ ʧʨʦʮʝʜʫʨʳ 
ʧʦʩʪʨʦʝʥʠʷ ʠʟʣʦʞʝʥʳ).  ɼʚʝ ʟʘʜʘʯʠ ʥʘʟʚʘʥʳ çʥʝʦʧʨʝʜʝʣʸʥʥʳʤʠè, ʚʠʜʠʤʦ ʧʦʪʦʤʫ, ʯʪʦ ʚ  ʩʣʫʯʘʝ 
ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʟʘʜʘʥʥʳʤʠ ʪʨʝʤʷ ʵʣʝʤʝʥʪʘʤʠ ʠʭ ʠʤʝʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ 
ʥʝʨʘʚʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʩʪʘʸʪʩʷ 31 ʟʘʜʘʯʘ, ʧʨʦ ʢʦʪʦʨʳʝ ʫʪʚʝʨʞʜʘʝʪʩʷ ʠʭ çʥʝʨʘʟʨʝʰʠʤʦʩʪʴè, ʪʦ 
ʝʩʪʴ ʦʪʩʫʪʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ (ʩʤ. [1, 2]). ʇʨʠ ʵʪʦʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʦʪʩʫʪ-
ʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʢʨʦʤʝ ʠʟʚʝʩʪʥʦʛʦ ʩʣʫʯʘʷ ʪʨʸʭ ʙʠʩʩʝʢʪʨʠʩ [3, 5], ʘʚʪʦʨ ʥʠʛʜʝ ʥʝ 
ʥʘʰʸʣ (ʚʦʟʤʦʞʥʦ, ʚ ʩʠʣʫ ʩʦʙʩʪʚʝʥʥʦʛʦ ʥʝʚʝʞʝʩʪʚʘ ʚ ʜʘʥʥʦʡ ʪʝʤʝ). ʀʥʪʝʨʝʩʫʷʩʴ ʜʘʥʥʳʤ ʚʦʧʨʦʩʦʤ, 
ʘʚʪʦʨʫ ʫʜʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʪʩʫʪʩʪʚʠʷ ʧʦʩʪʨʦʝʥʠʷ ʚ ʜʝʩʷʪʠ ʩʣʫʯʘʷʭ ʠʟ ʦʩʪʘʶʱʠʭʩʷ 
30. ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʩʚʦʜʠʣʠʩʴ ʢ ʩʣʫʯʘʶ ʪʨʸʭ ʙʠʩʩʝʢʪʨʠʩ, ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘ-
ʣʘʩʴ ʪʝʦʨʝʤʘ ɻʘʫʩʩʘ ʦ ʧʨʘʚʠʣʴʥʳʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘʭ, ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʣʫʯʘʷʭ ʫʜʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ʥʝ-
ʧʨʠʚʦʜʠʤʳʝ ʤʥʦʛʦʯʣʝʥʳ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʵʣʝʤʝʥʪʦʚ ʪʨʝʫʛʦʣʴʥʠʢʘ ï 
ʦʙʳʯʥʦ ʜʣʠʥ ʩʪʦʨʦʥ (ʪʦʛʜʘ ʦʥʠ ʦʢʘʟʳʚʘʣʠʩʴ ʥʝ ʧʠʬʘʛʦʨʦʚʳʤʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʤʦʛʣʠ ʙʳʪʴ 
ʧʦʩʪʨʦʝʥʳ ʮʠʨʢʫʣʝʤ ʠ ʣʠʥʝʡʢʦʡ).    
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʆɿʅɸɺɸʊɽʃʔʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ʉʊʋɼɽʅʊʆɺ 
ʇʈʀ ʀɿʋʏɽʅʀʀ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʃʆɻʀʂʀ 

 
ɹʝʣʳʭ ʆ.ʅ.1 

1ʌɻɹʆʋ ɺʆ "ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ" (ʈʦʩʩʠʷ) 

 
ɸʅʅʆʊɸʎʀʗ 

ʇʨʝʫʤʥʦʞʠʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʣʠʰʴ ʙʣʘʛʦʜʘʨʷ ʩʦʙʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʣʠʯʥʦʤʫ 
ʩʪʨʝʤʣʝʥʠʶ ʢ ʧʦʟʥʘʥʠʶ, ʪʚʦʨʯʝʩʢʦʤʫ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʤʝʪʫ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɸʢʪʠʚʠʟʘʮʠʷ ʧʦ-
ʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʫʯʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-
ʥʠʷ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʫʟʝ. ʇʦʟʥʘʚʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʚʠ-
ʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʯʝʣʦʚʝʢ, ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 
ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. ɺʥʫʪʨʠ ʢʘʞʜʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ 
ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʟʥʘʚʘ-
ʪʝʣʴʥʘʷ ʠʥʬʘʥʪʠʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʝʥʥʦ-
ʩʪʴʶ ʩʘʤʦʡ ʜʠʩʮʠʧʣʠʥʳ ʆʩʦʙʝʥʥʦʩʪʴʶ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ, ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʜʠʩʮʠ-
ʧʣʠʥʳ, ʷʚʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʢʦʣʴʢʦ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʚʥʠʤʘ-
ʥʠʝ ʢ ʫʤʦʟʘʢʣʶʯʝʥʠʷʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʩʘʤʦʡ ʤʘʪʝʤʘʪʠʢʝ. ʄʦʜʫʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 
ʘʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʝ ʵʬʬʝʢʪʠʚʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʧʦʟʥʘ-
ʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʘʷ ʣʦʛʠʢʘ, ʤʦʜʫʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʜʦʩʪʠʛʥʫʪʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʙʦʛʘʪʩʪʚʘ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝ-

ʜʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʝʨʝʜʘʯʫ ʚʩʝʛʦ ʦʙʲʝʤʘ ʠʟʚʝʩʪʥʳʭ ʯʝʣʦʚʝʯʝʩʪʚʫ ʟʥʘʥʠʡ. 
ʊʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʠ ʩʠʪʫʘʮʠʶ ʧʦʣʥʦʛʦ ʚʣʘʜʝʥʠʷ ʟʥʘʥʠʝʤ ʠ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʪʠʷ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʟʥʘʥʠʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʥʘʰʝʡ ʩʪʨʝʤʠʪʝʣʴʥʦʡ ʞʠʟʥʠ 
ʚʝʩʴʤʘ ʜʠʥʘʤʠʯʝʥ. ʇʨʝʫʤʥʦʞʠʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʣʠʰʴ ʙʣʘʛʦʜʘʨʷ ʩʦʙʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦ-
ʩʪʠ, ʣʠʯʥʦʤʫ ʩʪʨʝʤʣʝʥʠʶ ʢ ʧʦʟʥʘʥʠʶ, ʪʚʦʨʯʝʩʢʦʤʫ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʤʝʪʫ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɸʢʪʠʚʠʟʘʮʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʫʯʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚ-
ʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʫʟʝ. ʊʦʣʴʢʦ ʧʨʠ ʘʢʪʠʚʥʦʡ ʫʤʩʪʚʝʥ-
ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʯʥʦʝ ʠ ʦʩʦʟʥʘʥʥʦʝ ʫʩʚʦʝʥʠʝ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʘʤʠ. ʇʝʨʝʜ ʚʫʟʦʤ 
ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʚʳʧʫʩʢʥʠʢʘ ʦʧʳʪ ʠ ʤʝʪʦʜʦʣʦʛʠʶ ʧʦʟʥʘʥʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʥʦ-
ʚʳʝ ʟʥʘʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʦʧʣʦʱʝʥʠʷ ʵʪʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʦʙʭʦ-
ʜʠʤʦ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʪʨʝʤʣʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʩʦʟʥʘʪʝʣʴʥʦʤʫ ʠ ʘʢʪʠʚʥʦʤʫ ʧʦʟʥʘʥʠʶ.  

ɺ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʳ ʚʩʪʨʝʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʪʨʘʢʪʦʚʢʠ ʧʦʥʷʪʠʷ ʧʦʟʥʘ-
ʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʃʝʦʥʪʴʝʚ ɸ.ʅ. ʦʧʨʝʜʝʣʷʝʪ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʤʦʪʠʚʘʮʠʠ, ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʘʷ, ʠʟʙʠʨʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʠʩʢʦʚʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ [1]. ɺ 
ʪʨʫʜʘʭ ʉʣʘʩʪʸʥʠʥʘ ɺ.ɸ. ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʝʜʠʥʩʪʚʦ ʯʫʚʩʪʚʝʥʥʦʛʦ 
ʚʦʩʧʨʠʷʪʠʷ, ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [3, ʩ. 186]. ʉʠʩʪʝʤʘ ʧʨʠʥʮʠʧʦʚ 
ʠ ʩʧʦʩʦʙʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʯʝʥʠʝ 
ʦʙ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʶʪ ʤʝʪʦʜʦʣʦʛʠʶ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʟʥʘʚʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴ-
ʥʦʩʪʴ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʯʝʣʦʚʝʢ, ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʭʘ-
ʨʘʢʪʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ.  

ɺʥʫʪʨʠ ʢʘʞʜʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, 
ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʚʠʜ ʬʦʨʤʘʣʴʥʦʡ ʣʦʛʠʢʠ - ʵʪʦ ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʩʫʞʜʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 
ʬʦʨʤʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʠ ʚʧʣʦʪʴ ʜʦ ʥʘʯʘʣʘ XIX ʚʝʢʘ ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʭʦʜʠʣʘ ʟʘ ʨʘʤʢʠ ʩʠʣ-
ʣʦʛʠʯʝʩʢʠʭ ʫʤʦʟʘʢʣʶʯʝʥʠʡ, ʠ ʣʠʰʴ, ʥʘʯʠʥʘʷ ʩ ʨʘʙʦʪ ɼʞ. ɹʫʣʷ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʧʨʝʚʨʘʱʝʥʠʠ ʝʝ 
ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʣʦʛʠʢʫ. ʆʩʦʙʝʥʥʦʩʪʴ ʤʘʪʝʤʘʪʠʢʠ ʚ ʮʝʣʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʝ ʘʙʩʪʨʘʢʪʥʦʩʪʠ ʠ 
ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʥʘʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʷʚʣʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ, ʢʘʢ ʤʘʪʝʤʘ-
ʪʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʷʚʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʢʦʣʴʢʦ ʝʝ ʧʨʝʠʤʫʱʝ-
ʩʪʚʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʫʤʦʟʘʢʣʶʯʝʥʠʷʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʩʘʤʦʡ ʤʘʪʝʤʘʪʠʢʝ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʝ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʪʝʦʨʠʠ ʚ ʮʝʣʦʤ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʠʥʬʘʥʪʠʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦ-
ʛʠʢʠ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʘʤʦʡ ʜʠʩʮʠʧʣʠʥʳ. ʌʦʨʤʘʣʴʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʚʳʚʦʜʦʚ ʠ ʜʦʢʘʟʘ-
ʪʝʣʴʩʪʚ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʝ ʧʦʨʦʞʜʘʶʪ ʫ ʩʪʫʜʝʥʪʦʚ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʵʪʦʡ ʜʠʩʮʠʧʣʠʥʝ ʝʱʝ 
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ʙʦʣʴʰʝʝ ʙʝʟʨʘʟʣʠʯʠʝ ʢ ʟʥʘʥʠʷʤ. ʇʦʨʦʡ ʦʥʠ ʜʦʙʨʦʩʦʚʝʩʪʥʦ ʧʦʩʝʱʘʶʪ ʣʝʢʮʠʠ, ʚʳʧʦʣʥʷʶʪ ʧʨʘʢʪʠ-
ʯʝʩʢʠʝ ʟʘʜʘʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʨʝʩʘ, ʘʢʪʠʚʥʦʩʪʠ.  

ʊʘʢ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʣʦʛʠʢʘ ʠʟʫʯʘʝʪʩʷ ʥʘ ʤʣʘʜʰʠʭ ʢʫʨʩʘʭ, ʪʦ ʫ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʙʫʯʘʶ-
ʱʠʭʩʷ ʦʪʤʝʯʘʝʤ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʩʣʘʙʦʝ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʢʘʢ ʦʨʠʝʥʪʘʮʠʷ ʚ ʙʦʣʴʰʦʤ 
ʦʙʲʝʤʝ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʙʦʪʘ ʩ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ, ʦʙʦʙʱʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʚʳʜʝʣʷʪʴ ʛʣʘʚʥʦʝ ʠ 
ʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʩʪʘʚʠʪʴ ʟʘʜʘʯʠ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ.  

ʕʬʬʝʢʪʠʚʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʪʫʜʝʥʪʘ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ 
ʝʛʦ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʟʥʘʥʠʷ ʢʘʢ ʥʘ ʮʝʥʥʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʩʪʨʦʠʪʩʷ ʢʦʛʥʠʪʠʚʥʘʷ ʙʘʟʘ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʮʝʥʥʦʩʪʴ ʟʥʘʥʠʷ ʙʝʟ ʪʚʦʨʯʝʩʢʦʛʦ ʦʩʚʦʝ-
ʥʠʷ ʚʠʜʠʪʩʷ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ, ʚ ʧʦʠʩʢʝ 
ʪʘʢʠʭ ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 
ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʫ ʩʪʫʜʝʥʪʦʚ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʛʣʫʙʦʢʠʭ ʠ ʰʠʨʦʢʠʭ ʟʥʘʥʠʷʭ, ʩʪʨʝʤʣʝʥʠʝ ʥʝ ʫʜʦ-
ʚʣʝʪʚʦʨʷʪʴʩʷ ʛʦʪʦʚʳʤʠ ʦʪʚʝʪʘʤʠ, ʩʪʨʝʤʣʝʥʠʝ ʢ ʜʦʩʪʠʞʝʥʠʶ ʫʩʧʝʭʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʫʜʝʪ ʥʝʩʪʠ 
ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʥʘʩʪʨʦʡ. 

ɸʥʘʣʠʟ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʠʜʦʚ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ɺ.ʇ. ɹʝʩʧʘʣʴʢʦ, ʇ.ʀ. ʇʠʜʢʘʩʠ-
ʩʪʳʡ, ʂ.ʂ. ʇʣʘʪʦʥʦʚ ʠ ʜʨ.) ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʢ ʦ ʬʫʥʜʘʤʝʥʪʝ, 
ʥʘ ʢʦʪʦʨʳʡ ʦʧʠʨʘʶʪʩʷ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʘ ʟʘʪʝʤ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʦʙʫ-
ʯʘʶʱʝʛʦʩʷ (ɽ.ɺ. ʂʦʨʦʪʘʝʚʘ, ʀ.ʗ. ʃʝʨʥʝʨ, ʄ.ʀ. ʄʘʭʤʫʪʦʚ, ʊ.ʀ. ʐʘʤʦʚʘ, ɻ.ʀ. ʑʫʢʠʥʘ ʠ ʜʨ.), ʦʩʤʳʩ-
ʣʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʪʫʜʝʥʪʦʚ ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʶ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʛʦ 
ʫʨʦʚʥʷ ʢ ʜʨʫʛʦʤʫ. ʋʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʴʶ ʩʪʫʜʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦʟʥʘ-
ʥʠʷ ʟʘʣʦʞʝʥʳ ʚ ʩʫʪʴ ʧʦʥʷʪʠʷ çʘʢʪʠʚʠʟʘʮʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè. ʇʨʦʮʝʜʫʨʘ ʘʢʪʠʚʠʟʘʮʠʠ 
ʦʩʥʦʚʘʥʘ ʥʘ ʦʜʥʦʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʜʠʜʘʢʪʠʢʠ - ʧʨʠʥʮʠʧʝ ʘʢʪʠʚʥʦʩʪʠ. ʇʫʩʪʦʚʦʡ-
ʪʦʚ ɺ.ʅ. ʦʙʦʙʱʘʝʪ: "ʇʦʟʥʘʚʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, ʧʦʟʥʘʚʘʪʝʣʴ-
ʥʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ, ʚʳʩʪʫʧʘʶʪ ʫʩʣʦʚʠʝʤ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʵʬʬʝʢ-
ʪʠʚʥʦʡ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʠʯʥʦʩʪʠ" [2, ʩ. 92] 

ʇʦʟʥʘʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʝ ʤʳ ʧʦʥʠʤʘʝʤ ʢʘʢ ʤʦ-
ʪʠʚʠʨʦʚʘʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʘʱʠʭʩʷ, ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʚ ʨʘʤʢʘʭ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 
ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʧʦʥʠʤʘʥʠʝ ʩʠʤʚʦʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʦʟʥʘʥʠʝ ʟʘʢʦʥʦʚ, ʧʨʘʚʠʣ ʠ ʩʧʦʩʦʙʦʚ 
ʧʦʩʪʨʦʝʥʠʷ ʬʦʨʤʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʤʦʟʘʢʣʶʯʝʥʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʦʨʠʡ ʚ ʯʘʩʪʥʦʩʪʠ; ʥʘ 
ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʘ, ʠʤʝʶʱʠʭʩʷ ʚ ʥʝʤ ʟʘʜʘʪʢʦʚ ʩʨʝʜʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʧʨʝʜʤʝʪʘ, ʬʦʨʤʠʨʦ-
ʚʘʥʠʝ çʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʪʠʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠè; ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚ ʤʳʰʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ 
ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʩʪʫʜʝʥʪʦʚ ʘʢʪʠʚʥʦʡ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʟʠ-
ʮʠʠ. ʆʯʝʚʠʜʥʦ, ʧʨʦʮʝʩʩ ʧʦʟʥʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʩʪʠʤʫʣʠʨʫʝʪ, ʘʢʪʠʚʠʟʠʨʫʝʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʝ-
ʧʦʜʘʚʘʪʝʣʴ. ɽʛʦ ʨʦʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʧʨʠʝʤʦʚ ʠ ʫʧʨʘʞʥʝʥʠʡ ʫʩʠ-
ʣʠʪʴ ʢʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ ʧʦʟʥʘʥʠʷ (ʨʝʞʝ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ). ʀʤʝʥʥʦ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʵʪʠʤ ʤʥʝʥʠʝʤ, 
ʤʳ ʚʳʩʪʨʘʠʚʘʝʤ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʝ ʯʝʨʝʟ ʦʨʛʘʥʠʟʘʮʠʶ ʫʩʣʦ-
ʚʠʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ 
ʟʘʪʝʤ ï ʢ ʨʘʟʚʠʪʠʶ ʚʥʫʪʨʝʥʥʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʠ. 

ʇʦʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʢʘʢ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 
ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩ ʜʨʫʛʦʡ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 
ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʠʩʪʦʯ-
ʥʠʢ ʘʢʪʠʚʠʟʘʮʠʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʦʩʥʦʚʫ ʨʘʟʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʪʫ-
ʜʝʥʪʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʧʦʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʤʦʜʫʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ. 

ʉʫʱʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʨʘʟʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝ-
ʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʫ ʩʪʫʜʝʥʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʣʝʢʮʠʦʥ-
ʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ: ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʮʝʣʝʡ ʠ ʟʘʜʘʯ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʩʦʜʝʨʞʘʥʠʷ, ʤʝʪʦ-
ʜʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ, ʢʦʥʪʨʦʣʝ ʠ ʘʥʘʣʠʟʝ ʜʦʩʪʠʛʥʫʪʳʭ ʨʝʟʫʣʴʪʘ-
ʪʦʚ. ʕʪʦ ʪʨʝʙʫʝʪ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʢʮʝʥʪʠʨʦ-
ʚʘʥʠʷ ʚʥʠʤʘʥʠʷ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ, ʘ ʦʪ ʩʪʫʜʝʥʪʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʩʠʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 
ʧʦʟʥʘʚʘʪʴ ʥʦʚʦʝ, ʩʪʨʝʤʣʝʥʠʷ ʪʚʦʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʚʦʝʥʥʳʭ ʟʥʘʥʠʡ. 

 ʅʘ ʧʨʦʮʝʩʩ ʧʦʟʥʘʥʠʷ ʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʫʤʝʥʠʡ, ʥʘ ʨʘʟʚʠʪʠʝ ʤʳʰʣʝʥʠʷ ʩʪʫʜʝʥʪʘ ʚʣʠʷʝʪ ʩʦ-
ʚʦʢʫʧʥʦʩʪʴ ʩʣʦʞʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʣʦʛʠʢʘ ʠʟʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʮʠʧʣʠʥʳ, 
ʨʝʯʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʤʦʪʠʚʘʮʠʷ, ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʘʪʤʦʩʬʝʨʘ ʚ ʘʫʜʠʪʦʨʠʠ, ʩʫʙʲʝʢʪʠʚʥʳʝ ʧʩʠʭʦʣʦʛʠ-
ʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʫʜʝʥʪʘ (ʧʘʤʷʪʴ, ʤʳʰʣʝʥʠʝ, ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʪ.ʜ.) ʊʘʢ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʣʦʛʠʢʘ 
ʩʪʨʦʠʪʩʷ ʠʟ ʥʘʯʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʧʦ ʧʨʘʚʠʣʘʤ ʬʦʨʤʘʣʴʥʦʡ ʣʦʛʠʢʠ, ʪʦ ʧʨʝʧʦʜʘʚʘʥʠʝ ʵʪʦʡ ʜʠʩʮʠ-
ʧʣʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʬʦʨʤʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʬʦʨʤʘʣʴʥʦ-ʣʦʛʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʩʞʘʪʦ, ʣʘʢʦ-
ʥʠʯʥʦ, ʦʙʦʩʥʦʚʘʥʥʦ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʫʯʥʦ, ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʟʥʘʥʠʷʤ ʫʨʦʚʥʝ. ʃʦʛʠʢʘ ʠʟʣʦ-
ʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ - ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʪʦʨʦʥ ʚ ʦʙʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʝ, ʥʦ ʙʝʟ ʫʯʝʪʘ ʧʩʠ-
ʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʙʫʯʝʥʠʝ ʥʝ ʜʘʩʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʟʚʠʪʠʝ 
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ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ ʚʠʜʳ ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷʪʠʡ. ʆʩʦʙʝʥʥʦʩʪʠ 
ʵʪʠʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʤʳʩʣʠʪʝʣʴʥʦʡ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠ ʘʥʘʣʠ-
ʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʙʥʘʨʫʞʠʚʘʝʤ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʦʪʠʚʘʮʠʠ, 
ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʯʥʦʝ ʫʩʚʦʝʥʠʝ ʟʥʘʥʠʡ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ, ʪʚʦʨʯʝʩʢʠʝ ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ 
ʩʧʦʩʦʙʥʦʩʪʠ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʤʦʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʦʪ-
ʢʣʠʢ ʩʪʫʜʝʥʪʦʚ. ʄʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʠʩʮʠʧʣʠʥʳ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʤʦʜʫʣʴʥʫʶ ʪʝʭʥʦ-
ʣʦʛʠʶ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʩʪʫʜʝʥʪʘʤʠ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʚʥʫʪʨʠ ʠʟʫʯʘʝ-
ʤʦʛʦ ʤʦʜʫʣʷ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʩʠʪʝʣʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ, ʦʥ ʧʝʨʝʜʘʝʪ 
ʩʦʟʜʘʥʥʦʡ ʤʦʜʫʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʬʫʥʢʮʠʷʤʠ 
ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʩʪʫʜʝʥʪʘ. ʋʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʣʦʛʠʢʝ ʩʪʨʦʠʪʩʷ ʩ ʮʝʣʝʚʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩ ʩʦʯʝʪʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ, 
ʠʥʪʝʛʨʘʪʠʚʥʳʭ ʠ ʯʘʩʪʥʳʭ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ, ʧʨʠ ʧʦʣʥʦʪʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʜʫʣʝ, ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʝʨʝʜʘʯʝ 
ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ ʦʙʦʙʱʘʝʤ, ʯʪʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴ-
ʥʦʩʪʴ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʝʝ ʧʦʣʦʞʝʥʠʡ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʫʯʝʪʦʤ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʛʦʪʦʚʥʦʩʪʠ ʠ ʫʤʝʥʠʠ ʧʦ 
ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʠʮʠʘʪʠʚʝ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʟʥʘʚʘʪʝʣʴʥʦ-ʧʦʠʩʢʦʚʳʝ ʟʘʜʘʯʠ, ʚ 
ʫʤʝʥʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʭʦʜʠʪʴ ʠʭ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʟʥʘʥʠʷ ʚ ʥʦ-
ʚʳʭ ʩʠʪʫʘʮʠʷʭ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʄʦʜʫʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʢʪʠʚʥʳʤʠ ʤʝʪʦ-
ʜʘʤʠ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʝ ʵʬʬʝʢʪʠʚʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚ-
ʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 

ʃʀʊɽʈɸʊʋʈɸ 
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ʇʈʀʄɽʅɽʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʂʆʄʄʋʅʀʂɸʎʀʆʅʅʓʍ        
ʊɽʍʅʆʃʆɻʀʁ ʇʈʀ ʈɽɸʃʀɿɸʎʀʀ ʊʈʀɻʆʅʆʄɽʊʈʀʏɽʉʂʆɻʆ     

ɸʅɸʃʀɿɸ ʈɸɺʅʆɹɽɼʈɽʅʅʓʍ ʊʈɽʋɻʆʃʔʅʀʂʆɺ  

ɹʦʛʫʥ ɺ.ɺ.1 

1ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ɼ. ʋʰʠʥʩʢʦʛʦ 

ɸʅʅʆʊɸʎʀʗ 

ʈʝʘʣʠʟʘʮʠʷ ʩʪʫʜʝʥʪʘʤʠ ʚʫʟʦʚ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʚ 
ʨʘʤʢʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʭʦʞʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ 
ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʠʩ-
ʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʧʨʠʤʝʥʷʪʩʷ ʘʚʪʦʨʩʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʪʘʢʞʝ ʥʘʭʦʜʠʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ 
ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʫʢʘʟʘʥʥʳʭ ʬʠʛʫʨ.   
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʨʘʚʥʦʙʝʜʨʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚ ʦʙʫʯʝʥʠʠ 
ʤʘʪʝʤʘʪʠʢʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 
(ʧʨʦʝʢʪ ˉ16-18-10304) 

ɼʣʷ ʨʘʟʚʠʪʠʷ ʫ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝ-
ʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʥʝʦʙʭʦʜʠʤʦ 
ʧʦʤʠʤʦ ʠʟʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ ʝʩʪʝʩʪʚʝʥ-
ʥʦʥʘʫʯʥʦʛʦ ʮʠʢʣʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʬʨʘʛʤʝʥʪʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ, ʚʦ-ʧʝʨʚʳʭ, ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʙʘʟʳ ʫʯʘʱʠʭʩʷ, ʘ, ʚʦ-ʚʪʦ-
ʨʳʭ, ʥʘ ʘʜʘʧʪʘʮʠʶ ʦʙʫʯʘʝʤʳʭ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʧʦʣʫʯʝʥʥʦʡ ʩʪʫʜʝʥʪʘʤʠ ʧʨʝʜʤʝʪʥʦʡ 
ʙʘʟʳ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ.       
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ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴ-
ʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʥʝʦʙ-
ʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ ʧʨʠʟʤʫ ʚʳʷʚʣʝʥʠʷ ʠ ʥʘʛʣʷʜʥʦʛʦ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ʤʘʩʩʠʚʘʤʠ ʚʘʨʴʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʠʩʭʦʜʥʳʭ 
ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʷʝʤʳʭ ʟʥʘʯʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ.  
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʫʜʝʥʪʘʤʠ ʚʫʟʦʚ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟ-
ʣʠʯʥʳʭ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʫ ʩʪʫʜʝʥʪʦʚ 
ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʨʘʟʦ-
ʚʘʪʝʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ [1, 2]. ʊʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ ʧʣʦʩ-
ʢʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʚʫʟʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʚ-
ʥʦʙʝʜʨʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʠ ʧʨʘʚʠʣʴʥʳʭ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʧʠʨʘʤʠʜ ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʘʫʜʠ-
ʪʦʨʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʭʦʞʜʝʥʠʷ ʦʪʥʦʰʝʥʠʡ, 
ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʚ-
ʥʦʙʝʜʨʝʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʛʦʣ ʧʨʠ ʦʩʥʦʚʘʥʠʠ ʦʜ-
ʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʨʘʚʝʥ ʫʛʣʫ ʤʝʞʜʫ ʙʦʢʦʚʳʤʠ ʩʪʦʨʦʥʘʤʠ ʚʪʦʨʦʛʦ, ʧʨʘʚʠʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʧʠ-
ʨʘʤʠʜʳ ʠ ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʘʚʠʣʴʥʫʶ ʯʝʪʳʨʝʭʫʛʦʣʴʥʫʶ ʧʠʨʘʤʠʜʫ, 
ʧʨʠ ʵʪʦʤ ʨʝʰʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʦʣʞʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʚ ʨʘʤʢʘʭ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʪʨʠʛʦʥʦʤʝʪʨʠʝʡ ʠ 
ʵʣʝʤʝʥʪʘʨʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ [3, 4]. 
ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʝʘʣʠʟʫʝʤʦʡ ʩʪʫʜʝʥʪʘʤʠ ʚʫʟʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʩʪʦʠʪ 

ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʩʨʝʜʩʪʚʘ ʠʥʪʝʛʨʘ-
ʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʟʥʘʥʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʩʫʪʴ ʢʦʪʦʨʳʭ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʝʦʤʝʪʨʠ-
ʯʝʩʢʠʭ ʬʠʛʫʨ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʜʣʷ ʭʘʨʘʢʪʝʨʥʳʭ ʫʛʣʦʚ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʪʫʜʝʥʪʘʤʠ ʚ ʨʘʤʢʘʭ ʤʘʣʳʭ ʛʨʫʧʧ ʫʯʘʱʠʭʩʷ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʚʦ-ʧʝʨʚʳʭ, ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 
ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦ ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨʘʭ ʩ ʦʧʠʩʘʥʠʝʤ 
ʠʭ ʩʚʦʡʩʪʚ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʦ-ʚʪʦʨʳʭ, ʧʦʩʪʨʦʝʥʠʝ ʨʘʟ-
ʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʟʥʘʯʝʥʠʡ 
ʧʘʨʘʤʝʪʨʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʯʝʨʝʟ ʧʨʠʟʤʫ ʜʠʘʣʦʛʘ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʦʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠ ʛʫʤʘʥʠʪʘʨʥʦʡ ʢʫʣʴʪʫʨ, ʚ-ʪʨʝʪʴʠʭ, ʤʥʦʛʦʢʨʘʪʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʝʟʫʣʴʪʘʪʦʚ 
ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʥʝʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴ-
ʥʦʡ ʜʠʥʘʤʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʛʥʠʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʡ ʚ ʦʧʳʪʝ ʠ ʣʠʯʥʦʩʪ-
ʥʳʭ ʢʘʯʝʩʪʚʘʭ ʫʯʘʱʝʛʦʩʷ ʯʝʨʝʟ ʧʨʠʟʤʫ ʜʠʘʣʦʛʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠ ʛʫʤʘʥʠʪʘʨʥʦʡ 
ʢʫʣʴʪʫʨ, ʠ, ʚ-ʯʝʪʚʝʨʪʳʭ, ʧʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʝʝ ʧʦʣʥʦʮʝʥʥʦʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʦ-
ʜʝʣʠ ʢ ʨʝʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʠ ʷʚʣʝʥʠʷʤ ʯʝʨʝʟ ʧʨʠʟʤʫ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʜʠʘʣʦʛʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ, 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠ ʛʫʤʘʥʠʪʘʨʥʦʡ ʢʫʣʴʪʫʨ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʢʝ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʝʨʛʝʪʠʯʝ-
ʩʢʦʛʦ ʧʦʜʭʦʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ 
ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʣʥʦʮʝʥʥʫʶ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʘʱʠʭʩʷ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ 
ʛʣʫʙʦʢʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʜʠʘʣʦʛʘ ʤʘʪʝʤʘ-
ʪʠʯʝʩʢʦʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠ ʛʫʤʘʥʠʪʘʨʥʦʡ ʢʫʣʴʪʫʨ. 
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ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʁ ʇʆɼʍʆɼ ʂ ʇʈʆɽʂʊʀʈʆɺɸʅʀʖ ʋʏɽɹʅʆɻʆ 
ʇʈʆʎɽʉʉɸ ʇʆ ʄɸʊɽʄɸʊʀʂɽ ɺ 6 ʂʃɸʉʉɽ (ʅɸ ʇʈʀʄɽʈɽ ʊɽʄʓ 

"ʆʊʅʆʐɽʅʀʗ ʀ ʇʈʆʇʆʈʎʀʀ") 
 

ɹʝʩʩʦʥʦʚʘ ɺ.ɺ.  

ʌɻɹʆʋ ɺʆ çɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘè, ɽʣʝʮ, ʈʦʩʩʠʷ 

 

ɸʅʅʆʊɸʎʀʗ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʧʝʨʝʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʰʢʦʣʳ ʢ ʠʥʥʦʚʘʮʠʦʥʥʦʡ. ʂʘʢ ʦʜʠʥ 
ʠʟ ʚʘʨʠʘʥʪʦʚ ʝʝ ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ɺ.ʄ. ʄʦʥʘʭʦʚʘ, ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʘʩʢʨʳʪʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ 
ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʚ 6 ʢʣʘʩʩʝ ʧʦ ʪʝʤʝ çʆʪʥʦʰʝʥʠʷ ʠ ʧʨʦʧʦʨʮʠʠè.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʠʥʥʦʚʘʮʠʠ  

 
ʉ ʚʚʝʜʝʥʠʝʤ ʌɻʆʉ ʆʆʆ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʰʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʠ 

ʰʢʦʣʴʥʠʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʳʜʝʣʝʥʳ ʪʘʢʠʝ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ, ʢʘʢ: ʰʢʦʣʘ ï ʦʜʠʥ ʠʟ ʛʣʘʚʝʥʩʪʚʫʶ-
ʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʨʘʟʚʠʪʠʠ ʣʠʯʥʦʩʪʠ; ʰʢʦʣʫ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʪʴ ʚ ʵʬʬʝʢʪʠʚʥʳʡ ʬʘʢ-
ʪʦʨ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ; ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʰʢʦʣʘ ʥʫʞʜʘʶʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʘʟʚʠʪʠʠ.  ʊʨʘ-
ʜʠʮʠʦʥʥʳʝ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʣʠʯʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʦʙʫʯʝʥʠʶ, ʯʪʦ ʚʳʧʦʣʥʠʤʦ ʧʫʪʝʤ ʚʥʝʜ-
ʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʆʧʨʝʜʝʣʝʥʠʶ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʚʪʦʨʘʤʠ ʩʪʨʫʢ-
ʪʫʨʳ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʘʶʪ ʨʘʟʥʳʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, 
ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʷʶʪ ʛʣʘʚʥʳʝ ʘʩʧʝʢʪʳ: ʢʘʨʜʠʥʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫ-
ʯʝʥʠʷ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘ-
ʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʚʳʷʚʣʝʥʠʝ ʩʫʱʥʦʩʪʠ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʤʘʪʝʤʘʪʠʢʝ.   

ʈʘʟʨʘʙʦʪʢʦʡ ʠ ʚʥʝʜʨʝʥʠʝʤ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, 
ʩʨʝʜʠ ʢʦʪʦʨʳʭ ɺʘʜʠʤ ʄʘʢʘʨʴʝʚʠʯ ʄʦʥʘʭʦʚ. ʀʤ ʨʘʟʨʘʙʦʪʘʥʘ ʫʥʠʢʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʫʶ 
ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʢʦʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʪʦ ʝʩʪʴ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧ-
ʪʠʨʦʚʘʥʘ ʢ ʣʶʙʦʤʫ ʠʟ ʥʠʭ. ʇʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʮʝʣʝʧʦʣʘʛʘʥʠʝ, ʜʠʘʛʥʦʩʪʠʢʫ, ʜʦʟʠʨʦʚʘʥʠʝ ʜʦʤʘʰʥʝʛʦ ʟʘ-
ʜʘʥʠʷ, ʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʨʨʝʢʮʠʶ.  

 ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʯʝʙʥʘʷ ʪʝʤʘ, ʚ 
ʢʦʪʦʨʫʶ ʚʢʣʶʯʝʥʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʢʦʚ, ʧʨʠʯʝʤ ʤʠʥʠʤʘʣʴʥʦ 6-8, ʘ ʤʘʢʩʠʤʘʣʴʥʦ 22-
24 ʫʨʦʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʟʘʧʫʪʘʥʥʦʩʪʴ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʪʝʤʳ ʚ ʨʘʟʥʳʭ ʧʨʝʜʤʝ-
ʪʘʭ. ʊʘʢʞʝ ʫ ʧʝʜʘʛʦʛʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʮʝʣʠ ʦʙʫʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʦʥ ʚʳʩʪʘʚʣʷʝʪ ʚ 
ʪʝʤʝ ʦʪ 2 ʜʦ 5 ʤʠʢʨʦʮʝʣʝʡ ʚ ʬʦʨʤʝ: çʧʦʥʠʤʘʪʴ éè, çʟʥʘʪʴ éè, çʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ éè ʠ 
ʪ.ʜ. ɼʘʥʥʳʝ ʤʠʢʨʦʮʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʣʦʞʝʥʳ ʧʦʥʷʪʥʳʤ ʜʣʷ ʫʯʝʥʠʢʘ ʷʟʳʢʦʤ. ʈʘʟʥʦʫʨʦʚʥʝʚʘʷ 
ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʬʘʢʪ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦ-
ʨʦʡ ʧʦʩʪʨʦʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʢʨʦʮʝʣʠ. ɹʣʘʛʦʜʘʨʷ ʛʨʘʤʦʪʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥ-
ʥʦʤʫ ʜʦʟʠʨʦʚʘʥʠʶ ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʣʶʯʝʥʘ ʧʝʨʝʛʨʫʟʢʘ ʫʯʘʱʠʭʩʷ, ʠ ʩʘʤʦʩʪʦ-
ʷʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʜʠʘʛʥʦʩʪʠʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦ-
ʠʩʢ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦ ʨʘʟʫʤʥʳʭ ʥʦʨʤʘʭ ʜʦʤʘʰʥʠʭ ʟʘʜʘʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫ 
ʧʝʜʘʛʦʛʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʝʢʪʠʨʫʝʤʦʤ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʛʣʘʚʥʘʷ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʘ ʢʦʪʦʨʦʛʦ ï ʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. ɺ ʩʣʫʯʘʝ ʥʝ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ ʫʯʝʥʠʢʦʤ, 
ʪʦ ʝʩʪʴ ʝʩʣʠ ʦʥ ʥʝ ʧʨʦʰʝʣ ʜʠʘʛʥʦʩʪʠʢʫ, ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʢʦʨʨʝʢʮʠʦʥʥʘʷ ʨʘʙʦʪʘ. ʇʝʜʘʛʦʛ ʫʢʘʟʳ-
ʚʘʝʪ ʚʦʟʤʦʞʥʦ ʜʦʧʫʩʪʠʤʳʝ ʦʰʠʙʢʠ ʠ ʛʦʪʦʚʠʪ ʧʣʘʥ ʚʳʚʝʜʝʥʠʷ ʫʯʝʥʠʢʘ ʥʘ ʫʨʦʚʝʥʴ ʩʪʘʥʜʘʨʪʘ.  ʅʘ 
ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʧʨʠʤʝʨʝ ʪʝʤʳ 
çʆʪʥʦʰʝʥʠʷ ʠ ʧʨʦʧʦʨʮʠʠè ʤʘʪʝʤʘʪʠʢʠ 6 ʢʣʘʩʩʘ. ʇʨʦʝʢʪ ʢʦʥʢʨʝʪʥʦʡ ʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ 
ʷʨʢʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ, ʘ ʪʘʢʞʝ ʨʘʩ-
ʢʨʳʪʴ ʢʦʤʧʦʥʝʥʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʬʘʢʫʣʴʪʝʪ ɺʄʂ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩʦʜʝʨʞʘʪʩʷ ʚʘʞʥʳʝ, ʥʘ ʚʟʛʣʷʜ ʘʚʪʦʨʘ, ʧʨʝʜʣʦʞʝʥʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʦʟʥʘʯʝ-
ʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʨʤʠʥʦʚ ʚ ʪʝʦʨʠʠ ʠ ʟʘʜʘʯʘʭ ʵʣʝʤʝʥʪʘʨʥʦʡ ʠ ʥʘʯʘʣ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ. ʇʨʝʜ-
ʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʴ, ʫʪʦʯʠʪʴ ʠ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʦʣʦʛʠʡ ʚ 
ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʣʛʝʙʨʝ, ʪʨʠʛʦʥʦʤʝʪʨʠʠ ʠ ʛʝʦʤʝʪʨʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʚʳʩʰʝʡ ʘʣʛʝʙʨʝ ʠ 
ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʜʨʫʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥʘʭ.          

      ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʨʝʦʪʠʧʳ, ʜʣʠʥʘ ʦʪʨʝʟʢʘ, ʚʝʣʠʯʠʥʘ ʫʛʣʘ, +¤, ʟʥʘʢʠ ʚʢʣʶʯʝʥʠʷ ʦʜʥʦʛʦ ʤʥʦ-
ʞʝʩʪʚʘ ʚ ʜʨʫʛʦʝ  Ë ʠ Ì. 

       ʆʩʪʘʥʦʚʠʤʩʷ ʢʨʘʪʢʦ ʥʘ ʧʨʦʙʣʝʤʘʭ, ʥʘ ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʝ ʘʚ-
ʪʦʨʳ ʫʯʝʙʥʠʢʦʚ ʠ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ ʧʦ ʵʣʝʤʝʥʪʘʨʥʦʡ  ʤʘʪʝʤʘʪʠʢʝ ʠ ʥʘʯʘʣʘʤ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ.                                                   
      ʆʙ ʵʪʠʭ ʧʨʦʙʣʝʤʘʭ ʘʚʪʦʨ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʣʘʜʳʚʘʣ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʚ ʛ. ʏʝʙʦʢʩʘʨʳ 
2011 ʠ 2013 ʛʦʜʦʚ, ISAAK ï ʢʦʥʛʨʝʩʩʝ ʚ ʄʦʩʢʚʝ 2011 ʛ., ʢʦʥʬʝʨʝʥʮʠʷʭ ʅʄʉ ʧʦ ʤʘʪʝʤʘʪʠʢʝ: çʆʙʨʘ-
ʟʦʚʘʥʠʝ, ʥʘʫʢʘ ʠ ʵʢʦʥʦʤʠʢʘ ʚ ʚʫʟʘʭ. ʀʥʪʝʛʨʘʮʠʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦè,  
ɸʨʤʝʥʠʷ 2011, 2014, 2015 ʛʛ.  
     ɸʚʪʦʨʫ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʩʚʦʠʭ ʢʦʣʣʝʛ, ʧʫʙʣʠʢʫʶʱʠʭ ʨʘʟʥʦʛʦ ʨʦʜʘ ʢʥʠʛʠ ʠ 
ʙʨʦʰʶʨʳ ʧʦ ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʘʪʝʤʘʪʠʢʝ, ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ, ʧʨʠʩʳʣʘʶʱʠʭ ʚ ʅʄʉ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʨʫʢʦ-
ʧʠʩʠ ʢʘʢ ʧʦ ʚʦʧʨʦʩʘʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʪʘʢ ʠ ʧʦ ʥʘʯʘʣʘʤ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ, ʧʨʝʪʝʥʜʫʶ-
ʱʠʭ ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʛʨʠʬ, ʥʘ ʚʩʝ ʵʪʠ ʧʨʦʙʣʝʤʳ.  
     ʆʯʝʥʴ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʩʝʨʴʝʟʥʳʝ ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ ʚ ʠʟʣʦʞʝʥʠʠ ʨʷʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʦʧʨʦ-
ʩʦʚ, ʧʨʠʯʝʤ ʜʦʚʦʣʴʥʦ ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʣʝʜʫʶʪ ʤʥʦʛʠʤ ʩʣʦʞʠʚ-
ʰʠʤʩʷ ʩʪʝʨʝʦʪʠʧʘʤ ʠʣʠ ʷʚʥʦ ʦʰʠʙʦʯʥʳʤ, ʠʣʠ ʩʦʜʝʨʞʘʱʠʤ ʟʘʚʫʘʣʠʨʦʚʘʥʥʳʝ ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ. ʇʝ-
ʯʘʣʴʥʦ, ʯʪʦ ʚʩʝ ʵʪʦ ʯʘʩʪʦ ʚʳʜʘʝʪʩʷ ʟʘ ʠʩʪʠʥʫ ʚ ʧʦʩʣʝʜʥʝʡ ʠʥʩʪʘʥʮʠʠ, ʠ ʘʚʪʦʨʳ ʧʦʨʦʡ ʩʦʚʝʨʰʝʥʥʦ 
ʥʝ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʟʥʦʛʦ ʨʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʪʦʥʢʦʩʪʠ.    
       ɺʦʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ:  
1. ɺ ʦʧʨʝʜʝʣʝʥʠʷʭ ʩʢʘʣʷʨʥʦʛʦ ʠ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʚʫʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʢʪʦʨʦʚ ʯʘʩʪʦ ʥʝ 
ʫʯʠʪʳʚʘʝʪʩʷ ʪʦ, ʯʪʦ ʦʜʠʥ ʠʣʠ ʦʙʘ ʚʝʢʪʦʨʘ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʫʣʝʚʳʤʠ,  ʘ ʧʦʪʦʤʫ ʫʛʦʣ ʤʝʞʜʫ ʥʠʤʠ ʠ 
ʝʛʦ ʚʝʣʠʯʠʥʘ ʥʝ ʦʧʨʝʜʝʣʝʥʳ, ʧʦʤʠʤʦ ʵʪʦʛʦ, ʛʦʚʦʨʷ ʦ ʧʨʘʚʦʡ ʠʣʠ ʣʝʚʦʡ ʪʨʦʡʢʝ ʚʝʢʪʦʨʦʚ, ʧʦʨʦʡ ʟʘ-
ʙʳʚʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʵʪʠ ʚʝʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʥʫʣʝʚʳʤʠ.                                                                                                                    

2. ɺ ʦʧʨʝʜʝʣʝʥʠʷʭ ʢʨʠʚʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʧʣʦʩʢʦʩʪʠ: ʵʣʣʠʧʩʘ, ʛʠʧʝʨʙʦʣʳ, ʧʘʨʘʙʦʣʳ ʯʘʩʪʦ ʥʝ 
ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ: ʚ ʩʣʫʯʘʝ ʵʣʣʠʧʩʘ ʩʫʤʤʘ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʢʘʞʜʦʡ ʝʛʦ ʪʦʯʢʠ ʜʦ ʬʦʢʫʩʦʚ ʜʦʣʞʥʘ ʙʳʪʴ 
ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʬʦʢʫʩʘʤʠ; ʚ ʩʣʫʯʘʝ ʛʠʧʝʨʙʦʣʳ ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʢʘʞʜʦʡ 
ʝʝ ʪʦʯʢʠ ʜʦ ʬʦʢʫʩʦʚ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʧʨʠʯʝʤ ʤʝʥʴʰʘʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʬʦʢʫʩʘʤʠ; 
ʚ ʩʣʫʯʘʝ ʧʘʨʘʙʦʣʳ ʬʦʢʫʩ ʥʝ ʜʦʣʞʝʥ ʣʝʞʘʪʴ ʥʘ ʜʠʨʝʢʪʨʠʩʝ.                                                                                                                    




