
ͣ·ͻ·ΑΒΉΏ΄ ΏΓ;΄Ί΄Ύ·΄ ͢ΏΒΒ·ΈΒΉΏΈ ͺΉͺ;΄Ό·· ΎͺΔΉ 

˽͙͔ͪͣͪ· ͪ͊͋ͦͭΣ ͍·͔ͨͦͤͤͤ͡·ͻ ͍ ͤ͊ͯ;ͤ·ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͻ ͙ 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͻ ͍·ͫ΄͔͎ͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ 
˸͙͙ͤͦ͋ͪͤ͊ͯ͟ ˾ ͙͙ͦͫͫ ς ˿ ˻ ˾ˢ˹ ͍ нлнл ͎ͦ͒ͯ ͙ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ 
͙͙͔ͨͪͦͪͭͭ͊ͣ ˿͔͎͙͙ͭͪ͊ͭ ˹́˾ ˾͙͙ͦͫͫ 

͔͙͊͊͒ͣ͟͟ ˽͊ͪͣͦͤ ˤΦ˹Φ  

˽͔͔͔ͪ͒ͫ͒͊ͭ͡Έ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾ˢ˹ 

 

͎Φ ˹ ͍͙͙ͦͦͫ͋ͪͫ͟ 8 ͊ ͔ͨͪ͡Ύ 2021 



ζ͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͔ 
͍͔͔͚ͤͯͭͪͤͤ ͎͙͚ͦͦ͟͡ ͍͙͙ͪ͊ͭ͘Ύ ͙ͤ͊ͯ͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ 
͎͍ͦͭͦͤͦͫͭΈ ͫͭͪ͊ͤ· ͟ ͋ͦ͡Έ΄͙ͣ ͍·͍ͦ͊ͣ͘Σ ͔΅͖ ͔ͤ ͨͪͦΎ͍͙͍΄͙ͣͫΎ 
͙ ͨͦͯ͡;͙͍΄͙ͣ ΄͙͎ͪͦͦͦ͟ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͙͙ͨͪͤ͊ͤ͘ΎΣ 
͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͦͼ͔͙ͤ͟ ͙͍ͪͫͦ͟Σ ͍͔ͦ͋ͯͫͦͤͤ͡͡·ͻ 
ͤ͊ͯ;ͤͦ-͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫͣ͟ ͍͙͙͔ͪ͊ͭͣ͘η 

˥͍͊ͤ͡·͚ ͨ ͙͙͔ͪͦͪͭͭ ͔͙͊͊͒ͣ͟;͔͚ͫͦ͟ ͙ͤ͊ͯ͟ 



ˮ͙ͤͫͭͭͯͭ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ͣΦ ˿Φ˶Φ ˿͔͍ͦ͋ͦ͊͡  ˿ ͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ 
ͤ͊ͯ͟ 

ˢ͍ͭͦͪ·Υ ͔͙͊͊͒ͣ͟͟ ˾ˢ˹ ˣ͍͍ͦͪͦͦ͟ ˢΦˢΦΣ  ˸͎ͦͯ͡Έ͙͚ͫ͟ ˢΦˢΦ 

˽͙ͯ͋͊͟͡ͼ͙͙Υ  
ˣ͍͍ͦͪͦͦ͟ ˢΦˢΦ  ˻͋ͦ͋΅͔ͤͤ·͔ ͨͪͦͼ͔ͫͫ· ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡ΎΦ  нлнлΦ ˸ΦΥ ˮ͒͘-͍ͦ ˾ˢ˹Φ  прр ͫΦ ς ͣ ͎ͦͤͦͪ͊ͺ͙ΎΦ  
ˣ͍͍ͦͪͦͦ͟ ˢΦˢΦ ˾͔͙͔͊ͫͨͪͦͫͭͪ͊ͤͤ ͙ͨͪͤͼ͙ͨ͊ ͙͍͙͙ͤ͊ͪ͊ͤͭͤͦͫͭ ͒͡Ύ ͦ͋ͦ͋΅͔ͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͤ͊ ͦ͋͊ͫͭ͡Έ ͔͔ͯͣͪͤͤͦ ͋ͦ͡Έ΄͙ͻ ͙ ͣ͊͡·ͻ ͔͙͚ͯͦͤͤ͟͡  κκ ͔͙́ͦͪΎ ͍͔ͪͦΎ͔͚ͭͤͦͫͭ 
͙ ͔͔ ͙͔͔͙ͨͪͣͤͤΎΦ нлнлΦ ́Φ срΣ ͍·Φͨ пΦ ˿Φ срм-670. 
ˣ͍͍ͦͪͦͦ͟ ˢΦˢΦ ˥͙ͪ͊ͤ;ͤ·͔ ͊͒͊͘;͙ ͒͡Ύ ͦ͋ͦ͋΅͔ͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ κκ ˿͙͙͙͚͋ͪͫ͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͚ͫ͟ ͗ͯͪͤ͊͡Φ нлнлΦ ́Φ срΣ ͍·Φͨ мΦ ˿Φ нф-59. 
˩΅͔ мн ͔͚ͫͭ͊ͭ ͍͍͊ͭͦͪͦΣ ͙͍ͦͨͯ͋ͦ͊ͤͤ͟͡·ͻ ͍ нлмр-нлмф ͎͎Φ ͍ ͗ͯͪͤ͊͊͡ͻ Ϧ͔͙́ͦͪΎ ͍͔ͪͦΎ͔͚ͭͤͦͫͭ ͙ ͔͔ ͙͔͔͙ͨͪͣͤͤΎϦΣ Ϧ˿͙͙͙͚͋ͪͫ͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͚ͫ͟ ͗ͯͪͤ͊͡ϦΣ Ϧ˸͔͙͊ͭͣ͊ͭ;͔͙͔ͫ͟ 
͔͙͊ͣͭ͘͟". 
 

˽͔ͦͫͭͪͦͤ͊ ͦ͋΅͊Ύ ͙͙͊ͫͣͨͭͦͭ;͔ͫ͊͟Ύ ͔͙ͭͦͪΎ ͦ͋ͦ͋΅͔ͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ 
͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡ΎΣ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ ͚ͦ͒ͤͦ ͙ ͫ͊ͣ͘·ͻ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡ ͍ ͎͙ͦͣͤͦͻ ͙͔͙ͨͪͦ͗ͤ͡Ύͻ ͔͙͙ͭͦͪ ͍͔ͪͦΎ͔͚ͭͤͦͫͭ. 
͙̏ͭ ͔͙ͣͦ͒͡ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔͔͍͔͔ͫͭͫͭͤͤͦ ͦ͋ͦ͋΅͔͙͔ͤ ͫͯ͡;͚͊ͤ·ͻ 
͙͚͋ͯ͗͒͊ͤ͡  ͙ ΄͙͎ͪͦͦͦ͟ ͊ͫͫ͊͟͡ ͨͪͦͼ͔͍ͫͫͦ  ͫ ͔͍͙͙ͤ͊ͫͣ͘·͙ͣ 
͙ͨͪͪ͊΅͔͙ͤΎ͙ͣ τ ͙͔͔ͤ͊͋ͦ͡ ͨͦͤͦ͡ ͙ͯ͘;͔ͤͤ·ͻ ͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͦ͋Ά͔͍ͭͦ͟ 
͔͙͙ͭͦͪ ͍͔ͪͦΎ͔͚ͭͤͦͫͭ. ˽ͦΉͭͦͣͯ ͦ͋΅͊Ύ ͙͙͊ͫͣͨͭͦͭ;͔ͫ͊͟Ύ ͔͙ͭͦͪΎ 
ͦ͋ͦ͋΅͔ͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͊͟͟ ͙͚ͨͪ͊͒ͤͦ͟͡Σ 
ͭ͊͟  ͙͔͔͙ͭͦͪͭ;͔͙͚ͫ͟ ͙͔͔ͤͭͪͫ: ͦͤ͊ ͦ͋ͦ͋΅͔͊ͭ ͎͙͔ͣͤͦ ͻͦͪͦ΄ͦ ͙͍͔ͫͭͤ͘·͔ 
͔ͪͯ͘͡Έͭ͊ͭ· ͔͙͙ͭͦͪ ͍͔ͪͦΎ͔͚ͭͤͦͫͭΣ ͦͭͤͦͫΎ΅͙͔ͫΎ  ͫͯ͟͡;͚͊ͤ·ͣ ͙͋ͯ͗͒͊ͤ͡Ύͣ 
 ͙ͨ ͪͦͼ͔ͫͫ͊ͣ  ͫͤ ͔͍͙͙͊ͫͣ͘·͙ͣ ͨ ͙ͪͪ͊΅͔͙ͤΎ͙ͣ. 

˽͔ͦͫͭͪͦͤ͊ ͦ͋΅͊Ύ ͙͙͊ͫͣͨͭͦͭ;͔ͫ͊͟Ύ ͔͙ͭͦͪΎ ͦ͋ͦ͋΅͔ͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ 
 

ˤ͔ͪͦΎͭͤͦͫͭΈ ͙ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫ͊͟Ύ ͙͙ͫͭ͊ͭͫͭ͊͟ 



ˮ͙ͤͫͭͭͯͭ Ύ͔͚͒ͪͤͦ ͺ͙͙͙͘͟ ͙ͣΦ ˥ΦˮΦ ˣ͔ͯ͒ͪ͊͟ ˿ ͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 
 

ˢ͍ͭͦͪ·: ˶ ͔͍͙;͔͍ ˩ . .x ͙  ͒ ͎͙͔ͪͯ 

 
˽͙ͯ͋͊͟͡ͼ͙͙: 
˶͔͍͙;͔͍ .˩ .x  ͙ ͒.ͪ ˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͎͙͚ͣ͊ͤͭͤͦ ͫͭͪͯͭͯͪ͟· ͙ͫͭͦ;͙ͤ͊͟ ͙ͫͤͻ͎ͪͦͭͪͦͤͤͦͦ ͙ͯ͘͡;͔͙ͤΎ ;͔͍͔͎ͭͪͭͦͦ ͔͙ͨͦͦͤ͟͡Ύ ˿˴ˮ̅  ͍ ˹͍͙͙͔ͦͦͫ͋ͪͫ͟. ˿ˮˣˮ˾˿˴ˮ˯ 
̅ˮ˭ˮ̉˩˿˴ˮ˯ ˬ ̂˾˹ˢ˶ 2020. ́ ͦͣ 15, Ѕ 1  
 

 ʕ 2020 ͎ͦ͒ͯ ͍͔͊ͪ͘΄͔ͤ ͼ͙͟͡ ͪ͊͋ͦͭ ͨ ͦ ͍·͋ͦͪͯ ͦͦͤ͟;͔͊ͭ͡Έ͚ͤͦ 
ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͙ ͙ͪ͊͘͡;ͤ·ͻ ͙͔ͫͫͭͣ ͙ͫͭͦ;͙ͤ͊͟ ͙ͫͤͻ͎ͪͦͭͪͦͤͤͦͦ ͙ͯ͘͡;͔͙ͤΎ 
ζ˿˴ˮ̅η. ˸͎͙͊ͤͭͤ͊Ύ ͙͔ͫͫͭͣ͊ ͍͎ͦͫͤͦͤͦͦ ͦ͟͡Έͼ͊ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙ ͘
͟͡Ό;͔͍·ͻ ͔ͦͣͨͦͤͤͭ͟ ͔ͨͪͦͭ͊͟Σ ͦͭͦͪ͊͟Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͍ͦͫͤͦͤ·͔ ͔ͨ͊ͪ͊ͣͭͪ· 
 ͙ ͨͦ͡Έ͍͔ͦ͊ͭ͘͡Έͫͯ͟Ό ͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͍͔͎ͫͦ͒͊͊ͣͦͦ͘ ͙ͫͭͦ;͙ͤ͊͟. ˥͍͚͊ͤͦ͡ 
ͼ͔͡ΈΌ ͪ͊͋ͦͭ ͋·͊͡ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͔͚ͪͦͪ͒ͤͦ͟ ͨ ͍͍͔ͦͪ͊ͤͦͫͤͦͣͯ Ή͙ͣͭͭ͊ͤͫͯ 
ͨͯ;͊͟ ͎͙͚ͣ͊ͤͭͤͦ ͫͭͪͯͭͯͪ͟· ͍͎ͦͫͤͦͤͦͦ ͦ͟͡Έͼ͊  ͫ ͍ͦͣͦ͗ͤͦͫͭ͘ΈΌ 
͔ͭͻ͙ͤ;͔͚ͫͦ͟ ͔͙ͪ͊͊͘͡ͼ͙͙ ͍ͫͦͫͭ͊͡ΎΌ΅͙ͻ ͎͙ͣ͊ͤͭͤ·ͻ Ή͔͔͍ͣͤͭͦ͡.  ʕ ͻ͔ͦ͒ 
ͪ͊͋ͦͭ ͋·͊͡ ͔͔ͨͪ͒ͦ͗ͤ͊͡ ͙͎͙ͦͪͤ͊͡Έͤ͊Ύ ͎͙ͣ͊ͤͭͤ͊Ύ ͫͭͪͯͭͯͪ͊͟  ͔ͫͪͦͪ͒ͤ͟·ͣ 
 ͍ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ Ή͙ͣͭͭ͊ͤͫͦͣ ͒͡Ύ ͣ͊΄͙ͤ  ͫΉ͔͎͙͔͚ͤͪ Ή͔͍ͭͪͦͤͦ͟͡ 3 ˥Ήˤ 

(75 ͨͣ͟ϊͪ͊͒).  ˿ͭͪͯͭͯͪ͊͟ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 
ͣͦ΅ͤ·ͻ ͍͔ͫͪͻ͍ͨͪͦͦ͒Ύ΅͙ͻ ͚͍ͯͫͭͪͦͫͭ ͒͡Ύ ͎͔͔ͤͪ͊ͼ͙͙ ͨͯ;͍ͦ͟ 
͙ͫͤͻ͎ͪͦͭͪͦͤͤͦͦ ͙  ͦ ͤ͒ͯ͡Ύ͎ͭͦͪͤͦͦ ͙ͯ͘͡;͔͙ͤΎ. 

˽͔ͪͦͭ͟ ͎͙͚ͣ͊ͤͭͤͦ ͙͔ͫͫͭͣ· ͙ͫͤͻͪͦͭͪͦͤ͊ ˿˴ˮ̅ 

3D ͣ ͔ͦ͒͡Έ ͎͙͚ͣ͊ͤͭͤͦ ͙͔ͫͫͭͣ· ͔ͫͯͨͪ-͔͙ͨͪͦ͒͊ ͙ͫͤͻͪͦͭͪͦͤ͊ ˿˴ˮ̅ 



˹͍͙͙͙͚ͦͦͫ͋ͪͫ͟ ͙͙ͤͫͭͭͯͭ ͎͙ͦͪ͊ͤ;͔͚ͫͦ͟ ͻ͙͙͙ͣ ͙ͣΦ ˹Φ˹Φ ˤͦͪͦ͗ͼ͍ͦ͊ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟   
ˮ͙ͤͫͭͭͯͭ ͻ͙͙ͣ;͔͚ͫͦ͟ ͙͔͙͙ͤͭ͟͟ ͙ ͎͔͙ͦͪͤΎ ͙ͣΦ ˤΦˤΦ ˤ͔͍͎ͦͦ͒ͫͦͦ͟ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟  
ˮ͙ͤͫͭͭͯͭ ζ˸͔͗͒ͯͤ͊ͪͦ͒ͤ·͚ ͎ͭͦͣͦͪ͊ͺ͙;͔͙͚ͫ͟ ͼ͔ͤͭͪη ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟  
͙͚́ͦͣͫ͟ ͙͔ͨͦͭ͡ͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭΣ ˹͍͙͙͙͚ͦͦͫ͋ͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ 

˨͙͚͊ͤ͘ ͍·͙͍ͫͦͦͫͨͤͦ͟·ͻ ͦ ͍͔͙ͫͦͪ͒͊͘͟͡-͙͙͙͙ͤͭͪͦͤͤͭͪͦͫ͟͡͡Έͤ·ͻ ͋ ͙͙͍ͪ͊͒͊ͦ͟͡  

˽͙ͪ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙ ͙͔ͭͪͨͭͤ͡·͔ ͙͙͋ͪ͊͒͊͟͡· ͦ͋ͪ͊ͯ͘Όͭ ͙ͯͤ͊͟͡Έͤ·͔ ͔ͦ͒ͤͦͣͪͤ·͔ ͔ͦ͋ͣͤͤͦ-͍ͫΎ͊ͤͤ͘·͔ ͺ͔͎͙ͪͪͦͣ͊ͤͭͤ·͔ 
ͼ͔ͨͦ;͙͟ ͙͍ͫͨͤͦ S = 1. ˸͎͙͊ͤͭͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍·͔ͨͦͤͤ͡· ͙͙ͫͦͭͪͯ͒ͤ͊ͣ͟ ˸́ ̇˿  ˻˾ˢ˹Σ ͍͍͊ͤͭͦͦ͟-ͻ͙͙ͣ;͔͙͔ͫ͟ ͪ͊ͫ;͔ͭ· ς 
͙͙ͫͦͭͪͯ͒ͤ͊ͣ͟ ˮ ̆˴˥ ˿  ˻˾ ˢ˹Σ ͪ ͔͎͙ͫͭͪ͊ͼ͙Ύ ͫ ͔͍ͨͭͪͦ͟ ̏ ˽˾Σ ͙ ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͣͭͦ͒ͦͣ ˾˿ˢ ς ͫ ͙͙ͦͭͪͯ͒ͤ͊ͣ͟ ˹ ˮ˻̆ ˿  ˻˾ ˢ˹ ͙  ˹ ˥̂. 

˴͔͙͍ͦͭͦͣ͟͡͡ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ˹ˮ˻̆ ˿  ˻˾ˢ˹ ͍͔ͫͦͣͫͭͤͦ  ͔͎͙ͫͦ͊ͣ͟͡͡ 
͙ ͎́ͦͣͫͦͦ͘͟ ͙͔ͨͦͭ͡ͻ͙ͤ;͔͎ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͪ͊ ͪ͊͋ͦͭ͊ͤ͘ ͙͚͒͊ͤ͘ 
 ͙ ͦͫͯ΅͔͍͔ͫͭͤ͡ ͙͔ͫͤͭ͘ ͙ͫͭ͊͋͡Έͤ·ͻ ͙͙͍͋ͪ͊͒͊ͦ͟͡  ͫ
͍͔͙ͦͫͦͪ͒͊͘͟͡Έͤ·ͣ  ͙ ͙͙͙͙ͤͭͪͦͤͤͭͪͦͫ͟͡͡Έͤ·ͣ ͙͔ͤͦͫͭ͡Ύ͙ͣ 
͙͍ͫͨͤͦ.  ʕ͍͙͙͙͊ͫͣͦͫͭ͘ ͦ ͔͙ͭͫͭͪͦͤΎ  ͍͙͙͋ͪ͊͒͊͊͟͡ͻ ͔͙ͪ͊ͯ͘͡ΌͭͫΎ 
͙ͫ͡Έͤ·͔ ͍͙͔ͤͯͭͪͣͦͯ͟͡͡Ύͪͤ·͔ ͔ͦ͋ͣͤͤ·͔ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ 
͙͊ͤͭͺ͔͎͙͎ͪͪͦͣ͊ͤͭͤͦͦ ͙͙͡ ͺ͔͎͙͎ͪͪͦͣ͊ͤͭͤͦͦ ͻ͔͊ͪ͊ͭͪ͊͟. ˭ͤ͊͟ 
͔͎ͦ͋ͣͤͤͦͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͊͟͟ ͙͍ͣͦͫͭͦ͟·ͣ 
ͺ͎͔ͪ͊ͣͤͭͦͣ όͨ͊ͪ͊- ͙͙͡ ͔ͣͭ͊-ͺ͔͙͔ͤͤ͡), ͭ͊͟  ͙ ͙ͭͨͦͣ 
͍͔͙ͦͫͦͪ͒͊͘͟͡Έ͎ͤͦͦ ͋ͦ͊͟͡ ( -˿͍ͫΎ͊ͤͤ͘·͚ ͙ ͙͡ N-͍ͫΎ͊ͤͤ͘·͚ύ.  

˽͙ͯ͋͊͟͡ͼ͙͙:  
E. V. Tretyakov, S. I. Zhivetyeva, P. V. Petunin, D. E. Gorbunov, N. P. Gritsan, I. Yu. Bagryanskaya, A. S. Bogomyakov, P. S. Postnikov, M. S. Kazantsev, M. E. Trusova, I. K. Shundrina, E. V. Zaytseva, 
D. A. Parkhomenko, E. G. Bagryanskaya, V. I. Ovcharenko. Ferromagnetically Coupled S = 1 Chains in Crystals of Verdazyl-Nitronyl Nitroxide Diradicals. Angew. Chem. Int. Ed. 2020, 59, 20704ς
20710. https://doi .org/10.1002/anie.202010041. 

ˢ͍ͭͦͪ· ͦͭ ˹ˮ˻̆ ˿˻ ˾ˢ˹Υ ͔́ͪͭΈΎ͍ͦ͟ ˩ΦˤΦΣ ˣ͎͊ͪΎͤͫ͊͟Ύ ˩Φ˥Φ ˬ͙͍͔ͭΈ͔͍͊ ˿ ΦˮΦΣ 
ˣ͎͊ͪΎͤͫ͊͟Ύ ˮΦ̑ΦΣ ͙̊ͯͤ͒ͪͤ͊ ˮ Φ˴ΦΣ ˭͚͊ͼ͔͍͊ ˩ΦˤΦΣ ˽͊ͪͻ͔ͦͣͤͦ͟ ˨Φˢ. 

https://doi.org/10.1002/anie.202010041
https://doi.org/10.1002/anie.202010041
https://doi.org/10.1002/anie.202010041
https://doi.org/10.1002/anie.202010041
https://doi.org/10.1002/anie.202010041
https://doi.org/10.1002/anie.202010041
https://doi.org/10.1002/anie.202010041
https://doi.org/10.1002/anie.202010041
https://doi.org/10.1002/anie.202010041
https://doi.org/10.1002/anie.202010041
https://doi.org/10.1002/anie.202010041
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ˢ͍ͭͦͪ·:  ̉ ͔͍ͫͤͦͦ͟ ˩Φ˹ΦΣ ˴͔͍ͯ͋͊ͪˤΦˤΦ, ˴ ͔͍ͪ͊ͫͤͦͨͪͦ ˶Φ˹ΦΣ  ˴ͦ΄͡Ύ͍ͦ͟˽ΦˤΦ

˽͙ͯ͋͊͟͡ͼ͙͙:
E.N.Chesnokov, V.V. Kubarev, L.N. Krasnoperov, P.N. Koshlyakov, άaŀƎƴŜǘƛŎFieldEffecton the FreeInductionDecayof HydroxylRadical(OH)in the TerahertzwŜƎƛƻƴέΣPhys. Chem. Chem. Phys., 2020,22,
20248-20252. DOI: 10.1039/D0CP02773A
E.N.Chesnokov, V.V. Kubarev, L.N. Krasnoperov, P.N. Koshlyakov, άhōǎŜǊǾŀǘƛƻƴof FreeInductionDecaySignalsof RadicalsExcitedby TerahertzFree-ElectronLasertǳƭǎŜǎέΣCombustionExplosionand Shock
Waves,2019, 55(1), 1-5. DOI: 10.1134/S0010508219010027

˻͙͙͒ͤͣͻͤ ͍ͦ·ͻ͔͍͍͔ͣͭͦ͒ͦͫͪͻ͋·͚͔͙͙ͫͭͪͦͫͨͭͪͦͫͦͨͤ͊͟͟˹ ˶˿Ύ͍̏͡Ύ͔ͭͫΎ
͙͙͒ͤ͊ͣ;͔ͫ͊͟Ύ͔͙ͫͨͭͪͦͫͦͨ͟͟Ύ͙͍ͦͪͦͭͦ͗ͯ͟͟΅͙ͻOH-͙͍͍ͪ͊͒͊ͦͦ͟͡
͍͔͔͚͙ͪͣͤͤͦͦ͋͊ͫͭ͡. ˿͙͎͙ͤ͊ͯ͘͡͡;͔͙ͤΎ͍͚͙ͫͦ͋ͦ͒ͤͦͤ͒ͯ͟ͼ͙͙͔ͣͦͯ͟͡͡·Σ
͍͙ͦͤ͊͘͟Ό΅͙͚͔͔͔͍ͨͦͫ͡ ͔͙ͦ͋ͯ͗͒ͤ͘Ύ͙͙ͦͪͦͭͣͣͨͯ͟͟͡Έͫͦͣ˹˶˿̏ΣΎ͍͡Ύ͔ͭͫΎ
͍͔͔ͪͣͤͤ·͎͔ͣ͊ͤ͊ͦͦͣ͡ ͻ͔͔͙͙͊ͪ͊ͭͪͫͭ͟;͔͎͔ͫͦͦͫͨͭͪ͊͟͟. ˮ͔ͣͪ͘ΎΎ͔͙ͫͪΌ
͙ͭ͊͟ͻ͙ͣͨͯ͡Έ͍͔͙͍͔͙ͫͦͫͨͪͦ͒ͦͣͨͦͭͦͪͤΎ͙ͣͨͯ͡Έ͍ͫͦ˹˶˿̏Σͣͦ ͗ͤͦ
͔͙ͨͪͦͫ͒ͭ͡Έ͙͙͔͙͒ͤ͊ͣͯͪͦ͗͒ͤ͟Ύ͙͙ͫ;͔͍͔͙ͤͦͤ͘ΎOH-͙͍ͪ͊͒͊͊͋͟͡·ͫͭͪ·ͻ
ͻ͙͙ͣ;͔͙ͫ͟ͻ͔ͪ͊͟ͼ͙Ύͻό͔ͫͨͭͪ͊͟͡Έ͔ͤͦζ͙ͤͦ͟ηύ.
˾͙͊͒͊͟͡Έͤ·͍͔͙ͣͫͨͦͫͦ͋ͦͣͯ͡;͔͙ͤΎ;͍͍͙͔ͯͫͭͭ͡Έ͙͔ͤͦͫͭͣͭͦ͒͊Ύ͍͡Ύ͔ͭͫΎ
͙ͫͨͦ͡Έ͍͙͔͎͎͙͎ͦ͊ͤͫ͊͋ͦͦͣ͊ͤͭͤͦͦͨͦ͘͡͡ΎΣ͔ͦͭͦͪͦ͟Σ͎͋͊ͦ͒͊ͪ͡ΎΉͺͺ͔ͭͯͤ͟-͔
͔͔͍͎͍̅͊ͪ͊͒ͫͦͦͪ͊͟΅͔͙ͤΎͨͦ͡Ύ͙ͪ͊͘ͼ͙͙Σ͍ͨͦͦ͘͡Ύ͔͔͙ͭͪ͊͒ͭ͘͡Έ͎͙͎͙͚͊ͤͭͫ͟
͍ͦ͋ͯ͗͒͊͘Ό΅͙͚͙ͣͨͯ͡Έͫ˹˶˿͙̏ͫ ͊͋͡·͚͙͎͍͚͙ͫͤ͊ͫͦ͋ͦ͒ͤͦͤ͒ͯ͟͡ͼ͙͙OH-
͙͍ͪ͊͒͊ͦ͟͡. ̏ͭͦ͒ ͔͍͊ͭ ͦͣͦ͗ͤͦͫͭ͘Έ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ͔͔͒ͭͭͦͪ͟·ͫ
;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈΌ͎ͤ͊ͣͤͦͦͨͦͪΎ͍͍͒ͦ͟·΄͔.

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙͙͙͒ͤ͊ͣ͟ ͙͍ͦͪͦͭͦ͗ͯ͟͟΅͔͎ͦ ˻˹-͙ͪ͊͒͊͊͟͡ ͔ͣͭͦ͒ͦͣ ͍͔ͫͪͻ͋·͚ͫͭͪͦ ͔͙͙ͫͨͭͪͦͫͦͨ͟͟ ͤ͊ ˹˶˿̏

˿͙͎ͤ͊͡ ͍͚ͫͦ͋ͦ͒ͤͦ ͙ͤ͒ͯ͟ͼ͙͙ ˻˹-͙͔ͪ͊͒͊͊͋͘͟͡ ͎͙͎ͣ͊ͤͭͤͦͦ ͨͦ͡Ύ ό͍͔ͫͪͻͯύ
͙ ͍ ͎͙ͣ͊ͤͭͤͦͣ ͔ͨͦ͡ унр ˥ό͙ͫͫͤͯ͘ύ

ˮ͙ͤͫͭͭͯͭ ͻ͙͙ͣ;͔͚ͫͦ͟ ͙͔͙͙ͤͭ͟͟ ͙ ͎͔͙ͦͪͤΎ ͙ͣΦ ˤΦˤΦ ˤ͔͍͎ͦͦ͒ͫͦͦ͟ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ 
˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟
ˮ͙ͤͫͭͭͯͭ Ύ͔͚͒ͪͤͦ ͺ͙͙͙͘͟ ͙ͣΦ ˥ΦˮΦ ˣ͔ͯ͒ͪ͊͟˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟



ˮ͙͚ͪͯͭͫ͟͟ ͙͙ͤͫͭͭͯͭ ͻ͙͙͙ͣ ͙ͣΦ ˢΦ˩Φ ͍͎̅͊ͦͪͫͦͦ͟ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ 
˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 

˹͍ͦ·͚ ͙ͭͨ ͙͋ͼ͙͙͟͡;͔͙ͫ͟ͻ ͙͍ͤͭͪͦͤͦΦ ˻͔͒ͤͦͪ͊ͭͦͪͤ͊͟Ύ ͫ͋ͦͪ͊͟ ͙͘ ͊ͼ͔͙͔ͭͤ͊͡Σ ͔͍ͭͦͤͦ͟ ͙ 
͎͙͙͙͒ͪͦͫ͊ͣͤ͊͟͡  

˻ͫͯ΅͔͍͔ͫͭͤ͡ ͍·ͫͦͦ͟Ήͺͺ͔͙͍ͭͤ͟·͚ 
͔ͦ͒ͤͦͪ͊ͭͦͪͤ͟·͚ ͙͔ͫͤͭ͘ ͙͋ͼ͙͙͟͡;͔͙ͫ͟ͻ 
͙͍ͤͭͪͦͤͦ ͍͎ͤͦͦͦ ͙ͭͨ͊ ͙ ͊͘ͼ͔͙͔ͭͤ͊͡Σ ͔͍ͭͦͤͦ͟ 
 ͙ ͎͙͙͙͒ͪͦͫ͊ͣͤ͊͟͡  ͍ ͙͍͙͙ͨͪͫͯͭͫͭ 
͔͍͚ͫͯͨͪͦͫͤͦͤͦ ͍͙ͨͦ͒͗ͤͦ-͍͍͔͚ͪ͊ͤͦͫͤͦ 
͎͔͔ͭͪͦͺ͚͊ͤͦ͘ ͙͙͊ͭ͊ͭ͟͡;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· 
ζ͎͙͙͒ͪͦͫ͒͟ ͟ ͙͊͡Ύ ς ͒ ͙͔͙ͣͭͫͯ͡͡Έͺ͙ͦͫ͒͟η.  

̏ͭͦ ͍ͤͦ·͚ ͙͔ͨͪͣͪ ͔͍ͤ͒͊ͤͦ ͦͭͪ͟·͎ͭͦͦ  ͍͙͙͔ͤͫͭͭͯͭ Ύ͍͔͙ͤ͡Ύ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙ ͫͦ͗ͤ͡·ͻ ͙͎͙͋ͦͦͪ͊ͤ;͔͙ͫ͟ͻ ͔ͣͦͯ͟͡͡ ͙ ͨͪͦͫͭ͘·ͻ 
͍͔΅͔͍ͫͭ ͨ ͦ͒ ͔͚͍͙͔͒ͫͭͣ  ͙ͨ ͙ͪ ͯ ;͙͙͊ͫͭ ͊ ͼ͔͙͔ͭͤ͊͡.   
˹͍ͦ·͔ ͙͋ͼ͙͙͟͡;͔͙͔ͫ͟ ͙ͤͭͪͦͤ· ͔͔͙͍ͨͪͫͨͭͤ͟· ͊͟͟ ͍·͙͍ͫͦͦ͊ͭͤ͟͟·͔ ͙͔ͫͭͪͦͭ͡Έͤ·͔ ͙͋ͦ͟͡  ͍ ͙͔͔ͫͤͭ͘ ͔͍͊ͪͫͭ͟͡Σ ͍͊͗ͤ·ͻ 
͙ͨͪͪͦ͒ͤ·ͻ  ͙ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͔ͣͦͯ͟͡͡Σ  ͊ ͔ͭ͊͗͟ ͊͟͟ ͍ͦͯ͡΄͙͟ ͍ͫͦ͋ͦ͒ͤ·ͻ ͙͍ͪ͊͒͊ͦ͟͡Σ ͎͔͔͙͔ͤͪͪͯͣ·ͻ  ͍ ͙͍͗·ͻ 
͎͙ͦͪ͊ͤͣ͊͘ͻ. ͔́ͻ͎͙ͤͦͦ͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͔͔͔͎ͪͫͯͪͫͦͫ͋ͪ͊Ό΅͔͚  ͙Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ͔͚͋ͦͨ͊ͫͤͦ͘: ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͔͎͔ͤ͒ͦͪͦͦ ͨͪͦͣ·΄͔͔ͤͤͦ͡ 
ͫ·ͪΈ͔Σ ͨ ͪͦͫͭ͊ΎΣ ͤ ͔ͫ ͔ͦ͒ͪ͗͊΅͊Ύ ͭΎ͔͗͡·ͻ ͣ ͔͍ͭ͊ͦ͡͡ ͙͙͊ͭ͊ͭ͟͡;͔ͫ͊͟Ύ ͫ ͙͔ͫͭͣ͊ ͙  ͣ ͔͙͒ͼ͙͙͚ͤͫ͟ ͪ ͍͙͔͊ͫͭͦͪͭ͡Έ.  

 
˽͙ͯ͋͊͟͡ͼ͙͙: 
Schmidt E.Yu.,  Tatarinova I.V., Ushakov I.A., Vashchenko A.V., Trofimov B.A., J. Org. Chem. 2020, 85, 10, 6732 (Q1)]. 
 

ˢ͍ͭͦͪ·: ́ ͙͍͊ͭ͊ͪͤͦ͊ .ˮ .ʕ, ̂ ΄͍͊ͦ͟ ˮ . .s, ʕ ͊΅͔ͤͦ͟ s . .ʕ, ͊ ͔͙͊͒ͣ͟͟ ́ ͪͦͺ͙͍ͣͦ x . .s  



ˮ͙ͤͫͭͭͯͭ ͎͙͙͙͙͒ͪͦ͒ͤ͊ͣ͟ ͙ͣΦ ˸ ΦˢΦ ˶ ͍͔͊ͪͤͭΈ͔͍͊ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ 
͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 
 

˽͙ͯ͋͊͟͡ͼ͙͙:  
F.A. Bykovskii, S.A. Zhdan, E. F. Vedernikov,A. E. Tarnaikin, and A.N. Samsonov. Continuous detonation of a hydrogen ς oxygen gas mixture in a 100 mm plane-radial combustor with 

exhaustion toward the periphery //  Shock Waves. 2020. V. 30, Iss. 3, p. 235-243. https://doi .org/10.1007/s00193-019-00919-x.  

.̅ .s ˣ·͍͙͚ͦͫ͟͟Σ .˿ .s ˬ͒͊ͤ, .˩ .̅ ˤ͔͔͙͍͒ͪͤͦ͟Σ .s .˹ ˿͍͊ͣͫͦͤͦΣ .˩ .˶ ˽͍ͦͨͦ. ˹͔͔ͨͪͪ·͍ͤ͊Ύ ͔͒ͭͦͤ͊ͼ͙Ύ ͔͙ͫͣͫ ͎͊ͦͦ͋ͪ͊ͤ͘͘·͚ ͍ͦ͒ͦͪͦ͒ - ͙͙͚͗͒͟ ͙ͫͦͪͦ͒͟͡  ͍͙ͨͦͫͦͪ͊͒͊͟͡͡Έ͚ͤͦ 
͔͔͊ͣͪ͟ ͫ  ͙͔ͫͭ;͔͙͔ͤͣ ͟  ͨ ͔͙ͪͺ͔͙͙ͪ κκ͙͙̅͊͘͟ ͎ ͔͙ͦͪͤΎ ͙  ͍ ͪ͘·͍͊. 2020, ́ . 56, Ѕ 6.  

ˤ͔͍ͨͪ·͔ ͔͙͍ͪ͊ͦ͊ͤ͘͡· ͔͙ͪ͗ͣ· ͔͔ͤͨͪͪ·͍͚ͤͦ ͙͍͚ͫͨͤͦͦ ό˹˿˨ύ  ͙
͔͔ͤͨͪͪ·͍͚ͤͦ ͎ͣͤͦͦͺ͍͚ͪͦͤͭͦͦ ό˹˸˨ύ ͔͒ͭͦͤ͊ͼ͙͚  ͍ ͎͍͚͊ͦͦ͘  ͙
͎͔͊ͦ͊ͨ͘͟͡Έ͚ͤͦ ͔͙ͫͣͫ ͎͊ͦͦ͋ͪ͊ͤ͘͘·͚ ͍ͦ͒ͦͪͦ͒-͙͙͚͗͒͟ ͙ͫͦͪͦ͒͟͡  ͍
͙ͨͦͫͦͪ͊͒͊͟͡͡Έ͚ͤͦ ͔͔͊ͣͪ͟  ͫ ͙͔ͫͭ;͔͙͔ͤͣ  ͟ ͔͙ͨͪͺ͔͙͙ͪΣ  ͫ
͍͔͙ͤͯͭͪͤͤͣ ͒ ͙͔͊ͣͭͪͦͣ 100 ͣ  ͙ͣ  ͤ ͊ͪͯ͗ͤ·͙ͣ ͒ ͙͔͙͊ͣͭͪ͊ͣ 300 ͙  
200 ͣ .ͣ 

˾͔͊ͫͫͣͦͭͪͤ͊ ͫͭͪͯͭͯͪ͊͟ ͔͒ͭͦͤ͊ͼ͙ͦͤͤ·ͻ ͍ͦͤ͡  ͙ ͔ͨ͊ͪ͊ͣͭͪ· 
ͨͪͦͼ͔ͫͫ͊Σ ͍͙͡ΎΌ΅͙͔ ͤ ͔͊ ͔͍͚͍ͫͦͫͭ͊. ˽ͦ͊͊ͤͦ͘͟Σ ;ͭͦ  ͍͔͔͊ͣͪ͟  ͫ
͔͙͔͊ͯ͗ͤͣ͘ ͪ͊ͫͫͭͦΎ͙ͤΎ ͔ͣ͗͒ͯ ͙͙ͨͦͫͣ͟͡ ͔͙ͫͭͤ͊ͣ͟ ˹˿ ˨  ͍͔͙ͫͣͫ 
͎͊ͦͦ͋ͪ͊ͤ͘͘·͚ ͍ͦ͒ͦͪͦ͒ ς ͙͙͚͗͒͟ ͙ͫͦͪͦ͒͟͡ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͭͦ͡Έͦ͟ 
͙ͨͪ ͙ͤ͊͡;͙͙ ͎͍͚͊ͦͦ͘ ͺ͊͘· ͙ͫͦͪͦ͒͊͟͡ ͔͔͋ͦ͡ 20%. ˤ·Ύ͍͔ͤͦ͡ 
͙͔ͨͦͦ͗ͭ͡͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͔͙͊ͯ͗ͤ͘Ύ ͍·ͻ͎ͦ͒ͤͦͦ ͔ͫ;͔͙ͤΎ ͔͊ͣͪ͟· 
ͤ ͊ͫ ͙͔͙͔ͤ͗ͤ ͤ ͙͙͗ͤͻ ͨ ͔͔͍ͪ͒ͦ͡ ͨ ͦͪ͊ͫͻͦ͒ͯ ͫ ͔͙ͣͫ. 

˨͔ ͭͦͤ͊ͼ͙͔ͦͤͤͦ ͎͔͙͔ͦͪͤ ͔͙ͫͣͫ ͍ͦ͒ͦͪͦ͒ - ͟ ͙ͫͦͪͦ͒͡ ͍ ͙ͨͦͫͦͪ͊͒͊͟͡͡Έ͚ͤͦ ͔͔͊ͣͪ͟ ͫ ͙͔ͫͭ;͔͙͔ͤͣ ͟ 
͔͙ͨͪͺ͔͙͙ͪ 

˿ͻ͔ͣ͊ ͙ͨͦͫͦͪ͊͒͊͟͡͡Έ͚ͤͦ ˴˿ ͫ ͙͔ͫͭ;͔͙͔ͤͣ ͟ ͔͙ͨͪͺ͔͙͙ͪ ͙ ͨͦ͒͊;͔͚ 
͙͎͗͒ͦͦ͟ ͙ͫͦͪͦ͒͊͟͡Φ 

ˢ͍ͭͦͪ·Υ ˣ·͍͙͚ͦͫ͟͟ ̅ΦˢΦΣ ˬ͒͊ͤ ˿ ΦˢΦ ͙ ͎͙͔͒ͪͯ 
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̅˥ˢ˻̂ ˤ˻ ζ́Ό͔͙͚ͣͤͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭηΣ ˮ͙ͤͫͭͭͯͭ ·-.LhΣ ˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ 
͔ͦͣͨͫͤ͊͟͟͡Ύ ͤ͊ͯ;ͤͦ-͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έͫ͊͟Ύ ͙͊͋ͦͪ͊ͭͦͪ͡Ύ  
ͨͦ ͙͘ ͯ;͔͙ͤΌ ͙͔͔͙ͣͤͤ͘Ύ ͙ͣ͊ͭ͊͟͡Σ ͔͔ͣͨͦ͘͡͡Έ͍͙ͦ͊ͤ͘Ύ ͙ ͙͙͋ͦͪ͊ͤͦͦ͋ͪ͊͘͘Ύ 

ˢ͍ͭͦͪ·: ˴ ͦͪͨͯͫ-˾͊ͪͦͫ ˶ Φ  ό͙͍͔͙͔̂ͤͪͫͭͭ ͙͙͙̅ͨͨͤ͡Σ ˶ͦͫ-ˣ͊ͤΈͦͫ), 
˩͙͍ͪͣͦ͡ ˿Φ˥Φ  (ˮ͙ͤͫͭͭͯͭ X-BIO ́ Όͣ˥̂) 

 
˽͙ͯ͋͊͟͡ͼ͙͙: 
LEONILA CORPUZ-RAROS & SERGEY G. ERMILOV Catalogue of oribatid mites (Acari: Oribatida) from Continental Southeast Asia (Zootaxa 4893) 216 pp.; 30 cm. 7 Dec. 2020 ISBN 978-1-77688-124-6 
(paperback) ISBN 978-1-77688-125-3 (Online edition)  

 
ˤ͔͍ͨͪ·͔ ͎͍͔ͨͦ͒ͦͭͦͤ͡ ˴͎͊ͭ͊ͦ͡ ͨ͊ͤͼ͙ͪͤ·ͻ ͔͟͡΅͔͚ (Acari, Oribatida), 
͔͎͙͙͍͊ͪͫͭͪͪͦ͊ͤͤ͘·ͻ ͍  ͟ ͙͔ͦͤͭͤͤͭ͊͡Έ͚ͤͦ ;͙͊ͫͭ ̑ ͎-ͦˤͦͫͭͦ;͚ͤͦ ˢ͙͙͘ ό˴̑ˤˢύΣ 
͘ ͔͙͊ͨͪͦ͒ 55 ͔ͭ͡  ͫ1965 .͎ ͨ ͔͍ͦͨͪͯΌ ͍͙ͨͦͦͤͯ͡ 2020 .͎ ˨͊ͤͤ·͚ ͔͎͙ͪͦͤ ͍͟͡Ό;͔͊ͭ 
 ͍ ͔ͫ͋Ύ ͫͭͪ͊ͤ·Σ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·͔ ͤ ͊ Ό͎ͦ-͍ͦͫͭͦ;ͤͦͣ ͔͔ͨͦ͋ͪ͗Έ͔ ˢ͙͎͊ͭͫͦͦ͘͟ 
͙͔ͦͤͭͤͤͭ͊͟Σ ͍͟͡Ό;͊Ύ ˸ΈΎͤͣͯ, ͙́͊͊ͤ͒͡Σ ˶͊ͦͫΣ ˴͊ͣ͋ͦ͒͗ͯ  ͙ ˤΈ͔ͭͤ͊ͣ. ˨͡Ύ 
͎͊͗͒ͦͦ͟ ͍͙͒͊ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͍͟͡Ό;͔͊ͭ  ͍ ͔ͫ͋Ύ ͫͫ·͙͟͡ ͤ ͊ ͙͎͙ͦͪͤ͊͡Έ͔ͤͦ 
͔͍͙͙͔ͨͪͦͦͨͫ͊ͤ, ͒͊͡Έ͔͚ͤ΄͙͔ ͙ͭ͊ͫͦͤͦͣ͟;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ: ͔͔ͨͪͤͦͫ ͍͙͒͊  ͍
͎͙͔͒ͪͯ ͪͦ͒·Σ ͣ͊͒͡΄͙͔ ͙͙ͫͤͦͤͣ·Σ ͦͭͦͪ͟·͔ ͣͦ͗ͤͦ ͍͔͙ͫͭͪͭͭΈ  ͍ ͤ͊ͯ;͚ͤͦ 
͙͔͔ͭͪ͊ͭͯͪ͡ ͨ ͦ ˴̑ˤˢΣ ͒͊ͤͤ·͔  ͦ ͙͍ͭͨͦͦͣ ͔͙͙͙ͣͫͭͦͦ͋ͭ͊ͤ  ͙ ͔͔͋ͦ͡ ͙ͨͦ͒ͤ͘ͻ 
͔ͣͫͭ͊ͻ ͤ͊ͻͦ͒ͦ͟Σ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͨ ͦ ͔͎͙ͪͦͤͯ ˴̑ˤˢ  ͙ ͘ ͊ ͔͎ͦ ͔͔͙ͨͪ͒͊ͣ͡. 
˴͎͊ͭ͊ͦ͡ ͔͍ͨͪ͒͊ͪΎ͔ͭ ͙͙ͫͭͦͪ;͔͙͚ͫ͟ ͦ͋ͦͪ͘ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡  ͙ ͙ͭ͊ͫͦͤͦͣ͟;͔͙ͫ͟ͻ 
ͪ͊͋ͦͭ ͍  ͪ ͙͊͘͡;ͤ·ͻ ͫ ͭͪ͊ͤ͊ͻ ˴ ̑ˤˢ. 
 

 
˴͎͊ͭ͊ͦ͡ ͨ͊ͤͼ͙ͪͤ·ͻ ͔͟͡΅͔͚ όAcari, Oribatida), ͘ ͔͎͙͙͍͊ͪͫͭͪͪͦ͊ͤͤ·ͻ 

͍ ͦ͟ ͙͔ͤͭͤͤͭ͊͡Έ͚ͤͦ ;͙͊ͫͭ ͎̑-ͦˤͦͫͭͦ;͚ͤͦ ˢ͙͙͘  

˹͙͔͍͙͔͊ͣͤͦ͊ͤ ͙ͪͫͯͤ͊͟ψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψ 



˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͊ͣ͊͊͘͡ ͨͦ͒ ͔͚͍͙͔͒ͫͭͣ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ ͍ ͙͙ͣ͊ͤͭ ˭͔͙ͣ͡  

ˤ͔͍ͨͪ·͔ ͔͔ͨͪ͒ͦ͗ͤ͊͡  ͙Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ ͍ͦ͋ͦͫͤͦ͊ͤ͊  ͔ͣͦ͒͡Έ 
͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ  ͊ ͣ͊͊͘͡  ͍͍͙ͯͫͦ͡Ύͻ ͙͙ͣ͊ͤͭ ˭͔͙ͣ͡ ͙ͨͪ ͍͔͚͍͙͙ͦ͒ͫͭ͘ 
Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ ͤ ͊͊ͪ͋ͦͤ͊ͭͤ͟·͔  ͙͊ͪ͋ͦͤ͊ͭͤͦ͟-͙͙ͫ͊ͭͤ͟͡·͔ 
͍ͪ͊ͫͨ͊͡·Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͨ ͦ ͍ͫͦͫͭ͊ͯ ͙ͨͪͪͦ͒ͤ·ͣ 
͊ͣ͊ͦͦ͋ͪ͊ͯ͘͘͡Ό΅͙ͣ ͔ͫͪ͒͊ͣ.  
͍͔̂ͫͭ͊ͤͦͤͦ͡, ;ͭͦ ͘ ͊ ͫ;͔ͭ ͙ͪ͊ͤͦͫͭ͘ ͔ͨͦͭͤͼ͙͍͊ͦ͡ (0,4-1 ͍ͦ͡Έͭύ 
͙ͨͪͦͫͻ͙ͦ͒ͭ Ήͫͭͪ͊͟͟ͼ͙Ύ ͎͔ͯͪͦ͒͊͡ ͙ ͘ ͍͊ͪ͋ͦͤ͊ͭͦ͟  ͙
͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙Ύ ͊ͣ͊͊͘͡ ͤ ͔͊͊ͭͦ͒͟  ͍͊ͫͫͦͼ͙͊ͼ͙͙   ͙͚ͫͣ͊ͤͭͤ·͙ͣ 
͙͔͙ͣͤͪ͊͊ͣ͡.  
 ʕ ͙ͯ͘;͔ͤͤͦͣ ͨͪͦͼ͔͔ͫͫ ͊ͪ͋ͦͤ͊ͭ͟· Ύ͍͡ΎΌͭͫΎ ͎͍͊ͤ͡·͙ͣ 
͔͙ͦͣͨͦͤͤͭ͊ͣ͟ ͔ͫͪ͒· ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙ ͊ͣ͊͊͘͡  ͙͔͙͍͔͒ͤͫͭͤͤ·ͣ 
͙ͫͭͦ;͙ͤͦͣ͟ ͎͔ͯͪͦ͒͊͡.  
˽ͦͯ͡;͔ͤͤ·͔ ͪ ͔ͯ͘͡Έͭ͊ͭ· Ύͫͤͦ ͒ ͔͙ͣͦͤͫͭͪͪͯΌͭΣ ;ͭͦ Ή͔͙ͭͪ͟͡;͔͙͔ͫ͟ 
ͨͦ͡Ύ  ͎ͣͦͯͭ ͤ͊͘;͙ͣͦ ͍͙͡ΎͭΈ ͤ ͊ ͙͚ͣ͊ͤͭͤ·͔ 
͙͔ͣͤͪ͊ͦͦ͋ͪ͊ͯ͘͡Ό΅͙͔ ͨͪͦͼ͔ͫͫ·Σ ͙͔ͦͭͦͨͤͦ͘ ͺͪ͊͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ 
͎͔ͯͪͦ͒͊͡ ͙  ͎ ͦ͋͊͡͡Έͤ·͚ ͯ ͎͔ͪͦ͒ͤ͡·͚ ͼ͙͟͡. 

˽͙ͯ͋͊͟͡ͼ͙͙Υ 
Y.N. Palyanov, Y.M. Borzdov, A.G. Sokol, Y.V. Bataleva, I.N. Kupriyanov, V.N. Reutsky, M. Wiedenbeck, N.V. Sobolev. Diamond Formation in an Electric Field under Deep Earth Conditions. Science 
Advances. Doi: 10.1126/sciadv.abb4644     (IF=13.1) 

ˮͫͭͦ;͙ͤ͟ ͺ͙͙͍͙ͤ͊ͤͫͪͦ͊ͤΎΥ ˥ͪ͊ͤͭ ˾˹̅ Ѕ мф-17-00075  

ˮ͙ͤͫͭͭͯͭ ͎͔͎͙͙ͦͦ͡ ͙ ͙͔͎͙͙ͣͤͪ͊ͦ͡ ͙ͣΦ ʕ Φ˿Φ ˿ ͔͍ͦ͋ͦ͊͡ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾ ͙͚͚ͦͫͫͫͦ͟ 
͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 

ˢ͍ͭͦͪ·: ˽͊͡ΈΎ͍ͤͦ .̑ .˹, ˣ͍ͦͪ͒ͦ͘ .̑ .˸, ˿ͦͦ͟͡ .s .˥, ˴͙ͯͨͪΎ͍ͤͦ .ˮ .˹, 
˾͔͙͚ͯͭͫ͟ ʕ . .˹, ͊ ͔͙͊͒ͣ͟͟ ˾ ˢ˹ ˿ ͔͍ͦ͋ͦ͡ ˹ . .ʕ  



ˮ͙ͤͫͭͭͯͭ ͎͔ͦͻ͙͙͙ͣ ͙ͣΦ ˢΦ˽Φ ˤ͙͎͍ͤͦͪ͊͒ͦ͊ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ 
͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 

͍͔̂ͫͭ͊ͤͦͤͦ͡, ;ͭͦ ͔͙͙͊ͪͫͤͦͨͪͭ·  ͙ ͙͙ͨͪͭ· ͎ͦͦͭͦͪͯ͒ͤͦͦ͘͡ 
͔͔͙ͣͫͭͦͪͦ͗͒ͤΎ ˹͙͔͊ͭ͊ͤͫͦ͟͟͡ Ύ͍͡ΎΌͭͫΎ ͦͤ͟ͼ͔͙ͤͭͪ͊ͭͦͪ͊ͣ ͤ ͔
ͭͦ͡Έͦ͟ Au, ͤ ͦ  ͙ ͙͙͍ͨ͊ͭͤͦ͒ͦ͡. ˹͙͔͔͊͋ͦ͡ ͍·͙͔ͫͦ͟ ͙ͻ 
ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ό ͍͎κͭύ ͔ͦͭͣ;͔ͤ·  ͍ͣͦͤͦͺͪ͊͟ͼ͙Ύͻ ͔͙͙͊ͪͫͤͦͨͪͭ͊ ς 
Pt ͒ ͦ127.9, Pd ͒ ͦ19.7, Ru ͒ ͦ86.3  ͙Rh ͒ ͦ21.4, ͔͔͔ͣͤ ͍·͙͔ͫͦ͟  ͍
ͣͦͤͦͺͪ͊͟ͼ͙Ύͻ ͨ ͙͙ͪͭ͊ ς Pt ͒  ͦ29.1, Pd ͒  ͦ15.1, Ru ͒  ͦ57.8 ͙  Rh ͒  ͦ
5.9. ˤ·Ύ͍͔ͤ͡· ͍͔͒ ̅  ˹͍͔ͪ͊ͤͦͣͪͤͦ ͔͔͔ͪ͊ͫͨͪ͒ͤͤ͡·ͻ Pt, Pd, Ru  ͙
Rh ς ͫͭͪͯͭͯͪͤ͊͟Ύ  ͙͍͔ͨͦͪͻͤͦͫͭͤ͊ΎΣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͻ͙͙ͣ;͔͙ͫ͟ 
͍ͫΎ͊ͤͤͦͣͯ͘ Ή͔͔ͣͤͭͯ͡  ͍ ͔ͫͭͪͯͭͯͪ͟ ͙͔ͣͤͪ͊͊͡  ͙  ͍ ͔ͫͭͪͯͭͯͪ͟ 
ͤ͊ͻͦ͒Ύ΅͔͚ͫΎ ͤ ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͙ͪͫͭ͊͊͟͡͡ ͔͚ͤ͊ͤͦͪ͊ͣͪͤͦ͘ 
͔͍͚ͤ͊ͭͦͤͦͣͤͦ ͺ͊͘· ό˹̅ύ. ˽͔ͦͫ͒ͤ͡ΎΎ ͔͔ͨͪͦ͋͊͒͊ͭ͡. ˽ͦͯ͡;͔ͤ· 
͔͍ͨͪ·͔ ͒͊ͤͤ·͔ ͨ ͦ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ Os  ͙ Ir ͤ ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ 
͙ͯ͘;͔ͤͤ·ͻ ͣ ͙͔͍ͤͪ͊ͦ͡.  

˻͔͙ͫͦ͋ͤͤͦͫͭ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͙ ͺͦͪͣ· ͤ͊ͻ͔͙ͦ͗͒ͤΎ ό̅˹ύ ̏˽˥ όPt, Pd, Ru, Rh, Ir, Osύ ͍ 
͔͙͙͊ͪͫͤͦͨͪͭ͊ͻ ͙ ͙͙ͨͪͭ͊ͻ ͎ͦͦͭͦͪͯ͒ͤͦͦ͘͡ ͔͔͙ͣͫͭͦͪͦ͗͒ͤΎ ˹͙͔͊ͭ͊ͤͫͦ͟͟͡ ό˿͔͍͔ͪͦ-ˤͦͫͭͦ͟ ˾͙͙ͦͫͫύ  

ˢ͍ͭͦͪ·Υ ˴ ͍ͪ͊ͼ͍ͦ͊ ˾Φ˥ΦΣ ́͊ͯͫͦͤ ʕ Φ˶Φ ͙ ͒ͪΦ 

˾͔ͯ͘͡Έͭ͊ͭ· ͙͔ͣΌͭ ͊͋ͫͦ͡Όͭͤ·͚ ͙͍͚ͣͪͦͦ ͙͙͔ͨͪͦͪͭͭ  ͙͍͊͗ͤ· ͒͡Ύ ͔͙͙ͭͦͪ ͍͙ͪͯ͒ͦͦ͋ͪ͊ͦ͊ͤ͘Ύ  ͙͙͙ͨͪ͊ͭ͟͟ ͦͼ͔͙ͤ͟ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ 
͔ͨͦͭͤͼ͙͊͊͡ ͘ ͦͦͭͦͪͯ͒ͤ͡·ͻ ͣ ͔͔͙͚ͫͭͦͪͦ͗͒ͤ. ˽ ͙͍͙͔ͪͫͯͭͫͭ ͍  ͪ ͯ͒͊ͻ ͨ ͙͙͍͊ͭͤͦ͒ͦ͡ ͙  ͍ ͦͣͦ͗ͤͦͫͭ͘Έ ͙ ͻ ͙ ͍͔͘͡;͔͙ͤΎ ͘ ͤ͊;͙͔ͭ͡Έͤͦ ͨ ͍ͦ·΄͔͊ͭ 
ͼ͔ͤͤͦͫͭΈ ͒ͦ͋·͍͔͎͊ͣͦͦ ͎ͦͦͭͦͪͯ͒ͤͦͦ͘͡ ͫ·ͪΈΎΣ ͪ ͊ͫ΄͙ͪΎ͔ͭ ͎ͪͯ͟ ͙ ͍͔ͫͭͤ͘·ͻ ͨ ͙͊ͭͤͦͤͦͫͤ͡·ͻ ͅ ͦͪͣ͊ͼ͙͚. 

˽͙ͯ͋͊͟͡ͼ͙͙Υ  
˴͍ͪ͊ͼ͍ͦ͊ ˾Φ˥ΦΣ ́͊ͯͫͦͤ ʕ Φ˶ΦΣ ˥ͦͪΎ;͔͍ ˹ΦˢΦΣ ˸͊͟΄͍͊ͦ͟ s Φ˿ΦΣ ˢ͔ͪͫͤͭΈ͔͍ ˴Φ̑ΦΣ ˶͙ͨͦ͟ ˿ΦˤΦ ˮͯ͘;͔͙͔ͤ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔͙͙͊ͪͫͤͦͨͪͭ͊ ͙ ͙͙ͨͪͭ͊ ͎ͦͦͭͦͪͯ͒ͤͦͦ͘͡ ͔͔͙ͣͫͭͦͪͦ͗͒ͤΎ  ˹͙͔͊ͭ͊ͤͫͦ͟͟͡ ό˿͔͍͔ͪͦ-ˤͦͫͭͦ͟  
˾͙͙ͦͫͫύ  ͔ͣͭͦ͒ͦͣ  ͙ͫ͊ͤͪͯ͟Ό΅͔͚  Ή͔͚ͭͪͦͤͤͦ͟͡ ͙͙͙ͣͪͦͫͦͨ͟͟Φ ˥͔ͦͻ͙͙ͣΎΦ нлнлΦ ́Φ срΦ ЅрΦ ͫΦ псп-472. DOI: 10.31857/S0016752520050040  
Kravtsova R.G., Tauson V.L., Makshakov A.S., Bryansky N.V., Smagunov N.V. Platinum Group Elements in Arsenopyrites and Pyrites of the Natalkinskoe Gold Deposit (Northeas-tern Russia). Minerals. 2020. V. млΦ ЅпΦ 
Article No 318 (pp. 1-36). DOI: 10.3390/min10040318 

https://doi.org/10.3390/min10040318


ˮ͙ͤͫͭͭͯͭ ͔͚ͣͤͦ͘ ͦͪ͟· ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 

ˢ͍ͭͦͪ: ˨ ͦͤͫ͊͟Ύ ́ . .ʕ 

˽͙ͯ͋͊͟͡ͼ͙͙:  
Donskaya T.V. Assembly of the Siberian Craton: Constraints from Paleoproterozoic Granitoids //  Precambrian Research, 2020, v. 348, 105869. IF=4.427 

ˤ͔͍ͨͪ·͔ ͍·͔͔͒ͤ͡· ͍ͦͫͤͦͤ·͔ Ήͭ͊ͨ· ͔͔͚͎ͪ͊ͤͤͨͪͦͭͪͦͦͫͦͦ͘͟ ͎͙͙͎ͪ͊ͤͭͦ͒ͤͦͦ 
͎͙ͣ͊ͣ͊ͭͣ͊͘  ͍͔͔ͨͪ͒͊͡ͻ ˿͙͙͎͋ͪͫͦͦ͟ ͪ͊ͭͦͤ͊͟  ͙͍ͦ͋ͦͫͤͦ͊ͤ· ͟͡Ό;͔͍·͔ ͙͙ͫͭ͊͒ 
͍͔͙ͫͭ͊ͤͦͤ͡Ύ ͫͭͪͯͭͯͪ͟· ͪ͊ͭͦͤ͊͟  ͙ ͔͎ͦ Ή͍ͦ͡Όͼ͙͙. ͍͔̂ͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ ͙͔ͪ͊ͤͤ 
Ήͭ͊ͨ· ͎͙͙͎ͪ͊ͤͭͦ͒ͤͦͦ ͎͙ͣ͊ͣ͊ͭͣ͊͘ (2.52  2.40 ͣͪ͒͡ ͔ͭ͡  ͙2.15 ς 2.04 ͣͪ͒͡ ͔ͭ͡ύΣ 
ͨͪͦΎ͍͔ͤͤ͡·͔  ͍ ͔͔ͨͪ͒͊͡ͻ ͪ͊ͭͦͤ͊͟, ͔ͨͪ͒΄͔͍͍͙ͫͭͦ͊͡ ͨͪͦͼ͔ͫͫ͊ͣ ͔͎ͦ 
ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ. ˸͎͙͊ͣ͊ͭͣ͘  ͍ͫͦͪ͊ͫͭͦͣ͘ 2.06 ς 2.00 ͣͪ͒͡ ͔ͭ͡ ͋·͡ ͍ͫΎ͊ͤ͘  ͫ
ͨͪͦͼ͔͙ͫͫ͊ͣ ͫͯ͋͒ͯ͟ͼ͙͙ ͨͦ͒ ͊ͪͻ͔͚͙͔ͫ͟ ͔͔͚ͭͪͪͤ·, ͍ͦ΄͔͒΄͙͔  ͍͔ͨͦͫ͒ͯ͡Ό΅͔ͣ  ͍
ͫͭͪͯͭͯͪͯ͟ ͪ͊ͭͦͤ͊͟. ˥͙͙ͪ͊ͤͭͦ͒· ͍͎ͦͪ͊ͫͭͤͦͦ͘ ͙͒͊ͨ͊ͦͤ͊͘ 2.00 ς 1.87 ͣͪ͒͡ ͔ͭ͡ 
Ύ͍͡ΎΌͭͫΎ ͙͙͙ͤ͒͊ͭͦͪ͊ͣ͟ ͔ͭͪͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ·ͻ Ή͍ͭ͊ͨͦ ͨͪͦΎ͍͔͙ͤ͡Ύ 
͔͊ͪ͟͟ͼ͙ͦͤͤͦ-͙͙ͦͦͤͤ͘͟͡͡·ͻ ͫͦ͋·͙͚ͭ: 2.00ς1.95, 1.95ς1.90  ͙ 1.90ς1.87 ͣͪ͒͡ 
͔ͭ͡Σ ͙͍͔ͨͪ͒΄͙ͻ  ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό ͪ͊ͭͦͤ͊͟ ͊͟͟ ͔͙͚͒ͤͦ ͫͭͪͯͭͯͪ͟· 
͙͙͍͚ͦͤͫͦ͒ͪͦ͊ͤͤͦ͟͡ ͙͔ͦͤͭͤͤͭ͊͟͡Έ͚ͤͦ ͙ͭͦͫ͡ͺ͔ͪ·. ˥͙͙ͪ͊ͤͭͦ͒ͤ·͚ ͎͙ͣ͊ͣ͊ͭͣ͘  ͫ
͍ͦͪ͊ͫͭͦͣ͘ 1.88 ς 1.84 ͣͪ͒͡ ͔ͭ͡ ͺ͙͙͔ͫͪͯͭ͟ ͨͦͫͭ-͙͙͔ͦͦͤͤͦ͘͟͡͡ ͪ͊ͫͭΎ͔͙͔͗ͤΣ 
ͦͭͪ͊͗͊Ό΅͔͔ ͦͦͤ͟;͙͔͊ͤ ͨͪͦͼ͔ͫͫ͊ ͍͔͙ͫͭ͊ͤͦͤ͡Ύ ˿͙͙͎͋ͪͫͦͦ͟ ͪ͊ͭͦͤ͊͟. 
˥͙͙ͪ͊ͤͭͦ͒·  ͫ ͍ͦͪ͊ͫͭͦͣ͘ 1.76 ς 1.71 ͣͪ͒͡ ͔ͭ͡ Ύ͍͡ΎΌͭͫΎ ͙͙͙ͤ͒͊ͭͦͪ͊ͣ͟ 
ͨͪͦͼ͔͍ͫͫͦ ͦ͊͟͡͡Έ͎ͤͦͦ ͍͙͙͔ͤͯͭͪͦͤͭͤͤͭ͊͟͡Έ͎ͤͦͦ ͪ͊ͫͭΎ͔͙͗ͤΎ  ͍ ͔͔ͨͪ͒͊͡ͻ 
ͪ͊ͭͦͤ͊͟. ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͤ ͊ ͍͙͙ͦͫͤͦ͊ͤ ͙ͯ͘;͔͙ͤΎ ͔͔͚͙ͪ͊ͤͤͨͪͦͭͪͦͦͫ͘͟ͻ 
͎͙͙͍ͪ͊ͤͭͦ͒ͦ ͪ͊ͫ΄͙ͺ͍ͪͦ͊ͤ ͫͼ͔͙͚ͤ͊ͪ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ˿͙͙͎͋ͪͫͦͦ͟ ͪ͊ͭͦͤ͊͟ ς 
͔͚ͪͯͨͤ͟΄͔͚ ͭ ͔͙ͭͦͤ͟;͔͚ͫͦ͟ ͔͙͙͒ͤͼ· ˿ ͔͍͔͚ͪͤͦ ˩ ͍͙͙ͪ͊͘ ˻͍ͫͤͦͤ·͔ Ή͔͔ͣͤͭ͡· ͫͭͪͯͭͯͪ͟· ͺ͔ͯͤ͒͊ͣͤͭ͊ ˿͙͙͎͋ͪͫͦͦ͟ 

ͪ͊ͭͦͤ͊͟ 

˻ͫ ͍ͤͦͤ·͔ Ήͭ͊ͨ· ͔͔͚͎ͪ͊ͤͤͨͪͦͭͪͦͦͫͦͦ͘͟ ͎͙͙͎ͪ͊ͤͭͦ͒ͤͦͦ ͎͙ͣ͊ͣ͊ͭͣ͊͘ ͍  ͔͔ͨͪ͒͊͡ͻ ˿͙͙͎͋ͪͫͦͦ͟ ͪ͊ͭͦͤ͊͟, 
͟͡Ό;͔͍·͔ ͙͙ͫͭ͊͒ ͍͔͙ͫͭ͊ͤͦͤ͡Ύ ͫͭͪͯͭͯͪ͟· ͪ͊ͭͦͤ͊͟ ͙  ͔͎ͦ Ή͍ͦ͡Όͼ͙͙ 



ˢ͍ͭͦͪ·: ;.͡- .͟ ˾ˢ˹ ˴͍ͯ͊ͦ͟͡ .ˮ .̑, ͍͔͍̒ͦ͟͡ .s .ʕ, ˩͎ͦͪͯ΄͙ͤ͟ .ˮ .ˮ, ͔͙͊͊͒ͣ͟͟ ˾ˢ˹ ˥͔͔͍ͦͪ͒ .˩ .ˮ, 
͔͍̉͋ͪͦ ˨ . .ʕ, ˿ ͔ͤΌ͍ͦ͟ ˿ . .˶, ̊ ͙͊ͨͪͦ ˹ . .˸ 
  

˽͙ͯ͋͊͟͡ͼ͙͙Υ 
Koulakov I., et al.(2020), Mantle sources of magmatic activity in the Northern group of volcanoes in Kamchatka inferred from earthquake tomography, J. Geophys. Res., Solid Earth, e2020JB020097. 
DOI:10.1029/2020JB020097 (Q1, IF 3.44) 
˩͎ͦͪͯ΄͙ͤ͟ ˮΦ ˮΦΣ ͙ ͒ͪΦ όнлнлύΣ ˿ͭͪͯͭͯͪ͊͟ ͍͔ͪͻ͔͚ͤ ͦͪ͟· ͨͦ͒ ͍͙ͯ͊ͤ͊ͣ͟͡ ˴͡Ό;͔͍͚ͫͦ͟ ͎ͪͯͨͨ· ͨͦ ͒͊ͤͤ·ͣ ΄͍͚ͯͣͦͦ ͎ͭͦͣͦͪ͊ͺ͙͙Φ ˥͔͎͙ͦͦ͡Ύ ͙ ͎͔ͦͺ͙͙͊͘͟, DOI 10.15372/ GiG2020184 
˥͔͔͍ͦͪ͒ ˩ΦˮΦΣ ͙ ͒ͪΦ όнлнлύΣ ˿͙͔ͫͭͣ͊ ͎͙ͣ͊ͣ͊ͭ;͔͎ͫͦͦ͟ ͙͙ͨͭ͊ͤΎ ˴͡Ό;͔͍͚ͫͦ͟ ͎ͪͯͨͨ· ͍͍ͯ͊ͤͦ͟͡Σ ˨ͦ͊͒͟͡· ˾ˢ˹, 493, 2, 68-73. DOI: 10.31857/S2686739720080083 
˥͔͔͍ͦͪ͒ ˩ΦˮΦΣ ͙ ͒ͪΦ όнлнлύΣ ˻͔͙ͫͦ͋ͤͤͦͫͭ ͫͯ͋͒ͯ͟ͼ͙͙ ͍ ͔ͦͤ͘ ͫͦ;͔͔͙ͤͤ͡Ύ ˴͙ͯͪͦ͡-˴͊ͣ;͚͊ͭͫͦ͟ ͙ ˢ͔͚ͯͭͫͦ͟͡ ͍ͦͫͭͪͦͤ·ͻ ͎͒ͯΣ ˨ͦ͊͒͟͡· ˾ˢ˹, 494, 2, 31-36  
Green, R. G. et al. (2020). Magmatic and sedimentary structure beneath the Klyuchevskoy volcanic group, Kamchatka, from ambient noise tomography. Journal of Geophysical Research: Solid Earth, 125, e2019JB018900 
(Q1, IF 3.44) 

˨͔ͭ͊͡Έͤ͊Ύ ͫͭͪ ͯͭͯͪ͊͟ ͎͙ͣ͊ͣ͊ͭ;͔͙ͫ͟ͻ ͙ͫͭͦ;͙͍ͤͦ͟ ͨͦ͒ ˿͔͍͔͚ͪͤͦ ͎͚ͪͯͨͨͦ ͍͍ͯ͊ͤͦ͟͡ ͤ͊ ˴͊ͣ;͔͊ͭ͟ 

˽ͦͯ͡;͔ͤ͊ ͔͔͋ͫͨͪͼ͔͔͒ͤͭͤ͊Ύ ͨ ͦ ͔͒ͭ͊͡Έ͙ͤͦͫͭ 
͔ͣͦ͒͡Έ ͔͙ͫͭͪͦͤΎ ͦͪ͟·  ͙ ͍͔ͪͻ͍ͦ ͙͙ͣ͊ͤͭ ͨͦ͒ 
˿͔͍͔͚ͪͤͦ ͍͙ͯ͊ͤ͟͡;͔͚ͫͦ͟ ͎͚ͪͯͨͨͦ ͤ ͊˴͊ͣ;͔͊ͭ͟Σ 
ͯ͒͊͟ ͍ͻͦ͒Ύͭ ͍ͯ͊ͤ͟͡· ͙͍͔̊ͯ͡;Σ ˴͡Ό;͔͍͚ͫͦ͟Σ 
ˣ͔͘·ͣΎͤͤ·͚  ͙́ͦ͋͊͡;͙͟, Ύ͍͡ΎΌ΅͙͔ͫΎ ͙͙ͦ͒ͤͣ 
͙ ͙͔͔ͤ͊͋ͦ͘͡ ͙͍͊ͭͤ͟·ͻ  ͍͙͔ͣͪ. ˨͊ͤͤ͊Ύ ͪ͊͋ͦͭ͊ 
ͫͭ͊͊͡ ͍͚ͦͣͦ͗ͤͦ͘Σ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͔ͫͦͣͫͭͤ·ͣ 
͙͙ͯͫ͡Ύͣ ͙͚͙ͪͦͫͫͫ͟ͻΣ ͔͔ͤͣͼ͙͟ͻ  ͙ ͺͪ͊ͤͼ͙ͯͫ͘͟ͻ 
͎͙ͦͪ͊ͤ͊͘ͼ͙͚ ͨ ͦ ͍͔ͯͫͭ͊ͤͦ͟ ͔͙ͫͭ KISS, 
͍͟͡Ό;͊Ό΅͔͚ ͔͔͋ͦ͡ ͙ͫͦͭͤ ͔͚͙ͫͫͣ;͔͙ͫ͟ͻ 
ͫͭ͊ͤͼ͙͚. ˽ͦͯ͡;͔ͤͤ·͔ ͔͚͙ͫͫͣ;͔͙͔ͫ͟ ͫͭͪͯͭͯͪ͟·  ͙
͍·Ύ͍͔ͤͤ͡·͔ ͔͔ͣͭͪ͘͡Ύ͔͙ͫͤΎ ͙ͣ͊ͪͪͯ͟Όͭ ͨͦ͒Ά͔ͣ 
͎ͦͪΎ;͔͎ͦ ͍͔΅͔͍ͫͭ͊ ͨͦ͒ ͙͍͔̊ͯ͡;͔ͣ ;͔͔ͪ͘ 
ͪ͊ͪ͘·͍  ͍͙́ͻ͔͚ͦͦ͊ͤͫͦ͟͟ ͙͔ͨͭ͡. ˽͙ͪ ͙͔͙͙͒ͦͫͭ͗ͤ 
ͨͦ͒ͦ΄͍· ͦͪ͟·Σ Ήͭͦͭ ͨͦͭͦ͟ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎ͔ͭͫΎ  ͍
ͫͭͦͪͦͤͯ ˴͡Ό;͔͍͚ͫͦ͟ ͎ͪͯͨͨ·  ͙ ˴͙͙͔ͣͤ͊͘, 
ͺ͙ͦͪͣͪͯΎ ͭ͊ͣ ͣ ͎͙͊ͣ͊ͭ;͔͙͔ͫ͟ ͦ;͎͙͊ 

˿͔͚͙ͫͣ;͔͙͔ͫ͟ ͙͙͊ͤͦͣ͊͡ ͍͒ͦ͡Έ ͔ͫ;͔͙ͤΎ  
͙͍͔̊ͯ͡; - ˴ ͙͙͔ͣͤ͘ ͙ ͙ͻ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ 

ˮ͙ͤͫͭͭͯͭ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͎͔͎͙͙ͦͦ͡ ͙ ͎͔ͦͺ͙͙͙͘͟ ͙ͣΦ ˢΦˢΦ ́ͪͦͺ͙ͣͯ͊͟ ˿ ͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ 
˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟Σ ˮ͙ͤͫͭͭͯͭ ͍͎͙͙ͯ͊ͤͦͦ͟͡͡ ͙ ͔͚͎͙͙ͫͫͣͦͦ͡ ˨ˤ˻ ˾ˢ˹Σ ˴̅ ̅ˮ̇ ˩˥˿ ˾ˢ˹ 



˽͙ͯ͋͊͟͡ͼ͙͙: 
˴͎͔ͯ͗ͯͭ ˾ ΦˤΦΣ ˢͤͯ͟΄͔͍͊ ˹ Φ˹ΦΣ ˽ͪͦͦͨ͟Έ͔͍ ˮΦ˾ΦΣ ˾͔͙͒ͤ͊ ˢΦˢΦ ˸͙͔͎ͤͪ͊ͦͦ͡-͎͔ͦͻ͙͙ͣ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ ͍͙ͯͫͦ͡Ύ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͦͦͭͦ͘͡-ͫͯ͡Έͺ͙͒ͤͦ-͍͊ͪ͟ͼ͔͍͎ͦͦ ͔͔͙ͣͫͭͦͪͦ͗͒ͤΎ ́͊ͪ͒͊ͤ-н ό˿͔͍͔ͪͦ-
ˤͦͫͭͦ;ͤ͊Ύ ͍́ͯ͊ύ κκ ˥͔͎͙ͦͦ͡Ύ ͙ ͎͔ͦͺ͙͙͊͘͟Φ ς 2020. ς ́ Φ смΦ ς Ѕ нΦ ˿. 194ς215.  
  

˨͔ͭ͊͡Έͤ·͙ͣ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ͙ͣ ͍͔ͯͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ ͣ͊ͦͫͯ͡͡Έͺ͙͒ͤ·͔ 
΄͍͔͍ͭͦͪͦ͟͟·͔ ͦͦͭͦͪͯ͒ͤ͘͡·͔ ͔͔͙ͣͫͭͦͪͦ͗͒ͤΎ (́͊ͪ͒͊ͤ, ˣ͊ͪͫͯ;͙͚Σ ˴ͦͨͭͦ  ͙
.ͭ .͒) ͎́͊ͪ͒͊ͤͫͦͦ͟ ͎ͪͯ͒ͤͦͦ ͯ͊͘͡ ό́˾̂ύ -˿  ʕ͍́ͯ·  ͍ͫ͊ͪͤ͊͟ͻ ͎͔͔͙ͨ͊ͪ͊ͤͭ;͔͙ͫ͟ 
͍ͫΎ͊ͤͤ͘·͔  ͎͙͙ͫͪ͊ͤͭͦ͒ͤ·͙ͣ ͙͙ͤͭͪͯ͘Ύ͙ͣ ͔ͪ͊ͤͤͭ͊ͤͤͯͦ͡Έ͎ͫͦͦ͟ ͔ͦͣͨͫ͊͟͟͡ 
(O1tn) ͙͔ͣΌͭ ͎͙͔͒ͪͦͭͪͣ͊͡Έͤ·͚ ͎͔͔͙ͤͫ͘  ͙ ͫͦͨͪΎ͔͗ͤ· ͫ ͦ
͔͔͔͔ͫͪ͒ͤͭͣͨͪ͊ͭͯͪͤ·͙ͣ ͔͙͙ͣͭ͊ͫͦͣ͊ͭͭ͊ͣ ͙͍͔͙ͫͭͤͭ͡-͔͔͙͍͎͋ͪͭͦͦͦ͘ ͪΎ͒͊. 
˾ͯ͒· Ή͙ͭͻ ͦ͋Ά͔͍ͭͦ͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎ Au-Cu-Bi-Te-AsÑSbÑZn ͎͔ͦͻ͙͙ͣ;͔͚ͫͦ͟ 
͔ͫͨͼ͙͙͊͊͘͡ͼ͙͔͚  ͙ ΄͙͙ͪͦͣ͟ ͙͔ͪ͊ͤͦͦ͋ͪ͊ͣ͘͘ ͙͔ͣͤͪ͊͡Έͤ·ͻ ͺͦͪͣ Bi 
όͫ͊ͣͦͪͦ͒ͤ·͚ Bi, ͔͙ͭͯͪ͒͡͡·  ͙ͫͯ͡Έͺ͔͙ͦͭͯͪ͒͡͡· Bi, ͍͙͙ͫͣͯͭͤΣ ͣ͊͡Έ͙͒ͦͤͭ  ͙
͒.ͪ).  
͍͔̂ͫͭ͊ͤͦͤͦ͡, ;ͭͦ ͨ ͙͔͎ͦͣͤͪ͊ͦͦ͡-͎͔ͦͻ͙͙ͣ;͔͙ͫͣ͟ ͔ͦͫͦ͋ͤͤͦͫͭΎͣ ͦ͋Ά͔ͭ͟· 
́˾̂ ͙͙͋͘͟͡  ͔͔͙ͣͫͭͦͪͦ͗͒ͤ͟Ύͣ ͦͦͭͦ͘͡-͍͙͍͎ͫͣͯͭͦͦͦ ͎͔ͦͻ͙͙ͣ;͔͎ͫͦͦ͟ ͙ͭͨ͊Σ 
ͦͭͦͪ͟·͔ ͨ ͙ͦ͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͔͊ͪͯ͋͗ͤ͘·ͻ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ͍͔ͦͭ;͊Όͭ  ͊ͫͫͯ͟͟͡ 
͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ ͎͔͔͙ͨ͊ͪ͊ͤͭ;͔͙ͫ͟ ͍ͫΎ͊ͤͤ͘·ͻ  ͫ ͙͙ͤͭͪͯ͘Ύ͙ͣ όζintrusion 
related gold depositsηύΣ .ͭ .͔ ͎͔ͨͯͭͦͤͦͤͤͦ͡-͎͙͔͒ͪͦͭͪͣ͊͡Έͤ·ͣ 
͔͔͙ͣͫͭͦͪͦ͗͒ͤΎͣ Au. 

˥͔͎͙ͦͦ͡;͔ͫ͊͟Ύ ͫͻ͔ͣ͊ ͔͙ͫͭͪͦͤΎ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ;͙͊ͫͭ ͎́͊ͪ͒͊ͤͫͦͦ͟ 
͎ͦͦͭͦͪͯ͒ͤͦͦ͘͡ ͯ͊͘͡ ͨͦ ͒͊ͤͤ·ͣ ώ˴͙͡Έ;͙;͍͊ͦ͟ ͙  ͒ͪΦΣ 1967]. 

1 ς ͊͡͡Ό͍͙͊͡Έͤ·͔ ͔͙ͦͭͦ͗ͤ͡Ύ (QIIIςIV); 2 ς ͔͒͡Ό͍͙͊͡Έͤͦ-
ͨͪͦ͡Ό͍͙͊͡Έͤ·͔ ͔͙ͦͭͦ͗ͤ͡Ύ (QIII); 3 ςͨ ͔ͫ;͙͙͊ͤ͟Σ ͎͔ͦͤͦͣͪ͊ͭ͟͡·Σ 
͙ͨͪͦͫͦ͡ ͙͍͔ͫͭͤ͘Ύ͍ͦ͟ ͔͙͎͚͒ͪͫͦ͘͟ ͍͙ͫͭ· (S1ς2dr); 4 ς ͔ͨͫ;͙͙͊ͤ͟Σ 
͎͔ͦͤͦͣͪ͊ͭ͟͡·Σ ͫ͊ͤ͡ͼ·Σ ͙͍͔ͫͭͤ͘Ύ͙͟ ͙͚ͭ͊ͨͫͤͫͦ͟ ͍͙ͫͭ· ό1̐tp); 5 ς 
͋͊͊͘͡Έ͍ͭͦ·͔Σ ͔͙͍͊ͤ͒ͭͦ͘·͔ ͨͦͪͺ͙͙ͪͭ·Σ ͙ͨͪͦͫͦ͡ ͙͍͔ͫͭͤ͘Ύ͍ͦ͟ 
͚͎͙ͭͯͣ͊ͭͭ͊ͤŎ͚ͦ͟ Ŏ͍͙ͭ· (Rς̐1tm2); 6ς8 ς ͔ͪ͊ͤͤͭ͊ͤͤͯͦ͡Έ͙͚ͫ͟ ͔ͦͣͨͫ͟͟͡ 
(O1tn): 6 ς ͎͙ͪ͊ͤͭ-ͨͦͪͺ͙ͪ· όʴˉύ; 7 ς ͨ ͎͙͎͙͊ͦͪ͊ͤͭ͡· όʴύ  ͙͎͙͙ͪ͊ͤͦ͒ͦͪͭ· 
(ʴ)ɻ; 8 ς ͙͙͒ͦͪͭ· όʵύΣ ͍͊ͪ͟ͼ͔͍·͔ ͙͙͒ͦͪͭ· (qʵύ; 9 ς ͎͙͊͋͋ͪͦ͒· 
ͣ͊͗͊͡·͎ͫͦͦ͟͟ ͔ͦͣͨͫ͊͟͟͡ (˄ΣˎO1m); 10 ς ͫ͊ͪͤ͟·; 11 ς ͔͔͙͋ͪͭ͘·; 12 ς 
ͭͦ;͙͟ ͙͔͙ͣͤͪ͊͊͘͡ͼ͙͙ ό͊ύ  ͙ ͪͯ͒ͦͨͪͦΎ͍͔͙ͤ͡Ύ Au ό͋ύ; 13 ς 
͔͔͙ͣͫͭͦͪͦ͗͒ͤΎ Au; 14 ς ͎͙ͪ͊ͤͼ· ͎͔͎͙ͦͦ͡;͔͙͔ͫ͟: ͍͔ͯͫͭ͊ͤͦͤͤ͡·͔ ό͊ύΣ 
͔͎͔ͨͪ͒ͨͦ͊͊ͣ͡·͔ ό͋ύ; 15 ς ͔͎͙ͪͦͤ͊͡Έͤ·͔ ό͊ύ  ͙ͦ͊͟͡͡Έͤ·͔ ό͋ύ ͪ͊ͦͣ͘͡·; 
16 ς ͘ ͦͤ· ͒ ͔͙ͪͦ͋ͤ͡Ύ. 

͍͙͙͚́ͯͤͫ͟ ͙͙ͤͫͭͭͯͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͍͔͙ͦͫͦͤΎ ͙ͨͪͪͦ͒ͤ·ͻ ͔͍ͪͫͯͪͫͦ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ 
˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 
˸͙͔͎ͤͪ͊ͦͦ͡-͎͔ͦͻ͙͙ͣ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ ͍͙ͯͫͦ͡Ύ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͦͦͭͦ͘͡-ͫͯ͡Έͺ͙͒ͤͦ-͍͊ͪ͟ͼ͔͍·ͻ 

͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ ͎́͊ͪ͒͊ͤͫͦͦ͟ ͪ ͎ͯ͒ͤͦͦ ͯ͊͘͡ ό˿͔͍͔ͪͦ-ˤͦͫͭͦ;ͤ͊Ύ ͍́ͯ͊ύ 

ˢ͍ͭͦͪ·Υ ˴ ͎͔ͯ͗ͯͭ ˾ ΦˤΦ 



̅˥ˢ˻̂ ˤ  ˻ ζ́Ό͔͙͚ͣͤͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭηΣ ˮ͙ͤͫͭͭͯͭ X-BIO, ͤ͊ͯ;ͤͦ-
͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έͫ͊͟Ύ ͡ ͙͊͋ͦͪ͊ͭͦͪΎ ͅ ͙͙ͦͭͦͤ͟ ͙  ͣ ͙ͪͦ͟ͺ͡Ό͙͙͙͒͟ 

ˢ͍ͭͦͪ·: ˮ ͍͍͊ͤͦ͊ ˹ . .s, ˸ ͊͡Ό͟ s . .̑, ˴ ͡Ό͔͍ ˨ . .˿ 

 
˽͙ͯ͋͊͟͡ͼ͙͙Υ  
Ivanova N. Biomimetic optics: liquid-based optical elements imitating the eye functionality. Phil. Trans. R. Soc. A 378: 20190442 (2020). doi: 10.1098/rsta.2019.0442 
Malyuk A., Ivanova N. Biomimetic liquid lenses actuated by a laser beam: effects of evaporation and orientation to gravity. Mol. Syst. Des. Eng., 5, 1290-1298 (2020). doi: 10.1039/D0ME00052C 
V.B. Bekezhanova, V.M. Fliagin, O.N. Goncharova, N.A. Ivanova, D.S. Klyuev. Thermocapillary deformations of a two-layer system of liquids under laser beam heating. Int. J. Multiph. Flow. 103429. (2020). doi: 
10.1016/j.ijmultiphaseflow.2020.103429. 

˾͊ͪ͊͋ͦͭ͊ͤͦ͘ ͍͔ͤͦͦ ͔͙͔ͨͦͦͤ͟͡ ͙͗͒ͦͫͭͤ͟·ͻ ͙ͦͨͭ;͔͙ͫ͟ͻ Ή͔͔͍ͣͤͭͦ͡Σ 
͍ͯͨͪ͊͡Ύ͔ͣ·ͻ ͙ͦͨͭ;͔͙ͫͣ͟ ͙ͯ͘͡;͔͙͔ͤͣ: ͙ͤ͊͘͡-͊ͨ͟͡Ύ  ͔͔͙͍͔ͫͨͪͫͭͪ͊͊ͣ·ͣ 
ͺͦͯͫͤ͟·ͣ ͪ͊ͫͫͭͦΎ͙͔ͤͣ  ͙ ͍͒ͯͻ͚ͫͦͤ͊͡Ύ ͦͨͭͦͺ͡Ό͙͒ͤ͊Ύ ͙͔ͫͫͭͣ͊Σ 
͙͙͙ͣͭͪͯΌ΅͊Ύ ͔ͪͺ͔ͫ͟͡ ͊ͦͣͦ͒͊͟͟ͼ͙͙ ͎͊͊͘͡  ͙͍͔͍͚ͫͭͦͦ ͙ͦͭ͟͟͡ ͪ͊͘;͊͟  ͍
͍͔ͦͭͭ ͤ ͙͔͔͙͔͊ͣͤͤ͘ ͙͔͙͍͙ͤͭͤͫͤͦͫͭ ͍͔͍͎ͫͭͦͦͦ ͨͦͭͦ͊͟.  ʕ͍͙͙͙͊ͫͣͦͫͭ͘ ͦ ͭ
͍͚͍ͫͦͫͭ ͙͙͗͒ͦͫͭ͟  ͙͔͚͍͒ͫͭͯΌ΅͙ͻ ͦͨͭͦ-͙͊ͨ͟͡͡Ύͪͤ·ͻ ͙ͫ͡ ͊ͨ͟͡Ύ ͔ͣͦ͗ͭ 
ͪ͊͋ͦͭ͊ͭΈ ͊͟͟  ͍͔͙͔ͪ͗ͣ ͙ͫͦ͋ͪ͊Ό΅͔͚Σ ͭ͊͟  ͙͔͙͍ͪ͊ͫͫ͊Ό΅͔͚ ͙ͤ͘͡· ό͙ͪͫ. ͊ύ. 
˽͙ͪͤͼ͙ͨ ͔͚͍͙͒ͫͭΎ ͙͙͔͙͋ͦͣͣͭ;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· ͍ͦͫͤͦ͊ͤ ͤ ͊ ͙͙ͫͦ͒͊ͤ͘ 
͔͙ͭͪͣͦ͊ͨ͟͡͡Ύ͎ͪͤͦͦ ͪ͊ͪ͘·͍͊ ͍͔ͪͻ͔͎ͤͦ ͫͦ͡Ύ  ͙ ͔͒ͺͦͪͣ͊ͼ͙͙ ͙͔͎ͤ͗ͤͦ  ͍
͙ͦ͋͊ͫͭ͡ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͔͊ͪ͊͘͡ ό͙ͪͫ. ͋ύ. ˽͔͔ͪ͒ͦ͗ͤͤ͡·͔ ͙͍͊͒͊ͨͭͤ·͔ 
Ή͔͔ͣͤͭ͡· ͎ͣͦͯͭ ͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙͙͋ͦͤ;͔͙ͫ͟ͻ 
͎͍ͦͪ͊ͤͦ ͔͙ͪͤ͘Ύ ͒͡Ύ ͍ͪͦ͋ͦͭͦΣ ͙͍ͫ͊ͣͦͤ͊ͫͭͪ͊͊Ό΅͙ͻͫΎ ͔͊ͣͪ͟ ͣ͊΄͙͎ͤͤͦͦ 
͔͙ͪͤ͘Ύ ͙  ͣ ͙͙ͤ͊ͭΌͪͤ·ͻ ͒ ͙͎͙͊ͤͦͫͭ;͔͙ͫ͟ͻ ͫ ͙͔ͫͭͣ ͒͡Ύ ͣ ͔͙͒ͼ͙ͤ·. 

ˢ͙͍͒͊ͨͭͤ·͔ ͙ͦͨͭ;͔͙͔ͫ͟ ͙͔ͫͫͭͣ· ͤ͊ ͍͔ͦͫͤͦ ͦͨͭͦͺ͡Ό͙͚͒ͤͦ ͔ͭͻ͎͙͙ͤͦͦ͡  

˾͙ͫͯͤͦ͟. ό͊ύ ˮ͔͔͙͔ͣͤͤ͘ ͙͍͙ͪͤ͘͟· ͙͊ͨ͟͡ όͪ͊ͫ ͔͙͍ͫ͊Ό΅͊Ύ  ͙͙ͫͦ͋ͪ͊Ό΅͊Ύ 
͙ͤ͊͘͡ύ; ό͋ύ ˿͍͔͙͔ͪ͊ͤͤ ͍͒ͯͻ͚͚ͫͦͤͦ͡ ͙͙͔͙͋ͦͣͣͭ;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· 
όͭͦ͡΅͙ͤ͊ ͣ ͔͔͔ͤ 3 ͣ ͣύ  ͫͦ ͙ͨͭ;͔͚ͫͦ͟ ͫ ͚ͭͪͯͭͯͪͦ͟ ͎ ͊͊͘͡ ό͍͙͒ ͫ ͋ͦͯ͟ύ.  

ό͊ύ 

ό͋ύ 



˻͙͚ͣͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ό˻ͣ˥́̂) 

ˢ͍ͭͦͪ·: ˢ͙͔ͣͤͦ͟͟ .˿ .˿, ˢ͙͙͍ͤͫͣͦ͊ .˥ .˨, ͔͔͍̅͊͒͊ .s .ˮ, 
͔̅ͺ͔͍ͦ͡ .ʕ .̅, ˥͍ͦͪ͋ͯͤͦ .ʕ .s, ˴͊Ό͍ͣͦ͊ .́ .˾, ˸·΄͡Ύ͍ͼ͔͍ .s .ʕ, 
˸·΄͡Ύ͍ͼ͔͍͊ ˸ . .˨, ˿ ͙ͭ΄͔ͤͦ͟ ˽ . .ʕ  

˸͔ͭͦ͒· ͙ ͙͔ͤͫͭͪͯͣͤͭ· ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͍͔ͨͦͪͻͤͦͫͭͤ·ͻ ͤ͊ͤͦͫͭͪͯͭͯͪ͟ 

˿ͻ͔ͣ͊ ͪ͊͋ͦͭ· SuSMoST (͍͍͔ͪͻͯύ ͙ ͙͔ͪ͊ͪͻ͙;͔͙͔ͫ͟ ͔ͪ΄͔͙ͭ͟ ό͍͙ͤͯ͘ύ 

˾͊ͪ͊͋ͦͭ͊ͤ͘ ͎ͨͪͦͪ͊ͣͣͤ·͚ ͔ͦͣͨͫ͟͟͡ Surface Science Modelling 
and Simulation Toolkit (SuSMoST, ͔͒ͦͫͭͯͨͤ ͤ ͚͔͊ͫ͊ͭ susmost.com) 
͒͡Ύ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͤ ͊͊ͭͦͣ͊ͪͤͦͣ ͍͔ͯͪͦͤ ͪ͊ͤ͘·ͻ ͊͒ͫͦͪ͋ͼ͙ͦͤͤ·ͻ 
͙͔ͫͫͭͣ ͤ͊͋ͦͪͦͣ ͔͍ͣͭͦ͒ͦ ͙͙ͫͭ͊ͭͫͭ;͔͚ͫͦ͟ ͺ͙͙͙͘͟. SuSMoST 
͙͔͎͙͍ͤͭͪͪͦ͊ͤ  ͫ ͔͙ͨ͊ͭ͊ͣ͟ ͍͍͊ͤͭͦͦ͟-ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍·;͙͔͙͚ͫͤ͡  ͙
͍͙͊ͭͦͣ͊ͭ;͔͙ͫ͟ ͙ͫͭͪͦͭ ͎ͣͤͦͦͣ͊ͫ΄ͭ͊͋ͤ·͔ ͔͙ͣͦ͒͡ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͨ ͦ
͊ͭͦͣ͊ͪͤ·ͣ ͙͙ͦͨͫ͊ͤΎͣ ͊͒ͫͦͪ͋ͼ͙ͦͤͤ·ͻ ͔͍ͦͣͨͫͦ͟͟͡. ˾͔͙͍͊ͦ͊ͤ͘͡ 
͎ͪ͊ͺ͙;͔͙͚ͫ͟ ͍͔͋-͙͔ͤͭͪͺ͔͚ͫΣ ͎ͨͦͣͦ͊Ό΅͙͚  ͍͍͔͙͙ͦͫͦͤ ͔ͦͣͨͫ͊͟͟͡ 
͔͔ͤͫͨͼ͙͙͙͊ͫͭ͊ͣ͡. ˾͍͙͊ͭ͘  ͙ ͙͍͊͒͊ͨͭͪͦ͊ͤ ͒͡Ύ ͍͔ͨͦͪͻͤͦͫͭͤ·ͻ 
͙͔ͫͫͭͣ ͔͔͙͍ͨͪͫͨͭͤ͟·͚ ͔ͣͭͦ͒ ͙͙ͫͭ͊ͭͫͭ;͔͚ͫͦ͟ ͺ͙͙͙͘͟ ͤ ͍͔͊ͦͫͤͦ 
͙͔ͪ͊ͪͻ͙;͔͙ͫ͟ͻ ͔ͪ΄͖ͭͦ͟. ˽͙͔͔͙͔ͪͣͤͤ Ή͎ͭͦͦ ͨͦ͒ͻͦ͒͊ ͍͙ͨͦͦͭ͘͡ 
͙ͯͫͦͪͭ͟Έ ͨͪͦͼ͔ͫͫ ͔͙ͨͦͫͭͪͦͤΎ ͺ͍͊ͦ͘·ͻ ͙͎͒͊ͪ͊ͣͣ ͙ͨͪ 
͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͔͎͙ͣͭ͊ͦͪ͊ͤ͡͡;͔͙ͫ͟ͻ ͫͭͪͯͭͯͪ͟ ͤ ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ 
͍͙͍͔͊͒ͯͣͪͤ͘͟·ͻ ͙  ͫ ͙ͦͫͭ͡·ͻ ͣ ͔͙͍͊ͭͪ͊ͦ͡. 

 
˽͙ͯ͋͊͟͡ͼ͙͙:  
Akimenko S. S. et al. SuSMoST: Surface Science Modeling and Simulation Toolkit //Journal of Computational Chemistry. ς 2020. ς V. 41. ς Ѕ. 23. ς P. 2084-2097. (Q1) 
Myshlyavtsev A. V. et al. Classical lattice models with single-node interactions on hierarchical lattices: The two-layer Ising model // Physica A ς 2020. ς V. 558. ς P. 124919. (Q2)  

https://susmost.com/
https://susmost.com/
https://susmost.com/


̅˥ˢ˻̂ ˤ˻ ζ˿͙͙͙͚͋ͪͫ͟ ͺ͔͔͒ͪ͊͡Έͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭη 

ˢ͍ͭͦͪ·: ͤ ͊ͯ;. ͪ ͯ͟.  ˽ ͦ͡Ό͍ͭͦ ˿ . .˽ ͙  ͒ ͎͙͔ͪͯ 

 
˽͙ͯ͋͊͟͡ͼ͙͙:  
Maksimov D. N., Gerasimov V. S., Romano S., Polyutov S. P. Refractive index sensing with optical bound states in the continuum //  Optics Express. ς 2020. ς ́ . 28. ς Ѕ. 26. ς ˿ . 38907-38916]. 
 

˽͍͔͔ͪͦ͒ͤͦ ͔͔͙ͭͦͪͭ;͔͔ͫͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍ͫΎ͊ͤͤ͘·ͻ 
ͫͦͫͭͦΎ͙͚ͤ  ͍ ͙͔ͦͤͭͤͯͯͣ͟ ό˿˿˴ύΣ  ͍ ͍͍͚ͫͯ͋ͦͤͦͦ͡ 
͙͒ͺͪ͊͟ͼ͙͚ͦͤͤͦ ͔ͪ΄͔͔ͭ͟ ό˾͙ͫ. )͊). ͍͔̂ͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ 
ͭ͊͊͟Ύ ͙͔ͫͫͭͣ͊ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭ ͍͒͊ ˿˿˴  ͍ ͔͍ͤͯͦͣ͡ 
ͨͦͪΎ͔͒͟ ͙͒ͺͪ͊͟ͼ͙͙. ˽ͪͦͺ͙͙͡ ͣͦ͒ ͙ͫ͊ͣͻ ˿˿˴ 
͙͍͔͔ͨͪ͒ͤ· ͤ  ͊˾ ͙͔ͫͯͤ͟ (b, c). 
˻͙ͨͫ͊ͤͤ͊Ύ ͙͔ͫͫͭͣ͊ ͋·͊͡ ͙͔͔ͨͪͣͤͤ͊ ͒͡Ύ ͔͙ͨͦͫͭͪͦͤΎ 
͔͙͙ͭͦͪ ͙ͦͨͭ;͔͙ͫ͟ͻ ͔͍ͫͤͫͦͪͦ ͔ͨͦ͊͊ͭ͘͟͡Ύ ͔͔͙ͨͪͦͣͤ͡͡ΎΣ 
͍ͦͫͤͦ͊ͤͤ·ͻ ͤ ͊ ˿˿˴. ˽͙ͪͤͼ͙ͨ ͪ͊͋ͦͭ· ͎ͭ͊ͦͦ͟ ͔ͫͤͫͦͪ͊ 
͙ͫͦͫͭͦͭ  ͍ ͙͔͔͙͙ͣͪͤ͘ ͍͙͎ͫ͒͊ ͔ͪͦͤ͊ͤͫ͊͘ ̅͊ͤͦ, ͙ͨͪ 
͙͔͔͙͙ͣͤͤ͘ ͔ͨͦ͊͊ͭ͘͟͡Ύ ͔͔͙ͨͪͦͣͤ͡͡Ύ ͤ͊ͻͦ͒Ύ΅͔͎ͦͫΎ ͤ ͊
͍͔ͨͦͪͻ͙ͤͦͫͭ ͙͒ͺͪ͊͟ͼ͙͚ͦͤͤͦ ͔ͪ΄͔͙ͭ͟ ͙͊ͤ͊ͭ͊͡. 
˻͍ͫͤͦ·͍͊ΎͫΈ ͤ ͊ ͔͔ͣͭͦ͒ ͔͙͙ͭͦͪ ͍ͦͣͯ͘΅͔͙ͤΎ ͒͡Ύ 
͔ͪͦͤ͊ͤͫͤ͘·ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͣ· ͨͦͯ͡;͙͙͡ ͙͙͊ͤ͊ͭ͡;͔͙͔ͫ͟ 
͍·͔͙ͪ͊͗ͤΎ ͒͡Ύ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ  ͫͻͦͪͦ΄͔͚ ͭͦ;ͤͦͫͭΈΌ 
͙ͦͨͫ·͍͊Ό΅͙͔ ͒ ͊ͤͤ·͔ ;͙͔͎ͫͤͤͦͦ͡ Ή͔͙͔ͫͨͪͣͤͭ͊͟.  
  

˻͙ͨͭ;͔͙͔ͫ͟ ͔ͫͤͫͦͪ· ͤ͊ ͍ͫΎ͊ͤͤ͘·ͻ ͫͦͫͭͦΎ͙ͤΎͻ ͍ ͙͔ͦͤͭͤͯͯͣ͟ 

˿͍Ύ͊ͤͤ͘·͔ ͫͦͫͭͦΎ͙ͤΎ ͍ ͙͔ͦͤͭͤͯͯͣ͟ ͍ ͙͒Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ ͍͍͚ͫͯ͋ͦͤͦͦ͡ 
͙͒ͺͪ͊͟ͼ͙͚ͦͤͤͦ ͔ͪ΄͔͔ͭ͟Φ ό͊ύ ˿͙͔ͫͭͣ͊ ͙͘ ͔͙͔͍ͪͣͤ͟·ͻ ͨͦͦͫͦ͟͡ ͤ͊ 
͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͫͭ͟͡Ύ͎ͤͤͦͦ ͫͯ͋ͫͭͪ͊ͭ͊Φ όb,cύ  ˽ͪͦͺ͙͙͡ ͣͦ͒ ͙ ;͊ͫͭͦͭ· 

͍ͫΎ͊ͤͤ͘·ͻ ͫͦͫͭͦΎ͙͚ͤΣ ƪ-͍͔͊ͯͯͣͤͦ͟ ͍͍͔ͦͤͦͦ͡ ;͙ͫͦ͡ 



ˮ͙ͤͫͭͭͯͭ ͎͔͎͙͙ͦͦ͡ ͊ͣ͊͊͘͡ ͙ ͎͋͊ͦͪͦ͒ͤ͡·ͻ ͔͍ͣͭ͊ͦ͡͡ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ 
˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟Σ ˿ˤ˴˹ˮˮ ˨ˤ˻ ˾ˢ˹Σ ͙͍͔͙͔ͯͤͪͫͭͭ· ˿ͭΉͤͺ͙͚ͦͪ͒ͫ͟ ͙  ΄ͭ͊ͭ͊ 
˭͊ͨ͊͒ͤ͊Ύ ˤ͙͎͙͙ͪͤΎ ό˿̊ˢύ  

ˢ͍ͭͦͪ·Υ s ͙͙ͤͤ͟ ʕ ΦˤΦΣ ˽ͪͦͦͨ͟Έ͔͍ ˢΦˤΦΣ ˽͔͍ͦͯͤͤͦ͘͟͡ ˽ Φ˻ΦΣ 
͙͙́ͪͯͤͤ͊͡ ʕ ΦˢΦ ͙ ͎͙͔͒ͪͯ   

˽͙ͯ͋͊͟͡ͼ͙͙: 
Akinin V.V., Miller E.L., Toro J., Prokopiev A.V., Gottlieb E.S., Pearcey S., Polzunenkov G.O., Trunilina V.A. Episodicity and the dance of late Mesozoic magmatism and deformation along the 
northern circum-Pacific margin: north-eastern Russia to the Cordillera //  Earth-Science Reviews. 208 (2020) 103272. doi.org/10.1016/j .earscirev.2020.103272. IF JCR2019=9,724, Q1.  

˹ ͊ ͍͔ͦͫͤͦ ͍ͤͦ·ͻ ͙ͦͭͦͨͤͦ͘-͎͔ͦͻ͎͙ͪͦͤͦͦ͡;͔͙ͫ͟ͻ  ͙
͎͔ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ ͦͻ͔͙͍͊ͪ͊ͭͪͦ͊ͤ͘͟·  ͙
͍͔ͫͦͨͦͫͭ͊ͤ͡· ͎͍͊ͤ͡·͔ ͔͔͚͙͔ͨͦ͒ͤͣͦͦͫ͘͘͘͟ 
͎͙ͣ͊ͣ͊ͭ;͔͙͔ͫ͟ ͨͦΎͫ͊ ˿ ʕ ˾͙͙ͦͫͫΣ ˢ͡Ύ͙ͫ͟  ͙
͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ ˴͙ͦͪ͒͡Έ͔ͪΣ ͯͭͦ;͔ͤͤ ͍ͦͪ͊ͫͭ͘  ͙
͍ͫͦͫͭ͊ ͨͪͦͭΎ͔͗ͤͤ·ͻ ͎͙ͣ͊ͣ͊ͭ;͔͙ͫ͟ͻ ͨͦΎ͍ͫͦ ˿ ʕ ˾͙͙ͦͫͫΣ 
͍͔ͯͫͭ͊ͤͦͤ͡· ͙ͻ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ-͍͔͔ͪͣͤͤ͊Ύ Ή͍ͦ͡Όͼ͙ΎΣ 
͎͍͊ͤ͡·͔ Ή͙ͨͦ͒͘· ͙͊ͫͤͻ͙ͪͦͤͤͦͫͭ (200ς145 ͣͤ͡ ͔ͭ͡ύ 
͎͙ͣ͊ͣ͊ͭͣ͊͘  ͙ ͙ͪ͊͘͡;͙Ύ  ͍ ͎͔͙͙ͦ͒ͤ͊ͣ;͔͙ͫ͟ͻ ͍͙ͯͫͦ͡Ύͻ 
ͨͪͦΎ͍͔͙ͤ͡Ύ ό͙͔ͫ͗͊ͭ  ͍˴͙ͦͪ͒͡Έ͔ͪ͊ͻ ͙͍ͨͪͦͭ ͪ͊ͫͭΎ͔͙͗ͤΎ  ͙
ͫͯ͋͒ͯ͟ͼ͙͙ ͤ  ͊˿  ʕ˾͙͙ͦͫͫ ͙  s ͡Ύ͔ͫ͟ ͍  ͙ ͔͍͔ͤͭͪ͊͡ 125ς60 ͣͤ͡ 
͔ͭ͡ύΣ ͍ͫΎ͘Έ  ͫ ͙͔͙ͨͭͤͦͭͭͦͤ͟͡;͔͙͙ͫͣ͟ ͫͦ͋·͙ͭΎ͙ͣ  ͍
͔͍͔͚ͫͪͤͦ ˽͊ͼ͙ͺ͙͔͟ ͙  s ͙͔ͪͭ͟͟.  

˽͍͔ͪͦͫͭͪ͊ͤͫͭͤͤͦ-͍͔͔ͪͣͤͤ͊Ύ Ή͍ͦ͡Όͼ͙Ύ ͎͙ͣ͊ͣ͊ͭ;͔͙ͫ͟ͻ ͨͦΎ͍ͫͦ ˿͔͍͔ͪͦ-ˤͦͫͭͦ͊͟ ˢ͙͙͘ ͙ ͔͔ ͍ͫΎ͘Έ ͫ 
͔͙ͭͭͦͤ͟;͔͙͙ͫͣ͟ ͨͪͦͼ͔͙ͫͫ͊ͣ ͍ ͔͍͔͚ͫͪͤͦ ;͙͊ͫͭ ͙́ͻ͎ͦͦ  ͔ͦ͊ͤ͊͟ ͫ ͙ͭͪ͊ͫ͊ ͒ͦ ͔͎ͨͦ͒ͤͦ͘ ͔ͣ͊͡ 

˾͔͙͔͊ͫͨͦͦ͗ͤ͡ ͎͙ͣ͊ͣ͊ͭ;͔͙ͫ͟ͻ ͨͦΎ͍ͫͦ ͤ͊ ͔͙͙͙ͭͪͪͭͦͪ ˿ˤ ˾͙͙ͦͫͫΣ ˢ͡Ύ͙ͫ͟ ͙ ˴͙ͦͪ͒͡Έ͔ͪΦ ˹͊ 
͍͔͔ͪ͘͟ ͙͍͔͔ͨͪ͒ͤͦ ͍͔͙͔ͫͪ͊ͤͤ ¦-Pb ͍ ͦͪ͊ͫͭ͊͘ ͼ͙͍ͪͦͤͦ͟ ͙͘ ͎͙ͣ͊ͣ͊ͭ;͔͙ͫ͟ͻ ͨͦΎ͍ͫͦ ˿͔͍͔ͪͦ-
ˤͦͫͭͦ͊͟ ˾͙͙ͦͫͫ ͙ ˢ͡Ύ͙ͫ͟ ͙ ͙͊ͫͤͻͪͦͤͤͦͫͭΈ ͎͙ͣ͊ͣ͊ͭͣ͊͘ ͍  Ό͙͚ͪͫ͟ ͔͙ͨͪͦ͒ όнллςмпр ͣͤ͡ ͔ͭ͡ύΦ 



ζ˽͔͔ͪͻͦ͒ ͟ ͔͔͍ͨͪ͒ͦ·ͣ ͼ͙ͺ͍ͪͦ·ͣΣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͣ 
͙͍͍͔ͨͪͦͦ͒ͫͭͤͤ͘·ͣ ͔ͭͻ͎͙ͤͦͦ͡ΎͣΣ ͙͙͍ͪͦ͋ͦͭͪͦ͊ͤͤ͘·ͣ 
͙͔ͫͫͭͣ͊ͣΣ ͍ͤͦ·ͣ ͔͙ͣ͊ͭͪ͊͊ͣ͡ ͙ ͫͨͦͫͦ͋͊ͣ ͙͍͙ͦͤͫͭͪͯͪͦ͊ͤ͟ΎΣ 
͙͔ͫͦ͒͊ͤ͘ ͙͔ͫͫͭͣ ͙ͦ͋ͪ͊͋ͦͭ͟ ͋ͦ͡Έ΄͙ͻ ͦ͋Ά͔͍ͣͦ ͒͊ͤͤ·ͻΣ 
ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͙ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡η 

˽͙͙͔ͪͦͪͭͭ 1 ˿ ˹́˾ 



ˢ͍ͭͦͪ·: ˾͎͙ͦͦ͡ .˨ .ˮ, ˿͙͙͍ͭͤͦ͟ .˿ .ʕ, ͔͙̅͒ͤ͊ .˶ .ˮ, ̊͟͡Ύ͔͍ .s .s, ͔͎͍̋ͦ͡ .˨ .ʕ, 
͔͙͊͊͒ͣ͟͟ ˾ ˢ˹ ˶ ͊ͭ·΄͔͍ s . .ʕ  

˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͙ͤͫͭ͊͋͡Έ͙ͤͦͫͭ ͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡·ͻ ͍͔ͨͦͪͻ͔͚ͤͦͫͭ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͙ͦͫ͊͗͒ͤΎΣ 
͙͔͙ͫͨ͊ͪͤΎ ͙ ͍͙ͦͭͫͯͭͫͭΎ ͫͣ͊;͙͍͙͊ͤΎ 

ˮ͙ͤͫͭͭͯͭ ͺ͙͙͙͘͟ ͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡ ͙ͣΦ ˢΦˤΦ ˾͍͗͊ͤͦ͊ ˿ ͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ 
͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 

Appl. Surf. Sci. 540, 148269 (2021) IF=6.2; J. Cryst. Growth 457, 188 (2017) IF=1.3; Phys. Rev. Lett. 111, 036105 (2013) IF=8.4 

×ˤ͔͍ͨͪ·͔ ͨͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͔͙ͤͫͭ͊͋͡Έ͙ͤͦͫͭ ͪͦͫͭ͊ ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ {ƛόмммύ-7Ҏт ͍ ͍͙ͯͫͦ͡Ύͻ ͙͔͙ͤͭ͟;͔͙ͫ͟ͻ ͎͙ͦͪ͊ͤ;͔͙͚ͤ  
͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͔͍ͨͪ·΄͔͙͔ͤͣ  ͔͚ͫͦͪͦͫͭ͟ ͔͙ͦͫ͊͗͒ͤΎ ͤ͊͒ ͫͦͪͦͫͭ͟Ύ͙ͣ ͍͙͍͙ͫͭͪ͊͊ͤΎΣ ͙͍ͨͪͦ͒Ύ΅͙ͣ ͟ ͪͦͫͭͯ ͺͪ͊ͭ͊͟͡Έ͚ͤͦ 
ͺ͊͘· άмҎмέ ͤ͊ ͍͔ͪ΄͙ͤ͊ͻ ͻ͍ͦͣͦ͡ ͊͘ ͫ;͔ͭ ͍ͦͫͻͦ͒Ύ΅͔͚ ͙͒ͺͺ͙͙ͯ͘Φ 

×˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͙ͤͫͭ͊͋͡Έ͙ͤͦͫͭ ͍ ͍͙ͯͫͦ͡Ύͻ ͍͙͙ͦͭͫͯͭͫͭ ͫͣ͊;͙͍͙͊ͤΎ ͍ ͙͔ͫͫͭͣ͊ͻ Ge/Si(001) ͙  Ge/SiO2 ͫ ͍Ύ͊ͤ͘· ͫ 
͙͍͚ͪ͊͋͊͊ͤͫͪͦͦ͘͟͡ ͔͚ͫͦͪͦͫͭ͟ ͙͔͙ͫͨ͊ͪͤΎ ͙ ͎ͦ͋ͪ͊ͭͤͦͦ ͍͙͍͙ͫͭͪ͊͊ͤΎΣ ͍͙͊ͫ͘Ύ΅͔͚ ͦͭ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͔͔͔ͨͪͣ΄͙͍͙͊ͤΎΦ 
ˮͫͨͦ͡Έ͍ͦ͊ͤ͘· ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͙͊ͤͭͦͭͪ͊͗͊Ό΅͙ͻ ͨͦͪ͟·͙͚ͭΦ  

Sci. Rep. 10, 13759 (2020) IF=4.00; J. Appl. Phys. 126, 123102 (2019) IF=2.29; Nanoscale Res. Lett. (2016) 11:366 IF=3.58  



ˤͦͣͦ͗ͤͦͫͭ͘Έ ͙͔͔͙ͨͪͣͤͤΎ ͦͣͨ͊ͭͤ͟͟·ͻ ͙͒ͦ͒ͤ·ͻ ͔͍͊ͪͦ͘͡ ͒͡Ύ ͦͻ͔͙͊͗͒ͤ͡Ύ ͙ͦͤ͊  ͙͔͔͙͍͙͒ͭͭͪͦ͊ͤ͟Ύ ;͍͎͊ͫͦͦͦ ͔͔ͨͪͻͦ͒͊ ͤ͊ͪΎ͒ͯ  ͫ
͙͔͔͙͔ͨͪͣͤͤͣ ͍ͦͦͦͤͤ͟͡·ͻ ͙͙͚ͤ͡ ͍͙͒ͦͫͭ͊͟ ͔͎͊ͪͤͦͦ͘͡ ͙ͯ͘͡;͔͙ͤΎ ͔͒͊͡Όͭ ͙ͦͤ ͙͔͙ͭͭͪ͋Ύ ͙ͦͨͭͣ͊͡Έͤ·ͣ ͙͊ͤ͒͒͊ͭͦͣ͟ ͒͡Ύ 
͙ͫͦ͒͊ͤ͘Ύ ͫ ͙͔ͫͭͣ· ͍͎͋ͦͪͭͦͦͦ ͋ ͙͍͙͊ͪͦ͊ͤ͘Ύ.  

ˮ͙ͤͫͭͭͯͭ ͔͚͊ͪͤͦ͘͡ ͺ͙͙͙͘͟ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 

˨͡Ύ ͙͔͔͙ͨͪͣͤͤΎ  ͍͍͔ͫͦͫͭ͊ ͍·ͫͦͦͭͦ͟;ͤ·ͻ ͙͔͙͔ͣͪͭ͘͡Έͤ·ͻ ͔͍ͦͣͨͫͦ͟͟͡  ͍͙͔ͫͫͭͣ͊ͻ ͍͙͎ͤ͊͊ͼ͙͙  ͙͍ͫΎ͙͘ ͫͦ͒͊ͤ͘ ͔͍ͨͪ·͚  ͍˾͙͙ͦͫͫ 
͙ͦͨͭ;͔͙͚ͫ͟ ͫͭ͊ͤ͒͊ͪͭ ;͊ͫͭͦͭ· ͤ ͍͊͊͒ͪͯͨͦ͟͡Έͤͦͣ ͔͔ͨͪͻ͔ͦ͒ ͙͍͎ͦ͊ͦ͊ͤͤͦͦ͘͟͡͡  ͍͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͙ͦ͒ͤͦ;͎ͤͦͦ ͙ͦͤ͊ ͙͔͙ͭͭͪ͋Ύ-171 
(̅ͦͭͦύ. ˻͙ͨͭ;͔͙͚ͫ͟ ͫͭ͊ͤ͒͊ͪͭ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͎͍͔͔͒ͦͦͪͣͤͤͯ͡Ό ͔͙ͤͫͭ͊͋͡ΈͤͦͫͭΈ ;͊ͫͭͦͭ· ~10ҍ17 ό˾͙ͫ.). ˽  ͦ ͍͙ͫͦͦͯͨͤͦͫͭ͟ 
͔͍ͨ͊ͪ͊ͣͭͪͦ ͫͭ͊ͤ͒͊ͪͭ ;͊ͫͭͦͭ· ͤ ͔͙͔͔ͣͭ ͔ͦͭ;͔͍͔ͫͭͤͤ·ͻ ͎͍͊ͤ͊ͦͦ͡  ͙͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤ ͒͡Ύ ͙͔͔͙ͨͪͣͤͤΎ  ͍͙ͪ͊͘͡;ͤ·ͻ ͦ͋͊ͫͭ͡Ύͻ 
͙ͤ͊ͯ͟  ͙͔ͭͻ͙͙ͤ͟Σ  ͍ͭͦͣ ;͙͔ͫ͡ ͒͡Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ  ͍͔ͤ͊ͣͤͦͣ͘ ͔͎͔͔ͫͣͤͭ ͙͔ͫͫͭͣ· ˥˶˻˹ˢ˿˿Σ  ͙͊ͨͪ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͔͒ͦͪ͊͋ͦͭ͟ 
 ͙͍  ͟ ͙ͦͫͣ;͔ͫͦͣ͟ ͔͎͔͔ͫͣͤͭ.  

˽͙ͯ͋͊͟͡ͼ͙͙: 
˹ΦˢΦ ˽͍͍͊ͦ͡Σ ˿ΦˤΦ ͔͍̉ͨͯͪͦΣ ˢΦˢΦ ˶͎͍͚ͯͦͦΣ      ˻͙ͨͭ;͔͙͚ͫ͟ ͫͭ͊ͤ͒͊ͪͭ ;͊ͫͭͦͭ· ͤ͊ ͍͔ͦͫͤͦ ͙ͦ͒ͤͦ;͎ͤͦͦ ͙ͦͤ͊ ¸ō-мтмΦ ˽͎ͪͦͪ͊ͣͣ͊ ˤ͔͙͚͚ͫͪͦͫͫͫͦ͟ ͤ͊ͯ;͚ͤͦ 
ͦͤ͟ͺ͔͔ͪͤͼ͙͙ ζ͙͙̅͊͘͟ ͯ͡Έͭͪ͊ͻͦͦ͒ͤ͡·ͻ ͊ ͍ͭͦͣͦ ς нлнлηΦ ˹͍͙͙ͦͦͫ͋ͪͫ͟Σ нм-но ͔͒͊͋ͪ͟Ύ нлнлΦ 

˻͙ͨͭ;͔͙͚ͫ͟ ͫͭ͊ͤ͒͊ͪͭ ;͊ͫͭͦͭ· ͤ͊ ͍͔ͦͫͤͦ ͙ͦ͒ͤͦ;͎ͤͦͦ ͙ͦͤ͊ ͙͔͙ͭͭͪ͋Ύ-171 

ˢ͍ͭͦͪ·Υ ˽ ͍͍͊ͦ͡ ˹ΦˢΦΣ ͔͍̉ͨͯͪͦ ˿ΦˤΦΣ ˶͎͍͚ͯͦͦ ˢΦˢΦ 



ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʠʤ. ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯʘ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

˽͙ͯ͋͊͟͡ͼ͙͙Υ 
(Q1 SJR) Malikov A., Orishich A., Bulina N., Karpov E., Sharafutdinov M. Effect of post heat treatment on the phase composition and strength of laser welded joints of an AlςMgςLi alloy // Materials 

Science and Engineering A. ς2019. Vol. 765. P. 138302 (8). https://doi.10.1016/j.msea.2019.138302. 

(Q1 SJR) A. Malikov, A. Orishich, A. Golyshev E. Karpov Manufacturing of high-strength laser welded joints of an industrial aluminum alloy of system Al-Cu-Li by means of post heat treatment // 
Journal of Manufacturing Processes. V. 41. 2019. P.101-110 https://doi.org/10.1016/j.jmapro.2019.03.037. 

˽͔͔ͪ͒ͦ͗ͤ͡· ͙ͪ͊͘͡;ͤ·͔ ͨͦ͒ͻͦ͒· ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ ͔ͣͻ͙͊ͤ;͔͙ͫ͟ͻ ͍͚͍ͫͦͫͭ ͍ͫ͊ͪͤ·ͻ 
͔͙͔͙͚ͫͦ͒ͤͤ. ˽ͦ͊͊ͤ͊͘͟ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔͙ͭͪͣ;͔͚ͫͦ͟ ͙ͦ͋ͪ͊͋ͦͭ͟ ό́˻ύ 
͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͙ͨͪ ͙ͫͭ͊ͭ;͔ͫͦͣ͟ ͪ͊ͫͭΎ͔͙͙͗ͤ ͍͔ͫͻ ͔ͣͻ͙͊ͤ;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
ό͔͔ͨͪ͒͊͡ ͨͪͦ;͙ͤͦͫͭΣ ͔͔ͨͪ͒͊͡ ͔ͭͯ͟;͔͙ͫͭΣ ͙͔ͦͭͤͦͫͭ͡Έ͔ͤͦ ͙͔͙͔ͯ͒ͤͤ͡ ͙ͨͪ ͪ͊ͪ͘·͍͔ύ 
͔͊ͪͤ͘͡·ͻ ͍ͫ͊ͪͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ ͊͡Ό͙͙͔͍ͣͤ·ͻ ͍ͫͨ͊͊͡ͻΣ ͙͙͋͘͟͡ͻ  ͟ ͙ͫͻͦ͒ͤ·ͣ 
ͤ͊͘;͔͙ͤΎͣ. ˻͙ͨͭͣ͊͡Έͤ·͔ ͫͻ͔ͣ· ́ ˻͍͙͙ͨͦͦ͘͡͡ ͨͦͯ͡;͙ͭΈ ͤ͊͘;͔͙ͤΎ ͔ͣͻ͙͊ͤ;͔͙ͫ͟ͻ 
ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ό͔͔ͨͪ͒͡ ͨͪͦ;͙ͤͦͫͭΣ ͔͔ͨͪ͒͊͡ ͔ͭͯ͟;͔͙ͫͭΣ ͙͔ͦͭͤͦͫͭ͡Έ͔ͤͦ ͙͔͙͔ͯ͒ͤͤ͡ 
͙ͨͪ ͪ͊ͪ͘·͍͔ύ ͔͊ͪͤ͘͡·ͻ ͍ͫ͊ͪͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ ͊͡Ό͙͙͔͍ͣͤͦ-͙͙͔͍ͭ͡·ͻ ͍͍ͫͨ͊ͦ͡Σ 
ͺ͙͊ͭ͟;͔͙ͫ͟ ͍ͪ͊ͤ·͔ ͨͪͦ;͙ͤͦͫͭ ͙ͫͻ͎ͦ͒ͤͦͦ ͍ͫͨ͊͊͡  ͍ ͫͦͫͭͦΎ͙͙ͤ ͍͙ͨͦͫͭ͊͟. 
˾͊ͪ͊͋ͦͭ͊ͤ͘· ͔ͭͻ͎͙͙ͤͦͦ͡ ͍·ͫͦͦͨͪͦ͟;͚ͤͦ ͔͚͊ͪͤͦ͘͡ ͍͙ͫ͊ͪ͟ ͪ͊ͤͦͪͦ͒ͤ͘·ͻ 
͔͙͍ͣ͊ͭͪ͊ͦ͡. ˽͙ͪ ͔͚͊ͪͤͦ͘͡ ͍͔ͫ͊ͪ͟ ͙͍͎ͭͭ͊ͤͦͦͦ ͍ͫͨ͊͊͡  ͔͍͔ͫͤͪ͗͊Ό΅͔͚ ͫͭ͊͡ΈΌ  ͫ
͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͔ͨͪͦͣ͗ͯͭͦ;͚ͤͦ ͍͍͙ͫͭ͊͟ ͨͦͯ͡;͔ͤ͊ ͨͪͦ;ͤͦͫͭΈ ͍͎ͫ͊ͪͤͦͦ ΄͍͊ ͤ ͊
͍͔ͯͪͦͤ ͔͍͔ͤͪ͗͊Ό΅͔͚ ͙ͫͭ͊͡. ˤ͔͍ͨͪ·͔ ͫͦ͒͊ͤ͘· ͍·ͫͦͦͨͪͦ͟;ͤ·͔ ͪ͊ͤͦͪͦ͒ͤ͘·͔ 

͔͊ͪͤ͘͡·͔ ͍ͫ͊ͪͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎ ͤ ͍͔͊ͦͫͤͦ ͙͍͎ͭͭ͊ͤͦͦͦ ͍ͫͨ͊͊͡  ͙͊͡Ό͙͙͔͍ͣͤͦ-
͙͙͔͍͎ͭͦͦ͡ ͫ ͍ͨ͊͊͡. 

˴͔ͦͣͨͫͤ͊͟͡Ύ ͔͊ͪͤ͊͘͡Ύ ͔ͭͻ͎͙ͤͦͦ͡Ύ ͍͙ͫ͊ͪ͟ ζ͔͍͙͍͔ͤͫ͊ͪ͊ͣ·ͻη ͔͙͍ͣ͊ͭͪ͊ͦ͡ 

ˢ͍ͭͦͪ·: ˸ ͙͍͊ͦ͟͡ s . .˥, ˻ ͙ͪ΄͙; s . .˸ 



˾͊ͪ͊͋ͦͭ͊ͤ͘ ͍ͤͦ·͚ ͔ͣͭͦ͒ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͺ͍͊ͦ͘·ͻ ͍͙͎͍ͫ͒ͦ ͙͍ͨͪͦͦ͘͡Έ͚ͤͦ 
͍͔͙͡;͙ͤ·  ͍ ͔ͫͭͪͯͭͯͪ͟ ͍͚ͦͦͦͤͤͦ͟͡ ͋ͪΉ͎͎͍͚ͦͫͦ͟ ͔ͪ΄͔͙ͭ͟ όˤˣ˾ύ ͙ͨͪ 
ͨͦͭͦ;͔;͚ͤͦ ͺ͔͔͚ͣͭͦͫͯͤ͒ͤͦ͟ ͙͙͊ͨͫ͘ [1]. ˸͔ͭͦ͒ ͍͙ͨͦͦ͘͡͡ ͙͎͍͙ͦͭͦͭ͘Έ 
͍·ͫͦͦ͊͟͟;͔͍͔ͫͭͤͤ·͔ ͔ͪͦͤ͊ͭͦͪ͘· ͍ͦͦͦͤͤ͟͡·ͻ ͔͍͊ͪͦ͘͡  ͔͔͔͚ͫͪ͊ͫͨͪ͒ͤͤͦ͡ 
͚ͦ͋ͪ͊ͭͤͦ ͍ͫΎ͘ΈΌ ό˾˻˿-͔͍͊ͪͦ͘͡ύ ͤ ͊ ͍͔ͦͫͤͦ ͙ͪ͊͘͡;ͤ·ͻ ͙͍͊ͭͤ͟·ͻ ͔ͫͪ͒. 
ˮ͔͍ͫͫ͒ͦ͊ͤ͡· ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͙͍ͪ͗ͣͦ ͎͔͔ͤͪ͊ͼ͙͙ ͫͦ͒͊ͤͤ͘·ͻ ˾˻˿-͔͍͊ͪͦ͘͡. 
 ʕ ;͙͊ͫͭͤͦͫͭΣ ͨͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͎͔͔ͤͪ͊ͼ͙Ύ ˾˻˿-͔͊ͪ͊͘͡ ͤ ͊ ͍͔ͦͫͤͦ ˤˣ˾  ͫ
ͺ͍͊ͦ͘·ͣ -͍͙͎̄ͫ͒ͦͣ  ͍ Ή͙͔͍ͪ͋ͦͣ ͍ͦͦͦͤͤͦͣ͟͡ ͍͔͍͔ͫͭͦͦ͒ ͙ͨͪͦͫͻ͙ͦ͒ͭ 
͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͒͡Ύ ͚ͦ͒ͤͦ ͨͦ͡Ύ͙ͪ͊͘ͼ͙͚ͦͤͤͦ ͣͦ͒· [2]. ˤ͔͍ͨͪ·͔ 
͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊ͤ ͨͦͤͦͫͭ͡ΈΌ ͍ͦͦͦͤͤ͟͡·͚ ͎ͦ͡Έ͙͔͍ͣ·͚ ˾˻˿-͔͊ͪ͘͡  ͫ
͙͚͒ͤͦ͡ ͍ͦͤ͡· ͎͔͔ͤͪ͊ͼ͙͙ 2.07 ͣ͟ ͣ [3].  ˿ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͍͎ͤͦͦͦ 
͙͎ͦͣͨͦͭͤͦͦ͘͟ Ή͙͔͍͎ͪ͋ͦͦ ͍͎ͦͦͦͤͤͦͦ͟͡ ͍͔͍ͫͭͦͦ͒͊ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ˹̇ˤ˻ ˾ˢ˹ 
ͨͦͯ͡;͔ͤ͊ ͎͔͔ͤͪ͊ͼ͙Ύ ͍  ͪ ͔ͦͪ͒ͤͦ͟ ͦͪͦͭͦͣ͟͟ ͔͔ͪͦͤ͊ͭͦͪ͘ ͙͚͒ͤͦ͡ 5.3 ͣ  ͣ[4]. 

ˢ͍ͭͦͪ·: ʕ ͦ͡Έͺ ˢΦΦsΣ ˿͍ͦͪ͟ͼ͍ͦ ˸ΦˮΦΣ ˨͍͍ͦͫͭͦ͊ͦ͡ ˢΦˤΦΣ ˤ͍͊ͫͦ͡ ˢΦˢΦΣ ˢ͙͋͒ͯͤ͊͡͡ ˿Φ˾ΦΣ ˾͙͊ͫͨͦͨͤ ˴ Φ˿ΦΣ ˽͊ͪ·͎͙ͤ s ΦˤΦΣ ;͡Φ-͟Φ ˾ˢ˹ ˣ͙͊͋ͤ ˿Φˢ. 

ˮ͙ͤͫͭͭͯͭ ͍͙͙͊ͭͦͣ͊ͭ͟ Ή͔͔͙͙ͭͪͦͣͭͪ͟͡ ˿͙͙͎͋ͪͫͦͦ͟ ͦ ͔͔͙ͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 
(͍͔ͫͦͣͫͭͤͦ ͫ ˹̇ˤ˻ ͙ ˮ˻̅ ˾ˢ˹Σ ͎Φ ˸͍ͦͫ͊͟ύ 

˽͙ͯ͋͊͟͡ͼ͙͙:  
Wolf, A. Dostovalov, M. Skvortsov, K. Raspopin, A. Parygin, and S. Babin, άCŜƳǘƻǎŜŎƻƴŘ-pulse inscription of fiber Bragg gratings with single or multiple phase-shifts in the ǎǘǊǳŎǘǳǊŜΣέ Optics & Laser 
Technology, vol. 101, pp. 202ς207, 2018.  
M. I. Skvortsov, A. A. Wolf, A. V. Dostovalov, A. A. Vlasov, V. A. Akulov, and S. A. Babin, ά5ƛǎǘǊƛōǳǘŜŘ feedback fiber laser based on a fiber Bragg grating inscribed using the femtosecond point-by-point 
ǘŜŎƘƴƛǉǳŜΣέ Laser Physics Letters, vol. 15, no. 3, p. 035103, 2018.  
 A. A. Wolf, M. I. Skvortsov, V. A. Kamynin, I. V. Zhluktova, S. R. Abdullina, A. V. Dostovalov, V. B. Tsvetkov, and S. A. Babin, ά!ƭƭ-fiber holmium distributed feedback laser at 2.07 Ƴ˃Σέ Optics Letters, vol. 44, 
no. 15, p. 3781, 2019. M. I. Skvortsov, A. A. Wolf, A. A. Vlasov, K. V. Proskurina, A. V. Dostovalov, O. N. Egorova, B. I. Galagan, S. E. Sverchkov, B. I. Denker, S. L. Semjonov, and S. A. Babin, ά!ŘǾŀƴŎŜŘ 
distributed feedback lasers based on composite fiber heavily doped with erbium ionsΣέ Scientific Reports, vol. 10, no. 1, p. 14487, 2020. 

ˤͦͦͦͤͤ͟͡·͔ ͔͊ͪ͘͡· ͫ ͔͔͔͚ͪ͊ͫͨͪ͒ͤͤͦ͡ ͚ͦ͋ͪ͊ͭͤͦ ͍ͫΎ͘ΈΌ ͤ͊ ͍͔ͦͫͤͦ ˤˣ˾Σ ͫͦ͒͊ͤͤ͘·ͻ ͔ͣͭͦ͒ͦͣ 
ͨͦͭͦ;͔;͚ͤͦ ͺ͔͔͚ͣͭͦͫͯͤ͒ͤͦ͟ ͙͙͊ͨͫ͘ 

˾˻˿-͔͊ͪ͘͡ ͤ͊ ͍͔ͦͫͤͦ ͙͎ͦͣͨͦͭͤͦͦ͘͟ Ή͙͔͍͎ͪ͋ͦͦ ͍͎ͦͦͦͤͤͦͦ͟͡ ͍͔͍ͫͭͦͦ͒͊Υ 
ŀύ ͺ͎ͦͭͦͪ͊ͺ͙Ύ ͔ͪͦͤ͊ͭͦͪ͊͘Σ ͋ύ ͫͻ͔ͣ͊ ͤ͊͊͟;͙͟ ͔ͪͦͤ͊ͭͦͪ͊͘Σ ͍ύ ͍͙͙͊ͫͣͦͫͭ͘Έ 
͍·ͻ͚ͦ͒ͤͦ ͣͦ΅͙ͤͦͫͭ ͦͭ ͣͦ΅͙ͤͦͫͭ ͤ͊͊͟;͙͟ όͤ͊ ͍͍͔ͫͭ͊͟Υ ͙ͦͨͭ;͔͙͚ͫ͟ 
͔ͫͨͭͪ͟ ͎͔͔ͤͪ͊ͼ͙͙ ͙ͨͪ ͙ͣ͊ͫͣ͊͟͡Έ͚ͤͦ ͍·ͻ͚ͦ͒ͤͦ ͣͦ΅͙ͤͦͫͭύΦ 



ˮ͙ͤͫͭͭͯͭ ͺ͙͙͙͘͟ ͨͪͦ;͙ͤͦͫͭ ͙ ͔͙͍͔͔͙ͣ͊ͭͪ͊ͦ͒ͤ͡Ύ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ 
͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 

ˢ͍ͭͦͪ·: ̅ ͦͪͭͯͤ͊ ˿ . .ʕ, ˥ ͯͪΈΎ͍ͤͦ ˨ . .s, ˴ ͊͊͡΄͙͍ͤͦ͟ ˴ . .˹ 

 
˽͙ͯ͋͊͟͡ͼ͙͙:  
Fortuna S.V., Gurianov D.A., Kalashnikov K.N., Chumaevskii A.V., Mironov Yu.P., Kolubaev E.A. Directional solidification of a nickel-based superalloy product structure fabricated on stainless steel substrate by 
electron beam additive manufacturing //  Metallurgical and Materials Transactions A; DOI: 10.1007/s11661-020-06090-8. 

ˤ͔͍ͨͪ·͔ ͔͔ͨͪ͒ͦ͗ͤ͡· ͫͻ͔ͣ· ͍͙͡Ύ͙ͤΎ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ ͍ͦͭͦ͒͊ ͔ͭͨ͊͡ ͤ ͊
ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͫͭͪͯͭͯͪ͟· ͔͙ͣ͊ͭͪ͊͊͡  ͍ ͙͍͍͔ͨͪͦͦ͒ͫͭ͘Σ ͙ͫͨͦ͡Έͯ͘Ό΅͔͚ 
͙͙͍͊͒͒ͭͤ·͔ ͭ ͔ͻ͎͙͙ͤͦͦ͡. 
˻͍ͭͦ͒ ͔ͭͨ͊͡ ͦ ͭ ͍͊ͤͤ· ͍ͪ͊ͫͨ͊͊͡ ͙ͨͪ 3D-͔ͨ;͙͊ͭ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ 
͔͍ͨͦͫͪ͒ͫͭͦͣ: ͔͍͙ͭͨͦͨͪͦͦ͒ͤͦͫͭ͡  ͍ͨͦ͒ͦ͗ͯ͟͡ ͙͔͊ͤͭͨ͊ͪ͊͡͡͡Έͤͦ ͎͙͔ͪ͊͒ͤͭͯ 
͔͔ͭͣͨͪ͊ͭͯͪ·; ͔͍͎ͭͨͦͦͦ͡ ͙ͯ͘͡;͔͙ͤΎ  ͍ ͔͙ͫͭͤ͟ ͍͚͊ͯͯͣͤͦ͟ ͔͊ͣͪ͟· 
͙ͦͭͪͦͨͤͦ͘ ͦ ͍͔ͭͨͦͪͻ͙ͤͦͫͭ ͍ ͊ͤͤ· ͪ ͍͊ͫͨ͊͊͡. 
˭ ͊ͺͪͦͤͭͦͣ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙ ͦ͋ͪ͊ͯ͘ΌͭͫΎ ͍͒͊ ͙ͭͨ͊ ͫͭͪͯͭͯͪ͟: ͍ͪ͊ͤͦͦͫͤ͊Ύ  ͍
͍ͤͦͦͣ ͔ͫͦ͡; ͫ ͭͦ͋͡;͊ͭ͊Ύ ͫ  ͤ ͍͔͊ͨͪ͊ͤͤ͡·ͣ ͪ ͦͫͭͦͣ  ͍ͨ ͔ͪ͒·͒ͯ΅͔ͣ ͔ͫͦ͡. 
 ʕ ͍͙ͯͫͦ͡Ύͻ ̏˶ˢ˽ ͺͪͦͤͭ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙ ͙͔͔ͣͭ S-ͦ͋ͪ͊ͤͯ͘Ό ͺͦͪͣͯΣ  ͊
͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙Ύ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͤͦͪͣ͊͡Έͤͦ ͔ͣͯΣ ͨͦΉͭͦͣͯ ͒͡Ύ ͔ͤͦͭͦͪ͟·ͻ 
͔͙͍͒ͤ͒ͪͭͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͪͦͫͭ͊ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ  ͫ ͔͙͔ͦͭͦͤͤͣ͟͡ ͦ ͭ
͙͔͊ͤͭͨ͊ͪ͊͡͡͡Έ͎ͤͦͦ ͤ ͍͔͙͊ͨͪ͊ͤ͡Ύ ͭ ͔͔͎ͣͨͪ͊ͭͯͪͤͦͦ ͎͙͔ͪ͊͒ͤͭ͊. 

˹͍͔͊ͨͪ͊ͤͤ͊͡Ύ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙Ύ ͙͔͙͒͘͡Ύ ͙͘ ͔͍ͫͯͨͪͫͨ͊͊͡Σ ͫͺ͙͍͎ͦͪͣͪͦ͊ͤͤͦͦ ͔ͣͭͦ͒ͦͣ ̏˶ˢ˽ 

˿ͻ͔͙ͣ͊ͭ;͔ͤͦ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͔͔͔ͭͨͦͨͪ͒͊͡;͙ ͍ ͙͙͍͊͒͒ͭͤͦͣ 
͙͍͍͔ͨͪͦͦ͒ͫͭ͘ ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙ͣͪͦͫͭͪͯͭͯͪ͟͟· ό͍͙ͤͯ͘ύ ͙ ͺͦͪͣ· 
ͺͪͦͤͭ͊ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙ ό͍͍͔ͪͻͯύ ͍ ͙͙͍͊͒͒ͭͤͦͣ ͙͍͍͔ͨͪͦͦ͒ͫͭ͘  



͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έͤͦ ͔ͦ͋ͤ͊ͪͯ͗ͤ Ήͺͺ͔ͭ͟ ͼ͔͔͎ͤͭͪͦ͋͗ͤͦͦ 
ͫͦ͟͡Έ͔͙͗ͤΎ ͤ ͍͔͊ͨͦͪͻ͙ͤͦͫͭ ͔ͪ͊͒͊͘͡ ͍͒ͯͻ ͔͔ͤͫͣ΄͙͍͊Ό΅͙ͻͫΎ 
͙͔͚͗͒ͦͫͭ͟  ͙͙͙ͫ͋ͣ͘͟͡ ͨͦͭͤͦͫͭ͡Ύ͙ͣΣ  ͍͔ͪͯ͘͡Έ͔ͭ͊ͭ ͎ͦͭͦͪͦͦ͟ ͙ͨͪ 
͙͔͙͙ͯͫͤ͡ ͙ͪͯͭ͟͟ ͨͦͭͦ͊͟ ͪ͊ͫͨ͊͒ ͍͙ͻͪΎ ͙ͨͪͦͫͻ͙ͦ͒ͭ  ͍͍͔ͪͻ͔͚ͤ  ͙
͙͔͚ͤ͗ͤ ͙͙͗͒ͦͫͭ͟ ͨͦ;͙ͭ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ. ˿ͻͦ͒Ύ΅͔͔ͫΎ 
͙ͫͨͪ͊͡Έ͔ͤͦ ͔ͭ;͔͙͔ͤ  ͍͍͔ͪͻ͔͚ͤ ͙͙͗͒ͦͫͭ͟ ͤ͊͒ ͎͙ͪ͊ͤͼ͔͚ ͔ͪ͊͒͊͘͡ 
ͺ͙͔ͦͪͣͪͯͭ ͪ͊ͫͻͦ͒Ύ΅͙͔ͫΎ ͙ͫͨͪ͊͡Έ͔ͤͦ ͍͙͔͙͔͒͗ͤ ͔͔͋ͦ͡ 
͚ͨͦͭͤͦ͡ ͙͙͗͒ͦͫͭ͟ ͨͦ͒ ͎͙ͪ͊ͤͼ͔͚ ͔ͪ͊͒͊͘͡. ̏ͺͺ͔ͭ͟ 
ͼ͔͔͎ͤͭͪͦ͋͗ͤͦͦ ͫͦ͟͡Έ͔͙͗ͤΎ ͒ ͦ ͙ͫͻ ͨͦͪ ͤ ͔ ͨͦͯ͡;͙͡ 
͔͔͙ͭͦͪͭ;͔͎ͫͦͦ͟ ͦ͋ΆΎ͔͙ͫͤͤΎ. ˽ͪΎ͔ͣͦ ;͙͔͔ͫͤͤͦ͡ 
͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͎ͭ͊ͦͦ͟ ͔ͭ;͔͙ͤΎ ͔͒͊ͭ ͙ͪ͊͒͊͟͡Έ͔ͤͦ ͙ͪ͊͘͡;͙͔  ͫ
Ή͔͙͔ͫͨͪͣͤͭͦͣ͟  ͍ͫͼ͔͙͙ͤ͊ͪ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͫͭͪͯͭͯͪ͟· ͔ͭ;͔͙ͤΎ 
ͤ ͊ͤ͊;͊͡Έ͚ͤͦ ͙͙ͫͭ͊͒.  ˹͊͋͡Ό͔͒͊ͣ͊Ύ ͔͍͔ͣͤͦ͗ͫͭͤͤͦͫͭΈ Ύ;͔͔͟  ͙
͙ͻ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ ͯͯ͡;΄͔͊ͭ ͔͔͔ͨͪͣ΄͙͍͙͔͊ͤΣ ;ͭͦ 
͙͔͙ͤͭͤͫͺ͙ͼ͙͔ͪͯͭ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ όͪͦͫͭΣ ͔͔͙͔͒ͤ͡  ͙ ͙͙͔ͨͭ͊ͤ 
͔ͭͦ͟͟͡Σ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Σ ͍͔͚ͦ͒ͦͪͦͫ͡ύ  ͙ ͻ͙͙ͣ;͔͙͔ͫ͟ 
ͨͪͦͼ͔ͫͫ·  ͍͍͙ͻ͔͍ͪ·ͻ ͔ͪ͊ͭͦͪ͊͟ͻ. ˽  ͦ͊͊ͯ͘͘͟ ͙͔͋ͦͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ 
͙͙ͦͣͨ͊ͤ͟ ͙͎͍͔ͦͭͦͤ͘͡ ͦͨ·ͭͤ·͚ ͔ͦ͋ͪ͊͘ͼ ͍·ͫͦͦ͟Ήͺͺ͔͙͍͎ͭͤͦͦ͟ 
͎͍͙͊ͦ͘ͻ͔͍͎ͪͦͦ ͔ͪ͊ͭͦͪ͊͟ ͒͡Ύ ͍·ͪ͊΅͙͍͙͙͊ͤ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ 
ͯ͟͡ΈͭͯͪΣ ͦ ͍ͫͤͦ͊ͤͤ·͚ ͤ  ͊ͦ ͙ͨͫ͊ͤͤͦͣ Ήͺͺ͔͔ͭ͟ 

˹͍ͦ·͚ Ήͺͺ͔ͭ͟ ͼ͔͔͎ͤͭͪͦ͋͗ͤͦͦ ͫͦ͟͡Έ͔͙͗ͤΎ ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͪ͊͒͊͘͡ ͍͒ͯͻ ͙͔͚͗͒ͦͫͭ͟Σ ͙͍ͨͪͦ͒Ύ΅͙͚ ͟ 
ͫͯ΅͔͍͔͚ͫͭͤͤͦ ͙͔͙ͤͭͤͫͺ͙͊͟ͼ͙͙ ͔ͣ͊ͫͫͦͦ͋ͣͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͍ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͙ ͙͔͋ͦͪ͊ͭͦͪ͊͟ͻ 

ˮ͙ͤͫͭͭͯͭ ͔ͭͨͦ͡ͺ͙͙͙͘͟ ͙ͣΦ ˿Φ˿. ˴ ͔͔ͯͭ͊ͭ͊͒͘͡ ˿ ͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 

ζˤ͙ͻ͔͍͔ͪͦ ͙͒ͦͣͤͦη ͍ ͊ͪͯ͘͟;͔ͤͤͦͣ ͔ͨͦͭͦ͟ ͍͒ͯͻ ͔͔ͤͫͣ΄͙͍͊Ό΅͙ͻͫΎ ͙͔͚͗͒ͦͫͭ͟Υ ͊ ς 
ͫͻ͔ͣ͊ ͍͙ͻ͔͍͎ͪͦͦ ͔ͪ͊ͭͦͪ͊͟Τ ͋ ς ͪ ͔ͯ͘͡Έͭ͊ͭ· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΤ ͍ ς Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊Ύ  
͍͙͙ͯ͊͊͘͘͡ͼ͙Ύ ͍͔͔͎ͦ͒ͤͦͪͣͤͤͦͦ ͪ͊ͫͨ͊͒͊ ͍͙ͻͪΎ ͍ ͙͔ͤ͗ͤͣ ͙ ͍͔ͪͻ͔ͤͣ ͔ͫͦ͡ ͙͔͚͗͒ͦͫͭ͟Τ  ͍  
ς ͊ ͤͦͣ͊͡Έ͔ͤͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͙͊ͪͯͭ͘͟͟ ͨͦͭͦ͊͟Σ ͍͙ͦͤ͊͘͟Ό΅͔͔ ͊͘ ͫ;͖ͭ ͔͎ͦ͋ͤ͊ͪͯ͗ͤͤͦͦ  
Ήͺͺ͔ͭ͊͟ ͨͪͦͫ͊͟͡Έ͘·͍͙͊ͤΎΤ ͒ ς ͎ ͍͙͊ͦ͘ͻ͔͍͚ͪͦ ͋ ͙͔ͦͪ͊ͭͦͪ͟Σ ͙͎͍͔ͦͭͦͤͤ͘͡·͚ ͨͦ ͊͊ͯ͘͘͟ 

͙͔͋ͦͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͙͙ͦͣͨ͊ͤ͟Φ 
 

ˢ͍ͭͦͪ·: ˹ ͍͊ͯͣͦ ˮΦˤΦΣ ͔̊ͭͪͤ ʕ Φ˹ΦΣ ͚̇ͦ ˸ΦˢΣ ͙̊͊ͪͺ͙ͯͤ͡͡ x Φ˾Φ  

 
˽͙ͯ͋͊͟͡ͼ͙͙:  
Naumov I.V., Sharifullin B.R., Kravtsova A.Yu., Shten V.N. Velocity jumps and the Moffatt eddy 
 in two-fluid swilling flows // Exp. Thermal and Fluid Science. ς 2020. ς V. 116. ς p. 110116 



͎̆ͪͦͣ͊ͭͦͪ͊ͣͣ͊ ͎ ͔͍͎ͫ͊ͤͦͦͦ͟ Ήͫͭͪ͊ͭ͊͟͟ ͍ͨͪͦ͒ͯͭͦ͟ ͔͙ͭͪͣ;͔͚ͫͦ͟ ͔͒ͫͭͪͯ͟ͼ͙͙ 
͊ͫͺ͊͡Έ͔͍ͭͤͦ ͔ͤͺ͙ͭ 

˽͔͔ͪ͒͡Έͤ·͔       Ϥ пн҈            
˹͔͔͔ͨͪ͒͡Έͤ·͔   Ϥ нс ҈ 
O - ͫ ͔ͦ͒ͪ͗͊΅͙͔  Ϥ мм҈        { - 
͔ͫͦ͒ͪ͗͊΅͙͔   ~ 7% 
ˢͪ ͔ͤ·                    ~ 5%              
˽͙͔ͦ͊ͪͤ͡·           ~ 3% 

͎̆ͪͦͣ͊ͭͦͪ͊ͣͣ͊ ͎ ͔͍͎ͫ͊ͤͦͦͦ͟ Ήͫͭͪ͊ͭ͊͟͟ ͍ͨͪͦ͒ͯͭͦ͟ ͔͙ͭͪͣ;͔͚ͫͦ͟ ͔͒ͫͭͪͯ͟ͼ͙͙ 
͊ͫͺ͊͡Έ͔͍ͭͤͦ ͔͎͊ͣͤͤͦͯͦ͟͡Έ͎ͤͦͦ ͔ͨ͊͟ ό˴̂˽ύ 

ˮ͙ͤͫͭͭͯͭ ͎͔ͯ͡ͻ͙͙͙ͣ ͙ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͔͙͍͔͔͙ͣ͊ͭͪ͊ͦ͒ͤ͡Ύ ̅ˮ̇ ̂̂̆ ˿˻ ˾ˢ˹ 
 

˴͍ͦͫͦ͟·͚ ͦͫͭ͊ͭͦ͟ ͊ͫͺ͊͡Έ͔͍ͭͤͦ ͔ͤͺ͙ͭ ˴͍ͦͫͦ͟·͚ ͦͫͭ͊ͭͦ͟ ͊ͫͺ͊͡Έ͔͍ͭͤͦ ˴̂˽ 

 

ˤ͙͡Ύ͙͔ͤ ͔͎ͦͣͨͦͤͤͭͤͦͦ͟ ͍ͫͦͫͭ͊͊ ͊ͫͺ͊͡Έ͔͍ͭͤͦ ͤ ͊  ͫ ͭͪͯͭͯͪͯ͟ ͦͫ͊͟͟  

ˢ͍ͭͦͪ·: ˿ ͙͍ͦͤͦ͘ ˿ΦˢΦΣ ˶·ͪ΅͙͍ͦ͟ C.̑ ΦΣ ͙̆ͼ͍ͦ͊ ˶ Φ˸ΦΣ  
˩ͺ͙͍ͣͦ͊ ˻Φ˿ΦΣ ˽͍ͦͨͦ͊ ˢΦ˹ΦΣ ͔͙͊͊͒ͣ͟͟ ˾ˢ˹ ˮ͎͙͍ͫͣ͊ͦ͡ ˭Φ˾Φ 

˽͙ͯ͋͊͟͡ͼ͙͙Υ 
Sozinov S.A., Sotnikova L.V., Popova A.N., Hitsova 
L.M., Lyrschikov S.Yu., Efimova O.S., Malysheva 
V.Yu., Rusakov D.M. / 
Composition and structure of hexane-insoluble 
asphaltenes from coal pitch // Coke and Chemistry 
2020. Vol 63. p. 26ς34.  
DOI: 0.3103/S1068364X20010068 



ˮ͙ͤͫͭͭͯͭ ͙͙͙͒ͤ͊ͣ͟ ͙͔ͫͫͭͣ ͙ ͔͙͙ͭͦͪ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͔͙ͣͤ ˤΦ˸Φ ˸͍͊ͭͪͦͫͦ͊ 
˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 

ˢ͍ͭͦͪ·: ˴ ͔͙ͤͤ͘ ˸ . .̑, ͊ ͔͙͊͒ͣ͟͟ ˾ ˢ˹ x ·;͍ͦ͟ ˮ . .ʕ, ˸ ͙͙͊ͫͣͤ͟͟ ˹ . .˹ 

 
˽͙ͯ͋͊͟͡ͼ͙͙: 
Kenzin M., Bychkov I., Maksimkin N. Situational awareness for distributed mobile robot teams under limited communication // CEUR Workshop Proceedings: Proceedings of 2nd International Workshop on 
Information, Computation, and Control Systems for Distributed Environments (ICCS-DE'2020). 2020. Pp. 146-155. 
Kenzin M., Bychkov I., Maksimkin N. Emergency broadcasting strategies for distributed robotic groups under limited communication // Journal of Physics: Conference Series (IOP Publishing) (in print)  
 

ˮͤͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ;͔͍ͤͦ͡ ͔͔͔͚ͪ͊ͫͨͪ͒ͤͤͦ͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ;͔͚ͫͦ͟ ͎ͪͯͨͨ· ͦ ͋
͙͔͔͙ͣͤͤ͘ΎͻΣ ͫͨͦͫͦ͋ͤ·ͻ ͍͙ͨͦ͡ΎͭΈ ͤ ͔͊ͯͫͨͻ ͙͙͙ͣͫͫΣ Ύ͍͡Ύ͔ͭͫΎ ͔͙͍͙ͤͭͪ͊͡Έ͚ͤͦ 
͊͒͊͘;͔͚ ͒͡Ύ ͋ͦ͡Έ΄͙ͻ ͙ͣͦ͋͡Έͤ·ͻ ͎ͪͯͨͨ  ͍ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦͪ͊ͤ;͔͚ͤͤͦ 
͙ͦͣͣͯͤ͊͟͟ͼ͙͙. ˮ͔͍ͫͫ͒ͦ͊ͤ͊͡ ͊͒͊͘;͊ ͙ͨͦͫ͊͟ ͣ͊ͪ΄ͪͯͭ͊ ͍͙͔͙͒͗ͤΎ ͒͡Ύ 
ͪͦ͋ͦͭ͊-͙ͤͺͦͪͣ͊ͭͦͪ͊Σ ͦͭͦͪ͟·͚ ͔͔ͦ͋ͫͨ;͙͡ ͋· ͙͔͚ͤ͊ͫͦͪ͟΄͔͔ ͍͔ͦͨͦ΅͔͙͔ͤ 
͍͔͚ͫ ͎ͪͯͨͨ· ͍ͪͦ͋ͦͭͦ  ͍ ͊͒͊ͤͤͦͣ͘ ͔͎͙͔ͪͦͤ. ˽͔͔ͪ͒ͦ͗ͤ͊͡ ͙͎͙ͦͪͤ͊͡Έͤ͊Ύ 
͍ͨͦͫͭ͊ͤͦ͊͟ ͊͒͊͘;͙Σ ͦ͋Ά͔͙͒ͤΎΌ΅͊Ύ ;͔ͪͭ· ͣͯ͡Έ͙͎͔ͭ͊ͤͭͤ·ͻ ͔͔͍ͫͭ·ͻ ͔͔͚ͣͦ͒͡ 
 ͙͊͒͊͘; ͎͍͚ͪͯͨͨͦͦ ͣ͊ͪ΄͙ͪͯͭ͊͘ͼ͙͙. ˨͡Ύ ͔ͪ΄͔͙ͤΎ ͊͒͊͘;͙ ͔͎͔ͨͪ͒͊͊ͭͫ͡Ύ ͪΎ͒ 
͙͍ͦͤͫͭͪͯͭͤ͟͟·ͻ Ή͍͙͙ͪͫͭ͟ ͒͡Ύ ͔͙ͨͦͫͭͪͦͤΎ ͤ͊;͊͡Έͤ·ͻ ͣ͊ͪ΄͍ͪͯͭͦ  ͙
ͨͪͦͼ͔͒ͯͪ͊ ͦ͊͟͡͡Έ͎ͤͦͦ ͙ͨͦͫ͊͟ ͒͡Ύ ͙ͻ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͯͯ͡;΄͔͙ͤΎ. ˽ͦͯ͡;͔ͤ· 
͔ͪͯ͘͡Έͭ͊ͭ· ͍͙͔ͫͪ͊ͤͭ͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ Ή͍͙͙ͪͫͭ͟Σ ͪ͊ͪ͊͋ͦͭ͊ͤ͘· ͎͙͊ͦͪͭͣ͡· ͒͡Ύ 
͎͔͔ͤͪ͊ͼ͙͙ ͪ ͔͙͙͊ͫͭ͡;ͤ·ͻ ͭ ͔͍ͫͭͦ·ͻ ͘ ͊͒͊;. 

͍͙͙̏ͪͫͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͟ ͔ͪ΄͔͙ͤΌ ͊͒͊͘;͙ Ή͔͎ͫͭͪͤͤͦͦ͟ ͍͔ͦͨͦ΅͔͙ͤΎ ͔͔͔͚ͪ͊ͫͨͪ͒ͤͤͦ͡ ͎ͪͯͨͨ· ͙ͣͦ͋͡Έͤ·ͻ 
͍ͪͦ͋ͦͭͦ ͍ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦͪ͊ͤ;͔͚ͤͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ 

˾͔͙͊͊͘͡ͼ͙Ύ ͨͦ͒ͻͦ͒͊ ͍ ͪ͊ͣ͊͟ͻ ͔͙ͣͦ͒ͪͯ͡Ό΅͔͎ͦ ͟ ͔ͦͣͨͫ͊͟͡ 



ˮ͙ͤͫͭͭͯͭ ͔ͨͪͦ͋ͣ͡ ͔ͤͺ͙ͭ ͙ ͎͊͊͘ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟  - 
͔͔ͦ͋ͦͫͦ͋ͤͤͦ͡ ͔͔͙͔ͨͦ͒ͪ͊͒ͤ͘͡ ̅ˮ̇ ζ̒˹̇ ˿˻ ˾ˢ˹η 

˿ͨͦͫͦ͋ ͍͙ͫ͊ͪ͟ ͍͔ͫͪͻ͍·͔ͫͦͦͣͦͯ͟͟͡͡Ύ͎ͪͤͦͦ ͨ ͙ͦ͡Ή͙͔ͭͤ͊͡ ͙ ͔͎ͦ ͙͍ͦͣͨͦͭͦ͘͟ ͔ͣͭͦ͒ͦͣ ͎͙͚ͣ͊ͤͭͤͦ ͙ͤ͒ͯ͟ͼ͙͙ 

ˢ͍ͭͦͪ·: ˿͍ͦͦͦ͊͟͡ .˸˨Σ ͙͙͍̉ͪͦ͟ .s .s, ˥͎͔͍ͦͦ͊͡ .˻ .ʕ, ͙͍̊͊͒ͪͤͦ .˹ .ʕ, ͔͍̅͒ͦͪͦ 
.s .˶, s ͔͍ͤͭͦ ˴ . .˽ 

˾͊ͪ͊͋ͦͭ͊ͤ͘ ͫͨͦͫͦ͋ ͍͙ͫ͊ͪ͟ ͍͔ͫͪͻ͍·͔ͫͦͦͣͦͯ͟͟͡͡Ύ͎ͪͤͦͦ ͙ͨͦ͡Ή͙͔ͭͤ͊͡ ό˿ˤ˸˽̏ύ 
͔ͨͯͭͣ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ  ͍ ͔ͦͤ͘ ͍͎ͫ͊ͪͤͦͦ ΄͍͊ ͺ͔͎͔͙ͪͪͦͣ͊ͤͭ͊͟Σ ͦͭͦͪ͟·͚ ͙ͨͪ 
͍͔͚͍͙͙ͦ͒ͫͭ͘ ͎͙͚ͣ͊ͤͭͤͦ ͙ͤ͒ͯ͟ͼ͙͙ ͎͔͍͔ͤ͊ͪ͊ͭͫΎ  ͙ ͙͍͙ͨͪͦ͒ͭ  ͟ ͍͔͙ͪ͊ͫͨ͊ͤ͡͡Ό 
˿ˤ˸˽̏Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͔͒ͺͦͪͣ͊ͼ͙Ό ͙͔͙͒͘͡Ύ  ͍ͦ͋Ά͔͔ͣ. ˽  ͦ
͙͔͙ͪͭͪ͟Ύͣ ͫͦͻ͔͙ͪ͊ͤͤΎ ͨͪͦ;ͤͦͫͭͤ·ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͨͦͯ͡;͔͎͊ͣͦͦ ͍͎ͫ͊ͪͤͦͦ 
͔͙͔͙ͫͦ͒ͤͤΎ ͍͔ͯͫͭ͊ͤͦͤ͡ ͙ͦͨͭͣ͊͡Έͤ·͚ ͔͙ͪ͗ͣ ͍͙ͫ͊ͪ͟: -́ 250 ÁC, ͍͔ͪͣΎ ͎͔͍ͤ͊ͪ͊ - 
30 ͫΣ ͍͔͙͔͒͊ͤ͡ - 2,3 ˸˽.͊ ˸͔ͭͦ͒ͦͣ ˮ -˴͔͙͙ͫͨͭͪͦͫͦͨ͟͟ ͍͔ͯͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ ͙ͨͪ 
ͭ͊ͦͣ͟ ͍͔͔ͪ͊ͭͦͪͣͤͤͦͣ͟͟ ͍͔͚͍͙͙ͦ͒ͫͭ͘ ͙ͤ͒ͯ͟ͼ͙͎ͦͤͤͦͦ ͎͔͍ͤ͊ͪ͊ ͙ͨͪ 250ÁC  ͍
͙ͦ͋͊ͫͭ͡ ͍͎ͫ͊ͪͤͦͦ ΄͍͊ ˿ˤ˸˽̏ ͤ ͔ ͔͍ͯͫͨ͊Όͭ ͙ͨͪͦͫͻ͙ͦ͒ͭΈ ͙͙͔ͦͫͭ͟͡͡Έͤͦ-
͔͙͍͒ͫͭͪͯͭͤ͟·͔ ͨͪͦͼ͔ͫͫ·. ˽͙ͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͎͒͊ͤͤͦͦ ͫͨͦͫͦ͋͊ ͍͙ͫ͊ͪ͟ 
ͨͪͦ;ͤͦͫͭΈ ͍͎ͫ͊ͪͤͦͦ ͔͙͔͙ͫͦ͒ͤͤΎ  ͙͔͔ͨͪ͒͡ ͔ͭͯ͟;͔͙ͫͭ ͦ͋ͪ͊͘ͼ͊ ͫͦͻͪ͊ͤΎΌͭͫΎ ͤ ͊
͍͔ͯͪͦͤ ͙͎ͣͦͤͦͭͤͦͦ͡ ˿ˤ˸˽̏Σ ;ͭͦ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ  ͍ͦ·ͫͦͦͣ͟ ͊͟;͔͍͔ͫͭ ͍͎ͫ͊ͪͤͦͦ 
͔͙͔͙ͫͦ͒ͤͤΎΣ ͍ͨͦͦ͘͡ΎΌ΅͔͎ͦ ͍ͨͦ·͙ͫͭΈ ͔ͪͫͯͪͫ ͙ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭ ͍͔ͫ͊ͪͤͤ·ͻ 
͔͔͚͒ͭ͊͡ ͙  ͘˿ ˤ˸˽̏.  

ʉʭʝʤʘ ʩʚʘʨʢʠ ʉɺʄʇʕ ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ: 

1- ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʬʝʨʨʦʤʘʛʥʝʪʠʢ (ʪʦʥʢʘʷ ʩʝʪʢʘ,); 2- ʩʚʘʨʠʚʘʝʤʳʝ 

ʜʝʪʘʣʠ ʠʟ ʉɺʄʇʕ; 3- ʧʨʝʩʩ-ʬʦʨʤʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʠʟ 

ʤʘʪʝʨʠʘʣʘ, ʥʝ ʦʙʣʘʜʘʶʱʝʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

˽͙ͯ͋͊͟͡ͼ͙͙:  
Chirikov A.A., Sokolova M.D., Gogoleva O.V. Development of a method for welding ultra-high molecular weight polyethylene using electromagnetic induction //  Structural Integrity Procedia.  ʕ͔ͨ;͙͊ͭ; 
˴͔͍ͦͫͦ͊͡ .˩ .˿, ˥͎͔͍ͦͦ͊͡ .˻ .ʕ, ˽͔͍ͭͪͦ͊ .˽ .˹, ˸͍͊ͪͦ͊͟ .˸ .s, ͙͙͍̉ͪͦ͟ .s .s ˾͊ͪ͊͋ͦͭ͊͘͟ ͙͍ͦͣͨͦͭͦ͘͟ ͙͔ͭͪ͋ͦͭͻ͙ͤ;͔͎ͫͦͦ͟ ͤ͊ͤ͊͘;͔͙ͤΎ ͤ ͍͔͊ͦͫͤͦ ͍͔ͫͪͻ͍·͔ͫͦͦͣͦͯ͟͟͡͡Ύ͎ͪͤͦͦ ͙ͨͦ͡Ή͙͔ͭͤ͊͡ //  
˸͔͙͍͔͔͙͔͊ͭͪ͊ͦ͒ͤ͡. ς 2020. ς Ѕ 9. ς ˿ . 34-37 https:// doi.org/10.31044/1684-579X-2020-0-9-34-37 



ˣ͙͚͙͚ͫ͟ ͭ ͔ͻ͎͙ͤͦͦ͡;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ όͺ͙͙͊͡͡ύ ̅˥ˣ˻̂ ˤ˻ ζˢ͚͙͚ͭ͊ͫ͟͡ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ 
͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͙ͣΦ ˮΦˮΦ ˽͍ͦͯͤͦ͊͘͡η 

ˢ͍ͭͦͪ·: ̆ ͔͔͍ͣ͡ ʕ . .˹, ̊ ͍͊ͯͤͦ͡ s . .ʕ, ˹ ͔͔͍ͫͭͪͦ ʕ . .s, ˥ ͦ͡·ͻ ˾ . .˹ 

˽͙ͯ͋͊͟͡ͼ͙͙:  
͘ ͊2020 ͎ͦ͒ : ͙͍ͦͨͯ͋ͦ͊ͤͦ͟͡ 4 ͫͭ͊ͭΈ͙  ͍͗ͯͪͤ͊͊͡ͻ ͔͍͎ͨͪͦͦ ͍͙͊ͪͭ͟͡Ύ: Improving the separation efficient of particles smaller than 2.5 micrometer by combining ultrasonic agglomeration and swirling 
flow techniques /  Khmelev, V.N., Shalunov, A.V., Nesterov, V.A. //  PLoS ONE. ς 2020. ς V.15 , e0239593; Physical Mechanisms and Theoretical Computation of Efficiency of Submicron Particles 
Agglomeration by Nonlinear Acoustic Influence /  Shalunov A.V., Khmelev V.N., Golykh R.N. //  Aerosol and Air Quality Research. ς 2020. ς Volume 20. ς Issue 12 ; Ultrasonic transducer with a power 
summation of radially arranged Langevin-type elements of resonance frequency up to 100 kHz /  Khmelev, V.N., Shalunov, A.V., Nesterov, V.A. //   IEEE Transactions on Ultrasonics, Ferroelectrics, and 
Frequency Control ς 2020. ς Volume 67. Issue 12; Raising the Efficiency of Coagulation of Dispersed Particles by the Action of Ultrasonic Vibrations on Gas-Dispersed Flows in Inertial Dust Collectors /  V. N. 
Khmelev, V. A. Nesterov, A. V. Shalunov //  Journal of Engineering Physics and Thermophysics ς 2020 Volume 90, Issue 6. p. 1335-1346.;  ͨ ͦͯ͡;͔ͤͦ 4 ˽ ͔͊ͭͤͭ͊ ˾ .̅ 

˾͊ͪ͊͋͊ͭ͘·͍͔͊ͣ͊Ύ ͔ͭͻ͎͙ͤͦͦ͡Ύ ͍ͦͫͤͦ͊ͤ͊ ͤ ͊ ͎ͦ͊ͯ͟͡Ύͼ͙͙ ͙ͫͯ͋ͣͪͦͤͤ͟·ͻ 
;͙͊ͫͭͼ ͔͙͔͚ͤͤͤ͡·͙ͣ ͯ͡Έ͍͍ͭͪ͊ͯͦ͘͟·͙ͣ ͔͙ͦ͋͊ͤ͟͡Ύ͙ͣ  ͫ ͍͔ͯͪͦͤͣ 
͍͍͎ͯͦͦͦ͘͟ ͍͔͙͒͊ͤ͡Ύ ͤ ͔͔͔͔ͣͤ 175 ͒ˣΣ  ͍ͦͭͦͪ͟·ͻ ͙ͦ͋͊ͫͭ͡ ͪ͊ͪ͘Ύ͔͙͗ͤΎ  ͙
͙ͫ͗͊ͭΎΣ ͺ͙͔ͦͪͣͪͯͣ·͔  ͙ͪ͊ͫͨͪͦͫͭͪ͊ͤΎ͔ͣ·͔  ͍͎͙͔͚͊ͦ͒ͫͨͪͫͤͦ͘ ͙͔͔ͫͫͭͣΣ 
͙ͦͭ͡;͊ΌͭͫΎ ͨ ͦ ͍͔͙͡;͙͔ͤ ͍͔͙͒͊ͤ͡Ύ ͤ ͔ ͔͔͔ͣͤ 10 ͪ͊͘. ˹͔͙͔͚ͤͤ͡·͔ 
͔͙ͦ͋͊ͤ͟͡Ύ ͺ͙ͦͪͣͪͯΌͭͫΎ ͔ͨͯͭͣ ͺ͙͍͙ͦͯͫͪͦ͟͟  ͙ ͙͔ͤͭͪͺ͔͔ͪͤͼ͙͙ 
͔͔ͤͨͪͪ·͍ͤ·ͻ ͔͙͚ͦ͋͊ͤ͟͡ ͙͙͡ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ·ͻ ͔ͦͤ͟;ͤ·ͻ ͍͍ͦͤͦ͡·ͻ 
͔͍ͨ͊ͭͦ͟Σ ͍͔ͫͦ͒͊͊ͣ͘·ͻ ͯ͡Έ͍͍ͭͪ͊ͯͦ͘͟·͙ͣ ͙ͯ͘͡;͔͊ͭ͡Ύ͙ͣ ͤ ͊ ͪ͊ͭͤ͟·ͻ 
;͊ͫͭͦͭ͊ͻ. 
ˤ͍ͦͤͦ͡·͔ ͔ͨ͊ͭ͟· ͎͔͔͙ͤͪͪͯΌͭͫΎ ͙ͨͪ ͨͦͣͦ΅͙ ͔ͤͫͦ͟͡Έ͙͟ͻ ό͔ͤ ͔͔͔ͣͤ 3-ͻύ 
͙͍͍ͣ͊ͫͫͦ ͨΈ͔ͦ͘Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ ͨͦͪ΄͔͍ͤ·ͻ ͙ͯ͘͡;͔͔͚͊ͭ͡ ͤ ͊ ͪ͊ͭͤ͟·ͻ 
;͊ͫͭͦͭ͊ͻ. ̏ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͫͦͪ͊͟΅͔͙͔ͤ ͍͔͔͙ͪͣͤ ͔͔͍͔͎ͫͭͫͭͤͤͦͦ 
͔͙ͦͫ͊͗͒ͤΎ ͫ ͙ͯ͋ͣͪͦͤͤ͟·ͻ ;͙͊ͫͭͼ ͤ  ͔ͣ ͔͔͔ͤ ;͔ͣ  ͍1000 ͪ͊͘.  
˥ͪ͊ͤͭ ˾ ˹ ̅Ѕ19-19-00121 

͔́ͻ͎͙ͤͦͦ͡Ύ ͦ;͙͙ͫͭ͟ ͎͍͊ͦ͘ ͦͭ ͙ͫͯ͋ͣͪͦͤͤ͟·ͻ ;͙͊ͫͭͼ ͔͙ͣͭͦ͒͊ͣ ͔͙͔͚ͤͤͤ͡·ͻ ͯ͡Έ͍͍ͭͪ͊ͯͦ͘͟·ͻ 
͍͔͚͍͙͚ͦ͒ͫͭ͘ 

˨͍͔ͯͣͪͤ·͚ ͙͍ͣ͊ͫͫ ͙ͯ͘͡;͔͔͚͊ͭ͡ ͨͦͪ΄͔͍͎ͤͦͦ ͙ͭͨ͊ 

ˮ͔͙͔ͣͪͭ͘͡Έͤ͊Ύ ͍ͯͫͭ͊ͤͦ͊͟ 



ˤͦͫͭͦ;ͤͦ-˿͙͙͙͚͋ͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ όˤ˿˥̂́̂), 
͊͟ͺ͔͒ͪ͊ ζ˿͙͍͔͙͔ͦͨͪͦͭͤ͡ ͔͙͍ͣ͊ͭͪ͊ͦ͡η 

ˢ͍ͭͦͪ·: ˣͦͻ͔͍ͦ͊ .˶ˢΣ ˣ͍͊͒͊ͤͦ͡ .s .x, ˽͔͔͍͍ͪ͊ͦ͡ .s .ʕ, ˣͦ;͔͔͍ͭͯ͊͟ .˩ .x, 
͔͍̊;͔ͤͦ͟ ̒ . .ʕ, ̉ ͔ͪͣͦ΄͔ͤͼ͔͍͊ s . .˿  

˽͙ͯ͋͊͟͡ͼ͙͙Υ 
ˣͦͻ͔͍ͦ͊ ˶ ΦˢΦΣ ˽͔͔͍͍ͪ͊ͦ͡ ˢΦˤΦΣ ˣ͍͊͒͊ͤͦ͡ ˢΦˣΦΣ ͔̉ͪͣͦ΄͔ͤͼ͔͍͊ s Φ˿Φ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͙ ͙͎͍͔͙͔ͦͭͦͤ͘͡ ͔ͨͪͫͫ-ͺͦͪͣ ͒͡Ύ ͦ͋Ά͔ͣͤ·ͻ ͔͔͚͒ͭ͊͡ ͙͘ ͙ͦͣͨͦ͘͟ͼ͙ͦͤͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡κκ ˤ ͙͔ͫ͋ͦͪͤ͟Υ 
˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͙ ͤ͊ͯ͊͟Φ ˿ ͙͋ͦͪͤ͟ ͔͚ͫͭ͊ͭ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͤ͊ͯ;ͤͦ-͙ͨͪ͊ͭ͟;͔͚ͫͦ͟ ͦͤ͟ͺ͔͔ͪͤͼ͙͙Φ ˻͍͔͍͔ͭͭͫͭͤͤ·͚ ͔ͪ͒͊ͭͦͪ͟ ˶ΦˢΦ ˣͦͻ͔͍ͦ͊Φ нлнлΦ ˿Φ мф-27.  
ˣͦͻ͔͍ͦ͊ ˶ ΦˢΦΣ ˣ͍͊͒͊ͤͦ͡ ˢΦˣΦΣ ͔̉ͪͣͦ΄͔ͤͼ͔͍͊ s Φ˿Φ ˾͊ͪ͊͋ͦͭ͊͘͟ ͙ͦͨͭͣ͊͡Έ͚ͤͦ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͎͚͚ͣͤͦͦͫͦͤͦ͡ ͙ͦͤͫͦ͟͡ ͪ͟·͊͡ ͔͙͎͋ͫͨͦͭͤͦͦ͡ ͔͔ͭ͊ͭ͡͡Έ͎ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ ͫ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·ͣ 
͍͔͔͙͔ͨͦ͒ͭͪ͗͒ͤͣκκ  ʕ ͔͙ͫͭͤ͟ ˸͍͎ͦͫͦͫͦͦ͟͟ ͍͙͊͊ͼ͙͎ͦͤͤͦͦ ͙͙ͤͫͭͭͯͭ͊Φ нлнлΦ ́Φ нтΦ Ѕ мΦ ˿Φ ср-75.  
˽͔͊ͭͤͭ ͤ͊ ͔ͨͦͤͯ͘͡Ό ͔ͣͦ͒͡Έ w¦ 192733 ¦мΣ нтΦлфΦнлмфΦ ˭͊Ύ͍͊͟ Ѕ 2019107059 ͦ  ͭ12.03.2019. x ͦͻ͔͍ͦ͊ ˶ ΦˢΦΣ ˾͎͍ͦͦ ˤΦ˩Φ ˾͊͋ͦͪͤ͊͘Ύ ͦͫͤ͊ͫͭ͊͟ ͒͡Ύ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ ͙ͦͤͫͦ͟͡ ͪ͟·͊͡ ͔͙͎͋ͫͨͦͭͤͦͦ͡ 
͔͔ͭ͊ͭ͡͡Έ͎ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ 

˾͊ͪ͊͋ͦͭ͊ͤ͊͘  ͔ͦͣͨͫͤ͊͟͟͡Ύ ͔͙ͣͭͦ͒͊͟ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ 
͍͔ͫͪͻͨͪͦ;͎ͤͦͦ ͦͪͨͯͫ͊͟ ͙ ͘ ͙ͦͣͨͦ͘͟ͼ͙ͦͤͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡  ͒͡Ύ 
͔͙͎͋ͫͨͦͭͤͦͦ͡ ͔͔ͭ͊ͭ͡͡Έ͎ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ όˣ˽˶ˢύΣ ͦͭͦͪ͊͟Ύ ͍͟͡Ό;͔͊ͭ 
͙ͦ͟͡;͔͍ͫͭͦ  ͙ ͔ͪ͊ͣͪ͘· ͔͍ͫͦ͡Σ ͨͦͪΎ͒ͦ͟ ͔͙ͪ͊ͫͨͦͦ͗ͤ͡Ύ  ͙ ͭͦ͡΅͙ͤ· 
͔͍ͫͦ͡Σ ͎ͯ͡· ͙ͯ͊͒͟͟͡ ͍ͦͦͦͤ͟͡  ͍͔ͫͦ͡. ˨͡Ύ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ Ή͔͔͍ͣͤͭͦ͡ 
ͦͪͨͯͫ͊͟ ˣ˽˶ˢ ͪ͊ͪ͊͋ͦͭ͊ͤ͘· ;͔͔͙ͪͭ͗Σ  ;͙͔ͫͤͤ͡·͔ ͔͙ͣͦ͒͡Σ 
͍͔͔ͭͪ͒ͦͭ͡Έͤ·͔ ͔͙ͣͦ͒͡ ͔ͨͪͫͫ-ͺͦͪͣ·  ͫ ͙͔͔͙͔ͨͪͣͤͤͣ ͙͙͍͊͒͒ͭͤ·ͻ 
͔ͭͻ͎͙͚ͤͦͦ͡. ˾͊ͪ͊͋ͦͭ͊ͤ͘·  ͙ ͙͎͍͔ͦͭͦͤ͘͡· ͍ͤͦ·͔ ͯ͘͡· ͔͔͙ͪͨͤ͟͡Ύ 
ͪ͟·͊͡  ͟ ͺΌ͔͘͡Ύ͗ͯ ͒͡Ύ ͪ͊͋ͦͭ· ͨ ͦ ͙ͨͪͤͼ͙ͨͯ ͔͎͙͍ͦͭͫͭ͊Ό΅͔͔ 
όͫ͊͒͟͡·͍͊Ό΅͔͔ύ ͪ͟·ͦ͡. ˮ͎͍͔ͦͭͦͤ͘͡ ͨͦ͡·͚ ͼ͔͡Έͤ·͚ ͦͪͨͯͫ͟ ˣ˽˶ˢ ͙ ͘
͙ͫͦͫͭ͡·ͻ ͙ͦͣͨͦ͘͟ͼ͙ͦͤͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͍͔ͫͦͣ 7,5 ͎͟Σ ͪ͊ͣ͊͘ͻ ͪ͟·͊͡ 
3,5 .ͣ ˤ͔͍ͨͪ·͔ ͨͦͯ͡;͔ͤ· ͙ͦͨͭͣ͊͡Έͤ·͔ ͔͙ͣͦ͒͡ ͪ͟·͡Έ͔͍  ͙ͺΌ͔͘͡Ύ͗͊ 
ͨ ͦͨͪͦ;͙ͤͦͫͭΣ ͔͙͗ͫͭͦͫͭ͟ ͙ͨͪ ͙͙ͣͤͣ͊͡Έͤͦͣ ͍͔͔ͫ: ͦͪͨͯͫ͟ ͨͦ;͙ͭ  ͍͍͒͊ 
ͪ͊͊͘ ͨ ͪͦ;͔͔ͤ  ͙ͤ  ͊25% ͔͎͡;͔ ͊ ͎͍ͤ͊ͦͦ͡.  

˿͍͔ͪͻͨͪͦ;ͤ·͚ ͦͪͨͯͫ͟ ͙͘ ͙ͦͣͨͦ͘͟ͼ͙ͦͤͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡  ͒͡Ύ ͔͙͎͋ͫͨͦͭͤͦͦ͡ ͔͔ͭ͊ͭ͡͡Έ͎ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊  

˿͍ ͔ͪͻͨͪͦ;ͤ·͚ ͟ ͦͪͨͯͫΣ ͔ͨͪͫͫ-ͺͦͪͣ· ͒͡Ύ ͙͎͍͔͙ͦͭͦͤ͘͡Ύ ˣ˽˶ˢ  
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˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ͙ͨͯ͋͡;ͤ͊Ύ ͤ͊ͯ;ͤͦ-͔ͭͻ͙ͤ;͔ͫ͊͟Ύ ͙͙͔͋͋ͦͭ͊͟͡ ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ 
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ˢ͍ͭͦͪ·: ;͡Φ-͟Φ ˾ˢ˹ ˴͍͙ͦͤͭͦͪͦ; ˤΦˢΦΣ ˢΌ͍ͤͦ͊ ˨ ΦˤΦΣ ˴͙͙͊ͤͤ͊͡ ˶Φ˸ΦΣ ˴͙͙͊ͤͤ͡ 
ˢΦ̑ΦΣ ˿͍ͦͦ͡Έ͔͍ ˸ΦˤΦΣ ˿͙͍ͯͪͦ͊͟ ˩ΦΦ˿Σ ˥͔͍ͯͫ͊ ˿Φ˸Σ ͔͍͙̅͒ͦͪͦ; ˸ Φ˻Φ 

 
˽͙ͯ͋͊͟͡ͼ͙͙:  
˴͍͙ͦͤͭͦͪͦ; .ʕ .s ˸͔ͦ͒͡Έ ͎͔͎͙ͦͦ͡;͔͎ͫͦͦ͟ ͔͙ͫͭͪͦͤΎ  ͙͔͔͙͍ͨͪͫͨͭ͟· ͔ͤͺ͔͎͙ͭ͊ͦͤͦͫͤͦͫͭ͘ ͔͙ͤͦͦͣͫ͟͟ͻ (͔͙͋ͪͪ͊ͫ-͙͔͙ͤ͗ͤ͊ͨͭͫ͟ͻ) ͔͙͚ͦͭͦ͗ͤ͡ ͙͊ͪͭ͟;͔͙ͫ͟ͻ ͔͎͙͍ͪͦͤͦ ˭͚͊ͨ͊͒ͤͦ ˿͙͙͙͋ͪ  ͙΄͔͡Έͺ͊ 
˴͎͊ͪͫͦͦ͟ ͣ ͦͪΎ //  ˥ ͔͎͙ͦͦ͡Ύ ͙  ͎ ͔ͦͺ͙͙͊͘͟.   
˿͙͍ͯͪͦ͊͟ .˩ .˿, ˴͍͙ͦͤͭͦͪͦ; .ʕ .s, ͔͍͙̅͒ͦͪͦ; .˸ .˻ ˤ͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͍ͦ͋ͫͭ͊ͤͦͦ͟ ͔͙ͦͫ͊͒ͦͤ͊ͦͨͤ͟͟͡Ύ ͙͋͊ͭͫ͟ͻ  ͙͔͍ͣͦ͡·ͻ ͔͙͚ͦͭͦ͗ͤ͡ ͨ ͦ͒͊ͤͤ·ͣ ͔͚͍͔͙ͫͫͣͦͪ͊͒͘͟  ͙˥ˮ˿ όͤ͊ ͙͔͔ͨͪͣͪ ˥͔ͦͺ͙͙͘;͔͎ͫͦͦ͟ 
͔͔͙ͣͫͭͦͪͦ͗͒ͤΎΣ ͨ -  ͍˥ ·͒͊ͤ) //  ˥͔ͦͺ͙͙͘;͔͙͔ͫ͟ ͭ ͔ͻ͎͙͙ͤͦͦ͡. 
 

˸͔ͦ͒͡Έ ͎͔͎͙ͦͦ͡;͔͎ͫͦͦ͟ ͔͙ͫͭͪͦͤΎ ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͔ͤͺ͔͎͙ͭ͊ͦͤͦͫͤͦͫͭ͘ ͤ ͔͙ͦͦͣͫ͟͟ͻ (͔͙͋ͪͪ͊ͫ-
͙͔͙ͤ͗ͤ͊ͨͭͫ͟ͻύ ͔͙͚ͦͭͦ͗ͤ͡ ͙͊ͪͭ͟;͔͙ͫ͟ͻ ͔͎͙͍ͪͦͤͦ ˭͚͊ͨ͊͒ͤͦ ˿͙͙͙͋ͪ ͙ ΄͔͡Έͺ͊ ˴͎͊ͪͫͦͦ͟ ͣͦͪΎ 

˿͔͚͎͔͎͙ͫͣͦͦͦ͡;͔ͫ͊͟Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟  
͙͔͔͍ͤ͗ͤͣͦ͡·ͻ  

͔͙͚ͦͭͦ͗ͤ͡ ͙͊ͪͭ͟;͔͙ͫ͟ͻ ͔͎͙͍ͪͦͤͦ 
˭͚͊ͨ͊͒ͤͦ ˿͙͙͙͋ͪ  

͙ ΄͔͡Έͺ͊ ˴͎͊ͪͫͦͦ͟ ͣͦͪΎ 

˽͔ͦͫͭͪͦͤ͊ ͍͔͔ͫͦͪͣͤͤ͊Ύ ͔ͣͦ͒͡Έ ͎͔͎͙ͦͦ͡;͔͎ͫͦͦ͟ ͔͙ͫͭͪͦͤΎ 
͔͙͋ͪͪ͊ͫ-͙͔͙ͤ͗ͤ͊ͨͭͫ͟ͻ (͔͙ͤͦͦͣͫ͟͟ͻ) ͔͙͚ͦͭͦ͗ͤ͡  ͍
͙͊ͪͭ͟;͔͙ͫ͟ͻ ͔͎͙ͪͦͤ͊ͻ ˭͚͊ͨ͊͒ͤͦ ˿͙͙͙͋ͪ  ͙ ͤ ͊ ΄͔͡Έͺ͔ 
˴͎͊ͪͫͦͦ͟ ͣͦͪΎ.  ʕ ͍͔ͫͦͫͭ͊ ͔ͤͦͦͣ͊͟ ͍·͔͔͒ͤ͡· 
͙ͤͦ͟͡ͺͦͪͣͤ·͚  ͙΄͔͡Έͺ͍ͦ·͚ ͔ͦͣͨͫ͟͟͡·.  ʕ̒ͣ͊͡Έ͚ͫͦ͟  ͙
˥·͚͒͊ͤͫͦ͟ ˹˥˻ ͔͙͔ͤͦͦͣͫ͟͟ ͙ͤͦ͟͡ͺͦͪͣ· ͙͔ͣΌͭ 
͙͊ͫͫ͟͡;͔͔ͫͦ͟ ͔͙͔ͫͭͪͦͤΣ ͔ͤ͊ͦͤͤ͟͡·  ͍ ͔͍͔ͫͪͦ-͊ͨ͊͒ͤͦͣ͘ 
͍͔͙͙ͤ͊ͨͪ͊ͤ͡  ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͫ͡Έ ͘ ͊ ͫ;͔ͭ ͔͙ͨͦͫͭͯͨͤ͡Ύ 
͔͙͎͔͎ͭͪͪͤͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡  ͫ ˿͙͙͚͋ͪͫͦ͟ ͨ͊ͭ͡ͺͦͪͣ·; ͤ ͊
΄͔͡Έͺ͔ ˴͎͊ͪͫͦͦ͟ ͣͦͪΎ ͔͙͔ͤͦͦͣͫ͟͟ ͙ͤͦ͟͡ͺͦͪͣ· 
͎ͨͦͪͯ͗͊ΌͭͫΎ  ͍ Ό͗ͤͦͣΣ ͊ͨ͊͒ͤͦͣ͘  ͙ ͍ͦͫͭͦ;ͤͦͣ 
͍͔͙ͤ͊ͨͪ͊ͤ͡Ύͻ  ͙ͺ͙͍͙ͦͪͣͪͦ͊ͫ͡Έ ͘ ͊ͫ;͔ͭ ͫͤͦͫ͊ ͍ͦͫ͊͒ͦ͟  ͫ
͊ͪͻ-͎ ͊˹ ͍ͦ͊Ύ ˭ ͔ͣ͡Ύ  ͙˿ ͙͙͎͋ͪͫͦͦ͟ ͨ ͎ͦͪͦ͊.  
˭͔͙͊͗͡ ͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡  ͍ ͙ͤͦ͟͡ͺͦͪͣͤͦͣ ͔͔ͦͣͨͫ͟͟͡ 
͙ͦͤͭͪͦͪͯ͟͡ΌͭͫΎ ͙͎͙ͭͦͦ͡͡;͔͙͙ͫͣ͟  ͙ ͫͭͪͯͭͯͪͤͦ͟-
͙͎͙ͭͦͦ͡͡;͔͙͙ͫͣ͟ ͍ͦͯ͡΄͙͊ͣ͟; ͔ͤͺ͔͎͔͔͙͍ͭ͊ͦͨͪͫͨͭͤ͘͟·͔ 
ͦ͋Ά͔ͭ͟· ΄͔͡Έͺ͍͎ͦͦͦ ͔ͦͣͨͫ͊͟͟͡ ͍ͫΎ͊ͤ͘·  ͫ
͙͙͊ͤͭͤ͊͟͡͡Έͤ·͙ͣ ͙ͫͭͪͯͭͯͪ͊ͣ͟ (61 - ͤ ͙͔͔͊ͦͤͭͤͤͭ͟; 36 -  ͍
͍͙͙͊͊ͭͦͪ͟ύ. 
 

˿ͭͪͯͭͯͪͤ͊͟Ύ ͊ͪͭ͊͟ ͨͦ ͍͔ͪͦ͟͡ ͔͎ͤͦͦͣͫͦͦ͟͟  
(͔͙͋ͪͪ͊ͫ-͙͔͎ͤ͗ͤ͊ͨͭͫͦͦ͟) ͣ ͔͎͔͊ͦͣͨͫ͊͟͟͡  

ˮ͙ͤͫͭͭͯͭ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͎͔͎͙͙ͦͦ͡ ͙ ͎͔ͦͺ͙͙͙͘͟ ͙ͣΦ ˢΦˢΦ ́ͪͦͺ͙ͣͯ͊͟ ˿ ͙͙͎͋ͪͫͦͦ͟ ͦ ͔͔͙ͭ͒ͤ͡Ύ 
˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ 



˹͍͙͙͙͚ͦͦͫ͋ͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ 

ˢ͍ͭͦͪ·: ˽ ͔͍ͪͫͦ͊ ˸ . .˥, ˿ ͍͔͚ͦͦ͡;͙͟ ̑ . .˥ ͙  ͒ ͎͙͔ͪͯ 

 
˽͙ͯ͋͊͟͡ͼ͙͙:  
M.G. Persova, Yu.G. Soloveichik, D.V. Vagin, A.M. Grif, D.S. Kiselev, I.I. Patrushev, A.V. Nasybullin, B.G. Ganiev  ζThe design of high-viscosity oil reservoir model based on the inverse problem solutionη //  
Journal of Petroleum Science and Engineering (Q1 WoS, Q1 SJR)  ς Article accepted for publication 9 Dec 2020 

˽͎͔ͪͦͪ͊ͣͣͤͦ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ 
͔͙ͨͦͫͭͪͦͤΎ ͍·͔͍ͫͦͦ͊͒͊ͭͤ͟͟·ͻ ͼ͙ͺ͍ͪͦ·ͻ  ͎͙͙͙͒ͪͦ͒ͤ͊ͣ;͔͙ͫ͟ͻ 
͔͔͚ͣͦ͒͡ ͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ. ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ 
͙ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭ ˽  ˻ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͤ ͊ ͺ͙͊ͭ͟;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ 
͔ͤͺͭΎͤ·ͻ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ ͍·͍ͫͦͦ͟Ύ͚ͦ͘͟ ͔ͤͺ͙ͭ  ͍ 
.ͪ ́ ͊ͭ͊ͪͫͭ͊ͤ.  
˨͡Ύ ͼ͙ͺ͍ͪͦ·ͻ ͔͔͚ͣͦ͒͡ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤΣ ͨͦͯ͡;͔ͤͤ·ͻ  ͍͔ͪͯ͘͡Έ͔ͭ͊ͭ 
͍͊ͭͦ͊͒͊ͨͭ͊ͼ͙͙ ͨ ͔͍ͦͨͪ·ͣ 2/3 ͙͙͗ͤ͘ ͔͔͙ͣͫͭͦͪͦ͗͒ͤΎ (1989-2009 
͎͎.), ͪ͊ͫͫ;͙ͭ͊ͤͤ·͔ ͎ͨͪͦͤͦͤ͘·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͤ ͔͊ͨͦͫ͒ͤ͡ΌΌ 1/3 
͙͙͗ͤ͘ ͔͔͙ͣͫͭͦͪͦ͗͒ͤΎ (2009-2019 ͎͎.) ͙ͦͭ͡;͊ΌͭͫΎ ͦ ͭͺ͙͊ͭ͟;͔͙ͫ͟ͻ 
ͤ ͊ ͍͔ͯͪͦͤ 1%. ˿ͭͦ͡Έ ͍·ͫͦ͊͟Ύ ͔͍͊͒͊ͭͤͦͫͭ͟Έ ͼ͙ͺ͍ͪͦ·ͻ ͔͔͚ͣͦ͒͡ 
͍ͨͦͦ͘͡Ύ͔ͭ ͤ ͊ ͍ͤͦͦͣ ͊͟;͔͍͔ͫͭͤͤͦͣ ͍͔ͯͪͦͤ ͔ͪ΄͊ͭΈ 
͙͙ͦͨͭͣ͊͘ͼ͙ͦͤͤ·͔ ͊͒͊͘;͙ ͨ ͦ ͍͔͙ͯͨͪ͊ͤ͡Ό ͒͊͡Έ͔͚ͤ΄͔͚ 
͚ͪ͊ͪ͊͋ͦͭͦ͘͟ ͙ͪ͊͘͡;ͤ·ͻ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ  ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ 
͙ͪ͊͘͡;ͤ·ͻ ͫ ͍͔͔ͦͪͣͤͤ·ͻ ͭ ͔ͻ͎͙͚ͤͦͦ͡ ͤ ͔ͺ͔ͭ͒ͦ͋·;͙. 

˽͎͔ͪͦͪ͊ͣͣͤͦ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͒͡Ύ ͔͙ͨͦͫͭͪͦͤΎ ͼ͙ͺ͍ͪͦ·ͻ ͔͔͚ͣͦ͒͡ ͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ 
͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔ͭͻ͎͙͚ͤͦͦ͡ ͔ͤͺ͔ͭ͒ͦ͋·;͙ 

˭͔͊ͨͦͤͤͤͦͫͭ͡Έ ͔ͤͺͭΈΌ  ͔ͦͭͦͪ͊͟͟͡͡ 
ό͒ͦ͡Ύ ͤ ͔ͺ͙ͭ ͍ ͔͙͙͒ͤͼ͔ ͦ͋Ά͔ͣ͊) 

Șȫɂȫȶȹ ȻȫȲȻȫȬȹȽȵȳ: 

ȕȹȸȰɁ ȺȻȹȮȸȹȲȸȹȮȹ 

ȺȰȻȳȹȯȫ: 

˿͍͔͙͔ͪ͊ͤͤ ͺ͙͊ͭ͟;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ ͫ 
ͪ͊ͫ;͔ͭͤ·͙ͣ ͍  ͎ͨͪͦͤͦͤ͘·͚ 

͔͙ͨͪͦ͒ 



˹͍͙͙͙͚ͦͦͫ͋ͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ 

ˢ͍ͭͦͪ·: ̆ ͙͍͊ͪͭͦͤͦ ˿ . s .  ͙͒ ͎͙͔ͪͯ 

 
˽͙ͯ͋͊͟͡ͼ͙͙: 
Nesterenko, G. An experimental study of combined operation of energy storage system and gas engine power plant in off-grid power system /  G. Nesterenko, G. Prankevich, A. Savitskiy, D. Gladkov, V. 
Zyryanov, S. Kuchak, J. Mokrousova //  E3S Web of Conferences ENERGY-21 ς Sustainable Development & Smart Management, 209, 03020, 2020, pp. 1-7. 

    ˾ ͊ͪ͊͋ͦͭ͊ͤ͊͘ ͔͙ͫͪΎ ͙͔ͫͫͭͣ ͔͙ͤ͊ͦͨͤ͟͡Ύ Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ ͤ ͙͙͚͊ͭ͡-͙ͦͤͤ·ͻ 
͊ͯͣͯ͟͟͡Ύͭͦͪͤ·ͻ ͔͋͊ͭ͊ͪΎͻ ό˿˹̏ύΣ ͎͙͍ͦͪ͊ͤͦ͊ͤͦ͘ ͔͙͚͔ͫͪͤͦ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ 
˿˹̏ ͔ͦͣͣͪ͟;͔͎ͫͦͦ͟  ͙ ͔͔͍͎ͫͭͦͦ ͙͔͔͙ͨͪͣͤͤΎ ͤ ͊ ͔͙ͨͪ͒ͨͪΎ͙ͭΎͻ .͎ 
˹͍͙͙ͦͦͫ͋ͪͫ͊͟ ό˻˻˻ ζ˿˽́η  ͙˻˻ ˻ζ˿˹̏ηύ. ˨͙͊ͨ͊ͦͤ͘ ͣͦ΅͔͚ͤͦͫͭ 0.05ҏ2 
˸ˤ ͭͤ ͊ͤ͊ͨͪΎ͔͙͔͗ͤ 0.38ҏ6,10͟ .ʕ ˿˹̏ ͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤ· ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ 
͔͔ͤͨͪͪ·͍͎ͤͦͦ Ή͔͎͔͙ͤͪͦͫͤ͊͋͗ͤΎ ͔͙͔͔͚ͨͦͭͪ͋ͭ͡Σ ͟ ͔ͦͣͨͤͫ͊ͼ͙͙ ͪ ͔͙͍͚͊ͭͤͦ͟ 
ͣͦ΅͙ͤͦͫͭ  ͙ ͍·ͫ΄͙ͻ ͎͙͊ͪͣͦͤ͟Σ ͙͔͙͍͙ͫͣͣͭͪͪͦ͊ͤΎ ͎͙ͤ͊ͪͯ͘͟ ͨ ͦͺ͊͊ͣ͘Σ 
͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔͙͍ͪ͗ͣͦ ͪ͊͋ͦͭ· ͦ͊͟͡͡Έͤ·ͻ ͎͔͔͍ͤͪ͊ͭͦͪͦΣ Ή͙͙ͦͤͦͣ͟ ͘ ͊ͫ;͖ͭ 
ͼ͔͍͎ͤͦͦͦ ͙͊ͪ͋ͭͪ͊͗͊Σ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͙͙͒ͤ͊ͣ;͔͚ͫͦ͟ ͚ͯͫͭͦ;͙͍͙ͦͫͭ 
Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ ͔͔͚ͫͭΣ ͙͔͎ͤͭͪ͊ͼ͙͙ ͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ 
Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ  ͍͔͙ͫͭ  ͙ͨͪͦ;͔͔.  ʕͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·͔ ˿˹̏ 
Ή͙ͫͨͯ͊ͭͪͯ͟͡ΌͭͫΎ  ͍͍͔ͫͦͫͭ͊ ͔ͫͦͤ͡;ͤ·ͻ Ή͔ͭͪͦͫͭ͊ͤ͟͡ͼ͙͚ ͙͙ͦͣͨ͊ͤ͟ ζ̆ ͔͍͔͡η 
 ͍ ˾͔͙ͫͨͯ͋͊͟͡ͻ ́·͍͊  ͙ ˣ͊΄ͦͪͭͦͫͭ͊ͤ͟Σ  ͊ ͔ͭ͊͗͟  ͍ ͍͔ͫͦͫͭ͊ ͫͭ͊ͤͼ͙͚ ͒͡Ύ 
͊ͪ͘Ύ͒͊ ͊ ͯͣͯ͟͟͡Ύͭͦͪͤ·ͻ ͋ ͔͚͊ͭ͊ͪ Ή͔͙͔͚ͭͪͦͣͦ͋͟͡͡. 

˿͙͔ͫͭͣ· ͔͙ͤ͊ͦͨͤ͟͡Ύ Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ 

˿͙͔ͫͭͣ͊ ͔͙ͤ͊ͦͨͤ͟͡Ύ Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ ͣͦ΅ͤͦͫͭΈΌ мнлл͟ˤͭ  
(˿˹̏-мнллύ ͤ͊ ͙ͫͨ·͔ͭ͊ͭ͡Έͤͦͣ ͙͎͔ͨͦͦͤ͡ 



˽͙͙͔ͪͦͪͭͭ 3 ˿ ˹́˾ 

ζ˽͔͔ͪͻͦ͒ ͟ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙͔ͤΣ 
͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤͦͣͯ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΌ ͙ ͔ͭͻ͎͙ͤͦͦ͡Ύͣ 
͍͒ͦͪͦ͘Έ͔͔͔͔͙ͫ͋ͪ͗ͤΎΣ ͍ ͭͦͣ ;͙͔ͫ͡ ͊͘ ͫ;͔ͭ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ 
͙͔͔͙ͨͪͣͤͤΎ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦη 



ˮ͙ͤͫͭͭͯͭ ͻ͙͙ͣ;͔͚ͫͦ͟ ͙͎͙͙͋ͦͦ͡ ͙ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ· ˿͙͙͎͋ͪͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ 
˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟Σ ˮ͙ͤͫͭͭͯͭ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙ ͔ͭͦ͟͡;͚ͤͦ ͙͎͙͙͋ͦͦ͡ ˿͙͙͎͋ͪͫͦͦ͟ 
͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟  

ˢ͍ͭͦͪ·: ˻͙ͫͦͪ͋ͤ͟ .ˮ .˽, ͔͍͔͔͍̊͡ .˥ .̑, ˽ͪͦͤΎ͔͍͊ .˴ .s, ˿͔͍ͭͨ͊ͤͦ .s .s, ;.͡- .͟ 
˾ˢ˹ ˽ ·΄ͤ·͚ ˨ . .ʕ, ̅ ͙͙͔ͨͤͦ͟͡ ˸ .  ˶

 ʕˮ̆ˣ̅˸ ˿  ˻˾ˢ˹ ˾͊ͪ͊͋ͦͭ͊ͤ͊͘ ͔͙ͣͭͦ͒͊͟ ͍·Ύ͍͔͙ͤ͡Ύ ˾˹˴ ͍͙ͦͪͦͤ͊ͪͯͫ͊͟ SARS-CoV2 ͤ ͍͔͊ͦͫͤͦ 
ͣͯ͡Έ͙͔͚ͭͨͫͤͦ͟͡ ͙͔͙ͦͭͪͣ͘;͔͚ͫͦ͟ ͔͔͍͚ͨͭͦ͡ ͙͊ͣͨ͡ͺ͙͊͟ͼ͙͙.  ʕ ͍ͦͫͤͦͯ ͔ͣͭͦ͒͊ ͔ͨͦͦ͗ͤ͊͡ 
͍͔͔ͦ͒ͤͦͪͣͤͤ͊Ύ ͔͔͒ͭ͟ͼ͙Ύ ͯ;͍͊ͫͭͦ͟ ˾˹˴ SARS-CoV2  ͙ ͺ͎͊͊ MS2, ͫͯ͗͊͡΅͔͎ͦ ͍͔͙ͤͯͭͪͤͤͣ 
͔ͦͤͭͪͦͣ͟͡ ͒͡Ύ ͦͼ͔͙ͤ͟ ͊͟;͔͍ͫͭ͊ ͍͔͔͙ͨͪͦ͒ͤΎ ͨͪͦͼ͔͒ͯͪ·.  
˽͔͔ͪ͒͡ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͣͯ͡Έ͙͔͚ͭͨͫͤͦ͟͡ LAMP ͍͙ͫͦͫͭ͊͡ 20 ͔ͣͦͯ͟͡͡ ˾˹˴ SARS-CoV2 ͤ ͊
͔ͪ͊͟ͼ͙Ό. ˿͎ͦ͊ͫͤͦ͡ ͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ͍͔͖͎ͨͪͦ͒ͤͤͦͦ ͦ͊͟͡͡Έ͎ͤͦͦ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 
ͦͤͦͪ͒͊ͤͭͤͦͫͭ͟͟Έ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͪ ͎͊ͪ͊͋ͦͭ͊ͤͤͦͦ͘ ͔ͣͭͦ͒͊ ͫ  ˻ -́˽̇ ˾͍͙ͫͦͫͭ͊͊͡ 92%.  
˽  ͔ͦͪͯ͘͡Έͭ͊ͭ͊ͣ ͪ ͊͋ͦͭ· ͦ ͺͦͪͣ͡Ύ͔ͭͫΎ ͊͘Ύ͍͊͟ ͤ ͊ͨ ͦͯ͡;͔͙͔ͤ ͔ͨ͊ͭͤͭ͊ ͤ  ͙͊ ͔͔͙͔ͦ͋ͪͭͤ͘. 
 ʕ͍͔͍͙͙ͫͦͦͭͭͫͭ  ͫ  ͔͔ͪͦͣͤ͒͊͟ͼ͙Ύ͙ͣ ˤ˻˭ ͒͡Ύ ͍͙͊͒͊͡ͼ͙͙  ͭͦ;͙ͤͦͫͭ ͔͙͙ͣͭͦ͒͟ ͎͙͍ͦͪ͊ͤͦ͊ͤͦ͘ 
͔͔͔͔͗ͤ͒͡Έ͔ͤͦ ͔͙͍͙͔ͭͫͭͪͦ͊ͤ  ͫ ͙͍ͦͭͪͯ͒ͤͦ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙. 

˸͔͙ͭͦ͒͊͟ ͍·Ύ͍͔͙ͤ͡Ύ ˾˹˴ {!w{-CoV2 ͫ  ͨͦͣͦ΅ΈΌ ͣͯ͡Έ͙͔͚ͭͨͫͤͦ͟͡ ͙͔͙ͦͭͪͣ͘;͔͚ͫͦ͟ ͔͔͍͚ͨͭͦ͡ 
͙͊ͣͨ͡ͺ͙͊͟ͼ͙͙ ό[!atύ 

˥ͪ͊ͺ͙͟ ͙͍ͪ͟·ͻ ͍͔͙ͨ͊ͤ͡͡Ύ ͍ͨͪͦ͒ͯͭͦ͟ [!at 
͍͔͙̇ͭ͊ͣ ͍·͔͔͒ͤ͡· ͔ͪ͊͟ͼ͙͙ ͫ ͪ͊ͤ͘·ͣ ͙ͦ͟͡;͔͍ͫͭͦͣ ˾˹˴ {!w{-CoV2 

˽͙ͯ͋͊͟͡ͼ͙͙: 
˻͙ͫͦͪ͋ͤ͟ .ˮ .˽, ͔͍͔͔͍̊͡ .˥ .̑, ˽ͪͦͤΎ͔͍͊ .˴ .s, ˿͔͍ͭͨ͊ͤͦ .s .s, ˽·΄ͤ·͚ .˨ .ʕ, ͙͙͔̅ͨͤͦ͟͡ .˸ .˶ ˤ·Ύ͍͔͙͔ͤ͡ ˾˹˴ SARS-CoV2  ͫͨͦͣͦ΅ΈΌ ͣͯ͡Έ͙͔͚ͭͨͫͤͦ͟͡ ͙͔͙ͦͭͪͣ͘;͔͚ͫͦ͟ ͔͔͍͚ͨͭͦ͡ 
͙͊ͣͨ͡ͺ͙͊͟ͼ͙͙ ͫ  ͦ ͚͋ͪ͊ͭͤͦ ͭ ͙ͪ͊ͤͫͪͨ͟ͼ͙͔͚ ͣ ͔ͭͦ͒ͦͣ ͫ ͙ͤ͊͊͘͡ ͟ ͙͍ͪ·ͻ ͨ ͍͔͙͊ͤ͡͡Ύ //  ʕ ͦͨͪͦͫ· ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟Σ ͣ ͔͙͒ͼ͙͚ͤͫͦ͟ ͙  ͅ ͊ͪͣ͊ͼ͔͍͙ͭ;͔͚ͫͦ͟ ͻ͙͙͙ͣ., 2020 
doi: 10.29296/25877313-2020-12-00 

˽͙ͪͤͼ͙ͨ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͙͔͊ͤͭͭ͡ ͫ ͔ͭͦ͟͡;ͤ·ͣ ͔ͪͼ͔ͨͭͦͪͦͣ ˢ˿˩н 

˿͙͙ͦͭͪͯ͒ͤ͟ ˮ͙ͤͫͭͭͯͭ͊ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ  ͙ ͔ͭͦ͟͡;͚ͤͦ ͙͎͙͙͋ͦͦ͡ ˿͙͙͎͋ͪͫͦͦ͟ 
͔͔͙ͦͭ͒ͤ͡Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͙͙͊͊͒ͣ͟ ͤ͊ͯ͟ ͨͦͯ͡;͙͙͡ ͣͦͤͦͦͤ͊͟͡͡Έͤ·͔ ͙͔͊ͤͭͭ͊͡ 
;͔͍͔ͦ͊͟͡Σ ͔͚͙ͤͭͪ͊ͯ͘͡Ό΅͙͔ ͍͙ͦͪͦͤ͊ͪͯͫ͟ SARS-CoV-2. ˮͫͨ·͙ͭ͊ͤΎ ͤ ͊
͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙͍͗ͦͭͤ·ͻ ͙ͨͦ͊͊͘͟͡ ͍·ͫͦͯ͟Ό Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͔͊ͤͭͭ͡ ͊͟͟ ͔͍ͫͪ͒ͫͭ 
ͨͪͦͺ͙͙͙͊ͭ͟͟͡  ͙ ͔͙͙ͭͪ͊ͨ ͍͙͚ͦͪͦͤ͊ͪͯͫͤͦ͟ ͙ͤͺ͔͟ͼ͙͙. ˾͔ͯ͘͡Έͭ͊ͭ· ͪ͊͋ͦͭ· 
͎͍ͦͭͦΎͭͫΎ ͟  ͨ ͙ͯ͋͊͟͡ͼ͙͙. 



ˢ͍ͭͦͪ·: ̊͊ͪ΄͍ͦ .˴ .s, ˿͔͍ͦ͋ͦ͡ .ˮ .s, ˢ͔͔͔͍ͫ͟͡ .s .̑, ͔͍̊ͫͭͦͨ͊ͦ͡ .s .˸, 
˥ͯ͡Ύ͔͍͊ .˸ .s, ˨͔ͪͦ͟ .s .s, ˨͍͙ͯ͋ͦͼ͙͚͟ .˹ .s, ˥ͯ͡΅͔ͤͦ͟ .sʕ ., ˴ͯͪͫ͊͟Ύ .˻ .˥, 
˽ͪͦͦͨ͟Έ͔͍͊ ˩ . .s,  ˨ ͔͙ͯͤ͡ ˮ . .̑ 

˽͙ͯ͋͊͟͡ͼ͙͙: 
Lycett S.J, Pohlmann A., Staubach C., Χ, Sharshov K., Shestopalov A. et al. Genesis and spread of multiple reassortants during the 2016/2017 H5 avian influenza epidemic in Eurasia //  Proc. Natl. Acad. Sci. USA. 2020. Aug 
25;.117(34):20814-20825. DOI: 10.1073/pnas.2001813117  
Gulyaeva M.; Huettmann F.; Shestopalov A.; Okamatsu M.; Matsuno K.; Chu D.H.; Sakoda Y.; Glushchenko A.; Milton E.; Bortz E. Data mining and model-predicting a global disease reservoir for low-pathogenic 
Avian Influenza (A) in the wider pacific rim using big data sets //  Scientific reports. 2020. 10. 1. DOI: 10.1038/s41598-020-73664-2 

 ʕ ͪ͊ͣ͊͟ͻ ͔͎ͣ͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭ͊ ͦͫͯ΅͔͍͔ͫͭͤ͡ ͙͊ͤ͊͘͡ ͒͊ͤͤ·ͻ ͨ ͦ
͍·͔͔͙͒ͤ͡Ό ͍͙͍ͪͯͫͦ ͎͙ͪͨͨ͊ ͙ͨͭͼ  ͍ ˩͍͙͙ͪ͊͘Σ ͪ͊ͪ͊͋ͦͭ͊ͤ͊͘ ͎ͨͪͦͪ͊ͣͣ͊ 
͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͼ͙ͪͯ͟͡Ύͼ͙͙ ͍͙͍ͪͯͫͦ ͎͙ͪͨͨ͊ ͙ͨͭͼ ͤ ͊ ͍͔ͦͫͤͦ ͔͙ͣͦ͒͡ 
͙͎͔͎ͤͦͨ͊ͭͦͤͤͦͦ͘͟ (LPAI) ͍͙ͪͯͫ͊  ͙͔͎ͦ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͙ͤ΄͙  ͙ͫͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ GIS, 
ͦͭͦ͋ͪ͊ͤ· 157 ͭͦ;͔͟ ͤ͊͋͡Ό͔͙͒ͤΎ  ͙ͫ͋ͦͪ͊ ͔͙ͣ͊ͭͪ͊͊͡  ͙110 LP ͙͍ͫͯ͋ͭͨͦ ͍͙ͪͯͫ͊ 
͎͙ͪͨͨ͊ ͙ͨͭͼ  ͫ 32 ͍͙͙͒͊ͣ ͻͦ͘Ύ͔͍-͔͔ͨͪͤͦͫ;͙͍ͦ͟. ˹͙͊ͣ ͫͦ͒͊ͤ͘ ͙ͯͤ͊͟͡Έͤ·͚ 
͎͙͊ͦͪͭͣ͡ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͔͔͍͍ͪͪͯ͊ͪͦ͘Σ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ ͋ͦ͡Έ΄͙ͻ 
͒͊ͤͤ·ͻΣ ͎͍ͨͪͦͤͦͦ͘  ͙ ͙ͯ͘;͔͙ͤΎ ͔ͨͦͫ͒ͯ͡Ό΅͙ͻ Ή͙͙͚ͨͦͦͭ͘ ͍·͎͔ͫͦͦͨ͊ͭͦͤͤ͟·ͻ 
(HPAI) ͍͙͍ͪͯͫͦ ͎͙ͪͨͨ͊ ͙ͨͭͼ  ͙͎͙͒ͪͯͻ ͎͔͍ͨ͊ͭͦͤͦ; ͤ ͍͔͊ͦͫͤͦ ͙͊ͤ͊͊͘͡ ͍͙͍ͪͯͫͦ 
͙ͨͭ;Έ͔͎ͦ ͎ ͙ͪͨͨ͊ ˩ ͍͙͙ͪ͊͘ ͍ ·Ύ͍͔ͤͦ͡ 7 ͦ ͍ͫͤͦͤ·ͻ ͪ ͔͊ͫͫͦͪͭ͊ͤͭͤ·ͻ ͍ ͙͍ͪͯͫͦ H5 HPAI, 
͙͔ͣΌ΅͙ͻ ͙ͪ͊͘͡;ͤ·͔ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͔͎͔͍ͫͣͤͭͦ ͎͔͍ͤͦ 1, 2, 3, 5  ͙ 6;  ͍͔͍ͨͪ·͔ 
͔ͦ͋ͤ͊ͪͯ͗ͤ ͔͙͔ͣ͗ͦͤͭͤͤͭ͊͟͡Έͤ·͚ ͔ͪ͊ͫͫͦͪͭ͊ͤͭ H12N2 ͙ ͘ ˨͊͡Έ͔͍ͤͦͫͭͦ;͎ͤͦͦ 
͔͎͙ͪͦͤ͊Σ ͫ ͔ͦ͒ͪ͗͊΅͙͚ HA, NS ͙  NP ͫ ͔͎͔ͣͤͭ· ͊ ͔͙͚ͣͪ͊ͤͫͦ͟͟ ͎ ͔͔͙ͤͭ;͔͚ͫͦ͟ ͡ ͙͙͙ͤ; 
͍͔͍ͨͪ·͔  ͍ ˾͙͙ͦͫͫ ͔ͦ͋ͤ͊ͪͯ͗ͤ ͍͙ͪͯͫ ͎͙ͪͨͨ͊ ͙ͨͭͼ ͙͙͙ͤ͡ G1-like ͙ͫͯ͋ͭͨ͊ H9N2 ͦ ͭ
͒ͦͣ͊΄͔͚ͤ ͙ͨͭͼ·  ͍˨͊͡Έ͔͍ͤͦͫͭͦ;ͤͦͣ ͔͎͙͔ͪͦͤ - ΄ͭ͊ͣͣ A/chicken/Amur_Russia/17/2018 
όˢͣͯͪ-2018); ͔͔ͨͪ͒ͦ͗ͤ͊͡ ͺ͙͎͔͎ͦͦͪ͊͡ͺ͙;͔ͫ͊͟Ύ ͫͻ͔ͣ͊ ͔ͪ͊ͫͫͦͪͭ͊ͼ͙ͦͤͤ·ͻ ͫͦ͋·͙͚ͭΣ 
͍ͫΎ͊ͤͤ͘·ͻ  ͫ ͎͔͎ͦͪ͊ͺ͙;͔͙͙ͫͣ͟ ͎͙ͪͯͨͨ͊ͣ ͍͍ͦ͒ͦͨ͊͊͡Ό΅͙ͻ ͙ͨͭͼ  ͙ ͙ͻ 
͙͎ͣͪ͊ͼ͙ͦͤͤ·͙ͣ ͨ ͯͭΎ͙ͣ. 

ˢ͙ͤ͊͘͡ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͍͙͍ͪͯͫͦ ͎͙ͪͨͨ͊ ͙ͨͭͼ ͍ ˩͍͙͙ͪ͊͘ ͙ ͍·Ύ͍͔͙͔ͤ͡ ͔͍ͪ͊ͫͫͦͪͭ͊ͤͭͦ ͍ ͙͍ͪͯͫͦ Iр HPAI, 
H12N2, H9N2 

͔͔̅͒ͪ͊͡Έͤ·͚ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͚ͫ͟ ͼ͔ͤͭͪ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͙ ͭͪ͊ͤͫ͡Ύͼ͙͚ͦͤͤͦ ͔͙ͣ͒ͼ͙ͤ· 

˿͔͔ͯͨͪͫͭΈ ͍ ͙͍ͪͯͫͦ Iр ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎ нлмсκнлмт ͎ͦ͒͊Σ ͫͺ͙͍ͦͪͣͪͦ͊ͤͤ͊Ύ ͤ͊ 
͎͔ͨͦͤͦͤͦͣͤ͡·ͻ ͨ ͔͍͔ͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΎͻΣ ͎͔͔͙͔ͤͪͪͯͣ·ͻ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ 

ͺ͙͎͔͔͙ͦͤͭ͡;͔͙ͫ͟ͻ ͔͔͍͒ͪΈ͔͍ 

˾͔͙͔͊ͫͨͪͦͫͭͪ͊ͤͤ у ͔͎͔͍ͫͣͤͭͦ ͍͎ͤͦͦͦ ˨͊͡Έ͔͍ͤͦͫͭͦ;͎ͤͦͦ 
͔͎ͪ͊ͫͫͦͪͭ͊ͤͭͤͦͦ ͍ ͙ͪͯͫ͊ H12Nн όо ͔͎͔ͫͣͤͭ͊ ͙͘ ˿͔͍͔͚ͪͤͦ ˢ͔͙͙ͣͪ͟Σ 

р ͔͎͔͍ͫͣͤͭͦ ͙͘ ˢ͙͙͘ύ 



͙͚́ͦͣͫ͟ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͚ͫ͟ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͼ͔ͤͭͪ ˾ˢ˹  
˹ˮˮ ͎͙͙ͦͤͦͦ͟͡Σ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͔͙͍ͦͭ͟͟͡͡ 
ζ˸͔ͻ͙͊ͤͣ͘· ͙͍͙͙ͤ͊͘ ͙ ͔͙͍͙ͣͭ͊ͫͭ͊ͪͦ͊ͤ͘Ύ ͊ͪ͟ͼ͙ͤͦͣη  

ˢ͍ͭͦͪ·: ˽ ͔͔ͪ͡Έ͔ͣͯͭͪ ʕ Φ˸., ˿ ͍͔͊͡Έ͔͍͊ ˻Φ˩ΦΣ ́͊΄͙͔͍ͪ͊ ˶ Φˢ. ,  ;͡Φ-͟Φ ˾ˢ˹ ͔̉ͪ͒·ͤͼ͔͍͊ ˹ΦˤΦ 
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Savelieva OE, Tashireva LA, Kaigorodova EV, Buzenkova AV, Mukhamedzhanov RK, Grigoryeva ES, Zavyalova MV, Tarabanovskaya NA, Cherdyntseva NV, Perelmuter VM. Heterogeneity of Stemlike 
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