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ȳȫȨȴȷȵȴȱȳȮȲɁȫ ȹȸȶȦȸɁ - 2021  

;͔ͤ͡-͔͔ͦͪͪͫͨͦͤ͒ͤͭ͟ ˾ˢ˹ 
͔́ͪͭΈΎ͍ͦ͟ 
ˤ͙͙͊͒ͣͪ͡ ˩͍͎͔ͤΈ͔͍͙; 
08.01.2021 

;͔ͤ͡-͔͔ͦͪͪͫͨͦͤ͒ͤͭ͟ ˾ˢ˹ 
˹͍͊ͨ͊ͦ͟͡ 
ˤ͔͙͊ͤͭͤ͡ ˤ͙͊ͫ͡Έ͔͍͙; 
20.10.2021 

͒Φ ͻΦͤΦ  
͔̉ͪ͟·΄͙ͤ͟ 
͙͚̑ͪ ˿͔͎͔͔͍͙ͪ; 
04.09.2021  

͒ΦͭΦͤΦ  
˿͊΄͙ͯͪͤ 
ˢ͙͚ͤ͊ͭͦ͡ ˨͙͙͔͍͙ͣͭͪ; 
22.08.2021 

;͔ͤ͡-͔͔ͦͪͪͫͨͦͤ͒ͤͭ͟ ˾ˢ˹  
˿͙ͯ͋͋ͦͭͤ  
͙͚̑ͪ ˹͙͔͍͙ͦ͊͟͡; 
15.08.2021  

͔͙͊͊͒ͣ͟͟ ˾ˢ˹ 
˴͔͔͍ͦͪͦͭ  
ˤ͙ͭͦͪ͟ ˢ͔͔͔͍͙ͫ͟͡; 
31.07.2021 

͒Φ͎Φ-ͣΦͤΦ ˴͙͔͍͙͚ͦͪͤͫ͟ 
ˤ͙ͭͦͪ͟ ˥͙͎ͪͦͪΈ͔͍͙; 
22.06.2021  

͒ΦΉΦͤΦ  
͙̊΄͙ͤ͟ 
˸͙ͻ͙͊͡ ˮ͍͍͙͊ͤͦ; 
21.01.2021 

;͔ͤ͡-͔͔ͦͪͪͫͨͦͤ͒ͤͭ͟ ˾ˢ˹  
˨͔͍ͣ͊ͦ͟ 
ˤ͙͙͚ͭ͊͡ ˢ͔͔͔͍͙ͫ͟͡;   
21.02.2021 

͒ΦͭΦͤΦ  
˿͔͙͍͍͊ͤͦ͡Φ 
˩͍͎͔͙͚ͤ ˹͙͔͍͙ͦ͊͟͡; 
12.01.2021 

͔͙͊͊͒ͣ͟͟ ˾ˢ˹ 
˸͔͍͔͔͍͒͒͊ 
ˮ͙ͪͤ͊ ˤ͙͊ͫ͡Έ͔͍ͤ͊ 
12.03.2021 

͒Φ ͻΦͤΦ  
˭͔͍͍͊ͨ͊ͦ͡ 
ˢ͔ͫ͊ͤ͒ͪ͟͡ ͍͔͍͙̒ͦ͟͡; 
17.03.2021  



ȳȫȨȴȷȵȴȱȳȮȲɁȫ ȹȸȶȦȸɁ - 2022  

;͔ͤ͡-͔͔ͦͪͪͫͨͦͤ͒ͤͭ͟ ˾ˢ˹ 
͔͙͙̋ͪ͋ͤͤ 
ˤ͙͙͚ͭ͊͡ ˩͍͎͔ͤΈ͔͍͙; 
26.02.2022 

͒ΦͺΦ-ͣΦͤ.  
˴͙ͯͪͤ͟ 
˸͙ͻ͙͊͡ ˮ͍͍͙͊ͤͦ; 
19.01.2022 
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ɺ 33 ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ,  

ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʥʘʫʯʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ  

ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ,  

ʨʘʙʦʪʘʶʪ ʩʚʳʰʝ 3700 ʥʘʫʯʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʠʟ ʥʠʭ: 

ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ï ʙʦʣʝʝ 2000, 

ʜʦʢʪʦʨʦʚ ʥʘʫʢ ï ʙʦʣʝʝ 800, 

ʘʢʘʜʝʤʠʢʦʚ ï 37, 

ʯʣʝʥʦʚ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʚ ï 66 

 

ȹɖɆɑɢɗɐɔɋ ɔɘɊɋɑɋɓɎɋ ȶȦȳ 
 

               



 

ȹɖɆɑɢɗɐɔɋ ɔɘɊɋɑɋɓɎɋ ȶȦȳ 
 

ʀʟʤʝʥʠʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʦʡ.. 

˾͙͚ͦͫͫͫ͊͟Ύ 
˥͔͊ͭ͊͘Σ 
мс ͣ͊ͪͭ͊ нлнн ͎Φ  



 

ȹɖɆɑɢɗɐɔɋ ɔɘɊɋɑɋɓɎɋ ȶȦȳ 
 

ʈɸʅ ʧʨʝʜʣʘʛʘʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʟʘʜʘʥʠʝ ʥʘ 2022 ʛʦʜ ʜʣʷ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ 

ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʠ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʪʴ ʝʛʦ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʚʦʩʪʝʧʝʥʥʦ ʚʘʞʥʳʭ ʜʣʷ ʩʪʨʘʥʳ ʟʘʜʘʯ. 

ʀʟʤʝʥʠʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʦʡ.. 

ɺ ʩʦʟʜʘʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʥʘʫʯʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʥʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨ  

ʧʫʙʣʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʝʨʝʡʪʠ ʢ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʞʫʨʥʘʣʴʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʨʦʩʩʠʡʩʢʠʭ 

ʫʯʝʥʳʭ ʚ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠʭ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʦʜʦʚʘʥʳ ʚ ʨʦʩʩʠʡʩʢʠʭ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ Russian Science Citation Index, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʈɸʅ. 

ʆʙʲʷʚʠʪʴ ʤʦʨʘʪʦʨʠʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 44-ʌɿ ʠ 223-ʌɿ ʧʨʠ 

ʟʘʢʫʧʢʘʭ ʚ ʠʥʪʝʨʝʩʘʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 



 

ȹɖɆɑɢɗɐɔɋ ɔɘɊɋɑɋɓɎɋ ȶȦȳ 
 

ʀʟʤʝʥʠʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʦʡ.. 



 

ȰȴȲȵȱȫȰȷȳɁȯ ȵȱȦȳ ȶȦȭȨȮȸȮɅ  

ȹɖɆɑɢɗɐɔɉɔ ɔɘɊɋɑɋɓɎɥ ȶȦȳ ï 202 5 
 

 

ȵȶȮȴȶȮȸȫȸȳɁȫ  ȳȦȹȽȳɁȫ  ȳȦȵȶȦȨȱȫȳȮɅ  
 



ʉʦʚʝʪ ʅʆʎ 

ʁʦʝʬʪʫʩʡʙʤʵʦʴʞ 
ʨʙʩʫʦʞʩʴ 

ʆʙʬʰʦʧ-ʧʚʩʙʠʧʛʙʫʞʤʵʦʴʞ ʡ 
ʡʪʪʤʞʝʧʛʙʫʞʤʵʪʣʡʞ ʧʩʜʙʦʡʠʙʯʡʡ  

ʂʦʥʩʦʨʮʠʫʤ ʅʆʎ 

ɼʬʚʞʩʦʙʫʧʩ 
ʊʛʞʩʝʤʧʛʪʣʧʢ 
ʧʚʤʙʪʫʡ 

ʈʩʙʛʡʫʞʤʵʪʫʛʧ 
ʉʧʪʪʡʢʪʣʧʢ  
ʍʞʝʞʩʙʯʡʡ 

ʋʨʌʋ ï ʛʦʣʦʚʥʘʷ 
ʦʨʛʘʥʠʟʘʮʠʷ ʅʆʎ 

ʀʥʜʫʩʪʨʠʘʣʴʥʳʝ 
ʧʘʨʪʥʝʨʳ ʅʆʎ 

ɺʫʟʳ 

ɸʢʘʜʝʤʠʯʝʩʢʠʝ 
ʠʥʩʪʠʪʫʪʳ 

ʂʦʥʩʦʨʮʠʫʤ ʅʆʎ: 

ʈʧʤʦʧʥʧʰʦʴʢ 
ʨʩʞʝʪʫʙʛʡʫʞʤʵ 
ʈʩʞʠʡʝʞʦʫʙ ʉʧʪʪʡʡ 

ɼʬʚʞʩʦʙʫʧʩ 
ʐʞʤʸʚʡʦʪʣʧʢ 
ʧʚʤʙʪʫʡ 

ɼʬʚʞʩʦʙʫʧʩ 
ʃʬʩʜʙʦʪʣʧʢ 
ʧʚʤʙʪʫʡ 

 

ȹɖɆɑɢɗɐɎɏ ɒɋɌɖɋɉɎɔɓɆɑɢɓɡɏ ɓɆəɝɓɔ-ɔɇɖɆɍɔɈɆɘɋɑɢɓɡɏ ɜɋɓɘɖ  

çȵɋɖɋɊɔɈɡɋ ɕɖɔɎɍɈɔɊɗɘɈɋɓɓɡɋ ɘɋɛɓɔɑɔɉɎɎ Ɏ ɒɆɘɋɖɎɆɑɡè 



ȭȱȳȺȻȬȽȹȺȽȾɈ 

ȻȼȺȴȳȮȺȰȽȾȮȬ, 

ȾȱȼȼȴȾȺȼȴȵ ȴ 

ɃȱȷȺȮȱȶȬ 

ȼȱȽȿȼȽȺ-

ȽȭȱȼȱȯȬɊɅȴȱ ȴ 

ȻȼȴȼȺȰȺȻȺȰȺȭȹɇȱ 

ȾȱɁȹȺȷȺȯȴȴ 

ɂȴɀȼȺȮɇȱ 

ȾȱɁȹȺȷȺȯȴȴ 

ȸȱȲȰȴȽɂȴȻȷȴ-

ȹȬȼȹɇȱ 

ȴȽȽȷȱȰȺȮȬȹȴɋ 

ȶȺȸȻȷȱȶȽȹɇȱ 

ȻȼȺȱȶȾɇ 

ȾȱɁȹȺȷȺȯȴɃȱȽȶȴȱ 

ȴȹȹȺȮȬɂȴȴ 

ȸȱȲȼȱȯȴȺȹȬȷɈȹȺȽȾɈ 

ɻʝʥʝʨʘʮʠʷ  

ʥʦʚʳʭ ʟʥʘʥʠʡ  

ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ, 

 ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ,  

ʤʝʭʘʥʠʢʝ 

ȼȬɂȴȺȹȬȷɈȹȺȱ  

ȹȱȰȼȺ- 

ȻȺȷɈȳȺȮȬȹȴȱ 

ʍʠʤʠʯʝʩʢʠʝ  

ʠ ʵʢʦʙʠʦ- 

ʪʝʭʥʦʣʦʛʠʠ 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ  

ʤʠʥʝʨʘʣʴʥʦ- 

cʳʨʴʝʚʳʭ 

 ʨʝʩʫʨʩʦʚ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ  

ʠ ʨʦʙʦʪʠʟʘʮʠʷ 

ʋʨʙʘʥʠʩʪʠʢʘ ʠ 

ʨʘʟʚʠʪʠʝ 

ʪʝʨʨʠʪʦʨʠʡ 

 

ȵȫȶȲȷȰȮȯ ȳȦȹȽȳȴ-ȴȧȶȦȭȴȨȦȸȫȱɂȳɁȯ ȼȫȳȸȶ 
 

ȶȦȼȮȴȳȦȱɂȳȴȫ ȳȫȪȶȴȵȴȱɂȭȴȨȦȳȮȫ 



 
ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʭʥʦʣʦʛʠʡ 
ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ 
ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʫʧʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʟʘʜʘʯ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʠ ʵʢʦʥʦʤʠʢʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʘʥʥʦʩʪʠ 
ʪʝʨʨʠʪʦʨʠʡ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 
ʮʠʬʨʦʚʳʭ, ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ 
ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʩʚʦʝʥʠʷ 
ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʨʢʪʠʢʠ. 

ʅʆʎ çʈʦʩʩʠʡʩʢʘʷ ɸʨʢʪʠʢʘ: ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè 

̅˥ˣ̂˹ ̅ˮ̇˴ˮˢ  
̂ͪ˻ ˾ˢ˹ 

ʄʝʞʨʝʛʠʦʥʘʣʴʥʳʡ ʅʆʎ ï ʩʦʛʣʘʰʝʥʠʝ ʛʫʙʝʨʥʘʪʦʨʦʚ ʧʷʪʠ ʨʝʛʠʦʥʦʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ɸɿʈʌ ð ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʠ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʅʝʥʝʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ, 
ʨʝʩʧʫʙʣʠʢ ʂʦʤʠ ʠ ʂʘʨʝʣʠʷ. 

͔͙͙́ͪͪͭͦͪΎ ͍͙͡Ύ͙ͤΎ ͙͊ͪͭ͟;͔͎ͫͦͦ͟ ˹˻̇ ͍ ͔͎͙͔ͪͦͤ 

 

         ȳȴȼ ȷ ȹȽȦȷȸȮȫȲ ȮȳȷȸȮȸȹȸȴȨ ȹɖȴ ȶȦȳ 
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         ȳȴȼ ȷ ȹȽȦȷȸȮȫȲ ȮȳȷȸȮȸȹȸȴȨ ȹɖȴ ȶȦȳ 
ɓɆ ɇɆɍɋ ȮȲȲ ȹɖȴ ȶȦȳ, ȹɖȺȹ Ɏ ȹɊȩȹ ɗɔɍɊɆɓ  

ȹȶȦȱɂȷȰȮȯ ȶȫȩȮȴȳȦȱɂȳɁȯ ȳȦȹȽȳȴ-ȴȧȶȦȭȴȨȦȸȫȱɂȳɁȯ  
ȲȦȸȫȲȦȸȮȽȫȷȰȮȯ ȼȫȳȸȶ 

ü ˽͍͔͔͙͔ͪͦ͒ͤ ͨͪͦͪ·͍ͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍ ͙ͦ͋͊ͫͭ͡ 
͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͔͙͙ͭͦͪ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͔͙͙ͭͦͪ ͺͯͤ͟ͼ͙͚Σ 
͎͙͙͊ͦͪͭͣ͡;͔͚ͫͦ͟ ͎͔͊͋ͪ͡·Σ ͙͚ͦͣ͋ͤ͊ͭͦͪͤͦ͟ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͙ 
͙͊ͤ͊͊͘͡ ͒͊ͤͤ·ͻΣ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΣ 
͔͎ͪͯ͡Ύ͚ͪͤͦ ͙ ͻ͙͊ͦͭ;͔͚ͫͦ͟ ͙͙͙͒ͤ͊ͣ͟Φ 
 

ü ˿ͦͻ͔͙͔ͪ͊ͤͤ ͙ ͙͔ͫͦ͒͊ͤ͘ ͍ͤͦ·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ΄ͦ͟͡ ̂ͪ͊͊͡Φ 
ˤ͙͙͔ͦͫͨͭ͊ͤ ͙͍ͭ͊͊ͤͭ͡͡·ͻ ͣͦͦ͒͡·ͻ ͔͙͍ͣ͊ͭͣ͊ͭͦ͟. 



 

 ȴȷȴȧȫȳȳȴȷȸȮ 2021 
 

 Ȩɘɔɖɔɏ ɉɔɊ  
         ɕɆɓɊɋɒɎɎ SARS-Cov-2 
 Severe Acute Respiratory Syndrome  

 related coronavirus 2  



ʎʝʨʝʤʦʥʠʷ ʚʨʫʯʝʥʠʷ ʥʘʫʯʥʦʡ ɼʝʤʠʜʦʚʩʢʦʡ ʧʨʝʤʠʠ ʩʦʩʪʦʷʣʘʩʴ  

9 ʬʝʚʨʘʣʷ 2021 ʛ. ʚ ʄʦʩʢʚʝ, ʚ ʟʘʣʝ ʧʨʝʟʠʜʠʫʤʘ ʈɸʅ.  

 

ȨȦȬȳȫȯȾȮȫ ȷȴȧɁȸȮɅ 2021  
 



ʎʝʨʝʤʦʥʠʷ ʚʨʫʯʝʥʠʷ ʥʘʫʯʥʦʡ ɼʝʤʠʜʦʚʩʢʦʡ ʧʨʝʤʠʠ ʩʦʩʪʦʷʣʘʩʴ  

9 ʬʝʚʨʘʣʷ 2021 ʛ. ʚ ʄʦʩʢʚʝ, ʚ ʟʘʣʝ ʧʨʝʟʠʜʠʫʤʘ ʈɸʅ.  

ʃʘʫʨʝʘʪʦʚ 2020 ʛ. ʧʨʝʜʩʪʘʚʠʣʠ ʢʦʣʣʝʛʠ: ʘʢʘʜʝʤʠʢʘ ɺ.ɸ. ʉʘʜʦʚʥʠʯʝʛʦ ð ʘʢʘʜʝʤʠʢ ʖ.ʉ. ʆʩʠʧʦʚ, ʘʢʘʜʝʤʠʢʘ 

ʃ.ʀ. ʃʝʦʥʪʴʝʚʘ ð ʘʢʘʜʝʤʠʢ ɸ.ɸ. ʈʝʤʧʝʣʴ, ʘʢʘʜʝʤʠʢʘ ɸ.ɺ. ʊʦʨʢʫʥʦʚʘ ð ʘʢʘʜʝʤʠʢ ɺ.ɸ. ʊʠʰʢʦʚ, ʜʦʢʪʦʨʘ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ ɼ.ɸ. ʇʫʤʧʷʥʩʢʦʛʦ ð ʨʝʢʪʦʨ ʋʨʌʋ ɺ.ɸ. ʂʦʢʰʘʨʦʚ.  

 

ȨȦȬȳȫȯȾȮȫ ȷȴȧɁȸȮɅ 2021  
 



 

 50 -ȱȫȸȮȫ ȴȶȩȦȳȮȭȦȼȮȮ  ȹȶȦȱɂȷȰȴȩȴ ȳȦȹȽȳȴȩȴ ȼȫȳȸȶȦ Ȧȳ ȷȷȷȶ 
 

1 ʤʘʨʪʘ 1971 ʛ. ʋʨʘʣʴʩʢʠʡ ʬʠʣʠʘʣ ɸʅ ʉʉʉʈ ʙʳʣ 

ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʋʨʘʣʴʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ. ɺʦʟʛʣʘʚʠʣ 

ʮʝʥʪʨ ʚʳʜʘʶʱʠʡʩʷ ʫʯʝʥʳʡ ʘʢʘʜʝʤʠʢ ʉ.ɺ. ɺʦʥʩʦʚʩʢʠʡ. 

ɺ ʋʨʘʣʴʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʚʦʰʣʠ 9 ʠʥʩʪʠʪʫʪʦʚ, 

ʀʣʴʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʟʘʧʦʚʝʜʥʠʢ  

ʠʤ. ɺ.ʀ. ʃʝʥʠʥʘ ʠ ʜʨʫʛʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ. 



ʆʙʱʝʝ ʩʦʙʨʘʥʠʝ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ, 

ʧʨʦʰʝʜʰʝʝ ʚ ɽʢʘʪʝʨʠʥʙʫʨʛʝ 26 ʤʘʨʪʘ, ʩʦʩʪʦʷʣʦ ʠʟ 

ʪʨʝʭ ʯʘʩʪʝʡ ð ʦʪʯʝʪʥʦʡ, ʠʩʪʦʨʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ, 

ʧʦʩʚʷʱʝʥʥʦʡ 60-ʣʝʪʠʶ ʧʝʨʚʦʛʦ ʧʦʣʝʪʘ ʯʝʣʦʚʝʢʘ ʚ 

ʢʦʩʤʦʩ. 

çʂʦʩʤʠʯʝʩʢʫʶè ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʳ ʦʪʢʨʳʣ ʜʦʢʣʘʜ ʦ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʮʝʥʪʨʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ    

ɺ.ʇ. ʄʘʢʝʝʚʘ (ʛ. ʄʠʘʩʩ) ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ɻʈʎ ʘʢʘʜʝʤʠʢʘ ʈɸʅ    

ɺ.ɻ. ɼʝʛʪʷʨʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʫʯʝʥʳʤ ʩʝʢʨʝʪʘʨʝʤ ʧʨʝʜʧʨʠʷʪʠʷ ʢ.ʪ.ʥ. 

ʉ.ʊ. ʂʘʣʘʰʥʠʢʦʚʳʤ.  

ʇʨʦʟʚʫʯʘʣʠ ʜʦʢʣʘʜʳ ʃ.ʅ. ɹʝʣʴʩʢʦʛʦ (ʅʇʆ ʘʚʪʦʤʘʪʠʢʠ), ʉ.ɼ. ɺʘʫʣʠʥʘ 

(ʖʋʨɻʋ), ʄ.ʀ. ʉʦʢʦʣʦʚʩʢʦʛʦ (ʅʇʆ çʀʩʢʨʘè), ɺ. ʖ. ʄʠʰʣʘʥʦʚʘ (ʇɻʄʋ),           

ʊ. ʃʶʙʠʤʦʚʦʡ (ʀʄʉʉ ʋʈʆ ʈɸʅ), ʖ.ʇ. ɿʘʡʢʦʚʘ (ʀɺʊʕ ʋʨʆ ʈɸʅ),                    

ʖ.ʌ. ʄʘʡʜʘʥʠʢʘ (ʀʊʌ ʋʨʆ ʈɸʅ), ɽ.ʈ. ɹʦʡʢʦ (ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ),  

ʖ.ɻ. ʂʫʪʠʥʦʚʘ (ʌʀʎʂʀɸ ʋʨʆ ʈɸʅ).      

 

ȨȦȬȳȫȯȾȮȫ ȷȴȧɁȸȮɅ 2021  
 



16 ʘʧʨʝʣʷ ʚ ʨʘʤʢʘʭ ʨʘʙʦʯʝʡ ʧʦʝʟʜʢʠ ʚ ɽʢʘʪʝʨʠʥʙʫʨʛ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʌ ɼʤʠʪʨʠʡ ʏʝʨʥʳʰʝʥʢʦ ʚʩʪʨʝʪʠʣʩʷ ʩ ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʚ ʋʨʘʣʴʩʢʦʤ ʦʪʜʝʣʝʥʠʠ ʈɸʅ. ɺʦ 

ʚʩʪʨʝʯʝ ʪʘʢʞʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʤʠʥʠʩʪʨ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ɺʘʣʝʨʠʡ ʌʘʣʴʢʦʚ, 

ʧʦʣʥʦʤʦʯʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʚ ʋʨʘʣʴʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ɺʣʘʜʠʤʠʨ 

ʗʢʫʰʝʚ ʠ ʛʫʙʝʨʥʘʪʦʨ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ɽʚʛʝʥʠʡ ʂʫʡʚʘʰʝʚ.  

 

ȨȦȬȳȫȯȾȮȫ ȷȴȧɁȸȮɅ 2021  
 



ʋʯʝʥʳʝ ʀɺʊʕ ʋʨʆ ʈɸʅ ʚʤʝʩʪʝ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʋʨʌʋ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʠʥʩʪʠʪʫʪʦʚ ʈʦʩʘʪʦʤʘ ʨʘʙʦʪʘʶʪ ʥʘʜ  ʩʦʟʜʘʥʠʝʤ ʧʠʨʦʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ). 

ɺ ʠʶʥʝ ʚ ʛ. ʉʝʚʝʨʩʢʝ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʣʦʱʘʜʢʝ ʉʠʙʠʨʩʢʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʩʦʩʪʦʷʣʘʩʴ ʪʦʨʞʝʩʪʚʝʥʥʘʷ ʮʝʨʝʤʦʥʠʷ ʚ 

ʯʝʩʪʴ ʥʘʯʘʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʧʳʪʥʦ-ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ 

ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʘ (ʆɼʕʂ) ʩ ʫʥʠʢʘʣʴʥʦʡ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ɹʈɽʉʊ-ʆɼ-300  

 

ȨȦȬȳȫȯȾȮȫ ȷȴȧɁȸȮɅ 2021  
 



ʀʩʩʣʝʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʨʝʭ ʫʯʘʩʪʥʠʢʦʚ ʚ ʪʨʝʭʤʝʨʥʦʤ  

ʧʨʦʩʪʨʘʥʩʪʚʝ: ʦʙʲʝʢʪ ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʧʦʨʘʞʘʶʱʠʤ ʤʠʥʠ-ʦʙʲʝʢʪʦʤ ʠ ʥʝʜʨʫʞʝʩʪʚʝʥʥʳʡ 

ʥʘʙʣʶʜʘʪʝʣʴ.  

ʆʙʲʝʢʪ, ʜʚʠʞʫʱʠʡʩʷ ʚ ʟʘʜʘʥʥʦʤ ʢʦʨʠʜʦʨʝ, 

ʟʘʧʫʩʢʘʝʪ ʚ ʩʪʦʨʦʥʫ ʥʝʜʨʫʞʝʩʪʚʝʥʥʦʛʦ 

ʥʘʙʣʶʜʘʪʝʣʷ ʤʠʥʠ-ʦʙʲʝʢʪ, ʦʪ ʢʦʪʦʨʦʛʦ 

ʥʘʙʣʶʜʘʪʝʣʴ ʚʳʥʫʞʜʝʥ ʩʢʨʳʚʘʪʴʩʷ ʟʘ 

ʚʳʧʫʢʣʳʤ ʬʨʘʛʤʝʥʪʦʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʦʪʩʣʝʞʠʚʘʷ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʘ ʚ 

ʙʝʟʦʧʘʩʥʦʤ ʜʣʷ ʩʝʙʷ ʨʝʞʠʤʝ. ɿʥʘʷ 

ʟʘʜʘʥʥʳʡ ʢʦʨʠʜʦʨ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʠ 

ʩʢʦʨʦʩʪʴ ʤʠʥʠ-ʦʙʲʝʢʪʘ, ʥʘʙʣʶʜʘʪʝʣʴ 

ʚʳʙʠʨʘʝʪ ʪʨʘʝʢʪʦʨʠʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ 

ʝʤʫ ʢʦʥʪʨʦʣʴ ʟʘ ʦʙʲʝʢʪʦʤ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʦʣʴʰʦʡ ʯʘʩʪʠ ʪʨʘʝʢʪʦʨʠʠ ʦʙʲʝʢʪʘ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʲʝʢʪ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ 

ʩʢʦʨʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʜʚʠʞʝʥʠʷ 

ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʯʘʩʪʴ ʪʨʘʝʢʪʦʨʠʠ, ʧʦ 

ʢʦʪʦʨʦʡ ʦʥ ʤʦʞʝʪ ʜʚʠʛʘʪʴʩʷ ʩʢʨʳʪʥʦ.  

 

ȨȦȬȳȫȯȾȮȫ ȳȦȹȽȳɁȫ  ȶȫȭȹȱɂȸȦȸɁ 
 

ɺ.ʀ. ɹʝʨʜʳʰʝʚ. ʆʧʪʠʤʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʦʪʩʣʝʞʠʚʘʶʱʝʛʦ ʜʚʠʞʝʥʠʝ 

ʦʙʲʝʢʪʘ ʩ ʧʦʨʘʞʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ // ɼʦʢʣʘʜʳ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʄʘʪʝʤʘʪʠʢʘ, ʠʥʬʦʨʤʘʪʠʢʘ, ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ. 2021. ʊ. 499. ˉ1. ʉ. 73ï77. DOI: 

10.31857/S2686954321040032)) ʀʄʄ ʋʨʆ ʈɸʅ  



 

ȨȦȬȳȫȯȾȮȫ ȳȦȹȽȳɁȫ  ȶȫȭȹȱɂȸȦȸɁ 
 

ʀʌʄ ʋʨʆ ʈɸʅ,  

HLD-EMFL, 

Dresden 

DESY, Gamburg 

IOP, Prague 

HoFe5Al7: ʨʘʩʯʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ (11 

ʂ) ʠ ʚʳʰʝ (73 ʂ) ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ  Tcomp= 65 K 

ü ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʬʝʨʨʠʤʘʛʥʝʪʠʢʘ ʚʙʣʠʟʠ ʪʦʯʢʠ ʤʘʛʥʠʪʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ.  

ü ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ XMCD ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ 30 ʊʣ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʧʨʷʤʦʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʚʨʘʱʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

3d- ʠ 4f-ʧʦʜʨʝʰʝʪʦʢ. 

ʌʝʨʨʠʤʘʛʥʝʪʠʢ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʤʧʝʥʩʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʄʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʮʠʨʢʫʣʷʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʜʠʭʨʦʠʟʤʘ (XMCD) 

Phys. Rev. B, 104, 064405 (2021)  

Phys. Rev. Lett.,122, 127205 (2019) 

HoFe5Al7: ʀʟʤʝʨʝʥʥʳʝ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʩʠʛʥʘʣʘ XMCD ʦʪ ʧʦʜʨʝʰʝʪʦʢ 

Fe (ʟʝʣʝʥʳʡ ʮʚʝʪ) ʠ Ho (ʞʝʣʪʳʡ ʮʚʝʪ)  
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ʉʠʩʪʝʤʘ ʪʝʨʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʢʦʤʧʘʢʪʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ 

ɿʘʢʣʶʯʝʥʦ ʣʠʮʝʥʟʠʦʥʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ ʀʊʌ ʋʨʆ ʈɸʅ ʠ ʈʌʗʎ-ɺʅʀʀʊʌ                  

ʠʤ. ʘʢʘʜʝʤʠʢʘ ɽ.ʀ. ɿʘʙʘʙʘʭʠʥʘ ʥʘ ʧʝʨʝʜʘʯʫ ʧʨʘʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʥʪʫʨʥʳʭ 

ʪʝʧʣʦʚʳʭ ʪʨʫʙ ʧʦ ʧʘʪʝʥʪʘʤ ˉ 2286526 ʠ ˉ 2296929 ʜʣʷ ʩʠʩʪʝʤ ʪʝʨʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʢʦʤʧʘʢʪʥʳʭ ʣʘʟʝʨʦʚ.  

ʂʦʥʪʫʨʥʳʝ ʪʝʧʣʦʚʳʝ ʪʨʫʙʳ ʂʦʤʧʘʢʪʥʳʡ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʣʘʟʝʨ 



K.G. Mikheev, R.G. Zonov, T.N. Mogileva, A.E. Fateev, and G.M. 

Mikheev. Optical anisotropy of laser-induced graphene films. 

Optics and Laser Technology, 141:107143, 2021; 

https://10.1016/j.optlastec.2021.107143; WoS, IF = 3.867. 

ɼʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ p- (ʩʠʥʠʝ ʪʦʯʢʠ) ʠ s - (ʢʨʘʩʥʳʝ 

ʪʦʯʢʠ) ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ He-Ne ʣʘʟʝʨʘ ʚ 

ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ, ʥʘ 

ʧʣʝʥʢʘʭ LIG, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ (a) = 25 ʤʢʤ, (b) = 50 

ʤʢʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʣʝʥʢʠ. ʉʠʥʷʷ ʠ 

ʢʨʘʩʥʘʷ ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʠʚʳʝ, 

ʥʘʡʜʝʥʥʳʝ ʧʫʪʝʤ ʩʛʣʘʞʠʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ.  

ʇʦʣʫʯʝʥʳ ʧʣʝʥʢʠ ʣʘʟʝʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 60 ʤʢʤ ʧʨʠ ʧʦʩʪʨʦʯʥʦʤ 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʠʤʠʜʥʦʡ ʧʣʝʥʢʠ ʧʫʯʢʘ ʥʝʧʨʝʨʳʚʥʦʛʦ CO2 ʣʘʟʝʨʘ ʤʦʱʥʦʩʪʴʶ 5 ɺʪ 

ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʦʙʣʘʜʘʶʱʠʝ ʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. ɺ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʯʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʦʙʥʘʨʫʞʝʥʳ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʚʝʪʦʦʪʨʘʞʘʶʱʠʝ ʫʛʣʝʨʦʜʥʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʘʥʠʟʦʪʨʦʧʠʠ ʜʠʬʬʫʟʥʦ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʧʣʝʥʢʫ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʠʢʨʦʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ (ʀʄ ʋʜʤʌʀʎ ʋʨʆ ʈɸʅ).  
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ȴɕɘɎɐɆ Ɏ ɑɆɍɋɖɓɆɥ ɚɎɍɎɐɆ  
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 ȻɎɒɎɝɋɗɐɆɥ ɚəɓɐɜɎɔɓɆɑɎɍɆɜɎɥ ɉɖɆɚɋɓɆ 
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̂ͪ̅̂, 
ˮ˻˿ ̂ͪ˻ ˾ ˢ˹Σ 
ˮˤ́̏ ̂ͪ˻ ˾ ˢ˹Σ 
ˮ˸˩́ ̂ͪ˻ ˾ ˢ ˹
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ȺəɓɐɜɎɔɓɆɑɎɍɆɜɎɥ ɕɔɈɋɖɛɓɔɗɘɎ ɉɖɆɚɋɓɆ ɆɍɎɓɆɒɎ, ɈɋɊəɟɆɥ ɐ ɒɆɘɋɖɎɆɑɆɒ  
ɗ Ɉɡɗɔɐɔɏ ɆɊɗɔɖɇɜɎɔɓɓɔɏ ɗɕɔɗɔɇɓɔɗɘɢɤ ɕɔ ɔɘɓɔɞɋɓɎɤ ɐ ɎɔɓɆɒ ȫu3+ . 

O.N. Chupakhin et al. Flat Chemistry, 2022, vol.33, 100348. 

ȫu3+  

ȫu3+  



ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ BaGd2-10xYb9xRExGe4O13 (RE = Ho, Er, Tm)  

ˮ -˴͙ͯ͘͡;͔͙͔ͤ 
 ˂Ґ фул ͤͣ 

Pmax Ґ пр ͣˤͭκͣͣ
2 

Ba2Gd2-10ʭYb9ʭREʭGe4O13 

RE = Ho, Er, Tm 

400 

500 

600 

700 

Σ˂ ͤͣ 

Tm3+, x = 0.025 

ɚem = 430-500 ʥʤ ʠ  

625-850 ʥʤ 

(0.266; 0.146)  

CCT = 1851 K 

Ho3+, x = 0.025 

ɚem = 525-680 ʥʤ 

(0.526; 0.462) 

CCT = 2311 K 

Er3+, x = 0.05 

ɚem = 510-690 ʥʤ 

(0.322; 0.662) 

CCT = 5665 K 

ɺ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʋʨʆ ʈɸʅ  

ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʛʝʨʤʘʥʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥʳ 

ʵʬʬʝʢʪʠʚʥʳʝ ʣʶʤʠʥʦʬʦʨʳ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʀʂ 

ʠʟʣʫʯʝʥʠʝ ʚ ʠʟʣʫʯʝʥʠʝ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ.  
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     ȵȶȫȲȮɅ ȵȶȦȨȮȸȫȱɂȷȸȨȦ ȶȴȷȷȮȯȷȰȴȯ ȺȫȪȫȶȦȼȮȮ 2020 
 

 

ʂ.ʬ.-ʤ.ʥ. ʄʘʢʩʠʤ ɺʘʩʷʥʦʚʠʯ, ʢ.ʬ.-ʤ.ʥ. ɸʣʝʢʩʝʡ ɽʢʠʜʠʥ (ʀʥʩʪʠʪʫʪ ʧʨʦʤ-

ʵʢʦʣʦʛʠʠ ʋʨʆ ʈɸʅ) ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʨʩʢʦʛʦ  ʢʦʣʣʝʢʪʠʚʘ ʦʪʤʝʯʝʥʳ ʧʨʝʤʠʝʡ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʪʝʢʩʪʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʥʦʚʦʣʦʢʥʠʩʪʳʭ ʥʝʪʢʘʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ, ʧʝʨʩʦʥʘʣʘ, 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʪʝʭʥʦʛʝʥʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 
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ʊʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʩʨʝʜʥʝʡ ʦʙʲʝʤʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʦʥʘ ʚ ʥʦʚʳʭ ʟʜʘʥʠʷʭ 

ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʦʚʳʤʠ ʧʘʥʝʣʴʥʳʤʠ 

ʜʦʤʘʤʠ ʩʦʚʝʪʩʢʦʛʦ ʧʝʨʠʦʜʘ. 

ʅʘ ʦʩʥʦʚʝ ʤʘʩʰʪʘʙʥʦʛʦ ʨʘʜʦʥʦʚʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʩʜʝʣʘʥʘ 

ʦʙʦʩʥʦʚʘʥʥʘʷ ʦʮʝʥʢʘ ʦʙʣʫʯʝʥʠʷ ʨʘʜʦʥʦʤ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 

ʙʦʣʝʝ 1000 

ʜʦʙʨʦʚʦʣʴʮʝʚ. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ 

ʩʦʜʝʨʞʘʥʠʷ  

Ra-226 ʚ 

ʩʪʨʦʡʤʘʪʝʨʠʘʣʘʭ 

(ʠʩʪʦʯʥʠʢ ʨʘʜʦʥʘ) 

ʇʦʣʦʚʠʥʘ ʚʳʙʦʨʢʠ ï ʥʦʚʳʝ ʟʜʘʥʠʷ ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ  

ʚ 8 ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ 

 ʀʇʕ ʋʨʆ ʈɸʅ 
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ʀʟʫʯʝʥʳ ʧʫʪʠ ʤʠʛʨʘʮʠʠ 56 ʩʘʧʩʘʥʦʚ (Falco peregrinus) ʠʟ 6 ʧʦʧʫʣʷ-

ʮʠʡ, ʛʥʝʟʜʷʱʠʭʩʷ ʚ ɽʚʨʘʟʠʡʩʢʦʡ ɸʨʢʪʠʢʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 35 ʛʝʥʦʤʦʚ ʠʟ 

ʯʝʪʳʨʝʭ ʠʟ ʵʪʠʭ ʧʦʧʫʣʷʮʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʘʧʩʘʥʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʷʪʴ ʤʠʛʨʘʮʠʦʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʯʝʨʝʟ ɽʚʨʘʟʠʶ, 

ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʛʦʪʥʳʭ ʠ 

ʰʠʨʦʪʥʳʭ ʩʜʚʠʛʦʚ ʚ ʤʝʩʪʘʭ ʠʭ ʨʘʟʤʥʦʞʝʥʠʷ ʚʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʘ  

ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʢ ʵʧʦʭʝ ʛʦʣʦʮʝʥʘ.  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʛʝʥ ADCY8 ʩʚʷʟʘʥ ʩ ʧʦʧʫʣʷʮʠʦʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ 

ʚ ʨʘʩʩʪʦʷʥʠʠ ʤʠʛʨʘʮʠʠ. ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʛʫʣʷʮʠʠ ʵʪʦʛʦ ʛʝʥʘ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʩʝʣʝʢʪʠʚʥʳʤ ʘʛʝʥʪʦʤ ʜʣʷ 

ʜʠʚʝʨʛʝʥʮʠʠ ADCY8 ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʩʘʧʩʘʥʘ ʷʚʣʷʝʪʩʷ 

ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʘʤʷʪʴ. ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ, ʛʣʦʙʘʣʴʥʦʝ 

ʧʦʪʝʧʣʝʥʠʝ ʧʦʚʣʠʷʝʪ ʥʘ ʤʠʛʨʘʮʠʦʥʥʳʝ ʩʪʨʘʪʝʛʠʠ ʠ ʩʦʢʨʘʪʠʪ 

ʘʨʝʘʣʳ ʨʘʟʤʥʦʞʝʥʠʷ ʩʘʧʩʘʥʦʚ ʚ ʝʚʨʘʟʠʡʩʢʦʡ ɸʨʢʪʠʢʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʧʦʜʜʝʨʞʘʥʠʠ ʠ 

ʙʫʜʫʱʝʤ ʤʠʛʨʘʮʠʦʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʪʠʮ ʚ ɸʨʢʪʠʢʝ  

(ʀʕʈʠɾ ʋʨʆ ʈɸʅ). 
ʇʦʣʥʳʝ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʩʘʧʩʘʥʦʚ: ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï

ʦʩʝʥʥʠʝ ʤʘʨʰʨʫʪʳ, ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʚʝʩʝʥʥʠʝ. 

ʆʧʫʙʣʠʢʦʚʘʥʦ: Z. Gu, S. Pan, Z. Lin, L. Hu, X. Dai, J. Chang, Y. Xue, H. Su, J. Long, M. Sun, S. Ganusevich, V. Sokolov, A. Sokolov, I. 

Pokrovsky, F. Ji, M. W. Bruford, A. Dixon and X. Zhan / Climate-driven flyway changes and memory-based long-distance migration. Nature, 

2021. Vol. 591, No. 7849, p. 259-264. DOI: 10.1038/s41586-021-03265-0, Q1 IF= 49.962 
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ȧȮȴȶȫȷȹȶȷɁ 



ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʠʩʪʦʨʠʠ ʧʣʶʤʦʚ /LIPs (large igneous provinces) 

ʋʨʘʣʘ. ɺʳʜʝʣʝʥʳ: ʅʘʚʳʰʩʢʦʝ ʩʦʙʳʪʠʝ, 1750 Ma, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʚ ʉʘʨʤʘʪʠʠ ʠ ʂʘʨʝʣʠʠ. ʄʘʰʘʢʩʢʦʝ 

ʩʦʙʳʪʠʝ, 1385 Ma, ʩʚʷʟʘʥʥʦʝ ʩ ʮʝʣʦʡ ʩʝʨʠʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʥʘʯʘʣʦ ʨʘʩʧʘʜʘ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʅʫʥʘ. ʀʛʦʥʠʥʩʢʦʝ ʩʦʙʳʪʠʝ 

(720 ʤʣʥ ʣʝʪ) ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʨʨʝʣʠʨʦʚʘʥʦ ʩ 720 Ma ï LIPs ʚ ʩʝʚʝʨʥʦʡ 

ʃʘʚʨʝʥʪʠʠ. ʂʠʜʨʷʩʦʚʩʢʦʝ (ʦʢʦʣʦ 480 Ma) ʠ ʋʰʘʪʩʢʦʝ (450 Ma) ʩʦʙʳʪʠʷ 

ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʧʦ ʚʦʟʨʘʩʪʫ ʩ ʩʦʙʳʪʠʷʤʠ ʚ ʉʠʙʠʨʠʠ. ʊʠʤʘʠʟʩʢʦʝ ʩʦʙʳʪʠʝ 

(370 Ma) ʧʨʠʥʘʜʣʝʞʠʪ ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʂʦʣʴʩʢʦ-ɼʥʝʧʨʦʚʩʢʦʡ LIP. 

ʄʘʛʥʠʪʦʛʦʨʩʢʦʝ (350-320 Ma) ʩʦʙʳʪʠʝ ʩʣʝʜʫʝʪ ʟʘ ʢʦʣʣʠʟʠʝʡ 

ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʩ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʦʡ ɹʘʣʪʠʢʠ ʠ ʦʪʨʳʚʦʤ 

ʩʣʵʙʘ. ʆʧʠʩʘʥʳ ʪʨʠ ʦʨʦʛʝʥʠʯʝʩʢʠʭ/ ʧʦʩʪʦʨʦʛʝʥʠʯʝʩʢʠʭ ʚʥʫʪʨʠʧʣʠʪʥʳʭ 

ʵʧʠʟʦʜʘ: ʉʪʝʧʥʠʥʩʢʠʡ (285 Ma) ʤʦʥʮʦʛʘʙʙʨʦ-ʛʨʘʥʦʩʠʝʥʠʪ-ʛʨʘʥʠʪʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʂʘʣʳʤʙʘʝʚʩʢʠʡ (308-304 Ma) ʣʘʤʧʨʦʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʠ ʪʨʘʧʧʳ, 

ʦʜʥʦʚʦʟʨʘʩʪʥʳʝ ʩ ʉʠʙʠʨʩʢʠʤʠ ʠ ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʋʨʘʣʦ-ʉʠʙʠʨʩʢʫʶ LIP, 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʧʦʨʦʜʠʣʦ ʧʝʨʤʩʢʦʝ ʤʘʩʩʦʚʦʝ ʚʳʤʠʨʘʥʠʝ ʦʨʛʘʥʠʟʤʦʚ  

(ʀɻɻ ʋʨʆ ʈɸʅ). 

Puchkov V.N., Ernst R.E., Ivanov K.S. The importance and difficulties of identifying mantle plumes in 

orogenic belts: An example based on the fragmented large igneous province (LIP) record in the Ural fold 

belt // Precambrian Research. 2021. V. 361. 106186. [DOI: 10.1016/j.precamres.2021.106186] 
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ʌʝʜʝʨʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ɸʨʢʪʠʢʠ ʋʨʆ ʈɸʅ:  

 
 

ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ 

ʤʝʭʘʥʠʟʤʳ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ɸʨʢʪʠʢʝ,  

ʚʘʞʥʳʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʧʨʠʨʦʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ 

ʩʝʚʝʨʥʳʭ ʰʝʣʴʬʦʚʳʭ  

ʠ ʧʣʘʪʬʦʨʤʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ.  


