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çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʨʘʩʥʦʷʨʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè 

(ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʂʅʎ ʉʆ ʈɸʅ) 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ - 

ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 
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1. ʉɺɽɼɽʅʀʗ ʆɹ ʀʅʉʊʀʊʋʊɽ 

1.1  ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ʀʍʍʊ ʉʆ ʈɸʅ (ʜʘʣʝʝ ʀʥʩʪʠʪʫʪ) ʦʨʛʘʥʠʟʦʚʘʥ ʇʦʩʪʘʥʦʚʣʝʥʠʷʤʠ ʉʦʚʝʪʘ 

ʄʠʥʠʩʪʨʦʚ ʈʉʌʉʈ ˉ 91 ʦʪ 19.02.1980, ʇʨʝʟʠʜʠʫʤʘ ɸʅ ˉ 315 ʦʪ 20.03.1980,  ʠ 

ʇʨʝʟʠʜʠʫʤʘ ʉʆ ɸʅ ˉ 452 ʦʪ 12.12.1980.  ʇʨʠʢʘʟʦʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʥʘʫʯʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ (ʌɸʅʆ ʈʦʩʩʠʠ) ˉ 73 ʦʪ 21.02.2016 ʨʝʦʨʛʘʥʠʟʦʚʘʥ ʚ ʬʦʨʤʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʌʝʜʝʨʘʣʴʥʦʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʙʶʜʞʝʪʥʦʤʫ ʥʘʫʯʥʦʤʫ 

ʫʯʨʝʞʜʝʥʠʶ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʨʘʩʥʦʷʨʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè (ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʂʅʎ ʉʆ 

ʈɸʅ) ʢʘʢ ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ. ʆʩʫʱʝʩʪʚʣʷʝʪ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʋʩʪʘʚʦʤ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʫʪʚʝʨʞʜʝʥʥʳʤ ʇʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ 25 ʠʶʣʷ 2018 ʛʦʜʘ ˉ 387 ʠ ʇʦʣʦʞʝʥʠʝʤ ʦʙ 

ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ ï ʦʙʦʩʦʙʣʝʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝʥʠʠ 

ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʫʪʚʝʨʞʜʝʥʥʦʛʦ ʜʠʨʝʢʪʦʨʦʤ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 15.10.2018 ʛ. 

ʀʥʩʪʠʪʫʪ ʧʨʦʚʦʜʠʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʪʚʝʨʞʜʝʥʥʳʤ ʧʣʘʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʶʱʠʤ 4 ʙʘʟʦʚʳʭ 

ʧʨʦʝʢʪʘ, ʧʦ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʝʨʠʦʜ (2021-2030 ʛʦʜʳ). ʇʨʦʚʦʜʠʤʳʝ ʨʘʙʦʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ, ʧʝʨʝʯʥʶ 

ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʈʌ (ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 07.07.2011 ʛ. ˉ 899), ʪʝʤʘʪʠʢʘ 

ʨʘʙʦʪ ʦʪʚʝʯʘʝʪ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʉʪʨʘʪʝʛʠʠ ʅʊʈ ʈʌ, ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 1 ʜʝʢʘʙʨʷ 2016 ʛ. ˉ 642. 

1.2  ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʩʪʠʪʫʪʘ 

¶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʠ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠʟ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʳʨʴʷ;  

¶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ, ʚʢʣʶʯʘʷ ʨʘʩʪʠʪʝʣʴʥʫʶ ʙʠʦʤʘʩʩʫ ʠ ʙʫʨʳʝ ʫʛʣʠ. 
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1.3  ʈʫʢʦʚʦʜʩʪʚʦ ʠʥʩʪʠʪʫʪʘ 

ɼʠʨʝʢʪʦʨ ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ ʆ.ʇ. ʊʘʨʘʥ  

ʈʫʢʦʚʦʜʠʪʝʣʠ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ  

çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʟʚʣʝʯʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ 

ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʳʨʴʷè   

 

ʜ.ʭ.ʥ., ʧʨʦʬ. ɸ.ɻ. ɸʥʰʠʮ  

çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ ʛʣʫʙʦʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ, 

ʚʢʣʶʯʘʷ ʨʘʩʪʠʪʝʣʴʥʫʶ ʙʠʦʤʘʩʩʫ ʠ ʙʫʨʳʝ ʫʛʣʠè 

ʜ.ʭ.ʥ., ʧʨʦʬ. ɹ.ʅ. ʂʫʟʥʝʮʦʚ  

ɿʘʤʝʩʪʠʪʝʣʠ ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ   ʜ.ʭ.ʥ. ɺ.ʀ. ʂʫʟʴʤʠʥ  

ʜ.ʭ.ʥ., ʜʦʮʝʥʪ ʅ.ɺ. ʏʝʩʥʦʢʦʚ  

ɿʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʦʙʱʠʤ ʚʦʧʨʦʩʘʤ  ɸ.ɺ. ʄʦʩʪʦʚʦʡ   

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  ʢ.ʭ.ʥ. ʖ.ʅ. ɿʘʡʮʝʚʘ  

1.4  ʋʯʝʥʳʡ ʩʦʚʝʪ 

ʋʯʝʥʳʡ ʩʦʚʝʪ ʠʟʙʨʘʥ ʚ ʩʦʩʪʘʚʝ 16 ʯʝʣʦʚʝʢ ʆʙʱʠʤ ʩʦʙʨʘʥʠʝʤ ʥʘʫʯʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠʥʩʪʠʪʫʪʘ 17.09.2020 ʛ. ʠ ʫʪʚʝʨʞʜʝʥ ʧʨʠʢʘʟʦʤ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

 ˉ153 ʘ/ʭ ʦʪ 02.11.2020 ʛ. 

ʊʘʨʘʥ ʆʢʩʘʥʘ ʇʘʚʣʦʚʥʘ, ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ 

ɿʘʡʮʝʚʘ ʖʣʠʷ ʅʠʢʦʣʘʝʚʥʘ, ʢ.ʭ.ʥ., ʩʝʢʨʝʪʘʨʴ ʋʯʝʥʦʛʦ ʉʦʚʝʪʘ 

ɸʥʰʠʮ ɸʣʝʢʩʘʥʜʨ ɻʝʦʨʛʠʝʚʠʯ, ʜ.ʭ.ʥ., ʧʨʦʬ. 

ɹʫʨʤʘʢʠʥʘ ɻʘʣʠʥʘ ɺʝʥʠʘʤʠʥʦʚʥʘ, ʜ.ʭ.ʥ. 

ʂʘʣʷʢʠʥ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ, ʢ.ʭ.ʥ. 

ʂʫʟʥʝʮʦʚ ɹʦʨʠʩ ʅʠʢʦʣʘʝʚʠʯ, ʜ.ʭ.ʥ., ʧʨʦʬ. 

ʂʫʟʴʤʠʥ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ, ʜ.ʭ.ʥ. 

ʄʘʣʷʨ ʖʨʠʡ ʅʠʢʦʣʘʝʚʠʯ, ʢ.ʭ.ʥ. 

ʄʠʭʘʡʣʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ, ʜ.ʪ.ʥ. 

ʄʠʭʣʠʥ ʖʨʠʡ ʃʝʦʥʠʜʦʚʠʯ, ʜ.ʭ.ʥ., ʧʨʦʬ. 

ʈʫʙʘʡʣʦ ɸʥʘʪʦʣʠʡ ʀʦʩʠʬʦʚʠʯ, ʜ.ʭ.ʥ., ʧʨʦʬ. 

ʊʘʨʘʙʘʥʴʢʦ ɺʘʣʝʨʠʡ ɽʚʛʝʥʴʝʚʠʯ, ʜ.ʭ.ʥ., ʧʨʦʬ. 

ʌʦʤʝʥʢʦ ɽʣʝʥʘ ɺʠʢʪʦʨʦʚʥʘ, ʢ.ʭ.ʥ. 

ʏʝʩʥʦʢʦʚ ʅʠʢʦʣʘʡ ɺʘʩʠʣʴʝʚʠʯ, ʜ.ʭ.ʥ., ʜʦʮʝʥʪ 

ʐʘʙʘʥʦʚ ɺʘʩʠʣʠʡ ʌʠʣʠʧʧʦʚʠʯ,  ʘʢʘʜʝʤʠʢ  ʈɸʅ 

ʐʦʨ ɽʣʝʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʢ.ʭ.ʥ.  
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1.5  ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠʥʩʪʠʪʫʪʘ 

ʃʘʙʦʨʘʪʦʨʠʷ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ (ɻʄʇ) 

ʂʫʟʴʤʠʥ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ, ʜ.ʭ.ʥ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ (ʂʇɺʈ) 

ʊʘʨʘʥ ʆʢʩʘʥʘ ʇʘʚʣʦʚʥʘ, ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ 

ʃʘʙʦʨʘʪʦʨʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʤʘʣʳʭ ʤʦʣʝʢʫʣ (ʂʇʄʄ) 

ɸʥʰʠʮ ɸʣʝʢʩʘʥʜʨ ɻʝʦʨʛʠʝʚʠʯ, ʜ.ʭ.ʥ., ʧʨʦʬ.  

ʃʘʙʦʨʘʪʦʨʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ (ʄʈ) ʄʠʭʘʡʣʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ, ʜ.ʪ.ʥ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠ ʘʥʘʣʠʟʘ (ʄʉʠɸ) 

ʇʝʪʝʨʩʦʥ ʀʚʘʥ ɺʠʢʪʦʨʦʚʠʯ, ʢ.ʭ.ʥ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ (ʌʍʄʀʄ) 

ʏʝʩʥʦʢʦʚ ʅʠʢʦʣʘʡ ɺʘʩʠʣʴʝʚʠʯ, ʜ.ʭ.ʥ., ʜʦʮ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʭʠʤʠʠ ʧʨʠʨʦʜʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ (ʍʇʆʉ) 

ʂʫʟʥʝʮʦʚ ɹʦʨʠʩ ʅʠʢʦʣʘʝʚʠʯ, ʜ.ʭ.ʥ., ʧʨʦʬ. 

 

1.6  ʉʚʝʜʝʥʠʷ ʦ ʢʘʜʨʦʚʦʤ ʩʦʩʪʘʚʝ 

ʀʥʩʪʠʪʫʪ ʦʙʣʘʜʘʝʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʥʘʫʯʥʳʤʠ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʢʘʜʨʘʤʠ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 31.12.2021 ʛ. ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 211 ʯʝʣʦʚʝʢ, ʚ ʪ.ʯ. 103 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʘ, ʠʟ ʥʠʭ 17 ʜʦʢʪʦʨʦʚ, 64 

ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ. ʏʠʩʣʝʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 39 ʣʝʪ 

ʚʢʣʶʯʠʪʝʣʴʥʦ ʩʦʩʪʘʚʠʣʘ 37 ʯʝʣʦʚʝʢ. ɺ ʘʩʧʠʨʘʥʪʫʨʝ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ʀʥʩʪʠʪʫʪʘ ʦʙʫʯʘʝʪʩʷ ʟʘ ʩʯʝʪ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ 18 ʘʩʧʠʨʘʥʪʦʚ. 
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2. ʅɸʀɹʆʃɽɽ ɿʅɸʏʀʄʓɽ ʈɽɿʋʃʔʊɸʊʓ 

2.1   ʈʝʟʫʣʴʪʘʪʳ, ʦʪʧʨʘʚʣʝʥʥʳʝ ʚ ʆʋʉ ʉʆ ʈɸʅ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʥʘʫʢʘʤ 

ʄʝʞʬʘʟʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʩʠʩʪʝʤʘʭ ʩ ʚʦʜʥʦ-

ʤʠʮʝʣʣʷʨʥʦʡ ʬʘʟʦʡ ʜʠ(2-ʵʪʠʣʛʝʢʩʠʣ)ʬʦʩʬʘʪʘ ʥʘʪʨʠʷ 

ɸʚʪʦʨʳ: ʜ.ʭ.ʥ. ɺ.ʀ. ʂʫʟʴʤʠʥ, ʢ.ʭ.ʥ. ʄ.ʅ. ʃʝʩʢʠʚ, ʢ.ʭ.ʥ. ʀ.ɺ. ʇʝʪʝʨʩʦʥ,  

ʢ.ʭ.ʥ. ɼ.ɺ. ʂʫʟʴʤʠʥ, ʢ.ʭ.ʥ. ʅ.ɺ. ɻʫʜʢʦʚʘ  

 
ʉʭʝʤʘ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʩʠʩʪʝʤʘʭ  

ʩ ʚʦʜʥʦ-ʤʠʮʝʣʣʷʨʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ 

ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʵʢʩʪʨʘʛʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ ʜʠ-2ʕɻʌʂ ʠ 

ʪʨʠʦʢʪʠʣʘʤʠʥʘ ʚ ʪʦʣʫʦʣʝ ʥʘ ʩʦʩʪʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʠʩʪʝʤʘʭ çʦʨʛʘʥʠʯʝʩʢʠʡ ï ʚʦʜʥʦ-

ʤʠʮʝʣʣʷʨʥʳʡ ʨʘʩʪʚʦʨʳè. ʅʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʥʦʛʦ ʧʝʨʝʚʦʜʘ (98-99%) ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʢʠʩʣʦʪʳ ʚ ʚʠʜʝ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ (NaA) ʚ ʚʦʜʥʦ-ʤʠʮʝʣʣʷʨʥʳʡ ʨʘʩʪʚʦʨ ʠ ʦʪʜʝʣʝʥʠʷ ʝʝ ʦʪ 

ʪʨʠʦʢʪʠʣʘʤʠʥʘ (ʠʟʚʣʝʯʝʥʠʝ ʘʤʠʥʘ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ 98,7-99,8%). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠ-2ʕɻʌʂ ʚ ʚʳʜʝʣʝʥʥʦʤ ʧʨʦʜʫʢʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʣʶʙʠʣʠʟʘʮʠʝʡ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʷʤʳʤʠ ʤʠʮʝʣʣʘʤʠ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʜʠ-2ʕɻʌʂ ʠ ʩʥʠʞʘʝʪʩʷ ʩ 

ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʚ ʚʦʜʥʦ-ʤʠʮʝʣʣʷʨʥʦʤ ʨʘʩʪʚʦʨʝ. ʅʘʠʙʦʣʝʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʜʠ-2ʕɻʌʂ (93-95%) ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʘ ʧʦʜʢʠʩʣʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ NaA 0,01-0,02 ʤʦʣʴ/ʣ. ʄʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ, ʬʦʪʦʥ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 
1
ʅ ʗʄʈ- ʤʝʪʦʜʦʤ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʩʠʩʪʝʤʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʚʣʝʯʝʥʠʷ, 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʛʝʥʪʘ ʥʘ ʩʪʘʜʠʷʭ ʠʟʚʣʝʯʝʥʠʷ ʠ ʨʝʵʢʩʪʨʘʢʮʠʠ 

ʤʝʪʘʣʣʦʚ. 

ʇʫʙʣʠʢʘʮʠʠ:  

Kuzmin V.I., Leskiv M.N., Peterson I.V., Kuzmin D.V., Gudkova N.V., Bulavchenko 

A.I. Interfacial Separation of Organic Phase Components in Systems Containing Aqueous Colloidal 

Solutions of Sodium Di-(2-Ethylhexyl)Phosphate // COLLOID JOURNAL. - V. 83, Is. 1. ï P. 88-

96. - Publ.: JAN 2021. DOI 10.1134/S1061933X21010075. Q4.S3 
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ʅʦʚʳʡ ʧʦʜʭʦʜ ʠ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ī ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʪʦʢʩʠʯʥʦʛʦ ʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʙʝʟʦʧʘʩʥʦʛʦ 

ʩʫʣʴʬʘʪʠʨʫʶʱʝʛʦ  ʘʛʝʥʪʘ (ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ) 

ɸʚʪʦʨʳ: ʢ.ʭ.ʥ. ɸ.ʉ. ʂʘʟʘʯʝʥʢʦ, ʢ.ʭ.ʥ. ɸ.ɺ. ʃʝʚʜʘʥʩʢʠʡ, 

ʢ.ʭ.ʥ. ʖ.ʅ. ʄʘʣʷʨ, ʜ.ʭ.ʥ., ʧʨʦʬ. ɹ.ʅ. ʂʫʟʥʝʮʦʚ 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʣʠʛʥʠʥʘ ʩʫʣʴʬʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʚʦʟʨʘʩʪʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ, ʠʟ ʢʦʪʦʨʳʭ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʦʯʝʚʠʥʘ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ʧʫʪʝʤ ʚʘʨʠʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʩʫʣʴʬʘʪʠʨʫʶʱʠʡ ʘʛʝʥʪ/ʙʠʦʧʦʣʠʤʝʨ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʧʨʠʨʦʜʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ.  

ʉʫʣʴʬʘʪʠʨʦʚʘʥʥʳʝ ʙʠʦʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʤʦʛʫʪ 

ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, ʚ ʩʠʥʪʝʟʝ 

ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
 
ʇʫʙʣʠʢʘʮʠʠ: 
1. Levdansky A.V., Vasilyeva N.Yu., Kondrasenko A.A., Levdansky V.A., Malyar Yu.N., 

Kazachenko A.S., Kuznetsov B.N. Sulfation of arabinogalactan with sulfamic acid under 

homogeneous conditions in dimethylsulfoxide medium // WOOD SCIENCE AND 

TECHNOLOGY. ï 2021. ï V. 55. ï P. 1725ï1744. - Publ.: NOV 2021. DOI: 10.1007/s00226-021-

01341-2. Q1.S1 

2. Malyar Yu.N., Kazachenko A.S., Vasilyeva N.Yu., Fetisova O.Yu., Borovkova V.S., 

Miroshnikova A.V., Levdansky A.V., Skripnikov A.M. Sulfation of Wheat Straw Soda Lignin: 
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2021. https://doi.org/10.1016/j.cattod.2021.07.033. Q1.S1 
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10.1021/acsomega.1c02570. Q2.S1  

4. Kazachenko A.S., Vasilieva N.Y., Borovkova V.S., Fetisova O.Y., Issaoui N., Malyar 

Y.N., Elsuf ôev E.V., Karacharov A.A., Skripnikov A.M., Miroshnikova A.V., Kazachenko A.S., 

Zimonin D.V., Ionin V.A. Food Xanthan Polysaccharide Sulfation Process with Sulfamic Acid // 

FOODS. ï 2021. ï V.10. art. N 2571. - Publ.: 25 October 2021. ï DOI: 10.3390/foods10112571. 

Q2.S1 

5. Kazachenko A.S., Malyar Y.N., Vasilyeva N.Y., Borovkova V.S., Issaoui 

N. Optimization of guar gum galactomannan sulfation process with sulfamic acid // BIOMASS 
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6. Kazachenko A.S., Malyar Y.N., Vasilyeva N.Y., Fetisova O.Y., Chudina A.I., 

Sudakova I.G., Antonov A.V., Borovkova V.S., Kuznetsova S.A. Isolation and sulfation of 

galactoglucomannan from larch wood (Larix sibirica) // WOOD SCIENCE AND TECHNOLOGY. 

ï V.55, Is.4. ï P. 1091-1107. - Publ.: JUL 2021. DOI: 10.1007/s00226-021-01299-1. Q1.S1 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʍʍʊ ʉʆ ʈɸʅ, ʧʨʦʝʢʪʳ: 

0287-2021-0012, 0287-2021-0017 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʛʥʠʪʥʳʭ ʬʨʘʢʮʠʡ ʤʠʢʨʦʩʬʝʨ PM2.5, 

PM2.5-10, PM10 ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʣ 

ɸʚʪʦʨʳ: ʢ.ʭ.ʥ. ɽ.ɺ. ʌʦʤʝʥʢʦ, ʅ.ʅ. ɸʥʰʠʮ, ʃ.ɸ. ʉʦʣʦʚʴʝʚ, ʜ.ʭ.ʥ., ʧʨʦʬ. ɸ.ɻ. ɸʥʰʠʮ 

ʀʟ ʣʝʪʫʯʝʡ ʟʦʣʳ ʵʢʠʙʘʩʪʫʟʩʢʦʛʦ ʫʛʣʷ ʚʳʜʝʣʝʥʳ ʤʘʛʥʠʪʥʳʝ ʬʨʘʢʮʠʠ ʜʠʩʧʝʨʩʥʳʭ 

ʤʠʢʨʦʩʬʝʨ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 10 ʤʢʤ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʤ ʯʘʩʪʠʮʘʤ  PM2.5, 

PM2.5-10, PM10; ʫʩʪʘʥʦʚʣʝʥ ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʄʘʛʥʠʪʥʳʝ ʬʨʘʢʮʠʠ ʩʦʜʝʨʞʘʪ Fe2O3 ï 57ï60, SiO2 ï 25ï28, Al2O3 ï 10ï

12 ʤʘʩ. %; ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʢʣʶʯʘʝʪ Fe-ʰʧʠʥʝʣʴ, Ŭ-Fe2O3, ὑ-Fe2O3, ʤʫʣʣʠʪ, ʢʚʘʨʮ ʠ 

ʘʤʦʨʬʥʫʶ ʩʪʝʢʣʦʬʘʟʫ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʧʦʣʠʤʦʨʬʘ ὑ-

Fe2O3 ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʘʪʨʠʮʝ SiO2, ʩʪʘʙʠʣʠʟʘʮʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʤʠʢʨʦʩʬʝʨ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʛʥʠʪʥʳʭ ʬʨʘʢʮʠʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʠʩʢʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʞʠʛʘʥʠʠ ʫʛʣʷ, 

ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʟʘʛʨʷʟʥʝʥʠʝ ʦʧʘʩʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʞʝʣʝʟʘ, ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʉʬʝʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʜʠʩʧʝʨʩʥʳʭ 

ʯʘʩʪʠʮ, ʩʦʯʝʪʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï  ʩʦʨʙʝʥʪʦʚ, 

ʤʘʛʥʠʪʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʙʠʦʩʝʥʩʦʨʦʚ. 

 

 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʫ ʠ ʉʕʄ-ʩʥʠʤʢʠ 

ʤʘʛʥʠʪʥʳʭ ʬʨʘʢʮʠʡ ʜʠʩʧʝʨʩʥʳʭ ʤʠʢʨʦʩʬʝʨ 
ʇʫʙʣʠʢʘʮʠʠ: 

Fomenko E.V., Anshits N.N., Solovyov L.A., Knyazev Y.V., Semenov S.V., Bayukov O.A., 

Anshits A.G. Magnetic fractions of PM2.5, PM2.5ī10, and PM10 from coal fly ash as 

environmental pollutants // ACS OMEGA. ï 2021. ï V. 6. ï Is. 30. ï P. 20076ï20085. - Publ.: 

2021-Aug-03. DOI: 10.1021/acsomega.1c03187. Q2.S1 
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2.2  ʈʝʟʫʣʴʪʘʪʳ, ʦʪʧʨʘʚʣʝʥʥʳʝ ʚ ʦʪʜʝʣʝʥʠʝ ʈɸʅ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʃʴʥʷʥʘʷ ʢʦʩʪʨʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʦʪʭʦʜʦʤ (ʜʦ 70 ʤʘʩ.%) ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʣʴʥʦʚʦʣʦʢʥʘ. ʂʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʪʘʢʠʭ ʦʪʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʙʣʝʤʫ. ʇʨʝʜʣʦʞʝʥʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ (ɺʂʌ) ʣʴʥʷʥʦʡ ʢʦʩʪʨʳ ʚ ʵʪʘʥʦʣʝ ʠ ʠʟʦʧʨʦʧʘʥʦʣʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (225-250 
ʦ
C) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (Ru/C) ʠ 

H2. ɺʂʌ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʶ ʠ ʨʘʩʪʚʦʨʝʥʠʝ ʣʠʛʥʠʥʘ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟ 

ʣʴʥʷʥʦʡ ʢʦʩʪʨʳ ʠ ʧʦʣʫʯʝʥʠʝ ʪʚʝʨʜʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʣʶʣʦʟʳ. 

ɺʂʌ ɻʬʬʝʢʪʠʚʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʣʠʛʥʠʥʘ 

ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʝʘʢʮʠʠ ʠʭ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ 

ʬʨʘʢʮʠʠ ʣʠʛʥʠʥʘ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʦʜʝʨʞʘʥʠʝ Ru, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠ 

ʢʠʩʣʦʪʥʦʩʪʴ ʥʦʩʠʪʝʣʷ) ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʤʝʟʦʧʦʨʠʩʪʦʤ 

ʫʛʣʝʨʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʉʠʙʫʥʠʪ-4 ʥʘ ʚʳʭʦʜ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ. 

ʃʫʯʰʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 3% Ru ʥʘ ʦʢʠʩʣʝʥʥʦʤ ʧʨʠ 400 ÜC ʉʠʙʫʥʠʪʝ. 

ɹʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ Ru/C ʧʦʚʳʰʘʶʪ ʢʦʥʚʝʨʩʠʶ ʣʴʥʷʥʦʡ ʢʦʩʪʨʳ ʩ 44 ʜʦ 

56 ʤʘʩ.% ʠ ʚʳʭʦʜ ʤʦʥʦʬʝʥʦʣʦʚ ʩ 1,1 ʜʦ 10,2 ʤʘʩ.%, ʩʪʝʧʝʥʴ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʜʦ 

79,0%, ʚʳʭʦʜ ʮʝʣʣʶʣʦʟʳ ʜʦ 67,2 ʤʘʩ.%. ʆʩʥʦʚʥʳʝ ʤʦʥʦʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʮʝʩʩʘ ī 

ʛʚʘʷʮʠʣʧʨʦʧʝʥ ʠʣʠ ʛʚʘʷʮʠʣʧʨʦʧʘʥ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ  

ʆ.ʇ. ʊʘʨʘʥ, ʜ.ʭ.ʥ., ʧʨʦʬ. ɺ.ɽ. ʊʘʨʘʙʘʥʴʢʦ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ʉ. ʂʘʟʘʯʝʥʢʦ, ʤ.ʥ.ʩ.  

ɸ.ɺ. ʄʠʨʦʰʥʠʢʦʚʘ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʛ. 

ʂʨʘʩʥʦʷʨʩʢ). 

 
ʇʫʙʣʠʢʘʮʠʠ: 

1. Catalysts 11 (2021) 1ï17. - DOI 10.3390/catal11010042 

2. Catalysts 11 (2021) 970. - DOI 10.3390/catal11080970 

    

https://www.scopus.com/sourceid/21100332402?origin=resultslist
https://www.scopus.com/sourceid/21100332402?origin=resultslist
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ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ çʟʝʣʸʥʳʡè ʩʧʦʩʦʙ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ (ɸɻ). 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʠ ɸɻ ʚ ʨʘʩʧʣʘʚʝ ʩʤʝʩʠ ʩʫʣʴʬʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï 

ʤʦʯʝʚʠʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʧʣʘʚʘ 110ï140 ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. 

ʉʫʣʴʬʘʪʠʨʦʚʘʥʥʳʡ ɸɻ ʚʳʜʝʣʷʶʪ ʚ ʚʠʜʝ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʟʘʤʝʥʝ 

ʘʛʨʝʩʩʠʚʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ ï ʩʝʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʩʝʨʥʦʡ ʠ ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ 

ʢʠʩʣʦʪ ʥʘ ʥʝʪʦʢʩʠʯʥʫʶ, ʥʝʘʛʨʝʩʩʠʚʥʫʶ ʩʪʘʙʠʣʴʥʫʶ ʩʫʣʴʬʘʤʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ 

ʤʦʯʝʚʠʥʫ. ʀʩʢʣʶʯʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʠʨʠʜʠʥʘ, N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ, 1,4-ʜʠʦʢʩʘʥʘ ʠ ʪʨʝʪʠʯʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, 

ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʩ 4ï12 ʯʘʩʦʚ ʜʦ 0,5 ʯʘʩʘ. ʉʫʣʴʬʘʪʳ 

ɸɻ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ï ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʦʡ, 

ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʡ, ʧʨʝʙʠʦʪʠʯʝʩʢʦʡ, ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʦʡ, ʤʠʪʦʛʝʥʥʦʡ, 

ʘʥʪʠʤʫʪʘʛʝʥʥʦʡ, ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʦʡ, ʛʘʩʪʨʦʧʨʦʪʝʢʪʦʨʥʦʡ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ 

ʩʚʦʡʩʪʚ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʣʴʬʘʪʦʚ ɸɻ ʚ ʤʝʜʠʮʠʥʝ, 

ʚʝʪʝʨʠʥʘʨʠʠ, ʧʠʱʝʚʦʡ ʠ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï 

ʜ.ʭ.ʥ., ʧʨʦʬ. ɹ.ʅ. ʂʫʟʥʝʮʦʚ; ʠʩʧ. ï ʜ.ʭ.ʥ. ɺ.ɸ. ʃʝʚʜʘʥʩʢʠʡ, ʢ.ʭ.ʥ. ɸ.ɺ. ʃʝʚʜʘʥʩʢʠʡ 

(ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʛ. ʂʨʘʩʥʦʷʨʩʢ). 

 

 

 

 

 

ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ɸɻ ʚ ʨʘʩʧʣʘʚʝ ʩʤʝʩʠ ʩʫʣʴʬʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ï ʤʦʯʝʚʠʥʘ. 

 

ʇʘʪʝʥʪ ˉ 2760432 ʈʦʩʩʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʄʇʂ ʉ08B 37/00 (2006.01). ʉʧʦʩʦʙ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ / 

ʃʝʚʜʘʥʩʢʠʡ ɸ.ɺ., ʃʝʚʜʘʥʩʢʠʡ ɺ.ɸ., ʂʫʟʥʝʮʦʚ ɹ.ʅ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʌʀʎ 

ʂʅʎ ʉʆ ʈɸʅ (RU).-ˉ 2021112617/10, ʟʘʷʚʣ. 28.04.2021; ʦʧʫʙʣ. 25.11.2021. ɹʶʣ. ˉ 36. ʀʂ 

ʈʀɼ 622011100055-9 
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ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ çʟʝʣʸʥʳʡè ʩʧʦʩʦʙ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʢʩʠʣʘʥʘ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ 

ʥʘ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʠ ʢʩʠʣʘʥʘ ʚ ʨʘʩʧʣʘʚʝ ʩʤʝʩʠ ʩʫʣʴʬʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʤʦʯʝʚʠʥʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʧʣʘʚʘ 110ï125 ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʉʫʣʴʬʘʪ ʢʩʠʣʘʥʘ ʚʳʜʝʣʷʶʪ 

ʚ ʚʠʜʝ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʟʚʝʩʪʥʳʤʠ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʟʘʤʝʥʝ ʘʛʨʝʩʩʠʚʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ ï ʩʝʨʥʦʛʦ 

ʘʥʛʠʜʨʠʜʘ, ʩʝʨʥʦʡ ʠ ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪ ʥʘ ʥʝʪʦʢʩʠʯʥʫʶ, ʥʝʘʛʨʝʩʩʠʚʥʫʶ 

ʩʪʘʙʠʣʴʥʫʶ ʩʫʣʴʬʘʤʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʤʦʯʝʚʠʥʫ, ʩʦʢʨʘʱʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʩʠʥʪʝʟʘ ʩ 3ï6 ʯʘʩʦʚ ʜʦ 30 ʤʠʥʫʪ. ʀʩʢʣʶʯʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʠʨʠʜʠʥʘ, N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ, 1,4-ʜʠʦʢʩʘʥʘ ʠ ʪʨʝʪʠʯʥʳʭ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʩ 4ï12 

ʯʘʩʦʚ ʜʦ 0,5 ʯʘʩʘ. ʉʫʣʴʬʘʪ ʢʩʠʣʘʥʘ (ʢʦʤʤʝʨʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ Elmiron) ʦʙʣʘʜʘʝʪ 

ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʦʡ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʦʜʘʚʣʷʝʪ ɺʀʏ ʠʥʬʝʢʮʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ɹ.ʅ. 

ʂʫʟʥʝʮʦʚ; ʠʩʧ. ï ʜ.ʭ.ʥ. ɺ.ɸ. ʃʝʚʜʘʥʩʢʠʡ, ʢ.ʭ.ʥ. ɸ.ɺ. ʃʝʚʜʘʥʩʢʠʡ, ɻ.ʇ. ʉʢʚʦʨʮʦʚʘ 

(ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʛ. ʂʨʘʩʥʦʷʨʩʢ). 

 

 

 

 

 

ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʢʩʠʣʘʥʘ ʚ ʨʘʩʧʣʘʚʝ ʩʤʝʩʠ ʩʫʣʴʬʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ï ʤʦʯʝʚʠʥʘ. 

 

ʇʘʪʝʥʪ ˉ 2757259 ʈʦʩʩʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʄʇʂ ʉ08B 37/00, ʉ08H 

11/00  (2006.01). ʉʫʣʴʬʘʪʠʨʦʚʘʥʠʝ ʢʩʠʣʘʥʘ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʩʫʣʴʬʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʃʝʚʜʘʥʩʢʠʡ ɸ.ɺ, ʉʢʚʦʨʮʦʚʘ ɻ.ʇ., ʃʝʚʜʘʥʩʢʠʡ ɺ.ɸ., ʂʫʟʥʝʮʦʚ ɹ.ʅ.; 

ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ (RU). - ˉ 2020143299/10, ʟʘʷʚʣ. 

25.12.2020; ʦʧʫʙʣ. 12.10.2021. ɹʶʣ. ˉ 29. ʀʂ ʈʀɼ 622011100091-7 
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ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʜʠʧʨʦʧʠʦʥʘʪʘ ʙʝʪʫʣʠʥʘ (ɼʇɹ) ʠʟ ʙʝʨʝʩʪʳ ʙʝʨʸʟʳ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ 

ʜʠʧʨʦʧʠʦʥʘʪ ʙʝʪʫʣʠʥʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʜʣʷ ʣʝʯʝʥʠʷ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʘʢʦ ʧʣʦʭʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʦʜʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ɼʇɹ, ʦʙʣʘʜʘʶʱʠʝ ʣʫʯʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʨʦʜʥʳʝ ʧʦʣʠʤʝʨʳ, ʘ ʪʘʢʞʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʥʘʥʦʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʧʨʦʧʠʦʥʘʪ ʙʝʪʫʣʠʥʘ ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʦʝ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ 

ʯʝʣʦʚʝʢʘ ʠ ʥʘ ʢʣʝʪʢʠ ʘʩʮʠʪʥʦʡ ʢʘʨʮʠʥʦʤʳ ʕʨʣʠʭʘ, ʚʳʟʳʚʘʷ ʘʧʦʧʪʦʟ ʚ ʨʘʢʦʚʳʭ 

ʢʣʝʪʢʘʭ ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʟʜʦʨʦʚʳʝ ʢʣʝʪʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʦʟʠʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʚʠʜʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʣʝʥʦʢ, ʦʙʣʘʜʘʣʠ ʥʘʠʙʦʣʴʰʝʡ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʜʝʢʚʘʪʥʳʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ 

ʙʝʪʫʣʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʬʘʨʤʘʢʦʣʦʛʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ɹ.ʅ. ʂʫʟʥʝʮʦʚ; ʦʪʚ. ʠʩʧ. ʜ.ʭ.ʥ. ʉ.ɸ. 

ʂʫʟʥʝʮʦʚʘ, ʢ.ʭ.ʥ. ʖ.ʅ. ʄʘʣʷʨ (ʀʍʍʊ ʉʆ ʈɸʅ); ʜ.ʭ.ʥ. ʊ.ʇ. ʐʘʭʪʰʥʝʡʜʝʨ, ʢ.ʭ.ʥ. ʄ.ɸ. 

ʄʠʭʘʡʣʝʥʢʦ (ʀʍʊʊʄ ʉʆ ʈɸʅ); ʜ.ʤ.ʥ. ɸ.ʉ. ʂʠʯʢʘʡʣʦ (ʂʨʘʩɻʄʋ); ʢ.ʬ.-ʤ.ʥ. ɺ.ɸ. 

ɼʨʝʙʫʱʘʢ (ʀɻʄ ʉʆ ʈɸʅ).  

 

ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʨʘʚʥʝʥʠʷ ʜʝʡʩʪʚʠʷ ʙʝʪʫʣʠʥʘ ʠ ʢʦʤʧʦʟʠʪʦʚ 

ʜʠʧʨʦʧʠʦʥʘʪʘ ʙʝʪʫʣʠʥʘ ʥʘ ʨʘʢʦʚʳʝ ʠ ʥʦʨʤʘʣʴʥʳʝ ʢʣʝʪʢʠ. ʂʦʤʧʦʟʠʪʳ ʜʠʧʨʦʧʠʦʥʘʪʘ 

ʙʝʪʫʣʠʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦ ʚʳʟʳʚʘʶʪ ʘʧʦʧʪʦʟ ʠ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʜʝʣʝʥʠʝ ʚ ʨʘʢʦʚʳʭ 

ʢʣʝʪʢʘʭ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ.  

ʇʫʙʣʠʢʘʮʠʠ: 

1. Kuznetsova S.A. et al. Biointerface Research in Applied Chemistry 12 (5) (2022) 

doi:10.33263/BRIAC125.68736894 

2. Kuznetsova S.A. et al. Khimiya Rastitel'nogo Syr'ya 1 (2021) 309-316 (inRuss.). 

DOI: 10.14258/jcprm.2021017973  
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2.3  ʈʘʟʨʘʙʦʪʢʠ, ʛʦʪʦʚʳʝ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʅʦʚʳʡ ʩʧʦʩʦʙ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ 

ɸʚʪʦʨʳ: ʜ.ʭ.ʥ. ɺ.ɸ. ʃʝʚʜʘʥʩʢʠʡ, ʢ.ʭ.ʥ. ɸ.ɺ. ʃʝʚʜʘʥʩʢʠʡ 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ çʟʝʣʸʥʳʡè ʩʧʦʩʦʙ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ (ɸɻ). 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʠ ɸɻ ʚ ʨʘʩʧʣʘʚʝ ʩʤʝʩʠ ʩʫʣʴʬʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï 

ʤʦʯʝʚʠʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʧʣʘʚʘ 110ï140 ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. 

ʉʫʣʴʬʘʪʠʨʦʚʘʥʥʳʡ ɸɻ ʚʳʜʝʣʷʶʪ ʚ ʚʠʜʝ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʟʘʤʝʥʝ 

ʘʛʨʝʩʩʠʚʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ ïʩʝʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʩʝʨʥʦʡ ʠ ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ 

ʢʠʩʣʦʪ ʥʘ ʥʝʪʦʢʩʠʯʥʫʶ, ʥʝʘʛʨʝʩʩʠʚʥʫʶ ʩʪʘʙʠʣʴʥʫʶ ʩʫʣʴʬʘʤʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ 

ʤʦʯʝʚʠʥʫ. ʀʩʢʣʶʯʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʠʨʠʜʠʥʘ, N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ, 1,4-ʜʠʦʢʩʘʥʘ ʠ ʪʨʝʪʠʯʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, 

ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʩ 4ï12 ʯʘʩʦʚ ʜʦ 0,5 ʯʘʩʘ. ʉʫʣʴʬʘʪʳ 

ɸɻ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ï ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʦʡ, 

ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʡ, ʧʨʝʙʠʦʪʠʯʝʩʢʦʡ, ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʦʡ, ʤʠʪʦʛʝʥʥʦʡ, 

ʘʥʪʠʤʫʪʘʛʝʥʥʦʡ, ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʦʡ, ʛʘʩʪʨʦʧʨʦʪʝʢʪʦʨʥʦʡ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ 

ʩʚʦʡʩʪʚ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʣʴʬʘʪʦʚ ɸɻ ʚ ʤʝʜʠʮʠʥʝ, 

ʚʝʪʝʨʠʥʘʨʠʠ, ʧʠʱʝʚʦʡ ʠ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

 

 

 

ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ɸɻ ʚ ʨʘʩʧʣʘʚʝ ʩʤʝʩʠ ʩʫʣʴʬʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï 

ʤʦʯʝʚʠʥʘ. 
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ʇʘʪʝʥʪ ˉ 2760432 ʈʦʩʩʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʄʇʂ ʉ08B 37/00 (2006.01). ʉʧʦʩʦʙ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ ʩʫʣʴʬʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ / ʃʝʚʜʘʥʩʢʠʡ ɸ.ɺ., ʃʝʚʜʘʥʩʢʠʡ ɺ.ɸ., ʂʫʟʥʝʮʦʚ ɹ.ʅ.; ʟʘʷʚʠʪʝʣʴ ʠ 

ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ (RU).-ˉ 2021112617/10, ʟʘʷʚʣ. 28.04.2021; 

ʦʧʫʙʣ. 25.11.2021. ɹʶʣ. ˉ 36. ʀʂ ʈʀɼ 622011100055-9 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʍʍʊ ʉʆ ʈɸʅ, 

ʧʨʦʝʢʪ 0287-2021-0017. 

ʄʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʡ ʩʝʧʘʨʘʪʦʨ  

ɸʚʪʦʨ: ʢ.ʪ.ʥ. ɸ.ɺ. ɿʘʰʠʭʠʥ 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ: 

ʠʩʢʣʶʯʠʪʴ ʥʘʢʦʧʣʝʥʠʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʥʘ ʜʥʠʱʝ ʞʝʣʦʙʘ ʥʝʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ 

ʯʘʩʪʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʨʘʤʘʛʥʝʪʠʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʥʝʧʦʜʚʠʞʥʳʡ ʫʧʣʦʪʥʝʥʥʳʡ 

ʧʨʠʜʦʥʥʳʡ ʩʣʦʡ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʠ 

ʥʘʭʦʞʜʝʥʠʷ ʨʘʟʜʝʣʷʝʤʳʭ ʯʘʩʪʠʮ ʚ ʟʦʥʝ ʩʝʧʘʨʘʮʠʠ; ʧʦʚʳʩʠʪʴ ʫʜʝʣʴʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʠʪʘʥʠʷ; 

ʠʩʢʣʶʯʠʪʴ ʟʘʜʝʨʞʢʠ ʚ ʜʚʠʞʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʜʝʣʝʥʠʷ ʠ ʚ ʮʝʣʦʤ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʛʘʱʝʥʠʷ ʯʘʩʪʠʮ. ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʨʘʟʜʝʣʝʥʠʷ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʧʦ ʧʣʦʪʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʤʝʣʢʦʛʦ 

ʟʦʣʦʪʘ ʠʟ ʨʫʜʳ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ï ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʧʣʦʪʥʦʩʪʠ. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ ï ʉʭʝʤʘ ʨʘʙʦʪʳ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ  

 

ʇʘʪʝʥʪ ˉ 2758825 ʈʦʩʩʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʄʇʂ B03ʉ 1/32 

(2006.01). ʄʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʡ ʩʝʧʘʨʘʪʦʨ / ɿʘʰʠʭʠʥ ɸ.ɺ.; ʟʘʷʚʠʪʝʣʴ ʠ 

ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ (RU). - ˉ 2021114289/03, ʟʘʷʚʣ. 18.05.2021; 

ʦʧʫʙʣ. 02.11.2021, ɹʶʣ. ˉ 31. ʀʂ ʈʀɼ 622011100048-1 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʍʍʊ ʉʆ ʈɸʅ, 

ʧʨʦʝʢʪ 0287-2021-0014  
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3. ʇʈʆɽʂʊʓ ʇʈʆɻʈɸʄʄʓ ʌʋʅɼɸʄɽʅʊɸʃʔʅʓʍ ʅɸʋʏʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ ʅɸ ɼʆʃɻʆʉʈʆʏʅʓʁ 

ʇɽʈʀʆɼ (2021-2030 ʛʦʜʳ) 

3.1 ʇʨʦʝʢʪ 0287-2021-0012 çʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ  

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʚʦʜʥʦʡ ʠ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʘʭ, 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʠʟ 

ʧʨʠʨʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚè 

ʨʫʢʦʚʦʜʠʪʝʣʠ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ ʊʘʨʘʥ ʆ.ʇ., ʜ.ʭ.ʥ., ʧʨʦʬ. ʈʫʙʘʡʣʦ ɸ.ʀ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ 

ʤʝʭʘʥʠʟʤʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʥʦʡ ʠ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʘʭ, 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʠʟ ʧʨʠʨʦʜʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ çʟʝʣʝʥʦʡ ʭʠʤʠʠè. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʀʂ-, ʋʌ-, ʗʄʈ- ʠ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʛʘʟʦʚʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʢʘʧʠʣʣʷʨʥʳʡ ʵʣʝʢʪʨʦʬʦʨʝʟ, ʄʈ-

ʪʦʤʦʛʨʘʬʠʷ, ʵʣʝʤʝʥʪʥʳʡ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ.  

ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʵʪʘʧʝ 2021 ʛʦʜʘ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ, ʪ.ʢ. ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʙʘʟʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚ, 

ʧʨʦʮʝʩʩʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʆʙʥʘʨʫʞʝʥʦ ʫʩʢʦʨʝʥʠʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʦʙʠʦʟʳ, ʤʦʜʝʣʠʨʫʶʱʝʡ 

ʧʨʠʨʦʜʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʟʘ ʩʯʸʪ ʘʢʪʠʚʘʮʠʠ ʦʙʱʠʤ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʢʠʩʣʦʪʥʳʤ 

ʢʘʪʘʣʠʟʦʤ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʬʪʘʣʝʚʦʡ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪ, ʧʨʝʜʣʦʞʝʥʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ ʵʪʫ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. ʆʙʥʘʨʫʞʝʥʥʳʡ ʵʬʬʝʢʪ ʚʘʞʝʥ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʛʠʜʨʦʣʠʟʘ ʫʛʣʝʚʦʜʦʚ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʚʸʨʜʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ 

(ʦʢʠʩʣʝʥʥʳʭ ʠ ʩʫʣʴʬʠʨʦʚʘʥʥʳʭ ʫʛʣʷʭ). 

ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Ru/C, Pd/C, Pt/Al2O3 ʠ Ni/ʉ ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʦʜʠʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʛʚʘʷʢʦʣʘ ʚ ʩʨʝʜʝ ʚʦʜʳ ʠ ʵʪʘʥʦʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠ ʩʤʝʰʘʥʥʳʭ Ru/C ʠ Ni/ʉ ʚ 

ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʮʝʩʩʦʚ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ çʙʠʦʥʝʬʪʠè ʠ ʦʨʛʘʥʦʩʦʣʴʚʝʥʪʥʳʭ ʣʠʛʥʠʥʦʚ ʚ ʧʨʦʜʫʢʪʳ 

ʚʳʩʦʢʦʡ ʜʦʙʘʚʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ.  
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) ʪʠʧʘ. ʅʘʡʜʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʚ ʦʙʦʠʭ ʯʘʩʪʠʮʘʭ ʷʚʣʷʶʪʩʷ ʥʠʟʢʦʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʘʪʦʤʳ 

ʟʦʣʦʪʘ ʚ ʚʝʨʰʠʥʘʭ ʢʣʘʩʪʝʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʳ ñcrown-jewelò ʧʦʢʘʟʳʚʘʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ: ʦʥʠ ʥʘ 1 ʵɺ ʙʦʣʝʝ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʶʪ 

ʤʦʣʝʢʫʣʫ ʆ2, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ 

ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʧʨʦʮʝʩʩʦʤ ʥʘ ʢʣʘʩʪʝʨʝ ñcore-shellò 

ʪʠʧʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʛʣʶʢʦʟʳ ʚ ʛʣʶʢʦʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʚʦʩʪʨʝʙʦʚʘʥʥʫʶ ʚ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: (NH4)6Mo7O24, MnSO4, TiO2, 

ZnSO4 ʚ ʩʨʝʜʝ çʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ï ʚʦʜʘè ʥʘ ʚʳʭʦʜ 

ʛʝʤʠʮʝʣʣʶʣʦʟ ʠʟ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ, ʠʟʫʯʝʥ ʠʭ ʩʦʩʪʘʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʜʣʷ ʧʠʱʝʚʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʩʦʜʘ-ʣʠʛʥʠʥʘ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ, ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʧʨʦʜʫʢʪʝ (ʤʦʯʝʚʠʥʘ ʢʘʢ 

ʢʘʪʘʣʠʟʘʪʦʨ ʚ ʩʨʝʜʝ 1,4-ʜʠʦʢʩʘʥʘ). ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʣʠʛʥʠʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʘʥʮʠʡ. ʄʝʪʦʜʠʢʘ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʣʠʛʥʠʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʣʠʛʥʠʥʦʚ. 

ʄʝʪʦʜʦʤ ʘʬʬʠʥʥʦʛʦ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʵʬʠʨʥʳʭ ʙʝʪʫʣʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 3,28-ʜʠʬʪʘʣʘʪʘ, 3,28-

ʜʠʩʫʢʮʠʥʘʪʘ ʠ 3,28-ʜʠʩʫʣʴʬʘʪʘ ʙʝʪʫʣʠʥʘ ʩ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ 

ʩʨʝʜʳ, ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʪʫʣʠʥʘ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(ʢʦʤʧʣʝʢʩʦʚ çʭʦʟʷʠʥ-ʛʦʩʪʴè) ʩ ɔ-ʎɼ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʵʪʠʭ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʣʝʚʫʣʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʘʣʝʨʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ H2SO4 ʩʪʝʧʝʥʴ 

ʢʦʥʚʝʨʩʠʠ ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʬʘʨʘʜʝʝʚʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʃʂ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ɺʂ, ʧʨʠʯʝʤ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʜʠʘʣʴʜʝʛʠʜʘ ʢʨʘʭʤʘʣʘ ʧʨʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʦʢʠʩʣʝʥʠʠ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ in situ ʛʝʥʝʨʠʨʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ 
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ʤʝʪʦʜʦʤ ʠʦʜʘʪʦʤ ʢʘʣʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʥʘ Pb/PbO2 ʠ 

ʛʨʘʬʠʪʦʚʦʤ ʵʣʝʢʪʨʦʜʘʭ. 

ʇʨʦʚʝʜʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʘ ʚʦʜʳ ʚ 

ʤʝʟʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ SBA-15 ʠ MCM-41, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʢʘʪʘʣʠʟʘ ʠ ʘʜʩʦʨʙʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʝʪʦʜʦʤ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʤʧʫʣʴʩʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʙʥʘʨʫʞʝʥʘ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʦʜʳ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ 

ʟʘʛʨʫʟʢʠ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʘ ʚ ʤʝʟʦʧʦʨʠʩʪʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʢ ʘʜʩʦʨʙʝʥʪʦʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʥʦʩʠʪʝʣʝʡ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ. 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʀʂ-, ʗʄʈ- 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʉɸ ʢʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ ʠ ʥʠʢʝʣʷ, ʩʦʜʝʨʞʘʱʠʝ ʧʠʥʮʝʨʥʳʡ 

ʙʠʩ((ʜʠʬʝʥʠʣ)ʬʦʩʬʠʥʦʢʩʠ)ʬʝʥʠʣ ʠ ʪʝʨʤʠʥʘʣʴʥʳʡ (2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ-4-ʠʣ)-

ʘʣʢʠʥʠʣʴʥʳʡ ʣʠʛʘʥʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʫʜʫʪ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʪʦʥʦʚ ʜʦ ʚʦʜʦʨʦʜʘ ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʵʪʘʧʝ ʧʨʦʝʢʪʘ.  

ʇʦʣʫʯʝʥ ʥʦʚʳʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʧʨʝʧʘʨʘʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʩ-

ʜʠʭʣʦʨʦʜʠʘʤʤʠʥʧʣʘʪʠʥʳ(II) ʩ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʦʤ. ʇʨʝʧʘʨʘʪ ʧʝʨʝʜʘʥ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʉʦʩʪʘʚ ʢʦʣʣʝʢʪʠʚʘ: 33 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʘ ʣʘʙʦʨʘʪʦʨʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ (ʟʘʚ. ʣʘʙ. ʜ.ʭ.ʥ. ʊʘʨʘʥ ʆ.ʇ.), ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʘʥʘʣʠʟʘ (ʠ.ʦ. ʟʘʚ. ʣʘʙ. ʢ.ʭ.ʥ. ʇʝʪʝʨʩʦʥ ʀ.ɺ.) ʠ 2 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʘ 

ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʧʨʠʨʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ (ʟʘʚ. ʣʘʙ. ʜ.ʭ.ʥ. ʂʫʟʥʝʮʦʚ ɹ.ʅ.), 

ʚ ʪʦʤ ʯʠʩʣʝ 5 ʜʦʢʪʦʨʦʚ ʥʘʫʢ, 22 ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 39 ʣʝʪ 

ï 16. 

ʇʦʢʘʟʘʪʝʣʠ: ʧʫʙʣʠʢʘʮʠʠ ï 22 (WoSc, Sc), ʚ ʪ.ʯ.  Q1 ï 6, Q2 ï 3; ʧʘʪʝʥʪʳ ï 1. 

ʈʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʫ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʪʝʩʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʠʥʩʪʠʪʫʪʘʤʠ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʉʆ ʈɸʅ (ʀʌ ʉʆ ʈɸʅ, ʂʨʘʩʅʀʉʍ, ʅʀʀ ʄʇʉ), 

ʥʘʫʯʥʳʤʠ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʂʨʘʩʥʦʷʨʩʢʘ (ʉʌʋ, ʉʠʙɻʋ ʠʤ. ʄ.ʌ. 

ʈʝʰʝʪʥʸʚʘ ʠ ʜʨ.), ʅʦʚʦʩʠʙʠʨʩʢʘ (ʀʂ ʉʆ ʈɸʅ, ʀʎʠɻ ʉʆ ʈɸʅ, ʀɻʠʄ ʉʆ ʈɸʅ, ʅɻʊʋ 

ʠ ʜʨ.), ʄʦʩʢʚʳ (ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ɻʅʎ ʈʌ, ʄɻʋ). ʀʩʧʦʣʥʠʪʝʣʠ 

ʧʨʦʝʢʪʘ ʩʦʪʨʫʜʥʠʯʘʣʠ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʢʦʣʣʝʛʘʤʠ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ: 

University of Liverpool, (ʃʠʚʝʨʧʫʣʴ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), Institut de Chimie de la Mati r̄e 

Condens®e de Bordeaux (ɹʦʨʜʦ, ʌʨʘʥʮʠʷ), Universite Claude Bernard Lyon 1, 

IRCELYON, (ʃʠʦʥ, ʌʨʘʥʮʠʷ), University ʦf Bingºl, Vʦcatiʦnal Schʦʦl ʦf Technical 

Sciences (Bingºl, ʊʫʨʮʠʷ), University of Monastir, (Monastir, ʊʫʥʠʩ), University of 

Barcelona (ɹʘʨʩʝʣʦʥʘ, ʀʩʧʘʥʠʷ). 
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ɺʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʝʢʪʫ 0287-2021-0012 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʬʠʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʪʫʣʠʥʘ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ɔ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ, ʠʟʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ 

ɸʚʪʦʨʳ: ʢ.ʭ.ʥ. ʉʫʨʩʷʢʦʚʘ ɺ.ɺ., ʜ.ʭ.ʥ. ʃʝʚʜʘʥʩʢʠʡ ɺ.ɸ., ʜ.ʭ.ʥ. ʈʫʙʘʡʣʦ ɸ.ʀ. 

 

 ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ 3,28-

ʜʠʬʪʘʣʘʪ (ɼʌɹ) ʠ 3,28-ʜʠʩʫʢʮʠʥʘʪ ʙʝʪʫʣʠʥʘ (ɼʉʢɹ), ʷʚʣʷʶʱʠʝʩʷ ʘʤʬʠʬʠʣʴʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʩʣʘʙʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʧʨʠ ʨʅ=6 ʠ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʩʪʚʦʨʝ ʚ 

ʚʠʜʝ ʤʠʮʝʣʣ (ʨʠʩ. 1ʘ, ʙ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ɼʌɹ ʠ ɼʉʢɹ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʅ. ʀʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʵʬʠʨʥʳʭ 

ʙʝʪʫʣʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ (ɔ-ʎɼ, ʨʠʩ. 1ʚ), ʨʘʩʩʯʠʪʘʥʳ 

ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 1:1 ʢʦʤʧʣʝʢʩʦʚ. ʉʨʝʜʠ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʎɼ, ɔ-ʎɼ ʚ 

ʮʝʣʦʤ ʦʙʨʘʟʫʝʪ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʪʫʣʠʥʘ. 

ʇʨʝʜʣʦʞʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ 1:1 

ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʥʩʪʘʥʪʳ 

ʩʚʷʟʳʚʘʥʠʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʮʝʥʝʥʳ ʦʙʳʯʥʳʤ ʦʙʨʘʟʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ 

ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʪʫʣʠʥʘ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʢʦʤʧʣʝʢʩʦʚ çʭʦʟʷʠʥ-ʛʦʩʪʴè) ʩ ɔ-ʎɼ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʵʪʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʘʬʬʠʥʥʦʛʦ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʦ ʩʜʚʠʛʫ ʧʦʜʚʠʞʥʦʩʪʠ. 

 

 
 
ʈʠʩʫʥʦʢ 1.  ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʪʫʣʠʥʘ (ʘ), 

ʚʦʟʤʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʤʠʮʝʣʣ (ʙ) (k ʠ m ï 0 ʠʣʠ 1, l ï 0 ʠʣʠ ʮʝʣʦʝ ʯʠʩʣʦ, p ï ʮʝʣʦʝ ʯʠʩʣʦ) ʠ 

ʩʭʝʤʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʪʫʣʠʥʘ ʩ ʎɼ (ʚ). R = -COC6H4COOH 

ʜʣʷ ɼʌɹ, R = -COCH2CH2COOH ʜʣʷ ɼʉʢɹ, R = -SO3H ʜʣʷ 3,28-ʜʠʩʫʣʴʬʘʪʘ ʙʝʪʫʣʠʥʘ (ɼʉɹ). 

ʇʫʙʣʠʢʘʮʠʠ: 

1. Sursyakova V.V., Rubaylo A.I // JOURNAL OF SEPARATION SCIENCE. - 

2021. - Vol. 44. - ˉ 22. - P. 4200-4203. DOI: 10.1002/jssc.202100507. Q2.S2 

2.  Sursyakova V.V., Levdansky V.A., Rubaylo A.I. // ELECTROPHORESIS. ï 

2021. ï V.42, ˉ 6. - P.700-707. DOI:10.1002/elps.202000189. Q2.S2 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

ɸʚʪʦʨʳ: ʢ.ʭ.ʥ. ʄʘʣʷʨ ʖ.ʅ., ʢ.ʭ.ʥ. ʏʫʜʠʥʘ ɸ.ʀ., ʢ.ʭ.ʥ. ʂʘʟʘʯʝʥʢʦ ɸ.ʉ. 

ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʛʝʤʠʮʝʣʣʶʣʦʟ ʠʟ 

ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ ʚ ʩʨʝʜʝ 

çʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ï ʚʦʜʘè ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: 

(NH4)6Mo7O24, MnSO4, TiO2, ZnSO4 (ʨʠʩ. 1). ʇʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ 

ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ ʜʦ 20,4 ʤʘʩ.% (ʦʪ ʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ), ʩʦ ʩʨʝʜʥʝʚʝʩʦʚʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 

ʜʦ 22,9 ʢɼʘ ʠ ʫʟʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

 

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ 

ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ ʚ 

ʩʨʝʜʝ çʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ 

ï ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ï ʚʦʜʘè. 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʩʦʜʘ-ʣʠʛʥʠʥʘ ʩʦʣʦʤʳ ʧʰʝʥʠʮʳ ʩʤʝʩʴʶ ʩʫʣʴʬʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ/ʤʦʯʝʚʠʥʘ, ʥʘ ʚʳʭʦʜ ʩʫʣʴʬʘʪʦʚ ʣʠʛʥʠʥʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʩʝʨʳ (ʨʠʩ. 2). 

ʆʧʪʠʤʘʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʣʠʛʥʠʥʘ ʷʚʣʷʝʪʩʷ ʜʠʦʢʩʘʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʤʦʯʝʚʠʥʳ. ʉʫʣʴʬʘʪʠʨʦʚʘʥʥʳʡ ʣʠʛʥʠʥ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʩʨʝʜʝ ʜʠʦʢʩʘʥʘ, 

ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ (10,1%) ʠ ʚʳʩʦʢʫʶ ʯʠʩʪʦʪʫ. ɺʢʣʶʯʝʥʠʝ ʩʫʣʴʬʘʪʥʳʭ 

ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʫ ʣʠʛʥʠʥʘ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʛʝʣʴ-

ʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

 

ʈʠʩʫʥʦʢ 2. 

ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʩʦʜʘ-

ʣʠʛʥʠʥʘ ʩʦʣʦʤʳ 

ʧʰʝʥʠʮʳ ʩʤʝʩʴʶ 

ʩʫʣʴʬʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ-

ʤʦʯʝʚʠʥʘ. 

 

ʇʫʙʣʠʢʘʮʠʠ: 
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3.2  ʇʨʦʝʢʪ 0287-2021-0013 çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʣʦʞʥʳʭ 

ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʠ ʤʠʢʨʦʩʬʝʨ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʣè 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ʜ.ʭ.ʥ., ʧʨʦʬ. ɸʥʰʠʮ ɸ.ɻ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʭʠʤʠʯʝʩʢʦʛʦ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʦʚ, 

ʤʦʨʬʦʣʦʛʠʠ, ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʦʞʥʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʠ ʫʟʢʠʭ ʬʨʘʢʮʠʡ 

ʤʠʢʨʦʩʬʝʨ ʩʦʩʪʘʚʘ SiO2ïAl 2O3ïFeO ʠ CaOïSiO2ïAl 2O3ïFeO, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʣʝʪʫʯʠʭ 

ʟʦʣ, ʢʘʢ ʦʩʥʦʚʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʤʝʪʘʥʘ; ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ 

ʛʝʣʠʷ ʠ ʚʦʜʦʨʦʜʘ ʠʟ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ; ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ ʘʜʩʦʨʙʮʠʦʥʥʦ ʘʢʪʠʚʥʳʭ 

ʩʠʩʪʝʤ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʚʦʜʥʳʭ ʩʨʝʜ ʢʘʪʠʦʥʦʚ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʣʣʦʚ; ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʭʘʨʘʢʪʝʨʘ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ, ʩʪʨʦʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʳʭ ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ, 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʪʝʥʮʠʘʣ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʚ ʢʦʤʧʣʝʢʩʝ ʩʝʢʪʦʨʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʫʛʦʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ 

ʨʫʜʦʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʪʘʥʜʘʨʪʥʘʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ȹG
0
n ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟ ʈʘʜʜʣʝʩʜʝʥʘ-ʇʦʧʧʝʨʘ 

(RP) AOĀ(ABO3)n ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʢʘʪʠʦʥʦʚ ɸ ʠ ɺ ʧʦʜʯʠʥʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʶ ȹὋ0
1/ὲ=1/ὲ*ȹὋ0

ὙὛ+ȹὋ
0
ὖ (ʛʜʝ ȹὋ0

ὖ  ï ȹG
0
 ʦʙʨʘʟʦʚʘʥʠʷ ʯʠʩʪʦʛʦ ʧʝʨʦʚʩʢʠʪʘ 

ABO3, ʘ ȹG
0
RS ï ʠʥʢʨʝʤʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʦʙʘʚʣʝʥʠʶ ʩʣʦʷ ɸʆ ʥʘ n ʩʣʦʝʚ 

ʧʝʨʦʚʩʢʠʪʘ) ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦʬʘʟʥʳʭ ʩʠʩʪʝʤ. ʅʘ ʧʨʠʤʝʨʝ (Sr0.8Gd0.2)3Co2O7-ŭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʳ 

ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʬʘʟʳ ʩʣʦʠʩʪʦʛʦ ʢʦʙʘʣʴʪʠʪʘ RP (n = 2). ʉ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʝʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ 

ʟʘʢʘʣʢʠ, ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʬʘʟʳ RP (n = 2) ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʪʠʦʥʦʚ 

Sr
2+

/Gd
3+

 ʧʦ ɸ-ʧʦʟʠʮʠʷʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ Ŭ-Fe2O3 ʚ ʠʥʪʝʨʚʘʣʝ 800ï1100 

Áʉ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʤʝʪʘʥʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʢʘʣʠʚʘʥʠʷ Ŭ-Fe2O3 

ʧʨʦʠʩʭʦʜʠʪ ʫʧʣʦʪʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʠʩʯʝʟʘʝʪ ʧʦʨʠʩʪʦʩʪʴ ʯʘʩʪʠʮ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʦʛʘʱʘʝʪʩʷ ʠʦʥʘʤʠ Fe
2+

 ʠ ʬʦʨʤʘʤʠ ʚʥʝʨʝʰʝʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, 

ʫʜʝʣʴʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʧʦʣʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 1100 Áʉ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʘʪʦʤʦʚ He ʠ Ne ʚ ʤʘʪʨʠʮʘʭ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʠʤʦʨʬʦʚ ʢʨʝʤʥʝʟʝʤʘ (ʢʘʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʩʪʝʢʦʣ) ʠ 
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ʨʘʩʯʝʪʦʚ ʥʘ ʙʘʟʝ ʵʪʠʭ ʣʘʥʜʰʘʬʪʦʚ ʦʩʥʦʚʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʜʠʬʬʫʟʠʠ, ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ He ʠ Ne ʚ ʦʙʨʘʟʮʘʭ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʦʣ 

ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʥʠʟʢʠʭ (ʢʦʤʥʘʪʥʳʭ) ʪʝʤʧʝʨʘʪʫʨʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʝʧʝʥʷʭ ʨʘʩʰʠʨʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʅʝ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ 

ʘʥʦʤʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʧʦ ʪʠʧʫ ʩʫʧʝʨʜʠʬʬʫʟʠʠ. ʇʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʠʣʠʢʘʪʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ 

He/Ne ʩ ʛʝʣʠʝʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʥʘ ʫʨʦʚʥʝ ʧʦʣʠʤʝʨʥʳʭ ʤʝʤʙʨʘʥ, ʥʦ ʦʙʣʘʜʘʶʱʠʡ 

ʙ·ʣʴʰʝʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ He/Ne, ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ.  

ʇʦʣʫʯʝʥʳ ʥʝʤʘʛʥʠʪʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʫʟʢʠʝ ʬʨʘʢʮʠʠ ʜʠʩʧʝʨʩʥʳʭ ʤʠʢʨʦʩʬʝʨ 

ʩʠʩʪʝʤʳ SiO2 ï Al 2O3 ï FeO ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʛʣʦʙʫʣ ʚ ʠʥʪʝʨʚʘʣʝ 1ï10 ɛm, 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ 

ʥʝʤʘʛʥʠʪʥʳʭ ʬʨʘʢʮʠʡ ʤʠʢʨʦʩʬʝʨ ʩʦʜʝʨʞʘʥʠʝ SiO2, Al2O3 ʠ Fe2O3 ʩʦʩʪʘʚʣʷʝʪ 65ï70, 

23ï28 ʠ 2ï4 ʤʘʩ. % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʢʣʶʯʘʝʪ ʘʤʦʨʬʥʫʶ ʩʪʝʢʣʦʬʘʟʫ, 

ʤʫʣʣʠʪ, ʢʚʘʨʮ ʠ ʧʨʠʤʝʩʴ ʬʝʨʨʦʰʧʠʥʝʣʠ. ʄʘʛʥʠʪʥʳʝ ʬʨʘʢʮʠʠ ʜʠʩʧʝʨʩʥʳʭ ʬʝʨʨʦʩʬʝʨ 

ʩʦʜʝʨʞʘʪ Fe2O3 ï 57ï60, SiO2 ï 25ï28, Al2O3 ï 10ï12 ʤʘʩ. %; ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʨʝʜʩʪʘʚʣʝʥ Fe-ʰʧʠʥʝʣʴʶ, Ŭ-Fe2O3, ὑ-Fe2O3, ʤʫʣʣʠʪʦʤ, ʢʚʘʨʮʝʤ ʠ ʘʤʦʨʬʥʦʡ 

ʩʪʝʢʣʦʬʘʟʦʡ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʣʦʙʫʣ, ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʤʠʥʝʨʘʣʴʥʳʝ 

ʧʨʝʢʫʨʩʦʨʳ ʠ ʤʘʨʰʨʫʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʤʠʢʨʦʩʬʝʨ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. 

ʊʘʢ, ʤʠʥʝʨʘʣʴʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʥʝʤʘʛʥʠʪʥʳʭ ʤʠʢʨʦʩʬʝʨ ʨʘʟʤʝʨʦʤ 

1ï3 ɛm, ʚʢʣʶʯʘʷ ʚʩʝ ʧʦʨʠʩʪʳʝ ʛʣʦʙʫʣʳ, ʷʚʣʷʶʪʩʷ ʠʟʦʤʦʨʬʥʳʝ ʩʤʝʩʠ 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʤʠʥʝʨʘʣʦʚ ʨʷʜʘ çNH4-ʠʣʣʠʪ ï ʤʦʥʪʤʦʨʠʣʣʦʥʠʪè ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʢʘʪʠʦʥʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʞʝʣʝʟʦʤ, ʘ ʠʟ K-ʠʣʣʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ 30% 

ʥʝʧʦʨʠʩʪʳʭ ʤʠʢʨʦʩʬʝʨ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʜʠʩʧʝʨʩʥʳʭ ʬʝʨʨʦʩʬʝʨʘʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʧʦʣʠʤʦʨʬʘ ὑ-Fe2O3, ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʤʘʪʨʠʮʝ SiO2 ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʤʠʢʨʦʩʬʝʨ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʟʦʚʘʥʠʷ.  

ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ ʮʝʦʣʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʤʠʢʨʦ/ʤʘʢʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʜʝʨʞʘʱʠʭ ʬʘʟʳ ʮʝʦʣʠʪʦʚ NaX (FAU), NaP (GIS) 

ʠ NaA (LTA), ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʠ Cs
+
 ʠ Sr

2+
 ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʥʦʩʬʝʨ ʢʦʣʴʮʝʚʦʛʦ ʠ ʩʝʪʯʘʪʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ ʠ 

ʠʩʪʦʯʥʠʢʘ Si ʠ Al. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʟʘʧʦʣʥʝʥʠʷ ʨʝʘʢʮʠʦʥʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʮʝʥʦʩʬʝʨ ʩ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʮʝʦʣʠʪʥʦʛʦ ʩʦʨʙʝʥʪʘ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ, ʙʦʣʝʝ 80%, ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟʳ ʮʝʦʣʠʪʘ 

NaX (FAU). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʝʦʣʠʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʦʞʘʟʠʪʘ, ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʟʜʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʣʦʢʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ Si ʠ 
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Al ʟʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʠʷ ʩʪʝʢʣʦʬʘʟʳ ʮʝʥʦʩʬʝʨ ʩ ʦʪʥʦʰʝʥʠʝʤ SiO2/Al 2O3, 

ʧʨʝʚʳʰʘʶʱʠʭ ʘʥʘʣʦʛʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʮʝʦʣʠʪʘ NaX. 

ɼʣʷ ʚʩʝʭ ʮʝʦʣʠʪʥʳʭ ʩʦʨʙʝʥʪʦʚ ʠʟʫʯʝʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ Cs
+
 ʠ 

Sr
2+

 ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ (0,5ï50 ʤʛ/ʛ) ʠ ʚʳʩʦʢʠʭ (500 ʤʛ/ʣ) ʢʦʥʮʝʥʪʨʘʮʠʡ. ʎʝʦʣʠʪʥʳʝ 

ʧʨʦʜʫʢʪʳ ʥʘ ʦʩʥʦʚʝ ʮʝʥʦʩʬʝʨ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʝʢʣʦʬʘʟʳ ʙʦʣʝʝ 

90 ʤʘʩ. % ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʨʙʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʢʣʶʯʘʷ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʸʤʢʦʩʪʴ ʧʦ Cs
+
 ʠ Sr

2+
 ï ʜʦ 250 ʠ 180 ʤʛ/ʛ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

~104 ʠ 106 ʤʣ/ʛ, ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ï 99,1 ʠ 99,9%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʎʝʦʣʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʩʝʪʯʘʪʳʭ ʮʝʥʦʩʬʝʨ ʧʨʦʷʚʣʷʶʪ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʥʝ ʚʳʰʝ 99 ʤʛ/ʛ Cs
+
 ʠ 44 

ʤʛ/ʛ Sr
2+
, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ ʮʝʦʣʠʪʥʳʭ ʬʘʟ ʠʟ-ʟʘ ʙʦʣʝʝ ʥʠʟʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʪʝʢʣʦʬʘʟʳ (57,2 ʤʘʩ. %) ʚ ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣʘ ʮʝʥʦʩʬʝʨ ʠ ʠʟʙʳʪʦʯʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʠʷ ʚ ʩʪʝʢʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

ʥʠʟʢʦʤʦʜʫʣʴʥʳʭ ʮʝʦʣʠʪʦʚ.  

ʀʟʫʯʝʥʦ ʠʟʤʝʥʝʥʠʝ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʪʚʝʨʜʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʚʳʩʦʢʦʢʘʣʴʮʠʝʚʦʡ ʣʝʪʫʯʝʡ ʟʦʣʳ (ɺʂʃɿ) ʠ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʟʦʣʴʥʦ-

ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 90% ɺʂʃɿ ʠ 0,12% 

ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ Melflux 5581F, ʚ ʧʨʦʮʝʩʩʝ ʪʚʝʨʜʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʦʨ ʟʘ ʩʯʝʪ ʚʢʣʘʜʘ ʤʝʟʦʧʦʨ ʚ ʠʥʪʝʨʚʘʣʝ 20ï500 ¡, 

ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ 41 ʜʦ 29 ¡, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʦʪ 35 ʜʦ 78 ʄʇʘ. ɼʣʷ ʫʣʴʪʨʘʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 80% ɺʂʃɿ ʩ ʜʦʙʘʚʢʦʡ 0,3% Melflux 5581F ʠ 5% 

ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ ʨʘʟʚʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʘʟʤʝʨʘ 

ʧʦʨ ʧʨʠ 31 ¡, ʢʦʪʦʨʳʡ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʷʚʠʚʰʝʤʩʷ ʧʠʢʦʤ ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʧʨʠ 101 Áʉ 

ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʦʪ 108 ʜʦ 137 ʄʇʘ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʠʝʤʣʝʤʫʶ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʘʭ ʠ 

ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʷʭ, ʥʘ ʦʩʥʦʚʝ ʘʪʦʤʥʳʭ ʦʙʦʣʦʯʝʢ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʩʩʝʠʚʘʪʝʣʝʡ. 

ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʫʚʝʣʠʯʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʠ ʩʠʣʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʢʨʠʩʪʘʣʣʘʭ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʧʦʣʥʷʝʤʦʩʪʠ ʯʘʩʪʠʯʥʦ- ʠ 

ʩʤʝʰʘʥʥʦ-ʟʘʤʝʱʸʥʥʳʭ ʘʪʦʤʥʳʭ ʧʦʟʠʮʠʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʄʦʜʝʣʴ 

ʫʩʧʝʰʥʦ ʦʧʨʦʙʦʚʘʥʘ ʥʘ ʩʝʨʠʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʨʝʥʪʛʝʥ-ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʦʯʥʝʥʠʷ ʧʦʟʠʮʠʡ ʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʪʝʧʣʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʪʦʯʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʦʣʦʞʝʥʠʡ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʦʩʥʦʚʥʳʭ ʘʪʦʤʦʚ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʨʘʥʩʚʠʢʠʪʘ Mg(H2O)4SO4 ʧʦ ʧʦʨʦʰʢʦʚʳʤ ʜʘʥʥʳʤ. 

ʉʦʩʪʘʚ ʢʦʣʣʝʢʪʠʚʘ: 14 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʤʘʣʳʭ ʤʦʣʝʢʫʣ (ʟʘʚ. ʣʘʙ. ʜ.ʭ.ʥ. ɸʥʰʠʮ ɸ.ɻ.), ʚ ʪʦʤ ʯʠʩʣʝ 2 ʜʦʢʪʦʨʘ 

ʥʘʫʢ, 7 ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 39 ʣʝʪ ï 2. ʇʦʢʘʟʘʪʝʣʠ: 

ʧʫʙʣʠʢʘʮʠʠ ï 12 (WoSc, Sc), ʚ ʪ.ʯ. Q1,2 ï 7. ɿʘʱʠʱʝʥʘ 1 ʢʘʥʜʠʜʘʪʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ.   
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ɺʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʝʢʪʫ 0287-2021-0013 

ʌʦʨʤʠʨʦʚʘʥʠʝ Sr-ʩʦʜʝʨʞʘʱʠʭ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ Sr(NO3)2-NaOH-H2O-(SiO2-

Al 2O3)ʩʪʝʢʣʦ  ʠ Sr(NO3)2-H2O-ʘʥʘʣʴʮʠʤ  ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʢ ʩʧʦʩʦʙ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ Sr-90 ʚ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʦʡ ʬʦʨʤʝ 

ɸʚʪʦʨʳ: ʜ.ʭ.ʥ. ʊ.ɸ. ɺʝʨʝʱʘʛʠʥʘ, ʢ.ʭ.ʥ. ɽ.ɸ. ʂʫʪʠʭʠʥʘ, ʃ.ɸ. ʉʦʣʦʚʴʝʚ, ʢ.ʭ.ʥ. ʉ.ʅ. 

ɺʝʨʝʱʘʛʠʥ, ʜ.ʭ.ʥ., ʧʨʦʬ. ɸ.ɻ. ɸʥʰʠʮ 

ɺʧʝʨʚʳʝ ʚ ʩʠʩʪʝʤʝ Sr(NO3)2-NaOH-H2O-(SiO2-Al 2O3)ʩʪʝʢʣʦ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʚʳʰʝ 200 Áʉ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ Sr-ʩʦʜʝʨʞʘʱʠʭ ʬʘʟ 

ʪʦʙʝʨʤʦʨʠʪʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ Si ʠ Al ʫʟʢʦʡ 

ʬʨʘʢʮʠʠ ʮʝʥʦʩʬʝʨ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʝʢʣʦʬʘʟʳ ʦʢʦʣʦ 95 ʤʘʩ. %, ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝʤ Sr
2+

 ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 

99,99%.  

 

ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ Sr-ʩʦʜʝʨʞʘʱʠʭ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ Sr(NO3)2-NaOH-H2O-(SiO2-Al 2O3)ʩʪʝʢʣʦ 

ʠ Sr(NO3)2-H2O-ANA ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ  

ɺ ʨʘʤʢʘʭ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ (1) ʩʠʥʪʝʟ ʥʘ ʦʩʥʦʚʝ ʮʝʥʦʩʬʝʨ 

ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʦʛʦ ʮʝʦʣʠʪʘ ʪʠʧʘ ʘʥʘʣʴʮʠʤ (NaAlSi2O6ĿH2O, ANA) ʠ (2) ʝʛʦ 

ʧʦʩʣʝʜʫʶʱʫʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʨʘʩʪʚʦʨʝ Sr(NO3)2 ʧʨʠ 150-200 Áʉ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ Sr
2+ 
ʚ ʩʪʨʫʢʪʫʨʫ ʘʥʘʣʴʮʠʤʘ ʧʫʪʝʤ 

ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟ (Na1īnSrn/2)AlSi2O6ĿH2O ʠʟ ʩʝʨʠʠ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ Na-ʘʥʘʣʴʮʠʤïSr-ʚʘʡʨʘʢʠʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʙʮʠʦʥʥʦʛʦ 

ʠʟʚʣʝʯʝʥʠʷ Sr
2+

 ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ, ʥʦ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 92%. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʩʫʨʩʦ- ʠ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ Sr-90 ʚ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʦʡ ʬʦʨʤʝ ʢʘʢ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ. 

ʇʫʙʣʠʢʘʮʠʠ:  

Vereshchagina ʊ.ɸ., Kutikhina ɽ.ɸ., Solovyov L.A., Vereshchagin S.N., Mazurova 

E.V., Anshits ɸ.G.  // MATERIAL S. ï 2021. ï V. 14. ï P. 5586. DOI: 

10.3390/ma14195586. Q1.S2  
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3.3 ʇʨʦʝʢʪ 0287-2021-0014 çʀʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʠ ʛʝʪʝʨʦʬʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ʜ.ʭ.ʥ. ɺ.ʀ. ʂʫʟʴʤʠʥ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʠ ʛʝʪʝʨʦʬʘʟʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʘʩʪʠʝʤ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʠ ʰʣʘʤʦʚʳʭ ʯʘʩʪʠʮ, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʨʘʟʨʘʙʦʪʢʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʣʦʞʥʦʛʦ, ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ  

ɺ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʫʣʴʪʨʘʜʠʩʧʝʨʥʳʭ ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʯʘʩʪʠʮ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʧʨʠ ʬʣʦʪʘʮʠʠ, 

ʨʘʩʪʚʦʨʝʥʠʠ, ʦʩʘʞʜʝʥʠʠ ʠ ʘʜʩʦʨʙʮʠʠ:  

- ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ 

ʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ; ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʤʝʰʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘ 

ʩʢʦʨʦʩʪʴ ʬʣʦʪʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ; ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ 

ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʣʴʬʠʜʦʚ, ʩʚʷʟʴ ʩ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʘʜʩʦʨʙʮʠʝʡ ʨʝʘʛʝʥʪʦʚ; ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʨʘʩʪʚʦʨʝʥʠʷ ʫʧʦʨʥʳʭ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ; ʫʩʪʘʥʦʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʘʚʪʦʢʣʘʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʠʨʠʜʠʷ ʠ ʨʦʜʠʷ. 

ɺ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ, ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʨʙʮʠʦʥʥʳʭ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ, ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʧʨʠʨʦʜʥʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ:  

- ʧʨʝʜʣʦʞʝʥʳ ʩʦʩʪʘʚʳ ʙʠʥʘʨʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʜʣʷ ʈɿʄ ʠʪʪʨʠʝʚʦʡ ʛʨʫʧʧʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ ʠ ʨʝʵʢʩʪʨʘʢʮʠʶ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪ; ʠʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤ 

ʚʦʜʥʦ-ʤʠʮʝʣʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʤʝʞʬʘʟʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʙʠʥʘʨʥʦʛʦ 

ʵʢʩʪʨʘʛʝʥʪʘ ʥʘ ʠʩʭʦʜʥʳʝ ʩʦʩʪʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ; ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ 

ʵʢʩʪʨʘʢʮʠʠ ʠʥʜʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʤʝʩʷʤʠ ɼ2ʕɻʌʂ ʠ ʅɸ, ʩʦʩʪʘʚʫ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʜʠʷ.  

ɺ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ:  

- ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʮʝʩʩʳ ʨʝʘʢʮʠʦʥʥʦ-ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʘʥʦʧʦʨʦʰʢʦʚ 

ʬʝʨʨʠʪʘ ʢʦʙʘʣʴʪʘ, ʜʦʧʠʨʦʚʘʥʥʳʭ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʥʠʢʝʣʝʤ, ʭʨʦʤʦʤ, ʤʝʜʴʶ) 
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ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʠʟʘʪʦʨʘ (ʜʝʢʩʪʨʘʥʘ-40); ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʛʠʜʨʦʣʠʟʫ 

ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʘ ʂʫ-2 ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ; ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʠ ʛʣʫʙʠʥʫ ʧʨʦʮʝʩʩʘ; ʫʩʪʘʥʦʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ 

ʭʘʨʘʢʪʝʨʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʧʦʜʚʠʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʤʝʭʘʥʠʟʤʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʦʣʠʤʝʨʦʧʦʜʦʙʥʫʶ ʤʘʪʨʠʮʫ 

ʫʛʣʝʡ; ʫʩʪʘʥʦʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʘʥʠʦʥʦʦʙʤʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʣʫʢʦʢʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʙʫʨʳʭ ʫʛʣʝʡ (ʢʘʨʙʘʥʠʦʥʠʪʘ); ʦʧʨʝʜʝʣʝʥʘ ʝʤʢʦʩʪʴ 

ʘʥʠʦʥʠʪʘ ʧʦ ʭʣʦʨʠʜ-, ʙʨʦʤʠʜ- ʠ ʥʠʪʨʘʪ-ʠʦʥʘʤ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ: ʦʙʦʛʘʱʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʣʦʪʘʮʠʠ ʩʫʣʴʬʠʜʦʚ ʠ ʨʘʟʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʧʦ ʠʭ 

ʧʣʦʪʥʦʩʪʠ; ʚʩʢʨʳʪʠʷ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, 

ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʙʠʥʘʨʥʳʭ 

ʵʢʩʪʨʘʛʝʥʪʦʚ, ʥʝ ʪʨʝʙʫʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ. 

ʉʦʩʪʘʚ ʢʦʣʣʝʢʪʠʚʘ: 34 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʘ ʣʘʙʦʨʘʪʦʨʠʡ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʟʘʚ. ʣʘʙ. ʜ.ʭ.ʥ. ʂʫʟʴʤʠʥ ɺ.ʀ.) ʠ  ʤʠʥʝʨʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ (ʟʘʚ. ʣʘʙ. ʜ.ʪ.ʥ. ʄʠʭʘʡʣʦʚ ɸ.ɻ.), ʚ ʪʦʤ ʯʠʩʣʝ 7 ʜʦʢʪʦʨʦʚ ʥʘʫʢ, 20 ʢʘʥʜʠʜʘʪʦʚ 

ʥʘʫʢ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 39 ʣʝʪ ï 13. 

ʇʦʢʘʟʘʪʝʣʠ: ʧʫʙʣʠʢʘʮʠʠ ï 26 ʚ ʪ.ʯ. 23 (WoSc, Sc), ʚ ʪ.ʯ.  Q1 ï 6, Q2 ï 3; ʧʘʪʝʥʪʳ 

ï 1. ɿʘʱʠʱʝʥʘ 1 ʜʦʢʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ.  
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ɺʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʝʢʪʫ 0287-2021-0014 

ʂʦʨʨʦʟʠʷ ʩʫʣʴʬʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʝʨʛʝʥʝʟʘ 

ʧʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʫʩʢʦʨʝʥʠʠ ʜʠʩʧʝʨʩʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 

ɸʚʪʦʨʳ:  ʜ.ʪ.ʥ. ɹʨʘʛʠʥ ɺ.ʀ., ʢ.ʪ.ʥ. ɹʫʨʜʘʢʦʚʘ ɽ.ɸ., ʢ.ʪ.ʥ. ʋʩʤʘʥʦʚʘ ʅ.ʌ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʤʝʭʘʥʠʟʤ ʦʧʝʨʝʞʘʶʱʝʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 

ʧʣʘʪʠʥʳ ʠʟ ʩʫʣʴʬʠʜʥʦʡ ʤʘʪʨʠʮʳ ʩ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʜʦʣʠ ʧʣʘʪʠʥʳ ʚ ʟʝʨʥʠʩʪʳʭ 

ʢʣʘʩʩʘʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʝ ʚ ʰʣʘʤʝ. ʉʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʧʣʘʪʠʥʘ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʰʣʘʤ ʝʱʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʝʥʳ ʤʠʥʝʨʘʣʳ ʥʦʩʠʪʝʣʠ 

ï ʩʫʣʴʬʠʜʳ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʞʝʣʝʟʘ. 

 

 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʜʠʩʧʝʨʩʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʦʚ, ʨʘʟʚʠʚʘʝʪʩʷ 

ʧʠʪʪʠʥʛʦʚʘʷ ʢʦʨʨʦʟʠʷ ʩʫʣʴʬʠʜʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʧʨʠ ʵʪʦʤ ʟʝʨʥʘ ʄʇɻ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʠ 

ʧʝʨʝʭʦʜʷʪ ʚ ʰʣʘʤʦʚʫʶ ʬʨʘʢʮʠʶ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʫʣʴʬʠʜʥʦʡ ʤʘʪʨʠʮʳ. ʌʘʢʪʦʨʘʤʠ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʧʨʦʮʝʩʩ, ʷʚʣʷʶʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʯʘʩʪʠʮʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʘʣʠʯʠʝ ʚʣʘʛʠ ʠ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʦʚ. 

ʇʫʙʣʠʢʘʮʠʠ:  

Bragin V.I., Burdakova E.A., Usmanova N.F., Kinyakin A.I. Comprehensive 

assessment of flotation reagents by their influence on metal losses and flotation selectivity // 

Russian Journal of Non-Ferrous Metals. ï 2021. ï V. 62, Is.6. ï P. 629-636. DOI: 

10.3103/S1067821221060055 

  

  

 

 

 

 

 

 

 

Pt 

 FeS2
 

ɋɘɚɣəɌɫ 

ɖɚɜɜɚɓɔɫ
 

ʈʠʩʫʥʢʠ - ʅʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʮʝʥʪʨʦʚ ʢʦʨʨʦʟʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʣʴʬʠʜʘ 

https://cvmet.misis.ru/index.php/jour/search?authors=V.%20AND%20I.%20AND%20Bragin
https://cvmet.misis.ru/index.php/jour/search?authors=E.%20AND%20A.%20AND%20Burdakova
https://cvmet.misis.ru/index.php/jour/search?authors=N.%20AND%20F.%20AND%20Usmanova
https://cvmet.misis.ru/index.php/jour/search?authors=A.%20AND%20I.%20AND%20Kinyakin


 

29 

 

3.4  ʇʨʦʝʢʪ 0287-2021-0017 çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʥʦʚʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʮʝʣʣʶʣʦʟʳ, 

ʣʠʛʥʠʥʘ, ʛʝʤʠʮʝʣʣʶʣʦʟ) ʚ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʣʠʤʝʨʳ, 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʮʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳè  

ʨʫʢʦʚʦʜʠʪʝʣʠ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ., ʧʨʦʬ. ʂʫʟʥʝʮʦʚ ɹ.ʅ., ʜ.ʭ.ʥ. ʏʝʩʥʦʢʦʚ ʅ.ɺ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʩʦʟʜʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʪʦʜʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʮʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʮʝʣʣʶʣʦʟʳ, ʣʠʛʥʠʥʘ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟ, ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʙʠʦʧʦʣʠʤʝʨʦʚ ʜʣʷ ʧʨʠʜʘʥʠʷ ʠʤ ʥʦʚʳʭ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ, ʩʠʥʪʝʟʘ ʥʘ ʠʭ 

ʦʩʥʦʚʝ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʝʣʝʡ ʠ ʥʘʥʦʧʦʨʠʩʪʳʭ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʘʥʦʬʠʙʨʠʣʣʠʨʦʚʘʥʥʳʭ ʮʝʣʣʶʣʦʟ, 

ʬʝʥʦʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʝʣʝʡ, ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ, 

ʪʦʧʣʠʚʥʳʭ ʧʨʠʩʘʜʦʢ, ʚ ʭʠʤʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ, 

ʚʝʪʝʨʠʥʘʨʠʠ, ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʬʠʙʨʠʣʣʠʨʦʚʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ (ʅʌʎ) 

ʠʟ ʜʨʝʚʝʩʠʥʳ ʩʦʩʥʳ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʧʝʨʦʢʩʠʜʥʫʶ ʜʝʣʠʛʥʠʬʠʢʘʮʠʶ 

ʜʨʝʚʝʩʠʥʳ ʚ ʩʨʝʜʝ çʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ-ʚʦʜʘè ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90 Áʉ ʠ 

ʘʢʪʠʚʠʨʫʶʱʠʝ ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ ʯʠʩʣʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʜʠʡ ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʨʝʜʥʳʭ ʩʝʨʫ ʠ ʭʣʦʨ-ʩʦʜʝʨʞʘʱʠʭ 

ʜʝʣʠʛʥʠʬʠʮʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʮʦʚ ʅʌʎ ʫʩʪʘʥʦʚʣʝʥʳ 

ʤʝʪʦʜʘʤʠ ʀʂʉ, ʈʌɸ, ʉʕʄ ʠ ɼʈʉ. ʄʦʨʬʦʣʦʛʠʷ, ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʥʘʥʦʚʦʣʦʢʦʥ ʠ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʧʝʨʦʢʩʠʜʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ 

ʜʨʝʚʝʩʠʥʳ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʘʢʪʠʚʘʮʠʠ. ɺʦʜʥʳʝ 

ʩʫʩʧʝʥʟʠʠ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʅʌʎ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʢʦʣʣʦʠʜʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʟʘʨʷʜʦʤ ʥʘʥʦʮʝʣʣʶʣʦʟʥʳʭ ʯʘʩʪʠʮ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʠʩʣʦʨʦʜʦʤ ʢʨʘʬʪ ʣʠʛʥʠʥʘ ʠ ʵʪʘʥʦʣʣʠʛʥʠʥʘ ʧʠʭʪʳ ʠ ʩʦʩʥʳ ʚ 

ʚʦʜʥʦ-ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Pt/TiO2 ʠ 

Au/TiO2. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʟʘʪʦʨ Pt/TiO2 ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʨʝʘʢʮʠʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʟ ʣʠʛʥʠʥʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʝʛʢʫʶ ʘʣʠʬʘʪʠʢʫ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʢʘʪʘʣʠʟʘʪʦʨ Au/TiO2 ʧʨʦʤʦʪʠʨʫʝʪ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 



 

30 

 

ʆʩʫʱʝʩʪʚʣʝʥ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 3 % Ru/ʫʛʣʝʨʦʜ (ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 300 ʤ
2
/ʛ, ʦʙʲʝʤ ʧʦʨ 0,37 ʩʤ

3
/ʛ, 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ Ru 1,19 ʥʤ, ʨʅTH3 7,12) ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʡ ʚʳʭʦʜ 

ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ (82,8 % ʤʘʩ.) ʧʨʠ 300 Áʉ. ʇʦ ʜʘʥʥʳʤ ɻʍ-ʄʉ ʧʨʦʜʫʢʪʳ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʘʥʦʣʣʠʛʥʠʥʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʦʥʦʤʝʨʥʳʤʠ ʤʝʪʦʢʩʠʬʝʥʦʣʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ 

ʩʠʨʠʥʛʦʣʘ ʠ ʛʚʘʷʢʦʣʘ.  

ʇʨʦʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʯʠʩʣʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʪʘʥʥʠʥʦʚ ʠ ʵʪʘʥʦʣʣʠʛʥʠʥʘ ʠʟ ʢʦʨʳ ʢʝʜʨʘ. ʇʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʚ 2 ʨʘʟʘ ʚʳʭʦʜʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʙʝʪʘ-ʩʠʪʦʩʪʝʨʠʥʘ 

ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʛʝʢʩʘʥʦʤ ʢʦʨʳ ʩʦʩʥʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʤʝʭʦʙʨʘʙʦʪʢʦʡ ʚ ʙʘʨʘʙʘʥʥʦʡ ʤʝʣʴʥʠʮʝ ʠʣʠ ʚʟʨʳʚʥʳʤ ʘʚʪʦʛʠʜʨʦʣʠʟʦʤ. 

ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘ 

ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʜʠʧʨʦʧʠʦʥʘʪʘ ʙʝʪʫʣʠʥʘ ʠ ʩʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʙʝʪʫʣʠʥʘ ʩ ʩʫʙʝʨʠʥʦʚʦʡ ʠ ʘʜʠʧʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʦʙʣʘʜʘʶʱʠʝ 

ʣʫʯʰʝʡ, ʯʝʤ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʧʨʦʠʟʚʦʜʥʳʝ ʮʝʣʣʶʣʦʟʳ, 

ʭʠʪʦʟʘʥ, ʢʩʠʣʘʥ, ʢʩʘʥʪʘʥ, ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥ, ʢʨʘʭʤʘʣ, ʛʫʘʨ-ʛʘʤ, ʛʘʣʘʢʪʦʤʘʥʥʘʥ, 

ʛʘʣʘʢʪʦʛʣʶʢʦʤʘʥʥʘʥ), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʪʦʢʩʠʯʥʳʭ ʩʤʝʩʝʡ 

ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʦʯʝʚʠʥʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʩʤʝʩʠ ʩʫʣʴʬʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ/ʤʦʯʝʚʠʥʘ ʜʣʷ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʠ ʢʩʠʣʘʥʘ, ʚʳʜʝʣʝʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟ 

ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ ʠ ʙʝʨʝʟʳ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʩʝʨʦʛʝʣʝʡ ʥʘ 

ʦʩʥʦʚʝ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʦʛʦ ʵʪʘʥʦʣʣʠʛʥʠʥʘ ʩʦʩʥʳ ʠ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʬʫʨʬʫʨʦʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʠʭ 

ʘʛʝʥʪʦʚ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ, ʧʣʦʪʥʦʩʪʠ, ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʨʦʝʥʠʷ ʣʠʛʥʠʥ-ʩʦʜʝʨʞʘʱʠʭ ʢʩʝʨʦʛʝʣʝʡ ʧʫʪʝʤ ʚʘʨʠʘʮʠʠ ʧʨʠʨʦʜʳ 

ʩʚʷʟʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʩʦʜʝʨʞʘʥʠʷ ʣʠʛʥʠʥʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʙʘʚʦʢ ʪʘʥʥʠʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʢʦʨʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʦʧʠʨʦʚʘʥʠʷ ʢʦʨʳ ʧʠʭʪʳ ʠ ʢʝʜʨʘ 

ʨʘʟʣʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (KCl, K3ʈʆ4,ZnCl2, ʛʨʘʬʠʪ) ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʳʭʦʜ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʭ 

ʢʘʨʙʦʥʠʟʘʮʠʝʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʦʨʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʜʨʝʚʝʩʠʥʳ ʠ 

ʢʦʨʳ ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ, ʪʦʧʣʠʚʥʳʭ ʧʨʠʩʘʜʦʢ, ʚ ʭʠʤʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ ʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ, ʚʝʪʝʨʠʥʘʨʠʠ, ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

ʉʦʩʪʘʚ ʢʦʣʣʝʢʪʠʚʘ: 22 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʘ ʣʘʙʦʨʘʪʦʨʠʡ ʭʠʤʠʠ ʧʨʠʨʦʜʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ (ʟʘʚ. ʣʘʙ. ʜ.ʭ.ʥ. ʂʫʟʥʝʮʦʚ ɹ.ʅ.), ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ  (ʟʘʚ. ʣʘʙ. ʜ.ʭ.ʥ. ʏʝʩʥʦʢʦʚ ʅ.ɺ.) ʠ 4 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʘ 

ʣʘʙʦʨʘʪʦʨʠʠ ʂʇɺʈ (ʟʘʚ.ʣʘʙ. ʜ.ʭ.ʥ. ʊʘʨʘʥ ʆ.ʇ.), ʚ ʪʦʤ ʯʠʩʣʝ 5 ʜʦʢʪʦʨʦʚ ʥʘʫʢ, 16 

ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 39 ʣʝʪ ï 5. 

 ʇʦʢʘʟʘʪʝʣʠ: ʧʫʙʣʠʢʘʮʠʠ ï 26, ʚ ʪʦʤ ʯʠʩʣʝ 20 (WoSc, Sc), ʠʟ ʥʠʭ Q1,2 ï 12; 

ʧʘʪʝʥʪʳ ï 4. 

 

4. ʉɺɽɼɽʅʀʗ ʆ ʃɸɹʆʈɸʊʆʈʀʗʍ 

4.1  ʃʘʙʦʨʘʪʦʨʠʷ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ: ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʠ ʛʝʪʝʨʦʬʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʩʦʟʜʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ, ʪʝʭʥʦʛʝʥʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ. 

 

ʂʘʜʨʦʚʳʡ ʩʦʩʪʘʚ: ʚ ʩʦʩʪʘʚʝ ʣʘʙʦʨʘʪʦʨʠʠ ï 39 ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʪ.ʯ. 4 ï

ʩʦʚʤʝʩʪʠʪʝʣ.̫ ʀʟ ʦʙʱʝʛʦ ʯʠʩʣʘ ʰʪʘʪʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ: 25 - ʥʘʫʯʥʳʝ ʩʦʪʨʫʜʥʠʢʠ, 10 ï 

ʀʊʈ, ʠʟ ʥʠʭ: 13 ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 39 ʣʝʪ (11 ï ʥʘʫʯʥʳʝ ʩʦʪʨʫʜʥʠʢʠ, 2 ï ʀʊʈ). 

5 - ʜʦʢʪʦʨʦʚ ʥʘʫʢ; 15 ï ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ. 

 

ʇʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ:  

¶ ʈʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟʘʪʦʨ (ʈʦʩʩʠʷ) 

¶ ʌʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ UHV Specs (ɻʝʨʤʘʥʠʷ), ʎʂʇ 

¶ ʕʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ SurPASS 3 ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʟʝʪʘ-

ʧʦʪʝʥʮʠʘʣʘ ʪʚʸʨʜʳʭ ʦʙʨʘʟʮʦʚ (ɸʚʩʪʨʠʷ), ʎʂʇ 

¶ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʆʉɸ 15ɽʉ (ɻʝʨʤʘʥʠʷ) 

¶ ɸʥʘʣʠʟʘʪʦʨ Malvern Zetasizer Nano ZS (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 

¶ ɺʠʜʝʦʢʘʤʝʨʘ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʉʈ70-1-ʄ-1000 (ɻʝʨʤʘʥʠʷ) 

¶ ɺʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ AvaSpec-ULS2048L-

USB2 (ʈʦʩʩʠʷ) 

¶ ʂʨʠʦʩʪʘʪ LOIP FT-211-25 (ʢʨʠʦʪʝʨʤʦʩʪʘʪ ʞʠʜʢʦʩʪʥʳʡ) (ʈʦʩʩʠʷ) 

¶ ʄʫʣʴʪʠʤʝʜʦʚʳʡ ʘʪʦʤʥʦʩʠʣʦʚʦʡ ʪʫʥʥʝʣʴʥʳʡ ʤʠʢʨʦʩʢʦʧ Solver P47 (ʈʦʩʩʠʷ) 

¶ ʇʦʪʝʥʮʠʦʩʪʘʪ (ʛʘʣʴʚʘʥʦʩʪʘʪ) ɽʉ301 (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 

¶ ʉʧʝʢʪʨʦʤʝʪʨ-ʨʘʜʠʦʤʝʪʨ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʄʂɻɹ-01 (ʈʦʩʩʠʷ) 

¶ ɺʠʩʢʦʟʠʤʝʪʨ (ʈʦʩʩʠʷ) 

 

ʇʨʦʝʢʪʳ ʠ ʛʨʘʥʪʳ:  

¶ ʇʨʦʝʢʪ ʈʌʌʀ ˉ 20-43-242903 (ʨ_ʤʢ_ʂʨʘʩʥʦʷʨʩʢ) çCʫʣʴʬʠʜʥʦ-

ʛʠʜʨʦʢʩʠʜʥʳʝ ʤʠʥʝʨʘʣʳ ʩʝʤʝʡʩʪʚʘ ʚʘʣʣʝʨʠʠʪʘ ʢʘʢ 2D ʤʘʪʝʨʠʘʣʳ: ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ, ʩʚʦʡʩʪʚ, ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠè, 

ʨʫʢʦʚʦʜʠʪʝʣʴ - ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʖ.ʃ. ʄʠʭʣʠʥ. 
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ɺ ʨʘʤʢʘʭ ʵʪʘʧʘ 2021 ʛʦʜʘ ʠʟʫʯʝʥʳ ʢʦʤʧʦʟʠʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʤʝʨʥʳʭ 

ʩʫʣʴʬʠʜʥʳʭ ʠ ʛʠʜʨʦʢʩʠʜʥʳʭ ʩʣʦʝʚ - ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʚʘʣʣʝʨʠʠʪʘ 

(Cu,Fe)S2n(Mg,Al ,Fe)(OH)2 ʠ ʪʦʯʠʣʠʥʠʪʘ FeSn(Mg,Al ,Fe)(OH)2, ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʘʥʘʣʦʛʠ. ʋʜʘʣʦʩʴ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʯʠʩʪʳʝ ʬʘʟʳ 

ʚʘʣʣʝʨʠʠʪʘ ʠ ʪʦʯʠʣʠʥʠʪʘ ʚ ʚʠʜʝ ʯʘʩʪʠʮ ʪʦʣʱʠʥʦʡ 10-20 ʥʤ ʠ 50-200 ʥʤ ʚ 

ʣʘʪʝʨʘʣʴʥʦʤ ʠʟʤʝʨʝʥʠʠ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʝʪʦʜʘʤʠ ʈʌɸ, ʇʕʄ, ʈʕʄ, ʈʌʕʉ, ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ (ʉʍʇʕʕ/REELS), ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ, 

ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʛʥʠʪʥʳʤʠ SQUID ʠʟʤʝʨʝʥʠʷʤʠ, ɼʊɸ, ʨʘʩʯʝʪʘʤʠ DFT. 

ʂʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʜʟʝʪʘð

ʧʦʪʝʥʮʠʘʣʘ ʠ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʟʠʪʦʚ, ʚʘʨʴʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʝʢʫʨʩʦʨʦʚ, ʠ 

ʜʦʧʠʨʦʚʘʥʠʷ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʘʣʶʤʠʥʠʷ ʜʦʣʷ Fe ʚ 

ʛʠʜʨʦʢʩʠʜʥʳʭʩʣʦʷʭ (45% - 10%) ʩʥʠʞʘʝʪʩʷ ʠ ʨʘʩʪʝʪ ʚ ʩʫʣʴʬʠʜʥʳʭ, ʧʨʠʯʝʤ ʚ 

ʪʦʯʠʣʠʥʠʪʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝFe(+3)/(+2) (ʨʠʩʫʥʦʢ 1). 

ʕʣʝʢʪʨʦʥʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ) ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʩʫʣʴʬʠʜʥʳʤʠ 

ʩʣʦʷʤʠ (ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʢʦʣʦ 0.4 ʵɺ), ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʛʠʜʨʦʢʩʠʜʥʳʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ. ʊʘʢ, ʤʘʢʩʠʤʫʤʳ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʠ 400-700 ʥʤ ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʟʦʣʝʡ ʩʤʝʱʘʶʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩ 

ʨʦʩʪʦʤ ʜʦʣʠ çʛʠʜʨʦʢʩʠʜʥʦʛʦè ʞʝʣʝʟʘ, ʢʘʢ ʠ ʤʘʢʩʠʤʫʤʳ ʧʦʪʝʨʴ ʚ ʉʍʇʕʕ. ɺʝʨʦʷʪʥʦ, 

ʧʦʛʣʦʱʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ, ʘ ʥʝ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ, ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʜʟʝʪʘ-

ʧʦʪʝʥʮʠʘʣ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʅ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʦʜʫʣʶ ʧʨʠ 

ʚʚʝʜʝʥʠʠ Al. ʈʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʠʜʨʦʢʩʠʜʥʳʝ ʩʣʦʠ ʥʝʩʫʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʟʘʨʷʜ, ʘ ʩʫʣʴʬʠʜʥʳʝ - ʟʘʨʷʞʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦ.  

ɺʘʣʣʝʨʠʠʪ ʂʠʥʛʘʰʩʢʦʛʦ Cu-Ni ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʤʘʛʥʝʪʠʪʦʤ 

ʠ ʩʝʨʧʝʥʪʠʥʘʤʠ, ʧʦʯʪʠ ʥʝ ʩʦʜʝʨʞʠʪ Al ʠ ʦʪʣʠʯʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʜʚʫʭʚʘʣʝʥʪʥʳʤ Fe ʚ ʛʠʜʨʦʢʩʠʜʥʳʭ ʩʣʦʷʭ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʚʦʟʜʫʭʝ ʦʢʩʠʜʳ ʩʝʨʳ ʥʝ 

ʫʣʝʪʫʯʠʚʘʶʪʩʷ, ʘ ʨʝʘʛʠʨʫʶʪ ʩ ʛʠʜʨʦʢʩʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ. 
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ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʩʣʦʠʩʪʦʡ 2D ʩʪʨʫʢʪʫʨʳ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʠ ʪʠʧʠʯʥʳʝ 

ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚʘʣʣʝʨʠʠʪʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʧʨʠ ʜʦʧʠʨʦʚʘʥʠʠ Al, Cr, Co, La 
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ʈʠʩʫʥʦʢ 2 - ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 
57

Fe ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʚʘʣʣʝʨʠʠʪ-ʩʦʜʝʨʞʘʱʝʡ 

ʂʠʥʛʘʰʩʢʦʡ ʨʫʜʳ, ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ 25 ÁC, ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʧʦʜʛʦʥʢʠ ʣʠʥʠʷʤʠ ʤʘʛʥʝʪʠʪʘ 

(ʩʝʢʩʪʝʪʳ s1 ʠ s2), ʚʘʣʣʝʨʠʠʪʘ (ʜʫʙʣʝʪʳ d1 d2) ʠ ʩʝʨʧʝʥʪʠʥʘ (d3, s3) (ʩʣʝʚʘ). ʉʧʨʘʚʘ ï ʊɻ, 

ɼʊɸ ʠ ɼʉʂ ʢʨʠʚʳʝ ʦʙʨʘʟʮʘ, ʠʟʤʝʨʝʥʥʳʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ (a) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 20 % 

ʢʠʩʣʦʨʦʜʘ (b) 

ɼʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ ʤʠʥʝʨʘʣʴʥʳʭ ʜʠʩʧʝʨʩʠʡ ʦʪʨʠʮʘʪʝʣʝʥ ʜʣʷ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ (+75 

ʤʢʤ), ʠ ʧʦʣʦʞʠʪʝʣʝʥ ʧʨʠ ʪʦʥʢʦʤ ʠʟʤʝʣʴʯʝʥʠʠ ʠʟ-ʟʘ ʰʣʘʤʦʚ ʩʝʨʧʝʥʪʠʥʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʤʧʦʟʠʪʳ ʪʠʧʘ ʚʘʣʣʝʨʠʠʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ 2D 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ, ʦʧʪʠʯʝʩʢʠʤʠ, 

ʤʘʛʥʠʪʥʳʤʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʦʙʦʛʘʱʝʥʠʷ ʠ ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʘʣʣʝʨʠʪ-

ʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. 

¶ ʇʨʦʝʢʪ ʈʌʌʀ ˉ 19-53-44001 (ʄʦʥʛ_ʪ) çʉʦʟʜʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʦʩʥʦʚ ʧʨʦʮʝʩʩʘ ʩʦʣʴʚʝʥʪʥʦʡ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʫʛʣʝʡ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʧʦʣʠʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʢʘʢ ʩʳʨʴʷ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʨʫʢʦʚʦʜʠʪʝʣʴ - ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʇ.ʅ. 

ʂʫʟʥʝʮʦʚ. 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ 

ʫʛʣʝʡ ʈʦʩʩʠʠ ʠ ʄʦʥʛʦʣʠʠ ʨʘʟʣʠʯʥʦʡ ʩʪʘʜʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ - ʬʨʘʢʮʠʠ ʩʤʦʣʳ ʢʦʢʩʦʚʘʥʠʷ (ʉʂ). ʆʧʨʝʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ: ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʨʝʤʝʥʠ ʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ, ʩʦʦʪʥʦʰʝʥʠʷ ʫʛʦʣʴ/ʨʘʩʪʚʦʨʠʪʝʣʴ (ʨʠʩʫʥʦʢ 

1).ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʫʛʣʝʡ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ 

ʧʨʦʜʫʢʪʦʚ. 
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ʈʠʩʫʥʦʢ - ɻʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʵʢʩʪʨʘʢʪʦʚ ʩʦʣʴʚʦʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ  ʧʨʝʚʨʘʱʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʨʘʢʮʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʘʭ ʫʛʣʝ- ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ 

(ʪʷʞʝʣʦʡ ʩʤʦʣʳ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ ʠ ʩʤʦʣʳ ʢʦʢʩʦʚʘʥʠʷ ʫʛʣʝʡ, ʪʷʞʝʣʦʛʦ ʛʘʟʦʡʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʥʝʬʪʷʥʦʡ ʬʨʘʢʮʠʠ) ʫʩʪʘʥʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʛʝʪʝʨʦʘʪʦʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʠʩʣʦʨʦʜʘ, ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ 

ʧʨʦʜʫʢʪʘʭ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʫʛʦʣʴʥʳʭ ʩʤʦʣ. 

ɼʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʫʛʣʷ ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʱʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦʚʳʰʘʣʦ 

ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʫʛʣʝʡ ʚ ʪʦʣʫʦʣ- ʠ ʭʠʥʦʣʠʥ-ʨʘʩʪʚʦʨʠʤʳʝ 

ʚʝʱʝʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʤʦʣʳ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ ʚ ʩʣʝʜʩʪʚʠʝ ʝʸ ʜʝʦʢʩʠʛʝʥʘʮʠʠ.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʧʣʘʩʪʠʯʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ. ʕʢʩʪʨʘʢʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʫʛʣʷ ʚ 

ʛʠʜʨʦʦʙʣʘʛʦʨʦʞʝʥʥʳʭ ʉʇʂ ʠ ʉʂ, ʦʙʣʘʜʘʣʠ ʧʣʘʩʪʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɻʠʜʨʦ- ʠ 

ʪʝʨʤʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝ ʥʝʬʪʷʥʦʛʦ ʛʘʟʦʡʣʷ ʩʣʘʙʦ ʚʣʠʷʣʦ ʥʘ ʩʚʦʡʩʪʚʘ ʵʢʩʪʨʘʢʪʠʚʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʛʨʫʧʧʦʚʦʛʦ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʭʠʤʠʯʝʩʢʠʭ ʠ  ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʜʨʦʙʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʕʇʈ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ. ʇʦʢʘʟʘʥʘ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʦʚ ʠ ʫʛʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

¶ ʇʨʦʝʢʪ ʈʌʌʀ ˉ 20-43-243003 (ʨ_ʤʦʣ_ʘ) çʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʚʨʘʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʩʫʣʴʬʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Pd(II), Pt(II), Pt(IV) ʠ Au(III) ʚ ʚʦʜʥʳʭ 

ʩʦʣʷʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘè, ʨʫʢʦʚʦʜʠʪʝʣʴ - ɸ.ʀ. ʇʝʪʨʦʚ. 
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A ï brown coal + gaseous fat coal 

B-  fatcoal+coking coal 

C-  fatcoal+lean coal 

D-  fatcoal+gaseous fat coal 
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ʎʝʣʴ ʧʨʦʝʢʪʘ - ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʡ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʭʣʦʨʠʜʥʳʭ ʠ ʜʠʩʫʣʴʬʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Pd(II), Pt(II), Au(III), Pt(IV). 

ɺ ʞʠʚʳʭ ʢʣʝʪʢʘʭ ʪʠʦʣ/ʜʠʩʫʣʴʬʠʜʥʦʝ ʨʘʚʥʦʚʝʩʠʝ (RSH/RSSR) ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʝʘʢʪʠʚʥʦʩʪʠ ʙʝʣʢʦʚ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʝ ʦʨʛʘʥʠʟʤʘ, 

ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ 

ʧʘʣʣʘʜʠʷ ʠ ʧʣʘʪʠʥʳ ʚʘʞʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʤʝʭʘʥʠʟʤʳ 

ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʳ ʩ ʪʠʦʣ-ʜʠʩʫʣʴʬʠʜʥʳʤ ʩʪʘʪʫʩʦʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʢʦʤʧʣʝʢʩʘʤʠ ʧʘʣʣʘʜʠʷ ʠ ʧʣʘʪʠʥʳ ʩ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʪʘʢʞʝ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʘʪʘʣʠʟʝ, ʨʘʟʜʝʣʝʥʠʠ, ʦʯʠʩʪʢʝ ʠ ʘʥʘʣʠʟʝ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. 

ʉʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʜʠʩʫʣʴʬʠʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʝ 1.  

 
ʉʭʝʤʘ 1 - ʉʪʨʫʢʪʫʨʳ L-ʮʠʩʪʠʥʘ (A), ʮʠʩʪʘʤʠʥʘ (B), D,L-ʛʦʤʦʮʠʩʪʠʥʘ (C) ʠ  

3,3ô-ʜʠʪʠʦʜʠʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (D 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʦʚ d-ʤʝʪʘʣʣʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʜʠʩʫʣʴʬʠʜʘʤʠ ʚ ʚʦʜʥʳʭ ʩʦʣʷʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʜʠʩʫʣʴʬʠʜʥʦʡ ʩʚʷʟʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ 

ʜʠʩʫʣʴʬʠʜʦʚ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʩʦʧʨʷʞʝʥʘ ʩ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʉʭʝʤʘ 2). ʅʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʩʫʣʴʬʠʜʘ ʩ 

[PtCl4]
2-
 ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʠʦʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ Pt(IV) ʠʣʠ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Pt(II). ʂʦʛʜʘ ʜʠʩʫʣʴʬʠʜ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ [PdCl4]
2-
, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʣʠʙʦ S,Sô-ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Pd(II), ʣʠʙʦ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʜʠʩʫʣʴʬʠʜʘ ʜʦ ʪʠʦʣʴʥʳʭ ʠ ʩʫʣʴʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Pd(II). 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʩʫʣʴʬʠʜʦʚ ʩ [AuCl4]
-
 ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʦʢʠʩʣʝʥʠʝ ʜʦ 

ʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʦʣʦʪʘ. ʆʙʨʘʟʦʚʘʥʠʝ S,Sô-

ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʳ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʬʫʥʢʮʠʦʥʘʣʦʚ ʧʣʦʪʥʦʩʪʠ 

(PBE0-D3, TPSSh-D3, M06, M11, MN15, revM06, revM11, APF, M11-L, MN15-l) ʩ ʮʝʣʴʶ 

ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʶʱʝʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ. ʅʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʳ 
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ʧʣʦʪʥʦʩʪʠ PBE0-D3, MN15, revM11 ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʶʪ ʭʣʦʨʠʜʥʳʝ ʠ 

ʜʠʩʫʣʴʬʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ Pd(II), Pt(II), Au(III), Pt(IV), ʘ ʪʘʢʞʝ ʠʩʭʦʜʥʳʝ ʜʠʩʫʣʴʬʠʜʳ. 

 

 
 

ʉʭʝʤʘ 2 - ʇʫʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʫʣʴʬʠʜʦʚ ʩ Pd(II), Pt(II) ʠ Au(III ) 

ʚ ʚʦʜʥʳʭ ʩʦʣʷʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ 

ɺ ʭʦʜʝ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ DFT ʨʘʩʯʝʪ ʢʦʥʩʪʘʥʪ 

ʨʘʚʥʦʚʝʩʠʡ ʩ ʫʯʘʩʪʠʝʤ ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ d-ʤʝʪʘʣʣʦʚ ʧʣʦʭʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʩʠʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʤʝʞʜʫ ʘʥʠʦʥʦʤ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʤ (ʚʦʜʦʡ). ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʉHCl> 0,1 M) ʚ ʨʝʘʢʮʠʠ ʩ ʜʠʩʫʣʴʬʠʜʘʤʠ ʚʩʪʫʧʘʶʪ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ: [PtCl4]
2-
, 

[PdCl4]
2-
, [AuCl4]

-
ʥʝʦʙʭʦʜʠʤʦ ʢʦʨʨʝʢʪʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʚʥʦʚʝʩʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. ʀʭ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʙʨʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʘ. ɼʣʷ 

ʵʪʦʛʦ ʚʳʧʦʣʥʝʥʦ DFT/PBE0-D3/Def2-TZVPD/SMD ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Pd(II), Pt(II), Au(III), Pt(IV) ʩ ʫʯʝʪʦʤ 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʦʣʴʚʘʪʘʮʠʠ ʚʩʝʭ ʫʯʘʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʪʘʥʜʘʨʪʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʮʠʢʣ: ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʘʢʫʫʤʝ ʠ 

ʩʦʣʴʚʘʪʘʮʠʷ/ʜʝʩʦʣʴʚʘʪʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʙʦʣʝʝ 50 ʚʘʨʠʘʥʪʦʚ ʩʦʣʴʚʘʪʘʮʠʦʥʥʳʭ ʩʭʝʤ: [M(H2O)]
n+

*mH2O + 

4Cl
-
*kH2O ź [MCl4]

n-
*jH2O + iH2O. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʩʪʝʤʳ Pd(II), Pt(II), Au(III) ï 

ʭʣʦʨʠʜ ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪ ʤʦʜʝʣʴ: [M(H2O)4]
2+

*14H2O + 4Cl
-
*H2O ź 

[MCl4]
2-

*14H2O + 4(H2O)2. ʋʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʠ ʥʝ ʩʧʝʮʠʬʠʯʝʩʢʫʶ 

ʩʦʣʴʚʘʪʘʮʠʠ ʚʦʟʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ (Ñ 2 ʣʦʛ. ʝʜ.) ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ.  

ʈʘʥʝʝ ʥʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʪʚʦʨʘ 3,3ô-ʜʠʪʠʦʜʠʧʨʦʧʠʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʠʟʦʘʤʠʣʦʚʦʤ ʩʧʠʨʪʝ ʠ ʩʦʨʙʝʥʪʘ ʥʘ ʝʝ ʦʩʥʦʚʝ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʠ ʩʦʨʙʮʠʠ 

Pd(II ), Pt(II) ʠʟ ʩʦʣʷʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ. DFT/PBE0-D3/Def2-SVP ʨʘʩʯʝʪʳ 
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ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʵʢʩʪʨʘʢʮʠʠ ʠ ʩʦʨʙʮʠʠ Pd(II) ʠ Pt(II) 3,3ô-ʜʠʪʠʦʜʠʧʨʦʧʠʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ S,Sô-ʙʠʷʜʝʨʥʳʭ ʜʠʩʫʣʴʬʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Pd(II) ʠ Pt(II), ʘ ʨʝʘʢʮʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ Pt(II) ʩʪʘʥʦʚʠʪʩʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝ ʚʳʛʦʜʥʦʡ ʚ ʩʣʫʯʘʝ ʵʢʩʪʨʘʢʮʠʠ (ʨʘʩʪʚʦʨʠʪʝʣʴ ʧʝʥʪʘʥʦʣ). ɺ 

ʦʪʩʫʪʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʩʣʫʯʘʝ Pt(II) ʠ ʨʝʘʢʮʠʷ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ Pd(II ). 

ʉʦʨʙʮʠʠ Pt(IV) ʠ Au(III) ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʦʜʥʘʢʦ ʵʢʩʪʨʘʢʮʠʷ Pt(IV) ʚʦʟʤʦʞʥʘ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʫʣʴʬʠʜʦʚ ʩ ʠʦʥʘʤʠ d-ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʚʳʙʦʨʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ 

ʜʠʩʫʣʴʬʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Pd(II) ʠ Pt(II) ʜʦʧʦʣʥʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ TD-DFT. ʇʨʦʚʝʜʝʥ 

ʠʭ ʘʥʘʣʠʟ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣ CAM-B3LYP ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (Ñ0.15 eV). 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʪʠʦʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ Pd(II), ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʜʠʩʫʣʴʬʠʜʘ, ʥʘʭʦʜʷʪʩʷ ʚ ʜʚʫʭ ʬʦʨʤʘʭ: [PdCl3L] ʠ [Pd2S2L2]. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ Pt(II )-ʜʠʩʫʣʴʬʠʜ ʦʧʠʩʳʚʘʶʪʩʷ ʩʫʤʤʦʡ 

ʜʚʫʭ ʢʦʤʧʣʝʢʩʦʚ: [Pt2Cl6(R-SS-R)] ʠ [PtCl4(S-R)]. ɼʣʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʦʪ ʤʝʪʘʣʣʘ ʢ 

ʣʠʛʘʥʜʫ ʤʝʞʜʫ d-ʦʨʙʠʪʘʣʷʤʠ ʤʝʪʘʣʣʘ ʠ -́ʦʨʙʠʪʘʣʷʤʠ ʩʝʨʳ: d(M) ­ (́S). 

ɼʠʩʫʣʴʬʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ ʚ ʨʘʩʪʚʦʨʘʭ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ 

DFT ʨʘʩʯʝʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ TD-DFT ʨʘʩʯʝʪʦʚ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤ ʚ 

ʨʘʩʪʚʦʨʘʭ. ʋʨʦʚʝʥʴ DFT/TD-DFT/CAM-B3LYP/Def2-SVP/SMD ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ 

Pd(II) ʠʣʠ Pt(II), ʘ ʫʨʦʚʝʥʴ DFT/PBE0-D3/Def2-SVP/SMD/Def2-TZVPD/PBE0-D3 ʜʣʷ 

ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ: 

¶ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʄʦʥʛʦʣʴʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʇʨʦʝʢʪ ʈʌʌʀ ʩ ʄʦʥʛ_ʪ ˉ 19-53-44001\19 çʉʦʟʜʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ 

ʧʨʦʮʝʩʩʘ ʩʦʣʴʚʝʥʪʥʦʡ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʫʛʣʝʡ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʧʦʣʠʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʢʘʢ ʩʳʨʴʷ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (2019-2022 ʛʛ.) 

ɿʘʨʫʙʝʞʥʳʡ ʧʘʨʪʥʝʨ: ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʄʦʥʛʦʣʴʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ (Ul. Mira, 4, Ulan Bator 210351, ʄʦʥʛʦʣʠʷ)/ 

ʂʦʦʨʜʠʥʘʪʦʨʳ ʨʘʙʦʪ: 

ʜ. ʭ. ʥ. ʇ.ʅ. ʂʫʟʥʝʮʦʚ (ʀʍʍʊ ʉʆ ʈɸʅ); 

ʛ. ʥ. ʩ. ɹ. ɸʚʠʜ (ʀʍʍʊ ʄɸʅ). 
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ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʮʝʩʩʘ ʩʦʣʴʚʝʥʪʥʦʡ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʤʘʩʩʳ ʫʛʣʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʨʠʨʦʜʥʳʭ ʫʛʣʝʡ ʥʘ ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʦʣʴʚʘʪʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʩʦʟʜʘʥʠʶ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ï ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʚ 2021 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʩʪʘʪʝʡ 

¶ ʐʘʥʴʜʫʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʎʠʥʜʘʦ, ʐʘʥʴʜʫʥ 266590, 

ʂʠʪʘʡ (ʠʥʠʮʠʘʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʫʛʣʝʡ). 

ɿʘʨʫʙʝʞʥʳʡ ʧʘʨʪʥʝʨ:  

ʐʘʥʴʜʫʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʎʠʥʜʘʦ, ʐʘʥʴʜʫʥ 266590, ʂʠʪʘʡ 

ʂʦʦʨʜʠʥʘʪʦʨʳ ʨʘʙʦʪ: 

- ʜ. ʭ. ʥ. ʇ.ʅ. ʂʫʟʥʝʮʦʚ (ʀʍʍʊ ʉʆ ʈɸʅ); 

- ʩʦ ʩʪʦʨʦʥʳ ʂʠʪʘʷ: ʧʨʦʬ. ʍʠʥʛ ʌʘʥ (Xing Fan) (ʐʘʥʴʜʫʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ) 

ʊʝʤʘʪʠʢʘ ʨʘʙʦʪ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʫʛʣʝʡ ʚ ʮʝʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʠʤʝʶʱʠʭʩʷ ʫ ʢʠʪʘʡʩʢʠʭ 

ʧʘʨʪʥʝʨʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʚ 2021 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʦ 2 ʩʪʘʪʴʠ. 

4.2  ʃʘʙʦʨʘʪʦʨʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ:  

¶ ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʨʠʩʪʳʝ 

ʧʦʜʣʦʞʢʠ; ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʨʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʧʨʠʨʦʜʥʳʭ ʛʨʘʬʠʪʦʚ, ʘʥʪʨʘʮʠʪʦʚ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

¶ ɺʳʜʝʣʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʂʘʜʨʦʚʳʡ ʩʦʩʪʘʚ: ʚʩʝʛʦ ʩʦʪʨʫʜʥʠʢʦʚ ï 22, ʠʟ ʥʠʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ï 18. 

ɼʦʢʪʦʨʦʚ ʥʘʫʢ ï 3 ʠ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ï 9. ʉʦʪʨʫʜʥʠʢʦʚ ʜʦ 39 ʣʝʪ ï 8. 

 

ʇʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ:  

¶  ʇʦʪʝʥʮʠʦʩʪʘʪ/ʛʘʣʴʚʘʥʦʩʪʘʪ FRA BIOLOGIC VSP-300 ʩ ʫʩʠʣʠʪʝʣʝʤ 

ʤʦʱʥʦʩʪʠ ʠ ʘʧʧʘʨʘʪʦʤ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ ʩ ʢʦʣʴʮʦʤ 
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¶  ʂʦʤʧʣʝʢʩ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 1260 Infinity II 

¶ ɾʠʜʢʦʩʪʥʳʡ ʭʨʦʤʘʪʦʛʨʘʬ ʄʠʣʠʭʨʦʤ ɸ-02 

¶  ʋʣʴʪʨʘʮʝʥʪʨʠʬʫʛʘ ʥʘʩʪʦʣʴʥʘʷ Optima MAX-XP (Beckman, ʉʐɸ) 

¶  ʄʫʣʴʪʠʜʝʪʝʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ Agilent 

1260 Infinity MDS (Agilent, ɻʝʨʤʘʥʠʷ) 

¶  ʇʣʘʥʝʪʘʨʥʘʷ ʤʠʢʨʦʤʝʣʴʥʠʮʘ PULVERISETTE 7 premium line (Fritsch, 

ɻʝʨʤʘʥʠʷ) 

¶ ɼʠʬʨʘʢʪʦʨʤʝʪʨ XôPert PRO ʩ ʜʝʪʝʢʪʦʨʦʤ PIXcel (PANalytical), ʉʌʋ 

¶ ʈʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ Axios Advanced (PANalytical, 

ʅʠʜʝʨʣʘʥʜʳ), ʉʌʋ 

¶ ʈʝʘʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʪʠʧʘ R-201(100 ʤʣ) Chem.Re.SYStem 

(ʈʝʩʧʫʙʣʠʢʘ ʂʦʨʝʷ) 

¶ ʇʠʣʦʪʥʘʷ ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

(400 ʣ, 100 Áʉ) 

¶ ʂʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ (ʤʦʣʦʪʢʦʚʘʷ 

MOLOT-800 ʠ ʨʦʪʦʨʥʦ-ʥʦʞʝʚʘʷ ʈʄ -120 ʤʝʣʴʥʠʮʳ, ʚʠʙʨʦʩʝʧʘʨʘʪʦʨ VPM-0,4*2, 

ʚʠʙʨʦʛʨʦʬʦʪ ɻʈ-30, ʘʩʧʠʨʘʮʠʦʥʥʘʷ ʤʘʰʠʥʘ ɺʉ-1) 

 

ʇʨʦʝʢʪʳ ʠ ʛʨʘʥʪʳ: 

¶ ʇʨʦʝʢʪ ʈʅʌ ˉ 21-73-20269 çɼʠʟʘʡʥ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ ʮʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʜʫʢʪʳè, ʨʫʢʦʚʦʜʠʪʝʣʴ - ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈɸʅ. ʆ.ʇ. ʊʘʨʘʥ. 

ʈʝʟʫʣʴʪʘʪʳ 2021 ʛ.: 

ʇʨʠʛʦʪʦʚʣʝʥʳ ʠ ʠʟʫʯʝʥʳ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ Ru-ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʪʥʦ-

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ (ʦʢʠʩʣʝʥʥʳʭ ʠʣʠ ʩʫʣʴʬʠʨʦʚʘʥʥʳʭ) ʤʝʟʦʧʦʨʠʩʪʳʭ 

ʤʝʟʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʉʠʙʫʥʠʪ ʠ ʉʄʂ-3. ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʠʣʳ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʟʘʢʨʝʧʣʸʥʥʦʛʦ ʨʫʪʝʥʠʷ (ʧʦ ʜʘʥʥʳʠ ʇʕʄ). ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʝ, ʥʘʧʨʦʪʠʚ, ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʨʘʟʤʝʨʘ ʝʛʦ ʯʘʩʪʠʮ. ʇʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ ʚ ʠʟʫʯʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʦʢʨʳʪʘ ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʦʡ. ʆʢʩʠʜʳ ʨʫʪʝʥʠʷ ʩʧʦʩʦʙʥʳ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ 

ʪʘʢʠʝ ʨʝʘʢʮʠʠ, ʢʘʢ ʛʠʜʨʦʣʠʟ ʫʛʣʝʚʦʜʦʚ, ʛʠʜʨʦʣʠʟ 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʘ ʚ 

ʣʝʚʫʣʠʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʚ ʩʧʠʨʪʦʚʫʶ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʫʶ. ʇʨʦʪʝʢʘʥʠʝ ʵʪʠʭ ʨʝʘʢʮʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʦ ʚʨʝʤʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ. 

ʇʨʦʚʝʜʝʥʦ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʨʝʧʣʝʥʠʷ 

ʩʫʙʥʘʥʦʨʘʟʤʝʨʥʳʭ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʨʫʪʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʦʚʦʛʦ 

ʣʠʩʪʘ (ʤʦʜʝʣʴ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ, 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʠ ʩʫʣʴʬʦʥʦʢʠʩʣʦʪʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
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ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʙʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʢʣʘʩʪʝʨʘ ʠʟ 26 ʘʪʦʤʦʚ ʨʫʪʝʥʠʷ ʟʘʤʝʪʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʩʝʜʥʠʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʩʦʩʝʜʥʠʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʦʪ ʦʜʥʦʡ ʜʦ ʪʨʸʭ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪ 5,3 ʜʦ 7,6 ʵɺ. ɺ ʩʣʫʯʘʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠʣʠ ʩʫʣʴʬʦʥʦʢʠʩʣʦʪʥʳʭ 

ʛʨʫʧʧ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚʣʷʝʪ 5,8-8.8 ʵɺ. ʇʨʠ ʧʝʨʝʥʦʩʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʩ ʦʜʥʦʡ ʠʟ 

ʩʦʩʝʜʥʠʭ ʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ: ʚ ʩʣʫʯʘʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʵʥʝʨʛʠʷ ʩʦʩʪʘʚʣʷʝʪ 6,6-9,8 ʵɺ, 

ʚ ʩʣʫʯʘʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ 7,5-11,4 ʵɺ, ʚ ʩʣʫʯʘʝ ʩʫʣʴʬʦʥʦʢʠʩʣʦʪʥʳʭ 8,0-12,1 ʵɺ; ʜʣʷ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʩʫʣʴʬʦʥʦʢʠʩʣʦʪʥʳʭ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʠ ʙʝʟ ʜʠʩʩʦʮʠʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʵʥʝʨʛʠʷ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘ 

ʦʪ ʦʜʥʦʡ ʜʦ ʪʨʸʭ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʩ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʛʨʘʬʝʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʥʝʨʛʠʝʡ ʦʢʦʣʦ 4,9 ʵɺ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʭʦʜʷʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ ʩʚʦʡʩʪʚʘʭ 

ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʠʣʳ ʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ 

ʥʦʩʠʪʝʣʷ, ʦʧʨʝʜʝʣʸʥʥʦʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ 

ʪʦʯʢʠ ʥʫʣʝʚʦʛʦ ʟʘʨʷʜʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ 

ʟʘʢʨʝʧʣʸʥʥʳʭ ʯʘʩʪʠʮ ʨʫʪʝʥʠʷ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʤʧʝʥʩʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʵʥʝʨʛʠʠ ʜʠʩʧʝʨʩʥʦʛʦ ʤʝʪʘʣʣʘ ʟʘ ʩʯʸʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʠʩʣʦʪʥʳʤʠ ʮʝʥʪʨʘʤʠ 

ʥʦʩʠʪʝʣʷ. ʊʘʢʞʝ ʥʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʘ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʩʜʚʠʛʫ ʪʦʯʢʠ 

ʥʫʣʝʚʦʛʦ ʟʘʨʷʜʘ ʚ ʱʝʣʦʯʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʧʦʜʪʚʝʨʞʜʘʪʴ ʯʘʩʪʠʯʥʳʡ ʧʝʨʝʥʦʩ 

ʚʦʜʦʨʦʜʘ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʤʝʪʘʣʣ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʩʧʳʪʘʥʳ ʚ ʛʠʜʨʦʣʠʟʝ ʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ: ʮʝʣʣʶʣʦʟʳ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ (ʢʩʠʣʘʥʘ). ʅʘʥʝʩʝʥʠʝ ʨʫʪʝʥʠʷ ʥʘ 

ʦʢʠʩʣʝʥʥʳʡ ʉʄʂ-3 ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ. 

ʅʘ ʥʦʩʠʪʝʣʝ ʙʝʟ ʨʫʪʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 5-

ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʘ, ʩ ʨʫʪʝʥʠʝʤ ʚ ʦʩʥʦʚʥʦʤ ʦʙʨʘʟʫʝʪʩʷ ʣʝʚʫʣʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. 

ɼʨʫʛʠʤ ʥʝʦʙʳʯʥʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʥʘʥʝʩʸʥʥʦʛʦ ʨʫʪʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʢʩʠʣʘʥʘ, ʚʦʟʤʦʞʥʦ, ʯʝʨʝʟ 

ʬʫʨʬʫʨʠʣʦʚʳʡ ʩʧʠʨʪ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʩʠʩʪʝʤʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʨʬʫʨʦʣʘ ʟʘ ʩʯʸʪ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʥʳʭ ʛʨʫʧʧ ʚ ʩʧʠʨʪʦʚʫʶ ʠ ʢʘʨʙʦʢʩʠʣʴʥʫʶ.  

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ ʥʘʥʝʩʸʥʥʦʛʦ ʨʫʪʝʥʠʷ, ʠʟʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʛʠʜʨʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʤʦʥʦʩʘʭʘʨʠʜʦʚ: ʧʨʠ 

60 Áʉ ʟʘ 40 ʤʠʥʫʪ ʜʦʩʪʠʛʘʝʪʩʷ 90 % ʢʦʥʚʝʨʩʠʷ ʛʣʶʢʦʟʳ ʚ ʩʦʨʙʠʪʦʣ ʩ ʙʦʣʝʝ ʯʝʤ 90 % 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ 5,5 ʄʇʘ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʤʘʩʩʳ) ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ.  

ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʫʩʢʦʨʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ 

ʮʝʣʣʦʙʠʦʟʳ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʢʘʪʘʣʠʟʝ ʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ (ʛʦʤʦʛʝʥʥʘʷ ʤʦʜʝʣʴ ï 

ʦʢʠʩʣʝʥʥʳʭ ʫʛʣʝʡ) ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʪ.ʝ. ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʣʠʟʘ ʩ ʢʦʤʙʠʥʘʮʠʝʡ 

ʢʠʩʣʦʪ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʫ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ ʩ ʦʪʜʝʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ. ʆʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʫʩʢʦʨʝʥʠʷ ʦʩʣʘʙʝʚʘʝʪ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ 
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ʤʝʭʘʥʠʟʤ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʜʚʫʤʷ ʨʘʟʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ (ʪ.ʥ. ʢʘʪʘʣʠʟ ʩ ʜʚʦʡʥʦʡ ʘʢʪʠʚʘʮʠʝʡ) ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ 

ʥʘ ʩʫʣʴʬʠʨʦʚʘʥʥʳʭ ʫʛʣʷʭ, ʦʙʣʘʜʘʶʱʠʭ ʢʘʢ ʩʣʘʙʦʢʠʩʣʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʪʘʢ ʠ ʩʠʣʴʥʦʢʠʩʣʳʤʠ ʩʫʣʴʬʦʥʦʚʳʤʠ.  

¶ ʇʨʦʝʢʪ ʈʌʌʀ ˉ 20-03-00636 (ʘ) çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʜʠʟʘʡʥʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʪʚʝʨʜʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʦʥʚʝʨʩʠʠ ʣʝʚʫʣʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʛʘʤʤʘ-ʚʘʣʝʨʦʣʘʢʪʦʥ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè, 

ʨʫʢʦʚʦʜʠʪʝʣʴ - ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈɸʅ ʆ.ʇ. ʊʘʨʘʥ. 

 ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʜʠʟʘʡʥʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʪʚʝʨʜʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʨʩʠʠ 

ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʛʘʤʤʘ-ʚʘʣʝʨʦʣʘʢʪʦʥ, ʘ ʪʘʢʞʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʚ ʛʠʜʨʠʨʦʚʘʥʠʠ ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʃʂ) ʜʦ ʛʘʤʤʘ-

ʚʘʣʝʨʦʣʘʢʪʦʥʘ (ɻɺʃ) ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ NiMo 

ʠ SiO2 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʦʙʘʚʢʘ Mo ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʢʦʥʚʝʨʩʠʠ 

ʩʫʙʩʪʨʘʪʘ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɻɺʃ. ʇʨʠʤʝʥʝʥʠʝ Ni-SiO2 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 120 Áʉ ʩʦ 100 

ʢʦʥʚʝʨʩʠʝʡ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 99.9 ʤʦʣ.%. ʇʨʠʛʦʪʦʚʣʝʥʳ ʨʫʪʝʥʠʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ CMK-3 (0.5, 1, 2, 3% Ru/Cʄʂ-

3). ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʦʩʠʪʝʣʷ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟʫʯʝʥʳ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʈʌɸ, ʈʉɸ, ʇʕʄ, ʈʌʕʉ, ʘʜʩʦʨʙʮʠʷ N2). ɺ ʨʝʘʢʮʠʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʃʂ ʜʦ ɻɺʃ ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʪʝʥʠʝʚʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʥʦʩʠʪʝʣʝ ʉʠʙʫʥʠʪ. ɼʣʷ Ru/CMK-3 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ Ru ī 2 ʤʘʩ.% (100 ʤʦʣ.% ɻɺʃ, 

160ÁC), ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ru ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ɻɺʃ.  

ʇʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ɻɺʃ ʠʟ ʃʂ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ Ni-SiO2, ʪʘʢ ʠ Ru/CMK-3. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʜʚʝ ʩʝʨʠʠ Zr-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ:1) ʤʝʟʦʧʦʨʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ 

ʥʘ SBA-15 ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ; 2) ʤʝʟʦʧʦʨʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ Zr ʥʘ SBA-15. ʂʘʪʘʣʠʟʘʪʦʨʳ ʠʩʧʳʪʘʥʳ ʚ 

ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩ ʧʝʨʝʥʦʩʦʤ ʚʦʜʦʨʦʜʘ ʃʂ ʚ ɻɺʃ ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ, ʘ ʠʭ 

ʪʝʢʩʪʫʨʘ, ʤʦʨʬʦʣʦʛʠʷ ʠ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʷʚʣʷʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʮʠʨʢʦʥʠʷ ʠ ʢʠʩʣʦʪʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʦʙʱʝʡ ʢʠʩʣʦʪʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʥʠʞʝʥʠʝʶ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ 

ʩʫʙʩʪʨʘʪʘ ʠ ʧʦʚʳʰʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦ ɻɺʃ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʨ 

ʤʝʟʦʧʦʨʠʩʪʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʪʨʘʞʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʚʳʭʦʜʦʚ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ɻɺʃ ʩʦʩʪʘʚʠʣ 94 ʤʦʣ.% (190ÁC, 120 ʤʠʥ.) ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ, 

ʧʦʣʫʯʝʥʥʦʤ ʤʝʪʦʜʦʤ ʜʚʫʢʨʘʪʥʦʛʦ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʮʠʨʢʦʥʠʷ ʥʘ ʤʝʟʦʧʦʨʠʩʪʫʶ 

ʩʠʣʠʢʘʪʥʫʶ ʤʘʪʨʠʮʫ.  

¶ ʇʨʦʝʢʪ ʈʌʌʀ ˉ 19-43-240011 (ʨ_ʘ) çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʫʯʥʳʝ 

ʦʩʥʦʚʳ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʨʦʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʚ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ 

ʩʪʦʠʤʦʩʪʴʶè, ʨʫʢʦʚʦʜʠʪʝʣʴ - ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈɸʅ ʆ.ʇ. ʊʘʨʘʥ. 
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ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʥʦʚʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʩʦʩʥʦʚʳʭ ʢʦʨʦʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʚ ʘʩʩʦʨʪʠʤʝʥʪ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʘʢʪʠʚʘʮʠʠ (ʄʍɸ) ʢʦʨʳ 

ʩʦʩʥʳ ʤʝʪʦʜʦʤ ʚʟʨʳʚʥʦʛʦ ʘʚʪʦʛʠʜʨʦʣʠʟʘ (ɺɸɻ) ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʚ 

ʤʝʣʴʥʠʮʘʭ ʨʘʟʥʦʛʦ ʪʠʧʘ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʮʝʣʣʶʣʦʟʳ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ. ʆʙʨʘʙʦʪʢʘ ʢʦʨʳ ʚʟʨʳʚʥʳʤ 

ʘʚʪʦʛʠʜʨʦʣʠʟʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʨʘʚʥʠʤʦʡ ʩʪʝʧʝʥʠ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʮʝʣʣʶʣʦʟʳ 

ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 2,0 ʄʇʘ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʝʪʦʜʦʚ ʘʢʪʠʚʘʮʠʠ ɺɸɻ ʧʨʠ 1 

ʄʇʘ ʧʨʠ 120 Üʉ ʠ ʄʍɸ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʢʦʨʳ ʩʦʩʥʳ ʥʘ ʚʳʭʦʜʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʩʤʦʣʠʩʪʳʭ, ʜʫʙʠʣʴʥʳʭ ʠ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ɓ-

ʩʠʪʦʩʪʝʨʠʥʘ). ʇʨʦʜʫʢʪʳ ʵʢʩʪʨʘʢʮʠʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʀʂ ʠ 1ʅ ʗʄʈ, 

ʛʝʣʴʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ɻɾʍ-ʄʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʢʦʨʳ ʩʦʩʥʳ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʠ ʵʢʩʪʨʘʢʮʠʠ ʠ ʚʳʭʦʜʳ ʚʩʝʭ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʇʨʦʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʵʢʩʪʨʘʢʮʠʠ ʩ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʡʜʝʥʳ ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʮʝʣʝʚʳʭ 

ʚʝʱʝʩʪʚ: ʜʣʷ ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ɓ-ʩʠʪʦʩʪʝʨʠʥʘ, ʜʫʙʠʣʴʥʳʭ ʠ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ.  

ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʨʳ ʩʦʩʥʳ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮʳ Ru (1-3 ʤʘʩ.%) ʥʘ ʦʢʠʩʣʝʥʥʦʤ ʤʝʟʦʧʦʨʠʩʪʦʤ ʫʛʣʝʨʦʜʥʦʤ 

ʥʦʩʠʪʝʣʝ ʉʠʙʫʥʠʪ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʵʢʩʪʨʘʢʮʠʠ ʠ ʘʢʪʠʚʘʮʠʠ ʢʦʨʳ ʥʘ ʚʳʭʦʜ ʠ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ ʢʦʨʳ ʚ ʵʪʘʥʦʣʝ ʧʨʠ 225 Áʉ, ʜʘʚʣʝʥʠʠ H2 ʜʦ 10,0 ʄʇʘ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʘʢʪʠʚʘʮʠʷ ʢʦʨʳ ʩʦʩʥʳ ʚ ʙʘʨʘʙʘʥʥʦʡ ʤʝʣʴʥʠʮʝ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʜʦ 54 ʤʘʩ.% ʠ ʚʳʭʦʜʫ ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ ʜʦ 

30,9 ʤʘʩ.%. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 3% Ru/C ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ 

ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʢʦʨʳ ʩʦʩʥʳ ʜʦ 66 ʤʘʩ.%, ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʤʝʪʦʢʩʠʬʝʥʦʣʴʥʳʭ 

ʤʦʥʦʤʝʨʦʚ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʠ ʧʦʣʫʯʠʪʴ ʪʚʝʨʜʳʡ ʮʝʣʣʶʣʦʟʥʳʡ ʧʨʦʜʫʢʪ. 

¶ ʇʨʦʝʢʪ ʈʌʌʀ ˉ 20-43-242906 (ʨ_ʤʢ) çʈʘʟʨʘʙʦʪʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʢʦʨʦʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʧʠʭʪʳ, ʟʘʨʘʞʝʥʥʳʭ ʢʦʨʥʝʚʳʤʠ ʠ ʩʪʚʦʣʦʚʳʤʠ 

ʧʘʪʦʛʝʥʘʤʠ, ʚ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶè, ʨʫʢʦʚʦʜʠʪʝʣʴ - 

ʢ.ʭ.ʥ. ʖ.ʅ. ʄʘʣʷʨ. 

ɺ ʭʦʜʝ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʳʜʝʣʝʥʠʷ 

ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʢʦʨʳ ʧʠʭʪʳ (Abies Sibirica) ʢʘʢ ʠʩʭʦʜʥʦʡ, ʪʘʢ ʠ 

ʧʦʨʘʞʝʥʥʦʡ ʩʪʚʦʣʦʚʳʤʠ ʧʘʪʦʛʝʥʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʭʦʜ ʵʢʩʪʨʘʢʪʠʚʥʳʭ 

ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʦʨʘʞʝʥʥʦʡ ʢʦʨʳ ʩʥʠʞʘʝʪʩʷ ʩ 13,4 ʜʦ 8,8%. ʉʦʩʪʘʚ 

ʥʝʦʤʳʣʷʝʤʦʡ ʬʨʘʢʮʠʠ ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ. ɺ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʪʨʘʢʪʘʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 40 ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʥʠʝ ʙʦʣʝʝ 15 ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʝʪ ʩʚʳʰʝ 1%. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʵʢʩʪʨʘʢʪʦʚ (~20% ʤʘʩʩ.) ʷʚʣʷʶʪʩʷ 

ʵʧʠʤʘʥʦʦʣ ʠ ɓ-ʩʠʪʦʩʪʝʨʠʥ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʢʩʪʨʘʢʮʠʠ 

ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʥʘ ʚʳʭʦʜ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʩʪʘʚʠʣʠ 

ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʢʦʨʳ ʧʠʭʪʳ ï 11,51%, ʘ ʜʣʷ ʧʦʨʘʞʝʥʥʦʡ ʢʦʨʳ ʧʠʭʪʳ ï 5,5 %. 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʣʠʬʝʥʦʣʘʤʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ. ʕʢʩʪʨʘʢʮʠʝʡ 

ʨʘʟʙʘʚʣʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ HCl ʦʙʨʘʟʮʦʚ ʢʦʨʳ ʧʦʣʫʯʝʥʳ ʧʝʢʪʠʥʳ ʩ ʚʳʭʦʜʦʤ ʦʢʦʣʦ 4% 

ʤʘʩʩ. ʀʂ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʧʝʢʪʠʥʦʚ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʡ ʥʘʙʦʨ ʢʦʣʝʙʘʥʠʡ, 

ʧʨʠʩʫʱʠʭ ʧʝʢʪʠʥʘʤ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺʧʝʨʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ ʢʦʨʳ ʧʠʭʪʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʵʪʘʥʦʣ-

ʣʠʛʥʠʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʷʚʣʷʶʪʩʷ: ʚʨʝʤʷ 4,5 ʯʘʩʘ, ʪʝʤʧʝʨʘʪʫʨʘ 184,2 ęC ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʩʧʠʨʪʘ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ 70,5%. ʃʠʛʥʦʮʝʣʣʶʣʦʟʥʳʡ ʦʩʪʘʪʦʢ 

ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʦʨʛʘʥʦʩʦʣʴʚʝʥʪʥʦʛʦ ʣʠʛʥʠʥʘ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʥʦʛʦ ʧʠʪʘʥʠʷ Ganoderma lucidum ʠ Pleurotus eryngii. 

ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʦʩʥʦʚʘʥʠʡ ʨʘʟʥʦʡ ʦʩʥʦʚʥʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʣʠʛʥʠʥʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʧʨʦʜʫʢʪʝ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ 

ʟʘʤʝʥʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʣʠʛʥʠʥʝ ʥʘ ʩʫʣʴʬʘʪʥʳʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʯʝʚʠʥʳ. ʈʘʟʣʠʯʥʳʝ ʘʧʨʦʪʦʥʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʘʢ ʩʨʝʜʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʩ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʯʝʚʠʥʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʧʨʦʜʫʢʪʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1,4-

ʜʠʦʢʩʘʥʘ. 

ɺʢʣʶʯʝʥʠʝ ʩʫʣʴʬʘʪʥʦʡ ʛʨʫʧʧʳ ʚ ʩʪʨʫʢʪʫʨʫ ʣʠʛʥʠʥʘ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ 

ʀʂ- ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

¶ ʇʨʦʝʢʪ ʈʌʌʀ ˉ 18-43-243016\19 çʄʦʜʠʬʠʢʘʮʠʷ ʜʨʝʚʝʩʥʳʭ ʣʠʛʥʠʥʦʚ 

ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚè, ʨʫʢʦʚʦʜʠʪʝʣʴ - ʢ.ʭ.ʥ. ʖ.ʅ. 

ʄʘʣʷʨ. 

ʀʟʫʯʝʥ ʩʦʩʪʘʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʤʠʮʝʣʣʶʣʦʟ, ʚʳʜʝʣʝʥʥʳʭ 

ʠʟ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ ʚ 

ʩʨʝʜʝ çʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ï ʚʦʜʘè ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: 

(NH4)6Mo7O24, MnSO4, TiO2, ZnSO4, ʘ ʪʘʢʞʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʉʪʨʫʢʪʫʨʘ, ʩʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʤʠʮʝʣʣʶʣʦʟ ʠʟʫʯʝʥ rʤʝʪʦʜʘʤʠ: ʀʂ-ʌʫʨʴʝ ʠ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ɻʍ, ɻʇʍ, ʈʕʄ, ʊɻɸ, ʛʘʟʦʚʦʡ ʘʜʩʦʨʙʮʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ 

ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʩ ʚʳʭʦʜʦʤ ʜʦ 20,4 ʤʘʩ.% (ʦʪ ʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ), ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ, ʩʦ 

ʩʨʝʜʥʝʚʝʩʦʚʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʜʦ 22,9 ʢɼʘ ʠ ʫʟʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʛʘʣʘʢʪʦʛʣʶʢʦʤʘʥʥʘʥʘ ʠ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ. ɻʝʤʠʮʝʣʣʶʣʦʟʳ ʷʚʣʷʶʪʩʷ ʤʝʟʦʧʦʨʠʩʪʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʧʣʦʱʘʜʴʶ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 4,4 ʜʦ 32,0 ʤ
2
/ʛ ʠ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 

ʧʦʨ ʦʪ 0,007 ʜʦ 0,07 ʩʤ
3
/ʛ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʧʠʱʝʚʦʡ ʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɺʧʝʨʚʳʝ ʠʟʫʯʝʥ çʟʝʣʝʥʳʡè ʩʠʥʪʝʟ ʩʫʣʴʬʘʪʦʚ ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʤʝʩʠ ʩʫʣʴʬʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʤʦʯʝʚʠʥʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ 



 

45 

 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ÁC ʠ ʚʨʝʤʝʥʠ ʜʦ 60 ʤʠʥ. ɺʩʪʨʘʠʚʘʥʠʝ ʩʫʣʴʬʘʪʥʳʭ 

ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʦʜʪʚʝʨʞʜʝʥʦ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. ʈʘʩʯʝʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ 

ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ ʢʦʤʧʣʝʢʩʦʤ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʦʯʝʚʠʥʳ.  

ɺʧʝʨʚʳʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʛʝʤʠʮʝʣʣʶʣʦʟ ʠʟ ʜʨʝʚʝʩʠʥʳ ʝʣʠ 

ʤʝʪʦʜʦʤ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ 

ʧʦʣʫʯʝʥʥʳʭ ʛʝʤʠʮʝʣʣʶʣʦʟ ʜʨʝʚʝʩʠʥʳ ʝʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 14781 ɼʘ ʜʦ 23151 

ɼʘ. ɺ ʩʦʩʪʘʚ ʛʝʤʠʮʝʣʣʶʣʦʟ ʝʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʭʦʜʷʪ ʤʘʥʥʦʟʘ, ʛʣʶʢʦʟʘ ʠ 

ʛʘʣʘʢʪʦʟʘ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʩʠ ʫʨʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʢʩʠʣʦʟʳ. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʛʝʤʠʮʝʣʣʶʣʦʟ ʵʪʦ 100 Áʉ ʠ 3 ʯ.  

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʛʝʤʠʮʝʣʣʶʣʦʟ (ʛʘʣʘʢʪʦʛʣʶʢʦʤʘʥʥʘʥʦʚ ī ɻɻʄ) ʠʟ ʜʨʝʚʝʩʠʥʳ ʝʣʠ ʩʫʣʴʬʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʚ 1,4-ʜʠʦʢʩʘʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʯʝʚʠʥʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦ 120 ʤʠʥʫʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ɻɻʄ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

ʩʝʨʳ ʜʦ 12,7 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʵʪʝʨʠʬʠʢʘʮʠʠ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ SO3-ʛʨʫʧʧʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʚʩʣʝʜʩʪʚʠʝ 

ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʣʠʟʘ ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʮʝʧʝʡ. 

ʀʟʫʯʝʥ ʧʨʦʮʝʩʩ ʤʦʜʠʬʠʢʘʮʠʠ ʛʝʤʠʮʝʣʣʶʣʦʟ ʤʥʦʛʦʦʩʥʦʚʥʳʤʠ ʢʘʨʙʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ: ʱʘʚʝʣʝʚʦʡ, ʷʥʪʘʨʥʦʡ, ʘʜʠʧʠʥʦʚʦʡ ʠ ʣʠʤʦʥʥʦʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ ʧʨʠ ʨʅ=3,5 ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ɻɻʄ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʘʜʠʧʠʥʘʪʳ ʠ ʮʠʪʨʘʪʳ ɻɻʄ ʠʤʝʶʪ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʫʚʝʣʠʯʝʥʥʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʠ ʨʘʟʚʠʪʫʶ 

ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʆʙʨʘʟʮʳ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ ʛʘʣʘʢʪʦʤʘʥʥʘʥʦʚ ʠ ʛʘʣʘʢʪʦʛʣʶʢʦʤʘʥʥʘʥʦʚ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʘʛʨʝʛʘʮʠʠ ʪʨʦʤʙʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ ʠ ʛʝʤʦʣʠʟʝ ʵʨʠʪʨʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʧʝʨʩʧʝʢʪʠʚʝʥ ɻɻʄ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 9,2% ʤʘʩ., ʪʘʢ ʢʘʢ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

0,002 ï 0,2 ʤʛ/ʤʣ ʥʝ ʚʣʠʷʣ ʥʘ ʚʨʝʤʷ ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ/ʧʣʘʟʤʳ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʝ 

ʧʨʦʚʦʮʠʨʦʚʘʣ ʘʛʨʝʛʘʮʠʶ ʪʨʦʤʙʦʮʠʪʦʚ, ʥʝ ʚʣʠʷʣ ʥʘ ɸɼʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʘʛʨʝʛʘʮʠʶ 

ʪʨʦʤʙʦʮʠʪʦʚ ʠ ʥʝ ʨʘʟʨʫʰʘʣ ʤʝʤʙʨʘʥʫ ʵʨʠʪʨʦʮʠʪʦʚ. ɼʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ 

ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʩʛʫʩʪʢʦʚ ʢʨʦʚʠ ʧʝʨʩʧʝʢʪʠʚʥʳ 

ʦʙʨʘʟʮʳ ʩ ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ɻɻʄ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 16,7% ʤʘʩ. 

(19,98Ñ4,32 ɽɼ/ʤʛ) ʠ ɻʄ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 13,8 % ʤʘʩ. (11,57Ñ2,09 ɽɼ/ʤʛ) ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0,002 ʤʛ/ʤʣ, ʪʘʢ ʢʘʢ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʚʣʠʷʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘ 

ʘʛʨʝʛʘʮʠʶ ʪʨʦʤʙʦʮʠʪʦʚ ʠ ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʛʝʤʦʣʠʟʫ ʵʨʠʪʨʦʮʠʪʦʚ.  

¶ ʍʦʟʜʦʛʦʚʦʨ ʩ ʆʆʆ "ʉʚʝʟʘ ʃʝʩ" - ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ 

ʪʝʤʝ: çʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ çʂʦʨʢʦʚʳʡ ɸʛʣʦʤʝʨʘʪè, ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʭ.ʥ., 

ʧʨʦʬʝʩʩʦʨ ʈɸʅ ʆ.ʇ. ʊʘʨʘʥ.  

¶ ʍʦʟʜʦʛʦʚʦʨ ʩ ʉʆ ʈɸʅ - ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘ ̫ ʨʘʙʦʪʘ ʧʦ ʪʝʤʝ: 

çʇʦʚʪʦʨʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʧʦʜʚʝʨʛʰʝʡʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʊʕʎ-3 ɸʆ çʅʊʕʂè, ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʭ.ʥ., 

ʧʨʦʬʝʩʩʦʨ ʈɸʅ ʆ.ʇ. ʊʘʨʘʥ 

¶ ʍʦʟʜʦʛʦʚʦʨ ʩ ʆʆʆ çʈʋʉɸʃ ʀʊʎè - ʫʩʣʫʛʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʘ ʥʝʬʪʷʥʦʛʦ ʢʦʢʩʘ 94 ʧʨʦʙ, 

ʨʫʢʦʚʦʜʠʪʝʣʴ ïʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʉ.ɼ. ʂʠʨʠʢ. 

 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ: 

ʆʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʪʝʤʘʪʠʢʘʤ: 

¶ ʄʅʆ çʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʚ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳè ʩʦʚʤʝʩʪʥʦ 

ʩ ʀʂ ʉʆ ʈɸʅ, ʉʌʋ, ʅʎʅʀ (ʇʘʨʠʞ, ʌʨʘʥʮʠʷ), ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʂʣʦʜʘ ɹʝʨʥʘʨʘ (ʃʠʦʥ, 

ʌʨʘʥʮʠʷ), ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʉʪʨʘʩʙʫʨʛʘ (ʉʪʨʘʩʙʫʨʛ, ʌʨʘʥʮʠʷ). 

 

4.3 ʃʘʙʦʨʘʪʦʨʠ ̫ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʘʣʳʭ ʤʦʣʝʢʫʣ 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ: ɼʝʷʪʝʣʴʥʦʩʪʴ 

ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, ʧʦʠʩʢʦʚʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠʟ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʳʨʴʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ 2021 ʛʦʜʫ 

ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫʪʠʣʠʟʘʮʠʠ 

ʦʪʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʠʟ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʣ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʠ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ,  ʚ ʪʦʤ 

ʯʠʩʣʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʤʝʪʘʥʘ; ʤʝʤʙʨʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʛʝʣʠʷ ʠ ʚʦʜʦʨʦʜʘ ʠʟ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ; 

ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ ʘʜʩʦʨʙʮʠʦʥʥʦ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʚʦʜʥʳʭ ʩʨʝʜ 

ʢʘʪʠʦʥʦʚ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʣʣʦʚ; ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʠ. 

 

ʂʘʜʨʦʚʳʡ ʩʦʩʪʘʚ: ʚʩʝʛʦ ʩʦʪʨʫʜʥʠʢʦʚ ï 22, ʠʟ ʥʠʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ 13, 

ʜʦʢʪʦʨʦʚ ʥʘʫʢ ï 2, ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ï 8; ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ï 9; 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ ʜʦ 39 ʣʝʪ ï 5.  

 

ʇʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

¶ ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ Hosokawa Alpine MPA ʩ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ (ɻʝʨʤʘʥʠʷ) 
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¶ ʋʩʪʘʥʦʚʢʘ ʚʦʟʜʫʰʥʦ-ʩʠʪʦʚʦʛʦ ʧʨʦʩʝʠʚʘʥʠʷ Alpine e200LS (Hosokawa 

Alpine, ɻʝʨʤʘʥʠʷ) 

¶ ʄʥʦʛʦʯʘʩʪʦʪʥʳʡ ʩʠʪʦʚʳʡ ʘʥʘʣʠʟʘʪʦʨ MSA-W/D-200 (Kroosh Technologies, 

ʀʟʨʘʠʣʴ) 

¶ ɸʥʘʣʠʟʘʪʦʨ ʯʘʩʪʠʮ Analysette 22 Microʊec plus (Fritsch, ɻʝʨʤʘʥʠʷ) 

¶ ɸʥʘʣʠʟʘʪʦʨ ʣʘʙʦʨʘʪʦʨʥʳʡ NOVA-3200 ("Quantachrome Instruments", ʉʐɸ) 

¶ ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʧʨʦʩʝʠʚʘʶʱʘʷ ʤʘʰʠʥʘ AS 450 control (Retsch, ɻʝʨʤʘʥʠʷ) 

¶ ʉʠʩʪʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʟʤʝʨʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ 

ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ASAP 2020 (Micromeritics, ʉʐɸ) 

¶ ʇʨʦʪʦʯʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ 

ʘʥʘʣʠʟʘʪʦʨʦʤ BI-CATflow 4.2(A) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʙʣʦʢʦʤ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʪʦʢʦʚ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ BI-GASflow (ʀʂ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) 

¶ ʋʩʪʘʥʦʚʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʪʝʨʤʦʣʠʟʘ ʥʝʬʪʷʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʘʥʘʣʠʟʦʤ 

ʩʦʩʪʘʚʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʞʠʜʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

¶ ʉʠʩʪʝʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ çBelugaè (ʨʝʘʢʪʦʨ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ) (Premix AG, ʐʚʝʡʮʘʨʠʷ) 

¶ ʉʠʩʪʝʤʘ ʛʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ QGA 305110, ʚʢʣʶʯʘʶʱʘʷ ʩʢʨʳʪʳʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨ HAL 201 RC ʩ ʜʝʪʝʢʪʦʨʦʤ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʌʘʨʘʜʝʷ (Hiden 

Analytical Ltd., ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 

¶ ʄʝʣʴʥʠʮʘ ʧʣʘʥʝʪʘʨʥʘʷ çFritschè (ɻʝʨʤʘʥʠʷ) 

ʇʨʦʝʢʪʳ ʠ ʛʨʘʥʪʳ:  

¶ ʇʨʦʝʢʪ ʈʌʌʀ ˉ19-03-00448ɸ çɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ʢʘʨʢʘʩʥʳʭ 

ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʥʦʩʬʝʨ ʢʘʢ ʩʧʦʩʦʙ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 
137
Cs ʠ 

90
Sr ʚ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʦʡ ʬʦʨʤʝè, ʨʫʢʦʚʦʜʠʪʝʣʴ - ʜ.ʭ.ʥ. ɺʝʨʝʱʘʛʠʥʘ ʊ.ɸ.  

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʬʘʟ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʴʮʠʤ ï 

ʧʦʣʣʫʮʠʪ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 80-150 Áʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʟʢʠʭ 

ʬʨʘʢʮʠʡ ʮʝʥʦʩʬʝʨ ʣʝʪʫʯʠʭ ʟʦʣ ʦʪ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʝʢʣʦʬʘʟʳ 

(ʦʢʦʣʦ 90 ʤʘʩ. %), ʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʦʩʪʘʚʦʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʫʣʣʠʪʘ, ʘ ʪʘʢʞʝ ʪʦʣʱʠʥʦʡ ʠ ʧʦʨʠʩʪʦʩʪʴʶ ʦʙʦʣʦʯʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʬʦʨʤ Cs ʧʦʣʫʯʝʥʳ ʧʦʣʳʝ ʤʠʢʨʦʩʬʝʨʳ ʨʘʟʤʝʨʦʤ 60-70 ʠ 140-170 

ʤʢʤ ʩ ʢʦʤʧʦʟʠʪʥʦʡ ʤʫʣʣʠʪ-ʩʦʜʝʨʞʘʱʝʡ ʩʪʝʥʢʦʡ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʨʠʩʪʘʣʣʦʚ ʬʘʟ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʴʮʠʤ-ʧʦʣʣʫʮʠʪ. ɼʣʷ ʜʚʫʭ ʩʠʩʪʝʤ NaOH-CsNO3-ʅ2ʆ-(SiO2-

Al 2O3)ʩʪʝʢʣʦ ʩ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ ʩʪʝʢʣʦʬʘʟʳ ʧʨʠ 150 Áʉ ʧʦʣʫʯʝʥʳ ʜʚʝ ʩʝʨʠʠ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʴʮʠʤ-ʧʦʣʣʫʮʠʪ (NanCs1-n)[AlSi 2O6]ĀnH2O (0.01 Ò n Ò 1) ʩ ʙʣʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʦʪʥʦʰʝʥʠʷ Si/Al. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʘʞʥʘʷ ʨʦʣʴ ʬʘʟʳ ʤʫʣʣʠʪʘ ʠ 

ʪʦʣʱʠʥʳ ʦʙʦʣʦʯʢʠ ʚ ʩʦʭʨʘʥʝʥʠʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʨʦʜʫʢʪʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʩʪʝʢʣʘ ʮʝʥʦʩʬʝʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʟʘ ʩʯʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ Cs ʚ ʧʨʦʜʫʢʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʦ 

ʩʦʜʝʨʞʘʥʠʷ 23-32 ʤʘʩ. % ʧʨʠ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʦ 99,9 %.  
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ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʨʝʘʢʮʠʦʥʥʳʭ ʩʨʝʜ NaOH-Sr(NO3)2-ʅ2ʆ-(SiO2-

Al 2O3)ʩʪʝʢʣʦ ʠ NaOH-CsNO3-Sr(NO3)2-ʅ2ʆ-(SiO2-Al 2O3)ʩʪʝʢʣʦ ʠ ʫʩʣʦʚʠʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ Cs/Sr-ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʳʭ 

ʬʘʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʥʦʩʬʝʨ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʝʢʣʦʬʘʟʳ ʦʢʦʣʦ 96 ʤʘʩ. % ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ Si ʠ Al  ʠ ʧʨʝʢʫʨʩʦʨʘ ʮʝʦʣʠʪʥʳʭ ʬʘʟ. ʇʨʝʜʣʦʞʝʥʦ ʜʚʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ Cs/Sr-ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʳʭ ʬʘʟ 

ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʚʳʰʝ 200 Áʉ, ʚʢʣʶʯʘʷ (1) 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ ʠ (2) ʩʦʨʙʮʠʶ Cs
+
/Sr

2+
 ʥʘ ʘʥʘʣʴʮʠʤ-

ʩʦʜʝʨʞʘʱʝʤ ʩʦʨʙʝʥʪʝ, ʧʦʣʫʯʝʥʥʦʤ ʥʘ ʦʩʥʦʚʝ ʮʝʥʦʩʬʝʨ.  

ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʦʪʝʢʘʝʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ Sr
2+

-ʩʦʜʝʨʞʘʱʠʭ
 
ʬʘʟ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʪʦʙʝʨʤʦʨʠʪʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ, 

ʧʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʧʝʨʝʚʦʜʘ Sr
2+

 ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 

99,99 %.  ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʮʝʟʠʷ ʠ ʩʪʨʦʥʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ Cs
+
 ʚ ʩʪʨʫʢʪʫʨʫ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʘʥʘʣʴʮʠʤ-ʧʦʣʣʫʮʠʪ, ʘ Sr
2+

 ï ʚ ʬʘʟʳ ʪʦʙʝʨʤʦʨʠʪʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʩʦʨʙʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʠʩʪʝʤʝ Sr(NO3)2-ʅ2ʆ-ANA 

ʬʦʨʤʠʨʫʶʪʩʷ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Na-ʘʥʘʣʴʮʠʤ-Sr-ʚʘʡʨʘʢʠʪ (Na1-nSrn/2)AlSi2O6ÖH2O, ʚ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ Sr
2+ 
ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ Sr
2+ 
ʠʟ ʨʘʩʪʚʦʨʘ. ɺ 

ʙʠʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ CsNO3-Sr(NO3)2-ʅ2ʆ-ANA ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʢʣʶʯʝʥʠʷ Cs ʚ 

ʩʪʨʫʢʪʫʨʫ ʘʥʘʣʴʮʠʤʘ, ʘ ʬʦʨʤʠʨʫʶʪʩʷ ʣʠʰʴ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ (NanSr0.5(1-

n))AlSi1.91O5.82. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʬʦʨʤʘʤʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ Cs ʠ Sr ʷʚʣʷʶʪʩʷ 

ʘʤʦʨʬʥʳʝ ʩʠʣʠʢʘʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʩʠʣʠʢʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʩʪʘʪʦʯʥʦʛʦ ʩʪʝʢʣʘ.  

4.4  ʃʘʙʦʨʘʪʦʨʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʩʩʠʚʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ; ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ ʚʟʨʳʚʦʤ; ʠʟʫʯʝʥʠʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ; 

ʩʠʥʪʝʟ ʠ ʠʩʧʳʪʘʥʠʝ ʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ. 

 

ʂʘʜʨʦʚʳʡ ʩʦʩʪʘʚ: ʚʩʝʛʦ ʩʦʪʨʫʜʥʠʢʦʚ ï13, ʠʟ ʥʠʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ï 8. 

ʜʦʢʪʦʨʦʚ ʥʘʫʢ ï 2, ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ï 6, ʀʊʈ ï 5, ʩʦʪʨʫʜʥʠʢʦʚ ʜʦ 39 ʣʝʪ ï 3. 

 

ʇʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ:  

¶ ʃʘʙʦʨʘʪʦʨʥʘʷ ʱʝʢʦʚʘʷ ʜʨʦʙʠʣʢʘ  

¶ ʃʘʙʦʨʘʪʦʨʥʘʷ ʤʝʣʴʥʠʮʘ  

¶ ʃʘʙʦʨʘʪʦʨʥʳʝ ʬʣʦʪʘʮʠʦʥʥʳʝ ʤʘʰʠʥʳ  

¶ ʃʘʙʦʨʘʪʦʨʥʘʷ ʦʪʩʘʜʦʯʥʘʷ ʤʘʰʠʥʘ  
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¶ ʃʘʙʦʨʘʪʦʨʥʳʡ ʮʝʥʪʨʦʙʝʞʥʳʡ ʩʪʦʣ  

¶ ʃʘʙʦʨʘʪʦʨʥʳʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʀʪʦʤʘʢ, Gold Genie  

¶ ʃʘʙʦʨʘʪʦʨʥʘʷ ʮʝʥʪʨʠʬʫʛʘ Stegler  

¶ ʎʠʬʨʦʚʦʡ ʚʠʙʨʦʤʝʪʨ ZET  

 

ʇʨʦʝʢʪʳ ʠ ʛʨʘʥʪʳ: 

¶ ʍʦʟʜʦʛʦʚʦʨ çʇʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʙ ʪʦʨʬʘè. ɿʘʢʘʟʯʠʢ ï ʆʆʆ çʂʨʘʩʢʠʧè. 

¶ ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʦʨʬʘ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʧʨʦʙʘʭ ʧʦ 

ʜʦʧʫʱʝʥʥʳʤ ʢ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʠʢʘʤ (ɻʆʉʊʘʤ). ʇʝʨʝʜʘʥʳ ʟʘʢʘʟʯʠʢʫ ʧʝʨʝʯʝʥʴ 

ʧʦʢʘʟʘʪʝʣʝʡ: ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʣʘʛʠ Wrt, %, ʟʦʣʴʥʦʩʪʴ Ad, %, ʢʠʩʣʦʪʥʦʩʪʴ pH, ʤʘʩʩʦʚʘʷ 

ʜʦʣʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, %, ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ. ɿʘʰʠʭʠʥ ɸ.ɺ. 

 

¶ ʍʦʟʜʦʛʦʚʦʨ çʇʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʙ ʰʣʠʭʦʚʳʭ ʤʠʥʝʨʘʣʦʚè. ɿʘʢʘʟʯʠʢ - ʆʆʆ çɸʨʪʝʣʴ ʩʪʘʨʘʪʝʣʝʡ ʀʶʩʩʢʘʷè. 

ʇʦ ʟʘʜʘʥʠʶ ʚʳʧʦʣʥʝʥʦ ʠʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʰʣʠʭʦʚʳʭ ʤʠʥʝʨʘʣʦʚ. ɿʘʢʘʟʯʠʢʫ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʘʤʦʨʦʜʥʳʭ ʯʘʩʪʠʮ, ʤʦʨʬʦʣʦʛʠʷ ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʉʜʝʣʘʥʳ 

ʚʳʚʦʜʳ ʦʙ ʠʜʝʥʪʠʯʥʦʩʪʠ ʯʘʩʪʠʮ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʙʘʭ, 

ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ. ɿʘʰʠʭʠʥ ɸ.ɺ. 

4.5  ʃʘʙʦʨʘʪʦʨʠ ̫ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʘʥʘʣʠʟʘ 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʪʨʦʝʥʠʷ, ʧʨʠʨʦʜʳ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʡ 

ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʂʘʜʨʦʚʳʡ ʩʦʩʪʘʚ: ʚʩʝʛʦ ʰʪʘʪʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ï 31 (ʚ ʪ.ʯ. 9 ʠʥʞʝʥʝʨʥʳʭ 

ʨʘʙʦʪʥʠʢʦʚ), ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ï 22 (ʚ ʪ.ʯ. 3 ʜʦʢʪʦʨʘ ʠ 17 ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ, 

ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 39 ʣʝʪ - 8. 

 

ʇʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

¶ ʀʂ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨ Tensor 27 ʩ ʤʠʢʨʦʩʢʦʧʦʤ Hyperion-1000 (Bruker, 

ɻʝʨʤʘʥʠʷ) 

 

ʇʨʦʝʢʪʳ ʠ ʛʨʘʥʪʳ: 

¶ ʇʨʦʝʢʪ ʇʌʅʀ çʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʢʨʦʚʠ. ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè, 

ʨʫʢʦʚʦʜʠʪʝʣʠ - ʜ.ʬ.-ʤ.ʥ. ʉʪʦʣʷʨ ʉ.ɺ. (ʦʪ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ), ʜ.ʭ.ʥ. ʏʝʩʥʦʢʦʚ ʅ.ɺ. 

(ʦʪ ʀʍʍʊ ʉʆ ʈɸʅ). ʀʩʧʦʣʥʠʪʝʣʠ - ʢ.ʭ.ʥ. ʐʦʨ ɽ.ɸ., ʢ.ʭ.ʥ. ʃʘʣʝʪʠʥʘ ʉ.ʉ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʝʜʩʢʘʟʘʥ ʭʠʤʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢ ʘʪʦʤʦʚ ʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʪʠʥʦ-

ʧʘʣʣʘʜʠʝʚʳʭ ʠ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʘʭ. ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠʨʫʝʤʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʦʣʝʢʫʣʝ ʉʆ. ɺ ʨʘʤʢʘʭ 

ʠʟʫʯʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ 

ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʦʢʠʩʣʝʥʠʷ ʤʦʣʝʢʫʣʳ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʘ 

ʨʘʩʩʯʠʪʘʥʘ ʵʥʝʨʛʠʷ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣʳ ʉʆ ʥʘ ʨʘʟʣʠʯʥʳʭ ʮʝʥʪʨʘʭ ʤʦʥʦ- ʠ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ Pt38-xPdx (x=0, 9, 12, 19, 26, 29, 38). ʅʘʡʜʝʥʦ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʢʣʘʩʪʝʨʘ ʠ ʧʦʟʠʮʠʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʉʆ 

ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 100 ʢɼʞ/ʤʦʣʴ. ʇʨʠʯʝʤ, ʥʘʠʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ 

ʘʜʩʦʨʙʮʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʪʝʨʘʤ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Pt/Pd=1:1 ʠ 2:1, ʧʨʠ ʵʪʦʤ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʪʝʨʤʠʥʘʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ ʉʆ ʥʘ ʘʪʦʤʘʭ Pt, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʝʨʰʠʥʘʭ 

ʢʣʘʩʪʝʨʘ. ɼʣʷ ʢʣʘʩʪʝʨʦʚ ʩ ʜʦʣʝʡ ʘʪʦʤʦʚ Pt ʚʳʰʝ 70% ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʤʦʩʪʠʢʦʚʘʷ 

ʣʦʢʘʣʠʟʘʮʠʷ ʤʦʣʝʢʫʣʳ ʉʆ ʩ ʵʥʝʨʛʠʷʤʠ ʘʜʩʦʨʙʮʠʠ 214ï218 ʢɼʞ/ʤʦʣʴ. ʅʘ ʢʣʘʩʪʝʨʘʭ ʩ 

ʥʝʙʦʣʴʰʦʡ ʜʦʣʝʡ ʘʪʦʤʦʚ Pt (< 50%) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʣʦʢʘʣʠʟʘʮʠʷ ʉʆ ʚ ʷʤʦʯʥʳʭ 

ʧʦʟʠʮʠʷʭ ʩ ʵʥʝʨʛʠʷʤʠ ʘʜʩʦʨʙʮʠʠ 205ï207 ʢɼʞ/ʤʦʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʥʦʩʪʴ 

ʩʤʝʰʘʥʥʳʭ PtPd ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʪʥʦʰʝʥʠʠ ʘʜʩʦʨʙʮʠʠ ʉʆ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʣʘʪʠʥʦʚʳʤʠ ʠ ʧʘʣʣʘʜʠʝʚʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. ʇʦʜʦʙʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʦʞʠʜʘʝʪʩʷ ʠ ʜʣʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ AuAg ʥʘʥʦʯʘʩʪʠʮ, ʛʜʝ ʥʠʟʢʘʷ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʦʚ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʫʩʠʣʠʚʘʝʪʩʷ ʠʭ ʚʟʘʠʤʥʳʤ 

ʚʣʠʷʥʠʝʤ. 

¶ ʈʅʌ 21-13-00171 çʃʦʢʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʠ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʧʦʨʪʘ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʬʘʟ ʪʷʞʝʣʳʭ ʥʝʬʪʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʩʦʨʙʝʥʪʦʚ ʧʦ ʜʘʥʥʳʤ ʤʝʪʦʜʦʚ 

ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ in situè, 2021-2023, ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-.ʤ.ʥ. 

ʄʦʨʦʟʦʚ ɽ.ɺ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʘ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʩʦʟʜʘʥʠʝ ʰʠʨʦʢʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʷʚʣʝʥʥʳʭ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʘʞʥʳʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ, 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʨʠʪʝʨʠʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ, ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʜʝʣʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʠ ʜʨʫʛʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʦʢʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʠ 

ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʘ ʚ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʘʭ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʣʦʢʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʘʩʬʘʣʴʪʝʥʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉʆ2 ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ 

ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʭ. ʕʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʮʝʥʘʨʠʷ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʵʚʦʣʶʮʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʘʩʬʘʣʴʪʝʥʦʚʦʡ ʬʘʟʳ, ʦʪ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʦʙʲʝʤʥʦʡ ʜʦʣʠ 

ʟʘʛʨʫʞʝʥʥʦʛʦ ʚ ʩʠʩʪʝʤʫ ʩʫʙʢʨʠʪʠʯʝʩʢʦʛʦ ʉʆ2. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʣʦʢʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʘ ʨʘʩʪʚʦʨʝʥʥʳʭ ʧʘʨʘʬʠʥʦʚ ʠ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʘʨʘʬʠʥʠʩʪʳʭ ʬʘʟ ʚ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ 

ʬʘʟʦʚʦʡ ʩʝʛʨʝʛʘʮʠʠ ʦʙʥʘʨʫʞʠʣʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʝʨʝʭʦʜ ʩʠʩʪʝʤʳ, ʛʜʝ ʣʦʢʘʣʴʥʘʷ 
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ʜʠʥʘʤʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʦʩʪʘʚʦʤ, ʢ ʩʠʩʪʝʤʝ, ʛʜʝ ʣʦʢʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ. 

¶ ɻʨʘʥʪ ʂʂʌʇʅʠʅʊɼ. çʈʝʜʦʢʩ-ʩʚʦʡʩʪʚʘ ʤʦʥʦʷʜʝʨʥʳʭ ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ 

ʠ ʢʘʨʙʦʥʠʣʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ (I) c O,O- ʠ O,N-ʙʠʜʝʥʪʘʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠè, ʅʝʜʝʣʠʥʘ ʊʘʪʴʷʥʘ ʉʝʨʛʝʝʚʥʘ. 

ʅʘ XXVIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʏʫʛʘʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ (03 - 08 ʦʢʪʷʙʨʷ 2021 ʛʦʜʘ, ʊʫʘʧʩʝ, ʆʣʴʛʠʥʢʘ, ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, ʈʦʩʩʠʷ) ʚ 

ʬʦʨʤʝ ʧʦʩʪʝʨʥʦʛʦ ʜʦʢʣʘʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʨʝʜʦʢʩ-ʩʚʦʡʩʪʚ ʥʦʚʳʭ 

ʠ ʠʟʚʝʩʪʥʳʭ ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ, ʢʘʨʙʦʥʠʣʬʦʩʬʠʥʦʚʳʭ ʠ 

ʢʘʨʙʦʥʠʣʘʜʘʤʘʥʪʠʣʠʟʦʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ (I) ʩ ʭʝʣʘʪʥʳʤʠ ɓ-

ʜʠʢʝʪʦʥʘʪʥʳʤʠ, ʦʢʩʠʭʠʥʦʣʠʥʘʪʥʳʤʠ ʠ ɓ-ʝʥʘʤʠʥʦʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʧʦʣʷʨʦʛʨʘʬʠʠ ʥʘ ʨʪʫʪʥʦʤ ʢʘʧʝʣʴʥʦʤ 

ʵʣʝʢʪʨʦʜʝ ʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʥʘ ʧʣʘʪʠʥʦʚʦʤ ʠ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ 

ʵʣʝʢʪʨʦʜʘʭ). ʋʯʘʩʪʠʝ ʚ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʦʭʦʜʠʣʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʂʨʘʝʚʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʝʚʦʡ ʬʦʥʜ ʧʦʜʜʝʨʞʢʠ 

ʥʘʫʯʥʦʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè: ʂʦʥʢʫʨʩ ʧʨʦʝʢʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʫʯʘʩʪʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʚ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʥʘʫʯʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʩʪʘʞʠʨʦʚʢʘʭ (II ʦʯʝʨʝʜʴ 2021 ʛʦʜʘ, ʢʦʜ ʟʘʷʚʢʠ: 2021050707642). 

¶ ɻʨʘʥʪ ʂʂʌʇʅʠʅʊɼ. çʂʘʨʙʦʥʠʣ(ʙʝʪʘ-ʜʠʢʝʪʦʥʘʪ)ʠʟʦʮʠʘʥʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ (I): ʩʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚè, ʇʘʪʨʫʰʝʚʘ ɸʥʘʩʪʘʩʠʷ 

ɸʥʜʨʝʝʚʥʘ. 

ɺ ʬʦʨʤʝ ʧʦʩʪʝʨʥʦʛʦ ʜʦʢʣʘʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Rh(b-diketonate)(CO)(CſN-Rᾳ) ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ Rh(acac)(CO)2 ʠ Rh(hfac)(CO)2 ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʠʟʦʮʠʘʥʠʜʥʳʡ ʣʠʛʘʥʜ CſN-Rᾳ (Rᾳ = 1-Ad, CH2Tos). ʇʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ 

ʩʠʥʪʝʟʝ ʠ ʭʠʤʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ɓ-ʜʠʢʝʪʦʥʘʪʥʳʭ ʢʘʨʙʦʥʠʣ-ʠʟʦʮʠʘʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ (I), ʠʟʫʯʝʥʳ ʠʭ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʦ ʩʪʨʦʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʙʩʫʞʜʘʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʯʘʩʪʠʝ ʚ ʢʦʥʬʝʨʝʥʮʠʠ 

ʧʨʦʭʦʜʠʣʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʂʨʘʝʚʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

çʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʝʚʦʡ ʬʦʥʜ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʦʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠè: ʂʦʥʢʫʨʩ ʧʨʦʝʢʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʘʩʪʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʚ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʩʪʘʞʠʨʦʚʢʘʭ (II ʦʯʝʨʝʜʴ 

2021 ʛʦʜʘ, ʢʦʜ ʟʘʷʚʢʠ: 2021042807619). 

¶ ʍʦʟʜʦʛʦʚʦʨʳ: ʂʦʥʪʨʘʢʪʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ, ʟʘʢʣʶʯʝʥʥʳʝ ʤʝʞʜʫ  ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ ʠ ʉʠʙɻʋ ʠʤ. ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, 

ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈʫʙʘʡʣʦ ɸ.ʀ. 

¶ ʎʂʇ-1-2021: ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʪʝʤʝ: çʀʩʩʣʝʜʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ; ʩʚʦʡʩʪʚ ʠ ʩʪʨʦʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʮʝʣʝʚʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠè ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʢʦʥʪʨʘʢʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ. 

ʀʩʧʦʣʥʠʪʝʣʠ: ʢ.ʪ.ʥ. ʂʦʥʜʨʘʩʝʥʢʦ ɸ.ɸ. 
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ʈʝʟʫʣʴʪʘʪʳ ʅʀʈ: ʠʟʫʯʝʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʨʬʦʣʦʛʠʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʘ ʮʝʣʝʚʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʦʣʠʵʬʠʨʦʚ, ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʜʝʩʪʨʫʢʮʠʠ, 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ, 

ʦʧʨʝʜʝʣʝʥʘ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʙʠʦʨʘʟʨʫʰʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʢʦʤʧʦʟʠʪʦʚ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ. 

¶ ʎʂʇ-2-2021: ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ (ʅʀʈ) ʧʦ ʪʝʤʝ: 

çʊʝʭʥʦʣʦʛʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷè ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʢʦʥʪʨʘʢʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ.  

ʀʩʧʦʣʥʠʪʝʣʠ: ʢ.ʪ.ʥ. ʂʦʥʜʨʘʩʝʥʢʦ ɸ.ɸ., ʢ.ʭ.ʥ. ɽʣʩʫʬʴʝʚ ɽ.ɺ., ʉʠʤʦʥʯʫʢ ʃ.ʇ. 

ʈʝʟʫʣʴʪʘʪʳ ʅʀʈ: ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʚ 

ʦʙʨʘʟʮʘʭ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ, ʠʟʫʯʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʠ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʩʪʝʧʝʥʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʠʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʧʣʦ ʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʩʣʦʝ. 

¶ ʎʂʇ-3-2021: ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ (ʅʀʈ) ʧʦ ʪʝʤʝ: 

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʚʨʝʞʜʝʥʠʷ ʣʝʩʦʚ ʩʠʙʠʨʩʢʠʤ ʰʝʣʢʦʧʨʷʜʦʤ ʥʘ ʦʩʥʦʚʝ 

ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ ʣʝʩʥʠʯʝʩʪʚ ʂʨʘʩʥʦʷʨʩʢʦʛʦ 

ʢʨʘʷ ʚ 2016ï2020 ʛʛ.è ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʢʦʥʪʨʘʢʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ. 

ʀʩʧʦʣʥʠʪʝʣʠ: ʉʠʤʦʥʯʫʢ ʃ.ʇ. 

ʈʝʟʫʣʴʪʘʪʳ ʅʀʈ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʟʦʥ ʧʦʨʘʞʝʥʠʷ ʩʠʙʠʨʩʢʠʤ ʰʝʣʢʦʧʨʷʜʦʤ ʚ 

ɽʥʠʩʝʡʩʢʦʤ ʠ ʀʨʙʝʡʩʢʦʤ ʣʝʩʥʠʯʝʩʪʚʘʭ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʲʝʤʢʠ ʚ 2015ï2020 ʛʛ. ʠ ʬʦʨʤʘʣʠʟʘʮʠʷ ʤʦʜʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʟʚʠʪʠʝ ʟʦʥ ʧʦʨʘʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ: ʩʦʚʤʝʩʪʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʛʨʫʧʧʦʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʧʨʦʬ. ʂ.ʄ. ʅʝʡʤʘʥʘ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ɹʘʨʩʝʣʦʥʳ (ʀʩʧʘʥʠʷ) ʧʦ 

ʪʝʤʝ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʮʝʨʠʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʨʝʭʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ. 

4.6  ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ: ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʢʣʶʯʘʝʪ ʟʘʜʘʯʠ: 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʛʥʦʫʛʣʝʚʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʨʝʚʝʩʠʥʳ ʚ ʮʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʜʫʢʪʳ;  

¶ ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ; 

¶ ʨʝʰʝʥʠʝ ʠʥʳʭ ʚʦʟʥʠʢʘʶʱʠʭ ʟʘʜʘʯ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ; 
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¶ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʀʍʍʊ ʉʆ 

ʈɸʅ; 

¶ ʋʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʩʦʚʤʝʩʪʥʳʭ 

ʨʘʙʦʪʘʭ ʩ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

 

ʂʘʜʨʦʚʳʡ ʩʦʩʪʘʚ: ʚʩʝʛʦ ʩʦʪʨʫʜʥʠʢʦʚ ï 19, ʠʟ ʥʠʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ï 8. 

ɼʦʢʪʦʨʦʚ ʥʘʫʢ ï 2, ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ - 6, ʢʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ ʜʦ 39 ʣʝʪ ï 1. 

 

ʇʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

¶ AAS-ʩʧʝʢʪʨʦʤʝʪʨ A Analist 400 (Perkin Elmer, ʉʐɸ)  

¶ ʇʨʠʙʦʨ STA 449 F1 çJupiterè (NETZSCH, ɻʝʨʤʘʥʠʷ)  

¶ ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟʘʪʦʨ vario EL cub, 12  

¶ ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ HCNS-0 EA 1112 (Flash, ʉʐɸ)  

¶ ʇʨʠʙʦʨ ʉʦʨʙʪʦʤʝʨ 4.4ʄ (ʀʂ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ)  

¶ ʈʘʟʨʳʚʥʘʷ ʤʘʰʠʥʘ TKFD/5 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʧʦ ɻʆʉʊ 

270-75 ʠ ʧʦ ɻʆʉʊ 9.024-74  

¶ ʇʨʠʙʦʨ ɺʅ 5202 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʭʨʫʧʢʦʩʪʠ  ʧʦ ɻʆʉʊ 7912-

74  

¶ ʉʪʝʥʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ɻʆʉʊ 23509-79  

¶ ʇʨʠʙʦʨ ʄʀ-2 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ ʧʦ ʘʙʨʘʟʠʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ɻʆʉʊ 426-77  

 

ʇʨʦʝʢʪʳ ʠ ʛʨʘʥʪʳ:  

¶ ʇʨʦʝʢʪ ʈʅʌ ˉ 20-63-47109 çʂʦʤʧʣʝʢʩʥʘʷ (ʪʝʨʤʠʯʝʩʢʘʷ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ) ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘè, ʨʫʢʦʚʦʜʠʪʝʣʴ - ʜ.ʭ.ʥ., 

ʧʨʦʬʝʩʩʦʨ ɺ.ɽ. ʊʘʨʘʙʘʥʴʢʦ. 

ʀʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʦʪʭʦʜʘ, ʢʦʩʪʨʳ ʣʴʥʘ, ʚ ʮʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʪʨʝʤʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʦʢʠʩʣʝʥʠʝʤ (ʀʍʍʊ ʉʆ ʈɸʅ), 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ (ʀʍʍʊ ʉʆ ʈɸʅ) ʠ 

ʧʠʨʦʣʠʟʦʤ (ʌɹɻʆʋ ɺʆ ʊʚɻʊʋ). 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʢʦʩʪʨʳ ʣʴʥʘ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ ʚ 2021 ʛʦʜʫ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚʣʠʷʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ 

ʚʳʭʦʜ ʚʘʥʠʣʠʥʘ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʢʦʩʪʨʳ ʣʴʥʘ ʫʜʘʣʦʩʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʭʦʜʘ ʱʝʣʦʯʠ ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʦʣʫʯʘʝʤʳʡ ʚʘʥʠʣʠʥ. 

ʅʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʨʘʩʭʦʜ ʱʝʣʦʯʠ ʧʨʦʷʚʣʷʝʪʩʷ 

ʧʨʠ ʝʝ ʤʘʣʦʡ (50 ʤʘʩ. % ʚ ʨʘʩʯʝʪʝ ʥʘ ʢʦʩʪʨʫ) ʟʘʛʨʫʟʢʝ: ʝʸ ʩʥʠʞʝʥʠʝ ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ 

ʚʘʥʠʣʠʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʨʘʩʭʦʜ ʱʝʣʦʯʠ ʥʘ 35%.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʘʩʩʦʦʙʤʝʥʘ 

ʥʘ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʣʠʛʥʠʥʦʚ. ʅʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 



 

54 

 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʨʦʮʝʩʩʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʦʙʲʝʤʝ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʣʠʷʥʠʶ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʢʠʥʝʪʠʢʫ 

ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʧʨʝʜʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʢʦʩʪʨʳ ʣʴʥʘ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʪʯʝʪʣʠʚʘʷ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʠ ʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ tg ű = 1,79 Ñ 

0,24. ʀʟʚʝʩʪʥʘʷ ʤʦʜʝʣʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚʨʘʱʝʥʠʷ ʚ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʩʠʩʪʝʤʝ 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʪ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ tg ű = 1,85 [Joshi JB, Pandit AB, Sharma MM (1982) Mechanically 

agitated gas-liquid reactors. Chem Eng Sci 37: 813ï844.]. ʕʪʦ ʟʥʘʯʝʥʠʝ ʚʝʩʴʤʘ ʪʦʯʥʦ 

ʩʦʚʧʘʜʘʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʘʥʛʝʥʩʦʤ tg ű = 1.79 Ñ 0.24.  

ʊʘʢʘʷ ʞʝ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʠ ʜʣʷ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ 

ʚʘʥʠʣʠʥʘ, ʪʘʥʛʝʥʩ ʢʦʪʦʨʦʡ (tgj

ʩʦʚʧʘʜʘʝʪ ʠ ʩ ʪʘʥʛʝʥʩʦʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʠ ʩ ʪʘʥʛʝʥʩʦʤ (tgj

ʤʦʜʝʣʴʶ.  

ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʪʘʥʛʝʥʩʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʴ 

ʠʟʫʯʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʠ ʭʘʨʘʢʪʝʨ 

ʢʨʠʚʳʭ ʥʘʢʦʧʣʝʥʠʷ ʚʘʥʠʣʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʜʝʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʡ, ʪ.ʝ. 

ʠʟʫʯʝʥʥʳʡ ʧʨʦʮʝʩʩ ʮʝʣʠʢʦʤ ʠ ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʝʢʘʝʪ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʳʭʦʜʳ ʚʘʥʠʣʠʥʘ ʚ ʨʘʩʯʝʪʝ ʥʘ ʣʠʛʥʠʥ ʚ 

ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ ʢʦʩʪʨʳ ʥʠʪʨʦʙʝʥʟʦʣʦʤ (15-16%) ʠ ʢʠʩʣʦʨʦʜʦʤ (11-12,5%) 

ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ 17-30 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʨʦʮʝʥʪʦʚ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʵʪʦ ʥʝʦʞʠʜʘʥʥʦ 

ʤʘʣʳʝ ʨʘʟʣʠʯʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʚʘʥʠʣʠʥʘ (ʠ 

ʩʠʨʝʥʝʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʠʪʨʦʙʝʥʟʦʣʘ ʢ ʢʠʩʣʦʨʦʜʫ ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʩʥʠʞʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʢ ʜʠʬʬʫʟʠʦʥʥʦʤʫ. ʉʨʘʚʥʝʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʛʥʠʥʦʚ ʢʠʩʣʦʨʦʜʦʤ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 2020 ʛʦʜʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʨʝʞʠʤʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʳʭʦʜʳ ʚʘʥʠʣʠʥʘ, ʩʦʚʧʘʜʘʶʱʠʝ ʚ ʧʨʝʜʝʣʘʭ 

ʪʦʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʝʣʦʤ ʚʳʭʦʜʘ.  

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʢʦʩʪʨʳ ʣʴʥʘ. ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʦʩʪʨʳ ʵʪʘʥʦʣʦʤ ʙʝʟ ʚʦʜʦʨʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʫʪʝʥʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʚʝʨʩʠʷ (76,8%), ʚʳʭʦʜ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ (29,7 ʤʘʩ.%) ʠ 

ʤʦʥʦʤʝʨʥʳʭ ʤʝʪʦʢʩʠʬʝʥʦʣʦʚ (11,7% ʚ ʨʘʩʯʝʪʝ ʥʘ ʣʠʛʥʠʥ) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 250 Áʉ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʜʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʨʘʩʪʚʦʨʝʥʠʷ ʢʦʩʪʨʳ ʣʴʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ 

ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʠ ʜʝʩʪʨʫʢʮʠʠ. ʇʨʠʝʤʣʝʤʳʝ ʩʪʝʧʝʥʠ ʜʝʩʪʨʫʢʮʠʠ ʮʝʣʣʶʣʦʟʳ (ʤʝʥʝʝ 

50%) ʜʦʩʪʠʛʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 225 Áʉ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʤʝʪʦʢʩʠʬʝʥʦʣʦʚ ʧʨʠ 

ʪʝʨʤʦʨʘʩʪʚʦʨʝʥʠʠ ʢʦʩʪʨʳ ʣʴʥʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʚʦʜʦʨʦʜʘ (11,69 ʤʘʩ.%) ʧʨʠ 

250 Áʉ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ʧʨʝʜʳʜʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (9,73 ʤʘʩ.%), ʛʜʝ 

ʛʠʜʨʠʨʦʚʘʥʠʝ ʢʦʩʪʨʳ ʣʴʥʘ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʦʜʦʨʦʜʦʤ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Ni/C ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʪʨʳ ʣʴʥʘ ʚʦʜʦʨʦʜʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Ni ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ (10 ʤʘʩ.%) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʜʝʣʠʛʥʠʬʠʢʘʮʠʶ 

(93.1 %), ʚʳʭʦʜ ʤʦʥʦʤʝʨʦʚ (9.67 ʤʘʩ. %) ʠ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʣʶʣʦʟʳ (86.4 %) ʚ ʪʚʝʨʜʦʤ 

ʧʨʦʜʫʢʪʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʘʣʠʟʘʪʦʨ Ni/C ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʩʪʨʳ ʣʴʥʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʚʪʨʦʝ ʙʦʣʴʰʝʡ ʟʘʛʨʫʟʢʝ 

ʥʠʢʝʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʪʝʥʠʝʤ, ʥʦ ʠʭ ʮʝʥʳ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ (USD 20 ʠ 18000) 

ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʢʝʣʝʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʠʘʪʘ ʥʠʢʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʮʝʩʩʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʪʨʳ ʣʴʥʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʣʠʛʥʠʥʘ (25.3 ʤʘʩ.%) ʚ ʪʚʝʨʜʦʤ ʧʨʦʜʫʢʪʝ ʨʝʘʢʮʠʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʟʘʛʨʫʟʢʠ ʬʦʨʤʠʘʪʘ ʥʠʢʝʣʷ ʦʪ 0.012 ʜʦ 0.12 ʛʨ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʝʪʘʣʣ) ʚ 

ʨʝʘʢʪʦʨ ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʚʳʭʦʜʘ ʤʦʥʦʬʝʥʦʣʦʚ ʩ 4.77 ʜʦ 

6.24 ʤʘʩ. %. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ ʬʦʨʤʠʘʪʘ ʥʠʢʝʣʷ (1,2 ʛ ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʝʪʘʣʣ) 

ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʦʢʘʟʳʚʘʶʪʩʷ 4-ʧʨʦʧʝʥʠʣʛʚʘʷʢʦʣ (2.69 ʤʘʩ.%) ʠ 4-

ʧʨʦʧʘʥʦʣʛʚʘʷʢʦʣ (1.21 ʤʘʩ.%), ʠ ʚ ʧʨʦʧʠʣʛʚʘʷʢʦʣ (0.38 ʤʘʩ.%) ʦʥʠ ʧʨʝʚʨʘʱʘʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʜʨʘʟʠʥʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʢʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʩʪʨʳ ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʤʦʥʦʤʝʨʦʚ (9.12 ʤʘʩ.%) ʜʦʩʪʠʛʘʣ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ 10%Ni/C ʟʥʘʯʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʳʣ 

4-ʧʨʦʧʘʥʦʣʛʚʘʷʢʦʣ (3.85 ʤʘʩ. %), ʯʪʦ ʚʜʚʦʝ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʚʳʭʦʜ ʥʘ ʜʨʫʛʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ Ni/C ʩ 56 

ʤʢʤ ʜʦ 2 ʤʤ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ 1000 ʜʦ 125 ʦʙ/ʤʠʥ ʚ ʧʨʦʮʝʩʩʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʪʨʳ ʣʴʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʤʦʥʦʤʝʨʦʚ ʙʦʣʝʝ ʯʝʤ ʚ 6 ʨʘʟ, ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ 

ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʚ ʪʚʝʨʜʦʤ ʧʨʦʜʫʢʪʝ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʮʝʩʩ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʞʠʜʢʦʬʘʟʥʳʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʝʪ ʚʦ ʚʥʫʪʨʠʜʠʬʬʫʟʠʦʥʥʦʤ ʨʝʞʠʤʝ ʠ 

ʚʥʝʰʥʝʜʠʬʬʫʟʠʦʥʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʨʦʮʝʩʩʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 4-ʧʨʦʧʘʥʦʣʛʚʘʷʢʦʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠʡ ʢ ʢʠʥʝʪʠʯʝʩʢʦʤʫ ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

Å ɺʧʝʨʚʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʨʦʚʝʜʝʥʦ ʠ ʦʧʠʩʘʥʦ ʚʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʥʘ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʣʠʛʥʠʥʦʚ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ. 
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Å ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʣʠʷʥʠʶ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʙʲʝʤʘ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ 

ʥʘʢʦʧʣʝʥʠʝ ʚʘʥʠʣʠʥʘ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʦʩʪʦʡ ʤʦʜʝʣʴʶ, ʩʚʷʟʳʚʘʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʩ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʦʙʲʝʤʝ ʞʠʜʢʦʡ ʬʘʟʳ.  

Å ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʯʝʪʣʠʚʦ ʜʠʬʬʫʟʠʦʥʥʳʡ ʨʝʞʠʤ 

ʦʢʠʩʣʝʥʠʷ ʢʦʩʪʨʳ ʣʴʥʘ ʢʠʩʣʦʨʦʜʦʤ, ʚʳʭʦʜ ʚʘʥʠʣʠʥʘ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʤʘʢʩʠʤʫʤʦʤ ʚʳʭʦʜʘ ʚʘʥʠʣʠʥʘ ʚ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ ʣʠʛʥʠʥʦʚ 

ʩʥʠʞʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʠʪʨʦʙʝʥʟʦʣʴʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ.  

Å ʋʩʪʘʥʦʚʣʝʥʘ ʵʢʩʪʨʝʤʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʱʝʣʦʯʠ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʧʦʣʫʯʘʝʤʳʡ ʚʘʥʠʣʠʥ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ.  

Å ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʩʪʨʳ ʣʴʥʘ ʥʘ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ (ʧʨʠ 

ʚʪʨʦʝ ʙʦʣʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʥʠʢʝʣʷ ʠ ʮʝʥʝ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʫʪʝʥʠʝʤ) ʥʘ ʉʠʙʫʥʠʪʝ ʧʨʦʪʝʢʘʝʪ ʩʪʦʣʴ ʞʝ ʵʬʬʝʢʪʠʚʥʦ, ʢʘʢ ʠ ʥʘ ʨʫʪʝʥʠʝʚʳʭ.  

Å ʀʥʜʠʚʠʜʫʘʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʧʦʣʫʯʘʝʤʳʤ ʠʟ ʣʠʛʥʠʥʘ ʢʦʩʪʨʳ ʣʴʥʘ ʥʘ 

ʥʠʢʝʣʝʚʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʳʭʦʜʦʤ, ʦʢʘʟʳʚʘʝʪʩʷ ʛʚʘʷʮʠʣʧʨʦʧʘʥʦʣ. 

ɼʣʷ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʢʠʥʝʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ.  

Å ʇʨʦʚʝʜʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʪʨʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʢʦʩʪʨʳ ʣʴʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʠʢʝʣʴ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʢʦʩʪʨʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʛʠʜʨʘʟʠʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʪʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʫʙʩʪʨʘʪʘ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪ.ʝ. ʧʨʠʙʣʠʞʘʝʪ ʩʠʩʪʝʤʫ ʢ ʢʠʥʝʪʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

4.7  ʃʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʧʨʠʨʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ: ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʜʨʝʚʝʩʥʦʡ ʙʠʦʤʘʩʩʳ ʠ 

ʠʩʢʦʧʘʝʤʳʭ ʫʛʣʝʡ ʚ ʮʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ, ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

ʂʘʜʨʦʚʳʡ ʩʦʩʪʘʚ: ʚʩʝʛʦ ʩʦʪʨʫʜʥʠʢʦʚ ï 19, ʠʟ ʥʠʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ï 15. 

ɼʦʢʪʦʨʦʚ ʥʘʫʢ ï 3, ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ï 8, ʩʦʪʨʫʜʥʠʢʦʚ ʜʦ 39 ʣʝʪ ï 6. 

ʇʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

¶ ɻʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ Varian-450 (Varian, ʉʐɸ)  

¶ UV-Vis ʩʢʘʥʠʨʫʶʱʠʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ (Leki Instruments, Finland, 220-1100 

ʥʤ)  

¶ ɻʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ ʂʨʠʩʪʘʣʣ 2000 (ʍʨʦʤʘʪʵʢ, ʈʦʩʩʠʷ)  

¶ ʍʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʪʨʦʡʥʳʤ ʢʚʘʜʨʫʧʦʣʝʤ 7000ɸ GS/MS (Agilent)  

¶ ɸʥʘʣʠʟʘʪʦʨ ʞʠʜʢʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ "ʌʣʶʦʨʘʪ-02-4ʄ" 

ʩ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʤ ʢʶʚʝʪʦʜʝʨʞʘʪʝʣʝʤ (ʎʂʇ)  

¶ ʍʨʦʤʘʪʦʛʨʘʬ ʛʘʟʦʚʳʡ "ʍʨʦʤʘʪʵʢ - ʂʨʠʩʪʘʣʣ 5000"  
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¶ ʈʝʘʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʪʠʧʘ R-201(300 ʤʣ.) Chem.Re.SYStem 

(ʈʝʩʧʫʙʣʠʢʘ ʂʦʨʝʷ)  

¶ ʈʝʘʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʪʠʧʘ Autoclave Engineers (Cʐɸ)  

¶ ʃʠʦʬʠʣʴʥʘʷ ʩʫʰʢʘ ʀʅɽʁ-6 

¶ ʎʝʥʪʨʠʬʫʛʘ Ohaus Frontier 5718  

¶ ʈʝʘʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʪʠʧʘ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ R-201 

(ʦʙʲʝʤ ʨʝʘʢʪʦʨʦʚ 2000 ʠ 3000 ʤʣ.) REXO Eng.Inc. (ʈʝʩʧʫʙʣʠʢʘ ʂʦʨʝʷ)  

¶ ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʚʘʥʥʘ GRAD 13-35 (LLC Grad Ultrasonic Technology, 

Russia) 

ʇʨʦʝʢʪʳ ʠ ʛʨʘʥʪʳ: 

¶ ʇʨʦʝʢʪ ʈʅʌ ˉ 21-13-00250 çʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʜʨʝʚʝʩʥʦʡ ʙʠʦʤʘʩʩʳè, ʨʫʢʦʚʦʜʠʪʝʣʴ - ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ɹ.ʅ. 

ʂʫʟʥʝʮʦʚ. 

ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʥʘ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʮʝʣʣʶʣʦʟʫ, ʢʩʠʣʦʟʫ, ʤʝʪʦʢʩʠʬʝʥʦʣʳ, ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ 

ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʭ ʦʙʨʘʙʦʪʦʢ ʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʘ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ 

Ru/ʫʛʣʝʨʦʜ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʤʝʪʦʜʘ ʫʜʘʣʝʥʠʷ ʛʝʤʠʮʝʣʣʶʣʦʟ ʠʟ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ï 

ʢʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʜʦ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ʠ ʱʝʣʦʯʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʚ ʚʠʜʝ ʢʩʠʣʘʥʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʱʝʣʦʯʥʳʝ ʠ ʢʠʩʣʦʪʥʳʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʷʪ ʢ ʫʜʘʣʝʥʠʶ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʛʝʤʠʮʝʣʣʶʣʦʟ ʠʟ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʠ ʢ ʧʦʚʳʰʝʥʠʶ ʜʦʣʠ 

ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ ʚ ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝʩʠʥʝ. ʋʜʘʣʝʥʠʝ ʛʝʤʠʮʝʣʣʶʣʦʟ ʧʫʪʝʤ 

ʢʠʩʣʦʪʥʦʡ ʠʣʠ ʱʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜ ʞʠʜʢʠʭ, 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʚ ʩʨʝʜʝ 

ʵʪʘʥʦʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 225 Üʉ. ɹʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ Ru/ʫʛʣʝʨʦʜ 

ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʜʨʝʚʝʩʠʥʳ, ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʢʠʩʣʦʪʦʡ. ɺ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʚʝʨʩʠʷ ʜʨʝʚʝʩʠʥʳ ʠ ʚʳʭʦʜ ʞʠʜʢʠʭ 

ʧʨʦʜʫʢʪʦʚ, ʘ ʚʳʭʦʜ ʪʚʝʨʜʳʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʥʠʞʘʝʪʩʷ.  

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ɻʍ-ʄʉ, ɻʍ, ɻʇʍ, ʀʂʉ, 

ʈʌɸ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɾʠʜʢʠʝ ʧʨʦʜʫʢʪʳ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʩʭʦʜʥʦʡ ʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ 

ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʠ ʤʝʥʴʰʝ ʢʠʩʣʦʨʦʜʘ, ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ 

ʠʩʭʦʜʥʦʡ ʜʨʝʚʝʩʠʥʳ. ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ 

ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʘʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʜʨʝʚʝʩʠʥʳ, ʧʦʜʚʝʨʛʥʫʪʦʛʦ 

ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʫʪʝʥʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʘ 

ʪʘʢʞʝ ʱʝʣʦʯʥʳʝ ʠ ʢʠʩʣʦʪʥʳʝ ʦʙʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ. ʈʫʪʝʥʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

ʩʤʝʱʘʝʪ  ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʫʶ ʦʙʣʘʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚ ʥʠʭ ʩʦʜʝʨʞʘʥʠʝ ʤʦʥʦʤʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ,  ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 4-ʧʨʦʧʠʣʩʠʨʠʥʛʦʣʘ ʠ 4-ʧʨʦʧʘʥʦʣʩʠʨʠʥʛʦʣʘ.  
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ʇʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʦʡ ʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ, ʥʘʨʷʜʫ ʩ 

ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʣʠʛʥʠʥʘ, ʧʨʦʪʝʢʘʶʪ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʝʥʠʷ ʜʨʝʚʝʩʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥʘ, ʵʬʠʨʦʚ, ʩʧʠʨʪʦʚ, ʢʝʪʦʥʦʚ, 

ʤʦʥʦʩʘʭʘʨʠʜʦʚ. ʆʜʥʘʢʦ ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, 

ʯʝʤ ʤʝʪʦʢʩʠʬʝʥʦʣʦʚ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ. ʊʚʝʨʜʳʡ ʧʨʦʜʫʢʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ, ʧʦʜʚʝʨʛʥʫʪʦʡ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʩʦʜʝʨʞʠʪ 95 ʤʘʩ.% ʮʝʣʣʶʣʦʟʳ, 3,8ʤʘʩ.% ʣʠʛʥʠʥʘ ʠ 1,2 ʤʘʩ.% ʛʝʤʠʮʝʣʣʶʣʦʟ ʠ ʠʤʝʝʪ 

ʠʥʜʝʢʩ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (0,74), ʘʥʘʣʦʛʠʯʥʳʡ ʦʙʨʘʟʮʫ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ. ʇʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʜʨʝʚʝʩʠʥʳ, ʚ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ CO ʠ ʉʅ4 ʠ ʩʥʠʞʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʉʆ2, ʚʝʨʦʷʪʥʦ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʛʠʜʨʦʣʠʟʘ ʩʣʦʞʥʦʵʬʠʨʥʳʭ 

ʩʚʷʟʝʡ ʣʠʛʥʠʥʘ ʠ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʤʝʪʦʢʩʠʬʝʥʦʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʠʛʥʠʥʘ.  

ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʨʘʙʦʪʢʫ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʠʦʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʥʘ ʢʩʠʣʦʟʫ, ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʮʝʣʣʶʣʦʟʫ ʠ 

ʵʥʪʝʨʦʩʦʨʙʝʥʪʳ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʛʝʪʝʨʦʛʝʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʠʩʣʦʪʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʠ ʧʝʨʦʢʩʠʜʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ. ɻʠʜʨʦʣʠʟ ʛʝʤʠʮʝʣʣʶʣʦʟ ʜʨʝʚʝʩʠʥʳ 

(ʬʨʘʢʮʠʷ 0,1-0,25ʤʤ.) ʚ ʢʩʠʣʦʟʫ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʚʝʨʜʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ AmberlystÈ 15. ɺ ʦʪʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʛʠʜʨʦʣʠʟ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʚ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʪʝʢʘʝʪ. 

ɼʨʝʚʝʩʠʥʘ, ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʛʝʤʠʮʝʣʣʶʣʦʟ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʝʨʦʢʩʠʜʥʦʡ 

ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʚ ʩʨʝʜʝ çʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ ï ʚʦʜʘè ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʚʝʨʜʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ TiO2 ʩ ʧʦʣʫʯʝʥʠʝʤ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ (ʄʂʎ) ʠ 

ʨʘʩʪʚʦʨʠʤʦʛʦ ʦʨʛʘʥʦʩʦʣʴʚʝʥʪʥʦʛʦ ʣʠʛʥʠʥʘ. ɺ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʮʝʩʩʘ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ (100 Áʉ, ʅ2ʆ2 ï 7,2 ʤʘʩ.%, ʅʉʆʆʅ ï 37,8 ʤʘʩ.%, 

ʛʠʜʨʦʤʦʜʫʣʴ 15, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 4 ʯ) ʚʳʭʦʜ ʄʂʎ ʜʦʩʪʠʛʘʝʪ 64,5 % ʠ 

ʦʨʛʘʥʦʩʦʣʴʚʝʥʪʥʦʛʦ ʣʠʛʥʠʥʘ 11,5 % ʦʪ ʤʘʩʩʳ ʧʨʝʜʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ. 

ʕʢʩʪʨʘʢʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʦʨʛʘʥʦʩʦʣʴʚʝʥʪʥʦʛʦ ʣʠʛʥʠʥʘ ʧʦʣʫʯʝʥʳ ʵʥʪʝʨʦʩʦʨʙʝʥʪʳ, 

ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦ ʤʝʪʠʣʝʥʦʚʦʤʫ ʩʠʥʝʤʫ ʠ ʞʝʣʘʪʠʥʫ ʚ 2 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʵʥʪʝʨʦʩʦʨʙʝʥʪʘ çʇʦʣʠʬʝʧʘʥè. ʇʨʦʜʫʢʪʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ (ʀʂʉ, 

ʈʌɸ, ʉʕʄ, ɻʍ) ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʎʝʣʣʶʣʦʟʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʝʨʦʢʩʠʜʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʜʝʨʞʠʪ 

ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʳʭ ʛʝʤʠʮʝʣʣʶʣʦʟ ʠ ʣʠʛʥʠʥʘ: 4.8 ʠ 1.8 ʤʘʩ.% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʠʥʜʝʢʩ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʮʝʣʣʶʣʦʟʳ ʩʦʩʪʘʚʣʷʝʪ 0.70. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʠʟ 

ʧʨʝʜʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʮʝʣʣʶʣʦʟʳ, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʝ. ʆʨʛʘʥʦʩʦʣʴʚʝʥʪʥʳʡ ʣʠʛʥʠʥ, ʧʦʣʫʯʝʥʥʳʡ ʚ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʨʦʢʩʠʜʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ʩʚʝʪʣʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʧʣʦʪʥʦʩʪʴʶ 1.23 ʛ/ʩʤ3, ʩʨʝʜʥʝʚʝʩʦʚʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 1702 

ɼʘ ʩʪʝʧʝʥʴʶ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ 2.11, ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 29.8 ʤ2/ʛ, ʦʙʱʠʤ 
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ʦʙʲʝʤʦʤ ʧʦʨ  0.012 ʩʤ3/ʛ,  ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 3.7 ʥʤ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʦʩʦʣʴʚʝʥʪʥʦʛʦ ʣʠʛʥʠʥʘ ʵʬʬʝʢʪʠʚʥʳʭ ʵʥʪʝʨʦʩʦʨʙʝʥʪʦʚ, 

ʠʤʝʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʚʝʪʝʨʠʥʘʨʠʠ.   

ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʠʦʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ 

ʙʝʨʝʟʳ ʥʘ ʢʩʠʣʘʥ, ʢʩʠʣʦʟʫ, ʣʝʚʫʣʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʵʥʪʝʨʦʩʦʨʙʝʥʪʳ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʱʝʣʦʯʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʥʘ ʢʩʠʣʘʥ ʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʫ, 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʥʘ ʮʝʣʣʶʣʦʟʫ ʠ ʵʪʘʥʦʣʣʠʛʥʠʥ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʣʠʟʘ ʢʩʠʣʘʥʘ ʜʦ ʢʩʠʣʦʟʳ ʠ ʮʝʣʣʶʣʦʟʳ ʜʦ ʣʝʚʫʣʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʧʦʣʫʯʝʥʠʷ ʵʥʪʝʨʦʩʦʨʙʝʥʪʦʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʵʪʘʥʦʣʣʠʛʥʠʥʘ. 

ʇʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʮʝʣʴʶ ʧʦʜʙʦʨʘ ʫʩʣʦʚʠʡ ʠʭ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʢʩʠʣʦʟʳ, ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʵʥʪʝʨʦʩʦʨʙʝʥʪʦʚ. ʇʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʜʨʝʚʝʩʠʥʳ 4 % ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʦʩʘʞʜʝʥʠʷ ʵʪʘʥʦʣʦʤ ʧʦʣʫʯʝʥ ʢʩʠʣʘʥ ʩ ʚʳʭʦʜʦʤ 23 % ʦʪ ʤʘʩʩʳ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʡ 

ʜʨʝʚʝʩʠʥʳ (82,4 % ʦʪ ʤʘʩʩʳ ʛʝʤʠʮʝʣʣʶʣʦʟ ʚ ʜʨʝʚʝʩʠʥʝ) ʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʡ 

ʧʨʦʜʫʢʪ ʩ ʚʳʭʦʜʦʤ 67,5 %  ʦʪ ʤʘʩʩʳ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ. ʕʢʩʪʨʘʢʮʠʦʥʥʦʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʮʝʣʣʶʣʦʟʫ ʠ ʨʘʩʪʚʦʨʠʤʳʡ 

ʵʪʘʥʦʣʣʠʛʥʠʥ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʡ ʩʨʝʜʝ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʪʨʘʢʮʠʠ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ 190ϊʉ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 3 ʯ. ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 51,4 ʤʘʩ.%  

ʮʝʣʣʶʣʦʟʥʳʡ ʧʨʦʜʫʢʪ, ʩʦʜʝʨʞʘʱʠʡ 93,3 ʤʘʩ.% ʮʝʣʣʶʣʦʟʳ ʠ 3,4 ʤʘʩ.% ʦʩʪʘʪʦʯʥʦʛʦ 

ʣʠʛʥʠʥʘ, ʘ ʪʘʢʞʝ ʵʪʘʥʦʣʣʠʛʥʠʥ ʩ ʚʳʭʦʜʦʤ 16,8 ʤʘʩ.%. ɻʠʜʨʦʣʠʟ ʢʩʠʣʘʥʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 130 ʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʚʝʨʜʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ Amberlyst 15 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʩʠʣʦʟʫ  ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

ʬʫʨʬʫʨʦʣʘ. ɺʳʩʦʢʠʡ ʚʳʭʦʜ ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (31,0 ʤʘʩ.%) ʧʦʣʫʯʝʥ ʧʨʠ 

ʩʝʨʥʦʢʠʩʣʦʤ ʛʠʜʨʦʣʠʟʝ ʮʝʣʣʶʣʦʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʮʝʩʩʘ 180 Áʉ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 2 ʯ. ʇʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʵʪʘʥʦʣʣʠʛʥʠʥʘ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ 0,4 % 

NaHCO3 ʠʣʠ ʢʠʧʷʱʝʡ ʚʦʜʦʡ ʧʦʣʫʯʝʥʳ ʵʥʪʝʨʦʩʦʨʙʝʥʪʳ, ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ çʇʦʣʠʬʝʧʘʥè. ʇʦʣʫʯʝʥʥʳʝ 

ʠʟ ʜʨʝʚʝʩʠʥʳ ʧʨʦʜʫʢʪʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂʉ, ʗʄʈ, ʈʌɸ, ɹʕʊ, ʉʕʄ, 

ɺʕɾʍ, ɻʍ, ɻʇʍ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʨʘʙʦʪʢʫ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʠʦʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʚ ʤʠʢʨʦʬʠʙʨʠʣʣʠʨʦʚʘʥʥʫʶ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʮʝʣʣʶʣʦʟʳ, ʢʩʠʣʦʟʫ ʠ ʵʥʪʝʨʦʩʦʨʙʝʥʪʳ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʛʝʪʝʨʦʛʝʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠ ʧʝʨʦʢʩʠʜʥʦʡ 

ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ. ɻʠʜʨʦʣʠʟ ʛʝʤʠʮʝʣʣʶʣʦʟ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ÁC 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʚʝʨʜʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ZrO2/SO4 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʩʠʣʦʟʫ ʩ ʚʳʭʦʜʦʤ 72,5% ʦʪ ʤʘʩʩʳ ʛʝʤʠʮʝʣʣʶʣʦʟ ʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʡ ʧʨʦʜʫʢʪ, 

ʩʦʜʝʨʞʘʱʠʡ (% ʤʘʩ.): 61,2 ʮʝʣʣʶʣʦʟʳ, 27,3 ʣʠʛʥʠʥʘ ʠ 9,5 ʛʝʤʠʮʝʣʣʶʣʦʟ. ʆʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʦʢʩʠʜʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ 

ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʚ ʩʨʝʜʝ çʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ-ʚʦʜʘè ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

TiO2, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ (41.2 % ʦʪ ʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ) 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ (ʄʂʎ). ʇʫʪʝʤ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʄʂʎ ʧʦʣʫʯʝʥʳ ʤʠʢʨʦʬʠʙʨʠʣʣʠʨʦʚʘʥʥʘʷ ʮʝʣʣʶʣʦʟʘ 
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(ʄʌʎ) ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʮʝʣʣʶʣʦʟʘ (ʅʂʎ) ʩ ʚʳʭʦʜʦʤ 27,7 ʤʘʩ.% ʠ 10,9 ʤʘʩ.%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʥʪʝʨʦʩʦʨʙʝʥʪʳ ʩ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʦʨʛʘʥʦʩʦʣʴʚʝʥʪʥʦʛʦ ʣʠʛʥʠʥʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ 

ʧʝʨʦʢʩʠʜʥʦʡ ʜʝʣʠʛʥʠʬʠʢʘʮʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ ʙʝʨʝʟʳ. ʄʠʢʨʦʬʠʙʨʠʣʣʠʨʦʚʘʥʥʘʷ 

ʮʝʣʣʶʣʦʟʘ  ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʮʝʣʣʶʣʦʟʘ ʠʤʝʶʪ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 121 ʠ 

98, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʄʂʎ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʦʪ 30 ʜʦ 

300 ʤʢʤ). ɼʣʷ ʦʙʨʘʟʮʘ ʄʌʎ ʭʘʨʘʢʪʝʨʝʥ  ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ï ʦʪ 55 

ʜʦ 173 ʥʤ. ʠ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 91,3 ʥʤ. ɺ ʩʣʫʯʘʝ ʦʙʨʘʟʮʘ ʅʌʎ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʥʘʥʦʚʦʣʦʢʦʥ ʨʘʚʝʥ  30,8 ʥʤ. ɺʦʜʥʳʝ ʩʫʩʧʝʥʟʠʠ  ʄʌʎ ʠ ʅʂʎ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ɕ-ʧʦʪʝʥʮʠʘʣʘ ï 24,4 ʤɺ ʠ -30,3 ʤɺ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʩʫʣʴʬʘʪʥʳʭ ʛʨʫʧʧ ʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ  ʀʂʉ, ʈʌɸ, ʉʕʄ, ɻʇʍ, 

ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ.   

ʄʝʪʦʜʘʤʠ
31
ʈ-ʗʄʈ, ɻʇʍ, ʉʕʄ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʫʯʝʥʳ ʩʦʩʪʘʚ ʠ 

ʩʪʨʦʝʥʠʝ ʵʪʘʥʦʣʠʛʥʠʥʦʚ ʭʚʦʡʥʦʡ (ʧʠʭʪʘ, ʩʦʩʥʘ) ʠ ʣʠʩʪʚʝʥʥʦʡ (ʦʩʠʥʘ, ʙʝʨʝʟʘ) 

ʜʨʝʚʝʩʠʥʳ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʪʝʣʦʤʝʨʠʟʘʮʠʠ 1,3-ʙʫʪʘʜʠʝʥʦʤ. ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ ʵʪʘʥʦʣʣʠʛʥʠʥʦʚ: ʙʝʨʝʟʳ < 

ʦʩʠʥʳ < ʩʦʩʥʳ < ʧʠʭʪʳ. ɼʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʵʪʘʥʦʣʣʠʛʥʠʥʦʚ ʚʧʝʨʚʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʝʘʢʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʪʝʣʦʤʝʨʠʟʘʮʠʠ ʩ 1,3-ʙʫʪʘʜʠʝʥʦʤ ʧʨʠ 70Áʉ ʠ 

90Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʜʠʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ (II) ʩ ʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ 

ʪʨʠʩʫʣʴʬʘʪʘʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʵʪʘʥʦʣʣʠʛʥʠʥʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʦʭʨʘʥʝʥʠʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 70 

Üʉ ʠ 90Üʉ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʆʅ-ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʠ 

ʪʝʣʦʤʝʨʠʟʘʮʠʠ ʩ 1,3-ʙʫʪʘʜʠʝʥʦʤ. ʆ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʪʝʣʦʤʝʨʠʟʘʮʠʠ ʩʫʜʠʣʠ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʠʩʭʦʜʥʳʭ ʵʪʘʥʦʣʣʠʛʥʠʥʘʭ ʠ ʧʨʦʜʫʢʪʘʭ ʠʭ 

ʪʝʣʦʤʝʨʠʟʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʪʝʣʦʤʝʨʠʟʘʮʠʠ ʣʠʛʥʠʥʘ  ʫʯʘʩʪʚʫʶʪ 

ʪʦʣʴʢʦ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʠ ʬʝʥʦʣʴʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʊʝʣʦʤʝʨʠʟʘʮʠʷ 

ʵʪʘʥʦʣʣʠʛʥʠʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʩʨʝʜʥʶʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʠ ʩʥʠʞʘʝʪ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ. ʄʦʨʬʦʣʦʛʠʷ ʪʝʣʦʤʝʨʠʟʦʚʘʥʥʳʭ ʠ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ 

ʵʪʘʥʦʣʣʠʛʥʠʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ.  

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʮʝʣʣʶʣʦʟʥʳʭ ʘʵʨʦʛʝʣʝʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʮʝʣʣʶʣʦʟ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʠ ʭʣʦʧʢʘ ʚ ʩʨʝʜʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠ ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʠʭ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʥʝʪʦʢʩʠʯʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʩʫʣʴʬʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ-ʤʦʯʝʚʠʥʘ. ʇʨʦʜʫʢʪʳ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʮʝʣʣʶʣʦʟʥʳʭ 

ʘʵʨʦʛʝʣʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʮʝʣʣʶʣʦʟ ʙʝʨʝʟʳ ʠ ʭʣʦʧʢʘ, ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, 

ʧʨʠʯʝʤ ʠʭ ʚʳʭʦʜ ʠ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ 

ʮʝʣʣʶʣʦʟ. ʇʫʪʝʤ ʩʫʰʢʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʮʝʣʣʶʣʦʟʥʳʭ 

ʘʵʨʦʛʝʣʝʡ ʧʦʣʫʯʝʥʳ ʛʣʘʜʢʠʝ ʠ ʧʨʦʟʨʘʯʥʳʝ ʧʣʝʥʢʠ. ɽʩʣʠ ʧʨʠ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʠ 

ʠʩʭʦʜʥʳʭ ʮʝʣʣʶʣʦʟ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 Üʉ ʩʪʝʧʝʥʴ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 

0.68, ʪʦ ʚ ʩʣʫʯʘʝ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʮʝʣʣʶʣʦʟʥʳʭ ʘʵʨʦʛʝʣʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʩʪʝʧʝʥʴ 
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ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ 1,01 ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90 Áʉ. ʅʘʙʣʶʜʘʝʤʘʷ ʧʦʚʳʰʝʥʥʘʷ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʮʝʣʣʶʣʦʟʥʳʭ ʘʵʨʦʛʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʮʝʣʣʶʣʦʟʘʤʠ ʦʙʫʩʣʦʚʣʝʥʘ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʘʪʘʢʠ ʩʫʣʴʬʘʪʠʨʫʶʱʠʤ ʨʝʘʛʝʥʪʦʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʟʘ ʩʯʝʪ 

ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʵʨʦʛʝʣʝʡ. ʉʪʨʦʝʥʠʝ ʠ ʤʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʵʨʦʛʝʣʝʡ ʠ 

ʧʣʝʥʦʢ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʉʕʄ ʠ ɸʉʄ. ɸʵʨʦʛʝʣʴ ʠʟ ʮʝʣʣʶʣʦʟʳ 

ʙʝʨʝʟʳ (ɸʎɹ) ʠʤʝʝʪ ʩʝʪʯʘʪʫʶ ʤʠʢʨʦʬʠʙʨʠʣʣʠʨʦʚʘʥʥʫʶ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ 

ʘʵʨʦʛʝʣʴ ʠʟ ʮʝʣʣʶʣʦʟʳ ʭʣʦʧʢʘ (ɸʎʍ) ï ʛʫʙʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʙʦʣʴʰʝ ʧʦʣʦʩʪʝʡ ʠ ʪʨʝʱʠʥ, ʯʝʤ ʚ ʦʙʨʘʟʮʝ ɸʎʍ. ʇʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ 

ʦʩʥʦʚʝ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʦʛʦ ɸʎɹ ʩʬʦʨʤʠʨʦʚʘʥʘ ʯʘʩʪʠʮʘʤʠ ʜʣʠʥʦʡ 100-200 ʥʤ ʠ 

ʰʠʨʠʥʦʡ 50-70 ʥʤ, ʘ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʦʛʦ ɸʎʍ ï ʯʘʩʪʠʮʘʤʠ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʜʠʘʤʝʪʨʦʤ 70 -100 ʥʤ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ ʮʝʣʣʶʣʦʟʥʳʭ ʧʣʝʥʦʢ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʤʝʜʠʮʠʥʝ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʳʭ ʧʦʢʨʳʪʠʡ.  

ʀʟʫʯʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ, 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦʟʳ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʪʚʝʨʜʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ 

ʦʩʥʦʚʝ  Al2O3-B2O3  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 180 ʠ 215 Á C. ɸʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʚʳʰʝ, ʯʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʘʥʘʣʦʛʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ (ʚ 2,5 ʨʘʟʘ ʙʳʩʪʨʝʝ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʛʣʶʢʦʟʳ ʠ ʚ 

4,4 ʨʘʟʘ ʙʳʩʪʨʝʝ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 5-ɻʄʌ). ʈʝʛʝʥʝʨʘʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʦʤʳʚʢʦʡ ʚʦʜʦʡ. ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (4 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣʘ) ʦʙʱʠʡ ʚʳʭʦʜ ʛʣʶʢʦʟʳ ʠ 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʘ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 15% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʮʠʢʣʦʤ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʛʣʶʢʦʟʳ ʚ 5-ɻʄʌ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 Áʉ ʠ ʥʝ 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʝʘʢʮʠʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʣʝʚʫʣʠʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʢʘʢ 

ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʆʙʩʫʞʜʝʥʘ ʨʦʣʴ 

ʣʴʶʠʩʦʚʩʢʠʭ ʠ ʙʨʝʥʩʪʝʜʦʚʩʢʠʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʶʣʦʟʳ 

ʩ ʫʯʘʩʪʠʝʤ ʪʚʝʨʜʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

¶ ʇʨʦʝʢʪ ʈʌʌʀ-ʂʂʌʇʅʠʅʊɼ ˉ 20-43-242904 (ʨ_ʤʢ) çʈʘʟʨʘʙʦʪʢʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʨʙʝʥʪʦʚ ʠ ʩʚʷʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚè, ʨʫʢʦʚʦʜʠʪʝʣʴ - ʜ.ʭ.ʥ., 

ʧʨʦʬʝʩʩʦʨ ɹ.ʅ. ʂʫʟʥʝʮʦʚ. 

ɺʳʧʦʣʥʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʘ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʧʦ ʩʦʟʜʘʥʠʶ ʦʩʥʦʚ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʤʥʦʛʦʪʦʥʥʘʞʥʳʭ ʦʪʭʦʜʦʚ ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ï ʢʦʨʳ ʣʠʩʪʚʝʥʥʠʮʳ ʠ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɼʦʩʪʠʛʥʫʪʳ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʢʦʨʳ ʣʠʩʪʚʝʥʥʠʮʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ, 

ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʡ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʨʳ ʣʠʩʪʚʝʥʥʠʮʳ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʪʘʥʥʠʥʦʚ ʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 
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ʦʙʨʘʙʦʪʢʦʡ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠʟ ʢʦʨʳ ʣʠʩʪʚʝʥʥʠʮʳ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʪʦʜʘʤʠ ʀʂʉ, ʉʕʄ, 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʠ 

ʭʠʤʠʯʝʩʢʠʤʠ. 

2. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʠʜʨʦʣʠʟʥʦʛʦ 

ʣʠʛʥʠʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤ ʦʪʭʦʜʦʤ ʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʜʨʝʚʝʩʠʥʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʧʦʣʥʷʝʤʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʪʠʣʠʟʘʮʠʠ 

ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʚ ʦʩʥʦʚʥʦʤ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʣʠʛʥʦʫʛʣʷ, ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ, 

ʪʦʧʣʠʚʥʳʭ ʧʝʣʣʝʪ ʠ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʯʘʩʪʠʯʥʦʡ 

ʟʘʤʝʥʳ ʬʝʥʦʣʘ ʚ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʩʤʦʣʘʭ ʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʜʦʙʨʝʥʠʡ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʥʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʝʛʦ ʱʝʣʦʯʥʦʡ ʠ ʧʝʨʦʢʩʠʜʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʆʙʨʘʟʮʳ ʠʩʭʦʜʥʦʛʦ 

ʠ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂʉ, ʉʕʄ, ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʠʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʝʡ ʘʟʦʪʘ (ɹʕʊ).  

3. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʧʦʣʫʯʘʪʴ ʧʫʪʝʤ ʟʦʣʴ-ʛʝʣʴ ʢʦʥʜʝʥʩʘʮʠʠ ʩʤʝʩʝʡ ʪʘʥʥʠʥʦʚ 

ʢʦʨʳ ʣʠʩʪʚʝʥʥʠʮʳ ʠ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʬʫʨʬʫʨʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ ʧʦʨʠʩʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʪʘʥʥʠʥ-ʣʠʛʥʠʥ-ʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʠ ʪʘʥʥʠʥ-ʣʠʛʥʠʥ-

ʬʫʨʬʫʨʠʣʦʚʳʝ ʢʩʝʨʦʨʛʝʣʠ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʪʘʥʥʠʥʘ, ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ) ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʝʣʝʡ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂʉ, ʉʕʄ, 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ (ɹʕʊ). ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʩʦʚʤʝʩʪʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʢʦʨʳ ʣʠʩʪʚʝʥʥʠʮʳ ʠ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ 

ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʝʣʝʡ 

ʠ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

4. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʮʝʧʪʫʨʳ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦʙʘʚʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʣʠʟʥʳʭ ʣʠʛʥʠʥʦʚ ʠ ʠʟʫʯʝʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʝ, 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠ ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʛʣʠʥʦʧʦʣʠʤʝʨʥʳʭ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʚʦʜʥʦʡ ʦʩʥʦʚʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʦʢ ʚ ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʞʠʞʘʶʱʠʡ ʵʬʬʝʢʪ. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʨʦʚʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʠʛʥʠʥʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʩʚʦʡʩʪʚʘʤʠ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛʥʠʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʜʦʨʦʛʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʫʪʠʣʠʟʘʮʠʠ ʵʪʦʛʦ ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʛʦ ʦʪʭʦʜʘ. 

¶ ʇʨʦʝʢʪ ʈʌʌʀ-ʂʂʌʇʅʠʅʊɼ ˉ 20-43-243001 (ʨ_ʤʦʣ_ʘ_ʂʨʘʩʥʦʷʨʩʢ) 

çʈʘʟʨʘʙʦʪʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚè, ʨʫʢʦʚʦʜʠʪʝʣʴ - ʢ.ʭ.ʥ. ɸ.ʉ. ʂʘʟʘʯʝʥʢʦ. 

ɺʧʝʨʚʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢʩʘʥʪʘʥʘ ʠ 

ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ ʛʫʘʨʦʚʦʡ ʢʘʤʝʜʠ ʙʳʣ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 



 

63 

 

ʙʨʦʤʙʫʪʘʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʦʢʩʠʜʘ ʥʘʪʨʠʷ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ (ʙʫʪʠʣʦʚʳʡ ʵʬʠʨ ʢʩʘʥʪʘʥʘ ʠ 

ʙʫʪʠʣʦʚʳʡ ʵʬʠʨ ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ) ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ, ʟʘʪʝʤ 

ʨʘʩʪʠʨʘʣʠ ʜʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʤʳʚʘʣʠ ʵʪʘʥʦʣʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʚʝʱʝʩʪʚ. ʉ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʜʫʢʪʘʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ (ʤʘʩ.%) ʉ, ʅ, ʆ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʙʳʣʦ ʚʟʷʪʦ ʵʣʝʤʝʥʪʘʨʥʦʝ ʟʚʝʥʦ ʢʩʘʥʪʘʥʘ ʠʣʠ 

ʵʣʝʤʝʥʪʘʨʥʦʝ ʟʚʝʥʦ ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ ʛʫʘʨʦʚʦʡ ʢʘʤʝʜʠ (ʜʣʷ ʙʫʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 

ʢʩʘʥʪʘʥʘ ʠʣʠ ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʩʪʝʧʝʥʠ 

ʟʘʤʝʱʝʥʠʷ ʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʢʩʘʥʪʘʥʘ ʠʣʠ ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ 

ʛʫʘʨʦʚʦʡ ʢʘʤʝʜʠ. ɼʣʷ ʢʩʘʥʪʘʥʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʟʘʤʝʱʝʥʠʷ (15.2 %) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʘʣʘʢʪʦʤʘʥʥʘʥʦʤ (34%), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ 

ʙʦʣʝʝ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʩʘʥʪʘʥʘ, ʯʝʤ ʫ ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʩʪʝʨʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʟʘʪʨʫʜʥʷʶʱʠʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʛʝʥʪʦʚ ʩ ʨʝʘʢʮʠʦʥʦʩʧʦʩʦʙʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ 

ʟʘʤʝʱʝʥʠʷ ʜʣʷ ʙʫʪʠʣʦʚʳʭ ʵʬʠʨʦʚ, ʢʘʢ ʢʩʘʥʪʘʥʘ, ʪʘʢ ʠ ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ ʛʫʘʨʦʚʦʡ 

ʢʘʤʝʜʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʅʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ï ʢʨʘʭʤʘʣʘ 

ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʧʨʦʮʝʩʩʘ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʫʣʴʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩ ʧʦʤʦʱʴʶ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʥʳʭ ʛʨʫʧʧ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʤʦʯʝʚʠʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʨʦʮʝʩʩʘ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʉʫʣʴʬʘʪʠʨʦʚʘʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʢʨʘʭʤʘʣʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʘ 

ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ɼʄʉʆ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʯʝʚʠʥʳ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʏʠʩʣʝʥʥʫʶ 

ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʘ ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Statgraphics Centurion XVI. ʇʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʢʘʢ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʥʦ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʘʭʤʘʣʴʥʳʝ ʬʨʘʢʮʠʠ ʥʝ ʪʦʣʴʢʦ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ, ʥʦ ʪʘʢʞʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʙʦʣʝʝ 

ʙʳʩʪʨʫʶ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʫʣʴʬʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ, ʩʦ ʚʨʝʤʝʥʝʤ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ, ʢʦʪʦʨʳʡ ʫʜʘʣʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʜʠʘʣʠʟʥʦʡ ʦʯʠʩʪʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʝʥʳ ʜʚʘ ʬʘʢʪʦʨʘ: X1 - 
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ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ, 
ʦ
C; ʍ2 - ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ, ʯʘʩ. 

ʈʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʘ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ: Y1 - 

ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʦʤ ʢʨʘʭʤʘʣʝ, ʤʘʩ. %. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ (Y1) ʦʪ ʧʝʨʝʤʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ 

ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʛʨʝʩʩʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʦʣʫʯʝʥʠʷ ʩʫʣʴʬʘʪʦʚ ʢʨʘʭʤʘʣʘ (ʚ ʨʘʤʢʘʭ ʧʨʠʥʷʪʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʧʨʦʜʫʢʪʝ ʨʝʘʢʮʠʠ, ʷʚʣʷʶʪʩʷ: 

ʪʝʤʧʝʨʘʪʫʨʘ 87,1 
ʦ
ʉ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 2,7 ʯʘʩʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʙʫʪʠʣʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʢʩʘʥʪʘʥʘ ʠ ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ ʛʫʘʨʦʚʦʡ 

ʢʘʤʝʜʠ ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʮʝʚʪʠʢʝ ï ʢʘʢ ʙʝʟʦʧʘʩʥʳʝ 

ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʣʝʥʢʠ ʠ ʦʙʦʣʦʯʢʠ ʪʘʙʣʝʪʦʢ, ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ï ʢʘʢ ʥʝʪʦʢʩʠʯʥʳʝ 

ʜʦʙʘʚʢʠ ʢ ʢʣʝʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʢʨʘʭʤʘʣʘ ʠʤʝʶʪ 

ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʦʛʦ ʠ 

ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʚʘʨʬʘʨʠʥʫ ʠ ʛʝʧʘʨʠʥʫ). 

 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ: ʆʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ 

ʟʘʨʫʙʝʞʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʪʝʤʘʪʠʢʘʤ: 

¶ ʄʅʆ çʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʚ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳè ʩʦʚʤʝʩʪʥʦ 

ʩ ʀʂ ʉʆ ʈɸʅ, ʉʌʋ, ʅʎʅʀ (ʇʘʨʠʞ, ʌʨʘʥʮʠʷ), ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʂʣʦʜʘ ɹʝʨʥʘʨʘ (ʃʠʦʥ, 

ʌʨʘʥʮʠʷ), ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʉʪʨʘʩʙʫʨʛʘ (ʉʪʨʘʩʙʫʨʛ, ʌʨʘʥʮʠʷ). 
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5. ʅɸʋʏʅʆ-ʆʈɻɸʅʀɿɸʎʀʆʅʅɸʗ ɼɽʗʊɽʃʔʅʆʉʊʔ 

5.1. ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ɺ ʨʘʤʢʘʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʄʦʥʛʦʣʠʝʡ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʛʨʘʥʪʫ ʢʦʥʢʫʨʩʘ 

ʧʨʦʝʢʪʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʦʛʦ ʩʦʚʤʝʩʪʥʦ ʈʌʌʀ ʠ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʢʫʣʴʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ ʠ ʩʧʦʨʪʘ ʄʦʥʛʦʣʠʠ: ʄʦʥʛ_ʪ ˉ19-53-

44001\19 çʉʦʟʜʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʧʨʦʮʝʩʩʘ ʩʦʣʴʚʝʥʪʥʦʡ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʫʛʣʝʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʣʠʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚè 2019-2022 ʛʛ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʧʨʦʝʢʪʘ: ʜ.ʭ.ʥ., ʧʨʦʬ. ʇ.ʅ. ʂʫʟʥʝʮʦʚ (ʀʍʍʊ ʉʆ ʈɸʅ), ʛ.ʥ.ʩ. ɹ. ɸʚʠʜ 

(ʀʍʍʊ ʄɸʅ) 

ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʮʝʩʩʘ ʩʦʣʴʚʝʥʪʥʦʡ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʤʘʩʩʳ ʫʛʣʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʨʠʨʦʜʥʳʭ ʫʛʣʝʡ ʥʘ ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʩʦʣʴʚʘʪʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʩʦʟʜʘʥʠʶ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ï ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʚ 2021 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʳ 6 ʩʪʘʪʝʡ ʠ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʦʥ-ʣʘʡʥ ʫʯʘʩʪʠʝ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩ 3 ʜʦʢʣʘʜʘʤʠ. 

ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ɺʠʛʫʣʴ ɼ.ʆ. ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ ʚ VII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʳʨʴʷ ʠ ʪʦʧʣʠʚʘ (ɸʀʉʊ -

2021) ʠ ʚʳʩʪʫʧʠʣ ʩ ʫʩʪʥʳʤ ʜʦʢʣʘʜʦʤ çɺʣʠʷʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʢʠʩʣʦʪʥʦʛʦ 

ʧʨʝʜʛʠʜʨʦʣʠʟʘ ʥʘ ʧʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʢʦʩʪʨʳ ʣʴʥʘ (linum 

usitatissimum) ʚ ʚʘʥʠʣʠʥ ʠ ʮʝʣʣʶʣʦʟʫè, ʘʚʪʦʨʦʚ: ɼ.ʆ. ɺʠʛʫʣʴ, ɺ.ɽ. ʊʘʨʘʙʘʥʴʢʦ, ʂ.ʃ. 

ʂʘʡʛʦʨʦʜʦʚ, ʖ.ɺ. ʏʝʣʙʠʥʘ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 20-63-47109 çʂʦʤʧʣʝʢʩʥʘʷ 

(ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ) ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘè. 
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5.2  ʉʚʷʟʠ ʩ ʦʪʨʘʩʣʝʚʦʡ ʠ ʚʫʟʦʚʩʢʦʡ ʥʘʫʢʦʡ 

ɼʦʛʦʚʦʨʳ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

¶ ʌɻɹʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘè ʚ ʨʘʤʢʘʭ ʩʦʛʣʘʰʝʥʠʷ ʩ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ ʦʪ 

04.02.2018 ʛ. 

¶ ɼʦʛʦʚʦʨ ʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ ʀʍʍʊ ʉʆ ʈɸʅ ʠ 

ʌɻʆʋ ɺʇʆ çʂʨʘʩʥʦʷʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʦʪ 01.10.2007 ʛ. 

¶ ɼʦʛʦʚʦʨ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ ʀʍʍʊ ʉʆ ʈɸʅ ʠ ʌɻʆʋ ɺʇʆ çʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʩʣʫʞʙʳ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʜʝʣʘʤ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ, ʯʨʝʟʚʳʯʘʡʥʳʤ 

ʩʠʪʫʘʮʠʷʤ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡè ʦʪ 03.11.2010 ʛ. 

(ʙʝʩʩʨʦʯʥʦ). 

¶ ɼʦʛʦʚʦʨ ʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʦʙʫʯʘʶʱʠʭʩʷ ʤʝʞʜʫ ʀʍʍʊ ʉʆ ʈɸʅ ʠ 

ʌɻɸʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʦʪ 16.06.2021 ʛ. ˉ 107-ʤ  

(ʀʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ) ʠ ʦʪ 19.05.2021 ˉ4/80 (ʀʥʩʪʠʪʫʪ 

ʥʝʬʪʠ ʠ ʛʘʟʘ) (ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʜʦʛʦʚʦʨʦʚ 6 ʣʝʪ). 

¶ ɼʦʛʦʚʦʨ ʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʦʙʫʯʘʶʱʠʭʩʷ ʤʝʞʜʫ ʀʍʍʊ ʉʆ ʈɸʅ ʠ 

ʌɻɹʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ 

ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘè (ʉʠʙɻʋ ʠʤ. ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ) ʦʪ 10.03.2021 ʛ. ˉ 412ʣ 

(ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ). 

¶ ɼʦʛʦʚʦʨ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ ʤʝʞʜʫ ʀʍʍʊ ʉʆ ʈɸʅ ʠ 

ʂʨʘʩʥʦʷʨʩʢʠʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ï 

ʦʙʦʩʦʙʣʝʥʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ ʦʪ 06.05.2020 ʛ. ˉ10. 

¶ ʉʦʛʣʘʰʝʥʠʝ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ ʀʍʍʊ ʉʆ ʈɸʅ ʠ ʆʙʱʝʩʪʚʦʤ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ çɺʦʩʪʦʢè (ʆʆʆ çɺʦʩʪʦʢè) ʦʪ 18.03.2021 ʛ. (ʩʨʦʢ 

ʜʝʡʩʪʚʠʷ 3 ʛʦʜʘ). 

¶ ʉʦʛʣʘʰʝʥʠʝ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ ʀʍʍʊ ʉʆ ʈɸʅ ʠ ʆʙʱʝʩʪʚʦʤ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ çʋʈɸʃ ʅʝʬʪʝʧʨʦʤʳʩʣʦʚʦʝ ʆʙʦʨʫʜʦʚʘʥʠʝ ʉʝʨʚʠʩè 

(ʆʆʆ çʋʈɸʃ ʅʇʆ ʉʝʨʚʠʩè) ʦʪ 17.05.2021 ʛ. (ʩʨʦʢ ʜʝʡʩʪʚʠʷ 3 ʛʦʜʘ). 

¶ ʉʦʛʣʘʰʝʥʠʝ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚ ʮʝʣʷʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʨʘʟʚʠʪʠʠ 

ɹʀʆʕʂʆʅʆʄʀʂʀ, ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ, ʧʨʦʤʳʰʣʝʥʥʦʤ, ʢʦʤʤʫʥʘʣʴʥʦʤ, ʣʝʩʥʦʤ ʠ 

ʘʛʨʘʨʥʦʤ ʢʦʤʧʣʝʢʩʘʭ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʤʝʞʜʫ ʀʍʍʊ ʉʆ ʈɸʅ ʠ ɺʦʩʪʦʯʥʦ-

ʉʠʙʠʨʩʢʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ (ɺʉɸ ɹʊʂ) ʦʪ 29.06.2021ʛ. 

(ʜʝʡʩʪʚʫʝʪ ʜʦ 31.12.2024ʛ.). 

¶ ɼʦʛʦʚʦʨ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ ʀʍʍʊ ʉʆ ʈɸʅ ʠ ʌɹʋ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʤʝʪʨʦʣʦʛʠʠ ʠ ʠʩʧʳʪʘʥʠʡ ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ, 

ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ ʠ ʈʝʩʧʫʙʣʠʢʝ ʊʳʚʘè ʠ ʄʫʥʠʮʠʧʘʣʴʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ɿɸʊʆ 

çʇʘʩʩʘʞʠʨʩʢʦʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝè, ʛ. ɾʝʣʝʟʥʦʛʦʨʩʢ, ʂʨʘʩʥʦʷʨʩʢʦʛʦ 

ʢʨʘʷ ˉ 001 ʦʪ 4 ʬʝʚʨʘʣʷ 2019 ʛ. (ʩʨʦʢ ʜʝʡʩʪʚʠʷ 2 ʛʦʜʘ). 
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¶ ʉʦʛʣʘʰʝʥʠʝ ʦ ʩʦʚʤʝʩʪʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʤʝʥʝ ʤʝʞʜʫ ʀʥʩʪʠʪʫʪʦʤ ʢʘʪʘʣʠʟʘ ʠʤ. ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ (ʀʂ ʉʆ 

ʈɸʅ,  ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʠ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʦʪ 16 ʤʘʷ 2019 ʛ. (ʩʨʦʢ ʜʝʡʩʪʚʠʷ 10 ʣʝʪ). 

ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʮʝʥʪʨʳ 

ʅʆʎ çʇʦʚʝʨʭʥʦʩʪʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʩʳʨʴʷ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʭ.ʥ., ʧʨʦʬ. ʉʘʡʢʦʚʘ ʉ.ɺ. 

ʅʆʎ çʇʦʚʝʨʭʥʦʩʪʥʳʝ ʷʚʣʝʥʠʷè ʦʨʛʘʥʠʟʦʚʘʥ ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ ʚ 2009 ʛ. ʩ ʫʯʘʩʪʠʝʤ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʀʥʩʪʠʪʫʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʠʙʠʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʆʎ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʘʪʠʢʝ ʨʘʙʦʪ 

ʣʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʧʨʦʝʢʪʫ ˉ 0287-2021-0014 ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ ʥʘ 2021-2030 ʛʦʜʳ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʥʘʫʢʘʤ çʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠ ʙʝʟʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʤʝʪʘʣʣʦʚè (ʢʦʦʨʜʠʥʘʪʦʨ: ʜ.ʭ.ʥ. ɺ.ʀ. 

ʂʫʟʴʤʠʥ). 

ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ: 

-  ʩʪʫʜʝʥʪʦʤ 3 ʢʫʨʩʘ ʀʎʄʠʄ ʉʌʋ ʉʦʬʠʯ ɺ.ɼ. ï ʨʫʢ.: ʢ.ʭ.ʥ. ʂʫʟʴʤʠʥ ɼ.ɺ.; 

- ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʀʎʄʠʄ ʉʌʋ: ʄʘʢʝʝʚʦʡ ɼ.ɸ., ʅʝʪʝʩʦʚʦʡ ɺ.ɺ. - ʨʫʢ. ʜ.ʭ.ʥ. 

ʉʘʡʢʦʚʘ ʉ.ɺ., ʢ.ʭ.ʥ. ʇʘʥʪʝʣʝʝʚʘ ʄ.ɺ.; 

- ʤʘʛʠʩʪʨʘʥʪʦʤ 1 ʢʫʨʩʘ ʀʅʠɻ ʉʌʋ: ʄʘʢʘʨʦʚʩʢʦʡ ʅ.ʉ. ï ʨʫʢ.: ʢ.ʭ.ʥ. ʂʫʟʥʝʮʦʚʘ 

ʃ.ʀ. 

ʉʦʚʤʝʩʪʥʳʝ ʧʫʙʣʠʢʘʮʠʠ: 

1. Saikova S.V., Pavlikov A.Yu., Trofimova T.V., Mikhlin Yu.L., Karpov D.V., 

Asanova A.A., Grigoriev Yu.S., Volochaev M.N., Zharkov S.M. Velikanov D.A. Hybrid 

Nanoparticles Based on Cobalt Ferrite and Gold: Preparation and Characterisation // Metals. 

- V.11, Is. 5. ï ˉ  705. Publ.: MAI 2021 DOI: DOI: 10.3390/met11050705; 

2. Fadeeva N.P., Saikova S.V., Pikurova E.V., Fadeev Yu.V., Samoilo A.S., 

Tambasov I.A. A New Method of Obtaining Transparent Conducting Films of Indium (III) 

Oxide and Indium-Tin Oxide // JOURNAL OF SIBERIAN FEDERAL UNIVERSITY-

CHEMISTRY.ï V.14, Is. 1. ï P. 43-58. ï Publ.: 2021. DOI: 10.17516/1998-2836-0215;  

3. Saikova S.V., Chistyakov D.I., Saikova D.I., Mikhlin Y.L., Kuzmin D.V. 

Synthesis and Characterization of Lead Dibutyl Dithiophosphate Nanoparticles // 

JOURNAL OF SIBERIAN FEDERAL UNIVERSITY - CHEMISTRY. ï V.14, Is.3. ï 

P.350-359. ï Publ.: 2021. DOI: 10.17516/1998-2836-0243. 
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ʉʜʝʣʘʥʳ ʜʦʢʣʘʜʳ ʩ ʦʧʫʙʣʠʢʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ: 

1. Makarovskaya N.S., Kuznetsova L.I. Thermal Dissolution of Coal. // III  

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çɹʆʈʀʉʆɺʉʂʀɽ ʏʊɽʅʀʗè. - ʂʨʘʩʥʦʷʨʩʢ, 23ï24 ʩʝʥʪʷʙʨʷ 2021 ʛ. ʉ.392-394. 

http://conf.sfu-kras.ru/1014 - elibrary: ID:46696033 ï ʫʩʪʥʳʡ (ʨʫʢ.: ʢ.ʭ.ʥ. ʂʫʟʥʝʮʦʚʘ 

ʃ.ʀ.); 

2. ɺʦʨʦʙʴʝʚ ʉ.ɸ. ʉʠʥʪʝʟ, ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʟʦʣʝʡ ʩʝʨʝʙʨʘ // ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʩʝʢʮʠʷ çʍʠʤʠʷè. 2021. ʉ.18-20 ï ʫʩʪʥʳʡ; 

3. ʂʘʟʘʢʝʚʠʯ ɼ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʮʝʤʝʥʪʘʮʠʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠʟ ʩʦʣʷʥʦʢʠʩʣʳʭ ʩʨʝʜ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪ ʠ ʩʫʣʴʬʘʪ ʠʦʥʦʚ // ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʩʝʢʮʠʷ çʍʠʤʠʷè. 2021. ʉ. 32-33 ï 

ʫʩʪʥʳʡ (ʨʫʢ.: ʢ.ʭ.ʥ. ʂʘʣʷʢʠʥ ʉ.ʅ.); 

4. ʂʠʨʰʥʝʚʘ ɽ.ɸ., ʉʘʡʢʦʚʘ ʉ.ɺ., ʇʘʥʪʝʣʝʝʚʘ ʄ.ɺ., ɻʨʠʛʦʨʴʝʚʘ ɽ.ɺ. 

ɸʥʠʦʥʦʦʙʤʝʥʥʳʡ ʩʠʥʪʝʟ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʞʝʣʝʟʦ-ʵʨʙʠʝʚʦʛʦ ʛʨʘʥʘʪʘ 

(Er3Fe5O12) // ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʠ ʵʢʦʣʦʛʦʙʝʟʦʧʘʩʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʭʠʤʠʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʊʝʟ. ʜʦʢʣʘʜʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ (ʛ. ʇʝʨʤʴ, 6ï8 ʜʝʢʘʙʨʷ 2021 

ʛ.) / ʦʪʚ. ʟʘ ʚʳʧ. ɸ. ʄ. ɽʣʦʭʦʚ; ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʇʝʨʤʴ, 2021. ï ISBN 978-5-

7944-3752-2; 101 ʩ. -  ʉ.35; on-line; 

5. ʂʠʨʰʥʝʚʘ ɽ.ɸ., ɻʨʠʛʦʨʴʝʚʘ ɽ.ɺ., ʇʘʥʪʝʣʝʝʚʘ ʄ.ɺ., ʉʘʡʢʦʚʘ ʉ.ɺ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘʥʦʧʦʨʦʰʢʘ ʞʝʣʝʟʦ-ʵʨʙʠʝʚʦʛʦ ʛʨʘʥʘʪʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ // ʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʩʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ XIV ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 40-ʣʝʪʠʶ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ (ʂʨʘʩʥʦʷʨʩʢ, 6-9 ʩʝʥʪʷʙʨʷ 2021 ʛ.). - ʉ.106-108 ï ʫʩʪʥʳʡ; 

6. ʂʠʨʰʥʝʚʘ ɽ.ɸ., ɻʨʠʛʦʨʴʝʚʘ ɽ.ɺ., ʇʘʥʪʝʣʝʝʚʘ ʄ.ɺ., ʉʘʡʢʦʚʘ ʉ.ɺ. ʇʦʣʫʯʝʥʠʝ 

ʬʝʨʨʠʪ-ʛʨʘʥʘʪʘ ʵʨʙʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʠʦʥʦʦʙʤʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠ ʠʟʫʯʝʥʠʝ ʝʛʦ 

ʩʚʦʡʩʪʚ // ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʩʝʢʮʠʷ 

çʍʠʤʠʷè. 2021. ʉ.41-44  ï ʫʩʪʥʳʡ (ʨʫʢ.: ʜ.ʭ.ʥ. ʉʘʡʢʦʚʘ ʉ.ɺ.); 

7. ʇʘʚʣʠʢʦʚ ɸ.ʖ. (ʉʌʋ) ʇʦʣʫʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʬʝʨʨʠʪʘ 

ʤʝʜʠ // ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʠ ʵʢʦʣʦʛʦʙʝʟʦʧʘʩʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʊʝʟ. ʜʦʢʣʘʜʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ (ʛ. ʇʝʨʤʴ, 6ï8 ʜʝʢʘʙʨʷ 2021 

ʛ.) / ʦʪʚ. ʟʘ ʚʳʧ. ɸ. ʄ. ɽʣʦʭʦʚ; ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʇʝʨʤʴ, 2021. ï ISBN 978-5-

7944-3752-2; 101 ʩ. ï ʉ. 55; on-line; 

http://conf.sfu-kras.ru/1014
https://elibrary.ru/item.asp?id=46696033
https://elibrary.ru/item.asp?id=46672738&pff=1
https://elibrary.ru/item.asp?id=46672738&pff=1
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8. ʉʘʡʢʦʚʘ ʉ.ɺ., ʇʘʥʪʝʣʝʝʚʘ ʄ.ɺ. ʂʘʪʠʦʥʦʦʙʤʝʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʠ 

ʘʥʠʦʥʦʦʙʤʝʥʥʦʝ ʦʩʘʞʜʝʥʠʝ ʢʘʢ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʚ ʭʠʤʠʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. // ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʠ ʵʢʦʣʦʛʦʙʝʟʦʧʘʩʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʊʝʟ. ʜʦʢʣʘʜʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ (ʛ. ʇʝʨʤʴ, 6ï8 

ʜʝʢʘʙʨʷ 2021 ʛ.) / ʦʪʚ. ʟʘ ʚʳʧ. ɸ. ʄ. ɽʣʦʭʦʚ; ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ. ï ʇʝʨʤʴ, 

2021.ï ISBN 978-5-7944-3752-2; 101 ʩ. ï ʉ. 77;on-line; 

 

ʅʆʎ çʍʠʤʠʷ ʙʠʦʤʘʩʩʳè 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʭ.ʥ., ʧʨʦʬ. ʂʫʟʥʝʮʦʚ ɹ.ʅ. 

ʅʆʎ çʍʠʤʠʷ ʙʠʦʤʘʩʩʳè ʦʨʛʘʥʠʟʦʚʘʥ ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ ʚ 2012 ʛ. ʩ ʫʯʘʩʪʠʝʤ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʆʎ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʘʪʠʢʝ ʨʘʙʦʪ 

ʣʘʙʦʨʘʪʦʨʠʡ ʭʠʤʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ (ʟʘʚ. ʣʘʙ. ʂʫʟʥʝʮʦʚ ɹ.ʅ.) ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ (ʟʘʚ. ʣʘʙ. ʊʘʨʘʥ ʆ.ʇ.) ʧʦ 

ʧʨʦʝʢʪʘʤ ɻɿ 0287-2021-0017 çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʮʝʣʣʶʣʦʟʳ, ʣʠʛʥʠʥʘ, ʛʝʤʠʮʝʣʣʶʣʦʟ) ʚ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʣʠʤʝʨʳ, ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʮʝʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳè  ʠ 0287-2021-0012 çʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʚ ʚʦʜʥʦʡ ʠ ʚʦʜʥʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʘʭ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚè. 

ʉʦʪʨʫʜʥʠʢʠ ʀʍʍʊ ʉʆ ʈɸʅ ʚʝʜʫʪ ʩʧʝʮʠʘʣʴʥʳʝ ʢʫʨʩʳ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʫ 

ʩʪʫʜʝʥʪʦʚ 3-5 ʢʫʨʩʦʚ ʉʌʋ: çʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘè ʊʘʨʘʥ ʆ.ʇ., 

çɸʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚè ʉʢʨʠʧʥʠʢʦʚ ɸ.ʄ., 

çɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷè, çʍʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè 

ʄʘʣʷʨ ʖ.ʅ. 

ʅʆʎ çʄʠʢʨʦʩʬʝʨʠʯʝʩʢʠʝ, ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʚ ʧʨʦʮʝʩʩʘʭ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘè 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʭ.ʥ., ʧʨʦʬ. ɸʥʰʠʮ ɸ.ɻ. 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʌʋ): ʀʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘ, 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ; ʂʨʘʩʥʦʷʨʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʉʆ ʈɸʅ. 

ʅʆʎ çʄʠʢʨʦʩʬʝʨʠʯʝʩʢʠʝ, ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʚ ʧʨʦʮʝʩʩʘʭ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘè ʩʦʟʜʘʥ ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ ʚ 2010 ʛʦʜʫ ʩ ʫʯʘʩʪʠʝʤ ʂʨʘʩʥʦʷʨʩʢʦʛʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʉʆ ʈɸʅ ʠ ʉʠʙʠʨʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ɼʝʷʪʝʣʴʥʦʩʪʴ ʅʆʎ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʚʠʪʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʚʣʘʜʝʶʱʠʭ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʟʥʘʥʠʷʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ, ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʀʍʍʊ ʉʆ ʈɸʅ, ʂʈʎʂʇ ʉʆ ʈɸʅ ʠ ʉʌʋ.  

ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʆʎ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʘʪʠʢʝ ʨʘʙʦʪ ʣʘʙʦʨʘʪʦʨʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʀʍʍʊ ʉʆ ʈɸʅ ʚ ʨʘʤʢʘʭ  ʇʨʦʛʨʘʤʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʡ 

ʧʝʨʠʦʜ (2021ï2030 ʛʦʜʳ): 1.4. ʍʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ; 1.4.2. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʬʫʥʢʮʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʯʠʩʪʳʭ 

ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ; 1.4.2.3. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ; ʧʨʦʝʢʪ ʅʀʈ çʈʘʟʚʠʪʠʝ 

ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʥʘ ʦʩʥʦʚʝ ʩʣʦʞʥʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʠ ʤʠʢʨʦʩʬʝʨ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʣè, ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʜ.ʭ.ʥ., ʧʨʦʬ. ɸʥʰʠʮ ɸ.ɻ. 

ʊʝʤʘʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʆʎ ʚ 2021 ʛ.:  

ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʝʢʣʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʥʦʩʬʝʨ ʚ ʦʪʥʦʰʝʥʠʠ ʙʠʥʘʨʥʳʭ ʩʤʝʩʝʡ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ He/Ne, 

ʅʝ/N2. 

ï ʀʟʫʯʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ ʤʠʢʨʦʩʬʝʨ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʣ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʅʆʎ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʧʨʠʙʦʨʳ ʉʌʋ ʠ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʌʀʎ ʂʅʎ ʉʆ 

ʈɸʅ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʅʆʎ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ: ʟʘʚ. ʢʘʬʝʜʨʦʡ ʪʦʧʣʠʚʦʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʀʥʩʪʠʪʫʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʌʋ ʜ.ʪ.ʥ., ʧʨʦʬ. ɹʝʟʙʦʨʦʜʦʚ 

ʖ.ʅ.; ʢ.ʭ.ʥ., ʚ.ʥ.ʩ. ʀʍʍʊ ʐʘʨʦʥʦʚʘ ʆ.ʄ.; ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. ʀʍʍʊ ʌʦʤʝʥʢʦ ɽ.ɺ.; ʢ.ʬ-ʤ.ʥ., 

ʩ.ʥ.ʩ. ʂʫʭʪʝʮʢʠʡ ʉ.ɺ.; ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʉʌʋ ʂʦʚʘʣʝʚʘ ʄ.ɸ.; ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʉʌʋ ʐʨʘʤ 

ɺ.ɻ.; ʩ.ʥ.ʩ. ʀʍʍʊ ʉʦʣʦʚʴʝʚ ʃ.ɸ.; ʤ.ʥ.ʩ. ʀʍʍʊ ʈʦʛʦʚʝʥʢʦ ɽ.ʉ.; ʚʝʜ. ʪʝʭ. ʀʍʍʊ 

ʈʘʙʯʝʚʩʢʠʡ ɽ.ɺ.; ʘ ʪʘʢʞʝ ʩʪʫʜʝʥʪʳ 4 ʢʫʨʩʘ ʛʨʫʧʧʳ ʅɹ18-06ɹ ʢʘʬʝʜʨʳ 

ʪʦʧʣʠʚʦʦʙʝʩʧʝʯʝʥʠʷ ʠ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʀʅʠɻ ʉʌʋ ʂʝʡʣʴ ɺ.ɸ., ɼʦʚʛʘʷ 

ʂ.ʈ., ɼʫʙʨʦʚʠʥ ɼ.ʌ. 

ʉʦʚʤʝʩʪʥʳʝ ʧʫʙʣʠʢʘʮʠʠ:  

ʐʘʨʦʥʦʚʘ ʆ.ʄ., ɼʫʙʨʦʚʠʥ ɼ.ʌ., ɸʥʰʠʮ ɸ.ɻ. ɺʣʠʷʥʠʝ ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʷʞʫʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʢʦʢʘʣʴʮʠʝʚʦʡ ʣʝʪʫʯʝʡ ʟʦʣʳ ʊʕʎ // ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʇʦʣʠʤʝʨʥʳʝ ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʘè, 12ï15 ʦʢʪʷʙʨʷ 2021 ʛ. ï ʛ. ʗʢʫʪʩʢ, 

ʈʦʩʩʠʷ. ï ʉ. 117ï121. 
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ɹʘʟʦʚʳʝ ʢʘʬʝʜʨʳ 

ɹʘʟʦʚʘʷ ʢʘʬʝʜʨʘ  çʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʬʠʟʠʢʦʭʠʤʠʷ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʈʫʙʘʡʣʦ ɸ.ʀ., ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ, ʩʧʝʮʠʘʣʠʟʘʮʠʷ ï ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ, ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʟ ʀʍʍʊ ʉʆ ʈɸʅ: 3 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʟ ʉʌʋ: 8 

ʂʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʩʪʫʜʝʥʪʦʚ ï 15-20 

ɹʘʟʦʚʘʷ ʢʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ: ʀʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊʘʨʘʥ ʆ.ʇ.,  ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈɸʅ 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ: ʭʠʤʠʷ 

ʉʧʝʮʠʘʣʠʟʘʮʠʠ: ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ, ʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʟ ʀʍʍʊ ʉʆ ʈɸʅ: 12 (ʛ.ʥ.ʩ., ʜ.ʭ.ʥ., ʧʨʦʬ. ʈɸʅ 

ʊʘʨʘʥ ʆ.ʇ.; ʛ.ʥ.ʩ., ʜ.ʭ.ʥ., ʧʨʦʬ. ʂʫʟʥʝʮʦʚ ɹ.ʅ.; ʛ.ʥ.ʩ., ʜ.ʭ.ʥ., ʧʨʦʬ. ʈʫʙʘʡʣʦ ɸ.ʀ.; ʩ.ʥ.ʩ., 

ʩ.ʥ.ʩ., ʢ.ʭ.ʥ. ʂʘʣʷʢʠʥ ʉ.ʅ.; ʢ.ʭ.ʥ. ʄʘʣʷʨ ʖ.ʅ.; ʥ.ʩ., ʢ.ʭ.ʥ. ʂʘʟʘʯʝʥʢʦ ɸ.ʉ.; ʥ.ʩ., ʢ.ʭ.ʥ. 

ɿʠʤʦʥʠʥ ɼ.ɺ.; ʥ.ʩ., ʢ.ʭ.ʥ. ɺʘʩʠʣʴʚʝʚʘ ʅ.ʖ.; ʤ.ʥ.ʩ. ʄʠʨʦʰʥʠʢʦʚʘ ɸ.ɺ.; ʤ.ʥ.ʩ. 

ʉʢʨʠʧʥʠʢʦʚ ɸ.ʄ.; ʤ.ʥ.ʩ. ɹʦʨʦʚʢʦʚʘ ɺ.ʉ.; ʤ.ʥ.ʩ. ʀʦʥʠʥ ɺ.ɸ.) 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʟ ʉʌʋ: 12 

ʂʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʩʪʫʜʝʥʪʦʚ: 40-45 

ʆʪʜʝʣʝʥʠʝ ʢʘʬʝʜʨʳ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ  

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʨʘʛʠʥ ɺ.ʀ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ: ʦʙʦʛʘʱʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʟ ʀʍʍʊ ʉʆ ʈɸʅ: ʥ.ʩ., ʢ.ʪ.ʥ. ʋʩʤʘʥʦʚʘ ʅ.ʌ., ʥ.ʩ., 

ʢ.ʭ.ʥ. ɹʦʨʠʩʦʚ ʈ.ɺ., ʥ.ʩ., ʢ.ʪ.ʥ. ɺʘʰʣʘʝʚ ʀ.ʀ., ʥ.ʩ., ʢ.ʪ.ʥ. ɹʫʨʜʘʢʦʚʘ ɽ.ɸ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʟ ʉʌʋ: 10 

ʂʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʩʪʫʜʝʥʪʦʚ: 4-5 ʚ ʛʦʜ 

ʆʪʜʝʣʝʥʠʝ ʢʘʬʝʜʨʳ ʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ  

ʈʫʢʦʚʦʜʠʪʝʣʠ: ʦʪ ʀʍʍʊ ʉʆ ʈɸʅ - ɺ.ʀ. ʂʫʟʴʤʠʥ; ʦʪ ʀʎʄʠʄ ʉʌʋ - ʜ.ʭ.ʥ. ʅ.ɺ. 

ɹʝʣʦʫʩʦʚʘ  
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ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʦʪʜʝʣʝʥʠʷ ʢʘʬʝʜʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʢʣʘʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʪʚʦʨʝʥʠʷ ʨʦʜʠʷ, ʠʨʠʜʠʷ ʠ ʧʣʘʪʠʥʳ ʚ ʩʦʣʷʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʦʙʦʛʘʱʝʥʠʷ ʪʠʧʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʄʇɻ. ɿʘʜʝʡʩʪʚʦʚʘʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʞʢʘʬʝʜʨʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʘʚʪʦʢʣʘʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ɺ ʮʠʢʣʝ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ: 

- ʚ.ʥ.ʩ. ʀʍʍʊ ɹʝʣʦʫʩʦʚ ʆ.ɺ.; 

- ʜʦʮʝʥʪ ʉʌʋ ʈʶʤʠʥ ɸ.ʀ.; 

- ʥ.ʩ. ʀʍʍʊ ɹʦʨʠʩʦʚ ʈ.ɺ.; 

- ʠʥʞʝʥʝʨ ʀʍʍʊ ɻʨʠʟʘʥ ʅ.ɺ.; 

- ʘʩʧʠʨʘʥʪ ʀʍʍʊ ɸʢʠʤʝʥʢʦ ɸ.ɸ.; 

- ʘʩʧʠʨʘʥʪ ʉʌʋ ʉʠʨʦʪʠʥʘ ɼ.ʖ. 

 

ʉʦʚʤʝʩʪʥʳʝ ʧʫʙʣʠʢʘʮʠʠ: 

1. Belousov O.V., Borisov R.V., Belousova N.V., Ryumin A.I. Extraction of trace 
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669.01/.09(07); ɹɹʂ 34.33ʷ73 ï 500 ʵʢʟ.; ʕʣʝʢʪʨʦʥʥʳʡ ʚʘʨʠʘʥʪ ʠʟʜʘʥʠʷ:  
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ɼʦʢʣʘʜʳ ʠ ʪʝʟʠʩʳ: 

1. ɸʢʠʤʝʥʢʦ ɸ.ɸ., ɹʦʨʠʩʦʚ ʈ.ɺ. ʈʘʩʪʚʦʨʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ ʚ 

ʘʚʪʦʢʣʘʚʥʳʭ ʫʩʣʦʚʠʷʭ // ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʌʀʎ ʂʅʎ 

ʉʆ ʈɸʅ, ʩʝʢʮʠʷ çʍʠʤʠʷè. 2021. ʉ. 5-8. 

2. ɸʢʠʤʝʥʢʦ ɸ.ɸ., ɹʝʣʦʫʩʦʚ ʆ.ɺ., ɹʦʨʠʩʦʚ ʈ.ɺ. ʈʘʩʪʚʦʨʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ ʚ ʘʚʪʦʢʣʘʚʥʳʭ ʫʩʣʦʚʠʷʭ // ʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʩʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ XIV 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 40-ʣʝʪʠʶ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ (ʂʨʘʩʥʦʷʨʩʢ, 6-9 ʩʝʥʪʷʙʨʷ 2021 

ʛ.). ʉ. 57-59. 

3. ɸʢʠʤʝʥʢʦ ɸ.ɸ., ɹʝʣʦʫʩʦʚ ʆ.ɺ., ɹʦʨʠʩʦʚ ʈ.ɺ. ʈʘʩʪʚʦʨʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ ʚ ʘʚʪʦʢʣʘʚʥʳʭ ʫʩʣʦʚʠʷʭ // ʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ 

https://elibrary.ru/contents.asp?titleid=9722
https://elibrary.ru/contents.asp?titleid=9722
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ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʩʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ XIV 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 40-ʣʝʪʠʶ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ (ʂʨʘʩʥʦʷʨʩʢ, 6-9 ʩʝʥʪʷʙʨʷ 2021 

ʛ.). ʉ. 57-59. 

4. ɹʦʨʠʩʦʚ ʈ.ɺ., ɹʝʣʦʫʩʦʚ ʆ.ɺ. ʉʠʥʪʝʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʠʨʠʜʠʷ ʚ 

ʘʚʪʦʢʣʘʚʝ // ʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]: ʩʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ XIV ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 

40-ʣʝʪʠʶ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ 

(ʂʨʘʩʥʦʷʨʩʢ, 6-9 ʩʝʥʪʷʙʨʷ 2021 ʛ.). ʉ. 51-53 

5. ɹʦʨʠʩʦʚ ʈ.ɺ., ɹʨʘʛʠʥ ɺ.ʀ., ɾʠʞʘʝʚ ɸ.ʄ., ʋʩʤʘʥʦʚʘ ʅ.ʌ. ʀʟʫʯʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʦʩʘʞʜʝʥʠʷ ʟʦʣʦʪʘ ʥʘ ʣʝʞʘʣʳʭ ʭʚʦʩʪʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ 

// ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ñʀʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷò (ʇʣʘʢʩʠʥʩʢʠʝ ʯʪʝʥʠʷ ï 

2021). ʉ.413-416. 

ʉʦʚʤʝʩʪʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʭ.ʥ., ʧʨʦʬ. ɸʥʰʠʮ ɸ.ɻ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʡ ʃʘʙʦʨʘʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʠʢʨʦʩʬʝʨʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʧʨʦʨʳʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʘ) ʧʝʨʝʭʦʜ ʢ ʧʝʨʝʜʦʚʳʤ ʮʠʬʨʦʚʳʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ, ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ 

ʩʧʦʩʦʙʘʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ; ʙ) ʧʝʨʝʭʦʜ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ 

ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʵʥʝʨʛʝʪʠʢʝ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʠ ʛʣʫʙʦʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʧʦʩʦʙʦʚ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ; ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ ʚ ʈʌ: ç6. ʈʘʮʠʦʥʘʣʴʥʦʝ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝè ʠ ç8. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʷʜʝʨʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘè. 

ʊʝʤʘʪʠʢʘ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ ʚ 2021 ʛ.:  

ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ çʩʦʩʪʘʚ ï ʩʪʨʦʝʥʠʝ ï ʤʘʨʰʨʫʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ï 

ʩʚʦʡʩʪʚʘè ʤʠʢʨʦʩʬʝʨ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʣ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʧʨʠʙʦʨʳ ʉʌʋ: ʩʠʥʭʨʦʥʥʳʡ 

ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨ STA 449C Jupiter (NETZSCH, ɻʝʨʤʘʥʠʷ); ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 
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ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ çAxio Imagerò D1M (Carl Zeiss, ɻʝʨʤʘʥʠʷ); ʧʦʨʦʰʢʦʚʳʡ 

ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ PANalytical XôPert Pro MPD (ʅʠʜʝʨʣʘʥʜʳ). 

ɺ ʮʠʢʣʝ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ: ʩ.ʥ.ʩ., ʢ.ʭ.ʥ. ʌʦʤʝʥʢʦ ɽ.ɺ.; ʩ.ʥ.ʩ. 

ɸʥʰʠʮ ʅ.ʅ.; ʩ.ʥ.ʩ. ʉʦʣʦʚʴʝʚ ʃ.ɸ.; ʢ.ʭ.ʥ., ʜʦʮʝʥʪ ʉʌʋ ʇʨʦʢʫʰʢʠʥʘ ʄ.ʇ.; ʢ.ʪ.ʥ., 

ʜʦʮʝʥʪ ʉʌʋ ɿʳʢʦʚʘ ʀ.ɼ.; ʤ.ʥ.ʩ. ʘʩʧʠʨʘʥʪ ʈʦʛʦʚʝʥʢʦ ɽ.ʉ.; ʚʝʜ. ʠʥʞʝʥʝʨ ɸʢʠʤʦʯʢʠʥʘ 

ɻ.ɺ.; ʠʥʞʝʥʝʨ, ʤʘʛʠʩʪʨʘʥʪ 1 ʢʫʨʩʘ ʉʌʋ ʀʅʠɻ ɻʘʨʝʝʚʘ ɸ.ʉ. 

ʉʦʚʤʝʩʪʥʳʝ ʧʫʙʣʠʢʘʮʠʠ:  

1. Anshits N.N., Fomenko E.V., Anshits A.G. The compositionïstructure 

relationship and routes of formation of blocklike ferrospheres by pulverized combustion of 

two coal types // ACS Omega. ï 2021. ï V. 6. ï Is. 40. ï P. 26004ï26015. 

2. Fomenko E.V., Anshits N.N., Solovyov L.A., Knyazev Y.V., Semenov S.V., 

Bayukov O.A., Anshits A.G. Magnetic fractions of PM2.5, PM2.5ī10, and PM10 from coal fly 

ash as environmental pollutants // ACS Omega. ï 2021. ï V. 6. ï Is. 30. ï P. 20076ï20085. 

3. Vereshchagina ʊ.ɸ., Kutikhina ɽ.ɸ., Solovyov L.A., Vereshchagin S.N., 

Mazurova E.V., Anshits ɸ.G. Hydrothermal co-processing of coal fly ash cenospheres and 

soluble Sr(II) as environmentally sustainable approach to Sr-90 immobilization in a 

mineral-like form // Materials. ï 2021. ï V. 14. ï P. 5586. 

4. Vereshchagina ʊ.ɸ., Kutikhina ɽ.ɸ., Fomenko ɽ.V., Anshits ɸ.G. Microsphere 

sorbents based on cenosphere supported zirconium molybdates and zirconium silicates for 

cesium-137 and strontium-90 removal from radioactive waste solutions // Chemistry for 

Sustainable Development. ï 2021. ï V. 29. ï No. 3. ï P. 261ï268. 

5. Vereshchagina ʊ.ɸ., Kutikhina ɽ.ɸ., Mazurova E.V., Fomenko ɽ.V., 

Anshits ɸ.G. Hydrothermal synthesis of cesium and strontium bearing mineral-like phases 

using coal fly ash cenospheres // Chemistry for Sustainable Development. ï 2021. ï V. 29. ï 

No. 3. ï P. 269ï279. 

ʅʘʫʯʥʘʷ ʰʢʦʣʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷè 

ʅʘʫʯʥʘʷ ʰʢʦʣʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷè (ʅʐ) ʩʣʦʞʠʣʘʩʴ ʚ ʠʥʩʪʠʪʫʪʝ ʢ ʢʦʥʮʫ 90-ʭ 

ʛʦʜʦʚ. ʈʘʙʦʪʳ ʢʦʣʣʝʢʪʠʚʘ ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ɻʝʥʥʘʜʠʷ ʃʝʦʥʠʜʦʚʠʯʘ 

ʇʘʰʢʦʚʘ, ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʯʣ. ʢʦʨ. ʈɸʅ, ʣʘʫʨʝʘʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʝʤʠʡ, 

ʥʘ ʪʦʪ ʤʦʤʝʥʪ - ʜʠʨʝʢʪʦʨʘ ʠʥʩʪʠʪʫʪʘ, ʙʳʣʠ ʧʦʜʜʝʨʞʘʥʳ ʉʦʚʝʪʦʤ ʧʦ ʛʨʘʥʪʘʤ 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʚ ʢʦʥʢʫʨʩʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʛʨʘʥʪʳ ʅʐ-5487.2006.3; ʅʐ-2149.2008.3). ʂʦʣʣʝʢʪʠʚ ʅʐ: 

ʩʦʪʨʫʜʥʠʢʠ ʠ ʘʩʧʠʨʘʥʪʳ ʣʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʀʍʍʊ ʉʆ 

ʈɸʅ, ʙʘʢʘʣʘʚʨʳ ʠ ʤʘʛʠʩʪʨʳ ʉʌʋ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ï ʨʫʢʦʚʦʜʠʪʝʣʴ: ɺʣʘʜʠʤʠʨ 

ʀʚʘʥʦʚʠʯ ʂʫʟʴʤʠʥ, ʛ.ʥ.ʩ., ʜ.ʭ.ʥ.; ʭʠʤʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ ï ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʖʨʠʡ ʃʝʦʥʠʜʦʚʠʯ ʄʠʭʣʠʥ, ʚ.ʥ.ʩ., ʜ.ʭ.ʥ., ʧʨʦʬ.; ʫʛʣʝʭʠʤʠʷ ʠ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ï 
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ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʝʪʨ ʅʠʢʦʣʘʝʚʠʯ ʂʫʟʥʝʮʦʚ; ʩʠʥʪʝʟ ʠ ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ï ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʚʝʪʣʘʥʘ ɺʘʩʠʣʴʝʚʥʘ ʉʘʡʢʦʚʘ, ʚ.ʥ.ʩ., ʜ.ʭ.ʥ., ʧʨʦʬ. 

ɹʘʟʦʚʘʷ ʰʢʦʣʘ ʈɸʅ 

ʀʍʍʊ ʉʆ ʈɸʅ ʷʚʣʷʝʪʩʷ ʢʫʨʘʪʦʨʦʤ ʙʘʟʦʚʦʡ ʰʢʦʣʳ ʈɸʅ - ʄɸʆʋ ʃʠʮʝʡ ˉ7. 

ʅʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʬʠʣʴʥʳʭ ʢʣʘʩʩʦʚ - çʕʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʘʷ ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʵʬʬʝʢʪʠʚʥʘʷ ʛʣʫʙʦʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚè. ɿʘʥʷʪʠʷ ʩʦ ʰʢʦʣʴʥʠʢʘʤʠ ʧʨʦʚʦʜʷʪ ʤʦʣʦʜʳʝ ʩʦʪʨʫʜʥʠʢʠ ʠ ʘʩʧʠʨʘʥʪʳ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʰʢʦʣʳ: ʢ.ʭ.ʥ. ʄʘʣʷʨ ʖ.ʅ., ʢ.ʭ.ʥ. ʂʫʟʴʤʠʥ ɼ.ɺ., ʢ.ʭ.ʥ. ɿʠʤʦʥʠʥ ɼ.ɺ., 

ʄʠʨʦʰʥʠʢʦʚʘ ɸ.ɺ. ʠ ʧʝʜʘʛʦʛʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ: ʉʢʨʠʧʥʠʢʦʚ ɸ.ʄ., 

ʀʦʥʠʥ ɺ.ɸ., ɹʦʨʦʚʢʦʚʘ ɺ.ʉ. ʠ ɺʠʛʫʣʴ ɼ.ʆ. ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʭ.ʥ., ʧʨʦʬ. 

ʈɸʅ ʊʘʨʘʥ ʆ.ʇ. 

ʉʚʷʟʠ ʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ  

ʀʥʩʪʠʪʫʪ ʠʤʝʝʪ ʥʘʫʯʥʳʝ ʢʦʥʪʘʢʪʳ ʠ ʚʳʧʦʣʥʷʝʪ ʩʦʚʤʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ: 

¶ ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʉʆ ʈɸʅ (ʀʅɻɻ ʉʆ ʈɸʅ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) 

¶ ʎʝʥʪʨ ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʀʂ ʉʆ ʈɸʅ (ʎʅʍʊ, ʛ. ʆʤʩʢ)  

¶ ʊʫʚʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

(ʊʫʚʀʂʆʇʈ ʉʆ ʈɸʅ, ʛ. ʂʳʟʳʣ) 

¶ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ (ʀʅʍ ʉʆ ʈɸʅ, ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ) 

¶ ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʠʤ. ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ (ʌʀʎ ʀʂ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ)  

¶ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ (ʀʍʊʊʄ ʉʆ ʈɸʅ, ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ) 

¶ ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ (ʀɻʄ ʉʆ ʈɸʅ, ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ) 

¶ ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ (ʌʀʎ ʀʎʀɻ ʉʆ ʈɸʅ, ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ) 

¶ ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʫʛʣʷ ʠ ʫʛʣʝʭʠʤʠʠ (ʌʀʎ ʋʋʍ ʉʆ 

ʈɸʅ, ʛ. ʂʝʤʝʨʦʚʦ) 

¶ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʝʬʪʠ (ʀʍʅ ʉʆ ʈɸʅ, ʛ. ʊʦʤʩʢ)  

¶ ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ (ʀʆʅʍ ʈɸʅ, 

ʛ. ʄʦʩʢʚʘ)  

¶ ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ 

(ʀʅʕʆʉ, ʛ. ʄʦʩʢʚʘ) 

¶ ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʣʘʟʝʨʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʈɸʅ (ʀʇʃʀʊ 

- ʬʠʣʠʘʣ ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ, ʛ. ʄʦʩʢʚʘ) 

¶ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʠʘʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 
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(ʌɻʋʇ çɺʀɸʄè ɻʅʎ ʈʌ, ʛ. ʄʦʩʢʚʘ) 

¶ ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ (ʀɺʉ ʈɸʅ, ʛ. ʉʘʥʢʪ 

ʇʝʪʝʨʙʫʨʛ) 

¶ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʄɻʋ, 

ʛ.ʄʦʩʢʚʘ) 

¶ ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌɻɸʆʋ ɺʆ ʅʀ ʊʇʋ, ʛ. ʊʦʤʩʢ)   

¶ ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʊʚɻʊʋ, ʛ. ʊʚʝʨʴ) 

¶ ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ (ʀɻʍ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ) 

¶ ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʌɻɸʆʋ ɺʆ ʉʌʋ, ʛ. 

ʂʨʘʩʥʦʷʨʩʢ) 

¶ ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘè (ʉʠʙɻʋ ʠʤ. ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ) 

 

ʉʚʷʟʠ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ  

ʀʥʩʪʠʪʫʪ ʧʨʦʜʦʣʞʘʝʪ ʪʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʨʦʬʠʣʴʥʳʭ ʜʣʷ 

ʀʥʩʪʠʪʫʪʘ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʤʠ, ʢʘʢ 

¶ ʆʂ çʈʋʉɸʃè, ʛ. ʂʨʘʩʥʦʷʨʩʢ (ʭʦʟʜʦʛʦʚʦʨ) 

¶ ʆɸʆ çʂʨʘʩʥʦʷʨʩʢʠʡ ʟʘʚʦʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠʤ. ɺ.ʅ. ɻʫʣʠʜʦʚʘè, ʛ. 

ʂʨʘʩʥʦʷʨʩʢ (ʭʦʟʜʦʛʦʚʦʨ) 

¶ ʌɻʋʇ çɻʦʨʥʦ-ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè, ʛ. ɾʝʣʝʟʥʦʛʦʨʩʢ (ʭʦʟʜʦʛʦʚʦʨ) 

¶ ɸʆ çʉʠʙʧʨʦʝʢʪè ʛ. ʂʨʘʩʥʦʷʨʩʢ (ʭʦʟʜʦʛʦʚʦʨ) 

¶ ʂʠʨʦʚʩʢʠʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʟʘʚʦʜ, ʛ. ʂʠʨʦʚ (ʜʦʛʦʚʦʨ) 

¶ ʆʆʆ çʂʨʘʩʂʀʇè (ʭʦʟʜʦʛʦʚʦʨ) 

¶ çɸʨʪʝʣʴ ʩʪʘʨʘʪʝʣʝʡ ʀʶʩʩʢʘʷè (ʭʦʟʜʦʛʦʚʦʨ) 
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5.3  ʇʨʝʧʦʜʘʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʉʚʝʜʝʥʠʷ ʦʙ ʠʩʩʣʝʜʦʚʘʪʝʣʷʭ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʌ.ʀ.ʆ. ʉʪʝʧʝʥʴ, 

ʟʚʘʥʠʝ 

ɼʦʣʞʥʦʩʪʴ, ɺʋɿ 

ɸʥʰʠʮ ɸ.ɻ.  ʜ.ʭ.ʥ., 

ʧʨʦʬ. 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʭʠʤʠʠ ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʉʌʋ, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ 

ʂʅʎ ʉʆ ʈɸʅ 

ɹʝʣʦʫʩʦʚ ʆ.ɺ.  ʜ.ʭ.ʥ. 

 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʤʝʪʘʣʣʫʨʛʠʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ,  

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ɹʦʨʠʩʦʚ ʈ.ɺ.  ʢ.ʭ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ 

ɹʦʨʦʚʢʦʚʘ ɺ.ʉ.  ʘʩʩʠʩʪʝʥʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ, 

ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʘʟʦʚʘʷ ʰʢʦʣʘ 

ʈɸʅ ʄɸʆʋ ʃʠʮʝʡ ˉ7, (8-9 ʢʣʘʩʩʳ) 

ɹʨʘʛʠʥ ɺ.ʀ. ʜ.ʪ.ʥ. ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ 

ɹʫʨʜʘʢʦʚʘ ɽ.ɸ. ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ 

ɹʫʨʤʘʢʠʥʘ ɻ.ɺ. ʜ.ʭ.ʥ. ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ɺʘʩʠʣʴʝʚʘ ʅ.ʖ. ʢ.ʭ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ 

ɺʘʰʣʘʝʚ ʀ.ʀ. ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʛʦʨʥʳʝ ʤʘʰʠʥʳ ʠ ʢʦʤʧʣʝʢʩʳ 

ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ, ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʪʝʭʥʦʣʦʛʠʡ ʉʌʋ 

ɺʝʨʧʝʢʠʥ ɺ.ɺ. ʢ.ʭ.ʥ. ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ɺʠʛʫʣʴ ɼ.ʆ.  ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 8-ʡ ʢʣʘʩʩ ʙʘʟʦʚʘʷ 

ʰʢʦʣʘ ʈɸʅ ʄɸʆʋ ʃʠʮʝʡ ˉ7 

ɿʠʤʦʥʠʥ ɼ.ɺ. ʢ.ʭ.ʥ. 

 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʙʘʟʦʚʘʷ ʰʢʦʣʘ ʈɸʅ ʄɸʆʋ ʃʠʮʝʡ ˉ7 
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ʀʦʥʠʥ ɺ.ɸ.  ʘʩʩʠʩʪʝʥʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ, 

ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʘʟʦʚʘʷ ʰʢʦʣʘ 

ʈɸʅ ʄɸʆʋ ʃʠʮʝʡ ˉ7, (8-9 ʢʣʘʩʩʳ) 

ʂʘʟʘʯʝʥʢʦ ɸ.ʉ. ʢ.ʭ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ 

ʂʘʣʷʢʠʥ ʉ.ʅ.  ʢ.ʭ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ, 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʂʘʧʘʝʚʘ ʉ.ʅ.  ʘʩʩʠʩʪʝʥʪ ʉʠʙɻʋ ʠʤ. ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ 

ʂʦʨʥʠʝʥʢʦ ɻ.ɺ.  ʢ.ʭ.ʥ. ʜʦʮʝʥʪ ʉʠʙɻʋ ʠʤ. ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ 

ʂʫʟʥʝʮʦʚ ɹ.ʅ.  ʜ.ʭ.ʥ., 

ʧʨʦʬ.  

 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ  

ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ,  

ʧʨʦʬʝʩʩʦʨ ʉʠʙɻʋ ʠʤ. ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʦʚ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʂʫʟʥʝʮʦʚ ʇ.ʅ.  ʜ.ʭ.ʥ., 

ʧʨʦʬ. 

ʧʨʦʬʝʩʩʦʨ ʀʥʩʪʠʪʫʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʌʋ 

ʂʫʟʴʤʠʥ ɺ.ʀ. ʜ.ʭ.ʥ. ʨʫʢʦʚʦʜʠʪʝʣʴ ʦʪʜʝʣʝʥʠʷ ʢʘʬʝʜʨʳ ʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ ʚ ʀʍʍʊ ʉʆ ʈɸʅ 

ʄʘʣʷʨ ʖ.ʅ.  ʢ.ʭ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ 

ʄʠʨʦʰʥʠʢʦʚʘ ɸ.ɺ.  ʘʩʩʠʩʪʝʥʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ, 

ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʙʘʟʦʚʘʷ ʰʢʦʣʘ 

ʈɸʅ ʄɸʆʋ ʃʠʮʝʡ ˉ7, (8-9 ʢʣʘʩʩʳ) 

ʄʠʭʘʡʣʦʚ ɸ.ɻ.  ʜ.ʪ.ʥ. ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʪʢʨʳʪʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʀʥʩʪʠʪʫʪʘ 

ʛʦʨʥʦʛʦ ʜʝʣʘ, ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʪʝʭʥʦʣʦʛʠʡ ʉʌʋ  

ʄʠʭʣʠʥ ʖ.ʃ. ʜ.ʭ.ʥ., 

ʧʨʦʬ. 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʆʙʫʭʦʚʘ ɸ.ɺ.  ʢ.ʭ.ʥ. ʜʦʮʝʥʪ ʀʥʩʪʠʪʫʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʌʋ  

ʈʫʙʘʡʣʦ ɸ.ʀ.  ʜ.ʭ.ʥ., 

ʧʨʦʬ. 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ  

ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ 
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ʉʘʡʢʦʚʘ ʉ.ɺ.  ʜ.ʭ.ʥ., 

ʧʨʦʬ. 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ, 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʉʘʬʠʥ ɺ.ɸ. ʢ.ʭ.ʥ. ʜʦʮʝʥʪ ʙʘʟʦʚʦʡ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʨʦʜʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʀʥʩʪʠʪʫʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʌʋ 

ʉʢʨʠʧʥʠʢʦʚ ɸ.ʄ.  ʘʩʩʠʩʪʝʥʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ, 

ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʘʟʦʚʘʷ ʰʢʦʣʘ 

ʈɸʅ ʄɸʆʋ ʃʠʮʝʡ ˉ7, (8-9 ʢʣʘʩʩʳ) 

ʊʘʨʘʙʘʥʴʢʦ ɺ.ɽ. ʜ.ʭ.ʥ., 

ʧʨʦʬ. 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʊʘʨʘʙʘʥʴʢʦ ʅ.ɺ. ʢ.ʭ.ʥ. ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʊʘʨʘʥ ʆ.ʇ.  ʜ.ʭ.ʥ., 

ʧʨʦʬ. 

ʈɸʅ 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ  

ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʘʩʧʠʨʘʥʪʦʚ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʋʩʤʘʥʦʚʘ ʅ.ʌ.  ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʌʋ 

ʍʘʨʠʪʦʥʦʚʘ ʄ.ʖ. ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʀʥʩʪʠʪʫʪʘ ʠʥʞʝʥʝʨʥʦʡ 

ʬʠʟʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʉʌʋ 

ʏʝʩʥʦʢʦʚ ʅ.ɺ. ʜ.ʭ.ʥ. ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʐʦʨ ɽ.ɸ. ʢ.ʭ.ʥ. ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 
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ɼʠʧʣʦʤʥʳʝ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʀʍʍʊ ʉʆ ʈɸʅ, 2020-2021 ʫʯʝʙʥʳʡ ʛʦʜ 

ʌʀʆ ɺʋɿ ʅʘʟʚʘʥʠʝ ʨʘʙʦʪʳ ɼʘʪʘ 

ʟʘʱʠʪʳ 

ʦʮʝʥʢʘ ʃʘʙʦʨʘʪʦʨʠʷ 

ʀʍʍʊ ʉʆ ʈɸʅ 

ʅʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣ

 ɹ

ʂʫʣʘʢʦʚʘ ɽʣʝʥʘ 

ʉʝʨʛʝʝʚʥʘ 

ʉʌʋ çʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʣʝʥʦʢ 

ʥʘ ʦʩʥʦʚʝ ʛʝʤʠʮʝʣʣʶʣʦʟ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʜʚʫʭʦʩʥʦʚʥʳʤʠ ʢʘʨʙʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠè 

ʙʘʢʘʣʘʚʨ 

21.06.2021 ʭʦʨʦʰʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ʖ.ʅ. ʄʘʣʷʨ 

 

ʅʝʠʟʚʝʩʪʥʳʭ 

ɸʥʘʩʪʘʩʠʷ 

ʄʠʭʘʡʣʦʚʥʘ 

ʉʌʋ çʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʚʳʜʝʣʝʥʠʷ ʛʝʤʠʮʝʣʣʶʣʦʟ 

ʜʨʝʚʝʩʠʥʳ ʝʣʠ ʤʝʪʦʜʦʤ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʜʝʣʠʛʥʠʬʠʢʘʮʠʠè 

ʩʧʝʮʠʘʣʠʩʪ 

21.06.2021 ʦʪʣʠʯʥʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ʖ.ʅ. ʄʘʣʷʨ 

 

ʇʝʪʨʦʚʘ ɸʥʥʘ 

ʆʣʝʛʦʚʥʘ 

ʉʌʋ çʉʠʥʪʝʟ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʣʴʬʘʪʦʚ 

ʭʠʪʦʟʘʥʘè 

ʩʧʝʮʠʘʣʠʩʪ 

 

21.06.2021 ʦʪʣʠʯʥʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ʖ.ʅ. ʄʘʣʷʨ 

 

ʅʫʨʙʦʝʚ ʊʠʤʫʨ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʉʌʋ çʉʠʥʪʝʟ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʛʝʤʠʮʝʣʣʶʣʦʟ 

ʜʨʝʚʝʩʠʥʳ ʝʣʠè 

ʩʧʝʮʠʘʣʠʩʪ 

21.06.2021 ʭʦʨʦʰʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ʖ.ʅ. ʄʘʣʷʨ 
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ɹʦʨʦʚʢʦʚʘ 

ɺʘʣʝʥʪʠʥʘ 

ʉʝʨʛʝʝʚʥʘ 

ʉʌʋ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʨʝʚʝʩʥʦʡ 

ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʦʩʠʥʳè 

ʤʘʛʠʩʪʨ 

 

21.06.2021 ʦʪʣʠʯʥʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ʖ.ʅ. ʄʘʣʷʨ 

 

ʄʘʰʢʦʚʘ ɼʘʨʴʷ 

ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʉʌʋ çʀʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʘʤʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʩʠʥʪʝʟʘè 

ʄʘʛʠʩʪʨ 

21.06.2021 ʭʦʨʦʰʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ʖ.ʅ. ʄʘʣʷʨ 

 

ʇʦʛʘʜʘʝʚʘ 

ɸʨʠʥʘ 

ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʉʠʙɻʋ ʠʤ. 

ʄ.ʌ. 

ʈʝʰʝʪʥʝʚʘ 

çʇʨʦʝʢʪ ʫʯʘʩʪʢʘ ʩʫʰʢʠ 

ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʦʣʠʪʘ ʠ ʦʯʠʩʪʢʠ 

ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʥʘ ɸʆ 

çʈʋʉɸʃ ʂʨʘʩʥʦʷʨʩʢè 

ʙʘʢʘʣʘʚʨ 

24.06.2021 ʦʪʣʠʯʥʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ʂʦʨʥʠʝʥʢʦ 

ɻ.ɺ. 

ɼʘʡʙʝʨ  

ɼʠʘʥʘ 

ɸʥʜʨʝʝʚʥʘ 

ʉʠʙɻʋ ʠʤ. 

ʄ.ʌ. 

ʈʝʰʝʪʥʝʚʘ 

çʇʨʦʝʢʪ ʫʯʘʩʪʢʘ çʩʫʭʦʡè 

ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʦʪ 

ʢʦʨʧʫʩʦʚ ʵʣʝʢʪʨʦʣʠʟʘ 

ʘʣʶʤʠʥʠʷ ʥʘ ɸʆ çʈʋʉɸʃ 

ʂʨʘʩʥʦʷʨʩʢè 

ʙʘʢʘʣʘʚʨ 

24.06.2021 ʦʪʣʠʯʥʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ʂʦʨʥʠʝʥʢʦ 

ɻ.ɺ. 

ɻʦʥʯʘʨʝʥʢʦ ʊ.ɺ. ʉʌʋ çʇʨʦʝʢʪ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ 

ʬʘʙʨʠʢʠ ʥʘ ʙʘʟʝ ʬʦʩʬʦʨʠʪʦʚʳʭ 

ʨʫʜ ʬʘʙʨʠʢʠ çʆʙʣʘʜʞʘʥè ʩʦ 

ʩʧʝʮʠʘʣʴʥʦʡ ʯʘʩʪʴʶ 

çʇʨʠʤʝʥʝʥʠʝ 

ʨʝʥʪʛʝʥʦʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʝʧʘʨʘʮʠʠ ʚ ʮʠʢʣʝ 

ʨʫʜʦʧʦʜʛʦʪʦʚʢʠè 

ʩʧʝʮʠʘʣʠʩʪ 

2.02.2021 ʭʦʨʦʰʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ 

 

ʢ.ʪ.ʥ., ʥ.ʩ. 

ʋʩʤʘʥʦʚʘ 

ʅ.ʌ. 
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ɻʠʣʝʚʘ ʖ.ʉ. ʉʌʋ çʇʨʦʝʢʪ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ 

ʬʘʙʨʠʢʠ ʥʘ ʙʘʟʝ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʅʝʚʩʢʦʝè ʩʦ 

ʩʧʝʮʠʘʣʴʥʦʡ ʯʘʩʪʴʶ çʉʥʠʞʝʥʠʝ 

ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʩ ʭʚʦʩʪʘʤʠ 

ʦʙʦʛʘʱʝʥʠʷè 

ʩʧʝʮʠʘʣʠʩʪ 

2.02.2021 ʭʦʨʦʰʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ 

 

ʢ.ʪ.ʥ., ʥ.ʩ. 

ʋʩʤʘʥʦʚʘ 

ʅ.ʌ. 

 

ɼʝʤʠʜʝʥʢʦ ʀ.ʆ. ʉʌʋ çʅʦʚʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ(i) ʠ 

ʬʝʥʠʣʚʠʥʠʣʠʜʝʥʦʚ  

ʤʘʨʛʘʥʮʘ ʠ ʨʝʥʠʷè 

ʙʘʢʘʣʘʚʨ 

21.06.2021 ʦʪʣʠʯʥʦ ʣʘʙʦʨʘʪʦʨʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʘʥʘʣʠʟʘ 

 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ɺʝʨʧʝʢʠʥ ɺ.ɺ. 

 

ʂʘʟʘʥʮʝʚʘ ʖʣʠʷ 

ɻʨʠʛʦʨʴʝʚʥʘ 

ʉʌʋ çʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ 

ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʜʨʝʚʝʩʠʥʳ ʙʝʨʸʟʳ ʬʠʟʠʢʦ - 

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʠʟʘè 

ʙʘʢʘʣʘʚʨ 

21.06.2021 ʭʦʨʦʰʦ ʣʘʙʦʨʘʪʦʨʠʠ 

ʭʠʤʠʠ 

ʧʨʠʨʦʜʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʳʨʴʷ 

ʢ.ʭ.ʥ. 

ʂʘʟʘʯʝʥʢʦ 

ɸ.ʉ. 

ʄʫʩʩ ɽʢʘʪʝʨʠʥʘ 

ʀʛʦʨʝʚʥʘ 

ʉʌʋ çʉʫʣʴʬʘʪʠʨʦʚʘʥʠʝ 

ʵʪʘʥʦʣʣʠʛʥʠʥʘ ʙʝʨʸʟʳ 

ʩʤʝʩʴʶ ʩʫʣʴʬʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʤʦʯʝʚʠʥʳ ʚ ʩʨʝʜʝ 

1,4-ʜʠʦʢʩʘʥʘè 

ʙʘʢʘʣʘʚʨ 

21.06.2021 ʦʪʣʠʯʥʦ ʣʘʙʦʨʘʪʦʨʠʠ 

ʭʠʤʠʠ 

ʧʨʠʨʦʜʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʳʨʴʷ 

 

ʢ.ʭ.ʥ. 

ʃʝʚʜʘʥʩʢʠʡ 

ɸ.ɺ.  

ʜ.ʭ.ʥ. 

ʂʫʟʥʝʮʦʚ ɹ.ʅ. 

(ʉʌʋ) 
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5.4 ʇʦʜʛʦʪʦʚʢʘ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ ʚ ʘʩʧʠʨʘʥʪʫʨʝ 

Oʙʫʯʝʥʠʝ ʘʩʧʠʨʘʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʮʝʥʟʠʠ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ˉ 2361 ʦʪ 30 

ʘʚʛʫʩʪʘ 2016 ʛʦʜʘ, ʚʳʜʘʥʥʦʡ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʘʢʢʨʝʜʠʪʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ˉ 

2621 ʦʪ 16 ʠʶʥʷ 2017 ʛʦʜʘ.  

ɺ 2021 ʛʦʜʫ ʚ ʘʩʧʠʨʘʥʪʫʨʫ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ ʥʘ ʦʙʫʯʝʥʠʝ ʧʨʠʥʷʪʦ 4 ʯʝʣʦʚʝʢʘ ʥʘ ʙʶʜʞʝʪʥʳʝ ʤʝʩʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʦʜʛʦʪʦʚʢʠ 04.06.01 - ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ, ʩʧʝʮʠʘʣʴʥʦʩʪʴ 1.4.4 (02.00.04) - ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ. ɺ ʩʝʥʪʷʙʨʝ 2021 ʛʦʜʘ ʧʨʦʰʣʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʪʦʛʦʚʘʷ ʘʪʪʝʩʪʘʮʠʷ, ʜʠʧʣʦʤʳ ʦʙ ʦʢʦʥʯʘʥʠʠ ʘʩʧʠʨʘʥʪʫʨʳ ʧʦʣʫʯʠʣʠ 2 ʘʩʧʠʨʘʥʪʘ; ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.04 - 

ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ ʠ 05.17.07 - ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʪʦʧʣʠʚʘ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʅʘ ʢʦʥʝʮ ʦʪʯʝʪʥʦʛʦ ʛʦʜʘ ʚ ʘʩʧʠʨʘʥʪʫʨʝ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ ʦʙʫʯʘʣʦʩʴ 15 ʘʩʧʠʨʘʥʪʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 04.06.01 - 

ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ ʠ 3 ʘʩʧʠʨʘʥʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 18.06.01 - ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ. 

2020-2021 ʋʯʝʙʥʳʡ ʛʦʜ 

ɸʩʧʠʨʘʥʪ ʌʀʆ ʉʧʝʮʠʘʣʴʥʦʩʪʴ ʊʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅʘʫʯʥʳʡ  

ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʉʨʦʢ 

ʦʙʫʯʝʥʠʷ 

ɺʳʧʫʩʢ 2021 ʛʦʜʘ 

ɹʝʣʘʰ ʄʠʭʘʠʣ ʖʨʴʝʚʠʯ 05.17.07 

ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʪʦʧʣʠʚʘ ʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ 

ʇʦʣʫʯʝʥʠʝ 

ʙʠʦʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʦʪʭʦʜʦʚ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

ʜ.ʭ.ʥ., ʜʦʮʝʥʪ ʏʝʩʥʦʢʦʚ 

ʅʠʢʦʣʘʡ ɺʘʩʠʣʴʝʚʠʯ 

2017 ï 2021ʛʛ. 

ʈʦʛʦʚʝʥʢʦ ɽʣʝʥʘ 

ʉʝʨʛʝʝʚʥʘ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʇʦʣʫʯʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ 

ʩʪʝʢʣʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʮʝʥʦʩʬʝʨ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʘʟʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ 

ʢʠʥʝʪʠʯʝʩʢʠʤʠ 

ʜʠʘʤʝʪʨʘʤʠ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ɸʥʰʠʮ ɸʣʝʢʩʘʥʜʨ 

ɻʝʦʨʛʠʝʚʠʯ 

2017 ï 2021ʛʛ. 
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ʏʝʪʚʝʨʪʳʡ ʛʦʜ ʦʙʫʯʝʥʠʷ 

ɸʢʠʤʝʥʢʦ ɸʣʝʢʩʝʡ 

ɸʥʜʨʝʝʚʠʯ 

 

05.17.01 

ʊʝʭʥʦʣʦʛʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ 

ɸʚʪʦʢʣʘʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʨʘʟʣʦʞʝʥʠʷ ʩʳʨʴʷ ʥʘ 

ʦʩʥʦʚʝ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ 

ʢ.ʭ.ʥ., ʜʦʮʝʥʪ 

ɹʝʣʦʫʩʦʚ ʆʣʝʛ 

ɺʣʘʜʠʩʣʘʚʦʚʠʯ 

2018 - 2022ʛʛ. 

ʃʫʢʠʥʘ ʂʩʝʥʠʷ 

ɺʘʣʝʨʴʝʚʥʘ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʠʨʦ- ʠ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʘʚʪʦ- ʠ 

ʥʝʬʪʝʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʈʫʙʘʡʣʦ ɸʥʘʪʦʣʠʡ 

ʀʦʩʠʬʦʚʠʯ 

2018 - 2022ʛʛ. 

ʇʝʩʪʫʥʦʚ ɸʥʜʨʝʡ 

ɺʠʢʪʦʨʦʚʠʯ 

 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʝʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʜʨʝʚʝʩʥʳʭ ʣʠʛʥʠʥʦʚ ʚ 

ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʥʳʭ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʂʫʟʥʝʮʦʚ ɹʦʨʠʩ ʅʠʢʦʣʘʝʚʠʯ 

2016 -2022ʛʛ. 

ʉʳʯʝʚ ɺʘʣʝʥʪʠʥ 

ɺʣʘʜʠʤʠʨʦʚʠʯ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʮʝʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈɸʅ 

ʊʘʨʘʥ ʆʢʩʘʥʘ ʇʘʚʣʦʚʥʘ 

 

2018 - 2022ʛʛ. 
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ʊʨʝʪʠʡ ʛʦʜ ʦʙʫʯʝʥʠʷ 

ɺʠʛʫʣʴ ɼʤʠʪʨʠʡ 

ʆʣʝʛʦʚʠʯ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʣʠʛʥʦʫʛʣʝʚʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʨʝʚʝʩʠʥʳ 

ʤʝʪʦʜʘʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʠ 

ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʊʘʨʘʙʘʥʴʢʦ ɺʘʣʝʨʠʡ 

ɽʚʛʝʥʴʝʚʠʯ 

2019 - 2023ʛʛ. 

ʀʚʘʥʝʝʚʘ ɸʥʘʩʪʘʩʠʷ 

ɼʝʥʠʩʦʚʥʘ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʩʦʢʦʜʝʬʝʢʪʥʳʭ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʷʭ ʠ ʥʘʥʦʯʘʩʪʠʮʘʭ 

ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʄʠʭʣʠʥ 

ʖʨʠʡ ʃʝʦʥʠʜʦʚʠʯ 

2017 - 2023ʛʛ. 

ʀʦʥʠʥ ɺʣʘʜʠʩʣʘʚ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʙʠʦʤʘʩʩʳ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈɸʅ 

ʊʘʨʘʥ ʆʢʩʘʥʘ ʇʘʚʣʦʚʥʘ 

2019 - 2023ʛʛ. 

ʂʠʨʰʥʝʚʘ ɽʣʠʟʘʚʝʪʘ 

ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

05.17.01 

ʊʝʭʥʦʣʦʛʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ 

ʉʠʥʪʝʟ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʬʝʨʨʠʪʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʛʨʘʥʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʠʦʥʦʦʙʤʝʥʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ 

ʜ.ʭ.ʥ., ʜʦʮʝʥʪ 

ʉʘʡʢʦʚʘ ʉʚʝʪʣʘʥʘ 

ɺʘʩʠʣʴʝʚʥʘ 

2019 - 2023ʛʛ. 
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ʅʝʜʝʣʠʥʘ ʊʘʪʴʷʥʘ 

ʉʝʨʛʝʝʚʥʘ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʈʝʜʦʢʩ-ʩʚʦʡʩʪʚʘ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ, 

ʩʦʜʝʨʞʘʱʠʭ ʤʦʩʪʠʢʦʚʳʝ 

ʘʣʢʠʣʴʥʳʝ ʠ 

ʚʠʥʠʣʠʜʝʥʦʚʳʝ ʣʠʛʘʥʜʳ 

ʜ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ɹʫʨʤʘʢʠʥʘ ɻʘʣʠʥʘ 

ɺʝʥʠʘʤʠʥʦʚʥʘ 

2019 - 2023ʛʛ. 

ʏʝʨʝʤʠʩʢʠʥʘ ɽʣʝʥʘ 

ɺʣʘʜʠʤʠʨʦʚʥʘ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

ʜ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ 

ʉʪʦʣʷʨ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ 

2019 - 2023ʛʛ. 

ɺʪʦʨʦʡ ʛʦʜ ʦʙʫʯʝʥʠʷ 

ɻʦʣʫʙʢʦʚ ɺʠʢʪʦʨ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʆʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʣʠʟʘ 

ʫʛʣʝʚʦʜʦʚ ʩ ʧʦʤʦʱʴʶ 

ʪʚʝʨʜʳʭ ʢʠʩʣʦʪʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʢ.ʭ.ʥ. ʊʘʨʘʙʘʥʴʢʦ ʅʠʢʦʣʘʡ 

ɺʘʣʝʨʴʝʚʠʯ 

2020 - 2024ʛʛ. 

ʂʘʟʘʢʝʚʠʯ ɼʤʠʪʨʠʡ 

ɸʣʝʢʩʝʝʚʠʯ 

05.17.01 

ʊʝʭʥʦʣʦʛʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ 

ʆʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʦʚ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ 

ʮʝʤʝʥʪʘʮʠʝʡ ʠʟ 

ʩʦʣʷʥʦʢʠʩʣʳʭ ʠ 

ʩʝʨʥʦʢʠʩʣʳʭ ʩʨʝʜ 

 

ʢ.ʭ.ʥ. ʂʘʣʷʢʠʥ ʉʝʨʛʝʡ 

ʅʠʢʦʣʘʝʚʠʯ 

2020 - 2024ʛʛ. 

ʂʫʫʣʘʨ ɸʡʨʘʘʥʘ 02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʅʘʥʦʢʦʤʧʦʟʠʪʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʉɺʄʇʕ ʠ ʥʘʥʦʚʦʣʦʢʦʥ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

ʢ.ʪ.ʥ. ʉʠʤʫʥʠʥ ʄʠʭʘʠʣ 

ʄʘʢʩʠʤʦʚʠʯ 

2020 ï 2024ʛʛ. 

ʄʠʭʣʠʥʘ ɸʥʥʘ 

ɺʘʩʠʣʴʝʚʥʘ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ 

ʢ.ʭ.ʥ. ʐʦʨ ɽʣʝʥʘ 

ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

2020 ï 2024ʛʛ. 
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ʃʝʢʦʤʮʝʚʘ ɽʢʘʪʝʨʠʥʘ 

ʖʨʴʝʚʥʘ 

02.00.04 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʢʩʪʫʨʳ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ 

ʠʟ ʨʦʜʠʷ ʠ ʨʫʪʝʥʠʷ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂʦʨʥʠʝʥʢʦ 

ɺʘʩʠʣʠʡ ʃʝʦʥʪʴʝʚʠʯ 

2020 ï 2024ʛʛ. 

ʇʝʨʚʳʡ ʛʦʜ ʦʙʫʯʝʥʠʷ 

ɹʦʨʦʚʢʦʚʘ ɺʘʣʝʥʪʠʥʘ 

ʉʝʨʛʝʝʚʥʘ 

1.4.4 

(02.00.04) 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ 

ʚʳʜʝʣʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʜʨʝʚʝʩʥʳʭ ʛʝʤʠʮʝʣʣʶʣʦʟ 

ʢ.ʭ.ʥ. ʄʘʣʷʨ ʖʨʠʡ 

ʅʠʢʦʣʘʝʚʠʯ 

2021 - 2025ʛʛ. 

ɿʦʩʴʢʦ ʅʠʢʦʣʘʡ 

ɸʥʜʨʝʝʚʠʯ 

1.4.4 

(02.00.04) 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʈʘʟʨʘʙʦʪʢʘ ʬʦʪʦ-, 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʨʩʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʙʠʦʤʘʩʩʳ ʜʣʷ ʭʠʤʠʠ ʠ 

ʟʝʣʝʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʢ.ʭ.ʥ. ʂʝʥʦʚʘ ʊʘʪʴʷʥʘ 

ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

2021 - 2025ʛʛ. 

ʂʘʧʘʝʚʘ ʉʚʝʪʣʘʥʘ 

ʅʠʢʦʣʘʝʚʥʘ 

1.4.4 

(02.00.04) 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʕʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ 

ʦʢʠʩʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʚ 

ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʚ ʚʦʜʥʳʭ 

ʩʨʝʜʘʭ 

ʢ.ʭ.ʥ. ʂʦʨʥʠʝʥʢʦ ɻʘʣʠʥʘ 

ɺʘʩʠʣʴʝʚʥʘ 

2021 - 2025ʛʛ. 

ʇʦʥʦʤʘʨʝʚ ʀʣʴʷ 

ʉʝʨʛʝʝʚʠʯ 

1.4.4 

(02.00.04) 

ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ʉʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ 

ʛʨʫʧʧʳ ʤʝʜʠ ʠ ʥʠʢʝʣʷ ʩ 

ʛʠʙʨʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʜʦʥʦʨʥʳʝ 

ʮʝʥʪʨʳ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ 

ʢ.ʭ.ʥ. ɺʝʨʧʝʢʠʥ ɺʠʢʪʦʨ 

ɺʘʩʠʣʴʝʚʠʯ 

2021 - 2025ʛʛ. 
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5.5 ɼʝʷʪʝʣʴʥʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

ʉʦʚʝʪ ʧʦ ʟʘʱʠʪʝ ʜʦʢʪʦʨʩʢʠʭ ʠ ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ 24.1.228.04 (ɼ 

003.075.05) ʩʦʟʜʘʥ ʥʘ ʙʘʟʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʨʘʩʥʦʷʨʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè. ʉʦʚʝʪ ʫʪʚʝʨʞʜʝʥ ʧʨʠʢʘʟʦʤ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʦʪ 30 ʷʥʚʘʨʷ 2017 ʛʦʜʘ ˉ 47/ʥʢ, ʧʨʠʢʘʟʘʤʠ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ ˉ 92/ʥʢ ʦʪ 26 ʷʥʚʘʨʷ 2018 ʛʦʜʘ, ˉ 272/ʥʢ ʦʪ 27 ʤʘʨʪʘ 2019 ʛʦʜʘ ʠ ˉ 29/ʥʢ ʦʪ 

28 ʷʥʚʘʨʷ 2021 ʛʦʜʘ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚ ʩʦʚʝʪʘ. 

ˉ ʌ.ʀ.ʆ. ʋʯʝʥʘʷ ʩʪʝʧʝʥʴ ʉʧʝʮʠʘʣʴʥʦʩʪʴ 

1. ʏʝʩʥʦʢʦʚ ʅʠʢʦʣʘʡ 

ɺʘʩʠʣʴʝʚʠʯ (ʧʨʝʜʩʝʜʘʪʝʣʴ) 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ 

2.6.12 

2. ʂʫʟʥʝʮʦʚ ɹʦʨʠʩ ʅʠʢʦʣʘʝʚʠʯ 

(ʟʘʤ.ʧʨʝʜʩʝʜʘʪʝʣʷ) 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

2.6.12 

3. ɹʫʨʤʘʢʠʥʘ ɻʘʣʠʥʘ 

ɺʝʥʠʘʤʠʥʦʚʥʘ  

(ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ) 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʩ.ʥ.ʩ. 

1.4.4 

4. ɸʥʰʠʮ ɸʣʝʢʩʘʥʜʨ ɻʝʦʨʛʠʝʚʠʯ ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

2.6.7 

5. ɺʝʨʝʱʘʛʠʥʘ ʊʘʪʴʷʥʘ 

ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʩ.ʥ.ʩ. 

2.6.7 

6. ʂʦʨʥʠʝʥʢʦ ɺʘʩʠʣʠʡ 

ʃʝʦʥʪʴʝʚʠʯ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

1.4.4 

7. ʂʫʟʥʝʮʦʚ ʇʝʪʨ ʅʠʢʦʣʘʝʚʠʯ ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

2.6.12 

8. ʂʫʟʥʝʮʦʚʘ ʉʚʝʪʣʘʥʘ 

ɸʣʝʢʩʝʝʚʥʘ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ 

1.4.4 

9. ʂʫʟʴʤʠʥ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʩ.ʥ.ʩ. 

2.6.7 

10. ʃʘʚʨʝʥʦʚ ɸʣʝʢʩʘʥʜʨ 

ɺʘʣʝʥʪʠʥʦʚʠʯ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ 

2.6.12 

11. ʃʝʚʜʘʥʩʢʠʡ ɺʣʘʜʠʤʠʨ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ 

2.6.12 

12. ʄʠʭʘʡʣʦʚ ɸʣʝʢʩʘʥʜʨ 

ɻʝʥʥʘʜʴʝʚʠʯ 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʩ.ʥ.ʩ. 

2.6.7 

13. ʄʠʭʣʠʥ ʖʨʠʡ ʃʝʦʥʠʜʦʚʠʯ ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

1.4.4 

14. ʅʘʩʣʫʟʦʚ ɺʣʘʜʠʤʠʨ 

ɸʣʝʢʩʝʝʚʠʯ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 1.4.4 

15. ʇʦʣʷʢʦʚ ʇʝʪʨ ɺʘʩʠʣʴʝʚʠʯ ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

2.6.7 
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16. ʈʫʙʘʡʣʦ ɸʥʘʪʦʣʠʡ ʀʦʩʠʬʦʚʠʯ ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

1.4.4 

17. ʉʘʡʢʦʚʘ ʉʚʝʪʣʘʥʘ ɺʘʩʠʣʴʝʚʥʘ ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ 

2.6.7 

18. ʉʪʦʣʷʨ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ ʜʦʢʪʦʨ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ 

2.6.7 

19. ʊʘʨʘʙʘʥʴʢʦ ɺʘʣʝʨʠʡ 

ɽʚʛʝʥʴʝʚʠʯ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

2.6.12 

20. ʊʘʨʘʥ ʆʢʩʘʥʘ ʇʘʚʣʦʚʥʘ ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ ʈɸʅ 

2.6.12 

21. ʐʠʤʘʥʩʢʠʡ ɸʣʝʢʩʘʥʜʨ 

ʌʝʜʦʨʦʚʠʯ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 

1.4.4 

 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʤʫ ʩʦʚʝʪʫ ʨʘʟʨʝʰʝʥʦ ʧʨʠʥʠʤʘʪʴ ʢ ʟʘʱʠʪʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦ 

ʭʠʤʠʯʝʩʢʠʤ ʥʘʫʢʘʤ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ: 1.4.4 (02.00.04) ï ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ, 2.6.7 

(05.17.01) ï ʪʝʭʥʦʣʦʛʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 2.6.12 (05.17.07) ï ʭʠʤʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʷ ʪʦʧʣʠʚ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ɺ 2021 ʛʦʜʫ ʧʨʦʚʝʜʝʥʦ 9 ʟʘʩʝʜʘʥʠʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ, ʟʘʱʠʱʝʥʳ 2 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ ʠ 3 ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ 

ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ. 

ʂʨʘʪʢʠʡ ʘʥʘʣʠʟ ʜʠʩʩʝʨʪʘʮʠʡ, ʫʪʚʝʨʞʜʝʥʥʳʭ ʩʦʚʝʪʦʤ ʚ ʪʝʯʝʥʠʝ ʦʪʯʝʪʥʦʛʦ ʛʦʜʘ: 

ɼʠʩʩʝʨʪʘʮʠʷ ɹʝʣʦʫʩʦʚʘ ʆʣʝʛʘ ɺʣʘʜʠʩʣʘʚʦʚʠʯʘ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʘʚʪʦʢʣʘʚʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳè ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʭʠʤʠʯʝʩʢʠʭ 

ʥʘʫʢ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ 02.00.04 ï ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ, 05.17.01 ï ʪʝʭʥʦʣʦʛʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʀʍʍʊ ʉʆ ʈɸʅ. 

ɸʚʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʩ ʫʯʘʩʪʠʝʤ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ ʘʚʪʦʢʣʘʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʪʘʣʣʳ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. 

ɼʠʩʩʝʨʪʘʮʠʷ ɺʦʪʦʣʠʥʘ ʂʦʥʩʪʘʥʪʠʥʘ ʉʝʨʛʝʝʚʠʯʘ çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ 

ʧʦʣʫʯʝʥʠʷ ʛʫʤʠʥʦʚʳʭ ʩʫʙʩʪʘʥʮʠʡ ʩ ʟʘʜʘʥʥʳʤ ʩʪʨʫʢʪʫʨʥʦ-ʛʨʫʧʧʦʚʳʤ ʩʦʩʪʘʚʦʤ ʠʟ 

ʙʫʨʳʭ ʫʛʣʝʡè ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.17.07 ï ʭʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʪʦʧʣʠʚ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʀʥʩʪʠʪʫʪʝ ʫʛʣʝʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʌɻɹʅʋ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʫʛʣʷ ʠ ʫʛʣʝʭʠʤʠʠ ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè, ʛ. ʂʝʤʝʨʦʚʦ. 
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ɺʦʪʦʣʠʥʳʤ ʂ.ʉ. ʨʝʰʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʳʭ ʦʩʥʦʚ 

ʧʦʣʫʯʝʥʠʷ ʠʟ ʙʫʨʳʭ ʫʛʣʝʡ ʛʫʤʠʥʦʚʳʭ ʩʫʙʩʪʘʥʮʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʪʨʫʢʪʫʨʥʦ-ʛʨʫʧʧʦʚʳʤ ʩʦʩʪʘʚʦʤ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʠʤʝʶʱʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʳʭ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʥʝʪʦʧʣʠʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʉʧʠʨʠʜʦʥʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ʄʠʭʘʡʣʦʚʠʯʘ çɸʜʩʦʨʙʮʠʷ 

ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜʘ ʧʨʠʨʦʜʥʳʤ ʮʝʦʣʠʪʦʤ ʠ ʩʚʦʡʩʪʚʘ ʝʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠè ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.04 ï ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ 

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘè ʠ 

ʌɻɹʋʅ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè, ʛ. ʗʢʫʪʩʢ. 

ɸʚʪʦʨʦʤ ʨʝʰʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ï ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ 

ʢʘʪʠʦʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ï ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ ʠ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʩʣʦʝʚ ʚ ʦʨʛʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʮʝʦʣʠʪʘ ʩʦ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤ 

ʧʦʣʠʵʪʠʣʝʥʦʤ, ʠʤʝʶʱʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʠ ʭʠʤʠʠ ʧʦʣʠʤʝʨʦʚ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʂʫʪʠʭʠʥʦʡ ɽʢʘʪʝʨʠʥʳ ɸʥʘʪʦʣʴʝʚʥʳ çʂʦʤʧʦʟʠʪʥʳʝ ʩʦʨʙʝʥʪʳ 

ʥʘ ʦʩʥʦʚʝ ʮʝʥʦʩʬʝʨ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʣ: ʩʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʦʪʥʦʰʝʥʠʠ Cs
+
, Sr

2+
 ʠ Nd

3+
è ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ 

ʥʘʫʢ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.04 ï ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʀʍʍʊ ʉʆ ʈɸʅ. 

ɸʚʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʨʙʮʠʠ ʢʘʪʠʦʥʦʚ Cs
+
, Sr

2+
 ʠ Nd

3+ 

ʥʦʚʳʤʠ Zr-ʩʦʜʝʨʞʘʱʠʤʠ ʩʦʨʙʝʥʪʘʤʠ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʬʠʟʠʯʝʩʢʫʶ ʭʠʤʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʬʘʟ ʞʠʜʢʦʩʪʴ-ʪʚʝʨʜʦʝ ʪʝʣʦ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʉʤʦʣʠʢʦʚʘ ʄʠʭʘʠʣʘ ɼʤʠʪʨʠʝʚʠʯʘ çʂʘʪʘʣʠʟʘʪʦʨʳ 

ʠʟʦʤʝʨʠʟʘʮʠʠ ʠ ʨʠʬʦʨʤʠʥʛʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚè ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.6.12 ï ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʪʦʧʣʠʚʘ 

ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʎʝʥʪʨʝ ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʌʀʎ ʀʂ ʉʆ ʈɸʅ, ʛ. ʆʤʩʢ. 

ɸʚʪʦʨʦʤ ʨʝʰʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ, ʠʤʝʶʱʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʦʧʣʠʚʘ. ɸʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʘʪ ʠ 

ʚʦʣʴʬʨʘʤʘʪʩʦʜʝʨʞʘʱʠʭ ʜʠʦʢʩʠʜʦʚ ʮʠʨʢʦʥʠʷ, ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ, ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʳʭ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʩʪʨʘʥʳ. 
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ɺ 2021 ʛʦʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʘ ʟʘʱʠʱʝʥʳ ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ ʠ ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ 

ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ 

ˉ ʌʀʆ, ʅʘʟʚʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ɼʘʪʘ 

ʟʘʱʠʪʳ 

ʆʨʛʘʥʠʟʘʮʠʷ, ʚ 

ʢʦʪʦʨʦʡ 

ʧʨʦʚʦʜʠʣʘʩʴ 

ʟʘʱʠʪʘ 

ʇʨʠʩʚʦʝʥʥʘʷ 

ʫʯʝʥʘʷ ʩʪʝʧʝʥʴ 

ʉʩʳʣʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʠʩʩʝʨʪʘʮʠʠ 

1  

ɹʝʣʦʫʩʦʚ ʆʣʝʛ ɺʣʘʜʠʩʣʘʚʦʚʠʯ  

 

çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʘʚʪʦʢʣʘʚʥʳʭ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʫʯʘʩʪʠʝʤ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳè 

 

19.01.2021 

 

ʀʍʍʊ ʉʆ ʈɸʅ 

 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ 

ʥʘʫʢ 02.00.04 ï 

ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ, 

05.17.01 ï 

ʪʝʭʥʦʣʦʛʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ 

 

http://www.icct.ru/node/432 

2  

ʂʫʪʠʭʠʥʘ ɽʢʘʪʝʨʠʥʘ ɸʥʘʪʦʣʴʝʚʥʘ  

 

çʂʦʤʧʦʟʠʪʥʳʝ ʩʦʨʙʝʥʪʳ ʥʘ 

ʦʩʥʦʚʝ ʮʝʥʦʩʬʝʨ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʟʦʣ: ʩʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ 

ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʦʪʥʦʰʝʥʠʠ Cs
+
, Sr

2+
 ʠ Nd

3+
è 

 

20.04.2021 

 

ʀʍʍʊ ʉʆ ʈɸʅ 

 

ʂʘʥʜʠʜʘʪ 

ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

02.00.04 ï 

ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

http://www.icct.ru/node/464 
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5.6  ɼʝʷʪʝʣʴʥʦʩʪʴ ʫʯʝʥʦʛʦ ʩʦʚʝʪʘ 

ʉʦʩʪʘʚ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ ʠʟʙʨʘʥ ʆʙʱʠʤ ʩʦʙʨʘʥʠʝʤ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʀʍʍʊ 

ʉʆ ʈɸʅ, ʧʨʦʪʦʢʦʣ ˉ 1 ʦʪ 18.09.2020, ʫʪʚʝʨʞʜʝʥ ʋʯʝʥʳʤ ʩʦʚʝʪʦʤ ʌʀʎ ʂʅʎ ʉʆ 

ʈɸʅ ʦʪ 30.09.2020. 

ɺ 2021 ʛʦʜʫ ʧʨʦʚʝʜʝʥʦ 16 ʟʘʩʝʜʘʥʠʡ ʋʯʝʥʦʛʦ ʉʦʚʝʪʘ. 

 

10 ʩʝʥʪʷʙʨʷ 2021 ʛ. ʧʨʦʰʣʦ ʊʦʨʞʝʩʪʚʝʥʥʦʝ ʟʘʩʝʜʘʥʠʝ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ ʚ ʩʚʷʟʠ ʩ 

40-ʣʝʪʠʝʤ ʀʍʍʊ ʉʆ ʈɸʅ. 

ʅʘ ʟʘʩʝʜʘʥʠʷʭ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ ʙʳʣʠ ʦʙʩʫʞʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

ʆ ʥʘʫʯʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

¶ ɽʞʝʛʦʜʥʳʡ ʦʪʯʝʪ ʜʠʨʝʢʪʦʨʘ  

¶ ʈʘʩʩʤʦʪʨʝʥʠʝ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʥʘʫʯʥʳʭ ʦʪʯʝʪʦʚ ʧʦ ʧʨʦʝʢʪʘʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

¶ ʆʙ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʥʮʠʧʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʫʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠʥʩʪʠʪʫʪʘ 

ʨʘʙʦʯʠʤʠ ʧʦʤʝʱʝʥʠʷʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

 

ʆʙ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʙʦʨʦʚ ʜʠʨʝʢʪʦʨʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

¶ ʈʝʢʦʤʝʥʜʘʮʠʷ ʢʘʥʜʠʜʘʪʫʨ ʥʘ ʜʦʣʞʥʦʩʪʴ ʜʠʨʝʢʪʦʨʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

¶ ʋʪʚʝʨʞʜʝʥʠʝ ʩʦʩʪʘʚʘ ʀʟʙʠʨʘʪʝʣʴʥʦʡ ʢʦʤʠʩʩʠʠ ʦʪ ʀʍʍʊ ʉʆ ʈɸʅ 

ʂʘʜʨʦʚʳʝ ʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ: 

¶ ʋʪʚʝʨʞʜʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʜʦʣʞʥʦʩʪʷʤ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʀʍʍʊ ʉʆ ʈɸʅ 

¶ ɿʘʩʣʫʰʠʚʘʥʠʝ ʥʘʫʯʥʳʭ ʜʦʢʣʘʜʦʚ ʚ ʩʚʷʟʠ ʩ ʘʪʪʝʩʪʘʮʠʝʡ ʠ ʧʨʦʭʦʞʜʝʥʠʝʤ ʧʦ 

ʢʦʥʢʫʨʩʫ ʥʘ ʜʦʣʞʥʦʩʪʠ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ  

¶ ʆʙ ʠʪʦʛʘʭ ʧʨʠʝʤʘ ʚ ʘʩʧʠʨʘʥʪʫʨʫ, ʫʪʚʝʨʞʜʝʥʠʝ ʥʘʫʯʥʳʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ 

ʪʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ 

¶ ɺʳʜʚʠʞʝʥʠʝ ʢʘʥʜʠʜʘʪʫʨ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʥʘ ʥʘʛʨʘʞʜʝʥʠʝ ʧʨʝʤʠʷʤʠ 

ʠ ʤʝʜʘʣʷʤʠ ʟʘ ʚʳʜʘʶʱʠʝʩʷ ʥʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʩʚʷʟʠ ʩ 40-ʣʝʪʠʝʤ 

ʠʥʩʪʠʪʫʪʘ 

¶ ɺʨʫʯʝʥʠʝ ʜʠʧʣʦʤʦʚ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ 

 

ʅʘʫʯʥʳʝ ʜʦʢʣʘʜʳ: 

ʉʤʦʣʠʢʦʚ ʄ.ɼ. çʂʘʪʘʣʠʟʘʪʦʨʳ ʠʟʦʤʝʨʠʟʘʮʠʠ ʠ ʨʠʬʦʨʤʠʥʛʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʣʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚè ʚ 

ʩʚʷʟʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ. 

ɺ ʩʚʷʟʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

ʥʘʫʢ: 
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¶ ʃʫʪʦʰʢʠʥ ʄ.ɸ. çʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʜʨʝʚʝʩʥʳʭ ʣʠʛʥʠʥʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʩʝʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʬʝʥʦʣʦʚ ʧʠʭʪʳè; 

¶ ʄʠʨʦʰʥʠʢʦʚʘ ɸ.ɺ. çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʠʛʥʠʥʦʚ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʵʪʘʥʦʣʘè;  

¶ ʐʧʘʢʦʜʨʘʝʚ ʂ.ʄ. çɺʳʜʝʣʝʥʠʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʨʘʢʮʠʡ ʙʫʨʦʫʛʦʣʴʥʳʭ ʙʠʪʫʤʦʚè;  

¶ ʊʫʛʫʣʴʜʫʨʦʚʘ ɺ.ʇ. çʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʝʘʢʮʠʡ ʤʦʥʦ- ʠ 

ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ c ʘʤʤʠʘʢʦʤè;  

¶ ɹʫʛʨʦʚʘ ʊ.ɸ. çɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʥʦʩʠʪʝʣʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʝʩʝʥʥʳʭ 

ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʠʟʦʙʫʪʘʥʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʵʪʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉʆ2è 

5.7  ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ  

ʉʦʪʨʫʜʥʠʢʠ ʠʥʩʪʠʪʫʪʘ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʠ 

ʩʪʫʜʝʥʪʦʚ: 

¶ ʢʦʥʬʝʨʝʥʮʠʷ ʦʧʦʨʥʳʭ ʰʢʦʣ ʈɸʅ, 22 ʘʧʨʝʣʷ 2021 ʛʦʜʘ ʧʨʦʰʣʘ ʚʪʦʨʘʷ 

ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʜʣʷ ʫʯʝʥʠʢʦʚ ʦʧʦʨʥʳʭ ʰʢʦʣ. ʅʘ ʢʦʥʬʝʨʝʥʮʠʠ 2021 ʛʦʜʘ 

ʯʣʝʥʳ ʞʶʨʠ ï ʫʯʝʥʳʝ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʦʪʤʝʪʠʣʠ ʭʦʨʦʰʠʡ ʫʨʦʚʝʥʴ ʨʘʙʦʪ ʠ 

ʦʩʦʟʥʘʥʥʦʩʪʴ ʚ ʚʳʙʦʨʝ ʪʝʤ. ʃʫʯʰʠʤ ʧʨʦʝʢʪʦʤ ʙʳʣʘ ʧʨʠʟʥʘʥʘ ʨʘʙʦʪʘ ɸʥʥʳ 

ɿʘʭʘʨʯʝʥʢʦ ʠ ʖʣʠʠ ʃʠʩʠʮʳʥʦʡ ʫʯʝʥʠʮ 7 ʣʠʮʝʷ çɺʳʜʝʣʝʥʠʝ ʧʝʢʪʠʥʘ ʠʟ ʢʦʨʳ ʜʝʨʝʚʘè. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʖʨʠʡ ʄʘʣʷʨ, ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʨʘʩʩʢʘʟʘʣ, ʯʪʦ ɸʥʥʘ 

ʠ ʖʣʠʷ ʫʞʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʦʰʣʦʛʦ ʛʦʜʘ, ʨʘʙʦʪʘʶʪ ʫʚʣʝʯʝʥʥʦ ʠ ʚʠʜʷʪ 

ʩʚʦʝ ʙʫʜʫʱʝʝ ʚ ʙʠʦʭʠʤʠʠ.  

¶ ʰʢʦʣʘ-ʣʘʙʦʨʘʪʦʨʠʷ çʆʪ ʰʢʦʣʴʥʠʢʘ ʜʦ ʫʯʝʥʦʛʦ, ʧʝʨʚʳʝ ʰʘʛʠè ʙʳʣʘ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʜʣʷ ʫʯʝʥʠʢʦʚ ʢʣʘʩʩʦʚ ʈɸʅ 24 ʥʦʷʙʨʷ 2021 ʛʦʜʘ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, 

ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʬʦʥʜʘ ʥʘʫʢʠ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ɻʦʜʫ ʥʘʫʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʈʌ. 

ʀʍʍʊ ʉʆ ʈɸʅ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ: 

¶ ɺ ʛʘʟʝʪʝ çʅʘʰ ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡè ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ, ʧʦʩʚʷʱʝʥʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘʤ ʢ.ʬ.-ʤ.ʥ., ʚʝʜʫʱʝʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ɻʝʥʥʘʜʠʷ ɽʛʦʨʦʚʠʯʘ ʉʝʣʶʪʠʥʘ. 

¶ ʋʯʝʥʳʝ ʥʘʰʝʛʦ ʠʥʩʪʠʪʫʪʘ ʨʘʩʩʢʘʟʘʣʠ ʪʝʣʝʢʘʥʘʣʫ "ɽʥʠʩʝʡ" ʦ ʩʚʦʠʭ 

ʨʘʟʨʘʙʦʪʢʘʭ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʨʝʚʝʩʠʥʳ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʟʙʠʨʘʶʪ ʝʝ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʮʝʣʣʶʣʦʟʘ, 

ʣʠʛʥʠʥ, ʙʠʪʫʤ, ʠ ʠʱʫʪ ʠʤ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʊʘʢ , ʥʘʧʨʠʤʝʨ, ʙʣʘʛʦʜʘʨʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʫʯʝʥʳʭ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ, ʠʟ ʜʝʨʝʚʴʝʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʣʝʢʘʨʩʪʚʘ, ʚʘʥʠʣʠʥ ʠ ʤʦʪʦʨʥʦʝ ʙʠʦʪʦʧʣʠʚʦ. ʂʘʢ ʵʪʦ ʩʜʝʣʘʪʴ, ʫʯʝʥʳʝ ʦʙʲʷʩʥʠʣʠ ʚ 

ʥʦʚʦʤ ʚʳʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ "ʏʪʦ ʠ ʢʘʢ" ʞʫʨʥʘʣʠʩʪʘ ɸʣʝʢʩʘʥʜʨʘ ʇʨʫʜʥʠʢʦʚʘ. 




