
 

 

ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʫʢ 

ʈʦʩʩʠʡʩʢʠʡ ʬʦʥʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʈɸʅ 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʌʦʪʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡ ʌʅʀʎ 

çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ɿɸʆ çʐɸɻè 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʞʫʨʥʘʣʘ  

çʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʬʣʶʠʜʳ: ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘè 

 

 

X ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʬʣʶʠʜʳ:  

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ, ʪʝʭʥʦʣʦʛʠʠ, ʠʥʥʦʚʘʮʠʠè 

 

 

ʊɽɿʀʉʓ ɼʆʂʃɸɼʆɺ 
 

 

30 ʩʝʥʪʷʙʨʷ - 06 ʦʢʪʷʙʨʷ 2019 ʛ. 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 

 

ɼʦʥ-2019 
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ʆʈɻɸʅʀɿɸʊʆʈʓ ʂʆʅʌɽʈɽʅʎʀʀ 

 

ʈʦʩʩʠʡʩʢʘ ̫ɸʢʘʜʝʤʠ ̫ʅʘʫʢ 

 

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʈɸʅ 

 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʌʦʪʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡ 

ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè 

ʈɸʅ 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 ɿɸʆ çʐɸɻè 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʞʫʨʥʘʣʘ 

çʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʬʣʶʠʜʳ: ʪʝʦʨʠʷ ʠ 

ʧʨʘʢʪʠʢʘè 

 

ʌʀʅɸʅʉʆɺɸʗ ʇʆɼɼɽʈɾʂɸ 

 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ 

 

ʈʦʩʩʠʡʩʢʠʡ ʬʦʥʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ʈʌʌʀ ˉ 19-03-

20043) 

 ɿɸʆ çʐɸɻè 

https://kias.rfbr.ru/index.php
https://kias.rfbr.ru/index.php
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ʇʈɽɼʉɽɼɸʊɽʃʀ ʂʆʅʌɽʈɽʅʎʀʀ 

ʃʫʥʠʥ ɺ.ɺ., ʘʢʘʜʝʤʠʢ ʈɸʅ, ʄɻʋ 

ʇʘʥʯʝʥʢʦ ɺ.ʗ., ʘʢʘʜʝʤʠʢ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʌʦʪʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡ ʌʅʀʎ 

"ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘ" ʈɸʅ 
 

ɿɸʄɽʉʊʀʊɽʃʀ ʇʈɽɼʉɽɼɸʊɽʃɽʁ ʆʈɻʂʆʄʀʊɽʊɸ 

ʄ.ɻ. ʂʠʩʝʣʝʚ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʭ.ʥ., ʀʍʈ ʈɸʅ (ʀʚʘʥʦʚʦ) 

ɺ.ʀ. ʄʠʥʢʠʥ, ʘʢʘʜʝʤʠʢ ʈɸʅ, ʖʌʋ (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ) 

ɺ.ʂ. ʀʚʘʥʦʚ, ʯʣ-ʢʦʨʨ ʈɸʅ, ʀʆʅʍ (ʄʦʩʢʚʘ) 
 

ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʀʊɽʊ 

ʀ.ʄ. ɸʙʜʫʣʘʛʘʪʦʚ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ., ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ɼʅʎ ʈɸʅ 

ʄ.ɸ. ɸʥʠʩʠʤʦʚ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʭ.ʥ., ʄʵʨʠʣʝʥʜ (ʉʐɸ) 

ʂ.ɻ. ɹʦʛʦʣʠʮʳʥ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʭ.ʥ., ʉɸʌʋ (ɸʨʭʘʥʛʝʣʴʩʢ) 

ɺ.ʄ. ɹʫʟʥʠʢ, ʘʢʘʜʝʤʠʢ ʈɸʅ, ʀʄɽʊ ʈɸʅ (ʄʦʩʢʚʘ) 

ɺ.ʄ. ɺʘʣʷʰʢʦ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʭ.ʥ., ʀʆʅʍ ʈɸʅ (ʄʦʩʢʚʘ) 

ɸ.ɸ. ɺʦʩʪʨʠʢʦʚ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʬ.-ʤ.ʥ., ʯʣ.-ʢʦʨʨ. ʈʀɸ, ʀʊ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ) 

ʌ.ʄ. ɻʫʤʝʨʦʚ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ., ʂʅʀʊʋ (ʂʘʟʘʥʴ) 

ʄ.ʇ. ɽʛʦʨʦʚ, ʘʢʘʜʝʤʠʢ ʈɸʅ, ʀʆʍ ʈɸʅ (ʄʦʩʢʚʘ) 

ɸ.ɻ. ʂʘʣʠʥʠʯʝʚ, ʧʨʦʬʝʩʩʦʨ, Laboratoire SUBATECH, IMT-Atlantique,  

(Nantes, France) 

ɼ.ɸ. ʃʝʤʝʥʦʚʩʢʠʡ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʭ.ʥ., ʄɻʋ (ʄʦʩʢʚʘ) 

ʆ.ʅ. ʄʘʨʪʴʷʥʦʚ, ʜ.ʬ.-ʤ.ʥ., ʀʂ ʉʆ ʈɸʅ ( ʅʦʚʦʩʠʙʠʨʩʢ) 

ɹ.ʌ. ʄʷʩʦʝʜʦʚ, ʘʢʘʜʝʤʠʢ ʈɸʅ, ɻɽʆʍʀ ʈɸʅ (ʄʦʩʢʚʘ) 

ʆ.ʇ. ʇʘʨʝʥʘʛʦ, ʧʨʦʬʝʩʩʦʨ, ʜ.ʭ.ʥ., ʀʅʍʉ (ʄʦʩʢʚʘ) 

ʄ. ʇʦʣʷʢʦʚ, ʧʨʦʬʝʩʩʦʨ, ʅʦʪʪʠʥʛʝʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 

ɺ.ʂ. ʇʦʧʦʚ, ʜ.ʭ.ʥ., ʀʥʩʪʠʪʫʪ ʌʦʪʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡ  

ʌʅʀʎ "ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘ" ʈɸʅ (ʊʨʦʠʮʢ, ʄʦʩʢʚʘ) 

ɺ.ʀ. ʉʝʚʘʩʪʴʷʥʦʚ, ʧʨʦʬʝʩʩʦʨ, ʌɻɹʋ "ʅʄʀʎ ʊʀʆ ʠʤ. ʘʢ. ɺ.ʀ. ʐʫʤʘʢʦʚʘ" 

ɸ.ʉ. ʉʠʛʦʚ, ʘʢʘʜʝʤʠʢ ʈɸʅ, ʄʀʈʕɸ -  

ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʄ.ʖ. ʉʠʥʸʚ, ʜ.ʭ.ʥ., ʀʍʌ ʈɸʅ (ʄʦʩʢʚʘ) 
 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʓʁ ʂʆʄʀʊɽʊ 

ɽ.ʅ. ɻʦʣʫʙʝʚʘ, ʜ.ʭ.ʥ., ʄɻʋ (ʄʦʩʢʚʘ) 

ɺ.ɺ. ʈʷʙʦʚʘ, ʀʍʈ ʈɸʅ (ʀʚʘʥʦʚʦ) 

ʅ.ɸ. ʂʦʞʝʚʥʠʢʦʚʘ, ʉʂʌ-ʊʇ (ʄʦʩʢʚʘ) 

ʄ.ɻ. ʊʘʨʘʩʝʚʠʯ, ɿɸʆ çʐɸɻè (ʄʦʩʢʚʘ) 
 

ʋʏɽʅʓʁ ʉɽʂʈɽʊɸʈʔ 

ʆ.ʆ. ʇʘʨʝʥʘʛʦ, ʢ.ʭ.ʥ., ʀʆʅʍ ʈɸʅ (ʄʦʩʢʚʘ) 
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ʅɸʋʏʅɸʗ ʇʈʆɻʈɸʄʄɸ 

ɺ ʥʘʫʯʥʫʶ ʧʨʦʛʨʘʤʤʫ X ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʬʣʶʠʜʳ (ʉʂʌ): ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ, 

ʪʝʭʥʦʣʦʛʠʠ, ʠʥʥʦʚʘʮʠʠè ʚʢʣʶʯʝʥʳ: 8 ʧʣʝʥʘʨʥʳʭ ʣʝʢʮʠʡ (40 ʤʠʥ), 8 ʢʣʶʯʝʚʳʭ 

ʣʝʢʮʠʡ (30 ʤʠʥ), 38 ʫʩʪʥʳʭ ʜʦʢʣʘʜʦʚ (20 ʤʠʥ), 25 ʫʩʪʥʳʭ ʜʦʢʣʘʜʦʚ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ (10 ʤʠʥ), 50 ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʠ 20 ʟʘʦʯʥʳʭ ʜʦʢʣʘʜʦʚ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʰʠʨʦʢʠʡ ʢʨʫʛ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʚʦʧʨʦʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: 

¶ ʌʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʦʚ ʚ ʉʂʌ-ʩʨʝʜʘʭ 

¶ ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʘʥʘʣʠʟ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʉʂʌ-ʩʨʝʜ 

¶ ʍʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʉʂʌ-ʩʨʝʜʘʭ 

¶ ʉʠʥʪʝʟ, ʩʝʧʘʨʘʮʠʷ ʠ ʦʯʠʩʪʢʘ ʤʘʪʝʨʠʘʣʦʚ (ʚ ʪ.ʯ. ʧʨʠʨʦʜʥʳʭ) 

¶ ʉʦʟʜʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

o  ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʤʠʢʨʦ-, ʥʘʥʦ- ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ 

o  ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

o  ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʳ ʠ ʬʘʨʤʘʮʠʠ 

o  ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

o  ʅʘʥʦʢʦʤʧʦʟʠʪʥʳʝ, ʥʘʥʦʧʦʨʠʩʪʳʝ ʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʘʵʨʦʛʝʣʠ 

o  ɺʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

o  ɺʳʩʦʢʦʯʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ 

o  ʂʘʪʘʣʠʟʘʪʦʨʳ 

¶ ʇʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʚʦʜʳ ʚ ʩʫʙ- ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

¶ ʉʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʚʥʝʜʨʝʥʠʷ ʉʂʌ ʪʝʭʥʦʣʦʛʠʡ, ʵʢʦʣʦʛʠʷ 

¶ ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ 

 

ʈʘʙʦʯʠʝ ʷʟʳʢʠ ʢʦʥʬʝʨʝʥʮʠʠ ʨʫʩʩʢʠʡ ʠ ʘʥʛʣʠʡʩʢʠʡ. 



5 

ɸʚʪʦʨʩʢʠʡ ʫʢʘʟʘʪʝʣʴ 
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F§bi§n B. ʇʃ-8 
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 ̱
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ʋɼ-34 

ʉʊ-26 

ɸʝʪʦʚ ɸ.ʋ. ʋɼʄ-23 

ɸʢʦʚʘʥʮʝʚʘ ɸ.ɸ. ʋɼ-36 

ɸʣʝʢʩʝʝʚ ɽ.ʉ. ʉʊ-29 

ʉʊ-42 

ɸʣʝʥʪʴʝʚ ɸ.ʖ. ʋɼ-19 

ɸʣʝʰʢʝʚʠʯ ɺ.ɸ. ʋɼʄ-9 

ɸʣʠʝʚ ɸ.ʄ. ʉʊ-26 

ɸʣʠʝʚ ʕ.ʅ. ɿ-1 

ɿ-2 

ɸʣʠʤʞʘʥʦʚʘ ʄ.ɹ. ɿ-6 

ɿ-7 

ɸʤʦʩʦʚ ɸ.ʉ ʋɼʄ-19 

ɸʥʜʨʝʝʚʩʢʘʷ ʉ.ʅ. ʋɼ-1 

ɸʥʪʠʧʦʚʘ ʄ.ʃ. ʉʊ-42 

ɸʥʪʦʥʦʚ ɽ.ʅ. ʋɼ-1 
ʉʊ-7 

ʉʊ-17 

ʉʊ-21 

ɸʨʘʙʘʜʞʠ ʉ.ʉ. ʂʃ-7 

ɸʨʘʢʯʝʝʚ ɺ.ɻ. ʋɼ-21 

ɸʨʪʘʤʦʥʦʚ ɼ.ʆ. ʂʃ-6 

ʋɼʄ-25 

ɸʩʘʜʦʚ ʄ.ʄ. ɿ-1 

ɿ-2 

ɸʪʯʘʙʘʨʦʚʘ ɸ.ɸ. ʋɼ-35 

ɸʭʤʝʜʣʠ ʊ.ʉ. ɿ-2 

ɸʭʤʝʪʟʷʥʦʚ ʊ.ʈ. ʉʊ-27 
ʉʊ-47 

 ˎ
ɹʘʙʢʠʥ ɸ.ɺ. ʉʊ-23 

ʉʊ-25 

ɹʘʜʝʣʠʥ ɺ.ɻ. ʉʊ-22 

ɹʘʟʘʝʚ ɸ.ʈ. ʋɼʄ-12 

ɿ-19 

ɿ-20 

ɹʘʟʘʝʚ ʕ.ɸ. ʋɼʄ-12 

ɿ-19 
ɿ-20 

ɹʘʟʘʨʥʦʚʘ ʅ.ɻ. ʋɼ-14 

ʋɼ-22 

ɹʘʣʘʝʚʘ ʐ.ɸ. ɿ-3 

ɹʘʣʠʮʢʘʷ ʃ.ɺ. ʋɼ-31 

ʉʊ-28 

ɹʘʣʠʮʢʠʡ ɺ.ʉ. ʋɼ-31 

ʉʊ-28 

ɹʘʣʠʮʢʠʡ ɼ.ɺ. ʉʊ-28 

ɹʘʩʦʢ ʖ.ɹ. ʋɼ-2 

ɹʘʪʘʣʠʥ ʆ.ʖ. ʋɼ-33 

ɹʘʪʳʨʦʚʘ ʈ.ɻ. ʋɼ-29 

ɹʘʫʵʨʩ ɼʞ.ʄ. ʇʃ-8 

ɹʝʟʯʘʩʥʶʢ ɸ.ʅ. ʋɼ-15 

ɹʝʢʠʥ ɸ.ʅ. ʋɼ-21 

ɹʝʢʥʘʟʘʨʦʚ ʂ.ʀ. ʋɼ-35 

ɹʝʣʦʚ ɺ.ʖ. ɿ-15 

ɹʝʣʦʚ ʂ.ɺ. ʉʊ-1 

ʉʊ-2 

ɹʝʣʦʚ ʅ.ɸ. ʋɼ-19 

ɹʝʣʴʩʢʘʷ ʆ.ɹ. ɿ-9 

ɹʝʨʰ ɸ.ɺ. ɿ-16 

ɹʝʩʧʘʣʢʦ ʖ.ʅ. ʋɼʄ-17 

ɹʠʣʘʣʦʚ ʊ.ʈ. ɿ-18 
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ɹʦʛʜʘʥ ɺ.ʀ. ʋɼ-28 

ʋɼʄ-15 

ʉʊ-39 

ɹʦʛʜʘʥ ʊ.ɺ. ʉʊ-29 
ʉʊ-42 

ɹʦʛʜʘʥʦʚʠʯ ʅ.ʀ. ʉʊ-35 

ɹʦʛʦʣʠʮʳʥ ʂ.ɻ. ʉʊ-30 

ʉʊ-35 

ʉʊ-40 

ɹʦʛʦʨʦʜʩʢʠʡ ʉ.ʕ. ʋɼ-1 

ʉʊ-17 

ʉʊ-21 

ɹʦʡʮʦʚʘ ʊ.ɸ. ʉʊ-31 

ɹʦʣʴʙʘʩʦʚ ɽ.ʅ. ʉʊ-36 

ɹʦʥʜʘʨʝʥʢʦ ɻ.ɺ. ʋɼ-31 

ʉʊ-6 

ɹʦʨʠʩʝʥʢʦ ʅ.ʀ. ʋɼ-20 

ʉʊ-32 

ɹʦʨʠʩʝʥʢʦ ʉ.ʅ. ʋɼ-20 

ʉʊ-32 

ɹʨʦʚʢʦ ʆ.ʉ. ʉʊ-31 

ʉʊ-35 

ɹʨʳʢʩʠʥ ɸ.ʉ. ʋɼ-30 

ɹʫʙʣʠʢʦʚʘ ʊ.ʄ. ʋɼ-31 

ʉʊ-28 

ɹʫʜʢʦʚ ʖ.ɸ. ʉʊ-15 

ɹʫʟʠʥ ʄ.ʀ. ʂʃ-4 

ɹʫʟʥʠʢ ɺ.ʄ. ʋɼ-36 

ɹʫʨʘʢʦʚ ɸ.ɽ. ʉʊ-23 

ʉʊ-25 

ɹʫʨʘʢʦʚʘ ʀ.ɺ. ʉʊ-23 

ʉʊ-25 

ɹʫʨʘʰʝʚ ɽ.ʄ. ɿ-7 

 ˏ
ɺʘʩʠʣʴʝʚ ɺ.ɻ. ʂʃ-4 

ɺʘʩʠʣʴʝʚʘ ʆ.ʆ. ʋɼʄ-5 

ɺʘʬʠʥʘ ʅ.ɻ. ʋɼ-33 

ɺʝʣʠʢʦʨʦʜʦʚ ɸ.ɺ. ɿ-8 

ɺʦʣʢʦʚ ɺ.ɺ. ʉʊ-24 

ɺʦʨʦʙʝʡ ɸ.ʄ. ʋɼ-12 

ʉʊ-4 
ʉʊ-5 

ʉʊ-24 

ɺʦʨʦʙʴʝʚ ɸ.ʍ. ʉʊ-19 

ɺʦʨʦʙʴʝʚ ʂ.ɸ. ʉʊ-51 

ɺʦʩʪʨʠʢʦʚ ɸ.ɸ. ʂʃ-6 

ʋɼʄ-25 

ɺʦʰʢʠʥ ɸ.ɸ. ʋɼ-18 

 ː
ɻʘʙʠʪʦʚ ʈ.ʌ. ʉʊ-33 

ɻʘʙʠʪʦʚ ʌ.ʈ. ʉʊ-33 
ʉʊ-47 

ɻʘʙʠʪʦʚʘ ɸ.ʈ. ɿ-4 

ɻʘʚʨʠʣʝʥʢʦ ɸ.ɺ. ʋɼ-27 

ɻʘʚʨʶʰʝʥʢʦ ʅ.ʉ. ʉʊ-51 

ɻʘʣʠʤʦʚʘ ɸ.ʊ. ɿ-17 

ɻʘʣʣʷʤʦʚ ʄ.ʆ. ʋɼ-17 

ʋɼʄ-1 

ɻʘʬʘʨʦʚʘ ʕ.ʈ. ʉʊ-12 

ɻʝʥʴʰ ʂ.ɺ. ʋɼ-14 

ʋɼ-22 

ɻʣʘʛʦʣʝʚ ʅ.ʅ. ʋɼ-8 

ʋɼʄ-5 

ɻʣʘʟʝʚ ɼ.ʖ. ɿ-5 

ɻʦʞʠʢʦʚʘ ʀ.ʆ. ʋɼʄ-8 

ɻʦʣʫʙʝʚ ɺ.ɸ. ʉʊ-8 

ɻʦʣʫʙʝʚʘ ɽ.ʅ. ʂʃ-2 
ʋɼ-11 

ʋɼʄ-3 

ʋɼʄ-4 

ʉʊ-19 

ʉʊ-20 

ɻʦʣʴʜʪ ɸ.ɽ. ʉʊ-24 

ɻʦʨʜʠʝʥʢʦ ɺ.ʄ. ʋɼʄ-9 

ɻʦʨʜʠʝʥʢʦ ʄ.ɻ. ʂʃ-5 

ɻʦʨʜʠʝʥʢʦ ʖ.ɸ. ʋɼ-23 

ʉʊ-34 

ɻʦʨʰʢʦʚʘ ʅ.ɸ. ʉʊ-31 

ʉʊ-35 

ɻʨʠʛʦʨʴʝʚ ɺ.ʉ. ɿ-12 

ɻʨʠʛʦʨʴʝʚʘ ʅ.ɺ. ʋɼ-15 

ɻʨʦʤʦʚ ʆ.ʀ. ʋɼ-11 
ʉʊ-19 

ɻʨʦʤʦʚʳʭ ʊ.ʀ. ʋɼʄ-1 
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ɻʫʤʝʨʦʚ ʌ.ʄ. ʋɼ-37 

ʋɼʄ-23 

ʉʊ-27 

ʉʊ-43 

ʉʊ-45 

ʉʊ-47 

ʉʊ-50 

ɿ-4 

ɿ-18 

ɻʫʨʠʢʦʚ ʇ. ʇʃ-7 

ɻʫʨʠʥ ʄ.ɺ. ʋɼ-5 

ɻʫʨʠʥʘ ɼ.ʃ. ʉʊ-10 

ʉʊ-48 

ʉʊ-49 

ɻʫʩʘʢʦʚʘ ʄ.ɸ. ʉʊ-30 

 ˑ
ɼʞʘʬʘʨʦʚʘ ɾ.ɿ. ɿ-1 

ɼʦʙʨʳʥʠʥ ʆ.ʉ. ʋɼʄ-24 

ɼʦʣʫʜʘ ɺ.ʖ. ʋɼ-38 

ʉʊ-18 

ɼʫʥʘʝʚ ɸ.ɻ. ʉʊ-7 

ɼʳʰʠʥ ɸ.ɸ. ʋɼ-7 

ʉʊ-1 

ʉʊ-2 

ʉʊ-5 

ʉʊ-6 

 ˒
ɽʚʜʦʢʠʤʝʥʢʦ ʅ.ɼ. ʋɼʄ-16 

ɽʧʠʬʘʥʦʚ ɽ.ʆ. ʋɼ-10 

ʋɼ-21 

ʋɼʄ-10 

ʉʊ-11 
ʉʊ-16 

ɪʨʦʚ ʍ.ʕ. ʉʊ-24 

ɽʬʠʤʦʚ ʉ.ɺ. ʋɼ-7 

ʉʊ-2 

  

 ˓
ɾʘʨʢʦʚ ʄ.ʅ. ʂʃ-7 

ʋɼʄ-24 

ɾʠʛʘʨʴʢʦʚ ɺ.ʉ. ʋɼ-21 

ʉʊ-3 

ɾʠʣʴʮʦʚ ɼ.ɺ. ʉʊ-31 

 ̝
ɿʘʚʦʨʦʪʥʳʡ ʖ.ʉ. ʋɼ-36 

ɿʘʡʮʝʚ ɺ.ɺ. ʉʊ-51 

ɿʘʤʘʣʠʝʚ ʀ.ʀ. ʉʊ-47 

ɿʘʨʠʧʦʚ ɿ.ʀ. ʋɼʄ-23 

ɿʘʨʫʙʠʥ ɺ.ʇ. ʉʊ-3 

ɿʘʨʭʠʥʘ ʊ.ʉ. ʋɼ-13 

ɿʘʭʦʜʷʝʚʘ ʖ.ɸ. ʋɼ-18 

ɿʝʬʠʨʦʚ ɺ.ɺ. ʋɼ-17 

ɿʠʤʥʷʢʦʚ ɼ.ɸ. ʂʃ-1 
ʋɼ-9 

ʉʊ-16 

ʉʊ-37 

ʉʊ-38 

ʉʊ-46 

ɿʠʥʦʚʴʝʚʘ ʀ.ɺ. ʋɼ-18 

ɿʣʦʙʠʥʘ ɽ.ɺ. ʋɼ-35 

ɿʣʦʪʠʥ ʉ.ɻ. ʂʃ-7 

ʋɼʄ-24 

ɿʦʨʦʚ ʉ.ɻ. ɿ-6 

 ̞
ʀʙʨʘʠʤʦʚ ɿ.ʊ. ʋɼ-35 

ʀʚʘʢʠʥ ʖ.ɼ. ʋɼ-23 

ʀʚʘʥʦʚ ʉ.ʀ. ʋɼʄ-7 

ʀʚʘʥʦʚʘ ʊ.ɸ. ʋɼʄ-4 

ʀʚʘʭʥʦʚ ɸ.ɼ. ʋɼ-24 

ʋɼ-32 
ʋɼʄ-18 

ʉʊ-30 

ʉʊ-31 

ʉʊ-35 

ʉʊ-36 

ʀʚʣʝʚ ɼ.ɺ. ʉʊ-9 

ʉʊ-10 
ʉʊ-15 

ʀʚʫʢʠʥʘ ɽ.ɸ. ʋɼʄ-2 

ʉʊ-12 

ʀʩʘʝʚʘ ɸ.ɸ. ʉʊ-37 
ʉʊ-38 

ʀʩʘʝʚʘ ɽ.ɸ. ʉʊ-37 

ʉʊ-38 
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ʀʩʪʨʘʥʦʚ ʃ.ʇ. ʋɼʄ-2 

ʀʩʪʨʘʥʦʚʘ ɽ.ɺ. ʋɼʄ-2 

ʀʭʩʘʥʦʚ ɽ.ʉ. ɿ-6 

ɿ-7 

 ̠
ʂʘʣʠʢʠʥ ʅ.ʅ. ʉʊ-15 

ʂʘʣʠʥʠʯʝʚ ɸ.ɻ. ʇʃ-8 

ʂʘʧʣʠʥ ɺ.ʉ. ʋɼ-13 

ʋɼʄ-5 

ʂʘʨʘʚʘʡʢʠʥ ʇ.ɸ. ʉʊ-12 

ʂʘʶʤʦʚ ʈ.ɸ. ʋɼʄ-23 

ʂʠʤ ʂ.ʆ. ʋɼʄ-16 

ʂʠʨʠʣʣʦʚʘ ɸ.ɼ. ʋɼ-2 

ʂʠʨʢʧʘʪʨʠʢ ʈ.ɼʞ. ʇʃ-8 

ʂʠʨʩʘʥʦʚʘ ʃ.ɸ. ʋɼ-2 

ʂʠʩʝʣʝʚ ʄ.ɻ. ʋɼ-7 

ʉʊ-1 

ʉʊ-2 

ʉʊ-5 

ʉʊ-6 

ʉʊ-8 

ʉʊ-9 

ʉʊ-10 

ʉʊ-13 

ʉʊ-14 

ʉʊ-15 

ʂʦʚʘʣʝʚ ɺ.ɹ. ɿ-8 

ʂʦʢʣʠʥ ɸ.ɽ. ʉʊ-39 

ʂʦʣʝʩʥʠʢʦʚ ɸ.ʃ. ʉʊ-15 

ʂʦʤʘʨʦʚ ʈ.ʅ. ʉʊ-12 

ʂʦʥʦʥʝʚʠʯ ʖ.ʅ. ʂʃ-4 

ʂʦʧʳʣʦʚ ɸ.ʉ. ʋɼ-13 

ʂʦʩʪʝʥʢʦ ʄ.ʆ. ʋɼ-18 

ʋɼʄ-21 

ʂʦʩʷʢʦʚ ɼ.ʉ. ʋɼ-24 
ʋɼʄ-18 

ʋɼʄ-19 

ʉʊ-40 

ʂʨʘʩʠʢʦʚʘ ɸ.ɸ. ʉʊ-30 

ʂʨʘʩʥʠʢʦʚ ɼ.ɺ. ʉʊ-24 

ʂʨʝʩʪʴʷʥʠʥʦʚ ʄ.ɸ. ʉʊ-13 

ʉʊ-14 

ʂʨʠʚʦʥʦʩ ʆ.ʀ. ɿ-9 

ʂʨʦʪʦʚʘ ʃ.ʀ. ʋɼ-1 

ʉʊ-7 

ʂʨʫʪʴʢʦ ɼ.ʇ. ʋɼ-25 

ʉʊ-51 

ʂʨʫʯʠʥʠʥ ʉ.ɽ. ʉʊ-9 

ʂʫʘʛʫ ɾ.ʄ. ʉʊ-50 

ʂʫʙʨʘʢʦʚʘ ʀ.ɺ. ʋɼ-16 

ʂʫʟʠʥ ʉ.ɺ. ʋɼʄ-3 
ʉʊ-20 

ʂʫʨʜʶʢʦʚ ɸ.ʀ. ɿ-4 

ʂʫʨʥʦʩʦʚ ɼ.ɸ. ʉʊ-25 

ʂʫʨʩʢʘʷ ʄ.ɺ. ʉʊ-13 

ʉʊ-14 

ʂʫʨʴʷʥʦʚʘ ɸ.ʉ. ʉʊ-12 

ʂʫʩʪʦʚ ɸ.ʃ. ʋɼʄ-14 

ʋɼʄ-16 

ʂʫʯʫʨʦʚ ʀ.ɺ. ʂʃ-7 
ʋɼʄ-24 

 ̆
ʃʘʙʘʝʚ ʄ.ʖ. ʋɼ-30 

ʃʘʞʢʦ ɸ.ʕ. ʋɼ-2 
ʋɼʄ-2 

ʉʊ-12 

ɿ-15 

ʃʘʢʠʥʘ ʅ.ɺ. ʉʊ-18 

ʃʘʨʠʦʥʦʚʘ ɽ.ɽ. ʋɼ-1 

ʃʝʙʝʜʝʚ ɸ.ɽ. ʂʃ-5 

ʋɼʄ-6 

ʃʝʙʝʜʝʚ ʀ.ɺ. ʋɼʄ-11 

ʃʝʤʝʥʦʚʩʢʠʡ ɼ.ɸ. ʋɼ-25 

ʉʊ-51 

ʃʝʨʤʦʥʪʦʚ ʉ.ɸ. ʋɼʄ-8 

ɿ-10 
ɿ-14 

ʃʦʚʩʢʘʷ ɼ.ɼ. ʂʃ-5 

ʋɼ-15 
ʋɼʄ-6 

ʃʦʛʘʥʘʪʘʥ ʅ. ʇʃ-8 

ʃʦʤʦʥʦʩʦʚ ɺ.ʀ. ʋɼ-23 

ʃʫʢʠʥʘ ʖ.ʉ. ʉʊ-51 
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ʃʫʥʠʥ ɺ.ɺ. ʋɼ-13 

ʋɼʄ-21 

ʉʊ-4 

ʉʊ-24 

 ̇
ʄʘʛʦʤʝʜʦʚ ʈ.ʅ. ʋɼ-16 

ɿ-11 

ʄʘʟʘʥʦʚ ʉ.ɺ. ʋɼʄ-23 

ʉʊ-45 

ʉʊ-50 

ʄʘʢʩʠʤʝʥʢʦ ɽ.ɺ. ʉʊ-32 

ʄʘʢʩʠʤʢʠʥ ɸ.ɺ. ɿ-10 

ʄʘʤʘʣʠʝʚʘ ʄ.ʄ. ʉʊ-26 

ʄʘʥʘʝʥʢʦʚ ʆ.ɺ. ʋɼ-38 

ʄʘʨʝʝʚ ɽ.ʀ. ʋɼʄ-9 

ʄʘʨʠʷʥʘʮ ɸ.ʆ. ʋɼ-1 

ʉʊ-17 

ʄʘʨʢʦʚʘ ʄ.ɽ. ʋɼ-27 

ʄʘʨʪʴʷʥʦʚ ʆ.ʅ. ʋɼ-26 

ʋɼʄ-22 

ʄʘʨʶʪʠʥʘ ʊ.ɸ. ʋɼ-16 
ɿ-11 

ʄʘʪʚʝʝʚʘ ɺ.ɻ. ʋɼ-27 

ʋɼ-38 

ʉʊ-18 

ʄʘʪʚʝʝʚʘ ʀ.ɸ. ʋɼʄ-5 

ʄʝʝʨʦʚ ɼ.ɹ. ʋɼʄ-24 

ʄʝʣʝʞʠʢ ɸ.ɺ. ʉʊ-23 

ʄʝʣʴʥʠʢʦʚ ʄ.ʗ. ʂʃ-2 

ʄʝʥʴʰʫʪʠʥʘ ʅ.ɺ. ʂʃ-5 
ʋɼ-15 

ʋɼʄ-6 

ʋɼʄ-7 

ʋɼʄ-11 

ʄʠʢʫʰʠʥʘ ʀ.ɺ. ʋɼ-14 
ʋɼ-22 

ʄʠʥʘʝʚ ʅ.ɺ. ʂʃ-1 

ʋɼ-10 
ʋɼ-11 

ʋɼ-21 

ʋɼ-36 

ʋɼʄ-5 

ʋɼʄ-9 

ʋɼʄ-10 

ʉʊ-11 

ʉʊ-16 

ʉʊ-19 

ʄʠʥʘʝʚʘ ʉ.ɸ. ʉʊ-16 
ʉʊ-21 

ʄʠʥʢʠʥ ɺ.ʀ. ʇʃ-2 
ʋɼ-20 

ʉʊ-32 

ʄʠʰʘʢʦʚ ɻ.ɺ. ʋɼ-1 

ʄʠʰʘʥʠʥ ʀ.ʀ. ʋɼ-28 

ʄʢʨʪʯʷʥ ʕ.ʉ. ʉʊ-23 

ʄʦʥʦʛʘʨʦʚ ʂ.ɸ ʋɼʄ-24 

ʄʫʟʘʬʘʨʦʚ ɸ.ʄ. ʂʃ-4 

ʄʫʨʘʚʴʝʚ ʅ.ɺ. ʋɼʄ-24 

ʄʫʩʘʙʝʢʦʚʘ ɸ.ɸ. ɿ-6 

ɿ-7 

ʄʫʩʘʝʚ ɸ.ʄ. ʉʊ-26 

ʄʫʪʠʩʴʷ ʉ.ʄ. ʇʃ-8 

 ̊
ʅʘʩʠʙʫʣʠʥ ɸ.ɻ. ʉʊ-24 

ʅʘʫʨʳʟʙʘʝʚ ʄ.ʂ. ʋɼ-35 
ɿ-6 

ɿ-7 

ʅʝʤʝʮ ɽ.ɸ. ʋɼ-2 
ɿ-15 

ʅʝʩʢʦʨʦʤʥʘʷ ɽ.ɸ. ʉʊ-23 

ʅʝʩʪʝʨʦʚ ʅ.ʉ. ʋɼʄ-22 

ʅʠʢʠʪʠʥ ɺ.ɻ. ʋɼʄ-23 

ʅʠʢʠʪʯʝʥʢʦ ʅ.ɺ. ʉʊ-41 

ʅʠʢʦʣʘʝʚ ɸ.ʖ. ʋɼ-19 

ʅʦʚʠʢʦʚ ʀ.ɺ. ʋɼʄ-1 

ʅʦʚʠʢʦʚʘ ɽ.ɸ. ʉʊ-41 

ʅʦʩʘʯʝʚ ʉ.ɹ. ɿ-8 

ʅʳʩʝʥʢʦ ɿ.ʅ. ʋɼ-3 
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 ̨
ʆʚʯʠʥʥʠʢʦʚ ɼ.ɺ. ʋɼʄ-18 

ʋɼʄ-19 

ʉʊ-40 

ʆʜʠʥʮʦʚʘ ɽ.ɻ. ʉʊ-42 
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ʇʃ-1 

35 YEARS OF SUPERCRITICAL FLUIDS IN NOTT INGHAM AND RUSSIA 

- A TRIBUTE TO VIC TOR NIKOLAIEAVICH BA GRATASHVILI  

Martyn POLIAKOFF 

School of Chemistry, University of Nottingham, UK, NG7 2RD 

www.periodicvideos.com; www.nottingham.ac.uk/go/photo-electro 

Email: martyn.poliakoff@nottingham.ac.uk 

The date of this conference is almost exactly the 35
th
 anniversary of my meeting 

Victor Nikolaievich at a conference not far from Prague. Rapidly we became firm 

friends and collaborated in the field of supercritical fluids for almost 30 years. This 

short and highly personal lecture, which sadly has to be delivered by video, will 

outline some of our joint work, particularly in detection of phase transitions [1]. I will 

also highlight what, from my perspective as a foreign scientist, were some of Victorôs 

main contributions to supercritical science in Russia. There is no doubt that his 

contributions have been immense. I very much hope that together we can build on the 

wonderful foundations that he laid to inspire new generations of scientists and to take 

supercritical science in Russia to ever greater success. 

Acknowledgements: I thank all of my colleagues, collaborators, co-workers as well 

as our technicians. In particular, I thank Professors Mike Georg and Steve Howdle 

for their support. I also thank the Engineering and Physical Sciences Research 

Council, The Bill and Melinda Gates Foundation and The Garfield Weston Trust for 

financial support. 

1. Much of our joint work is summarized in ñDetecting Phase Transitions in 

Supercritical Mixtures: an Enabling Tool for Greener Chemical Reactionsò (J. 

Ke, Y. Sanchez-Vicente, G. R. Akien, A. A. Novitskiy, G. Comak, V. N. 

Bagratashvili, M. W. George & M. Poliakoff) Proc. Roy. Soc. A, (2010) 466, 

2799-2818. 

http://www.periodicvideos.com/
http://www.nottingham.ac.uk/go/photo-electro
mailto:martyn.poliakoff


14 

ʇʃ-2 

ʄʆʃɽʂʋʃʗʈʅʓɽ ʄɸɻʅʀʊʓ ɼʃʗ ʄɸʊɽʈʀɸʃʆɺ ʅʆɺʆɻʆ 

ʇʆʂʆʃɽʅʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 

ɺ.ʀ. ʄʠʥʢʠʥ 

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

minkin@ipoc.sfedu.ru 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʠʩʪʘʙʠʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʝʪʘʣʣʦʦʢʦʤʧʣʝʢʩʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʩ ʤʘʛʥʠʪʥʳʤ ʦʪʢʣʠʢʦʤ ʥʘ 

ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʠ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʝʤʢʦʡ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʧʘʤʷʪʠ (MRAM). ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʧʠʥʦʚʳʭ 

ʩʦʩʪʦʷʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʨʝʜʦʢʩ-ʣʠʛʘʥʜʘʤʠ ʚ 

ʢʘʯʝʩʪʚʝ ʢʚʘʥʪʦʚʳʭ ʢʫʙʠʪʦʚ. 

mailto:minkin@ipoc.sfedu.ru
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ʇʃ-3 

SUPERCRITICAL FLUIDS : NEW APPROACHES TO STRUCTURED 

POLYMERIC  MATERIALS AND THEIR APPLICATION  

Howdle S.M.
 

School of Chemistry, University of Nottingham, Nottingham UK NG7 2RD 

Steve.Howdle@nottingham.ac.uk 

We have exploited the low viscosity and high diffusivity of scCO2 to allow new 

approaches to nanostructured polymeric materials prepared directly in scCO2 using 

dispersion polymerisation techniques. A key focus has been the use of controlled 

polymerisation to deliver template materials and to exert fine control on the 

polymeric morphologies obtained from lamellar through to nanoporous materials. 

 

  
Figure ïcontrolled structures developed in scCO2 to demonstrate a range of possible morphologies for 

microparticulate systems 

A further target has been the development of new approaches to functional and 

renewable polymers and to do this we have developed a wide range of new 

monomers based on natural materials (terpenes) and also developed a new range of 

surfactants grown from natural starting materials, again using controlled and even 

enzymatic approaches in scCO2 

1. M. R. Thomsett, J. C. Moore, A. Buchard, R. A. Stockman and S. M. Howdle, 

Green Chemistry, 2019, 21, 149-156. 

2. M. Alauhdin, T. M. Bennett, G. P. He, S. P. Bassett, G. Portale, W. Bras, D. 

Hermida-Merino and S. M. Howdle, Polymer Chemistry, 2019, 10, 860-871. 

mailto:Steve.Howdle@nottingham.ac.uk
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3. K. J. Pepper, T. O. Masson, D. S. A. De Focaatis and S. M. Howdle, Journal of 

Supercritical Fluids, 2018 133, 343-348. 

4. G. B. He, Thomas; Alauhdin, Mohammad; Fay, Michael; Liu, Xin; Schwab, 

Simon; Sun, Chenggong; Howdle, Steven M., Polymer Chemistry, 2018 9, 

3808-3819. 

5. T. M. Bennett, G. P. He, R. R. Larder, M. G. Fischer, G. A. Rance, M. W. Fay, 

A. K. Pearce, C. D. J. Parmenter, U. Steiner and S. M. Howdle, Nano Letters, 

2018, 18, 7560-7569. 

6. P. Baheti, O. Gimello, C. Bouilhac, P. Lacroix-Desmazes and S. M. Howdle, 

Polymer Chemistry, 2018, 9, 5594-5607. 

7. S. P. Bassett, N. A. Birkin, J. Jennings, E. Chapman, R. K. O'Reilly, S. M. 

Howdle and H. Willcock, Polymer Chemistry, 2017, 8, 4557-4564. 



17 

ʇʃ-4 

DECIPHERING THE LANG UAGE OF PHOSPHOLIPID -BASED 

COMMUNICATIONS: ROLE  IN CELL DEA TH/ELIMINATION AND 

REPROGRAMING  

Valerian E. Kagan 

University of Pittsburgh, USA, 

IM Sechenov Moscow Medical State University, Russia 

 

Fidelity and quality control of biological systems depend, to a large extent, on the 

reprogramming or elimination of unnecessary or harmful cells and their components. 

Reprogramming is commonly engaged when the responses to changing environments 

are still reversible while elimination is triggered usually when the damaging or toxic 

materials exceed the repair capacities of cells. For a long time, cell death has been 

viewed as a catastrophic and mostly chaotic chain of events. Over the last 3-4 

decades, this point of view has changed as experimental biology has discovered 

several organized and highly regulated cascades of cell death, thus ñerasingò the 

differences between reprogramming and death. Insufficient levels of elimination of 

harmful materials lead to the accumulation of antigenic/genotoxic materials - typical 

of cancer or auto-immune diseases; vice versa, exceedingly massive elimination leads 

to tissue and organ injury - eg, brain injury, sepsis, radiation injury, chronic 

degenerative diseases, etc. In addition to the general biological, philosophical and 

even social aspects of the interpretation of death, this dualism of the elimination 

processes is remarkably important in biomedicine and will be discussed in the current 

lecture. In particular, not only the philosophy but also the effectiveness in controlling 

the fine balance between preservation and elimination of the death signals hence 

controlling the transition of the biological units from live thermodynamically open 

systems into dead material is at the basis of our understanding of the etiology and 

pathogenesis of disease. I will focus on molecular mechanisms of several death 

programs with the particular emphasis on the regulation and the signaling role of 

lipids and theor oxidation products as a part of high effective and rich language used 

by individual cells and their communities to eliminate and/or reprogram unnecessary 

or harmful cells. 
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DESIGN OF FUNCTIONAL  BIOMATERIALS  

Y. Rochev 

Centre for Research in Medical Devices (CĐRAM), Biomedical Sciences, National 

University of Ireland Galway (NUIG), Newcastle Road, Galway, Ireland; 

Institute for Regenerative Medicine, Sechenov University, 8-2 Trubetskaya st., 

Moscow 119991, Russia 

yury.rochev@nuigalway.ie 

In the last quarter of a century, there is a gradual transition from traditional ñinertò 

biomaterials that perform primarily mechanical functions to new, so-called, 

functional biomaterials. Functional biomaterials are used in the development of 

medical devices, in tissue engineering, in drug delivery systems, as well as in 

bioimaging. Understanding the fundamental mechanisms of cell-biomaterial 

interaction has allowed to formulate the major requirements for the functional 

biocompatible materials. First of all, the materials should have the appropriate 

functional groups that control the processes of cell proliferation, migration and 

differentiation. In addition, the materials should have optimal viscoelastic 

characteristics as well as optimal mass transfer characteristics of both oxygen and 

various biological compounds. In many cases, functional materials can be carriers of 

physiologically active compounds, systems for gene therapy and systems for 

bioimaging. Molecular design and fabrication of such materials both at the nanoscale 

and microscale is the most important problem in the development functional 

biomaterials. Supercritical fluids appear as an important alternative to the 

conventional methods for processing functional biomaterials. 

mailto:yury.rochev@nuigalway.ie
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LASER PRINTING OF BI OMATERIALS, NANOPART ICLES  

AND LIVING CELLS  

Boris Chichkov 

Leibniz University Hannover, Institut f¿r Quantenoptik, Welfengarten 1, 30167 

Hannover, Germany 

 

 

In memory of Victor Bagratashvili 

In this lecture, devoted to the memory of Prof. Victor Bagratashvili, I will explain 

what we were doing together in the field of laser printing. 

We started from two-photon polymerization (2PP) technique, which allows direct 

writing of 3D microstructures (scaffolds) into the volume of photosensitive 

biomaterials, which is very important for different biomedical applications. Thanks to 

Victor and his efforts, at present this technology is actively used in Russia in different 

R&D projects. 

Laser generation and printing of nanoparticles was another interesting research field, 

where we planned novel joint projects and started working together. I will 

demonstrate laser printing and arrangement of spherical metal and dielectric 

nanoparticles in a very precise manner. These nanoparticles and nanoparticle 

structures are characterized by unique optical properties. For example, laser printed 

Si nanoparticles with sizes in the range of 100-200 nm in diameter exhibit 

pronounced electric and magnetic dipole resonances within the visible spectral range. 



20 

Optical applications of these nanoparticles for realization of metasurfaces, second 

harmonic generation, etc. will be discussed. 

Laser printing of living cells and microorganisms was our favorite project, where we 

started working together with Victor. I will report on our progress in this rapidly 

developing field. 
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ɹʀʆʇʆʃʀʄɽʈʅʓɽ ɸʕʈʆɻɽʃʀ: ʄɸʉʐʊɸɹʀʈʆɺɸʅʀɽ 

ʇʈʆʀɿɺʆɼʉʊɺɸ, ʇʆʉʃɽɼʅʀɽ ɼʆʉʊʀɾɽʅʀʗ ʀ ʆʊʂʈʓʊʓɽ 

ɺʆʇʈʆʉʓ 

Pavel Gurikov, Irina Smirnova 

Hamburg University of Technology, Institute for Thermal Separation Processes 

EiÇendorfer Str. 38 21073 Hamburg, Germany 

pavel.gurikov@tuhh.de 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʧʦʣʠʤʝʨʥʳʭ 

ʘʵʨʦʛʝʣʝʡ ʩ ʫʧʦʨʦʤ ʥʘ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɸʚʪʦʨʳ ʧʨʝʜʩʪʘʚʷʪ 

ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʘʵʨʦʛʝʣʝʡ ï ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ, 

ʟʘʤʝʥʫ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʩʚʝʨʢʨʠʪʠʯʝʩʫʶ ʩʫʰʢʫ, ʘ ʟʘʪʝʤ ʦʙʩʫʜʷʪ ʦʩʥʦʚʥʳʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʘʵʨʦʛʝʣʠ ʪʘʢʠʤʠ ʫʥʠʢʘʣʴʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʜʦʢʣʘʜʘ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʠ ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʝʤʳʤ ʧʦʜʭʦʜʘʤ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʘʵʨʦʛʝʣʝʡ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʘʚʪʦʨʳ ʦʙʩʫʞʜʘʶʪ ʨʷʜ 

ʥʝʨʝʰʝʥʥʳʭ ʧʨʦʙʣʝʤ ʦʙʣʘʩʪʠ. 

mailto:pavel.gurikov@tuhh.de
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ʉɺɽʈʍʂʈʀʊʀʏɽʉʂɸʗ ʋɻʃɽʂʀʉʃʆʊɸ ɺ ʅɸʅʆʇʆʈɸʍ ʄʀʅɽʈɸʃʆɺ 

ʀ ʎɽʄɽʅʊʅʓʍ ʌɸɿ ɺ ʋʉʃʆɺʀʗʍ ɻɽʆʃʆɻʀʏɽʉʂʆɻʆ 

ɿɸʍʆʈʆʅɽʅʀʗ ʉʆ2 

ʂʘʣʠʥʠʯʝʚ ɸ.ɻ.
 1,2
, ʄʫʪʠʩʴʷ ʉ.ʄ.

2
, ʃʦʛʘʥʘʪʘʥ ʅ.

3
, ʗʟʘʡʜʠʥ ɸ.ʆ.

3,4
, 

ɹʘʫʵʨʩ ɼʞ.ʄ.
5
, ʂʠʨʢʧʘʪʨʠʢ ʈ.ɼʞ.

3
 

1
 ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʉɸʄʄɸ, ʅʀʋ ɺʳʩʰʘʷ ʐʢʦʣʘ ʕʢʦʥʦʤʠʢʠ, 

ʄʦʩʢʚʘ 

2 
Laboratoire SUBATECH, IMT-Atlantique, Nantes, France 

3
 Department of Chemistry, Michigan State University, East Lansing, United States 

4 
Department of Chemical Engineering, University College London, United Kingdom 

5
 Department of Chemistry and Biochemistry, St. Maryôs College of Maryland, 

United States 

kalinich@subatech.in2p3.fr 

ʇʦʜʟʝʤʥʘʷ ʟʘʢʘʯʢʘ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʦʪʨʘʙʦʪʘʥʥʳʝ ʥʝʬʪʝ-

ʛʘʟʦʚʳʝ ʨʝʟʝʨʚʫʘʨʳ - ʦʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʩʠʪʴ ʥʝʬʪʝʦʪʜʘʯʫ, ʥʦ 

ʪʘʢʞʝ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʡ ʩʧʦʩʦʙ ʩʥʠʟʠʪʴ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʚʳʙʨʦʩʳ ʉʆ2
 

ʘʪʤʦʩʬʝʨʫ. ɼʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʟʘʭʦʨʦʥʝʥʠʷ ʫʛʣʝʨʦʜʘ (ʘʥʛʣ. geological carbon capture and 

sequestration ï CCS) ʚʘʞʥʦ ʫʤʝʪʴ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʉʆ2 ʥʘ 

ʧʦʩʪʝʧʝʥʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ʮʝʤʝʥʪʥʳʭ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʪʠʭ 

ʨʠʩʢʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ CCS ʥʫʞʥʦ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʤʝʥʪʘ ʩ ʉʆ2-ʩʦʜʝʨʞʘʱʠʤʠ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ ʬʣʶʠʜʘʤʠ ʠ ʧʫʪʝʡ ʪʨʘʥʩʧʦʨʪʘ ʪʘʢʠʭ ʬʣʶʠʜʦʚ ʚ 

ʥʘʥʦʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʮʝʤʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʜʝʞʥʦʩʪʴ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʉʆ2 ʪʘʢʞʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʠ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʪʠʭ ʬʣʶʠʜʦʚ ʩ ʚʤʝʱʘʶʱʠʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʛʣʠʥʳ, ʢʚʘʨʮ, ʠ ʪ.ʧ.), ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ɸʪʦʤʠʩʪʠʯʝʩʢʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʦʙʭʦʜʠʤʫʶ 

ʚʥʫʪʨʝʥʥʝ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʢʘʨʪʠʥʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʉʆ2 ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʚʠʛʘʷ ʧʦʥʠʤʘʥʠʝ 

mailto:kalinich@subatech.in2p3.fr
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ʚʣʠʷʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʘ 

ʩʪʨʫʢʪʫʨʫ, ʜʠʥʘʤʠʢʫ ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʉʆ2-ʩʦʜʝʨʞʘʱʠʭ ʬʣʶʠʜʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʥʘʥʦʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʮʝʤʝʥʪʦʚ ʠ ʛʣʠʥ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʥʪʘʢʪʝ ʩʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ ʬʣʶʠʜʘʤʠ ʩʦʩʪʘʚʘ CO2-H2O ʠ 

CO2-CH4 ʧʨʠ T/P ʫʩʣʦʚʠʷʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʟʘʭʦʨʦʥʝʥʠʷ CO2 ʠʣʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʝʬʪʝʥʦʩʥʳʭ ʧʣʘʩʪʦʚ. 
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ʂʃ-1 

ʅɽʀɼɽɸʃʀɿʀʈʆɺɸʅʅʓɽ ʀɿʆʇʈʆʎɽʉʉʓ ɺ ʉʂʌ-ʉʀʅʊɽɿɽ 

ɺʓʉʆʂʆʇʆʈʀʉʊʓʍ ʇʆʃʀʄɽʈʅʓʍ ʄɸʊʈʀʎ: 

ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʀ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ 

ɼ.ɸ. ɿʠʤʥʷʢʦʚ
1
, ʉ.ɸ. ʖʚʯʝʥʢʦ

1
, ʅ.ɺ. ʄʠʥʘʝʚ

2
, ɺ.ʂ. ʇʦʧʦʚ

2
 

1
ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ɻʘʛʘʨʠʥʘ ʖ.ɸ., ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

2
ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʈɸʅ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

zimnykov@mail .ru 

ɺʳʩʦʢʦʧʦʨʠʩʪʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʩʠʥʪʝʟʫ 

ʷʚʣʷʝʪʩʷ ʚʩʧʝʥʠʚʘʥʠʝ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʛʦ ʩʫʙʢʨʠʪʠʯʝʩʢʦʛʦ/ʉʂʌ ʘʛʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʩʣʝʜʥʝʛʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʘ ʠʩʭʦʜʥʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠ ʩʠʥʪʝʟʝ ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʳʭ ʤʘʪʨʠʮ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ 

ʧʦʣʠʣʘʢʪʠʜ ʠ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʧʦʣʠʤʝʨʦʚ ʦʙʫʩʣʦʚʣʝʥʦ, 

ʧʦʤʠʤʦ ʠʭ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʦʩʪʠ, ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ CO2. ʕʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʛʨʫʧʧʘʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʧʦʨʠʩʪʳʭ ʤʘʪʨʠʮ ʦʢʘʟʳʚʘʶʪ ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʚʩʧʝʥʠʚʘʥʠʠ ʠ ʩʢʦʨʦʩʪʴ 

ʫʙʳʚʘʥʠʷ ʜʘʚʣʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʉʂʌ-ʩʠʥʪʝʟʫ ʧʦʨʠʩʪʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʪʩʫʪʩʪʚʫʶʪ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ ʚʩʧʝʥʠʚʘʥʠʷ ʠ ʩʚʦʡʩʪʚ 

ʧʦʣʠʤʝʨʦʚ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʨʠʮ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʚʘʟʠ-

ʘʜʠʘʙʘʪʠʯʝʩʢʦʤʫ ʠ ʢʚʘʟʠ-ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʚʩʧʝʥʠʚʘʥʠʶ ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʳʭ 

mailto:zimnykov@mail.ru
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ʧʦʣʠʤʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʫʨʘʚʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʧʝʥʳ 

ʉ. ʈʦʩʩʘ [1]. ʈʘʩʩʤʦʪʨʝʥʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʷ ʈʦʩʩʘ: 

intUKKVPext ¡¡ºS¡+ , (1) 

ʛʜʝ extP  - ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʪʦʨʝ, V  - ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʚʩʧʝʥʠʚʘʝʤʳʤ 

ʧʦʣʠʤʝʨʦʤ, S - ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʛʘʟʦʚʳʭ ʧʫʟʳʨʝʡ, intU  - 

ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʛʘʟʘ ʚ ʧʫʟʳʨʷʭ; K¡ ʠ K¡¡ - ʥʦʨʤʠʨʦʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʋʨʘʚʥʝʥʠʝ (1) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ 

ʧʝʥʳ. ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʫʨʘʚʥʝʥʠʷ (1) ʧʨʠ ʢʚʘʟʠ-ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʚʩʧʝʥʠʚʘʥʠʠ ʠ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʠʨʘʱʝʥʠʷ ʯʣʝʥʘ intUK¡¡  ʦʪ ʥʘʯʘʣʴʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʧʨʠ 

ʢʚʘʟʠ-ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʨʘʩʰʠʨʝʥʠʠ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

VPext  ʦʪ ʚʨʝʤʝʥʠ ʚ ʩʣʫʯʘʝ ʢʚʘʟʠ-

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʧʦʣʠʣʘʢʪʠʜʥʦʡ ʧʝʥʳ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʡ/ʚʩʧʝʥʠʚʘ

ʶʱʠʡ ʘʛʝʥʪ ï ʜʠʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘ). 

 ʅʝʤʦʥʦʪʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ VPext  

ʜʣʷ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ cP  ʜʣʷ CO2 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʩʢʘʯʢʦʤ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ CO2 ʧʨʠ ʧʝʨʝʭʦʜʝ ʧʦʣʠʣʘʢʪʠʜʥʦʡ ʧʝʥʳ 

ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʚ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʤʘʪʨʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʥʠʟʢʦʢʦʛʝʨʝʥʪʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʨʠʮ (ʤʝʥʴʰʠʡ 

 
ʈʠʩ.1.  ɿʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

()()tVtPext

~~
 ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ P . 1 ï =P  2.0 ʄʇʘ; 2 ï =P  3.0 

ʄʇʘ; 3 ï =P  4.0 ʄʇʘ; 4 ï =P  5.0 ʄʇʘ; 5 ï =P  6.0 

ʄʇʘ; 6 ï =P  7.0 ʄʇʘ; 7 ï =P  8.0 ʄʇʘ; 8 ï =P  9.0 

ʄʇʘ; 9 ï =P  10.0 ʄʇʘ; 10 ï =P  11.0 ʄʇʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʪʦʨʘ ʚ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʚʥʘ 

309.16 ʂ. 
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ʨʘʟʤʝʨ ʧʦʨ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʞʠʤʘʤʠ ʚʩʧʝʥʠʚʘʥʠʷ ʩ ʚʝʣʠʯʠʥʘʤʠ ʥʘʯʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ cP . 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʚʘʟʠ-ʘʜʠʘʙʘʪʠʯʝʩʢʦʤʫ ʠ ʢʚʘʟʠ-

ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʚʩʧʝʥʠʚʘʥʠʶ ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʳʭ ʧʦʣʠʤʝʨʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʙʢʨʠʪʠʯʝʩʢʦʛʦ/ʉʂʌ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʨʝʞʠʤʦʚ ʚʩʧʝʥʠʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʝʙʫʝʤʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʦʨʠʩʪʳʭ ʤʘʪʨʠʮ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ˉ 18-29-06024. 

 

[1] Ross S. Ind. Eng. Chem. 1969. V. 61. No. 10. P. 48. 
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ʂʃ-2 

ɼʀɿɸʁʅ ʀ ɼʀɸɻʅʆʉʊʀʂɸ ʄɸʊʈʀʂʉʆɺ ʅɸ ʆʉʅʆɺɽ 

D,L-ʇʆʃʀʃɸʂʊʀɼɸ, ɼʆʇʀʈʆɺɸʅʅʓʍ ʇɸʈɸʄɸɻʅʀʊʅʓʄʀ 

ɹʀʆʃʆɻʀʏɽʉʂʀ ɸʂʊʀɺʅʓʄʀ ʉʆɽɼʀʅɽʅʀʗʄʀ 

ʏʫʤʘʢʦʚʘ ʅ.ɸ., ɻʦʣʫʙʝʚʘ ɽ.ʅ., ʄʝʣʴʥʠʢʦʚ ʄ.ʗ. 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ 

legol@mail.ru 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʣʘʢʪʠʜʦʚ ʠ ʧʦʣʠʣʘʢʪʦʛʣʠʢʦʣʠʜʦʚ, 

ʨʘʟʣʘʛʘʶʱʠʝʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʟʘ ʚʨʝʤʝʥʘ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʩʷʮʝʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʪʦʢʩʠʯʥʳʭ ʤʦʣʦʯʥʦʡ ʠ ʛʣʠʢʦʣʠʝʚʦʡ ʢʠʩʣʦʪ, 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʧʨʦʪʝʟʦʚ 

ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ (ʤʘʪʨʠʢʩʦʚ). ʇʦʣʠʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʠʨʦʚʘʥ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ï ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ, ʧʨʦʪʠʚʦ-

ʦʧʫʭʦʣʝʚʳʤʠ ʠ ʜʨ., ʢʦʪʦʨʳʝ ʧʦ ʤʝʨʝ ʨʘʟʣʦʞʝʥʠʷ ʤʘʪʨʠʢʩʘ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʚ 

ʦʨʛʘʥʠʟʤ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʦʧʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʠʤʧʨʝʛʥʘʮʠʶ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʦʢʩʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʂʠʥʝʪʠʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʦʣʠʤʝʨʘ, 

ʘʨʭʠʪʝʢʪʦʥʠʢʦʡ ʦʙʨʘʟʮʘ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʦʧʘʥʪʘ ʚ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝ. ɼʝʛʨʘʜʘʮʠʷ ʧʦʣʠʵʬʠʨʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʟʘʢʠʩʣʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʤʘʪʨʠʢʩʘ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪ 

ʢ ʛʠʙʝʣʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʜʠʟʘʡʥʫ ʧʦʨʠʩʪʳʭ ʤʘʪʨʠʢʩʦʚ ʠ ʧʣʝʥʦʢ ʠʟ D,L-

ʧʦʣʠʣʘʢʪʠʜʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠʭ ʠʤʧʨʝʛʥʘʮʠʝʡ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʉʆ2. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʘʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʥʠʪʨʦʢʩʠʣʴʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ 

ʬʨʘʛʤʝʥʪ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ). 

mailto:legol@mail.ru
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ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʕʇʈ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʟʘ ʥʘʙʫʭʘʥʠʝʤ 

ʧʦʣʠʤʝʨʘ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʝʛʦ ʨʝʣʘʢʩʘʮʠʝʡ ʧʨʠ 

ʩʙʨʦʩʝ ʜʘʚʣʝʥʠʷ, ʦʮʝʥʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʧʘʥʪʘ ʚ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʤʘʪʨʠʢʩʝ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ, 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʪʝʧʝʥʴ ʟʘʢʠʩʣʝʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ 

ʧʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ ʧʦʣʠʤʝʨʘ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ D,L-ʧʦʣʠʣʘʢʪʠʜʘ, ʩʦʜʝʨʞʘʱʠʭ ʩʪʘʙʠʣʴʥʳʝ ʥʠʪʨʦʢʩʠʣʴʥʳʝ 

ʨʘʜʠʢʘʣʳ TEMPOL, TEMPONE, ʨʅ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʟʦʥʜ ATI ʠ ʩʧʠʥ-ʤʝʯʝʥʳʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʜʠʢʣʦʬʝʥʘʢ, ʜʠʛʠʜʨʦʢʚʝʨʮʝʪʠʥ, ʪʦʢʦʬʝʨʦʣ, 

ʠʙʫʧʨʦʬʝʥ. ɹʫʜʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʨʝʤʝʥʠ ʩʙʨʦʩʘ ʜʘʚʣʝʥʠʷ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʘʪʨʠʢʩʦʚ ʠ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʠʥʝʪʠʢʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʜʦʧʘʥʪʦʚ ʨʘʟʣʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ in vitro, ʧʨʦʠʟʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʜʦʧʘʥʪʘ ʩ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚʥʫʪʨʠ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʭʦʜʝ ʝʛʦ ʥʘʙʫʭʘʥʠʷ ʠ ʛʠʜʨʦʣʠʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ 17-02-00445 ʠ 

18-29-06059). 
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ʂʃ-3 

ɼɽʎɽʃʃʖʃʗʈʀɿɸʎʀʗ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ɺ ʉʈɽɼɽ ʩʢʉʆ2: 

ʆʉʆɹɽʅʅʆʉʊʀ ʀ ʇʈʀʄɽʅɽʅʀɽ 

ʇ.ʉ. ʊʠʤʘʰʝʚ 

ʀʥʩʪʠʪʫʪ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ, ʌɻɸʆʋ ɺʆ ʇʝʨʚʳʡ ʄɻʄʋ ʠʤʝʥʠ ʀ.ʄ. 

ʉʝʯʝʥʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

ʀʥʩʪʠʪʫʪ ʬʦʪʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʌʅʀʎ ñʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘò 

ʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

ʆʪʜʝʣ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

timashev.peter@gmail.com 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʵʢʦʣʦʛʠʟʘʮʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʬʣʶʠʜʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʥʘʫʯʥʦʛʦ ʠ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚ. ʂʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʳʩʪʫʧʘʝʪ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʡ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʩʢʉʆ2), ʢʦʪʦʨʳʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʪʦʚ, ʩʪʝʨʠʣʠʟʘʮʠʠ ʠʟʜʝʣʠʡ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʪʢʘʥʝʡ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ 

ʠʤʧʨʝʛʥʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʝ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (31,1Áʉ) ʠ ʜʘʚʣʝʥʠʷ (7,38 ʄʇʘ) 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʪʨʘʢʮʠʶ, ʥʝ ʨʘʟʨʫʰʘʷ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ 

ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʚʢʣʶʯʘʷ ʢʦʣʣʘʛʝʥ ʠ ʜʨʫʛʠʝ ʙʝʣʢʠ, 

ʦʙʨʘʟʫʶʱʠʝ ʚʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ. ʂʨʦʤʝ ʪʦʛʦ, çʥʘʩʪʨʘʠʚʘʷè ʧʘʨʘʤʝʪʨʳ 

ʩʢʉʆ2 ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ, ʤʦʞʥʦ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʦʩʚʝʱʝʥʳ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ ʤʘʪʨʠʮ ʚ ʩʨʝʜʝ ʩʢʉʆ2 ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʜʝʮʝʣʣʶʣʷʨʠʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ ʪʢʘʥʝʡ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

mailto:timashev.peter@gmail.com
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ (ʛʨʘʥʪ 

ˉ 18-15-00401) ʠ ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ 

 ̄18-33-00982). 
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ʂʃ-4 

ʂʈɽʄʅʀʁʆʈɻɸʅʀʏɽʉʂʀɽ ʆɼʅʆʉʊɸɼʀʁʅʓɽ ɸʕʈʆɻɽʃʀ: 

ʉʀʅʊɽɿ, ʉɺʆʁʉʊɺɸ, ʇɽʈʉʇɽʂʊʀɺʓ. 

ʄ.ʅ. ʊʝʤʥʠʢʦʚ
 1
, ʖ.ʅ. ʂʦʥʦʥʝʚʠʯ

 1
, ʀ.ɺ. ʕʣʴʤʘʥʦʚʠʯ

 1,2
, ʊ.ɸ. ʇʨʷʭʠʥʘ

 1
, 

ɺ.ɻ. ɺʘʩʠʣʴʝʚ
 1
, ʄ.ʀ. ɹʫʟʠʥ

 1
, ɸ.ʄ. ʄʫʟʘʬʘʨʦʚ

 1,3
. 

1
ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

3
ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ 

ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

aziz@ineos.ac.ru 

ɸʵʨʦʛʝʣʠ ï ʛʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʞʠʜʢʘʷ ʬʘʟʘ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʘ ʛʘʟʦʦʙʨʘʟʥʦʡ, ï 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣʳ ʨʝʢʦʨʜʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ï ʦʪ 0,4 ʜʦ 0,01 

ʛ/ʤʣ. ʀʟ-ʟʘ ʵʪʦʛʦ ʦʥʠ ʠʤʝʶʪ ʥʠʟʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʪ 0,05 ʜʦ 0,01 ɺʪ/ʤ*ʂ ʠ 

ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 300 ï 1500 ʤ
2
/ʛ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʢʘʯʝʩʪʚʘʤ 

ʘʵʨʦʛʝʣʠ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1], 

ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [2], ʩʦʨʙʝʥʪʦʚ [3]. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʵʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʉ, SiO2, Al 2O3 ʠ ʜʨ. ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠʤʝʶʪ 

ʨʝʢʦʨʜʥʦ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ [4], ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʝ, ʛʠʜʨʦʬʦʙʥʳʝ ʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝ ʚʩʝʛʜʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʛʠʙʢʠʭ ʛʠʜʨʦʬʦʙʥʳʭ ʘʵʨʦʛʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ 

ʩʦʨʙʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʛʠʜʨʦʬʠʣʴʥʳʝ, ʥʦ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʝʬʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʜʦʝʤʘ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʘʵʨʦʛʝʣʝʡ ʚʤʝʩʪʦ ʧʦʣʥʦʩʪʴʶ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʝʪʢʠ (SiO2, 

Al 2O3, ZrO2) ʠʩʧʦʣʴʟʫʶʪ ʛʠʙʨʠʜʥʫʶ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʫʶ (ʥʘʧʨʠʤʝʨ, 

MeSiO1,5). 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʘʵʨʦʛʝʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʣʫʯʝʥʠʠ ʩʰʠʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ 
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ʩ ʜʘʣʴʥʝʡʰʠʤ ʫʜʘʣʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʫʪʝʤ ʜʣʠʪʝʣʴʥʦʡ (ʥʝ ʤʝʥʝʝ ʩʫʪʦʢ) 

ʩʫʰʢʠ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʉʆ2 (ʩʢʉʆ2). 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʘʢʠʝ ʢʘʢ 

ʣʠʦʬʠʣʴʥʘʷ ʩʫʰʢʘ [2], ʩʫʰʢʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ [3], ʩʫʰʢʘ ʚ ʚʘʢʫʫʤʝ 

[5], ʩʫʙʣʠʤʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ [6]. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʜʥʘʢʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʪʦʜʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʫʰʢʠ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʠ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʘʵʨʦʛʝʣʝʡ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʘʵʨʦʛʝʣʴ ʦʙʨʘʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʨʝʜʝ ʩʢʉʆ2. ʇʦʣʫʯʘʪʴ 

ʘʵʨʦʛʝʣʠ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʨʝʘʢʮʠʝʡ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ [7] ʠʣʠ ʨʝʘʢʮʠʝʡ 

ʛʠʜʨʦʪʠʦʣʠʨʦʚʘʥʠʷ [8]. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʢʠ ʧʦ ʵʪʠʤ ʨʝʘʢʮʠʷʤ 

ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʝʩʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʘʵʨʦʛʝʣʷ 

ʟʘʥʠʤʘʝʪ ʦʪ 1 ʜʦ 4 ʯ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ, ʛʠʜʨʦʬʦʙʥʳʝ ʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʘʵʨʦʛʝʣʝʡ ʩʠʣʴʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠʩʭʦʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ï ʪʝʤʧʝʨʘʪʫʨʘ, 

ʜʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʩʢʉʆ2, ʥʘʣʠʯʠʝ ʩʦ-ʨʘʩʪʚʦʨʠʪʝʣʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʘʵʨʦʛʝʣʠ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʙʦʨ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. 

ʇʦʣʫʯʝʥʠʝ ʘʵʨʦʛʝʣʝʡ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ï ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʢ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ 

ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʠʤʝʥʥʦ ʵʪʦʤʫ ʧʦʜʭʦʜʫ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʛʨʘʥʪ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 14.W03.31.0018 
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ʂʃ-5 

ɻʀɹʈʀɼʅʓɽ ɸʕʈʆɻɽʃʀ: ʉɺʆʁʉʊɺɸ, ʇʆʃʋʏɽʅʀɽ, ʊʈɸʅʉʌɽʈ 

ɺ ʇʈʆʄʓʐʃɽʅʅʆʉʊʔ 

ʄʝʥʴʰʫʪʠʥʘ ʅ.ɺ., ʃʝʙʝʜʝʚ ɸ.ɽ., ʃʦʚʩʢʘʷ ɼ.ɼ., ɻʦʨʜʠʝʥʢʦ ʄ.ɻ. 

ʈʦʩʩʠʡʩʢʠʡ ʍʠʤʠʢʦ-ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʮʝʥʪʨ ʪʨʘʥʩʬʝʨʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 

chemcom@muctr.ru 

ɻʠʙʨʠʜʥʳʝ ʘʵʨʦʛʝʣʠ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʡ ʠʭ 

ʧʦʣʫʯʝʥʠʷ, ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ. ɺ ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʚʝʜʫʪʩʷ 

ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʘʵʨʦʛʝʣʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï 

ʵʪʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʚʦʣʦʢʥʠʩʪʦʡ 

ʧʦʜʣʦʞʢʠ; ʘʵʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʨʝʢʦʨʜʥʦ 

ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʠʞʝ 0,017 ʤɺʪ/ʤ*ʂ, 

ʥʝʛʦʨʶʯʠʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʨʘʢʝʪʦ- ʠ 

ʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʠ, ʜʦʤʘʭ ʠ ʦʜʝʞʜʝ ʜʣʷ ɸʨʢʪʠʢʠ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʵʨʦʛʝʣʠ ʢʘʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʘʵʨʦʛʝʣʠ ʩ 

ʥʘʥʦʪʨʫʙʢʘʤʠ, ʢʨʝʤʥʠʡ-ʨʝʟʦʨʮʠʥʦʣ-ʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʘʵʨʦʛʝʣʠ. ʀʭ ʥʘʟʥʘʯʝʥʠʝ 

ï ʬʠʣʴʪʨʘʮʠʷ, ʩʦʨʙʮʠʷ, ʨʘʟʜʝʣʝʥʠʝ ʛʘʟʦʚ, ʜʘʪʯʠʢʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ 

ʪʦʢʩʠʯʥʳʝ ʛʘʟʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʘʵʨʦʛʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ (ʚʨʝʤʷ ʦʪʢʣʠʢʘ 

ʤʝʥʴʰʝ 2 ʤʠʥ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʇɼʂ ʜʣʷ ʨʷʜʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ), ʚ 

ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʦʚ ʜʣʷ ʩʘʤʦʣʝʪʦʚ, ʧʦʝʟʜʦʚ, ʘ ʪʘʢʞʝ ʩʦʨʙʝʥʪʦʚ ʧʘʨʦʚ ʚʦʜʳ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ (ʩ ʤʥʦʛʦʢʨʘʪʥʦʡ ʨʝʢʫʧʝʨʘʮʠʝʡ). 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʶ ʛʠʙʨʠʜʥʳʭ ʘʵʨʦʛʝʣʝʡ ʠʟ ʧʨʠʨʦʜʥʳʭ 

ʙʠʦʧʦʣʠʤʝʨʦʚ ï ʭʠʪʦʟʘʥ, ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ, ʮʝʣʣʶʣʦʟʘ ï ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʝʡ, 

ʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ. ʕʪʦ ʩʦʨʙʝʥʪʳ, ʛʫʙʢʠ ʜʣʷ 

ʤʝʜʠʮʠʥʳ; ʩʨʝʜʩʪʚʘ ʜʦʩʪʘʚʢʠ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʘʢʪʠʚʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʩʫʙʩʪʘʥʮʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ; ʵʪʦ ʢʦʩʪʥʳʝ ʪʢʘʥʠ ʥʘ ʦʩʥʦʚʝ 
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ʢʦʣʣʘʛʝʥʘ ʠ ʨʘʟʣʠʯʥʳʝ ʩʢʘʬʬʦʣʜʳ ʜʣʷ ʨʦʩʪʘ ʢʣʝʪʦʢ (ʥʘʧʨʠʤʝʨ, çʠʩʢʫʩʩʪʚʝʥʥʘʷ 

ʢʦʞʘè). 

ʇʦʤʠʤʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʚʠʚʘʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʈʘʩʩʯʠʪʘʥʳ ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 30, 70, 100, 500 

ʣ. ɺ ʨʘʤʢʘʭ ʩʦʛʣʘʰʝʥʠʷ ʩ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʨʛʦʚʣʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʘʥʩʬʝʨ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʘʵʨʦʛʝʣʝʡ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ. 
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ʂʃ-6 

ɻɸɿʀʌʀʂɸʎʀʗ ʀ ʆʂʀʉʃɽʅʀɽ ʆʊʍʆɼʆɺ ɹɸʁʂɸʃʔʉʂʆɻʆ 

ʎɽʃʃʖʃʆɿʅʆ-ɹʋʄɸɾʅʆɻʆ ʂʆʄɹʀʅɸʊɸ ɺ 

ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʆʁ ɺʆɼɽ 

ʆ.ʅ. ʌʝʜʷʝʚʘ, ɸ.ɸ. ɺʦʩʪʨʠʢʦʚ, ɸ.ɺ. ʐʠʰʢʠʥ, ɼ.ʆ. ɸʨʪʘʤʦʥʦʚ, ʄ.ʗ. ʉʦʢʦʣ 

ʀʥʩʪʠʪʫʪ ʪʝʧʣʦʬʠʟʠʢʠ ʠʤ. ʉ.ʉ. ʂʫʪʘʪʝʣʘʜʟʝ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ 

e-mail: fedyaeva@itp.nsc.ru 

ʉʦʛʣʘʩʥʦ ʤʘʪʝʨʠʘʣʘʤ ʜʦʢʣʘʜʘ [1], ʟʘ ʙʦʣʝʝ ʯʝʤ 40 ʣʝʪ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ɹʘʡʢʘʣʴʩʢʠʡ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʡ ʢʦʤʙʠʥʘʪ (ʎɹʂ) ʥʘʢʦʧʠʣ ʙʦʣʝʝ 6.2 ʤʣʥ. 

ʪʦʥʥ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 2.6 ʤʣʥ. ʪʦʥʥ ʰʣʘʤ-ʣʠʛʥʠʥʘ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʰʣʘʤ-

ʣʠʛʥʠʥʘ ʩʢʣʘʜʠʨʦʚʘʥʘ ʥʘ ʉʦʣʟʘʥʩʢʦʤ ʧʦʣʠʛʦʥʝ ʦʪʭʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ 

ʙʝʨʝʛʫ ʦʟʝʨʘ ɹʘʡʢʘʣ. ɺ ʩʦʩʪʘʚ ʰʣʘʤ-ʣʠʛʥʠʥʘ ʚʭʦʜʷʪ (ʤʘʩ. %): ʣʠʛʥʠʥ 50ī53, 

ʘʢʪʠʚʥʳʡ ʠʣ 15ī25, ʛʣʠʥʦʟʝʤ 5ī10, ʧʦʣʠʘʢʨʠʣʘʤʠʜ 5 ʠ ʮʝʣʣʶʣʦʟʥʦʝ ʚʦʣʦʢʥʦ 5. 

ʆʩʦʙʦʝ ʦʧʘʩʝʥʠʝ ʚʳʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʚ ʰʣʘʤ-ʣʠʛʥʠʥʝ 

ʧʦʣʠʭʣʦʨʜʠʙʝʥʟʦʜʠʦʢʩʠʥʦʚ ʠ ʧʦʣʠʭʣʦʨʜʠʙʝʥʟʦʬʫʨʘʥʦʚ [2], ʠʩʪʦʯʥʠʢʦʤ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʭʣʦʨʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʦʪʙʝʣʢʝ 

ʮʝʣʣʶʣʦʟʳ. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʘʚʪʦʨʘʤʠ [2] 

ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʭʨʘʥʝʥʠʠ ʰʣʘʤ-ʣʠʛʥʠʥʘ ʧʨʦʠʟʦʰʣʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʠʦʢʩʠʥʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʜʦʣʷ 

ʧʦʣʠʭʣʦʨʜʠʙʝʥʟʦʜʠʦʢʩʠʥʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʧʦʯʪʠ ʥʘ 30%, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ 2,3,7,8-ʪʝʪʨʘʭʣʦʨʜʠʙʝʥʟʦʜʠʦʢʩʠʥʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʠ ʉʦʣʟʘʥʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʦʪʭʦʜʦʚ ʷʚʣʷʶʪʩʷ 

ʩʝʡʩʤʦʫʩʪʦʡʯʠʚʳʤʠ ʠ ʠʤʝʶʪ ʤʥʦʛʦʩʣʦʡʥʫʶ ʛʠʜʨʦʠʟʦʣʷʮʠʶ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʜʨʝʥʘʞ, ʩʫʱʝʩʪʚʫʝʪ ʫʛʨʦʟʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ɹʘʡʢʘʣʘ ʚ ʩʣʫʯʘʝ ʨʘʟʨʫʰʝʥʠʷ ʭʨʘʥʠʣʠʱ ʦʪʭʦʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʩʝʣʝʡ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʫʛʨʦʟʳ ʫʥʠʢʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʦʟʝʨʘ ɹʘʡʢʘʣ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ɹʘʡʢʘʣʴʩʢʦʛʦ ʎɹʂ. ʊʨʫʜʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʘʤ-ʣʠʛʥʠʥʘ ʦʙʫʩʣʦʚʣʝʥʳ ʝʛʦ 

ʩʣʦʞʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʠ ʜʠʩʧʝʨʩʥʳʤ ʩʦʩʪʘʚʦʤ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 
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ʦʙʚʦʜʥʝʥʥʦʩʪʠ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʩʧʦʩʦʙʳ ʫʪʠʣʠʟʘʮʠʠ ʰʣʘʤ-ʣʠʛʥʠʥʘ, ʪʘʢʠʝ ʢʘʢ 

ʦʤʦʥʦʣʠʯʠʚʘʥʠʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʚʝʩʪʠ, ʟʦʣʳ ʦʪ ʩʞʠʛʘʥʠʷ ʫʛʣʝʡ ʠ/ʠʣʠ ʛʠʧʩʘ, 

ʵʣʝʢʪʨʦʦʩʤʦʩ, ʦʙʨʘʙʦʪʢʘ ʩʦʣʷʤʠ ʞʝʣʝʟʘ ʠ ʚʳʤʦʨʘʞʠʚʘʥʠʝ ʚʣʘʛʠ ʥʝ ʥʘʰʣʠ 

ʧʨʠʤʝʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʳ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʟʠʬʠʢʘʮʠʠ ʠ ʦʢʠʩʣʝʥʠʷ 

ʰʣʘʤ-ʣʠʛʥʠʥʘ ʚ ʧʦʪʦʢʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʳ ʠ ʚʦʜʦʢʠʩʣʦʨʦʜʥʦʛʦ ʬʣʶʠʜʘ 

ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʥʘʛʨʝʚʝ ʪʨʫʙʯʘʪʦʛʦ ʨʝʘʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ 923 ʠ 733 ʂ. 

ʇʨʦʙʘ ʰʣʘʤ-ʣʠʛʥʠʥʘ ʦʪʦʙʨʘʥʘ ʠʟ ʢʘʨʪʳ ˉ2 ʉʦʣʟʘʥʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʦʪʭʦʜʦʚ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʚʣʘʞʥʦʩʪʴ 91.1%, ʟʦʣʴʥʦʩʪʴ ʚ ʨʘʩʯʝʪʝ ʥʘ ʩʫʭʫʶ 

ʤʘʩʩʫ 22.5%, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ (% ʤʘʩ.) ʘʣʶʤʠʥʠʷ 8.2, 

ʩʝʨʳ 2.8, ʘʟʦʪʘ 2.7, ʭʣʦʨʘ 1.3, ʬʦʩʬʦʨʘ 0.6 ʠ ʞʝʣʝʟʘ 0.5. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʛʘʟʠʬʠʢʘʮʠʠ ʰʣʘʤ-ʣʠʛʥʠʥʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ H2S, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʪʝʨʤʦʣʠʟʝ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ SīC ʩʚʷʟʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 668ī713 ʂ. ɺ ʩʦʩʪʘʚʝ ʣʝʪʫʯʠʭ 

ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ T ¢ 713 K, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ. ɺʳʭʦʜ ʅ2, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʨʠ ʨʝʘʢʮʠʷʭ ʚʦʜʷʥʦʛʦ ʛʘʟʘ ʠ 

ʧʘʨʦʚʦʛʦ ʨʠʬʦʨʤʠʥʛʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ T > 713 K. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ 

ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʚʢʣʶʯʘʷ ʬʝʥʦʣʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 473ī623 K. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʉʂɺ ʛʘʟʠʬʠʢʘʮʠʠ ʰʣʘʤ-ʣʠʛʥʠʥʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘʫʛʣʝʨʦʞʝʥʥʳʡ 

ʦʩʪʘʪʦʢ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʀʩʭʦʜʷ ʠʟ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʧʘʨ ʠ ʤʦʱʥʦʩʪʠ 

ʦʤʠʯʝʩʢʠʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʰʣʘʤ-ʣʠʛʥʠʥʘ ʚ ʩʤʝʩʠ ʅ2ʆ/ʆ2 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 440 ʂ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 583ī643 ʂ. ʀʟ ʩʨʘʚʥʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʰʣʘʤ-ʣʠʛʥʠʥʘ ʚ ʧʦʪʦʢʝ 

ʚʦʟʜʫʭʘ (ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ) ʠ ʚ ʩʤʝʩʠ ʅ2ʆ/ʆ2 ʩʣʝʜʫʝʪ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʝ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ å200 ʂ ʥʠʞʝ. 

ʀʩʭʦʜʷ ʠʟ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʯʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʫʜʘʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʠʟ ʰʣʘʤ-ʣʠʛʥʠʥʘ ʚ 

ʩʦʩʪʘʚʝ ʉʆ ʠ ʉʆ2. ɾʠʜʢʠʝ ʧʨʦʜʫʢʪʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʰʣʘʤ-ʣʠʛʥʠʥʘ 

ʠ ʦʩʪʘʪʢʘ ʢʦʥʚʝʨʩʠʠ ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, 
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ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʩʪʘʪʢʘ ʢʦʥʚʝʨʩʠʠ ʷʚʣʷʶʪʩʷ 

Al 2O3, Fe2O3, SiO2, AlPO4 ʠ CaSO4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ HCl ʠ H2SO4 ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʭʣʦʨ- ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʟʳʚʘʝʪ ʢʦʨʨʦʟʠʶ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ˉ18-19-

00165). 

 

[1] çʆ ʧʨʦʙʣʝʤʝ ʣʠʢʚʠʜʘʮʠʠ ʥʘʢʦʧʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ɹʘʡʢʘʣʴʩʢʦʛʦ ʎɹʂè ʢ ʟʘʩʝʜʘʥʠʶ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ 

ʢʦʤʠʩʩʠʠ ʧʦ ʚʦʧʨʦʩʘʤ ʦʭʨʘʥʳ ʦʟʝʨʘ ɹʘʡʢʘʣ ʦʪ 27.05.2009 ʛ. 

http://geol.irk.ru/baikal/baikal/baikal_law_fulfilment/mvk/050609/infdocs/ques

t1.pdf. 

[2] ʊʠʤʦʬʝʝʚʘ ʉ.ʉ., ʏʝʨʝʤʠʩ ʅ.ɺ., ʀʛʥʘʪʴʝʚʘ ʃ.ʇ., ʅʠʢʦʣʘʝʚʘ ʃ.ɸ. 

ʍʣʦʨʜʠʦʢʩʠʥʳ ʚ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷʭ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ // ɺʝʩʪʥʠʢ 

ʀʨɻʊʋ. 2008. ˉ3(35). ʉ. 174ī181. 

http://geol.irk.ru/baikal/baikal/baikal_law_fulfilment/mvk/050609/infdocs/quest1.pdf
http://geol.irk.ru/baikal/baikal/baikal_law_fulfilment/mvk/050609/infdocs/quest1.pdf
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ʂʃ-7 

ʉʀʅʊɽɿ ʅʀʊʈʆʉʆɽɼʀʅɽʅʀʁ ɺ ʉʈɽɼɽ 1,1,1,2-ʊɽʊʈɸʌʊʆʈʕʊɸʅɸ 

ʀ.ɺ. ʂʫʯʫʨʦʚ, ʄ.ʅ. ɾʘʨʢʦʚ, ʉ.ʉ. ɸʨʘʙʘʜʞʠ, ʉ.ɻ. ɿʣʦʪʠʥ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ 

119991, ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, 47 

e-mail: kuchurov@mail.ru 

ʇʨʝʜʣʦʞʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʠʪʨʦʵʬʠʨʦʚ ʠ ʥʠʪʨʘʤʠʥʦʚ, 

ʚʢʣʶʯʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʪʦʚ, ʘʤʠʥʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʦʢʩʠʜʦʤ 

ʘʟʦʪʘ (V) ʚ ʩʨʝʜʝ ʞʠʜʢʦʛʦ 1,1,1,2-ʪʝʪʨʘʬʪʦʨʵʪʘʥʘ (ʊʌʕ, ʌʨʝʦʥ R134a) ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʘʭ. 

 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʊʌʕ, ʷʚʣʷʶʱʝʛʦʩʷ ʥʝʛʦʨʶʯʠʤ, 

ʥʝʪʦʢʩʠʯʥʳʤ, ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤ, ʩʦʝʜʠʥʝʥʠʝʤ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ 

(ʉʨ = 1.40 ɼʞĿʛ
-1
Ŀʂ

-1
 ʧʨʠ 0.57 ʄʇʘ ʠ 20 Áʉ) ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ 

ʧʦʞʘʨʦ- ʠ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʥʠʪʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʠʟʢʦʝ 

ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʊʌʕ (0.57 ʄʇʘ ʠ 20Áʉ) ʧʦʟʚʦʣʠʣʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʝʛʦ ʨʝʮʠʢʣʠʟʘʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʝʡʰʝʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ 18-73-10207). 

 

mailto:kuchurov@mail.ru
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[1] I.V. Kuchurov, S.S. Arabadzhi, M.N. Zharkov, L.L. Fershtat, S.G. Zlotin. ACS 

Sustainable Chem. Eng., 2018, 6, 2535-2540. 

[2] ʄ.ʅ. ɾʘʨʢʦʚ, ʀ.ɺ. ʂʫʯʫʨʦʚ, ɸ.ɸ. ʉʫʭʘʥʦʚʘ, ʀ.ɺ. ʌʦʤʝʥʢʦʚ, ʉ.ɻ. ɿʣʦʪʠʥ. 

ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʬʣʶʠʜʳ: ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ, 2018, 4, 50-56. 
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Abstract 

The vapour-liquid equilibrium of acetone-CO2 mixtures is studied by computer 

simulation at 11 different compositions, ranging from neat CO2 to neat acetone, in a 

50-100 K wide range of temperatures at the vicinity of the critical point. The 

composition dependence of the critical parameters is determined, for the first time, in 

the entire composition range. It is found that while the critical temperature changes 

monotonically with the composition, the critical pressure goes through a maximum 

around the acetone mole fraction value of 0.3, and the critical density might also 

exhibit a maximum in the acetone mole fraction range of 0-0.2. Temperature 

dependence of the surface tension is also determined in the entire composition range. 

The obtained results agree, in general, well with experimental data; their deviation 

remains below the range within which different experimental data sets deviate from 

each other. Since experimental data in this respect exist, unfortunately, only in 

limited ranges of compositions (at low acetone mole fractions) and temperatures 

(data above about 335 K are scarce), the present study largely extends the range of 

thermodynamic conditions in which we have reliable information on the liquid-

vapour equilibrium and critical conditions of acetone-CO2 mixtures. 
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ʋɼ-1 

ʉʂʌ ʌʆʈʄʀʈʆɺɸʅʀɽ ʂʆʄʇʆʅɽʅʊʆɺ ɸʅʊʀɹɸʂʊɽʈʀɸʃʔʅʓʍ 

ʃɽʂɸʈʉʊɺɽʅʅʓʍ ʌʆʈʄ ʇʈʆʃʆʅɻʀʈʆɺɸʅʅʆɻʆ ɼɽʁʉʊɺʀʗ 

ɽ.ʅ. ɸʥʪʦʥʦʚ
1
, ʉ.ʅ. ɸʥʜʨʝʝʚʩʢʘʷ

2
, ʉ.ʕ. ɹʦʛʦʨʦʜʩʢʠʡ

1
, ʃ.ʀ. ʂʨʦʪʦʚʘ

1
, ɽ.ɽ. 

ʃʘʨʠʦʥʦʚʘ
2
, ɸ.ʆ. ʄʘʨʠʷʥʘʮ

1
, ɻ.ɺ. ʄʠʰʘʢʦʚ

1
, ʊ.ɻ. ʉʤʠʨʥʦʚʘ

2
, ʄ.ɸ. ʉʷʯʠʥʘ

1
, 

ʃ.ʅ. ʏʝʨʥʦʫʩʦʚʘ
2
, ɺ.ʂ. ʇʦʧʦʚ

1
. 

1
ʀʌʊ ʌʅʀʎ "ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘ" ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ. 

2
ʎʅʀʀ ʊʫʙʝʨʢʫʣʝʟʘ, ʛ. ʄʦʩʢʚʘ 

E mail: e_n_antonov@mail.ru 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʪʫʙʝʨʢʫʣʝʟʦʤ ʩ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʪʝʨʘʧʠʷ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ 

ʜʣʠʪʴʩʷ ʜʦ ʜʚʫʭ ʣʝʪ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʢʘʢ ʪʦʢʩʠʯʥʦʩʪʴ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʪʘʢ ʠ 

ʯʘʩʪʦʪʫ ʠʭ ʚʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʪʘʢʠʭ ʬʦʨʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʳʭ ʩʠʩʪʝʤ ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤʠ ʚ ʥʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ 

ʧʨʝʧʘʨʘʪʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʧʨʘʚʣʝʥʥʫʶ ʜʦʩʪʘʚʢʫ ʠ ʣʦʢʘʣʠʟʘʮʠʶ 

ʧʦʩʣʝʜʥʠʭ ʚ ʦʨʛʘʥʘʭ-ʤʠʰʝʥʷʭ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʤ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʣʘʢʪʦʛʣʠʢʦʣʠʜʥʳʭ (ʇʃɻ) ʤʘʪʨʠʢʩʦʚ ʠ ʤʠʢʨʦʯʘʩʪʠʮ, ʠ ʘʥʪʠʙʠʦʪʠʢʦʚ, 

ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ (ʃʌʎ) ʠ ʛʝʥʪʘʤʠʮʠʥʘ (ɻʄʎ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʳʭ 

ʧʨʠʥʮʠʧʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʥʳʭ (ʉʂʌ) ʪʝʭʥʦʣʦʛʠʡ, 

ʠʩʢʣʶʯʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

ɼʣʷ ʚʳʙʦʨʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʉʂʌ ʠʥʢʘʧʩʫʣʷʮʠʠ ɻʄʎ ʠ ʃʌʎ ʚ 

ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ-ʥʦʩʠʪʝʣʠ ʠ ʤʠʢʨʦʯʘʩʪʠʮʳ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ 

ʜʠʦʢʩʠʜʝ ʫʛʣʝʨʦʜʘ (ʩʢ-ʉʆ2) ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʢʨʦʥʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʤʝʪʦʜʦʤ RESS. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

mailto:e_n_antonov@mail.ru
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ɻʄʎ ʚ ʩʢ-ʉʆ2, ʧʨʦʚʦʜʠʤʦʝ ʤʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 

ʜʦ 20 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 60
ʦ
C, ʘ ʪʘʢʞʝ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʜʦ ʠ ʧʦʩʣʝ ʉʌʂ ʦʙʨʘʙʦʪʢʠ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ɻʄʎ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʩʪʚʦʨʠʤ ʩʢ-ʉʆ2 ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʃʌʎ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ (ʧʦʨʷʜʢʘ 10
-5

 ʤʦʣʴʥʳʭ ʜʦʣʝʡ) ʦʢʘʟʘʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʠʢʨʦʥʠʟʘʮʠʷ ʃʌʎ ʠ ɻʄʎ ʤʝʪʦʜʦʤ RESS ʦʢʘʟʘʣʘʩʴ 

ʥʝʵʬʬʝʢʪʠʚʥʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʫʙʩʪʘʥʮʠʡ (ʦʪ 50õ200 ʤʢʤ ʜʦ 5õ20 ʤʢʤ) ʧʝʨʝʜ ʠʭ ʉʂʌ ʠʥʢʘʧʩʫʣʷʮʠʝʡ ʚ 

ʧʦʣʠʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʨʠʤʝʥʷʣʦʩʴ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʠ. 

ɸʥʪʠʙʠʦʪʠʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʘʩʩ.% ʠʥʢʘʧʩʫʣʠʨʦʚʘʣʠʩʴ ʚ ʇʃɻ ʤʠʢʨʦʯʘʩʪʠʮʳ 

ʠ ʤʘʪʨʠʢʩʳ ʤʝʪʦʜʘʤʠ PGSS ʠ ʉʂʌ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʚʩʧʝʥʠʚʘʥʠʷ ʚ ʩʢ-ʉʆ2. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʢʘʢ ʤʠʢʨʦʯʘʩʪʠʮ, ʪʘʢ ʠ ʇʃɻ 

ʤʘʪʨʠʢʩʦʚ, ʧʣʘʩʪʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʢ-ʉʆ2 ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40
ʦ
C ʠ ʜʘʚʣʝʥʠʠ ʦʪ 10 ʜʦ 20 ʄʇʘ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʤʠʢʨʦʯʘʩʪʠʮʳ ʠʤʝʣʠ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ 5 ï 20 ʤʢʤ, ʘ ʤʘʪʨʠʢʩʳ, 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʮʠʣʠʥʜʨʳ, ʚʳʩʦʪʦʡ 5 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ɻʄʎ ʠ ʃʌʎ ʠʟ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʨʘʩʪʚʦʨ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʛʦ ʙʫʬʝʨʘ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. 

ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ɻʄʎ ʠ ʃʌʎ ʚ ʨʘʩʪʚʦʨʝ, ʠʟʤʝʨʷʣʦʩʴ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʇʃɻ ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʳʙʨʦʩ (ñburstò) ʟʘ ʧʝʨʚʳʝ ʩʫʪʢʠ ʜʣʷ ʃʌʎ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 75% 

ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʃʌʎ. ɿʘʪʝʤ, ʢ 4 ʩʫʪʢʘʤ ʝʛʦ ʚʳʭʦʜ 

ʩʦʩʪʘʚʠʣ 100%. ʇʨʠ ʵʪʦʤ ɻʌʎ ʫʞʝ ʟʘ ʧʝʨʚʳʝ ʩʫʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʭʦʜʠʣ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ. ɺ ʩʣʫʯʘʝ ʇʃɻ ʤʘʪʨʠʢʩʦʚ, ʥʘʧʨʦʪʠʚ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ 

ʚʳʙʨʦʩ ʃʌʎ ʩʦʩʪʘʚʠʣ ʟʘ ʩʫʪʢʠ 4-6%, ʘ ɻʌʎ 28%. ɼʘʣʝʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ. 90% ɻʊʎ ʚʳʩʚʦʙʦʜʠʣʦʩʴ ʚ 

ʨʘʩʪʚʦʨ ʢ 15 ʩʫʪʢʘʤ, ʘ ʃʌʎ ʢ 27 ʩʫʪʢʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʳʩʚʦʙʦʞʜʘʶʱʠʭʩʷ ʘʥʪʠʙʠʦʪʠʢʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʰʪʘʤʤʘ M.tuberculosis H37Rv in vitro ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʨʦʩʪʘ ʢʫʣʴʪʫʨ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʥʘʢʦʧʣʝʥʠʠ 

ʚ ʨʦʩʪʦʚʦʡ ʩʨʝʜʝ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʚʳʩʚʦʙʦʞʜʘʶʱʠʭʩʷ ʠʟ ʧʦʣʠʤʝʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʉʂʌ ʪʝʭʥʦʣʦʛʠʡ ʦʩʫʱʝʩʪʚʣʝʥʘ ʠʥʢʘʧʩʫʣʷʮʠʷ 

ʣʝʚʦʬʣʦʢʩʘʮʠʥʘ ʠ ʛʝʥʪʘʤʠʮʠʥʘ ʚ ʧʦʣʠʣʘʢʪʦʛʣʠʢʦʣʠʜʥʳʝ ʤʘʪʨʠʢʩʳ ʠ 

ʤʠʢʨʦʯʘʩʪʠʮʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʉʂʌ ʤʝʪʦʜʦʚ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʨʘʟʤʝʨʘʤʠ, ʬʦʨʤʦʡ ʠ ʤʦʨʬʦʣʦʛʠʝʡ ʬʦʨʤʠʨʫʝʤʳʭ 

ʩʪʨʫʢʪʫʨ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʢʦʨʦʩʪʴʶ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ ʚ 

ʤʦʜʝʣʴʥʳʝ ʩʨʝʜʳ, ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʦʩʪʘ ʤʠʢʦʙʘʢʪʝʨʠʡ ʪʫʙʝʨʢʫʣʝʟʘ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʬʦʨʤ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʌʅʀʎ ñʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘò ʈɸʅ ʚ 

ʯʘʩʪʠ ʨʘʟʚʠʪʠʷ ʉʂʌ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʘʢʪʠʚʥʳʭ ʤʘʪʨʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʌɻɹʅʋ ñʎʅʀʀʊò ʚ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ in vitro ʠ ʈʌʌʀ (ˉ 18-29-

06062 ʤʢ) ʚ ʯʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ. 
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ʋɼ-2 

ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʀʁ ʉʆ2 ʇʈʀ ɼɽʎɽʃʃʖʃʗʈʀɿɸʎʀʀ  

ʍʈʗʑɽɺʆʁ ʊʂɸʅʀ 

ʅʝʤʝʮ ɽ.ɸ.
1
, ʃʘʞʢʦ ɸ.ʕ.

 2
, ɹʘʩʦʢ ʖ.ɹ.

 1
, ʂʠʨʩʘʥʦʚʘ ʃ.ɸ.

1
, ʂʠʨʠʣʣʦʚʘ ɸ.ɼ.

 1
, 

ʉʝʚʘʩʪʴʷʥʦʚ ɺ.ʀ.
1
 

1
ʌɻɹʋ çʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ʪʨʘʥʩʧʣʘʥʪʦʣʦʛʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠʤ. ʘʢʘʜ. ɺ.ʀ. ʐʫʤʘʢʦʚʘè ʄɿ 

ʈʌ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

2
ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ. 

E-mail: evgnemets@yandex.ru 

ʉʦʟʜʘʥʠʝ ʠʥʲʝʢʮʠʦʥʥʳʭ ʬʦʨʤ ʢʣʝʪʦʯʥʦ-ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ 

ʩʪʠʤʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʝʛʝʥʝʨʘʮʠʠ ʚ ʧʦʚʨʝʞʜʝʥʥʳʭ ʦʨʛʘʥʘʭ ʦʩʥʦʚʘʥʦ ʥʘ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʢʣʝʪʦʢ ʥʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʤʘʪʨʠʢʩʘʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʘʪʨʠʢʩʳ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ 

ʜʝʮʝʣʣʶʣʷʨʠʟʦʚʘʥʥʳʭ ʪʢʘʥʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʣʷ ʢʣʝʪʦʢ ʙʣʠʟʢʦʝ ʢ 

ʥʘʪʠʚʥʦʤʫ ʚʥʝʢʣʝʪʦʯʥʦʤʫ ʤʘʪʨʠʢʩʫ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ. ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʧʦʩʦʙʦʚ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʪʢʘʥʝʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʦʥʥʳʝ 

ʜʝʪʝʨʛʝʥʪʳ. ʆʜʥʘʢʦ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʷ ʧʣʦʪʥʦʡ ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʝʪʝʨʛʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʜʝʮʝʣʣʶʣʷʨʠʟʦʚʘʥʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠʟ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ 

ʯʘʩʪʠʮ (ʄɼʏ) ʭʨʷʱʘ ʩʚʠʥʴʠ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʄɼʏ 

ʜʝʪʝʨʛʝʥʪʘʤʠ ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ ʉʆ2 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ʆʙʨʘʟʮʳ ʄɼʏ ʭʨʷʱʘ ʩʚʠʥʴʠ ʩ ʨʘʟʤʝʨʘʤʠ 30-100 ʤʢʤ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ 

ʢʨʠʦʧʦʤʦʣʘ (CryoMill, ñRetchò, ɻʝʨʤʘʥʠʷ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï196Á ʉ. 

ɼʝʮʝʣʣʶʣʷʨʠʟʘʮʠʶ ʄɼʏ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ (3 ʨʘʟʘ ʚ ʩʫʪʢʠ ʧʦ 1 

ʯʘʩʫ) ʚ 3-ʭ ʩʤʝʥʘʭ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʛʦ ʙʫʬʝʨʘ (ɹʠʦɺʠʪʨʫʤ, ʈʦʩʩʠʷ, ʨʅ=7.4), 

ʩʦʜʝʨʞʘʱʝʛʦ 0,1% ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ (ñSigma-Aldrichò, Cʐɸ) ʠ 

ʧʦʚʳʰʘʶʱʫʶʩʷ ʢʦʥʮʝʥʪʨʘʮʠʶ (1, 2 ʠ 3%) ʊʨʠʪʦʥʘ ʍ100 (ñSigma-Aldrichò, 

mailto:evgnemets@yandex.ru
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Cʐɸ). ʆʙʨʘʙʦʪʢʫ ʄɼʏ ʚ ʘʪʤʦʩʬʝʨʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʉʆ2 (ʩʢ-ʉʆ2) 

ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʠ ʜʘʚʣʝʥʠʠ 150-300 ʙʘʨ, ʊ = 35
ʦ
 ʉ, ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʩʢ-ʉʆ2 

2,5 Ñ 0,5 ʤʣ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 8-24 ʯʘʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ RESS-

SAS (ñWaters corporationò, ʉʐɸ). ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʦʣʷʨʥʦʩʪʠ 

ʧʨʠʤʝʥʷʣʠ ʵʪʘʥʦʣ (96%) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5-10%. ʉʪʝʧʝʥʴ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ 

ʄɼʏ ʦʮʝʥʠʚʘʣʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʦʢʨʘʩʢʘ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ 

ʵʦʟʠʥʦʤ) ʠ ʧʦ ʦʩʪʘʪʦʯʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ɼʅʂ ʚ ʦʙʨʘʟʮʘʭ ʩ ʧʦʤʦʱʴʶ ɼʅʂ-

ʩʚʷʟʳʚʘʶʱʝʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ DAPI (ñSigmaò, Cʐɸ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ.  

ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʝʪʝʨʛʝʥʪʘʤʠ ʠ ʩʢ-ʉʆ2 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʄɼʏ ʭʨʷʱʘ ʩʚʠʥʴʠ. ɺ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʝʨʛʝʥʪʘʤʠ ʧʦʩʣʝ ʩʢ-ʉʆ2 ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʄɼʏ 

ʜʦʩʪʠʯʴ ʥʝ ʫʜʘʣʦʩʴ. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʳʡ ʚʳʭʦʜ ʭʦʥʜʨʦʮʠʪʦʚ ʠʟ ʣʘʢʫʥ (ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʛʨʘʥʫʣʘʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʩʚʦʙʦʜʥʳʝ ʦʪ ʢʣʝʪʦʢ ʦʙʣʘʩʪʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʣʝʪʦʢ ʩʚʦʡ ʮʝʣʦʩʪʥʦʩʪʴ. 

ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʩ 8 ʯ. ʜʦ 24 ʯ. ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ ʄɼʏ, ʩʚʦʙʦʜʥʳʭ ʦʪ ʢʣʝʪʦʢ ʟʘ ʩʯʝʪ ʠʭ ʚʳʭʦʜʘ 

ʠʟ ʣʘʢʫʥ, ʥʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʭʦʥʜʨʦʮʠʪʦʚ. ɺʚʝʜʝʥʠʝ 

10% ʵʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʦʣʷʨʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʪʨʫʢʮʠʠ 

ʯʘʩʪʠ ʭʦʥʜʨʦʮʠʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʣʘʢʫʥʘʭ, ʥʦ ʢʦʣʠʯʝʩʪʚʦ ʣʠʟʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʦʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʧʦʵʪʦʤʫ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʢʨʘʩʠʪʝʣʝʤ DAPI ʩʦʯʣʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʇʨʦʚʝʜʝʥʠʝ ʦʙʨʘʙʦʪʢʠ ʄɼʏ 

ʩʥʘʯʘʣʘ ʜʝʪʝʨʛʝʥʪʘʤʠ, ʘ ʟʘʪʝʤ ʩʢ-ʉʆ2 ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʜʘʚʣʝʥʠʠ 300 ʙʘʨ. ɺ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʄɼʏ ʭʨʷʱʘ ʥʝ ʨʘʟʨʫʰʝʥʥʳʝ ʢʣʝʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩ ʢʨʘʩʠʪʝʣʝʤ DAPI ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʦʪ 50 ʜʦ 90% ʦʙʨʘʟʮʦʚ ʄɼʏ ʭʨʷʱʘ 

ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʩʚʦʙʦʜʥʳ ʦʪ ɼʅʂ ʠʣʠ ʩʦʜʝʨʞʘʣʠ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʮʝʣʳʝ 

ʢʣʝʪʢʠ. ʆʜʥʘʢʦ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʜʝʮʝʣʣʶʣʷʨʠʟʦʚʘʥʥʳʭ ʄɼʏ ʭʨʷʱʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ: 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʚʦʣʦʢʥʝʥʥʦʩʪʴ, ʨʘʟʨʳʚʳ ʠ ʬʨʘʛʤʝʥʪʘʮʠʷ ʯʘʩʪʠʮ. ɺʚʝʜʝʥʠʝ 
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ʵʪʘʥʦʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʪʘʢʦʛʦ ʨʦʜʘ ʠʟʤʝʥʝʥʠʡ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 150 ï 300 ʙʘʨ ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʚ ʠʥʪʝʨʚʘʣʝ 8-24 ʯʘʩʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ɼʅʂʘʟʦʡ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʡ 

ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ ʄɼʏ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʭʨʷʱʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʪʝʧʝʥʠ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ 

ʦʙʨʘʙʦʪʢʫ ʄɼʏ ʭʨʷʱʘ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʩʥʘʯʘʣʘ ʨʘʩʪʚʦʨʘʤʠ ʜʝʪʝʨʛʝʥʪʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʢ-ʉʆ2 ʧʨʠ ʜʘʚʣʝʥʠʠ 300 ʙʘʨ. ɺʚʝʜʝʥʠʝ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʦʣʷʨʥʦʩʪʠ (ʵʪʘʥʦʣʘ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10% ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʥʘ ʩʪʝʧʝʥʠ ʜʝʮʝʣʣʶʣʷʨʠʟʘʮʠʠ, ʪʘʢ ʠ ʥʘ ʭʘʨʘʢʪʝʨʝ 

ʨʘʟʚʦʣʦʢʥʝʥʥʦʩʪʠ ʯʘʩʪʠʮ ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʜʝʮʝʣʣʶʣʷʨʠʟʦʚʘʥʥʦʛʦ 

ʤʘʪʨʠʢʩʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʈʌʌʀ, ʛʨʘʥʪ ˉ18-29-

06012. 
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ʋɼ-3 

ʆʉʆɹɽʅʅʆʉʊʀ ʉʀʅʊɽɿɸ ʇʆʃʀʄɽʈʆɺ ɺ ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʆʄ 

ɼʀʆʂʉʀɼɽ ʋɻʃɽʈʆɼɸ 

ʉʘʠʜ-ɻʘʣʠʝʚ ʕ.ɽ.
1
, ʍʦʭʣʦʚ ɸ.ʈ.

1
, ʅʳʩʝʥʢʦ ɿ.ʅ.

2
, ʉʘʭʘʨʦʚ ɸ.ʄ.

2 

1
ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: ernest@ineos.ac.ru 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʉʂ ʉʆ2 ʢʘʢ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʬʣʶʠʜʘ ʢʘʢ ʩʨʝʜʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚ. 

ɼʣʷ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʉʂ ʉʆ2: ʚʦʧʨʦʩʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, 

ʘʢʪʠʚʥʦʩʪʴ ʠʥʠʮʠʘʪʦʨʦʚ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ, ʥʘ ʧʨʠʤʝʨʝ 

ʇɸʅ; 

ʜʣʷ ʘʥʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ: ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʉʂ ʉʆ2, 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ, 

ʥʘ ʧʨʠʤʝʨʝ ʵʪʠʣ-Ŭ-ʮʠʘʥʘʢʨʠʣʘʪʘ; 

ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʘʥʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ: ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʦʥʦʤʝʨʦʚ ʠ ʧʝʨʝʭʦʜ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʠ ʩʪʨʦʝʥʠʝ ʛʣʘʚʥʦʡ ʮʝʧʠ, ʢʘʨʙʦʥʠʟʘʮʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, 

ʜʘʚʣʝʥʠʝ ʢʘʢ ʬʘʢʪʦʨ ʢʦʥʪʨʦʣʷ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʤʦʥʦʤʝʨʦʚ, ʦʢʠʩʴ 

ʘʣʢʠʣʝʥʘ ï ʤʦʥʦʤʝʨ ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʥʘ ʧʨʠʤʝʨʝ ʩʠʥʪʝʟʘ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʧʦʣʠʢʘʨʙʦʥʘʪʦʚ ʠ ʠʭ ʪʝʨʧʦʣʠʤʝʨʦʚ; 

ʜʣʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ: ʧʨʦʙʣʝʤʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʧʦʣʠʤʝʨʳ ʠ ʚʢʣʘʜ ʀʅʕʆʉ ʈɸʅ, ʉʂ ʉʆ2 ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ, ʚʦʧʨʦʩʳ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʠ ʤʝʪʦʜʳ ʧʨʝʦʜʦʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʄʄ, 

ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʉʂ ʉʆ2 ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʊg 

ʧʦʣʠʤʝʨʦʚ ʠ ʜʝʧʨʝʩʩʠʶ ʊʧʣ ʤʦʥʦʤʝʨʦʚ, ʥʘ ʧʨʠʤʝʨʘʭ ʩʠʥʪʝʟʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʇʀ, ʧʦʣʠʘʨʠʣʘʪʦʚ ʠ ʜʨ. ʧʦʣʠʤʝʨʦʚ. 

mailto:ernest@ineos.ac.ru
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ʋɼ-4 

ʇʈʀʅʎʀʇʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʌʆʊʆɸʂʊʀɺʅʓʍ ʇʆʃʀʄɽʈʅʓʍ 

ʂʆʄʇʆɿʀʊʆɺ ʄɽʊʆɼʆʄ ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʆʁ ʌʃʖʀɼʅʆʁ 

ʀʄʇʈɽɻʅɸʎʀʀ 

ʉʦʣʦʚʴʚyʘ ɸ.ɹ.
1
, ʊʠʤʘʰʝʚ ʉ.ʌ.

2
 

1
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ.ʉʝʤʝʥʦʚʘ ʈɸʅ, 

2
ʅʀʌʍʀ ʠʤ. ʃ.ʗ.ʂʘʨʧʦʚʘ 

ann.solovieva@gmail.com 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʩ ʬʦʪʦʭʨʦʤʥʳʤʠ, ʣʶʤʠʥʦʬʦʨʤʥʳʤʠ ʠ 

ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ (ʩʢ-ʉʆ2). ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʥʠʢʘʪʴ ʚ 

ʦʙʲʝʤ ʧʦʣʠʤʝʨʘ, ʩʦʟʜʘʚʘʷ ʚ ʤʘʪʨʠʮʝ, ʧʦʤʠʤʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʦʚʳʝ ʦʙʣʘʩʪʠ çʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘè, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʫʜʘʣʷʪʴʩʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʉʂʌ-ʠʤʧʨʝʛʥʘʮʠʠ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣ ʥʦʩʠʪʝʣʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚʚʦʜʠʤʳʭ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʌɸʉ) ʠ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʚʦʜʠʤʳʭ ʌɸʉ ʦʪʜʝʣʴʥʳʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʘʤ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʜʦʙʥʳʭ ʩʪʘʙʠʣʴʥʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʉʂʌ-

ʠʤʧʨʝʛʥʘʮʠʠ ʧʦʣʠʤʝʨʦʚ ʨʘʟʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʬʦʪʦʭʨʦʤʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʦʩʢʠʭ ʦʢʨʘʰʝʥʥʳʭ ʬʦʨʤ ʬʦʪʦʭʨʦʤʦʚ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʩʪʝʨʠʯʝʩʢʠ ʙʦʣʝʝ 

ʚʳʛʦʜʥʳʭ, ʯʝʤ ʥʝʧʣʦʩʢʠʝ ʠʩʭʦʜʥʳʝ ʬʦʨʤʳ. ʇʨʠ ʵʪʦʤ ʚʚʦʜʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʬʦʪʦʭʨʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʦʨʤʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʨʝʤʷ ʞʠʟʥʠ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʟʘʚʠʩʝʣʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʷ, 

ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʚ ʩʢ-ʉʆ2, ʘ ʪʘʢʞʝ ʨʝʞʠʤʦʚ 

mailto:ann.solovieva@gmail.com
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ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʥʝʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʜʦʙʘʚʦʢ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʌɸʉ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ çʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘè ʚ ʧʦʣʠʤʝʨʝ, 

ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʩʪʨʫʢʪʫʨʝ ʌɸʉ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʨʝʣʘʢʩʘʮʠʠ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ɹʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ʩʢ-ʉʆ2 

ʢʦʤʧʦʟʠʮʠʡ ʩ ʣʶʤʠʥʦʬʦʨʤʥʳʤʠ ʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ (ʪʝʤʘ V. 46.14, ˉ 0082-2014-0006) ʠ 

ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 18-29060-019 ʤʢ). 
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ʋɼ-5 

ʌʀʂʉɸʎʀʗ ɹʀʆɸʂʊʀɺʅʓʍ ɺɽʑɽʉʊɺ ʉ ʇʆʄʆʑʔʖ 

ʇʆʃʀʃɸʂʊʀɼɸ ʅɸ ʇʆɺɽʈʍʅʆʉʊʔ ʂʆʉʊʅʆɻʆ ʄɸʊʈʀʂʉɸ ɺ 

ʉʈɽɼɽ ʉʂʌ-ʉʆ2 

ɻʫʨʠʥ ʄ.ɺ. 

ʆʆʆ çʂʘʨʜʠʦʧʣʘʥʪè, ʛ.ʇʝʥʟʘ, ʫʣ. ʎʝʥʪʨʘʣʴʥʘʷ, 1 

 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ L/D ʠʟʦʤʝʨʘ ʧʦʣʠʣʘʢʪʠʜʘ, ʚʷʟʢʦʩʪʴʶ 0,2 ʩʤ
3
/ʛ, 

ʤʘʩʩʦʡ 30 ʢɼʘ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩʦʟʜʘʚʘʪʴ ʪʦʥʢʫʶ 

ʧʣʝʥʢʫ ʥʘ ʧʦʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʩʦʢʦʦʯʠʱʝʥʥʦʛʦ ʢʩʝʥʦʛʝʥʥʦʛʦ ʢʦʩʪʥʦʛʦ 

ʤʘʪʨʠʢʩʘ ʩ ʮʝʣʴʶ ʬʠʢʩʘʮʠʠ ʥʘ ʝʛʦ ʥʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝʩʝʥʥʳʭ 

ʙʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʙʠʦʠʥʞʝʥʝʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʤʝʜʣʝʥʥʳʤ ʚʳʭʦʜʦʤ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʥʠʤʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʤʘʪʝʨʠʘʣʘ ʩ ʧʣʝʥʢʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ 

ʧʦʣʫʯʝʥ ʤʘʪʝʨʠʘʣ ʩ ʘʥʪʠʤʠʢʨʦʙʥʳʤ ʧʨʝʧʘʨʘʪʦʤ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ invitro 

ʚʳʭʦʜ ʧʨʝʧʘʨʘʪʘ ʥʘʙʣʶʜʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ, ʯʪʦ ʭʦʨʦʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʪʘʢʠʤ ʧʫʪʝʤ ʠʟʜʝʣʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʤʧʣʘʥʪʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʦʡ ʜʦʟʠʨʦʚʘʥʥʦʛʦ ʚʳʭʦʜʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʣʘʢʪʠʜ, ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʡ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʢʩʝʥʦʛʝʥʥʳʡ 

ʢʦʩʪʥʳʡ ʤʘʪʨʠʢʩ, ʙʠʦʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʜʦʟʠʨʦʚʘʥʥʳʡ ʚʳʭʦʜ 
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ʋɼ-6 

USING scCO2 TO CREATE POLYMERIC PARTICLES FO R SELECTIVE 

LASER SINTERING  

Eduards Krumins
1
, Maria A. Syachina

2
, Vladimir K. Popov

2
,
 
Steven M. Howdle

1
. 

1
School of Chemistry, University of Nottingham University Park, Nottingham, United 

Kingdom 

2
FSRC çCrystallography and Photonicsè RAS, Moscow, Russia 

 

The focus of this research is to produce novel polymers for selective laser sintering 

(SLS) 3D printing via dispersion polymerisation in supercritical CO2 (scCO2). 

Dispersion polymerisation is ideal because it creates discrete spherical particles in the 

0.1 to 10 micron size range.
1
 We have used methyl methacrylate monomer, the 

initiator is azobisisobutyronitrile (AIBN) and a monomethacrylate terminated 

poly(dimethylsiloxane) (PDMS-MA) as the stabiliser dissolved in the scCO2. The 

particle sizes range from 0.5 to 5 microns ï below (Fig.1) are shown PMMA particles 

of a size of 0.6 microns.
2
 

 
Fig.1. PMMA particles formed from dispersion polymerisation in scCO2. 

Such polymeric particles could be used to develop high (ca. 10 Õm) resolution SLS 

3D printing. We have created a range of functionalised polymeric particles, with the 

aim of introducing colour or enhancing mechanical strength. 
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Particles were functionalised by creating a polymeric shell on the outside of each 

sphere containing either double bonds or dye molecules. The purpose of the double 

bonds was to provide a means of producing in-situ or post printing chemical bonding, 

to increase the mechanical properties of the parts. Double bonds were produced by 

incorporation of an asymmetrical divinyl monomer (allyl methacrylate (AMA)) in a 

random copolymer with MMA, RAFT control was employed to retard crosslinking of 

the polymer. Polymeric dyes provide the best route for colouration of the particles, 

with good control over the thermal properties and flow behaviour of the colourant. As 

of this moment red and yellow dyes have been successfully incorporated into 

polymers and polymeric particles. 

This work was supported by the Ministry of Science and Higher Education within the 

State assignment FSRC çCrystallography and Photonicsè RAS in part of adapting 

ultrafine polymer particles for SLS process development and Russian Foundation of 

Basic Research (Project ˉ17-53-10014 ʂʆ_ʘ) in part of functionalised polymer 

microparticles synthesis and characterisation. 
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ʋɼ-7 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆɺɽɼɽʅʀʗ ʗʄʈ ʕʂʉʇɽʈʀʄɽʅʊʆɺ ʇʈʀ 

ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈɸʍ ʉʆʉʊʆʗʅʀʗ 

ʍʦʜʦʚ ʀ.ɸ.
1,2
, ɼʳʰʠʥ ɸ.ɸ.

1
, ɽʬʠʤʦʚ ʉ.ɺ.

 2
, ʂʠʩʝʣʝʚ ʄ.ɻ.

1
 

1 
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʠʤ. ɻ.ɸ. ʂʨʝʩʪʦʚʘ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ. 

2 
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʂʘʟʘʥʴ, ʈʦʩʩʠʷ. 

iakh@isc-ras.ru 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ 

ʜʠʥʘʤʠʢʠ ʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʘʭ. ʇʨʠ ʧʦʤʦʱʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʗʄʈ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʨʷʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʣʝʢʫʣ ʚ 

ʨʘʩʪʚʦʨʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʬʣʶʠʜʦʚ. ʆʜʥʘʢʦ ʤʝʪʦʜ ʗʄʈ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 

ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʩʚʳʰʝ 100 

ʙʘʨ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʗʄʈ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʷʯʝʡʢʠ ʗʄʈ ʥʘ ʨʘʟʨʝʰʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʝʢʪʨʦʤʝʪʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ 

ʧʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʫʥʠʢʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

çʂʦʤʧʣʝʢʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʣʶʠʜʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠè ʀʍʈ ʈɸʅ, ʘ ʪʘʢʞʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʧʨʦʝʢʪ ˉ RFMEFI61618X0097). 

 

[1] Khodov I.A., Dyshin A.A., Ivlev D.V., Kiselev M.G., High pressure NMR 

spectroscopy technique as applied to conformational equil ibrium research of 

small druglike molecules at supercritical conditions, VIII Scientific and 

Practical Conference with international participation "Supercritical Fluids 

(SCF), 2017, 199. 
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ɺʃʀʗʅʀɽ ʋʉʃʆɺʀʁ ʀʄʇʈɽɻʅɸʎʀʀ ʍʀʊʆɿɸʅɸ ɺ ʉʈɽɼɽ ʉʂ-ʉʆ2 

ɻʀɼʈʆʌʆɹʅʓʄʀ ɼʀɸʈʀʃʀʄʀɼɸɿʆʃɸʄʀ ʅɸ ʂʀʅɽʊʀʂʋ ʀʍ 

ɺʓʍʆɼɸ ɺ ɺʆɼʅʋʖ ʌɸɿʋ 

ʏʝʨʢʘʩʦʚʘ ɸ.ɺ., ɻʣʘʛʦʣʝʚ ʅ.ʅ., ʐʠʝʥʦʢ ɸ.ʀ., ʉʦʣʦʚʴʚyʘ ɸ.ɹ. 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

anastasiya-cherk@mail.ru 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʭ ʜʝʡʩʪʚʠʷ ʥʘ ʧʦʨʘʞʝʥʥʳʝ 

ʢʣʝʪʢʠ ʦʨʛʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʪʘʢʦʛʦ ʪʠʧʘ 

ʷʚʣʷʶʪʩʷ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ çʨʝʪʘʨʜè, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʦʣʠʤʝʨʥʫʶ 

ʤʘʪʨʠʮʫ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʝʜʝʣʝʥʦ ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʦʟʜʘʥʠʷ ʚ ʩʨʝʜʝ 

ʩʢ-ʉʆ2 ʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʠ ʟʘʤʝʱʝʥʥʳʭ 

ʜʠʘʨʠʣʠʤʠʜʘʟʦʣʦʚ (ɼɸʀ) - ʙʠʩ-4,5(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-ʠʤʠʜʘʟʦʣ ï ʄʀɼ(1) ʠ ʙʠʩ-

4,5(3,4,5-ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣ)-ʠʤʠʜʘʟʦʣ ï ʄʀɼ(2), ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʪʠʚʦ-

ʦʧʫʭʦʣʝʚʳʤ ʜʝʡʩʪʚʠʝʤ, ʩ ʟʘʤʝʜʣʝʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʥʝʪʠʢʠ ʚʳʭʦʜʘ ɼɸʀ ʠʟ ʤʘʪʨʠʮʳ ʚ ʚʦʜʥʫʶ 

ʤʦʜʝʣʴʥʫʶ ʩʨʝʜʫ ʩ ʨʅ=1,6. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʧʨʝʛʥʘʮʠʷ ʭʠʪʦʟʘʥʘ ɼɸʀ ʚ ʩʨʝʜʝ ʩʢ-ʉʆ2 ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ ï ʚʦʜʳ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʨʝʘʢʪʦʨʝ, ʨʘʚʥʦʝ 0,17% 

ʦʙ., ʧʨʠ ʢʦʪʦʨʦʤ ʫʜʘʝʪʩʷ ʚʚʝʩʪʠ ʚ ʤʘʪʨʠʮʫ ʧʦʣʠʤʝʨʘ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ɼɸʀ (ʜʦ 2,6%ʤʘʩʩ.). ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʚ 

ʧʨʦʮʝʩʩʝ ʠʤʧʨʝʛʥʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʪʠʢʫ ʚʳʭʦʜʘ ʩʢʬ-ʚʚʝʜʝʥʥʳʭ 

ɼɸʀ ʠʟ ʤʘʪʨʠʮʳ ʭʠʪʦʟʘʥʘ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ ʩ ʨʅ=1,6, ʤʦʜʝʣʠʨʫʶʱʫʶ 

ʞʝʣʫʜʦʯʥʳʡ ʩʦʢ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ɼɸʀ ʜʣʷ ʦʙʨʘʟʮʦʚ ʭʠʪʦʟʘʥ-

ʄʀɼ(1) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʚʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʩʢʬ-ʠʤʧʨʝʛʥʘʮʠʠ, ʘ ʚ ʩʣʫʯʘʝ 
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ʦʙʨʘʟʮʦʚ ʭʠʪʦʟʘʥ-ʄʀɼ(2) ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʤʧʨʝʛʥʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ 

ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʄʀɼ(2) ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʝʪʩʷ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʣʶʙʠʣʠʟʘʮʠʷ ɼɸʀ ʧʣʶʨʦʥʠʢʦʤ F-127 ʧʝʨʝʜ ʠʭ ʩʢʬ-

ʚʚʝʜʝʥʠʝʤ ʚ ʤʘʪʨʠʮʫ ʭʠʪʦʟʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʘʛʨʝʛʘʮʠʠ ʤʦʣʝʢʫʣ ɼɸʀ ʠ 

ʟʘʤʝʜʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʭʦʜʘ ʠʟ ʤʘʪʨʠʮʳ ʧʦʣʠʤʝʨʘ ʚ ʚʦʜʥʫʶ 

ʩʨʝʜʫ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ: ʛʨʘʥʪ ˉ 18-29-06019 

ʤʢ (ʚ ʯʘʩʪʠ ʧʦʣʫʯʝʥʠʷ ʚ ʩʨʝʜʝ ʩʢ-ʉʆ2 ʤʘʪʨʠʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ) ʠ ʛʨʘʥʪ 

ˉ 18-33-00968 ʤʦʣ_ʘ (ʚ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʚʳʭʦʜʘ ɼɸʀ ʠʟ ʤʘʪʨʠʮ ʚ 

ʚʦʜʥʫʶ ʩʨʝʜʫ). 
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ʄɽʊʆɼ ʅʀɿʂʆʂʆɻɽʈɽʅʊʅʆʁ ʈɽʌʃɽʂʊʆʄɽʊʈʀʀ ɼʃʗ 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʊʈʋʂʊʋʈʓ ɺʉʇɽʅɽʅʅʓʍ ʇʆʃʀʃɸʂʊʀɼʅʓʍ 

ʄɸʊʈʀʎ 

ʋʰʘʢʦʚʘ ʆ.ɺ., ʖʚʯʝʥʢʦ ʉ.ɸ., ɿʠʤʥʷʢʦʚ ɼ.ɸ. 

ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ɻʘʛʘʨʠʥʘ ʖ.ɸ. 

s_sov@rambler.ru 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʢʣʘʜʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʦʮʝʩʩʦʚ ʉʂʌ-ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʧʝʥʦʧʦʜʦʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [1-3]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʝ-ʣʠʙʦ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʤʥʦʛʦʦʙʨʘʟʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʩʧʝʥʠʚʘʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʉʂʌ-

ʚʩʧʝʥʠʚʘʝʤʳʭ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʥʠʟʢʦʢʦʛʝʨʝʥʪʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ [4], ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʘʥʘʣʠʟʝ ʟʘʪʫʭʘʥʠʷ ʜʠʬʬʫʟʥʦ ʦʪʨʘʞʝʥʥʦʛʦ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʆʂʊ-

ʠʟʦʙʨʘʞʝʥʠʷʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʩʨʝʜʥʝʥʥʦʡ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʅʂʈ 

ʩʠʛʥʘʣʘ ʦʪ ʛʣʫʙʠʥʳ ʟʦʥʜʠʨʦʚʘʥʠʷ I(z) ʜʣʷ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʯʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʩʧʝʥʠʚʘʥʠʠ ʧʦʣʠʣʘʢʪʠʜʘ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʠʟʢʦʢʦʛʝʨʝʥʪʥʦʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ 

ʛʣʫʙʠʥʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʣʘʢʪʠʜʥʳʭ ʤʘʪʨʠʮ (ʪʦʣʱʠʥʘ ʤʘʪʨʠʮʳ 2 ʤʤ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʜʘʚʣʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʨʝʘʢʪʦʨʝ ʨʘʚʥʘ 309.16 K. 

ʇʨʠ ʵʪʦʤ ʧʦʩʪʦʷʥʥʘʷ ʟʘʪʫʭʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʣʠʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʝʜʝ, ʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 

ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ʩʨʝʜʳ. 

ʈʘʥʝʝ ʠʩʧʦʣʴʟʫʝʤʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʅʂʈ ʩʠʛʥʘʣʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʮʝʥʢʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʣʠʥʳ (ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦʨ ʚ ʩʠʩʪʝʤʝ) 

ʧʦ ʘʥʘʣʠʟʫ ʩʢʦʨʦʩʪʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʠʷ [4], ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʥʝʧʨʠʤʝʥʠʤʘ. ʅʦʚʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʣʠʥʳ ʩʦʩʪʦʠʪ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʦʪʢʣʠʢʘ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʜʚʫʤʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʝʞʠʤʘʤʠ 

ʟʘʪʫʭʘʥʠʷ ʦʪʢʣʠʢʘ ʠ ʧʦʣʫʯʘʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʥʘʯʝʥʠʷʭ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʛʣʫʙʠʥʝ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʨʘʚʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʣʱʠʥʝ ʦʙʨʘʟʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʚʘʟʠʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʚʩʧʝʥʠʚʘʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʛʦ/ʚʩʧʝʥʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʠʤʝʝʪ ʤʝʩʪʦ 

ʥʝʤʦʥʦʪʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʣʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʦʥʜʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. 
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ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʨʝʞʠʤʦʚ 

ʩʠʥʪʝʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʝʙʫʝʤʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 18-29-06024 ʤʢ. 
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ʊʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʋʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʷʚʣʷʝʪʩʷ ʣʘʟʝʨ. ʉ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ 

ʧʦ ʟʘʜʘʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤʫ ʩʮʝʥʘʨʠʶ ʠ ʦʩʫʱʝʩʪʚʠʪʴ 

ʫʧʨʘʚʣʷʝʤʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʤʘʪʝʨʠʘʣʘ. ʌʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʤʘʪʝʨʠʘʣʘʤʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʘʟʝʨʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʚ ʩʨʝʜʫ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ. ʊʘʢʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ, ʙʣʘʛʦʜʘʨʷ ʥʫʣʝʚʦʤʫ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʥʘʪʷʞʝʥʠʶ, ʩʧʦʩʦʙʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʨʘʩʪʚʦʨʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʦʨʳ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ, 

ʥʘʦʙʦʨʦʪ, ʵʬʬʝʢʪʠʚʥʦ ʦʯʠʱʘʪʴ ʤʘʪʝʨʠʘʣʳ ʦʪ ʧʨʠʤʝʩʝʡ. ʇʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʷʪʴ ʫʜʝʣʴʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʉʂʌ, ʯʪʦ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʦʙʳʯʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʉʦʯʝʪʘʥʠʝ ʉʂʌ 

ʠ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʦʪʢʨʳʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʤʠʢʨʦ- ʠ ʥʘʥʦ- ʫʨʦʚʥʷʭ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʣʘʟʝʨʥʦʤʫ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʡʢʦʩʘʧʬʠʨʘ ʠ ʢʚʘʨʮʘ ʚ ʩʨʝʜʝ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ɹʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʧʦʣʦʛʠʝʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʠ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ. 

mailto:minaevn@gmail.com


61 

ʈʘʙʦʪʘ ʬʠʥʘʥʩʦʚʦ ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ (ʧʨʦʝʢʪ 18-29-06056 ʚ ʯʘʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʨʝʜʝ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ) ʠ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʌʅʀʎ 

çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ ʚ ʯʘʩʪʠ ʨʘʟʚʠʪʠʷ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʋɼ-11 

ʉʇɽʂʊʈʆʉʂʆʇʀʗ ʕʇʈ ʉʇʀʅʆɺʓʍ ɿʆʅɼʆɺ ɺ 

ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʆʄ ʉʆ2 

1
ɻʨʦʤʦʚ ʆ.ʀ., 

1
ʇʝʪʨʫʥʠʥ ɸ.ɺ., 

2
ʄʠʥʘʝʚ ʅ.ɺ., 

1
ɻʦʣʫʙʝʚʘ ɽ.ʅ. 

1
ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʀʥʩʠʪʫʪ ʬʦʪʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʌʦʪʦʥʠʢʘè 

ʈɸʅ, ʊʨʦʠʮʢ, ʈʦʩʩʠʷ 

e-mail: aalchm@gmail.com 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʥʘʰʣʘ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʟʫʯʝʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ 

ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʝ ʨʝʜʢʦ, ʯʘʱʝ ʚʩʝʛʦ ʚ 

ʠʩʩʣʝʜʫʝʤʫʶ ʩʠʩʪʝʤʫ ʧʨʠʭʦʜʠʪʩʷ ʚʚʦʜʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʧʠʥʦʚʳʝ ʟʦʥʜʳ ʠʣʠ 

ʤʝʪʢʠ (ʩʧʠʥʦʚʳʝ ʟʦʥʜʳ, ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʘʝʤʳʤ ʧʦʣʠʤʝʨʦʤ ʠʣʠ 

ʜʦʧʠʨʫʶʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ). ʆʙʳʯʥʦ ʵʪʦ ʩʪʘʙʠʣʴʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ, ʥʘʧʨʠʤʝʨ, ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ. ʕʇʈ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨ ʦʢʨʫʞʝʥʠʷ ʩʧʠʥʦʚʦʛʦ ʟʦʥʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʦʢʘʣʴʥʫʶ 

ʧʦʣʷʨʥʦʩʪʴ ʠ pH ʦʢʨʫʞʝʥʠʷ ʩʧʠʥʦʚʦʛʦ ʟʦʥʜʘ, ʠʟʫʯʘʪʴ ʧʦʜʚʠʞʥʦʩʪʴ ʩʧʠʥʦʚʦʛʦ 

ʟʦʥʜʘ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʠ ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ), 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʘ ʙʫʜʝʪ 

ʜʘʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʕʇʈ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ. 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʜʦʢʣʘʜʘ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘʙʫʭʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ (ʩʢ) ʉʆ2 ʠ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʢʦʨʦʩʪʝʡ ʜʠʬʬʫʟʠʠ ʩʧʠʥʦʚʳʭ ʟʦʥʜʦʚ ʚ ʩʢʉʆ2 ʠ ʚ ʪʨʦʡʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩʧʠʥʦʚʳʡ ʟʦʥʜ ï ʧʦʣʠʤʝʨ - ʩʢʉʆ2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʕʇʈ ʨʘʩʪʚʦʨʦʚ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ 

ʬʣʶʠʜʘʭ ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʜʠʬʬʫʟʠʠ 

ʩʧʠʥʦʚʦʛʦ ʟʦʥʜʘ TEMPONE (4-ʦʢʩʦ-2,2,6,6-ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-1-ʦʢʩʠʣ, 4-

ʦʢʩʦ-TEMPO) ʚ ʩʢʉʆ2, ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʘʭ ʩʢʉʆ2-ʧʦʣʠʣʘʢʪʠʜ ʠ ʩʢʉʆ2-

ʧʦʣʠʢʘʨʙʦʥʘʪ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʕʇʈ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ 
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ʩʧʠʥʦʚʦʛʦ ʟʦʥʜʘ TEMPONE ʚ ʩʢCO2 ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʠʟ 

ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʠʬʬʫʟʠʠ 

ʤʦʣʝʢʫʣ ʩʭʦʜʥʳʭ ʨʘʟʤʝʨʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ 17-02-00445 ʠ 

18-29-06059). 



64 

ʋɼ-12 

ʋʇʈɸɺʃɽʅʀɽ ʄʆʈʌʆʃʆɻʀɽʁ ʀ ʉʊɽʇɽʅʔʖ ʂʈʀʉʊɸʃʃʀʏʅʆʉʊʀ 

ʏɸʉʊʀʎ, ʇʆʃʋʏɸɽʄʓʍ ʄɽʊʆɼʆʄ ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʆɻʆ 

ɸʅʊʀʉʆʃʔɺɽʅʊʅʆɻʆ ʆʉɸɾɼɽʅʀʗ 

ɸ.ʄ. ɺʦʨʦʙʝʡ 
1,2
, ʂ.ɹ. ʋʩʪʠʥʦʚʠʯ 

1
, ʆ.ʀ. ʇʦʢʨʦʚʩʢʠʡ 

1
, ʆ.ʆ. ʇʘʨʝʥʘʛʦ 

1,2
, 

ɺ.ɺ. ʃʫʥʠʥ 
1,2 

1 
- ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʄʦʩʢʚʘ 

2 
- ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ 

vorobei@supercritical .ru 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦʜʘ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʘʥʪʠʩʦʣʴʚʝʥʪʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ (SAS ï Supercritical AntiSolvent) ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʧʨʘʚʣʝʥʥʦ ʧʦʣʫʯʘʪʴ ʯʘʩʪʠʮʳ ʩ ʟʘʜʘʥʥʳʤ ʥʘʙʦʨʦʤ ʨʘʟʥʦʦʙʨʘʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʤʦʨʬʦʣʦʛʠʷ, ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʫ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ 

ʤʝʪʦʜʘ SAS ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ 

ʩʣʘʙʫʶ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʦʜʘ SAS ʥʝʦʙʭʦʜʠʤʦ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʦʩʘʞʜʝʥʠʷ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ SAS ʥʘ 

ʤʦʨʬʦʣʦʛʠʶ, ʨʘʟʤʝʨ ʠ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʩʘʞʜʘʝʤʳʭ ʯʘʩʪʠʮ. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʬʘʟʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʩʠʩʪʝʤʝ ʨʘʩʪʚʦʨʠʪʝʣʴ ï ʘʥʪʠʨʘʩʪʚʦʨʠʪʝʣʴ 

ï ʨʘʩʪʚʦʨʸʥʥʦʝ ʚʝʱʝʩʪʚʦ ʠ ʪ.ʜ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʫʣʴʬʘʪ ʩʘʣʴʙʫʪʘʤʦʣʘ, ʘʨʙʠʜʦʣ, 

ʬʪʦʨʭʠʥʦʣʦʥʳ, ʘ ʪʘʢʞʝ ʜʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʜʣʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʤʦʨʬʥʳʭ, ʚʦʟʤʦʞʥʘ ʩʤʝʥʘ 

ʤʦʨʬʦʣʦʛʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʥʣʘʡʥ-ʠʟʤʝʨʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʤʠʢʨʦʥʠʟʫʝʤʦʡ ʩʫʙʩʪʘʥʮʠʠ ʚ ʩʤʝʩʠ ʉʆ2 ï ʨʘʩʪʚʦʨʠʪʝʣʴ, ʩʦʚʤʝʱʘʶʱʠʤ SAS ʠ 
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ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʫʶ ʬʣʶʠʜʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ, ʚʳʯʠʩʣʝʥʳ ʩʪʝʧʝʥʠ 

ʧʝʨʝʩʳʱʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʨʘʟʤʝʨ ʠ ʤʦʨʬʦʣʦʛʠʶ, ʦʩʘʞʜʘʝʤʳʭ 

ʤʝʪʦʜʦʤ SAS, ʯʘʩʪʠʮ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ï ʘʥʪʠʨʘʩʪʚʦʨʠʪʝʣʴ ï 

ʤʠʢʨʦʥʠʟʫʝʤʦʝ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʦʜʥʦʬʘʟʥʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʤʦʨʬʥʳʭ ʦʙʨʘʟʮʦʚ, ʜʣʷ ʜʚʫʭʬʘʟʥʦʡ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʩʪʚʦʨʸʥʥʦʝ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʤʝʱʘʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʢʨʠʚʫʶ 

ʩʤʝʩʠ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʚʦʡ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ï ʘʥʪʠʨʘʩʪʚʦʨʠʪʝʣʴ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ, ʛʨʘʥʪ ˉ 17-03-01134. ʏʘʩʪʴ ʨʘʙʦʪʳ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʤʠʢʨʦʥʠʟʘʮʠʝʡ ʩʘʣʴʙʫʪʘʤʦʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʦʝʢʪ 

ˉ 03.G25.31.0273. 
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ʋɼ-13 

ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʈɸɿʅʆʃʀɻɸʅɼʅʓʍ 

ʂʆʄʇʃɽʂʉʆɺ ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʕʃɽʄɽʅʊʆɺ ɺ ʇʆʃʀʄɽʈʅʓʍ 

ʄɸʊʈʀʎɸʍ ɺ ʋʉʃʆɺʀʗʍ ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʆɻʆ 

ɼʀʆʂʉʀɼɸ ʋɻʃɽʈʆɼɸ 

ʂʦʧʳʣʦʚ ɸ.ʉ., ʂʘʧʣʠʥ ɺ.ʉ., ɿʘʨʭʠʥʘ ʊ.ʉ., ʉʦʣʦʚʴʸʚʘ ɸ.ɹ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, 

via_cetra@mail.ru 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ɓ-ʜʠʢʝʪʦʥʘʪʘ ʥʝʦʜʠʤʘ (III) (Nd(Acac)3), ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʧʦʣʠʤʝʨʦʚ 

ʠʤʧʨʝʛʥʘʮʠʝʡ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʜʠʦʢʩʠʜʝ ʫʛʣʝʨʦʜʘ (ʉʂ-ʉʆ2). ʀʩʧʦʣʴʟʫʝʤʳʡ 

ʢʦʤʧʣʝʢʩ ʥʝʦʜʠʤʘ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʉʂ-ʉʆ2, ʘ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ 

ʤʦʣʝʢʫʣ ʉʆ2 ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʠʤʝʨʦʚ ʥʘʙʫʭʘʪʴ ʚ ʉʂ-ʩʨʝʜʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʠʤʝʥʷʪʴ ʵʪʦʪ ʤʝʪʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʘʥʪʘʥʠʜʩʦʜʝʨʞʘʱʠʭ ʣʶʤʠʥʦʬʦʨʥʳʭ 

ʧʦʣʠʤʝʨʦʚ. 

ʀʤʧʨʝʛʥʘʮʠʝʡ ʚ ʉʂ-ʩʨʝʜʝ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʧʦʣʠʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʝ 

Nd(Acac)3, ʘ ʪʘʢ ʞʝ Nd(Acac)3 ʩ ʬʝʥʘʥʪʨʦʣʠʥʦʤ (Phen). ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʣʠʛʦʫʨʝʪʘʥʤʝʪʘʢʨʠʣʘʪ (ʆʋʄ-5), ʧʦʣʠʢʘʨʙʦʥʘʪ (ʇʂ) ʠ 

ʬʪʦʨʦʧʣʘʩʪ (ʌ-42) ʚ ʚʠʜʝ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʧʣʝʥʦʢ (ʪʦʣʱʠʥʘ < 1 ʤʤ). 

ʀʤʧʨʝʛʥʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʉʆ2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90
ʦ
ʉ ʠ 

ʜʘʚʣʝʥʠʠ 180 ʙʘʨ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʚʠʜ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʤʘʪʨʠʮʳ. ʇʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʧʦʣʠʤʝʨʳ ʆʋʄ-5 ʠ ʌ-42 ʤʦʣʝʢʫʣ Nd(Acac)3 ʠ 

ʬʝʥʘʥʪʨʦʣʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʠʩʪʝʤ (ʜʦ 147 ʠ 116 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʚ ʩʧʝʢʪʨʝ ʇʂ ʩʜʚʠʛ 

ʧʦʣʦʩ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ). ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʛʦ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Nd(Acac)3/Phen/ʧʦʣʠʤʝʨ, 

ʧʨʦʰʝʜʰʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʚ ʉʂ-ʩʨʝʜʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘ ʚʝʣʠʯʠʥʫ ʩʜʚʠʛʦʚ ʚʣʠʷʝʪ ʧʦʨʷʜʦʢ ʠʤʧʨʝʛʥʘʮʠʠ ʧʦʣʠʤʝʨʦʚ. ʊʘʢ, ʥʘʠʙʦʣʴʰʝʝ 

mailto:via_cetra@mail.ru
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ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪʤʝʯʝʥʦ ʜʣʷ ʩʠʩʪʝʤʳ Nd(Acac)3/ʧʦʣʠʤʝʨ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʚʝʜʝʥʠʝʤ ʚ ʥʝʝ ʬʝʥʘʥʪʨʦʣʠʥʘ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʤʦʛʫʪ ʛʦʚʦʨʠʪʴ ʦ ʨʘʟʣʠʯʥʦʤ 

ʩʪʨʦʝʥʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʘ Nd(III). ɺʝʨʦʷʪʥʦ, ʠʤʝʥʥʦ ʵʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʧʦʣʠʤʝʨʦʚ, ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʘʤʠ Nd(Acac)3
 
ʠ ʬʝʥʘʥʪʨʦʣʠʥʘ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 18-29-06019 

ʤʢ). 
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ʋɼ-14 

ʅɽʂʆʊʆʈʓɽ ɸʉʇɽʂʊʓ ʍʀʈɸʃʔʅʆɻʆ ʇʈɽʇɸʈɸʊʀɺʅʆɻʆ 

ʈɸɿɼɽʃɽʅʀʗ 2-ʊʈɽʊ-ɹʋʊʀʃɸʄʀʅʆ-1-(4-ʆʂʉʀ-3-

ʆʂʉʀʄɽʊʀʃʌɽʅʀʃ)-ʕʊɸʅʆʃɸ 

ʄʠʢʫʰʠʥʘ ʀ.ɺ.
1
, ɹʘʟʘʨʥʦʚʘ ʅ.ɻ.

1
, ʉʳʩʦʝʚ ɸ.ɺ.

1
, ʎʘʨʝʚ ɺ.ʅ.

1
, ɻʝʥʴʰ ʂ.ɺ.

1
, 

ʇʘʨʝʥʘʛʦ ʆ.ʆ.
2 

1
ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

2
ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ 

mikuschinai@mail.ru 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʘʭ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʬʘʨʤʩʫʙʩʪʘʥʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʍʠʨʘʣʴʥʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʵʥʘʥʪʠʦʤʝʨʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ 1,2-ʵʪʘʥʦʣʘʤʠʥʦʚ ʠʟʫʯʘʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʘʭ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ɺʕɾʍ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʛʨʫʧʧʳ ɓ2-ʘʜʨʝʥʦʤʠʤʝʪʠʢʦʚ 

ï ʟʘʤʝʱʝʥʥʳʭ 1,2-ʵʪʘʥʦʣʘʤʠʥʦʚ (ʩʘʣʴʙʫʪʘʤʦʣ, ʩʘʣʤʝʪʝʨʦʣ ʠ ʜʨ.) ʦʧʠʩʘʥʦ. ɺ 

ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʮʝʣʷʭ ʨʘʟʜʝʣʝʥʠʝ ʵʥʘʥʪʠʦʤʝʨʦʚ ʚ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʤ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʘʭ ʤʝʪʦʜ ɺɾʍ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʚʦʜʷʪ. 

ʍʠʨʘʣʴʥʦʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʵʥʘʥʪʠʦʤʝʨʦʚ ʟʘʤʝʱʝʥʥʳʭ 1,2-

ʵʪʘʥʦʣʘʤʠʥʦʚ ʤʝʪʦʜʦʤ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʬʣʶʠʜʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʉʌʍ) 

ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ɺʕɾʍ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦ. ʆʩʦʙʳʝ ʩʚʦʡʩʪʚʘ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ (ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ, 

ʭʦʨʦʰʘʷ ʨʘʩʪʚʦʨʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ) ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʉʌʍ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʬʘʨʤʩʫʙʩʪʘʥʮʠʡ 

ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʕʪʦ ʦʜʥʘ 

ʠʟ ʩʝʨʴʝʟʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʟʘʤʝʱʝʥʥʳʭ 1,2-ʵʪʘʥʦʣʘʤʠʥʦʚ ʤʝʪʦʜʦʤ ʉʌʍ. 

ʅʘʤʠ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʬʣʶʠʜʘ, ʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʬʣʶʠʜʘ ʩʦʢʨʘʱʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʷʟʢʦʩʪʴʶ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʚ ʉʌʍ. 

mailto:mikuschinai@mail.ru
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ʊʘʢ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʠ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʉʆ2 Ò 140 ʛ/ʤʠʥ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ ʘʥʘʣʠʪʦʚ (ʪʘʙʣʠʮʘ 1), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʵʥʘʥʪʠʦʤʝʨʥʘʷ ʯʠʩʪʦʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ 

ʧʝʨʝʨʘʩʭʦʜʫ ʉʆ2 ʠ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ (ʤʝʪʘʥʦʣʘ), ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʩʩʦʚʦʛʦ 

ʨʘʩʭʦʜʘ ʉʆ2 ʙʦʣʝʝ 200 ʛ/ʤʠʥ ʥʝʚʦʟʤʦʞʥʦ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʬʣʶʠʜʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 2-ʪʨʝʪ-ʙʫʪʠʣʘʤʠʥʦ-1-(4-ʦʢʩʠ-3-

ʦʢʩʠʤʝʪʠʣʬʝʥʠʣ)-ʵʪʘʥʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ (ʦʙʲʝʤ 

ʚʚʦʜʠʤʦʡ ʧʨʦʙʳ ʨʘʮʝʤʘʪʘ ʟʘ ʦʜʠʥʦʯʥʳʡ ʮʠʢʣ ï 0.85 ʤʣ; ʩʦʜʝʨʞʘʥʠʝ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ (ʤʝʪʘʥʦʣʘ) 

ʚ ʧʦʜʚʠʞʥʦʡ ʬʘʟʝ ï 18.0%; ʜʘʚʣʝʥʠʝ ï 120.0 ʙʘʨ) 

ʄʘʩʩʦʚʳʡ 

ʨʘʩʭʦʜ 

ʧʦʜʚʠʞʥʦʡ 

ʬʘʟʳ, ʛ/ʤʠʥ 

ɺʨʝʤʷ 

ʫʜʝʨʞʠʚʘʥʠʷ S-

ʠʟʦʤʝʨʘ, ʤʠʥ 

ɺʨʝʤʷ 

ʫʜʝʨʞʠʚʘʥʠʷ R-

ʠʟʦʤʝʨʘ, ʤʠʥ 

ɺʳʭʦʜ R-

ʠʟʦʤʝʨʘ, % 

ʕʥʘʥʪʠʤʝʨʥʘʷ 

ʯʠʩʪʦʪʘ, % 

140 3,4 3,8 32,8 91,60 

160 3,0 3,3 33,2 91,47 

180 2,6 2,9 33,5 90,80 

200 2,3 2,6 33,7 91,26 

 

ʉʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʉʌʍ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʧʨʦʙʳ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʟʜʝʣʷʝʤʳʭ 

ʚʝʱʝʩʪʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʚʷʟʘʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ 

ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʢʦʣʦʥʢʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʩʦʨʙʝʥʪʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʣʝʢʫʣ ʘʥʘʣʠʪʘ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ 2-ʪʨʝʪ-ʙʫʪʠʣʘʤʠʥʦ-1-(4-ʦʢʩʠ-3-

ʦʢʩʠʤʝʪʠʣʬʝʥʠʣ)-ʵʪʘʥʦʣʘ ʚ ʤʝʪʘʥʦʣʝ (86,0 ʛ/ʣ) ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 2-ʪʨʝʪ-ʙʫʪʠʣʘʤʠʥʦ-1-(4-ʦʢʩʠ-3-

ʦʢʩʠʤʝʪʠʣʬʝʥʠʣ)-ʵʪʘʥʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʚʚʦʜʠʤʦʡ ʧʨʦʙʳ ʘʥʘʣʠʪʘ ʟʘ ʦʜʠʥʦʯʥʳʡ 

ʮʠʢʣ (ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ 200 ʛ/ʤʠʥ; ʩʦʜʝʨʞʘʥʠʝ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ (ʤʝʪʘʥʦʣʘ) ʚ 

ʧʦʜʚʠʞʥʦʡ ʬʘʟʝ ï 18.0%; ʜʘʚʣʝʥʠʝ ï 120.0 ʙʘʨ) 

ʆʙʲʝʤ ʧʨʦʙʳ 

ʘʥʘʣʠʪʘ, ʤʣ 

ɺʨʝʤʷ 

ʫʜʝʨʞʠʚʘʥʠʷ S-

ʠʟʦʤʝʨʘ, ʤʠʥ 

ɺʨʝʤʷ 

ʫʜʝʨʞʠʚʘʥʠʷ R-

ʠʟʦʤʝʨʘ, ʤʠʥ 

ɺʳʭʦʜ R-

ʠʟʦʤʝʨʘ, % 

ʕʥʘʥʪʠʤʝʨʥʘʷ 

ʯʠʩʪʦʪʘ,% 

0,80 2,3 2,6 31,3 91,73 
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0,85 2,3 2,6 32,9 91,08 

0,90 2,3 2,6 29,8 87,76 

1,00 2,3 2,6 21,6 78,77 

 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʚʚʦʜʠʤʦʡ ʧʨʦʙʳ ʟʘ ʦʜʠʥʦʯʥʳʡ ʮʠʢʣ ʙʦʣʝʝ 0,9 ʤʣ ʨʝʟʢʦ 

ʫʭʫʜʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʨʘʟʜʝʣʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʠʟʙʳʪʢʦʤ 

ʤʦʣʝʢʫʣ ʘʥʘʣʠʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʣʠʯʝʩʪʚʫ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʩʦʨʙʝʥʪʘ, ʪ.ʝ. 

ʩʦʜʝʨʞʘʥʠʝ ʩʦʨʙʘʪʘ ʚ ʧʨʦʙʝ ʙʦʣʝʝ 0,3*10
-3

 ʤʦʣʴ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ 

ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʢʦʣʦʥʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʛʨʫʟʢʘ 

ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʭʠʨʘʣʴʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʥʠʞʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʠ ʩʥʠʞʘʝʪ ʵʥʘʥʪʠʦʤʝʨʥʫʶ ʯʠʩʪʦʪʫ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ (ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ) ʩʥʠʞʘʝʪʩʷ 

ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʘʥʘʣʠʪʦʚ, ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʚʨʝʤʝʥ 

ʫʜʝʨʞʠʚʘʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʥʘʥʪʠʦʤʝʨʥʘʷ ʯʠʩʪʦʪʘ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʭʠʨʘʣʴʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ; ʚʦ-ʚʪʦʨʳʭ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʝʧʘʨʘʪʠʚʥʦʡ 

ʭʠʨʘʣʴʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʘ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ 

ʢʦʣʦʥʢʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʦʙʲʝʤ ʝʜʠʥʠʯʥʦʡ ʧʨʦʙʳ ʘʥʘʣʠʪʦʚ. 

 

ɺʳʨʘʞʘʝʤ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɿɸʆ çɸʣʪʘʡʚʠʪʘʤʠʥʳè ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Prep 200q 

SFC ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Waters Corporation (ʉʐɸ). 
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ʋɼ-15 

ɺʃʀʗʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʇʈʆʎɽʉʉɸ ʇʆʃʋʏɽʅʀʗ ɸʕʈʆɻɽʃɽʁ ʅɸ 

ʆʉʅʆɺɽ ʗʀʏʅʆɻʆ ɹɽʃʂɸ ʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɻʆʊʆɺʆɻʆ 

ʄɸʊɽʈʀɸʃɸ 

ʃʦʚʩʢʘʷ ɼ.ɼ., ɹʝʟʯʘʩʥʶʢ ɸ.ʅ., ɻʨʠʛʦʨʴʝʚʘ ʅ.ɺ., ʄʝʥʴʰʫʪʠʥʘ ʅ.ɺ. 

ʈʦʩʩʠʡʩʢʠʡ ʍʠʤʠʢʦ-ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʮʝʥʪʨ ʪʨʘʥʩʬʝʨʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 

e-mail: daria.lovskaya@gmail.com 

ɸʵʨʦʛʝʣʠ ʷʚʣʷʶʪʩʷ ʧʦʨʠʩʪʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʦʡ 

ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʟʘʛʨʫʞʘʪʴ ʚ ʘʵʨʦʛʝʣʠ 

ʨʘʟʣʠʯʥʳʝ ʚʝʱʝʩʪʚʘ: ʘʢʪʠʚʥʳʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʠʥʛʨʝʜʠʝʥʪʳ, ʤʘʩʣʘ, ʜʦʙʘʚʢʠ 

ʜʣʷ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʵʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʷʯʥʦʛʦ ʙʝʣʢʘ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʠ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ. ʇʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

ʧʦʣʫʯʝʥʠʷ ʘʵʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʷʠʯʥʦʛʦ ʙʝʣʢʘ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʭʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʙʝʣʢʘ ʠ ʝʛʦ pH. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʪʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʜʚʘ ʟʥʘʯʝʥʠʷ pH, ʧʨʠ ʢʦʪʦʨʳʭ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳʝ ʛʝʣʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʣʠ ʚ ʩʨʝʜʝ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ï 

ʘʵʨʦʛʝʣʷ. ʇʨʦʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʘʵʨʦʛʝʣʝʡ, ʘ ʠʤʝʥʥʦ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʠʭ ʧʣʦʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʳ ʩʥʠʤʢʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʨʠʩ. 1). 
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ʈʠʩ. 1 ï ʩʥʠʤʢʠ ʉʕʄ ʦʙʨʘʟʮʦʚ ʘʵʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʷʠʯʥʦʛʦ ʙʝʣʢʘ (ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ pH) 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ 

ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʥʝʜʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʨʳ ʘʵʨʦʛʝʣʝʡ 

ʥʘ ʦʩʥʦʚʝ ʷʠʯʥʦʛʦ ʙʝʣʢʘ. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ 

ʘʵʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʷʠʯʥʦʛʦ ʙʝʣʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 


































































































































































































































































































































































































































































































































































































