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ɼ.ɺ. ɸʃɽʂʉɽɽɺ ï ʋʏɽʅʓʁ, ʉʊʆʗɺʐʀʁ ʋ ʀʉʊʆʂʆɺ ʍʀʄʀʏɽʉʂʆɻʆ 

ʆɹʈɸɿʆɺɸʅʀʗ ɺ ʇɽʈʄʉʂʆʄ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆʄ ʋʅʀɺɽʈʉʀʊɽʊɽ 

(ʂ 150-ʃɽʊʀʖ ʉʆ ɼʅʗ ʈʆɾɼɽʅʀʗ) 
 

ʈʦʛʦʞʥʠʢʦʚ ʉ.ʀ. 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ  
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ɼ.ɺ. ɸʣʝʢʩʝʝʚʝ, ʠʟʚʝʩʪʥʦʤ ʨʦʩʩʠʡʩʢʦʤ ʭʠʤʠʢʝ, ʦʩʥʦʚʘʪʝʣʝ 

ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɻʦʚʦʨʠʪʩʷ ʦ ʝʛʦ ʨʘʙʦʪʝ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʄʦʩʢʚʳ, ʊʦʤʩʢʘ, ʇʝʪʨʦʛʨʘʜʘ, ʇʝʨʤʠ, 

ʊʘʰʢʝʥʪʘ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʝ ʚ ɻʝʨʤʘʥʠʠ ʩ ʣʘʫʨʝʘʪʘʤʠ ʅʦʙʝʣʝʚʩʢʠʭ ʧʨʝʤʠʡ ʌ. ɻʘʙʝʨʦʤ ʠ 

ɺ. ʅʝʨʥʩʪʦʤ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʨʘʙʦʪʝ ɼ.ɺ. ɸʣʝʢʩʝʝʚʘ ʚ ʇʝʨʤʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʚ 

ʪʝʯʝʥʠʝ 11 ʣʝʪ, ʦʙ ʦʪʢʨʳʪʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʄ.ʅ. ʇʦʣʫʢʘʨʦʚʳʤ ʷʚʣʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ 

ʦʭʨʫʧʯʠʚʘʥʠʷ ʩʪʘʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʢʘʪʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʷ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼ.ɺ. ɸʣʝʢʩʝʝʚ, ʠʩʪʦʨʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʇʝʨʤʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʠʩʪʦʨʠʷ ʊʦʤʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʪʢʨʳʪʠʝ 

ʷʚʣʝʥʠʷ ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʷ. 
 

D.V. ALEKSEEV ï SCIENTIST, WHO STOOD AT THE ORIGINS  

OF CHEMICAL EDUCATION AT PERM STATE UNIVERSITY  

(ON THE 150TH ANNIVERSARY OF HIS BIRTH)  
 

Rogozhnikov S.I. 

Perm State University, Perm, Russia  
 

The article tells about D.V. Alekseev, a famous Russian chemist, founder of the Department 

of Physical Chemistry and Electrochemistry at Perm State University. It talks about his work in higher 

educational institutions of Moscow, Tomsk, Petrograd, Perm, Tashkent, as well as his work in 

Germany with Nobel Prize winners F. Haber and W. Nernst. The work of D.V. Alekseev at Perm 

University for 11 years, about the discovery together with M.N. Polukarov of the phenomenon of 

hydrogen embrittlement of steels during their cathodic polarization (hydrogenation). 

Keywords: D.V. Alekseev, history of the Chemistry Department of Perm State University, 

history of Tomsk Technological University, discovery of the phenomenon of hydrogenation. 
 

ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ɸʣʝʢʩʝʝʚ ʨʦʜʠʣʩʷ 9 ʥʦʷʙʨʷ 1875 ʛ. ʚ ʄʦʩʢʚʝ ʚ ʜʚʦʨʷʥʩʢʦʡ ʩʝʤʴʝ. 

ɺ 1895 ʛ. ʦʢʦʥʯʠʚ 5-ʶ ʄʦʩʢʦʚʩʢʫʶ ʢʣʘʩʩʠʯʝʩʢʫʶ ʛʠʤʥʘʟʠʶ, ʦʥ ʧʦʩʪʫʧʠʣ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʪʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  ʆʜʥʘʢʦ ʩ 3 ʢʫʨʩʘ, 

ʫʚʣʝʢʰʠʩʴ ʭʠʤʠʝʡ, ɼʤʠʪʨʠʡ ʧʝʨʝʰʝʣ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʪʜʝʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʢʦʥʯʠʣ ʩ 

ʜʠʧʣʦʤʦʤ I ʩʪʝʧʝʥʠ ʚ 1901 ʛ., ʟʘʱʠʪʠʚ ʜʠʧʣʦʤʥʫʶ ʨʘʙʦʪʫ ʧʦ ʪʝʤʝ çɸʩʠʤʤʝʪʨʠʯʝʩʢʠʡ 

ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤè.  ɺ ʫʥʠʚʝʨʩʠʪʝʪʝ ɼʤʠʪʨʠʡ ʦʙʫʯʘʣʩʷ ʫ ʠʟʚʝʩʪʥʳʭ ʨʫʩʩʢʠʭ ʭʠʤʠʢʦʚ 

ʀ.ɸ. ʂʘʙʣʫʢʦʚʘ ʠ ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʄɻʋ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʜʣʦʞʝʥʠʝ ʦʩʪʘʪʴʩʷ 

ʥʘ ʢʘʬʝʜʨʝ ʬʠʟʠʢʠ, ɼʤʠʪʨʠʡ ʫʝʭʘʣ ʚ ʊʦʤʩʢ, ʛʜʝ ʩ 1 ʩʝʥʪʷʙʨʷ 1901 ʛ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʧʨʦʬʝʩʩʦʨʘ ʅ.ʄ. ʂʠʞʥʝʨʘ ʨʘʙʦʪʘʣ ʩʪʘʨʰʠʤ ʣʘʙʦʨʘʥʪʦʤ ʢʘʬʝʜʨʳ  ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʊʦʤʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. 

______________________ 

É ʈʦʛʦʞʥʠʢʦʚ ʉ.ʀ., 2025 

https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D0%BE%D1%85%D1%80%D1%83%D0%BF%D1%87%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D0%BE%D1%85%D1%80%D1%83%D0%BF%D1%87%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BB%D1%8C
http://wiki.tpu.ru/wiki/%D0%9A%D0%B8%D0%B6%D0%BD%D0%B5%D1%80_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9_%D0%9C%D0%B0%D1%82%D0%B2%D0%B5%D0%B5%D0%B2%D0%B8%D1%87
http://wiki.tpu.ru/wiki/%D0%A2%D0%9F%D0%A3
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ɺ ʊʦʤʩʢʝ ɼ.ɺ. ɸʣʝʢʩʝʝʚ, ʫʚʣʝʢʰʠʩʴ ʠʟʫʯʝʥʠʝʤ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʥʘʯʘʣ ʟʘʥʠʤʘʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʝʸ 

ʚʣʠʷʥʠʷ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʯʠʪʘʣ ʣʝʢʮʠʠ ʧʦ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʘʤ.  

ɺ 1906 ʛ. ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ʧʦʣʫʯʠʣ ʯʠʥ 

ʥʘʜʚʦʨʥʦʛʦ ʩʦʚʝʪʥʠʢʘ, ʘ ʚ çɾʫʨʥʘʣʝ ʈʫʩʩʢʦʛʦ ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (ʪ.38, ˉ1, ʩ 1120ï1123) ʚʳʰʣʘ ʝʛʦ 

ʧʝʨʚʘʷ ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ çʆ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠè.  ɺ ʪʦʤ ʞʝ ʛʦʜʫ ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʙʳʣ 

ʥʘʧʨʘʚʣʝʥ ʚ ʟʘʛʨʘʥʠʯʥʫʶ ʥʘʫʯʥʫʶ ʢʦʤʘʥʜʠʨʦʚʢʫ ʚ 

ɽʚʨʦʧʫ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʣ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʫ 

ʙʫʜʫʱʠʭ ʣʘʫʨʝʘʪʦʚ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʧʦ ʭʠʤʠʠ 

ʧʨʦʬʝʩʩʦʨʘ ɺʘʣʴʪʝʨʘ ʅʝʨʥʩʪʘ ʚ ɹʝʨʣʠʥʝ ʠ ʧʨʦʬʝʩʩʦʨʘ 

ʌʨʠʮʘ ɻʘʙʝʨʘ ʚ ʂʘʨʣʩʨʫʵ.  

ʋ ʧʦʩʣʝʜʥʝʛʦ ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʙʳʣ ʘʩʩʠʩʪʝʥʪʦʤ, 

ʨʫʢʦʚʦʜʠʣ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʟʘʥʷʪʠʷʤʠ ʧʦ ʬʠʟʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ. ʅʘʭʦʜʷʩʴ ʚ ɻʝʨʤʘʥʠʠ, ɼʤʠʪʨʠʡ 

ɺʠʢʪʦʨʦʚʠʯ ʚʩʪʫʧʠʣ ʚ ɻʝʨʤʘʥʩʢʦʝ ʭʠʤʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ. ʇʦ ʚʦʟʚʨʘʱʝʥʠʶ ʠʟ ʢʦʤʘʥʜʠʨʦʚʢʠ 

ʫʯʝʥʳʡ ʚʝʨʥʫʣʩʷ ʚ ʄʦʩʢʚʫ. ʉ ʥʦʷʙʨʷ 1907 ʛ. ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʨʘʙʦʪʘʣ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ 

ʄʦʩʢʦʚʩʢʦʛʦ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʠʣʠʱʘ, ʘ ʩ 24 ʠʶʥʷ 1911 ʛ. ʧʦ ʢʘʬʝʜʨʝ 

ʠʩʪʦʨʠʠ ʭʠʤʠʠ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʦʥ ʧʨʝʧʦʜʘʚʘʣ ʭʠʤʠʶ ʚ 

ʇʝʜʘʛʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠʤ. ʐʝʣʘʧʫʪʠʥʘ.  

ɺ 1909 ʛ. ʚ çɾʫʨʥʘʣʝ ʈʫʩʩʢʦʛʦ ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘè ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ 

ʩʪʘʪʴʷ ɼ.ɺ. ɸʣʝʢʩʝʝʚʘ çʂ ʚʦʧʨʦʩʫ ʦʙ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʝè. ɺ ʥʝʡ ʫʯʝʥʳʡ ʧʝʨʚʳʤ ʚʚʝʣ ʚ ʥʘʫʢʫ 

ʪʝʨʤʠʥ çʵʣʝʢʪʨʦʢʘʪʘʣʠʟè. ʆʜʥʘʢʦ ʫʢʘʟʘʥʥʘʷ ʨʘʙʦʪʘ ʦʩʪʘʣʘʩʴ ʥʝ ʟʘʤʝʯʝʥʥʦʡ ʥʘʫʯʥʳʤ 

ʩʦʦʙʱʝʩʪʚʦʤ ʠ ʝʱʝ ʙʦʣʝʝ 20 ʣʝʪ ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʥʝ ʧʨʠʤʝʥʷʣʩʷ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʪʝʨʤʠʥ çʵʣʝʢʪʨʦʢʘʪʘʣʠʟè ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʦʚʝʪʩʢʠʤʠ ʫʯʸʥʤrʠ ʅ. ʀ. ʂʦʙʦʟʝʚʳʤ ʠ 

ɺ. ɺ. ʄʦʥʙʣʘʥʦʚʦʡ ʚ 1934 ʛ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜ ʜʘʥʥʳʤ ʪʝʨʤʠʥʦʤ ʧʦʥʠʤʘʶʪ ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʠʣʠ ʥʘʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ  ʵʣʝʢʪʨʦʜʘ ʣʠʙʦ ʤʦʜʠʬʠʢʘʮʠʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ 1915 ʛ. ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʙʳʣ 

ʥʘʛʨʘʞʜʝʥ ʟʦʣʦʪʦʡ ʤʝʜʘʣʴʶ ʀʤʧʝʨʘʪʦʨʩʢʦʛʦ ʄʦʩʢʦʚʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʣʶʙʠʪʝʣʝʡ 

ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʘʥʪʨʦʧʦʣʦʛʠʠ ʠ ʵʪʥʦʛʨʘʬʠʠ ʧʦ ʦʪʜʝʣʫ ʭʠʤʠʠ ʟʘ ʨʘʙʦʪʫ çʆ ʚʟʨʳʚʥʦʤ 

ʨʘʟʣʦʞʝʥʠʠ ʘʮʝʪʠʣʝʥʘè. ʏʝʨʝʟ ʛʦʜ ʚ ʂʘʟʘʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ʟʘʱʠʪʠʣ 

ʜʘʥʥʫʶ ʨʘʙʦʪʫ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ, ʙʳʣ ʫʜʦʩʪʦʝʥ ʟʚʘʥʠʷ ʧʨʠʚʘʪ-ʜʦʮʝʥʪʘ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʦʥ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʨʘʙʦʪʘʣ ʥʘ ʢʘʬʝʜʨʝ ʭʠʤʠʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʇʝʪʨʦʛʨʘʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.       1 ʦʢʪʷʙʨʷ 1916 ʛ. ʚ ʇʝʨʤʠ ʙʳʣ ʦʪʢʨʳʪ ʇʝʨʤʩʢʠʡ 

ʬʠʣʠʘʣ ʇʝʪʨʦʛʨʘʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʨʠʝʭʘʚʰʠʤʠ ʚ ʇʝʨʤʴ 

ʙʳʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʩʪʦʣʠʯʥʳʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ɺ ʠʭ ʯʠʩʣʝ ʙʳʣ ʠ 

ɼ.ɺ. ɸʣʝʢʩʝʝʚ. ʉ 30 ʦʢʪʷʙʨʷ 1916 ʛ. ʦʥ ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʧʨʠʚʘʪ-ʜʦʮʝʥʪʦʤ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʠ ʚʤʝʩʪʝ ʩ ʅ.ɺ. ʂʫʣʪʘʰʝʚʳʤ ʷʚʣʷʣʩʷ 

ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʭʠʤʠʠ.  ɼ.ɺ. ɸʣʝʢʩʝʝʚʫ ʧʨʠʰʣʦʩʴ ʧʨʠʣʦʞʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʥʠʛʘʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʪʠʚʘʤʠ ʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦʩʫʜʦʡ. 

ʉʪʫʜʝʥʪʘʤ ʨʘʟʥʳʭ ʦʪʜʝʣʝʥʠʡ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʥ   ʯʠʪʘʣ ʣʝʢʮʠʠ ʧʦ çʆʙʱʝʡ ʭʠʤʠʠè, 

ʘ ʪʘʢʞʝ ʧʦ çʆʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè. ʂʨʦʤʝ ʪʦʛʦ, ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ, ʢʘʢ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʪʘʢ ʠ ʛʦʨʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥ ʫʯʘʩʪʚʦʚʘʣ ʚ 

ɼ.ɺ. ɸʣʝʢʩʝʝʚ 
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ʨʘʙʦʪʝ ʇʝʨʤʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɺʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʠʪʝʪʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʦʯʠʪʘʣ 

ʣʝʢʮʠʶ çɺʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘè, ʪʘʢʞʝ ʧʨʠʥʠʤʘʣ ʜʝʷʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʢʦʤʠʩʩʠʠ 

ʅʘʨʦʜʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛʜʝ ʧʨʦʯʠʪʘʣ ʜʚʝ ʧʫʙʣʠʯʥʳʝ ʣʝʢʮʠʠ ʥʘ ʪʝʤʫ: çɸʣʭʠʤʠʷ ʠ 

ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚè. ʂʨʦʤʝ ʵʪʦʛʦ, ʫʯʝʥʳʡ ʦʢʘʟʳʚʘʣ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʳʝ 

ʫʩʣʫʛʠ ʨʘʙʦʪʥʠʢʘʤ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʟʘʚʦʜʘ. 

      6 ʜʝʢʘʙʨʷ 1917 ʛ. ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʙʳʣ ʥʘʟʥʘʯʝʥ ʠ.ʦ. ʦʨʜʠʥʘʨʥʦʛʦ ʧʨʦʬʝʩʩʦʨʘ ʠ ʧʝʨʚʳʤ ʟʘʚ. 

ʢʘʬʝʜʨʦʡ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʇɻʋ.  ʅʘ ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʬʝʜʨʳ ʚ ʝʝ 

ʩʦʩʪʘʚʝ ʢʨʦʤʝ ɸʣʝʢʩʝʝʚʘ ʚʭʦʜʠʣ ʝʱʝ ʪʦʣʴʢʦ ʦʜʠʥ ʩʦʪʨʫʜʥʠʢ ï ʩʪʘʨʰʠʡ ʘʩʩʠʩʪʝʥʪ 

ɸ.ɺ. ʇʘʚʣʦʚʩʢʠʡ.  ʅʝʩʤʦʪʨʷ ʥʘ ʪʷʞʝʣʦʝ ʚʨʝʤʷ, ʥʝʜʦʩʪʘʪʦʢ ʩʨʝʜʩʪʚ ʠ ʪʨʫʜʥʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ɼ.ɺ. ɸʣʝʢʩʝʝʚʫ ʫʜʘʣʦʩʴ ʦʙʦʨʫʜʦʚʘʪʴ ʧʦʤʝʱʝʥʠʷ ʢʘʬʝʜʨʳ ʤʝʙʝʣʴʶ, 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʘʢʪʠʚʘʤʠ, ʧʦʩʫʜʦʡ ʠ ʨʷʜʦʤ ʧʨʠʙʦʨʦʚ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʪʫʜʝʥʪʘʤ ʥʘ ʣʝʢʮʠʷʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʦʧʳʪʳ.  

      ɺ ʧʘʤʷʪʠ ʦʜʥʦʛʦ ʠʟ ʩʪʫʜʝʥʪʦʚ ʪʦʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʣʩʷ ʠʥʪʝʨʝʩʥʳʡ ʬʘʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʙʦʪʦʡ 

ɼ.ɺ. ɸʣʝʢʩʝʝʚʘ ʚ ʇʝʨʤʠ.  ɺ 1918 ʛ. ʫʯʝʥʦʛʦ ʧʦʧʨʦʩʠʣʠ ʧʨʦʯʠʪʘʪʴ ʣʝʢʮʠʶ ʧʦ ʭʠʤʠʠ ʧʝʨʝʜ 

ʩʦʣʜʘʪʘʤʠ ʇʝʨʤʩʢʦʛʦ ʛʘʨʥʠʟʦʥʘ, ʧʨʦʭʦʜʠʚʰʝʡ ʇʝʨʤʩʢʦʤ ʪʝʘʪʨʝ ʦʧʝʨʳ ʠ ʙʘʣʝʪʘ. ʊʝ, ʧʨʠʭʦʜʷ 

ʚ ʪʝʘʪʨ ʠ ʩʠʜʷ ʥʘ ʛʘʣʝʨʢʝ, ʦʙʳʯʥʦ ʩʠʣʴʥʦ ʰʫʤʝʣʠ ʠ ʛʨʳʟʣʠ ʩʝʤʝʯʢʠ. ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʯʠʪʘʣ 

ʣʝʢʮʠʶ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʍʠʤʠʷ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚè. ʅʘ ʩʮʝʥʫ ʦʥ ʚʳʰʝʣ ʚ ʦʜʝʷʥʠʠ ʘʣʭʠʤʠʢʘ 

ʚ ʢʦʣʧʘʢʝ, ʩ ʤʠʰʫʨʦʡ ʩʦ ʟʚʝʟʜʘʤʠ. ʃʝʢʮʠʷ ʧʨʦʜʦʣʞʘʣʘʩʴ ʦʢʦʣʦ 2 ʯʘʩʦʚ ʙʝʟ ʧʝʨʝʨʳʚʘ. ʉʦʣʜʘʪʳ, 

ʟʘʙʳʚ ʦ ʩʝʤʝʯʢʘʭ ʚ ʧʦʣʥʦʡ ʪʠʰʠʥʝ ʚʥʠʤʘʪʝʣʴʥʦ ʩʣʫʰʘʣʠ ʫʯʝʥʦʛʦ. ɺ ʟʘʚʝʨʰʝʥʠʠ ʣʝʢʮʠʠ 

ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ʧʨʦʚʝʣ ʧʨʷʤʦ ʥʘ ʩʮʝʥʝ ʥʝʩʢʦʣʴʢʦ ʦʧʳʪʦʚ ʩ ʚʟʨʳʚʘʤʠ ʠ ʜʳʤʦʤ. ʅʘʜʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʝʢʮʠʠ ɼ.ɺ. ɸʣʝʢʩʝʝʚʘ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʚʩʝʛʜʘ ʙʳʣʠ ʥʘʩʪʦʣʴʢʦ ʠʥʪʝʨʝʩʥʳʤʠ, ʯʪʦ 

ʥʘ ʥʠʭ ʭʦʜʠʣʠ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʢʠ ʠ ʤʝʜʠʢʠ, ʥʦ ʜʘʞʝ ʬʠʣʦʣʦʛʠ ʠ ʶʨʠʩʪʳ. 

      ʋʯʝʙʥʘʷ ʨʘʙʦʪʘ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʥʘʯʘʣʘʩʴ ʩ ʦʩʝʥʠ 1918 ʛ., ʢʦʛʜʘ 

ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ʧʨʦʯʠʪʘʣ ʩʪʫʜʝʥʪʘʤ 3 ʢʫʨʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʣʝʢʮʠʠ ʧʦ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ 1919 ʛ. ʠʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ɼ.ɺ. ɸʣʝʢʩʝʝʚʫ ʚʨʝʤʝʥʥʦ 

ʧʨʠʰʣʦʩʴ ʠʩʧʦʣʥʷʪʴ ʦʙʷʟʘʥʥʦʩʪʠ ʜʝʢʘʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠ ʣʝʩʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʇɻʋ. 

       ɺ ʠʶʣʝ 1919 ʛ. ʚ ʩʚʷʟʠ ʩ ʵʚʘʢʫʘʮʠʝʡ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʫʯʝʥʳʡ ʦʢʘʟʘʣʩʷ ʚ ʭʦʨʦʰʦ 

ʟʥʘʢʦʤʦʤ ʝʤʫ ʊʦʤʩʢʝ, ʛʜʝ ʨʘʙʦʪʘʣ ʧʨʦʬʝʩʩʦʨʦʤ ʭʠʤʠʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʘ ʪʘʢʞʝ ʚ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ. ɺ ʧʦʩʣʝʜʥʝʤ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ʧʨʝʧʦʜʘʚʘʣ ʬʠʟʠʯʝʩʢʫʶ 

ʭʠʤʠʶ, ʟʘʚʝʜʦʚʘʣ ʣʘʙʦʨʘʪʦʨʠʝʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ ʫʥʠʚʝʨʩʠʪʝʪʝ ʫʯʝʥʳʡ 

ʚʝʣ ʣʘʙʦʨʘʪʦʨʥʳʝ ʟʘʥʷʪʠʷ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʦʪʜʝʣʝʥʠʠ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʟʘʚʝʜʦʚʘʣ ʣʘʙʦʨʘʪʦʨʠʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ.   

      ʊʘʢʞʝ ʦʜʥʦ ʚʨʝʤʷ ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʧʨʝʧʦʜʘʚʘʣ ʭʠʤʠʶ ʥʘ ʉʠʙʠʨʩʢʠʭ ʚʳʩʰʠʭ ʞʝʥʩʢʠʭ 

ʢʫʨʩʘʭ. ɺ 1920 ʛ. ʦʥ ʧʝʨʝʚʝʣʩʷ ʚ ʉʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʣʝʩʦʚʦʜʩʪʚʘ 

ʛ. ʆʤʩʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʚʝʨʥʫʣʩʷ ʚ ʇʝʨʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛʜʝ ʟʘʚʝʜʦʚʘʣ ʦʙʲʝʜʠʥʝʥʥʦʡ ʢʘʬʝʜʨʦʡ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ 1921-1922 ʫʯ. ɻʦʜʫ ʥʘ ʢʘʬʝʜʨʝ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʯʪʝʥʠʝ 

ʢʫʨʩʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʦʪʦʨʳʡ ʚ 1919-1920 ʠ 1920-1921 ʫʯ. ɻʦʜʘʭ ʥʝ ʯʠʪʘʣʩʷ. 

      ʂʨʦʤʝ ʵʪʦʛʦ, ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʥʝʙʦʣʴʰʦʡ ʧʨʘʢʪʠʢʫʤ ʧʦ ʦʙʱʝʤʫ ʢʫʨʩʫ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

ʢ ʚʳʧʦʣʥʝʥʠʶ ʢʦʪʦʨʦʛʦ ʧʨʠʩʪʫʧʠʣʦ ʥʝʩʢʦʣʴʢʦ ʩʪʫʜʝʥʪʦʚ ʩʪʘʨʰʠʭ ʢʫʨʩʦʚ. ʇʨʠ ʪʦʛʜʘʰʥʝʡ 

ʩʣʘʙʦʩʪʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʙʘʟʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʵʚʘʢʫʘʮʠʝʡ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʧʦʪʝʨʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʢʘʬʝʜʨʳ ʧʨʠʰʣʦʩʴ ʟʘʪʨʘʪʠʪʴ ʤʥʦʛʦ ʩʠʣ ʠ ʧʨʦʷʚʠʪʴ 

ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʴ, ʯʪʦʙʳ ʥʘʣʘʜʠʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ.  ʇʦʤʠʤʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼ.ɺ. ɸʣʝʢʩʝʝʚʘ ʚ ʦʙʣʘʩʪʠ ʢʠʥʝʪʠʢʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʢʘʬʝʜʨʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘʯʠʥʘʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ, ʧʨʠʦʙʨʝʪʘʝʪʩʷ ʥʦʚʦʝ ʣʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ.   
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     ɺ ʢʦʥʮʝ ʤʘʷ 1922 ʛ. 

ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʧʨʠʥʠʤʘʣ 

ʫʯʘʩʪʠʝ ʚ III  ʄʝʥʜʝʣʝʝʚʩʢʦʤ 

ʩʲʝʟʜʝ, ʧʨʦʭʦʜʠʚʰʝʤ ʚ 

ʇʝʪʨʦʛʨʘʜʝ, ʛʜʝ ʚʳʩʪʫʧʠʣ ʩ 

ʩʦʦʙʱʝʥʠʝʤ çʅʦʚʳʝ   

ʦʩʥʦʚʳ    ʭʠʤʠʯʝʩʢʦʡ 

ʢʠʥʝʪʠʢʠè. ʆʜʥʘʢʦ ʫʞʝ ʚ 

ʪʦʤ ʞʝ ʛʦʜʫ ʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʠʤʘʶʪ 

ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ    ʩ ʠʟʫʯʝʥʠʝʤ 

ʷʚʣʝʥʠʷ ʜʠʬʬʫʟʠʠ ʛʘʟʦʚ ʚ 

ʤʝʪʘʣʣʘʭ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʧʨʦʙʣʝʤʳ ʠʭ ʭʨʫʧʢʦʩʪʠ, ʯʪʦ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʦ 

ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʢʘʬʝʜʨʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ.     

      ɼʣʷ ʨʘʙʦʪʳ ʫʯʝʥʳʡ ʥʘʯʠʥʘʝʪ ʧʨʠʚʣʝʢʘʪʴ ʢ ʥʘʫʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʪʫʜʝʥʪʦʚ.  ɺ 

ʯʘʩʪʥʦʩʪʠ, ʘʢʪʠʚʥʫʶ ʧʦʤʦʱʴ ɼʤʠʪʨʠʶ ɺʠʢʪʦʨʦʚʠʯʫ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʦʢʘʟʳʚʘʣ ʧʨʠʥʷʪʳʡ ʥʘ 

ʢʘʬʝʜʨʫ ʧʨʝʧʘʨʘʪʦʨʦʤ ʩʪʫʜʝʥʪ 3 ʢʫʨʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʄ.ʅ. ʇʦʣʫʢʘʨʦʚ.  

      ʇʨʦʚʦʜʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʠ ʄ.ʅ. ʇʦʣʫʢʘʨʦʚ ʨʝʰʠʣʠ, ʯʪʦ ʚʦʜʦʨʦʜ, 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʫʪʝʤ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʚʳʜʝʣʷʷ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʠʟʫʯʘʝʤʦʡ ʤʝʤʙʨʘʥʝ.  ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚʳʜʝʣʠʚʰʠʡʩʷ ʚʦʜʦʨʦʜ ʩʪʘʥʝʪ 

ʪʫʪ ʞʝ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʢʦʪʦʨʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʠʛʨʘʪʴ ʜʚʦʷʢʫʶ ʨʦʣʴ 

ï ʩʣʫʞʠʪʴ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, 

ʧʦʩʪʘʚʣʷʶʱʠʤ ʚʦʜʦʨʦʜ. ɺ ʩʫʱʥʦʩʪʠ, ʪʘʢ ʦʥʦ ʠ ʧʦʣʫʯʠʣʦʩʴ, ʧʨʘʚʜʘ ʟʘ ʦʜʥʠʤ ʠʩʢʣʶʯʝʥʠʝʤ. 

ʋʞʝ ʚ ʧʝʨʚʳʭ ʦʧʳʪʘʭ ʫʯʝʥʳʝ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚʦʜʦʨʦʜ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʥʘ ʞʝʣʝʟʥʦʡ 

ʤʝʤʙʨʘʥʝ, ʥʝ ʪʦʣʴʢʦ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚʛʣʫʙʴ ʥʝʝ, ʥʦ ʠ ʟʘʤʝʪʥʦ ʫʭʫʜʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʞʝʣʝʟʘ. ʇʨʠʯʝʤ ʪʘʢ ʩʠʣʴʥʦ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʩʳʱʝʥʠʠ ʤʝʤʙʨʘʥʳ ʚʦʜʦʨʦʜʦʤ ʦʥʘ 

ʥʘʯʠʥʘʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʨʘʟʨʫʰʘʪʩʷ. 

     ʕʪʦ ʙʳʣʦ ʥʦʚʦʝ, ʝʱʝ ʥʝ ʠʟʚʝʩʪʥʦʝ ʷʚʣʝʥʠʝ. ʇʝʨʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʝʤ ʦʪʢʨʳʪʠʠ                 

ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʠ ʄ.ʅ. ʇʦʣʫʢʘʨʦʚ ʦʧʫʙʣʠʢʦʚʘʣʠ ʚ 1925 ʛ. ʚ ʞʫʨʥʘʣʝ çʉʦʦʙʱʝʥʠʷ ʦ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʚ ʈʝʩʧʫʙʣʠʢʝè ʚ ʩʪʘʪʴʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʀʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʞʝʣʝʟʘ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʝʛʦ ʚʦʜʦʨʦʜʦʤè, ʘ ʯʝʨʝʟ ʛʦʜ ï ʚ çɾʫʨʥʘʣʝ ʈʫʩʩʢʦʛʦ ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘè ʠ ʚ ʥʝʤʝʮʢʦʤ ʞʫʨʥʘʣʝ çZeitschrift fur Elektrochemieè.  

     ʇʦʪʝʨʶ ʤʝʪʘʣʣʦʤ ʧʨʦʯʥʦʩʪʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʦʜʦʨʦʜʘ, ʧʨʦʥʠʢʘʶʱʝʛʦ ʚ ʥʝʛʦ, ʫʯʝʥʳʝ 

ʥʘʟʚʘʣʠ ʚʦʜʦʨʦʜʥʦʡ ʭʨʫʧʢʦʩʪʴʶ, ʘ ʧʨʦʮʝʩʩ ʝʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ï ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʝʤ. ɼʘʥʥʦʝ 

ʷʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ï ʧʨʦʮʝʩʩʘ, 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʉʠʣʴʥʦ ʫʭʫʜʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ 

ʠʟʜʝʣʠʡ, ʚʦʜʦʨʦʜʥʘʷ ʭʨʫʧʢʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʚʝʩʴʤʘ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʷʚʣʝʥʠʝʤ. ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʚʘʞʥʦʩʪʴʶ ʦʪʢʨʳʪʦʛʦ ʵʬʬʝʢʪʘ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ 

ʤʝʪʘʣʣʦʚ ʠ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ ʩʪʠʤʫʣʷʪʦʨʦʚ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ.   

      ʉ 18 ʠʶʥʷ ʧʦ 24 ʘʚʛʫʩʪʘ 1925 ʛ. ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʥʘʭʦʜʠʣʩʷ ʚ ʟʘʛʨʘʥʠʯʥʦʡ ʢʦʤʘʥʜʠʨʦʚʢʝ ʚ 

ɻʝʨʤʘʥʠʠ, ʛʜʝ ʨʘʙʦʪʘʣ ʚ ʙʠʙʣʠʦʪʝʢʝ ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚ ɼʘʣʝʤʝ, ʫ ʩʚʦʝʛʦ 

ʙʳʚʰʝʛʦ ʥʘʩʪʘʚʥʠʢʘ ʌ. ɻʘʙʝʨʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥ ʧʦʩʝʪʠʣ ʂʘʨʣʩʨʫʵ ʠ ɻʝʪʪʠʥʛʝʥ, ʚ ʢʦʪʦʨʳʭ 

ʚʩʪʨʝʯʘʣʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʥʝʤʝʮʢʠʤʠ ʭʠʤʠʢʘʤʠ ɻ. ʊʘʤʤʘʥʦʤ ʠ ʄ. ɹʦʜʝʥʰʪʝʡʥʦʤ. ʆʙʘ ʫʯʝʥʳʭ 

   ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʇʝʨʤʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ʅʘʯʘʣʦ 1920-ʭ ʛʦʜʦʚ. 
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ʧʨʦʷʚʠʣʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʧʦʣʫʯʝʥʥʳʤ ʚ ʇʝʨʤʠ ɼ.ɺ. ɸʣʝʢʩʝʝʚʳʤ ʠ ʄ.ʅ. ʇʦʣʫʢʘʨʦʚʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ. ʅʘʭʦʜʷʩʴ ɺ ʂʘʨʣʩʨʫʵ, ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ʪʘʢʞʝ ʩʜʝʣʘʣ ʜʦʢʣʘʜ çɸʢʪʠʚʥʳʝ 

ʤʦʣʝʢʫʣʳ ʚ ʭʠʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝè. ɺʦʟʚʨʘʪʠʚʰʠʩʴ ʜʦʤʦʡ, ʧʨʦʬʝʩʩʦʨ ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ ʚ 

ʨʘʙʦʪʝ IV ʄʝʥʜʝʣʝʝʚʩʢʦʛʦ ʩʲʝʟʜʘ, ʧʨʦʭʦʜʠʚʰʝʛʦ ʚ ʩʝʥʪʷʙʨʝ 1925 ʛ. ʚ ʄʦʩʢʚʝ, ʛʜʝ ʚʳʩʪʫʧʘʣ ʩ 

4 ʜʦʢʣʘʜʘʤʠ.  ʂʨʦʤʝ ʵʪʦʛʦ, ʧʝʨʠʦʜ ʩ 1925 ʧʦ 1927 ʛʛ. ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʦʧʫʙʣʠʢʦʚʘʣ 2 ʩʪʘʪʴʠ ʚ 

çɾʫʨʥʘʣʝ ʈʫʩʩʢʦʛʦ ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘè (ʩʦʚʤʝʩʪʥʦ ʩ ʃ.ɽ. ʉʘʙʠʥʠʥʦʡ ʠ 

ʄ.ʅ. ʇʦʣʫʢʘʨʦʚʳʤ), ʘ ʪʘʢʞʝ 2 ʩʪʘʪʴʠ ʚ ʥʝʤʝʮʢʠʭ ʞʫʨʥʘʣʘʭ (ʦʜʥʘ ʠʟ ʥʠʭ ʩʦʚʤʝʩʪʥʦ ʩ 

ʄ.ʅ. ʇʦʣʫʢʘʨʦʚʳʤ). ʈʘʙʦʪʘʷ ʚ ʇʝʨʤʠ ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʚʥʝʩ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʣʦʜʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʩʪʘʚʠʚ ʦ ʩʝʙʝ ʜʦʙʨʫʶ ʧʘʤʷʪʴ ʢʘʢ ʦ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤ ʫʯʝʥʦʤ, ʟʘʤʝʯʘʪʝʣʴʥʦʤ ʣʝʢʪʦʨʝ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝ.  ɺ ʦʢʪʷʙʨʝ 1927 ʛ. 

ɼ.ɺ. ɸʣʝʢʩʝʝʚ ʧʦʢʠʥʫʣ ʇɻʋ ʚ ʩʚʷʟʠ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʨʘʙʦʪʫ ʚ ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʚ 

ʢʦʪʦʨʦʤ ʩ 1928 ʛ. ʥʘʯʘʣ ʟʘʚʝʜʦʚʘʪʴ ʢʘʬʝʜʨʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʛʜʝ 

ʦʙʦʨʫʜʦʚʘʣ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʣʘʙʦʨʘʪʦʨʠʶ. 

      ʉ 1930 ʛ. ɼ.ɺ. ɸʣʝʢʩʝʝʚ ï ʟʘʚ. ʢʘʬʝʜʨʦʡ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ɺʦʝʥʥʦ-ʘʨʪʠʣʣʝʨʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʛ. ʃʝʥʠʥʛʨʘʜʘ. ʊʘʢʞʝ ʦʥ ʷʚʣʷʣʩʷ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʨʘʙʦʪ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʠʥʩʪʠʪʫʪʝ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʛʜʝ ʟʘʥʠʤʘʣʩʷ ʠʟʫʯʝʥʠʝʤ ʢʠʥʝʪʠʢʠ ʛʘʟʦʚʳʭ ʨʝʘʢʮʠʡ, ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ 

ʛʘʟʘʤʠ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʫʯʝʥʦʛʦ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʥʝʩʢʦʣʴʢʦ ʩʦʨʪʦʚ ʩʪʘʣʝʡ, ʧʨʦʪʠʚʦʩʪʦʷʱʠʭ ʜʝʡʩʪʚʠʶ ʚʦʜʦʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 400-500 ÁC ʠ 

ʥʘʰʝʜʰʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʢʘʢ ʩʠʥʪʝʟ ʘʤʤʠʘʢʘ, ʤʝʪʘʥʦʣʘ, ʪʦʧʣʠʚʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ.  

      ɼ.ɺ.  ɸʣʝʢʩʝʝʚ ï ʘʚʪʦʨ ʙʦʣʝʝ 20 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʯʝʙʥʠʢʘ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

çʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ. ʏ.I. ʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ. ʆʩʥʦʚʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠè, ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ ʚ 1934 ʛ. ʂʨʦʤʝ ʵʪʦʛʦ ʨʷʜ ʨʘʙʦʪ ʫʯʝʥʦʛʦ ʙʳʣʠ ʟʘʩʝʢʨʝʯʝʥʳ.  

      26 ʠʶʥʷ 1934 ʛ., ʨʘʙʦʪʘʷ ʚ ʃʝʥʠʥʛʨʘʜʝ ʩ ʛʘʟʘʤʠ ʧʨʠ ʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʷʭ, ɼʤʠʪʨʠʡ 

ɺʠʢʪʦʨʦʚʠʯ ɸʣʝʢʩʝʝʚ ʧʦʛʠʙ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʨʳʚʘ ʚ ʚʦʟʨʘʩʪʝ 59 ʣʝʪ.      
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ʋɼʂ 66.0 

 

ʆʉʅʆɺʅʓɽ ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ʍʀʄʀʏɽʉʂʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

ʅɸ ʇɽʈʀʆɼ 2025ï2030 ɻʆɼʓ 

 

ʄʝʜʚʝʜʝʚʘ ʅ.ɸ. É 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʠʨʦʚʳʝ ʪʨʝʥʜʳ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʦ 2030 ʛ. ʆʪʤʝʯʝʥʳ ʠʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʘʥʘʣʠʪʠʢʠ ʜʘʥʥʳʭ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʮʠʬʨʦʚʠʟʘʮʠʶ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʈʦʩʩʠʡʩʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʦʡ ʦʪʨʘʩʣʴʶ ʠ ʦʢʘʟʳʚʘʶʱʘʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥʳ. ʆʪʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʦʙʣʝʤʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ. ʈʘʩʢʨʳʪʘ ʨʦʣʴ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʘ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʭʠʤʠʷè ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʠʤʧʦʨʪ, ʧʦʚʳʩʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʨʦʩʩʠʡʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʩʬʝʨʘʭ ʭʠʤʠʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʠʤʠʷ, ʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʪʨʝʥʜʳ ʨʘʟʚʠʪʠʷ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʤʠʨʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʥʘ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʭʝʤʳ ʥʘ ʨʠʩ.1. ʀʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʀʥʪʝʨʥʝʪʘ 

ʚʝʱʝʡ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʘʥʘʣʠʪʠʢʠ ʜʘʥʥʳʭ ʩʪʠʤʫʣʠʨʫʶʪ 

ʮʠʬʨʦʚʠʟʘʮʠʶ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʜʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʦʪ 

ʠʤʤʝʨʩʠʚʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʜʦ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ. 

____________________ 

É ʄʝʜʚʝʜʝʚʘ ʅ.ɸ., 2025 
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ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʪʨʝʥʜʦʤ ʷʚʣʷʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ 

ʙʠʦʭʠʤʠʶ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʦʡʯʠʚʳʝ ʠ çʟʝʣʝʥʳʝè ʠʥʠʮʠʘʪʠʚʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʝʨʝʭʦʜʫ ʢ ʨʝʰʝʥʠʷʤ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ ʚ ʵʥʝʨʛʠʶ. ʅʘʢʦʥʝʮ, ʚʳʩʦʢʘʷ 

ʢʠʙʝʨʫʷʟʚʠʤʦʩʪʴ ʪʨʝʙʫʝʪ ʤʝʨ ʟʘʱʠʪʳ ʥʘ ʦʩʥʦʚʝ ʙʣʦʢʯʝʡʥʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʪʩʣʝʞʠʚʘʝʤʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ. 

 

 

ʈʠʩ. 1. ɻʣʘʚʥʳʝ ʪʝʥʜʝʥʮʠʡ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʝʚʦʣʶʮʠʶ 

ʙʣʘʛʦʜʘʨʷ ʧʝʨʝʜʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʨʝʥʜʳ ʀʥʜʫʩʪʨʠʠ 4.0, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʟʝʣʝʥʦʡ ʭʠʤʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʢʪʠʢ 

ʵʢʦʥʦʤʠʢʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʧʦʟʚʦʣʷʶʪ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʘʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ, ʫʩʪʦʡʯʠʚʦʡ ʠ ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ. ʅʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ 3D-ʧʝʯʘʪʴ, 

ʧʝʨʝʜʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʙʣʦʢʯʝʡʥ, ʤʝʥʷʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʪʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʥʦʚʘʮʠʡ.  

ʅʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʀʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

(ML) (ʨʠʩ. 2) ʚ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ: 

Ç ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɸʣʛʦʨʠʪʤʳ ʦʙʫʯʘʶʪʩʷ ʥʘ 

ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʘʭ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʧʨʝʜʩʢʘʟʘʪʴ ʠʩʭʦʜ ʨʝʘʢʮʠʠ: ʢʘʢʠʝ ʧʨʦʜʫʢʪʳ ʙʫʜʫʪ 

ʧʦʣʫʯʝʥʳ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩʩ, ʢʘʢʠʝ ʫʩʣʦʚʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʜʘʚʣʝʥʠʝ, ʢʘʪʘʣʠʟʘʪʦʨʳ) ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳ.   

Ç ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʀʀ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ.   

Ç ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʦʣʝʢʫʣ. ʀʀ ʧʨʦʛʥʦʟʠʨʫʝʪ, ʢʘʢ ʙʫʜʝʪ ʚʝʩʪʠ ʩʝʙʷ ʥʦʚʘʷ 

ʤʦʣʝʢʫʣʘ, ʝʱʸ ʜʦ ʝʸ ʬʠʟʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʠʱʝʪ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ 

ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ.   

Ç ʄʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʪʘʢʠʭ ʢʘʢ ʫʪʝʯʢʠ ʛʘʟʘ ʠʣʠ 

ʧʝʨʝʛʨʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʇʨʠʤʝʨʳ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [1] 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʪʝʢʫʱʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʠʩʢʣʶʯʠʪʴ ʥʝʧʨʦʜʫʢʪʠʚʥʳʝ ʨʘʩʭʦʜʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʦʝ 

ʨʘʟʚʠʪʠʝ. ʅʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʨʝʰʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ: 

Ç ʊʦʯʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʥʪʨʦʣʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʚʳʙʨʦʩʦʚ ʧʘʨʘ ʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ.  

Ç ʕʢʦʥʦʤʠʷ ʨʘʩʭʦʜʘ ʩʳʨʴʷ, ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ.  

Ç ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ.  

Ç ʆʙʝʩʧʝʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦ ʚʩʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʝ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʦʧʝʨʘʮʠʡ.  

Ç ʋʧʨʘʚʣʝʥʠʝ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ, ʬʠʥʘʥʩʦʚʳʤʠ ʧʦʪʦʢʘʤʠ, ʟʘʢʫʧʢʘʤʠ, ʩʙʳʪʦʤ.  

Ç ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʟʘʛʨʫʟʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʳʨʴʸʤ.  

Ç ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ.  

Ç ʉʥʠʞʝʥʠʝ ʨʠʩʢʘ ʥʘʨʫʰʝʥʠʷ ʩʨʦʢʦʚ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ.  

Ç ʇʦʚʳʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʚ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ. ʅʝʢʦʪʦʨʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʦʙʦʪʦʚ: 

Ç ʄʘʥʠʧʫʣʷʮʠʷ ʩ ʤʘʪʝʨʠʘʣʘʤʠ. ʈʦʙʦʪʳ ʩʧʦʩʦʙʥʳ ʧʝʨʝʤʝʱʘʪʴ, ʩʦʨʪʠʨʦʚʘʪʴ, ʩʤʝʰʠʚʘʪʴ ʠ 

ʨʘʩʧʨʝʜʝʣʷʪʴ ʤʘʪʝʨʠʘʣʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ.  

Ç ʈʘʙʦʪʘ ʚ ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ 

ʩʨʝʜʘʭ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʷʜʦʚʠʪʳʝ ʠʣʠ ʚʟʨʳʚʦʦʧʘʩʥʳʝ 

ʚʝʱʝʩʪʚʘ.  

Ç ʊʦʯʥʦʝ ʜʦʟʠʨʦʚʘʥʠʝ ʠ ʩʤʝʰʠʚʘʥʠʝ. ʈʦʙʦʪʳ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʝ ʜʦʟʠʨʦʚʘʥʠʝ ʠ 

ʩʤʝʰʠʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʮʝʧʪʫʨʘʤʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʧʨʦʮʝʩʩʘ.  

Ç ʆʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʦʙʦʪʳ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʩʧʝʢʮʠʶ, ʯʠʩʪʢʫ, ʩʤʘʟʢʫ ʠ 

ʟʘʤʝʥʫ ʜʝʪʘʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʣʫʯʰʠʪʴ ʝʛʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ.  

Ç ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ. ʈʦʙʦʪʳ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ: 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ, ʠʟʤʝʨʷʪʴ ʧʘʨʘʤʝʪʨʳ ʠ ʦʧʨʝʜʝʣʷʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʜʫʢʮʠʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ.  

Ç ʋʧʘʢʦʚʢʘ ʠ ʤʘʨʢʠʨʦʚʢʘ. ʈʦʙʦʪʳ ʤʦʛʫʪ ʫʧʘʢʦʚʳʚʘʪʴ ʧʨʦʜʫʢʮʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʠʤʝʥʷʪʴ ʵʪʠʢʝʪʢʠ ʠ ʥʘʥʦʩʠʪʴ ʤʘʨʢʠʨʦʚʢʫ.  

ʈʦʩʩʠʡʩʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï ʵʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʘʷ ʦʪʨʘʩʣʴ, 

ʦʢʘʟʳʚʘʶʱʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥʳ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʘʚʱʠʢʦʤ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʩʳʨʴʷ ʠ ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʩʝʢʪʦʨʦʚ, ʦʪ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʜʦ ʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ (ʪʘʙʣ.).  

ʊʘʙʣʠʮʘ 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʈʦʩʩʠʠ 

ʅʝʬʪʝʭʠʤʠʷ ʠ ʛʘʟʦʭʠʤʠʷ  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʤʝʨʦʚ, ʧʣʘʩʪʤʘʩʩ, ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʢʘʫʯʫʢʦʚ, ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. 

ʈʘʟʚʠʪʠʝ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʦʛʨʦʤʥʳʤʠ ʟʘʧʘʩʘʤʠ 

ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʄʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ  

ʈʦʩʩʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʤʠʨʦʚʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʬʦʩʬʦʨʥʳʭ, ʢʘʣʠʡʥʳʭ ʠ ʘʟʦʪʥʳʭ 

ʫʜʦʙʨʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʩʝʢʪʦʨ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ 

ʌʘʨʤʘʮʝʚʪʠʢʘ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʘʢʪʠʚʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ ʠ 

ʛʦʪʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʣʠʪʠʢʦʡ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ 

ɹʳʪʦʚʘʷ ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʭʠʤʠʷ  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ, ʢʦʩʤʝʪʠʢʠ, ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʧʦʢʨʳʪʠʡ ʠ ʧʨʦʯʝʡ ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʍʠʤʠʷ ʚʳʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ  

ʈʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ 

ʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʘʚʠʘʮʠʦʥʥʦʡ, ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʚʦʝʥʥʦʡ 

ʧʨʦʤrhʣʝʥʥʦʩʪʠ 
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ɹʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʝ ʠ ʙʦʛʘʪʳʤ ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʘʤ, ʈʦʩʩʠʷ 

ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʢʩʧʦʨʪʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʵʪʦʡ ʩʬʝʨʝ. ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ 

ʜʦʩʪʠʞʝʥʠʷʤʠ ʩʫʱʝʩʪʚʫʶʪ ʠ ʚʳʟʦʚʳ, ʪʨʝʙʫʶʱʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ (ʨʠʩ.2). 

 

 

ʈʠʩ. 2. ʇʨʦʙʣʝʤʳ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʈʦʩʩʠʠ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ: 
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ʇʦ ʠʥʠʮʠʘʪʠʚʝ ʇʨʝʟʠʜʝʥʪʘ ʩʪʨʘʥʳ ʚ ʈʦʩʩʠʠ ʩʪʘʨʪʫʶʪ 19 ʥʦʚʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ (ʋʢʘʟ 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ 309 ʦʪ 07.05.2024) [2]: 

1. çʉʝʤʴʷè 

2. çʂʘʜʨʳè 

3. çʄʦʣʦʜʝʞʴ ʠ ʜʝʪʠè 

4. çʇʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʠ ʘʢʪʠʚʥʘʷ ʞʠʟʥʴè 

5. çʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʙʝʨʝʞʝʥʠʷ ʟʜʦʨʦʚʴʷè 

6. çʕʢʦʣʦʛʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝè 

7. çʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʣʷ ʞʠʟʥʠè 

8. çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʭʠʤʠʷè 

9. çʕʬʬʝʢʪʠʚʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘè 

10. çʊʫʨʠʟʤ ʠ ʛʦʩʪʝʧʨʠʠʤʩʪʚʦè 

11. çʇʨʦʤʳʰʣʝʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʦʙʠʣʴʥʦʩʪʠè 

12. çʕʢʦʥʦʤʠʢʘ ʜʘʥʥʳʭ ʠ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʘè 

13. çʕʬʬʝʢʪʠʚʥʘʷ ʠ ʢʦʥʢʫʨʝʥʪʥʘʷ ʵʢʦʥʦʤʠʢʘè 

14. çʉʨʝʜʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠè 

15. çɹʝʩʧʠʣʦʪʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè 

16. çʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè 

17. çʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʦʧʝʨʘʮʠʷ ʠ ʵʢʩʧʦʨʪè 

18. çʅʦʚʳʝ ʘʪʦʤʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè 

19. çʈʘʟʚʠʪʠʝ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠè 

ʆʥʠ ʢʘʩʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʬʝʨ ï ʦʪ ʵʢʦʥʦʤʠʢʠ ʜʦ ʵʢʦʣʦʛʠʠ. ɺʳʧʦʣʥʝʥʠʝ ʥʘʤʝʯʝʥʥʳʭ 

ʧʣʘʥʦʚ ʜʦʣʞʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʨʦʩʩʠʷʥ, ʚʳʚʝʩʪʠ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʤʥʦʛʠʝ ʦʪʨʘʩʣʠ.  

ʇʨʦʝʢʪ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʭʠʤʠʷè ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʥʠʞʝʥʠʝ ʠʤʧʦʨʪʦʟʘʚʠʩʠʤʦʩʪʠ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʜʦʩʪʠʞʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚ 

ʦʪʨʘʩʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʥʦʚʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 3). 

 

 

ʈʠʩ. 3. ʀʥʠʮʠʘʪʠʚʳ ʧʨʦʝʢʪʘ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʭʠʤʠʷè [3] 
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ʉʪʘʥʦʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʠ ʩʥʠʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ ï ʦʩʥʦʚʥʳʝ 

ʚʝʢʪʦʨʳ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ ʣʝʪ. ɹʣʘʛʦʜʘʨʷ 

ʟʘʧʫʩʢʫ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ "ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʭʠʤʠʷ", ʩ 2025 ʧʦ 2030 ʛʦʜ ʚ ʦʪʨʘʩʣʴ 

ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʚʣʝʯʴ 55,6 ʤʠʣʣʠʘʨʜʘ ʨʫʙʣʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ 363,5 ʤʠʣʣʠʘʨʜʘ ʨʫʙʣʝʡ 

ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. ʂʣʶʯʝʚʳʝ ʮʝʣʠ ʧʨʦʝʢʪʘ - ʩʦʟʜʘʥʠʝ ʥʝ ʤʝʥʝʝ 138 ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʠʤʧʦʨʪʘ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ ʩ 35 ʜʦ 30 ʧʨʦʮʝʥʪʦʚ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʛʨʘʤʤ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʧʨʦʰʣʳʝ ʛʦʜʳ, ʥʘʮʧʨʦʝʢʪ çʅʦʚʳʝ 
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ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 
 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʣʠʜʝʨʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʦʡ ʮʝʣʴʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʠ 

ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʡ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ. ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘ (ʅʊʀ) ʚʳʩʪʫʧʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʪʠʞʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ, ʦʙʲʝʜʠʥʷʷ ʫʩʠʣʠʷ ʛʦʩʫʜʘʨʩʪʚʘ, ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʫʥʢʮʠʠ, ʠʥʪʝʨʝʩʳ ʠ ʚʳʟʦʚʳ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, 

ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʘʩʧʝʢʪʳ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɻʦʩʫʜʘʨʩʪʚʦ ʠ ʦʙʱʝʩʪʚʦ ʠ ʬʦʨʤʠʨʫʶʪ ʮʝʣʝʚʳʝ 

ʦʨʠʝʥʪʠʨʳ, ʩʪʠʤʫʣʠʨʫʶʪ ʩʧʨʦʩ ʠ ʦʮʝʥʠʚʘʶʪ ʩʦʮʠʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʋʥʠʚʝʨʩʠʪʝʪʳ ʠʛʨʘʶʪ ʨʦʣʴ ʛʝʥʝʨʘʪʦʨʦʚ ʟʥʘʥʠʡ ʠ ʠʥʥʦʚʘʮʠʡ, ʦʪʚʝʯʘʷ ʥʘ ʦʙʱʝʩʪʚʝʥʥʳʡ ʟʘʧʨʦʩ 

ʯʝʨʝʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʩʝʢʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʧʨʠʢʣʘʜʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ ʩʪʨʘʥʳ. ʋʢʘʟʳ ʠ ɿʘʢʦʥʳ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʬʦʨʤʫʣʠʨʫʶʪ ʥʦʨʤʘʪʠʚʥʫʶ ʙʘʟʫ 

ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ, ʢʦʪʦʨʳʡ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ 

ʘʜʘʧʪʠʚʥʦʛʦ ʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʣʠʜʝʨʩʪʚʦ, ʅʊʀ, ʫʥʠʚʝʨʩʠʪʝʪ, ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʦʙʱʝʩʪʚʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʠʥʥʦʚʘʮʠʦʥʥʘʷ 

ʧʦʣʠʪʠʢʘ. 
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Technological leadership has become a central aim of Russiaôs national policy, particularly in the 

context of increasing global competition and external constraints. The National Technology Initiative (NTI) 

functions as a strategic instrument designed to facilitate technological sovereignty by aligning the efforts of 

universities, industry, and society. This article explores the roles, interests, and challenges of these key 

stakeholders and analyzes the institutional mechanisms that enable their effective interaction. Society and 

the state define long-term development goals, stimulate demand, and evaluate the broader social 

implications of technological advancement. Universities are positioned as generators of knowledge and 

innovation, responding to societal demands through fundamental and applied research. Industry acts as a 

transformative force, converting research outputs into market-ready technological solutions aligned with 

national priorities. Decrees and Laws of recent years formulate the regulatory framework for 

sustainable and competitive technological development of Russia, which is impossible without an 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʣʠʜʝʨʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʠ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʦʥʥʳʭ ʜʝʡʩʪʚʠʡ ʜʨʫʛʠʭ ʩʪʨʘʥ, 

ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʨʝʥʜʘʤʠ ʥʘ ʘʥʪʠʛʣʦʙʘʣʠʟʘʮʠʶ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘʨʷʜʫ ʩ ʥʦʚʳʤʠ ʚʳʟʦʚʘʤʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ɺʩʸ ʵʪʦ ʬʦʨʤʠʨʫʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ. ʎʝʣʴ 

ʩʪʘʪʴʠ ï ʨʘʩʩʤʦʪʨʝʪʴ ʘʩʧʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʚ ʢʦʥʪʝʢʩʪʝ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʣʠʜʝʨʩʪʚʦ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʭ ʬʫʥʢʮʠʠ, ʚʳʟʦʚʳ ʠ 

ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ.  

ʇʦ ʠʥʠʮʠʘʪʠʚʝ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɺ. ɺ. ʇʫʪʠʥʘ ɸʛʝʥʪʩʪʚʦʤ ʉʪʨʘʪʝʛʠʯʝʩʢʠʭ ʀʥʠʮʠʘʪʠʚ [1] 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʣʘʪʬʦʨʤʘ çʅʘʮʠʦʥʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘ (ʅʊʀ)è, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʠʜʝʨʩʪʚʘ ʛʦʩʫʜʘʨʩʪʚʘ, ʩʦʭʨʘʥʝʥʠʷ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʢʣʶʯʝʚʳʭ ʨʳʥʢʘʭ, ʪʦʯʢʦʡ ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʠʣʠʷ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʱʝʩʪʚʘ. ʀʥʠʮʠʘʪʠʚʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʣʠʜʝʨʩʪʚʘ 

ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ ʥʘ ʨʳʥʢʘʭ ʙʫʜʫʱʝʛʦ. ʉʨʝʜʠ ʟʘʜʘʯ ʅʊʀ ð ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ 

ʧʦʜʜʝʨʞʢʘ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʥʠʮʠʘʪʠʚʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʝʸ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʥʘ ʣʶʜʝʡ, ʘ ʥʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠ. ʉʨʝʜʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʚ ʅʊʀ 

ʦʙʦʟʥʘʯʝʥʳ ʧʨʦʝʢʪʥʳʝ, ʪʚʦʨʯʝʩʢʠʝ ʢʦʤʘʥʜʳ; ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʛʦʪʦʚʳ 

ʚʧʠʪʳʚʘʪʴ ʥʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ; ʚʝʜʫʱʠʝ ʫʥʠʚʝʨʩʠʪʝʪʳ; ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʮʝʥʪʨʳ; ʜʝʣʦʚʳʝ 

ʦʙʲʝʜʠʥʝʥʠʷ ʩʪʨʘʥʳ; ʠʥʩʪʠʪʫʪʳ ʨʘʟʚʠʪʠʷ, ʵʢʩʧʝʨʪʥʳʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ; 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʤʠʥʠʩʪʝʨʩʪʚʘ [2]. 

ʂʣʶʯʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠʥʠʮʠʘʪʠʚʳ ʷʚʣʷʶʪʩʷ: 

¶ ʈʳʥʢʠ ʅʊʀ (ʥʘʧʨʠʤʝʨ, ɸʚʪʦʥʝʪ, ʍʝʣʩʥʝʪ, ʊʝʭʥʝʪ), ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʧʨʠʟʥʘʢʦʤ 

ʛʣʦʙʘʣʴʥʦʩʪʠ, ʦʙʲʝʤʦʤ ʚ 100 ʤʣʨʜ. ʜʦʣʣ. ʢ 2035 ʛ., ʦʪʩʫʪʩʪʚʠʝʤ ʥʘ ʪʘʢʠʭ ʨʳʥʢʘʭ 

ʫʩʪʦʷʚʰʠʭʩʷ ʩʪʘʥʜʘʨʪʦʚ, ʥʘʣʠʯʠʝʤ ʫ ʈʌ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʝʣʦʚ; 

¶ ʉʢʚʦʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʥʘʧʨʠʤʝʨ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʩʝʥʩʦʨʠʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ, 

ʥʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ), ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʘʢ ʥʘʫʢʦʸʤʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʝʞʦʪʨʘʩʣʝʚʦʛʦ 

ʟʥʘʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʡ; 

¶ ʄʝʭʘʥʠʟʤʳ ʧʦʜʜʝʨʞʢʠ (ʥʘʧʨʠʤʝʨ, ʛʨʘʥʪʳ, ʪʝʭʥʦʧʘʨʢʠ, ʥʦʨʤʘʪʠʚʥʳʝ ʨʝʬʦʨʤʳ). 

ʇʨʠʦʨʠʪʝʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʠ ʧʦʜʜʝʨʞʢʠ ʪʘʣʘʥʪʦʚ, ʟʘʧʨʦʩʳ ʨʳʥʢʘ, ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʩʝʨʚʠʩʘʤ ʠ ʪʘʣʘʥʪʘʤ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ çʄʘʪʨʠʮʳ ʅʊʀè, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʧʣʘʥʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʣʦʛʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʝʛʦ 

ʫʯʘʩʪʥʠʢʘʤʠ [2]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʥʮʠʘʣ, ʥʘʮʠʦʥʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʨʠʪʠʢʝ 

ʚʩʣʝʜʩʪʚʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʩʪʠ ʥʘ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʨʳʥʢʠ ʙʫʜʫʱʝʛʦ ʠ ʷʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʜʝʨʦʚ, 

ʦʪʩʫʪʩʪʚʠʷ ʧʣʘʥʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʪʨʘʩʣʝʡ, ʚʳʩʦʢʠʝ ʨʠʩʢʠ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʛʦʩʧʦʜʜʝʨʞʢʠ, ʢʦʪʦʨʘʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʦʧʫʩʢʘʝʪ ʥʘ ʨʳʥʦʢ ʪʦʣʴʢʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʫʛʨʦʞʘʷ ʢʦʥʢʫʨʝʥʮʠʠ, ʩ ʜʨʫʛʦʡ ʩʦʟʜʘʝʪ ʠʩʢʫʩʩʪʚʝʥʥʫ ʁ

ʧʦʜʜʝʨʞʢʫ ʠʥʠʮʠʘʪʠʚʘʤ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴʶ [3]. 

ʃʦʛʠʯʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʅʘʮʠʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ ʷʚʣʷʝʪʩʷ ʋʢʘʟ 
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ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ ʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʜʦ 2036 ʛʦʜʘ" ʚ ʢʦʪʦʨʦʤ ʧʨʠʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʮʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʚʠʪʠʷ ʥʘ 2030 ʛ.: 

¶ ʨʦʩʪ ʜʦʣʠ ɺɼʉ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 40% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2022; 

¶ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʪʦʚʘʨʦʚ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 2023; 

¶ ʥʘʨʘʱʠʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʟʘʪʨʘʪ ʥʘ ʅʀʆʂʈ ʜʦ 2% ɺɺʇ; 

¶ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʣʠʜʝʨʩʪʚʦ ʚ ʥʘʫʢʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʨʳʥʢʦʚ ʧʦ ʪʘʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʢʘʢ ʙʠʦʵʢʦʥʦʤʠʢʘ, ʩʙʝʨʝʞʝʥʠʝ 

ʟʜʦʨʦʚʴʷ ʛʨʘʞʜʘʥ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʩʨʝʜʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʤʦʙʠʣʴʥʦʩʪʴ (ʚʢʣʶʯʘʷ ʘʚʪʦʥʦʤʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ), ʵʢʦʥʦʤʠʢʘ ʜʘʥʥʳʭ ʠ ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ, ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʭʠʤʠʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʝʨʚʠʩʳ, 

ʥʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʘʪʦʤʥʳʝ). 

ʉʘʤʦ ʧʦʥʷʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʌɿ ˉ523 ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʪʨʘʥʳ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʦʥʪʨʦʣʷ ʥʘʜ 

ʢʨʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ. 

ɺʳʜʝʣʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʘ, ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʢ ʢʣʶʯʝʚʳʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ 

ʩʪʦʨʦʥ (ʩʤ. ʨʠʩʫʥʦʢ 1) ʦʩʥʦʚʘʥʦ ʥʘ ʠʭ ʫʥʠʢʘʣʴʥʳʭ 

ʬʫʥʢʮʠʷʭ ʠ ʨʦʣʷʭ ʚ ʩʠʩʪʝʤʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ. ɻʦʩʫʜʘʨʩʪʚʦ ʬʦʨʤʫʣʠʨʫʝʪ ʮʝʣʠ, ʬʦʨʤʠʨʫʝʪ 

ʩʧʨʦʩ ʠ ʦʮʝʥʠʚʘʝʪ ʩʦʮʠʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʝ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʯʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʠʣʠʡ. 

ʋʥʠʚʝʨʩʠʪʝʪ ʦʪʚʝʯʘʝʪ ʟʘ ʛʝʥʝʨʘʮʠʶ ʟʥʘʥʠʡ ʠ 

ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʝʘʣʠʟʫʷ ʟʘʧʨʦʩʳ 

ʦʙʱʝʩʪʚʘ ʯʝʨʝʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʵʪʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʧʨʠʢʣʘʜʥʳʝ 

ʨʝʰʝʥʠʷ ʠ ʧʨʦʜʫʢʮʠʶ, ʩʧʦʩʦʙʥʫʶ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ 

ʮʝʣʠ. ʂʘʞʜʳʡ ʠʟ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ: ʫʥʠʚʝʨʩʠʪʝʪʳ ʦʛʨʘʥʠʯʝʥʳ 

ʨʝʩʫʨʩʘʤʠ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ; ʧʨʦʠʟʚʦʜʩʪʚʦ ï 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʢʘʜʨʦʚʳʤʠ ʙʘʨʴʝʨʘʤʠ; ʦʙʱʝʩʪʚʦ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʦʧʠʨʘʝʪʩʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʥʩʪʠʪʫʪʳ ʢʘʢ 

ʧʦʩʨʝʜʥʠʢʘ ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʨʝʩʦʚ. ʊʘʢʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ 

ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɸʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʪʥʦʰʝʥʠʷʤʠ ʤʝʞʜʫ 

ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʥʘʤʠ ʤʦʜʝʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʪʢʨʳʪʦʩʪʠ, ʯʝʩʪʥʦʩʪʠ, ʜʦʚʝʨʠʷ ʠ ʚʢʣʶʯʘʶʱʝʛʦ 

ʚʥʫʪʨʝʥʥʠʡ ʙʝʥʯʤʘʨʢʠʥʛ ʠ ʢʦʥʪʨʦʣʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʦʙʦʟʥʘʯʝʥʥʳʝ ʚʳʰʝ ʩʪʦʨʦʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʪʢʨʳʪʳʝ ʩʠʩʪʝʤʳ. ʇʦ ɼʞʝʡʤʩʫ ʊʦʤʧʩʦʥʫ ʧʦ 

ʈʠʩ. 1. ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʪʝʭʣʠʜʘ: 

ɻʦʩʫʜʘʨʩʪʚʦ ï ʋʥʠʚʝʨʩʠʪʝʪ ï ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʈʠʩ. 2. ʇʨʠʥʮʠʧ ʩʘʤʦʩʦʛʣʘʩʫʶʱʝʡʩʷ 

ʦʪʢʨʳʪʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʧʦ ɼʞ. ʊʦʤʧʩʦʥʫ [4] 
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ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʤ ʜʝʡʩʪʚʫʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ï 

ʫʩʪʦʷʚʰʘʷʩʷ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ (ʪʝʭʥʠʯʝʩʢʦʝ ʷʜʨʦ) ʠ ʚʥʝʰʥʷʷ ʩʨʝʜʘ (ʩʤ. ʨʠʩ. 2). ʉʥʠʞʝʥʠʝ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ï ʝʩʪʝʩʪʚʝʥʥʦʝ ʞʝʣʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ï ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ 

ʢʦʦʨʜʠʥʘʮʠʶ ʠ ʚʥʝʰʥʶʶ ʘʜʘʧʪʘʮʠʶ. ʎʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ 

ʫʩʣʦʚʠʡ ʜʣʷ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ [4]. ʇʨʠ ʵʪʦʤ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʥʫʪʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʝ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʢʦʦʨʜʠʥʘʮʠʷ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ï ʩ ʫʯʘʩʪʠʝʤ ʛʠʙʢʠʭ ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ [5]. 

ʉʪʝʡʢʭʦʣʜʝʨʳ: ʛʦʩʫʜʘʨʩʪʚʦ ʢʘʢ ʠʩʪʦʯʥʠʢ ʮʝʣʝʡ 

ɻʦʩʫʜʘʨʩʪʚʦ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʫʯʘʩʪʥʠʢʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ, 

ʟʘʜʘʸʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʦʨʠʝʥʪʠʨʳ ʠ ʬʠʥʘʥʩʠʨʫʝʪ ʢʣʶʯʝʚʳʝ ʠʥʠʮʠʘʪʠʚʳ, ʬʦʨʤʘʣʠʟʫʝʪ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʫʶ ʙʘʟʫ (ʟʘʢʦʥʳ, ʘʢʪʳ, ʩʪʘʥʜʘʨʪʳ), ʩʦʟʜʘʸʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ (ʥʘʧʨʠʤʝʨ, ʉʢʦʣʢʦʚʦ, 

ʀʥʥʦʧʦʣʠʩ), ʩʪʠʤʫʣʠʨʫʝʪ ʩʧʨʦʩ (ʧʦʩʨʝʜʩʪʚʦʤ ʩʫʙʩʠʜʠʡ, ʛʨʘʥʪʦʚ, ʛʦʩʟʘʢʘʟʘ), ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʥʘ ʛʣʦʙʘʣʴʥʳʭ ʨʳʥʢʘʭ. ʆʙʱʝʩʪʚʦ ʯʝʨʝʟ ʩʧʨʦʩ 

ʥʘ ʪʝʭʥʦʣʦʛʠʠ, ʦʞʠʜʘʥʠʷ ʧʦ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʧʦʜʜʝʨʞʢʫ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʚʣʠʷʝʪ 

ʥʘ ʧʨʠʦʨʠʪʝʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ. ɺ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʛʦʩʫʜʘʨʩʪʚʦ 

ʜʦʣʞʥʦ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ "ʫʤʥʳʡ ʨʝʛʫʣʷʪʦʨ" ʠ ʠʥʚʝʩʪʦʨ, ʩʦʯʝʪʘʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʩ 

ʛʠʙʢʦʡ ʧʦʜʜʝʨʞʢʦʡ ʙʠʟʥʝʩʘ ʧʦ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʠʤʧʦʨʪʦʥʝʟʘʚʠʩʠʤʦʩʪʴ, ʢʘʜʨʦʚʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʥʘʫʢʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʦʧʝʨʘʮʠʷ. 

ʉʪʝʡʢʭʦʣʜʝʨʳ: ʫʥʠʚʝʨʩʠʪʝʪ ʢʘʢ ʛʝʥʝʨʘʪʦʨ ʟʥʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪʳ ʠʛʨʘʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʛʝʥʝʨʘʮʠʠ ʟʥʘʥʠʡ ʠ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. ʆʜʥʘʢʦ ʦʥʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʦʣʥʦʤʦʯʠʡ, ʨʝʩʫʨʩʦʚ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʩʣʘʙʘʷ ʚʥʫʪʨʝʥʥʷʷ ʢʦʦʨʜʠʥʘʮʠʷ ʩʝʨʚʠʩʦʚ ʠ ʠʭ ʧʣʦʭʘʷ 

ʨʘʙʦʪʘ, ʥʝʜʦʩʪʘʪʦʢ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʩʬʝʨʝ ʬʠʥʘʥʩʦʚʦʛʦ ʠ ʧʨʦʝʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʥʘʫʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʢ ʪʦʤʫ ʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʨʫʢʦʚʦʜʩʪʚʘ. ʉʦʚʨʝʤʝʥʥʳʡ ɺʋɿ ʪʨʝʙʫʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʡ [6, 7], ʧʦʷʚʣʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʙʫʬʝʨʦʚ, ʧʨʦʝʢʪʥʳʭ ʦʬʠʩʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʢʘʢ ʩʪʝʡʢʭʦʣʜʝʨ, ʩʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʳʟʦʚʳ ʠ ʩʪʘʪʴ ʷʜʨʦʤ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʩʪʨʘʥʳ. 

ɼʝʡʩʪʚʫʶʱʠʝ ʚ ʈʦʩʩʠʠ ʧʨʦʛʨʘʤʤʳ ʧʦʜʜʝʨʞʢʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ï çʇʨʠʦʨʠʪʝʪ 2030è, çʇʨʦʛʨʘʤʤʘ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘè (ʇʉɸʃ) ʠ ʧʨʦʝʢʪʳ ʚ ʨʘʤʢʘʭ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ (ʅʊʀ) ï ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚʫʟʦʚ ʚ ʮʝʥʪʨʳ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʨʳʚʘ. ʆʥʠ ʬʠʥʘʥʩʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

(ʣʘʙʦʨʘʪʦʨʠʠ, ʠʥʞʠʥʠʨʠʥʛʦʚʳʝ ʮʝʥʪʨʳ), ʩʦʟʜʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʠʥʞʝʥʝʨʥʳʭ ʰʢʦʣ (ʇʀʐ), 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʠʥʜʫʩʪʨʠʝʡ ʠ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʢʦʦʧʝʨʘʮʠʶ. ʆʞʠʜʘʝʤʳʡ ʵʬʬʝʢʪ ʚʢʣʶʯʘʝʪ: 

¶ ʇʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʠʥʞʝʥʝʨʦʚ, IT-ʩʧʝʮʠʘʣʠʩʪʦʚ) ʧʦʜ ʟʘʧʨʦʩʳ 

ʨʳʥʢʘ, 

¶ ʋʩʢʦʨʝʥʠʝ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʯʝʨʝʟ ʩʪʘʨʪʘʧʳ ʠ ʢʦʣʣʘʙʦʨʘʮʠʠ ʩ ʙʠʟʥʝʩʦʤ 

(ʥʘʧʨʠʤʝʨ, ʚ AI, ʙʠʦʪʝʭʝ), 

¶ ʈʦʩʪ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ (ʚʭʦʞʜʝʥʠʝ ʚ ʪʦʧ-100 

ʤʠʨʦʚʳʭ ʨʝʡʪʠʥʛʦʚ) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʦʪʨʘʩʣʷʭ 

(ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ, ʬʘʨʤʘʮʠʷ, ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ). 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, 2030 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʪʴ 30+ ʧʝʨʝʜʦʚʳʭ ʠʥʞʝʥʝʨʥʳʭ ʰʢʦʣ ʠ ʦʙʝʩʧʝʯʠʪʴ 

80% ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ ʚʳʧʫʩʢʥʠʢʦʚ ʇʀʐ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʈʌ. [8] 
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ʉʪʝʡʢʭʦʣʜʝʨʳ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʢ ʜʨʘʡʚʝʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ï ʵʪʦ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʭʦʜ ʦʪ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʢ ʢʦʤʤʝʨʯʝʩʢʠ ʫʩʧʝʰʥʳʤ ʧʨʦʜʫʢʪʘʤ (ʚ ʪ.ʯ. ʧʦ 

ʟʘʧʨʦʩʫ ʛʦʩʫʜʘʨʩʪʚʘ), ʨʝʘʣʠʟʫʶʪ ʥʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʬʦʨʤʝ ʧʨʦʜʫʢʮʠʠ. ʇʨʦʠʟʚʦʜʩʪʚʦ ï ʜʨʘʡʚʝʨ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ, ʥʦ ʝʛʦ ʨʘʟʚʠʪʠʝ ʪʨʝʙʫʝʪ ʧʨʝʦʜʦʣʝʥʠʷ ʩʠʩʪʝʤʥʳʭ ʚʳʟʦʚʦʚ: 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ (ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʠʥʥʦʚʘʮʠʡ, ʜʝʬʠʮʠʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ), ʢʘʜʨʦʚʳʭ (ʜʝʬʠʮʠʪ ʠʥʞʝʥʝʨʦʚ ʩ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʚ 

ʮʠʬʨʦʚʦʤ ʠʥʞʠʥʠʨʠʥʛʝ, ʦʪʪʦʢ ʩʧʝʮʠʘʣʠʩʪʦʚ), ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ (ʩʣʘʙʘʷ ʢʦʦʨʜʠʥʘʮʠʷ 

ʛʦʩʧʨʦʛʨʘʤʤ ʠ ʙʠʟʥʝʩ-ʟʘʧʨʦʩʦʚ, ʥʝʭʚʘʪʢʘ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ, ʠʩʧʳʪʘʪʝʣʴʥʳʭ 

ʧʦʣʠʛʦʥʦʚ ʠ ʮʝʥʪʨʦʚ ʩʝʨʪʠʬʠʢʘʮʠʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ) ʠ ʬʠʥʘʥʩʦʚʳʭ (ʥʝʜʦʩʪʘʪʦʢ 

ʚʝʥʯʫʨʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʧʨʦʤʩʪʘʨʪʘʧʳ, ʩʣʘʙʘʷ ʵʢʩʧʦʨʪʥʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ, ʩʘʥʢʮʠʦʥʥʦʝ 

ʜʘʚʣʝʥʠʝ). ʂʣʶʯʝʚʳʝ ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʶʪ ʫʩʠʣʝʥʠʝ ʢʦʦʧʝʨʘʮʠʠ ʥʘʫʢʠ ʠ ʙʠʟʥʝʩʘ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʫʩʧʝʰʥʳʭ ʧʠʣʦʪʦʚ ʠ ʘʜʘʧʪʘʮʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʜ ʟʘʧʨʦʩʳ ʠʥʜʫʩʪʨʠʠ. ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʥʫʞʜʘʝʪʩʷ ʚ ʠʥʪʝʛʨʘʮʠʠ ʩ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʜʣʷ ʫʩʢʦʨʝʥʥʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ. ʇʨʠ ʵʪʦʤ, ʫʥʠʚʝʨʩʠʪʝʪʳ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝ ʛʦʪʦʚʳʤʠ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʝ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʫʯʘʩʪʠʶ ʪʨʝʪʴʠʭ ʩʪʦʨʦʥ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʭ ʧʦʩʨʝʜʥʠʯʝʩʢʠʝ ʫʩʣʫʛʠ, ʧʦʷʚʣʝʥʠʶ ʘʛʝʥʪʩʪʚ ʠ ʧʣʘʪʬʦʨʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʧʨʝʢʘʨʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʨʫʜʘ. 

ʄʝʭʘʥʠʟʤʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʅʘ ʦʩʥʦʚʝ ʩʣʦʞʠʚʰʠʭʩʷ ʪʨʘʜʠʮʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʤʦʜʝʣʠ ʧʨʠʚʣʝʯʝʥʠʷ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ: ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʥʘʫʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʟʘʢʣʶʯʝʥʠʝ ʜʦʛʦʚʦʨʦʚ (ʅʀʈ, ʅʀʆʂʈ, ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ) ʩ 

ʚʫʟʘʤʠ, ʘʫʪʩʦʨʩʠʥʛ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʧʨʠʚʣʝʯʸʥʥʳʤʠ ʵʢʩʧʝʨʪʘʤʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʦʦʧʝʨʘʮʠʠ 

ʩ ʚʝʢʪʦʨʦʤ ʥʘ ʠʥʥʦʚʘʮʠʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʢʘʞʜʦʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʡ 

ʩʪʦʨʦʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʯʝʩʪʥʦʩʪʠ, ʦʪʢʨʳʪʦʩʪʠ, ʧʨʦʟʨʘʯʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢʠʭ ʢʘʢ: 

¶ ʄʝʪʘʧʨʦʝʢʪʳ (ʥʘʧʨʠʤʝʨ, "ʊʝʭʥʝʪ" ʠʣʠ "ʅʝʡʨʦʥʝʪ") ʟʘʜʘʶʪ ʦʪʨʘʩʣʝʚʳʝ ʜʦʨʦʞʥʳʝ ʢʘʨʪʳ, 

ʢʦʦʨʜʠʥʠʨʫʷ ʨʘʟʨʘʙʦʪʢʠ ʚʫʟʦʚ ʠ ʢʦʤʧʘʥʠʡ; 

¶ ʂʦʥʩʦʨʮʠʫʤʳ ʩʦʚʤʝʩʪʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʧʨʦʜʫʢʪʳ, ʨʘʟʜʝʣʷʷ ʅʀʆʂʈ ʠ ʜʦʩʪʫʧ ʢ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ; 

¶ ɸʛʝʥʪʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ɸʛʝʥʪʩʪʚʦ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ, ʎʝʥʪʨʳ ʢʦʤʧʝʪʝʥʮʠʡ ʅʊʀ) 

ʘʢʢʫʤʫʣʠʨʫʶʪ ʵʢʩʧʝʨʪʠʟʫ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʥʜʫʩʪʨʠʠ ʫʩʣʫʛʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ. 

¶ ʊʝʭʥʦʧʘʨʢʠ, ʠʥʞʠʥʠʨʠʥʛʦʚʳʝ ʮʝʥʪʨʳ, ʠʩʧʳʪʘʪʝʣʴʥʳʝ ʧʦʣʠʛʦʥʳ ʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, 

ʨʝʛʫʣʷʪʦʨʥʳʝ (ʙʶʨʦʢʨʘʪʠʯʝʩʢʠʝ) ʧʝʩʦʯʥʠʮʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ; 

¶ ʎʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʢʘʢ ʤʝʭʘʥʠʟʤ ʢʦʥʪʨʦʣʷ, ʪʦʯʢʠ ʟʘʥʷʪʦʩʪʠ ʢʘʜʨʦʚ, ʘ ʩʢʚʦʟʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʪʦʯʢʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʠʥʪʝʛʨʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʝʜʝʪ ʢ ʫʩʧʝʰʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʦʙʱʝʩʪʚʘ, 

ʫʩʢʦʨʷʝʪ ʚʥʝʜʨʝʥʠʝ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʶ ʨʘʟʨʘʙʦʪʦʢ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʛʦʪʦʚʢʝ ʢʘʜʨʦʚ ʧʦʜ 

ʟʘʧʨʦʩʳ ʨʳʥʢʘ ʠ ʩʥʠʞʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʩʬʝʨʘʭ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʣʠʜʝʨʩʪʚʦ ʪʨʝʙʫʝʪ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʫʩʠʣʠʡ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ, ʧʨʠ ʵʪʦʤ 

ʠʥʪʝʨʝʩʳ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ ʨʘʟʣʠʯʘʶʪʩʷ: ʫʥʠʚʝʨʩʠʪʝʪ 

ʩʪʨʝʤʠʪʩʷ ʢ ʥʘʫʯʥʦʤʫ ʧʨʠʟʥʘʥʠʶ, ʧʨʠʪʦʢʫ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʫʩʠʣʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 
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ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; ʧʨʦʠʟʚʦʜʩʪʚʦ ï ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʙʳʣʠ ʠ ʧʦʣʫʯʝʥʠʶ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʪ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ; ʦʙʱʝʩʪʚʦ ï ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʩʫʚʝʨʝʥʠʪʝʪʫ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ. ʕʪʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʥʪʝʨʝʩʳ 

ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʭ ʫʥʠʢʘʣʴʥʳʭ ʬʫʥʢʮʠʷʭ ʠ ʨʦʣʷʭ ʚ ʩʠʩʪʝʤʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʘʛʝʥʪʩʪʚʘ, ʬʦʥʜʳ, ʧʦʜʜʝʨʞʘʥʥʳʝ 

ʨʘʩʧʦʨʷʞʝʥʠʷʤʠ, ʫʢʘʟʘʤʠ, ʟʘʢʦʥʘʤʠ ʠ ʧʦʜʟʘʢʦʥʥʳʤʠ ʘʢʪʘʤʠ ʟʘʢʣʘʜʳʚʘʶʪ ʬʫʥʜʘʤʝʥʪ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʩʠʩʪʝʤʥʦʛʦ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ. 
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ʀɿʋʏɽʅʀɽ ʈɽɸʂʎʀʀ ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀʗ  

ɹʈʆʄʊʀʄʆʃʆɺʆɻʆ ʉʀʅɽɻʆ ʉ ʀʆʅɸʄʀ Nd() 

 

ɸʙʘʥʠʥʘ ɽ.ɺ., ɽʣʴʯʠʱʝʚʘ ʖ.ɹ. 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʙʨʦʤʪʠʤʦʣʦʚʦʛʦ ʩʠʥʝʛʦ (ɹʊʉ) ʩ ʠʦʥʘʤʠ 

Nd( ) ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠ ʠʥʜʝʪʠʬʠʮʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ɹʊʉ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʠʦʥʘʤʠ Nd() ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ pH. ʆʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʛʝʥʪʘ ʩ ʠʦʥʘʤʠ Nd(): ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ 

ʦʢʨʘʩʢʠ, ʠʥʪʝʨʚʘʣ ʨʅ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʤʦʣʷʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ [Nd()]:[ɹʊʉ] ʤʝʪʦʜʘʤʠ ʥʘʩʳʱʝʥʠʷ ʠ ʠʟʦʤʦʣʷʨʥʳʭ 

ʩʝʨʠʡ. ʄʝʪʦʜʦʤ ʨʘʟʙʘʚʣʝʥʠʷ ɹʘʙʢʦ ʦʧʨʝʜʝʣʝʥʘ ʫʩʣʦʚʥʘʷ ʢʦʥʩʪʘʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʣʴʬʦʬʪʘʣʝʠʥʳ; ʪʨʠʬʝʥʠʣʤʝʪʘʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ; 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ; ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ; ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ. 
 

STUDY OF THE REACTION OF COMPLEX FORMATION  

BROMOTHYMOL BLUE WITH Nd( ) IONS 
 

Abanina E.V., Elchishcheva Y.B. 

Perm State University, Perm, Russia 

 

The reaction of the complex formation of bromothymol blue (BTB) with Nd() was studied 

by spectrophotometric method. Absorption spectra of BTS and its complex with Nd( ) ions at 

various pH values were recorded and identified. The optimal conditions for the complexation of the 

reagent with Nd( ) ions were determined: the color development time, the pH range of the 

complexation, amount of photometric reagent. The molar ratios [Nd()]:[BTB] were determined by 

saturation and isomolar series methods. The conditional stability constant of the complex compound 

was determined by the Babko dilution method. 

Keywords: sulfophthaleins; triphenylmethane dyes; complexation; rare earth metals; organic 

ligands. 

 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʈɿʕ) ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 

ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʈɿʕ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʨʝʘʛʝʥʪʦʚ ʪʨʠʬʝʥʠʣʤʝʪʘʥʦʚʦʛʦ 

ʨʷʜʘ ʩ ʠʦʥʘʤʠ ʈɿʕ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ. ʈʝʘʢʮʠʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʙʨʦʤʪʠʤʦʣʦʚʦʛʦ ʩʠʥʝʛʦ (ɹʊʉ) ʩ ʠʦʥʘʤʠ ʈɿʕ ʤʘʣʦ ʠʟʫʯʝʥʳ, ʧʦʵʪʦʤʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ ʨʝʘʢʮʠʶ ʠʦʥʦʚ Nd( ) ʩ ʨʝʘʛʝʥʪʦʤ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʠʟʫʘʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ɹʊʉ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ Nd(III) ʧʨʠ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʷʭ pH ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʡ ʦʧʪʠʤʘʣʴʥʳʡ 

ʠʥʪʝʨʚʘʣ pH ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ (7,3-8,0).  

___________________ 

É ɸʙʘʥʠʥʘ ɽ.ɺ., ɽʣʴʯʠʱʝʚʘ ʖ.ɹ., 2025 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɹʊʉ ʩ ʠʦʥʘʤʠ Nd( ) ʚ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ï ʨʘʩʪʚʦʨ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʝʘʢʮʠʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [2]. ɺ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʝʘʛʝʥʪʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʠʦʥʘʤʠ Nd( ). ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ 442 ʥʤ ʠ pH = 

8,05. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʧʩʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ. 

ʂʦʥʪʨʘʩʪʥʦʩʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 174 ʥʤ. 

 

 
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ɹʊʉ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ Nd(III); pH = 8,05; 

ʉʠʩʭɹʊʉ = CʠʩʭNd(III)= 1,0Ā10-3 ʤʦʣʴ/ʣ; l = 0,5 ʩʤ; ʉʌ-2000 

 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ Nd( ) ʩ ɹʊʉ ʦʙʨʘʟʫʝʪʩʷ ʤʛʥʦʚʝʥʥʦ; ʯʝʨʝʟ 40 ʤʠʥʫʪ ʦʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ pH 

= 8,05 ʩʦʩʪʘʚʣʷʝʪ 3,0 ʤʣ (ʪʘʙʣ. 1). 

ʄʝʪʦʜʦʤ ʥʘʩʳʱʝʥʠʷ (ʨʠʩ. 2) ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ɹʊʉ ʥʘ ʨʝʘʢʮʠʶ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʛʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ Nd(III), ʩʦʩʪʘʚʣʷʝʪ 10,00 ʤʣ. 

ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʨʝʘʢʮʠʶ  

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ Nd(III ) ʩ ɹʊʉ 

Vʙ.ʨ., ʤʣ 0,50 1,00 2,00 3,00 4,00 5,00 

ɸ 0,009 0,027 0,078 0,086 0,055 0,036 

  

ʄʝʪʦʜʘʤʠ ʥʘʩʳʱʝʥʠʷ ʠ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ ʠʟʫʯʝʥʳ ʤʦʣʷʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

[ɹʊʉ]:[Nd( )] (ʨʠʩ. 2-4). ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ 

ʤʦʣʷʨʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 1:1, 1:2 ʠ 1:4.  
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ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʛʝʥʪʘ ʥʘ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ɹʊʉ ʩ ʠʦʥʘʤʠ Nd(III); 

ʉʠʩʭɹʊʉ = CʠʩʭNd(III)= 1,0Ö10-3 ʤʦʣʴ/ʣ; l = 1,0 ʩʤ; 

ʖʅʀʂʆ-1201 

 

 

ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ Nd(III) ʥʘ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ɹʊʉ;  

ʉʠʩʭɹʊʉ = CʠʩʭNd(III)= 1,0Ö10-3ʤʦʣʴ/ʣ; l = 1,0 ʩʤ; 

ʖʅʀʂʆ-1201 

 

 
 

 

ʈʠʩ. 4. ʄʝʪʦʜ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ;  

ʉʠʩʭɹʊʉ = 1,0Ö10-3ʤʦʣʴ/ʣ; CʠʩʭNd(III)= 1,0Ö10-3ʤʦʣʴ/ʣ;  

l = 1,0 ʩʤ; ʖʅʀʂʆ-1201 

 

ʈʠʩ. 5. ɻʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ Nd(III) ʩ ɹʊʉ;  

ʉʠʩxɹʊʉ= 1,0Ö10-3 ʤʦʣʴ/ʣ; 

 CʠʩʭNd(III)= 1,0Ö10-3 ʤʦʣʴ/ʣ; l = 1,0 ʩʤ; 

 ʖʅʀʂʆ-1201 

 

ʇʦ ʢʨʠʚʦʡ ʥʘʩʳʱʝʥʠʷ ʨʘʩʩʯʠʪʘʥ ʠʩʪʠʥʥʳʡ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ ὑ = 1,38Ā104 [3]. 

ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʧʦʨʷʜʢʘ ʩʣʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ. ɺ ʩʠʩʪʝʤʝ Nd( ) ï ɹʊʉ ʫʩʪʘʥʦʚʣʝʥ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ 

ʩʣʠʚʘʥʠʷ: ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ Nd( ) (1,0Ā10-3 ʤʦʣʴ/ʣ) ʜʦʙʘʚʣʷʣʠ 

ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ɹʊʉ. 

ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʩʪʨʦʝʥ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ Nd( ) 

ʩ ɹʊʉ. ɿʘʢʦʥ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0,01442 ʜʦ 0,4327 ʤʛ/50 ʤʣ 

(ʨʠʩ. 5). 

ʉʭʦʜʠʤʦʩʪʴ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ 

ʤʝʪʦʜʦʤ çʚʚʝʜʝʥʦ-ʥʘʡʜʝʥʦè (ʪʘʙʣ. 2). ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʛʦʚʦʨʷʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ 

Nd(III).  
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ʊʘʙʣʠʮʘ 2 

ʆʮʝʥʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ (n=4, ʈ=0,95) 

ɺʚʝʜʝʥʦ, Nd(III), 

ʤʛ/50 ʤʣ 

ʅʘʡʜʝʥʦ Nd(III), 

ʤʛ/50 ʤʣ 
S 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʦʰʠʙʢʘ, % 

0,1803 0,1735Ñ0,0248 0,0156 3,77 

 

ʄʝʪʦʜʦʤ ʨʘʟʙʘʚʣʝʥʠʷ ɹʘʙʢʦ ʫʩʪʘʥʦʚʣʝʥʘ ʫʩʣʦʚʥʘʷ ʢʦʥʩʪʘʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ 

Nd(III) ʩ ɹʊʉ ï ɓMRn. = 1,34Ā104.  

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʈɸʉʊɺʆʈʀʊɽʃʗ ʀ ɼɽʇʈʆʊʆʅʀʈʋʖʑɽɻʆ 

ɸɻɽʅʊɸ ʅɸ ʈɽɸʂʎʀʖ ɸʃʂʀʃʀʈʆɺɸʅʀʗ 6H-ʀʅɼʆʃʆ[2,3-B]ʍʀʅʆʂʉɸʃʀʅɸ 

ʌɽʅɸʎʀʃɹʈʆʄʀɼʆʄ  
 

ɸʨʭʠʧʮʝʚ ʀ.ʉ., ʄʝʣʴʥʠʯʝʥʢʦ ɺ.ʕ. 

ʂʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʫʨʩʢ, ʈʦʩʩʠʷ 
 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʝʧʨʦʪʦʥʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ (ʢʘʨʙʦʥʘʪʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ) ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʩʠʥʪʝʟ 2-(6H-ʠʥʜʦʣ[2,3-b]ʭʠʥʦʢʩʘʣʠʥ-6-ʠʣ)-1-ʬʝʥʠʣʵʪʘʥ-1-ʦʥʘ. 

ʇʨʦʚʝʜʸʥ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɺʳʷʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʢʠʣʠʨʦʚʘʥʠʝ, ʬʝʥʘʮʠʣʙʨʦʤʠʜ, ʨʘʩʪʚʦʨʠʪʝʣʠ, ʧʦʣʷʨʥʦʩʪʴ. 

 

STUDY OF THE EFFECT OF SOLVENT AND DEPROTONATING AGENT  

ON THE ALKYLATION REACTION OF 6H -INDOLO[2,3 -B]QUINOXALINE  

WITH PHENACYL BROMIDE  
 

Arkhiptsev I.S., Melnichenko V.E. 

Kursk State University, Kursk, Russia 
 

The effect of various deprotonating agents (alkali metal carbonates) and solvents on the 

synthesis of 2-(6H-indolo[2,3-b]quinoxalin-6-yl)-1-phenylethan-1-one was studied. 

Chromatography-mass-spectrometric analysis of the reaction products was carried out. The 

dependence of the content of the main product on variable parameters was revealed.   

Keywords: alkylation, phenacyl bromide, solvents, polarity. 
 

ʇʨʦʠʟʚʦʜʥʳʝ 6H-ʠʥʜʦʣʦ[2,3-b]ʭʠʥʦʢʩʘʣʠʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʩ 

ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʙʦʨʴʙʳ ʩ 

ʧʘʪʦʛʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ [1]. ʈʝʘʢʮʠʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 6H-ʠʥʜʦʣʦ[2,3-b]ʭʠʥʦʢʩʘʣʠʥʘ 

ʬʝʥʘʮʠʣʙʨʦʤʠʜʦʤ (ʨʠʩ.) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʧʨʦʜʫʢʪʘ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʡ ʨʷʜ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʤʢʘʭ ʩʥʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʠʥʪʝʟ ʘʢʪʫʘʣʴʥʦʡ 

ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

 
ʈʠʩ. ʈʝʘʢʮʠʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 6ʅ-ʠʥʜʦʣʦ[2,3-b]ʭʠʥʦʢʩʘʣʠʥʘ ʬʝʥʘʮʠʣʙʨʦʤʠʜʦʤ 

 

 

___________________ 

É ɸʨʭʠʧʮʝʚ ʀ.ʉ., ʄʝʣʴʥʠʯʝʥʢʦ ɺ.ʕ., 2025 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʝʧʨʦʪʦʥʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʧʨʦʜʫʢʪʝ ʨʝʘʢʮʠʠ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ 6ʅ-ʠʥʜʦʣʦ[2,3-b]ʭʠʥʦʢʩʘʣʠʥʘ ʬʝʥʘʮʠʣʙʨʦʤʠʜʦʤ. 

ɼʣʷ ʥʘʯʘʣʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠʩʭʦʜʥʳʡ 6ʅ-ʠʥʜʦʣʦ[2,3-b]ʭʠʥʦʢʩʘʣʠʥ ʢʦʥʜʝʥʩʘʮʠʝʡ ʠʟʘʪʠʥʘ ʩ 

ʦʨʪʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ ʚ ʩʨʝʜʝ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ [2]. ʇʨʦʜʫʢʪ ʦʩʘʞʜʘʣʠ, 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʠ ʜʘʣʝʝ ʦʯʠʱʘʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʘʤʠ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ.  

ʉʠʥʪʝʟ 2-(6H-ʠʥʜʦʣʦ[2,3-b]ʭʠʥʦʢʩʘʣʠʥ-6-ʠʣ)-1-ʬʝʥʠʣʵʪʘʥ-1-ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʘʢʮʠʷʤ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʨʠ sp3-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʝʧʨʦʪʦʥʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʘʪʦʤʘ ʘʟʦʪʘ ʠʥʜʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ 

ʠʥʜʦʣʭʠʥʦʢʩʘʣʠʥʘ ʠ ʩʚʷʟʳʚʘʥʠʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʙʨʦʤʦʚʦʜʦʨʦʜʘ ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʨʙʦʥʘʪ ʢʘʣʠʷ [3]. ʅʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʝʩʪʠ 

ʨʝʘʢʮʠʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʦʩʥʦʚʘʥʠʡ, ʘ ʠʤʝʥʥʦ, ʢʘʨʙʦʥʘʪʦʚ ʣʠʪʠʷ, ʥʘʪʨʠʷ, 

ʮʝʟʠʷ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ. ʈʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʚ ʩʨʝʜʝ ʧʦʣʷʨʥʦʛʦ ʘʧʨʦʪʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʨʝʜʳ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʙʳʣʠ ʪʘʢʞʝ ʦʧʨʦʙʦʚʘʥʳ ʜʨʫʛʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, 

ʘ ʠʤʝʥʥʦ ʜʠʦʢʩʘʥ, ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, ʘʮʝʪʦʥʠʪʨʠʣ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʦʩʥʦʚʘʥʠʠ (ʢʘʨʙʦʥʘʪ 

ʢʘʣʠʷ).  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʢ ʩʤʝʩʠ 6H-ʠʥʜʦʣʦ[2,3-b]ʭʠʥʦʢʩʘʣʠʥʘ ʤʘʩʩʦʡ 1,0 ʛ (0,0046 ʤʦʣʴ) ʠ 

ʦʩʥʦʚʘʥʠʷ, ʚʟʷʪʦʛʦ ʚ ʜʚʫʢʨʘʪʥʦʤ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʠʟʙʳʪʢʝ, ʧʨʠʣʠʚʘʶʪ 20 ʤʣ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘʛʨʝʚʘʶʪ ʩʤʝʩʴ ʜʦ 80Áʉ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 30 ʤʠʥ. 

ɿʘʪʝʤ ʚʚʦʜʷʪ ʬʝʥʘʮʠʣʙʨʦʤʠʜ ʤʘʩʩʦʡ 0,9 ʛ (0,0046 ʤʦʣʴ) ʠ ʧʨʦʜʦʣʞʘʶʪ ʥʘʛʨʝʚ ʚ ʪʝʯʝʥʠʝ 120 

ʤʠʥ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 77-83Áʉ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʜʫʢʪʳ ʚʳʣʠʚʘʶʪ ʚ ʚʦʜʫ, 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʚʳʩʫʰʠʚʘʶʪ, ʘʥʘʣʠʟʠʨʫʶʪ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʝʧʨʦʪʦʥʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʪʘʙʣ. 1, 2). 

ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ ʜʝʧʨʦʪʦʥʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

 ̄ ɼʝʧʨʦʪʦʥʠʨʫʶʱʠʡ ʘʛʝʥʪ ʉʦʜʝʨʞʘʥʠʝ ʢʝʪʦʥʘ, % 

1 K2CO3 74,8 

2 KHCO3 47,2 

3 Na2CO3 48,6 

4 NaHCO3 45,9 

5 Li2CO3 31,1 

6 Cs2CO3 61,7 

 

ʂʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ Li2CO3, NaHCO3, KHCO3, Na2CO3, 

Cs2CO3, K2CO3. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʚ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʷʨʥʦʩʪʠ 

ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʨʘʜʠʫʩʘ ʘʪʦʤʘ ʤʝʪʘʣʣʘ. 

ɺʣʠ̫ʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʨʘʟʣʠʯʥʦʡ ʩʦʣʴʚʘʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʊʘʢ ʢʘʢ 

ʧʦʣʷʨʥʦʩʪʴ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢʠʤ-ʣʠʙʦ ʦʜʥʦʟʥʘʯʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʥʝʩʢʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʭ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʜʠʧʦʣʴʥʦʡ ʤʦʤʝʥʪ (ɛ), ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ὑ), ʜʦʥʦʨʥʦʝ 

(ʜ.ʯ.) ʠ ʘʢʮʝʧʪʦʨʥʦʝ ʯʠʩʣʦ (ʘ.ʯ.), ʚʝʣʠʯʠʥʘ ɼʠʤʨʦʪʘ-ʈʘʡʭʘʨʜʪʘ (ET). ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚʠʜʥʘ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʠ ʘʢʮʝʧʪʦʨʥʳʤ ʯʠʩʣʦʤ 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʚʝʣʠʯʠʥʳ ʘʙʩʦʣʶʪʥʦ ʨʘʟʥʳʝ ʧʦ ʩʚʦʝʡ ʩʫʪʠ. 
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ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

 ̄ ʈʘʩʪʚʦʨʠʪʝʣʴ 
ʇʘʨʘʤʝʪʨ ʉʦʜʝʨʞʘʥʠʝ 

ʢʝʪʦʥʘ, % ὑ ɛ, ɼ ʜ. ʯ. ɸ. ʯ. ET 

1 ɼʠʦʢʩʘʥ 2,2 0,40 14,8 10,8 0,164 23,3 

2 ɼʄʌɸ 36,7 3,82 26,6 16,0 0,404 43,4 

3 ɸʮʝʪʦʥʠʪʨʠʣ 36,0 3,92 14,1 18,9 0,460 44,2 

4 ɼʄʉʆ 46,0 3,96 29,8 19,3 0,444 54,9 

 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʝʪʦʥʘ ʧʨʠ ʝʛʦ ʧʦʚʳʰʝʥʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʚʣʠʷʥʠʝʤ ʩʦʣʴʚʘʪʘʮʠʠ ʥʝ ʧʦʜʝʣʸʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 

ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʙʨʦʤʠʜ-ʠʦʥʘ ʢʘʢ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʢʝʪʦʥʘ 

ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʚʝʣʠʯʠʥʳ ɼʠʤʨʦʪʘ-ʈʘʡʭʘʨʜʪʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʫʶ 

ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʦʪʤʝʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʜʥʦʟʥʘʯʥʘ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʣʠʷʥʠʷ ʜʦʥʦʨʥʦʛʦ ʯʠʩʣʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʯʸʪʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʢʘʨʙʦʥʘʪʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘ ʨʝʘʢʮʠʶ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 6ʅ-ʠʥʜʦʣʦ[2,3-b]ʭʠʥʦʢʩʘʣʠʥʘ ʬʝʥʘʮʠʣʙʨʦʤʠʜʦʤ. 

ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɼʄʉʆ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʧʨʦʪʦʥʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʇʈʀʄɽʅɽʅʀɽ ʉʖɾɽʊʅʆ-ʈʆʃɽɺʓʍ ʀɻʈ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʎʀʌʈʆɺʆʁ 

ʃɸɹʆʈɸʊʆʈʀʀ ʇʈʀ ʀɿʋʏɽʅʀʀ ʐʂʆʃʔʅʆɻʆ ʂʋʈʉɸ ʍʀʄʀʀ 

 

ɹʘʞʝʥʦʚʘ ʈ.ʈ.1, ʐʘʨʳʧʦʚʘ ʅ.ɺ.2 
1ʄʂʆʋ ʍʄʈ ʉʆʐ ʧ. ʂʨʘʩʥʦʣʝʥʠʥʩʢʠʡ, ʧ. ʂʨʘʩʥʦʣʝʥʠʥʩʢʠʡ, ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʠʡ ʨʘʡʦʥ, ʈʦʩʩʠʷ 
2ʐʘʜʨʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʐʘʜʨʠʥʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʶʞʝʪʥʦ-ʨʦʣʝʚʳʭ ʠʛʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʠʬʨʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʭʠʤʠʠ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʚʳʰʘʝʪ 

ʤʦʪʠʚʘʮʠʶ ʫʯʘʱʠʭʩʷ, ʫʣʫʯʰʘʝʪ ʧʦʥʠʤʘʥʠʝ ʠ ʫʩʚʦʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʬʦʨʤʠʨʫʝʪ ʠʥʪʝʨʝʩ ʢ 

ʧʨʝʜʤʝʪʫ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʜʯʝʨʢʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ 

ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʭʠʤʠʠ ʠ ʧʨʝʜʣʘʛʘʝʪ ʚʥʝʜʨʝʥʠʝ ʩʶʞʝʪʥʦ-ʨʦʣʝʚʳʭ ʠʛʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʶʞʝʪʥʦ-ʨʦʣʝʚʘʷ ʠʛʨʘ, ʮʠʬʨʦʚʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʬʝʜʝʨʘʣʴʥʘʷ ʨʘʙʦʯʘʷ 

ʧʨʦʛʨʘʤʤʘ, ʰʢʦʣʴʥʳʡ ʢʫʨʩ ʭʠʤʠʠ, ʭʠʤʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ. 

ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʜʦʩʢʠ, ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ, ʮʠʬʨʦʚʳʝ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ï ʚʩʝ ʵʪʦ ʘʢʪʠʚʥʦ ʚʭʦʜʠʪ ʚ ʧʨʘʢʪʠʢʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ʀ ʵʪʦ ʙʝʟʫʩʣʦʚʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ ʜʣʷ ʤʦʣʦʜʦʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʆʥʠ ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ 

ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. 

___________________ 

É ɹʘʞʝʥʦʚʘ ʈ.ʈ., ʐʘʨʳʧʦʚʘ ʅ.ɺ., 2025 
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ʆʜʥʘʢʦ, ʥʘ ʬʦʥʝ ʵʪʦʛʦ ʧʦʷʚʣʷʝʪʩʷ ʜʨʫʛʘʷ ʪʝʥʜʝʥʮʠʷ ï ʥʝʟʘʩʣʫʞʝʥʥʦʝ ʟʘʙʚʝʥʠʝ 

ʧʨʦʚʝʨʝʥʥʳʭ ʚʨʝʤʝʥʝʤ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʜʦʢʘʟʳʚʘʣʠ 

ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʣʫʙʦʢʠʭ ʠ ʧʨʦʯʥʳʭ 

ʟʥʘʥʠʡ. 

ɸ.ɺ. ʍʫʪʦʨʩʢʦʡ ʩʯʠʪʘʝʪ, ʯʪʦ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ ï ʵʪʦ ʦʙʷʟʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʦʩʥʘʱʝʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʚʤʝʩʪʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʝʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʝʜʤʝʪʥʫʶ ʩʨʝʜʫ (ʩʤ. ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ ʧʦ ɸ.ɺ. ʍʫʪʦʨʩʢʦʤʫ çʉʦʚʨʝʤʝʥʥʘʷ ʜʠʜʘʢʪʠʢʘè [1] 

ɺʠʜʳ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ ʇʨʠʤʝʨʳ 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ ʠʛʨʳ, ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ, ʧʝʯʘʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 

(ʧʣʘʢʘʪʳ), ʢʦʣʣʝʢʮʠʠ ʦʙʨʘʟʮʦʚ 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ ʮʠʬʨʦʚʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʢʥʠʛʠ, ʘʫʜʠʦ- ʠ ʚʠʜʝʦʬʘʡʣʳ 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʜʦʩʢʠ, ʧʨʦʝʢʪʦʨ, ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ 

 

ʇʨʦʜʦʣʞʘʷ ʨʘʩʩʫʞʜʘʪʴ ʦ ʧʦʠʩʢʝ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʠʥʥʦʚʘʮʠʷʤʠ ʠ ʪʨʘʜʠʮʠʷʤʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʚ ʩʝʙʝ ʜʦʩʪʦʠʥʩʪʚʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʨʘʟʚʠʪʠʷ. 

ʉʶʞʝʪʥʦ-ʨʦʣʝʚʘʷ ʠʛʨʘ ï ʵʪʦ ʩʨʝʜʩʪʚʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʶʱʠʤʩʷ 

ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʩʤʦʜʝʣʠʨʦʚʘʥʥʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʠ ʙʨʘʪʴ ʟʘ ʥʠʭ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, ʥʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʚ ʢʦʣʣʝʢʪʠʚʝ ʠ ʫʤʝʪʴ ʩʣʫʰʘʪʴ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʠʛʨʳ. 

ʉʶʞʝʪʥʦ-ʨʦʣʝʚʘʷ ʠʛʨʘ ʬʦʨʤʠʨʫʝʪ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʠ ʧʘʩʩʠʚʥʦʤ 

ʫʩʚʦʝʥʠʠ ʠ ʟʘʢʨʝʧʣʝʥʠʠ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʮʠʬʨʦʚʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ï ʵʪʦ ʩʨʝʜʩʪʚʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʥʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ. 

ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʩʨʝʜʩʪʚ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ 

ʫʯʝʥʠʢʠ ʥʝ ʧʨʦʩʪʦ ʧʦʣʫʯʘʶʪ ʟʥʘʥʠʷ, ʥʦ ʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪ ʠʭ ʥʘ ʧʨʘʢʪʠʢʝ, ʨʝʰʘʷ 

ʧʨʦʙʣʝʤʥʳʝ ʟʘʜʘʯʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʶʞʝʪʥʦ-ʨʦʣʝʚʦʡ ʠʛʨʳ [2]: 

1. ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʙʦʨ ʪʝʤʳ ʜʣʷ ʠʛʨʳ, ʨʘʟʨʘʙʦʪʢʘ ʩʶʞʝʪʘ ʠ 

ʧʝʨʩʦʥʘʞʝʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ, ʧʦʜʛʦʪʦʚʢʘ ʨʝʢʚʠʟʠʪʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʠʛʨʳ. 

2. ʆʩʥʦʚʥʦʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʘʤʦʡ ʠʛʨʝ. ʉʘʤʦʝ ʚʘʞʥʦʝ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ï ʩʦʙʣʶʜʘʪʴ 

ʧʨʘʚʠʣʘ ʠ ʩʶʞʝʪ ʠʛʨʳ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

3. ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ï ɻ ʪʦ ʟʘʚʝʨʰʝʥʠʝ ʠʛʨʳ ʠ ʨʝʬʣʝʢʩʠʷ, ʛʜʝ ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʩʤʦʞʝʪ 

ʧʦʣʫʯʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʠ ʚʳʩʢʘʟʘʪʴ ʩʚʦʝ ʤʥʝʥʠʝ. 

ʉʁ ʞʝʪʥʦ-ʨʦʣʝʚʘʷ ʠʛʨʘ ʠʤʝʝʪ ʩʚʦʝ ʤʝʩʪʦ ʚ ʧʨʦʛʨʘʤʤʝ, ʝʩʣʠ ʧʨʠʜʫʤʘʥ ʩʶʞʝʪ ʠ ʧʝʨʩʦʥʘʞʠ, 

ʫ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʘ ʨʦʣʴ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʧʨʠʤʝʥʝʥʠʷ ʜʘʪʯʠʢʦʚ ʮʠʬʨʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚʦ ʚʨʝʤʷ 
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ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʥʘʤʠ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʌʝʜʝʨʘʣʴʥʘʷ ʨʘʙʦʯʘʷ 

ʧʨʦʛʨʘʤʤʘ (ʙʘʟʦʚʘʷ) ʧʦ ʭʠʤʠʠ 10-11 ʢʣʘʩʩʦʚ (ʩʤ. ʪʘʙʣ. 2) [3]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʌʝʜʝʨʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ (ʙʘʟʦʚʦʡ) ʧʦ ʭʠʤʠʠ 10-11 ʢʣʘʩʩʦʚ 

[4] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʦʛʨʘʥʠʯʝʥʦ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʮʠʬʨʦʚʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

 

ʊʘʙʣʠʮʘ 2 

ɸʥʘʣʠʟ ʌʝʜʝʨʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʧʨʝʜʤʝʪʫ çʍʠʤʠʷè ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ  

10-11 ʢʣʘʩʩʳ ʥʘ ʧʨʝʜʤʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʂʣʘʩʩ ʈʘʟʜʝʣ ʧʨʦʛʨʘʤʤʳ 
ʊʝʤʳ ʫʯʝʙʥʦʛʦ 

ʧʨʝʜʤʝʪʘ 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʨʘʙʦʪʳ 

ʅʘʟʚʘʥʠʝ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʜʘʪʯʠʢʘ 

10 ʂʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʋʛʣʝʚʦʜʳ ʉʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʘ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ɼʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʳ 

ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ɸʤʠʥʳ. 

ɸʤʠʥʦʢʠʩʣʦʪʳ. 

ɹʝʣʢʠ 

ɼʝʥʘʪʫʨʘʮʠʷ 

ʙʝʣʢʦʚ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ 

pH ʜʘʪʯʠʢ, ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʳ 

11 ʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʭʠʤʠʠ 

ʍʠʤʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ 

ʆʧʨʝʜʝʣʝʥʠʝ 

ʩʨʝʜʳ ʨʘʩʪʚʦʨʦʚ 

ʚʝʱʝʩʪʚ ʩ 

ʧʦʤʦʱʴʶ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʠʥʜʠʢʘʪʦʨʘ 

pH ʜʘʪʯʠʢ 

ɺʣʠʷʥʠʝ 

ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ 

ʩʢʦʨʦʩʪʴ 

ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ 

pH ʜʘʪʯʠʢ, ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʘʪʯʠʢ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ 

ʭʠʤʠʷ 

ʄʝʪʘʣʣʳ ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʛʠʜʨʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʩ 

ʨʘʩʪʚʦʨʘʤʠ ʢʠʩʣʦʪ 

ʠ ʱʝʣʦʯʝʡ 

pH ʜʘʪʯʠʢ 

ʅʝʤʝʪʘʣʣʳ ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʜʠ ʩ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ 

ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 

ɼʘʪʯʠʢ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ 

 

ʇʨʦʛʨʘʤʤʘ ʜʝʩʷʪʦʛʦ ʢʣʘʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʭʠʤʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ 10 

ʢʣʘʩʩʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʜʝʣʘ 

çʂʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷè, pH ʜʘʪʯʠʢʘ ʠ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 
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ʠʟʫʯʝʥʠʠ ʨʘʟʜʝʣʘ çɸʟʦʪʦʩʦʜʝʨʞʘʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷè ʚʦ ʚʨʝʤʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

çɼʝʥʘʪʫʨʘʮʠʷ ʙʝʣʢʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠè ʵʪʦ ʨʷʜ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʦʧʳʪʦʚ, ʢʦʪʦʨʳʝ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʝʥʘʪʫʨʘʮʠʶ ʙʝʣʢʘ, ʠʣʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʨʝʘʢʮʠʠ ʥʘ ʙʝʣʢʠ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʶʞʝʪʥʦ-ʨʦʣʝʚʦʡ ʠʛʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʘ 

ʚʟʷʪʘ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ çʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʜʝʥʘʪʫʨʘʮʠʶ ʙʝʣʢʘè. ʉʶʞʝʪ ʠʛʨʳ 

ʟʘʢʨʫʯʠʚʘʝʪʩʷ ʚ ʢʨʫʧʥʦʡ ʧʠʱʝʚʦʡ ʢʦʤʧʘʥʠʠ çɹʝʣʢʦʚʳʡ ʨʘʡè, ʫ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʣʠ ʧʨʦʙʣʝʤʳ 

ʩ ʢʘʯʝʩʪʚʦʤ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʠʤʝʥʥʦ ʨʘʟʨʫʰʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʉʦʚʝʪ ʜʠʨʝʢʪʦʨʦʚ ʩʦʙʨʘʣ ʛʨʫʧʧʫ ʵʢʩʧʝʨʪʦʚ ʜʣʷ ʚʳʷʩʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʦʚʣʠʷʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʘ. ɻʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʝʣʦʚʝʢ: ʠʥʞʝʥʝʨʘ-ʭʠʤʠʢʘ, ʣʘʙʦʨʘʥʪʘ ʠ ʭʠʤʠʢʘ-

ʘʥʘʣʠʪʠʢʘ (ʩʤ. ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʘ 3 

ʈʦʣʠ ʩʶʞʝʪʥʦ-ʨʦʣʝʚʦʡ ʠʛʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʪʯʠʢʦʚ ʮʠʬʨʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ 

ʦʙʫʯʘʶʱʠʭʩʷ 10 ʢʣʘʩʩʘ ʥʘ ʪʝʤʫ çʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʜʝʥʘʪʫʨʘʮʠʶ ʙʝʣʢʘè 

ʈʦʣʴ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɼʠʨʝʢʪʦʨ ʧʠʱʝʚʦʡ 

ʢʦʤʧʘʥʠʠ 

ʋʯʠʪʝʣʴ ʭʠʤʠʠ 

ʀʥʞʝʥʝʨ-ʭʠʤʠʢ ʆʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʪʨʦʣʴ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʦ ʚʨʝʤʷ ʠʛʨʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʛʦʪʦʚʢʫ ʜʘʪʯʠʢʦʚ ʮʠʬʨʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. 

ɺ ʥʘʯʘʣʝ ʠʛʨʳ ʚʳʜʘʝʪʩʷ ʞʫʨʥʘʣ ʩ ʦʧʠʩʘʥʠʷʤʠ ʨʝʘʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠ ʧʦʣʝ ʜʣʷ ʟʘʧʠʩʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʢʮʠʠ. 

ʃʘʙʦʨʘʥʪ ɺʳʧʦʣʥʷʝʪ ʨʝʘʢʮʠʠ ʧʦʜ ʫʢʘʟʘʥʠʝʤ ʠʥʞʝʥʝʨʘ-ʭʠʤʠʢʘ ʠ 

ʩʦʦʙʱʘʝʪ ʨʝʟʫʣʴʪʘʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 

ʍʠʤʠʢ-ʘʥʘʣʠʪʠʢ ʆʪʚʝʯʘʝʪ ʟʘ ʘʥʘʣʠʟ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʜʘʪʯʠʢʦʚ ʮʠʬʨʦʚʳʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʠ ʪʘʢʞʝ ʩʦʦʙʱʘʝʪ 

ʨʝʟʫʣʴʪʘʪʳ ʠʥʞʝʥʝʨʫ-ʭʠʤʠʢʫ. 

 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʛʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʜʘʪʯʠʢʘ: pH ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʝʥʘʪʫʨʘʮʠʶ ʙʝʣʢʘ 

ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. pH ʜʘʪʯʠʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ. ʆʙʫʯʘʶʱʠʝʩʷ ʠʟʤʝʨʷʶʪ ʩʨʝʜʫ ʚʝʱʝʩʪʚʘ (ʚʝʱʝʩʪʚʘ ʥʝ ʧʦʜʧʠʩʘʥʳ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʙʠʨʢʘʭ), ʩ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʘ, ʠ ʚʳʷʩʥʷʶʪ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ, ʦʙʫʯʘʶʱʠʝʩʷ ʧʨʝʟʝʥʪʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʜʠʨʝʢʪʦʨʫ ʧʠʱʝʚʦʡ ʢʦʤʧʘʥʠʠ çɹʝʣʢʦʚʳʡ ʨʘʡè ʠ ʜʝʣʘʶʪ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʢʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʤʦʛʣʠ ʧʦʚʣʠʷʪʴ ʥʘ ʜʝʥʘʪʫʨʘʮʠʶ ʙʝʣʢʘ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʠʛʨʦʚʦʛʦ ʧʦʜʭʦʜʘ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʦʟʚʦʣʠʣʘ ʩʦʟʜʘʪʴ ʫʚʣʝʢʘʪʝʣʴʥʫʶ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ, ʟʥʘʯʠʪʝʣʴʥʦ 



34 
 

ʧʦʚʳʩʠʚ ʠʥʪʝʨʝʩ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʠʟʫʯʝʥʠʶ ʭʠʤʠʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʡ ʦʙʫʯʘʶʱʠʝʩʷ 

ʩʤʦʛʣʠ ʧʨʠʤʝʥʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʫʨʦʢʝ, ʠ ʫʚʠʜʝʪʴ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ 

ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʩʶʞʝʪʥʦ-ʨʦʣʝʚʦʡ ʠʛʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʧʦʚʳʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʶ ʢʣʶʯʝʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʫʯʘʱʠʭʩʷ 10 ʢʣʘʩʩʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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The work is devoted to the study of the fungistatic and phototoxic properties of new 

compositions of potassium salts in relation to dicotyledonous class crops. The results of laboratory 

experiments demonstrating the effectiveness of these compositions in suppressing the growth of 

hytopathogenic microorganisms and their effect on the phytoeffect of plant growth are presented. 

Based on a comprehensive analysis of the data obtained, the prospects for the introduction of these 

compositions into agricultural production are assessed. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʬʫʥʛʠʮʠʜʘʤ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ 

ʩ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʘʩʪʝʥʠʷ 

ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʟʘʜʘʯʫ.  ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢʘʣʠʝʚʳʝ ʩʦʣʠ 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʙʣʘʛʦʜʘʨʷ ʠʭ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ 

ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝ ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ) ʠ 

ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʴ (ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ) ʥʦʚʳʭ ʢʘʣʠʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ.  
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʮʝʥʢʘ ʠʭ ʧʦʪʝʥʮʠʘʣʘ ʢʘʢ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ 

ʧʦʜʘʚʣʝʥʠʝ ʧʘʪʦʛʝʥʦʚ ʩʦ ʩʪʠʤʫʣʷʮʠʝʡ ʨʦʩʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʤʦʛʫʪ ʨʘʩʰʠʨʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʵʢʦʣʦʛʠʯʥʳʭ ʬʫʥʛʠʮʠʜʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ.  ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʡ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢ ʭʘʨʘʢʪʝʨʥʳʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʝʩʪ ʧʨʦʨʘʩʪʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʚʠʜʘ ʟʝʨʥʘ.  

ʄʦʜʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʙʳ ʩʝʤʷʥ 

ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʠ ʚʟʷʪʳ ʩʝʤʝʥʘ ʦʚʩʘ çʂʠʨʦʚʩʢʠʡ Zè. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʙʫʜʝʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʨʘʟʚʝʜʝʥʠʶ. ɼʣʷ ʦʮʝʥʢʠ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ 

ʜʠʢʝʪʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʱʝʧʨʠʥʷʪʳʡ ʤʝʪʦʜ ʜʚʫʢʨʘʪʥʳʭ ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʚ ʞʠʜʢʦʡ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʜʣʷ ʤʠʢʨʦʤʘʩʰʪʘʙʥʦʛʦ ʬʦʨʤʘʪʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ 

ʚʳʙʨʘʥ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʚʳʩʦʢʦʡ ʠ ʪʦʯʥʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʝʪʦʜʫ 

ʚʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʝʩʪʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʦʙʨʘʟʮʦʚ, ʯʪʦ ʧʦʜʭʦʜʠʪ ʧʦʜ ʜʘʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ. ʇʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ ʩʚʦʡʩʪʚʘ 0,3% ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ ʜʠʢʝʪʦʥʦʚ ʠʟʫʯʘʣʠ ʥʘ 4-ʭ 

ʤʠʢʨʦʤʠʮʝʪʘʭ ï Aspergillus spp., Alternaria spp., Fusarium spp. ʠ Helminthosporium spp., 

ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʩʝʤʷʥ ʦʚʩʘ. ʉʫʩʧʝʥʟʠʶ ʠʟ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʛʦʪʦʚʠʣʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʝ ʠʟ 14-ʪʠ ʩʫʪʦʯʥʦʡ ʘʛʘʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʩʪʘʥʜʘʨʪʫ ʤʫʪʥʦʩʪʠ (ʆʉʆ), ʥʘ 

5 ʄɽ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʥʩʠʪʦʤʝʪʨʘ. ʇʦʩʣʝ ʯʝʛʦ ʨʘʙʦʯʠʡ ʠʥʦʢʫʣʷʪ ʨʘʟʚʦʜʠʣʠ 1:20 ʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ çʉʘʙʫʨʦè ʠ ʚʥʦʩʠʣʠ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ ʧʣʘʥʰʝʪʘ ʧʦ 150 ʤʢʣ. ɺ ʣʫʥʢʘʭ 

ʩʪʝʨʠʣʴʥʦʛʦ 96 ʣʫʥʦʯʥʦʛʦ ʧʣʦʩʢʦʜʦʥʥʦʛʦ ʤʠʢʨʦʧʣʘʥʰʝʪʘ ʬʦʨʤʠʨʦʚʘʣʠ ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʨʷʜʘ ʜʚʫʢʨʘʪʥʳʭ ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʪʝʩʪʠʨʫʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʙʫʣʴʦʥʝ çʉʘʙʫʨʦè, ʩ 

ʛʨʘʜʠʝʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʦʪ 0,3% ʜʦ 0,01%. ɺ ʢʘʞʜʦʡ ʣʫʥʢʝ ʩʦʜʝʨʞʘʣʦʩʴ 150 ʤʢʣ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʧʳʪʫʝʤʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ 150 ʤʢʣ ʠʥʦʢʫʣʷʪʘ ʚʳʜʝʣʝʥʥʦʡ 

ʛʨʠʙʢʦʚʦʡ ʢʫʣʴʪʫʨʳ. ɺ ʧʦʩʣʝʜʥʠʭ ʨʷʜʘʭ ʩʦʜʝʨʞʘʣʘʩʴ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʠ ʢʫʣʴʪʫʨʘ ʚ ʨʘʚʥʳʭ 

ʦʙʲʝʤʘʭ (ʢʦʥʪʨʦʣʴ). ʄʠʢʨʦʧʣʘʥʰʝʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Epoch ʠ 

ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 540 ʥʤ ʯʝʨʝʟ 24 

ʯʘʩʘ ʠʥʢʫʙʘʮʠʠ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çGen 5è 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ. ʄʠʥʠʤʘʣʴʥʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ 

ʥʘʠʤʝʥʴʰʫʶ ʜʦʟʫ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʣʠ ʧʦʣʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʚʠʟʫʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʤʠʮʝʣʠʘʣʴʥʦʡ ʢʦʣʦʥʠʟʘʮʠʠ. ʇʦʩʣʝʜʥʷʷ ʣʫʥʢʘ ʨʷʜʘ ʩ 

ʟʘʜʝʨʞʢʦʡ ʨʦʩʪʘ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʨʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʢʦʥʪʨʦʣʴʥʦʡ ʣʫʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʜʘʚʣʷʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʩʪʚʦʨʳ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ ʜʠʢʝʪʦʥʦʚ ʧʨʦʷʚʣʷʶʪ 

ʚʳʨʘʞʝʥʥʦʝ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʫʣʴʪʫʨ ʛʨʠʙʦʚ, 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʷ ʠʭ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0,03 ï 0,075%. ɼʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠʣʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ.  
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ʊʘʙʣʠʮʘ 1 

ʆʮʝʥʢʘ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ 

ˉ ʐʠʬʨ 

ʉʪʨʫʢʪʫʨʥʘʷ 

ʬʦʨʤʫʣʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʢʛ/ʤʣ 

Aspergillus 

spp. 

Alternaria 

spp. 

Helminthosporium 

spp. 

Fusarium 

spp. 

ʄʌʂ ï% 

1 ʃʠʩ-85 
 

0,037 0,075 0,037 0,075 

2 ʃʠʩ-86 

 

0,037 0,075 0,075 0,075 

3 ʃʠʩ-87 

 

0,037 0,075 0,075 0,075 

4 ʃʠʩ-88 

 

0,037 0,075 0,075 0,075 

5 ʃʠʩ-89 

 

0,037 0,075 0,037 0,075 

6 ʃʠʩ-109 

 

0,037 0,075 0,075 0,075 

7 ʃʠʩ-24 
 

0,075 0,037 0,075 0,075 

8 ʂʦʥʪʨʦʣʴ  H2O  + +  +  +  

ʇʨʠʤʝʯʘʥʠʝ: *ʄʌʂ-ʤʠʥʠʤʘʣʴʥʘʷ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ; ç+è ï ʨʦʩʪ ʢʫʣʴʪʫʨ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ.  
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ʇʦʤʠʤʦ ʠʟʫʯʝʥʠʷ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʝʧʘʨʘʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʟʘʱʠʪʝ ʨʘʩʪʝʥʠʡ.   

ʆʮʝʥʢʘ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʝʨʠʣʴʥʦʩʪʠ ʚ ʢʘʞʜʫʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʫʶ ʩʧʠʨʪʦʚʦʡ ʩʘʣʬʝʪʢʦʡ ʯʘʰʢʫ ʇʝʪʨʠ, 

ʧʦʢʨʳʪʫʶ ʩʣʦʝʤ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ, ʩ ʧʦʤʦʱʴʶ ʧʠʥʮʝʪʘ ʧʦʤʝʱʘʣʠ ʧʦ 20 ʦʪʦʙʨʘʥʥʳʭ 

ʩʝʤʷʥ ʦʚʩʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ ʟʥʘʯʠʤʦʩʪʴ, ʢʘʢ ʠʥʜʠʢʘʪʦʨʘ 

ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʦʧʘʩʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʧʦʯʚʳ. ɿʘ ʪʝʩʪ-ʬʫʥʢʮʠʶ 

ʧʨʠʥʠʤʘʣʘʩʴ ʜʣʠʥʘ ʢʦʨʥʝʡ ʧʨʦʨʦʩʪʢʦʚ ʩʝʤʷʥ ʦʚʩʘ, ʬʠʢʩʠʨʫʝʤʘʷ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ 

ʧʨʦʙʘʭ ʯʝʨʝʟ 7 ʩʫʪʦʢ ʦʪ ʥʘʯʘʣʘ ʚʦʟʜʝʡʩʪʚʠʷ. ʂʨʠʪʝʨʠʝʤ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʣʘʩʴ 

ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ ʪʦʨʤʦʞʝʥʠʷ ʨʦʩʪʘ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ [3]. 

ɿʘʪʝʤ ʚ ʦʧʳʪʥʳʝ ʯʘʰʢʠ ʇʝʪʨʠ ʩ ʧʦʤʦʱʴʶ ʧʠʧʝʪʢʠ ʚʥʦʩʠʣʠ ʧʦ 5ʤʣ ʠʩʧʳʪʫʝʤʳʭ 

ʨʘʩʪʚʦʨʦʚ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ ʜʠʢʝʪʦʥʦʚ ʚ ʦʧʪʠʤʘʣʴʥʦʡ, ʧʦ ʧʨʦʚʝʜʝʥʥʦʡ ʦʮʝʥʢʝ, 

ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʚʥʦʡ 0,03%. ɺ ʢʦʥʪʨʦʣʴʥʳʝ ʯʘʰʢʠ ʇʝʪʨʠ 

ʚʥʦʩʠʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. ʇʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 23Áʉ ʥʘ 7 ʩʫʪʦʢ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ [4]. ʌʠʪʦʵʬʬʝʢʪ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 2.  

 

ʊʘʙʣʠʮʘ 2  

ʆʮʝʥʢʘ ʬʠʪʦʵʬʬʝʢʪʘ ʯʝʨʝʟ 7 ʩʫʪʦʢ  

ʅʘʟʚʘʥʠʝ 

ʢʦʤʧʦʟʠʮʠʠ  

ʂʦʥʪʨʦʣʴ 

(H20) 
ʃʠʩ-85 ʃʠʩ-86 ʃʠʩ-87 ʃʠʩ-88 ʃʠʩ-89 ʃʠʩ-109  ʃʠʩ-24 

ɼʣʠʥʘ ʢʦʨʥʷ, 

% ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ 

100% 100% 100% 95% 90% 95% 84% 90% 

  

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʠʜʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,03% ʥʝ ʠʥʛʠʙʠʨʫʝʪ 

ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʢʦʥʪʨʦʣʝʤ ʩ ʢʦʥʪʨʦʣʝʤ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʪʘʙʣʠʮʳ 2 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ.). 

  

 
ʈʠʩ. ʆʮʝʥʢʘ ʬʠʪʦʵʬʬʝʢʪʘ ʢʦʤʧʦʟʠʮʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,03% 

75%

80%

85%

90%

95%

100%

105%

ʂʦʥʪʨʦʣʴʃʠʩ-85 ʃʠʩ-86 ʃʠʩ-87 ʃʠʩ-88 ʃʠʩ-89 ʃʠʩ-109 ʃʠʩ-24

ɼʣʠʥʘ ʢʦʨʥʷ (%), ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ
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ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʦ ʛʠʛʠʝʥʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʇɼʂ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ, ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʥʘ ʪʘʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʘʷ ʚʳʟʚʘʣʘ ʪʦʨʤʦʞʝʥʠʝ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʡ ʧʨʦʨʦʩʪʢʦʚ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 20 % 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ [5]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ 

ʦʢʘʟʳʚʘʶʪ ʩʣʘʙʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪ ʢʦʨʥʝʡ, ʧʦʜʘʚʣʷʷ ʠʭ ʨʘʟʚʠʪʠʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 

20%. ʊʘʢʦʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʇʦʩʢʦʣʴʢʫ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 20%, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʠ ʢʦʤʧʦʟʠʮʠʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʫʛʥʝʪʘʶʱʝʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʚ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪ ʨʘʩʪʝʥʠʡ.  

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʫʝʤʳʝ ʢʘʣʠʝʚʳʝ ʩʦʣʠ ʧʨʦʷʚʣʷʶʪ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝ ʛʨʠʙʢʦʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʉʦʯʝʪʘʥʠʝ 

ʩʣʘʙʦʛʦ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʥʠ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʛʦ ʵʬʬʝʢʪʘ ʜʝʣʘʝʪ ʜʘʥʥʳʝ 

ʢʦʤʧʦʟʠʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʧʘʨʘʪʦʚ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʥʘʧʨʠʤʝʨ, ʚ 

ʢʘʯʝʩʪʚʝ ʤʷʛʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʦʡ ʦʪ ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʬʠʪʦʵʬʬʝʢʪ, ʢʘʣʠʝʚʳʝ ʩʦʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʠʭ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʂʆʃʀʏɽʉʊɺɸ ʉʆʈɹɽʅʊɸ 

ʅɸ ʉʊɽʇɽʅʔ ʀɿɺʃɽʏɽʅʀʗ ʊʆʂʉʀʏʅʓʍ ɺɽʑɽʉʊɺ 

 

ɹʫʣʢʠʥ ʉ.ɸ. 

ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʟʘʱʠʪʳ ʄʏʉ ʈʦʩʩʠʠ, ʍʠʤʢʠ, ʈʦʩʩʠʷ 

 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʚʠʪʠʷ ʩʠʪʫʘʮʠʠ ʩ ʨʘʟʣʠʚʦʤ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩʧʦʩʦʙʦʚ 

ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʘ ʥʝ ʫʯʠʪʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʧʨʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʨʝʜʣʦʞʝʥʥʳʤ ʦʪʥʦʰʝʥʠʝʤ. ɺʢʣʶʯʝʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʢ ʧʦʨʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʪ ʥʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʙʨʘʥʥʳʤ ʩʳʧʫʯʠʡ ʤʘʪʝʨʠʘʣ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʣʠʢʚʠʜʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʣʠʢʚʠʜʘʮʠʷ ʨʘʟʣʠʚʘ, ʩʦʨʙʮʠʷ. 

 

INVESTIGATION OF THE EFFECT OF THE AMOUNT OF SORBENT  

ON THE DEGREE OF EXTRACTION OF TOXIC SUBSTANCES  

 

Bulkin S.A. 

The Civil Defence Academy of EMERCOM of Russia, Khimki, Russia 

 

The various scenarios for the development of the chemical spill situation include various 

factors. The existing methodological recommendations for spill response methods do not consider 

the effectiveness of the use of bulk material but are limited to the proposed ratio when using it. The 

inclusion of parameters such as parametric characteristics and the degree of extraction of compounds 

will allow the most efficient use of the selected bulk material as a sorbent during liquidation. 

Keywords: toxic substances, spill response, sorption. 

 

ʅʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʨʘʥʷʱʠʭʩʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʙʲʝʢʪʘʭ ʵʢʦʥʦʤʠʢʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʩ ʧʦʧʘʜʘʥʠʝʤ 

ʠʭ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʅʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʩʧʦʩʦʙʦʚ ʣʠʢʚʠʜʘʮʠʠ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʨʘʞʝʥʠʷ. ʉʧʦʩʦʙʳ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʘ ʪʦʢʩʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʟʘʯʘʩʪʫʶ ʟʘʚʠʩʷʪ ʦʪ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʟʦʥʝ ʣʠʢʚʠʜʘʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʛʘʟʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʡʪʨʘʣʠʟʫʶʪ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʚʝʩ, ʪʚʝʨʜʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʙʦʨʫ ʚ ʝʤʢʦʩʪʠ. ʅʘʠʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ 

ʣʠʢʚʠʜʘʮʠʠ ʞʠʜʢʠʭ ʬʘʟ. ɾʠʜʢʠʝ ʩʨʝʜʳ ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʜʠʘʧʘʟʦʥʳ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ: 

pH, ʪʝʢʫʯʝʩʪʴ, ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʫʜʦʙʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʦʚ. ɺ 

ʧʨʦʮʝʩʩʝ ʣʠʢʚʠʜʘʮʠʠ ʞʠʜʢʠʭ ʬʘʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʟʘʩʳʧʢʘ 

ʩʳʧʫʯʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ [1, 2].  

___________________ 
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ɺ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʫʢʘʟʳʚʘʝʪʩʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʷ 

ʪʦʢʩʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢ ʩʳʧʫʯʝʤʫ ʤʘʪʝʨʠʘʣʫ ʢʘʢ 1:3-4. ʆʜʥʘʢʦ, ʧʨʦʚʦʜʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʨʘʩʯʝʪ ʟʘʧʘʩʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ. 

ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʜʘʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨ ʩʦʨʙʝʥʪʦʚ ʠ ʩʫʙʩʪʨʘʪʘ ʧʦʣʫʯʘʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʙʦʨʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʘʢʠʭ ʧʘʨ. ʅʦ ʚ 

ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ. ɺʦ-ʧʝʨʚʳʭ, ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʠʭ ʛʨʘʥʠʮ 

ʢʦʥʪʘʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʠʤʦ ʧʨʦʚʝʜʝʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ. ɺʦ-ʚʪʦʨʳʭ, ʧʦʣʫʯʝʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪ ʩʨʘʚʥʠʚʘʪʴ 

ʨʘʟʥʳʝ ʩʳʧʫʯʠʝ ʤʘʪʝʨʠʘʣʳ ʢ ʩʨʦʜʩʪʚʫ ʩʫʙʩʪʨʘʪʘ, ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʠ 

ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʤʝʥʝʥʠʶ ʪʦʣʱʠʥʳ ʩʣʦʷ 

ʩʳʧʫʯʝʛʦ ʩʦʨʙʝʥʪʘ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ ʚʳʩʦʪʫ, ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʨʘʙʦʪʳ ʚʩʝʛʦ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʘ ʢ ʟʘʩʳʧʢʝ ʚ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʦʣʱʠʥʝ ʩʣʦʷ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʥʘʠʣʫʯʰʠʡ ʚʘʨʠʘʥʪ ʩʦʦʪʥʦʰʝʥʠʷ, ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʚʷʟʳʚʘʥʠʷ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʟʣʦʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʨʙʮʠʦʥʥʦʤʫ 

ʧʨʦʮʝʩʩʫ ʚʝʱʝʩʪʚ. ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʩʳʧʫʯʠʭ 

ʩʦʨʙʝʥʪʦʚ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʤʘʪʝʨʠʘʣʘʤ ʧʨʠʨʦʜʥʦʛʦ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʷʟʘʥ ʩ ʪʝʦʨʠʝʡ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʝʥʪʘ, ʝʛʦ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ. 

ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʦʨʙʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʝʛʦ ʚ ʟʘʩʳʧʢʝ. ʀʟ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʦʣʱʠʥʘ 

ʩʣʦʷ ʟʘʩʳʧʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 15 ʩʤ. ʊʘʢʞʝ ʚ ʨʘʩʯʝʪʘʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʣʦʱʘʜʠ 

ʩʚʦʙʦʜʥʦʛʦ ʨʘʟʣʠʚʘ ʪʦʣʱʠʥʘ ʩʣʦʷ ʞʠʜʢʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 5 ʩʤ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʙʝʥʪʘ ʥʘ 100% ʥʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʙʦʣʝʝ 50% ʝʛʦ ʪʦʣʱʠʥʳ 

ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ ʬʘʢʪʫ, ʯʪʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʩʣʦʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʩʦʨʙʝʥʪʘ 

ʠ ʟʘʤʝʥʳ ʝʛʦ ʥʘ ʥʦʚʳʡ ʙʦʣʝʝ 50% ʝʛʦ ʤʘʩʩʳ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʪʦʨʥʦ. 

ɺʣʠʷʥʠʝ ʤʘʩʩʳ ʩʦʨʙʝʥʪʘ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʚʝʱʝʩʪʚʘ ʠʟ ʚʦʜʥʦʡ ʬʘʟʳ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʧʝʨʝʭʦʜʷʱʝʛʦ ʠʟ ʚʦʜʥʦʡ ʬʘʟʳ ʥʘ ʩʦʨʙʝʥʪ, ʟʘʚʠʩʠʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʥʘʯʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʝʱʝʩʪʚʘ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʜʚʫʭ ʬʘʟ. ɺ ʩʣʫʯʘʝ ʩʦʨʙʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʜʘʥʥʦʛʦ ʩʦʨʙʝʥʪʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʚʝʣʠʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʳ ʩʦʨʙʝʥʪʘ ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʦʙʱʝʛʦ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʝʱʝʩʪʚʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘʟʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʝʛʦ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦʨʙʝʥʪʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʦʩʦʤ ʚ ʦʙʲʝʤ ʧʦʨ. 

ʉʦʨʙʮʠʷ, ʢʘʢ ʧʨʦʮʝʩʩ ʧʦʛʣʦʱʝʥʠʷ ʚʝʱʝʩʪʚʘ (ʩʦʙʨʘʪʘ) ʠʟ ʞʠʜʢʦʡ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʘʟʳ 

ʪʚʝʨʜʳʤ ʠʣʠ ʞʠʜʢʠʤ ʪʝʣʦʤ (ʩʦʨʙʝʥʪʦʤ), ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚʦ ʤʥʦʞʝʩʪʚʝ ʦʙʣʘʩʪʝʡ, ʦʪ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʜʦ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʢʘʪʘʣʠʟʘ. ʉʪʝʧʝʥʴ ʧʦʛʣʦʱʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʨʘʪʘ, ʧʦʛʣʦʱʝʥʥʦʛʦ ʩʦʨʙʝʥʪʦʤ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ. ʅʘ ʩʪʝʧʝʥʴ ʧʦʛʣʦʱʝʥʠʷ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʧʨʠʨʦʜʫ ʩʦʙʨʘʪʘ ʠ ʩʦʨʙʝʥʪʘ, ʫʩʣʦʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, pH) ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʨʙʝʥʪʘ, ʪʘʢʠʝ ʢʘʢ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʨʠʩʪʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʨʙʝʥʪʦʚ ʥʘ ʩʪʝʧʝʥʴ ʧʦʛʣʦʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 
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ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʜʦʣʷ ʠʟʚʣʝʯʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ώ ρππϷ, (1) 

ʛʜʝ ώ ï ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, %, ὅ ʠ ὅ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ 

ʥʘʯʘʣʝ ʦʧʳʪʘ ʠ ʯʝʨʝʟ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ, ʤʛ/ʣ. 

ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʠʚʦʜʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʣʠʷʥʠʷ ʧʦʨʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʜʩʦʨʙʝʥʪʦʚ ʥʘ ʩʦʨʙʮʠʶ [3, 4]. ʇʦʨʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʦʙʲʝʤ ʧʦʨ, ʚʣʠʷʶʪ ʥʘ ʩʪʝʧʝʥʴ ʠ ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ 

ʦʧʨʝʜʝʣʷʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʤʦʣʝʢʫʣ ʘʜʩʦʨʙʘʪʘ ʢ ʤʝʩʪʘʤ ʘʜʩʦʨʙʮʠʠ. ʇʦʨʳ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʤʦʛʫʪ 

ʚʤʝʱʘʪʴ ʤʦʣʝʢʫʣʳ ʘʜʩʦʨʙʘʪʘ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ. ʍʦʪʷ ʥʝʙʦʣʴʰʠʝ ʤʠʢʨʦʧʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʥʝʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣ, ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʤʘʢʨʦʧʦʨʳ ʣʫʯʰʝ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʦʙʲʝʤʥʳʭ ʤʦʣʝʢʫʣ. ʅʘʣʠʯʠʝ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʘʟʤʝʨʦʚ ʧʦʨ 

ʧʦʚʳʰʘʝʪ ʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʩ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪ ʙʦʣʝʝ 

ʦʙʰʠʨʥʫʶ ʩʝʪʴ ʧʦʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʤʦʣʝʢʫʣ ʘʜʩʦʨʙʘʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʨ 

ʚʥʫʪʨʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʦʙʲʝʤ ʧʦʨ, ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʘʜʩʦʨʙʘʪʘ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʦʤʝʩʪʠʪʴʩʷ. ɹʦʣʴʰʠʡ ʦʙʲʝʤ ʧʦʨ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʤʘʩʩʦʧʝʨʝʥʦʩ ʠ 

ʫʣʫʯʰʝʥʥʫʶ ʜʠʬʬʫʟʠʶ ʤʦʣʝʢʫʣ ʘʜʩʦʨʙʘʪʘ ʚ ʧʦʨʳ, ʧʦʚʳʰʘʷ ʩʢʦʨʦʩʪʴ ʩʦʨʙʮʠʠ. 

ʇʦʨʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʘʢʪʠʚʘʮʠʠ, ʚʢʣʶʯʘʷ ʬʠʟʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ (ʥʘʧʨʠʤʝʨ, ʘʢʪʠʚʘʮʠʶ ʧʘʨʦʤ) 

ʠ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ (ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ). ʕʪʠ ʤʝʪʦʜʳ ʤʦʛʫʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʧʦʨ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʙʮʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʦʥʢʨʝʪʥʳʡ ʨʘʟʣʠʚ (ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʣʠʙʦ ʪʦʥʥʘʞ ʝʤʢʦʩʪʠ ʠ ʫʩʣʦʚʠʷ 

ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ), ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʩʮʝʥʘʨʠʠ ʷʚʣʷʶʪʩʷ: ʧʨʠʨʦʜʘ ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ; 

ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʩʠʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʠ ʪʦʢʩʠʯʥʦʩʪʴ; ʥʘʣʠʯʠʝ 

ʟʘʧʘʩʦʚ ʠ ʧʦʨʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʨʙʝʥʪʦʚ. ʅʘʣʠʯʠʝ ʜʘʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʝʩʪʠ ʚʳʙʦʨ ʩʦʨʙʝʥʪʘ, ʦʪʚʝʯʘʶʱʝʛʦ 

ʥʘʠʙʦʣʝʝ ʣʫʯʰʝʤʫ ʚʘʨʠʘʥʪʫ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʉʪʝʧʝʥʴ ʧʦʛʣʦʱʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʨʙʝʥʪʦʤ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʧʨʠʨʦʜʦʡ ʩʦʨʙʘʪʘ, ʪʘʢ ʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʨʙʝʥʪʘ. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʨʠʩʪʦʩʪʴ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠ pH ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʙʮʠʠ. ʇʦʥʠʤʘʥʠʝ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʦʨʙʝʥʪʳ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʦʯʠʩʪʢʘ 

ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ, ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʠ ʢʘʪʘʣʠʟ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʩʦʨʙʝʥʪʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɹʫʜʫʱʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʩʦʨʙʝʥʪʦʚ ʩ ʚʳʩʦʢʦʡ 
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ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʥʘʧʨʠʤʝʨ, ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʦʙʲʝʤʘ ʬʘʟʳ, ʤʥʦʛʦʢʨʘʪʥʘʷ 

ʵʢʩʪʨʘʢʮʠʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʢʩʪʨʘʢʮʠʠ ʚʝʱʝʩʪʚʘ ʠʟ ʚʦʜʥʦʡ ʬʘʟʳ. 

ʊʘʢʞʝ ʧʦʨʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ, ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤ ʧʦʨ) ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʩʦʨʙʮʠʦʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʫʛʣʷ. ʇʦʥʠʤʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʘ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 
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ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʘʨʩʝʥʘʟʦ I (ArI) ʩ ʠʦʥʘʤʠ Er(II I) ʚ 

ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʂʇɸɺ 

ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ (ʎʇɹ). ʋʩʪʘʥʦʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ArI ʠ ʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʠʦʥʘʤʠ Er(III) ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ pH. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ: ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ; ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ; ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ArI ʠ ʎʇɹ. ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʩʪʨʦʝʥ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ. ʀʟʫʯʝʥʦ ʤʝʰʘʶʱʠʝ ʚʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ ʥʘ ʨʝʘʢʮʠʶ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ Er(III) ʩ ArI ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɹ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ, 
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STUDY OF THE COMPLEXATION REACTION  

OF CHROMAZUROL S WITH IONS OF  FE(III) IN THE PRESENCE  

OF CETYLPYRIDINIUM BROMIDE  

 

Bushmakina S.A., Elchishcheva Y.B. 

Perm State University, Perm, Russia 

 

The reaction of complex formation of arsenazo I (ArI) with Er(III) ions in a slightly alkaline 

medium was studied by spectrophotometric method in the presence of the cationic surfactant 

cetylpyridinium bromide (CPB). The maximum absorbance of ArI and its complex with Er(III) ions 

was established at the optimal pH value. The optimal conditions for complex formation were 

determined: the effect of the buffer solution volume, the stability of the complex over time, and the 

influence of the amounts of ArI and CPB. Under optimal conditions, a calibration curve was 

constructed. The interfering influence of foreign ions on the complexation reaction of Er(III) with 

ArI in the presence of CPB was studied. 

Keywords: complexation, spectrophotometric reaction, triphenylmethane dyes, arsenazo I, 

rare earth metals, organic ligands. 

 

ʗʚʣʷʷʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ çʤʦʜʠʬʠʢʘʪʦʨʦʚè 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʭʨʦʤʦʬʦʨʥʳʭ ʧʦʣʠʜʝʥʪʘʪʥʳʭ 

ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ [1], ʯʪʦ ʨʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʠʩʣʦʪʥʳʝ ʛʨʫʧʧʳ, 

ʦʙʨʘʟʫʶʪ ʩ ʢʘʪʠʦʥʥʳʤʠ ʇɸɺ (ʂʇɸɺ) ʠʦʥʥʳʝ ʘʩʩʦʮʠʘʪʳ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  
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ɽʩʣʠ ʘʩʩʦʮʠʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʛʨʫʧʧʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʩʠʩʪʝʤʦʡ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ ʨʝʘʛʝʥʪʘ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʪʦʭʨʦʤʥʳʝ ʩʜʚʠʛʠ ʚ ʩʧʝʢʪʨʘʭ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ. ɺ 

ʦʙʨʘʟʦʚʘʥʠʠ ʘʩʩʦʮʠʘʪʦʚ ʥʘʨʷʜʫ ʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʛʠʜʨʦʬʦʙʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʙʨʘʟʫʶʪʩʷ ʛʠʜʨʦʬʦʙʥʦ-

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʘʩʩʦʮʠʘʪʳ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʘ ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʣʴʚʘʪʦʭʨʦʤʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ɻʠʜʨʦʬʦʙʠʟʘʮʠʷ ʠʦʥʥʦʛʦ ʘʩʩʦʮʠʘʪʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ ʨʝʘʛʝʥʪʦʚ.  

ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʂʇɸɺ ʚ ʘʥʘʣʠʟʝ ʩʚʷʟʘʥʦ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʘʭ ʠʦʥ ʤʝʪʘʣʣʘ ï ʨʝʘʛʝʥʪ ï ʇɸɺ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ 

ʇɸɺ ʠ ʘʥʠʦʥʘʤʠ ʭʨʦʤʦʬʦʨʥʳʭ ʭʝʣʘʪʦʦʙʨʘʟʫʶʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠʟʫʯʝʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʭʦʪʷ ʦʥʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ 

ʩʚʦʡʩʪʚ ʧʦʩʣʝʜʥʠʭ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʂʇɸɺ ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ ʥʘ 

ʨʝʘʢʮʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʘʨʩʝʥʘʟʦ I ʩ ʠʦʥʘʤʠ Er(III) ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʠ ʩʧʝʮʠʬʠʯʥʦʡ ʤʝʪʦʜʠʢʠ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʠʟʫʘʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ [2] ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ pH ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ArI ʩ Er(III) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʎʇɹ ʚʳʷʚʣʝʥʦ - ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 5,0 ʜʦ 10,0.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʟʥʘʯʝʥʠʷ pH ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ArI ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ Er(III) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɹ ʚ ʦʧʪʠʤʘʣʴʥʦʤ 

ʠʥʪʝʨʚʘʣʝ pH. ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʧʝʢʪʨʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 577 ʥʤ ʠ 

pH ʨʘʩʪʚʦʨʘ 8,66. ʇʨʠ ʚʚʝʜʝʥʠʠ ʎʇɹ ʢʦʥʪʨʘʩʪʥʦcʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 100 ʥʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʦʡ (70 ʥʤ). ʅʘʙʣʶʜʘʝʪʩʷ 

ʛʠʧʝʨʭʨʦʤʥʳʡ ʵʬʬʝʢʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʝʡ ʠʦʥʦʚ Er(III) ʩ ʘʨʩʝʥʘʟʦ I (ʜʚʦʡʥʘʷ ʩʠʩʪʝʤʘ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʦʪ pH ʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 577 ʥʤ ʠ pH ʨʘʩʪʚʦʨʘ 8,66 (ʨʠʩ. 1). 

ʆʧʪʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ pH ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ - 7,0-9,0. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ pH ʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʩʪʚʦʨʘ; 

ʉArI = CEr(III)= 6,0Ö10-5 ʤʦʣʴ/ʣ; ʉʎʇɹ = 1,0 ʛ/ʣ; l = 577 ʥʤ; l = 0,5 ʩʤ; ʉʌ-2000 

ʂʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪʩʷ ʤʛʥʦʚʝʥʥʦ, ʠ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʪʴʩʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʚʦʨʷʪ ʦ ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʡʥʦʡ. 
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ʄʝʪʦʜʦʤ ʥʘʩʳʱʝʥʠʷ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ArI ʥʘ ʨʝʘʢʮʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɹ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ Er(III) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ [Er(III )]:[ArI] = 1:1, 1:2 ʠ 1:3 (ʨʠʩ. 2). ʄʦʣʷʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʦʤ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ (ʨʠʩ. 3). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʂʇɸɺ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʦʡ, ʛʜʝ 

ʩʦʦʪʥʦʰʝʥʠʷ [Er(III )]:[ArI] = 1:1 [3]. 

ɺ ʚʳʙʨʘʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ɚmax, Űʦʧʪʠʤ., pHʦʧʪʠʤ., ʦʧʪʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʨʝʘʛʝʥʪʘ) 

ʧʦʩʪʨʦʝʥ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ (ʨʠʩ. 4). ɿʘʢʦʥ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 8,36 ʜʦ 334,52 ʤʢʛ/50 ʤʣ. ʃʠʥʝʡʥʦʩʪʴ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ 

ʤʝʥʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʦʡ (50,0 - 435,0 ʤʛ/50 ʤʣ). ʉʨʝʜʥʠʡ 

ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʦʚʳʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʦʡ 

(1,67Ŀ104 ʩʤ2/ʤʦʣʴ) ʠ ʩʦʩʪʘʚʣʷʝʪ 5,05Ö104 ʩʤ2/ʤʦʣʴ. ʇʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ArI ʂʇɸɺ ʎʇɹ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʛʝʥʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɹ; 

ʉʠʩʭArI = 1,0Ö10-3 ʤʦʣʴ/ʣ; CEr(III)= 6,0Ö10-5 ʤʦʣʴ/ʣ; 

ʉʠʩxʎʇɹ= 10,0 ʛ/ʣ; l = 577 ʥʤ; pH = 8,66; l = 0,5 ʩʤ; 

ʖʥʠʢʦ 12-01 

ʈʠʩ. 3. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

[Er(III)]:[ArI] ʤʝʪʦʜʦʤ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ; 

ʉʠʩʭEr(III)= ʉʠʩʭArI= 1,0Ö10-3 ʤʦʣʴ/ʣ; ʉʠʩx
ʎʇɹ= 10,0 

ʛ/ʣ; l = 577 ʥʤ; pH = 8,66; l = 0,5 ʩʤ;  

ʖʥʠʢʦ 12-01 
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ʈʠʩ. 4. ɻʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Er(III) ʩ ArI ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɹ; 

ʉʠʩxArI = CʠʩʭEr(III)= 1,0Ö10-3 ʤʦʣʴ/ʣ; ʉʠʩx
ʎʇɹ= 10,0 ʛ/ʣ; l = 577 ʥʤ; pH = 8.66; 

l = 0,5 ʩʤ; ʖʥʠʢʦ 12-01 
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ʇʨʘʚʠʣʴʥʦʩʪʴ ʠ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ 

ʤʝʪʦʜʦʤ çʚʚʝʜʝʥʦ ï ʥʘʡʜʝʥʦè. ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ (3,60 %) ʠ ʩʣʫʯʘʡʥʘʷ 

(0,29 %) ʧʦʛʨʝʰʥʦʩʪʠ ʛʦʚʦʨʷʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ Er(III) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɹ. 

ʄʝʪʦʜʦʤ ʨʘʟʙʘʚʣʝʥʠʷ ɹʘʙʢʦ ʫʩʪʘʥʦʚʣʝʥʘ ʫʩʣʦʚʥʘʷ ʢʦʥʩʪʘʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ Er(III ) 

ï ArI  ʠ ʩʦʩʪʘʚʣʷʝʪ 
nMRb¡=3,072Ā10

15, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʢʦʥʩʪʘʥʪʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘ 2 ʧʦʨʷʜʢʘ (ɓ¡MRn. = 1,54Ā10
13). 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʂʇɸɺ ʫʤʝʥʴʰʘʝʪʩʷ ʚʣʠʷʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʠʦʥʦʚ - ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

[Er(III )]:[Eu] = 1:1 ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʩʦʩʪʘʚʣʷʝʪ 53,0 %; ʚ ʪʨʦʡʥʦʡ 

ʩʠʩʪʝʤʝ - 1,2 %; ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ [Er(III )]:[ La(III)] = 1:1 ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʦʰʠʙʢʘ ʩʦʩʪʘʚʣʷʝʪ 10,0 %, ʘ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ - 0,9 %. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʠ ʨʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʠ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪʦʚ ʚ ʚʦʜʦʝʤʘʭ 

ʥʘʨʫʰʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʮʝʩʩʘʤ ʵʚʪʨʦʬʠʢʘʮʠʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠ ʝʝ ʧʨʠʨʦʜʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʟʝʨʘʭ, ʪʘʢ ʢʘʢ 

ʟʘʤʝʜʣʝʥʥʳʡ ʚʦʜʦʦʙʤʝʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ, ʍʘʢʘʩʠʷ, ʦʟʝʨʘ, ʬʦʩʬʘʪ-ʠʦʥʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ. 
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ʈʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʨʦʜʥʳʭ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʜʝʡʩʪʚʦʚʘʚʰʠʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʦʙʫʩʣʦʚʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʠ ʨʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʠʡ ʚ ʚʳʩʦʪʥʦʤ ʠ ʰʠʨʦʪʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʛʝʦʣʦʛʠʠ ʠ ʛʠʜʨʦʣʦʛʠʠ, ʦʟʝʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ, ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʊʘʢʞʝ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʦʢʨʫʞʘʶʱʘʷ ʧʨʠʨʦʜʘ ʦʟʝʨ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʝʯʝʙʥʳʭ ʮʝʣʷʭ ʠ ʢʘʢ ʤʝʩʪʘ ʦʪʜʳʭʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʦʟʝʨʘ. ʃʝʯʝʙʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʠʥʝʨʘʣʴʥʳʭ ʦʟʝʨ ʬʦʨʤʠʨʫʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ [1,2]. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʦʙʦʝ ʠ, 

ʚʦʟʤʦʞʥʦ, ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʦʩʪʘʚ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʚ ʚʦʜʝ 

ʵʪʠʭ ʦʟʝʨ. ʆʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ 

ʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʩʚʦʡʩʪʚʘ ʚʦʜ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ 

ʚʦʟʨʘʩʪʘʶʱʝʤ ʧʦʩʪʫʧʣʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ 

ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ [3]. ɿʘʛʨʷʟʥʝʥʠʝ ʵʪʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʧʨʦʮʝʩʩ 

ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʣʠʷʶʪ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨ ʠ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ. ɸ ʠʤʝʥʥʦ, ʬʦʩʬʘʪʳ ʷʚʣʷʶʪʩʷ 

ʦʪʣʠʯʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʚʦʜʦʨʦʩʣʝʡ, ʢʦʪʦʨʳʝ ʮʚʝʪʫʪ, ʟʘʧʦʣʦʥʷʷ ʚʦʜʦʝʤʳ. ɺʦʜʘ ʧʨʠ 

ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʤʫʪʥʦʡ, ʥʝ ʧʨʦʧʫʩʢʘʷ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ ʫ 

ʨʘʩʪʝʥʠʡ ʥʘ ʜʥʝ ʚʦʜʦʸʤʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥʠ ʧʝʨʝʩʪʘʶʪ ʚʳʜʝʣʷʪʴ ʢʠʩʣʦʨʦʜ. ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʢʠʩʣʦʨʦʜʥʦʤʫ ʛʦʣʦʜʘʥʠʶ ʠ ʛʠʙʝʣʠ ʨʳʙʳ ʠ ʜʨʫʛʦʡ ʬʘʫʥʳ ʚ ʚʦʜʦʝʤʘʭ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʠ 

ʥʝʚʠʜʠʤʳʝ ʫʛʨʦʟʳ: ʠʟ-ʟʘ ʠʟʦʙʠʣʠʷ ʬʦʩʬʘʪ-ʠʦʥʦʚ ʚ ʚʦʜʦʝʤʘʭ ʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʚʦʜʳ, ʨʘʟʨʫʰʘʝʪʩʷ ʤʠʢʨʦʬʣʦʨʘ ʠ ʚʩʢʦʨʝ ʚʦʜʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʧʠʪʴʷ. ʇʦʵʪʦʤʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ 

ʧʨʝʜʤʝʪ ʜʦʧʫʩʪʠʤʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʘʪ-ʠʦʥʦʚ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʘʪ-ʠʦʥʦʚ ʚ ʧʨʦʙʘʭ ʚʦʜʳ, 

ʦʪʦʙʨʘʥʥʳʭ ʫ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠʟ ʦʟʝʨʘ ʋʯʫʤ (ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ) ʠ ʦʟʝʨ ʐʠʨʘ, ɹʝʣʝ 

(ʨʝʩʧʫʙʣʠʢʘ ʍʘʢʘʩʠʷ) ʚ ʠʶʣʝ 2024 ʛʦʜʘ. ʆʪʙʦʨ ʧʨʦʙʳ ʚʦʜʳ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʘʥʘʣʠʟʫ ʧʨʦʚʦʜʠʣʠ 

ʩʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʨʫʢʦʚʦʜʩʪʚʘʤ [4,5]. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪ-ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ 

ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʂʌʂ-3ʂʄ [6]. ʇʦʛʨʝʰʥʦʩʪʴ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 3%. 

ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʭʦʨʦʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ. ʌʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦ-ʩʘʥʠʪʘʨʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʟʜʫʭʘ, ʚʦʜʳ ʠ 

ʧʦʯʚʳ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ ʚʚʠʜʫ ʧʨʦʩʪʦʪʳ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ. ʕʪʦʪ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʠ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʝʛʦ ʨʘʩʪʚʦʨ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʦʩʬʘʪʦʚ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʨʪʦʬʦʩʬʘʪʦʚ ʩ ʤʦʣʠʙʜʘʪʦʤ ʘʤʤʦʥʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʣʠʙʜʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʝʸ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʩʫʨʴʤʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʝʤ ʦʢʨʘʰʝʥʥʦʡ ʚ 

ʩʠʥʠʡ ʮʚʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ ʤʦʣʠʙʜʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ (ʤʦʣʠʙʜʝʥʦʚʦʡ ʩʠʥʠ) ʧʨʠ 

ʜʣʠʥʝ ʚʦʣʥʳ 880-890 ʥʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʩʬʦʨʘ ʦʙʱʝʛʦ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʜʦ ʦʨʪʦʬʦʩʬʘʪʦʚ.  

ʄʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʨʪʦʬʦʩʬʘʪʦʚ (ʬʦʩʬʘʪ-ʠʦʥʦʚ) ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʝ ʥʘʭʦʜʠʣʠ 

ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ, ʫʯʠʪʳʚʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ ʧʨʦʙʳ. ʇʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪ-ʠʦʥʦʚ ʚ ʧʨʦʙʘʭ:  

¶ ʦʟʝʨʘ ʐʠʨʘ - 1,1478 ʤʛ/ʜʤ3,  

¶ ʦʟʝʨʘ ʋʯʫʤ ï 1,2043 ʤʛ/ʜʤ3,  

¶ ʦʟʝʨʘ ɹʝʣʝ ï 0,5513 ʤʛ/ʜʤ3. 

ʆʙʨʘʱʘʷ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʩʘʥʠʪʘʨʥʘʷ ʥʦʨʤʘ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʘʪʦʚ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʥʝ 

ʙʦʣʝʝ 3,5 ʤʛ/ʜʤ3 [7], ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʬʦʩʬʘʪ-ʠʦʥʦʚ ʚ ʠʟʫʯʘʝʤʳʭ ʦʟʝʨʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʇɼʂ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʤ.  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʜʙʦʨʫ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʝʰʝʥʠʶ 

ʧʨʦʙʣʝʤʳ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʘʪʦʚ ʚ ʚʦʜʦʸʤʘʭ ï ʨʘʟʣʦʞʝʥʠʷ ʠʣʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʧʫʩʪʠʤʦ ʩʦʟʜʘʪʴ ʧʨʦʪʦʯʥʦʩʪʴ, ʯʪʦ ʧʦʤʦʞʝʪ ʩʤʳʪʴ 

ʠʟʙʳʪʦʢ ʬʦʩʬʘʪʦʚ, ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʚʦʜʦʨʦʩʣʝʡ. 
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ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ ʆʇʈɽɼɽʃɽʅʀʗ ʇʈʀʄɽʉɽʁ ɺ ʂɺɸʈʎɽɺʆʄ ʉʊɽʂʃɽ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɸʊʆʄʅʆ-ʕʄʀʉʉʀʆʅʅʆʁ ʉʇɽʂʊʈʆʄɽʊʈʀʀ 

ʉ ʀʅɼʋʂʊʀɺʅʆ ʉɺʗɿɸʅʅʆʁ ʇʃɸɿʄʆʁ: ʇʈʆɹʃɽʄʓ ʇʈʆɹʆʇʆɼɻʆʊʆɺʂʀ 

 

ɺʝʜʝʣʴ ʄ.ʄ., ʌʦʬʘʥʦʚ ɸ.ɺ., ʄʝʜʚʝʜʝʚʘ ʅ.ɸ.  

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʠʤʝʩʝʡ ʚ ʦʩʦʙʦ ʯʠʩʪʦʤ 

ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ ʤʝʪʦʜʦʤ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʀʉʇ-ɸʕʉ). ʇʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʦʙʣʝʤʘʤ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʚʢʣʶʯʘʷ ʪʨʘʜʠʮʠʦʥʥʳʡ ʢʠʩʣʦʪʥʳʝ ʤʝʪʦʜʳ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʨʘʟʣʦʞʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʩʧʦʩʦʙ ʚʳʜʝʣʝʥ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ ʜʣʷ ʤʝʪʦʜʘ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʣʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ 

ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʝʨʴ ʵʣʝʤʝʥʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ, ʀʉʇ-ɸʕʉ, ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ, 

ʧʣʘʚʠʢʦʚʘʷ ʢʠʩʣʦʪʘ. 

 

MODERN METHODS FOR DETERMINING IMPURITIES IN QUARTZ GLASS USING 

ICP-AES: PROBLEMS OF SAMPLE PREPARATION  

 

Vedel M.M., Fofanov A.V., Medvedeva N.A.  

Perm State University, Perm, Russia 

 

The article discusses modern approaches to the determination of impurities in high purity 

quartz glass by inductively coupled plasma atomic emission spectrometry (ICP-AES). Increased 

attention is paid to the problems of sample preparation affecting the accuracy and reproducibility of 

the analysis. Various sample preparation methods, including traditional acid methods and microwave 

decomposition, are analyzed. Based on a comparative analysis, the microwave method has been 

identified as the most effective method of sample preparation for inductively coupled plasma atomic 

emission spectrometry, which ensures complete dissolution of the material and minimizes element 

losses. 

Keywords: quartz glass, ICP-AES, microwave sample preparation, hydrofluoric acid. 

 

ɺʚʝʜʝʥʠʝ 

ʂʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ ï ʢʣʶʯʝʚʦʡ ʤʘʪʝʨʠʘʣ ʚ ʦʧʪʠʢʝ, ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʬʦʪʦʥʠʢʝ ʙʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ [1-3]. ʅʘʣʠʯʠʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʨʠʤʝʩʝʡ ʚ ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʦʧʪʠʯʝʩʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ), ʢʦʪʦʨʳʝ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʥʝʧʨʠʛʦʜʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʣʘʩʪʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ [4]. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʠʤʝʩʝʡ ʚ ʢʚʘʨʮʝʚʦʤ 

ʩʪʝʢʣʝ: ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʀʉʇ-ɸʕʉ, ʀʉʇ-ʄʉ [5], ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ.  

ʇʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ʫ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʥʳʝ, ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʩʯʠʪʘʶʪʩʷ 

ʀʉʇ-ɸʕʉ (10-1 ï 101 ʤʢʛ/ʣ) [6], ʀʉʇ-ʄʉ (10-4 ï 10-2 ʤʢʛ/ʣ) [7].  

___________________ 

É ɺʝʜʝʣʴ ʄ.ʄ., ʌʦʬʘʥʦʚ ɸ.ɺ., ʄʝʜʚʝʜʝʚʘ ʅ.ɸ., 2025 
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ʄʝʪʦʜʳ ʀʉʇ-ɸʕʉ ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ, 

ʦʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʫʯʠʪʳʚʘʷ ʩʣʦʞʥʦʩʪʴ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ʂʠʩʣʦʪʥʳʝ ʤʝʪʦʜʳ ʨʘʟʣʦʞʝʥʠʷ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʦʙʨʘʙʦʪʢʠ ʠ ʨʠʩʢʦʤ ʧʦʪʝʨʴ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ [8-11]. 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ [12]. ʄʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦ 44 

ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ (Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, Hf, In, K, La, Li, Mg, 

Mn, Mo, Na, Nb, Ni, P, Pb, Pd, Pt, Rb, Re, Sb, De, Sn, Sr, Ta, Te, Ti , Tl, V, W, Y, Zn, Zr) [12]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʦʩʪʘʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʘʜʠʝʡ 

ʘʥʘʣʠʟʘ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʦʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ ʧʨʠʤʝʩʝʡ ʤʝʪʦʜʦʤ ʀʉʇ-ɸʕʉ, ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʤʠʥʠʤʠʟʠʨʫʶʱʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ (HF), ʢʦʪʦʨʘʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʢʩʘʬʪʦʨʢʨʝʤʥʠʝʚʦʡ 

ʢʠʩʣʦʪʳ (H2SiF6) ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʝʪ ʢʨʝʤʥʠʡ-ʢʠʩʣʦʨʦʜʥʳʝ ʩʚʷʟʠ ʢʚʘʨʮʝʚʦʡ ʤʘʪʨʠʮʳ. 

ʇʨʦʩʪʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚ ʯʠʩʪʦʡ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʤʦʞʥʦ, ʥʦ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʩʫʪʦʢ), ʯʪʦ ʜʝʣʘʝʪ ʤʝʪʦʜ 

ʥʝʧʨʘʢʪʠʯʥʳʤ ʜʣʷ ʙʳʩʪʨʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 80ϲʉ ʧʨʦʮʝʩʩ ʫʩʢʦʨʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 

5 ʨʘʟ, ʦʜʥʘʢʦ ʜʘʞʝ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʥʝʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ 

ʨʘʙʦʪʝ [10], ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʦʪ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʙʳ 

ʠ ʧʣʦʱʘʜʠ ʝʝ ʢʦʥʪʘʢʪʘ ʩ ʢʠʩʣʦʪʦʡ. 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʤʝʩʴ ʧʣʘʚʠʢʦʚʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ (HNO3). ɸʟʦʪʥʘʷ 

ʢʠʩʣʦʪʘ, ʚʳʩʪʫʧʘʷ ʢʘʢ ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ, ʥʦ ʠ 

ʧʦʤʦʛʘʝʪ ʧʝʨʝʚʦʜʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʚ ʨʘʩʪʚʦʨʠʤʫʶ ʬʦʨʤʫ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ Fe, Cr ʠ Ni. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʠʩʣʦʪ ʩʯʠʪʘʝʪʩʷ 1:1 ï 1:3 (HF: 

HNO3), ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 80-120ϲʉ ʚʨʝʤʷ ʨʘʟʣʦʞʝʥʠʷ ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 9 ʨʘʟ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʚ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʝ ʙʝʟ ʥʘʛʨʝʚʘ [8]. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʧʨʠ ʦʪʢʨʳʪʦʤ ʨʘʟʣʦʞʝʥʠʠ ʜʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʷʤ ʣʝʪʫʯʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʪʘʢʠʝ ʢʘʢ As ʠ B. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ 

(H2SO4). ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ 338ϲʉ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150-200ϲʉ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ [9]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʪʫʛʦʧʣʘʚʢʠʭ ʧʨʠʤʝʩʝʡ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʦʩʪʦʨʦʞʥʦʩʪʠ ʠʟ-

ʟʘ ʨʠʩʢʘ ʩʫʣʴʬʘʪʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Ca, Ba, Pb. ʉʫʣʴʬʘʪʠʟʘʮʠʷ ʦʧʘʩʥʘ 

ʠʩʢʘʞʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ-ʟʘ ʥʝʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʙʳ. 

ʅʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ 

ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʨʘʟʣʦʞʝʥʠʝ, ʩʦʯʝʪʘʶʱʝʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʠʩʣʦʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʘʢʨʳʪʳʭ ʩʠʩʪʝʤ. ɼʘʥʥʳʤ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [12] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʠ ʧʣʘʚʠʢʦʚʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1 (HF: HNO3) ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ 200-220ϲʉ ʠ ʜʘʚʣʝʥʠʠ 30-35 ʘʪʤ. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ, ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʚʩʪʨʦʝʥʥʳʤ ʜʘʪʯʠʢʘʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ ʣʝʪʫʯʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʛʝʨʤʝʪʠʯʥʳʭ ʪʝʬʣʦʥʦʚʳʭ ʩʦʩʫʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʧʦʪʝʨʠ ʪʘʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢʘʢ As ʠ B.  

ɿʘʢʣʶʯʝʥʠʝ 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʤʠʢʨʦʚʦʣʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ 

ʥʘ ʀʉʇ-ɸʕʉ ʧʦ ʪʘʢʠʤ ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʘʤ ʢʘʢ: ʩʢʦʨʦʩʪʴ ʘʥʘʣʠʟʘ, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʤʝʥʪʦʚ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʪʨʘʜʠʮʠʦʥʥʳʡ ʢʠʩʣʦʪʥʳʝ ʤʝʪʦʜʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʙ ʚ 

ʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ɸʧʨʦʙʘʮʠʷ ʤʝʪʦʜʠʢ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʣʘʙʦʨʘʪʦʨʠʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʬʦʪʦʥʠʢʠ ʇɻʅʀʋ.  
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THE INFIUENCE OF DIFFUSION PROCESSES ON THE KINETICS OF GOLD 

DEPOSITION FROM SULFITE ELECTROLYTES  

 

Vorobeva K.V.1, Petukhov I.V.1 Popova A.M.2, Kichigin V.I.1 
1 Perm State University, Perm, Russia 
2 Perm Scientific-Industrial Instrument-Making Company, Perm, Russia 

 

The effect of diffusion processes on the kinetics of precipitation from sulfite electrolytes of 

gilding is described. It is shown that the addition of ethylenediamine facilitates the discharge of gold 

sulfite complexes at the cathode, and diffusion processes in the studied sulfite electrolytes have a 

more significant effect with increasing polarization and pH of the electrolyte. 

Key words: sulfite electrolyte, Au-coatings, kinetics of electrochemical processes, 

electrodeposition of gold. 

 

ʉʫʣʴʬʠʪʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʟʦʣʦʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʩʘʞʜʘʪʴ ʤʷʛʢʠʝ, ʛʣʘʜʢʠʝ, ʙʣʝʩʪʷʱʠʝ, ʩ 

ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʧʦʢʨʳʪʠʷ ʯʝʨʝʟ ʤʘʩʢʫ ʬʦʪʦʨʝʟʠʩʪʘ. ʇʨʦʮʝʩʩ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʟʦʣʦʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʣʩʪʳʭ ʟʦʣʦʪʳʭ ʉɺʏ-ʵʣʝʢʪʨʦʜʦʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʉʫʣʴʬʠʪʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʢʩʠʯʥʳʤʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʠ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ʆʩʥʦʚʦʡ ʵʣʝʢʪʨʦʣʠʪʘ ʷʚʣʷʝʪʩʷ ʩʫʣʴʬʠʪʥʳʡ ʢʦʤʧʣʝʢʩ ʟʦʣʦʪʘ - Na3Au (SO3)2. ʊʘʢʞʝ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʥʝʛʦ ʚʚʦʜʷʪ ʵʪʠʣʝʥʜʠʘʤʠʥ. ʕʪʠʣʝʥʜʠʘʤʠʥ ʪʘʢʞʝ 

ʤʦʞʝʪ ʦʙʣʝʛʯʘʪʴ ʨʘʟʨʷʜ ʥʘ ʢʘʪʦʜʝ ʩʫʣʴʬʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ (ʠʭ ʟʘʨʷʜ -3), ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ ʩ ʤʝʥʴʰʠʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ. 

ʀʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʷʜʘ ʥʘ ʢʘʪʦʜʝ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʩʩʠʚʥʳʭ ʧʣʝʥʦʢ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʩʫʣʴʬʠʪʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ [1, 2] ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ. ʆʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʩʫʣʴʬʠʪʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʧʨʦʮʝʩʩʳ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʜʠʬʬʫʟʠʷ ʨʘʟʨʷʞʘʶʱʠʭʩʷ ʥʘ ʢʘʪʦʜʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ.  
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É ɺʦʨʦʙʴʝʚʘ ʂ.ɺ., ʇʝʪʫʭʦʚ ʀ.ɺ., ʇʦʧʦʚʘ ɸ.ʄ., ʂʠʯʠʛʠʥ ɺ.ʀ., 2025 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʢʠʥʝʪʠʢʫ ʦʩʘʞʜʝʥʠʷ ʠʟ 

ʩʫʣʴʬʠʪʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʟʦʣʦʯʝʥʠʷ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʣʠʪ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ, ʛ/ʣ: Au (ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ 

Na3Au(SO3)2) ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʤʝʪʘʣʣ 5; Na2(SO3) - 60; ʵʪʠʣʝʥʜʠʘʤʠʥ ï 60; ʪʝʤʧʝʨʘʪʫʨʘ 50 0ʉ; 

pH 8,8 ʠ 9,8. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʨʘʱʘʶʱʝʤʩʷ ʜʠʩʢʦʚʦʤ ʵʣʝʢʪʨʦʜʝ (ʧʣʘʪʠʥʦʚʳʡ ʜʠʩʢ 

ʜʠʘʤʝʪʨʦʤ 3 ʤʤ), ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʣʠʪ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ï 100 · 1800 ʦʙ/ʤʠʥ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʦʜʫʣʴ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ï ʫʩʪʘʥʦʚʢʘ RDE-2 (Metrohm, Autolab B.V.). ʇʝʨʝʜ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ ʦʩʘʞʜʘʣʠ ʩʣʦʡ ʟʦʣʦʪʘ ʪʦʣʱʠʥʦʡ 

~ 1 ʤʢʤ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 20 ɸ/ʤ2. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠ ʠʤʧʝʜʘʥʩʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ çSolartron-1280è ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʷʯʝʡʢʝ ʗʉʕ-2 ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʪʝʨʤʦʩʪʘʪʘ ʩ ʪʦʯʥʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ Ñ 1,0 ÁC. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, 

ʧʨʠ ʢʘʞʜʦʤ ʧʦʪʝʥʮʠʘʣʝ ʠ ʢʘʞʜʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʩʦʩʪʘʚʣʷʣʦ 3 ʤʠʥ. 

ʇʦʪʝʥʮʠʘʣʳ ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥ.ʚ.ʵ. 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1, ʠʟ 

ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʣʠʷʥʠʝ ʩʪʘʜʠʠ ʜʠʬʬʫʟʠʠ ʩʢʘʟʳʚʘʝʪʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʤʝʥʝʝ 

- 0,35 · - 0,4 ɺ. ɺ ʙʦʣʴʰʝʡ ʤʝʨʝ ʚʣʠʷʥʠʝ ʜʠʬʬʫʟʠʠ ʚʳʨʘʞʝʥʦ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʩ pH = 9,8 

(ʨʠʩ. 1 ʙ). ʊʘʢʞʝ ʚ ʜʘʥʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ - 0,42 · - 0,5 ɺ ʠʤʝʝʪʩʷ ʧʣʦʱʘʜʢʘ 

ʧʨʝʜʝʣʴʥʦʛʦ ʪʦʢʘ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʧʘʩʩʠʚʥʦʡ 

ʧʣʝʥʢʠ. ʉʦʩʪʘʚ ʧʣʝʥʢʠ ʥʝ ʠʟʚʝʩʪʝʥ, ʚʦʟʤʦʞʥʦ, ʦʥʘ ʦʙʨʘʟʦʚʘʥʘ ʩ ʫʯʘʩʪʠʝʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠʦʥʦʚ. ʗʚʣʝʥʠʷ ʧʘʩʩʠʚʘʮʠʠ, ʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ 

ʤʝʨʝ, ʠʤʝʶʪ ʤʝʩʪʦ ʠ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʩ pH = 8,8 (ʨʠʩ. 1 ʘ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ 1/i ʦʪ W-1.2 (ʨʠʩ. 1 ʚ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʨʘʚʥʝʥʠʶ ʂʦʫʪʝʮʢʦʛʦ ï ʃʝʚʠʯʘ: 

2/1

111

W
+=

aii k

, 

ʛʜʝ i ï ʧʣʦʪʥʦʩʪʴ ʦʙʱʝʛʦ ʪʦʢʘ, ik ï ʧʣʦʪʥʦʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʪʦʢʘ; ʘ ï ʢʦʥʩʪʘʥʪʘ; W ï ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. ʕʢʩʪʨʘʧʦʣʷʮʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦ W-1.2 = 0 ʜʘʝʪ ʦʙʨʘʪʥʫʶ ʚʝʣʠʯʠʥʫ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʥʘ ʛʨʘʥʠʮʝ ʵʣʝʢʪʨʦʜ-ʨʘʩʪʚʦʨ.  

ɿʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʪʦʢʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ 

ʢʨʠʚʳʭ (ʨʠʩ. 2). ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ pH 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚʧʣʦʪʴ ʜʦ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʝ ʚ ʨʘʩʪʚʦʨʝ ʩ 

pH = 9,8 ʧʘʩʩʠʚʥʦʡ ʧʣʝʥʢʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʜʝʣʝʥʠʝ ʟʦʣʦʪʘ ʠʟ ʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ.  

ʇʨʠ ʠʟʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ pH ɻ ʪʠʣʝʥʜʠʘʤʠʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʧʦ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʬʦʨʤʝ En+. ʇʨʠ pH = 8,8 ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʚ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦʣʥʦʩʪʴʶ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ En2+. ʈʘʟʣʠʯʥʘʷ ʩʪʝʧʝʥʴ 

ʜʠʩʩʦʮʠʘʮʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʘ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʩʦʩʪʘʚ ʩʤʝʰʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʟʨʷʞʘʶʪʩʷ ʥʘ ʢʘʪʦʜʝ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʝʣʠʯʠʥʫ ʢʘʪʦʜʥʦʛʦ ʪʦʢʘ.  
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ʈʠʩ.1. i,E-ʢʨʠʚʳʝ (ʘ, ʙ) ʚ ʩʫʣʴʬʠʪʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʟʦʣʦʯʝʥʠʷ, pH: ʘ - 8,8, ʙ - 9,8; ʚ ï i,W -1/2- ʢʨʠʚʘʷ 

(pH = 9,8) ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ -0,58 ɺ; W, ʦʙ/ʤʠʥ (ʘ, ʙ): 1 ï 300, 2 ï 600, 3 - 1200, 4 ï 800 
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ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ çʢʠʥʝʪʠʯʝʩʢʦʛʦè ʪʦʢʘ ʦʪ ʧʦʪʝʥʮʠʘʣʘ, i,E-ʢʨʠʚʘʷ (ʘ), 

 E,lgi ï ʢʨʠʚʘʷ (ʙ), pH: 1 - 8,8; 2 - 9,8 

ʇʨʠ ʠʟʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ pH ɻ ʪʠʣʝʥʜʠʘʤʠʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʧʦ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʬʦʨʤʝ En+. ʇʨʠ pH = 8,8 ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʚ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦʣʥʦʩʪʴʶ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ En2+. ʈʘʟʣʠʯʥʘʷ ʩʪʝʧʝʥʴ 

ʜʠʩʩʦʮʠʘʮʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʘ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʩʦʩʪʘʚ ʩʤʝʰʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʟʨʷʞʘʶʪʩʷ ʥʘ ʢʘʪʦʜʝ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʝʣʠʯʠʥʫ ʢʘʪʦʜʥʦʛʦ ʪʦʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʫʣʴʬʠʪʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ 

ʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʩ ʨʦʩʪʦʤ ʧʦʣʷʨʠʟʘʮʠʠ ʠ pH ʵʣʝʢʪʨʦʣʠʪʘ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʇʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʫʭʠʭ ʦʩʪʘʪʢʦʚ ʧʨʦʙ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʩ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. ʇʦʜʛʦʪʦʚʣʝʥʳ ʤʦʜʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʧʣʘʩʪʦʚʳʭ ʚʦʜ. 

ʆʪʤʝʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʤʦʜʝʣʴʥʳʭ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ. ʀʟʫʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʚ 

ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ, ʧʣʘʩʪʦʚʳʝ ʚʦʜʳ, 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ. 

 

STUDY OF THE COMPOSITION OF HIGHLY MINERALIZED FORMATION WATERS 

AND THE POSSIBILITY OF CONDUCTOMETRIC DETERMINATION  

OF HYDROCARBONATES IN THEM  

 

Gabov A.L., Makeenko M.M.1, Filippova D.A. 

Perm State University, Perm, Russia 

 

X-ray diffraction analysis of dry residues of formation water samples from various fields in 

the Perm region was carried out. Model solutions of formation waters have been prepared. The 

features of the preparation of model highly mineralized waters are noted. The possibility of 

conductometric analysis of hydrocarbonate content in highly mineralized formation waters was 

studied. 

Keywords: determination of hydrocarbonates, formation water, conductometric titration. 

 

ɺ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʩʪʫʧʘʶʪ ʩʦʩʝʜʩʪʚʫʶʱʠʝ ʩ ʥʠʤʠ 

ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʧʣʘʩʪʦʚʳʝ ʚʦʜʳ. ʇʣʘʩʪʦʚʘʷ ʚʦʜʘ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʘʛʝʥʪʦʤ, 

ʚʳʪʝʩʥʷʶʱʠʤ ʥʝʬʪʴ ʠʟ ʧʣʘʩʪʘ, ʠ ʝʸ ʩʚʦʡʩʪʚʘ ʚʣʠʷʶʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʳʪʝʩʥʝʥʥʦʡ ʥʝʬʪʠ, 

ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʩʦʩʪʦʷʥʠʝ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʭ ʥʘ 

ʜʦʙʳʚʘʝʤʫʶ ʥʝʬʪʴ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʦʟʤʦʞʥʦʡ ʟʘʢʘʯʢʠ ʚʦʜ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ ʠ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʨʝʘʣʴʥʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʠ ʚʳʷʩʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ ʤʝʪʦʜʦʤ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ.  

ɻʠʜʨʦʢʘʨʙʦʥʘʪʳ, ʙʫʜʫʯʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ, 

ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʚʦʜʝ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ = 6,0é10,0 (ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠ ʨʅ 8,3-8,4) [1].  

 

___________________ 
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ʂʘʨʙʦʥʘʪʳ, ʢʘʢ ʧʨʦʜʫʢʪʳ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ 

ʨʅ>7 ʠ ʩʪʘʥʦʚʷʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʦʨʤʦʡ ʧʨʦʠʟʚʦʜʥʳʭ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʨʅ>10,5. ɺ 

ʢʠʩʣʳʭ ʚʦʜʘʭ (ʨʅ 4-6) ʧʨʝʦʙʣʘʜʘʝʪ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʤʦʣʝʢʫʣ ʉʆ2) ʠ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʦʡ 

ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 1% (ʊʘʙʣ.1). 

ʊʘʙʣʠʮʘ 1  

ʄʦʣʴʥʳʝ ʜʦʣʠ (%) ʧʨʦʠʟʚʦʜʥʳʭ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʨʅ [1] 

ʌʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ 
ʨʅ 

4 5 6 7 8 8,3 9 10 11 

H2CO3 + CO2 99.5 95.4 67.7 17.3 12 1 0.2 - - 

HCO3
- 0.5 4.6 32.3 82.7 87.4 97.8 94.1 62.1 14.3 

CO3
2- - - - - 0.6 1.2 5.7 37.9 85.7 

 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʦʜʛʦʪʦʚʢʫ ʧʨʦʙ ʜʣʷ ʘʥʘʣʠʟʘ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʘʨʝʥʠʷ 

ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʤʝʪʦʜʦʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʵʨʘʮʠʠ. ʄʝʪʦʜʠʢʘ ʠ ʫʩʣʦʚʠʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [2].  

ʇʨʦʙʳ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʥʘ ʬʠʣʴʪʨʘʭ çʙʝʣʘʷ ʣʝʥʪʘè ʦʪ ʦʩʪʘʪʢʦʚ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʯʘʩʪʠʮ ʪʚʝʨʜʦʡ ʬʘʟʳ. ɸʣʠʢʚʦʪʫ (25ʩʤ3) ʧʨʦʙʳ ʜʝʨʞʘʣʠ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ 

ʩ ʜʣʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʦʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 50Áʉ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ 

ʩʚʦʡʩʪʚʘʤʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ ʨʘʟʣʘʛʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 50Áʉ. ʀʪʦʛ ʠʩʧʘʨʝʥʠʷ 

(ʩʫʭʦʡ ʦʩʪʘʪʦʢ) ʙʳʣ ʠʟʤʝʣʴʯʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 Advance ECO. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ 

ʤʦʜʝʣʴʥʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʠʩʩʣʝʜʦʚʘʣʠ. 

ʇʨʦʙʳ ʜʣʷ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʙʘʚʣʷʣʠ ʚʦʜʦʡ, ʦʯʠʱʝʥʥʦʡ ʦʪ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ. ʕʪʫ ʞʝ ʚʦʜʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʩʝʭ ʨʝʘʢʪʠʚʦʚ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ ʦʪ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʢʠʧʷʪʷʪ 15-20 ʤʠʥʫʪ, ʙʳʩʪʨʦ ʦʭʣʘʞʜʘʶʪ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʭʨʘʥʷʪ ʚ ʩʪʝʢʣʷʥʥʦʡ ʸʤʢʦʩʪʠ ʟʘʢʨʳʪʦʡ ʭʣʦʨʢʘʣʴʮʠʝʚʦʡ ʪʨʫʙʢʦʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ ʤʝʪʦʜʦʤ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʩʪʘʢʘʥ, ʩʥʘʙʞʸʥʥʳʡ ʷʢʦʨʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ, ʚʥʦʩʷʪ 

50 ʩʤį ʧʨʦʙʳ ʠ ʜʦʙʘʚʣʷʶʪ 100 ʩʤį ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʪʠʪʨʘʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

0,025 ʤʦʣʴ/ʜʤį ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩ ʬʠʢʩʘʮʠʝʡ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʥʜʫʢʪʦʤʝʪʨʦʤ ɸʅʀʆʅ 4100 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʪʠʪʨʘʪʦʨʘ. ʆʙʲʸʤ ʦʜʥʦʡ ʧʦʨʮʠʠ ʪʠʪʨʘʥʪʘ ʩʦʩʪʘʚʣʷʣ 0,5 ʩʤį. 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʬʠʢʩʠʨʦʚʘʣʩʷ ʯʝʨʝʟ 10 ʩʝʢʫʥʜ ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʧʦʨʮʠʠ ʪʠʪʨʘʥʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʢʨʠʚʦʡ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ 6 ʧʨʦʙ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʣʦʪʥʦʩʪʴ ʚʦʜ ʙʳʣʘ ʚ ʜʠʘʧʘʟʦʥ 1,012-

1,106 ʛ/ʜʤ3.  ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʙ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʨʅ ʦʪ 6,71 ʜʦ 7,94. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʚ ʧʨʦʙʘʭ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 107 ʤʛ/ʜʤ3 ʜʦ 808 

ʤʛ/ʜʤ3.  
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʘʣʠʢʚʦʪʳ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʠ 

ʠʟʤʝʣʴʯʝʥʳ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʩʫʭʠʭ ʦʩʪʘʪʢʦʚ 6 ʧʨʦʙ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʙʳʣʦ 

ʚʳʜʝʣʝʥʦ 3 ʪʠʧʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ (ʪʘʙʣ.2). 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʠ ʤʦʜʝʣʴʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1-3.  

ʊʘʙʣʠʮʘ 2  

ʉʦʩʪʘʚʳ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʥʘ 1ʣ) 

ʉʦʣʠ ʈʘʩʪʚʦʨ ˉ1 ʈʘʩʪʚʦʨ ˉ2 ʈʘʩʪʚʦʨ ˉ3 

NaCl, ʛ 130 11 59 

CaCl2, ʛ 33 7 26 

MgCl2, ʛ 17 2 7,5 

Na2SO4, ʛ 3 1 1 

NaHCO3, ʛ 1 2,2 2 

 

 

ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʜʣʷ ʧʨʦʙ ʧʣʘʩʪʦʚʳʭ ʚʦʜ 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʦʚ ʇʨʠʯʠʥʳ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ: ʚ ʫʩʣʦʚʠʷʭ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʟ 

ʧʦʧʫʪʥʦ ʜʦʙʳʚʘʝʤʦʡ ʚʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ ʥʘʛʥʝʪʘʝʤʦʡ ʠ 

ʧʣʘʩʪʦʚʦʡ ʚʦʜʘʤʠ ʤʦʛʫʪ ʦʩʘʞʜʘʪʴʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ. ʊʘʢʠʝ ʩʦʣʠ 

ʦʩʪʘʶʪʩʷ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʨʘʩʪʚʦʨʘ. ʆʜʥʘʢʦ, ʢʦʛʜʘ 

ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʤʝʥʷʝʪʩʷ ʠ ʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʥʘʩʳʱʝʥʥʦʡ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, pH, ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ CO2 ʠ ʪ. ʜ., ʦʥʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʦʩʘʞʜʘʪʴ 

ʥʝʨʘʩʪʚʦʨʝʥʥʳʝ ʩʦʣʠ. ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʝ 

(ʢʘʣʴʮʠʡ), ʩʫʣʴʬʠʜʥʳʝ (ʞʝʣʝʟʦ) ʠ ʩʫʣʴʬʘʪʥʳʝ (ʢʘʣʴʮʠʡ, ʙʘʨʠʡ, ʩʪʨʦʥʮʠʡ) ʦʪʣʦʞʝʥʠʷ. ʉʨʝʜʠ 

ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʢʘʣʴʮʠʪ (ʉʘʉʆ3) ʠ ʜʦʣʦʤʠʪ 

(ʉʘMg(ʉʆ3)2). 
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ʈʠʩ. 2. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʩʘʜʢʘ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 1 

 

ʈʠʩ. 3. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʩʘʜʢʘ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 2 

ʆʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʦʩʘʜʢʠ ʠ ʤʦʜʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʈʌɸ (ʪʘʙʣ.3). ʈʌɸ ʘʣʠʢʚʦʪ ʧʦʣʫʯʠʚʰʠʭʩʷ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ 

ʦʥʠ ʠʤʝʶʪ ʛʠʧʩ (CaSO4Ö2H2O), ʛʘʣʣʠʪ (NaCl) ʠ ʪʘʭʠʛʠʜʨʠʜ (CaMg2Cl2Ö12H2O).  ɺʩʝ ʦʥʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʦʩʘʜʦʯʥʳʤ ʤʠʥʝʨʘʣʘʤ. 
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ʊʘʙʣʠʮʘ 3 

ʉʦʩʪʘʚʳ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʠʭ ʦʩʘʜʢʦʚ 

ʇʨʦʙʘ ʉʦʩʪʘʚ ʉʦʜʝʨʞʘʥʠʝ, % 

ʆʩʘʜʦʢ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 

1 

CaSO4 52 

CaSO4Ö2H2O 28 

ʉʘʉʆ3 20 

ʆʩʘʜʦʢ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 

2 

ʉʘʉʆ3 ʢʘʣʴʮʠʪ 94 

ʉʘʉʆ3 ʘʨʘʛʦʥʠʪ 6 

ʆʩʘʜʦʢ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 

3 

CaSO4 26,6 

ʉʘʉʆ3 69 

ʉʘMg(ʉʆ3)2 2,6 

Mgʉʆ3 1,8 

ʄʦʜʝʣʴʥʳʡ ʨʘʩʪʚʦʨ 1 

CaSO4Ö2H2O 8,4 

NaCl 71,3 

CaMg2Cl2Ö12H2O 20,3 

ʄʦʜʝʣʴʥʳʡ ʨʘʩʪʚʦʨ 2 

CaSO4Ö2H2O 13 

NaCl 74,5 

CaMg2Cl2Ö12H2O 12,5 

ʄʦʜʝʣʴʥʳʡ ʨʘʩʪʚʦʨ 3 

CaSO4Ö2H2O 3 

NaCl 33 

CaMg2Cl2Ö12H2O 13 

CaCl2Ö4H2O 51 

 

ʀʟʚʝʩʪʥʦ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ: 1) 

ʪʠʪʨʠʤʝʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʧʠʪʴʝʚʳʭ 

ʣʝʯʝʙʥʳʭ, ʣʝʯʝʙʥʦ-ʩʪʦʣʦʚʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʩʪʦʣʦʚʳʭ ʚʦʜ [3]; 2) ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [3]; 3) ʇʨʦʪʦʯʥʦ-ʠʥʞʝʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ 

ʩʠʛʥʘʣʘ [4]; 4) ʄʝʪʦʜ ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ [5]. 

ʆʜʥʘʢʦ ʥʠ ʦʜʠʥ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʩʪʘʚʘ ʧʣʘʩʪʦʚʳʭ 

(ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ) ʚʦʜ. ʅʘʧʨʠʤʝʨ, ʠʥʜʠʢʘʪʦʨʳ ʥʝʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʶʪ ʚ ʧʣʘʩʪʦʚʳʭ 

ʚʦʜʘʭ. 

ɹʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦʧʳʪʢʘ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʘ ʚ 

ʧʣʘʩʪʦʚʳʭ ʚʦʜʘʭ.  ɸʥʘʣʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʙ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʢʘʟʘʣ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ, ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʠʟʣʦʤʘ ʢʨʠʚʦʡ ʪʠʪʨʦʚʘʥʠʷ ʚ ʪʦʯʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ. 

ʄʝʪʦʜ ʦʢʘʟʘʣʩʷ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʊʠʪʨʦʚʘʥʠʝ 

ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʧʨʦʙ 1 ʠ 3 (ʨʠʩ.4). 

ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʠʟʫʯʝʥ ʩʦʩʪʘʚ 6 ʧʨʦʙ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʚʟʷʪʳʭ ʩ ʨʘʟʣʠʯʥʳʭ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʧʨʦʙ 

ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʦʜʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ. ʄʝʪʦʜ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʦʢʘʟʘʣʩʷ 

ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʚ ʧʨʦʙʘʭ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ 

ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʦʙ. 
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ʈʠʩ. 4. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʪʠʪʨʦʚʘʥʠʷ ʧʨʦʙʳ 1 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʌʃʆʊɸʎʀʆʅʅʆɽ ʀɿɺʃɽʏɽʅʀɽ ʀʆʅʆɺ ʀʊʊʈʀʗ (III ) ɸʅʀʆʅʆɻɽʅʅʓʄ ʇɸɺ 

ɸʃʂʀʃɹɽʅɿʆʃʉʋʃʔʌʆʂʀʉʃʆʊʆʁ 

 

ɻʠʣʸʚʘ ɸ.ʉ., ɼʝʥʠʩʦʚʘ ʉ.ɸ. 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ  

 

ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʠʦʥʦʚ ʠʪʪʨʠʷ (III) ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʪʦʜʘʤʠ 

ʦʩʘʞʜʝʥʠʷ ʠ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ ʩ ɸʇɸɺ ï ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʦʦʪʥʦʰʝʥʠʷ ʠʦʥʦʚ ʠʪʪʨʠʷ ʠ ʨʝʘʛʝʥʪʘ-ʦʩʘʜʠʪʝʣʷ, ʚʨʝʤʝʥʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʚʨʝʤʝʥʠ ʬʣʦʪʘʮʠʠ, ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ) ʥʘ 

ʠʟʚʣʝʯʝʥʠʝ ʠʦʥʘ ʤʝʪʘʣʣʘ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʠʦʥʦʚ ʠʪʪʨʠʷ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʠʣʘ 

87,00%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʪʪʨʠʡ, ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ, ʦʩʘʞʜʝʥʠʝ, ʠʦʥʥʘʷ ʬʣʦʪʘʮʠʷ. 

 

FLOTATION removing OF YTTRIUM (III) IONS with ANIONOGENIC  

SURFactant ALKYLBENZOLSULPHOIC ACID  

 

Gileva A.S., Denisova S.A.  

Perm State University, Perm, Russia 

 

The possibility of yttrium (III) ions removing from aqueous solutions by precipitation and ion 

flotation with alkylbenzenesulfonic acid, an anionic surfactant, is considered. The influence of some 

parameters (the ratio of samarium ions and the precipitant reagent, the interaction time of the solution 

components, the medium acidity, the flotation time, the air flow rate) on the recovery of the metal ion 

from aqueous solutions of various concentrations was investigated. The maximum degree of yttrium 

ions extraction under the established optimal conditions was 78,44 %. 

Key words: yttrium, alkylbenzenesulfonic acid, precipitation, ion flotation. 

 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʈɿʕ) ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ. ʀʭ ʤʦʞʥʦ 

ʥʘʡʪʠ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜʘʭ, ʤʠʥʝʨʘʣʘʭ, ʤʦʨʩʢʦʡ ʚʦʜʝ, ʧʦʯʚʘʭ ʠ ʚ 

ʤʠʥʝʨʘʣʴʥʳʭ ʦʩʪʘʪʢʘʭ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ [1]. 

ʈɿʕ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʰʠʭ ʠʭ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ 

ʧʨʦʛʨʝʩʩʝ. ʂ ʥʘʠʙʦʣʝʝ ʤʘʪʝʨʠʘʣʦʝʤʢʠʤ ʦʙʣʘʩʪʷʤ ʧʨʠʤʝʥʝʥʠʷ ʈɿʕ, ʧʦʛʣʦʱʘʶʱʠʤ ʙʦʣʝʝ 80% 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʪʨʝʙʣʝʥʠʷ ʦʪʥʦʩʷʪʩʷ: ʥʝʬʪʝʭʠʤʠʷ, ʤʝʪʘʣʣʫʨʛʠʷ, ʩʪʝʢʦʣʴʥʘʷ ʠ ʢʝʨʘʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʨʘʟʚʠʪʠʷ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʠʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʥʝ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʠʟʚʣʝʯʝʥʠʝ ʈɿʕ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ:  

___________________ 
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ʙʝʜʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ, ʦʪʭʦʜʳ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʪʘʢʞʝ ʧʦʧʫʪʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ 

ʨʫʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʠʩʢʘ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠʟʚʣʝʯʝʥʠʷ ʈɿʕ.  

ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ ʠʦʥʦʚ ʈɿʕ ʠʟ ʨʫʜʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʘʜʩʦʨʙʮʠʦʥʥʦïʧʫʟʳʨʴʢʦʚʳʝ ʤʝʪʦʜʳ. ʈʫʜʘ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʮʝʥʪʨʘʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ 60ï80% ʩʤʝʰʘʥʥʳʭ ʈɿʕ ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʣʦʪʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [3]. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ ʚ ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʚʚʦʜʷʪ ʧʫʟʳʨʴʢʠ ʛʘʟʘ ʠ 

ʩʦʙʠʨʘʪʝʣʴ. ʇʦʩʣʝʜʥʠʡ ʦʙʨʘʟʫʝʪ ʚ ʨʘʩʪʚʦʨʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʠʦʥʳ, ʟʘʨʷʜ ʢʦʪʦʨʳʭ ʧʦ 

ʟʥʘʢʫ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʟʘʨʷʜʫ ʠʟʚʣʝʢʘʝʤʦʛʦ ʠʦʥʘ. ʉʦʝʜʠʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʠ 

ʠʟʚʣʝʢʘʝʤʳʭ ʠʦʥʦʚ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʠ ʚʳʥʦʩʠʪʩʷ ʠʤʠ ʚ 

ʧʝʥʫ [4]. ʇʨʦʮʝʩʩ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʪʠʧ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʩʦʙʠʨʘʪʝʣʷ, ʚʨʝʤʷ ʬʣʦʪʘʮʠʠ, ʠʦʥʥʘʷ ʩʠʣʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʨʠʨʦʜʘ ʠʟʚʣʝʢʘʝʤʳʭ ʤʝʪʘʣʣʦʚ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʬʘʢʪʦʨʳ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʢʦʥʪʨʦʣʠʨʫʷ ʧʨʦʮʝʩʩ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ, ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʥʘʡʪʠ ʠʭ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ. ʇʦʵʪʦʤʫ ʚʘʞʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ, ʧʦʚʳʰʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʨʝʘʛʝʥʪʦʚ [5]. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʬʣʦʪʘʮʠʠ ʈɿʕ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚ ʢʘʪʠʦʥʥʦʡ ʬʦʨʤʝ, ʯʘʱʝ ʚʩʝʛʦ ʚʳʙʠʨʘʶʪ ʘʥʠʦʥʥʳʝ ʇɸɺ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʤʝʪʘʣʣʦʤ, ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʛʝʪʝʨʦʛʝʥʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ ʨʘʩʪʚʦʨʘ, ʥʘʧʨʠʤʝʨ, ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ 

[4]. ʀʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ, ʯʪʦ ʧʨʦʤʳʰʣʝʥʥʦ-ʚʳʧʫʩʢʘʝʤʦʝ ɸʇɸɺ ï ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ 

(ɸɹʉʂ) ʩʧʦʩʦʙʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʩʘʜʢʠ ʩ ʠʦʥʘʤʠ ʣʘʥʪʘʥʘ, ʩʘʤʘʨʠʷ, ʪʝʨʙʠʷ ʠ ʩʢʘʥʜʠʷ ʠ 

ʘʚʪʦʨʘʤʠ [5, 6] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʢʘʯʝʩʪʚʝ ʬʣʦʪʦʨʝʘʛʝʥʪʘ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʣʦ 

ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸɹʉʂ ʜʣʷ ʬʣʦʪʘʮʠʠ ʜʨʫʛʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ 

ʈɿʕ ï ʠʪʪʨʠʷ. 

ʅʘ ʧʨʠʤʝʨʝ ʠʦʥʦʚ ʠʪʪʨʠʷ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʦʩʘʞʜʝʥʠʷ ʩ ɸɹʉʂ ʠʟ ʤʦʜʝʣʴʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʘ ʠʪʪʨʠʷ. ɺ ʭʠʤʠʯʝʩʢʠʡ ʩʪʘʢʘʥ ʥʘ 50,0 ʤʣ ʚʥʦʩʠʣʠ 2,00 ʤʣ ʨʘʩʪʚʦʨʘ ʠʪʪʨʠʷ 

(III), ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʘ ɸɹʉʂ, ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʜʦ ʦʙʱʝʛʦ ʦʙʲʸʤʘ 

ʩʠʩʪʝʤʳ 20,0 ʤʣ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʩʘʜʢʠ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. ʉʪʝʧʝʥʴ ʦʩʘʞʜʝʥʠʷ ʠʪʪʨʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʦʩʪʘʪʦʯʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʠʦʥʘ ʤʝʪʘʣʣʘ ʚ ʬʠʣʴʪʨʘʪʝ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʩ ʢʨʘʩʠʪʝʣʝʤ ɸʨʩʝʥʘʟʦ III  ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʖʅʀʂʆ 1201 ʧʨʠ ɚ = 655 ʥʤ ʚ 

ʢʶʚʝʪʘʭ ʥʘ 1 ʩʤ. ɺ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʦʩʘʞʜʝʥʠʷ Y(III) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ Y:ɸɹʉʂ ʠ ʚʨʝʤʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ 

ʠʪʪʨʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 3-ʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ɸɹʉʂ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ ʙʦʣʝʝ 94%. ʇʨʠ 3,5-

ʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ʦʩʘʜʠʪʝʣʷ ʦʙʨʘʟʫʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ ʩʫʩʧʝʥʟʠʠ. ʇʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ 

ʠʪʪʨʠʷ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʅʨʘʚʥ ʬʠʣʴʪʨʘʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1,53 ʜʦ 3,19. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʪʪʨʠʷ ʜʦʩʪʘʪʦʯʥʦ 2 ʤʠʥ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

ʆʩʘʜʦʢ Y3+ ʩ ɸɹʉʂ ʚ ʩʦʦʪʥʦʰʝʥʠʠ Y:ɸɹʉʂ= 1:3 ʚʳʜʝʣʝʥ ʧʨʝʧʘʨʘʪʠʚʥʦ, ʝʛʦ ʩʦʩʪʘʚ 

ʧʦʜʪʚʝʨʞʜʝʥ ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 
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ʦʪʩʫʪʩʪʚʠʠ ʱʝʣʦʯʠ ʦʩʘʜʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʫʶ ʩʦʣʴ Y(CnH2n+1C6H4SO3)3. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3. 

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩ ɸɹʉʂ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

Y3+ + 3CnH2n+1C6H4SO3
ï = Y(CnH2n+1C6H4SO3)3Ź. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʘ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʟʥʘʯʝʥʠʝ ʫʩʣʦʚʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʣʷ ʦʩʘʜʢʘ Y(CnH2n+1C6H4SO3)3, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 2,42Ŀ10
-14. 

ʊʘʙʣʠʮʘ 1 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʦʩʘʞʜʝʥʠʷ (S, %) ʠʦʥʦʚ Y (III )  

ʦʪ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ Y: ɸɹʉʂ (Ű = 3 ʤʠʥ) 

 

Y: ɸɹʉʂ 

ʂʦʥʮʝʥʪʨʘʮʠʷ Y3+, ʤʦʣʴ/ʣ 

7,3Ŀ10-3 7,3Ŀ10-4 

pHʨʘʚʥ S, % pHʨʘʚʥ S, % 

1:1 2,10 53,15 3,19 57,5 

1:2 1,78 75,77 2,79 73,70 

1:3 1,62 94,90 2,61 78,37 

1:3,5 1,53 ʩʫʩʧʝʥʟʠʷ 2,56 ʩʫʩʧʝʥʟʠʷ 

 

ʊʘʙʣʠʮʘ 2 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʦʩʘʞʜʝʥʠʷ (S, %) ʠʦʥʦʚ Y (III ) ʦʪ ʚʨʝʤʝʥʠ  

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Y: ɸɹʉʂ=1:3 

(pHʨʘʚʥ=2,61;ʉY = 7,3Ŀ10-4ʤʦʣʴ/ʣ ) 

Ű, ʤʠʥ 1 2 3 5 

S, % 78,50 79,33 78,37 78,00 

 

ʊʘʙʣʠʮʘ 3 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʩʘʜʢʘ ʠʪʪʨʠʷ (III) ʩ ɸɹʉʂ  

(Y3+:ɸɹʉʂ=1:3) 

ʄʝʪʦʜ 
ʉʦʦʪʥʦʰʝʥʠʝ Y: ɸɹʉʂ 

1:1 1:2 1:3 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 16,69 11,24 8,48 

ʊʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ 8,58 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ 8,33 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ 8,89 

 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ NaOH ʥʘ ʧʦʣʥʦʪʫ ʦʩʘʞʜʝʥʠʷ ʠʪʪʨʠʷ ʩ ɸɹʉʂ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʠ ʚʚʝʜʝʥʠʠ ʱʝʣʦʯʠ ʜʦ ʨʅ 7,3 ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʩʘʜʢʘ ʠʪʪʨʠʷ ʩ ɸɹʉʂ, ʢʦʪʦʨʳʡ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʠʜʨʦʢʩʦʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʪʝʧʝʥʴ 

ʦʩʘʞʜʝʥʠʷ ʠʪʪʨʠʷ ʧʘʜʘʝʪ ʜʦ 65 %. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʨʅ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ʦʩʘʞʜʝʥʠʷ Y3+, ʢʦʪʦʨʦʝ ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʦʩʘʞʜʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ 

ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʛʠʜʨʦʢʩʦʩʦʝʜʠʥʝʥʠʡ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ. ʇʨʠ ʨʅ ʚʳʰʝ 11,9 ʩʪʝʧʝʥʴ 

ʦʩʘʞʜʝʥʠʷ ʠʪʪʨʠʷ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ 95 % (ʨʠʩ.).  
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʅ ʤʝʥʷʝʪʩʷ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʦʩʘʜʢʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʱʝʣʦʯʠ ʚ ʩʠʩʪʝʤʝ ʚʳʜʝʣʷʝʪʩʷ ʤʳʣʦʦʙʨʘʟʥʳʡ ʦʩʘʜʦʢ, ʩʙʠʚʘʶʱʠʡʩʷ ʚ ʢʦʤʦʢ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʦʩʘʜʦʢ ʠʤʝʝʪ ʜʨʫʛʫʶ ʩʪʨʫʢʪʫʨʫ ï ʘʤʦʨʬʥʫʶ ʠ 

ʨʳʭʣʫʶ. 

ʀʩʧʳʪʘʥʠʷ ʧʦ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʬʣʦʪʦʤʘʰʠʥʝ ʌʄʃ 0,3. ɺʦ 

ʬʣʦʪʘʮʠʦʥʥʫʶ ʷʯʝʡʢʫ ʚʥʦʩʠʣʠ 200,0 ʤʣ 0,001 ʤʦʣʴ/ʣ ʨʘʩʪʚʦʨʘ Y(III), ʚʚʦʜʠʣʠ ʨʘʩʩʯʠʪʘʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ ɸɹʉʂ, ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʜʣʷ ʩʦʟʨʝʚʘʥʠʷ ʦʩʘʜʢʘ, ʧʨʦʧʫʩʢʘʣʠ 

ʧʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ ʠ ʩʦʙʠʨʘʣʠ ʧʝʥʫ, ʩʦʜʝʨʞʘʱʫʶ ʩʫʙʣʘʪ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʬʣʦʪʘʮʠʠ ʚ ʢʘʤʝʨʥʦʤ 

ʧʨʦʜʫʢʪʝ ʦʧʨʝʜʝʣʷʣʠ ʨʅʨʘʚʥ ʥʘ ʠʦʥʦʤʝʨʝ ʄʫʣʴʪʠʪʝʩʪ-101 ʠ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʘ 

ʠʪʪʨʠʷ (ʬʦʪʦʤʝʪʨʠʯʝʩʢʠ). ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʦʣʥʦʪʫ 

ʬʣʦʪʘʮʠʠ ʠʪʪʨʠʷ (ʪʘʙʣʠʮʘ 4). 

 
ʈʠʩ. ɺʣʠʷʥʠʝ ʨʅ ʥʘ ʦʩʘʞʜʝʥʠʝ ʠʦʥʦʚ Y3+ ɸɹʉʂ  

(CY = 7,3Ŀ10-4 ʤʦʣʴ/ʣ; Y3+:ɸɹʉʂ=1:3) 

ʊʘʙʣʠʮʘ 4 

ɿʘʚʠʩʠʤʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ (R, %) ʠʦʥʦʚ Y(III )  

ʩ ɸɹʉʂ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʉY= 7,3Ŀ10-4 ʤʦʣʴ/ʣ; Űʬʣ=5 ʤʠʥ) 

Sc:ɸɹʉʂ pHʨʘʚʥ R, % 

1:1 3,50 27,48 

1:2 3,08 66,69 

1:3 2,90 87,00 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ɸɹʉʂ ʜʦ ʪʨʝʭʢʨʘʪʥʦʛʦ ʤʦʣʴʥʦʛʦ 

ʠʟʙʳʪʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʪʪʨʠʶ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʦʩʘʞʜʝʥʠʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʩʪʝʧʝʥʠ ʝʛʦ 

ʠʟʚʣʝʯʝʥʠʷ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸɺ ʧʨʠʚʦʜʠʪ ʢ ʦʙʠʣʴʥʦʤʫ 

ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʶ, ʯʪʦ ʧʣʦʭʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʬʣʦʪʘʮʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʣʦʪʘʮʠʷ ʠʪʪʨʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʆʜʥʘʢʦ 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ [7] ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ ʈɿʕ 

ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʘ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʨʅ ʚʳʰʝ 6 ʟʘ ʩʯʝʪ ʬʣʦʪʘʮʠʠ ʛʠʜʨʦʢʩʠʜʦʜʝʮʠʣʩʫʣʴʬʘʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʱʝʣʦʯʠ ʥʘ ʬʣʦʪʘʮʠʦʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ Y3+ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ.  

ʇʨʠ ʨʅ ʚʳʰʝ 6 ʚʳʧʘʚʰʠʝ ʚ ʢʘʤʝʨʥʦʤ ʧʨʦʜʫʢʪʝ ʦʩʘʜʢʠ ʥʝ ʬʣʦʪʠʨʦʚʘʣʠʩʴ. ʇʦʩʢʦʣʴʢʫ ʨʘʥʝʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ pH ʚʳʰʝ 6 ʠʟ ʨʘʩʪʚʦʨʦʚ ʠʪʪʨʠʷ ʥʘʯʠʥʘʶʪ ʦʩʘʞʜʘʪʴʩʷ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʠʜʨʦʢʩʠʜʳ, ʪʦ ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʡʩʷ ʦʩʘʜʦʢ ʥʝ 

ʬʣʦʪʠʨʦʚʘʣʩʷ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 5 

ɿʘʚʠʩʠʤʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʦʥʦʚ ʠʪʪʨʠʷ ɸɹʉʂ 

 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ (CY = 7,3Ŀ10-3ʤʦʣʴ/ʣ; Y: ɸɹʉʂ=1:3, Űʬʣ=7 ʤʠʥ) 

pHʨʘʚʥ 2,90 3,07 3,79 4,60 5,10 6,03 

R, % 87,00 88,85 89,38 92,35 89,30 87,90 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ 

ʠʪʪʨʠʷ ʩ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ: Űʬʣ = 7 ʤʠʥ, Y:ɸɹʉʂ = 1:3, v = 40 ʤʣ/ʤʠʥ. ʀʦʥʳ Y3+ 

ʠʟʚʣʝʢʘʶʪʩʷ ʨʘʩʪʚʦʨʦʤ ɸɹʉʂ ʥʘ 87-92 % ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 2,90 ï 6,00. 
 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʕʃɽʂʊʈʆʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸʉʌɸʃʔʊɽʅʆɺ 

ɺʓʉʆʂʆɺʗɿʂʆʁ ʅɽʌʊʀ ʇʆ ɿɸʂʆʅɸʄ çʉʇɽʂʊʈ ï ʉɺʆʁʉʊɺʆè 

 

ɻʠʣʴʤʘʥʰʠʥʘ ʂ.ɸ.1, ɼʦʣʦʤʘʪʦʚʘ ʄ.ʄ.1,2 
1 ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʬʘ, ʈʦʩʩʠʷ 
2 ʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʋʬʘ, ʈʦʩʩʠ ̫

 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ 

ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʠʟʘʮʠʠ ʠ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ ʘʩʬʘʣʴʪʝʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʬʨʘʢʮʠʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʚʳʰʝ 460 Üʉ ʐʘʬʨʘʥʦʚʩʢʦʡ ʥʝʬʪʠ. ʈʝʛʠʩʪʨʘʮʠʶ ʩʧʝʢʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 280-780 ʥʤ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ PerkinElmer 

LAMBDA  1050. ʇʦʥʠʞʝʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʠʟʘʮʠʠ 5,68 ʵɺ ʠ ʚʳʩʦʢʦʝ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ 1,79 ʵɺ ʘʩʬʘʣʴʪʝʥʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʷʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʤʝʞʜʫ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʤʦʣʝʢʫʣ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʠʧʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʬʘʣʴʪʝʥʳ, ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ, 

ʩʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

 

DETERMINATION OF THE ELECTRONIC CHARACTERISTICS OF ASPHALTENES  

OF HIGH -VISCOSITY OIL ACCORDING TO 'SPECTRUM -PROPERTY' LAWS  

 

Gilmanshina K.A.1, Dolomatova M.M.1,2 
1 Ufa State Petroleum Technological University, Ufa, Russia 
2 Ufa University of Science and Technology, Ufa, Russia 

 

Based on electron spectroscopy data, the average ionisation potential and electron affinity 

values of asphaltenes isolated from the fraction with boiling point higher than 460 Üʉ of 

Shafranovskaya oil were determined. Optical absorption spectra were registered in the range of 280-

780 nm using a PerkinElmer LAMBDA 1050 spectrophotometer. The low average ionisation 

potential of 5.68 eV and high average electron affinity of 1.79 eV of the asphaltenes indicate the 

prevalence of charge transfer between the polycyclic aromatic fragments of molecules of the oil 

fraction components via donor-acceptor interactions. 

Keywords: asphaltenes, donor-acceptor properties, ionisation potential, electron affinity, 

spectroscopy. 
 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʥʪʨʘʪʦʚ ʘʩʬʘʣʴʪʝʥʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʦʙʲʝʢʪʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ [1]. ɼʣʷ ʠʭ 

ʧʦʣʫʯʝʥʠʷ ʥʝ ʪʨʝʙʫʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɼʣʷ ʪʘʢʠʭ 

ʩʣʦʞʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ï ʧʦʪʦʣʢʘ ʠ ʜʥʘ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ï ʩʨʝʜʥʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠʦʥʠʟʘʮʠʠ  

___________________ 

É ɻʠʣʴʤʘʥʰʠʥʘ ʂ.ɸ., ɼʦʣʦʤʘʪʦʚʘ ʄ.ʄ., 2025 
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(ʇʀ) ʠ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ (ʉʕ). ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʫʢʘʟʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʘʩʬʘʣʴʪʝʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʬʨʘʢʮʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʚʳʰʝ 

460 Üʉ, ʧʦʣʫʯʝʥʥʦʡ ʨʘʟʛʦʥʢʦʡ ʐʘʬʨʘʥʦʚʩʢʦʡ ʥʝʬʪʠ. 

ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʝʬʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʚʫʭʩʝʢʮʠʦʥʥʦʤ ʘʧʧʘʨʘʪʝ çI-Fischerè. ɸʩʬʘʣʴʪʝʥʳ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʩʦʣʴʚʝʥʪʥʦʡ ʜʝʘʩʬʘʣʴʪʠʟʘʮʠʠ ʩʧʦʩʦʙʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ 

ʀ.ʈ. ʍʘʡʨʫʜʠʥʦʚʳʤ [2]. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʝʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʝʥʦʚ ʐʘʬʨʘʥʦʚʩʢʦʡ ʥʝʬʪʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɿʥʘʯʝʥʠʝ 

ʉʨʝʜʥʝʯʠʩʣʦʚʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ (ʦʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ), ʘ. ʝ. ʤ. 2740 

ʇʣʦʪʥʦʩʪʴ ʧʨʠ 20 ʉ̄, ʢʛ/ʤ3 1174 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ ʧʦ ʂʦʥʨʘʜʩʦʥʫ, % 80 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ (ʇʄʎ) ʧʨʠ 25 ʉ̄, 1019 ʩʧʠʥ/ʩʤ3 

(ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʕʇʈ) 

15,85 

ʄʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, % 4.06 

 

ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [3] ʦʧʨʝʜʝʣʠʣʠ ʟʥʘʯʝʥʠʷ ʇʀ ʠ 

ʉʕ ʪʦʣʫʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʩʬʘʣʴʪʝʥʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʪ 0,017 ʜʦ 0,05 ʛ/ʣ. ʕʣʝʢʪʨʦʥʥʳʝ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʙʣʠʞʥʝʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ (ʋʌ) ʠ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ (280-780 ʥʤ), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ PerkinElmer LAMBDA 1050, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

 

 
ʈʠʩ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʙʣʠʞʥʝʡ ʋʌ ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʷʭ 

ʪʦʣʫʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʩʬʘʣʴʪʝʥʦʚ ʐʘʬʨʘʥʦʚʩʢʦʡ ʥʝʬʪʠ:  

1, 2, 3 ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 1.0, 1.5, 3.0 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 1, ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʘʩʬʘʣʴʪʝʥʦʚ ʧʨʠ ʪʨʝʭ ʨʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʤʝʶʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠ ʥʝʧʨʝʨʳʚʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ 280-780 ʥʤ. ɼʣʷ ʚʩʝʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʘʨʘʢʪʝʨʥʳ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʧʨʠ 280-337 ʥʤ. 

ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ ʠʤʝʶʪʩʷ ʧʠʢʠ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 400-407 ʥʤ, ʢʦʪʦʨʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʩʚʷʟʘʥʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ˊŸˊ* ʧʝʨʝʭʦʜʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 
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ʤʦʣʝʢʫʣ ʘʩʬʘʣʴʪʝʥʦʚ. ʇʨʠ 410 ʥʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʉʦʨʝ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʧʦʨʬʠʨʠʥʦʚʳʭ 

ʩʪʨʫʢʪʫʨ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʘʩʬʘʣʴʪʝʥʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʶʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʭ ʩʪʨʫʢʪʫʨʘ ʪʘʢʞʝ ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ.  

ʇʦ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʩʯʠʪʘʣʠ ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʠʣʫ ʦʩʮʠʣʣʷʪʦʨʘ (ʀʉʆ) ʯʠʩʣʝʥʥʳʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʩ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 1 ʥʤ ʧʦ ʬʦʨʤʫʣʝ (1): 
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lllq            (1) 

ʛʜʝ k(ɚ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ɚ, 102 ʤ2/ʢʛ; ɚ ï ʜʣʠʥʳ ʚʦʣʥ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʛʨʘʥʠʮʳ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ, ʥʤ (ʜʣʷ ʋʌ ʠ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ɚ1 = 280 ʥʤ ʠ ɚ2 = 780 ʥʤ); ȹɚ ï 

ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ, ʥʤ; n ï ʯʠʩʣʦ ʨʘʟʙʠʝʥʠʡ ʩʧʝʢʪʨʘ. 

ʇʀ ʠ ʉʕ ʨʘʩʪʚʦʨʦʚ ʘʩʬʘʣʴʪʝʥʦʚ ʨʘʩʩʯʠʪʘʣʠ ʯʝʨʝʟ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʤʦʣʷʨʥʫʶ ʀʉʆ ʧʦ 

ʬʦʨʤʫʣʘʤ (2) ʠ (3): 

 

,lg21

lll qaa +=IP                    (2) 

,lg21

lll qbb+=EA                    (3) 

ʛʜʝ IP, EA ï ʩʨʝʜʥʠʝ ʇʀ ʠ ʉʕ, ʵɺ; 
lqlg  ï ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʀʉʆ, ʥʤ; 

llll bbaa 2121 ,,,  ï 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʪʠʧʘ ʦʨʙʠʪʘʣʠ, ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʙʣʠʟʢʠʭ ʧʦ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʩʦʝʜʠʥʝʥʠʡ.  

ʉʨʝʜʥʠʡ ʇʀ ʘʩʬʘʣʴʪʝʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 5.68 ʵɺ, ʩʨʝʜʥʝʝ ʉʕ 1.79 ʵɺ. ʇʦʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʇʀ ʠ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʉʕ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʷʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ 

ʤʝʞʜʫ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʤʦʣʝʢʫʣ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʷʥʳʭ 

ʬʨʘʢʮʠʡ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʠʧʘ.  

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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The relationship between the molecular structure of glycols and the properties of the 

polymaleinates was studied. The influence of propylene, diethylene, triethylene and neopentyl glycol 

on the processability, rheological and mechanical characteristics of resins, as well as on reactivity 
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ʅʝʥʘʩʳʱʝʥʥʳʝ ʧʦʣʠʵʬʠʨʥʳʝ ʩʤʦʣʳ ʥʘ ʤʘʣʝʠʥʦʚʦʡ ʦʩʥʦʚʝ (ʧʦʣʠʤʘʣʝʠʥʘʪʳ) ʟʘʥʠʤʘʶʪ 

ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʚʳʩʦʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ [1]. ʂʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʛʣʠʢʦʣʝʡ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʛʠʙʢʦʩʪʴ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʧʣʦʪʥʦʩʪʴ ʩʰʠʚʢʠ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʤʦʥʦʤʝʨʘʤʠ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʝʪʳʨʸʭ 

ʛʣʠʢʦʣʝʡ (ʧʨʦʧʠʣʝʥ-, ʜʠʵʪʠʣʝʥ-, ʪʨʠʵʪʠʣʝʥ- ʠ ʥʝʦʧʝʥʪʠʣʛʣʠʢʦʣʷ) ʥʘ ʩʚʦʡʩʪʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʤʘʣʝʠʥʘʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʭʚʘʪʳʚʘʣʦ ʦʮʝʥʢʫ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ 

ʩʠʥʪʝʟʘ, ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

___________________ 
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ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʚ ʨʘʩʧʣʘʚʝ ʧʨʠ ʧʦʜʘʯʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʚ 

ʢʦʣʙʝ-ʨʝʘʢʪʦʨʝ ʩ ʣʦʧʘʩʪʥʦʡ ʤʝʰʘʣʢʦʡ, ʧʨʷʤʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʠʟʤʝʨʠʪʝʣʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

[3]. ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʢ ʛʣʠʢʦʣʶ ʩʦʩʪʘʚʣʷʣʦ 1:1,15. ʎʝʣʝʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʠʠ 200Ñ5Áʉ, ʧʨʦʮʝʩʩ ʚʝʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʚʝʨʩʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʤʘʩʩʘ ʦʭʣʘʞʜʘʣʘʩʴ, ʧʨʠ 165Áʉ 

ʚʚʦʜʠʣʩʷ ʠʥʛʠʙʠʪʦʨ (ʛʠʜʨʦʭʠʥʦʥ) ʚ ʢʦʣʠʯʝʩʪʚʝ 0,01%, ʟʘʪʝʤ ʧʨʠ 90Áʉ ʤʦʥʦʤʝʨ-ʨʘʩʪʚʦʨʠʪʝʣʴ 

(ʩʪʠʨʦʣ) ʚ ʢʦʣʠʯʝʩʪʚʝ 33%, ʜʘʣʝʝ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ 2 ʯʘʩʘ. ɼʣʷ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʩʤʦʣ ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʨʦʢʩʠʜ ʤʝʪʠʣʵʪʠʣʢʝʪʦʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʢʦʙʘʣʴʪʦʚʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʛʣʠʢʦʣʷ ʪʨʝʙʦʚʘʣʘʩʴ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚʚʠʜʫ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʷ ʧʨʦʚʦʜʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʚʳʜʝʨʞʢʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ 

ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʷ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 187Áʉ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʣʦ 

ʩʨʘʟʫ ʜʦʩʪʠʛʥʫʪʴ ʮʝʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ. ɼʣʷ ʥʝʦʧʝʥʪʠʣʛʣʠʢʦʣʷ ʪʨʝʙʦʚʘʣʦʩʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʩʧʣʘʚʣʝʥʠʝ (Tʧʣ=129ÁC). ɼʣʷ ʪʨʠʵʪʠʣʝʥ- ʠ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʝ ʪʨʝʙʦʚʘʣʘʩʴ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ 

ʛʣʠʢʦʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʛʣʠʢʦʣʷʤʠ ʷʚʣʷʶʪʩʷ 

ʪʨʠʵʪʠʣʝʥ- ʠ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʴ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʤʝʪʦʜʦʤ ʨʦʪʘʮʠʦʥʥʦʡ ʚʠʩʢʦʟʠʤʝʪʨʠʠ [4]. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 263 ʜʦ 1023 ʤʇʘĿʩ ʚ ʨʷʜʫ ʪʨʠʵʪʠʣʝʥ-, ʥʝʦʧʝʥʪʠʣ-, ʜʠʵʪʠʣʝʥ-, 

ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴʤʘʣʝʠʥʘʪʘ. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʯʝʤ ʙʦʣʴʰʝ ʜʣʠʥʘ ʛʣʠʢʦʣʷ, ʪʝʤ 

ʤʝʥʴʰʝ ʚʷʟʢʦʩʪʴ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʜʚʠʞʥʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ. ʇʨʠ ʵʪʦʤ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʨʘʟʚʝʪʚʣʝʥʠʡ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ, ʩʥʠʞʘʶʱʠʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ʊʘʢ, ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʧʝʥʪʠʣʛʣʠʢʦʣʷ ð ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʚʷʟʢʦʩʪʴ, ʯʝʤ 

ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʜʣʠʥʫ. 

ɺʨʝʤʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʩʠʩʪʝʤʝ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ [5]. ɿʥʘʯʝʥʠʷ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 7,5 ʜʦ 19,3 ʤʠʥʫʪ ʚ ʨʷʜʫ ʜʠʵʪʠʣʝʥ-, ʧʨʦʧʠʣʝʥ-, ʪʨʠʵʪʠʣʝʥ-, 

ʥʝʦʧʝʥʪʠʣʛʣʠʢʦʣʴʤʘʣʝʠʥʘʪʘ. ʅʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʤʦʣʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʦ ʩʪʠʨʦʣʦʤ ʚʣʠʷʝʪ ʫʜʘʣʸʥʥʦʩʪʴ ʦʩʪʘʪʢʦʚ ʥʝʥʘʩʳʱʝʥʥʦʡ ʢʠʩʣʦʪʳ 

(ʚʦʟʨʘʩʪʘʶʱʘʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʛʣʠʢʦʣʷ) ʠ ʩʪʝʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ (ʟʘʤʝʩʪʠʪʝʣʠ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʦʜʭʦʜʫ ʨʝʘʛʝʥʪʘ). ʅʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʷ 

ʩʚʷʟʘʥʦ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʢ ʩʰʠʚʢʝ. 

ʍʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʦʪʚʝʨʞʜʸʥʥʦʡ ʩʤʦʣʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʩʰʠʚʢʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʛʣʠʢʦʣʷ ʢ ʛʠʜʨʦʣʠʟʫ, ʠ ʥʘʣʠʯʠʝʤ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʚʳʟʳʚʘʶʪ ʩʪʝʨʠʯʝʩʢʠʝ ʧʨʝʧʷʪʩʪʚʠʷ ʧʦʜʭʦʜʫ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʘʛʝʥʪʘ ʢ ʤʦʣʝʢʫʣʘʤ ʧʦʣʠʤʝʨʘ.  

ʆʙʨʘʟʮʳ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ (35%-ʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ H SO , 35%-ʥʳʡ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ NaOH, ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ, ʢʩʠʣʦʣ, ʚʦʜʘ) ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ, ʧʨʦʤʳʚʘʣʠ, 

ʚʳʩʫʰʠʚʘʣʠ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʪʝʧʝʥʴ ʢʦʨʨʦʟʠʠ ʢʘʢ ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪʥʦʰʝʥʠʝ 

ʨʘʟʥʦʩʪʠ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʜʦ ʠ ʧʦʩʣʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

ɺʦʜʘ, ʱʸʣʦʯʴ ʠ ʢʠʩʣʦʪʘ ʦʢʘʟʳʚʘʶʪ ʛʠʜʨʦʣʠʟʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʘ 

ɼʄʉʆ ʠ ʢʩʠʣʦʣ ʚʳʤʳʚʘʶʪ ʟʦʣʴʥʫʶ ʬʨʘʢʮʠʶ ʠʟ ʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʘ. ɺ ʮʝʣʦʤ, ʥʘʠʙʦʣʴʰʫʶ 

ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʧʦʣʠʧʨʦʧʠʣʝʥʤʘʣʝʠʥʘʪ, ʥʘʠʤʝʥʴʰʫʶ ð 

ʧʦʣʠʪʨʠʵʪʠʣʝʥʤʘʣʝʠʥʘʪ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʠʮʝʡ ʚ ʧʣʦʪʥʦʩʪʠ ʩʰʠʚʢʠ ʚʚʠʜʫ ʨʘʟʣʠʯʥʦʡ 
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ʜʣʠʥʳ ʤʦʣʝʢʫʣ ʛʣʠʢʦʣʝʡ. ʊʨʠʵʪʠʣʝʥ- ʠ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʴʧʦʣʠʤʘʣʝʠʥʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʦʚʳʰʝʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʠʩʣʦʪʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʜʦʩʪʫʧʥʳʭ 

ʧʨʦʩʪʦʵʬʠʨʥʳʭ ʛʨʫʧʧ ʚ ʜʣʠʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ. ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʚʩʝ ʦʙʨʘʟʮʳ 

ʧʦʢʘʟʘʣʠ ʩʭʦʞʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ 

ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʩʚʷʟʝʡ. 

 

ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʠʤʘʣʝʠʥʘʪʦʚ 

ʉʦʩʪʘʚ 

ʘʛʨʝʩʩʠʚʥʦʡ 

ʩʨʝʜʳ 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʛʣʠʢʦʣʴ 

ʊʕɻ ɼʕɻ ʅʇɻ ʇɻ 

ʉʪʝʧʝʥʴ ʢʦʨʨʦʟʠʠ, % 

ɺʦʜʘ -1,3 -0,7 -0,7 -0,1 

H2SO4 -13,4 -3,1 -0,5 0,0 

NaOH -4,6 -4,4 -4,0 -4,4 

ɼʄʉʆ -14,1 -6,8 -11,5 -2,2 

ʂʩʠʣʦʣ -11,9 -2,5 -4,2 -1,5 

 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʚʝʨʞʜʸʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʦʤ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ [6]. ɿʥʘʯʝʥʠʷ ʩʥʠʞʘʣʠʩʴ ʦʪ 38 ʜʦ 77 ʄʇʘ ʚ ʨʷʜʫ ʪʨʠʵʪʠʣʝʥ-, ʜʠʵʪʠʣʝʥ-, 

ʥʝʦʧʝʥʪʠʣ-, ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴʤʘʣʠʝʥʘʪʘ. ʇʨʠ ʵʪʦʤ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʠʟʛʠʙʝ, ʚʦʟʨʘʩʪʘʣʦ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ. ʇʦʜʦʙʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʚ ʜʣʠʥʝ ʤʦʣʝʢʫʣ, ʘ ʠʤʝʥʥʦ ʢʦʨʦʪʢʠʝ ʮʝʧʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʞʝʩʪʢʦʩʪʴ, ʘ 

ʜʣʠʥʥʳʝ ð ʛʠʙʢʦʩʪʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʠʢʦʣʝʡ ʩ ʨʘʟʚʝʪʚʣʝʥʥʳʤ ʠ ʜʣʠʥʥʳʤ ʩʢʝʣʝʪʦʤ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʚʳʰʝʥʠʷ ʛʠʙʢʦʩʪʠ ʮʝʧʝʡ ʩʦʧʨʷʞʝʥʦ ʩ ʧʦʥʠʞʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ 

ʧʦʣʠʤʘʣʝʠʥʘʪʦʚ ʧʨʠ ʫʣʫʯʰʝʥʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʩʰʠʚʢʠ ʩʦ ʩʪʠʨʦʣʦʤ, ʥʦ ʧʨʦʯʠʝ 

ʬʘʢʪʦʨʳ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʦʧʨʝʜʝʣʸʥʥʦʝ ʚʣʠʷʥʠʝ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʝʨʠʯʝʩʢʠʡ). ʆʧʪʠʤʘʣʴʥʳʤ 

ʜʣʷ ʙʘʣʘʥʩʘ ʩʚʦʡʩʪʚ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʷ.  

 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʆʆʆ çʂʫʨʩʢʠʡ ʟʘʚʦʜ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚè ʟʘ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ɼʀɿɸʁʅ ʉʊʈʋʂʊʋʈʓ ʉʀʅʊɽʊʀʏɽʉʂʀʍ ʃɽʂɸʈʉʊɺɽʅʅʓʍ ɺɽʑɽʉʊɺ  

ʅɸ ʆʉʅʆɺɽ ʇʈʀʅʎʀʇɸ ʂʆʄʇʔʖʊɽʈʅʆʁ ʄʆɼʀʌʀʂɸʎʀʀ  

ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʀʍ ɹʀʆʃʆɻʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ:  

ʇʈɽʇɸʈɸʊʓ ʌɸɹʆʄʆʊʀɿʆʃɸ 

 

ɻʨʠʰʘʥʠʥ ɻ.ɺ., ʃʘʣʫʰʝʚʘ ɼ.ɺ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʠʜʦʨʝʥʢʦ ʇʦʣʠʥʘ ɺʘʩʠʣʴʝʚʥʘ 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ: ɹʫʜʘʝʚʘ ʖʣʠʷ ʅʠʢʦʣʘʝʚʥʘ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʥʝʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚʦʛʦ ʘʥʢʩʠʦʣʠʪʠʢʘ ï ʬʘʙʦʤʦʪʠʟʦʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʸʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʦʩʚʝʱʘʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʠʭ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʝʧʘʨʘʪʘ, ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ ʮʝʣʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʙʦʤʦʪʠʟʦʣ, ʥʝʚʨʦʪʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ. 
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ɺʚʝʜʝʥʠʝ 

ʌʘʙʦʤʦʪʠʟʦʣ (4-[2-[(6-ɻ ʪʦʢʩʠ-1H-ʙʝʥʟʠʤʠʜʘʟʦʣ-2-ʠʣ)ʩʫʣʴʬʘʥʠʣ]ʵʪʠʣ]ʤʦʨʬʦʣʠʥ) ʷʚʣʷʝʪʩʷ 

ʩʝʣʝʢʪʠʚʥʳʤ ʥʝʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚʳʤ ʘʥʢʩʠʦʣʠʪʠʢʦʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ů1-ʨʝʮʝʧʪʦʨʳ ʚ ʥʝʨʚʥʳʭ 

ʢʣʝʪʢʘʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʩʪʘʙʠʣʠʟʠʨʫʝʪ GABA/ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʠ ʪʘʢʞʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʵʥʜʦʛʝʥʥʳʤ ʤʝʜʠʘʪʦʨʘʤ ʪʦʨʤʦʞʝʥʠʷ. ʌʘʙʦʤʦʪʠʟʦʣ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʡʨʦʥʦʚ ʠ ʦʢʘʟʳʚʘʝʪ 

ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ: ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʠ ʟʘʱʠʱʘʝʪ ʥʝʨʚʥʳʝ ʢʣʝʪʢʠ. ʇʨʠ ʧʝʨʦʨʘʣʴʥʦʤ 

ʧʫʪʠ ʚʚʝʜʝʥʠʷ ʭʦʨʦʰʦ ʠ ʙʳʩʪʨʦ ʚʩʘʩʳʚʘʝʪʩʷ ʠʟ ɾʂʊ. Cmax ï 0.130Ñ0.073 ʤʢʛ/ʤʣ; ʊmax ï

0.85Ñ0.13 ʯ. ʇʦʜʚʝʨʛʘʝʪʩʷ ʵʬʬʝʢʪʫ "ʧʝʨʚʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ" ʯʝʨʝʟ ʧʝʯʝʥʴ, ʦʩʥʦʚʥʳʤʠ ʧʫʪʷʤʠ 

ʤʝʪʘʙʦʣʠʟʤʘ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʧʦ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʦʛʦ 

ʮʠʢʣʘ ʠ ʦʢʠʩʣʝʥʠʝ ʧʦ ʤʦʨʬʦʣʠʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ. ʀʥʪʝʥʩʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʭʦʨʦʰʦ 

ʚʘʩʢʫʣʷʨʠʟʠʨʦʚʘʥʥʳʤ ʦʨʛʘʥʘʤ, ʭʘʨʘʢʪʝʨʝʥ ʙʳʩʪʨʳʡ ʧʝʨʝʥʦʩ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʫʣʘ (ʧʣʘʟʤʳ 

ʢʨʦʚʠ) ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʡ (ʩʠʣʴʥʦ ʚʘʩʢʫʣʷʨʠʟʠʨʦʚʘʥʥʳʝ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ). 

ʇʨʠ ʧʨʠʝʤʝ ʚʥʫʪʨʴ ʊ1/2 ʬʘʙʦʤʦʪʠʟʦʣʘ ʩʦʩʪʘʚʣʷʝʪ 0.82Ñ0.54 ʯ. ʂʦʨʦʪʢʠʡ ʊ1/2 ʦʙʫʩʣʦʚʣʝʥ 

ʠʥʪʝʥʩʠʚʥʦʡ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʬʘʙʦʤʦʪʠʟʦʣʘ ʠ ʙʳʩʪʨʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʟ ʧʣʘʟʤʳ ʢʨʦʚʠ 

ʚ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ. ɺʳʚʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʯʘʩʪʠʯʥʦ ʚ 

ʥʝʠʟʤʝʥʝʥʥʦʤ ʚʠʜʝ ʩ ʤʦʯʦʡ ʠ ʢʘʣʦʤ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʥʝ ʢʫʤʫʣʠʨʫʝʪ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʣʝʯʝʥʠʠ ʥʝʚʨʦʪʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʨʝʩʩʦʤ, 

ʘ ʪʘʢʞʝ ʩ ʩʦʤʘʪʦʬʦʨʤʥʳʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ, ʧʨʠʤʝʥʷʶʪʩʷ ʧʩʠʭʦʪʨʦʧʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ 

ʧʨʝʧʘʨʘʪʳ ʨʘʟʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʚʢʣʶʯʘʶʱʠʝ: b-ʙʣʦʢʘʪʦʨʳ, ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʳ, 

ʪʨʘʥʢʚʠʣʠʟʘʪʦʨʳ ʠ ʜʨ. 

ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʘʥʢʩʠʦʣʠʪʠʯʝʩʢʠʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʘʥʢʩʠʦʣʠʪʠʢʘ, ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʙʝʥʟʠʤʠʜʘʟʦʣʘ ï ʬʘʙʦʤʦʪʠʟʦʣʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʠʜʝʨʦʤ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ 

ʨʳʥʢʘ ʈʦʩʩʠʠ ʩʨʝʜʠ ʧʨʝʧʘʨʘʪʦʚ ʫʢʘʟʘʥʥʦʛʦ ʪʠʧʘ ʜʝʡʩʪʚʠʷ. ʆʨʠʛʠʥʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʝʛʦ 

ʜʝʡʩʪʚʠʷ ʩʚʷʟʘʥ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʪʨʝʩʩʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʧʘʜʝʥʠʝ 

ʩʚʷ ʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ɻɸʄʂɸ-ʨʝʮʝʧʪʦʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʩ ů1-, ʤʝʣʘʪʦʥʠʥʦʚʳʤʠ ʄʊ1- ʠ ʄʊ3-ʨʝʮʝʧʪʦʨʘʤʠ ʠ ʨʝʛʫʣʷʪʦʨʥʳʤ ʫʯʘʩʪʢʦʤ 

ʤʦʥʦʘʤʠʥʦʢʩʠʜʘʟʳ ʄɸʆ ʪʠʧʘ ɸ. ɺ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʘʙʦʤʦʪʠʟʦʣʘ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʠ ʝʛʦ ʘʥʢʩʠʦʣʠʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʝʣʷʭ ʪʨʝʚʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʜʦʟʘʭ ʦʪ 0,5 ʜʦ 10,0 ʤʛ/ʢʛ. ɺ ʩʧʝʢʪʨʝ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʘʙʦʤʦʪʠʟʦʣʘ ʘʥʢʩʠʦʣʠʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʦʯʝʪʘʝʪʩʷ ʩʦ 

ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʝʟ ʩʝʜʘʪʠʚʥʳʭ ʠ ʤʠʦʨʝʣʘʢʩʘʥʪʥʳʭ ʵʬʬʝʢʪʦʚ, ʧʨʝʧʘʨʘʪ ʪʘʢʞʝ 

ʦʙʣʘʜʘʝʪ ʚʝʛʝʪʦʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ, ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʳʤʠ, ʢʘʨʜʠʦʧʨʦʪʝʢʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʬʘʙʦʤʦʪʠʟʦʣʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʩʜʝʣʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ PASS Online, ADMETlab 2.0. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ.  

ʅʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʘʨʤʘʢʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 
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ʊʘʙʣʠʮʘ 

 ̄ ʉʪʨʫʢʪʫʨʘ ʅʘʠʤʝʥʦʚʘʥʠʝ 

1 

 

ʌʘʙʦʤʦʪʠʟʦʣ 

2 

 

ʉʦʝʜʠʥʝʥʠʝ 1 

3 

 

ʉʦʝʜʠʥʝʥʠʝ 2 

 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ PASS Online ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩʚʳʰʝ 700 ʵʬʬʝʢʪʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ~85 % ʧʨʠ ʩʢʦʣʴʟʷʱʝʤ 

ʢʦʥʪʨʦʣʝ ʩ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦ ʦʜʥʦʤʫ. ʈʘʙʦʪʘ PASS ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʚʝʱʝʩʪʚ ʠʟ ʚʳʙʦʨʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʙʦʣʝʝ 45000 ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʚ PASS Online. 

ɺʳʜʘʚʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʘ ʧʦʤʠʤʦ ʥʘʟʚʘʥʠʡ ʘʢʪʠʚʥʦʩʪʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʮʝʥʢʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʣʠʯʠʷ (Pa) ʠ ʦʪʩʫʪʩʪʚʠʷ (Pi) ʢʘʞʜʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ 1. 

ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʠʭ ʩʫʤʤʘ ʥʝ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ʏʝʤ 

ʙʦʣʴʰʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʝʣʠʯʠʥʘ ʈʘ ʠ ʯʝʤ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʘ ʈi, ʪʝʤ ʙʦʣʴʰʝ ʰʘʥʩ 

ʦʙʥʘʨʫʞʠʪʴ ʜʘʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 
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ʇʦʜʭʦʜ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ PASS Online ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ çʘʢʪʠʚʥʦʩʪʴ = 

ʩʪʨʫʢʪʫʨʘè, ʘ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʠʩʳʚʘʝʪʩʷ ʝʝ ʦʪʜʝʣʴʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʜʝʩʢʨʠʧʪʦʨʘʤʠ) ï ʨʘʜʠʢʘʣʘʤʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʘʪʦʤʦʚ. 

ADMETlab 2.0 ï ʵʪʦ ʢʦʤʧʴʶʪʝʨʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʮʝʥʢʠ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ/ʩʚʦʡʩʪʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʫʪ ʦʪʨʘʞʘʪʴʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʚʝʜʝʥʠʷ 

ʦʙ ʠʭ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʪʦʢʩʠʯʥʦʩʪʠ, ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: 

1. ʂʘʣʠʝʚʳʡ ʢʘʥʘʣ hERG ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʥʪʠʤʠʰʝʥʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʢʘʨʜʠʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚ. 

2. ɺʩʘʩʳʚʘʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ ʦʙʦʣʦʯʢʫ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ 

(HIA (human intestinal absorption)) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʘʥʜʠʜʘʪʦʚ 

ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʝʤʝ. 

3. Blood-brain barrier permeability ï ʧʦʢʘʟʘʪʝʣʴ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʯʝʨʝʟ ɻʕɹ. ɼʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʯʠʪʳʚʘʝʪʩʷ 

ʫʨʦʚʝʥʴ ʩʚʦʙʦʜʥʦʡ ʜʠʬʬʫʟʠʠ, ʫʯʠʪʳʚʘʷ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʱʝʩʪʚʘ: ʝʛʦ ʣʠʧʦʬʠʣʴʥʦʩʪʴ, 

ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ, ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʜʨ. 

4. LogS - ʣʦʛʘʨʠʬʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʦʣʝʢʫʣʳ ʚ ʚʦʜʝ. ʅʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʣʦʭʦʝ ʚʩʘʩʳʚʘʥʠʝ ʠ ʧʨʦʙʣʝʤʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʨʝʧʘʨʘʪʘ. 

5. LogP - ʣʦʛʘʨʠʬʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʦʡ ʠ 

ʚʦʜʥʦʡ ʬʘʟʦʡ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʫʨʦʚʥʝ pH. 

6. LogD - ʣʦʛʘʨʠʬʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʚʦʜʥʦʡ ʬʘʟʘʤʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ pH. 

7. H-HT (Human Hepatotoxicity) - ʧʦʢʘʟʘʪʝʣʴ ʪʦʢʩʠʯʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʛʝʧʘʪʦʮʠʪʦʚ. 

8. Rat Oral Acute Toxicity - ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ ʦʩʪʨʦʡ ʧʝʨʦʨʘʣʴʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʫ ʢʨʳʩ, ʢʦʪʦʨʘʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʦʩʣʝ ʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʦʜʥʦʡ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʜʦʟ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. 

9. PPB (plasma protein binding) - ʵʪʦ ʩʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ 

ʢʨʦʚʠ.  ʆʥʘ ʚʣʠʷʝʪ ʥʘ ʦʙʲʸʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʣʠʨʝʥʩ ʠ ʚʨʝʤʷ ʧʦʣʫʞʠʟʥʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʨʝʧʘʨʘʪʘ. 

ʊʘʙʣʠʮʘ 1  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʝʧʘʨʘʪʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ 

 ̄ ʉʦʝʜʠʥʝʥʠʝ Log S Log P Log D HIA PPB BBB 

1 ʌʘʙʦʤʦʪʠʟʦʣ -3.103 2.747 3.118 0.004 92.78% 0.812 

2 ʉʦʝʜʠʥʝʥʠʝ 1 -2.241 0.644 1.36 0.773 24.33% 0.028 

3 ʉʦʝʜʠʥʝʥʠʝ 2 -4.368 3.419 2.994 0.008 97.24% 0.108 
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ʉʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʚʷʟʳʚʘʥʠʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʝʧʦʥʠʨʫʶʪʩʷ ʚ 

ʦʨʛʘʥʘʭ, ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʠʥʪʝʥʩʠʚʥʦʤʫ ʤʝʪʘʙʦʣʠʟʤʫ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ 

ʙʦʣʴʰʠʝ ʜʦʟʳ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. 

ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʚʷʟʳʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʴʰʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʩʚʦʙʦʜʥʦʡ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʦʙʲʸʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʜʥʘʢʦ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʩʠʩʪʝʤʥʦʤʫ 

ʤʝʪʘʙʦʣʠʟʤʫ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʜʘʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʥʘʙʣʶʜʘʝʤ ʩʣʝʜʫʶʱʝʝ: 

ʉʦʝʜʠʥʝʥʠʝ 1 ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʧʨʝʧʘʨʘʪʦʤ ï ʌʘʙʦʤʦʪʠʟʦʣʦʤ, ʦʙʣʘʜʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʣʝʛʢʦʤʫ ʠ ʙʳʩʪʨʦʤʫ ʚʩʘʩʳʚʘʥʠʶ ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ ʦʙʦʣʦʯʢʫ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ, ʦʜʥʘʢʦ 

ʠʤʝʝʪ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. 

ʉʦʝʜʠʥʝʥʠʝ 2 ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʧʨʝʧʘʨʘʪʦʤ ï ʌʘʙʦʤʦʪʠʟʦʣʦʤ, ʦʪʣʠʯʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʩʚʷʟʳʚʘʥʠʷ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ ʠ ʚʩʘʩʳʚʘʥʠʷ ʯʝʨʝʟ 

ʢʣʝʪʦʯʥʫʶ ʦʙʦʣʦʯʢʫ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʫʨʦʚʥʝ pH, ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ, 

ʯʝʤ ʉʦʝʜʠʥʝʥʠʝ 1, ʥʦ ʥʠʟʢʠʝ ʧʨʦʭʦʜʠʤʦʩʪʴ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʠ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. 

ʊʘʙʣʠʮʘ 2  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʝʧʘʨʘʪʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʪʦʢʩʠʯʥʦʩʪʠ 

 ̄ ʉʦʝʜʠʥʝʥʠʝ 
Rat Oral Acute 

Toxicity 
H-HT hERG 

1 
ʌʘʙʦʤʦʪʠʟʦʣ 

 
0.266 0.662 0.145 

2 ʉʦʝʜʠʥʝʥʠʝ 1 0.183 0.865 0.173 

3 ʉʦʝʜʠʥʝʥʠʝ 2 0.053 0.202 0.657 

 

ʇʦʣʫʯʠʚ ʩʚʝʜʝʥʠʷ ʦ ʪʦʢʩʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʷʚʠʣʠ, ʯʪʦ ʦʙʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʝʨʦʨʘʣʴʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʫ ʢʨʳʩ, ʘ 

ʪʘʢʞʝ ʜʨʫʛʠʝ ʦʪʣʠʯʠʷ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʝʧʘʨʘʪʘ ï ʌʘʙʦʤʦʪʠʟʦʣʘ: 

ʉʦʝʜʠʥʝʥʠʝ 1 ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʨʜʠʦʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʛʝʧʘʪʦʪʦʢʩʠʯʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ. 

ʉʦʝʜʠʥʝʥʠʝ 2 ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʜʣʷ ʛʝʧʘʪʦʮʠʪʦʚ ʯʝʣʦʚʝʢʘ, ʥʦ ʚʳʩʦʢʦʡ 

ʢʘʨʜʠʦʪʦʢʩʠʯʥʦʩʪʴʶ. 

ɺʳʚʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʘʙʦʤʦʪʠʟʦʣʘ, ʦʜʥʘʢʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʢʘʨʜʠʦʪʦʢʩʠʯʥʦʩʪʠ. 
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ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʠʟʘʡʥ ʩʪʨʫʢʪʫʨʳ ʧʨʝʧʘʨʘʪʦʚ 

ʬʘʙʦʤʦʪʠʟʦʣʘ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʦʬʠʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʉ ʍʈʆʄɸɿʋʈʆʃʆʄ S 
 

ɻʫʛʘʣʦ ʋ.ʄ., ɼʝʥʠʩʦʚʘ ʉ.ɸ.  
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ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʘʪʘʤʠʥʘ ɸɹ ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʠʦʥʦʚ ʠʪʪʨʠʷ ʩ ʭʨʦʤʘʟʫʨʦʣʦʤ 

S. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʪʪʨʠʝʤ ʚ 

ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʤʠʥʘ ɸɹ, ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʄʝʪʦʜʘʤʠ ʥʘʩʳʱʝʥʠʷ ʠ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ ʫʩʪʘʥʦʚʣʝʥ ʩʦʩʪʘʚ 

ʢʦʤʧʣʝʢʩʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʩʪʨʦʝʥʳ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ, ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʣʷʨʥʦʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ, ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʤʝʰʘʶʱʠʭ ʠʦʥʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ, ʢʘʪʘʤʠʥ ɸɹ, ʭʨʦʤʘʟʫʨʦʣ S, ʠʪʪʨʠʡ. 
 

EFFECT OF CATAMINE AB ON THE COMPLEXATION BETWEEN YTTRIUM  

AND CHROME AZUROL S  

 

Gugalo U.M., Denisova S.A. 

Perm State University, Perm, Russia 
 

The effect of catamine AB on complexation of yttrium ions with chrome azurol S has been 

studied. Light absorption spectra of the dye and complexes with yttrium in the presence and the 

absence of catamine AB were recorded. The optimal conditions for complexations were determined. 

By using methods of saturation and isomolar series the ratio between metal ion and reagent was found 

for complexes. Conditional stability constants were determined, calibration curves were constructed, 

the molar light absorption coefficients were calculated, the influence of interfering ions was studied. 

Keywords: spectrophotometry, catamine ab, chrome azurol s, yttrium.  
 

ɺ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪ ʠʭ ʨʝʘʢʮʠʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʨʘʩʠʪʝʣʷʤʠ. ʕʪʠ ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʤʘʩʩʦʡ 

ʜʦʩʪʦʠʥʩʪʚ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʫʧʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʢʮʠʡ ʟʘʥʠʤʘʶʪʩʷ ʧʦʠʩʢʦʤ ʠ ʩʠʥʪʝʟʦʤ 

ʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪ ʩʧʦʩʦʙ ʫʣʫʯʰʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩ 

ʤʝʪʘʣʣʦʭʨʦʤʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʚʚʝʜʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʥʘʧʨʠʤʝʨ ʇɸɺ. 

ʄʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [1, 2] ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʇɸɺ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʘʝʪ ʚʘʞʥʝʡʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [3] 

ʩʜʝʣʘʣʠ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʤʦʱʠ ʚʚʝʜʝʥʠʷ ʇɸɺ ʚ ʥʝʢʦʪʦʨʳʭ ʮʚʝʪʥʳʭ ʨʝʘʢʮʠʷʭ ʤʦʛʫʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʫʣʫʯʰʝʥʠʷ: ʧʦʯʪʠ ʧʦʣʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʚʣʠʷʥʠʷ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ  

___________________ 

É ɻʫʛʘʣʦ ʋ.ʄ., ɼʝʥʠʩʦʚʘ ʉ.ɸ., 2025 
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ʨʝʘʛʝʥʪʘ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʨʝʘʢʮʠʠ, ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘ ʩʯʝʪ ʫʟʢʠʭ, ʭʦʨʦʰʦ ʨʘʟʨʝʰʝʥʥʳʭ ʧʦʣʦʩ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸɺ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ (ʂʂʄ) ʠʣʠ ʙʣʠʟʢʦʡ 

ʢ ʥʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ, ʤʘʣʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʯʘʩʪʠʮ ʠʦʥʥʳʭ 

ʘʩʩʦʮʠʘʪʦʚ ʤʝʞʜʫ ʨʝʘʛʝʥʪʦʤ ʠ ʇɸɺ, ʩʪʘʙʠʣʠʟʠʨʫʝʤʳʭ ʢʘʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ 

ʛʠʜʨʦʬʦʙʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [4, 5]. ɿʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʘʩʩʦʮʠʘʪʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʨʝʘʛʝʥʪʦʤ, ʜʝʣʘʶʱʝʝ ʩʨʝʜʫ ʙʦʣʝʝ ʧʦʣʷʨʥʦʡ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʭ, ʪʘʫʪʦʤʝʨʥʳʭ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʩʚʦʡʩʪʚ ʨʝʘʛʝʥʪʘ, ʝʛʦ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ 

ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʦʩʣʘʙʣʝʥʠʝ ʛʠʜʨʘʪʘʮʠʠ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʝʘʛʝʥʪʦʤ ʠʦʥʘ ʤʝʪʘʣʣʘ [5-7]. 

ʇʨʝʜʧʦʯʪʝʥʠʝ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʜʘʶʪ ʂʇɸɺ, ʩʦʣʷʤ 

(ʯʘʱʝ ʚʩʝʛʦ ʛʘʣʦʛʝʥʠʜʘʤ) ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʦʩʥʦʚʘʥʠʡ (ʏɸʉ) [8]. ʈʘʥʝʝ ʧʨʦʚʦʜʠʤʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʪʨʘʛʠʚʘʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʇɸɺ, ʥʘʧʨʠʤʝʨ, 

ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ [1, 4, 9]. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʥʘ 

ʢʘʬʝʜʨʝ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʜʦʨʦʛʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʂʇɸɺ ï ʢʘʪʘʤʠʥʘ ɸɹ [10-14]. 

ʏʘʱʝ ʚʩʝʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʮʚʝʪʥʳʭ ʨʝʘʢʮʠʡ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʘʩʠʪʝʣʝʡ ʪʨʠʬʝʥʠʣʤʝʪʘʥʦʚʦʛʦ ʨʷʜʘ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʣʦ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʜʫ ʠʦʥʘʤʠ 

ʠʪʪʨʠʷ (III) ʠ ʪʨʠʬʝʥʠʣʤʝʪʘʥʦʚʳʤ ʢʨʘʩʠʪʝʣʝʤ ʭʨʦʤʘʟʫʨʦʣʦʤ S (ʍɸɿ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʂʇɸɺ ʢʘʪʘʤʠʥʘ ɸɹ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʪʪʨʠʷ ʩ ʭʨʦʤʘʟʫʨʦʣʦʤ S ʚ 

ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʤʠʥʘ ɸɹ ʧʨʦʚʝʣʠ ʚʠʟʫʘʣʴʥʳʡ ʩʢʨʠʥʠʥʛ ʦʢʨʘʩʢʠ 

ʨʘʩʪʚʦʨʦʚ ʨʝʘʛʝʥʪʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʪʪʨʠʝʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʤʝʞʜʫ ʦʢʨʘʩʢʦʡ ʨʝʘʛʝʥʪʘ ʠ ʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʠʦʥʘʤʠ ʠʪʪʨʠʷ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ pH 6,16 ʠ 7,90. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʇɸɺ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʙʦʣʝʝ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ï ʧʨʠ pH 8,66. 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ pH 6,16 ʠ 7,90 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʍɸɿ 

ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ Y3+ (ʨʠʩ. 1). ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʛʝʥʪʘ ʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʚʦʡʥʦʡ 

ʩʠʩʪʝʤʝ ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʍɸɿ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʪʪʨʠʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH 

(ʉʍɸɿ = 1,54Ŀ10-4 ʤʦʣʴ/ʣ, ʉY = 1,6Ŀ10-4 ʤʦʣʴ/ʣ; l = 1 ʩʤ) 

pH ʍɸɿ (ʥʘ ʬʦʥʝ ʚʦʜʳ) ʍɸɿ ï Y (ʥʘ ʬʦʥʝ ʚʦʜʳ) ʍɸɿ ï Y (ʥʘ ʬʦʥʝ ʨʝʘʛʝʥʪʘ) 

ɚmax, ʥʤ ɸ ɚmax ɚmax, ʥʤ ɸ ɚmax ɚmax, ʥʤ ɸ ɚmax 

6,16 429 1,3107 436 1,1628 503 0,2696 

7,90 427 1,3132 557 1,4983 557 1,4574 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʝ pH ʩʨʝʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʅ ʩ 6,16 ʜʦ 7,90 ʥʘʙʣʶʜʘʝʪʩʷ 

ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax ʢʦʤʧʣʝʢʩʦʚ ʩ 503 ʥʤ ʜʦ 557 ʥʤ. ʂʦʥʪʨʘʩʪʥʦʩʪʴ ʨʝʘʢʮʠʠ ʧʨʠ ʵʪʦʤ 

ʜʦʩʪʠʛʘʝʪ 130 ʥʤ. 
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ʈʠʩ.1. ʉʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʍɸɿ (1-2) ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ Y3+  

ʥʘ ʬʦʥʝ ʨʝʘʛʝʥʪʘ (3-4) ʧʨʠ pH: 6,16 (1, 3); 7,90 (2, 4);  

(ʉʍɸɿ = 1,54Ŀ10-4 ʤʦʣʴ/ʣ, ʉY = 1,6Ŀ10-4 ʤʦʣʴ/ʣ; l = 1 ʩʤ) 

 

ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ pH ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 6,16 ʜʦ 8,66 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʍɸɿ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʪʪʨʠʝʤ (III) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʤʠʥʘ ɸɹ 

(ʨʠʩ. 2). ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʛʝʥʪʘ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

 
ʈʠʩ.2. ʉʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʍɸɿ (1-4) ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ Y3+ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇɸɺ  

ʥʘ ʬʦʥʝ ʨʝʘʛʝʥʪʘ (5-8) ʧʨʠ pH: 6,16 (1, 5); 7,27 (2, 6); 7,90 (3, 7); 8,66 (4, 8); 

(ʉʍɸɿ = 1,92Ŀ10-4 ʤʦʣʴ/ʣ, ʉY = 3,2Ŀ10-5 ʤʦʣʴ/ʣ, ʉKat = 1,3Ŀ10-3 ʤʦʣʴ/ʣ; l = 1 ʩʤ) 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʇɸɺ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʧʦʣʦʞʝʥʠʝ ɚmax ʨʝʘʛʝʥʪʘ. ʅʘ ʩʧʝʢʪʨʘʭ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʨʅ ʚʳʰʝ 

6,16 ʧʦʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʤʘʢʩʠʤʫʤ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʅ 7,90, ʧʨʦʠʩʭʦʜʠʪ 

ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax ʢʦʤʧʣʝʢʩʘ ʜʦ 628 ʥʤ, ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʨʝʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 201 ʥʤ. 



89 
 

ʀʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʚʝʪʥʦʡ ʨʝʘʢʮʠʠ Y3+ c ʍɸɿ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʚʚʝʜʝʥʥʦʛʦ ʢʘʪʘʤʠʥʘ ɸɹ, ʪʘʢ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇɸɺ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ. ɺʠʟʫʘʣʴʥʳʡ ʩʢʨʠʥʠʥʛ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʦʚ ʧʨʠ pH 7,90 ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸɺ 5,2Ŀ10-4 ʤʦʣʴ/ʣ (ʙʣʠʟʢʦʡ ʢ ʂʂʄ) ʠ ʥʠʞʝ ʨʘʩʪʚʦʨʳ ʤʫʪʥʝʣʠ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʳʰʝ 2,6Ŀ10-3 ʤʦʣʴ/ʣ ʧʨʠʚʦʜʠʣʘ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʨʝʘʢʮʠʠ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʍɸɿ ʩ Y3+ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʤʠʥʘ ɸɹ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʇɸɺ. ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʛʝʥʪʘ ʠ ʝʛʦ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 2 

ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʍɸɿ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʪʪʨʠʝʤ 

 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʤʠʥʘ ɸɹ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH 

(ʉʍɸɿ = 1,92Ŀ10-4 ʤʦʣʴ/ʣ, ʉY = 3,2Ŀ10-5 ʤʦʣʴ/ʣ, ʉKat = 1,3Ŀ10-3 ʤʦʣʴ/ʣ; l = 1 ʩʤ) 

pH ʍɸɿ ï Kat ʍɸɿ ï Y ï Kat 

ʥʘ ʬʦʥʝ ʚʦʜʳ ʥʘ ʬʦʥʝ ʚʦʜʳ ʥʘ ʬʦʥʝ ʨʝʘʛʝʥʪʘ 

ɚmax, ʥʤ ɸ ɚmax ɚmax, ʥʤ ɸ ɚmax ɚmax, ʥʤ ɸ ɚmax 

6,16 427 1,3877 475 1,2390 507 0,8177 

7,27 427 1,5567 472 

618 

1,3313 

0,4883 

507  

617 

0,9902 

0,4585 

7,90 427 1,5628 483 

629 

1,4276 

1,2921 

507 

628 

1,1166 

1,2335 

8,66 427 1,5002 429 

629 

1,2686 

0,6789 

517 

629 

0,6754 

0,6450 
 

 
ʈʠʩ.3. ʉʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Y3+ ʩ ʍɸɿ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʤʠʥʘ ɸɹ  

ʥʘ ʬʦʥʝ ʨʝʘʛʝʥʪʘ, ʤʦʣʴ/ʣ: 0,0 (1); 1,0Ŀ10-3 (2); 1,3Ŀ10-3 (3); 1,6Ŀ10-3 (4) 

(ʨʅ = 7,90; Cʍɸɿ = 1,92Ŀ10-4 ʤʦʣʴ/ʣ; ʉY = 6,40Ŀ10-5 ʤʦʣʴ/ʣ; l = 1ʩʤ) 
 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʤʘʢʩʠʤʫʤ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʇɸɺ ʧʨʦʠʩʭʦʜʠʪ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ɚmax ʜʦ 

624-630 ʥʤ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʤʘʢʩʠʤʫʤ ʧʨʠ 495 ʥʤ. ʅʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʤʠʥʘ ɸɹ 1,3Ŀ10-3 ʤʦʣʴ/ʣ. 

ɼʣʷ ʨʘʟʚʠʪʠʷ ʦʢʨʘʩʢʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ pH 7,90 ʚ ʩʠʩʪʝʤʝ ʩ ʢʘʪʘʤʠʥʦʤ ɸɹ ʜʦʩʪʘʪʦʯʥʦ 10 

ʤʠʥʫʪ, ʚ ʜʚʦʡʥʦʡ ï 15 ʤʠʥʫʪ. ʇʨʠ ʵʪʦʤ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʚʦʡʥʦʡ 
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ʩʠʩʪʝʤʝ ʫʩʪʦʡʯʠʚʘ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ, ʧʦ ʠʩʪʝʯʝʥʠʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʝʝ ʧʘʜʝʥʠʝ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʦʢʨʘʩʢʘ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ ʦʩʪʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʨʠʷ ʩ ʍɸɿ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʠʟʦʤʦʣʷʨʥʳʭ 

ʩʝʨʠʡ ʠ ʥʘʩʳʱʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Y:ʍɸɿ 1:1 ʠ 1:2, ʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʤʠʥʘ ɸɹ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ ʜʦ ʪʨʝʭ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʨʠʷ ʩ ʍɸɿ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:3. 

ʊʘʙʣʠʮʘ 3 

ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʍɸɿ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʪʪʨʠʝʤ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʤʠʥʘ ɸɹ 

(ʨʅ = 7,90; ʉʍɸɿ = 1,92Ŀ10-4 ʤʦʣʴ/ʣ, ʉY = 6,40 10-4 ʤʦʣʴ/ʣ; l = 1 ʩʤ) 

ʉʠʩʪʝʤʘ ʍɸɿ ï Kat ʍɸɿ ï Y ï Kat 

CKat, 

ʤʦʣʴ/ʣ 

ʥʘ ʬʦʥʝ ʚʦʜʳ ʥʘ ʬʦʥʝ ʚʦʜʳ ʥʘ ʬʦʥʝ ʨʝʘʛʝʥʪʘ 

ɚmax, ʥʤ ɸ ɚmax ɚmax, ʥʤ ɸ ɚmax ɚmax, ʥʤ ɸ ɚmax 

0 435 1,6448 557 1,2795 557 1,2070 

1,0Ŀ10-3 434 1,9980 497 1,5630 631 1,4444 

1,3Ŀ10-3 424 1,5327 495 

627 

1,4667 

1,6090 

505 

630 

1,1056 

1,5723 

1,6Ŀ10-3 424 1,4802 491 

626 

1,3811 

1,3517 

505 

624 

1,0979 

1,3315 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʣʷʨʥʦʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ Ů ʜʣʷ ʜʚʦʡʥʦʡ ʠ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʳʤ ʛʨʘʬʠʢʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 4. 

 
ʈʠʩ.4. ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ ʜʣʷ ʩʠʩʪʝʤ: 

(1) ʍɸɿ ï Y (l = 2 ʩʤ; ɚ = 557 ʥʤ); (2) ʍɸɿ ï Y ï Kat (l = 1 ʩʤ; ɚ = 630 ʥʤ) 

(ʨʅ = 7,90; ʉʍɸɿ = 1,92Ŀ10-4 ʤʦʣʴ/ʣ; ʉKat = 1,30Ŀ10-3 ʤʦʣʴ/ʣ) 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʦʙʝʠʭ ʩʠʩʪʝʤ ʧʦ ʤʝʪʦʜʫ ɹʘʙʢʦ 

ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 
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ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʣʷʨʥʦʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ Ů ʠ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʨʠʷ ʩ 

ʍɸɿ ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʤʝʪʦʜʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʪʪʨʠʷ ʩ ʍɸɿ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʤʠʥʘ ɸɹ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʚʚʝʜʝʥʦ-ʥʘʡʜʝʥʦ. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʠ ʚʚʝʜʝʥʠʠ 23,46 ʤʢʛ ʠʪʪʨʠʷ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʛʨʘʥʠʮʳ ʩʦʩʪʘʚʣʷʶʪ 23,38 Ñ 0,19 

ʤʢʛ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ï 0,34%. 

ʊʘʙʣʠʮʘ 4 

ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ ʍɸɿ ï Y ʠ ʍɸɿ ï Y ï Kat ʧʨʠ pH 7,90 

ʉʠʩʪʝʤʘ ʉKat, ʤʦʣʴ/ʣ ɚ Ů ɓǋ 

ʍɸɿ ï Y 0,00 557 1,10Ŀ104 3,30Ŀ1015 

ʍɸɿ ï Y ï Kat 1,30Ŀ10-3 630 4,70Ŀ104 3,01Ŀ1023 

 

ʊʘʢ ʢʘʢ ʍɸɿ ʥʝ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʨʝʘʛʝʥʪʦʤ ʥʘ ʠʪʪʨʠʡ ʠ ʦʙʨʘʟʫʝʪ ʦʢʨʘʰʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩʦ ʤʥʦʛʠʤʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʪʪʨʠʷ ʩ ʍɸɿ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʤʠʥʘ ɸɹ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʨʷʜʘ ʤʝʰʘʶʱʠʭ 

ʠʦʥʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʥʘ 25,0 ʤʣ ʚʚʦʜʠʣʠ 2,50 ʤʣ 0,1% ʨʘʩʪʚʦʨʘ ʍɸɿ, 3,00 ʤʣ ʙʫʬʝʨʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (pH = 7,90), 1,50 ʤʣ ʨʘʩʪʚʦʨʘ Y(NO3)3 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʪʪʨʠʷ 15,6 ʤʢʛ/ʤʣ, ʨʘʩʪʚʦʨ 

ʤʝʰʘʶʱʝʛʦ ʠʦʥʘ, 2,50 ʤʣ 0,013 ʤʦʣʴ/ʣ ʨʘʩʪʚʦʨʘ ʢʘʪʘʤʠʥʘ ɸɹ, ʜʦʚʦʜʠʣʠ ʜʦ ʤʝʪʢʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʏʝʨʝʟ 10 ʤʠʥʫʪ ʟʘʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʬʦʥʝ ʭʦʣʦʩʪʦʡ ʧʨʦʙʳ ʚ ʢʶʚʝʪʘʭ ʥʘ 1 ʩʤ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 630 ʥʤ.  

ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʥʴʰʝ 5% ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʝʜʫʶʱʠʭ ʤʦʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʪʘʣʣʦʚ ʢ ʠʪʪʨʠʶ: Ba(II) ï 1:1; Ca(II) ï 1:1, Ga(II) ï 1:1; In(III) ï 1:1; Mg(II) ï

0,5:1; Sr(II) ï 1:1; Zn (II) ï 1:1; Zr ï 0,25:1. ʅʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ Y ʩ ʍɸɿ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʦʝ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʠʦʥʳ ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ (III) ʠ ʩʢʘʥʜʠʷ. ɼʣʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʰʘʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠʦʥʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʦʙʱʘʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʪʘʤʠʥʘ ɸɹ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʍɸɿ ʩ ʠʪʪʨʠʝʤ, ʚʚʝʜʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʨʝʘʢʮʠʠ, ʫʚʝʣʠʯʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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Thermochemical conversion of polymer waste, such as plastics and elastomers, has 

environmental prospects, which requires primary attention to the study of processes. The work is 

devoted to the study of thermal decomposition products of composite rubber-containing material of 

end-life tyres. The pyrolysis products of the organic part of the material, as well as the quantitative 

and qualitative composition of the solid residue, were determined. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʘʫʯʫʢʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ 

ʥʝʨʝʜʢʦ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʝʜʝʣʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. ɺ ʩʪʨʫʢʪʫʨʝ ʤʠʨʦʚʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʢʘʫʯʫʢʦʚ ʥʘ ʜʦʣʶ ʰʠʥʥʦʛʦ ʩʝʢʪʦʨʘ ʧʨʠʭʦʜʠʪʩʷ 57,7%, ʥʘ ʜʦʣʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʈʊʀ 

ð 42,3% [2]. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʢ ʨʘʟʣʠʯʥʳʤ ʨʘʟʨʫʰʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʤʝʥʥʦ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʧʨʠ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ [3]. ʅʘʧʨʠʤʝʨ, ʚ ʩʨʝʜʥʝʤ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʰʠʥʳ ʩʦʩʪʦʷʪ ʥʘ 40-50% 

ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʘʢʠʭ ʢʘʢ ʙʫʪʘʜʠʝʥ-ʩʪʠʨʦʣʴʥʳʡ ʢʘʫʯʫʢ), ʥʘ 30-35% ʠʟ ʥʘʧʦʣʥʠʪʝʣʝʡ, 

ʥʘ 15-20% ʠʟ ʩʤʷʛʯʠʪʝʣʝʡ (ʪʘʢʠʭ ʢʘʢ ʤʘʩʣʘ ʠ ʩʤʦʣʳ), ʥʘ 2-5% ʠʟ ʚʫʣʢʘʥʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ (ʪʘʢʠʭ 

ʢʘʢ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ) ʠ ʥʘ 5-10% ʠʟ ʜʦʙʘʚʦʢ (ʥʘʧʨʠʤʝʨ ʛʝʢʩʘʤʝʪʦʢʩʠʤʝʪʠʣʤʝʣʘʤʠʥʘ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ). 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʣʘʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʘʫʯʫʢʦʚ, ʧʨʝʜʦʧʨʝʜʝʣʠʚʰʠʤʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʨʝʟʠʥʘʭ, ʷʚʣʷʝʪʩʷ ʵʣʘʩʪʠʯʥʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, 

ʢʦʪʦʨʫʶ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʚʚʝʜʝʥʠʝʤ ʚ ʢʘʫʯʫʢ ʘʢʪʠʚʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʨʝʟʠʥ ʷʚʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʛʣʝʨʦʜ ʠ ʢʨʝʤʥʝʢʠʩʣʦʪʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ, ʩʠʣʠʢʘ ʠʣʠ ʙʝʣʘʷ ʩʘʞʘ [4, 5]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʘʩʪʦʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʦʩʥʦʚʝ ʢʘʫʯʫʢʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʡ ʫʪʠʣʠʟʘʮʠʠ.  

ʇʨʦʢʘʣʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ɻʆʉʊ 19816.4-91 ʚ 2 ʵʪʘʧʘ (550 ʠ 950 ), 

ʟʦʣʴʥʳʡ ʦʩʪʘʪʦʢ ʩʦʩʪʘʚʠʣ 33,5%, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʠʟ ʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ ʠ ʤʝʪʘʣʣʦʚ ï 

ʮʠʥʢʘ, ʞʝʣʝʟʘ, ʢʘʣʴʮʠʷ, ʘʣʶʤʠʥʠʷ, ʪʠʪʘʥʘ. ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʧʦʣʠʤʝʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʙʳʩʪʨʦʛʦ ʧʠʨʦʣʠʟʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ 600  ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʧʠʨʦʣʠʪʠʯʝʩʢʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʧʨʠʙʦʨʝ Agilent 

7890B ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ Agilent 5977B ʠ ʧʠʨʦʣʠʪʠʯʝʩʢʦʡ ʧʨʠʩʪʘʚʢʦʡ 

FrontierLab Multi-Shot Pyrolyzer PY-3030D. ʇʠʨʦʭʨʦʤʘʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʈʠʩʫʥʢʝ 1. 

 

ʈʠʩ. 1. ʇʠʨʦʭʨʦʤʘʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʦʚ 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʨʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʫʪʠʣʠʟʘʮʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʠʟʫʯʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʠʨʦʣʠʟʝ ʠ  

ʩʞʠʛʘʥʠʠʠ [6]. ʊʝʨʤʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʜʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʫʩʢʦʨʷʶʱʠʭ 

ʨʘʟʣʦʞʝʥʠʝ. ʆʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʦʛʫʪ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʨʘʟʨʳʚʘʪʴʩʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʤʘʢʨʦʤʦʣʝʢʫʣʳ 

ʧʨʠʦʙʨʝʪʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʠʠ.  

ʉʣʦʞʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʨʝʟʠʥʦʚʦʡ ʩʤʝʩʠ 

ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʚʳʭʦʜʘ ʚʝʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2, ʥʝʢʦʪʦʨʳʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ, 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʨʝʟʠʥʳ, ʢʘʢ ʠʟ ʩʘʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʢʘʫʯʫʢʘ (ʙʫʪʘʜʠʝʥ-ʠʟʦʧʨʝʥ-ʩʪʠʨʦʣʴʥʦʛʦ ʪʠʧʘ), ʪʘʢ ʠ ʤʷʛʯʠʪʝʣʝʡ (ʚʦʩʢʦʚ ʠ ʤʘʩʝʣ), ʜʦʙʘʚʦʢ 

(ʬʝʥʠʣʘʤʠʥʳ, ʬʝʥʦʣʳ). ʇʨʠ ʫʪʠʣʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʧʠʨʦʣʠʟʘ ʵʪʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 
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ʩʪʘʥʦʚʷʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʦʚʘʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʙʠʪʫʤʦʚ ʠʣʠ ʧʠʨʦʣʠʟʥʦʛʦ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʯʠʩʪʢʝ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

 

 
 

ʈʠʩ. 2. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʦʚ 

 

ʊʘʙʣʠʮʘ 

ɺʝʱʝʩʪʚʘ, ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʝ ʚ ʧʨʦʜʫʢʪʝ ʧʠʨʦʣʠʟʘ  

ˉ ʇʨʦʜʫʢʪ ʂʦʣ-ʚʦ, % ˉ ʇʨʦʜʫʢʪ ʂʦʣ-ʚʦ, 

% 

1 ɹʫʪʘʜʠʝʥ-1,3 5,47 13 ɼʠʤʝʪʠʣʭʠʥʦʣʠʥ 1,82 

2 ʀʟʦʧʨʝʥ 5,06 14 ɼʠʬʝʥʠʣʘʤʠʥ 0,85 

3 ɹʝʥʟʦʣ 1,00 15 ɼʠʬʝʥʠʣʧʨʦʧʘʥ 0,98 

4 ʊʦʣʫʦʣ 3,21 16 ɼʠʙʝʥʟʠʣʘʤʠʥ 3,41 

5 4-ɺʠʥʠʣʮʠʢʣʦʛʝʢʩʝʥ 1,42 17 N-(1,3-ʜʠʤʝʪʠʣʙʫʪʠʣ)-N'-ʬʝʥʠʣ-1,4-

ʙʝʥʟʜʠʘʤʠʥ 

2,41 

6 ʕʪʠʣʙʝʥʟʦʣ 1,03 18 N-ʤʝʪʠʣ-N,N'-ʜʠʬʝʥʠʣ-ʧʘʨʘ-

ʬʝʥʠʣʝʥʜʠʘʤʠʥ 

0,42 

7 ʉʪʠʨʦʣ 6,01 19 6,6'-ʜʠʤʝʪʠʣ-3,3'-ʙʠʩ(1-ʤʝʪʠʣʵʪʠʣ)-

[1,1'-ʙʠʬʝʥʠʣ]-2,2',5,5'-ʪʝʪʨʘʦʣ 

1,93 

8 ɸʥʠʣʠʥ 1,17 20 ʅʦʥʘʢʦʟʘʥ 0,26 

9 Ŭ-ʤʝʪʠʣʩʪʠʨʦʣ 1,07 21 ʊʨʠʢʦʥʪʘʥ 0,38 

10 D-ʣʠʤʦʥʝʥ 3,70 22 ʋʥʪʨʠʢʦʥʪʘʥ 0,36 

11 ɹʫʪʘʜʠʝʥʠʣʙʝʥʟʦʣ 0,67 23 ɼʦʪʨʠʢʦʥʪʘʥ 0,33 

12 ɹʝʥʟʦʪʠʘʟʦʣ 0,94 24 ʊʨʠʪʨʠʢʦʥʪʘʥ 0,32 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ (ʩʞʠʛʘʥʠʝ) ʧʨʦʜʫʢʪʳ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʘʟʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʝʥ ʚʳʙʨʦʩ ʚ ʘʪʤʦʩʬʝʨʫ ʨʘʟʣʠʯʥʳʭ 

ʚʨʝʜʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʫʪʠʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʦʨʤʠʨʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʘʩʩʫ ʪʚʝʨʜʳʭ ʦʩʪʘʪʢʦʚ (ʟʦʣʳ ʠʣʠ ʢʦʢʩʘ), ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʧʠʨʦʣʠʟʘ ʠʣʠ ʩʞʠʛʘʥʠʷ ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʨʝʪʴʝʤʫ ʫʤʝʨʝʥʥʦ-ʦʧʘʩʥʦʤʫ ʢʣʘʩʩʫ 

ʦʧʘʩʥʦʩʪʠ. 
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 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʛʨʘʥʪ ʈʅʌ 25-24-

00545, https://rscf.ru/project/25-24-00545/ 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ɼʀɿɸʁʅ ʅʆɺʓʍ ʃɽʂɸʈʉʊɺɽʅʅʓʍ ʇʈɽʇɸʈɸʊʆɺ ʅɸ ʆʉʅʆɺɽ ɸʄʀɼʆɺ 

ɻʀɼʈʆʂʉʀɹɽʅɿʆʁʅʓʍ ʂʀʉʃʆʊ ʉ ʉɽʈʆʉʆɼɽʈɾɸʑʀʄʀ 

ɸʄʀʅʆʂʀʉʃʆʊɸʄʀ 
 

ɾʠʥʢʦ ɼ.ɸ., ʉʦʨʦʢʠʥʘ ʉ.ɸ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 
 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ 

ʘʤʠʜʦʚ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ, ʦʩʚʝʱʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʩʪʨʫʢʪʫʨʳ 

ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʢʘʢ: ʩʘʣʠʮʠʣʦʚʘʷ, ʛʘʣʣʦʚʘʷ, 2,4-ʜʠʛʠʜʨʦʢʩʠʦʢʠʙʝʥʟʦʡʥʘʷ, ʠ 3-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʳ, ʘ 

ʪʘʢʞʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʤʝʪʠʦʥʠʥ ʠ ʮʠʩʪʝʠʥ. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʙʘʢʪʝʨʠʮʠʜʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʯʝʤ ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳ. 

ʆʥʠ ʥʝ ʩʧʦʩʦʙʥʳ ʢ ʜʠʩʩʦʮʠʘʮʠʠ, ʧʦʵʪʦʤʫ ʠʭ ʘʥʪʠʤʠʢʨʦʙʥʦʝ ʜʝʡʩʪʚʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. ʕʪʠ ʧʨʝʧʘʨʘʪʳ ʵʬʬʝʢʪʠʚʥʳ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ, ʘ ʚ 

ʱʝʣʦʯʥʦʡ ʦʥʠ ʣʝʛʢʦ ʦʤʳʣʷʶʪʩʷ. ʀʭ ʘʥʪʠʤʠʢʨʦʙʥʦʝ ʜʝʡʩʪʚʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʫʰʝʥʠʠ 

ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʜʝʥʘʪʫʨʘʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʙʝʣʢʘ ʠ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʘʣʢʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʩʪʝʠʥ, ʤʝʪʠʦʥʠʥ, ADMET, PASS Online, ʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ, 3-

ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, 2,4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, 

ʛʘʣʣʦʚʘʷ ʢʠʩʣʦʪʘ, ʩʦʝʜʠʥʝʥʠʝ. 

 

DESIGN OF NEW MEDICINES BASED ON HYDROXYBENZOIC ACID AMIDES WITH 

SULFUR-CONTAINING AMINO ACIDS  
 

Zhinko D.A., Sorokina S.A. 

Volgograd State Medical University, Volgograd, Russia 
 

This article discusses synthetic medicinal products based on hydroxybenzoic acid amides, 

highlights the dependence of pharmacological activity and other indicators on their chemical 

structure. During the study, methods of computer modeling and rational design of the structure of 

hydroxybenzoic acids in combination with sulfur-containing amino acids were used to improve their 

pharmacological properties. Compounds such as salicylic acid, gallic acid, 2,4-dihydroxy-benzoic 

acid, and 3-hydroxybenzoic acid, as well as the amino acids methionine and cysteine, were used for 

the study. All these compounds have a higher bactericidal effect than benzoic acid and are 

significantly less toxic. They are not capable of dissociation, so their antimicrobial effect does not 

depend on the acidity of the medium. These drugs are effective in a neutral and slightly acidic 

environment, and in an alkaline environment they are easily saponified. Their antimicrobial effect 

consists in the destruction of the cell membranes of microorganisms and the denaturation of cellular 

protein and increases with an increase in the alkyl radical. 
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ɺʚʝʜʝʥʠʝ 

ʆʢʩʠʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ (ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʝ), ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

ʅʆʆʉʉ6ʅ4-n (ʆʅ)n. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʠʩʣʦʪʥʦʩʪʴ ʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʵʪʦ 

ʚʳʨʘʞʝʥʦ ʜʣʷ ʛʨʫʧʧ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʩʠʣʴʥʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ [2]. 

ʉʝʨʦʩʦʜʝʨʞʘʱʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ (sulphur-containing amino acids) - ʪɻʦ ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʘʪʦʤ ʩʝʨʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʮʠʩʪʝʠʥ ʠ ʤʝʪʠʦʥʠʥ. 

ʎʠʩʪʝʠʥ - ʵʪʦ ʥʝʟʘʤʝʥʠʤʘʷ ʘʤʠʥʦʢʠʩʣʦʪʘ, ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʜʠʩʫʣʴʬʠʜʥʳʭ ʤʦʩʪʠʢʦʚ ʚ ʙʝʣʢʘʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʪʨʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʎʠʩʪʝʠʥ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʛʣʫʪʘʪʠʦʥʘ - ʪʨʠʧʝʧʪʠʜʘ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʟʘʱʠʪʝ ʢʣʝʪʢʠ [3]. 

ʄʝʪʠʦʥʠʥ - ʵʪʦ ʥʝʟʘʤʝʥʠʤʘʷ ʘʤʠʥʦʢʠʩʣʦʪʘ, ʢʦʪʦʨʘʷ ʫʯʘʩʪʚʫʝʪ ʚ ʩʠʥʪʝʟʝ ʙʝʣʢʦʚ ʠ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʩʝʨʳ ʜʣʷ ʜʨʫʛʠʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʄʝʪʠʦʥʠʥ ʪʘʢʞʝ ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʣʠʧʠʜʦʚ [3]. ʎʝʣʴ: ʧʨʦʠʟʚʝʩʪʠ ʢʦʤʧʴʶʪʝʨʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʘʤʠʜʦʚ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʧʫʪʝʤ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʩʚʦʡʩʪʚ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ PASS Online, ADMET lab. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ  

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʘʨʤʘʢʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʳ PASS online ʠ ADMET. 

ʇʦʜʭʦʜ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ PASS ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ɸʢʪʠʚʥʦʩʪʴ = ʉʪʨʫʢʪʫʨʘ, ʘ 

ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʠʩʳʚʘʝʪʩʷ ʝʝ ʦʪʜʝʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ (ʜʝʩʢʨʠʧʪʦʨʘʤʠ) ï ʨʘʜʠʢʘʣʘʤʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʘʪʦʤʦʚ. [1] 

ADMET ï ʵʪʦ ʩʘʡʪ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ, ʪʦʯʥʦʤʫ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʧʨʝʜʩʢʘʟʘʥʠʶ ʧʨʦʬʠʣʝʡ ADMET ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ.ʇʨʝʜʩʢʘʟʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʠʟ 0,25 ʤʣʥ ʟʘʧʠʩʝʡ, ʦʭʚʘʪʳʚʘʶʱʝʡ 53 ʢʦʥʝʯʥʳʝ ʪʦʯʢʠ, ʠ 

ʤʥʦʛʦʟʘʜʘʯʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʚʥʠʤʘʥʠʷ [4]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʫʪ ʦʪʨʘʞʘʪʴʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ:  

1. ʂʘʣʠʝʚʳʡ ʢʘʥʘʣ hERG ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʥʪʠʤʠʰʝʥʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʢʘʨʜʠʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚ. 

2. BBB Penetration-ʧʦʢʘʟʘʪʝʣʴ, ʦʪʨʘʞʘʶʱʠʡ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ɻʕɹ. 

3. HIA- ʧʦʢʘʟʘʪʝʣʴ, ʦʪʨʘʞʘʶʱʠʡ ʧʦʣʥʦʪʫ ʚʩʘʩʳʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ɾʂʊ.[4] 

ɼʘʣʝʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʚʘʨʠʘʥʪʳ ʤʦʜʠʬʠʢʘʮʠʡ ʜʘʥʥʳʭ ʘʤʠʜʦʚ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʩ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. 
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ʉʦʝʜʠʥʝʥʠʝ ˉ1. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʩʪʝʠʥʘ: 

 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Pass-Online: Pa = 0,936, ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADʈH. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʘ ADMET: Blood barrier permeability ï (0.379), HIA 

(human intestinal absorption) (0.073), hERG activity (0.01). 

ʉʦʝʜʠʥʝʥʠʝ ˉ2. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʘʣʠʮʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʤʝʪʠʦʥʠʥʦʤ: 

 
 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Pass-Online: Pa = 0,947, ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADʈH.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʘ ADMET: Blood barrier permeability ï (0.529), HIA 

(human intestinal absorption) (0.015), hERG activity (0.009). 

ʉʦʝʜʠʥʝʥʠʝ ˉ3. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʩʪʝʠʥʘ:  

 
 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Pass-Online: Pa = 0,908, ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADPH. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʘ ADMET: Blood barrier permeability ï (0.235), HIA 

(human intestinal absorption) (0.036), hERG activity (0.013). 

ʉʦʝʜʠʥʝʥʠʝ ˉ4. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʩ ʤʝʪʠʦʥʠʥʦʤ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Pass-Online: Pa = 0,937, ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADPH. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʘ ADMET: Blood barrier permeability ï (0.4), HIA ( 

human intestinal absorption) (0.014), hERG activity (0.011). 

ʉʦʝʜʠʥʝʥʠʝ ˉ5. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʩʪʝʠʥʘ:  

 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Pass-Online: Pa = 0,919, ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADPH. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʘ ADMET: Blood barrier permeability ï (0.212), HIA 

(human intestinal absorption) (0.039), hERG activity (0.014). 

ʉʦʝʜʠʥʝʥʠʝ ˉ6. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʩ ʤʝʪʠʦʥʠʥʦʤ. 

 
ʆʅ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Pass-Online: Pa = 0,944, ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADPH. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʘ ADMET: Blood barrier permeability ï (0.275), HIA 

(human intestinal absorption) (0.014), hERG activity (0.013). 

ʉʦʝʜʠʥʝʥʠʝ ˉ7. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2,4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʩʪʝʠʥʘ.  

 
    ʆʅ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Pass-Online: Pa = 0,923, ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADPH. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʘ ADMET: Blood barrier permeability ï (0.247), HIA 

(human intestinal absorption) (0.049), hERG activity (0.013). 
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ʉʦʝʜʠʥʝʥʠʝ ˉ8. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2,4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʩ ʤʝʪʠʦʥʠʥʦʤ. 

 
    ʆʅ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Pass-Online: Pa = 0,931, ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADPH. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʘ ADMET: Blood barrier permeability ï (0.321), HIA 

(human intestinal absorption) (0.015), hERG activity (0.009). 

 ʉʦʝʜʠʥʝʥʠʝ ˉ9. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʣʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʩʪʝʠʥʘ.  

 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Pass-Online:Pa = 0,930, ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADPH. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʘ ADMET: Blood barrier permeability ï (0.198), HIA 

(human intestinal absorption) (0.049), hERG activity (0.005). 

ʉʦʝʜʠʥʝʥʠʝ ˉ10. ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʣʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʤʝʪʠʦʥʠʥʘ.

 
 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Pass-Online: Pa = 0,930, ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADPH. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʩʫʨʩʘ ADMET: Blood barrier permeability ï (0.206), HIA 

(human intestinal absorption) (0.018), hERG activity (0.005). 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ADMET (ʪʘʙʣ.1), ʩʦʝʜʠʥʝʥʠʝ ˉ2 ʦʙʣʘʜʘʝʪ ʩʘʤʦʡ ʥʠʟʢʦʡ 

ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʯʝʨʝʟ ɻʕɹ,ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʥʠʟʢʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʚʩʘʩʳʚʘʥʠʶ ʚ 

ɾʂʊ, ʘ ʪʘʢʞʝ ʦʜʥʦʡ ʠʭ ʥʘʠʤʝʥʴʰʠʭ ʢʘʨʜʠʦʪʦʢʩʠʯʥʦʩʪʴʶ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʦʝʜʠʥʝʥʠʝ ˉ9 ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʥʠʮʘʝʦʩʪʴʶ ʯʝʨʝʟ ɻʕɹ, ʥʘʠʙʦʣʴʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʢ ʚʩʘʩʳʚʘʥʠʠ, ʥʘʠʤʝʥʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʥʘ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʩʝʨʮʘ.ʆʩʪʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 

ʦʙʣʘʜʘʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʡ ʚʩʘʩʳʚʘʝʤʦʩʪʴʶ ʚ ɾʂʊ.  
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ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ADMET  

ˉ ʩʦʝʜʠʥʝʥʠʷ BBB hERG HIA 

1 0.379 0.01 0.073 

2 0.529 0.009 0.015 

3 0.235 0.013 0.036 

4 0.4 0.011 0.014 

5 0.212 0.014 0.039 

6 0.275 0.013 0.014 

7 0.247 0.013 0.049 

8 0.321 0.009 0.015 

9 0.198 0.005 0.049 

10 0.206 0.005 0.018 

 

ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ PASS online 

ˉ ʩʦʝʜʠʥʝʥʠʷ ʀʥʛʠʙʠʪʦʨ NADPH(ʈʘ) 

1 0.936 

2 0.947 

3 0.908 

4 0.937 

5 0.919 

6 0.944 

7 0.923 

8 0.931 

9 0.930 

10 0.930 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʦʤʦʱʴʶ Pass Online,ʥʘʠʚʳʩʰʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʢ ʠʥʛʠʙʠʪʦʨ NADPH ʧʨʦʷʚʣʷʝʪ ʩʦʝʜʠʥʝʥʠʝ ˉ2, ʩʦʝʜʠʥʝʥʠʝ ˉ3 ʧʨʦʷʚʣʷʝʪ ʥʘʠʤʝʥʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

 ɿʘʢʣʶʯʝʥʠʝ 

 ʇʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʘʤʠʜʦʚ 

ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʩ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. ɺʳʷʚʠʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ˉ9 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʥʘʡʜʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʜʣʷ ʩʠʥʪʝʟʘ ʠ 

ʘʧʨʦʙʘʮʠʠ ʚ ʬʘʨʤʘʢʦʣʦʛʠʠ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʠʟʘʡʥ 

ʩʪʨʫʢʪʫʨʳ ʘʤʠʜʦʚ ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʩ ʩʝʨʦʩʦʜʝʨʞʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠʤʝʝʪ 

ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʦʬʠʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR) ʚ 

ʧʨʦʮʝʩʩ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʭʠʤʠʠ ʚ ʚʦʩʴʤʳʭ-ʜʝʚʷʪʳʭ ʢʣʘʩʩʘʭ. ɺʳʷʚʣʷʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ VR-ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʘ 

ʪʘʢʞʝ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʫ ʰʢʦʣʴʥʠʢʦʚ.  
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ʚʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ.  

 

DISTANCE EDUCATION IN CHEMISTRY IN EIGHTH -NINTH GRADES USING VR  

 

Zaiduloeva S.N., Nizamov I.D. 

A.M. Butlerov Chemical Institute, Kazan (Volga Region) FederalU niversity, Kazan, Russia  

 

This article considers the problem of integrating virtual reality (VR) into the process of 

distance education in chemistry in eighth ï ninth grades. The features and advantages of using VR-

technologies in the educational process, as well as their impact on the effectiveness of learning and 

the development of independent work skills of students are identified.  

Keywords: distance education, VR (virtual reality), chemistry, virtual laboratory.  

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ ʞʠʟʥʠ, ʥʦ ʪʘʢʞʝ ʧʨʦʜʦʣʞʘʶʪ ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʨʦʥʠʢʘʪʴ ʚ ʩʬʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʐʢʦʣʴʥʦʝ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʠʟʥʘʯʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ 

ʚʳʥʫʞʜʝʥʥʘʷ ʤʝʨʘ ʜʣʷ ʜʝʪʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ (ʆɺɿ), ʚ ʩʚʷʟʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ (COVID-19), ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ 

ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʬʦʨʤʦʡ ʦʙʫʯʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʠʨʪʫʘʣʴʥʳʝ 

ʨʝʩʫʨʩʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʠʭ ʩʦʟʜʘʥʠʶ ʧʦʷʚʠʣʠʩʴ ʝʱʸ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ, 

ʘʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʥʘʯʘʣʘʩʴ ʪʦʣʴʢʦ ʚ 2020 ʛʦʜʫ, 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʪʦʤʫ ʧʦʩʣʫʞʠʣʘ ʧʘʥʜʝʤʠʷ COVID-19. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (VR) ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ ʧʦ ʭʠʤʠʠ ʚ ʚʦʩʴʤʳʭ-ʜʝʚʷʪʳʭ ʢʣʘʩʩʘʭ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʘʡʪʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢʞʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 
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ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʘʥʥʫʶ ʪʝʤʫ ʙʳʣʠ ʠʟʫʯʝʥʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʪʴʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʱʘʪʝʣʴʥʳʡ ʦʪʙʦʨ ʥʘʫʯʥʦʡ ʠ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ï ʦʙʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʥʝʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʫʯʠʪʝʣʷ ʠ ʫʯʝʥʠʢʘ. 

ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ/ʤʠʨ, ʩʦʟʜʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 3D-ʦʙʲʝʢʪʦʚ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ 

ʰʢʦʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʙʦʣʴʰʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʧʨʠʤʝʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

(ʕʆʈ) ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ. ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ (ʣʘʙʦʨʘʪʦʨʥʳʝ) 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ï ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʰʢʦʣʴʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʠʥʪʝʨʝʩʘ ʢ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʤʫ ʟʥʘʥʠʶ, ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʩʚʦʝʥʠʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʤʝʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʦʙʫʯʝʥʠʠ ʜʝʪʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʟʜʦʨʦʚʴʷ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʡ ʬʦʨʤʝ ʦʙʫʯʝʥʠʷ ʫʯʘʱʠʝʩʷ ʩ ʆɺɿ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʥʘʠʙʦʣʝʝ ʢʦʤʬʦʨʪʥʦʡ ʠ ʧʨʘʚʠʣʴʥʦ ʦʙʫʩʪʨʦʝʥʥʦʡ/ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʩʨʝʜʝ [1].  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʭʠʤʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʠʤʫʣʷʮʠʠ, ʚʠʨʪʫʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʦʥʣʘʡʥ-ʢʫʨʩʳ, ʦʥʣʘʡʥ-ʢʦʥʩʫʣʴʪʘʮʠʠ, 

ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ. ʇʨʠ ʠʥʪʝʛʨʘʮʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦ: ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʫʨʦʢʘ; ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʢʦʥʪʝʥʪ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʫʨʦʚʥʶ ʦʙʫʯʝʥʥʦʩʪʠ ʫʯʘʱʠʭʩʷ, ʧʨʠ ʚʳʙʦʨʝ ʜʝʣʘʝʪʩʷ 

ʘʢʮʝʥʪ ʥʘ ʛʨʘʬʠʢʫ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʢʦʥʪʝʥʪʘ; ʨʘʟʨʘʙʦʪʘʪʴ ʟʘʜʘʥʠʷ ʠ ʢʨʠʪʝʨʠʠ ʦʮʝʥʠʚʘʥʠʷ; 

ʧʨʦʚʝʩʪʠ ʠʥʩʪʨʫʢʪʘʞ ʧʦ ʨʘʙʦʪʝ ʩ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ (ʚʠʨʪʫʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ.); ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʫʶ ʨʝʘʣʴʥʦʩʪʴ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ 

(ʣʝʢʮʠʠ, ʨʘʙʦʪʘ ʩ ʫʯʝʙʥʠʢʦʤ ʠ ʪ.ʜ.); ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ; ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʫʶ ʨʝʘʣʴʥʦʩʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʘʩʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣ [2]. 

ʀʥʪʝʛʨʘʮʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʙʫʯʘʶʱʠʤʩʷ ʫʚʠʜʝʪʴ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʤʦʣʝʢʫʣʳ ʠ ʘʪʦʤʳ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʧʦʚʳʰʘʝʪʩʷ ʤʦʪʠʚʘʮʠʷ ʠ ʠʥʪʝʨʝʩ ʢ ʦʙʫʯʝʥʠʶ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʧʘʩʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʘʢʪʠʢʠ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʧʨʘʚʠʣ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʇʊɹ) ʥʝ 

ʧʦʜʚʝʨʛʘʷ ʟʜʦʨʦʚʴʝ ʫʯʘʱʠʭʩʷ ʨʠʩʢʫ, ʪʘʢʞʝ ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʦʡ 

ʢʘʨʪʠʥʳ ʤʠʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʙʦʨʫʜʦʚʘʥʠʶ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ, ʥʝʩʪʘʙʠʣʴʥʦʝ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʝ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʢʘ ʯʪʦ ʤʥʦʛʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʩʘʡʪʳ ʥʝʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʘʥʳ, ʯʪʦʙʳ ʚʥʝʜʨʷʪʴ ʠʭ ʥʘ ʫʨʦʢʘʭ, 

ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ VR-ʪʝʭʥʦʣʦʛʠʠ ʚʤʝʩʪʦ ʙʦʣʝʝ ʧʨʠʚʳʯʥʳʭ ʥʘʤ 

ʧʦʜʭʦʜʦʚ ʚ ʦʙʫʯʝʥʠʠ [3].  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ VR-ʧʣʘʪʬʦʨʤʫ ʠʣʠ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦ ʭʠʤʠʠ, ʥʫʞʥʦ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʘʢʠʭ ʘʩʧʝʢʪʘʭ ʢʘʢ: 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚ 8-9 ʢʣʘʩʩʘʭ; ʢʘʯʝʩʪʚʝʥʥʘʷ 
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ʛʨʘʬʠʢʘ ï ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʣʫʯʰʘʝʪ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʦʙʣʝʛʯʘʝʪ ʫʩʚʦʝʥʠʝ ʥʦʚʳʭ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ, ʪʘʢʞʝ 

ʧʦʚʳʰʘʝʪ ʠʥʪʝʨʝʩ ʠ ʤʦʪʠʚʘʮʠʶ ʢ ʠʟʫʯʝʥʠʶ ʧʨʝʜʤʝʪʘ; ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ï ʧʦʤʠʤʦ ʧʘʩʩʠʚʥʦʛʦ 

ʚʦʩʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷʝʪ ʫʯʘʱʠʤʩʷ ʧʨʠʥʠʤʘʪʴ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʠʥʪʝʨʝʩʘ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʧʨʝʜʤʝʪʘ; ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ [4].  

ɼʘʣʝʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʚʠʨʪʫʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ:  

Molecular Workbench ï ʜʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʛʨʘʬʠʢʠ ʠ 

ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ. 

Chemistry VR ï ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ. 

Virtual ChemLab ï ʧʣʘʪʬʦʨʤʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚʠʨʪʫʘʣʴʥʳʝ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʭʠʤʠʠ. ʆʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʨʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʫʨʦʢʘʭ ʭʠʤʠʠ ʚ ʚʦʩʴʤʳʭ-ʜʝʚʷʪʳʭ ʢʣʘʩʩʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʦʙʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʥʪʝʛʨʘʮʠʷ VR-ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʦʜ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ, 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʫʩʧʝʚʘʝʤʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ 

ʥʘʚʳʢʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʜʯʸʨʢʠʚʘʝʪ ʚʠʨʪʫʘʣʴʥʫʶ ʨʝʘʣʴʥʦʩʪʴ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʩʩʯʠʪʘʥʦ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʘʢʪʠʢʫ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʀɿɺʆɼʅʓʍ ʊʀɸɼʀɸɿʆʃɸ ɺ ʂɸʏɽʉʊɺɽ ʀʅɻʀɹʀʊʆʈʆɺ 

ʉʆʃʗʅʆʂʀʉʃʆʁ ʂʆʈʈʆɿʀʀ 

 

ɿʘʭʘʨʦʚ ɼ.ʕ., ʐʠʪʦʝʚʘ ɸ.ɼ., ʇʣʦʪʥʠʢʦʚʘ ʄ.ɼ. 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʘʜʠʘʟʦʣʘ (ʉʈ-73, ʉʈ-75) ʢʘʢ ʠʥʛʠʙʠʪʦʨʦʚ 

ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʉʪ3 ʚ 1 ʄ ʠ 5 ʄ ʨʘʩʪʚʦʨʘʭ HCl. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʤʝʪʦʜʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʥʛʠʙʠʪʦʨʦʚ. ʉʈ-73 ʠ ʉʈ-75 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʤʝʰʘʥʥʳʡ ʪʠʧ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩ ʭʠʤʠʯʝʩʢʦʡ 

ʘʜʩʦʨʙʮʠʝʡ, ʩʥʠʞʘʷ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʢʦʨʨʦʟʠʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʟʘʱʠʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 200 

ʤʛ/ʣ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦ 94% ʠʥʛʠʙʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʨʦʟʠʷ, ʠʥʛʠʙʠʪʦʨʳ, ʪʠʘʜʠʘʟʦʣʳ. 

 

INVESTIGATION OF THIADIAZOLE DERIVATIVES AS HYDRO CHLORIC ACID 

CORROSION INHIBITORS  

 

Zakharov D.E., Shitoyeva A.D., Plotnikova M.D. 

Perm State University, Perm, Russia 

 

The corrosion-inhibiting effect of thiadiazole derivatives (CP-73 and CP-75) on St3 steel in 1 

M and 5 M HCl solutions was investigated. Using gravimetric and electrochemical methods, we 

found that the protective effect increases with the inhibitor concentration. CP-73 and CP-75 

demonstrate mixed-type inhibition, involving chemical adsorption that reduces the activation energy 

of corrosion. The maximum protection, providing up to 94% inhibition, is achieved at 200 mg/L. 

Keywords: corrosion, inhibitors, thiadiazoles 

 

ɺʚʝʜʝʥʠʝ 

ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘʥʦʩʠʪ ʙʦʣʴʰʦʡ ʬʠʥʘʥʩʦʚʳʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʚʨʝʜ ʥʘʰʝʡ ʧʣʘʥʝʪʝ. ʉʪʘʥʦʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʤʝʪʘʣʣʦʸʤʢʠʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʪʝʧʣʦʚʘʷ ʠ ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʪʨʘʥʩʧʦʨʪʥʘʷ, ʭʠʤʠʯʝʩʢʘʷ, 

ʥʝʬʪʷʥʘʷ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʤʝʪʘʣʣʫʨʛʠʷ, ʘ ʪʘʢʞʝ ʫʞʝʩʪʦʯʝʥʠʝ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʛʦʨʦʜʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʦʩʪʫ ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʦʪ ʢʦʨʨʦʟʠʠ. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʜʦʙʨʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ï ʠʥʛʠʙʠʪʦʨʳ. ʀʥʛʠʙʠʪʦʨʘʤʠ ʢʦʨʨʦʟʠʠ ʥʘʟʳʚʘʶʪ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ, ʧʨʠʩʫʪʩʪʚʫʷ ʚ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʫʤʝʥʴʰʘʶʪ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʶʙʦʛʦ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʝʘʛʝʥʪʘ [1]. 

 

___________________ 
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ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʠʥʛʠʙʠʪʦʨʥʦʛʦ ʤʝʪʦʜʘ ʚ ʙʦʨʴʙʝ ʩ ʢʦʨʨʦʟʠʝʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ ʠ ʧʨʦʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

 

 
 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ ʉʈï73 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ ʉʈï75 

 

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʤʘʨʢʠ ʉʪ3 ʚ 1 ʄ ʠ 5 ʄ ʨʘʩʪʚʦʨʘʭ HCl [2,3]. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʣʠ ʩʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʷʜʘ ʚʝʱʝʩʪʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʘʜʠʘʟʦʣʘ.  

 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʨʨʦʟʠʠ ʉʪ3 ʚ 1 ʄ ʠ 5 ʄ ʨʘʩʪʚʦʨʘʭ HCl  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ 

ʐʠʬʨ ʉʠʥʛ, ʤʛ/ʣ 

K, ʛ/ʤ2Țʯʘʩ Z, % ɔ K, ʛ/ʤ2Țʯʘʩ Z, % ɔ 

1M HCl 5M HCl 

2,65 ï ï 19,9 ï ï 

ʉʈï73 

50 0,5 80% 5,3 4,9 81% 5,2 

100 0,4 84% 6,8 2,1 92% 12,0 

200 0,3 88% 8,6 0,9 94% 28,6 

ʉʈï75 

50 0,6 77% 4,3 11,9 82% 5,7 

100 0,5 81% 5,4 10,6 82% 5,2 

200 0,3 92% 9,1 7,9 87% 7,8 

 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʘʙʣʠʮʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʭ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʢʘʢ ʚ 1 ʄ, ʪʘʢ ʠ ʚ 5 

ʄ ʨʘʩʪʚʦʨʝ HCl. 

ɺ ʩʣʫʯʘʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʠʩʣʦʪʥʦʡ ʢʦʨʨʦʟʠʠ ʉʈ-73 ʠ ʉʈ-75 ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʣʠʥʝʡʥʦ 

ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʩʪʘʣʠ ʤʦʣʝʢʫʣʘʤʠ ʠʥʛʠʙʠʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʨʘʩʪʚʦʨʝ. ɼʘʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʫʣʦʡ ʉʈ-73 ʠ ʉʈ-75. 

ʉʪʝʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʤʦʣʝʢʫʣ ʤʝʰʘʝʪ ʜʚʠʞʝʥʠʶ ʯʘʩʪʠʮ ʠʟ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ, ʪʝʤ ʩʘʤʳʤ ʫʩʣʦʞʥʷʷ ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʨʷʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ. ʆʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ, ʧʦ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ 
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ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 100 ʤʛ/ʣ. ʇʨʠ ʵʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʥʠʤʘʣʠ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʚ ʨʘʩʪʚʦʨʝ 1ʄ HCl ʠ 5ʄ HCl ʙʝʟ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 20 ʜʦ 80 ʦʉ. 

ɺʚʝʜʝʥʠʝ 100 ʤʛ/ʣ ʠʥʛʠʙʠʪʦʨʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʝ ʨʘʩʪʚʦʨʳ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʩʪʘʣʠ ʉʪ3 ʚ ʢʘʪʦʜʥʫʶ ʦʙʣʘʩʪʴ. ʊʦʢʠ ʚ ʩʠʩʪʝʤʝ ʧʘʜʘʶʪ, ʢʘʢ ʚ ʢʘʪʦʜʥʦʤ, ʪʘʢ ʠ ʚ 

ʘʥʦʜʥʦʤ ʧʨʦʮʝʩʩʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʛʠʙʠʪʦʨʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʤʝʰʘʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʜʝʡʩʪʚʠʷ [4]. 

 

 
ʈʠʩ. 3. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʉʪ3 ʚ 1 ʄ ʨʘʩʪʚʦʨʝ HCl 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 293 ʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉʈ-73 ʠ ʉʈ-75 

lg i (i, A/cm
2
)

-6 -5 -4 -3 -2 -1 0

-E, B

0,0

0,2

0,4

0,6

0,8

1,0

5M HCl

ʉʈ-73

ʉʈ-75

 
ʈʠʩ. 4. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʉʪ3 ʚ 5 ʄ ʨʘʩʪʚʦʨʝ HCl 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 293ʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉʈ-73 ʠ ʉʈ-75 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʟʥʘʯʝʥʠʝ Zʵʣ/ʭ ʤʝʥʴʰʝ, ʯʝʤ Zʛʨ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʩ ʚʨʝʤʝʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʨʦʮʝʩʩʘ ʘʜʩʦʨʙʮʠʠ. ʀʟ-ʟʘ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʣʝʢʫʣ 

ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʚʨʝʤʝʥʠ, ʯʝʤ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ 

ʢʨʠʚʳʭ. ʇʨʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʤʦʣʝʢʫʣʳ ʠʥʛʠʙʠʪʦʨʘ ʫʩʧʝʚʘʶʪ ʟʘ 24 ʯʘʩʘ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʧʣʦʪʥʳʝ ʟʘʱʠʪʥʳʝ ʧʣʝʥʢʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ 

ʢʦʨʨʦʟʠʦʥʥʳʤ ʨʘʟʨʫʰʝʥʠʷʤ ʤʝʪʘʣʣʘ. 

 

ʊʘʙʣʠʮʘ 2 

ʂʦʨʨʦʟʠʦʥʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʪ3 ʚ ʨʘʩʪʚʦʨʘʭ 1ʄ ʠ 5ʄ HCl  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʐʠʬʨ T, K 

1M HCl 5M HCl 

iʢʦʨ 

10-4, ɸ/ʩʤ2 
-Eʢʦʨ,ɺ Zʵʣ/ʭ,%  

iʢʦʨ 

10-4, ɸ/ʩʤ2 
-Eʢʦʨ,ɺ Zʵʣ/ʭ,%  

ʉʈ-73 
293 

0,8807 0,439 61 1,73 0,337 - 

ʉʈ-75 0,162 0,432 92 1,65 0,377 - 

ʉʈ-73 
303 

0,73309 0,438 74 1,209 0,344 - 

ʉʈ-75 2,12 0,443 26 4,19 0,364 - 

ʉʈ-73 
313 

1,65 0,453 67 1,45 0,362 95 

ʉʈ-75 4,49 0,437 11 14,2 0,337 51 

ʉʈ-73 
333 

4,19 0,458 53 66,3 0,4 - 

ʉʈ-75 6,8 0,423 23 23 0,383 75 

ʉʈ-73 
353 

5,22 0,466 88 76,6 0,402 81 

ʉʈ-75 34,3 0,367 18 14,5 0,387 64 

 

 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʠ 

 ʩʪʘʣʠ ʉʪ3 ʚ 1ʄ HCl: ʙʝʟ ʠʥʛʠʙʠʪʦʨʘ ʠ ʜʦʙʘʚʣʝʥʠʝʤ 100 ʤʛ/ʣ ʠʥʛʠʙʠʪʦʨʘ: ʉʈ-73, ʉʈ-75 
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ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʠ 

 ʩʪʘʣʠ ʉʪ3 ʚ 5ʄ HCl: ʙʝʟ ʠʥʛʠʙʠʪʦʨʘ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 100 ʤʛ/ʣ ʠʥʛʠʙʠʪʦʨʘ: ʉʈ-73, ʉʈ-75 

 

ʍʘʨʘʢʪʝʨ ʘʜʩʦʨʙʮʠʠ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʝʝ ʚʝʣʠʯʠʥʦʡ ʚ ʨʘʩʪʚʦʨʘʭ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. 

 

ʊʘʙʣʠʠʮʘ 3 

ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʠ ʙʝʟ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ 

ʐʠʬʨ 
1M HCl 

ɽɻ ʬ, ʢɼʞ/ʤʦʣʴ 

5M HCl 

ɽɻ ʬ, ʢɼʞ/ʤʦʣʴ 

- 42,94 40,5 

ʉʈ-73 12,11 24,34 

CP-75 21,3 22,8 

 

ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʚ 5 ʄ ʨʘʩʪʚʦʨʝ HCl ʩ 40,5 ʜʦ 24,34 ʢɼʞ/ʤʦʣʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʉʈ-73 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʠʤʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ, ʘʥʘʣʦʛʠʯʥʦ 1 ʄ 

ʨʘʩʪʚʦʨʫ HCl. ʄʝʞʜʫ ʪʝʤ, ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʢʦʨʨʦʟʠʠ ʚ 5 ʄ ʨʘʩʪʚʦʨʝ HCl, ʩʦʜʝʨʞʘʱʝʤ ʉʈ-

75, ʨʘʚʥʘ 22,8 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʭʠʤʠʯʝʩʢʦʤ ʭʘʨʘʢʪʝʨʝ ʘʜʩʦʨʙʮʠʠ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʪʘʣʠ [5,6]. ɸʥʘʣʦʛʠʯʥʦ ʚ ʨʘʩʪʚʦʨʝ 1 ʄ HCl ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʠʥʛʠʙʠʪʦʨʘ ʉʈ-75 ʥʘʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʟʥʘʯʝʥʠʝ ɽʵʬ ʨʘʩʪʚʦʨʘ ʯʠʩʪʦʡ ʢʠʩʣʦʪʳ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʠʟʚʦʜʥʳʝ ʪʠʘʜʠʘʟʦʣʘ ʉʈ-73 ʠ ʉʈ-75 ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʶʪ ʢʦʨʨʦʟʠʶ ʩʪʘʣʠ ʉʪ3 ʚ 1 ʄ 

ʠ 5 ʄ ʨʘʩʪʚʦʨʘʭ HCl, ʜʝʤʦʥʩʪʨʠʨʫʷ ʨʦʩʪ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ 94% ʜʣʷ ʉʈ-73 ʠ 92% ʜʣʷ ʉʈ-75 ʧʨʠ 200 ʤʛ/ʣ ʚ 5 ʄ HCl. 

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʚʳʷʚʠʣʠ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʣʦʪʥʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʧʣʝʥʦʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʘʤʝʜʣʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʤʦʣʝʢʫʣ, ʪʨʝʙʫʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʩʤʝʰʘʥʥʳʡ ʪʠʧ ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʢʦʚ ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ ʠ ʩʜʚʠʛʦʤ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ 
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ʢʘʪʦʜʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 100 ʤʛ/ʣ. ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʢʦʨʨʦʟʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ (12,11ï24,34 ʢɼʞ/ʤʦʣʴ ʧʨʦʪʠʚ 40,5ï42,94 ʢɼʞ/ʤʦʣʴ ʙʝʟ 

ʠʥʛʠʙʠʪʦʨʦʚ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʠʤʠʯʝʩʢʫʶ ʘʜʩʦʨʙʮʠʶ. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʲʷʩʥʷʶʪʩʷ ʚʨʝʤʝʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʘʜʩʦʨʙʮʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʦʣʝʢʫʣ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʧʣʝʥʦʢ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʉ ʀʆʅɸʄʀ ʎɽʈʀʗ ɺ ʇʈʀʉʋʊʉʊɺʀʀ ʎɽʊʀʃʇʀʈʀɼʀʅʀʗ ɹʈʆʄʀɼɸ 
 

ʀʚʘʥʦʚʘ ɼ.ɼ., ɼʝʥʠʩʦʚʘ ʉ.ɸ.  

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ  
 

ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʂʇɸɺ ï ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ 

ʢʩʠʣʝʥʦʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʩ ʠʦʥʘʤʠ ʮʝʨʠʷ. ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʩʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʢʩʠʣʝʥʦʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʝʨʠʝʤ ʚ 

ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ. ʆʧʨʝʜʝʣʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ ʚʦ ʚʨʝʤʝʥʠ, ʫʩʪʘʥʦʚʣʝʥ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ, ʚʣʠʷʥʠʝ ʤʝʰʘʶʱʠʭ ʠʦʥʦʚ, 

ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʣʷʨʥʦʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʠ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʢʘʟʘʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʇɸɺ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ; ʢʩʠʣʝʥʦʣʦʚʳʡ ʦʨʘʥʞʝʚʳʡ; ʮʝʨʠʡ; 

ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜ. 

 

STUDY OF THE COMPLEXATION OF XYLENOL ORANGE WITH CERIUM IONS IN 

THE PRESENCE OF CETYLPYRIDINIUM BROMIDE  

 

Ivanova D.D., Denisova S.A. 

Perm State University, Perm, Russia 

 

The effect of the cationic surfactant cetylpyridinium bromide on the complexation of xylenol 

orange with cerium ions was investigated. Absorption spectra of solutions of xylenol orange and its 

complexes with cerium were recorded at various pH values, both in a binary system and in the 

presence of cetylpyridinium bromide. The stability of the complexes over time was determined, the 

composition of the complexes was established, the influence of interfering ions was assessed, and 

molar absorption coefficients and stability constants were calculated. The positive impact of the 

surfactant on the spectrophotometric characteristics of the complex was demonstrated. 

Keywords: spectrophotometry; xylenol orange; cerium; cetylpyridinium bromide. 
 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʨʘʩʠʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ) ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʙʫʩʣʦʚʣʝʥʦ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʧʦʠʩʢʦʤ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʠ ʩʝʣʝʢʪʠʚʥʳ.  

ɺʚʝʜʝʥʠʝ ʇɸɺ ʚ ʮʚʝʪʥʳʝ ʨʝʘʢʮʠʠ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ 

ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʨʝʘʢʮʠʡ ʟʘ ʩʯʝʪ ʙʘʪʦʭʨʦʤʥʳʭ ʩʜʚʠʛʦʚ 

ʤʘʢʩʠʤʫʤʦʚ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʠ ʛʠʧʩʦʭʨʦʤʥʳʤʠ ʵʬʬʝʢʪʘʤʠ.  ʕʪʦʪ ʩʧʦʩʦʙ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʜʘʞʝ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʤʝʪʘʣʣʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʚʝʜʝʥʠʝ ʇɸɺ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ pH 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ.  
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ʈʷʜʦʤ ʘʚʪʦʨʦʚ [1-5] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʇɸɺ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʘ ʠʥʦʛʜʘ ʢʘʪʠʦʥʳ ʂʇɸɺ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 

ʢʦʤʧʣʝʢʩʦʚ, ʟʘʤʝʱʘʷ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʘʜʜʝʥʜʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʟʫʯʝʥʠʝ ʭʠʤʠʟʤʘ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʘʭ ʠʦʥ ʤʝʪʘʣʣʘ ï ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʝʘʛʝʥʪ 

ï ʇɸɺ ʠ ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʠʭ ʧʨʦʪʝʢʘʥʠʷ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʦʝ, ʥʦ ʠ ʙʦʣʴʰʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʪʨʠʬʝʥʠʣʤʝʪʘʥʦʚʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʢʩʠʣʝʥʦʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʨʠʬʝʥʠʣʤʝʪʘʥʦʚʦʛʦ ʨʷʜʘ, ʩ ʠʦʥʘʤʠ ʮʝʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʂʇɸɺ ï 

ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ (ʎʇɹ). 

ʄʝʪʦʜ ʚʠʟʫʘʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʠ ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʩʚʝʪʦʧʦʛʣʘʱʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʤʝʞʜʫ ʦʢʨʘʩʢʦʡ ʨʝʘʛʝʥʪʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʝʨʠʝʤ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ 

ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɹ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 5,09 ï 7,27. 

ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʉʆ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʝʨʠʝʤ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɹ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ, ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1, 2. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʮʝʨʠʷ ʩ ʂʉʆ ʢʘʢ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ, ʪʘʢ ʠ ʚ ʪʨʦʡʥʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʅ 6,11. ʇʨʠʩʫʪʩʪʚʠʝ 

ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʧʦʣʦʞʝʥʠʠ ʤʘʢʩʠʤʫʤʦʚ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʨʘʩʠʪʝʣʷ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʝʨʭʨʦʤʥʦʤʫ ʵʬʬʝʢʪʫ ʠ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ 

lmax ʢʦʤʧʣʝʢʩʦʚ ʩ 576,1 ʜʦ 619,5 ʥʤ.  

ʇʦʩʢʦʣʴʢʫ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇɸɺ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʤʧʣʝʢʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʝʘʛʝʥʪ - ʤʝʪʘʣʣ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʂʉʆ ʠ ʝʛʦ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʝʨʠʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʎʇɹ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 1 

ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʉʆ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʮʝʨʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʨʅ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ 

(ʉʂʉʆ= 6,36Ö10-5ʤʦʣʴ/ʣ; ʉCe=2Ö10-5ʤʦʣʴ/ʣ, l=1 ʩʤ) 

ʨʅ 
ʂʉʆ 

ʂʉʆ ï ʉʝ 

ʅʘ ʬʦʥʝ ʚʦʜʳ ʅʘ ʬʦʥʝ ʨʝʘʛʝʥʪʘ 

lmax ,ʥʤ ɸmax lmax ,ʥʤ ɸmax lmax ,ʥʤ ɸmax 

5,30 436,0 0,7065 
440,0 

575,1 

0,6340 

0,2276 

 

576,1 

 

0,1668 

5,90 
438,0 

579,1 

0,6445 

0,2471 

449,0 

576,1 

0,4428 

0,7874 

 

576,1 

 

0,5406 

6,11 
438,0 

579,1 

0,6497 

0,2757 
577,1 0,8857 576,1 0,6106 

8,05 579,1 1,1860 577,1 1,4066 
563,1 

601,1 

0,3135 

0,4663 
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ʊʘʙʣʠʮʘ 2 

ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʉʆ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʮʝʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ 

(ʉʂʉʆ= 6,12Ö10-5ʤʦʣʴ/ʣ; ʉCe=2Ö10-5ʤʦʣʴ/ʣ; Cʎʇɹ=1,04Ŀ10-4ʤʦʣʴ/ʣ, l=1 ʩʤ) 

ʨʅ 
ʂʉʆ 

ʂʉʆ ï ʉʝ ï ʎʇɹ 

ʅʘ ʬʦʥʝ ʚʦʜʳ ʅʘ ʬʦʥʝ ʨʝʘʛʝʥʪʘ 

lmax ,ʥʤ ɸmax lmax ,ʥʤ ɸmax lmax ,ʥʤ ɸmax 

3,72 435,8 0,6390 
453,8 

598,5 

0,4173 

0,6255 
598,5 0,5899 

5,09 
437,8 

589,5 

0,5753 

0,1563 

372,9 

607,5 

0,1808 

1,4020 
615,5 1,3831 

5,93 
439,8 

586,5 

0,5310 

0,2667 

373,9 

614,5 

0,1739 

1,4346 
617,5 1,4239 

6,11 
439,8 

583,6 

0,5012 

0,3766 

372,9 

612,5 

0,1798 

1,4787 
619,5 

1,4478 

 

6,75 
444,9 

583,7 

0,4373 

0,6292 
611,6 1,5692 620,6 

1,3960 

 

 

7,27 

376,9 

583,6 

454,8 

0,1778 

0,8236 

0,3210 

372,9 

611,5 

 

0,1984 

1,7898 

 

370,9 

621,5 

0,0234 

1,3585 

8,66 581,1 0,9959 612,1 1,5499 623,1 1,2971 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 5,2Ö10-4 ʤʦʣʴ/ʣ ʎʇɹ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʵʪʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸɺ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʠʩʪʝʤʝ ʂʉʆ ï ʉʝ 

ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʧʝʨʚʳʝ 10 ʤʠʥʫʪ ʧʦʩʣʝ ʩʣʠʚʘʥʠʷ, ʟʘʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʧʘʜʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ. ʆʢʨʘʩʢʘ ʪʨʦʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʘ ʚ 

ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ ʧʦʩʣʝ ʩʣʠʚʘʥʠʷ, ʟʘʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʧʘʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ. 

ʄʝʪʦʜʘʤʠ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ ʠ ʥʘʩʳʱʝʥʠʷ ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʮʝʨʠʷ ʩ ʂʉʆ ʚ 

ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɹ. ʆʙʘ ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʇɸɺ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʦʦʪʥʦʰʝʥʠʝ ʂʉʆ:ʉʝ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 1:1 ʜʦ 3:1.  

ʄʝʪʦʜʦʤ ɹʘʙʢʦ ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʎʇɹ ʥʘ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʂʉʆ ʩ 

ʮʝʨʠʝʤ. ɺ ʦʪʩʫʪʩʪʚʠʠ ʇɸɺ ʫʩʣʦʚʥʘʷ ʢʦʥʩʪʘʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 2,3Ŀ1016, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ ï 3,73Ŀ1026.  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʣʷʨʥʦʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ (Ů) ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʳʤ 

ʛʨʘʬʠʢʘʤ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ: 

ɸ= 0,014ʭ +0,039   (R2 = 0,994) (ʜʣʷ ʩʠʩʪʝʤʳ ʂʉʆ ï ʉʝ ï ʎʇɹ; ɚ=618 ʥʤ); 

ɸ= 0,008ʭ ï 0,009   (R2 = 0,995) (ʜʣʷ ʩʠʩʪʝʤʳ ʂʉʆ ï ʉʝ; ɚ=576 ʥʤ).  
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ʊʘʙʣʠʮʘ 3 

ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ Ce ʩ ʂʉʆ 

(ʨʅ = 6,11; ʉʂʉʆ= 6,12Ö10-5ʤʦʣʴ/ʣ; ʉCe=2Ö10-5ʤʦʣʴ/ʣ; l=1 ʩʤ; Vʨ-ʨʘ=25 ʤʣ) 

ʉʎʇɹ, 

ʤʦʣʴ/ʣ 

ʂʉʆ ʂʉʆ ï ʉʝ ï ʎʇɹ 

lmax, ʥʤ ɸmax 
lmax, ʥʤ ɸmax lmax ,ʥʤ ɸmax 

ʅʘ ʬʦʥʝ ʚʦʜʳ ʅʘ ʬʦʥʝ ʨʝʘʛʝʥʪʘ 

0 
438,0 

579,1 

0,6497 

0,2757 
577,1 0,8857 576,1 0,6106 

5,2Ö10-5 
432,9 

579,7 

0,5896 

0,2478 
613,6 1,1546 618,6 1,1134 

1,04Ö10-4 
439,9 

582,7 

0,5149 

0,3177 
614,6 1,4481 618,6 1,3774 

2,08Ö10-4 
446,9 

589,7 

0,4285 

0,5860 
616,6 1,5804 621,6 1,4692 

3,12Ö10-4 

 

451,9 

590,7 

0,4187 

0,6712 
614,6 1,6538 622,6 1,4964 

5,2Ö10-4 
452,9 

589,7 

0,4117 

0,6831 
615,6 

1,6760 

 
621,6 1,5110 

6,24Ö10-4 

 

451,9 

589,7 

0,4086 

0,6865 

616,6 

 

1,5434 

 
621,6 1,3620 

7,28Ö10-4 

 

449,9 

589,7 

0,4037 

0,6812 
616,6 1,6075 621,6 1,4395 

1,04Ö10-3 

 

450,9 

590,7 

0,4086 

0,6865 
613,6 1,6638 620,6 1,4860 

 

ɺ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʦʩʪʴ ʩʦʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʮʝʨʠʷ ʦʪ 14 ʜʦ 100 

ʤʢʛ/25 ʤʣ, ʚ ʪʨʦʡʥʦʡ ï ʦʪ 3 ʜʦ 44 ʤʢʛ/25 ʤʣ. ɿʥʘʯʝʥʠʝ Ů ʜʣʷ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʣʦ 3,0Ŀ104, 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇɸɺ ï 1,3Ŀ105. ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʨʠʷ ʩ 

ʂʉʆ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ ʧʨʦʚʝʨʷʣʠ ʩʧʦʩʦʙʦʤ ʚʚʝʜʝʥʦ ï ʥʘʡʜʝʥʦ ʜʣʷ 

44,13 ʤʢʛ/ʤʣ ʮʝʨʠʷ. ʅʘʡʜʝʥʦ 42,95Ñ0,36 ʤʢʛ/25ʤʣ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 3%. (Sr = 0,0084; n=6; ʈ=0,95).  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʂʇɸɺ ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ 

ʙʨʦʤʠʜʘ ʚ ʩʠʩʪʝʤʫ ʂʉʆ ï ʉʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʣʫʯʰʘʝʪ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʂʉʆ ʥʝ ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʳʤ ʨʝʘʛʝʥʪʦʤ ʠ ʦʙʨʘʟʫʝʪ ʦʢʨʘʰʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʤʥʦʛʠʤʠ 

ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ ʠʦʥʦʚ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʨʠʷ ʩ ʂʉʆ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʇɹ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʅ 6,11 ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʨʠʷ ʩ ʢʩʠʣʝʥʦʣʦʚʳʤ ʦʨʘʥʞʝʚʳʤ ʦʢʘʟʳʚʘʶʪ ʠʦʥʳ ʠʪʪʨʠʷ, ʘʣʶʤʠʥʠʷ, ʛʘʣʣʠʷ ʠ 

ʩʘʤʘʨʠʷ.  

ʅʝ ʤʝʰʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ, ʜʘʚʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʝʥʝʝ 5%, ʰʝʩʪʠʢʨʘʪʥʳʝ ʠʟʙʳʪʢʠ ʠʦʥʦʚ Co 

(II)  ʠ Cd (II), ʯʝʪʳʨʝʭʢʨʘʪʥʳʝ ï In (III), ʜʚʫʭʢʨʘʪʥʳʝ Mg. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʥʝ ʤʝʰʘʝʪ Ba 

(II), ʧʨʠ 1:0,5 - Fe (III), ʧʨʠ 1:0,25 - Al (III), Ga (II ) ï 1:0,25 ʠ Cu (II), ʧʨʠ 1:0,125 - Sc (III). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʮʝʪʠʣʧʠʨʠʜʠʥʠʷ ʙʨʦʤʠʜʘ ʚ ʩʠʩʪʝʤʫ ʂʉʆ ï ʉʝ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʇɸɺ 5,2Ö10-4 ʤʦʣʴ/ʣ. ɺ ʩʠʩʪʝʤʝ ʂʉʆ ï ʉʝ ï ʎʇɹ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʨʝʘʢʮʠʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ, ʚ 4 ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʛʦ ʩʚʝʪʦʧʦʛʣʘʱʝʥʠʷ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʦʚ ʠʥʪʝʨʝʩʦʚ. 
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Ivanovo State University of Chemistry and Technology, Ivanovo, Russia 

 

Processes of plasma-solution synthesis of copper ferrites from nitrate salts have been studied. 

Reaction conditions ensuring the formation of micromorphological formations characterized by 

aggregation of particles and presence of thin plates (ñpetalsò) approximately 40ï70 nm thick have 

been established. Experiments confirmed the transformation of initial morphology due to heating. 

Keywords: copper ferrites, plasma-solution synthesis, nitrate salts. 

 

ɺʚʝʜʝʥʠʝ 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʝʨʨʠʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʞʝʣʝʟʘ (Fe), ʤʘʨʛʘʥʮʘ (Mn), ʥʠʢʝʣʷ (Ni), ʢʦʙʘʣʴʪʘ (Co), ʤʝʜʠ (Cu) ʠ ʮʠʥʢʘ (Zn), ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʩʚʦʡʩʪʚʘʤ. ʌʝʨʨʠʪʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʘʥʪʝʥʥʳʭ 

ʩʪʝʨʞʥʝʡ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʤʘʛʥʠʪʥʦ-

ʨʝʟʦʥʘʥʩʥʫʶ ʪʦʤʦʛʨʘʬʠʶ (ʄʈʊ) [1].  

ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʙʠʦʤʝʜʠʮʠʥʘ ʠ ʢʘʪʘʣʠʟ, ʛʜʝ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʜʦʩʪʘʚʣʷʪʴ ʵʥʝʨʛʠʶ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʬʝʨʨʠʪʦʚ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʫʩʠʣʠʡ. 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʯʘʩʪʦ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʥʪʫʠʮʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʢʣʶʯʘʝʪ ʤʥʦʛʦʵʪʘʧʥʳʝ 

ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ, ʪʘʢʠʝ ʢʘʢ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʧʨ. [2].  

 

___________________ 
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ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ï ʧʦʜʙʦʨ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʝʨʨʠʪʦʚ ʠʟ ʘʟʦʪʥʦʢʠʩʣʳʭ ʩʦʣʝʡ ʞʝʣʝʟʘ ʠ 

ʮʠʥʢʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʣʘʟʤʝʥʥʦ-ʨʘʩʪʚʦʨʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʅ-ʦʙʨʘʟʥʫʶ 

ʷʯʝʡʢʫ ʩ ʜʚʫʤʷ ʚʳʥʝʩʝʥʥʳʤʠ ʪʠʪʘʥʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ (d=5 ʤʤ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʨʘʩʪʚʦʨ 

ʚ ʦʜʥʦʤ ʧʣʝʯʝ ʷʯʝʡʢʠ ʷʚʣʷʣʩʷ ʢʘʪʦʜʦʤ (ʞʠʜʢʠʡ ʢʘʪʦʜ) ʜʣʷ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ, ʘ ʚ ʜʨʫʛʦʡ ï ʘʥʦʜʦʤ (ʞʠʜʢʠʡ ʘʥʦʜ). ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  ʅʘʠʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [5].    

 

 
ʈʠʩ. 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ: 1 ï ʀʩʪʦʯʥʠʢ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ; 2 ï ʃɸʊʈ; 

3 ï ʧʦʚʳʰʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 100ɺ/10ʂɺ; 4 ï ʜʠʦʜʥʳʡ ʤʦʩʪ; 5 ï ʟʘʟʝʤʣʝʥʠʝ; 6 ï ʝʤʢʦʩʪʥʳʡ 

ʬʠʣʴʪʨ; 7 ï ʙʘʣʣʘʩʪ; 8 ï ʚʦʣʴʪʤʝʪʨ; 9 ï ʘʤʧʝʨʤʝʪʨ; 10 ï ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ; 11 ï ʨʘʙʦʯʠʡ ʦʙʲʝʤ;  

12 ï ʧʦʥʠʞʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 220/100ɺ 

 

ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʭʦʜʥʦʡ ʩʦʣʠ Fe(NO3)3 ʩʦʩʪʘʚʣʷʣ ʦʪ 1,5 ʜʦ 2,5 ʤʤʦʣʴ/ʣ (ʩ 

ʰʘʛʦʤ 0,5), ʘ Cu(NO3)2 ï 50 ʤʤʦʣʴ/ʣ (ʜʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʨʘʩʪʚʦʨʥʦʡ ʩʠʩʪʝʤʳ). ʇʦʜʙʦʨ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʠʟ ʨʘʩʯʝʪʘ ʩʦʦʪʥʦʰʝʥʠʡ ʞʝʣʝʟʘ ʢ ʤʝʜʠ, ʚ ʧʦʣʫʯʘʝʤʦʤ ʦʙʨʘʟʮʝ 

ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʩʦʣʝʡ (ʩʤ. ʨʠʩ. 2). ʊʦʢ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʩʦʩʪʘʚʣʷʣ 50 ʤɸ, ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ 30 ʤʠʥʫʪ. ʇʦʣʫʯʘʝʤʳʡ ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʚ ɾɸ, ʦʩʘʜʦʢ, ʧʨʦʤʳʚʘʣʩʷ ʠ ʩʫʰʠʣʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 60 ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ, ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʧʦʨʦʰʢʘ ʧʨʠ 900 ÁC. 

ʇʦʣʫʯʘʝʤʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʨʦʰʢʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʨʝʪʝʨʧʝʣ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʛʣʦʤʝʨʘʪʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ, 

ʧʨʝʚʳʰʘʶʱʠʤʠ ʦʪʤʝʪʢʫ ʚ 100 ʥʘʥʦʤʝʪʨʦʚ. 
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ʈʠʩ. 2. ʉʦʦʪʥʦʰʝʥʠʝ ʞʝʣʝʟʘ ʢ ʤʝʜʠ, ʚ ʧʦʣʫʯʘʝʤʦʤ ʦʙʨʘʟʮʝ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʩʦʣʝʡ 

 

ɼʘʥʥʳʝ ʘʛʣʦʤʝʨʘʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʢʦʥʛʣʦʤʝʨʘʮʠʠ ʤʠʢʨʦʯʘʩʪʠʮ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʵʣʝʤʝʥʪʳ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ð ʪʦʥʢʠʝ ʧʣʘʩʪʠʥʳ (çʣʝʧʝʩʪʢʠè) ʪʦʣʱʠʥʦʡ 

ʧʦʨ̫ʜʢʘ 40ï70 ʥʘʥʦʤʝʪʨʦʚ (ʩʤ. ʨʠʩ. 3).  

 

 
ʈʠʩ. 3. ʀʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ: ʘ) ʜʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ;  

ʙ) ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ  

 

ʇʦʤʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʛʣʦʤʝʨʘʪʦʚ, ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʚʠʜʝ ʩʚʦʝʦʙʨʘʟʥʳʭ ʩʣʦʝʚʳʭ ʩʪʨʫʢʪʫʨ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʪʨʝʭʛʨʘʥʥʳʤʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩ 

ʪʨʝʫʛʦʣʴʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʦʩʥʦʚʘʥʠʷ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʠʣʠ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ, 

ʧʨʦʢʘʣʠʚʘʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʝʨʨʠʪʘ ʤʝʜʠ 

(CuOĀFe2O3), ʥʦ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ ʩʣʦʞʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʡ ʢʘʢ ʢʨʫʧʥʳʝ 

ʘʛʣʦʤʝʨʘʪʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʦʤʧʦʥʝʥʪʳ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ (FZZW-2023-

0010). 
 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʀʅɽʊʀʏɽʉʂʀʍ ɿɸʂʆʅʆʄɽʈʅʆʉʊɽʁ ɼɽʉʊʈʋʂʎʀʀ 4-

ʍʃʆʈɸʅʀʃʀʅɸ ɺ ɺʆɼʅʆʄ ʈɸʉʊɺʆʈɽ ʇʆɼ ɼɽʁʉʊɺʀɽʄ 

ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʆʁ ʅɽʈɸɺʅʆɺɽʉʅʆʁ ʇʃɸɿʄʓ 

 

ʀʛʥʘʪʴʝʚ ɸ.ɸ., ʀʛʥʘʪʴʝʚʘ ʇ.ɸ., ʀʚʘʥʦʚ ɸ.ʅ., ʈʳʙʢʠʥ ɺ.ɺ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

 

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʦʩʪʠʛʥʫʪʦ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ 4-ʭʣʦʨʘʥʠʣʠʥʘ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘ 300 ʩʝʢʫʥʜ ʚ ʢʠʩʣʦʨʦʜʥʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʘʭ ʩ ʪʦʢʦʤ 50 ʤɸ. 

ʄʝʪʦʜ ʩʧʝʢʪʨʦʬʦʪʦʤʝʨʠʠ ʧʦʢʘʟʘʣ 100%-ʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠ ʣʶʙʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʘʩʪʚʦʨʘ (0.017ï0.275 ʤʤʦʣʴ/ʣ). ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʷʯʝʡʢʠ ʠ ʛʘʟʦʚʦʡ ʩʨʝʜʳ. ʈʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʘʣ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʦʪʪʝʥʦʢ, ʘ ʚ 

ʞʠʜʢʦʤ ʢʘʪʦʜʝ ʧʦʩʪʝʧʝʥʥʦ ʦʙʝʩʮʚʝʯʠʚʘʣʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 120 ʩ. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʣʦʞʝʥʠʝ 4-ʭʣʦʨʘʥʠʣʠʥʘ, ʪʣʝʶʱʠʡ ʨʘʟʨʷʜ, ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʨʠʷ, ʜʝʩʪʨʫʢʮʠʷ. 

 

INVESTIGATION OF KINETIC REGULARITIES OF P -CHLOROANILINE 

DESTRUCTION IN AQUEOUS SOLUTION UNDER THE ACTION OF LOW -

TEMPERATURE NON -EQUILIBRIUM PLASMA  

 

Ignatev A.A., Ignateva P.A., Ivanov A.N., Rybkin V.V. 

Ivanovo State University of Chemistry and Technology, Ivanovo, Russia 

 

In this study, complete decomposition of 4-chloroaniline was achieved in an atmospheric 

pressure glow discharge within 300 seconds both in oxygen and air environments with a current of 

50 mA. Spectrophotometry demonstrated 100% efficiency of the process at any solution 

concentration ranging from 0.017 to 0.275 mmol/L. The rate constant for deconstruction strongly 

depends on the type of cell and gas environment. The solution acquired a light brown coloration, 

gradually becoming decolorized in the liquid cathode upon reaching 120 s. 

Keywords: decomposition of 4-chloroaniline, glow discharge, atmospheric pressure, 

spectrophotometry, destruction. 

 

ɺʚʝʜʝʥʠʝ 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ, ʦʩʦʙʝʥʥʦ 4-ʭʣʦʨʘʥʠʣʠʥ (4-ʍɸ), ʷʚʣʷʶʪʩʷ ʩʝʨʴʝʟʥʦʡ ʫʛʨʦʟʦʡ 

ʵʢʦʣʦʛʠʠ ʠ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʚʚʠʜʫ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʘʤ ʫʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʚʢʣʶʯʘʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʝʩʪʠʮʠʜʦʚ, ʢʨʘʩʦʢ, ʧʣʘʩʪʠʢʦʚ ʠ 

ʣʝʢʘʨʩʪʚ), ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʧʦʧʘʜʘʶʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦ 

ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ [1].  
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ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, 4-ʭʣʦʨʘʥʠʣʠʥ ʚʳʩʪʫʧʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʘʩʧʘʜʘ ʤʥʦʛʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʭʠʤʠʢʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʥʠʪʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʛʝʨʙʠʮʠʜʳ (ʥʘʧʨʠʤʝʨ, ʬʝʥʠʣʤʦʯʝʚʠʥʘ, ʘʥʠʣʠʥ ʠ ʜʨʫʛʠʝ). ʇʦ ʧʨʠʯʠʥʝ 

ʚʩʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʨʘʟʨʘʙʦʪʢʘ ʜʝʡʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʱʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪ 4-

ʭʣʦʨʘʥʠʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ [2]. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʚʨʘʱʝʥʠʷ 4-ʭʣʦʨʘʥʠʣʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʩʨʝʜʝ 

ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʟʜʫʭʘ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʣʝʶʱʠʡ ʨʘʟʨʷʜ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʡ 

ʠʥʠʮʠʠʨʦʚʘʣ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʥʝʨʘʚʥʦʚʝʩʥʫʶ ʧʣʘʟʤʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʈʝʘʢʪʦʨ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʅ-ʦʙʨʘʟʥʫʶ ʩʪʝʢʣʷʥʥʫʶ ʷʯʝʡʢʫ, ʧʣʝʯʠ ʢʦʪʦʨʦʡ ʨʘʟʜʝʣʝʥʳ ʮʝʣʣʦʬʘʥʦʚʦʡ 

ʤʝʤʙʨʘʥʥʦʡ ʪʘʢ, ʯʪʦ ʨʘʩʪʚʦʨ ʚ ʦʜʥʦʤ ʠʟ ʧʣʝʯʝʡ ʷʯʝʡʢʠ ʷʚʣʷʣʩʷ ʘʥʦʜʦʤ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ 

(ɾɸ), ʚʪʦʨʦʡ ï ʢʘʪʦʜʦʤ (ɾʂ).  

ʈʘʟʨʷʜ ʟʘʞʠʛʘʣʩʷ ʚ ʩʨʝʜʝ ʚʦʟʜʫʭʘ ʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɺʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ, ʜʣʷ ʠʟʦʣʷʮʠʠ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʠʤʝʥʷʣʩʷ ʩʪʝʢʣʷʥʥʳʡ ʢʦʣʧʘʢ, ʧʦʜ ʢʦʪʦʨʳʡ 

ʟʘʚʦʜʠʣʩʷ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʵʣʝʢʪʨʦʜʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʩʦʩʪʘʚʣʷʣʦ 5 ʤʤ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʦʢ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʘʭ [3]. ʉʠʣʘ ʪʦʢʘ ʨʘʟʨʷʜʘ 

ʩʦʩʪʘʚʣʷʣʘ 50 ʤɸ. ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 0.017 ʜʦ 0.275 ʤʤʦʣʴ/ʣ. 

ʆʙʲʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩʦʩʪʘʚʣʷʣ 200 ʤʣ. ʉʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚʘ ʜʦ ʠ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʣʠ ʩʪʘʥʜʘʨʪʥʳʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 239 

ʥʤ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʮʠʬʨʦʚʦʡ pH-ʤʝʪʨ.  

ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʨʘʟ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ï 0.95. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 4-ʭʣʦʨʘʥʠʣʠʥʘ ʜʦ ʠ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ, ʠ ʚʳʯʠʩʣʷʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʠ ʛʦʨʝʥʠʠ ʨʘʟʨʷʜʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 4-ʍɸ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʢʦʥʩʪʘʥʪʫ 

ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺʩʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʠ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ʜʣʷ ʜʚʫʭ ʩʨʝʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 1,2.  ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʧʘʜʘʶʱʝʡ ʵʢʩʧʦʥʝʥʪʥʦʡ 

ʧʝʨʦʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʨʝʜʳ ʠ ʷʯʝʡʢʠ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʧʳʪʳ ʩ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʚʥʦʡ 0,017 

ʤʤʦʣʴ/ʣ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʨʝʟʢʠʡ ʩʧʘʜ ʩʦʜʝʨʞʘʥʠʷ ʥʘ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʩʘʤʦʤ ʤʘʣʦʤ 

ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ (30 ʩ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʮʝʥʠʣʠ ʧʦ 0 ʧʦʨʷʜʢʫ 

ʨʝʘʢʮʠʠ (ʩʤ. ʪʘʙʣ.).  

ɹʦʣʝʝ ʩʝʨʴʝʟʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ ʠʟ ʦʙʰʝʡ ʪʝʥʜʝʥʮʠʠ ʷʚʣʷʣʦʩʴ ʧʨʝʚʨʘʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʧʨʠ 

ʛʦʨʝʥʠʠ ʨʘʟʨʷʜʘ ʚ ɾɸ ʚ ʩʨʝʜʝ ʚʦʟʜʫʭʘ.  
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 4-ʍɸ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʜʣʷ ɾʂ (ʘ) ʠ 

ʜʣʷ ɾɸ (ʙ). ʇʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟ ï ʢʠʩʣʦʨʦʜ, I= 50 ʤɸ, ʉ0 å 0.017-0.275 ʤʤʦʣʴ/ʣ 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 4-ʍɸ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʜʣʷ ɾʂ (ʘ)  

ʠ ʜʣʷ ɾɸ (ʙ). ʇʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟ ï ʚʦʟʜʫʭ, I= 50 ʤɸ, ʉ0 å 0.017-0.275 ʤʤʦʣʴ/ʣ 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʣ ʙʝʟ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʪʦʢʘ ʨʘʟʨʷʜʘ ʠ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ (ʩʤ. ʨʠʩ. 4ʙ). 

 

ʊʘʙʣʠʮʘ 

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ 4-ʍɸ 

ʉ0, ʤʤʦʣʴ/ʣ k (ɾʂ) - ʚʦʟʜʫʭ, 

10-3 ʩ-1 

k (ɾɸ) - ʚʦʟʜʫʭ, 

10-3ʩ-1 

k (ɾʂ) - ʢʠʩʣʦʨʦʜ, 

10-3 ʩ-1 

k (ɾɸ) - ʢʠʩʣʦʨʦʜ, 

10-3 ʩ-1 

0.017 ~ 6.45 Ñ 3,25 ~ 6.45 Ñ 3,25 ~ 22.7 Ñ 3,41 ~ 13.61 Ñ 2,55 

0.086 ~ 32.29 Ñ 8,74 ~ 27.28 Ñ 1,7 ~ 21.28 Ñ 4,38 ~ 14.3 Ñ 3,21 

0.275 ~ 18.47 Ñ 2,56 - ~ 11.74 Ñ 5,99 ~ 9.62 Ñ 5,14 
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ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ pH ʨʘʩʪʚʦʨʘ 4-ʍɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ɾʂ (ʘ) ʠ ʜʣʷ ɾɸ (ʙ). 

ʇʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟ ï ʢʠʩʣʦʨʦʜ, I= 50 ʤɸ, ʉ0 å 0.017-0.275 ʤʤʦʣʴ/ʣ 

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʘʭ (ʩʤ. ʨʠʩ. 3, 4) ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ pH ʨʘʩʪʚʦʨʘ 4-ʭʣʦʨʘʥʠʣʠʥʘ 

(4-XA) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʚ ʞʠʜʢʦʤ ʢʘʪʦʜʝ (ɾʂ) ʠ ʞʠʜʢʦʤ ʘʥʦʜʝ (ɾɸ) ʧʨʠ 

ʛʦʨʝʥʠʠ ʨʘʟʨʷʜʘ ʚ ʢʠʩʣʦʨʦʜʝ ʠ ʚ ʚʦʟʜʫʭʝ. ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ pH ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 6.6, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʨʝʜʫ ʙʣʠʟʢʫʶ ʢ ʥʝʡʪʨʘʣʴʥʦʡ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ 

ʩʥʠʞʝʥʠʝ pH, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ 

ʢʠʩʣʳʭ ʧʨʦʜʫʢʪʦʚ.  

 

 
ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ pH ʨʘʩʪʚʦʨʘ 4-ʍɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ɾʂ (ʘ) ʠ ʜʣʷ ɾɸ (ʙ). 

ʇʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟ ï ʚʦʟʜʫʭ, I= 50 ʤɸ, ʉ0 å 0,017-0,275 ʤʤʦʣʴ/ʣ 

ɺ ʩʨʝʜʝ ʢʠʩʣʦʨʦʜʘ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ɾʂ ʠ ɾɸ ʥʝ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʳ: ʚ ɾʂ ʩʥʠʞʝʥʠʝ pH 

ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʧʣʘʚʥʦ ʜʣʷ ʚʩʝʭ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʘ ʚ ɾɸ ð ʙʦʣʝʝ ʨʝʟʢʦ ʜʣʷ 

ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʟʢʠʡ ʩʧʘʜ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦʩʣʝ 60 ʩ ʦʙʨʘʙʦʪʢʠ. ʇʦʚʳʰʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʚ ʩʨʝʜʝ ʢʠʩʣʦʨʦʜʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʷʯʝʡʢʠ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ.  

ɺ ʩʨʝʜʝ ʚʦʟʜʫʭʘ ʜʣʷ ɾʂ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ pH ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʘʥʘʣʦʛʠʯʝʥ ʪʝʤ 
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ʞʝ ʠʟʤʝʥʝʥʠʷʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʘ ʚ ʩʨʝʜʝ ʢʠʩʣʦʨʦʜʘ, ʥʦ ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʟʥʘʯʝʥʠʷ 

3.5. ɺ ɾɸ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʩʥʠʞʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ: ʯʝʤ ʦʥʘ ʚʳʰʝ, ʪʝʤ ʥʠʞʝ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ 4-ʍɸ ʩʦʩʪʘʚʠʣʘ 100 % ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʣʷ ɾʂ ʠ ɾɸ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʘʟʦʚʦʡ ʩʨʝʜʳ. ʇʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʥʘ ʤʘʣʳʭ 

ʚʨʝʤʝʥʘʭ (ʦʪ ~ 30 ʩ ʜʦ ~ 120 ʩ) ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʫ ʨʘʩʪʚʦʨʘ 

ʪʝʧʣʦʛʦ ʦʪʪʝʥʢʘ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʵʣʝʢʪʨʦʜʘ, ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, pH ʩʨʝʜʳ ʧʨʠ ʛʦʨʝʥʠʠ ʨʘʟʨʷʜʘ ʚ ʩʨʝʜʝ ʢʠʩʣʦʨʦʜʘ ʚ ʩʨʝʜʥʝʤ ʫʤʝʥʴʰʘʣʩʷ ʩ 6.6 

ʜʦ ~ 3.0 ʜʣʷ ɾʂ ʠ ʜʦ ~ 3.4 ʜʣʷ ɾɸ. ɺ ʩʨʝʜʝ ʚʦʟʜʫʭʘ ʜʣʷ ɾʂ ʠʟʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 6.6 ʜʦ ~ 3.5. ɼʣʷ ɾɸ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 4-ʍɸ, pH ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ ʩ 6.6 ʜʦ ~ 6.0. ɼʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ - ʜʦ ~ 4.2. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʜʝʩʪʨʫʢʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʝʥʪʘ ʠ ʪʠʧʘ ʷʯʝʡʢʠ. ɺ ʞʠʜʢʦʤ ʢʘʪʦʜʝ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʳʰʝ 0.086 ʤʤʦʣʴ/ʣ ʩʦʙʣʶʜʘʝʪʩʷ ʢʠʥʝʪʠʢʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺʦʟʜʫʰʥʘʷ ʩʨʝʜʘ ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʢʘʢ ʚ ɾʂ, ʪʘʢ ʠ ʚ ɾɸ. ʆʜʥʘʢʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.275 

ʤʤʦʣʴ/ʣ ʚ ɾɸ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ 0.017 ʤʤʦʣʴ/ʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʠʥʝʪʠʢʦʡ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ð ʧʦʣʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʚʝʱʝʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘ 30 ʩʝʢʫʥʜ. 

ɼʘʣʴʥʝʡʰʠʤʠ ʵʪʘʧʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: ʫʪʦʯʥʝʥʥʳʡ ʨʘʩʯʝʪ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ 

ʜʝʩʪʨʫʢʮʠʠ ʩ ʫʯʝʪʦʤ ʨʘʩʭʦʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʷʯʝʡʢʠ ʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʠʟ ʛʣʫʙʠʥʥʦʡ ʯʘʩʪʠ ʚ ʭʦʜʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ; ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʛʦʨʝʥʠʠ ʨʘʟʨʷʜʘ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʠʣʳ ʪʦʢʘ ʨʘʟʨʷʜʘ ʥʘ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ; ʚʳʷʚʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦʣʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʝʚʨʘʱʝʥʠʷ 4-ʍɸ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ (FZZW-2023-

0010). 
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ʀʣʴʶʰʝʥʢʦ ʗ.ɸ., ʇʦʪʘʰʢʦ ʅ.ʀ., ʏʠʞʝʚʩʢʘʷ ʄ.ɺ. 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ. ʌ. ʈʝʰʝʪʥʝʚʘ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʢʘʨʙʘʤʠʜʘ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʤʠʨʦ-ʜʫʛʦʚʦʛʦ 

ʦʢʩʠʜʠʨʦʚʘʥʠʷ (ʄɼʆ) ʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʨʬʦʣʦʛʠʠ ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʢʨʳʪʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ ʢʘʨʙʘʤʠʜʘ ʚ ʵʣʝʢʪʨʦʣʠʪ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ pH, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʙʘʤʠʜ, ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ, ʤʠʢʨʦ-ʜʫʛʦʚʦʝ ʦʢʩʠʜʠʨʦʚʘʥʠʝ, 

ʧʦʢʨʳʪʠʝ. 
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ʄʠʢʨʦ-ʜʫʛʦʚʦʝ ʦʢʩʠʜʠʨʦʚʘʥʠʝ (ʄɼʆ)  ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʩʧʣʘʚʘʭ ʤʝʪʘʣʣʦʚ ʚʝʥʪʠʣʴʥʳʭ ʛʨʫʧʧ. ɼʦʙʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ ʚ 

ʵʣʝʢʪʨʦʣʠʪ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʦʢʨʳʪʠʷ [1,2]. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʜ ʥʘʤʠ ʙʳʣ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʢʨʳʪʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʚ ʭʦʜʝ ʤʠʢʨʦ-ʜʫʛʦʚʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʘʣʶʤʠʥʠʝʚʳʭ ʧʣʘʩʪʠʥ ʚ ʩʠʣʠʢʘʪʥʦ-ʱʝʣʦʯʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʨʙʘʤʠʜʘ 

(ʤʦʯʝʚʠʥʳ). ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ ʘʢʪʫʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʦʣʠʪʘ ʚʦ ʚʨʝʤʝʥʠ.   

ʇʨʠʤʝʥʝʥʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʤʠʢʨʦ-ʜʫʛʦʚʦʤ ʦʢʩʠʜʠʨʦʚʘʥʠʠ - 

ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʘʟʦʪʠʨʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, 

ʧʦʢʘʟʘʥʥʳʤ ʜʣʷ ʩʪʘʣʠ ʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ, ʚʚʝʜʝʥʠʝ ʢʘʨʙʘʤʠʜʘ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ ʚ 

ʪʠʪʘʥʝ.  

___________________ 
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ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʫʝʪʩʷ ʧʣʘʟʤʘ, ʢʦʪʦʨʘʷ ʠʦʥʠʟʠʨʫʝʪ 

ʘʟʦʪ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʜʠʬʬʫʟʠʠ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʪʚʸʨʜʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʨʙʘʤʠʜʘ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʧʘʨʦʛʘʟʦʚʦʡ ʦʙʦʣʦʯʢʝ. ʆʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʪʠʪʘʥʘ ʧʦʩʣʝ ʘʟʦʪʠʨʦʚʘʥʠʷ [3, 4].  

ʇʨʦʮʝʩʩ ʄɼʆ ʘʣʶʤʠʥʠʝʚʳʭ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʥʘʫʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ çʇʣʘʟʭʠʤè 

(ʋʥʠʚʝʨʩʠʪʝʪ ʈʝʰʝʪʥʸʚʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ). ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʠʣʠʢʘʪʥʦ-

ʱʝʣʦʯʥʦʡ ʵʣʝʢʪʨʦʣʠʪ, ʩʦʩʪʘʚʘ: KOH (4 ʛ/ʣ) + Na2SiO3 (10 ʛ/ʣ). ʇʦʢʨʳʪʠʝ ʥʘʥʦʩʠʣʦʩʴ ʥʘ 

ʘʣʶʤʠʥʠʝʚʳʝ ʧʣʘʩʪʠʥʳ ʧʣʦʱʘʜʴʶ 0,5 ʜʤ2. ʇʨʦʮʝʩʩ ʄɼʆ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʠʨʠʩʪʦʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʀɸʊ-ʊ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ 10 ɸ/ʜʤ2.  

ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʚʝʣʠ ʄɼʆ ʚ ʯʠʩʪʦʤ ʵʣʝʢʪʨʦʣʠʪʝ. ɿʘʪʝʤ ʚ ʵʪʦʪ ʵʣʝʢʪʨʦʣʠʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦʙʘʚʣʷʣʠ ʢʘʨʙʘʤʠʜ, ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ: 20 ʛ/ʣ, 30 

ʛ/ʣ, 40 ʛ/ʣ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʯʪʦ ʧʦʢʨʳʪʠʝ ʥʘʯʠʥʘʝʪ ʟʘʤʝʪʥʦ 

ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʨʙʘʤʠʜʘ 40 ʛ/ʣ. ɺʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʦʢʩʠʜʠʨʦʚʘʥʠʷ - 25 ʤʠʥʫʪ. 

ɺʠʟʫʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

1ʘ ï ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʚ ʩʠʣʠʢʘʪʥʦ-

ʱʝʣʦʯʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ 

 

1ʙ ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʚ 

ʩʠʣʠʢʘʪʥʦ-ʱʝʣʦʯʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ  

 
 

1ʚ ï ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʨʙʘʤʠʜʘ (40 ʛ/ʣ) 

1ʛ ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʚ 

ʵʣʝʢʪʨʦʣʠʪʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʨʙʘʤʠʜʘ (40 ʛ/ʣ)  

 

ʈʠʩ. 1. ʇʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ 
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ɼʣʷ ʢʦʥʪʨʦʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʣʠʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ pH-ʤʝʪʨ pH-150ʄʀ ʠ ʢʦʥʜʫʢʪʦʤʝʪʨ EC300F. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʵʣʝʢʪʨʦʣʠʪʦʚ, ʪʘʢʠʝ ʢʘʢ pH ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʟʤʝʥʷʶʪʩʷ, ʥʦ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʷʤ 

ʚ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʘ. 

ɺʚʝʜʝʥʠʝ ʢʘʨʙʘʤʠʜʘ ʚ ʄɼʆ-ʵʣʝʢʪʨʦʣʠʪ ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʢʨʳʪʠʷ, ʘ ʠʤʝʥʥʦ: ʦʪʪʝʥʦʢ ʧʦʢʨʳʪʠʷ ʠʟʤʝʥʠʣʩʷ ʥʘ ʙʦʣʝʝ 

ʪʝʤʥʳʡ, ʧʦʨʳ ʥʘ ʩʪʘʣʠ ʙʦʣʴʰʝ, ʧʦʷʚʠʣʠʩʴ ʢʨʘʪʝʨʳ ʨʘʟʤʝʨʘʤʠ ʦʢʦʣʦ 100 ʤʠʢʨʦʤʝʪʨʦʚ. ʇʨʠ 

ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʦʩʪʘʝʪʩʷ ʩʧʣʦʰʥʦʡ, ʙʝʟ ʪʨʝʱʠʥ, ʦʪʩʣʦʝʥʠʡ (ʚʟʜʫʪʠʡ), ʩʣʝʜʦʚ 

ʢʦʨʨʦʟʠʠ, ʦʜʥʦʨʦʜʥʦʛʦ ʮʚʝʪʘ. 

 

ʊʘʙʣʠʮʘ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʆʙʨʘʟʮʳ pH ʧʨʠ 25  ʇʨʦʚʦʜʠʤʦʩʪʴ, ʤʉʤ/ʩʤ 

ʏʠʩʪʳʡ ʵʣʝʢʪʨʦʣʠʪ 12,01 9,69 

20 ʛ/ʣ ʢʘʨʙʘʤʠʜʘ 11,73 7,56 

30 ʛ/ʣ ʢʘʨʙʘʤʠʜʘ 11,56 7,58 

40ʛ/ʣ ʢʘʨʙʘʤʠʜʘ 11,33 7,14 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʣʠʷʥʠʝ ʢʘʨʙʘʤʠʜʘ ʚ ʵʣʝʢʪʨʦʣʠʪʝ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʄɼʆ-ʧʦʢʨʳʪʠʷ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ. 

ʈʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ çʆʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʳʪʠʡ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʘʨʙʘʤʠʜʘ ʚ 

ʵʣʝʢʪʨʦʣʠʪ ʧʨʠ ʄɼʆ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚè (ʋʥʠʚʝʨʩʠʪʝʪ ʈʝʰʝʪʥʸʚʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ). 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʤʝʩʠ ʪʝʨʧʝʥʦʚ (Ŭ-ʧʠʥʝʥ, ɓ-

ʧʠʥʝʥ, ɓ-ʤʠʨʮʝʥ, D-ʣʠʤʦʥʝʥ, ʛʝʨʘʥʠʦʣ, ɓ-ʢʘʨʠʦʬʠʣʝʥ, Ŭ-ʮʝʜʨʝʥ). ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʡ ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʠ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ. ʈʘʩʩʯʠʪʘʥʳ ʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʰʝʩʪʠ ʪʝʨʧʝʥʦʚ ʠ ʦʜʥʦʛʦ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʤʠʩʩʠʠ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʃʆʉ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʦʬʘʟʥʘʷ ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʷ, ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, 

ʤʦʥʦʪʝʨʧʝʥʳ. 

 

PREPARATION OF STANDARD GAS MIXTURES OF TERPENES CONTAINED  

IN PLANTS AND THEIR SUBSEQUENT QUANTITATIVE DETERMINATION  

BY SPME-GC/FID 

 

Karasev K.N., Vasyanin A.N. 

Perm State University, Perm, Russia 
 

In this study, a quantitative analysis of a mixture of terpenes (Ŭ-pinene, ɓ-pinene, ɓ-myrcene, 

D-limonene, geraniol, ɓ-caryophyllene, Ŭ-cedrene) was performed. A method for determining 

volatile organic compounds by solid-phase microextraction in combination with gas chromatography 

was developed. Calibration curves were calculated and constructed for six terpenes and one hydroxide 

derivative. A method for quantitative assessment of volatile organic compound (VOC) emissions was 

developed. 

Keywords: solid-phase microextraction, gas chromatography, monoterpenes. 

 

ɺʚʝʜʝʥʠʝ 

ʃʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʃʆʉ), ʚʳʜʝʣʷʝʤʳʝ ʨʘʩʪʝʥʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʨʫʧʧʫ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʠ ʚ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʝʞʝʛʦʜʥʦ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ 1150ï1500 ʊʛ ʃʆʉ, 

ʩʧʦʩʦʙʥʳʭ ʘʢʪʠʚʥʦ ʚʢʣʶʯʘʪʴʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ [1]. ɺʘʞʥʳʤʠ ʃʆʉ ʷʚʣʷʶʪʩʷ 

ʪʝʨʧʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʤʦʥʦ- ʠ ʩʝʩʢʚʠʪʝʨʧʝʥʳ ʠ ʠʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ, 

ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʦʟʦʥʦʤ, ʨʘʜʠʢʘʣʘʤʠ ÅOH ʠ ÅNO3. ʅʘʧʨʠʤʝʨ, ʚ ʝʣʦʚʳʭ ʜʝʨʝʚʴʷʭ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ Ŭ-ʧʠʥʝʥ, ɓ-ʧʠʥʝʥ ʠ ɓ-ʤʠʨʮʝʥ [11]. ʕʪʠ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʙʳʪʢʘ ʦʟʦʥʘ 

ʠ ʜʨʫʛʠʭ ʚʪʦʨʠʯʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʨʧʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ [2].  

___________________ 
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ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʜʝʣʷʝʤʳʭ ʨʘʩʪʝʥʠʷʤʠ, 

ʘʢʪʫʘʣʴʥʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʃʆʉ ʷʚʣʷʝʪʩʷ ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʇʀɼ ʣʠʙʦ ʄʉ 

ʜʝʪʝʢʪʦʨʦʤ, ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʅʦ ʵʪʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʯʘʩʪʦ 

ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ [10] 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʪʙʦʨʘ ʧʨʦʙ ʠʟ 

ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʦʬʘʟʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʠ ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʷ (ʊʌʕ ʠ 

ʊʌʄʕ) [3-8]. ʄʝʪʦʜ ʊʌʕ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʪʨʫʙʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʜʩʦʨʙʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʨʤʦʜʝʩʦʨʙʮʠʠ ʚ ʢʦʣʦʥʢʝ ʛʘʟʦʚʦʛʦ 

ʭʨʦʤʘʪʦʛʨʘʬʘ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ ʀʩʠʜʦʨʦʚʘ [12-13]. ʊʚʝʨʜʦʬʘʟʥʘʷ 

ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʷ (ʊʌʄʕ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʠʦʥʥʦʤʫ 

ʧʨʦʙʦʦʪʙʦʨʫ, ʦʙʣʘʜʘʶʱʫʶ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʦʙʨʘʟʮʦʚ, ʧʨʦʩʪʦʪʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠ ʠʤʝʶʱʫʶ ʚʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʦʛʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʶʱʫʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʦʙʣʘʜʘʶʱʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. [10] ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʥʘʢʦʧʣʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʘʥʘʣʠʪʦʚ ʥʘ ʧʣʸʥʢʫ ʩʦʨʙʝʥʪʘ ʠ/ʠʣʠ ʘʜʩʦʨʙʝʥʪʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʧʦʜʚʠʞʥʦʝ ʚʦʣʦʢʥʦ ʠʟ 

ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʠʛʣʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, 

ʩʦʙʨʘʥʥʦʡ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ [14]. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʚʦʣʦʢʥʘ 

ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʨʧʝʥʦʚ ʷʚʣʷʝʪʩʷ CAR/PDMS [11], ʥʦ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʛʦ ʚʦʣʦʢʥʘ, ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚʦʣʦʢʥʦ DVB/CAR/PDMS.  

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʊʌʄʕ ʦʩʥʦʚʘʥʦ ʥʘ ʠʜʝʝ, ʯʪʦ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʘ ʧʦʩʪʦʷʥʥʦ, ʪ.ʝ. ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʘʥʘʣʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʮʝʥʝʥʘ 

ʠʟ ʩʫʤʤʳ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ʠʟ ʦʪʜʝʣʴʥʳʭ ʵʢʩʪʨʘʢʮʠʡ. ɺ ʨʘʙʦʪʝ ɼʝʥʛʘ ʠ ʇʝʥʛʘ[13] ʦʧʠʩʘʥ 

ʩʧʦʩʦʙ ʛʨʘʜʫʠʨʦʚʢʠ ʧʨʠ ʧʦʤʦʱʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ (ɓ-ʠʦʥʦʥ), ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ά ά ȟ
, 

ʛʜʝ mi ʠ ms ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʪʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, A1i ʠ A1s ʧʣʦʱʘʜʠ 

ʧʠʢʦʚ ʧʝʨʚʦʡ ʵʢʩʪʨʘʢʮʠʠ ʜʣʷ ʘʥʘʣʠʪʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʬʘʢʪʦʨ fs,1 - 

ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʞʜʫ ʘʥʘʣʠʪʦʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʩʪʘʥʜʘʨʪʦʤ, ɓ ï ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʛʨʘʬʠʢʘ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʧʣʦʱʘʜʠ ʧʠʢʘ ʦʪ ʩʪʫʧʝʥʠ ʵʢʩʪʨʘʢʮʠʠ ʤʠʥʫʩ ʦʜʠʥ (i-

1). ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʧʫʪʝʤ ʢʘʣʠʙʨʦʚʢʠ 10 ʤʢʣ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʚʠʘʣʘʭ ʜʣʷ ʊʌʄʕ ʥʘ 4 ʤʣ. 

ʇʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ʃʆʉ ʜʦ 0.5 ʥʛ (ʢʨʦʤʝ ʣʠʤʦʥʝʥʘ ʠ ʢʘʨʠʦʬʝʣʝʥʘ, ʫ ʥʠʭ ʧʨʝʜʝʣ ʜʦ 1.7 

ʥʛ). ɼʠʘʧʘʟʦʥ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0 ʜʦ 500 ʥʛ. ʇʦ ʛʨʘʜʫʠʨʦʚʦʯʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ 

ʣʠʥʝʡʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦ 214 ʥʛ ʜʣʷ Ŭ-ʧʠʥʝʥʘ, ʜʦ 218 ʥʛ ʜʣʷ ɓ-ʧʠʥʝʥʘ, ʜʦ 400 ʥʛ ʜʣʷ 

ʤʠʨʮʝʥʘ, ʜʦ 420 ʥʛ ʜʣʷ ʣʠʤʦʥʝʥʘ ʠ ʜʦ 436 ʥʛ ʜʣʷ ʢʘʨʠʦʬʠʣʝʥʘ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʢʠ ʪʨʝʙʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʛʘʟʦʚʳʝ ʩʤʝʩʠ, ʯʪʦ ʟʘʪʨʫʜʥʝʥʥʦ ʚ 

ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ð ʣʝʪʫʯʝʩʪʠ, ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʜʩʦʨʙʮʠʝʡ ʥʘ ʩʪʝʥʢʘʭ ʩʦʩʫʜʦʚ ʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʤʘʪʨʠʮʝʡ. ʆʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʙʦʪʘ ʩ ʥʠʟʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ, ʛʜʝ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʰʠʙʢʘʤ. ʇʨʦʩʪʦʡ ʤʝʪʦʜ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʉɻʉ, ʙʝʟ ʫʯʝʪʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʘʥ ʚ ʩʪʘʪʴʝ ɸ. 

ʗʥʠʢʘ [9], ʤʝʪʦʜʠʢʘ ʢʦʪʦʨʦʛʦ ʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ.  

 



136 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʝʨʧʝʥʦʚ, ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ 

ʠʩʭʦʜʥʳʡ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ. ɺ ʥʸʤ ʩʦʜʝʨʞʘʣʦʩʴ ʧʦ 10 ʤʢʣ/ʤʣ (1,45ï1,73 ʤʛ/ʤʣ) ʢʘʞʜʦʛʦ 

ʠʟ ʩʝʤʠ ʪʝʨʧʝʥʦʚ: Ŭ-ʧʠʥʝʥʘ, ɓ-ʧʠʥʝʥʘ, ɓ-ʤʠʨʮʝʥʘ, D-ʣʠʤʦʥʝʥʘ, ʛʝʨʘʥʠʦʣʘ, ɓ-ʢʘʨʠʦʬʠʣʝʥʘ ʠ Ŭ-

ʮʝʜʨʝʥʘ, ʠʭ ʯʠʩʪʦʪʫ ʦʧʨʝʜʝʣʷʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ 10 ppm (v/v) ʵʪʘʣʦʥʥʳʭ 

ʪʝʨʧʝʥʦʚ ʚ ʤʝʪʘʥʦʣʝ. ɿʘʪʝʤ ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʨʘʟʙʘʚʣʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʷʪʠ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ 0,12ï0,14 ʜʦ 1,09ï1,31 ʤʛ/ʤʣ ʢʘʞʜʦʛʦ ʠʟ ʪʝʨʧʝʥʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʪʝʨʧʝʥʦʚ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʝʪʦʜʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʘʚʪʦʨʘʤʠ [9]. ɼʣʷ ʵʪʦʛʦ ʚ 

ʛʝʨʤʝʪʠʯʥʳʡ ʩʪʝʢʣʷʥʥʳʡ ʩʦʩʫʜ ʸʤʢʦʩʪʴʶ 0,5 ʣ ʯʝʨʝʟ ʧʦʨʪ ʜʣʷ ʚʚʦʜʘ ʩ ʧʦʤʦʱʴʶ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʰʧʨʠʮʘ ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦ 1 ʤʢʣ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʪʚʦʨʦʚ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʛʘʟʦʚʘʷ ʩʤʝʩʴ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʢʘʞʜʦʛʦ ʠʟ ʩʝʤʠ ʪʝʨʧʝʥʦʚ. ʀʟ ʩʦʩʫʜʘ ʯʝʨʝʟ ʧʦʨʪ ʩ ʧʦʤʦʱʴʶ ʚʦʣʦʢʥʘ ʊʌʄʕ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 8ï

10 ʧʨʦʙ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʪʝʨʧʝʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʪʙʦʨʘ ʧʨʦʙ ʚ ʩʦʩʫʜʝ ʫʤʝʥʴʰʘʣʘʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʠʩʯʝʨʧʳʚʘʶʱʝʡ ʵʢʩʪʨʘʢʮʠʠ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ: 

ÌÇὅ ÌÇὅ ὲϽÌÇ
ρ

ρ ὑȾὠ
ȟ 

ʛʜʝ ὑ ð ʢʦʥʩʪʘʥʪʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʤʝʞʜʫ ʛʘʟʦʚʦʡ ʬʘʟʦʡ 

ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʞʠʜʢʦʡ ʬʘʟʦʡ ʧʦʢʨʳʪʠʷ ʚʦʣʦʢʥʘ (ʢʘʨʙʦʢʩʝʥ ʠ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ) ʠ 

ʦʙʲʸʤʘ ʵʪʦʡ ʬʘʟʳ, ʘ ὠ ð ʦʙʲʸʤ ʩʦʩʫʜʘ. 

ɺʝʣʠʯʠʥʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʟʥʘʯʝʥʠʡ ʧʣʦʱʘʜʠ ʧʠʢʘ ʙʝʟ ʛʨʘʜʫʠʨʦʚʢʠ, 

ʦʜʥʘʢʦ ʦʥʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʣʠʥʝʡʥʳʤ ʦʪʥʦʰʝʥʠʝʤ Ὓ ὑὅ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ÌÇὛ ÌÇὛ ὲϽÌÇ
ρ

ρ ὑȾὠ
ȟ 

ʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ ʧʣʦʱʘʜʠ ʧʠʢʘ ʦʪ ʥʦʤʝʨʘ ʩʪʫʧʝʥʠ ʵʢʩʪʨʘʢʮʠʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʪʘʢʞʝ ʣʠʥʝʝʥ. 

 

 
ʈʠʩ. 1. ʉʪʫʧʝʥʯʘʪʘʷ ʵʢʩʪʨʘʢʮʠʷ Ŭ-ʧʠʥʝʥʘ. ʋʢʘʟʘʥʳ ʥʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʨʧʝʥʘ ʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 

ʅʘ ʨʠʩ. 1 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʩʪʫʧʝʥʯʘʪʦʡ ʵʢʩʪʨʘʢʮʠʠ Ŭ-ʧʠʥʝʥʘ. ʀʟ 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʨʧʝʥʘ ʛʨʘʬʠʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ Ὓ0 

(ʧʣʦʱʘʜʴ ʧʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ C0 = ά0/ὠ), ʘ ʯʝʨʝʟ 

ʥʘʢʣʦʥ ʧʨʷʤʦʡ ÌÇ
Ⱦ

 ð ʟʥʘʯʝʥʠʝ ὑ.  
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ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Ὓ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʛʨʘʜʫʠʨʦʚʢʫ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʪʝʨʧʝʥʦʚ. ʅʘ 

ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

Ŭ-ʧʠʥʝʥ ɓ-ʧʠʥʝʥ 

  
 

ɓ-ʤʠʨʮʝʥ D-ʣʠʤʦʥʝʥ 

  
 

ʛʝʨʘʥʠʦʣ ɓ-ʢʘʨʠʦʬʠʣʣʝʥ 

  
 

Ŭ-ʮʝʜʨʝʥ 

 
ʈʠʩ. 2. ɻʨʘʜʫʠʨʦʚʦʯʥʥʳʝ ʛʨʘʬʠʢʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʧʝʥʦʚ 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʣʷ Ŭ-ʧʠʥʝʥʘ ʠ ɓ-ʤʠʨʮʝʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0.1 ʜʦ 

0.9 ʤʛ/ʤ3, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ð ʜʦ 1.2 ʤʛ/ʤ3, (R2 > 0.95). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ὑ , ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʨʠʨʦʜʳ 

ʚʝʱʝʩʪʚʘ, ʥʦ ʠ ʦʪ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʭʚʘʪʳʚʘʪʴʩʷ ʚʦʣʦʢʥʦʤ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʦʪ ὑ. ʏʝʤ 

ʚʳʰʝ ὑ, ʪʝʤ ʙʦʣʴʰʘʷ ʜʦʣʷ ʚʝʱʝʩʪʚʘ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʭʚʘʯʝʥʥʦʡ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʵʢʩʪʨʘʢʮʠʠ, 

ʠ ʪʝʤ ʚʳʰʝ ʧʠʢ. 

ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ὑ  ʢʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʃʆʉ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʝʨʘʥʠʦʣʘ, ʙʣʠʟʢʠ 

(ʦʪ 300 ʜʦ 420, ʨʠʩ. 2). ʂʦʵʬʬʠʮʠʝʥʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʛʝʨʘʥʠʦʣʫ (140) ʦʢʘʟʘʣʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, ʚʝʨʦʷʪʥʦ, ʨʘʟʥʠʮʝʡ ʚ ʫʜʝʨʞʠʚʘʥʠʠ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ ʚʦʣʦʢʥʦʤ ʊʌʄʕ. ɺʝʱʝʩʪʚʘ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʣʦʧʦʣʷʨʥʳʝ 

ʪʝʨʧʝʥʳ, ʪʦʛʜʘ ʢʘʢ ʩʧʠʨʪ ʛʝʨʘʥʠʦʣ ð ʚʝʱʝʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʧʦʣʷʨʥʦʝ ʠ ʤʝʥʝʝ 

ʨʘʩʪʚʦʨʠʤʦʝ ʚ ʥʝʧʦʣʷʨʥʦʤ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ. 

ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ὑ , ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ὑ . 
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ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʡ ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ. ɺʳʧʦʣʥʝʥ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʵʤʠʩʩʠʠ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʃʆʉ), ʚʳʜʝʣʷʝʤʳʭ 

ʚʝʪʚʷʤʠ ʝʣʠ ʛʦʣʫʙʦʡ (Picea pungens). ɺ ʣʝʪʫʯʠʭ ʚʳʜʝʣʝʥʠʷʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʣʘʩʩʫ ʤʦʥʦʪʝʨʧʝʥʳ. ʈʘʩʩʯʠʪʘʥʦ ʟʥʘʯʝʥʠʝ ʵʤʠʩʩʠʠ ʤʦʥʦʪʝʨʧʝʥʦʚ 

ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Ŭ-ʧʠʥʝʥ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 5,25 ʤʢʛ/(ʯĬʛ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʦʬʘʟʥʘʷ ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʷ, ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʃʆʉ, 

ʤʦʥʦʪʝʨʧʝʥʳ. 
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The technique of quantitative determination of volatile compounds of plants by solid-phase 

microextraction method in combination with gas chromatography was developed. The quantitative 

analysis of volatile organic compounds (VOCs) emitted by branches of blue spruce (Picea pungens) 

was performed. A number of compounds belonging to the class of monoterpenes were identified in 

the volatile emissions. The emission value of monoterpenes in terms of Ŭ-pinene was calculated, 

which amounted to 5.25 Õg/(hg). 

Keywords: solid-phase microextraction, gas chromatography, VOCs, monother foams. 

 

ɺʚʝʜʝʥʠʝ 

ʃʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʃʆʉ), ʚʳʜʝʣʷʝʤʳʝ ʨʘʩʪʝʥʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʨʫʧʧʫ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʠ ʚ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʝʞʝʛʦʜʥʦ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ 1150ï1500 ʊʛ ʃʆʉ, 

ʩʧʦʩʦʙʥʳʭ ʘʢʪʠʚʥʦ ʚʢʣʶʯʘʪʴʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ [1]. ɺʘʞʥʳʤʠ ʃʆʉ ʷʚʣʷʶʪʩʷ 

ʪʝʨʧʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʤʦʥʦ- ʠ ʩʝʩʢʚʠʪʝʨʧʝʥʳ ʠ ʠʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ, 

ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʦʟʦʥʦʤ, ʨʘʜʠʢʘʣʘʤʠ ÅOH ʠ ÅNO3. ʕʪʠ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ 

ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠʟʙʳʪʢʘ ʦʟʦʥʘ ʠ ʜʨʫʛʠʭ ʚʪʦʨʠʯʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ.  
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ʂʨʦʤʝ ʪʦʛʦ, ʪʝʨʧʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ [2]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʳʜʝʣʷʝʤʳʭ ʨʘʩʪʝʥʠʷʤʠ, ʘʢʪʫʘʣʴʥʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʦʪʙʦʨʘ ʧʨʦʙ ʠ ʘʥʘʣʠʟʘ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ 

ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʳʜʝʣʝʥʠʡ ʨʘʩʪʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʨʷʤʦʛʦ ʦʪʙʦʨʘ ʃʆʉ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘʜ ʦʙʨʘʟʮʦʤ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ ʤʝʪʦʜʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʪʚʝʨʜʳʭ ʩʦʨʙʝʥʪʘʭ ʠ ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʦʪʙʦʨ ʧʨʦʙʳ. ʆʪʙʦʨ ʧʨʦʙʳ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʣʠʙʦ ʚ ʩʪʘʪʠʯʝʩʢʦʤ, ʣʠʙʦ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʦʪʙʦʨʘ ʧʨʦʙ ʠʟ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʦʬʘʟʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʠ 

ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʷ (ʊʌʕ ʠ ʊʌʄʕ) [3ï8]. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʃʆʉ ʨʘʩʪʝʥʠʡ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʨʦʚʦʜʷʪ ʧʨʠ ʧʦʤʦʱʠ 

ʪʚʝʨʜʦʬʘʟʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʥʘ ʩʦʨʙʮʠʦʥʥʳʝ ʪʨʫʙʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʜʩʦʨʙʝʥʪʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʦʜʝʩʦʨʙʮʠʝʡ ʚ ʢʦʣʦʥʢʫ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ [9ï13]. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ- ʀʩʠʜʦʨʦʚʘ [9, 10] 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʨʘʟʥʳʭ ʨʘʩʪʝʥʠʡ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ ʠ ʚʳʷʚʣʝʥʦ ʨʘʟʣʠʯʠʝ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʚʳʜʝʣʷʝʤʳʭ ʃʆʉ ʚ ʣʠʩʪʚʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʷʭ: ʩʦʙʠʨʘʣʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ 

ʚ ʦʧʨʝʜʝʣʝʥʥʫʶ ʝʤʢʦʩʪʴ, ʚʳʜʝʨʞʠʚʘʣʠ 15ï30 ʤʠʥʫʪ ʠ ʟʘʪʝʤ ʃʆʉ ʨʘʩʪʝʥʠʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠʩʴ 

ʧʫʪʝʤ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʩʦʨʙʮʠʦʥʥʫʶ ʪʨʫʙʢʫ ʩ ʧʦʣʠʤʝʨʥʳʤ ʘʜʩʦʨʙʝʥʪʦʤ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʤ GC/MS ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʫʜʝʨʞʠʚʘʥʠʷ ʧʠʢʦʚ, ʢʦʪʦʨʘʷ ʠ ʜʦʢʘʟʘʣʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʚ ʩʦʜʝʨʞʘʥʠʠ ʃʆʉ.  

ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʚ ʨʘʙʦʪʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚʳʜʝʣʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʊʌʄʕ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ [6, 14, 15]. ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʥʘʢʦʧʣʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʘʥʘʣʠʪʦʚ ʥʘ 

ʧʣʸʥʢʫ ʩʦʨʙʝʥʪʘ ʠ/ʠʣʠ ʘʜʩʦʨʙʝʥʪʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʧʦʜʚʠʞʥʦʝ ʚʦʣʦʢʥʦ ʠʟ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ, 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʠʛʣʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʩʦʙʨʘʥʥʦʡ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ [17]. ʇʦʜʨʦʙʥʦ ʧʨʠʥʮʠʧ ʘʥʘʣʠʟʘ ʦʧʠʩʘʥ ʚ ʩʪʘʪʴʝ ʀʩʠʜʦʨʦʚʘ [15]: 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʝ ʩʦʨʙʮʠʦʥʥʦʝ ʚʦʣʦʢʥʦ ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʦʡ DVB/CAR/PDMS. ɺʦʣʦʢʥʦ ʚʚʦʜʠʣʠ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʥʘʜ ʨʘʩʪʠʪʝʣʴʥʳʤ ʦʙʨʘʟʮʦʤ ʯʝʨʝʟ 

ʩʠʣʠʢʦʥʦʚʫʶ ʤʝʤʙʨʘʥʫ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ ʜʣʷ ʩʦʨʙʮʠʠ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʵʢʩʧʦʟʠʮʠʠ ʚʦʣʦʢʥʦ ʥʝʤʝʜʣʝʥʥʦ ʧʝʨʝʥʦʩʠʣʠ ʚ ʠʩʧʘʨʠʪʝʣʴ ʛʘʟʦʚʦʛʦ 

ʭʨʦʤʘʪʦʛʨʘʬʘ, ʛʜʝ ʧʨʦʚʦʜʠʣʠ ʪʝʨʤʦʜʝʩʦʨʙʮʠʶ ʘʥʘʣʠʪʦʚ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

250ÁC. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʣ ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʘʩʯʸʪ ʩʚʦʜʠʣʩʷ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʜʦʣʠ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʙʱʝʤ ʠʦʥʥʦʤ ʪʦʢʝ (TIC). 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʌʄʕ ʧʝʨʝʜ ʊʌʕ ʚʳʩʪʫʧʘʶʪ ʧʨʦʩʪʦʪʘ ʫʩʪʘʥʦʚʢʠ, 

ʙʳʩʪʨʦʪʘ ʤʝʪʦʜʘ, ʧʦʣʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ [17].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʝʡ ʵʤʠʩʩʠʠ ʜʣʷ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ, ʧʨʦʚʦʜʠʤʦʝ ʧʨʠ ʧʦʤʦʱʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ ʊʌʕ, ʠʟʫʯʝʥʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ, ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʠ 

ʦʪʨʘʞʝʥʦ ʚ ʩʪʘʪʴʷʭ ʀʩʠʜʦʨʦʚʘ, ʈʝʥʥʝ, ʌʫʨʥʝʣʣʘ ʠ ɹʝʡʢʝʨʘ [9, 10, 12, 13, 18]. ɺ ʨʘʙʦʪʝ [9] 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʵʤʠʩʩʠʠ ʠʟʦʧʨʝʥʘ ʠ ʪʝʨʧʝʥʦʚ ʚ ʭʚʦʡʥʳʭ ʣʝʩʘʭ 

ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʉʉʉʈ. ʆʥʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʜʝʣʷʝʤʳʭ 

ʨʘʩʪʝʥʠʷʤʠ, ʚ ʩʦʨʙʮʠʦʥʥʳʭ ʪʨʫʙʢʘʭ, ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʜʝʩʦʨʙʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʢʘʧʠʣʣʷʨʥʫʶ ʢʦʣʦʥʢʫ, ʠʭ ʛʘʟʦʚʦ-ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠ ʧʦʤʦʱʠ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʧʨʠʤʝʨʥʦ ʦʢʦʣʦ 80% ʣʝʪʫʯʠʭ ʚʳʙʨʦʩʦʚ ʭʚʦʡʥʳʭ 
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ʜʝʨʝʚʴʝʚ ʷʚʣʷʶʪʩʷ ʪʝʨʧʝʥʳ, ʘ ʠʤʝʥʥʦ Ŭ-ʧʠʥʝʥ, 3-ʢʘʨʝʥ, ʢʘʤʬʝʥ, ʣʠʤʦʥʝʥ ʠ ʜʨ. ʉʢʦʨʦʩʪʠ 

ʵʤʠʩʩʠʠ ʪʝʨʧʝʥʦʚ ʠ ʠʟʦʧʨʝʥʘ ʜʣʷ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ (Pinus sylvestris), ʩʦʩʥʳ ʩʠʙʠʨʩʢʦʡ 

(Pinus sibirica) ʠ ʣʠʩʪʚʝʥʥʠʮʳ (Larix sibirica) ʩʦʩʪʘʚʠʣʠ ʦʪ 0,5 ʜʦ 20 ʤʢʛ/(ʛÖʯ) [9]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʝʝʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʘ ʊʄʌʕ, ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʥʦʝ 

ʚ ʨʘʙʦʪʘʭ ʇʘʚʣʠʰʠʥʘ [17, 19, 20], ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʘʣʦ 

ʫʧʦʤʠʥʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʠ ʊʌʄʕ ʠʤʝʥʥʦ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʤʠʩʩʠʠ ʃʆʉ ʨʘʩʪʝʥʠʡ. 

ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʨʘʙʦʪ ð ʠʩʩʣʝʜʦʚʘʥʠʝ ɹʝʡʢʝʨʘ ʠ ʐʠʥʥʦʪʘ ʚ ʨʘʙʦʪʝ [18], ʛʜʝ ʦʥʠ ʫʩʧʝʰʥʦ 

ʦʧʨʝʜʝʣʠʣʠ ʩʫʤʤʘʨʥʳʝ ʩʢʦʨʦʩʪʠ ʵʤʠʩʩʠʠ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚ ʜʣʷ ʩʦʩʥʳ ʩʝʨʦʡ (0,025ï0,050 

ʤʢʛ/(ʤĮĿʯ), ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ - Ŭ-ʬʘʨʥʝʟʝʥ) ʠ ʩʦʩʥʳ ʞʝʣʪʦʡ (0,450ï3,325 ʤʢʛ/(ʤĮĿʯ), ʛʜʝ 

ʧʨʝʦʙʣʘʜʘʣʠ Ŭ-ʬʘʨʥʝʟʝʥ, ɓ-ʬʘʨʥʝʟʝʥ ʠ Ŭ-ʙʝʨʛʘʤʦʪʝʥ. ʊʘʢʞʝ ʨʘʩʯʝʪ ʵʤʠʩʩʠʠ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ 

ɼʝʥʛʘ ʠ ʇʝʥʛʘ [16], ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʤʥʦʛʦʢʨʘʪʥʦʡ ʪʚʝʨʜʦʬʘʟʥʦʡ ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʠ ʚ 

ʩʪʘʪʠʯʝʩʢʦʤ ʧʘʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ (ɓ-ʠʦʥʦʥ). ɼʣʷ 

ʘʥʘʣʠʟʘ ʵʤʠʩʩʠʠ ʪʝʨʧʝʥʦʠʜʦʚ ʩ ʞʠʚʳʭ ʣʠʩʪʴʝʚ Pelargonium hortorum ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʛʝʨʤʝʪʠʯʥʫʶ ʩʪʝʢʣʷʥʥʫʶ ʢʘʤʝʨʫ (110Ĭ90 ʤʤ). ɺ ʥʝʸ ʧʦʤʝʱʘʣʠ ʣʠʩʪ, ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ 

ʪʝʬʣʦʥʦʚʦʡ ʣʝʥʪʦʡ ʠ ʚʚʦʜʠʣʠ 10 ʤʢʣ ʨʘʩʪʚʦʨʘ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ (ɓ-ʠʦʥʦʥ) ʥʘ 

ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ SPME-ʚʦʣʦʢʥʘ CAR/PDMS 

(75 ʤʢʤ) ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ 22ÁC ʧʦʩʣʝ 10-ʤʠʥʫʪʥʦʛʦ ʧʨʝʜʨʘʚʥʦʚʝʩʠʷ. ʇʘʨʘʣʣʝʣʴʥʦ 

ʚʳʧʦʣʥʷʣʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʦʪʙʦʨ ʧʨʦʙ ʥʘ ʣʦʚʫʰʢʫ Tenax-TA (100 ʤʛ) ʩ ʧʨʦʜʫʚʢʦʡ ʦʯʠʱʝʥʥʳʤ 

ʚʦʟʜʫʭʦʤ (10 ʤʣ/ʩ, 20 ʤʠʥ). ɸʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʵʣʶʠʨʦʚʘʣʠ ʛʝʢʩʘʥʦʤ (2 ʤʣ), 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ 200 ʤʢʣ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʞʜʳʝ 3 ʯʘʩʘ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʜʥʝʡ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʤʠ ʪʝʨʧʝʥʦʠʜʦʚ (ʥʘʧʨʠʤʝʨ, Ŭ-ʧʠʥʝʥʘ, ʤʠʨʮʝʥʘ) ʩʫʤʤʠʨʦʚʘʣʦʩʴ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʄʘʢʩʠʤʫʤʳ ʵʤʠʩʩʠʠ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 14:00 (236 ʥʛ) ʠ 

17:00 (277 ʥʛ), ʠʟ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʪʝʨʧʝʥʘʤʠ ʩʪʘʣʠ ʤʠʨʮʝʥ (105,4 ʥʛ), ʢʘʨʠʦʬʠʣʣʝʥ 

(71,8 ʥʛ), ʣʠʥʘʣʦʦʣ (13,2 ʥʛ) ʠ ʙʝʪʘ-ʧʠʥʝʥ (12,7 ʥʛ).  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʪʘʪʝʡ ʩ ʤʝʪʦʜʠʢʘʤʠ ʨʘʩʯʝʪʘ ʵʤʠʩʩʠʠ ʃʆʉ ʜʣʷ ʨʘʩʪʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʥʝ 

ʤʥʦʛʦ, ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʤʠʩʩʠʠ ʃʆʉ ʨʘʩʪʝʥʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ ʚʝʪʚʠ ʝʣʠ ʛʦʣʫʙʦʡ (Picea pungens) ʚ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʥʘ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

[21]. ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʣ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (58Á00'25.2"N 56Á11'03.4"E). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʢʘʪʦʨʦʤ ʩʨʝʟʘʣʠ 

ʚʝʪʦʯʢʠ ʝʣʠ ʜʣʠʥʦʡ 10ï15 ʩʤ, ʩʪʘʨʘʷʩʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʝʪʦʯʢʠ ʩʨʝʟʘʣʠ ʩ ʦʜʥʦʛʦ ʜʝʨʝʚʘ. ʄʘʩʩʳ ʦʙʨʘʟʮʦʚ: 

3,6007 ʛ (ʧʝʨʚʳʡ ʜʝʥʴ) ʠ 8,4464 ʛ (ʚʪʦʨʦʡ ʜʝʥʴ). 

ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʃʆʉ ʛʦʣʫʙʦʡ ʝʣʠ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʩʦʚʧʘʜʝʥʠʶ 

ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʦʪʜʝʣʴʥʳʭ ʧʠʢʦʚ ʚ ʩʦʩʪʘʚʝ ʃʆʉ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʩ ʚʨʝʤʝʥʝʤ ʚʳʭʦʜʘ ʵʪʘʣʦʥʥʳʭ 

ʪʝʨʧʝʥʦʚ. ɺʨʝʤʷ ʚʳʭʦʜʘ ʵʪʘʣʦʥʥʳʭ ʪʝʨʧʝʥʦʚ ʠ ʠʭ ʯʠʩʪʦʪʫ ʦʧʨʝʜʝʣʷʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ 

ʨʘʩʪʚʦʨʦʚ 10 ppm (ʦʙ./ʦʙ.) ʵʪʘʣʦʥʥʳʭ ʪʝʨʧʝʥʦʚ (ʂʠʪʘʡ) ʚ ʤʝʪʘʥʦʣʝ (ʭ.ʯ., ɺʝʢʪʦʥ, ʈʦʩʩʠʷ). ʏʠʩʪʦʪʫ 

ʢʘʞʜʦʛʦ ʠʟ ʪʝʨʧʝʥʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʠ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʠʩʩʠʠ ʧʨʦʠʟʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʪʝʨʧʝʥʦʚ ʛʦʪʦʚʠʣʠ ʠʩʭʦʜʥʳʡ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ, 

ʩʦʜʝʨʞʘʱʠʡ ʧʦ 1 ʤʢʣ/ʤʣ (1,45ï1,73 ʤʛ/ʤʣ) ʢʘʞʜʦʛʦ ʠʟ 7 ʪʝʨʧʝʥʦʚ (Ŭ-ʧʠʥʝʥ, ɓ-ʧʠʥʝʥ, ɓ-

ʤʠʨʮʝʥ, D-ʣʠʤʦʥʝʥ, ʛʝʨʘʥʠʦʣ, ɓ-ʢʘʨʠʦʬʠʣʝʥ ʠ Ŭ-ʮʝʜʨʝʥ). ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʜʘʣʝʝ ʨʘʟʙʘʚʣʷʣʠ 

ʜʣ̫ ʧʦʣʫʯʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ 0,12ï0,14 ʜʦ 1,09ï1,31 ʤʛ/ʤʣ 

ʢʘʞʜʦʛʦ ʠʟ ʪʝʨʧʝʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, 
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ʩʦʜʝʨʞʘʱʝʡ ʠʟʚʝʩʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʨʧʝʥʦʚ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʝʪʦʜʦʤ ʘʚʪʦʨʦʚ [22]. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʡ ʩʪʝʢʣʷʥʥʳʡ ʩʦʩʫʜ ʸʤʢʦʩʪʴʶ 0,5 ʣ ʯʝʨʝʟ ʧʦʨʪ ʜʣʷ ʚʚʦʜʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʰʧʨʠʮʘ ʚʚʦʜʠʣʠ 1 ʤʢʣ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʪʚʦʨʦʚ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ ʧʦʣʫʯʘʣʠ ʛʘʟʦʚʫʶ ʩʤʝʩʴ ʩ ʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʘʞʜʦʛʦ ʠʟ 7 ʪʝʨʧʝʥʦʚ. 

ʀʟ ʩʦʩʫʜʘ ʯʝʨʝʟ ʧʦʨʪ ʚʚʦʜʘ ʩ ʧʦʤʦʱʴʶ ʠʛʣʳ ʊʌʄʕ, ʩʥʘʙʞʸʥʥʦʡ ʚʦʣʦʢʥʦʤ ʩ ʜʚʫʭʩʣʦʡʥʳʤ 

ʧʦʢʨʳʪʠʝʤ (ʜʠʚʠʥʠʣʙʝʥʟʦʣ (50 ʤʢʤ) ʠ ʢʘʨʙʦʢʩʝʥʦʤ ʩ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʤ (30 ʤʢʤ), 

Supelco, ʉʐɸ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʙʠʨʘʣʠ 8ï10 ʧʨʦʙ, ʢʦʪʦʨʳʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ ʍʨʦʤʘʪʵʢ ʂʨʠʩʪʘʣʣ 5000.2 (ʍʨʦʤʘʪʵʢ, ʈʦʩʩʠʷ) ʩ ʢʘʧʠʣʣʷʨʥʦʡ 

ʢʦʣʦʥʢʦʡ HP-1 (30 ʤ Ĭ 0.32 ʤʤ Ĭ 0.25 ʥʤ, Agilent, ʉʐɸ). ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʪʝʨʧʝʥʦʚ 

ʚ ʧʨʦʮʝʩʩʝ ʦʪʙʦʨʘ ʧʨʦʙ ʚ ʩʦʩʫʜʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʠʩʯʝʨʧʳʚʘʶʱʝʡ 

ʵʢʩʪʨʘʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʳʤ ʛʨʘʬʠʢʘʤ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ ʢ ʦʪʜʝʣʴʥʳʤ ʪʝʨʧʝʥʘʤ. 

 

 
ʈʠʩ. 1. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʣʝʪʫʯʠʭ ʚʳʜʝʣʝʥʠʡ ʚʝʪʦʯʢʠ ʛʦʣʫʙʦʡ ʝʣʠ (Picea pungens) 

ɸʥʘʣʠʟ ʵʤʠʩʩʠʠ ʃʆʉ ʨʘʩʪʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʪʦʤ ʞʝ ʩʦʩʫʜʝ ʠ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ: ʚʝʪʦʯʢʫ 

ʨʘʩʪʝʥʠʷ ʧʦʤʝʱʘʣʠ ʚ ʩʦʩʫʜ, ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʫ, ʦʧʫʩʢʘʣʠ ʰʧʨʠʮ ʊʌʄʕ ʥʘ 10ï15 

ʤʠʥʫʪ ʜʣʷ ʥʘʩʳʱʝʥʠʷ ʛʘʟʦʚʦʡ ʬʘʟʳ ʣʝʪʫʯʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʠʭ ʧʦʛʣʦʱʝʥʠʷ ʚʦʣʦʢʥʦʤ. 

ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ ʟʘʧʠʩʳʚʘʣʠ ʭʨʦʤʘʪʦʛʨʘʤʤʫ. ɼʣʷ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ 

ʦʪʙʦʨ ʠ ʟʘʧʠʩʴ ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʨʦʠʟʚʦʜʠʣʠ ʥʝ ʤʝʥʝʝ 8ï10 ʨʘʟ. ɸʥʘʣʠʟ ʭʨʦʤʘʪʦʛʨʘʤʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʵʪʘʧʝ ʛʨʘʜʫʠʨʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʝʪʝʢʪʦʨʘ ʧʦʟʚʦʣʠʣ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʳ ʵʤʠʩʩʠʠ ʃʆʉ ʠ ʝʸ ʜʠʥʘʤʠʢʫ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 3ï

4 ʯʘʩʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʠʧʠʯʥʘʷ ʭʨʦʤʘʪʦʛʨʘʤʤʘ ʣʝʪʫʯʠʭ ʚʳʜʝʣʝʥʠʡ ʚʝʪʦʯʢʠ ʛʦʣʫʙʦʡ ʝʣʠ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʧʦ ʵʪʘʣʦʥʘʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ Ŭ-ʧʠʥʝʥ, ɓ-ʧʠʥʝʥ ʠ ɓ-

ʤʠʨʮʝʥ, ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [13, 23-24] ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ 3-ʢʘʨʝʥ, ʪʨʠʮʠʢʣʝʥ, 

ʢʘʤʬʝʥ, ʩʘʙʠʥʝʥ ʠ ʪʝʨʧʠʥʦʣʝʥ. ɼʣʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ʵʪʘʣʦʥʘʤ ʪʝʨʧʝʥʦʚ ʧʨʦʠʟʚʝʜʸʥ 
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ʨʘʩʯʸʪ ʠʭ ʜʠʥʘʤʠʢʠ ʵʤʠʩʩʠʠ (ʨʠʩ. 2ʘ). ɼʣʷ ʦʮʝʥʢʠ ʦʙʱʝʡ ʵʤʠʩʩʠʠ ʃʆʉ ʚʳʧʦʣʥʝʥ ʪʘʢʞʝ 

ʨʘʩʯʸʪ ʵʤʠʩʩʠʠ ʥʘ ʦʙʱʫʶ ʩʫʤʤʫ ʧʠʢʦʚ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

Ŭ-ʧʠʥʝʥʘ (ʨʠʩ. 2ʙ). 
 

 
ʘ) 

 
ʙ) 

ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʵʤʠʩʩʠʠ ʃʆʉ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ: ʵʤʠʩʩʠʷ ʦʪʜʝʣʴʥʳʭ ʃʆʉ (ʘ); 

ʩʫʤʤʘʨʥʘʷ ʵʤʠʩʩʠʷ ʃʆʉ, ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ Ŭ-ʧʠʥʝʥ (ʙ) 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʵʤʠʩʩʠʠ (ʨʠʩ. 1ʘ ʠ 1ʙ) ʚʳʷʚʠʣ ʥʝʩʢʦʣʴʢʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ: 

1. ʅʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʵʤʠʩʩʠʠ ʚ ʧʝʨʚʳʡ ʯʘʩ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʭʦʜʦʤ ʥʘ ʧʣʘʪʦ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ Ŭ-ʧʠʥʝʥʘ, ʯʴʷ 

ʵʤʠʩʩʠʷ ʚ ʤʘʢʩʠʤʫʤʝ ʩʦʩʪʘʚʠʣʘ 0,6ï1,0 ʤʢʛ/(ʛÖʯ) ʠ ʧʘʜʘʝʪ ʜʦ 0,08 ʤʢʛ/(ʛÖʯ) ʢ 4-ʡ ʧʨʦʙʝ. 

2. ɼʠʥʘʤʠʢʘ ʩʫʤʤʘʨʥʦʡ ʵʤʠʩʩʠʠ (ʨʠʩ. 1ʙ) ʚ ʮʝʣʦʤ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʞʜʫ ʜʥʷʤʠ 

ʠʟʤʝʨʝʥʠʡ, ʦʜʥʘʢʦ ʝʸ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʯʘʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʘʟʣʠʯʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ. ʆʜʥʦ ʠʟ ʚʝʨʦʷʪʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʵʪʦʤʫ ð 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʱʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʨʝʞʜʸʥʥʳʭ ʫʯʘʩʪʢʦʚ ʪʢʘʥʠ ʚʝʪʢʠ (ʥʘ ʩʨʝʟʝ).  
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3. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʃʆʉ, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʠʭ 

ʵʤʠʩʩʠʶ.  

ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʠʩʩʠʠ ʃʆʉ, ʚʳʜʝʣʷʝʤʳʭ 

ʨʘʩʪʝʥʠʷʤʠ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ Ŭ-ʧʠʥʝʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʪʝʨʧʝʥʦʚ ʚ ʵʤʠʩʩʠʠ 

ʛʦʣʫʙʦʡ ʝʣʠ (ʜʦ 1 ʤʢʛ/(ʯĿʛ)). 

3. ɼʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʨʦʣʠ ʨʘʩʪʝʥʠʡ ʚ ʵʤʠʩʩʠʠ ʃʆʉ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. 
 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʉʆʇʆʃʀʄɽʈʓ ʌʆʉʌʆʅʀɽɺʓʍ ʉʆʃɽʁ:  

ʉʀʅʊɽɿ ʀ ʉʆʈɹʎʀʆʅʅɸʗ ʉʇʆʉʆɹʅʆʉʊʔ 

 

ʂʘʨʠʝʚ ʀ.ʈ.1, ɻʦʨʙʫʥʦʚʘ ʄ.ʅ,1,2 ɹʘʪʫʝʚʘ ʊ.ɼ.2 

1ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 
2ʀʊʍ ʋʨʆ ʈɸʅ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʄʝʪʦʜʦʤ ʨʘʜʠʢʘʣʴʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʳ ʩʦʧʦʣʠʤʝʨʳ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʠ ʭʣʦʨʠʜʘ 

ʜʠʘʣʣʠʣʘʤʠʥʦʪʨʠʩ(ʜʠʵʪʠʣʘʤʠʥʦ)ʬʦʩʬʦʥʠʷ ʩ ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ. ʆʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʧʦʣʠʤʝʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʴ ʜʠʘʣʣʠʣʘʤʠʥʦʪʨʠʩ(ʜʠʵʪʠʣʘʤʠʥʦ)ʬʦʩʬʦʥʠʷ, ʩʦʧʦʣʠʤʝʨʳ, 

ʩʦʨʙʮʠʷ. 

 

COPOLYMERS BASED ON PHOSPHONIUM SALTS:  

SYNTHESIS and SORPTION ABILITY  

 

Kariev I.R.1, Gorbunova M.N.,1,2 Batueva T.D.2 

1Perm State University, Perm, Russia 
2ITCh UrB RAS, Perm, Russia 

 

Copolymers of diallylaminotris(diethylamino)phosphonium tetrafluoroborate and chloride 

with acrylonitrile were obtained by the method of radical copolymerization. The relative reactivities 

were determined and the kinetic regularities of the polymerization were studied. The sorption 

properties of the copolymers with respect to rare-earth metal ions were studied.  

Keywords: diallylaminotris(diethylamino)phosphonium salt, copolymers, sorption. 
 

ɿʥʘʯʠʤʦʩʪʴ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ) ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʝʪ ʚ ʩʚʷʟʠ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʦ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʈɿʄ 

ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʢʘʢ ʥʘ ʨʝʘʢʮʠʷʭ ʦʩʘʞʜʝʥʠʷ [1], ʪʘʢ ʠ ʥʘ ʨʝʘʢʮʠʷʭ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʪʘʢʠʝ ʢʘʢ ʵʢʩʪʨʘʢʮʠʷ ʠ ʩʦʨʙʮʠʷ [2,3].  

ʋʯʠʪʳʚʘʷ ʧʦʩʪʦʷʥʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʝʪʘʣʣʘʭ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʜʦʩʪʫʧʥʳʝ ʨʝʘʛʝʥʪʳ, ʩʧʦʩʦʙʥʳʝ 

ʠʟʚʣʝʢʘʪʴ ʠʦʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ [4, 5].  

ʀʥʪʝʨʝʩ ʢ ʧʦʣʠʤʝʨʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʬʦʩʬʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ ʚ ʩʚʷʟʠ ʩ ʫʩʧʝʰʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʩʠʥʪʝʟʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʨʙʝʥʪʦʚ, ʧʦʢʘʟʘʚʰʠʭ ʩʚʦʡ ʰʠʨʦʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ [6, 7]. ʉʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʨʘ ʥʘʰʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ [8, 9]. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʩʦʧʦʣʠʤʝʨʦʚ 

ʜʠʘʣʣʠʣʘʤʠʥʦʪʨʠʩ(ʜʠʵʪʠʣʘʤʠʥʦ)ʬʦʩʬʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ (ɼɸɸʌ-BF4) ʠ ʭʣʦʨʠʜʘ (ɼɸɸʌ-

Cl) ʩ ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ (ɸʅ) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʦʥʘʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. 

___________________ 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʦʣʝʡ ʜʠʘʣʣʠʣʘʤʠʥʦʬʦʩʬʦʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʣʠ ʥʝ ʛʦʤʦʧʦʣʠʤʝʨʠʟʫʶʪʩʷ ʧʦ ʨʘʜʠʢʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼɸʂ 

ʧʨʠ 60-90 C, ʥʦ ʩʦʧʦʣʠʤʝʨʠʟʫʶʪʩʷ ʩ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʩ ʚʠʥʠʣʦʚʳʤʠ ʤʦʥʦʤʝʨʘʤʠ [10]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʩʦʣʝʡ ʜʠʘʣʣʠʣʘʤʠʥʦʬʦʩʬʦʥʠʷ ʩ ɸʅ ʠʤʝʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʚʝʥʴʝʚ ʩʦʤʦʥʦʤʝʨʦʚ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʢʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ, ʩʦʣʠ ʜʠʘʣʣʠʣʘʤʠʥʦʬʦʩʬʦʥʠʷ ʤʝʥʝʝ ʘʢʪʠʚʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʅ, ʧʨʠ ʵʪʦʤ 

ʩʦʧʦʣʠʤʝʨʳ ʦʙʦʛʘʱʝʥʳ ʟʚʝʥʴʷʤʠ ɸʅ ʧʨʠ ʚʩʝʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʦʤʦʥʦʤʝʨʦʚ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ 

ʤʦʥʦʤʝʨʦʚ. ɼɸɸʌ-BF4 ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼɸɸʌ-Cl (ʊʘʙʣ.).  

 

ʊʘʙʣʠʮʘ 

ɿʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʘʥʪ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʦʣʝʡ  

ʜʠʘʣʣʠʣʘʤʠʥʦʬʦʩʬʦʥʠʷ (ʄ1) ʠ ɸʅ  (ʚ ʤʘʩʩʝ, ɼɸʂ, 80ÁC) 

ʄ1 r1 r2 r1 Ā r2 1 /r1 r1 /r2 

ɼɸɸʌ-BF4 0.67Ñ0.02 4.27Ñ0.23 2.86 1.49 0.157 

ɼɸɸʌ-Cl 0.23Ñ0.09 6.09Ñ0.31 1.40 4.35 0.038 

 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʢʦʥʚʝʨʩʠʷʭ (ʜʦ 10%) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʨʷʜʢʠ 

ʨʝʘʢʮʠʠ ʧʦ ʠʥʠʮʠʘʪʦʨʫ ʨʘʚʥʳ 0,75-0,8. ʇʦʨʷʜʢʠ ʨʝʘʢʮʠʠ ʧʦ ʤʦʥʦʤʝʨʫ ʩʦʩʪʘʚʣʷʶʪ 2,1 ʠ 1,9 

ʜʣʷ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ɸʅ ʩ ɼɸɸʌ-BF4 ʠ ɼɸɸʌ-Cl ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʝ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ 

ʧʦʨʷʜʢʠ ʨʝʘʢʮʠʠ ʧʦ ʤʦʥʦʤʝʨʫ ʠ ʠʥʠʮʠʘʪʦʨʫ ʦʙʫʩʣʦʚʣʝʥʳ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʩʪʘʥʪʳ 

ʨʦʩʪʘ ʮʝʧʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʠʦʥʦʛʝʥʥʳʤʠ ʤʦʥʦʤʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʴʶ ʩʠʩʪʝʤʳ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ 

ʧʨʝʚʨʘʱʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ɼɸɸʌ ʩ ɸʅ ʧʦʢʘʟʘʣʦ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʝʡ 

ʨʝʘʢʮʠʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʥʦʤʝʨʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʜʠʘʣʣʠʣʘʤʠʥʦʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ ʚ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʦʧʦʣʠʤʝʨʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʩʥʠʞʘʶʪʩʷ (ʨʠʩ. 1). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ɸʅ ʩ ɼɸɸʌ- 

BF4 ʚʳʰʝ, ʯʝʤ ʩ ɼɸɸʌ-Cl. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ɼɸɸʌ-BF4 (1) ʠ ɼɸɸʌ-Cl (2) ʩ ɸʅ (ʄ2)  ʚ 

ʤʘʩʩʝ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʤʦʥʦʤʝʨʦʚ. [ɼɸʂ] = 3 ʤʘʩʩ.%, ʊ = 80Áʉ 
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ʀʟʫʯʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ ʠʦʥʦʚ Pr(III) ʠ Sm(III) 

ʩʦʧʦʣʠʤʝʨʘʤʠ ɼɸɸʌ-BF4-ɸʅ ʠ ɼɸɸʌ-Cl-ɸʅ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ 

ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ɼɸɸʌ-BF4-ɸʅ ʧʨʘʟʝʦʜʠʤʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ, 

ʩʘʤʘʨʠʝʤ ï ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ. ɺ ʩʣʫʯʘʝ ɼɸɸʌ-Cl-ɸʅ ʩʦʨʙʮʠʷ Pr(III) ʧʨʦʪʝʢʘʝʪ ʚ ʪʝʯʝʥʠʝ 5 

ʤʠʥʫʪ, Sm(III) ï ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ (ʨʠʩʫʥʦʢ 2), ʘ ʟʘʪʝʤ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʜʝʩʦʨʙʮʠʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʠʦʥʳ ʤʝʪʘʣʣʘ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʨʘʩʪʚʦʨ. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʘʪʠʯʝʩʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʠʦʥʦʚ Pr(III) (1) ʠ Sm(III) (2) ʥʘ ɼɸɸʌ-Cl-Aʅ 

ʦʪ ʚʨʝʤʷ. Cʄʝ3+ = 0,001 ʤʦʣʴĀʣ-1, mʩʦʧ = 0.02 ʛ, V = 10 ʤʣ, ʨʅ 6,6ï6,7 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʧʦʣʠʤʝʨʳ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʠ ʭʣʦʨʠʜʘ 

ʜʠʘʣʣʠʣʘʤʠʥʦʪʨʠʩ(ʜʠʵʪʠʣʘʤʠʥʦ)ʬʦʩʬʦʥʠʷ ʩ ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ, ʦʙʣʘʜʘʶʱʠʝ ʩʦʨʙʮʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʠʦʥʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 24-23-00072). ɸʚʪʦʨʳ 
ʙʣʘʛʦʜʘʨʷʪ ʎʝʥʪʨ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʇʌʀʎ ʋʨʆ ʈɸʅ çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʚʝʱʝʩʪʚʘè ʟʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷè. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʀʟʫʯʝʥʦ ʦʩʘʞʜʝʥʠʝ ʠʦʥʦʚ Dy3+ ɸʇɸɺ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ ʠ ʦʢʩʠʬʦʩʦʤ ɹ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʦʩʘʞʜʝʥʠʷ ʜʠʩʧʨʦʟʠʷ ʦʪ ʨʅ. ʆʩʘʜʦʢ Dy3+ ʩ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ (ɸɹʉʂ) 

ʚʳʜʝʣʝʥ ʧʨʝʧʘʨʘʪʠʚʥʦ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥ ʩʦʩʪʘʚ 

ʩʦʝʜʠʥʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʦʥʦʚ Dy3+ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ ʠ ʦʢʩʠʬʦʩʦʤ ɹ. ʅʘʡʜʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʬʣʦʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʧʨʦʟʠʡ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ, 

ʦʢʩʠʬʦʩ ɹ, ʦʩʘʞʜʝʥʠʝ, ʬʣʦʪʘʮʠʷ. 

 

STUDY OF FLOTATION EXTRACTION OF DYSPROSIUM IONS  

BY ANIONIC SURFACTANTS  

 

Ketova S.V., Denisova S.A.  

Perm State University, Perm, Russia 

 

The deposition of Dy3+ ions by alkylbenzenesulfonic acid and oxyphos B at various 

concentrations and ratios of components and mixing time has been studied. The dependence of the 

degree of precipitation of dysprosium on pH is considered. Dy3+ precipitate with 

alkylbenzenesulfonic acid (ABSA) was isolated preparatively. Thermogravimetric and chemical 

analysis methods have established the composition of the compound. Depending on the pH and the 

ratio of the components, the patterns of flotation extraction of Dy3+ ions with alkylbenzenesulfonic 

acid and oxyphos B. Optimal flotation conditions were found. 

Keywords: dysprosium, rare earth elements, alkylbenzenesulfonic acid, oxyphos B, 

precipitation, flotation. 

 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʈɿʕ) ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʈɿʕ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʤʥʦʛʠʭ 

ʤʠʥʝʨʘʣʘʭ, ʠʭ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʡ, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʛʨʘʥʠʯʝʥʦ. ɺ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʢʨʳʪʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʪʨʘʩʣʝʡ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʫʧʦʨ ʥʘ ʧʦʧʫʪʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʈɿʕ ʠʟ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʫʜ ʠ ʙʝʜʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ. ʀʥʥʦʚʘʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʠʟʚʣʝʯʝʥʠʷ ʈɿʕ ʠʟ ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʳʨʴʷ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʝʛʦ 

ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʠʦʥʥʘʷ ʬʣʦʪʘʮʠʷ [2].  

___________________ 
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ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʬʣʦʪʘʮʠʠ ʈɿʕ ʯʘʱʝ ʚʩʝʛʦ ʚʳʙʠʨʘʶʪ ʘʥʠʦʥʥʳʝ ʇɸɺ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʤʝʪʘʣʣʦʤ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʛʝʪʝʨʦʛʝʥʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ ʨʘʩʪʚʦʨʘ [3-4]. ɺ 

ʮʝʣʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʩʘʞʜʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ 

ʈɿʕ ʘʥʠʦʥʦʛʝʥʥʳʤʠ ʇɸɺ ï ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ (ɸɹʉʂ) ʠ ʦʢʩʠʬʦʩʦʤ ɹ, 

ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ ʫʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ ʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʜʠʩʧʨʦʟʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Dy3+ ʩ ʘʨʩʝʥʘʟʦ III  ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ [5].  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʠʦʥʦʚ ʜʠʩʧʨʦʟʠʷ ʩ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ ʦʙʨʘʟʫʶʪʩʷ ʙʝʣʳʝ ʘʤʦʨʬʥʳʝ ʦʩʘʜʢʠ. ʉʪʝʧʝʥʴ 

ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ ʜʠʩʧʨʦʟʠʷ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (90%) ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

Dy:ɸɹʉʂ = 1:3 ʠʟ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʘ ʜʠʩʧʨʦʟʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Dy3+ 8,0Ŀ10-3 ʤʦʣʴ/ʣ. ɺ ʙʦʣʝʝ 

ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦʚʳʰʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʩʘʜʢʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʪʝʧʝʥʴ ʝʛʦ 

ʦʩʘʞʜʝʥʠʷ. ʇʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ ʜʠʩʧʨʦʟʠʷ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʅʨʘʚʥ ʬʠʣʴʪʨʘʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1,76 

ʜʦ 3,22. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʜʠʩʧʨʦʟʠʷ ʜʦʩʪʘʪʦʯʥʦ 3 ʤʠʥ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 
 

ʊʘʙʣʠʮʘ 1 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʦʩʘʞʜʝʥʠʷ (S, %) ʠʦʥʦʚ Dy (III) 

ʦʪ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ Dy:ɸɹʉʂ (Ű = 3 ʤʠʥ) 

 

Dy : ɸɹʉʂ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʦʚ Dy(NO3)3, ʤʦʣʴ/ʣ 

8,0Ŀ10-3 8,0Ŀ10-4 

pHʨʘʚʥ S, % pHʨʘʚʥ S, % 

1:1 2,16 19,63 3,22 29,58 

1:2 1,86 60,10 2,89 56,45 

1:3 1,67 90,37 2,68 81,89 

1:3,5 1,76 ʩʫʩʧʝʥʟʠʷ 2,55 ʩʫʩʧʝʥʟʠʷ 

 

ʆʩʘʜʦʢ Dy3+ ʩ ɸɹʉʂ ʚ ʩʦʦʪʥʦʰʝʥʠʠ Dy:ɸɹʉʂ=1:3 ʚʳʜʝʣʝʥ ʧʨʝʧʘʨʘʪʠʚʥʦ, ʝʛʦ ʩʦʩʪʘʚ 

ʧʦʜʪʚʝʨʞʜʝʥ ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʱʝʣʦʯʠ ʦʩʘʜʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʫʶ ʩʦʣʴ Dy(CnH2n+1C6H4SO3)3. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʩʘʜʢʘ ʜʠʩʧʨʦʟʠʷ (III) ʩ ɸɹʉʂ (Dy3+:ɸɹʉʂ=1:3) 

ʄʝʪʦʜ Dy  

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 14,48 

ʊʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ 13,26 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ 13,76 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ 13,75 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ ʜʠʩʧʨʦʟʠʷ ʩ ɸɹʉʂ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

Dy 3+ + 3CnH2n+1C6H4SO3
ï = Dy(CnH2n+1C6H4SO3)3Ź. 
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ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʘ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʟʥʘʯʝʥʠʝ ʫʩʣʦʚʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʣʷ ʦʩʘʜʢʘ Dy(CnH2n+1C6H4SO3)3, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 3,17Ŀ10
-13. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʱʝʣʦʯʠ ʥʘ ʩʪʝʧʝʥʴ ʦʩʘʞʜʝʥʠʷ ʦʩʘʜʢʦʚ ʜʠʩʧʨʦʟʠʷ ʩ ɸɹʉʂ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʪʘʙʣ. 3, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʥʘʯʝʥʠʷ pH 6 ʩʪʝʧʝʥʴ ʦʩʘʞʜʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ï 97,21%. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʠʩʧʨʦʟʠʡ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʠʜʨʦʢʩʦʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ (ʚʳʰʝ 8,5) ʦʩʘʞʜʘʝʪʩʷ ʛʠʜʨʦʢʩʠʜ ʜʠʩʧʨʦʟʠʷ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ pH ʚʥʝʰʥʠʡ ʚʠʜ ʦʩʘʜʢʘ ʤʝʥʷʝʪʩʷ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʩʠʩʪʝʤʝ ʱʝʣʦʯʠ ʚʳʜʝʣʷʝʪʩʷ 

ʤʳʣʦʦʙʨʘʟʥʳʡ ʦʩʘʜʦʢ, ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʦʩʘʜʦʢ ʠʤʝʝʪ ʘʤʦʨʬʥʫʶ ʨʳʭʣʫʶ ʩʪʨʫʢʪʫʨʫ. 
 

ʊʘʙʣʠʮʘ 2 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʦʩʘʞʜʝʥʠʷ (S, %) ʠʦʥʦʚ Dy (III) ʩ ɸɹʉʂ ʦʪ ʟʥʘʯʝʥʠʷ pH  

(CDy=8,0Ŀ10-3 ʤʦʣʴ/ʣ; Dy:ɸɹʉʂ=1:3) 

pH 1,67 1,80 2,01 2,16 2,94 4,35 6,22 6,70 11,02 11,74 

S,% 90,37 90,57 90,29 90,10 91,16 93,43 97,21 81,68 89,53 94,50 
 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʤʝʰʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʜʠʩʧʨʦʟʠʷ ʩ 

ʜʨʫʛʠʤ ɸʇɸɺ ï ʦʢʩʠʬʦʩʦʤ ɹ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʣʳʭ ʘʤʦʨʬʥʳʭ ʦʩʘʜʢʦʚ. 

ʀʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʦʩʘʞʜʝʥʠʷ Dy3+ ʨʘʩʪʚʦʨʦʤ ʦʢʩʠʬʦʩʘ ɹ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʪʘʙʣ. 4) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʩʘʞʜʝʥʠʝ ʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʪʨʝʭʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ɸʇɸɺ, ʨʅʨʘʚʥ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 3,43. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ 

ʦʩʘʞʜʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 %, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸɹʉʂ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʜʠʩʧʨʦʟʠʷ ʜʦʩʪʘʪʦʯʥʦ 3 ʤʠʥʫʪ ʧʝʨʝʤʝʰʠʚʘʥʠʷ.  

ʊʘʙʣʠʮʘ 3 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʦʩʘʞʜʝʥʠʷ (S, %) ʠʦʥʦʚ Dy (III)  

ʦʪ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ Dy : ʦʢʩʠʬʦʩ ɹ (Ű = 3 ʤʠʥ; CDy=8,0Ŀ10-3 ʤʦʣʴ/ʣ) 

Dy:ʦʢʩʠʬʦʩ ɹ pH S,% 

1:1 3,86 5,74 

1:2 3,61 34,74 

1:3 3,43 49,32 
 

ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ ʜʠʩʧʨʦʟʠʷ ʩ ʦʢʩʠʬʦʩʦʤ ɹ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʦʚ 

ʱʝʣʦʯʠ ʠ ʘʤʤʠʘʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ pH ʩʪʝʧʝʥʴ ʦʩʘʞʜʝʥʠʷ 

ʜʠʩʧʨʦʟʠʷ ʦʢʩʠʬʦʩʦʤ ɹ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʅ ʦʢʦʣʦ 6 ʦʩʘʞʜʘʶʪʩʷ 

ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʳʝ ʛʠʜʨʦʢʩʦʩʦʝʜʠʥʝʥʠʷ, ʘ ʧʨʠ pH ʚʳʰʝ 11 ʦʩʘʞʜʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 4 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ Dy (III) ʦʢʩʠʬʦʩʦʤ ɹ ʦʪ pH 

(Dy:ʦʢʩʠʬʦʩ ɹ=1:3; CDy=8,0Ŀ10-3 ʤʦʣʴ/ʣ; Ű = 3 ʤʠʥ) 

NaOH NH3ĿH2O 

ʨʅ S,% ʨʅ S,% 

3,43 49,32 3,43 49,32 

5,74 63,90 4,01 49,47 

6,60 84,06 5,55 58,62 

8,54 89,80 5,93 76,92 

11,57 99,26 7,90 94,39 

11,82 99,21 8,75 93,31 
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ʀʩʧʳʪʘʥʠʷ ʧʦ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ ʠʦʥʦʚ ʜʠʩʧʨʦʟʠʷ ɸʇɸɺ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʬʣʦʪʦʤʘʰʠʥʝ ʌʄʃ 0,3. ɺʦ ʬʣʦʪʘʮʠʦʥʥʫʶ ʷʯʝʡʢʫ ʚʥʦʩʠʣʠ 200,0 ʤʣ 8,0Ŀ10-4 ʤʦʣʴ/ʣ ʨʘʩʪʚʦʨʘ 

Dy3+, ʚʚʦʜʠʣʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ ɸɹʉʂ ʠʣʠ ʦʢʩʠʬʦʩʘ ɹ, ʚʳʜʝʨʞʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 3 ʤʠʥ ʜʣʷ ʩʦʟʨʝʚʘʥʠʷ ʦʩʘʜʢʘ, ʧʨʦʧʫʩʢʘʣʠ ʧʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ ʠ ʩʦʙʠʨʘʣʠ ʧʝʥʫ, 

ʩʦʜʝʨʞʘʱʫʶ ʩʫʙʣʘʪ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʬʣʦʪʘʮʠʠ ʚ ʢʘʤʝʨʥʦʤ ʧʨʦʜʫʢʪʝ ʦʧʨʝʜʝʣʷʣʠ ʨʅʨʘʚʥ ʥʘ 

ʠʦʥʦʤʝʨʝ ʄʫʣʴʪʠʪʝʩʪ-101 ʠ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʘ ʜʠʩʧʨʦʟʠʷ (III ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ (ʪʘʙʣ. 6) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ 

ʜʠʩʧʨʦʟʠʷ ʩ ɸɹʉʂ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ 1:3 ʠ ʧʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʠ ʩʦʩʪʘʚʣʷʝʪ 85,97%. 

ʊʘʙʣʠʮʘ 5 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ (R, %) ʠʦʥʦʚ Dy (III) ʩ ɸɹʉʂ ʦʪ 

ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ Dy:ɸɹʉʂ (Ű = 5 ʤʠʥ, CDy=8,0Ŀ10-4 ʤʦʣʴ/ʣ) 

Dy:ɸɹʉʂ 1:1 1:2 1:3 

R, % 24,73 53,62 85,97 

pH 3, 48 3,10 2,95 

 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʅ ʥʘ ʩʪʝʧʝʥʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʜʠʩʧʨʦʟʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪʦʚ 

ʜʠʩʧʨʦʟʠʷ, ʩʥʠʞʘʷ ʝʛʦ ʬʣʦʪʘʮʠʶ ʜʦ 48-49 % ʧʨʠ ʨʅ 1,74-1,90. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʠʩʪʝʤʫ 

ʱʝʣʦʯʠ ʬʣʦʪʘʮʠʷ ʥʘ 85 % ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ ʦʪ 2,95 ʜʦ 3,05. ɿʘʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʜʠʩʧʨʦʟʠʷ ʚ ʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʭʦʜʘ 

ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪʦʚ ʚ ʛʠʜʨʦʢʩʦʩʦʣʠ, ʠ ʧʨʠ ʨʅ ʦʢʦʣʦ 6 ʚʥʦʚʴ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʲʝʤ 

ʠʟʚʣʝʯʝʥʠʷ ʟʘ ʩʯʝʪ ʬʣʦʪʘʮʠʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʛʠʜʨʦʢʩʦʩʦʣʝʡ. ʇʨʠ ʨʅ ʦʢʦʣʦ 8 ʚ ʢʘʤʝʨʥʦʤ 

ʧʨʦʜʫʢʪʝ ʧʨʝʦʙʣʘʜʘʶʪ ʛʠʜʨʦʢʩʠʜʳ ʜʠʩʧʨʦʟʠʷ, ʠ ʬʣʦʪʘʮʠʷ ʨʝʟʢʦ ʧʘʜʘʝʪ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ (R, %) ʠʦʥʦʚ Dy (III) ʩ ɸɹʉʂ ʦʪ pH 

(Ű = 5 ʤʠʥ, CDy=8,0Ŀ10-4 ʤʦʣʴ/ʣ; Dy:ɸɹʉʂ= 1:3) 

 

ʀʩʧʳʪʘʥʠʷ ʧʦ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ ʩ ʦʢʩʠʬʦʩʦʤ ɹ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ ʩ ʬʣʦʪʘʮʠʝʡ 

ʨʘʩʪʚʦʨʦʤ ɸɹʉʂ. ʀʟ ʪʘʙʣʠʮʳ 7 ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʜʠʩʧʨʦʟʠʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʦʩʘʞʜʝʥʠʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʨʝʭʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ʦʢʩʠʬʦʩʘ ɹ ʠ ʩʦʩʪʘʚʣʷʝʪ 57,45% ʧʨʠ pHʨʘʚʥ 

= 4,43.  
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ʊʘʙʣʠʮʘ 6 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ (R, %) ʠʦʥʦʚ Dy (III) ʩ ʦʢʩʠʬʦʩʦʤ ɹ ʦʪ 

ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ Dy:ʦʢʩʠʬʦʩ ɹ (Ű = 3 ʤʠʥ; CDy=8,0Ŀ10-4 ʤʦʣʴ/ʣ) 

Dy:ʦʢʩʠʬʦʩ ɹ pH R,% 

1:1 4,75 26,67 

1:2 4,43 35,03 

1:3 4,43 57,45 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ (R, %) ʠʦʥʦʚ Dy (III) ʩ ʦʢʩʠʬʦʩʦʤ ɹ ʦʪ pH (Ű 

= 3 ʤʠʥ, CDy=8,0Ŀ10-4 ʤʦʣʴ/ʣ; Dy:ɸɹʉʂ= 1:3 ) 

 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʅ ʥʘ ʬʣʦʪʘʮʠʶ ʜʠʩʧʨʦʟʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʝʛʦ 

ʠʟʚʣʝʯʝʥʠʷ ʦʢʩʠʬʦʩʦʤ ɹ ʩʦʩʪʘʚʣʷʝʪ 57-61% ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ pH 4,43-5,72. ɺ 

ʦʙʣʘʩʪʠ pH ʚʳʝh 6 ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 2. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʜʠʩʧʨʦʟʠʷ ʩ 

ɸʇɸɺ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ Dy:ɸʇɸɺ=1:3.  

ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʦʥʥʦʡ ʬʣʦʪʘʮʠʠ ʜʠʩʧʨʦʟʠʷ ʩ ɸɹʉʂ (R=90,01%): 

pH=6,10; Űʬʣ=5 ʤʠʥ; Dy:ɸɹʉʂ=1:3.  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʜʠʩʧʨʦʟʠʷ ʩ ʦʢʩʠʬʦʩʦʤ ɹ (R=61,51%) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: pH=5,30; Űʬʣ=3 ʤʠʥ; Dy:ʦʢʩʠʬʦʩ ɹ=1:3. 

ʀʟ ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ɸʇɸɺ ʜʣʷ ʬʣʦʪʘʮʠʠ ʜʠʩʧʨʦʟʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʨʝʘʛʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ɸɹʉʂ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʋɼʂ 543.544.53:544.723:547.96:544.12 

 

ʀɿʆʊɽʈʄʓ ɸɼʉʆʈɹʎʀʀ ʕʅɸʅʊʀʆʄɽʈʆɺ ʃɽʁʎʀʃ-ʃɽʁʎʀʅɸ  

ʅɸ ʍʀʈɸʃʔʅʆʄ ʉʆʈɹɽʅʊɽ ZWIX ɓ-ALANINE -QN 

 

ʂʦʥʦʥʝʥʢʦ ʂ.ɸ., ɺʘʩʷʥʠʥ ɸ.ʅ. 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʀʟʫʯʝʥʳ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ ʠ ʙʠ-ʃʝʥʛʤʶʨʘ D,D- ʠ L,L-ɻ ʥʘʥʪʠʦʤʝʨʦʚ 

ʜʠʧʝʧʪʠʜʘ ʣʝʡʮʠʣ-ʣʝʡʮʠʥʘ ʚ 40% ʠ 60% ʨʘʩʪʚʦʨʘʭ ʤʝʪʘʥʦʣʘ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʝ ZWIX ʩ 

ʧʨʠʚʠʪʳʤ ʭʠʨʘʣʴʥʳʤ ʩʝʣʝʢʪʦʨʦʤ CH146 (ɓ-alanine-QN) ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʛʦ ʤʝʪʦʜʘ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʠʨʘʣʴʥʘʷ ɺʕɾʍ, ʣʝʡʮʠʥ-ʣʝʡʮʠʥ, ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ. 
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Lengmuir and bi-Lengmuir adsorption isotherms of D,D- and L,L- enantiomers of leucile-

leucine dipeptide in 40% and 60% methanol solutions determined on ZWIX stationary phase with 

grafted chiral selector CH146 (ɓ-alanine-QN) by reverse-phase high-performance liquid 

chromatography were studied.  
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ɺʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʥʘ ʭʠʨʘʣʴʥʳʭ ʩʦʨʙʝʥʪʘʭ ZWIX ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ. 

ɿʥʘʥʠʝ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʩ ʭʠʨʘʣʴʥʳʤ 

ʩʦʨʙʝʥʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʧʝʰʥʦʡ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʠʭ 

ʠʟʫʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [1].  

ʎʚʠʪʪʝʨʠʦʥʥʳʡ ʩʝʣʝʢʪʦʨ ZWIX (zwitterionic chiral stationary phases) ð ʦʜʠʥ ʠʟ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʥʦʚʳʭ ʩʦʨʙʝʥʪʦʚ ʭʠʨʘʣʴʥʦʛʦ ʪʠʧʘ. ɸʥʠʦʥʦʦʙʤʝʥʥʳʡ ʬʨʘʛʤʝʥʪ (WAX) ð 

ʭʠʥʠʥ (ʭʠʥʠʜʠʥ), ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʢ ʩʠʣʠʢʘʛʝʣʶ ʯʝʨʝʟ ʩʫʣʴʬʠʜʥʳʡ ʤʦʩʪʠʢ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʘʤʠʥʦʛʨʫʧʧʦʡ (NH) ʜʠʧʝʧʪʠʜʘ, ʘ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʡ ʬʨʘʛʤʝʥʪ (WCX) ð 

b-ʘʣʘʥʠʥ (b-ʘʤʠʥʦʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ), ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʢ 9R-ʧʦʟʠʮʠʠ ʭʠʥʠʥʘ ʯʝʨʝʟ 

ʢʘʨʙʘʤʘʪʥʫʶ ʩʚʷʟʴ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ (COO) 

ʜʠʧʝʧʪʠʜʘ (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ ʜʣʷ ʮʚʠʪʪʝʨʠʦʥʥʳʭ ʘʥʘʣʠʪʦʚ (ʧʝʧʪʠʜʦʚ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʚʦʡʥʦʝ 

ʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʭʠʨʘʣʴʥʳʤ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʠ ʨʘʟʜʝʣʝʥʠʝʤ ʵʥʘʥʪʠʦʤʝʨʦʚ (D,D ʠ 

L,L) [2]. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʷʚʣʷʝʪʩʷ ʬʨʦʥʪʘʣʴʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ [3]. ʉ ʝʸ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʚʧʣʦʪʴ ʜʦ ʥʘʩʳʱʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʨʘʟʜʝʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʜʥʘʢʦ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʭʦʜ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ 

ʨʘʩʪʚʦʨʦʚ (ʩʦʪʥʠ ʤʠʣʣʠʣʠʪʨʦʚ) ʨʘʟʜʝʣʷʝʤʳʭ ʚʝʱʝʩʪʚ. 

___________________ 
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ʈʠʩ. 1. ʉʪʨʦʝʥʠʝ ʭʠʨʘʣʴʥʦʛʦ ʩʝʣʝʢʪʦʨʘ ʩʦʨʙʝʥʪʘ ZWIX, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʵʣʶʠʨʦʚʘʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʨʘʩʪʚʦʨʦʚ ʨʘʟʜʝʣʷʝʤʳʭ ʚʝʱʝʩʪʚ ʩ ʮʝʣʴʶ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʪʝʨʤʳ 

ʘʜʩʦʨʙʮʠʠ (ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʭʨʦʤʘʪʦʛʨʘʬʠʠ) [4-6]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʆʜʥʠʤ ʠʟ ʫʜʦʙʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ CADET (Chromatography 

Analysis and Design Toolkit) [7]. 

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʝ ʩ ʧʨʠʚʠʪʳʤ ʭʠʨʘʣʴʥʳʤ ʩʝʣʝʢʪʦʨʦʤ 

CH146 (ɓ-alanine-QN, ʨʘʟʤʝʨʳ ʢʦʣʦʥʢʠ 150 ʤʤ Ĭ 4 ʤʤ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ 5 ʤʢʤ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ɺʕɾʍ Agilent 1260 Infinity ʩ 4-ʢʘʥʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʥʳʤ ʥʘʩʦʩʦʤ ʠ 

ʜʠʦʜʥʦ-ʤʘʪʨʠʯʥʳʤ ʜʝʪʝʢʪʦʨʦʤ. ɺʚʦʜ ʧʨʦʙʳ (50 ʤʢʣ) ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʚʦʜʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʢʦʣʦʥʢʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ (Ñ0.5ÁC) ʩ 

ʧʦʤʦʱʴʶ ʪʝʨʤʦʩʪʘʪʘ ʭʨʦʤʘʪʦʛʨʘʬʘ. ʊʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʦʙʲʸʤʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʚʨʝʤʝʥʠ ʟʘʧʦʣʥʝʥʠʷ 25-ʤʣ ʤʝʨʥʦʡ ʢʦʣʙʳ 2 ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ (Ñ0.08 ʤʣ). 

ʈʘʩʭʦʞʜʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʥʝ ʙʦʣʝʝ 0.1%. ʇʦʜʚʠʞʥʫʶ ʬʘʟʫ (40 ʠ 60% ʨʘʩʪʚʦʨʳ ʤʝʪʘʥʦʣʘ) ʛʦʪʦʚʠʣʠ 

ʩ ʧʦʤʦʱʴʶ ʛʨʘʜʠʝʥʪʥʦʛʦ ʥʘʩʦʩʘ ʩʤʝʰʝʥʠʝʤ ʠʟ ʯʠʩʪʳʭ ʤʝʪʘʥʦʣʘ (RS For HPLC PLUS Gradient 

grade, Carlo Erba, ʌʨʘʥʮʠʷ) ʠ ʜʝʠʦʥʠʟʦʚʘʥʦʡ ʚʦʜʳ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ Millipore 

Synergy (Millipore, ʌʨʘʥʮʠʷ). ʊʦʯʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩʤʝʩʷʭ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʠʟʤʝʨʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʵʣʶʘʪʘ ʥʘ ʧʣʦʪʥʦʤʝʨʝ Mettler Toledo DM40. ʈʘʩʭʦʞʜʝʥʠʝ 

ʦʙʲʸʤʥʦʡ ʜʦʣʠ ʤʝʪʘʥʦʣʘ ʚ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʝ ʧʨʝʚʳʰʘʣʦ 0.5% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʈʘʩʪʚʦʨʳ L,L- ʠ D,D-ʣʝʡʮʠʥʘ (Bachem, ʐʚʝʡʮʘʨʠʷ) ʛʦʪʦʚʠʣʠ ʧʦ ʪʦʯʥʦʡ ʥʘʚʝʩʢʝ 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʧʦʜʚʠʞʥʦʡ ʬʘʟʝ ʪʨʝʙʫʝʤʦʛʦ ʩʦʩʪʘʚʘ. ʄʸʨʪʚʳʡ ʦʙʲʸʤ ʢʦʣʦʥʢʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʧʠʢʘ 1,3,5-ʪʨʠ-ʪʨʝʪ-ʙʫʪʠʣ ʙʝʥʟʦʣʘ (Sigma-Aldrich, ʉʐɸ) ʚ ʤʝʪʘʥʦʣʝ. ɻʜʝ ʵʪʦ 

ʪʨʝʙʫʝʪʩʷ, ʚ ʨʘʩʯʸʪʘʭ ʫʯʠʪʳʚʘʣʠ ʧʦʧʨʘʚʢʫ ʥʘ ʚʥʝʢʦʣʦʥʦʯʥʳʡ ʦʙʲʸʤ (71 ʤʢʣ), ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʦ 

ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʚʳʭʦʜʘ ʧʠʢʘ 1,3,5-ʪʨʠ-ʪʨʝʪ-ʙʫʪʠʣ ʙʝʥʟʦʣʘ ʧʦʩʣʝ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʳ ʚʚʦʜʘ 

ʥʘʧʨʷʤʫʶ ʢ ʜʝʪʝʢʪʦʨʫ. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʵʥʘʥʪʠʦʤʝʨʦʚ ʣʝʡʮʠʥ-ʣʝʡʮʠʥʘ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 240 ʥʤ. ɺʩʝ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʟʘʧʠʩʳʚʘʣʠ ʜʚʘʞʜʳ. 

ʈʘʩʯʸʪ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ 

ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʦʙʨʘʪʥʳʤ ʤʝʪʦʜʦʤ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʠʟʚʦʜʠʣʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʘʤʢʘʭ ʨʘʚʥʦʚʝʩʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʤʦʜʝʣʠ [1] ʚ ʧʨʦʛʨʘʤʤʝ CADET [7]. ʇʨʦʛʨʘʤʤʘ ʯʠʩʣʝʥʥʦ ʨʝʰʘʝʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʤʘʩʩʦʚʦʛʦ 

ʙʘʣʘʥʩʘ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʤʦʜʝʣʠ: 

‬ὧ

‬ὸ

ρ ‐

‐

‬ή

‬ὸ
ό
‬ὧ

‬ὼ
Ὀ
‬ὧ

‬ὼ
ȟ 



159 
 

Ὧ ήᶻ ή, 

ʚ ʢʦʪʦʨʦʤ Ὀ ʦʪʚʝʯʘʝʪ ʟʘ ʚʢʣʘʜ ʚʩʝʭ ʤʝʭʘʥʠʟʤʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʨʘʟʤʳʚʘʥʠʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʟʦʥʳ, ‐ ð ʜʦʣʷ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʚ ʦʙʲʸʤʝ ʢʦʣʦʥʢʠ (ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ), ʦʧʨʝʜʝʣʸʥʥʘʷ ʯʝʨʝʟ 

ʤʸʨʪʚʳʡ ʦʙʲʸʤ ʢʦʣʦʥʢʠ, ό ð ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʚ ʢʦʣʦʥʢʝ, ʧʘʨʘʤʝʪʨ Ὧ  

ʫʯʠʪʳʚʘʝʪ ʚʩʝ ʚʢʣʘʜʳ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʫ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤʫ ʠʤʧʫʣʴʩʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ. ʇʦʣʫʯʝʥʥʫʶ ʤʦʜʝʣʴʥʫʶ ʭʨʦʤʘʪʦʛʨʘʤʤʫ 

ʩʨʘʚʥʠʚʘʣʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʧʦʜʙʠʨʘʣʠ ʧʘʨʘʤʝʪʨʳ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʪʘʢ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʩʫʤʤʫ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʨʘʩʯʸʪʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʨʦʤʘʪʦʛʨʘʤʤ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʵʚʦʣʶʮʠʦʥʥʳʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ U-NSGA-III (Unified Non-

dominated Sorting Genetic Algorithm III ) [8], ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ CADET-Process[9]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɻʨʘʜʫʠʨʦʚʢʘ ʜʝʪʝʢʪʦʨʘ 

ʉʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʠʧʝʧʪʠʜʘ ʥʝ ʣʠʥʝʝʥ. ʇʝʨʝʩʯʸʪ ʩʠʛʥʘʣʘ 

ʜʝʪʝʢʪʦʨʘ (Ὤ, mAU) ʚ ʝʜʠʥʠʮʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ(ὅ, ʤʄ) ʧʨʦʠʟʚʦʜʠʣʠ ʤʝʪʦʜʦʤ [10] ʩ 

ʧʦʤʦʱʴʶ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʚʠʜʘ: 

ὧὬ ὯὬ ὯὯÌÇ
ÓÉÎÈὯὬ

ὯὬ ὯὬ
Ȣ 

ʇʘʨʘʤʝʪʨʳ Ὧ , Ὧ  ʠ Ὧ  ʥʘʡʜʝʥʳ ʤʠʥʠʤʠʟʘʮʠʝʡ ʢʚʘʜʨʘʪʘ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʚʚʝʜʸʥʥʦʡ ή ʠ 

ʨʘʩʯʸʪʥʦʡ ή ʤʘʩʩʘʤʠ ʚʝʱʝʩʪʚʘ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ ʅʝʣʜʝʨʘ-ʄʠʜʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ 

CADET-Process [9]: 

ὛὉ ή ή ή ὧὬὨὠ ὠ ὧ Ὂ ὧὬὨὸȟ 

ʛʜʝ ή ὧ ὠ  ð ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʚʚʝʜʸʥʥʦʛʦ ʚ ʢʦʣʦʥʢʫ ʩ ʧʨʦʙʦʡ ʦʙʲʸʤʦʤ ὠ  (ʣ) ʠʟ 

ʨʘʩʪʚʦʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʝʱʝʩʪʚʘ ὧ  (ʤʄ), ὸ ʠ ὸ ð ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʚʳʭʦʜʘ ʧʠʢʘ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʤʤʝ. ʊʠʧʠʯʥʘʷ ʛʨʘʜʫʠʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.  

 

 
 ʘ) ʙ) 

ʈʠʩ. 2. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʠʢ D-ʣʝʡʮʠʣ-D-ʣʝʡʮʠʥʘ (ʧʦʜʚʠʞʥʘʷ ʬʘʟʘ ð 60% MeOH, 25ÁC, 0.5 

ʤʣ/ʤʠʥ, ʦʙʲʸʤ ʧʨʦʙʳ 50 ʤʢʣ, ʢʦʥʮʝʥʪʨʘʮʠʷ ð 10 ʤʛ/ʤʣ (40.1 ʤʄ)) (ʘ) ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 

ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʛʨʘʜʫʠʨʦʚʦʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʙ) 
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ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (5 ʠ 10 ʛ/ʣ), ʙʣʠʟʢʠ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʨʘʟʤʳʚʘʥʠʝ ʧʠʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʝʱʝʩʪʚʘ: ʚ ʤʘʢʩʠʤʫʤʝ ʧʠʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 17ï20% ʦʪ ʚʚʝʜʸʥʥʦʡ. 

ʈʘʩʯʸʪ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ. ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʸʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ D,D- ʠ ,LL- ɻ ʥʘʥʪʠʦʤʝʨʦʚ ʣʝʡʮʠʣ-ʣʝʡʮʠʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʭ 

ʵʣʶʠʨʦʚʘʥʠʠ ʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʙʦʣʝʝ 50% ʤʝʪʘʥʦʣʘ ʚ ʚʦʜʝ. ɺ ʨʘʩʪʚʦʨʘʭ ʩ ʙʦʣʝʝ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʥʦʣʘ ʨʘʟʜʝʣʝʥʠʝ ʙʳʩʪʨʦ ʧʘʜʘʝʪ ʜʦ 0. ʆʜʥʘʢʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʜʠʧʝʧʪʠʜʘ ʩʠʣʴʥʦ ʚ ʨʘʩʪʚʦʨʘʭ ʤʝʪʘʥʦʣʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʦʣʝʝ 80% ʦʯʝʥʴ ʤʘʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʨʘʩʩʯʠʪʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʳʭ ʩʤʝʩʝʡ ʩ 40 ʠ 60% ʤʝʪʘʥʦʣʘ. 

ʀʟʦʪʝʨʤʳ ʃʝʥʛʤʶʨʘ. ʀʟʦʪʝʨʤʘ ʃʝʥʛʤʶʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʝʡ ʠʟ ʠʟʦʪʝʨʤ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʘʜʩʦʨʙʮʠʶ (ή) ʚʝʱʝʩʪʚʘ ʥʘ ʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʯʠʩʣʦʤ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʥʝʡ. ʀʟʦʪʝʨʤʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ή
ήᶻὦὧ

ρ ὦὧ
ȟ 

ʛʜʝ ήᶻ ð ʧʨʝʜʝʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ ʚʝʱʝʩʪʚʘ (ʤʤʦʣʴ/ʣ), ὦ ð ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ (ʣ/ʤʤʦʣʴ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ ʧʨʦʠʟʚʦʜʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ Ὀ.  

 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ ʠ ʢʘʞʫʱʠʡʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʚ ʧʦʜʚʠʞʥʦʡ ʬʘʟʝ 

 40% MeOH 60% MeOH 

ʀʟʦʤʝʨ ὧ, ʛ/ʣ ὦ, 

ʣ/ʤʤʦʣʴ 

ήᶻȟ 

ʤʤʦʣʴ/ʣ 

Ὀ ρπ, 

ʤ2/ʩ 

ὧ, ʛ/ʣ ὦ, 

ʣ/ʤʤʦʣʴ 

ήᶻȟ 

ʤʤʦʣʴ/ʣ 

Ὀ ρπ, 

ʤ2/ʩ 

LL- 5.05 0.0261 117.7 4.77 5.01 0.0233 111.7 4.39 

 10.06 0.0287 117.5 4.80 9.96 0.0188 141.1 4.35 

DD- 5.01 0.0228 110.5 4.09 5.02 0.0192 102.7 3.63 

 9.96 0.0146 172.9 4.31 10.02 0.0131 150.1 3.64 

 

 
 ʘ) ʙ) 

ʈʠʩ. 3. ʈʘʩʩʯʠʪʘʥʥʳʝ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ ʵʥʘʥʪʠʦʤʝʨʦʚ ʣʝʡʮʠʣ-ʣʝʡʮʠʥʘ ʚ 40% MeOH (ʘ) 

ʠ 60% MeOH (ʙ) 



161 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʚʝʱʝʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʥʠʞʘʝʪ ʚʝʣʠʯʠʥʳ ʩʦʨʙʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ. ʂʨʠʚʳʝ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʜʘʣʝʢʠ 

ʦʪ ʥʘʩʳʱʝʥʠʷ ʜʘʞʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʘʭ. 

ʄʝʭʘʥʠʟʤʳ ʘʜʩʦʨʙʮʠʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʘʭ 

ʇʦʚʝʨʭʥʦʩʪʴ ʩʦʨʙʝʥʪʘ ʢʦʣʦʥʢʠ ʩ ʧʨʠʚʠʪʳʤʠ ʭʠʨʘʣʴʥʳʤʠ ʩʝʣʝʢʪʦʨʘʤʠ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʥʝʦʜʥʦʨʦʜʥʘ. ʋʜʝʨʞʠʚʘʥʠʝ ʩʦʨʙʘʪʦʚ ʥʘ ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʤʝʰʘʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, 

ʚʢʣʶʯʘʶʱʝʤʫ ʥʝʩʝʣʝʢʪʠʚʥʳʝ ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʝʣʝʢʪʠʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʭʠʨʘʣʴʥʳʤʠ ʩʝʣʝʢʪʦʨʘʤʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʘʭ. ʍʠʨʘʣʴʥʳʡ ʩʝʣʝʢʪʦʨ ZWIX 

ʠʟʫʯʘʝʤʦʡ ʢʦʣʦʥʢʠ ʩʦʜʝʨʞʠʪ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʡ ʮʝʥʪʨ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ pH ʵʣʶʝʥʪʘ: ʚ 

ʩʠʣʴʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ pH < pKa ɓ-ʘʣʘʥʠʥʘ ʝʛʦ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʨʦʪʦʥʠʨʦʚʘʥʘ, ʚ 

ʥʝʡʪʨʘʣʴʥʳʭ ð ʭʠʨʘʣʴʥʳʡ ʮʝʥʪʨ ʥʘʭʦʜʠʪʩʷ ʚ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ ʬʦʨʤʝ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʪʝʨʠʯʝʩʢʠʭ 

ʟʘʪʨʫʜʥʝʥʠʡ ʩʧʦʩʦʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʟʜʝʣʷʝʤʳʤʠ ʵʥʘʥʪʠʦʤʝʨʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʥʝʡʪʨʘʣʴʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ ʬʦʨʤʝ. ʈʘʟʣʠʯʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʠʶ ʚ ʜʦʩʪʫʧʥʦʩʪʠ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʠʤʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʨʙʝʥʪʘ ʩʦʜʝʨʞʠʪ 2 ʪʠʧʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ (ὲί) 

ʥʝʩʝʣʝʢʪʠʚʝʥ ʢ ʨʘʟʜʝʣʷʝʤʳʤ ʵʥʘʥʪʠʦʤʝʨʘʤ, ʚʪʦʨʦʡ (ί) ð ʥʘʦʙʦʨʦʪ, ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʝʥ ʢ ʦʜʥʦʤʫ ʠʟ 

ʥʠʭ. ɪʤʢʦʩʪʴ ʦʙʦʠʭ ʮʝʥʪʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʜʝʣʷʝʤʳʤ ʵʥʘʥʪʠʦʤʝʨʘʤ ʦʜʠʥʘʢʦʚʘ (ή ȟ
ᶻ

ή ȟ
ᶻ ήᶻ  ʠ ήȟ

ᶻ ήȟ
ᶻ ήᶻ), ʨʘʟʣʠʯʠʝ ʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚʪʦʨʦʛʦ ʮʝʥʪʨʘ ʢ ʵʥʘʥʪʠʦʤʝʨʘʤ 

ʦʙʲʷʩʥʷʝʪʩʷ ʣʠʰʴ ʨʘʟʣʠʯʠʝʤ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ: ὦ ȟ ὦ ȟ ὦ , ʥʦ ὦȟ ὦȟ  

(ʧʦʩʢʦʣʴʢʫ L,L-ʵʥʘʥʪʠʦʤʝʨ ʣʝʡʮʠʣ-ʣʝʡʮʠʥʘ ʫʜʝʨʞʠʚʘʝʪʩʷ ʢʦʣʦʥʢʦʡ ʩʠʣʴʥʝʝ). ɸʜʩʦʨʙʮʠʶ 

ʵʥʘʥʪʠʦʤʝʨʦʚ D,D- ʠ L,L- ʥʘ ʵʪʠʭ ʮʝʥʪʨʘʭ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʙʠ-ʃʝʥʛʤʶʨʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

ή
ήᶻὦ ὧ

ρ ὦ ὧ ὦ ὧ

ήᶻὦȟ ὧ

ρ ὦȟ ὧ ὦȟὧ
ȟ 

ή
ήᶻὦ ὧ

ρ ὦ ὧ ὦ ὧ

ήᶻὦȟὧ

ρ ὦȟ ὧ ὦȟὧ
Ȣ 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʚ ʧʨʦʮʝʜʫʨʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦ 3 ʭʨʦʤʘʪʦʛʨʘʤʤʳ: ʨʘʩʪʚʦʨʦʚ ʯʠʩʪʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ D,D- ʠ L,L- ʠ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ 

D,D- ʠ L,L-, ʚʟʷʪʳʭ ʚ ʨʘʚʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʧʦ 5 ʛ/ʣ) (ʪʨʸʭʢʨʠʪʝʨʠʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ). 

ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʮʝʥʪʨʦʚʦʡ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʧʨʠ ʵʪʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʪʨʸʭʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʇʘʨʝʪʦ-ʬʨʦʥʪʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʥʘʯʝʥʠʡ NRMSE ʜʣʷ ʢʘʞʜʦʡ 

ʠʟ ʪʨʸʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʨʦʤʘʪʦʛʨʘʤʤ. ʅʘ ʨʠʩ. 4. ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʸʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʦʪʜʝʣʴʥʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʠ ʠʭ ʩʤʝʩʝʡ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʫʭʮʝʥʪʨʦʚʦʡ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ, ʦʪʚʝʯʘʶʱʠʝ ʤʠʥʠʤʫʤʫ ʩʫʤʤʳ ʟʥʘʯʝʥʠʡ NRSME 

ʪʦʯʝʢ ʇʘʨʝʪʦ-ʬʨʦʥʪʘ. ʉʘʤʠ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5. 

 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʙʠ-ʃʝʥʛʤʶʨʘ 

ʵʥʘʥʪʠʦʤʝʨʦʚ DD- ʠ LL - ʣʝʡʮʠʥ-ʣʝʡʮʠʥʘ 

ʕʣʶʝʥʪ ὦ , ʣ/ʤʤʦʣʴ ὦȟ, ʣ/ʤʤʦʣʴ ὦȟ , ʣ/ʤʤʦʣʴ ήᶻȟ ʤʤʦʣʴ/ʣ ήᶻȟ ʤʤʦʣʴ/ʣ 

40% MeOH 0.0166 0.0513 4.5 ẗ ρπφ 147.0 11.6 

60% MeOH 0.0120 0.0651 4.8 ẗ ρπυ 156.1 11.8 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4, ʜʚʫʭʮʝʥʪʨʦʚʘʷ ʠʟʦʪʝʨʤʘ ʙʠ-ʃʝʥʛʤʶʨʘ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʯʠʩʪʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ð ʠʭ ʩʤʝʩʴ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ 

ʢʦʥʢʫʨʝʥʪʥʘʷ ʘʜʩʦʨʙʮʠʷ ʥʝʩʢʦʣʴʢʦ ʟʘʥʠʞʘʝʪ ʘʜʩʦʨʙʮʠʶ ʢʘʞʜʦʛʦ ʠʟ ʵʥʘʥʪʠʦʤʝʨʦʚ. ɼʣʷ 
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ʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʤʦʜʝʣʴ 

ʘʜʩʦʨʙʮʠʠ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. 

 

     
 ʘ) ʙ) ʚ) 

     
 ʛ) ʜ) ʝ) 

ʈʠʩ. 4. ʈʘʩʩʯʠʪʘʥʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʠʢʠ ʵʥʘʥʪʠʦʤʝʨʦʚ LL- (ʘ, ʛ) ʠ DD- 

(ʙ, ʜ) ʣʝʡʮʠʣ-ʣʝʡʮʠʥʘ, ʠʭ ʩʤʝʩʝʡ (ʚ, ʝ) ʚ 40% MeOH (ʘïʚ) ʠ 60% MeOH (ʛïʝ) 

 
 ʘ) ʙ) 

 
 ʚ) ʛ) 

ʈʠʩ. 5. ʈʘʩʩʯʠʪʘʥʥʳʝ ʠʟʦʪʝʨʤʳ ʢʦʥʢʫʨʝʥʪʥʦʡ ʘʜʩʦʨʙʮʠʠ ʙʠ-ʃʝʥʛʤʶʨʘ ʵʥʘʥʪʠʦʤʝʨʦʚ LL- (ʘ, ʚ) ʠ DD- 

(ʙ, ʛ) ʣʝʡʮʠʣ-ʣʝʡʮʠʥʘ ʚ 40% (ʘ, ʙ) ʠ 60% (ʚ, ʛ) ʤʝʪʘʥʦʣʝ 
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ʀʟʦʪʝʨʤʳ ʢʦʥʢʫʨʝʥʪʥʦʡ ʘʜʩʦʨʙʮʠʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ή Ὢὧȟὧ   (ʨʠʩ. 5). ɺʚʠʜʫ ʥʝʙʦʣʴʰʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʦʩʪʫʧʥʳʭ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʜʦ 6ï7 ʤʄ, 0.9ï1 ʛ/ʣ) ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʜʘʣʝʢʠ ʦʪ ʚʳʭʦʜʘ ʥʘ 

ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ. 

ʂʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʥʝʩʝʣʝʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʵʥʝʨʛʠʠ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʣʥʝʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, 

ʸʤʢʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ ʥʝʩʝʣʝʢʪʠʚʥʳʭ. ʂʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʩʝʣʝʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʦʪʣʠʯʘʶʪʩʷ ʜʣʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ (ὦȟ ḻὦȟ ) ʠ ʬʘʢʪʠʯʝʩʢʠ ʵʪʠ 

ʮʝʥʪʨʳ ʫʜʝʨʞʠʚʘʶʪ ʪʦʣʴʢʦ LL-ɻ ʥʘʥʪʠʦʤʝʨ ʣʝʡʮʠʣ-ʣʝʡʮʠʥʘ (ὦȟ π ). ʅʝʩʝʣʝʢʪʠʚʥʳʝ 

ʮʝʥʪʨʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʚʝʯʘʶʪ ʛʠʜʨʦʬʦʙʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʵʥʘʥʪʠʦʤʝʨʦʚ ʩ 

ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ: ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʤʝʪʘʥʦʣʘ ʚ ʧʦʜʚʠʞʥʦʡ ʬʘʟʝ ʘʜʩʦʨʙʮʠʷ ʥʘ ʥʠʭ 

ʫʤʝʥʴʰʘʝʪʩʷ. ɸʜʩʦʨʙʮʠʷ ʥʘ ʩʝʣʝʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ, ʥʘʦʙʦʨʦʪ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʦʣʠ ʤʝʪʘʥʦʣʘ 

ʚʦʟʨʘʩʪʘʝʪ, ʦʜʥʘʢʦ ʸʤʢʦʩʪʴ ʵʪʠʭ ʮʝʥʪʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʠ ʚ ʮʝʣʦʤ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʤʝʥʴʰʝʤʫ ʫʜʝʨʞʠʚʘʥʠʶ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʪʘʥʦʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɸʜʩʦʨʙʮʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʥʘ ʢʦʣʦʥʢʝ ʩ ʭʠʨʘʣʴʥʦʡ ʬʘʟʦʡ ZWIX ɓ-alanine-QN ʧʨʦʪʝʢʘʝʪ 

ʧʦ ʩʤʝʰʘʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʘʥʘ ʤʦʜʝʣʴʶ ʘʜʩʦʨʙʮʠʠ 

ʃʝʥʛʤʶʨʘ ʩ ʜʚʫʤʷ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʮʝʥʪʨʘʤʠ: ʥʝʩʝʣʝʢʪʠʚʥʳʤʠ ʢ ʨʘʟʜʝʣʷʝʤʳʤ 

ʵʥʘʥʪʠʦʤʝʨʘʤ, ʦʪʚʝʯʘʶʱʠʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʠʜʨʦʬʦʙʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʠ 

ʩʝʣʝʢʪʠʚʥʳʤ, ʫʜʝʨʞʠʚʘʶʱʠʤ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ LL-ɻ ʥʘʥʪʠʦʤʝʨ ʣʝʡʮʠʣ-ʣʝʡʮʠʥʘ. 

2. ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʧʦʜʚʠʞʥʦʡ ʬʘʟʝ ʫʤʝʥʴʰʘʝʪ ʫʜʝʨʞʠʚʘʥʠʝ ʧʦ 

ʛʠʜʨʦʬʦʙʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʦʝ ʫʜʝʨʞʠʚʘʥʠʝ. ɺ ʮʝʣʦʤ ʧʝʨʚʳʡ ʵʬʬʝʢʪ, 

ʚ ʩʠʣʫ ʙʦʣʴʰʝʡ ʸʤʢʦʩʪʠ ʥʝʩʝʣʝʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʧʨʝʚʘʣʠʨʫʝʪ ʠ ʫʜʝʨʞʠʚʘʥʠʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʦʣʠ ʤʝʪʘʥʦʣʘ ʚ ʧʦʜʚʠʞʥʦʡ ʬʘʟʝ ʫʤʝʥʴʰʘʝʪʩʷ. 

 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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ʃʠʛʥʦʩʫʣʴʬʦʥʘʪʳ - ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʩʫʣʴʬʘʪʥʦʡ ʚʘʨʢʝ ʜʨʝʚʝʩʠʥʳ. ʀʭ ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʩʚʷʟʫʶʱʠʝ ʚ ʙʨʠʢʝʪʠʨʦʚʘʥʠʠ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʵʤʫʣʴʩʠʡ. ʆʜʥʘʢʦ ʥʝʡʪʨʘʣʴʥʘʷ 

ʚʘʨʢʘ, ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ, ʫʩʣʦʞʥʷʝʪ ʧʝʨʝʨʘʙʦʪʢʫ ʣʠʛʥʦʩʫʣʴʬʦʥʘʪʦʚ: ʠʟ-

ʟʘ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʞʸʩʪʢʠʝ, ʪʨʫʜʥʦʨʘʟʜʝʣʠʤʳʝ ʩʪʨʫʢʪʫʨʳ, ʫʩʪʦʡʯʠʚʳʝ 

ʢ ʚʳʩʫʰʠʚʘʥʠʶ. ʕʪʦ ʩʦʟʜʘʸʪ ʧʨʦʙʣʝʤʫ ʫʪʠʣʠʟʘʮʠʠ - ʥʘ 1 ʪʦʥʥʫ ʜʨʝʚʝʩʠʥʳ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 300 

ʢʛ ʦʪʭʦʜʦʚ. ʈʝʰʝʥʠʝ - ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ (ʛʠʜʨʦʬʦʙʠʟʘʮʠʷ ʠʣʠ ʛʠʜʨʦʬʠʣʠʟʘʮʠʷ), ʥʦ 

ʢʣʶʯʝʚʳʤ ʙʘʨʴʝʨʦʤ ʦʩʪʘʸʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʦʜʥʦʨʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ.  
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INVESTIGATION OF THE SURFACE PROPERTIES OF TECHNICAL 

LIGNOSULFONATES  

 

Konysheva S.D., Shcherban' M.G.  

Perm State University, Perm, Russia 

   

Lignosulfonates are by-products of pulp and paper production obtained by sulfate cooking of 

wood. They are used as plasticizers in construction, binders in briquetting and emulsion stabilizers. 

However, neutral cooking, an alternative to traditional methods, complicates the processing of 

lignosulfonates: due to the short reaction time, rigid, difficult-to-separate structures resistant to drying 

are formed. This creates a recycling problem - up to 300 kg of waste per 1 ton of wood. The solution 

is surface modification (hydrophobization or hydrophilization), but the key barrier remains the 

preparation of homogeneous samples for research. The paper proposes a method for standardizing 

samples and evaluating the effectiveness of their modification.  

Keywords: lignosulfonates, wettability, microstructure, edge angle.  

   

ɺʚʝʜʝʥʠʝ 

ʃʠʛʥʦʩʫʣʴʬʦʥʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʢʣʘʩʩ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʩʫʣʴʬʘʪʥʦʡ ʚʘʨʢʝ ʜʨʝʚʝʩʠʥʳ. ɽʞʝʛʦʜʥʳʡ ʤʠʨʦʚʦʡ ʦʙʲʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʃʉʊ ʧʨʝʚʳʰʘʝʪ 50 ʤʣʥ ʪʦʥʥ [1], ʯʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʘʪʠʚʥʦʛʦ ʣʠʛʥʠʥʘ, ʣʠʛʥʦʩʫʣʴʬʦʥʘʪʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʩʫʣʴʬʦʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ [2]. 
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ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʃʉʊ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ, ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʩʫʣʴʬʦʛʨʫʧʧ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ [3]. ʆʜʥʘʢʦ ʧʨʠʨʦʜʥʘʷ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʃʉʊ (ʢʨʘʝʚʦʡ 

ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʦʙʳʯʥʦ ʤʝʥʝʝ 40Á) ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʤʘʪʝʨʠʘʣʘʭ, ʪʨʝʙʫʶʱʠʭ ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʠʭ ʩʚʦʡʩʪʚ [4]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʃʉʊ ʚ ʩʚʷʟʠ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ [5]. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʘʛʨʝʛʘʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʃʉʊ, ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ 

ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʪʝʭʥʠʯʝʩʢʠʭ ʣʠʛʥʦʩʫʣʴʬʦʥʘʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʇʨʠʢʘʤʩʢʠʡ ʢʘʨʪʦʥè. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʪʨʠ ʪʠʧʘ ʦʙʨʘʟʮʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʣʠʛʥʦʩʫʣʴʬʦʥʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʩʫʣʴʬʘʪʥʦʡ ʚʘʨʢʝ ʜʨʝʚʝʩʠʥʳ ʥʘ ʆʆʆ çʇʨʠʢʘʤʩʢʠʡ ʢʘʨʪʦʥè: 

ʆʙʨʘʟʝʮ 1: ʞʠʜʢʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʃʉʊ (ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 46%); 

ʆʙʨʘʟʝʮ 2: ʞʠʜʢʠʡ ʃʉʊ; 

ʆʙʨʘʟʝʮ 3: ʧʘʩʪʦʦʙʨʘʟʥʳʡ ʃʉʊ. 

ʄʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʪʦʚʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ 

ʨʘʟʤʝʨʦʤ 25Ĭ75 ʤʤ ʥʘʥʦʩʠʣʠ ʪʦʥʢʠʡ ʩʣʦʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʚʳʩʫʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 22Ñ2ÁC ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 50Ñ5%. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ OLYMPUS 

BX51M.  

ʀʟʤʝʨʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ 

ʉʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʣʝʞʘʱʝʡ ʢʘʧʣʠ ʥʘ ʧʨʠʙʦʨʝ Kr¿ss DSA-

25E. ʆʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʨʘʩʯʝʪ ʢʨʘʝʚʳʭ ʫʛʣʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Advance.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1-3. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʦʨʬʦʣʦʛʠʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʣʠʛʥʦʩʫʣʴʬʦʥʘʪʦʚ, ʢʦʪʦʨʳʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʭ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʘ 1 (ʨʠʩ. 1) ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʘʷ ʬʨʘʢʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʚʳʨʘʞʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. ʏʘʩʪʠʮʳ ʦʙʨʘʟʫʶʪ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʘʛʨʝʛʘʪʳ ʨʘʟʤʝʨʦʤ 15-25 ʤʢʤ ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʜʦ 40 ʤʢʤ. ʊʘʢʘʷ ʤʦʨʬʦʣʦʛʠʷ ʪʠʧʠʯʥʘ ʜʣʷ 

ʩʠʩʪʝʤ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʝʧʝʥʥʦʡ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʢʦʛʜʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 

ʩʦʭʨʘʥʷʶʪʩʷ ʦʩʪʘʪʦʯʥʳʝ ʚʦʜʥʳʝ ʧʨʦʩʣʦʡʢʠ. ʇʦʜʦʙʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʲʷʩʥʷʝʪ ʚʳʩʦʢʫʶ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ï ʨʘʟʚʠʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʧʦʨ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʙʳʩʪʨʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʦʜʳ. 
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ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 1 ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ 

 

 
ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 2 ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ 

 

 
ʈʠʩ. 3. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 3 ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ 

ɺʪʦʨʦʡ ʦʙʨʘʟʝʮ ʞʠʜʢʦʛʦ ʃʉʊ (ʨʠʩ. 2) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 8-12 ʤʢʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʨʘʟʤʝʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

15% ʧʨʦʪʠʚ 28% ʫ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʟʘʤʝʪʥʳ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ʢʦʘʣʝʩʮʝʥʮʠʠ ʯʘʩʪʠʮ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ ʠʣʠ pH. 


