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ɼʦʨʦʛʠʝ ʘʚʪʦʨʳ ʠ ʯʠʪʘʪʝʣʠ! 
 

ʇʦʟʜʨʘʚʣʷʝʤ ɺʘʩ ʩ ʥʘʩʪʫʧʘʶʱʠʤ 2019 ʛʦʜʦʤ! 

ɾʝʣʘʝʤ, ʯʪʦʙʳ ʥʦʚʳʡ ʛʦʜ ʩʪʘʣ ʜʣʷ ɺʘʩ ʛʦʜʦʤ ʫʩʧʝʭʘ ʠ ʫʜʘʯ! 

ɹʦʣʴʰʝ ʠʜʝʡ ʠ ʫʩʧʝʰʥʦʛʦ ʠʭ ʚʦʧʣʦʱʝʥʠʷ, ʙʦʣʴʰʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʘʙʦʪʝ ʠ ʨʘʜʦʩʪʠ! 

 

 

ʇʨʝʜʣʘʛʘʝʤ ɺʘʰʝʤʫ ʚʥʠʤʘʥʠʶ ʥʦʚʳʡ ʠ ʟʘʚʝʨʰʘʶʱʠʡ 2018 ʛ. ʥʦʤʝʨ ʞʫʨʥʘʣʘ. 

ʉʣʝʜʫʶʱʠʡ ʥʦʤʝʨ ʫʞʝ ʚʳʡʜʝʪ ʚ ʩʚʝʪ ʚ ʥʦʚʦʤ 2019 ʛʦʜʫ.  

ʕʪʦ ð 37-ʦʡ ʚʳʧʫʩʢ ʥʘʰʝʛʦ ʞʫʨʥʘʣʘ. ɹʳʣ ʧʨʦʡʜʝʥ ʧʫʪʴ, ʜʣʠʥʦʶ ʚ 3 ʧʦʣʥʳʭ ʛʦʜʘ,  

ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ ʤʳ ʩʤʦʛʣʠ ʥʠ ʨʘʟʫ ʥʝ ʥʘʨʫʰʠʪʴ ʛʨʘʬʠʢ ʚʳʭʦʜʘ ʠ ʨʘʟʤʝʱʝʥʠʷ ʞʫʨʥʘʣʘ, 

ʩʣʦʞʠʣʠʩʴ ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩʦ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ.  

ʅʘʰʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ʩʪʘʣʠ ʚʝʜʫʱʠʝ ʚʫʟʳ ʠ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ, 

ʨʘʩʰʠʨʝʥʘ ʛʝʦʛʨʘʬʠʷ ʘʚʪʦʨʦʚ ʧʫʙʣʠʢʘʮʠʡ ð ɻ ʪʦ ʘʚʪʦʨʳ ʠʟ ʂʠʪʘʷ, ʇʘʢʠʩʪʘʥʘ, ɹʦʣʛʘʨʠʠ, 

ɺʝʥʛʨʠʠ, ʄʘʣʴʪʳ, ʕʢʚʘʜʦʨʘ ʠ ʜʨ. 

ɺ 2018 ʛ. ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʦʮʝʥʢʠ ʞʫʨʥʘʣʘ ʚ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʭ ʙʘʟʘʭ, ʠ ʚʩʝ ʦʥʠ 

ʩʪʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʨʝʜʳʜʫʱʠʭ ʠʤʧʘʢʪïʬʘʢʪʦʨʦʚ. ɺ ʈʀʅʎ ʞʫʨʥʘʣ ʧʦʣʫʯʠʣ ʦʮʝʥʢʫ: 

ʠʤʧʘʢʪïʬʘʢʪʦʨ ð 0,309, ʘ ʠʥʜʝʢʩ ʍʠʨʰʘ ð 13.  

10 ʜʝʢʘʙʨʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʦʬʠʮʠʘʣʴʥʦʝ ʧʠʩʴʤʦ, ʚ ʢʦʪʦʨʦʤ ʩʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʝʨʪʳ Index 

Copernicus ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ Index Copernicus Value (ICV) ʟʘ 2017 ʛʦʜ. ICV 

2017 = 100.00. 

ʈʘʟʤʝʱʝʥʠʝ ʚ AGRIS, ʚ ɺʀʅʀʊʀ ʈɸʅ, ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʙʠʙʣʠʦʪʝʢʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʫʣʷʨʥʦ ʠ ʙʣʘʛʦʜʘʨʷ ʵʪʦʡ ʨʘʙʦʪʝ ʥʘʰ ʞʫʨʥʘʣ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ʄʳ ʛʦʨʜʠʤʩʷ ʵʪʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠ ʟʥʘʝʤ, ʯʪʦ ʦʥʠ ʧʦʣʫʯʝʥʳ ʙʣʘʛʦʜʘʨʷ ʩʣʘʞʝʥʥʦʡ 

ʨʘʙʦʪʝ ʨʝʜʘʢʪʦʨʩʢʦʛʦ ʠ ʠʟʜʘʪʝʣʴʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʠ, ʢʦʥʝʯʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ ʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʥʘʰʠʤʠ ʘʚʪʦʨʘʤʠ. 

 

ɹʣʘʛʦʜʘʨʠʤ ʚʩʝʭ ʥʘʰʠʭ ʘʚʪʦʨʦʚ ʟʘ ʧʨʝʢʨʘʩʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʠ ʥʘʜʝʝʤʩʷ ʩʪʘʪʴ ʜʣʷ 

ʥʠʭ ʝʱʝ ʙʦʣʝʝ ʧʦʣʝʟʥʳʤʠ ʠ ʟʥʘʯʠʤʳʤʠ. 
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ʉʆɼɽʈɾɸʅʀɽ 

  

ʅʘʫʯʥʦʝ ʦʙʦʟʨʝʥʠʝ  
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10ï15 ʠʶʥʷ 2018 ʛʦʜʘ ʚ ɹʦʩʪʦʥʝ (ʉʐɸ) ʩʦʩʪʦʷʣʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ 

ʩʠʤʧʦʟʠʫʤ, ʧʦʩʚʷʱʝʥʥʳʡ ʩʪʦʣʝʪʠʶ ʩʦ ʜʥʷ ʩʤʝʨʪʠ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʭʫʜʦʞʥʠʢʘ ʠ ʧʝʜʘʛʦʛʘ, 

ʘʚʪʦʨʘ ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʦʡ ʮʚʝʪʦʚʦʡ ʩʠʩʪʝʤʳ ɸʣʴʙʝʨʪʘ ɻʝʥʨʠ ʄʘʥʩʝʣʣʘ (1858ï1918).  

 

ɻʣʘʚʥʦʡ ʧʣʦʱʘʜʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʘʣ ʄʘʩʩʘʯʫʩʝʪʩʢʠʡ ʢʦʣʣʝʜʞ ʠʩʢʫʩʩʪʚʘ ʠ ʜʠʟʘʡʥʘ, ʚ 

ʢʦʪʦʨʦʤ ɸ. ɻ. ʄʘʥʩʝʣʣ ʩʥʘʯʘʣʘ ʫʯʠʣʩʷ, ʘ ʟʘʪʝʤ ʨʘʙʦʪʘʣ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʪʨʠʜʮʘʪʠ ʣʝʪ. ɺ 

ʨʦʣʠ ʛʣʘʚʥʦʛʦ ʦʨʛʘʥʠʟʘʪʦʨʘ ʢʦʥʬʝʨʝʥʮʠʠ ʚʳʩʪʫʧʠʣ ʄʝʞʦʙʱʝʩʪʚʝʥʥʳʡ ʩʦʚʝʪ ʧʦ ʮʚʝʪʫ 

(InterïSociety Color Council). 

ʎʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʄʘʥʩʝʣʣʘ, ʥʘʢʦʧʣʝʥʥʳʡ ʟʘ ʩʪʦ ʣʝʪ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʠ ʦʙʩʫʜʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʮʚʝʪʦʚʳʭ ʩʠʩʪʝʤ ʚ ʙʫʜʫʱʝʤ.  

ɺ ʪʝʯʝʥʠʝ ʧʷʪʠ ʜʥʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʳ ʩʦ ʚʩʝʛʦ ʤʠʨʘ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʣʝʢʮʠʷʭ, ʜʠʩʢʫʩʩʠʷʭ, 

ʤʘʩʪʝʨïʢʣʘʩʩʘʭ, ʧʦʩʪʝʨʥʳʭ ʧʨʝʟʝʥʪʘʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ.  

ʆʙʩʫʞʜʝʥʠʝ ʜʦʢʣʘʜʦʚ ʧʨʦʭʦʜʠʣʦ ʚ ʪʨʝʭ ʛʣʘʚʥʳʭ ʩʝʢʮʠʷʭ. ʊʘʢʦʡ ʬʦʨʤʘʪ ʙʳʣ ʚʳʙʨʘʥ ʥʝ 

ʩʣʫʯʘʡʥʦ ʠ ʩʠʤʚʦʣʠʟʠʨʦʚʘʣ çʪʨʝʫʛʦʣʴʥʫʶè ʩʪʨʫʢʪʫʨʫ ʄʝʞʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʮʚʝʪʫ, 

ʦʪʨʘʞʝʥʥʫʶ ʚ ʝʛʦ ʵʤʙʣʝʤʝ. ʕʪʘ ʦʙʱʝʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʩʦʟʜʘʥʥʘ ̫ ʚ 1931 ʛʦʜʫ, 

ʟʘʜʫʤʳʚʘʣʘʩʴ ʢʘʢ ʧʦʣʝ ʦʙʱʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʨʝʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ð 

ʥʘʫʢʠ, ʠʩʢʫʩʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʨʛʘʥʠʟʘʪʦʨʳ ʥʳʥʝʰʥʝʡ ʢʦʥʬʝʨʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʵʪʦʪ ʞʝ ʧʨʠʥʮʠʧ.  

ʈʘʙʦʪʝ ʢʘʞʜʦʡ ʠʟ ʩʝʢʮʠʡ ʙʳʣ ʧʦʩʚʷʱʝʥ ʦʪʜʝʣʴʥʳʡ ʜʝʥʴ, ʦʜʥʘʢʦ ʚʩʝ ʪʨʠ ʩʝʢʮʠʠ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʜʠʥʘʢʦʚʦʤ ʧʦʨʷʜʢʝ. ʂʘʞʜʘʷ ʩʝʩʩʠʷ ʥʘʯʠʥʘʣʘʩʴ ʩ 

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʵʢʩʢʫʨʩʘ ʠ ʧʦʢʘʟʳʚʘʣʘ ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʄʘʥʩʝʣʣʘ ʠʤ ʩʘʤʠʤ, ʩ ʢʦʥʮʘ 1880-

ʭ ʛʦʜʦʚ ʜʦ ʝʛʦ ʩʤʝʨʪʠ. ɿʘʪʝʤ ʩʣʝʜʦʚʘʣ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʣ ʧʝʨʠʦʜ 

ʩ 1918 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɿʘʚʝʨʰʘʣʠʩʴ ʩʝʩʩʠʠ ʦʙʩʫʞʜʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʙʣʝʤ ʠ 

ʘʥʘʣʠʟʦʤ ʧʝʨʩʧʝʢʪʠʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʚʝʪʦʚʦʡ ʩʠʩʪʝʤʳ ʄʘʥʩʝʣʣʘ ʚ ʙʫʜʫʱʝʤ.  

 

ʉʝʩʩʠʷ çʅʘʫʢʘè ʥʘʯʘʣʘʩʴ ʩ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʜʦʢʣʘʜʘ ʈ. ɹʝʨʥʩʘ (ʈʦʯʝʩʪʝʨʩʢʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʉʐɸ) çʈʘʟʚʠʪʠʝ ʮʚʝʪʦʚʦʡ ʩʠʩʪʝʤʳ ʄʘʥʩʝʣʣʘè. ʄʘʪʝʨʠʘʣʦʤ 

ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ ʜʥʝʚʥʠʢʦʚʳʝ ʟʘʧʠʩʠ ʭʫʜʦʞʥʠʢʘ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣ ʥʝ ʪʦʣʴʢʦ 
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ʚ ʜʝʪʘʣʷʭ ʚʦʩʩʪʘʥʦʚʠʪʴ ʭʨʦʥʦʣʦʛʠʶ ʩʦʟʜʘʥʠʷ ʮʚʝʪʦʚʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʣʫʯʰʝ ʧʦʥʷʪʴ ʝʝ 

ʣʦʛʠʢʫ, ʦʧʨʝʜʝʣʠʪʴ ʧʦʚʣʠʷʚʰʠʝ ʥʘ ʥʝʝ ʩʦʮʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʫʚʠʜʝʪʴ ʥʝʦʞʠʜʘʥʥʳʝ ʩʚʷʟʠ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠʟʦʙʨʝʪʝʥʠʷʤʠ ʠ ʥʘʫʯʥʳʤʠ ʠʜʝʷʤʠ. ʊʘʢ, ʠʤʧʫʣʴʩʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ɸ. ɻ. ʄʘʥʩʝʣʣʘ ʩʪʘʣ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʪʝʥʢʦʚ ʧʠʚʘ. ʋʚʣʝʯʝʥʠʝ ʞʝ ɸ. ɻ. ʄʘʥʩʝʣʣʘ ʚʳʰʝʜʰʝʡ ʚ 1879 ʛʦʜʫ ʢʥʠʛʦʡ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʬʠʟʠʢʘ ʆ. ʅ. ʈʫʜʘ çʉʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʦ ʮʚʝʪʝè ʠ ʨʘʙʦʪʘʤʠ ʕ. ɻ. ɺʝʙʝʨʘ, ɻ. 

ʊ. ʌʝʭʥʝʨʘ ʧʦʚʣʠʷʣʦ ʥʘ ʚʳʙʦʨ ʜʝʩʷʪʠʯʥʦʡ ʥʫʤʝʨʘʮʠʠ ʠ ʜʝʩʷʪʠʯʘʩʪʥʦʡ ʰʢʘʣʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʚʣʠʷʥʠʡ ʧʨʝʜʣʦʞʝʥʥʘʷ ɸ. ɻ. ʄʘʥʩʝʣʣʦʤ ʩʠʩʪʝʤʘ ʦʢʘʟʘʣʘʩʴ ʥʝʦʙʳʯʥʦʡ, 

ʪʚʦʨʯʝʩʢʦʡ ʠ ʵʩʪʝʪʠʯʥʦʡ. 

ʈ. ʂʶʥʠ ʠ ʈ. ʐʘʤʝʡ (ʋʥʠʚʝʨʩʠʪʝʪ ʰʪʘʪʘ ʉʝʚʝʨʥʘʷ ʂʘʨʦʣʠʥʘ, ʉʐɸ) ʚ ʜʦʢʣʘʜʝ 

çʎʚʝʪʦʚʳʝ ʩʠʩʪʝʤʳ ð ʯʪʦ ʠ ʢʘʢ?è ʧʨʝʜʩʪʘʚʠʣʠ ʷʨʢʫʶ ʠ ʥʘʩʳʱʝʥʥʫʶ ʩʦʙʳʪʠʷʤʠ 

ʵʚʦʣʶʮʠʶ ʨʘʟʚʠʪʠʷ ʮʚʝʪʦʚʳʭ ʩʠʩʪʝʤ. ʉʦʧʦʩʪʘʚʣʷ ̫ʠ ʘʥʘʣʠʟʠʨʫʷ ʮʚʝʪʦʚʳʝ ʰʢʘʣʳ ɸʚʠʮʝʥʥʳ 

(ʦʢ. 1050) ʠ ʌʨ. ʜôʕʛʠʡʦʥʘ (1613), ʜʠʘʛʨʘʤʤʳ ʀ. ʅʴʶʪʦʥʘ (1704), ʪʨʝʫʛʦʣʴʥʠʢ ʊ. ʄʘʡʝʨʘ 

(1758), ʧʠʨʘʤʠʜʫ ʀ. ɻ. ʃʘʤʙʝʨʪʘ (1772), ʩʬʝʨʫ ʌ. ʆ. ʈʫʥʛʝ (1810), ʜʚʦʡʥʦʡ ʢʦʥʫʩ ʕ. ɻʝʨʠʥʛʘ 

(1878), ʜʝʨʝʚʦ ɸ. ɻ. ʄʘʥʩʝʣʣʘ (1907), ʮʚʝʪʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ 

ʦʩʚʝʱʝʥʠʶ (CIE), ɽʩʪʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʮʚʝʪʘ (NCS), ʆʧʪʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ɸʤʝʨʠʢʠ 

(OSAïUCS) ʦʥʠ ʧʦʢʘʟʘʣʠ, ʢʘʢ ʩʦ ʚʨʝʤʝʥʝʤ ʤʝʥʷʣʦʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʦʨʤʝ ʮʚʝʪʘ. 

ɺ ʪʨʝʭ ʩʣʝʜʫʶʱʠʭ ʚʳʩʪʫʧʣʝʥʠʷʭ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʩʦʚʨʝʤʝʥʥʳʡ ʩʪʘʪʫʩ ʮʚʝʪʦʚʦʡ 

ʩʠʩʪʝʤʳ ʄʘʥʩʝʣʣʘ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

ɺ ʜʦʢʣʘʜʝ çʎʚʝʪ ʚ ʷʟʳʢʝ, ʢʫʣʴʪʫʨʝ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝè ʄ. ɺʝʙʩʪʝʨ (ʋʥʠʚʝʨʩʠʪʝʪ 

ʅʝʚʘʜʳ, ʉʐɸ) ʫʙʝʜʠʪʝʣʴʥʦ ʦʪʩʪʘʠʚʘʣ ʤʳʩʣʴ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʥʘʨʦʜʳ ʧʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʜʝʣʷʪ 

ʮʚʝʪʦʚʦʡ ʩʧʝʢʪʨ ʥʘ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʜʠʩʢʨʝʪʥʳʭ ʢʘʪʝʛʦʨʠʡ, ʦʜʥʘʢʦ ʥʘ ʥʘʰʝ ʚʦʩʧʨʠʷʪʠʝ 

ʮʚʝʪʘ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʢʫʣʴʪʫʨʘ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. ʇʦ ʤʥʝʥʠʶ ʫʯʝʥʦʛʦ, ʤ  r

ʚʩʝ ʝʱʝ ʥʝ ʜʦ ʢʦʥʮʘ ʧʦʥʠʤʘʝʤ ʥʝʡʨʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʮʚʝʪʦʚʦʛʦ ʚʦʩʧʨʠʷʪʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʬʝʥʦʤʝʥʦʚ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʫʪʝʤ ʬʠʟʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʦʩʚʝʱʝʥʠʷ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʷʟʳʢʘ, 

ʫʩʣʦʚʠʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʠ ʢʫʣʴʪʫʨʳ. ʅʘʧʨʠʤʝʨ, ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʮʚʝʪʘ ʚʣʠʷʶʪ 

ʚʦʩʧʦʤʠʥʘʥʠʷ ʠ ʢʣʠʤʘʪ, ʚ ʢʦʪʦʨʦʤ ʞʠʚʝʪ ʯʝʣʦʚʝʢ, ʦʥʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʛʦʜʘ, ʘ ʮʚʝʪʦʚʳʝ ʢʘʪʝʛʦʨʠʠ ʦʪʨʘʞʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʚʝʪʘ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʤʠʨʝ. 

ʆ. ʜʘ ʇʦʩ (ʇʘʜʫʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʪʘʣʠʷ) ʚ ʜʦʢʣʘʜʝ çʎʚʝʪ, ʮʚʝʪʦʥʘʠʤʝʥʦʚʘʥʠʷ, 

ʮʚʝʪʦʚʳʝ ʩʪʠʤʫʣʳ ʠ ʠʭ ʩʫʙʲʝʢʪʠʚʥʳʝ ʩʚʷʟʠè ʧʨʝʜʩʪʘʚʠʣ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʮʚʝʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʩʠʩʪʝʤʳ ʄʘʥʩʝʣʣʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ 

ʢʘʞʜʦʤʫ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʧʨʝʜʲʷʚʣʷʣʠ ʮʚʝʪʦʥʘʠʤʝʥʦʚʘʥʠʷ ʥʘ ʠʪʘʣʴʷʥʩʢʦʤ ʷʟʳʢʝ ʠ ʧʨʝʜʣʘʛʘʣʠ 

ʧʦʜʦʙʨʘʪʴ ʜʣʷ ʥʠʭ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʦʪʪʝʥʦʢ ʥʘ ʤʦʥʠʪʦʨʝ ʢʦʤʧʴʶʪʝʨʘ, ʨʝʛʫʣʠʨʫʷ ʪʦʥ, 

ʙʣʠʟʦʩʪʴ ʢ ʙʝʣʦʤʫ ʠ ʯʝʨʥʦʤʫ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʮʚʝʪʦʥʘʠʤʝʥʦʚʘʥʠʷ çʦʨʘʥʞʝʚʳʡè, 

çʞʝʣʪʦïʦʨʘʥʞʝʚʳʡè ʠ çʤʦʨʢʦʚʥʳʡè ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʦʦʪʥʦʩʠʣʠʩʴ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʮʚʝʪʦʤ. 

ʇʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʦʪʦʞʜʝʩʪʚʣʷʣʠʩʴ ʟʝʣʝʥʦïʞʝʣʪʳʡ ʠ ʮʚʝʪ ʣʘʡʤʘ, ʬʠʦʣʝʪʦʚʳʡ ʠ ʢʨʘʩʥʦï

ʩʠʥʠʡ. ʅʘʦʙʦʨʦʪ, ʮʚʝʪʦʥʘʠʤʝʥʦʚʘʥʠʷ ʚ ʩʠʥʝïʟʝʣʝʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʩʦʦʪʥʦʩʠʣʠʩʴ ʩ ʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʚʠʟʫʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

ɼʦʢʣʘʜ ɼ. ʋʠʣʴʷʤʩ ʠ ʉ. ʌʘʨʥʘʥʜ (ʈʦʯʝʩʪʝʨʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʉʐɸ) 

çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʮʚʝʪʘè ʦʙʦʙʱʘʣ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʮʚʝʪʦʤ ʚ 

ʩʬʝʨʝ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʬʦʪʦʢʘʤʝʨ ʠ ʢʦʥʪʨʦʣʷ ʮʚʝʪʘ 

ʚ ʬʦʪʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʚʝʪʦʚʘʷ ʰʢʘʣʘ çColorCheckerè, ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʦʙʨʘʟʮʦʚ ʘʪʣʘʩʘ ʄʘʥʩʝʣʣʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʝʡʯʘʩ ʘʤʝʨʠʢʘʥʩʢʦʡ ʬʠʨʤʦʡ XïRite. ʆʜʥʘʢʦ 

ʜʣʷ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʥʘʧʨʠʤʝʨ, ʠʟ ʢʦʣʣʝʢʮʠʡ ɹʠʙʣʠʦʪʝʢʠ ʂʦʥʛʨʝʩʩʘ 

ʠʣʠ ʉʤʠʪʩʦʥʦʚʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʩʪʘʨʳʝ ʨʫʢʦʧʠʩʠ, ʧʝʨʛʘʤʝʥʪʳ, ʩʚʠʪʢʠ, ʘ 

ʪʘʢʞʝ ʞʠʚʦʧʠʩʥʳʝ ʧʦʣʦʪʥʘ ʠ ʬʦʪʦʛʨʘʬʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʧʨʠʛʣʫʰʝʥʥʳʭ ʠ ʧʘʩʪʝʣʴʥʳʭ 
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ʪʦʥʘʭ ʥʝʙʦʣʴʰʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʵʪʦʪ ʧʨʠʚʳʯʥʳʡ, ʩʪʘʚʰʠʡ ʢʣʘʩʩʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʠʛʦʜʥʳʤ. ɿʜʝʩʴ ʥʫʞʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʘ ̫ʰʢʘʣʘ, ʢʦʪʦʨʘ,̫ 

ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʨʦʩʪʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ. ʂʘʞʜʳʡ ʨʘʟ ʦʥʘ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴʩʷ ʟʘʥʦʚʦ, ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦʙʳ ʧʦʪʦʤ 

ʦʪʦʙʨʘʥʥʳʝ ʦʪʪʝʥʢʠ ʤʦʛʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʈʘʙʦʪʘ ʩʝʩʩʠʠ ʟʘʚʝʨʰʠʣʘʩʴ ʜʦʢʣʘʜʦʤ ʄ. ʌʝʨʯʘʡʣʜʘ (ʈʦʯʝʩʪʝʨʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ, ʉʐɸ) çʅʘʩʣʝʜʠʝ ʄʘʥʩʝʣʣʘ: ʬʦʥʜ ʠ ʣʘʙʦʨʘʪʦʨʠʷè, ʧʦʩʚʷʱʝʥʥʳʤ ʠʩʪʦʨʠʠ 

ʩʦʟʜʘʥʠʷ ʚ 1983 ʛʦʜʫ ʧʨʠ ʈʦʯʝʩʪʝʨʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʣʘʙʦʨʘʪʦʨʠʠ ʄʘʥʩʝʣʣʘ, 

ʚ ʢʦʪʦʨʦʡ ʟʘ 35 ʣʝʪ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦʜʛʦʪʦʚʠʣʠ ʢ ʟʘʱʠʪʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʦʙʣʘʩʪʠ 

ʚʠʟʫʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʮʚʝʪʦʚʝʜʝʥʠʷ ʙʦʣʝʝ 130 ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʠ ʤʘʛʠʩʪʨʦʚ.  

 

ɿʘʩʝʜʘʥʠʝ ʩʝʢʮʠʠ çʀʩʢʫʩʩʪʚʦè ʦʪʢʨʳʣ ʜʦʢʣʘʜ çʀʩʪʦʨʠʷ ʧʨʝʧʦʜʘʚʘʥʠʷ ʮʚʝʪʘè, ʚ 

ʢʦʪʦʨʦʤ ʈ. ʆʩʙʦʨʥ (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʨʘʩʩʢʘʟʘʣ ʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʨʘʙʦʪʘʭ, ʧʦʣʦʞʠʚʰʠʭ 

ʥʘʯʘʣʦ ʨʘʟʚʠʪʠʶ ʮʚʝʪʦʜʠʜʘʢʪʠʢʠ: ʧʨʘʢʪʠʯʝʩʢʦʤ ʨʫʢʦʚʦʜʩʪʚʝ ʎ. ʎʝʥʥʠʥʠ (ʦʢ. 1395) ʠ 

ʩʧʨʘʚʦʯʥʠʢʝ ʜʣʷ ʭʫʜʦʞʥʠʢʦʚ ɾ. ʇ. ʃʦʤʘʮʮʦ (1584). ʆʥ ʧʦʢʘʟʘʣ, ʢʘʢʫʶ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʮʚʝʪʫ ʩʳʛʨʘʣʠ ʧʫʙʣʠʢʘʮʠʠ ʪʝʦʨʠʡ ʃʝʦʥʘʨʜʦ ʚʦ ʌʨʘʥʮʠʠ ʠ 

ʀʪʘʣʠʠ (1651) ʠ çʆʧʪʠʢʘè ʅʴʶʪʦʥʘ (1704), ʧʨʝʜʩʪʘʚʠʣ ʢʥʠʛʫ ʄ. ɹʨʝʜʣʠ çʎʚʝʪ ʚ ʰʢʦʣʴʥʦʤ 

ʢʣʘʩʩʝè (1890) ʠ ʚʳʰʝʜʰʠʝ ʚ 1893 ʛʦʜʫ ʨʘʙʦʪʳ ʄ. ʍʠʢʩ ʠ ʃ. ʇʨʘʥʛʘ, ʧʨʝʜʥʘʟʥʘʯʘʚʰʠʝʩʷ ʜʣʷ 

ʟʥʘʢʦʤʩʪʚʘ ʩ ʮʚʝʪʦʤ ʫʯʘʱʠʭʩʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʰʢʦʣ. ɿʘʚʝʨʰʠʣ ʠʩʪʦʨʠʯʝʩʢʠʡ ʵʢʩʢʫʨʩ 

ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʜʘʶʱʠʭʩʷ ʧʝʜʘʛʦʛʦʚ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʩʪʦʣʝʪʠʷ ð ʆ. ʅ. ʈʫʜʘ, ɸ. ɻ. 

ʄʘʥʩʝʣʣʘ, ʇ. ʂʣʝʝ, ʁ. ʀʪʪʝʥʘ ʠ ɼʞ. ɸʣʴʙʝʨʩʘ, ʢʦʪʦʨʳʝ ʩʜʝʣʘʣʠ ʧʨʝʧʦʜʘʚʘʥʠʝ ʮʚʝʪʘ 

ʧʨʠʚʳʯʥʦʡ ʧʨʘʢʪʠʢʦʡ ʚʦ ʚʩʝʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʠ ʢʦʣʣʝʜʞʘʭ. 

ʉʣʝʜʫʶʱʠʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʜʦʢʣʘʜ çɺʟʛʣʷʜ ʄʘʥʩʝʣʣʘ ʥʘ ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʦʙʫʯʝʥʠʝè 

ʧʨʝʜʩʪʘʚʠʣʘ ʈ. ʃʠ ɹʣʘʩʯʠʢ (ʃʠʜʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʘʚʪʦʨ ʠʟʚʝʩʪʥʦʡ ʢʥʠʛʠ 

çʎʚʝʪʥʘʷ ʨʝʚʦʣʶʮʠʷè, ʨʘʩʩʢʘʟʳʚʘʶʱʝʡ ʦ ʚʦʣʥʘʭ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʙʫʢʚʘʣʴʥʦ ʟʘʭʣʝʩʪʥʫʣʠ 

ɸʤʝʨʠʢʫ ʚ ʧʝʨʠʦʜ ʩ 1890 ʧʦ 1960 ʛʦʜ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʬʠʛʫʨʘʤʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʩʪʘʣʠ ʄ. ʍ. ʈʦʨʢʝ, ʢʦʪʦʨʘʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʘ ʩʦʩʪʘʚʣʝʥʠʝ ʮʚʝʪʦʚʳʭ 

ʧʨʦʛʥʦʟʦʚ ʚ ʤʦʜʝ ʠ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʍ. ʃ. ʊʦʫʣ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʮʚʝʪ ʩʪʘʣ 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʠ ɸ. ɻ. ʄʘʥʩʝʣʣ ð ʨʝʚʦʣʶʮʠʦʥʝʨ ʚ 

ʦʙʣʘʩʪʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʮʚʝʪʘ ʭʫʜʦʞʥʠʢʘʤ ʠ ʜʠʟʘʡʥʝʨʘʤ. ʎʚʝʪʦʚʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʫʶ 

ʨʘʟʨʘʙʦʪʘʣ ɸ. ɻ. ʄʘʥʩʝʣʣ, ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʪʦ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʞʝʣʘʶʱʠʡ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʚʦʟʨʘʩʪʘ ʠ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʛ ʥʘʫʯʠʪʴʩʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʮʚʝʪʦʤ, ʥʝ 

ʠʟʫʯʘʷ ʧʨʠ ʵʪʦʤ ʪʝʦʨʠʠ. ʇʦʷʩʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʚʘʣ ɸ. ɻ. ʄʘʥʩʝʣʣ ʚ ʩʚʦʠʭ ʢʥʠʛʘʭ, ʙʳʣʠ 

ʧʨʦʩʪʳʤʠ ʠ ʧʦʥʷʪʥʳʤʠ, ʢʘʢ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ, ʪʘʢ ʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠʣʠ ʰʢʦʣʴʥʠʢʦʚ, ʘ 

ʩʘʤʦʡ ʛʣʘʚʥʦʡ ʝʛʦ ʟʘʩʣʫʛʦʡ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʦʥ ʥʝ ʪʦʣʴʢʦ ʩʘʤ ʦʙʫʯʘʣ ʮʚʝʪʫ, ʥʦ ʠ ʜʘʚʘʣ ʩʦʚʝʪʳ, 

ʢʘʢ ʦʙʫʯʘʪʴ ʮʚʝʪʫ ʜʨʫʛʠʭ.  

ʇ. ɻʨʠʥïʕʨʤʠʪʘʞ (ʋʥʠʚʝʨʩʠʪʝʪ ʂʝʨʪʠʥ, ɸʚʩʪʨʘʣʠʷ) ʚʳʩʪʫʧʠʣ ʩ ʜʦʢʣʘʜʦʤ 

çʉʦʦʪʥʦʰʝʥʠʝ ʩʠʩʪʝʤʳ ʄʘʥʩʝʣʣʘ ʩ ʜʨʫʛʠʤʠ ʮʚʝʪʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠè, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʣʦʞʠʣ 

ʩʚʦʡ ʩʧʦʩʦʙ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʮʚʝʪʦʚʳʭ ʩʠʩʪʝʤ ʚ ʝʜʠʥʦʤ ʮʚʝʪʦʚʦʤ ʪʝʣʝ. ɺ ʥʘʯʘʣʝ 

1960-ʭ ʛʦʜʦʚ ʦʥ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝ ʫʙʝʜʠʣʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʫʜʝʥʪʳ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʬʘʢʫʣʴʪʝʪʦʚ ʩʯʠʪʘʶʪ ʩʠʩʪʝʤʫ ʄʘʥʩʝʣʣʘ ʧʦʨʘʟʠʪʝʣʴʥʦ ʷʩʥʦʡ, ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʦʡ ʪʦʣʴʢʦ ʜʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʠ ʥʝ ʥʘʯʥʫʪ ʧʨʠʤʝʥʷʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʜʨʫʛʠʝ ʮʚʝʪʦʚʳʝ ʩʠʩʪʝʤʳ. ɼʘʣʴʰʝ 

ʥʘʩʪʫʧʘʝʪ ʧʫʪʘʥʠʮʘ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʩʠʩʪʝʤʳ ʧʦ-ʨʘʟʥʦʤʫ ʨʘʩʧʦʣʘʛʘʶʪ ʮʚʝʪʦʚʳʝ ʦʪʪʝʥʢʠ ʚ 

ʮʚʝʪʦʚʦʤ ʢʨʫʛʝ. ɼʘʞʝ ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʠʥʮʠʧ (ʥʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʫ 

ʮʚʝʪʦʚʦʛʦ ʢʨʫʛʘ ʦʧʨʝʜʝʣʷʶʪ ʨʘʚʥʦʫʜʘʣʝʥʥʳʝ ʧʝʨʚʠʯʥʳʝ ʠʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʜʨʫʛ ʜʨʫʛʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʪʪʝʥʢʠ), ʥʘʙʦʨ ʵʪʠʭ ʦʪʪʝʥʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʚʩʝ ʨʘʚʥʦ ʦʢʘʟʳʚʘʝʪʩʷ 

ʨʘʟʥʳʤ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʮʚʝʪʦʚʦʡ ʢʨʫʛ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʟʘʩʪʳʚʰʝʝ, 
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ʪʚʝʨʜʦʝ ʪʝʣʦ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʯʝʪʢʠʝ ʠ ʥʝʧʦʜʚʠʞʥʳʝ ʛʨʘʥʠʮʳ. ʇʦ ʤʥʝʥʠʶ ʜʦʢʣʘʜʯʠʢʘ, 

ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʛʦʨʘʟʜʦ ʣʝʛʯʝ ʙʫʜʝʪ ʧʦʥʷʪʴ, ʝʩʣʠ ʠʟʤʝʥʠʪʴ ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʛʨʘʥʠʮʳ ʮʚʝʪʦʚʦʛʦ ʪʝʣʘ ʢʘʢ ʵʣʘʩʪʠʯʥʳʝ, ʩʧʦʩʦʙʥʳʝ ʨʘʩʪʷʛʠʚʘʪʴʩʷ ʠ 

ʩʞʠʤʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʤʦʞʝʪ ʠʟʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʮʚʝʪʦʚʳʝ 

ʩʠʩʪʝʤʳ ʥʝ ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʘ ʚʤʝʩʪʝ, ʢʘʢ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʧʦʩʪʘʚʣʷʷ ʠ ʩʨʘʚʥʠʚʘʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠʭ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄ. ʃʠʚʠʥʛʩʪʦʫʥ (ɻʘʨʚʘʨʜʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʐɸ), ʘʚʪʦʨ ʧʦʧʫʣʷʨʥʦʡ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʢʥʠʛʠ çɿʨʝʥʠʝ ʠ ʠʩʢʫʩʩʪʚʦè ʧʨʝʜʩʪʘʚʠʣʘ ʜʦʢʣʘʜ ʥʘ ʪʝʤʫ çʏʪʦ ʠʩʢʫʩʩʪʚʦ ʤʦʞʝʪ 

ʨʘʩʩʢʘʟʘʪʴ ʥʘʤ ʦ ʤʦʟʛʝ?è. ʆʥʘ ʦʙʨʘʪʠʣʘ ʚʥʠʤʘʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘ ʪʦ, ʯʪʦ 

ʭʫʜʦʞʥʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʠʨʫʶʪ ʩ ʮʚʝʪʦʤ ʥʘʤʥʦʛʦ ʜʦʣʴʰʝ ʫʯʝʥʳʭ. ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʟʚʦʣʠʣʠ ʠʤ ʛʦʨʘʟʜʦ ʨʘʥʴʰʝ, ʯʝʤ ʥʝʡʨʦʙʠʦʣʦʛʘʤ, ʩʜʝʣʘʪʴ ʚʘʞʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʦʥ ʠ 

ʷʨʢʦʩʪʴ ʠʛʨʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʝ ʨʦʣʠ ʚ ʚʠʟʫʘʣʴʥʦʤ ʚʦʩʧʨʠʷʪʠʠ. ʄ. ʃʠʚʠʥʛʩʪʦʫʥ 

ʧʦʢʘʟʘʣʘ, ʢʘʢ ʨʘʟʜʝʣʝʥʠʝ ʷʨʢʦʩʪʠ ʠ ʪʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʥʳʭ ʪʝʭʥʠʢʘʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʞʠʚʦʧʠʩʠ: ʢʘʢ ʠʤʧʨʝʩʩʠʦʥʠʩʪʳ ʩʦʟʜʘʶʪ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪ ʚʠʙʨʘʮʠʠ ʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ ʠ 

ʧʝʨʝʜʘʶʪ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ, ʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʧ-ʘʨʪʘ ʠʩʧʦʣʴʟʫʶʪ ʚ ʠʣʣʶʟʠʷʭ ʜʚʠʞʝʥʠʷ. ʆʥʘ 

ʨʘʩʩʢʘʟʘʣʘ ʪʘʢʞʝ ʦ ʪʦʤ, ʯʪʦ ʮʚʝʪʘ ʧʦ-ʨʘʟʥʦʤʫ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʠ 

ʧʝʨʠʬʝʨʠʡʥʳʤ ʟʨʝʥʠʝʤ, ʠ ʦʙʲʷʩʥʠʣʘ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʦ ʨʘʟʣʠʯʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʡʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠʩʯʝʟʘʶʱʝʡ ʫʣʳʙʢʠ ʄʦʥʳ ʃʠʟʳ, ʞʠʚʦʧʠʩʠ ʧʫʘʥʪʠʣʠʩʪʦʚ ʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʦʨʪʨʝʪʦʚ ʏʘʢʘ ʂʣʦʫʟʘ. 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʩʝʢʮʠʠ C. ʉʘʥʜʩ (ʢʦʤʧʘʥʠʷ çGolden Paintè, ʉʐɸ) ʩʜʝʣʘʣʘ ʦʙʟʦʨ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ ʩʚʝʪʦʩʪʦʡʢʦʩʪʠ ʢʨʘʩʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ɼ. ɹʨʠʛʛʩ (ʅʘʮʠʦʥʘʣʴʥʘʷ ʭʫʜʦʞʝʩʪʚʝʥʥʘʷ ʰʢʦʣʘ, 

ɸʚʩʪʨʘʣʠʷ) ʧʨʝʜʩʪʘʚʠʣ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʥʘ ʮʚʝʪʦʜʠʜʘʢʪʠʢʫ ʧʦʩʣʝʜʥʠʭ 

ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

 

ʅʘ ʩʝʩʩʠʠ çʇʨʦʤʳʰʣʝʥʥʦʩʪʴè ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʣʘʜʳ, ʨʘʩʩʢʘʟʳʚʘʶʱʠʝ ʦ ʪʦʤ, 

ʢʘʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʘ ʄʘʥʩʝʣʣʘ ʧʦʣʫʯʠʣʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʥʮʠʧʦʚ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ʜʦʢʣʘʜ ɼ. ʈʠʯʘ, ʉʐɸ), ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʠʟʫʯʝʥʠʠ 

ʧʦʚʝʜʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ (ʜʦʢʣʘʜ ʉ. ʍʦʨʠʛʫʯʠ ʠ ʂ. ʀʚʘʤʘʮʫ, ʗʧʦʥʠʷ). ʆʙʩʫʞʜʘʣʠʩʴ ʪʘʢʞʝ 

ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʩʠʩʪʝʤʳ ʄʘʥʩʝʣʣʘ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ ʮʚʝʪʘ, ʢʘʢ ɽʩʪʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʮʚʝʪʘ NCS (ʜʦʢʣʘʜ ɹ. ɹʝʨʛʩʪʨʝʤ, 

ʐʚʝʮʠʷ), ʇʘʥʪʦʥ (ʜʦʢʣʘʜʳ ʊ. ʃʠʘʥʮʘ ʠ ɺ. ʃʶʜʪʢʝ, ʉʐɸ). ɿʘʚʝʨʰʠʣʘʩʴ ʨʘʙʦʪʘ ʩʝʩʩʠʠ 

ʧʨʦʛʥʦʟʦʤ ʙʫʜʫʱʠʭ ʪʨʝʥʜʦʚ, ʢʦʪʦʨʳʡ ʧʦʜʛʦʪʦʚʠʣʘ ʠ ʧʨʝʜʩʪʘʚʠʣʘ ʃ. ɸʡʟʝʤʘʥ (ʉʐɸ), 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʮʚʝʪʘ ʇʘʥʪʦʥ, ʢʨʫʧʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ, 

ʟʘʥʠʤʘʶʱʝʛʦʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʦʡ ʩ ʮʚʝʪʦʤ ʠ ʠʟʫʯʝʥʠʝʤ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʦʜʫ, 

ʧʦʣʠʛʨʘʬʠʶ, ʜʠʟʘʡʥ ʠʥʪʝʨʴʝʨʘ, ʨʝʢʣʘʤʫ, ʢʠʥʦ.  

 

ɺʩʝʛʦ ʚ ʩʠʤʧʦʟʠʫʤʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʜʝʣʝʛʘʪʳ ʠʟ 27 ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʤʠʨʘ. 

ʈʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʟʫ ʜʚʫʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʖ. ɸ. ɻʨʠʙʝʨ (ʉʤʦʣʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ), ɻ. ɺ. ʇʘʨʘʤʝʡ 

(ʋʥʠʚʝʨʩʠʪʝʪ ʃʠʚʝʨʧʫʣʴ ʍʦʫʧ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ ɼ. ʄʠʣʦʥʘʩ (ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʢʦʣʣʝʜʞ 

ʃʦʥʜʦʥʘ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʦʜʝʣʠʣʠʩʴ ʦʧʳʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʄʘʥʩʝʣʣʘ ʚ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʘʥʘʣʠʟʝ ʮʚʝʪʦʥʘʠʤʝʥʦʚʘʥʠʡ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ, ʢʦʪʦʨʳʡ ʩ 2018 ʛʦʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ 

ˉ17-29-09145).  

ɺ. ʄ. ʐʠʥʜʣʝʨ (ʐʚʝʡʮʘʨʠʷ) ʠ ʖ. ɸ. ɻʨʠʙʝʨ (ʉʤʦʣʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ) ʨʘʩʩʢʘʟʘʣʠ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʩʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

http://www.bulletennauki.com/
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ʦʙʣʘʩʪʠ ʮʚʝʪʦʚʦʛʦ ʜʠʟʘʡʥʘ ʩʨʝʜʳ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʛʝʦʛʨʘʬʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʩʪʝʤʳ ʄʘʥʩʝʣʣʘ, ʦʧʨʝʜʝʣʠʪʴ ʩʦʮʠʘʣʴʥʦïʜʝʤʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ, 

ʧʨʝʜʧʦʯʠʪʘʶʱʠʭ ʵʪʫ ʩʠʩʪʝʤʫ (ʠʭ ʚʦʟʨʘʩʪ, ʧʦʣ, ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ), ʦʙʦʟʥʘʯʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʤʝʥʷʣʦʩʴ ʦʪʥʦʰʝʥʠʝ ʢ ʩʠʩʪʝʤʝ ʄʘʥʩʝʣʣʘ ʩʦ 

ʚʨʝʤʝʥʝʤ.  

 

ɿʘ ʧʷʪʴ ʜʥʝʡ ʨʘʙʦʪʳ ʢʦʥʬʝʨʝʥʮʠʠ ʩʚʦʠ ʜʦʢʣʘʜʳ ʧʨʝʜʩʪʘʚʠʣʠ 187 ʫʯʘʩʪʥʠʢʦʚ. 18 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʚʳʩʪʫʧʠʣʠ ʥʘ ʪʨʝʭ ʛʣʘʚʥʳʭ ʩʝʩʩʠʷʭ ʢʦʥʬʝʨʝʥʮʠʠ; 56 

ʫʯʘʩʪʥʠʢʦʚ ʧʦʜʛʦʪʦʚʠʣʠ ʧʦʩʪʝʨʥʳʝ ʧʨʝʟʝʥʪʘʮʠʠ. ʅʘ ʩʫʜ ʞʶʨʠ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʯʪʠ 200 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʨʘʙʦʪ. 

ʀʟʙʨʘʥʥʳʝ ʜʦʢʣʘʜʳ ʠ ʪʚʦʨʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʙʫʜʫʪ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʚʳʧʫʩʢʝ ʞʫʨʥʘʣʘ çColor Research and Applicationè, ʚʳʭʦʜ 

ʢʦʪʦʨʦʛʦ ʠʟ ʧʝʯʘʪʠ ʟʘʧʣʘʥʠʨʦʚʘʥ ʥʘ ʢʦʥʝʮ 2018 ʛʦʜʘ. ʆʙʟʦʨ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʚʳʧʫʩʢʘʭ ʚʝʩʪʥʠʢʘ ʄʝʞʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʮʚʝʪʫ çInter-Society Color 

Council Newsè. 

 

 

ʈʘʙʦʪʘ ʧʦʩʪʫʧʠʣʘ 

ʚ ʨʝʜʘʢʮʠʶ 17.11.2018 ʛ.  

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

19.11.2018 ʛ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʘʢʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʫʜʘʝʪʩʷ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʚʳʷʩʥʷʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʝʛʦ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ. ʕʪʦ ʚʦʟʤʦʞʥʦ 

ʧʦʪʦʤʫ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʤʦʜʝʣʠ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʩʩʣʝʜʫʝʪʩʷ ʥʝ ʥʘ ʝʛʦ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕɺʄ. 

 

Abstract. In the practice of researching the processes of chemical technology with the help of 

mathematical modeling, it is relatively easy to change the parameters of the investigated object and 

to determine their influence on the quality of its work as a whole. This is possible because 

the deformation of the process model is studied not on the physical model, but directly on 

the mathematical model when using a computer. 
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ʤʦʜʝʣʴ, ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ. 
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ʅʘʫʯʥʦïʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʦʧʠʨʘʝʪʩʷ ʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʪʝʦʨʠʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʙʳʩʪʨʦʤ ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ, ʙʳʩʪʨʦʪʝ ʥʘʢʦʧʣʝʥʠʷ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʄʘʪʝʤʘʪʠʢʘ ð ɻ ʪʦ ʤʝʪʦʜ 

ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ, ʪ. ʢ. ʚ ʩʝʙʝ ʦʥʘ ʦʙʲʝʜʠʥʷʝʪ ʪʝʦʨʠʶ ʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ 

ʧʦʟʥʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʧʦʤʦʱʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ.  

ʇʨʠʨʦʜʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʤ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʦʙʱʠʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʦʙʱʝʥʠʶ ʧʨʦʮʝʩʩʘ, ʦʪʚʣʝʢʘʷʩʴ ʦʪ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪʩʷ ʚ ʢʦʤʧʣʝʢʩʘʭ ʢʘʯʝʩʪʚ ʚʝʱʝʡ, ʦʪ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʠʟʦʙʨʘʞʘʷ ʪʫ ʠʣʠ 

ʠʥʫʶ ʝʝ ʩʪʦʨʦʥʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʠʜ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ 

ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ [1]. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʜʝʪ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʥʝ ʩʘʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʘ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʠʣʠ ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʟʘʢʦʥʘʤʠ, ʚʳʨʘʞʘʶʱʠʝ 
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ʷʚʣʝʥʠʷ (ʚ ʦʨʠʛʠʥʘʣʴʥʦʡ ʬʦʨʤʝ ʠʣʠ ʢʘʢ ʤʦʜʝʣʴ) [2]. ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʤʘʪʝʤʘʪʠʢʘ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʷʟʳʢ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ. 

ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʟʘʤʝʥʷʶʪʩʷ 

ʥʘ çʦʙʨʘʟè, ʪ. ʝ. ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʩ ʪʘʢʦʡ ʤʦʜʝʣʴʶ ʥʝʢʦʪʦʨʦʡ 

ʟʘʜʘʯʠ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʘʣʴʥʦʤ 

ʦʙʲʝʢʪʝ. ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʤʦʜʝʣʷʤʠ ʦʙʲʝʢʪʦʚ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʨʝʘʣʴʥʦʩʪʠ ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ. ɺʳʧʦʣʥʷʷ ʜʝʡʩʪʚʠʷ ʩ ʤʦʜʝʣʴʶ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ 

ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʣʶʙʦʡ ʤʳʩʣʠʤʦʡ 

ʩʠʪʫʘʮʠʠ (ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʝʦʨʠʠ). ʊʘʢʞʝ ʧʨʦʚʝʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ (ʠʤʠʪʘʮʠʦʥʥʳʡ) 

ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʤʦʜʝʣʴʶ ʦʙʲʝʢʪʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʨʦʙʥʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʦʙʲʝʢʪʘ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʫʧʥʳʤ ʜʣʷ ʪʝʦʨʠʠ (ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ). 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʦ: 

ïʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʝʰʠʪʴ ʮʝʣʳʡ ʢʣʘʩʩ ʟʘʜʘʯ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ; 

ïʧʨʦʩʪʦʪʘ ʩʤʝʥʳ ʟʘʜʘʯ, ʧʨʦʮʝʩʩ ʚʚʝʜʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʚʦʟʤʫʱʝʥʠʷ ʠ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ; 

ïʯʘʩʪʠʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ), ʯʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ; 

ïʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ) 

ʥʝʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʱʘʷʩʷ; 

ïɻ ʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʘ, ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʬʠʟʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ (ʟʘʪʨʘʪʳ 

ʚʨʝʤʝʥʠ, ʩʪʦʠʤʦʩʪʴ ʠ ʧʨ.) [3].  

 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ. ʇʨʠʥʠʤʘʝʤʦʝ ʜʦʧʫʱʝʥʠʝ ʯʘʩʪʦ ʠʩʢʘʞʘʝʪ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʷ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝ ʫʜʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘ ʭʦʜʦʤ ʧʨʦʮʝʩʩʘ. 

 

ʊʝʦʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʫʶ ʣʦʛʠʯʝʩʢʫʶ 

ʩʭʝʤʫ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʥʳʭ ʵʪʘʧʦʚ: ʬʦʨʤʘʣʠʟʘʮʠʷ ʘʧʨʠʦʨʥʳʭ ʩʚʝʜʝʥʠʡ 

ʦʙ ʠʩʩʣʝʜʫʝʤʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʲʝʢʪʝ, ʚʳʜʚʠʞʝʥʠʠ ʛʠʧʦʪʝʟʳ ʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʦʙʲʝʢʪʘ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʮʝʥʠʚʘʥʠʠ ʠ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟ ʦ 

ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ, ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʠ ʫʩʣʦʚʠʷʭ ʦʢʦʥʯʘʥʠʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ. 

ʀʟʫʯʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʱʘʪʝʣʴʥʫʶ 

ʦʪʨʘʙʦʪʢʫ ʤʦʜʝʣʝʡ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʯʠʥʘʷ ʩ ʜʦʚʦʣʴʥʦ-ʪʘʢʠ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ, 

ʧʦʩʪʝʧʝʥʥʦ ʧʨʦʜʚʠʛʘʶʪʩʷ ʢ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʝʝ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʪʨʘʞʘʝʪ 

ʩʣʦʞʥʫʶ ʧʨʠʨʦʜʫ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ.  
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ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ.  

1. ʂʦʛʜʘ ʚʝʩʴ ʭʠʤʠʢʦïʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʝʜʠʥʘʷ 

ʩʪʨʫʢʪʫʨʥʘʷ ʝʜʠʥʠʮʘ ʩ ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ ʥʝʡ ʧʨʦʮʝʩʩʘʤʠ ʪʝʧʣʦï ʠ ʤʘʩʩʦʦʙʤʝʥʘ, 

ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʪ.ʜ. 

2. ʈʘʩʯʣʝʥʝʥʠʝ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʚʝʥʴʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʶʪ 

ʩʭʦʜʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʮʝʩʩʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ [4]. 

 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʩʭʦʞʝʩʪʠ ʧʨʦʮʝʩʩʦʚ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩ 

ʨʘʟʥʳʭ ʧʦʟʠʮʠʡ. ʇʦʵʪʦʤʫ ʚ ʮʝʣʷʭ ʚʳʜʝʣʝʥʠʷ ʪʠʧʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʨʠʨʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ: 

ïʠʩʢʣʶʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʨʦʤʦʟʜʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ;  

ïʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʨʘʩʯʝʪʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʕɺʄ ʠ ʧʨʠʤʝʥʝʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ); 

ïʠʟʫʯʘʪʴ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ;  

ïʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ïʧʦʣʫʯʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʩʥʠʤʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

(ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ, ʯʘʩʪʦʪʥʳʝ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ). 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʠʟʚʝʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʧʨʝʜʩʢʘʟʘʪʴ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ [5]. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ16-08-00558. 
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CALCULATION OF THE T WO-DIMENSIONAL TEMPERAT URE PROFILE  

IN THE CYLINDRICAL C AMERA  
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sadykov_av@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʜʚʫʤʝʨʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʧʣʘʡʥï

ʢʦʣʣʦʢʘʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʋʯʠʪʳʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʦʩʪʴ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ. 

 

Abstract. The computational scheme for calculation of a two-dimensional temperature profile 

in the cylindrical camera is considered. For receiving a discrete analogue of a differential equation 

in partial derivatives the method a spline collocation in combination with a method of finite 

differences is used. The variability of thermal properties is considered. Comparison of the obtained 

calculation data with the available experimental and calculation dataôs is carried out. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʦʙʤʝʥ, ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʧʣʦʦʪʜʘʯʘ, ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

 

Keywords: heat exchange, temperature, heat transfer, numerical study. 

 

ʇʨʦʮʝʩʩʳ ʨʘʜʠʘʮʠʦʥʥʦïʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʦʧʦʯʥʳʭ ʢʘʤʝʨʘʭ ʧʝʯʝʡ 

ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

[1ï3]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʭʦʜʠʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ [1] 
 

( ) ( ) fTVTcp =- graddivdiv lɻr , (1) 
 

ʛʜʝ f ð ʠʩʪʦʯʥʠʢʦʚʳʡ ʯʣʝʥ, lɻ ð ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, T ð 

ʪʝʤʧʝʨʘʪʫʨʘ, V ð ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, pc ð ʠʟʦʙʘʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ɟ ð ʧʣʦʪʥʦʩʪʴ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ.  

ʋʨʘʚʥʝʥʠʝ (1) ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ʛʜʝ pv qqf div-= ; rz vv ,  ð ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ V ; 
vq ð ʧʣʦʪʥʦʩʪʴ 

ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʚ ʦʙʲʝʤʝ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ; pq  ð ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ. ʄʦʱʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʣʫʯʠʩʪʳʭ ʧʦʪʦʢʦʚ pqdiv  ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ vq  ʚ 

ʦʙʲʝʤʝ ʨʝʰʘʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ʛʦʨʝʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʩʯʠʪʘʝʪʩʷ ʠʟʚʝʩʪʥʳʤ, ʘ 

ʠʟʣʫʯʝʥʠʝʤ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ.  

ʋʨʘʚʥʝʥʠʝ (2) ʜʦʧʦʣʥʠʤ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʅʘ ʚʭʦʜʝ ʚ ʪʦʧʢʫ ʩʪʘʚʠʪʩʷ ʛʨʘʥʠʯʥʦʝ 

ʫʩʣʦʚʠʝ I ʨʦʜʘ (ʈʠʩʫʥʦʢ 1). ʅʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ (Oz) ʟʘʜʘʝʪʩʷ ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʠ 0=
µ

µ

r

T
. ʅʘ 

ʚʳʭʦʜʥʦʤ ʫʯʘʩʪʢʝ ʟʘʜʘʝʪʩʷ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ II ʨʦʜʘ öö
÷

õ
ææ
ç

å
=

µ

µ
0

z

T
. ʅʘ ʞʝʩʪʢʦʡ ʛʨʘʥʠʮʝ 

ʦʙʳʯʥʦ ʩʪʘʚʷʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ I ʠʣʠ III ʨʦʜʘ. 

 
ʈʠʩʫʥʦʢ 1. ʈʘʟʤʝʨʳ ʢʘʤʝʨʳ, ʛʨʘʥʠʮʳ 

 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2) ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʧʣʘʡʥïʢʦʣʣʦʢʘʮʠʠ [4].  

ɺ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ [ ][ ]RL ,0,0 ³=W  ʚʚʝʜʝʤ ʩʝʪʢʫ rz D³D=D , ʛʜʝ 

Lzzz Nz =<<<=D ...0: 10 ; Rzrr Mr =<<<=D ...0: 10 . ʅʘ ʪʘʢʦʡ ʩʝʪʢʝ ʢʫʙʠʯʝʩʢʠʡ 

ʩʧʣʘʡʥ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ [4] 
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(4) 

 

ɺ ʬʦʨʤʫʣʝ (3) zïʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʚʘʞʜʳ ʥʝʧʨʝʨʳʚʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ ð ʢʫʙʠʯʝʩʢʦʛʦ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ɺïʩʧʣʘʡʥʘ, ʘ rï

ʩʦʩʪʘʚʣʷʶʱʘʷ ð ʚ ʚʠʜʝ ()rwi . 

ɺïʩʧʣʘʡʥʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʦʙʨʘʟʫʶʪ ʙʘʟʠʩ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʧʣʘʡʥʦʚ [4]. ɿʜʝʩʴ 

ɺïʩʧʣʘʡʥʳ ʥʫʤʝʨʦʚʘʥʳ ʧʦ ʩʨʝʜʥʝʤʫ ʫʟʣʫ ʠʭ ʠʥʪʝʨʚʘʣʦʚ ʥʦʩʠʪʝʣʝʡ. ʉʝʪʢʫ zD ʜʣʷ ʧʦʣʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ()zBi ʜʦʧʦʣʥʠʤ ʫʟʣʘʤʠ 0123 zzzz <<< --- , 
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ɺʳʭʦʜ 

r 

z 

R 
ɻ2 

ɻ1 
ɻ3 

O 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

26 

 

NNNN zzzz >>> +++ 123 . ʉʝʪʢʫ rD ʜʦʧʦʣʥʠʤ ʫʟʣʘʤʠ 01 rr <- , 1+<MM rr .  

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2) ʠʱʝʤ ʚ ʚʠʜʝ (3). ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʧʨʦʩʪʦʪʳ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ

( )const,, 11 -=-=- ++ tt hrrhzz jjii . ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ z ʚʙʣʠʟʠ ʫʟʣʘ ( )ji rz ,  ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ r ʦʧʠʩʳʚʘʝʪʩʷ ʩʧʣʘʡʥʦʤ 
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ʛʜʝ ()jiji rww =, . ʉ ʫʯʝʪʦʤ ʬʠʥʠʪʥʦʩʪʠ ʩʧʣʘʡʥʘ ʠʤʝʝʤ 
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ʕʪʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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, +- ++=  (6) 

 

ɺ ʫʟʣʘʭ ʢʦʣʣʦʢʘʮʠʠ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ( )rzS ,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (2). 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʫʟʣʳ ʢʦʣʣʦʢʘʮʠʠ ʩʦʚʧʘʜʘʶʪ ʩ ʫʟʣʘʤʠ ʩʧʣʘʡʥʘ. ʇʦʜʩʪʘʚʠʤ (3) ʚ ʫʨʘʚʥʝʥʠʝ (2) 

ʠ ʧʦʪʨʝʙʫʝʤ ʩʦʚʧʘʜʝʥʠʷ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʯʘʩʪʝʡ ʚ ʫʟʣʘʭ ( )ji rz ,  
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(7) 

NiMj ...,,1,0;...,,1,0 ==   
 

ɿʜʝʩʴ ʜʚʦʡʥʦʡ ʠʥʜʝʢʩ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʣʝʤʝʥʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʪʦʯʢʝ 

( )ji rz , . ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʵ,lpc  ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ( )ji rz ,  ʫʨʘʚʥʝʥʠʝ 

(7) ʧʨʠʥʠʤʘʝʪ ʚʠʜ  
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ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ  
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ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʪʦʨʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʯʣʝʥʘ ʚ (8) ʠʩʧʦʣʴʟʫʝʤ ʨʘʟʥʦʩʪʠ ʧʨʦʪʠʚ 
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ɺʪʦʨʦʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʯʣʝʥ ʚ (8) ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ 
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(14) 

 

ʀʥʜʝʢʩ ( )21°j  ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʨʫʪʩʷ ʚ ʪʦʯʢʘʭ, ʣʝʞʘʱʠʭ 

ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʟʣʘʤʠ ʩʝʪʢʠ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ (14) ʯʣʝʥʳ ʚ 

ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʊʦʛʜʘ ʬʦʨʤʫʣʘ (14) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ʇʨʦʠʟʚʦʜʥʳʝ ʚʦ ʚʪʦʨʦʤ ʢʦʥʚʝʢʪʠʚʥʦʤ ʠ ʚʪʦʨʦʤ ʜʠʬʬʫʟʠʦʥʥʦʤ ʯʣʝʥʘʭ ʚʳʨʘʟʠʤ ʯʝʨʝʟ 
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(17) 

 

ʋʨʘʚʥʝʥʠʝ (8) ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʬʦʨʤʫʣ (11), (12), (16), (17) ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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 ( )NiMj ...,,1,0;...,,1,0 == . 

(18) 

 

ʅʘ ʢʘʞʜʦʤ j-ʤ ʩʣʦʝ ʚ ʩʠʩʪʝʤʝ (18) ʠʤʝʝʪʩʷ (N+3) ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ jiw . 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʧʦ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʩʣʦʝ. ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʉ ʧʦʤʦʱʴʶ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ Lzz ==   ʠ  0  

ʠʩʢʣʶʯʘʝʤ ʠʟ ʩʠʩʪʝʤʳ ʥʝʠʟʚʝʩʪʥʳʝ jNj ww ,1,1   ʠ  +- . ʅʝʠʟʚʝʩʪʥʳʝ 1,-iw  ʠʩʢʣʶʯʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ ʥʘ ʦʩʠ, ʘ 1, +Miw  ╖ ʩ ʧʦʤʦʱʴʶ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ( )Rr = . 

ɺʳʚʦʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ jiw  ʨʘʩʩʤʦʪʨʠʤ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ 

ʛʨʘʥʠʮ (ʦʩʪʘʣʴʥʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ). 

 

1. ɺʭʦʜʥʦʝ ʩʝʯʝʥʠʝ 

ʅʘ ʚʭʦʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʚʝʩʪʥʘ: ʚʭʚʭ,0 0; jjTS j ¢¢= . ʋʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʠʤ ʥʘ ʚʭʦʜʥʳʝ ʪʦʯʢʠ ( )( )ʚʭ,0;0, jjiji == . ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚ ʵʪʠʭ ʪʦʯʢʘʭ 

ʚʳʧʦʣʥʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʡ ʘʥʘʣʦʛ (18), ʧʦʣʘʛʘʷ ʧʨʠ ʵʪʦʤ, ʯʪʦ 0=ru . ʋʩʣʦʚʠʝ ʚʭ,0 TS j =  ʩ 

ʫʯʝʪʦʤ (6) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
 

ʚʭʚʭ,1,0,1 0,
6

1

3

2

6

1
jjTwww jjj ¢¢=++-

 (19) 

 

ʆʪʩʶʜʘ  
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( )ʚʭʚʭ,1,0,1 064 jjTwww jjj ¢¢+-=-  

ʠʣʠ 
 

11;1,1,64 ʚʭʚʭ,1,0,1 -¢¢+-=¡+--= ¡¡¡- jjjjjTwww jjj  (20) 

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (20) ʚ ʫʨʘʚʥʝʥʠʝ (18) ʧʦʣʫʯʠʤ 

 

() ()
11, ʚʭ

1
1

0

1

1

1 -¢¢=ää
=¡

+

-=¡

¡¡¡¡ jjwA j

i

j

jj

jiji
j  

(21) 

 

ʛʜʝ 
 

() () ()
( ) ( )

()
( )

() ()
.0;0;

;
62

;0;0

1
1,1

1
1,0

01
1
,1

2

0ʵ01
1
,0

1
1,1

1
1,0

===

+===

++

--

jj

jp

j

jjp

jjj

AA
h

cv
A

hh

cv
AAA

r

lr

 

() ( )1,1,11,1ʚʭ0
1 6 +---- ++-= jjjjj AAATfj . 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʚʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʫʨʘʚʥʝʥʠʝ  

 

() ()
ʚʭ

1
1

0

,
1
, ,0 jjwA j

i

jiji ==ä
=

j  

(22) 

 

2. ɻʨʘʥʠʮʘ ɻ1 

ʅʘ ʞʝʩʪʢʦʡ ʩʪʝʥʢʝ ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ 

ʠʟ ʥʠʭ ð ɻ ʪʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ I ʨʦʜʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʟʚʝʩʪʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʜʦʣʴ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʩʪʝʥʢʠ. ɼʣʷ ʛʨʘʥʠʮʳ ɻ1 ɻ ʪʦ ʚʳʛʣʷʜʠʪ ʪʘʢ 
 

( )MjjTS jj ,ʚʭ,0 == . 

 

ʋʨʘʚʥʝʥʠʷ ʜʣʷ jiw  ʚʳʚʦʜʷʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʘʩʩʫʞʜʝʥʠʷʤʠ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʪʚʦʜ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʝʥʢʫ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʇʫʩʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ ʦʢʨʫʞʘʝʪ ʩʨʝʜʘ ʩ 

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʨT  ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʦʪʜʘʯʠ 2a (ʈʠʩʫʥʦʢ 2).  

 

 
ʈʠʩʫʥʦʢ 2. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʣʝʚʳʡ ʪʦʨʝʮ [8, c. 98ï106]. 

d 

z 

T 
a 1 

O 

a 2 

Tʦʙ 
Tʩʪ 

Tʥ 

Tʩʨ 
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ʇʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʪʝʧʣʦʚʦʤ ʨʝʞʠʤʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ 
 

( )ʩʨʦʙTTkq -=  (23) 

 

ʛʜʝ 1 ʩʪ 21/ (1/ / 1/ )k= a +d l + a ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʦʙT ð ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʦʙʲʝʤʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, 1að ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢ ʩʪʝʥʢʝ, dð 

ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ, ʩʪl  ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʥʢʠ. 

ʇʝʨʝʜʘʚʘʝʤʳʡ ʛʦʨʷʯʠʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʩʪʝʥʢʝ ʫʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʟʘʜʘʝʪʩʷ 

ʬʦʨʤʫʣʦʡ  
 

( )ʩʪʦʙ11
TTqk -=a  (24) 

 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (23), (24), ʧʦʣʫʯʠʤ 
 

ʩʨ
1

ʦʙ
1

1
ʩʪ T

k
T

k
T Ö+Ö

-
=

aa

a
 

(25) 

 

ɺ ʢʘʯʝʩʪʚʝ Tʦʙ ʚʦʟʴʤʝʤ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʜʥʦʛʦ ʰʘʛʘ ʦʪ ʩʪʝʥʢʠ. ʊʦʛʜʘ 

ʫʨʘʚʥʝʥʠʝ (25) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
 

MjjTSS jj ¢¢+¡¡+¡= 1, ʚʭʩʨ,1,0 aa  (26) 

 

ʛʜʝ 

11

;1
a

a
a

a
kk

=¡¡-=¡ . 

ʀʟ ʫʨʘʚʥʝʥʠʷ (26) ʩ ʫʯʝʪʦʤ (6) ʧʦʣʫʯʘʝʤ 
 

( ) ( ) MjjTwwww jjjj ¢¢+¡¡+¡+-¡+-¡=- 1,6144 ʚʭʩʨ,2,1,0,1 aaaa  (27) 

 

ʉ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (27) ʠʩʢʣʶʯʘʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʝ jw ,1-  ʚ ʫʩʣʦʚʠʷʭ ʢʦʣʣʦʢʘʮʠʠ. 

 

3. ɻʨʘʥʠʮʘ ɻ2 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʫʯʘʶ. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ III ʨʦʜʘ ʜʣʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩʪʝʥʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʢʠ.  

 

4. ɻʨʘʥʠʮʘ ɻ3 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʛʨʘʥʠʮʝ ɻ1.  

 

5. ɺʳʭʦʜʥʦʝ ʩʝʯʝʥʠʝ 

ɺ ʫʟʣʘʭ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʘʚʠʪʩʷ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ( )ʚʳʭ0;0 jjNi
z

T
¢¢==

µ

µ
. 

ʕʪʦ ʫʩʣʦʚʠʝ ʩ ʫʯʝʪʦʤ (11) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

0
2

1

2

1
,1,1 =+- +- jNjN w

h
w

h
. 
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ʆʪʩʶʜʘ jNjN ww ,1,1 -+ = . 

 

6. ʆʩʴ ʩʠʤʤʝʪʨʠʠ 

ʅʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʪʘʚʠʪʩʷ ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʠ 0=
µ

µ

r

T
. ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ 

ʮʝʥʪʨʘʣʴʥʦʡ ʨʘʟʥʦʩʪʠ ʧʦʣʫʯʠʤ 
 

NiSS ii ...,,1,0,1,1, ==- . 

 

ʉ ʫʯʝʪʦʤ (6) ʵʪʦ ʫʩʣʦʚʠʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
 

Niww ii ...,,1,0,1,1, ==- . 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʨʷʜʘ ʥʝʠʟʚʝʩʪʥʳʭ ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʩʠʩʪʝʤʝ 

(18) ʦʩʪʘʥʝʪʩʷ ( )( )11 +Ö+ MN  ʥʝʠʟʚʝʩʪʥʳʭ ( )MjNiw ji ...,,1,0;...,,1,0, == . 

ʉʠʩʪʝʤʫ (18) ʟʘʧʠʰʝʤ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ. ʉʥʘʯʘʣʘ ʫʧʦʨʷʜʦʯʠʤ ʥʝʠʟʚʝʩʪʥʳʝ jiw . ʇʨʠ 

ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʦʤ ʫʧʦʨʷʜʦʯʠʚʘʥʠʠ ʥʝʠʟʚʝʩʪʥʳʝ jiw  ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʚʝʢʪʦʨ 

( )¡= NMMMNN wwwwwwwwww ...,,,...,,...,,,,...,,, 101110101000 , 

 

ʛʜʝ ǋ ʦʟʥʘʯʘʝʪ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ. ʊʦʛʜʘ ʩʠʩʪʝʤʘ (18) ʧʨʠʥʠʤʘʝʪ ʚʠʜ  
 

gw=ÖA  (28) 
 

ʛʜʝ A ð ʤʘʪʨʠʮʘ ʠʟ ( )( )11 +Ö+ MN  ʩʪʨʦʢ ʠ ( )( )11 +Ö+ MN  ʩʪʦʣʙʮʦʚ; g  ð ʚʝʢʪʦʨ ʠʟ 

ʧʨʘʚʳʭ ʯʘʩʪʝʡ. ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ (28) ʷʚʣʷʝʪʩʷ ʨʘʟʨʝʞʝʥʥʦʡ. ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʳ A 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 3. ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ɻʘʫʩʩʘ ʩ ʯʘʩʪʠʯʥʳʤ ʚʳʙʦʨʦʤ ʛʣʘʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦ ʩʪʦʣʙʮʫ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʝʥʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ. ɺ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (28). 

ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ 
 

()

( )
e¢-

-
1max

1k
ji

k
ji

ji T

T
 

(29) 

 

ʛʜʝ k ð ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ; Ů ð ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ. 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʝʜʝʥʳ ʪʝʩʪʦʚʳʝ ʨʘʩʯʝʪʳ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʟʘʠʤʩʪʚʦʚʘʥʦ ʠʟ ʨʘʙʦʪʳ [5]. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [6].  

ɺ ʨʘʙʦʪʝ ɼ. ɹ. ɺʘʬʠʥʘ, ɸ. ɺ. ʉʘʜʳʢʦʚʘ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʩʪʨʫʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʘʥʘʣʝ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʚ ʨʘʙʦʪʝ ɻ. ɸ. 

ɻʣʝʙʦʚʘ, ɸ. ʇ. ʂʦʟʣʦʚʘ [5ï6].  

ɺ ʨʘʙʦʪʝ ɻ. ɸ. ɻʣʝʙʦʚʘ, ɸ. ʇ. ʂʦʟʣʦʚʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʛʨʝʪʳʡ 

ʚʦʟʜʫʭ, ʧʦʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʩʦʧʣʦ ʩʚʝʨʭʫ (ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ z) [6]. ʈʘʟʤʝʨʳ ʢʘʤʝʨʳ: ʨʘʜʠʫʩ 

ʢʘʥʘʣʘ ð 0,315 ʤ; ʨʘʜʠʫʩ ʚʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ð 0,025 ʤ; ʚʳʩʦʪʘ ʢʘʥʘʣʘ ð 3,25 ʤ. 
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ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʳ ɸ + ï ʥʝʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ [8, c. 98ï106]. 

 

ʀʩʪʦʯʥʠʢʦʚʳʡ ʯʣʝʥ ʚ ʫʨʘʚʥʝʥʠʠ (8) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ ʥʫʣʶ. ɼʣʷ ʚʦʟʜʫʭʘ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 273 · 573 ʂ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ [5] 
 

ʂʢʛ

ɼʞ
,08,99404,0

Ö
+= Tcp

. 

 

ɺ ʨʘʩʯʝʪʘʭ ʪʫʨʙʫʣʝʥʪʥʦʝ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ Pr 0,7T = . ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ (ʦʪ 

ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʢ ʩʪʘʣʴʥʦʡ ʩʪʝʥʝ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʧʦʜʦʙʠʷ [7] 
 

( )
0,35

0,18 0

ʩʪ

St 0,0167 Re Pr
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- å õ
= Ö Ö Öæ ö

ç ÷
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ʛʜʝ T0 ð ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʩʠ ʩʪʨʫʠ, Re ð ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, Pr ð ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ, St 

ð ʯʠʩʣʦ ʉʪʘʥʪʦʥʘ. 

ʋʩʣʦʚʠʝ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ( )Rr =  ʩʪʘʚʠʣʦʩʴ ʚ ʚʠʜʝ 
 

( ) qTT =-ʩʪʦʙa , 
 

ʛʜʝ q ð ʫʜʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. ɺʝʣʠʯʠʥʘ q ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʦʜʥʦʤʝʨʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʧʝʨʝʢ ʩʪʝʥʢʠ ʢʘʥʘʣʘ. ɺ ʨʘʙʦʪʝ ɻ. ɸ. ɻʣʝʙʦʚʘ, ɸ. ʇ. ʂʦʟʣʦʚʘ ʧʨʠʚʝʜʝʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ, ʥʘʡʜʝʥʥʦʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [6, c. 197]. ʕʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ 

ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ. 
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ʈʠʩʫʥʦʢ 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʩʠ ʩʪʨʫʠ:     ð ʵʢʩʧʝʨʠʤʝʥʪ [6];               ð ʨʘʩʯʝʪ 

[5],             ð ʤʝʪʦʜ ʩʧʣʘʡʥïʢʦʣʣʦʢʘʮʠʠ [8, c. 98ï106]. 

 

ʅʘ ʈʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʩʠ ʩʪʨʫʠ ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʥʘ ʚʭʦʜʝ ʤ/ʩ 4=zv . 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ 01,0=e  ʧʦʪʨʝʙʦʚʘʣʦʩʴ 9 ʠʪʝʨʘʮʠʡ (ʧʨʠ N =20, M =10). 

ʇʨʠ ʧʨʦʩʪʦʪʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʨʘʩʯʝʪʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʢʫʙʠʯʝʩʢʠʭ ʩʧʣʘʡʥʦʚ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ, ʪʘʢ ʢʘʢ ʪʦʯʥʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʩʧʣʘʡʥïʤʝʪʦʜʦʤ. 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʥʚʝʨʩʠʠ ʘʥʠʟʦʣʘ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ 

ʤʦʥʦʤʝʨʦʚ ʣʠʛʥʠʥʘ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ. ʇʣʘʪʠʥʦʚʳʡ ʠ ʧʘʣʣʘʜʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ 

ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ, ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʘʥʠʟʦʣʘ ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʧʦʟʚʦʣʷʷ ʜʦʩʪʠʯʴ ʧʨʠʤʝʨʥʦ 90% ʢʦʥʚʝʨʩʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʢʦʥʚʝʨʩʠʠ ʘʥʠʟʦʣʘ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʮʠʢʣʦʛʝʢʩʘʥ, ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥ ʠ 

ʬʝʥʦʣ. ʅʘʠʙʦʣʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʦʢ. 88%) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʠʢʣʦʛʝʢʩʘʥʫ ʧʦʢʘʟʘʣ 

ʧʣʘʪʠʥʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʩʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ. ʇʘʣʣʘʜʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

ʧʦʢʘʟʘʣ ʤʝʥʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʠʢʣʦʛʝʢʩʘʥʫ (ʦʢ. 68%), ʦʜʥʘʢʦ ʘʥʘʣʠʟ ʢʘʪʘʣʠʟʘʪʘ 

ʚʳʷʚʠʣ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ ʚ ʧʨʦʙʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʠʦʤʘʩʩʳ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʪʦʧʣʠʚʘ. 

 

Abstract. This work is devoted to the study of conversion of anisole, as one of the lignin 

monomers, in the presence of catalysts synthesized by the hydrothermal method. Platinum and 

palladium catalyst deposited on the polymer matrix of hypercrosslinked polystyrene allowed 

achieving about 90% of anisole conversion. It was shown that during the conversion of anisole, 

cyclohexane, methylcyclohexane and phenol are the main products. The highest selectivity (approx. 

88%) with respect to cyclohexane was shown by a platinum catalyst supported on hypercrosslinked 

polystyrene. The palladium catalyst showed lower selectivity for cyclohexane (approx., 68%), 
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however, analysis of the reaction mixture revealed an increase in the content of methylcyclohexane. 

Thus, the use of catalysts synthesized by the hydrothermal method in the processing of biomass 

components is a promising direction for the development of biofuel production technologies. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʛʥʠʥ, ʘʥʠʟʦʣ, ʛʠʜʨʦʛʝʥʦʣʠʟ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ, ʩʚʝʨʭʩʰʠʪʳʡ 

ʧʦʣʠʩʪʠʨʦʣ. 

 

Keywords: lignin, anisole, hydrogenolysis, hydrothermal synthesis, hypercrosslinked 

polystyrene. 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʘ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ð ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʫʪʠʣʠʟʘʮʠʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. ʅʘʢʦʧʣʝʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʦʪʭʦʜʳ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʝʤʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʚʳʩʪʫʧʘʶʪ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʫʭʫʜʰʝʥʠʝ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʥʝʢʦʪʦʨʳʭ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʩʪʦʣʴ ʚʝʣʠʢʦ, ʯʪʦ ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ 

ʚʪʦʨʠʯʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ.  

ʃʠʛʥʠʥ ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ ʚ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʨʝʚʝʩʠʥʳ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʣʣʶʣʦʟʥʦï

ʙʫʤʘʞʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ, ʝʞʝʛʦʜʥʦʝ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʣʠʛʥʠʥʘ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 40 ʜʦ 50 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ [3ï5]. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʝʥʦʣʴʥʳʭ ʤʦʥʦʤʝʨʘʭ, ʣʠʛʥʠʥ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʪʦʧʣʠʚʦ. 

ʃʠʛʥʠʥ ʪʨʫʜʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʠʟ-ʟʘ ʝʛʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʠʛʥʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʠʟʢʦʩʦʨʪʥʦʛʦ ʢʦʪʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʤ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ [6]. ʆʜʥʘʢʦ ʭʠʤʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʣʠʛʥʠʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʝʩʣʠ 

ʝʛʦ ʨʘʟʙʠʪʴ ʥʘ ʝʜʠʥʠʮʳ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ [7]. ʊʝʢʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʣʠʛʥʠʥʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ (ʪ. ʝ. ʤʝʜʣʝʥʥʳʡ ʠ ʙʳʩʪʨʳʡ 

ʧʠʨʦʣʠʟ ʠ ʛʘʟʠʬʠʢʘʮʠʷ) [4, 8]. ʇʦʤʠʤʦ ʛʦʨʶʯʠʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʙʠʦʥʝʬʪʠ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʬʝʥʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʣʝʬʠʥʦʚ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʧʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʥʝʬʪʠ ʢʘʞʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʩʚʦʡʩʪʚ ʯʠʩʪʦʛʦ ʪʦʧʣʠʚʘ (ʧʣʦʪʥʦʩʪʴ, ʟʦʣʴʥʦʩʪʴ, 

ʪʝʧʣʦʪʚʦʨʥʦʩʪʴ) [9].  

ʏʪʦʙʳ ʫʣʫʯʰʠʪʴ ʪʦʧʣʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʥʝʬʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʤʦʜʝʨʥʠʟʘʮʠʶ. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʠʦʥʝʬʪʠ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʦʯʠʩʪʢʘ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʛʠʜʨʦʦʯʠʩʪʢʘ ʩʯʠʪʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ 

ʙʠʦʥʝʬʪʠ [10].  

ʇʨʠ ʛʠʜʨʦʦʯʠʩʪʢʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʪ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ 

ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ, ʛʠʜʨʦʜʝʩʫʣʴʬʠʜʠʨʦʚʘʥʠʝ, ʛʠʜʨʦʜʝʘʟʦʪʠʨʦʚʘʥʠʝ, 

ʛʠʜʨʦʜʝʤʝʪʘʣʣʠʟʘʮʠʷ ʠ ʛʠʜʨʠʨʦʚʘʥʠʝ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʤʝʪʦʜʘʤ ʛʠʜʨʦʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʠʨʦʣʠʟʥʦʡ ʞʠʜʢʦʩʪʠ ʠʣʠ ʙʠʦʥʝʬʪʠ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʦʯʠʩʪʢʠ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʘʣʣʳ ʧʣʘʪʠʥʦʚʦʡ ʧʦʜʛʨʫʧʧʳ ʠ ʧʦʜʛʨʫʧʧʳ ʞʝʣʝʟʘ, 

ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʫʛʦʣʴ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʦʩʠʪʝʣʠ, ʥʘʧʨʠʤʝʨ, ʩʤʝʩʠ ʦʢʩʠʜʦʚ, ʘ ʪʘʢʞʝ 
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ʮʝʦʣʠʪʥʳʝ ʠ ʧʦʣʠʤʝʨʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ [11ï12]. ʆʥʠ ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʝʘʢʮʠʠ 

ʪʨʘʥʩʘʣʢʠʣʠʨʦʚʘʥʠʷ, ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʝʣʴʥʳʝ ʮʠʢʣʦʩʦʝʜʠʥʝʥʠʷ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʥʚʝʨʩʠʠ ʘʥʠʟʦʣʘ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʤʦʥʦʤʝʨʦʚ 

ʣʠʛʥʠʥʘ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɻʠʜʨʦʛʝʥʦʣʠʟ 30 ʤʣ ʘʥʠʟʦʣʘ (ʭ. ʯ., Sigma Aldrich) ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʚ ʨʝʘʢʪʦʨʝ 

Parr Series 5000 Multiple Reactor System (Parr Instrument) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0,1 ʛ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 ÁC ʠ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 1,0 ʄʧʘ. ʇʨʦʮʝʩʩ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ (1700 ʦʙ/ʤʠʥ) ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʡ ʜʠʬʬʫʟʠʠ. 

ɸʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʤʘʩʩï

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʨʦʤʘʪʦʛʨʘʬʘ GC-2010, ʦʩʥʘʱʝʥʥʦʛʦ ʤʘʩʩïʩʧʝʢʪʨʦʤʝʪʨʦʤ 

GCMSïQP2010S (SHIMADZU). 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʘʣʣʳ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (Pd, Pt), 

ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ (ʉʇʉ) ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ [13ï14]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟ-ʟʘ ʧʨʠʨʦʜʳ ʘʥʠʟʦʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʥʝ ʙʳʣʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʘʚʣʷʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʨʘʩʪʚʦʨʠʪʝʣʠ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʠ 

ʧʦʵʪʦʤʫ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʨʝʘʢʮʠʶ ʙʳʣʦ ʠʩʢʣʶʯʝʥʦ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʉʇʉ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʠʢʣʦʘʣʢʘʥʦʚ 

(ʮʠʢʣʦʛʝʢʩʘʥ ʠ ʤʝʪʦʢʩʠʮʠʢʣʦʛʝʢʩʘʥ) ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ). 

ʌʝʥʦʣ ʙʳʣ ʜʨʫʛʠʤ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʝʚʨʘʱʝʥʠʷ ʘʥʠʟʦʣʘ. oïʢʨʝʟʦʣ ʠ 2,6-ʢʩʠʣʝʥʦʣ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʩʣʝʜʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʮʠʢʣʦʛʝʢʩʘʥ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʘʥʠʟʦʣʘ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ 

ʞʠʜʢʠʭ ʦʙʨʘʟʮʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʷ ʘʥʠʟʦʣʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ (ʈʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʢʦʥʚʝʨʩʠʠ ʘʥʠʟʦʣʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ. 
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ɺ ʊʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʘʥʠʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺʩʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʢʘʟʘʣʠ ʩʭʦʜʥʳʝ 

ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ (~3,50 ʩ
ī1
) ʠ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ (~90%). 

ʅʘʠʙʦʣʴʰʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʠʢʣʦʛʝʢʩʘʥʫ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʧʣʘʪʠʥʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

 

ʊʘʙʣʠʮʘ. 

ʈɽɿʋʃʔʊɸʊʓ ʊɽʉʊʀʈʆɺɸʅʀʗ ʂɸʊɸʃʀɿɸʊʆʈʆɺ ɺ ʂʆʅɺɽʈʉʀʀ ɸʅʀɿʆʃɸ 

 

ʂʘʪʘʣʠʟʘʪʦʨ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʨʠ 30% 

ʢʦʥʚʝʨʩʠʠ, ʩ
ī1

 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ, % 
ʂʦʥʚʝʨʩʠʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ,% 

1%-Pd/ʉʇʉ 3,43 
67,7

a
 

21,4
b 89,5 

1%-Pt/ʉʇʉ 3,50 
88,2

a 

6,3
b
 

89,9 

a
 ʧʦ ʮʠʢʣʦʛʝʢʩʘʥʫ, 

b
 ʧʦ ʬʝʥʦʣʫ. 

 

ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʘʥʠʟʦʣʘ 

ʥʘʙʣʶʜʘʣʩʷ ʤʘʢʩʠʤʫʤ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʮʠʢʣʦʛʝʢʩʘʥʫ (ʈʠʩʫʥʦʢ 2), ʧʨʠʯʝʤ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʠʟ 

ʊʘʙʣʠʮʳ 1, ʤʘʢʩʠʤʫʤ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʦʩʪʠʛʘʣʩʷ ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʥʚʝʨʩʠʠ 

ʩʫʙʩʪʨʘʪʘ. 

 

ɺʨʝʤʷ, ʤʠʥ
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ʈʠʩʫʥʦʢ 2. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʮʠʢʣʦʛʝʢʩʘʥʫ ʦʪ ʚʨʝʤʝʥʠ. 

 

 

ʇʘʣʣʘʜʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʘʣ ʤʝʥʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʠʢʣʦʛʝʢʩʘʥʫ, ʦʜʥʘʢʦ 

ʘʥʘʣʠʟ ʢʘʪʘʣʠʟʘʪʘ ʚʳʷʚʠʣ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ ʚ ʧʨʦʙʘʭ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ ʪʦʣʫʦʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʤʝʪʦʢʩʠʮʠʢʣʦʛʝʢʩʘʥʘ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʛʥʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʪʦʧʣʠʚʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʮʠʢʣʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʙʝʥʟʦʣ, ʪʦʣʫʦʣ ʠ 

ʮʠʢʣʦʛʝʢʩʘʥ), ʘ ʪʘʢʞʝ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʙʘʚʦʢ ʢ ʦʙʳʯʥʳʤ ʚʠʜʘʤ ʪʦʧʣʠʚʘ ʠ ʪʦʧʣʠʚʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʙʠʦʤʘʩʩʳ. ʂʨʦʤʝ ʪʦʛʦ, ʨʷʜ 

ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʤʦʞʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʨʝʘʛʝʥʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʮʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʢʦʥʚʝʨʩʠʠ ʘʥʠʟʦʣʘ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʤʦʥʦʤʝʨʦʚ ʣʠʛʥʠʥʘ. ʅʘʠʙʦʣʴʰʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʠʢʣʦʛʝʢʩʘʥʫ ð ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ (88%) ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʚʝʨʩʠʠ (90%) ʘʥʠʟʦʣʘ ʜʦʩʪʠʛʘʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1% ʢʘʪʘʣʠʟʘʪʦʨʘ Pt/ʉʇʉ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 18-79-00303). 
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ɸʥʥʦʪʘʮʠʷ. ʉ ʨʦʩʪʦʤ ʧʦʪʨʝʙʣʝʥʠʷ ʠʟʜʝʣʠʡ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʦʙʲʝʤ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʘʢʠʭ ʠʟʜʝʣʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʦʚʦʣʦʢʥʘ, ʫʪʠʣʠʟʘʮʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʘ, ʪʘʢ ʢʘʢ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʤʘʪʝʨʠʘʣ. ʊʝʭʥʦʣʦʛʠʷ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠʟ ʦʪʭʦʜʦʚ 

ʜʦʣʞʥʘ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʧʦʪʝʨʝʡ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʯʥʦʩʪʥʳʭ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʚʣʝʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʥʦ ʙʳʣʦ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʣʦʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʫʤʦï, ʪʝʨʤʦʠʟʦʣʠʨʫʶʱʠʭ ʠʟʜʝʣʠʡ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʘʩʴ ʘʧʨʦʙʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʧʨʦʮʝʩʩʘ ʫʪʠʣʠʟʘʮʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ 

ʩʦʣʴʚʦʣʠʟʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʨʝʘʛʝʥʪʳ ʠ ʠʭ 

ʢʦʤʙʠʥʘʮʠʠ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʇʦʣʫʯʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʙʣʠʟʠʪ ʦʪʨʘʩʣʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʨʠʥʮʠʧʦʚ 

ʢʦʥʮʝʧʮʠʠ ʙʝʟʦʪʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

Abstract. With the increase in consumption of products made from polymer composite 

materials, the volume of waste generated after the end of life cycle of such products increases. 

Despite the fact that most polymer composites are produced using fiberglass, recycling of carbon 
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fiber reinforced materials is more promising, since carbon fiber is a rather expensive material. 

The technology of carbon fiber recovery from waste must be accompanied by the minimum 

possible loss of its quality characteristics, primarily strength, so that the extracted material can be 

effectively used, for example, for the production of lightly loaded parts or as a raw material for 

the manufacture of noiseïinsulating products. Within the framework of this work, the main task was 

to test various reagents for the process of polymer composite materials recycling by a chemical 

method. The paper describes the process of solvolysis used for carbon plastics recycling, 

the reagents used, and their combinations and the results obtained. The production of recycled 

carbon fiber and its application will bring the composite materials industry closer to the principles 

of non-waste production. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʚʪʦʨʠʯʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ, 

ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ, ʩʦʣʴʚʦʣʠʟ, ʫʛʣʝʧʣʘʩʪʠʢ, ʫʪʠʣʠʟʘʮʠʷ, ʨʝʘʛʝʥʪʳ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʭʠʤʠʯʝʩʢʦʝ ʠʟʚʣʝʯʝʥʠʝ. 

 

Keywords: polymer composite material, recycling, carbon fiber, solvolysis, carbon fiber, 

recycling, reagents, technological parameters, chemical extraction. 

 

ɺʚʝʜʝʥʠʝ 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʪʝʨʤʦʩʪʦʡʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʧʨʠʤʝʥʝʥʠʝ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʚ ʠʟʜʝʣʠʷʭ 

ʘʚʠʘʮʠʦʥʥʦʡ, ʚʦʝʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʪʘʣʝʡ ʩʘʤʦʣʝʪʦʚ 

ʧʦʩʣʝʜʥʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʥʘʙʠʨʘʝʪ ʚʩʝ ʙʦʣʴʰʠʝ ʦʙʦʨʦʪʳ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʠ ʨʦʩʪʦʤ ʦʙʲʝʤʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ) ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ 

ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʫʪʠʣʠʟʘʮʠʠ [1]. ʉ ʫʯʝʪʦʤ ʧʦʚʳʰʝʥʥʳʭ ʬʠʟʠʢʦïʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʂʄ ʠ ʠʭ ʩʪʦʡʢʦʩʪʠ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʦʙʣʝʤʘ 

ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʀʟʜʝʣʠʷ ʠʟ ʇʂʄ ʩ ʠʩʪʝʢʰʠʤʠ ʩʨʦʢʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʦʙʨʘʟʮʘʤʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʟʘʚʝʨʰʘʶʱʘʷ ʩʪʘʜʠʷ çʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘè, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ, ʘ ʠʭ ʫʪʠʣʠʟʘʮʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʦʟʚʨʘʪʦʤ ʨʝʩʫʨʩʦʚ ʚ 

ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʫʶ ʥʘʫʯʥʦïʪʝʭʥʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ [2]. ɺ 

ʈʦʩʩʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʵʪʦʤʫ ʦʙʨʘʟʫʶʱʠʝʩʷ ʦʪʭʦʜʳ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ 

ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʟʘʭʦʨʦʥʝʥʠʝ. ɺ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ʚʳʰʝʜʰʠʭ ʠʟ 

ʫʧʦʪʨʝʙʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʜʨʦʙʠʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠʣʠ ʩʞʠʛʘʝʪʩʷ ʚ ʮʝʤʝʥʪʥʳʭ 

ʧʝʯʘʭ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʙʝʟʚʦʟʚʨʘʪʥʦ 

ʪʝʨʷʝʪʩʷ [3]. 

ʆʩʥʦʚʥʦʡ ʧʫʪʴ ʨʘʟʨʝʰʝʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʇʂʄ ʥʘ ʥʳʥʝʰʥʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ð ɻ ʪʦ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ ʘʨʤʠʨʫʶʱʝʛʦ 

ʚʦʣʦʢʥʘ ʜʣʷ ʝʛʦ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʠʟʚʣʝʢʘʶʪʩʷ ʧʦʣʝʟʥʳʝ ʧʨʦʜʫʢʪʳ, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʩʥʠʞʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 

ʚʥʠʤʘʥʠʝ ʪʝʭʥʦʣʦʛʠʷʤ ʫʪʠʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʟʚʣʝʯʝʥʠʝʤ 

ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ [2].  

ɺ ʤʠʨʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʦʮʝʩʩ 

ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʠʟ ʚʳʰʝʜʰʠʭ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʜʝʪʘʣʠ ʩʘʤʦʣʝʪʦʚ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʫʪʠʣʠʟʠʨʫʝʤʳʭ ʦʪʭʦʜʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 
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ʤʘʪʝʨʠʘʣʦʚ ʟʘʥʠʤʘʶʪ ʦʩʪʘʪʢʠ ʧʨʝʧʨʝʛʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ 

ʚʳʢʣʘʜʢʠ [4]. 

ɺʳʩʦʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʝʨʚʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʝʛʦ ʚʳʩʦʢʫʶ ʨʳʥʦʯʥʫʶ ʩʪʦʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʟʜʘʝʪ ʧʦʪʝʥʮʠʘʣ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠʟ ʦʪʭʦʜʦʚ ʠ ʝʛʦ ʚʪʦʨʠʯʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʝʨʚʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʦ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ [5ï7]. 

ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʦʙʳʯʥʦ ʥʘ 10ï20% ʥʠʞʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʠʯʥʳʤ ʚʦʣʦʢʥʦ, ʦʜʥʘʢʦ ʚʩʝ ʝʱʝ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʤʥʦʛʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɸʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʚʦʣʦʢʥʘ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʩ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʤʦʱʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ [8, 9]. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʦʟʤʦʞʥʳ ʢʦʤʙʠʥʘʮʠʠ ʚʪʦʨʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʩ ʧʝʨʚʠʯʥʳ, ʪʘʢ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʩʦʚʤʝʩʪʥʦ ʩ 

ʘʨʘʤʠʜʥʳʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʪʦʵʢʠʧʠʨʦʚʢʠ [10]. ʊʘʢ ʞʝ ʫʛʣʝʧʣʘʩʪʠʢ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʦʨʪʠʚʥʦʛʦ ʠʥʚʝʥʪʘʨʷ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʝʪ 

ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʝʚʝʩʠʥʦʡ ʠʣʠ ʤʝʪʘʣʣʘʤʠ [11]. ɽʱʝ ʦʜʥʦʡ 

ʦʙʣʘʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ð ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʫʛʣʝʚʦʣʦʢʥʘ ʚ ʩʦʩʪʘʚ ʙʝʪʦʥʘ ʩʤʝʩʴ ʧʨʠʦʙʨʝʪʘʝʪ ʫʣʫʯʰʝʥʥʳʝ ʬʠʟʠʢʦï

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʩʪʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʡʣʦʢʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʢʘʢ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʣʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ 

ʘʜʩʦʨʙʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ [11ï12]. 

ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ ʇʂʄ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ 

ʚʦʣʦʢʥʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʦʣʴʚʦʣʠʟ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʠʨʦʣʠʟ. ʆʙʘ ʵʪʠʭ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ, 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʧʝʨʚʠʯʥʦʤʫ ʤʘʪʝʨʠʘʣʫ. 

ʄʝʪʦʜʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʪʨʝʙʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʟʘʪʨʘʪ, ʘ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʢʘʪʴ ʫʛʣʝʨʦʜʥʦʝ 

ʚʦʣʦʢʥʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʮʝʥʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʜʠʡ 

ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʢʘʟʘʣʘ ʝʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʫʪʠʣʠʟʘʮʠʠ ʇʂʄ [7ï8, 13]. 

ʇʨʘʢʪʠʢʘ ʫʪʠʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʭʠʤʠʯʝʩʢʦʤ ʨʘʟʨʫʰʝʥʠʠ) ʩʚʷʟʫʶʱʝʛʦ ʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ. ʉʨʝʜʠ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʘʤʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʩʦʣʴʚʦʣʠʟ. ʉʦʣʴʚʦʣʠʟ ð ɻ ʪʦ ʨʝʘʢʮʠʷ ʦʙʤʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʝʞʜʫ ʨʘʩʪʚʦʨʝʥʥʳʤ 

ʚʝʱʝʩʪʚʦʤ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ɺ ʧʨʦʮʝʩʩʝ ʩʦʣʴʚʦʣʠʟʘ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʞʠʜʢʦʩʪʠ (ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʘʷ ʚʦʜʘ, ʩʧʠʨʪʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ) ʠ ʩʦʟʜʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ). ʇʨʦʮʝʩʩ ʩʦʣʴʚʦʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʜʦ 90% ʠ ʙʦʣʝʝ ʩʤʦʣʳ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʚʳʩʚʦʙʦʞʜʝʥʥʦʝ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʠ ʞʠʜʢʘʷ ʬʨʘʢʮʠʷ.  

ɺ ʧʨʦʮʝʩʩʝ ʫʪʠʣʠʟʘʮʠʠ ʇʂʄ ʤʝʪʦʜʦʤ ʩʦʣʴʚʦʣʠʟʘ ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʚʦʣʦʢʥʦ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ ʢ ʨʝʘʛʝʥʪʘʤ, ʧʦʵʪʦʤʫ ʫʪʠʣʠʟʠʨʦʚʘʪʴ 

ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʪʦʣʴʢʦ ʫʛʣʝʧʣʘʩʪʠʢʠ ʠ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ. ɺ ʩʠʣʫ 
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ʪʦʛʦ, ʯʪʦ ʥʘʧʦʣʥʠʪʝʣʴ ʦʨʛʘʥʦʧʣʘʩʪʠʢʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʣʠʟʦʢ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʢ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʦʨʛʘʥʠʯʝʩʢʠʡ ʥʘʧʦʣʥʠʪʝʣʴ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʤʝʪʦʜ ʩʦʣʴʚʦʣʠʟʘ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʦʨʛʘʥʦʧʣʘʩʪʠʢʦʚ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʘʧʨʦʙʠʨʦʚʘʥ ʤʝʪʦʜ ʩʦʣʴʚʦʣʠʟʘ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʧʫʪʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʨʝʘʛʝʥʪʦʚ ʠ ʫʩʣʦʚʠʡ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʂʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʦʩʚʦʙʦʞʜʝʥʠʶ ʘʨʤʠʨʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʩʦʩʪʘʚʦʚ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ 

ʫʩʣʦʚʠʡ ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʠʥʠʮʠʘʪʦʨʦʚ (ʦʢʠʩʣʠʪʝʣʝʡ) ʠ ʜʘʣʴʥʝʡʰʠʡ ʥʘʛʨʝʚ ʦʙʨʘʟʮʦʚ ʫʛʣʝʧʣʘʩʪʠʢʦʚ, 

ʧʦʤʝʱʝʥʥʳʭ ʚ ʨʘʩʪʚʦʨ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʢʠʩʣʠʪʝʣʝʡ. ʉʚʷʟʫʶʱʝʝ ʚ 

ʫʛʣʝʧʣʘʩʪʠʢʝ ʨʘʟʨʫʰʘʝʪʩʷ, ʘ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʦʪʭʦʜʦʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʡ ʪʢʘʥʠ ʤʝʪʦʜʦʤ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ. ʄʘʨʢʠ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. ʇʝʨʝʜ ʭʠʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʦʙʨʘʟʮʳ ʦʪʭʦʜʦʚ ʫʛʣʝʧʣʘʩʪʠʢʘ 

ʙʳʣʠ ʨʘʟʨʝʟʘʥʳ ʥʘ ʙʣʦʢʠ ʨʘʟʤʝʨʘʤʠ 10Ĭ10Ĭ15 ʤʤ. 

2. ɺʟʚʝʰʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ ʩʦʣʴʚʦʣʠʟʘ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʚʳʩʫʰʠʚʘʣʠʩʴ ʜʦ 

ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105 ÁC ʠ ʚʟʚʝʰʠʚʘʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʝʩʘʭ Adventurer AX324, Ohaus (ʜʠʩʢʨʝʪʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ð 0,001 ʛ.). ʈʝʟʫʣʴʪʘʪʳ 

ʚʟʚʝʰʠʚʘʥʠʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʬʠʢʩʠʨʦʚʘʣʠʩʴ. 

3. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʩʦʣʴʚʦʣʠʟʘ 

ɼʣʷ ʨʘʟʣʦʞʝʥʠʷ ʠ ʜʝʩʪʨʫʢʮʠʠ ʩʚʷʟʫʶʱʝʛʦ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʦʣʴʚʦʣʠʟʥʳʝ ʨʘʩʪʚʦʨʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʪʣʠʯʘʶʱʠʤʩʷ 

ʥʘʙʦʨʦʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʩʧʠʨʪʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʥʝʢʦʪʦʨʳʝ 

ʨʘʩʪʚʦʨʳ ʜʦʙʘʚʣʷʣʠʩʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ 

ʩʚʷʟʫʶʱʝʛʦ. 

4. ɺʳʜʝʨʞʢʘ ʦʙʨʘʟʮʦʚ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʆʙʨʘʟʮʳ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʳʡ ʢʠʩʣʦʪʦʩʪʦʡʢʠʡ ʠ ʪʝʨʤʦʩʪʦʡʢʠʡ 

ʨʝʘʢʪʦʨ ʠ ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʩʦʣʴʚʦʣʠʟʥʳʝ ʨʘʩʪʚʦʨʳ. ʈʘʩʪʚʦʨʳ ʩ ʧʦʤʝʱʝʥʥʳʤʠ ʚ ʥʠʭ 

ʦʙʨʘʟʮʘʤʠ ʧʦʜʦʛʨʝʚʘʣʠʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʧʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2ï3 ʯ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɺʝʩʴ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ 

ʚʳʪʷʞʥʦʤ ʰʢʘʬʫ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʘʟʦʚ. 

5. ʇʨʦʤʳʚʢʘ ʠ ʚʳʩʫʰʠʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʚʦʣʦʢʥʘ 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʦʣʴʚʦʣʠʟʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʠʣʴʪʨʦʚʘʣʠ, ʪʝʤ ʩʘʤʳʤ ʦʪʜʝʣʷʷ ʥʝʨʘʩʪʚʦʨʠʤʫʶ ʬʨʘʢʮʠʶ. ʆʙʨʘʟʮʳ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʦʩʪʘʚʰʠʝʩʷ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ 

(ʚʦʣʦʢʥʦ) ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʢʠʩʣʦʪʳ, 

ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʟʘʪʝʤ ʩʫʰʠʣʠ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105 ÁC. 
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ʊʘʙʣʠʮʘ 1. 

ʇʈʀʄɽʈʓ ʆɹʈɸɿʎʆɺ ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ,  

ɺɿʗʊʓʍ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

ʄʘʨʢʘ ʦʙʨʘʟʮʘ ʆʧʠʩʘʥʠʝ ʆʙʨʘʟʝʮ ʫʛʣʝʧʣʘʩʪʠʢʘ 

ʋʊ3ʌ2ʋʄʅ 

ʀʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʝʧʨʝʛʘ ʠʟ 

ʫʛʣʝʨʦʜʥʦʡ ʪʢʘʥʠ ʋʨʘʣïʊ-22ʈïʕʭʦ ʩ 

ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʦʡ 

ʉʌ-010, ʦʪʚʝʨʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʦʩʪʝʧʝʥʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 

150 ÁC ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʤ ʜʘʚʣʝʥʠʠ 

30ï50 ʢʛʩ/̒  ̍
 

ʋʊ-900ʇʄ 

ʀʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʡ 

ʪʢʘʥʠ ʋʊ-900ʇʄ ʩ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʦʡ ʕɼʊ-10ʇ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʚʘʢʫʫʤʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʩ 

ʦʪʚʝʨʞʜʝʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʰʝ 150Á 

 

Porsher 

ʀʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʡ 

ʪʢʘʥʠ Porsher ʩ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ 

ʕɼʊ-10ʇ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʚʘʢʫʫʤʥʦʛʦ 

ʬʦʨʤʦʚʘʥʠʷ ʩ ʦʪʚʝʨʞʜʝʥʠʝʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 150Á 

 

 

6. ʂʦʥʪʨʦʣʴ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʠ ʦʮʝʥʢʘ ʧʦʣʥʦʪʳ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ 

ʇʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚʟʚʝʰʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʫʛʣʝʧʣʘʩʪʠʢʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʥʠʮʳ ʤʘʩʩ ʜʦ ʠ ʧʦʩʣʝ ʩʦʣʴʚʦʣʠʟʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦʪʝʨʷ 

ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʩʪʘʚʳ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʊʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʊʘʙʣʠʮʝ 2, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (90ï150 ÁC) ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʨʘʟʮʳ ʇʂʄ 

ʱʝʣʦʯʝʡ, ʢʠʩʣʦʪ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʢʘʢʠʤ-ʣʠʙʦ ʟʥʘʯʠʤʳʤ 

ʨʘʟʨʫʰʝʥʠʷʤ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ.  
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ʊʘʙʣʠʮʘ 2. 

ʈɽɿʋʃʔʊɸʊʓ ɸʇʈʆɹɸʎʀʀ ʈɸɿʃʀʏʅʓʍ ʈɽɸɻɽʅʊʆɺ ɼʃʗ ʉʆʃʔɺʆʃʀɿɸ 

ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 

ʅʘʟʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ 
ʌʦʨʤʫʣʳ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʨʝʘʛʝʥʪʦʚ 

ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʘ ʇʂʄ 

ʧʦʩʣʝ ʩʦʣʴʚʦʣʠʟʘ 

ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ 

ɻʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ NaOH 

 

ʈʘʟʣʦʞʝʥʠʝ 

ʩʚʷʟʫʶʱʝʛʦ 

ʦʪʩʫʪʩʪʚʫʝʪ 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ H2SO4 

ɸʟʦʪʥʘʷ ʢʠʩʣʦʪʘ HNO3 

ɼʠʭʨʦʤʘʪ ʢʘʣʠʷ K2Cr2O7 

ʆʢʩʠʜ ʭʨʦʤʘ (VI) ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ 
#Ò/ + (./ 

ʊʦʣʫʦʣ C6H5CH3 

ɸʮʝʪʦʥ CH3ïC(O)ïCH3 

ʕʪʠʣʙʝʥʟʦʣ ʉ8ʅ10 

ʊʨʠʵʪʘʥʦʣʘʤʠʥ (C2H4Oʅ)3N 

ʕʪʠʣʦʚʳʡ ʩʧʠʨʪ C2H5OH 

ɼʠʤʝʪʠʣʬʦʨʤʘʤʠʜ CϝHϡNO 

ʈʘʩʪʚʦʨʠʪʝʣʴ ˉ648 

ɻʆʉʊ 18188 (ʉʦʩʪʘʚ: 

ʙʫʪʠʣʘʮʝʪʘʪ, 

ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ, 

ʙʫʪʠʣʦʚʳʡ ʩʧʠʨʪ, 

ʪʦʣʫʦʣ) 

ʉ6ʅ12ʆ2 + C2H5OH + 

ʉ4ʅ9ʆʅ + C6H5CH3 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ, 

ʦʢʩʠʜ ʭʨʦʤʘ (VI) 
(3/ + #Ò/ 

 

ʉʪʝʧʝʥʴ 

ʨʘʟʣʦʞʝʥʠʷ 

ʩʚʷʟʫʶʱʝʛʦ ʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʝʘʛʝʥʪʦʚ, ʚʨʝʤʝʥʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ 

(ʦʙʱʘʷ ʧʦʪʝʨʷ 

ʤʘʩʩʳ 17ï52%) 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ, 

ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ 
H2SO4 + H2O2 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ, 

ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, 

ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ 

H2SO4 + HNO3 + H2O2 

ɸʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, 

ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ 
HNO3 + H2O2 

ɸʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, 

ʦʨʪʦʬʦʩʬʦʨʥʘʷ 

ʢʠʩʣʦʪʘ, ʭʨʦʤʘʪ 

ʢʘʣʠʷ 

(./ + (0/ + ʂ#Ò/ 

 

ɼʦʙʘʚʣʝʥʠʝ ʚ ʨʝʮʝʧʪʫʨʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʡ ʩʨʝʜʳ ʦʢʠʩʣʠʪʝʣʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʣʘʙʣʝʥʠʶ 

ʩʚʷʟʝʡ ʤʦʣʝʢʫʣ ʩʚʷʟʫʶʱʝʛʦ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʩʣʦʝʚ 

ʢʦʤʧʦʟʠʪʘ, ʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʘʪʨʠʮʳ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʶ 

ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʠʟ ʦʙʨʘʟʮʦʚ. ʉʚʷʟʫʶʱʝʝ, ʚʚʠʜʫ ʩʚʦʝʡ ʥʝ ʠʥʝʨʪʥʦʩʪʠ ʢ ʥʝʢʦʪʦʨʳʤ 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʤ ʩʦʩʪʘʚʘʤ, ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʢʮʠʠ ʜʝʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ ʩʚʷʟʝʡ ʠ 

ʨʘʟʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʤʘʢʨʦʤʦʣʝʢʫʣ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʝʪʢʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ 

ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʫʰʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʧʦʣʠʤʝʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʧʝʨʝʭʦʜʫ ʚ ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʨʝʮʝʧʪʫʨʥʳʭ ʩʦʩʪʘʚʘʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʨʦʮʝʩʩ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ çʤʷʛʢʠʭè ʫʩʣʦʚʠʷʭ ð ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʩʦʤʥʝʥʥʳʤ ʧʣʶʩʦʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʠʨʦʣʠʟʘ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʢʠʩʣʦʪ ʠ ʦʢʠʩʣʠʪʝʣʝʡ 
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ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʠʩʣʦʪʦʩʪʦʡʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʦʮʝʥʢʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʦʣʴʚʦʣʠʟʘ ʧʨʠ ʨʘʟʥʳʭ ʧʨʠʤʝʥʷʝʤʳʭ ʨʝʮʝʧʪʫʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʊʘʢ, ʥʝʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʝʘʛʝʥʪʳ ʩʦʜʝʨʞʘʪ ʪʦʢʩʠʯʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʰʝʩʪʠʚʘʣʝʥʪʥʦʛʦ ʭʨʦʤʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʢʘʥʮʝʨʦʛʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʟʜʘʝʪ ʧʨʦʙʣʝʤʫ ʦʙʨʘʱʝʥʠʷ ʩ ʦʙʨʘʟʫʶʱʠʤʠ 

ʚʪʦʨʠʯʥʳʤʠ ʦʪʭʦʜʘʤʠ ʠ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ, ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʦʣʴʚʦʣʠʟʘ ʠ ʧʦʜʙʦʨʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ 

ʨʝʘʛʝʥʪʦʚ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

ɺʳʚʦʜʳ 

1. ʋʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʩʳʨʴʝʤ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʚʣʝʢʘʪʴ 

ʠʟ ʚʳʰʝʜʰʠʭ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʪʦʨʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ 

ʫʪʠʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʚʦʣʦʢʥʘ ʙʳʣ 

ʘʧʨʦʙʠʨʦʚʘʥ ʤʝʪʦʜ ʩʦʣʴʚʦʣʠʟʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʧʦʜʙʦʨ 

ʚʦʟʤʦʞʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʫʩʣʦʚʠʡ. 

2. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʳʷʚʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʇʂʄ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʛʝʥʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʤ ʘʢʪʠʚʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʥʫʶ ʜʝʩʪʨʫʢʮʠʶ ʢʘʢ ʵʧʦʢʩʠʜʥʳʭ, ʪʘʢ ʠ 

ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʩʤʦʣ. 

3. ʇʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʫʛʣʝʧʣʘʩʪʠʢʘ ʠʜʝʪ ʧʦʵʪʘʧʥʦ, ʘ ʠʤʝʥʥʦ, ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʱʝʧʣʝʥʠʝ ʯʘʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʦʙʨʘʟʮʘ. ɿʘʪʝʤ ʧʨʦʪʝʢʘʝʪ 

ʜʝʩʪʨʫʢʮʠʷ ʤʝʞʩʣʦʡʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʚʳʭʦʜʝ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ 

ʫʛʣʝʨʦʜʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ 

ʩʤʦʣʳ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʧʘʜʘ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʝʡ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʥʦʪʘ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʦʣʴʚʦʣʠʟʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʇʂʄ ð ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʠʟʤʝʣʴʯʝʥʠʝ ʫʩʢʦʨʷʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʚʦʣʦʢʥʘ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʪʠʣʠʟʘʮʠʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʤʝʪʦʜʦʤ ʩʦʣʴʚʦʣʠʟʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʚʠʜʝ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʪʘʪʴʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʷ 

çʀʥʠʮʠʘʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʧʨʦʝʢʪʳè, ʢʦʜ ʟʘʷʚʢʠ 5.9729.2017/8.9. 
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ɸʥʥʦʪʘʮʠʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʫʪʠʣʠʟʘʮʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ð ʵʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʠʭ ʟʘʭʦʨʦʥʝʥʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʨʥʫʪʴ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ 

ʦʙʦʨʦʪ ʮʝʥʥʳʝ ʨʝʩʫʨʩʳ ð ʚʦʣʦʢʥʘ ʠ ʜʨʫʛʠʝ ʥʘʧʦʣʥʠʪʝʣʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʫʪʠʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ. ʊʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʠ ʚ ʧʝʯʘʭ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʫʥʠʯʪʦʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ 

ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩ 

ʧʦʣʝʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ 

ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢ, ʛʜʝ ʠʭ ʟʘʭʦʨʦʥʝʥʠʝ ʟʘʧʨʝʱʝʥʦ. ʆʜʥʘʢʦ 

ʧʨʠ ʵʪʦʤ ʪʝʨʷʝʪʩʷ ʮʝʥʥʳʡ ʨʝʩʫʨʩ ð ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʇʦʵʪʦʤʫ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʚʣʝʢʘʪʴ ʚʪʦʨʠʯʥʦʝ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʙʦʣʴʰʠʥʩʪʚʫ ʪʨʝʙʦʚʘʥʠʡ, ʷʚʣʷʝʪʩʷ ʧʠʨʦʣʠʟ, 

ʧʦʵʪʦʤʫ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ð ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

Abstract. From the point of view of rational resource management polymer composites 

treatment is at the same time environmental pollution prevention during their burial and 

the opportunity to recover valuable resources ð fibers and other fillers. This article presents 

an analysis of the various processes of thermal utilization of carbon fiber reinforced composites. 
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Incineration technologies in specialized installations and in cement production kilns allow to get rid 

of the significant amounts of a wide variety of wastes, including polymer composites, with useful 

energy potential, therefore, it is a popular way to solve the problem of such materials in a place 

where their disposal is prohibited. However, in this case valuable resources, like carbon fiber, which 

production is very energyïconsuming, are lost. Therefore, the priority are technologies that allow 

recycled carbon fiber recovery. One of the most widely used methods that meets most requirements 

is pyrolysis; therefore, investigation of optimal conditions for this process is an urgent task for 

research. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ, 

ʫʪʠʣʠʟʘʮʠʷ, ʪʝʨʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ, ʧʠʨʦʣʠʟ. 

 

Keywords: polymer composite material, carbon fiber, utilization, thermal methods of 

utilization, pyrolysis. 

 

ɺʚʝʜʝʥʠʝ 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʩʤʦʣ ʠ ʚʦʣʦʢʦʥ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʟʘʤʝʱʝʥʠʷ ʤʝʪʘʣʣʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʧʦʨʪʠʚʥʳʭ ʪʦʚʘʨʦʚ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʘʣʣʦʚ, ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʘʨʤʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʦʟʠʪʘʤʠ, ʷʚʣʷʝʪʩʷ ʠʭ ʫʪʠʣʠʟʘʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʄʂ) ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ 

ʫʪʠʣʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʧʨʠʥʮʠʧʦʚ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʠ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ. ɿʘʭʦʨʦʥʝʥʠʝ ʇʂʄ ʥʘ ʧʦʣʠʛʦʥʘʭ ʊʂʆ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳʤ 

ʩʧʦʩʦʙʦʤ ʦʙʨʘʱʝʥʠʷ ʩ ʪʘʢʠʤʠ ʦʪʭʦʜʘʤʠ, ʥʦ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʨʠʥʮʠʧʘʤʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʙʝʟʦʪʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʟʜʝʣʠʷ ʠʟ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ (ʫʛʣʝʧʣʘʩʪʠʢʠ) 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ, ʠʭ ʫʪʠʣʠʟʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʪʦʣʴʢʦ 

ʩʝʡʯʘʩ, ʪʘʢ ʢʘʢ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʠʟʜʝʣʠʡ ʦʙʳʯʥʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʝʥ (20ï25 ʣʝʪ). 

ʇʨʦʙʣʝʤʘ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʩʣʫʞʠʚʰʠʤʠ ʩʚʦʡ ʩʨʦʢ ʇʂʄ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʩʫʛʫʙʣʷʪʴʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʪʘʢ ʢʘʢ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʫʜʚʘʠʚʘʶʪʩʷ 

ʢʘʞʜʳʝ 5ï7 ʣʝʪ [2]. ʋʞʝʩʪʦʯʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʪʘʢʞʝ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʪʦʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

ʋʛʣʝʧʣʘʩʪʠʢʠ ð ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʦʛʦ ʦʯʝʥʴ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦ. 

ʇʦʵʪʦʤʫ ʠʟʚʣʝʯʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ð ʦʜʥʦ ʠʟ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ ʪʘʢʠʤʠ ʦʪʭʦʜʘʤʠ. ɺʩʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʫʪʠʣʠʟʘʮʠʠ ʇʂʄ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʫʛʣʝʚʦʣʦʢʥʦʤ, ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʪʨʠ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [2]. ʅʘʣʠʯʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʝʨʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʘʢ ʚʦʟʤʦʞʥʦʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʫʪʠʣʠʟʘʮʠʠ.  

ʄʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ, 

ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʠʟʢʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʧʦʣʫʯʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ. 

ʊʝʨʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʚʝʯʘʶʪ ʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʧʨʠʤʝʥʷʝʤʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 
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ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʪʝʨʤʠʯʝʩʢʦʡ 

ʫʪʠʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʫʛʣʝʚʦʣʦʢʥʦʤ [3, 4]. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʫʪʠʣʠʟʘʮʠʠ 

ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʤʝʪʦʜʦʤ ʧʠʨʦʣʠʟʘ. 

 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʇʂʄ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʦʙʨʘʙʦʪʢʫ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʥʦʛʜʘ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʚʦʣʦʢʦʥ ʠ ʧʦʣʫʯʝʥʠʝʤ ʪʦʧʣʠʚʘ, ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʦʤ ʧʨʦʮʝʩʩʥʦʤ ʠʩʧʦʣʥʝʥʠʝ [5ï15]. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʢʘʪʴ ʚʦʣʦʢʥʘ, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʠʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʅʦ ʥʝ ʚʩʝʛʜʘ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʯʴ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʠʟ 

ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ (ʪʦ ʝʩʪʴ ʤʦʥʦʤʝʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʤʦʣ). ɺ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʫʪʠʣʠʟʘʮʠʠ ʩʤʦʣʘ ʨʘʟʣʘʛʘʝʪʩʷ, ʧʨʝʚʨʘʱʘʷʩʴ, ʚ 

ʦʩʥʦʚʥʦʤ, ʚ ʪʘʢʠʝ ʛʘʟʳ, ʢʘʢ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʚʦʜʦʨʦʜ ʠ ʤʝʪʘʥ, ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʧʝʨʝʭʦʜʠʪ ʚ 

ʤʘʩʣʷʥʠʩʪʫʶ ʬʨʘʢʮʠʶ, ʘ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʚ ʚʠʜʝ ʢʦʢʩʘ ʥʘ ʩʘʤʠʭ ʚʦʣʦʢʥʘʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʠʜʘ ʩʤʦʣ ʧʨʦʮʝʩʩʳ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 450 ÁC ʜʦ 

1000 ÁC. ɹʦʣʝʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʦʣʠʵʬʠʨʥʳʭ ʩʤʦʣ, ʪʦʛʜʘ 

ʢʘʢ ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ ʠʣʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʤʘʪʨʠʮʳ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚ ʧʝʯʘʭ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ 

ʢʦʤʧʦʟʠʪʥʳʝ ʦʪʭʦʜʳ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ɻ ʥʝʨʛʠʶ ʠ ʚ ʩʳʨʴʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʮʝʤʝʥʪʘ 

(ʥʘʧʦʣʥʠʪʝʣʠ ʠ ʚʦʣʦʢʥʘ). 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦʜʝʣʝʥʘ ʥʘ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

ïʉʞʠʛʘʥʠʝ ð ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʇʂʄ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʠʩʣʦʨʦʜʘ (ʧʦʜʘʯʘ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʪʦʨ ð ʥʝ ʤʝʥʝʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ) ʩ ʧʦʣʥʳʤ 

ʧʨʝʚʨʘʱʝʥʠʝ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʝ ʫʛʣʝʨʦʜʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʚ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʵʥʝʨʛʠʠ ʠ/ʠʣʠ ʠʟʚʣʝʯʝʥʠʝʤ ʚʦʣʦʢʥʘ. 

ïʇʠʨʦʣʠʟ ð ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʇʂʄ ʙʝʟ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʩ ʥʝʜʦʩʪʘʪʢʦʤ 

ʢʠʩʣʦʨʦʜʘ (ʧʦʜʘʯʘ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʪʦʨ ð ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ), ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʵʥʝʨʛʠʠ ʠ/ʠʣʠ ʠʟʚʣʝʯʝʥʠʝʤ ʚʦʣʦʢʥʘ. 

ïʇʣʘʟʤʦʭʠʤʠʯʝʩʢʘʷ ʫʪʠʣʠʟʘʮʠʷ. 

ïʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʨʘʟʣʠʯʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʟʚʣʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ 

ʚʪʦʨʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

 

ʉʞʠʛʘʥʠʝ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʦʪʭʦʜʦʚ (ʠʥʩʠʥʝʨʘʪʦʨʘʭ) 

ʉʞʠʛʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʫʥʠʯʪʦʞʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʨʤʠʨʫʶʱʠʝ ʚʦʣʦʢʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʛʣʝʨʦʜʥʳʝ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʩʞʠʛʘʥʠʠ ʇʂʄ ʥʘ ʠʭ 

ʦʩʥʦʚʝ, ʧʨʠ ʵʪʦʤ ʙʝʟʚʦʟʚʨʘʪʥʦ ʪʝʨʷʶʪʩʷ. ʇʦʩʣʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʦʩʪʘʪʦʢ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʟʘʭʦʨʦʥʝʥʠʝ. ʆʜʥʘʢʦ ʝʩʣʠ ʘʨʤʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ, ʪʦ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʠʟ-ʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʢʦʨʦʪʢʠʭ ʚʦʣʦʢʦʥ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. 

 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

54 

 

ʉʞʠʛʘʥʠʝ ʚ ʧʝʯʘʭ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʉʞʠʛʘʥʠʝ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʭʦʜʦʚ ʇʂʄ ʚ ʮʝʤʝʥʪʥʳʭ ʧʝʯʘʭ ʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʜʣʷ ʮʝʤʝʥʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʮʝʤʝʥʪʘ ʤʦʛʫʪ ʩʵʢʦʥʦʤʠʪʴ ʥʘ ʧʦʪʨʝʙʣʝʥʠʠ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʩʳʨʴʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʠ ʜʝʣʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʙʲʝʢʪ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʡ 

ʟʘʚʦʜʘ [8]. 

ʊʝʭʥʦʣʦʛʠʷ ʩʞʠʛʘʥʠʷ ʦʪʭʦʜʦʚ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʚ ʮʝʤʝʥʪʥʳʭ ʧʝʯʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʮʝʤʝʥʪʘ ʠʣʠ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. ʉʳʨʴʝ ʦʙʳʯʥʦ ʧʦʜʘʶʪ ʚ ʧʝʯʴ ʯʝʨʝʟ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʟʘʛʨʫʟʢʠ ʤʘʪʝʨʠʘʣʘ. 

[8]. 

 

ʉʞʠʛʘʥʠʝ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ 

ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ ʇʂʄ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʦʙʨʘʙʦʪʢʠ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ [2, 5]. ɼʣʷ ʵʪʦʛʦ ʦʪʭʦʜʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʟʤʝʣʴʯʘʶʪʩʷ ʠ ʧʦʜʘʶʪʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʧʝʯʴ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ, ʚ ʢʦʪʦʨʦʡ 

ʚʦʟʜʫʭ ʷʚʣʷʝʪʩʷ ʢʠʧʷʱʠʤ ʛʘʟʦʤ. ʄʘʪʨʠʮʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʙʳʩʪʨʦʤʫ ʪʝʨʤʠʯʝʩʢʦʤʫ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ, ʘ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ 

ʠ ʟʘʪʝʤ ʚʳʜʫʚʘʝʪʩʷ ʠʟ ʧʝʯʠ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ. ɼʘʣʝʝ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʦʪʜʝʣʷʝʪʩʷ ʦʪ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʮʠʢʣʦʥʝ ʠ ʠʟʚʣʝʢʘʝʪʩʷ ʚ ʧʨʠʝʤʥʳʡ ʨʝʟʝʨʚʫʘʨ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 1. 

 

 
 

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʞʠʛʘʥʠʷ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ [2]. 

 

 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʩ 

ʭʦʨʦʰʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ [5]. 
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ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʤʦʣ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʜʦʞʠʛʘʶʪʩʷ ʚʦ ʚʪʦʨʠʯʥʦʡ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 1000 ÁC ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʇʨʦʯʥʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʥʘ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʥʘ 25% (ʝʩʣʠ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 550 ÁC) [5]. ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʦʣʦʢʥʘ 

ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ ʧʨʠ ʧʦʚʪʦʨʥʦʤ 

ʧʨʠʤʝʥʝʥʠʠ [5]. 

 

ʇʠʨʦʣʠʟ 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʪʝʨʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʇʂʄ ʷʚʣʷʝʪʩʷ ʧʠʨʦʣʠʟ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʠʩʣʦʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʠʨʦʣʠʟʫ ʇʂʄ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʘ [5]. 

ʇʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʇʂʄ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪʩʷ ʤʘʩʣʦ, ʛʘʟʳ ʠ ʪʚʝʨʜʳʝ ʧʨʦʜʫʢʪʳ (ʚʦʣʦʢʥʘ, 

ʦʩʪʘʪʢʠ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʫʛʦʣʴ). ʅʘ ʚʦʣʦʢʥʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʢʦʢʩʘ, ʪʨʝʙʫʶʱʠʡ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ (ʦʯʠʩʪʢʠ) ʚʦʣʦʢʥʘ ʚ ʧʝʯʠ ʧʨʠ 450 ÁC ʜʣʷ ʝʛʦ ʜʦʞʠʛʘʥʠʷ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʛʣʝʧʣʘʩʪʠʢʦʚ. ʆʜʥʘʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʚʦʣʦʢʦʥ. 

ʇʨʦʮʝʩʩ ʧʠʨʦʣʠʟʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʇʂʄ, ʘʨʤʠʨʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʤ ʚʦʣʦʢʥʦʤ, ʠ ʜʦʩʪʠʛ ʢʦʤʤʝʨʯʝʩʢʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ. 

ʋʩʣʦʚʥʘʷ ʩʭʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʇʂʄ ʚ ʧʠʨʦʣʠʟʥʦʡ ʧʝʯʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ [2]. 

 

ʈʘʟʣʠʯʘʶʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʨʦʣʠʟ (300ï500 ÁC), ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʫʯʘʶʪ ʚʦʣʦʢʥʘ, 

ʤʘʩʣʘ ʠ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ (ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ); 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʨʦʣʠʟ (500ï800 ÁC) ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʦʣʦʢʦʥ, ʤʘʩʝʣ, ʛʘʟʦʚ ʠ ʤʝʥʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚ; ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʨʦʣʠʟ (800ï1500 ÁC), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʦʣʦʢʥʘ ʠ ʧʠʨʦʣʠʟʥʳʝ ʛʘʟʳ (ʚʳʭʦʜ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʠ 

ʥʝʬʪʠ ʥʝʟʥʘʯʠʪʝʣʝʥ) [2]. 

ʆʙʨʘʙʦʪʢʘ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʘʛʫʙʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʝʢʣʦʚʦʣʦʢʥʦ, ʘ ʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʤʝʥʴʰʘʶʪʩʷ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʥʘ 50% ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʮʝʩʩʘ ʨʘʚʥʦʡ 450 ÁC [13]. ʋʯʠʪʳʚʘʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ 
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ʧʝʨʚʠʯʥʦʛʦ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʠ ʪʘʢʫʶ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʪʝʨʶ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚʪʦʨʠʯʥʦʛʦ 

ʩʪʝʢʣʦʚʦʣʦʢʥʘ, ʧʠʨʦʣʠʟ ʜʣʷ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʦʙʳʯʥʦ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʝʥ. 

ʋʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ 

ʧʠʨʦʣʠʟʘ, ʥʦ ʠʟʚʣʝʯʝʥʥʳʝ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʛʨʷʟʥʝʥʳ ʢʦʢʩʦʤ, ʦʩʪʘʶʱʠʤʩʷ ʧʦʩʣʝ 

ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʨʠʮʳ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʭ ʭʦʨʦʰʫʶ ʩʚʷʟʴ ʩ ʥʦʚʦʡ ʩʤʦʣʦʡ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1300 ÁC ʩʚʷʟʫʶʱʝʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʜʘʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʘ 

ʧʦʣʫʯʘʝʤʳʝ ʚʦʣʦʢʥʘ ʦʩʪʘʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʯʠʩʪʳ, ʥʦ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʶʪʩʷ [15]. 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ 

ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʝʥʥʳʭ ʚʦʣʦʢʦʥ, ʘ ʩʘʤʠ ʚʦʣʦʢʥʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʫʩʣʦʚʠʷʤ ʧʠʨʦʣʠʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʪʠʧʘ [12]. ɺ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʧʦʢʩʠʜʥʳʝ 

ʩʤʦʣʳ ʣʝʛʯʝ ʨʘʟʣʘʛʘʶʪʩʷ, ʯʝʤ ʚ ʠʥʝʨʪʥʳʭ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 500ï600 ÁC 

ʚʦʟʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʦʩʪʘʪʢʠ ʩʤʦʣʳ [5]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʠʨʦʣʠʟʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʚʦʣʦʢʦʥ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ ʦʪ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʭʦʨʦʰʘʷ ʘʜʛʝʟʠʷ ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʢ ʧʦʣʫʯʝʥʥʳʤ ʚʪʦʨʠʯʥʳʤ 

ʫʛʣʝʨʦʜʥʳʤ ʚʦʣʦʢʥʘʤ ʠ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʧʨʦʮʝʩʩʘ ʦʪʥʦʩʷʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ ʨʘʙʦʯʝʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ (ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʝ 

ʩʚʷʟʫʶʱʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʣʥʳʤ) ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʠʨʦʣʠʟʥʳʭ ʛʘʟʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʧʘʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [5]. 

ɺ ʦʙʣʘʩʪʠ ʧʠʨʦʣʠʟʘ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷ: ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʧʠʨʦʣʠʟ ʠ ʧʠʨʦʣʠʟ ʩ ʜʦʙʘʚʢʘʤʠ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʚʦʟʤʦʞʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚʳʭʦʜ ʥʝʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʭ ʧʠʨʦʣʠʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʠʨʦʣʠʟʘ ʦʪʥʦʩʠʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʢʩʦʚʘʥʠʷ ʥʘ ʩʪʝʥʢʘʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʫʩʣʦʞʥʝʥʠʝ ʧʨʦʮʝʩʩʘ [5]. ʄʥʦʛʠʝ ʧʨʦʝʢʪʳ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʚʦʢʨʫʛ ʯʘʩʪʠʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʤʦʣʷʥʘʷ ʤʘʪʨʠʮʘ ʩʞʠʛʘʝʪʩʷ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʦʨʦʜʘ. ʋʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʦʭʨʘʥʷʶʪ 90% ʠʣʠ ʙʦʣʝʝ ʩʚʦʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [5, 12]. 

 

ʄʠʢʨʦʚʦʣʥʦʚʳʡ ʧʠʨʦʣʠʟ 

ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʠʨʦʣʠʟʘ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ 

ʢʦʤʧʦʟʠʪʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 2004 ʛʦʜʫ [9]. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʧʷʪʥʘʜʮʘʪʠ ʣʝʪ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʠʨʦʣʠʟʘ 

ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʠ ʩʪʝʢʣʷʥʥʳʭ ʚʦʣʦʢʦʥ [9]. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʠʢʨʦʚʦʣʥ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʥʘʛʨʝʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʚ ʝʛʦ ʩʝʨʜʮʝʚʠʥʝ, 

ʧʦʵʪʦʤʫ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʵʥʝʨʛʠʶ. 

ʆʙʳʯʥʦ, ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʧʠʨʦʣʠʟʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʛʨʝʚʘʶʪʩʷ ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ, ʧʨʠ ʵʪʦʤ ʤʘʪʨʠʮʘ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʟʦʚ ʠ ʤʘʩʣʷʥʠʩʪʦʡ ʬʨʘʢʮʠʠ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 3. ʇʨʠ ʠʟʚʣʝʯʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ 

ʤʝʪʦʜʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʠʨʦʣʠʟʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘʤʝʪʥʦ ʫʭʫʜʰʘʶʪʩʷ. ɺʚʠʜʫ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʦʣʫʯʠʣ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʥʘ 

ʩʝʛʦʜʥʷ ʧʨʝʜʧʦʯʪʝʥʠʷ ʦʪʜʘʶʪ ʜʨʫʛʠʤ ʤʝʪʦʜʘʤ. 
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ʇʣʘʟʤʦʭʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʪʝʨʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ ʇʂʄ ʥʝ ʩʥʠʞʘʝʪʩʷ 

ʠʥʪʝʨʝʩ ʢ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʧʠʨʦʣʠʟ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʦʯʝʥʴ ʮʝʥʥʦʝ ʩʳʨʴʝ ʠʣʠ ʪʨʫʜʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʝ ʬʨʘʢʮʠʠ [15]. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʫʪʠʣʠʟʘʮʠʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

[15]: 

ïʥʠʟʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ð ʫʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʦʥʥʦʛʦ 

ʦʙʲʝʤʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 100 ʢʛ/ʯ ʥʘ ʢʘʞʜʳʡ ʢʫʙʠʯʝʩʢʠʡ ʤʝʪʨ ʨʝʘʢʪʦʨʘ, ʧʦʵʪʦʤʫ ʧʝʯʠ 

ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʠ ʪʨʝʙʫʶʪ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ; 

ïʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ð ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʫʛʣʝʨʦʜʥʦʝ 

ʚʦʣʦʢʥʦ ʪʝʨʷʝʪʩʷ ʚ ʚʠʜʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

 

 
 

 

ʈʠʩʫʥʦʢ 3. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʉɺʏ ʧʠʨʦʣʠʟʘ [10]. 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʘʞʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʧʣʘʟʤʝ, ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʩʘʞʫ, ʧʦʣʫʯʝʥʥʫʶ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ [15]. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʦ ʩʠʭ ʧʦʨ ʝʱʝ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʩʘʞʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʤʘʭ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʝʱʝ ʥʝ ʟʘʚʝʨʰʝʥʳ, ʜʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦ ʢʦʥʮʘ ʥʝ ʧʨʦʨʘʙʦʪʘʥʦ. ʊʘʢ ʯʪʦ ʧʦʢʘ ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʣʴʢʦ ʚ ʧʘʪʝʥʪʥʳʭ ʥʘʫʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʆʜʥʘʢʦ ʫʧʦʤʷʥʫʪʳʝ ʤʝʪʦʜʳ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʚʧʦʣʥʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. 

 

ʉʦʣʴʚʦʣʠʟ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ 

ʅʝʢʦʪʦʨʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʦ ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʪʝʨʤʠʯʝʩʢʠʝ ð ʦʩʥʦʚʥʘʷ ʩʧʝʮʠʬʠʢʘ ʧʨʦʮʝʩʩʘ ʩʦʣʴʚʦʣʠʟʘ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʨʝʘʢʮʠʶ ʦʙʤʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʝʞʜʫ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʧʨʠʜʘʶʱʝʛʦ ʩʨʝʜʝ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʙʣʘʛʦʧʦʣʫʯʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʤʝʪʦʜʦʚ ʩʦʣʴʚʦʣʠʟʘ 

ʟʘʥʠʤʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʜʳ, ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʇʂʄ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʳʭ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʦʩʥʦʚ 

ʜʣʷ ʩʦʣʴʚʦʣʠʟʥʦʛʦ ʨʘʩʪʚʦʨʘ) ð ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʦʙʣʘʜʘʝʪ ʦʪʣʠʯʥʳʤʠ ʨʘʩʪʚʦʨʷʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʜʥʘʢʦ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʪʨʝʙʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ (ʜʣʷ ʚʦʜʳ ð ʙʦʣʝʝ 374 ÁC ʠ 

ʙʦʣʝʝ 22,1 ʄʇʘ), ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʢʦʨʨʦʟʠʠ ʫʩʣʦʚʠʷʤʠ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʩʜʝʨʞʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ (ʩʞʠʛʘʥʠʷ) ʠʣʠ ʫʪʠʣʠʟʘʮʠʠ ʩ ʠʟʚʣʝʯʝʥʠʝʤ 

ʚʪʦʨʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ. 

ɺ ʮʝʣʦʤ, ʧʨʦʮʝʩʩʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʷʶʪ 

ʨʝʰʘʪʴ ʨʘʟʥʳʝ ʟʘʜʘʯʠ. ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʯʝʡ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʫʥʠʯʪʦʞʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʚʦʣʦʢʦʥ ʠ ʠʟ ʨʘʟʥʳʭ ʩʚʷʟʫʶʱʠʭ. ʀʤʝʥʥʦ ʪʘʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ɽʚʨʦʧʝʡʩʢʦʡ 

ʜʠʨʝʢʪʠʚʳ ʦʙ ʦʪʭʦʜʘʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʘʥʛʣ. çDirective 2000/53/EC on End-of-life 

Vehicleè), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ c 2015 ʛʦʜʘ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʩʦʶʟʝ ʥʝ ʤʝʥʝʝ 95% ʤʘʩʩʳ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʫʪʠʣʠʟʠʨʦʚʘʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝ ʤʝʥʝʝ 85% ð ʧʦʚʪʦʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʣʠ ʧʝʨʝʨʘʙʦʪʘʥʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʞʠʛʘʥʠʝ ʇʂʄ ʚ 

ʮʝʤʝʥʪʥʳʭ ʧʝʯʘʭ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʣʝʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʭ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʦʙʞʠʛʘ 

ʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ, ʧʦʵʪʦʤʫ ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʯʠʪʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʚʪʦʨʠʯʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʢʘʢ ʚʪʦʨʠʯʥʳʡ ʨʝʩʫʨʩ 

ʪʝʨʷʝʪʩʷ. 

ʇʠʨʦʣʠʟ, ʥʘʨʷʜʫ ʩ ʩʦʣʴʚʦʣʠʟʦʤ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢ ʢʘʢ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʝʥ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʣʝʛʢʦ ʜʦʩʪʠʞʠʤʳʭ ʫʩʣʦʚʠʷʭ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʘ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʚʪʦʨʠʯʥʦʝ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʘ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʀʟʚʣʝʯʝʥʠʝ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʤʝʪʦʜʦʤ ʧʠʨʦʣʠʟʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʚʚʠʜʫ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʀʟʚʣʝʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʪʝʨʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʥʝʚʦʟʤʦʞʥʦ ʚʚʠʜʫ ʙʣʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚʦʣʦʢʦʥ ʠ ʤʘʪʨʠʮʳ. 

ɼʣ ̫ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʧʠʨʦʣʠʟʘ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʝʥʳ ʜʣʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ 

ʥʘʛʨʝʚʘ ʠ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ʇʨʠ ʙʝʩʢʠʩʣʦʨʦʜʥʦʤ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘ ʩʘʤʠʭ ʚʦʣʦʢʥʘʭ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʯʘʩʪʠʮʳ ʩʘʞʠ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʵʪʠʭ ʚʦʣʦʢʦʥ ʩ ʥʦʚʳʤ ʩʚʷʟʫʶʱʠʤ ʧʨʠ 

ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʩʦʣʴʚʦʣʠʟʘ, ʝʩʣʠ ʚʦʣʦʢʥʦ ʧʦʣʥʦʩʪʴʶ 

ʦʩʚʦʙʦʞʜʝʥʦ ʦʪ ʤʘʪʨʠʮʳ, ʪʘʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʜʛʝʟʠʷ ʚʦʣʦʢʥʘ 

ʙʫʜʝʪ ʣʫʯʰʝ [5]. ʆʜʥʘʢʦ, ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪ, 

ʤʥʦʛʦʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʨʨʝʢʪʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 
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ɺʳʚʦʜʳ 

1. ʇʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʫʪʠʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʫʛʣʝʚʦʣʦʢʥʦʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʨʝʜʦʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʜʨʫʛʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ. 

2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʝʪʦʜ ʧʠʨʦʣʠʟʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʪʘʢ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ 

ʚʪʦʨʠʯʥʦʝ ʫʛʣʝʨʦʜʥʦʝ ʚʦʣʦʢʥʦ ʩ ʥʝʙʦʣʴʰʦʡ ʧʦʪʝʨʝʡ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʝʨʚʠʯʥʳʤ ʚʦʣʦʢʥʦʤ ʠ ʧʨʠ ʵʪʦʤ ʦʪʣʠʯʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ çʤʷʛʢʠʤʠè ʫʩʣʦʚʠʷʤʠ ʧʨʦʮʝʩʩʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʧʨʠʝʤʣʝʤʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

3. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʫʪʠʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʶʯʘʪʩʷ ʚ ʧʦʜʙʦʨʝ ʠ ʦʙʦʩʥʦʚʘʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʠ ʧʠʨʦʣʠʟʘ ʇʂʄ. 

 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʪʘʪʴʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʷ 

çʀʥʠʮʠʘʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʧʨʦʝʢʪʳè, ʢʦʜ ʟʘʷʚʢʠ 5.9729.2017/8.9. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ Coïʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ (HPS) ʚ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʨʝʜʝ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʥïʛʝʢʩʘʥʘ. ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʫʪʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ Coïʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʚ ʧʦʨʳ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʚ ʩʨʝʜʝ ʧʝʨʝʛʨʝʪʦʡ ʚʦʜʳ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʥïʛʝʢʩʘʥʘ ʩ ʚʳʭʦʜʦʤ C16ïC17 ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʳʰʝ 85% ʧʨʠ 100% 

ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ ʧʨʠ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʠʟʙʝʞʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʂʨʦʤʝ ʪʦʛʦ, Coïʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

 

Abstract. In this paper, the effect of the ʉoïcontaining catalyst based on hypercrosslinked 

polystyrene (HPS) in the deoxygenation of stearic acid in supercritical nïhexane was studied. 

The catalyst was synthesized by hydrothermal impregnation of the Co particles into the pores of 

the polymer matrix in the medium of superheated water. High efficiency of the catalyst in 

the deoxygenation of stearic acid in supercritical nïhexane was shown. The use of the catalyst 

allows obtaining the yield of C16ïC17 hydrocarbons above 85% at 100% substrate conversion. 

The use of supercritical fluids during deoxygenation avoids energy loss and also avoids the use of 

gaseous hydrogen, which ensures the cost of the process. In addition, Coïcontaining catalyst is 

more preferable from an economic point of view in comparison with catalysts based on noble 

metals. 
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ɺʚʝʜʝʥʠʝ 

ʂʦʥʚʝʨʩʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ ʞʠʨʦʚ ʚ ʙʠʦʪʦʧʣʠʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʧʨʦʜʫʢʪ ʩʯʠʪʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʠʩʢʦʧʘʝʤʳʤ ʚʠʜʘʤ ʠʟ-ʟʘ ʝʛʦ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ, 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʠ ʠ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʠ ʩʝʨʳ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʨʠʛʣʠʮʝʨʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʤʘʩʣʘʭ ʠ ʞʠʨʘʭ, ʚ ʙʠʦʪʦʧʣʠʚʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʘ: (I) ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ [1ï3]; (II) ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ [1, 

4ï5]. 

ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʦʩʪʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʝʡ, ʠ FAME ʷʚʣʷʝʪʩʷ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʙʠʦʪʦʧʣʠʚʘ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. ʅʘʧʨʠʤʝʨ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʠʱʝʚʳʭ ʠ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʝʣ ʥʝʧʨʠʝʤʣʝʤʦ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ [3, 6]. 

ʇʨʦʮʝʩʩ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʠʟʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʩʳʨʴʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʜʘʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʠʟ ʤʦʣʝʢʫʣ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ 

ʜʦʚʦʣʴʥʦ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ (ʦʪ 5 ʜʦ 100 ʦʙ.%) [1, 4ï5, 7ï8], ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʵʢʦʥʦʤʠʯʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ. 

ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʦʝ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʧʨʦʮʝʩʩʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ ʧʨʠ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʥʠʞʝʥʠʶ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ɹʦʣʝʝ ʪʦʛʦ, ʩʦʝʜʠʥʝʥʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʩʧʠʨʪʳ ʠ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʦʥʦʨʘʤʠ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ [9ï11]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʥʝ ʪʨʝʙʫʝʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʝ, ʥïʛʝʢʩʘʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʜʣʷ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʨʘʟʫʝʪ ʛʦʤʦʛʝʥʥʫʶ ʬʘʟʫ ʩ ʤʘʩʣʦʤ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʢ ʚʳʩʦʢʫʶ ʢʦʥʚʝʨʩʠʶ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʪʘʢ ʠ 

ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ [12ï13]. ɹʦʣʝʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʥïʛʝʢʩʘʥʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩʳ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʚʳʙʨʘʥʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʝʘʢʪʦʨʥʦʡ ʩʠʩʪʝʤʝ Parr Series 5000 ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʥï

ʛʝʢʩʘʥʝ (Tc = 234,5 ÁC, Pc = 3,02 ʄʇʘ). ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʥïʛʝʢʩʘʥʝ ð 0,2 ʤʦʣʴ/ʣ, ʤʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ð 0,05 ʛ, ʪʝʤʧʝʨʘʪʫʨʘ ð 

250ÁC, ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ ð 3,0 ʄʇʘ, ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ð 6,8 ʄʇʘ. ɸʥʘʣʠʟ ʞʠʜʢʦʡ ʬʘʟʳ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ GCMS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ GC-2010 ʠ ʤʘʩʩï

ʩʧʝʢʪʨʦʤʝʪʨʘ GCMSïQP2010S. 10%Co/ʉʇʉ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʠʥʪʝʟ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʣʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʮʝʜʫʨʦʡ, 

ʦʧʠʩʘʥʥʦʡ ʚ [14], ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʘʪʘ ʢʦʙʘʣʴʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʤʝʪʘʣʣʘ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚʦʜʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʧʨʠ 300 ÁC.  

http://www.bulletennauki.com/
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʩʪʝʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʨʘʚʥʠʚʘʣʠ ʩ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝʤ ʚ ʩʨʝʜʝ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ð ʥïʜʦʜʝʢʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ÁC ʠ ʛʘʟʦʚʦʡ ʘʪʤʦʩʬʝʨʦʡ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ 90 ʦʙ. % ʘʟʦʪʘ ʠ 10 ʦʙ. % ʚʦʜʦʨʦʜʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,6 ʄʇʘ (ʈʠʩʫʥʦʢ1). 

ʊʠʧʠʯʥʳʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʪʝʨʘʪʫʨʦʡ [7ï8]. 

ɺʨʝʤʷ, ʤʠʥ
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ʈʠʩʫʥʦʢ 1. ʉʨʘʚʥʝʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ. 

 

ʀʟ ʈʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 60 ʤʠʥ. ɺ 

ʩʣʫʯʘʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ, ʚʩʝʛʦ 3,5 ʤʘʩ. % ʢʦʥʚʝʨʩʠʠ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʚ 

ʪʝʯʝʥʠʝ 60 ʤʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʩʫʙʩʪʨʘʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝʤ ʚ ʦʙʳʯʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. 

ɸʥʘʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʦʩʥʦʚʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʥïʛʝʧʪʘʜʝʢʘʥ. ɺ ʩʣʫʯʘʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʉ10ïʉ17 ʫʛʣʝʚʦʜʦʨʦʜʳ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʧʨʦʮʝʩʩ 

ʧʨʦʚʦʜʠʣʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ ʣʝʛʢʠʭ C10ïC12ïʫʛʣʝʚʦʜʦʨʦʜʦʚ 

(ʦʢʦʣʦ 80 ʤʘʩ. %), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʨʝʘʢʮʠʡ ʢʨʝʢʠʥʛʘ. 

ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʈʠʩʫʥʢʝ 2. ʇʨʠʩʫʪʩʪʚʠʝ 10%Co/ʉʇʉ ʢʘʪʘʣʠʟʘʪʦʨʘ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ 

ʩʫʙʩʪʨʘʪʘ ʩ 60 ʤʠʥ ʜʣʷ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦ 45 ʤʠʥ. ʈʘʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʨʠ 20, 40 ʠ 80 ʤʘʩ. % ʢʦʥʚʝʨʩʠʠ (ʊʘʙʣʠʮʘ) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 10%Co/ʉʇʉ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʢʦʥʚʝʨʩʠʠ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʧʝʨʚʦʤʫ ʧʦʨʷʜʢʫ ʨʝʘʢʮʠʠ, ʪʘʢʞʝ ʢʘʢ ʜʣʷ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʝ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ. 

 

ʊʘʙʣʠʮʘ. 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʉʑïʉʆɼɽʈɾɸʑɽɻʆ ʂɸʊɸʃʀɿɸʊʆʈɸ  

ɺ ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʆʄ ɼɽʆʂʉʀɻɽʅʀʈʆɺɸʅʀʀ 

 

 ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ W [ʤʦʣʴʩʫʙĀʤʦʣʴʢʘʪ
ī1
Āʤʠʥ

ī1
]  

W20% W40% W80% 

ʅʝʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 0,0016 0,0021 0,003 

10%Co/HPS 1,09 1,29 1,51 

 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ʅʘ ʈʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʩʪʘʚ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʠ 100% ʢʦʥʚʝʨʩʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ.  
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ʈʠʩʫʥʦʢ 3. ʉʦʩʪʘʚ ʞʠʜʢʦʡ ʬʘʟʳ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ. 

ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Coïʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥïʛʝʧʪʘʜʝʢʘʥʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 
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ʚʳʭʦʜ ʥïʛʝʧʪʘʜʝʢʘʥʘ ʧʨʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 87,4 ʤʘʩ. %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʘʣʠʟʘʪʦʨ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʛʝʢʩʘʥʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʛʝʢʩʘʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ʂʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʥïʛʝʢʩʘʥʘ ʩ ʚʳʭʦʜʦʤ 

C16ïC17 ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʳʰʝ 85% ʧʨʠ 100%-ʥʦʡ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ. ɹʳʣʘ ʧʦʢʘʟʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʠʦʤʘʩʩʳ ʚ ʞʠʜʢʦʝ ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 17-79-10089). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʠʥʪʝʟïʛʘʟʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 100ï300 ÁC ʠ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 1,0ï5,0 ʄʇʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥïʜʦʜʝʢʘʥ, ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ 

ʞʠʜʢʦʬʘʟʥʦʤ ʩʠʥʪʝʟʝ ʌʠʰʝʨʘïʊʨʦʧʰʘ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʙʩʦʨʙʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʢʦʥʩʪʘʥʪʘ ɻʝʥʨʠ, ʵʥʪʘʣʴʧʠʷ 

ʘʙʩʦʨʙʮʠʠ ʠ ʢʘʞʫʱʘʷʩʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʘʙʩʦʨʙʮʠʠ. ʌʘʟʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʉʦʘʚʝïʈʝʜʣʠʭʘïʂʚʦʥʛʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʫʙʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʉʈʂ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʜʣʷ ʞʠʜʢʦʬʘʟʥʦʛʦ ʧʨʦʮʝʩʩʘ ʌʠʰʝʨʘïʊʨʦʧʰʘ. 

ʇʨʠʤʝʥʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʚʘʨʴʠʨʦʚʘʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʩʠʥʪʝʟʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʩʠʥʪʝʟïʛʘʟʘ ʥʘ ʢʦʙʘʣʴʪʦʚʦʤ 

ʢʘʪʘʣʠʟʘʪʦʨʝ, ʥʘʥʝʩʝʥʥʦʤ ʥʘ ʦʢʩʠʜ ʢʨʝʤʥʠʷ. 

 

Abstract. In the work, the measurement of the solubility of synthesis gas was carried out in 

the temperature range of 100ï300 ÁC and pressure range of 1.0ï5.0 MPa. nïdodecane was used as 

a solvent, as it is one of the most frequently used solvents in the liquidïphase FischerïTropsch 

synthesis. Based on the results obtained in the work, thermodynamic parameters of absorption were 

calculated, such as the Henry constant, absorption enthalpy and apparent activation energy of 

absorption. The phase equilibrium was calculated using the SoaveïRedlichïKwong cubic equation 
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of state. It was shown that the SRK cubic equation of state can be used to predict the optimal 

process conditions for the liquidïphase FischerïTropsch process. The applicability of the data was 

confirmed by experiments on the variation of temperature and pressure in the synthesis of 

hydrocarbons from synthesis gas on a cobalt catalyst supported on silica. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʪʝʟ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʩʠʥʪʝʟ-ʛʘʟ, ʫʨʘʚʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ. 

 

Keywords: Fischer-Tropsch synthesis, solubility, synthesis gas, equation of state. 

 

ɺʚʝʜʝʥʠʝ 

ʍʠʤʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʞʠʜʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʦʧʣʠʚ ʠ ʮʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʉʠʥʪʝʟ ʛʘʟ, 

ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʨʝʘʢʮʠʷʭ ʉ1ïʭʠʤʠʠ, ʠʛʨʘʝʪ ʨʦʣʴ ʨʝʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʴʶ 

ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʘʪʘʣʠʟʘʪʦʨʘ [1ï2]. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʥʪʝʟïʛʘʟ, ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʬʘʟʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʘʩʩʦʦʙʤʝʥ ʛʘʟ ð ʞʠʜʢʦʩʪʴ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʞʠʜʢʦʬʘʟʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʩʠʥʪʝʟïʛʘʟʘ [3ï6]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʞʠʜʢʦʬʘʟʥʳʡ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ ʩʪʝʧʝʥʴ 

ʢʦʥʚʝʨʩʠʠ ʉʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʛʘʟʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ, ʦʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ [5ï6]. ʂʨʦʤʝ ʪʦʛʦ, ʞʠʜʢʦʬʘʟʥʳʡ ʩʠʥʪʝʟ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ 

ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʠ ʧʨʦʩʪʦʡ ʜʠʟʘʡʥ ʨʝʘʢʪʦʨʘ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʞʠʜʢʦʬʘʟʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʪʝʭʥʦʣʦʛʠʝʡ, ʪʨʝʙʫʝʪʩʷ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʛʘʟʦʚ ʚ ʞʠʜʢʠʭ ʩʨʝʜʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʦ ʩʢʦʨʦʩʪʠ ʚ ʨʝʘʢʮʠʷʭ ʛʘʟïʞʠʜʢʦʩʪʴ, ʛʘʟï

ʞʠʜʢʦʩʪʴïʞʠʜʢʦʩʪʴ ʠ ʛʘʟïʞʠʜʢʦʩʪʴïʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʠ ʨʘʚʥʦʚʝʩʠʠ ʜʣʷ ʅ2 ʠ ʉʆ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʠ 

[7]. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʩʠʥʪʝʟïʛʘʟʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʫʩʣʦʚʠʡ 

ʧʨʦʮʝʩʩʘ, ʪ. ʝ. ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʉʆ ʠ 

ʅ2 [8ï13]. ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʦʙ ʘʙʩʦʨʙʮʠʠ ʩʠʥʪʝʟïʛʘʟʘ ʚ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʘʟʘ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʜʘʚʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʉʆ ʠ ʅ2 ʚ ʫʩʣʦʚʠʷʭ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʌʠʰʝʨʘïʊʨʦʧʰʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (99,99%), ʚʦʜʦʨʦʜ (99,99%), ʥïʜʦʜʝʢʘʥ 

(ʭ. ʯ.). ʉʠʥʪʝʟïʛʘʟ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ʉʆ ʠ ʅ2 ʩ ʦʙʲʝʤʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 1:6. 

ɸʙʩʦʨʙʮʠʷ ʛʘʟʦʚ ʠʟʫʯʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 100ï300 ÁC ʠ ʜʘʚʣʝʥʠʡ 1,0ï5,0 ʄʇʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʪʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ Parr-4307 (Parr Instrument). ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʮʳ ʞʠʜʢʦʡ ʬʘʟʳ ʦʪʙʠʨʘʣʠʩʴ ʚ ʙʶʨʝʪʢʫ. ʆʙʲʝʤ 

ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ ʠʟʤʝʨʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʵʚʜʠʦʤʝʪʨʘ. ʇʦʩʣʝ ʜʝʩʦʨʙʮʠʠ ʛʘʟʘ ʠʟʤʝʨʷʣʘʩʴ 

ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ. ɿʥʘʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 1.  
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)(

)(

ʬʘʟʳʞʠʜʢʦʡm

ʛʘʟʘʘʥʥʦʛʦʜʝʩʦʨʙʠʨʦʚm
S=  

(1) 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʦʙʨʘʟʮʳ ʛʘʟʘ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʵʚʜʠʦʤʝʪʨʘ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ Kristallux 4000 (MetaïChrom) ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ. 

ʌʘʟʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʉʦʘʚʝïʈʝʜʣʠʭʘïʂʚʦʥʛʘ (ʉʈʂ). ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʞʠʤʘʝʤʦʩʪʠ ʢʘʢ 

ʜʣʷ ʛʘʟʦʚʦʡ, ʪʘʢ ʠ ʜʣʷ ʞʠʜʢʦʡ ʬʘʟʳ. ʅʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʞʠʤʘʝʤʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʫʨʘʚʥʝʥʠʷ ʉʈʂ ʚʳʯʠʩʣʷʣʘʩʴ ʣʝʪʫʯʝʩʪʴ. ʂʦʥʩʪʘʥʪʘ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʢʘʢ 

ʜʦʣʷ ʣʝʪʫʯʝʩʪʠ ʛʘʟʘ ʜʣʷ ʞʠʜʢʦʡ ʠ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʂʨʦʤʝ ʢʦʥʩʪʘʥʪʳ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʦʥʩʪʘʥʪʘ ɻʝʥʨʠ, 

ʵʥʪʘʣʴʧʠʷ ʘʙʩʦʨʙʮʠʠ ʠ ʢʘʞʫʱʘʷʩʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʘʙʩʦʨʙʮʠʠ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʌʠʰʝʨʘï

ʊʨʦʧʰʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ, ʦʧʠʩʘʥʥʦʡ ʚ [14]. ʂʦʙʘʣʴʪ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ 

ʦʢʩʠʜ ʢʨʝʤʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ [15], ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 150ï225 ÁC ʠ ʜʘʚʣʝʥʠʡ 1,0ï3,0 ʄʇʘ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʉʆ ʠ ʚʦʜʦʨʦʜʘ 

(ʈʠʩʫʥʦʢ 1) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʘʟʦʚ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʙʦʠʭ ʛʘʟʦʚ ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʙʳʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

ʘʙʩʦʨʙʮʠʠ ʛʘʟʦʚ ʚ ʥʝʧʦʣʷʨʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʜʦʜʝʢʘʥʝ. ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ 

ʘʙʩʦʨʙʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʘʟʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʝʜʝʪ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ 

ʨʦʩʪʫ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʘʟʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʈʠʩʫʥʦʢ 2). ʊʘʢʞʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ 

ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʣʷ ʦʙʦʠʭ ʛʘʟʦʚ.  
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʉʆ (ʘ) ʠ ʅ2 (b) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

a b 
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʉʆ (ʘ) ʠ ʅ2 (b) ʦʪ ʜʘʚʣʝʥʠʷ. 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʛʠʧʦʪʝʟʳ ʦ ʤʝʭʘʥʠʟʤʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʘʙʩʦʨʙʮʠʠ ʛʘʟʦʚ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʩʤʝʩʠ ʛʘʟʦʚ ʉʆ ʠ ʅ2 (1:6 ʦʙ.), ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʥʪʝʟïʛʘʟʫ (ʈʠʩʫʥʦʢ 3).  
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʉʆ ʠ ʅ2 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʘ) ʠ ʜʘʚʣʝʥʠʷ (b) ʜʣʷ ʩʤʝʩʠ 

ʛʘʟʦʚ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʚʠʜ ʜʣʷ ʦʙʦʠʭ ʛʘʟʦʚ, ʦʜʥʘʢʦ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʜʦʨʦʜʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʜʦʙʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʠʤ ʩʨʦʜʩʪʚʦʤ ʉʆ ʢ ʨʘʩʪʚʦʨʠʪʝʣʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅ2. ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 Üʉ ʠ ʜʘʚʣʝʥʠʠ 2,0 ʄʇʘ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʉʆ:ʅ2 ʨʘʚʥʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ 1:2. ʈʘʩʯʝʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʛʘʟʦʚ ʚ ʜʦʜʝʢʘʥʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

(ʊʘʙʣʠʮʘ) ʧʦʜʪʚʝʨʜʠʣ ʛʠʧʦʪʝʟʫ ʦ ʤʝʭʘʥʠʟʤʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʘʙʩʦʨʙʮʠʠ ʛʘʟʦʚ.  
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ʊʘʙʣʠʮʘ.  

ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʇɸʈɸʄɽʊʈʓ ɸɹʉʆʈɹʎʀʀ ɻɸɿʆɺ ɺ ɼʆɼɽʂɸʅɽ 

 

ʇʘʨʘʤʝʪʨ 
ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ɻʘʟʦʚʘʷ ʩʤʝʩʴ 

CO H2 CO H2 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʘʙʩʦʨʙʮʠʠ, 

ʢɼʞ/ʤʦʣʴ 

13,8Ñ0,2 54,6Ñ0,6 3,8Ñ0,2 8,1Ñ0,2 

ʕʥʪʘʣʴʧʠʷ ʘʙʩʦʨʙʮʠʠ, ʢɼʞ/ʤʦʣʴ +13,6Ñ0,4 ī4,4Ñ0,3 ī2,9Ñ0,3 ī7,2Ñ0,2 

ʂʦʥʩʪʘʥʪʘ ɻʝʥʨʠ, ʄʇʘ 0,9Ñ0,2 0,9Ñ0,2 5,1Ñ0,2 5,2Ñ0,2 

 

ʈʘʩʯʝʪ ʢʦʥʩʪʘʥʪ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʉʈʂ ʧʦʟʚʦʣʠʣ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʥʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʝ 

ʨʘʚʥʦʚʝʩʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 4. ʆʙʣʘʩʪʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʧʦʢʘʟʳʚʘʶʪ ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʩʣʦʚʠʷ 

ʧʨʦʮʝʩʩʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʫʙʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʉʈʂ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʜʣʷ ʞʠʜʢʦʬʘʟʥʳʭ 

ʨʝʘʢʮʠʡ ʌʠʰʝʨʘïʊʨʦʧʰʘ. 

 

 

 

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʉʆ ʚ 

ʞʠʜʢʦʬʘʟʥʦʤ ʩʠʥʪʝʟʝ ʌʠʰʝʨʘïʊʨʦʧʰʘ (ʈʠʩʫʥʦʢ 5) ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ 

ʢʦʥʚʝʨʩʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ÁC ʠ ʜʘʚʣʝʥʠʠ 2,0 ʄʇʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʉ5ïʉ7 ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
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ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʉʆ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʘ) ʠ ʜʘʚʣʝʥʠʷ (b). 

 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʥʝʧʦʣʷʨʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʥïʜʦʜʝʢʘʥʝ). ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʢʦʥʩʪʘʥʪʘ ɻʝʥʨʠ, ʵʥʪʘʣʴʧʠʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʦʛʣʦʱʝʥʠʷ. ʇʨʝʜʣʦʞʝʥ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʛʣʦʱʝʥʠʷ ʩʠʥʪʝʟïʛʘʟʘ ʚ ʥïʜʦʜʝʢʘʥʝ. ʈʘʩʯʝʪ ʢʦʥʩʪʘʥʪʳ ʬʘʟʦʚʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʉʈʂ. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ ʉʈʂ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʜʣʷ ʞʠʜʢʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʌʠʰʝʨʘïʊʨʦʧʰʘ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 17-08-00609). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʭʠʟʣʝʚʫʜʠʪʘ. ʀʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ 

ʥʠʢʝʣʷ, ʧʝʨʝʰʝʜʰʝʛʦ ʚ ʨʘʩʪʚʦʨ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ. ɺʳʷʚʣʝʥʦ 

ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʫʜʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ ʫʜʝʣʴʥʳʝ 

ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ Ni2S3 ʚ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʀʟ ʠʟʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʙʳʣ ʚʳʙʨʘʥ ʜʠʘʧʘʟʦʥ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

 

Abstract. The paper presents the results of research of influence of nitric acid concentration on 

the dissolution rate heazlewoodite. The dependence of the amount of Nickel transferred to 

the solution on the time of the dissolution process was studied. The absence of time influence on 

the specific dissolution rate was revealed. Specific dissolution rates of Ni2S3 in wide concentration 

ranges were investigated. From the studied dependence was chosen a range to build a mathematical 

model of the influencing factors. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʠʟʣʝʚʫʜʠʪ, ʩʫʣʴʬʠʜ ʥʠʢʝʣʷ, ʢʠʥʝʪʠʢʘ ʨʘʩʪʚʦʨʝʥʠʷ, ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʩʪʚʦʨʝʥʠʷ. 

 

Keywords: heazlewoodite, nickel sulfides, dissolution kinetics, specific rate of dissolution. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʨʫʜ, ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ 

ʦʪʭʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʚʩʝʩʪʦʨʦʥʥʝʤ ʠʟʫʯʝʥʠʠ ʢʠʥʝʪʠʢʠ ʠ 

ʤʝʭʘʥʠʟʤʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʭʠʟʣʝʚʫʜʠʪʘ ʦʪ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ. ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʚʣʠʷʝʪ ʧʨʠʨʦʜʘ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʭʠʟʣʝʚʫʜʠʪʘ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ [1]. 

ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʥʠʢʝʣʷ c ɻ ʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʦʡ ʚ 

ʚʘʢʫʫʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʧʦʣʫʯʘʶʪ ʩʬʝʨʠʯʝʩʢʠʝ ʛʨʘʥʫʣʳ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʨʘʩʪʠʨʘʶʪʩʷ ʚ 

ʧʦʨʦʰʦʢ ʠ ʧʨʝʩʩʫʶʪʩʷ ʩ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʦʡ ʚ ʚʠʜʝ ʪʘʙʣʝʪʢʠ ʩ ʪʦʯʥʦ ʠʟʚʝʩʪʥʦʡ 

ʧʣʦʱʘʜʴʶ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʧʨʦʚʦʜʠʣʦʩʴ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʠʢʝʣʷ ʩ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʦʤ, ʩ 

ʜʘʣʴʥʝʡʰʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʤʝʪʦʜʦʤ ʬʦʪʦʤʝʪʨʠʠ ʧʨʠ 390ï

430 ʥʤ. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ ʩ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʦʤ ʧʨʦʪʝʢʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʘ ʩʘʤ 

ʢʦʤʧʣʝʢʩ ʩʪʘʙʠʣʴʥʳʡ ʚ hʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ pH ð ʦʪ 7,5 ʜʦ 9,0. ʅʫʞʥʳʝ ʟʥʘʯʝʥʠʷ 

pH ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʧʦʨʮʠʡ ʙʠʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʢ ʩʣʘʙʦʤʫ ʢʠʩʣʦʤʫ 

ʠʩʭʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʨʘʩʪʚʦʨʝʥʠʷ ʭʠʟʣʝʚʫʜʠʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ [2]. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ 

ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʨʝʘʛʝʥʪʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʷʝʤʦʛʦ ʤʠʥʝʨʘʣʘ [3]. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʠʟʣʝʚʫʜʠʪʘ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 1. ʆʙʱʝʝ ʚʨʝʤʷ ʨʘʩʪʚʦʨʝʥʠʷ (Ű, 

ʩʝʢ) ʭʠʟʣʝʚʫʜʠʪʘ ʩʦʩʪʘʚʠʣʦ 6000 ʩʝʢʫʥʜ, ʦʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʢʘʞʜʳʝ 20 ʤʠʥʫʪ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ (ʊ) 298 Áʂ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ 1,6 ʩ
ī1
, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʠʣʘ = 0,03 ʤʦʣʴĿɻ ʢʚ/ʣ. ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ 

(W, ʤʦʣʴ Ŀ ʜʤ
ī2
Ŀʩ
ī1
) ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʠʣʘ 1,579Ŀ10

ī6
 ʤʦʣʴĿʜʤ

ī2
Ŀʩ
ī1
. ʀʟ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʨʘʩʪʚʦʨ ʥʠʢʝʣʷ (Q, 

ʤʦʣʴ/ʩʤ
2
) ʦʪ ʚʨʝʤʝʥʠ. ʇʦʩʢʦʣʴʢʫ ʜʣʠʪʝʣʴʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ 

ʧʨʦʮʝʩʩʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʭʠʟʣʝʚʫʜʠʪʘ ʥʝ 

ʦʙʨʘʟʫʶʪʩʷ ʪʚʝʨʜʳʝ ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʨʫʰʘʝʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ, ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʪʘʪʢʘʤʠ ʜʠʩʧʝʨʩʥʦʛʦ Ni3S2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʠʩʢʘ ʧʦʩʣʝ ʝʛʦ ʰʣʠʬʦʚʘʥʠʷ ʧʝʨʝʜ ʨʘʩʪʚʦʨʝʥʠʝʤ. ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʥʘʙʣʶʜʘʣʦʩʴ ʤʦʥʦʪʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʥʠʢʝʣʷ ʚ 

ʨʘʩʪʚʦʨʝ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ [4ï5]. 

 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʥʠʢʝʣʷ, ʧʝʨʝʰʝʜʰʝʛʦ ʚ ʨʘʩʪʚʦʨ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʠ ʉ (HNO3) = 0,03 ʤʦʣʴĿʵʢʚ/ʣ, ʊ = 298 Áʂ ʠ ɤ = 1,6 ʩ
ī1

. 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʨʘʩʪʚʦʨʝʥʠʝ ʭʠʟʣʝʚʫʜʠʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. 

ʋʜʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ. ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ: ʊ = 

298 
ʦ
ʂ ʠ ɤ = 10 ʩ

ī1
. 
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ʊʘʙʣʠʮʘ. 

ʋʉʃʆɺʀʗ ʀ ʈɽɿʋʃʔʊɸʊʓ ʆʇʓʊʆɺ  

ʇʆ ʀɿʋʏɽʅʀʖ ɿɸɺʀʉʀʄʆʉʊʀ ʉʂʆʈʆʉʊʀ ʈɽɸʂʎʀʀ ʆʊ ʂʆʅʎɽʅʊʈɸʎʀʀ ʂʀʉʃʆʊʓ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ Ni
2+

, ʉ, ʛĀʵʢʚ /ʣ 
ʋʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ, W Ā 10

ī6
, 

ʤʦʣʴ Ā ʩʤ
ī2
Āʩ
ī1

 

0,003 1,168 

0,01 1,239 

0,03 1,502 

0,05 2,008 

0,2 3,250 

1 3,999 

2 4,663 

 

ʅʘ ʈʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ. 

ɿʜʝʩʴ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʦʙʣʘʩʪʴ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʭʠʟʣʝʚʫʜʠʪʘ ʧʨʠ ʉ(HNO3) < 0,2 ʛĿɻ ʢʚ/ʣ, ʛʜʝ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʫʚʝʣʠʯʠʣʘʩʴ ʚ 2,8 ʨʘʟ; ʠ ʦʙʣʘʩʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʉ(HNO3) > 

0,2 ʛĿɻ ʢʚ/ʣ, ʛʜʝ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 1,4 ʨʘʟʘ. 

 

 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. 

 

ʀʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʥʠʢʝʣʷ, ʧʝʨʝʰʝʜʰʝʛʦ ʚ ʨʘʩʪʚʦʨ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. ʈʘʩʪʚʦʨʝʥʠʝ ʭʠʟʣʝʚʫʜʠʪʘ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʧʨʦʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ. ʀʩʩʣʝʜʦʚʘʥʳ ʫʜʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ Ni2S3 ʚ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ʀʟ ʠʟʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣ ʚʳʙʨʘʥ ʜʠʘʧʘʟʦʥ ʬʘʢʪʦʨʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʪ ʚʣʠʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʭʠʟʣʝʚʫʜʠʪʘ ʚʳʙʨʘʥ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʦʪ 0,003 ʛĿɻ ʢʚ/ʣ ʜʦ 

0,03 ʛĿɻ ʢʚ/ʣ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 273 Áʂ ʜʦ 323
 
Áʂ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʦʪ 1,6 ʩ

ī1
 ʜʦ 10 

ʩ
ī1
. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʠʦʮʠʘʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʀʟʫʯʝʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʚ ʨʦʜʘʥʠʜʝ ʢʘʣʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʷ ð 

ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ. ʀʟʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ (W, 

ʤʦʣʴ/ʩʤ
2
 ʩ) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʦʮʠʘʥʘʪʘ (ʉʥ, ʤʦʣʴ/ʜʤ

3
), pH ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ (ʊ, ʂ), 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ (ɤ, ʩ
ī1
). ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʟʤʳ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ. ʋʩʪʘʥʦʚʣʝʥʳ 

ʨʝʞʠʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʧʨʝʜʝʣʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʠʟ ʨʘʩʪʚʦʨʦʚ. 

 

Abstract. The paper presents the results of the study of the kinetics of oxidative dissolution of 

copper in the formation of thiocyanate complexes. The thermodynamic probability of the process of 

dissolution of copper in potassium rhodanide in the presence of an oxidant ð oxygen of air is 

studied. The dependences of the specific dissolution rate of copper (W, mol/cm
2
 C) on 

the concentration of thiocyanate (CH, mol/dm
3
), pH, temperature (T, K), disk speed (ɤ, s

ī1
) were 

studied. The mechanisms of dissolution of copper Established modes of interaction. The optimal 

method for determining copper from solutions is determined. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, 

ʪʠʦʮʠʘʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ, ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ. 

 

Keywords: photometric method, copper determination, complexation, copper thiocyanate 

complexes, reaction order. 
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ʊʨʘʜʠʮʠʦʥʥʘʷ ʜʦʙʳʯʘ ʩ ʧʦʤʦʱʴʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ ʩʢʦʨʦ 

ʩʪʘʥʝʪ ʥʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʩʪʝʧʝʥʥʦ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ʀ ʧʦʵʪʦʤʫ ʚ ʙʣʠʞʘʡʰʝʤ 

ʙʫʜʫʱʝʤ ʧʨʠʜʝʪʩʷ ʠʟʚʣʝʢʘʪʴ ʤʝʪʘʣʣʳ ʠʟ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ, ʩʣʦʞʥʦʩʦʩʪʘʚʥʳʭ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʦʙʝʜʥʝʥʥʳʭ ʦʪʚʘʣʦʚ, ʘ ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɺʳʙʦʨ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʜʠ, ʚʣʝʯʝʪ ʢ ʚʳʙʦʨʫ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʠʢ 

ʘʥʘʣʠʟʘ.  

ʉ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʷʝʪʩʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʘʩʩʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʚ ʭʠʤʠʯʝʩʢʦʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʣʝʢʪʨʦʥʠʢʝ, ʨʘʟʚʝʜʢʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ, ʚ ʩʣʫʞʙʝ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʥʦʚʳʭ ʟʘʜʘʯ, ʚʳʟʚʘʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʷʤʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ: ʩʥʠʞʝʥʠʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ (ʇʨʆ), ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʡ (ʵʢʩʧʨʝʩʩʥʦʩʪʠ), ʧʦʚʳʰʝʥʠʝ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ (ʩʝʣʝʢʪʠʚʥʦʩʪʠ) ʦʧʨʝʜʝʣʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʦʚʝʜʝʥʠʝ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʦʣʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʦʯʝʚʠʜʥʘ, ʭʦʪʷ ʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚ ʧʨʘʢʪʠʢʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠʛʨʘʶʪ 

ʙʦʣʴʰʫʶ ʨʦʣʴ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʦʚ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʭʠʤʠʷ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʬʘʢʪʦʨʦʚ: ʧʨʦʙʣʝʤʘ ð ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʦʤʧʦʥʝʥʪïʦʙʲʝʢʪ ʘʥʘʣʠʟʘ ð ʤʝʪʦʜ. ʄʝʪʦʜʳ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʥʮʠʧʘʭ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢ. ʆʜʥʘʢʦ 

ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʲʝʜʠʥʝʥʳ ʦʙʱʝʡ ʮʝʣʴʶ: ʠʟʤʝʨʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʬʠʟʠʢʦïʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʘʭ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʪʠʦʮʠʘʥʘʪʘ ʠ ʪʠʦʤʦʯʝʚʠʥʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʥʦʚʳʤ ʤʝʪʦʜʘʤ ʦʙʥʘʨʫʞʝʥʠʷ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʳ 

ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʙʝʟʦʧʘʩʥʦʤ ʠʟʚʣʝʯʝʥʠʠ ʤʝʜʠ ʠʟ ʨʫʜ ʠ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʘʭ, ʚʦʟʤʦʞʥʦ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ 

ʦʪʜʝʣʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ, ʪʠʪʨʦʤʝʪʨʠʯʝʩʢʠʡ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ, ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ, 

ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʡ, ʬʠʟʠʯʝʩʢʠʡ, ʘʪʦʤʥʦïʘʙʩʦʨʙʮʠʦʥʥʳʡ ʠ ʪ. ʜ., ʧʦʩʢʦʣʴʢʫ ʜʠʘʧʘʟʦʥ 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ. 

ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʤʝʨʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʝ 

ʚʝʣʠʯʠʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦʜ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ [3]. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʪʣʠʯʘʶʪʩʷ ʦʩʦʙʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʚʦ ʤʥʦʛʦ 

ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʩ ʇɸʈ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʝʰʝʚʳʝ ʨʝʘʢʪʠʚʳ. ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʟʢʦʡ ʜʦʣʠ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʘʭ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥ (ʇɸʈ). ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʘʨʪʨʘʪʘ ʠ ʘʮʝʪʘʪʘ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʇɸʈ ʦʧʨʝʜʝʣʷʪʴ ʜʦ 45 ʤʢʛ ʤʝʜʠ ʚ 50 ʤʣ ʨʘʩʪʚʦʨʘ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ 5%. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʩ ʇɸʈ ʩʪʘʥʦʚʠʪʩʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʝʛʦ 

ʧʨʦʚʦʜʠʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʭʣʦʨʠʜʘ ʪʝʪʨʘʜʝʮʠʣʜʠʤʝʪʠʣʙʝʥʟʠʣʘʤʤʦʥʠʷ. ʇʨʝʜʝʣ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 0,1ï0,5 ʤʢʛ/ʤʣ.  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʘʭ ʨʦʜʘʥʠʜʘ 

ʢʘʣʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʷ ð ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʩʝʨʠʠ ʨʘʚʥʦʚʝʩʥʳʭ 

ʦʧʳʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʦʜʘʥʠʩʪʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ [ʉu(SCN)2]
ī
 ð ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

83 

 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʦʜʘʥʠʜʘ ʢʘʣʠʷ ʠ ʢʦʤʧʣʝʢʩʦʚ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʤʝʜʠ ʉu(SCN)2 ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʦʜʘʥʠʜʘ ʙʦʣʴʰʝ, ʯʝʤ 0,5 ʤʦʣʴ/ʜʤ
3
. 

ʅʦʨʤʘʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʦïʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʘʢʮʠʠ:  
 

,1 +
-

­- CueCu    ʚ52,0-=j  

(1) 

 

ʅʦʨʤʘʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʦïʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʘʢʮʠʠ: 
 

,])([1 2

--
-

­+- SCNCuSCNeCu ʚ27,0-=j  
(2) 

 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ: 
 

142 104][][ --+ Ö=Ö= SCNCuʇʈ  
(3) 

 

ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʤʝʜʠ ʚʦʟʤʦʞʥʦ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʦʜʘʥʠʜʘ. ʆʜʥʘʢʦ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ W=3,85Ț10
ī10
 ʤʦʣʴȚʜʤ

ī2
Țʩ
ī1
, ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʟʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʢʠʩʣʠʪʝʣʷ ʚ ʨʘʩʪʚʦʨʝ. 

ʆʢʠʩʣʝʥʠʝ ʤʝʜʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʦʜʘʥʠʜʘ ʢʘʣʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʭʝʤʘʤ: 

ïʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʦʜʘʥʠʜʘ ʦʪ 0 ʜʦ 0,4 ʤʦʣʴ/ʜʤ
3
 (ʙʣʝʜʥʦïʞʝʣʪʳʡ ʦʩʘʜʦʢ) 

 

[ ] KOHSCNCuKOOHKSCNCu 2)(2
2

14 222 +=+++
 

(4) 

 

ïʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʦʣʴʰʝ 0,5 ʤʦʣʴ/ʜʤ
3
 (ʯʝʨʥʳʡ ʦʩʘʜʦʢ) 

 

[ ] KOHSCNCuOOHKSCNCu 2)(
2

12 222 +=+++
 

(5) 

 

ʂʦʤʧʣʝʢʩʥʳʝ ʪʠʦʮʠʘʥʘʪʳ ʨʘʟʨʫʰʘʶʪ ʚʳʧʘʨʠʚʘʥʠʝʤ ʧʨʦʙʳ ʚ ʚʳʪʷʞʥʦʤ ʰʢʘʬʫ ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʢ ʥʝʡ 0,5 ʩʤ
3
 ʨʘʟʙʘʚʣʝʥʥʦʡ (1:1) ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ 5 ʩʤ

3
 ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʂ ʦʩʪʘʪʢʫ ʧʦʩʣʝ ʚʳʧʘʨʠʚʘʥʠʷ ʜʦʙʘʚʣʷʶʪ 1 ʩʤ
3
 ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʚʥʦʚʴ ʚʳʧʘʨʠʚʘʶʪ ʜʦʩʫʭʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʝ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʦʜʦʛʨʝʚʘʷ ʩʤʝʩʴ, ʠ ʬʠʣʴʪʨʫʶʪ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨʫʶʱʠʡ 

ʪʠʛʝʣʴ. ʊʘʢʘʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʩʣʫʞʠʪ ʪʘʢʞʝ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʤʝʰʘʶʱʝʛʦ ʚʣʠʷʥʠʷ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʉʪʘʥʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ: ʢ ʧʨʦʙʝ, ʩʦʜʝʨʞʘʱʝʡ 

ʉu(II), ʜʦʙʘʚʣʷʶʪ 5 ʩʤ
3
 ʨʘʩʪʚʦʨʘ ʇɸʈ, 3 ʩʤ

3
 2 ʥ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʦʚʦʜʷʪ ʚʦʜʦʡ ʜʦ 

ʤʝʪʢʠ ʚ ʢʦʣʙʝ ʥʘ 50 ʤʣ. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʠʟʤʝʨʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ, 

ʢʶʚʝʪʘ 2 ʩʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʘ ʭʦʣʦʩʪʦʛʦ ʦʧʳʪʘ ʧʨʠ ɚ = 540 ʥʤ. ʈʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʤʳ ʚʳʜʝʣʷʝʤ ʥʝʩʢʦʣʴʢʦ 

ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʜ ʜʨʫʛʠʤʠ. 

ïʄʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʯʫʪʢʦʩʪʴʶ, ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟʳ ʚ ʙʦʣʝʝ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʯʝʤ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʕɼʊɸ ʧʨʠ ʪʠʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʠʟʤʝʨʝʥʠʠ. 

ïɼʦʩʪʦʠʥʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʘʣʠʢʚʦʪʥʳʝ ʧʦʨʮʠʠ ʦʙʨʘʟʮʘ, ʠ ʚ ʮʝʣʦʤ ʩʥʠʞʘʝʪʩʷ ʨʘʩʭʦʜ ʨʝʘʛʝʥʪʦʚ 

ʜʣʷ ʘʥʘʣʠʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʢʩʠʯʥʳʭ ʨʝʘʢʪʠʚʦʚ ʠʣʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ïʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʦʣʴʰʦʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʯʪʦ ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʠ 

ʧʦʣʫʯʝʥʠʠ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʦʚ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

84 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʇʠʯʫʛʠʥʘ ɸ. ʀ., ɻʦʨʮʝʚʠʯ ʉ. ʃ., ʉʦʙʦʣʝʚ ɸ. ɽ., ɻʦʨʮʝʚʠʯ ʇ. ɸ. ʉʝʣʝʢʪʠʚʥʦʝ 

ʦʩʘʞʜʝʥʠʝ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ: ʚʦʧʨʦʩʳ 

ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ: ʩʙ. ʤʘʪ. ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʉʘʤʘʨʘ, 31 

ʦʢʪʷʙʨʷ 2016 ʛ.). ʉʘʤʘʨʘ: ʅʀʎ çʇʦʚʦʣʞʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʨʧʦʨʘʮʠʷè, 2016. ʉ. 354-356. 

2. ʇʦʪʘʰʥʠʢʦʚ ʖ. ʄ., ʏʫʨʩʘʥʦʚ ʖ. ɺ., ɻʦʨʮʝʚʠʯ ʉ. ʃ. ʂʠʥʝʪʠʢʘ ʨʘʩʪʚʦʨʝʥʠʷ ʩʫʣʴʬʠʜʘ 

ʩʝʨʝʙʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʥʦʨʦʜʥʳʭ ʣʠʛʘʥʜʦʚ // ɾʫʨʥʘʣ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ. 2000. ʊ. 74. ˉ9. 

ʉ. 1593-1596. 

3. ɻʦʨʮʝʚʠʯ ʇ. ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʟʦʣʦʪʘ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʦʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ // ɺʝʩʪʥʠʢ 

ʤʘʛʠʩʪʨʘʪʫʨʳ. 2016. ˉ1 (52). C. 11-13. 

4. ʏʫʨʩʘʥʦʚ ʖ. ɺ., ʇʦʪʘʰʥʠʢʦʚ ʖ. ʄ., ɻʦʨʮʝʚʠʯ ʉ. ʃ. ʂʠʥʝʪʠʢʘ ʦʢʠʩʣʝʥʠʷ ʩʝʨʝʙʨʘ 

ʢʠʩʣʦʨʦʜʦʤ ʚ ʨʘʩʪʚʦʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʩʤʝʩʠ ʪʠʦʮʠʘʥʘʪ-ʪʠʦʤʦʯʝʚʠʥʘ ʠ ʪʠʦʮʠʘʥʘʪ-ʪʠʦʩʫʣʴʬʘʪ 

// ɾʫʨʥʘʣ ʬʠʟʠʯʝʩʢʦʡ. ʭʠʤʠʠ. 2007. ʊ. 81. ˉ2. ʉ. 176-178. 
 

References: 

1. Pichugina, A. I., Gortsevich, S. L., Sobolev, A. E., & Gortsevich, P. A. (2016). Selektivnoe 

osazhdenie tsvetnykh metallov. In: Sovremennye problemy nauki i obrazovaniya: voprosy teorii i 

praktiki: sb. mat. Mezhdunarodnoi nauchno-prakticheskoi konferentsii (Samara, 31 oktyabrya 2016 

g.). Samara: NITs Povolzhskaya nauchnaya korporatsiya, 354-356. 

2. Potashnikov, Yu. M., Chursanov, Yu. V., & Gortsevich, S. L. (2000). Kinetika rastvoreniya 

sul'fida serebra v prisutstvii raznorodnykh ligandov. Zhurnal fizicheskoi khimii, 74(9), 1593-1596. 

3. Gortsevich, P. A. (2016). Issledovanie produktov okislitel'nogo rastvoreniya zolota pri 

obrazovanii raznoligandnykh kompleksov metodom infrakrasnoi spektroskopii. Vestnik 

magistratury, 1(52). 11-13. 

4. Chursanov, Yu. V., Potashnikov, Yu. M., & Gortsevich, S. L. (2007). The kinetics of silver 

oxidation with oxygen in solutions containing thiocyanate-thiourea and thiocyanate-thiosulfate 

mixtures. Russian Journal of Physical Chemistry A,. 81(2). 176-178. 
 

 

ʈʘʙʦʪʘ ʧʦʩʪʫʧʠʣʘ 

ʚ ʨʝʜʘʢʮʠʶ 25.11.2018 ʛ.  

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

28.11.2018 ʛ. 

________________________________________________________________________________ 
 

ʉʩʳʣʢʘ ʜʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: 

ɻʦʨʮʝʚʠʯ ʉ. ʃ., ʂʨʘʚʯʝʥʢʦ ʇ. ɸ., ʇʠʯʫʛʠʥʘ ɸ. ʀ. ʇʨʠʤʝʥʝʥʠʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩ 4-(2-ʧʠʨʠʜʠʣʘʟʦ)ʨʝʟʦʨʮʠʥʦʤ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʜʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʠʦʮʠʘʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ // ɹʶʣʣʝʪʝʥʴ 

ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2018. ʊ. 4. ˉ12. ʉ. 81-84. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.bulletennauki.com/12-

18 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.12.2018). 
 

Cite as (APA): 

Gortsevich, S., Kravchenko, P., & Pichugina, A. (2018). Application photometric method 

definitions with 4-(2-Pyridylazo)resorcinol for quantitative analysis and research on oxidative 

dissolution of copper in education thiocyanate complexes. Bulletin of Science and Practice, 4(12), 

81-84. (in Russian) 
  

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

85 

 

ʋɼʂ 543.054:543.621 

AGRIS P33 

 http://doi.org/10.5281/zenodo.2254222 

 

ʌʃʋʆʈʀʄɽʊʈʀʏɽʉʂʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ʅʀʂɽʃʗ ʀ ʄɽɼʀ ʇʈʀ 

ʀʉʉʃɽɼʆɺɸʅʀʀ ɻʀɼʈʆʃʀʊʀʏɽʉʂʆɻʆ ʀ ʆʂʀʉʃʀʊɽʃʔʅʆɻʆ ʈɸʉʊɺʆʈɽʅʀʗ  

 

Éʇʠʯʫʛʠʥʘ ɸ. ʀ., ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, idpo-chem-pichugina@bk.ru 

Éɻʦʨʮʝʚʠʯ ʉ. ʃ., ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, svetagor_70@mail.ru 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʥʠʢʝʣʷ ʠ ʤʝʜʠ. ʀʟʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʰʝʜʰʝʛʦ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨ ʦʪ 

ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ. ɺʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʠʥʝʪʠʢʠ. ʇʦʜʦʙʨʘʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ.  

 

Abstract. The paper presents the results of the study of the kinetics of oxidative dissolution of 

Nickel and copper. We have investigated the dependence of the metal passed into solution from 

the flow time of the dissolution process. The most efficient method for the determination of metals 

to study the kinetics. The main parameters of the fluorescent analysis method were selected, and 

the optical densities of the samples were determined. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʥʝʪʠʢʘ ʨʘʩʪʚʦʨʝʥʠʷ, ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ, ʦʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

 

Keywords: dissolution kinetics, specific rate of dissolution, optical density, complexation, 

fluorimetric method. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʤʝʪʘʣʣʦʚ ʠʟ ʨʫʜ ʠ 

ʢʦʥʮʝʥʪʨʘʪʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʥʘ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʦʜʙʦʨ ʤʝʪʦʜʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʢʦʨʦʩʪʝʡ ʨʘʩʪʚʦʨʝʥʠʷ ʦʪ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʜʠʩʢʘ [1ï2]. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʠ ʤʝʜʠ ʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʙʘʭ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʘʤʠ ʧʝʨʝʤʝʥʥʦʪʦʢʦʚʦʡ ʧʦʣʷʨʦʛʨʘʬʠʠ, ʘʪʦʤʥʦïʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [3ï5]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʚʳʙʨʘʥ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʞʠʜʢʦʩʪʠ çʌʣʶʦʨʘʪ-02-3ʄè. ʕʪʠʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʳ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ 
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ʨʝʟʫʣʴʪʘʪʳ ʩ ʥʘʠʤʝʥʴʰʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʦʡ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʠ ʤʝʜʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʠʥʝʪʠʢʠ 

ʨʘʩʪʚʦʨʝʥʠʷ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʩʥʦʚʘʥʘ ʥʘ ʵʢʩʪʨʘʢʮʠʠ ʭʣʦʨʦʬʦʨʤʦʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʠʢʝʣʷ ʠ ʤʝʜʠ ʩ Ŭïʬʫʨʠʣʜʠʦʢʩʠʤʦʤ ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʧʨʠ 390ï430 ʥʤ ʠ ʤʝʜʠ ʧʨʠ 315ï490 ʥʤ. 

ʀʟʚʝʩʪʝʥ ʨʷʜ Ŭïʜʠʦʢʩʠʤʦʚ, ʢʦʪʦʨʳʝ h ʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʠ ʤʝʜʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʵʢʩʪʨʘʢʮʠʠ. ɺ ʵʢʩʪʨʘʢʪ ʧʝʨʝʭʦʜʷʪ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ (ʈʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1. ʂʦʤʧʣʝʢʩʳ ʜʠʦʢʩʠʤʘʪʦʚ ʥʠʢʝʣʷ ʠ ʤʝʜʠ. 

 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʜʠʦʢʩʠʤʘʪʦʚ ʤʝʪʘʣʣʦʚ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʯʝʪʳʨʝʭ ʧʷʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʜʠʦʢʩʠʤʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1. 

ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʔ ʄɽʊʆɼɸ ʆʇʈɽɼɽʃɽʅʀʗ ʅʀʂɽʃʗ ʀ ʄɽɼʀ 

 

ʈʝʘʛʝʥʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ Ni, 

ʤʢʛ/ʩʤ
2 
ʜʣʷ lg I0/I = 0,001 

 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ Cu, 

ʤʢʛ/ʩʤ
2 
ʜʣʷ lg I0/I = 0,001 

 

ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ + ʦʢʠʩʣʠʪʝʣʴ 0,004 (443, 403 ʥʤ) 0,003 (455, 430 ʥʤ) 

ɼʠʤʝʪʠʣʛʣʠʦʢʩʠʤ, ʭʣʦʨʦʬʦʨʤ ð 

ʵʢʩʪʨʘʢʮʠʷ  
0,016 (372 ʥʤ) 0,012 (390 ʥʤ) 

ʄʝʪʠʣʵʪʠʣʛʣʠʦʢʩʠʤ, ʭʣʦʨʦʬʦʨʤ ð 

ʵʢʩʪʨʘʢʮʠʷ  
0,013 (378 ʥʤ) 0,007 (410 ʥʤ) 

Ŭïʌʫʨʠʣʜʠʦʢʩʠʤ, ʭʣʦʨʦʬʦʨʤ ð 

ʵʢʩʪʨʘʢʮʠʷ  
0,004 (434 ʥʤ) 0,006 (430 ʥʤ) 

ɼʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ, ʭʣʦʨʦʬʦʨʤ ð 

ʵʢʩʪʨʘʢʮʠʷ 
0,0019 (329 ʥʤ) 0,002 (445 ʥʤ) 

 

ʂʦʤʧʣʝʢʩʥʳ ʥʠʢʝʣʷ ʩ ʨʘʟʣʠʯʥʳʤʠ Ŭïʜʠʦʢʩʠʤʘʤʠ ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʦʬʦʨʤʘ ʠʤʝʶʪ ʪʨʠ 

ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ: ʩʘʤʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʣʝʞʠʪ ʚ ʋʌ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʦʛʣʦʱʘʶʪ ʠ ʩʘʤʠ 

ʨʝʘʛʝʥʪʳ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʭ ʦʜʠʥʘʢʦʚʘ, ʥʦ ʧʨʠ ʢʦʥʝʯʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʚ ʩʣʫʯʘʠ Ŭï

ʬʫʨʠʣʜʠʦʢʩʠʤʘ ʥʠʢʝʣʷ ʧʝʨʝʚʦʜʷʪ ʠʟ ʚʦʜʥʦʡ ʬʘʟʳ ʚ ʤʝʥʴʰʠʡ ʦʙʲʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʧʘʜʘʝʪ ʦʧʝʨʘʮʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʧʨʠ 

ʧʦʤʦʱʠ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʘ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ ʩ Ŭïʬʫʨʠʣʜʠʦʢʩʠʤʦʤ ʧʨʦʪʝʢʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʠʟʚʣʝʯʝʥʠʷ, ʘ ʩʘʤ ʢʦʤʧʣʝʢʩ ʤʦʞʥʦ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴ ʚ ʜʦʚʦʣʴʥʦ 

ʰʠʨʦʢʦʤ ʧʨʝʜʝʣʝ ʟʥʘʯʝʥʠʡ pH ð ʦʪ 7,5 ʜʦ 9,0.  

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʢʩʪʨʘʢʪʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʳ ʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʨʘʜʫʠʨʦʚʢʠ 

ʧʨʠʙʦʨʘ ʜʣʷ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʥʠʢʝʣʷ ʛʦʪʦʚʷʪ ʨʘʩʪʚʦʨʳ: 0,5% Ŭï
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ʬʫʨʠʣʜʠʦʢʩʠʤʘ ʚ ʵʪʘʥʦʣʝ, 20% ʚʠʥʥʦʢʠʩʣʦʛʦ ʢʘʣʠʷïʥʘʪʨʠʷ, 5% ʪʠʦʢʘʨʙʘʤʠʜʘ, 1% 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, 0,7% ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʨʘʩʪʚʦʨʳ Ni
+2
 ʠʣʠ Cu

+2
 ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʧʨʦʙʫ ʧʨʠʣʠʚʘʶʪ 5 ʩʤ
3
 ʚʠʥʥʦʢʠʩʣʦʛʦ ʢʘʣʠʷïʥʘʪʨʠʷ ʧʦ 1 ʩʤ

3
 

ʨʘʩʪʚʦʨʦʚ ʪʠʦʢʘʨʙʘʤʠʜʘ ʠ Ŭïʬʫʨʠʣʜʠʦʢʩʠʤʘ, ʟʘʪʝʤ ʨʘʩʪʚʦʨ ʜʦʚʦʜʷʪ ʜʦ pH 7,5ï9 ʨʘʩʪʚʦʨʦʤ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʠ ʧʨʦʚʦʜʷʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʵʢʩʪʨʘʢʮʠʶ ʭʣʦʨʦʬʦʨʤʦʤ. ʏʝʨʝʟ 10 ʤʠʥ 

ʧʨʦʚʦʜʷʪ ʠʟʤʝʨʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʚ ʢʶʚʝʪʝ ʩ ʪʦʣʱʠʥʦʡ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ 1 ʩʤ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ 

ʞʠʜʢʦʩʪʠ çʌʣʶʦʨʘʪ-02-3ʄè. ʕʢʩʪʨʘʢʪʳ ʫʩʪʦʡʯʠʚʳ ʚ ʪʝʯʝʥʠʝ 1 ʯ. 

ʏʪʦʙʳ ʩʚʷʟʳʚʘʪʴ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʦʩʘʜʦʢ ʚ ʚʠʜʝ ʛʠʜʨʦʢʩʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʘʥʘʣʠʟʘ ʥʠʢʝʣʷ, ʚʚʦʜʷʪ ʪʘʨʪʨʘʪ ʢʘʣʠʷïʥʘʪʨʠʷ. ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʚ ʧʨʦʙʝ ʤʝʪʘʣʣʦʚ, 

ʙʣʠʟʢʠʭ ʧʦ ʩʚʦʡʩʪʚʘʤ, ʜʦʙʘʚʣʷʶʪ ʤʘʩʢʠʨʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʜʠ 

ʜʦʙʘʚʣʷʶʪ ʠʟʙʳʪʦʢ ʪʠʦʢʘʨʙʘʤʠʜʘ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʜʫʠʨʦʚʢʠ ʧʨʠʙʦʨʘ ʙʝʨʫʪ ʩʪʘʥʜʘʨʪʥʳʝ ʨʘʩʪʚʦʨʳ ʥʠʢʝʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ (ʊʘʙʣʠʮʘ 2), ʧʨʠ ʵʪʦʤ ʩʘʤ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʦʩʪʘʝʪʩʷ ʚ ʧʘʤʷʪʠ ʧʨʠʙʦʨʘ 

ʠ ʩʪʨʦʠʪʩʷ ʤʝʪʦʜʦʤ ʢʫʩʦʯʥʦïʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠïɻ ʢʩʪʨʘʧʦʣʷʮʠʠ (ʈʠʩʫʥʦʢ 2). 

 

ʊʘʙʣʠʮʘ 2. 

ɿɸɺʀʉʀʄʆʉʊʔ ʂʆʅʎɽʅʊʈɸʎʀʀ ʅʀʂɽʃʗ ɺ ʇʈʆɹɸʍ ʉ(ʤʢʛ/ʜʤ
3
) ʅɸ ʉʀɻʅɸʃ J 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ C, ʤʢʛ/ʜʤ
3
 ɿʥʘʯʝʥʠʝ J 

0 0,318 

1 0,680 

10 1,153 

20 1,568 

 
ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʚ ʧʨʦʙʘʭ ʦʪ ʩʠʛʥʘʣʘ J. 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʢʘʞʜʦʡ ʧʨʦʙʳ ʧʨʠʙʦʨ ʫʞʝ ʜʘʝʪ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʘʣʣʘ. 

ʌʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʠʥʝʪʠʢʠ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʦʚ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʥʘʠʤʝʥʴʰʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʦʰʠʙʢʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ 

ʚʟʷʪ Ŭïʬʫʨʠʣʜʠʦʢʩʠʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʪʘʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʟʫʯʘʝʤʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʠʟʚʣʝʯʝʥʠʷ. ʄʘʢʩʠʤʫʤ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ Ŭï

ʬʫʨʠʣʜʠʦʢʩʠʤʘʪʘ ʥʠʢʝʣʷ ʚ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʤ ʫʛʣʝʨʦʜʝ ʥʘʭʦʜʠʪʩʷ ʧʨʠ 436 ʥʤ. ʄʦʣʷʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʨʘʚʝʥ 1,82 Ā 10
4
 (ʫʜʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 0,31). 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʭʠʤʠʢʦïʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʦʣʫʯʝʥʠʷ ʘʥʠʣʠʥʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʣʫʧʨʦʜʫʢʪʘ ʚ ʩʠʥʪʝʟʝ ʧʦʣʠʫʨʝʪʘʥʦʚ, ʨʝʟʠʥʳ, ʨʘʟʣʠʯʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʧʝʩʪʠʮʠʜʦʚ ʠ ʛʝʨʙʠʮʠʜʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʛʠʜʨʠʨʦʚʘʥʠʠ ʥʠʪʨʦʙʝʥʟʦʣʘ ʜʦ ʘʥʠʣʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ru ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ. ʈʝʘʢʮʠʶ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʧʨʦʚʦʜʠʣʠ ʚ 

ʰʝʩʪʠʷʯʝʝʯʥʦʤ ʩʪʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ Series 5000 Multiple Reactor System 

(MRS). ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 3% Ru ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ 

ʤʘʨʢʠ MN 270 (Purolite Ltd, UK). ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʠ. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ ʂʨʠʩʪʘʣʣʶʢʩ-4000ʄ (ʈʦʩʩʠʷ, ʄʝʪʘïʍʨʦʤ). ɹʳʣʠ 

ʚʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ. ʊʘʢ ʞʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʨʝʘʢʮʠʠ. 

 

Abstract. The process of catalytic hydrogenation of nitrobenzene is the most important 

chemical and technological process of obtaining aniline, which is used as a semi-product in 

the synthesis of polyurethanes, rubbers, various pharmaceuticals, pesticides, and herbicides. 

The paper presents the investigation of kinetics of catalytic hydrogenation of nitrobenzene to aniline 

in the presence of Ruïcontaining catalysts based on hypercrosslinked polystyrene. Nitrobenzene 

hydrogenation reaction was carried out in a six-point high-pressure steel reactor Series 5000 

Multiple Reactor System (MRS). As a catalyst, 3% Ru was used on the basis of hypercrosslinked 

polystyrene of the brand MN 270 (Purolite Ltd, UK). Experiments aimed at studying reaction 

kinetics were carried out in the work. Product analysis was performed by gas chromatography using 
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a gas chromatograph Crystallux-4000M (Russia, MetaïChrome). Was chosen the optimal 

parameters of the reaction. A kinetic reaction model was also proposed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʠʪʨʦʙʝʥʟʦʣ, ʘʥʠʣʠʥ, ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ, ʩʚʝʨʭʩʰʠʪʳʡ 

ʧʦʣʠʩʪʠʨʦʣ, ʢʠʥʝʪʠʢʘ. 

 

Keywords: nitrobenzene, aniline, catalytic hydrogenation, hypercrosslinked polystyrene, 

kinetics. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʟʜʘʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʫʪʝʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʙʣʝʤʳ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʦʥʪʨʦʣʷ ʥʘʜ ʨʘʟʤʝʨʦʤ 

ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ; ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʘʩʪʠʮ ʧʦʣʠʤʝʨʘʤʠ; ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʦï

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ; ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʥʘ 

ʧʦʣʫʯʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦïʟʥʘʯʠʤʳʭ ʧʨʦʮʝʩʩʦʚ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʉʨʝʜʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʜʦ 

ʘʥʠʣʠʥʘ. ʇʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʭʠʤʠʢʦïʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʦʣʫʯʝʥʠʷ ʘʥʠʣʠʥʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʣʫʧʨʦʜʫʢʪʘ ʚ ʩʠʥʪʝʟʝ ʧʦʣʠʫʨʝʪʘʥʦʚ, ʨʝʟʠʥʳ, ʨʘʟʣʠʯʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʧʝʩʪʠʮʠʜʦʚ ʠ ʛʝʨʙʠʮʠʜʦʚ. ʇʨʦʮʝʩʩ ʛʘʟʦʬʘʟʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʦʙʳʯʥʦ 

ʧʨʦʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ni ʠʣʠ Cuïʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʩʨʝʜʝ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʜʘʚʣʝʥʠʠ 0,1ï0,5 ʄʇʘ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʘʢʮʠʠ 250ï300 
ʦ
ʉ [1ï4]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Ptï, 

Pdïʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʷʪ ʫʞʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 1ï5 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

50ï100 ÁC ʢʘʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʪʘʢ ʠ ʙʝʟ ʥʠʭ [5].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ (ʉʇʉ) [6ï10]. ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Ru/ʉʇʉ [7ï8]. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ ʠʤʝʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʙʫʭʘʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʚʦʜʝ [10]. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʥʠʪʨʦʙʝʥʟʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ruïʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ, ʨʘʟʤʝʨʦʚ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ʉʠʥʪʝʟ ʦʙʨʘʟʮʦʚ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ.  

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʉʇʉ ʙʝʟ ʥʘʣʠʯʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ (MN 270). ɺʳʙʨʘʥʥʳʡ ʪʠʧ ʉʇʉ ʧʨʦʤʳʚʘʝʪʩʷ ʚʦʜʦʡ ʠ ʩʫʰʠʪʩʷ ʧʦʜ ʚʘʢʫʫʤʦʤ. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʉʇʉ ʧʨʦʧʠʪʳʚʘʝʪʩʷ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʭʣʦʨʠʜʘ ʨʫʪʝʥʠʷ 

(Ru(OH)Cl3). ʂʘʪʘʣʠʟʘʪʦʨ ʩʫʰʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 ÁC, ʧʨʦʤʳʚʘʝʪʩʷ ʚʦʜʦʡ. ʆʪʤʳʪʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʩʫʰʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85 ÁC ʠ ʭʨʘʥʠʪʩʷ ʥʘ ʚʦʟʜʫʭʝ. ʂʘʪʘʣʠʟʘʪʦʨʳ 
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ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʤ ʚʦʜʦʨʦʜʦʤ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 300 ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʟʘʪʝʤ ʦʩʪʫʞʘʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ. ʈʘʟʤʝʨ 

ʯʘʩʪʠʮ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʨʦʩʝʠʚʘʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʯʝʨʝʟ 

ʩʠʪʦ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ 60 ʤʢʤ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʥʠʪʨʦʙʝʥʟʦʣʘ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʪʦʨʥʦʡ 

ʩʠʩʪʝʤʳ Parr Series 5000 Multiple Reactor System. ʉʪʘʥʜʘʨʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʝʘʢʪʦʨ ʩ ʥʘʚʝʩʢʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʅɹ ʠ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

ʪʨʠʞʜʳ ʧʨʦʜʫʚʘʣʠ ʘʟʦʪʦʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 2 ʄʇʘ, ʟʘʪʝʤ ʥʘʛʨʝʚʘʣʠ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ, ʧʦʜʘʚʘʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʚʦʜʦʨʦʜ ʠ ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʠʨʦʚʘʥʠʝ 

ʥʠʪʨʦʙʝʥʟʦʣʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 3%-Ru/MN-270 ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʤʘʨʢʠ MN-270 (Purolite Ltd, UK).  

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 180 ÁC, 30 ʤʠʥ, 0,2 ʄʇʘ H2, 1100 

ʦʙ/ʤʠʥ, ʩʦʦʪʥʦʰʝʥʠʝ Ru/ʮʝʣʣʶʣʦʟʘ 0,042/1, ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ 0,24 ʤʦʣʴ/ʣ, ʥʘʚʝʩʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,05 ʛ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʧʨʦʚʦʜʠʣʠ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 160 ʜʦ 190 ÁC ʩ ʰʘʛʦʤ 

10Á, ʜʠʘʧʘʟʦʥ ʜʘʚʣʝʥʠʠ (0,2; 0,5; 1, 2, 3 ʄʇʘ), ʤʘʩʩʫ ʥʘʚʝʩʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʘʢ ʞʝ 

ʚʘʨʴʠʨʦʚʘʣʠ (0,05 ʛ, 0,15 ʛ, 0,2 ʛ), ʧʨʦʙʳ ʦʪʙʠʨʘʣʠ ʢʘʞʜʳʝ 10 ʤʠʥ.  

ɼʣ̫ ʘʥʘʣʠʟʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ ʂʨʠʩʪʘʣʣʶʢʩ-

4000ʄ (ʄʝʛʘïʍʨʦʤ, ʈʦʩʩʠʷ), ʦʩʥʘʱʝʥʥʳʡ ʜʝʪʝʢʪʦʨʘʤʠ ɼʊʇ ʠ ʇʀɼ, ʧʦʜʢʣʶʯʝʥʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ɸʥʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʚʦʜʠʣʠ ʚ ʠʩʧʘʨʠʪʝʣʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʰʧʨʠʮʝʤ Hamilton ʠʤʝʶʱʠʤ ʦʙʲʝʤ 1 ʤʢʣ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʫʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ (ʈʠʩʫʥʦʢ 1). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʘʥʠʣʠʥ (ʈʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ. 
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ʄʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʧʦʨʷʜʢʘ 14 ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ. ʀʟ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ (1), ʚ ʢʦʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʩʯʝʪʥʦʡ ʢʨʠʚʦʡ. 

 

 

(1) 

 

ʛʜʝ Ki, Kīi ð ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ, ð ʥʠʪʨʦʙʝʥʟʦʣ, ð ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʚʦʜʦʨʦʜʘ, ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʘ, ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. 

ʊʘʢʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʢʠʥʝʪʠʢʫ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʥʠʪʨʦʙʝʥʟʦʣʘ. ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ ʢʠʥʝʪʠʢʠ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʥʠʪʨʦʙʝʥʟʦʣʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ 3% Ru/ʉʇʉ MN 270. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʘʜʩʦʨʙʮʠʦʥʥʳʭ (ʠʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʙʨʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʢʦʥʚʝʨʩʠʠ ʮʝʣʣʶʣʦʟʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʊʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ. 

ɿʅɸʏɽʅʀʗ ʂʆʅʉʊɸʅʊ ʉʂʆʈʆʉʊɽʁ ʈɽɸʂʎʀʁ ʇʆ ʉʍɽʄɽ ʅɸ ʈʀʉʋʅʂɽ 1. 

 

ʂʦʥʩʪʘʥʪʘ ɿʥʘʯʝʥʠʝ, ʤʦʣʴ/ʤʦʣʴ) nÖcī1
 

k 1,16Ā10
ī3

 

ʇʨʠ ʉʂʆ ů = 4,6Ā10
ī2

. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ, ʙʳʣ ʨʘʩʩʯʠʪʘʥ 

ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʚʦʜʦʨʦʜʫ ʨʘʚʥʳʡ 1. ʅʘ ʈʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʘʪʘʣʠʟʘʪʦʨ ʦʪ ʜʘʚʣʝʥʠʷ. 
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-1,5

-1,0

 
 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ Ln(W/t) ʦʪ LnP. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʜʦ ʘʥʠʣʠʥʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʣʴ Ru/ʤʦʣʴ ʥʠʪʨʦʙʝʥʟʦʣ 0,03/1, ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ, ʉ0 0,24 

ʤʦʣʴ/ʣ, ʉʢ 7.42Ŀ10
ī4
 ʤʦʣʴ Ru/ʣ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ð 30 ʤʠʥ, ʈʅ2 2 ʄʇʘ, ʊ 180ÁC, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 1100 ʦʙ/ʤʠʥ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 3%-Ru/MN270 ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʟʦʬʘʟʥʳʤ ʧʨʦʮʝʩʩʦʤ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʥ ʨʫʪʝʥʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ 3%-Ru/MN270. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʪʨʝʭʬʘʟʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʜʦ ʘʥʠʣʠʥʘ ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

98% ʠ ʢʦʥʚʝʨʩʠʝʡ 97%. ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʛʠʜʨʠʨʦʚʘʥʠʝ ʥʠʪʨʦʙʝʥʟʦʣʘ ʜʦ 

ʘʥʠʣʠʥʘ ʠ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 3%-Ru/MN270 ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʪʦ 

ʚʘʞʥʦ ʜʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 

 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ RFMEFI58615X0024 ʬʠʥʘʥʩʠʨʫʝʤʦʛʦ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ 18-08-00609 ɸ.  
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʧʦʩʦʙʦʚ 

ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʠʦʵʪʘʥʦʣʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʙʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʩʘʭʘʨʠʜʦʚ, ʛʜʝ ʩʫʙʩʪʨʘʪʦʤ ʷʚʣʷʣʩʷ ʪʦʨʬ ʚʝʨʭʦʚʦʛʦ ʪʠʧʘ, ʩʦ 

ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ 15%. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʝ ʵʬʬʝʢʪʠʚʥʝʝ 

ʧʨʝʜʦʙʨʘʙʘʪʳʚʘʪʴ 7% H2SO4 120 ÁC, ʚ ʪʝʯʝʥʠʝ 21 ʯʘʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʫʣʴʪʠʬʝʨʤʝʥʪʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ çɸʛʨʦʮʝʣʣ ʈ1000è. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʮʝʥʥʳʝ 

ʤʦʥʦʩʘʭʘʨʠʜʳ: Dïʛʣʶʢʦʟʘ (3,97%), Dïʛʘʣʘʢʪʦʟʘ (0,26%), Dïʨʘʤʥʦʟʘ (0,51%) ʠ Dïʢʩʠʣʦʟʘ 

(1,34%). ʋʢʘʟʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʪʦʨʬʘ ʩ ʫʩʧʝʭʦʤ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʵʪʘʥʦʣʘ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʮʝʩʩ ʩʙʨʘʞʠʚʘʥʠʷ ʪʝʨʤʦʬʠʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 

 

Abstract. Research work is devoted to the study of methods of biotransformation of celluloseï

containing raw materials in order to obtain bioethanol. Data on environmentally friendly 

technologies of processing of biomass are presented. Directly, the experimental part of the work 

presents the results of enzymatic production of monosaccharides, where the substrate was peat of 

the upper type, with a degree of decomposition of 15%. It is shown that celluloseïcontaining raw 

materials are more effective to pretreat 7% H2SO4 120ÁC for 21 hours. As multienzyme drug was 

used Agrotsell R1000. The following valuable monosaccharides were obtained: Dïglucose (3.97%), 

Dïgalactose (0.26%), Dïrhamnose (0.51%) and Dïxylose (1.34%). These products of enzymatic 
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hydrolysis of peat can be successfully used to produce bioethanol, using the process of fermentation 

thermophilic resistant microorganisms. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʵʪʘʥʦʣ, ʙʠʦʤʘʩʩʘ, ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ, ʤʦʥʦʩʘʭʘʨʠʜʳ, 

ʮʝʣʣʶʣʦʟʘ. 

 

Keywords: bioethanol, biomass, enzymatic hydrolysis, monosaccharides, cellulose. 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ ʠ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʪʠʪʝʣʴʥʘʷ ʙʠʦʤʘʩʩʘ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʙʠʦʤʘʩʩʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʢʦʧʘʝʤʳʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʦʙʥʦʚʣʷʶʱʠʡʩʷ ʠʩʪʦʯʥʠʢ ʠ ʨʝʩʫʨʩʳ ʙʠʦʤʘʩʩʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʠʤʝʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʤʠʨʘ [1].  

ɺ ʩʚʷʟʠ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʙʠʦʪʦʧʣʠʚʘ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ 

ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ 

(ʢʘʢ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʵʪʘʥʦʣʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʙʠʦʤʘʩʩʳ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʚʠʜʘ. ʆʙʳʯʥʦ ʨʘʩʪʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ 25% 

ʣʠʛʥʠʥʘ ʠ 75% ʫʛʣʝʚʦʜʦʚ ʠʣʠ ʩʘʭʘʨʠʜʦʚ. ʋʛʣʝʚʦʜʦʨʦʜʥʘʷ ʬʨʘʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʤʦʣʝʢʫʣ ʩʘʭʘʨʠʜʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʜʣʠʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ. ʂ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʮʝʣʣʶʣʦʟʫ [2]. 

ʉʨʝʜʠ ʙʘʢʪʝʨʠʡ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪ ʮʝʣʣʶʣʦʟʫ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ 

Clostridium. ʆʩʦʙʝʥʥʦ ʪʝʨʤʦʬʠʣʴʥʳʝ ʵʪʘʥʦʣʦʛʝʥʥʳʝ ʘʥʘʵʨʦʙʥʳʝ ʙʘʢʪʝʨʠʠ C. thermocellus, C. 

thermohidrosulfuricum. ʇʦʩʣʝʜʥʠʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʪʝʨʤʦʬʠʣʴʥʳʤ; C. 

thermocellum ð ʘʢʪʠʚʥʳʡ ʮʝʣʣʶʣʦʣʠʪʠʢ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʧʨʦʜʫʮʝʥʪʘʤʠ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʥʘ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʤ ʩʫʙʩʪʨʘʪʝ ʷʚʣʷʶʪʩʷ ʘʥʘʵʨʦʙʥʳʝ ʵʢʩʪʨʝʤʘʣʴʥʦï

ʪʝʨʤʦʬʠʣʴʥʳʝ ʩʧʦʨʦʥʦʩʥʳʝ ʚʠʜʳ Clostridium thermohydrosulfuricum, Clostridium 

thermosaccharolyticum, Clostridium thermocellum. ʉʨʝʜʠ ʥʝʩʧʦʨʦʥʦʩʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʦï

ʪʝʨʤʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ 

Thermanaerobacter ethanolicus ʠ Thermanaerobium brockii. ʇʦʠʩʢ ʥʦʚʳʭ ʰʪʘʤʤʦʚ 

ʪʝʨʤʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦ.  

ɺ ʊʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʥʩʦʨʮʠʫʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ [3ï6]. 
 

ʊʘʙʣʠʮʘ 1. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʆʅʉʆʈʎʀʋʄʆɺ ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ 

 ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ʕʊʀʃʆɺʆɻʆ ʉʇʀʈʊɸ 

 

ʉʦʩʪʘʚ ʢʦʥʩʦʨʮʠʫʤʘ ʉʫʙʩʪʨʘʪ ʆʙʨʘʙʦʪʢʘ ʩʳʨʴʷ 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦ

ʛʦ ʵʪʘʥʦʣʘ 

Candida wickerhamii + Saccharomyces 

cerevisiae 
ʎʝʣʣʶʣʦʟʘ 

ɻʠʜʨʦʣʠʟ 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ 

50 ʛ/ʣ 

Bacillus sp.+ Clostridium thermocellum 
ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʮʝʣʣʶʣʦʟʘ 
ð 4,6ï5,1 ʛ/ʣ 

Trichoderma reesei + Saccharomyces 

cerevisiae 
ʎʝʣʣʶʣʦʟʘ ð 40 ʛ/ʣ 

Clostridium thermocellum + Clostridium 

thermosulfuricum 
ɹʫʤʘʛʘ ð 8 ʛ/ʣ 
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ʂ ʥʝʜʨʝʚʝʩʥʦʤʫ ʙʠʦʨʘʟʣʘʛʘʝʤʦʤʫ ʩʳʨʴʶ ʦʪʥʦʩʷʪ ʪʘʢʞʝ ʪʦʨʬ. ʈʦʩʩʠʷ ʨʘʩʧʦʣʘʛʘʝʪ 

ʙʦʛʘʪʳʤʠ ʟʘʧʘʩʘʤʠ ʪʦʨʬʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʳʨʴʝʤ. ɼʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ ʠ ʬʫʨʬʫʨʦʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʤʘʣʦʨʘʟʣʦʞʠʚʰʠʡʩʷ ʪʦʨʬ, ʩʦ ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ ʥʝ ʙʦʣʝʝ 15ï20%. ʀʟ ʥʝʛʦ ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʢʨʦʤʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʬʫʨʬʫʨʦʣʘ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ: ʚʦʩʢ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ 

(ʫʢʩʫʩʥʫʶ, ɦ ʘʚʝʣʝʚʫʶ, ʤʦʣʦʯʥʫʶ ʠ ʜʨ.), ʬʝʥʦʣʳ, ʜʫʙʠʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ, ʘʮʝʪʦʥ ʠ ʜʨ. [6ï

7]. 

ɺ ʈʦʩʩʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʡ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ çɸʛʨʦʮʝʣʣ P1000è, 

ʧʨʦʜʫʮʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ h ʪʘʤʤ ʛʨʠʙʘ Penicillium verruculosum [7ï8]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʠʚʦʜʷʪʩʷ ʚ ʊʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʌɽʈʄɽʅʊʅʆɻʆ ʇʈɽʇɸʈɸʊɸ çɸʛʨʦʮʝʣʣ P1000è 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʇʨʝʧʘʨʘʪ çɸʛʨʦʮʝʣʣ P1000è 

ʎʝʣʣʶʣʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʝʜ./ʛ, ʥʝ ʤʝʥʝʝ 4000 

bïʛʣʶʢʘʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʝʜ./ʛ 3200 

ʂʩʠʣʘʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʝʜ./ʛ 1000 

ʉʧʦʨʳ ʛʨʠʙʘ ʧʨʦʜʫʮʝʥʪʘ ʠ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʨʬʘ, ʢʘʢ 

ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ ʙʠʦʤʘʪʝʨʠʘʣʘ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʩʘʭʘʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʵʪʘʥʦʣʘ.  

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɻʠʜʨʦʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʝʘʢʪʦʨʝ Parr Instruments 4561 (ʉʐɸ) ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ 

ʊ=50 Áʉ ʠ pH=5 ʩʨʝʜʳ (ʈʠʩʫʥʦʢ 1), ʠʩʧʦʣʴʟʫʷ ʘʮʝʪʘʪʥʳʡ ʙʫʬʝʨ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ (200 ʦʙ/ʤʠʥ). ɺ ʧʨʦʮʝʩʩʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʥʘʚʝʩʢʘ ʪʦʨʬʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʛʦ (7,0% H2SO4 ʚ ʪʝʯʝʥʠʝ 21 ʯʘʩʘ ʧʨʠ 120ÁC); 

ʜʦʟʠʨʦʚʢʘ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ çɸʛʨʦʮʝʣʣ ʈ1000è 0,5 ʛ ʥʘ 5 ʛ ʩʫʙʩʪʨʘʪʘ. ɺ ʷʯʝʡʢʫ 

ʝʤʢʦʩʪʴʶ 300 ʩʤ
3
 ʧʦʤʝʱʘʣʠ ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʳʡ ʪʦʨʬ, ʘʮʝʪʘʪʥʳʡ ʙʫʬʝʨ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʪʚʦʨʝʥ 

ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʈʝʘʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʪʦʨʬʘ. 
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ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ çʍʨʦʤʘʪʵʢïʂʨʠʩʪʘʣʣ 

ɺʕɾʍ 2014è, ʩʥʘʙʞʝʥʥʘʷ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ ʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ Dïʛʣʶʢʦʟʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʛʠʜʨʘʪʥʫʶ, Dïʛʘʣʘʢʪʦʟʫ, Dïʤʘʣʴʪʦʟʫ, Dïʨʘʤʥʦʟʫ, 

Dïʢʩʠʣʦʟʫ, Dïʬʨʫʢʪʦʟʫ (ʉʤ=0,01 ʤʦʣʴ/ʣ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 2. 

 
 

ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ ʧʨʠ ʬʝʨʤʝʥʪʦʣʠʟʝ ʪʦʨʬʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ 7% ʤʘʩʩ. ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ 120 ÁC. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Dïʛʣʶʢʦʟʳ 

ʩʦʩʪʘʚʠʣʘ 3,97%, Dïʛʘʣʘʢʪʦʟʳ ð 0,26%, Dïʨʘʤʥʦʟʳ ð 0,51% ʠ Dïʢʩʠʣʦʟʳ ð 1,34%. 

ɺʳʩʦʢʠʡ ʚʳʭʦʜ Dïʢʩʠʣʦʟʳ ʧʨʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ ʛʠʜʨʦʣʠʟʝ (1,34%) ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʚ 

ʬʝʨʤʝʥʪʥʦʤ ʢʦʤʧʣʝʢʩʝ ʢʩʠʣʘʥʘʟʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʪʦʨʬʘ 

ʩ 21 ʜʦ 29 ʯ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ Dïʢʩʠʣʦʟʳ ʠ Dïʨʘʤʥʦʟʳ.  

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʪʦʨʬʘ ʚʝʨʭʦʚʦʛʦ ʪʠʧʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ð ʧʨʦʜʫʮʝʥʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʙʨʘʞʠʚʘʥʠʝ ʛʣʶʢʦʟʳ ʚ ʵʪʘʥʦʣ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ16-08-00158. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʮʝʩʩʫ ʛʠʜʨʠʨʦʚʘʥʠʷ ʮʝʣʣʦʙʠʦʟʳ (4-ʆïʙʝʪʘïDï

ʛʣʶʢʦʧʠʨʘʥʦʟʠʣïDïʛʣʶʢʦʟʘ) ʜʦ Dïʩʦʨʙʠʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʮʝʥʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʠʱʝʚʦʡ, 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʮʝʣʣʦʙʠʦʟʳ ʜʦ Dïʩʦʨʙʠʪʘ. ɻʠʜʨʠʨʦʚʘʥʠʝ 

ʮʝʣʣʶʙʠʦʟʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ð ʨʫʪʝʥʠʡ ʥʘ ʩʚʝʨʭʩʰʠʪʦʤ 

ʧʦʣʠʩʪʠʨʦʣʝ (ʉʇʉ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ ð 3% (ʚʝʩ.). ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʧʦʣʫʯʝʥ 

ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʉʇʉ ʤʘʨʢʠ MN 100 ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʴʶ ʨʫʪʝʥʠʷ ʚ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ: ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥïʤʝʪʘʥʦʣïʚʦʜʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 4:1:1. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʦʧʳʪʘ ʢʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʚʦʩʩʪʘʥʦʚʣʝʥ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 573 Áʂ.
 
ɸʥʘʣʠʟ ʦʪʙʠʨʘʝʤʳʭ ʠʟ ʨʝʘʢʪʦʨʘ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʝʪʦʜʦʤ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ Sorbfil 

100Ĭ200 ʤʤ ʠ ʚʠʟʫʘʣʠʟʘʪʦʨʘ çSorbfilè. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ Ru/ʉʇʉ MN 100 ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʮʝʣʣʦʙʠʦʟʳ ʜʦ Dïʩʦʨʙʠʪʘ. 

 

Abstract. This work is devoted to the process of cellobiose (4-OïbetaïDïglucopyranosylïDï

glucose) hydrogenation to Dïsorbitol, which is valuable raw material for food, chemical, and 

pharmaceutical industries. The data on the regularities of the catalytic hydrogenation of cellobiose 

to Dïsorbitol are presented in this work. Cellobiose hydrogenation was performed in a batch 

reactor. The catalytic system presented by 3 wt. % ruthenium supported on the hypercrosslinked 

polystyrene (HPS) was used as a catalyst for cellobiose hydrogenation. The catalyst was produced 

by the impregnation of HPS (aminoïfunctionalized MN 100) by the solution of the ruthenium salt 

in a complex solvent ð tetrahydrofuranïmethanolïwater by the ratio 4:1:1. Before the experiments, 

the catalyst was reduced in hydrogen flow at the atmospheric pressure and temperature of 573 ÁK. 
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the analysis of the samples of the reaction mixture was performed by the thinïlayer chromatography 

using Sorbfil 100Ĭ200 mm chromatographic plate and Sorbfil visualizer. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʠʨʦʚʘʥʠʝ, ʮʝʣʣʦʙʠʦʟʘ, D-ʩʦʨʙʠʪ, ʢʘʪʘʣʠʟʘʪʦʨ Ru/ʉʇʉ MN 100. 

 

Keywords: hydrogenation, cellobiose, D-sorbitol, catalyst Ru/HPS MN 100. 

 

ɺʚʝʜʝʥʠʝ 

Dïʩʦʨʙʠʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʱʝʚʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1ï3]. Dïʩʦʨʙʠʪ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʞʠʜʢʦʬʘʟʥʳʤ ʛʠʜʨʠʨʦʚʘʥʠʝʤ Dï

ʛʣʶʢʦʟʳ. ʆʜʥʘʢʦ, ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʮʝʣʣʦʙʠʦʟʫ, ʧʦʣʫʯʘʝʤʫʶ ʠʟ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʩʳʨʴʷ. ʎʝʣʣʦʙʠʦʟʘ (4-ʆïʙʝʪʘïDïʛʣʶʢʦʧʠʨʘʥʦʟʠʣïDïʛʣʶʢʦʟʘ) ʠʣʠ 

ʮʝʣʣʦʙʠʪ ʧʨʠ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʛʠʜʨʦʣʠʟʫʝʪʩʷ, ʧʦʣʫʯʘʝʤʘʷ ʧʨʠ ʵʪʦʤ ʩʤʝʩʴ 

ʛʣʶʢʦʟʳ ʠ ʩʦʨʙʠʪʘ ʠ/ʠʣʠ ʛʣʶʢʦʟʳ ʟʘʪʝʤ ʛʠʜʨʠʨʫʝʪʩʷ ʜʦ ʩʦʨʙʠʪʘ (ʈʠʩʫʥʦʢ 1).  

ɺ ʨʘʙʦʪʝ [4] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʮʝʣʣʦʙʠʦʟʳ ʥʘ Ru/ʉ ʚ ʩʣʘʙʦʢʠʩʣʦʡ 

ʩʨʝʜʝ (ʢʨʝʤʥʠʝʚʘʷ ʢʠʩʣʦʪʘ) ʚʦʟʤʦʞʥʦ ʧʨʦʪʝʢʘʥʠʝ ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʫʪʝʡ ʨʝʘʢʮʠʠ: 

1) ʛʠʜʨʦʣʠʟ ʮʝʣʣʦʙʠʦʟʳ ʜʦ ʛʣʶʢʦʟʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʚ ʩʦʨʙʠʪ ʠ 

2) ʛʠʜʨʠʨʦʚʘʥʠʝ ʮʝʣʣʦʙʠʦʟʳ ʜʦ ʮʝʣʣʦʙʠʪʘ, ʢʦʪʦʨʳʡ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʥʘ ʩʦʨʙʠʪ ʠ ʛʣʶʢʦʟʫ, ʩ 

ʧʦʩʣʝʜʫʶʱʝʤ ʝʝ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʚ ʩʦʨʙʠʪ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ Dïʩʦʨʙʠʪʘ ʠʟ ʮʝʣʣʦʙʠʦʟʳ. 

 

ɺ ʨʘʙʦʪʝ [5] ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʢʦʥʚʝʨʩʠʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʳ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʨʝʩʫʨʩʘ, ʚ ʩʦʨʙʠʪ ʙʳʣ ʠʟʫʯʝʥ ʛʠʜʨʦʣʠʟ ʠ ʛʠʜʨʠʨʦʚʘʥʠʝ 

ʮʝʣʣʦʙʠʦʟʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ZnCl2. ɺʦʜʘ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ pH ʥʝ ʜʦʧʫʩʢʘʝʪ ʛʠʜʨʦʣʠʟʘ 

ʮʝʣʣʦʙʠʦʟʳ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʜʦ 125
 
ÁC ʟʘ 4 ʯ), ʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʳʩʪʨʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʮʝʣʣʦʙʠʦʟʳ ʚ 3-ʙʝʪʘïDïʛʣʶʢʦʧʠʨʘʥʦʟʠʣïDïʛʣʶʮʠʪ ʥʘ Ru/C 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʨʦʜʘ. ɺ ʨʘʩʪʚʦʨʝ ZnCl2 ʠʤʝʝʪ ʤʝʩʪʦ ʛʠʜʨʦʣʠʟ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ (75ï125 ÁC) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʛʠʜʨʠʨʦʚʘʥʠʝ ʥʘ Ru/C, ʭʦʪʷ ʠ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, 

ʯʝʤ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʚʦʜʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʦʜʥʦʢʨʘʪʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʮʝʣʣʦʙʠʦʟʳ ʚ 

ʩʦʨʙʠʪ. ɻʠʜʨʦʣʠʟ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʩʢʦʨʦʩʪʴ, ʥʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʩʦʨʙʠʪʫ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʛʠʜʨʠʨʦʚʘʥʠʷ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʭʦʜ ʩʦʨʙʠʪʘ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 95%. 
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ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʮʝʣʣʦʙʠʦʟʳ ʜʦ Dïʩʦʨʙʠʪʘ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʨʫʪʝʥʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʮʠʨʢʦʥʠʝʤ ʧʦʜʣʦʞʢʫ 

SBA-15. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʮʝʣʣʦʙʠʦʟʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʪʦ ʧʨʦʮʝʩʩ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʯʝʨʝʟ (ʘ) ʛʠʜʨʦʛʝʥʦʣʠʟ/ʛʠʜʨʠʨʦʚʘʥʠʷ ʮʝʣʣʦʙʠʦʟʳ 

ʜʦ 3-ɓïdïʛʣʶʢʦʧʠʨʘʥʦʟʠʣïDïʩʦʨʙʠʪ, (ʙ) ʛʠʜʨʦʣʠʟ ʚ ʩʦʨʙʠʪ ʠ ʛʣʶʢʦʟe, ʠ (c) ʛʠʜʨʠʨʦʚʘʥʠʝ 

ʛʣʶʢʦʟʳ ʚ ʛʝʢʩʠʪʦʣʳ (ʤʥʦʛʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ ʩ 6 ʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ); ʩʪʘʜʠʠ ʛʠʜʨʦʣʠʟʘ 

ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʝʡ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʢʩʠʪʦʣ. ʇʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʮʝʣʣʦʙʠʦʟʳ ʩ 

ʚʳʭʦʜʦʤ ʛʝʢʩʠʪʦʣʦʚ 72% ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ 140 ÁC ʟʘ 1 ʯ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

Zr/Si 0,25 [6]. 

 

ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʂʘʪʘʣʠʟʘʪʦʨ Ru/ʉʇʉ MN 100 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʉʇʉ ʤʘʨʢʠ MN 100 

(Purolite Inc., ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʧʦ ʚʣʘʛʦʝʤʢʦʩʪʠ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʨʝʢʫʨʩʦʨʘ (Ru(OH)Cl3) 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ: ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥïʤʝʪʘʥʦʣïʚʦʜʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 4:1:1. ɿʘʪʝʤ ʢʘʪʘʣʠʟʘʪʦʨ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 343 Áʂ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʩʤʝʩʴʶ NaOH ʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 353 Áʂ. ɼʘʣʝʝ ʢʘʪʘʣʠʟʘʪʦʨ ʧʨʦʤʳʚʘʣʠ 

ʚʦʜʦʡ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ ʭʣʦʨʠʜïʘʥʠʦʥʳ ʚ ʧʨʦʤʳʚʥʳʭ ʚʦʜʘʭ ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 358 ʂ. ɿʘʪʝʤ ʢʘʪʘʣʠʟʘʪʦʨ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 573 Áʂ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦ ʜʘʥʥʳʤ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʣ 3% (ʚʝʩ.) Ru. 

ʇʨʦʮʝʩʩ ʛʠʜʨʠʨʦʚʘʥʠʷ ʮʝʣʣʶʙʠʦʟʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚʤʝʩʪʠʤʦʩʪʴʶ 250 ʤʣ. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦï

ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 296 ʦʙ/ʤʠʥ. ɺ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʩʳʱʝʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (ʚʦʜʥʘʷ ʩʫʩʧʝʥʟʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ) ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʤʝʨʝ ʨʝʘʢʪʦʨʘ ʧʨʠ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ, ʧʨʠ ʵʪʦʤ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʫʙʩʪʨʘʪʘ 

ʥʘʭʦʜʠʣʩʷ ʚ ʦʪʜʝʣʴʥʦʡ ʢʘʤʝʨʝ ʨʝʘʢʪʦʨʘ. ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʦʜʦʨʦʜʦʤ, ʨʘʩʪʚʦʨ 

ʩʫʙʩʪʨʘʪʘ ʧʦʜʘʚʘʣʩʷ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʢʘʤʝʨʫ. ʆʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʯʝʨʝʟ ʧʨʦʙʦʦʪʙʦʨʥʠʢ 

ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ɸʥʘʣʠʟ ʦʪʦʙʨʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʘ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʤʝʪʦʜʦʤ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʣʘʩʪʠʥʢʠ ʠ ʚʠʟʫʘʣʠʟʘʪʦʨ, ʦʩʥʘʱʝʥʥʳʡ ʨʝʞʠʤʦʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʣʘʤʧʦʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʤʠʢʨʦʢʦʣʠʯʝʩʪʚ 

ʞʠʜʢʠʭ ʧʨʦʙ ʠ ʨʘʩʪʚʦʨʦʚ ʮʝʣʣʦʙʠʦʟʳ, ʛʣʶʢʦʟʳ ʠ ʩʦʨʙʠʪʘ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʢʠ, 

ʠʭ ʚʳʩʫʰʠʚʘʣʠ. ʇʦʩʣʝ ʯʝʛʦ ʦʧʫʩʢʘʣʠ ʚ ʩʤʝʩʴ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʯʝʨʝʟ 3 ʯʘʩʘ ʚʳʥʠʤʘʣʠ, 

ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɼʣʷ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʧʷʪʝʥ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʢʫ 

ʥʘʛʨʝʚʘʣʠ ʜʦ ʧʨʦʷʚʣʝʥʠʷ ʧʷʪʝʥ. ɻʦʪʦʚʫʶ ʧʣʘʩʪʠʥʢʫ ʧʦʤʝʱʘʣʠ ʚ ʚʠʟʫʘʣʠʟʘʪʦʨ ʠ ʩʥʠʤʘʣʠ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ, ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʧʷʪʝʥ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʙʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʇʨʠʤʝʨ ʧʦʣʫʯʝʥʥʳʡ 

ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʩ ʦʜʥʦʡ ʧʨʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 2, ʥʘ ʢʦʪʦʨʳʡ ʚʠʜʥʳ ʧʠʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʚʝʱʝʩʪʚʘ. ʇʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʮʝʣʣʦʙʠʦʟʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 373 ʜʦ 403 Áʂ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʮʝʣʣʦʙʠʦʟʳ. ʆʜʥʘʢʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʛʠʜʨʦʣʠʟʘ ʮʝʣʣʦʙʠʦʟʳ. 
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ʈʠʩʫʥʦʢ 2. ʆʙʱʠʡ ʚʠʜ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʢʘʪʘʣʠʟʘʪʘ. 

 

ɻʣʶʢʦʟʘ (Rf = 0.2) ʚ ʧʨʦʙʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʝʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚ Dïʩʦʨʙʠʪ. ʆʩʥʦʚʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ð ɻ ʪʦ Dï

ʩʦʨʙʠʪ, ʮʝʣʣʦʙʠʪ ʠ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʦʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʋʤʝʥʴʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʛʠʥʦʣʠʟʘ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚʦʜʦʨʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ. ʇʦʚʳʰʝʥʠʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ 

(ʩ 20 ʜʦ 80 ʘʪʤ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʩʳʱʝʥʠʶ ʨʫʪʝʥʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʦʜʦʨʦʜʦʤ ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʢʦʥʚʝʨʩʠʶ 

ʮʝʣʣʦʙʠʦʟʳ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʮʝʣʣʦʙʠʦʟʳ ʜʦ Dïʩʦʨʙʠʪʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨ Ru/ʉʇʉ MN 100, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦʙ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ Ru/ʉʇʉ MN 100 ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʮʝʣʣʦʙʠʦʟʳ. ɸ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʀʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 16-08-00306 ɸ. 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʛʠʜʨʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʞʠʨʥʳʭ ʩʧʠʨʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ 

ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʦʛʦ ʚ ʩʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ (ʉʇʉ). ʆʮʝʥʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʠʧʘ ʥʦʩʠʪʝʣʷ 

ʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʠ ʨʘʟʥʳʭ ʪʠʧʘ 

ʉʇʉ: ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ, ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʘʤʠʥʦï ʠ ʩʫʣʴʬʦʛʨʫʧʧʘʤʠ. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ Ruïʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ 

ʛʠʜʨʠʨʦʚʘʥʠʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. Ru, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʉʇʉ ʩ 

ʘʤʠʥʦʛʨʫʧʧʘʤʠ, ʧʦʢʘʟʘʣ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʩʪʝʘʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (86,5%) ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʚʝʨʩʠʠ 

ʩʫʙʩʪʨʘʪʘ (90%). ʇʦʢʘʟʘʥʦ, ʯʪʦ 1% Ru/MN100 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 5 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʮʠʢʣʘʭ.  
 

Abstract. The current work is devoted to the study of fatty acid carboxylic group 

hydrogenation in order to obtain fatty alcohols which are the valuable products for fine chemistry. 

The catalysts based on the ruthenium impregnated into hypercrosslinked polystyrene (HPS) were 

used in the process. The influence of the type of the support and metal loading on the yield of 

hydrogenation products was evaluated. Three different types of HPS were used as the catalyst 

supports non-functionalized, modified with aminoï and sulfonic groups. The catalyst based on HPS 

modified with sulfonic groups showed good selectivity towards the formation of stearic aldehyde, 

however, was found to be unstable under the reaction conditions. Ru embedded on the HPS 

modified with amino groups showed a high yield of stearyl alcohol (86.5%) at high substrate 

conversion (90%). The analysis of the results showed that Ruïcontaining catalysts can be concerned 

the permissive in the carboxylic group reduction of fatty acids. 1% Ru/MN100 showed was found 

to be the most effective catalyst remaining its activity at minimum 5 multiple reuses. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʨʥʳʝ ʩʧʠʨʪʳ, ʩʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ, ʛʠʜʨʠʨʦʚʘʥʠʝ. 
 

Keywords: fatty alcohols, hypercrosslinked polystyrene, hydrogenation. 
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ɺʚʝʜʝʥʠʝ 

ɺʳʩʰʠʝ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʩʧʠʨʪʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʠ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦïʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʬʘʨʤʘʮʝʚʪʠʢʠ, ʘʨʦʤʘʪʠʟʘʪʦʨʦʚ ʠ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʆʙʳʯʥʦ ʞʠʨʥʳʝ ʩʧʠʨʪʳ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʠʟ ʥʝʬʪʠ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʧʘʨʘʬʠʥʦʚ ʠ ʦʣʝʬʠʥʦʚ. ʆʜʥʘʢʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʠ ʞʠʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʰʠʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ [1ï3]. 

ʇʨʦʙʣʝʤʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʩʦʩʪʦʠʪ ʚ 

ʢʦʥʢʫʨʝʥʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚʥʫʪʨʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ, ʘ ʪʘʢʞʝ 

ʜʠʩʩʦʮʠʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʘʢʪʠʚʘʮʠʠ ʚʦʜʦʨʦʜʘ ʠ ʧʨʘʚʠʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʳ 

ʩʫʙʩʪʨʘʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ, ʪʠʧʘ ʥʦʩʠʪʝʣʷ ʠ ʫʨʦʚʥʷ ʘʢʪʠʚʘʮʠʠ 

[4]. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ, ʩʝʣʝʢʪʠʚʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʶʪ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʦʚ, ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ 

ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [5ï9]. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʤʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʛʠʜʨʠʨʦʚʘʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʦ ʩʪʝʘʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ [10ï12]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʤʝʨʥʳʝ Ruïʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ. ʕʪʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʤʦʥʦï ʠ ʜʠʩʘʭʘʨʠʜʦʚ, ʘ ʪʘʢʞʝ ʣʝʚʫʣʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ [13ï15]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʠʧʘ ʥʦʩʠʪʝʣʷ ʠ ʥʘʛʨʫʟʢʠ Ru ʥʘ 

ʛʠʜʨʠʨʦʚʘʥʠʝ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʉʅ3(ʉʅ2)16ʉʆʆʅ, 98%, ʍʠʤʄʝʜʉʝʨʚʠʩ). ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʣʫʦʣ (ʉ6ʅ5CH3, ʭ. ʯ., ʂʫʧʘʚʥʘʨʝʘʢʪʠʚ). Ru ʥʘ ʦʩʥʦʚʝ 

ʉʇʉ (Purolight Inc.) (ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ (MN-270), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʘʤʠʥʦʛʨʫʧʧʘʤʠ (MN-100) ʠ ʩʫʣʴʬʦʛʨʫʧʧʘʤʠ (MN-500)), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʦʮʝʜʫʨʦʡ, ʦʧʠʩʘʥʥʦʡ ʚ [13ï15], ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ Parr Series 5000 

Multiple Reactor System (Parr Instrument). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 

ʪʝʤʧʝʨʘʪʫʨʘ 150 ÁC, ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ 3,0 ʄʇʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʪʦʣʫʦʣʝ 0,2 ʤʦʣʴ/ʣ. ɸʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʤʘʩʩïʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʨʦʤʘʪʦʛʨʘʬʘ GC-2010, ʦʩʥʘʱʝʥʥʦʛʦ 

ʤʘʩʩïʩʧʝʢʪʨʦʤʝʪʨʦʤ GCMSïQP2010S (SHIMADZU, ʗʧʦʥʠʷ).  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʥï

ʦʢʪʘʜʝʢʘʥ, ʩʪʝʘʨʠʣʦʚʳʡ ʩʧʠʨʪ ʠ ʩʪʝʘʨʠʥʦʚʳʡ ʘʣʴʜʝʛʠʜ. ɺʣʠʷʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʮʝʥʠʚʘʣʦʩʴ 

ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 30% ʢʦʥʚʝʨʩʠʠ 

(ʫʨʘʚʥʝʥʠʝ 1). ʊʘʢʞʝ ʫʯʠʪʳʚʘʣʩʷ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʘʤʘʷ ʥʠʟʢʘʷ 

ʩʢʦʨʦʩʪʴ ʨʘʩʭʦʜʦʚʘʥʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. 
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ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 38%, ʧʨʠʯʝʤ ʚʳʭʦʜ ʩʪʝʘʨʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʩʦʩʪʘʚʠʣ 17%.  
 

tn

n
W

Ru

SA

Ö
=%30  

(1) 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʠʧʘ ʥʦʩʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1 ʠ ʥʘ 

ʈʠʩʫʥʢʝ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʥʚʝʨʩʠʶ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ʅʘʠʚʳʩʰʘʷ ʢʦʥʚʝʨʩʠʷ 

ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʉʇʉ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʘʤʠʥʦʛʨʫʧʧʘʤʠ. ʕʪʦʪ ʢʘʪʘʣʠʟʘʪʦʨ ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʝʘʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

(ʩʪʝʘʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1%Ru/MN100 ʩʦʩʪʘʚʣʷʝʪ 86,5%. ʂʘʪʘʣʠʟʘʪʦʨ, 

ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʉʇʉ, ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʢʦʥʚʝʨʩʠʶ 

ʩʫʙʩʪʨʘʪʘ (80%), ʪʦʛʜʘ ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʩʪʝʘʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ 

56%.  

ʊʘʙʣʠʮʘ 1.  

ɺʃʀʗʅʀɽ ʊʀʇɸ ʅʆʉʀʊɽʃʗ  

ʅɸ ʇʈʆʎɽʉʉ ɻʀɼʈʀʈʆɺɸʅʀʗ ʉʊɽɸʈʀʅʆɺʆʁ ʂʀʉʃʆʊʓ 

 

ʂʘʪʘʣʠʟʘʪʦʨ 
W30%, ʤʦʣʴ ʉʂ / ʤʦʣʴ 

RuĀʤʠʥ 
ʂʦʥʚʝʨʩʠʷ, % ʉʝʣʝʢʪʠʚʥʦʩʪʴ, % 

ʅʝʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 10
ī3

 38,0 17,0 

1%Ru/MN270 14,01 80,0 56,6 

1%Ru/MN100 16,72 90,0 96,1 

1%Ru/MN500 7,89 50,0 0,0 
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ʈʠʩʫʥʦʢ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʫʪʝʥʠʷ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʉʇʉ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʫʣʴʬʦʛʨʫʧʧʘʤʠ, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʝʘʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʆʜʥʘʢʦ ʵʪʦʪ 

ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʘʣ 100% ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʩʪʝʘʨʠʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʢʠʩʣʦʪʥʦʡ ʧʨʠʨʦʜʦʡ ʥʦʩʠʪʝʣʷ. ʅʠʟʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 
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MN500 ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦʜʣʦʞʢʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ, ʯʪʦ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ [14]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʉʇʉ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʤʠʥʦʛʨʫʧʧʘʤʠ, ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʥʦʩʠʪʝʣʝʤ ʜʣʷ ʨʫʪʝʥʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʯʝʤ 86% ʚʳʭʦʜ ʩʪʝʘʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʨʠ 

ʩʝʣʝʢʪʠʚʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʥʘʰʠʤʠ ʧʨʝʜʳʜʫʱʠʤʠ ʨʘʙʦʪʘʤʠ ʧʦ 

ʛʠʜʨʠʨʦʚʘʥʠʶ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ RuïHPS [13ï15]. 

ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ MN-100 ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ: 1%Ru/MN100, 3%Ru/MN100, 5%Ru/MN100. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Ru ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. ɺʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ru ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʞʠʜʘʝʤʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʩʪʝʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʆʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʪʝʘʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 3% ʠ 5% ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʪʤʝʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʪʘʜʝʢʘʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 1%Ru/MN100 ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

ʊʘʙʣʠʮʘ 2.  

ɺʃʀʗʅʀɽ ʉʆɼɽʈɾɸʅʀʗ ʈʋʊɽʅʀʗ  

ʅɸ ʇʈʆʎɽʉʉ ɻʀɼʈʀʈʆɺɸʅʀʗ ʉʊɽɸʈʀʅʆɺʆʁ ʂʀʉʃʆʊʓ 

 

ʂʘʪʘʣʠʟʘʪʦʨ 
W30%, ʤʦʣʴ ʉʂ/ʤʦʣʴ 

RuĀʤʠʥ 
ʂʦʥʚʝʨʩʠʷ, % ʉʝʣʝʢʪʠʚʥʦʩʪʴ, % 

1%Ru/MN100 16,72 90,0 96,1 

3%Ru/MN100 31,59 100,0 73,4 

5%Ru/MN100 54,55 100,0 68,2 

 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʛʠʜʨʠʨʦʚʘʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʚʪʦʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ (ʊʘʙʣʠʮʘ 3) 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʤʠʥʠʤʫʤ 5 

ʧʦʚʪʦʨʥʳʭ ʮʠʢʣʘʭ. ʅʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ 

ʪʘʢʞʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʝʘʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʩʫʙʩʪʨʘʪʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚ ʧʦʨʘʭ ʧʦʣʠʤʝʨʥʦʛʦ ʥʦʩʠʪʝʣʷ ʚ ʪʝʯʝʥʠʝ 

ʧʨʝʜʳʜʫʱʠʭ ʮʠʢʣʦʚ. 

 

ʊʘʙʣʠʮʘ 3. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊɸɹʀʃʔʅʆʉʊʀ ʈɸɹʆʊʓ ʂɸʊɸʃʀɿɸʊʆʈɸ 

 

 ̄ʮʠʢʣʘ 
W30%, ʤʦʣʴ ʉʂ / ʤʦʣʴ 

RuĀʤʠʥ 
ʂʦʥʚʝʨʩʠʷ, % ʉʝʣʝʢʪʠʚʥʦʩʪʴ, % 

1 16,72 90,0 96,1 

2 16,72 91,0 96,2 

3 16,73 91,5 96,2 

4 16,73 92,0 96,3 

5 16,73 93,0 96,3 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʣʠʩʴ Ruïʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭʩʰʠʪʦʛʦ 

ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʩʝʣʝʢʪʠʚʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʝʘʨʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʪʠʧʘ ʥʦʩʠʪʝʣʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ, ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʡ ʚ 
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ʧʦʣʠʤʝʨ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʘʤʠʥʦʛʨʫʧʧʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʘʤʠ, ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ 

ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʫʣʴʬʦʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʠʤʝʨʳ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʦʜʥʘʢʦ, ʩʥʠʞʘʝʪ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʝʘʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

1%Ru/MN100 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʜʦʩʪʠʯʴ 96% 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ 90% ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 16-08-00041). 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʭʨʘʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʠʜʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʦʬʦʥʜʘ ʝʛʦ ʧʦʧʫʣʷʮʠʡ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʜʣʷ ʚʠʜʦʚ, ʟʘʥʠʤʘʶʱʠʭ 

ʦʙʰʠʨʥʳʝ ʘʨʝʘʣʳ ʠ ʠʤʝʶʱʠʭ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢʠʭ ʢʘʢ ʚʠʜʳ ʨʦʜʘ Larix Mill. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʩʪʨʫʢʪʫʨʳ 

ʥʝʢʦʪʦʨʳʭ ʧʦʧʫʣʷʮʠʡ L. sibirica ʋʨʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʦʨʬʠʟʤʘ ʤʝʞʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ 

ʤʘʨʢʝʨʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ISSRïʤʘʨʢʝʨʦʚ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

ʩʪʨʫʢʪʫʨʳ 6 ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ L. sibirica ʥʘ ʋʨʘʣʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ 120 ISSRïʤʘʨʢʝʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ 116 ʙʳʣʠ ʧʦʣʠʤʦʨʬʥʳʤʠ (ʈ95=0,967). 

ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʧʫʣʷʮʠʡ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʨʘʣʴʩʢʠʝ ʧʦʧʫʣʷʮʠʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʇʨʠ ʵʪʦʤ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʪʤʝʯʝʥʳ ʚ 

ʧʦʧʫʣʷʮʠʠ VSN (P95=0,923; HE=0,236; ne=1,388), ʘ ʥʘʠʤʝʥʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʦ ʚʩʝʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʦʢʘʟʘʣʘʩʴ ʧʦʧʫʣʷʮʠʷ ISH (P95=0,826; HE=0,191; ne=1,321). ʀʟʫʯʝʥʥʳʝ 

ʧʦʧʫʣʷʮʠʠ L. sibirica ʋʨʘʣʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʩʝʛʦ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚʥʫʪʨʠ ʧʦʧʫʣʷʮʠʡ. ʉʪʨʫʢʪʫʨʘ 

ʧʦʧʫʣʷʮʠʡ ʚ ʮʝʣʦʤ ʙʣʠʟʢʘ, ʥʦ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 
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ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʠ ʠʭ ʛʨʫʧʧ ʫ L. sibirica ʚ ʨʝʛʠʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʙʫʜʫʪ 

ʚʘʞʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʥʥʳʭ 

ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ. 

 

Abstract. The preservation of the genetic diversity of a species is possible only if the gene 

pool of its populations is preserved. Particularly important are studies of patterns of distribution of 

genetic variability for species that occupy vast areas and are of economic importance, such as 

species of the genus Larix Mill. The purpose of this study is to analyze the genetic diversity and 

structure of some populations of L. sibirica of Ural based on intermicrosatellite polymorphism. 

Using the ISSR markers, the genetic diversity and structure of 6 natural populations of Siberian 

larch L. sibirica in the Urals were analyzed. The analysis revealed 120 ISSR markers, of which 116 

were polymorphic (P95=0.967). The main parameters of the genetic diversity of populations were 

determined and it was shown that the Ural populations of Siberian larch are characterized by 

a higher genetic diversity. At the same time, the highest rates of genetic diversity were found in 

the VSN population (P95=0.923; HE=0.236; ne=1.388), while the ISH population was the least 

diverse in all indicators (P95=0.826; HE=0.191; ne=1.321). The studied populations of L. sibirica 

of the Urals are largely differentiated, most of the entire observed genetic diversity is concentrated 

within populations. The structure of populations is generally close but does not fully reflect 

the geographical location of the studied populations. The findings suggest the existence of 

genetically differentiated populations and their groups in L. sibirica in the study region and will be 

important for the development of an effective strategy for the conservation and reproduction of 

valuable tree species of plants. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ISSR-ʤʘʨʢʝʨʳ, 

ʋʨʘʣ, Larix sibirica. 
 

Keywords: genetic diversity, genetic structure, ISSR markers, Ural, Larix sibirica. 

 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʛʣʫʙʦʢʦʝ 

ʠʟʫʯʝʥʠʝ ʠʭ ʛʝʥʦʬʦʥʜʦʚ. ʉʚʝʜʝʥʠʷ ʦ ʧʦʧʫʣʷʮʠʦʥʥʦïʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʣʝʩʥʳʭ 

ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʦʮʝʥʢʠ ʠʭ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʦʭʨʘʥʝʥʠ ʁʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚʠʜʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ [1]. ʉʦʭʨʘʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʚʠʜʘ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʦʬʦʥʜʘ 

ʢʘʞʜʦʡ ʧʦʧʫʣʷʮʠʠ [2]. ʆʜʥʘʢʦ, ʧʦʧʫʣʷʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʦʩʪʘʝʪʩʷ ʥʘʠʤʝʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ 

ʦʙʣʘʩʪʠ ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ [1]. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʜʣʷ ʚʠʜʦʚ, 

ʟʘʥʠʤʘʶʱʠʭ ʦʙʰʠʨʥʳʝ ʘʨʝʘʣʳ ʠ ʠʤʝʶʱʠʭ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ [3]. ʆʜʥʠʤʠ ʠʟ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟʫʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʶʪʩʷ ʤʦʣʝʢʫʣʷʨʥʦïʛʝʥʝʪʠʯʝʩʢʠʝ 

ʤʘʨʢʝʨʳ. ʆʩʦʙʝʥʥʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʫ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ 

ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ ʦʥʪʦʛʝʥʝʟʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [4]. ʆʜʥʠʤʠ ʠʟ ʮʝʥʥʳʭ ʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ʚʠʜʳ ʨʦʜʘ Larix Mill., 

ʠʤʝʶʱʠʝ ʦʛʨʦʤʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʧʫʣʷʮʠʦʥʥʦïʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʦʬʝʨʤʝʥʪʥʳʭ ʤʘʨʢʝʨʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʠ ʦʭʚʘʯʝʥʳ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʣʝʩʦʦʙʨʘʟʫʶʱʠʝ ʭʚʦʡʥʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

115 

 

ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ (Larix sibirica Ledeb.). ɿʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ c ʧʦʤʦʱʴʶ 

ʠʟʦʬʝʨʤʝʥʪʥʳʭ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʤʘʨʢʝʨʦʚ ʥʘʢʦʧʣʝʥ ʦʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ ʦ ʩʪʨʫʢʪʫʨʝ, 

ʛʝʥʝʪʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ, ʚʥʫʪʨʠï ʠ ʤʝʞʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦʧʫʣʷʮʠʡ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠ ʛʠʙʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʠʩʪʚʝʥʥʠʮ ʚ ʦʩʥʦʚʥʦʤ ɸʟʠʘʪʩʢʦʡ ʈʦʩʩʠʠ 

[5ï9]. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ ʣʠʩʪʚʝʥʥʠʮʳ ʚ ʮʝʣʦʤ 

ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʝ ʢ ʜʨʫʛʠʤ ʭʚʦʡʥʳʤ ʚʠʜʘʤ ʧʦʢʘʟʘʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʣʠʤʦʨʬʠʟʤʘ, ʭʦʪʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ [9]. 

ʅʘ ʋʨʘʣʝ ʨʦʜ Larix ʧʨʝʜʩʪʘʚʣʝʥ ʟʘʧʘʜʥʦʡ ʨʘʩʦʡ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ (L. sibirica L.) 

[10], ʢʦʪʦʨʫʶ ʅ. ɺ. ɼʳʣʠʩ [11] ʚʳʜʝʣʠʣ ʢʘʢ ʣʠʩʪʚʝʥʥʠʮʫ ʉʫʢʘʯʝʚʘ (L. sukaczewii Dyl.). 

ɻʝʥʝʪʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ ʚ ʵʪʦʡ ʯʘʩʪʠ ʘʨʝʘʣʘ ʚʠʜʘ 

ʠʟʫʯʝʥʘ ɺ. ʇ. ʇʫʪʝʥʠʭʠʥʳʤ ʠ ɿ. ʍ. ʐʠʛʘʧʦʚʳʤ, ʩ ʩʦʘʚʪʦʨʘʤʠ [9, 12] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʦʬʝʨʤʝʥʪʥʳʭ ʤʘʨʢʝʨʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʇʨʠʧʦʣʷʨʥʦʤ ʋʨʘʣʝ ʠ ʥʘ ʚʦʩʪʦʯʥʦʤ ʤʘʢʨʦïʩʢʣʦʥʝ 

ʋʨʘʣʴʩʢʠʭ ʛʦʨ ɺ. ʃ. ʉʝʤʝʨʠʢʦʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ [8, 10] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʬʝʨʤʝʥʪʥʳʭ, 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ, ʭʣʦʨʦʧʣʘʩʪʥʳʭ, AFLPïʤʘʨʢʝʨʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʥʫʢʣʝʦʪʠʜʥʦʛʦ 

ʧʦʣʠʤʦʨʬʠʟʤʘ ʥʝʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʜʘʧʪʠʚʥʦïʟʥʘʯʠʤʳʭ ʛʝʥʦʚ. ʇʦ ʜʘʥʥʳʤ 

ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʋʨʘʣʝ ʷʨʢʦ ʚʳʨʘʞʝʥʘ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴ ʥʘʩʘʞʜʝʥʠʡ 

ʣʠʩʪʚʝʥʥʠʮʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ çʙʝʟʣʠʩʪʚʝʥʥʠʯʥʳʡ ʷʟʳʢè 

ʟʘʧʘʜʥʦʛʦ ʤʘʢʨʦïʩʢʣʦʥʘ ʋʨʘʣʴʩʢʠʭ ʛʦʨ [11]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʚʳʜʝʣʝʥʥʦʡ ɺ. ʇ. ʇʫʪʝʥʠʭʠʥʳʤ 

ʩ ʩʦʘʚʪʦʨʘʤʠ [8] ʚ ʢʘʯʝʩʪʚʝ çʧʝʨʤʩʢʦïʢʘʤʩʢʦʡ ʧʨʝʜʫʨʘʣʴʩʢʦʡè ʧʦʧʫʣʷʮʠʠ, ʦʪʤʝʯʝʥ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʠʜʘ ʥʘ ʋʨʘʣʝ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʜʘʥʥʳʭ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʠʟʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ: ʨʝʣʴʝʬʘ, 

ʢʣʠʤʘʪʘ, ʧʦʯʚ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʘʢ ʚ ʰʠʨʦʪʥʦʤ 

ʦʪʥʦʰʝʥʠʠ: ʦʪ ʩʝʚʝʨʦï ʠ ʩʨʝʜʥʝʪʘʝʞʥʳʭ ʪʝʤʥʦʭʚʦʡʥʳʭ ʛʦʨʥʳʭ ʣʝʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʉʝʚʝʨʥʦʛʦ 

ʋʨʘʣʘ ʜʦ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦïʝʣʦʚʦïʧʠʭʪʦʚʳʭ ʣʝʩʦʚ ʠ ʦʩʪʨʦʚʥʦʡ ʂʫʥʛʫʨʩʢʦʡ ʣʝʩʦʩʪʝʧʠ ʥʘ 

ʖʞʥʦʤ ʋʨʘʣʝ, ʪʘʢ ʠ ʧʦ ʚʳʩʦʪʥʦʤʫ ʧʨʦʬʠʣʶ ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ: ʦʪ ʜʦʣʠʥ ʨʝʢ ʥʘ 

ʇʨʝʜʫʨʘʣʴʩʢʦʡ ʨʘʚʥʠʥʝ ʜʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʣʝʩʦʚ ʥʘ ʩʢʣʦʥʘʭ ʋʨʘʣʴʩʢʠʭ ʭʨʝʙʪʦʚ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚʳʨʘʞʝʥʥʘʷ ʚʳʩʦʪʥʘʷ 

ʧʦʷʩʥʦʩʪʴ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʢ ʚʠʜʘʤ ʨʦʜʘ Larix, ʩʦʩʪʦʷʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ L. sibirica ʥʘ ʋʨʘʣʝ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʟʘʧʘʜʥʦʤ ʤʘʢʨʦïʩʢʣʦʥʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ɼʅʂïʤʘʨʢʝʨʦʚ ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʨʦʠʟʨʘʩʪʘʥʠʝ ʚ ʩʫʨʦʚʳʭ ʠ ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ 

ʋʨʘʣʴʩʢʠʭ ʛʦʨ, ʦʩʪʨʦʚʥʦʡ ʭʘʨʘʢʪʝʨ ʠ ʚʳʩʦʢʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦ ʜʘʥʥʳʤ 

ʠʟʦʬʝʨʤʝʥʪʥʳʭ ʤʘʨʢʝʨʦʚ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʥʘ ʋʨʘʣʝ ʦʧʨʝʜʝʣʷʶʪ ʠʭ 

ʫʥʠʢʘʣʴʥʦʩʪʴ ʠ ʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʧʦʧʫʣʷʮʠʦʥʥʦïʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʘ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʛʝʥʦʬʦʥʜʦʚ ʙʦʨʝʘʣʴʥʳʭ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʦʧʫʣʷʮʠʡ ʣʝʩʥʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ, 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʧʦʧʫʣʷʮʠʡ L. sibirica ʋʨʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʦʨʬʠʟʤʘ 

ʤʝʞʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ. 
 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʙʨʘʥʳ 6 ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʡ L. sibirica, 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʉʝʚʝʨʥʦʤ, ʉʨʝʜʥʝʤ ʠ ʖʞʥʦʤ ʋʨʘʣʝ. ɼʚʝ ʧʦʧʫʣʷʮʠʠ ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ 
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ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʘʧʦʚʝʜʥʠʢʝ çɺʠʰʝʨʩʢʠʡè ʚ ʛʦʨʥʦʣʝʩʥʦʤ ʧʦʷʩʝ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʋʨʘʣʴʩʢʠʭ 

ʛʦʨ (ISH) ʠ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʂʘʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʥʦʡ ʪʝʤʥʦʭʚʦʡʥʦʡ ʪʘʡʛʠ ʙʣʠʟ ʧʦʩʝʣʢʘ 

ɻʘʡʥʳ (GN). ɺ ʉʨʝʜʥʝʫʨʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʧʦʧʫʣʷʮʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʶʛʦïʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ 

ʛʦʨʳ ʂʘʯʢʘʥʘʨ (KCH). ɼʨʫʛʠʝ ʪʨʠ ʧʦʧʫʣʷʮʠʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ: IRM ð ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʚʝʪʣʦʭʚʦʡʥʳʭ ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʛʦʨʥʳʭ ʣʝʩʦʚ ʚ ʨʘʡʦʥʝ ʤʘʩʩʠʚʘ ʛʦʨʳ ɹʦʣʴʰʦʡ 

ʀʨʝʤʝʣʴ, KRB ð ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦ ʪʝʤʥʦʭʚʦʡʥʳʭ ʛʦʨʥʳʭ ʣʝʩʘʭ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʛ. ʂʘʨʘʙʘʰ, VSN ð ʚʙʣʠʟʠ ʩ. ɺʝʨʭʥʷʷ ʉʘʥʘʨʢʘ. ɼʣʷ ʤʦʣʝʢʫʣʷʨʥʦïʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ʢʘʞʜʦʡ ʧʦʧʫʣʷʮʠʠ ʙʳʣʘ ʩʦʙʨʘʥʘ ʭʚʦʷ ʩ 28ï32 ʜʝʨʝʚʴʝʚ ʧʨʠʤʝʨʥʦ ʦʜʥʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ ʩʦʩʪʘʚʣʷʣʦ ʥʝ ʤʝʥʝʝ 80 ʤ (ʊʘʙʣʠʮʘ 1). 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ɼʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʉʊɸɺïʤʝʪʦʜ [13], ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʜʦʙʘʚʣʝʥʠʝʤ 

ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ PVPP (polyvinylpolypyrrolidone). ʅʘʚʝʩʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʦʩʪʘʚʣʷʣʘ 20 ʤʛ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʠ ʩʧʝʢʪʨʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ɼʅʂ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʧʨʠʙʦʨʝ SpectrofotometrTMNanoDrop2000 (Thermo scientific, ʉʐɸ). 

 

ʊʘʙʣʠʮʘ 1.  

ʀɿʋʏɽʅʅʓɽ ʇʆʇʋʃʗʎʀʀ L. sibirica 
 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʧʦʧʫʣʷʮʠʠ 

ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ ʉʫʙʲʝʢʪ ʈʌ ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʦʙ, ʰʪ. 

ISH 
ɿʘʧʦʚʝʜʥʠʢ çɺʠʰʝʨʩʢʠʡè, ʶʛʦïʟʘʧʘʜʥʳʡ 

ʩʢʣʦʥ ʛʦʨʳ ʀʰʝʨʠʤ 
ʇʝʨʤʩʢʠʡ ʢʨʘʡ 30 

GN 
ɺʝʨʭʦʚʴʷ ʨ. ʂʘʤʘ, 50 ʢʤ ʥʘ ʩʝʚʝʨʦïʟʘʧʘʜ 

ʦʪ ʧʦʩʝʣʢʘ ɻʘʡʥʳ 
ʇʝʨʤʩʢʠʡ ʢʨʘʡ 30 

KCH 
ʖʛʦïʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ ʛʦʨʳ ʂʘʯʢʘʥʘʨ, 34 ʢʤ 

ʶʛʦïʚʦʩʪʦʢ ʦʪ ʛ. ʂʘʯʢʘʥʘʨ 
ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 30 

KRB 
ʂʘʨʘʙʘʰʩʢʠʡ ʨʘʡʦʥ, ʚ 25 ʢʤ 

ʥʘ ʩʝʚʝʨʦïʟʘʧʘʜ ʦʪ ʛ. ʂʘʨʘʙʘʰ 
ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ 32 

IRM 
ɻʦʨʘ ɹʦʣʴʰʦʡ ʀʨʝʤʝʣʴ, 12 ʢʤ 

ʥʘ ʩʝʚʝʨʦïʟʘʧʘʜ ʦʪ ʩ. ʊʶʣʶʢ 
ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ 28 

VSN 
ʇʣʘʩʪʦʚʩʢʠʡ ʨʘʡʦʥ, ʚ 26 ʢʤ ʢ ʶʛʦïʟʘʧʘʜʫ 

ʦʪ ʛ. ʇʣʘʩʪ, ʩ. ɺʝʨʭʥʷʷ ʉʘʥʘʨʢʘ 
ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ 30 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ ʢʦʥʮʝʥʪʨʘʮʠʶ ɼʅʂ ʢʘʞʜʦʡ ʧʨʦʙʳ ʚʳʨʘʚʥʠʚʘʣʠ ʜʦ 10 ʥʛ/ʤʢʣ. 

ʄʦʣʝʢʫʣʷʨʥʦïʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ISSR (Inter Simple Sequence 

Repeats) ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʧʦʣʠʤʦʨʬʠʟʤʘ ɼʅʂ [14] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 5 

ISSRïʧʨʘʡʤʝʨʦʚ (ʊʘʙʣʠʮʘ 2), ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚ ʛʝʥʦʤʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [15]. 
 

ʊʘʙʣʠʮʘ 2.  

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ISSRïʇʈɸʁʄɽʈʆɺ 
 

ʇʨʘʡʤʝʨ ʅʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, (5ËŸ 3Ë) ʊʦʪʞ, ÁC 

CR-215 ctcïtctïctcïtctïctcïttg 56 

ISSR-8 gagïgagïgagïgagïgagïgagïc 56 

X10 agcïagcïagcïagcïagcïagcïc 64 

X11 agcïagcïagcïagcïagcïagcïg 64 

M3 acaïcacïacaïcacïacaïcct 54 

ʇʨʠʤʝʯʘʥʠʝ: ʊʦʪʞ ð ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʞʠʛʘ ʧʨʘʡʤʝʨʘ. 

 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʦʙʲʝʤʦʤ 25 ʤʢʣ ʜʣʷ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʩʦʜʝʨʞʘʣʘ: 2 

ʝʜʠʥʠʮʳ Tagïʧʦʣʠʤʝʨʘʟʳ; 2,5 ʤʢʣ ʩʪʘʥʜʘʨʪʥʦʛʦ 10Ĭ ʙʫʬʝʨʘ ʜʣʷ ʇʎʈ; 2,5 ʤʄ MgCl2 

(çʉʠʣʝʢʩ ʄè, ʈʦʩʩʠʷ); 0,25 ʤM dNTP (Fermentas, ʃʠʪʚʘ); 25 ʧʄ ʧʨʘʡʤʝʨʘ (çʉʠʥʪʦʣè, 
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ʈʦʩʩʠʷ); 5 ʤʢʣ ʪʦʪʘʣʴʥʦʡ ɼʅʂ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʂï) ʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʯʠʩʪʦʪʳ ʨʝʘʢʪʠʚʦʚ ʜʦʙʘʚʣʷʣʠ ʚʤʝʩʪʦ ɼʅʂ 5 ʤʢʣ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ. ɸʤʧʣʠʬʠʢʘʮʠʶ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʨʤʦʮʠʢʣʝʨʝ GeneAmp PCRSystem 9700 (Applied 

Biosystems, ʉʐɸ) ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʜʣʷ ISSRïPCR ʤʝʪʦʜʘ ʧʨʦʛʨʘʤʤʝ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʜʝʥʘʪʫʨʘʮʠʷ 94 ÁC, 2 ʤʠʥ.; ʧʝʨʚʳʝ ʧʷʪʴ ʮʠʢʣʦʚ 94 ÁC, 20 ʩʝʢ.; tÁ ʦʪʞʠʛʘ, 10 ʩʝʢ.; 72 ÁC, 10 

ʩʝʢ.; ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʪʨʠʜʮʘʪʠ ʧʷʪʠ ʮʠʢʣʘʭ 94 ÁC, 5 ʩʝʢ.; tÁ ʦʪʞ., 5 ʩʝʢ.; 72 ÁC, 5 ʩʝʢ. 

ʇʦʩʣʝʜʥʠʡ ʮʠʢʣ ʵʣʦʥʛʘʮʠʠ ʜʣʠʣʩʷ 2 ʤʠʥ ʧʨʠ 72 ÁC. ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʨʘʟʜʝʣʷʣʠ 

ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ 1,7% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʚ 1Ĭ ʊɺɽ ʙʫʬʝʨʝ, ʦʢʨʘʰʠʚʘʣʠ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ ʠ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʚ ʧʨʦʭʦʜʷʱʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ ʚ ʩʠʩʪʝʤʝ ʛʝʣʴïʜʦʢʫʤʝʥʪʘʮʠʠ 

GelDoc XR (BioïRad, ʉʐɸ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʨʢʝʨ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ (100 bp +1,5 + 3 ʂb DNA Ladder, ʆʆʆ çʉʠʙʕʥʟʠʤïʄè, ʄʦʩʢʚʘ) ʠ 

ʧʨʦʛʨʘʤʤʫ Quantity One (BioïRad, ʉʐɸ). ɺʩʝʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʧʦʣʠʤʦʨʬʠʟʤ 885 ʇʎʈï

ʧʨʦʙ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʇʎʈ ʠ ʵʣʝʢʪʨʦʬʦʨʝʟ ʧʦʚʪʦʨʷʣʠ 

ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʨʘʟ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʘʥʥʳʝ 

ʤʦʣʝʢʫʣʷʨʥʦïʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʙʠʥʘʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ. ʂʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʧʦʣʠʤʦʨʬʠʟʤʘ ɼʅʂ ʧʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ POPGENE 1.31 [16] ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʢʨʦʩʘ GenAlEx6 ʜʣʷ MSïExcel ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʜʦʣʠ (ʈ95) ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ, ʘʙʩʦʣʶʪʥʦʛʦ (na) ʯʠʩʣʘ ʘʣʣʝʣʝʡ, 

ʵʬʬʝʢʪʠʚʥʦʛʦ (ne) ʯʠʩʣʘ ʘʣʣʝʣʝʡ, ʦʞʠʜʘʝʤʦʡ (HE) ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ [17]. ɼʣʷ ʦʧʠʩʘʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

[18]: ʦʞʠʜʘʝʤʘʷ ʜʦʣʷ ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʛʝʥʦʪʠʧʦʚ (HT) ʚʦ ʚʩʝʡ ʧʦʧʫʣʷʮʠʠ, ʢʘʢ ʤʝʨʘ ʦʙʱʝʛʦ 

ʛʝʥʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ; ʦʞʠʜʘʝʤʘʷ ʜʦʣʷ ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʛʝʥʦʪʠʧʦʚ ʚ ʩʫʙʧʦʧʫʣʷʮʠʠ (HS), ʢʘʢ 

ʤʝʨʘ ʝʝ ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ; ʜʦʣʷ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʦʙʱʝʤ ʨʘʟʥʦʦʙʨʘʟʠʠ (GST), ʘ ʪʘʢ ʞʝ ʧʘʢʝʪ AMOVA (Analysis of Molecular 

Variance) ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ (ūPT) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

1000 ʨʘʫʥʜʦʚ ʧʨʝʤʫʪʘʮʠʡ [19]. ʅʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʙʠʥʘʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʤʘʪʨʠʮʘ ʛʝʥʝʪʠʯʝʩʢʠʭ (DN) ʨʘʩʩʪʦʷʥʠʡ [20] ʠ ʥʝʚʟʚʝʰʝʥʥʳʤ ʧʘʨʥʦïʛʨʫʧʧʦʚʳʤ ʤʝʪʦʜʦʤ 

(UPGMA ð Unweighted Pairïgroup Method Using Arithmetic Average) ʧʦʩʪʨʦʝʥʘ 

ʜʝʥʜʨʦʛʨʘʤʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʧʫʣʷʮʠʡ ʧʦ ISSRïPCR 

ʩʧʝʢʪʨʘʤ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ Treecon 1.3b ʠ POPGENE 1.31. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʜʣʷ 

ʧʦʧʫʣʷʮʠʦʥʥʦïʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʚ [21], ʧʨʦʛʨʘʤʤ MSïExcel ʠ STATISTICA 

12.0. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ISSRïʩʧʝʢʪʨʦʚ 6 ʧʦʧʫʣʷʮʠʡ L. sibirica ʚʳʷʚʠʣ 120 ISSRïʤʘʨʢʝʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ 

116 ʙʳʣʠ ʧʦʣʠʤʦʨʬʥʳʤʠ (ʈ95=0,967). ɺ ʩʨʝʜʥʝʤ ʦʜʠʥ ISSRïʧʨʘʡʤʝʨ ʠʥʠʮʠʠʨʦʚʘʣ ʫ 

L. sibirica ʩʠʥʪʝʟ 18,5 ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ (ʈʠʩʫʥʦʢ 1). 

ʏʠʩʣʦ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʘʡʤʝʨʘ 

ʦʪ 11 ʜʦ 30, ʘ ʠʭ ʨʘʟʤʝʨʳ ð ʦʪ 170 ʜʦ 1530 ʧʥ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʣʦʢʫʩʦʚ ʚʳʷʚʠʣ ʧʨʘʡʤʝʨ 

ʍ11, ʘ ʥʘʠʤʝʥʴʰʝʝ ð ʧʨʘʡʤʝʨ CR-215. ʏʠʩʣʦ ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ, ʚʳʷʚʣʷʝʤʦʝ 

ʧʨʘʡʤʝʨʘʤʠ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 7 (ʩ ʧʨʘʡʤʝʨʦʤ CR-215) ʜʦ 29 (ʩ ʧʨʘʡʤʝʨʦʤ ʍ10). ɼʦʣʷ 

ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ ʦʢʘʟʘʣʘʩʴ ʥʘʠʙʦʣʴʰʝʡ ʚ ʧʦʧʫʣʷʮʠʠ VSN (ʈ95=0,923), ʘ ʥʘʠʤʝʥʴʰʝʡ 

(ʈ95=0,806) ð ʚ ʧʦʧʫʣʷʮʠʠ KCH (ʊʘʙʣʠʮʘ 3). ʉʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʝʨʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʧʦʧʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ. ʆʞʠʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ (HE) ʥʘ 

ʦʙʱʫʶ ʚʳʙʦʨʢʫ ʩʦʩʪʘʚʠʣʘ 0,217. ʉʘʤʦʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʫʩʪʘʥʦʚʣʝʥʦ ʚ 

ʧʦʧʫʣʷʮʠʠ IRM (HE = 0,240), ʘ ʩʘʤʦʝ ʥʠʟʢʦʝ ð ʚ ʧʦʧʫʣʷʮʠʠ KRB (HE = 0,189). ɺ ʠʟʫʯʝʥʥʳʭ 
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ʧʦʧʫʣʷʮʠʷʭ ʘʙʩʦʣʶʪʥʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ (na) ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ ʩʦʩʪʘʚʠʣʦ1,465. ɿʥʘʯʝʥʠʷ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʚʳʰʝ ʚ ʧʦʧʫʣʷʮʠʠ VSN (na=1,658), ʘ ʥʠʞʝ ʚ ʧʦʧʫʣʷʮʠʠ ISH (ʊʘʙʣʠʮʘ 4). 

 
 

ʈʠʩʫʥʦʢ 1. ISSRïʩʧʝʢʪʨ L. sibirica ʩ ʧʨʘʡʤʝʨʦʤ ʍ10: ʄ ð ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ, 1ï14 ð 

ʥʦʤʝʨʘ ʧʨʦʙ ɼʅʂ, ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʦʣʠʤʦʨʬʥʳʝ ʬʨʘʛʤʝʥʪʳ. 

 

ʊʘʙʣʠʮʘ 3. 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɸʄʇʃʀʌʀʎʀʈʆɺɸʅʅʓʍ ISSRïʄɸʈʂɽʈʆɺ 

ɺ ʀɿʋʏɽʅʅʓʍ ʇʆʇʋʃʗʎʀʗʍ L. sibirica 
 

ISSRï

ʧʨʘʡ-

ʤʝʨʳ 

ɼʣʠʥʘ, ʧʥ 

ʏʠʩʣʦ ISSRïʤʘʨʢʝʨʦʚ ʚ ʧʦʧʫʣʷʮʠʷʭ ʅʘ ʦʙʱʫʶ 

ʚʳʙʦʨʢʫ ISH GN KCH KRB IRM VSN 

ʈ ʈ ʈ ʈ ʈ ʈ N ʈ 

CR-215 1000ï200 12 7 12 10 11 11 17 15 

IS8 800ï210 11 8 9 11 9 13 17 16 

X10 1530ï180 13 19 11 21 27 29 30 30 

X11 1370ï170 23 28 29 17 28 27 32 32 

M3 900ï190 17 16 14 19 11 16 24 23 

ɺʩʝʛʦ 1530ï170 
76 

(0,826) 

78 

(0,867) 

75 

(0,806) 

78 

(0,857) 

86 

(0,896) 

96 

(0,923) 
120 

116 

(0,967) 

ʇʨʠʤʝʯʘʥʠʝ: N ð ʯʠʩʣʦ ʚʳʷʚʣʝʥʥʳʭ ISSRïʤʘʨʢʝʨʦʚ; ʈ ð ʯʠʩʣʦ ʧʦʣʠʤʦʨʬʥʳʭ ISSRï

ʤʘʨʢʝʨʦʚ; ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʘ ʜʦʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ. 

 

ʊʘʙʣʠʮʘ 4.  

ɻɽʅɽʊʀʏɽʉʂʆɽ ʈɸɿʅʆʆɹʈɸɿʀɽ ʀɿʋʏɽʅʅʓʍ ʇʆʇʋʃʗʎʀʁ L. sibirica 
 

ʇʦʧʫʣʷʮʠʠ/ 

ʧʦʢʘʟʘʪʝʣʠ 
ISH GN KCH KRB IRM VSN ʅʘ ʦʙʱʫʶ 

ʚʳʙʦʨʢʫ P95 0,826 0,867 0,867 0,857 0,896 0,923 0,967 

HE 0,191 

(0,018) 

0,228 

(0,018) 

0,218 

(0,018) 

0,189 

(0,017) 

0,240 

(0,018) 

0,236 

(0,016) 

0,217  

(0,007) na 1,392 

(0,077) 

1,400 

(0,079) 

1,400 

(0,076) 

1,408 

(0,078) 

1,533 

(0,073) 

1,658 

(0,064) 

1,465  

(0,031) ne 1,321 

(0,033) 

1,393 

(0,035) 

1,369 

(0,034) 

1,311 

(0,032) 

1,408 

(0,034) 

1,388 

(0,032) 

1,365  

(0,014) ʇʨʠʤʝʯʘʥʠʝ: P95 ð ʜʦʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ, HE ð ʦʞʠʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ na ð 

ʘʙʩʦʣʶʪʥʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ ʥʘ ʣʦʢʫʩ; ne ð ʵʬʬʝʢʪʠʚʥʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ ʥʘ ʣʦʢʫʩ, ʚ ʩʢʦʙʢʘʭ ʜʘʥʳ 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

 

ʕʬʬʝʢʪʠʚʥʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ (ne) ̫ʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ʜʦʣʠ ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ, 

ʯʠʩʣʘ ʘʣʣʝʣʝʡ ʥʘ ʣʦʢʫʩ ʠ ʚʳʨʘʚʥʝʥʥʦʩʪʠ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʧʫʣʷʮʠʠ ʠʣʠ ʚʠʜʘ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʦʮʝʥʠʚʘʝʪ ʚʝʣʠʯʠʥʫ, 

ʦʙʨʘʪʥʫʶ ʛʝʤʠʟʠʛʦʪʥʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʴʰʠʤ ʚ ʧʦʧʫʣʷʮʠʠ 

IRM (ne = 1,408), ʘ ʥʠʞʝ ʚ ʧʦʧʫʣʷʮʠʠ KRB (ne = 1,311) ʠ ʥʘ ʦʙʱʫʶ ʚʳʙʦʨʢʫ ʩʦʩʪʘʚʣʷʝʪ 1,365 

(ʊʘʙʣʠʮʘ 4). 

ɸʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ L. sibirica ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʞʠʜʘʝʤʘʷ ʜʦʣʷ ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʛʝʥʦʪʠʧʦʚ (HT) ʥʘ ʦʙʱʫʶ ʚʳʙʦʨʢʫ ʩʦʩʪʘʚʠʣʘ0,304; ʘ 
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ʦʞʠʜʘʝʤʘʷ ʜʦʣʷ ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʛʝʥʦʪʠʧʦʚ ʚ ʦʪʜʝʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʦ ʚʩʝʤ ʣʦʢʫʩʘʤ (HS) 

ʨʘʚʥʘ 0,217. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ 

ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʧʨʠʭʦʜʠʪʩʷ 28,7% ʚʩʝʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ (GST 

=0,287), ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʦʧʫʣʷʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʧʦ ʣʦʢʫʩʘʤ, ʚʳʷʚʣʷʝʤʳʤ 

ʧʨʘʡʤʝʨʦʤ CR-215 (ʊʘʙʣʠʮʘ 5). 
 

ʊʘʙʣʠʮʘ 5. 

ɻɽʅɽʊʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ ʀɿʋʏɽʅʅʓʍ ʇʆʇʋʃʗʎʀʁ L. sibirica 
 

ISSRïʧʨʘʡʤʝʨ HT HS GST 

CR-215 0,261 (0,028) 0,158 (0,011) 0,39

6 ISSR-8 0,284 (0,032) 0,194 (0,019) 0,31

6 M3 0,322 (0,026) 0,203 (0,014) 0,37

1 X10 0,220 (0,018) 0,178 (0,012) 0,19

2 X11 0,283 (0,018) 0,218 (0,008) 0,22

8 ʅʘ ʦʙʱʫʶ ʚʳʙʦʨʢʫ 0,304 (0,024) 0,217 (0,014) 0,28

7 ʇʨʠʤʝʯʘʥʠʝ: HT ð ʦʙʱʝʛʦ ʛʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ; HS ð ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ; 

GST ð ʧʦʢʘʟʘʪʝʣʴ ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ; ʚ ʩʢʦʙʢʘʭ ʜʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

 

ʅʘʠʤʝʥʴʰʝʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʅʝʶ (D) ʦʪʤʝʯʝʥʦ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ISH ʠ 

KCH (D=0,039), ʘ ʥʘʠʙʦʣʴʰʝʝ ð ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ KRB ʠ KCH (D=0,230). ɼʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʥʦ ʦʪʯʘʩʪʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ 

ʠʟʫʯʝʥʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ (ʊʘʙʣʠʮʘ 6). 
 

ʊʘʙʣʠʮʘ 6. 

ɻɽʅɽʊʀʏɽʉʂʀɽ ʀ ɻɽʆɻʈɸʌʀʏɽʉʂʀɽ ɼʀʉʊɸʅʎʀʀ 

ʄɽɾɼʋ ʀɿʋʏɽʅʅʓʄʀ ʇʆʇʋʃʗʎʀʗʄʀ L. sibirica 
 

ʇʦʧʫʣʷʮʠʷ ISH GN KCH KRB IRM VSN 

ISH ð 270 266 630 730 670 

GN 0,081 ð 640 700 700 650 

KCH 0,039 0,088 ð 370 470 400 

KRB 0,229 0,172 0,230 ð 140 90 

IRM 0,216 0,167 0,224 0,078 ð 80 

VSN 0,193 0,132 0,198 0,084 0,046 ð 

ʇʨʠʤʝʯʘʥʠʝ: ʥʘʜ ʜʠʘʛʦʥʘʣʴʶ ð ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʜʠʩʪʘʥʮʠʠ (ʚ ʢʤ), ʧʦʜ ʜʠʘʛʦʥʘʣʴʶ ð 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʜʠʩʪʘʥʮʠʠ ʧʦ ʅʝʶ. 
 

ʅʘ ʜʝʥʜʨʦʛʨʘʤʤʝ ʠʟʫʯʝʥʥʳʝ ʧʦʧʫʣʷʮʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠ 2 ʢʣʘʩʪʝʨʘ. ɺ ʧʝʨʚʳʡ ʢʣʘʩʪʝʨ 

ʚʦʰʣʠ ʉʝʚʝʨʦï ʠ ʉʨʝʜʥʝʫʨʘʣʴʩʢʠʝ ʧʦʧʫʣʷʮʠʠ (ISH, GN, KCH); ʚ ʢʣʘʩʪʝʨ 2 ʦʙʲʝʜʠʥʠʣʠʩʴ 

ʧʦʧʫʣʷʮʠʠ ʖʞʥʦʛʦ ʋʨʘʣʘ (KRB, IRM, VSN). ʋʟʣʳ ʚʝʪʚʣʝʥʠʷ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʠʥʜʝʢʩ 

ʙʫʪʩʪʨʝʧʘ (>50%), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʳʭ ʠ ʤʝʞʢʣʘʩʪʝʨʥʳʭ 

ʨʘʟʣʠʯʠʡ (ʈʠʩʫʥʦʢ 2). 
 

 
ʈʠʩʫʥʦʢ 2. UPGMAïʜʝʥʜʨʦʛʨʘʤʤʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ ʜʝʩʷʪʠ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ 

L. sibirica, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ISSRïʤʘʨʢʝʨʦʚ. ʐʢʘʣʘ ʩʚʝʨʭʫ ð ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʨʘʩʩʪʦʷʥʠʷ; ʚ ʫʟʣʘʭ ʚʝʪʚʣʝʥʠʷ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʙʫʪʩʪʨʝʧʘ (ʚ %). 
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ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩ 

ʦʪʤʝʯʝʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʟʫʯʝʥʥʳʝ ʧʦʧʫʣʷʮʠʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʋʨʘʣʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʧʫʣʷʮʠʷʤʠ ʵʪʦʛʦ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʦʜʘ Larix, ʧʨʦʠʟʨʘʩʪʘʶʱʠʤʠ ʚ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ. ʀ. ʖ. ɸʜʨʠʘʥʦʚʦʡ [22] ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ RAPDïʤʝʪʦʜʦʤ ʧʦʧʫʣʷʮʠʡ 

ʣʠʩʪʚʝʥʥʠʮ ʂʘʤʯʘʪʢʠ, ʉʘʭʘʣʠʥʘ ʠ ʂʫʨʠʣ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʝʝ ʧʦʢʘʟʘʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ: na =1,407; HE =0,172, P95=0,430, ʘ ʫ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ 

ʫʩʪʘʥʦʚʣʝʥʳ: HE=0,170; P95=0,450 [23]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ISSRïʤʘʨʢʝʨʦʚ ʫ L. sibirica, 

ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʥʘ ʁ ʛʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 91,3% ʣʦʢʫʩʦʚ ʙʳʣʠ 

ʧʦʣʠʤʦʨʬʥʳʤʠ [24]. ʇʦʜʦʙʥʳʝ ʟʘʢʣʶʯʝʥʠʷ ʩʜʝʣʘʥʳ ʠ ɺ. ʇ. ʇʫʪʝʥʠʭʠʥʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ [9] 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ ʉʫʢʘʯʝʚʘ ʥʘ ʋʨʘʣʝ. 

ʅʝʢʦʪʦʨʳʤʠ ʠʟ ʧʨʠʯʠʥ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʧʫʣʷʮʠʡ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʫʨʘʣʴʩʢʦʛʦ ʘʨʝʘʣʘ ʣʠʩʪʚʝʥʥʠʮʳ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʠ ʠʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʣʝʩʦʚ ʋʨʘʣʘ. ʀʟ 6 ʠʟʫʯʝʥʥʳʭ 

ʧʦʧʫʣʷʮʠʡ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʪʤʝʯʝʥʳ ʚ ʧʦʧʫʣʷʮʠʠ 

VSN (P95=0,923; HE=0,236; ne=1,388), ʘ ʩʘʤʳʝ ʥʠʟʢʠʝ ð ʚ ʧʦʧʫʣʷʮʠʠ ISH (P95=0,826; 

HE=0,191; ne=1,321). ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʧʦʧʫʣʷʮʠʠ 

ISH ʩʨʝʜʠ ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʳ ʩ ʝʝ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴʶ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʧʨʝʜʝʣʘʭ ʥʝʩʢʦʣʴʢʠʭ ʩʢʣʦʥʦʚ ʛʦʨʳ ʀʰʝʨʠʤ 

ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʚʠʜʦʚ ʨʦʜʘ Larix ʭʘʨʘʢʪʝʨʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ [9]. ʋ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʚʠʜʦʚ ʨʦʜʘ Larix [25] cpSSRï

ʤʘʨʢʝʨʳ ʚʳʷʚʠʣʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ (GST=0,144), ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʜʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʠʟʦʣʷʮʠʠ ʨʘʩʩʪʦʷʥʠʝʤ: ɺʝʨʭʦʷʥʩʢʠʡ ʭʨʝʙʝʪ ʚ ʧʨʦʰʣʦʤ ʧʨʝʜʩʪʘʚʣʷʣ 

ʩʦʙʦʡ ʙʘʨʴʝʨ ʜʣʷ ʧʦʪʦʢʘ ʛʝʥʦʚ, ʦʧʨʝʜʝʣʠʚʰʠʡ ʛʝʥʝʪʠʯʝʩʢʫʶ ʦʙʦʩʦʙʣʝʥʥʦʩʪʴ ʣʠʩʪʚʝʥʥʠʮ 

ʩʝʚʝʨʦïʚʦʩʪʦʢʘ ɸʟʠʠ. ʊʘʢ ʞʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠʤʝʣʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ, ʚʳʷʚʣʝʥʥʘʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RAPDïʤʘʨʢʝʨʦʚ [22], ʫ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮ ʉʘʭʘʣʠʥʘ (GST=0,240) ʠ 

ʂʘʤʯʘʪʢʠ (GST=0,250). ʅʘ ʋʨʘʣʝ ʧʦ ʜʘʥʥʳʤ ʠʟʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ [9] ʫ ʣʠʩʪʚʝʥʥʠʮʳ 

ʉʫʢʘʯʝʚʘ ʚʳʷʚʣʝʥʘ ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

(FST=0,061). ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʥʘ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʫʶ ʛʝʥʝʪʠʯʝʩʢʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ 

ʣʠʩʪʚʝʥʥʠʮʳ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʋʨʘʣʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʢʦʤʧʣʝʢʩ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʠʟʦʣʷʮʠʷ ʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦï

ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʧʫʣʷʮʠʡ ʪʘʢ ʞʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʪʦʨʠʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʨʝʘʣʘ ʚʠʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʮʝʥʢʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠ (GST=0,287), ʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʦʜʘ Larix [22, 

25ï26]. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ L. sibirica ʫʩʪʘʥʦʚʣʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʨʘʣʴʩʢʠʝ ʧʦʧʫʣʷʮʠʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, 

ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʇʨʠ ʵʪʦʤ ʩʘʤʳʝ 

ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʪʤʝʯʝʥʳ ʚ ʧʦʧʫʣʷʮʠʠ VSN (P95=0,923; 

HE=0,236; ne=1,388), ʘ ʥʘʠʤʝʥʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʢʘʟʘʣʘʩʴ ʧʦʧʫʣʷʮʠʷ 

ISH (P95=0,826; HE=0,191; ne=1,321). ʀʟʫʯʝʥʥʳʝ ʧʦʧʫʣʷʮʠʠ L. sibirica ʋʨʘʣʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʩʝʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚʥʫʪʨʠ ʧʦʧʫʣʷʮʠʡ. ʉʪʨʫʢʪʫʨʘ ʧʦʧʫʣʷʮʠʡ ʚ ʮʝʣʦʤ ʙʣʠʟʢʘ, ʥʦ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

http://www.bulletennauki.com/
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ʦʪʨʘʞʘʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ. ʅʘ ʜʝʥʜʨʦʛʨʘʤʤʝ ʠʟʫʯʝʥʥʳʝ 

ʧʦʧʫʣʷʮʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠ 2 ʢʣʘʩʪʝʨʘ: ʚ ʧʝʨʚʳʡ ʢʣʘʩʪʝʨ ʚʦʰʣʠ ʉʝʚʝʨʦï ʠ ʉʨʝʜʥʝʫʨʘʣʴʩʢʠʝ 

ʧʦʧʫʣʷʮʠʠ, ʚʦ ʚʪʦʨʦʡ ð ʖʞʥʦʫʨʘʣʴʩʢʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʠ ʠʭ ʛʨʫʧʧ ʫ L. sibirica ʚ 

ʨʝʛʠʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʡ ʟʘʧʘʜʥʦʡ 

ʨʘʩʳ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʋʨʘʣʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʤʝʞʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ 

ʤʘʨʢʝʨʦʚ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʚʳʷʚʠʪʴ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʥʝʢʦʪʦʨʳʭ ʧʦʧʫʣʷʮʠʡ ʜʘʥʥʦʛʦ ʚʠʜʘ ʚ ʨʝʛʠʦʥʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʥʥʳʭ 

ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʧʦʧʫʣʷʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʥʘʤʝʪʠʪʴ ʦʙʱʠʝ ʧʫʪʠ ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʦʬʦʥʜʘ ʚʠʜʘ ʚ ʨʝʛʠʦʥʝ ʥʘ 

ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʦʩʥʦʚʝ, ʦʪʦʙʨʘʪʴ ʣʦʢʘʣʴʥʳʝ ʧʦʧʫʣʷʮʠʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʠʜʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʝ 143 ʩʧʦʨʪʩʤʝʥʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʝʜʠʥʦʙʦʨʩʪʚʘʤʠ ʚ ʪʨʝʭ ʩʧʦʨʪʠʚʥʳʭ ʰʢʦʣʘʭ ʛ. ʇʝʨʤʠ, ʚ ʚʦʟʨʘʩʪʝ ʦʪ 9 ʜʦ 20 ʣʝʪ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʎʈ ʚʳʷʚʣʝʥʳ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʦʚ ACE, PPARG ʠ PPARGC1A; 

ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʯʘʩʪʦʪʳ ʠ ʛʝʥʦʪʠʧʳ. ʀʟʫʯʝʥʳ ʧʦʣʠʤʦʨʬʠʟʤ I/D ʛʝʥʘ ACE (angiotensin I 

converting enzyme), ʘ ʪʘʢʞʝ ʧʦʣʠʤʦʨʬʠʟʤ Pro12ŸAla ʛʝʥʘ PPARG (peroxisome proliferatorï

activated receptor gamma) ʠ ʧʦʣʠʤʦʨʬʠʟʤ Gly482Ser ʛʝʥʘ PPARGC1A (peroxisome proliferatorï

activated receptor gamma coactivator 1ïalpha); ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʵʪʠʭ ʪʨʝʭ ʛʝʥʦʚ ʫ 

ʝʜʠʥʦʙʦʨʮʝʚ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʩʢʦʨʦʩʪʥʦïʩʠʣʦʚʳʭ ʢʘʯʝʩʪʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʯʝʪʘʥʠʷ ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ ACE, PPARG ʠ PPARGC1A 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʝʜʠʥʦʙʦʨʮʝʚ ʚ ʩʧʦʨʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɻʨʫʧʧʘ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ (ɻʨʫʧʧʘ I) ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʛʨʫʧʧʳ 

ʥʠʟʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ (ɻʨʫʧʧʘ II) ʧʦ ʥʘʣʠʯʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʢʦʨʦʩʪʠ, ʩʠʣʳ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʛʝʥʦʪʠʧʦʚ: ʛʝʥʦʪʠʧʘ I/I ʛʝʥʘ ACE, ʛʝʥʦʪʠʧʘ Ala/Pro ʛʝʥʘ 

PPARG ʠ ʛʝʥʦʪʠʧʦʚ Gly/Gly, Glu/Ser ʛʝʥʘ PPARGC1A. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʪʨʝʭ 

ʛʝʥʦʚ ʦʧʨʝʜʝʣʝʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ð ʦʙʱʠʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʙʘʣʣ (ʆɻɹ). ɼʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣ ̫ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ. 
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Abstract. Genotyping of 143 athletes of the martial artist at three sports schools of Perm aged 

from 9 up to 20 years is carried out. With use of PCR method allelic options of genes of ACE, 

PPARG and PPARGC1A are revealed; their frequencies and genotypes are determined. The 

polymorphisms of I/D of a gene of ACE (angiotensin I converting enzyme) is studied, and also a 

polymorphism of Pro12ŸAla of a gene of PPARG (peroxisome proliferatorΈactivated receptor 

gamma) and a polymorphism of Gly482Ser of a gene of PPARGC1A (peroxisome proliferatorï

activated receptor gamma coactivator 1ïalpha) are established. Allelic options of these genes are 

associated with the manifestation of endurance and high-speed and power qualities at martial artists. 

It is established that combinations of polymorphic options of genes of ACE, PPARG and 

PPARGC1A affect on the success of martial artists in sports activity. The group of highly skilled 

athletes (Group I) authentically differs from group of low-skilled athletes (Group II) on the presence 

of the favorable for development of speed, force and endurance of genotypes: I/I genotype of a gene 

of ACE, genotype Ala/Pro of a gene of PPARG and genotypes of Gly/Gly Glu/Ser of PPARGC1A 

gene. On the basis of a polymorphism of three genes the integrated indicator ð total genotype score 

(TGS) is defined. Recommendations for correction of the training process of the examined athletes 

are made. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʅʂ, ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʦʚ, ACE, PPARG, PPARGC1A, ʦʙʱʠʡ 

ʛʝʥʝʪʠʯʝʩʢʠʡ ʙʘʣʣ ʆɻɹ, ʝʜʠʥʦʙʦʨʮʳ. 

 

Keywords: DNA, allelic options of genes, ACE, PPARG, PPARGC1A, total genotype score 

TGS, martial artists. 

 

ɺʚʝʜʝʥʠʝ 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʧʨʦʷʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʯʝʣʦʚʝʢʘ ʦʙʫʩʣʦʚʣʝʥʳ 

ɼʅʂïʧʦʣʠʤʦʨʬʠʟʤʘʤʠ. ʀʟʚʝʩʪʥʦ ʩʚʳʰʝ 130 ʛʝʥʦʚ, ʧʦʣʠʤʦʨʬʠʟʤʳ ʢʦʪʦʨʳʭ ʘʩʩʦʮʠʠʨʦʚʘʥʳ 

ʩʦ ʩʧʦʨʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ [1]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʩʧʦʨʪʠʚʥʦʡ ʛʝʥʝʪʠʢʝ ʥʘʠʙʦʣʝʝ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʘ ʛʝʥʝʪʠʯʝʩʢʘʷ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʮʠʢʣʠʯʝʩʢʠʤ ʚʠʜʘʤ ʩʧʦʨʪʘ. ʉʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʃ. ʇ. ʄʘʪʚʝʝʚʘ [6] ʝʜʠʥʦʙʦʨʩʪʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʘʮʠʢʣʠʯʝʩʢʠʭ ʚʠʜʦʚ 

ʩʧʦʨʪʘ. ʋ ʝʜʠʥʦʙʦʨʮʝʚ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʩʪʴ ʜʚʠʞʝʥʠʡ, 

ʪʦʯʥʘʷ ʠ ʦʯʝʥʴ ʪʦʥʢʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʜʚʠʞʝʥʠʡ, ʙʳʩʪʨʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʩ ʦʜʥʠʭ ʜʚʠʛʘʪʝʣʴʥʳʭ 

ʘʢʪʦʚ ʥʘ ʜʨʫʛʠʝ [5].  

ɻʝʥ ACE (angiotensin I converting enzyme), ʢʦʥʚʝʨʪʠʨʫʶʱʠʡ ʘʥʛʠʦʪʝʥʟʠʥ 

ʧʨʝʚʨʘʱʘʶʱʠʡ ʬʝʨʤʝʥʪ, ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʜʣʠʥʥʦʤ ʧʣʝʯʝ 17 ʭʨʦʤʦʩʦʤʳ (17q23.3). ʕʪʦʪ ʛʝʥ 

ʫʯʘʩʪʚʫʝʪ ʚ ʢʘʪʘʣʠʟʝ ʧʨʝʚʨʘʱʝʥʠʷ ʘʥʛʠʦʪʝʥʟʠʥʘ I ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʧʝʧʪʠʜ. ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʘ ɸʉɽ, ʦʜʥʘʢʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʩʯʠʪʘʝʪʩʷ ʠʥʩʝʨʮʠʦʥʥʦïʜʝʣʝʮʠʦʥʥʳʡ (I/D) 

ʧʦʣʠʤʦʨʬʠʟʤ ʚ 16-ʤ ʠʥʪʨʦʥʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ Aluïʧʦʚʪʦʨʘ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ I-ʘʣʣʝʣʴ ʛʝʥʘ, ʥʦʩʠʪʝʣʠ ʢʦʪʦʨʦʛʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ɸʉɽ, ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʚʳʥʦʩʣʠʚʦʩʪʴʶ ʫ ʩʧʦʨʪʩʤʝʥʦʚ, ʘ Dïʘʣʣʝʣʴ ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʦʷʚʣʝʥʠʝ ʩʢʦʨʦʩʪʥʦïʩʠʣʦʚʳʭ 

ʢʘʯʝʩʪʚ [1]. 

ɻʝʥʳ ʩʝʤʝʡʩʪʚʘ PPAR ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʤʳʰʝʯʥʦʡ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. PPARG (peroxisome 

proliferator activated receptor gamma) ʵʪʦ ʛʝʥ ɔïʨʝʮʝʧʪʦʨʘ, ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʧʨʦʣʠʬʝʨʘʮʠʶ 

ʧʝʨʦʢʩʠʩʦʤ. ʆʥ ʣʦʢʘʣʠʟʦʚʘʥ ʚ 3 ʭʨʦʤʦʩʦʤʝ (3p25.2) ʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʨʝʛʫʣʷʪʦʨʘ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʣʠʧʠʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʛʝʥʘ 
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PPARG ʷʚʣʷʝʪʩʷ Pro12Ala, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʤʝʥʫ ʮʠʪʦʟʠʥʘ (C) ʥʘ ʛʫʘʥʠʥ (G) ʚ 

34-ʤ ʧʦʣʦʞʝʥʠʠ ʵʢʟʦʥʘ 2, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢ ʟʘʤʝʱʝʥʠʶ ʧʨʦʣʠʥʘ ʥʘ ʘʣʘʥʠʥ [3]. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʦʩʠʪʝʣʴʩʪʚʦ PPARG Ala ʘʣʣʝʣʷ, ʧʦʚʳʰʘʶʱʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʥʩʫʣʠʥʫ, ʘ ʟʥʘʯʠʪ, ʫʩʠʣʠʚʘʶʱʝʝ ʝʛʦ ʘʥʘʙʦʣʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʩʢʝʣʝʪʥʳʝ ʤʳʰʮʳ, ʧʨʝʜʨʘʩʧʦʣʘʛʘʝʪ ʢ ʨʘʟʚʠʪʠʶ ʠ ʧʨʦʷʚʣʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʢʦʨʦʩʪʴ/ʩʠʣʘ [10]. 

ɻʝʥ PPARGC1A (peroxisome proliferatorïactivated receptor gamma coactivator 1-alpha) 

ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʭʨʦʤʦʩʦʤʝ 4 (4p15.1), ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ ʤʝʜʣʝʥʥʳʭ 

ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, ʚ ʤʠʦʢʘʨʜʝ, ʚ ʙʫʨʦʤ ʞʠʨʝ, ʚ ʧʦʯʢʘʭ. ʉʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ PPARGC1A 

ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʘʵʨʦʙʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ [9]. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʧʦʣʠʤʦʨʬʠʟʤʦʤ 

ʛʝʥʘ PPARGC1A ʷʚʣʷʝʪʩʷ Gly482Ser, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʛʣʠʮʠʥʘ 

(Gly) ʥʘ ʩʝʨʠʥ (Ser) ʚ ʧʦʟʠʮʠʠ 482. ʆʥ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʩʢʦʨʦʩʪʥʦïʩʠʣʦʚʳʭ 

ʢʘʯʝʩʪʚ, ʚʳʩʦʢʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ, ʤʳʰʝʯʥʦʡ ʠ ʘʵʨʦʙʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʴʶ (Gly), ʘ ʪʘʢʞʝ 

ʩʚʷʟʘʥ ʩ ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ ʛʠʧʝʨʪʝʥʟʠʠ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 50 ʣʝʪ (Ser) [7]. 

ɻʝʥʝʪʠʯʝʩʢʘʷ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʝʜʠʥʦʙʦʨʩʪʚʘʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʘ 

ACE ʠ ʜʚʫʭ ʛʝʥʦʚ ʩʝʤʝʡʩʪʚʘ PPAR ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʥʝʝ ʥʝ ʠʟʫʯʘʣʘʩʴ, ʧʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ ACE, PPARG ʠ PPARGC1A ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʩʧʦʨʪʩʤʝʥʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʝʜʠʥʦʙʦʨʩʪʚʘʤʠ ʚ ʪʨʝʭ ʩʧʦʨʪʠʚʥʳʭ ʰʢʦʣʘʭ 

ʛ. ʇʝʨʤʠ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦïʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʦʙʨʘʟʮʳ 

ʙʫʢʢʘʣʴʥʦʛʦ ʵʧʠʪʝʣʠʷ ʫ 56 ʩʧʦʨʪʩʤʝʥʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʢʘʨʘʪʝ ʚ ʄɹʆʋ ɼʆɼ çʉɼʖʐʆʈ ʧʦ 

ʢʘʨʘʪʝè, ʫ 42 ʩʘʤʙʠʩʪʦʚ ʠʟ ʰʢʦʣʳ ʂɻɹʋ ɼʆ çʉɼʖʉʐʆʈ ʧʦ ʜʟʶʜʦ ʠ ʩʘʤʙʦè, ʘ ʪʘʢʞʝ ʫ 45 

ʜʟʶʜʦʠʩʪʦʚ ʰʢʦʣʳ ʄɸʋ ɼʆ çʉɼʖʉʐʆʈ ʧʦ ʜʟʶʜʦ ʠ ʩʘʤʙʦè ʛ. ʇʝʨʤʠ. ɺʦʟʨʘʩʪ 

ʩʧʦʨʪʩʤʝʥʦʚ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 9 ʜʦ 20 ʣʝʪ. ʉʧʦʨʪʩʤʝʥʳ ʚ ʩʚʷʟʠ ʩʦ ʩʧʦʨʪʠʚʥʦʡ ʫʩʧʝʰʥʦʩʪʴʶ 

ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ 2 ʛʨʫʧʧʳ ʧʦ 65 ʯʝʣʦʚʝʢ ʚ ʢʘʞʜʦʡ: ʚ ʧʝʨʚʫʶ ʛʨʫʧʧʫ çɻʨʫʧʧʘ Iè ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ 65 ʩʧʦʨʪʩʤʝʥʦʚ ʩʦ 2-ʤ ʠ 3-ʤ ʚʟʨʦʩʣʳʤʠ ʨʘʟʨʷʜʘʤʠ, 1-ʤ ʶʥʦʰʝʩʢʠʤ, ʘ ʪʘʢʞʝ ʦʜʠʥ 

ʢʘʥʜʠʜʘʪ ʚ ʤʘʩʪʝʨʘ ʩʧʦʨʪʘ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ çɻʨʫʧʧʘ IIè ʚʢʣʶʯʘʣʘ 65 ʯʝʣʦʚʝʢ, ʠʤʝʶʱʠʭ 2 ʠ 3-

ʡ ʶʥʦʰʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʠ ʩʧʦʨʪʩʤʝʥʳ, ʥʝ ʠʤʝʶʱʠʝ ʩʧʦʨʪʠʚʥʦʛʦ ʨʘʟʨʷʜʘ. ɿʘʙʦʨ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʨʘʟʦʚʳʭ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʱʝʪʦʢ 

ʧʫʪʝʤ ʩʦʩʢʦʙʘ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ. ɼʅʂ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʩʦʨʙʝʥʪʥr ʤ 

ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ çʇʨʦʙʘ ɻʉè, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʛʨʫʧʧʦʡ ʢʦʤʧʘʥʠʡ çɼʅʂï

ʊʝʭʥʦʣʦʛʠʷè (ʈʦʩʩʠʷ). ʂʦʥʮʝʥʪʨʘʮʠʶ ʧʨʦʙ ɼʅʂ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ 

Spectrofotometr
TM

 NanoDrop 2000 çThermo scientificè (USA). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ ʙʨʘʣʠ 

ʧʨʦʙʳ ɼʅʂ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5 ʥʛ/ʤʢʣ. ɼʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʦʣʠʤʦʨʬʥʳʭ ʣʦʢʫʩʦʚ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʧʨʘʡʤʝʨʳ (ʊʘʙʣʠʮʘ 1), 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [8, 11], ʟʘʪʝʤ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʆʆʆ çʉʠʥʪʦʣè (ʛ. ʄʦʩʢʚʘ)  

ʇʎʈ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʦʣʠʤʦʨʬʥʦʛʦ ʣʦʢʫʩʘ I/D ʛʝʥʘ ACE ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʧʨʦʛʨʘʤʤʝ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʜʝʥʘʪʫʨʘʮʠʷ 94 ÁC ð 7 ʤʠʥ.; 35 ʮʠʢʣʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ: 94 ÁC 

ð 30 ʩ., 62 ÁC ð 1 ʤʠʥ.; ʟʘʢʣʶʯʠʪʝʣʴʥʘʷ ʵʣʦʥʛʘʮʠʷ 72 ÁC ð 30 ʩ. [11]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʘ PPARG ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʎʈ, ʧʨʠʤʝʥʷʷ 

ʧʨʦʛʨʘʤʤʫ ʘʤʧʣʠʬʠʢʘʮʠʠ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʜʝʥʘʪʫʨʘʮʠʷ ʧʨʠ 95 ÁC ð 4 ʤʠʥ.; 35 ʮʠʢʣʦʚ 

ʘʤʧʣʠʬʠʢʘʮʠʠ: 94ÁC ð 30 ʩʝʢ., 66 ÁC ð 1 ʤʠʥ., 72 ÁC ð 30 ʩʝʢ.; ʧʦʩʣʝʜʥʠʡ ʮʠʢʣ ʵʣʦʥʛʘʮʠʠ 

72 ÁC ð 6 ʤʠʥ [8]. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʘʤʧʣʠʢʦʥʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʵʥʜʦʥʫʢʣʝʘʟʦʡ ʨʝʩʪʨʠʢʮʠʠ ʜʣʷ PPARG ð Bsh1236I çThermo Fisher Scientificè (USA). ʇʨʠ 
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ʥʘʣʠʯʠʠ ʪʨʝʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ (257, 223 ʠ 34 ʧ. ʥ.) ʦʧʨʝʜʝʣʷʣʘʩʴ ʛʝʪʝʨʦʟʠʛʦʪʘ Ala/Pro, ʜʚʫʭ 

ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ (223 ʠ 34 ʧ. ʥ.) ð ʛʦʤʦʟʠʛʦʪʘ Pro/Pro, ʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ɼʅʂ ʜʣʠʥʦʡ 257 

ʧ. ʥ. ð ʛʦʤʦʟʠʛʦʪʘ Ala/Ala [8]. ʇʦʣʠʤʦʨʬʠʟʤ Gly482Ser ʛʝʥʘ PPARGC1A ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʝ ʇʎʈ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʜʝʥʘʪʫʨʘʮʠʷ ʧʨʠ 95 ÁC ð 8 ʤʠʥ.; 40 ʮʠʢʣʦʚ 

ʘʤʧʣʠʬʠʢʘʮʠʠ: 94 ÁC ð 45 ʩʝʢ, 50 ÁC ð 45 ʩʝʢ, 72 ÁC ð 2 ʤʠʥ.; ʟʘʚʝʨʰʘʶʱʠʡ ʩʠʥʪʝʟ 72 ÁC 

ð 10 ʤʠʥ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʤʧʣʠʢʦʥʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʵʥʜʦʥʫʢʣʝʘʟʦʡ ʨʝʩʪʨʠʢʮʠʠ ʜʣʷ PPARGC1 ð MspI çThermo Fisher Scientificè (USA). 

 

ʊʘʙʣʠʮʘ 1. 

ʇʈɸʁʄɽʈʓ ɼʃʗ ɸʄʇʃʀʌʀʂɸʎʀʀ ʇʆʃʀʄʆʈʌʅʓʍ ʃʆʂʋʉʆɺ ʊʈɽʍ ɻɽʅʆɺ  

 

ɻʝʥ / 

ʧʦʣʠʤʦʨʬʥʳʡ 

ʣʦʢʫʩ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ 

(ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ) 

ʃʠʪʝʨʘʪʫʨʥʳʡ 

ʠʩʪʦʯʥʠʢ 

ACE/ 

 I/D 

5ôCTGGAGACCACTCCCATCCTTTCT-3ô; 

5ô-GATGTGGCCTACACATTCGTCAGAT-3ô. 

Rigat et al., 1992 

[11] 

 

PPARG / 

Pro12ŸAla 

5'-GCCAATTCAAGCCCAGTC-3' 

5'-GATATGTTTGCAGACAGTGTATCAGTGAAGGAATC 

GCTTTCCG-3' 

 

Eynon, et al., 

2009 [8]  

PPARGC1A/ 

Gly482Ser 

5'-GAGCCGAGCTGAACAAGCAC-3' 

5'-GGAGACACATTGAACAATGAATAGGATTG-3' 

Eynon, et al., 

2009 [8] 

 

ʇʨʦʷʚʣʝʥʠʝ ʪʨʝʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ (169, 209 ʠ 378 ʧ. ʥ.) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʛʝʪʝʨʦʟʠʛʦʪʝ 

Gly/Ser, ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʜʣʠʥʥʦʡ 169 ʠ 209 ʧ. ʥ. ʦʧʨʝʜʝʣʷʣʦ ʛʝʥʦʪʠʧ Gly/Gly, ʦʜʥʦʛʦ 

ʬʨʘʛʤʝʥʪ ɼʅʂ ʜʣʠʥʦʡ 378 ʧ. ʥ. ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʛʦʤʦʟʠʛʦʪʝ Ser/Ser [8]. 

ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʛʝʥʘ ACE ʠ ʨʝʩʪʨʠʢʮʠʠ ʛʝʥʦʚ PPARG ʠ PPARGC1A 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 2% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʩ ʜʘʣʴʥʝʡʰʝʡ ʦʢʨʘʩʢʦʡ 

ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ ʚ ʩʠʩʪʝʤʝ ʛʝʣʴïʜʦʢʫʤʝʥʪʘʮʠʠ Gel Doc XR (çBioï

Radè, USA) ʚ ʧʨʦʭʦʜʷʱʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʬʨʘʛʤʝʥʪʦʚ 

ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʨʢʝʨʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (50 bp DNA Ladder; çʆʆʆïʉʠʙʕʥʟʠʤïʄè, 

ʛ. ʄʦʩʢʚʘ). ʆʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥ ʬʨʘʛʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Quantity 

One 4.6.2 (çBioïRadè, USA). ʆʮʝʥʢʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʬʠʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ çʚʳʥʦʩʣʠʚʦʩʪʴè ʠʣʠ çʩʢʦʨʦʩʪʴ/ʩʠʣʘè ʫ 98 ʝʜʠʥʦʙʦʨʮʝʚ ʧʨʦʚʝʜʝʥʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʯʝʪʘ çʦʙʱʝʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʙʘʣʣʘè ʠʣʠ ʆɻɹ [12]. ʉʨʘʚʥʝʥʠʝ ʯʘʩʪʦʪ 

ʛʝʥʦʪʠʧʦʚ ʜʚʫʭ ʛʨʫʧʧ ʝʜʠʥʦʙʦʨʮʝʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ (F) ʧʨʠ p=0,05 

[13]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʦʙʱʫʶ ʚʳʙʦʨʢʫ ʩʧʦʨʪʩʤʝʥʦʚ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ I ʛʝʥʘ ACE ʩʦʩʪʘʚʠʣʘ 0,35, ʘ ʘʣʣʝʣʷ D 

ʵʪʦʛʦ ʞʝ ʛʝʥʘ ð 0,65 (ʊʘʙʣʠʮʘ 2). ɹʣʘʛʦʧʨʠʷʪʥʳʡ ʛʝʥʦʪʠʧ I/I, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʘʥʛʠʦʪʝʥʟʠʥ-1 ʧʨʝʚʨʘʱʘʶʱʝʛʦ ʬʝʨʤʝʥʪʘ (ɸʇʌ) ʠ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʜʣʝʥʥʳʭ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, ʙʳʣ ʚʳʷʚʣʝʥ ʫ 12 ʝʜʠʥʦʙʦʨʮʝʚ ʩ ʯʘʩʪʦʪʦʡ 0,09. 

ɻʝʪʝʨʦʟʠʛʦʪʥʳʡ ʛʝʥʦʪʠʧ I/D ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʫ 67 ʩʧʦʨʪʩʤʝʥʦʚ ʩ ʯʘʩʪʦʪʦʡ 0,52, ʝʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʘʥʛʠʦʪʝʥʟʠʥ-1 ʧʨʝʚʨʘʱʘʶʱʝʛʦ ʬʝʨʤʝʥʪʘ ʠ ʨʘʚʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʙʳʩʪʨʳʭ ʠ ʤʝʜʣʝʥʥʳʭ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ. ʄʝʥʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʛʝʥʦʪʠʧ D/D 

ʛʝʥʘ ACE, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ɸʇʌ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʙʳʩʪʨʳʭ ʤʳʰʝʯʥʳʭ 

ʚʦʣʦʢʦʥ, ʚʳʷʚʣʝʥ ʫ 51 ʯʝʣʦʚʝʢʘ ʩ ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ 0,39. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʛʝʥʘ 
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ACE ʠ ʛʝʥʦʪʠʧʦʚ ʩʧʦʨʪʩʤʝʥʦʚ ʩ ʨʘʟʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʩʧʦʨʪʩʤʝʥʦʚ 

çɻʨʫʧʧʳ Iè ʩ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çɻʨʫʧʧʦʡ IIè ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 

ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ I ʧʦʣʠʤʦʨʬʥʦʛʦ ʣʦʢʫʩʘ I/D ʛʝʥʘ ACE ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ (0,38 ʠ 0,32 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Fʦʧ 1,04<1,96), ʘ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ D ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (0,62 ʠ 0,68 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Fʦʧ 1,04<1,96). ʋ ʝʜʠʥʦʙʦʨʮʝʚ çɻʨʫʧʧʳ Iè ʯʘʩʪʦʪʘ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʛʝʥʦʪʠʧʘ 

I/I ʥʝʟʥʘʯʠʪʝʣʴʥʦ (Fʦʧ 1,80<1,96) ʚʳʰʝ (0,14), ʯʝʤ ʫ ʝʜʠʥʦʙʦʨʮʝʚ çɻʨʫʧʧʳ IIè (0,05). ɸ 

ʛʝʪʝʨʦʟʠʛʦʪʥʳʡ ʛʝʥʦʪʠʧ I/D ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʯʘʩʪʦʪʘʤʠ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʫ 

ʩʧʦʨʪʩʤʝʥʦʚ ʜʚʫʭ ʛʨʫʧʧ ʩ ʨʘʟʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ, ʘ ʠʤʝʥʥʦ 0,49 ʫ çɻʨʫʧʧʳ Iè ʠ 0,54 ʫ 

çɻʨʫʧʧʳ IIè (Fʦʧ 0,68<1,96). ʄʝʥʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʛʝʥʦʪʠʧ D/D ʥʝʟʥʘʯʠʪʝʣʴʥʦ (Fʦʧ 

0,46<1,96) ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʛʨʫʧʧʝ ʩ ʥʠʟʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ (0,41 ʫ çɻʨʫʧʧʳ IIè ʠ 0,37 ʫ 

çɻʨʫʧʧʳ Iè).  

ɸʥʘʣʠʟ ʧʦʣʠʤʦʨʬʥʦʡ ʧʦʟʠʮʠʠ Pro12Ala ʛʝʥʘ PPARG ʫ 49 ʩʧʦʨʪʩʤʝʥʦʚ çɻʨʫʧʧʳ Iè 

ʚʳʷʚʠʣ ʥʠʟʢʫʶ ʯʘʩʪʦʪʫ ʘʣʣʝʣʷ Pro (0,19) ʠ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʘʣʣʝʣʷ Ala (0,81). ɺ çɻʨʫʧʧʝ IIè 

ʫ ʩʧʦʨʪʩʤʝʥʦʚ ʯʘʩʪʦʪʘ ʘʣʣʝʣʝʡ Ala ʩʦʩʪʘʚʠʣʘ (0,73), ʘ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ Pro ð 0,27. ɻʝʥʦʪʠʧ 

Ala/Ala ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʫ 53 ʝʜʠʥʦʙʦʨʮʝʚ, ʛʜʝ ʘʣʣʝʣʴ Ala ʥʘʡʜʝʥ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 

0,54. ɻʝʥʦʪʠʧ Ala/Pro ʙʳʣ ʚʳʷʚʣʝʥ ʫ 44 ʩʧʦʨʪʩʤʝʥʦʚ (ʯʘʩʪʦʪʘ 0,45); ʧʨʠ ʜʘʥʥʦʤ ʛʝʥʦʪʠʧʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʨʝʜʥʷʷ ʤʳʰʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ɻʝʥʦʪʠʧ Pro/Pro ʛʝʥʘ PPARG ʚʳʷʚʣʝʥ ʫ 1 

ʯʝʣʦʚʝʢʘ, ʧʦʵʪʦʤʫ ʯʘʩʪʦʪʘ ʜʘʥʥʦʛʦ ʘʣʣʝʣʷ ʥʠʟʢʘ (0,01); ʧʨʠ ʜʘʥʥʦʤ ʛʝʥʦʪʠʧʝ ʧʦʚʳʰʝʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʥʩʫʣʠʥʫ ʚ ʤʝʜʣʝʥʥʳʭ ʠ ʙʳʩʪʨʳʭ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʥʘʭ, ʥʦ ʝʛʦ 

ʘʥʘʙʦʣʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʚʳʨʘʞʝʥʦ ʩʣʘʙʦ. ʏʘʩʪʦʪʘ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʛʝʥʦʪʠʧʘ Ala/Ala ʫ 

ʩʧʦʨʪʩʤʝʥʦʚ çɻʨʫʧʧʳ Iè, ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʢʚʘʣʠʬʠʢʘʮʠʶ, ʩʦʩʪʘʚʠʣʘ 0,63, ʛʝʪʝʨʦʟʠʛʦʪʳ 

Ala/Pro ð 0,36, ʘ ʤʝʥʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʛʝʥʦʪʠʧʘ Pro/Pro ð ʪʦʣʴʢʦ ʣʠʰʴ 0,01. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʯʘʩʪʦʪʘ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʛʝʥʦʪʠʧʘ Ala/Ala ʚ çɻʨʫʧʧʝ IIè ʩ ʥʠʟʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʤʝʥʴʰʝ, ʯʝʤ 

ʚ çɻʨʫʧʧʝ Iè ð 0,45, ʠ ʥʘʧʨʦʪʠʚ, ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʛʝʪʝʨʦʟʠʛʦʪʥʦʛʦ ʛʝʥʦʪʠʧʘ Ala/Pro ð 0,55. 

ɻʝʥʦʪʠʧ Pro/Pro ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʫ ʩʧʦʨʪʩʤʝʥʦʚ çɻʨʫʧʧʳ IIè. ɸʥʘʣʠʟ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʠ 

ʛʝʥʦʪʠʧʦʚ ʛʝʥʘ PPARG ʫ ʝʜʠʥʦʙʦʨʮʝʚ çɻʨʫʧʧʳ Iè ʩ ʚʳʩʦʢʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴʶ ʧʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʝʜʠʥʦʙʦʨʮʘʤʠ çɻʨʫʧʧʳ IIè ʩ ʥʠʟʢʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴʶ ʢʦʥʩʪʘʪʠʨʦʚʘʣ 

ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʛʝʥʦʪʠʧʫ Ala/Pro (Fʦʧ 2,0>1,96) ʤʝʞʜʫ ʩʨʘʚʥʠʚʘʝʤʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʆʜʥʘʢʦ, ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʝʜʠʥʦʙʦʨʮʝʚ ʩ ʨʘʟʥʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʧʦ ʯʘʩʪʦʪʝ ʘʣʣʝʣʝʡ Ala (Fʦʧ 0,95<1,96) ʠ Pro (Fʦʧ 0,94<1,96). 

ɸʥʘʣʠʟ ʧʦʣʠʤʦʨʬʥʦʡ ʧʦʟʠʮʠʠ Gly482Ser ʛʝʥʘ PPARGC1A ʫ 98 ʝʜʠʥʦʙʦʨʮʝʚ ʚʳʷʚʠʣ ʚ 

çɻʨʫʧʧʝ Iè ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʘʣʣʝʣʷ Gly (0,88) ʠ ʥʠʟʢʫʶ ʯʘʩʪʦʪʫ ʘʣʣʝʣʷ Ser (0,12). ɺ çɻʨʫʧʧʝ 

IIè ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ Gly ʥʠʞʝ (0,76), ʯʝʤ ʚ çɻʨʫʧʧʝ Iè (0,88); ʦʜʥʘʢʦ, ʚʳʰʝ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ Ser 

ð 0,24. ʏʘʩʪʦʪʘ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʥʦʩʣʠʚʦʩʪʠ ʛʝʥʦʪʠʧʘ Gly/Gly ʚ 

çɻʨʫʧʧʝ Iè ʝʜʠʥʦʙʦʨʮʝʚ ʩ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʠʣʘ 0,82; ʛʝʪʝʨʦʟʠʛʦʪʳ Gly/Ser ð 

0,12, ʘ ʤʝʥʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʛʝʥʦʪʠʧʘ Ser/Ser ð ʣʠʰʴ 0,06. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʯʘʩʪʦʪʘ 

ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʛʝʥʦʪʠʧʘ Gly/Gly ʚ çɻʨʫʧʧʝ IIè ʩ ʥʠʟʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʝʜʠʥʦʙʦʨʮʝʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (0,57), ʯʝʤ ʚ çɻʨʫʧʧʝ Iè ʩ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ; ʘ ʫ ʛʝʪʝʨʦʟʠʛʦʪʥʦʛʦ 

ʛʝʥʦʪʠʧʘ Gly/Ser, ʥʘʧʨʦʪʠʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʠ ʨʘʚʥʘ 0,37. ɻʦʤʦʟʠʛʦʪʥʳʡ ʛʝʥʦʪʠʧ Ser/Ser 

ʪʘʢʞʝ, ʢʘʢ ʠ ʚ çɻʨʫʧʧʝ Iè, ʙʳʣ ʚʳʷʚʣʝʥ ʫ 3 ʩʧʦʨʪʩʤʝʥʦʚ ʩ ʯʘʩʪʦʪʦʡ 0,06. ɸʥʘʣʠʟ ʯʘʩʪʦʪ 

ʘʣʣʝʣʝʡ ʠ ʛʝʥʦʪʠʧʦʚ ʛʝʥʘ PPARGC1A ʫ ʝʜʠʥʦʙʦʨʮʝʚ çɻʨʫʧʧʳ Iè ʩ ʚʳʩʦʢʦʡ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴʶ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʝʜʠʥʦʙʦʨʮʝʚ 

çɻʨʫʧʧʘ IIè ʩ ʥʠʟʢʦʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴʶ ʢʦʥʩʪʘʪʠʨʦʚʘʣ ʤʝʞʜʫ ʥʠʤʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʧʦ 

ʛʝʥʦʪʠʧʫ Gly/Gly ʠ Gly/Ser (Fʦʧ 2,74>1,96 ʠ Fʦʧ 2,97>1,96 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɿʥʘʯʠʤʳʭ 

ʨʘʟʣʠʯʠʡ ʥʝ ʚʳʷʚʣʝʥʦ ʧʦ ʯʘʩʪʦʪʝ ʘʣʣʝʣʝʡ Gly (Fʦʧ 1,56<1,96) ʠ Ser (Fʦʧ 1,57<1,96) ʤʝʞʜʫ 

ʩʧʦʨʪʩʤʝʥʘʤʠ ʜʚʫʭ ʛʨʫʧʧ ʝʜʠʥʦʙʦʨʮʝʚ. 
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ʋ 98 ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʪʨʝʭ ʛʝʥʦʚ ʦʧʨʝʜʝʣʝʥ 

ʦʙʱʠʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʙʘʣʣ. ʅʘʠʚʳʩʰʠʡ ʧʦʢʘʟʘʪʝʣʴ (100 ʙʘʣʣʦʚ) ʆɻɹʩʢʦʨʦʩʪʴ/ʩʠʣʘ ʦʪʤʝʯʝʥ ʫ 13 

ʝʜʠʥʦʙʦʨʮʝʚ (ʯʘʩʪʦʪʘ 0,13), ʯʪʦ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ ʯʘʩʪʦʪʝ ʆɻɹʚʥrʦʩʣʠʚʦʩʪʴ (0,12) ʫ 12 ʯʝʣʦʚʝʢ. 

ɺʳʩʦʢʠʡ ʨʝʟʫʣʴʪʘʪ (ʆɻɹ=75 ʙʘʣʣʦʚ) ʚʳʷʚʣʝʥ ʫ ʩʧʦʨʪʩʤʝʥʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʆɻɹʩʢʦʨʦʩʪʴ/ʩʠʣʘ 

ʦʪʤʝʯʝʥ ʫ 45 ʯʝʣʦʚʝʢ (0,46), ʘ ʆɻɹʚʳʥʦʩʣʠʚʦʩʪʴ ʫ 41 (0,42). ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʩʢʦʨʦʩʪʥʦïʩʠʣʦʚʳʭ ʢʘʯʝʩʪʚ (ʆɻɹ=50 ʙʘʣʣʦʚ) ʦʧʨʝʜʝʣʝʥ ʫ 

ʪʨʝʪʠ ʦʙʩʣʝʜʦʚʘʥʥʳʭ (33 ʩʧʦʨʪʩʤʝʥʘ, ʯʘʩʪʦʪʘ 0,34), ʧʦʯʪʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʩʨʝʜʥʷʷ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʨʘʟʚʠʪʠʶ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʳʷʚʣʝʥʘ ʫ 32 ʩʧʦʨʪʩʤʝʥʦʚ (0,33). 

ʅʠʟʢʠʡ ʆɻɹʩʢʦʨʦʩʪʴ/ʩʠʣʘ (25 ʙʘʣʣʦʚ) ʚʳʷʚʣʝʥ ʫ 6 ʝʜʠʥʦʙʦʨʮʝʚ (0,06), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʠʟʢʠʡ 

ʆɻɹʚʳʥʦʩʣʠʚʦʩʪʴ ʦʪʤʝʯʝʥ ʫ 12 ʩʧʦʨʪʩʤʝʥʦʚ (0,12). ʋ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ ʩʘʤʳʡ ʥʠʟʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʩʢʦʨʦʩʪʥʦïʩʠʣʦʚʳʤ ʢʘʯʝʩʪʚʘʤ (ʆɻɹ=0 ʙʘʣʣʦʚ) ʥʘʡʜʝʥ 

ʫ 1 ʩʧʦʨʪʩʤʝʥʘ (0,01), ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʚʳʥʦʩʣʠʚʦʩʪʠ. 

ʉʧʦʨʪʩʤʝʥʘʤ ʩ ʥʠʟʢʠʤ ʆɻɹ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʝʚʳʩʦʢʠʡ ʪʝʤʧ ʪʨʝʥʠʨʦʚʦʢ.  

 

ʊʘʙʣʠʮʘ 2. 

ʏɸʉʊʆʊʓ ɸʃʃɽʃɽʁ ʀ ɻɽʅʆʊʀʇʆɺ ʊʈɽʍ ɻɽʅʆɺ ʋ ɽɼʀʅʆɹʆʈʎɽɺ 

 ʉ ʈɸɿʅʆʁ ʂɺɸʃʀʌʀʂɸʎʀɽʁ 

 

ɻʝʥʦʪʠʧʳ/ʘʣʣʝʣʠ 

ɻʨʫʧʧʳ ʩʧʦʨʪʠʚʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, 

(ʯʠʩʣʦ ʩʧʦʨʪʩʤʝʥʦʚ) 
ʏʘʩʪʦʪʳ ʛʝʥʦʪʠʧʘ ʥʘ 

ʦʙʱʫʶ ʚʳʙʦʨʢʫ, (ʯʠʩʣʦ 

ʩʧʦʨʪʩʤʝʥʦʚ) 

Fʦʧ
<

>Fst 

ɻʨʫʧʧʘ I ɻʨʫʧʧʘ II 

ɻʝʥ ACE 

I 0,38 0,32 0,35 0,71<1,96 

D 0,62 0,68 0,65 0,72<1,96 

I/I  0,14 (9) 0,05 (3) 0,09 (12) 1,80<1,96 

I/D 0,49 (32) 0,54 (35) 0,52 (67) 0,68<1,96 

D/D 0,37 (24) 0,41(27) 0,39 (51) 0,46<1,96 

ɻʝʥ PPARG 

Ala 0,81 0,73 0,76 0,95<1,96 

Pro 0,19 0,27 0,24 0,94<1,96 

Ala/Ala 0,63 (31) 0,45 (22) 0,54 (53) 1,80<1,96 

Ala/Pro 0,36 (17) 0,55 (27) 0,45 (44) 2,0>1,96 

Pro/Pro 0,01 (1) 0 (0) 0,01 (1) 0,44<1,96 

ɻʝʥ PPARGC1A  

Gly  0,88  0,76  0,81  1,56< 1,96 

Ser  0,12  0,24  0,19  1,57< 1,96 

Gly/Gly  0,82 (40)  0,57 (28)  0,69 (68)  2,74> 1,96 

Gly/Ser  0,12 (6)  0,37 (18)  0,25 (24)  2,97> 1,96 

Ser/Ser  0,06 (3)  0,06 (3)  0,06 (6)  0< 1,96 

ʇʨʠʤʝʯʘʥʠʝ: I, D ð ʘʣʣʝʣʠ ʛʝʥʘ ACE; I/I, I/D, D/D ð ʛʝʥʦʪʠʧʳ ʛʝʥʘ ACE; Ala, Pro ð ʘʣʣʝʣʠ 

ʛʝʥʘ PPARG, Ala/Ala, Ala/Pro, Pro/Pro ð ʛʝʥʦʪʠʧʳ ʛʝʥʘ PPARG; Gly, Ser ð ʘʣʣʝʣʠ ʛʝʥʘ PPARGC1A; 

ɻʨʫʧʧʘ I ð ʩʧʦʨʪʩʤʝʥʳ ʩ ʚʳʩʦʢʠʤʠ ʩʧʦʨʪʠʚʥʳʤʠ ʨʘʟʨʷʜʘʤʠ; ɻʨʫʧʧʘ II ð ʩʧʦʨʪʩʤʝʥʳ ʩ ʥʠʟʢʠʤʠ 

ʩʧʦʨʪʠʚʥʳʤʠ ʨʘʟʨʷʜʘʤʠ; Fʦʧ ð Fïʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ. Fstïʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ ʩʪʘʥʜʘʨʪʥʳʡ (ʧʨʠ 

p=0,05); ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʦ ʯʠʩʣʦ ʩʧʦʨʪʩʤʝʥʦʚ; ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ. 

 

ɺʳʚʦʜʳ 

ʋ 143 ʩʧʦʨʪʩʤʝʥʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʝʜʠʥʦʙʦʨʩʪʚʘʤʠ ʚ ʪʨʝʭ ʩʧʦʨʪʠʚʥʳʭ ʰʢʦʣʘʭ 

ʛ. ʇʝʨʤʠ, ʚʳʷʚʣʝʥʳ ʧʦʣʠʤʦʨʬʠʟʤʳ I/D ʛʝʥʘ ACE, Pro12ŸAla ʛʝʥʘ PPARG ʠ Gly482Ser ʛʝʥʘ 

PPARGC1A, ʢʦʪʦʨʳʝ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʩʢʦʨʦʩʪʥʦï

ʩʠʣʦʚʳʭ ʢʘʯʝʩʪʚ. ɻʨʫʧʧʳ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ (ɻʨʫʧʧʘ I) ʠ 
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ʥʠʟʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ (ɻʨʫʧʧʘ II) ʜʦʩʪʦʚʝʨʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʯʘʩʪʦʪʘʤ ʪʨʝʭ 

ʛʝʥʦʪʠʧʦʚ: Ala/Pro (Fʦʧ 2,0>1,96) ʛʝʥʘ PPARG ʠ ʛʝʥʦʪʠʧʦʚ Gly/Gly (Fʦʧ 2,74> 1,96) ʠ Gly/Ser 

(Fʦʧ 2,97> 1,96) ʛʝʥʘ PPARGC1A. ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʩʢʦʨʦʩʪʥʦï

ʩʠʣʦʚʳʭ ʢʘʯʝʩʪʚ ʛʝʥʦʪʠʧʳ ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʢʘʢ ʚ çɻʨʫʧʧʝ Iè ʩ ʚʳʩʦʢʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʝʡ ð Gly/Gly (0,82) ʛʝʥʘ PPARGC1A, ʪʘʢ ʠ ʚ çɻʨʫʧʧʝ IIè ʩ ʥʠʟʢʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʝʡ ð Ala/Pro (0,55) ʛʝʥʘ PPARG. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ ʠʟʫʯʝʥʥʳʭ 

ʪʨʝʭ ʛʝʥʦʚ ACE, PPARG, PPARGC1A ʫ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʝʜʠʥʦʙʦʨʮʝʚ ʛ. ʇʝʨʤʠ ʪʦʣʴʢʦ 

ʩʦʯʝʪʘʥʠʷ ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʘ PPARGC1A ʧʨʠʚʝʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʠʟʠʯʝʩʢʠʭ 

ʢʘʯʝʩʪʚ, ʦʢʘʟʘʚʰʠʭ ʚʣʠʷʥʠʝ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʩʧʦʨʪʩʤʝʥʦʚ. 

ʆʜʥʠʤ ʠʟ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʠ 

ʧʨʦʷʚʣʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʫ ʩʧʦʨʪʩʤʝʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʠʣʘ, ʩʢʦʨʦʩʪʴ ʠ ʚʳʥʦʩʣʠʚʦʩʪʴ, 

ʷʚʣʷʝʪʩʷ ʦʙʱʠʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʙʘʣʣ. ʆʮʝʥʢʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 98 ʩʧʦʨʪʩʤʝʥʦʚ, 

ʜʣʷ ʫʩʧʝʰʥʦʩʪʠ ʢʦʪʦʨʳʭ ʚʘʞʥʳ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʢʘʯʝʩʪʚʘ, ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʆɻɹ (ʦʪ 75 ʜʦ 100 ʙʘʣʣʦʚ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 58 (ʆɻɹʩʢʦʨʦʩʪʴ/ʩʠʣʘ) ʠ 53 (ʆɻɹʚʳʥʦʩʣʠʚʦʩʪʴ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʠʞʝʥʠʷ ʝʜʠʥʦʙʦʨʮʝʚ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʧʨʦʷʚʣʝʥʠʶ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʩʢʦʨʦʩʪʥʦïʩʠʣʦʚʳʭ ʢʘʯʝʩʪʚ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʭ ʛʝʥʦʪʠʧʘʤʠ, ʚʢʣʶʯʘʷ ʠ ʘʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʘ PPARGC1A. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʩʧʦʨʪʩʤʝʥʘʤ ʠ ʠʭ ʪʨʝʥʝʨʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʚʳʩʪʨʘʠʚʘʪʴ ʪʨʝʥʠʨʦʚʦʯʥʳʡ 

ʧʨʦʮʝʩʩ ʩ ʫʯʝʪʦʤ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʝʜʠʥʦʙʦʨʮʝʚ ʢ ʧʨʦʷʚʣʝʥʠʶ ʩʢʦʨʦʩʪʥʦï

ʩʠʣʦʚʳʭ ʢʘʯʝʩʪʚ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʠʭ ʛʝʥʦʪʠʧʘʤʠ; ʘ ʪʘʢʞʝ ʠʭ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [4].  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɺʳʨʘʞʘʝʤ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʥʝʨʘʤ, ʤʝʜʠʮʠʥʩʢʠʤ ʨʘʙʦʪʥʠʢʘʤ, ʩʧʦʨʪʩʤʝʥʘʤ ʠʟ ʰʢʦʣ ʄɹʆʋ 

ɼʆɼ çʉɼʖʐʆʈ ʧʦ ʢʘʨʘʪʝè, ʂɻɹʋ ɼʆ çʉɼʖʉʐʆʈ ʧʦ ʜʟʶʜʦ ʠ ʩʘʤʙʦè, ʘ ʪʘʢʞʝ ʄɸʋ ɼʆ 

çʉɼʖʉʐʆʈ ʧʦ ʜʟʶʜʦ ʠ ʩʘʤʙʦè ʛ. ʇʝʨʤʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸʭʤʝʪʦʚ ʀ. ʀ., ɸʩʪʨʘʪʝʥʢʦʚʘ ʀ. ɺ., ɼʨʫʞʝʚʩʢʘʷ ɸ. ʄ., ʄʦʞʘʡʩʢʘʷ ʀ. ɸ., ɸʥʘʣʠʟ 

ʢʦʤʙʠʥʘʮʠʡ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʤʳʰʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ // ɻʝʥʝʪʠʯʝʩʢʠʝ, 

ʧʩʠʭʦʬʠʟʠʯʝʩʢʠʝ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʩʧʦʨʪʩʤʝʥʦʚ: ʩʙ. ʥʘʫʯ. ʪʨ. ʉʇʙ. 

2006. C. 95-102. 

2. ɹʘʨʘʥʦʚ ɺ. ʉ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʧʘʩʧʦʨʪ - ʦʩʥʦʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠ ʧʨʝʜʠʢʪʠʚʥʦʡ 

ʤʝʜʠʮʠʥʳ. ʉʇʙ: ʀʟʜ-ʚʦ ʅ-ʃ, 2009. 528 ʩ. 

3. ɼʨʦʟʜʦʚʩʢʘʷ ʉ. ɹ., ɹʦʨʦʚʠʢ ʆ. ɸ., ɼʦʩʝʥʢʦ ɺ. ɽ., ʀʣʴʠʥ ɺ. ʅ. ʇʦʣʠʤʦʨʬʠʟʤ ʛʝʥʘ ɔ-

ʨʝʮʝʧʪʦʨʘ, ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʧʨʦʣʠʬʝʨʘʮʠʶ ʧʝʨʦʢʩʠʩʦʤ (PPARG) ʢʘʢ ʤʘʨʢʝʨ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʟʘʥʷʪʠʷʤ ʩʧʦʨʪʦʤ // ʇʝʜʘʛʦʛʠʢʘ, ʧʩʠʭʦʣʦʛʠʷ ʠ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʩʧʦʨʪʘ. 2012. ˉ4. C. 52-57. 

4. ɼʷʪʣʦʚ ɼ. ɸ., ʇʫʰʢʘʨʝʚ ɺ. ʇ., ʇʫʰʢʘʨʝʚ ɽ. ɼ., ʗʨʦʚʠʥʩʢʠʡ ɹ. ɻ. ɿʘʥʠʤʘʪʴʩʷ 

ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʩʧʦʨʪʦʤ ʚ XXI ʚʝʢʝ ʙʝʟ ʤʝʜʠʮʠʥʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʦʧʘʩʥʦ ʜʣʷ ʟʜʦʨʦʚʴʷ 

// ʅʘʫʯʥʦ-ʩʧʦʨʪʠʚʥʳʡ ʚʝʩʪʥʠʢ ʋʨʘʣʘ ʠ ʉʠʙʠʨʠ. 2014. ʊ. 3. 3̄. ʉ. 50-55. 

5. ʀʚʘʥʯʝʥʢʦ ɽ. ʀ. ɺʠʜʳ ʧʦʜʛʦʪʦʚʢʠ ʚ ʩʧʦʨʪʝ. ʄʠʥʩʢ: ɹɻʋʌʂ. 2014. 264 ʩ. 

6. ʄʘʪʚʝʝʚ ʃ. ʇ. ʆʩʥʦʚʳ ʦʙʱʝʡ ʪʝʦʨʠʠ ʩʧʦʨʪʘ ʠ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʩʧʦʨʪʩʤʝʥʦʚ. 

ʂʠʝʚ: ʆʣʠʤʧʠʡʩʢʘʷ ʣʠʪʝʨʘʪʫʨʘ, 1999. 318 ʩ. 

7. Brito E. C. Vimaleswaran K. S., Brage S., Andersen L. B. PPARGC1A sequence variation 

and cardiovascular risk-factor levels: a study of the main genetic effects and geneĬenvironment 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

132 

 

interactions in children from the European Youth Heart Study // Diabetologia. 2009. V. 52. ˉ4. P. 

609-613. 

8. Eynon N., Meckel Y., Sagiv M., Yamin C. Do PPARGC1A and PPARŬ polymorphisms 

influence sprint or endurance phenotypes? // Scandinavian journal of medicine & science in sports. 

2010. V. 20. ˉ1. P. e145-e150. 

9. Finck B. N., Kelly D. P. PGC-1 coactivators: inducible regulators of energy metabolism in 

health and disease // The Journal of clinical investigation. 2006. V. 116. ˉ3. P. 615-622. 

10. Jacob S., Stumvoll M., Becker R., Koch M. The PPARɔ2 polymorphism Pro12Ala is 

associated with better insulin sensitivity in the offspring of type 2 diabetic patients // Hormone and 

Metabolic Research. 2000. V. 32. ˉ10. P. 413-416. 

11. Rigat B., Hubert C., Corvol P., Soubrier F. PCR detection of the insertion/deletion 

polymorphism of the human angiotensin converting enzyme gene (DCP1)(dipeptidyl 

carboxypeptidase 1) // Nucleic acids research. 1992. V. 20. ˉ6. P. 1433. 

12. Williams A. G., Folland J. P. Similarity of polygenic profiles limits the potential for elite 

human physical performance // The journal of physiology. 2008. V. 586. ˉ1. P. 113-121. 

13. ʋʨʙʘʭ ɺ. ʖ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʜʣʷ ʙʠʦʣʦʛʦʚ ʠ ʤʝʜʠʢʦʚ. ʄ.: ɸʢʘʜ. ʥʘʫʢ 

ʉʉʉʈ, 1963. 323 ʩ. 

 

References: 

1. Akhmetov, I. I., Astratenkova, I. V., Druzhevskaya, A. M., & Mozhayskaya, I. A. (2006). 

Analysis of combinations of genetic markers of muscular activity. In Genetic, psychophysical and 

pedagogical technologies of training athletes. St. Petersburg. 95-102. 

2. Baranov, V. S. (2009). Genetic passport - the basis of individual and predictive medicine. 

St. Petersburg. 528. 

3. Drozdovskaya, S. B., Borovik, O. A., Dosenko, V. E., & Ilin, V. N. (2012). Peroxisome 

proliferator-activated receptor gamma genes polymorphism (PPARG) as a marker for predisposition 

to sports. Problems of physical education of the students, new technologies of physical training of 

youth and preparation of sportsmen, (4). 52-57. 

4. Dyatlov, D. A., Pushkarev, V. P., Pushkarev, E. D., & Yarovinsky, B. G. (2014). Doing 

physical culture and sport in XXI century is dangerous to health without medical control. Scientific 

and Sports Bulletin of the Urals and Siberia, 3(3). 50-55. 

5. Ivanchenko, E. I. (2014). Types of training in sport: the teaching method. Minsk: BGUFK, 

264. 

6. Matveev, L. P. (1999). Fundamentals of the general theory of sport and the system of 

training athletes. Kiev: Olympic literature, 318. 

7. Brito, E. C., Vimaleswaran, K. S., Brage, S., Andersen, L. B., Sardinha, L. B., Wareham, N. 

J., ... & Franks, P. W. (2009). PPARGC1A sequence variation and cardiovascular risk-factor levels: 

a study of the main genetic effects and geneĬ environment interactions in children from the 

European Youth Heart Study. Diabetologia, 52(4), 609-613. 

8. Eynon, N., Meckel, Y., Sagiv, M., Yamin, C., Amir, R., Goldhammer, E., ... & Oliveira, J. 

(2010). Do PPARGC1A and PPARŬ polymorphisms influence sprint or endurance phenotypes?. 

Scandinavian journal of medicine & science in sports, 20(1), e145-e150. 

9. Finck, B. N., & Kelly, D. P. (2006). PGC-1 coactivators: inducible regulators of energy 

metabolism in health and disease. The Journal of clinical investigation, 116(3), 615-622. 

10. Jacob, S., Stumvoll, M., Becker, R., Koch, M., Nielsen, M., Lºblein, K., ... & Machicao, 

F. (2000). The PPARɔ2 polymorphism Pro12Ala is associated with better insulin sensitivity in the 

offspring of type 2 diabetic patients. Hormone and Metabolic Research, 32(10), 413-416. 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

133 

 

11. Rigat, B., Hubert, C., Corvol, P., & Soubrier, F. (1992). PCR detection of the 

insertion/deletion polymorphism of the human angiotensin converting enzyme gene (DCP1) 

(dipeptidyl carboxypeptidase 1). Nucleic acids research, 20(6), 1433. 

12. Williams, A. G., & Folland, J. P. (2008). Similarity of polygenic profiles limits the 

potential for elite human physical performance. The journal of physiology, 586(1), 113-121. 

13. Urbakh, V. Yu. (1963). Matematicheskaya statistika dlya biologov i medikov. Moscow: 

Akad. nauk SSSR. 323. 

 

 

ʈʘʙʦʪʘ ʧʦʩʪʫʧʠʣʘ 

ʚ ʨʝʜʘʢʮʠʶ 24.11.2018 ʛ.  

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

27.11.2018 ʛ. 

________________________________________________________________________________ 

 

 

ʉʩʳʣʢʘ ʜʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: 

ʄʘʣʶʪʢʠʥʘ ɸ. ɺ., ʂʘʨʜʘʢʦʚʘ ɺ. ʄ., ɹʫʨʣʫʮʢʘʷ ʄ. ʖ., ɻʘʚʨʠʢʦʚʘ ɽ. ʇ., ɹʦʨʦʥʥʠʢʦʚʘ ʉ. 

ɺ. ɸʣʣʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʦʚ ACE, PPARG ʠ PPARGC1A ʫ ʝʜʠʥʦʙʦʨʮʝʚ ʛʦʨʦʜʘ ʇʝʨʤʠ // 

ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2018. ʊ. 4. ˉ12. ʉ. 125-133. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.bulletennauki.com/12-40 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.12.2018). 

 

Cite as (APA): 

Malyutkina, A., Kardakova, V., Burlutskaya M., Gavrikova, E., & Boronnikova, S. (2018). 

Allelic options of genes ACE, PPARG and PPARGC1A at martial artists of the city of Perm. 

Bulletin of Science and Practice, 4(12), 125-133. (in Russian). 

  

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

134 

 

ʋɼʂ 581.5:581.6; 615.1 

AGRIS J11 

 http://doi.org/10.5281/zenodo.2255667 

 

ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅɽʅʀʗ ʈɸʉʊɽʅʀʁ ʈʆɼɸ ELAEAGNUS  

ɺ ʌɸʈʄɸʎɽɺʊʀʏɽʉʂʆʁ ʀ ʇʀʑɽɺʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

 

Éʉʘʣʴʥʠʢʦʚʘ ʅ. ɸ., SPIN-ʢʦʜ: 4496-1904, ORCID: 0000-0003-2783-4059, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, 

ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ɸʩʪʨʘʭʘʥʴ, ʈʦʩʩʠʷ, natalya-salnikova-81@mail.ru 

Éʎʠʙʠʟʦʚʘ ɸ. ɸ., SPIN-ʢʦʜ: 2206-3898, ORCID: 0000-0002-9994-4751, 

ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ɸʩʪʨʘʭʘʥʴ, ʈʦʩʩʠʷ, sasha3633@yandex.ru 

Éʐʫʨ ʖ. ɺ., SPIN-ʢʦʜ: 4803-1603, ORCID: 0000-0001-5958-1362, 

ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ɸʩʪʨʘʭʘʥʴ, ʈʦʩʩʠʷ, flora-888@mail.ru 

 

THE PROSPECTS FOR THE USE OF PLANTS  

IN THE GENUS ELAEAGNUS IN THE PHARMACEUTICA L AND FOOD INDUSTRY  

 

ÉSalnikova N., SPIN-code: 4496-1904, ORCID: 0000-0003-2783-4059, Ph.D., 

Astrakhan State Medical University, Astrakhan, Russia, natalya-salnikova-81@mail.ru 

ÉTsibizova A., SPIN-code: 2206-3898, ORCID: 0000-0002-9994-4751, 

Astrakhan State Medical University, Astrakhan, Russia, sasha3633@yandex.ru 

ÉShur Yu., SPIN-code: 4803-1603, ORCID: 0000-0001-5958-1362, 

Astrakhan State Medical University, Astrakhan, Russia, flora-888@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʠʩʪʝʤʘʪʠʢʝ ʠ ʙʦʪʘʥʠʯʝʩʢʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʝ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Elaeagnus, ʤʦʨʬʦʣʦʛʦï

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʜʘʥʥʳʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ ʥʘ ʘʨʠʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʆʪʨʘʞʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʦʜʘ 

Elaeagnus ʚ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥ ɺʦʩʪʦʯʥʦʡ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʀʥʜʦʩʪʘʥʘ, ɿʘʢʘʚʢʘʟʴʷ ʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʇʣʦʜʳ ʣʦʭʘ 

ʫʧʦʪʨʝʙʣʷʶʪʩʷ ʚ ʧʠʱʫ ʢʘʢ ʚ ʩʳʨʦʤ, ʪʘʢ ʠ ʚ ʩʫʭʦʤ ʚʠʜʝ. ɺ ʧʠʱʝʚʦʡ ʠʥʜʫʩʪʨʠʠ ʠʟ ʧʣʦʜʦʚ 

ʧʦʣʫʯʘʶʪ ʤʫʢʫ, ʩʣʘʜʢʦʝ ʷʛʦʜʥʦʝ ʚʠʥʦ, ʘ ʪʘʢʞʝ ʩʧʠʨʪ. ɺ ʤʷʢʦʪʠ ʧʣʦʜʦʚ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 40% 

ʫʛʣʝʚʦʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʦʚʠʥʫ ʩʦʩʪʘʚʣʷʝʪ ʬʨʫʢʪʦʟʘ. ɺ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʧʣʦʜʳ ʣʦʭʘ ʷʚʣʷʶʪʩʷ ʢʦʨʤʦʤ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʪʠʮʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʙʟʦʨʝ 

ʣʠʪʝʨʘʪʫʨʳ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Elaeagnus. ʇʦʜʨʦʙʥʦ 

ʦʧʠʩʳʚʘʶʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʢʩʪʨʘʢʪʦʚ ʨʘʩʪʝʥʠʡ ʜʘʥʥʦʛʦ ʨʦʜʘ ʠ ʬʠʪʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʪʨʘʢʪʳ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Elaeagnus ʦʙʣʘʜʘʶʪ 

ʘʥʪʠʤʠʢʨʦʙʥʳʤ, ʠʥʩʝʢʪʠʮʠʜʥʳʤ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ, ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʤ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ, ʘʥʪʠʤʫʪʘʛʝʥʥʳʤ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʠ ʜʨʫʛʠʤʠ ʵʬʬʝʢʪʘʤʠ. 

ʉʨʝʜʩʪʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʳʨʴʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Elaeagnus 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʞʝʣʫʜʦʯʥʦïʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʚʝʨʭʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ, 

ʤʦʯʝʚʳʜʝʣʠʪʝʣʴʥʦʡ ʠ ʩʝʨʜʝʯʥʦïʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʦʙʱʝʫʢʨʝʧʣʷʶʱʝʝ ʠ 

ʧʦʣʠʚʠʪʘʤʠʥʥʦʝ. ʆʧʠʩʘʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʢʩʪʨʘʢʪʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ 

Elaeagnus, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ɓï

ʢʘʨʙʦʣʠʥʦʚʳʝ ʘʣʢʘʣʦʠʜʳ, ʧʦʣʠʩʘʭʘʨʠʜʳ, ʩʣʦʞʥʳʝ ʵʬʠʨʳ, ʬʣʘʚʦʥʦʚʳʝ ʛʣʠʢʦʟʠʜʳ, ʬʝʥʦʣʳ, 
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ʬʝʥʦʣʴʥʳʝ ʢʠʩʣʦʪʳ, ʢʝʪʦʥʳ, ʧʠʨʠʤʠʜʠʥʦʚʳʝ ʠ ʬʝʥʠʣʴʥʳʝ ʵʬʠʨʳ, ʩʪʝʨʦʠʜʳ ʠ ʪʝʨʧʝʥʳ, 

ʟʘʤʝʥʠʤʳʝ ʠ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʥʫʪʨʠʮʝʚʪʠʢʠ, ʚʠʪʘʤʠʥʳ ʠ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʩʚʝʜʝʥʠʷ ʘʢʪʫʘʣʠʟʠʨʫʶʪ ʜʘʣʴʥʝʡʰʝʝ ʙʦʣʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Elaeagnus, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʘʨʩʝʥʘʣʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʬʠʪʦʧʨʝʧʘʨʘʪʦʚ.  

 

Abstract. The article presents the literature data on the systematics and botanical 

nomenclature of various representatives of plants of the genus Elaeagnus, morphological and 

diagnostic features and ecological features of the growth of these plant species in arid areas. 

The data on the use of various species of the genus Elaeagnus in folk medicine and food industry of 

East and Central Asia, Hindustan, Transcaucasia and the Russian Federation. The fruits of 

the sucker are eaten both raw and dry. In the food industry, the fruits are flour, sweet berry wine and 

alcohol. The fruit pulp contains about 40% carbohydrates, half of which is fructose. In the agroï

industrial complex, the fruits of the sucker are feed for poultry. In addition, the literature review 

provides information on the establishment of physiological, biological and pharmacological activity 

of various representatives of the genus Elaeagnus. The chemical composition of plant extracts of 

this genus and the phytochemical characteristics of individual species are described in detail. It is 

shown that plant extracts of the genus Elaeagnus have antimicrobial, insecticidal, antiviral, 

antioxidant, wound healing, antiïinflammatory, antimutagenic, anti-tumor and other effects. Means 

obtained on the basis of raw materials of different species of plants of the genus Elaeagnus are used 

in diseases of the gastrointestinal tract, upper respiratory tract, urinary and cardiovascular systems 

and is used as a tonic and multivitamin. The chemical composition of extracts of the majority of 

representatives of the genus Elaeagnus containing various biologically active components, 

including ɓïcarbolic alkaloids, polysaccharides, esters, Flavon glycosides, phenols, phenolic acids, 

ketones, pyrimidine and phenyl esters, steroids and terpenes, interchangeable and essential amino 

acids and nutraceuticals, vitamins and fatty acids is described. The above information updates 

furthermore detailed study of biological activities of plants of the genus Elaeagnus growing in 

the Russian Federation in order to expand the Arsenal of domestic herbal remedies. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Elaeagnus, ʣʦʭ ʫʟʢʦʣʠʩʪʥʳʡ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʘʥʪʠʤʠʢʨʦʙʥʳʡ ʵʬʬʝʢʪ, ʨʘʥʦʟʘʞʠʚʣʷʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ. 

 

Keywords: Elaeagnus, Elaeagnus angustifolia, biologically active substances, antimicrobial 

effect, wound healing activity, dosage forms. 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʚ ʣʝʯʝʙʥʫʶ ʧʨʘʢʪʠʢʫ 

ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʌʠʪʦʧʨʝʧʘʨʘʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝ ʫʩʪʫʧʘʶʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʘʥʘʣʦʛʘʤ [1]. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ ʬʘʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʠʢʦʨʘʩʪʫʱʝʡ 

ʬʣʦʨʳ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ð ʨʦʜ ʣʦʭ (Elaeagnus), ʩʝʤʝʡʩʪʚʦ ʣʦʭʦʚʳʝ 

(Elaeagnaceae), ʥʘʩʯʠʪʳʚʘʶʱʠʡ ʦʢʦʣʦ 50 ʚʠʜʦʚ. ʅʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʨʦʜʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʖʞʥʦʡ 

ɽʚʨʦʧʝ, ɿʘʧʘʜʥʦʡ ʠ ʉʨʝʜʥʝʡ ɸʟʠʠ ʠ ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ. ʅʦ ʙʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ɺʦʩʪʦʯʥʦʡ ʠ ʦʩʦʙʝʥʥʦ ʚ ʖʛʦïɺʦʩʪʦʯʥʦʡ ɸʟʠʠ [4, 8]. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʟʨʘʩʪʘʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʨʦʜʘ Elaeagnus. 

ʀʟʫʯʝʥʠʝ ʧʠʱʝʚʳʭ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʪʝʥʠʡ ð ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ 

Elaeagnus ʧʨʦʚʦʜʠʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʘʢ ʚ ʧʠʱʝʚʦʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ, ʪʘʢ ʠ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [2ï4].  

ɺ ʦʬʠʮʠʘʣʴʥʦʡ ʤʝʜʠʮʠʥʝ ʨʘʩʪʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʦʜʘ Elaeagnus ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ. ʇʨʠ ʵʪʦʤ ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠ ʭʠʤʠʢʦï

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʩʦʤʥʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʣʦʭʘ, 

ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ [5]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʳ 7 ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Elaeagnus. 

ʃʠʩʪʦʧʘʜʥʳʝ: Elaeagnus angustifolia L. (ʣʦʭ ʫʟʢʦʣʠʩʪʥʳʡ); E. ʦrientalis L. (ʣʦʭ ʚʦʩʪʦʯʥʳʡ); E. 

ʦxycarpa Schlecht (ʣʦʭ ʦʩʪʨʦʧʣʦʜʥʳʡ); E. umbellate Thunb. (ʣʦʭ ʟʦʥʪʠʯʥʳʡ); E. agrentea Pursh. 

(ʣʦʭ ʩʝʨʝʙʨʠʩʪʳʡ); E. ʤultiflora Thunb. (ʣʦʭ ʤʥʦʛʦʮʚʝʪʢʦʚʳʡ). ɺʝʯʥʦʟʝʣʝʥʳʡ: E. ʨungens 

Thunb. (ʣʦʭ ʢʦʣʶʯʠʡ) [5]. 

ɾʠʟʥʝʥʥʘʷ ʬʦʨʤʘ ʨʘʩʪʝʥʠʡ ð ʥʝʙʦʣʴʰʠʝ, ʦʙʳʯʥʦ ʢʦʣʶʯʠʝ ʜʝʨʝʚʴʷ ʠ ʢʫʩʪʘʨʥʠʢʠ. 

ʃʠʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʦʯʝʨʝʜʥʦʝ ʠʣʠ ʩʫʧʨʦʪʠʚʥʦʝ. ʃʠʩʪʴʷ ʧʨʦʩʪʳʝ, ʮʝʣʴʥʳʝ, ʙʝʟ 

ʧʨʠʣʠʩʪʥʠʢʦʚ. ɼʣʷ ʚʩʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʣʦʭʦʚʳʭ ʭʘʨʘʢʪʝʨʥʦ ʦʧʫʰʝʥʠʝ ʠʟ ʱʠʪʢʦʚʠʜʥʳʭ 

ʯʝʰʫʝʢ ʠ ʟʚʝʟʜʯʘʪʳʭ ʚʦʣʦʩʢʦʚ. ʎʚʝʪʢʠ ʦʜʠʥʦʯʥʳʝ ʠʣʠ ʚ ʧʫʯʢʘʭ. ʎʚʝʪʢʠ ʧʨʘʚʠʣʴʥʳʝ, 

ʦʙʦʝʧʦʣʳʝ. ʆʢʦʣʦʮʚʝʪʥʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʯʘʰʝʯʢʦʡ 2ï ʠʣʠ 4ïʯʣʝʥʥʦʡ. ʊʳʯʠʥʦʢ ʚ ʦʙʦʝʧʦʣʳʭ ʠ 

ʤʫʞʩʢʠʭ ʮʚʝʪʢʘʭ 4 (ʨʝʞʝ 8), ʠ ʦʥʠ ʧʨʠʨʘʩʪʘʶʪ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʰʝʯʢʠ. ɻʠʥʝʮʝʡ 

ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʧʣʦʜʦʣʠʩʪʠʢʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʥʳʤ ʩʪʦʣʙʠʢʦʤ, ʥʝʩʫʱʠʤ ʛʦʣʦʚʯʘʪʦʝ 

ʨʳʣʴʮʝ. ʇʣʦʜ ð ʤʦʥʦʢʘʨʧʠʡ: ʦʜʥʦʦʨʝʰʝʢ ʠʣʠ ʦʜʥʦʢʦʩʪʷʥʢʘ. ʉʝʤʷ ʦʜʥʦ, ʙʝʟ ʵʥʜʦʩʧʝʨʤʘ ʠʣʠ 

ʩʦ ʩʣʘʙʦ ʨʘʟʚʠʪʳʤ ʵʥʜʦʩʧʝʨʤʦʤ [6]. 

ʃʦʭ ʫʟʢʦʣʠʩʪʥʳʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ɽʚʨʘʟʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ. ʕʪʦ 

ʜʨʝʚʦʚʠʜʥʳʡ ʢʫʩʪʘʨʥʠʢ ʚʳʩʦʪʦʡ ʜʦ 6 ʤ, ʩ ʰʠʨʦʢʦʡ, ʘʩʩʠʤʝʪʨʠʯʥʳʡ ʢʨʦʥʦʡ ʠ ʩʚʠʩʘʶʱʠʤʠ 

ʚʝʪʚʷʤʠ, ʠʥʦʛʜʘ ʨʘʩʪʫʱʠʡ ʢʫʩʪʦʚʠʜʥʦ ʩ ʢʨʫʧʥʳʤʠ ʩʪʝʙʣʝʚʳʤʠ ʢʦʣʶʯʢʘʤʠ. ʂʨʦʥʘ ʘʞʫʨʥʘʷ, 

ʩʝʨʝʙʨʠʩʪʦʛʦ ʮʚʝʪʘ ʟʘ ʩʯʝʪ ɦʠʪʢʦʚʠʜʥʳʭ ʯʝʰʫʝʢ ʠ ʟʚʝʟʜʯʘʪʳʭ ʚʦʣʦʩʢʦʚ. ʂʦʨʘ ʢʦʨʠʯʥʝʚʘʪʦï

ʙʫʨʦʛʦ ʮʚʝʪʘ, ʙʣʝʩʪʷʱʘʷ. ʇʦʙʝʛʠ ʧʦʢʨʳʪʳ ʩʝʨʝʙʨʠʩʪʳʤʠ ʯʝʰʫʡʢʘʤʠ. ʃʠʩʪʴʷ ʧʨʦʜʦʣʛʦʚʘʪʳʝ, 

ʣʘʥʮʝʪʥʳʝ, ʩʥʠʟʫ ʦʧʫʰʝʥʥʳʝ, ʙʝʣʳʝ. ʎʚʝʪʳ ʢʦʣʦʢʦʣʴʯʘʪʳʝ, ʥʝʢʨʫʧʥʳʝ, ʞʝʣʪʦʚʘʪʦʛʦ ʮʚʝʪʘ 

ʚʥʫʪʨʠ ʠ ʩʝʨʝʙʨʠʩʪʳʝ ʩʥʘʨʫʞʠ, ʧʦʷʚʣʷʶʪʩʷ ʚ ʠʶʥʝ. ʆʙʣʘʜʘʶʪ ʩʠʣʴʥʳʤ ʘʨʦʤʘʪʦʤ, ʯʪʦ 

ʧʨʠʚʣʝʢʘʝʪ ʥʘʩʝʢʦʤʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʯʝʣ, ʩʦʙʠʨʘʶʱʠʭ ʥʝʢʪʘʨʥʳʝ ʚʳʜʝʣʝʥʠʷ ʮʚʝʪʢʦʚ. 

ʃʦʭʦʚʳʡ ʤʝʜ ʦʪʣʠʯʘʝʪʩʷ ʦʩʦʙʳʤ ʚʢʫʩʦʤ ʠ ʘʨʦʤʘʪʦʤ. ʇʣʦʜ ð ʦʚʘʣʴʥʘʷ ʞʝʣʪʦʚʘʪʦïʙʫʨʘʷ 

ʢʦʩʪʷʥʢʘ; ʠʤʝʝʪ ʩʣʘʜʢʠʡ, ʤʫʯʥʠʩʪʳʡ, ʩʣʝʛʢʘ ʚʷʞʫʱʠʡ ʚʢʫʩ [7]. ʇʣʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʪʘ, ʪʘʥʠʥʘ. ʀʟ ʢʦʨʳ ʠ ʣʠʩʪʴʝʚ ʣʦʭʘ ʧʦʣʫʯʘʶʪ ʯʝʨʥʫʶ ʠ ʢʦʨʠʯʥʝʚʫʶ ʢʨʘʩʢʫ. 

ʃʠʩʪʴʷ ʣʦʭʘ ʙʦʛʘʪʳ ʜʫʙʠʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɼʨʝʚʝʩʠʥʘ ʣʦʭʘ ʩʣʘʚʠʪʩʷ ʩʪʦʡʢʦʩʪʴʶ ʚ ʚʦʜʝ. 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʦʭʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʣʷʪʴ ʢʘʤʝʜʴ. ʂʘʤʝʜʴ ʣʦʭʘ ʩʣʫʞʠʪ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʣʘʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ 

ʢʨʘʩʦʢ ʠ ʢʣʝʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʛʫʱʝʥʠʷ ʢʨʘʩʦʢ. ʎʚʝʪʝʪ ʚ ʠʶʥʝ. ʇʣʦʜʦʥʦʩʠʪ ʚ ʩʝʥʪʷʙʨʝïʦʢʪʷʙʨʝ. 

ʈʘʩʪʝʪ ʥʘ ʦʧʫʰʢʘʭ ʣʝʩʦʚ, ʧʦ ʙʝʨʝʛʘʤ ʨʝʢ, ʥʘ ʧʝʩʢʘʭ ʚ ʂʨʳʤʫ, ʥʘ ʂʘʚʢʘʟʝ, ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ 

ʉʠʙʠʨʠ, ʂʘʟʘʭʩʪʘʥʝ ʠ ʉʨʝʜʥʝʡ ɸʟʠʠ. ʈʘʟʚʦʜʠʪʩʷ ʚ ʩʘʜʘʭ ʢʘʢ ʧʣʦʜʦʚʦʝ ʨʘʩʪʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʚʳʩʘʞʠʚʘʝʪʩʷ ʚ ʧʦʣʝʟʘʱʠʪʥʳʭ ʧʦʣʦʩʘʭ [8].  

ʃʦʭ ʢʘʩʧʠʡʩʢʠʡ (Elaeagnus caspica (Sosn.) Grossh.) ʚʩʪʨʝʯʘʝʪʩʷ ʧʦ ʜʦʣʠʥʘʤ ʨʝʢ, 

ʚʧʘʜʘʶʱʠʤ ʚ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ ʩ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ; ʦʪ ʙʘʩʩʝʡʥʘ ʨ. ʉʫʣʘʢ ʚ ɼʘʛʝʩʪʘʥʝ 

(ʩʝʚʝʨʥʘʷ ʛʨʘʥʠʮʘ) ʜʦ ɸʧʰʝʨʦʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʥʘ ʶʛʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʳ ʦʜʠʥʦʯʥʳʝ 
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ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʚ ʐʠʨʚʘʥʩʢʦʡ ʠ ʄʫʛʘʥʩʢʦʡ ʩʪʝʧʷʭ. ʆʙʠʪʘʝʪ ʧʦ ʜʦʣʠʥʘʤ ʨʝʢ, ʥʘ ʛʘʣʝʯʥʳʭ 

ʥʘʥʦʩʘʭ, ʧʝʩʢʘʭ, ʨʝʞʝ ʧʦ ʦʚʨʘʛʘʤ, ʨʘʩʩʝʷʥʦ ʠʣʠ ʛʨʫʧʧʘʤʠ; ʦʪ ʥʠʟʤʝʥʥʦʩʪʠ ʜʦ ʥʠʞʥʝʛʦ ʧʦʷʩʘ 

ʛʦʨ. ɺʳʜʝʨʞʠʚʘʝʪ ʥʝʢʦʪʦʨʦʝ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚʳ. ʉʚʝʪʦʣʶʙʠʚʦʝ. ɼʝʨʝʚʦ ʚʳʩʦʪʦʡ 3ï6 ʤ. 

ʆʜʥʦʣʝʪʥʠʝ ʧʦʙʝʛʠ ʩʝʨʝʙʨʠʩʪʳʝ. ʃʠʩʪʴʷ ʦʯʝʨʝʜʥʳʝ, ʧʨʦʩʪʳʝ, ʫʟʢʦʣʘʥʮʝʪʥʳʝ, ʣʘʥʮʝʪʥʳʝ ʠʣʠ 

ʦʚʘʣʴʥʦïʣʘʥʮʝʪʥʳʝ, ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʩʝʨʝʙʨʠʩʪʳʝ ʦʪ ʧʦʢʨʳʚʘʶʱʠʭ ʠʭ ʯʝʰʫʝʢ. ɼʣʠʥʘ ʣʠʩʪʘ ʚ 

2ï3 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʰʠʨʠʥʫ. ʇʣʦʜʳ ʤʝʣʢʠʝ, 6ï8 ʤʤ ʜʣʠʥʦʡ, ʦʚʘʣʴʥʳʝ ʠʣʠ ʧʦʯʪʠ 

ʰʘʨʦʚʠʜʥʳʝ. ʃʠʩʪʦʯʢʠ ʦʢʦʣʦʮʚʝʪʥʠʢʘ ʩ ʪʨʝʤʷ ʞʠʣʢʘʤʠ. ʆʢʦʣʦʮʚʝʪʥʠʢ ʞʝʣʪʳʡ. ʎʚʝʪʝʪ ʚ 

ʤʘʝ, ʧʣʦʜʦʥʦʰʝʥʠʝ ʚ ʘʚʛʫʩʪʝ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʱʠʪʥʳʭ 

ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʥʘ ʧʦʯʚʘʭ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʝʪʨʦʚʦʡ ʠ ʚʦʜʥʦʡ ʵʨʦʟʠʠ. ʗʚʣʷʝʪʩʷ 

ʙʣʠʞʘʡʰʠʤ ʨʦʜʩʪʚʝʥʥʠʢʦʤ, ʫʞʝ ʜʘʚʥʦ ʚʚʝʜʝʥʥʦʛʦ ʚ ʢʫʣʴʪʫʨʫ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʥʦʛʦ ʧʠʱʝʚʦʛʦ 

ʨʘʩʪʝʥʠʷ E. ʘngustifolia L. [6]. 

ʃʦʭ ʦʩʪʨʦʧʣʦʜʥʳʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʇʨʠʠʨʪʳʰʴʝ, ʚ ʇʨʠʢʘʩʧʠʠ, ʥʘ ʕʤʙʝ, ʊʫʨʛʘʡʩʢʦʤ ʠ 

ʂʟʳʣïʆʨʜʳʥʩʢʦʤ ʨʝʛʠʦʥʘʭ, ɿʘʧʘʜʥʦʤ ʠ ɺʦʩʪʦʯʥʦʤ ʤʝʣʢʦʩʦʧʦʯʥʠʢʝ (ʨ. ɸʷʛʫʟ), ɿʘʡʩʘʥʝ, 

ʉʝʚʝʨʥʦʤ ʋʩʪʶʨʪʝ, ʧʦʣʫʦʩʪʨʦʚʝ ʄʘʥʛʳʰʣʘʢ, ʇʨʠʘʨʘʣʴʝ, ʊʫʨʢʝʩʪʘʥʝ, ɼʞʫʥʛʘʨʩʢʦʤ, 

ɿʘʠʣʠʡʩʢʦʤ ʠ ʂʫʥʛʝʡ ɸʣʘʪʘʫ, ɿʘʧʘʜʥʦʤ ʊʷʥʴïʐʘʥʝ, ʂʘʨʘʪʘʫ. ʈʘʩʪʝʪ ʧʦ ʙʝʨʝʛʘʤ ʠ ʚ ʜʦʣʠʥʘʭ 

ʧʫʩʪʳʥʥʳʭ ʨʝʢ, ʫʯʘʩʪʚʫʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʡʤʝʥʥʳʭ ʪʫʛʘʡʥʳʭ ʣʝʩʦʚ, ʧʦ ʙʝʨʝʛʘʤ ʦʟʝʨ, ʥʘ 

ʛʘʣʝʯʥʠʢʘʭ, ʚ ʧʦʥʠʞʝʥʠʷʭ ʙʫʛʨʠʩʪʳʭ ʧʝʩʢʦʚ, ʨʝʞʝ ʥʘ ʩʦʣʦʥʯʘʢʘʭ. ɼʝʨʝʚʦ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ, 

7ï10 ʤ ʚʳʩʦʪʦʡ, ʩ ʢʨʘʩʥʦʚʘʪʦïʙʫʨʦʡ ʙʣʝʩʪʷʱʝʡ ʢʦʨʦʡ. ɺʝʪʚʠ ʦʙʳʯʥʦ ʩ ʢʨʝʧʢʠʤʠ ʢʦʣʶʯʢʘʤʠ, 

1ï3 ʩʤ ʜʣʠʥʦʡ. ʄʦʣʦʜʳʝ ʧʦʙʝʛʠ ʠ ʣʠʩʪʴʷ ʩʝʨʝʙʨʠʩʪʦïʙʝʣʳʝ ʦʪ ʛʫʩʪʳʭ ʟʚʝʟʜʯʘʪʳʭ ʯʝʰʫʝʢ. 

ʃʠʩʪʴʷ ʧʨʠ ʮʚʝʪʢʘʭ ʰʠʨʦʢʦïʣʘʥʮʝʪʥʳʝ ʠʣʠ ʣʘʥʮʝʪʥʳʝ, 2ï4,5 ʩʤ ʜʣʠʥʦʡ, 7ï15 ʤʤ ʰʠʨʠʥʦʡ, ʩ 

ʟʘʦʩʪʨʝʥʥʦʡ ʠʣʠ ʪʫʧʦʚʘʪʦʡ ʚʝʨʭʫʰʢʦʡ, ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʛʫʩʪʦ ʩʝʨʝʙʨʠʩʪʦïʧʫʰʠʩʪʳʝ ʦʪ ʛʫʩʪʳʭ 

ʟʚʝʟʜʯʘʪʳʭ ʯʝʰʫʝʢ, ʩ ʯʝʨʝʰʢʦʤ ʚ 3ï4 ʨʘʟʘ ʢʦʨʦʯʝ ʧʣʘʩʪʠʥʢʠ, ʣʠʩʪʴʷ ʧʨʠ ʧʣʦʜʘʭ ʣʠʥʝʡʥʦï

ʧʨʦʜʦʣʛʦʚʘʪʳʝ, 4ï7 ʩʤ ʜʣʠʥʦʡ, 10ï15 ʤʤ ʰʠʨʠʥʦʡ, ʟʘʦʩʪʨʝʥʥʳʝ, ʩʥʠʟʫ ʩʝʨʝʙʨʠʩʪʳʝ, ʩʚʝʨʭʫ 

ʩʝʨʦʚʘʪʦïʟʝʣʝʥʳʝ ʦʪ ʨʝʜʢʦʚʘʪʳʭ ʟʚʝʟʜʯʘʪʳʭ ʯʝʰʫʝʢ, ʩ ʯʝʨʝʰʢʦʤ ʚ 7 ʨʘʟ ʢʦʨʦʯʝ ʧʣʘʩʪʠʥʢʠ. 

ʎʚʝʪʢʠ ʜʫʰʠʩʪʳʝ, ʧʦ 1ï3 ʚ ʧʘʟʫʭʘʭ ʣʠʩʪʴʝʚ, ʥʘ ʮʚʝʪʦʥʦʞʢʘʭ ʜʦ 2 ʤʤ ʜʣʠʥʦʡ. ʆʢʦʣʦʮʚʝʪʥʠʢ 

ʚʦʨʦʥʢʦʚʠʜʥʳʡ, 7ï8 ʤʤ ʜʣʠʥʦʡ, 3ï4 ʤʤ ʰʠʨʠʥʦʡ; ʣʦʧʘʩʪʠ ʦʢʦʣʦʮʚʝʪʥʠʢʘ ʪʨʝʫʛʦʣʴʥʦï

ʣʘʥʮʝʪʥʳʝ, 2ï3 ʤʤ ʜʣʠʥʦʡ, ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʛʦʣʳʝ, ʞʝʣʪʳʝ, ʩ ʨʝʜʢʠʤʠ ʞʝʣʝʟʢʘʤʠ ʠ 3 

ʷʚʩʪʚʝʥʥʳʤʠ ʞʠʣʢʘʤʠ, ʩʥʘʨʫʞʠ, ʢʘʢ ʠ ʪʨʫʙʢʘ ʦʢʦʣʦʮʚʝʪʥʠʢʘ, ʩʝʨʝʙʨʠʩʪʦïʙʝʣʳʝ ʦʪ ʛʫʩʪʦʛʦ 

ʯʝʰʫʡʯʘʪʦʛʦ ʦʧʫʰʝʥʠʷ. ʊʳʯʠʥʢʠ ʩ ʢʦʨʦʪʢʠʤʠ ʥʠʪʷʤʠ ʠ ʧʨʦʜʦʣʛʦʚʘʪʳʤʠ ʧʳʣʴʥʠʢʘʤʠ. 

ʉʪʦʣʙʠʢ ʥʝ ʧʨʝʚʳʰʘʝʪ ʪʳʯʠʥʦʢ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʘʛʥʫʪʳʡ, ʜʠʩʢ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ, ʫʩʝʯʝʥʥʦï

ʢʦʥʠʯʝʩʢʠʡ ʠʣʠ ʧʦʯʪʠ ʣʫʢʦʚʠʮʝʦʙʨʘʟʥʳʡ, ʩ ʧʫʯʢʦʤ ʙʝʣʳʭ ʙʣʝʩʪʷʱʠʭ ʚʦʣʦʩʢʦʚ ʥʘ ʚʝʨʭʫʰʢʝ, 

ʨʝʞʝ ʚʦʣʦʩʢʠ ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʣʦʜʳ ð ʢʦʩʪʷʥʢʠ, ʷʡʮʝʚʠʜʥʳʝ ʠʣʠ ʧʦʯʪʠ ʰʘʨʦʚʠʜʥʳʝ, 8ï

10 ʤʤ ʜʣʠʥʦʡ, 6ï7 ʤʤ ʰʠʨʠʥʦʡ, ʞʝʣʪʳʝ ʠʣʠ ʦʨʘʥʞʝʚʳʝ, ʤʷʢʦʪʴ ʠʭ ʤʫʯʥʠʩʪʘʷ, ʩʣʘʜʢʘʷ. 

ʂʦʩʪʦʯʢʘ ʧʨʦʜʦʣʛʦʚʘʪʘʷ, ʫʜʣʠʥʝʥʥʘʷ, ʢ ʦʙʦʠʤ ʢʦʥʮʘʤ ʟʘʦʩʪʨʝʥʥʘʷ, ʩ 8 ʪʝʤʥʳʤʠ ʧʦʣʦʩʢʘʤʠ, 

ʢʦʪʦʨʳʝ ʚ 2ï4 ʨʘʟʘ ʫʞʝ ʩʚʝʪʣʳʭ. 

ʃʦʭ ʚʦʩʪʦʯʥʳʡ ð ʚʳʩʦʢʠʡ ʢʫʩʪʘʨʥʠʢ ʠʣʠ ʜʝʨʝʚʦ 3ï8 ʤ ʚʳʩʦʪʳ, ʩ ʩʝʨʝʙʨʠʩʪʳʤʠ 

ʚʝʪʚʷʤʠ ʠ ʣʠʩʪʴʷʤʠ. ʃʠʩʪʴʷ ʧʨʦʜʦʣʛʦʚʘʪʦ ʠʣʠ ʫʟʢʦʣʘʥʮʝʪʥʳʝ. ʎʚʝʪʢʠ ʜʚʫʧʦʣʳʝ; 

ʦʢʦʣʦʮʚʝʪʥʠʢ ʯʝʪʳʨʝʭʯʣʝʥʥʳʡ. ʎʚʝʪʢʠ ʠʟʥʫʪʨʠ ʞʝʣʪʳʝ ʜʫʰʠʩʪʳʝ. ʄʦʣʦʜʳʝ ʧʦʙʝʛʠ 

ʧʦʢʨʳʪʳ ʯʝʰʫʡʢʘʤʠ. ʇʦʙʝʛʠ ʥʝʢʦʣʶʯʠʝ. ʇʣʦʜʳ ʢʨʫʧʥʳʝ ð 2 ʩʤ. ʈʘʩʪʝʥʠʷ ʧʨʦʠʟʨʘʩʪʘʶʪ 

ʥʝʙʦʣʴʰʠʤʠ, ʚ ʥʝʩʢʦʣʴʢʦ ʵʢʟʝʤʧʣʷʨʦʚ ʨʦʱʠʮʘʤʠ, ʦʙʨʘʟʫʷ ʩʚʦʝʦʙʨʘʟʥʳʝ ʬʠʪʦʮʝʥʦʟʳ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʥʘ ʩʫʭʠʭ ʧʝʩʯʘʥʳʭ, ʩʫʛʣʠʥʠʩʪʳʭ, ʩʦʣʦʥʯʘʢʦʚʳʭ ʧʦʯʚʘʭ. ʇʨʦʠʟʨʘʩʪʘʝʪ ʚ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ: ʅʠʞʥʠʡ ɼʦʥ, ʂʘʚʢʘʟ, ʉʨʝʜʥʷʷ ɸʟʠʷ. 

ʃʦʭ ʩʝʨʝʙʨʠʩʪʳʡ ð ʢʫʩʪʘʨʥʠʢ ʚʳʩʦʪʦʡ 1ï4 ʤ, ʨʝʞʝ ʥʝʙʦʣʴʰʦʝ ʜʝʨʝʚʦ, ʩ ʩʠʣʴʥʳʤ 

ʢʦʨʥʝʚʠʱʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʦʪʭʦʜʠʪʴ ʥʘ 8 ʤ ʦʪ ʢʫʩʪʘ, ʠʥʦʛʜʘ ʦʙʨʘʟʫʝʪ ʟʘʨʦʩʣʠ. ɺʝʪʢʠ 

ʢʦʣʶʯʠʝ, ʨʝʜʢʦ ʠʣʠ ʛʫʩʪʦ ʧʦʢʨʳʪʳ ʩʝʨʝʙʨʠʩʪʳʤʠ ʯʝʰʫʡʢʘʤʠ. ʃʠʩʪʦʧʘʜʥʦʝ ʨʘʩʪʝʥʠʝ, ʣʠʩʪʴʷ 

ʧʨʦʩʪʳʝ, ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʦʯʝʨʝʜʥʦ, 2ï10 ʩʤ ʜʣʠʥʦʡ, ʦʚʘʣʴʥʦʡ ʠʣʠ ʷʡʮʝʚʠʜʥʦïʣʘʥʮʝʪʥʦʡ 

ʬʦʨʤʳ, ʢʣʠʥʦʚʠʜʥʳʝ ʫ ʦʩʥʦʚʘʥʠʷ, ʟʘʦʩʪʨʝʥʥʳʝ ʥʘ ʢʦʥʮʝ, ʩ ʢʦʨʦʪʢʠʤʠ ʯʝʨʝʰʢʘʤʠ. ʎʚʝʪʢʠ 
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ʦʙʦʝʧʦʣʳʝ ʠʣʠ ʦʜʥʦʧʦʣʳʝ, ʜʫʰʠʩʪʳʝ, ʞʝʣʪʦʚʘʪʳʝ ʠʟʥʫʪʨʠ, ʩʥʘʨʫʞʠ ʩʝʨʝʙʨʠʩʪʳʝ. ɺ ʧʘʟʫʭʘʭ 

ʣʠʩʪʴʝʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʪ 1 ʜʦ 3 ʮʚʝʪʢʦʚ. ʆʢʦʣʦʮʚʝʪʥʠʢ ʢʦʣʦʢʦʣʴʯʘʪʳʡ. ʎʚʝʪʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʩ ʠʶʥʷ ʧʦ ʠʶʣʴ, ʠʟʨʝʜʢʘ ʤʦʞʝʪ ʧʦʚʪʦʨʷʪʴʩʷ ʚ ʘʚʛʫʩʪʝ. ʇʣʦʜ ð ʢʦʩʪʷʥʢʘ, ʰʘʨʦʚʠʜʥʦʡ ʠʣʠ 

ʷʡʮʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʩʤ, ʮʚʝʪʘ ʩʧʝʣʦʡ ʙʨʫʩʥʠʢʠ ʩʝʨʝʙʨʠʩʪʳʤ 

ʦʪʪʝʥʢʦʤ. ʇʣʦʜʦʥʦʩʠʪʴ ʥʘʯʠʥʘʝʪ ʚ ʚʦʟʨʘʩʪʝ 7ï10 ʣʝʪ. ʇʣʦʜʳ ʩʦʟʨʝʚʘʶʪ ʢ ʘʚʛʫʩʪʫïʩʝʥʪʷʙʨʶ, 

ʦʙʨʘʟʫʷ ʨʘʟʥʫʶ ʧʘʣʠʪʨʫ ʦʪ ʙʫʨʦʛʦ ʜʦ ʯʝʨʥʦʛʦ. ɺʢʫʩ ʧʣʦʜʘ ʦʯʝʥʴ ʛʘʨʤʦʥʠʯʥʳʡ, ʥʘʧʦʤʠʥʘʝʪ 

ʩʣʘʜʢʫʶ ʙʨʫʩʥʠʢʫ, ʥʦ ʝʜʷʪ ʝʛʦ ʨʝʜʢʦ, ʪ. ʢ. ʢʦʩʪʦʯʢʘ ʩʦʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʠ ʙʝʟ ʪʦʛʦ 

ʤʘʣʝʥʴʢʦʛʦ ʧʣʦʜʘ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ. ɺ ʈʦʩʩʠʠ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʥʘ ʚʦʩʪʦʯʥʦʤ ʧʦʙʝʨʝʞʴʝ ɸʟʦʚʩʢʦʛʦ 

ʤʦʨʷ, ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʠʟʨʘʩʪʘʝʪ ʚ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʩʪʨʝʯʘʝʪʩʷ ʪʘʢʞʝ ʥʘ 

ʂʨʳʤʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʠ ʶʛʝ ʋʢʨʘʠʥʳ. ʉʚʝʪʦʣʶʙʠʚʦʝ ʨʘʩʪʝʥʠʝ, ʥʦ ʤʦʞʝʪ ʚ ʢʫʣʴʪʫʨʝ 

ʧʨʦʠʟʨʘʩʪʘʪʴ ʚ ʧʦʣʫʪʝʥʠ. ʃʦʭ ʩʝʨʝʙʨʠʩʪʳʡ ð ʤʦʨʦʟʦʩʪʦʡʢʦʝ ʨʘʩʪʝʥʠʝ, ʤʦʞʝʪ ʚʳʜʝʨʞʠʚʘʪʴ 

ʤʦʨʦʟ ʜʦ ī40 ÁC, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʭʦʣʦʜʥʳʝ ʟʠʤʳ ʤʦʛʫʪ ʧʦʜʤʝʨʟʘʪʴ ʧʦʙʝʛʠ. ʃʫʯʰʝ ʚʩʝʛʦ 

ʨʘʩʪʝʪ ʥʘ ʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ, ʤʦʞʝʪ ʨʘʩʪʠ ʥʘ ʩʫʭʠʭ ʧʝʩʯʘʥʳʭ ʠʣʠ ʢʘʤʝʥʠʩʪʳʭ ʧʦʯʚʘʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʵʨʦʟʠʠ [9]. ʉʝʤʝʥʘ ʣʦʭʘ ʩʝʨʝʙʨʠʩʪʦʛʦ ʩʦʭʨʘʥʷʶʪ ʚʩʭʦʞʝʩʪʴ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʦʜʥʦʛʦïʜʚʫʭ ʣʝʪ. ʈʘʩʪʝʥʠʷ ʤʦʛʫʪ ʨʘʟʤʥʦʞʘʪʴʩʷ ʢʦʨʥʝʚʳʤʠ ʦʪʧʨʳʩʢʘʤʠ. 

ʈʘʩʪʝʥʠʷ ʨʦʜʘ Elaeagnus ̫ ʚʣʷʶʪʩʷ ʢʩʝʨʦʬʠʪʘʤʠ, ʩʚʝʪʦʣʶʙʠʚʳʤʠ ʠ ʩʦʣʝʚʳʥʦʩʣʠʚʳʤʠ, 

ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʦʚ ʠ ʩʦʟʜʘʥʠʷ ʧʦʣʝʟʘʱʠʪʥʳʭ ʣʝʩʥʳʭ ʧʦʣʦʩ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʜʣʝʩʢʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʦʥ ʪʘʢʞʝ ʜʣʷ ʞʠʚʳʭ ʠʟʛʦʨʦʜʝʡ, ʟʘʢʨʝʧʣʝʥʠʷ ʧʝʩʢʦʚ, 

ʦʚʨʘʛʦʚ, ʙʝʨʝʛʦʚ ʨʝʢ ʠ ʘʨʳʢʦʚ [10]. ʅʘ ʢʦʨʥʷʭ ʣʦʭʘ ʠʤʝʶʪʩʷ ʢʣʫʙʝʥʴʢʠ ʩ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʤʠ 

ʙʘʢʪʝʨʠʷʤʠ, ʠ ʧʦʵʪʦʤʫ ʢʫʣʴʪʫʨʘ ʣʦʭʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʦʛʘʱʝʥʠʶ ʧʦʯʚʳ ʘʟʦʪʦʤ. ʊʚʝʨʜʘʷ, 

ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʜʨʝʚʝʩʠʥʘ ʣʦʭʘ ʭʦʨʦʰʦ ʧʦʣʠʨʫʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʪʦʣʷʨʥʳʭ ʠ ʪʦʢʘʨʥʳʭ 

ʠʟʜʝʣʠʡ, ʥʘ ʤʫʟʳʢʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʡ ʠ ʛʦʨʶʯʠʡ ʤʘʪʝʨʠʘʣ. ʇʣʦʜʳ ʣʦʭʘ 

ʩʲʝʜʦʙʥʳ ʠ ʫʧʦʪʨʝʙʣʷʶʪʩʷ ʚ ʧʠʱʫ ʢʘʢ ʚ ʩʳʨʦʤ, ʪʘʢ ʠ ʚ ʩʫʭʦʤ ʚʠʜʝ. ʀʟ ʥʠʭ ʧʨʠʛʦʪʦʚʣʷʶʪ 

ʤʫʢʫ, ʛʦʪʦʚʷʪ ʩʣʘʜʢʦʝ ʷʛʦʜʥʦʝ ʚʠʥʦ, ʩʧʠʨʪ. ɺ ʤʷʢʦʪʠ ʧʣʦʜʦʚ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 40% 

ʫʛʣʝʚʦʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʦʚʠʥʫ ʩʦʩʪʘʚʣʷʝʪ ʬʨʫʢʪʦʟʘ. ʇʣʦʜʳ ʩʣʫʞʘʪ ʪʘʢʞʝ ʢʦʨʤʦʤ ʜʣʷ 

ʬʘʟʘʥʦʚ ʠ ʩʝʨʦʡ ʢʫʨʦʧʘʪʢʠ.  

ʎʝʥʥʳʝ ʣʝʯʝʙʥʳʝ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʦʭʘ ʠʟʜʘʚʥʘ ʠʟʚʝʩʪʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʤʥʦʛʠʭ ʩʪʨʘʥ ɸʟʠʠ ʠ ɿʘʢʘʚʢʘʟʴʷ. ʇʣʦʜʳ ʤʝʩʪʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʷ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʣʝʯʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʞʝʣʫʜʦʯʥʦïʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʶʪ 

ʚʷʞʫʱʠʤ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʠ ʦʙʚʦʣʘʢʠʚʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ. ʀʭ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʦʪʭʘʨʢʠʚʘʶʱʝʛʦ, ʞʘʨʦʧʦʥʠʞʘʶʱʝʛʦ, ʜʠʫʨʝʪʠʯʝʩʢʦʛʦ, ʘʥʪʠʛʝʣʴʤʠʥʪʥʦʛʦ ʠ 

ʚʠʪʘʤʠʥʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɺ ʠʨʘʥʩʢʦʡ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʧʣʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ 

ʦʙʝʟʙʦʣʠʚʘʶʱʝʝ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʨʝʚʤʘʪʦʠʜʥʳʤ ʘʨʪʨʠʪʦʤ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ. ʅʘʩʪʦʡ ʧʣʦʜʦʚ ʨʘʩʪʝʥʠʷ ʧʨʦʷʚʣʷʝʪ 

ʛʠʧʦʪʝʥʟʠʚʥʳʡ, ʘ ʪʘʢʞʝ ʣʝʛʢʠʡ ʘʥʘʣʴʛʝʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪ [11].  

ɺ ʩʦʩʪʘʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʙʦʨʘ ʧʣʦʜʳ ʣʦʭʘ ʩ ʣʠʩʪʴʷʤʠ ʧʦʜʦʨʦʞʥʠʢʘ ʙʦʣʴʰʦʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʛʝʤʦʨʨʦʷ. ɾʠʪʝʣʠ ʉʘʭʘʣʠʥʘ ʠʩʧʦʣʴʟʫʶʪ ʦʪʚʘʨʳ ʠ ʥʘʩʪʦʠ ʠʟ ʩʫʭʠʭ 

ʧʣʦʜʦʚ ʣʦʭʘ ʤʥʦʛʦʮʚʝʪʢʦʚʦʛʦ (Elaeagnus multiflora Thunb.) ʚ ʢʘʯʝʩʪʚʝ ʪʦʥʠʟʠʨʫʶʱʝʛʦ 

ʩʨʝʜʩʪʚʘ. ɺ ɸʨʤʝʥʠʠ ʠʟ ʧʣʦʜʦʚ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʧʦʣʫʯʝʥ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ 

çʇʰʘʪʠʥè, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʦʥʮʝʥʪʨʘʪ ʪʘʥʥʠʜʦʚ ʠ ʢʦʣʣʦʠʜʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʧʨʠ ʢʦʣʠʪʘʭ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʠʪʝʣʷ ʚʷʞʫʱʠʭ ʩʨʝʜʩʪʚ [12].  

ʂʣʝʪʯʘʪʢʘ ʧʣʦʜʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʚʝʜʝʥʠʶ ʠʟ ʦʨʛʘʥʠʟʤʘ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʠʟʙʳʪʢʘ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʚʳʜʝʣʝʥʠʷ ʞʝʣʯʠ [13]. ʅʘ ʦʩʥʦʚʝ 

ʤʘʩʣʘ ʩʝʤʷʥ ʣʦʭʘ ʧʨʝʜʣʦʞʝʥʳ ʩʦʩʪʘʚʳ ʤʷʛʢʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʨʝʛʝʥʝʨʘʪʠʚʥʘʷ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʳ [14]. ʃʠʩʪʴʷ ʣʦʭʘ 
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ʦʢʘʟʳʚʘʶʪ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʠ ʨʘʥʦʟʘʞʠʚʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ, ʠʭ ʦʪʚʘʨ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʧʦʜʘʛʨʠʯʝʩʢʠʭ ʠ ʨʝʚʤʘʪʠʯʝʩʢʠʭ ʙʦʣʝʡ, ʧʦʣʦʩʢʘʥʠʷ ʛʦʨʣʘ ʧʨʠ ʘʥʛʠʥʝ. ʅʘ ʦʩʥʦʚʝ 

ʮʚʝʪʢʦʚ ʣʦʭʘ ʛʦʪʦʚʷʪʩʷ ʩʧʠʨʪʦʚʳʝ ʥʘʩʪʦʡʢʠ, ʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ 

ʩʨʝʜʩʪʚʦ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦïʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʣʦʭʝ ʫʟʢʦʣʠʩʪʥʦʤ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʬʠʪʦʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ɓïʢʘʨʙʦʣʠʥʦʚʳʝ ʘʣʢʘʣʦʠʜʳ, ʧʦʣʠʩʘʭʘʨʠʜʳ, ʩʣʦʞʥʳʝ ʵʬʠʨʳ, ʬʣʘʚʦʥʦʚʳʝ 

ʛʣʠʢʦʟʠʜʳ, ʬʝʥʦʣʳ, ʬʝʥʦʣʴʥʳʝ ʢʠʩʣʦʪʳ [15], ʢʝʪʦʥʳ, ʧʠʨʠʤʠʜʠʥʦʚʳʝ ʠ ʬʝʥʠʣʴʥʳʝ ʵʬʠʨʳ, 

ʩʪʝʨʦʠʜʳ ʠ ʪʝʨʧʝʥʳ, ʘ ʪʘʢʞʝ ʟʘʤʝʥʠʤʳʝ ʠ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʚʠʪʘʤʠʥʳ ʠ ʞʠʨʥʳʝ 

ʢʠʩʣʦʪʳ [16]. ʋʯʝʥʳʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʐʠʭʝʮʟʳ (ʂʠʪʘʡ) ʙʳʣʘ ʠʟʫʯʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʤʷʢʦʪʠ ʣʦʭʘ 

ʫʟʢʦʣʠʩʪʥʦʛʦ [17]. 

ɺ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Elaeagnus ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʣʘʚʦʥʦʠʜʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʛʣʶʢʦʧʠʨʘʥʦʟʠʣʴʥʳʤʠ, 

ʨʘʤʥʦʧʠʨʘʥʦʟʠʣʴʥʳʤʠ ʠ ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜʘ [18]. 

ʊʘʢʞʝ ʠʟ ʬʣʘʚʦʥʦʠʜʥʦʡ ʬʨʘʢʮʠʠ ʢʦʨʳ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Elaeagnus ʚʳʜʝʣʝʥʳ ʢʘʪʝʭʠʥ ʠ 

ʵʧʠʢʘʪʝʭʠʥ [19].  

ʃʠʩʪʴʷ ʠ ʮʚʝʪʳ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʩʦʜʝʨʞʘʪ ʬʝʥʦʣʴʥʳʝ ʠ ʬʣʘʚʦʥʦʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʧʦʩʦʙʥʳ ʟʘʱʠʱʘʪʴ ʢʣʝʪʢʠ 

ʦʨʛʘʥʠʟʤʘ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʦ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩʦʜʝʨʞʘʥʠʝ 

ʬʝʥʦʣʦʚ ʠ ʬʣʘʚʦʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ ʠ ʮʚʝʪʢʘʭ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʠʟʚʣʝʯʝʥʠʡ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʵʪʘʥʦʣʘ ʠ ʤʝʪʘʥʦʣʘ). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʙʦʠʭ ʚʠʜʘʭ ʠʟʚʣʝʯʝʥʠʡ ʩʫʤʤʘ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʣʘʚʦʥʦʠʜʦʚ ʚ 

ʣʠʩʪʴʷʭ ʚʳʰʝ, ʯʝʤ ʚ ʮʚʝʪʘʭ [20]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ɽ. ɸ. ɸʙʠʟʦʚʳʤ ʠ ʆ. ʅ. ʊʦʣʢʘʯʝʚʳʤ [21] ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʘʣʢʘʣʦʠʜʦʚ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʝʥʠʡ ʚʠʜʦʚ ʣʦʭʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʨʥʷʭ, ʘ ʪʘʢʞʝ ʚ ʢʦʨʝ ʠʭ ʩʪʝʙʣʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʣʢʘʣʦʠʜʦʥʦʩʥʦʩʪʴ ʣʦʭʘ 

ʚʦʩʪʦʯʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʷ. ʃʦʭ ʫʟʢʦʣʠʩʪʥʳʡ ʠ ʣʦʭ 

ʦʩʪʨʦʧʣʦʜʥʳʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʤʤʳ ɓïʢʘʨʙʦʣʠʥʦʚʳʭ ʘʣʢʘʣʦʠʜʦʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ. ɺ 

ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʨʘʩʪʝʥʠʷ ʦʙʥʘʨʫʞʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʘʣʢʘʣʦʠʜʦʚ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʥʘʜʟʝʤʥʳʭ ʧʦʙʝʛʦʚ ʚ ʛʝʥʝʨʘʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ [22]. ʉ ʧʦʤʦʱʴʶ ʊʉʍ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥ ʘʣʢʘʣʦʠʜ ʢʘʣʣʠʛʦʥʠʥ, ʦʙʣʘʜʘʶʱʠʡ ʛʠʧʦʪʝʥʟʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ. 

ʀʟ ʣʦʭʦʚ ʫʟʢʦʣʠʩʪʥʦʛʦ, ʚʦʩʪʦʯʥʦʛʦ, ʟʦʥʪʠʯʥʦʛʦ, ʤʥʦʛʦʮʚʝʪʢʦʚʦʛʦ ʠ ʩʝʨʝʙʨʠʩʪʦʛʦ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ 6 ʧʨʦʠʟʚʦʜʥʳʭ ɓïʢʘʨʙʦʣʠʥʘ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʨʘʥʩï ʠ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʤʦʜʫʣʷʪʦʨʘʤʠ ʬʫʥʢʮʠʡ ʤʦʥʦʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʠ/ʠʣʠ ɻɸʄʂïʝʨʛʠʯʝʩʢʠʭ 

ʩʠʥʘʧʩʦʚ, ʦʥʠ ʫʩʠʣʠʚʘʶʪ ʠʤʧʫʣʴʩʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʥʦʨʘʜʨʝʥʘʣʠʥʘ, ʜʦʬʘʤʠʥʘ ʠ 

ʩʝʨʦʪʦʥʠʥʘ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʘʢʩʦʥʥʳʝ ʪʝʨʤʠʥʘʣʠ ʤʦʥʦʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ. ʇʦʚʳʰʘʷ 

ʚʥʫʪʨʠʩʠʥʘʧʪʠʯʝʩʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʟʚʘʥʥʳʭ ʘʤʠʥʦʚ, ɓïʢʘʨʙʦʣʠʥʳ ʧʨʦʷʚʣʷʶʪ 

ʘʥʪʠʜʝʧʨʝʩʩʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʦʚ (ʠʤʠʧʨʘʤʠʥʘ, ʘʤʠʪʨʠʧʪʘʣʠʥʘ), ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʦʨʤʘʣʠʟʦʚʘʪʴ 

ʥʘʩʪʨʦʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʝʯʝʥʠʠ ʜʝʧʨʝʩʩʠʡ ʠ ʜʝʧʨʝʩʩʠʚʥʳʭ ʩʦʩʪʦʷʥʠʡ [22]. 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ ʠ 

ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʨʘʩʪʝʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ (ʈɸʉʍʅ) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʟʫʯʝʥʠʝ ʣʠʩʪʴʝʚ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʠ ʣʦʭʘ ʚʦʩʪʦʯʥʦʛʦ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʠʧʨʝʥʦʣʦʚ [23]. 

ʈʝʟʫʣʴʪʘʪʳ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʘ ʪʘʢʞʝ ʷʜʝʨʥʦïʤʘʛʥʠʪʥʦïʨʝʟʦʥʘʥʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ ʠʜʝʥʪʠʯʥʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦʣʠʧʨʝʥʦʣʦʚ ʚ ʣʠʩʪʴʷʭ ʣʦʭʘ 

ʫʟʢʦʣʠʩʪʥʦʛʦ ʠ ʣʦʭʘ ʚʦʩʪʦʯʥʦʛʦ. 
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ɺ ʂʦʣʣʝʜʞʝ ʧʠʱʝʚʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʠʥʮʠʠ ʍʵʥʘʥʴ (ʂʅʈ) ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʪʦʢʦʬʝʨʦʣʦʚ ʠ ʩʪʝʨʠʥʦʚ ʚ ʤʘʩʣʝ, ʧʦʣʫʯʝʥʥʦʤ ʠʟ ʦʨʝʭʦʚ ʣʦʭʘ, 

ʚʳʨʘʱʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʂʠʪʘʷ. ʉʘʤʳʤ ʟʥʘʯʠʤʳʤʠ ʩʪʝʨʦʣʦʤʠ ʣʦʭʘ ʷʚʣʷʝʪʩʷ ɓï

ʩʠʪʦʩʪʝʨʦʣ ʠ ʩʪʠʛʤʘʩʪʝʠʥ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʝʤʝʥʘʭ ʠ ʣʠʩʪʴʷʭ ʜʝʨʝʚʴʝʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 

ʨʘʩʪʝʥʠʷʭ ʣʦʭʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ ʠʟ ʙʝʥʟʦʡʥʦʡ ʛʨʫʧʧʳ ʠ 

ʢʦʬʝʡʥʫʶ ʢʠʩʣʦʪʫ ʠʟ ʢʦʨʠʯʥʦʡ ʛʨʫʧʧʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʣʦʭʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,8% ʚ ʜʦ 26%. ɺ ʵʢʩʪʨʘʢʪʝ ʧʣʦʜʦʚ E. angustifolia ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʣʘʫʨʠʥʦʚʘʷ, ʪʨʠʜʝʢʘʥʦʚʘʷ, ʤʠʨʠʩʪʠʥʦʚʘʷ, ʧʝʥʪʘʜʝʢʘʥʦʚʘʷ, 

ʧʘʣʴʤʠʪʠʥʦʚʘʷ, ʧʘʣʴʤʠʪʦʣʝʚʘʷ, ʛʝʧʪʘʜʝʢʘʥʦʚʘʷ, ʣʠʥʦʣʝʚʘʷ, ʣʠʥʦʣʝʥʦʚʘʷ, ʦʣʝʠʥʦʚʘʷ, 

ʩʪʝʘʨʠʥʦʚʘʷ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪʤʝʯʝʥʦ ʫ ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (34,31%) ʠ 

ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (26,23%) [24]. 

ʉʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʚ ʧʣʦʜʘʭ ʫ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ ʣʦʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 30 ʜʦ 

44%, ʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪʤʝʯʘʝʪʩʷ ʫ E. orientalis L. ɼʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʚ ʧʣʦʜʘʭ 

ʣʦʭʦʚ ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʭ ʚʠʪʘʤʠʥʦʚ ɸ, ʂ ʠ ɽ. ɺ ʞʠʨʥʦʤ ʤʘʩʣʝ, ʚʳʜʝʣʝʥʥʦʤ ʠʟ ʧʣʦʜʦʚ 

ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ Ŭï ʠ ɔïʪʦʢʦʬʝʨʦʣʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 10 ʜʦ 23 ʤʛ ʥʘ 100 ʛ. ɺ ʮʚʝʪʢʘʭ 

ʦʙʥʘʨʫʞʝʥʳ ʚʠʪʘʤʠʥʳ ʛʨʫʧʧʳ ɺ ʠ ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. ɺ ʧʣʦʜʘʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

ʩʘʧʦʥʠʥʳ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2%. ʇʣʦʜʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʣʦʭʘ 

ʚ̫ʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʣʠʢʦʧʠʥʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪ 15ï38 ʤʛ/100 ʛ. [25]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʣʦʭʘ ʩʦʜʝʨʞʘʪ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʥʝʨʘʣʦʚ. ʂʦʨʝʥʴ, ʢʦʨʥʝʚʘʷ ʢʦʨʘ, ʚʝʪʚʠ, ʩʪʚʦʣʦʚʘʷ ʢʦʨʘ ʠ ʣʠʩʪʴʷ ʩʦʜʝʨʞʘʪ 

ʞʝʣʝʟʦ, ʩʚʠʥʝʮ, ʤʝʜʴ, ʢʘʜʤʠʡ, ʮʠʥʢ, ʭʨʦʤ, ʥʠʢʝʣʴ ʠ ʢʦʙʘʣʴʪ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʤʠʥʝʨʘʣʘʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʚ ʧʣʦʜʘʭ ʣʦʭʘ, ʷʚʣʷʶʪʩʷ ʢʘʣʠʡ, ʥʘʪʨʠʡ ʠ ʬʦʩʬʦʨ [26].  

ʈʘʩʪʝʥʠʷ ʨʦʜʘ Elaeagnus ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʪʘʥʠʥʦʚ. ɺʦ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʦʢʘʟʘʥʘ ʧʦʣʴʟʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʪʘʥʠʥʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʯʘʷʭ, ʢʨʘʩʥʳʭ ʚʠʥʘʭ ʠ ʥʝʢʦʪʦʨʳʭ ʬʨʫʢʪʘʭ, ʠ ʦʚʦʱʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʥʠʥʳ 

ʦʙʣʘʜʘʶʪ ʘʥʪʠʭʦʣʝʩʪʝʨʠʥʦʚʳʤ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ, ʘʥʪʠʢʘʥʮʝʨʦʛʝʥʥʳʤ, 

ʢʘʨʜʠʦʧʨʦʪʝʢʪʦʨʥʳʤ ʵʬʬʝʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʘʥʛʠʦʛʝʥʝʟʘʥʘ ʨʘʥʝʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ [27]. 

ɼʦʢʫʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʣʠʩʪʴʷ ʣʦʭʘ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʣʝʯʝʥʠʠ ʙʨʦʥʭʠʘʣʴʥʦʡ 

ʘʩʪʤʳ ʠ ʭʨʦʥʠʯʝʩʢʦʛʦ ʙʨʦʥʭʠʪʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʫʶʩʷ ʚ ʚʠʜʝ ʧʨʦʪʠʚʦʘʩʪʤʘʪʠʯʝʩʢʦʛʦ, ʧʨʦʪʠʚʦʢʘʰʣʝʚʦʛʦ ʠ 

ʦʪʭʘʨʢʠʚʘʶʱʝʛʦ ʵʬʬʝʢʪʦʚ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʣʠʩʪʴʝʚ ʣʦʭʘ ð 

ʬʣʘʚʦʥʦʠʜʳ [28]. 

ʋʯʝʥʳʤʠ ʊʝʛʝʨʘʥʩʢʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ 

ʬʠʪʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʪʝʥʠʝ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʪʠʤʠʢʨʦʙʥʳʤ, 

ʠʥʩʝʢʪʠʮʠʜʥʳʤ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ, ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʤ, ʢʘʨʜʠʦʧʨʦʪʝʢʪʦʨʥʳʤ, 

ʛʠʧʦʣʠʧʠʜʝʤʠʯʝʩʢʠʤ, ʘʥʪʠʥʦʮʠʮʝʧʪʠʚʥʳʤ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ, ʘʥʪʠʤʫʪʘʛʝʥʥʳʤ, 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʵʬʬʝʢʪʘʤʠ [29]. 

ɼʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʚʳʨʘʞʝʥʥʘʷ ʛʘʩʪʨʦʧʨʦʪʝʢʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫ 

ʢʨʳʩ ʩ ʷʟʚʦʡ ʞʝʣʫʜʢʘ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʧʣʦʜʦʚ E. angustifolia L., ʯʪʦ 

ʙʣrʦ ʜʦʢʘʟʘʥʦ ʛʠʩʪʦʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʩʘʤʢʘʭ ʙʝʣʳʭ 

ʢʨrʩ, ʧʦʣʫʯʘʚʰʠʭ ʚ ʪʝʯʝʥʠʝ 8 ʥʝʜʝʣʴ 15 ʛ ʧʦʨʦʰʢʘ ʧʣʦʜʦʚ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʚ ʩʫʪʢʠ, 

ʧʦʢʘʟʘʣʠ ʫ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʦʙʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʘʪʝʨʦʛʝʥʥʳʭ 

ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʥʠʢʥʠʘʟ). 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

141 

 

ɹʳʣʘ ʠʟʫʯʝʥʘ ʤʠʦʨʝʣʘʢʩʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʜʥʳʭ ʠ ʵʪʘʥʦʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʮʚʝʪʢʦʚ ʠ 

ʣʠʩʪʴʝʚ E. angustifolia L., ʠʩʧʦʣʴʟʫʷ ʪʝʩʪ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʫ ʤʳʰʝʡ. ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ ʵʢʩʪʨʘʢʪʘ ʦʪʤʝʯʘʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʤʳʰʮ ʘʥʘʣʦʛʠʯʥʘʷ 

ʜʠʘʟʝʧʘʤʫ ʚ ʜʦʟʝ 2 ʤʛ/ʢʛ. ʄʠʦʨʝʣʘʢʩʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ E. angustifolia L. ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʵʬʬʝʢʪʘʤʠ ʬʣʘʚʦʥʦʠʜʦʚ ʠʣʠ ʬʣʘʚʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʨʠʟʦʥ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʯʘʩʪʠʯʥʦʝ 

ʘʛʦʥʠʩʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʝʮʝʧʪʦʨʳ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ [30].  

ɹʳʣʘ ʜʦʢʘʟʘʥʘ ʢʘʨʜʠʦʧʨʦʪʝʢʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʣʠʩʪʴʝʚ E. angustifolia 

L. ʧʨʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʠʰʝʤʠʠ/ʨʝʧʝʨʬʫʟʠʠ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʩʝʨʜʮʝ ʢʨʳʩʳ. ʈʝʟʫʣʴʪʘʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ E. angustifolia L. ʚ ʜʦʟʘʭ 0,5 ʤʛ/ʤʣ ʠ 1,0 ʤʛ/ʤʣ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʣʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʝʨʜʝʯʥʦʡ ʬʫʥʢʮʠʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʦʢʘʨʜʘ ʜʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʘʱʠʪʥʦʤ ʜʝʡʩʪʚʠʠ 

ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʥʘ ʤʠʦʢʘʨʜ, ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [31]. 

ʂʦʤʘʥʜʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʊʝʙʨʠʟʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ (ʀʨʘʥ) 

ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʧʨʠ 

ʦʩʪʝʦʘʨʪʨʦʟʝ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʝʞʝʜʥʝʚʥʳʡ ʧʨʠʝʤ ʧʣʦʜʦʚ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʩʥʠʞʝʥʠʶ ʚ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ʫʨʦʚʥʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʮʠʪʦʢʠʥʘ TNFïŬ ʠ ʤʘʪʨʠʢʩʥʦʡ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ-1 ʠ ʧʦʚʳʰʘʣ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʮʠʪʦʢʠʥʘ IL-10 [32]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʨʦʧʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʧʣʦʜʦʚ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ, ʚ 

ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʢʣʠʥʠʯʝʩʢʦʤ ʠʩʧʳʪʘʥʠʠ ʚʳʷʚʠʣʦ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʦʩʪʝʦʘʨʪʨʦʟʦʤ ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʠ ʘʥʘʣʴʛʝʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪʳ, 

ʩʨʘʚʥʠʤʳʝ ʩ ʜʝʡʩʪʚʠʝʤ ʥʝʩʪʝʨʦʠʜʥʳʭ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʅʇɺʉ), ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʙʫʧʨʦʬʝʥʘ. ʅʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʣʦʜʘʭ ʨʘʩʪʝʥʠʷ 

ʬʣʘʚʦʥʦʠʜʘ ʢʝʤʧʬʝʨʦʣʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʦʜʘʚʣʷʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ (TNFïŬ ʠ IL-6), ʤʝʜʠʘʪʦʨʦʚ (NO ʠ PGE2), ʩʠʛʥʘʣʴʥʳʭ 

ʤʦʣʝʢʫʣ ʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢʠʩʣʦʨʦʜʘ, ʫʤʝʥʴʰʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʥʦʩʪʴ 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʳ ʩʦʩʪʘʚʳ ʤʷʛʢʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ 

(ʤʘʟʝʡ, ʛʝʣʝʡ, ʣʠʥʠʤʝʥʪʦʚ ʠ ʩʫʧʧʦʟʠʪʦʨʠʡ) ʩ ʤʘʩʣʦʤ ʩʝʤʷʥ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʣʦʭʘ, 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʨʘʞʝʥʥʦʡ ʨʝʛʝʥʝʨʘʪʦʨʥʦʡ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [33, 34].  

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʬʠʪʦʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ 

ʚ ʤʝʪʘʥʦʣʴʥʦʤ ʵʢʩʪʨʘʢʪʝ ʣʠʩʪʴʝʚ ʣʦʭʘ ʠ ʦʢʘʟʳʚʘʶʱʠʭ ʤʦʱʥʦʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ ʜʝʡʩʪʚʠʷ. ʄʝʪʘʥʦʣʴʥʳʡ ʵʢʩʪʨʘʢʪ ʧʦʢʘʟʘʣ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ Bacillus subtilis [35]. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʚʦʡʩʪʚ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʦʯʝʥʴ ʧʦʣʝʟʥʳʤ ʚ ʩʤʷʛʯʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ ʠ ʩʥʠʞʝʥʠʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʢ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʥʬʝʢʮʠʠ.  

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʘʥʪʠʤʠʢʨʦʙʥʦʡ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʠ 

ʘʥʪʠʤʫʪʘʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʠʩʪʴʝʚ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʠ ʣʦʭʘ ʩʝʨʝʙʨʠʩʪʦʛʦ. ʊʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʢʩʪʨʘʢʪ, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʣʠʩʪʴʝʚ, ʧʦʜʘʚʣʷʣ ʤʫʪʘʛʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʘʟʠʜʘ ʥʘʪʨʠʷ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʨʘ ʠ ʵʢʩʪʨʘʢʪʳ ʣʦʭʘ ʟʦʥʪʠʯʥʦʛʦ ʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ, 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ, ʠʥʩʝʢʪʠʮʠʜʥʫʶ ʠ ʬʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʀʟʚʣʝʯʝʥʠʷ ʨʘʩʪʝʥʠʷ ʩ 

ʧʝʪʨʦʣʝʡʥʳʤ ʵʬʠʨʦʤ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ Enterococcus fecalis, 

ʠʟʚʣʝʯʝʥʠʷ ʩ ʜʠʭʣʦʨʵʪʘʥʦʤ ʚ ʦʪʥʦʰʝʥʠʠ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ. ʍʣʦʨʦʬʦʨʤʥʳʝ 

ʵʢʩʪʨʘʢʪʳ ʧʦʢʘʟʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʦʪʠʚ ʥʠʭ Escherichia coli, Klebsiella 

ʨnʝuʤʦn̔ ʘʝ, Bacillus subtilis ʠ Shigella flexenari. ɺ ʵʪʠʣʘʮʝʪʘʪʝ ʬʨʘʢʮʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Klebsiella ʨnʝuʤʦn̔ ʘʝ, ʭʦʪʷ ʤʝʪʘʥʦʣʴʥʳʡ ʵʢʩʪʨʘʢʪ 

ʧʨʦʷʚʣʷʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ Escherichia coli. ɼʠʭʣʦʨʤʝʪʘʥʦʚʳʡ ʵʢʩʪʨʘʢʪ 
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ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʫʤʝʨʝʥʥʦʡ ʠʥʩʝʢʪʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʵʢʩʪʨʘʢʪʳ 

ʧʨʦʷʚʠʣʠ ʩʣʘʙʫʶ ʘʢʪʠʚʥʦʩʪʴ [36]. 

ʅʘ ʢʘʬʝʜʨʝ ʩʪʦʤʘʪʦʣʦʛʠʠ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʋʥʠʚʝʨʩʠʪʝʪʘ ʐʘʭʠʜʘ 

ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ (ʊʝʛʝʨʘʥ, ʀʨʘʥ) ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʦʩʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʣʷ ʠʟ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʚ ʣʝʯʝʥʠʠ ʩʠʤʧʪʦʤʦʚ ʢʨʘʩʥʦʛʦ 

ʧʣʦʩʢʦʛʦ ʣʠʰʘʷ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 28 ʧʘʮʠʝʥʪʦʚ ʩ ʵʪʠʤ 

ʜʠʘʛʥʦʟʦʤ, ʠʟ ʢʦʪʦʨʳʭ 15 ʯʝʣʦʚʝʢ ʥʘʥʦʩʠʣʠ ʛʝʣʴ ʥʘ ʧʦʨʘʞʝʥʥʳʝ ʫʯʘʩʪʢʠ 3 ʨʘʟʘ ʚ ʜʝʥʴ. 

ʆʩʪʘʣʴʥʳʝ 13 ʧʘʮʠʝʥʪʦʚ ʧʦʣʫʯʘʣʠ ʧʣʘʮʝʙʦ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʙʦʣʝʚʳʭ ʦʱʫʱʝʥʠʡ ʥʘ 33% ʠ ʫʤʝʥʴʰʝʥʠʝ ʚ ʨʘʟʤʝʨʘʭ ʧʦʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʩʣʠʟʠʩʪʦʡ ʥʘ 

50%. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ 19% ʛʝʣʴ ʠʟ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʚ ʣʝʯʝʥʠʠ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʨʘʩʥʦʛʦ ʧʣʦʩʢʦʛʦ ʣʠʰʘʷ ʨʦʪʦʚʦʡ 

ʧʦʣʦʩʪʠ, ʠ ʦʙʣʘʜʘʝʪ ʘʢʪʠʚʥʳʤ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʠ ʦʙʝʟʙʦʣʠʚʘʶʱʠʤ ʵʬʬʝʢʪʘʤʠ [37]. 

ʈʝʟʶʤʠʨʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʨʘʩʪʝʥʠʷ ʨʦʜʘ Elaeagnus ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʣʫʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʬʠʪʦʧʨʝʧʘʨʘʪʦʚ ʚ ʩʦʩʪʘʚʝ ʣʝʯʝʙʥʦïʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʫʨ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʍʘʥʠʥʘ ʄ. ɻ. ʌʘʨʤʘʢʦʛʥʦʩʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʚʳ ʨʝʧʝʡʥʠʯʢʘ ʚʦʣʦʩʠʩʪʦʛʦ 

Agrimonia pilosa: ʘʚʪʦʨʝʬ. ʜʠʩʩ. é ʢʘʥʜ. ʬʘʨʤ. ʥʘʫʢ. ʉʘʤʘʨʘ, 2013. 26 ʩ. 

2. ɹʘʨʘʥʦʚ ɸ. ʌ., ʂʦʩʠʮʳʥ ɺ. ʅ. ʋʨʦʞʘʡʥʦʩʪʴ ʠ ʟʘʧʘʩʳ ʧʣʦʜʦʚ Elaeagnus angustifolia ʚ 

ʅʠʞʥʝʤ ʇʦʚʦʣʞʴʝ // ʈʘʩʪʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ. 2003. ʊ. 39. ˉ4. ʉ. 54-59. 

3. ɺʜʦʚʝʥʢʦ ɸ. ɺ., ʃʝʧʝʩʢʦ ɺ. ɺ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʤʦʚʦʡ ʤʘʩʩʳ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʠ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʣʝʩʦʧʘʩʪʙʠʱ ʚ ʫʩʣʦʚʠʷʭ ɺʦʣʛʦ-ɸʭʪʫʙʠʥʩʢʦʡ ʧʦʡʤʳ // ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʩ/ʭ ʥʘʫʢʠ ʚ 21 ʚʝʢʝ: ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨ. ʥʘʫʯ. ʢʦʥʬ., 2016. ʉ. 50-58. 

4. ɺʠʪʢʦʚʩʢʠʡ ɺ. ʃ. ʇʣʦʜʦʚʳʝ ʨʘʩʪʝʥʠʷ ʤʠʨʘ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2003. ʉ. 242-244.  

5. ɹʫʪʦʨʦʚʘ ʆ. ʌ., ɻʨʠʛʦʨʴʝʚʘ ʊ. ɺ. ʀʥʪʨʦʜʫʢʮʠʷ ʨʘʩʪʝʥʠʡ ʨ. Elaeagnus ʚ ʙʦʪʘʥʠʯʝʩʢʦʤ 

ʩʘʜʫ ʠʤ. ʉ. ʄ. ʂʨʫʪʦʚʩʢʦʛʦ // ʇʣʦʜʦʚʦʜʩʪʚʦ, ʉʝʤʝʥʦʚʦʜʩʪʚʦ, ʀʥʪʨʦʜʫʢʮʠʷ ʜʨʝʚʝʩʥʳʭ 

ʨʘʩʪʝʥʠʡ. 2008. ʊ. 11. ʉ. 8-10.  

6. ɸʙʠʟʦʚ ɽ. ɸ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʠ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʮʝʥʥʦʩʪʠ ʚʠʜʦʚ ʣʦʭʘ Elaeagnus, ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʭ ʚ ʈʦʩʩʠʠ: ʘʚʪʦʨʝʬ. ʜʠʩ. é ʜ-ʨʘ ʬʘʨʤ. 

ʥʘʫʢ. ʄʦʩʢʚʘ, 2012. 49 ʩ. 

7. ɹʘʛʠʨʦʚ ʀ. ʄ., ʀʚʘʱʝʥʢʦ ʅ. ɺ., ʇʦʪʘʥʠʥʘ ʆ. ɻ. ʈʘʟʨʘʙʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʜʣʠʥʥʦʩʪʠ ʧʣʦʜʦʚ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ // ʌʘʨʤʘʮʠʷ. 2007. 4̄. ʉ. 15-17. 

8. ʂʠʩʝʣʝʚʘ ʊ. ʀ., ʏʠʥʜʷʝʚʘ ʃ. ʅ. ʆʩʦʙʝʥʥʦʩʪʠ ʙʠʦʣʦʛʠʠ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʥʘ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʝ ʘʨʝʘʣʘ // ʉʠʙʠʨʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2011. ˉ2. ʉ. 293-299. 

9. ɻʦʨʜʝʝʚʘ ɻ. ʅ. ʃʦʭ ʩʝʨʝʙʨʠʩʪʳʡ ʜʣʷ ʬʠʪʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʮʝʣʝʡ ʚ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʷʭ 

ʍʘʢʘʩʠʠ // ɺʝʩʪʥʠʢ ʍʘʢʘʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ. ʌ. ʂʘʪʘʥʦʚʘ. 2015. 

ˉ13. ʉ. 62-65. 

10. ɺʣʘʩʝʥʢʦ ʄ. ɺ., ɺʜʦʚʝʥʢʦ ɸ. ɺ., ʃʝʧʝʩʢʦ ɺ. ɺ. ʈʦʣʴ ʥʘʩʘʞʜʝʥʠʡ ʣʦʭʘ ʚ ʠʟʤʝʥʝʥʠʠ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʧʦʚʳʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʦʤʬʦʨʪʥʦʩʪʠ ʧʘʩʪʙʠʱ ɺʦʣʛʦ-ɸʭʪʫʙʠʥʩʢʦʡ 

ʧʦʡʤʳ // ʀʟʚʝʩʪʠʷ ʅʠʞʥʝʚʦʣʞʩʢʦʛʦ ʘʛʨʦʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 2015. 2̄ (38). ʉ. 90-

95. 

11. ɾʘʤʛʘʨʷʥ ɸ. ɻ., ɹʘʣʘʩʘʥʷʥ ʄ. ɻ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʥʦʮʠʮʝʧʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʵʢʩʪʨʘʢʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ (Elaeagnus angustifolia L.) // ʗʶˊʶ˒˔ʶˋˀ 

ʷʿˌ˄ʶʸˀ˔ˍ˗ʾˊˍ˗ˋ. ʊ. 45. ̄2. C. 22-25. 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

143 

 

12. ʉʘʜʳʨʦʚʘ ʄ. ɸ., ʂʘʨʦʤʘʪʦʚ ʀ. ɼʞ., ɸʤʦʥʦʚ ʄ. ʂ. ʄʝʜʠʮʠʥʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʪʝʥʠʷ 

ʣʦʭ ʫʟʢʦʣʠʩʪʥʳʡ // ɹʠʦʣʦʛʠʷ ʠ ʠʥʪʝʛʨʘʪʠʚʥʘʷ ʤʝʜʠʮʠʥʘ. 2017. 5̄. ʉ. 154-162. 

13. ɹʘʛʠʨʦʚ ʀ. ʄ. ʌʘʨʤʘʢʦʛʥʦʩʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʨʘʩʪʝʥʠʡ ʩʝʤʝʡʩʪʚʘ ʃʦʭʦʚʳʝ: ʜʠʩʩ. 

é ʢʘʥʜ. ʬʘʨʤ. ʥʘʫʢ. ʄʦʩʢʚʘ, 2010. 163 ʩ. 

14. ɸʙʠʟʦʚ ɽ. ɸ., ɹʘʨʜʘʢʦʚ ɸ. ʀ., ɹʘʙʘʩʢʠʥ ɺ. ʉ. ʄʷʛʢʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʥʘ 

ʦʩʥʦʚʝ ʤʘʩʣʘ ʩʝʤʷʥ ʣʦʭʘ // ʌʘʨʤʘʮʠʷ. 2012. 1̄. ʉ. 34-36. 

15. ʀʚʘʱʝʥʢʦ ʅ. ɺ. ʀʟʫʯʝʥʠʝ ʧʦʣʠʬʝʥʦʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʚ ʈʦʩʩʠʠ // ʌʘʨʤʘʮʠʷ. 2014. ˉ7. ʉ. 16-19. 

16. ɸʙʠʟʦʚ ɽ. ɸ., ʊʦʣʢʘʯʝʚ ʆ. ʅ. ɼʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɓ-

ʢʘʨʙʦʣʠʥʦʚʳʭ ʘʣʢʘʣʦʠʜʦʚ ʫ ʚʠʜʦʚ ʨʦʜʘ ʣʦʭ, ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʭ ʚ ʤʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ // 

ʍʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2011. ˉ10. ʉ. 42-45. 

17. Qingqing Chen, Juncheng Chen, Hongtao Du, Qi Li, Jun Chen, Gechao Zhang, Hong Liu, 

Junru Wang Structural characterization and antioxidant activities of polysaccharides extracted from 

the pulp of Elaeagnus angustifolia L. // International Journal of Molecular Sciences. 2014. ˉ15. P. 

11446-11455.  

18. Kumar R., Kaur M., Silakari O. Chemistry and biological activity of Thioacridines 

thioacridones // Mini Reviews in Medicinal Chemistry. 2013. ˉ13. P. 1220-1230.  

19. Okmen G., Turkcan O. A study on antimicrobial, antioxidantan, dantimutagenic activities 

of Elaeagnus angustifolia L. // African-journal of traditional complementary and alternative 

medicines. 2013. ˉ11. P. 116-120. 

20. Saboonchian F., Jamei R., Hosseini Sargheinn S. Phenolic and flavonoid content of 

Elaeagnus angustifolia L. (leaf and flower) // Avicenna journal phytomedicine. 2014. ˉ4. P. 231-

238. 

21. ɸʙʠʟʦʚ ɽ. ɸ., ʊʦʣʢʘʯʝʚ ʆ. ʅ. ɾʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʣʠʧʠʜʥʦʡ ʬʨʘʢʮʠʠ ʧʣʦʜʦʚ 

ʣʦʭʘ ʤʥʦʛʦʮʚʝʪʢʦʚʦʛʦ (Elaeagnus multiflora Thunb.) // ɺʦʧʨʦʩʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ, ʤʝʜʠʮʠʥʩʢʦʡ 

ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. 2008. V. 6. ˉ3. P. 7-9. 

22. ʊʦʣʢʘʯʝʚ ʆ. ʅ., ɸʙʠʟʦʚ ɽ. ɸ., ɸʙʠʟʦʚʘ ɽ. ɺ., ʄʘʣʴʮʝʚ ʉ. ɼ. ʌʠʪʦʭʠʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʳ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ Elaeagnaceae ʢʘʢ ʧʨʠʨʦʜʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʠʥʜʦʣʴʥʳʭ ʘʣʢʘʣʦʠʜʦʚ ʨʷʜʘ ɓ-ʢʘʨʙʦʣʠʥʘ // ʍʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

2008. ʊ. 42. ʉ. 27-29. 

23. ʄʘʣʴʮʝʚ ʉ. ɼ., ʊʦʣʢʘʯʝʚ ʆ. ʅ., ɸʙʠʟʦʚ ɽ. ɸ. ʀʟʫʯʝʥʠʝ ʣʠʩʪʴʝʚ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦʛʦ ʠ 

ʣʦʭʘ ʚʦʩʪʦʯʥʦʛʦ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʠʧʨʝʥʦʣʦʚ // ɺʦʧʨʦʩʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ, ʤʝʜʠʮʠʥʩʢʦʡ ʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. 2009. ˉ4. ʉ. 55-57. 

24. Sahan Y., Gocmen D., Cansev A. Chemical and techno-functional properties of flour from 

refined and unrefined oleaster (Elaeagnus angustifolia L.) // The Journal of Applied Botany and 

Food Quality. 2015. P. 88. 

25. Liang S, Yang R, Dong C, Yang Q. Physicochemical properties and fatty acid profiles of 

Elaeagnus mollis diels nut oils. // Journal of Oleo Science. 2015. V64. ̄12. P. 1267-1272. 

26. Khan S. U. et al. Heavy metals content, phytochemical composition, antimicrobial and 

insecticidal evaluation of Elaeagnus angustifolia // Toxicology and industrial health. 2016. V. 32. 

ˉ1. P. 154-161. 

27. Zeng F., Wang W., Zhan Y., Xin Y. Creating a culture of callus and cell suspension 

Elaeagnus angustifolia for the production of condensed tannins // African Journal of Biotechnology. 

2009. ˉ8. P. 45-50.  

28. Ge Y, Zhang F, Qin Q, Shang Y, Wan D. In vivo evaluation of the antiasthmatic, 

antitussive, and expectorant activities and chemical components of three Elaeagnus Leaves // 

Evidence-Based Complementary and Alternative Medicine. 2015. 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

144 

 

29. Farzaei M. H., Bahramsoltani R., Abbasabadi Z., Rahimi R.A. Comprehensive review on 

phytochemical and pharmacological aspects of Elaeagnus angustifolia L. // Journal of Pharmacy 

and Pharmacology. 2015. V67. ̄11. P. 1467-1480.  

30. Hosseinzadeh H., Ramezani M., Namjo N. Muscle relaxant activity of the seeds of the 

fetus Elaeagnus angustifolia L. in mice // Journal of Ethnopharmacology. 2003. ˉ84. P. 275-278. 

31. Dhalla N. S., Elmoselhi A. B., Hata T., Makino N. The state of myocardial antioxidants in 

ischemic reperfusion injury // Journal of Cardiovascular and Thoracic Research. 2000. ˉ47. P. 445-

446. 

32. Nikniaz Z., Ostadrahimi A., Mahdavi R., Ebrahimi A. A., Nikniaz L. Effects of Elaeagnus 

angustifolia L. supplementation on serum levels of inflammatory cytokines and matrix 

metalloproteinases in females with knee osteoarthritis // Journal of complementary therapies in 

medicine. 2014. ˉ5. P. 864-869. 

33. ʂʫʩʦʚʘ ʈ. ɼ. ʈʘʟʨʘʙʦʪʢʘ ʛʝʣʷ ʠ ʵʤʫʣʴʩʠʦʥʥʦʡ ʤʘʟʠ ʩ ʤʘʩʣʦʤ ʣʦʭʘ // ʌʘʨʤʘʮʠʷ. 2006. 

ˉ6. ʉ. 30-32. 

34. ɹʘʣʘʩʘʥʷʥ ʄ. ɻ., ɾʘʤʛʘʨʷʥ ɸ. ɻ., ʗʛʜʞʷʥ ɻ. ɺ., ɻʨʠʛʦʨʷʥ ɼ. ʉ., ʐʘʤʘʭʷʥ ʆ. ɺ. 

ɺʣʠʷʥʠʝ ʤʘʟʠ ʠʟ ʩʝʤʷʥ ʣʦʭʘ ʫʟʢʦʣʠʩʪʥʦ ʥʘ ʧʨʦʮʝʩʩ ʨʝʛʝʥʝʨʘʮʠʠ ʦʞʦʛʦʚʦʡ ʨʘʥʳ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ // ʄʝʜʠʮʠʥʩʢʘʷ ʥʘʫʢʘ ɸʨʤʝʥʠʠ. 2007. ʊ. 47. ˉ1. ʉ. 41-45. 

35. Merculieff Z., Ramnath S., Sankoli S. M., Venkataramegowda S., Murthy G. S., Ceballos 

R. M. Phytochemical, antioxidant and antibacterial potential of Elaeagnus kologa (Schlecht.) leaf // 

Asian Pacific Journal of Tropical Medicine. 2014. P. 599-602.  

36. Okmen G, Turkcan O. A study on antimicrobial, antioxidant and antimutagenic activities 

of Elaeagnus angustifolia L. leaves // African Journal of Traditional, Complementary and 

Alternative Medicines. 2013. ˉ11. P. 116-120.  

37. Mehrabani Natanzi M., Pasalar P., Kamalinejad M., Dehpour A. R., Tavangar S. M., 

Sharifi R., Ghanadian N., Rahimi-Balaei M., Gerayesh-Nejad S. Effect of aqueous extract of 

Elaeagnus angustifolia fruit on experimental cutaneous wound healing in rats // Acta medica 

Iranica. 2012. ˉ9. P. 589-596. 

 

References: 

1. Hanina M. G. (2013). Farmakognosticheskoe issledovanie travy repejnichka volosistogo 

Agrimonia pilosa: avtoref. dis. é kand. farm. nauk. Samara. (in Russian) 

2. Baranov, A. F., & Kosicyn, V. N. (2003). Urozhajnost' i zapasy plodov Elaeagnus 

angustifolia v Nizhnem Povolzh'e [Productivity and stocks of fruits of Elaeagnus angustifolla L. in 

basin of the Lower Volga]. Rastitelnye Resursy, 39(4). 54-59. (in Russian) 

3. Vdovenko, A. V., & Lepesko, V. V. (2016). Produktivnost' kormovoj massy loha 

uzkolistnogo i transformirovannyh lesopastbishch v usloviyah Volgo-Ahtubinskoj pojmy. In: 

Formirovanie i razvitie s/h nauki v 21 veke: Materialy mezhdunar. nauch. konf. (in Russian) 

4. Vitkovskii, V. L. (2003). Plodovye rasteniya mira. St. Petersburg, 242-244. (in Russian) 

5. Butorova, O. F., & Grigoreva, T. V. (2008). Introdukciya rastenij r. Elaeagnus v 

botanicheskom sadu im. S. M. Krutovskogo. Plodovodstvo, Semenovodstvo, Introdukciya drevesnyh 

rastenij, (11). 8-10. (in Russian) 

6. Abizov, E. A. (2012). Biologicheskaya i himiko-tekhnologicheskoe obosnovanie 

lekarstvennoj cennosti vidov loha Elaeagnus, introducirovannyh v Rossii: avtoref. dis. é dok. farm. 

nauk. Moskva. (in Russian) 

7. Bagirov, I. M., Ivashchenko, N. V., & Potanina, O. G. (2007). Razrabotka harakteristik 

podlinnosti plodov loha uzkolistnogo [Development of identity characteristics of Russian olive 

(Elaeagnus angustifolia) fruits]. Farmaciya [Pharmacy], (4). 15-17. (in Russian) 

http://www.bulletennauki.com/
http://www.ncbi.nlm.nih.gov/pubmed/26076872
http://www.ncbi.nlm.nih.gov/pubmed/26076872


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

145 

 

8. Kiseleva, T. I., & Chindyaeva, L. N. (2011). Osobennosti biologii loha uzkolistnogo na 

severo-vostochnoj granice areala [Biology of oleaster (Elaeagnus angustifolia L.) at the northeastern 

limit of its range]. Sibirskij ehkologicheskij zhurnal [Contemporary Problems of Ecology], (2). 293-

299. (in Russian) 

9. Gordeeva, G. N. (2015). Loh serebristyj dlya fitomeliorativnyh celej v aridnyh usloviyah 

Hakasii [White Sucker (Basil) (Eleagnus argentea L.) for the Phytomeliorative Purposes in the Arid 

Conditions of Khakassia]. Vestnik Hakasskogo gosudarstvennogo universiteta im. N. F. Katanova, 

(13). 62-65. (in Russian) 

10. Vlasenko, M. V., Vdovenko, A. V., & Lepesko, V. V. (2015). Rol' nasazhdenij loha v 

izmenenii mikroklimata i povyshenii ehkologicheskoj komfortnosti pastbishch Volgo-Ahtubinskoj 

pojmy. Izvestiya Nizhnevolzhskogo agrouniversitetskogo kompleksa, 2(38). 90-95. (in Russian) 

11. ZHamgaryan, A. G., & Balasanyan, M. G. (2005). Issledovanie antipo-ciceptivnoj 

aktivnosti ehkstraktov iz razlichnyh chastej plodov loha uzkolistnogo [Study of the antinociceptive 

activity of the extracts from different parts of silver berry (Elaeagnus angustifolia L.)]. Medical 

Science of Armenia, 45 (2). 22-25. 

12. Sadyrova, M. A., Karomatov, I. Dzh., & Amonov, M. K. (2017). Medicinskoe znachenie 

rasteniya loh uzkolistnyj [Medical value of the plant Russian olive (Elaeagnus Angustifolia)]. 

Biologiya i integrativnaya medicina, (5). 154-162. (in Russian) 

13. Bagirov, I. M. (2010). Farmakognosticheskoe izuchenie rastenij semejstva Lohovye: dis. 

é kand. farm. nauk. GOU VPO Pervyj Moskovskij Gosudarstvennyj Medicinskij Universitet imeni 

I. M. Sechenova. Moscow, 163. (in Russian) 

14. Abizov, E. A., Bardakov, A. I., & Babaskin, V. S. (2012). Myagkie lekarstvennye formy 

na osnove masla semyan loha [Soft dosage forms based on oleaster (Elaeagnus orientalis) seeds]. 

Farmaciya [Pharmacy], (1). 34-36. (in Russian) 

15. Ivashchenko, N. V. (2014). Izuchenie polifenol'nogo kompleksa loha uzkolistnogo, 

proizrastayushchego v Rossii [Investigation of the polyphenolic complex of Russian olive 

(Elaeagnus angustifolia) growing in Russia]. Farmaciya [Pharmacy], (7). 16-19. (in Russian) 

16. Abizov, E. A., & Tolkachev, O. N. (2011). Dinamika nakopleniya i raspredeleniya ɓ-

karbolinovyh alkaloidov u vidov roda loh, introducirovannyh v moskovskoj oblasti [Dynamics of 

Accumulation and Distribution of ɓ-Carboline Alkaloids in Elaeagnus Species Cultivated in 

Moscow Region]. Khimiko-Farmatsevticheskii Zhurnal, (10). 42-45. (in Russian) 

17. Chen, Q., Chen, J., Du, H., Li, Q., Chen, J., Zhang, G., ... & Wang, J. (2014). Structural 

characterization and antioxidant activities of polysaccharides extracted from the pulp of Elaeagnus 

angustifolia L. International journal of molecular sciences, 15(7), 11446-11455. 

18. Kumar, R., Kaur, M., & Silakari, O. (2013). Chemistry and biological activities of 

Thioacridines thioacridones. Mini reviews in medicinal chemistry, 13(8), 1220-1230. 

19. Okmen, G., & Turkcan, O. (2014). A study on antimicrobial, antioxidant and 

antimutagenic activities of Elaeagnus angustifolia L. leaves. African Journal of Traditional, 

Complementary and Alternative Medicines, 11(1), 116-120. 

20. Saboonchian, F., Jamei, R., & Sarghein, S. H. (2014). Phenolic and flavonoid content of 

Elaeagnus angustifolia L. (leaf and flower). Avicenna journal of phytomedicine, 4(4), 231. 

21. Abizov, E. A., & Tolkachev, O. N. (2008). Zhirnokislotnyi sostav lipidnoi fraktsii plodov 

lokha mnogotsvetkovogo (Elaeagnus multiflora Thunb.) [Fatty acid composition of the lipid 

fraction of Elaeagnus multiflora Thunb. Fruits]. Voprosy biologicheskoi, meditsinskoi i 

farmatsevticheskoi khimii [Problems of Biological, Medical and Pharmaceutical Chemistry], 6(3). 

7-9. (in Russian) 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

146 

 

22. Tolkachev, O. N., Abizov, E. A., Abizova, E. V., & Mal'tsev, S. D. (2008). 

Fitokhimicheskoe issledovanie kory nekotorykh predstavitelei semeistva Elaeagnaceae Juss. kak 

prirodnogo istochnika indol'nykh alkaloidov ryada ɓ-karbolina [Phytochemical study of the bark of 

some plants from Elaeagnaceae family as natural source of indole alkaloids of the ɓ-carboline 

series]. Khimiko-Farmatsevticheskii Zhurnal, 42(11). 27-29. (in Russian) 

23. Mal'tsev, S. D., Abizov, E. A., & Tolkachev, O. N. (2009). Izuchenie list'ev lokha 

uzkolistnogo i lokha vostochnogo kak istochnikov poliprenolov [Study of Elaeagnus augustifolia L. 

and Elaeagnus oriental L. leaves as the source of polyprenols]. Voprosy biologicheskoi, meditsinskoi 

i farmatsevticheskoi khimii, 7(4), 55-57. (in Russian) 

24. Sahan, Y., Gocmen, D., Cansev, A., Celik, G., Aydin, E., Dundar, A. N., ... & Gucer, S. 

(2015). Chemical and techno-functional properties of flours from peeled and unpeeled oleaster 

(Elaeagnus angustifolia L.). Journal of Applied Botany and Food Quality, 88(1). 

25. Liang, S., Yang, R., Dong, C., & Yang, Q. (2015). Physicochemical properties and fatty 

acid profiles of Elaeagnus mollis Diels nut oils. Journal of oleo science, 64(12), 1267-1272. 

26. Khan, S. U., Khan, A. U., Shah, A. U. H. A., Shah, S. M., Hussain, S., Ayaz, M., & Ayaz, 

S. (2016). Heavy metals content, phytochemical composition, antimicrobial and insecticidal 

evaluation of Elaeagnus angustifolia. Toxicology and industrial health, 32(1), 154-161. 

27. Zeng, F., Wang, W., Zhan, Y., & Xin, Y. (2009). Creating a culture of callus and cell 

suspension Elaeagnus angustifolia for the production of condensed tannins. African Journal of 

Biotechnology, (8). 45-50.  

28. Ge, Y., Zhang, F., Qin, Q., Shang, Y., & Wan, D. (2015). In vivo evaluation of the 

antiasthmatic, antitussive, and expectorant activities and chemical components of three Elaeagnus 

leaves. Evidence-Based Complementary and Alternative Medicine, 2015. 

29. Farzaei, M. H., Bahramsoltani, R., Abbasabadi, Z., & Rahimi, R. (2015). A 

comprehensive review on phytochemical and pharmacological aspects of Elaeagnus angustifolia L. 

Journal of Pharmacy and Pharmacology, 67(11), 1467-1480.  

30. Hosseinzadeh, H., Ramezani, M., & Namjo, N. (2003). Muscle relaxant activity of 

Elaeagnus angustifolia L. fruit seeds in mice. Journal of ethnopharmacology, 84(2-3), 275-278. 

31. Dhalla, N. S., Elmoselhi, A. B., Hata, T., & Makino, N. (2000). Status of myocardial 

antioxidants in ischemia-reperfusion injury. Cardiovascular research, 47(3), 446-456. 

32. Nikniaz, Z., Ostadrahimi, A., Mahdavi, R., asghar Ebrahimi, A., & Nikniaz, L. (2014). 

Effects of Elaeagnus angustifolia L. supplementation on serum levels of inflammatory cytokines 

and matrix metalloproteinases in females with knee osteoarthritis. Complementary therapies in 

medicine, 22(5), 864-869. 

33. Kusova, R. D. (2006). Razrabotka gelya i emul'sionnoi mazi s maslom lokha [Design of 

gel and emulsion ointment with oleaster (Elaeagnus) oil]. Farmatsiya [Pharmacy], (6), 30-32. (in 

Russian) 

34. Balasanyan, M. G., Zhamgaryan, A. G., Yagdzhyan, G. V., Grigoryan, D. S., & 

Shamakhyan, O. V. (2007). Vliyanie mazi iz semyan lokha uzkolistnogo na protsess regeneratsii 

ozhogovoi rany v eksperimente [Influence of ointment from Elaeagnus angustifolia seeds on the 

process of regeneration in burn injury in experiment]. Meditsinskaya nauka Armenii, 47(1), 41-45. 

35. Merculieff, Z., Ramnath, S., Sankoli, S. M., Venkataramegowda, S., Murthy, G. S., & 

Ceballos, R. M. (2014). Phytochemical, antioxidant and antibacterial potential of Elaeagnus kologa 

(Schlecht.) leaf. Asian Pacific journal of tropical medicine, (7), 599-602. 

36. Okmen, G., & Turkcan, O. (2014). A study on antimicrobial, antioxidant and 

antimutagenic activities of Elaeagnus angustifolia L. leaves. African Journal of Traditional, 

Complementary and Alternative Medicines, 11(1), 116-120. 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

147 

 

37. Natanzi, M. M., Pasalar, P., Kamalinejad, M., Dehpour, A. R., Tavangar, S. M., Sharifi, R., 

... & Gerayesh-Nejad, S. (2012). Effect of aqueous extract of Elaeagnus angustifolia fruit on 

experimental cutaneous wound healing in rats. Acta Medica Iranica, 50(9), 589-596. 

 

 

ʈʘʙʦʪʘ ʧʦʩʪʫʧʠʣʘ 

ʚ ʨʝʜʘʢʮʠʶ 21.11.2018 ʛ.  

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

24.11.2018 ʛ. 

________________________________________________________________________________ 

 

 

ʉʩʳʣʢʘ ʜʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: 

ʉʘʣʴʥʠʢʦʚʘ ʅ. ɸ., ʎʠʙʠʟʦʚʘ ɸ. ɸ., ʐʫʨ ʖ. ɺ. ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʪʝʥʠʡ ʨʦʜʘ 

Elaeagnus ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 

2018. ʊ. 4. ˉ12. ʉ. 134-147. http://www.bulletennauki.com/12-61 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.12.2018). 

 

Cite as (APA): 

Salnikova, N., Tsibizova, A., & Shur, Yu. (2018). The prospects for the use of plants in the 

genus Elaeagnus in the pharmaceutical and food industry. Bulletin of Science and Practice, 4(12), 

134-147. (in Russian). 

  

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

148 

 

ʋɼʂ 582.76/77: 581.192.1 

AGRIS K70 

 http://doi.org/10.5281/zenodo.2255788 

 

ɼʀʅɸʄʀʂɸ ʅɸʂʆʇʃɽʅʀʗ ɿʆʃʓ ɺ ʆʇɸɼɽ ACER NEGUNDO L. ɺ ʋʉʃʆɺʀʗʍ 

ʅɸʈʋʐɽʅʅʓʍ ʇʆʁʄɽʅʅʓʍ ʌʀʊʆʎɽʅʆɿʆɺ 
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ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʫʛʣʷ ʠ ʫʛʣʝʭʠʤʠʠ 
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DYNAMICS OF ACCUMULATION OF ASH IN LITTER ACER NEGUNDO L. UNDER 

CONDITIONS OF DISTURBED FLOODPLAIN PHYTOCENOSES  

 

ÉTsandekova O., ORCID:0000-0002-9768-3084, Ph.D., 

Federal Research Centre Coal and Coal Chemistry of SB RAS ñInstitute of Human Ecologyò, 

Kemerovo, Russia, zandekova@bk.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʡ ʟʦʣʳ ʚ ʣʠʩʪʦʚʦʤ 

ʦʧʘʜʝ Acer negundo L. ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʝʛʦ ʬʠʪʦʛʝʥʥʳʭ ʟʦʥ, ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʫʰʝʥʥʳʭ 

ʧʦʡʤʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʯʝʪʥʳʭ ʧʣʦʱʘʜʢʘʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʦʤʢʥʫʪʦʩʪʠ ʢʨʦʥ ʩ ʫʯʝʪʦʤ ʟʦʥ ʚʣʠʷʥʠʷ ʜʝʨʝʚʴʝʚ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ (ʩ ʤʘʷ ʧʦ 

ʩʝʥʪʷʙʨʴ). ʆʧʨʝʜʝʣʝʥʠʝ ʟʦʣʴʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʩʫʭʦʛʦ ʦʟʦʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʙʦʪʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ Microsoft Office Excel 2007. ɺʳʷʚʣʝʥʦ, 

ʯʪʦ ʚ ʦʧʘʜʝ Acer negundo ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʟʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʧʦʜʢʨʦʥʦʚʦʡ ʠ ʧʨʠʢʨʦʥʦʚʦʡ ʟʦʥʘʭ ʫ ʦʜʠʥʦʯʥʳʭ ʜʝʨʝʚʴʝʚ ʚ ʥʝʩʦʤʢʥʫʪʳʭ ʜʨʝʚʦʩʪʦʷʭ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ ʜʝʨʝʚʴʝʚ ʠ ʩ ʢʦʥʪʨʦʣʝʤ. ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʟʦʣʴʥʦʩʪʠ ʦʧʘʜʘ 

ʢʣʝʥʘ ʦʙʥʘʨʫʞʠʚʘʝʪ ʥʝʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʦʦʙʠʪʘʥʠʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʮʝʥʢʝ 

ʩʦʩʪʦʷʥʠʷ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʬʠʪʦʮʝʥʦʟʘ.  

 

Abstract. The article analyzes the results of the total ash content in leaf litter of Acer negundo 

L., taking into account the influence of its phytogenic zones, in conditions of disturbed floodplain 

communities. Sampling was carried out at survey sites under various conditions of crowns, taking 

into account the zones of influence of trees during the growing season (from May to September). 

Determination of ash content was performed by dry ashing. The research results were processed 

statistically using Microsoft Office Excel 2007. It was revealed that in the litter of Acer negundo 

there is the greatest accumulation of the ash component in the subcrown and near-front zones in 

single trees in not close forest stands, in comparison with other groups of trees and with control. 

Seasonal dynamics of ash content of top humus maple reveals some quantitative changes depending 

on the conditions of a specific habitat, which is most clearly traced in the final stage of 

the vegetative period. Experimental data can be used in assessing the state of the ground cover and 

the structure of the phytocenosis. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Acer negundo, ʣʠʩʪʦʚʦʡ ʦʧʘʜ, ʬʠʪʦʛʝʥʥʳʝ ʟʦʥʳ, ʟʦʣʴʥʦʩʪʴ, ʬʠʪʦʮʝʥʦʟ.  

 

Keywords: Acer negundo, leaf litter, phytogenic zones, ash content, phytocenosis. 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

149 

 

 

ɼʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʟʘʭʚʘʪʳʚʘʶʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʠ 

ʚʣʠʷʪʝʣʴʥʳʝ ʜʨʝʚʝʩʥʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʘʚ ʚʝʨʭʥʠʭ ʠ, ʚ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʧʦʜʯʠʥʝʥʥʳʭ ʷʨʫʩʦʚ. Acer negundo L. ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʠʞʥʠʭ ʷʨʫʩʦʚ, ʠʟʤʝʥʷʷ ʚʦʜʥʳʡ, ʪʝʧʣʦʚʦʡ, ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ ʙʠʦʛʝʦʮʝʥʦʟʘ. 

ʆʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʧʣʦʜʦʚʠʪʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ, ʦʥ ʙʳʩʪʨʝʝ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ 

ʦʙʨʘʟʫʝʪ ʤʥʦʛʦʷʨʫʩʥʳʝ ʟʘʨʦʩʣʠ. ʉʦʟʜʘʚʘʷ ʧʦʣʥʳʡ ʪʝʥʠʩʪʳʡ ʧʦʣʦʛ ʩʚʦʠʤʠ ʢʨʦʥʘʤʠ, ʢʣʝʥ 

ʟʘʛʣʫʰʘʝʪ ʠ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʩʘʤʦʩʝʚʘ ʠ ʧʦʜʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʧʨʝʧʷʪʩʪʚʫʷ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʤʫ 

ʚʦʟʦʙʥʦʚʣʝʥʠʶ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʳʪʝʩʥʷʷ ʘʙʦʨʠʛʝʥʥʳʝ ʚʠʜʳ. Acer negundo ʬʦʨʤʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʘʜʘ, ʩ ʢʦʪʦʨʳʤ ʚ ʧʦʯʚʫ ʚʦʟʚʨʘʱʘʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʢʣʘʩʩʘʤ [1].  

ʆʜʥʠʤ ʠʟ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʢʣʝʥʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʟʦʣʴʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʝʥʠʠ. 

ʉ ʟʦʣʴʥʦʩʪʴʶ ʩʚʷʟʘʥʘ ʙʠʦʛʝʥʥʘʷ ʘʢʢʫʤʫʣʷʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ. ʏʝʤ ʚʳʰʝ 

ʟʦʣʴʥʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʫʜʝʨʞʠʚʘʝʪʩʷ ʨʘʩʪʝʥʠʝʤ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ 

ʧʦʯʚʫ ʩ ʦʧʘʜʦʤ [2ï3]. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʘʩʪʝʥʠʷʭ ʷʚʣʷʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʪʝʥʠʡ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠʭ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ.  

ʎʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ð ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʥʘʢʦʧʣʝʥʠʷ ʟʦʣʳ ʚ ʦʧʘʜʝ Acer negundo 

L. ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʫʰʝʥʥʳʭ ʧʦʡʤʝʥʥʳʭ ʬʠʪʦʮʝʥʦʟʦʚ.  

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣ ʦʧʘʜ ʣʠʩʪʴʝʚ, ʦʪʦʙʨʘʥʥʳʡ ʧʦʜ ʥʘʩʘʞʜʝʥʠʷʤʠ Acer 

negundo L. (ʢʣʝʥʘ ʷʩʝʥʝʣʠʩʪʥʦʛʦ), ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʧʦʡʤʝ ʨ. 

ʊʦʤʴ ʚ ʧʨʝʜʝʣʘʭ ʛ. ʂʝʤʝʨʦʚʦ. ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʯʝʪʥʳʭ ʧʣʦʱʘʜʢʘʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʦʤʢʥʫʪʦʩʪʠ ʢʨʦʥ ʩ ʫʯʝʪʦʤ ʟʦʥ ʚʣʠʷʥʠʷ ʜʝʨʝʚʴʝʚ: 1 ð ʦʜʠʥʦʯʥʳʝ ʜʝʨʝʚʴʷ ʚ 

ʥʝʩʦʤʢʥʫʪʳʭ ʜʨʝʚʦʩʪʦʷʭ (ʧʦʜʢʨʦʥʦʚʘʷ (ʇʂ1) ʠ ʧʨʠʢʨʦʥʦʚʘʷ (ʇ1) ʟʦʥʳ ʜʝʨʝʚʘ); 2 ð ʜʝʨʝʚʴʷ 

ʩ ʩʦʤʢʥʫʪʦʩʪʴʶ ʢʨʦʥ 50ï60% (ʧʦʜʢʨʦʥʦʚʘʷ (ʇʂ2), ʧʨʠʢʨʦʥʦʚʘʷ (ʇ2)); 3 ð ʜʝʨʝʚʴʷ ʩ 

ʩʦʤʢʥʫʪʦʩʪʴʶ ʢʨʦʥ 100% (ʧʨʠʩʪʚʦʣʴʥʘʷ (ʇʉ3), ʤʝʞʢʨʦʥʦʚʘʷ (ʄʂ3)). ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ 

ʚʳʙʨʘʥʘ ʚʥʝʰʥʷʷ ʟʦʥʘ (ɺ) ʦʜʠʥʦʯʥʳʭ ʜʝʨʝʚʴʝʚ. ʉʨʦʢʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ð ʚ ʥʘʯʘʣʝ (III 

ʜʝʢʘʜʘ ʤʘʷ), ʚ ʩʝʨʝʜʠʥʝ (III ʜʝʢʘʜʘ ʠʶʣʷ) ʠ ʚ ʢʦʥʮʝ (III ʜʝʢʘʜʘ ʩʝʥʪʷʙʨʷ) ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʟʦʣʴʥʦʩʪʠ (ʦʙʱʝʡ ʟʦʣʳ) ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʩʫʭʦʛʦ ʦʟʦʣʝʥʠʷ ʚ 

ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ t +400 é +500 ÁC [4]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʦʪʘʥʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ Microsoft Office Excel 2007. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʌʠʪʦʛʝʥʥʳʝ ʧʦʣʷ ʢʣʝʥʘ ʷʩʝʥʝʣʠʩʪʥʦʛʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʚʝʪʦʚʦʛʦ ʠ ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʚʠʜʦʚ 

ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ. ʀʩʩʣʝʜʫʝʤʳʝ ʫʯʝʪʥʳʝ ʧʣʦʱʘʜʢʠ 

Acer negundo ʦʮʝʥʠʚʘʣʠʩʴ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʝʡ ʞʠʟʥʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ ʰʢʘʣʝ ɺ. ɸ. 

ɸʣʝʢʩʝʝʚʘ I ʢʣʘʩʩʦʤ ʙʦʥʠʪʝʪʘ. ɺʦʟʨʘʩʪ ʜʝʨʝʚʴʝʚ ʩʦʩʪʘʚʣʷʣ 20ï25 ʣʝʪ. ɾʠʚʦʡ ʥʘʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ ʦʙʨʘʟʦʚʘʥ ʨʘʟʥʦʪʨʘʚʥʦïʟʣʘʢʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ Urtica dioica L., Poa 

pratensis L., Phleum pratense L., Elytrigia repens (L.) Nevski., Humulus lupulus L., ʩ ʦʙʱʠʤ 

ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ 40ï90%.  

ʆʧʘʜ ʢʣʝʥʘ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚ 

ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ 

ʚʝʱʝʩʪʚ. ʇʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʴʥʦʩʪʠ ʚ ʣʠʩʪʴʷʭ ʠ ʣʠʩʪʦʚʦʤ ʦʧʘʜʝ ʚʘʞʝʥ ʢʘʢ ʚ ʘʩʧʝʢʪʝ 

http://www.bulletennauki.com/
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ʭʠʤʠʟʤʘ ʩʘʤʦʛʦ ʨʘʩʪʝʥʠʷ, ʪʘʢ ʠ ʩ ʧʦʟʠʮʠʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʬʠʪʦʤʘʩʩʳ 

ʚ ʧʨʦʯʠʝ ʢʦʤʧʦʥʝʥʪʳ ʵʢʦʩʠʩʪʝʤʳ. ɺʝʣʠʯʠʥʘ ʟʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ 

ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʪ ʚʠʜʘ ʠ ʚʦʟʨʘʩʪʘ ʨʘʩʪʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ɿʦʣʴʥʦʩʪʴ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʨʘʩʪʝʥʠʡ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠʭ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʢ 

ʢʦʥʮʫ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʣʠʩʪʴʷʭ ʠ ʣʠʩʪʦʚʦʤ ʦʧʘʜʝ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʢʦʧʣʝʥʠʝ ʟʦʣʴʥʦʩʪʠ [5ï7]. ʅʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. 

ʇʨʦʚʝʜʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʫʰʝʥʥʳʭ ʧʦʡʤʝʥʥʳʭ 

ʬʠʪʦʮʝʥʦʟʦʚ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʴʥʦʩʪʠ ʚ ʦʧʘʜʝ Acer negundo ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ ʩ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʦʪ 7,15% ʜʦ 12,48% ʫ ʦʧʳʪʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʊʘʙʣʠʮʘ).  
 

ʊʘʙʣʠʮʘ. 

ɼʀʅɸʄʀʂɸ ʅɸʂʆʇʃɽʅʀʗ ʆɹʑɽʁ ɿʆʃʓ ɺ ʃʀʉʊʆɺʆʄ ʆʇɸɼɽ Acer negundo L.  

(ʩʨʝʜʥʠʝ ʜʘʥʥʳʝ ʟʘ 2017 ʛʦʜ, %) 

 

ʇʣʦʱʘʜʢʠ 

ʥʘʙʣʶʜʝʥʠʡ 

ʤʘʡ ʠʶʣʴ ʩʝʥʪʷʙʨʴ 

ɺ  11,81Ñ0,196 12,15Ñ0,523 12,48Ñ0,330 

ʇʂ1 8,93Ñ0,162 9,96Ñ0,162 11,30Ñ0,290 

ʇ1 9,07Ñ0,162 10,22Ñ0,193 11,11Ñ0,321 

ʇʂ2 7,15Ñ0,260 8,96Ñ0,196 10,11Ñ0,193 

ʇ2 8,78Ñ0,128 9,37Ñ0,134 9,85Ñ0,196 

ʇʉ3 7,48Ñ0,098 8,37Ñ0,134 8,93Ñ0,098 

ʄʂ3 7,15Ñ0,162 8,11Ñ0,193 9,11Ñ0,294 

ʇʨʠʣʦʞʝʥʠʝ: ɺ ð ʢʦʥʪʨʦʣʴ (ʚʥʝʰʥʷʷ ʟʦʥʘ), ʇʂ1 ð 1 ʛʨʫʧʧʘ ʜʝʨʝʚʴʝʚ, ʧʦʜʢʨʦʥʦʚʘʷ ʟʦʥʘ, ʇ1 

ð 1 ʛʨʫʧʧʘ ʜʝʨʝʚʴʝʚ, ʧʨʠʢʨʦʥʦʚʘʷ ʟʦʥʘ, ʇʂ2 ð 2 ʛʨʫʧʧʘ ʜʝʨʝʚʴʝʚ, ʧʦʜʢʨʦʥʦʚʘʷ ʟʦʥʘ, ʇ2 ð 2 ʛʨʫʧʧʘ 

ʜʝʨʝʚʴʝʚ, ʧʨʠʢʨʦʥʦʚʘʷ ʟʦʥʘ, ʇʉ3 ð 3 ʛʨʫʧʧʘ ʜʝʨʝʚʴʝʚ, ʧʨʠʩʪʚʦʣʴʥʘʷ ʟʦʥʘ, ʄʂ3 ð 3 ʛʨʫʧʧʘ ʜʝʨʝʚʴʝʚ, 

ʤʝʞʢʨʦʥʦʚʘʷ ʟʦʥʘ. 
 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʪʤʝʯʝʥʳ ʚ ʢʦʥʮʝ 

ʚʝʛʝʪʘʮʠʠ ʠ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 8,93% ʜʦ 11,30%. ɼʝʨʝʚʴʷ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ (ʩ 

ʩʦʤʢʥʫʪʦʩʪʴʶ ʢʨʦʥ 100%) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ ʚ 

ʦʧʘʜʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʧʣʦʱʘʜʢʘʤʠ ʠ ʢʦʥʪʨʦʣʝʤ (ʚ 1,4ï1,7 ʨʘʟʘ).  

ʉʨʘʚʥʠʚʘʷ ʠʟʫʯʘʝʤʳʝ ʧʣʦʱʘʜʢʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʡ ʟʦʣʳ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ 

ʦʧʘʜʝ ʚʳʰʝ ʚʦʟʣʝ ʦʜʠʥʦʯʥʳʭ ʜʝʨʝʚʴʝʚ Acer negundo ʚ ʥʝʩʦʤʢʥʫʪʳʭ ʜʨʝʚʦʩʪʦʷʭ (ʧʝʨʚʘʷ 

ʛʨʫʧʧʘ ʜʝʨʝʚʴʝʚ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ ʜʝʨʝʚʴʝʚ. ɺ ʤʘʝ ʠ ʠʶʣʝ ʦʪʤʝʯʝʥʦ 

ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʜʢʨʦʥʦʚʦʡ ʟʦʥʳ ð 

9,07% ʠ 10,22% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʩʝʥʪʷʙʨʝ ð ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʢʨʦʥʦʚʦʡ ʟʦʥʳ ð 

11,30%. ɼʣʷ ʜʝʨʝʚʴʝʚ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ, ʦʩʦʙʝʥʥʦ ʚ ʤʝʞʢʨʦʥʦʚʦʡ ʟʦʥʝ (ʄʂ3) (7,15ï9,11%). ɼʝʨʝʚʴʷ ʩ ʩʦʤʢʥʫʪʦʩʪʴʶ ʢʨʦʥ 

50ï60% ʟʘʥʷʣʠ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʨʘʩʪʝʥʠʡ 

ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 7,15% ʜʦ 10,11%, ʯʪʦ ʥʠʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʚ 1,2ï1,7 ʨʘʟʘ.  

ʉʦʧʦʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʫʨʦʚʥʝʤ ʟʦʣʴʥʦʩʪʠ ʣʠʩʪʴʝʚ ʠ ʣʠʩʪʦʚʦʛʦ ʦʧʘʜʘ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʜʠʘʧʘʟʦʥ ʫʨʦʚʥʷ 

ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ ʚ ʦʧʘʜʝ ʥʝʩʢʦʣʴʢʦ ʰʠʨʝ, ʯʝʤ ʚʳʷʚʣʝʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʨʦʜʘ Acer L. ʇʦ ʩʚʝʜʝʥʠʷʤ ɽ. ɸ. ʆʩʠʧʦʚʦʡ [8] ʫʨʦʚʝʥʴ ʟʦʣʴʥʦʩʪʠ ʣʠʩʪʦʚʦʡ ʤʘʩʩʳ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 13 ʚʠʜʦʚ ʨʦʜʘ ʂʣʝʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʣʝʥ ʷʩʝʥʝʣʠʩʪʥʳʡ, ʚʘʨʴʠʨʦʚʘʣ ʦʪ 4ï6% 

ʜʦ 12ï14%.  

ɺ ʨʘʙʦʪʝ ɽ. ɻ. ʊʶʣʴʢʦʚʦʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʦʣʴʥʦʩʪʴ ʚ ʦʧʘʜʝ ʢʣʝʥʘ ʦʩʪʨʦʣʠʩʪʥʦʛʦ 

ʩʦʩʪʘʚʠʣʘ ʦʪ 7% ʜʦ 13% [9].  
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ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʫʰʝʥʥʳʭ ʧʦʡʤʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʣʠʩʪʦʚʦʤ ʦʧʘʜʝ Acer 

negundo ʠʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʝʪʥʳʭ ʧʣʦʱʘʜʢʘʭ ʧʦ ʥʘʢʦʧʣʝʥʠʶ 

ʦʙʱʝʡ ʟʦʣʳ. ʅʘʠʙʦʣʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʚʳʷʚʣʝʥ ʚ ʧʦʜʢʨʦʥʦʚʦʡ ʠ ʧʨʠʢʨʦʥʦʚʦʡ ʟʦʥʘʭ ʫ 

ʦʜʠʥʦʯʥʳʭ ʜʝʨʝʚʴʝʚ ʚ ʥʝʩʦʤʢʥʫʪʳʭ ʜʨʝʚʦʩʪʦʷʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ ʜʝʨʝʚʴʝʚ 

ʠ ʩ ʢʦʥʪʨʦʣʝʤ. ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʟʦʣʴʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʧʘʜʘ ʢʣʝʥʘ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʥʝʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʦʦʙʠʪʘʥʠʷ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʟʦʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʧʘʜʘ Acer negundo 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʬʠʪʦʮʝʥʦʟʘ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌʀʎ ʋʋʍ ʉʆ ʈɸʅ 

(ʇʨʦʝʢʪ ˉ0352-2016-0002). 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʨʘʙʦʪʳ ʦʪʜʝʣʝʥʠʡ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ 

ʉʝʚʝʨʦïɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʣʝʪʘʣʴʥʦʩʪʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩ ʤʘʩʩʦʡ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ 

1000 ʛ ʠ ʙʦʣʝʝ ʠ ʤʘʩʩʦʡ ʪʝʣʘ 500ï999 ʛ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʝʪʝʡ ʩ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʦʬʠʮʠʘʣʴʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʪʯʝʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ ʈʦʩʩʪʘʪʘ ʠ çʎʝʥʪʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦï

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ 2010ï2016 ʛʛ. ɸʥʘʣʠʟ ʯʘʩʪʦʪʳ 

ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʚ ʦʪʜʝʣʝʥʠʷʭ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 1000 ʛ ʠ ʙʦʣʝʝ, ʘ 

ʪʘʢʞʝ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 500ï999 ʛ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʉʝʚʝʨʦïʟʘʧʘʜʥʦʤ 

ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʚ 2016 ʛ ʚʳʰʝ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ. ʇʦʢʘʟʘʪʝʣʴ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʝʪʝʡ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʜʝʪʝʡ, ʨʦʜʠʚʰʠʭʩʷ 

ʩ ʤʘʩʩʦʡ ʪʝʣʘ 500ï999 ʛ, ʚ ʉʝʚʝʨʦïɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦ 

ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ ʥʘ 48,3%, ʘ ʚ ʛ. ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛʝ ð ʥʘ 124,3%.  

 

Abstract. The article is devoted to the evaluation of the work of the neonatal pathology 

departments in the Northwestern Federal District. To achieve this goal, we analyzed the mortality 

rates of newborns weighing 1000 grams or more and weighing 500ï999 grams, as well as 

the survival rates of children with extremely low birth weight. In the course of the study, official 

statistical reports and publications of the Rosstat and the Central Scientific Research Institute for 

the Organization and Informatization of Health Care of the Ministry of Health of the Russian 
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Federation for 2010ï2016 were studied. Analysis of the frequency of deaths in the pathology 

departments of newborns weighing 1000 grams or more, as well as with a body weight of 500ï999 

grams showed that these indicators in the Northwestern Federal District in 2016 are higher than 

those in Russia as a whole. The survival rate of children with extremely low birth weight of the total 

number of children born with a body weight of 500ï999 grams in the Northwestern Federal District 

exceeds the figure for Russia as a whole by 48.3%, and in St. Petersburg ð by 124 3%. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʦʚʦʨʦʞʜʝʥʥʳʝ, ʧʦʢʘʟʘʪʝʣʴ ʣʝʪʘʣʴʥʦʩʪʠ, ʧʦʢʘʟʘʪʝʣʴ ʚʳʞʠʚʘʝʤʦʩʪʠ, 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʘʷ ʤʘʩʩʘ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ.  

 

Keywords: newborns, mortality rate, survival rate, extremely low birth weight. 

 

ɺʚʝʜʝʥʠʝ 

ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʤʘʪʝʨʠ ʠ ʨʝʙʝʥʢʘ ʚ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʂʦʥʮʝʧʮʠʝʡ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʜʦ 2025 ʛ. [2, 9, 12]. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ ʫʜʝʣʷʝʪʩʷ ʧʨʦʙʣʝʤʝ 

ʩʦʭʨʘʥʝʥʠʷ ʞʠʟʥʠ ʠ ʫʢʨʝʧʣʝʥʠʷ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ [8]. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʋʢʘʟ 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʦʪ 29.05.2017 ʛ. ˉ240), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ, ʩ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʩʬʝʨʝ ʟʘʱʠʪʳ ʜʝʪʩʪʚʘ, 2018ï2027 ʛʛ. ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʦʙʲʷʚʣʝʥʳ ɼʝʩʷʪʠʣʝʪʠʝʤ ʜʝʪʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩ 1 ʷʥʚʘʨʷ 2018 ʛʦʜʘ ʚʩʪʫʧʠʣʘ ʚ ʩʠʣʫ 

ʫʪʚʝʨʞʜʝʥʥʘʷ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ çʈʘʟʚʠʪʠʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè, ʩʨʦʢʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 2018ï

2025 ʛʛ. ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʝʢʪʦʚ ʵʪʦʡ ɻʦʩʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪ 

çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʥʦʚʦʨʦʞʜʝʥʥʳʤ ʠ ʞʝʥʱʠʥʘʤ ʚ 

ʧʝʨʠʦʜ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʧʦʩʣʝ ʨʦʜʦʚ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʨʘʟʚʠʪʠʝ ʩʝʪʠ 

ʧʝʨʠʥʘʪʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. ʎʝʣʴʶ ʵʪʦʛʦ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʧʨʦʝʢʪʘ 

ʷʚʠʣʦʩʴ ʩʥʠʞʝʥʠʝ ʚ 2018 ʛ. ʧʦʢʘʟʘʪʝʣʷ ʤʣʘʜʝʥʯʝʩʢʦʡ ʩʤʝʨʪʥʦʩʪʠ ʜʦ 5,8 ʥʘ 1000 ʨʦʜʠʚʰʠʭʩʷ 

ʞʠʚʳʤʠ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ 

ʞʝʥʱʠʥʘʤ ʚ ʧʝʨʠʦʜ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʨʦʜʦʚ ʠ ʥʦʚʦʨʦʞʜʝʥʥʳʤ.  

ʊʨʝʭʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʤʘʪʝʨʠ ʠ ʨʝʙʝʥʢʫ ̫ ʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ ʨʘʟʚʠʪʠʷ ʧʝʨʠʥʘʪʘʣʴʥʦʡ ʧʦʤʦʱʠ, ʢʦʪʦʨʘʷ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʦ ʤʥʦʛʠʭ ʨʘʟʚʠʪʳʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ [4, 6]. ʆʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ: 

ïʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʢʦʝʢ ʜʣʷ ʙʝʨʝʤʝʥʥʳʭ ʞʝʥʱʠʥ, ʨʦʞʝʥʠʮ ʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ; 

ïʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʙʝʨʝʤʝʥʥʳʭ ʞʝʥʱʠʥ ʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ 

ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ; 

ïʚʳʝʟʜʥʳʝ ʬʦʨʤr ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, ʚʢʣʶʯʘʷ ʤʝʜʠʮʠʥʩʢʫʶ ʵʚʘʢʫʘʮʠʶ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʠʣʠ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

 

ɺ ʢʘʞʜʦʤ ʢʨʫʧʥʦʤ ʩʫʙʲʝʢʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (6 ʪʳʩʷʯ ʨʦʜʦʚ ʠ ʙʦʣʝʝ) ʜʦʣʞʝʥ 

ʙʳʪʴ ʧʝʨʠʥʘʪʘʣʴʥʳʡ ʮʝʥʪʨ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʪʨʝʪʴʝʡ (ʚʳʩʰʝʡ) 

ʛʨʫʧʧʳ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ. ʆʥ ʦʩʥʘʱʘʝʪʩ ̫ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ ʤʝʜʠʮʠʥʩʢʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʥʘʠʙʦʣʝʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʤʝʜʠʮʠʥʩʢʠʤʠ ʢʘʜʨʘʤʠ ʜʣʷ ʦʢʘʟʘʥʠʷ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʩʘʤʦʤʫ ʩʣʦʞʥʦʤʫ ʢʦʥʪʠʥʛʝʥʪʫ ʧʘʮʠʝʥʪʦʚ [11]. 

ʆʜʥʘ ʠʟ ʚʝʜʫʱʠʭ ʨʦʣʝʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʭʘʞʠʚʘʥʠʷ ʥʝʜʦʥʦʰʝʥʥʳʭ ʜʝʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩ ɻ ʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ, ʚ ʧʝʨʠʥʘʪʘʣʴʥʳʭ ʮʝʥʪʨʘʭ ʧʨʠʥʘʜʣʝʞʠʪ 

ʦʪʜʝʣʝʥʠʷʤ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ ʥʝʜʦʥʦʰʝʥʥʳʭ ʜʝʪʝʡ [3]. ɺ ʜʘʥʥʳʝ ʦʪʜʝʣʝʥʠʷ ʜʝʪʠ 
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ʧʦʩʪʫʧʘʶʪ ʠʟ ʨʦʜʠʣʴʥʳʭ ʜʦʤʦʚ, ʘ ʪʘʢʞʝ ʠʟ ʦʪʜʝʣʝʥʠʡ ʘʥʝʩʪʝʟʠʦʣʦʛʠʠ ʠ ʨʝʘʥʠʤʘʮʠʠ. 

ʆʪʜʝʣʝʥʠ ̫ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ ʥʝʜʦʥʦʰʝʥʥʳʭ ʜʝʪʝʡ ʷʚʣʷʶʪʩʷ ʪʨʝʪʴʠʤ ʵʪʘʧʦʤ 

ʚʳʭʘʞʠʚʘʥʠʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ ʥʝʜʦʥʦʰʝʥʥʳʭ ʜʝʪʝʡ ʠ ʨʘʩʧʦʣʘʛʘʶʪ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʚʳʭʘʞʠʚʘʥʠʷ ʠ ʣʝʯʝʥʠʷ ʛʣʫʙʦʢʦʥʝʜʦʰʝʥʥʳʭ ʜʝʪʝʡ 

[5]. ɺ ʰʪʘʪʝ ʦʪʜʝʣʝʥʠ ̫ʨʘʙʦʪʘʶʪ ʥʝʦʥʘʪʦʣʦʛʠ, ʥʝʚʨʦʣʦʛʠ ʠ ʧʝʜʠʘʪʨʳ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʫʭʦʜʘ ʟʘ ʥʝʜʦʥʦʰʝʥʥʳʤʠ ʜʝʪʴʤʠ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠ ʨʝʘʥʠʤʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʚʳʞʠʚʘʝʤʦʩʪʠ ʛʣʫʙʦʢʦ ʥʝʜʦʥʦʰʝʥʥʳʭ ʜʝʪʝʡ, ʭʦʪʷ 

ʫʨʦʚʝʥʴ ʠʭ ʟʜʦʨʦʚʴʷ ʦʩʪʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʤ, ʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʝʨʠʥʘʪʘʣʴʥʦʡ ʧʘʪʦʣʦʛʠʠ ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ [1, 7, 10]. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʦʪʜʝʣʝʥʠʡ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ ʉʝʚʝʨʦïɿʘʧʘʜʥʦʤ 

ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʣʝʪʘʣʴʥʦʩʪʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩ 

ʤʘʩʩʦʡ ʪʝʣʘ 1000 ʛ ʠ ʙʦʣʝʝ ʠ ʤʘʩʩʦʡ ʪʝʣʘ 500ï999 ʛ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʝʪʝʡ 

ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʦʬʠʮʠʘʣʴʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʪʯʝʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ ʈʦʩʩʪʘʪʘ ʟʘ 2010ï2016 ʛʛ., 

ʩʙʦʨʥʠʢʠ çʆʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʜʦʨʦʚʴʷ ʤʘʪʝʨʠ ʠ ʨʝʙʝʥʢʘ, ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʣʫʞʙʳ ʦʭʨʘʥʳ 

ʜʝʪʩʪʚʘ ʠ ʨʦʜʦʚʩʧʦʤʦʞʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʟʘ 2012ï2016 ʛʛ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤ Microsoft Office Excel 2007 ʠ Statistica 7.0. ʋʨʦʚʝʥʴ 

ʟʥʘʯʠʤʦʩʪʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʢʘʢ ʨÒ0,05. ɼʣʷ ʘʥʘʣʠʟʘ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɽʞʝʛʦʜʥʦ ʦʢʦʣʦ 8% ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 1000 ʛ ʠ ʙʦʣʝʝ ʧʦʜʣʝʞʘʪ ʧʝʨʝʚʦʜʫ ʚ 

ʦʪʜʝʣʝʥʠʷ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. ɺ 2012 ʛ ʯʘʩʪʦʪʘ ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʧʦ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ 

ʩʦʩʪʘʚʠʣʘ 77,2ă (mÑ0,19). ɺ ʉʝʚʝʨʦïɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʩʷ ʦʪ ʦʙʱʝʨʦʩʩʠʡʩʢʦʛʦ ð ʟʜʝʩʴ ʥʘ ʢʘʞʜʫʶ ʪʳʩʷʯʫ ʨʦʜʠʚʰʠʭʩʷ ʞʠʚʳʤʠ 

ʜʝʪʝʡ ʚ ʦʪʜʝʣʝʥʠʷ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʧʦʩʪʫʧʘʣʠ 92 ʨʝʙʝʥʢʘ (91,9ăÑ 0,71). 

ɺ 2016 ʛ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 2012 

ʛ. ʥʘ 5,6%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʉʝʚʝʨʦïɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛ ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ 

ʫʩʪʦʡʯʠʚʦʝ ʩʥʠʞʝʥʠʝ. ʂ 2016 ʛ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʟʠʣʩʷ ʥʘ 13,9% ʠ ʩʦʩʪʘʚʠʣ 79,1ăÑ0, ʧʨʦʪʠʚ 

91,9%Ñ0,71 ʚ 2012 ʛ. 

ʆʜʥʘʢʦ, ʯʘʩʪʦʪʘ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʩʨʝʜʠ ʜʝʪʝʡ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 1000 ʛ ʠ ʙʦʣʝʝ ʚ ʉʝʚʝʨʦï

ɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʚʳʰʝ, ʯʝʤ ʚ ʧʦ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ ʥʘ 10,0%. ɺ ʈʦʩʩʠʠ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʚ 2016 ʛ. ʩʦʩʪʘʚʠʣ 9,6ăÑ 0,25, ʯʪʦ ʥʘ 49,4% ʥʠʞʝ ʫʨʦʚʥʷ 2012 ʛ., ʢʦʛʜʘ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʨʘʚʥʦ 19,0ăÑ 0,35 (pÒ 0,05). ɺ ʉʝʚʝʨʦïɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʯʘʩʪʦʪʘ 

ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʩʥʠʟʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ: ʚ 2012 ʛ. ʦʥʘ ʙʳʣʘ 

12,8ă Ñ 0,9, ʚ 2016 ʛ. ð 10,6ă Ñ 0,93 (ʨ Ó0,05).  

ʇʨʠ ʵʪʦʤ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʚ ʦʪʜʝʣʝʥʠʷʭ 

ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩʨʝʜʠ ʜʝʪʝʡ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 1000 ʛ ʠ ʙʦʣʝʝ, ʚ 2016 ʛ. ʦʪʤʝʯʘʝʪʩʷ ʚ ʛ. 

ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛ, ʛʜʝ ʥʘ ʬʦʥʝ ʯʘʩʪʦʪʳ ʧʦʩʪʫʧʣʝʥʠʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ ʦʪʜʝʣʝʥʠʷ ʧʘʪʦʣʦʛʠʠ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʠʞʝ, ʯʝʤ ʚ ʩʨʝʜʥʝʤ ʧʦ ʈʦʩʩʠʠ ʥʘ 15,2%, ʯʘʩʪʦʪʘ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʙʳʣʘ 

ʚʳʰʝ ʥʘ 129,5%. ʊʘʢ, ʚ ʈʦʩʩʠʠ ʠʟ 1000 ʨʦʞʜʝʥʥʳʭ ʞʠʚʳʤʠ ʜʝʪʝʡ 82 ʥʦʚʦʨʦʞʜʝʥʥʳʭ (81,5ă 

Ñ0,19) ʧʦʩʪʫʧʠʣʠ ʚ ʦʪʜʝʣʝʥʠʷ ʧʘʪʦʣʦʛʠʠ, ʠʟ ʥʠʭ ʫ 10 ʥʦʚʦʨʦʞʜʝʥʥʳʭ (9,6ăÑ0,25) 
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ʟʘʙʦʣʝʚʘʥʠʝ ʟʘʢʦʥʯʠʣʦʩʴ ʣʝʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛ. ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛʝ ʥʫʞʜʘʣʠʩʴ 

ʚ ʫʭʦʜʝ ʚ ʦʪʜʝʣʝʥʠʷʭ ʧʘʪʦʣʦʛʠʠ 70 ʠʟ 1000 ʨʦʞʜʝʥʥʳʭ ʞʠʚʳʤʠ ʜʝʪʝʡ, ʣʝʪʘʣʴʥʳʡ ʠʩʭʦʜ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ 22 ʩʣʫʯʘʷʭ ʥʘ 1000 ʧʨʦʭʦʜʠʚʰʠʭ ʣʝʯʝʥʠʝ ʚ ʫʢʘʟʘʥʥʳʭ ʦʪʜʝʣʝʥʠʷʭ. ɺ ʜʨʫʛʠʭ 

ʩʫʙʲʝʢʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʉʝʚʝʨʦïɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʠʟʫʯʘʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʩʷ ʦʪ ʦʙʱʝʨʦʩʩʠʡʩʢʦʛʦ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʘʪʝʣʷ 

ʯʘʩʪʦʪʳ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 1000 ʛ ʠ ʙʦʣʝʝ ʚ ʦʪʜʝʣʝʥʠʷʭ 

ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1. 

 

ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʆʂɸɿɸʊɽʃʗ ʏɸʉʊʆʊʓ ʃɽʊɸʃʔʅʓʍ ʀʉʍʆɼʆɺ 

ɼɽʊɽʁ ʉ ʄɸʉʉʆʁ ʊɽʃɸ ʇʈʀ ʈʆɾɼɽʅʀʀ 1000 ʛ ʠ ʙʦʣʝʝ  

ɺ ʆʊɼɽʃɽʅʀʗʍ ʇɸʊʆʃʆɻʀʀ ʅʆɺʆʈʆɾɼɽʅʅʓʍ  

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ/ʛʦʜʳ 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ  ʉʝʚʝʨʦïɿʘʧʘʜʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ 

ʧʦʢʘʟʘʪʝʣʴ, 

ʚ ă* 

ʜʠʥʘʤʠʢʘ 

ʢ 2012 ʛ., 

% 

ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʜʠʥʘʤʠʢʘ 

ʢ 

2012 ʛ., % 
ʚ ă** ʚ % ʢ ʛʨ. 2 ʧʦʢʘʟʘʪʝʣʴ 

ʥʘʛʣʷʜʥʦʩʪʠ, 

% 

ʛʨ.1 ʛʨ. 2 ʛʨ. 3 ʛʨ. 4 ʛʨ. 5 ʛʨ. 6 ʛʨ. 7 

ʇʦʩʪʫʧʠʣʦ ʜʝʪʝʡ ʚ ʦʪʜʝʣʝʥʠʝ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

2012 ʛ. 77,2 

(m Ñ 0,19)  

91,9 

(m Ñ0,71) 119 19
***

  

2013 ʛ. 76,0 

(m Ñ 0,19) 

ī1,6 82,2 

(m Ñ0,67) 108 8
***  

ī10,5 

2014 ʛ. 75,0 

(m Ñ 0,18) 

ī2,78 

 

85,3 

(m Ñ 0,67) 113 13
***  

ī7,2 

2015 ʛ. 83,0 

(m Ñ 0,19) 

7,6 77,5 

(m Ñ0,64) 93 ī7
***  

ī15,7 

2016 ʛ. 81,5 

(m Ñ 0,19) 

5,6 79,1 

(m Ñ0,64) 97 ī3
***  

ī13,9 

ʏʘʩʪʦʪʘ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ 

2012 ʛ. 19,0 

(m Ñ 0,35)  

12,8 

(m Ñ0,9) 67 ī33
***

  

2013 ʛ. 17,5 

(m Ñ 0,34) ī7,8 

16,2 

(m Ñ1,07) 93 ī7 26,6 

2014 ʛ. 15,7 

(m Ñ 0,32) ī17,4 

14,7 

(m Ñ 1,0) 94 ī6 15,1 

2015 ʛ. 11,0 

(m Ñ 0,25) ī42,3 

11,9 

(m Ñ0,93) 109 9 ī7,0 

2016 ʛ. 9,6 

(m Ñ 0,25) ī49,4 

10,6 

(m Ñ0,93) 110 10 ī17,1 

*ʥʘ 1000 ʜʝʪʝʡ, ʨʦʜʠʚʰʠʭʩʷ ʞʠʚʳʤʠ. 

** ʥʘ 1000 ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʦʪʜʝʣʝʥʠʝ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. 

*** ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʨ Ò 0,05. 
 

ʂʦʣʠʯʝʩʪʚʦ ʜʝʪʝʡ, ʨʦʞʜʝʥʥʳʭ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʟʘ ʧʝʨʠʦʜ 2012ï2016 

ʛʛ. ʢʘʢ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʉʝʚʝʨʦïɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ 

ʠʟʤʝʥʷʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʀʭ ʫʜʝʣʴʥʳʡ ʚʝʩ ʚ ʦʙʱʝʤ ʯʠʩʣʝ ʨʦʜʠʚʰʠʭʩʷ ʜʝʪʝʡ ʩʦʩʪʘʚʣʷʣʘ 

ʦʢʦʣʦ 0,4% ʝʞʝʛʦʜʥʦ. 

ʏʘʩʪʦʪʘ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʫ ʜʝʪʝʡ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ ʟʘ 

ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʚ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʘʩʴ. ɺ 2012 ʛ. ʠʟ 100 ʜʝʪʝʡ, 
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ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʦʪʜʝʣʝʥʠʝ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʫʤʠʨʘʣʦ 28 (27,7Ñ0,8), ʚ 2016 ʛ. ð 20 

(20,4Ñ0,71). ʉʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʦʩʪʘʚʠʣʦ 26,4% (pÒ 0,05).  

 

ɺ ʉʝʚʝʨʦïɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʝʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʪʜʝʣʝʥʠʝ 

ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 500ï999 ʛ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ: ʚ 2012 ʛ. 

ʚ ʦʪʜʝʣʝʥʠʷ ʧʘʪʦʣʦʛʠʠ ʧʦʩʪʫʧʠʣʦ 455 ʜʝʪʝʡ, ʚ 2016 ʛ. ð 387 (2012 ʛ. ð 2,8 ăÑ0,13, ʘ 2016 ʛ. 

ð 2,3ăÑ0,12; pÒ 0,05), ʧʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 29,7% ʠ 

ʩʦʩʪʘʚʠʣʘ 24,8 ʩʣʫʯʘʷ ʥʘ ʢʘʞʜʳʝ 100 ʜʝʪʝʡ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʦʪʜʝʣʝʥʠʷ ʧʘʪʦʣʦʛʠʠ, ʯʪʦ ʚʳʰʝ 

ʦʙʱʝʨʦʩʩʠʡʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 21,8%. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʘʪʝʣʷ ʯʘʩʪʦʪʳ 

ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʜʝʪʝʡ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 500ï999 ʛ ʚ ʦʪʜʝʣʝʥʠʷʭ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣʠʮʝ 2. 

 
ʊʘʙʣʠʮʘ 2. 

ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʆʂɸɿɸʊɽʃʗ ʏɸʉʊʆʊʓ ʃɽʊɸʃʔʅʓʍ ʀʉʍʆɼʆɺ 

ɼɽʊɽʁ ʉ ʄɸʉʉʆʁ ʊɽʃɸ ʇʈʀ ʈʆɾɼɽʅʀʀ 500ï999 ʛ  

ɺ ʆʊɼɽʃɽʅʀʗʍ ʇɸʊʆʃʆɻʀʀ ʅʆɺʆʈʆɾɼɽʅʅʓʍ  

 

ʀʟʫʯʘʝʤʘʷ 

ʪʝʨʨʠʪʦ-

ʨʠʷ/ʛʦʜʳ 

ʇʝʨʠʦʜ 

ʈʦʜʠʣʦʩʴ ʜʝʪʝʡ ʩ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ 

ʤʘʩʩʦʡ ʪʝʣʘ 

ʇʦʩʪʫʧʠʣʦ ʚ 

ʦʪʜʝʣʝʥʠʝ ʧʘʪʦʣʦʛʠʠ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ʏʘʩʪʦʪʘ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ 

 

ʘʙʩʦʣʶʪ-

ʥʳʡ 

ʧʦʢʘʟʘ-

ʪʝʣʴ 

ʚ % ʦʪ 

ʯʠʩʣʘ 

ʨʦʜʠʚ-

ʰʠʭʩʷ 

ʘʙʩʦ-

ʣʶʪʥʳʡ 

ʧʦʢʘʟʘ-

ʪʝʣʴ 

ʚ % ʦʪ ʛʨ. 

2 

 

ʘʙʩʦʣʶʪ-

ʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ 

ʯʘʩʪʦʪʘ 

ʣʝʪʘʣʴ-

ʥʳʭ 

ʠʩʭʦʜʦʚ 

ʜʠʥʘʤʠ-

ʢʘ ʢ 

2012 ʛ. 

ʛʨ. 1 ʛʨ. 2 ʛʨ. 3 ʛʨ. 4 ʛʨ. 5 ʛʨ. 6 ʛʨ. 7 ʛʨ. 8 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

2012 6362 0,3 3106 48,8 859 27,7  

2013 6906 0,4 2919 42,3 886 30,4 9,7 

2014 7833 0,4 3350 42,8 835 24,9 ī9,9 

2015 6492 0,3 3586 55,3 753 21,0 ī24,1 

2016 6501 0,4 3152 48,5 642 20,4 ī26,4 

ʉʝʚʝʨʦïɿʘʧʘʜʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ 

2012 665 0,4 455 68,4 87 19,1  

2013 666 0,4 355 53,3 83 23,4 22,3 

2014 666 0,4 420 63,1 105 25,0 30,8 

2015 656 0,4 373 56,8 78 20,9 9,4 

2016 638 0,4 387 60,7 96 24,8 29,7 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʨʷʜʫ ʩ ʣʝʪʘʣʴʥʦʩʪʴʶ ʜʝʪʝʡ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 500ï999 ʛ ʚ ʦʪʜʝʣʝʥʠʷʭ 

ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʙʳʣʘ ʠʟʫʯʝʥʘ ʦʙʱʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʜʝʪʝʡ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʣʘ ʜʝʪʝʡ, ʨʦʞʜʝʥʥʳʭ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ. 

ɺr ʷʚʣʝʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʝʪʝʡ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʧʨʠ 

ʨʦʞʜʝʥʠʠ ʚ ʈʦʩʩʠʠ ʚ 2016 ʛ. ʩʦʩʪʘʚʠʣ 39 ʫʩʧʝʰʥʦ ʧʨʦʣʝʯʝʥʥʳʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʥʘ 100 ʜʝʪʝʡ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʩʩʦʡ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ. ʉʝʚʝʨʦïɿʘʧʘʜʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ ʚ 

ʮʝʣʦʤ, ʪʘʢʞʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦʩʪʦʚʝʨʥʦ ʚʳʩʦʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʳʞʠʚʘʝʤʦʩʪʠ, ʢʦʪʦʨʳʡ ʚ 2016 ʛ. ʩʦʩʪʘʚʠʣ 58 ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʫʩʧʝʰʥʦ 

ʧʨʦʰʝʜʰʠʭ ʣʝʯʝʥʠʝ ʚ ʦʪʜʝʣʝʥʠʠ ʧʘʪʦʣʦʛʠʠ ʥʘ ʢʘʞʜʳʝ 100 ʜʝʪʝʡ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ 

ʤʘʩʩʦʡ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ ʥʘ 48,3% (pÒ 0,05). 

ʉʘʤʳʤ ʚʳʩʦʢʠʤ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʳʣ ʧʦʢʘʟʘʪʝʣʴ ʚ ʛ. ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛʝ. ʆʥ 

ʧʨʝʚʳʰʘʣ ʦʙʱʝʨʦʩʩʠʡʩʢʠʡ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ (ʠʣʠ ʙʳʣ ʚʳʰʝ ʥʘ 124,3% (pÒ 0,05) ʠ 
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ʩʦʩʪʘʚʠʣ 87 ʚʳʞʠʚʰʠʭ ʜʝʪʝʡ ʥʘ ʢʘʞʜʳʝ 100 ʨʦʜʠʚʰʠʭʩʷ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ 

ʧʨʠ ʨʦʞʜʝʥʠʠ (ʊʘʙʣʠʮʘ 3). 

 

ʊʘʙʣʠʮʘ 3. 

ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʆʂɸɿɸʊɽʃʗ ɺʓɾʀɺɸɽʄʆʉʊʀ ɼɽʊɽʁ  

ʉ ʄɸʉʉʆʁ ʊɽʃɸ ʇʈʀ ʈʆɾɼɽʅʀʀ 500ï999 ʛ  

ɺ ʆʊɼɽʃɽʅʀʗʍ ʇɸʊʆʃʆɻʀʀ ʅʆɺʆʈʆɾɼɽʅʅʓʍ 

 

ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ/ʌʝʜʝʨʘʣʴʥ

ʳʡ ʦʢʨʫʛ 

ʏʠʩʣʦ 

ʨʦʜʠʚ-

ʰʠʭʩʷ 

ʜʝʪʝʡ 

ʇʦʩʪʫʧʠʣʦ ʜʝʪʝʡ 

ʚ ʦʪʜʝʣʝʥʠʝ 

ʧʘʪʦʣʦʛʠʠ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ 

ɺʳʞʠʚʘʝʤʦʩʪʴ ʜʝʪʝʡ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 

500ï999 ʛ 

ʘʙʩʦʣʶ

ʪʥʦʝ 

ʯʠʩʣʦ 

ʪʦ ʞʝ ʚ 

% ʢ ʛʨ. 

2 

ʚʳʞʠʣʦ 

ʜʝʪʝʡ* 

ʧʦʢʘʟʘ-

ʪʝʣʴ 

ʚʳʞʠʚʘʝ

ʤʦʩʪʠ** 

ʩʨʘʚʥʠ-

ʪʝʣʴʥʘʷ 

ʦʮʝʥʢʘ (ʚ 

%) 

ʫʨʦʚʝʥʴ 

ʟʥʘʯʠ-

ʤʦʩʪʠ 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 6501 3152 48,5 2510 39Ñ0,06 ʍ  

ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛ 262 305 100,0 229 87Ñ2,08 124,3 pÒ 0,05 

ʉʝʚʝʨʦïɿʘʧʘʜʥʳʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ  638 387 60,7 291 46Ñ2,92 17,0 pÒ 0,05 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʏʘʩʪʦʪʘ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʚ ʦʪʜʝʣʝʥʠʷʭ ʧʘʪʦʣʦʛʠʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 

1000 ʛ ʠ ʙʦʣʝʝ, ʘ ʪʘʢʞʝ ʩ ɻ ʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ ʚ ʉʝʚʝʨʦïɿʘʧʘʜʥʦʤ 

ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʚ 2016 ʛ. ʚʳʰʝ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 

ʮʝʣʦʤ, ʯʪʦ ̫ ʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, ʧʦʜʣʝʞʘʱʠʤ ʫʣʫʯʰʝʥʠʶ ʚ ʧʝʨʠʥʘʪʘʣʴʥʦʡ ʩʣʫʞʙʝ ʠʟʫʯʘʝʤʦʛʦ 

ʨʝʛʠʦʥʘ. ʇʦʢʘʟʘʪʝʣʴ ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʝʪʝʡ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ ʦʪ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʜʝʪʝʡ, ʨʦʜʠʚʰʠʭʩʷ ʩ ʤʘʩʩʦʡ ʪʝʣʘ 500ï999 ʛ ʚ ʉʝʚʝʨʦïɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ 

ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ ʥʘ 48,3%, ʘ ʚ ʛ. ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛʝ ð ʥʘ 124,3%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʠʟʫʯʘʝʤʦʤ ʨʝʛʠʦʥʝ 

ʠʤʝʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʧʝʨʚʠʯʥʘʷ ʨʝʘʥʠʤʘʮʠʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ ʨʦʜʠʣʴʥʦʤ ʟʘʣʝ ʠ ʚʳʰʝ 

ʫʨʦʚʝʥʴ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ ʤʝʜʠʮʠʥʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʣʝʯʝʥʠʷ 159 ʙʦʣʴʥʳʭ 

ʦʧʫʱʝʥʠʝʤ ʠ ʚʳʧʘʜʝʥʠʝʤ ʞʝʥʩʢʠʭ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ. ɺʩʝ ʧʘʮʠʝʥʪʢʠ ʦʧʝʨʠʨʦʚʘʥʳ 

ʚʣʘʛʘʣʠʱʥʳʤ ʜʦʩʪʫʧʦʤ. ʉ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ, ʠʤʝʶʱʝʡʩʷ ʦʩʥʦʚʥʦʡ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʡ 

ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʩʪʨʘʛʝʥʠʪʘʣʴʥʦʡ ʧʘʪʦʣʦʛʠʠ ʜʣʷ ʢʘʞʜʦʡ ʙʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʣʘʩʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʠ 

ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʚʝʜʝʥʠʷ. 79 ʧʘʮʠʝʥʪʢʘʤ ʚʳʧʦʣʥʝʥʘ ʘʫʪʦʧʣʘʩʪʠʢʘ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ 

ʩʪʝʥʦʢ ʚʣʘʛʘʣʠʱʘ, ʜʦʧʦʣʥʷʶʱʘʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʦʧʝʨʘʮʠʠ. ʆʮʝʥʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʣʝʯʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʢʣʠʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʣʦ 

ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʣʝʯʝʥʠʷ ʥʘ 2,7 ʩʫʪʦʢ, ʧʦʚʳʩʠʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ 

ʙʦʣʴʥʳʭ ʦʧʫʱʝʥʠʝʤ ʠ ʚʳʧʘʜʝʥʠʝʤ ʞʝʥʩʢʠʭ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ. 

 

Abstract. A comparative analysis of the results of treatment of 159 patients with prolapse and 

prolapse of the female genital organs. All patients were operated on with vaginal access. Taking into 

account the age of the main and concomitant gynecological and extragenital pathology, an 

individual program of preoperative preparation, surgical treatment and postoperative management 

was prepared for each patient. 79 patients underwent autoplasty of the anterior and posterior walls 

of the vagina, complementing the traditional operations. Evaluation of the results of treatment was 

carried out according to clinical indicators. The use of this technique has reduced the treatment time 

by 2.7 days, increased the effectiveness of surgical treatment of patients with prolapse and prolapse 

of the female genital organs. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʫʪʦʧʣʘʩʪʠʢʘ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʩʪʝʥʦʢ ʚʣʘʛʘʣʠʱʘ, ʦʧʫʱʝʥʠʝ ʠ 

ʚʳʧʘʜʝʥʠʝ ʞʝʥʩʢʠʭ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ. 

 

Keywords: ʘutoplasty of the anterior and posterior vaginal walls, prolapse of female genital 

organs. 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʧʨʦʣʘʧʩʘ ʞʝʥʩʢʠʭ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʚʳʩʦʢʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ, ʨʘʥʥʝʡ ʤʘʥʠʬʝʩʪʘʮʠʝʡ, ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʨʝʮʠʜʠʚʦʚ [4]. ʆʧʫʱʝʥʠʝ ʠ 

ʚʳʧʘʜʝʥʠʝ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 28% ʚ ʩʪʨʫʢʪʫʨʝ ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʦʡ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. 15% ʚʩʝʭ ʪ. ʥ. çʙʦʣʴʰʠʭè ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʧʦʚʦʜʫ ʵʪʦʡ ʧʘʪʦʣʦʛʠʠ [5].  

ʇʨʦʣʘʧʩ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ ʫ ʞʝʥʱʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ ʤʝʜʠʮʠʥʩʢʫʶ, ʥʦ ʠ 

ʩʝʨʴʝʟʥʫʶ ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʫʶ ʥʘ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ [7]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

çʦʤʦʣʘʞʠʚʘʥʠʶè ʧʨʦʣʘʧʩʘ, ʧʨʝʦʙʣʘʜʘʥʠʶ ʝʛʦ ʪʷʞʝʣʳʭ ʬʦʨʤ, ʚʦʚʣʝʯʝʥʠʶ ʚ ʧʨʦʮʝʩʩ 

ʩʤʝʞʥʳʭ ʦʨʛʘʥʦʚ ʩ ʥʘʨʫʰʝʥʠʝʤ ʠʭ ʬʫʥʢʮʠʡ.  

ɾʝʥʱʠʥʳ ʚ ʚʦʟʨʘʩʪʝ ʤʦʣʦʞʝ 45 ʣʝʪ ʩʦʩʪʘʚʣʷʶʪ 30ï37,5% ʙʦʣʴʥʳʭ ʩ ʧʨʦʣʘʧʩʦʤ 

ʛʝʥʠʪʘʣʠʡ, ʞʝʥʱʠʥʳ ʤʦʣʦʞʝ 30 ʣʝʪ ð 10,1ï12,3% [1, 3].  

ɼʘʥʥʘʷ ʧʘʪʦʣʦʛʠʷ ʚʝʜʝʪ ʢ ʘʥʘʪʦʤʠʯʝʩʢʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʦʨʛʘʥʦʚ 

ʤʘʣʦʛʦ ʪʘʟʘ ʠ ʯʘʩʪʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ʥʝʜʝʨʞʘʥʠʝʤ ʤʦʯʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ [2]. 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚʠʜʠʪʩʷ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʠʢʠ ʦʧʝʨʘʮʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʰʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [6, 8]. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʧʪʠʤʠʟʘʮʠʷ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʙʦʣʴʥʳʭ ʦʧʫʱʝʥʠʝʤ ʠ ʚʳʧʘʜʝʥʠʝʤ 

ʞʝʥʩʢʠʭ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʧʨʦʣʘʧʩʘ 

ʞʝʥʩʢʠʭ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 159 ʙʦʣʴʥʳʭ, 

ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ɻɹʋɿ ʈʄ çʈʝʩʧʫʙʣʠʢʘʥʩʢʘʷ 

ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ˉ4è ʛ. ʉʘʨʘʥʩʢʘ ʟʘ ʧʝʨʠʦʜ ʩ 2014 ʛ. ʧʦ 2017 ʛ. ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 

ʧʘʮʠʝʥʪʦʢ ʩʦʩʪʘʚʠʣ 56Ñ2,4 ʛʦʜʘ, ʤʠʥʠʤʘʣʴʥʳʡ ð 26 ʣʝʪ, ʤʘʢʩʠʤʘʣʴʥʳʡ ð 73 ʛʦʜʘ. ɺ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʤ ʧʝʨʠʦʜʝ ʥʘʭʦʜʠʣʦʩʴ 35 (22,0%) ʞʝʥʱʠʥ, ʚ ʧʝʨʠʦʜʝ ʧʝʨʠʤʝʥʦʧʘʫʟʳ ð 48 

(30,2%), ʚ ʧʦʩʪʤʝʥʦʧʘʫʟʝ ð 76 (47,8%) ʧʘʮʠʝʥʪʦʢ. 

ʇʘʮʠʝʥʪʢʘʤ ʧʨʦʚʝʜʝʥʳ ʩʙʦʨ ʘʥʘʤʥʝʟʘ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʦʧʨʦʩʥʠʢʦʤ, 

ʢʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʢʘʥʝʡ ʧʝʨʝʜʥʝʡ ʠ 

ʟʘʜʥʝʡ ʩʪʝʥʦʢ ʚʣʘʛʘʣʠʱʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ.  

ʍʘʨʘʢʪʝʨ ʧʘʪʦʣʦʛʠʠ, ʩ ʢʦʪʦʨʦʡ ʙʦʣʴʥʳʝ ʧʦʩʪʫʧʠʣʠ ʥʘ ʦʧʝʨʘʪʠʚʥʦʝ ʣʝʯʝʥʠʝ: II ʩʪʘʜʠʷ 

ʧʨʦʣʘʧʩʘ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʫ 43 (27,0%) ʞʝʥʱʠʥ, III ʩʪʘʜʠʷ ð ʫ 48 (30,2%); 

IV ʩʪʘʜʠʷ ð ʫ 68 (42,8%) ʧʘʮʠʝʥʪʦʢ. ʉʪʘʜʠʷ ʧʨʦʣʘʧʩʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʦʣʘʧʩʘ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ICS (POPQ). 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʚ 143 (89,9%) ʥʘʙʣʶʜʝʥʠʷʭ ʠʤʝʣʦ ʤʝʩʪʦ, ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʮʠʩʪʦʮʝʣʝ, 

ʚ ð 82 (51,6%) ʩʣʫʯʘʷʭ ð ʨʝʢʪʦʮʝʣʝ.  

ɺʩʝ ʙʦʣʴʥʳʝ ʧʨʝʜʲʷʚʣʷʣʠ ʞʘʣʦʙʳ ʥʘ ʪʷʥʫʱʠʝ ʙʦʣʠ ʚʥʠʟʫ ʞʠʚʦʪʘ ð 95,6%, ʯʫʚʩʪʚʦ 

ʠʥʦʨʦʜʥʦʛʦ ʪʝʣʘ ʚ ʦʙʣʘʩʪʠ ʥʘʨʫʞʥʳʭ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ ð 83,6%, ʥʝʜʝʨʞʘʥʠʝ ʤʦʯʠ ʧʨʠ 

ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ð 74,2%, ʫʯʘʱʝʥʥʦʝ ʤʦʯʝʠʩʧʫʩʢʘʥʠʝ ð 22,3%, ʟʘʪʨʫʜʥʝʥʥʦʝ 

ʤʦʯʝʠʩʧʫʩʢʘʥʠʝ ð 5,6%, ʥʘʨʫʰʝʥʠʝ ʜʝʬʝʢʘʮʠʠ ð 12,3%. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 2 ʜʦ 23 ʣʝʪ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 132 (83,0%) ʙʦʣʴʥʳʝ ʠʤʝʣʠ ʚ 

ʘʥʘʤʥʝʟʝ ʦʪ 1 ʜʦ 3 ʨʦʜʦʚ, 21 (13,2%) ð ʦʪ 4 ʜʦ 6 ʨʦʜʦʚ, 6 (3,8%) ð ʙʦʣʝʝ 6 ʨʦʜʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʦʜʳ ʢʘʢ ʦʜʥʫ ʠʟ ʚʝʜʫʱʠʭ ʧʨʠʯʠʥ ʟʘʙʦʣʝʚʘʥʠʷ. 
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ʀʟ ʵʢʩʪʨʘʛʝʥʠʪʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʠʩʴ ʦʩʪʝʦʭʦʥʜʨʦʟ ð ʫ 67 (42,1%), 

ʚʘʨʠʢʦʟʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʚʝʥ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ð ʫ 52 (32,7%) ʧʘʮʠʝʥʪʦʢ, ʛʨʳʞʠ ð ʫ 23 

(14,5%) ʙʦʣʴʥʳʭ, ʢʘʢ ʧʨʦʷʚʣʝʥʠʷ ʩʠʩʪʝʤʥʦʡ ʜʠʩʧʣʘʟʠʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ; ʭʨʦʥʠʯʝʩʢʠʡ 

ʭʦʣʝʮʠʩʪʠʪ ð ʫ 24 (15,1%), ʭʨʦʥʠʯʝʩʢʠʡ ʦʙʩʪʨʫʢʪʠʚʥʳʡ ʙʨʦʥʭʠʪ ð ʫ 43 (27,0%), 

ʭʨʦʥʠʯʝʩʢʠʡ ʢʦʣʠʪ ð ʫ 12 (7,5%) ʙʦʣʴʥʳʭ, ʚʝʜʫʱʠʝ ʢ ʧʦʚʳʰʝʥʠʶ ʚʥʫʪʨʠʙʨʶʰʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʧʨʦʚʦʮʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʣʘʧʩʘ ʧʦʣʦʚʳʭ 

ʦʨʛʘʥʦʚ. 

ɼʣʷ ʢʘʞʜʦʡ ʧʘʮʠʝʥʪʢʠ ʩʦʩʪʘʚʣʷʣʘʩʴ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ, ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʚʝʜʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʦʟʨʘʩʪ, 

ʠʤʝʶʱʫʶʩʷ ʦʩʥʦʚʥʫʶ ʠ ʩʦʯʝʪʘʥʥʫʶ ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʫʶ ʠ ʵʢʩʪʨʘʛʝʥʠʪʘʣʴʥʫʶ ʧʘʪʦʣʦʛʠʶ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʧʦʣʥʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʧʘʮʠʝʥʪʢʠ ʙʳʣʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ 2 

ʛʨʫʧʧʳ.  

ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ 80 ʙʦʣʴʥʳʭ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 27 ʜʦ 73 ʣʝʪ (ʚ ʩʨʝʜʥʝʤ 56,2Ñ2,4 

ʛʦʜʘ), ʢʦʪʦʨʳʤ ʧʨʠʤʝʥʷʣʠ ʪʨʘʜʠʮʠʦʥʥʦʝ ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ (ʛʨʫʧʧʘ ʩʨʘʚʥʝʥʠʷ). 

ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʧʝʨʝʜʥʷʷ ʠ ʟʘʜʥʷʷ 

ʢʦʣʴʧʦʨʘʬʠʷ, ʧʝʨʠʥʝʦʣʝʚʘʪʦʨʦʧʣʘʩʪʠʢʘ ð 13 (16,3%); ʧʝʨʝʜʥʷʷ ʠ ʟʘʜʥʷʷ ʢʦʣʴʧʦʨʘʬʠʷ, 

ʧʝʨʠʥʝʦʣʝʚʘʪʦʨʦʧʣʘʩʪʠʢʘ, ʵʢʩʪʠʨʧʘʮʠʷ ʤʘʪʢʠ ð 19 (23,8%); ʧʝʨʝʜʥʷʷ ʠ ʟʘʜʥʷʷ ʢʦʣʴʧʦʨʘʬʠʷ, 

ʧʝʨʠʥʝʦʣʝʚʘʪʦʨʦʧʣʘʩʪʠʢʘ, ʘʤʧʫʪʘʮʠʷ ʰʝʡʢʠ ʤʘʪʢʠ ð 29 (36,3%); ʟʘʜʥʷʷ ʢʦʣʴʧʦʨʘʬʠʷ, 

ʧʝʨʠʥʝʦʣʝʚʘʪʦʨʦʧʣʘʩʪʠʢʘ ð 6 (7,5%); ʧʝʨʝʜʥʷʷ ʢʦʣʴʧʦʨʘʬʠʷ ð 7 (8,6%); ʧʝʨʝʜʥʷʷ ʠ ʟʘʜʥʷʷ 

ʢʦʣʴʧʦʨʘʬʠʷ, ʧʝʨʠʥʝʦʣʝʚʘʪʦʨʦʧʣʘʩʪʠʢʘ, ʚʝʥʪʨʦʬʠʢʩʘʮʠʷ ʤʘʪʢʠ ʧʦ ʂʦʭʝʨʫ ð 6 (7,5%).  

ɺʪʦʨʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ 79 ʙʦʣʴʥʳʭ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 26 ʜʦ 70 ʣʝʪ (ʚ ʩʨʝʜʥʝʤ 54,3Ñ2,5 

ʛʦʜʘ). ʇʘʮʠʝʥʪʢʘʤ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʘʫʪʦʧʣʘʩʪʠʢʘ ʧʝʨʝʜʥʝʡ ʠ 

ʟʘʜʥʝʡ ʩʪʝʥʦʢ ʚʣʘʛʘʣʠʱʘ, ʧʝʨʠʥʝʦʣʝʚʘʪʦʨʦʧʣʘʩʪʠʢʘ ð 16 (20,2%); ʘʫʪʦʧʣʘʩʪʠʢʘ ʧʝʨʝʜʥʝʡ ʠ 

ʟʘʜʥʝʡ ʩʪʝʥʦʢ ʚʣʘʛʘʣʠʱʘ, ʧʝʨʠʥʝʦʣʝʚʘʪʦʨʦʧʣʘʩʪʠʢʘ, ʵʢʩʪʠʨʧʘʮʠʷ ʤʘʪʢʠ ð 23 (29,1%); 

ʘʫʪʦʧʣʘʩʪʠʢʘ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʩʪʝʥʦʢ ʚʣʘʛʘʣʠʱʘ, ʧʝʨʠʥʝʦʣʝʚʘʪʦʨʦʧʣʘʩʪʠʢʘ, ʢʣʠʥʦʚʠʜʥʘʷ 

ʘʤʧʫʪʘʮʠʷ ʰʝʡʢʠ ʤʘʪʢʠ ð 29 (36,7%); ʘʫʪʦʧʣʘʩʪʠʢʘ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚʣʘʛʘʣʠʱʘ ð 8 

(10,1%); ʘʫʪʦʧʣʘʩʪʠʢʘ ʟʘʜʥʝʡ ʩʪʝʥʢʠ ʚʣʘʛʘʣʠʱʘ, ʧʝʨʠʥʝʦʣʝʚʘʪʦʨʦʧʣʘʩʪʠʢʘ ð 3 (3,9%). 

ʆʧʝʨʘʮʠʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦʜ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʘʥʝʩʪʝʟʠʝʡ ʠʣʠ ʚʥʫʪʨʠʚʝʥʥʳʤ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤ ʥʘʨʢʦʟʦʤ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʝʡ ʣʝʛʢʠʭ.  

ɸʫʪʦʧʣʘʩʪʠʢʘ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚʣʘʛʘʣʠʱʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʦʟʜʘʥʠʠ ʜʚʫʭ ʣʦʩʢʫʪʦʚ ʠʟ 

ʪʢʘʥʝʡ ʧʫʟʳʨʥʦïʚʣʘʛʘʣʠʱʥʦʡ ʬʘʩʮʠʠ, ʘʫʪʦʧʣʘʩʪʠʢʘ ʟʘʜʥʝʡ ʩʪʝʥʢʠ ʚʣʘʛʘʣʠʱʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʩʦʟʜʘʥʠʠ ʜʚʫʭ ʣʦʩʢʫʪʦʚ ʠʟ ʪʢʘʥʝʡ ʧʨʷʤʦʢʠʰʝʯʥʦïʚʣʘʛʘʣʠʱʥʦʡ ʬʘʩʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟ 

ʥʠʭ ʜʫʧʣʠʢʘʪʫʨʳ. 

ʆʮʝʥʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʣʝʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʢʣʠʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: 

ʉʫʙʲʝʢʪʠʚʥʳʝ ʞʘʣʦʙʳ: ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʟʫʜʘ, ʞʞʝʥʠʷ, ʙʦʣʝʡ, ʚʳʜʝʣʝʥʠʡ ʠʟ 

ʚʣʘʛʘʣʠʱʘ.  

ʇʨʠ ʦʩʤʦʪʨʝ ʠ ʧʘʣʴʧʘʮʠʠ: ʙʦʣʝʟʥʝʥʥʦʩʪʴ, ʛʠʧʝʨʝʤʠʷ, ʦʪʝʢ, ʭʘʨʘʢʪʝʨʥʳʝ ʚʳʜʝʣʝʥʠʷ, 

ʧʨʠʟʥʘʢʠ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ ʰʚʦʚ.  

ʉʢʦʨʦʩʪʴ ʟʘʞʠʚʣʝʥʠʷ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ ʰʚʦʚ ʚʦ ʚʣʘʛʘʣʠʱʝ.  

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʙʦʣʴʥʦʡ ʚ ʩʪʘʮʠʦʥʘʨʝ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʣʝʯʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʪʨʝʭ ʩʫʪʦʢ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʞʘʣʦʙʳ 

ʥʘ ʙʦʣʠ ʚ ʦʙʣʘʩʪʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ ʰʚʦʚ ʦʪʤʝʯʘʣʠ ʧʘʮʠʝʥʪʢʠ ʚʩʝʭ ʛʨʫʧʧ, ʧʨʠ ʵʪʦʤ ʟʫʜ ʠ 

ʞʞʝʥʠʝ ʚʦ ʚʣʘʛʘʣʠʱʝ ʙʦʣʴʥʳʭ ʥʝ ʙʝʩʧʦʢʦʠʣʠ. 

ʇʨʠ ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʪʤʝʯʝʥʳ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ 

ʙʦʣʴʥʳʭ. ɺ ʛʨʫʧʧʝ ʧʘʮʠʝʥʪʦʢ, ʢʦʪʦʨʳʤ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʘʫʪʦʧʣʘʩʪʠʢʘ ʩʪʝʥʦʢ ʚʣʘʛʘʣʠʱʘ 
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ʩʣʠʟʠʩʪʦïʢʨʦʚʷʥʳʝ ʚʳʜʝʣʝʥʠʷ ʠʟ ʚʣʘʛʘʣʠʱʘ ʙʝʩʧʦʢʦʠʣʠ ʜʦ 3,54°0,26 ʩʫʪʦʢ (ʨ<0,05) (ʧʨʦʪʠʚ 

6,18°0,71 ʩʫʪʦʢ (ʨ<0,05) ʚ ʫ ʙʦʣʴʥʳʭ ʧʝʨʚʦʡ ʛʨʫʧʧʳ), ʢʦʪʦʨʳʝ ʢ 8,93°0,89 ʩʫʪʢʘʤ (ʨ<0,05) 

(ʧʨʦʪʠʚ 12,53°1,16 ʩʫʪʦʢ (ʨ<0,05) ʚ ʫ ʙʦʣʴʥʳʭ ʧʝʨʚʦʡ ʛʨʫʧʧʳ) ʩʪʘʣʠ ʩʢʫʜʥʳʤʠ ʩʣʠʟʠʩʪʳʤʠ. 

ʇʨʝʢʨʘʪʠʣʠʩʴ ʚʳʜʝʣʝʥʠʷ ʠʟ ʚʣʘʛʘʣʠʱʘ ʫ ʞʝʥʱʠʥ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʢ 10,92°0,58 ʩʫʪʢʘʤ 

ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ (ʨ <0,05) (ʧʨʦʪʠʚ 13,96°0,79 ʩʫʪʦʢ (ʨ <0,05) ʚ ʫ ʧʘʮʠʝʥʪʦʢ 

ʧʝʨʚʦʡ ʛʨʫʧʧʳ).  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʜʠʥʘʤʠʢʠ ʪʘʢʠʭ ʤʝʩʪʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʚʦʩʧʘʣʝʥʠʷ, ʢʘʢ ʦʪʝʢ, ʛʠʧʝʨʝʤʠʷ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʛʦ ʰʚʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʘʥʘʣʦʛʠʯʥʳʝ 

ʠʟʤʝʥʝʥʠʷ. ɺr ʨʘʞʝʥʥʳʡ ʦʪʝʢ, ʛʠʧʝʨʝʤʠʷ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʭ ʰʚʦʚ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ 

ʧʘʮʠʝʥʪʦʢ ʩʦʭʨʘʥʷʣʠʩʴ ʜʦ 4,72°0,36 (ʨ<0,05) ʩʫʪʦʢ, ʫʤʝʨʝʥʥʘʷ ʩʪʝʧʝʥʴ ð ʜʦ 6,68°0,95 

(ʨ<0,05) ʩʫʪʦʢ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ð ʜʦ 8,64°0,85 (ʨ<0,05) ʩʫʪʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ 

ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ, ʜʠʥʘʤʠʢʘ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʘ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ: ʚʳʨʘʞʝʥʥʳʡ 

ʦʪʝʢ, ʛʠʧʝʨʝʤʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 3,68°0,23 (ʨ<0,05) ʩʫʪʦʢ, ʫʤʝʨʝʥʥʘʷ ʩʪʝʧʝʥʴ 

ʦʪʝʢʘ, ʛʠʧʝʨʝʤʠʷ ð ʜʦ 4,76°0,29 (ʨ<0,05) ʩʫʪʦʢ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʜʦ 6,24°0,46 

(ʨ<0,05) ʩʫʪʦʢ.  

ɿʘʞʠʚʣʝʥʠʝ ʨʘʥʳ ʫ ʚʩʝʭ ʦʧʝʨʠʨʦʚʘʥʥʳʭ ʧʨʦʪʝʢʘʣʦ ʧʫʪʝʤ ʧʝʨʚʠʯʥʦʛʦ ʥʘʪʷʞʝʥʠʷ.  

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʝ ʧʘʮʠʝʥʪʦʢ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʠʣʘ 14,06°0,34 

ʩʫʪʦʢ, ʙʦʣʴʥʳʭ, ʢʦʪʦʨʳʤ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʘʫʪʦʧʣʘʩʪʠʢʘ ʩʪʝʥʦʢ ʚʣʘʛʘʣʠʱʘ, ʜʦʧʦʣʥʷʶʱʘʷ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʦʧʝʨʘʮʠʠ ð 11,27°0,14 ʩʫʪʦʢ. 

 

ɺʳʚʦʜ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʘʫʪʦʧʣʘʩʪʠʢʠ ʧʝʨʝʜʥʝʡ 

ʠ ʟʘʜʥʝʡ ʩʪʝʥʦʢ ʚʣʘʛʘʣʠʱʘ, ʜʦʧʦʣʥʷʶʱʝʡ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʣʘʛʘʣʠʱʥʳʝ ʦʧʝʨʘʮʠʠ, ʫʣʫʯʰʘʝʪ 

ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʙʦʣʴʥʳʭ ʦʧʫʱʝʥʠʝʤ ʠ ʚʳʧʘʜʝʥʠʝʤ 

ʞʝʥʩʢʠʭ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʘʫʪʦʧʣʘʩʪʠʢʠ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʩʪʝʥʦʢ ʚʣʘʛʘʣʠʱʘ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʣʝʯʝʥʠʷ ʥʘ 2,7 ʩʫʪʦʢ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʧʫʱʝʥʠʷ ʠ 

ʚʳʧʘʜʝʥʠʷ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ʫ 217 ʞʝʥʱʠʥ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʟʘʙʦʣʝʚʘʥʠʷ ʤʝʪʦʜʦʤ ʧʥʝʚʤʦʢʦʣʴʧʦʤʝʪʨʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʦʧʫʱʝʥʠʝ ʠ ʚʳʧʘʜʝʥʠʝ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ʥʘ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʛʨʫʧʧʳ ʨʠʩʢʘ ʧʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ. ʂ 

ʛʨʫʧʧʝ ʨʠʩʢʘ ʧʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʫʱʝʥʠʷ ʠ ʚʳʧʘʜʝʥʠʷ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʞʝʥʱʠʥ ʧʝʨʠʤʝʥʦʧʘʫʟʘʣʴʥʦʛʦ ʠ ʧʦʩʪʤʝʥʦʧʘʫʟʘʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʞʝʥʱʠʥ ʚ 

ʧʦʩʣʝʨʦʜʦʚʦʤ ʧʝʨʠʦʜʝ. ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʨʦʜʦʚ (ʙʦʣʴʰʝ 2) ʥʝ ʧʨʝʜʨʘʩʧʦʣʘʛʘʝʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʨʦʣʘʧʩʘ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ. 

 

Abstract. The article presents the results of early diagnosis of prolapse and prolapse of 

the pelvic organs in 217 women with no clinical signs of disease by the method of 

pneumotonometry. The developed method of early diagnosis allows to objectively diagnose 

the prolapse and prolapse of the pelvic organs at the initial stage and promptly identify risk groups 

for the occurrence of this pathology. The risk of prolapse and prolapse of the pelvic organs may 

include women perimenopausal and postmenopausal age, and women in the postpartum period. A 

large number of births (more than 2) does not predispose to the occurrence of pelvic organ prolapse. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʣʘʧʩ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ, ʧʥʝʚʤʦʢʦʣʴʧʦʤʝʪʨʠʷ, ʦʨʪʦʩʪʘʪʠʯʝʩʢʠʡ ʪʝʩʪ, 

ʧʨʦʙʘ ɺʘʣʴʩʘʣʴʚʳ.  

 

Keywords: pelvic organ prolapse, pneumotonometry, orthostatic test, Valsalvaôs test. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʣʘʧʩ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ʧʦʣʠʵʪʠʦʣʦʛʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʟʘʭʚʘʪʳʚʘʶʱʝʝ ʮʝʣʫʶ ʮʝʧʴ 

ʥʘʨʫʰʝʥʠʡ, ʦʪ ʙʝʩʩʠʤʧʪʦʤʥʳʭ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚʘʛʠʥʘʣʴʥʦʡ ʘʥʘʪʦʤʠʠ, ʜʦ ʧʦʣʥʦʛʦ 
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ʚʳʧʘʜʝʥʠʷ ʚʣʘʛʘʣʠʱʘ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʪʷʞʝʣʦʡ ʤʦʯʝʚʦʡ, ʘʥʘʣʴʥʦʡ ʠ ʩʝʢʩʫʘʣʴʥʦʡ 

ʜʠʩʬʫʥʢʮʠʝʡ [1].  

ɼʣʠʪʝʣʴʥʳʡ ʙʝʩʩʠʤʧʪʦʤʥʳʡ ʧʝʨʠʦʜ ʟʘʙʦʣʝʚʘʥʠʷ ʩʤʝʥʷʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ 

ʤʝʩʪʥʳʭ ʠ ʦʙʱʠʭ ʩʠʤʧʪʦʤʦʚ [2]. 

ʆʛʨʦʤʥʳʝ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʦʜʳ, ʦʩʦʙʝʥʥʦ 

ʚʘʛʠʥʘʣʴʥʳʝ, ʠ ʩʪʘʨʝʥʠʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʣʘʧʩʘ ʪʘʟʦʚʳʭ 

ʦʨʛʘʥʦʚ [3]. 

ɿʘʙʦʣʝʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʩʨʝʜʠ ʞʝʥʱʠʥ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʠ ʚʩʝʛʜʘ 

ʧʨʦʛʨʝʩʩʠʨʫʝʪ, ʩʦʧʨʦʚʦʞʜʘʷʩʴ ʨʘʟʚʠʪʠʝʤ ʩʪʨʫʢʪʫʨʥʦïʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ [4]. ʋ 

ʞʝʥʱʠʥ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʥʝʨʝʜʢʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʨʝʤʝʥʥʦʡ ʠ ʩʪʦʡʢʦʡ ʧʦʪʝʨʠ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ, ʥʘʨʫʰʝʥʠʡ ʜʝʪʦʨʦʜʥʦʡ ʬʫʥʢʮʠʠ [6].  

ʅʘʤʝʪʠʚʰʘʷʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʦʤʦʣʦʞʝʥʠʶ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʩʚʷʟʘʥʘ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ [5].  

ʈʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʦʣʘʧʩʘ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ʟʘʪʨʫʜʥʝʥʘ ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ 

ʧʨʠʙʦʨʦʚ ʠ ʦʙʲʝʢʪʠʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʢʘʬʝʜʨʝ ʘʢʫʰʝʨʩʪʚʘ ʠ 

ʛʠʥʝʢʦʣʦʛʠʠ ʘʧʨʦʙʠʨʦʚʘʥ ʧʨʠʙʦʨ (ʧʥʝʚʤʦʢʦʣʴʧʦʤʝʪʨ), ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʝʩʪʠ ʨʘʥʥʶʶ 

ʜʠʘʛʥʦʩʪʠʢʫ ʦʧʫʱʝʥʠʷ ʠ ʚʳʧʘʜʝʥʠʷ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ʫ ʞʝʥʱʠʥ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʣʠʥʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʮʝʥʠʪʴ ʨʦʣʴ ʧʥʝʚʤʦʢʦʣʴʧʦʤʝʪʨʠʠ ʚ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʝ ʦʧʫʱʝʥʠʷ ʠ 

ʚʳʧʘʜʝʥʠʷ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ʫ ʞʝʥʱʠʥ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʷ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʧʝʨʠʦʜ ʩ 2015 ʛ ʧʦ 2018 ʛ. ʥʘ ʢʘʬʝʜʨʝ ʘʢʫʰʝʨʩʪʚʘ ʠ 

ʛʠʥʝʢʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʄɻʋ ʠʤ. ʅ. ʇ. ʆʛʘʨʝʚʘè ʥʘ ʙʘʟʝ ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ɻɹʋɿ ʈʄ çʈʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ˉ4è ʛ. ʉʘʨʘʥʩʢʘ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 217 ʞʝʥʱʠʥ ʩ ʨʘʟʣʠʯʥʦʡ ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʦʡ 

ʧʘʪʦʣʦʛʠʝʡ. ʇʥʝʚʤʦʢʦʣʴʧʦʤʝʪʨʠʶ ʧʨʦʚʦʜʠʣʠ ʚʩʝʤ ʙʦʣʴʥʳʤ. ʇʦʢʘʟʘʪʝʣʠ 

ʧʥʝʚʤʦʢʦʣʴʧʦʤʝʪʨʠʠ ʧʘʮʠʝʥʪʦʢ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʙʳʣʠ ʧʨʠʥʷʪʳ ʟʘ ʥʦʨʤʫ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ, ʘʢʫʰʝʨʩʢʦïʛʠʥʝʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʤʥʝʟʘ, ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʦʡ 

ʧʘʪʦʣʦʛʠʠ ʚʩʝ ʞʝʥʱʠʥʳ ʙʳʣʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ 8 ʛʨʫʧʧ. 

ʇʝʨʚʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ 26 ʞʝʥʱʠʥ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 18 ʣʝʪ ʚ ʘʥʘʤʥʝʟʝ, ʫ ʢʦʪʦʨʳʭ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʨʦʜʳ.  

ɺʪʦʨʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ 25 ʞʝʥʱʠʥ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʚ ʘʥʘʤʥʝʟʝ ʫ ʢʦʪʦʨʳʭ 

ʠʤʝʣʠʩʴ 1 ʠʣʠ 2 ʨʦʜʦʚ.  

ʊʨʝʪʴʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ 32 ʞʝʥʱʠʥ rʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʘʥʘʤʥʝʟʝ, ʫ ʢʦʪʦʨʳʭ 

ʠʤʝʣʦʩʴ ʙʦʣʝʝ 2 ʨʦʜʦʚ.  

ɺ ʯʝʪʚʝʨʪʫʶ ʛʨʫʧʧʫ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 29 ʞʝʥʱʠʥ ʧʝʨʠʤʝʥʦʧʘʫʟʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ.  

ɺ ʧʷʪʫʶ ʛʨʫʧʧʫ ð 30 ʞʝʥʱʠʥ ʧʦʩʪʤʝʥʦʧʘʫʟʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ.  

ʐʝʩʪʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ 28 ʙʝʨʝʤʝʥʥʳʭ ʞʝʥʱʠʥ (ʩʨʦʢ ʙʝʨʝʤʝʥʥʦʩʪʠ 20ï22 ʥʝʜʝʣʠ).  

ʉʝʜʴʤʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ 19 ʨʦʜʠʚʰʠʭ ʞʝʥʱʠʥ (5ï10 ʩʫʪʢʠ ʧʦʩʣʝʨʦʜʦʚʦʛʦ ʧʝʨʠʦʜʘ).  

ɺʦʩʴʤʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ 28 ʙʦʣʴʥʳʭ ʧʨʦʣʘʧʩʦʤ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ.  

ʇʥʝʚʤʦʢʦʣʴʧʦʤʝʪʨʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʙʦʣʴʥʳʭ (ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ), 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ, ʧʨʦʙʳ ɺʘʣʴʩʘʣʴʚʳ, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʤʳʰʮ 

ʚʣʘʛʘʣʠʱʘ. 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʫ ʚʩʝʭ ʞʝʥʱʠʥ ʜʘʚʣʝʥʠʝ ʚʦ ʚʣʘʛʘʣʠʱʝ ʨʘʚʥʷʣʦʩʴ 5,00 ʤʤ 

ʨʪ. ʩʪ., ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʙʦʣʴʥʳʭ ʧʨʦʣʘʧʩʦʤ ʦʨʛʘʥʦʚ ʤʘʣʦʛʦ ʪʘʟʘ. ʋ ʧʘʮʠʝʥʪʦʢ ʩ ʦʧʫʱʝʥʠʝʤ ʠ 

ʚʳʧʘʜʝʥʠʝʤ ʦʨʛʘʥʦʚ ʤʘʣʦʛʦ ʪʘʟʘ ʜʘʚʣʝʥʠʝ ʚʦ ʚʣʘʛʘʣʠʱʝ ʨʘʚʥʷʣʦʩʴ 9,53Ñ0,12 ʤʤ ʨʪ. ʩʪ. 

ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʞʝʥʱʠʥ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ ʜʘʚʣʝʥʠʝ ʨʘʚʥʷʣʦʩʴ 

5,54Ñ0,06 ʤʤ ʨʪ. ʩʪ., ʧʨʠ ʧʨʦʙʝ ɺʘʣʴʩʘʣʴʚʳ ð 5,53Ñ0,09 ʤʤ ʨʪ. ʩʪ., ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʤʳʰʮ 

ʚʣʘʛʘʣʠʱʘ ð 5,75Ñ0,08 ʤʤ ʨʪ. ʩʪ. 

ɺʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʞʝʥʱʠʥ ʧʨʠ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʤ ʪʝʩʪʝ ʜʘʚʣʝʥʠʝ ʨʘʚʥʷʣʦʩʴ 6,63Ñ0,17 ʤʤ 

ʨʪ. ʩʪ., ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʙʳ ɺʘʣʴʩʘʣʴʚʳ ð 8,03Ñ0,23 ʤʤ ʨʪ. ʩʪ., ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʤʳʰʮ 

ʚʣʘʛʘʣʠʱʘ ð 6,62Ñ0,25 ʤʤ ʨʪ. ʩʪ. 

ɺ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʞʝʥʱʠʥ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 6,16Ñ0,22 ʤʤ 

ʨʪ. ʩʪ., ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʙʳ ɺʘʣʴʩʘʣʴʚʳ ð 6,23Ñ0,10 ʤʤ ʨʪ. ʩʪ., ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʤʳʰʮ 

ʚʣʘʛʘʣʠʱʘ ð 6,13Ñ0,18 ʤʤ ʨʪ. ʩʪ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʥʝʚʤʦʢʦʣʴʧʦʤʝʪʨʠʠ ʞʝʥʱʠʥʘʤ ʧʝʨʠʤʝʥʦʧʘʫʟʘʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʧʨʠ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʤ ʪʝʩʪʝ ʜʘʚʣʝʥʠʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

7,34Ñ0,38 ʤʤ ʨʪ. ʩʪ., ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʙʳ ɺʘʣʴʩʘʣʴʚʳ ð 8,66Ñ0,25 ʤʤ ʨʪ. ʩʪ., ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ ʤʳʰʮ ʚʣʘʛʘʣʠʱʘ ð 9,91Ñ0,43 ʤʤ ʨʪ. ʩʪ. 

ɺ ʧʷʪʦʡ ʛʨʫʧʧʝ ʞʝʥʱʠʥ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʜʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 7,35Ñ0,13 

ʤʤ ʨʪ. ʩʪ., ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʙʳ ɺʘʣʴʩʘʣʴʚʳ ð 8,86Ñ0,19 ʤʤ ʨʪ. ʩʪ., ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʤʳʰʮ 

ʚʣʘʛʘʣʠʱʘ ð 7,88Ñ0,29 ʤʤ ʨʪ. ʩʪ. 

ʋ ʙʝʨʝʤʝʥʥʳʭ ʞʝʥʱʠʥ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ ʜʘʚʣʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 7,96Ñ0,19 ʤʤ ʨʪ. ʩʪ., ʧʨʠ ʧʨʦʙʝ ɺʘʣʴʩʘʣʴʚʳ ð 9,73Ñ0,15 ʤʤ ʨʪ. ʩʪ., ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ ʤʳʰʮ ʚʣʘʛʘʣʠʱʘ ð 8,02Ñ0,21 ʤʤ ʨʪ. ʩʪ. 

ɺ ʧʦʩʣʝʨʦʜʦʚʦʤ ʧʝʨʠʦʜʝ ʩʝʜʴʤʘʷ ʛʨʫʧʧʘ ʞʝʥʱʠʥ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: ʧʨʠ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʤ ʪʝʩʪʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 9,82Ñ0,32 ʤʤ ʨʪ. ʩʪ., ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʙʳ ɺʘʣʴʩʘʣʴʚʳ ð 8,77Ñ0,17 ʤʤ ʨʪ. ʩʪ., ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʤʳʰʮ ʚʣʘʛʘʣʠʱʘ ð 

8,71Ñ0,24 ʤʤ ʨʪ. ʩʪ. 

ʋ ʙʦʣʴʥʳʭ ʧʨʦʣʘʧʩʦʤ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ 

ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 22,91Ñ0,21 ʤʤ ʨʪ. ʩʪ., ʧʨʠ ʧʨʦʙʝ ɺʘʣʴʩʘʣʴʚʳ ð 24,22Ñ0,25 ʤʤ ʨʪ. ʩʪ., ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ ʤʳʰʮ ʚʣʘʛʘʣʠʱʘ ð 25,08Ñ0,32 ʤʤ ʨʪ. ʩʪ. 

 

ɺʳʚʦʜ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʨʘʥʥʝʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʦʧʫʱʝʥʠʝ ʠ ʚʳʧʘʜʝʥʠʝ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ 

ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʛʨʫʧʧʳ ʨʠʩʢʘ ʧʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʘʥʥʦʡ 

ʧʘʪʦʣʦʛʠʠ. ʂ ʛʨʫʧʧʝ ʨʠʩʢʘ ʧʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʫʱʝʥʠʷ ʠ ʚʳʧʘʜʝʥʠʷ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʞʝʥʱʠʥ ʧʝʨʠʤʝʥʦʧʘʫʟʘʣʴʥʦʛʦ ʠ ʧʦʩʪʤʝʥʦʧʘʫʟʘʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʞʝʥʱʠʥ ʚ 

ʧʦʩʣʝʨʦʜʦʚʦʤ ʧʝʨʠʦʜʝ. ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʨʦʜʦʚ (ʙʦʣʴʰʝ 2) ʥʝ ʧʨʝʜʨʘʩʧʦʣʘʛʘʝʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʨʦʣʘʧʩʘ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʳ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʫʜʘʣʝʥʥʳʭ ʛʝʤʘʥʛʠʦʤ ʜʦ ʠ ʧʦʩʣʝ ʢʨʠʦïʩʢʣʝʨʦʟʠʨʫʶʱʝʡ 

ʪʝʨʘʧʠʠ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 50,0% ʦʧʫʭʦʣʴ ʠʤʝʣʘ ʩʪʨʦʝʥʠʝ 

(ʧʨʦʩʪʦʡ) ʢʘʧʠʣʣʷʨʥʦʡ ʛʝʤʘʥʛʠʦʤr, ʚ 35,7% ð ʢʘʚʝʨʥʦʟʥʦʡ ʛʝʤʘʥʛʠʦʤʳ ʠ ʚ 18,3% ð

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʛʝʤʘʥʛʠʦʤʳ. ɺ ʛʝʤʘʥʛʠʦʤʘʭ, ʫʜʘʣʝʥʥʳʭ ʧʦʩʣʝ ʢʨʠʦïʩʣʝʨʦʟʠʨʫʶʱʝʡ 

ʪʝʨʘʧʠʠ ʦʪʤʝʯʝʥ rʧʨʠʟʥʘʢʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʠʭ ʨʝʮʠʜʠʚʠʨʦʚʘʥʠʝ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʛʝʤʘʥʛʠʦʤʳ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚ ʨʘʟʤʝʨʘʭ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʨʘʜʠʦʭʠʨʫʨʛʠʶ, ʪ. ʢ. ʦʥʘ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ 

ʪʨʘʚʤʘʪʠʯʥʳʤ, ʫʜʦʙʥʳʤ, ʵʩʪʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʠ ʥʝ ʜʦʨʦʛʠʤ ʤʝʪʦʜʦʤ ʣʝʯʝʥʠʷ. 

 

Abstract. Histological studies were carried out and morphological features were examined 

that were removed by hemangiomas before and after cryoïsclerosing therapy. The morphological 

study showed that in 50.0% ð the tumor had the structure of (simple) capillary hemangioma, in 

35.7% ð cavernous hemangioma and in 18.3% of the combined hemangioma. In hemangiomas 

removed after cryoïclotting therapy, there are signs indicating their recurrence. Over time, 

hemangiomas increased in size. According to the study, it is recommended to use high-frequency 

radiosurgery, since it is less traumatic, convenient, aesthetically more acceptable and inexpensive 

treatment. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʤʘʥʛʠʦʤʘ, ʢʨʠʦ-ʩʢʣʝʨʦʟʠʨʫʶʱʝʝ ʣʝʯʝʥʠʝ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʜʝʪʠ.  

 

Keywords: hemangioma, cryotherapy and sclerotherapy, morphological characteristic, 

children. 

 

ɺʚʝʜʝʥʠʝ 

ɻʝʤʘʥʛʠʦʤʘ (ɻɸ) ð ɻ ʪʦ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʘʷ ʩʦʩʫʜʠʩʪʘʷ ʦʧʫʭʦʣʴ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʣʦʢʘʣʠʟʫʶʱʘʷʩʷ ʚ ʢʦʞʥʳʭ ʧʦʢʨʦʚʘʭ ʠ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʢʘʭ.  
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ʋ 95% ʧʘʮʠʝʥʪʦʚ ɻɸ ʠʤʝʝʪ ʚʨʦʞʜʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʫ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʠ ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 47,5% ʦʪ ʚʩʝʭ ʦʧʫʭʦʣʝʡ ʢʦʞʠ ʠ 

ʤʷʛʢʠʭ ʪʢʘʥʝʡ [1].  

ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ɻɸ ʢʘʢ ʛʘʤʘʨʪʦʤʳ, ʪ.ʢ. ʦʥʘ ʠʩʭʦʜʠʪ ʠʟ ʟʘʯʘʪʢʦʚ 

ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʘʥʛʠʦʛʝʥʥʦʡ ʪʢʘʥʠ.  

ʅʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɻɸ ʨʘʟʨʘʙʦʪʘʥʘ ʉ. ɼ. ʊʝʨʥʦʚʩʢʠʤ ʚ 

1959 ʛ., ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ, ʨʘʟʣʠʯʘʶʪ 4 ʛʨʫʧʧʳ [3]:  

1. ʧʨʦʩʪʳʝ (ʢʘʧʠʣʣʷʨʥʳʝ).  

2. ʢʘʚʝʨʥʦʟʥʳʝ.  

3. ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ.  

4. ʩʤʝʰʘʥʥʳʝ (ʘʥʛʠʦʬʠʙʨʦʤʳ, ʘʥʛʠʦʣʠʧʦʤʳ, ʘʥʛʠʦʣʝʡʦʤʠʦʤʳ).  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ 50 ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ɻɸ ʫ ʜʝʪʝʡ [5]. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴʶ ʬʦʨʤ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʩʧʦʩʦʙʘ ʪʝʨʘʧʠʠ. ʆʜʥʘʢʦ ʚ ʧʨʘʢʪʠʢʝ ʩʪʘʣʠ ʧʦʧʫʣʷʨʥʳ ʥʝ ʚʩʝ ʤʝʪʦʜʳ, ʘ ʣʠʰʴ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʭʠʨʫʨʛʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʩʢʣʝʨʦʟʠʨʫʶʱʘʷ ʪʝʨʘʧʠʷ ʠ ʢʨʠʦʜʝʩʪʨʫʢʮʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʣʝʯʝʥʠʷ ɻɸ, ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʠʟʣʝʯʝʥʠʝ ʙʦʣʴʥʦʛʦ ʩ ʭʦʨʦʰʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ 

ʢʦʩʤʝʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʍʠʨʫʨʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚ ʣʝʯʝʥʠʠ ɻɸ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ, ʙʳʩʪʨʦʪʘ ʠ ʨʘʜʠʢʘʣʴʥʦʩʪʴ ʪʝʨʘʧʠʠ ð ʬʘʢʪʦʨʳ, ʧʦʜʢʫʧʘʶʱʠʝ ʢʣʠʥʠʮʠʩʪʦʚ 

ʧʨʠ ʚʳʙʦʨʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʣʝʯʝʥʠʷ ɻɸ. 

ʃʝʛʢʦ ʜʦʩʪʫʧʥʳʤ ʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩʢʣʝʨʦʟʠʨʫʶʱʝʡ ʪʝʨʘʧʠʠ. 

ɺʧʝʨʚʳʝ ʤʝʪʦʜ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʉ. Schwalbe ʚ 1872. ʇʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʩʢʣʝʨʦʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (ʪʘʥʠʥ, 50% ʩʧʠʨʪ, ʬʦʨʤʘʣʠʥ, ʡʦʜʦʬʦʨʤ ʩ 

ʵʬʠʨʦʤ, ʢʘʨʙʦʣʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʜʨ.). ʅʦ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʰʣʠ 70% ʩʧʠʨʪ, 

ʭʠʥʠʥ ð ʫʨʝʪʘʥ, 2% ʩʘʣʠʮʠʣʦʚʳʡ ʩʧʠʨʪ, ʚʘʨʠʢʦʮʠʜ, ʚʠʩʪʘʨʠʥ [7]. 

ʄʳ ʞʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʤʝʝʤ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʧʳʪ ʣʝʯʝʥʠʷ ʜʝʪʝʡ ɻɸ ʫ ʜʝʪʝʡ ʩ 

ʧʦʤʦʱʴʶ ʨʘʜʠʦʚʦʣʥʦʚʦʛʦ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ çʌʆʊɽʂ 301è. 

ʈʘʜʠʦʚʦʣʥʦʚʘʷ ʭʠʨʫʨʛʠʷ ð ʵʪʦ ʨʘʟʨʝʟ ʠ/ʠʣʠ ʢʦʘʛʫʣʷʮʠʷ ʪʢʘʥʝʡ ʩ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɺʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʭʠʨʫʨʛʠʶ ʥʝ ʩʣʝʜʫʝʪ ʧʫʪʘʪʴ ʩ 

ʜʠʘʪʝʨʤʠʝʡ, ʵʣʝʢʪʨʦʢʦʘʛʫʣʷʮʠʝʡ ʠʣʠ ʠʩʢʨʦʚʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ. ʈʘʟʨʝʟ ʚʳʧʦʣʥʷʝʪʩʷ ʙʝʟ 

ʜʘʚʣʝʥʠʷ ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ ʢʣʝʪʦʢ ʪʢʘʥʠ ʠ ʚʳʟʳʚʘʝʪʩʷ ʪʝʧʣʦʪʦʡ, ʢʦʪʦʨʘʷ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʚ 

ʢʣʝʪʢʘʭ ʧʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʨʦʭʦʞʜʝʥʠʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ [9]. ʆʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʝʧʣʦʪʳ ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʞʠʜʢʦʩʪʴ ʟʘʢʠʧʘʝʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʜʦ ʪʦʯʢʠ 

ʨʘʟʨʳʚʘ ʝʝ ʠʟʥʫʪʨʠ ʥʘʨʫʞʫ. ʕʪʦʪ ʬʝʥʦʤʝʥ ʥʘʟʳʚʘʝʪʩʷ ʠʩʧʘʨʝʥʠʝʤ ʢʣʝʪʢʠ.  

ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʧʨʠ ʧʦʤʦʱʠ ʨʘʜʠʦʚʦʣʥ ʤʦʞʥʦ ʙʝʟ ʦʙʫʛʣʠʚʘʥʠʷ ʟʘʢʨʳʚʘʪʴ ʤʝʣʢʠʝ 

ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ. ʇʨʠ ʦʙʳʯʥʦʡ ʢʦʘʛʫʣʷʮʠʠ ʠ ʵʣʝʢʪʨʦʭʠʨʫʨʛʠʠ ʪʝʧʣʦ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ 

ʢʦʥʯʠʢʝ ʘʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʟʘʢʨʳʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʤʝʱʝʥʥʦʡ ʪʝʧʣʦʪʳ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʚʨʝʞʜʘʝʪʩʷ ʧʨʠʣʝʛʘʶʱʠʝ ʪʢʘʥʠ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ɻɸ ʥʘʨʫʞʥʳʭ ʧʦʢʨʦʚʦʚ ʨʘʟʣʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʫʜʘʣʝʥʥʳʭ ʜʦ ʠ ʧʦʩʣʝ 

ʢʨʠʦïʩʢʣʝʨʦʟʠʨʫʶʱʝʛʦ ʣʝʯʝʥʠʷ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ 98 ʫʜʘʣʝʥʥʳʭ (ʦʧʝʨʠʨʦʚʘʥʥʳʭ) ɻɸ, ʚ ʪ.ʯ.: 

1) ʙʝʟ ʢʨʠʦïʩʢʣʝʨʦʟʠʨʫʶʱʝʛʦ ʣʝʯʝʥʠʷ ð 74 ʩʣʫʯʘʷ;  
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2) ʧʦʩʣʝ ʢʨʠʦïʩʢʣʝʨʦʟʠʨʫʶʱʝʡ ʪʝʨʘʧʠʠ ð 24 ʩʣʫʯʘʷ.  

ɺʦʟʨʘʩʪ ʙʦʣʴʥʳʭ ʙʳʣ ʦʪ 6 ʤʝʩʷʮʝʚ ʜʦ 16 ʣʝʪ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʚʘʨʠʘʥʪʦʚ ɻɸ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʳ ɻɸ, ʫʜʘʣʝʥʥʳʭ ʜʦï 

ʠ ʧʦʩʣʝ ʢʨʠʦïʩʢʣʝʨʦʟʠʨʫʶʱʝʛʦ ʣʝʯʝʥʠʷ. ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʤ 

ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʦʤ ʙʶʨʦ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ.  

ɼʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʨʝʟʘʣʠʩʴ ʢʫʩʦʯʢʠ 

ʨʘʟʤʝʨʦʤ 1,0Ĭ1,0 ʩʤ. ʂʫʩʦʯʢʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚ 10% ʨʘʩʪʚʦʨʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʦʨʤʘʣʠʥʘ, 

ʢʦʪʦʨʳʝ ʦʙʝʟʚʦʞʠʚʘʣʠ ʚ ʩʧʠʨʪʘʭ ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʧʘʨʘʬʠʥ. 

ɿʘʪʝʤ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 5ï7 ʤʠʢʨʦʥ, ʢʦʪʦʨʳʝ ʦʢʨʘʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ 

ʵʦʟʠʥʦʤ, ʧʦ ʤʝʪʦʜʫ ɺʘʥïɻʠʟʦʥ. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʠʟʫʯʘʣʠʩʴ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ 

Nikon-50S (ʗʧʦʥʠʷ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 98 ʩʣʫʯʘʝʚ ʚ 49 

(50,0%) ʥʘʙʣʶʜʝʥʠʷʭ ʦʧʫʭʦʣʴ ʠʤʝʣʘ ʩʪʨʦʝʥʠʝ (ʧʨʦʩʪʦʡ) ʢʘʧʠʣʣʷʨʥʦʡ ɻɸ, ʚ 35 (35,7%) 

ʩʣʫʯʘʝʚ ʩʪʨʦʝʥʠʝ ʢʘʚʝʨʥʦʟʥʦʡ ɻɸ ʠ ʚ 18 (18,3%) ʥʘʙʣʶʜʝʥʠʷʭ ʩʪʨʦʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ɻɸ (ʊʘʙʣʠʮʘ). 

 

ʊʘʙʣʠʮʘ. 

ʈɸʉʇʈɽɼɽʃɽʅʀɽ ɹʆʃʔʅʓʍ ʇʆ ɻʀʉʊʆʃʆɻʀʏɽʉʂʆʄʋ ʉʊʈʆɽʅʀʖ 

 

ɺʠʜʳ ɻɸ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ ʧʦ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ɺʩʝʛʦ 

ʂʘʧʠʣʣʷʨʥʘʷ ʂʘʚʝʨʥʦʟʥʘʷ ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʘʙʩ. ʯ % ʘʙʩ. ʯ % ʘʙʩ. ʯ % ʘʙʩ. ʯ. % 

25 24 (ʧʦʩʣʝ ʢʨʠʦï

ʩʣʝʨʦʟ. ʪʝʨ.) 

50,0 35 35,7 18 18,3 98 100 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ, ʢʘʧʠʣʣʷʨʥʘʷ ʬʦʨʤʘ ɻɸ ʫʩʪʘʥʦʚʣʝʥʘ ʫ 49 ʧʘʮʠʝʥʪʦʚ, 

ʢʘʚʝʨʥʦʟʥʘʷ ð ʫ 35, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ð ʫ 18. ʀʟ ʥʠʭ 24 ʩʣʫʯʘʷ ʧʦʩʣʝ ʢʨʠʦï

ʩʢʣʝʨʦʟʠʨʫʶʱʝʡ ʪʝʨʘʧʠʠ. 

ʂʘʧʠʣʣʷʨʥʳʝ ʛʝʤʘʥʛʠʦʤʳ. ʇʨʦʩʪʘʷ ɻɸ ʠʤʝʝʪ ʢʨʘʩʥʳʡ ʠʣʠ ʩʠʥʝïʙʘʛʨʦʚʳʡ ʮʚʝʪ, 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦ, ʩ ʯʝʪʢʠʤʠ ʛʨʘʥʠʮʘʤʠ, ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʜʝʨʤʝ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʢʘʧʠʣʣʷʨʥʦʡ ɻɸ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʣʘʜʢʘʷ, ʠʥʦʛʜʘ ʥʝʩʢʦʣʴʢʦ ʚʳʩʪʫʧʘʝʪ ʥʘʜ ʢʦʞʝʡ. 

ʇʨʠ ʥʘʜʘʚʣʠʚʘʥʠʠ ʧʨʦʩʪʘʷ ɻɸ ʙʣʝʜʥʝʝʪ, ʟʘʪʝʤ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʦʡ ʮʚʝʪ. 

ʂʘʧʠʣʣʷʨʥʳʝ ɻɸ ʠʤʝʶʪ ʜʦʣʴʯʘʪʦʝ ʩʪʨʦʝʥʠʝ (ʈʠʩʫʥʦʢ 1). 

ʂʘʞʜʘʷ ʜʦʣʴʢʘ ʦʢʨʫʞʝʥʘ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʬʠʙʨʦʟʥʦʡ ʧʨʦʩʣʦʡʢʦʡ. 

ʆʧʫʭʦʣʝʚʳʝ ʢʘʧʠʣʣʷʨʳ ʙʳʣʠ ʧʫʩʪʳʤʠ ʠʣʠ ʩʦʜʝʨʞʘʣʠ ʢʨʦʚʴ (ʈʠʩʫʥʦʢ 2). 

ʅʘʨʷʜʫ ʩ ʚʳʨʘʞʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʢʘʧʠʣʣʷʨʦʚ ʠʤʝʝʪ ʤʝʩʪʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʦʣʠʬʝʨʘʮʠʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʦʙʨʘʟʫʶʱʠʭ ʢʘʢ ʙʳ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ:  

1) ʩʦʙʩʪʚʝʥʥʦ ʵʥʜʦʪʝʣʠʡ;  

2) ʧʝʨʠʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʩ ʢʨʫʧʥʳʤ, ʙʦʣʝʝ ʩʚʝʪʣʳʤ ʷʜʨʦʤ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʠʪʦʟʳ; 

3) ʘʜʚʝʥʪʠʮʠʘʣʴʥʳʝ ʬʠʙʨʦʙʣʘʩʪʳ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʚ ʪʦʣʱʝ ʢʘʧʠʣʣʷʨʥʦʡ ɻɸ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʯʘʛʦʚʳʝ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʠʥʬʠʣʴʪʨʘʪʳ ʠʟ ʣʠʤʬʦʛʠʩʪʠʦʮʠʪʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʦʪʤʝʯʘʣʠʩʴ ʦʯʘʛʠ ʠʟʲʷʟʚʣʝʥʠʷ ʢʦʞʠ, ʘ ʪʘʢʞʝ ʦʯʘʛʠ ʢʨʦʚʦʠʟʣʠʷʥʠʷ. ʇʨʠ ʛʣʫʙʦʢʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʢʘʧʠʣʣʷʨʥʦʡ ɻɸ ʦʪʤʝʯʘʣʦʩʴ ʩʜʘʚʣʝʥʠʝ ʤʳʰʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʭ 

ʘʪʨʦʬʠʠ.  
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ʈʠʩʫʥʦʢ 1. ʂʘʧʠʣʣʷʨʥʘʷ ɻɸ ʢʦʞʠ: ʆʂ ð 

ʦʧʫʭʦʣʝʚʳʝ ʢʘʧʠʣʣʷʨʳ, ʌʇ ð ʬʠʙʨʦʟʥʳʝ 

ʧʝʨʝʛʦʨʦʜʢʠ, ɼ ð ʜʝʨʤʘ, ʕ ð ʵʧʠʜʝʨʤʠʩ. 

 

ʈʠʩʫʥʦʢ 2. ʂʘʧʠʣʣʷʨʥʘʷ ɻɸ: ʆʂ ð 

ʢʘʧʠʣʣʷʨʥʘʷ ɻɸ, ʌʇ ð ʬʠʙʨʦʟʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ. 

 

ʂʘʚʝʨʥʦʟʥʳʝ ʛʝʤʘʥʛʠʦʤʳ. ʂʘʚʝʨʥʦʟʥʘʷ ɻɸ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦʜ ʢʦʞʝʡ ʚ ʚʠʜʝ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʫʟʣʦʚʘʪʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʤʷʛʢʦïɻ ʣʘʩʪʠʯʝʩʢʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ. ʉʦʩʪʦʠʪ ʠʟ 

ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦʣʦʩʪʝʡïʢʘʚʝʨʥ, ʥʘʧʦʣʥʝʥʥʳʭ ʢʨʦʚʴʶ. ɺʳʛʣʷʜʠʪ ʚ ʚʠʜʝ ʦʧʫʭʦʣʝʚʠʜʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʢʨʳʪʦʛʦ ʥʝʠʟʤʝʥʝʥʥʦʡ ʠʣʠ ʮʠʘʥʦʪʠʯʥʦʡ ʥʘ ʚʝʨʭʫʰʢʝ ʢʦʞʝʡ. ʉ ʨʦʩʪʦʤ 

ʩʦʩʫʜʠʩʪʦʡ ʦʧʫʭʦʣʠ ʢʦʞʘ ʤʦʞʝʪ ʧʨʠʦʙʨʝʪʘʪʴ ʩʠʥʝïʙʘʛʨʦʚʳʡ ʮʚʝʪ. ʇʨʠ ʥʘʜʘʚʣʠʚʘʥʠʠ 

ʢʘʚʝʨʥʦʟʥʘʷ ɻɸ ʩʧʘʜʘʝʪʩʷ ʠ ʙʣʝʜʥʝʝʪ (ʚʩʣʝʜʩʪʚʠʝ ʦʪʪʦʢʘ ʢʨʦʚʠ), ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʥʘʧʨʷʛʘʝʪʩʷ (ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʪʦʢʘ ʢʨʦʚʠ). ʇʨʠ ʢʘʚʝʨʥʦʟʥʳʭ ɻɸ ʥʘ ʢʦʞʝ 

ʦʙʳʯʥʦ ʯʝʪʢʦ ʚʳʷʚʣʷʝʪʩʷ ʩʠʤʧʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ð ʩʦʩʫʜʠʩʪʘʷ ʦʧʫʭʦʣʴ ʥʘ 

ʦʱʫʧʴ ʛʦʨʷʯʝʝ ʟʜʦʨʦʚʳʭ ʪʢʘʥʝʡ.  

ʂʘʚʝʨʥʦʟʥʳʝ ɻɸ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʢʦʧʣʝʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʣʦʩʪʝʡ, 

ʟʘʧʦʣʥʝʥʥʳʭ ʢʨʦʚʴʶ, ʠ ʚ ʩʚʦʝʤ ʩʪʨʦʝʥʠʠ ʥʘʧʦʤʠʥʘʶʪ ʧʝʱʝʨʠʩʪʳʝ ʪʝʣʘ (ʈʠʩʫʥʦʢ 3).  

ʉʪʝʥʢʠ ʧʦʣʦʩʪʝʡ ʚʳʩʪʣʘʥʳ ʦʜʥʦʩʣʦʡʥʳʤ ʫʧʣʦʱʝʥʥʳʤ ʵʥʜʦʪʝʣʠʝʤ, ʠ ʨʘʟʛʨʘʥʠʯʝʥʳ 

ʪʦʥʢʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʠʟ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʵʣʘʩʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʠ 

ʚʝʨʝʪʝʥʦʦʙʨʘʟʥʳʝ ʢʣʝʪʢʠ ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ. ɺ ʦʪʜʝʣʴʥʳʭ ʧʦʣʦʩʪʷʭ ʦʙʥʘʨʫʞʝʥʘ 

ʩʚʝʨʥʫʚʰʘʷʩʷ ʢʨʦʚʴ, ʚ ʜʨʫʛʠʭ ʧʦʣʦʩʪʷʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʪʨʦʤʙʳ ʠ ʩ ʧʨʠʟʥʘʢʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʦʢʨʫʛʣʳʝ ʧʦʣʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʪʰʥʫʨʦʚʳʚʘʶʪʩʷ ʦʪ ʙʦʣʝʝ ʢʨʫʧʥʳʭ, ʛʜʝ 

ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʧʩʫʣʘ.  

ɺ ʦʪʜʝʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʚ ʦʧʫʭʦʣʠ ʙʳʣʘ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘʷ ʩʪʨʦʤʘ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʚ ʩʪʨʦʤʝ ʦʧʫʭʦʣʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʣʠʤʬʦʛʠʩʪʠʦʮʠʪʘʨʥʳʝ ʠʥʬʠʣʴʪʨʘʪʳ (ʈʠʩʫʥʦʢ 4) 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʛʝʤʘʥʛʠʦʤʳ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ɻɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʧʦʜʢʦʞʥʦʡ ɻɸ (ʧʨʦʩʪʘʷ ʠ ʢʘʚʝʨʥʦʟʥʘʷ). ʇʨʦʷʚʣʷʝʪʩʷ ʢʣʠʥʠʯʝʩʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʯʘʩʪʠ ʩʦʩʫʜʠʩʪʦʡ ʦʧʫʭʦʣʠ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ɻɸ ʩʦʯʝʪʘʣʠ ʚ ʩʝʙʝ ʧʨʠʟʥʘʢʠ ʢʘʢ ʢʘʧʠʣʣʷʨʥʦʡ, ʪʘʢ ʠ ʢʘʚʝʨʥʦʟʥʦʡ ɻɸ. (ʈʠʩʫʥʦʢ 5).  

ɻʠʩʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʤʘʥʛʠʦʤ, ʫʜʘʣʝʥʥʳʭ ʧʦʩʣʝ ʢʨʠʦïʩʢʣʝʨʦʟʠʨʫʶʱʝʡ 

ʪʝʨʘʧʠʠ. ɻʠʩʪʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ɻɸ, ʫʜʘʣʝʥʥʳʭ ʧʦʩʣʝ ʢʨʠʦïʩʢʣʝʨʦʟʠʨʫʶʱʝʡ ʪʝʨʘʧʠʠ 

ʠʟʫʯʝʥʘ ʚ 24 ʩʣʫʯʘʷʭ. ɺʦ ʚʩʝʭ ʥʘʙʣʶʜʝʥʠʷʭ ʦʧʫʭʦʣʴ ʠʤʝʣʘ ʢʘʨʪʠʥʫ ʢʘʧʠʣʣʷʨʥʦʡ ɻɸ. 

ʆʪʤʝʯʘʣʦʩʴ ʦʙʰʠʨʥʦʝ ʨʘʟʨʘʩʪʘʥʠʝ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ, ʩʨʝʜʠ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʝʣʢʠʝ ʦʩʪʨʦʚʢʠ ɻɸ (ʈʠʩʫʥʦʢ 6). 

ɺ ʥʝʢʦʪʦʨʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʦʪʤʝʯʘʝʪʩʷ ʦʩʣʠʟʥʝʥʠʝ ʩʪʨʦʤʳ ʠ ʦʯʘʛʠ ʢʨʦʚʦʠʟʣʠʷʥʠʷ 

(ʈʠʩʫʥʦʢ 7). 
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ʉʦʩʫʜʳ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʧʨʦʩʚʝʪʦʤ, ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʦʚ ʠ ʬʦʨʤ. ɹʘʟʘʣʴʥʘʷ ʤʝʤʙʨʘʥʘ 

ʩʦʩʫʜʦʚ ʫʪʦʣʱʝʥʘ, ʦʪʤʝʯʘʶʪʩʷ ʥʝʢʨʦʙʠʦʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʢ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʦʩʫʜʘʭ 

ʦʪʤʝʯʘʣʘʩʴ ʧʨʦʣʠʬʝʨʘʮʠʷ ʧʝʨʠʮʠʪʦʚ (ʈʠʩʫʥʦʢ 8) 
 

  
 

ʈʠʩʫʥʦʢ 3. ʂʘʚʝʨʥʦʟʥʘʷ ɻɸ: ʂɺ ð 

ʢʘʚʝʨʥʳ. 

 

ʈʠʩʫʥʦʢ 4. ʂʘʚʝʨʥʦʟʥʘʷ ɻɸ: ʃɻʀ ð 

ʣʠʤʬʦʛʠʩʪʠʦʮʠʪʘʨʥʳʝ ʠʥʬʠʣʴʪʨʘʪʳ. 

  
 

ʈʠʩʫʥʦʢ 5. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ɻɸ: ʆʂ ð 

ʦʧʫʭʦʣʝʚʳʝ ʢʘʧʠʣʣʷʨʳ, ʂɺ ð ʢʘʚʝʨʥʳ. 

 

ʈʠʩʫʥʦʢ 6. ʂʘʧʠʣʣʷʨʥʘʷ ɻɸ ʧʦʩʣʝ 

ʢʨʠʦʪʝʨʘʧʠʠ: ʉʊ ð ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʢʘʥʴ, ʆɻ ð 

ʦʩʪʨʦʚʢʠ ɻɸ. 

  
 

ʈʠʩʫʥʦʢ 7. ʂʘʧʠʣʣʷʨʥʘʷ ɻɸ ʧʦʩʣʝ 

ʢʨʠʦʪʝʨʘʧʠʠ: ʆʆ ð ʦʯʘʛʠ ʦʩʣʠʟʥʝʥʠʷ, ʆʂ ð 

ʦʯʘʛʠ ʢʨʦʚʦʠʟʣʠʷʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 8. ʂʘʧʠʣʣʷʨʥʘʷ ɻɸ ʧʦʩʣʝ 

ʩʢʣʝʨʦʟʠʨʫʶʱʝʡ ʪʝʨʘʧʠʠ: ʅʂ ð 

ʥʝʢʨʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ, ʇʇ ð ʧʨʦʣʠʬʝʨʘʮʠʷ 

ʧʝʨʠʮʠʪʦʚ. 

 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

175 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ɻɸ, ʫʜʘʣʝʥʥʳʭ ʧʦʩʣʝ ʢʨʠʦï

ʩʣʝʨʦʟʠʨʫʶʱʝʡ ʪʝʨʘʧʠʠ ʦʪʤʝʯʘʶʪʩʷ ʧʨʠʟʥʘʢʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʠʭ ʨʝʮʠʜʠʚʠʨʦʚʘʥʠʝ. ʉ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ɻɸ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚ ʨʘʟʤʝʨʘʭ, ʚ ʩʚʷʟʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʙ 

ʦʧʝʨʘʪʠʚʥʦʤ ʠʭ ʫʜʘʣʝʥʠʠ. 

ɻʠʩʪʦʣʦʛʠʯʝʩʢʠ ʵʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʰʠʨʥʳʤ ʨʘʟʨʘʩʪʘʥʠʝʤ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ, 

ʩʨʝʜʠ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʣʢʠʝ ʦʩʪʨʦʚʢʠ ɻɸ, ʘ ʪʘʢʞʝ ʩʦʩʫʜʳ ʩ ʫʤʝʥʴʰʝʥʥʳʤ 

ʧʨʦʩʚʝʪʦʤ, ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʦʚ ʠ ʬʦʨʤ. ɹʘʟʘʣʴʥʘʷ ʤʝʤʙʨʘʥʘ ʩʦʩʫʜʦʚ ʫʪʦʣʱʝʥʘ, 

ʦʪʤʝʯʘʶʪʩʷ ʥʝʢʨʦʙʠʦʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʢ. ʏʝʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʫʜʘʣʝʥʥʳʭ ɻɸ, ʥʝ 

ʧʦʜʚʝʨʛʰʠʭʩʷ ʢʨʠʦïʩʣʝʨʦʟʠʨʫʶʱʝʡ ʪʝʨʘʧʠʠ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʥʠʝʤ ʢ 

ʦʧʝʨʘʪʠʚʥʦʤʫ ʫʜʘʣʝʥʠʶ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ 

ʨʘʜʠʦʭʠʨʫʨʛʠʶ, ʪ. ʢ. ʦʥʘ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʪʨʘʚʤʘʪʠʯʥʳʤ, ʫʜʦʙʥʳʤ, ʵʩʪʝʪʠʯʝʩʢʠ ʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʤ ʠ ʥʝ ʜʦʨʦʛʠʤ ʤʝʪʦʜʦʤ ʣʝʯʝʥʠʷ ɻɸ.  
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OPTIMIZATION TREATME NT HEMANGIOMAS  IN CHILDREN  

 

ÉToktosunova S., M.D., I. K. Akhunbaev Kyrgyz State Medical Academy,  

Bishkek, Kyrgyzstan, atmamat.t@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʠʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʛʝʤʘʥʛʠʦʤ ʫ ʜʝʪʝʡ ʩ 

çʢʨʠʪʠʯʝʩʢʦʡè ʣʦʢʘʣʠʟʘʮʠʝʡ. ʆʙʩʣʝʜʦʚʘʥʦ 1163 ʙʦʣʴʥʳʭ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 3 ʤʝʩʷʮʝʚ ʜʦ 15 ʣʝʪ. 

ɼʣʷ ʣʝʯʝʥʠʷ ʛʝʤʘʥʛʠʦʤ ʫ ʜʝʪʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ bïʘʜʨʝʥʦʙʣʦʢʘʪʦʨ çʧʨʦʧʨʘʥʦʣʦʣè. ɺ ʦʪʣʠʯʠʠ 

ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ çʧʨʦʧʨʘʥʦʣʦʣʘè ʥʘʩʪʫʧʘʣʦ 

ʩʢʣʝʨʦʟʠʨʦʚʘʥʠʝ ʛʝʤʘʥʛʠʦʤ ʫʞʝ ʢ 12 ʥʝʜʝʣʠ.  

 

Abstract. Provides improved methods of treatment of hemangioma in children with critical 

localization were examined 1163 patients after 3 months to 15 years. For treatment of hemangiomas 

in children used bïblockers in contrast to traditional methods of treatment for propranolol came 

sclerosis of hemangiomas to 12 weeks.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʤʘʥʛʠʦʤʳ ʫ ʜʝʪʝʡ, b-ʘʜʨʝʥʦʙʣʦʢʘʪʦʨʳ, ʧʨʦʧʨʘʥʦʣʦʣ, ʩʦʩʫʜʠʩʪʳʝ 

ʘʥʦʤʘʣʠʠ, çʢʨʠʪʠʯʝʩʢʘʷè ʣʦʢʘʣʠʟʘʮʠʝʡ ʫ ʜʝʪʝʡ. 

 

Keywords: hemangiomas in children, b-blockers, propranolol, vascular anomalies, critical 

localization in children. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʩʫʜʠʩʪʳʝ ʘʥʦʤʘʣʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʠʨʦʢʠʤ ʢʣʠʥʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ ʦʙʨʘʟʦʚʘʥʠʡ ʦʪ 

ʤʘʣʳʭ ʥʘʨʫʰʝʥʠʡ ʦʢʨʘʩʢʠ ʢʦʞʠ ʜʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʨʘʞʘʪʴ 

ʢʦʥʝʯʥʦʩʪʠ ʠ ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ ʚʳʟʳʚʘʷ ʨʘʟʚʠʪʠʝ ʞʠʟʥʝʫʛʨʦʞʘʶʱʠʭ ʩʦʩʪʦʷʥʠʡ [1]. 

ʇʦ ʩʚʝʜʝʥʠʷʤ ʘʚʪʦʨʦʚ ʛʝʤʘʥʛʠʦʤʳ ʫ ʜʝʪʝʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 1,1ï2,6% ʩʣʫʯʘʝʚ. ʆʜʥʦʡ ʠʟ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʤʘʥʛʠʦʤ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʣʝʯʝʥʠʶ. ɺ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ ʛʝʤʘʥʛʠʦʤʳ ʧʨʦʭʦʜʷʪ 

ʜʚʝ ʬʘʟʳ: ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʠ ʠʥʚʦʣʠʘʪʠʚʥʫʶ [1ï2]. ʇʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʬʘʟʘ ʨʘʟʚʠʪʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʨʦʩʪʦʤ ʦʧʫʭʦʣʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʨʳʭʣʳʭ ʙʳʩʪʨʦ 

ʜʝʣʷʱʠʭʩʷ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʘʩʩʫ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʦʩʫʜʠʩʪʳʭ 

ʢʘʥʘʣʦʚ. ʇʝʨʝʭʦʜ ʦʪ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢ ʠʥʚʦʣʶʮʠʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ 

ʘʥʛʠʦʛʝʥʝʟ ʠ ʢʦʣʣʘʛʝʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ [3ï4].  

ʀʟ ʥʠʭ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʦʩʫʜʠʩʪʳʡ ʬʘʢʪʦʨ ʵʥʜʦʪʝʣʠʘʣʴʥʦʛʦ ʨʦʩʪʘ, ʬʠʙʨʦʙʣʘʩʪʥʳʡ 

ʬʘʢʪʦʨ ʨʦʩʪʘ, ʪʢʘʥʝʚʳʝ ʠʥʛʠʙʠʪʦʨʳ ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ, ʤʘʪʨʠʢʩʥʘʷ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘ-1, ʠʥʪʝʨʣʝʡʢʠʥ-6, ʤʦʥʦʮʠʪʘʨʥʳʡ ʭʝʤʦʪʘʢʪʠʚʥʳʡ ʧʨʦʪʝʠʥ-1, ʢʦʣʣʘʛʝʥʘʟʘ 

4 ʪʠʧʘ, ʤʝʪʨʦʟʠʥ, ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʜʣʷ ʵʥʜʦʪʝʣʠʷ ʛʝʤʘʥʛʠʦʤ ʵʨʠʪʨʦʮʠʪʘʨʥʘʷ 

ʛʣʶʢʦʟʦʪʨʘʥʩʬʝʨʘʟʘ-1, ʬʘʢʪʦʨʳ ʟʨʝʣʦʩʪʠ ʵʥʜʦʪʝ6ʣʠʷ CD31 ʠ ʬʘʢʪʦʨ ɺʠʣʣʝʙʨʘʥʜʘ [5].  
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ɺ ʩʣʫʯʘʷʭ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ, çʢʨʠʪʠʯʝʩʢʠʭè ʣʦʢʘʣʠʟʘʮʠʡ ʦʙʣʘʩʪʴ ʣʠʮʘ, ʦʢʦʣʦʫʰʥʘʷ 

ʦʙʣʘʩʪʴ ʧʦʣʦʚʳʝ ʦʨʛʘʥʳ ʠ ʜʨʫʛʠʝ. ɺʳʞʠʜʘʪʝʣʴʥʘʷ ʪʘʢʪʠʢʘ ʠ ʥʝʘʜʝʢʚʘʪʥʳʡ ʚʳʙʦʨ ʤʝʪʦʜʘ 

ʣʝʯʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʪʷʞʝʣʳʭ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʠ ʜʘʞʝ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ [5ï6]. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʭʠʨʫʨʛʦʚ ʢ 

ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʤʥʦʞʝʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʣʝʯʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ ʯʝʪʢʠʝ ʢʨʠʪʝʨʠʷ 

ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʪʝʨʘʧʠʠ ʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [7].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʙʣʝʤʘ ʣʝʯʝʥʠʷ ʛʝʤʘʥʛʠʦʤ ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ. ʄʥʦʛʦʦʙʨʘʟʠʝ 

ʬʦʨʤ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʠʩʢʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ [8ï11].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʛʝʤʘʥʛʠʦʤ ʩ çʢʨʠʪʠʯʝʩʢʦʡè 

ʣʦʢʘʣʠʟʘʮʠʝʡ ʫ ʜʝʪʝʡ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʦʪʜʝʣʝʥʠʠ ʭʠʨʫʨʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʤʘʪʝʨʠʥʩʪʚʘ ʠ ʜʝʪʩʪʚʘ ʛ. ɹʠʰʢʝʢ ʧʦʜ 

ʥʘʙʣʶʜʝʥʠʝʤ ʥʘʭʦʜʠʣʠʩʴ 1163 ʙʦʣʴʥʳʭ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 1 ʤʝʩʷʮʘ ʜʦ 15 ʣʝʪ. 52% ʩʣʫʯʘʝʚ 

ʦʙʨʘʪʠʣʠʩʴ ʢ ʚʨʘʯʘʤ ʜʦ 6 ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ 80% ʜʦ 1 ʛʦʜʘ. ɻʝʤʘʥʛʠʦʤʳ ʚ ʢʨʠʪʠʯʝʩʢʠʭ 

ʟʦʥʘʭ ʪʨʫʜʥʦ ʧʦʜʜʘʶʪʩʷ ʣʝʯʝʥʠʶ ʵʪʦ ʦʙʣʘʩʪʴ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʚʝʢ 74 (6,4%), ʢʦʥʯʠʢ ʥʦʩʘ 

86 (7,4%), ʛʫʙ, ʷʟʳʢʘ, ʩʣʠʟʠʩʪʦʡ ʧʦʣʦʩʪʠ ʨʪʘ 43 (3,9%), ʫʰʥʳʝ ʨʘʢʦʚʠʥʳ 27 (2,4%) ʩʣʫʯʘʝʚ. 

ʆʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʛʝʤʘʥʛʠʦʤ ʫ ʜʝʪʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ bï

ʘʜʨʝʥʦʙʣʦʢʘʪʦʨʦʚ çʧʨʦʧʨʘʥʦʣʦʣè. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ 40 ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 3 

ʤʝʩ̫ʮʝʚ ʜʦ 2 ʣʝʪ ʢʦʪʦʨʳʤ ʧʨʠʤʝʥʷʣʠ ʧʨʦʧʨʘʥʦʣʦʣ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʪʝʨʘʧʠʠ ʙʦʣʴʥʳʤ ʜʝʪʷʤ ʜʦ ʥʘʟʥʘʯʝʥʠʷ bïʘʜʨʝʥʦʙʣʦʢʘʪʦʨʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʷ ʩ ʦʮʝʥʢʦʡ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʘʪʨʠʦʚʝʥʪʠʢʫʣʷʨʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʩʝʤ ʧʘʮʠʝʥʪʘʤ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʚ ʩʦʩʪʘʚʝ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʟʥʘʯʘʣʩʷ ʥʝʩʝʣʝʢʪʠʚʥʳʡ bï

ʘʜʨʝʥʦʙʣʦʢʘʪʦʨ ʧʨʦʧʨʘʥʦʣʦʣ (ʘʥʘʧʨʠʣʠʥ) ʩʨʦʢʘʤʠ ʜʦ 6 ʤʝʩʷʮʝʚ. ʅʘʯʘʣʴʥʘʷ ʜʦʟʘ 1 ʤʛ/ʢʛ/ʩʫʪ 

ʚʥʫʪʨʴ ʩ ʯʘʩʪʦʪʦʡ ʧʨʠʝʤʘ 2 ʨʘʟʘ ʚ ʜʝʥʴ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʜʝʪʝʡ 

ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. ʆʩʤʦʪʨ ʧʘʮʠʝʥʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʝʨʝʟ 10 

ʜʥʝʡ, ʘ ʟʘʪʝʤ 1 ʨʘʟ ʚ ʤʝʩʷʮ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ɸɼ, ʏʉʉ ʠ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. ɺ ʪʦ ʚʨʝʤʷ, 

ʢʦʛʜʘ ʨʝʛʨʝʩʩ ʙʳʣ ʚʳʨʘʞʝʥʥʳʤ, ʧʨʦʠʟʚʦʜʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʟʳ ʜʦ 2 ʤʛ/ʢʛ/ʩʫʪ 3 ʨʘʟʘ ʚ ʜʝʥʴ.  

ʋ ʦʜʥʦʛʦ ʧʘʮʠʝʥʪʘ ʣʝʯʝʥʠʝ ʙʳʣʦ ʧʨʠʦʩʪʘʥʦʚʣʝʥʦ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʜʦ 7,7 ʤʤʦʣʴ/ʣ (ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʜʦʩʪʠʛʘʝʪ ʜʦ 5,5 

ʤʤʦʣʴ/ʣ), ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʳʣʦ ʧʨʦʚʝʜʝʥʘ ʢʦʨʨʝʢʮʠʷ ʛʠʧʝʨʛʣʠʢʝʤʠʠ ʣʝʯʝʥʠʝ ʙʳʣʦ 

ʚʦʟʦʙʥʦʚʣʝʥʦ. 

 

ʊʘʙʣʠʮʘ 1. 

ʈɸʉʇʈɽɼɽʃɽʅʀɽ ɼɽʊɽʁ ʉ ʈɸɿʃʀʏʅʓʄʀ ʊʀʇɸʄʀ ʀʉʊʀʅʅʓʍ ɻɽʄɸʅɻʀʆʄ ʇʆ ʇʆʃʋ 

 

ʊʠʧ ʛʝʤʘʥʛʠʦʤ ʄʫʞʩʢʦʡ ʧʦʣ ɾʝʥʩʢʠʡ ʧʦʣ ʆʙʘ ʧʦʣʘ 

ɸʙʩ. ʯʠʩʣʦ % ɸʙʩ. ʯʠʩʣʦ % ɸʙʩ. ʯʠʩʣʦ % 

ʀʩʪʠʥʥʳʝ ʛʝʤʘʥʛʠʦʤʳ 276 32,09 584 67,91 860 % 

ʂʘʧʠʣʣʷʨʥʳʝ 254 31,99 540 68,01 794 100 

ʂʘʚʝʨʥʦʟʥʳʝ 14 29,17 34 70,83 48 100 

ʉʤʝʰʘʥʥʳʝ 8 44,44 10 55,56 18 100 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ ʙʦʣʴʰʠʥʩʪʚʦ (ʨ <0,05) ʩʦʩʪʘʚʣʷʣʠ ʜʝʪʠ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 1 ʛʦʜʘ 

(92,33%) ʩ ʠʩʪʠʥʥʳʤʠ ʛʝʤʘʥʛʠʦʤʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦ 6 ʤʝʩʷʮʝʚ ð 73,43%, 7ï12 ʤʝʩʷʮʝʚ ð 

25,57%. ɼʝʪʠ ʩ ʢʘʧʠʣʣʷʨʥʳʤʠ ʛʝʤʘʥʛʠʦʤʘʤʠ ʧʨʝʦʙʣʘʜʘʣʠ (ʨ <0,05) ʣʠʮʘ ʤʣʘʜʰʝ 6 ʤʝʩʷʮʝʚ 
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(72,54). ʉʤʝʰʘʥʥʳʝ ʛʝʤʘʥʛʠʦʤʳ ʯʘʱʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 1ï6 ʤʝʩʷʮʝʚ ð 38,89%, ʠ 

1ï3 ʛʦʜʘ ð 38,89%. 

ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʣʝʯʝʥʠʷ ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʦʧʝʨʘʪʠʚʥʳʡ ʤʝʪʦʜ 

ʣʝʯʝʥʠʷ ʛʝʤʘʥʛʠʦʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘ ʟʘʢʨʳʪʳʭ 

ʫʯʘʩʪʢʘʭ ʪʝʣʘ: ʚʦʣʦʩʠʩʪʘʷ ʯʘʩʪʴ ʛʦʣʦʚʳ, ʰʝʠ, ʢʦʥʝʯʥʦʩʪʝʡ, ʪʫʣʦʚʠʱʘ. ɺ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʛʝʤʘʥʛʠʦʤʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʦʙʰʠʨʥʳʭ ʫʯʘʩʪʢʘʭ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʚʦʙʦʜʥʫʶ 

ʧʝʨʝʩʘʜʢʫ ʢʦʞʠ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʜʝʬʝʢʪʦʚ ʧʦʩʣʝ ʫʜʘʣʝʥʥʦʡ ʦʧʫʭʦʣʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʜʘ ʣʝʯʝʥʠʷ ʛʝʤʘʥʛʠʦʤ ʙʳʣʠ ʩʦʙʣʶʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʨʫʰʝʥʠʝ ʩʦʩʫʜʠʩʪʦʛʦ ʦʧʫʭʦʣʠ ʦʢʨʫʞʘʶʱʠʭ ʪʢʘʥʝʡ,  

2. ʪʢʘʥʠ ʦʧʫʭʦʣʠ ʙʳʣʠ ʣʠʢʚʠʜʠʨʦʚʘʥʳ ʧʦʣʥʦʩʪʴʶ, ʧʨʝʚʨʘʪʠʚʰʠʩʴ ʚ ʨʫʙʮʦʚʫʶ ʪʢʘʥʴ,  

3. ʢʦʩʤʝʪʠʯʝʩʢʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʜʦʩʪʠʛʥʫʪ. 

ʇʨʠ ʛʝʤʘʥʛʠʦʤʘʭ ʚ çʢʨʠʪʠʯʝʩʢʠʭè ʟʦʥʘʭ ʧʨʦʚʦʜʠʣʩʷ ʝʱʝ ʦʜʠʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ 

ʤʝʪʦʜ ʣʝʯʝʥʠʷ ʵʪʦ ʢʦʨʦʪʢʦʬʦʢʫʩʥʘʷ ʨʝʥʪʛʝʥʦʪʝʨʘʧʠʷ, ʢʦʪʦʨʫʶ ʤʳ ʧʨʦʚʝʣʠ 40 ʙʦʣʴʥʳʤ ʚ 

ʚʦʟʨʘʩʪʝ ʦʪ 3 ʤʝʩʷʮʝʚ ʜʦ 1 ʛʦʜʘ ʦʪ 2 ʜʦ 16 ʩʝʘʥʩʦʚ, ʜʦʟʘ ʦʙʣʫʯʝʥʠʷ ʦʪ 2 ʜʦ 11 ɻʨʝʡ. ʊʘʢʦʡ ʚʠʜ 

ʣʝʯʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʫ ʜʝʪʝʡ ʩ ʦʧʫʭʦʣʷʤʠ ʚ ʦʙʣʘʩʪʠ ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʚʝʢʦ (7 ʙʦʣʴʥʳʤ), 

ʱʝʢʠ ʠ ʧʦʜʙʦʨʦʜʦʢ (4), ʧʨʘʚʳʡ ʛʣʘʟ (1), ʥʘʜʙʨʦʚʥʘʷ ʦʙʣʘʩʪʴ (4). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ çʧʨʦʧʨʘʥʦʣʦʣʘè ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʨʘʞʝʥʥʦʡ 

ʛʠʧʦʛʣʠʢʝʤʠʠ ʛʠʧʦʪʦʥʠʠ ʟʘ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ. ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ 

ʠʟʣʦʞʝʥʳ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʛʝʤʘʥʛʠʦʤ (ʨ>0,05). 

 

ʊʘʙʣʠʮʘ 2. 

ɼɸʅʅʓɽ ʇʆ ʀɿʄɽʅɽʅʀʖ ʉʊʈʋʂʊʋʈʓ ɻɽʄɸʅɻʀʆʄ 

 

ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʛʝʤʘʥʛʠʦʤ 

ʄʫʞʩʢʦʡ ʧʦʣ ɾʝʥʩʢʠʡ ʧʦʣ ʆʙʘ ʧʦʣʘ 

ʘʙʩ. 

ʯʠʩʣʦ 

% ʘʙʩ. 

ʯʠʩʣʦ 

% ʘʙʩ. 

ʯʠʩʣʦ 

% 

ʉʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʢʨʘʩʢʠ 

13 32,5 27 67,5* 40 100 

ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ  13 32,5 26 65,0* 39 100 

ʋʧʣʦʱʝʥʠʝ 11 27,5 25 62,5 * 36 100 

ʀʟʤʝʥʝʥʠʝ ʢʦʥʩʠʩʪʝʥʮʠʠ 

 

9 22,5 23 57,5 32 100 

ʇʨʠʤʝʯʘʥʠʝ: * ð ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʘʮʠʝʥʪʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ 

ʧʦʣʘ (ʨ <0,05).  

 

ʋ ʚʩʝʭ ʜʝʪʝʡ, ʧʦʣʫʯʠʚʰʠʭ ʣʝʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ çʧʨʦʧʨʘʥʦʣʦʣʘè ʥʘʙʣʶʜʘʣʩʷ ʨʝʛʨʝʩʩ ʢ 

ʢʦʥʮʫ 6 ʤʝʩʷʮʘʤ ʣʝʯʝʥʠʷ. ʂ 12 ʥʝʜʝʣʠ ʦʪʤʝʯʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʦʪ ʢʨʘʩʥʦʛʦ ʜʦ 

ʬʠʦʣʝʪʦʚʦʛʦ, ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʣʠ ʧʣʦʩʢʠʤʠ ʠ ʤʷʛʢʠʤʠ. ʂ 24 ʥʝʜʝʣʠ ʮʚʝʪ ʛʝʤʘʥʛʠʦʤʳ ʩʪʘʣ 

ʨʦʟʦʚʳʤ, ʧʦʷʚʠʣʘʩʴ ʤʷʛʢʘʷ ʢʦʥʩʠʩʪʝʥʮʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʝʯʝʥʠʷ ʛʝʤʘʥʛʠʦʤ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ð 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ʙʳʣʦ ʥʘʠʙʦʣʴʰʝʡ.  

ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʣʝʯʝʥʠʝ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʢʘʢ ʤʦʞʥʦ ʨʘʥʴʰʝ ð ʩ ʧʝʨʚʳʭ 

ʜʥʝʡ, ʥʝʜʝʣʴ, ʤʝʩʷʮʝʚ ʞʠʟʥʠ ʨʝʙʝʥʢʘ, ʪʘʢ ʢʘʢ ʦʧʫʭʦʣʴ ʨʘʩʪʝʪ ʙʳʩʪʨʦ. ʋ 90% ʜʝʪʝʡ 

ʥʘʙʣʶʜʘʣʠʩʴ ʭʦʨʦʰʠʝ ʢʦʩʤʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʝʟ ʦʩʣʦʞʥʝʥʠʡ, ʢʘʢ, ʩʦ ʩʪʦʨʦʥʳ 

ʦʧʝʨʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. 
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ʇʨʠʤʝʥʝʥʠʝ ʢʦʨʦʪʢʦʬʦʢʫʩʥʦʡ ʨʝʥʪʛʝʥʦʪʝʨʘʧʠʠ ʪʘʢʞʝ ʧʦʢʘʟʘʣʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʣʝʯʝʥʠʠ ʛʝʤʘʥʛʠʦʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʢʨʘʱʝʥʠʶ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʠʟʣʝʯʠʚʘʥʠʶ. ʅʘ ʤʝʩʪʝ ʦʧʫʭʦʣʠ ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʜʝʬʝʢʪʳ ʢʦʞʠ, 

ʘʪʨʦʬʠʷ, ʩʥʠʞʝʥʠʝ ʧʠʛʤʝʥʪʘʮʠʠ ʠ ʵʣʘʩʪʠʯʥʦʩʪʠ ʢʦʞʠ ʭʦʨʦʰʠʡ ʵʬʬʝʢʪ ʥʘʩʪʫʧʠʣ ʚ 95% 

ʩʣʫʯʘʝʚ ʠ ʧʨʦʠʟʦʰʣʦ ʧʦʣʥʦʝ ʚʳʟʜʦʨʦʚʣʝʥʠʝ. 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʝʯʝʥʠʝ ʛʝʤʘʥʛʠʦʤ ʫ ʜʝʪʝʡ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʉʨʝʜʠ 

ʘʚʪʦʨʦʚ ʥʝʪ ʝʜʠʥʩʪʚʘ ʤʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʣʝʯʝʥʠʷ, ʦʪʩʫʪʩʪʚʫʶʪ ʦʙʲʝʢʪʠʚʥʳʝ 

ʢʨʠʪʝʨʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʪʝʯʝʥʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʦʨʨʝʢʮʠʠ. ʅʘʣʠʯʠʝ ʦʩʣʦʞʥʝʥʠʡ ʩʧʦʥʪʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ ʪʘʢʞʝ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʱʝʛʦ ʠ ʤʝʩʪʥʦʛʦ ʣʝʯʝʥʠʷ, ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ 

ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʪʘʢʪʠʢʠ ʣʝʯʝʥʠʷ ʛʝʤʘʥʛʠʦʤ ʫ ʜʝʪʝʡ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ 

ʤʝʪʦʜ ʣʝʯʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʙʝʥʢʘ.  

ʀʪʘʢ, ʧʨʠʤʝʥʝʥʠʝ ʥʝʩʝʣʝʢʪʠʚʥʦʛʦ bïʘʜʨʝʥʦʙʣʦʢʘʪʦʨʘ çʧʨʦʧʨʘʥʦʣʦʣʘè ʚʥʫʪʨʴ ʧʦ 2 

ʤʛ/ʢʛ/ʩʫʪ 2ï3 ʨʘʟʘ ʚ ʜʝʥʴ ʚʳʟʳʚʘʣʠ ʨʝʛʨʝʩʩʠʶ (ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ, ʢʨʘʩʥʦʪʳ, ʫʧʣʦʱʝʥʠʝ ʠ 

ʨʘʟʤʷʛʯʝʥʠʝ) ʚ 90% ʩʣʫʯʘʝʚ.  

ʍʠʨʫʨʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʣʝʯʝʥʠʷ ʛʝʤʘʥʛʠʦʤ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʫ ʜʝʪʝʡ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʠʭ ʢʦʩʤʝʪʠʢʦïʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 90% ʩʣʫʯʘʝʚ.  

ʂʦʨʦʪʢʦʬʦʢʫʩʥʘʷ ʨʝʥʪʛʝʥʦʪʝʨʘʧʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʧʨʦʩʪʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʝʝ ʧʨʦʚʝʜʝʥʠʷ ʚ ʘʤʙʫʣʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 
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Abstract. This literature review focuses on non-alcoholic fatty liver disease (NAFTLD). 

Today, the world practice of researching diseases is characterized by a multifactor approach, in 

particular, it concerns pathologies, which are based on a cascade of metabolic disorders, where 

insulin resistance is one of the key places. Today, NAFTLD is considered an integral part of 

the metabolic syndrome. The frequency of occurrence of NAFTLD varies from 14 to 26%, in 

addition, 10% of patients show signs of steatohepatitis non-alcoholic etiology. The pathogenesis of 

steatosis and metabolic steatohepatitis is poorly studied and there are very contradictory data in 

the literature, which served as the basis for the creation of this review. The authors consider in detail 

the historical aspect of the formation of the NAFTLD as an independent nosological unit. A number 

of etiological aspects of the formation of NAFTLD, but to a large extent, the review is devoted to 

the mechanisms and pathogenesis of the formation of NAFTLD. A concept has been put forward 

that reflects the role of oxidative stress and the death of mitochondrial complexes in initiating 

the initiation of apoptosis and/or necrosis of hepatocytes (under these conditions there is an 
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activation of leukocytes and Ito cells in Disse space, which contributes to the fibrosis proliferation 

and the formation of NAFTLD). Also, in this paper, there is also a place for searching for the cause-

and-effect relationships of such comorbid diseases, such as NAFTLD and carbohydrate metabolism 

disorders. 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʩʚʷʱʝʥ ʥʝʘʣʢʦʛʦʣʴʥʦʡ ʞʠʨʦʚʦʡ ʙʦʣʝʟʥʠ 

ʧʝʯʝʥʠ (ʅɾɹʇ). ʉʝʛʦʜʥʷ ʤʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʙʦʣʝʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʫʣʴʪʠʬʘʢʪʦʨʥʳʤ ʧʦʜʭʦʜʦʤ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʢʘʩʘʝʪʩʷ ʧʘʪʦʣʦʛʠʡ, ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ, 

ʩʦʩʪʘʚʣʷʝʪ ʢʘʩʢʘʜ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʛʜʝ ʢʣʶʯʝʚʦʝ ʤʝʩʪʦ ʧʨʠʥʘʜʣʝʞʠʪ 

ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʅʘ ʩʝʛʦʜʥʷ ʅɾɹʇ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ 

çʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘè. ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʅɾɹʇ ʚʘʨʴʠʨʫʝʪ ʦʪ 14 ʜʦ 26%, ʧʦʤʠʤʦ 

ʵʪʦʛʦ, ʫ 10% ʧʘʮʠʝʥʪʦʚ ʚʳʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ ʩʪʝʘʪʦʛʝʧʘʪʠʪʘ ʥʝʘʣʢʦʛʦʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ. 

ʇʘʪʦʛʝʥʝʟ ʩʪʝʘʪʦʟʘ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʪʝʘʪʦʛʝʧʘʪʠʪʘ ʤʘʣʦʠʟʫʯʝʥ ʠ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʚʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ, ʯʪʦ ʠ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ. ɸʚʪʦʨʘʤʠ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʠʩʪʦʨʠʯʝʩʢʠʡ ʘʩʧʝʢʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʅɾɹʇ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʥʦʟʦʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ. ʈʘʩʩʤʦʪʨʝʥ ʨʷʜ 

ʵʪʠʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʅɾɹʇ, ʥʦ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ 

ʤʝʭʘʥʠʟʤʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʘʪʦʛʝʥʝʟʫ ʅɾɹʇ. ɺʳʜʚʠʥʫʪʘ ʢʦʥʮʝʧʮʠʷ, ʦʪʨʘʞʘʶʱʘʷ ʨʦʣʴ 

ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʛʠʙʝʣʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʠʥʠʮʠʘʮʠʠ ʟʘʧʫʩʢʘ 

ʘʧʦʧʪʦʟʘ ʠ/ʠʣʠ ʥʝʢʨʦʟʘ ʛʝʧʘʪʦʮʠʪʦʚ (ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʠʟʘʮʠʷ ʣʝʡʢʦʮʠʪʦʚ ʠ 

ʢʣʝʪʢʠ ʀʪʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ɼʠʩʩʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʠʙʨʦʟʥʦʤʫ ʨʘʟʨʘʩʪʘʥʠʶ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʅɾɹʇ). ʊʘʢʞʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʪʚʦʜʠʪʩʷ ʠ ʤʝʩʪʦ ʧʦʠʩʢʫ ʧʨʠʯʠʥʥʦï

ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʪʘʢʠʭ ʢʦʤʦʨʙʠʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʘʢ ʅɾɹʇ ʠ ʥʘʨʫʰʝʥʠʷ ʫʛʣʝʚʦʜʥʦʛʦ 

ʦʙʤʝʥʘ.  

 

Keywords: non-alcoholic fatty liver disease, pathogenesis, steatosis, steatohepatitis. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʘʣʢʦʛʦʣʴʥʘʷ ʞʠʨʦʚʘʷ ʙʦʣʝʟʥʴ ʧʝʯʝʥʠ, ʧʘʪʦʛʝʥʝʟ, ʩʪʝʘʪʦʟ, 

ʩʪʝʘʪʦʛʝʧʘʪʠʪ. 

 

Today, the world practice of researching diseases is characterized by a multifactor approach, 

in particular, it concerns pathologies, which are based on a cascade of metabolic disorders, where 

insulin resistance (IR) is at the forefront [1, ʨ. 2063]. 

Many researchers consider non-alcoholic fatty liver disease (NAFTLD) as an integral part of 

the metabolic syndrome. The frequency of occurrence of NAFTLD varies from 14% to 26% [7, ʨ. 

510], in addition, 10% of patients show signs of steatohepatitis non-alcoholic etiology. 

Previously it was thought that NAFTLD is quite a benign pathology, until it became clear that 

NAFTLD leads to the development of cirrhosis in 4ï30% of cases [20, ʨ. 25], and actually, 

steatohepatitis predetermines the development of fibrosis, and subsequently liver necrosis [3, ʨ. 

332; 12, ʨ. 475]. Starting from 2003, following the results of the 1st World Congress on Insulin 

Resistance, held in the USA, it was decided that, along with AH and type 2 diabetes mellitus (DM), 

should be considered a component of the metabolic syndrome [22, ʨ. 7]. 

NAFTLD is an independent nosological unit. The history of the study of NAFTLD begins 

with the 19th century when Frerich described the presence of morphological changes in the liver in 

patients with the so-called ñsugar diseaseò [2, ʨ. 389].  

In the 1970s concepts began to emerge in which an association was established between the 

appearance of fatty dystrophy and the further progression of cirrhosis of the liver [10, ʨ. 357].  
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In 1980, a group of researchers led by J. Ludwig introduced the concept of steatohepatitis to 

non-alcoholic etiology (later the term acquired the form ñnon-alcoholic steatohepatitisò) [5, ʨ. 84], 

describing the features of liver damage in patients with type 2 diabetes [13, ʨ. 665]. J. Ludwig 

discovered morphofunctional alterations of the liver together with pathognomonic signs that were 

inherent in alcoholic liver disease [11, ʨ. 15].  

Although such alterations were referred to as ñnon-alcoholic Laenekovskaya liver diseaseò, 

ñdiabetic hepatitisò, etc. [19, ʨ. 30].  

The term ñnon-alcoholic steatohepatitisè is used to refer to the morphofunctional changes in 

the liver caused by infiltration against the background of fatty liver dystrophy [14, ʨ. 305]. 

NAFTLD significantly changed the modern understanding of the etiological structure of 

chronic diffuse lesions of the liver. The risk of developing NAFTLD significantly higher with 

obesity. Thus, in studies conducted under the guidance of S. Bellentani (2010), steatosis was 

diagnosed in 20% of people who do not drink alcohol and are not susceptible to obesity. In the 

presence of obesity, the prevalence of NAFTLD rises to 60,3ï75,9% [8, ʨ. 788], and in the case of a 

combination of obesity and type 2 diabetes, the detection rate according to various authors can 

reach 78% [9, ʨ. 7240]. 

The pathogenesis of steatosis and metabolic steatohepatitis is poorly understood and there are 

very contradictory data in the literature. The generally accepted concept is that steatosis precedes 

steatohepatitis, therefore, the ñ2 blowsò theory is one of the modern models of the primary 

NAFTLD [4, ʨ. 2006; 14, ʨ. 305]. Changes in tissue tolerance to insulin, due to receptor 

desynchronosis, lead to disruptions in glucose uptake by the cells, which initiates an increase in the 

lipolysis rate in adipose tissue and an increase in free fatty acid (FFA) concentrations in the blood. 

Hyperinsulinemia affects the decrease in the rate of FFA oxidation in the liver, which results in an 

increase in the synthesis of very low-density lipoproteins. The whole cascade of factors is excessive 

transportation of FFA to the liver, inhibition of the processes of mitochondrial oxidation of FFA, 

and so on ð have a positive effect on the consolidation of triglycerides in hepatocytes, which 

undoubtedly lead to fatty degeneration of the liver (ñfirst strikeò or ñfirst pushò). 

At the next stage of the pathology, the formation of steatohepatitis occurs, the integral 

companions of which are destructiveïinflammatory and necrotic changes in the liver, developing 

according to classical mechanisms. FFAs have a direct damaging effect on cellular structures. The 

toxic effect of FFA leads to destabilization of the mitochondrial complexes with the further 

destruction of the latter; inhibition of K
+
/Na

+
 ATPase activity and glycolytic enzymes, desynchrony 

of oxidative phosphorylation; neutralization of excess fatty acids peroxisome by. 

The severity of the damaging effect depends on many factors, this is the state of antioxidant 

systems, the rate of initiation of alternative ways of FFA metabolization, and of course, the 

functionality of the protective cellular mechanisms of mitochondrial ɓïoxidation. In addition, FFAs 

act as a highly aggressive substrate of lipid peroxidation (SLP), the metabolites of which are 

triggers of chemotaxis of leukocytes, causing the transition of steatosis to steatohepatitis. Oxidative 

stress and the death of mitochondrial complexes initiate the launch of apoptosis and / or necrosis of 

hepatocytes, under these conditions there is an activation of leukocytes and Ito cells in the Diss 

space, which contributes to fibrous growth. 

So, back in 1979, D. Pessayre put forward the hypothesis that oxidized fat is the initiating 

factor of POL. But, in the course of a number of studies, it was found that in a number of patientôs 

liver steatosis does not develop to the stage of fibrosis and necrosis. Based on this, it was found that 

the development of steatohepatitis requires the presence of additional factors of the ñsecond shockò 

or ñsecond strikeò. 
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It is the disorganization of the functions of cell components that causes inflammation, so the 

research team led by H. Enomoto (2015) proved that under the influence of FFA and ɓïoxidation 

metabolites, patients with steatohepatitis undergo changes in the structure and functions of 

mitochondrial complexes [5, ʨ. 90]. Mitochondrial complexes begin to act as a depot of atomic 

forms of oxygen, leading to POL. When experimentally modeled nonalcoholic steatohepatitis in 

animals, excessive expression of cytochromes P450 and cyp2E1 is observed. Cytochrome cyp2E1 is 

involved in the generation of hydroperoxides from ketones, nitrosamines and aldehydes of 

endogenous origin. A possible initiating factor for the induction of cytochrome in patients who do 

not drink alcohol may be FFA, which in turn can increase the activity of cyp2E1, as noted by some 

researchers. So, a group of researchers led by L. Leclerq, proven cyp2E1 provides NADPHï

dependent lipid oxidation. L. Leclerq et al. (2010) proved experimentally the relationship of cyp 1a, 

cyp 3a, cyp 4a in the occurrence of non-alcoholic steatohepatitis with the mediated interaction of 

the POL system [5, ʨ. 90]. It has been proven that chronic drinking can lead to peroxide production. 

Sore et al. (2010) in animal experiments revealed a relationship between the presence of NAFTLD 

in combination metabolic syndrome and higher production of endogenous ethanol [8, ʨ. 789]. Since 

2011, a number of studies under the guidance of S. Nuer have revealed high ethanol content in 

exhaled air in people with obesity, compared with people who have normal body weight. 

With ñoxidative stressò, the production of TNFïa, as well as other forms of TNFïinduced 

cytokines (IL-6, IL-8), which, together with oxygenated forms, dicarboxylic acids and oxidation 

derivatives, increases, increases which ultimately leads to necrosis and apoptosis of hepatocytes. 

So, in their research T. Henbert et al. (2010), showed that TNFïa can be conditionally 

considered as an early marker of liver damage, as well as facilitating the proliferation process by 

fibrinolysis along with other cytokines [14, ʨ. 305]. 

The increased production of TNFïa may be due to the activation of Kupffer cells by bacterial 

antigens entering the portal vein into the liver. The results of the hydrogen respiratory test, in 50ï

70% of cases of non-alcoholic steatohepatitis revealed excessive bacterial proliferation in the small 

intestine. The maximum severity of bacterial growth is observed in patients with non-alcoholic 

steatohepatitis with an outcome in cirrhosis of the liver. 

A. Greenberg and M. McDaniel (2012) showed an increased TNFïa activity in patients with 

NAFTLD with obesity and IR. Increased hepatic expression of TNFïa occurs when IR, 

experimentally induced diet with an increase in FA. Metabolic syndrome there is an increased 

expression of TNFïa in conjunction with other pro-inflammatory cytokines, which are additionally 

secreted by adipocytes of adipose tissue. 

Signs of iron overload are detected in the majority of patients with NAFTLD. According to B. 

Bacon et al. (2004) and S. Chitturi (2012) indicators of iron are detected pathological in 50ï65% of 

cases [17, ʨ. 28; 8, ʨ. 788]. D. Driton (2016) noted that an excessive increase in iron is due to POL. 

According to E. Buganrssi (2010), an increased level of ferritin is a marker of severe damage, 

which is histologically verified in more than 97% of cases, rather than iron overload [17, ʨ. 21]. 

Some researchers found His63Asp HFE mutations in a number of patients with NAFTLD, 

which are characteristic of hemochromatosis. 

In a study by H. Borovsky et al. (2011), in patients with such mutations, liver fibrosis was 

more pronounced. E. Buganrssi (2014) believes that iron overload and HFE mutations do not 

contribute to the development of liver fibrosis [16, ʨ. 5; 21, ʨ. 74]. 

Other authors also note that there is no evidence of iron overload in patients with NAFTLD. 

R. Vorand et al. (2015) associated hepatic iron overload with IR, regardless of liver damage. 

Hepatic lipid synthesis is stimulated as a result of increased intake of long-chain fatty acylïCoA 

acids in the liver, and the production of intermediate lipids increases, in addition to diacylglycerols 
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[15, ʨ. 322; 18, ʨ. 42]. Many of these intermediate lipids lead to the development of hepatic 

inflammation and increase the risk of progression of NAFTLD to NASH. Non-esterified hepatic 

lipids also induce endoplasmic reticulum stress, leading to the activation of Nïterminal kinases and 

the nuclear factor əB (NFïəB) ɓïcells [20, ʨ. 26], which are the two main regulators of 

inflammatory pathways (interleukin-6 and other pro-inflammatory cytokines transcription), which 

also inhibit phosphorylation insulin receptor substrate 1 (IRS-1) [6, ʨ. 18], which, in turn, 

aggravates the degree of hepatic IR and increases intrahepatic cytokine production [7, ʨ. 510]. 

Despite the many works on this topic, which reflect the dietary aspects of the formation of 

metabolic syndrome and NAFTLD, the role of the alimentary factor has not been practically 

studied. 

It is still not clear whether the accumulation of fats in the liver causes inflammation, or if 

inflammation is caused by other causes, causing impaired hepatocyte function leading to steatosis. 

Many researchers doubt that excessive accumulation of lipids as such is the cause of secondary 

inflammation. Argument is the fact that pronounced hepatic steatosis is not always accompanied by 

the phenomena of hepatitis and fatty degeneration, because the latter is observed more often than 

steatohepatitis. In contrast, experimental data suggest that fatty acid infiltration promotes the 

formation of fibrous tissue in the liver and there is a direct correlation between the degree of 

steatosis and fibrosis. 

Thus, in spite of the recent achievements of the medicine NAFTLD, it still remains a little 

studied pathology, which requires further research in this area. 
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Abstract. Acute pancreatitis (AP) is one of the most common and serious diseases of 

the abdominal organs. Among the diseases that form an acute surgical pathology of the abdominal 

organs, AP takes 3rd place, and there are from 8% to 14.5% of cases. Ultrasound is the most 

important diagnostic method for ɸP, which opens up wide possibilities, but the information content 

in the study of arterial and venous blood flow in the liver in SP is not yet fully understood. The aim 

of the study was to study the key changes in hemodynamic parameters of arterial and venous blood 

flow in patients with acute pancreatitis. The study group included 23 patients with a diagnosis of 

acute pancreatitis who were hospitalized at the Republican Clinical Hospital no. 4 and 

the Republican Clinical Hospital no. 3 of the city district of Saransk from October 2016 to April 

2017. Ultrasound examination the pancreas against the background of acute pancreatitis showed 

that in the edematous form of acute pancreatitis, the size of the test organ was increased on the 1st 

day of the study. Against the background of acute pancreatitis in the forms studied (edematous and 

pancreatonecrosis), an increase in the size of the liver was observed, indicating its involvement in 

the inflammatory process. Pancreatonecrosis was accompanied by endotoxicosis and deep systemic 

disorders in the form of multiple organ failure, manifested by the occurrence of portal hypertension, 

as evidenced by persistent changes during all periods of observation. 
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ɸʥʥʦʪʘʮʠʷ. ʆʩʪʨʳʡ ʧʘʥʢʨʝʘʪʠʪ (ʆʇ) ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʪʷʞʝʣʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʦʨʛʘʥʦʚ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ. ʀʟ ʯʠʩʣʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʦʩʪʨʫʶ 

ʭʠʨʫʨʛʠʯʝʩʢʫʶ ʧʘʪʦʣʦʛʠʶ ʦʨʛʘʥʦʚ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ, ʆʇ ʟʘʥʠʤʘʝʪ 3 ʤʝʩʪʦ, ʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʪ 8% ʜʦ 14,5% ʩʣʫʯʘʝʚ. ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ð ʚʘʞʥʝʡʰʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʧʨʠ ʆʇ, ʦʪʢʨʳʚʘʶʱʠʡ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʠ ʚʝʥʦʟʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʧʝʯʝʥʠ ʧʨʠ ʆʇ ʧʦʢʘ ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥʘ. ʎʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʢʣʶʯʝʚʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʤʦʜʠʥʘʤʠʢʠ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʠ ʚʝʥʦʟʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʫ ʙʦʣʴʥʳʭ ʩ ʦʩʪʨʳʤ ʧʘʥʢʨʝʘʪʠʪʦʤ. ɺ ʛʨʫʧʧʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʰʣʠ 23 ʧʘʮʠʝʥʪʘ ʩ ʜʠʘʛʥʦʟʦʤ: ʦʩʪʨʳʡ ʧʘʥʢʨʝʘʪʠʪ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʣʝʯʝʥʠʠ ʚ ɻɹʋɿ ʈʄ çʈʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ˉ4è ʠ 

çʈʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ˉ3è ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʉʘʨʘʥʩʢ ʚ ʧʝʨʠʦʜ ʩ ʦʢʪʷʙʨʷ 

2016 ʧʦ ʘʧʨʝʣʴ 2017 ʛ. ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʥʘ ʬʦʥʝ ʦʩʪʨʦʛʦ 

ʧʘʥʢʨʝʘʪʠʪʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʦʪʝʯʥʦʡ ʬʦʨʤʝ ʦʩʪʨʦʛʦ ʧʘʥʢʨʝʘʪʠʪʘ ʨʘʟʤʝʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʨʛʘʥʘ ʙʳʣʠ ʫʚʝʣʠʯʝʥʳ ʚ 1-ʡ ʜʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʬʦʥʝ ʦʩʪʨʦʛʦ ʧʘʥʢʨʝʘʪʠʪʘ ʧʨʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʨʤʘʭ (ʦʪʝʯʥʦʡ ʠ ʧʘʥʢʨʝʦʥʝʢʨʦʟʝ) ʦʪʤʝʯʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʝʯʝʥʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʝʝ ʚʦʚʣʝʯʝʥʠʠ ʚ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ʇʘʥʢʨʝʦʥʝʢʨʦʟ 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʷʚʣʝʥʠʷʤʠ ʵʥʜʦʪʦʢʩʠʢʦʟʘ ʠ ʛʣʫʙʦʢʠʤʠ ʩʠʩʪʝʤʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʚʠʜʝ 

ʧʦʣʠʦʨʛʘʥʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʧʨʦʷʚʣʷʶʱʠʤʠʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʧʦʨʪʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ, 

ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʩʪʦʡʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʩʝ ʩʨʦʢʠ ʥʘʙʣʶʜʝʥʠʷ. 

 

Keywords: acute pancreatitis, hemodynamics, Doppler ultrasound. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʪʨʳʡ ʧʘʥʢʨʝʘʪʠʪ, ʛʝʤʦʜʠʥʘʤʠʢʘ, ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʦʧʧʣʝʨʦʛʨʘʬʠʷ. 

 

Introduction 

Acute pancreatitis (AP) is one of the most common and serious diseases of the abdominal 

organs. Among the diseases that form the acute surgical pathology of the abdominal cavity, AP 

takes 3rd place [3, ʨ. 147], and there are from 8% to 14,5% of cases [6, ʨ.10]. 

Endogenous intoxication and, respectively, developing in the result of this, macroï and 

microhemodynamic disorders are the key links of pathogenesis in various forms of AP, and in fact, 

they predetermine the severity and prognosis of the disease. Generalized macroï and 

microcirculatory disorders cause the pathological effects of pancreatogenic toxaemia [1, ʨ. 13], 

which form the basis for the formation of multiple organ failure in AP [3, ʨ. 146]. 

Hemodynamic disorders that appear in the early stages of the disease are diverse and can 

manifest themselves as an increase in vascular resistance, a decrease in circulating blood volume, as 

well as other microcirculation disorders. Microcirculatory disorders acquire a generalized character 

while having a clear staging and, as a rule, determined by the severity of destructive changes in the 

gland [2, ʨ. 297], [4, ʨ. 29], [5, ʨ. 1232]. 

Ultrasound is the most important diagnostic method for AP, which opens up opportunities, 

but the information contained in the study of arterial and venous blood flow in the liver in AP has 

not been fully studied. As such, there is no single, generally accepted technique of ultrasound 

angiography of the liver vessels, different authors interpret the values of hemodynamic parameters 

in their own way, and the value of ultrasound angiography in the diagnostic algorithm is not fully 

determined examinations of such patients. 

All the above facts mainly substantiate the urgency of the problem, predetermining the goals 

and objectives of the study. 
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Material and research methods 

We conducted a study of 23 patients with a diagnosis of acute pancreatitis who were 

hospitalized at the Republican Clinical Hospital no. 4 and the Republican Clinical Hospital no. 3 of 

the city district of Saransk from October 2016 to April 2017. 

The criterion for the selection of patients was the presence of a wellïestablished diagnosis: 

acute pancreatitis, age from 20 to 70 years. The study was performed on 1, 3, 6, 9 and 12 days from 

the onset of the disease. 

The study group included 23 people. Among them, 13 (57%) men and 10 (43%) women aged 

from 2 to 70 years. The average age for men is 47.19Ñ3.35, for women ð 56.25Ñ2.25 years. The 

control group consisted of 5 practically healthy individuals, in whom clinical and anamnestic data 

excluded the presence of an acute pathology of the abdominal organs. 

Ultrasound examination was performed on admission or in the coming hours of the patient's 

stay in the emergency surgery department in order to preliminarily determine the nature of 

pathological changes in the pancreas and surrounding anatomical structures. A complex ultrasound 

study was performed on an empty stomach on ultrasound scanners Toshiba Aplio 400 (Japan) and 

Aloka SSD 3500 (Japan) with a 3.5 MHz convex sensor. 

The ultrasound technique included 2 stages: at the 1st stage, an ultrasound examination was 

performed in the Bïmode (general abdominal examination), at the 2nd stage ð the blood flow in 

the main vessels of the abdominal cavity (celiac trunk, common hepatic, splenic arteries and portal 

Vienna) methods of color and pulseïwave Doppler. 

Based on the assessment of the Doppler spectrum, the quantitative parameters of blood flow 

in arterial vessels were determined: peak systolic blood flow velocity (Vps), final diastolic blood 

flow velocity (Ved), volumetric blood flow velocity in the vessels under study. In the portal vein, 

the vessel diameter was evaluated, the linear blood flow velocity (LBFV) and the volumetric blood 

flow velocity (VBFV) were also evaluated. 

Statistical processing of the results was carried out using Microsoft Excel software and 

ñSTATISTICA 6.0.ò. In this case, parametric methods for evaluating the results were used ð the 

calculation of the arithmetic mean, the standard deviation, the mean arithmetic mean error. 

Evaluation of differences between the compared groups according to the selected criteria was 

carried out according to the studentôs criterion. The reliability of changes was recognized when the 

probability of error p<0.05. 

 

Results and discussion 

With the edematous form of AP on the first day, the size of the right lobe of the liver 

increased: anteroïposterior size (AP) ð 106.5Ñ6.27 mm (106.5%), p <0.05, upper-lower size (UL) 

ð 124.1Ñ1.78 mm (104.02%), p <0.05, and already from 3 days the dimensions of the right lobe 

reliably decreased to almost normal values of AP ð 105.6 Ñ 3.1 mm (105.6%), UL ð 121.0Ñ3.29 

mm (101.00%), which indicates a gradual restoration of the microcirculation of the liver and 

normalization of the function of hepatocytes against the background of adequate treatment during 

the initial stage of acute pancreatitis (Table 1). 

In pancreatic necrosis, the size of the right lobe of the liver was increased throughout the 

entire observation period, the maximum organ size was fixed for 3 days AP ð 114.8Ñ2.1 mm 

(114.8%), p <0.05; UL ð 127.2 Ñ5.15 mm (105.8%), p <0.05 (Table 1). 

In the study of the size of the pancreas, it was found that in an edematous form on the first day 

the size of the gland is enlarged and consists of: head ð 36.63Ñ4.11 mm (122.1%), p <0.05, body 

ð 24.25Ñ1.43 mm (97.00%), tail ð 23.77Ñ1.68 mm (118.00%), ʨ <0.05. On the third day, the size 
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of the gland comes to almost normal values: the head ð 31.74Ñ2.02 mm (105.1%), the body 

23.22Ñ2.96 mm (93.2%), the tail ð 20.13Ñ2.68 mm (100.1%), which indicates a more favorable 

course of the edematous form of ɸP (Table 2). 
 

Table 1.  

DYNAMICS OF THE SIZE OF THE RIGHT LOBE OF THE LIVER 
 

Time Dimensions Pancreatonecrosis Edematous form 

1 day 
AP 108.3Ñ2.23* 106.5Ñ6.27 # 

UL 126.5Ñ1.54* 124.1Ñ1.78 # 

3 day 
AP 114.8Ñ2.18* 105.6Ñ3.1 #* 

UL 127.2Ñ5.15* 121.0Ñ3.29 # 

6 day 
AP 111.8Ñ5.72* 104.4Ñ5.03 #* 

UL 124.1Ñ3.54* 118.2Ñ3.42# 

9 day 
AP 110.5Ñ2.99* 102.3Ñ1.59 # 

UL 120.8Ñ4.27 117.6Ñ6.02 

12 day 
AP 109.3Ñ3.17* 99.4Ñ4.72 # 

UL 119.4Ñ2.09 116.6Ñ4.7 

Note: * ð the difference between the values of the 1st study, reliable at p <0.05; # ð difference from 

patients in the 1st group in the corresponding observation period, reliable at p <0.05. 
 

 

Table 2.  

DIMENSIONS OF THE PANCREAS IN PATIENTS WITH ACUTE PANCREATITIS 
 

Time 

day/ days 
Pancreas (mm) Pancreatonecrosis Edematous form 

1 

head 41.14Ñ4.56 * 36.63Ñ4.11 #* 

body 32.65Ñ2.78* 26.25Ñ1.43 # 

tail 27.47Ñ1.13 * 23.77Ñ1.68 #* 

3 

head 37.48Ñ2.25 * 31.74Ñ2.02 # 

body 38.96Ñ3.99 * 23.22Ñ2.96 # 

tail 28.12Ñ1.89 * 20.13Ñ2.68 # 

6 

head 41.47Ñ1.18 * 30.67Ñ1.70 # 

body 50.78Ñ2.98 * 24.85Ñ2.32 # 

tail 30.13 Ñ4.89* 22.35Ñ2.96 #* 

9 

head 39.24Ñ2.69* 27.56Ñ2.17 # 

body 47.45Ñ2.98 * 20.98Ñ1.15 # 

tail 31.47Ñ3.07 * 17.18Ñ1.19 # 

12 

head 38.48Ñ2.31* 25.74Ñ1.15 # 

body 45.89Ñ2.79 * 19.07Ñ1.08 # 

tail 32.01Ñ2.57 * 16.58Ñ1.44 # 

Note: * ð the difference between the values of the 1st study, reliable at p <0.05; # ð difference 

from patients in the 3rd group in the corresponding observation period, reliable at p <0.05. 

 

With pancreatʦnecrosis, edema of the pancreas is observed throughout the entire observation 

period, indicating deep damage to the gland. The maximum indicators were recorded on day 6 of 

the onset of the disease: head ð 41.47Ñ1.18 mm (138.15%), p <0.05, body ð 50.78Ñ2.98 mm 

(203.12%), p <0.05, tail ð 30.13Ñ4.89 mm (150.23%), p <0.05 (Table 2). 

It was found that in patients with edematous pancreatitis the following dynamics was 

observed: the maximum figures of the peak systolic blood flow velocity relative to the control 

group were recorded in the celiac trunk ð 126.2Ñ3.7 cm/s (102.59%), p <0.05 and in the common 
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hepatic artery ð 99.3Ñ2.3 cm/s (107.93%), p <0.05 on the first day of the disease. By the third day, 

the indicators returned to normal. The volumetric rate of blood flow in the celiac trunk in relation to 

the comparison group in the edematous form of the OP significantly increased from the third day of 

the disease ð 1512.86Ñ152.23 ml/min (118.72%), p <0.05, reaching a maximum on the sixth day 

ð 1625.75 ml/min (127.61%), p <0.05, and by the twelfth day 1214.27 ml/min (95.31%) returned 

to normal (Table 3). 
 

 

Table 3.  

DOPPLER PARAMETERS IN THE STUDY OF THE CELIAC TRUNK, COMMON HEPATIC ARTERY 

AND SPLENIC ARTERY IN PATIENTS WITH THE EDEMATOUS FORM OF ɸP 
 

Blood flow 

indicators 
Day 

Investigated vessel 

Tr. cel. A. hep. ʩom. A. lien. 

Vps, cm/s 

1 126.2Ñ3.7# 99.3Ñ2.3#* 87.4Ñ9.7# 

3 125.5Ñ2.4# 98.4Ñ2.7#* 86.2Ñ7.3# 

6 122.5Ñ3.7#* 95.4Ñ2.3 86.6Ñ2.8# 

9 121.1Ñ5.5#* 93.3Ñ1.8 83.8Ñ5.2# 

12 119.7Ñ6.5#* 92.7Ñ5.3 83.2Ñ1.7# 

Ved, cm/s 

1 36.2Ñ7.2#* 24.8Ñ2.6# 35.5Ñ4.8 

3 35.6Ñ4.5#* 23.4Ñ1.6# 35.7Ñ8.2 

6 34.3Ñ2.8#* 23.2Ñ1.9# 34.4Ñ2.4 

9 35.8Ñ2.5# 22.8Ñ1.1# 33.2Ñ6.7 

12 34.4Ñ7.4#* 22.0Ñ2.0# 32.9Ñ8.1 

Note: Vps, cm/s ð peak systolic blood flow velocity, Ved, cm/s ð peak diastolic blood flow velocity, 

* ð the difference between the values of the 1st study, reliable at p <0.05; # ð difference from patients in 

the 1st group in the corresponding observation period, reliable at p <0.05. 

 

When conducting vascular Doppler in patients with pancreatic necrosis, a significant increase 

in the indices of peak systolic blood flow velocity was found in all studied arteries in the first six 

days from the onset of the disease. The maximum values were recorded on the first day of the study 

and were: in the celiac trunk ð 142.3Ñ3.7 cm/s (111.17%) (p <0.05), the total hepatic artery ð 

117.8Ñ2.5 cm/with (128.04%) (p <0.05), splenic artery ð 101.4Ñ8.7 (116.09%) (p <0.05), which 

indicates an increase in blood flow through the celiac trunk, splenic, total hepatic arteries (Table 4). 

The volumetric rate of blood flow in the celiac trunk with pancreatic necrosis increased over 

the entire observation period, reaching a maximum on the ninth day ð 2014.45 ml/min (158.12%) 

(p <0.05), which indicates massive endotoxicosis accompanying this form of ɸP (Table 5). 

In the study of patients with edematous pancreatitis, it was revealed that the diameter of the 

portal vein on the first day of the study also significantly exceeded the control group and was 

13.52Ñ0.15 mm (112.67%) (p <0.05), and from 3-day diameter of the portal vein returned to normal 

ð 12.03 Ñ0.25 mm (100.25%). 

In the studied with the edematous form of ɸP, the linear and volumetric blood flow velocity 

reached a maximum on the sixth day of 24.25Ñ2.65 cm/s (142.64%), p <0.05, 2487.17Ñ115.35 

ml/min (207.26%), p <0.05, respectively, further blood flow indicators returned to normal, which 

indicates the restoration of microcirculation disorders in the liver tissue and the occurrence of 

hemodynamic conditions for the elimination of portal hypertension. 
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Table 4. 

DOPPLER PARAMETERS IN THE STUDY OF THE CELIAC TRUNK,  

COMMON HEPATIC ARTERY AND SPLENIC ARTERY  

IN PATIENTS WITH PANCREATIC NECROSIS 

Blood flow 

indicators 

Day 

 

Investigated vessel 

Tr. cel. A. hep. ʩom. A. lien. 

Vps, cm/s 

1 142.3Ñ3.7* 117.8Ñ2.5* 101.4Ñ8.7* 

3 141.5Ñ1.8* 109.4Ñ2.4* 97.2Ñ4.3#* 

6 140.2Ñ3.7* 95.4Ñ1.5 95.6Ñ3.6 

9 138.5Ñ5.5* 94.3Ñ2.2 93.3Ñ2.3 

12 138.0Ñ1.2* 93.7Ñ8.6 92.3Ñ1.9 

Ved, cm/s 

1 46.2Ñ7.2* 29.8Ñ2.6* 37.5Ñ4.8* 

3 45.6Ñ2.8* 29.4Ñ3.6* 37.2Ñ1.4* 

6 42.4Ñ1.8* 29.2Ñ1.9* 36.8Ñ2.7* 

9 41.7Ñ9.8* 28.1Ñ8.1* 35.8Ñ2.9 

12 41.4Ñ1.7* 27.4Ñ4.2* 35.2Ñ1.7 

Note: Vps, cm/s ð peak systolic blood flow velocity, Ved, cm/s ð peak diastolic blood flow velocity, 

* ð the difference between the values of the 1st study, reliable at p <0.05; # ð difference from patients in 

the 1st group in the corresponding observation period, reliable at p <0.05. 
 

Table 5.  

VOLUMETRIC BLOOD FLOW VELOCITY IN THE CELIAC TRUNK IN THE DYNAMICS IN 

PATIENTS WITH ACUTE PANCREATITIS 
 

Day Pancreatonecrosis Edematous form 

1 1578.14Ñ147.98* 1353.18Ñ165.17 

3 1728.98Ñ169.18* 1512.86Ñ152.23#* 

6 1965.32Ñ158.19 * 1625.75Ñ112.21 * 

9 2014.45Ñ123.58 * 1324.51Ñ144.85 #* 

12 1901.42Ñ172.65 * 1214.27Ñ114.52 #* 

Note: * ð the difference between the values of the 1st study, reliable at p <0.05; # ð difference from 

patients in the 3rd group in the corresponding observation period, reliable at p <0.05. 
 

 

Conclusions 

1. Ultrasound examination of the pancreas against the background of acute pancreatitis 

showed that in the edematous form of acute pancreatitis, the size of the test organ was increased on 

the 1st day of the study (on the 1st day ð head by 22.1%, tail by 18.0%), and from 3 days the size 

of the pancreas was reduced to normal values. With pancreatic necrosis, the size of the organ was 

increased during all periods of observation with maximum values on the 6th and 12th day of the 

study. 

2. Against the background of acute pancreatitis in the forms studied (edematous and 

pancreatonecrosis), an increase in the size of the liver was observed, indicating its involvement in 

the inflammatory process. The maximum values of the size of the organ were recorded on the 1st 

and 3rd day from the onset of the disease. 

3. Pancreatonecrosis was accompanied by symptoms of endotoxemia and deep systemic 

disorders in the form of multiple organ failure, manifested by the appearance of portal hypertension, 

as evidenced by persistent changes during all periods of observation: an increase in the diameter of 

the portal vein, as well as acceleration of the linear and volumetric blood flow velocity along the 

celiac trunk with a maximum of The 9th day (LBFV by 7.2% and VBFV by 58.1% respectively) 

and veins of the portal system (LBFV by the portal vein by 89.3% and VBFV by the portal vein by 

162.3% respectively). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʦ ʧʠʱʝʚʳʭ 

ʘʣʣʝʨʛʠʷʭ, ʧʨʦʜʫʢʪʘʭ ʠ ʚʝʱʝʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ ʘʣʣʝʨʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʠʱʝʚʘʷ ʘʣʣʝʨʛʠʷ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʝʚ 

ʧʠʱʝʚʦʡ ʘʣʣʝʨʛʠʠ ʫ ʜʝʪʝʡ. ʀʤʝʥʥʦ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʝʚ 

ʘʣʣʝʨʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʘʝʪ ʧʦʚʦʜ ʦ ʧʝʨʝʚʦʜʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʦʜʥʫ ʠʟ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʚ 

ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʇʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʠʱʝʚʳʭ ʘʣʣʝʨʛʝʥʦʚ ʩʦʛʣʘʩʥʦ 

ʊʝʭʥʠʯʝʩʢʦʤ ʨʝʛʣʘʤʝʥʪʫ ʪʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ ʊʈ ʊʉ 022/2011 çʇʠʱʝʚʘʷ ʧʨʦʜʫʢʮʠʷ ʚ ʯʘʩʪʠ 

ʝʝ ʤʘʨʢʠʨʦʚʢʠè. ʇʦ ʩʜʘʥʥʦʤʫ ʜʦʢʫʤʝʥʪʫ ʚʳʜʝʣʝʥʦ 15 ʚʠʜʦʚ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, 

ʚʳʟʳʚʘʶʱʠʭ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʘʣʣʝʨʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʣʠ ʞʝ ʦʥʠ 

ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʳ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʫʢʘʟʳʚʘʶʪʩʷ ʚ 

ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʮʠʠ. ʇʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. ʇʦ ʢʘʞʜʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʛʨʫʧʧʝ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʝʱʝʩʪʚʘïʘʣʣʝʨʛʝʥʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʜʘʥʥʳʭ ʧʨʦʜʫʢʪʘʭ. ʇʨʠʚʝʜʝʥʳ ʪʠʧʳ ʘʣʣʝʨʛʝʥʦʚ: ʵʢʟʦʘʣʣʝʨʛʝʥʳ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠ ʵʥʜʦʘʣʣʝʨʛʝʥʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. ʇʨʠʚʝʜʝʥʳ ʥʘʟʚʘʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚʘ ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʧʨʦʷʚʣʝʥʠʝ ʘʣʣʝʨʛʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʘʨʘʭʠʩʝ ʠ ʧʨʦʜʫʢʪʘʭ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ, ʘʣʣʝʨʛʝʥʘʤʠ ʷʚʣʷʶʪʩʷ ʙʝʣʢʠ Ara 

h 1ï11, ʦʩʥʦʚʥʳʤʠ ʘʣʣʝʨʛʝʥʘʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ Ara h 2 ʠ Ara h 6. ʇʝʨʚʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʛʣʠʢʦʧʨʦʪʝʠʥ, ʫʤʝʥʴʰʘʶʱʠʡ ʘʢʪʠʚʥʦʩʪʴ ʪʨʠʧʩʠʥʘ, ʘ ʚʪʦʨʦʡ ʙʝʣʦʢ ʚʳʟʳʚʘʝʪ ʚʳʙʨʦʩ 

ʛʠʩʪʘʤʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʣʣʝʨʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʆʩʥʦʚʥʳʤʠ ʘʣʣʝʨʛʝʥʘʤʠ ʛʦʨʯʠʮʳ 

ʷʚʣʷʶʪʩʷ Sin a 1 ð ʠʥʛʠʙʠʪʦʨ ʘʣʴʙʫʤʠʥʘ, ʘʤʠʣʘʟʳ, ʘ ʘʣʣʝʨʛʝʥʘʤʠ ʙʝʣʦʡ ʛʦʨʯʠʮʳ ʷʚʣʷʶʪʩʷ 

ʙʝʣʢʠ Sin a 2, Sin a 3, Sin a 4. ʇʨʠʚʝʜʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʙʝʞʘʪʴ ʠʣʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʠʱʝʚʫʶ ʘʣʣʝʨʛʠʶ. 
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Abstract. This paper presents a systematization of available data on food allergies, products 

and substances that are the causes of their occurrence. As shown by numerous studies, the number 

of manifestations of allergic diseases and reactions of the human body to various stimuli in 

the world is constantly increasing. The most common manifestation of this disease is food Allergy. 

Especially acute is the problem of increasing the number of cases of food Allergy in children. It is 

the high rate of growth in the number of cases of allergic reactions that gives rise to the transfer of 

this problem to one of the priorities in the field of health care. The classification of food allergens 

according to the technical regulations of the customs Union TR CU 022/2011 Food products in 

terms of its labeling. According to the document, 15 types of food ingredients that because allergic 

reactions were identified. It is noted that all components of food products, the use of which may 

cause allergic reactions, or they are contraindicated in some diseases, are mandatory specified in 

the product. And the number of them does not matter. For each classification group, the article 

considers allergen substances present in these products. Given the types of allergens: exoallergens 

entering the human body from the environment, and endoallergens produced in the human body as 

a result of various chemical and biochemical reactions. The names of some substances in 

the composition of these products that cause allergic reactions are given. For example, in peanuts 

and products thereof, allergens are proteins Ara h 1ï11, the main allergens of them are Ara h 2 and 

Ara h 6. The first is a glycoprotein that reduces the activity of trypsin, and the second protein causes 

the release of histamine, which leads to an allergic reaction. The main mustard allergens are Sin a 1-

albumin inhibitor, amylase, and white mustard allergens are proteins Sin a 2, Sin a 3, Sin a 4. 

The measures to avoid or minimize food allergy are given. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʠʱʝʚʘʷ ʘʣʣʝʨʛʠʷ, ʘʣʣʝʨʛʝʥʳ, ʧʨʦʜʫʢʪʳ, ʚʳʟʳʚʘʶʱʠʝ ʘʣʣʝʨʛʠʶ, 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʪʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ. 

 

Keyword: food allergy, allergens, products causing allergies, technical regulations of the 

customs Union. 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʥʩʪʠʪʫʪʘ ʀʤʤʫʥʦʣʦʛʠʠ, ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠʤʝʶʪʩʷ ʫ 30% 

ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ. ɺ ʈʦʩʩʠʠ ʜʘʥʥʳʝ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪ 17,5 ʜʦ 30% ʣʶʜʝʡ 

(https://goo.gl/9ix5Eo). ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʠʱʝʚʦʡ ʘʣʣʝʨʛʠʠ, ʪʦ ʚʦ ʚʪʦʨʦʤ ʜʝʩʷʪʠʣʝʪʠʠ XXI ʚʝʢʘ 

ʦʥʘ ʠʤʝʝʪʩʷ ʧʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ ʦʪ 2 ʜʦ 7% ʚʟʨʦʩʣʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ [1]. 

ʇʨʠʯʝʤ ʝʝ ʦʩʦʙʝʥʥʦʩʪʴ ʪʘʢʦʚʘ, ʯʪʦ ʦʥʘ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʥʘʩʣʝʜʩʪʚʫ. ʊʦʯʥʝʝ, ʧʝʨʝʜʘʝʪʩʷ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʥʝʡ. ɽʩʣʠ ʦʜʠʥ ʠʟ ʨʦʜʠʪʝʣʝʡ ʠʤʝʝʪ ʘʣʣʝʨʛʠʶ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʝʝ ʜʝʪʷʤ ð 40ï50%, ʝʩʣʠ ʞʝ ʫ ʦʙʦʠʭ ʨʦʜʠʪʝʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʘʣʣʝʨʛʠʯʝʩʢʘʷ 

ʨʝʘʢʮʠʷ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʝʝ ʫ ʜʝʪʝʡ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 70ï80% 

(https://goo.gl/EzdhvB). 

ʇʠʱʝʚʘʷ ʘʣʣʝʨʛʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʦʡ ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʠʱʝʚʦʡ ʘʣʣʝʨʛʠʠ.  

ʇʦʥʷʪʠʝ ʠ ʪʠʧʳ ʘʣʣʝʨʛʝʥʦʚ. ʊʝʨʤʠʥ çʘʣʣʝʨʛʠʷè ʙʳʣ ʚʚʝʜʝʥ ʘʚʩʪʨʠʡʩʢʠʤ ʧʝʜʠʘʪʨʦʤ 

ʂʣʝʤʝʥʩʦʤ ʇʠʨʢʝ ʚ 1906 ʛ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠ ʦʰʠʙʦʯʥʳʭ ʠʤʤʫʥʥʳʭ ʨʝʘʢʮʠʡ 

ʦʨʛʘʥʠʟʤʘ. ʆʥ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ: çʘʣʣʦʩè ð ʜʨʫʛʦʡ, ʠʥʦʡ ʠ çɻ ʨʛʦʥè ð ʜʝʡʩʪʚʠʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ ʧʦʜ ʪʝʨʤʠʥʦʤ çʘʣʣʝʨʛʠʷè ʧʦʥʠʤʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʢ 

ʨʘʟʣʠʯʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʫ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʣʶʜʝʡ ʥʝ ʧʨʠʚʦʜʷʪ 

ʢ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʨʝʘʢʮʠʷʤ.  
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ʇʦʥ̫ʪʠʝ çʘʣʣʝʨʛʝʥè ʦʟʥʘʯʘʝʪ ʚʝʱʝʩʪʚʦ, ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʢʦʪʦʨʦʛʦ ʚ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʦʨʛʘʥʠʟʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʘʢʮʠʷ ʩʦ ʩʪʦʨʦʥʳ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʡ ʩʦʧʫʪʩʪʚʫʝʪ 

ʚʳʨʘʙʦʪʢʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ, ʠʤʝʶʱʠʭ ʥʘʟʚʘʥʠʝ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʳ ʢʣʘʩʩʘ ɽ ð IgE. 

ʄʝʭʘʥʠʟʤ ʨʘʟʚʠʪʠʷ ʘʣʣʝʨʛʠʠ ʪʘʢʦʚ: ʙʝʣʦʢ, ʧʦʧʘʚʰʠʡ ʚ ʦʨʛʘʥʠʟʤ ʚ ʧʝʨʚʳʡ ʨʘʟ, ʚʳʟʳʚʘʝʪ 

ʚʳʨʘʙʦʪʢʫ ʟʘʱʠʪʥʦʡ ʨʝʘʢʮʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʤʤʫʥʠʪʝʪ 

ʟʘʧʦʤʠʥʘʝʪ ʩʦʩʪʘʚ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʠ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʝʛʦ ʧʦʧʘʜʘʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʧʦʷʚʣʷʝʪʩʷ 

ʧʦʚʪʦʨʥʘʷ ʥʝʛʘʪʠʚʥʘʷ ʨʝʘʢʮʠʷ ʦʨʛʘʥʠʟʤʘ. ʕʪʦ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʪʘʢʠʭ ʩʠʤʧʪʦʤʘʭ, ʢʘʢ 

ʧʦʷʚʣʝʥʠʝ ʦʪʝʢʦʚ, ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠ ʙʦʣʝʝ 

ʪʷʞʝʣʳʝ ʨʝʘʢʮʠʠ ʥʘ ʘʣʣʝʨʛʝʥʳ: ʘʩʪʤʘ, ʢʨʘʧʠʚʥʠʮʘ, ʦʪʝʢ ʂʚʠʥʢʝ, ʘʥʘʬʠʣʘʢʪʠʯʝʩʢʠʡ ʰʦʢ ʠ 

ʪ. ʜ.  

 

ʊʠʧʳ ʘʣʣʝʨʛʝʥʦʚ: 

1) ʕʢʟʦʘʣʣʝʨʛʝʥʳ ʧʦʧʘʜʘʶʪ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʄʦʛʫʪ ʙʳʪʴ ʥʝʠʥʬʝʢʮʠʦʥʥʦʛʦ (ʥʘʧʨʠʤʝʨ, ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʧʳʣʴʮʘ ʨʘʩʪʝʥʠʡ, 

ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ) ʠ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʙʘʢʪʝʨʠʠ, ʚʠʨʫʩʳ). 

ɸʣʣʝʨʛʝʥʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʧʦʩʦʙʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʨʘʞʝʥʠʷʤ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠ ʧʠʱʝʚʳʝ ʘʣʣʝʨʛʝʥʳ. ʀʤʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʣʶʙʳʝ 

ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʦʜʥʘʢʦ ʘʣʣʝʨʛʦʣʦʛʠ ʚʳʜʝʣʷʶʪ ʪʘʢʞʝ ʦʙʣʠʛʘʪʥʳʝ ʘʣʣʝʨʛʝʥʳ (ʠʭ ʜʝʣʷʪ ʥʘ 2 

ʛʨʫʧʧʳ), ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʳʟʳʚʘʶʪ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ.  

ɺ ʧʝʨʚʫʶ ʚʭʦʜʷʪ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʮʠʦʥʘ ʙʝʟ ʥʘʥʝʩʝʥʠʷ 

ʫʱʝʨʙʘ ʝʛʦ ʧʦʣʥʦʮʝʥʥʦʩʪʠ. ʕʪʦ ʮʠʪʨʫʩʦʚʳʝ, ʢʣʫʙʥʠʢʘ ʠ ʟʝʤʣʷʥʠʢʘ, ʤʘʣʠʥʘ, ʨʘʟʣʠʯʥʳʝ 

ʵʢʟʦʪʠʯʝʩʢʠʝ ʬʨʫʢʪʳ, ʯʝʨʥʘʷ ʠ ʢʨʘʩʥʘʷ ʩʤʦʨʦʜʠʥʘ, ʘ ʪʘʢʞʝ ʤʝʜ, ʢʦʬʝ, ʢʘʢʘʦ ʠ h ʦʢʦʣʘʜ. 

ʃʫʯʰʝ ʪʘʢʞʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʫʧʦʪʨʝʙʣʝʥʠʷ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ ʢʨʘʩʥʦʛʦ ʠ ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ. ʂ 

ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʛʨʠʙʳ, ʨʳʙʘ, ʤʦʨʝʧʨʦʜʫʢʪʳ, ʠʢʨʘ, ʘ ʪʘʢʞʝ ʦʨʝʭʠ.  

ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʦʙʣʠʛʘʪʥʳʭ ʘʣʣʝʨʛʝʥʦʚ ʚʭʦʜʷʪ ʪʘʢʠʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʚr ʩʦʢʦʡ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʴʶ, ʪʦ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʦʣʥʦʮʝʥʥʦʩʪʴ ʨʘʮʠʦʥʘ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʢʦʨʦʚʴʝ ʤʦʣʦʢʦ, ʢʫʨʠʥʳʝ ʷʡʮʘ, ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʤʷʩʘ (ʢʫʨʠʮʘ, ʛʦʚʷʜʠʥʘ), ʟʣʘʢʠ, 

ʩʦʷ, ʢʘʨʪʦʬʝʣʴ. ʕʪʠ ʘʣʣʝʨʛʝʥʳ ʫʧʦʪʨʝʙʣʷʶʪ ʚ ʧʠʱʫ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʥʝ ʧʝʨʠʦʜʦʚ 

ʦʙʦʩʪʨʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. ʊʘʢʞʝ ʠʭ ʧʦʜʚʝʨʛʘʶʪ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ 

ʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ ʮʝʣʴʥʦʛʦ ʢʦʨʦʚʴʝʛʦ ʤʦʣʦʢʘ ʧʴʶʪ ʢʠʩʣʦʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, 

ʷʡʮʘ ʦʪʚʘʨʠʚʘʶʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʘ ʢʘʨʪʦʬʝʣʴ ʚʳʤʘʯʠʚʘʶʪ ʧʦʩʣʝ ʦʯʠʩʪʢʠ. 

2) ʕʥʜʦʘʣʣʝʨʛʝʥʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʠ 

ʧʨʠʦʙʨʝʪʝʥʥʳʤʠ. ʂ ʧʝʨʚʳʤ ʦʪʥʦʩʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʙʝʣʢʠ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʝʡ (ʤʦʟʛ, 

ʭʨʫʩʪʘʣʠʢ). ʇʨʠʦʙʨʝʪʝʥʥʳʝ ð ɻ ʪʦ ʙʝʣʢʠ ʦʨʛʘʥʠʟʤʘ, ʫ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʯʫʞʝʨʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʣʫʯʝʚʦʡ ʙʦʣʝʟʥʠ ʠ ʜʨʫʛʠʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʪʘʢʞʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʦʢʩʠʥʘʤʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʣʝʢʘʨʩʪʚʘʤʠ.  

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʠʱʝʚʳʭ ʘʣʣʝʨʛʝʥʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʛʣʘʤʝʥʪʦʤ 

ʪʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ ð ʊʈ ʊʉ 022/2011 çʇʠʱʝʚʘʷ ʧʨʦʜʫʢʮʠʷ ʚ ʯʘʩʪʠ ʝʝ ʤʘʨʢʠʨʦʚʢʠè 

(https://goo.gl/1SD2DX) ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʢʦʪʦʨʳʭ 

ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʘʣʣʝʨʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʣʠ ʞʝ ʦʥʠ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʳ ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ, ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʮʠʠ. ʇʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʠʭ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. ʇʫʥʢʪ 14 ʯʘʩʪʠ 4.4 ʜʘʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʧʠʩʦʢ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʠʱʝʚʳʭ ʘʣʣʝʨʛʝʥʦʚ. ʕʪʦ ʪʘʢʠʝ ʧʠʱʝʚʳʝ ʠʥʛʨʝʜʠʝʥʪʳ, ʢʘʢ:  

1) ʘʨʘʭʠʩ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ; 

2) ʘʩʧʘʨʪʘʤ ʠ ʘʩʧʘʨʪʘʤïʘʮʝʩʫʣʴʬʘʤʘ ʩʦʣʴ; 

3) ʛʦʨʯʠʮʘ ʠ ʧʨʦʜʫʢʪʳ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ; 
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4) ʜʠʦʢʩʠʜ ʩʝʨʳ ʠ ʩʫʣʴʬʠʪʳ, ʝʩʣʠ ʠʭ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 10 ʤʛ ʥʘ ʦʜʠʥ 

ʢʛ ʠʣʠ 10 ʤʛ ʥʘ 1 ʣ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʜʠʦʢʩʠʜ ʩʝʨʳ; 

5) ʟʣʘʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʛʣʶʪʝʥ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ; 

6) ʢʫʥʞʫʪ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ; 

7) ʣʶʧʠʥ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ; 

8) ʤʦʣʣʶʩʢʠ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ; 

9) ʤʦʣʦʢʦ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʣʘʢʪʦʟʘ); 

10) ʦʨʝʭʠ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ; 

11) ʨʘʢʦʦʙʨʘʟʥʳʝ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ; 

12) ʨʳʙʘ ʠ ʧʨʦʜʫʢʪʳ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ; 

13) ʩʝʣʴʜʝʨʝʡ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ; 

14) ʩʦʷ ʠ ʧʨʦʜʫʢʪʳ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ; 

15) ʷʡʮʘ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʢʘʞʜʫʶ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʧʨʦʜʫʢʪʦʚ. 

1) ɸʨʘʭʠʩ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ (https://goo.gl/LER3Lm, https://goo.gl/i4a5Vv). 

ʆʥ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʠʣʴʥʳʭ ʧʠʱʝʚʳʭ ʘʣʣʝʨʛʝʥʦʚ. ʇʨʠʤʝʨʥʦ 100 ʤʢʛ ʙʝʣʢʦʚ 

ʘʨʘʭʠʩʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ 400 ʤʢʛ ʦʨʝʭʦʚ, ʩʧʦʩʦʙʥʦ ʚʳʟʚʘʪʴ ʦʪʚʝʪʥʫʶ ʨʝʘʢʮʠʶ ʫ ʣʶʜʝʡ, 

ʦʨʛʘʥʠʟʤ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʘʣʣʝʨʛʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ. ɺ ʩʦʩʪʘʚ ʘʨʘʭʠʩʘ ʚʭʦʜʠʪ ʦʢʦʣʦ 30 ʚʠʜʦʚ 

ʙʝʣʢʘ, ʦʜʥʘʢʦ ʪʦʣʴʢʦ 18 ð ʩʯʠʪʘʶʪʩʷ ʘʣʣʝʨʛʝʥʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ð ɻ ʪʦ ʟʘʧʘʩʘʶʱʠʝ 

ʙʝʣʢʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʝʛʦ ʩʝʤʷʥ. ʂ ʧʨʠʤʝʨʫ, ʵʪʦ ʙʝʣʢʠ Ara h 1ï11, ʦʩʥʦʚʥʳʤʠ 

ʘʣʣʝʨʛʝʥʘʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ Ara h 2 ʠ Ara h 6. ʇʝʨʚʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʠʢʦʧʨʦʪʝʠʥ, 

ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʪʨʠʧʩʠʥʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʠʱʝʚʘʨʝʥʠʷ. 

ɺʪʦʨʦʡ ʙʝʣʦʢ ʚʳʟʳʚʘʝʪ ʚʳʙʨʦʩ ʛʠʩʪʘʤʠʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʡ ʘʣʣʝʨʛʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ. ɸʣʣʝʨʛʠʷ ʢ ʘʨʘʭʠʩʫ ʥʝ ʚʩʝʛʜʘ ʩʚʷʟʘʥʘ ʩ ʘʣʣʝʨʛʠʝʡ ʢ ʦʨʝʭʘʤ ʚ ʮʝʣʦʤ, ʦʜʥʘʢʦ ʤʦʞʝʪ 

ʦʟʥʘʯʘʪʴ ʠʤʝʶʱʫʶʩʷ ʘʣʣʝʨʛʠʶ ʢ ʣʶʧʠʥʫ, ʩʦʝ ʠ ʙʦʙʦʚʳʤ. ʇʨʠʯʝʤ ʘʨʘʭʠʩ, ʦʙʞʘʨʝʥʥʳʡ ʩʫʭʠʤ 

ʩʧʦʩʦʙʦʤ, ʚʳʟʳʚʘʝʪ ʘʣʣʝʨʛʠʶ ʯʘʱʝ, ʯʝʤ ʚʘʨʝʥʳʡ ʠʣʠ ʞʘʨʝʥʳʡ ʚ ʤʘʩʣʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʦʨʤʦʡ ʩʦʜʝʨʞʘʥʠʷ ʘʣʣʝʨʛʝʥʘ f13 ʚ ʢʨʦʚʠ ʩʯʠʪʘʝʪʩʷ <50 ʤʛ/ʣ ð ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ 

(ʥʦʨʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ), 50ï100 ð ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ, 100ï200 ð ʫʤʝʨʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, >200 

ð ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ [2ï4]. 

2) ɸʩʧʘʨʪʘʤ ʠ ʘʩʧʘʨʪʘʤïʘʮʝʩʫʣʴʬʘʤʘ ʩʦʣʴ (https://goo.gl/SZzDan; 

https://goo.gl/Hu8DRg). 

ɸʩʧʘʨʪʘʤ ð ɻ ʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʧʦʜʩʣʘʩʪʠʪʝʣʴ, ʟʘʤʝʥʠʪʝʣʴ ʩʘʭʘʨʘ, ʧʠʱʝʚʘʷ ʜʦʙʘʚʢʘ, 

ʠʤʝʶʱʘʷ ʦʙʦʟʥʘʯʝʥʠʝ E951. ʅʝʧʝʨʝʥʦʩʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ 

ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʨʘʩʱʝʧʣʝʥʠʷ. ɸ ʵʪʦ ʬʝʥʠʣʘʣʘʥʠʥ, ʘʩʧʘʨʘʛʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ʠ ʤʝʪʘʥʦʣ. ʅʦʨʤʘ ʘʩʧʘʨʪʘʤʘ ʚ ʈʦʩʩʠʠ ʨʘʚʥʘ 50 ʤʛ ʥʘ 1 ʢʛ ʤʘʩʩʳ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʚ 

ʩʫʪʢʠ, ʚ ɽʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʝʥ 40 ʤʛ. ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʵʪʘ ʜʦʙʘʚʢʘ 

ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʘʣʣʝʨʛʠʶ ʫ ʙʦʣʴʥʳʭ ʬʝʥʠʣʢʝʪʦʥʫʨʠʝʡ, ʦʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ 

ʨʘʟʚʠʪʠʝ ʩʢʣʝʨʦʟʘ, ʵʧʠʣʝʧʩʠʠ, ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʠ ʪʘʢ ʜʘʣʝʝ. ʇʨʠʯʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʵʪʦ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʘʩʧʘʨʪʘʤʘ ʚ ʦʨʛʘʥʠʟʤ ʚ ʨʘʟʤʝʨʝ 20 ʤʛ ʥʘ 1 ʢʛ ʤʘʩʩʳ ʪʝʣʘ. 

ʏʪʦ ʞʝ ʪʘʢʦʝ ʬʝʥʠʣʢʝʪʦʥʫʨʠʷ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪʩʷ ʧʦʧʘʜʘʥʠʝʤ ʚ ʦʨʛʘʥʠʟʤ ʘʩʧʘʨʪʘʤʘ? ʕʪʦ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʤʝʪʘʙʦʣʠʟʤʘ ʘʤʠʥʦʢʠʩʣʦʪ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʝʥʠʣʘʣʘʥʠʥʘ. ʅʘʢʦʧʣʝʥʠʝ ʜʘʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʦʨʛʘʥʠʟʤʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʤʘʩʰʪʘʙʥʦʤʫ ʧʦʨʘʞʝʥʠʶ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʦʜʥʠʤ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʫʤʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʢʘ. 

3) ɻʦʨʯʠʮʘ ʠ ʧʨʦʜʫʢʪʳ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ (https://goo.gl/43dhND; https://goo.gl/wpzqvM). 

ʕʪʦ ʧʨʠʧʨʘʚʘ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʘʷ ʠʟ ʩʝʤʷʥ ʪʨʝʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ: ʙʝʣʦʡ, ʯʝʨʥʦʡ ʠ 

ʩʘʨʝʧʪʩʢʦʡ ʛʦʨʯʠʮʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʘʣʣʝʨʛʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 
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ʛʦʨʯʠʮʝ. ʆʩʥʦʚʥʳʤʠ ʘʣʣʝʨʛʝʥʘʤʠ ʛʦʨʯʠʮʳ ʷʚʣʷʶʪʩʷ Sin a 1 ð ʠʥʛʠʙʠʪʦʨ ʘʣʴʙʫʤʠʥʘ, 

ʘʤʠʣʘʟʳ. ʉʭʦʜʥʳʝ ʙʝʣʢʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʘʨʝʧʪʩʢʦʡ Bra j 1 ʠ ʯʝʨʥʦʡ ʛʦʨʯʠʮʝ. ʊʘʢʞʝ 

ʘʣʣʝʨʛʝʥʘʤʠ ʙʝʣʦʡ ʛʦʨʯʠʮʳ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʙʝʣʢʠ, ʢʘʢ Sin a 2, Sin a 3, Sin a 4. ɺʩʝ ʛʦʨʯʠʯʥʳʝ 

ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʘʣʣʝʨʛʠʶ, ʷʚʣʷʶʪʩʷ ʪʝʨʤʦʫʩʪʦʡʯʠʚʳʤʠ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʣʶʜʠ ʩ ʪʘʢʦʡ ʘʣʣʝʨʛʠʝʡ ʙʫʜʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʛʦʨʯʠʮʫ ʚ ʣʶʙʳʭ ʙʣʶʜʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʧʦʜʚʝʨʛʥʫʪʳʭ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ. ʇʦʤʠʤʦ ʘʣʣʝʨʛʠʠ, ʛʦʨʯʠʮʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʠ 

ʦʪʨʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠʟ ʛʣʶʢʦʟʠʥʦʣʘʪʦʚ 

ʠʟʦʪʠʦʮʠʘʥʘʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ. ʊʘʢʞʝ ʚ ʢʨʝʩʪʦʮʚʝʪʥʳʭ ʩʦʜʝʨʞʘʪʩʷ 

ʢʘʨʜʠʦʪʦʢʩʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʵʨʫʢʦʚʘʷ ʢʠʩʣʦʪʘ. ʈʝʬʝʨʝʥʩʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʜʘʥʥʳʡ ʘʣʣʝʨʛʝʥ ð 0,00ï0,10 ʄɽ/ʤʣ [5ï6].  

4) ɼʠʦʢʩʠʜ ʩʝʨʳ ʠ ʩʫʣʴʬʠʪʳ (https://goo.gl/pZUqhs; https://goo.gl/uH7Dj4). 

ɼʠʦʢʩʠʜ ʩʝʨʳ ð ɻ ʪʦ ʙʝʩʮʚʝʪʥʳʡ ʜʳʤ, ʠʤʝʶʱʠʡ ʝʜʢʠʡ ʟʘʧʘʭ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʝʨʚʘʥʪʘ. ʆʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ʜʦʙʘʚʢʘ ɽ220. 

ʕʪʦ ʚʝʱʝʩʪʚʦ ʩʧʦʩʦʙʥʦ ʨʘʟʨʫʰʘʪʴ ʙʝʣʢʠ ʠ ʚʠʪʘʤʠʥ ɺ1, ɺ12. ʇʨʠʟʥʘʢʘʤʠ ʘʣʣʝʨʛʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʫʜʫʰʴʝ, ʦʪʝʢ ʣʝʛʢʠʭ, ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ, ʩʠʣʴʥʳʡ ʢʘʰʝʣʴ, ʪʷʞʝʩʪʴ ʚ ʦʙʣʘʩʪʠ 

ʞʝʣʫʜʢʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʝʟʦʧʘʩʥʳʤ ʷʚʣʷʝʪʩʷ ʫʧʦʪʨʝʙʣʝʥʠʝ ʜʘʥʥʦʡ ʜʦʙʘʚʢʠ ʚ ʦʙʲʝʤʝ 

0,7ʤʛ/1ʢʛ ʚʝʩʘ ʚ ʩʫʪʢʠ. ʉʫʣʴʬʠʪʳ ð ɻʪʦ ʩʦʣʠ ʩʝʨʥʠʩʪʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʝʨʚʘʥʪʦʚ, ʘʥʪʠʦʢʠʩʣʠʪʝʣʝʡ. ʕʪʠ 

ʚʝʱʝʩʪʚʘ ʜʦʙʘʚʣʷʶʪ ʚ ʚʠʥʘ, ʩʦʢʠ, ʩʫʭʦʬʨʫʢʪʳ, ʩʦʫʩʳ, ʩʦʣʝʥʴʷ, ʤʷʩʥʳʝ ʠ ʤʦʨʝʧʨʦʜʫʢʪʳ, 

ʚʳʧʝʯʢʫ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʝʘʢʮʠʷ ʥʘ ʩʫʣʴʬʠʪʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʳʧʠ, ʩʥʠʞʝʥʠʷ 

ʜʘʚʣʝʥʠʷ, ʛʦʣʦʚʥʳʤʠ ʙʦʣʷʤʠ ʠ ʜʠʩʢʦʤʬʦʨʪʦʤ ʚ ʞʠʚʦʪʝ. ʆʙʦʟʥʘʯʝʥʠʝ ʩʫʣʴʬʠʪʦʚ ɽ220ïɽ229 

[7].  

5) ɿʣʘʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʛʣʶʪʝʥ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ (https://goo.gl/8ssA4S)  

ɻʣʶʪʝʥ (ʢʣʝʡʢʦʚʠʥʘ) ð ɻ ʪʦ ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʙʝʣʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥ ʟʘʧʘʩ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʟʝʨʝʥ ʧʰʝʥʠʮʳ, ʨʞʠ, ʷʯʤʝʥʷ, ʢʫʢʫʨʫʟʳ ʠ ʨʠʩʘ. ʂ ʛʣʶʪʝʥʫ ʧʨʠʥʷʪʦ 

ʦʪʥʦʩʠʪʴ ʧʨʦʣʘʤʠʥʳ, ʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʠ ʛʣʶʪʝʣʠʥʳ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ 

ʢʠʩʣʦʪʘʭ ʠ ʱʝʣʦʯʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ 27 ʙʝʣʢʦʚ ʧʰʝʥʠʮʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʚʳʟʳʚʘʪʴ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ð ʛʣʶʪʝʣʠʥʳ, ʦʜʥʘʢʦ ʝʩʪʴ ʠ 

ʛʣʠʘʜʠʥ, ʘʣʴʙʫʤʠʥʳ, ʛʣʦʙʫʣʠʥʳ. ʊʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʴ ʛʣʶʪʝʥʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʮʝʣʠʘʢʠʝʡ ʠʣʠ ʧʠʱʝʚʦʡ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʴʶ ʛʣʶʪʝʥʘ, ʢʦʪʦʨʘʷ ʥʝ ʩʚʷʟʘʥʘ ʩ 

ʵʪʦʡ ʙʦʣʝʟʥʴʶ. ʎʝʣʠʘʢʠʷ ð ʭʨʦʥʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʤʤʫʥʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʛʣʠʘʜʠʥ. ʇʨʠ ʵʪʦʤ ʟʘʙʦʣʝʚʘʥʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʨʝʞʜʝʥʠʷ ʩʣʠʟʠʩʪʦʡ 

ʦʙʦʣʦʯʢʠ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ, ʘ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʚʩʘʩʳʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʉʠʤʧʪʦʤʳ ʮʝʣʠʘʢʠʠ ʩʧʦʩʦʙʥʳ ʧʨʦʷʚʣʷʪʴʩʷ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʯʝʣʦʚʝʢʦʤ ʦʪ 20 ʤʛ ʜʦ 100 ʤʛ 

ʛʣʶʪʝʥʘ. ʇʠʱʝʚʘʷ ʥʝʧʝʨʝʥʦʩʠʤʦʩʪʴ ʛʣʶʪʝʥʘ ʚʳʟʳʚʘʝʪʩʷ ʛʣʠʘʜʠʥʦʤ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ 

ʙʝʣʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʘʚʝ ʢʣʝʡʢʦʚʠʥʳ.  

ɼʘʥʥʳʡ ʙʝʣʦʢ ʩʦʜʝʨʞʠʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʩʧʝʢʪʨʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ 

(ʭʣʝʙʦʙʫʣʦʯʥʳʝ, ʤʘʢʘʨʦʥʥʳʝ, ʢʦʥʜʠʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ, ʚʳʧʝʯʢʘ). ɻʣʶʪʝʥʦʤ ʙʦʛʘʪʳ ʧʠʚʦ, 

ʩʦʝʚʳʡ ʩʦʫʩ, ʢʝʪʯʫʧ, ʤʦʨʦʞʝʥʦʝ, ʤʘʥʢʘ, ʢʫʩʢʫʩ, ʙʫʣʛʫʨ, ʩʦʩʠʩʢʠ ʠ ʢʦʣʙʘʩʳ ʠ ʪʘʢ ʜʘʣʝʝ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʙʝʟʛʣʶʪʝʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʧʨʦʜʫʢʪ ʤʦʛ ʪʘʢ ʥʘʟʳʚʘʪʴʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʛʣʠʘʜʠʥʘ ʚ ʧʨʦʜʫʢʪʝ [8ï9]. 

6) ʂʫʥʞʫʪ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ 

ɸʣʣʝʨʛʠʷ ʢ ʜʘʥʥʦʤʫ ʨʘʩʪʝʥʠʶ ʥʘʙʣʶʜʘʝʪʩʷ ʫ 0,1ï0,9% ʤʠʨʦʚʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

ʅʘʠʙʦʣʴʰʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠʤʝʝʪ ʚ ʩʪʨʘʥʘʭ ɸʟʠʠ, ʪʘʢ ʢʘʢ ʚ ʵʪʠʭ ʩʪʨʘʥʘʭ ʙʦʣʴʰʝ ʚʩʝʛʦ 

ʫʧʦʪʨʝʙʣʷʶʪ ʢʫʥʞʫʪ. ʇʨʦʷʚʣʷʝʪʩʷ ʘʣʣʝʨʛʠʷ ʦʙʳʯʥʦ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 1 ʜʦ 2 ʣʝʪ. ɺʝʨʦʷʪʥʦ ʪʘʢʞʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʝʨʝʢʨʝʩʪʥʦʡ ʘʣʣʝʨʛʠʠ ʢ ʘʨʘʭʠʩʫ ʠʣʠ ʦʨʝʭʘʤ, ʪʘʢ ʢʘʢ ʙʝʣʢʠ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ 
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ʠʤʝʶʪ ʩʭʦʜʥʳʡ ʩʦʩʪʘʚ. ʀʟʚʝʩʪʥʳ 7 ʘʣʣʝʨʛʝʥʦʚ ʢʫʥʞʫʪʘ ð ɻʪʦ ʙʝʣʢʠ Ses i 1, Ses i 2 (2S 

ʘʣʴʙʫʤʠʥʳ), Ses i 3 (ʚʠʮʠʣʠʥïʧʦʜʦʙʥʳʡ ʛʣʦʙʫʣʠʥ), Ses i 4, Ses i 5 (ʦʣʝʦʟʠʥʳ), Ses i 6, Ses i 7 

(11S ʛʣʦʙʫʣʠʥʳ). ʕʪʠ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʘʪʩʷ ʢʘʢ ʚ ʩʝʤʝʥʘʭ, ʪʘʢ ʠ ʚ ʢʫʥʞʫʪʥʦʤ ʤʘʩʣʝ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ), ʦʩʥʦʚʥʳʝ ʘʣʣʝʨʛʝʥʳ ʢʫʥʞʫʪʘ 

ʠʤʝʶʪ ʥʦʤʝʨʘ 1, 4 ʠ 5. ɼʦʟʘ ʙʝʣʢʦʚ ʢʫʥʞʫʪʘ, ʚʳʟʳʚʘʶʱʘʷ ʘʣʣʝʨʛʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʫ ʣʶʜʝʡ 

ʨʘʚʥʘ 4,2ï6,2 ʤʛ. 

7) ʃʶʧʠʥ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ (https://goo.gl/ym2oUu). 

ʃʶʧʠʥ ð ɻʪʦ ʨʦʜ ʨʘʩʪʝʥʠʡ ʩʝʤʝʡʩʪʚʘ ʙʦʙʦʚʳʝ. ɺ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ ʜʦʙʘʚʣʷʶʪ ʩʝʤʝʥʘ 

ʩʣʘʜʢʦʛʦ ʣʶʧʠʥʘ. ʕʪʦ ʦʢʫʣʴʪʫʨʝʥʥʳʡ ʩʦʨʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʣʢʘʣʦʠʜʦʚ. ʇʠʱʝʚʘʷ ʮʝʥʥʦʩʪʴ ʪʘʢʠʭ ʩʝʤʷʥ ʙʣʠʟʢʘ ʢ ʩʦʝ. ʀʟ ʥʠʭ ʜʝʣʘʶʪ ʧʨʦʜʫʢʪʳ, ʧʦʭʦʞʠʝ 

ʥʘ ʪʦʬʫ, ʟʘʤʝʥʠʪʝʣʠ ʤʦʣʦʢʘ, ʘ ʪʘʢʞʝ ʤʫʢʫ. ɼʦʙʘʚʣʷʶʪ ʚ ʭʣʝʙ, ʧʝʯʝʥʴʝ, ʩʦʫʩʳ, ʢʦʥʜʠʪʝʨʩʢʠʝ, 

ʤʘʢʘʨʦʥʥʳʝ ʠʟʜʝʣʠʷ, ʤʷʩʥʳʝ ʧʨʦʜʫʢʪʳ. ʆʩʥʦʚʥʳʝ ʘʣʣʝʨʛʝʥʳ ʣʶʧʠʥʘ ð ɻ ʪʦ ʙʝʣʦʢ Lup a 5 

(ʧʨʦʬʠʣʠʥ) ʠ Lup an 1 (ʚʠʮʠʣʠʥ, ʠʣʠ S7 ʟʘʧʘʩʘʶʱʠʡ ʛʣʦʙʫʣʠʥ ʩʝʤʷʥ). ʉʭʦʜʥʳʝ ʙʝʣʢʠ 

ʠʤʝʶʪʩʷ ʚ ʜʨʫʛʠʭ ʙʦʙʦʚʳʭ, ʧʦʵʪʦʤʫ ʧʨʠ ʘʣʣʝʨʛʠʠ ʥʘ ʣʶʧʠʥ ʚʦʟʤʦʞʥʘ ʘʣʣʝʨʛʠʷ ʥʘ ʘʨʘʭʠʩ ʠ 

ʩʦʶ. 

8) ʄʦʣʣʶʩʢʠ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ (https://goo.gl/gx4mhq). 

ʂ ʤʦʣʣʶʩʢʘʤ ʦʪʥʦʩʷʪʩʷ ʫʣʠʪʢʠ, ʫʩʪʨʠʮʳ, ʤʠʜʠʠ, ʦʩʴʤʠʥʦʛʠ, ʢʘʣʴʤʘʨʳ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʆʥʠ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴ ʬʠʢʦʪʦʢʩʠʥʳ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʧʝʩʪʠʮʠʜʳ. ʇʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ 

ʘʣʣʝʨʛʠʷ ʥʘ ʤʦʣʣʶʩʢʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʫ 0,5ï2,5% ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ. ʆʩʥʦʚʥʳʤ ʘʣʣʝʨʛʝʥʦʤ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʤʳʰʝʯʥʳʡ ʙʝʣʦʢ ʪʨʦʧʦʤʠʦʟʠʥ. ʊʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʘʣʣʝʨʛʝʥʘʤʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʤʠʦʟʠʥ ʠ ʘʤʠʣʘʟʳ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʪʠ ʙʝʣʢʠ ʥʝ 

ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɸʣʣʝʨʛʠʷ ʥʘ ʤʦʣʣʶʩʢʦʚ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʫʧʦʪʨʝʙʣʝʥʠʷ ʠʭ ʚ ʧʠʱʫ, ʥʦ ʠ ʦʪ ʚʜʳʭʘʥʠʷ ʧʘʨʘ, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ɼʣʷ ʨʘʟʚʠʪʠʷ ʘʣʣʝʨʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʛʦ 0,25ï10 ʤʛ ʙʝʣʢʘ. ʆʥʘ 

ʥʝ ʧʨʦʭʦʜʠʪ ʩ ʚʦʟʨʘʩʪʦʤ ʠ ʯʘʱʝ ʚʩʝʛʦ ʪʦʣʴʢʦ ʫʩʫʛʫʙʣʷʝʪʩʷ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʧʝʨʝʢʨʝʩʪʥʦʡ ʘʣʣʝʨʛʠʠ ʢ ʨʘʢʦʦʙʨʘʟʥʳʤ, ʥʘʩʝʢʦʤʳʤ ʠ ʨʳʙʝ, ʪʘʢ ʢʘʢ ʪʨʦʧʦʤʠʦʟʠʥ ʩʦʜʝʨʞʠʪʩʷ 

ʚʦ ʚʩʝʭ ʵʪʠʭ ʧʨʦʜʫʢʪʘʭ. 

9) ʄʦʣʦʢʦ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʣʘʢʪʦʟʘ) 

ʄʦʣʦʢʦ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ, ʞʠʨʦʚ, ʫʛʣʝʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʚʠʪʘʤʠʥʦʚ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʄʦʣʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʄʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʦʩʥʦʚʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʧʠʪʢʦʚ (ʢʠʩʣʦʤʦʣʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʤʦʣʦʯʥʳʭ ʢʦʢʪʝʡʣʝʡ), ʘ ʪʘʢʞʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (ʪʚʦʨʦʛ, ʩʤʝʪʘʥʘ, ʤʦʨʦʞʝʥʦʝ). 

ʆʥʦ ʪʘʢʞʝ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʦʥʜʠʪʝʨʩʢʠʭ, ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠ ʤʷʩʥʳʭ ʠʟʜʝʣʠʡ. ʆʩʥʦʚʥʳʤʠ 

ʘʣʣʝʨʛʝʥʘʤʠ ʢʦʨʦʚʴʝʛʦ ʤʦʣʦʢʘ ʷʚʣʷʶʪʩʷ ʢʘʟʝʠʥʳ (ʙʝʣʢʠ Bos d 8 ð Bos d 12) ʠ ʙʝʪʘï

ʣʘʢʪʦʛʣʦʙʫʣʠʥ (ʙʝʣʦʢ Bos d 5). ʂʨʦʤʝ ʥʠʭ ʚ ʤʦʣʦʢʝ ʪʘʢʞʝ ʝʩʪʴ ʘʣʴʬʘïʣʘʢʪʘʣʴʙʫʤʠʥ (ʙʝʣʦʢ 

Bos d 4), ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ (Bos d 6) ʠ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥ Bos d 7. ʇʨʠ ʵʪʦʤ ʥʘʜʦ 

ʧʦʤʥʠʪʴ, ʯʪʦ ʢʘʟʝʠʥ ʫʩʪʦʡʯʠʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɸʣʣʝʨʛʠʠ ʢ ʙʝʣʢʘʤ ʤʦʣʦʢʘ ʩʦʧʫʪʩʪʚʫʶʪ 

ʩʪʘʥʜʘʨʪʥʳʝ ʩʠʤʧʪʦʤʳ: ʦʪ ʩʳʧʠ ʜʦ ʦʪʝʢʘ ʩʣʠʟʠʩʪʳʭ ʠ ʘʥʘʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʰʦʢʘ. ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʦʡ ʨʝʘʢʮʠʠ ʘʣʣʝʨʛʠʢ ʜʦʣʞʝʥ ʫʧʦʪʨʝʙʠʪʴ 0,36ï3,6 ʤʛ ʤʦʣʦʯʥʦʛʦ 

ʙʝʣʢʘ. ɹʝʣʢʠ ʨʘʟʥʳʭ ʚʠʜʦʚ ʤʦʣʦʢʘ ʦʪʣʠʯʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʥʘʣʠʯʠʝ ʘʣʣʝʨʛʠʠ ʥʘ ʢʦʨʦʚʴʝ ʤʦʣʦʢʦ 

ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢʦʚʦʡ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʤʦʣʦʢʘ ʠʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʥʦ 

ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʣʘʢʪʦʟʫ, ʥʘʟʳʚʘʝʤʫʶ ʤʦʣʦʯʥʳʤ ʩʘʭʘʨʦʤ. ɺ ʜʝʪʩʢʦʤ ʚʦʟʨʘʩʪʝ ʤʦʣʦʢʦ 

ʧʝʨʝʥʦʩʠʪʩʷ ʥʦʨʤʘʣʴʥʦ, ʘ ʚʦ ʚʟʨʦʩʣʦʤ ʚʦʟʨʘʩʪʝ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʤʝʥʪʘ 

ʣʘʢʪʘʟʳ ʧʦʷʚʣʷʶʪʩʷ ʪʨʫʜʥʦʩʪʠ ʩ ʧʝʨʝʚʘʨʠʚʘʥʠʝʤ. ʅʝʭʚʘʪʢʘ ʞʝ ʜʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʚ ʜʝʪʩʢʦʤ 

ʚʦʟʨʘʩʪʝ ʦʙʫʩʣʦʚʣʝʥʘ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʠʣʠ ʙʦʣʝʟʥʷʤʠ ʞʝʣʫʜʦʯʥʦïʢʠʰʝʯʥʦʛʦ 

ʪʨʘʢʪʘ. 

10) ʆʨʝʭʠ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ 
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ʉʨʝʜʠ ʦʨʝʭʦʚ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʣʝʨʛʝʥʦʚ. ʕʪʦ ʪʘʢʠʝ ʦʨʝʭʠ, 

ʢʘʢ ʘʨʘʭʠʩ, ʛʨʝʮʢʠʡ ʦʨʝʭ, ʢʝʰʴʶ, ʤʠʥʜʘʣʴ, ʧʝʢʘʥ, ʬʠʩʪʘʰʢʠ ʠ ʬʫʥʜʫʢ. ʊʘʢ, ʚ ʘʨʘʭʠʩʝ 

ʩʦʜʝʨʞʘʪʩʷ ʪʘʢʠʝ ʘʣʣʝʨʛʝʥʥʳʝ ʙʝʣʢʠ, ʢʘʢ ʙʝʣʢʠ Ara h 1ï11, ʦʩʥʦʚʥʳʤʠ ʘʣʣʝʨʛʝʥʘʤʠ ʠʟ ʥʠʭ 

ʷʚʣʷʶʪʩʷ Ara h 2 ʠ Ara h 6. ʇʝʨʚʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʛʣʠʢʦʧʨʦʪʝʠʥ, ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʪʨʠʧʩʠʥʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʠʱʝʚʘʨʝʥʠʷ. ɺʪʦʨʦʡ ʙʝʣʦʢ 

ʚʳʟʳʚʘʝʪ ʚʳʙʨʦʩ ʛʠʩʪʘʤʠʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʡ ʘʣʣʝʨʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ʅʦʨʤʦʡ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʛʦ ʘʣʣʝʨʛʝʥʘ ʚ ʢʨʦʚʠ ʩʯʠʪʘʝʪʩʷ <50 ʤʛ/ʣ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ, ʪʦ ʘʣʣʝʨʛʝʥʘʤʠ ʷʚʣʷʶʪʩʷ ʙʝʣʢʠ ʟʘʧʘʩʘʶʱʠʡ ʘʣʴʙʫʤʠʥ 

ʩʝʤʝʥʠ (Jug r 1) ʠ ʟʘʧʘʩʘʶʱʠʡ ʚʠʮʠʣʠʥ ʩʝʤʝʥʠ (Jug r 2). ɼʣʷ ʨʘʟʚʠʪʠʷ ʘʣʣʝʨʛʠʠ ʧʨʠ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ ʚ ʨʘʟʤʝʨʝ ʦʪ 10,6 ʜʦ 14,6 ʤʛ (ʥʠʟʰʠʡ ʧʦʨʦʛ). ʋ 50% ʣʶʜʝʡ, 

ʠʤʝʶʱʠʭ ʘʣʣʝʨʛʠʶ ð 590ï650 ʤʛ ʛʨʝʮʢʠʭ ʦʨʝʭʦʚ. ʇʠʱʝʚʘʷ ʘʣʣʝʨʛʠʷ ʢ ʢʝʰʴʶ ʚʩʪʨʝʯʘʝʪʩʷ 

ʨʝʞʝ, ʯʝʤ ʢ ʜʨʫʛʠʤ ʦʨʝʭʘʤ. ɸʣʣʝʨʛʝʥʘʤʠ ʚ ʥʝʤ ʷʚʣʷʶʪʩʷ ʚʠʮʠʣʠʥïʧʦʜʦʙʥʳʡ ʙʝʣʦʢ Ana o 1, 

ʣʝʛʫʤʠʥïʧʦʜʦʙʥʳʡ ʙʝʣʦʢ Ana o 2 ʠ 2Sïʘʣʴʙʫʤʠʥ (Ana o 3). ʋ 10% ʣʶʜʝʡ, ʠʤʝʶʱʠʭ 

ʘʣʣʝʨʛʠʶ ʥʘ ʜʘʥʥʳʡ ʦʨʝʭ, ʨʝʘʢʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ 3,5ï4,3 ʤʛ ʙʝʣʢʦʚ, ʫ 50% 

ð ʦʪ 108,4 ʤʛ ʜʦ 149,1 ʤʛ. ʂ ʧʠʱʝʚʳʤ ʘʣʣʝʨʛʝʥʘʤ ʤʠʥʜʘʣʷ ʦʪʥʦʩʷʪʩʷ Pru du 3, Pru du 4 

(ʧʨʦʬʠʣʠʥ) Pru du 5 ʠ Pru du 6 (ʘʤʘʥʜʠʥ). ʇʦʩʣʝʜʥʠʡ ʙʝʣʦʢ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʤ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫ ʶʞʥʦʘʟʠʘʪʩʢʠʭ ʨʘʡʦʥʦʚ ʪʘʢʘʷ ʘʣʣʝʨʛʠʷ ʧʦʷʚʣʷʝʪʩʷ ʯʘʱʝ, ʯʝʤ ʫ 

ʞʠʪʝʣʝʡ ɽʚʨʦʧʳ ʠ ʉʐɸ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʨʝʭʘ ʧʝʢʘʥ, ʪʦ ʘʣʣʝʨʛʝʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʥʝʤ, 

ʷʚʣʷʶʪʩʷ ʙʝʣʢʠ Car i 1 (2S ʟʘʧʘʩʘʶʱʠʡ ʘʣʴʙʫʤʠʥ ʩʝʤʷʥ), Car i 2 (ʚʠʮʠʣʠʥïʧʦʜʦʙʥʳʡ ʙʝʣʦʢ) 

ʠ Car i 4 (ʟʘʧʘʩʘʶʱʠʡ ʣʝʛʫʤʠʥ ʩʝʤʷʥ). ʆʥʠ ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ ʙʝʣʢʠ ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ, ʧʦʵʪʦʤʫ 

ʧʝʨʝʢʨʝʩʪʥʘʷ ʘʣʣʝʨʛʠʷ ʚʦʟʥʠʢʘʝʪ ʧʦʯʪʠ ʩʦ 100% ʚʝʨʦʷʪʥʦʩʪʴʶ. ʂ ʧʠʱʝʚʳʤ ʘʣʣʝʨʛʝʥʘʤ 

ʬʠʩʪʘʰʝʢ ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʥʦʩʷʪ ʙʝʣʢʠ Pis v 1 (2S ʘʣʴʙʫʤʠʥ), Pis v 2 (11S ʛʣʦʙʫʣʠʥ), Pis v 3 

(ʚʠʮʠʣʠʥ), Pis v 4 (ʤʘʨʛʘʥʝʮ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ) ʠ Pis v 5 (11S ʛʣʦʙʫʣʠʥ). ʊʘʢʞʝ ʚʦʟʤʦʞʥʘ 

ʧʝʨʝʢʨʝʩʪʥʘʷ ʘʣʣʝʨʛʠʷ ʩ ʢʝʰʴʶ. ʊʘʢʞʝ ʬʠʩʪʘʰʢʠ ʩʦʜʝʨʞʘʪ ʫʨʫʰʠʦʣʳ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʥʘ ʢʦʞʫ ʚʳʟʳʚʘʶʪ ʘʣʣʝʨʛʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ. ʂ ʘʣʣʝʨʛʝʥʘʤ ʬʫʥʜʫʢʘ ʦʪʥʦʩʷʪʩʷ Cor 

a 1, Cor a 2 (ʧʨʦʬʠʣʠʥ), Cor a 8 (ʥʝʩʧʠʮʠʬʠʯʝʩʢʠʡ ʣʠʧʠʜïʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʙʝʣʦʢ 1 ʪʠʧʘ), 

Cor a 9 (11S ʟʘʧʘʩʘʶʱʠʡ ʛʣʦʙʫʣʠʥ ʩʝʤʷʥ), Cor a 11 (7S ʚʠʮʠʣʠʥïʧʦʜʦʙʥʳʡ ʟʘʧʘʩʘʶʱʠʡ 

ʛʣʦʙʫʣʠʥ ʩʝʤʷʥ). ɸ ʪʘʢʞʝ Cor a 12 (17ʢɼʘ ʦʣʝʦʟʠʥ), Cor a 13 (14ï16 ʢɼɸ ʦʣʝʦʟʠʥ), Cor a 14 

(2S ʘʣʴʙʫʤʠʥ). 

11) ʈʘʢʦʦʙʨʘʟʥʳʝ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ 

ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʨʘʢʠ, ʢʨʘʙʳ, ʢʨʝʚʝʪʢʠ, ʦʤʘʨʳ, ʢʨʠʣʴ ʠ ʪ.ʜ. ɸʣʣʝʨʛʠʷ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʠʭ ʚ ʧʠʱʫ, ʥʦ ʠ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʥʠʤʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʜʦʩʪʘʪʦʯʥʦ 0,25ï10 ʤʛ ʙʝʣʢʘ. ʆʩʥʦʚʥʦʡ ʘʣʣʝʨʛʝʥ ʨʘʢʦʦʙʨʘʟʥʳʭ ð 

ʪʨʦʧʦʤʠʦʟʠʥ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. ʂʨʦʤʝ ʥʝʛʦ ʚ ʨʘʢʦʦʙʨʘʟʥʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ 

ʜʨʫʛʠʝ ʘʣʣʝʨʛʝʥʳ, ʥʘʧʨʠʤʝʨ, ʘʨʛʠʥʠʥʢʠʥʘʟʳ, ʤʠʦʟʠʥ ʠ ʢʘʣʴʮʠʡïʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ 

ʩʘʨʢʦʧʣʘʟʤʳ. 

12) ʈʳʙʘ ʠ ʧʨʦʜʫʢʪʳ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ 

ʈʳʙʘ ʙʦʛʘʪʘ ʞʠʨʘʤʠ, ʙʝʣʢʘʤʠ, ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, 

ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʤʠ ʚʠʪʘʤʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʝʝ ʧʦʣʴʟʫ, 

ʚ ʨʳʙʝ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʘ ʪʘʢʞʝ ʵʢʦʪʦʢʩʠʢʘʥʪʳ ʠ ʧʝʩʪʠʮʠʜʳ, 

ʥʘʧʨʠʤʝʨ ɼɼʊ ʠ ʜʨʫʛʠʝ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ. ɸʣʣʝʨʛʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʢ ʨʳʙʝ 

ʠʤʝʝʪʩʷ ʧʨʠʤʝʨʥʦ ʫ 0,2% ʥʘʩʝʣʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʘʣʣʝʨʛʝʥ ʚ ʨʳʙʝ ð ɻ ʪʦ ʙʝʣʦʢ ʧʘʨʚʘʣʴʙʫʤʠʥ, 

ʩʚʷʟʳʚʘʶʱʠʡ ʢʘʣʴʮʠʡ. ʊʘʢʞʝ ʘʣʴʙʫʤʠʥʳ, ʪʨʦʧʦʤʠʦʟʠʥ ʠ ʪ.ʜ. ʇʨʠʤʝʨʥʘʷ ʜʦʟʘ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʘʣʣʝʨʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 1ï100 ʤʛ ʙʝʣʢʦʚ. ɸʣʣʝʨʛʠʷ ʢ ʨʳʙʝ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʝʝ ʚ ʧʠʱʫ, ʥʦ ʠ ʧʨʠ ʚʜʳʭʘʥʠʠ ʧʘʨʘ ʧʨʠ ʝʝ ʧʨʠʛʦʪʦʚʣʝʥʠʠ. ʆʯʝʥʴ ʯʘʩʪʦ 

ʘʣʣʝʨʛʠʷ ʢ ʦʜʥʦʤʫ ʚʠʜʫ ʨʳʙʳ ʚʳʟʳʚʘʝʪ ʪʘʢʦʚʫʶ ʢ ʜʨʫʛʦʤʫ [10]. 
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13) ʉʝʣʴʜʝʨʝʡ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ 

ʉʝʣʴʜʝʨʝʡ ʫʧʦʪʨʝʙʣʷʶʪ ʚ ʩʳʨʦʤ ʚʠʜʝ, ʘ ʪʘʢʞʝ ʜʦʙʘʚʣʷʶʪ ʚ ʧʝʨʚʳʝ ʙʣʶʜʘ ʠ ʩʘʣʘʪʳ. 

ʊʘʢʞʝ ʩʫʰʝʥʫʶ ʟʝʣʝʥʴ ʠ ʢʦʨʝʥʴ ʜʦʙʘʚʣʷʶʪ ʚ ʤʷʩʥʳʝ ʧʨʦʜʫʢʪʳ. ʂ ʧʠʱʝʚʳʤ ʘʣʣʝʨʛʝʥʘʤ ʵʪʦʛʦ 

ʨʘʩʪʝʥʠʷ ʦʪʥʦʩʷʪ ʙʝʣʢʠ Api q 1 (ʙʝʣʦʢ PR-10 ʩʝʤʝʡʩʪʚʘ Bet v 1), Api q 2 (ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʣʠʧʠʜïʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʙʝʣʦʢ 1 ʪʠʧʘ), Api q 3 (ʭʣʦʨʦʬʠʣʣ aïb ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ), Api q 

4 (ʧʨʦʬʠʣʠʥ), Api q 5 ʠ Api q 6 (ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʣʠʧʠʜïʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʙʝʣʦʢ 2 ʪʠʧʘ). 

ɹʝʣʢʠ, ʧʦʜʦʙʥʳʝ Api q 5, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʠʥʟʝ, ʧʝʪʨʫʰʢʝ, ʫʢʨʦʧʝ. 

14) ʉʦʷ ʠ ʧʨʦʜʫʢʪʳ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ (https://goo.gl/bZL2sm). 

ʉʦʝʚʳʝ ʙʦʙʳ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʨʥʦ 30ï50% ʙʝʣʢʘ, ʘ ʪʘʢʞʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʚʠʪʘʤʠʥʳ 

ʛʨʫʧʧʳ ɺ, ʞʝʣʝʟʦ, ʘ ʪʘʢʞʝ ʢʘʣʴʮʠʡ. ʀʟ ʩʦʠ ʛʦʪʦʚʷʪ ʤʫʢʫ, ʤʘʩʣʦ, ʩʦʝʚʦʝ ʤʷʩʦ, ʪʦʬʫ. ʉʦʝʚʳʡ 

ʙʝʣʦʢ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʷʩʥʳʭ ʠʟʜʝʣʠʡ, ʩʦʝʚʦʛʦ ʤʷʩʘ, ʟʘʧʨʘʚʦʢ ʜʣʷ ʩʘʣʘʪʦʚ, ʩʫʧʦʚ, ʩʳʨʦʚ ʠ 

ʝʱʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ. ʉʦʝʚʳʝ ʙʦʙʳ ʥʝʦʙʭʦʜʠʤʦ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʪʴ 

ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦʜʝʨʞʘʪ ʠʥʛʠʙʠʪʦʨʳ ʬʝʨʤʝʥʪʘ ʪʨʠʧʩʠʥʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ 

ʨʘʩʱʝʧʣʝʥʠʝ ʙʝʣʢʦʚ ʚ ʦʨʛʘʥʠʟʤʝ. ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʟʦʬʣʘʚʦʥ ʛʝʥʠʩʪʝʥ, ʢʦʪʦʨʳʡ 

ʩʚʷʟʳʚʘʶʪ ʩ ʨʘʟʚʠʪʠʝʤ ʣʝʡʢʝʤʠʠ ʫ ʜʝʪʝʡ. ɸʣʣʝʨʛʠʷ ʢ ʩʦʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚ ʣʶʙʦʤ ʚʦʟʨʘʩʪʝ. 

ʅʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʝʝ ʚʳʟʚʘʪʴ, ʩʦʩʪʘʚʣʷʝʪ 88 ʤʛ. ʆʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʘʣʣʝʨʛʝʥʦʚ ʩʦʠ ʷʚʣʷʝʪʩʷ ʙʝʣʦʢ Gly m 4. ʊʘʢʞʝ ʝʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ɓïʢʦʥʛʣʠʮʠʥʠʥ ʠ 

ʛʣʠʮʠʥʠʥ. ʄʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʝʨʝʢʨʝʩʪʥʘʷ ʘʣʣʝʨʛʠʷ ʢ ʜʨʫʛʠʤ ʙʦʙʦʚʳʤ. 

15) ʗʡʮʘ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ (https://goo.gl/icBmVG);  

ʆʥʠ ʩʯʠʪʘʶʪʩʷ ʮʝʥʥʳʤʠ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʪ ʞʠʨʳ, ʙʝʣʢʠ, 

ʫʛʣʝʚʦʜʳ, ʚʠʪʘʤʠʥʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. ʅʘʣʠʯʠʝ ʘʣʣʝʨʛʠʠ ʢ ʢʫʨʠʥʦʤʫ ʷʡʮʫ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʝʘʢʮʠʡ ʚ ʜʝʪʩʢʦʤ ʚʦʟʨʘʩʪʝ. ɼʣʷ ʧʨʦʷʚʣʝʥʠʷ 

ʘʣʣʝʨʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʫʞʥʦ ʫʧʦʪʨʝʙʠʪʴ 0,1301 ʤʛ ʙʝʣʢʦʚ. ɺʩʪʨʝʯʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʫ 1ï2% 

ʜʝʪʝʡ. ʂʘʢ ʠ ʘʣʣʝʨʛʠʷ ʢ ʤʦʣʦʢʫ, ʦʥʘ ʧʨʦʭʦʜʠʪ ʢ 5 ʛʦʜʘʤ. ʆʩʥʦʚʥʳʝ ʙʝʣʢʠïʘʣʣʝʨʛʝʥʳ ʷʡʮʘ ð 

ʵʪʦ ʦʚʦʤʫʢʦʠʜ (Gal d 1, f 233), ʦʚʘʣʴʙʫʤʠʥ (Gal d 2, f 232), ʦʚʦʪʨʘʥʩʬʝʨʨʠʥ (Gal d 3), ʣʠʟʦʮʠʤ 

(Gal d 4). ʕʪʠ ʙʝʣʢʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʙʝʣʢʝ, ʧʦʵʪʦʤʫ ʧʨʠ ʥʘʣʠʯʠʠ ʘʣʣʝʨʛʠʠ ʪʦʣʴʢʦ ʥʘ ʥʠʭ, ʤʦʞʥʦ 

ʫʧʦʪʨʝʙʣʷʪʴ ʚ ʧʠʱʫ ʞʝʣʪʦʢ. ʆʜʥʘʢʦ ʠ ʚ ʥʝʤ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʙʝʣʢʠïʘʣʣʝʨʛʝʥʳ, 

ʥʘʧʨʠʤʝʨ, ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ (Gal d 5). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʙʝʣʢʦʚ ʷʡʮʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʥʘʛʨʝʚʘʥʠʶ ʠ ʬʝʨʤʝʥʪʘʤ ʞʝʣʫʜʦʯʥʦïʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ. ʇʨʠ ʵʪʦʤ ʦʚʦʤʫʢʦʠʜ ʫʩʪʦʡʯʠʚ ʢ 

ʥʘʛʨʝʚʘʥʠʶ [11ï12]. 

 

ʉʧʦʩʦʙʳ ʠʟʙʝʞʘʪʴ ʧʠʱʝʚʦʡ ʘʣʣʝʨʛʠʠ 

1. ʅʝʦʙʭʦʜʠʤʦ ʚʥʠʤʘʪʝʣʴʥʦ ʯʠʪʘʪʴ ʩʦʩʪʘʚ ʣʶʙʳʭ ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʪʦʚʘʨʦʚ. ʊʘʢʞʝ 

ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʘʣʣʝʨʛʝʥʳ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʠʩʘʥʳ ʧʦʜ ʩʣʦʚʘʤʠïʩʠʥʦʥʠʤʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʷʡʮʘ (ʦʚʘʣʴʙʫʤʠʥ, ʘʣʴʙʫʤʠʥ), ʤʦʣʦʢʦ (ʢʘʟʝʠʥ, ʣʘʢʪʘʣʴʙʫʤʠʥ, ʩʳʚʦʨʦʪʢʘ), ʘʨʘʭʠʩ 

(ʦʨʝʭʠ), ʩʦʷ (ʪʦʬʫ, ʩʦʝʚʳʡ ʩʦʫʩ) [13].  

2. ʇʨʠ ʧʦʩʝʱʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʩʣʝʜʫʝʪ ʫʪʦʯʥʷʪʴ ʩʦʩʪʘʚ ʙʣʶʜ 

ʧʨʠ ʟʘʢʘʟʝ. ʇʦ ʞʝʣʘʥʠʶ ʛʦʩʪʷ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʤʦʞʝʪ ʫʙʨʘʪʴ ʘʣʣʝʨʛʝʥ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ 

ʧʨʦʜʫʢʪʘ.  

3. ʇʨʠ ʥʘʣʠʯʠʠ ʘʣʣʝʨʛʠʠ ʥʘ ʤʦʣʦʢʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʟʘʤʝʥʠʪʝʣʠ. ʅʘʧʨʠʤʝʨ, 

ʤʦʣʦʢʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʩʦʝʚʦʝ, ʤʠʥʜʘʣʴʥʦʝ, ʨʠʩʦʚʦʝ, ʢʦʢʦʩʦʚʦʝ).  

4. ʊʘʢ ʢʘʢ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʘʣʣʝʨʛʠʶ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʜʘʞʝ ʟʘʧʘʭ ʧʨʦʜʫʢʪʘï

ʘʣʣʝʨʛʝʥʘ, ʪʦ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʤʝʩʪ ʝʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʜʘʞʠ [14]. 

5. ʅʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʫʶ ʧʦʩʫʜʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ ʠ ʧʨʦʜʫʢʪʦʚ. ʕʪʦ 

ʜʝʣʘʝʪʩʷ ʩ ʮʝʣʴʶ ʠʟʙʝʞʘʪʴ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʘʣʣʝʨʛʝʥʦʚ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʨʘʟʜʝʣʦʯʥʳʭ ʜʦʩʦʢ (https://goo.gl/ECV15c).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʠʱʝʚʳʝ ʘʣʣʝʨʛʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ 

ʩʪʦʠʪ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʩʨʝʜʠ ʜʝʪʝʡ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚʣʠʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʘ 

ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʣʶʜʝʡ, ʧʝʨʝʚʦʜʷ ʝʛʦ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ. ʕʪʦ ʜʘʝʪ ʧʦʚʦʜ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʧʨʠʯʠʩʣʠʪʴ ʢ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʫʯʝʥʳʝ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʜʫʢʪʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʘʣʣʝʨʛʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ. ʕʪʦ ʙʝʟʛʣʶʪʝʥʦʚʳʝ ʧʨʦʜʫʢʪʳ, ʟʘʤʝʥʠʪʝʣʠ ʞʠʚʦʪʥʦʛʦ ʤʦʣʦʢʘ ʠ ʪʘʢ ʜʘʣʝʝ.  
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ɸʥʥʦʪʘʮʠʷ. ʇʝʜʦʩʬʝʨʘ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʈʫʩʩʢʦʛʦ ɸʣʪʘʷ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ 

ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʠʛʨʘʮʠʠ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ, ʪ. ʢ. ʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʠʩʣʳʭ ʛʫʤʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʥʝʡ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʳ ʠ ʧʦʯʪʠ ʥʝʪ 

ʩʫʣʴʬʘʪʦʚ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʤʦʙʠʣʠʟʘʮʠʠ ʘʪʦʤʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʝʜʦʛʝʥʝʟ ʥʘ ʦʜʥʦʨʦʜʥʳʭ ʙʫʨʳʭ ʙʝʩʢʘʨʙʦʥʘʪʥʳʭ ʛʣʠʥʘʭ ʠ ʩʫʛʣʠʥʢʘʭ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʘ ʦʧʦʜʟʦʣʠʚʘʥʠʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ ʚ 

ʧʝʜʦʩʬʝʨʝ. ʕʢʩʧʝʜʠʮʠʦʥʥʳʝ ʤʘʨʰʨʫʪʳ ʧʨʦʚʦʜʠʤʳʝ ʩ 2000 ʧʦ 2011 ʛʛ. ʦʭʚʘʪʳʚʘʣʠ ʙʘʩʩʝʡʥʳ 

ʨʨ. ɹʠʷ (ʃʝʙʝʜʴ, ʊʦʥʜʦʰʢʘ, ʇʳʞʘ ʠ ʀʦʛʘʯ), ʂʘʪʫʥʴ (ʄʘʡʤʘ, ʀʰʘ), ɸʣʝʡ (ɺʦʩʪʦʯʥʳʡ ɸʣʝʡ), 

ʏʘʨʳʰ (ɹʝʣʘʷ). ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʛʝʦʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ 

ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʤʝʣʢʦʟʝʤʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ʊʶʨʠʥʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʅʠʢʠʪʠʥʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ð ʧʠʧʝʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʂʘʯʠʥʩʢʦʤʫ, ʘʢʪʫʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ð 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ð 

ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʝʤʢʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ð ʧʦ ʤʝʪʦʜʫ ɹʦʙʢʦïɸʩʢʠʥʘʟʠ ʚ 

ʤʦʜʠʬʠʢʘʮʠʠ ɻʨʘʙʘʨʦʚʘ ʩ ʦʢʦʥʯʘʥʠʝʤ ʧʦ ɸʡʜʠʥʷʥʫ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʪʨʦʥʮʠʷ ʚ ʦʙʨʘʟʮʘʭ ʤʝʣʢʦʟʝʤʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʀʥʩʪʠʪʫʪʝ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʘʛʨʦʭʠʤʠʠ ʉʆ ʈɸʅ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʣʘʟʤʝʥʥʦïʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʧʝʜʦʛʝʥʝʟʘ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʈʫʩʩʢʦʛʦ ɸʣʪʘʷ ʥʘ ʵʪʘʧʝ ʦʧʦʜʟʦʣʠʚʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʘʙʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ ʠʟ ʙʫʨʳʭ ʙʝʩʢʘʨʙʦʥʘʪʥʳʭ ʛʣʠʥ ʠ 

ʩʫʛʣʠʥʢʦʚ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʧʦʛʣʦʱʘʶʪʩʷ ʢʦʨʥʝʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʘʩʪʝʥʠʡ ʠ ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ 

ʩʦʩʪʘʚʝ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʧʝʜʦʩʬʝʨʳ. 

 

Abstract. The pedosphere under the blackened forests of the Russian Altai is a unique object 

for studying the migration of strontium atoms, since its development occurs in relatively acidic 

humid conditions and there are no carbonates and almost no sulfates. All these factors contribute to 

the mobilization of atoms of the element under study. In addition, pedogenesis on homogeneous 

brown carbonïfree clay and loam makes it possible to study the effect of podzolization on 

the distribution of strontium atoms in the pedosphere. Expedition routes conducted from 2000 to 

2011 covered the basins of the Biya (Lebed, Tondoshka, Pyzha and Iogach), Katun (Maima, Isha), 

Alei (East Alei), Charysh (Belaya) rivers. Analytical work was carried out in the laboratory of 

biogeochemistry of the Institute for Water and Environmental Problems of the Siberian Branch of 
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the Russian Academy of Sciences. The total content of humic compounds in the fine earth was 

determined by the Tyurin method in Nikitinôs modification, the particle size distribution by 

the Kachinskii pipetting method, the current acidity by the potentiometric method, the ionic 

composition of waterïsoluble salts by the titrimetric method, the absorption capacity by the Bobkoï

Askinazi method in the Grabarov variant with the end Aydinyan The determination of the total 

strontium content in samples of fine earth was carried out at the Institute of Soil Science and 

Agrochemistry of the Siberian Branch of the Russian Academy of Sciences by a quantitative plasma 

spectral method. As a result, it became clear that in the process of pedogenesis under the blackened 

forests of the Russian Altai, at the podzolization stage, there is a weak leaching of strontium atoms 

from brown carbonïfree clays and loams, which are quickly absorbed by the root systems of plants 

and fixed as part of humus substances in the upper part of the pedosphere profile. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʥʮʠʡ, ʧʝʜʦʩʬʝʨʘ, ʯʝʨʥʝʚʳʝ ʣʝʩʘ, ʵʪʘʧʳ ʧʝʜʦʛʝʥʝʟʘ, ʈʫʩʩʢʠʡ 

ɸʣʪʘʡ. 

 

Keywords: strontium, pedosphere, fir forest, pedogenesis stage, Russian Altai. 

 

ɺʚʝʜʝʥʠʝ 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʪʨʦʥʮʠʷ ʚ 

ʧʝʜʦʩʬʝʨʝ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ [1], ʥʦ ʪʘʢʦʡ ʠʥʪʝʨʝʩ ʩʚʷʟʘʥ ʚ ʦʩʥʦʚʥʦʤ ʩ ʝʛʦ ʨʘʜʠʦʘʢʪʠʚʥʳʤ 

ʠʟʦʪʦʧʦʤ 
90
Sr. ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʡ ʩʪʨʦʥʮʠʡ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʪʨʝʪʴʝʤʫ ʢʣʘʩʩʫ 

ʪʦʢʩʠʯʥʦʩʪʠ (1), ʥʝ ʠʤʝʝʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʇɼʂ ʜʣʷ ʧʝʜʦʩʬʝʨʳ [2] ʠ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʜʦʩʪʘʪʢʘ ʢʘʣʴʮʠʷ ʠ ʚʠʪʘʤʠʥʘ D ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʫ ʜʝʪʝʡ ʧʦʨʘʞʝʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʶ 

ʩʫʩʪʘʚʦʚ, ʟʘʜʝʨʞʢʫ ʨʦʩʪʘ ʠ ʜʨʫʛʠʝ ʥʘʨʫʰʝʥʠʷ [3]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʤʠʛʨʘʮʠʷ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ ʚʳʟʳʚʘʝʪ ʚ ʢʠʩʣʳʭ ʛʫʤʠʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, 

ʚ ʢʦʪʦʨʳʭ ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʠʪʠʝ ʧʝʜʦʩʬʝʨʳ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʦʥʠ 

ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʤʦʙʠʣʴʥʳʤʠ ʠ ʤʦʛʫʪ ʩ ʣʘʪʝʨʘʣʴʥʳʤ ʩʪʦʢʦʤ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʨʝʯʥʫʶ ʩʝʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʝʜʦʩʬʝʨʫ, ʘ 

ʚʤʝʩʪʝ ʩ ʥʠʤ ʠ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ, ʷʚʣʷʶʪʩʷ ʙʫʨʳʝ ʙʝʩʢʘʨʙʦʥʘʪʥʳʝ ʛʣʠʥʳ ʠ ʩʫʛʣʠʥʢʠ. ʕʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʧʝʜʦʛʝʥʝʟʘ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʥʘ ʤʠʛʨʘʮʠʶ ʵʪʠʭ ʘʪʦʤʦʚ, 

ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʵʪʘʧʘ ð ʧʦʜʟʦʣʠʩʪʳʡ ʠ 

ʛʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʳʡ [4]. 

ʄʠʛʨʘʮʠʷ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ ʚ ʧʝʜʦʩʬʝʨʝ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʈʫʩʩʢʦʛʦ ɸʣʪʘʷ ʟʘʚʠʩʠʪ 

ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʦ ʠ ʦʪ ʩʚʦʡʩʪʚ ʝʛʦ ʘʪʦʤʦʚ (ʨʘʜʠʫʩ ʠʦʥʘ, 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ, ʟʘʨʷʜ ʠʦʥʘ ʠ ʜʨ.) [5]. ʀʦʥʳ ʩ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ ʯʝʤ ʫ Sr
2+
 (112 ʧʤ) 

ʙʫʜʫʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʝhʪʢʫ ʤʠʥʝʨʘʣʦʚ, ʯʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʠʦʥ, ʠ ʥʘʦʙʦʨʦʪ. ʆʙʤʝʥ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ ʥʘ 

ʜʨʫʛʦʡ ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʠ ʥʘʦʙʦʨʦʪ, ʚʦʟʤʦʞʝʪ ʪʦʣʴʢʦ ʧʨʠ ʩʭʦʜʩʪʚʝ ʠʭ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ (0,95 ʧʦ ʰʢʘʣʝ ʇʦʣʠʥʛʘ). ʆʪʥʦʰʝʥʠʝ ʟʘʨʷʜʘ ʠʦʥʘ ʩʪʨʦʥʮʠʷ ʢ ʝʛʦ 

ʨʘʜʠʫʩʫ (ʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ) ʨʘʚʝʥ 1,80, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʚʦʜʥʘʷ ʤʠʛʨʘʮʠʷ ʚ ʧʝʜʦʩʬʝʨʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ ʠʦʥʘ Sr
2+
. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʜʦʩʬʝʨʘ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʈʫʩʩʢʦʛʦ ɸʣʪʘʷ ʚʦ 

ʚʨʝʤʷ ʧʦʜʟʦʣʠʩʪʦʛʦ ʠ ʛʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʪʘʧʦʚ ʧʝʜʦʛʝʥʝʟʘ, ʘ ʪʘʢʞʝ ʚ ʧʝʨʝʭʦʜʥʳʡ 

ʧʝʨʠʦʜ ʤʝʞʜʫ ʥʠʤʠ. 
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ɺʦ ʚʨʝʤʷ ʛʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʪʘʧʘ ʧʝʜʦʛʝʥʝʟʘ ʚ ʧʨʦʬʠʣʝ ʧʝʜʦʩʬʝʨʳ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʘ ʛʦʨʠʟʦʥʪʘ ð ʛʫʤʫʩʦʚʳʡ ʠ ʪʝʢʩʪʫʨʥʳʡ. ɻʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ʠʤʝʝʪ ʦʙʳʯʥʦ ʦʪ 

ʙʫʨʦʚʘʪʦïʩʝʨʦʡ ʜʦ ʪʝʤʥʦïʩʝʨʦʡ ʦʢʨʘʩʢʫ, ʢʦʤʢʦʚʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʳʭʣʦʝ ʩʣʦʞʝʥʠʝ. ɽʛʦ ʤʦʞʥʦʩʪʴ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 60 ʩʤ. ʊʝʢʩʪʫʨʥʳʡ ʛʦʨʠʟʦʥʪ ʦʪʣʠʯʘʝʪʩʷ ʙʫʨʦʡ ʠʣʠ ʞʝʣʪʦïʙʫʨʦʡ ʦʢʨʘʩʢʦʡ, 

ʢʦʤʢʦʚʘʪʦïʦʨʝʭʦʚʘʪʦʡ, ʦʨʝʭʦʚʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʨʝʜʥʝï ʠʣʠ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʤ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʧʣʦʪʥʳʤ ʩʣʦʞʝʥʠʝʤ. ʊʘʢʞʝ ʦʥ ʙʦʛʘʪ ʛʫʤʫʩʦʚʳʤʠ, 

ʞʝʣʝʟʠʩʪʳʤʠ ʠ ʛʣʠʥʠʩʪʳʤʠ ʧʣʝʥʢʘʤʠ ʠ ʟʘʪʝʢʘʤʠ ʧʦ ʛʨʘʥʷʤ ʧʦʯʚʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ɺ ʪʝʯʝʥʠʝ ʧʦʜʟʦʣʠʩʪʦʛʦ ʵʪʘʧʘ ʧʝʜʦʛʝʥʝʟʘ ʤʝʞʜʫ ʛʫʤʫʩʦʚʳʤ ʠ ʪʝʢʩʪʫʨʥʳʤ ʛʦʨʠʟʦʥʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʶʚʠʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʠʤʝʶʱʝʛʦ ʙʦʣʝʝ ʩʚʝʪʣʫʶ ʙʝʣʝʩʫʶ 

ʦʢʨʘʩʢʫ, ʟʘ ʩʯʝʪ ʦʪʤʳʪʳʭ ʟʝʨʝʥ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʥʝʧʨʦʯʥʦ ʧʣʘʩʪʠʥʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʨʳʭʣʦʝ ʩʣʦʞʝʥʠʝ. ɻʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ 

ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʝʝ ʙʫʨʳʝ ʦʪʪʝʥʢʠ ʠ ʩʪʘʥʦʚʠʪʴʩʷ ʤʝʥʝʝ ʤʦʞʥʳʤ. ʊʝʢʩʪʫʨʥʳʡ ʛʦʨʠʟʦʥʪ, 

ʥʘʦʙʦʨʦʪ, ʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʝʝ ʤʦʞʥʳʤ (ʜʦ 2 ʤ) ʠ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʦʨʝʭʦʚʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʄʝʣʢʦʟʝʤ ʚ ʧʝʜʦʩʬʝʨʝ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʛʫʤʫʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʘʞʝ ʚʦ ʚʨʝʤʷ ʧʦʜʟʦʣʠʩʪʦʛʦ ʵʪʘʧʘ ʧʝʜʦʛʝʥʝʟʘ, ʢʦʛʜʘ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ 

ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʜʦʩʪʠʛʘʝʪ ʧʦʯʪʠ 7%. ɺʧʨʦʯʝʤ, ʩ ʛʣʫʙʠʥʦʡ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦ 

ʩʥʠʞʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʚ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʚʦ ʚʨʝʤʷ ʧʦʜʟʦʣʠʩʪʦʛʦ ʵʪʘʧʘ ʧʝʜʦʛʝʥʝʟʘ (ʥʘ 

73%) ʠ ʥʘ ʛʨʘʥʠʮʝ ʛʫʤʫʩʦʚʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʚʦ ʚʨʝʤʷ ʛʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʵʪʘʧʘ ʧʝʜʦʛʝʥʝʟʘ (ʥʘ 52%). 

ʇʝʜʦʩʬʝʨʘ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʥʘʩʣʝʜʫʝʪ ʦʪ ʙʫʨʳʭ ʙʝʩʢʘʨʙʦʥʘʪʥʳʭ ʩʫʛʣʠʥʢʦʚ ʠ 

ʛʣʠʥ ʩʫʛʣʠʥʠʩʪʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʚ ʢʦʪʦʨʦʤ ʩ ʛʣʫʙʠʥʦʡ, ʥʝ ʟʘʚʠʩʠʤʦ ʥʘ ʢʘʢʦʤ 

ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʜʦʛʝʥʝʟ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʬʨʘʢʮʠʡ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ʥʘ 36%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʪʝʢʩʪʫʨʥʦʤ ʛʦʨʠʟʦʥʪʝ ʚʦ ʚʨʝʤʷ 

ʧʦʜʟʦʣʠʩʪʦʛʦ ʵʪʘʧʘ ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʤʦʞʝʪ ʜʘʞʝ ʧʨʝʚʳʰʘʪʴ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ (ʥʘ 8%), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʮʝʩʩ ʣʝʩʩʠʚʠʨʦʚʘʥʠʷ. 

ʉʨʝʜʠ ʬʨʘʢʮʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʤʝʣʢʦʟʝʤʝ, ʥʝ ʟʘʚʠʩʠʤʦ ʥʘ ʢʘʢʦʤ ʵʪʘʧʝ 

ʨʘʟʚʠʪʠʷ ʥʘʭʦʜʠʪʩʷ ʧʝʜʦʩʬʝʨʘ, ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʫʧʥʳʝ ʧʳʣʝʚʘʪʳʝ ʯʘʩʪʠʮʳ, ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʪʦʨʳʭ ʩ ʛʣʫʙʠʥʦʡ ʩʥʠʞʘʝʪʩʷ: ʚʦ ʚʨʝʤʷ ʧʦʜʟʦʣʠʩʪʦʛʦ ʵʪʘʧʘ ð ʩ 44% ʜʦ 30%, ʘ ʚʦ ʚʨʝʤʷ 

ʛʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ð ʩ 35% ʜʦ 26%. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʦʙʠʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʧʝʜʦʩʬʝʨʝ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʤʳʚʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʠʭ ʦʯʝʥʴ 

ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʝʣʢʦʟʝʤʝ: ʦʪ 0,023Ñ0,010 (ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʝʢʩʪʫʨʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʦ 

ʚʨʝʤʷ ʛʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʪʘʧʘ) ʜʦ 0,088Ñ0,002 (ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʚʦ ʚʨʝʤʷ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʝʨʠʦʜʘ) %. ʇʨʠ ʵʪʦʤ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʥʘ ʢʘʢʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʭʦʜʠʪʩʷ 

ʧʝʜʦʩʬʝʨʘ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʜʝʩʴ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʩʪʦʷʥʥʦ ʧʦʩʪʫʧʘʶʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʢʦʨʥʝʚʳʭ ʚʜrʝʣʝʥʠʡ. 
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ʂʠʩʣʦʪʥʦïɦ ʝʣʦʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʧʝʜʦʩʬʝʨʝ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʩʪʦʷʥʩʪʚʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʟʥʘʯʝʥʠʡ pH ʩ ʛʣʫʙʠʥʦʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʝ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʚʦ ʚʨʝʤʷ ʧʦʜʟʦʣʠʩʪʦʛʦ ʵʪʘʧʘ, 

ʢʦʛʜʘ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʠʩʣʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʧʘʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʙʦʣʴʰʦʡ ʩʢʘʯʦʢ 

ʘʢʪʫʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʜʦ pH 5,2 ʚ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ. 

ɽʤʢʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ 

ʯʘʩʪʠʮ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʤʠʥʝʨʘʣʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʡ ʛʨʫʧʧʳ, ʧʦʵʪʦʤʫ ʚ ʧʨʦʬʠʣʝ 

ʧʝʜʦʩʬʝʨʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʜʦʛʝʥʝʟʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʝʝ ʟʥʘʯʝʥʠʡ ð ʚ 

ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʧʝʨʚʳʭ, ʠ ʚ ʠʣʣʶʚʠʘʣʴʥʦʤ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʪʦʨʳʭ. ʄʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʝʤʢʦʩʪ ɹʧʦʛʣʦʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʚ 

ʪʝʢʩʪʫʨʥʦʤ ʛʦʨʠʟʦʥʪʝ ʚʦ ʚʨʝʤʷ ʛʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʪʘʧʘ (ʜʦ 33,7 ʤʛïɻ ʢʚ/100 ʛ), ʘ 

ʥʘʠʤʝʥʴʰʠʭ ð ʚ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʚʦ ʚʨʝʤʷ ʧʦʜʟʦʣʠʩʪʦʛʦ ʵʪʘʧʘ (13,9 ʤʛïɻ ʢʚ/100 ʛ). 

ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʜʦʩʬʝʨʳ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʈʫʩʩʢʦʛʦ ɸʣʪʘʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʪʝʯʝʥʠʝ 10 ʣʝʪ (2000ï2011 ʛʛ.). ʕʢʩʧʝʜʠʮʠʦʥʥʳʝ ʤʘʨʰʨʫʪʳ ʦʭʚʘʪʳʚʘʣʠ ʙʘʩʩʝʡʥʳ ʨʨ. ɹʠʷ 

(ʃʝʙʝʜʴ, ʊʦʥʜʦʰʢʘ, ʇʳʞʘ ʠ ʀʦʛʘʯ), ʂʘʪʫʥʴ (ʄʘʡʤʘ, ʀʰʘ), ɸʣʝʡ (ɺʦʩʪʦʯʥʳʡ ɸʣʝʡ), ʏʘʨʳʰ 

(ɹʝʣʘʷ). ʇʦʯʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʟʘʢʣʘʜʳʚʘʣʠ ʥʘ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʯʝʨʥʝʚʳʭ 

ʣʝʩʦʚ ʩ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʧʠʭʪʦʚʳʝ, ʦʩʠʥʦʚʦïʧʠʭʪʦʚʳʝ, 

ʙʝʨʝʟʦʚʦïʧʠʭʪʦʚʳʝ, ʦʩʠʥʦʚʦïʙʝʨʝʟʦʚʦïʧʠʭʪʦʚʳʝ ʠ ʦʩʠʥʦʚʳʝ ʚʳʩʦʢʦʪʨʘʚʥʳʝ ʣʝʩʘ), ʨʝʣʴʝʬʦʤ 

(ʵʣʶʚʠʘʣʴʥʳʝ, ʪʨʘʥʟʠʪʥʳʝ ʠ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʩʢʣʦʥʦʚ) ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ 

ʧʦʨʦʜʘʤʠ (ʙʫʨʳʝ ʙʝʩʢʘʨʙʦʥʘʪʥʳʝ ʛʣʠʥʳ ʠ ʩʫʛʣʠʥʢʠ). 

ʇʨʦʙʳ ʤʝʣʢʦʟʝʤʘ ʦʪʙʠʨʘʣʠ ʠʟ ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʝʛʦ ʩʚʦʡʩʪʚ (ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʘʢʪʫʘʣʴʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ, ʝʤʢʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʠ ʜʨ.). ɼʘʣʝʝ ʦʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ 

ʚʳʩʫʰʠʚʘʣʠ ʜʦ ʚʦʟʜʫʰʥʦïʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʛʝʦʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʝʣʢʦʟʝʤʝ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ʊʶʨʠʥʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʅʠʢʠʪʠʥʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ð 

ʧʠʧʝʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʂʘʯʠʥʩʢʦʤʫ, ʘʢʪʫʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ð ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ, ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ð ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʝʤʢʦʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ ð ʧʦ ʤʝʪʦʜʫ ɹʦʙʢʦïɸʩʢʠʥʘʟʠ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɻʨʘʙʘʨʦʚʘ ʩ ʦʢʦʥʯʘʥʠʝʤ ʧʦ 

ɸʡʜʠʥʷʥʫ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʦʥʮʠʷ ʚ ʦʙʨʘʟʮʘʭ ʤʝʣʢʦʟʝʤʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʀʥʩʪʠʪʫʪʝ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʘʛʨʦʭʠʤʠʠ ʉʆ ʈɸʅ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʣʘʟʤʝʥʥʦïʩʧʝʢʪʨʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʋʜʝʣʴʥʘʷ ʤʘʩʩʘ ʩʪʨʦʥʮʠʷ ʚ ʧʝʜʦʩʬʝʨʝ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʫʟʢʠʭ 

ʧʨʝʜʝʣʘʭ (ʊʘʙʣʠʮʘ 1). ʅʘʠʤʝʥʴʰʘʷ ʝʝ ʚʝʣʠʯʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʛʫʤʫʩʦʚʦʛʦ ʠ 

ʪʝʢʩʪʫʨʥʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʚʦ ʚʨʝʤʷ ʛʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʪʘʧʘ ʧʝʜʦʛʝʥʝʟʘ ð 140Ñ44 

ʤʛ/ʢʛ, ʘ ʥʘʠʙʦʣʴʰʘʷ (219Ñ35 ʤʛ/ʢʛ) ̍  ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʚ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ʤʝʞʜʫ 

ʧʦʜʟʦʣʠʩʪʳʤ ʠ ʛʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʳʤʠ ʵʪʘʧʘʤʠ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ 

ʚ ʟʝʤʥʦʡ ʢʦʨʝ ð 340 ʤʛ/ʢʛ (ɸʣʝʢʩʝʝʥʢʦ, 2000) ʠ ʧʝʜʦʩʬʝʨʝ ʚ ʮʝʣʦʤ ð 300 ʤʛ/ʢʛ (ɸʣʝʢʩʝʝʥʢʦ, 

2000), ʯʪʦ ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʙʫʨʳʭ ʙʝʩʢʘʨʙʦʥʘʪʥʳʭ ʛʣʠʥʘʭ ʠ ʩʫʛʣʠʥʢʘʭ (131ï193 ʤʛ/ʢʛ). 
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ʊʘʙʣʠʮʘ 1. 

ʋɼɽʃʔʅɸʗ ʄɸʉʉɸ ʉʊʈʆʅʎʀʗ (ʄɻ/ʂɻ) ɺ ʄɽʃʂʆɿɽʄɽ ʇɽɼʆʉʌɽʈʓ  

ʅɸ ʈɸɿʅʓʍ ʕʊɸʇɸʍ ɽɽ ʈɸɿɺʀʊʀʗ 
 

ʇʦʜʟʦʣʠʩʪʳʡ ʵʪʘʧ ʇʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ɻʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 

ʵʪʘʧ 

A 210 
Ñ53 

A 219 
Ñ35

 A 166 
Ñ79

 

AE 184 
Ñ44 

AE 210 
Ñ35

 AB 140 
Ñ44

 

E 184 
Ñ35 

EB 193 
Ñ26

 B1 158 
Ñ53

 

EB 166 
Ñ44 

B1 193 
Ñ26

 B2 175 
Ñ70

 

B1 166 
Ñ53

 B2 202 
Ñ26

 B3 184 
Ñ79

 

B2 166 
Ñ44

 B3 193 
Ñ26

 BC 166 
Ñ70

 

B3 158 
Ñ79 

BC 193 
Ñ26

   

BC 131 
Ñ53 

    

 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ ʚ ʧʝʜʦʩʬʝʨʝ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʈʫʩʩʢʦʛʦ 

ɸʣʪʘʷ ʷʚʣʷʶʪʩʷ ʙʫʨʳʝ ʙʝʩʢʘʨʙʦʥʘʪʥʳʝ ʛʣʠʥʳ ʠ ʩʫʛʣʠʥʢʠ, ʢʦʪʦʨʳʝ ʚʦ ʚʨʝʤʷ ʛʫʤʫʩʦʚʦï

ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʪʘʧʘ ʧʝʜʦʛʝʥʝʟʘ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ (ʊʘʙʣʠʮʘ 2), ʣʠʰʴ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʵʪʠʭ ʘʪʦʤʦʚ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

çʨʘʟʙʘʚʣʝʥʠʝè ʠʤʠ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

 

ʊʘʙʣʠʮʘ 2. 

ʏʀʉʃɽʅʅʆʉʊʔ ɸʊʆʄʆɺ ʉʊʈʆʅʎʀʗ (ʄʆʃʔ/ʂɻ) ɺ ʄɽʃʂʆɿɽʄɽ ʇɽɼʆʉʌɽʈʓ 

 ʅɸ ʈɸɿʅʓʍ ʕʊɸʇɸʍ ɽɽ ʈɸɿɺʀʊʀʗ 

 

ʇʦʜʟʦʣʠʩʪʳʡ ʵʪʘʧ ʇʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ɻʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 

ʵʪʘʧ 

A 2,4 
Ñ0,6

 A 2,5 
Ñ0,4

 A 1,9 
Ñ0,9

 

AE 2,1 
Ñ0,5

 AE 2,4 
Ñ0,4

 AB 1,6 
Ñ0,5

 

E 2,1 
Ñ0,4

 EB 2,2 
Ñ0,3

 B1 1,8 
Ñ0,6

 

EB 1,9 
Ñ0,5

 B1 2,2 
Ñ0,3

 B2 2,0 
Ñ0,8

 

B1 1,9 
Ñ0,6

 B2 2,3 
Ñ0,3

 B3 2,1 
Ñ0,9

 

B2 1,9 
Ñ0,5

 B3 2,2 
Ñ0,3

 BC 1,9 
Ñ0,8

 

B3 1,8 
Ñ0,9

 BC 2,2 
Ñ0,3

   

BC 1,5 
Ñ0,6

     

 

ɺ ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ʤʝʞʜʫ ʛʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʳʤ ʠ ʧʦʜʟʦʣʠʩʪʳʤ ʵʪʘʧʘʤʠ 

ʧʝʜʦʛʝʥʝʟʘ ʧʦʷʚʣʷʶʪʩʷ ʧʝʨʚʳʝ ʧʨʠʟʥʘʢʠ ʦʧʦʜʟʦʣʠʚʘʥʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʩʣʘʙʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ ʚ ʚʠʜʝ ʠʦʥʦʚ Sr
2+
. 

ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʤʠʛʨʠʨʫʝʪ ʩ ʠʦʥʘʤʠ HCO3
ī
 ʠ Cl

ī
 ʚ ʩʦʩʪʘʚʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʥʠʟ 

ʧʦ ʧʨʦʬʠʣʶ, ʟʘʢʨʝʧʣʷʷʩʴ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʪʝʢʩʪʫʨʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (B2), ʘ ʦʩʥʦʚʥʘʷ ʞʝ ʯʘʩʪʴ ð 

ʧʦʛʣʦʱʘʝʪʩʷ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʠʦʥʘʤʠ Ca
2+
 ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʩʦʩʪʘʚʝ ʛʫʤʫʩʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ (ɸ ʠ AE). 

ɺ ʪʝʯʝʥʠʝ ʧʦʜʟʦʣʠʩʪʦʛʦ ʵʪʘʧʘ ʧʝʜʦʛʝʥʝʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʝ ʧʝʨʚʠʯʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚ 

ʧʦʯʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʨʘʩʪʝʥʠʡ ʠʦʥʦʚ Sr
2+
, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʭʦʜʠʪ 

ʦʪʨʘʞʝʥʠʝ ʚ ʝʱʝ ʙʦʣʴʰʝʤ ʧʦʚʳʰʝʥʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʭʦʜʥʳʤ ʧʝʨʠʦʜʦʤ (ʊʘʙʣʠʮʘ 3). 
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ʊʘʙʣʠʮʘ 3. 

ɹɸʃɸʅʉ ʏʀʉʃɽʅʅʆʉʊʀ ɸʊʆʄʆɺ ʉʊʈʆʅʎʀʗ (ʄʆʃʔ/ʂɻ) ɺ ʄɽʃʂʆɿɽʄɽ ʇɽɼʆʉʌɽʈʓ  

ʅɸ ʈɸɿʅʓʍ ʕʊɸʇɸʍ ɽɽ ʈɸɿɺʀʊʀʗ 

 

ʇʦʜʟʦʣʠʩʪʳʡ ʵʪʘʧ ʇʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ɻʫʤʫʩʦʚʦïʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 

ʵʪʘʧ 

A +0,9 A +0,3 A 0,0 

AE +0,6 AE +0,2 AB ī0,3 

E +0,6 EB +0,1 B1 ī0,1 

EB +0,4 B1 0,0 B2 +0,1 

B1 +0,4 B2 +0,1 B3 +0,2 

B2 +0,3 B3 +0,1 BC 0,0 

B3 +0,3 BC 0,0   

BC 0,0     

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʧʝʜʦʛʝʥʝʟʘ ʧʦʜ ʯʝʨʥʝʚʳʤʠ ʣʝʩʘʤʠ ʈʫʩʩʢʦʛʦ ɸʣʪʘʷ ʥʘ ʵʪʘʧʝ 

ʦʧʦʜʟʦʣʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʣʘʙʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʘʪʦʤʦʚ ʩʪʨʦʥʮʠʷ ʠʟ ʙʫʨʳʭ 

ʙʝʩʢʘʨʙʦʥʘʪʥʳʭ ʛʣʠʥ ʠ ʩʫʛʣʠʥʢʦʚ ʚ ʚʠʜʝ ʠʦʥʦʚ Sr
2+
, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʚ ʧʦʩʣʝʜʩʪʚʠʝ 

ʧʦʛʣʦʱʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʠʦʥʘʤʠ Ca
2+

 ʢʦʨʥʝʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʘʩʪʝʥʠʡ ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ 

ʩʦʩʪʘʚʝ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʧʝʜʦʩʬʝʨʳ. ɺ ʪʝʯʝʥʠʝ ʛʫʤʫʩʦʚʦï

ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʪʘʧʘ ʧʝʜʦʛʝʥʝʟʘ ʯʠʩʣʝʥʥʦʩʪʴ ʝʛʦ ʘʪʦʤʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 
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Abstract. The investigation of linear erosion forms was carried out at the city of Quito 

(Equatorial Andes). The study was aimed to define the correlation between rill forms with different 

length parameters in the key-site area located nearby Zabala. It is stated that the rill forms with the 

length up to 50 m (58%) prevail. The gullies with the length of more than 200 m make 9% of all rill 

forms. Nevertheless, these gullies, as a rule, create main channels that provoke the formation of 

multiple side forms in the process of regressive erosion. The further development of the linear 

erosion causes the dissection of the investigated area that increases the risk for landslide 

developments. 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʠʥʝʡʥʳʭ ʵʨʦʟʠʦʥʥʳʭ ʬʦʨʤ ʧʨʦʚʦʜʠʣʠʩʴ ʙʣʠʟ ʛʦʨʦʜʘ ʂʠʪʦ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ɸʥʜ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʦʚʨʘʞʥʳʭ ʬʦʨʤ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʥʘ ʢʣʶʯʝʚʦʤ ʫʯʘʩʪʢʝ ʙʣʠʟ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ɿʘʚʘʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʪ ʦʚʨʘʞʥʳʝ ʬʦʨʤʳ ʜʣʠʥʦʡ ʜʦ 50 ʤ, ʩʦʩʪʘʚʣʷʶʱʠʝ 58%. ʆʚʨʘʛʠ 

ʜʣʠʥʦʡ ʩʚʳʰʝ 200 ʤ ʩʦʩʪʘʚʣʷʶʪ 9% ʦʪ ʚʩʝʭ ʵʨʦʟʠʦʥʥʳʭ ʬʦʨʤ. ʆʜʥʘʢʦ ʠʤʝʥʥʦ ʵʪʠ ʦʚʨʘʛʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʪʚʦʣʘ ʦʪ ʢʦʪʦʨʦʛʦ ʠʜʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʨʝʩʩʠʚʥʦʡ ʵʨʦʟʠʠ ʤʥʦʞʝʩʪʚʘ ʙʦʢʦʚʳʭ ʬʦʨʤ. ʈʘʩʯʣʝʥʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʣʠʥʝʡʥʳʭ 

ʬʦʨʤ ʵʨʦʟʠʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

Keywords: gully, erosion, slope, regressive erosion. 
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The main conditions for the linear erosion are formed by such factors as relief ð mainly 

characterized by the availability of steep slopes, humid climate, erodible soils and rocks.  
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The territory under study shows the combination of these factors and as a result the area is 

affected by sheet and linear erosion. The positional relation of the linear erosion forms, the 

estimation criterion for the erosion activity and the comparative analysis of varying territories form 

an important question to investigate. 

The research was carried out in the key-site located 2500ï2800 meters above sea level at the 

settlement of Zabala in the northern outskirt of Quito, Pichincha Province, and Equatorial Andes. 

The slope length varies from 150 to 550 meters. The inclination angle varies from 5ï10Á at the 

divide and on the undercut slopes to 25ï35Á in the mid and low parts of the slopes. 

The slopes are covered by the modern residual, erodible deposits. According to Instituto 

Nacional de Meteorolog²a e Hidrolog²a del Ecuador, the mean temperature is 14 ÁC, slightly 

varying through the months. Liquid forms of precipitation prevail with a considerable proportion of 

rainfall. The average annual precipitation for the region is 600ï700 mm. A number of research 

papers deal with erosion and accumulative formation processes in the territory [1ï4]  

The gullies on the key-site (Figure 1) were counted. ArcGIS 10.3 software was used to 

analyze the orthophotos provided by ñInstituto Geogr§fico Militarò ʠ ñLa Administraci·n Zonal de 

Calder·nò to see the distribution of the linear erosion forms on the key-site. The morphometric 

parameters of the gullies were refined and proved by the further field investigation. The results are 

shown in Table 1: the sequential number and the scheme number given in brackets for each gully 

and the gully length are presented.  

 

 
 

Figure 1. The scheme of the studied gullies location. 

 

The area is covered with isolated gullies as well as gullies developed in spreading system of 

erosive forms. As for the paper, the parameter of the length of erosive forms is considered as 

decisive. In this case the sideïgullies are studied as separate forms. This fact is considered 

important for denoting a general criterion for other territories that may be involved in comparative 

analysis.  

A number of the longest gullies in the process of regressive erosion came up close to the 

dividing crest. Thus, the correlation between the headwall and the watershed area has formed. These 
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erosive forms have exhausted the possibilities for the gullyïhead erosion but many of the sideï

gullies erode further. Figure 2 shows the sideïgully with rill erosion in its bottom. 

 

Table 1.  

THE LENGTH OF THE LINEAR EROSION FORMS ON THE KEY-SITE 
 

Number gully 

(number of the 

gully on the 

scheme) 

The length of 

the gully (m) 

Number gully 

(number of the 

gully on the 

scheme) 

The length of 

the gully (m) 

Number gully 

(number of the 

gully on the 

scheme) 

The length of 

the gully (m) 

1 (1) 43 27 (20) 29 53 (33) 169 

2 (2) 170 28 (21) 43 54 (35) 16 

3 (3) 62 29 (22) 14 55 (34A) 7 

4 (4) 163 30 (23) 64 56 (34) 67 

5 (4A) 40 31 (23A) 49 57 (36) 273 

6 (5) 25 32 (23A1) 16 58 (36A1) 28 

7 (6) 160 33 (24) 53 59 (36B) 38 

8 (7) 37 34 (25) 41 60 (36A) 82 

9 (7A) 16 35 (26) 42 61 (37) 278 

10 (8) 201 36 (27) 158 62 (37A) 24 

11 (9) 11 37 (27A) 124 63 (37B) 42 

12 (10) 197 38 (27A1) 30 64 (37C) 36 

13 (10A) 40 39 (28) 270 65 (37D) 33 

14 (11) 12 40 (28A) 27 66 (37E) 32 

15 (12) 22 41 (29) 236 67 (37F) 85 

16 (10B) 62 42 (29A) 23 68 (37G) 27 

17 (13) 30 43 (29B) 54 69 (37H) 30 

18 (13A) 19 44 (29B1) 24 70 (37I) 19 

19 (13B) 13 45 (30) 234 71 (37J) 186 

20 (14) 15 46 (30A) 44 72 (38) 103 

21 (15) 22 47 (31) 198 73 (38A) 53 

22 (16) 61 48 (32) 61 74 (38A1) 29 

23 (16A) 22 49 (33A) 99 75 (39) 130 

24 (17B) 16 50(33A1) 11 76 (39A) 215 

25 (18) 21 51 (33A2) 15 77 (40) 182 

26 (19) 63 52 (33A3) 15 78 (41A) 137 

 
Table 2. 

THE CORRELATION OF THE GULLIES OF DIFFERENT LENGTHS ON THE KEY-SITE 
 

The length of the gully (m) Number of gullies Percent gullies of 

varying length 

0 50 45 58 

50 100 13 17 

100 150 4 5 

150 200 9 12 

200 250 4 5 

250 300 3 4 

Over 300 0 0 

In all  78 100 
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We would like to underline that 75% of the gullies do not exceed the length of 100 m. While 

58% of all the explored erosive forms are less than 50 m in length. Only 9% of the gullies exceed 

the length of 200 m. The linear erosive forms of more than 150 in length make 21% of all the 

amount. Though these gullies create main channels that provoke the formation of multiple side 

forms in the process of regressive erosion. 

 

 
 

Figure 2. The sideïgully with rill erosion in its bottom. 

 

The further development of the linear erosion causes the dissection of the studied area that 

increases the risk for landslide developments. The loss of soil stability may cause landslides heavy 

enough to provoke rockfalls to block the PanïAmerican Highway, an important traffic artery in the 

region.  

Among the wellïknown factors of linear erosion, a questionable aspect remains: why some 

slopes are covered with a wide spread gully network while only few gullies are formed on the 

surface of other slopes with coincident parameters. This phenomenon is revealed in coincidence of 

all the circumstances of erosion development. It does not seem convincing to find the explanation 

for the specifics in the anthropogenic influence. Thus, in Ecuador wellïspread gully networks are 

discovered even in forest ecosystems minimally affected by anthropogenic activities. The studied 

slopes with dense gully networks presented in the research paper are not used in agricultural activity 

and have hardly ever been before. 

The authors find it an advanced research direction to investigate various territories within 

Equatorial Andes area using uniform research methods. Therefore, the analysis of the correlation of 

length parameters of erosion forms is considered to be one of important comparative parameters. 

 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

219 

 

References: 

1. de Paez, P. A., Tamayo, M. L., & de la Torre, J. G. (2004). Geography of Ecuador. Madrid, 

Cultural, 360. (in Spanish). 

2. De Noni, G., & Trujillo, G. (1990). Degradaci·n del suelo en el Ecuador. Principal es 

causas y al gunas reflexiones sobre la conservaci·n de este recurso. In: Informe ORSTOM. Quito, 

383-394. (in Spanish). 

3. Kravchenko, R. (2013). Influence of sediment from the Gullies in the development of 

erosion forms. Enfoque UTE, 4(2), 35-44. (in Spanish). 

4. Kravchenko, R., Flores, Y. G., & Pareja, E. S. (2017). The colluvial deposits in the gullies 

of the northern part of the Quito region, Ecuador. Bulletin of Science and Practice, (4), 191-195. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. de Paez P. A., Tamayo M. L., de la Torre J. G. Geography of Ecuador. Madrid: Cultural, 

2004. 360 p. (in Spanish). 

2. De Noni G., Trujillo G. (1990) Degradaci·n del suelo en el Ecuador. Principal es causas y 

al gunas reflexiones sobre la conservaci·n de este recurso // Informe ORSTOM. Quito, 1990. 

P. 383-394. (in Spanish). 

3. Kravchenko R. Influence of sediment from the Gullies in the development of erosion forms 

// Enfoque UTE. 2013. V. 4. ̄2. P. 35-44. (in Spanish). 

4. Kravchenko R., Flores Y. G., Pareja E. S. The colluvial deposits in the gullies of the 

northern part of the Quito region, Ecuador // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2017. ˉ4 (17). ʉ. 191-

195. 

 

 

ʈʘʙʦʪʘ ʧʦʩʪʫʧʠʣʘ 

ʚ ʨʝʜʘʢʮʠʶ 17.11.2018 ʛ.  

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

21.11.2018 ʛ. 

________________________________________________________________________________ 

 

 

Cite as (APA): 

Kravchenko, R., Pareja, E., & Flores, Y. G. (2018). The correlation of gullies with various 

length in the sector of Zabala, Pichincha Province, Ecuador. Bulletin of Science and Practice, 4(12), 

215-219. 

 

ʉʩʳʣʢʘ ʜʣ ̫ʮʠʪʠʨʦʚʘʥʠʷ: 

Kravchenko R., Pareja E., Flores Y. G. The correlation of gullies with various length in the 

sector of Zabala, Pichincha Province, Ecuador // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2018. ʊ. 4. ˉ12. 

ʉ. 215-219. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.bulletennauki.com/12-33 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.12.2018). 

  

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

220 

 

ʋɼʂ 631.47 

AGRIS D10 

 http://doi.org/10.5281/zenodo.2257075 

 

ʋʇʈɸɺʃɽʅʀɽ ɿɽʄɽʃʔʅʓʄʀ ʈɽʉʋʈʉɸʄʀ ʅɸ ʋʈʆɺʅɽ ʄɸʂʈʆʉʊʈʋʂʊʋʈ 

(ʥʘ ʧʨʠʤʝʨʝ ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ) 

 

Éɻʘʩʳʤʦʚ ʃ. ɼ., ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ, ʀʥʩʪʠʪʫʪ ʧʦʯʚʦʚʝʜʝʥʠʷ ʘʛʨʦʭʠʤʠʠ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, 

ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ, uidm@tai.science.az 

 

MACROSTRUCTURAL LEVE L OF THE SOIL RESOURCES MANAGEMENT  

(as an example of Lankaran Lowland) 

 

ÉGasimov L., Ph.D., Institute of Soil science and agrochemistry of ANɸS, 

Baku, Azerbaijan, uidm@tai.science.az 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʪʨʝʭ ʠʝʨʘʨʭʠʯʥʦïʩʪʨʫʢʪʫʨʥʳʭ ʫʨʦʚʥʝʡ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʯʚʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ (ʤʘʢʨʦï, ʤʝʟʦï ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ). ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ð ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ: 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʯʚʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦ ʢʘʪʝʛʦʨʠʷʤ (ʧʦʯʚʳ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʣʝʩʦʚ, ʚʦʜʥʦʛʦ ʠ ʨʝʟʝʨʚʥʦʛʦ ʬʦʥʜʘ, 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʘ, ʩʚʷʟʠ, ʦʙʦʨʦʥʳ ʠ ʧʦʯʚʳ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʜʨ.). 

ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ð ʫʧʨʘʚʣʝʥʠʝ ʤʝʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʫʨʦʚʥʷ: ʨʘʟʤʝʱʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʟʝʤʣʷʤʠ (ʧʘʰʥʷ, ʤʥʦʛʦʣʝʪʥʠʝ ʥʘʩʘʞʜʝʥʠʷ, ʧʘʨ, ʩʝʥʦʢʦʩʳ, ʧʘʩʪʙʠʱʘï

ʚʳʛʦʥʳ). ʊʨʝʪʠʡ ʫʨʦʚʝʥʴ ð ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʨʫʧʧ ʠ ʚʥʝʜʨʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʤʝʨʦʧʨʠʷʪʠʡ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʤʝʨʦʧʨʠʷʪʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʫʨʦʚʥʝ ʤʘʢʨʦʩʪʨʫʢʪʫʨ. 

 

Abstract. The article presents a description of three hierarchicalïstructural levels of soil 

resources management using the example of the Lenkoran Lowland (macro, meso and 

microstructures). The first level is management at the macrostructural level: distribution and 

management of soil resources by categories (agricultural soils, settlements, forests, water and 

reserve funds, industry, transport, communications, defense and the soil of specially protected areas, 

etc.). The second level is the management of the mesostructural level: the placement and 

management of economic lands (arable land, perennial plantings, steam, hayfields, pastures and 

pastures). The third level is the microstructural level of management: the distribution of crops or 

plant groups and the implementation of the management of the corresponding systems of measures. 

A system of land management measures has been developed at the macrostructure level. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʯʚʝʥʥʳʝ ʢʘʪʝʛʦʨʠʠ, ʚʠʜʳ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʫʨʦʚʝʥʴ. 

 

Keywords: soil resources management, soil categories, property sorts, macro structural level.  

 

ɺʚʝʜʝʥʠʝ 

ɿʝʤʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʷʚʣʷʪʁʩʷ 

ʦʙʲʝʢʪʦʤ ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʦʙʱʝʩʪʚʝʥʥʦïʧʦʣʠʪʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ [1ï3]. ɼʘʥʥʳʡ 
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ʩʪʘʪʫʩ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʘʚʦʚʳʤʠ, ʧʦʣʠʪʠʯʝʩʢʠʤʠ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ, ʩʦʮʠʘʣʴʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʦʙʱʝʩʪʚʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʪʨʝʙʫʝʪ ʢ ʩʝʙʝ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʦʩʦʙʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ð ɻ ʪʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʛʦʩʫʜʘʨʩʪʚʘ ʠ 

ʦʙʱʝʩʪʚʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʚʳʩʦʢʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʩʦʮʠʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʪʚʝʯʘʶʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, 

ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʨʘʟʚʠʪʠ ʁʜʝʷʪʝʣʴʥʦʩʪʠ ʤʘʨʢʝʪʠʥʛʘ ʠ ʙʠʟʥʝʩʘ, ʦʭʨʘʥ rʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

[4].  

ʇʦ ʝʩʪʝʩʪʚʝʥʥʦʠʩʪʦʨʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʭʘʨʘʢʪʝʨʫ ɻ ʢʩʧʣʫʘʪʘʮʠʠ, ʟʝʤʝʣʴʥʳʝ ʨʝʩʫʨʩʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʚʠʜʳ, ʛʨʫʧʧʳ ʠ ʢʘʪʝʛʦʨʠʠ ʟʝʤʝʣʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʷʚʣʷʶʪʩʷ 

ʧʨʘʚʦʚʳʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʭ ʫʧʨʘʚʣʝʥʠʷ.  

ʋʧʨʘʚʣʝʥʠʝ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʬʫʥʢʮʠʡ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʆʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʬʠʥʘʥʩʦʚʳʭ, ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʢʘʜʨʦʚ 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʜʘʥʥʫʶ ʩʬʝʨʫ. ʆʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʟʝʤʝʣʴʥʳʭ ʨʝʬʦʨʤ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ 

ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʦ, ʩʦʟʜʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʢʘʜʘʩʪʨʘ 

ʛʨʘʜʦʩʪʨʦʝʥʠʷ ʠ ʜʨ. ʤʝʨʦʧʨʠʷʪʠʷ. ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (ʩʪʨʘʥʘ, ʨʝʛʠʦʥ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʨʘʡʦʥ, ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʝʩʪʘ, ʟʝʤʝʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʠ ʜʨ.).  

ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʧʦʜʭʦʜ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʘʤʦʛʦ ʨʝʛʠʦʥʘ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʚʳʷʚʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʨʦʚʥʷ (ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ) ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʭʦʟʷʡʩʪʚʝʥʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʠʤʝʝʪ ʢʘʢ ʥʘʫʯʥʦïʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ [5ï7]. 

 

ʆʙʲʝʢʪ rʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʪ ʃʝʥʢʦʨʘʥʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʧʦʯʚʝʥʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʎʝʥʪʨʘʣʴʥʘʷ ʠ ʶʞʥʘʷ 

ʯʘʩʪʴ ʥʠʟʤʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʣʘʞʥʦïʩʫʙʪʨʦʧʠʯʝʩʢʠʤ ʢʣʠʤʘʪʦʤ. ɻʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʪʤʦʩʬʝʨʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 300ï1200 ʤʤ, ʘ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ð 14,6ï15,0 ʉ̄.  

ɺ ʧʨʝʜʝʣʘʭ ʥʠʟʤʝʥʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʨʠʯʥʝʚʳʝ, ʩʝʨʦïʢʦʨʠʯʥʝʚʳʝ (ʢʘʰʪʘʥʦʚʳʝ), 

ʧʩʝʚʜʦʧʦʜʟʦʣʠʩʪʳʝ ʞʝʣʪʦʟʝʤʥʳʝ, ʧʩʝʚʜʦʧʦʜʟʦʣʠʩʪʳʝ ʞʝʣʪʦʟʝʤʥʦïʛʣʝʝʚʳʝ ʠ ʜʨ. ʪʠʧʳ ʠ 

ʧʦʜʪʠʧʳ ʧʦʯʚ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤʠ ʘʛʨʦʥʦʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [8ï10].  

ʅʠʟʤʝʥʥʦʩʪʴ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʭʦʟʷʡʩʪʚ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʥʘʩʘʞʜʝʥʠʡ (ʧʘʰʥʷ, ʤʥʦʛʦʣʝʪʥʠʝ ʥʘʩʘʞʜʝʥʠʷ, ʧʘʨ, ʩʝʥʦʢʦʩʳ, ʧʘʩʪʙʠʱʘïʚr ʛʦʥʳ). 

ʃʝʥʢʦʨʘʥʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʦʙʣʘʩʪʴʶ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦ ʚʦʟʜʝʣʳʚʘʥʠʶ 

ʮʠʪʨʫʩʦʚ, ʨʘʥʥʝʛʦ ʦʚʦʱʝʚʦʜʩʪʚʘ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʠʩʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʶ ʧʨʠʭʦʜʠʪʩʷ 

87,8% ʯʘʷ, 20,4% ʦʚʦʱʝʡ ʠ 100% ʮʠʪʨʫʩʦʚ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ ʈʝʩʧʫʙʣʠʢʝ.  

ʈʘʟʥʦʦʙʨʘʟʠʝ ʢʣʠʤʘʪʘ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʥʘ ʩʦʪʥʠ ʢʤ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʯʚʝʥʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʜʝʡʩʪʚʦʚʘʣʦ 

ʨʘʟʚʠʪʠʶ ʧʦʯʚ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʧʣʦʜʦʨʦʜʠʷ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʩʚʦʡʩʪʚʘʤʠ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʧʦʯʚ. ʎʝʣʝʩʦʦʙʨʘʟʝʥ ʫʯʝʪ ʜʘʥʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʧʦʯʚʝʥʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʪ. ʢ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʩʚʦʡʩʪʚ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʫʧʨʘʚʣʝʥʠʠ 
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ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʢʘʢ 

ʛʝʦʛʨʘʬʦïʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʜʨ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʦʯʚʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʘʚʠʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ð ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʦ ʢʘʪʝʛʦʨʠʷʤ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʠ ʫʩʪʦʡʯʠʚʳʭ 

ʫʨʦʞʘʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʣʘʥʜʰʘʬʪ [11ï12]. 

ʇʦʣʫʯʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʤʦʞʥʦ, ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʫʯʥʦï

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʷʤʠ ʭʦʟʷʡʩʪʚ ʠ ʟʝʤʝʣʴʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ.  

ɺ ʫʧʨʘʚʣʝʥʠʠ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʤʦʞʥʦ ʚʳʜʝʣʷʪʴ ʪʨʠ ʫʨʦʚʥʷ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ: 

ïʥʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ 

ʢʘʪʝʛʦʨʠʷʤ (ʟʝʤʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʣʝʩʦʚ, ʚʦʜʥʦʛʦ ʠ 

ʨʝʟʝʨʚʥʦʛʦ ʬʦʥʜʘ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʘ, ʩʚʷʟʠ, ʦʙʦʨʦʥʳ ʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʠ ʜʨ.);  

ïʥʘ ʤʝʟʦʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ ð ʨʘʟʤʝʱʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ 

(ʧʘʰʥʷ, ʤʥʦʛʦʣʝʪʥʠʝ ʥʘʩʘʞʜʝʥʠʷ, ʧʘʨ, ʩʝʥʦʢʦʩʳ, ʧʘʩʪʙʠʱʘïʚʳʛʦʥʳ);  

ïʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʨʫʧʧ ʠ ʚʥʝʜʨʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ 

ʤʝʨʦʧʨʠʷʪʠʡ. 

ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ, 

ʚʳʩʪʫʧʘʶʪ ʧʦʯʚʝʥʥʳʝ ʢʘʪʝʛʦʨʠʠ.  

ʇʦʜʨʘʟʜʝʣʝʥʠʝ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ 2017 ʛ. ʧʦ 

ʧʦʯʚʝʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ:  

ïʟʝʤʣʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ð 129867 ʛʘ (45,14%);  

ïʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ð 79989 ʛʘ (27,80%);  

ïʨʝʟʝʨʚʥʦʛʦ ʬʦʥʜʘ ð 10844 ʛʘ (3,37%);  

ïʚʦʜʥʦʛʦ ʬʦʥʜʘ ð 3086,15 ʛʘ (1,08%).  

ʇʦ ʜʠʥʘʤʠʯʥʦʩʪʠ ʟʝʤʣʠ ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ ʪʨʠ 

ʛʨʫʧʧʳ: 

ïʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʝ ʠʣʠ ʟʘ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʢʘʪʝʛʦʨʠʠ ʥʝʠʟʤʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ (ʟʝʤʣʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ); 

ïʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʠʟʤʝʥʝʥʥʳʝ ʠʣʠ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʥʝʩʢʦʣʴʢʦ 

ʫʚʝʣʠʯʝʥʥʳʝ ʠʣʠ ʫʤʝʥʴʰʝʥʥʳʝ ʧʦʯʚʝʥʥʳʝ ʢʘʪʝʛʦʨʠʠ (ʟʝʤʣʠ ʨʝʟʝʨʚʥʦʛʦ ʬʦʥʜʘ, ʚʦʜʥʦʛʦ 

ʬʦʥʜʘ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ); 

ïʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʠʟʤʝʥʝʥʥʳʝ ʟʘ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚʦʟʨʘʩʪʘʶʱʠʝ 

ʢʘʪʝʛʦʨʠʠ ʟʝʤʝʣʴ (ʟʝʤʣʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʘ, ʩʚʷʟʠ ʜʨ. 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ). 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʝ ʟʝʤʣʠ (ʟʝʤʣʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ) ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʦʩʪʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʪʨʦʥʫʪʳʤʠ ʠ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʝʰʝʥʠʝʤ ʚʳʩʰʠʭ ʦʨʛʘʥʦʚ 

ʚʣʘʩʪʠ (ʇʨʝʟʠʜʝʥʪʘ ɸʈ ʠ ʂʘʙʠʥʝʪʘ ʄʠʥʠʩʪʨʦʚ). 

ɺ 2008 ʛ. ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ɸʈ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʧʣʦʱʘʜʴ ɻʠʨʢʘʥʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʥʘ 

13.037 ʛʘ ʠ ʧʨʝʚʨʘʱʝʥʘ ʚ ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ ʚ 42.797 ʛʘ. ʇʨʘʚʦʚʦʡ ʨʝʞʠʤ 

ʜʘʥʥʳʭ ʟʝʤʝʣʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʙʦʶ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʪʫʩ. ɺ ʮʝʣʦʤ 

ʜʘʥʥʳʝ ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʶʪ 172525 ʛʘ ʠʣʠ 59,73% ʦʪ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʨʘʭʦʚʘʥʠʝ ʧʦʯʚ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʫʪʚʝʨʞʜʝʥʥʳʤʠ ʧʨʘʚʦʚʳʤʠ ʘʢʪʘʤʠ ɸʈ 

(ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ), ʦʥʠ ʪʘʢʞʝ ʥʫʞʜʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʨʝʢʪʫʨʝ ʚ 

ʫʧʨʘʚʣʝʥʠʠ [13ï15]. 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʢʘʪʝʛʦʨʠʡ, ʠʟʤʝʥʝʥʠʝ ʩʪʘʪʫʩʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʭ (ʤʝʥʝʝ ʜʠʥʘʤʠʯʥʳʝ) ʧʦʯʚʝʥʥʳʭ ʢʘʪʝʛʦʨʠʡ (ʧʦʯʚʳ 

ʨʝʟʝʨʚʥʦʛʦ ʬʦʥʜʘ, ʟʝʤʣʠ ʚʦʜʥʦʛʦ ʬʦʥʜʘ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ), 

ʚʦʟʤʦʞʥʦ, ʢʘʢ ʨʝʰʝʥʠʝʤ ʚʳʩʰʠʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ, ʪʘʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʰʝʡ ʚʣʘʩʪʴʶ 

(ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʚʣʘʩʪʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ð ʤʫʥʠʮʠʧʘʣʠʪʝʪʳ).  

ɼʘʥʥʳʝ ʟʝʤʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʘʞʜʦʤ ʠʟ ʪʨʝʭ ʚʠʜʦʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ, 

ʤʫʥʠʮʠʧʘʣʴʥʦʝ, ʯʘʩʪʥʦʝ). ɿʝʤʣʠ, ʚʭʦʜʷʱʠʝ ʚ ʜʘʥʥʫʶ ʛʨʫʧʧʫ, ʠʤʝʶʪ ʦʪʣʠʯʠʪʝʣʴʥʫʶ 

ʜʠʥʘʤʠʯʥʦʩʪʴ.  

ʇʦʯʚʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʠ ʨʝʟʝʨʚʥʦʛʦ ʬʦʥʜʘ ʃʝʥʢʦʨʘʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ (ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʝ) ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ 

ʧʣʦʱʘʜʠ ʟʝʤʝʣʴ ʚʦʜʥʦʛʦ ʬʦʥʜʘ, ʚ ʩʚʷʟʠ ʧʦʩʪʨʦʝʥʠʝʤ ʛʠʜʨʦʩʦʦʨʫʞʝʥʝʥʠʡ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ 

ʤʠʟʝʨʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ. ʇʦʯʚʳ, ʚʭʦʜʷʱʠʝ ʚ ʜʘʥʥʫʶ ʛʨʫʧʧʫ, ʤʦʛʫʪ ʠʤʝʪʴ ʪʝʥʜʝʥʮʠʶ ʨʘʟʚʠʪʠʷ 

ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʢʘʢ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʛʦ, ʪʘʢ ʫʤʝʥʴʰʘʶʱʝʛʦ. ʇʣʦʜʦʨʦʜʥʳʝ 

ʧʦʯʚʳ ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʥʷʪʳ ʠʟ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʙʦʨʦʪʘ ʠ 

ʚʢʣʶʯʝʥʳ ʚ ʨʝʟʝʨʚʥʳʡ ʬʦʥʜ, ʦʧʨʝʜʝʣʝʥʳ ʧʦʜ ʞʠʣʳʝ ʧʦʩʪʨʦʝʥʠʷ (ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʢʦʥʩʝʨʚʘʮʠʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʣʦʱʘʜʴ ʪʘʢʠʭ ʧʦʯʚ ʩʦʩʪʘʚʠʣʘ 92491 ʛʘ ʠʣʠ 

31,75% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʥʠʟʤʝʥʥʦʩʪʠ. 

ɻʨʫʧʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʠʟʤʝʥʝʥʥʳʭ ʧʦʯʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʯʚʘʤʠ ʩ ʜʚʫʤʷ 

ʢʘʪʝʛʦʨʠʷʤʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ (ʧʦʯʚʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʘ, 

ʩʚʷʟʠ ʜʨ.). ʇʦʯʚʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ ʚʩʝʭ ʚʠʜʘʭ ʩʦʙʩʪʚʝʥʥʦʩʪʠ 

(ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ, ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʠ ʯʘʩʪʥʦʝ). ʈʘʩʰʠʨʝʥʠʝ ʧʣʦʱʘʜʝʡ ʟʝʤʝʣʴ ʧʦʜ ʞʠʣʠʱʥʳʝ 

ʢʚʘʨʪʘʣʳ ʚ ʃʝʥʢʦʨʘʥʩʢʦʤ ʨʘʡʦʥʝ ʧʨʦʠʟʦʰʣʦ ʟʘ ʩʯʝʪ ʦʪʯʫʞʜʝʥʠʷ ʟʝʤʝʣʴ ʦʪ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʢʦʥʦʤʠʢʘ ʩʪʨʘʥʳ ʩʪʦʣʢʥʫʣʘʩʴ ʩ 

ʦʧʘʩʥʦʩʪʴʶ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʨʦʤʳʰʣʝʥʥʳʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ, ʩʚʷʟʠ ʠ ʜʨ. 

ʧʦʯʚ ʠʥʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʚ ʟʝʤʝʣʴʥʦʤ ʬʦʥʜʝ, ʟʝʤʣʠ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʡ ʪʝʤʧ ʚʦʟʨʘʩʪʘʥʠʷ. ɺʩʝʚʦʟʨʘʩʪʘʶʱʠʝ ʥʦʚʳʝ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʦʩʦʙʝʥʥʦ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʨʝʢʨʝʘʮʠʦʥʥʳʝ ʦʙʲʝʢʪʳ ʪʫʨʠʟʤʘ), ʨʘʩʰʠʨʝʥʠʝ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʠ ʧʨʦʢʣʘʜʳʚʘʥʠʝ ʥʦʚʳʭ, ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʨʠʚʦʡ 

ʦʪʯʫʞʜʝʥʠʷ ʟʝʤʝʣʴ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʭʨʘʥʘ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʛʨʘʤʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʭ ʧʦ ʟʝʤʝʣʴʥʳʤ ʢʘʪʝʛʦʨʠʷʤ, ʘ ʪʘʢʞʝ ʚʳʙʦʨ ʚʝʨʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʠʤʝʝʪ ʢʘʢ ʥʘʫʯʥʫʶ, ʪʘʢ ʠ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ.  

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʦʩʥʦʚʫ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʦʧʪʠʤʠʟʘʮʠʷ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʝʜʦʚʫʶ ʣʠʥʠʶ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʘʩʴ, ʦʜʥʦʡ 

ʠʟ ʧʨʠʯʠʥ ʫʤʝʥʴʰʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʚ ʥʠʟʤʝʥʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ ʠ ʫʩʣʦʞʥʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʦʙʣʶʜʝʥʠʝ ʨʷʜʘ ʧʨʘʚʦʚʳʭ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʘ ʪʘʢʞʝ ʘʨʭʠʪʝʢʪʫʨʥʦïʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʵʪʠʤʠ 

ʢʘʪʝʛʦʨʠʷʤʠ (ʊʘʙʣʠʮʘ):  

ɸ. ʋʯʠʪʳʚʘʷ ʦʩʦʙʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʝʤʣʠ, ʠʭ ʚʦʜʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʟʥʘʯʠʤʦʩʪʴ ʚ 

ʩʦʭʨʘʥʝʥʠʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʟʝʤʝʣʴ ʢ ʢʘʪʝʛʦʨʠʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ, ʢʘʢ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʝ ʟʝʤʣʠ, ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʠʭ ʶʨʠʜʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ; 
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ɹ. ʋʤʝʥʴʰʝʥʠʝ ʪʝʤʧʘ ʚʦʟʨʘʩʪʘʥʠʷ ʟʝʤʝʣʴ ʧʦʜ ʞʠʣʳʝ ʢʚʘʨʪʘʣʳ ʚ ʃʝʥʢʦʨʘʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ: 

1. ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʤʘʩʰʪʘʙʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʣʦʱʘʜʝʡ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ ʠ 

ʧʦʚʩʝʤʝʩʪʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʫʪʚʝʨʞʜʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʦïʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ; 

2. ʋʤʝʥʴʰʝʥʠʝ ʥʦʨʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʜʦ 2ï3 ʘʨ; 

3. ɺ ʜrʝʣʝʥʠʝ ʦʩʦʙʦʛʦ ʤʝʩʪʘ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʚ ʧʦʩʝʣʢʘʭ ʠ ʛʦʨʦʜʘʭ 

ʧʦʩʝʣʦʯʥʦʛʦ ʪʠʧʘ ʠ ʜʨ. 

 

ʊʘʙʣʠʮʘ. 

ʋʇʈɸɺʃɽʅʀɽ (ʄɸʂʈʆʉʊʈʋʂʊʋʈʅʓʁ ʋʈʆɺɽʅʔ ʋʇʈɸɺʃɽʅʀʗ) ɿɽʄɽʃʔʅʓʍ ʈɽʉʋʈʉʆɺ 

(ɿɽʄɽʃʔʅʓʍ ʂɸʊɽɻʆʈʀʁ ʍʆɿʗʁʉʊɺɽʅʅʓʍ ʇʃʆʑɸɼɽʁ)  

ʃɽʅʂʆʈɸʅʉʂʆʁ ʅʀɿʄɽʅʅʆʉʊʀ 
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ɿʝʤʣʠ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʭ 

ʪʝʨʨʠʪʦʨʠʡ 

ʇʨʘʚʦʚʳʝ ʉʦʭʨʘʥʝʥʠʝ ʨʝʞʠʤʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ 

ʟʘ ʩʯʝʪ ʣʝʩʥʦʛʦ ʬʦʥʜʘ 

ɿʝʤʣʠ ʣʝʩʥʦʛʦ 

ʬʦʥʜʘ 

ʇʨʘʚʦʚʳʝ ʀʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʠ ʧʝʨʝʭʦʜ ʚ ʢʘʪʝʛʦʨʠʶ 

ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ɿʝʤʣʠ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ 

ʇʨʘʚʦʚʳʝ ʋʤʝʥʴʰʝʥʠʝ ʥʦʨʤ ʚʳʜʝʣʝʥʠʷ ʟʝʤʝʣʴ ʯʘʩʪʥʳʭ 

ʧʦʩʪʨʦʝʥʠʡ (ʜʦ 2ï3 ʘʨ) 

 ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʙʝʟʤʝʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʧʣʦʱʘʜʝʡ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʩʦʙʣʶʜʝʥʠʝ 

ʧʨʦʝʢʪʦʚ ʛʨʘʜʦʩʪʨʦʝʥʠʷ 

ɺ ʜrʝʣʝʥʠʝ ʦʩʦʙʦʛʦ ʤʝʩʪʘ ʥʘ ʧʦʩʪʨʦʝʥʠʝ 

ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʚ ʧʦʩʝʣʢʘʭ ʠ ʛʦʨʦʜʘʭ 

ʧʦʩʝʣʦʯʥʦʛʦ ʪʠʧʘ ʠ ʜʨ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ, 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʚʷʟʠ 

ʜʨ. ʥʘʟʥʘʯʝʥʠʷ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ɺ ʜrʝʣʝʥʠʝ ʦʩʦʙʦʛʦ ʤʝʩʪʘ ʥʘ ʧʦʩʪʨʦʝʥʠʝ 

ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʚ ʧʦʩʝʣʢʘʭ ʠ ʛʦʨʦʜʘʭ 

ʧʦʩʝʣʦʯʥʦʛʦ ʪʠʧʘ ʠ ʜʨ. 

ɿʝʤʣʠ ʨʝʟʝʨʚʥʦʛʦ 

ʬʦʥʜʘ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʚʦʟʚʨʘʱʝʥʠʝ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ 

ʧʨʠʛʦʜʥʳʝ ʟʝʤʣʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ; 

ɿʝʤʣʠ ʚʦʜʥʦʛʦ 

ʬʦʥʜʘ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʪʯʫʞʜʝʥʠʷ ʟʝʤʝʣʴ ʧʦʜ 

ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʝʨʝʭʦʜ ʢ 

ʜʦʞʜʝʚʦʤʫ ʠ ʢʘʧʝʣʴʥʦʤʫ ʦʨʦʰʝʥʠʶ. 

 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʝʣʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʚʪʦʜʦʨʦʛ, ʢʦʤʤʫʥʠʢʘʮʠʡ ʩʚʷʟʠ ʠ ʙʳʪʘ ʠ ʜʨ. ʋʧʨʘʚʣʝʥʠʝ ʟʝʤʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʥʘ ʫʨʦʚʥʝ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʧʦʯʚʝʥʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ, ʠʟ ʯʝʛʦ ʠʩʭʦʜʠʪ ʩʦʙʣʶʜʝʥʠʝ çʝʜʠʥʩʪʚʦ ʵʢʦʥʦʤʠʢʠ ʠ 

ʵʢʦʣʦʛʠʠè, çʦʭʨʘʥʳ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʨʝʜʫè.  

ʆʜʥʦʡ ʥʘʩʫʱʥʳʭ ʟʘʜʘʯ ʢʘʢ ʚ ʮʝʣʦʤ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʪʘʢ ʠ ʚ ʃʝʥʢʦʨʘʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ, ʛʨʘʜʦʩʪʨʦʝʥʠʷ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʕʢʦʣʦʛʠʟʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʶ ʩʣʝʜʫʶʱʝʝ: 
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ɸ. ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ (ʧʘʰʥʷ ʠ ʤʥʦʛʦʣʝʪʥʠʝ ʥʘʩʘʞʜʝʥʠʷ), 

ʧʫʪʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʠʨʨʠʛʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 

ʩʣʝʜʫʶʱʝʛʦ: 

ʘ. ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʩʝʚʦʚ ʠ ʢʦʥʪʫʨʥʦïʤʝʣʠʦʨʘʪʠʚʥʳʭ ʧʦʩʝʚʦʚ; 

ʙ. ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ; 

ʩ. ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʝ; ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʚʠʜʝ ʧʦʜʢʦʨʤʢʠ); 

ʜ. ʧʨʝʜʧʦʯʪʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʚ ʙʦʨʴʙʝ ʩ ʚʨʝʜʠʪʝʣʷʤʠ, 

ʙʦʣʝʟʥʷʤʠ ʠ ʜʨ.; 

ʝ. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʦʨʪʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ. 

ɹ. ʆʪʢʘʟ ʧʦʣʠʚʘ ʧʦ ʙʦʨʦʟʜʘʤ ʠ ʧʝʨʝʭʦʜ ʢ ʤʝʪʦʜʫ ʜʦʞʜʝʚʘʥʠʷ ʠ ʢʘʧʝʣʴʥʦʤʫ ʦʨʦʰʝʥʠʶ; 

ʉ. ɺʨʝʤʝʥʥʦʝ ʦʪʯʫʞʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ (40%) ʩʝʥʦʢʦʩʦʚ, ʧʘʩʪʙʠʱ ʠ ʚʳʛʦʥʦʚ ʠʟ 

ʦʙʦʨʦʪʘ ʚ ʮʝʣʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʠ ʟʘʤʝʥʘ ʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ 

ʧʘʩʪʙʠʱʘʤʠ.  

ʇʨʦʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘʨʷʜʫ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʵʢʦʩʠʩʪʝʤ, ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʦʦʪʥʦʰʝʥʠ ̫ʤʝʞʜʫ ʧʦʯʚʘʤʠ, ʚʭʦʜʷʱʠʭ ʚ ʜʨʫʛʫʶ ʢʘʪʝʛʦʨʠʶ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʨʠʥʮʠʧʦʚ ʦʩʥʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʟʝʤʣʝʩʪʨʦʝʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ: 

ïʥʘʫʯʥʦïʦʙʦʩʥʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʦʪʨʘʩʣʷʤʠ 

ʵʢʦʥʦʤʠʢʠ ʠ ʢʘʪʝʛʦʨʠʷʤʠ; 

ïʙʦʣʴʰʝʝ ʚʦʚʣʝʯʝʥʠʝ ʟʝʤʝʣʴ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ; 

ïʩʦʭʨʘʥʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ; 

ïʚʳʜʝʣʝʥʠʝ ʧʦʜ ʠʥʳʝ ʧʦʩʪʨʦʝʥʠʷ ʥʝʧʨʠʛʦʜʥʳʝ ʟʝʤʣʠ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ; 

ïʛʨʘʤʦʪʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʝʤʝʣʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ, ʤʝʞʦʪʨʘʩʣʝʚʳʭ, 

ʨʝʛʠʦʥʘʣʴʥʳʭ, ʦʪʨʘʩʣʝʚʳʭ, ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʳʭ, ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʠʥʪʝʨʝʩʦʚ; 

ïʚʳʷʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; 

ïʦʩʥʦʚʘʪʝʣʴʥʳʡ ʠ ʚʩʝʩʪʦʨʦʥʥʠʡ ʫʯʝʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʛʠʦʥʘ; 

ïʦʨʛʘʥʠʟʘʮʠʷ ʫʩʠʣʝʥʠʷ ʢʦʥʪʨʦʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʥʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʪʨʝʙʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʫʯʝʪʝ ʧʦʯʚʝʥʥʦï

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʠ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʥʘʩʝʣʝʥʠʷ ʚ ʚʝʜʝʥʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

 

ɺr ʚʦʜʳ 

1. ʅʘ ʧʨʠʤʝʨʝ ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʚ ʫʧʨʘʚʣʝʥʠʠ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʜʝʣʷʪʴ ʪʨʠ ʫʨʦʚʥʷ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ: ʤʘʢʨʦʩʪʨʫʢʪʦʨʥʳʡ ʫʨʦʚʝʥʴ; 

ʤʝʟʦʩʪʨʫʢʪʫʨʥʳʡ ʫʨʦʚʝʥʴ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ. 

2. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ:  

ïʟʝʤʣʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ð ʩʦʭʨʘʥʝʥʠʝ ʨʝʞʠʤʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʝʡ ʟʘ 

ʩʯʝʪ ʣʝʩʦʚ;  

ïʟʝʤʣʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ð ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʠ ʧʝʨʝʚʝʜʝʥʠʝ ʠʭ ʢ ʢʘʪʝʛʦʨʠʠ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʭ ʟʝʤʝʣʴ;  
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ïʟʝʤʣʠ ʞʠʣʠʱʥʳʭ ʤʘʩʩʠʚʦʚ ð ʩʦʢʨʘʱʝʥʠʝ ʥʦʨʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʜʦ 2ï3 

ʘʨ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʨʘʩʰʠʨʝʥʠ ̫ʧʣʦʱʘʜʝʡ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ 

ʩʦʙʣʶʜʝʥʠʝ ʫʪʚʝʨʞʜʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʦïʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʚʜrʝʣʝʥʠʝ ʦʩʦʙʦʛʦ 

ʤʝʩʪʘ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʧʦʩʝʣʢʘʭ ʠ ʛʦʨʦʜʘʭ ʧʦʩʝʣʦʯʥʦʛʦ ʪʠʧʘ ʠ ʜʨ.; 

ʧʨʦʤʳʰʣʝʥʥʳʝ, ʪʨʘʥʩʧʦʨʪʥʳʝ, ʩʚʷʟʠ; 

ïʟʝʤʣʠ ʠʥʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ð ʚʳʜʝʣʝʥʠʝ ʥʝʧʨʠʛʦʜʥʳʭ ʟʝʤʝʣʴ ʜʣʷ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ;  

ïʨʝʟʝʨʚʥʳʡ ʬʦʥʜ ʟʝʤʝʣʴ ð ʚʦʟʚʨʘʱʝʥʠʝ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ ʧʨʠʛʦʜʥʳʝ 

ʟʝʤʣʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ;  

ïʟʝʤʣʠ ʚʦʜʥʦʛʦ ʬʦʥʜʘ ð ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʪʯʫʞʜʝʥʠʷ ʟʝʤʝʣʴ ʧʦʜ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʷ, 

ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʝʨʝʭʦʜ ʢ ʜʦʞʜʝʚʦʤʫ ʠ 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʢʦïʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ. ɺʳʜʝʣʝʥʳ ʧʨʦʙʣʝʤʳ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. ʇʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʫʨʠʩʪʠʯʝʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ 

ʂʘʨʘʢʘʣʧʘʢʩʪʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʦʚʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ ʚ ʨʝʛʠʦʥʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ ʥʘ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʵʢʦʪʫʨʠʟʤ ʜʦʣʞʝʥ 

ʨʘʟʚʠʚʘʪʴʩʷ ʢʘʢ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ, ʟʘʜʘʯʠ ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʙʳʪʴ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʢʘʞʜʦʤ 

ʫʨʦʚʥʝ. 

 

Abstract. Some theoretical and methodological issues of the development of ecological 

tourism in the Republic of Karakalpakstan are considered. Selected problems and identify possible 

solutions. An assessment of the tourist potential of Karakalpakstan, including a new direction of 

ecotourism development in the region, is given. As a result of research, a model of ecotourism 

development on protected natural areas of the Republic of Karakalpakstan has been developed. It is 

concluded that ecotourism should develop as a single system, the tasks of which should be clearly 

defined at each level. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʭʨʘʥʷʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʪʫʨʠʟʤ, 

ʫʩʪʦʡʯʠʚʳʡ ʪʫʨʠʟʤ, ʤʦʜʝʣʴ, ʙʠʦʩʬʝʨʥʳʡ ʨʝʟʝʨʚʘʪ. 

 

Keywords: protected natural areas, ecological tourism, sustainable tourism, model, biosphere 

reserve. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʢʦʥʦʤʠʢʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʤʠʨʘ ʦʙʨʘʱʘʝʪʩʷ ʥʘ 

ʨʘʟʚʠʪʠʝ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʬʝʨʳ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʩʚʝʜʝʥʠʷʤ 
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ɺʩʝʤʠʨʥʦʡ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (ɺʊʆ), ʢ 2020 ʛ ʦʞʠʜʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʫʨʠʩʪʦʚ ʜʦ 1,6 ʤʣʨʜ ʯʝʣ., ʜʦʭʦʜʘ ʦʪ ʪʫʨʠʟʤʘ ð ʜʦ 2 ʪʨʣʥ. ʜʦʣʣʘʨʦʚ ʉʐɸ, 

ʝʞʝʛʦʜʥʦʝ ʩʪʘʙʠʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʥʘ 3ï5% [1].  

ʉʝʛʦʜʥʷ, ʩʦʛʣʘʩʥʦ ʩʚʝʜʝʥʠʷʤ ɺʊʆ, ʝʞʝʛʦʜʥʳʡ ʨʦʩʪ ʵʢʦʪʫʨʠʟʤʘ ʢʘʢ ʩʘʤʦʡ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʪʨʘʩʣʠ ʪʫʨʠʟʤʘ ʩʦʩʪʘʚʣʷʝʪ 30%, ʘ ʝʛʦ ʜʦʣʷ ʚ ʜʦʭʦʜʘʭ ʤʠʨʦʚʦʛʦ ʪʫʨʠʟʤʘ ð 

10ï15% [2]. ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʵʢʦʪʫʨʠʟʤʘ ʦʙʲʷʩʥʷʝʪʩʷ ʨʦʩʪʦʤ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ 

ʦʪʜʳʭʝ ʥʘ ʧʨʠʨʦʜʝ ʠʟ-ʟʘ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. 

ʕʢʦʪʫʨʠʟʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʥʦʛʠʭ ʛʦʩʫʜʘʨʩʪʚ ʤʠʨʘ. ʕʪʦ ʦʜʥʘ ʠʟ 

ʬʦʨʤ ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ, ʛʜʝ ʯʝʣʦʚʝʢ ʥʝ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʦʝ ʟʜʦʨʦʚʴʝ, ʥʦ ʠ ʧʦʣʫʯʘʝʪ 

ʵʩʪʝʪʠʯʝʩʢʦʝ ʥʘʩʣʘʞʜʝʥʠʝ, ʥʘʙʣʶʜʘʷ ʟʘ ʬʣʦʨʦʡ ʠ ʬʘʫʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʮʝʣʴʶ ʵʢʦʪʫʨʠʟʤʘ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʚ ʪʫʨʠʩʪʠʯʝʩʢʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ð ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʫʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʝʛʦ 

ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɼʣʷ ʧʨʠʟʥʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʙʣʶʜʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʦʢʘʟʳʚʘʝʤʘʷ ʫʩʣʫʛʘ ʜʦʣʞʥʘ ʙʳʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʘʧʨʘʚʣʝʥʥʦʡ, 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʫʩʣʫʛʘ ʪʫʨʠʩʪʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ, ʧʠʪʴʝʚʳʝ ʠ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʠ ʧʦʣʝʟʥʳʤʠ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴʩʷ ʤʝʩʪʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʛʠʜʳ ʜʦʣʞʥʳ ʩʦʧʨʦʚʦʞʜʘʪʴ ʪʫʨʠʩʪʦʚ ʚ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʳʝ 

ʤʝʩʪʘ [3]. 

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʦʧʨʦʩʘʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ, 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʥʦʨʤʘʪʠʚʥʦïʧʨʘʚʦʚʳʭ ʦʩʥʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʵʢʦʪʫʨʠʟʤʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʩʦʭʨʘʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ 

ʧʨʠʨʦʜʦʡ ʠ ʪʫʨʠʟʤʦʤ, ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʥʘ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ (ʆʇʊ) ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʦʩʪʘʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʩʧʦʨʦʚ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. 

ʅʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʛʦʩʫʜʘʨʩʪʚ ʩʯʠʪʘʶʪ, ʯʪʦ ʥʘ ʪʘʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʥʝʣʴʟʷ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʪʫʨʠʟʤ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʞʝ ʩʪʨʘʥ ʤʠʨʘ ʵʢʦʪʫʨʠʟʤ ʥʘ ʆʇʊ ʘʢʪʠʚʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. ʅʝʣʴʟʷ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘ ʪʘʢʠʭ ʞʝ ʪʝʨʨʠʪʦʨʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ, ʪʘʢʞʝ ʭʦʨʦʰʦ ʥʘʣʘʞʝʥ ʵʢʦʪʫʨʠʟʤ. ʕʪʦʪ ʚʦʧʨʦʩ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʘʢʪʫʘʣʴʥʳʤ, ʧʦʪʝʥʮʠʘʣ ʆʇʊ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ ʥʝ ʪʦʣʴʢʦ ʥʝ ʦʪʩʪʘʝʪ ʦʪ ʧʦʪʝʥʮʠʘʣʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʟʝʨʚʘʪʦʚ, ʥʦ ʜʘʞʝ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

ʩʚʦʝʦʙʨʘʟʥʳʝ ʧʨʠʨʦʜʥʳʝ ʧʝʡʟʘʞʠ, ʣʘʥʜʰʘʬʪʳ ʠ ʵʢʦʩʠʩʪʝʤʳ, ʥʝʪʨʦʥʫʪʳʝ ʫʛʦʣʢʠ ʧʨʠʨʦʜʳ, 

ʛʜʝ ʝʱʝ ʥʝ ʩʪʫʧʘʣʘ ʥʦʛʘ ʯʝʣʦʚʝʢʘ, ʜʞʝʡʨʘʥʳ, ʩʘʡʛʘʢʠ, ʫʥʠʢʘʣʴʥʳʝ ʭʠʱʥʳʝ ʧʪʠʮʳ ʠ ʧʨ.  

ʆʇʊ ʠʤʝʝʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʞʠʟʥʴ ʪʝʦʨʠʠ ʠ 

ʧʨʘʢʪʠʢʠ ʩʪʘʙʠʣʴʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 

1. ʈʘʟʚʠʪʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ð ɻ ʪʦ ʥʝ ʪʦʣʴʢʦ ʙʠʟʥʝʩ, ʧʦʪʦʤʫ ʯʪʦ ʝʛʦ ʦʩʥʦʚʥʘʷ 

ʮʝʣʴ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʳʣʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʙʳʯʥʳʝ ʪʫʨʘʛʝʥʪʩʪʚʘ ʥʝ 

ʩʧʦʩʦʙʥʳ ʚʥʝʜʨʷʪʴ ʪʝʦʨʠʶ ʠ ʧʨʘʢʪʠʢʫ ʵʢʦʪʫʨʠʟʤʘ. 

2. ɺ ʟʘʧʦʚʝʜʥʠʢʘʭ ʋʟʙʝʢʠʩʪʘʥʘ ʩʫʱʝʩʪʚʫʶʪ ʥʘʫʯʥʳʝ ʦʪʜʝʣʳ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ɺ ʮʝʣʦʤ ʧʨʠʨʦʜʥʳʝ ʟʦʥʳ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ ʦʯʝʥʴ ʫʜʦʙʥʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʣʶʙʦʛʦ ʚʠʜʘ ʦʟʥʘʢʦʤʠʪʝʣʴʥʦʛʦ ʪʫʨʠʟʤʘ, 

ʧʨʘʢʪʠʢʠ ʩʪʫʜʝʥʪʦʚ, ʥʘʫʯʥʦʛʦ ʪʫʨʠʟʤʘ ʠ ʚʦʣʦʥʪʝʨʩʢʠʭ ʧʨʦʛʨʘʤʤ. 

3. ʆʨʛʘʥʠʯʝʩʢʦʝ ʩʦʯʝʪʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ 

ʚ ʦʱʫʪʠʤʦʡ ʤʝʨʝ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʦʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʢʦʪʫʨʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʙʘʟʝ ʟʘʧʦʚʝʜʥʠʢʦʚ, ʧʨʠʚʣʝʯʝʥʠʶ ʰʠʨʦʢʦʡ 
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ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʢ ʚʦʧʨʦʩʘʤ ʦʭʨʘʥʳ ʧʨʠʨʦʜʳ, ʧʦʜʜʝʨʞʢʠ ʦʙʱʝʩʪʚʦʤ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ.  

4. ʉʫʱʝʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʳ, ʩʧʦʩʦʙʥʳʝ ʧʣʘʥʠʨʦʚʘʪʴ, ʫʧʨʘʚʣʷʪʴ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʆʇʊ, ʘ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ 

ʵʢʦʪʫʨʠʟʤʘ. 

ɺ ʤʠʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘ ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʪʫʨʠʟʤʘ ʥʘ ʤʝʩʪʥʦʤ ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ʇʦʵʪʦʤʫ ʆʇʊ ʤʦʛʫʪ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʨʝʘʣʴʥʳʡ 

ʠʩʪʦʯʥʠʢ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʭʦʜʦʚ ʤʝʩʪʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʈʘʟʚʠʪʠʝ 

ʵʢʦʪʫʨʠʟʤʘ ʥʘ ʆʇʊ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʠʚʣʝʯʝʥʠʶ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʠ 

ʚʥʠʤʘʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʩʠʣʝʥʠʶ ʟʥʘʯʝʥʠʷ ʆʇʊ ʚ ʛʣʘʟʘʭ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʠʟʤʝʥʝʥʠʶ 

ʝʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʦʙʣʝʤʘʤ ʦʭʨʘʥʳ ʧʨʠʨʦʜʳ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʆʇʊ ʚ ʢʘʯʝʩʪʚʝ ʟʘʢʨʳʪʳʭ ʫʯʨʝʞʜʝʥʠʡ ʧʨʠʚʝʣʦ ʢ ʦʪʨʳʚʫ ʨʝʛʠʦʥʦʚ ʦʪ 

ʦʙʱʝʛʦ ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʦʪʩʫʪʩʪʚʠʶ ʧʦʜʜʝʨʞʢʠ ʩʦ ʩʪʦʨʦʥʳ ʤʝʩʪʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʋʟʙʝʢʠʩʪʘʥʘ ʙʦʛʘʪʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʘ. ʅʘʧʨʠʤʝʨ, ʚ ʅʠʞʥʝï

ɸʤʫʜʘʨʴʠʥʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʠʦʨʝʟʝʨʚʘʪʝ ʠ ʵʢʦʮʝʥʪʨʝ çɼʞʝʡʨʘʥè, ʟʘʧʦʚʝʜʥʠʢʘʭ, 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʢʘʭ ʠ ʟʘʢʘʟʥʠʢʘʭ ʚʳʨʘʱʠʚʘʶʪʩʷ ʪʘʢʠʝ ʚʠʜʳ ʞʠʚʦʪʥʳʭ, ʢʘʢ ʜʞʝʡʨʘʥʳ, 

ʢʫʣʘʥʳ, ʣʦʰʘʜʠ ʇʨʞʝʚʘʣʴʩʢʦʛʦ, ʙʫʭʘʨʩʢʠʝ ʚʠʥʪʦʨʦʛʠʝ ʢʦʟʣʳ, ʘ ʪʘʢʞʝ ʪʳʩʷʯʠ ʫʥʠʢʘʣʴʥʳʭ 

ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʦʭʨʘʥʳ 

ʧʨʠʨʦʜʳ, ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʝʝ ʙʦʛʘʪʩʪʚ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʟʘʧʦʚʝʜʥʠʢʦʚ. ɹʠʦʩʬʝʨʥʳʝ ʨʝʟʝʨʚʘʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʚʝʪʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ, ʥʘ 

ʢʦʪʦʨʳʭ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ, ʥʦ ʪʘʢʞʝ ʩʣʫʞʘʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʱʝʩʪʚʘ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʨʝʩʧʫʙʣʠʢʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ɿʘʢʦʥʘ çʆʙ 

ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭè ʦʪ 2004 ʛ. ɺ ɿʘʢʦʥʝ ʧʦʣʥʦʩʪʴʶ ʦʭʚʘʯʝʥʳ ʦʙʷʟʘʪʝʣʴʩʪʚʘ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʚʝʥʮʠʷʭ ʠ ʜʨʫʛʠʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʘʭ, ʪʘʢʠʭ ʢʘʢ: çʆ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠè, çʆ ʟʘʱʠʪʝ ʢʦʯʫʶʱʠʭ ʚʠʜʦʚ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭè, çʆ ʚʦʜʥʦï

ʙʦʣʦʪʥʳʭ ʫʛʦʜʴʷʭè ʠ ʪ. ʜ. 

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ ʚ 2005ï2016 ʛʛ., ʧʦ ʇʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ ʆʆʅ, ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ɻʣʦʙʘʣʴʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʬʦʥʜʘ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʝʢʪ çʉʦʭʨʘʥʝʥʠʝ ʪʫʛʘʡʥʳʭ 

ʣʝʩʦʚ ʠ ʫʢʨʝʧʣʝʥʠʷ ʩʠʩʪʝʤ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʜʝʣʴʪʝ ɸʤʫʜʘʨʴʠè.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʧʨʦʝʢʪʫ, ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ çʅʠʞʥʝïɸʤʫʜʘʨʴʠʥʩʢʠʡ ʙʠʦʩʬʝʨʥʳʡ 

ʨʝʟʝʨʚʘʪè ð ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 68 717 ʛʘ, ʠʟ ʢʦʪʦʨʳʭ ʦʭʨʘʥʷʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʩʦʩʪʘʚʣʷʝʪ 

11568 ʛʘ. ɿʜʝʩʴ ʩʦʟʜʘʥʳ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʭʨʘʥʳ, ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʤʥʦʞʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʫʭʘʨʩʢʠʭ ʦʣʝʥʝʡ.  

ʅʘ ʧʣʘʪʦ ʋʩʪʶʨʪ ʚ ʮʝʣʷʭ ʟʘʱʠʪʳ ʠ ʩʦʟʜʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʘʡʛʘʢʦʚ ʠ ʚ 

ʮʝʣʷʭ ʠʩʧʦʣʥʝʥʠʷ ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʢʘʙʠʥʝʪʘ ʤʠʥʠʩʪʨʦʚ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ çʆ ʤʝʨʘʭ ʧʦ 

ʫʧʦʨʷʜʦʯʝʥʠʶ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʠ ʦʨʛʘʥʠʟʘʮʠʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ 

(ʣʘʥʜʰʘʬʪʥʳʭ) ʟʘʧʦʚʝʜʥʠʢʦʚè ʥʘ ʙʘʟʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ çʉʘʡʛʘʯʠʡè ʚʳʜʝʣʝʥʳ 

5 ʫʯʘʩʪʢʦʚ, ʧʣʦʱʘʜʴʶ ʚ 628,3 ʪʳʩ ʛʘ. ʅʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʙʳʣʠ ʩʦʟʜʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʘʡʛʘʢʦʚ ʠ ʜʨʫʛʠʭ ʨʝʜʢʠʭ ʞʠʚʦʪʥʳʭ ð ʙʦʛʘʪʳʝ ʪʨʘʚʘʤʠ ʧʘʩʪʙʠʱʘ, ʚʦʜʥʳʝ 

ʠʩʪʦʯʥʠʢʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʨʫʛʠʭ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʣʘʥʜʰʘʬʪʥʳʭ ʟʘʢʘʟʥʠʢʦʚ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʭʨʘʥʥʫʶ ʟʦʥʫ ʧʣʦʱʘʜʴʶ 

ʚ 219,8 ʪʳʩ ʛʘ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʵʪʦʛʦ ʧʦʩʣʫʞʠʪ ʫʚʝʣʠʯʝʥʠʶ ʧʦʧʫʣʷʮʠʠ ʩʘʡʛʘʢʦʚ, ʨʝʜʢʠʭ 

ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ. 
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ɺ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʢʦʣʦʛʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʪʘʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ çʄʫʡʥʘʢ ʘʢʚʘ ʩʘʥʦʘʪè ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʄʫʡʥʘʢʩʢʦʛʦ ʨʘʡʦʥʘ ʠ ʧʝʨʝʜʘʪʴ ʝʤʫ ʚ ʧʦʩʪʦʷʥʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʦʜʥʳʝ 

ʙʘʩʩʝʡʥʳ, ʢʘʢ çɼʞʠʣʪʠʨʙʘʩè, çʉʫʜʦʯʴʝè ʠ çʈʳʙʘʯʴʝè, ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 

39,3 ʪʳʩ ʛʘ.  

ɺ ʪʝʢʫʱʝʤ ʛʦʜʫ ʚ ʛʦʨʦʜʝ ʄʫʡʥʘʢʝ ʠ ʧʦʩʝʣʢʝ ʂʘʟʘʢʜʘʨʴʷ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʵʪʠʤ ʚʦʜʥʳʤ 

ʙʘʩʩʝʡʥʘʤ, ʟʘ ʩʯʝʪ ʢʨʝʜʠʪʘ çʀʧʦʪʝʢʘ ʙʘʥʢʘè ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʩʪʨʦʡ ʧʠʪʦʤʥʠʢʠ ʠ 

ʠʥʢʫʙʘʮʠʦʥʥʳʝ ʮʝʭʘ, ʚʳʨʘʱʠʚʘʶʱʠʝ ʧʣʦʪʚʫ. ʇʨʝʜʧʨʠʷʪʠʝʤ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʚ 2017 ʛ. 

ʧʦʣʫʯʠʪʴ 1 ʤʣʥ hʪʫʢ ʧʣʦʪʚʳ, ʠ ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʘ 500 ʪʳʩ hʪʫʢ. 

ɺʦʧʨʦʩʳ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʧʘʛʘʥʜʳ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʫʭʦʚʥʦʩʪʠ, ʵʢʦʪʫʨʠʟʤʘ ʚ ʆʇʊ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʩʨʝʜʩʪʚ ʚʳʟʳʚʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʠ ʦʩʪʨʦ ʧʦʩʪʘʚʠʣʠ ʚʦʧʨʦʩ ʧʦʠʩʢʘ ʚʥʝʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ. ʉ ʩʘʤʦʛʦ 

ʥʘʯʘʣʘ ʠʤʝʥʥʦ ʵʪʠ ʚʦʧʨʦʩʳ ʩʯʠʪʘʣʠʩʴ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʟʚʠʪʠʷ ʪʫʨʠʟʤʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʯʝʪʘʥʠʷ ʧʨʠʚʣʝʯʝʥʠʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʢ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʦʪʫʨʠʟʤʘ ʠ ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʠʤʝʥʥʦ ʵʪʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʩʫʱʥʦʩʪʴ ʵʢʦʪʫʨʠʟʤʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʳ 

ʩʪʘʥʦʚʠʤʩʷ ʩʚʠʜʝʪʝʣʷʤʠ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ ʚ ʟʘʧʦʚʝʜʥʠʢʘʭ, ʢʘʢ ʠʩʪʦʯʥʠʢʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʦʭʦʜʘ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʆʪʩʫʪʩʪʚʠʝ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ, ʟʥʘʥʠʡ ʠ ʩʚʦʝʦʙʨʘʟʥʦʛʦ ʦʧʳʪʘ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʦʩʠʪʴ ʆʇʊ ʚʝʩʦʤʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʴʟʳ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʤʦʞʝʪ ʥʘʥʝʩʪʠ 

ʫʱʝʨʙ ʵʢʦʪʫʨʠʟʤʫ ʠ ʩʚʝʩʪʠ ʥʘ ʥʝʪ ʠʜʝʶ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ.  

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʆʇʊ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ: 

ïh ʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʪʫʨʠʟʤʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ; 

ïʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʦ ʨʘʟʚʠʪʠʶ ʵʢʦʪʫʨʠʟʤʘ, ʦʩʦʙʝʥʥʦ, ʥʘʣʦʛʦʚʦʡ 

ʧʦʣʠʪʠʢʠ, ʚʠʟʦʚʦʡ ʩʠʩʪʝʤʳ, ʧʨʘʚʠʣ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ; 

ïʦʪʩʫʪʩʪʚʠʝ ʜʦ ʩʠʭ ʧʦʨ ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʤʠʨʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʢʦʥʢʨʝʪʥʳʭ 

ʧʣʘʥʦʚ ʠ ʩʪʨʘʪʝʛʠʡ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ ʥʘ ʦʩʥʦʚʝ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ; 

ïʚ ʙʦʣʴʰʠʥʩʪʚʝ ʆʇʊ ʥʝ ʥʘʣʘʞʝʥʳ ʤʝʭʘʥʠʟʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʦʩʣʝʜʩʪʚʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ. ʕʪʦ ʧʦʨʦʞʜʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ; 

ïʦʪʩʫʪʩʪʚʠʝ ʚʦʦʙʱʝ ʠʣʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʞʠʟʥʠ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʦʧ, 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʤʝʩʪ ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

ïʦʪʩʫʪʩʪʚʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʧʳʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʆʇʊ, ʥʝ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʝʛʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʣʶʜʷʤ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʝʛʦ ʤʠʥʠʤʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʩʝʪʠʪʝʣʝʡ; 

ïʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʨʦʙʥʳʭ ʦ ʨʘʩʪʝʥʠʷʭ ʠ ʞʠʚʦʪʥʳʭ, ʠʭ ʠʩʯʝʟʘʶʱʠʭ 

ʚʠʜʘʭ. ʋʩʧʝʭ ʵʢʦʪʫʨʠʟʤʘ, ʦʩʦʙʝʥʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʢʦʪʫʨʠʟʤʘ, ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʝʪʠʪʝʣʷʤʠ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ; 

ïʦʪʩʫʪʩʪʚʠʝ ʫ ʨʘʙʦʪʥʠʢʦʚ ʆʇʊ ʜʦʩʪʘʪʦʯʥʳʭ ʟʥʘʥʠʡ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʦ ʤʘʨʢʝʪʠʥʛʫ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʫʨʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʝʥ, ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʧʦʩʝʪʠʪʝʣʝʡ; 

ïʦʪʩʫʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʳʭ ʮʝʥ ʜʣʷ ʫʩʣʫʛ, ʦʢʘʟʳʚʘʝʤʳʭ 

ʪʫʨʠʩʪʘʤ ʚ ʆʇʊ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʣʫʛ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʟʘ ʥʠʭ ʮʝʥʘʤ; 
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ïʦʪʩʫʪʩʪʚʫʶʪ ʤʝʭʘʥʠʟʤʳ, ʥʘʧʨʘʚʣʷʶʱʠʝ ʯʘʩʪʴ ʬʠʥʘʥʩʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʥʘ ʤʝʩʪʥʳʝ 

ʥʫʞʜʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʆʇʊ ʥʝ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʦʮʝʥʠʪʴ ʫʯʘʩʪʠʝ ʤʝʩʪʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʪʫʨʠʟʤʘ. 

ʂʘʢ ʫʪʚʝʨʞʜʘʝʪ ʇʨʝʟʠʜʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʐ. ʄ. ʄʠʨʟʠʝʝʚ: çɼʣʷ ʨʘʟʚʠʪʠʷ 

ʪʫʨʠʟʤʘ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ɺʦ-ʧʝʨʚʳʭ, 

ʪʨʘʥʩʧʦʨʪ, ʚʦ-ʚʪʦʨʳʭ, ʣʦʛʠʩʪʠʢʫè [4].  

ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʡ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ 

ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʚʣʝʢʘʪʴ ʵʢʦʪʫʨʠʩʪʦʚ ʚ ʆʇʊ, ʨʘʩʰʠʨʠʪʴ ʤʘʩʰʪʘʙʳ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʧʣʘʪʥʳʭ ʫʩʣʫʛ ʠ ʜʦʭʦʜʳ, ʧʦʣʫʯʘʝʤʳʝ ʦʪ ʪʫʨʠʟʤʘ; 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ ʤʦʞʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʵʢʦʪʫʨʠʟʤ, ʠʤʝʶʱʠʡ ʚʳʩʦʢʠʡ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʩʤʷʛʯʠʪʴ ʝʛʦ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, 

ʦʭʨʘʥʷʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʦʚʳʩʠʪʴ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʪʱʘʪʝʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʵʢʦʪʫʨʠʟʤʦʤ ʠ ʤʦʥʠʪʦʨʠʥʛ ʵʢʦʪʫʨʠʩʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʪʫʨʠʟʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʜʫʭʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʇʊ. ɽʛʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʪʫʨʠʟʤʘ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ.  

ʇʦʩʨʝʜʩʪʚʦʤ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ ʆʇʊ ʚʳʡʜʫʪ ʠʟ ʧʦʣʦʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʟʘʢʨʳʪʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʨʝʰʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ ʨʝʛʠʦʥʘ, ʧʨʝʚʨʘʪʷʪʩʷ ʚ ʥʘʜʝʞʥʦʛʦ ʧʘʨʪʥʝʨʘ ʚ ʧʦʚʳʰʝʥʠʠ ʧʦʪʦʢʘ ʧʦʩʝʪʠʪʝʣʝʡ, 

ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʝʩʪʥʦʡ 

ʢʫʣʴʪʫʨʳ ʠ ʫʣʫʯʰʝʥʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ç...ʵʢʦʪʫʨʠʟʤ ʚ ʨʷʜʝ ʩʪʨʘʥ ʧʦʜʥʷʣʩʷ ʥʘ ʫʨʦʚʝʥʴ ʚʝʜʫʱʝʡ ʦʪʨʘʩʣʠ 

ʵʢʦʥʦʤʠʢʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʠ ʝʛʦ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʦʚʳʭ ʬʦʨʤʘʭ. ʆʇʊ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʠʭ ʩʦʩʪʘʚʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʧʘʨʢʠ ʧʨʝʚʨʘʪʠʣʠʩʴ ʚ ʦʩʥʦʚʥʳʝ ʦʙʲʝʢʪʳ ʨʘʟʚʠʪʠʷ 

ʵʢʦʪʫʨʠʟʤʘ. 10ï12% ʪʝʨʨʠʪʦʨʠʠ ʆʇʊ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʮʝʣʝʡè [5]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʟʣʠʯʘʶʪ 2 ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʢʦʪʫʨʠʟʤʘ ʚ ʜʠʢʦʡ ʧʨʠʨʦʜʝ: 

ɸʚʩʪʨʘʣʠʡʩʢʫʶ ʤʦʜʝʣʴ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʚ ʉʐɸ ʠ ʂʘʥʘʜʝ, ʠ ʧʦʣʥʦʩʪʴʶ ʚʥʝʜʨʝʥʥʫʶ ʚ 

ɸʚʩʪʨʘʣʠʠ ʠ ɿʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʫʶ ʤʦʜʝʣʴ, ʨʝʘʣʠʟʫʝʤʫʶ ʚ ʢʫʣʴʪʫʨʥʦʤ ʣʘʥʜʰʘʬʪʝ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʟʘʜʘʯ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ 

ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ ʚ ʆʇʊ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ (ʈʠʩʫʥʦʢ).  

ʕʢʦʪʫʨʠʟʤ ʚ ʆʇʊ ʜʦʣʞʝʥ ʨʘʟʚʠʚʘʪʴʩʷ ʢʘʢ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ, ʟʘʜʘʯʠ ʢʦʪʦʨʦʡ ʥʘ ʫʨʦʚʥʝ 

ʨʝʛʠʦʥʘ ʠ ʆʇʊ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʳ ʠ ʩʦʛʣʘʩʦʚʘʥʥʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʪʚʝʪʩʪʚʝʥʥʫʶ ʟʘ ʨʘʟʚʠʪʠʝ ʵʢʦʪʫʨʠʟʤʘ ʥʘ 

ʦʩʥʦʚʝ ʆʇʊ. 

ɿʘʜʘʯʠ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ ʥʘ ʦʩʥʦʚʝ ʆʇʊ ʩʦʩʪʦʷʪ ʠʟ ʩʣʝʜʫʶʱʠʤʠ: 

ʧʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʥʘʩʝʣʝʥʠʷ; 

ïʨʘʟʨʘʙʦʪʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʤʝʩʪʦ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʬʦʨʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʳ; 

ïʫʣʫʯʰʝʥʠʝ ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʟʘ ʩʯʝʪ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ; 

ïʩʦʟʜʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʆʇʊ; 
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ïʨʘʟʚʠʪʠʝ ʩʚʷʟʝʡ ʩ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʟʘʧʦʚʝʜʥʠʢʦʚ ʠ ʟʘʨʫʙʝʞʥʳʤʠ 

ʟʘʧʦʚʝʜʥʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʚ ʵʢʦʪʫʨʠʩʪʠʯʝʩʢʠʡ ʤʠʨʦʚʦʡ ʨʳʥʦʢ; 

ïʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ, ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʵʢʦʪʫʨʠʩʪʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ ʠ ʫʩʣʫʛ ʧʨʠʥʮʠʧʘʤ ʩʪʘʙʠʣʴʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʫʨʠʟʤʘ; 

ïʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʆʇʊ ʢ ʝʜʠʥʦʡ ʀʂʊ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʢʦʪʫʨʠʟʤʘ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʤʘʨʢʝʪʠʥʛʘ ʠ ʨʝʢʣʘʤʳ ʧʦ ʧʨʦʜʘʞʝ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʠ ʟʘ 

ʨʫʙʝʞʦʤ; 

ïʦʨʛʘʥʠʟʘʮʠʷ ʝʜʠʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʧʝʨʝʧʦʜʛʦʪʦʚʢʝ ʩʦʪʨʫʜʥʠʢʦʚ 

ʩʬʝʨʳ ʵʢʦʪʫʨʠʟʤʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʩʝʤʠʥʘʨʦʚ; 

ïʚʥʝʜʨʝʥʠʝ ʧʦʣʠʪʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʳʭ ʮʝʥ ʥʘ ʵʢʦʪʫʨʠʩʪʠʯʝʩʢʫʶ ʧʨʦʜʫʢʮʠʶ ʠ 

ʫʩʣʫʛʠ; 

ïʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʨʝʢʣʘʤʥʳʭ ʦʙʲʷʚʣʝʥʠʡ ʠ ʜʦʩʦʢ, ʧʨʦʧʘʛʘʥʜʠʩʪʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʤʝʱʘʝʤʳʭ ʥʘ ʪʫʨʠʩʪʩʢʠʭ ʪʨʦʧʘʭ ʆʇʊ; 

ïʧʦʜʛʦʪʦʚʢʘ ʝʜʠʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʮʝʥʪʨʦʚ ʧʦʩʝʱʝʥʠʡ, ʤʫʟʝʝʚ ʧʨʠʨʦʜʳ, ʚʳʩʪʘʚʦʢ, ʨʝʢʣʘʤʥʳʭ ʙʫʢʣʝʪʦʚ, ʧʨʝʟʝʥʪʘʮʠʡ; 

ïʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʦʟʥʘʢʦʤʠʪʝʣʴʥʦʤʫ ʪʫʨʠʟʤʫ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʢʫʨʩʠʡ ʚ ʮʝʣʷʭ ʟʘʱʠʪʳ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʙʲʝʢʪʦʚ ʦʪ ʥʘʥʝʩʝʥʠʷ ʠʤ 

ʫʱʝʨʙʘ. 

 

 
ʈʠʩʫʥʦʢ. ʄʦʜʝʣʴ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ ʚ ʆʇʊ (ʨʘʟʨʘʙʦʪʘʥʘ ɸ. ɸʣʳʤʦʚʳʤ). 

 

ʀʪʘʢ, ʚ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʯʘʝʤ, ʯʪʦ: 
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ïʥʝʦʙʭʦʜʠʤʦ ʧʦʵʪʘʧʥʦ ʨʘʩʰʠʨʷʪʴ ʟʝʤʝʣʴʥʳʝ ʧʣʦʱʘʜʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʫʨʠʩʪʠʯʝʩʢʠʭ 

ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʮʝʣʷʭ, ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʢʦʪʫʨʠʟʤʘ ʚ ʆʇʊ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʝʛʠʦʥʝ; 

ïʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ ʨʘʟʚʠʪʠʷ 

ʵʢʦʪʫʨʠʟʤʘ ʥʘ ʆʇʊ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʨʘʙʦʪʦʡ;  

ïʧʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʟʥʘʥʠʡ; 

ïʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ. ɸʚʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ 

ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʬʠʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʥʦʩʪʠ, 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ ʧʨʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʝ ʜʣʷ 

ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʢʣʦʥʘʭ. 

ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʯʝʩʪʚʘ ʧʣʘʥʠʨʦʚʢʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʘʯʝʩʪʚʘ 

ʧʣʘʥʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ. 

 

Abstract. The article deals with the improvement of office work in the design of land leveling 

works. On the basis of field experiments, the authors obtained results on determining the number of 

profiles depending on the accuracy; they propose methods for calculating land leveling work with a 

rectangular grid for a minimum amount of earthwork, as well as hydraulically optimal slopes. 

The authors propose the land leveling quality coefficient depending on the quality of the field 

surface and the uniform distribution of soil density. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʥʠʨʦʚʢʘ ʧʦʣʝʡ, ʢʘʤʝʨʘʣʴʥʘʷ ʨʘʙʦʪʘ, ʢʘʧʠʪʘʣʴʥʘʷ ʠ ʪʝʢʫʱʘʷ 

ʧʣʘʥʠʨʦʚʢʘ, ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʯʝʩʪʚʘ ʧʣʘʥʠʨʦʚʢʠ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʳʡ ʫʢʣʦʥ. 

 

Keywords: field land leveling, office work, capital and operational land leveling, minimum 

amount of earthworks, quality factor of the layout, hydraulically optimal slope. 

 

ɺʚʝʜʝʥʠʝ 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʘʤ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʚ 

ʢʘʧʠʪʝʣʴʥʦʡ ʧʣʘʥʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʦʰʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  
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ïʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʥʝʙʦʣʴʰʠʤʠ ʧʣʦʩʢʠʤʠ ʧʣʦʱʘʜʢʘʤʠ ɺ. ʅ. ʄʘʨʪʝʥʩʝʥ 

[2];  

ïʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟ ʫʩʣʦʚʠʷ ʙʘʣʘʥʩʘ ʨʘʙʦʪ ʧʦ ʧʦʧʝʨʝʯʥʠʢʘʤ ʅ. ʇ. ʉʘʤʩʦʥʦʚʦʡ 

[9];  

ïʤʝʪʦʜ ɸ. ʇ. ɺʘʚʠʣʦʚʘ [3];  

ïʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʫʩʣʦʚʠʷʤ ʙʘʣʘʥʩʘ ʨʘʙʦʪ ʧʦ ʧʦʣʦʩʘʤ ʠ ʧʣʦʱʘʜʢʘʤ ʨʘʟʥʦʡ 

ʚʝʣʠʯʠʥʳ ʠ ʬʦʨʤʳ ʍ. ʂ. ɻʘʟʠʝʚʘ [4];  

ïʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜ ʣʠʥʝʡʯʘʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʜ ʥʘʢʣʦʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ɸ. 

ʅ. ʃʷʧʠʥʘ [6];  

ïʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʜʥʦʛʝʢʪʘʨʥʳʤ ʧʣʦʱʘʜʢʘʤ ɻ. ɺ. ʎʠʚʠʥʩʢʦʛʦ. 

ʊʝʭʥʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʩʝʤʠ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʦʝʢʪʠʨʦʚʱʠʢ 

ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʙʠʨʘʝʪ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦʝʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʨʨʝʢʪʠʨʫʷ ʧʦ ʭʦʜʫ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʘʣʘʥʩʘ. 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʘʢʪʠʢʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦ ʧʨʦʜʦʣʴʥʳʤ ʧʦʣʦʩʘʤ. ʕʪʦʪ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʘʥ ʋʟʛʠʧʨʦʚʦʜʭʦʟʦʤ 

[6]. ʀʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʧʣʘʥ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʧʦ ʢʚʘʜʨʘʪʘʤ 20ʭ20 ʤ. ʚ ʦʩʥʦʚʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥ ʧʨʠʥʮʠʧ ʧʦʜʙʦʨʘ 

ʧʨʦʝʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʚʳʯʝʨʯʝʥʥʳʤ ʧʨʦʜʦʣʴʥʳʤ ʧʨʦʬʠʣʷʤ ʩ ʫʯʝʪʦʤ ʙʘʣʘʥʩʘ ʦʙʲʝʤʦʚ 

ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʧʦ ʩʨʝʟʢʝ ʠ ʥʘʩʳʧʢʝ ʧʦ ʢʘʞʜʦʡ ʧʦʣʦʩʝ. 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦʝʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʨʦʬʠʣʷʭ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʩʨʘʟʫ, ʘ 

ʟʘ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʝʤʦʚ ʧʫʪʝʤ ʧʦʩʪʝʧʝʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. 

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʷʤ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʉ. ʄ. 

ʂʨʠʚʦʚʷʟʦʤ [5] ʠ ɸ. ʇ. ɺʘʚʠʣʦʚʳʤ [3]. ʀʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʧʣʘʥ ʫʯʘʩʪʢʘ ʚ ʤʘʩʰʪʘʙʝ 1:2000 ʩ ʩʝʯʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʝʡ 0,20ï

0,25 ʤ.  

ɺ ʦʩʥʦʚʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ ʵʪʠʤ ʤʝʪʦʜʦʤ ʧʦʣʦʞʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʯʝʨʥʳʭ ʛʦʨʠʟʦʥʪʘʣʝʡ ʢʨʘʩʥʳʤʠ, ʧʨʦʝʢʪʥʳʤʠ. ʇʨʦʝʢʪʠʨʦʚʱʠʢ, ʘʥʘʣʠʟʠʨʫʷ ʥʘ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʤ ʧʣʘʥʝ ʭʘʨʘʢʪʝʨ ʝʩʪʝʩʪʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʝʡ, ʥʘʤʝʯʘʝʪ ʧʫʪʠ ʧʦʣʫʯʝʥʠʷ 

ʪʘʢʠʭ ʨʝʣʴʝʬʥʳʭ ʬʦʨʤ ʠ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʣʠ ʙʳ ʧʨʠʥʷʪʳʤ 

ʫʩʣʦʚʠʷʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʶ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʯʝʨʥʳʭ ʛʦʨʠʟʦʥʪʘʣʝʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʘʣʘʥʩʘ ʦʙʲʝʤʘ ʧʦ 

ʩʨʝʟʢʝ ʠ ʥʘʩʳʧʠ ʛʨʫʥʪʦʚ ʢʨʘʩʥʳʝ ʛʦʨʠʟʦʥʪʘʣʠ ʥʘʥʦʩʷʪ ʪʘʢ, ʯʪʦʙʳ ʧʣʦʱʘʜʠ ʩʨʝʟʢʠ ʠ ʥʘʩʳʧʠ 

ʟʘʢʣʶʯʝʥʥʳʝ ʤʝʞʜʫ ʯʝʨʥʳʤʠ ʠ ʢʨʘʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʣʷʤʠ, ʙʳʣʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ ʜʨʫʛ 

ʜʨʫʛʫ. 

ʇʝʨʚʳʝ ʥʘʥʝʩʝʥʥʳʝ ʧʨʦʝʢʪʥʳʝ ʛʦʨʠʟʦʥʪʘʣʠ ʦʙʳʯʥʦ ʥʝ ʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʙʘʣʘʥʩʘ 

ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, ʧʦʵʪʦʤʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʠʟʤʝʥʷʝʪ ʥʘʤʝʯʝʥʥʳʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʠ ʧʦʩʪʝʧʝʥʥʦ ʜʦʙʠʚʘʝʪʩʷ ʵʪʦʛʦ ʙʘʣʘʥʩʘ. 

3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʘʥʜʦʚʘʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʖ. ɻ. ɹʘʪʨʘʢʦʚʳʤ ʠ ʀ. ɸ. ɼʟʷʜʠʚʠʯʝʤ [8]. ʀʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʚ ʵʪʠʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʧʣʘʥ ʥʠʚʝʣʠʨʦʚʢʠ 

ʢʚʘʜʨʘʪʘʤʠ 20Ĭ20 ʤ ʚ ʤʘʩʰʪʘʙʝ 1:2000.  

ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘʣʦʞʝʥʦ ʧʝʨʝʥʝʩʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʪʤʝʪʦʢ ʚ 

ʫʙʳʚʘʶʱʝʤ ʧʦʨʷʜʢʝ ʧʦ ʧʨʦʜʦʣʴʥʳʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʥʘʤʝʯʝʥʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʚʳʚʦʜʥʳʭ ʙʦʨʦʟʜ ʧʨʦʝʢʪʠʨʦʚʱʠʢ 

ʦʧʨʝʜʝʣʷʝʪ ʦʪʤʝʪʢʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʘʥʜʦʚʘʥʠʷ. ʕʪʘ ʨʘʙʦʪʘ ʚʝʜʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 
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ʘ) ʦʪʤʝʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʣʘʥʝ ʥʘʜʧʠʩʳʚʘʶʪʩʷ ʧʦ ʢʘʞʜʦʤʫ ʩʪʚʦʨʫ ʚ 

ʧʨʠʥʷʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʠʚʘ ʚ ʫʙʳʚʘʶʱʝʤ ʧʦʨʷʜʢʝ (ʦʪʤʝʪʢʘ çʙè). 

ʙ) ʟʘʪʝʤ ʦʪʤʝʪʢʠ çʙè ʧʝʨʝʧʠʩʳʚʘʶʪʩʷ ʝʱʝ ʨʘʟ ʚ ʫʙʳʚʘʶʱʝʤ ʧʦʨʷʜʢʝ ʧʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʩʪʚʦʨʘʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʚʦʜʥʳʤ ʙʦʨʦʟʜʘʤ (ʦʪʤʝʪʢʘ çʙè). 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʚʪʦʨʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʤʝʪʢʠ ʦʧʨʝʜʝʣʷʶʪ ʠʩʢʦʤʫʶ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʘʥʜʦʚʘʥʠʷ. ɽʩʣʠ ʪʝʧʝʨʴ ʜʣʷ ʢʘʞʜʦʛʦ ʢʚʘʜʨʘʪʘ 20Ĭ20 ʤ 

ʩʦʧʦʩʪʘʚʠʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ ʦʪʤʝʪʢʫ ʟʝʤʣʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʧʨʠ ʩʲʝʤʢʝ ʩ ʦʪʤʝʪʢʦʡ 

ʢʦʤʘʥʜʦʚʘʥʠʷ, ʪʦ ʧʦʣʫʯʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʤʝʨʳ ʩʨʝʟʢʠ ʠ ʥʘʩʳʧʠ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ 

ʧʨʦʝʢʪʘ ʵʪʠʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʵʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʩʚʦʝʤʫ ʢʘʯʝʩʪʚʫ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʢʠ ʧʦʣʠʚʘ, ʪʘʢ ʢʘʢ ʚ ʥʝʤ ʤʦʛʫʪ ʧʦʚʩʪʨʝʯʘʪʴʩʷ 

ʢʚʘʜʨʘʪʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʚʳʩʦʪʘʤʠ. 

ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʘʥʜʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʝʭʥʠʢʠ ʧʦʣʠʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʦʪʤʝʪʢʠ ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʙʦʨʘ. 

4. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʜ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ. ɺʧʝʨʚʳʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʜ ʥʘʢʣʦʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʦ ʠʟʣʦʞʝʥʦ ɺ. ʅ. ʄʘʨʪʝʥʩʦʥʦʤ [2]. ʀʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʦʚ ʧʣʘʥʠʨʦʚʢʠ ʨʝʣʴʝʬʘ ʵʪʠʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʧʣʘʥ ʚ ʤʘʩʰʪʘʙʝ 

1:2000 ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʟʝʤʣʠ ʚ ʢʚʘʜʨʘʪʘʭ 20Ĭ20 ʤ.  

ɺ ʦʩʥʦʚʝ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘ ʧʣʘʥʠʨʦʚʢʠ ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ 

ʫʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʣʠʥʝ ʠ ʧʦ ʰʠʨʠʥʝ ʧʣʘʥʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦ ʨʦʚʥʦʩʪʠ ʢʨʘʡʥʠʭ ʦʪʤʝʪʦʢ ʧʦ ʩʪʚʦʨʘʤ ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʇʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʣʦʥʦʚ ʧʨʦʝʢʪʥʦʡ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʶʶ ʦʪʤʝʪʢʫ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʧʨʠʥʠʤʘʷ, ʯʪʦ ʩʨʝʜʥʷʷ ʦʪʤʝʪʢʘ ʥʘ ʧʣʘʥʠʨʫʝʤʦʡ ʧʣʦʱʘʜʠ 

ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʯʝʨʝʟ ʵʪʫ ʦʪʤʝʪʢʫ ʧʨʦʚʦʜʷʪ ʥʘʢʣʦʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʢʣʦʥʘʤʠ. ʕʪʘ ʥʘʢʣʦʥʥʘʷ ʧʣʦʩʢʦʩʪʴ ʥʝ ʜʘʝʪ ʩʨʘʟʫ ʙʘʣʘʥʩʘ ʦʙʲʝʤʦʚ 

ʛʨʫʥʪʘ ʧʦ ʩʨʝʟʢʝ ʠ ʥʘʩʳʧʢʝ, ʪ.ʢ. ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʢʣʦʥʦʚ ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʪʤʝʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʙʘʣʘʥʩ ʦʙʲʝʤʦʚ ʟʝʤʣʷʥʳʭ ʤʘʩʩ ʜʦʧʦʣʥʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʧʨʦʝʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

5. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʧʦʜ ʣʠʥʝʡʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʨʝʣʴʝʬʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ɸ. ʅ. ʃʷʧʠʥʳʤ [6]. ʀʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʩʣʫʞʠʪ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʧʣʘʥ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʩ ʧʨʦʥʠʚʠʣʠʨʦʚʘʥʥʦʡ ʩʝʪʢʦʡ ʢʚʘʜʨʘʪʦʚ 

20ʭ20 ʤ. ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʫʯʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʝʣʴʝʬ ʧʣʘʥʠʨʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʧʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʣʘʥʫ ʠ ʥʘʟʥʘʯʘʝʪ ʛʨʘʥʠʮʳ ʜʝʣʷʥʦʢ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʩʧʣʘʥʠʨʦʚʘʥʳ ʧʦ ʣʠʥʝʡʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɻʨʘʥʠʮʳ ʵʪʠʭ ʜʝʣʷʥʦʢ ʥʘʟʥʘʯʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ 

ʧʨʠʩʧʦʩʦʙʠʣʠʩʴ ʢ ʦʩʥʦʚʥʳʤ ʬʦʨʤʘʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʝʣʴʝʬʘ.  

ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʡ ʜʝʣʷʥʢʠ ʜʝʣʝʥʠʝʤ ʩʫʤʤʘ ʚʩʝʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʪʤʝʪʦʢ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʤʝʪʦʢ ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʶʶ ʦʪʤʝʪʢʫ ʢʘʞʜʦʡ ʜʝʣʷʥʢʠ ʠ ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪ ʦʪʤʝʪʢʠ ʤʘʷʢʦʚ 

ʥʘ ʚʳʨʘʚʥʠʚʘʶʱʠʭ ʣʠʥʠʷʭ, ʧʨʦʭʦʜʷʱʠʭ ʧʦʩʝʨʝʜʠʥʝ ʜʝʣʷʥʦʢ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʠʚʘ. 

ʅʝʟʘʚʠʩʠʤʳʝ ʧʨʝʚʳʰʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʙʣʠʞʝʥʦ, ʢʘʢ ʨʘʟʥʦʩʪʴ ʩʨʝʜʥʠʭ ʦʪʤʝʪʦʢ ʧʝʨʚʦʡ 

ʠ ʧʦʩʣʝʜʥʝʡ ʧʦʣʦʩʳ ʜʝʣʷʥʢʠ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʩʦʧʨʷʛʘʶʱʠʭʩʷ ʣʠʥʠʷʭ ʤʘʷʯʥʳʭ ʦʪʤʝʪʦʢ, ʚ ʧʨʦʮʝʩʩʝ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʨʦʝʢʪʥʳʝ ʦʪʤʝʪʢʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʚʘʜʨʘʪʦʚ ʨʘʟʙʠʚʢʠ. ʇʨʦʮʝʩʩ ʩʦʩʪʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʦʚ ʧʣʘʥʠʨʦʚʢʠ ʨʝʣʴʝʬʘ ʵʪʠʤ ʤʝʪʦʜʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʨʦʤʦʟʜʢʠʤʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤʠ 

ʨʘʩʯʝʪʘʤʠ, ʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʤʝʝʪ ʤʥʦʛʦ ʫʩʣʦʚʥʦʩʪʝʡ ʠ ʥʝʧʨʠʤʝʥʠʤʘ 

ʜʣʷ ʕɺʄ. 
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6. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʈ. ʍ. ɹʘʟʘʨʦʚʳʤ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʚʥʦʛʦ 

ʫʯʘʩʪʢʘ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʙʠʚʘʪʴ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʜʝʣʷʥʢʠ, ʩʦʧʨʷʛʘʶʱʠʭʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʠʤʝʶʱʠʭ ʩʚʦʶ ʧʨʦʝʢʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʨʘʚʥʝʥʠʷ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʫʢʣʦʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʝʣʴ ʜʣʷ ʤʠʥʠʤʫʤʘ ʦʙʲʝʤʘ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ.  

ʈ. ʍ. ɹʘʟʘʨʦʚ [7] ʦʪʤʝʯʘʝʪ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʬʦʨʤʫʣʳ ʧʦ 

ʨʘʩʯʝʪʫ ʧʣʘʥʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪ.ʢ. ʦʥʠ ʚʳʚʝʜʝʥʳ ʜʣʷ ʫʯʘʩʪʢʦʚ ʩʪʨʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ɺ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠʟʚʝʩʪʝʥ ʪʘʢʞʝ ʜʦʧʫʩʪʠʤʳʡ ʫʢʣʦʥ ʧʦ ʰʠʨʠʥʝ ʧʣʘʥʠʨʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ. ʆʜʥʘʢʦ, ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʈ. ʍ. ɹʘʟʘʨʦʚʳʤ ʤʝʪʦʜʝ ʧʣʘʥʠʨʦʚʢʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʧʦʣʝʡ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʦʰʠʙʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʢʣʦʥʦʚ 

ʧʦʣʷ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʋʟʙʝʢʠʩʪʘʥʘ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʨʦʰʘʝʤʳʝ ʧʦʣʷ, ʛʜʝ ʧʨʦʚʦʜʠʣʘʩʴ ʧʣʘʥʠʨʦʚʢʘ 

ʟʝʤʝʣʴ (ʈʠʩʫʥʦʢ 1).  

 

 
ʈʠʩʫʥʦʢ 1. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ: 1 ð ɸɺʇ ʄ. ʖʩʫʧʦʚ ʂʫʨʛʘʥʪʝʧʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ ɸʥʜʠʞʘʥʩʢʦʡ ʦʙʣʘʩʪʠ; 2 ð ɸɺʇ ɸʢʙʘʨʦʙʦʜ ʂʫʚʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʌʝʨʛʘʥʩʢʦʡ ʦʙʣʘʩʪʠ; 3 ð 

ɸɺʇ ɸ. ʅʘʚʦʠʡ ɹʫʢʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʊʘh ʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ; 4 ð ɸɺʇ ʗʥʛʠʘʙʘʜ ʄʠʨʟʘʘʙʘʜʩʢʦʛʦ 

ʨʘʡʦʥʘ ʉʳʨʜʘʨʴʠʥʢʦʡ ʦʙʣʘʩʪʠ; 5 ð ɸɺʇ ʅ. ʄʠʨʟʘʝʚ ɼʞʘʨʢʫʨʛʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʉʫʨʭʦʥʜʘʨʴʠʥʩʢʦʡ 

ʦʙʣʘʩʪʠ; 6 ð ɸɺʇ ʋʡʩʘʣʘʥʛ ʕʣʣʠʢʢʘʣʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ; 7 ð ɸɺʇ ɹʫʩʪʦʥ 

ʍʘʟʦʨʘʩʧʩʢʦʛʦ ʨʘʡʦʥʘ ʍʦʨʝʟʤʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʝʡ ʠ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣʠʮʝ 1. 

 

  

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

239 

 

ʊʘʙʣʠʮʘ 1.  

ʆʉʅʆɺʅʓɽ ɻɽʆʄɽʊʈʀʏɽʉʂʀɽ ʇɸʈɸʄɽʊʈʓ ʇʆʃɽʁ 

 

 

 ̄
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ʐ
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ʦ
ʱ
ʘ
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ʴ
,
 

ʛ
ʘ 

1 724 287 16,1 

2 878 279 16,5 

3 459 348 11,6 

4 918 244 21,4 

5 1058 372 23,6 

6 1241 344 22,7 

7 765 497 27,8 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʌʦʨʤʘ ʧʦʣʝʡ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʝ ʫʢʣʦʥʦʚ 

ʧʦ ʘʙʩʮʠʩʩʝ ʠ ʦʨʜʠʥʘʪʝ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʫʢʣʦʥʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʧʦʩʲʝʤʦʢ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʦʙʲʝʢʪʘʤ 

ʧʨʠ ʨʘʟʤʝʨʝ ʢʚʘʜʨʘʪʥʳʭ ʩʝʪʦʢ 50Ĭ50 ʤ, 40Ĭ40 ʤ, 30Ĭ30 ʤ, 20Ĭ20 ʤ ʩ ʜʘʥʥʳʤʠ ʧʨʠ 10Ĭ10 ʤ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʫʢʣʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

 

 
(1)

 

ʛʜʝ I10x10 ð ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʢʣʦʥ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʢʚʘʜʨʘʪʥʳʭ ʩʝʪʦʢ 10Ĭ10ʤ; Iaxa ð 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʢʣʦʥ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʢʚʘʜʨʘʪʥʳʭ ʩʝʪʦʢ aĬa ʤʝʪʨʦʚ; ʢ a ð 10, 20, 30, 40 ʠ 50 

ʤʝʪʨ; 100Ö=
L

a
a ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʥʘ (ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʯʠʩʣʫ ʧʨʦʬʠʣʝʡ), %; 

L ð ʠʟʤʝʨʝʥʠʷ ʧʦʣʷ (ʜʣʠʥʘ ʠʣʠ ʰʠʨʠʥʘ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʣʝ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʉʘʦʜʘʪ ʚ ɸɺʇ ʅ. ʄʠʨʟʘʝʚʘ 

ɾʘʨʢʫʨʛʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʧʦʡʤʝ ʨʝʢʠ 

ʉʫʨʭʘʥʜʘʨʴʷ ʠʤʝʝʪ ʜʣʠʥʫ 1058 ʤ, ʘ ʰʠʨʠʥʫ ð 372 ʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʳʩʢʘʥʠʡ ʧʦ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʝʪʦʜʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʣʘʥʠʨʦʚʢʠ, ʧʦʣʝ ʙʳʣʦ ʨʘʟʜʝʣʝʥʦ ʧʦ ʢʚʘʜʨʘʪʥʦʡ 

ʩʝʪʢʝ 40Ĭ40 ʤ, ʪ. ʝ. ʙʳʣʠ ʚʟʷʪʳ 26 ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʬʠʣʝʡ ʧʦ ʘʙʩʮʠʩʩʝ ʠ 9 ʧʨʦʜʦʣʴʥʳʭ ʧʦ 

ʦʨʜʠʥʘʪʝ. ʀʥʘʯʝ, ʪʦʯʥʦʩʪʴ ʫʢʣʦʥʘ ʧʦʣʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 26 ʧʨʦʬʠʣʝʡ ʧʦ ʘʙʩʮʠʩʩʝ, ʠ 9 

ʧʨʦʜʦʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʧʦ ʦʨʜʠʥʘʪʝ, ʪ. ʝ. ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʦʨʜʠʥʘʪʘʤ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʠʤ, ʯʝʤ ʧʦ ʘʙʩʮʠʩʩʝ.  

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʤ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʬʠʣʝʡ ʜʣʷ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪʩʷ ʚ ʊʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2.  

ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʊɸɹʃʀʎɸ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ʊʆʏʅʆʉʊʀ ʋʂʃʆʅʆɺ 

 

 ̄ ʇʦʢʘʟʘʪʝʣʠ 
ʅʦʤʝʨ ʧʦʣʷ 

1 2 3 4 5 6 7 

1 ɼʣʠʥʘ ʧʦʣʷ, ʤ 724 878 459 918 1058 1241 765 

2 ʐʠʨʠʥʘ ʧʦʣʷ, ʤ 287 279 348 244 372 344 497 

3 ʈʘʟʤʝʨʳ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʠ, ʤ 30 30 20 30 40 50 40 

4 ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʬʠʣʝʡ ʧʦ ʰʠʨʠʥʝ 24 29 23 31 26 25 19 

5 ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʬʠʣʝʡ ʧʦ ʜʣʠʥʝ 10 9 17 8 9 7 12 

 

ɸʥʘʣʠʟ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʦʝʢʪʥʳʭ ʫʢʣʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʢʚʘʜʨʘʪʥʳʭ ʩʝʪʦʢ 

ʜʣʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʈʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʚʘʜʨʘʪʥʳʭ ʩʝʪʦʢ ʢ ʪʦʯʥʦʩʪʠ ʧʨʦʝʢʪʥʳʭ ʫʢʣʦʥʦʚ. 

 

ʌʦʨʤʫʣʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʫʢʣʦʥʘ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʦʡ (R=0,982) ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

 (2) 

 

ɻʨʘʬʠʢ (ʈʠʩʫʥʦʢ 2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʚ ʧʣʘʥʠʨʫʝʤʦʤ 

ʧʦʣʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʣʦʥʘ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ ʘ% =7,2%, ʯʪʦ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʬʠʣʝʡ ʙʦʣʝʝ 14ï16, ʪʘʢʞʝ ʯʪʦ ʪʦʯʥʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʤʝʨʦʚ ʩʝʪʢʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʊʘʙʣʠʮʝ 3 ʨʘʩʩʯʠʪʘʝʤ ʨʘʟʤʝʨʳ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ ʥʘ ʧʨʠʤʝʨʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ. 
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ʊʘʙʣʠʮʘ 3.  

ʆʇʈɽɼɽʃɽʅʀɽ ʈɸɿʄɽʈʆɺ ʇʈʗʄʆʋɻʆʃʔʅʆʁ ʏɽʊʓʈɽʍʋɻʆʃʔʅʆʁ ʉɽʊʂʀ  

ʇʆ ʈɸɿʄɽʈʋ ʇʆʃʗ 
 

 ̄ ʇʦʢʘʟʘʪʝʣʠ 
ʅʦʤʝʨ ʧʦʣʷ 

1 2 3 4 5 6 7 

1 ɼʣʠʥʘ ʧʦʣʷ, ʤ 724 878 459 918 1058 1241 765 

2 ʐʠʨʠʥʘ ʧʦʣʷ, ʤ 287 279 348 244 372 344 497 

3 
ʈʘʟʤʝʨʳ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʠ ʧʦ 

ʜʣʠʥʝ, ʤ 
30 30 20 30 40 50 40 

4 
ʈʘʟʤʝʨʳ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʠ ʧʦ 

ʰʠʨʠʥʝ, ʤ 
20 15 20 15 20 20 30 

5 ʂʦʣʠʯʝʩʪʚʦ ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʬʠʣʝʡ 24 29 22 30 26 24 19 

6 ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʜʦʣʴʥʳʭ ʧʨʦʬʠʣʝʡ 14 18 17 16 18 17 16 
 

ʇʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʠ ʢ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʝ 

ʪʨʝʙʫʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʫʢʣʦʥʘ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪʩʷ ʥʠʞʝ. 

 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʣʦʥʘ ʧʦʣʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʝ  

ʧʦ ʤʠʥʠʤʘʣʴʥʦʤʫ ʨʘʙʦʯʝʤʫ ʦʙʲʝʤʫ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʧʣʘʥʠʨʦʚʦʯʥʳʤ ʨʘʙʦʪʘʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʙʲʝʤʦʤ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ. 

ʉʦʛʣʘʩʥʦ ʘʢʘʜ. ɸ. ʅ. ʂʦʩʪʷʢʦʚʫ ʧʨʠ ʧʣʘʥʠʨʦʚʢʝ ʧʦʣʷ ʧʨʦʚʦʜʠʪʴ ʧʦ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʫʢʣʦʥʫ 

ʦʙʝ̡ʤ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʙʫʜʝʪ ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ, 

ʠʩʩʣʝʜʦʚʘʚʰʠʭ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʘʙʦʪʳ ʪʦʞʝ ʚ ʩʚʦʠʭ [1ï6, 16ï19] ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʜʘʥʥʦʤʫ ʤʥʝʥʠʶ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʟʝʤʣʷʥʳʭ 

ʨʘʙʦʪ ʚʦʟʤʦʞʝʥ ʥʘ ʧʦʣʷʭ, ʛʜʝ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʦʨʦʩʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʥʘʧʦʨ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʤ. 

ɼʨʫʛʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʨʘʙʦʪ ʤʝʥʴʰʝ 

ʧʦʚʨʝʞʜʘʝʪʩʷ ʧʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ ʧʦʯʚʳ, ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʯʚ ʥʘ 

ʤʝʩʪʘʭ ʨʘʟʨʝʟʦʚ ʠ ʥʘʩʳʧʢʠ, ʘ ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʨʘʩʭʦʜʦʚ.  

ʇʣʦʱʘʜʴ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʧʦ ʦʩʷʤ ʘʙʩʮʠʩʩ ʠ ʦʨʜʠʥʘʪ, ʘ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʦʨʦʩʠʪʝʣʴʥʦʤ 

ʢʘʥʘʣʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʟʘʧʘʩ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʥʠʨʫʝʤʦʡ ʧʣʦʱʘʜʠ, ʪʦ ʝʩʪʴ ʧʨʠʥʠʤʘʝʤ, ʯʪʦ 

ʝʛʦ ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʧʣʘʥʠʨʦʚʢʠ (ʈʠʩʫʥʦʢ 3).  

ʆʧʨʝʜʝʣʝʥʠʝ ʫʢʣʦʥʘ ʧʦʣʷ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʦʙʲʝʤʝ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ: 

1)  ʆʧʨʝʜʝʣʷʝʤ ʩʨʝʜʥʶʶ ʚʳʩʦʪʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʠʨʫʝʤʦʛʦ ʧʦʣʷ: 

 

(3) 

ʟʜʝʩʴ: hij ð ʦʪʤʝʪʢʘ ʟʝʤʣʠ ʚ ʢʦʥʮʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ, ʤ; Fij ð 

ʧʣʦʱʘʜʴ, ʧʨʠʢʨʝʧʣʝʥʥʘʷ ʢ ʪʦʯʢʝ, ʤ
2
; Ý=×Fij ð ʧʣʦʱʘʜʴ ʧʣʘʥʠʨʫʝʤʦʛʦ ʧʦʣʷ, ʤ

2
; N ð 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʮʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ.  

2)  ʆʧʨʝʜʝʣʷʝʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʦʣʷ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩʳ:  

 

(4) 
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ʈʠʩʫʥʦʢ 3. ʇʨʦʝʢʪ ʧʣʘʥʠʨʦʚʢʠ ʦʨʦʰʘʝʤʦʛʦ ʧʦʣʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ. 

 

3) ʆʧʨʝʜʝʣʷʝʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʦʣʷ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪʳ:  
 

 

(5) 

ɿʜʝʩʴ xi ʠ yi ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʢʦʥʮʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ, ʤ. 

4) ʇʨʦʚʝʜʷ ʧʨʷʤʫʶ ʣʠʥʠʶ ʦʪ ʮʝʥʪʨʘ ʧʦʣʷ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʷʤ ʦʨʜʠʥʘʪ, ʦʧʨʝʜʝʣʷʝʤ 

ʩʫʤʤʫ ʦʪʤʝʪʦʢ ʣʝʚʳʭ ʢʦʥʮʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʣʘʥʠʨʫʝʤʦʛʦ ʧʦʣʷ: 
 

 

(6) 

5) ʈʘʩʩʯʠʪʳʚʘʝʤ ʩʫʤʤʫ ʦʪʤʝʪʦʢ ʧʨʘʚʳʭ ʢʦʥʮʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ 

ʧʣʘʥʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ: 
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(7) 

 

6) ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ x ʢʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʧʦʣʷ ʫʢʘʟʳʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʯʘʩʪʷʤʠ, ʫʢʣʦʥ ʧʦ ʦʩʷʤ ʘʙʩʮʠʩʩ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

 

(8) 

7) ʇʨʦʚʝʜʷ ʧʨʷʤʫʶ ʣʠʥʠʶ ʦʪ ʮʝʥʪʨʘ ʧʦʣʷ ʧʘʨʘʣʣʝʣʴʥʦ ʢ ʦʩʷʤ ʘʙʩʮʠʩʩ, ʦʧʨʝʜʝʣʷʝʤ 

ʩʨʝʜʥʶʶ ʚʳʩʦʪʫ ʜʚʫʭ ʯʘʩʪʝʡ: 
 

 

(9) 

 

(10) 

 

ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫ ʢʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʧʦʣʷ ʫʢʘʟʳʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʯʘʩʪʷʤʠ, ʫʢʣʦʥ ʧʦ ʦʩʷʤ ʦʨʜʠʥʘʪ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

 

(11) 

 

ʇʨʠʚʝʜʝʥʥʳʝ (6) ʠ (8) ʬʦʨʤʫʣʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ 

ʨʘʙʦʪ ʧʦʣʝʡ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʪʦ ʝʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʘʙʦʪʳ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʧʨʠʨʦʜʥʳʤ ʫʢʣʦʥʦʤ ʧʦʣʝʡ. 

 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʜʠʥʘʪʳ ʫʢʣʦʥʘ ʧʦʣʷ ʧʦ ʦʪʤʝʯʝʥʥʦʤʫ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʦʤʫ ʫʢʣʦʥʫ 

ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʢʘʧʠʪʘʣʴʥʳʭ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʟʝʤʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘʨʷʜʫ ʩ 

ʧʣʘʥʠʨʦʚʦʯʥʳʤʠ ʨʘʙʦʪʘʤʠ ʟʘʥʦʚʦ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʦʨʦʩʠʪʝʣʴʥʳʝ ʠ ʦʪʚʦʜʷʱʠʝ ʚʣʘʛʫ ʧʦʯʚ 

ʩʝʪʝʡ. ʇʨʠ ʵʪʦʤ ʥʘʢʣʦʥ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʥʴʰʝ ʥʘʢʣʦʥʘ ʨʘʟʤʳʚʘʥʠʷ, 

ʙʦʣʴʰʝ ʥʘʢʣʦʥʘ ʦʩʘʜʦʯʥʦʩʪʠ. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʨʦʩʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʦ 

ʚʩʝʤʫ ʧʦʣʶ ʫʨʦʚʝʥʴ ʚʦʜʳ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʳʤ ʦʪ ʫʨʦʚʥʷ ʟʝʤʣʠ. ʊʦ ʝʩʪʴ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʫʢʣʦʥ ʧʦʣʷ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʢʣʦʥʫ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ.  

ʇʣʦʱʘʜʴ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʥʘ ʦʜʥʦʡ ʫʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʦʨʦʩʠʪʝʣʴʥʦʤ 

ʢʘʥʘʣʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʟʘʧʘʩ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʥʠʨʫʝʤʳʤ ʧʦʣʝʤ, ʪʦ ʝʩʪʴ ʧʨʠʤʝʤ, ʯʪʦ ʝʛʦ 

ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʢʝ ʧʦʣʷ (ʈʠʩʫʥʦʢ 3). 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʢʣʦʥʘ ʧʦʣʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʝ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʧʨʠʝʤʣʝʤʦʤʫ ʫʢʣʦʥʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

1)  ʆʧʨʝʜʝʣʷʝʤ ʩʨʝʜʥʶʶ ʚʳʩʦʪʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʠʨʫʝʤʦʛʦ ʧʦʣʷ: 
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(12) 

 

ɿʜʝʩʴ: hij ð ʦʪʤʝʪʢʘ ʟʝʤʣʠ ʚ ʫʛʣʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ, ʤ; Fij ð

ʧʣʦʱʘʜʴ, ʧʨʠʢʨʝʧʣʝʥʥʘʷ ʢ ʪʦʯʢʝ, ʤ
2
; Ý=×Fij ð ʧʣʦʱʘʜʴ ʧʣʘʥʠʨʫʝʤʦʛʦ ʧʦʣʷ, ʤ

2
; N ð

ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʮʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ.  

2) ʆʧʨʝʜʝʣʷʝʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʧʦʣʷ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩʳ: 
 

 

(13) 

 

3) ʆʧʨʝʜʝʣʷʝʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʧʦʣʷ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪʳ: 
 

 

(14) 

 

ɿʜʝʩʴ xi ʠ yi ʧʦʨ̫ʜʢʦʚʳʝ ʥʦʤʝʨʘ ʢʦʥʮʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ; ʘʭ ʠ by 

ð ʨʘʟʤʝʨʳ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʠ, ʤ. 

4)  ʆʧʨʝʜʝʣʷʝʤ ʚʳʩʦʪʫ ʩʘʤʦʡ ʥʠʟʢʦʡ ʪʦʯʢʠ ʧʦʣʷ (ʅʭ,ʫ): 
 

 (15) 

 

ɿʜʝʩʴ: ʅ1,1 ð ʦʪʤʝʪʢʘ ʫʨʦʚʥʷ ʟʝʤʣʠ ʚ ʥʘʯʘʣʝ ʧʦʣʷ, ʤ; Ix ð ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʡ 

ʫʢʣʦʥ, ʠʣʠ  

 
(16) 

 

5) ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʠʨʫʝʤʦʛʦ ʧʦʣʷ ʨʘʚʥʘ ʧʦʣʦʚʠʥʝ ʩʫʤʤʳ ʫʨʦʚʥʷ 

ʟʝʤʣʠ ʚ ʥʘʯʘʣʝ ʧʦʣʷ ʠ ʚʳʩʦʪʳ ʩʘʤʦʡ ʥʠʟʰʝʡ ʪʦʯʢʠ ʧʦʣʷ: 
 

 
(17) 

 

ʇʨʠ ʵʪʦʤ ʚʳʩʦʪʘ ʩʘʤʦʡ ʥʠʟʰʝʡ ʪʦʯʢʠ ʧʦʣʷ (ʅʭ,ʫ) ʙʫʜʝʪ ʩʣʝʜʫʶʱʝʡ: 
 

 (18) 

 

6) ɽʩʣʠ ʧʦʩʪʘʚʠʤ (18) ʫʨʘʚʥʝʥʠʝ ʚ ʬʦʨʤʫʣʫ (16), ʪʦ ʫʢʣʦʥ ʧʦ ʦʩʷʤ ʦʨʜʠʥʘʪ ʙʫʜʝʪ 

ʩʣʝʜʫʶʱʠʤ:  
 

 
(19) 

 

ʇʨʠʚʝʜʝʥʥʘʷ (19) ʬʦʨʤʫʣʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʦʣʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʧʦ ʦʩʷʤ ʦʨʜʠʥʘʪ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʫʢʣʦʥ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʩʷʤ ʘʙʩʮʠʩʩ ʨʘʟʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ. 
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ʂʘʯʝʩʪʚʦ ʧʣʘʥʠʨʦʚʢʠ ʟʝʤʝʣʴ ʠ ʚʠʜʳ ʟʝʤʝʣʴʥʳʭ ʨʘʙʦʪ 

ʇʨʘʚʠʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʧʦʣʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʘʨʷʜʫ ʩ 

ʛʘʨʘʥʪʠʨʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʚʳʧʦʣʥʠʣʘ ʜʘʥʥʫʶ ʨʘʙʦʪʫ, ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʩʪʦʠʤʦʩʪʴ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʪʝʣʷʤ (ʬʝʨʤʝʨʫ, ʧʦʜʨʷʜʯʠʢʫ ʠʣʠ ʜʨ.) ʧʨʠʥʷʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʘʙʦʪʫ ʠ ʚʳʙʨʘʪʴ 

ʥʫʞʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ.  

ɸʥʪʦʥʦʚ ɽ. ɺ. [1] ʧʨʝʜʣʦʞʠʣ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʝʢʪʘ ʧʦʣʷ ʧʨʠ ʦʮʝʥʢʝ 

ʨʦʚʥʦʩʪʠ ʨʠʩʦʚʳʭ ʧʦʣʝʡ ʧʦ ʩʣʝʜʫʶʱʝʤʫ: 
 

 
 

 

ʟʜʝʩʴ: Scp, SH, S ð ʠʟʤʝʨʝʥʠʷ ʨʘʟʨʝʟʦʚ, ʥʘʩʳʧʢʠ ʠ ʦʙʱʝʡ ʧʣʦʱʘʜʠ. 

ʊ. ʆ. ʉʘʣʠʤʦʚ [10] ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʝʜʣʦʞʠʣ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʝʢʪʠʚʥʦʩʪʠ 

ʦʨʦʰʘʝʤʦʡ ʧʣʦʱʘʜʠ: 

21 ʂʂʂʜ Ö=  

ɿʜʝʩʴ: 
w

ww ʦʪʢʂ
-

=1
 ð ʢʦʵʬʬʠʮʠʝʥʪ, ʦʮʝʥʠʚʘʶʱʠʡ ʜʝʬʝʢʪʠʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, 

ʛʘ; wʦʪʢ ð ʧʣʦʱʘʜʴ ʧʦʣʷ, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʦʩʘʜʢʠ ʠ ʚʳʧʫʢʣʦʩʪʠ ʩʚʝʨʭ ʥʦʨʤʳ, ʛʘ; 

w

ww ʫʧʣ
ʂ

-
=2  ð ʢʦʵʬʬʠʮʠʝʥʪ, ʦʮʝʥʠʚʘʶʱʠʡ ʜʝʬʝʢʪʠʚʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ; wʦʪʢ ð ʧʣʦʱʘʜʴ 

ʧʦʣʷ, ʩ ʫʧʣʦʪʥʝʥʥʳʤ ʧʦʜʧʘʭʦʪʥʳʤ ʩʣʦʝʤ. 

ʅʦ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʊ. ʉʘʣʠʤʦʚʳʤ ʜʘʥʥʳʝ ʬʦʨʤʫʣʳ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʠʪʴ 

ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʡ ʧʣʘʥʠʨʦʚʢʝ ʟʝʤʝʣʴ. ʇʦʪʦʤʫ ʯʪʦ ʧʨʠ ʦʮʝʥʢʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʬʝʢʪʠʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʣʘʟʝʨʥʦʡ ʧʣʘʥʠʨʦʚʢʠ 

ʟʝʤʝʣʴ, ʜʦʧʫʩʪʠʤʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 800ï1200 ʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 3ï5 ʩʤ. ɸ ʪʘʢʞʝ, 

ʢʦʵʬʬʠʮʠʝʥʪ, ʦʮʝʥʠʚʘʶʱʠʡ ʜʝʬʝʢʪʠʚʥʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ, ʪʦʞʝ ʥʝ ʜʘʝʪ ʧʦʣʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʩʢʦʣʴʢʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ ʧʦʩʣʝ ʧʦʣʠʚʦʚ. 

ɼʝʬʝʢʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʨʦʰʘʝʤʦʡ ʧʣʦʱʘʜʠ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʧʣʦʪʥʦʩʪʴ ʩʣʦʝʚ 

ʧʦ ʛʣʫʙʠʥʝ (ʧʘʭʦʪʥʳʡ, ʧʦʜʧʘʭʦʪʥʳʡ ʠ ʛʣʫʙʠʥʥʘʷ ʧʘʭʦʪʘ) ʠ ʠʭ ʧʣʦʱʘʜʠ (ʈʠʩʫʥʦʢ 4). ʇʦʵʪʦʤʫ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʯʝʩʪʚʘ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʥʠʨʦʚʢʠ ʟʝʤʝʣʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [11ï13]: 
 

 (20) 

ʟʜʝʩʴ: ʂ1 ð ʢʦʵʬʬʠʮʠʝʥʪ, ʦʮʝʥʠʚʘʶʱʠʡ ʢʘʯʝʩʪʚʦ ʧʣʘʥʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ.  
 

 
(21) 

 

w ð ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʨʦʚʥʝʥʥʦʡ ʧʣʦʱʘʜʠ, ʛʘ; wn ð ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʪʨʝʙʦʚʘʥʠʷʤ (ʥʦʨʤʘʤ), ʛʘ; ʂ2 ð ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ 

[14ï15]: 

 

(22) 

r ð ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʜʦ ʧʣʘʥʠʨʦʚʢʠ, ʢʛ/ʤ
3
; ri ð ʩʨʝʜʥʷʷ ʪʦʯʝʯʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʘʝʤʦʡ ʧʣʦʱʘʜʠ, ʢʛ/ʤ
3
. 
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(23) 

 

h ð ʤʘʢʩʠʤʘʣʴʥʘʷ 10%-ʥʦ ʫʚʘʣʝʥʥʘʷ ʛʣʫʙʠʥʘ, ʠʩʭʦʜʷʱʘʷ ʠʟ ʵʪʘʧʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʤ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʥʥʦʡ ʛʣʫʙʠʥʳ ʚʦ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪ ʧʦ ʧʣʘʥʠʨʦʚʢʝ 

ʟʝʤʝʣʴ: 

 (24) 

 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʘ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ (hʨʳʭʣ) ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʥʘʩʳʧʢʠ (
max

ʥʘʩʳʧʴh ) 

ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨʥʦʡ ʧʣʘʥʠʨʦʚʢʝ ʟʝʤʝʣʴ 

 (25) 

ʧʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʛʣʫʙʠʥʥʦʡ ʧʘʭʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʩʦʪʝ ʛʣʫʙʠʥʥʦʡ ʧʘʭʦʪʳ  

(ʛʣʨʳʭʣh ): 

 (26) 

 

 

 
 

ʈʠʩʫʥʦʢ 4. ɻʨʘʬʠʢ ʩʚʷʟʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʘʯʝʩʪʚʘ ʩ ʦʙʲʝʤʦʤ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ. 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʥʝʯʥʦ, ʚʣʠʷʝʪ ʥʘ ʦʙʲʝʤ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, 

ʚʳʙʦʨ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʦʙʲʝʤʘʤʠ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʩʤʦʪʨʠʤ ʧʨʦʝʢʪʳ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʲʝʤʘ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʫ, 

ʧʨʝʜʣʦʞʝʥʥʫʶ ʈ. ʍ. ɹʘʟʘʨʦʚʳʤ [7]: 
 

10

233 2,02,02,0 ʧʘʩʪhhhʫʩʪ rrrrr
r

+Ö+Ö+Ö+
=

ʨʳʭʣhh Ö= 1,1

( )max1,1 ʥʘʩʳʧʴʨʳʭʣhhh +Ö=

ʛʣʨʳʭʣhh Ö= 1,1
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(27) 

ʟʜʝʩʴ: ð ʦʙʲʝʤ ʥʘʩʳʧʢʠ, ʤ
3
; h
i
ʥʘʩʳʧ ð ʚʳʩʦʪʘ ʥʘʩʳʧʢʠ, ʤ; wi ð 

ʧʣʦʱʘʜʴ ʥʘʩʳʧʢʠ, ʤ
2
;  ð ʦʙʲʝʤ ʩʨʝʟʢʠ, ʤ

3
; h
i
ʩʨʝʟ, ð ʚʳʩʦʪʘ ʩʨʝʟʢʠ, ʤ; wi ð 

ʧʣʦʱʘʜʴ ʩʨʝʟʢʠ, ʤ
2
. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Microsoft Excel ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ 

ʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʙʲʝʤʦʤ 

ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ (R=0,896): 
 

 (28) 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʨʘʙʦʪʳ ʧʦ ʧʣʘʥʠʨʦʚʢʝ ʟʝʤʝʣʴ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ: ʪʝʢʫʱʠʝ (ʣʝʛʢʠʝ) ʠ 

ʢʘʧʠʪʘʣʴʥʳʝ [4, 9, 20]. ɺ ʊʘʙʣʠʮʝ 4 ʚʳʨʘʞʝʥʳ ʧʦʜʭʦʜʳ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʢ 

ʜʘʥʥʦʡ ʟʘʜʘʯʝ: 
 

ʊʘʙʣʠʮʘ 4.  

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ɿɽʄʃʗʅʓʍ ʇʃɸʅʀʈʆɺʆʏʅʓʍ ʈɸɹʆʊ ʇʆ ʆɹʒɽʄʋ 

 

ɸʚʪʦʨ/ʦʨʛʘʥʠʟʘʮʠʷ ʊʝʢʫʱʘʷ ʧʣʘʥʠʨʦʚʢʘ ʂʘʧʠʪʘʣʴʥʘʷ ʧʣʘʥʠʨʦʚʢʘ 

ʅ. ʇ. ʉʘʤʩʦʥʦʚʘ 200ï250 ʤ
3
/ʛʘ 200ï250 ʤ

3
/ʛʘ 

ʀ. ʀ. ʊʠʪʦʚ 100ï200 ʤ
3
/ʛʘ ʙʦʣʝʝ 200 ʤ

3
/ʛʘ  

ʍ. ʂ. ɻʘʟʠʝʚ 150ï200 ʤ
3
/ʛʘ ʙʦʣʝʝ 200 ʤ

3
/ʛʘ  

W. Kramer, S. Shieldson ʤʝʥʴʰʝ 300 ʤ
3
/ʛʘ 300ï1000 ʤ

3
/ʛʘ 

ʋʢʨʅʀʀɻʠʄ ʜʦ 150 ʤ
3
/ʛʘ  ʙʦʣʝʝ 150 ʤ

3
/ʛʘ  

ʉɸʅʀʀʈʀ 250 ʤ
3
/ʛʘ ʙʦʣʝʝ 250 ʤ

3
/ʛʘ  

ʋʟʛʠʧʨʦʚʦʜʭʦʟ ʜʦ 200 ʤ
3
/ʛʘ  ʙʦʣʝʝ 200 ʤ

3
/ʛʘ  

ʌɸʆ ʜʦ 200ï250 ʤ
3
/ʛʘ ʙʦʣʝʝ 200ï250 ʤ

3
/ʛʘ 

 

ʀʟ ʊʘʙʣʠʮʳ 4 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʧʨʠʚʝʜʝʥʘ ʪʦʯʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ 

ʦʙʝ̡ʤʫ ʪʝʢʫʱʠʭ ʠ ʢʘʧʠʪʘʣʴʥʳʭ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ. ʊʘʢʞʝ, ʪʝʢʫʱʠʝ ʠ ʢʘʧʠʪʘʣʴʥʳʝ 

ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʘʙʦʪʳ ʥʝ ʦʮʝʥʝʥʳ ʧʦ ʩʣʦʞʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʪʝʢʫʱʝʡ ʧʣʘʥʠʨʦʚʢʠ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʌɸʆ [20] ʧʨʝʜʣʦʞʝʥ 200ï

250 ʤ
3
/ʛʘ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʢʫʱʝʡ 

ʧʣʘʥʠʨʦʚʢʠ ʫʩʪʘʥʦʚʠʪʴ 220 ʤ
3
/ʛʘ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʩʣʦʞʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʨʘʟʜʝʣʠʣʠ ʥʘ 3 ʚʠʜʘ: ʣʝʛʢʠʡ, ʩʨʝʜʥʠʡ ʠ ʪʷʞʝʣʳʡ (ʊʘʙʣʠʮʘ 5). 
 

ʊʘʙʣʠʮʘ 5.  

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʈɸɹʆʊ ʇʆ ʊɽʂʋʑɽʁ ʀ ʂɸʇʀʊɸʃʔʅʆʁ ʇʃɸʅʀʈʆɺʂɽ 

 

ʊʠʧ ʧʣʘʥʠʨʦʚʢʠ ʉʪʝʧʝʥʴ ʩʣʦʞʥʦʩʪʠ ʂʩ V, ʤ
3
/ʛʘ 

ʅʝʪ ʥʘʜʦʙʥʦʩʪʠ 
 

0,94ï1,0 0...70 

ʊʝʢʫʱʘʷ ʃʝʛʢʘʷ 0,90ï0,93 80...120 

ʊʝʢʫʱʘʷ ʉʨʝʜʥʷʷ 0,85ï0,89 130...170 

ʊʝʢʫʱʘʷ ʉʣʦʞʥʘʷ 0,81ï0,84 180...220 

ʂʘʧʠʪʘʣʴʥʘʷ ʃʝʛʢʘʷ 0,74ï0,80 230...300 

ʂʘʧʠʪʘʣʴʥʘʷ ʉʨʝʜʥʷʷ 0,67ï0,73 310...380 

ʂʘʧʠʪʘʣʴʥʘʷ ʉʣʦʞʥʘʷ ʄʝʥʝʝ 0,66 ʙʦʣʝʝ 390 

ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʊʘʙʣʠʮʝ 5, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʝʭʥʠʢʠ 

2
.

ʩʨʝʟʥʘʩʳʧ

ʨʘʙʟʝʤ

VV
V

+
=
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w
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=
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( )cʨʘʙʟʝʤ KV -Ö= 13,1156.
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ʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

 

ɺʳʚʦʜʳ 

ʇʦ ʩʨʘʚʥʠʚʘʥʠʶ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʣʘʥʠʨʦʚʢʠ ʦʨʦʰʘʝʤʳʭ ʧʣʦʱʘʜʝʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʅʳʥʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ ʬʦʨʤʘ ʧʦʣʷ ʫʯʠʪʳʚʘʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʪʤʝʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʩʦʟʜʘʝʪʩʷ ʢʚʘʜʨʘʪʥʘʷ ʩʝʪʢʘ ʠ 

ʦʪʯʝʪ ʙʝʨʝʪʩʷ ʩ ʚʝʨʰʠʥ ʢʚʘʜʨʘʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ 

ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʪʦʯʥʦʩʪʴ ʫʢʣʦʥʦʚ ʦʩʪʘʝʪʩʷ ʥʝ ʚʳʩʦʢʦʡ, ʯʪʦ 

ʫʩʣʦʞʥʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ. 

2. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʣʦʥʘ ʧʦʣʷ ʯʠʩʣʦ ʧʨʦʬʠʣʝʡ ʚ ʧʦʣʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 14ï16, ʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʫʢʣʦʥʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ 

ʢʚʘʜʨʘʪʥʳʭ ʩʝʪʦʢ, ʪʘʢʞʝ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʫʢʣʦʥʘ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʦʡ ʩʝʪʢʠ. 

3. ɺ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ ʧʦ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʩʝʪʢʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʢʣʦʥʦʚ ʧʦʣʷ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʥʘ ʧʦʣʷʭ ʨʘʟʥʳʭ ʬʦʨʤ, ʪʦ ʝʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʘʙʦʪʳ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʨʦʜʥʳʤ ʫʢʣʦʥʦʤ ʧʦʣʷ. 

4. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʝ ʧʦʟʚʦʣʷʝʪ ʥʘʟʥʘʯʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʫʢʣʦʥ, ʪ. ʝ. ʫʢʣʦʥ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʢʣʦʥʫ ʦʨʦʩʠʪʝʣʴʥʦʡ 

ʩʝʪʠ.  
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IN RECLAIMING  IRRIGATED AGRICULTUR AL LANDS  

 

ÉMityaeva L., Ph.D., Russian Research Institute of Land Improvement Problems, 

Novocherkassk, Russia, L1112M2014@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʠ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ, ʦʮʝʥʢʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʦʨʦʰʘʝʤʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ, ʦʙʦʙʱʝʥʠʷ, ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ. ʇʨʦʚʝʜʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, 

ʧʦʟʚʦʣʠʣʘ ʚʳʜʝʣʠʪʴ, ʢʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʦʪʭʦʜʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠʨʦʜʥʳʝ ʩʦʨʙʝʥʪïʤʝʣʠʦʨʘʥʪʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʳ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʦʩʘʜʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʩʦʨʙʝʥʪïʤʝʣʠʦʨʘʥʪʦʚ. ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʟ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ ʥʘ ʫʯʘʩʪʢʠ ʘʛʨʦʣʘʥʜʰʘʬʪʘ ʩ ʨʘʟʣʠʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩ ʙʦʣʴʰʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʅʘ ʫʯʘʩʪʢʠ ʩ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʩʠʪʴ 100 ʛ/ʤ
2
 (ʠʣʠ 1 ʪ/ʛʘ), ʜʣʷ ʩʨʝʜʥʝʡ 

ð 350 ʛ/ʤ
2
 (ʠʣʠ 3,5 ʪ/ʛʘ), ʜʣʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʦʩʠʪʴ 850 ʛ/ʤ
2
 (ʠʣʠ 8,5 ʪ/ʛʘ). ʇʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ ʚ ʨʝʢʫʣʴʪʠʚʘʮʠʠ 

ʦʨʦʰʘʝʤʳʭ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ. 

 

Abstract. The aim of the study is the selection and analysis of the most relevant fertilizersï

meliorants, assessment of their application in the reclamation of irrigated agricultural land. 

The research was based on experimental and theoretical methods of analysis, generalization, 

comparison of data. The carried-out characteristic of the fertilizersïmeliorants used for reclamation 

of agricultural lands allowed to allocate, complex fertilizersïmeliorants which include industrial 

waste and natural sorbentïmeliorants. Non-traditional fertilizersïmeliorants created on the basis of 

sewage sludge with the addition of natural sorbentïmeliorants are analyzed. The formulas for 

determining the optimal doses of fertilizersïmeliorants on the agricultural landscape with different 

intensity of degradation processes, which allow to minimize the technological processes with 

greater economic efficiency, are obtained. In areas with low intensity of degradation processes, 

100 g/m
2
 (or 1 t/ha) should be applied, for the average ð 350 g/m

2
 (or 3.5 t/ha), for high intensity 

of degradation processes, 850 g/m
2
 (or 8.5 t/ha) should be applied. Application of fertilizersï

meliorants in reclamation of irrigated agricultural landscapes is necessary, first of all, in 

the restoration of soilïforming factors. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʫʣʴʪʠʚʘʮʠʷ, ʫʜʦʙʨʝʥʠʷ-ʤʝʣʠʦʨʘʥʪʳ, ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ, ʜʦʟʘ 

ʚʥʝʩʝʥʠʷ, ʩʦʨʙʝʥʪʳ, ʦʩʘʜʦʢ ʩʪʦʯʥʳʭ ʚʦʜ. 
 

Keywords: reclamation, fertilizer-meliorants, soil, application dose, sorbents, sewage sludge. 
 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʜʣʝʥʥʦ, ʥʦ ʥʝʫʢʣʦʥʥʦ ʚʝʜʝʪ ʢ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʩʥʠʞʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʘ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ð 

ʛʫʤʫʩʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʷʜ ʘʚʪʦʨʦʚ ʦʪʤʝʯʘʝʪ ʚ ʩʚʦʠʭ 

ʨʘʙʦʪʘʭ [1, ʩ. 46; 2, ʩ. 192; 3, ʩ. 195] ʪʘʢʠʝ ʨʘʜʠʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʢʘʢ 

ʜʝʟʘʛʨʝʛʘʮʠʷ ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʳ, ʦʙʝʩʩʪʨʫʢʪʫʨʠʚʘʥʠʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʣʳʙʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʫʧʣʦʪʥʝʥʠʝ ʜʦ 1,3ï1,4 ʛ/ʩʤ
3
, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʦʛʦ ʠʣʘ, ʘ 

ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦïʬʠʟʠʯʝʩʢʠʭ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ. ʇʦʪʝʨʠ ʛʫʤʫʩʘ ʧʨʠ 

ʦʨʦʰʝʥʠʠ ʚ 0ï20 ʩʤ ʩʣʦʝ ʯʝʨʥʦʟʝʤʦʚ ʩʦʩʪʘʚʣʷʶʪ 12 ʪ/ʛʘ, ʠʣʠ 10% ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʝʛʦ ʚ 

ʥʝʦʨʦʰʘʝʤʦʡ ʧʦʯʚʝ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɸ. ɺ. ʐʫʨʘʚʠʣʠʥʘ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʦʨʦʰʝʥʠʠ ʙʦʣʝʝ 

20 ʣʝʪ, ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʢʦʛʠʜʨʦʣʠʟʫʝʤʦʛʦ ʘʟʦʪʘ ʩʥʠʞʘʝʪʩʷ ʥʘ 18%, ʧʨʠ ʦʨʦʰʝʥʠʠ ʙʦʣʝʝ 50 ʣʝʪ 

ð ʥʘ 50% [4, ʩ. 20]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜ ʧʦʥʷʪʠʝʤ ʤʝʣʠʦʨʘʮʠʠ ʧʦʯʚ ʧʦʥʠʤʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʭ ʦʨʦʰʝʥʠʝ 

ʠʣʠ ʦʩʫʰʝʥʠʝ, ʥʦ ʠ ʥʘʙʦʨ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʣʠʪʳʭ, ʩʦʣʦʥʮʝʚʘʪʳʭ, ʟʘʩʦʣʝʥʥʳʭ, ʩʤʳʪʳʭ ʠ ʜʨʫʛʠʭ ʧʦʯʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʣʠ ʞʝ ʠʤʝʶʱʠʭ ʪʝʥʜʝʥʮʠʠ ʢ ʧʦʪʝʨʝ ʩʚʦʠʭ ʠʟʥʘʯʘʣʴʥʦ 

ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʘʥʪʨʦʧʦʛʝʥʝʟʘ [5, ʩ. 338; 6, ʩ. 22]. 

ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʧʦʯʚʫ, ʘ ʪʘʢʞʝ ʫʛʨʦʟʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʪʭʦʜʘʤʠ, ʪʨʝʙʫʶʪ 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʨʠʝʤʦʚ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʠʤʝʥʥʦ ʨʘʟʨʘʙʦʪʢʝ, 

ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʠ ʚʥʝʩʝʥʠʶ ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ ʥʘ ʥʘʨʫʰʝʥʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʟʝʤʣʠ. [7, ʩ. 12]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʧʦʜʙʦʨ ʠ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ ʠ 

ʦʮʝʥʢʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʦʨʦʰʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʝʤʝʣʴ. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʫʯʝʪʦʤ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʦʧʨʦʩʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʝʤʝʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ [8, ʩ. 110; 9, ʩ. 49: 10, ʩ. 28; 11, ʩ. 197; 12, ʩ. 2; 

13, ʩ. 26]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ, 

ʦʙʦʙʱʝʥʠʷ, ʩʨʘʚʥʝʥʠʷ.  

ʃʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ 

ʠʟ ʚʣʘʛʦʩʦʨʙʝʥʪʦʚ ʚ ʧʦʯʚʫ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʵʢʦʣʦʛʦïʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʌɻɹʅʋ 

çʈʦʩʅʀʀʇʄè. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʝʤʢʦʩʪʠ 

ʧʣʦʱʘʜʴʶ 1 ʤ
2
. ʇʦʯʚʘ, ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʝʡ ʙʳʣʘ ʚʟʷʪʘ ʩ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʦʨʦʰʘʝʤʦʛʦ 

ʘʛʨʦʣʘʥʜʰʘʬʪʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠʟ ʩʣʦʷ ʧʦʯʚʳ 0ï40 ʩʤ. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ 

ʚʥʝʩʝʥʥʦʡ ʜʦʟʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʮʝʥʥʳʭ ʚʦʜʦʧʨʦʯʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʘʛʨʝʛʘʪʦʚ [14, ʩ. 153]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ɺ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʚʳʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʠʤʝʥʝʥʠʷ 

ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ, ʚ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʘʨʫʰʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, 
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ʧʦʣʦʞʝʥʦ 3 ʧʨʠʟʥʘʢʘ: ʧʨʠʝʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʯʚʳ ð ʜʝʛʫʤʠʬʠʢʘʮʠʷ, ʟʘʩʦʣʝʥʠʝ, ʧʝʨʝʫʧʣʦʪʥʝʥʠʝ, ʦʩʦʣʦʥʮʝʚʘʥʠʝ; ʤʝʭʘʥʠʟʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚ ʠʣʠ ʩʦʝʜʠʥʝʥʠʝ ʩ ʧʦʯʚʦʡ; ʬʠʟʠʯʝʩʢʦʝ ʩʤʝʰʠʚʘʥʠʝ (ʨʘʟʨʳʭʣʠʪʝʣʠ) ʠ 

ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʤʝʣʠʦʨʘʥʪʳ ʠ ʯʘʩʪʠʯʥʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʠ). ʆʪʜʝʣʴʥʦ, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ, ʚʳʜʝʣʝʥʳ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʳ, ʩʦʟʜʘʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʦʩʘʜʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʩʦʨʙʝʥʪïʤʝʣʠʦʨʘʥʪʦʚ (ʊʘʙʣʠʮʘ 1). 
 

ʊʘʙʣʠʮʘ 1. 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɽʂʆʊʆʈʓʍ ʋɼʆɹʈɽʅʀʁïʄɽʃʀʆʈɸʅʊʆɺ, ʀʉʇʆʃʔɿʋɽʄʓʍ  

ɼʃʗ ʈɽʂʋʃʔʊʀɺɸʎʀʀ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ɿɽʄɽʃʔ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʘ 

ʄʝʣʠʦʨʠʨʫʶʱʘʷ 

ʦʩʥʦʚʘ 

ʋʜʦʙʨʠʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ 
pH ʉʦʩʪʦʷʥʠʝ 

ɺʣʘʞʥʦʩʪʴ, 

% 
 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ 

ʌʦʩʬʦʛʠʧʩ (ʦʪʭʦʜ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ) 

ɻʠʧʩ 90ï95% 

P2O5 ʦʙʱʘʷ ð 

1,3ï5%; P2O5 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʘʷ 

ð 0,6ï2,5%; 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ 

ð 1,5% 

2,5ï

4,0 

ʊʚʝʨʜʦʝ, 

ʩʣʝʛʢʘ ʧʳʣʠʪ 
20ï35 

ʆʪʨʘʙʦʪʘʥʥʘʷ ʩʝʨʥʘʷ 

ʢʠʩʣʦʪʘ (ʦʪʭʦʜ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ) 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ 

84ï86% 

ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʜʦʙʘʚʢʠ 4ï6% 

1,0ï

1,5 
ɾʠʜʢʦʝ ð 

ʆʪʨʘʙʦʪʘʥʥʳʡ 

ʵʣʝʢʪʨʦʣʠʪ ʪʨʘʚʣʝʥʠʷ 

ʩʪʘʣʠ (ʦʪʭʦʜ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʨʦʤrhʣʝʥʥʦʩʪʠ) 

ʉʝʨʥʦʢʠʩʣʦʝ 

ʞʝʣʝʟʦ 8ï15%; 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ 

4ï10% 

ʉʝʨʘ 4% 2ï3 ɾʠʜʢʦʝ ð 

ʊʝʨʨʠʢʦʥʦʚʘʷ ʧʦʨʦʜʘ 

(ʦʪʭʦʜ ʫʛʣʝʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ) 

ʉʫʣʴʬʘʪʳ 

ʢʘʣʴʮʠʷ, ʞʝʣʝʟʘ 

ʠ ʘʣʶʤʠʥʠʷ 20ï

30% 

P2O5 ð 0,01%; 

K2O ð 0,25; 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ, 

ʛʫʤʫʩʦʚʳʝ ʠ 

ʫʛʦʣʴʥʳʝ 

ʦʩʪʘʪʢʠ ð 8% 

3ï5 

ʊʚʝʨʜʦʝ, 

ʨʘʩʩʳʧʯʘʪʦʝ, 

ʩʣʘʙʦʧʳʣʷʱʝʝ 

10ï15 

 

ʇʨʠʨʦʜʥʳʝ ʩʦʨʙʝʥʪïʤʝʣʠʦʨʘʥʪʳ 

ɻʣʘʫʢʦʥʠʪʦʚʳʡ ʧʝʩʦʢ 

ʂʨʝʤʥʝʟʝʤʳ ʜʦ 

56%; MgO ʜʦ 

7% 

K2O ð ʜʦ 10%; 

P2O5 ð ʜʦ 3%; 
ð ʈʘʩʩʳʧʯʘʪʦʝ ð 

ɹʝʥʪʦʥʠʪʦʚʳʝ ʛʣʠʥʳ 

SiO2 ʜʦ 50ï60%, 

Al 2O3 ð 18ï

23%, FeO ð 8ï

9%, MgO ð 

2,2ï2,8% 

K2O ð 1,9ï2,3%; 

P2O5 ð 0,2% 
ð ʊʚʝʨʜʦʝ ð 

ʉʘʧʨʦʧʝʣʴ ɿʦʣʘ ð ʜʦ 50% 

P2O5 ð 0,15%; 

ʆʨʛʘʥʠʢʘ ð 70ï

90% 

6,8ï

8 

ɾʠʜʢʦʝ, 

ʞʝʣʝʦʙʨʘʟʥʦʝ 
80ï90 

ɻʣʠʥʦʛʠʧʩ ɻʠʧʩ ð 68ï82% ð 
7,2ï

7,8 

ʊʚʝʨʜʦʝ, 

ʩʣʝʛʢʘ ʧʳʣʠʪ 
15ï23 

 

ʂʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʳ 

ʆʪʨʘʙʦʪʘʥʥʳʡ 

ʵʣʝʢʪʨʦʣʠʪ ʪʨʘʚʣʝʥʠʷ 

ʩʪʘʣʠ ʩʤʝʰʘʥʥʳʡ ʩ 

ʜʨʝʚʝʩʥʳʤʠ ʦʧʠʣʢʘʤʠ ʚ 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ 

14ï19%; 

ʉʦʣʠ ʞʝʣʝʟʘ 

27ï35% 

ʋʛʣʝʨʦʜ 22ï

28%; ɸʟʦʪ 0,06ï

0,08%; ʉʝʨʘ 8ï

10% 

2 
ʊʚʝʨʜʦʝ, 

ʨʘʩʩʳʧʯʘʪʦʝ 
18ï30 
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ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʘ 

ʄʝʣʠʦʨʠʨʫʶʱʘʷ 

ʦʩʥʦʚʘ 

ʋʜʦʙʨʠʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ 
pH ʉʦʩʪʦʷʥʠʝ 

ɺʣʘʞʥʦʩʪʴ, 

% 

ʦʪʥʦʰʝʥʠʠ 5:1 

ʊʝʨʨʠʪʦʥʦʚʘʷ ʧʦʨʦʜʘ, 

ʦʙʨʘʙʦʪʘʥʥʘʷ 5% ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ ʚ ʦʪʥʦʰʝʥʠʠ 

80:20 

ʉʫʣʴʬʘʪʳ 

ʞʝʣʝʟʘ, ʢʘʣʴʮʠʷ 

ʠ ʘʣʶʤʠʥʠʷ 40ï

50% 

P2O5 ð 0,04%; 

K2O ð 0,33; 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ, 

ʛʫʤʫʩʦʚʳʝ ʠ 

ʫʛʦʣʴʥʳʝ 

ʦʩʪʘʪʢʠ ð 8% 

 

3 

ʊʚʝʨʜʦʝ, 

ʨʘʩʩʳʧʯʘʪʦʝ, 

ʩʣʘʙʦʧʳʣʷʱʝʝ 

10ï15 

ʀʣʦʚʳʡ ʦʩʘʜʦʢ, 

ʧʝʨʝʨʘʙʦʪʘʥʥʳʡ ʧʦ 

ʬʝʨʤʝʥʪʥʦï

ʢʘʚʠʪʘʮʠʦʥʥʦʤʫ 

ʤʝʪʦʜʫ ʠ ʛʣʘʫʢʦʥʠʪ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 10:1 

ʉʝʨʘ ʧʦʜʚʠʞʥʘʷ 

1800ï2000 ʤʛ/ʢʛ 

ɸʟʦʪ ð 2,4ï

2,6%, ʬʦʩʬʦʨ ð 

4,1ï4,3%, ʢʘʣʠʡ 

ð 1,2ï1,3%; 

ʆʨʛʘʥʠʢʘ 12ï

15%; 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ 

ʠ ʥʘʥʦʯʘʩʪʠʮʳ 

ð ʈʘʩʩʳʧʯʘʪʦʝ ð 

ʂʦʤʧʦʟʠʮʠʷ ʠʟ 

ʚʣʘʛʦʩʦʨʙʝʥʪʦʚ (%): 

ʛʠʜʨʦʛʝʣʴ, 

ʛʣʘʫʢʦʥʠʪʦʚʳʡ ʧʝʩʦʢ, 

ʩʘʧʨʦʧʝʣʴ, ʨʘʢʫʰʝʯʥʠʢ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:27:52:20 

ð 

P2O5 ð 1ï3%; 

K2O ð 1,5ï2%; 

ʆʨʛʘʥʠʢʘ 15ï

30% 

6,5ï

8,0 
ʈʘʩʩʳʧʯʘʪʦʝ ð 

 

ʅʝʪʨʘʜʠʮʠʦʥʥʳʝ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʳ 

ʆʩʘʜʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ  

ʬʦʩʬʦʛʠʧʩʘ 

ɻʠʧʩ 90ï95% 

P2O5 ð 1ï4%; 

K2O ð 0,2ï0,7; 

ʉa ð 3ï5%, 

ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ð 40ï

60%, ʤʘʢʨʦï ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ 

6,5ï

8,0 

ʉʫʭʘʷ ʤʘʩʩʘ; 

ʚ ʞʠʜʢʦʤ 

ʚʠʜʝ 

50ï70; 

 

92ï96 

ɻʠʜʨʦʛʝʣʴ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʡ 

(ʢʦʣʣʦʠʜʥʳʡ ʛʝʣʴ) 

ʧʦʢʘʟʘʪʝʣʴ 

ʦʩʪʘʪʦʯʥʦʛʦ 

ʘʢʨʠʣʘʤʠʜʘ 

0,05% 

ð 
6,5ï

8,0 

ʈʘʩʩʳʧʯʘʪʦʝ, 

ʛʝʣʝʦʙʨʘʟʥʦʝ 
90ï98 

 

ʇʨʠʨʦʜʥʳʝ ʤʝʣʠʦʨʘʥʪʳ ʠʣʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ ʤʦʞʥʦ ʦʙʦʛʘʱʘʪʴ ʠʣʠ ʫʣʫʯʰʘʪʴ ʟʘ 

ʩʯʝʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʠʣʠ ʦʙʨʘʙʦʪʢʠ ʠʭ ʚʝʱʝʩʪʚʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʧʝʨʝʚʝʩʪʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʬʦʨʤʳ ʚ ʙʦʣʝʝ ʧʦʜʚʠʞʥʳʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʠʦʨʠʨʫʶʱʝʡ ʦʩʥʦʚʳ ʩ 24ï30% ʜʦ 40ï49% ʠ ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ [15, ʩ. 34].  

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʩʚʷʱʝʥʦ ʧʨʠʤʝʥʝʥʠʶ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʣʷ 

ʪʷʞʝʣʳʭ, ʜʠʩʧʝʨʩʥʳʭ ʧʦʯʚ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʩ ʥʠʤ ʩʚʷʟʘʥʦ ʪʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʦʙʲʝʜʠʥʷʶʱʝʝ ʩʧʦʩʦʙʳ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʨʘʟʨʳʭʣʠʪʝʣʝʡ.  

ɺ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʳ ð 

ʦʩʘʜʢʠ ʧʨʦʤʳʰʣʝʥʥʦïʙʳʪʦʚʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʋʪʠʣʠʟʘʮʠʷ ʦʩʘʜʢʘ 

ʩʪʦʯʥʳʭ ʚʦʜ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʝʪ ʪʨʠ ʟʘʜʘʯʠ: ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʪʭʦʜʘʤʠ, ʧʦʚʳʰʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʵʢʦʥʦʤʠʷ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʦʨʛʘʥʦïʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ʇʦ ʤʥʝʥʠʶ ʪʘʢʠʭ ʘʚʪʦʨʦʚ, ʢʘʢ ʉ. ʄ. ɺʘʩʠʣʴʝʚ [16, ʩ. 2], ɼ. ʇ. ɻʦʩʪʠʱʝʚ [17, ʩ. 45], 

ʖ. ɽ. ɼʦʤʘʰʝʥʢʦ [18, ʩ. 51], ɺ. ʀ. ʇʳʥʜʘʢ, ɸ. ʉ. ʆʚʯʠʥʥʠʢʦʚ, ɺ. ɺ. ɹʦʨʦʜʳʯʝʚ, ɸ. ɽ. 

ʅʦʚʠʢʦʚ [19, ʩ. 432], ʢ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʫʜʦʙʨʝʥʠʷʤïʤʝʣʠʦʨʘʥʪʘʤ ʦʪʥʦʩʷʪ ʩʤʝʩʴ ʦʩʘʜʢʘ 
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ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʧʨʠʨʦʜʥʳʭ ʤʝʣʠʦʨʘʥʪʦʚïʩʦʨʙʝʥʪʦʚ. ɺ ʩʫʭʦʡ ʤʘʩʩʝ ʦʩʘʜʢʦʚ 

ʩʦʜʝʨʞʠʪʩʷ: ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 40ï60%, ʘʟʦʪʘ ð 1ï3%, ʬʦʩʬʦʨʘ ð 1ï4%, ʢʘʣʠʷ ð 

0,2ï0,7%, ʢʘʣʴʮʠʷ (Ca) ð 3ï5%, ʦʩʘʜʢʠ ʩʦʜʝʨʞʘʪ ʪʘʢʞʝ ʤʘʛʥʠʡ, ʩʝʨʫ, ʜʨʫʛʠʝ ʤʘʢʨʦï ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʙʠʦʤʘʩʩʫ 

ʨʘʩʪʝʥʠʡ ʠ ʥʘʢʦʧʣʝʥʠʝ ʚ ʧʦʯʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʚ ɺʝʥʛʨʠʠ ʤʝʪʦʜʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʲʝʢʪʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʨʝʢʫʣʴʪʠʚʠʨʦʚʘʥʦ 2000 

ʛʘ. ʅʘ ʨʝʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʫʩʧʝʰʥʦ ʚʳʨʘʱʠʚʘʶʪ ʦʚʦʱʠ, ʟʝʨʥʦʚʳʝ ʠ 

ʢʫʩʪʘʨʥʠʢʦʚʦïʜʨʝʚʝʩʥʳʝ ʢʫʣʴʪʫʨʳ [20, ʩ. 149]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʦʟʘ 

ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʘ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʮʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ [21, ʩ. 2; 22, ʩ. 13]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʜʦʟʳ (Q), ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʧʨʦʯʥʳʭ (ɺʦʜ) ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ (ʉ) ʘʛʨʝʛʘʪʦʚ, ʥʘ ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʝʛʨʘʜʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. 
 

ʊʘʙʣʠʮʘ 2. 

ɺʃʀʗʅʀɽ ɼʆɿʓ ɺʅɽʉɽʅʀʗ ʅɸ ɸɻʈɽɻɸʊʅʆɽ ʉʆʉʊʆʗʅʀɽ ʇʆʏɺʓ ʉ ʅʀɿʂʆʁ 

ʀʅʊɽʅʉʀɺʅʆʉʊʔʖ ʇʈʆʎɽʉʉʆɺ ɼɽɻʈɸɼɸʎʀʀ 
 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ ɼʦʟʘ (Q ), ʛ/ʤ
2 

ɺʦʜʦʧʨʦʯʥʦʩʪʴ (ɺʦʜ)% ʉʪʨʫʢʪʫʨʥʦʩʪʴ (ʉ), % 

1 

60 

31,23 76,45 

2 32,44 75,65 

3 33,67 75,10 

4 31,65 74,67 

1 

70 

34,56 76,87 

2 35,53 78,12 

3 34,23 79,56 

4 34,89 78,98 

1 

80 

37,44 80,12 

2 39,67 80,54 

3 37,56 81,54 

4 38,56 81,78 

1 

90 

40,67 82,76 

2 40,23 83,43 

3 41,56 86,78 

4 42,76 82,56 

1 

100 

44,76 84,56 

2 46,23 83,13 

3 47,44 85,56 

4 46,43 85,73 
 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 2, ʠʤʝʝʤ ʥʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʧʨʦʯʥʳʭ 

(47,44%) ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʘʛʨʝʛʘʪʦʚ (85,73%) ʧʨʠ ʜʦʟʝ ʚʥʝʩʝʥʠʷ 100 ʛ/ʤ
2
. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʩʨʝʜʥʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ, ʛʜʝ ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʦʜʦʧʨʦʯʥʦʩʪʠ (43,13%) ʧʨʠ ʜʦʟʝ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʘ ð 400 ʛ/ʤ
2
. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʳʭ ʘʛʨʝʛʘʪʦʚ (83,43%) ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʜʦʟʝ 

ʚʥʝʩʝʥʠʷ 350 ʛ/ʤ
2
, ʘ ʟʘʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ

 
ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ʇʨʠ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʘʢ ʚʦʜʦʧʨʦʯʥʦʩʪʠ (ʜʦ 
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66,12%), ʪʘʢ ʠ ʩʪʨʫʢʪʫʨʥʦʩʪʠ (93,78%) ʧʨʠ ʜʦʟʝ ʚʥʝʩʝʥʠʷ 850 ʛ/ʤ
2
, ʘ ʟʘʪʝʤ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʭʫʜʰʝʥʠʝ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ.  

ʉ ʫʯʝʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦïʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ: 

ïʜʣʷ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ: 
 

 (1) 
 

ïʜʣʷ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ: 
 

 (2) 

 

ïʜʣʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ 
 

 (3) 
 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ, ʦʧʪʠʤʘʣʴʥʦʡ 

ʜʦʟʳ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʘ, ʥʘ ʫʯʘʩʪʢʠ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʫʯʘʩʪʢʠ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʝʩʪʠ 100 ʛ/ʤ
2
 (ʠʣʠ 1 ʪ/ʛʘ), ʜʣʷ ʩʨʝʜʥʝʡ ð 350 ʛ/ʤ

2
 (ʠʣʠ 3,5 ʪ/ʛʘ), ʜʣʷ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ 850 ʛ/ʤ
2
 (ʠʣʠ 8,5 ʪ/ʛʘ). 

ʉ ʫʯʝʪʦʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (1ï3) ʠ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʫʶ ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʫʶ ʛʣʫʙʠʥʫ ʥʘʨʫʰʝʥʥʦʛʦ 

ʩʣʦ̫ ʧʦʯʚʳ, ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

ïʜʣʷ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ: 
 

 (4) 

ʛʜʝ ʥQ  ð ʜʦʟʘ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʘ, ʢʛ; 

0,5 ð ɻʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; 

S ð ʧʣʦʱʘʜʴ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʤ
2
; 

H ð ʛʣʫʙʠʥʘ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʤ. 
 

ïʜʣʷ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ: 

 (5) 

ʛʜʝ ʩʨQ  ð ʜʦʟʘ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʘ, ʢʛ; 

1,75 ð ɻʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; 

S ð ʧʣʦʱʘʜʴ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʤ
2
; 

H ð ʛʣʫʙʠʥʘ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʤ. 

ïʜʣʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ 
 

 (6) 

ʛʜʝ ʚQ  ð ʜʦʟʘ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʘ, ʢʛ; 

4,25 ð ɻʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; 

S ð ʧʣʦʱʘʜʴ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʤ2
; 

Hð ʛʣʫʙʠʥʘ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʤ. 

22 061,0155,01706,0839,5757,22218,812 ʉʉɺʦʜɺʦʜʉɺʦʜQ
ʥ

Ö-ÖÖ+Ö-Ö-Ö+-=

22 538,0817,0884,0923,8134,170541,6907 ʉʉɺʦʜɺʦʜʉɺʦʜQ
ʩʨ

Ö-ÖÖ+Ö+Ö-Ö-=

22 029,0861,042,0621,85193,25566,686 ʉʉɺʦʜɺʦʜʉɺʦʜQ
ʚ

Ö-ÖÖ-Ö+Ö+Ö--=

HSQʥ ÖÖ= 5,0

HSQʩʨ ÖÖ= 75,1

HSQʚ ÖÖ= 25,4
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ (4ï6) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʜʦʟʫ ʚʥʝʩʝʥʠʷ 

ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʘ ʥʘ ʫʯʘʩʪʢʠ ʘʛʨʦʣʘʥʜʰʘʬʪʘ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ 

ʜʝʛʨʘʜʘʮʠʠ  

ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʚʣʘʛʦʩʦʨʙʝʥʪʦʚ) ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʢ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ (ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʚ 2 ʨʘʟʘ, ʬʦʩʬʦʨʘ ʚ 2ï3 

ʨʘʟʘ, ʘ ʢʘʣʠʷ ʚ 4 ʨʘʟʘ), ʪʘʢ ʠ ʚʦʜʥʦïʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʩʥʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʜʦ 1,17 

ʪ/ʤ
3
 ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ 2ï3 ʨʘʟʘ) ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. 

 

ɺʳʚʦʜʳ: 

1. ʆʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʦʪʭʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʝʢʫʣʴʪʠʚʘʮʠʠ 

ʥʘʨʫʰʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ. 

2. ʇʨʦʚʝʜʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, ʧʦʟʚʦʣʠʣʘ ʚʳʜʝʣʠʪʴ, ʢʦʤʧʣʝʢʩʥʳʝ 

ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʪʭʦʜʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠʨʦʜʥʳʝ 

ʩʦʨʙʝʥʪïʤʝʣʠʦʨʘʥʪʳ. ʆʪʜʝʣʴʥʦ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ, ʚʳʜʝʣʝʥʳ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ 

ʫʜʦʙʨʝʥʠʷïʤʝʣʠʦʨʘʥʪʳ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʦʩʘʜʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʨʠʨʦʜʥʳʭ 

ʩʦʨʙʝʥʪïʤʝʣʠʦʨʘʥʪʦʚ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʛʝʥʥʳʭ (ʦʩʘʜʢʠ ʩʪʦʯʥʳʭ ʚʦʜ) ʠ ʧʨʠʨʦʜʥʳʭ (ʥʘʧʨʠʤʝʨ, ʛʣʘʫʢʦʥʠʪʳ, 

ʙʝʥʪʦʥʠʪʳ, ʮʝʦʣʠʪʳ ʠ ʜʨ.) ʢʦʤʧʦʥʝʥʪʦʚ ð ʦʜʥʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ: ʚʳʩʦʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. 

4. ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʟ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡï

ʤʝʣʠʦʨʘʥʪʦʚ ʥʘ ʫʯʘʩʪʢʠ ʘʛʨʦʣʘʥʜʰʘʬʪʘ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩ ʙʦʣʴʰʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʅʘ ʫʯʘʩʪʢʠ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʝʩʪʠ 100 ʛ/ʤ
2
 (ʠʣʠ 1 ʪ/ʛʘ), ʜʣʷ ʩʨʝʜʥʝʡ ð 350 ʛ/ʤ

2
 (ʠʣʠ 3,5 ʪ/ʛʘ), ʜʣʷ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ 850 ʛ/ʤ
2
 (ʠʣʠ 8,5 ʪ/ʛʘ). 

5. ʇʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡïʤʝʣʠʦʨʘʥʪʦʚ ʚ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʦʨʦʰʘʝʤʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʠʤʝʥʥʦ: ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʣʦʞʝʥʠʷ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ; ʦʧʪʠʤʘʣʴʥʦʤ ʢʨʦʰʝʥʠʠ ʧʦʯʚʳ; ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

ʚʦʜʥʦʡ ʵʨʦʟʠʠ (ʩʤʳʚʫ ʠ ʨʘʟʤʳʚʫ); ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʤʠʢʨʦï ʠ ʤʘʢʨʦʘʛʨʝʛʘʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʚʦʜʥʦʡ ʧʨʦʯʥʦʩʪʴʶ; ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʪʨʦʝʥʠʷ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʣʦʷ, ʨʳʭʣʦʛʦ ʚʝʨʭʥʝʛʦ ʠ ʫʧʣʦʪʥʝʥʥʦʛʦ ʥʠʞʥʝʛʦ ʣʦʞʘ ʜʣʷ ʩʝʤʷʥ; 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʛʫʤʫʩʘ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ; 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ ʩʣʦʷ ʧʦʯʚʳ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʘʩʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʥ, 

ʦʙʦʛʘʱʝʥʥʭr ʘʥʪʦʮʠʘʥʘʤʠ ʢʦʞʠʮʳ ʚʠʥʦʛʨʘʜʘ ʠ ʧʦʣʠʬʝʥʦʣʘʤʠ ʠʟ ʢʦʩʪʦʯʝʢ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʢʨʘʩʥʳʤ ʥʘʪʫʨʘʣʴʥʳʤ ʠ ʩʧʝʮʠʘʣʴʥʳʤ ʚʠʥʘʤ ʝʞʝʜʥʝʚʥʦ ʨʘʩʪʝʪ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʙʠʦʬʣʘʚʦʥʦʠʜʦʚ. ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ 

ʘʥʪʦʮʠʘʥʦʚʳʭ ʛʣʠʢʦʟʠʜʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʥʘ çʅʠʢʘʣʘè, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʮʚʝʪʥʦʛʦ 

ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʳʨʴʷ çʆʮʭʘʥʫʨʠ ʩʘʬʝʨʝè, ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʦʛʦ ʚ ʤʠʢʨʦʟʦʥʝ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʚ 

ʨʝʛʠʦʥʝ ʀʤʝʨʝʪʠ. ʂʨʘʩʥʦʝ ʩʧʝʮʠʘʣʴʥʦʝ ʚʠʥʦ ʩʦʜʝʨʞʠʪ 410,87 ʤʛ/ʜʤ
3
 ʘʥʪʦʮʠʘʥʦʚ, ʠʟ ʢʦʪʦʨʳʭ 

72,13% ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʥʦʛʣʠʢʦʟʠʜʘʤʠ, ʛʜʝ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ð ɻʪʦ ʤʘʣʚʠʜʠʥ 41,04%. 

ʉʧʝʮʠʘʣʴʥʦʝ ʚʠʥʦ ʩʦʜʝʨʞʠʪ 13,40% ʜʠʛʣʠʢʦʟʠʜʥʳʭ ʬʦʨʤ ʘʥʪʦʮʠʘʥʦʚ, ʪ. ʝ. 64,37 ʤʛ/ʜʤ
3
. ʀʟ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʪʦʮʠʘʥʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʚʠʥʝ ʠʟ çʆʮʭʘʥʫʨʠ ʩʘʬʝʨʝè ʜʠʛʣʠʢʦʟʠʜ 

ʤʘʣʚʠʜʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 2,26%, ʪ. ʝ. 9,05 ʤʛ/ʜʤ
3
. 

 

Abstract. The article describes red special wines, surrounded by anthocyanins of grape skins 

and polyphenols from pits. The particular interest of consumers in red natural and special wines is 

growing daily due to their high content of bioflavonoids. The aim of our study was to study the 

anthocyan glycosides of the special ñNikalaò wine, made from the color grape raw materials 

ñOtshanuri Safereò, cultivated in the viticulture micro zone in the Imereti region. Red special wine 

contains anthocyanins 410.87 mg/dm
3
, of which 72.13% are monoglicosides, where the highest 

amount is Malvidin 41.04%. The special wine contains 13.40% of the diglicoside forms of 

anthocyanins, i.e. 64.37 mg/dm
3
. From the study of anthocyanins, it can be seen that in a special 

wine from the ñOtskhanuri Safereò Malvidin diglicoside is 2.26%, i.e. 9.05 mg/dm
3
. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: çʆʮʭʘʥʫʨʠ ʩʘʬʝʨʝè, ʬʝʥʦʣʳ, ʘʥʪʦʮʠʘʥʳ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʚʠʥʦʛʨʘʜ, ʩʧʝʮʠʘʣʴʥʦʝ ʚʠʥʦ. 

 

Keywords: ñOtskhanuri Safereò, phenols, anthocyans, antioxidant activity, grapes, special 

wine. 

 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʡ, ʪʘʢ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʤʤʫʥʠʪʝʪ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ 

ʪʘʢʞʝ ʥʘʨʫʰʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʙʘʣʘʥʩ ʦʨʛʘʥʠʟʤʘ [1; 2].  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʥʘʫʢʘ ʧʦʩʪʦʷʥʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʪʘʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʦʡ ʘʥʪʠʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʉʨʝʜʠ ʵʪʠʭ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ ʩ 

ʚʳʩʦʢʠʤʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ ʮʝʣʷʤʠ ʥʘʧʠʪʢʠ ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʠʤʝʶʪ ʞʠʜʢʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ, ʠ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʠʭ ʩʝʥʩʦʨʥʦïʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʪʠʪʝʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ ʠ ʢʦʥʮʝʥʪʨʘʪʳ 

(http://www.prostoflora.ru/xim.vino/22.html.25.10.2018) [3ï4].  

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ  

ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʵʢʩʪʨʘʢʪʳ ʚʠʥʦʛʨʘʜʥʳʭ ʩʝʤʷʥ ʠ ʢʦʞʠʮʳ ʚʤʝʩʪʝ ʩ ʪʝʨʤʠʯʝʩʢʠ 

ʦʙʨʘʙʦʪʘʥʥʳʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʩʦʢʦʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʚʠʥ. ɺʠʥʦʛʨʘʜʥʘʷ ʢʦʞʠʮʘ ʙʦʛʘʪʳ ʘʥʪʦʮʠʘʥʘʤʠ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʠ ʙʘʢʪʝʨʠʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʳʭ ʜʘʚʥʦ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʘʫʯʥʳʭ ʠʥʪʝʨʝʩʦʚ [5ï6]. 

ʉʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 20-ʛʦ ʚʝʢʘ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠʚʣʝʢʣʦ ʧʝʨʝʨʘʙʦʪʢʘ ʧʨʦʜʫʢʪʦʚ 

ʢʨʘʩʥʦʛʦ ʚʠʥʦʛʨʘʜʘ ʠ ʠʥʪʝʥʩʠʚʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʨʘʩʥʦʛʦ ʚʠʥʘ ʢʘʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʠʪʢʘ ʩ ʚʳʩʦʢʠʤ ʣʝʯʝʙʥʳʤ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʰ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʘʥʪʦʮʠʘʥʳ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʪʫʨʘʣʴʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʥ ʠʟ çʆʮʭʘʥʫʨʠ ʩʘʬʝʨʝè 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚ ʟʘʧʘʜʥʦʡ ɻʨʫʟʠʠ ʚ ʀʤʝʨʝʪʠʥʩʢʦʡ ʟʦʥʝ ʚʠʥʦʜʝʣʠʷ ʠ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣʦ ʚʠʥʦ çʅʠʢʘʣʘè ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʠʟ ʮʚʝʪʥʦʛʦ 

ʚʠʥʦʛʨʘʜʘ çʆʮʭʘʥʫʨʠ ʩʘʬʝʨʝè. ɺ ʩʧʝʮʠʘʣʴʥʦʤ ʚʠʥʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʝʥʦʣʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʝʥʦʣʦʚ ʚ ʦʙʨʘʟʮʘʭ ʚʠʥʘ, ʵʢʩʪʨʘʢʪʘʭ ʢʦʩʪʦʯʝʢ ʠ 

ʢʦʞʠʮʳ ʚʠʥʦʛʨʘʜʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʛʝʥʪʘ FolinïCiocalteu, 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʥʪʦʮʠʘʥʦʚʳʭ ʛʣʠʢʦʟʠʜʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ). ʇʨʦʙʳ ʚʠʥʘ ʠ 

ʵʢʩʪʨʘʢʪʦʚ ʚʠʥʦʛʨʘʜʥʦʡ ʢʦʞʠʮʳ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ. ʈʘʟʜʝʣʝʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ DPPH, ʵʪʦ 

ʢʦʣʦʨʠʤʝʪʨʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ (In) 50% ʨʘʜʠʢʘʣʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʙʳʩʪʨʳʡ, ʧʨʦʩʪʦʡ ʠ ʪʦʯʥʳʡ ʪʝʩʪïʤʝʪʦʜ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʚʷʟʳʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʪʘʢ ʞʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʩʦʢʘʭ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʥʪʦʮʠʘʥʳ ð ʵʪʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʠʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ 

ʬʣʘʚʦʥʦʠʜʦʚ. ɺ ʚʠʥʦʛʨʘʜʝ, ʵʪʠ ʢʨʘʩʷʱʠʝ ʧʠʛʤʝʥʪʳ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ Dï

ʛʣʠʢʦʟʠʜʘʤʠ (ʤʘʣʚʠʜʠʥ, ʮʠʘʥʠʜʠʥ, ʜʝʣʬʠʥʠʜʠʥ, ʧʝʦʥʠʜʠʥ, ʧʝʪʫʥʠʜʠʥ ʠ ʧʝʣʘʨʛʦʥʠʜʠʥ). 

 

 
 

ʈʠʩʫʥʦʢ 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʥʘ. 

 

ʅʘ ʈʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʥʘ ʠʟ 

ʢʨʘʩʥʦʛʦ ʚʠʥʦʛʨʘʜʘ çʆʮʭʘʥʫʨʠ ʩʘʬʝʨʝè. 

ʉʧʝʮʠʘʣʴʥʳʝ ʚʠʥʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʘʪʫʨʘʣʴʥʳʭ ʪʝʤ, ʯʪʦ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʠʜʘʥʠʝ ʚʠʥʘʤ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʵʪʠʭ ʚʠʥ ʚʳʟʚʘʥʘ 

ʪʝʤ, ʯʪʦ ʚ ʥʠʭ ʛʘʨʤʦʥʠʯʥʦ ʩʦʯʝʪʘʝʪʩʷ ʩʧʠʨʪ, ʩʘʭʘʨ ʠ ʢʠʩʣʦʪʥʦʩʪʴ. ʉʧʝʮʠʘʣʴʥʦʝ ʚʠʥʦ 

çʅʠʢʘʣʘè ʩʦʜʝʨʞʠʪ 14,5ï15% ʦʙ. ʩʧʠʨʪʘ ʠ 30ï50 ʛ/ʜʤ
3
 ʩʘʭʘʨʦʚ. 

ʉʧʝʮʠʘʣʴʥʳʝ ʢʨʘʩʥʳʝ ʚʠʥʘ ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʘ, ʝʩʣʠ ʩʦʜʝʨʞʘʪ 

ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʪʦʮʠʘʥʦʚ ʢʦʞʠʮʳ ʚʠʥʦʛʨʘʜʘ ʠ ʧʦʣʠʬʝʥʦʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ 

ʢʦʩʪʦʯʝʢ, ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʷʙʣʦʯʥʦïʤʦʣʦʯʥʦʤʫ ʙʨʦʞʝʥʠʶ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʩʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʟʘʪʨʫʜʥʷʶʪ ʜʝʡʩʪʚʠʝ ʜʨʦʞʞʝʡ. 

ʅʘ ʈʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʚ ʢʦʞʠʮʝ ʚʠʥʦʛʨʘʜʘ çʆʮʭʘʥʫʨʠ 

ʩʘʬʝʨʝè. 
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ʈʠʩʫʥʦʢ 2. ʉʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʚ ʢʦʞʠʮʝ ʚʠʥʦʛʨʘʜʘ çʆʮʭʘʥʫʨʠ ʩʘʬʝʨʝè. 

 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʘʥʪʦʮʠʘʥʦʚ ʢʨʦʚʷʥʳʝ ʢʘʧʠʣʣʷʨʳ ʩʪʘʥʦʚʷʪʩʷ ʵʣʘʩʪʠʯʥʳʤʠ, ʪʝʤ ʩʘʤʠʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʭ ʢʨʦʚʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʘʧʠʣʣʷʨʥʦʡ 

ʩʠʩʪʝʤʝ ʩʝʪʯʘʪʢʠ ʛʣʘʟ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʦʮʠʘʥʠʜʥʳʭ ʛʣʠʢʦʟʠʜʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʬʫʥʢʮʠʡ ʢʨʦʚʝʪʚʦʨʝʥʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʢʨʘʩʥʳʝ ʚʠʥʘ, ʦʙʦʛʘʱʝʥʥʳʝ ʘʥʪʦʮʠʘʥʘʤʠ ʢʦʞʠʮʳ 

ʚʠʥʦʛʨʘʜʘ ʠ ʧʦʣʠʬʝʥʦʣʘʤʠ ʠʟ ʢʦʩʪʦʯʝʢ. ɸʥʪʦʮʠʘʥʳ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ, 

ʢʦʪʦʨʳʝ ʨʘʟʨʫʰʘʶʪ ʨʘʜʠʢʘʣʳ ʦʙʨʘʟʫʶʱʠʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ ʦʧʫʭʦʣʠ ʠ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʦʡ 

ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚʳʭ ʛʣʠʢʦʟʠʜʦʚ ʚ ʢʨʘʩʥʦʤ ʩʧʝʮʠʘʣʴʥʦʤ ʚʠʥʝ 

çʅʠʢʘʣʘè ʢʦʪʦʨʦʝ ʠʟʛʦʪʦʚʣʝʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʠʤ. ɸʢʘʢʠʷ ʎʝʨʝʪʝʣʠ ʚ ʜʝʧʘʨʪʘʤʝʥʪʝ ʪʝʭʥʦʣʦʛʠʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʧʨʝʜʝʣʠʣʠ ʤʝʪʦʜʦʤ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ Waters (UV/Visible Detector 2489, Binary 

HPLC Pump 1525), ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʦʡ Symmetry C18, 3,5 Õm 4,6Ĭ75 mm, 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʥʘ 510 ʠ 524 ʥʤ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʟʨʝʣʦʩʪʠ ʚʠʥʦʛʨʘʜʘ ʠ ʪʝʭʥʦʣʦʛʠʝʡ ʦʙʨʘʙʦʪʢʠ. 

ʀʟ ʥʘʙʣʶʜʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʤʘʮʝʨʘʮʠʠ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʥʪʦʮʠʘʥʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ 6-ʡ ʜʝʥʴ, ʘ ʥʘ 7-ʡ ʠʣʠ 8-ʡ ʜʝʥʴ ð ʥʘʜʦ ʦʪʜʝʣʪ̫ʴ 

ʚʠʥʦʤʘʪʝʨʠʘʣ ʦʪ ʚʳʞʠʤʢʠ. 

ɺ ʊʘʙʣʠʮʝ ʧʦʢʘʟʘʥʦ ʧʨʦʮʝʥʪʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚʳʭ 

ʛʣʠʢʦʟʠʜʦʚ ʩʧʝʮʠʘʣʴʥʦʤ ʚʠʥʝ çʅʠʢʘʣʘè ʧʦʩʣʝ ʙʨʦʞʝʥʠʷ ʥʘ ʤʝʟʛʝ ʠ ʧʝʨʝʜ ʜʦʙʨʘʞʠʚʘʥʠʝʤ. 

 

ʊʘʙʣʠʮʘ. 

ʇʈʆʎɽʅʊʅʆɽ ʀ ʂʆʃʀʏɽʉʊɺɽʅʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ɸʅʊʆʎʀɸʅʆɺʓʍ ɻʃʀʂʆɿʀɼʆɺ  

ɺ ʉʇɽʎʀɸʃʔʅʆʄ ɺʀʅɽ çʅʀʂɸʃɸè 

ɸʥʪʦʮʠʘʥʦʚʝr ʛʣʠʢʦʟʠʜʳ  ʉʦʜʝʨʞʘʥʠʝ, % ʉʦʜʝʨʞʘʥʠʝ, %
 

ʉʦʜʝʨʞʘʥʠʝ, ʤʛ. ʜʤ
3 
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ɿʘʢʣʶʯʝʥʠʝ 

ʀʪʘʢ, ʢʨʘʩʥʦʝ ʩʧʝʮʠʘʣʴʥʦʝ ʚʠʥʦ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ çʆʮʭʘʥʫʨʠ ʩʘʬʝʨʝè, ʩʦʜʝʨʞʠʪ 

ʘʥʪʦʮʠʘʥʳ 410,87 ʤʛ/ʜʤ
3
, 72,13% ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʥʦʛʣʠʢʦʟʠʜʘʤʠ, ʛʜʝ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʭʦʜʠʪ ʥʘ ʤʘʣʚʠʜʠʥ 41,04%; ʉʧʝʮʠʘʣʴʥʦʝ ʚʠʥʦ ʩʦʜʝʨʞʠʪ ʥʝʠʟʚʝʩʪʥʳʝ ʬʦʨʤʳ 

ʘʥʪʦʮʠʘʥʦʚʳʭ ʛʣʠʢʦʟʠʜʦʚ ʦʢʦʣʦ 11,23%, ʪ. ʝ. 44,98 ʤʛ/ʜʤ
3
. ʆʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʥʪʦʮʠʘʥʦʚ 

2,26%, ʪ. ʝ. 9,05 ʤʛ/ʜʤ
3
, ʩʦʩʪʘʚʣʷʝʪ ʜʠʛʣʠʢʦʟʠʜ ʤʘʣʚʠʜʠʥʘ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʨʘʩʥʳʭ ʚʠʥʘʭ 

ʧʦ ʝʚʨʦʧʝʡʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʜʦʧʫʩʢʘʝʪʩʷ ʜʦ 15 ʤʛ/ʜʤ
3
. 

ʅʝʞʝʣʘʪʝʣʴʥʘ ʦʙʨʘʙʦʪʢʘ ʚʠʥʘ ʙʝʥʪʦʥʠʪʘʤʠ ʠ ʜʨʫʛʠʤʠ ʦʢʣʝʠʚʘʶʱʠʤʠ ʩʨʝʜʩʪʚʘʤʠ (ʦʥʠ 

ʫʜʘʣʷʶʪ 30ï36% ʘʥʪʦʮʠʘʥʦʚ).  

ʍʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʘʝʪ ʛʦʨʷʯʠʡ ʨʦʟʣʠʚ ʠʣʠ ʧʘʩʪʝʨʠʟʘʮʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʘʩʥʳʭ ʚʠʥ, 

ʠʭ ʦʢʨʘʩʢʘ ʫʩʠʣʠʚʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʭʦʜʘ ʙʝʩʮʚʝʪʥʳʭ ʣʝʡʢʦʘʥʪʦʮʠʘʥʦʚ ʚ ʘʥʪʦʮʠʘʥʳ.  

ʇʦʩʣʝ 9-ʤʝʩʷʯʥʦʡ ʚʳʜʝʨʞʢʠ ʚ ʢʨʘʩʥʦʤ ʩʧʝʮʠʘʣʴʥʦʤ ʚʠʥʝ çʅʠʢʘʣʘè ʩʦʜʝʨʞʘʥʠʝ 

ʘʥʪʦʮʠʘʥʦʚ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 382,4 ʤʛ/ʜʤ
3
. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʘʥʪʦʮʠʘʥʦʚʳʭ ʛʣʠʢʦʟʠʜʦʚ ʚ ʢʨʘʩʥʦʤ ʩʧʝʮʠʘʣʴʥʦʤ ʚʠʥʝ çʅʠʢʘʣʘè ʧʨʦʠʟʚʝʜʝʥʥʦʤ ʠʟ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʢʨʘʩʥʦʛʦ ʚʠʥʦʛʨʘʜʘ çʆʮʭʘʥʫʨʠ ʩʘʬʝʨʝè, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʢʘʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (56ï57 In%, F=25). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʐʦʪʘ 

ʈʫʩʪʘʚʝʣʠ (ɻʨʘʥʪ N216752, ʨʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʠʣʴʥʦʛʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʧʦʣʠʬʝʥʦʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ). 

 

This study was supported by Shota Rustaveli National Science Foundation (SRNSF) 

(N216752, Developing Innovative Technologies of Drastic Antioxidant Polyphenol Concentrates). 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʪʝʨʷʶʪʩʷ ʠʭ ʚʢʫʩʦʚʳʝ 

ʢʘʯʝʩʪʚʘ ʠ ʪʦʚʘʨʥʳʡ ʚʠʜ, ʩʥʠʞʘʶʪʩʷ ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ ʧʣʦʜʦʚ ʠ ʠʭ ʫʨʦʞʘʡʥʦʩʪʴ. ʀʟʫʯʝʥʠʝ 

ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ ʧʘʨʘʟʠʪʦʚ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ 

ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʙʦʨʴʙʝ ʩ ʥʠʤʠ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʨʦʩʪʘ ʛʨʠʙʦʚïʧʘʪʦʛʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ ʜʣʷ 

Stigmina carpophila (L®v.) M. B. Ellis 20ï25 ÁC ʠ Monilia cinerea Bonord. (Monilia laxa Ehr.) ð 

20 ÁC, ʘ ʦʧʪʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʛʨʠʙʦʚ ð ʦʪ 60,0% ʜʦ 95,0%. ʇʨʠ ʟʘʧʘʰʢʝ ʙʦʣʴʥʳʭ ʯʘʩʪʝʡ 

ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʛʣʫʙʠʥʫ 35 ʩʤ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʩʨʦʢʝ ʭʨʘʥʝʥʠʷ (100 ʜʥʝʡ) 

ʦʪʤʝʯʝʥ ʩʣʘʙʳʡ ʨʦʩʪ ʛʨʠʙʦʚïʚʦʟʙʫʜʠʪʝʣʝʡ ʢʣʷʩʪʝʨʦʩʧʦʨʠʦʟʘ ʠ ʤʦʥʠʣʠʦʟʘ ʥʘ ʧʦʙʝʛʘʭ, ʘ ʚ 

ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʷʭ ʨʘʩʪʝʥʠʡ ʠʭ ʨʘʟʚʠʪʠʝ ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. 

 

Abstract. With the disease of stone fruit crops, their taste and presentation are lost, fruit 

storage periods and yield are reduced. The study of the bioecological characteristics of the main 

parasites is important for the correct and timely development of measures to combat them. 

The optimal temperatures for the growth of pathogen fungi in the Uzbekistan were determined, 

which for Stigmina carpophila were 20ï25 ÁC and Monilia cinerea ð 20 ÁC, and the optimum 

humidity of the mushrooms were from 60.0% to 95.0%. When ploughing diseased parts of stone 

fruit crops to a depth of 35 cm with a long shelf life (100 days), there was a slight growth of fungi 

causing shotïhole disease and brown fruit rot on the shoots, while in other parts of the plants their 

development was not recorded. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʨʝʚʴʷ, ʧʘʪʦʛʝʥ, Stigmina carpophila, Monilia cinerea, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʣʘʞʥʦʩʪʴ. 

 

Keywords: trees, pathogen, Stigmina carpophila, Monilia cinerea, temperature, moisture. 

 

ɺʚʝʜʝʥʠʝ 

ʉʘʜʦʚʦʜʩʪʚʦ ð ʩʘʤʘʷ ʜʨʝʚʥʷʷ ʦʪʨʘʩʣʴ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʋʟʙʝʢʠʩʪʘʥʘ. ɺ ʨʝʩʧʫʙʣʠʢʝ 

ʠʤʝʝʪʩʷ 68,5 ʪʳʩ ʛʘ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʩʘʜʦʚʦʜʯʝʩʢʠʭ ʧʣʦʱʘʜʝʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 
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ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʥʘʨʷʜʫ ʩ ʚʦʟʜʝʣʳʚʘʥʠʝʤ ʚrʩʦʢʦʫʨʦʞʘʡʥʳʭ, 

ʙʦʣʝʟʥʝʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʙʦʨʦʪʴʩʷ ʩ ʚʨʝʜʠʪʝʣʷʤʠ ʠ ʙʦʣʝʟʥʷʤʠ.  

ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʙʦʨʴʙʫ ʩ ʚʨʝʜʠʪʝʣʷʤʠ ʠ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʨʘʩʪʝʥʠʡ. ʇʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʪʝʨʷʶʪʩʷ ʠʭ 

ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʠ ʪʦʚʘʨʥʳʡ ʚʠʜ, ʩʥʠʞʘʶʪʩʷ ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ ʧʣʦʜʦʚ ʠ ʠʭ ʫʨʦʞʘʡʥʦʩʪʴ. ɺ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʠ ʥʝʛʘʪʠʚʥʦ 

ʚʣʠʷʝʪ ʥʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ. ʕʪʠʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʟʫʯʘʝʤʦʡ ʥʘʤʠ ʧʨʦʙʣʝʤʳ. 

ʀʟʫʯʝʥʠʝ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ ʧʘʨʘʟʠʪʦʚ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʙʦʨʴʙʝ ʩ ʥʠʤʠ. 

ʇʦ ʜʘʥʥʳʤ ɺ. ʌ. ʇʝʨʝʩʳʧʢʠʥʘ [2], ʢʦʥʠʜʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʢʣʷʩʪʝʨʦʩʧʦʨʠʦʟʘ ʫʜʣʠʥʝʥʥʦï

ʷʡʮʝʚʠʜʥʳʝ ʠʣʠ ʦʙʨʘʪʥʦ ʙʫʣʘʚʦʚʠʜʥʳʝ, ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʠʤʝʶʪ 

ʦʪ ʦʜʥʦʡ ʜʦ ʩʝʤʠ ʧʝʨʝʛʦʨʦʜʦʢ. ɺʥʘʯʘʣʝ ʢʦʥʠʜʠʠ ʙʝʩʮʚʝʪʥʳʝ, ʘ ʩ ʚʦʟʨʘʩʪʦʤ ʩʪʘʥʦʚʷʪʩʷ 

ʞʝʣʪʦïʙʫʨʳʤʠ. ʆʥʠ ʤʦʛʫʪ ʧʨʦʨʘʩʪʘʪʴ ʧʨʠ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 5
 
ʜʦ 40 ÁC. 

ʂʘʢ ʫʢʘʟʳʚʘʝʪ ʉ. ʀʜʨʠʩʦʚ [1] ʚ ʛʦʨʥʦïʜʦʣʠʥʥʦʡ ʧʦʜʟʦʥʝ ɼʘʛʝʩʪʘʥʘ ʤʘʩʩʦʚʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ ʧʣʦʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʦʞʜʣʠʚʦʡ ʧʦʛʦʜʝ. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʢʣʷʩʪʝʨʦʩʧʦʨʠʦʟʘ ð ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 16ï18 ÁC, ʚʣʘʞʥʦʩʪʴ ð 70ï80%. ɿʠʤʫʝʪ 

ʚʦʟʙʫʜʠʪʝʣʴ ʙʦʣʝʟʥʠ ʚ ʧʦʨʘʞʝʥʥʳʭ ʩ ʦʩʝʥʠ ʧʦʯʢʘʭ, ʥʘ ʚʝʪʚʷʭ ʠ ʧʦʙʝʛʘʭ. 

ɺ. ɽ. ʏʝʨʥʦʚ, ʊ. ɼ. ʂʦʚʘʣʝʥʢʦ [8] ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʨʘʟʚʠʪʠʶ ʤʦʥʠʣʠʦʟʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʦʞʜʣʠʚʘʷ ʧʦʛʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 19ï20 ÁC. ɿʠʤʫʝʪ ʚʦʟʙʫʜʠʪʝʣʴ ʙʦʣʝʟʥʠ ʚ ʬʦʨʤʝ ʤʠʮʝʣʠʷ ʚ 

ʚʝʪʚʷʭ, ʦʩʪʘʚʰʠʭʩʷ ʥʘ ʜʝʨʝʚʴʷʭ. ɺʝʩʥʦʡ ʥʘ ʧʝʨʝʟʠʤʦʚʘʚʰʠʭ ʧʦʨʘʞʝʥʥʳʭ ʯʘʩʪʷʭ ʦʙʨʘʟʫʶʪʩʷ 

ʧʦʜʫʰʝʯʢʠ, ʢʦʪʦʨʳʝ ʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʝʩʝʥʥʝʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʙʦʣʝʟʥʠ.  

ʅʝʢʦʪʦʨʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʙʫʜʠʪʝʣʷ ʢʣʷʩʪʝʨʦʩʧʦʨʠʦʟʘ Stigmina 

carpophila ʠʟʫʯʘʣʘʩʴ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʚ 1976 ʛ. ʆ. ʀʩʘʢʦʚʳʤ.  

ʄʝʞʜʫ ʪʝʤ ʙʠʦʣʦʛʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʤʦʥʠʣʠʦʟʘ Monilia cinerea, ʚ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ 

ʥʝ ʙʳʣʘ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʨʘʟʠʪʦʚ 

ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʙʦʨʴʙʳ ʩ 

ʥʠʤʠ. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʠ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʠʪʝʣʝʡ ʅ. ʄ. ʇʠʜʦʧʣʠʯʢʦ [3ï5] 

ʠ ʄ. ʂ. ʍʦʭʨʷʢʦʚ ʠ ʜʨ. [7]. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʦʣʴʥʳʝ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ ʟʘʢʣʘʜʳʚʘʣʠ ʚʦ ʚʣʘʞʥʫʶ ʢʘʤʝʨʫ ʚ 

ʯʘʰʢʠ ʇʝʪʨʠ ʧʦ ʤʝʪʦʜʠʢʝ ʊ. ʄ. ʍʦʭʨʷʢʦʚʘ [6]. ɼʣʷ ʵʪʦʛʦ ʦʪʦʙʨʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟ ʙʦʣʴʥʳʝ 

ʣʠʩʪʴʷ, ʧʦʙʝʛʠ ʠ ʧʣʦʜʳ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʦʙʩʫʰʠʚʘʣʠ 

ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. ɿʘʪʝʤ ʩʪʝʨʠʣʴʥʳʤ ʩʢʘʣʴʧʝʣʝʤ ʠʟ ʧʣʘʩʪʠʥʦʢ ʣʠʩʪʴʝʚ, ʧʦʙʝʛʦʚ ʠ 

ʧʣʦʜʦʚ ʚʳʨʝʟʘʣʠ ʢʫʩʦʯʢʠ ʪʢʘʥʝʡ. ʄʘʪʝʨʠʘʣʳ ʟʘʢʣʘʜʳʚʘʣʠ ʚ ʯʘʰʢʫ ʇʝʪʨʠ, ʚ ʢʦʪʦʨʳʭ 

ʫʚʣʘʞʥʝʥʥʳʡ ʢʨʫʞʦʢ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʢʨʳʰʢʝ. ɺʳʜʝʨʞʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 4ï6 ʩʫʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24ï26 ÁC ʙʝʟ ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ʅʘ ʧʦʨʘʞʝʥʥʳʭ 

ʦʨʛʘʥʘʭ ʧʦ ʢʨʘʶ ʨʘʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʚʠʚʘʣʦʩʴ ʭʦʨʦʰʦ ʟʘʤʝʪʥʦʝ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ 

ʦʙʠʣʴʥʦʝ ʢʦʥʠʜʠʘʣʴʥʦʝ ʩʧʦʨʦʥʦʰʝʥʠʝ ʧʘʪʦʛʝʥʘ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ, ʟʘʨʘʞʝʥʥʳʝ ʢʣʷʩʪʝʨʦʩʧʦʨʠʦʟʦʤ, ʟʘʪʝʤ ʤʦʥʠʣʠʦʟʦʤ 

ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʚʦ ʚʣʘʞʥʫʶ ʢʘʤʝʨʫ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 14 ʜʥʝʡ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ: 8 ÁC, 14 ÁC, 20 ÁC, 25 ÁC, 30 ÁC ʠ 35 ÁC ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 
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95,0ï100%. ʅʘʯʠʥʘʷ ʩ ʧʷʪʳʭ ʩʫʪʦʢ ʠʥʢʫʙʘʮʠʠ ʦʙʨʘʟʮʦʚ ʙʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʦʜ 

ʤʠʢʨʦʩʢʦʧʦʤ ʧʨʦʩʤʘʪʨʠʚʘʣʠ ʧʨʦʨʘʩʪʘʥʠʝ ʩʧʦʨ ʧʘʪʦʛʝʥʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʟʙʫʜʠʪʝʣʴ ʢʣʷʩʪʝʨʦʩʧʦʨʠʦʟʘ ʩʣʘʙʦ ʨʘʩʪʝʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 8 ÁC; 30 ÁC ʠ 35 ÁC. ʆʙʠʣʴʥʳʡ ʨʦʩʪ ʩʧʦʨ ʛʨʠʙʘ ʦʪʤʝʯʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20ï

25 ÁC (ʊʘʙʣʠʮʘ 1). 

ʆʙʠʣʴʥʦʝ ʧʨʦʨʘʩʪʘʥʠʝ ʩʧʦʨ ʚʦʟʙʫʜʠʪʝʣʷ ʤʦʥʠʣʠʦʟʘ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

20 ÁC, ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ ʧʘʨʘʟʠʪʘ ʦʪʤʝʯʝʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 35 ÁC, ʩʣʘʙʳʡ ʨʦʩʪ ð ʧʨʠ 8 ÁC ʠ 

30 ÁC.  
 

ʊʘʙʣʠʮʘ 1. 

ʇʈʆʈɸʉʊɸʅʀɽ ʉʇʆʈ ɻʈʀɹʆɺ ð ɺʆɿɹʋɼʀʊɽʃɽʁ ɹʆʃɽɿʅɽʁ 

(ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʧʳʪ, 2018 ʛ.) 

ʇʨʠʤʝʯʘʥʠʝ: + ʩʣʘʙʳʡ; ++ ʩʨʝʜʥʠʡ, +++ ʦʙʠʣʴʥʳʡ; ī ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ. 
 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʙʦʨʴʙʳ ʩ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʙʦʣʝʟʥʝʡ 

ʨʘʩʪʝʥʠʡ ʠʤʝʝʪ ʠʟʫʯʝʥʠʝ ʩʪʝʧʝʥʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʘʨʘʟʠʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

(ʟʠʤʥʠʭ) ʫʩʣʦʚʠʷʭ.  

ɺ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ 

ʟʠʤʦʚʢʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʦʩʥʦʚʥʳʭ ʙʦʣʝʟʥʝʡ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ. ʋʯʠʪʳʚʘʷ ʵʪʦ, 

ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʪʘʢʠʭ ʧʘʨʘʟʠʪʦʚ, ʢʘʢ 

Stigmina carpophila ʠ Monilia cinerea. 

ɺ ʵʪʠʭ ʮʝʣʷʭ ʧʦʨʘʞʝʥʥʳʝ ʣʠʩʪʴʷ, ʧʦʙʝʛʠ ʠ ʧʣʦʜʳ, ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ 

ʭʨʘʥʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʭʨʘʥʠʣʠʩʴ ʚʦʟʙʫʜʠʪʝʣʠ ʫʢʘʟʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ: ʥʘ ʜʝʨʝʚʴʷʭ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ ʧʨʠ ʟʘʧʘʰʢʝ ʠʭ ʚ 

ʧʦʯʚʫ ʥʘ ʛʣʫʙʠʥʫ 35 ʩʤ. 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʧʘʪʦʛʝʥʦʚ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 30 ʠ 100 ʜʥʝʡ ʭʨʘʥʝʥʠʷ 

ʦʙʨʘʟʮʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʛʣʷʜʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʚʦʟʙʫʜʠʪʝʣʠ 

ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦ 100 ʜʥʝʡ ʭʨʘʥʝʥʠʷ ʥʝ ʪʝʨʷʶʪ 

ʩʚʦʝʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ (ʊʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2. 

ɾʀɿʅɽʉʇʆʉʆɹʅʆʉʊʔ ɺʆɿɹʋɼʀʊɽʃɽʁ ɹʆʃɽɿʅɽʁ ɺ ʈɸɿʃʀʏʅʓʍ ʕʂʆʃʆɻʀʏɽʉʂʀʍ 

ʋʉʃʆɺʀʗʍ (ʣʘʙʦʨʘʪʦʨʥʳʡ ʠ ʧʦʣʝʚʦʡ ʦʧʳʪ 15.XI.2017 ð 25.II .2018 ʛʛ.) 
 

 ̄

ʧ/ʧ 

ɺʦʟʙʫʜʠʪʝʣʠ 

ʙʦʣʝʟʥʝʡ  

ʇʦʨʘʞʝʥʥʳʝ 

 ʦʨʛʘʥʳ 

 

ʈʦʩʪ ʟʠʤʫʶʱʠʭ ʬʦʨʤ ʚʦʟʙʫʜʠʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ  

30 ʜʥʝʡ  100 ʜʥʝʡ  

*ʘ *ʙ *ʚ *ʛ *ʘ *ʙ *ʚ *ʛ 

1. 

 

Stigmina carpophila  ʣʠʩʪʴʷ +++ + + ī +++ ī ī ī 

ʧʦʙʝʛʠ +++ +++ +++ ++ +++ + + + 

ʧʣʦʜʳ +++ + + ī +++ ī ī ī 

2. Monilia cinerea ʧʦʙʝʛʠ +++ ++ +++ ++ +++ + + + 

ʇʨʠʤʝʯʘʥʠʝ: + ð ʩʣʘʙʳʡ; ++ ð ʩʨʝʜʥʠʡ; +++ ð ʦʙʠʣʴʥʳʡ; ī ð ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ. 

*ʘ ð ʚ ʣʘʙʦʨʘʪʦʨʠʠ; *ʙ ð ʥʘ ʜʝʨʝʚʴʷʭ; *ʚ ð ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ; *ʛ ð ʚ ʧʦʯʚʝ, ʚ ʛʣʫʙʠʥʝ 35 

ʩʤ. 
 

 ̄

ʧ/ʧ 
ʂʦʥʠʜʠʠ ʛʨʠʙʦʚ 

ʊʝʤʧʝʨʘʪʫʨʘ +ÁC 

8 14 20 25 30 35 

1. Stigmina carpophila + ++ +++ +++ ++ + 

2. Monilia cinerea  + ++ +++ ++ + ī 
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ʇʨʠ ʭʨʘʥʝʥʠʠ ʦʙʨʘʟʮʦʚ ʙʦʣʴʥʳʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ ʚ ʪʝʯʝʥʠʝ 30 ʜʥʝʡ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʜʝʨʝʚʴʷʭ ʙʳʣ ʦʪʤʝʯʝʥ ʩʣʘʙʳʡ ʨʦʩʪ ʛʨʠʙʘ Stigmina carpophila ʥʘ ʣʠʩʪʴʷʭ 

ʠ ʧʣʦʜʘʭ, ʘ ʦʙʠʣʴʥʳʡ ʨʦʩʪ ð ʥʘ ʧʦʙʝʛʘʭ. ʉʨʝʜʥʠʡ ʨʦʩʪ ʚʦʟʙʫʜʠʪʝʣʝʡ ʤʦʥʠʣʠʦʟʘ Monilia 

cinerea, ʦʪʤʝʯʘʣʩʷ ʥʘ ʧʦʙʝʛʘʭ.  

ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʣʠʩʪʴʷʭ ʠ ʧʣʦʜʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 

ʦʪʤʝʯʘʣʦʩʴ ʩʣʘʙʦʝ ʨʘʟʚʠʪʠʝ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʛʨʠʙʦʚ, ʘ ʥʘ ʧʦʙʝʛʘʭ ð ʦʙʠʣʴʥʳʡ ʨʦʩʪ.  

ʇʨʠ ʟʘʧʘʰʢʝ ʙʦʣʴʥʳʭ ʯʘʩʪʝʡ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʛʣʫʙʠʥʫ 35 ʩʤ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 30 ʜʥʝʡ ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ ʧʘʪʦʛʝʥʦʚ ʦʪʤʝʯʘʣʦʩʴ ʥʘ ʣʠʩʪʴʷʭ ʠ ʧʣʦʜʘʭ, 

ʪʦʛʜʘ ʢʘʢ ʥʘ ʧʦʙʝʛʘʭ ʚʳʷʚʣʝʥʳ ʩʣʘʙʦʝ ʠ ʩʨʝʜʥʝʝ ʨʘʟʚʠʪʠʝ ʛʨʠʙʦʚ. 

ʇʨʠ ʭʨʘʥʝʥʠʠ ʦʙʨʘʟʮʦʚ ʙʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʪʝʯʝʥʠʝ 100 ʜʥʝʡ ʥʘ ʜʝʨʝʚʴʷʭ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ ʧʘʪʦʛʝʥʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʣʠʩʪʴʷʭ ʠ ʧʣʦʜʘʭ, ʪʦʛʜʘ ʢʘʢ 

ʥʘ ʧʦʙʝʛʘʭ ʥʘʙʣʶʜʘʣʩʷ ʩʣʘʙʳʡ ʨʦʩʪ ʚʩʝʭ ʚʠʜʦʚ ʠʟʫʯʘʝʤʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ. 

ʇʨʠ ʟʘʧʘʰʢʝ ʙʦʣʴʥʳʭ ʯʘʩʪʝʡ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʛʣʫʙʠʥʫ 35 ʩʤ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʩʨʦʢʝ ʭʨʘʥʝʥʠʷ ð 100 ʜʥʝʡ ð ʥʘʙʣʶʜʘʣʩʷ ʩʣʘʙʳʡ ʨʦʩʪ ʛʨʠʙʦʚïʚʦʟʙʫʜʠʪʝʣʝʡ 

ʢʣʷʩʪʝʨʦʩʧʦʨʠʦʟʘ ʠ ʤʦʥʠʣʠʦʟʘ ʥʘ ʧʦʙʝʛʘʭ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʷʭ ʨʘʩʪʝʥʠʡ ʨʘʟʚʠʪʠʝ ʠʭ ʥʝ 

ʦʪʤʝʯʘʣʦʩʴ. 
 

ɺʳʚʦʜʳ 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʠʝʤʦʚ ʠ ʩʨʝʜʩʪʚ ʘʢʪʠʚʥʦʡ ʙʦʨʴʙʳ ʩ ʦʩʥʦʚʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ 

ʢʫʣʴʪʫʨ. 

ɺʧʝʨʚʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ ʧʨʦʚʝʜʝʥʳ 

ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʙʦʣʝʟʥʝʡ ʢʦʩʪʦʯʢʦʚʳʭ 

ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ, ʢʘʢ ʢʣʷʩʪʝʨʦʩʧʦʨʠʦʟ, ʤʦʥʠʣʠʦʟ ʠ ʮʠʪʦʩʧʦʨʦʟ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨ rʜʣʷ ʨʦʩʪʘ ʛʨʠʙʦʚïʧʘʪʦʛʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ ʜʣʷ 

Clasterosporium carpophilum ð 20ï25 ÁC, Monilia cinerea ð 20 ÁC ʠ ʦʧʪʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 

ʜʣʷ ʚʩʝʭ ʵʪʠʭ ʛʨʠʙʦʚ ʩʦʩʪʘʚʠʣʘ ʦʪ 60,0% ʜʦ 95,0%. ʇʨʠ ʟʘʧʘʰʢʝ ʙʦʣʴʥʳʭ ʯʘʩʪʝʡ ʢʦʩʪʦʯʢʦʚʳʭ 

ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʛʣʫʙʠʥʫ 35 ʩʤ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʩʨʦʢʝ ʭʨʘʥʝʥʠʷ ð 100 ʜʥʝʡ ð ʦʪʤʝʯʝʥ 

ʩʣʘʙʳʡ ʨʦʩʪ ʛʨʠʙʦʚïʚʦʟʙʫʜʠʪʝʣʝʡ ʢʣʷʩʪʝʨʦʩʧʦʨʠʦʟʘ ʠ ʤʦʥʠʣʠʦʟʘ ʥʘ ʧʦʙʝʛʘʭ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ 

ʯʘʩʪʷʭ ʨʘʩʪʝʥʠʡ ʠʭ ʨʘʟʚʠʪʠʝ ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʩʧʳʪʘʥʠʶ 

ʙʦʷʣʳʯʘ (ʩʦʣʷʥʢʠ ʜʝʨʝʚʮʝʚʠʜʥʦʡ) ð Salsola arbuscula Pall. ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʩʦʚʦʡ ʧʫʩʪʳʥʠ 

ʂʘʨʥʘʙʯʫʣʴ (ʧʦ ʚʳʞʠʚʘʝʤʦʩʪʠ, ʨʦʩʪʫ ʠ ʨʘʟʚʠʪʠʶ, ʫʨʦʞʘʶ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ). ʋʯʝʪʳ 

ʫʨʦʞʘʡʥʦʩʪʠ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʷʣʳʯ ʚ ʫʩʣʦʚʠʷʭ ʂʘʨʥʘʙʯʫʣʷ 

ʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʨʤʦʚʫʶ ʤʘʩʩʫ, ʧʨʝʚʳʰʘʶʱʫʶ ʚ 2ï3 ʨʘʟʘ, ʯʝʤ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʧʘʩʪʙʠʱʘ. ʅʘ ʧʝʨʚʦʤ ʛʦʜʫ ʞʠʟʥʠ ʫʨʦʞʘʡ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʙʦʷʣʳʯʘ ʩʦʩʪʘʚʠʣ 5,1 ʮ/ʛʘ, 

ʢʝʡʨʝʫʢʘ (Salsola orientalis S. G. Gmel.) ð 4,2 ʮ/ʛʘ, ʫʨʦʞʘʡʥʦʩʪ ɹʝʩʪʝʩʪʚʝʥʥʳʭ ʧʘʩʪʙʠʱ ð 

3,2 ʮ/ʛʘ. ʅʘ ʚʪʦʨʦʤ ʛʦʜʫ ʞʠʟʥʠ ʫʨʦʞʘʡ ʩʫʭʦʡ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʩʦʩʪʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

14,8, 18,3 ʮ/ʛʘ, ʧʨʠ ʫʨʦʞʘʡʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʘʩʪʙʠʱ ð 3,7 ʮ/ʛʘ. 

 

Abstract. The article provides information on the results of studies on the testing of the 

Salsola arbuscula Pall. In the conditions of the gypsum desert Karnabchul the survival rate of 

growth and development according to the yield of the aboveground biomass. Accounting for the 

yields of the aboveground plant biomass showed that under conditions of Karnabchul, the Salsola 

arbuscula can form forage mass more than 2ï3 times higher than natural pastures. In the first year 

of life, the harvest of the aboveground biomass of the Salsola arbuscula was 5.1 t/ha, the Salsola 

orientalis S. G. Gmel. ð 4.2 t/ha, the yield of natural pastures ð 3.2 t/ha. In the second year of life, 

the dry aboveground biomass harvest was 14.8, 18.3 centners per hectare, while the yield of natural 

pastures was 3.7 centners per hectare. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Salsola arbuscula Pall., ʧʘʩʪʙʠʱʘ, ʧʫʩʪʳʥʷ, ʬʠʪʦʤʝʣʠʦʨʘʥʪ,r ʩʦʣʷʥʢʘ, 

ʙʦʷʣʳʯ. 

 

Keywords: Salsola arbuscula Pall., pastures, desert, soil reclamation plants, saltwort. 

 

ʂʘʨʥʘʙʯʫʣʴ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ ʙʦʣʝʝ 500 000 ʛʘ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ 

ʨʘʟʚʝʜʝʥʠʷ ʢʘʨʘʢʫʣʴʩʢʠʭ ʦʚʝʮ ʠ ʢʦʟ. ʇʘʩʪʙʠʱʘ ʂʘʨʥʘʙʯʫʣʷ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʫʢʫʩʪʘʨʥʠʢʦʚʦï

ʵʬʝʤʝʨʦʚʦʤʫ ʪʠʧʫ ʠ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ, ʛʜʝ ʛʣʘʚʥʳʤ ʵʜʠʬʠʢʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʳʥʴ 

Artemisia diffusa Krasch.  
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ʀʟ ʟʘ ʯʨʝʟʤʝʨʥʦʛʦ ʚʳʧʘʩʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʘʩʪʙʠʱ ʂʘʨʥʘʙʯʫʣʷ 

ʜʝʛʨʘʜʠʨʦʚʘʥʳ, ʧʘʩʪʙʠʱʘ ʟʘʨʘʩʪʘʶʪ ʥʝ ʧʦʝʜʘʝʤʳʤʠ ʠ ʧʣʦʭʦ ʧʦʝʜʘʝʤʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʢʘʢ 

Peganum harmala L., Psoralea drupacea Bge., Delphinium semibarbatum Bien. ex Boiss., 

Ceratocephala falcata (L.) Cramer, Hordeum leporinum Link, Phlomis thapsoides Bunge. ʠ ʜʨ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ, ʦʙʦʛʘʱʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʮʝʥʥʳʤʠ ʢʦʨʤʦʚʳʤʠ ʚʠʜʘʤʠ ʨʘʩʪʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʧʦʚʳʰʝʥʠʶ ʢʦʨʤʦʚʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʘʩʪʙʠʱ, ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʘʩʪʙʠʱʥʦʛʦ ʢʦʨʤʘ.  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʧʘʩʪʙʠʱ 

ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʨʷʜ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʠʪʦʤʝʣʠʦʨʘʥʪʦʚ (ʈʘʙʙʠʤʦʚ, ʄʫʢʠʤʦʚ, 2012; ʈʘʙʙʠʤʦʚ, 

ʄʫʢʠʤʦʚ, ɹʦʟʦʨʦʚ, 2015; ɸʭʤʝʜʦʚ, ʖʩʫʧʦʚ, ʈʘʙʙʠʤʦʚ, 2009; ʈʘʙʙʠʤʦʚ, 2015; ʍʘʤʨʘʝʚʘ, 

2018). ʆʜʥʘʢʦ, ʜʠʢʦʨʘʩʪʫʱʘʷ ʬʣʦʨʘ ʘʨʠʜʥʳʭ ʟʦʥ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʚʚʝʜʝʥʠʷ 

ʚ ʢʫʣʴʪʫʨʫ ʫʩʪʦʡʯʠʚʳʭ ʢ ʩʪʨʝʩʩʦʚʳʤ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ ʧʫʩʪʳʥʴ ʚʠʜʦʚ ʢʦʨʤʦʚʳʭ ʨʘʩʪʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʢʦʨʤʦʚʳʭ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʙʦʷʣʳʯ (ʩʦʣʷʥʢʘ 

ʜʝʨʝʚʮʝʚʠʜʥʘʷ) Salsola arbuscula Pall., ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʝʤʝʡʩʪʚʘ ʤʘʨʝʚʳʭ Chenopadiaceae.  

ɻʘʣʦʬʠʣʴʥʳʡ ʢʫʩʪʘʨʥʠʢ, 50ï80 (120) ʩʤ ʚʳʩʦʪʳ, ʩ ʤʝʣʢʠʤʠ ʧʦʣʫʚʘʣʴʢʦʚʘʪʳʤʠ, 

ʦʧʘʜʘʶʱʠʤʠ ʩʫʢʢʫʣʝʥʪʥʳʤʠ ʣʠʩʪʦʯʢʘʤʠ. ɼʠʢʦʨʘʩʪʫʱʠʝ ʧʦʧʫʣʷʮʠʠ ʙʦʷʣʳʯʘ ʦʙʳʯʥʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʭ ʩʝʨʦïʙʫʨʳʭ ʛʠʧʩʦʥʦʩʥʳʭ ʧʦʯʚʘʭ, ʠʥʦʛʜʘ ʥʘ ʤʘʣʦʤʦʱʥʳʭ 

ʧʝʩʢʘʭ ʠ ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʰʣʝʡʬʘʭ ʦʩʪʘʥʮʦʚʳʭ ʚʦʟʚʳʰʝʥʠʡ ʂʳʟʳʣʢʫʤʦʚ, ʛʜʝ ʭʨʷʱʝʚʘʪʦ 

ʱʝʙʝʥʠʩʪʳʝ ʛʠʧʩʦʥʦʩʥʳʝ ʧʦʯʚʳ ʧʝʨʝʢʨʳʪʳ ʧʝʩʯʘʥʳʤ ʧʦʢʨʦʚʦʤ.  

ɸʩʩʦʮʠʘʮʠʠ ʩ Salsola arbuscula Pall. ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʥʘ ʧʘʩʪʙʠʱʘʭ ʄʫʡʥʘʢʩʢʦʛʦ, 

ʂʫʥʛʨʘʜʩʢʦʛʦ ʨʘʡʦʥʦʚ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥʘ, ʂʘʨʘʢʫʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ɹʫʭʘʨʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʃʠʩʪʴʷ ʠ ʤʦʣʦʜʳʝ ʧʦʙʝʛʠ ʙʦʷʣʳʯʘ ʭʦʨʦʰʦ ʧʦʝʜʘʶʪ ʦʚʮʳ ʦʩʝʥʴʶ. ɹʦʷʣʳʯ ʧʦ 

ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʩʪʝʥʠʷʤ ʩʨʝʜʥʝʛʦ ʢʘʯʝʩʪʚʘ. ʇʦ ʜʘʥʥʳʤ ɸ. ʃʠ ʠ ɼ. ɹʝʨʢʦʚʠʯʘ 

(1970) ʚ ʙʦʷʣʳʯʝ ʚʝʩʥʦʡ ʤʥʦʛʦ ʩʳʨʦʛʦ ʧʨʦʪʝʠʥʘ (19,8%) ʠ ʙʝʣʢʘ (13,4%). 

ɿʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʳʧʘʩʫ ʠ ʭʦʨʦʰʠʝ ʢʦʨʤʦʚʳʝ ʢʘʯʝʩʪʚʘ ʙʦʷʣʳʯʘ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʚʝʜʝʥʠ ʁʝʛʦ ʚ ʢʫʣʴʪʫʨʫ ʚ ʫʩʣʦʚʠʷʭ ʧʫʩʪʳʥʠ ʂʘʨʥʘʙʯʫʣʴ.  

 

ʉʝʤʝʥʘ ʙʦʷʣʳʯʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠʟ ʜʠʢʦʨʘʩʪʫʱʝʡ ʧʦʧʫʣʷʮʠʠ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʚ 

ʄʫʡʥʘʢʩʢʦʤ ʨʘʡʦʥʝ ʨʝʩʧʫʙʣʠʢʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ.  

ʇʦʩʝʚ ʩʝʤʷʥ ʧʨʦʠʟʚʝʜʝʥ ʥʘ ʨʘʩʧʘʭʘʥʥʦʤ ʫʯʘʩʪʢʝ ʂʘʨʥʘʙʯʫʣʷ ʚ ʜʝʢʘʙʨʝ 2015 ʛ ʩ 

ʟʘʜʝʣʢʦʡ 0,5ï1,0 ʩʤ.  

ʇʦʷʚʣʝʥʠʝ ʚʩʭʦʜʦʚ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʥʘʯʘʣʝ ʘʧʨʝʣʷ 2016 ʛ. ʅʘ ʧʝʨʚʦʤ ʛʦʜʫ ʞʠʟʥʠ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʫ ʚʩʭʦʜʦʚ ʙʦʷʣʳʯʘ ʩʦʩʪʘʚʠʣʘ 50%, ʘ ʫ ʢʝʡʨʝʫʢʘ (Salsola orientalis S. G. Gmell) 

ʙʳʣʘ ʟʘʤʝʪʥʦ ʚʳʰʝ ð 74,8%.  

ʅʘ ʚʪʦʨʦʤ ʛʦʜʫ ʞʠʟʥʠ ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʨʘʩʪʝʥʠʡ ʥʘ ʜʝʣʷʥʢʘʭ: 

ʫ ʙʦʷʣʳʯʘ ð 44,0%, ʘ ʫ ʢʝʡʨʝʫʢʘ ð 64,0% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘ 

ʫʯʝʪʥʳʭ ʜʝʣʷʥʢʘʭ.  

ʅʘ ʪʨʝʪʴʝʤ ʛʦʜʫ ʞʠʟʥʠ ʛʫʩʪʦʪʘ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ, ʦʪʧʘʜ ʨʘʩʪʝʥʠʡ ʥʝ 

ʥʘʙʣʶʜʘʣʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʂʘʨʥʘʙʯʫʣʷ ʚ ʢʫʣʴʪʫʨʝ ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʩʦʙʝʡ 

ʙʦʷʣʳʯʘ ʩʦʩʪʘʚʠʣʘ ʚ ʢʦʥʮʝ 3 ʛʦʜʘ ʞʠʟʥʠ ð 44,0%, ʘ ʫ ʢʝʡʨʝʫʢʘ ð 64,0% (ʊʘʙʣʠʮʘ 1). 

ʅʝʢʦʪʦʨʘʷ ʚʳʩʦʢʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʦʩʦʙʝʡ ʢʝʡʨʝʫʢʘ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʝʡʨʝʫʢ 

ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʩʪʦʷʱʠʤ ʛʠʧʩʦʬʠʣʘʤ, ʚʦʟʜʝʣʳʚʘʝʪʩʷ ʚ ʂʘʨʥʘʙʯʫʣʝ ʫʞʝ ʜʘʚʥʦ. ɻʠʧʩʦʚʘʷ 

ʧʫʩʪʳʥʷ ʂʘʨʥʘʙʯʫʣ ɹ̫ ʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʦʧʪʠʤʫʤʦʤ ʜʣʷ ʢʝʡʨʝʫʢʘ, ʘ ʙʦʷʣʳʯ ð 

ʠʩʧʳʪʳʚʘʝʪʩʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʧʝʨʚʳʝ. 
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ʊʘʙʣʠʮʘ 1. 

ɺʓɾʀɺɸɽʄʆʉʊʔ ʆʉʆɹɽʁ ɹʆʗʃʓʏɸ ʀ ʂɽʁʈɽʋʂɸ  

ɺ ʋʉʃʆɺʀʗʍ ɻʀʇʉʆɺʆʁ ʇʋʉʊʓʅʀ ʂɸʈʅɸɹʏʋʃʔ 

 

ɺʠʜ 

ʨʘʩʪʝʥʠʷ 

ʏʠʩʣʦ 

ʨʘʩʪʝʥʠʡ ʥʘ 

ʜʝʣʷʥʢʘʭ, 

ʰʪ., 1-ʡ 

(2016) ʛ 

% ʏʠʩʣʦ 

ʨʘʩʪʝʥʠʡ ʥʘ 

ʜʝʣʷʥʢʘʭ, 

ʰʪ., 2-ʡ 

(2017) ʛ 

% ʏʠʩʣʦ 

ʨʘʩʪʝʥʠʡ ʥʘ 

ʜʝʣʷʥʢʘʭ, 

ʰʪ., 3-ʡ 

(2018) ʛ 

% 

ʙʦʷʣʳʯ 90,6Ñ7,8 100 45,3Ñ5,8 50,0 45,0Ñ2,9 50,0 

ʢʝʡʨʝʫʢ 87,6Ñ9,1 100 65,6Ñ6,9 74,8 65,1Ñ4,2 64,0 

 

ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʙʦʷʣʳʯʘ ʧʦ ʨʦʩʪʫ ʨʘʩʪʝʥʠʡ. ɺ ʢʦʥʮʝ ʧʝʨʚʦʛʦ 

ʛʦʜʘ ʞʠʟʥʠ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʙʦʷʣʳʯʘ ʩʦʩʪʘʚʠʣʘ 31,0 ʩʤ, ʘ ʫ ʢʝʡʨʝʫʢʘ ð 27,9 ʩʤ. ʅʘ ʚʪʦʨʦʤ 

ʛʦʜʫ ʞʠʟʥʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 58,2 ʩʤ ʠ 54,1 ʩʤ (ʊʘʙʣʠʮʘ 2).  

ʅʘ ʪʨʝʪʴʝʤ (2018) ʛʦʜʫ ʞʠʟʥʠ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʦʢʘʟʘʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʨʦʰʣʳʤ ʛʦʜʦʤ, ʦʥʘ ʩʦʩʪʘʚʠʣʘ ʫ ʙʦʷʣʳʯʘ ð 51,6 ʩʤ, ʘ ʫ ʢʝʡʨʝʫʢʘ ð 48,3 ʩʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ 2018 ʛ. (ʟʘʩʫʭʘ). 

 
ʊʘʙʣʠʮʘ 2. 

ɺʓʉʆʊɸ ʈɸʉʊɽʅʀʁ ɹʆʗʃʓʏɸ ʀ ʂɽʁʈɽʋʂɸ ɺ ʋʉʃʆɺʀʗʍ ʂʋʃʔʊʋʈʓ 

(ʂʘʨʥʘʙʯʫʣʴ, 2016ï2018 ʛʛ.) 

 

ɺʠʜ ʨʘʩʪʝʥʠʷ ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʡ, ʩʤ 

1-ʡ (2016) 2-ʡ (2017) 3-ʡ (2018) 

ɹʦʷʣʳʯ 31,0Ñ2,1 58,2Ñ2,8 51,6Ñ1,9 

ʂʝʡʨʝʫʢ 27,9Ñ1,3 54,1Ñ1,4 48,3Ñ2,4 

 

ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʙʦʷʣʳʯʘ ʥʘʜ ʢʝʡʨʝʫʢʦʤ ʠ ʧʦ ʢʫʩʪʠʩʪʦʩʪʠ 

ʨʘʩʪʝʥʠʡ (ʢʦʣʠʯʝʩʪʚʦ ʧʦʙʝʛʦʚ ʥʘ ʦʜʥʦʤ ʢʫʩʪʝ). 

ʏʠʩʣʦ ʧʦʙʝʛʦʚ ʥʘ ʦʜʥʦʤ ʢʫʩʪʝ ʥʘ ʧʝʨʚʦʤ ʛʦʜʫ ʞʠʟʥʠ ʫ ʙʦʷʣʳʯʘ ʩʦʩʪʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ 5,6 

ʰʪ., ʘ ʫ ʢʝʡʨʝʫʢʘ ð 4,3 ʰʪ. ʅʘ ʚʪʦʨʦʤ ʛʦʜʫ ʞʠʟʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 13,1 ʠ 11,7 ʰʪ.  

ɺ ʢʨʘʡʥʝ ʟʘʩʫʰʣʠʚʦʤ 2018 ʛ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʝʡʨʝʫʢʘ, ʢʫʩʪ ʙʦʷʣʳʯʘ ʩʬʦʨʤʠʨʦʚʘʣ ʚ 

ʩʨʝʜʥʝʤ 35,6 ʰʪ. ʫʢʦʨʦʯʝʥʥʳʭ ʛʝʥʝʨʘʪʠʚʥʳʭ ʧʦʙʝʛʦʚ, ʘ ʫ ʢʝʡʨʝʫʢʘ ð ʯʠʩʣʦ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʧʦʙʝʛʦʚ ʩʦʩʪʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ 33,4 ʰʪ. (ʊʘʙʣʠʮʘ 3). 

 

ʊʘʙʣʠʮʘ 3. 

ʂʋʉʊʀʉʊʆʉʊʔ (ʏʀʉʃʆ ɻɽʅɽʈɸʊʀɺʅʓʍ ʇʆɹɽɻʆɺ ɺ ʆɼʅʆʄ ʂʋʉʊɽ)  

ɹʆʗʃʓʏɸ ʀ ʂɽʁʈɽʋʂɸ ɺ ʋʉʃʆɺʀʗʍ ʂʋʃʔʊʋʈʓ 

 (ʂʘʨʥʘʙʯʫʣʴ, 2016ï2018 ʛʛ.) 

 

ɺʠʜ ʨʘʩʪʝʥʠʷ ʂʫʩʪʠʩʪʦʩʪʴ (ʯʠʩʣʦ ʛʝʥʝʨʘʪʠʚʥʳʭ ʧʦʙʝʛʦʚ ʚ ʦʜʥʦʤ ʢʫʩʪʝ) ʰʪ. 

1-ʡ (2016) 2-ʡ (2017) 3-ʡ (2018) 

ɹʦʷʣʳʯ 5,6Ñ0,7 13,1Ñ1,3 35,6Ñ2,6 

ʂʝʡʨʝʫʢ 4,3Ñ0,8 11,7Ñ1,9 33,4Ñ1,7 

 

ʋʯʝʪʳ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʷʣʳʯ ʚ ʫʩʣʦʚʠʷʭ 

ʂʘʨʥʘʙʯʫʣʷ ʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʨʤʦʚʫʶ ʤʘʩʩʫ, ʧʨʝʚʳʰʘʶʱʫʶ ʚ 2ï3 ʨʘʟʘ, ʯʝʤ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʘʩʪʙʠʱʘ. 

ʊʘʢ, ʥʘ ʧʝʨʚʦʤ ʛʦʜʫ ʞʠʟʥʠ ʫʨʦʞʘʡ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʙʦʷʣʳʯʘ ʩʦʩʪʘʚʠʣ 5,1 ʮ/ʛʘ, 

ʢʝʡʨʝʫʢʘ ð 4,2 ʮ/ʛʘ, ʧʨʠ ʫʨʦʞʘʡʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʘʩʪʙʠʱ ð 3,2 ʮ/ʛʘ. 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

276 

 

ʅʘ ʚʪʦʨʦʤ ʛʦʜʫ ʞʠʟʥʠ ʫʨʦʞʘʡ ʩʫʭʦʡ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʩʦʩʪʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

14,8, 18,3 ʮ/ʛʘ, ʧʨʠ ʫʨʦʞʘʡʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʘʩʪʙʠʱ ð 3,7 ʮ/ʛʘ (ʊʘʙʣʠʮʘ 4). 

 

ʊʘʙʣʠʮʘ 4. 

ʋʈʆɾɸʁ ʅɸɼɿɽʄʅʆʁ ʌʀʊʆʄɸʉʉʓ (ʉʋʍɸʗ) ɹʆʗʃʓʏɸ ʀ ʂɽʁʈɽʋʂɸ  

ɺ ʋʉʃʆɺʀʗʍ ʂʋʃʔʊʋʈʓ (ʂʘʨʥʘʙʯʫʣʴ, 2016ï2018 ʛʛ.) 

 

ɺʠʜ ʨʘʩʪʝʥʠʷ ʋʨʦʞʘʡ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ, ʮ/ʛʘ 

1-ʡ (2016) 2-ʡ (2017) 3-ʡ (2018) 

ɹʦʷʣʳʯ 5,1Ñ0,8 14,8Ñ1,9 14,6Ñ2,1 

ʂʝʡʨʝʫʢ 4,2Ñ0,5 18,3Ñ2,1 15,4Ñ2,6 

ɽʩʪʝʩʪʚʝʥʥʘʷ 3,2Ñ0,3 3,7Ñ0,9 2,1Ñ0,7 

 

ɺ ʟʘʩʫʰʣʠʚʦʤ 2018 ʛ ʫʨʦʞʘʡ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʙʦʷʣʳʯʘ ʩʦʩʪʘʚʠʣ 14,6 ʮ/ʛʘ, 

ʢʝʡʨʝʫʢʘ ð 15,4 ʮ/ʛʘ ʧʨʠ ʫʨʦʞʘʡʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʘʩʪʙʠʱ ð 2,1 ʮ/ʛʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʙʦʷʣʳʯ ʠʤʝʝʪ ʘʜʘʧʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʩʦʚʳʭ ʧʫʩʪʳʥʴ, ʚ ʯʘʩʪʥʦʩʪʠ ʂʘʨʥʘʙʯʫʣʴ, 

ʦʥ ʤʦʞʝʪ ʩ ʫʩʧʝʭʦʤ ʚʳʨʘʱʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʧʘʩʪʙʠʱʘʭ ʘʛʨʦʬʠʪʦʮʝʥʦʟʦʚ ʥʘ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʧʫʩʪʳʥʠ ʂʘʨʥʘʙʯʫʣʴ. 
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DISEASE AS A LIMITING FACTOR FOR OB TAINING A HIGH CROP OF WINTER 

SOFT WHEAT UNDER THE  CONDITIONS  

OF THE NAKHCHIVAN AU TONOMOUS REPUBLIC  

 

ÉFatullayev P., Ph.D., Institute of Bioresources of Nakhichevan Branch of NAS of Azerbaijan, 

Nakhichevan, Azerbaijan, p_fatullaev@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʪʝʯʝʥʠʝ 2015ï2018 ʛʛ. ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 497 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʤʷʛʢʦʡ 

ʧʰʝʥʠʮʳ ʠʟ 21 ʩʪʨʘʥʳ ʤʠʨʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʯʝʪʳʨʝʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ð Erythrospermum 

(Koern.) Mansf., Ferrugineum (Alef.) Mansf., Graecum (Koern.) Mansf. ʠ Lutescens (Alef.) 

Mansf. ɿʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʝʥʘ ʩʪʝʧʝʥʴ ʟʘʨʘʞʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʢ 

ʙʦʣʝʟʥʷʤ (ʪʚʝʨʜʘʷ ʛʦʣʦʚʥʷ (Tilletia caries), ʤʫʯʥʠʩʪʘʷ ʨʦʩʘ (Erysiphe graminis f. sp. tritiʩi), 

ʞʝʣʪʘʷ (ʧʦʣʦʩʯʘʪʘʷ) ʨʞʘʚʯʠʥʘ (Puccinia striiformis West.)) ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʆʧʨʝʜʝʣʝʥʦ 11 

ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Graecum (Koern.) Mansf.; 19 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Lutescens (Alef.) Mansf.; ʠʟ 59 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ Erythrospermum (Koern.) Mansf., ʠ 7 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ Ferrugineum (Alef.) Mansf. ʩ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʁʢ ʤʫʯʥʠʩʪʦʡ ʨʦʩʝ. 

ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥ r101 ʩʦʨʪʦʦʙʨʘʟʝʮ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʪʚʝʨʜʦʡ ʛʦʣʦʚʥʝ ʠ 79 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʨʞʘʚʯʠʥʝ. 

 

Abstract. During 2015ï2018, we studied 497 varieties of soft wheat from 21 countries of the 

world belonging to the four varieties: Erythrospermum (Koern.) Mansf., Ferrugineum (Alef.) 

Mansf., Graecum (Koern.) Mansf. and Lutescens (Alef.) Mansf. Over the years of the study, the 

degree of infection of soft wheat samples to diseases (Bunt smut (Tilletia caries), Mealy race 

(Erysiphe graminis f. sp. Tritiʩi), yellow (banded) rust (Puccinia striiformis West.)) grain crops. 

Was studied 11 variety specimens Graecum varieties (Koern.) Mansf.; 19 variety specimens 

belonging to the variety Lutescens (Alef.) Mansf.; of the 59 variety specimens belonging to the 

variety Erythrospermum (Koern.) Mansf., and 7 variety specimens belonging to the variety 

Ferrugineum (Alef.) Mansf. with increased resistance to the powdery race. Also, 101 variety 

specimens of common smut and 79 variety specimens rust samples resistant were determined. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʷʛʢʘʷ ʧʰʝʥʠʮʘ, ʙʦʣʝʟʥʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʪʚʝʨʜʘʷ ʛʦʣʦʚʥʷ, Tilletia caries, 

ʤʫʯʥʠʩʪʘʷ ʨʘʩʘ, Erysiphe graminis f. sp. tritiʩi, ʞʝʣʪʘʷ (ʧʦʣʦʩʯʘʪʘʷ) ʨʞʘʚʯʠʥʘ, Puccinia 

striiformis West. 

 

Keywords: soft wheat, diseases, resistance, bunt smut, Tilletia caries, mealy race, Erysiphe 

graminis f. sp. Tritiʩi, yellow (striate) rust, Puccinia striiformis West. 
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ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʪʨʘʩʣʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʩʦʨʪʦʚ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ 

ʟʝʨʥʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʠ ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʝ ʚʘʞʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʦʟʠʤʦʡ 

ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ. ʆʟʠʤʘʷ ʤʷʛʢʘʷ ʧʰʝʥʠʮʘ ʚ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʝ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ 

ʢʫʣʴʪʫʨʦʡ ʠ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʘ ʧʦ ʧʦʩʝʚʥʳʤ ʧʣʦʱʘʜʷʤ ʠ ʚʘʣʦʚʦʤʫ ʩʙʦʨʫ ʟʝʨʥʘ. 

ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʟʝʨʥʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚʳʜʚʠʛʘʝʪ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʚʳʚʝʜʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʩʦʨʪʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʧʦʟʚʦʣʷʶʱʠʭ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʦʪʝʨʠ, 

ʥʘʥʦʩʠʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʠ ʧʦʣʫʯʠʪʴ ʩʪʘʙʠʣʴʥʳʡ ʫʨʦʞʘʡ. 

ʆʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʤʠʨʦʚʦʡ ʟʝʤʣʝʜʝʣʠʷ ʦʪ ʥʘʠʙʦʣʝʝ ʚʨʝʜʦʥʦʩʥʳʭ 

ʙʦʣʝʟʥʝʡ, ʚʨʝʜʠʪʝʣʝʡ ʠ ʩʦʨʥʷʢʦʚ ʝʞʝʛʦʜʥʦ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 35%, ʘ ʚ ʧʨʦʮʝʩʩʝ 

ʭʨʘʥʝʥʠʷ ʜʦ 10ï20% [6, ʩ. 8ï11]. 

ɹʦʣʝʟʥʠ ʥʘʥʦʩʷʪ ʦʛʨʦʤʥʳʡ ʚʨʝʜ, ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʚʝʣʠʯʠʥʫ ʫʨʦʞʘʷ ʠ ʢʘʯʝʩʪʚʦ ʦʟʠʤʳʭ 

ʧʰʝʥʠʮʳ. ʊʘʢ, ʙʫʨʘʷ ʨʞʘʚʯʠʥʘ ʧʰʝʥʠʮʳ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ ʨʘʩʪʝʥʠʡ, ʥʦ ʚ ʛʦʜʳ ʩʠʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʜʦʩʪʠʛʘʶʪ ʜʦ 30%. ʇʨʠʯʝʤ ʵʪʦ ʧʦʪʝʨʠ ʤʘʩʢʠʨʫʶʪʩʷ ʚ ʮʝʣʦʤ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʫʨʦʞʘʡʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʝʟʥʴ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ 

ʚʣʘʞʥʳʝ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʨʦʞʘʷ ʛʦʜʳ. ʆʢʦʣʦ 24% ʫʨʦʞʘʷ ʪʝʨʷʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʨʝʞʜʝʥʠʝ ʙʦʣʝʟʥʷʤʠ ʠ ʚʨʝʜʠʪʝʣʷʤʠ. ʉʝʣʝʢʮʠʷ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʷʤʠ ʠ ʚʨʝʜʠʪʝʣʷʤʠ, ʯʝʤ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʟʘʰʠʪʳ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʚʳʟʳʚʘʶʪ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʫʜʦʨʦʞʘʶʪ ʧʨʦʜʫʢʮʠʠ. ʍʦʪʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʧʘʨʘʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʠʩʪʝʤʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʙʦʨʦʪʴʩʷ ʩʠʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʙʦʣʝʟʥʷʤʠ. ʅʦ ʛʦʨʘʟʜʦ 

ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʝʚʘ ʫʩʪʦʡʯʠʚʳʝ ʩʦʨʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ 

ʟʘʱʠʪʳ ʙʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦ, ʝʩʣʠ ʩʦʨʪ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ [9, ʩ. 

3ï5].  

ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ ʟʝʨʥʦʚʳʭ, ʙʦʙʦʚʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʫʣʴʪʫʨ ʀʥʩʪʠʪʫʪʘ ʙʠʦʨʝʩʫʨʩʦʚ ʅʘʭʠʯʝʚʘʥʩʢʦʛʦ ʦʪʜʝʣʝʥʠ ̫ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ ð ɻ ʪʦ 

ʩʝʣʝʢʮʠʷ ʠ ʩʝʤʝʥʦʚʦʜʩʪʚʦ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ, ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʎʝʣʴ ʩʝʣʝʢʮʠʦʥʥʳʭ ʨʘʙʦʪ ʣʘʙʦʨʘʪʦʨʠʠ ð ʩʦʟʜʘʥʠʝ ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʜʣʷ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʉʨʝʜʠ 

ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʥʘʜ ʫʣʫʯʰʝʥʠʝʤ ʠ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʩʦʨʪʦʚ, ʥʘʜ ʢʦʪʦʨʳʤʠ ʥʘʰʘ 

ʣʘʙʦʨʘʪʦʨʠʷ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʝʪ ð ɻ ʪʦ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʟʠʤʦʩʪʦʡʢʦʩʪʴ, ʘʜʘʧʪʠʚʥʦʩʪʴ, 

ʧʣʘʩʪʠʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʠʦʪʠʯʝʩʢʠʤ ʠ ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʘʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʢʘʯʝʩʪʚʘ ʠ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʜʨʫʛʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩʚʦʡʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʉʝʣʝʢʮʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʦʣʝʟʥʷʤ ʦʟʠʤʳʭ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ð ʦʜʥʦ ʠʟ ʩʘʤʳʭ 

ʚʘʞʥʳʭ ʠ ʩʣʦʞʥʳʭ, ʘ ʚ ʥʘʰʠʭ ʨʝʛʠʦʥʘʭ ʩʘʤʦʝ ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʝʣʝʢʮʠʠ. ɽʤʫ 

ʧʨʠʥʘʜʣʝʞʠʪ ʚʠʜʥʘʷ ʨʦʣʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʳ. 

ʆʥʦ ʩʣʦʞʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʪʦʤʫ ʯʪʦ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʥʝʩʪʘʙʠʣʴʥʘ. 

ʏʝʨʝʟ ʥʝʢʦʪʦʨʳʝ ʚʨʝʤʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʙʦʣʝʟʥʠ ʠʣʠ ʚʨʝʜʠʪʝʣʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʝʨʷʥʘ. ʉʝʣʝʢʮʠʦʥʝʨ ʧʨʠʥʫʞʜʝʥ ʥʘʯʘʪʴ ʚʩʝ ʩʥʘʯʘʣʘ [9, ʩ. 3ï5]. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʦʨʪʘ ʢ ʙʦʣʝʟʥʷʤ ð ̫ ʚʣʝʥʠʝ ʩʣʦʞʥʦʝ ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, 
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ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ, ʛʫʩʪʦʪʳ ʧʦʩʝʚʘ, ʩʨʦʢʦʚ ʩʝʚʘ ʠ ʜʨʫʛʠʭ [2, ʩ. 5ï16; 8, ʩ. 77ï96; 7, ʩ. 131ï

132]. 

ʅ. ʀ. ɺʘʚʠʣʦʚ ʩʯʠʪʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʤʝʪʦʜʦʤ 

ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʷʤʠ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʮʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢ ʥʠʤ ʩʦʨʪʦʚ. ʇʨʠ ʵʪʦʤ, ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʘʜʝʞʥʘʷ ʦʮʝʥʢʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʦʣʝʟʥʷʤ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʵʢʦʣʦʛʦïʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʢʘʢ ʫʩʣʦʚʠʷ ʩʨʝʜʠ ʚ ʪʦʡ ʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʨʪʦʚ [3]. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʤʠʨʦʚʦʡ ʢʦʣʣʝʢʮʠʠ ʤʷʛʢʦʡ 

ʧʰʝʥʠʮʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 497 ʩʦʨʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʯʝʪʳʨʝʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ (Erythrospermum 

(Koern.) Mansf., Ferrugineum (Alef.) Mansf., Graecum (Koern.) Mansf., Lutescens (Alef.) Mansf.) 

ʠʟ 21 ʩʪʨʘʥ ʤʠʨʘ, ʩʧʝʮʠʘʣʴʥʦ ʦʪʦʙʨʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʧʨʦʙʣʝʤ ʩʝʣʝʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʦʡ 

ʟʝʤʣʝʜʝʣʠʷ ʩ ʮʝʣʴʶ ʠʟʫʯʠʪʴ ʢʦʣʣʝʢʮʠʠ ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʦʟʠʤʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʚ ʫʩʣʦʚʠʷʭ 

ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʠ ʚʳʜʝʣʠʪʴ ʠʩʪʦʯʥʠʢʠ ʦʪʜʝʣʴʥʳʭ 

ʭʦʟʷʡʩʪʚʝʥʥʦïʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʫʩʪʦʡʯʠʚʳʭ ʢ ʙʦʣʝʟʥʷʤ) ʜʣʷ ʚʦʚʣʝʯʝʥʠʷ ʢʦʣʣʝʢʮʠʦʥʥʳʝ 

ʦʙʨʘʟʮʳ ʚ ʩʝʣʝʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. 

ʇʦʩʝʚʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚʨʫʯʥʫʶ, ʧʦ 300 ʚʩʭʦʞʠʭ ʩʝʤʷʥ ʥʘ 1 ʤ
2
 ʚ ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ 

ʜʘʥʥʦʡ ʟʦʥʳ ʩʨʦʢʠ, ʪ.ʝ. ʚ ʪʨʝʪʴʝʡ ʜʝʢʘʜʝ ʦʢʪʷʙʨʷ. ʉʪʘʥʜʘʨʪʦʤ ʩʣʫʞʠʣʠ ʤʝʩʪʥʳʝ ʩʦʨʪʘ 

Azemetli-95, Azeri, Akinchi-84 ʠ Sharur, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʣʠʩʴ ʯʝʨʝʟ ʢʘʞʜʳʝ 20 ʜʝʣʷʥʦʢ.  

ʌʝʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʫʯʝʪʳ ʠ ʘʥʘʣʠʟʳ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʫ ʫʨʦʞʘʷ ʧʨʦʚʦʜʠʣʠ, 

ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ çʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʤʠʨʦʚʦʡ ʢʦʣʣʝʢʮʠʠ ʧʰʝʥʠʮʳè [13, ʩ. 

5ï17], çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʉʕɺ ʨʦʜʘ Triticum L.è [4, ʩ. 71ï75], ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

Microsoft Office Excel 2007 ʠ çʄʝʪʦʜʠʢʘ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘè [7, ʩ. 145ï174]. ɸʛʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʧʨʘʚʠʣʘʤ ʜʣʷ ʜʘʥʥʦʡ ʟʦʥʳ. ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ 

ʟʘ ʚʩʝ ʛʦʜʳ ʦʧʳʪʦʚ ʙʳʣ ʯʝʨʥʳʡ ʧʘʨ. ɺ ʥʘʰʠʭ ʦʧʳʪʘʭ ʨʘʩʪʝʥʠʷ ʧʦʨʘʞʘʣʘʩʴ ʚ ʦʩʥʦʚʥʦʤ 

ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ, ʞʝʣʪʦʡ ʨʞʘʚʯʠʥʦʡ ʠ ʦʙʳʢʥʦʚʝʥʥʦʡ (ʪʚʝʨʜʦʡ) ʛʦʣʦʚʥʝʡ.  

ʄʫʯʥʠʩʪʘʷ ʨʦʩʘ (Erysiphe graminis f. sp. tritiʩi). ʕʪʦ ʙʦʣʝʟʥʴ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʚʨʝʜʦʥʦʩʥʦʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚʦ ʚʩʝʭ ʟʦʥʘʭ ʚʦʟʜʝʣʳʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʤʦʞʝʪ ʧʨʦʞʘʪʴ 

ʨʘʩʪʝʥʠʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ [12; 15].  

ʅʝʜʦʙʦʨ ʫʨʦʞʘʷ ʦʪ ʤʫʯʥʠʩʪʦʡ ʨʘʩʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 8ï20%, ʘ ʚ ʛʦʜʳ ʵʧʠʬʠʪʦʪʠʡ ʜʦ 

30ï40% ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʧʨʦʯʥʦʩʪʠ ʩʦʣʦʤʠʥʳ ʠ 

ʫʭʫʜʰʝʥʠʝʤ ʜʨʫʛʠʭ ʧʨʠʟʥʘʢʦʚ. ʆʩʦʙʝʥʥʦ ʚʨʝʜʦʥʦʩʥʦʡ ʦʥʘ ʷʚʣʷʝʪʩʷ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʚʳʩʝʚʘʶʪ 

ʦʟʠʤʳʝ ʠ ʷʨʦʚʳʝ ʩʦʨʪʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʠ ʥʘʢʦʧʣʝʥʠʶ ʠʥʬʝʢʮʠʠ. ʅʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ, ʢʦʛʜʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʩʦʩʪʘʚʣʷʝʪ 16ï25 ÁC, ʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 96ï99% [10, ʩ. 37ï40]. 

ʄʫʯʥʠʩʪʘʷ ʨʦʩʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʝʜʦʙʦʨʫ ʫʨʦʞʘʷ, ʝʩʣʠ ʟʘʨʘʞʝʥʠʝ 

ʨʘʩʪʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʥʥʝʡ ʬʘʟʝ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʠ ʚrʩʦʢʠʡ ʠʥʬʝʢʮʠʦʥʥʳʡ ʬʦʥ ʜʦ ʢʦʣʦʰʝʥʠʝ ʧʰʝʥʠʮʳ.  

ʋʯʝʪ ʧʦʨʘʞʝʥʠ ̫ʩʦʨʪʦʚ ʤʫʯʥʠʩʪʦʡ ʨʦʩʦʡ ʧʨʦʚʦʜʠʣʠ ʧʦ 9 ʙʘʣʣʴʥʦʡ hʢʘʣʝ: 

1 ð ʦʯʝʥʴ ʩʣʘʙʦʝ: ʝʜʠʥʠʯʥʳʝ ʧʦʜʫʰʝʯʢʠ ʥʘ ʣʠʩʪʴʷʭ ʠ ʤʝʞʜʦʫʟʣʠʷʭ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʚ 

ʚʠʜʝ ʩʣʘʙʦʛʦ ʥʘʣʝʪʘ (ʙʘʣʣ 01);  

3 ð ʩʣʘʙʦʝ: ʫʤʝʨʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʫʰʝʯʝʢ ʥʘ ʣʠʩʪʴʷʭ ʠ ʤʝʞʜʦʫʟʣʠʷʭ (ʙʘʣʣ 1);  

5 ð ʩʨʝʜʥʝʝ: ʧʦʜʫʰʝʯʢʠ ʚ ʤʘʩʩʝ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʥʠʞʥʠʭ ʣʠʩʪʴʷʭ ʠ ʤʝʞʜʦʫʟʣʠʷʭ, 

ʜʦʭʦʜʷ ʜʦ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ ʦʪʜʝʣʴʥʳʤʠ ʨʘʩʩʝʷʥʥʳʤʠ ʧʷʪʥʘʤʠ (ʙʘʣʣ 2);  
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7 ð ʩʠʣʴʥʦʝ: ʧʦʜʫʰʝʯʢʠ ʚ ʠʟʦʙʠʣʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʚʩʝʭ ʣʠʩʪʴʷʭ ʠ ʤʝʞʜʦʫʟʣʠʷʭ ʚʩʝʭ 

ʷʨʫʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʚʝʨʭʥʠʭ. ʇʦʨʘʞʝʥʠʝ ʤʦʞʝʪ ʟʘʭʚʘʪʠʪʴ ʠ ʢʦʣʦʩ (ʙʘʣʣ 3);  

9 ð ʦʯʝʥʴ ʩʠʣʴʥʦʝ: ʨʘʩʪʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʪʦ ʤʫʯʥʠʩʪʦʡ ʨʘʩʦʡ, ʚʧʣʦʪʴ ʜʦ ʢʦʣʦʩʘ 

(ʙʘʣʣ 4). 
 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɿʘ ʛʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʝʥʥʝï, ʚʝʩʝʥʥʝïʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ 

ʚʝʛʝʪʘʮʠʠ ʢʦʣʝʙʘʣʠʩʴ ʚ ʙʦʣʴʰʠʭ ʧʝʨʝʜʝʣʘʭ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʤʤ) 

ʥʘʠʙʦʣʴʰʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʟʘ 2015ï16 ʠ 2016ï17 ʛʛ. (ʈʠʩʫʥʢʠ 1ï2). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ 

ʧʦʩʝʚʘʭ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʫʯʥʠʩʪʘʷ ʨʦʩʘ ʥʘʙʣʶʜʘʣʘʩʴ ʝʞʝʛʦʜʥʦ. ʅʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʥʘ ʠʤʝʣʘ ʚʣʘʞʥʳʝ 2016 ʠ 2017 ʛʛ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʩʫʰʣʠʚʳʤ 2018 ʛ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 2018 ʚʝʛʝʪʘʮʠʦʥʥʦʤ ʛʦʜʫ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ, ʦʙʥʘʨʫʞʠʪ ɹʟʘʨʘʞʝʥʥʳʝ 

ʦʙʨʘʟʮ.r ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ, ʛʦʜ ʚʝʩʥʦʡ ʙʳʣ ʦʯʝʥʴ ʟʘʩʫʰʣʠʚʳʤ.  
 

 
 

ʈʠʩʫʥʦʢ 1. ʂʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʤʤ ʟʘ 2014ï2018 ʛʛ. 
 

 
 

ʈʠʩʫʥʦʢ 2. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ÁC ʟʘ 2014ï2018 ʛʛ. 
 

 

ʇʨʝʦʙʣʘʜʘʶʱʝ ʫʩʪʦʡʯʠʚʳʭ ʢ ʤʫʯʥʠʩʪʦʡ ʨʦʩʝ ʦʙʨʘʟʮʦʚ ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʦʨʪʠʤʝʥʪʝ ʩʪʨʘʥ 

ʩ ʨʘʟʚʠʪʦʡ ʩʝʣʝʢʮʠʝʡ ʥʘ ʠʤʤʫʥʠʪʝʪ. ʅʘʤʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ ʬʦʥʝ ʚʳʜʝʣʝʥ ʨʷʜ 

ʦʙʨʘʟʮʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʤʝʩʪʥʳʤ ʨʘʩʘʤ ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ.  
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ʊʘʢ ʢʘʢ ʠʟ 102 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Graecum (Koern.) Mansf. 11 

ʩʦʨʪʦʦʙʨʘʟʮʦʚ; ʠʟ 111 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Lutescens (Alef.) Mansf.) 

19 ʩʦʨʪʦʦʙʨʘʟʮʦʚ; ʠʟ 244 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Erythrospermum 

(Koern.) Mansf. 59 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʠ ʠʟ 40 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

Ferrugineum (Alef.) Mansf. 7 ʩʦʪʦʦʙʨʘʟʮʦʚ ʚʳʜʝʣʝʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʁʢ 

ʤʫʯʥʠʩʪʦʡ ʨʦʩʝ (ʊʘʙʣʠʮʘ).  
 

ʊʘʙʣʠʮʘ. 

ʆɹʈɸɿʎʓ ʆɿʀʄʆʁ ʄʗɻʂʆʁ ʇʐɽʅʀʎʓ ʋʉʊʆʁʏʀɺʆʉʊʔʖ  

ʂ ʅɽʂʆʊʆʈʓʄ ɹʆʃɽɿʅʗʄ ɺ ʋʉʃʆɺʀʗʍ  

ʅɸʍʏʓɺɸʅʉʂʆʁ ɸɺʊʆʅʆʄʅʆʁ ʈɽʉʇʋɹʃʀʂɽ ɸɿɽʈɹɸʁɼɾɸʅɸ (2015ï2018 ʛʛ.) 
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ʊʚʝʨʜʘʷ ʛʦʣʦʚʥʷ (Tilletia caries)  

Graecum (Koern.) Mansf. 102 19 18,6 52 12 23,0 18 3 16,6 

Lutescens (Alef.) Mansf. 111 18 16,2 58 5 8,6 24 3 12,5 

Erythrospermum (Koern.) Mansf. 244 31 12,7 145 24 16,5 72 15 20,8 

Ferrugineum (Alef.) Mansf. 40 5 12,5 23 3 13,0 11 3 27,2 

ʄʫʯʥʠʩʪʘʷ ʨʦʩʘ (Erysiphe graminis f. sp. tritiʩi)  

Graecum (Koern.) Mansf. 102 14 13,7 52 13 25,0 18 7 38,8 

Lutescens (Alef.) Mansf. 111 15 13,5 58 11 18,9 24 5 20,8 

Erythrospermum (Koern.) Mansf. 244 30 12,2 145 29 20,0 72 13 18,0 

Ferrugineum (Alef.) Mansf. 40 8 20 23 7 30,0 11 4 36,3 

ɾʝʣʪʘʷ (ʧʦʣʦʩʯʘʪʘʷ) ʨʞʘʚʯʠʥʘ (Puccinia striiformis West.) 

Graecum (Koern.) Mansf. 102 17 16,6 52 9 17,3 18 5 27,7 

Lutescens (Alef.) Mansf. 111 20 18,0 58 18 31,0 24 12 50,0 

Erythrospermum (Koern.) Mansf. 244 38 15,5 145 20 13,7 72 18 25,0 

Ferrugineum (Alef.) Mansf. 40 4 10,0 23 2 8,6 11 ð 0,0 
 

ɾʝʣʪʘʷ ʨʞʘʚʯʠʥʘ (Puccinia striiformis West.) ʪʘʢ ʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʚʨʝʜʦʥʦʩʥʳʤ ʙʦʣʝʟʥʷʤ ʧʰʝʥʠʮʳ. ʄʘʩʩʦʚʦʝ ʝʝ ʨʘʟʚʠʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʛʦʜʳ ʩ ʧʨʦʭʣʘʜʥʦʡ ʧʦʛʦʜʦʡ ʠ ʦʙʠʣʠʝʤ ʦʩʘʜʢʦʚ [14]. ʇʦʪʝʨʠ ʫʨʦʞʘʷ ʧʨʠ ʩʠʣʴʥʦʤ ʨʘʟʚʠʪʠʠ 

ʙʦʣʝʟʥʠ ʤʦʛʫʪ ʜʦʭʦʜʠʪʴ ʜʦ 15ï20% ʠ ʙʦʣʝʝ [12]. 

ɺ ʥʘʰʠʭ ʦʧʳʪʘʭ ʞʝʣʪʘʷ ʨʞʘʚʯʠʥʘ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʣʘ ʚʦ ʚʣʘʞʥʳʝ 

2015ï16 ʠ 2016ï17 ʛʛ. ʩ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ.  

ʊʘʢ ʢʘʢ ʠʟ 102 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Graecum (Koern.) Mansf. 

13 ʩʦʨʪʦʦʙʨʘʟʮʦʚ; ʠʟ 111 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Lutescens (Alef.) 

Mansf.) 12 ʩʦʨʪʦʦʙʨʘʟʮʦʚ; ʠʟ 244 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

Erythrospermum (Koern.) Mansf. 59 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʠ ʠʟ 40 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ Ferrugineum (Alef.) Mansf. 7 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʚʳʜʝʣʝʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʞʝʣʪʦʡ ʨʞʘʚʯʠʥʝ (ʊʘʙʣʠʮʘ).  
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ʊʚʝʨʜʘʷ ʛʦʣʦʚʥʷ (Tilletia carie, T. Levis Kuhn) ð ʙʦʣʝʟʥʴ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʦʡ ʚʦ ʚʨʝʤʷ 

ʩʦʟʨʝʚʘʥʠ ̫ʨʘʩʪʝʥʠʡ. ʇʦʨʘʞʝʥʥʳʝ ʢʦʣʦʩʴʷ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʯʝʤ ʟʜʦʨʦʚʳʝ, ʥʝ ʩʢʣʦʥʷʶʪʩʷ 

ʧʦʜ ʪʷʞʝʩʪʴʶ ʟʝʨʥʘ. ɺʤʝʩʪʦ ʩʝʤʷʥ ʨʘʟʚʠʚʘʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʛʦʣʦʚʥʝʚʳʝ ʟʝʨʥʘ. 

ɿʘʨʘʞʝʥʠʝ ʧʰʝʥʠʮʳ ʧʨʦʠʩʭʦʜʠʪ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 6ï15 ÁC. ʇʦʵʪʦʤʫ ʩʠʣʴʥʝʝ 

ʟʘʨʘʞʘʶʪʩʷ ʧʦʟʜʥʠʝ ʧʦʩʝʚʳ ʦʟʠʤʳʭ. ɹʦʣʴʰʠʝ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʟʘʨʘʞʝʥʠ ̫ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʚʦʩʧʨʠʠʤʯʠʚʳʭ ʢ ʙʦʣʝʟʥʷʤ ʩʦʨʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʦʩʝʚʘ 

ʥʝʧʨʦʪʨʘʚʣʝʥʥʳʭ ʩʝʤʷʥ [1, ʩ. 54ï55; 11, ʩ. 9ï10]  

ʊʘʢ ʢʘʢ ʠʟ 102 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Graecum (Koern.) Mansf. 

15 ʩʦʨʪʦʦʙʨʘʟʮʦʚ; ʠʟ 111 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Lutescens (Alef.) 

Mansf.) 21 ʩʦʨʪʦʦʙʨʘʟʝʮ; ʠʟ 244 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Erythrospermum 

(Koern.) Mansf. 57 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʠ ʠʟ 40 ʩʦʨʪʦʦʙʨʘʟʮʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

Ferrugineum (Alef.) Mansf. 8 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʚʳʜʝʣʝʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʚʝʨʜʦʡ 

ʛʦʣʦʚʥʠ (ʊʘʙʣʠʮʘ).  
 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʦʨʦʰʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʝ ɸʟʝʨʙʘʡʜʞʘʥʘ ʜʣʷ 

ʩʝʣʝʢʮʠʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʨʘʟʮʳ, ʩʦʯʝʪʘʶʱʠʝ ʢʦʤʧʣʝʢʩʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʙʦʣʝʟʥʷʤ ʩ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʚʳʜʝʣʝʥʳ 

ʦʪʜʝʣʴʥʳʝ ʦʙʨʘʟʮʳ (24 ʩʦʨʪʦʦʙʨʘʟʮʦʚ) ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʩʦʨʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʙʦʣʝʟʥʷʤ. 

 ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʷʜ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʙʦʣʝʟʥʷʤ ʠ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʠʭ ʟʥʘʯʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʮʝʥʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʝʣʝʢʮʠʠ 
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THE IMPACT OF DRYING  METHODS OF VINE VARI ETY BUNCHES ON 

PRODUCTION OF FINISH ED PRODUCTS AND THEIR QUALITY  

 

ÉOdinaev M., Tashkent State Agrarian University, 

Tashkent, Uzbekistan, alp.lentinus@gmail.com, tuag-info@edu.uz 

 

ɺʃʀʗʅʀɽ ʄɽʊʆɼʆɺ ʉʋʐʂʀ ʅɸ ʂɸʏɽʉʊɺʆ ʇʈʆɼʋʂʎʀʀ ʀɿ ʀɿʖʄʅʓʍ 

ʉʆʈʊʆɺ ɺʀʅʆɻʈɸɼɸ 

 

Éʆʜʠʥʘʝʚ ʄ., ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ, alp.lentinus@gmail.com, tuag-info@edu.uz 

 

Abstract. This article conveys the results of investigations conducted on the study of the 

impact of drying methods of vine variety bunches on finished product and quality. For carrying out 

experiments Katta Kurgan, Kara Janjal, Sultani, Khusayni Muscat vine varieties bunches were used. 

As drying methods, we applied sunïdry and filmïdry and artificial drying methods. It was noted 

that abundant finished goods of best quality were observed in the variants of black filmïdry and 

artificialïdry. The highest evaluation for degustation of finished product was in bunches of Sultani 

variety in black filmïdry variant.  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʦ 

ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʤʝʪʦʜʦʚ ʩʫʰʢʠ ʥʘ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ 

ʚʠʥʦʛʨʘʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʠʥʦʛʨʘʜʥʳʝ ʛʨʦʟʜʠ ʪʘʢʠʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ ʢʘʢ 

ʂʘʪʪʘ ʂʫʨʛʘʥ, ʂʘʨʘ ɼʞʘʥʞʘʣ, ʉʫʣʪʘʥʠ, ʍʫʩʘʠʥʠ ʄʫʩʢʘʪ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʩʫʰʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʩʫʰʢʘ ʥʘ ʩʦʣʥʮʝ, ʩʫʰʢʘ ʧʦʜ ʧʣʝʥʢʦʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʩʫʰʢʘ. ɺʳʩʦʢʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʚʘʨʠʘʥʪʘʭ ʩʫʰʢʠ ʧʦʜ 

ʯʝʨʥʦʡ ʧʣʝʥʢʦʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʫʰʢʝ. ʅʘʠʚʳʩʰʘʷ ʦʮʝʥʢʘ ʧʨʠ ʜʝʛʫʩʪʘʮʠʠ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʦʣʫʯʝʥʘ ʜʣʷ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʉʫʣʪʘʥʠ ʧʨʠ ʩʫʰʢʝ ʧʦʜ ʯʝʨʥʦʡ ʧʣʝʥʢʦʡ. 

 

Keywords: variety, grape, vine head, bunch of grapes, raisins, drying, sun-dry, staple, film, 

product, colour, taste. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʨʪ, ʚʠʥʦʛʨʘʜ, ʚʠʥʦʛʨʘʜʥʘʷ ʣʦʟʘ, ʛʨʦʟʜʴ ʚʠʥʦʛʨʘʜʘ, ʠʟʶʤ, ʩʫʰʢʘ, 

ʩʳʨʴʝ, ʧʣʝʥʢʘ, ʧʨʦʜʫʢʮʠ,̫ ʮʚʝʪ, ʚʢʫʩ. 

 

Introduction 

The grape is considered one of the most cultivated and favorite fruits in Uzbekistan. 

Therefore, we may enjoy its taste the whole year: in seasonal fresh form, in raisins and dried forms. 

In recent years the demand for dried grape product is rapidly rising not only in our republic, but also 

in foreign countries. It must be emphasized that climatic conditions of soil in our country, 

particularly, mountainsides are the best suitable areas for cultivation of grape and raisin grape 

varieties. And we can develop wineïgrowing methods on new and modern demands and 

implements effective techniques of grape drying which allow to improving abundant production of 

fresh grape and processed grape products in these areas [1, 4]. 
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Most of local varieties of grape with full bunches have been already registered in state register 

for agricultural crops suggested to be cultivated in the lands of our republic, but the cultivation 

facilities and raisins production of these grapes in mountainous parts of the republic havenôt been 

thoroughly investigated yet. Consequently, the deeper scientific study and analysis of different 

drying methods of these varieties will enable to increase raisins and dried grape production in the 

republic and affect to the export potential of these products as well. 

 

Materials and methods 

In our republic lots of local vine varieties with full bunches are grown. Out of these varieties 

Katta Kurgan, Kara Janjal, Sultani, Khusayni Muscat varieties with high sugariness have been 

selected to be dried in various ways. Evaluation for vine head and grape bunch of these varieties has 

been conducted according to the method of N. N. Prostoserdsov [3]. Drying processes have been 

performed on the basis of the methods suggested by the scientists Kh. Ch. Buriyev, R. ʄ. Rizayev 

[2], Z. S. Iskandarov [3]. Sunïdry, staple (black and white filmïdry) and artificial drying methods 

(SPïP artificial drier) have been implemented during the experiment. 

Grape bunches were dried as the follows: whole vine heads were separated into small 

bunches, and damaged, rotten and mechanically damaged bunches were removed. Then the heathy 

bunches were kept in boiled solution of 0.4% caustic soda concentration with water within 5ï7 

minutes. The lightïcolored varieties were cured in smoke of Sulphur under film in staple method. In 

the control variant bunches were dried by sunïdry (drying in air under sun) method without any 

processing. 

 

Results and their analysis 

The results of experiment showed that the drying methods and specific peculiarities of 

varieties had a considerable impact on drying duration. The longest duration of drying process was 

observed in sunïdry method (the control variant). Comparing to the control variant artificial type 

drying had the shortest drying period (Figure).  

 
Figure. The duration of drying process is linked with drying method and vine variety. 

 

As it is obvious in the picture, drying period duration is dependent not only on drying method, 

but also on the variety. Variety peculiarities has an impact on drying duration too. For example, 

when Sultani variety was dried with artificial drier within 5 days, other varieties required 1ï2 days 

more for this process. 

The same tendency was noted in staple drying method by covering raisin grape bunches with 

white and blackïfilm. Only the exceptional variant was ñsunïdryò type of drying which required 

Sultani Kara Janjal Katta Kurgan Khusayni

Muskatniy

5 6 7 7 

15 
20 

17 19 

12 

18 
15 16 

31 32 33 32 

Artificial (SP-P drier) Staple, covered with black film
Staple, covered with white film Sun-dry method - Control
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31ï33 days for drying all vine varieties and after drying 1ï2 days more for balancing humidity in 

shadowy places. 

It should be emphasized that the efficacy of drying process is not evaluated by duration of 

producing processes. Finished products and their quality are main and desired principle in drying 

process.  

Analysis of production and its quality basing on drying methods indicated that efficient 

production of finished products was observed in both type of drying vine bunches: by artificial drier 

and under black film staple drying. Through these types of drying production of finished products 

was around 24.5ï25.5 and 25.5ï27.1% relatively. 

As was expected, the least production of finished products was observed in ñsunïdryò (drying 

in air under the sun) method applied variant. Production of finished products made less than 21.0ï

22.3% in this variant of the experiment. 

Quality indicators of dried finished products was dependent upon drying method. In order to 

evaluate the quality of product its mechanical content was analysed and graded by degustation. For 

this, 100 pieces of grapes were taken from each bunch dried in each variant, their average weight 

and size were defined by weighing and capacity of squeezing the liquid from measuring cylinder. 

The analysis results showed that, by the mechanical content and by degustation evaluation amoung 

the tested 100 pieces of raisins of all varieties from each variant, the raisin dried by applying black 

film covered staple method was the best with higher indications. The next raisin with these good 

indications was in the variant dried by artificial drier (Table). 

 

Table. 

THE IMPACT OF DRYING METHOD ON RAISIN PRODUCTION  

FROM BUNCH OF GRAPE AND ON QUALITY OUTCOMES 

 

Grape variety Method of drying 
Finished 

product, % 

100 pcs raisin 
Degustation 

grade Weight, g 
size, 

cm
3 

Sultani (Jaus) 

staple (covered with white film) 23.8 214.4 20 9.0 

staple (covered with black film) 27.1 219.5 21 8.6 

Artificial (SPïP drier) 24.5 217.1 20  9.1 

sunïdry ð control  22.6 206.6 18 8.1 

Kara Janjal 

staple (covered with white film) 23.0 190.5 18 8.1 

staple (covered with black film) 25.5 185.3 19 8.5 

Artificial (SPïP drier) 25.0 184.7 19 8.9 

sunïdry ð control  20.8 180.5 15 8.0 

ʂʘttʘ ʂurgan 

staple (covered with white film) 24.1 212.5 19 8.4 

staple (covered with black film) 25.6 217.4 20 8.8 

Artificial (SPïP drier) 24.6 215.8 19 8.7 

sunïdry ð control  19.2 204.0 17 7.9 

Khusayni 

Muscat 

staple (covered with white film) 24.3 190.5 18 8.7 

staple (covered with black film) 25.8 195.2 20 9.2 

Artificial (SPïP drier) 25.5 194.9 19 9.0 

sunïdry ð control 20.6 180.5 16 8.1 

 

In accordance with table data we can state that product quality is linked with drying method 

and grape variety as well. As you can see high quality indicators in Sultani grape variety. Raisin 

production, its mechanic content and degustation grade were higher in Sultani dried grape bunches 

than others. 
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Conclusions 

In order to achieve marketable raisin production of high quality Sultani grape variety with 

whole bunches should be chosen. It is suggested that the bunches of this type are to be dried under 

black film by staple method and by SPïP drier. Through implementing these drying methods the 

production of finished products makes more than 27% and their degustation grade can be around 9 

scores. Besides them, drying Khusayni Muscat type of vine allows to high efficacy too. And this 

variety is differentiated with its specific Muscat taste. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʦʪʨʝʥʘ ʨʦʣʴ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʠ ʦʩʚʝʱʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʥʘ ʧʦʩʝʚʘʭ ʨʠʩʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʩʝʤʷʥ ʠ ʟʝʨʥʘ. ʂʦʤʧʣʝʢʩʦʥʘʪʳ 

ʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ, ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʬʦʨʤʦʡ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʷʮʠʠ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʢʘʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʧʝʨʝʜ ʧʦʩʝʚʦʤ, ʪʘʢ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʝʢʦʨʥʝʚʳʭ 

ʧʦʜʢʦʨʤʦʢ ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ. ɺʢʣʶʯʝʥʠʝ ʠʭ ʚ ʩʠʩʪʝʤʫ ʫʜʦʙʨʝʥʠʷ ʨʠʩʘ ʧʦʟʚʦʣʷʶʪ 

ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣʴʥʦʝ ʧʠʪʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʩʝʤʷʥ ʠ ʟʝʨʥʘ. 

 

Abstract. This article is a review work where the role of microelements in life of plants is 

observed and theoretical and practical issues concerning application of complex micro fertilizers 

enhancing productivity, quality of seeds and grain on rice crops are highlighted. The complexions of 

the metals used as micronutrients, are an effective form of trace elements and means of regulation 

of the production process of agricultural crops as seed treatment before sowing, and when 

conducting foliar vegetating plants. Their inclusion in the system of fertilizer rice to balance 

mineral nutrients necessary for plant life, providing increased productivity, quality seeds and grains. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʝʣʳʚʘʥʠʝ ʨʠʩʘ, ʧʦʯʚʝʥʥʳʝ ʧʨʦʮʝʩʩ,r ʛʫʤʫʩ, ʨʦʩʪ ʨʘʩʪʝʥʠʡ. 

 

Keywords: cultivation of rice, soil processes, humus, plant growth. 

 

ɺʚʝʜʝʥʠʝ 

ʍʨʦʥʠʯʝʩʢʠʡ ʜʝʬʠʮʠʪ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ, ʩʪʨʦʛʦ ʩʪʘʚʠʪ 

ʧʝʨʝʜ ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʧʨʦʙʣʝʤʫ ʫʩʢʦʨʝʥʥʦʛʦ, ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʦʩʪʘ ʫʨʦʞʘʡʥʦʩʪʠ ʚʩʝʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʠʩʘ. 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʨʘʢʘʣʧʘʢʠʩʪʘʥ ð ʢʨʫʧʥʝʡʰʠʡ ʨʝʛʠʦʥ ʨʠʩʦʩʝʷʥʠʷ ʚ ʋʟʙʝʢʠʩʪʘʥʝ, ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʝʜʩʪʚʠʷ ʇʨʠʘʨʘʣʴʷ. ʇʦʯʚʝʥʥʳʝ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʙʣʘʩʪʠ ʚʧʦʣʥʝ ʙʣʘʛʦ ʧʨʠʷʪʥʳ ʜʣʷ ʨʠʩʦʩʝʷʥʠʷ, ʦʜʥʘʢʦ ʫʞʝ ʩʝʡʯʘʩ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʡʦʥʦʚ ʦʱʫʱʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʥʘʨʫʰʝʥʠʝ 

ʤʥʦʛʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʟʚʘʥʥʦʝ ʥʝʦʙʜʫʤʘʥʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 
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ɺʘʞʥʝʡʰʠʤ ʨʝʟʝʨʚʦʤ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʨʠʩʘ ʚ ʇʨʠʘʨʘʣʴʝ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʚʥʝʜʨʝʥʠʝ ʟʦʥʘʣʴʥʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʣʫʯʰʝʥʠʝ 

ʧʦʯʚʝʥʥʦïɻ ʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʋʩʢʦʨʝʥʥʦʝ 

ʨʘʟʚʠʪʠʝ ʨʠʩʦʩʝʷʥʠʷ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʜʦʣʞʥʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʧʝʨʝʭʦʜ ʢ ʠʥʪʝʥʩʠʚʥʳʤ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʚʝʩʪʠ ʥʘʙʦʨ ʦʩʥʦʚʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʛʨʦʵʢʦʩʠʩʪʝʤʫ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʚ ʫʨʦʞʘʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʦʪʜʘʯʘ ʦʪ ʬʘʢʪʦʨʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʦʨʦʰʝʥʠʷ ʠ ʫʜʦʙʨʝʥʠʷ, 

ʟʘʚʠʩʠʪ ʦʪ ʫʣʫʯʰʝʥʠʷ ʧʦʯʚʝʥʥʦïɻ ʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʦʟʥʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʩʦʟʜʘʥʠʝ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʧʫʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʦʨʦʰʝʥʠʷ, 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʚʦʦʙʦʨʦʪʦʚ, ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʫʜʦʙʨʝʥʠʡ ʠ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʩʪʫʧʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʝʣʠʦʨʘʮʠʠ, ʭʠʤʠʟʘʮʠʠ, 

ʤʝʭʘʥʠʟʘʮʠʠ, ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʠʩʦʩʝʷʥʠʷ ʠ ʜʨʫʛʠʝ. ʉʢʘʟʘʥʥʦʝ ʚʳʟʚʘʣʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʦïʟʝʤʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʅʘ ʨʠʩʦʚʳʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʇʨʠʘʨʘʣʴʷ, ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ 

ʨʠʩʦʩʝʷʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʦʜʦʩʙʝʨʝʞʝʥʠʝ, ʧʦʚʳʰʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʯʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʫʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ 

ʬʘʢʪʦʨʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʟʝʤʣʝʜʝʣʠʷ. 

ɸʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʩʚʦʜʷʪʩʷ ʢ ʨʘʟʣʠʯʥʳʤ 

ʧʨʠʝʤʘʤ ʚʩʧʘʰʢʠ, ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʳʭ ʠ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʅʘ ʧʣʦʜʦʨʦʜʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʟʘʪʦʧʣʷʝʤʳʭ ʧʦʯʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʚ ʨʘʟʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦïʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠ ʤʥʦʛʠʝ ʩʪʦʨʦʥʳ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ. 

ʂʦʥʝʯʥʳʡ ʫʨʦʞʘʡ ʨʘʩʪʝʥʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ, ʥʘ 

ʢʦʪʦʨʳʝ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʧʦʯʚʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʠʥʬʠʮʠʨʦʚʘʪʴ ʩʝʤʝʥʘ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʫʯʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʥʠʞʘʶʱʠʭ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʨʠʩʘ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʟʦʥʘʣʴʥʦʡ ʚʦʜʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʨʠʩʦʩʝʷʥʠʷ ʚ ʋʟʙʝʢʠʩʪʘʥʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʚʳʰʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʨʠʩʦʚʳʭ ʧʦʯʚ ʠ ʦʭʨʘʥʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

1. ʇʨʠʝʤʳ ʧʦʚʳʰʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʨʠʩʦʚʳʭ ʧʦʣʝʡ. 

2. ʆʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʭʝʤʳ ʨʠʩʦʚʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʜʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʦʨʦʰʝʥʠʷ ʨʠʩʘ. 

4. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʭʠʤʤʝʣʠʦʨʘʥʪʦʚ ʥʘ ʨʠʩʦʚʳʭ ʧʦʣʷʭ. 

5. ʆʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʨʠʩʘ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʦʚʠʡ ʨʝʢʠ ɸʤʫʜʘʨʴʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʦʟʜʝʣʳʚʘʥʠʝ ʨʠʩʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʩʣʦʝ ʚʦʜʝ ʚ ʯʝʢʝ ʚʳʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʯʥʦʩʪʴ 

ʧʦʯʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʢʣʘʜʳʚʘʝʪ ʦʩʦʙʳʝ ʯʝʨʪʳ ʥʘ ʧʠʱʝʚʦʝ ʨʝʞʠʤ ʧʦʯʚʝ.  

ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʜʠʥʘʤʠʢʝ ʵʣʝʤʝʥʪʦʚ ʧʣʦʜʦʨʦʜʠʷ ʟʘʪʦʧʣʝʥʥʦʝ ʧʦʯʚʳ ʠʛʨʘʶʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦïʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ (ʆɺ) ʧʨʦʮʝʩʩʳ, ʦʙʫʩʣʦʚʣʠʚʘʝʤʳʝ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 
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ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ. ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 

ʚ ʯʝʢʝ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ +25ï30 ÁC, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʩʥʠʞʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʆɺïʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʚʳʰʝʥʠʝʤ ʱʝʣʦʯʥʦʩʪʠ ʩʨʝʜʳ 

ʜʦ pH 8,5ï9,2 [1, 3ï5].  

ʀʟʤʝʨʝʥʠʷ ʆɺïʧʦʪʝʥʮʠʘʣʘ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʣʫʛʦʚʦïʙʦʣʦʪʥʳʭ ʧʦʯʚʘʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʝʣʠ ʧʝʨʝʜ ʟʘʪʦʧʣʝʥʠʝʤ ʧʦʣʷ ʚʦʜʦʡ ʆɺïʧʦʪʝʥʮʠʘʣ ʥʘ ʛʣʫʙʠʥʝ ʥʘ 0ï10 ʩʤ ʩʦʩʪʘʚʣʷʷ 336 ʤɺ, 

ʪʦ ʯʝʨʝʟ 10 ʜʥʝʡ ʧʦʩʣʝ ʟʘʪʦʧʣʝʥʠʷ ʚʝʣʠʯʠʥʘ ɽh ʩʥʠʟʠʣʦʩʴ ʜʦ 215 ʤɺ, ʘ ʥʝʟʘʜʦʣʛʦ ʜʦ ʩʙʨʦʩʘ 

ʚʦʜʳ ʩ ʯʝʢʘ ʦʥʘ ʦʧʫʩʪʠʣʦʩʴ ʜʦ 152 ʤɺ. ʅʘ ʛʣʫʙʠʥʝ 20ï30 ʩʤ (ʧʦʜ ʩʣʦʝʤ ʚʦʜʳ) ʚ ʵʪʠ ʞʝ ʩʨʦʢʝ 

ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʆɺʇ ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ī168 ʤɺ) ʵʪʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [2, 8, 9]. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʚʷʟʘʥʘ ʩ ʜʝʬʠʮʠʪʦʤ ʢʠʩʣʦʨʦʜʘ, 

ʧʦʩʢʦʣʴʢʫ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʘʵʨʦʙʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʩʧʦʣʴʟʫʶʪ ʢʠʩʣʦʨʦʜ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʆʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʟʘʢʠʩʴ ʞʝʣʝʟʘ, ʩʝʨʦʚʦʜʦʨʦʜ, ʤʝʪʘʥ, 

ʘʤʤʠʘʢ), ʨʘʟʨʫʰʘʝʪʩʷ ʢʘʢ ʩʚʝʞʝʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʪʘʢ ʠ ʛʫʤʫʩ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʤʦʥʦʢʫʣʴʪʫʨʝ ʨʠʩʘ [6ï7].  

ɺ ʦʧʳʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʩʪʘʨʦʦʨʦʰʘʝʤʦʡ ʣʫʛʦʚʦïʙʦʣʦʪʥʦʡ ʧʦʯʚʝ, ʧʦʩʣʝ ʜʚʫʭʣʝʪʥʝʛʦ 

ʧʦʩʝʚʘ ʨʠʩʘ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʫʤʝʥʴʰʠʣʦʩʴ ʩ 1,41% ʜʦ 1,06%, ʥʦ ʚʝʩʥʦʡ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʛʦʜʘ ʦʥ ʦʩʪʘʣʩʷ ʥʘ ʫʨʦʚʥʝ ʟʘʧʘʩʦʚ ʚʪʦʨʦʛʦ ʛʦʜʘ ʧʦʩʝʚʦʚ ʨʠʩʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʝʞʝʛʦʜʥʳʤ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʧʦʯʚʫ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ ʧʦʞʥʠʚʥʳʭ 

ʠ ʢʦʨʥʝʚʳʭ ʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ ʙʠʦʤʘʩʩʳ ʩʠʥʝïʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʟʘ ʩʯʝʪ 

ʝʞʝʛʦʜʥʦʛʦ ʧʦʧʦʣʥʝʥʠʷ ʟʘʧʘʚ ʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ 

ʨʠʩʦʚʳʭ ʧʦʯʚʘʭ ʦʩʪʘʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ ʜʘʞʝ ʧʨʠ ʤʦʥʦʢʫʣʴʪʫʨʝ ʨʠʩʘ, ʧʨʦʠʩʭʦʜʠʪ 

ʣʠʰʴ ʨʘʩʪʷʛʠʚʘʥʠʝ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʨʠʩʘ ʦʧʨʝʜʝʣʷʶʪ ʜʠʥʘʤʠʢʫ ʧʦʜʚʠʞʥʳʭ 

ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʨʘʩʪʝʥʠʷʤ. ʊʘʢ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʟʘʪʦʧʣʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʤʳʚʢʘ ʧʦʯʚʳ ʦʪ ʩʦʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʨʠʩʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ (ʧʨʠ ʧʦʤʦʱʠ ʘʵʨʝʥʭʠʤʳ) ʩʚʦʶ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʢʠʩʣʦʨʦʜʦʤ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʠʟʦʩʬʝʨʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʘʭʦʪʥʳʡ ʩʣʦʡ ʧʦʯʚʳ ʧʦʜ ʨʠʩʦʤ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ, ʚ ʥʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʤʦʙʠʣʠʟʘʮʠʶ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʦʯʚʳ ʠ 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʳʤʳʚʘʥʠʶ ʥʠʪʨʘʪʦʚ ʠ ʧʨʦʷʚʣʝʥʠʶ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ [14ï15].  

ʆ ʩʧʝʮʠʬʠʢʝ ʧʠʱʝʚʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʳ ʧʦʜ ʨʠʩʦʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʜʠʥʘʤʠʢʝ 

ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ. ʅʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʘʷ ʥʠʪʨʘʪʥʘʷ ʬʦʨʤʘ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʦ ʩʚʦʙʦʜʥʦʛʦ ʘʟʦʪʘ, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʪʝʨʷʝʪʩʷ. ʃʠʰʴ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʜʦ 

ʟʘʪʦʧʣʝʥʠʷ ʧʦʣʷ ʚʦʜʦʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ (120ï160 

ʤʛ/ʢʛ) ʚ ʧʦʯʚʘʭ ʨʠʩʦʚʳʭ ʧʦʣʝʡ. ʆʜʥʘʢʦ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʟʘʪʦʧʣʝʥʠʷ ʥʠʪʨʘʪ 

ʠʩʯʝʟʘʝʪ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʥʠʪʨʘʪʥʳʡ ʘʟʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʘʟʦʪʥʦʤ 

ʧʠʪʘʥʠʠ ʨʠʩʘ. ɺ ʪʘʢʳʨʦʚʠʜʥʳʭ ʧʦʯʚʘʭ ʚ ʥʠʟʦʚʴʷʭ ɸʤʫʜʘʨʴʠ ʩ ʦʩʪʘʪʦʯʥʦïʛʫʤʫʩʦʚʳʤ 

ʛʦʨʠʟʦʥʪʦʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʠʪʨʘʪʦʚ 191ï154 ʤʛ/ʢʛ ʧʦʯʚʳ. ʇʨʠ ʧʦʩʝʚʝ ʨʠʩʘ ʥʘ ʵʪʠʭ ʧʦʯʚʘʭ 

ʫʞʝ ʚ ʬʘʟʫ ʢʫʱʝʥʠʷ ʨʘʩʪʝʥʠʡ ʦʪ ʥʠʪʨʘʪʦʚ ʦʩʪʘʣʠʩʴ ʪʦʣʴʢʦ ʩʣʝʜʳ.  

ʀʟ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʥʘʢʘʣʠʚʘʝʪʩʷ ʘʤʤʠʘʯʥʳʡ ʘʟʦʪ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺ ʦʧʳʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ 

ʧʦʣʷʭ ɸʣʪʳʥʢʫʣʩʢʦʛʦ ʦʧʳʪʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʦ ʠʩʪʝʯʝʥʠʠ ʪʨʝʭ ʥʝʜʝʣʴ ʧʦʩʣʝ ʟʘʪʦʧʣʝʥʠʷ 

ʘʤʤʠʘʢʘ ʦʙʨʘʟʦʚʘʣʦʩʴ ʚ 2,5 ʨʘʟʘ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʝʛʦ ʚ ʧʦʯʚʝ.  

ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʟʘʤʝʜʣʷʝʪʩʷ ʨʦʩʪ ʨʘʩʪʝʥʠʡ, ʣʠʩʪʴʷ ʞʝʣʪʝʶʪ, ʨʠʩ ʩʣʘʙʦ 

ʢʫʩʪʠʪʩʷ, ʤʝʪʝʣʢʘ ʧʦʣʫʯʘʝʪʩʷ ʩʣʘʙʦʦʟʝʨʥʝʥʥʦʡ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ 

ʘʟʦʪʘ ʥʝ ʦʜʠʥʘʢʦʚʘ. ʋʜʦʙʨʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʘʟʦʪʘ ʚ ʘʤʤʠʘʯʥʦʡ ʬʦʨʤʘʭ, ʧʦʜ ʨʠʩ ʙʦʣʝʝ 
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ʵʬʬʝʢʪʠʚʥʳ, ʯʝʤ ʫʜʦʙʨʝʥʠʷ ʩ ʥʠʪʨʘʪʥʦʡ ʬʦʨʤʦʡ ʘʟʦʪʘ, ʢʦʪʦʨʳʡ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ 

ʚʳʤʳʚʘʝʪʩʷ ʠʟ ʧʦʯʚʳ. ʇʦʵʪʦʤʫ ʠʟ ʬʦʨʤ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʣʫʯʰʝ ʜʝʡʩʪʚʫʝʪ ʩʫʣʴʬʘʪ 

ʘʤʤʦʥʠʷ (ʊʘʙʣʠʮʘ 1).  

ʉʣʘʙʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʥʘ ʫʨʦʞʘʡ ʨʠʩʘ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ 50% 

ʘʟʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʪʨʘʪʥʳʤʠ ʬʦʨʤʘʤʠ. ʇʦ ʜʘʥʥʳʤ ʦʧʳʪʥʦʛʦ ʧʦʣʷ ʂʘʨʘʢʘʣʧʘʢʩʢʦʛʦ 

ʬʠʣʠʘʣʘ ʋʟʅʀʀʈʠʩʘ ʫʨʦʞʘʡʥʦʩʪʴ ʨʠʩʘ ʦʪ ʚʥʝʩʝʥʠʷ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʩʦʩʪʘʚʠʣʘ 80,5%, ʘ 

ʦʪ ʮʠʘʥʘʤʠʜʘ ð 72,8% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ. ʗʚʣʷʷʩʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʢʠʩʣʳʤ 

ʫʜʦʙʨʝʥʠʝʤ, ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ, ʢʨʦʤʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʩʥʘʙʞʝʥʠʷ ʨʘʩʪʝʥʠʡ ʘʟʦʪʦʤ, 

ʩʥʠʞʘʝʪ ʱʝʣʦʯʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʯʚ, ʩʧʦʩʦʙʩʪʚʫʷ ʤʦʙʠʣʠʟʘʮʠʠ ʬʦʩʬʦʨʘ ʧʫʪʝʤ ʧʝʨʝʚʦʜʘ 

ʝʛʦ ʚ ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʳʝ ʬʦʨʤʳ, ʇʦʵʪʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜ ʨʠʩ 

ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ [16]. 

ʅʘʨʷʜʫ ʩ ʙʦʣʴʰʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʘʟʦʪʝ ʨʠʩ ʥʫʞʜʘʝʪʩʷ ʠ ʚ ʬʦʩʬʦʨʝ. ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʈ 

ʥʘʨʫʰʘʝʪʩʷ ʙʝʣʴʢʦʚʳʡ ʦʙʤʝʥ ʨʘʩʪʝʥʠʡ, ʩʣʘʙʦ ʨʘʟʚʠʚʘʝʪʩʷ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ, ʣʠʩʪʴʷ 

ʩʪʘʥʦʚʷʪʩʷ ʫʟʢʠʤʠ, ʢʫʱʝʥʠʝ ʧʨʦʭʦʜʠʪ ʤʝʜʣʝʥʥʦ, ʤʝʪʝʣʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʘʙʦ, ʟʝʨʥʦʚʢʘ 

ʥʝʜʦʩʪʘʪʦʯʥʘ ʚʳʧʦʣʥʝʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʬʦʩʬʦʨʦʤ ʚ ʨʘʥʥʝʤ ʧʝʨʠʦʜʝ ʨʦʩʪʘ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʝ. ɿʘʧʘʩʳ ʈ ʚ ʧʦʯʚʘʭ 

ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʝ ʠ ʣʠʰʴ ʥʘ ʧʦʣʷʭ ʩʝʚʦʦʙʦʨʦʪʘ, ʛʜʝ ʝʞʝʛʦʜʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʴʰʠʝ ʜʦʟʳ 

ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʬʦʩʬʘʪʳ. 

 

ʊʘʙʣʠʮʘ 1. 

ɺʃʀʗʅʀɽ ʅɸ ʈɸɿʃʀʏʅʓɽ ʌʆʈʄʓ ɸɿʆʊʅʓʍ ʋɼʆɹʈɽʅʀʁ,  

ɺʅɽʉɽʅʅʓʍ ʇɽʈɽɼ ʇʆʉɽɺʆʄ ʅɸ ʋʈʆɾɸʁ ʈʀʉɸ 

 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ ʋʨʦʞʘʡ ʨʠʩʘ  ʇʨʠʙʘʚʢʘ  

ʮ/ʛʘ % ʮ/ʛʘ % 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ  25,9 100,0 ð ð 

N90ʈ60 (ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ)
 
 34,4 132,0 8,4 32,0 

N90ʈ60 (ʩʫʣʴʬʘʪ ʘʤʤʦʥʥʘʷ) 45,5 175,7 19,6 75,7 

 

ɺ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʯʚʘʭ, ʢʘʢʠʤʠ ʷʚʣʷʝʪʩʷ ʧʦʯʚʳ ʦʙʣʘʩʪʠ, ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ 

ʩʨʝʜʳ ʨʘʩʪʚʦʨʠʤʳʝ ʬʦʩʬʘʪʳ ʧʝʨʝʭʦʜʷʪ ʚ ʤʝʥʝʝ ʜʦʩʪʫʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʕʪʦʪ ʧʝʨʝʭʦʜ ʨʝʟʢʦ 

ʚʳʨʘʞʝʥ ʚ ʩʫʭʦʜʦʣʴʥʳʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʦʣʝ ʩʚʦʙʦʜʥʦ ʦʪ ʟʘʪʦʧʣʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʥʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʧʦʣʷ ʧʦʣʝ ʧʦʜ ʚʦʜʦʡ ʠ ʨʘʟʚʠʪʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦʜʚʠʞʥʦʩʪʴ ʬʦʩʬʘʪʦʚ ʧʦʚʳʰʘʝʪʩʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʦʩʪʫʧʥʦʩʪʴ ʬʦʩʬʦʨʘ ʢʘʢ 

ʧʦʯʚʳ, ʪʘʢ ʠ ʫʜʦʙʨʝʥʠʷ ʜʣʷ ʨʠʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʰʝ ʦʧʳʪʦʚ ʠ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ ʤʝʨʝ 

ʧʦʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʆɺïʧʦʪʝʥʮʠʘʣʘ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʚ ʧʦʯʚʝ ʚʦʟʨʘʩʪʘʝʪ, 

ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʚ ʬʘʟʳ ʢʫʱʝʥʠʷïʮʚʝʪʝʥʠʷ ʨʠʩʘ. ɿʘʪʝʤ ʧʨʦʮʝʩʩ ʠʜʝʪ ʥʘ ʫʙʳʣʴ ʠ 

ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʚʠʞʥʦʛʦ ʈ2ʆ5 ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʩʣʝʫʙʦʨʦʯʥʳʡ ʧʝʨʠʦʜ [17].  

ʉ ʫʯʝʪʦʤ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʬʦʩʬʦʨʘ ʚ ʟʘʪʦʧʣʝʥʠʡ ʧʦʯʚʝ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʝʛʦ 

ʨʘʩʪʝʥʠʷʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʥʦʩʠʪʴ ʚʩʶ ʜʦʟʫ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʨʠʩ ʜʦ ʧʦʩʝʚʘ, ʦʜʠʥ 

ʨʘʟ ʚ ʜʚʘ ʛʦʜʘ ʧʦ ʧʣʘʩʪʫ 2ï3-ʣʝʪʥʝʡ ʣʶʮʝʨʥʳ, ʘ ʧʦ ʦʙʦʨʦʪʫ ʧʣʘʟʘ ʨʠʩ ʠʩʧʦʣʴʟʫʝʪ ʦʩʪʘʪʦʯʥʳʡ 

ʈ ʫʜʦʙʨʝʥʠʡ. 

ʀʟ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʦʨʦʰʢʦʚʠʜʥʳʡ ʠʣʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ 

ʩʫʧʝʨʬʦʩʬʘʪ, ʜʨʫʛʠʝ ʫʜʦʙʨʝʥʠʷ ʧʦ ʩʚʦʝʤʫ ʜʝʡʩʪʚʠʶ ʥʘ ʫʨʦʞʘʡ ʨʠʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ 

ʩʫʧʝʨʬʦʩʬʘʪʫ (ʊʘʙʣʠʮʘ 2). 

ʈʠʩʫ ʥʝʦʙʭʦʜʠʤ ʢʘʣʠʡ. ʇʨʠ ʝʛʦ ʥʝʜʦʩʪʘʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʜʣʝʥʠʝ ʨʦʩʪʘ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʣʠʩʪʴʝʚ, ʥʘʨʫʰʘʝʪʩʷ ʩʠʥʪʝʟ ʠ ʧʝʨʝʜʚʠʞʝʥʠʝ ʫʛʣʝʚʦʜʦʚ, ʪʦʨʤʦʟʠʪʩʷ ʦʙʨʘʟʦʚʘʥʥʦʝ 
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ʨʘʩʪʝʥʠʝʤ ʩʫʭʦʡ ʤʘʩʩʳ, ʚ ʠʪʦʛʝ ʩʥʠʞʘʝʪʩʷ ʫʨʦʞʘʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʤʘʣʦ ʵʬʬʝʢʪʠʚʥʦ, ʠʭ ʜʝʡʩʪʚʠʝ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʥʝʩʝʥʠʠ ʩ ʘʟʦʪʦʤ ʠʣʠ ʠ 

ʬʦʩʬʦʨʦʤ ʥʘ ʠʥʞʝʥʝʨʥʦïʩʧʣʘʥʠʨʦʚʘʥʥʳʭ ʟʝʤʣʷʭ ʣʝʛʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʝʜʥʳʭ 

ʢʘʣʠʝʤ. 
 

ʊʘʙʣʠʮʘ 2. 

ʋʈʆɾɸʁ ʈʀʉɸ ʇʈʀ ɺʅɽʉɽʅʀʀ ʈɸɿʃʀʏʅʓʍ ʌʆʈʄ ɸɿʆʊʅʓʍ ʋɼʆɹʈɽʅʀʁ 

 

ʌʦʨʤʳ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ  ʋʨʦʞʘʷ ʨʠʩʘ ʮ/ʛʘ ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʮ/ʛʘ 

ɹʝʟ ʘʟʦʪʘ  42,8 ð 

ʉʫʣʴʬʘʪ ʘʤʤʦʥʠʷ  59,6 16,8 

ʍʣʦʨʠʩʪʳʡ ʘʤʤʦʥʠʡ  56,4 13,6 

ʄʦʯʝʚʠʥʘ  58,8 16,0 

ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ  50,9 8,1 

ʎʠʘʥʘʤʠʜ ʢʘʣʴʮʠʷ 53,0 10,2 

ʇʨʠʤʝʯʘʥʠʝ: ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʫʜʦʙʨʝʥʠʷ ʚʥʦʩʠʣʠʩʴ ʠʟ 

ʨʘʩʯʝʪʘ 120 ʢʛ/ʛʘ ʜ.ʚ. ʥʘ ʬʦʥʝ 60 ʢʛ/ʛʘ ʬʦʩʬʦʨʘ. 
 

ɺ ʦʧʳʪʘʭ ʋʟʅʀʀʈʠʩʘ ʚʥʝʩʝʥʠʝ 90 ʢʛ/ʛʘ ʢʘʣʠʷ ʥʘ ʬʦʥʝ N180 ʈ90 ʢʛ/ʛʘ ʢʘʣʠʷ ʦʙʝʩʧʝʯʠʣʦ 

ʫʨʦʞʘʡ ʨʠʩʘ 65,5 ʮ/ʛʘ, ʘ ʧʨʠ ʪʝʭ ʞʝ ʜʦʟʘʭ ʈ, ʙʝʟ ʢʘʣʠʷ ð 63,0 ʮ/ʛʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʬʦʥʝ 

ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘʙʣʶʜʘʣʠʩʴ ʭʦʨʦʰʘʷ ʚʳʧʦʣʥʝʥʥʦʩʪʴ ʟʝʨʥʘ ʠ ʤʝʥʴʰʝʝ ʯʠʩʣʦ 

ʥʝʜʦʟʨʝʚʰʠʭ ʢʦʣʦʩʢʦʚ.  

ɺʦʦʙʱʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʥʝʩʝʥʠʠ 

N ʠ ʈ, ʘ ʥʘ ʙʦʣʝʝ ʣʝʛʢʠʭ ʧʦʯʚʘʭ ʠ ʂ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʩʦʚʤʝʩʪʥʦʝ ʚʥʝʩʝʥʠʝ ʘʟʦʪʘ (120ï150 

ʢʛ/ʛʘ ʜ. ʚ.) ʠ ʬʦʩʬʦʨʘ (90ï120 ʢʛ/ʛʘ ʜ. ʚ.) ʫʚʝʣʠʯʠʚʘʝʪ ʫʨʦʞʘʡ ʨʠʩʘ ʚ 2,3ï3,4 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (23,0ï21,7 ʮ/ʛʘ), ʪʦʛʜʘ ʢʘʢ ʚʥʝʩʝʥʠʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʦʜʥʠʭ ʠ 

ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ð ʚ 1,2ï1,0 ʨʘʟʘ, ʘ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ 15ï20%.  
 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʦʙʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʥʦʩʠʪʴ: 

50ï70% ʘʟʦʪʥʳʭ ʠ 100% ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʜʦ ʧʦʩʝʚʘ ʠ 30ï50% ʘʟʦʪʥʳʭ ð ʚʦ ʚʨʝʤʷ 

ʚʝʛʝʪʘʮʠʠ ʨʠʩʘ ʧʫʪʝʤ ʜʚʫʭ ʧʦʜʢʦʨʤʦʢ (ʧʝʨʚʘʷ ð ʧʦ ʚʩʭʦʜʘʤ ʜʦ ʥʘʯʘʣʘ ʢʫʱʝʥʠʷ, ʚʪʦʨʘʷ ð ʚ 

ʬʘʟʫ ʢʫʱʝʥʠʷ). 
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PHILLOPHAG OUS - UZBEKISTAN  FRUIT TREES PESTS  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʧʦʯʚʝʥʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʋʟʙʝʢʠʩʪʘʥʘ. ɺʳʷʚʣʝʥʳ 57 ʚʠʜʦʚ ʯʝʰʫʝʢʨʳʣʳʭ, ʩʚʷʟʘʥʥʳʭ ʚ ʧʠʱʝʚʦʡ ʮʝʧʠ ʩ ʧʣʦʜʦʚʳʤʠ 

ʜʝʨʝʚʴʷʤʠ, ʚ ʪ. ʯ.: ʣʠʩʪʦʚʝʨʪʢʠ ð 20 ʚʠʜʦʚ, ʩʦʚʢʠ ð 16, ʧʷʜʝʥʠʮʳ ʠ ʦʛʥʝʚʢʠ ð ʧʦ 4 ʚʠʜʘ, 

ʛʦʨʥʦʩʪʘʝʚʳʝ ʤʦʣʠ ð 3, ʫʟʢʦʢʨʳʣʳʝ ʤʦʣʠïʤʠʥʝʨʳ ʠ ʢʨʫʞʢʦʚʳʝ ʤʦʣʠ ð 3; ʤʘʣʳʝ, 

ʯʝʭʣʠʢʦʚʳʝ ʠ ʚʳʝʤʯʘʪʦʢʨʳʣʳʝ ʤʦʣʠ, ʘ ʪʘʢʞʝ ʚʦʣʥʷʥʢʠ, ʰʝʣʢʦʧʨʷʜʳ, ʙʝʣʷʥʢʠ ʠ ʜʨʝʚʦʪʦʯʮʳ 

ð ʧʦ 1 ʚʠʜʫ. ɼʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ, ʨʘʩʪʝʥʠʷʭïʭʦʟʷʝʚʘʭ, ʬʝʥʦʣʦʛʠʠ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʫʨʦʚʥʝ ʨʘʟʨʫʰʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

Abstract. The article presents data on soil and climatic conditions of Uzbekistan. 57 species of 

moths (Lepidoptera) connected in the food chain with fruit trees were identified, of which: 

Tortricidae ð 20 species, Noctuidae ð 16, Geometridae and Pyralidae ð 4 species each, 

Yponomeutidae ð 3, Lyonetiidae ð 3; Stigmellidae, Coleophoridae and Gelechiidae, as well as 

Erebidae, Lasiocampidae, Pieridae and Cossidae ð 1 species each. Information about their species 

composition, host plants, phenology, occurrence and level of damaging activity is given. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʜ, ʯʝʰʫʝʢʨʳʣʳʝ, ʬʠʣʣʦʬʘʛʠ, ʧʝʩʪʠʮʠʜ,r ʚʨʝʜʠʪʝʣʠ, ʙʘʙʦʯʢʠ. 

 

Keywords: garden, Lepidoptera, phillophagous, pesticides, pests, moths. 

 

ɺʚʝʜʝʥʠʝ 

ʉʘʜʦʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʪʨʘʩʣʴʶ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʨʫʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʳ ʤʝʨʳ ʧʦ 

ʜʘʣʴʥʝʡʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʦʩʪʠʞʝʥʠʷʭ 

ʥʘʫʢʠ ʠ ʧʝʨʝʜʦʚʦʛʦ ʦʧʳʪʘ.  

ɺʨʝʜʠʪʝʣʠ ʥʘʥʦʩʷʪ ʥʝʧʦʧʨʘʚʠʤʳʡ ʫʨʦʥ ʫʨʦʞʘʡʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʧʦʚʨʝʞʜʘʷ 

ʚʝʛʝʪʘʪʠʚʥʳʝ ʠ ʛʝʥʝʨʘʪʠʚʥʳʝ ʦʨʛʘʥʳ ʜʝʨʝʚʴʝʚ, ʥʦ ʠ ʚʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʏʝʰʫʝʢʨʳʣʳʝ (Lepidoptera) ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʥʳʤʠ ʚʨʝʜʠʪʝʣʷʤʠ ʩʘʜʦʚʳʭ ʢʫʣʴʪʫʨ. ʆʥʠ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ ʠ ʨʦʜʦʚ ʦʪʨʷʜʘ. ʇʦʵʪʦʤʫ ʚʩʝʩʪʦʨʦʥʥʝʤʫ 

ʠʟʫʯʝʥʠʶ ʙʠʦʣʦʛʦïʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʜʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨ ʙʦʨʴʙʳ ʩ ʥʠʤʠ 

ʫʜʝʣʷʣʦʩʴ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʚ ʩʪʨʘʥʘʭ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ [6ï7], ʪʘʢ ʠ ʚ 

ʩʪʨʘʥʘʭ ʉʅɻ [1, 4] ʠ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ [2]. ʈʘʟʨʘʙʦʪʘʥʳ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʘʜʘʭ [3]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʩʘʜʦʚʳʭ ʢʫʣʴʪʫʨ 

ʦʩʪʘʶʪʩʷ ʚʳʩʦʢʠʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʚʦʜʠʤʳʝ ʚ ʩʘʜʘʭ ʨʝʩʧʫʙʣʠʢʠ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʟʘʱʠʪʝ 

ʜʝʨʝʚʴʝʚ ʠ ʫʨʦʞʘʷ ʦʪ ʢʦʤʧʣʝʢʩʘ ʚʨʝʜʠʪʝʣʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʙʘʙʦʯʝʢ) ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʦʩʪʘʶʪʩʷ 

ʦʱʫʪʠʤʳʤʠ. ʉʦʛʣʘʩʥʦ ʩʚʝʜʝʥʠʷʤ, 25ï30% ʫʨʦʞʘʷ ʧʣʦʜʦʚʳʭ ʧʨʦʧʘʜʘʶʪ ʠʟ-ʟʘ ʧʨʠʯʠʥ, 
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ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʙʣʝʤʘʤʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. ɽʩʣʠ ʧʨʦʪʠʚ ʷʙʣʦʥʥʦʡ ʧʣʦʜʦʞʦʨʢʠ ʥʝ ʙʦʨʦʪʴʩʷ, 

ʪʦ ʤʦʞʥʦ ʧʦʪʝʨʷʪʴ ʜʦ 80% ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʫʨʦʞʘʷ ʠ ʧʦʣʫʯʠʪʴ ʥʝʢʘʯʝʩʪʚʝʥʥʫʶ ʦʩʪʘʣʴʥʫʶ 

ʧʨʦʜʫʢʮʠʶ. ʏʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ɻ ʪʦ ʥʝʦʙʭʦʜʠʤʦ: ʫʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ ʯʝʰʫʝʢʨʳʣʳʭ 

ʚʨʝʜʠʪʝʣʝʡ ʩʘʜʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʘʟʚʠʪʠʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ; 

ʫʩʪʘʥʦʚʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʨʦʛʠ ʠʭ ʚʨʝʜʦʥʦʩʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ; ʨʘʟʨʘʙʦʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʠ ʨʘʟʣʠʯʥʳʝ ʧʣʦʜʦʚʳʝ ʜʝʨʝʚʴʷ, ʚʦʟʜʝʣʳʚʘʝʤʳʝ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʨʝʜʠʪʝʣʝʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ð ʨʘʟʣʠʯʥʳʝ ʚʨʝʜʠʪʝʣʠ (ʙʘʙʦʯʢʠ) ʠ ʠʭ ʵʥʪʦʤʦʬʘʛʠ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʫʯʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʵʥʪʦʤʦʣʦʛʠʠ ʨʝʩʧʫʙʣʠʢʠ, ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ ʠʟʫʯʘʝʪʩʷ ʠ 

ʨʝʰʘʝʪʩʷ ʚʧʝʨʚʳʝ. ʀʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʨʝʜʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʦʙʠʪʘʶʱʠʭ ʚ ʧʣʦʜʦʚʳʭ ʩʘʜʘʭ, ʚʳʜʝʣʝʥʘ ʦʩʦʙʦ ʚʘʞʥʘʷ ʛʨʫʧʧʘ ʯʝʰʫʝʢʨʳʣʳʭ ʥʘʩʝʢʦʤʳʭ, ʨʦʣʴ 

ʠ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʢʘʢ ʚʨʝʜʠʪʝʣʝʡ ʟʘʯʘʩʪʫʶ ʧʨʝʚʘʣʠʨʫʶʪ ʥʘʜ ʦʩʪʘʣʴʥʳʤʠ. ʋʩʪʘʥʦʚʣʝʥ 

ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ, ʦʩʥʦʚʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʨʝʜʦʥʦʩʥʦʩʪʴ ʠ ʢʨʠʪʝʨʠʠ ʕʇɺ ʧʦ 

ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʯʝʰʫʝʢʨʳʣʳʭ ʚʨʝʜʠʪʝʣʝʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʫʥʠʢʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʯʘʛʦʚʦï

ʪʦʧʠʢʘʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ (ʥʘʥʝʩʝʥʠʷ) ʠʥʩʝʢʪʠʮʠʜʦʚ ʥʘ ʟʘʨʘʞʝʥʥʳʝ ʦʙʲʝʢʪʳ; ʙʝʟʧʝʩʪʠʮʠʜʥʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʜʝʨʝʚʴʝʚ ʠ ʧʣʦʜʦʚ; ʤʝʪʦʜ ʬʝʨʦʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʦʤʦʱʴʶ 

ʬʝʨʦʤʦʥʥʳʭ ʣʦʚʫʰʝʢ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʝʢʪʠʮʠʜʦʚ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ; ʜʘʥʘ 

ʘʛʨʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 11 ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʠʥʩʝʢʪʠʮʠʜʦʚ, ʟʘʥʷʚʰʠʤ ʤʝʩʪʦ ʚ ʥʦʚʦʡ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳ ʧʣʦʜʦʚʦʛʦ ʩʘʜʘ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʣʦʞʝʥʠʶ ʤʦʨʬʦïʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʤʝʨʘʤ ʙʦʨʴʙʳ ʩ 9-ʶ ʚʠʜʘʤʠ ʚʨʝʜʠʪʝʣʝʡ ð ʙʘʙʦʯʝʢ. ɺ ʵʪʦʪ ʨʷʜ ʚʦʰʣʠ: 

ʟʝʣʝʥʘʷ ʢʨʠʚʦʫʩʘʷ ʣʠʩʪʦʚʝʨʪʢʘ ð Pandemis chondrillana H.S., ʷʙʣʦʥʥʘʷ ʤʦʣʴ ð Hyponomenta 

malinellus Zell., ʯʝʭʣʠʢʦʚʘʷ ʤʦʣʴ (ʧʣʦʜʦʚʘʷ ʯʝʭʣʦʥʦʩʢʘ) ð Coleaphora hemorobiella Scop., 

ʙʦʷʨʳʰʥʠʢʦʚʘʷ ʢʨʫʞʢʦʚʘʷ ʤʦʣʴ ð Cemiostoma scitella L., ʠʥʞʠʨʥʘʷ ʦʛʥʝʚʢʘ ð Choreuthis 

nemorana Hb., ʮʠʪʨʫʩʦʚʘʷ ʤʠʥʠʨʫʶʱʘʷ ʤʦʣʴ ð Phyllocnistis citrella St., ʥʝʧʘʨʥʳʡ ʰʝʣʢʦʧʨʷʜ 

ð Porthetria dispar L., ʢʦʣʴʯʘʪʳʡ ʰʝʣʢʦʧʨʷʜ ð Malacosoma neustria L., ʙʦʷʨʳʰʥʠʮʘ ð 

Aporia crataegi L.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ: 

ʚʠʜʦʚʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʠ ʥʘ ʵʪʦʡ 

ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʢʦʤʧʣʝʢʩ ʤʝʨ ʙʦʨʴʙʳ ʩ ʥʠʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʕʇɺ ʜʣʷ ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ. ɺ ʨʘʟʨʝʟʝ ʢʘʞʜʦʛʦ ʚʠʜʘ ʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩʠʩʪʝʤ 

ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝʣʷʤʠ ʩʘʜʘ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʝ, ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ, 

ʛʝʥʝʪʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʙʦʨʴʙʳ. ʆʥʠ ʚʦʰʣʠ ʚ ʦʙʱʫʶ 

ʩʠʩʪʝʤʫ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝʣʷʤʠ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ.  

ɹʦʷʨʳʰʥʠʢʦʚʘʷ ʢʨʫʞʢʦʚʘʷ ʤʦʣʴ (ʩʝʤ. ʢʨʫʞʢʦʚʳʭ ʤʦʣʝʡ ð ʉemiostomidae) ð h ʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʠʜ. ɺʨʝʜʠʪʝʣʴ ʧʦʚʨʝʞʜʘʝʪ ʣʠʰʴ ʣʠʩʪʴʷ ʜʝʨʝʚʴʝʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ 

ʤʠʥʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʥʘ ʢʘʞʜʦʤ ʣʠʩʪʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʠʛʘʝʪ 10 ʠ ʙʦʣʴʰʝ, ʪʦ ʦʥʠ ʞʝʣʪʝʶʪ, 

ʚʳʩʳʭʘʶʪ ʠ ʦʧʘʜʘʶʪ. ɺ ʋʟʙʝʢʠʩʪʘʥʝ ʵʪʦʪ ʚʨʝʜʠʪʝʣʴ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, ʦʩʦʙʝʥʥʦ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥʘ, ʍʦʨʝʟʤʩʢʦʡ, ʊʘʰʢʝʥʪʩʢʦʡ, ʌʝʨʛʘʥʩʢʦʡ ʠ ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʡ 

ʦʙʣʘʩʪʝʡ. ʆʥ ʧʦʚʨʝʞʜʘʝʪ ʤʥʦʛʠʝ ʧʣʦʜʦʚʳʝ ʠ ʜʝʢʦʨʘʪʠʚʥʳʝ ʜʝʨʝʚʴʷ. ʀʟ ʧʣʦʜʦʚʳʭ ð 

ʧʨʝʜʧʦʯʠʪʘʝʪ: ʷʙʣʦʥʶ, ʯʝʨʝʰʥʶ, ʛʨʝʮʢʠʡ ʦʨʝʭ ʠ ʜʨʫʛʠʝ [5]. 
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ʊʘʙʣʠʮʘ. 

ɺʀɼʆɺʆʁ ʉʆʉʊɸɺ ʏɽʐʋɽʂʈʓʃʓʍ ʅɸʉɽʂʆʄʓʍ  

ɺʉʊʈɽʏɸʖʑʀʍʉʗ ʇʃʆɼʆɺʓʍ ɼɽʈɽɺʔɽɺ ɺ ʋɿɹɽʂʀʉʊɸʅɽ 

 

 ̄ ɻʨʫʧʧʘ ʠʣʠ ʩʝʤʝʡʩʪʚʦ 
ʏʠʩʣʦ 

ʚʠʜʦʚ 
ʃʘʪʠʥʩʢʦʝ ʥʘʟʚʘʥʠʝ ʚʠʜʘ 

1 

ʃʠʩʪʦʚʝʨʪʢʠ  20 Notocelia cynosbatella L., 

Enarmonia formosana Scop.,  

Cydia pomonella L., 

Grapholitha molesta Busck., 

Sarrothrypus musculana Ersh., 

Cydia pyrivora Danil., 

Grapholita janthinana Dup., 

Grapholitha funebrana Tr., 

Euzophera punicaella Moore 

Notocelia punicana 

Laspeyresia fagiglandana Z. 

Archips xylosteana L.,  

Argyrotaenia liungiana Thnb., 

Syndemis musculana Hb., 

Acleris aspersana Hb., 

Acleris variegana Den. et Schiff., 

Spilonota ocellana Den. et Schiff. 

Adoxophyes orana F.R., 

Pandemis chondrillana H.S., 

Archips crataegana Hb. 

2 

ʉʦʚʢʠ 16 Eusoa agricola,  

Chloridea peltigera Schiff., 

Chloridea marifima Gras L.,  

Chloridea nubigera H.S., 

Noctua pronuba L.,  

Amathes nigrum L., 

Scotia vestigialis Hfn.,  

Agrotis (Scotia) segetum Den. et Schiff.,  

Agrotis exclamationis L., 

Mamestra suasa Schiff.,  

Mamestra oleracea L., 

Apatele psi L.,  

Cosmia pyrolina Schiff., 

Autographa gamma L., 

 Calymnia subtilis Stgr. 

3 

ʇʷʜʝʥʠʮʳ 4 Operophtera brumata L.,  

Opisthograptis luteolata L.,  

Amphidasis betularia L.,  

Abraxas grossuïlariata L. 

4 

ʆʛʥʝʚʢʠ  3 Gaana dylcella Z., 

Udea prunalis Schiff., 

Simaethis nemorana Hb. 

5 

ɻʦʨʥʦʩʪʘʝʚʳʝ ʤʦʣʠ 4 Hyponomeuta malinellus Zell., 

Blastodaena herrelella Drep., 

Anarsia lincatella Zell., 

Pylloriotis citrella 

6 
ʋʟʢʦʢʨʳʣʳʝ ʤʠʥʝʨ r 2 Lithocollethis corylifoliebla turanica Yerass 

Lionetia clerkella L. 

7 ʄʘʣʳʝ ʤʦʣʠ 1 Stigmella maloidica Pupl. 

8 ʂʨʫʞʢʦʚʳʝ ʤʦʣʠ 1 Cemiostoma scitella Zell. 
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 ̄ ɻʨʫʧʧʘ ʠʣʠ ʩʝʤʝʡʩʪʚʦ 
ʏʠʩʣʦ 

ʚʠʜʦʚ 
ʃʘʪʠʥʩʢʦʝ ʥʘʟʚʘʥʠʝ ʚʠʜʘ 

9 ʏʝʭʣʠʢʦʚʳʝ ʤʦʣʠ 1 Coleophora hemorobiella Scop. 

10 ɺʳʝʤʯʘʪʦʢʨʳʣʳʝ ʤʦʣʠ  1 Recurvaria pistaciicola Danil. 

11 ɺʦʣʥʷʥʢʠ  1 Ocneria (Porthethria)dispar L. 

12 ʐʝʣʢʦʧʨʷʜʳ  1 Malacosoma neustria L. 

13 ɹʝʣʷʥʢʠ  1 Aporia crataegi L. 

14 ɼʨʝʚʦʪʦʯʮʳ  1 Cossus cossus L. 

ʀʪʦʛʠ 57  

 

ɹʦʷʨʳʰʥʠʢʦʚʘʷ ʢʨʫʞʢʦʚʘʷ ʤʦʣʴ ʚ ʛʦʜʫ ʨʘʟʚʠʚʘʝʪʩʷ 3ï4-ʤʷ ʧʦʢʦʣʝʥʠʷʤʠ. ɽʩʣʠ ʥʘ 

ʷʙʣʦʥʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚʩʝ 4 ʧʦʢʦʣʝʥʠʷ ʚʨʝʜʠʪʝʣʷ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʫʨʦʞʘʷ, ʘ ʩʘʤʦ ʜʝʨʝʚʦ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʥʘʧʘʜʝʥʠʶ ʚʪʦʨʠʯʥʳʭ 

ʚʨʝʜʠʪʝʣʝʡ. ɼʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʟʘʱʠʪʳ ʜʝʨʝʚʴʝʚ ʦʪ 

ʙʦʷʨʳʰʥʠʢʦʚʘʷ ʢʨʫʞʢʦʚʘʷ ʤʦʣʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʦʩʪʘʥʣʳʢʩʢʦʛʦ ʨʘʡʦʥʘ ʩʪʦʣʠʯʥʦʡ ʦʙʣʘʩʪʠ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʜʝʣʷʥʦʯʥʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʧʳʪʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʦʧʳʪʦʚ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 5 ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʝʢʪʠʮʠʜʦʚ.  

ʀʥʞʠʨʥʘʷ ʦʛʥʝʚʢʘ ð ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʣʠʩʪʦʚʝʨʪʦʢ (Glyphiptorygidae), ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʋʟʙʝʢʠʩʪʘʥʘ. ʈʘʟʤʝʨʳ ʙʘʙʦʯʝʢ ʧʨʠ ʨʘʩʢʨʳʪʳʭ 

ʩʚʦʝʦʙʨʘʟʥʳʭ ʢʦʨʠʯʥʝʚʳʭ ʢʨʳʣʴʝʚ ʜʦʩʪʠʛʘʶʪ 16ï18 ʤʤ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʟʘʱʠʪʥʳʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʠʚ ʵʪʦʛʦ ʚʨʝʜʠʪʝʣʷ ʦʧʨʘʚʜʘʥʳ ʚ ʩʣʫʯʘʷʭ ʧʦʚʨʝʞʜʝʥʠʷ ʙʦʣʝʝ 10 

ʣʠʩʪʴʝʚ ʠʣʠ ʙʦʣʝʝ 1,5ï2% ʧʣʦʜʦʚ ʠʥʞʠʨʘ. ɸʛʨʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʤʠ ʦʧʳʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 5 ʥʦʚʳʭ ʠʥʩʝʢʪʠʮʠʜʦʚ (ʜʝʣʴʪʘʬʦʩ, ʮʠʧʝʨʬʦʩ, ʢʠʣʣʝʨ, ʵʥʜʞʝʦ, ʘʯʠʚ) ʧʨʦʪʠʚ 

ʵʪʦʛʦ ʚʨʝʜʠʪʝʣʷ ð ʦʥʠ ʚʢʣʶʯʝʥʳ ʚ çʉʧʠʩʦʢéè ɻʦʩʭʠʤʢʦʤʠʩʩʠʠ ʈʋʟ.  

ʗʙʣʦʥʝʚʘʷ ʤʦʣʴ. ʆʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʥʘʩʪʦʷʱʠʭ ʤʦʣʝʡ (Hyponomeytidae), ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʧʨʝʜʛʦʨʥʳʭ ʠ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʨʝʩʧʫʙʣʠʢʠ. ʗʚʣʷʝʪʩʷ ʤʦʥʦʬʘʛʦʤ; ʛʫʩʝʥʠʮʳ ʧʦʚʨʝʞʜʘʶʪ 

ʨʘʩʧʫʩʢʘʝʤʳʝ ʧʦʯʢʠ ʠ ʤʦʣʦʜʳʝ ʣʠʩʪʴʷ ʷʙʣʦʥʠ. ʋ ʩʠʣʴʥʦ ʧʦʚʨʝʞʜʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ʥʝ 

ʦʙʨʘʟʫʶʪʩʷ ʧʣʦʜʦʵʣʝʤʝʥʪʳ, ʫʨʦʞʘʡ ʩʥʠʞʘʝʪʩʷ ʠ ʚ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ. ʇʦʚʨʝʞʜʝʥʥʳʝ ʜʝʨʝʚʴʷ 

ʤʝʜʣʝʥʥʦ ʨʘʩʪʫʪ.  

ɺʨʝʜʠʪʝʣʴ ʤʦʥʦʚʦʣʴʪʠʥʝʥ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʩʝʢʪʠʮʠʜʦʚ ʧʨʦʪʠʚ ʵʪʦʛʦ ʚʨʝʜʠʪʝʣʷ 

(ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʧʝʨʠʦʜ ʨʘʩʧʦʣʟʘʥʠʷ ʛʫʩʝʥʠʮ) ʙʳʚʘʝʪ ʚʳʩʦʢʦʡ. ʈʝʢʦʤʝʥʜʦʚʘʥʳ 4 

ʧʨʝʧʘʨʘʪʘ ʧʨʦʪʠʚ ʵʪʦʛʦ ʚʨʝʜʠʪʝʣʷ: ʵʥʜʞʝʦ ð 0,15 ʣ/ʛʘ, ʜʝʣʴʪʘʬʦʩ ð 0,8 ʣ/ʛʘ, ʘʯʠʚ ð 0,3 

ʢʛ/ʛʘ, ʢʠʣʣʝʨ ð 0,4 ʣ/ʛʘ.  

ʏʝʭʣʠʢʦʚʘʷ ʤʦʣʴ. ɺʨʝʜʠʪʝʣʴ ʷʙʣʦʥʠ ʠ ʜʨʫʛʠʭ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ. ʇʨʝʜʩʪʘʚʠʪʝʣʴ 

ʩʝʤʝʡʩʪʚʘ ʯʝʭʣʠʢʦʚʳʭ (Coleophoridae), ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ. ɺʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʚ ʩʝʚʝʨʥʳʭ 

ʨʘʡʦʥʘʭ, ʪʘʢ ʠ ʚ ʶʞʥʳʭ ʠ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ (ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʡ, ɹʫʭʘʨʩʢʦʡ, ʌʝʨʛʘʥʩʢʦʡ ʠ 

ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ).  

ʏʝʭʣʠʢʦʚʘʷ ʤʦʣʴ ʤʦʥʦʚʦʣʴʪʠʥʝʥ. ɺ ʛʦʜʳ ʩʠʣʴʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ, ʪʘʢʠʝ ʜʝʨʝʚʴʷ 

ʩʪʨʘʜʘʶʪ, ʣʠʩʪʴʷ ʟʘʩʳʭʘʶʪ, ʫʨʦʞʘʡ ʩʥʠʞʘʝʪʩʷ. ʅʘ ʪʘʢʠʝ ʜʝʨʝʚʴʷ ʥʘʧʘʜʘʶʪ ʚʪʦʨʠʯʥʳʝ 

ʚʨʝʜʠʪʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 2 ʩʨʦʢʘ ʦʙʨʘʙʦʪʦʢ: 1 ð ʥʘʯʘʣʦ 

ʧʠʪʘʥʠʷ ʧʝʨʝʟʠʤʦʚʘʚʰʝʡ ʧʦʧʫʣʷʮʠʠ ʚʨʝʜʠʪʝʣʷ (ʚ ʯʝʭʣʠʢʘʭ) ʠ 2 ð ʣʝʪʦʤ (ʠʶʥʴïʠʶʣʴ) ʧʦ 

ʥʦʚʦʤʫ ʧʦʢʦʣʝʥʠʶ ʚʨʝʜʠʪʝʣʷ, ʧʦ ʦʪʢʨʳʪʦ ʞʠʚʫʱʠʤ ʛʫʩʝʥʠʮʘʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʦʚ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʝʧʘʨʘʪʳ: ʙʘʛʠʨʘ ð 0,2 ʣ/ʛʘ, ʜʘʥʘʜʠʤ ð 1,5 ʣ/ʛʘ, 

ʮʠʧʝʨʤʝʪʨʠʥ ð 0,2 ʣ/ʛʘ, ʵʥʜʞʝʦ ð 0,2 ʣ/ʛʘ, ʮʠʧʝʨʬʦʩ ð 0,8 ʣ/ʛʘ ʠ ʬʫʬʘʥʦʥ ð 2,0 ʣ/ʛʘ. 

ʎʠʪʨʫʩʦʚʘʷ ʤʠʥʠʨʫʶʱʘʷ ʤʦʣʴ ð ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʝʤʝʡʩʪʚʘ ʤʠʥʠʨʫʶʱʠʭ ʤʦʣʝʡ 

(Lyonetiidae), ʦʙʲʝʢʪ ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʨʘʥʪʠʥʘ. ɺʨʝʜʠʪʝʣʴ ʧʨʦʥʠʢ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʥʘʰʝʡ 

ʨʝʩʧʫʙʣʠʢʠ (ʚʦʟʤʦʞʥʦ ʚʤʝʩʪʝ ʩ ʩʘʞʝʥʮʘʤʠ ʠʣʠ ʧʨʦʥʠʢ ʚʦʟʜʫʰʥʳʤʠ ʪʝʯʝʥʠʷʤʠ). ʅʘʡʜʷ 
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ʫʜʦʙʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʚʨʝʜʠʪʝʣʴ ʦʙʦʩʥʦʚʘʣʩʷ ʠ ʨʘʩʰʠʨʷʝʪ ʩʚʦʡ ʘʨʝʘʣ. 

ʅʘʣʠʯʠʝ ʪʝʧʣʠʮ ð ʣʠʤʦʥʘʨʠʡ ʠ ʷʤʦʯʥʳʭ ʫʢʨʳʪʠʡ ʧʦʟʚʦʣʷʝʪ ʢʨʫʛʣʦʛʦʜʠʯʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʚʠʜʘ ʙʝʟ ʜʠʘʧʘʫʟʳ. ʈʝʢʦʤʝʥʜʦʚʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʙʦʨʴʙʳ ʧʨʦʪʠʚ ʵʪʦʛʦ ʚʨʝʜʠʪʝʣʷ. 

ɿʝʣʝʥʘʷ ʢʨʠʚʦʫʩʘʷ ʣʠʩʪʦʚʝʨʪʢʘ ð ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʠ ʚʨʝʜʦʥʦʩʥʳʡ ʚʠʜ. 

ɺ ʫʩʣʦʚʠʷʭ ʨʝʩʧʫʙʣʠʢʠ ʦʙʠʪʘʝʪ ʥʘ ʥʝ ʤʝʥʝʝ 40 ʚʠʜʘʭ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ. ɺ ʩʪʨʘʥʘʭ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ɿʂʃ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʚʨʝʜʠʪʝʣʝʤ ʧʣʦʜʦʚʳʭ; ʚ ʛʦʜʫ ʨʘʟʚʠʚʘʝʪʩʷ 2ï3 

ʧʦʢʦʣʝʥʠʷʤʠ. ɼʦ ʮʚʝʪʝʥʠʷ ʜʝʨʝʚʴʝʚ ʛʫʩʝʥʠʮʳ ʟʝʣʝʥʘʷ ʢʨʠʚʦʫʩʘʷ ʣʠʩʪʦʚʝʨʪʢʘ ʧʦʚʨʝʞʜʘʶʪ 

ʤʦʣʦʜʳʝ ʣʠʩʪʴʷ ʠ ʙʫʪʦʥʳ ʮʚʝʪʦʚ; ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ ð ʣʠʩʪʴʝʚ ʠ ʧʣʦʜʦʚ. 

ɺ ʚʝʛʝʪʘʮʠʠ 2004 ʠ 2005 ʛʦʜʦʚ ʚ ʩʘʜʘʭ ɸʭʘʥʛʘʨʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʩʪʦʣʠʯʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ 2 ʘʛʨʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʝʚʳʭ ʦʧʳʪʘ, ʧʨʦʪʠʚ 1 ʠ 2 ʧʦʢʦʣʝʥʠʡ ɿʂʃ. ɹʳʣʠ 

ʠʩʧʳʪʘʥʳ 4 ʧʨʝʧʘʨʘʪʘ, ʠ ʚʩʝ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʦʪʠʚ ʵʪʦʛʦ ʚʨʝʜʠʪʝʣʷ: ʮʠʧʝʨʬʦʩ 

ð 0,04% ʢʦʥʮ., ʢʠʣʣʝʨ ð 0,06%, ʜʝʣʴʪʘʬʦʩ ð 0,08% ʠ ʘʯʠʚ ð 0,03% ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʆʥʠ 

ʫʪʚʝʨʞʜʝʥʳ ɻʦʩʭʠʤʢʦʤʠʩʩʠʝʡ ʈʋʟ ʢʘʢ ʩʨʝʜʩʪʚʘ ʙʦʨʴʙʳ ʧʨʦʪʠʚ ɿʂʃ. 

ʅʝʧʘʨʥʳʡ ʰʝʣʢʦʧʨʷʜ, ʢʦʣʴʯʘʪʳʡ ʰʝʣʢʦʧʨʷʜ, ʙʦʷʨʳʰʥʠʮʘ ð ʚʨʝʜʠʪʝʣʴ ʧʣʦʜʦʚʳʭ ʠ 

ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. ʇʦ ʦʙʨʘʟʫ ʞʠʟʥʠ, ʚʨʝʜʦʥʦʩʥʦʩʪʠ ʠ ʤʝʨʘʤ ʙʦʨʴʙʳ ʦʥʠ ʦʯʝʥʴ ʩʭʦʞʠ 

ʤʝʞʜʫ ʩʦʙʦʡ. ɺʩʝ ʦʥʠ ʤʦʥʦʚʦʣʴʪʠʥʥʳ, ʠʭ ʚʨʝʜʦʥʦʩʥʦʩʪʴ ʦʪʤʝʯʘʝʪʩʷ ʣʠʰʴ ʚʝʩʥʦʡ ʚ ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ ʣʝʪʘ. ɻʫʩʝʥʠʮʳ ʚʩʝʭ ʪʨʝʭ ʚʨʝʜʠʪʝʣʝʡ ʧʠʪʘʷʩʴ ʣʠʩʪʴʷʤʠ, ʦʛʦʣʷʶʪ ʜʝʨʝʚʴʷ 

(ʈʠʩʫʥʦʢ). 
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ʈʠʩʫʥʦʢ. ʅʝʧʘʨʥʳʡ ʰʝʣʢʦʧʨʷʜ: ʘ ð ʷʡʮʝʢʣʘʜʢʘ ʥʘ ʩʪʚʦʣʝ ʜʝʨʝʚʴʷ; ʙ ð ʛʫʩʝʥʠʮʳ ʰʝʣʢʦʧʨʷʜʘ 

ʧʦʚʨʝʞʜʘʶʪ ʣʠʩʪʴʷ ʷʙʣʦʥʠ; ʚ ð ʚʠʜ ʛʫʩʝʥʠʮʳ ʩʨʝʜʥʠʭ ʚʦʟʨʘʩʪʦʚ. 

 

ʅʝʧʘʨʥʳʡ ʠ ʢʦʣʴʯʘʪʳʡ ʰʝʣʢʦʧʨʷʜʳ ʟʠʤʫʶʪ ʚ ʚʠʜʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʛʫʩʝʥʠʮ ʚʥʫʪʨʠ 

ʦʪʨʦʞʜʝʥʥʳʭ ʷʠʮ, ʘ ʙʦʷʨʳʰʥʠʮʘ ð ʛʫʩʝʥʠʮʘʤʠ 2ï3 ʚʦʟʨʘʩʪʦʚ ʚʥʫʪʨʠ ʩʚʝʨʥʫʪʳʭ ʚ ʪʨʫʙʢʫ 

ʣʠʩʪʴʝʚ ʠ ʦʩʪʘʚʣʝʥʥʳʭ ʚʠʩʝʪʴ ʥʘ ʜʝʨʝʚʴʷʭ ʠʣʠ ʚʥʝʰʥʠʭ ʦʙʲʝʢʪʘʭ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤʠ 

ʦʩʪʘʝʪʩʷ ʩʧʦʩʦʙ ʟʠʤʥʝïʚʝʩʝʥʥʝʛʦ ʩʙʦʨʘ ʷʠʮ ʠ ʛʫʩʝʥʠʮ ʦʙʩʫʞʜʘʝʤʳʭ ʚʠʜʦʚ. ʕʬʬʝʢʪʠʚʥʳʤʠ 

ʩʨʦʢʘʤʠ ʙʦʨʴʙʳ ʧʨʦʪʠʚ ʛʫʩʝʥʠʮ ʰʝʣʢʦʧʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʤʦʤʝʥʪ ʠʭ ʦʪʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʦʣʟʘʥʠʷ 

ʧʦ ʢʨʦʥʝ, ʘ ʙʦʷʨʳʰʥʠʮʳ ð ʚʳʭʦʜʷʪ ʠʟ ʣʠʩʪʴʝʚ ʫʢʨʳʪʠʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 4-ʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʢʦʥʪʘʢʪʥʦʛʦ ʠ ʢʠʰʝʯʥʦʛʦ ʜʝʡʩʪʚʠʡ. 

 

ɺʳʚʦʜʳ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʚ ʧʦʯʚʝʥʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ 

ʚʳʷʚʣʝʥʳ 57 ʚʠʜʦʚ ʯʝʰʫʝʢʨʳʣʳʭ ʥʘʩʝʢʦʤʳʭ, ʩʚʷʟʘʥʥʳʭ ʚ ʧʠʱʝʚʦʡ ʮʝʧʠ ʩ ʧʣʦʜʦʚʳʤʠ 

ʜʝʨʝʚʴʷʤʠ. ʀʟ ʥʠʭ: ʣʠʩʪʦʚʝʨʪʢʠ ð 20 ʚʠʜʦʚ, ʩʦʚʢʠ 16, ʧʷʜʝʥʠʮʳ ʠ ʦʛʥʝʚʢʠ ʧʦ 3 ʚʠʜʘ, 

ʛʦʨʥʦʩʪʘʝʚʳʝ ʤʦʣʠ ð 4, ʫʟʢʦʢʨʳʣʳʝ ʤʦʣʠïʤʠʥʝʨ rʠ ʢʨʫʞʢʦʚʳʝ ʤʦʣʠ ð 3; ʤʘʣʳʝ, 

ʯʝʭʣʠʢʦʚʳʝ ʠ ʚʳʝʤʯʘʪʦʢʨʳʣʳʝ ʤʦʣʠ, ʘ ʪʘʢʞʝ ʚʦʣʥʷʥʢʠ, ʰʝʣʢʦʧʨʷʜʳ, ʙʝʣʷʥʢʠ ʠ ʜʨʝʚʦʪʦʯʮʳ 

ð ʧʦ 1 ʚʠʜʫ.  

ɺ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ ʟʝʣʝʥʘʷ ʢʨʠʚʦʫʩʘʷ ʣʠʩʪʦʚʝʨʪʢʘ ʚ ʛʦʜʫ ʨʘʟʚʠʚʘʝʪʩʷ ʜʚʫʤʷ, ʘ 
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ʠʥʦʛʜʘ ʥʝʧʦʣʥʦʡ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʨʦʛ 

ʚʨʝʜʦʥʦʩʥʦʩʪʠ ʜʣʷ ʟʝʣʝʥʦʡ ʢʨʠʚʦʫʩʦʚʦʡ ʣʠʩʪʦʚʝʨʪʢʠ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ: 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʦʪʝʨʷ 2-ʭ ʢʛ ʫʨʦʞʘʷ ʩ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦ 

60 ʛʫʩʝʥʠʮ ʚʨʝʜʠʪʝʣʷ ʚ ʢʨʦʥʝ 1 ʜʝʨʝʚʘ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝʣʷʤʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʠʥʩʝʢʪʠʮʠʜʳ: ʮʠʧʝʨʬʦʩ ð ʚ 0,1% ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʢʠʣʣʝʨ ð 

0,06%, ʘʯʠʚ ð 0,025%, ʜʝʣʴʪʘʬʦʩ ð 0,08% ʠ ɹʀ-58 ð 0,14%. 

ɼʣʷ ʙʦʨʴʙʳ ʧʨʦʪʠʚ ʷʙʣʦʥʥʦʡ ʤʦʣʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʨʦʛ ʚʨʝʜʦʥʦʩʥʦʩʪʠ: ʥʘʣʠʯʠʝ 1ï3 ʷʡʮʝʢʣʘʜʦʢ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʝ 10ï25% 

ʣʠʩʪʴʝʚ ʥʘ ʜʝʨʝʚʝ ʧʦʩʣʝ ʠʭ ʦʪ ʮʚʝʪʝʥʠʷ. ʈʝʢʦʤʝʥʜʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʠʥʩʝʢʪʠʮʠʜʦʚ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʪʠʚ ʛʫʩʝʥʠʮ ʷʙʣʦʥʝʚʦʡ ʤʦʣʠ: ʵʥʜʞʝʦ-0,15 ʣ/ʛʘ, ʜʝʣʴʪʘʬʦʩ ð 0,8ï1,0 ʣ/ʛʘ, 

ʘʯʠʚ ð 0,25ï0,3 ʢʛ/ʛʘ, ʢʠʣʣʝʨ ð 0,4ï0,6 ʣ/ʛʘ, ʬʫʬʘʥʦʥ ð 1,5 ʣ/ʛʘ. 

ʏʝʭʣʠʢʦʚʘʷ ʤʦʣʴ ʨʘʟʚʠʚʘʝʪʩʷ ʦʜʥʠʤ ʧʦʢʦʣʝʥʠʝʤ ʚ ʛʦʜʫ. ʕʢʦʥʦʤʠʯʝʩʢʠʤ ʦʧʨʘʚʜʘʥʥʳʤ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ, ʧʨʦʚʝʜʝʥʥʘʷ ʧʨʠ ʥʘʣʠʯʠʠ 1ï2 ʠ ʙʦʣʝʝ ʯʝʭʣʠʢʘ ʥʘ ʚʝʪʢʫ ʧʦʩʣʝ ʮʚʝʪʝʥʠʷ 

ʜʝʨʝʚʴʝʚ. ʉʣʝʜʫʶʱʠʝ ʠʥʩʝʢʪʠʮʠʜʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʙʦʨʴʙʝ ʩ ʯʝʭʣʠʢʦʚʦʡ ʤʦʣʴʶ: 

ʙʘʛʠʨʘ ð 0,2 ʣ/ʛʘ, ʜʘʥʘʜʠʤ ð 1,5 ʣ/ʛʘ, ʮʠʧʝʨʤʝʪʨʠʥ ð 0,2 ʣ/ʛʘ, ʵʥʜʞʝʦ ð 0,2 ʣ/ʛʘ, ʮʠʧʝʨʬʦʩ 

ð 0,8 ʣ/ʛʘ.  

ʀʥʞʠʨʥʘʷ ʦʛʥʝʚʢʘ ð ʤʦʥʦʬʘʛ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʨʝʜʠʪʝʣʝʤ ʠʥʞʠʨʘ; ʚ ʛʦʜʫ 

ʨʘʟʚʠʚʘʝʪʩʷ 4ï5 ʧʦʢʦʣʝʥʠʷʤʠ; ʩʠʣʴʥʦ ʧʦʚʨʝʞʜʘʝʪ ʣʠʩʪʴʷ ʠ ʧʣʦʜʦʵʣʝʤʝʥʪʳ. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʧʦʚʨʝʞʜʝʥʠʠ ʧʣʦʜʦʚ ʠʥʞʠʨʘ (1,5ï2,0%) ʩ ʦʜʥʦʛʦ ʢʫʩʪʘ ʤʦʞʥʦ 

ʥʝʜʦʙʨʘʪʴ ʜʦ 1,3 ʢʛ ʧʣʦʜʦʚ, ʘ ʩ ʛʝʢʪʘʨʘ 190 ʢʛ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʧʣʦʜʦʚ ʜʦ 8ï

10% ʧʦʪʝʨʠ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 6,3 ʠ 960 ʢʛ, ʘ ʧʨʠ 15ï18% ð 9,7 ʠ 1470 ʢʛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʨʦʛ ʚʨʝʜʦʥʦʩʥʦʩʪʠ ʠʥʞʠʨʥʦʡ ʦʛʥʝʚʢʠ ʧʨʝʜʣʘʛʘʶʪʩʷ 

ʢʨʠʪʝʨʠʠ: 1,5ï2% ʧʦʚʨʝʞʜʝʥʥʳʭ ʧʣʦʜʦʚ ʠʣʠ 10% ʧʦʚʨʝʞʜʝʥʥʳʭ ʣʠʩʪʴʝʚ. ɺ ʙʦʨʴʙʝ ʧʨʦʪʠʚ 

ʠʥʞʠʨʥʦʡ ʦʛʥʝʚʢʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʥʩʝʢʪʠʮʠʜʳ: ʜʝʣʴʪʘʬʦʩ ð 0,8 ʣ/ʛʘ, ʮʠʧʝʨʬʦʩ 

ð 1,0 ʣ/ʛʘ, ʢʠʣʣʝʨ ð 0,4 ʣ/ʛʘ, ʵʥʜʞʝʦ ð 0,2 ʣ/ʛʘ ʠ ʘʯʠʚ ð 0,5 ʢʛ/ʛʘ. 

ʎʠʪʨʫʩʦʚʘʷ ʤʠʥʠʨʫʶʱʘʷ ʤʦʣʴ ʚ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ ʚ ʛʦʜ ʨʘʟʚʠʚʘʝʪʩʷ 6 ʧʦʢʦʣʝʥʠʡ; 

ʢʦʣʠʯʝʩʪʚʦ ʛʫʩʝʥʠʮ ʥʘ 1 ʢʫʩʪ ʣʠʤʦʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 20ï28 ʵʢʟ.; ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʚ 

ʠʤʘʛʦ ð 1:1; ʧʣʦʜʦʚʠʪʦʩʪʴ 1 ǀ ð 88ï101 ʷʠʮ; ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 1 ʧʦʢʦʣʝʥʠʷ ð 

36ï49 ʜʥʝʡ. ʍʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ 1 ʢʫʩʪʘʨʥʠʢʝ 3ï4 ʠ ʙʦʣʝʝ 

ʛʫʩʝʥʠʮ ʚʨʝʜʠʪʝʣʷ. ʕʬʬʝʢʪʠʚʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʚ ʙʦʨʴʙʝ ʩ ʚʨʝʜʠʪʝʣʷ ʷʚʣʷʶʪʩʷ: ʚʝʨʪʠʤʝʢ ð 

0,4ï0,5 ʣ/ʛʘ, ʮʠʧʝʨʬʦʩ ð 1ï1,5 ʣ/ʛʘ, ʢʦʥʬʠʜʦʨ ð 0,25 ʣ/ʛʘ ʠ ʵʥʜʞʝʦ ð 0,2 ʣ/ʛʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʠʘʢʠʷ ð ʵʥʪʝʨʦʧʘʪʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʚʠʪʠʝʤ ʥʝʘʜʝʢʚʘʪʥʦʡ 

ʠʤʤʫʥʥʦʡ ʨʝʘʢʮʠʠ ʚ ʦʪʚʝʪ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʛʣʶʪʝʥʘ ð ʙʝʣʢʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʟʣʘʢʦʚʳʭ, ʚ 

ʧʨʦʩʚʝʪ ʪʦʥʢʦʡ ʢʠʰʢʠ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ʮʝʣʠʘʢʠʠ ʷʚʣʷʶʪʩʷ ʘʪʨʦʬʠʷ ʚʦʨʩʠʥʦʢ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʪʦʥʢʦʡ ʢʠʰʢʠ, ʛʠʧʝʨʧʣʘʟʠʷ ʢʨʠʧʪ, 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʤʝʞʵʧʠʪʝʣʠʘʣʴʥʳʭ ʣʠʤʬʦʮʠʪʦʚ, ʣʠʤʬʦïʧʣʘʟʤʦʮʠʪʘʨʥʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ 

ʩʦʙʩʪʚʝʥʥʦʡ ʧʣʘʩʪʠʥʢʠ.  

 

Abstract. Celiac disease is an autoimmune disorder caused by the continued ingestion of 

gluten, a protein found in wheat, barley and rye by predisposed individuals. The intestinal biopsy 

remains the ñgold standardò of the diagnosis showing villous atrophy, crypt hyperplasia, increased 

intraepithelial lymphocytes and lymphoplasmacytic infiltration.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʣʠʘʢʠʷ, ʛʣʶʪʝʥ, ʤʘʣʴʘʙʩʦʨʙʮʠʷ, ʘʫʪʦʠʤʤʫʥʥʘʷ ʧʨʠʨʦʜʘ. 

 

Keywords: celiac disease, gluten, malabsorption, autoimmune nature. 

 

ʎʝʣʠʘʢʠʷ ð ʭʨʦʥʠʯʝʩʢʦʝ, ʨʝʮʠʜʠʚʠʨʫʶʱʝʝ, ʛʝʥʝʪʠʯʝʩʢʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʦ ʠʤʤʫʥʥʦï

ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʫʩʪʦʡʯʠʚʳʤ ʥʝʧʨʠʷʪʠʝʤ ʧʨʦʜʫʢʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʛʣʶʪʝʥ, ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʚ ʩʣʠʟʠʩʪʦʡ ʩʣʦʝ ʪʦʥʢʦʡ 

ʢʠʰʢʠ ʩ ʨʘʟʚʠʪʠʝʤ ʝʝ ʘʪʨʦʬʠʠ ʠ ʩʠʥʜʨʦʤʦʤ ʤʘʣʴʘʙʩʦʨʙʮʠʠ. ɺʦʟʤʦʞʥʦ ʠ ʧʦʣʥʦʝ 

ʢʣʠʥʠʯʝʩʢʦʝ ʚʳʟʜʦʨʦʚʣʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ ʪʦʥʢʦʡ ʢʠʰʢʠ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʦʣʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʧʠʱʝʚʦʛʦ ʨʘʮʠʦʥʘ ʛʣʶʪʝʥʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʥʘʯʘʣʘ 

ʣʝʯʝʥʠʷ.  

ɻʣʶʪʝʥ ð ʙʝʣʢʦʚʘʷ ʯʘʩʪʴ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ (ʧʰʝʥʠʮʳ, ʨʞʠ, ʷʯʤʝʥʷ, ʦʚʩʘ), ʯʪʦ ʦʩʪʘʝʪʩʷ 

ʚ ʤʫʢʝ ʟʣʘʢʦʚ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʝʛʦ ʢʨʘʭʤʘʣʘ. ʕʪʘ ʦʩʪʘʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʤʝʩʴ ʙʝʣʢʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʢʩʪʨʘʛʠʨʦʚʘʪʴʩʷ. ɺ 
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ʨʘʟʥʳʭ ʟʣʘʢʘʭ ʵʪʦʪ ʢʦʤʧʦʥʝʥʪ ʥʘʟʳʚʘʶʪ ʧʦ-ʨʘʟʥʦʤʫ: ʚ ʧʰʝʥʠʮʝ ð ʛʣʶʪʝʥ (ʛʣʠʘʜʠʥ), ʚʦ ʨʞʠ 

ð ʩʝʢʘʣʠʥʠʥ, ʚ ʷʯʤʝʥʝ ð ʛʦʨʜʝʠʥ, ʚ ʦʚʩʝ ð ʘʚʝʥʠʥ.  

ɺʧʝʨʚʳʝ ʯʝʪʢʦʝ ʦʧʠʩʘʥʠʝ ʢʣʠʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʮʝʣʠʘʢʠʠ (ʛʣʶʪʝʥʦʚʘʷ ʵʥʪʝʨʦʧʘʪʠʷ, 

ʛʣʶʪʝʥʦʚʘʷ ʙʦʣʝʟʥʴ, ʥʝʪʨʦʧʠʯʝʩʢʘʷ ʩʧʨʫ, ʙʦʣʝʟʥʴ ɻʠïɻʝʨʪʝʨʘïɻʶʙʥʝʨʘ) ʜʘʣ S. Gee ʝʱʝ ʙʦʣʝʝ 

100 ʣʝʪ ʥʘʟʘʜ (1888), ʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʠʯʠʥʘ ʟʘʙʦʣʝʚʘʥʠʷ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʚʝʩʪʥʦʡ. 

ʊʦʣʴʢʦ ʚ 1950 ʛ. W. K. Dike ʜʦʢʘʟʘʣ, ʯʪʦ ʠʤʝʥʥʦ ʛʣʶʪʝʥ ʷʚʣʷʝʪʩʷ ʪʝʤ ʚʥʝʰʥʠʤ 

ʧʨʦʚʦʮʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʟʘʙʦʣʝʚʘʥʠʷ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʝʚ 

ʮʝʣʠʘʢʠʠ ʫ ʞʠʚʦʪʥʳʭ, ʥʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʪʷʞʝʣʝʝ ʝʝ ʪʝʯʝʥʠʝ. ʇʦ ʜʘʥʥʳʤ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, 

ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʮʝʣʠʘʢʠʠ ʩʦʩʪʘʚʣʷʝʪ 0,5ï1% ʚʩʝʡ ʧʦʧʫʣʷʮʠʠ ʞʠʚʦʪʥʳʭ [1ï2, 5]. 

ɺʩʝʤʠʨʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʦʚ (2005) ʦʪʥʦʩʠʪ ʮʝʣʠʘʢʠʶ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʙʦʣʝʟʥʷʤ ʪʦʥʢʦʡ ʢʠʰʢʠ [4], ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʫ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʮʝʣʠʘʢʠʠ 

ʘʢʪʫʘʣʴʥʦʡ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʩʪʨʘʥʘʭ, ʛʜʝ ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʩʯʠʪʘʶʪ ʨʝʜʢʠʤ ʠ ʯʠʩʪʦ 

ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʠʯʝʩʢʠʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʝʪʝʨʠʥʘʨʦʚ ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʤʠ ʟʥʘʥʠʷʤʠ ʠ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʘʚʳʢʘʤʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʵʪʦʡ ʧʘʪʦʣʦʛʠʠ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʝʝ ʚʥʝʢʠʰʝʯʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʦʡ ʠ ʥʝʣʝʯʝʥʦʡ ʮʝʣʠʘʢʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʣʦʞʥʦʩʪʠ ʵʪʠʦʣʦʛʠʠ ʠ 

ʧʘʪʦʛʝʥʝʟʘ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʤʥʦʛʠʝ ʘʩʧʝʢʪ rʢʦʪʦʨʦʛʦ ʦʩʪʘʶʪʩʷ ʥʝʠʫʯʝʥʥʳʤʠ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʥʝʪ ʝʜʠʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʘʪʦʛʝʥʝʟʘ ʮʝʣʠʘʢʠʠ, ʯʪʦʙʳ ʚʩʝʩʪʦʨʦʥʥʝ ʨʘʩʢʨʳʚʘʣʘ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ. ɺʝʨʦʷʪʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʮʝʣʠʘʢʠʠ ʩʯʠʪʘʶʪ ʪʘʢʠʝ: ʦʩʪʨʘʷ 

ʠʣʠ ʭʨʦʥʠʯʝʩʢʘʷ ʬʦʢʫʩʥʘ ̫ʠʥʬʝʢʮʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʞʝʣʫʜʦʯʥʦïʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, 

ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʩʪʨʝʩʩʳ, ʵʥʜʦʢʨʠʥʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʫʧʦʪʨʝʙʣʝʥʠʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʪʨʘʚʤʳ, ʧʦʩʣʝʜʩʪʚʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʠ ʜʨ. ʇʫʩʢʦʚʳʝ 

ʬʘʢʪʦʨʳ ʠ ʤʝʭʘʥʠʟʤʳ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ ʦʙʦʙʱʝʥʥʦ ʚ ʪʘʢʠʭ ʪʝʦʨʠʷʭ: ʥʝʡʨʦʛʝʥʥʦʡ, 

ʵʥʜʦʢʨʠʥʥʦʡ, ʦʙʤʝʥʥʦʡ ʠ ʠʥʬʝʢʮʠʦʥʥʦʡ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʜʘʣʠ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʵʪʠʦʣʦʛʠʠ 

ʠ ʧʘʪʦʛʝʥʝʟʘ ʠ ʚ ʥʘʰʝ ʚʨʝʤʷ ʫʪʨʘʪʠʣʠ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʠ ʟʘʩʣʫʞʠʚʘʶʪ ʫʧʦʤʠʥʘʥʠʷ ʣʠʰʴ ʚ 

ʠʩʪʦʨʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ [2].  

ʉʝʛʦʜʥʷ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʪʝʦʨʠʷ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʧʨʠ ʮʝʣʠʘʢʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʢʠʰʝʯʥʦʛʦ ʬʝʨʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʚ ʥʦʨʤʝ 

ʨʘʩʱʝʧʣʷʝʪ ʛʣʶʪʝʥ (ʩʠʥʜʨʦʤ ʤʘʣʴʘʙʩʦʨʙʮʠʠ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʥʝʜʦʦʢʠʩʣʝʥʥʭr, 

ʪʦʢʩʠʯʥʳʭ, ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ, ʢʦʪʦʨʳʝ ʧʦʨʘʞʘʶʪ 

ʩʣʠʟʠʩʪʳʡ ʩʣʦʡ ʪʦʥʢʦʡ ʢʠʰʢʠ, ʚʳʟʳʚʘʷ ʝʝ ʘʪʨʦʬʠʶ. ʆʜʥʘʢʦ ʚʳʜʝʣʠʪʴ ʵʪʦʪ ʬʝʨʤʝʥʪ ʧʦʢʘ ʥʝ 

ʫʜʘʣʦʩʴ. ʇʦ ʨʝʮʝʧʪʦʨʥʦʡ ʪʝʦʨʠʠ, ʧʨʠ ʮʝʣʠʘʢʠʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʨʦʞʜʝʥʥʦʝ ʥʘʨʫʰʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʮʝʧʪʦʨʦʚ ʵʧʠʪʝʣʠʦʮʠʪʦʚ ʢ ʛʣʶʪʝʥʫ; ʧʦ ʚʠʨʫʩʥʦʡ ʪʝʦʨʠʠ, ʥʘʨʫʰʝʥʠʷ 

ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʛʣʶʪʝʥʘ ʠ ʘʪʨʦʬʠʷ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ ʪʦʥʢʦʡ ʢʠʰʢʠ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʛʘʪʠʚʥʳʤ 

ʚʣʠʷʥʠʝʤ ʚʠʨʫʩʦʚ ʥʘ ʝʝ ʢʣʝʪʢʠ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʟʥʘʥʠʝ ʠʤʝʝʪ 

ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʫ ʙʦʣʴʥʳʭ ʮʝʣʠʘʢʠʝʡ ʞʠʚʦʪʥʳʭ ʨʝʯʴ ʠʜʝʪ ʥʝ 

ʪʦʣʴʢʦ ʦʙ ʘʫʪʦʠʤʤʫʥʥʦʡ ʧʨʠʨʦʜʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ ʩʚʷʟʴ ʩ HLAï

ʘʥʪʠʛʝʥʘʤʠ II ʢʣʘʩʩʘ ʛʠʩʪʦʩʦʚʤʝʩʪʠʤʦʩʪʠ. ɺ ʥʘʯʘʣʝ ʟʘʙʦʣʝʚʘʥʠʷ ʛʣʶʪʝʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʵʧʠʪʝʣʠʦʮʠʪʦʚ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ HLA. ʇʨʠ ʵʪʦʤ 

ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʮʠʪʦʢʠʥʦʚ ʠ ʟʘʧʫʩʢʘʝʪʩʷ ʘʫʪʦʠʤʤʫʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʘʫʪʦʘʥʪʠʪʝʣ ʢ ʪʢʘʥʝʚʦʡ ʪʨʘʥʩʛʣʫʪʘʤʠʥʘʟʳ, ʘʥʪʠʨʝʪʠʢʫʣʠʥʦʚʳʭ 

ʠ ʘʥʪʠʝʥʜʦʤʠʟʠʘʣʴʥʳʭ ʘʫʪʦʘʥʪʠʪʝʣ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʨʝʞʜʝʥʠʷ ʛʣʠʢʦʢʘʣʠʢʩʘ ʠ ʱʝʪʦʯʥʦʡ 

ʢʘʡʤʳ ʵʥʪʝʨʦʮʠʪʦʚ ʤʝʤʙʨʘʥʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ (ʣʘʢʪʦʟʘ, ʩʘʭʘʨʦʟʘ, ʤʘʣʴʪʦʟʘ ʠ ʜʨ.). 

ɺʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ ʚʩʘʩʳʚʘʶʱʝʡ ʠ ʧʝʨʝʚʘʨʠʚʘʶʱʝʡ ʬʫʥʢʮʠʠ ʢʠʰʝʯʥʠʢʘ ʚ ʦʙʱʠʡ 

ʢʨʦʚʦʪʦʢ ʧʦʧʘʜʘʝʪ ʤʥʦʛʦ ʥʝʨʘʩʱʝʧʣʝʥʥʳʭ ʙʝʣʢʦʚ ʩ ʘʥʪʠʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

http://www.bulletennauki.com 
ʊ. 4. ˉ12. 2018 

 

 

305 

 

ʥʝʜʦʦʢʠʩʣʝʥʥʳʝ, ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʤʝʪʘʙʦʣʠʟʤʘ [1, 3, 5]. ʆʥʠ ʥʝ 

ʪʦʣʴʢʦ ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʜʣʷ ʦʨʛʘʥʦʚ ʚʳʜʝʣʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʠ 

ʢʦʞʘ, ʥʦ ʠ ʥʘʨʫʰʘʶʪ çɻ ʢʦʣʦʛʠʶ ʪʝʣʘè ʞʠʚʦʪʥʳʭ ð ʫʚʝʣʠʯʠʚʘʶʪ ʘʥʪʠʛʝʥʥʳʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʠʩʪʝʤʫ ʠʤʤʫʥʠʪʝʪʘ, ʧʨʠʚʦʜʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʡ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʘʣʣʝʨʛʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ [1].  

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʥʠʞʥʠʭ ʦʪʜʝʣʦʚ ʪʦʥʢʦʡ ʠ 

ʪʦʣʩʪʦʡ ʢʠʰʦʢ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʭʦʣʝʩʪʝʨʠʥʘ, ʞʝʣʯʥʳʭ 

ʢʠʩʣʦʪ, ʩʥʠʞʝʥʠʶ ʩʠʥʪʝʟʘ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ ʠ ʂ, ʧʦʚʳʰʝʥʥʦʤʫ ʚʩʘʩʳʚʘʥʠ ʁʪʦʢʩʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʠʟ ʪʦʣʩʪʦʡ ʢʠʰʢʠ. ɺʩʣʝʜʩʪʚʠʝ ʜʝʬʠʮʠʪʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʉʘ, ʈ) ʠ ʚʠʪʘʤʠʥʘ ɺ ʫ 

ʙʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʨʘʟʚʠʚʘʝʪʩʷ ʦʩʪʝʦʧʝʥʠʷ ʠ ʦʩʪʝʦʧʦʨʦʟ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ 

ʮʝʣʠʘʢʠʠ ʠʤʝʶʪ ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʧʨʠʤʝʨʥʦ 14% ʞʠʚʦʪʥʳʭ ʧʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʣʠʥʠʠ 

ʩʪʨʘʜʘʶʪ ʦʪ ʮʝʣʠʘʢʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʮʝʣʠʘʢʠʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʚʦʟʤʦʞʥʘ ʠʭ ʢʦʤʙʠʥʘʮʠʷ. ʄʥʦʛʠʝ ʚʦʧʨʦʩʳ ʵʪʠʦʣʦʛʠʠ ʠ 

ʧʘʪʦʛʝʥʝʟʘ ʮʝʣʠʘʢʠʠ ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʠ, ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ.  

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʮʝʣʠʘʢʠʠ ɻ ʪʦ ʚʩʝʛʜʘ ʧʝʨʚʠʯʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ. 

ɺʨʝʤʷ ʤʘʥʠʬʝʩʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʧʦʨʘʞʝʥʠʷ ʢʠʰʝʯʥʠʢʘ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʞʠʚʦʪʥʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʇʦ ʢʣʠʥʠʯʝʩʢʦʤʫ ʪʝʯʝʥʠʶ ʚʳʜʝʣʷʶʪ ʪʠʧʠʯʥʫʶ, 

ʘʪʠʧʠʯʥʫʶ ʠ ʣʘʪʝʥʪʥʫʶ ʬʦʨʤʳ ʙʦʣʝʟʥʠ. 

ʅʘʯʘʣʦ ʮʝʣʠʘʢʠʠ ʩ ʪʠʧʠʯʥʳʤ ʢʣʠʥʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʥʥʝʤ ʚʦʟʨʘʩʪʝ, 

ʢʦʛʜʘ ʚ ʨʘʮʠʦʥʝ ʢʦʪʝʥʢʘ ʠʣʠ ʱʝʥʢʘ ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʟʣʘʢʠ (ʢʘʰʠ, ʭʣʝʙ). 

ʏʝʨʝʟ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʜʠʩʧʝʧʩʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ: ʜʠʘʨʝʷ, 

ʚʟʜʫʪʠʝ ʞʠʚʦʪʘ, ʫʭʫʜʰʝʥʠʝ ʘʧʧʝʪʠʪʘ, ʘʙʜʦʤʠʥʘʣʴʥʳʝ ʙʦʣʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʦʰʠʙʦʯʥʦ ʩʪʘʚʷʪ ʜʠʘʛʥʦʟ ʜʠʩʙʘʢʪʝʨʠʦʟʘ ʢʠʰʝʯʥʠʢʘ. ʇʨʠʟʥʘʢʠ ʟʘʙʦʣʝʚʘʥʠʷ (ʊʘʙʣʠʮʘ) 

ʚʧʝʨʚʳʝ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ ʠ ʚʦ ʚʟʨʦʩʣʦʤ ʚʦʟʨʘʩʪʝ (2ï4 ʣʝʪ), ʪʷʞʝʩʪʴ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ 

ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʪʝʧʝʥʠ ʧʦʨʘʞʝʥʠʷ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ ʢʠʰʝʯʥʠʢʘ.  

ʊʠʧʠʯʥʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʮʝʣʠʘʢʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʚ 30ï40% ʩʣʫʯʘʝʚ. 

ʏʘʱʝ ʚʩʝʛʦ, ʧʨʠʤʝʨʥʦ ʫ 60ï70% ʧʦʨʘʞʝʥʥʳʭ, ʪʝʯʝʥʠʝ ʮʝʣʠʘʢʠʠ ʘʪʠʧʠʯʥʦʝ, ʢʦʛʜʘ ʚ 

ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʝ ʧʨʝʚʘʣʠʨʫʶʪ ʚʥʝʢʠʰʝʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ (ʬʦʨʤʳ) (ʊʘʙʣʠʮʘ). ʇʨʠ ʵʪʦʤ 

ʚʳʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʨʘʞʝʥʠʷ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ ʪʦʥʢʦʡ ʢʠʰʢʠ ʙʝʟ 

ʪʠʧʠʯʥʳʭ ʜʠʩʧʝʧʩʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʇʦʩʣʝʜʥʝʝ ʦʙʲʷʩʥʷʝʪʩʷ ʩʝʛʤʝʥʪʘʨʥʳʤ ʧʦʨʘʞʝʥʠʝʤ 

ʪʦʥʢʦʡ ʢʠʰʢʠ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʝʛʦ ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. ʆʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʥʝʢʠʰʝʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʮʝʣʠʘʢʠʠ ʩʯʠʪʘʝʪʩʷ ʛʝʨʧʝʪʠʬʦʨʤʥʳʡ 

ʜʝʨʤʘʪʠʪ ɼʶʨʠʥʛʘ.  

 

ʊʘʙʣʠʮʘ. 

ʂʃʀʅʀʏɽʉʂʀɽ ʇʈʆʗɺʃɽʅʀʗ ʎɽʃʀɸʂʀʀ 
 

ʇʨʦʷʚʣʝʥʠʷ ʪʠʧʦʚʦʡ ʬʦʨʤʳ ʮʝʣʠʘʢʠʠ ʇʨʦʷʚʣʝʥʠʷ ʘʪʠʧʠʯʥʦʡ ʬʦʨʤʳ ʮʝʣʠʘʢʠʠ 

(ʚʥʝʢʠʰʝʯʥʦʡ) 

  ɸʥʝʤʠʠ (ʞʝʣʝʟʦïʬʦʣʠʝʚʦʜʝʬʠʮʠʪʥʦʡ)  

ʆʱʫʱʝʥʠʝ ʜʠʩʢʦʤʬʦʨʪʘ ʠ ʙʦʣʠ ʚ ʙʨʶʰʥʦʡ 

ʧʦʣʦʩʪʠ  

ɻʝʨʧʝʪʠʬʦʨʤʥʳʡ ʜʝʨʤʘʪʠʪ ɼʶʨʠʥʛʘ  

ʋʭʫʜʰʝʥʠʝ ʘʧʧʝʪʠʪʘ, ʚʟʜʫʪʠʝ ʞʠʚʦʪʘ  ɸʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ  

ʆʱʫʱʝʥʠʝ ʧʝʨʝʧʦʣʥʝʥʠʷ ʚ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ  ɸʫʪʦʠʤʤʫʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ  

(ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ 1 ʪʠʧʘ, ʨʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ)  

ɼʠʘʨʝʷ  ɹʦʣʴ ʚ ʢʦʩʪʷʭ ʠ ʩʫʩʪʘʚʘʭ  

ʇʦʣʠʬʝʢʘʣʠʷ  ʂʠʰʝʯʥʳʝ ʢʨʦʚʦʪʝʯʝʥʠʷ  

 ʣʠʤʬʦʤʳ  
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ɺʧʝʨʚʳʝ ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʦʧʠʩʘʣ ʚ 1884 ʛ. ʘʤʝʨʠʢʘʥʩʢʠʡ ʜʝʨʤʘʪʦʣʦʛ L. A. Duhring, 

ʢʦʪʦʨʳʡ ʧʨʠʜʘʚʘʣ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʵʪʦʡ ʧʘʪʦʣʦʛʠʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ [6ï7]. ɺ 1888 L. Brocq ʜʝʪʘʣʠʟʠʨʦʚʘʣ ʢʣʠʥʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ʟʘʙʦʣʝʚʘʥʠʷ, ʦʪʤʝʪʠʚ 

ʨʝʮʠʜʠʚʠʨʫʶʱʝʝ ʪʝʯʝʥʠʝ ʜʝʨʤʘʪʠʪʘ, ʧʦʣʠʤʦʨʬʥʳʡ ʭʘʨʘʢʪʝʨ ʩʳʧʠ, ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʝʩʪʝʟʠʡ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʦʷʚʣʝʥʠʶ ʩʳʧʠ [8]. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ 

ʛʝʨʧʝʪʠʬʦʨʤʥʳʡ ʜʝʨʤʘʪʠʪ ɼʶʨʠʥʛʘ ð ɻ ʪʦ ʧʦʣʠʵʪʠʦʣʦʛʠʯʝʩʢʠʡ ʩʠʥʜʨʦʤ, ʢʦʛʜʘ ʧʦʨʘʞʘʝʪʩʷ 

ʩʣʠʟʠʩʪʳʡ ʩʣʦʡ ʪʦʥʢʦʡ ʢʠʰʢʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʠʥʜʨʦʤʘ ʤʘʣʴʘʙʩʦʨʙʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʤʫʥʦʘʣʝʨʛʝʥʥʳʭ ʨʝʘʢʮʠʡ ʫ ʛʝʥʝʪʠʯʝʩʢʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʳʭ ʣʠʮ. 

ʕʥʪʝʨʦʧʘʪʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʫʩʪʦʡʯʠʚʳʤ ʥʝʧʨʠʷʪʠʝʤ ʛʣʶʪʝʥʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʙʝʣʢʘʭ ʟʣʘʢʦʚ.  

ɺ 1966 ʛ. G. Marks ʜʦʢʘʟʘʣ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ ʪʦʥʢʦʡ ʢʠʰʢʠ ʧʨʠ ʜʝʨʤʘʪʠʪʝ 

ɼʶʨʠʥʛʘ ʥʝ ʦʪʣʠʯʘʪʁʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʮʝʣʠʘʢʠʠ [9]. ʇʨʠ ʵʪʦʤ 

ʧʘʪʦʣʦʛʠʷ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ ʪʦʥʢʦʡ ʢʠʰʢʠ ʚʩʝʛʜʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʢʦʞʥʳʤ ʧʨʦʷʚʣʝʥʠʷʤ 

ʙʦʣʝʟʥʝʡ. ʂʨʦʤʝ ʛʣʶʪʝʥʦʚʦʡ ʵʥʪʝʨʦʧʘʪʠʠ ʫ ʙʦʣʴʥʳʭ ʜʝʨʤʘʪʠʪʦʤ ɼʶʨʠʥʛʘ ʧʦʚʳʰʝʥʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʛʘʣʦʛʝʥʘʤ. 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʟʘʙʦʣʝʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʦʟʠʥʦʬʠʣʦʚ ʚ 

ʢʨʦʚʠ ʠ ʧʫʟʳʨʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʨʦʙʘ ʗʜʘʩʦʥʘ, ʦʪʩʫʪʩʪʚʠʝ ʘʢʘʥʪʦʣʠʪʠʯʝʩʢʠʭ 

ʢʣʝʪʦʢ ʚ ʤʘʟʢʘʭïʦʪʧʝʯʘʪʢʘʭ.  

çɿʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤè ʜʠʘʛʥʦʩʪʠʢʠ ʮʝʣʠʘʢʠʠ ʩʯʠʪʘʝʪʩʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʙʠʦʧʪʘʪʦʚ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ ʪʦʥʢʦʡ ʢʠʰʢʠ (ʌɻɼʉ ʩ ʙʠʦʧʩʠʝʡ) [2ï3]. ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 

ʜʠʘʛʥʦʟʘ ʩʝʛʦʜʥʷ ʧʨʠʤʝʥʷʶʪ ʢʘʧʩʫʣʴʥʫʶ ʵʥʜʦʩʢʦʧʠʶ, ʢʦʪʦʨʘʷ ʧʦ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ, ʪʦʯʥʦʛʦ, 

ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʤʝʪʦʜʘ, ʢ ʩʦʞʘʣʝʥʠʶ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʚʝʪʝʨʠʥʘʨʠʠ.  

ɼʦʢʘʟʘʪʝʣʴʥʘʷ ʤʝʜʠʮʠʥʘ ʧʨʝʜʲʷʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʜʠʘʛʥʦʟʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʯʥʳʭ, ʙʳʩʪʨʳʭ, ʥʝʠʥʚʘʟʠʚʥʳʭ (ʞʝʣʘʪʝʣʴʥʦ), 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʘʢʠʤ ʜʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʮʝʣʠʘʢʠʠ ʫ ʜʦʤʘʰʥʠʭ 

ʞʠʚʦʪʥʳʭ ʷʚʣʷʝʪʩʷ ʩʝʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ. ʉʝʨʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʦʚʠ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʪʠʛʣʠʘʜʠʥʦʚʳʭ ʘʥʪʠʪʝʣ, ʘʥʪʠʪʝʣ ʢ ʢʦʤʧʦʥʝʥʪʘʤ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ð ɻ ʥʜʦʤʠʟʠʶ ʠ ʪʢʘʥʝʚʦʡ ʪʨʘʥʩʛʣʫʪʘʤʠʥʘʟʳ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʝʨʦʣʦʛʠʯʝʩʢʠʭ ʙʠʦʤʘʨʢʝʨʦʚ ʛʣʶʪʝʥʦʚʦʡ 

ʵʥʪʝʨʦʧʘʪʠʠ ʧʦʟʚʦʣʷʝʪ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʜʠʘʛʥʦʟ ʠ ʠʟʙʝʞʘʪʴ ʵʥʪʝʨʦʙʠʦʧʩʠʠ. ʉʝʨʦʣʦʛʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ (ʥʘ ʬʦʥʝ 

ʙʝʟʛʣʶʪʝʥʦʚʦʡ ʜʠʝʪʳ ʫʨʦʚʝʥʴ ʙʠʦʤʘʨʢʝʨʦʚ ʫ ʞʠʚʦʪʥʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʦʨʤʘʣʠʟʫʝʪʩʷ) [10ï

11].  

ɾʠʚʦʪʥʳʤ ʥʘʟʥʘʯʘʶʪ ʙʝʟʛʣʶʪʝʥʦʚʫʶ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʣʢʦʚʫʶ ʜʠʝʪʫ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʠʪʘʤʠʥʦʚ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʨʝʟʢʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʫʛʣʝʚʦʜʦʚ ʠ 

ʩʦʣʠ.  

ɺ ʧʝʨʠʦʜ ʦʙʦʩʪʨʝʥʠʷ ʙʦʣʝʟʥʠ ʠʟ ʧʠʱʝʚʦʛʦ ʨʘʮʠʦʥʘ ʠʩʢʣʶʯʘʶʪ ʩʚʝʞʠʝ ʞʠʨʥʳʝ ʩʦʨʪʘ 

ʤʷʩʘ, ʤʦʣʦʢʦ, ʩʳʨ, ʩʣʠʚʦʯʥʦʝ ʤʘʩʣʦ.  

ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ ʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʛʣʶʪʝʥʘ: ʦʥ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ 

ʩʦʩʪʘʚ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ, ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʢʨʘʩʠʪʝʣʝʡ, ʵʤʫʣʴʛʘʪʦʨʦʚ, ʙʳʪʴ ʢʦʤʧʦʥʝʥʪʦʤ 

ʧʦʣʠʚʠʪʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʢʦʨʤʘ ʜʣʷ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ ʠ ʪʦʤʫ 

ʧʦʜʦʙʥʦʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʣʝʯʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʩʪʨʦʛʦʝ 

ʩʦʙʣʶʜʝʥʠʝ ʜʠʝʪʳ (ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ), ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʩʪʦʡʢʦʡ ʨʝʤʠʩʩʠʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ ʪʦʥʢʦʡ ʢʠʰʢʠ, ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʨʝʮʠʜʠʚʳ 

ʟʘʙʦʣʝʚʘʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ. ʇʳʣʴ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʶʱʝʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʫʜʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ. ʆʩʥʦʚʥʦʡ ʬʘʟʦʡ ʮʠʥʢʘ ʚ ʧʳʣʠ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʨʘʟʣʘʛʘʝʤʳʡ ʬʝʨʨʠʪ ZnFe2O4. ɺ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʧʨʦʢʘʣʢʠ ʧʳʣʠ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʚʤʝʩʪʥʦ 

ʩ ʦʢʩʠʜʘʤʠ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʩ ʮʝʣʴʶ ʧʝʨʝʚʦʜʘ ʬʝʨʨʠʪʘ ʚ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʫʶ ʦʢʩʠʜʥʫʶ 

ʬʦʨʤʫ ʠ ʧʦʧʫʪʥʦʛʦ ʫʜʘʣʝʥʠʷ ʛʘʣʦʛʝʥʦʚ ʠ ʩʚʠʥʮʘ. ʀʟʫʯʝʥ ʵʣʝʤʝʥʪʥʳʡ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʳʣʠ 

ʜʚʫʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʌ. ɺʳʧʦʣʥʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʩʠʩʪʝʤʘʭ ZnFe2O4ïCaO ʠ ZnFe2O4ïMgO ʥʘ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʧʨʠ 900ï

1000 ÁC. ɺʳʧʦʣʥʝʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʧʳʣʠ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ ʧʳʣʠ 

ʨʘʟʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʢʦʣʠʯʝʩʪʚʦ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ, ʦʜʥʘʢʦ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʷʚʣʷʝʪʩʷ ʧʦʭʦʞʠʤ. ʎʠʥʢ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʳʣʠ ʥʝ ʪʦʣʴʢʦ ʚ ʬʝʨʨʠʪʥʦʡ 

ʬʦʨʤʝ, ʥʝʢʦʪʦʨʦʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʠ ʚ ʚʠʜʝ ZnO. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʢʩʠʜʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ 
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ʧʝʨʝʭʦʜʫ ʮʠʥʢʘ ʠʟ ʬʝʨʨʠʪʥʦʡ ʬʦʨʤʳ ʚ ʦʢʩʠʜʥʫʶ. ʈʝʘʢʮʠʷ ʬʝʨʨʠʪʘ ʮʠʥʢʘ ʩ ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ ʧʦʣʥʦ, ʯʝʤ ʨʝʘʢʮʠʷ ʬʝʨʨʠʪʘ ʮʠʥʢʘ ʩ ʦʢʩʠʜʦʤ ʤʘʛʥʠʷ. ʉʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ 

ZnFe2O4 ʚ ZnO ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʢʘʟʘʣʘʩ ɹʥʠʞʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 ÁC ʦʢʩʠʜ 

ʢʘʣʴʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʭʦʜʝ ʧʨʦʢʘʣʢʠ ʜʣʷ ʧʝʨʝʚʦʜʘ ʮʠʥʢʘ ʚ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʫʶ 

ʬʦʨʤʫ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʦʢʩʠʜʘ ʤʘʛʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʦ. 
 

Abstract. Electric arc furnace dust (EAFD) has a significant content of zinc exceeding 

considerably its content in ore materials. The main phase of zinc in the dust is hardly soluble ferrite 

ZnFe2O4. In this work, the process of EAFD roasting with calcium and magnesium oxides was 

investigated to transform ferrite to highly soluble oxide form and to remove halogens and lead. 

The elemental and phase composition of the dust of two Russian plants were studied. 

Thermodynamic calculations and laboratory experiments were carried out in ZnFe2O4ïCaO and 

ZnFe2O4ïMgO systems using pure components at 900ï1000ÁC. Thermodynamic modelling were 

also carried out for EAFD in the presence of calcium and magnesium oxides. It has been found out 

that in the two different samples of dust from different plants quantities of valuable components 

varies considerably, but the mineralogical composition is similar. Zinc is detected in the dust 

samples not only in ferritic form; some of the zinc is also present in the form of ZnO. 

Thermodynamic calculations and laboratory experiments have shown that calcium and magnesium 

oxides promote the transition of zinc from ferrite to the oxide form. The reaction of zinc ferrite with 

calcium oxide proceeds more completely than the reaction of zinc ferrite with magnesium oxide. 

The conversion degrees of ZnFe2O4 into ZnO in the experiments is lower than the calculated values 

that are associated with the specificities of solidïphase reactions. It has been found that calcium 

oxide can be used during the dust roasting at 1000 ÁC to convert zinc into a highly soluble form. As 

opposed to this, the use of magnesium oxide is ineffective. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʳʣʴ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʢʩʠʜ ʢʘʣʴʮʠʷ, ʦʢʩʠʜ 

ʤʘʛʥʠʷ, ʧʨʦʢʘʣʢʘ. 
 

Keywords: electric arc furnace dust, calcium oxide, magnesium oxide, roasting. 

 

ɺʚʝʜʝʥʠʝ 
ʇʳʣʴ ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ð ʮʝʥʥʳʡ ʪʝʭʥʦʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʠʥʢʘ, ʩʚʠʥʮʘ ʠ ʞʝʣʝʟʘ. ʉʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ ʚ ʪʘʢʦʡ ʧʳʣʠ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 30% ʠ 4% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [1], ʯʪʦ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʝʪ ʠʭ ʩʦʜʝʨʞʘʥʠʷ 

ʚ ʧʝʨʚʦʨʦʜʥʦʤ ʩʳʨʴʝ. ɺʦʧʨʦʩʳ ʨʝʮʠʢʣʠʥʛʘ ʮʠʥʢʩʦʜʝʨʞʘʱʠʭ ʧʳʣʝʡ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ 

ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ, ʢʘʢ ʩʧʝʮʠʘʣʠʩʪʦʚïʧʨʘʢʪʠʢʦʚ, ʪʘʢ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʚ ʩʝʢʪʦʨʘʭ ʮʠʥʢʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ɼʣʷ ʮʠʥʢʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʮʠʥʢʩʦʜʝʨʞʘʱʠʝ ʧʳʣʠ ʷʚʣʷʶʪʩʷ ʜʝʰʝʚʳʤ ʩʳʨʴʝʤ. ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʚʦʚʣʝʯʝʥʠʝ ʠʭ ʚ ʨʝʮʠʢʣʠʥʛ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʚʨʘʱʝʥʠ ʁʚ ʧʝʨʝʜʝʣ 

ʠʩʧʘʨʠʚʰʝʛʦʩʷ ʚ ʭʦʜʝ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʦʪʭʦʜʦʚ. ʇʝʨʝʨʘʙʦʪʢʘ ʪʘʢʦʡ ʧʳʣʠ ʩ ʮʝʣʴʶ 

ʠʟʚʣʝʯʝʥʠʷ ʮʠʥʢʘ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʮʠʥʢʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʦʤʳʰʣʝʥʥʳʤʠ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʥʘʭʦʞʜʝʥʠʷ ʚ ʥʝʡ ʮʠʥʢʘ ʚ 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʡ ʬʝʨʨʠʪʥʦʡ ʬʦʨʤʝ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʡ ʛʘʣʦʛʝʥʦʚ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʵʣʝʢʪʨʦʣʠʟʝ ʮʠʥʢʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʦʚ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʬʝʨʨʠʪʘ ʮʠʥʢʘ ʠ ʫʜʘʣʝʥʠʷ ʛʘʣʦʛʝʥʦʚ ʠʟ ʧʳʣʠ ʥʘ ʮʠʥʢʦʚʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʩʧʦʣʴʟʫʶʪ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ ð ʚʝʣʴʮïʧʨʦʮʝʩʩ [2], 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʝʨʝʨʘʙʦʪʢʫ ʧʳʣʠ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ ʩʦʚʤʝʩʪʥʦ ʩ 
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ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʧʨʠ 1200ï1300 ÁC. ɺ ʭʦʜʝ ʚʝʣʴʮïʧʨʦʮʝʩʩʘ ʮʠʥʢ, 

ʩʚʠʥʝʮ, ʭʣʦʨ ʠ ʬʪʦʨ ʧʝʨʝʭʦʜʷʪ ʠʟ ʰʠʭʪʳ ʚ ʚʦʟʛʦʥʳ. ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʩʚʠʥʮʘ ʠ ʛʘʣʦʛʝʥʦʚ ʦʪ 

ʮʠʥʢʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʚʦʟʛʦʥʘʭ ʠʩʧʦʣʴʟʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʢʘʣʢʫ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ. 

ɺ ʨʘʙʦʪʘʭ [3ï5] ʧʨʝʜʣʦʞʝʥ ʠ ʦʧʨʦʙʦʚʘʥ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʚʝʩʪʠ ʬʝʨʨʠʪ ʮʠʥʢʘ ʚ 

ʦʢʩʠʜʥʫʶ ʬʦʨʤʫ ʠ ʫʜʘʣʠʪʴ ʛʘʣʦʛʝʥʳ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʧʨʦʢʘʣʢʠ ʧʨʠ 900ï1000 ÁC, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʚ ʰʠʭʪʫ ʧʨʠʩʘʞʠʚʘʶʪ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ. ʋʤʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʩʪʘʜʠʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʠ ʨʘʩʭʦʜʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ ʧʨʦʢʘʣʢʠ ʧʳʣʠ ʥʝ ʪʦʣʴʢʦ ʚʤʝʩʪʝ ʩ ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ, ʥʦ ʠ ʚʤʝʩʪʝ ʩ 

ʦʢʩʠʜʦʤ ʤʘʛʥʠʷ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʱʝʤʫ ʨʘʟʣʦʞʝʥʠʶ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʬʝʨʨʠʪʘ ʮʠʥʢʘ 

[6].  
 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʳʣʠ 

ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʚʫʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʌ (ʆɸʆ çʅʉʄʄɿè ʠ ɸʆ çʆʄʂï

ʩʪʘʣʴè) ʙr ʣ ʠʟʫʯʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʤʝʪʦʜʦʤ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ARL X'TRA (ʐʚʝʡʮʘʨʠʷ) ʩ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ CuïKŬ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʧʦ ʬʘʟʘʤ ʚ ʧʳʣʠ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʤʝʪʦʜʦʤ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʧʨʠʙʦʨʝ Ms-1104Em (ʈʦʩʩʠʷ) ʚ ʨʝʞʠʤʝ 

ʧʦʩʪʦʷʥʥʳʭ ʫʩʢʦʨʝʥʠʡ ʩ ʠʩʪʦʯʥʠʢʦʤ ʉʦ-57 ʚ ʤʘʪʨʠʮʝ Rh. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ ʧʳʣʠ ʙʳʣ 

ʠʟʫʯʝʥ ʥʘ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ Axios Advanced (ʅʠʜʝʨʣʘʥʜʳ). 

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʧʨʠʙʦʨʝ LECO ʉS-400 (ʉʐɸ).  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʮʠʥʢʘ, 

ʩʚʠʥʮʘ, ʭʣʦʨʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʳʣʠ ʆɸʆ çʅʉʄʄɿè ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʦʚ 

ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ HSC Chemistry 5 

[7] ʚ ʤʦʜʫʣʝ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʈʘʩʯʝʪ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ 100 ʢʛ ʧʳʣʠ 

ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʟʘʜʘʚʘʝʤʦʡ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ (21% O2 + 79% N2) ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 25ï1300 ÁC. ʉʦʩʪʘʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʤʧʦʥʝʥʪʳ ʤʘʣʳʭ ʩʦʜʝʨʞʘʥʠʡ ʥʝ ʫʯʠʪʳʚʘʣʠ. 

ʉʦʩʪʘʚ ʧʳʣʠ ʆɸʆ çʅʉʄʄɿè ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʧʨʠʥʷʪ ʩʣʝʜʫʶʱʠʤ: 51,1% ZnFe2O4; 

30% ZnO; 2,9% Fe3O4; 7,6% Ca2SiO4; 1,9% NaCl; 1,2% KCl; 2,5% C; 0,4% PbO; 2,4% Mn2O3. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʠʩʪʳʭ ʬʝʨʨʠʪʘ ʮʠʥʢʘ ʩ ʦʢʩʠʜʘʤʠ 

ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 900 ÁC ʠ 1000 ÁC. 

ɺ ʦʧʳʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʘʢʪʠʚʳ CaO (ʯʜʘ) ʠ MgO (ʯʜʘ). ʏʠʩʪʳʡ ʬʝʨʨʠʪ ʮʠʥʢʘ ʙʳʣ 

ʧʦʣʫʯʝʥ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʨʝʘʢʪʠʚʳ Fe2O3 (ʯʜʘ) ʠ ZnO (ʯʜʘ) ʩʤʝʰʠʚʘʣʠ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʨʦʢʘʣʠʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1000ÁC ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʨʘʟʤʘʣʳʚʘʣʠ ʠ ʧʦʜʚʝʨʛʘʣʠ ʦʪʤʳʚʢʝ ʚ ʩʤʝʩʠ 

ʃʦʫ (ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ NH4Cl+NH4OH [8]), ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1000ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɺʩʝ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʦʧʳʪʦʚ ʙʳʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʨʝʥʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʨʘʟʦʛʨʝʪʫʶ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʩʤʝʩʠ ZnFe2O4 ʠ CaO 

(MgO) ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʏʝʨʝʟ ʢʘʞʜʳʝ 10ï15 ʤʠʥ ʠʟ ʧʝʯʠ ʦʪʙʠʨʘʣʠ ʧʦ ʦʜʥʦʤʫ 

ʦʙʨʘʟʮʫ. ʆʪʤʳʚʢʫ ʮʠʥʢʘ ʚ ʨʘʩʪʚʦʨʠʤʦʝʡ ʬʦʨʤʝ ZnO ʠʟ ʧʨʦʢʘʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʩ ʧʦʤʦʱʴʶ ʩʤʝʩʠ ʃʦʫ ʧʦ ʤʝʪʦʜʠʢʝ [9]. ʇʦʣʫʯʝʥʥʳʡ ʮʠʥʢʩʦʜʝʨʞʘʱʠʡ ʨʘʩʪʚʦʨ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʠʢʘʪʦʨʘ ʵʨʠʦʭʨʦʤʘ ʯʝʨʥʦʛʦ 

ʊ [10]. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʧʳʣʠ ʨʘʟʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʌ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʊʘʙʣʠʮʝ 1, ʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ð ʥʘ ʈʠʩʫʥʢʝ 1. 

 

ʊʘʙʣʠʮʘ 1. 

ʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʇʓʃʀ ʕʃɽʂʊʈʆʉʊɸʃɽʇʃɸɺʀʃʔʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ  

ɼɺʋʍ ʇʈɽɼʇʈʀʗʊʀʁ ʈʌ, % 

 

ʇʨʝʜʧʨʠʷʪʠʝ Zn Fe Pb Al Si Ca Mg Na K Mn Cr Cu Cl F ʉ P S 

ʆɸʆ çʅʉʄʄɿè 29,7 24,46 0,3 0,26 1,19 4,65 0,7 0,85 1,2 1,49 0,15 0,13 0,89 0,02 2,00 0,07 0,79 

ɸʆ çʆʄʂïʩʪʘʣʴè 14,6 25,4 1,38 0,62 1,85 11,9 2,06 1,61 1,7 2,00 0,31 0,20 3,69 0,45 1,63 0,11 0,66 

 
 

 

ʈʠʩʫʥʦʢ 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʧʳʣʠ ʆɸʆ çʅʉʄʄɿè. 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʚ ʧʳʣʠ ʆɸʆ çʅʉʄʄɿè ʚʜʚʦʝ 

ʙʦʣʴʰʝ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʛʘʣʦʛʝʥʦʚ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʳʣʠ ɸʆ çʆʄʂïʩʪʘʣʴè. 

ʆʩʥʦʚʥʳʝ ʬʘʟ rʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʧʳʣʠ ʦʢʘʟʘʣʠʩʴ ʠʜʝʥʪʠʯʥʳʤʠ: ʬʨʘʥʢʣʠʥʠʪ ZnFe2O4, ʮʠʥʢʠʪ 

ZnO, ʤʘʛʥʝʪʠʪ Fe3O4, ʩʠʣʴʚʠʥ KCl, ʛʘʣʠʪ NaCl. ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʦʙʨʘʟʮʝ ʧʳʣʠ ɸʆ çʅʉʄʄɿè ʦʢʦʣʦ 80% ʞʝʣʝʟʘ ʥʘʭʦʜʠʪʩʷ ʚ ʬʝʨʨʠʪʥʦʡ ʬʦʨʤʝ, ʦʢʦʣʦ 10% ð 

ʚ ʚʠʜʝ ʤʘʛʥʝʪʠʪʘ, ʦʩʪʘʣʴʥʦʝ ð ʚ ʚʠʜʝ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʧʳʣʠ ɸʆ çʆʄʂïʩʪʘʣʴè 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʧʦ ʬʘʟʘʤ ʦʢʘʟʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʠʥʳʤ: ʦʢʦʣʦ 50% ʞʝʣʝʟʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʬʝʨʨʠʪʥʦʡ ʬʦʨʤʝ, ʦʢʦʣʦ 40% ð ʚ ʬʦʨʤʝ ʤʘʛʥʝʪʠʪʘ, ʦʩʪʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʘʢʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʘʭ ZnFe2O4ï

CaO ʠ ZnFe2O4ïMgO ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 2 ʠ 3. 
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʨʠʪʘ ʮʠʥʢʘ ʚ ʩʠʩʪʝʤʝ ZnFe2O4ïCaO ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 800ï1000 ÁC. 

 

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʨʠʪʘ ʮʠʥʢʘ ʚ ʩʠʩʪʝʤʝ ZnFe2O4ïMgO ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 800ï1000 ÁC. 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʛʨʘʬʠʢʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʨʘʟʣʦʞʝʥʠʷ 95% ʬʝʨʨʠʪʘ ʮʠʥʢʘ ʥʝʦʙʭʦʜʠʤʦ ʢ 1 ʤʦʣʶ 

ZnFe2O4 ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ 3 ʤʦʣʴ CaO. ɼʦʙʘʚʣʝʥʠʝ ʜʝʩʷʪʠʢʨʘʪʥʦʛʦ ʤʦʣʴʥʦʛʦ ʠʟʙʳʪʢʘ 

ʦʢʩʠʜʘ ʤʘʛʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʝʨʨʠʪʫ ʮʠʥʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʣʦʞʝʥʠʶ ʣʠʰʴ 80% ʬʝʨʨʠʪʘ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʨʠʪʘ ʮʠʥʢʘ ʠ ʦʢʩʠʜʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʣʷ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ZnFe2O4:CaO = 1:3 ʠ 1:4,5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 4. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʝʨʝʭʦʜ ʮʠʥʢʘ ʠʟ ZnFe2O4 ʚ ZnO ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʦʢʘʟʘʣʩʷ ʥʠʞʝ ʨʘʩʯʝʪʥʳʭ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʥʘʨʫʰʝʥʠʶ ʢʦʥʪʘʢʪʘ ʨʝʘʛʝʥʪʦʚ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʦʣʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʨʝʘʢʮʠʠ. 
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ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʮʠʥʢʘ ʚ ʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ ZnO ʚ ʧʨʦʢʘʣʝʥʥʳʭ ʧʨʦʙʘʭ 

ʩʠʩʪʝʤʳ ZnFe2O4ïCaO ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʩʦʦʪʥʦʰʝʥʠʷʭ. 

 

ɺ ʦʧʳʪʘʭ ʜʣʷ ʩʠʩʪʝʤʳ ZnFe2O4ïMgO ʚ ʨʘʩʪʚʦʨʠʤʫʶ ʬʦʨʤʫ ʧʝʨʝʰʣʦ ʥʝ ʙʦʣʝʝ 4,3% ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ZnFe2O4:MgO = 1:5 ʠ 1:8 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 900ï1000 ÁC, ʧʨʠ ʵʪʦʤ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʜʰʠʭ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʨʠʪʘ ʮʠʥʢʘ ʠ ʦʢʩʠʜʘ ʤʘʛʥʠʷ. 

ʇʨʦʚʝʨʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʳʣʠ ʆɸʆ çʅʉʄʄɿè. ʅʘ 

ʈʠʩʫʥʢʘʭ 5 ʠ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʣʠʷʥʠʷ ʦʢʩʠʜʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʥʘ 

ʨʘʟʣʦʞʝʥʠʝ ʬʝʨʨʠʪʘ ʮʠʥʢʘ ʚ ʧʳʣʠ. 

 
ʈʠʩʫʥʦʢ 5. ɺʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʢ ʧʳʣʠ ʥʘ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ 

ʮʠʥʢʘ ʠ ʞʝʣʝʟʘ ʚ ʧʳʣʠ ʧʨʠ 1000 ÁC. 
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ɺʨʝʤʷ,ʤʠʥ 

900ÁC; ZnFe2O4:CaO = 1:31000ÁC; ZnFe2O4:CaO = 1:3

900ÁC; ZnFe2O4:CaO = 1:4,51000ÁC; ZnFe2O4:CaO = 1:4,5
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