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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʣʠʥʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʢʨʦʚʠ, ʦʪʨʘʞʘʶʱʠʭ ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʚʦʩ-

ʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʫʨʦʚʝʥʴ ʠʥʪʦʢʩʠʢʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʚʩʣʝʜʩʪʚʠʝ ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ.  

Abstract 

This article describes the results of clinical blood test, reflecting the degree of severity of the inflammation 

process, as well as the level of intoxication due to purulent inflammation. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʦʣʠʢʠ, ʢʣʠʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ, ʛʥʦʡʥʦʝ ʚʦʩʧʘʣʝʥʠʝ. 

Keywords: rabbits, clinical blood test, purulent inflammation. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ: ʂʨʦʣʠʢʠ ʥʘʤʥʦʛʦ 

ʯʘʱʝ ʜʨʫʛʠʭ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ [4]. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʠʭ ʧʦʷʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʠʥʘʪʴ ʩ ʚʳʙʦʨʘ ʤʝʩʪʘ 

ʜʣʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ. ʄʝʩʪʦ ʜʣʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ 

ʜʦʣʞʥʦ ʙʳʪʴ ʩ ʩʫʭʦʡ ʧʦʜʩʪʠʣʢʦʡ, ʙʝʟ ʟʘʩʪʦʡʥʦʡ 

ʚʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʟʘʜʝʨʞʢʘ ʚʦʜʳ ʚ ʚʠʜʝ ʣʫʞ ʷʚʣʷ-

ʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦ-

ʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ 

ʞʠʚʦʪʥʳʭ. ɻʥʦʡʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʫ ʢʨʦʣʠʢʦʚ ʵʪʦ 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʧʘʪʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʜʠʥʘʤʠʢʘ ʪʝʯʝ-

ʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʧʘʪʦʛʝʥʥʦʛʦ ʬʘʢ-

ʪʦʨʘ ʠ ʨʝʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʦʨʛʘ-

ʥʠʟʤʘ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ ʞʠʟʥʠ [3]. 

ʏʘʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʙʩʮʝʩʩʦʚ ʩʚʷʟʘʥʦ ʩ ʥʝʧʨʘ-

ʚʠʣʴʥʳʤ ʧʨʠʢʫʩʦʤ (ʩʠʥʜʨʦʤ ʤʘʣʴʦʢʢʣʶʟʠʠ). ɺ 

ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʤʘʣʦʢʢʣʶʟʠʷ, ʟʫʙʳ ʧʝʨʝʩʪʘʶʪ 

ʩʪʘʯʠʚʘʪʴʩʷ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ, ʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳ-

ʚʘʪʴʩʷ ʙʦʣʝʟʥʝʥʥʳʝ ʦʩʪʨʳʝ ʦʪʨʘʩʪʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʪʨʘʚʤʠʨʫʶʪ ʱʝʢʠ ʠ ʷʟʳʢ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠ ʟʘʨʘ-

ʞʝʥʠʝ ʨʘʥʳ ʤʠʢʨʦʬʣʦʨʦʡ. ʆʜʥʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʛʥʦʡʥʦʛʦ ʵʢʩʩʫʜʘʪʘ ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʦ-

ʪʦʨʳʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʚʠʪʠʶ 

ʛʥʦʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʪʘʬʠʣʦʢʦʢʢʠ, 

ʧʘʩʪʝʨʝʣʣʘ, ʩʠʥʝʛʥʦʡʥʘʷ ʧʘʣʦʯʢʘ, ʧʨʦʪʝʡ [2].  

ɻʥʦʡʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ 

ʧʨʠʟʥʘʢʦʤ ʦʩʥʦʚʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʋ ʢʨʦʣʠʢʦʚ ʝʩʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʣʠʬʝʨʘʮʠʠ. ɿʘʞʠʚʣʝʥʠʝ 

ʨʘʥ ʧʨʦʭʦʜʠʪ ʧʦ ʪʠʧʫ ʩʝʢʚʝʩʪʨʘʮʠʠ[1,5]. ɺʘʞʥʦ 

ʟʥʘʪʴ, ʢʘʢ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚʣʠʷʝʪ ʥʘ ʦʨʛʘ-

ʥʠʟʤ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ: ʩʢʦʨʦʩʪʠ ʦʩʝ-

ʜʘʥʠʷ ʵʨʠʪʨʦʮʠʪʦʚ (ʉʆʕ), ʛʝʤʦʛʣʦʙʠʥʘ, ʛʝʤʘʪʦ-

ʢʨʠʪʘ, ʵʨʠʪʨʦʮʠʪʳ, ʣʝʡʢʦʮʠʪʳ, ʛʨʘʥʫʣʦʮʠʪʳ, 

ʣʠʤʬʦʮʠʪʳ, ʤʦʥʦʮʠʪʳ, ʪʨʦʤʙʦʮʠʪʳ. ʇʦʩʢʦʣʴʢʫ 

ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʝʯʝʥʠʝ ʚʦʩʧʘʣʠʪʝʣʴ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʪʨʦʪʫ ʠ ʨʝʘʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘ-

ʮʠʡ. ʀʟʫʯʝʥʠʶ ʙʦʣʝʟʥʝʡ ʢʨʦʣʠʢʦʚ ʫʜʝʣʷʶʪ ʙʦʣʴ-

ʰʦʝ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ ʈʶ-

ʪʦʚʘ ɺ.ʇ., ʅʘʤʘʢʦʥʦʚʘ ɽ.ʉ., ɼʦʨʦʰ ʄ.ɺ. ɼʦʩʪʘ-

ʪʦʯʥʦ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʷ 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫ ʢʨʦʣʠʢʦʚ, ʥʦ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʦʩʪʘʣʠʩʴ ʥʝʨʝʰʝʥʥʳʤʠ. 

ʊʘʢ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʦʩʧʘʣʠʪʝʣʴ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ. 

ɺʳʜʝʣʝʥʠʝ ʥʝʨʝʰʝʥʥʳʭ ʨʘʥʝʝ ʯʘʩʪʝʡ ʦʙʱʝʡ 

ʧʨʦʙʣʝʤʳ ɺʳʷʚʣʝʥʘ ʩʪʝʧʝʥʴ ʠʥʪʦʢʩʠʢʘʮʠʠ ʦʨʛʘ-

ʥʠʟʤʘ ʧʨʠ ʛʥʦʡʥʦʤ ʚʦʩʧʘʣʝʥʠʠ ʚ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʳ ʵʪʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʨʘʟʚʠʪʠʷ 

ʛʥʦʡʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ, 

ʢʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ ʚʘʨʴʠʨʫʶʪ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ.  

ʎʝʣʴ: ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʘʩ-

ʧʝʢʪʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʛʥʦʡʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: ʀʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ ʧʘ-

ʪʦʣʦʛʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʠ ʉʇʙɻɸɺʄ. ɼʣʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ɻʦʨʦʜʩʢʦʛʦ 

ɺʝʪʝʨʠʥʘʨʥʦʛʦ ʆʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʎʝʥʪʨʘ çʇʨʘʡʜè. 

ʈʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 40 

ʢʨʦʣʠʢʦʚ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʠʜʘʤʠ ʛʥʦʡʥʳʭ ʚʦʩʧʘʣʝʥʠʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 10 ʢʨʦʣʠʢʦʚ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʛʥʦʡʥʳʤ ʚʦʩʧʘʣʝʥʠʝʤ ʦʜʦʥʪʦʛʝʥ-

ʥʦʡ ʧʨʠʨʦʜʳ ʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʠ-

ʟʥʘʢʘʤʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʞʠʚʦʪʥʳʝ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ 2 ʛʨʫʧʧʳ:  

- ʛʨʫʧʧʘ ˉ1 (5 ʢʨʦʣʠʢʦʚ, ʫ ʢʦʪʦʨʳʭ ʢʘʧʩʫʣʘ 

ʘʙʩʮʝʩʩʘ ʙʳʣʘ ʠʩʩʝʯʝʥʘ ʧʦʣʥʦʩʪʴʶ);  

- ʛʨʫʧʧʘ ˉ2 (5 ʢʨʦʣʠʢʦʚ, ʫ ʢʦʪʦʨʳʭ ʘʙʩʮʝʩʩ 

ʙʳʣ ʚʩʢʨʳʪ ʭʠʨʫʨʛʠʯʝʩʢʠʤ ʧʫʪʸʤ, ʣʝʯʝʥʠʝ ʧʨʦʚʦ-

ʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʧʨʦʤʳʚʘʥʠʷ ʧʦʣʦʩʪʠ).  

ɺ ʘʥʘʤʥʝʟʝ ʦʪʦʙʨʘʥʥʳʭ ʛʨʫʧʧ ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝ ʘʧʧʝʪʠʪʘ ʠʣʠ ʦʪʢʘʟ ʦʪ ʧʨʠʝʤʘ ʧʠʱʠ, ʧʦ-

ʪʝʨʷ ʚʝʩʘ, ʫʧʣʦʪʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʚʝʨʭʥʝʡ ʠʣʠ ʥʠʞ-

ʥʝʡ ʯʝʣʶʩʪʠ. ʇʨʠ ʧʘʣʴʧʘʮʠʠ ʫʧʣʦʪʥʝʥʠʝ ʬʣʶʢʪʫʠ-

ʨʫʶʱʝʝ, ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʤʷʛʢʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ, 

ʠʤʝʝʪ ʪʦʣʩʪʫʶ ʩʪʝʥʢʫ. ʄʝʩʪʦ ʚʦʩʧʘʣʝʥʠʷ ʛʠʧʝʨʝ-

ʤʠʨʦʚʘʥʦ, ʙʦʣʝʟʥʝʥʥʦ.  

ʇʨʠ ʦʩʤʦʪʨʝ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʥʝʨʝʜʢʦ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʤʘʣʦʢʢʣʶʟʠʷ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʛʥʦʡʥʳʡ 

ʟʘʧʘʭ. ʋ ʧʘʮʠʝʥʪʦʚ ʦʙʝʠʭ ʛʨʫʧʧ ʙʳʣ ʩʦʙʨʘʥ 

ʘʥʘʤʥʝʟ ʠ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, 

ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʦʩʤʦʪʨ ʠ ʧʘʣʴʧʘʮʠʶ ʚʦʩʧʘʣʝʥ-

ʥʦʛʦ ʫʯʘʩʪʢʘ, ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʣʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ (ʦʙʱʠʡ ʢʣʠʥʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʢʨʦʚʠ, ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʩʝʚ ʢʫʣʴʪʫʨʳ 

ʠ ʚʳʷʚʣʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ). 

ʇʨʠ ʢʣʠʥʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʨʦʚʠ ʦʧʨʝʜʝ-

ʣʷʣʠ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ 

ʵʨʠʪʨʦʮʠʪʦʚ (ʉʆʕ), ʛʝʤʦʛʣʦʙʠʥ, ʛʝʤʘʪʦʢʨʠʪ, ʵʨʠʪ-

ʨʦʮʠʪʳ, ʣʝʡʢʦʮʠʪʳ, ʛʨʘʥʫʣʦʮʠʪʳ, ʣʠʤʬʦʮʠʪʳ, ʤʦ-

ʥʦʮʠʪʳ, ʪʨʦʤʙʦʮʠʪʳ. ʅʦʨʤʳ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ ʫ 

ʢʨʦʣʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʉʪʘʪʠʩʪʠʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʜʦʚ ʛʥʦʡʥʦʛʦ 

ʚʦʩʧʘʣʝʥʠʷ ʫ ʢʨʦʣʠʢʦʚ  
ɿʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʫ ʢʨʦʣʠʢʦʚ ʚʩʪʨʝʯʘ-

ʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʛʥʦʡʥʳʭ ʚʦʩʧʘʣʝʥʠʡ:  

- ʆʜʦʥʪʦʛʝʥʥʳʝ ʘʙʩʮʝʩʩʳ ï 54%  

ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʧʣʦʪʥʝʥʠʷ ʦʢʨʫʛʣʦʡ 

ʬʦʨʤʳ, ʤʷʛʢʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʚʝʪʚʝʡ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʣʘ-

ʜʝʣʴʮʳ ʟʘʤʝʯʘʶʪ, ʯʪʦ ʫ ʧʠʪʦʤʮʘ ʩʥʠʞʝʥ ʘʧʧʝʪʠʪ.  

- ɻʥʦʡʥʳʝ ʦʪʠʪʳ ï 20%  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʭʦʟʷʝʚʘ ʢʨʦʣʠʢʦʚ ʦʙ-

ʨʘʱʘʶʪʩʷ ʚ ʢʣʠʥʠʢʫ, ʢʦʛʜʘ ʞʠʚʦʪʥʦʝ ʜʝʨʞʠʪ ʛʦ-

ʣʦʚʫ ʥʘ ʙʦʢ, ʪʨʷʩʸʪ ʛʦʣʦʚʦʡ. ʇʨʠ ʦʪʦʩʢʦʧʠʠ ʚʨʘʯ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʚ ʩʣʫʭʦʚʦʤ ʧʨʦʭʦʜʝ ʛʥʦʡʥʳʝ ʤʘʩʩʳ 

ʙʝʣʦʛʦ ʮʚʝʪʘ.  

- ɻʥʦʡʥʳʝ ʧʦʜʦʜʝʨʤʘʪʠʪʳ ï 13%  

ʕʪʦ ʙʦʣʝʟʥʝʥʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʥʘ ʩʪʦʧʘʭ ʢʨʦʣʠ-

ʢʦʚ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʦʥʠ ʤʦʛʫʪ ʦʪʢʘʟʳʚʘʪʴʩʷ ʦʪ ʝʜʳ, 

ʧʨʠʥʠʤʘʪʴ ʚʳʥʫʞʜʝʥʥʫʶ ʧʦʟʫ.  

- ɻʥʦʡʥʳʝ ʨʘʥʳ ï 8%  

ʆʙʳʯʥʦ ʨʘʥʳ ʧʝʨʝʭʦʜʷʪ ʚ ʛʥʦʡʥʫʶ ʬʦʨʤʫ ʧʨʠ 

ʥʝʩʦʙʣʶʜʝʥʠʠ ʧʨʘʚʠʣ ʛʠʛʠʝʥʳ. ɻʥʦʡʥʳʡ ʧʨʦʮʝʩʩ 

ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ 2-3 ʜʝʥʴ ʧʦʩʣʝ ʧʦʚʨʝʞʜʝʥʠʷ. ɺ ʨʘʥʝ 

ʚʠʜʥʳ ʥʝʢʨʦʪʠʟʠʨʦʚʘʥʥʳʝ ʪʢʘʥʠ ʠ ʛʥʦʡʥʳʡ ʵʢʩʩʫ-

ʜʘʪ.  

- ɻʥʦʡʥʳʝ ʢʦʥʲʶʥʢʪʠʚʠʪʳ ï 8%  

ʇʨʠ ʛʥʦʡʥʳʭ ʢʦʥʲʶʥʢʪʠʚʠʪʘʭ ʫ ʢʨʦʣʠʢʦʚ ʙʝ-

ʣʦʚʘʪʳʝ ʚʳʜʝʣʝʥʠʷ ʠʟ ʛʣʘʟ, ʰʝʨʩʪʴ ʚʦʢʨʫʛ ʤʦʢʨʘʷ ʠ 

ʥʝʨʝʜʢʦ ʦʪʩʫʪʩʪʚʫʝʪ, ʢʦʥʲʶʥʢʪʠʚʘ ʛʠʧʝʨʝʤʠʨʦ-

ʚʘʥʘ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʪ ʜʘʢʨʠʦ-

ʮʠʩʪʠʪ ï ʥʝʧʨʦʭʦʜʠʤʦʩʪʴ ʥʦʩʦʩʣʸʟʥʦʛʦ ʢʘʥʘʣʘ, 

ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʟʘʢʫʧʦʨʢʠ ʠʣʠ ʧʝʨʝʜʘʚʣʠʚʘʥʠʷ ʢʦʨ-

ʥʷʤʠ ʟʫʙʦʚ. 

ɿʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʩʨʝʜʠ 40 ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʨʦʣʠʢʦʚ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʥʝ ʚʩʪʨʝʯʘʣʦʩʴ.  

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʘʤʳʤ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʚʠʜʦʤ ʛʥʦʡʥʳʭ ʚʦʩʧʘʣʝʥʠʡ ʫ ʢʨʦ-

ʣʠʢʦʚ ʙʳʣʠ ʦʜʦʥʪʦʛʝʥʥʳʝ ʘʙʩʮʝʩʩʳ.  

ɻʥʦʡʥʳʝ ʦʪʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ, ʠ ʦʧʘʩʥʳ 

ʪʝʤ, ʯʪʦ ʚʦʩʧʘʣʝʥʠʝ ʧʨʦʭʦʜʠʪ ʙʣʠʟʢʦ ʢ ʦʨʛʘʥʫ ʨʘʚ-

ʥʦʚʝʩʠʷ, ʥʦ ʠʤʝʥʥʦ ʟʘ ʩʯʸʪ ʵʪʦʛʦ ʚʣʘʜʝʣʴʮʳ ʟʘʤʝ-

ʯʘʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʠʪʦʤʮʘ. ʂʨʦʣʠʢ ʪʨʷ-

ʩʸʪ ʛʦʣʦʚʦʡ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʚʦʚʩʝ ʜʝʨʞʠʪ ʛʦʣʦʚʫ 

ʥʘʙʦʢ. 

ʀʟʤʝʥʝʥʠʷ ʘʥʘʣʠʟʦʚ ʢʨʦʚʠ ʫ ʠʩʩʣʝʜʫʝʤʳʭ 

ʞʠʚʦʪʥʳʭ  
ʋ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʦ-

ʚʘʣʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʙʳʣ ʚʟʷʪ ʦʙʱʠʡ ʢʣʠʥʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʢʨʦʚʠ.  

ʇʦ ʢʣʠʥʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʢʨʦʚʠ ʫ 10 ʠʩʩʣʝʜʫ-

ʝʤʳʭ ʢʨʦʣʠʢʦʚ ʜʦ ʣʝʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝ-

ʥʠʝ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʉʆʕ ʠ ʣʝʡʢʦʮʠʪʳ, 

ʦʩʪʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. ʇʦʩʣʝ ʭʠ-

ʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ (ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ) ʠ 

ʜʚʫʭʥʝʜʝʣʴʥʦʛʦ ʢʫʨʩʘ ʘʥʪʠʙʠʦʪʠʢʦʪʝʨʘʧʠʠ ʘʥʘ-

ʣʠʟʳ ʢʨʦʚʠ ʙʳʣʠ ʚʟʷʪʳ ʧʦʚʪʦʨʥʦ. ʇʦ ʥʠʤ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʉʆʕ ʠ ʣʝʡʢʦʮʠʪʳ ʫ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 

ʢʨʦʣʠʢʦʚ ʧʦʩʣʝ ʜʚʫʭʥʝʜʝʣʴʥʦʛʦ ʣʝʯʝʥʠʷ ʧʨʠʰʣʠ ʚ 

ʥʦʨʤʫ, ʘ ʫ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʵʪʠ ʞʝ ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʞʝ 

ʧʦʩʣʝ ʢʫʨʩʘ ʣʝʯʝʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘ-

ʥʠʮʝ, ʵʪʠ ʨʘʟʣʠʯʠʷ ʷʚʣʷʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤʠ. 

ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʉʨʝʜʥʷʷ ʘʨʠʬ-

ʤʝʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ (ʄ), ʝʸ ʦʰʠʙʢʘ (Ñm), ʘ ʪʘʢʞʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (Ẽ) ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ çORIGINè 
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ʊʘʙʣʠʮʘ 1  

ʂʣʠʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ ʜʦ ʠ ʧʦʩʣʝ ʣʝʯʝʥʠʷ 

ʇʦʢʘʟʘʪʝʣʴ, 

ʝʜ. ʠʟʤʝʨ. 

 

ʈʝʬʝ-

ʨʝʥʩʥʳʝ 

ʟʥʘʯʝ-

ʥʠʷ 

ɻʨʫʧʧʘ ˉ1 ɻʨʫʧʧʘ ˉ2 

T1 T2 P1 P2 

ˉ1 ˉ2 ˉ1 ˉ2 

ʉʆʕ ʤʤ/ʯ 1-2 
2,36 Ñ 0,39  

1,9 Ñ 0,4  

2,7 Ñ 0,5  

2,12 Ñ 0,5  
0,84 0,82 0,25᾽ʨ᾽0,5  0,25᾽ʨ᾽0,5  

ʕʨʠʪʨʦʮʠʪʳ 

106/ʤʢʣ 
100-174 

6,22 Ñ 0,73  

6,76 Ñ 0,75  

6,68 Ñ 0,66  

6,26 Ñ 0,67  
0,52 0,45 ʨι0,5  ʨι0,5  

ɻʝʤʦʛʣʦʙʠʥ, 

ʛ/ʜʣ 
33 ï 50 

135,2 Ñ 3,66  

151,8 Ñ 2,99  

145,2 Ñ 3,37  

130,6 Ñ 3,15  
3,5 3,16 0,01ιʨι0,002  0,02ιʨι0,01  

ɻʝʤʘʪʦʢʨʠʪ, 

% 
5,1 ï 7,9 

42,4 Ñ 2,1  

40,4 Ñ 2,44  

39 Ñ 2,07  

41,8 Ñ 2,23  
0,62 0,92 ʨι0,5  0,25᾽ʨ᾽0,5  

ʃʝʡʢʦʮʠʪʳ,  

10į/ɛʣ 
2,6 ï 12,5 

15,66 Ñ 0,77  

9,8 Ñ 0,84  

16,1 Ñ 0,64  

11,84 Ñ 0,81  
5,14 4,14 ʨ᾽0,001  0,02ιʨι0,01  

ʅʝʡʪʨʦ-

ʬʠʣʴʥʳʝ 

ʛʨʘʥʫʣʦ-

ʮʠʪʳ,% 

20 ï 80  

 

52,2 Ñ 2,16  

43,4 Ñ 3,35  

65 Ñ 2,85  

56,2 Ñ 3,37  
2,21 1,99 0,1ιʨι0,05  0,1ιʨι0,05  

ʃʠʤʬʦ-

ʮʠʪʳ,% 
25-85 

58,4 Ñ 4,14  

50,4 Ñ 3,84  

48 Ñ 3,58  

49,4 Ñ 2,86  
1,42 0,3 0,25ιʨι0,1  ʨι0,5  

ʄʦʥʦ-

ʮʠʪʳ,% 
2-10 

4 Ñ 1,26  

4,8 Ñ 1,39  

4 Ñ 1,1  

4,2 Ñ 1,22  
0,42 0,13 ʨι0,5  ʨι0,5  

ʊʨʦʤʙʦ-

ʮʠʪʳ, ʛ/ʣ 
130-900 

332 Ñ 11,33  

416,4 Ñ 10,61  

272,6 Ñ 7,82  

492,4 Ñ 9,23  
5,43 18,13 ʨ᾽0,001  ʨ᾽0,001  

 

t1 ʠ t2 ï ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ ʚ ʛʨʫʧʧʝ ˉ1 ʠ ˉ2  

p1 ʠ p2ï ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ ʚ ʛʨʫʧʧʝ ˉ1 ʠ ˉ2  

ʛʜʝ, t ï ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʜʚʫʤʷ ʩʨʝʜʥʠʤʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤʠ;  

M1 ʠ M2 - ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʩʨʘʚʥʠʚʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ;  

m1 ʠ m2 - ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ.  

 

ɺʝʨʦʷʪʥʦʩʪʴ (ʨ) ʚʦʟʤʦʞʥʦʡ ʦʰʠʙʢʠ ʚ ʦʮʝʥʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦ-

ʱʴʶ ʪʘʙʣʠʮʳ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

(t) ʧʦ ʉʪʴʶʜʝʥʪʫ. ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ (n) ʨʘʚʥʦ 

8 ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

n = (n1 + n2) ï 2 

ʀʟ ʪʘʙʣʠʮʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʫ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʜʦ 

ʠ ʧʦʩʣʝ ʣʝʯʝʥʠʷ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʣʝʡʢʦ-

ʮʠʪʦʚ 15,66 Ñ 0,77 ʛ/ʣ ʠ 9,8 Ñ 0,84 ʛ/ʣ ʠ ʪʨʦʤʙʦʮʠʪʦʚ 

332 Ñ 11,33 ʛ/ʣ ʠ 416,4 Ñ 10,61ʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ 

ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʜʦʩʪʦʚʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʣʝ-

ʯʝʥʠʷ ʠʤʝʶʪ ʪʘʢʞʝ ʣʝʡʢʦʮʠʪʳ 16,1 Ñ 0,64ʛ/ʣ ʠ 11,84 

Ñ 0,81ʛ/ʣ ʠ ʪʨʦʤʙʦʮʠʪʳ 272,6 Ñ 7,82 ʛ/ʣ ʠ 492,4 Ñ 

9,23ʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʆʕ, ʵʨʠʪʨʦʮʠʪʳ, ʛʝʤʘʪʦʢʨʠʪ, ʣʠʤʬʦʮʠʪʳ, 

ʤʦʥʦʮʠʪʳ ʜʦ ʠ ʧʦʩʣʝ ʣʝʯʝʥʠʷ ʷʚʣʷʣʠʩʴ ʥʝʜʦʩʪʦʚʝʨ-

ʥʳʤʠ, ʘ ʥʝʡʪʨʦʬʠʣʳ ʠʤʝʣʠ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝ-

ʥʠʶ, ʥʦ ʥʝ ʜʦʩʪʦʚʝʨʥʦ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʦʩʧʘʣʠʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʚʦ ʚʩʸʤ ʦʨ-

ʛʘʥʠʟʤʝ. 

ʊʘʙʣʠʮʘ 2 

ʂʦʣʝʙʘʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ 
ʈʝʬʝʨʝʥʩʥʳʝ ʟʥʘʯʝ-

ʥʠʷ 

ɼʦ ʣʝʯʝ-

ʥʠʷ 

ʇʦʩʣʝ ʣʝʯʝ-

ʥʠʷ 

ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʉʆʕ (ʤʤ/ʯ) ʫ 1 ʛʨʫʧʧʳ 1-2 6,5-9,5 1,8 

ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʣʝʢʦʮʠʪʦʚ (10į/ɛʣ) ʫ 1 

ʛʨʫʧʧʳ 
2,6-12,5 15,7 9,8 

ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʉʆʕ (ʤʤ/ʯ) ʫ 2 ʛʨʫʧʧʳ 1-2 2,7 2 

ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʣʝʡʢʦʮʠʪʦʚ (10į/ɛʣ) ʫ 2 

ʛʨʫʧʧʳ 
2,6-12,5 16,1 11,5 

 

ɺ ʪʘʙʣʠʮʝ 2 ʚʠʜʥʳ ʢʦʣʝʙʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʨʦʚʠ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʢʨʦʣʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʘ 

ʤʦʤʝʥʪ ʦʙʨʘʱʝʥʠʷ ʙʳʣʠ ʧʦʚʳʰʝʥʳ. 

ʃʝʡʢʦʮʠʪʘʨʥʳʝ ʠʥʜʝʢʩʳ 
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ʊʘʙʣʠʮʘ 3  

ʆʧʨʝʜʝʣʝʥʠʝ ʣʝʡʢʦʮʠʪʘʨʥʦʛʦ ʠʥʜʝʢʩʘ ʠʥʪʦʢʩʠʢʘʮʠʠ ɹ.ɸ. ʈʝʡʩʘ (ʃʀʀʨ) ʫ ʢʨʦʣʠʢʦʚ ʜʦ ʠ ʧʦʩʣʝ ʣʝ-

ʯʝʥʠʷ 

 ɼʦ ʣʝʯʝʥʠʷ ʇʦʩʣʝ ʣʝʯʝʥʠʷ 

ʃʀʀʨ (1 ʛʨʫʧʧʘ) 0,84 0,79 

ʃʀʀʨ (2 ʛʨʫʧʧʘ) 1,25 1,05 

ʀʉʃʂ (ɻʨʫʧʧʘ ˉ1) 0,84 0,79 

ʀʉʃʂ (ɻʨʫʧʧʘ ˉ2) 1,25 1,05 

ʃʀ (ɻʨʫʧʧʘ 1) 1,12 1,16 

ʃʀ (ɻʨʫʧʧʘ 2) 0,74 0,88 

 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʠʥʜʝʢʩʳ ʠʥʪʦʢʩʠʢʘʮʠʠ 

ʦʙʝʠʭ ʛʨʫʧʧ ʜʦ ʠ ʧʦʩʣʝ ʣʝʯʝʥʠʷ, ʠʥʜʝʢʩ ʩʜʚʠʛʘ ʣʝʡ-

ʢʦʮʠʪʦʚ ʢʨʦʚʠ (ʀʉʃʂ), ʣʝʡʢʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ 

(ʃʀ) ʜʦ ʠ ʧʦʩʣʝ ʣʝʯʝʥʠʷ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʦʣʠʢʦʚ.  

ʃʝʡʢʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩʘ ʠʥʪʦʢʩʠʢʘʮʠʠ 

ɹ.ɸ. ʈʝʡʩʘ (ʃʀʀʨ) 
ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʟʘʤʝʪʥʦ, ʯʪʦ 

ʠʥʪʦʢʩʠʢʘʮʠʷ ʤʝʥʴʰʝ ʧʨʦʷʚʣʷʣʘʩʴ ʧʨʠ ʧʦʣʥʦʤ ʠʩ-

ʩʝʯʝʥʠʠ ʢʘʧʩʫʣʳ ʘʙʩʮʝʩʩʘ, ʥʝʞʝʣʠ ʧʨʠ ʝʛʦ ʚʩʢʨʳ-

ʪʠʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʦʠʭ ʤʝʪʦ-

ʜʘʭ ʣʝʯʝʥʠʷ ʧʦʩʣʝ ʢʫʨʩʘ ʘʥʪʠʙʠʦʪʠʢʦʪʝʨʘʧʠʠ ʚʦʩ-

ʧʘʣʝʥʠʝ ʩʥʠʞʘʝʪʩʷ.  

ʀʥʜʝʢʩ ʩʜʚʠʛʘ ʣʝʡʢʦʮʠʪʦʚ ʢʨʦʚʠ (ʀʉʃʂ)  
ɼʘʥʥʳʡ ʠʥʜʝʢʩ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʨʘʞʘʝʪ ʩʦ-

ʩʪʦʷʥʠʝ ʨʝʘʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʯʝʤ ʦʙʱʝʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʣʝʡʢʦʮʠʪʦʚ. ʀʉʃʂ ʙʳʩʪʨʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʝ-

ʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʛʨʘʥʫʣʦ- ʠ ʘʛʨʘʥʫʣʦ-

ʮʠʪʦʚ ʚ ʣʝʡʢʦʮʠʪʘʭ ʢʨʦʚʠ, ʧʦʵʪʦʤʫ ʪʦʯʥʦ ʤʦʞʝʪ 

ʦʪʨʘʟʠʪʴ ʠʭ ʨʝʘʢʮʠʠ ʥʘ ʚʦʩʧʘʣʝʥʠʝ. 

ɺʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʦʮʠʪʦʚ 

ʠ ʣʠʤʬʦʮʠʪʦʚ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʟʘʪʫʭʘʝʪ, 

ʯʪʦ ʤʳ ʠ ʚʠʜʠʤ ʚ ʪʘʙʣʠʮʝ 3.  

ʆʧʨʝʜʝʣʝʥʠʝ ʣʝʡʢʦʮʠʪʘʨʥʦʛʦ ʠʥʜʝʢʩʘ (ʃʀ) 

ʜʦ ʠ ʧʦʩʣʝ ʣʝʯʝʥʠʷ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʦʣʠʢʦʚ  

ʊʘʢ ʢʘʢ ʚʦʩʧʘʣʝʥʠʝ ʙʳʣʦ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʳʤ ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʚʳʰʘʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʦ 

ʵʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʨʘʞʘʣʦʩʴ ʥʘ ʢʣʝʪʦʯʥʦʤ ʟʚʝʥʝ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʩʯʸʪʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʥʦʡʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʦʜʦʥʪʦʛʝʥ-

ʥʦʡ ʧʨʠʨʦʜʳ ʢʘʢ ʪʘʢʦʚʦʛʦ ʦʙʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʨ-

ʛʘʥʠʟʤ ʥʝ ʦʢʘʟʳʚʘʝʪ, ʘ ʨʘʟʚʠʚʘʝʪʩʷ ʤʝʩʪʥʦ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʨʠ ʛʥʦʡʥʳʭ ʚʦʩʧʘʣʝʥʠʷʭ ʫ ʢʨʦʣʠʢʦʚ ʤʝʥʷ-

ʣʘʩʴ ʢʘʨʪʠʥʘ ʢʣʠʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ. ʋ ʦʙʝʠʭ 

ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ ʦʪʤʝʯʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʉʆʕ ʚʳʰʝ 

2 ʤʤ/ʯ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʣʝʡʢʦʮʠʪʦʚ ʙʦʣʝʝ 12,5 

* 10į/ɛʣ. ʇʦʩʣʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʣʝʯʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʢʨʦʚʠ ʙʳʣ ʚʟʷʪ ʧʦʚʪʦʨʥʦ. ʋ ʠʩʧʳʪʫʝʤʦʡ 

ʛʨʫʧʧʳ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʰʣʠ ʚ ʥʦʨʤʫ: ʉʆʕ 1-2 ʤʤ/ʯ, 

ʣʝʡʢʦʮʠʪʳ 2,6 ï 12,5 * 10į/ɛʣ. ɸ ʫ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʳ ʢʨʦʣʠʢʦʚ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʠʣʠ: ʉʆʕ 

2,3 ʤʤ/ʯ ʠ ʣʝʡʢʦʮʠʪʳ 11,8 * 10į/ɛʣ.  

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʱʝʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʢʨʦʚʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧ ʷʚʣʷ-

ʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤʠ. ʃʝʡʢʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ ʧʦʢʘ-

ʟʳʚʘʝʪ ʥʘʤ, ʯʪʦ ʦʙʱʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ ʙʳʣʘ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʙʦʩʦʙ-

ʣʝʥ. 

ɺʳʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʥʦʡʥʳʝ ʚʦʩʧʘʣʝʥʠʷ ʫ 

ʢʨʦʣʠʢʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ.  

1. ʉʘʤʘʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʧʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʛʥʦʡʥʳʭ ʚʦʩʧʘʣʝʥʠʡ ï ʦʜʦʥʪʦʛʝʥʥʘʷ, ʚ 13% 

ʩʣʫʯʘʝʚ ʧʨʠʯʠʥʦʡ ʛʥʦʡʥʳʭ ʚʦʩʧʘʣʝʥʠʡ ʫ ʢʨʦʣʠʢʦʚ 

ʷʚʣʷʶʪʩʷ ʛʥʦʡʥʳʝ ʦʪʠʪʳ ʠ ʧʦʜʦʜʝʨʤʘʪʠʪʳ. ʈʝʞʝ 

ʚʩʝʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʪʨʝʯʘʶʪʩʷ ʛʥʦʡʥʳʝ ʚʦʩ-

ʧʘʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ.  

2. ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʧʨʦʚʝʜʸʥʥʳʭ ʥʘʤʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʧʨʠ ʛʥʦʡʥʳʭ ʚʦʩʧʘʣʝʥʠʷʭ ʫ ʢʨʦʣʠʢʦʚ 

ʧʦʚʳʰʘʶʪʩʷ ʉʆʕ ʠ ʣʝʡʢʦʮʠʪʳ. ʇʨʠʯʸʤ ʥʫʞʥʦ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʫ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʞʠʚʦʪʥʳʭ ʧʨʠ ʦʙʳʯ-

ʥʦʤ ʚʩʢʨʳʪʠʠ ʘʙʩʮʝʩʩʘ ʚʦʩʧʘʣʝʥʠʝ ʧʦ ʢʨʦʚʠ ʩʦʭʨʘ-

ʥʷʝʪʩʷ.  

ɺ 95% ʩʣʫʯʘʝʚ ʚʦʟʙʫʜʠʪʝʣʝʤ ʛʥʦʡʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʩʪʘʬʠʣʦʢʦʢʢʠ.  

ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʣʝʯʝʥʠʝ ʘʙʩʮʝʩʩʦʚ ʫ ʢʨʦʣʠʢʦʚ ʨʘʮʠʦ-

ʥʘʣʴʥʝʝ ʧʨʦʚʦʜʠʪʴ ʭʠʨʫʨʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʩʝ-

ʯʝʥʠʝʤ ʢʘʧʩʫʣʳ ʘʙʩʮʝʩʩʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟ-

ʚʠʪʠʷ ʨʝʮʠʜʠʚʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʣʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʩʧʦʩʦʙʥʳʝ ʚʳʟʳʚʘʪʴ ʙʠʦʧʦʚʨʝʞʜʝʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʟʘʣʘʭ ɾʠʚʦʧʠʩʠ ɼʨʝʚ-

ʥʝʡ ʈʫʩʠ (56, 57 ʠ 61) ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʟʜʘʥʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʊʨʝʪʴʷʢʦʚʩʢʦʡ ʛʘʣʝʨʝʠ (ɻʊɻ, 

ʃʘʚʨʫʰʠʥʩʢʠʡ ʧʝʨ., 10, ʄʦʩʢʚʘ), ʩʦʟʜʘʣʠ ʢʦʣʣʝʢʮʠʶ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠʤʠ ʠʥʬʠʮʠʨʦ-

ʚʘʣʠ ʦʪʜʝʣʴʥʳʝ çʩʣʦʠè (ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʚ ʨʝʩʪʘʚʨʘʮʠʦʥʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ɻʊɻ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʚʘʨʠʘʥʪʳ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ. ʇʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʳʡ ʨʦʩʪ (ʜʣʷ ʚʩʝʭ 

ʪʝʩʪʠʨʫʝʤʳʭ ʜʝʚʷʪʠ ʤʘʞʦʨʥʳʭ ʛʨʠʙʥʳʭ ʠʟʦʣʷʪʦʚ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʦʩʪʘʚ ʦʩʝʪ-

ʨʦʚʦʛʦ ʢʣʝʷ ʘʥʪʠʩʝʧʪʠʢʘ - ʧʝʥʪʘʭʣʦʨʬʝʥʦʣʷʪʘ ʥʘʪʨʠʷ. ʆʥʦ ʚʳʨʘʞʘʣʦʩʴ ʢʘʢ ʚ ʫʚʝʣʠʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʘʤʠʜ I ʠ ʘʤʠʜ II (ʚ ʦʙʨʘʟʮʘʭ ʩ ʘʥʪʠʩʝʧʪʠʢʦʤ), ʪʘʢ ʠ ʚ ʧʦʷʚʣʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʦʩ ʚ 

ʧʦʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ (ʚ ʦʙʨʘʟʮʘʭ ʙʝʟ ʘʥʪʠʩʝʧʪʠʢʘ). 

Abstract  

In this article, we investigated microorganisms that are capable to cause biodeteriorations of paint and varnish 

materials used in tempera painting. Samples were selected from the halls of Rus Ancient Painting (number 56, 57 

and 61) of the main historical building of the State Tretyakov Gallery (STG, Lavrushinsky per. 10, Moscow); the 

collection of cultivated microorganisms was created and used for infection of separate "layers" (prepared in a 

restoration workshop of STG), representing varieties paintwork materials used in tempera painting. All tested nine 

major fungi isolates demonstrated the efficient growth on the surface of the most investigated materials. We char-

acterized the growth inhibition on sturgeon glue layers with sodium pentachlorophenolate antiseptic by micro-

Fourier Transform Infrared spectroscopy. This was revealed both in the more intense absorption of amide I and 

amide II bands (in samples with antiseptic), and in the appearance of additional bands in bio-affected zones (in 

samples without antiseptic). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʧʝʨʥʘʷ ʞʠʚʦʧʠʩʴ, ʙʠʦʧʦʚʨʝʞʜʝʥʠʝ, ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

Keywords: tempera painting, biodeterioration, FT-IR spectroscopy. 

 

ɺʚʝʜʝʥʠʝ 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ 

ʨʘʟʨʫʰʝʥʠʠ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ (ʆʂʅ) 

[1]. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʦʦʙʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ 

ʧʦʨʘʞʘʪʴ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ, ʪʝʤ-

ʧʝʨʥʘʷ ʞʠʚʦʧʠʩʴ ʠʣʠ ʤʘʩʣʷʥʘʷ ʞʠʚʦʧʠʩʴ ʥʘ ʭʦʣʩʪʝ, 

ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ [2]. ɼʚʘ ʚʘʞ-

ʥʝʡʰʠʭ ʬʘʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʙʠʦ-

ʧʦʨʘʞʝʥʠʷ, ʩʚʷʟʘʥʳ ʩ ʝʛʦ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ 

ʫʩʣʦʚʠʷʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʨʦʠʟʚʝʜʝʥʠʷ ʜʨʝʚʥʝ-

ʨʫʩʩʢʦʡ ʩʪʘʥʢʦʚʦʡ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ (ʜʨʝʚʥʝ-
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ʨʫʩʩʢʠʝ ʠʢʦʥʳ) ʩʦʩʪʦʷʪ ʠʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ 

ʜʣʷ ʩʚʦʝʛʦ ʨʦʩʪʘ. ɼʣʷ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʫ 

ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʜʦʩʦʢ (ʯʘʱʝ ʠʟ - ʣʠʧʳ, ʩʦʩʥʳ, ʢʣʸʥʘ, 

ʢʠʧʘʨʠʩʘ, ʝʣʠ), ʰʚʳ ʧʨʦʢʣʝʠʚʘʣʠ ʧʘʚʦʣʦʢʦʡ, ʧʨʦ-

ʧʠʪʘʥʥʦʡ ʦʩʝʪʨʦʚʳʤ (ʠʣʠ ʠʥʳʤ, - ʤʝʟʜʨʦʚʳʤ ʠʣʠ 

ʢʦʩʪʥʳʤ) ʢʣʝʝʤ. ɼʘʣʝʝ ʥʘʢʣʘʜʳʚʘʣʠ ʛʨʫʥʪ ʠʣʠ ʣʝʚ-

ʢʘʩ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʤʝʣʘ ʠʣʠ ʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ 

ʠ ʦʩʝʪʨʦʚʦʛʦ (ʠʣʠ ʜʨ. ʞʠʚʦʪʥʦʛʦ) ʢʣʝʷ, ʥʘ ʢʦʪʦʨʳʡ 

ʥʘʥʦʩʠʣʠ ʨʠʩʫʥʦʢ. ɼʣʷ ʠʢʦʥʦʧʠʩʠ ʧʨʠʤʝʥʷʣʠ ʷʠʯ-

ʥʫʶ ʠʣʠ ʢʘʟʝʠʥʦʚʫʶ ʪʝʤʧʝʨʫ ï ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʪʦ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʧʠʛʤʝʥʪʳ (ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨ-

ʛʘʥʠʯʝʩʢʠʝ) ʨʘʩʪʸʨʪʳʝ ʚ ʷʠʯʥʦʤ ʞʝʣʪʢʝ ʠʣʠ ʙʝʣʢʝ 

[3,4]. ɼʣʷ ʵʣʘʩʪʠʯʥʦʩʪʠ ʢʨʘʩʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟ-

ʣʠʯʥʳʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ (ʪʘʢʠʝ ʢʘʢ ʛʣʠʮʝʨʠʥ, ʤʸʜ, 

ʣʴʥʷʥʦʝ ʤʘʩʣʦ). ʊʘʢʞʝ ʜʦʙʘʚʣʷʣʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʩʚʷʟʫʶʱʠʝ ʜʣʷ ʢʨʘʩʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʫʤʤʠʘʨʘʙʠʢ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʪʝʤʧʝʨʥʳʭ 

ʢʨʘʩʦʢ ʠ ʜʣʷ ʠʭ ʟʘʱʠʪʳ ʧʨʠʤʝʥʷʣʠ ʜʘʤʤʘʨʫ, ʚʦʩʢʠ, 

ʦʣʠʬʳ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʥʠʬʦʣʴ [5]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʣʫʞʠʪʴ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʧʠʪʘʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʦʩʪʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʧʦ-

ʧʘʩʪʴ ʚ ʤʫʟʝʡʥʳʝ ʬʦʥʜʳ ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʫʩʣʦʚʠ-

ʷʤʠ ʭʨʘʥʝʥʠʷ ʵʪʠ ʆʂʅ ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʘʟʣʠʯʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ. ʕʪʦ ʤʦʛʣʦ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ 

ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʙʦʨʘ ʧʦʣʝʟ-

ʥʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʙʠʦʤʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ, ʛʨʷʟʴ, ʧʳʣʴ, ʣʝʪʫʯʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ [6], ʥʘʢʦʧ-

ʣʝʥʠʶ ʤʝʨʪʚʳʭ ʠʣʠ ʞʠʚʳʭ ʢʣʝʪʦʢ, ʪʘʢʞʝ ʩʣʫʞʘ-

ʱʠʭ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ [7].  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʨʝʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʥʝʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʭʨʘʥʠʣʠʱʘʭ, 

ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʆʂʅ. ʅʘʧʨʠʤʝʨ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʚʳʩʦʢʘʷ ʩʫʭʦʩʪʴ ʚʦʟʜʫʭʘ ʚʳʟʳʚʘʝʪ ʨʘʩ-

ʪʨʝʩʢʠʚʘʥʠʝ ʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ, ʦʩʳʧʘʥʠʝ ʢʨʘʩʦʢ, 

ʚʟʜʫʪʠʝ, ʢʦʨʦʙʣʝʥʠʝ ʜʦʩʦʢ ʠʢʦʥʳ. ʉ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠ-

ʪʠʶ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʢʦʚ ʠ ʙʘʢʪʝʨʠʡ, ʢʦʪʦʨʳʝ ʧʦʨʘ-

ʞʘʶʪ ʩʚʷʟʫʶʱʝʝ ʛʨʫʥʪʘ ʠ ʢʨʘʩʦʢ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʦʩʥʦʚʝ, ʧʨʦʜʫʢʪʘʤʠ ʩʚʦʝʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʚʳʟʳʚʘʶʪ 

ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ, ʚʟʜʫʪʠʝ ʠ ʧʦʪʝʨʶ ʵʣʘʩʪʠʯʥʦʩʪʠ 

ʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ, ʛʥʠʝʥʠʝ ʜʨʝʚʝʩʠʥʳ. ʇʦʵʪʦʤʫ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʠʢʨʦʙʠʦʤʘ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʝʧʝʥʠ ʝʛʦ ʧʦʨʘʞʝʥʠʷ ʠ ʧʦʠʩʢ ʧʨʝʧʘʨʘʪʦʚ, ʫʜʘʣʷ-

ʶʱʠʭ ʧʘʨʘʟʠʪʠʨʫʶʱʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʥʦ ʱʘ-

ʜʷʱʝ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʣʘʢʦʢʨʘʩʦʯʥʳʡ ʩʣʦʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦ-

ʠʟʚʝʜʝʥʠʡ ʤʘʩʣʷʥʦʡ ʠ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʸ ʯʘʱʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʪʘʢʦʤʫ 

ʤʝʪʦʜʫ ʘʥʘʣʠʟʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʢʘʢ ʠʥʬʨʘʢʨʘʩ-

ʥʘʷ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʢʦʪʦʨʘʷ ʩʦʚʤʝʩʪʥʦ ʩʦ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦʟ-

ʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʠʧ ʩʚʷ-

ʟʫʶʱʝʛʦ [8] ʠ ʥʘʙʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ [9], ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʩʣʦʡʥʦ. ʆʜʥʦʡ ʠʟ ʘʢ-

ʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʟʘʨʘʞʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʠʭ ʥʝʦʙʨʘʪʠʤʦʤʫ 

ʧʦʚʨʝʞʜʝʥʠʶ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʘʞʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʦʙʲʝʢʪʦʚ [10,11], ʯʪʦ ʥʘʨʷʜʫ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦ-

ʩʪʫʧʥʦʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʝʸ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʦʜʭʦʜʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʟʘʜʘʯ. ɺ ʜʘʥʥʦʡ ʩʚʷʟʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʤʝʭʘʥʠʟʤʘʤ ʜʝʪʝʢʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʨʠʙʦʚ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʷʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ (ʇʀ). ʅʘ ʙʘʟʝ 

ʧʦʜʦʙʥʦʡ ʧʨʝʚʝʥʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʪʘʢʞʝ ʚʠ-

ʜʠʪʩʷ ʟʘʜʘʯʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʥʪʠʩʝʧ-

ʪʠʢʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠʤʝʣʠ ʙʳ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʟʨʫʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʇʀ [1]. ɼʝʪʘʣʴʥʘʷ ʠ ʚʩʝʩʪʦʨʦʥʥʷʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ ʧʦʨʘʞʘʶʱʝʛʦ ʤʠʢʨʦʙʠʦʤʘ ʦʪʢʨʳʚʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʜʣʷ ʧʦʠʩʢʘ ʧʨʝʧʘʨʘʪʦʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʦʜʘʚʣʷʶʪ ʨʦʩʪ 

ʤʠʢʨʦʬʣʦʨʳ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʦʢʘʟʳʚʘʷ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ ʧʦʨʘʞʝʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʘʥʪʠ-

ʩʝʧʪʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʞʠʚʦʧʠʩʠ, ʠʤʝʶʪ ʦʛʨʘʥʠ-

ʯʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʥʪʘʭʣʦʨʬʝʥʦʣʷʪ 

ʥʘʪʨʠʷ ʪʦʢʩʠʯʝʥ ʢʘʢ ʜʣʷ ʨʝʩʪʘʚʨʘʪʦʨʘ, ʪʘʢʠ ʜʣʷ ʇʀ 

(ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʱʝʧʣʝʥʠʷ ʭʣʦʨʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʧʠʛʤʝʥʪʘʤʠ); ʢʘʪʘʤʠʥʳ, ʢʚʘʨʪʦʣʠʪ, ʢʘʪʘʧʠʥ ï ʤʝ-

ʥʝʝ ʵʬʬʝʢʪʠʚʥʳ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʝʡʩʪʚʠʷ, ʚʳʩʦ-

ʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʙʠʨʘʪʝʣʴʥʘʷ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

(ʥʦ ʥʝ ʥʘ ʇʀ) ï ʚʦʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʘʥ-

ʪʠʩʝʧʪʠʢʘʤ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʪʙʦʨ ʧʨʦʙ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟ-

ʤʦʚ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠ ʩʪʝʨʠʣʴʥʦʡ ʚʘʪʥʦʡ ʧʘʣʦʯʢʦʡ, 

ʧʦʤʝʱʘʣʠ ʚ ʤʠʢʨʦʧʨʦʙʠʨʢʠ ʩʦ ʩʪʝʨʠʣʴʥʳʤ ʨ-ʨʦʤ 

0,9% NaCl, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʨʘʚʥʳʡ ʦʙʲʝʤ çʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʦʯʥʦʛʦè ʨ-ʨʘ (ʧʝʧʪʦʥʥʳʡ ʧʝʨʝʚʘʨ ʞʠʚʦʪ-

ʥʦʡ ʪʢʘʥʠ 1,0 ʛ/ʣ, NaCl 8,5 ʛ/ʣ, ʨʅ 7,0) ʧʨʦʠʟʚʦʜʩʪʚʘ 

Merck, ɻʝʨʤʘʥʠʷ. ʆʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʧʝʨʝʩʝʚʘʣʠ ʥʘ 

ʪʚʝʨʜʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ (ʊʇʉ): ʏʘʧʝʢʘ-ɼʦʢʩʘ 

(ʏɼ, ʩʘʭʘʨʦʟʘ 30 ʛ/ʣ, NaNO3 2 ʛ/ʣ, K2HPO4 1 ʛ/ʣ, 

MgSO4 x 7H 2O 0,5 ʛ/ʣ, KCl 0,5 ʛ/ʣ, FeSO 4 7H 2O 

0,01 ʛ/ʣ, ʘʛʘʨ ï 20 ʛ/ʣ, ʨʅ 7,0 ï 7,4) ʠ LB (ʙʘʢʪʦʪʨʠʧ-

ʪʦʥ 10 ʛ/ʣ, ʙʘʢʪʦʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ 5 ʛ/ʣ, NaCl 10 

ʛ/ʣ, ʘʛʘʨ 20 ʛ/ʣ) ʠ ʭʨʘʥʠʣʠ ʧʨʠ 4ʦʉ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʦʚ ʤʝʪʦʜʦʤ ʨʘʟʚʝʜʝʥʠʷ ʢʘʧʝʣʴ. ʄʠʢʨʦ-

ʦʨʛʘʥʠʟʤʳ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʥʘ ʩʢʦʰʝʥʥʦʡ ʘʛʘʨʠ-

ʟʦʚʘʥʥʦʡ ʩʨʝʜʝ, ʨʘʟʚʦʜʠʣʠ ʚ 0,9% NaCl ʜʦ ʨʘʚʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 

OD600=0,35ï0,5; ʜʝʣʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 10-ʢʨʘʪ-

ʥʳʝ ʨʘʟʚʝʜʝʥʠʷ ʚ 0,9% NaCl, ʚʳʩʝʚʘʣʠ ʧʦ 3 ʤʢʣ ʥʘ 

ʘʛʘʨʠʟʦʚʘʥʥʳʝ ʩʨʝʜʳ ʠʣʠ ʧʦ 1 ʤʢʣ ʥʘ ʩʣʦʠ ʩ ʤʘʪʝ-

ʨʠʘʣʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ. 

ʂʫʩʢʠ ʜʦʩʢʠ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʩʪʝ-

ʨʠʣʴʥʳʭ ʯʘʰʢʘʭ ʇʝʪʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʩʳʱʘʣʠ 

ʚʦʜʦʡ (25ʦʉ, 48 ʯ) ʠʟ ʨʘʩʯʝʪʘ 0.5 ï 1 ʤʣ ʚʦʜʳ ʥʘ 1 

ʩʤ3 ʤʘʪʝʨʠʘʣʘ (ʚʤʝʩʪʝ ʩ ʜʦʩʢʦʡ). ʀʥʦʢʫʣʠʨʦʚʘʥʥʳʝ 

ʘʛʘʨʠʟʦʚʘʥʥʳʝ ʩʨʝʜʳ ʠʣʠ ʤʘʪʝʨʠʘʣʳ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʧʨʠ 25ʦʉ. ʏʝʨʝʟ 3-5 ʩʫʪ (ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ) 

ʠʣʠ 12-20 ʩʫʪ (ʥʘ ʤʘʪʝʨʠʘʣʘʭ) ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ 

ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ.  
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ʇʨʦʚʝʜʝʥʠʝ ʤʠʢʨʦ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ʀʂ-ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʘ Thermo Scientific 

Nicolet iS50 FT-IR, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʦʤ 

Nicolet Continuum, ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʦʪ 

650 ʜʦ 4000 ʩʤ-1 ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʠʷ. ʉʧʝʢʪʨʳ ʩʥʠ-

ʤʘʣʠ ʩ ʦʙʣʘʩʪʠ ʨʘʟʤʝʨʦʤ 200ʭ200 ʤʢʤ2, ʠʪʦʛʦʚʳʝ 

ʩʧʝʢʪʨʳ ʧʦʣʫʯʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʨʝʜʥʝʥʠʷ 500-ʪʘ 

ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʧʨʦʠʟʚʦ-

ʜʠʣʠ ʬʦʢʫʩʠʨʦʚʢʫ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙ-

ʨʘʟʮʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʩʥʠʤʘʣʠ ʦʪʜʝʣʴʥʳʝ 

ʩʧʝʢʪʨʳ, ʢʘʢ ʚ ʮʝʥʪʨʝ ʟʘʨʘʞʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ ʚ 

ʦʙʣʘʩʪʠ, ʥʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ OMNIC (ʨʘʟʨʘʙʦʪʯʠʢ Thermo 

Fisher Scientific).  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʩʪʦʨʠʯʝʩʢʠʝ ʟʜʘʥʠʷ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʨ-

ʭʠʪʝʢʪʫʨʥʫʶ ʠ ʢʫʣʴʪʫʨʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʠ. ɿʜʘ-

ʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʊʨʝʪʴʷʢʦʚʩʢʦʡ ʛʘʣʝʨʝʠ 

(ʃʘʚʨʫʰʠʥʩʢʠʡ ʧʝʨʝʫʣʦʢ, 10), ʥʘʨʷʜʫ ʩ ʵʪʠʤ, ï ʩ ʩʝ-

ʨʝʜʠʥʳ 19 ʚ. ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʭʨʘʥʠʣʠʱʝ ʢʫʣʴʪʫʨ-

ʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʷʚʣʷʶʱʠʭʩʷ ʥʘʨʦʜʥʳʤ ʜʦʩʪʦʷ-

ʥʠʝʤ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʠʩ-

ʪʦʨʠʯʝʩʢʦʛʦ ʟʜʘʥʠʷ ʠʟ ʙʘʟʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʵʧʦʭʠ 

ʧʦʩʪʨʦʡʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʜ ʭʨʘʥʝʥʠʝ ʩʧʝʮʠʬʠ-

ʯʝʩʢʠʭ ʧʦ ʩʦʩʪʘʚʫ ʤʘʪʝʨʠʘʣʦʚ ʇʀ, ʬʦʨʤʠʨʦʚʘʣʦʩʴ 

ʭʘʨʘʢʪʝʨʥʦʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʦʙʱʝʩʪʚʦ. 

ʋʥʠʢʘʣʴʥʳʝ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ ʭʨʘʥʝ-

ʥʠʷ, ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪ-

ʥʦʛʦ ʨʝʞʠʤʘ ʚʦ ʚʩʝʭ ʟʘʣʘʭ (ʪʝʤʧʝʨʘʪʫʨʘ ï 19ʦʉ, 

ʚʣʘʞʥʦʩʪʴ ï 55%), ʫʛʥʝʪʘʣʦ ʝʛʦ ʨʘʟʚʠʪʠʝ. ʅʘʨʷʜʫ ʩ 

ʵʪʠʤ, ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʟʦʚʳʝ ʥʝʨʘʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʩ 

ʪʨʫʜʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʟʜʘʥʠʷ, 

ʪʘʢ ʠ ʩ ʧʝʨʝʚʦʟʢʦʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʥʘ ʚʳʩʪʘʚʢʠ, ʠ 

ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʦʟʠʮʠʡ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʨʘʥʳ.  

 
ʈʠʩʫʥʦʢ 1. ʇʨʦʙʳ, ʦʪʦʙʨʘʥʥʳʝ ʥʘ ʠʢʦʥʝ ʎʝʨʢʦʚʴ ɺʦʠʥʩʪʚʫʶʱʘʷ. ʂʨʫʞʢʘʤʠ ʦʪʤʝʯʝʥʳ ʟʦʥʳ ʟʘʙʦʨʘ 

ʧʨʦʙ, ʚ ʮʝʥʪʨʝ ʢʨʫʞʢʘ ʦʪʤʝʯʝʥ ʥʦʤʝʨ ʧʨʦʙʳ. ʈʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ 1-22 ʠ ʟʘʛʣʘʚʥʳʤʠ ʙʫʢʚʘʤʠ 

ʘʥʛʣʠʡʩʢʦʛʦ ʘʣʬʘʚʠʪʘ A-H ʦʪʤʝʯʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʢʚʘʜʨʘʪʦʚ ʨʘʟʤʝʪʦʯʥʦʡ ʩʝʪʢʠ, ʥʘʥʝʩʝʥʥʦʡ in silico 

ʜʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʜʘʥʥʳʤʠ. 

 

ʉ ʨʘʟʨʝʰʝʥʠʷ ʛʣʘʚʥʦʛʦ ʭʨʘʥʠʪʝʣʷ ʤʫʟʝʡʥʳʭ 

ʮʝʥʥʦʩʪʝʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʊʨʝʪʴʷʢʦʚʩʢʦʡ ʛʘʣʝʨʝʠ 

(ɻʊɻ) ʥʘʤʠ ʦʪʦʙʨʘʥʦ 105 ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙ ʚ ʟʘʣʘʭ ɾʠʚʦʧʠʩʠ ɼʨʝʚʥʝʡ ʈʫʩʠ (56, 57 ʠ 61) 

ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʟʜʘʥʠʷ (ʃʘʚʨʫʰʠʥʩʢʠʡ 

ʧʝʨ., 10, ʄʦʩʢʚʘ). ʇʨʦʙʳ ʩʦʙʨʘʣʠ ʢʘʢ ʩ ʩʘʤʠʭ ʇʀ, 

ʥʘ ʢʦʪʦʨʳʭ (ʜʦ ʧʝʨʝʥʦʩʘ ʠʟ ʧʨʦʙʣʝʤʥʦʛʦ ʧʦʤʝʱʝ-

ʥʠʷ, ʢʦʥʝʮ ʬʝʚʨʘʣʷ 2018) ʚʠʟʫʘʣʴʥʦ ʥʝ ʦʙʥʘʨʫʞʠ-

ʚʘʣʠʩʴ ʩʣʝʜʳ ʧʦʨʘʞʝʥʠʷ, ʪʘʢ ʠ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʟʜʘʥʠʷ (ʩʪʝʥ, ʦʧʦʨʥʳʭ 

ʙʘʣʦʢ, ʱʠʪʦʚ, ʧʦʪʦʣʢʦʚ, ʢʦʨʦʙʦʚ ʜʣʷ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʢʠ), ʚʩʢʨʳʪʳʭ ʧʦʩʣʝ ʜʝʤʦʥʪʘʞʘ ʥʘʣʠʯʥʠʢʦʚ 

ʩʪʝʥ ʠ ʟʘʢʨʳʪʠʷ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʚ ʩʚʷʟʠ ʩ ʦʙʥʘ-

ʨʫʞʝʥʠʝʤ ʦʙʰʠʨʥʳʭ, ʚʠʜʠʤʳʭ ʛʣʘʟʦʤ ʦʯʘʛʦʚ ʧʦʨʘ-

ʞʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʩʤʝʰʘʥʥʦʡ ʧʨʠʨʦʜʳ (ʟʘʣ 

61 ɾʠʚʦʧʠʩʠ ɼʨʝʚʥʝʡ ʈʫʩʠ, ʥʘʯʘʣʦ ʤʘʨʪʘ 2018). ɺ 

ʟʘʣʝ 61 ʦʪʦʙʨʘʥʦ: 36 ʦʙʨʘʟʮʦʚ - ʩ ʠʢʦʥʳ ʎʝʨʢʦʚʴ 

ɺʦʠʥʩʪʚʫʶʱʘʷ, ʠʟ ʥʠʭ 20 ï ʩ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ 

ʠʢʦʥʳ, 10 ï ʩ ʙʦʢʦʚ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʈʠʩʫʥʦʢ 

1, ʦʙʲʝʢʪ 1), 14 ʦʙʨʘʟʮʦʚ - ʩ ʙʶʩʪʘ ɻʝʦʨʛʠʷ ʇʦʙʝʜʦ-

ʥʦʩʮʘ (ʦʙʲʝʢʪ 2) ʠ 14 ʦʙʨʘʟʮʦʚ ï ʩ ʠʢʦʥʳ ʉʚʷʪʦʛʦ 

ʚʝʣʠʢʦʤʫʯʝʥʠʢʘ ɼʠʤʠʪʨʠʷ ʉʦʣʫʥʩʢʦʛʦ (ʦʙʲʝʢʪ 3). 

ɺ ʟʘʣʝ 61 ʪʘʢʞʝ ʚʟʷʪʳ ʧʨʦʙʳ ʩ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ 

ʱʠʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʢʨʝʧʠʣʠʩʴ ʠʩʩʣʝʜʫʝʤʳʝ ʧʘʤʷʪ-

ʥʠʢʠ ʢʫʣʴʪʫʨʳ, ʩ ʧʦʪʦʣʢʘ, ʩ ʧʝʨʝʢʨʳʪʠʡ ʩʪʝʥ ʠ ʙʘ-

ʣʦʢ ï ʧʦʩʣʝ ʜʝʤʦʥʪʘʞʘ ʥʘʣʠʯʥʠʢʦʚ. ɺ ʟʘʣʘʭ 56 ʠ 57 

ʧʨʦʙʳ ʩʦʙʨʘʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʣʦʚ (ʩʪʝʥ ʠ ʧʦʜ-

ʦʢʦʥʥʠʢʦʚ). 
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ʈʠʩʫʥʦʢ 2. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʠʟʦʣʷʪʦʚ ɻʊɻ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ. ɸ-B ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʥʘ ʊʇʉ: ɸ, ɹ ï ʩʨʝʜʘ ʏɼ, ɺ ï ʩʨʝʜʘ LB, ɻ ï ʧʨʦʙʘ 103 (Cladosporium cladosporioides), 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ ʩʨʝʜʝ ʏɼ (ʭ1000 ʫʚʝʣʠʯʝʥʠʝ ʚ ʧʦʣʝ ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʥʘ 

ʩʢʦʰʝʥʥʦʡ ʊʇʉ). 

 

ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʣʷʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʢʦʣʣʝʢʮʠʠ ʢʫʣʴʪʫʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʟ ɻʊɻ 

(ʈʠʩʫʥʦʢ 2, ɸ-ɺ), ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʜʣʷ ʙʘʢʪʝʨʠʡ 

(ʩʨʝʜʘ LB) ʠ ʛʨʠʙʦʚ (ʏɼ). ʂʫʣʴʪʠʚʠʨʫʝʤʳʝ ʦʙ-

ʨʘʟʮʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʠʩʫʥʦʢ 2ɻ). ɺ ʧʦʜʘʚʣʷʶʱʝʤ 

ʯʠʩʣʝ ʦʙʨʘʟʮʦʚ ʦʙʥʘʨʫʞʠʣʠ ʟʘʨʘʞʝʥʠʝ ʩʤʝʰʘʥʥʦʡ 

ʧʨʠʨʦʜʳ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʭʘʨʘʢʪʝʨʥʳʝ ʙʘʢʪʝʨʠ-

ʘʣʴʥʳʝ ʠ ʛʨʠʙʥʳʝ ʧʦʨʘʞʝʥʠʷ. ʄʘʞʦʨʥʳʤʠ ʛʨʠʙ-

ʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʷʚʠʣʠʩʴ: Cladosporium 

cladosporioides, Aspergillus sp., Ulocladium charta-

rum, Aspergillus versicolor, Penicillium sp., Paeci-

lomyces sp. ʆʧʨʝʜʝʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʘʨʘʟʠʪʠʨʫʶʱʠʭ ʥʘ ʚʥʫʪʨʝʥʥʠʭ 

ʢʦʤʤʫʥʠʢʘʮʠʷʭ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ (ʚʠʟʫ-

ʘʣʴʥʦ) ʠ ʚʳʷʚʣʷʶʱʠʝʩʷ (ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ) 

ʥʘ ʇʀ.  

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʠʟʦʣʷʪʘʤʠ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʟ ʩʦʟʜʘʥ-

ʥʦʡ ʢʦʣʣʝʢʮʠʠ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʣʠ ʧʦ ʩʢʦʨʦʩʪʠ ʨʦ-

ʩʪʘ ʥʘ ʊʇʉ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʨʘʟʚʝʜʝ-

ʥʠʷ ʢʘʧʝʣʴ, ʢʫʣʴʪʫʨʳ ʚʳʨʘʚʥʠʚʘʣʠ ʧʦ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʜʝʣʘʣʠ ʩʝʨʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʟʚʝ-

ʜʝʥʠʡ (ʈʠʩʫʥʦʢ 3), ʚʳʙʠʨʘʣʠ ʠʟʦʣʷʪʳ, ʩʢʦʨʦʩʪʴ ʨʦ-

ʩʪʘ ʢʦʪʦʨʳʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʘʷ; ʩʣʝʜʠʣʠ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʪʝʤ, ʯʪʦʙʳ ʨʦʩʪ ʦʜʥʦʡ ʠʟ ʢʫʣʴ-

ʪʫʨ ʥʝ ʟʘʙʠʚʘʣ ʦʩʪʘʣʴʥʳʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʣʣʝʢʮʠʠ ɻʊɻ ʩʬʦʨʤʠʨʦʚʘʣʠ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ ʨʦʩʪʘ, ʚʢʣʶʯʘʶʱʠʝ ʧʦ ʜʘʥʥʳʤ ʤʠʢʨʦʩʢʦ-

ʧʠʠ ʚʩʝ ʤʘʞʦʨʥʳʝ ʚʠʜʳ ʛʨʠʙʦʚ. ɻʨʫʧʧʘ 1 ʚʢʣʶʯʘʣʘ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʠʟʦʣʷʪʳ 103, 106, 36, 93ʯ, 93ʙ, 

ʛʨʫʧʧʘ 2 ʚʢʣʶʯʘʣʘ ʧʨʦʙʳ ï 25, 86, 57, 96. 
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ʈʠʩʫʥʦʢ 3. ʉʦʩʪʘʚʣʝʥʠʝ ʛʨʫʧʧ ʠʟʦʣʷʪʦʚ ʩ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʥʘ 

ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ ʏɼ, 25ʦʉ. A ï 96 ʯ, ɹ ï 120 ʯ. ʄʝʪʦʜ ʨʘʟʚʝʜʝʥʠʷ ʢʘʧʝʣʴ ʜʣʷ ʠʟʦʣʷʪʦʚ ʠʟ ʧʨʦʙ 103, 

106, 36, 93ʯ, 93ʙ. 

 

ʆʙʨʘʟʮʳ ʠʟ ʦʪʦʙʨʘʥʥʳʭ ʛʨʫʧʧ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʟʘʨʘʞʝʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʤʝʪʦʜʦʤ ʨʘʟʚʝʜʝʥʠʷ ʢʘʧʝʣʴ (ʈʠʩʫʥʦʢ 4). ɺ ʨʝ-

ʩʪʘʚʨʘʮʠʦʥʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ɻʊɻ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜ-

ʛʦʪʦʚʣʝʥʥʫʶ ʜʝʨʝʚʷʥʥʫʶ ʜʦʩʢʫ ʥʘʥʝʩʣʠ ʦʪʜʝʣʴ-

ʥʳʤʠ ʩʣʦʷʤʠ ʦʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ (ʊʘʙʣʠʮʘ 1). ɺ ʩʦʩʪʘʚ ʦʩʝʪʨʦ-

ʚʦʛʦ ʢʣʝʷ ʪʘʢʞʝ ʜʦʙʘʚʠʣʠ ʧʝʥʪʦʭʣʦʨʬʝʥʦʣʷʪ 

ʥʘʪʨʠʷ (ʇʍʌʅ), ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚ 

ʨʝʩʪʘʚʨʘʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ ʘʥʪʠʩʝʧʪʠʢʦʚ (ʩʣʦʡ 2), 

ʝʛʦ ʪʘʢʞʝ ʜʦʙʘʚʣʷʣʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʣʘʩʪʠʬʠʢʘʪʦ-

ʨʘʤʠ (ʩʣʦʠ 3, 4). 

 
ʈʠʩʫʥʦʢ 4. ʀʟʫʯʝʥʠʝ ʨʦʩʪʘ ʠʟʦʣʷʪʦʚ ɻʊɻ ʥʘ ʦʪʜʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʤʧʝʨʥʦʡ 

ʞʠʚʦʧʠʩʠ. ɸ ï ʤʘʢʝʪ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ. ɹ ï ʨʦʩʪ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 2-ʦʡ ʛʨʫʧʧʳ (ʧʨʦʙʳ 25, 86, 57, 96) ʧʦʩʣʝ ʟʘʨʘʞʝʥʠʷ ʷʠʯʥʦʡ ʪʝʤʧʝʨʳ ʬʘʙʨʠʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ï ñRowneyò (Monestial Blue Phthalo) ʤʝʪʦʜʦʤ ʨʘʟʚʝʜʝʥʠʷ ʢʘʧʝʣʴ, 25ʦʉ, 12 ʩʫʪ. ɺ ï 

ʤʠʢʨʦʢʦʧʠʨʦʚʘʥʠʝ ʢʦʣʦʥʠʠ ʚʳʨʦʩʰʝʛʦ ʦʙʨʘʟʮʘ ˉ 57 (Aspergillus versicolor). 
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ɺʩʝʛʦ ʙʳʣʦ ʩʦʟʜʘʥʦ 20 ʪʘʢʠʭ çʩʣʦʝʚè, ʠʭ 

ʥʘʥʝʩʣʠ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʦʚ 10ʭ10 ʩʤ (ʈʠʩʫʥʦʢ 4ɸ). 

ɼʣʷ ʥʘʰʝʡ ʨʘʙʦʪʳ ʜʦʩʢʫ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ 

ʩʥʘʯʘʣʘ ʨʘʟʜʝʣʠ ʥʘ 20 ʢʚʘʜʨʘʪʦʚ, ʟʘʪʝʤ ʢʘʞʜʳʡ ʠʟ 

ʥʠʭ ʨʘʟʜʝʣʠʣʠ ʥʘ 4 ʯʘʩʪʠ, ʠʟ ʢʦʪʦʨʳʭ 2 ʯʘʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʨʦʩʪʘ ʦʙʨʘʟʮʦʚ ʠʟ ʛʨʫʧʧ 1 ʠ 

2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʚʣʘʞʥʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘ-

ʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʥʦʢʫʣʷʮʠʡ ʦʙʨʘʟʮʘʤʠ 

ʧʦ ʤʝʪʦʜʫ ʨʘʟʚʝʜʝʥʠʷ ʢʘʧʝʣʴ. ɺʠʟʫʘʣʴʥʦ ʥʘʯʘʣʦ ʨʦ-

ʩʪʘ ʛʨʠʙʥʳʭ ʢʦʣʦʥʠʡ ʥʘʩʪʫʧʘʣʦ ʯʝʨʝʟ 48-72 ʯ, 25ʦʉ.  

ʊʘʙʣʠʮʘ 1.  

ʉʦʩʪʘʚ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʩʣʦʠ ʤʘʢʝʪʘ 

ˉ ʩʣʦʷ ʉʦʩʪʘʚ 

ˉ 1 ʆʩʝʪʨʦʚʳʡ ʢʣʝʡ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʘʥʪʠʩʝʧʪʠʢʘ 

ˉ 2 ʆʩʝʪʨʦʚʳʡ ʢʣʝʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʥʪʠʩʝʧʪʠʢʘ (ʇʍʌʅ 1%) 

ˉ 3 ʆʩʝʪʨʦʚʳʡ ʢʣʝʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʥʪʠʩʝʧʪʠʢʘ (ʇʍʌʅ 1%) ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ (ʤʸʜ 1%) 

ˉ 4 
7% ʨ-ʨ ʦʩʝʪʨʦʚʦʛʦ ʢʣʝʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʥʪʠʩʝʧʪʠʢʘ (ʇʍʌʅ 1%) ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ (ʛʣʠʮʝ-

ʨʠʥ 3%) 

ˉ 5 ʉʪʦʣʷʨʥʳʡ ʢʣʝʡ 

ˉ 6 ï ɻʫʤʤʠʘʨʘʙʠʢ 

ˉ 7 - ʗʠʯʥʘʷ ʵʤʫʣʴʩʠʷ (ʞʝʣʪʦʢ ʠ ʚʦʜʘ) 

ˉ 8 ʗʠʯʥʳʡ ʙʝʣʦʢ 

ˉ 9 ʂʘʥʠʬʦʣʴ 

ˉ 10 ɺʦʩʢʦ-ʤʘʩʣʷʥʘʷ ʤʘʩʪʠʢʘ 

ˉ 11 ʅʘʪʫʨʘʣʴʥʳʡ ʧʯʝʣʠʥʳʡ ʚʦʩʢ 

 ̄12 ʃʴʥʷʥʘʷ ʦʣʠʬʘ 

ˉ 13 ɼʘʤʤʘʨʥʳʡ ʣʘʢ 

ˉ 14 ʅʘʪʫʨʘʣʴʥʘʷ ʷʠʯʥʘʷ ʪʝʤʧʝʨʘ (ʧʠʛʤʝʥʪ - ʦʭʨʘ, ʩʚʷʟʫʶʱʝʝ ï ʞʝʣʪʢʦʚʘʷ ʵʤʫʣʴʩʠʷ) 

ˉ 15 ʅʘʪʫʨʘʣʴʥʘʷ ʷʠʯʥʘʷ ʪʝʤʧʝʨʘ (ʧʠʛʤʝʥʪ - ʢʠʥʦʚʘʨʴ, ʩʚʷʟʫʶʱʝʝ ï ʞʝʣʪʢʦʚʘʷ ʵʤʫʣʴʩʠʷ) 

ˉ 16 ʅʘʪʫʨʘʣʴʥʘʷ ʷʠʯʥʘʷ ʪʝʤʧʝʨʘ (ʧʠʛʤʝʥʪ ï ʞʞʸʥʘʷ ʢʦʩʪʴ, ʩʚʷʟʫʶʱʝʝ ï ʞʝʣʪʢʦʚʘʷ ʵʤʫʣʴʩʠʷ) 

ˉ 17 ʗʠʯʥʘʷ ʪʝʤʧʝʨʘ ʬʘʙʨʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ñRowneyò (Violet Alizarin) 

ˉ 18 ʗʠʯʥʘʷ ʪʝʤʧʝʨʘ ʬʘʙʨʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ñRowneyò (Crimson Alizarin) 

ˉ 19 ʗʠʯʥʘʷ ʪʝʤʧʝʨʘ ʬʘʙʨʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ñRowneyò (Cadmium Yellow) 

ˉ 20 ʗʠʯʥʘʷ ʪʝʤʧʝʨʘ ʬʘʙʨʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ñRowneyò (Monestial Blue Phthalo) 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝ 12 ʩʫʪ 

ʠʥʢʫʙʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʨʘʞʝʥʠʷ ʜʣʷ 10-ʪʠ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. ɺʩʝ ʠʟʫʯʘʝʤʳʝ ʢʨʘ-

ʩʦʯʥʳʝ ʩʣʦʠ (7, 14, 15, 20) ʦʢʘʟʘʣʠʩʴ ʧʦʜʚʝʨʞʝʥʳ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʛʨʠʙʥʦʤʫ ʟʘʨʘʞʝʥʠʶ. ʊʘʢʞʝ ʠʥʪʝʥ-

ʩʠʚʥʦ ʧʦʨʘʞʘʶʪʩʷ ʩʣʦʠ ʥʘ ʦʩʥʦʚʝ ʦʩʝʪʨʦʚʦʛʦ ʢʣʝʷ 

(1) ʠ ʢʘʥʠʬʦʣʠ (9). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʟʜʘʥʠʠ ɻʊɻ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳ ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʡ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ. 

ʃʶʙʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʦʙʣʶʜʘʝʤʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ ʢ ʘʢʪʠʚʘ-

ʮʠʠ çʩʧʷʱʝʛʦè ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, 

ʙʠʦʧʦʚʨʝʞʜʝʥʠʶ ʠʟʫʯʘʝʤʳʭ ʇʀ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʚʠʜʥʦ, ʯʪʦ ʛʫʤʤʠʘʨʘʙʠʢ (ʩʣʦʡ 6) ʠ ʨʷʜ ʣʘʢʦʚ (ʩʣʦʠ 

10, 13) ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʠʭ ʟʘʱʠʪʥʦʡ ʬʫʥʢʮʠʠ. ʆʜ-

ʥʘʢʦ ʥʝʠʟʙʝʞʥʳʝ ʪʨʝʱʠʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʟʘ ʜʦʣʛʠʝ 

ʛʦʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ, ʷʚʣʷ-

ʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ çʚʭʦʜʥʳʤʠ ʚʦʨʦʪʘʤʠè ʜʣʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ 1% ʨʘʩʪʚʦʨʘ ʇʍʌʅ ʚ ʩʦʩʪʘʚ ʦʩʝʪʨʦ-

ʚʦʛʦ ʢʣʝʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʧʦʨʦʛ ʟʘʨʘʞʝʥʠʷ 

ʨʘʟʣʠʯʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ.  

 
ʈʠʩʫʥʦʢ 5. ʉʙʦʨ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ ʠʟʦʣʷʪʘʤʠ ʠʟ ʢʦʣʣʝʢʮʠʠ ɻʊɻ (25ʦʉ, 20 ʩʫʪ) ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɸ ï ʩʣʦʡ 1, ʦʩʝʪʨʦʚʦʡ ʢʣʝʡ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʘʥʪʠʩʝʧʪʠʢʘ; ɹ ï ʩʣʦʡ 2, ʦʩʝʪʨʦʚʦʡ ʢʣʝʡ ʩ 1% ʨʘʩʪʚʦʨʦʤ ʇʍʌʅ. ʏʝʨʥʳʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ 

ʧʦʢʘʟʘʥʳ ʟʦʥʳ ʩʥʷʪʠʷ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʚ; ʧʨʦʥʫʤʝʨʦʚʘʥʳ 1-4 (ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ï 

ʤʝʩʪʫ ʠʥʦʢʫʣʷʮʠʠ). 
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ɼʣʷ ʜʝʪʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʨʘʞʝʥʠʷ 

ʟʦʥʳ ʩ ʚʳʨʦʩʰʠʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʩʚʷʟʫʶʱʝʛʦ ʠʟ ʦʩʝʪʨʦʚʦʛʦ ʢʣʝʷ (ʩʣʦʡ 1) ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʠʤ ʠʥʦʢʫʣʠʨʦʚʘʥʥʳʝ ʟʦʥʳ ʥʘ ʤʘʪʝʨʠʘʣʝ 

ʩ ʘʥʪʠʩʝʧʪʠʢʦʤ ʇʍʌʅ (ʩʣʦʡ 2) ʚʳʨʝʟʘʣʠ ʩʪʝʨʠʣʴ-

ʥʳʤ ʩʢʘʣʴʧʝʣʝʤ.  

ʊʘʙʣʠʮʘ 2. 

ʋʨʦʚʝʥʴ ʨʦʩʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʩʣʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 12 ʩʫʪ, 25ʦʉ ʥʘ ʤʘʪʝʨʠʘʣʘʭ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʚ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ. 

ˉ 

ʩʣʦʷ 

ʥʦʤʝʨ ʧʨʦʙʳ 

103 106 36 93 ʯ 93 ʙ 25 86 57 96 

ˉ 1 ++ ++ +++ ++++ +++ ++ ++ ++ ++++ 

ˉ 2 - - - ++ + - - - + 

ˉ 6 - - - ++ + - - - +++ 

ˉ 7 ++ ++++ ++++ ++++ ++++ ++ ++ +++ ++++ 

ˉ 9 +- + + ++++ +++ + - - - +++ 

ˉ 10 - - - - - - - - - 

ˉ 13 - - - + - + - - - - - 

ˉ 14 +++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ 

ˉ 15 ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++ 

ˉ 20 - +++ ++++ +++ +++ ++++ ++++ ++++ ++++ 

 

ʉʦʙʨʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʪʝʨʠʣʴ-

ʥʳʝ ʤʠʥʠ-ʯʘʰʢʠ ʇʝʪʨʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʤʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʳ 

ʧʦʣʫʯʘʣʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʦʥ, ʦʪ ʧʝʨʠʬʝʨʠʠ ʤʠʢʨʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ ʢ ʮʝʥʪʨʫ, ʢʦʪʦʨʳʡ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʣ ʟʦʥʝ ʠʥʦʢʫʣʷʮʠʠ ʢʘʧʣʝʡ ʩ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʤ (ʈʠʩʫʥʦʢ 5, ʥʦʤʝʨʘ ʧʫʥʢʪʠʨʥʳʭ ʩʪʨʝʣʦʢ 1-

4).  

 
ʈʠʩʫʥʦʢ 6. ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʦʩʝʪʨʦʚʦʛʦ ʢʣʝʷ ʙʝʟ ʘʥʪʠʩʝʧʪʠʢʘ (ʩʣʦʡ 1) ʠ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʘʥʪʠʩʝʧʪʠʢʘ ʇʍʌʅ (ʩʣʦʡ 2) ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʦʙʨʘʟʮʦʤ 103 (Cladosporium cladosporioides) 

ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 25ʦʉ, 20 ʩʫʪ. 1-4 ʩʧʝʢʪʨʳ ʜʣʷ ʩʣʦʷ ˉ1, ʩʥʷʪʳʝ ʦʪ ʧʝʨʠʬʝʨʠʠ (1) ʢ ʮʝʥʪʨʫ 

ʠʥʦʢʫʣʷʮʠʠ, ʟʦʥʳ ʘʢʪʠʚʥʦʛʦ ʙʠʦʧʦʚʨʝʞʜʝʥʠʷ (4). 5-6 ʩʧʝʢʪʨʳ ʜʣʷ ʩʣʦʷ ˉ2; 5 ï ʧʝʨʠʬʝʨʠʷ, 6 ï ʟʦʥʘ 

ʠʥʦʢʫʣʷʮʠʠ. ʏʝʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʪʘʢʞʝ ʧʦʢʘʟʘʥʳ ʟʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʠʬʝʨʠʠ ʠ ʮʝʥʪʨʫ 

ʟʘʨʘʞʝʥʠʷ, ʯʝʨʥʳʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʳ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʫʤʘʤ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ɸʤʠʜ I ʠ ɸʤʠʜ II. 
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ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʀʂ-ʩʧʝʢʪʨʦʚ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʦʪ ʧʝʨʠʬʝʨʠʠ 

ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (ʟʦʥʝ ʠʥʦʢʫʣʷʮʠʠ) ʚ ʧʦʨʘ-

ʞʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʠʩʯʝʟʘʝʪ (ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʘ-

ʜʘʝʪ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʘʤʠʜ I (ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ CïO) ʠ ʘʤʠʜ II (Nï

H). ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʧʦʣʦʩʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʚʷʟʫʶʱʝʤʫ 

ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʝ ʦ ʜʝʛʨʘʜʘʮʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʤʘʪʝʨʠʘʣʝ, ʥʘʧʨʠʤʝʨ, ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʛʦ 

ʢʦʣʣʘʛʝʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʙʘʟʦʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʦʩʝʪʨʦʚʦʛʦ ʢʣʝʷ (ʈʠʩʫʥʦʢ 6). ɺ ʦʙʨʘʟʮʘʭ ʩ ʜʦʙʘʚʣʝ-

ʥʠʝʤ ʘʥʪʠʩʝʧʪʠʢʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʘʤʠʜ I, ʘʤʠʜ II 

(ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʠʥʦʢʫʣʷʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʠʬʝʨʠʝʡ). ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠ-

ʯʠʠ ʥʝʚʠʜʠʤʦʛʦ ʛʣʘʟʦʤ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦ-

ʨʘʞʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʚ ʯʘʩʪʠʯʥʦʤ ʨʘʟʨʫʰʝ-

ʥʠʠ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʦʙʘʚʣʝʥʠʝ 1% ʇʍʌʅ 

ʠʥʛʠʙʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ, ʥʦ 

ʥʝ ʜʦ ʢʦʥʮʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ 

ʚʳʷʚʠʪʴ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ 

ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʟʘʨʘʞʝʥʠʷ.  

ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʟʦʥ 

ʠʥʦʢʫʣʷʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʝʡ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʝʥʴʰʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ (ʚ 

ʜʠʘʧʘʟʦʥʝ 1400-1500 ʩʤ-1). ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʦʚʘʪʴ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʠʙʦʚ ʩ ʦʩʝʪʨʦʚʳʤ ʢʣʝʝʤ. ɺ 

ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʀʂ-

ʩʧʝʢʪʨʘʭ, ʩʥʷʪʳʭ ʧʦʩʣʝ 12 ʩʫʪ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʩʣʦʷʭ 1 (ʨ-ʨ ʦʩʝʪʨʦʚʦʛʦ ʢʣʝʷ) 

ʠ 2 (ʨ-ʨ ʦʩʝʪʨʦʚʦʛʦ ʢʣʝʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʥʪʠʩʝʧ-

ʪʠʢʘ).  

ʊʘʙʣʠʮʘ 3.  

ʀʟʤʝʥʝʥʠʷ ʚ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʘʭ ʤʘʪʝʨʠʘʣʦʚ (ʙʝʟ/ʩ ʘʥʪʠʩʝʧʪʠʢʦʤ) ʧʨʠ ʟʘʨʘʞʝʥʠʠ ʛʨʠʙʘʤʠ. 

ʩʣʦʡ 1 (ʠʥʦʢʫʣʷʮʠʷ ʦʙʨʘʟʮʦʤ ˉ103, Cladosporium cladosporioides) 

ʆʙʣʘʩʪʴ ʥʘ ʦʙʨʘʟʮʝ (ʥʦʤʝʨ 

ʩʧʝʢʪʨʘ ʥʘ ʨʠʩʫʥʢʝ) 

ʄʘʢʩʠʤʫʤ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ɸʤʠʜ I, 

ʩʤ-1 

ʄʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʧʦ-

ʛʣʦʱʝʥʠʷ ɸʤʠʜ II, ʩʤ-1 

ʄʘʢʩʠʤʫʤʳ ʥʦʚʳʭ ʧʦ-

ʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʩʤ-1 

ʇʝʨʠʬʝʨʠʷ 1 1630 (ʩʨ.) 1522 (ʩʨ.) - 

ʇʝʨʠʬʝʨʠʷ 2 - - 1495 (ʩ.), 1436 (ʩʨ.) 

ʇʝʨʠʬʝʨʠʷ 3 - - 1495 (ʩ.), 1436 (ʩʨ.) 

ʎʝʥʪʨ (ʟʦʥʘ ʠʥʦʢʫʣʷʮʠʠ) 4 - - 1495 (ʩ.) 

ʩʣʦʡ 2 (ʠʥʦʢʫʣʷʮʠʷ ʦʙʨʘʟʮʦʤ ˉ103, Cladosporium cladosporioides) 

ʇʝʨʠʬʝʨʠʷ 5 1632 (ʩʨ.) 1530 (ʩʨ.) 1418 (ʩ.) 

ʎʝʥʪʨ (ʟʦʥʘ ʠʥʦʢʫʣʷʮʠʠ) 6 1632 (ʩʣ.) - 1490 (ʩ.) 

ʆʙʦʟʥʘʯʝʥʠʷ: ʩ. - ʩʠʣʴʥʘʷ, ʩʨ. - ʩʨʝʜʥʷʷ, ʩʣ. - ʩʣʘʙʘʷ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʀʂ-

ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʥʘʣʠʯʠʝ 1% ʇʍʌʅ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʩʝʧʪʠʢʘ ʚ ʩʦ-

ʩʪʘʚʝ ʦʩʝʪʨʦʚʦʛʦ ʢʣʝʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʧʨʦ-

ʮʝʩʩʦʚ ʟʘʨʘʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʛʨʠʙʘʤʠ. ʕʪʦ ʚʳʨʘʞʘ-

ʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝ-

ʥʠʷ ʘʤʠʜ I ʠ ʘʤʠʜ II ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥʘʭ 

ʠʥʦʢʫʣʷʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ, ʚ ʩʦʩʪʘʚʝ 

ʢʦʪʦʨʳʭ ʘʥʪʠʩʝʧʪʠʢ ʦʪʩʫʪʩʪʚʦʚʘʣ. ɼʦʙʘʚʣʝʥʠʝ ʘʥ-

ʪʠʩʝʧʪʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʭʨʘʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʩʣʦʷ, 

ʧʨʝʜʦʭʨʘʥʷʝʪ ʦʪ ʙʠʦʧʦʚʨʝʞʜʝʥʠʷ.  

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʛʣʘʚʥʦʤʫ 

ʭʨʘʥʠʪʝʣʶ ʤʫʟʝʡʥʳʭ ʧʨʝʜʤʝʪʦʚ ʊʨʝʪʴʷʢʦʚʩʢʦʡ ʛʘ-

ʣʝʨʝʠ ʊʘʪʴʷʥʝ ʉʝʤʝʥʦʚʥʝ ɻʦʨʦʜʢʦʚʦʡ ʟʘ ʧʨʝʜʦʩʪʘʚ-

ʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʤʘʪʝʨʠʘʣʦʤ ʛʘʣʝ-

ʨʝʠ; ʩʪʘʨʰʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʌʀʎ ɹʠʦʪʝʭ-

ʥʦʣʦʛʠʠ ʈɸʅ ɸʣʣʝ ɻʝʦʨʛʠʝʚʥʝ ɼʦʤʨʘʯʝʚʦʡ ʟʘ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʫʶ ʧʦʤʦʱʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʤʠʢʨʦ- ʠ ʤʘʢʨʦʤʦʨʬʦʣʦʛʠʠ ʛʨʠʙʦʚ; ʟʘʚʝʜʫʶʱʝʤʫ 

ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʤʠ ʤʘʩʪʝʨʩʢʠʤʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʊʨʝʪʴʷʢʦʚʩʢʦʡ ɻʘʣʝʨʝʠ ʧʦ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦʧʠʩʠ 

ʄʠʭʘʠʣʫ ɺʘʣʝʨʴʝʚʠʯʫ ʐʠʪʦʚʫ ʠ ʝʛʦ ʟʘʤʝʩʪʠʪʝʣʶ 

ʄʘʢʩʠʤʫ ɻʝʦʨʛʠʝʚʠʯʫ ʉʪʝʧʘʥʦʚʫ ʟʘ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʤʧʝʨʥʦʡ 

ʞʠʚʦʧʠʩʠ; ʚʝʜʫʱʝʤʫ ʠʥʞʝʥʝʨʫ ʄʦʩʢʦʚʩʢʦʛʦ ʬʠ-

ʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɸʥʘʩʪʘʩʠʠ ʃʝʦʥʠ-

ʜʦʚʥʝ ʂʘʨʧʦʚʠʯ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʠ ʩ ʦʙʨʘʟʮʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʪʝʤʧʝʨʥʦʡ ʞʠʚʦ-

ʧʠʩʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝ-

ʥʠʷ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ 17-29-

04349. 
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ɸʥʥʦʪʘʮʠʷ 
ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʢʦʙʘʣʴʪʬʝʨʨʠʪʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʮʠʥʢʦʤ ʚ ʨʝ-

ʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʚʳ-

ʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʩʳʨʴʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 200 ʯʘʩʦʚ, ʘ ʩ ʨʝʛʝʥʝʨʘʮʠʷʤʠ 

ʙʦʣʝʝ 1000 ʯʘʩʦʚ.  

Abstract 

The stable operation of a cobalt-ferritic catalyst modified with zinc in the alkylation reaction of 2,6-dime-

thylphenol with methanol was studied. It is shown that the stable operation of the catalyst under the selected con-

ditions depends on the methanol concentration in the feedstock and is 200 hours, and with regenerations of more 

than 1000 hours. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣ, ʤʝʪʘʥʦʣ, 2.4.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣ, 2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣ, ʢʦʙʘʣʴʪ 

ʬʝʨʨʠʪʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʤʦʜʠʬʠʢʘʮʠʷ, ʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ, ʜʝʟʘʢʪʠʚʘʮʠʷ, ʨʝʛʝʥʝʨʘʮʠʷ. 
Keywords: 2.6-dimethylphenol, methanol, 2.4.6-trimethylphenol, 2.3.6-trimethylphenol, cobalt ferrite cata-

lyst, modification, a stable work, regeneration.  
 
ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[1] ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʤʝ-
ʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʨʨʠʪʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 
ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʤʝʩʠ 2.4.6- ʠ 2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦ-
ʣʦʚ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʙʘʣʴ-

ʪʬʝʨʨʠʪʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ( )3242 OAlOCoFe -Ög
, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʮʠʥʢʦʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬ-
ʬʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʧʦʣʫʯʝʥʠʠ ʵʪʠʭ ʮʝʥ-

ʥʳʭ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʩʨʝʜʥʝʪʦʥʥʘʞʥʦʡ ʭʠʤʠʠ [2]. 

ʀʟʚʝʩʪʥʦ [2], ʯʪʦ ʩʨʝʜʠ ʠʟʦʤʝʨʦʚ ʤʝʟʠʪʠʣʝʥʘ 
ʵʪʠ ʪʨʠʤʝʪʠʣʬʝʥʦʣʳ ʙʦʣʴʰʝ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘ-
ʥʠʝ, ʪʘʢ ʢʘʢ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʫʯʘʶʪ ʚʠʪʘʤʠʥ ɽ, ʜʫ-
ʰʠʩʪʳʝ ʚʝʱʝʩʪʚʘ, ʩʤʦʣʳ ʠ ʧʝʩʪʠʮʠʜʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 
ʢʦʙʘʣʴʪʬʝʨʨʠʪʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʮʠʠ ʘʣʢʠ-
ʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ. 
ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʩ ʧʨʦʪʦʯʥʳʤ ʨʝʘʢʪʦʨʦʤ ʩʦʜʝʨʞʘʱʠʤ ʥʝʧʦʜʚʠʞʥʳʡ 
ʩʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʲʝʤʦʤ 30 ʩʤ3. ɸʥʘʣʠʟʳ ʧʨʦʚʦ-
ʜʠʣʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ ʍʨʦʤ-5ʤ. ɺ ʢʘʯʝʩʪʚʝ ʞʠʜʢʦʡ 
ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʤʝʥʪʠʣʬʪʘʣʘʪ, ʢʦʪʦʨʳʡ ʚ ʢʦ-
ʣʠʯʝʩʪʚʝ 18.0 ʤʘʩʩ.% ʥʘʥʦʩʠʣʠ ʥʘ ʭʨʦʤʦʩʦʨʙ W. 
ʋʩʣʦʚʠʷ ʘʥʘʣʠʟʘ T-135 0C, ʨʘʩʭʦʜ ʛʝʣʠʷ 80 ʤʣ/ʤʠʥ. 
ʈʘʟʤʝʨʳ ʭʨʦʤʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ - 3.6ʤ ʭ 
4ʤʤ. 
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ɺ ʫʩʣʦʚʠʷʭ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ 
ʤʝʪʘʥʦʣʦʤ ʦʙʨʘʟʫʶʪʩʷ ʘʣʢʠʣʘʪʳ ʩʦʜʝʨʞʘʱʠʝ ʤʝ-
ʪʠʣʦʚʳʡ ʵʬʠʨ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ, 2.4.6- ʠ 2.3.6-
ʪʨʠʤʝʪʠʣʬʝʥʦʣʳ, 2.3.4.6-ʪʝʪʨʘʤʝʪʠʣʬʝʥʦʣ, ʥʝʧʨʦ-
ʨʝʘʛʠʨʦʚʘʚʱʠʝ 2.6-ʢʩʠʣʝʥʦʣ ʠ ʤʝʪʘʥʦʣ. ɺ ʛʘʟʦʦʙ-
ʨʘʟʥʳʭ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʤʘʣʳʭ ʢʦ-
ʣʠʯʝʩʪʚʘʭ ʬʦʨʤʘʣʴʜʝʛʠʜ, ʤʝʪʠʣʬʦʨʤʠʘʪ, ʦʢʩʠʜʳ 
ʫʛʣʝʨʦʜʘ. 
ʆʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʤʝʶʱʠʝ 

ʤʝʩʪʦ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʥʦ ʠʟʦʙʨʘ-
ʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
ɺʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝ-

ʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʘʨʘʣʣʝʣʴʥʦ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ɺ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʨʝʘʢʮʠʠ (ʊ ² 360 0C, u - 0,6 r-1) ʧʨʝʦʙʣʘʜʘʝʪ 
ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʧʦ ʫʛʣʝʨʦʜʥʦʤʫ ʘʪʦʤʫ ʘʨʦʤʘʪʠʯʝ-
ʩʢʦʛʦ ʷʜʨʘ ʢʩʠʣʝʥʦʣʘ ʠ ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜʳ 2.4.6- ʠ 
2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʦʚ ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʦʨʝʘʛʠʨʦʚʘʚ-
ʰʠʡ ʠ ʧʨʦʧʫʱʝʥʥʳʡ 2.6-ʢʩʠʣʝʥʦʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʚʥʳ > 90.0 ʠ 45.2 - 49.4 %. 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʟʘʚʠ-

ʩʠʪ ʚʦ ʤʥʦʛʦʤ ʦʪ ʝʛʦ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ 
ʵʪʦʛʦ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ 
ʨʘʟʨʘʙʦʪʢʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʩʠʥ-
ʪʝʪʠʯʝʩʢʠʭ ʪʨʠʤʝʪʠʣʬʝʥʦʣʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʳ-
ʙʨʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 
 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘ-
ʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʠ ʥʝʧʨʝʨʳʚ-
ʥʦʛʦ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʨʦʜʘ ʚ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢ-
ʮʠʠ (ʊ-370 0C, ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ -0,6 r-1). ɼʘʥʥʳʝ 
ʧʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Co0.9Zn0.1F2O4ÖgÖAl 2O3 ʚ ʨʝʘʢʮʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʘʣ-
ʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʧʨʠʚʝʜʝʥʳ 
ʥʘ ʨʠʩ.1. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.1, ʥʘ ʨʝʘʢʮʠʶ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʟʘ-
ʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ ʚ 
ʩʳʨʴʝ. ɺ ʠʟʫʯʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʦʚʳʰʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʦʪ 15,0 
ʜʦ 20,0 ʤʘʩ.% ʫʤʝʥʴʰʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʝ-
ʪʠʣʠ-ʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʧʦʯʪʠ 50 ʯ. ʇʨʠ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʩʳʨʴʝ 15.0 ʤʘʩ.% ʟʘʤʝʪ-
ʥʦʝ ʫʭʫʜʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʥʘʙʣʶʜʘʝʪʩʷ 
ʧʦʩʣʝ 200 ʯ. ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝ-
ʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʣʦʞʝʥʠʷ ʢʦʢʩʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ 
ʘʢʪʠʚʥʦʩʪʴ ʝʛʦ ʩʥʠʞʘʝʪʩʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʟʘʢ-
ʪʠʚʘʮʠʷ ʢʦʙʘʣʴʪʬʝʨʨʠʪʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʜʠ-
ʬʠʮʠʨʦʚʘʥʥʦʛʦ ʮʠʥʢʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʦʥʮʝʥʪʨʘ-
ʮʠʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 
ʚ ʧʨʝʜʝʣʘʭ 3.0 - 4.0 ʤʘʩ.%. 
ʈʝʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʩʚʦʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʨʠʩ.2). ʆʜʥʘʢʦ, ʩʣʝ-
ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʧʨʠ ʧʦʚʳ-
ʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (4800C) ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ-
ʩʢʦʣʴʢʦ ʪʝʨʷʝʪ ʩʚʦʠ ʧ-ʘʣʢʠʣʠʨʫʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ. 
ʇʦʵʪʦʤʫ ʨʝʛʝʥʝʨʘʮʠʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 430-4500C ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ. ɺʨʝʤʷ 
ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 8-10 ʯ. ʇʨʠʤʝʥʝ-
ʥʠʝ ʘʟʦʪʘ ʜʣʷ ʨʘʟʙʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨ-
ʚʳʝ ʯʘʩʳ ʨʝʛʝʥʝʨʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʤʝʩʪ-
ʥʳʭ ʧʝʨʝʛʨʝʚʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
ʇʨʠʤʝʥʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʙʘʚʠʪʝʣʷ 

ʚ ʧʨʦʮʝʩʩʝ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʤʝ-
ʪʘʥʦʣʦʤ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦ-
ʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʠ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʢʘʪʘʣʠʟʘ-
ʪʦʨʘ. ɺʠʜʠʤʦ ʚʦʜʦʨʦʜ ʚʦ ʧʝʨʚʳʭ ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨ-
ʤʠʨʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚʦ 
ʚʪʦʨʳʭ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʫʛʣʠʩʪʳʭ ʩʦ-
ʝʜʠʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʪʝʤ ʩʘ-
ʤʳʤ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. 
ʇʨʠ ʵʪʦʤ ʚʦʜʦʨʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʢ-
ʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʦ-
ʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʠ 2.4.6- ʠ 2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦ-
ʣʦʚ ʥʘ ʦʩʥʦʚʝ 2.6-ʢʩʠʣʝʥʦʣʘ ʠ ʤʝʪʘʥʦʣʘ. ɺ ʵʪʦʡ 
ʩʭʝʤʝ ʤʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʜʚʘ ʨʝʘʢʪʦʨʘ ʠʣʠ ʞʝ 
ʩʠʩʪʝʤʫ ʨʝʘʢʪʦʨ-ʨʝʛʝʥʝʨʘʪʦʨ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦ-
ʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʠ 2.4.6- 
ʠ 2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʦʚ ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ 2.6-ʜʠ-
ʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʙʘʣʴ-
ʪʬʝʨʨʠʪʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʮʠʥʢʦʤ ʥʝʧʨʝʨʳʚʥʦ ʙʦʣʝʝ 200 ʯʘʩʦʚ, ʘ ʩ ʨʝʛʝʥʝʨʘ-
ʮʠʷʤʠ ʙʦʣʝʝ 800 ʯʘʩʦʚ. 

 

 
ʈʠʩ.1. ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʩʳʨʴʝ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʨʨʠʪʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

1,1 ¡-ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ 2.4.6- ʠ 2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʦʚ ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ 2.6-

ʜʠʤʝʪʠʣʬʝʥʦʣ, %, 2,2 ¡
 
- ʂʦʥʚʝʨʩʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣ, %, 2,1

 
- ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʦʣʘ ʚ ʩʳʨʴʝ 20,0 

ʤʘʩʩ.%, 2,1 ¡¡ - ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʦʣʘ ʚ ʩʳʨʴʝ 15,0 ʤʘʩʩ.%. 

 
ʈʠʩ.2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʝʨʨʠʪʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʮʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ. 

1-ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ 2.4.6- ʠ 2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʦʚ ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣ, 

%, 2 - ʂʦʥʚʝʨʩʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ, %. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 
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Abstract 

The purpose of this study was to study the expression of molecular-biological tumor markers in ovarian 

patients as predictors of accompanying immunotherapy against polychemotherapy. Materials and methods. The 

greatest effect in increasing the 5-year survival of patients with ovarian cancer was provided by a scheme of ac-

companying immunotherapy, including EIPHT with plasmapheresis: this effect of the method was manifested both 

at positive and at negative levels of oncomarkers examined. Results. The analysis showed that the study of the 

correlation of the tumor markers level and 5-year survival in patients allows to conclude that the positive level of 

p53, VEGF and Ki-67 in patients with ovarian cancer, along with high proliferative activity of the tumor, is the 

basis for carrying out accompanying immunotherapy with EIPHT, which can significantly increase the effective-

ness of standard antitumor treatment regimens. Conclusion: With a positive level of oncomarker data, along with 

high proliferative activity of the tumor, it is possible to recommend carrying out accompanying immunotherapy 

with EIPHT with plasmapheresis. 

 

Keywords: ovarian cancer, immunity, molecular-biological markers, immunotherapy, polychemotherapy, 

extrcorporal immunopharmacotherapy  

 

Topicality.  At present time, various genes, pro-

teins and other compounds have been identified, which 

are considered as additional prognostic factors in pa-

tients with malignant tumors, including those with on-

cogynecological diseases. They are designated as im-

munological and molecular-biological markers. At the 

same time, much attention is paid to the study of mo-

lecular-biological markers that characterize apoptosis, 

cell proliferation and angiogenesis [1, P.1293; 2, 

P.4385; 7, P.707]. These include p53, B1-2, Bax, Raz1, 

Kl67, YEvP, He2 / neu. Discoveries in the field of cell 

biology and experimental oncology have determined 

the development of a new section of oncology. Many 

mechanisms for controlling cell division and apoptosis, 

maintaining genetic stability, ways of signal transmis-

sion from receptors to the nucleus, etc. have become 

known [2, P.1293; 3, P.1419; 7, P.707; 8, P.1;. How-

ever, in the specialized literature there are only single 

publications devoted to the clinical significance of 

these markers in patients with ovarian cancer [1, 

P.1293; 2, P.1293; 9, P.1597]. Immunotherapy with 

time can be the most promising method of treating tu-

mors, as it is physiologically adequate method, restor-

ing the natural strength of the patient's body to combat 

the neoplastic process and infectious complications, of-

ten arising in the treatment [5, P.357; 7, P.707; 10, 

P.242]. It should be noted that, unlike the usual meth-

ods of immunotherapy, when immunomodulating 

drugs are taken in the form of tablets, or are adminis-

tered intramuscularly or intravenously, the use of extra-

corporeal immunopharmacotherapy (EIPHT) methods 

makes it possible to selectively select directly from the 

blood cells of the immune system - leukocytes. This di-

rection of immunotherapy has great prospects in onco-

logical practice in connection with the possibility of re-

moving the consequences of cancer and chemoradia-

tion intoxication, and also activate its own system of 

antitumor protection of the organism [5, P.357; 8, P.1; 

9, P.1597]. However, in the literature there is very little 

information on the use of the EIPHT method in the 

treatment of cancer. Many methods of immunotherapy 

in the field of oncology are used empirically, we note 

that there are no clear criteria for indications and con-

traindications in the treatment of malignant tumors of 

various localizations. Determining the optimal doses of 

drugs, the sequence of various effects on the immune 

system, their duration, and the influence of immuno-

therapy methods on the immediate and long-term re-

sults of antitumor therapy, require the efforts of many 

researchers. 

Based on the foregoing, the aim of the study was 

to study the expression of molecular-biological tumor 

markers in patients with ovarian cancer in the context 

of accompanying therapy as factors predicting the dis-

ease. 

Material and methods of investigation. Molecu-

lar biological tumor markers were studied in patients 

with ovarian cancer (OC) T2-3N0-1M0 stages (II-III clin-

ical stages) who were admitted to hospitalization in on-

cogynecology and chemotherapy departments in 2009-

2014. Immunohistochemical methods of investigation 

were carried out on histological preparations of the op-

erational-biopsy material of the primary tumor of pa-
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tients, obtained before the initiation of therapy. Sam-

ples of tumor tissue were fixed in neutral buffered for-

malin with conventional standard wiring and paraffin 

waxing. Histological preparations were stained by 

usual methods and immunohistochemical studies were 

performed. Paraffin sections were dewaxed and rehy-

drated using a standard procedure. To visualize the im-

munohistochemical reaction used DAB + system 

[DakoCytomation, Denmark]. The staining results 

were evaluated using a light microscope "Leica" (Ger-

many) under magnification x10; x20; x40. For the 

marker, the localization of staining in the cell (nucleus, 

cytoplasm, membrane) was evaluated. The number of 

positive cells was evaluated in zoos containing their 

maximum number. In patients with cervical cancer, 

monoclonal mouse antibodies to p53 (clone DO-7), 

Bc1-2 (clone 124), VEGF (clone VG1), Ki-67 (clone 

M1B-1) (DakoCytomation, Denmark) were used in im-

munohistochemical evaluation of p53 expression. Im-

munotherapy in the complex of standard polychemo-

therapy was carried out in three groups of patients: 

group 1 - 28 patients without immunotherapy (control 

group); Group 2 - 32 patients with OC in combination 

with extracorporeal immunopharmacotherapy 

(EIPHT); Group 3 - 34 patients with OC in combination 

with EIPHT + plasmapheresis (EIPHT + PPh). 

The results obtained and their discussion. In 

ovarian cancer, the highest rates of 5-year survival were 

observed in patients who underwent EIPHT with plas-

mapheresis. Thus, in the control group of patients, the 

survival rate with negative p53 level was 62.8 Ñ 4.2%, 

whereas in the groups with EIPHT and EIPHT + PPh 

these values were 75.4 Ñ 3.8 (p> 0.05) and 79 , 4 Ñ 4.4% 

(p> 0.05), respectively. With a positive value of this on-

comarker, the 5-year survival was 44.9 Ñ 4.1% for the 

control group without immunotherapy and 62.8 Ñ 4.1 

(p <0.05) and 64.8 Ñ 3.2% (p > 0.05) for groups with 

the use of immunotherapy, respectively. The p53 pro-

tein, being the product of the TP53 tumor suppressor 

gene, is expressed in all cells of the body. In the absence 

of damage to the genetic apparatus, the p53 protein is 

in an inactive state, and when DNA damage occurs, the 

DNA is activated. The result of activation of p53 is the 

stopping of the cell cycle and DNA replication; with a 

strong stress signal - the initiation of apoptosis. Viola-

tions of the mechanism of apoptosis development can 

occur when the key gene of this process p53 loses its 

function. Increasing the expression of mutated p53 in a 

tumor is accompanied by its greater aggressiveness, as 

the number of tumor cells undergoing apoptosis de-

creases. In OC, according to different researchers, mu-

tant p53 is detected in more than half of patients already 

at the early stages of the disease. In some works de-

voted to ovarian cancer, it has been shown that the am-

plification of HER-2 / neu, occurring in 10-50%, indi-

cates an unfavorable prognosis of the course of the dis-

ease. However, there are also conflicting data, so the 

practical significance of HER-2 / neu testing remains 

controversial today [3, P.1419;7, P.707; 9, P.1597]. Re-

cently, it was found that some mucinous ovarian carci-

nomas have amplification of the HER2 / neu gene and 

overexpression of its protein [1, P.1293; 2, P.4385]. In 

recently published results of a genomic analysis of 50 

samples of light-cell ovarian cancer, the presence of 

HER2 / neu amplification in 14% of cases was shown 

[8,16]. It turns out that at a rare frequency of HER2 / 

neu overexpression and amplification of its gene in the 

general ovarian carcinoma group in a subgroup of mu-

cinous and clear cell carcinomas, this receptor is much 

more common. The 5-year survival rate in the control 

group of patients when the HER-2 / neu marker was 

examined in the control group was 68.7 Ñ 2.6% with a 

negative level and 59.2 Ñ 4.4% with its positive value. 

Accordingly, in groups with immunotherapy, this indi-

cator was 69.3 Ñ 5.2 (p <0.05) and 75.3 Ñ 3.7% (p 

<0.05) at a negative level and 68.9 Ñ 4.5 (p> 0.05) and 

78.4 Ñ 2.7% (p> 0.05) - with its positive value. The ep-

idermal growth factor receptor EGFR is a transmem-

brane glycoprotein localized on chromosome 7p12. 

EGFR functions via dimerization, activating tyrosine 

kinase, by participating in the regulation of normal and 

neoplastic cell proliferation. The EGFR receptor family 

consists of 4 members: EGFR / ErB1 / HER1, ErbB2 / 

Neu / HER2, ErB3 / HER3 and ErB4 / HER4. In normal 

physiological conditions, activation of HER receptors 

is controlled by temporary low expression of their lig-

ands. When cells are transformed, overexpression of 

these proteins and an increase in the number of recep-

tors on the cell surface are observed. EGFR is present 

in many normal tissues and expressed expression is ob-

served in solid tumors. According to literature data, ex-

pression of EGFR is observed in approximately 40% of 

malignant tumors of the gastrointestinal tract, lung, 

ovary, uterus [6, P.8878]. When examining the EGFR 

marker, it was shown that, with its negative value in the 

group without immunotherapy, the 5-year survival was 

68.4 Ñ 4.8%, and at a positive - 58.4 Ñ 6.0%. In the 

EIPHT group, the corresponding indices were 76.4 Ñ 

4.9 (p> 0.05) and 66.7 Ñ 4.6% (p> 0.05), and in the 

group with EIPHT + PPh - 76.8 Ñ 4.4 (p <0.05) and 

69.0 Ñ 4.8% (p> 0.05). 

One of the most studied indicators of tumor 

growth aggressiveness is cell proliferation, which can 

be assessed using the mitotic index and the Ki-67 index. 

The Ki-67 antigen is expressed practically in all phases 

of the mitotic cycle, and accordingly reflects the prolif-

erative tumor pool. The proliferative index of Ki-67 is 

considered as an independent prognostic indicator of 

recurrence, general and disease-free survival, a predic-

tive factor for determining sensitivity to chemotherapy 

(ChT) and radiation therapy (RT). The Ki-67 index al-

lows to assess the degree of malignancy of the tumor 

and to predict the course of the disease together with 

other factors. It has been shown that a high level of the 

Ki -67 index is associated with an unfavorable forecast. 

In particular, with a high level of Ki-67, there is a dete-

rioration in the indices of disease-free and overall sur-

vival in patients with breast, ovarian, colon, bladder, 

soft tissue sarcomas, etc. 

Conclusion. In malignant ovarian tumors, in most 

cases, a high level of Ki- 67. The Ki-67 tumor marker 

was not detected in tumors of 6 patients who had a 5-

year survival rate of 68.4 Ñ 6.9% in the control group. 

At its positive level in the group without immunother-

apy, this indicator was 41.8 Ñ 3.8%. In the groups with 

EIPH and EIPHT + PPh at negative Ki-67, survival 
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rates were 78.6 Ñ 4.5 (p> 0.05) and 79.8 Ñ 5.9% (p> 

0.05), respectively, and at positive - 58,9 Ñ 4,3 (ʨ 

<0,05) and 62,4 Ñ 3,5% (ʨ <0,05). At a low level of the 

PA index, which was calculated from Ki-67, the 5-year 

survival rate in the group without immunotherapy was 

67.3 Ñ 5.7, with a high level of 52.4 Ñ 2.4%. In groups 

with immunotherapy, 5-year survival at a low PA index 

was 78.2 Ñ 4.8 (p> 0.05) and 78.8 Ñ 5.0% (p> 0.05), 

with a high index - 66.2 Ñ 2.8 (p <0.05) and 69.9 Ñ 4.7% 

(p> 0.05). Molecular biological markers p53, VEGF 

and Ki-67 were present in most patients with OC (83.3, 

86.7 and 80.0%, respectively). In this case, the markers 

HER-2 / neu and EGFR were detected in 20.0 and 

30.0% of the patients, respectively. It was shown that 

the positive level of p53, VEGF and Ki-67 markers had 

a noticeable negative effect on the 5-year survival of 

patients with OC, in the case of HER-2 / neu and EGFR, 

this effect was not so pronounced, indicating a smaller 

prognostic significance in this disease. The greatest ef-

fect in increasing the 5-year survival of patients with 

cervical cancer, as well as OC, was provided by a 

scheme of accompanying immunotherapy, including 

EIPHT with plasmapheresis: this effect of this method 

was manifested with both positive and negative levels 

of expression. Analysis of the correlation between the 

level of cancer markers and 5-year survival of patients 

allows us to conclude that the positive level of p53, 

VEGF and Ki-67 in patients with OC, along with high 

proliferative activity of the tumor, may serve as a basis 

for carrying out this category of accompanying immu-

notherapy with EIPHT , which can significantly in-

crease the effectiveness of standard antitumor treatment 

regimens. It should be noted that, with a positive level 

of oncomarkers, along with high proliferative activity 

of the tumor, it is possible to recommend carrying out 

accompanying immunotherapy with EIPHT with plas-

mapheresis. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ ʧʳʣʝʚʳʭ ʧʨʦʬʝʩʩʠʡ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛ-

ʨʘʝʪ ʟʥʘʥʠʝ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ ʠ ʚʨʝʜʥʦʩʪʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʧʦ ʢʨʘʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ) ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʵʨʦʟʦʣʝʡ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʠʭ ʟʦʥ. ɼʣʷ ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʧʨʠ ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʧʥʝʚʤʦʢʦʥʠʦʟʘ ʠ ʭʨʦʥʠʯʝʩʢʦʛʦ ʧʳʣʝʚʦʛʦ ʙʨʦʥʭʠʪʘ ʦʜʥʠʤ ʠʟ ʟʥʘ-

ʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʠʩʢʦʚ ʟʜʦʨʦʚʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʩʨʦʢʘ ʢʦʥ-

ʪʘʢʪʘ ʩ ʧʳʣʝʚʳʤ ʬʘʢʪʦʨʦʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʪʘʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʜʠʥʘ-

ʤʠʢʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʧʳʣʝʚʫʶ ʥʘʛʨʫʟʢʫ 

ʢʘʢ ʚ ʧʝʨʠʦʜ ʠʥʛʘʣʷʮʠʠ, ʪʘʢ ʠ ʧʨʠ ʝʸ ʧʨʝʢʨʘʱʝʥʠʠ.  

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʝʡʩʪʚʠʷ 2-ʭ ʚʠʜʦʚ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʧʨʠ ʠʥʛʘʣʷʮʠʠ ʚ 

ʪʝʯʝʥʠʝ 6 ʤʝʩ. ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʧʝʨʠʦʜʝ ʥʘʙʣʶʜʝʥʠʷ ʜʦ 12 ʤʝʩ. - ʩ ʚʳʚʦʜʦʤ ʯʘʩʪʠ ʞʠʚʦʪʥʳʭ ʯʝʨʝʟ 1 ʤʝʩ., 

4 ʠ 6 ʤʝʩ. ʧʨʠ ʠʥʛʘʣʷʮʠʠ ʜʣʷ ʧʦʩʪʠʥʛʘʣʷʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʜʦ 12 ʤʝʩ.  

Abstract 

In the implementation of measures to effectively protect the health of workers in the dust professions, the 

knowledge of the hazard class and the harmfulness of working conditions play a leading role in terms of the fre-

quency of exceeding the maximum permissible concentration (MPC) of industrial aerosols in the air of work areas. 

For the coal industry, with an extremely high prevalence of pneumoconiosis and chronic dust bronchitis, one of 

the most important areas in the prevention of health risks is the observance of a safe period of contact with the 

dust factor. At the same time, in order to justify such measures, it is necessary to know the dynamics of the patho-

logical process in the lung tissue and the characteristics of the body's reaction to the dust load both during the 

inhalation period and when it ceases. 

In the article results of an estimation of action of 2 kinds of a dust of coal at an inhalation within 6 months 

are presented. and the subsequent observation period up to 12 months. - with the withdrawal of a part of the animals 

after 1 month, 4 and 6 months. with inhalation for postinstallation monitoring up to 12 months. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʳʣʝʚʘʷ ʥʘʛʨʫʟʢʘ, ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ; ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʘʢʮʠʠ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʘʥʪʨʘʢʦʟʝ. 

Keywords: dust loading, effect on the body of dust of coal; biometric and biochemical parameters of the 

reaction of lung tissue in experimental anthracosis. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. 

ʆʧʘʩʥʳʝ ʠ ʚʨʝʜʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʧʦ ʧʳʣʝ-

ʚʦʤʫ ʬʘʢʪʦʨʫ, ʦʩʦʙʝʥʥʦ ʫ ʰʘʭʪʸʨʦʚ ʫʛʦʣʴʥʳʭ 

ʰʘʭʪ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʢʣʠʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʳʣʝʚʦʡ ʵʪʠʦʣʦʛʠʠ ʩ 

ʯʘʩʪʦʡ ʧʦʪʝʨʝʡ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʥʥʝʡ ʠʥʚʘʣʠ-

ʜʠʟʘʮʠʝʡ ʟʘʙʦʣʝʚʰʠʭ - ʪʨʝʙʫʶʪ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘ-

ʱʠʪʳ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʫʛʦʣʴʥʦʡ 

ʦʪʨʘʩʣʠ ʢʘʢ ʚ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʤʝ-

ʜʠʢʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʉʦʚʨʝʤʝʥ-

ʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʦʮʝʥʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʦʤ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [1-5] ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʫʯʝʪ ʧʳʣʝʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʳʣʝʚʳʭ 

ʵʢʩʧʦʟʠʮʠʦʥʥʳʭ ʜʦʟ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʨ çʟʘ-

ʱʠʪʳ ʚʨʝʤʝʥʝʤè [6, 7].  

ʆʜʥʘʢʦ, ʠʤʝʥʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʳʣʝʚʦʛʦ ʬʘʢʪʦʨʘ, ʭʦʪʷ ʠ ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ [8, 9], ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʤʘʣʦ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ. ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʠʥʬʦʨʤʘ-

ʪʠʚʥʳʭ ʧʨʠʝʤʦʚ ʠ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʚ 

ʧʝʨʠʦʜ ʠʥʛʘʣʷʮʠʠ ʠ ʧʨʠ ʝʝ ʧʨʝʢʨʘʱʝʥʠʠ; ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʥʘʨʫʰʝʥʠʷ ʩʦ-

ʩʪʦʷʥʠʷ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʧʨʠ ʚʜʳʭʘʥʠʠ ʫʛʦʣʴʥʦʡ 

ʧʳʣʠ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʫʯʠʪʳʚʘʪʴ ʚʨʝʜʥʳʝ 

ʵʬʬʝʢʪʳ ʝʸ ʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ.  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘ-

ʮʠʡ.  

ʊʝʢʫʱʠʝ ʧʫʙʣʠʢʘʮʠʠ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʦʨʠʝʥʪʠ-

ʨʦʚʘʥʳ ʥʘ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʛʠʛʠʝʥʳ ʠ ʦʭʨʘʥʳ 

ʪʨʫʜʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʫʛʦʣʴʥʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ [3, 6 - 9]; ʨʘʩʯʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʨʠʩʢʦʚ ʠ ʦʮʝʥʢʫ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʧʳʣʝʚʳʭ ʧʨʦ-

ʬʝʩʩʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ 

ʫʛʦʣʴʥʳʭ ʰʘʭʪ, ʨʘʟʨʝʟʦʚ, ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ; 

ʩʦʯʝʪʘʥʥʦʤ ʚʣʠʷʥʠʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

 

ɺʳʜʝʣʝʥʠʝ ʥʝʨʝʰʝʥʥʳʭ ʨʘʥʝʝ ʯʘʩʪʝʡ ʦʙʱʝʡ 

ʧʨʦʙʣʝʤʳ  
ʆʪʩʫʪʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʥʘʫʯʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʦʪʨʘʞʘʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʠʥʛʘʣʷʮʠʦʥ-

ʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʚ ʧʦʩʪʠʥʛʘʣʷʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʳʣʝʚʦʛʦ ʬʘʢʪʦʨʘ ʥʘʨʫʰʘʪʴ ʩʪʨʫʢʪʫʨʫ 

ʠ ʬʫʥʢʮʠʶ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ, ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ʭʨʦʥʠʯʝʩʢʦʛʦ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ 

ʙʨʦʥʭʠʪʘ ʠ ʵʤʬʠʟʝʤʳ.  

ʎʝʣʴ ʩʪʘʪʴʠ. ʅʘ ʠʥʛʘʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʪʨʘʢʦʟʘ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʳ ʜʝʡ-

ʩʪʚʠʷ 2-ʭ ʚʠʜʦʚ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʥʘ ʣʝʛʦʯʥʫʶ 

ʪʢʘʥʴ, ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʚʝʣʠʯʠʥʦʡ ʧʳʣʝʚʦʛʦ ʜʝʧʦ 

ʧʨʠ ʨʘʟʥʳʭ ʩʨʦʢʘʭ ʠʥʛʘʣʷʮʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʝʸ 

ʧʨʝʢʨʘʱʝʥʠʷ.  

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  
ɺʟʷʪʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʡʩʪʚʠʷ ʜʚʘ ʚʠʜʘ 

ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʙʳʣʠ ʙʣʠʟʢʠ ʧʦ ʩʪʘʜʠʠ ʤʝʪʘ-

ʤʦʨʬʠʟʤʘ (ʤʘʨʢʠ çʉʉè ʠ çʂè), ʥʦ ʨʘʟʣʠʯʘʣʠʩʴ ʩʪʝ-

ʧʝʥʴʶ ʩʧʝʢʘʝʤʦʩʪʠ: ʩʣʘʙʦʩʧʝʢʘʶʱʠʡʩʷ ʢʘʤʝʥʥʳʡ 

ʫʛʦʣʴ (ʂʋʵʥʝʨ.) ʤʘʨʢʠ çʉʉè - ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʥʝʨ-

ʛʝʪʠʢʝ; ʢʦʢʩʫʶʱʠʡʩʷ (ʂʋʢʦʢʩ.) ʤʘʨʢʠ çʂè - ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʧʨʠ ʢʦʢʩʦʚʘʥʠʠ. ʆʙʘ ʦʙʨʘʟʮʘ ʫʛʣʷ ʙʳʣʠ ʤʘ-

ʣʦʟʦʣʴʥʳʤʠ (ʜʦʣʷ ʟʦʣʳ: 11,8% ʠ 16,1% - ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ) ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (2,18% ʠ 1,85%); ʧʦ ʧʝʪʨʦʛʨʘʬʠ-

ʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ï ʛʝʣʠʪʦʣʠʪʳ.  
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ʄʦʜʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʪʨʘʢʦʟʘ, ʧʨʝʜ-

ʣʦʞʝʥʥʘʷ ʥʘʤʠ [10], ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʧʨʠ ʟʘʙʦʷʭ ʚ 

ʩʨʦʢʠ: 1 ʤʝʩ., 4 ʠ 6 ʤʝʩ. ʠʥʛʘʣʷʮʠʠ ʚʳʚʦʜ ʯʘʩʪʠ ʞʠ-

ʚʦʪʥʳʭ ʚ ʚʠʚʘʨʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʙʣʶʜʝʥʠʷ ʚ 

ʪʝʯʝʥʠʝ 11 ʤʝʩ., 8 ʠ 6 ʤʝʩ. ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʝʤ 

ʩʘʤ ʙʳʣ ʦʙʝʩʧʝʯʝʥ ʨʘʚʥʳʡ ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʧʳʣʠ (12 

ʤʝʩ.) ʥʘ ʦʨʛʘʥʠʟʤ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʙʝʣʳʝ ʢʨʳʩʳ ï 

ʩʘʤʮʳ (48 - ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ) ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʥʛʘʣʷ-

ʮʠʠ ʧʦ 4 ʯʘʩʘ ʝʞʝʜʥʝʚʥʦ 5 ʨʘʟ ʚ ʥʝʜʝʣʶ ʚ ʪʝʯʝʥʠʝ 6 

ʤʝʩ. ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʳʣʝʚʳʭ ʢʘʤʝʨʘʭ ʢʦʥʩʪʨʫʢʮʠʠ 

ɹʦʷʨʩʢʦʛʦ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʞʠʚʦʪʥʳʭ ʚ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʭ ʜʦʤʠʢʘʭ. ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʞʠʚʦʪʥʳʭ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʦʪʜʝʣʴʥʦʡ ʯʠʩʪʦʡ ʢʦʤʥʘʪʝ. ʂʦʥʮʝʥ-

ʪʨʘʮʠʠ ʧʳʣʠ ʚ ʧʳʣʝʚʳʭ ʢʘʤʝʨʘʭ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ 

ʦʪʙʦʨʦʤ ʟʘʧʳʣʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 20 

ʣ/ʤʠʥ. ʥʘ ʬʠʣʴʪʨʳ ɸʌɸ ï ɺʇ-10. ɼʠʩʧʝʨʩʥʦʩʪʴ ʚʠ-

ʪʘʶʱʝʡ ʧʳʣʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʘʩʩʝ ʪʦʥʢʦʜʠʩʧʝʨʩ-

ʥʦʡ ʬʨʘʢʮʠʠ (ʧʨʠʙʦʨʦʤ ʇʀ-0.00). ɺʜʳʭʘʝʤʫʶ 

ʬʨʘʢʮʠʶ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʦʪʙʦʨʦʤ ʟʘʧʳʣʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ ʧʘʨʘʤʝʪʨʘʤ ʚʜʦʭʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʙʝʣʳʭ ʢʨʳʩ (ʦʙʲʝʤʥʦʡ ï 0,18 ʣ/ʤʠʥ., 

ʣʠʥʝʡʥʦʡ ï 0,375 ʤ/ʩʝʢ.). ʇʳʣʝʚʫʶ ʵʢʩʧʦʟʠʮʠʶ ʚʳ-

ʨʘʞʘʣʠ, ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʜʳʭʘʝʤʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʧʳʣʠ, ʤʛ/ʤ3, ʥʘ ʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʤ3, ʧʨʦʰʝʜʰʠʡ 

ʯʝʨʝʟ ʦʨʛʘʥʳ ʜʳʭʘʥʠʷ ʢʨʳʩʳ ʟʘ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ 

ʠʥʛʘʣʷʮʠʠ (1ʤʝʩ., 2-4 ʤʝʩ., 5-6 ʤʝʩ. ʠ ʚ ʮʝʣʦʤ ʟʘ 4 ʠ 

6 ʤʝʩ.). ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʠ ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʠ ʚ ʧʘ-

ʨʘʪʨʘʭʝʘʣʴʥʳʭ ʣʠʤʬʦʫʟʣʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ 

Guest, 1976 [11] ʚ ʥʘʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ [12], ʟʘʢʣʶ-

ʯʘʶʱʝʡʩʷ ʚ ʫʜʣʠʥʝʥʠʠ ʩʨʦʢʘ ʢʦʥʪʘʢʪʘ ʙʠʦʧʨʦʙʳ ʩ 

ʛʠʜʨʦʣʠʟʫʶʱʠʤ ʘʛʝʥʪʦʤ (11.3ʥ ʅCl) ʜʣʷ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʙʠʦʪʢʘʥʠ, ʯʪʦ ʥʝ ʦʪ-

ʨʘʞʘʣʦʩʴ ʥʘ ʩʦʜʝʨʞʘʥʠʠ ʧʳʣʠ. ʈʘʩʩʯʠʪʳʚʘʣʠ ʩʨʝʜ-

ʥʶʶ ʩʢʦʨʦʩʪʴ ʚʳʚʝʜʝʥʠʷ ʧʳʣʠ ʚ ʤʝʩʷʮ, %. ʍʘʨʘʢ-

ʪʝʨʠʟʦʚʘʣʠ ʩʨʝʜʥʝʤʝʩʷʯʥʫʶ ʟʘʜʝʨʞʢʫ ʧʳʣʠ ʚ ʣʝʛ-

ʢʠʭ, ʢʘʢ % ʤʘʩʩʳ ʢ ʧʳʣʝʚʦʡ ʵʢʩʧʦʟʠʮʠʠ; 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʚʳʚʝʜʝʥʠʷ ʧʳʣʠ 

ʟʘ ʤʝʩʷʮ, %. 

ɼʣʷ ʦʮʝʥʢʠ ʨʝʘʢʮʠʠ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʞʠʚʦʪ-

ʥʳʭ ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʫ ʚʣʘʞʥʳʭ ʣʝʛʢʠʭ, ʢʘʢ ʧʦʢʘʟʘ-

ʪʝʣʴ ʨʘʟʜʨʘʞʘʶʱʠʭ ʩʚʦʡʩʪʚ ʧʳʣʠ; ʤʘʩʩʫ ʩʫʭʠʭ ʣʝʛ-

ʢʠʭ - ʜʣʷ ʦʮʝʥʢʠ ʢʣʝʪʦʯʥʦ-ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ; ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʚʣʘʞʥʳʭ ʠ ʩʫʭʠʭ 

ʣʠʤʬʦʫʟʣʦʚ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬ-

ʬʝʢʪʘ ʘʵʨʦʟʦʣʝʡ [13, 14, 15]. ʆʧʨʝʜʝʣʷʣʠ ʫʨʦʚʝʥʴ 

ʦʙʱʠʭ ʵʬʠʨʦʨʘʩʪʚʦʨʠʤʳʭ ʣʠʧʠʜʦʚ (ʵʢʩʪʨʘʢʮʠʝʡ ʚ 

ʘʧʧʘʨʘʪʝ ʉʦʢʩʣʝʪʘ) ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʚ ʣʝ-

ʛʦʯʥʦʡ ʪʢʘʥʠ [16, 17, 18]. ʉʦʜʝʨʞʘʥʠʝ ʬʠʙʨʠʣʣʷʨ-

ʥʳʭ ʙʝʣʢʦʚ (ʩʢʣʝʨʦʧʨʦʪʝʠʥʦʚ) ʦʮʝʥʠʚʘʣʠ ʧʦ ʦʙ-

ʱʝʤʫ ʦʢʩʠʧʨʦʣʠʥʫ [19]; ʦʢʩʠʧʨʦʣʠʥ ʢʦʣʣʘʛʝʥʘ ʠ 

ʵʣʘʩʪʠʥʘ - ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɻʝʣʴʬʦʥ ʀ.ɸ. [20]. ʇʦ 

ʨʘʟʥʠʮʝ ʩ ʦʙʱʠʤ ʦʢʩʠʧʨʦʣʠʥʦʤ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʜʦʣʶ ʨʘʩʪʚʦʨʠʤʳʭ ʦʢʩʠʧʨʦʣʠʥʩʦʜʝʨʞʘʱʠʭ ʙʝʣ-

ʢʦʚ. ʇʦʩʢʦʣʴʢʫ ʢʦʣʣʘʛʝʥʦʚʳʝ ʠ ʵʣʘʩʪʠʯʥʳʝ ʚʦ-

ʣʦʢʥʘ ʧʦ ʨʘʟʥʦʤʫ ʩʚʷʟʘʥʳ ʩ ʬʫʥʢʮʠʝʡ ʣʝʛʢʠʭ, ʧʦʣʘ-

ʛʘʣʠ, ʯʪʦ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʤʛ ʥʘ 100 

ʤʛ ʤʘʩʩʳ ʩʫʭʠʭ ʣʝʛʢʠʭ) ʤʦʞʝʪ ʠʤʝʪʴ ʦʪʥʦʰʝʥʠʝ ʢ 

ʙʨʦʥʭʠʪʦʛʝʥʥʦʤʫ ʵʬʬʝʢʪʫ, ʪʦʛʜʘ ʢʘʢ ʘʙʩʦʣʶʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʚʩʶ ʤʘʩʩʫ ʩʫʭʠʭ ʣʝʛ-

ʢʠʭ) ʩʣʫʞʠʪ ʧʦʢʘʟʘʪʝʣʝʤ ʬʠʙʨʦʛʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

[19]. 

ʋ ʦʧʳʪʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʤʝʪʦʜʦʤ 

ʙʝʟʢʦʥʪʘʢʪʥʦʡ ʧʥʝʚʤʦʪʘʭʦʛʨʘʬʠʠ [ʚ ʤʦʜʠʬʠʢʘʮʠʠ 

21] ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʦʙʲʝʤ ʚʜʦʭʘ ʠ ʚʳʜʦʭʘ ʠ ʠʭ ʩʦ-

ʦʪʥʦʰʝʥʠʝ (ʢʦʵʬʬʠʮʠʝʥʪ ʚʜʦʭ/ʚʳʜʦʭ); ʨʘʩʩʯʠʪʳ-

ʚʘʣʠ ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ ʜʳʭʘʥʠʷ (ʄʆɼ) ʠ ʵʪʦʪ ʧʦʢʘ-

ʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʳʣʝʚʦʡ ʵʢʩʧʦʟʠ-

ʮʠʠ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʥʘʨʫʰʝʥʠʡ ʬʫʥʢʮʠʠ 

ʜʳʭʘʥʠʷ ʧʨʠʤʝʥʷʣʠ ʬʠʟʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʧʣʘʚʘ-

ʥʠʝʤ (45 ʩʝʢ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ 370ʉ). ʉʧʝʮʠʘ-

ʣʠʩʪʦʤ - ʧʘʪʦʤʦʨʬʦʣʦʛʦʤ ʦʮʝʥʠʚʘʣʘʩʴ ʩʪʝʧʝʥʴ ʨʘʟ-

ʚʠʪʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʨʦʥʭʦʣʝʛʦʯ-

ʥʦʡ ʩʠʩʪʝʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ [22]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦ-

ʜʘʤʠ ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʦʮʝʥʢʦʡ ʜʦʩʪʦ-

ʚʝʨʥʦʩʪʠ ʨʘʟʣʠʯʠʡ ʤʘʣʳʭ ʚʳʙʦʨʦʢ ʧʦ ʢʨʠʪʝʨʠʶ t-

ʉʪʲʶʜʝʥʪʘ [23, 24]. ʈʘʩʩʯʠʪʳʚʘʣʠ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʠʩʢʘ ʵʬʬʝʢʪʦʚ ʜʝʡʩʪʚʠʷ ʧʳʣʠ ʧʦ ʜʦʣʝ ʦʧʳʪʥʳʭ 

ʞʠʚʦʪʥʳʭ (%), ʠʤʝʶʱʠʭ ʧʨʝʚʳʰʝʥʠʝ ʬʠʟʠʦʣʦʛʠ-

ʯʝʩʢʦʡ ʥʦʨʤʳ ʢʦʥʪʨʦʣʷ (ʍ+1.64 ʩʠʛʤʳ), ʠ ʪʘʢʞʝ - ʩ 

ʫʯʝʪʦʤ ʥʘʢʦʧʣʝʥʥʳʭ ʯʘʩʪʦʪ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʤʝ-

ʞʫʪʦʯʥʳʭ ʟʘʙʦʝʚ). ʇʨʠʥʠʤʘʣʠ ʩʣʝʜʫʶʱʠʝ ʛʨʘʜʘ-

ʮʠʠ: 1 ʩʪʝʧʝʥʴ ʨʠʩʢʘ ï ʙʣʠʟʢʘ ʢ ʧʦʨʦʛʦʚʦʡ (ʧʦʢʘʟʘ-

ʪʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʠʟʤʝʥʝʥʳ ʤʝʥʝʝ, ʯʝʤ ʫ 

16% ʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ; 2 ʩʪʝʧʝʥʴ ï ʩʣʘʙʦʚʳʨʘ-

ʞʝʥʥʘʷ (ʨʝʘʛʠʨʫʶʪ ʦʪ 16,0 ʜʦ 50%); 3 ʩʪʝʧʝʥʴ ï 

ʫʤʝʨʝʥʥʦ ʚʳʨʘʞʝʥʥʘʷ (ʨʝʘʛʠʨʫʶʪ ʦʪ 50,1 ʜʦ 80% 

ʞʠʚʦʪʥʳʭ ʜʘʥʥʦʡ ʩʝʨʠʠ); 4 ʩʪʝʧʝʥʴ ï ʩʠʣʴʥʦ ʚʳʨʘ-

ʞʝʥʥʘʷ (ʨʝʘʛʠʨʫʶʪ ʩʚʳʰʝ 80% ʞʠʚʦʪʥʳʭ). ʇʦ ʚʝ-

ʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʨʘʥʛʦʚ ʂʝʥʜʵʣʘ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩʚʷʟʴ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʣʝʛʦʯ-

ʥʦʡ ʪʢʘʥʠ. ɺʳʨʘʞʝʥʥʦʩʪʴ ʵʬʬʝʢʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʯʘʩʪʦʪʝ ʠʟʤʝʥʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʜʚʠʛʘ (ʢʘʢ ʩʫʤʤʫ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʜʚʠʛʦʚ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ, ʜʝʣʝʥʥʦʤʫ ʥʘ ʯʠʩʣʦ ʦʙʩʣʝ-

ʜʦʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ 100). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ.  

ɺ ʧʳʣʝʚʳʭ ʢʘʤʝʨʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʚʝʰʝʥʥʦʡ 

ʧʳʣʠ ʜʚʫʭ ʚʠʜʦʚ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʢʦʣʝʙʘʣʠʩʴ ʚ ʜʠʘ-

ʧʘʟʦʥʝ ʦʪ 265,1 ʜʦ 380,5 ʤʛ/ʤ3; ʩʦʜʝʨʞʘʥʠʝ ʪʦʥʢʦ-

ʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ ʚʦ ʚʟʚʝʰʝʥʥʦʡ ʧʳʣʠ ʙʳʣʦ 

ʦʜʠʥʘʢʦʚʳʤ: ʜʣʷ ʂʋʵʥʝʨ. - 42,2%, ʂʋʢʦʢʩ. ï 42,7%. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʳʣʘ ʙʣʠʟʢʘ ʠ ʚʝʣʠʯʠʥʘ ʧʳʣʝʚʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʧʦ ʩʨʦʢʘʤ ʠʥʛʘʣʷʮʠʠ. ɺ ʦʙʝʠʭ ʦʧʳʪʥʳʭ 

ʛʨʫʧʧʘʭ ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʠʣʘ ʟʘ 4 ʤʝʩ.: 

238,0 ʠ 195,2 ʤʛ/ʤ3; ʟʘ 6 ʤʝʩ.: 479,2 ʠ 422,0 ʤʛ/ʤ3. 

ʄʘʩʩʘ ʧʳʣʠ ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʥʘʢʘʧʣʠʚʘʣʘʩʴ ʧʦʩʪʝ-

ʧʝʥʥʦ, ʝʸ ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʣʘʩʴ ʚ ʩʨʦʢʠ: 

1 ʤʝʩ., 4 ʠ 6 ʤʝʩ. ʠʥʛʘʣʷʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘ-

ʚʠʣʘ ʯʝʨʝʟ 1 ʤʝʩ.: 13,5Ñ3,45ʤʛ ʠ 11,0 Ñ0,89 ʤʛ; 4 

ʤʝʩ.: 21,9Ñ2,53ʤʛ ʠ 27,6Ñ3,6ʤʛ; 6 ʤʝʩ.: 35,2 Ñ3,06 ʠ 

40,7Ñ2,63 ʤʛ.  

ʆʜʥʘʢʦ ʠʤʝʣʠʩʴ ʠ ʚʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʘʷ ʟʘʜʝʨʞʢʘ ʧʳʣʠ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ 1-ʛʦ ʤʝʩʷʮʘ ʠʥʛʘʣʷʮʠʠ: ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 13,96 ʠ 

15,94% ʤʘʩʩʳ ʢ ʧʳʣʝʚʦʡ ʵʢʩʧʦʟʠʮʠʠ; ʜʘʣʝʝ ʪʝʤʧ ʝʸ 

ʥʘʢʦʧʣʝʥʠʷ ʩʥʠʞʘʣʩʷ; ʦʩʦʙʝʥʥʦ ʚ ʩʝʨʠʠ ʩ ʂʋʵʥʝʨ. 

(3,53% ʧʨʦʪʠʚ 8,50% - ʫ ʂʋʢʦʢʩ), ʥʘʩʪʫʧʘʣʦ ʩʦʩʪʦ-

ʷʥʠʝ, ʙʣʠʟʢʦʝ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʨʘʚʥʦʚʝʩʠʶ. ʉʨʝʜ-

ʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʜʝʨʞʢʠ ʧʳʣʠ ʟʘ 6 ʤʝʩ. ʠʥʛʘʣʷʮʠʠ 

ʩʦʩʪʘʚʠʣ 7,34 ʠ 9,64%, ʯʪʦ ʚ 1,9 ʠ ʚ 1,65 ʨʘʟ ʚʳʰʝ 

ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ ʟʘʜʝʨʞʢʠ ʧʳʣʠ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʠʥʛʘʣʷʮʠʠ. ɹʳʩʪʨʝʝ ʥʘ çʧʣʘʪʦè ʚʳʰʣʘ ʧʳʣʴ ʂʋ-

ʢʦʢʩ., ʠ ʵʪʦ ʦʙʲʷʩʥʠʤʦ ʘʢʪʠʚʥʳʤ ʝʝ ʪʨʘʥʩʧʦʨʪʦʤ ʚ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʣʠʤʬʦʫʟʣʳ. ʊʘʢʦʡ ʧʫʪʴ ʩʯʠʪʘʝʪʩʷ 
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ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʳʣʴ ʢʦʢʩʫʶʱʝ-

ʛʦʩʷ ʫʛʣʷ, ʢʘʢ ʙʦʣʝʝ ʮʠʪʦʪʦʢʩʠʯʥʫʶ. ʉʢʦʨʦʩʪʴ ʦʙ-

ʱʝʛʦ ʚʳʚʝʜʝʥʠʷ ʧʳʣʠ ʢʦʢʩʫʶʱʝʛʦʩʷ ʫʛʣʷ ʠʟ ʣʝʛʢʠʭ 

ʧʨʠ ʚʩʝʭ ʧʳʣʝʚʳʭ ʜʦʟʘʭ ʙʳʣʘ ʚ 2,3-2,5 ʨʘʟʘ ʤʝʥʴʰʝ, 

ʯʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ. ʆʙʝ ʧʳʣʠ ʠʤʝʣʠ ʩʘʤʳʡ ʜʣʠ-

ʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʣʫʚʳʚʝʜʝʥʠʷ 

ʧʨʠ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʝ ʧʳʣʝʚʦʛʦ ʜʝʧʦ (ʩʨʦʢ 4Ñ8 

ʤʝʩ.): ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 31,8 ʠ 73,7 ʤʝʩ.  

ɼʝʡʩʪʚʠʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʳʣʠ ʢʘ-

ʤʝʥʥʦʛʦ ʫʛʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʦʙʨʘʟʥʳʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʨʝʘʢʮʠʠ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʠ ʜʨʫʛʠʭ 

ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ. ʅʘʯʠʥʘʷ ʩ 1 ʤʝʩ. ʠʥʛʘʣʷʮʠʠ 

ʫʛʦʣʴʥʦʡ ʧʳʣʠ, ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʬʠʢʩʠʨʫʝʪʩʷ ʘʢ-

ʪʠʚʘʮʠʷ ʢʣʝʪʦʯʥʦ-ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʩʫʭʠʭ ʣʝʛ-

ʢʠʭ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʣʘʞʥʦʡ ʠ ʩʫʭʦʡ ʤʘʩʩʳ. ʀʥʛʘ-

ʣʷʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʦʙʝʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʥʝ ʚʳ-

ʟʚʘʣʦ ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʨʘʟʨʘʩ-

ʪʘʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʦʪʢʘʥʥʳʭ ʚʦʣʦʢʦʥ, ʯʪʦ ʦʙʷʟʘ-

ʪʝʣʴʥʦ ʜʣʷ ʠʩʪʠʥʥʦʛʦ ʬʠʙʨʦʟʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʪʤʝ-

ʯʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʳʣʝʚʳʭ, ʘ 

ʥʝ ʢʣʝʪʦʯʥʦ-ʧʳʣʝʚʳʭ ʦʯʘʞʢʦʚ [22]. ʊʘʢʦʡ ʵʬʬʝʢʪ 

ʙʳʣ ʦʜʠʥʘʢʦʚʳʤ ʚ ʨʘʟʥʳʝ ʩʨʦʢʠ ʠʥʛʘʣʷʮʠʠ ʠ ʚ 

ʧʦʩʪʠʥʛʘʣʷʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ.  

ʇʦʵʪʦʤʫ ʧʨʝʚʘʣʠʨʦʚʘʥʠʝ ʠʤʝʥʥʦ ʜʠʬʬʫʟʥʦʡ 

ʨʝʘʢʮʠʠ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʤʠ, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘʷ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʜʝʡ-

ʩʪʚʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ 

ʫʛʣʷ ʥʘ ʣʝʛʦʯʥʫʶ ʪʢʘʥʴ, ʦʪʨʘʞʘʶʱʫʶ ʝʝ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢ ʨʘʟʚʠʪʠʶ ʵʤʬʠʟʝʤʳ ʠ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʩʠʥ-

ʜʨʦʤʘ. 

ɺ ʨʘʥʥʠʡ ʩʨʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʤʝʥʝʥʠʷ ʙʠʦʭʠ-

ʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʯʘʱʝ ʚʩʪʨʝʯʘʣʠʩʴ ʧʨʠ ʜʝʡ-

ʩʪʚʠʠ ʧʳʣʠ ʂʋʵʥʝʨ., ʥʦ ʠʤʝʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ: ʙʳʣ 

ʫʚʝʣʠʯʝʥ ʦʙʱʠʡ ʦʢʩʠʧʨʦʣʠʥ ʟʘ ʩʯʝʪ ʧʨʠʨʦʩʪʘ ʨʘʩ-

ʪʚʦʨʠʤʳʭ ʦʢʩʠʧʨʦʣʠʥʩʦʜʝʨʞʘʱʠʭ ʙʝʣʢʦʚ, ʯʪʦ ʤʦ-

ʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʧʨʦʮʝʩʩʦʚ ʜʝʩʪʨʫʢʮʠʠ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʭ ʙʝʣʢʦʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ 

ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʦʣʣʘ-

ʛʝʥʘ. ʈʝʘʢʮʠʷ ʣʠʧʠʜʦʚ ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʧʦʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʣʝʛʦʯ-

ʥʦʡ ʪʢʘʥʠ ʦʙʝʠʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧ, ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ 

ʩʜʚʠʛʘʤʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʜʣʷ ʦʮʝʥʢʠ 

ʬʠʙʨʦʛʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʅʘʨʘʩʪʘʝʪ ʤʘʩʩʘ ʩʫʭʦʛʦ 

ʣʝʛʢʦʛʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠ-

ʧʠʜʦʚ, ʦʙʱʝʛʦ ʦʢʩʠʧʨʦʣʠʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʚʭʦʜʷ-

ʱʝʛʦ ʚ ʩʦʩʪʘʚ ʢʦʣʣʘʛʝʥʘ ʠ ʵʣʘʩʪʠʥʘ. ʇʨʠ ʦʜʠʥʘʢʦ-

ʚʦʡ ʧʳʣʝʚʦʡ ʵʢʩʧʦʟʠʮʠʠ ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʷ ʧʳʣʠ 

ʢʦʢʩʫʶʱʝʛʦʩʷ ʫʛʣʷ ʥʘ ʣʝʛʦʯʥʫʶ ʪʢʘʥʴ ʙʳʣ ʚ ʩʨʝʜ-

ʥʝʤ ʚ 1,5 ʨʘʟʘ ʩʠʣʴʥʝʝ, ʯʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʙʦʣʝʝ ʵʥʝʨʛʠʯʥʦʡ ʝʛʦ ʟʘʜʝʨʞʢʠ ʠ ʤʝʜʣʝʥʥʦʡ 

ʵʣʠʤʠʥʘʮʠʠ. ʊʘʢʦʝ ʦʪʣʠʯʠʝ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ 

ʧʦʩʪʠʥʛʘʣʷʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ. 

ʋ ʞʠʚʦʪʥʳʭ ʧʨʠ ʜʝʡʩʪʚʠʠ ʤʘʣʦʡ ʜʦʟʳ ʂʋ-

ʢʦʢʩ.(1+11 ʤʝʩ.) ʙʳʣ ʚʳʰʝ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʩʫʭʦʛʦ 

ʣʝʛʢʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ, ʚʣʘʞʥʦʡ ʠ ʩʫʭʦʡ 

ʤʘʩʩʳ ʣʠʤʬʦʫʟʣʦʚ. ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʣʠʧʠʜʦʚ, 

ʦʙʱʝʛʦ ʦʢʩʠʧʨʦʣʠʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʢʦʣʣʘʛʝʥʘ - ʬʠʢ-

ʩʠʨʫʝʪʩʷ ʠ ʧʨʠ ʩʨʝʜʥʝʡ ʧʳʣʝʚʦʡ ʜʦʟʝ. ʋʨʦʚʝʥʴ ʵʣʘ-

ʩʪʠʥʘ ʥʝ ʪʦʣʴʢʦ ʚʳʰʝ ʢʦʥʪʨʦʣʷ, ʥʦ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʳʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʛʣʷ. ɺ ʮʝʣʦʤ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʜʚʠʛʦʚ ʧʨʠ ʩʨʝʜʥʝʡ ʜʦʟʝ ʧʳʣʠ ʢʦʢ-

ʩʫʶʱʝʛʦʩʷ ʫʛʣʷ ʚ ʩʨʦʢ 4Ñ8 ʤʝʩʷʮʝʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʘʥʘʣʦʛʠʯʥʘ ʜʝʡʩʪʚʠʶ ʙʦʣʴʰʦʡ ʜʦʟʳ ʧʳʣʠ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʛʦ ʫʛʣʷ (ʩʨʦʢ 6Ñ3 ʤʝʩʷʮʘ), ʯʪʦ ʚʧʦʣʥʝ ʦʙʲ-

ʷʩʥʠʤʦ ʬʘʢʪʠʯʝʩʢʠʤ ʨʘʚʝʥʩʪʚʦʤ ʧʳʣʝʚʳʭ ʜʦʟ ʚ ʵʪʠ 

ʧʝʨʠʦʜʳ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 25,6 ʠ 26,4 ʤʛ). ʈʝʘʢʮʠʷ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʣʠʤʬʦʫʟʣʦʚ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʬʠʢʩʠ-

ʨʫʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ 6 ʤʝʩʷʮʝʚ ʠʥʛʘʣʷʮʠʠ, ʥʦ ʩʦʭʨʘ-

ʥʷʝʪʩʷ ʠ ʧʦʩʣʝ ʝʸ ʧʨʝʢʨʘʱʝʥʠʷ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ 

(6+6ʤʝʩ.) ʚ ʨʝʘʢʮʠʠ ʣʠʤʬʦʫʟʣʦʚ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ-

ʟʥʘʢʠ ʘʣʴʪʝʨʘʮʠʠ ʠ ʦʪʝʢʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʫʰʢʠ ʠʭ 

ʪʢʘʥʠ (ʯʘʱʝ ï ʫ ʧʳʣʠ ʂʋʵʥʝʨ.) ʚʳʰʝ ʢʦʥʪʨʦʣʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʠʣʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʜʘʥʥʳʭ ʚʠʜʦʚ ʫʛʦʣʴʥʦʡ ʧʳʣʠ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ 

ʫʛʣʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫ ʞʠʚʦʪʥʳʭ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢ-

ʮʠʠ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ. ʂ ʨʘʥʥʠʤ ʧʨʠʟʥʘʢʘʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʩʥʠʞʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ ʚʜʦʭʘ ʢ 

ʚʳʜʦʭʫ (ʯʝʨʝʟ 1 ʤʝʩ. ʟʘʧʳʣʝʥʠʷ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʧʳʣʠ ʢʦʢʩʫʶʱʝʛʦʩʷ ʫʛʣʷ. ʊʦʣʴʢʦ ʚ ʧʝ-

ʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʨʦʢʘ ʠʥʛʘʣʷʮʠʠ (6 ʤʝʩ.) ʫʯʘ-

ʱʘʝʪʩʷ ʨʠʪʤ ʜʳʭʘʥʠʷ ʫ ʞʠʚʦʪʥʳʭ ʦʙʝʠʭ ʦʧʳʪʥʳʭ 

ʛʨʫʧʧ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝ-

ʥʠʡ ʬʫʥʢʮʠʠ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʥʛʘʣʷʮʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɹʦʣʝʝ ʪʦʛʦ, ʯʠʩʣʦ ʩʜʚʠ-

ʛʦʚ ʯʝʨʝʟ 4 ʤʝʩ. ʦʧʳʪʘ - ʙʦʣʴʰʝ, ʯʝʤ ʯʝʨʝʟ 6 ʤʝʩ., ʠ 

ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʷʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʦʝʜʠʥʠʪʝʣʴʥʦʪʢʘʥʥʳʭ ʙʝʣ-

ʢʦʚ ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ.  

ɺʦʟʤʦʞʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʦʜʠʥʘʢʦʚʘʷ çʨʘʥʠ-

ʤʦʩʪʴè ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘ ʞʠʚʦʪʥʳʭ, ʘ, ʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʠ ʯʝʣʦʚʝʢʘ, ʢ ʚʨʝʜʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚʜʳ-

ʭʘʝʤʦʡ ʧʳʣʠ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʪʘʢʦʛʦ ʧʝʨʠʦʜʘ, ʩ 

ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʢʨʘʡʥʝ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʦʨʠʝʥ-

ʪʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚ-

ʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʨʝʘʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʥʦ 

ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧ ʨʠʩʢʘ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʧʨʦ-

ʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʣʝʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʶ ʠ ʩʦʭʨʘʥʝʥʠʶ ʬʫʥʢʮʠʡ ʨʘʙʦʪʥʠʢʦʚ ʦʧʘʩ-

ʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʬʝʩʩʠʡ. 

ɺ ʧʦʩʪʠʥʛʘʣʷʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʯʘʩʪʦʪʘ ʠʟʤʝʥʝ-

ʥʠʡ ʬʫʥʢʮʠʠ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʠ ʫ ʞʠʚʦʪʥʳʭ ʦʙʝʠʭ 

ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʩʥʠʞʘʝʪʩʷ; ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʮʝʣʦʤ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ ʚ ʣʝ-

ʛʦʯʥʦʡ ʪʢʘʥʠ. 

ʇʨʦʚʝʜʝʥʥʘʷ ʥʘʤʠ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢ-

ʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʥʘ ʙʨʦʥʭʦʣʝ-

ʛʦʯʥʫʶ ʩʠʩʪʝʤʫ ʠ ʠʭ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦ ʯʘ-

ʩʪʦʪʝ ʠʟʤʝʥʝʥʠʡ ʫ ʦʙʦʠʭ ʚʠʜʦʚ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ 

ʫʛʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʙʳʣ ʨʘʟʜʨʘʞʘʶ-

ʱʠʡ ʵʬʬʝʢʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫ ʢʦʢʩʫʶʱʝʛʦʩʷ ʫʛʣʷ ʦʥ 

ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʦʩʪʠʥʛʘʣʷʮʠʦʥʥʦʤ ʧʝʨʠ-

ʦʜʝ, ʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʫʩʠʣʠʚʘʝʪʩʷ (ʪʘʢ ʨʝʘʛʠʨʫʶʪ 22,2% ʧʦʢʘʟʘʪʝʣʝʡ), 

ʪʦʛʜʘ ʢʘʢ ʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʛʣʷ ï ʦʩʣʘʙʣʷʝʪʩʷ 

(ʵʪʦʪ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʩʦ ʩʪʦʨʦʥʳ 55,6% ʧʦʢʘʟʘ-

ʪʝʣʝʡ) ʠʣʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ (44,4%). 

ɸʥʘʣʦʛʠʯʥʘʷ ʜʠʥʘʤʠʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʬʠʙʨʦ-

ʛʝʥʥʦʛʦ ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʧʦ ʚʳʨʘʞʝʥʥʦʩʪʠ ʟʘʥʠ-

ʤʘʝʪ 2 ʤʝʩʪʦ. ʏʘʩʪʦʪʘ ʙʨʦʥʭʠʪʦʛʝʥʥʦʛʦ ʵʬʬʝʢʪʘ 
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ʪʦʛʦ ʠ ʜʨʫʛʦʛʦ ʚʠʜʘ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʚ ʧʝʨʠʦʜ ʠʥʛʘ-

ʣʷʮʠʠ ʙʳʣʘ ʦʜʠʥʘʢʦʚʦʡ, ʥʦ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʥ 

ʫʩʪʫʧʘʝʪ ʬʠʙʨʦʛʝʥʥʦʤʫ ʵʬʬʝʢʪʫ. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝ-

ʥʠʷ ʠʥʛʘʣʷʮʠʠ ʚʳʨʘʞʝʥʥʦʩʪʴ ʙʨʦʥʭʠʪʦʛʝʥʥʦʛʦ ʵʬ-

ʬʝʢʪʘ ʩʥʠʞʘʝʪʩʷ ʧʦʯʪʠ ʚʜʚʦʝ ʚ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ. 

ʆʜʥʘʢʦ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʳʣʠ ʂʋʵʥʝʨ. 16,6% ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʠʤʝʣʠ ʫʩʠʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʙʨʦʥʭʠʪʦʛʝʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ. 

ʄʠʥʠʤʘʣʴʥʳʤ ʧʦ ʚʳʨʘʞʝʥʥʦʩʪʠ ʙʳʣ ʮʠʪʦʪʦʢ-

ʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʯʘʩʪʦʪʘ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʦʪʦʨʦʛʦ ʚ ʦʙʝʠʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ ʙʳʣʘ ʦʜʠʥʘʢʦ-

ʚʦʡ. ʅʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʢʘʢ ʧʨʠ ʠʥʛʘ-

ʣʷʮʠʠ ʧʳʣʠ ʢʦʢʩʫʶʱʝʛʦʩʷ ʫʛʣʷ, ʪʘʢ ʠ ʚ ʧʦʩʪʠʥʛʘ-

ʣʷʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (ʟʘ ʩʯʝʪ ʩʨʦʢʘ 6+6 ʤʝʩʷʮʝʚ) 

ʙʳʣʘ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʧʳʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʫʛʣʷ.. ɺ ʧʦʩʪʠʥʛʘʣʷʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʮʠʪʦʪʦʢʩʠʯʝ-

ʩʢʠʡ ʵʬʬʝʢʪ ʚ ʦʩʥʦʚʥʦʤ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. 

ʆʮʝʥʢʘ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʬ-

ʬʝʢʪʦʚ ʧʦʢʘʟʘʣʘ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ 2 ʩʪʝʧʝʥʠ ʨʠʩʢʘ 

(ʨʠʩʢ ʩʣʘʙʦ ʚʳʨʘʞʝʥ). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʦʣʷ ʧʦʢʘʟʘʪʝ-

ʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 3 ʠ 4 ʩʪʝʧʝʥʠ ʨʠʩʢʘ ʫ ʧʳʣʠ ʢʦʢ-

ʩʫʶʱʝʛʦʩʷ ʫʛʣʷ ʙʳʣʘ ʚ 2,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʧʳʣʠ 

ʫʛʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ (37,1% ʧʨʦʪʠʚ 14,8%). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʩʨʝʜʠ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ ʙʆʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ 

ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʨʦʥʭʦʣʝʛʦʯʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʳʣʴ ʢʦʢʩʫʶʱʠʭʩʷ ʫʛʣʝʡ. ʕʪʦ ʩʧʨʘ-

ʚʝʜʣʠʚʦ ʢʘʢ ʜʣʷ ʧʝʨʠʦʜʘ ʠʥʛʘʣʷʮʠʠ, ʪʘʢ ʠ ʚ ʧʦʩʪʠʥ-

ʛʘʣʷʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʧʳʣʠ ʢʘʤʝʥ-

ʥʦʛʦ ʫʛʣʷ 31,9% ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʪʨʫʢʪʫʨʫ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʠ ʬʫʥʢʮʠʶ ʚʥʝʰʥʝʛʦ ʜʳ-

ʭʘʥʠʷ, ʠʟʤʝʥʷʶʪʩʷ ʩʠʥʭʨʦʥʥʦ. ʇʨʠʯʝʤ 20,3% ʵʪʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʤʝʶʪ ʜʦʩʪʦʚʝʨʥʫʶ ʩʚʷʟʴ ʧʨʠ ʚʝʨʦʷʪ-

ʥʦʩʪʠ 95% ʠ 11,6% - ʧʨʠ 99%. ʀʤʝʥʥʦ ʪʘʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʠʤʝʶʱʠʝ ʢʨʠʪʝ-

ʨʠʡ ʚʨʝʜʥʦʩʪʠ, ʯʪʦ ʧʨʠ ʛʠʛʠʝʥʠʯʝʩʢʦʤ ʥʦʨʤʠʨʦʚʘ-

ʥʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [25, 26].  

ʆʮʝʥʢʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦ-

ʣʠʣʘ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʣʦ ʠʭ ʟʘʚʠʩʝʣʦ ʦʪ ʪʦʛʦ, ʚʟʷʪʳ 

ʣʠ ʙʳʣʠ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ ʬʠʟʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʠʣʠ ʧʦʩʣʝ ʥʝʸ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʨʠʪʝʨʠʡ 

ʚʨʝʜʥʦʩʪʠ ʙʳʣ ʦʪʤʝʯʝʥ ʜʣʷ 36,1% ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦ-

ʪʠʚ 29,9%. ʊ.ʝ. ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʣʝʛʦʯʥʦʡ 

ʪʢʘʥʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʥʦʩʷʪ 

ʫʩʪʦʡʯʠʚʳʡ ʭʘʨʘʢʪʝʨ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʙʆʣʴʰʝʝ ʯʠʩʣʦ ʩʨʝʜʠ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʦ ʩʚʷ-

ʟʘʥʦ ʩ ʬʠʙʨʦʛʝʥʥʳʤ ʵʬʬʝʢʪʦʤ (17,4-22,2%) ʧʨʦʪʠʚ 

12,5-13,9% - ʫ ʙʨʦʥʭʠʪʦʛʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʇʦ ʠʪʦʛʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʝʜʝʥʦ ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʥʬʦʨʤʘ-

ʪʠʚʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ 

ʣʝʛʢʠʭ. ʉ ʬʠʙʨʦʛʝʥʥʳʤ ʵʬʬʝʢʪʦʤ ʙʦʣʝʝ ʚʩʝʛʦ ʠ 

ʦʜʠʥʘʢʦʚʦ ʩʚʷʟʘʥʳ: ʦʙʲʝʤ ʚʜʦʭʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ 

ʦʙʲʝʤʦʚ ʚʜʦʭ/ʚʳʜʦʭ (1-2 ʨʘʥʛʦʚʳʝ ʤʝʩʪʘ), ʩ ʙʨʦʥ-

ʭʠʪʦʛʝʥʥʳʤ ï ʯʘʩʪʦʪʘ ʜʳʭʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥ ʧʝʨʝ-

ʯʝʥʴ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʨʫʢʪʫʨʳ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ, ʠʤʝʶ-

ʱʠʭ ʜʦʩʪʦʚʝʨʥʫʶ ʩʚʷʟʴ ʩ ʬʫʥʢʮʠʝʡ ʜʳʭʘʥʠʷ. 

ʉʨʝʜʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʙʨʦʛʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʢ ʪʘʢʠʤ 

ʦʪʥʦʩʠʪʩʷ ʢʦʣʣʘʛʝʥ (6,5% ʚʢʣʘʜʘ), ʟʘʪʝʤ ï ʦʙʱʠʡ 

ʦʢʩʠʧʨʦʣʠʥ (4,6%) ʠ ʵʣʘʩʪʠʥ (3,7%), ʪ.ʝ. ʩʦʝʜʠʥʠ-

ʪʝʣʴʥʦʪʢʘʥʥʳʝ ʙʝʣʢʠ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʩʚʷʟʠ ʩ ʬʫʥʢʮʠʝʡ ʣʝʛʢʠʭ ʦʙʱʝʧʨʠ-

ʥʷʪʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʙʨʦʛʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ, 

ʢʘʢ ʤʘʩʩʘ ʩʫʭʠʭ ʣʝʛʢʠʭ ʠ ʦʩʦʙʝʥʥʦ ï ʘʙʩʦʣʶʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ. 

ɹʨʦʥʭʠʪʦʛʝʥʥʳʡ ʵʬʬʝʢʪ ʠʤʝʣ ʥʘʠʙʦʣʝʝ ʯʘ-

ʩʪʫʶ ʜʦʩʪʦʚʝʨʥʫʶ ʩʚʷʟʴ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʢʦʣʣʘʛʝʥʘ (ʜʦʣʷ ʝʛʦ ʫʯʘʩʪʠʷ ï 7,4%). ɼʘʣʝʝ ʩ 

ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʦʡ ʩʣʝʜʫʶʪ ʨʘʩʪʚʦʨʠʤʳʝ 

ʦʢʩʠʧʨʦʣʠʥʩʦʜʝʨʞʘʱʠʝ ʙʝʣʢʠ (2,3%). ɼʦʣʷ ʜʨʫʛʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʝʱʝ ʙʦʣʝʝ ʥʠʟʢʘʷ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʥʘʠʙʦʣʴʰʝʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʣʣʘʛʝʥʘ ï ʚʝʜʫʱʝʛʦ 

ʙʝʣʢʘ ʟʨʝʣʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ - ʜʣʷ ʦʮʝʥʢʠ 

ʨʠʩʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ. ɽʛʦ ʘʙʩʦ-

ʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪ ʬʠʙʨʦʛʝʥʥʳʡ ʵʬʬʝʢʪ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ - ʙʨʦʥ-

ʭʠʪʦʛʝʥʥʳʡ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʜʚʠʛʠ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʠʤʝʥʥʦ ʥʘʨʫʰʝ-

ʥʠʝʤ ʤʝʭʘʥʠʢʠ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʞ-

ʜʳʡ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʨʫʢʪʫʨʳ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ 

ʠʤʝʝʪ ʩʚʷʟʴ ʩ ʨʘʟʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʬʫʥʢʮʠʠ ʚʥʝʰ-

ʥʝʛʦ ʜʳʭʘʥʠʷ. ʊʘʢ, ʘʙʩʦʣʶʪʥʦʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʢʦʣʣʘʛʝʥʘ ʩʚʷʟʘʥʦ ʩʦ ʚʩʝʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʬʫʥʢʮʠʠ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ, ʢʨʦʤʝ ʯʘʩʪʦʪʳ ʜʳʭʘ-

ʥʠʷ. ɸʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʘʩʪʠʥʘ ʙʦʣʝʝ ʩʚʷ-

ʟʘʥʦ ʩ ʦʙʲʝʤʦʤ ʚʜʦʭʘ ʠ ʤʝʥʝʝ ï ʩ ʦʙʲʝʤʦʤ ʚʳʜʦʭʘ, 

ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ï 

ʪʦʣʴʢʦ ʩ ʯʘʩʪʦʪʦʡ ʜʳʭʘʥʠʷ. ɸʥʘʣʦʛʠʯʥʳʤ ʙʳʣʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʘʢʮʠʠ ʤʘʩʩʳ ʩʫʭʦʛʦ ʣʝʛʢʦʛʦ. ɸʙ-

ʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʦʢʩʠʧʨʦʣʠʥʘ ʠʤʝʣʦ 

ʩʚʷʟʴ ʢʘʢ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʙʲʝʤʦʚ ʚʜʦʭ/ʚʳʜʦʭ, ʪʘʢ 

ʠ ʦʪʜʝʣʴʥʦ ï ʩ ʦʙʲʝʤʘʤʠ ʚʜʦʭʘ ʠ ʚʳʜʦʭʘ ʠ ʩ ʄʆɼ 

ʧʦ ʚʳʜʦʭʫ. ʊʦʛʜʘ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʱʝʛʦ ʦʢʩʠʧʨʦʣʠʥʘ ʩʚʷʟʘʥʦ ʪʦʣʴʢʦ ʩ ʯʘʩʪʦʪʦʡ ʜʳ-

ʭʘʥʠʷ ʠ ʄʆɼ ʧʦ ʚʜʦʭʫ. ɺ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʚʷʟʠ ʷʚʣʷʣʘʩʴ 

ʦʙʨʘʪʥʦʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʭʨʦʥʠʯʝʩʢʦʛʦ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʙʨʦʥʭʠʪʘ [27] ʠ ʭʨʦ-

ʥʠʯʝʩʢʦʛʦ ʧʳʣʝʚʦʛʦ ʙʨʦʥʭʠʪʘ [28].  

ɺʘʞʥʦʩʪʴ ʜʣʷ ʦʮʝʥʢʝ ʵʬʬʝʢʪʦʚ ʜʝʡʩʪʚʠʷ ʥʘ ʦʨ-

ʛʘʥʳ ʜʳʭʘʥʠʷ ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʣʝʢʩ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦ-

ʩʪʘʚʘ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʷʜʦʤ 

ʜʨʫʛʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʊʘʢ, ʧʦ ʩʝʢʮʠʦʥʥʳʤ ʜʘʥʥʳʤ 

[29], ʵʤʬʠʟʝʤʘ ʫ ʰʘʭʪʝʨʦʚ-ʫʛʦʣʴʱʠʢʦʚ ʧʨʠʯʠʥʥʦ 

ʩʚʷʟʘʥʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʫʛʣʷ, ʪʦʛʜʘ 

ʢʘʢ ʩʪʝʧʝʥʴ ʬʠʙʨʦʟʘ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʦʙʫʩʣʦʚʣʝʥʘ 

ʜʦʣʝʡ ʢʚʘʨʮʘ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʥʘʷ ʩʚʷʟʴ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʝʘʢʮʠʠ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʩ ʨʘʟʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʬʫʥʢʮʠʠ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʦʩʥʦ-

ʚʘʥʥʦʩʪʴ ʨʘʟʜʝʣʴʥʦʡ ʪʨʘʢʪʦʚʢʠ ʚʨʝʜʥʳʭ ʵʬʬʝʢʪʦʚ 

ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʥʘ ʣʝʛʦʯʥʫʶ ʪʢʘʥʴ. 

ɺʳʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʦʚ ʜʝʡʩʪʚʠʷ ʥʘ ʣʝʛʦʯʥʫʶ 

ʪʢʘʥʴ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʙʣʠʟʢʦʡ ʩʪʘʜʠʠ ʤʝʪʘ-

ʤʦʨʬʠʟʤʘ, ʥʦ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʧʝʢʘʝʤʦʩʪʠ ʧʦʢʘ-

ʟʘʣʠ ʩʚʷʟʴ ʨʝʘʢʮʠʡ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʥʝ ʩ ʚʝʣʠʯʠʥʦʡ ʧʳʣʝʚʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ 

ʙʳʣʘ ʦʜʠʥʘʢʦʚʦʡ ʚ ʦʙʝʠʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ, ʘ ʩ ʧʳ-

ʣʝʚʳʤ ʜʝʧʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʢʦʧʣʝʥʥʳʤ ʚ ʣʝ-

ʛʦʯʥʦʡ ʪʢʘʥʠ. ɹʦʣʝʝ ʙʳʩʪʨʦʝ ʜʦʩʪʠʞʝʥʠʝ ʝʛʦ ʦʧʘʩ-

ʥʦʛʦ ʫʨʦʚʥʷ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʳʣʠ ʢʦʢʩʫʶʱʝʛʦʩʷ 

ʫʛʣʷ, ʚ ʵʬʬʝʢʪʝ ʢʦʪʦʨʦʛʦ ʧʨʝʦʙʣʘʜʘʶʪ ʵʣʝʤʝʥʪʳ ʥʝ 
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ʠʩʪʠʥʥʦ ʬʠʙʨʦʛʝʥʥʦʛʦ, ʘ ʩʢʦʨʝʝ - ʤʝʩʪʥʦʛʦ ʨʘʟʜʨʘ-

ʞʘʶʱʝʛʦ (ʩʣʘʙʦʪʦʢʩʠʯʝʩʢʦʛʦ) ʜʝʡʩʪʚʠʷ ʩ ʫʛʥʝʪʝ-

ʥʠʝʤ ʩʠʥʪʝʟʘ ʠʣʠ ʨʘʩʧʘʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʦʝʜʠ-

ʥʠʪʝʣʴʥʦʪʢʘʥʥʳʭ ʙʝʣʢʦʚ, ʯʪʦ ʚʝʜʝʪ ʢ ʵʤʬʠʟʝʤʝ, 

ʚʦʟʤʦʞʥʦ ï ʛʠʧʦʢʩʠʠ (ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʥʳʭ ʦʙʲʝʤ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʳʭʘʥʠʷ), ʨʘʟʚʠʪʠʶ ʧʨʦʷʚʣʝʥʠʡ 

ʦʙʪʫʨʘʮʠʦʥʥʦʛʦ ʙʨʦʥʭʠʪʘ. ʇʳʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʫʛʣʷ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʣʝʛʦʯʥʦʡ 

ʪʢʘʥʠ, ʥʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʤʥʦʛʠʭ ʠʟʤʝʥʝʥʠʡ ʘʥʘʣʦ-

ʛʠʯʥʘ ʜʝʡʩʪʚʠʶ ʧʳʣʠ ʢʦʢʩʫʶʱʝʛʦʩʷ ʫʛʣʷ, ʭʦʪʷ ʠ 

ʚʳʨʘʞʝʥʘ ʩʣʘʙʝʝ.  

ɼʣʷ ʜʚʫʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ 

ʫʛʣʷ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʫʶ ʚʝʣʠʯʠʥʫ ʇɼʂ ʜʣʷ ʚʦʟ-

ʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ [30], ʟʥʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʪʦ-

ʛʝʥʥʳʭ ʵʬʬʝʢʪʦʚ, ʚʨʝʤʝʥʠ ʠʭ ʥʘʩʪʫʧʣʝʥʠʷ ʠ ʜʠʥʘ-

ʤʠʢʠ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʚʦʟʤʦʞʥʦʛʦ ʦʩʣʘʙʣʝ-

ʥʠʷ ʨʝʘʢʮʠʠ ʥʘ ʧʳʣʝʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʧʦʩʪʠʥʛʘʣʷ-

ʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ ʥʝʦʙʭʦʜʠʤʦ ʠ ʧʦʣʝʟʥʦ. ʕʪʦ ʧʦʟ-

ʚʦʣʠʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʘʟʥʳʡ ʧʨʦʛʥʦʟ ʦʧʘʩʥʦʩʪʠ 

ʦʪʜʘʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʦʩʦʙʝʥʥʦ ʩ ʫʯʝʪʦʤ ʨʘʟʜʨʘ-

ʞʘʶʱʝʛʦ ʠ ʬʠʙʨʦʛʝʥʥʦʛʦ ʵʬʬʝʢʪʦʚ - ʩ ʫʯʝʪʦʤ ʩʦ-

ʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 

ʦʜʥʦʡ ʩʪʘʜʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʩʧʝʢʘʝʤʦʩʪʴʶ. ʉʦʭʨʘʥʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʝ ʤʝʨ ʧʨʦʬʠʣʘʢʪʠʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ ʟʘʧʳ-

ʣʝʥʥʦʩʪʠ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʧʫʪʝʤ ʧʨʠʤʝʥʝ-

ʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [31, 32, 33]. 

 

ʊʘʙʣʠʮʘ 

ʇʦʢʘʟʘʪʝʣʠ ʨʝʘʢʮʠʠ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ ʠʥʛʘʣʷʮʠʠ ʧʳʣʠ ʢʘʤʝʥʥʦʛʦ 

ʫʛʣʷ 

 

ʇʦʢʘʟʘʪʝʣʠ 

ɼʦʟʘ ʧʳʣʠ 

ʚ ʣʝʛʢʠʭ 

ʂʘʤʝʥʥʳʡ ʫʛʦʣʴ 

ʂʋ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʂʋ ʢʦʢʩʫʶʱʠʡʩʷ 

ʀ ʅ ʀ ʅ 

ʄʘʩʩʘ ʩʫʭʠʭ ʣʝʛ-

ʢʠʭ, ʤʛ 

ʄ 15,2 0 14,3 0 

ʉ 37,7 0 57,3 53,3*  

ɹ 33,2 40,3 63,3*  85,3 

ʄʘʩʩʦʚʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʣʝʛʢʠʭ, 

ʛ 

ʄ 21,5 0 21,3 36,1 

ʉ 30,6 38,2 38,9 74,3 

ɹ 41,7 0 68,4 132,1 

ʄʘʩʩʦʚʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ 

ʣ/ʫʟʣʦʚ, ʤʛ/100ʛ 

ʄ 0 0 0 0 

ʉ 0 0 0 0 

ɹ 82,8 94,9 104,4 283,8 

ʃʠʧʠʜʳ, ʤʛ 

ʄ 0 0 0 0 

ʉ 78,7 0 117,3 70,4 

ɹ 65,9 58,1 173,5*  116,9 

ʆʙʱʠʡ ʦʢʩʠʧʨʦ-

ʣʠʥ, 

ʤʢʛ 

ʄ 15,3 0 0 0 

ʉ 0 0 0 40,4 

ɹ 22,2 52,0 46,8 78,8 

ʂʦʣʣʘʛʝʥ, 

ʤʢʛ 

ʄ 0 0 0 0 

ʉ 35,0 0 40,5 53,1 

ɹ 25,6 43,4 52,0 64,3 

ʕʣʘʩʪʠʥ, 

ʤʢʛ 

ʄ 0 0 0 0 

ʉ 0 0 33,3 28,8*  

ɹ 30,0 0 68,8*  32,2 

ʂʦʣʣʘʛʝʥ, 

ʤʢʛ % 

ʄ -12,8 0 0 0 

ʉ 0 0 0 0 

ɹ -11,2 0 0 -9,0 

ʕʣʘʩʪʠʥ, 

ʤʢʛ % 

ʄ 0 15,6 0 0 

ʉ -20,0 -19,7 -14,8 -18,4 

ɹ 0 -9,8 0 -25,2 

ʋʩʣʦʚʥʳʝ ʟʥʘʢʠ: ʀ ï ʠʥʛʘʣʷʮʠʷ, ʅ ï ʥʘʙʣʶʜʝʥʠʝ. ɼʦʟʘ ʧʳʣʠ ʚ ʣʝʛʢʠʭ: ʄ ï ʤʘʣʘʷ, ʉ ï ʩʨʝʜʥʷʷ, ɹ ï ʙʦʣʴʰʘʷ. 

0ï ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ. ʏʠʩʣʦ ʩʦ ʟʥʘʢʦʤ çïè ʦʟʥʘʯʘʝʪ ʩʥʠʞʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ;  

ʩʠʤʚʦʣ * ï ʜʦʩʪʦʚʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʧʳʪʥʦʡ ʩʝʨʠʠ. 
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Abstract 

This article presents the results of studying the biologically active substances of hydroalcoholic extraction of 

Garcinia mangostana L. by the methods of phytochemical screening and HPLC. With the help of chemical reac-

tions, the presence in the extraction of flavonoids, xanthones and tannins has been shown. The groups of biologi-

cally active substances - xanthones and flavonoids - have been discovered by the HPLC method. 
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Mangosteen (Garcinia mangostana L.) - named 

after L. Garcin (1683-1751) - a french doctor and natu-

ralist. This is a unique fruit that combines biologically 

active substances (BAS) of various chemical nature. 

The main wealth of mangosteen is xanthones, which 

are powerful natural antioxidants. It is the content of a 

large number of xanthones that predetermines the con-

tinued use of mangosteen in medicine and, above all, as 

an antibacterial and anti-inflammatory agent.  

At present, Garcinia mangostana L. attracts the at-

tention of scientists around the world, and the results of 

most studies confirm the presence of a large number of 

biologically active substances (BAS) in various parts of 

this plant. However, current objective data are insuffi-

cient to confirm the safety of the application and the 

scientific validity of the claimed pharmacological ef-

fects, which necessitates the conduct of detailed studies 

of Garcinia mangostana L. 

Oligomeric proanthocyanidins were isolated from 

the ethanolic extract of the perianth Garcinia man-

gostana L. by liquid column chromatography on the 

Sephadex LH-20 sorbent, and then identified by nu-

clear magnetic resonance (NMR C-13) [3]. 

Xanthones Ŭ-mangostin and g-mangostin are iso-

lated from the pericarp of this plant by the method of 

centrifugal distribution chromatography [6]. 

Using high-speed countercurrent chromatography 

using a two-phase solvent system (ether-ethyl acetate / 

methanol-water (0.8: 0.8 / 1: 0.6)), Ŭ-mangostin and g-

mangostin with a purity of 98.5 were isolated from the 

crude ethanol extract of Garcinia mangostana L. % [2]. 

In addition to chromatographic methods, various 

extraction methods are used to isolate BAS from the 

plant of mangosteen. 

Xanthone Ŭ-mangostin from the pericarp of man-

gosteen in industry is extracted by ultrasonic extraction 

(ethanol 67.8%, ultrasonic extraction time 85.9 min.), 

the yield of this BAS is 5.53% [12]. 

Several xanthones (Ŭ-mangostin, g-mangostin, 8-

desoxygartanin, gartanin, 3-mangostin and 9-hy-

droxycalabaxanthone) extracted from pericarp 

Garcinia mangostana L. solvent mixture acetone / wa-

ter (80:20) [10, 11]. 

Identification of BAS from the plant mangosteen 

by modern chromatographic and spectral methods of 

analysis is given in Table 1. 

 

Table 1. 

Identification of biologically active substances from the plant Garcinia mangostana L.  

BAS Chemical formula  Method  
Lit . 

source 

Flavonoids and their analogues 

afzelechin  

 

NMR 3 

epicatechin 

 

NMR 3 

epigallocatechin 

 

NMR 3 


