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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʥʦʡ 

ʫʧʘʢʦʚʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʦʡ ʧʨʠʨʦʜʥʳʤʠ ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩ ʮʝʣʴʶ 

ʧʨʠʜʘʥʠʷ ʫʧʘʢʦʚʢʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʭʨʘʥʝʥʠʠ ʨʘʩʬʘʩʦʚʘʥʥʦʡ ʚ ʥʝʝ ʤʷʩ-

ʥʦʡ, ʤʦʣʦʯʥʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ.  

Abstract 
Within this work the researches connected with development of samples of plastic packaging to the packing 

of essentially new properties modified by natural antimicrobic and antioxidant components for the purpose of 

giving for stabilization in storage of the meat, dairy and food products packaged in it are conducted. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʣʠʤʝʨʥʘʷ ʫʧʘʢʦʚʢʘ ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʠʝ, ʧʨʠʨʦʜʥʳʝ ʵʢʩʪʨʘʢʪʳ.  

Keywords: Plastic packaging antimicrobic and antioxidant properties, modifying, natural extracts. 

 

ʋʧʘʢʦʚʳʚʘʥʠʝ ʤʦʣʦʯʥʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʙʝʟʣʦ-

ʧʘʩʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʈʘʟʚʠʪʠʝ ʫʧʘʢʦʚʦʯʥʦʡ 

ʦʪʨʘʩʣʠ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʨʦʣʠ ʫʧʘʢʦʚʢʠ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ. ʊʠʧ ʠ ʩʘʥʠʪʘʨ-

ʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʧʘʢʦʚʢʠ ʧʨʠʟʥʘʥʳ ʦʜʥʠʤʠ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʨʘʩʬʘʩʦʚʘʥʥʦʡ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʇʦʤʠʤʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʧʨʦ-

ʜʫʢʪʘ ʦʪ ʚʥʝʰʥʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʛʦ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʢ ʩʦʚʨʝʤʝʥʥʦʡ ʫʧʘʢʦʚʢʝ ʧʨʝʜʲʷʚʣʷ-

ʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʘʢʪʠʚʥʦʡ ʟʘʱʠʪʝ ʩʦʜʝʨʞʠʤʦʛʦ.  

ʇʦʩʪʦʷʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʠʱʝ-

ʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝ-

ʥʠʷ ʠʭ ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʧʨʝʜʲʷʚʣʷʶʪ ʦʩʦʙʳʝ ʪʨʝʙʦ-

ʚʘʥʠʷ ʢ ʠʩʧʦʣʴʟʫʝʤʳʤ ʫʧʘʢʦʚʦʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʭ ʥʠʭ ʫʧʘʢʦʚʢʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦ-

ʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝ-

ʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʧʨʦʜʫʢʪʦʤ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʤʧʣʝʢʩ 

ʪʨʝʙʫʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ [1,2].  

ʆʜʥʦʡ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʦ-

ʜʘʚʣʝʥʠʝ ʨʦʩʪʘ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʠʢ-

ʨʦʬʣʦʨʳ ʥʘ ʧʨʦʜʫʢʪʘʭ ʪʚʝʨʜʦʦʙʨʘʟʥʦʡ ʪʝʢʩʪʫʨʳ. 

ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ 

ʧʨʦʜʫʢʮʠʠ, ʧʦʜʚʝʨʛʘʝʤʦʡ ʬʘʩʦʚʘʥʠʶ, ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʤʝʪʦʜʦʚ 

ʘʩʝʧʪʠʯʝʩʢʦʡ ʨʘʩʬʘʩʦʚʢʠ ʠ ʧʨʦʯ. ʇʝʨʩʧʝʢʪʠʚʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʚʩʝ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʟʘ 

ʨʫʙʝʞʦʤ -ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʘʢʪʠʚʥʦʡ 

ʫʧʘʢʦʚʢʠ, ʪ.ʝ. ʫʧʘʢʦʚʢʠ, ʥʘʧʨʘʚʣʝʥʥʦ ʚʣʠʷʶʱʝʡ ʥʘ 

ʧʨʦʜʫʢʪ [3, 4].  

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʠ-

ʤʝʨʥʦʡ ʫʧʘʢʦʚʢʠ ʜʣʷ ʨʘʩʬʘʩʦʚʳʚʘʥʠʷ ʤʦʣʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʦʙʣʘʜʘʶʱʝʡ ʘʥʪʠʤʠʢʨʦʙʥʳʤ ʜʝʡ-

ʩʪʚʠʝʤ, ʙʣʘʛʦʜʘʨʷ ʚʚʝʜʸʥʥʦʡ ʚʦ ʚʥʫʪʨʝʥʥʠʡ, ʧʦʪʝʥ-

ʮʠʘʣʴʥʦ ʢʦʥʪʘʢʪʠʨʫʶʱʠʡ ʩ ʧʨʦʜʫʢʪʦʤ ʩʣʦʡ, ʧʨʠ-

ʨʦʜʥʦʡ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʜʦʙʘʚʢʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴ-

ʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɺʦ ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʚʦʜʷʪʩʷ ʨʘ-

ʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʚʠʜʦʚ ʪʝʨʤʦʬʦʨʤʦʚʘʥʥʦʡ 

ʫʧʘʢʦʚʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʠʨʦʜʥʳʤʠ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʚʠʜʘ ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʩ ʘʥʪʠʤʠʢʨʦʙʥʳʤ ʵʢʩʪʨʘʢʪʦʤ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ 

ʤʝʪʦʜ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʛʨʘʥʫʣ ʧʦʣʠʤʝʨʘ 

ʠ ʵʢʩʪʨʘʢʪʘ, ʠ ʜʘʣʴʥʝʡʰʝʡ ʝʸ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʤʘʪʝʨʠʘʣ 

ʤʝʪʦʜʦʤ ʵʢʩʪʨʫʟʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ 

ʧʨʠʦʙʨʝʪʘʶʪ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʦʥʠ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʥʠʞʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʦʣʠʤʝʨʘ, ʠʥʘʯʝ ʚ ʧʨʦʮʝʩʩʝ ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʚʦʟʤʦʞʥʘ ʠʭ ʜʝʩʪʨʫʢʮʠʷ. [5, 6]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʙʳʣ 

ʚʳʙʨʘʥʳ ʪʝʨʤʦʬʦʨʤʦʚʘʥʥʘʷ ʧʦʣʠʤʝʨʥʘʷ ʫʧʘʢʦʚʢʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʫʧʘʢʦʚʢʠ ʧʨʠʨʦʜʥʳʤʠ 

ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʢʦʤʧʦʥʝʥ-

ʪʘʤʠ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʫʧʘʢʦʚʢʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʭʨʘʥʝʥʠʠ ʨʘʩʬʘ-

ʩʦʚʘʥʥʦʡ ʚ ʥʝʝ ʤʷʩʥʦʡ, ʤʦʣʦʯʥʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦ-

ʜʫʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʨʦʜʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʵʢʩʪʨʘʢʪ ʢʦʨʳ ʙʝʨʝʟʳ ʩ ʦʩʥʦʚʥʳʤ ʜʝʡ-

ʩʪʚʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ï çʙʝʪʫʣʠʥè ʠ ʵʢʩʪʨʘʢʪ 

ʢʦʨʳ ʣʠʩʪʚʝʥʥʠʮʳ ʩ ʦʩʥʦʚʥʳʤ ʜʝʡʩʪʚʫʶʱʠʤ ʢʦʤ-

ʧʦʥʝʥʪʦʤ ï çʜʠʛʠʜʨʦʢʚʝʨʮʝʪʠʥè (ɼʂɺ).  

ʕʢʩʪʨʘʢʪ ʢʦʨʳ ʙʝʨʝʟʳ, ʚʳʙʨʘʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʜʦʙʘʚʢʠ, ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠ-

ʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʢʩʪʨʫʟʠʠ: ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ (240 ï 260Áʉ), ʩʪʘʙʠʣʴʥʘʷ 

ʬʦʨʤʫʣʘ, ʠʥʝʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʳ. [7-11]  

ʕʢʩʪʨʘʢʪ ʢʦʨʳ ʣʠʩʪʚʝʥʥʠʮʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʧʦʨʦʰʦʢ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ (ʢʨʝʤʦʚʦʛʦ) ʮʚʝʪʘ, 

ʛʦʨʴʢʦʚʘʪʳʡ ʥʘ ʚʢʫʩ, ʩ ʜʨʝʚʝʩʥʳʤ ʟʘʧʘʭʦʤ ʠ ʤʘʩʩʦ-

ʚʦʡ ʜʦʣʝʡ ʚʣʘʛʠ - ʜʦ 10%. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ɼʂɺ - 234-236Áʉ.  

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʚʝʨʛʘʪʴ ʝʛʦ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʳʭ ʩʚʦʡʩʪʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʦʣʠʤʝʨʘ ʜʣʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʫʧʘʢʦʚʢʠʙʳʣ ʚʳʙʨʘʥ ʧʦʣʠ-

ʧʨʦʧʠʣʝʥ. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʨʝʰʝʥʳ ʦʨʛʘʥʘʤʠ 

ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦ-

ʜʫʢʪʘʤʠ.  

ʀʟʛʦʪʦʚʣʝʥʠʝ ʪʝʨʤʦʬʦʨʤʦʚʘʥʥʦʡ ʫʧʘʢʦʚʢʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʊʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʙʳʣ ʩʪʘʙʠʣʝʥ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʙʘʚʢʠ ʚ ʤʘʩʩʝ ʧʦʣʠʤʝʨʘ ʨʘʚʥʦ-

ʤʝʨʥʦʝ.  

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʩʣʝʛʢʘ ʟʦʣʦʪʠʩʪʦ-

ʙʝʞʝʚʳʡ ʦʪʪʝʥʦʢ (ʈʠʩ. 1), ʨʘʚʥʦʤʝʨʥʳʡ ʧʦ ʚʩʝʡ 

ʤʘʩʩʝ ʠʟʜʝʣʠʷ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʪʨʝʱʠʥʳ ʧʨʦʢʦʣʳ ʠ ʚʠʟʫʘʣʴʥʳʝ ʜʝʬʝʢʪʳ.  

 

 

 

 
ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʥʦʡ ʪʝʨʤʦʬʦʨʤʦʚʘʥʥʦʡ ʫʧʘʢʦʚʢʠ  

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʵʢʩʪʨʘʢʪʘʤʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ  

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʢʦʥʪʘʢʪʘ ʩ ʧʠʱʝʚʳʤ ʧʨʦʜʫʢʪʦʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ, 

ʣʝʪʫʯʝʩʪʠ, ʟʘʧʘʭʝ ʠ ʮʚʝʪʝ. ʊʘʢʘʷ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦ ʟʘʧʘʭʫ, ʚʥʝʰʥʝʤʫ ʚʠʜʫ, ʢʦʥʩʠʩʪʝʥ-

ʮʠʠ, ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʜʝʣʴʥʦʡ ʩʨʝʜʳ ʦʧʨʝʜʝʣʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʫʧʘʢʦʚʦʯ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʪ. ʉʘʥʠʪʘʨʥʦ-ʛʠ-

ʛʠʝʥʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ-

ʣʠʤʝʨʥʦʡ ʫʧʘʢʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʀʥʩʪʨʫʢʮʠʝʡ ˉ880-71 ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘ-

ʥʝʥʠʷ [12]. ʋʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʫ-

ʶʱʠʭ ʜʦʙʘʚʦʢ (ʵʢʩʪʨʘʢʪʳ ʢʦʨʳ ʜʝʨʝʚʴʝʚ) ʠ ʥʘʣʠ-

ʯʠʝ ʫ ʥʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ çʜʨʝʚʝʩʥʦʛʦè ʟʘʧʘʭʘ, 

ʵʪʘ ʦʮʝʥʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʪʢʣʠʢʦʚ ʧʨʠ ʚʳʙʦʨʝ 

ʨʝʞʠʤʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʫʧʘ-

ʢʦʚʢʠ. 
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ʈʠʩ. 2 ʇʨʦʬʠʣʦʛʨʘʤʤʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʦʙʨʘʟʮʦʚ ʫʧʘʢʦʚʢʠ ʠʟ ʧʦʣʠʧʨʦʧʠʣʝʥʘ  

ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʤʝʩʠ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʜʦʙʘʚʦʢ  

ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ ʚʳʪʷʞʢʠ 10 ʩʫʪʦʢ. 

 

ɺʦʜʥʳʝ ʚʳʪʷʞʢʠ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʩʨʦʢʘʭ ʵʢʩʧʦʟʠʮʠʠ ʥʝ ʩʦ-

ʜʝʨʞʘʪ ʤʫʪʠ ʠʣʠ ʦʩʘʜʢʘ ʠ ʥʝ ʠʟʤʝʥʷʶʪ ʮʚʝʪʘ. ʉ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʟʘ-

ʧʘʭʘ ʚʳʪʷʞʝʢ ʠʟ ʦʧʳʪʥʦʡ ʫʧʘʢʦʚʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʳʪʷʞʢʦʡ ʠʟ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʈʠʩ.2.). 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʮʝʥʢʘ ʟʘʧʘʭʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 

ʙʘʣʣʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʈʦʩʧʦʪʨʝʙ-

ʥʘʜʟʦʨʘ ʢ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʢʦʥʪʘʢʪʠʨʫʶ-

ʱʠʤ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ ʊʈ ʊʉ 

005/2011 çʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʧʘʢʦʚʢʠè. 

ʇʦʣʫʯʝʥʥʳʝ ʫʧʘʢʦʚʢʠ ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʧʨʝʜʧʦ-

ʩʳʣʢʠ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʚ ʭʨʘ-

ʥʝʥʠʠ ʤʷʩʥʳʭ, ʤʦʣʦʯʥʳʭ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 
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Aʥʥʦʪʘʮʠʷ 

ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʧʨʦʜʫʢʮʠʠ ʙʘʢʪʝʨʠʦʮʠʥʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʠ-

ʣʦʩʴ ʠʟʫʯʝʥʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʙʘʢʪʝʨʠʦʮʠʥʘ Lactobacillus pentosus M3, ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚ Enterococcus faecalis 

ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʝʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ ʙʘʢʪʝʨʠʦʮʠʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ ʩʨʝʜʳ ʦʪ 5 ʜʦ 7 ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪ 30ʦʉ ʜʦ 37ʦʉ. 

ɹʘʢʪʝʨʠʦʮʠʥ Lactobacillus pentosus M3 ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʤ ʤʝʪʘʙʦʣʠʪʦʤ. 

Abstract 

Optimization of bacteriocin production conditions and increases its activity it has important economic value 

for reducing the cost of its receipt. The purpose of this work was to determining the localization of the active 

bacteriocins active against Enterococcus faecalis and determination of optimal cultivation conditions. The maxi-

mum amount of bacteriocins was detected after 48 hours of fermentation, at the initial of the pH of the medium 

from 5 to 7. Detected bacteriocins manifested itself as a secondary metabolite. There were differences in the syn-

thesis at temperatures of 30 and 37 degrees. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Lactobacillus pentosus M3, Enterococcus faecalis, ʙʘʢʪʝʨʠʦʮʠʥʳ, ʘʡʨʘʥ 

ʂeywords: Lactobacillus pentosus M3, Enterococcus faecalis, bacteriocins, airan 

 

ɹʘʢʪʝʨʠʦʮʠʥʳ ï ʵʪʘ ʛʨʫʧʧʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʘʥ-

ʪʠʙʠʦʪʠʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ, 

ʢʦʪʦʨʳʝ ʧʨʦʜʫʮʠʨʫʶʪʩʷ ʤʥʦʛʠʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ 

ʰʪʘʤʤʘʤʠ ʠ ʧʨʦʷʚʣʷʶʪ ʙʘʢʪʝʨʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ 

ʙʣʠʟʢʠʭ ʚʠʜʦʚ, ʧʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʙʘʢʪʝʨʠʦ-

ʮʠʥʦʚ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʝʡʩʪʚʠʷ 

[5]. ʇʨʦʜʫʢʮʠʷ ʙʘʢʪʝʨʠʦʮʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢ-

ʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ï ʪʝʤʧʝ-

ʨʘʪʫʨʘ, ʨʅ, ʩʦʩʪʘʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʬʘʟʳ ʨʦʩʪʘ ʠ 

ʨʘʟʚʠʪʠʷ ʧʨʦʜʫʮʝʥʪʘ [2, 13]. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ 

ʧʨʦʜʫʢʮʠʠ ʙʘʢʪʝʨʠʦʮʠʥʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʘʢʪʠʚ-

ʥʦʩʪʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. ʉʠʥʪʝʟ ʙʘʢʪʝ-

ʨʠʦʮʠʥʘ ʤʦʞʥʦ ʠʥʜʫʮʠʨʦʚʘʪʴ ʛʝʥʥʦ-ʠʥʞʝʥʝʨʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʚʦʟ-

ʜʝʡʩʪʚʠʷʤʠ: ʤʫʪʘʛʝʥʘʤʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, 

ɼʅʂ-ʪʨʦʧʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤʠ 

ʣʫʯʘʤʠ, ʧʝʨʝʢʠʩʷʤʠ ʠ ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ [1, 8]. 

ʂʨʦʤʝ ʨʘʟʨʫʰʝʥʠʷ ʢʣʝʪʦʯʥʦʡ ɼʅʂ, ʙʘʢʪʝʨʠʦʮʠʥʳ 

ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʧʦʣʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʣʠʧʠʜ-

ʥʦʛʦ ʩʠʥʪʝʟʘ ʙʘʢʪʝʨʠʡ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʝ-

ʣʘʶʪʩʷ ʪʘʢʞʝ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʘʢʪʝʨʠʦʮʠ-

ʥʦʚ ʜʣʷ ʚʣʠʷʥʠʷ ʥʘ ʧʦʣʠʨʝʟʠʩʪʝʥʪʥʳʝ ʰʪʘʤʤʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [4, 6]. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʙʘʢʪʝʨʠʦʮʠʥʦʚ ʥʘ ʨʦʩʪ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ [7, 9]. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʧʝʨʚʳʝ ʙʳʣʠ ʥʘʯʘʪʳ ʥʘʤʠ, ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ 

ʙʠʦʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʝʱʝ ʚ 2004 ʛʦʜʫ [3]. ɺ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʮʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʘʢʪʝʨʠʦʮʠʥ-ʩʠʥʪʝʟʠʨʫʶʱʠʡ 

ʰʪʘʤʤ Lactobacillus pentosus M3 [2, 10], ʚʳʜʝʣʝʥ-

ʥʳʡ ʠʟ ʥʘʧʠʪʢʘ çɸʡʨʘʥè ʠ ʭʨʘʥʷʱʠʡʩʷ ʚ ʣʘʙʦʨʘʪʦ-

ʨʠʠ ʚ ʣʠʦʬʠʣʴʥʦ ʚʳʩʫʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʫʣʴʪʫʨʫ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ 

ʧʫʪʝʤ ʜʚʫʢʨʘʪʥʦʛʦ ʧʝʨʝʩʝʚʘ ʚ ʄʈʉ ʙʫʣʴʦʥ ʠ ʢʫʣʴ-

ʪʠʚʠʨʦʚʘʣʠ ʧʨʠ 370ʉ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʀʥʜʠʢʘ-

ʪʦʨʥʳʤ ʰʪʘʤʤʦʤ ʩʣʫʞʠʣ ʪʠʧʦʚʦʡ ʰʪʘʤʤ 

Enterococccus faecalis. ʐʪʘʤʤ L.pentosus M3 ʩʠʥʪʝ-

ʟʠʨʫʝʪ ʙʘʢʪʝʨʠʦʮʠʥ, ʘʢʪʠʚʥʳʡ ʧʨʦʪʠʚ Enterococcus 

faecalis, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʚ ʪʚʝʨʜʫʶ ʠ ʞʠʜʢʫʶ 

ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ, ʦʜʥʘʢʦ ʚ ʄʈʉ ʙʫʣʴʦʥʝ ʦʙʥʘʨʫ-

ʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 10-ʢʨʘʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɹʘʢʪʝʨʠʦʮʠʥ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʮʠʦʥʘʨ-

ʥʦʡ ʬʘʟʝ ʨʦʩʪʘ (18 ʯʘʩʦʚ) ʠ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ 

ʘʢʪʠʚʥʳʤ ʜʦ 76 ʯʘʩʦʚ ʧʦʩʣʝ ʥʘʯʘʣʘ ʬʝʨʤʝʥʪʘʮʠʠ. ʉ 

ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ, ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʣʠ ʧʨʦʜʫʮʠʨʫʝ-

ʤ ʡr ʘʥʪʠʤʠʢʨʦʙʥʳʡ ʧʝʧʪʠʜ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ 

ʠʣʠ ʦʩʪʘʝʪʩʷ ʧʨʠʢʨʝʧʣʝʥʥʳʤ ʢ ʢʣʝʪʢʝ, ʠʟʫʯʘʣʠ 

ʥʘʣʠʯʠʝ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʘ) ʚ ʙʝʩʢʣʝ-

ʪʦʯʥʦʡ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ, ʙ) ʚ ʪʦʣʱʝ ʪʚʝʨʜʦʛʦ 

ʄʈʉ ʘʛʘʨʘ, ʚ) ʚ ʣʠʟʘʪʝ ʢʣʝʪʦʢ. ʅʘ ʪʚʝʨʜʦʡ ʘʛʘʨʦʚʦʡ 

ʩʨʝʜʝ ʧʨʦʜʫʢʮʠʶ ʙʘʢʪʝʨʠʦʮʠʥʘ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ 

ʧʷʪʝʥ [12, 3]. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ ʠʥ-

ʛʠʙʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʦʢʦʣʦ ʧʷʪʥʘ ʚʳʨʦʩʰʝʡ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʢʫʣʴʪʫʨʳ ʧʦʤʝʱʘʣʠ ʢʘʧʣʶ (5 ʤʢʣ) ʧʨʦ-

ʪʝʘʟ - ʧʝʧʩʠʥʘ ʠ ʧʨʦʪʝʠʥʘʟʳ ʂ. ɿʘʪʝʤ ʯʘʰʢʠ ʧʦʢʨʳ-

ʚʘʣʠ ʚʪʦʨʳʤ ʩʣʦʝʤ ʤʷʛʢʦʛʦ ʩʝʨʜʝʯʥʦ-ʤʦʟʛʦʚʦʛʦ 
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ʘʛʘʨʘ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʦ ʩʫʩʧʝʥʜʠʨʦʚʘʥʦ 10 ʤʣ ʠʥʜʠ-

ʢʘʪʦʨʥʦʡ ʢʫʣʴʪʫʨʳ E. faecalis ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʝ 

ʨʦʩʪʘ. ʇʦʩʣʝ 24-ʯʘʩʦʚʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʠ 

ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʨʷʣʠ ʥʘʣʠʯʠʝ ʠ ʠʟʤʝʨʷʣʠ 

ʜʠʘʤʝʪʨ ʟʦʥʳ ʧʦʜʘʚʣʝʥʠʷ ʨʦʩʪʘ ʚ ʠʥʜʠʢʘʪʦʨʥʦʤ 

ʩʣʦʝ ʢʣʝʪʦʢ ʠ ʥʘʙʣʶʜʘʣʠ ʥʘʣʠʯʠʝ ʧʨʦʪʝʘʟʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʣʘʩʴ ʚ ʨʦʩʪʝ ʠʥʜʠʢʘʪʦʨ-

ʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʪʦʯʢʘʭ ʜʝʡʩʪʚʠʷ ʧʝʧʩʠʥʘ ʠ ʧʨʦʪʝʠ-

ʥʘʟʳ ʂ [11].  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫ-

ʯʝʥʠʝ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʠʟʘʪʘ ʢʣʝʪʦʢ, 

Lactobacillus pentosusu M3 ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʧʫʪʝʤ 

ʜʚʫʭʢʨʘʪʥʦʛʦ ʧʝʨʝʩʝʚʘ ʥʘ ʩʨʝʜʫ ʄʈʉ ʠ ʠʥʢʫʙʠʨʦ-

ʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30ʦʉ 24 ʯʘʩʘ. ʂʣʝʪʢʠ ʦʪʜʝ-

ʣʷʣʠ ʦʪ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘ-

ʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 4200 ʦʙ/ʤʠʥ [8, 11]. ʆʩʘ-

ʜʦʢ ʦʪʙʨʘʩʳʚʘʣʠ, ʘ ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʭ 

ʧʨʦʤʳʚʦʢ ʦʩʘʜʢʘ ʧʨʝʧʘʨʘʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʥʪʠʤʠʢʨʦʙ-

ʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʫʧʝʨʥʘʪʘʥʪʘ, ʣʠʟʘʪʘ ʢʣʝʪʦʢ ʠ ʩʳ-

ʨʦʛʦ ʵʢʩʪʨʘʢʪʘ ʙʝʣʢʦʚ ʧʨʦʚʝʨʷʣʠ ʤʝʪʦʜʦʤ ʣʫʥʦʢ ʚ 

ʘʛʘʨʝ [1, 7]. 

ɺʨʝʤʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʙʘʢʪʝʨʠʦʮʠʥʘ 

ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ ʧʷʪʝʥ ʥʘ ʘʛʘʨʝ ʧʦ ʟʦʥʝ ʧʦʜʘʚʣʝ-

ʥʠʷ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʰʪʘʤʤʘ E. faecalis ʧʦʩʣʝ 24, 36, 

48, 60 ʠ 72 ʯʘʩʦʚ ʬʝʨʤʝʥʪʘʮʠʠ. ʆʧʪʠʤʘʣʴʥʘʷ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠ ʚʳʨʘ-

ʱʠʚʘʥʠʠ ʙʘʢʪʝʨʠʦʮʠʥʦʛʝʥʥʦʡ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ ʧʨʠ 

30ʦʉ ʠ 37ʦʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ ʟʦʥʳ ʧʦ-

ʜʘʚʣʝʥʠʷ ʨʦʩʪʘ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʰʪʘʤʤʘ. ɼʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʫʣʴʪʫʨʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʢʣʝʪʢʠ ʚʳʨʘʱʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30ʦʉ ʚ ʄʈʉ ʙʫ-

ʣʴʦʥʝ, ʦʪʜʝʣʷʣʠ ʦʪ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʮʝʥ-

ʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 5000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 15 ʤʠ-

ʥʫʪ. ʉʫʧʝʨʥʘʪʘʥʪ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʥʳʡ 

ʬʠʣʴʪʨ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0.22 ʥʤ.  

ɺʣʠʷʥʠʝ ʟʥʘʯʝʥʠʷ ʨʅ ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʥʘ ʙʘʢʪʝʨʠʦʮʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʠʟʫʯʘʣʠ ʧʨʠ ʚʳʨʘʱʠ-

ʚʘʥʠʠ ʢʫʣʴʪʫʨʳ ʧʨʦʜʫʮʝʥʪʘ ʥʘ ʄʈʉ ʩʨʝʜʝ, ʛʜʝ 

ʥʘʯʘʣʴʥʫʶ ʨʅ ʜʦʚʦʜʠʣʠ ʜʦ ʟʥʘʯʝʥʠʡ 4.0, 5.0, 6.0, 

7.0 ʠ 8.0 ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʦʚ HCl ʠ NaOH ʠ 

ʥʘʙʣʶʜʘʣʠ ʠʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʘ ʟʦʥʳ ʧʦʜʘʚʣʝʥʠʷ 

ʠʥʜʠʢʘʪʦʨʥʦʡ ʢʫʣʴʪʫʨʳ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʤʝʪʦʜʦʤ. 

ɺ ʩʣʝʜʫʶʱʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʫʯʝʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʘʢʪʝʨʠʦʮʠʥʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦ-

ʚʠʷʭ ʬʝʨʤʝʥʪʘʮʠʠ: ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʢʘʯʘʣʢʝ 

ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʯʘʩʪʠʯʥʦʡ ʘʥʘʵʨʦʙʥʦʩʪʠ, ʪʝʤʧʝ-

ʨʘʪʫʨʳ 37ʦʉ, ʠ ʧʨʠ ʜʠʥʘʤʠʢʝ ʨʦʩʪʘ - ʯʝʨʝʟ 12, 18, 

24, 36 ʠ 48 ʯʘʩʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʘʥ-

ʪʠʤʠʢʨʦʙʥʳʡ ʘʛʝʥʪ ʠʥʘʢʪʠʚʠʨʫʝʪ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʪʝʘʟʘʤʠ ʧʝʧʩʠʥʦʤ ʠ ʧʨʦʪʝʠʥʘ-

ʟʦʡ ʂ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʫʯʘʩʪʢʘ ʨʦʩʪʘ ʢʫʣʴ-

ʪʫʨʳ ʚ ʟʦʥʝ ʧʦʜʘʚʣʝʥʠʷ ʨʦʩʪʘ, ʯʪʦ ʥʘʚʦʜʠʪ ʥʘ 

ʤʳʩʣʴ ʦ ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʝ ʢʦʤʧʦʥʝʥʪʘ. ɺʦʢʨʫʛ 

Lactobacillus pentosus M3 ʧʦʷʚʣʷʝʪʩʷ ʟʦʥʘ ʠʥʛʠʙʠ-

ʨʦʚʘʥʠʷ ʨʦʩʪʘ ʙʦʣʝʝ 15 ʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʢʫʙʘʮʠʠ 300 ʠ 370ʉ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʩʠʥʪʝʟ ʠ ʥʘʠʚʳʩʰʘʷ ʧʨʦʜʫʢʮʠʷ ʙʘʢʪʝ-

ʨʠʦʮʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʟ 48 ʯʘʩʦʚ ʬʝʨʤʝʥʪʘʮʠʠ 

(ʪʘʙʣ.1).  

ʊʘʙʣʠʮʘ 1 

ɼʠʘʤʝʪʨ ʟʦʥʳ ʟʘʜʝʨʞʢʠ ʨʦʩʪʘ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ ʙʘʢʪʝʨʠʦʮʠʥʦʤ Lactobacillus pentosus M3  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʤʤ) 

ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʯ 

24 36 48 60 72 

30ʦʉ 11.3Ñ0.21 16.3Ñ0.38 19.2Ñ0.28 18.2Ñ0.41 17.6Ñ0.26 

37ʦʉ 12.6Ñ0.21 15.8Ñ0.55 17.6Ñ0.41 18.6Ñ0.62 17.6Ñ0.62 

 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʟʥʘʯʝʥʠʷ ʨʅ ʥʘ ʩʠʥʪʝʟ ʙʘʢ-

ʪʝʨʠʦʮʠʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʠʥʪʝʟ ʙʘʢʪʝʨʠʦʮʠʥʘ ʤʘʢ-

ʩʠʤʘʣʝʥ ʧʨʠ ʨʅ 7, ʜʠʘʤʝʪʨ ʟʦʥʳ ʧʦʜʘʚʣʝʥʠʷ ʨʦʩʪʘ 

ʠʥʜʠʢʘʪʦʨʥʦʡ ʢʫʣʴʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 20.7 ʤʤ, ʧʨʠ ʨʅ 

5.0 ʠ 6.0 ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʠʥʪʝʟ 

ʙʘʢʪʝʨʠʦʮʠʥʘ ʠ ʜʠʘʤʝʪʨ ʟʦʥʳ ʧʦʜʘʚʣʝʥʠʷ ʨʦʩʪʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 18.4 ʠ 18.9 ʤʤ. ʇʨʠ ʨʅ ʥʠʞʝ 5 ʙʘʢʪʝʨʠʦ-

ʮʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʘ ʧʨʠ ʨʅ 8 ʩʠʥʪʝʟ 

ʙʘʢʪʝʨʠʦʮʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ (ʪʘʙʣ. 2).  

ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʅ ʩʨʝʜʳ, 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʦʜʫʢʮʠʠ ʙʘʢʪʝ-

ʨʠʦʮʠʥʦʚ [5, 13]. ʆʧʨʝʜʝʣʝʥʠʝ ʙʘʢʪʝʨʠʦʮʠʥʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʚ ʜʠʥʘʤʠʢʝ ʨʦʩʪʘ ʧʨʠ ʬʝʨʤʝʥʪʘʮʠʠ ʧʨʦʜʫ-

ʮʝʥʪʘ ʥʘ ʢʘʯʘʣʢʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʠʥ-

ʪʝʟ ʙʘʢʪʝʨʠʦʮʠʥʘ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʯʝʨʝʟ 24 ʯʘʩʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʬʝʨʤʝʥʪʘʮʠʠ, ʢʦʛʜʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ ʢʣʝ-

ʪʦʢ ʚ ʩʨʝʜʝ (1.5ʭ108).  

ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ ʨʅ ʩʨʝʜʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʙʘʢʪʝʨʠʦʮʠʥʘ ʰʪʘʤʤʦʤ Lactobacillus pentosus M3 

ʨʅ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ Mʈʉ ɼʠʘʤʝʪʨ ʟʦʥʳ ʦʪʩʫʪʩʪʚʠʷ ʨʦʩʪʘ, ʤʤ 

4.0 - 

5.0 18.4Ñ0.45 

6.0 18.9Ñ0.37 

7.0 20.7Ñ0.38 

8.0 12.8Ñ0.24 

 

ɼʠʘʤʝʪʨ ʟʦʥʳ ʦʪʩʫʪʩʪʚʠʷ ʨʦʩʪʘ ʠʥʜʠʢʘʪʦʨʥʦʡ ʢʫʣʴʪʫʨʳ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʣ 14.6 ʤʤ, ʪʦʛʜʘ ʢʘʢ ʯʝʨʝʟ 

48 ʯʘʩʦʚ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʥʢʫʙʘʮʠʠ ʥʘʨʷʜʫ ʩʦ ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʞʠʚʳʭ ʢʣʝʪʦʢ ʚ ʩʨʝʜʝ ʠ ʥʘʢʦʧʣʝʥʠʝʤ 

ʢʠʩʣʦʪ (ʨʅ ʩʨʝʜʳ ʩʥʠʞʘʝʪʩʷ ʜʦ 2.5), ʫʤʝʥʴʰʘʝʪʩʷ ʜʠʘʤʝʪʨ ʟʦʥʳ ʦʪʩʫʪʩʪʚʠʷ ʨʦʩʪʘ ʜʦ 13.9 ʤʤ (ʪʘʙʣ.3). 
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ʊʘʙʣʠʮʘ 3 

ɹʘʢʪʝʨʠʦʮʠʥʦʛʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ Lactobacillus pentosus M3 ʚ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʠ ʨʦʩʪʘ  

ʇʦʢʘʟʘʪʝʣʠ ɺʨʝʤʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʯ 

12 18 24 36 48 

ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʙʘʢʪ. ʩʫʩʧʝʥʟʠʠ 2.23 2.64 2.68 2.71 4.3 

ʨʅ 3.5 4.7 3.1 3.9 2.5 

ɿʦʥʘ ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʜʝʡʩʪʚʠʷ 12.4Ñ0.37 15.7Ñ0.24 14.6Ñ0.39 17.6Ñ0.13 13.9Ñ0.47 

ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ ʢʣʝʪʦʢ ʢʫʣʴʪ, ʩʨʝʜʳ 4.3Ā108 1.7Ā109 1.9Ā 109 10.2Ā108 8.4Ā108 

 

ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʝ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ ʨʦʩʪʘ E. faecalis ʥʘ ʤʝʩʪʝ ʥʘʥʝʩʝ-

ʥʠʷ ʩʫʧʝʨʥʘʪʘʥʪʘ. ʇʦʜʘʚʣʝʥʠʝ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚ-

ʣʷʪʴʩʷ ʚ ʦʙʨʘʟʮʝ, ʚʟʷʪʦʤ ʯʝʨʝʟ 18 ʯʘʩʦʚ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ ʨʦʩʪʘ ʠʩʩʣʝʜʫʝʤʦʡ ʢʫʣʴʪʫʨʳ. 

ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʫʧʝʨʥʘʪʘʥʪʘ ʩʦʭʨʘʥʷ-

ʝʪʩʷ ʜʦ 72 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʙʣʶʜʝʥʠʝ ʙʳʣʦ ʦʩʪʘ-

ʥʦʚʣʝʥʦ. ʉʦʭʨʘʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠ-

ʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʢʫʣʴʪʫʨʘ ʥʝ ʦʙʨʘʟʫʝʪ ʚʥʝʢʣʝʪʦʯʥʳʭ ʧʨʦʪʝʘʟ.  

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʠʥʪʝʟ ʙʘʢʪʝʨʠʦʮʠ-

ʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʨʦʩʪʘ, ʥʦ 

ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʄʂɹ ʤʦ-

ʛʫʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʘʢʪʝʨʠʦʮʠʥʳ ʪʘʢ ʞʝ ʚ ʩʪʘʮʠʦ-

ʥʘʨʥʦʡ ʬʘʟʝ [8]. ʋʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʦʜʫʢʮʠʠ ʙʘʢʪʝ-

ʨʠʦʮʠʥʦʚ [12].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Lactobacillus pentosus M3, ʚʳ-

ʜʝʣʝʥʥʳʡ ʠʟ ʪʨʘʜʠʮʠʦʥʥʦʛ ʥʘʧʠʪʢʘ çɸʡʨʘʥè, ʩʠʥ-

ʪʝʟʠʨʫʝʪ ʙʘʢʪʝʨʠʦʮʠʥ, ʘʢʪʠʚʥʳʡ ʧʨʦʪʠʚ E. faecalis, 

ʢʦʪʦʨʳʡ ʩʝʢʨʝʪʠʨʫʝʪʩʷ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ. ʄʘʢ-

ʩʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ ʙʘʢʪʝʨʠʦʮʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ ʩʨʝʜʳ ʦʪ 5 ʜʦ 7 ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 30ʦʉ ʜʦ 37ʦʉ. ɹʘʢʪʝʨʠʦʮʠʥ 

Lactobacillus pentosus M3 ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʤ ʤʝ-

ʪʘʙʦʣʠʪʦʤ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʝʛʘʧʦʣʠʩʝ ʟʘ ʩʯʝʪ ʠʟʙʳʪʦʯʥʦʡ ʤʠʛʨʘʮʠʠ ʥʘʩʝʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʣʠ-

ʷʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʘʙʦʣʝʚʘʥʠʡ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʠ ʚʳ-

ʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʳ ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʚʣʠʷʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʪʤʝʯʝʥʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ ʦʪ ʚʦʟʨʘʩʪʘ, ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʨʠʩʢʘ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. 

Abstract 

In the modern metropolis due to the excessive migration of the population there are additional effects on the 

human body, which contribute to the formation of diseases of the respiratory tract and excretory system. Indirect 

effects were investigated on the formation of diseases. The correlation of the patients age was analised and the 

main risk group was identified based on the data of the laboratory of Krasnodar region.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʚʣʠʷʥʠʷ, ʟʘʙʦʣʝʚʘʥʠʷ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ, ʟʘʙʦʣʝʚʘʥʠʷ ʚʳʜʝʣʠ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʝʨʝʥʘʩʝʣʝʥʠʝ, ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, ʣʠʥʝʡʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. 

Keywords: indirect effects, respiratory disease, diseases of the excretory system, overpopulation, Krasnodar 

region, linear correlation analysis. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʤʝʩʪʝ ʩ ʨʦʩʪʦʤ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʤʝʛʘʧʦʣʠʩʦʚ-ʛʦʨʦʜʦʚ ʟʘ ʩʯʝʪ ʠʟʙʳʪʦʯʥʦʡ ʤʠ-

ʛʨʘʮʠʠ ʥʘʩʝʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʣʠ-

ʷʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʘʙʦʣʝʚʘʥʠʡ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʠ 

ʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʜʨʘʩʧʦʣʘʛʘʶʱʠʤ 

ʬʘʢʪʦʨʘʤ ʟʘʙʦʣʝʚʘʥʠʡ ʚʳʜʝʣʠʪʝʣʴʥʳʭ ʧʫʪʝʡ ʦʪʥʦ-

ʩʷʪʩʷ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʥʘʨʫʰʝʥʠʝ ʤʝʪʘʙʦ-

ʣʠʟʤʘ, ʥʝʩʦʙʣʶʜʝʥʠʝ ʣʠʯʥʦʡ ʛʠʛʠʝʥʳ ʠ ʩʦʧʫʪʩʪʚʫ-

ʶʱʠʝ ʟʘʙʦʣʝʚʘʥʠʷ [2, ʩ. 564]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʭʨʦʥʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ ʜʳʭʘʪʝʣʴʥʳʭ 

ʧʫʪʝʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʳʟʚʘʥʳ ʜʣʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʫʨʝ-

ʥʠʝ, ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʚʨʝʞʜʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰ-

ʥʝʡ ʩʨʝʜʳ, ʢ ʢʦʪʦʨʳʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʩʠʪʩʷ 

ʫʭʫʜʰʘʶʱʘʷʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʂʨʘʩ-

ʥʦʜʘʨʩʢʦʤ ʢʨʘʝ [1, ʩ. 281].  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʦ-

ʩʨʝʜʦʚʘʥʥʳʭ ʚʣʠʷʥʠʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘ-

ʥʠʡ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʠ ʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʫ ʜʝʪʝʡ ʠ ʚʟʨʦʩʣʳʭ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʛʦ ʨʝʛʠʦʥʘ. 

 

 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ 

ʧʘʮʠʝʥʪʦʚ, ʯʘʩʪʴ ʠʟ ʥʠʭ ʧʦʣʫʯʝʥʳ ʟʘ ʦʜʠʥ ʤʝʩʷʮ, 

ʯʘʩʪʴ ʟʘ 6 ʣʝʪ.  

ʀʟʫʯʝʥʥʳʡ ʟʘ ʤʝʩʷʮ ʙʠʦʤʘʪʝʨʠʘʣ ʧʨʠʥʘʜʣʝ-

ʞʘʣ 3149 ʧʘʮʠʝʥʪʦʚ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ ʠ ʛʝʥʜʝʨʥʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʧʦʩʝʚ ʥʘ ʜʠʩʙʘʢʪʝʨʠʦʟ ʢʠʰʝʯ-

ʥʠʢʘ, ʧʦʩʝʚ ʥʘ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʫʶ ʤʠʢʨʦʬʣʦʨʫ), 

ʠʟ ʢʦʪʦʨʳʭ 2054 ʦʢʘʟʘʣʠʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. ɺʳ-

ʜʝʣʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʘʪʦʛʝʥʘ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʠʢʘʤʠ [3].  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʚ 1029 ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ 

ʉʧʠʨʤʝʥʘ [6, ʩ. 91]. ɿʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʥ-

ʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ t ï ʢʨʠʪʝ-

ʨʠʷ ʉʪʴʶʜʝʥʪʘ, ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ Ŭ=0,05. ɼʣʷ 

ʨʘʩʯʝʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʪʘʥʜʘʨʪʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʘʢʝʪ Microsoft Excel. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝ-

ʪʠʝ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʝʤ ʤʠʢʨʦʙʥʦʛʦ ʩʪʘʪʫʩʘ ʯʝʣʦ-

ʚʝʢʘ. ʊʦʣʴʢʦ ʟʘ ʦʜʠʥ ʟʠʤʥʠʡ ʤʝʩʷʮ ʜʠʘʛʥʦʩʪʠʨʦ-

ʚʘʣʠ ʙʦʣʝʝ 2000 ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʦʙ ʥʘ ʫʩʣʦʚʥʦ-



10 Znanstvena misel journal ˉ33/2019 

ʧʘʪʦʛʝʥʥʫʶ ʤʠʢʨʦʬʣʦʨʫ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʚʦʟʨʘʩʪʦʚ ʧʘʮʠʝʥ-

ʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʨʝʜʥʷʷ ʫʤʝʨʝʥʥʘʷ ʩʚʷʟʴ (ʨ = 0,48) 

ʦʪ ʯʠʩʣʘ ʟʘʙʦʣʝʚʰʠʭ, ʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ ʣʠ-

ʥʝʡʥʫʶ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʜʯʝʨʢʠʚʘ-

ʶʪʩʷ ʚʦʟʨʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʛʘ-

ʥʠʟʤʘ ʚ ʦʥʪʦʛʝʥʝʟʝ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1  

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʧʘʮʠʝʥʪʦʚ ʦʪ ʚʦʟʨʘʩʪʘ 

ɻʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ ɺʦʟʨʘʩʪ ʂʦʣ-ʚʦ ʙʦʣʴʥʳʭ 

1 ʛʨʫʧʧʘ 1 ï 3 ʛʦʜʘ 80 

2 ʛʨʫʧʧʘ 4 ï 9 ʣʝʪ 96 

3 ʛʨʫʧʧʘ 10 ï 18 ʣʝʪ 41 

4 ʛʨʫʧʧʘ 19 ï 25 ʣʝʪ 91 

5 ʛʨʫʧʧʘ 26 ï 45 ʣʝʪ 471 

6 ʛʨʫʧʧʘ 46 ï 60 ʣʝʪ 155 

7 ʛʨʫʧʧʘ 61 ï 90 ʣʝʪ 95 

 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ 

ʧʘʮʠʝʥʪʦʚ ʩ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ 

ʛʨʫʧʧʳ 1 ʠ 2 ʚʦʰʣʠ ʜʝʪʠ ʦʪ ʛʦʜʘ ʠ ʜʦ 9 ʣʝʪ, ʧʨʠʯʝʤ, 

ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʴʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʢʦʨ-

ʨʝʣʷʮʠʦʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʚʠʩʠʤʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʪ ʚʦʟʨʘʩʪʘ ʨʘʚʝʥ 

ʩʨʝʜʥʝʡ ʢʦʨʨʝʣʷʮʠʠ (ʨ=0,65), ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʚ ʧʝʨ-

ʚʳʝ ʛʦʜʘ ʞʠʟʥʠ ʦʨʛʘʥʠʟʤʫ ʯʝʣʦʚʝʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʩʨʝʜʩʪʚ ʩʦʙʩʪʚʝʥʥʦʡ ʟʘʱʠʪʳ ʦʪ ʚʪʦʨʞʝʥʠʷ ʯʫʞʝ-

ʨʦʜʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʩʦʙ-

ʩʪʚʝʥʥʘʷ ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʩʫʧʨʝʩʩʠʠ, ʩʠʩʪʝʤʘ ʬʘʛʦʮʠʪʦʟʘ ʥʝ ʨʘʟʚʠʪʘ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʨʝʙʝʥʦʢ ʯʘʩʪʦ ʩʪʨʘʜʘʝʪ ʧʦʚʪʦʨʥʳʤʠ 

ʆʈɺʀ, ʢʠʰʝʯʥʳʤʠ ʠʥʬʝʢʮʠʷʤʠ ʠ ʜʠʩʙʘʢʪʝʨʠʦʟʦʤ, 

ʢʦʞʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ [5, ʩ. 1564]. ɺ ʪʨʝʪʴʝʡ 

ʛʨʫʧʧʝ ʥʘ ʬʦʥʝ ʧʦʚʳʰʝʥʠʷ ʩʝʢʨʝʮʠʠ ʧʦʣʦʚʳʭ ʩʪʝ-

ʨʦʠʜʦʚ (12-14 ʣʝʪ) ʦʢʦʥʯʘʪʝʣʴʥʦ ʬʦʨʤʠʨʫʶʪʩʷ 

ʩʠʣʴʥʳʡ ʠ ʩʣʘʙʳʡ ʪʠʧʳ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. ʅʘʙʣʶ-

ʜʘʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʩʧʘʜ ʯʘʩʪʦʪʳ ʭʨʦʥʠʯʝʩʢʠʭ ʚʦʩʧʘ-

ʣʠʪʝʣʴʥʳʭ, ʘ ʪʘʢʞʝ ʘʫʪʦʠʤʤʫʥʥʳʭ ʠ ʣʠʤʬʦʧʨʦʣʠ-

ʬʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (41 ʯʝʣʦʚʝʢ), ʦʪʤʝʯʘʝʪʩʷ 

ʥʠʟʢʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʨ = 0,09). ʅʦ 

ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʨʘʩʪʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʵʢʟʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ (ʢʫʨʝʥʠʝ, ʢʩʝʥʦʙʠʦʪʠʢʠ ʠ ʜʨ.) ʥʘ ʠʤʤʫʥ-

ʥʫʶ ʩʠʩʪʝʤʫ. ɺ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʟʘ ʘʥʘʣʠʟʠʨʫ-

ʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʧʨʦ-

ʮʝʩʩʘʤ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʧʦʜʚʝʨʞʝʥʳ 46,5% ʜʝʪʝʡ, 

ʢʠʰʝʯʥʳʤ ʠʥʬʝʢʮʠʷʤ ï 42,4%, ʚʦʩʧʘʣʠʪʝʣʴʥʳʤ 

ʧʨʦʮʝʩʩʘʤ ʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ï 11,2%. ʏʘʱʝ 

ʚʩʝʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʚʳʟʚʘʥʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʯʝʪ-

ʚʝʨʪʦʡ ʛʨʫʧʧʳ ʧʘʪʦʛʝʥʥʦʩʪʠ [4]: Staphylococcus au-

reus (26,6%), Haemophilus influenza (11,7 %), Esche-

richia coli (7,4%), Klebsiella pneumoniae (5,5 %), En-

terococcus faecalis (4,3%), ʘ ʪʘʢʞʝ ʛʨʠʙʳ Candida 

albicans (4,7%).  

ʋ ʤʦʣʦʜʳʭ ʣʶʜʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 19 ʜʦ 25 ʣʝʪ 

(ʛʨʫʧʧʘ 4) ʢʦʣʠʯʝʩʪʚʦ ʟʘʙʦʣʝʚʰʠʭ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ 

ʯʝʤ ʚ 2 ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʚʦʟʨʘʩʪʥʳʤ 

ʧʝʨʠʦʜʦʤ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʤʦʛʫʪ ʨʝʮʠʜʠʚʠʨʦ-

ʚʘʪʴ ʘʪʦʧʠʯʝʩʢʠʝ ʙʦʣʝʟʥʠ (ʙʨʦʥʭʠʘʣʴʥʘʷ ʘʩʪʤʘ ʠ 

ʜʨ.), ʢʨʦʤʝ ʪʦʛʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʦʢ, 

ʚʳʟʚʘʥʥʳʭ ʚʩʝʚʦʟʤʦʞʥʳʤ ʩʪʨʝʩʩʘʤʠ, ʥʘʣʠʯʠʝʤ 

ʭʨʦʥʠʯʝʩʢʠʭ ʙʦʣʝʟʥʝʡ ʦʨʛʘʥʦʚ ʧʠʱʝʚʘʨʝʥʠʷ, ʠʥ-

ʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʚ ʘʥʘʤʥʝʟʝ, ʧʨʠʝʤʦʤ ʘʥʪʠ-

ʙʠʦʪʠʢʦʚ, ʥʘʨʫʰʝʥʠʝʤ ʩʦʩʪʘʚʘ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦ-

ʬʣʦʨʳ, ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʢʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʦʨʛʘʥʠʟʤ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ, ʠ ʪʦʛʜʘ ʩʦʙʩʪʚʝʥʥʘʷ ʤʠʢ-

ʨʦʬʣʦʨʘ ʧʦʨʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʘʪʦʛʝʥʦʤ ʠ ʚʳʟʳʚʘʝʪ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʙʦʣʝʚʘʥʠʷ. ʏʘʱʝ ʚʩʝʛʦ ʚ ʯʝʪʚʝʨ-

ʪʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʩʪʨʘʜʘʶʪ ʬʫʥʢʮʠʠ ʦʨʛʘʥʦʚ 

ʧʦʣʦʚʦʡ ʩʠʩʪʝʤʳ ï 52,3%, ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ï 

18,6%, ʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ï 17,4%, ɾʂʊ ï 

8,1%. ɺʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʯʝʪʚʝʨʪʦʡ ʚʦʟ-

ʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʧʘʮʠʝʥʪʦʚ ʚʳʟʚʘʥʳ ʩʣʝʜʫʶʱʠʤʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ: Enterococcus faecalis (15,9%), 

Escherichia coli (14,4%), Staphylococcus aureus 

(13,6%), Gardnerella vaginalis (8,3%), Staphylococcus 

haemolyticus (6,8%), ʘ ʪʘʢʞʝ ʛʨʠʙʳ Candida albicans 

(8,3%). ʇʨʠʯʝʤ, ʦʪʤʝʯʘʝʪʩʷ ʥʠʟʢʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʦʩʧʘʣʠʪʝʣʴ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʦʟʨʘʩʪʦʤ (ʨ = 0,42). ɺ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧʘʭ 5 ʠ 6 ʪʝʥʜʝʥʮʠʷ ʚʦʟʙʫʜʠʪʝʣʝʡ ʩʦʭʨʘʥʷʝʪʩʷ. 

ɺ ʧʦʞʠʣʦʤ ʚʦʟʨʘʩʪʝ ʦʪ 61 ʜʦ 90 ʣʝʪ (7 ʛʨʫʧʧʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ), ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝ-

ʩʪʚʘ ʦʙʨʘʪʠʚʰʠʭʩʷ ʧʘʮʠʝʥʪʦʚ, ʭʦʪʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝʤ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʦʟʨʘʩʪʦʤ 

ʧʘʮʠʝʥʪʦʚ (ʨ = 0,72). ʌʫʥʢʮʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ 

ʚ ʜʘʥʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ ʦʩʣʘʙʝʚʘʶʪ, ʧʨʦʠʩʭʦ-

ʜʠʪ ʠʟʤʝʥʝʥʠʝ ʨʘʙʦʪʳ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʚʩʣʝʜ-

ʩʪʚʠʝ ʥʝʜʦʩʪʘʪʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ, ʠʟ-ʟʘ 

ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ ʥʘʯʠʥʘʶʪ ʧʨʝʦʙʣʘʜʘʪʴ ʢʘʪʘʙʦ-

ʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘʜ ʘʥʘʙʦʣʠʯʝʩʢʠʤʠ.  

ɿʜʝʩʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʪʨʘʜʘʶʪ ʬʫʥʢʮʠʠ ʚʳʜʝ-

ʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ï 40,7%, ʧʦʣʦʚʦʡ ï 24,4%, ʜʳ-

ʭʘʪʝʣʴʥʦʡ ï 20,9%, ʦʨʛʘʥʳ ɾʂʊ ï 6,9%. ʆʩʥʦʚ-

ʥʳʤʠ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʪʘʢʞʝ ʦʩʪʘʶʪʩʷ Enterococcus 

faecalis ï 17,3% ʠ Escherichia coli ï 17,9%.  

ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʠʩʩʣʝʜʫ-

ʝʤʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʠ ʛʝʥʜʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷʤ: ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʞʝʥʱʠʥ ʧʨʦ-

ʷʚʣʷʶʪʩʷ ʯʘʱʝ ï 61,3%, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʫʞʯʠʥʘʤʠ 

ï 38,7%, ʯʪʦ ʩʚʷʟʘʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʪʝʤ ʯʪʦ ʠʥʬʝʢ-

ʮʠʷʤʠ ʤʦʯʝʚʳʚʦʜʷʱʠʭ ʧʫʪʝʡ ʞʝʥʱʠʥʳ ʟʘʙʦʣʝʚʘʶʪ 

ʚ 30 ʨʘʟ ʯʘʱʝ [2, ʩ. 565]. 

ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʝʡ, ʥʝʣʴʟʷ ʥʝ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʪʘʢʦʛʦ ʚʘʞʥʦʛʦ ʬʘʢ-

ʪʦʨʘ, ʢʘʢ ʧʝʨʝʥʘʩʝʣʝʥʠʝ ʧʨʦʞʠʚʘʶʱʠʭ ʂʨʘʩʥʦʜʘʨ-

ʩʢʦʛʦ ʢʨʘʷ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʢ ʙʦʣʝʝ ʯʘʩʪʳʤ ʢʦʥʪʘʢʪʘʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʣʦʚʝʢ ʯʘʱʝ ʩʪʨʘʜʘʝʪ ʦʪ ʧʨʦʩʪʫʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʧʥʝʚʤʦʥʠʠ, ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʡ, ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʣʠʭʦʨʘʜʦʢ ʠ ʪ.ʜ.  
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ɿʘ ʧʦʩʣʝʜʥʠʝ 6 ʣʝʪ, ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦ-

ʣʫʯʝʥʥʳʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʦʡ ʤʠʢ-

ʨʦʬʣʦʨʳ ʯʝʣʦʚʝʢʘ, ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʫʚʝʣʠʯʠ-

ʣʦʩʴ (ʨʠʩʫʥʦʢ 1).  

 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʟʦʚ ʟʘ 6 ʣʝʪ 

ʜʢ ï ʘʥʘʣʠʟ ʥʘ ʜʠʩʙʘʢʪʝʨʠʦʟ ʢʠʰʝʯʥʠʢʘ; ʫʧʤ ï ʘʥʘʣʠʟ ʥʘ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʫʶ ʤʠʢʨʦʬʣʦʨʫ. 

 

ɽʩʣʠ ʚ 2013 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʝʚʦʚ ʥʘ 

ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʫʶ ʤʠʢʨʦʬʣʦʨʫ ʩʦʩʪʘʚʣʷʣʦ 1450 

ʘʥʘʣʠʟʦʚ, ʪʦ ʩʝʛʦʜʥʷ ï 2832, ʪ.ʝ. ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 

95%, ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʝʚʦʚ ʥʘ ʜʠʩʙʘʢʪʝʨʠʦʟ ʢʠʰʝʯ-

ʥʠʢʘ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 37%, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʘʥʘʣʠʟʘ. 

ɺʳʚʦʜʳ. 

ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʜʳʭʘʪʝʣʴʥʳʭ 

ʧʫʪʝʡ ʠ ʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʞʝ ʚʣʠʷʶʪ ʨʝʛʠʦʥ ʧʨʦʞʠʚʘʥʠʷ, ʧʣʦʪ-

ʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʧʦʣ, ʚʦʟʨʘʩʪ: 

1. ʟʘ ʩʯʝʪ ʧʝʨʝʥʘʩʝʣʝʥʠʷ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ 
ʢʨʘʝ ʦʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʚʦʩ-

ʧʘʣʠʪʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ; 

2. ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʦʩʧʘ-
ʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʝʪʠ ʜʦ 9 ʣʝʪ ʠ ʚʟʨʦʩʣʳʝ 19-

45 ʣʝʪ; 

3. ʚʦʟʙʫʜʠʪʝʣʠ ʚʦʩʧʘʣʝʥʠʷ ʨʘʟʥʷʪʩʷ ʚ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʯʝʣʦʚʝʢʘ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʤʠʢʨʦʦʨ-

ʛʘʥʠʟʤʳ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦ-

ʬʣʦʨʳ ʯʝʣʦʚʝʢʘ; 

4. ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ: ʫ ʜʝʪʝʡ ï ʜʳ-

ʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ, ʫ ʚʟʨʦʩʣʳʭ ï ʤʦʯʝʧʦʣʦʚʘʷ ʩʠ-

ʩʪʝʤʘ, ʫ ʧʨʝʩʪʘʨʝʣʳʭ ï ʚʳʜʝʣʠʪʝʣʴʥʘʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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28(5), 2018. 
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ɸʥʥʦʪʘʮʠʷ  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʦ ʦʪʜʝʣʴʥʳʤ ʦʨʛʘʥʦ-

ʣʝʧʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʮʝʮʠʬʠʯʝʩʢʦʡ ʤʠʢʨʦʙʥʦʡ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ. ʆʮʝʥʢʘ ʧʨʦʚʝ-

ʜʝʥʘ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ. ɺʳʷʚʣʝʥʳ ʪʝʥʜʝʥʮʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ 

ʤʠʢʨʦʙʥʦʡ ʪʝʩʪ ʢʫʣʴʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ-

ʪʨʝʙʠʪʝʣʷʤ  

Abstract 

The paper deals with the quality of drinking bottled water according to individual organoleptic indicators and 

using non-specific microbial test culture. The evaluation was carried out through the optical density of the samples. 

The tendencies of unfavorable conditions for the development of a microbial culture test depending on salinity 

were identified and some recommendations were presented to consumers 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʤʠʢʨʦʙʥʳʝ ʪʝʩʪ ʢʫʣʴʪʫʨʳ. 

Keywords: drinking water quality, optical density, microbial culture test. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ 

ʧʨʦʙʣʝʤʘʤʠ ʚ ʥʘʰʝʤ ʤʠʨʝ ʩʯʠʪʘʶʪʩʷ ʩʦʮʠʘʣʴʥʘʷ, 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ, ʚʦʜʥʘʷ ʠ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʘʷ. ɺ ʧʨʠʦʨʠʪʝʪʝ ʩʪʦʠʪ ʨʝʰʝʥʠʝ ʚʦʜʥʳʭ 

ʧʨʦʙʣʝʤ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʨʝʰʝʥʠʷ 

ʦʩʪʘʣʴʥʳʭ. ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝ-

ʥʠʷ ʧʨʠʟʥʘʝʪ ʧʨʦʙʣʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʢʘ-

ʯʝʩʪʚʝʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʛʣʘʚʥʳʤ ʨʘʟʜʝʣʦʤ ʧʨʦ-

ʛʨʘʤʤ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ.  

ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʫʯʝ-

ʥʠʝ ʢʘʯʝʩʪʚ ʦʛʨʦʤʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʙʫʪʠʣʠʨʦʚʘʥ-

ʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ɹʫʪʠʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʦʪʣʠʯʘ-

ʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʝʤ, ʯʪʦ ʢ 

ʵʪʦʤʫ ʚʠʜʫ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʪʨʝʙʦʚʘʥʠʷ ʦʪʩʫʪʩʪʚʠʷ ʚʨʝʜʥʦʩʪʠ ʜʣʷ ʦʨʛʘ-

ʥʠʟʤʘ, ʥʦ ʠ ʪʨʝʙʦʚʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʝʟʥʦ-

ʩʪʠ, ʪ.ʝ. ʥʦʨʤʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʭʠ-

ʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, 

ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʭʣʦʨʠʜʦʚ, ʢʘʣʴʮʠʷ, ʬʪʦʨʘ [7]. ʕʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝ-

ʥʠʷ ʵʢʩʧʝʨʪʠʟʳ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʪʘʢ ʢʘʢ ʚʦʜʘ 

ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʤʘʩʩʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚʦʜʘ ʜʦʣʞʥʘ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʪʴ ʉʘʥʇʠʅʫ 2.1.4.1116-02 [5]. ʉʣʝʜʫʷ 

ʵʪʠʤ ʥʦʨʤʘʪʠʚʘʤ, ʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʩʰʝʡ ʠ ʧʝʨ-

ʚʦʡ ʢʘʪʝʛʦʨʠʠ. ʉʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʘʪʠʚʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʛʠʛʠʝʥʠʯʝ-

ʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʨʘʩʬʘ-

ʩʦʚʘʥʥʦʡ ʚ ʝʤʢʦʩʪʠ: ʙʫʪʳʣʠ, ʢʦʥʪʝʡʥʝʨʳ, ʧʘʢʝʪʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʠʪʴʝʚʳʭ ʮʝʣʝʡ ʠ ʧʨʠʛʦʪʦʚ-

ʣʝʥʠʷ ʧʠʱʠ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥ-

ʪʨʦʣʷ ʝʝ ʢʘʯʝʩʪʚʘ. 

ʇʠʪʴʝʚʘʷ ʚʦʜʘ, ʨʘʩʬʘʩʦʚʘʥʥʘʷ ʚ ʝʤʢʦʩʪʠ, 

ʜʦʣʞʥʘ ʠʤʝʪʴ ʫʧʘʢʦʚʢʫ ʠ ʤʘʨʢʠʨʦʚʢʫ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʊʝʭʥʠʯʝ-

ʩʢʠʤ ʨʝʛʣʘʤʝʥʪʦʤ [2] ʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥ-

ʪʘʤʠ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʨʢʠ-

ʨʦʚʢʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 50 ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʚʝʱʝʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʝ ʮʝʥʥʦʩʪʴ. ɼʣʷ 

ʝʞʝʜʥʝʚʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ, ʫʨʦʚʝʥʴ ʦʙʱʝʡ ʤʠ-

ʥʝʨʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʫʢʘʟʘʥʘ ʥʘ ʵʪʠ-

ʢʝʪʢʘʭ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʜʦʣʞʝʥ ʙʳʪʴ 200 ï 

500 ʤʛ/ʣ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 

ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʨʘʤʢʘʭ ʦʨʛʘʥʦ-

ʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʘʨʢʠʨʦʚʢʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʦ 10 ʦʙʨʘʟʮʦʚ ʧʠʪʴʝ-

ʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʥʝʛʘʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʥʘʠʙʦ-

ʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʦʡ ʚ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʝ ʛ. ʉʫʨ-

ʛʫʪʘ. ʉʧʠʩʦʢ ʦʙʨʘʟʮʦʚ ʚʦʜʳ ʧʨʠʚʝʜʝʥ ʥʠʞʝ: 

1. çɸʢʚʘ ʄʠʥʝʨʘʣʝè ï ʚʦʜʘ ʧʠʪʴʝʚʘʷ ʥʝʛʘʟʠʨʦ-

ʚʘʥʥʘʷ 

2. çʂʫʨʛʘʟʘʢè ï ʤʠʥʝʨʘʣʴʥʘʷ ʚʦʜʘ  

3. çʇʠʣʠʛʨʠʤè ï ʚʦʜʘ ʧʠʪʴʝʚʘʷ ʤʠʥʝʨʘʣʴʥʘʷ 

ʩʪʦʣʦʚʘʷ 

4. çʌʨʫʪʦʅʷʥʷè ï ʥʝʛʘʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʚʳʩ-

ʰʝʡ ʢʘʪʝʛʦʨʠʠ 

5. çʂʫʙʘʡè 

6. çBonAquaè 

7. çɹʘʡʢʘʣ 430è  

8. çʉʠʙʠʨʩʢʠʡ ʙʦʨè 

9. çɸʨʭʳʟʩʢʘʷè ï ʚʦʜʘ ʤʠʥʝʨʘʣʴʥʘʷ ʧʨʠʨʦʜʥʘʷ 

ʩʪʦʣʦʚʘʷ ʧʠʪʴʝʚʘʷ ʥʝʛʘʟʠʨʦʚʘʥʥʘʷ 

10. çʕʚʝʨʝʩʪè - ʚʦʜʘ ʧʠʪʴʝʚʘʷ ʘʨʪʝʟʠʘʥʩʢʘʷ 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʱʘʷ ʩʭʝʤʘ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ. ɹʠʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʰʪʘʤʤ Escherichia coli K-17. 

ʂʫʣʴʪʫʨʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ (ʂɾ) ʰʪʘʤʤʘ ʂ-17 ʧʦʣʫ-

ʯʘʣʠ ʚ ʞʠʜʢʦʡ ʣʘʢʪʦʟʥʦ-ʧʝʧʪʦʥʥʦʡ ʩʨʝʜʝ (ʃʇʉ) ʜʦ 

ʪʠʪʨʘ E. coli 108 ʢʣ/ʤʣ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʩʪʘʥʜʘʨʪʫ 

ʤʫʪʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʠ ʯʠʩʣʝʥʥʦʩʪʴ 

E.coli ʚ ʂɾ ʩʪʘʥʜʘʨʪʥʳʤ ʯʘʰʝʯʥʳʤ ʤʝʪʦʜʦʤ ʂʦʭʘ.  

ʀʩʩʣʝʜʫʝʤʳʝ ʧʨʦʙʳ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʧʦ 30 ʤʣ 

ʚʥʦʩʠʣʠ ʚ ʩʪʝʨʠʣʴʥʳʝ ʢʦʣʙʳ ʥʘ 100 ʤʣ ʚ 5-ʪʠ ʢʨʘʪ-

ʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. ʆʙʨʘʟʮʳ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠʥʦʢʫʣʠ-

ʨʦʚʘʣʠ ʩʫʩʧʝʥʟʠʝʡ E. coli ʠʟ ʨʘʩʯʝʪʘ 0,1 ʤʣ ʥʘ ʢʘʞ-

ʜʳʝ 10 ʤʣ ʧʨʦʙʳ. ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʰʪʘʤʤʘ E. coli ʚ 

ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ ʦʮʝʥʠʚʘʣʠ ʯʝʨʝʟ 1, 2, 3, 5, 7 

ʩʫʪʢʠ, ʠʟʤʝʨʷʷ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʩʫʩʧʝʥʟʠʠ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʇʕ- 5400ʋʌ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 

600 ʥʤ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘ-

ʥʠʡ ʉʘʥʇʠʅʦʚ ʠ ɻʆʉʊʦʚ [1. 3, 4]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʘʢʝʪʘ ʜʘʥʥʳʭ Microsoft 

Excel. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʠʪʴʝʚʦʡ ʙʫʪʠ-

ʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʆʧʨʝʜʝʣʷʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʨʛʘ-

ʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ ʚʳʷʚʠʣʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, 

ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ. ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʝ ʦʙʨʘʟʮʳ ʧʦ ʰʢʘʣʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʘʭʘ ʠʤʝʶʪ 

0 ʙʘʣʣʦʚ. ʄʝʪʦʜ ʚʠʟʫʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʥʦ-

ʩʪʠ ʦʙʨʘʟʮʦʚ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʥʝ ʚʳ-

ʷʚʠʣ ʥʘʣʠʯʠʷ ʮʚʝʪʥʦʩʪʠ. ɺʩʝ ʦʙʨʘʟʮʳ ʧʨʦʟʨʘʯʥʳʝ ʠ 

ʠʤʝʣʠ ʥʫʣʝʚʫʶ ʮʚʝʪʥʦʩʪʴ. ʆʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʢʫʩʘ ʠ ʧʨʠʚʢʫʩʘ ʚʳʷʚʠʣʘ, ʯʪʦ ʦʙʨʘʟʮʳ ʧʦʜ ʥʦʤʝ-

ʨʘʤʠ 2, 6, 8 ʠ 9 ʠʤʝʶʪ ʥʝʙʦʣʴʰʦʡ ʧʨʠʚʢʫʩ, ʩʣʘʜʢʦ-

ʚʘʪʦ-ʩʦʣʝʥʦʚʘʪʳʡ, ʧʦ ʦʱʫʱʝʥʠʷʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʪʠʦʥʦʤ ʠ ʘʥʠʦʥʦʚ 

(ʭʣʦʨʠʜʳ, ʩʫʣʴʬʘʪʳ), ʢʘʢ ʚ ʚʦʜʘʭ ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ 

çʂʫʨʛʘʟʘʢè, çʉʠʙʠʨʩʢʠʡ ʙʦʨè ʠʣʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʡʦʜʘ, ʢʘʢ ʚ ʚʦʜʝ çɸʨʭʳʟʩʢʘʷè, ʘ 

ʪʘʢʞʝ ʩ ʧʨʠʨʦʜʥʳʤ, ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʝ-

ʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʚʢʫʩʘ ʥʝ 

ʠʤʝʶʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʫʪʥʦʩʪʴ ʦʙʨʘʟ-

ʮʦʚ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦ ʚʩʝʭ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʤʫʪʥʦʩʪʴ ʥʝ ʟʘʤʝʪʥʘ. 

ʉʚʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʧʠʪʴʝʚʦʡ 

ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʧʦʢʘ-

ʟʘʪʝʣʷʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 

ʇʦʢʘʟʘʪʝʣʴ 

ɸ
ʢ
ʚ
ʘ
ʄ
ʠ
ʥ
ʝ
ʨ
ʘ
ʣ
ʝ

 

ʂ
ʫ
ʨ
ʛ
ʘ
ʟ
ʘ
ʢ

 

ʇ
ʠ
ʣ
ʠ
ʛ
ʨ
ʠ
ʤ

 

ʌ
ʨ
ʫ
ʪ
ʦ
ʅ
ʷ
ʥ
ʷ

 

ʂ
ʫ
ʙ
ʘ
ʡ

 

ɹ
ʦ
ʥ
ɸ
ʢ
ʚ
ʘ

 

ɹ
ʘ
ʡ
ʢ
ʘ
ʣ

 

ʉ
ʠ
ʙ
ʠ
ʨ
ʩ
ʢ
ʠ
ʡ
 
ʙ
ʦ
ʨ

 

ɸ
ʨ
ʭ
ʳ
ʟ
ʩ
ʢ
ʘ
ʷ

 

ʕ
ʚ
ʝ
ʨ
ʝ
ʩ
ʪ

 

ɿʘʧʘʭ 0 0 0 0 0 1 0 0  0 0 

ʇʨʠʚʢʫʩ 0 2 0 0 0 2 0 2 1 0 

ʎʚʝʪʥʦʩʪʴ - - - - - - - - - - 

ʄʫʪʥʦʩʪʴ - - - - - - - - - - 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʮʳ ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦ-

ʚʘʥʥʦʡ ʚʦʜʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʦʨʛʘʥʦʣʝʧʪʠʯʝ-

ʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ.  

ʄʘʨʢʠʨʦʚʢʘ ʠ ʫʧʘʢʦʚʢʘ ʠʟʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ. ʇʦ ʜʘʥʥʳʤ ʘʚʪʦ-

ʥʦʤʥʦʡ ʥʝʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ çʈʦʩʩʠʡʩʢʘʷ 

ʩʠʩʪʝʤʘ ʢʘʯʝʩʪʚʘè (ʈʦʩʢʘʯʝʩʪʚʦ) [8] ʦʪ 10 ʜʦ 15 % 

ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʣʴ-

ʥʦʡ. ʉʨʝʜʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ ʟʘʯʘ-

ʩʪʫʶ ʧʦʜʜʝʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦ ʥʘ ʵʪʘʧʝ ʧʦʢʫʧʢʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ʕʪʦʤʫ 

ʧʦʤʦʞʝʪ ʛʨʘʤʦʪʥʦʝ ʧʨʦʯʪʝʥʠʝ ɻ ʪʠʢʝʪʢʠ, ʪʘʢ ʢʘʢ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʤʘʨʢʠʨʦʚʢʝ ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘ-

ʥʠʷʤ ʩʪʘʥʜʘʨʪʘ. 

ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʥʘ ʵʪʠʢʝʪʢʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʢʘʪʝʛʦʨʠʷ ʚʦʜʳ, ʫʢʘʟʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ, ʦʙʱʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʩʨʦʢ ʛʦʜʥʦʩʪʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʥʝ-

ʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʥʝ ʦʙʦʟʥʘʯʝʥʦ ʥʘʟʚʘʥʠʝ ʠʩʪʦʯ-

ʥʠʢʘ ʠʣʠ ʥʦʤʝʨ ʩʢʚʘʞʠʥʳ, ʠʟ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʚʦʜʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: çɸʢʚʘʄʠʥʝʨʘʣʝè, 

çʂʫʨʛʘʟʘʢè, çʌʨʫʪʦʥʷʥʷè (ʪʘʙʣ.2).  

ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʤʝʯʘʥʠʷ ʠʤʝʝʪ ʦʙʨʘʟʝʮ 

ʚʦʜʳ çɹʦʥɸʢʚʘè, ʛʜʝ ʥʘ ʵʪʠʢʝʪʢʝ ʥʝ ʚʳʥʝʩʝʥ ʥʦʨ-

ʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ, ʧʦ ʢʦʪʦʨʦʤʫ ʠʟʛʦʪʦʚʣʝʥʘ ʚʦʜʘ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʠʤʚʦʣ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦ-

ʜʫʢʪʘ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʣʘʤʝʥʪʫ ʈʦʩʩʠʠ. ʊʘʢʠʝ ʞʝ 

ʟʘʤʝʯʘʥʠʷ ʠʤʝʶʪ ʦʙʨʘʟʮʳ ʚʦʜʳ çɸʢʚʘʄʠʥʝʨʘʣʝè, 
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çɹʘʡʢʘʣè. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʦʙʨʘʟʮʝ ʚʦʜʳ çɹʘʡʢʘʣè 

ʦʪʩʫʪʩʪʚʫʝʪ ʶʨʠʜʠʯʝʩʢʠʡ ʘʜʨʝʩ ʧʨʦʠʟʚʦʜʠʪʝʣʷ.  

ʊʘʙʣʠʮʘ 2  

ɸʥʘʣʠʟ ʵʪʠʢʝʪʦʢ ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 

ʅʘʠʤʝʥʦʚʘ-

ʥʠʝ ʦʙʨʘʟʮʘ 

ʢʘʪʝʛʦʨʠʷ ʅʘʟʚʘʥʠʝ ʠʩʪʦʯ-

ʥʠʢʘ, ʥʦʤʝʨ 

ʩʢʚʘʞʠʥʳ 

ʆʙʱʘʷ ʤʠʥʝʨʘ-

ʣʠʟʘʮʠʷ ʦʙʱʘʷ 

ʞʝʩʪʢʦʩʪʴ 

ʆʙʦʟʥʘʯʝ-

ʥʠʝ ʜʦʢʫ-

ʤʝʥʪʘ, ʧʦ 

ʢʦʪʦʨʦʤʫ 

ʠʟʛʦʪʦʚʣʝʥʘ 

ʚʦʜʘ 

ʉʠʤʚʦʣʳ 

ɸʢʚʘ 

ʄʠʥʝʨʘʣʝ 

ʧʝʨʚʘʷ ʅʝ ʫʢʘʟʘʥʦ  - 50 ï 500ʤʛ/ʣ 

>7 ʤʛ-ʵʢʚ/ʣ 

ʅʝ ʫʢʘʟʘʥʦ 
 

 
ʂʫʨʛʘʟʘʢ ɻʠʜʨʦʢʦʨʙʦ-

ʥʘʪʥʘʷ ʤʘʛʥʠ-

ʝʚʦ - ʢʘʣʴʮʠʝ-

ʚʘʷ 

ʅʝ ʫʢʘʟʘʥʦ  - 400 ï 700 Tʋ 9185-

001-

02582118-

04 

 

 

ʌʨʫʪʦʅʷʥʷ ɺʠʜ ʜʝʪʩʢʘʷ 

ʚʦʜʘ ʚʳʩʰʝʡ 

ʢʘʪʝʛʦʨʠʠ 

ʅʝ ʫʢʘʟʘʥʦ - 200-500 

- 1,5 ï 6 ʤʛ-ʵʢʚ/ʣ 

ʊʋ 0131-

026-

00336929-

07 

 

 

ʇʠʣʠʛʨʠʤ ɻʠʜʨʦʢʘʨʙʦ-

ʥʘʪʥʘʷ ʢʘʣʴʮʠ-

ʝʚʦ - ʥʘʪʨʠʝʚʘʷ 

ʉʢʚʘʞʠʥʘ ˉ1-

ʅɽ 

- 100-300 ʊʋ 9185-

008-

02701706-

05 

 

 

ʂʫʙʘʡ ɻʠʜʨʦʢʘʨʙʦ-

ʥʘʪʥʘʷ ʥʘʪʨʠ-

ʝʚʦ-ʢʘʣʴʮʠʝʚʘʷ 

ʉʢʚʘʞʠʥʘ ˉ3-

ʅɽ 

-100-300 ʊʋ9185-

009-

02701706-

07 

 

 

ɹʦʥɸʢʚʘ ʇʝʨʚʘʷ ʚʳʩʰʘʷ ʎʝʥʪʨʘʣʴʥʘʷ ʩʠ-

ʩʪʝʤʘ ʧʠʪʴʝʚʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

- 100-350 

-1-5 ʤʛ-ʵʢʚ/ʣ 

ʅʝ ʫʢʘʟʘʥʦ 

 

 
ɹʘʡʢʘʣ ʧʨʠʨʦʜʥʘʷ ɻʣʫʙʠʥʥʘʷ ʚʦʜʘ 

ʠʟ ʦʟʝʨʘ ɹʘʡʢʘʣ 

-150 

-2 ʤʛ-ʵʢʚ/ʣ 

ʅʝ ʫʢʘʟʘʥʦ  

ʉʠʙʠʨʩʢʠʡ 

ʙʦʨ 

ʇʝʨʚʘʷ ʢʘʪʝʛʦ-

ʨʠʷ, ʘʨʪʝʟʠʘʥʩ-

ʢʘʷ  

ʉʢʚʘʞʠʥʘ ʆʄ - 

201 

-100 

- 2,5 ʤʛ-ʵʢʚ/ʣ 

ʊʋ0131-

005-

88774910-

2003 

 

ɸʨʭʳʟʩʢʘʷ ɻʠʜʨʦʢʘʨʙʦ-

ʥʘʪʥʘʷ - ʥʘʪʨʠ-

ʝʚʦ ï ʤʘʛʥʠ-

ʝʚʦ-ʢʘʣʴʮʠʝʚʘʷ  

ʉʢʚʘʞʠʥʘ ˉ1-ʘ 

(ɸʨʭʳʟʩʢʦʝ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʝ, 

ʂʏʈ) 

 - 100 - 350 ʊʋ 

11.07.11-

018-

02701706-

2018 

 

 

ʕʚʝʨʝʩʪ ɼʦʯʠʱʝʥʥʘʷ 

ʧʝʨʚʦʡ ʢʘʪʝʛʦ-

ʨʠʠ 

ʉʢʚʘʞʠʥʘ ˉ2ɻʕ 

ʂʘʤʝʥʩʢʦʛʦ ʚʦ-

ʜʦʟʘʙʦʨʘ 

 - 150-500 

- 1,5 ï 7 ʤʛ-ʵʢʚ/ʣ 

ʊʋ 0131-

001-

61639389-

06 

  

ʆʙʦʟʥʘʯʝʥʠʷ ʩʠʤʚʦʣʦʚ:  

 - ʥʝ ʩʦʨʠʪʴ 

 - ʩʠʤʚʦʣ ʜʣʷ ʫʧʘʢʦʚʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʝʡ 

 - ʟʥʘʢ ʦʟʥʘʯʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʜʫʢʪʘ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʣʘʤʝʥʪʫ ʈʦʩʩʠʠ. ʆʙʷʟʘʪʝʣʴʥʦʝ ʥʘʥʝʩʝʥʠʝ 

ʥʘ ʫʧʘʢʦʚʢʫ ʧʨʦʜʫʢʪʘ ʜʘʥʥʦʛʦ ʩʠʤʚʦʣʘ ʜʠʢʪʫʝʪ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ No.184 

ʦʪ 27.12.2002. 

 - ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʚʦʣ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ (ʣʝʥʪʘ ʄʸʙʠʫʩʘ) ʦʟʥʘʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦ-

ʨʠʯʥʦ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʧʘʢʦʚʢʠ. 

 - ɽʚʨʘʟʠʡʩʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʯʝʩʪʚʘ 
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ɺ ʦʙʨʘʟʮʝ ʚʦʜʳ çʉʠʙʠʨʩʢʠʡ ʙʦʨè ʦʪʩʫʪʩʪʚʫʝʪ 

ʤʘʨʢʠʨʦʚʢʘ ʪʘʨʳ. ɼʣʷ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ï 

ʵʪʦ ʟʥʘʯʠʤʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʠʣʠ ʧʣʘʩʪʠʢʘ ʚʢʫʩ ʚʦʜʳ 

ʩʪʘʥʦʚʠʪʩʷ ʛʦʨʴʢʠʤ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʚ ʚʦʜʫ ʧʦʣʠ-

ʬʝʥʦʣʦʚ ʠʟ ʧʣʘʩʪʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʚʢʫʩʘ ʠ ʧʨʠʚʢʫʩʘ ʚ ʦʙ-

ʨʘʟʮʝ çʉʠʙʠʨʩʢʠʡ ʙʦʨè ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʣʘʙʦ 

ʚʳʨʘʞʝʥ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2 ʙʘʣʣʘʤ (ʪʘʙʣ. 1).  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʙ-

ʨʘʟʮʳ ʨʘʟʣʠʪʳ ʚ ʪʘʨʫ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ ʧʦʣʠʵʪʠ-

ʣʝʥʪʝʨʝʬʣʘʣʘʪʘ (ʇʕʊ) ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʤʘʨ-

ʢʠʨʦʚʢʘ ʥʘ ʵʪʠʢʝʪʢʘʭ (ʈɽʊ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʘʨʢʠʨʦʚʢʠ 

ʠ ʫʧʘʢʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 4 ʦʙʨʘʟʮʘ ʠʟ 10 ʠʩʩʣʝʜʫ-

ʝʤʳʭ: çʇʠʣʠʛʨʠʤè, çʂʫʙʘʡè, çɸʨʭʳʩʢʘʷè, çʕʚʝ-

ʨʝʩʪè. ʆʙʦʟʥʘʯʠʪʴ ʢʘʢ ʦʙʨʘʟʮʳ ʩ ʟʘʤʝʯʘʥʠʷʤʠ 

ʤʦʞʥʦ çʂʫʨʛʘʟʘʢè, çɹʦʥɸʢʚʘè, çʉʠʙʠʨʩʢʠʡ ʙʦʨè, 

çʌʨʫʪʦʅʷʥʷè. ʅʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷ ʤʘʨ-

ʢʠʨʦʚʢʠ ʜʚʘ ʦʙʨʘʟʮʘ ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ: çɸʢʚʘʄʠʥʝʨʘʣʝè ʠ çɹʘʡʢʘʣè.  

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʤʦ-

ʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ɺ ʤʦʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʦʙʨʘʟʮʳ ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠʥʦʢʫʣʠ-

ʨʦʚʘʣʠ ʩʫʩʧʝʥʟʠʝʡ E.coli. ʂʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ ʷʚʣʷ-

ʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʩʪ-ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʤ ʚ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʩʚʷ-

ʟʘʥʦ ʩ ʫʜʦʙʩʪʚʦʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʙʳʩʪʨʦʡ ʩʢʦʨʦ-

ʩʪʴʶ ʨʦʩʪʘ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʭʦʨʦʰʝʡ ʚʳ-

ʞʠʚʘʝʤʦʩʪʴʶ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ 

E.coli, ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʩʧʫʪʥʠʢʦʤ-ʢʦʤʤʝʥʩʘ-

ʣʦʤ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ʅʦ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʵʫʙʠ-

ʦʟʘ ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ ʩʧʦʩʦʙʥʘ ʚʳʟʳʚʘʪʴ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʵʥʝʪʝʨʦʧʘʪʦʛʝʥʥʳʡ 

ʵʰʠʨʠʭʠʦʟ, ʠʥʬʝʢʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʵʥʪʝʨʦʪʦʢʩʠʢʦ-

ʛʝʥʥʳʤʠ ʠ ʵʥʪʝʨʦʠʥʚʘʟʠʚʥʳʤʠ ʰʪʘʤʤʘʤʠ [6, 9]. 

ʅʘʤʠ ʠʟʫʯʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʠʪʴʝ-

ʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ E.ʩoli 

ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʘʤ ʩʚʝʪʦʨʘʩʩʝʠʚʘʥʠʷ ʦʧʪʠʯʝ-

ʩʢʫʶ ʧʣʦʪʥʦʩʪʴ (D) ʩʫʩʧʝʥʟʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʚʦʟʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʠʭ ʯʠʩʣʝʥʥʦ-

ʩʪʠ ʚ ʩʫʙʩʪʨʘʪʝ.  

ʅʘ ʨʠʩ.1 ʦʪʦʙʨʘʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʙʘʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ 

E,coli. ɺʠʜʠʤ, ʯʪʦ ʨʘʟʚʝʜʝʥʠʝ ʠʩʭʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʙʘʢʪʝʨʠʠ ʙʦʣʝʝ ʯʝʤ ʚ ʤʠʣʣʠʦʥ ʨʘʟ ʚʳʚʦʜʠʪ ʢʨʠʚʫʶ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʧʣʘʪʦ, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ 

ʢʣʝʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝ. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ E.ʩoli 

 

ʇʦʢʘʟʘʪʝʣʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘ-

ʯʝʥʠʷʤ ʨʘʟʙʘʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʙʦʣʝʝ ʯʝʤ ʚ ʤʠʣ-

ʣʠʦʥ ʨʘʟ ʠ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

0,045 ï 0.047 ʝʜʠʥʠʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 95 ï 96% 

ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ.  

ʇʨʠ ʪʘʢʠʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʦʙʨʘʟʝʮ ʚʦʜʳ + E.ʩoli) ʩʚʝʪʦʧʨʦ-

ʧʫʩʢʘʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 90 ï 91%. 

ʇʨʠʩʫʪʩʪʚʠʝ ʠ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʩʨʝʜʝ ʩʥʠʞʘʝʪ ʧʨʦʮʝʥʪ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ.  

ɺ ʧʝʨʚʳʝ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩʘʤʳʝ ʚʳʩʦ-

ʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʥʘʯʝʥʠʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʠʤʝʶʪ ʦʙʨʘʟʮʳ ʚʦʜʳ çʌʨʫʪʦʅʷʥʷè ʠ çʂʫʙʘʡè 

(ʨʠʩ.2). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʨʝʤʝʥʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʪʝʣʠ ʚ ʦʙʨʘʟʮʝ çʌʨʫʪʦʅʷʥʷè ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʶʪʩʷ; ʚ ʦʙʨʘʟʮʝ ʚʦʜʳ çʂʫʙʘʡè, ï ʥʘʦʙʦʨʦʪ, ï 

ʧʦʚʳʰʘʶʪʩʷ ʠ ʩʥʠʞʝʥʠʝ ʟʘʤʝʪʥʦ ʪʦʣʴʢʦ ʢ ʦʢʦʥʯʘ-

ʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʪʠ-

ʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʫ ʦʙʨʘʟʮʘ ʚʦʜʳ çɸʨʭʳʟʩʢʘʷè. ʊʘʢʞʝ ʥʫʞʥʦ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʚ ʦʙʨʘʟʮʝ ʚʦʜʳ çɸʨʭʳʟʩʢʘʷè ʫʞʝ ʥʘ ʚʪʦ-

ʨʳʝ ʩʫʪʢʠ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʫʩʧʝʥʟʠʠ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʚ 1,5-2 ʨʘʟʘ.  

ʆʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʦʙʨʘʟʮʳ, ʚ ʢʦʪʦ-

ʨʳʭ ʢ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʫʚʝʣʠʯʠʣʘʩʴ ʠʣʠ ʠʟʤʝʥʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɼʘʥ-
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ʥʘʷ ʪʝʥʜʝʥʮʠʷ ʚʳʷʚʣʝʥʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚʦʜʳ çɸʢʚʘ-

ʄʠʥʝʨʘʣʝè, çʉʠʙʠʨʩʢʠʡ ʙʦʨè ʠ çɹʘʡʢʘʣè (ʨʠʩ.2). ɺ 

ʵʪʠʭ ʦʙʨʘʟʮʘʭ ʚʦʜʳ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʟʘʢʣʶʯʝʥʘ 

ʚ ʜʣʠʪʝʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢʫʣʴʪʫʨʳ ʙʘʢʪʝʨʠʡ ʢ ʠʟʤʝ-

ʥʠʚʰʠʤʩʷ ʫʩʣʦʚʠʷʤ ʦʙʠʪʘʥʠʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʛʠʙʝʣʴʶ ʢʣʝʪʦʢ ʠ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʩʪʠʛʘʝʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʢʘʢ ʚ ʦʙʨʘʟʮʝ çɸʢʚʘʄʠ-

ʥʝʨʘʣʝè ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʠʭ: ʚ ʦʙʨʘʟʮʝ çʉʠʙʠʨʩʢʠʡ 

ʙʦʨè ʥʘ 10 %, ʘ ʚ ʦʙʨʘʟʮʝ çɹʘʡʢʘʣè ʥʘ 25%.  

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʙʩʫʜʠʪʴ ʦʙʨʘʟʝʮ ʚʦʜʳ çɹʦ-

ʥɸʢʚʘè. ɿʜʝʩʴ ʫʚʝʣʠʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ 

25% ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʥʘ ʚʪʦʨʳʝ ʩʫʪʢʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ, ʘ ʢ ʦʢʦʥʯʘʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 

350% (ʨʠʩ.2). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʨʘʟʚʠʪʠʷ ʚʥʝʩʝʥʥʦʡ ʤʠʢʨʦʙʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʜʘʥʥʦʤ 

ʦʙʨʘʟʮʝ.  
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ʈʠʩ. 2. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ E.ʩoli  

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʩʫʪʢʘʤ ʢʫʣʴʪʠʚʠʨʦ-

ʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ɽ.ʩʦli  ʧʨʠ ʧʦ-

ʧʘʜʘʥʠʠ ʚ ʦʪʣʠʯʘʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʩʨʝʜʳ. ʅʘʠʙʦʣʝʝ 

ʚʳʩʦʢʘʷ ʪʝʩʥʦʪʘ ʩʚʷʟʝʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʚʳʷʚʣʝʥʘ ʤʝʞʜʫ 2 ʠ 3-ʤʠ ʩʫʪ-

ʢʘʤʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ɽ.ʩʦli, ʤʝʞʜʫ 2 ʠ 5-ʤʠ, 

ʤʝʞʜʫ 3 ʠ 5-ʤʠ. ʊʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ 

ʚʥʝʩʝʥʥʘʷ ʧʦʧʫʣʷʮʠʷ ʙʘʢʪʝʨʠʡ ʥʘ 2-ʝ ʩʫʪʢʠ ʢʫʣʴʪʠ-

ʚʠʨʦʚʘʥʠʷ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠʣʠ ʧʨʦʠʩʭʦʜʠʪ 

ʛʠʙʝʣʴ ʢʣʝʪʦʢ. ʄʝʞʜʫ ʪʝʤ ʩʣʘʙʘʷ ʠʣʠ ʫʤʝʨʝʥʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ 1-ʤʠ ʩʫʪʢʘʤʠ ʠ 

ʚʩʝʤʠ ʧʦʩʣʝʜʫʶʱʠʤʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʦʙʨʘʟʮʳ 

ʚʦʜʳ) ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʧʨʦʭʦʜʠʪ 

ʩʪʘʜʠʶ ʘʜʘʧʪʘʮʠʠ, çʚʳʞʠʚʘʥʠʷè ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝ-

ʪʦʢ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦ.  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʠʪʴʝʚʦʡ ʙʫ-

ʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ (ʪʘʙʣ.3) ʚʳʷʚʠʣ ʚʝʩʴʤʘ ʚʳʩʦʢʠʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʧʦ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ (r = 0,7-0,99) ʤʝʞʜʫ 

ʦʙʨʘʟʮʘʤʠ çʂʫʙʘʡè, çʇʠʣʠʛʨʠʤè, çʕʚʝʨʝʩʪè, çɸʨ-

ʭʳʟʩʢʘʷè, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʦʜʠʥ ʢʣʘʩʪʝʨ. 

ʉʣʝʜʫʶʱʠʡ ʢʣʘʩʪʝʨ ʩ ʚʳʩʦʢʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʦʙʨʘʟʮʳ çɹʘʡʢʘʣè, çʉʠʙʠʨʩʢʠʡ ʙʦʨè ʠ 

çɹʦʥɸʢʚʘè.  

ʊʘʙʣʠʮʘ 3  

ʊʝʩʥʦʪʘ ʩʚʷʟʝʡ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʟʘ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ, r 

ʆʙʨʘʟʝʮ  1 2 3 4 5 6 7 8 9 

1 ɸʢʚʘ ʄʠʥʝʨʘʣʝ 1         

2 ʂʫʨʛʘʟʘʢ 0,35 1        

3 ʌʨʫʪʦʅʷʥʷ 0,70 0,88 1       

4 ʇʠʣʠʛʨʠʤ -0,77 -0,35 -0,74 1      

5 ʂʫʙʘʡ -0,84 -0,16 -0,61 0,97 1     

6 ɹʦʥɸʢʚʘ 0,39 -0,64 -0,19 -0,49 -0,65 1    

7 ʕʚʝʨʝʩʪ -0,54 0,41 -0,07 0,71 0,83 -0,96 1   

8 ɸʨʭʳʟʩʢʘʷ -0,92 -0,54 -0,87 0,93 0,90 -0,29 0,52 1  

9 ʉʠʙʠʨʩʢʠʡ ʙʦʨ 0,77 0,12 0,57 -0,97 -0,99 0,68 -0,85 -0,86 1 

10 ɹʘʡʢʘʣ 0,52 -0,55 -0,08 -0,55 -0,72 0,99 -0,97 -0,40 0,74 

 

ʉʚʦʜʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʨʠʩ.3) ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʟʘ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɽ.ʩʦli .  

 

ˢ͍͊͟˸͙͔͔ͤͪ͊͡

̅ͪͯͭͦ˹ΎͤΎ

˴͚ͯ͋͊
͍͔͔̏ͪͫͭ
˿͙͙͙͚͋ͪͫ͟ ͋ͦͪ

0

0,1

0,2

0,3

м͙ͫͯͭ͟н͙ͫͯͭ͟о͙ͫͯͭ͟рͫͯͭ͟7͙ 
͙ͫͯͭ͟

ˢ͍͊͟˸͙͔͔ͤͪ͊͡˴͎ͯͪ͊͊̅ͪͯͭͦ͘͟˹ΎͤΎ˽͙͙͎͙ͪͣ͡˴ ͚ͯ͋͊

 
ʈʠʩ.3. ʉʨʘʚʥʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ  

ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ ʟʘʢʣʶʯʝʥʠʝ: ʧʦʚʳʰʝʥʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʢʘʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ, ʪʘʢ ʠ ʢʘʣʴʮʠʷ, ʤʘʛ-

ʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʪʦʨʤʦ-

ʟʠʪ ʨʘʟʚʠʪʠʝ ɽ.ʩʦli  ʠ ʧʨʦʜʣʷʝʪ ʣʘʛ-ʧʝʨʠʦʜ. ʕʪʦ 

ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʘ çʂʫʨʛʘʟʘʢè, çʉʠʙʠʨʩʢʠʡ 

ʙʦʨè. ɹʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠ ʤʘʨʛʘʥʮʘ 

ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʝ ʚʣʠʷʝʪ ʥʘ ʯʠʩ-

ʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ, ʥʦ ʥʘ ʚʪʦʨʳʝ ʩʫʪʢʠ ʯʠʩʣʝʥ-

ʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʪʩʫʪʩʪʚʠʝ ʤʘʨʛʘʥʮʘ, ʢʘʢ ʚ ʦʙʨʘʟʮʝ çʇʠʣʠʛʨʠʤʤè, 

çɹʦʥɸʢʚʘè ʪʘʢʞʝ ʪʦʨʤʦʟʠʪ ʨʘʟʚʠʪʝʝ ʢʫʣʴʪʫʨʳ ʚ 

ʧʝʨʚʳʝ ʩʫʪʢʠ ʩʦ ʩʢʘʯʢʦʤ ʥʘ ʚʪʦʨʳʝ ʩʫʪʢʠ. ʇʦ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷʤʠ ʦʙʠʪʘʥʠʷ 

ʜʣʷ ʦʨʛʘʥʦʛʝʪʝʨʦʪʨʦʬʥʦʡ ɽ.ʩʦli  ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦʡ ʚʦʜʝ, ʘ ʧʦ-

ʩʪʝʧʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʩʦ ʩʪʘʙʠʣʴʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʷʚʣʝʥʦ ʚ ʦʙʨʘʟʮʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʷ, ʯʪʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʢʦʪʦʨʫʶ 

ʫʛʨʦʟʫ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝ-

ʥʠʠ ʚʦʜʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦ ʦʨʛʘʥʦ-

ʣʝʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʠ-

ʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝ-

ʩʪʚʦ: ʧʨʦʟʨʘʯʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʚʝʪʥʦʩʪʠ, ʤʫʪ-

ʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʢʫʩʘ ʠ ʧʨʠʚʢʫʩʘ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʙʘʣʣʦʚ. ɺʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʧʘ-

ʢʦʚʢʠ ʠ ʤʘʨʢʠʨʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 40% ʧʠʪʴʝʚʦʡ 

ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʠʢ-

ʨʦʙʥʳʝ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʭʦʨʦʰʠʤ ʥʝ-

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘ-

ʯʝʩʪʚʘ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫ-

ʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʦʙʠʪʘʥʠʷ ʜʣʷ ʦʨʛʘʥʦʛʝ-

ʪʝʨʦʪʨʦʬʥʦʡ ɽ.ʩʦli  ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʛʠʜʨʦʢʘʨʙʦ-

ʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦʡ ʚʦʜʝ ʠ ʩʭʦʜʥʳʝ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʤʝʝʪ ʧʠʪʴʝʚʘʷ ʙʫʪʠʣʠʨʦʚʘʥʥʘʷ 

ʚʦʜʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩ ʦʩʪʨʦʞʥʦʩʪʴʶ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʫʧʦʪʨʝʙʣʝʥʠʶ ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ ʪʦʨʛʦʚʳʭ ʤʘʨʦʢ çɹʦʥɸʢʚʘè, çɹʘʡʢʘʣè, çɸʢʚʘ-

ʄʠʥʝʨʘʣʝè, çʉʠʙʠʨʩʢʠʡ ʙʦʨè, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʨʦʟ-

ʥʠʯʥʫʶ ʪʦʨʛʦʚʣʶ ʛʦʨʦʜʘ ʉʫʨʛʫʪʘ ʠ ʫʧʦʪʨʝʙʣʷʪʴ 

ʚʩʢʨʳʪʫʶ ʙʫʪʳʣʢʫ ʩ ʧʠʪʴʝʚʦʡ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦ-

ʜʦʡ ʩʨʘʟʫ ʠʣʠ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʨʛʦʚʦʡ ʤʘʨʢʠ  
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Abstract 

Arterial blood pressure (ABP) is considered one of the homeostatic characteristics of the organism. Steady 

shifts of systolic and diastolic values of ABP from their statistical levels are considered to be pathologies. Their 

most pronounced manifestation is arterial hypertension (AH). Usually, AHôs treatment is reduced to the regular 

use of antihypertensive drugs. But this medical strategy is not always effective. This is a reason to think that our 

physiological understanding of ABPôs homeostasis is inadequate to the real role of ABP in the body. To clarify 

this scientific problem, a formalized analysis of cellular and multicellular mechanisms, interacting to optimize cell 

metabolism in all phases of the cell cycle, is carried out. The analysis revealed: 1) ABP ï is one of the biological 

characteristics, tuning which the body optimizes cell life, so physicians need to control all the characteristics; 2) 

each individual can have his own optimal level of ABP; 3) by increasing ABP, the body fights against cell stagna-

tion caused by lack of ATP and/or contaminated cytoplasm; 4) the interaction of adaptive mechanisms provides 

to the gradual growth of the contribution of local (intracellular and tissue) optimizers, while more energy-intensive 

reflex mechanisms serve primarily for urgently minimizing of cellular damage; 5) in patients whose local mecha-

nisms have reserves, chronic antihypertensive therapy is most effective.  

Keywords: cell, energy, cytoplasm, regulation, adaptation, hypertension, alternative therapy. 

 

Introduction  

In the dominant physiological paradigm, the sta-

bility of the mean arterial pressure (MAP) level is one 

of the manifestations of the homeostatic mechanisms. 

The medical paradigm based on the physiological par-

adigm claims that a chronic increase in systolic and di-

astolic values of arterial pressure (AP) is a symptom of 

a special pathology ï arterial hypertension (AH), the 

treatment of which is the return of blood pressure to av-

erage values. But AH is a common symptom of many 

ailments and it is unclear whether the organism should 

always fight high AP. The problem is complicated by 

the fact that there is no cardinal treatment that can com-

pletely relieve such patients of hypertension, and palli-

ative treatment is reduced to the regular use of antihy-

pertensive drugs [2-4,6,10,11]. Despite all the efforts of 

medicine, the number of patients with hypertension is 

only growing [3]. In this regard, two questions arise 1. 

Is the existing paradigm of MAP homeostasis scientif-

ically based; 2. Is there an alternative to it? Answers to 

these questions require a critical reflection of the accu-

mulated knowledge. Ideally, we have to understand 

why the body needs in AP, and what are the endoge-

nous mechanisms of MAPôs oscillations. In my opin-

ion, the new idea of the co-evolution of specialized 

cells in a single organism [8], the energy concept of 

blood pressure [9,10], as well as the concept of physio-

logical supersystems [11,12] integrally represent the 

keys to the study of these problems. The novelty of 

these concepts is that the focus of attention is shifted 

from systemic physiology to cellular. 

Features of the physiology of cells in the body 

The only task of each specialized cell of the body 

is to ensure its basic functions - self-construction, the 

fight against the negative consequences of destruction, 

and mitosis. But as a consumer of nutrients, every cell 

in the body is in competition with other cells. The me-

tabolites of some types of cells inhibit (activate) the 

metabolic rate of other types of cells. In addition, in dif-

ferent phases of the cell cycle, metabolism should opti-

mally adapt to current needs. Cytoplasmic pollution 

and lack of energy (ATP molecules) are two independ-

ent factors that slow down the rate of cell metabolism. 

In order for the cell to realize the phases of its life cycle 

with adequate speed, effective mechanisms of purifica-

tion of the cytoplasm and acceleration of ATP produc-

tion are needed. 

Local mechanisms for providing chemical home-

ostasis of the cytoplasm are a part of complex mecha-

nisms that provide water-electrolytic balance in body 

fluids and are better studied than the mechanisms of en-

ergy balance in cells. Moreover, almost everything that 

we know about the balance of the synthesis and con-

sumption rates of ATP molecules was obtained in bio-

chemical studies of unicellular organisms [13, 20]. As 

for energy homeostasis in the human (animal) organ-

ism, it is mainly a question of bioenergetics of organs 

and the whole organism [16]. The relationship between 

cellular and multicellular mechanisms that accelerate 

the average speed of aerobic synthesis ()(tva

s ) of ATP 

molecules in each cell in vivo has been empirically 

studied only in the aspect of AMP-activated protein ki-

nase [19,20]. The vast majority of researchers are con-

vinced that these mechanisms counteract increased 

concentrations of AMP. But recently, Hardie et al. [14ï

16] showed that there are mechanisms in the cell that 

are sensitive to ATP deficiency. They are tuned to in-

crease the rate of ATP synthesis. 

The negative feedback between the concentrations 

of ADP and ATP (respectively, ADPC and ATPC ) in mi-

tochondria quickly evens out ( )(tva

s ) and the average 
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consumption rate ( )(tvc ) of ATP molecules [8, 11]. 

But this chemical mechanism is effective only at small 

deviations from the optimal speed that the cell is tuned 

to for a given size of mitochondria and given concen-

trations of inorganic phosphorus and NADH (respec-

tively,
 NADHPi CC , ) [9]. Under an uneven distribution 

of oxygen concentrations (
2OC ) in the cytoplasm, the 

mitochondrial mobility maximizes the value of )(tva

s . 

This non-rapid mechanism is most effective in neurons 

possessing of long axons and dendrites [2,11,13,20]. 

The potential relationship between the slowdown 

of metabolism in cells, on the one hand, and the value 

of MAP, on the other hand, is still only theoretically 

substantiated [10, 11]. To strengthen this argument, we 

will carry out an additional formal analysis below. 

The causal relationship between cellular prob-

lems and the level of MAP: a formal analysis of the 

energy aspect.  

Assume )(tE  represents the dynamics of the 

number of ATP molecules in the cell. )(tE  can be for-

mally associated with )(tva

s , with the rates of ATP 

consumption ( )(tvc ), and with the rate of anaerobic 

synthesis of ATP ( )(tvaa

s ) by means of the following 

differential equation: 

)()()( tvtvtv
dt

dE
ʩ

a

s

aa

s -+=  .  (1)  

In this analysis, we do not strive for an accurate 

quantitative description of the processes under consid-

eration. We need only approximate expressions that al-

low us to reasonably discuss these processes. Since un-

der normal conditions about 90% of ATP is synthesized 

aerobically, we replace equation (1) with an approxi-

mate:  

)()( tvtv
dt

dE
ʩ

a

s -º   (1.1) 

In a short time interval, the area of the inner mito-

chondrial membranes is unchanged, and the concentra-

tions of inorganic phosphorus (PiC ) and NADH (

NADHC ) are stable. Under these conditions, the deter-

minants of )(tva

s are: concentrations of AMP (AMPC ), 

ADP ( ADPC ) and ATP ( ATPC ). On the scale of the 

whole cell, it is necessary to add to the indicated varia-

bles the total area of the inner membranes of all mito-

chondria of this cell ( mSS ) [5].  

Assume the function f that associates )(tva

s with 

the indicated variables is known as: 

 

))(),(),(),(),(),(()( tStCtCtCtCtCftv mNADHPiATPADPAMP

a

s S= (2) 

To formalize )(tvc of each cell in the body, it is 

necessary to take into account that )(tvc consists of 

two parts with fundamentally different dynamics. The 

first part is the speed )(tvcB with which the energy is 

spent on maintaining basic biological functions (self-

construction, mitosis, and the fight against the negative 

effects of destruction). The second part )(tvcR is pro-

portional to the frequency of cell involvement in the 

body's integration processes (u).  

uÖ+º+= ktvtvtvtv CCcBcRcBc )()()()( .  (3) 

The variable )(tvcB varies depending on the 

phases of the cell cycle, the concentration and assort-

ment of nutrients, as well as the intensity of the destruc-

tion of the molecules. The functional integrity of the 

body requires that there always be an inequality: 

0>u .    (4) 

Taking into account (4), from equation (1.1) it fol-

lows that for each cell there is a certain critical number 

of ATP molecules, below which this cell will not be 

able to energetically provide aggregate loads. Having 

designated this energy stateʩʢE , we come to the assess-

ment that for the energy support of the integrity of the 

community of cells the condition below is necessary: 

ʩʢEE² ,   (5) 

In fact, equations (1) - (4) suggest that, ceteris pa-

ribus, the presence of the proper value ofAMPC  is the 

decisive factor in maintaining of inequality (5). 

In the mitochondrion, AMP is synthesized from 

pyruvate (a product of glycolysis). The pyruvate con-

centration ( PyC ) can be associated with the glucose 

concentration in the cytoplasm by the expression

GlPy CcC Ö= , where c is a constant. Other internal 

modifiers of AMPC are oxygen concentration (
2OC ) 

and mSS . All other things being equal, 
2OC  and GlC  

depend on the local blood flow (q ):  

r

RQ
q

Ö
=  ,   (6) 

where Q is the cardiac output, R is the total pe-

ripheral resistance, and r is the resistance of the local 

vessel supplying the cell with blood. 

Under normal values of filling venous pressure (

VP ), in statics )( 0PPaQ V -Ö= , where 0P anda  - 

are linear approximation constants of the dependence 

of cardiac output on VP  [11]. On the other hand, 

R

PP
Q VA-= , where 

AP  is MAP. As normally

AV PP << , formula (6) we bring to the approximate 

equation (7):  

r

P

r

PP
q AVA º

-
= .   (7) 

In the linear interval, mitochondrial variables
2OC

, GlC , and mSS  can be quantitatively related to AMPC

by means of an approximate equation:  
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r

P
SCCC A

mGlOAMP ÖÖÖº S2
,   (8) 

It is taken into account that 
2OC is defined as a 

certain j-function of variables representing the con-

centration of hemoglobin in the blood (gC ) and the 

rate of pulmonary ventilation (Lv ), i.e. 

),(
2 LgO vCC j=  . 

So, formula (8) shows that values ofAMPC can be 

influenced by changes in both intracellular characteris-

tics and the characteristics of multicellular organs. 

Therefore, by changing values of
 AMPC , the body 

structures are modifying values of )(tva

s
. 

But in the formula (8), the role of mSS or
AP is 

also important. It is well known that hypertrophy of ex-

isting mitochondria, their fusion increase the aerobic 

power of the cell. It is no less known that mitochondrial 

proliferation leads to the same effect. The fusion of mi-

tochondria occurs quickly, but to increase mSS due to 

their hypertrophy and proliferation, an additional influx 

of substrates is required. It was previously shown that 

under a short-term local or regional lack of energy, vas-

odilation in these tissues successfully solves this prob-

lem, but under an extensive and extreme lack of energy, 

it is also necessary to increase the productivity of the 

heart. Under constant values of MAP andR, the value 

of the blood flow increases in parallel with the growth 

of a [11]. But an increase in MAP due to growth ofR, 

further exacerbates the cell dysfunction. 

Discussion 

The above formalism shows that regulation of

)(tva

s by means of a multidimensional function 

),,,,(
2

rPSCCC AmGlOAMP S is similar to controlling 

of a complex mechanism by changing the positions of 

its different levers. The complex regulator contains 

many intracellular and multicellular mechanisms. 

Therefore, the optimal value of )(tCAMP (respectively, 

of )(tva

s ) in a given cell can be formed with different 

proportions of variables, 
2OC , ,GlC ,mSS AP , andr . 

This explanation reinforces the earlier conclusion that 

MAP, like other so-called homeostatic constants de-

fined for a population of healthy people, are actually 

individual and fluctuate depending on the performed 

loads [11]. 

It is significant that even at a constant value ofLv

, an increase of
2OC  (due to growth of gC ) leads to an 

increase in values of AMPC , and )(tva

s . To realize po-

tential scenarios of influence on )(tva

s , it is necessary 

and sufficient that the regulators of the activity of those 

organs that provide cells with glucose, oxygen and 

other nutrients are sensitive to the concentrations of 

chemical mediators leaving the cell in a state of stagna-

tion. 

Are there any real mediators with such properties? 

The empirical physiology has long been known of 

a number of metabolites that play the role of the desired 

mediators. First of all, we are talking about nitrogen 

monoxide (NO), produced by vascular epithelial cells 

in a state of overload. NO, being a local vasodilator is 

capable of counteracting the vasoconstrictor effect of 

other metabolites (for example, SO2). Normally, NO 

counteracts the stagnation of epithelial cells [11]. 

Thanks to NO, the cardiovascular system (CVS) pro-

vides its material needs despite long-term vasoconstric-

tive sympathetic influences [11].  

Reflector mechanisms based on the sensitivity of 

peripheral and central chemoreceptors to concentra-

tions of ʉO2, H+, and OH- ions in arterial blood, and 

increasing MAP when the concentrations of these en-

dogenous agents exceed their threshold levels, are also 

well known. 

Perhaps we should specifically focus on the dis-

cussion of the systemic role of hypoxia inducible fac-

tors (HIFs). HIFs are proteins produced in cells when 

metabolic reactions are difficult due to a lack of oxygen 

(more precisely, ATP [11]). Studies of the mechanisms 

and effects of HIFs are devoted to more than ten thou-

sand studies, which are still ongoing in all countries of 

the world. In this article, it is important to indicate that 

during hypoxia, the cell produces different HIFs: some 

have specific local effects, the other, leaving the host 

cell and circulating with the blood, cause global 

changes in the body. Penetrating the cell nucleus, hif1Ŭ 

activates genes that increase the power of aerobic ATP 

synthesis. But for this it is necessary that more oxygen 

inflow to this cell. This function is provided by hif1ɓ, 

which leave the cell and reach the kidneys with blood. 

There they activate genes that increase the rate of eryth-

ropoiesis. Even with the constant values of Qand Lv , 

the blood is better saturated of oxygen. In fact, this mul-

ticellular mechanism with negative feedback supports 

the intracellular accelerator of )(tva

s with an increased 

oxygen supply. In combination with local vasodilation, 

the final effect increases. 

Hypoxia also activates genes that accelerate the 

rate of angiogenesis [12]. Therefore, with chronic re-

gional hypoxia, the density of the regional microvascu-

lar network increases over time.  

The analysis of the accumulated data gives the im-

pression that evolution has retained three groups of 

mechanisms to combat the deterioration of cell metab-

olism. The first group includes various kinds of local 

mechanisms based on chemical negative feedbacks. 

Their activators are the products of interrupted meta-

bolic transformations. These mechanisms increase the 

rate of aerobic synthesis of ATP either by increasing 

the influx of nutrients, or by enzymatic retuning (inten-

sifying) the efficiency of the aerobic synthesis of ATP 

in the weakened cells. The second group of mecha-

nisms, also activated chemically, is involved in com-

pensatory reactions only when the stagnation of cells 

has covered significant regions of the body. A distinc-

tive feature of this type of response is that it shifts the 
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value of at least one of the system variables (MAP, pul-

monary ventilation, concentrations of glucose or red 

blood cells). Moreover, this reaction also has a reflector 

component. Under the global deterioration in the rate of 

cell metabolism, due to the deterioration in the quality 

of the cytoplasm or lack of ATP, the contribution of the 

reflector component significantly increases. In parallel, 

the mechanisms of cell adaptation are triggered, as a re-

sult of which cell organelles are rearranged, and the 

number of cells in organs that cannot cope with their 

systemic function grows. In particular, the network of 

arterioles is compressed in them. Under chronic cell 

dysfunction, these adaptive rearrangements minimize 

the total energy expenditure of the body. 

A number of other vasoactive agents, the concen-

tration of which in the blood is closely associated with 

difficulties in cell metabolism, have long been known, 

and their hemodynamic effects have been well studied. 

But, as a rule, such agents are not considered by the au-

thors of these studies as indicators of cell dysfunction. 

They are called chemical mediators of neurohumoral 

regulation. I think there is no need to go into details of 

how such regulators capable to modify the heart pump 

function, the tonus of blood vessels, and also the inten-

sity of organs-providers of water intake and removing 

from the body, change the MAP. 

Conclusion 

The CVS, like a number of other organs of the 

body, evolved because they accelerate cell exit from 

stagnation states [12]. Providing cells with nutrients for 

the maintenance of their basic functions, these organs 

form complex physiological supersystems. The relia-

bility of cell life support is due to the fact that evolution 

has retained an excessive number of mechanisms to 

achieve the desired optimal effect. The cell and each 

part of the supersystem are adaptive. Genes and onto-

genetic self-tuning of the body lead to the state that 

each individual develops his own unique picture of op-

timal cell support. In particular, this applies to the val-

ues of those biophysical, biochemical and physiologi-

cal characteristics that are known as homeostatic con-

stants. Each such characteristic can be changed in a 

result of individual adaptation. 

The overall picture of the adaptive response of the 

organism to endogenous (exogenous) disturbances is as 

follows. Initially, those disturbances that are excessive 

in intensity cause stagnation of certain cells. The pro-

longed stagnation leads to irreparable destruction and 

apoptosis. Evolution has retained mechanisms to pre-

vent this extreme scenario. For this, nutrients perma-

nently become redistributed in favor of cells that have 

an uncomfortable metabolism. In the acute phase of the 

reaction, the body activates neural-reflector mecha-

nisms. If stagnation of cells in certain regions contin-

ues, the angiogenesis is activated in them. Over time, 

each organ and each region of tissues is rebuilt in such 

a way that satisfies its average statistical needs without 

the participation of nerve mechanisms. At the same 

time, the levels of the so-called organismic homeostatic 

constants decrease. In particular, this concerns to arte-

rial blood pressure: it is the lower, the greater the total 

power of mitochondria and the denser the microvascu-

lar network are. 

There is a reason to believe that the dominant 

physiological concepts of blood pressure homeostasis 

are inadequate to the real role of MAP in the body. 

MAP is only one of the biological characteristics, by 

changing which the body optimizes the cell life there-

fore, control of all characteristics is necessary. Each 

person may have his\her own optimal level of blood 

pressure: increasing it, the body fights against cell dys-

function caused by a lack of ATP and / or contaminated 

cytoplasm. In those patients whose local mechanisms 

are functioning properly, chronic antihypertensive ther-

apy contributes to a gradual increase in the contribution 

of local mechanisms to the life support of cells against 

the background of low MAP. 
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Abstract 

New treatment for stress urinary incontinence (SUI) in women is the use of Er:YAG-laser energy in 

poblacional heat mode. An examination of 105 patients with SUI, randomised in study (n=77) and control (n=28) 

groups and divided into subgroups depending on the type of SUI, was performed. The treatment in the main group 

was conducted according to the original method using Er:YAG-laser, while in the control group patients received 

a placebo. Two years after the end of treatment a positive effect in patients of the main group with I type SUI was 

68.9%, while one of patients of the main group with type II SUI was estimated as 15.8%. Patients of the control 

group achieved a short-term positive effect in two cases (8.2%). It can be assumed that the obtained results allow 

to consider this method of conservative treatment as a choice method for patients with type I SUI mild severity. 

Keywords: stress urinary incontinence, Er:YAG-laser, conservative treatment, neocollagenesis, quality of 

life. 

 

Introduction.  

According to international statistics, from 25 to 

69% of the female population suffer from stress urinary 

incontinence [5]. The interest of experts in the field of 

urogynecology in this issue is consistently high: the 

website of the Cochrane library only for the year of 

2015 has made more than 700,000 queries on the topic 

"stress urinary incontinence", and the number of annual 

publications on the PubMed from 2000 to 2015 has al-

most doubled. The same time the effectiveness of the 

most popular conservative methods of stress urinary in-

continence treatment, even with their combined use, 

rarely exceeds 20% [2], and current surgical methods 

for the correction of SUI unfortunately have certain dis-

advantages such as sexual dysfunction, excessive ob-

struction of the lower urinary tract, the obturator nerve 

neuritis, restrictions after the operational period, etc. 

[3]. Therefore the search, development and introduc-

tion of new methods of conservative treatment of uri-

nary incontinence continues. 

One such a relatively new technique is the use of 

Er:YAG-laser (2940 nm) energy in non ablative ther-

mal conditions for treatment SUI in women [4,6].  

 

Methods. 

The object of the study were 105 women (aged 

from 23 to 76 years) with stress urinary incontinence, 

randomised in study (n=77) and control (n=28) groups. 

In each of the compared groups the patients were di-

vided into subgroups depending on the type of inconti-

nence, according to the classification offered by J.G. 

Blaivas and E.J. McGuire in 1988 [1]. Severity of in-

continence was assessed basing on required number of 

pads per day. Severe degree was a criterion for exclu-

sion from the study. Patients in both groups were com-

parable in terms of clinical course, the nature of under-

lying and related gynecological and somatic diseases. 

Treatment in the main group was conducted by the orig-

inal method using Er:YAG-laser while in the control 

group the patients received a placebo, which consisted 

of installation of maniples and a laser reflector without 

energy supply. 

Before and after treatment all patients were exam-

ined as following: standard clinical and gynecological 

examination, completion the voiding diaries for 3 days, 

specific and non-specific questionnaires of quality of 

life (SF-36, PFDI-20, I-QOL, SFI), magnetic resonance 

imaging of the pelvis with Valsalva's test, urodynamic 

https://www.sciencedirect.com/science/article/abs/pii/S1079979613002027#!
https://www.sciencedirect.com/science/article/abs/pii/S1079979613002027#!
https://www.sciencedirect.com/science/journal/10799796
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Lau%20TY%5BAuthor%5D&cauthor=true&cauthor_uid=16842206
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nanji%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=16842206
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fung%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=16842206
http://www.ncbi.nlm.nih.gov/pubmed/16842206
https://www.ncbi.nlm.nih.gov/pubmed/28647496
https://www.ncbi.nlm.nih.gov/pubmed/28647496
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https://www.ncbi.nlm.nih.gov/pubmed/28647496


24 Znanstvena misel journal ˉ33/2019 

study, incisional biopsy of antero-lateral and postero-

lateral vaginal walls with a semi-automatic needle for 

incisional biopsy in no projection of large vessels and 

nerves with further histological, biochemical and im-

munohistochemical study of vaginal walls biopsies and 

underlying tissues to assess morphological changes in 

the tissues after laser exposure. 

Histological sample preparation was performed 

according to a standardized methodology: fixation in 

10% neutral formalin for 2 days, posting in isopropyl 

alcohol, filling in paraffin and production of paraffin 

blocks, production of histological sections with thick-

ness of 4-5 microns, histological staining with hema-

toxylin and eosin. The examination was performed at 

magnification 10 x 10, 20 x 10 and 40 x 10. 

Chromatographic study of the tissues of the vagi-

nal walls was carried out according to method F. Wey-

gand, E. Csendes in modification of A.V. Grigorenko, 

and consisted of suspending the material in 5 ml of 

methanol followed by the addition of 1 ml of three 

fluoroacetic anhydride when heated to 500 C. Methyl 

esters of N-peracetylated amino acids were determined 

by gas-liquid chromatography using capillary column 

HP-WAX (60m x 0.53 mm x 1,0 ɛm) on a gas chro-

matograph HP-6890 with a flame ionisation detector 

when programming the temperature from 1000 to 1850 

(4 deg/min). 

To assess the impact of treatment on neoangiogen-

esis was made immunohistochemical study of vaginal 

wall biopsies according to a standardized methodology 

using antigens (Bio-PlexProPhospho-PDGFR-Ŭ 

(Tyr754) Set, 1x96, Bio-Rad, USA; Ki-67 Rabbit Mon-

oclonal, Bio-Rad, USA; Mouse anti-human VEGF: 

Preservative Free, AbD Serotec, Bio-Rad, USA).The 

counting of cells in which have been expressed desired 

antigens, was performed at magnification of about 40 x 

10, and have been evaluated by at least 10 fields of 

view. 

As for the treatment course, it consisted of two 

procedures (sessions) carried out with an interval from 

21 to 30 days, each of which was a three-time consecu-

tive circular irradiation of each 5 mm of the vagina by 

four pulses and radiation of every 5 mm anterior vagi-

nal wall in a checkerboard pattern (the energy flux den-

sity 10 J/cm2, frequency 1,6 Hz, with pulse duration 

250 ms). Other methods of conservative therapy simul-

taneously with the erbium laser were not applied. As 

the treatment was completed, control tests were con-

ducted after the following dates: 21-30 days, 6months, 

12 and 24 months. 

The obtained data was processed, using statistical 

software package Statistica 10.0 (StatSoft inc.). 

Results.  

The effect of treatment was regarded as positive 

(full) if there was total absence of complaints in treated 

patients and as partially positive (improvement) in the 

case of rare episodes of incontinence. 

It must be underlined that positive (full) effect in 

the main group 1 year after treatment was achieved in 

67.2% of patients with type I SUI and 15,8% II type 

SUI. Partially positive (improvement) was 3.5% and 

10.5% respectively. Thus, the total positive effect 

amounted to 70.7% (type I SUI) and 26.3% (type II 

SUI) (chart 1). 

Two years after the end of treatment, 7 patients of 

the main group with I type SUI, which originally 

achieved the full effect, marked the return of single rare 

symptoms of UI and were transferred in the group with 

improvement (partially positive effect), with 1 patient 

experienced a return of symptoms in the initial (before 

treatment) volume. Thus, the total positive effect in pa-

tients of the main group with I type of SUI decreased to 

68.9%.  

In the main group two years after treatment 6 patients 

with II type of SUI had improved noted the recurrence 

of incontinence in the original severity, and total posi-

tive effect decreased to 15.8% (chart 1). 

Patients of the control group in two cases (8.2%) 

achieved a short-term positive effect which lasted about 

1 month.  

Chart 1. 

Clinical results regarding the period after the end of treatment and type of SUI 

 1 month 6 months 1 year 2 years 

Study group, 

n=77 

I type of 

SUI, 

n=58 

Full, abs. (%) 39 (67.2) 39 (67.2) 39 (67.2)* 31 

(53.4)***  

Improvement,abs. (%) 2 (3.5) 2 (3.5) 2 (3.5) 9 (15.5) 

Total,abs. (%) 41 (70.7) 41 (70.7) 41 (70.7) 40 (68.9) 

II type 

of SUI, 

n=19 

Full,abs. (%) 3 (15.8) 3 (15.8) 3 (15.8)**  3 (15.8) 

Improvement,abs. (%) 6 (31.6) 3 (15.8) 2 (10.5) 0 

Total,abs. (%) 9 (47) 6 (31.6) 5 (26.3) 3 (15.8) 

Control group, 

n=28 

I and II 

types of 

SUI 

Improvement, abs. (%) 2 (8.2) 0 0 0 

Note ï * 95% Confidence interval 54.4-78.8 ** 95% CI 3.2-35.5*** 95% CI 45.5-68.8 

 

Assessment of the clinical results regarding the type of SUI and the severity of the disease revealed the prev-

alence of the effect in patients with mild disease severity (chart 2).  
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Chart 2. 

Clinical results regarding the severity of the disease and type of SUI 

I type of SUI, n=58 II type of SUI, n=19 

Effect, abs. (%) Full 
Improve-

ment 
No Effect, abs. (%) Full 

Improve-

ment 
No 

Mild severity, 

n=37 

21 

(56.7)1 
6 (16.2) 

10 

(27.1) 

Mild severity, 

n=10 
2 (20)3 3 (30) 5 (50) 

Moderate sever-

ity, 

n=21 

10 

(47.6)2 
3(14.3) 8 (38.1) 

Moderate sever-

ity, 

n=9 

1 

(11.1)4 
0 

8 

(88.9) 

Note ï 1 95% Confidence interval 40.3-69.9 2 95% CI 25.6-68.3 
3 95% CI 2.2-49.4 4 95% CI 0-38.9 

 

Assessment of the clinical results regarding the type of SUI and age of the patients noted that patients with 

type I in the reproductive age group reached the full effect in 60% cases, meanwhile patients with type I in the 

postmenopause group only in 46% cases. A similar trend is seen for patients with the second type - 50% and 6.6% 

respectively (chart 3). 

Chart 3. 

Clinical results regarding the age of patients and type of SUI 

Effect, abs. (%) Reproductive age Peri- and postmenopause age 

I type of SUI, 

n=30 

II type of SUI, 

n=4 

I type of SUI, 

n=28 

II type of SUI, 

n=15 

Full 18 (60)*  2 (50)** 13 (46.4)***  1 (6.6)****  

Improvement 3 (10) 1 (25) 6 (21.4) 1 (6.6) 

Total 21 (70) 3 (75) 19 (67.8) 2 (13.3) 

Note -* 95% Confidence interval 45.4-69.8 ** 95% CI 7.9-92.1 

*** 95% CI 28.3-65.1 **** 95% CI 0-24.5 

 

Considering the results in the group of patients of reproductive age with type ISUI and mild degree of gravity 

it should be noticed that the full positive effect was 80%, and the total reached 100% (chart 4). All of the above 

data allows us to formulate the ideal model of a patient for this treatment: it is the patient in reproductive age with 

type I SUI and mild severity of the disease. 

Chart 4. 

Clinical results among patients of reproductive age with type ISUI  

Reproductive age 
Effect, abs. (%) 

Improvement Full Total 

I type of SUI, 

n=30 

Mild , n=15 3 (20) 12 (80)*  15 (100) 

Moderate, n=15 3 (20) 6 (40) 9 (60) 

Note ï * 95% Confidence interval 56.3-95.8 

 

Clinical results are explained by instrumental data and morphological studies. 

During data analysis of magnetic resonance imaging (MRI) of the pelvis there were revealed a decrease in 

the angle of urethra inclination during Valsalva`s test, reducing posterior vesico-urethral angle, reducing the width 

of the vagina, increasing the thickness of the vaginal walls on average 1-2 mm (chart 5). 

Chart 5. 

The MRI scans before and after treatment, Me [Q1;Q3] 

 before treatment after treatment 

The angle of urethra inclination during Valsalva`s test, deg. 15.0[13.0;18.0] 12.0[10.0;14.0]** 

Posterior vesico-urethral angle during Valsalva`s test, deg. 137.0[134.0;151.0] 106.0[96.0;114.0]** 

The distance from symphysis to bladder, cm 2.0[1.7;2.1] 2.0[1.6;2.1]** 

The width of the vagina, cm 6.8[6.3;7.4] 6.0[5.8;6.5]** 

Anorectal angle, deg. 95.0[90.0;105.0] 95.0[90.0;100.0] 

Anorectal angle during Valsalva`s test, deg. 116.0[90.0;130.0] 106.0[91.0;113.0]* 

The thickness of the vaginal walls, mm 2.5[2.0;3.2] 3.8[3.4;4.3]** 

Note - * ʨ<0,05 (Wilcoxon-Mann-Whitney test); ** ʨ<0,01 (Wilcoxon-Mann-Whitney test). 

 

The images below present the axial slices of MRI tomograms performed at the level of the line connecting 

the lower edge of the symphysis pubis and the top of the coccyx. 
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a)  b)  

Fig. 1 Patientʂ., 54 years old, axial slices before (a) and after  

(b) treatment: the thickness of the vaginal walls increased from 2-4 mm to 5-6 mm  

 

a) b)  

Fig. 2 Patient L., 32yearsold, axial slices before (a) and after (b) treatment:  

reducing the width of the vagina 

 

Decrypting data of urodynamic studies there was recorded an increase in be the maximum urethral pressure, 

the closing urethral pressure and functional urethral length. All differences are statistically significant (chart 6, 

figure 3). 

Chart 6. 

The results of urethra`s profilometry before and after treatment, MÑs 

 before treatment after treatment 

Maximum urethral pressure, mm 

of water PT 
16.8Ñ17.9 26.6Ñ21.1** 

The closing urethral pressure, mm 

of water PT 
15.3Ñ13.2 25.8Ñ18.3** 

Functional urethral length, cm 2.0Ñ0.3 3.0Ñ0.4* 

Note - * ʨ<0,05 (t-Student test); ** ʨ<0,01 (t-Student test). 

 

a) b)  

Fig. 3 Screenshots of apparatus for urodynamics, patient ʊ., 48 years old, before (a) and after  

(b) treatment: increasing in be the maximum urethral pressure, the closing urethral pressure  

and functional urethral length 
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Since the effectiveness of the treatment largely depends on the ability of the connective tissue of the vaginal 

walls and the pelvic fascia to compensate introabdominal pressure, an important task is morphological evaluation 

of the vaginal walls and underlying tissues in patient with SUI. 

In all investigated samples before treatment were found changes in the vaginal wall structural organization, 

representing a scant cellularity, thickening of the basal membrane of the epithelium and atrophic changes in the 

epithelium. 

In all studied samples after treatment showed an increase in the number and activity of fibroblasts, increasing 

the density of the connective tissue and appearance of the vascular ñbudsò as the phase of neoangiogenesis (figure 

4,6). As a manifestation of the fibroblasts chemistry it is the high eosinophiles of ground substance of connective 

tissue that has been detected. Fur the more, the reactive epithelial changes such as acanthosis and increased cellu-

larity have been marked (figure 5,6). 

 

a) b)  

Fig.4 Patientʂ., 52 years old, before (a) and after (b) treatment: increasing the density of the connective tissue 

(hematoxylin/eosin, magnification 10Ĭ10) 

 

a) b)  

Fig.5 Patiʝnt I., 37 years old, before (a) and after (b) treatment: reactive epithelial changes  

(acanthosis, increased cellularity) (hematoxylin/eosin, magnification40Ĭ10) 

 

a)  b)  

Fig.6 Patient N., 56 years old, before (a) and after (b) treatment: reactive epithelial changes,  

appearance of the vascular ñbudsò(hematoxylin/eosin, magnification40Ĭ10) 
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The most controversial issue is the depth distribution of morphological changes in tissues after laser exposure, 

which varied in the obtained samples. So in some of them marked changes were recorded from 7 to 10 mm of the 

fence material, in others only for 3-4 mm. The samples with the most crucial changes belonged to women of 

reproductive age with treatment session carried out in the pre-ovulatory period. It can be assumed that the depth 

of influence of laser energy on tissue is dependent on estrogen saturation and, consequently, the degree of hydra-

tion of the tissues. 

To evaluate the effect of erbium laser on the intensity of collagen metabolism biochemical (chromatographic) 

study on determination of hydroxyproline and oxylipin in biopsies of the vaginal walls and underlying tissues was 

performed. After treatment there was a statistically significant decrease in their number that shows the decrease in 

the rate of decay of collagen and testifies to its stabilization in the connective tissue (chart 7). 

Chart 7. 

The concentration of free hydroxyproline and oxylipin in tissues of vaginal walls before  

and after treatment 

 before treatment after treatment 

Hydroxyproline, mkmol/g of tissue 8.4Ñ0.4 5.3Ñ0.5* 

Oxylipin, mkmol/g of tissue 5.4Ñ0.3 3.7Ñ0.6* 

Note - * ʨ<0,05 (t-Student test) 

 

Immunohistochemical study revealed a significant increase in the expression of PDGFR-Ŭ from 11.7Ñ7.4% 

to 42.5Ñ11.8%, indicating the activation of neoangiogenesis in the studied tissues (Fig.7). The expression level of 

VEGF in the samples after treatment changed slightly. The increase in the level of expression of Ki-67 was regis-

tered exclusively in the basal layer of the epithelium, indicating the most active changes of the cellular composition 

of the epithelial layer (Fig.8). 

 

a) b)  

Fig.7 Patient Sh., 54 years old, before (a) and after (b) treatment: increase in the level of expression  

of PDGFR-a (hematoxylin/diamine-benzidine, magnification40Ĭ10) 

 

 
Fig.8 The expression levels of key markers of neoangiogenesis before and after treatment 


