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ʉɽʂʎʀʗ 1. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 
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ʆ ɺʀɿʋɸʃʀɿɸʎʀʀ ʉɽʄɸʅʊʀʂʆ-ʉʊʈʋʂʊʋʈʅʓʍ 

ʊʈɸɽʂʊʆʈʀʁ  

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʙʨʘʞʝʥʠʷʤʠ [1,2] ʜʫʘʣʴʥʳʝ 

ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ (ɼʉʉ) [1,3], ʦʙʥʘʨʫʞʠʚʘʝʤʳʝ ʚ ʪʝʢʩʪʝ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʧʨʝʜʣʦʞʝʥʠʷʤ ʠ 
ʢʦʥʢʘʪʝʥʠʨʫʝʤʳʝ ʧʦ ʦʙʱʠʤ ʚʝʨʰʠʥʘʤ ʚ ʧʦʨʷʜʢʝ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʦʪʨʘʞʘʶʪ ʥʝʡʨʦʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ [2] ʚ ʤʦʟʛʫ ʘʚʪʦʨʘ ʪʝʢʩʪʘ. 

ʕʣʝʤʝʥʪʘʨʥʳʤ ʟʚʝʥʦʤ ʩʝʤʘʥʪʠʢʦ-ʩʪʨʫʢʪʫʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʉʉʊ) 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʠʝʨʘʨʭʠʶ, ʩʦʩʪʘʚʣʝʥʥʫʶ ʠʟ ɼʉʉ, ʘ ʪʨʘʝʢʪʦʨʠʷ ʚ 

ʮʝʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʮʝʧʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʚʝʥʴʝʚ. 

 ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʉʉʊ ʠ ʝʝ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʟʚʝʥʴʝʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʟʘʧʠʩʘʥʳ ʚ 
ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʘʭ (ʨʠʩʫʥʦʢ 1), ʘ ʩʘʤʘ ʧʨʦʛʨʘʤʤʘ ʬʦʨʤʠʨʫʝʪ 

ʫʧʦʨʷʜʦʯʝʥʥʫʶ (ʧʦ ʵʪʘʧʘʤ ʦʙʥʘʨʫʞʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʚʝʥʴʝʚ 

ʉʉʊ) ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʤʘʪʨʠʮ, ʚ ʷʯʝʡʢʘʭ ʢʦʪʦʨʳʭ 

ʟʘʧʠʩʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʨʤʠʥʘʤʠ ʥʘ 

ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʘʧʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʘ 

ʦʨʠʝʥʪʘʮʠʷ ʩʚʷʟʝʡ ʦʪ ʤʘʪʝʨʠʥʩʢʠʭ ʚʝʨʰʠʥ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʚʝʥʴʝʚ 

ʉʉʊ ʢ ʜʦʯʝʨʥʠʤ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʜʠʥʘʤʠʢʠ ʉʉʊ ʥʘ ʤʦʤʝʥʪ 
ʦʙʥʘʨʫʞʝʥʠʷ ʝʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʚʝʥʴʝʚ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʦʙʨʘʤʣʝʥʠʝ 

ʟʘʧʦʣʥʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʘʪʨʠʮ ʞʠʨʥʦʡ ʣʠʥʠʝʡ. 

 

 

 

 

 

 
 

 
ʈʠʩʫʥʦʢ  1 ï ʉʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʦʙʱʝʤ ʚʠʜʝ 
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ʅʘ ʨʠʩʫʥʢʝ 2 ï ʧʨʠʤʝʨʳ ʤʘʪʨʠʮ ʥʘ ʤʦʤʝʥʪ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʚʦʛʦ ʧʦ ʧʦʨʷʜʢʫ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʝʥʘ ʉʉʊ ʠ 

ʚʩʝʭ ʟʚʝʥʴʝʚ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʪʝʢʩʪʫ.  

 

 
ʈʠʩʫʥʦʢ 2 ï  ʄʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʉʉʊ ʥʘ ʤʦʤʝʥʪʳ ʥʘʯʘʣʘ ʠ 

ʢʦʥʮʘ  ʦʙʥʘʨʫʞʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʚʝʥʴʝʚ 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʦʣʴʜʰʪʝʡʥ ʉ.ʃ., ʂʫʜʨʷʚʮʝʚ ɸ.ɻ. ʈʘʟʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ 

ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʟʥʘʥʠʷʭ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ʉ.ʃ. 
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ɻʦʣʴʜʰʪʝʡʥ, ɸ.ɻ. ʂʫʜʨʷʚʮʝʚ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ:  ʀɼ çʇʠʨʦʛʦʚʲè, 2006. 

218 ʩ. 

2. ʍʨʝʥʥʠʢʦʚ ɸ.ʖ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʛʥʠʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʡʨʦʥʥʳʭ 

ʪʨʘʝʢʪʦʨʠʡ / ɸ.ʖ. ʍʨʝʥʥʠʢʦʚ // ʊʨ. ʄʀɸʅ, 2004. ʊ. 245, ʩ. 125 ï 145. 

3. ʇʦʧʦʚ ʕ.ɺ. ʆʙʱʝʥʠʝ ʩ ʕɺʄ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ / ʕ.ɺ. ʇʦʧʦʚ. ï 

ʄ.: ʅʘʫʢʘ, ʌʠʟʤʘʪʣʠʪ, 1982. 360 ʩ. 

 

 

 
 

 

ʄʦʥʦʛʘʨʦʚ ʆ.ʀ. 
ʘʩʧʠʨʘʥʪ ɺʣʘʜʠʤʠʨʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ  

ʠʤ. ɸ.ɻ. ʠ ʅ.ɻ. ʉʪʦʣʝʪʦʚʳʭ, ʛ. ɺʣʘʜʠʤʠʨ, ʈʦʩʩʠʷ 

 
ɸʃɻʆʈʀʊʄ ɺʓɼɽʃɽʅʀʗ ɺʆʃʅʆɺʓʍ ʇɸʂɽʊʆɺ  

ɺ ʆʉʎʀʃʃʆɻʈɸʄʄɽ ʀʄʇʋʃʔʉʆɺ ʏɸʉʊʀʏʅʓʍ ʈɸɿʈʗɼʆɺ 

 
ɸʥʥʦʪʘʮʠʷ:  ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʩʮʠʣʣʦʛʨʘʤʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʯʘʩʪʠʯʥʳʭ 

ʨʘʟʨʷʜʦʚ (ʏʈ), ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʚʦʣʥʦʚʳʭ 

ʧʘʢʝʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʧʨʝʜʣʦʞʝʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʠʩʢʦʤʳʝ 

ʚʦʣʥʦʚʳʝ ʧʘʢʝʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʘʩʪʠʯʥʳʝ ʨʘʟʨʷʜʳ, ʚʦʣʥʦʚʳʝ ʧʘʢʝʪʳ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʢʘʙʝʣʴʥʘʷ ʠʟʦʣʷʮʠʷ. 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʚʩʸ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʦʪʨʘʩʣʝʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʥʘʱʘʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʪʨʫʜʘ 

ʣʶʜʝʡ ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ. ʅʝ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʝʥʠʝʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʢʘʙʝʣʝʡ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1] ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 1) ʧʦʜʛʦʪʦʚʢʘ ʩʳʨʴʷ; 2) ʚʦʣʦʯʝʥʠʝ ʧʨʦʚʦʣʦʢʠ; 

3) ʩʢʨʫʪʢʘ ʞʠʣ; 4) ʥʘʣʦʞʝʥʠʝ ʠʟʦʣʷʮʠʠ; 5) ʥʘʣʦʞʝʥʠʝ 

ʧʨʦʚʦʜʷʱʝʛʦ ʵʢʨʘʥʘ; 6) ʩʢʨʫʪʢʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʞʠʣ; 7) 
ʥʘʣʦʞʝʥʠʝ ʦʙʱʝʛʦ ʵʢʨʘʥʘ; 8) ʥʘʣʦʞʝʥʠʝ ʦʙʦʣʦʯʢʠ ʠ 9) ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ. ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ, ʪʘʢ ʢʘʢ ʥʘ 

ʥʸʤ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘʩʢʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚʩʝ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ. 
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ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʢʘʙʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ 

ʢʘʙʝʣʴʥʦʡ ʠʟʦʣʷʮʠʠ ʥʘ ʏʈ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 55191-2012 

"ʯʘʩʪʠʯʥʳʡ ʨʘʟʨʷʜ (ʏʈ) (partial discharge (PD): ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʨʘʟʨʷʜ, ʢʦʪʦʨʳʡ ʰʫʥʪʠʨʫʝʪ ʣʠʰʴ ʯʘʩʪʴ ʠʟʦʣʷʮʠʠ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʧʦʜ ʨʘʟʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ" [2]. ʏʈ 
ʚʦʟʥʠʢʘʶʪ ʚ ʠʟʦʣʷʮʠʦʥʥʳʭ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʷʭ, 

ʤʠʢʨʦʪʨʝʱʠʥʘʭ, ʯʘʩʪʠʯʢʘʭ ʧʨʠʤʝʩʝʡ, ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʟʘʛʨʷʟʥʝʥʠʠ. ʀʭ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠ 

ʵʪʦʤ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʝʡ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʤʝʭ, ʰʫʤʦʚ, ʥʘʚʦʜʦʢ ʠ ʧʨ. ʏʪʦʙʳ 

ʦʪʜʝʣʠʪʴ ʏʈ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʜʘʪʯʠʢʘʤʠ ʦʩʮʠʣʣʦʛʨʘʤʤʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 
ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʠʤʧʫʣʴʩʳ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʠʟʣʠʰʥʝʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʠʭ ʦʙʨʘʙʦʪʢʫ. 

ɼʣʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʙʝʣʴʥʦʡ 

ʠʟʦʣʷʮʠʠ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ ʏʈ [3] ʙʳʣ 
ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʇʦʷʩʥʠʤ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 1. 

ʉʥʘʯʘʣʘ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ʠʟ ʦʩʮʠʣʣʦʛʨʘʤʤʳ, ʚʟʷʪʳʝ ʧʦ ʤʦʜʫʣʶ, 

ʟʘʥʦʩʷʪʩʷ ʚ ʤʘʩʩʠʚ Osc, ʠʟ ʢʦʪʦʨʦʛʦ ʟʘʪʝʤ ʫʜʘʣʷʶʪʩʷ ʚʩʝ ʦʪʩʯʸʪʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 2-ʦʡ ʠ 4-ʦʡ ʯʝʪʚʝʨʪʠ ʧʝʨʠʦʜʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʪ.ʢ. ʚ ʵʪʠ ʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʠ ʏʈ 

ʥʝ ʧʨʦʠʩʭʦʜʷʪ. ɿʘʪʝʤ ʤʘʩʩʠʚ Osc ʜʣʷ ʫʜʦʙʩʪʚʘ ʜʘʣʴʥʝʡʰʝʡ 
ʦʙʨʘʙʦʪʢʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʠʩʣʦ ʧʦʣʫʧʝʨʠʦʜʦʚ ʜʝʡʩʪʚʠʷ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ k, ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʧʦʣʫʧʝʨʠʦʜʘ 

ʟʘʥʦʩʷʪʩʷ ʚ ʦʪʜʝʣʴʥʫʶ ʩʪʨʦʢʫ ʤʘʩʩʠʚʘ ɸ. ɿʘʪʝʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʤʘʩʩʠʚ ɺ (ʢʦʧʠʷ ʤʘʩʩʠʚʘ ɸ) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʤʘʩʩʠʚʘ ʠ ʩʦʭʨʘʥʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

ʊʘʢʞʝ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ ʉ, ʚ ʢʦʪʦʨʳʡ ʙʫʜʫʪ 

ʟʘʥʦʩʠʪʴʩʷ ʠʥʪʝʨʚʘʣʳ ʠʥʜʝʢʩʦʚ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ. ɼʘʣʝʝ 

ʟʥʘʯʝʥʠʷ ʚ ʤʘʩʩʠʚʝ ɺ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʧʦ ʤʝʪʦʜʫ ʩʢʦʣʴʟʷʱʝʡ 
ʩʨʝʜʥʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʩʩʠʚ ɺ' ʪʦʡ ʞʝ 

ʨʘʟʤʝʨʥʦʩʪʠ, ʯʪʦ ʠ ɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʚ ʤʘʩʩʠʚʝ ɺ' 

ʚʳʯʠʩʣʷʶʪʩʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʠʛʥʘʣ ʚ 

ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ. 
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ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʦʪʢʨʳʚʘʝʪʩʷ ʮʠʢʣ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʭʦʜ ʧʦ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʤʘʩʩʠʚʘ ɺ'. ʅʘ 

ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʮʠʢʣʘ ʩʦʟʜʘʸʪʩʷ ʤʘʩʩʠʚ ʉk1, ʷʚʣʷʶʱʠʡʩʷ 

ʵʣʝʤʝʥʪʦʤ ʤʘʩʩʠʚʘ ʉ, ʚ ʢʦʪʦʨʳʡ ʙʫʜʫʪ ʟʘʥʦʩʠʪʴʩʷ ʧʘʨʳ ʟʥʘʯʝʥʠʡ 

ʠʥʜʝʢʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʦʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʝʨʚʳʡ ʠ 

ʧʦʩʣʝʜʥʠʡ ʠʥʜʝʢʩʳ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ. ɿʘʪʝʤ ʚ ʪʝʢʫʱʝʡ ʩʪʨʦʢʝ 
ʤʘʩʩʠʚʘ ɺ' ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʠʩʢ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʛʨʫʧʧʳ ʥʝʧʨʝʨʳʚʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʜʚʫʤ ʫʩʣʦʚʠʷʤ: 

ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ʙʦʣʴʰʝ ʠʣʠ 

ʨʘʚʥʦ ʧʘʨʘʤʝʪʨʫ a, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʬʦʥʦʚʳʭ ʧʦʤʝʭ; 

ʯʠʩʣʦ ʦʪʩʯʸʪʦʚ ʚ ʚʦʣʥʦʚʦʤ ʧʘʢʝʪʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ ʠʣʠ 

ʨʘʚʥʦ ʧʘʨʘʤʝʪʨʫ ʊ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʤʠʥʠʤʘʣʴʥʫʶ ʜʣʠʥʫ 
ʠʤʧʫʣʴʩʘ ʏʈ. 

ʊʘʢ ʢʘʢ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦ, ʩʢʦʣʴʢʦ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ, ʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʠʚʦʚ ʉk1 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ, ʧʦʵʣʝʤʝʥʪʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʚʳʭʦʜʝ 

ʮʠʢʣʘ ʤʳ ʧʦʣʫʯʘʝʤ ʤʘʩʩʠʚ ʉ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʩʩʠʚʘʤʠ ʉk1 ʨʘʟʤʝʨʦʤ bx2, ʛʜʝ b - ʯʠʩʣʦ 

ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʤʘʩʩʠʚʘ ɺ', ʘ ʟʥʘʯʝʥʠʷ 
ʵʣʝʤʝʥʪʦʚ ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʤʘʩʩʠʚʦʚ ʉk1 ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤʠ ʠ 

ʧʦʩʣʝʜʥʠʤʠ ʠʥʜʝʢʩʘʤʠ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʪʨʦʢʠ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʧʦ ʠʥʜʝʢʩʘʤ, 

ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʤʘʩʩʠʚʝ ʉ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʠʩʢ ʢʫʩʦʯʢʦʚ 

ʦʩʮʠʣʣʦʛʨʘʤʤ ʚ ʤʘʩʩʠʚʝ ɸ, ʛʜʝ ʦʥʠ ʙʳʣʠ ʩʦʭʨʘʥʝʥʳ ʠ ʥʝ 

ʠʟʤʝʥʷʣʠʩʴ. ʅʘʡʜʝʥʥʳʝ ʚʦʣʥʦʚʳʝ ʧʘʢʝʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʤʘʩʩʠʚʳ Sz1 ʠ ʟʘʥʦʩʷʪʩʷ ʚ ʤʘʩʩʠʚ S. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ 

ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʠʟ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ 

ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʠʤʧʫʣʴʩʦʚ ʏʈ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʙʨʘʟʦʤ ʧʦʜʛʦʪʦʚʠʪʴ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. 
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ʉɽʂʎʀʗ 2. ʍʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 

 

ʅʠʢʠʪʠʥ ʀ. ɺ
1
., ʌʝʜʦʪʦʚʘ ʂ. ʇ

2
., ʏʝʨʥʳʰʝʚʘ ɻ. ʅ

3
. 

1
ɸʩʧʠʨʘʥʪ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʥʘʫʢʠ ʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ʌʘʚʦʨʩʢʦʛʦ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʨʀʍ ʉʆ ʈɸʅ); 
2
ʉʪʫʜʝʥʪ, ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè (ʌɻɹʆʋ ɺʆ çʀɻʋè), ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ; 
3
ʂʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʌʝʜʝʨʘʣʴʥʦʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ʌʘʚʦʨʩʢʦʛʦ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ (ʀʨʀʍ ʉʆ ʈɸʅ) 

 

ʉʀʅʊɽɿ N-(2,2,2-ʊʈʀʍʃʆʈʕʊʀʃ)ɸʈɽʅʉʋʃʔʌʆʅɸʄʀɼʆɺ 

ʀ ʀʍ ʈɽɸʂʎʀʀ ʉ ɻɸʃʆɻɽʅɿɸʄɽʑɽʅʅʓʄʀ 

ʕʃɽʂʊʈʆʌʀʃɸʄʀ 
 

N-(ʇʦʣʠʭʣʦʨʵʪʠʣ)ʘʤʠʜʳ ʩʫʣʴʬʦʢʠʩʣʦʪ ʷʚʣʷʶʪʩʷ 

ʠʥʪʝʨʝʩʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [1], ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ 

ʢʣʶʯʝʚʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʧʫʪʠ ʧʦʣʫʯʝʥʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 
ʧʨʦʠʟʚʦʜʥʳʭ ʩʫʣʴʬʦʥʘʤʠʜʥʦʛʦ ʨʷʜʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʘʤʠʥʦʢʠʩʣʦʪʳ [2], ʘʤʠʜʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪ [3], ʘʤʠʥʦʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [4], 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ï ʘʟʠʨʠʜʠʥʳ [4-

6], ʙʝʥʟʦʬʫʨʘʥʳ [7], ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠʤʠʜʘʟʦʣʘ [8-

10]. 
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ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʧʦʣʠʭʣʦʨʵʪʠʣʩʫʣʴʬʦʥʘʤʠʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ 

ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

N,N-ʜʠʭʣʦʨʘʨʝʥʩʫʣʴʬʦʥʘʤʠʜʦʚ (I) ʩ ʚʠʥʠʣʠʜʝʥʭʣʦʨʠʜʦʤ [11] ʠ 
ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʪʨʠʭʣʦʨʵʪʠʣʩʫʣʴʬʦʥʘʤʠʜʦʚ (II) ʩ ʚʳʭʦʜʦʤ 

ʜʦ 92%. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʩʦʝʜʠʥʝʥʠʡ (II ) 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʛʨʝʚʘʥʠʝ ʨʝʘʛʝʥʪʦʚ ʚ ʪʝʯʝʥʠʝ 6 ʯ ʚ ʭʣʦʨʙʝʥʟʦʣʝ, 

ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ) 

ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ  

N-ʭʣʦʨ-ʘʜʜʫʢʪʦʚ (ɸ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠʥʠʮʠʘʪʦʨʦʚ ʨʘʜʠʢʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (ɼɸʂ ʠʣʠ ʧʝʨʝʢʠʩʴ ʙʝʥʟʦʠʣʘ) ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ 
ʨʝʘʢʮʠʶ, ʦʜʥʘʢʦ ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʪʨʠʭʣʦʨʵʪʠʣʘʤʠʜʦʚ (II ), 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʩʣʝʜʩʪʚʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʨʠʭʣʦʨʵʪʠʣʘʨʝʥʩʫʣʴʬʦʥʘʤʠʜʳ (II) ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʬʠʣʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

N-ʘʣʢʠʣʠʨʦʚʘʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ (III ). ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ 

ʩʦʝʜʠʥʝʥʠʡ (III ) ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʝʘʛʝʥʪʦʚ ʚ 
ɼʄʌɸ ʠʣʠ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ɼʄʌɸ ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʤʝʪʦʜʘ. 

ArSO2NCl2 +

Cl

Cl

100oC, 6 ʯ
ʭʣʦʨʙʝʥʟʦʣ

N

Cl

ArSO2

Cl
Cl

Cl

NaHSO3

N

H

ArSO2

Cl
Cl

Cl
I

I I  (73-92%)

N

H

ArSO2

Cl
Cl

Cl
I I

+ R-X

4-7 ʯ, 40-70oC

K2CO3, CH3CN
N

R

ArSO2

Cl
Cl

Cl

I I I  (83-95%)

A

Ar = Ph, 4-MeCH4, 4-ClC6H4,

X = I, Br, Cl,
R = Et, n-Pr, n-Bu, Bz, -CH2CN, -CHCH=CH2.

 

ɺ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʧʝʨʚʠʯʥʳʝ 

ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʳ, ʘʣʣʠʣʛʘʣʦʛʝʥʠʜʳ, ʭʣʦʨʘʮʝʪʦʥʠʪʨʠʣ ʠ 
ʙʝʥʟʠʣʭʣʦʨʠʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʪʦʨʠʯʥʳʝ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʳ 
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ʚʦʚʣʝʯʴ ʚ ʨʝʘʢʮʠʶ ʥʝ ʫʜʘʣʦʩʴ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʣʠʷʥʠʝʤ 

ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ (II , I II) ʜʦʢʘʟʘʥʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. 

ʅʘʣʠʯʠʝ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʢʨʘʪʥʳʭ 

ʩʚʷʟʝʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʥʦʚʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʫʣʴʬʦʥʘʤʠʜʥʳʭ 
ʧʨʦʠʟʚʦʜʥʳʭ (II , III ) ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʧʦʣʫʧʨʦʜʫʢʪʘʤʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʦʯʝʚʠʜʥʳʤʠ 

ʧʨʝʢʫʨʩʦʨʘʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʮʠʢʣʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 
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ʉɽʂʎʀʗ 3. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 

 
1
ʉʫʭʠʭ ʉ.ɸ., 

2
ʂʨʫʤʣʠʢʦʚ ɺ.ʖ., 

3
ɹʘʙʠʯ ʆ.ʆ. 

 
1
ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ; 

2
ʘʩʧʠʨʘʥʪ; 

 
3
ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʝʤʝʨʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʫʥʠʚʝʨʩʠʪʝʪ)è 

 
ʀɿʋʏɽʅʀɽ ɹʀʆʉʆɺʄɽʉʊʀʄʆʉʊʀ ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ, 

ɺʓɼɽʃɽʅʅʓʍ ʀɿ ʅɸʎʀʆʅɸʃʔʅʓʍ ʂɸɿɸʍʉʂʀʍ  

ʂʀʉʃʆʄʆʃʆʏʅʓʍ ʅɸʇʀʊʂʆɺ 

 

ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʟʫʯʝʥʠʝ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʩʚʝʪʝ ʚʥʝʜʨʝʥʠʷ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʮʠʢʣʳ ʤʝʪʦʜʘ ʩʦʚʤʝʩʪʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʝʧʘʨʘʪʦʚ ʠ 

ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ ʰʪʘʤʤʦʚ ʤʦʣʦʯʥʦʢʠʩʣʳʭ 
ʙʘʢʪʝʨʠʡ [5]. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʰʪʘʤʤʳ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ 

ʘʥʪʘʛʦʥʠʟʤʦʤ ʢ ʧʘʪʦʛʝʥʥʳʤ ʠ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ ʠ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʘʥʪʘʛʦʥʠʟʤʘ ʢ ʜʨʫʛʠʤ 

ʰʪʘʤʤʘʤ ʵʪʦʛʦ ʞʝ ʨʦʜʘ [1]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʧʣʦʪʥʦʡ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʄʈʉ. ʉʫʪʦʯʥʫʶ ʢʫʣʴʪʫʨʫ, ʚʳʨʘʱʝʥʥʫʶ ʥʘ 
ʞʠʜʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʫʶ ʧʦ ʩʪʘʥʜʘʨʪʫ 

ʤʫʪʥʦʩʪʠ, ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʪʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ 

ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʡ ʧʝʪʣʝʡ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ [4]. 

ʇʦʩʣʝ ʚʧʠʪʳʚʘʥʠʷ ʢʘʧʣʠ, ʦʪʩʪʫʧʠʚ 1ï2 ʤʤ ʦʪ ʝʝ ʢʨʘʷ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʡ ʞʝ ʩʨʝʜʳ ʥʘʥʦʩʠʣʠ ʚ ʪʦʤ ʞʝ ʦʙʲʝʤʝ ʢʘʧʣʶ ʜʨʫʛʦʡ 

ʠʩʧʳʪʫʝʤʦʡ ʢʫʣʴʪʫʨʳ, ʢʦʪʦʨʘʷ, ʨʘʩʪʝʢʘʷʩʴ, ʧʨʠʤʝʨʥʦ ʥʘʧʦʣʦʚʠʥʫ 

ʧʦʢʨʳʚʘʣʘ ʧʝʨʚʫʶ ʢʘʧʣʶ. 
ɺ ʥʘʣʦʞʝʥʥʦʡ ʯʘʩʪʠ ʢʫʣʴʪʫʨʳ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʠ ʚʟʘʠʤʥʦʤ 

ʧʨʠʩʫʪʩʪʚʠʠ (ʩʦʚʤʝʩʪʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ), ʢʦʥʢʫʨʠʨʫʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. ʇʦʩʣʝ ʧʦʜʩʳʭʘʥʠʷ ʚʪʦʨʦʡ ʢʘʧʣʠ ʯʘʰʢʠ ʩ ʧʦʩʝʚʘʤʠ 

ʧʝʨʝʚʦʨʘʯʠʚʘʣʠ ʚʚʝʨʭ ʜʥʦʤ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 28-32 Áʉ ʚ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ʂʘʞʜʳʡ ʦʧʳʪ ʩʪʘʚʠʣʠ ʚ ʜʚʫʭ ʧʦʚʪʦʨʘʭ, ʤʝʥʷʷ 

ʧʦʣʦʞʝʥʠʷ ʢʫʣʴʪʫʨ (ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʩʣʦʝʥʠʷ ʢʘʧʝʣʴ ʢʫʣʴʪʫʨ ʥʘ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ 
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ʚ ʟʦʥʝ ʩʦʚʤʝʩʪʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ). ʂʦʥʪʨʦʣʝʤ ʩʣʫʞʠʣʠ ʢʘʧʣʠ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʫʣʴʪʫʨʳ, ʥʘʩʣʦʝʥʥʳʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʧʦ 

ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ. 

ʋʯʝʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 24 ʠ 48 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʠʥʢʫʙʘʮʠʠ. ʇʨʠ ʟʘʜʝʨʞʢʝ ʨʦʩʪʘ ʦʜʥʦʡ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʢʫʣʴʪʫʨ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ 
ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʠʝ, ʘ ʩʘʤʠ ʢʫʣʴʪʫʨʳ ʦʪʥʦʩʠʣʠ ʚ ʢʘʪʝʛʦʨʠʶ 

ʙʠʦʥʝʩʦʚʤʝʩʪʠʤʳʭ. ʂʫʣʴʪʫʨʳ ʩʯʠʪʘʣʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ ʚ ʩʣʫʯʘʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʣʥʦʛʦ ʩʣʠʷʥʠʷ ʧʷʪʝʥ, ʠʣʠ ʫʩʠʣʝʥʠʷ ʨʦʩʪʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʚ ʟʦʥʝ ʩʦʚʤʝʩʪʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

(ʤʫʪʫʘʣʠʟʤ, ʩʠʥʝʨʛʠʟʤ, ʩʘʪʝʣʣʠʟʤ). ɽʩʣʠ ʦʜʥʘ ʠʟ ʢʫʣʴʪʫʨ ʚ ʟʦʥʝ 

ʩʦʚʤʝʩʪʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚʳʭʦʜʠʪ ʥʘʚʝʨʭ, ʧʦʜʘʚʣʷʷ ʨʦʩʪ 

ʚʪʦʨʦʡ ʢʫʣʴʪʫʨʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʥʘʥʝʩʝʥʠʷ, 

ʪʘʢʦʡ ʚʘʨʠʘʥʪ ʨʘʩʮʝʥʠʚʘʣʠ ʢʘʢ ʩʣʘʙʳʡ ʘʥʪʘʛʦʥʠʟʤ [3]. 
ʅʘʣʠʯʠʝ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ ʟʦʥʳ ʫʛʥʝʪʝʥʠʷ (ʟʘʜʝʨʞʢʠ 

ʨʦʩʪʘ) ʦʜʥʦʡ ʢʫʣʴʪʫʨʳ ʧʦ ʧʝʨʠʬʝʨʠʠ ʧʷʪʥʘ ʜʨʫʛʦʡ ʠʩʧʳʪʫʝʤʦʡ 

ʢʫʣʴʪʫʨʳ ʨʘʩʮʝʥʠʚʘʣʠ ʢʘʢ ʧʨʠʟʥʘʢ ʩʠʣʴʥʦʛʦ ʘʥʪʘʛʦʥʠʟʤʘ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚʳʜʝʣʝʥʥʳʝ ʰʪʘʤʤʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʯʝʪʳʨʝ ʢʘʪʝʛʦʨʠʠ: ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ, 

ʙʠʦʥʝʩʦʚʤʝʩʪʠʤʳʝ, ʰʪʘʤʤʳ ʩʦ ʩʣʘʙʳʤ ʘʥʪʘʛʦʥʠʟʤʦʤ ʠ ʰʪʘʤʤʳ, 

ʧʨʦʷʚʣʷʶʱʠʝ ʩʠʣʴʥʦʝ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ. ʈʝʟʫʣʴʪʘʪʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1 ï ɹʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʰʪʘʤʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʘʟʘʭʩʢʠʭ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʥʘʧʠʪʢʦʚ 
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Lactobacillus 

delbrueckii subsp. 

bulgaricus 

- ɹʅʉ ɹʅʉ ʉɸ ɹʉ ɹʉ ɹʅʉ ʉɸ ɹʅʉ ʉɸ 

Lactococcus 

lactis subsp. lactis 
ɹʅʉ - ʉɸ ɹʉ ɹʉ ɹʉ ɹʅʉ ɹʉ ɹʉ ɹʉ 

Lactobacillus 

paracasei 
ɹʅʉ ʉɸ - ɹʉ ɹʅʉ ɹʉ ʉɸ ɹʉ ɹʅ ɹʅ 

Pediococcus 

acidilactici 
ʉɸ ɹʉ ɹʉ - ɹʉ ɹʉ ɹʅʉ ɹʉ ɹʉ ɹʅʉ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

Lactobacillus 

acidophilus 
ɹʉ ɹʉ ɹʅʉ ɹʉ - ɹʉ ɹʉ ɹʅʉ ɹʅ ɹʅʉ 

Lactobacillus 

fermentum 
ɹʉ ɹʉ ɹʉ ɹʉ ɹʉ - ɹʅʉ ʉɸ ɹʅʉ ʉɸ 

Lactococcus 

lactis subsp. lactis 

biovar 

ɹʅʉ ɹʅʉ ʉɸ ɹʅʉ ɹʉ ɹʅʉ - ɹʅʉ ʉɸ ɹʅ 

Pediococcus 

damnosus 
ʉɸ ɹʉ ɹʉ ɹʉ ɹʅʉ ʉɸ ɹʅʉ - ɹʉ ɹʉ 

Streptococcus 

thermophilus 
ɹʅʉ ɹʉ ɹʅ ɹʉ ɹʅ ɹʅ ʉɸ ɹʉ - ɹʉ 

Lactobacillus 

gallinarum 
ʉɸ ɹʉ ɹʅ ɹʅ ɹʅʉ ʉɸ ɹʅ ɹʉ ɹʉ - 

 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 1, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʰʪʘʤʤ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ Lactobacillus delbrueckii subsp. Bulgaricus 

ʩʦʚʤʝʩʪʠʤ Lactobacillus acidophilus, Lactobacillus fermentum,; 

ʪhʘʤʤ Lactococcus lactis subsp. Lactis ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʥʝ 

ʧʦʜʘʚʣʷʝʪ ʨʘʟʚʠʪʠʝ ʰʪʘʤʤʦʚ Pediococcus acidilactici, Lactobacillus 

acidophilus, Lactobacillus fermentum, Pediococcus damnosus, 

Streptococcus thermophiles, Lactobacillus gallinarum; ʰʪʘʤʤ 

Pediococcus acidilactici ʧʨʦʷʚʣʷʝʪ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 
Lactobacillus fermentum, Pediococcus damnosus, Lactobacillus 

paracasei; ʰʪʘʤʤ Lactococcus lactis subsp. Lactis ʧʨʦʷʚʣʷʝʪ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩʦ ʰʪʘʤʤʘʤʠ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ 

Lactobacillus paracasei, Lactobacillus acidophilus, Lactobacillus 

fermentum, Pediococcus damnosus, Streptococcus thermophiles ʠ 

Pediococcus acidilactici; ʰʪʘʤʤ Lactobacillus delbrueckii subsp. 

bulgaricus ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʰʪʘʤʤʦʚ 

Lactococcus lactis subsp. lactis, Pediococcus acidilactici, 
Lactobacillus fermentum, Lactococcus lactis subsp. Lactis biovar ʠ 

Lactobacillus acidophilus; ʰʪʘʤʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʘʟʘʭʩʢʠʭ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʥʘʧʠʪʢʦʚ Lactobacillus 

delbrueckii subsp. bulgaricus ʧʨʦʷʚʣʷʝʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ Lactococcus lactis subsp. lactis, Lactobacillus 

paracasei, Pediococcus acidilactici, Lactobacillus acidophilus ʠ 

Lactobacillus fermentum; ʰʪʘʤʤ Lactococcus lactis subsp. lactis 
biovar ʩʦʚʤʝʩʪʠʤ ʩ Lactobacillus acidophilus; ʤʠʢʨʦʦʨʛʘʥʠʟʤ 

Pediococcus damnosus ʧʨʦʷʚʣʷʝʪ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ Lactococcus 

lactis subsp. lactis, Lactobacillus paracasei, Pediococcus acidilactici, 

Streptococcus thermophiles ʠ Lactobacillus gallinarum; ʪhʘʤʤ 

Streptococcus thermophiles ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʥʝ ʧʦʜʘʚʣʷʝʪ 
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ʨʘʟʚʠʪʠʝ ʰʪʘʤʤʦʚ Lactococcus lactis subsp. lactis, Pediococcus 

acidilactici, Pediococcus damnosus, Lactobacillus gallinarum; 

ʰʪʘʤʤ Lactobacillus gallinarum ʧʨʦʷʚʣʷʝʪ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

Lactococcus lactis subsp. lactis, Pediococcus damnosus, 

Streptococcus thermophilus. 

ʇʦʣʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʪʦʣʴʢʦ ʜʣʷ ʯʝʪʳʨʝʭ 
ʰʪʘʤʤʦʚ Lactobacillus gallinarum (ʢʫʨʫʥʛʘ), Streptococcus 

thermophilus (ʢʫʤʳʩ), Lactococcus lactis subsp. lactis (ʘʡʨʘʥ), 

Pediococcus damnosus (ʯʝʛʝʥʴ). 
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ʉɽʂʎʀʗ 4. ʄʝʜʠʮʠʥʩʢʠʝ ʥʘʫʢʠ 

 

 

ɻʝʚʦʥʜʷʥ ʊ.ɸ.,
1
  ʂʘʨʘʧʝʪʷʥ ʂ.ɺ.,

2
 ʍʘʯʘʪʨʷʥ ɺ.ʇ.,

3
   

ɼʘʥʠʝʣʷʥ ʄ. ɸ.,
4
 ʅʘʟʘʨʷʥ ʆ.ɸ.,

5
 ʄʝʣʢʦʥʷʥ ʅ.ʅ.,

6
  

ɻʝʚʦʥʜʷʥ ɸ.ʊ.,
7
 ɸʥʪʦʥʷʥ ʀ.ɺ.,

8
 ʆʚʘʥʠʩʷʥ ʉ.

9
 

1
ʈʫʢʦʚʦʜʠʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ, ʜ.ʤ.ʥ., ʧʨʦʬ., 

2
ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ, 
3
ɸʩʧʠʨʘʥʪ, 

4
ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʢ.ʙ.ʥ., 

5
ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ, ʢ.ʙ.ʥ., 
6
ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʢ.ʙ.ʥ., 

7
ɺʨʘʯ, 

ʜʦʙʨʦʚʦʣʝʮ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ, 
8
ʉʪʫʜʝʥʪʢʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ɸʢʘʜʝʤʠʠ 

ʆʙʨʘʟʦʚʘʥʠʷ ɸʨʤʝʥʠʠ, 
9
ʉʪʫʜʝʥʪʢʘ ɽʨʝʚʘʥʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʄʝʜʠʮʠʥʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ 

ʃʘʙʦʨʘʪʦʨʠʷ ʛʠʩʪʦʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʅʀʀ 

ʌʠʟʠʦʣʦʛʠʠ ʅɸʅ ʈʝʩʧʫʙʣʠʢʠ ɸʨʤʝʥʠʷ 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʛʣʦʤʝʨʫʣʷʨʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʯʢʠ ʧʨʠ ʘʣʢʦʛʦʣʴʥʦʡ 

ʠʥʪʦʢʩʠʢʘʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʘʫʨʠʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ: ɸʣʢʦʛʦʣʠʟʤ ʷʚʣʷʝʪʩʷ ʩʦʮʠʘʣʴʥʳʤ ʟʣʦʤ 

ʦʢʘʟʳʚʘʶʱʠʤ ʨʘʟʨʫʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ, ʥʘ 

ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥ, ʥʘ ʧʩʠʭʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ ʦʙʱʝʩʪʚʘ. ʇʦʠʩʢʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʠʩʢʦʨʝʥʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʘʣʢʦʛʦʣʠʟʤʘ, ʝʛʦ ʣʝʯʝʥʠʷ, ʣʝʯʝʥʠʷ ʝʛʦ ʧʩʠʭʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʩʣʦʞʥʝʥʠʡ ʝʱʝ ʜʦʣʛʦ ʙʫʜʫʪ ʘʢʪʫʘʣʴʥʳʤʠ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ. 

ɸʣʢʦʛʦʣʴ ʠʤʝʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ ʦʨʛʘʥ-ʩʠʩʪʝʤʳ 

ʦʨʛʘʥʠʟʤʘ. ʈʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʯʝʢ ʧʨʠ ʘʣʢʦʛʦʣʴʥʦʡ 
ʠʥʪʦʢʩʠʢʘʮʠʠ ʧʦʩʚʷʱʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟʫʯʝʥʠʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ʙʦʣʴʰʠʭ ʜʦʟ ʘʣʢʦʛʦʣʷ ʥʘ ʢʘʥʘʣʴʮʝʚʳʡ ʘʧʧʘʨʘʪ 

ʧʦʯʝʢ. ʄʝʥʝʝ ʠʟʫʯʝʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʩʦʩʪʦʷʥʠʝ ʛʣʦʤʝʨʫʣʷʨʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʦʯʝʢ ʠ ʚʣʠʷʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʠʝʤʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʫʤʝʨʝʥʥʳʭ ʜʦʟ ʘʣʢʦʛʦʣʷ ʥʘ ʧʦʯʢʫ. 

ʎʝʣʴ: ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ 

ʢʦʣʠʯʝʥʩʪʚʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʳ ʪʘʫʨʠʥʘ ʥʘ 
ʩʦʩʪʦʷʥʠʝ ʢʣʫʙʦʯʢʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʯʝʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ ʧʨʠʥʠʤʘʚʰʠʭ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʫʤʝʨʝʥʥʳʝ ʜʦʟʳ ʘʣʢʦʛʦʣʷ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ: ʆʙʲʝʢʪʦʤ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ 

ʧʦʯʢʠ ʙʝʣʳʭ ʙʝʩʧʦʨʦʜʥʳʭ ʢʨʳʩ ʪʨʝʭʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʂʨʳʩ 

ʧʦʠʣʠ ʝʞʝʜʥʝʚʥʦ 15% ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, 

ʚʤʝʩʪʦ ʚʦʜʳ. ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʪʘʫʨʠʥʘ ʚʚʦʜʠʣʠ ʞʠʚʦʪʥʳʤ 
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ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʧʦʩʣʝ ʢʫʨʩʘ ʧʨʠʝʤʘ ʘʣʢʦʛʦʣʷ  ʚ ʜʦʟʝ 50 ʤʛ ʥʘ 1 

ʢʛ ʚʝʩʘ. ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 7 ʛʨʫʧʧʘʤ: I-ʠʥʪʘʢʪʥʳʝ 

ʞʠʚʦʪʥʳʝ -ʢʦʥʪʨʦʣʴ, IIʘ-ʧʨʠʝʤ ʘʣʢʦʛʦʣʷ 10 ʜʥʝʡ, IIʙ -ʧʨʠʝʤ 

ʘʣʢʦʛʦʣʷ 10 ʜʥʝʡ ʠ 1 ʥʝʜʝʣʷ ʣʝʯʝʥʠʝ ʪʘʫʨʠʥʦʤ, IIIʘ-ʧʨʠʝʤ 

ʘʣʢʦʛʦʣʷ 1ʤʝʩʷʮ, IIIʙ -ʧʨʠʝʤ ʘʣʢʦʛʦʣʷ 1 ʤʝʩʷʮ ʠ 1 ʥʝʜʝʣʷ ʣʝʯʝʥʠʝ 

ʪʘʫʨʠʥʦʤ, IVʘ -ʧʨʠʝʤ ʘʣʢʦʛʦʣʷ 3 ʤʝʩʷʮʘ, IVʙ -ʧʨʠʝʤ ʘʣʢʦʛʦʣʷ 3 
ʤʝʩʷʮʘ ʠ ʣʝʯʝʥʠʝ 1 ʥʝʜʝʣʷ ʪʘʫʨʠʥʦʤ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʯʝʢ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʘʨʘʬʠʥʦʚʳʭ ʩʨʝʟʘʭ 

ʪʦʣʱʠʥʦ ʁʚ 3-5ʤʢʤ, ʦʢʨʘʰʝʥʥʳʭ ʛʝʤʘʪʦʢʩʠʣʠʥ ʵʦʟʠʥʦʤ, ʐʀʂ-

ʨʝʘʢʮʠʝʡ ʠ ʪʨʝʭʮʚʝʪʥʳʤ ʤʝʪʦʜʦʤ ʄʘʣʣʦʨʠ, ʥʘ ʧʦʣʫʪʦʥʢʠʭ ʩʨʝʟʘʭ 

ʪʦʣʱʠʥʦʶ 0,6ʤʢʤ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʩʧʦʩʦʙʫ ʧʨʠʟʥʘʥʥʳʤ 

ʠʟʦʙʨʝʪʝʥʠʝʤ. ʉʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʧʣʘʥʠʤʝʪʨʠʯʝʩʢʠʤʠ 

ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʠʣʠ ʦʙʱʫʶ ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʯʝʢ, ʧʦʩʯʠʪʘʣʠ ʘʙʩʦʣʶʪʥʦʝ ʯʠʩʣʦ 
ʟʜʦʨʦʚʳʭ ʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʫʙʦʯʢʦʚ ʚ ʢʘʞʜʦʤ ʧʨʝʧʘʨʘʪʝ, 

ʚʳʯʠʩʣʠʣʠ ʯʠʩʣʦʚʫʶ ʧʣʦʪʥʦʩʪʴ ʢʘʢ ʚʩʝʭ ʢʣʫʙʦʯʢʦʚ, ʪʘʢ ʠ 

ʟʜʦʨʦʚʳʭ ʢʣʫʙʦʯʢʦʚ, ʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʫʙʦʯʢʦʚ, ʦʪʜʝʣʴʥʦ. ɿʘ 

ʧʦʚʨʝʞʜʝʥʥʳʝ ʢʣʫʙʦʯʢʠ ʥʘʤʠ ʧʨʠʥʷʪʳ ʪʝ ʛʣʦʤʝʨʫʣʣʳ, ʛʜʝ 

ʠʤʝʣʠʩʴ ʧʣʦʪʥʦʚʘʪʳʝ ʘʮʠʜʦʬʠʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʥʫʪʨʠ 

ʩʦʩʫʜʠʩʪʦʛʦ ʢʣʫʙʦʯʢʘ, ʛʜʝ ʧʨʦʩʚʝʪ ʢʘʧʠʣʣʷʨʦʚ ʥʝ 

ʧʨʦʩʤʘʪʨʠʚʘʣʩʷ. ʇʦʣʫʯʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʦʪʘʥʳ 
ʤʝʪʦʜʘʤʠ ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʈʘʟʥʠʮʫ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʠʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʉʪʶʜʝʥʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʯʠʩʣʘ ʢʣʫʙʦʯʢʦʚ ʧʨʠʭʦʜʠʣʠʩʴ ʥʘ ʛʨʫʧʧʫ ʞʠʚʦʪʥʳʭ 

ʪʨʝʭʤʝʩʷʯʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʪʤʝʯʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʢʣʫʙʦʯʢʦʚ ʧʦʯʝʢ ʥʘ 8% ʫ ʞʠʚʦʪʥʳʭ ʧʨʠʥʷʚʰʠʭ ʘʣʢʦʛʦʣʴ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʘ ʫ ʞʠʚʦʪʥʳʭ,  ʢʦʪʦʨʳʝ ʧʦʩʣʝ 

ʪʨʝʭʤʝʩʷʯʥʦʛʦ ʧʨʠʝʤʘ ʘʣʢʦʛʦʣʷ ʣʝʯʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ 
ʪʘʫʨʠʥʦʤ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʣʫʙʦʯʢʦʚ ʩʦʩʪʘʚʠʣʦ 14%. 

ɿʘʩʣʫʞʠʚʘʝʪ ʩʝʨʴʝʟʥʦʛʦ ʚʥʠʤʘʥʠʷ ʚʳʷʚʣʝʥʥʳʡ ʬʘʢʪ, ʯʪʦ ʜʦʣʷ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʫʙʦʯʢʦʚ ʫ ʞʠʚʦʪʥʳʭ ʧʨʠʥʷʚʰʠʭ ʚ ʪʝʯʝʥʠʝ 3 

ʤʝʩʷʮʝʚ ʘʣʢʦʛʦʣʴ ʩʦʩʪʘʚʠʣʦ 96%, ʘ ʫ ʢʨʳʩ ʣʝʯʝʥʥʳʭ ʪʘʫʨʠʥʦʤ 

ʧʦʩʣʝ ʪʨʝʭʤʝʩʷʯʥʦʛʦ ʧʨʠʝʤʘ ʘʣʢʦʛʦʣʷ ʜʦʣʷ ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʢʣʫʙʦʯʢʦʚ ʩʦʩʪʘʚʠʣʘ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʚʩʝʛʦ 48%. 

ɿʘʢʣʶʯʝʥʠʝ: ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ  ʧʨʠʝʤ ʘʣʢʦʛʦʣʷ ʚ ʫʤʝʨʝʥʥʳʭ ʜʦʟʘʭ ʚʳʟʳʚʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ  ʢʣʫʙʦʯʢʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʯʢʠ. 

ɸʤʠʥʦʢʠʩʣʦʪʘ ʪʘʫʨʠʥ ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʨʘʞʝʥʥʫʶ ʘʣʢʦʛʦʣʝʤ ʧʦʯʢʫ ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʫʙʦʯʢʦʚ. 
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ʉɽʂʎʀʗ 5. ʅʘʫʢʠ ʦ ɿʝʤʣʝ 

 

 

ʂ.ɸ. ʏʝʨʥʦʢʘʣʦʚ, ɸ.ɻ. ɺʘʭʨʦʤʝʝʚ 
ʌɻɹʆʋ ɺʆ çʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʀʨʢʫʪʩʢ  

ʉ.ʀ. ɺʘʩʠʣʴʝʚ, ɽ.ɽ. ʄʠʣʦʩʝʨʜʦʚ 
ʌɻɸʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

 

ɻʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ  ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ  

ʠ ʨʝʤʦʥʪʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ 
 

ʇʦʜ ʬʠʟʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʦʪʢʨʳʪʳʭ ʬʦʥʪʘʥʦʚ (ʨʠʩʫʥʦʢ 1) 

ʧʦʥʠʤʘʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʢʚʘʞʠʥʝ (ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʟʦʥʝ ʦʪʢʨʳʪʦʛʦ 

ʩʪʚʦʣʘ) ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʥʝʧʨʝʜʫʩʤʦʪʨʝʥʥʦʝ 

ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʙʦʪ ʠ ʥʝʫʧʨʘʚʣʷʝʤʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ 

ʬʣʶʠʜʘ ʚ ʩʪʚʦʣ ʩʢʚʘʞʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʩʦʦʨʫʞʝʥʠʷ, 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʨʝʤʦʥʪʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1 - ɸʚʘʨʠʡʥʳʡ ʬʦʥʪʘʥ ʨʘʧʳ ʥʘ ʂʦʚʳʢʪʠʥʩʢʦʤ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ.  

ɼʝʙʠʪ 5300ʤ3/ʩʫʪ, ʚʳʩʦʪʘ ʦʢʦʣʦ 45 ʤʝʪʨʦʚ.   

ʌʦʪʦ ɺʘʭʨʦʤʝʝʚʘ ɸ.ɻ, 1994 ʛ. [3]  

 

ʇʦʜ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʝʤ, ʢʘʢ ʬʠʟʠʯʝʩʢʠʤ ʷʚʣʝʥʠʝʤ, 

ʧʦʥʠʤʘʝʪʩʷ ʧʝʨʝʥʦʩ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ ʠʟ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ 

ʨʘʟʨʝʟ, ʚ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ, ʟʘʧʦʣʥʷʶʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʢʚʘʞʠʥʳ. 

ʆʪʢʨʳʪʳʡ ʬʦʥʪʘʥ ʵʪʦ ʧʦʩʣʝʜʥʷʷ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ, ʢʦʛʜʘ ʧʣʘʩʪʦʚʳʡ ʬʣʶʠʜ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʠʟ ʧʨʦʷʚʣʷʶʱʝʛʦ ʧʣʘʩʪʘ, ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʷʝʪ 
ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʠʟ ʩʢʚʘʞʠʥʳ, ʠ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʬʦʥʪʘʥʠʨʫʝʪ, 

ʠʟʣʠʚʘʝʪʩʷ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʣʘʩʪʦʚʳʝ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʳ 
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ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʚ ʩʢʚʘʞʠʥʫ ʪʦʣʴʢʦ ʠʟ ʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨʦʜ, 

ʥʘʩʳʱʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʣʶʠʜʦʤ [3, 4]. ʇʦʵʪʦʤʫ ʤʦʞʥʦ, 

ʙʝʟʫʩʣʦʚʥʦ, ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʦʪʢʨʳʪʳʭ ʬʦʥʪʘʥʦʚ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦ ʨʘʟʨʝʟʫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʧʨʠʨʦʜʥʳʭ 

ʨʝʟʝʨʚʫʘʨʦʚ, ʧʣʘʩʪʦʚ-ʢʦʣʣʝʢʪʦʨʦʚ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 
ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʠ ʥʘʩʳʱʝʥʥʳʭ ʧʣʘʩʪʦʚʳʤ 

ʬʣʶʠʜʦʤ. ʌʣʶʠʜʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ 

ʥʝʛʦ (ʘʥʦʤʘʣʴʥʦ-ʚʳʩʦʢʦʝ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʘʥʦʤʘʣʴʥʦ-ʥʠʟʢʦʝ 

ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ). 

ʌʣʶʜʦʥʘʩʳʱʝʥʥʦʩʪʴ ʦʙʲʝʢʪʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ 

ʞʠʜʢʦʩʪʴʶ (ʥʝʬʪʴ, ʨʘʧʘ) ʠ (ʠʣʠ) ʛʘʟʦʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 
ʫʩʣʦʚʠʝʤ ʧʨʠ ʦʪʥʝʩʝʥʠʠ ʝʛʦ ʢ ʦʙʲʝʢʪʫ ʚʦʟʤʦʞʥʦʡ ʦʧʘʩʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ ʠ ʦʪʢʨʳʪʦʛʦ ʬʦʥʪʘʥʘ, 

ʥʦ ʥʝ ʜʦʩʪʘʪʦʯʥʳʤ. ʊʦʣʴʢʦ ʩʦʚʤʝʩʪʥʦʝ ʩʦʙʳʪʠʝ - ʥʘʣʠʯʠʝ 

ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ ʠ ʚʳʩʦʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʘʩʪʘ - ʧʦʟʚʦʣʷʝʪ 

ʩʯʠʪʘʪʴ ʵʪʦʪ ʧʣʘʩʪ-ʢʦʣʣʝʢʪʦʨ ʬʘʢʪʦʨʦʤ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʩ ʧʝʨʝʭʦʜʦʤ ʚ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʝ. 
ʂʘʞʜʳʡ ʢʦʥʢʨʝʪʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʳʡ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ 

ʠ ʦʪʢʨʳʪʦʛʦ ʬʦʥʪʘʥʘ, ʧʦ-ʨʘʟʥʦʤʫ ʦʮʝʥʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʣʫʞʙʘʤʠ ʩ ʧʦʟʠʮʠʡ ʦʧʘʩʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʦʩʣʦʞʥʝʥʠʡ ʠ ʘʚʘʨʠʡ. ʕʪʦ ʚʦʩʧʨʠʷʪʠʝ ʟʘʚʠʩʠʪ, ʚʦ-ʧʝʨʚʳʭ, ʦʪ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʤʦʞʥʦʝ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʝ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʦʪ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ 

ʧʦʩʣʝʜʩʪʚʠʡ ʦʪ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ ʠʣʠ ʦʪʢʨʳʪʦʛʦ ʬʦʥʪʘʥʘ 
ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ 

ʠ ʦʪʢʨʳʪʦʛʦ ʬʦʥʪʘʥʘ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪ 

ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʣʦʛʦ-ʬʠʟʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʣʶʠʜʦʩʦʜʝʨʞʘʱʠʭ ʧʣʘʩʪʦʚ ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ [3, 5]. 

ʇʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʚʩʝʭ ʥʘʟʥʘʯʝʥʠʡ ʥʘʠʙʦʣʴʰʠʝ 

ʩʣʦʞʥʦʩʪʠ ʠ ʨʠʩʢ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʠʤʝʥʥʦ ʚ 
ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʭ ʠ ʢʘʨʩʪʦʚʦ-ʞʠʣʴʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ, 

ʚʤʝʱʘʶʱʠʭ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʟʘʣʝʞʠ) ʩ 

ʘʥʦʤʘʣʴʥʦ-ʥʠʟʢʠʤ ʧʣʘʩʪʦʚʳʤ ʜʘʚʣʝʥʠʝʤ ʠ ʘʥʦʤʘʣʴʥʦ-ʚʳʩʦʢʠʤ 

ʧʣʘʩʪʦʚʳʤ ʜʘʚʣʝʥʠʝʤ [3]. ɺʳʩʦʢʠʝ ʜʝʙʠʪʳ ʨʘʧʦʧʨʦʷʚʣʝʥʠʡ ʠ 
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ʘʥʦʤʘʣʴʥʦ-ʚʳʩʦʢʠʭ ʧʣʘʩʪʦʚʳʭ ʜʘʚʣʝʥʠʡ ʩʝʨʴʝʟʥʦ ʦʩʣʦʞʥʷʶʪ 

ʙʫʨʝʥʠʝ ʠ ʠʩʧʳʪʘʥʠʝ ʩʢʚʘʞʠʥ. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʧʣʘʩʪʦʚʳʝ 

ʜʘʚʣʝʥʠʷ ʩ ʛʨʘʜʠʝʥʪʦʤ ʜʦ 2,35-2,65 ʪʠʧʠʯʥʳ ʜʣʷ ʬʣʶʠʜʥʳʭ 

ʩʠʩʪʝʤ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʛʣʫʙʠʥ 1300-

2200ʤ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʥʘ ʶʛʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ɺʩʢʨʳʪʠʝ 

ʩʢʚʘʞʠʥʘʤʠ ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʭ ʟʦʥʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 
ʘʚʘʨʠʡʥʦʤʫ ʬʦʥʪʘʥʠʨʦʚʘʥʠʶ ʨʘʧʦʡ, ʨʘʧʦʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʩ 

ʜʝʙʠʪʘʤʠ ʜʦ 7000 ʤ
3
, ʠʣʠ ʧʣʘʩʪʦʚʦʡ ʨʘʟʛʘʟʠʨʦʚʘʥʥʦʡ ʥʝʬʪʴʶ 

(ʨʠʩʫʥʦʢ 1, 2).  

 

 
 

ʈʠʩʫʥʦʢ 2 - ʇʨʠ ʘʚʘʨʠʡʥʦʤ ʬʦʥʪʘʥʠʨʦʚʘʥʠʠ ʩʢʚʘʞʠʥʳ 

ʧʨʦʪʠʚʦʚʳʙʨʦʩʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʟʘʢʨʳʪʦ, ʨʘʧʘ ʩ ʜʝʙʠʪʦʤ 5300ʤ3/ʩʫʪ 

ʧʦ ʚʳʢʠʜʥʳʤ ʣʠʥʠʷʤ ʧʝʨʝʧʫʩʢʘʝʪʩʷ ʚ ʘʚʘʨʠʡʥʳʡ ʘʤʙʘʨ.  

ʌʦʪʦ  ɺʘʭʨʦʤʝʝʚʘ ɸ.ɻ., ʩʢʚʘʞʠʥʘ ˉ 18 ʂʦʚʳʢʪʠʥʩʢʦʛʦ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 1994ʛ. [3] 

 

ʂʘʞʜʘʷ ʩʢʚʘʞʠʥʘ (ʥʘ ʩʪʘʜʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʠʣʠ ʧʨʠ ʨʝʤʦʥʪʝ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʢʨʝʪʥʳʡ ʪʝʭʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥ-

ʥʦʩʪʴʶ ʠ ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ [1]. 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʢʘʢ ʬʘʢʪʦʨ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ ʠ ʦʪʢʨʳʪʳʭ ʬʦʥʪʘʥʦʚ, ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

1. ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʥʘʧʨʷʤʫʶ ʩ ʧʨʝʜʫ-
ʧʨʝʞʜʝʥʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ (ʦʩʦʙʝʥʥʦ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠʣʠ ʚʳʭʦʜʳ ʠʟ ʩʪʨʦʷ) ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ. 
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2. ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʩʢʚʘʞʠʥʘʭ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʬʦʥʪʘʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʨʘʙʦʪ. 

ʇʨʠʤʝʨʦʤ ʪʦʤʫ ʷʚʣʷʶʪʩʷ ʚʩʝ ʚʠʜʳ ʧʨʦʪʠʚʦʚʳʙʨʦʩʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʫʩʪʴʝʚʦʡ ʦʩʥʘʩʪʢʠ 

ʩʢʚʘʞʠʥ ʧʨʠ ʠʭ ʙʫʨʝʥʠʠ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʝ. 
3. ʂʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ    ʧʨʠʙʦʨʳ    ʠ    ʘʧʧʘʨʘʪʫʨʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʟʥʘʢʦʚ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ. 

ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʢʘʞʜʦʡ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʨʫʧʧ ʝʩʣʠ ʠ ʥʝ ʧʨʠʚʦʜʠʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ ʠʣʠ 

ʦʪʢʨʳʪʦʛʦ ʬʦʥʪʘʥʘ, ʪʦ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ ʦʧʘʩʥʦʩʪʠ (ʨʠʩʢʘ) ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʪʠʭ ʦʩʣʦʞʥʝʥʠʡ 
ʠʣʠ ʘʚʘʨʠʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʠʣʠ ʨʝʤʦʥʪʝ ʩʢʚʘʞʠʥ ʜʦʣʞʥʘ ʧʣʘʥʠʨʦʚʘʪʴʩʷ, ʠ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʶʙʳʭ ʦʩʣʦʞʥʝʥʠʡ ʠʣʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʝʤ ʠ ʦʪʢʨʳʪʳʤ 

ʬʦʥʪʘʥʠʨʦʚʘʥʠʝʤ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚʩʪʫʧʘʶʪ ʚ ʩʠʣʫ 
ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ: ʥʝʚʝʨʥʳʡ 

ʚʳʙʦʨ ʨʝʞʠʤʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʙʫʨʝʥʠʷ, ʦʰʠʙʦʯʥʳʝ ʜʝʡʩʪʚʠʷ ʠʩʧʦʣʥʠʪʝʣʝʡ ʨʘʙʦʪ, ʧʨʠʥʷʪʠʝ 

ʥʝʧʨʦʜʫʤʘʥʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʥʝʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʨʝʜʧʠʩʘʥʠʡ 

ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʨʘʙʦʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʦʞʝʪ ʩʣʦʞʠʪʴʩʷ ʩʠ-

ʪʫʘʮʠʷ, ʢʦʛʜʘ ʵʪʠ, ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ, ʬʘʢʪʦʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʭʘʨʘʢʪʝʨʘ ʧʨʠʚʝʜʫʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ 

ʠʣʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪʢʨʳʪʦʤʫ ʬʦʥʪʘʥʠʨʦʚʘʥʠʶ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʝ ʩʢʚʘʞʠʥ, ʢʘʢ ʬʘʢʪʦʨ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʩʢʚʘʞʠʥʳ), ʥʝʩʝʪ ʚ ʩʝʙʝ 

ʦʧʘʩʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʜʘʞʝ ʦʪʢʨʳʪʳʭ 

ʬʦʥʪʘʥʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʝ 

ʩʢʚʘʞʠʥ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʧʦʪʝʥʮʠʘʣʴ-

ʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʦʪ-
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ʢʨʳʪʳʭ ʬʦʥʪʘʥʦʚ, ʷʚʣʷʶʪʩʷ: ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, 

ʪʝʭʥʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ 

ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʝʥʴ ʦʧʘʩʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʦʪʢʨʳʪʳʭ ʬʦʥʪʘʥʦʚ ʚ ʢʘʞʜʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʚʘʨʠʡʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. ɺ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʩʣʦʞʥʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ 

ʦʧʘʩʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʪʦ ʝʩʪʴ 

ʦʧʨʝʜʝʣʠʪʴ ʬʦʥʪʘʥʦʦʧʘʩʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ 

(ʩʢʚʘʞʠʥʳ). 

ʇʦʜ ʬʦʥʪʘʥʦʦʧʘʩʥʦʩʪʴʶ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ  
ʠ ʨʝʤʦʥʪʝ ʩʢʚʘʞʠʥ ʧʦʥʠʤʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟ-

ʚʠʪʠʷ ʚʦʟʥʠʢʰʝʛʦ ʛʘʟʦʚʦʜʦʥʝʬʪʝʧʨʦʷʚʣʝʥʠʷ ʚ ʦʪʢʨʳʪʳʡ ʬʦʥʪʘʥ 

ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʠ ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʥʠʷ 

ʨʘʙʦʪ [2]. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʮʝʥʠʪʴ 

ʬʦʥʪʘʥʦʦʧʘʩʥʦʩʪʴ ʧʦ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 
ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʦʪʢʨʳʪʳʭ ʬʦʥʪʘʥʦʚ, 

ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʊʘʢʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʫʩʣʦʚʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʬʣʶʠʜʦʚ ʠʟ ʧʣʘʩʪʘ ʚ 

ʩʪʚʦʣ ʩʢʚʘʞʠʥʳ. 

ʉʚʦʝʚʨʝʤʝʥʥʳʤ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ ʩʦʟʜʘʥʠʝ ʥʝʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʥʘʜʟʦʨʥʳʝ 

ʦʨʛʘʥʳ, ʥʝʬʪʝʛʘʟʦʚʳʝ ʠ ʩʝʨʚʠʩʥʳʝ ʢʦʤʧʘʥʠʠ, 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʯʝʙʥʳʝ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʚ ʧʦʚʳʰʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʙʫʯʝʥʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚ ʧʝʨʝʧʦʜʛʦʪʦʚʢʝ ʚ 

ʦʙʣʘʩʪʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ 

ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ. 
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ʉɽʂʎʀʗ 6. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 

 

ɸʥʫʬʨʠʝʚ ʆ.ɺ, ɺʦʨʦʪʳʥʮʝʚ ɼ.ɺ,  

ʂʨʘʧʠʚʢʦ ʇ.ɺ., ʐʠʨʦʢʦʚʘ ɸ.ʀ. 

 ʙʘʢʘʣʘʚʨ rʢʘʬʝʜʨʳ ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ  

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʅʀʋ ʄʦʩʢʦʚʩʢʠʡ ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 
ʈɸɿʈɸɹʆʊʂɸ ʅɸʉʊʆʃʔʅʆʁ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʆʁ ʊʈʋɹʓ 

ɼʃʗ ʀɿʋʏɽʅʀʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʅɸʊʋʈʅʆʁ ʄʆɼɽʃʀ 

ɺɽʊʈʆʕʃɽʂʊʈʀʏɽʉʂʆʁ ʋʉʊɸʅʆɺʂʀ 

 

  1. ʆʧʠʩʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ çʅʘʪʫʨʥʘʷ ʤʦʜʝʣʴ 

ɺʕʋè. 

ʂʦʤʧʣʝʢʪ ʪʠʧʦʚʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

çʅʝʪʨʘʜʠʮʠʦʥʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ï ʅʘʪʫʨʥʘʷ ʤʦʜʝʣʴ 

ʚʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘè ʅʕʕ2-ɺʕɻ-ʅ-ʈ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ 

çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʉʕʉ ʠ ɺʕʉè ʠ 
çɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠè. ʃʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʨʘʙʦʯʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘʛʣʷʜʥʳʤ 

ʩʧʦʩʦʙʦʤ ʥʘ ʥʘʪʫʨʥʦʡ ʤʦʜʝʣʠ ɺʕʋ. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʙʣʦʢʦʚ (ʨʠʩ. 1): 

1. ɺʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ (ʧʦʟ. 1 ʥʘ ʨʠʩ. 1); 
2. ɹʣʦʢ ʥʘʛʨʫʟʢʠ ʠ ʠʟʤʝʨʝʥʠʷ (ʧʦʟ. 2 ʥʘ ʨʠʩ. 1); 

3. ɺʝʥʪʠʣʷʪʦʨ ʥʘʧʦʣʴʥʳʡ (ʧʦʟ. 3 ʥʘ ʨʠʩ. 1); 

4. ɸʥʝʤʦʤʝʪʨ (ʧʦʟ. 4 ʥʘ ʨʠʩ. 1); 

5. ʊʘʭʦʤʝʪʨ ʥʘ ʧʦʜʩʪʘʚʢʝ (ʧʦʟ. 5 ʥʘ ʨʠʩ. 1). 
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ʈʠʩ. 1 - ɺʥʝʰʥʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ çʅʘʪʫʨʥʘʷ ʤʦʜʝʣʴ ɺʕʋè 

 

ɺʝʥʪʠʣʷʪʦʨ ʥʘʧʦʣʴʥʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʚʝʥʪʠʣʷʪʦʨʦʤ ʠ ʚʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ. ɹʣʦʢ ʥʘʛʨʫʟʢʠ ʠ 

ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʠ 
ʠʟʤʝʨʝʥʠʷ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʦʢʘ ʥʘʛʨʫʟʢʠ ʠ ʠʟʤʝʨʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.1. 

 
ʊʘʙʣʠʮʘ 1.1 ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʦʢʘ ʥʘʛʨʫʟʢʠ ʠ ʠʟʤʝʨʝʥʠʷ 

ʅʘʛʨʫʟʢʘ ʅʘʧʨʷʞʝʥʠʝ, ɺ ʥʝ ʙʦʣʝʝ 10 

ʊʦʢ, ʤɸ, ʥʝ ʙʦʣʝʝ 100 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʆʤ 0é1200 

ʀʟʤʝʨʷʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʅʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ɺ 0é10 

ʇʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʤɸ 0é100 

 

ɸʥʝʤʦʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʩʢʦʨʦʩʪʴ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʚ 

ʜʠʘʧʘʟʦʥʝ 0é30 ʤ/ʩ. ʊʘʭʦʤʝʪʨ ʠʤʝʝʪ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʡ 0é10000 

ʤ/ʩ. [1] 
 

2. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʧʦ 

ʠʟʫʯʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʪʫʨʥʦʡ ʤʦʜʝʣʠ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ: 

ʘ) ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦ ʩʢʦʨʦʩʪʷʤ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ, ʚʳʟʚʘʥʥʳʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ 

1 
2 

3 

4 

5 
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ʥʘʧʦʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʣʫʯʘʝʤ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 

ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʠ ʥʝʧʦʩʪʦʷʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʕʋ; 

ʙ) ʊʫʨʙʫʣʝʥʪʥʳʝ ʠ ʚʩʪʨʝʯʥʳʝ ʧʦʪʦʢʠ, ʚʳʟʚʘʥʥʳʝ ʥʘʣʠʯʠʝʤ 

ʧʦʤʝʭ; 

ʚ) ʅʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ (3 ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 
ʚʝʥʪʠʣʷʪʦʨʘ) ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʪʝʥʜʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ, ʚʦʟʤʦʞʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ 

ʦʛʨʘʥʠʯʝʥʳ, ʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪ ʠʟʙʝʛʘʪʴ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʦʚ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ. 

 

3. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘʩʪʦʣʴʥʦʡ 
ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʷʚʣʷʣʘʩʴ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢ 

ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʪʝʥʜʘ.  

ʇʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʧʨʦʨʘʙʦʪʘʥʳ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ.   

ʊʘʢ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ: 

ʘ) ʇʦʣʫʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʳ, ʩ ʞʝʩʪʢʠʤʠ ʩʪʝʥʢʘʤʠ; 
ʙ) ʎʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʳ ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ, ʢʦʪʦʨʳʡ ʠ 

ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʪʦʪʠʧʘ. 

Å ʆʩʥʦʚʦʡ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʳ ʧʨʦʪʦʪʠʧʘ ʙʳʣ ʚʟʷʪ 

ʣʠʩʪʦʚʦʡ ʧʦʣʠʢʘʨʙʦʥʘʪ.  

Å ɼʠʘʤʝʪʨ ʪʨʫʙʳ (450 ʤʤ) ʙʳʣ ʚʳʙʨʘʥ ʠʩʭʦʜʷ ʠʟ ʨʘʟʤʝʨʦʚ 

ʥʘʪʫʨʥʦʡ ʤʦʜʝʣʠ ʪʨʸʭʣʦʧʘʩʪʥʦʛʦ ʚʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

Å ɼʣʠʥʘ ʪʨʫʙʳ (1 ʤ) ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʦʧʳʪʦʚ, ʛʜʝ ʚʳʙʠʨʘʣʦʩʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 
ʚʝʥʪʠʣʷʪʦʨʘ ʜʦ ʦʩʠ ʚʝʪʨʦʵʣʝʪʢʨʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ. 

Å ʊʨʫʙʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

Å ɺ ʭʦʜʝ ʪʝʩʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ  ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ 

ʠʤʝʶʱʠʡʩʷ ʥʘʧʦʣʴʥʳʡ ʚʝʥʪʠʣʷʪʦʨ (60 ɺʪ) ʥʝ ʤʦʛ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʚʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ 
ʧʦʪʦʢʘ ʙʳʣ ʚʳʙʨʘʥ ʥʦʚʳʡ ʚʝʥʪʠʣʷʪʦʨ ʧʦʜ ʟʘʜʘʥʥʳʝ ʨʘʟʤʝʨʳ, 

ʤʦʱʥʦʩʪʴʶ 120 ɺʪ. 

Å ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʧʣʘʚʥʦʡ 

ʨʝʛʫʣʠʨʦʚʢʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʙʳʣ ʧʦʜʦʙʨʘʥ 
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ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʤʤʝʨ, ʧʦʟʚʦʣʠʚʰʠʡ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ 0,9 ʜʦ 7,1 ʤ/ʩ. 

Å ɺ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʚʝʪʨʦʢʦʣʝʩʘ ʩ ʧʦʤʦʱʴʶ ʪʘʭʦʤʝʪʨʘ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʩʜʝʣʘʪʴ ʦʪʚʝʨʩʪʠʝ ʜʠʘʤʝʪʨʦʤ 30 ʤʤ ʜʣʷ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ ʪʘʭʦʤʝʪʨʘ. 
Å ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦ 

ʨʘʜʠʘʣʴʥʦʤʫ ʩʝʯʝʥʠʶ ʪʨʫʙʳ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʩʤ ʦʪ ʦʩʠ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʣʘʤʠʥʠʨʫʶʱʘʷ 

ʩʝʪʢʘ.  

 

ʀʪʦʛʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ: 

ʈʠʩ.2 -  ʏʝʨʪʸʞ çʇʨʦʪʦʪʠʧ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳè 

 

 
ʈʠʩ.3 ï ʇʨʦʪʦʪʠʧ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʚ ʧʨʦʬʠʣʴ   

 

4. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʙʦʨʢʠ ʚʩʝʡ ʫʩʪʘʥʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʳʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʘ) ʉ ʧʦʤʦʱʴʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ʠ ʥʦʚʦʛʦ 
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ʚʝʥʪʠʣʷʪʦʨʘ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʣʘʤʠʥʘʨʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, 

ʠʟʙʝʞʘʪʴ ʧʦʩʪʦʨʦʥʥʠʭ ʧʦʤʝʭ, ʤʠʥʠʤʠʟʠʤʠʨʦʚʘʪʴ ʧʦʪʝʨʠ 

ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʚʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩʪʘʣʠ ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʝʘʣʴʥʦʡ ɺʕʋ. 

ʙ) ʉ ʧʦʤʦʱʴʶ ʜʠʤʤʝʨʘ ʜʦʙʠʣʠʩʴ ʧʣʘʚʥʦʩʪʠ ʠ ʙʦʣʝʝ 
ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʢʠ ʩʢʦʨʦʩʪʝʡ ʦʪ 0,9 ʜʦ 7,1 ʤ/ʩ. 

 

5. ʇʣʘʥʳ ʠ ʜʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʩʦ ʩʪʝʥʜʦʤ. 

1) ɺ ʩʚʷʟʠ ʩ ʠʟʤʝʥʠʚʰʠʤʠʩʷ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ, 

ʟʘʤʝʥʦʡ ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʦʙʘʚʣʝʥʠʝʤ ʥʦʚʦʛʦ, ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʝʨʝʨʘʙʦʪʘʪʴ çʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʚʳʧʦʣʥʝʥʠʶ 

ʙʘʟʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚè.[2] 

2) ʅʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʠ ʦʧʳʪʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʠʤʝʶʱʝʡʩʷ ɺʕʋ, ʯʪʦ 

ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʦʡ. 

 
 ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 

1. ɺʘʩʴʢʦʚ ɸ.ɻ., ʄʘʪʚʠʝʥʢʦ ʅ.ʀ., ʉʦʣʜʘʪʢʠʥ ɸ.ʖ.. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. ʌɻɹʆʋ 

ɺʇʆ çʅʀʋ ʄʕʀè, ʄʦʩʢʚʘ, 2015. 

2. ʉʝʥʠʛʦʚ ʇ.ʅ.. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʙʘʟʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ çʅʘʪʫʨʥʘʷ ʤʦʜʝʣʴ ʚʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘè. 

ʀʥʞʝʥʝʨʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ çʋʯʝʙʥʘʷ ʪʝʭʥʠʢʘè, ʏʝʣʷʙʠʥʩʢ, 

2009. 

 

 
 

 

ɺʦʨʦʪʳʥʮʝʚ ɼ.ɺ., ɸʥʫʬʨʠʝʚ ʆ.ɺ., ʂʨʘʧʠʚʢʦ ʇ.ɺ., ʃʠʩʠʥ ɼ.ɸ. 

ʙʘʢʘʣʘʚʨʳ ʢʘʬʝʜʨʳ ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ  

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʅʀʋ ʄʦʩʢʦʚʩʢʠʡ ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʥʮʝʤ  

ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ Arduino 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʟʜʘʥʠʝ 

ʧʦʨʪʘʪʠʚʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʪʨʝʢʝʨʘ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ Arduino. 

ʇʨʠʚʝʜʝʥʳ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ 

ʠʩʧʳʪʘʥʠʡ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʥʮʝʤ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʥʮʝʤ, ʪʨʝʢʝʨ, Arduino. 

 

I. ɺʚʝʜʝʥʠʝ. 

ʉʠʩʪʝʤʘ ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʥʮʝʤ (ʪʨʝʢʝʨ) ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʚ ʦʧʪʠʤʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʤʦʱʥʦʩʪʠ. ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʧʨʠʨʦʩʪ ʚʳʨʘʙʦʪʘʥʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʨʘʡʦʥʘʭ ʩ ʙʦʣʴʰʦʡ ʦʙʣʘʯʥʦʩʪʴʶ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20%, ʚ 

ʩʦʣʥʝʯʥʳʭ ʨʘʡʦʥʘʭ ï 30-40%. [1] ʊʨʝʢʝʨʫ ʥʝ ʥʫʞʥʦ ʙʳʪʴ ʦʯʝʥʴ 
ʪʦʯʥʳʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ. ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ 

ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʚ 10 ʛʨʘʜʫʩʦʚ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʫʤʝʥʴʰʠʪ ʚʳʨʘʙʦʪʢʫ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚʩʝʛʦ ʥʘ 1,5%. [2] 

 

II.  ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʮʥʝʤ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʩʦʟʜʘʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʜʚʫʦʩʥʳʡ 

ʘʢʪʠʚʥʳʡ ʪʨʝʢʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ Arduino Mega, ʜʚʫʭ 
ʩʝʨʚʦʤʦʪʦʨʦʚ, ʪʨʝʭ ʬʦʪʦʨʝʟʠʩʪʦʨʦʚ ʠ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 2 ɺʪ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʜʚʫʦʩʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʪʨʝʢʝʨʘ, ʩʣʝʜʷʱʝʛʦ ʟʘ ʩʘʤʦʡ 

ʷʨʢʦʡ ʪʦʯʢʦʡ ʥʘ ʥʝʙʦʩʚʦʜʝ. ʆʙʦʟʥʘʯʝʥʠʷ: 1 - ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ,  

2 - ʬʦʪʦʨʝʟʠʩʪʦʨʳ, 3- ʩʝʨʚʦʤʦʪʦʨ (ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ), 

 4  - ʩʝʨʚʦʤʦʪʦʨ(ʠʟʤʝʥʝʥʠʝ ʘʟʠʤʫʪʘ), 5 - ʢʨʝʧʣʝʥʠʷ. 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʪʨʝʢʝʨ ʨʘʙʦʪʘʣ ʚ ʯʝʪʳʨʝʭ ʨʝʞʠʤʘʭ: 

1. ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠʝʤʥʦʡ ʧʣʦʱʘʜʢʠ (ʜʘʣʝʝ - 

ʇʇ) 
2. ʆʧʪʠʤʘʣʴʥʳʡ ʛʦʜʦʚʦʡ ʫʛʦʣ ʇʇ 

3. ʈʘʙʦʪʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʘʣʝʥʜʘʨʥʦʤʫ ʛʨʘʬʠʢʫ 

4. ʇʦʠʩʢ ʥʘʠʙʦʣʝʝ ʷʨʢʦʡ ʪʦʯʢʠ ʥʘ ʥʝʙʦʩʚʦʜʝ 
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ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʴʶ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʥʮʝʤ ʠ ʧʨʠ 

ʫʩʪʘʥʦʚʢʝ ʚ ʦʧʪʠʤʘʣʴʥʦʝ ʛʦʜʦʚʦʝ ʧʦʣʦʞʝʥʠʝ. 

ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʪʨʝʢʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ ʧʨʠ 

ʢʦʪʦʨʦʤ ʘʟʠʤʫʪ ʇʇ ʨʘʚʥʷʝʪʩʷ 180  ʛʨʘʜʫʩʘʤ (ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʶʛ), 
ʫʛʦʣ ʥʘʢʣʦʥʘ - 0 ʛʨʘʜʫʩʦʚ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʢʝ. 

ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʨʝʢʝʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʜʝʩʷʪʠʩʝʢʫʥʜʥʘʷ ʟʘʜʝʨʞʢʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʦʢʘʟʘʥʠʡ ʧʨʠʙʦʨʦʚ, ʠ ʠʟʤʝʨʷʝʪʩʷ ʤʦʱʥʦʩʪʴ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ 

ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʴʶ. ɼʣʷ ʵʪʦʛʦ ʢ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʳʣʠ ʧʦʜʢʣʶʯʝʥʳ ʜʚʘ ʨʝʟʠʩʪʦʨʘ ʥʦʤʠʥʘʣʦʤ 22 

ʠ 47 ʆʤ(ʩʫʤʤʘʨʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ - 69 ʆʤ - ʥʘʭʦʜʠʪʩʷ ʙʣʠʟʢʦ ʢ 
ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ ʧʨʠʤʝʥʷʝʤʦʡ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ). ʂ 

ʨʝʟʠʩʪʦʨʫ ʥʦʤʠʥʘʣʦʤ 22 ʆʤ ʧʦʜʢʣʶʯʝʥ ʚʦʣʴʪʤʝʪʨ.  ʇʦʢʘʟʘʥʠʷ 

ʚʦʣʴʪʤʝʪʨʘ ʩʥʠʤʘʶʪʩʷ ʢʘʞʜʳʝ 10 ʩʝʢʫʥʜ ʚ ʪʝʯʝʥʠʠ 30 ʩʝʢʫʥʜ, 

ʟʘʪʝʤ ʫʩʨʝʜʥʷʶʪʩʷ. ɺʳʨʘʙʘʪʳʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʡʜʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

ὖ
Ὗ

ςς
ᶻςςτχ 

ʛʜʝ Uv - ʫʩʨʝʜʥʝʥʥʦʝ ʧʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ. 

 
ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʚʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʠ ɸʨʜʫʠʥʦ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦ ʩʦʭʨʘʥʝʥʥʦʤʫ ʤʘʩʩʠʚʫ ʧʦʣʦʞʝʥʠʡ ʉʦʣʥʮʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʠ ʘʟʠʤʫʪ ʇʇ(ʨʘʙʦʪʘ ʪʨʝʢʝʨʘ ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʢʘʣʝʥʜʘʨʥʦʤʫ ʛʨʘʬʠʢʫ): 

ɓʧʧ=90Á-ʘʩ 
ɸʧʧ=ɸʩ 
ʛʜʝ ɓʧʧ - ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʠʝʤʥʦʡ ʧʣʦʱʘʜʢʠ, ʘʩ - ʚʳʩʦʪʘ 

ʉʦʣʥʮʘ, ɸʧʧ ʠ ɸʩ - ʘʟʠʤʫʪ ʇʇ ʠ ʉʦʣʥʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʦʣʦʞʝʥʠʷ ʇʇ ʧʨʠ 

ʧʦʤʦʱʠ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʷʨʢʦʡ ʪʦʯʢʝ ʥʘ ʥʝʙʦʩʚʦʜʝ. 

ʋʛʦʣ ű ʠ ȹR ʟʘʜʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ű=5Á, 

ȹR=0,1*R12. 

ʇʦʩʣʝ ʵʪʦʛʦ ʪʨʝʢʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʦʧʪʠʤʘʣʴʥʦʝ ʛʦʜʦʚʦʝ 
ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʄʦʩʢʚʳ - ʫʛʦʣ ʥʘʢʣʦʥʘ 50 ʛʨʘʜʫʩʦʚ, ʘʟʠʤʫʪ - 180 

ʛʨʘʜʫʩʦʚ. 
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ʅʘʯʘʣʦ

R11, R12, R22

|R11-R12|>ȹR

R11>R12

ʋʚʝʣʠʯʠʪʴ 

ʘʟʠʤʫʪ ʇʇ ʥʘ 

ű(ʧʦʚʦʨʦʪ ʧʦ 

ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ)

ʋʤʝʥʴʰʠʪʴ 

ʘʟʠʤʫʪ ʇʇ ʥʘ 

ű(ʧʦʚʦʨʦʪ 

ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ)

R12>R22

ʋʤʝʥʴʰʠʪʴ 

ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʇʇ ʥʘ ű

ʋʚʝʣʠʯʠʪʴ 

ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʇʇ ʥʘ ű

ɼʘ

ɼʘ ʅʝʪ

ɼʘ ʅʝʪ

|R12-R22|>ȹRʅʝʪ

ɼʘ

ɿʘʜʝʨʞʢʘʅʝʪ

 
ʈʠʩʫʥʦʢ 2. ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʷʨʢʦʡ ʪʦʯʢʠ ʥʘ ʥʝʙʦʩʚʦʜʝ. 

 

ɺʩʷ ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ(ʘʟʠʤʫʪ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʇʇ) ʦʪʧʨʘʚʣʷʝʪʩʷ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʩʦʝʜʠʥʝʥʠʝ ʥʘ 

ʩʝʨʚʝʨ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 

ʢʘʞʜʳʡ ʯʘʩ. 
 

 

 
 

ʈʠʩʫʥʦʢ 3. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ. 

 

III.  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʊʨʝʢʝʨ ʙʳʣ ʠʩʧʳʪʘʥ 8 ʤʘʷ 2016 ʛʦʜʘ ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 
ʚ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʣʘʯʥʦʩʪʠ. 
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ʉʠʩʪʝʤʘ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʷʨʢʦʡ ʪʦʯʢʠ ʥʘ ʥʝʙʦʩʚʦʜʝ ʥʝ 

ʠʟʤʝʥʷʣʘ ʧʦʣʦʞʝʥʠʷ ʇʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʜʘʥʥʳʤ ʢʘʣʝʥʜʘʨʥʳʤ 

ʛʨʘʬʠʢʦʤ(ʚʳʨʘʙʦʪʘʥʥʘʷ ʧʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ ʪʘʢ ʞʝ ʥʝ 

ʦʪʣʠʯʘʣʘʩʴ). ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʤʘʣʦʡ ʪʦʯʥʦʩʪʴʶ 

ʬʦʪʦʨʝʟʠʩʪʦʨʦʚ ʠ ʙʦʣʴʰʠʤ ʚʳʙʨʘʥʥʳʤ ȹR. 
 

 
 

ʈʠʩʫʥʦʢ 4. ɺʳʨʘʙʦʪʘʥʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ʪʝʯʝʥʠʠ ʩʚʝʪʦʚʳʭ ʩʫʪʦʢ 

 

ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʨʝʢʝʨʘ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʧʦʢʘ ʯʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʦʧʳʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʚʦʜʦʚ: 

1. ʉʠʩʪʝʤʘ ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʥʮʝʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʳʨʘʙʘʪʳʚʘʝʤʫʶ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ. ɺ  ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʚ ʫʩʣʦʚʠʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʣʘʯʥʦʩʪʠ, ʧʨʠʨʦʩʪ 

ʚʳʨʘʙʦʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʜʦʚʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʫʛʣʦʤ 

ʩʦʩʪʘʚʠʣ 49%, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʦʤ 
ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʩʷʮʘ. 

2. ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʚʳʨʘʙʦʪʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʨʝʢʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʫʪʨʝʥʥʠʝ ʠ ʚʝʯʝʨʥʠʝ ʯʘʩʳ (ʩ 5 ʜʦ 9 ʠ 

ʩ 16 ʜʦ 19 ʯʘʩʦʚ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʠʦʜʫ ʫʪʨʝʥʥʠʭ ʠ 

ʚʝʯʝʨʥʠʭ ʧʠʢʦʚ ʥʘʛʨʫʟʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

 

IV.  ɺʳʚʦʜ. 

ʉʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʥʮʝʤ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴ 
ʚʳʨʘʙʦʪʢʫ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʥʘ 30-40%, ʯʪʦ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ.  ʆʜʥʘʢʦ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ 

ʩʠʩʪʝʤ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʢʘʟʘʥʘ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɺ 

ʘʥʘʣʠʟʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 
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ʧʦʪʨʝʙʣʷʝʤʘʷ ʩʝʨʚʦʤʦʪʦʨʘʤʠ ʤʦʱʥʦʩʪʴ, ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʝ 

ʠʟʜʝʨʞʢʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʊʦʣʴʢʦ 

ʧʦʩʣʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʳʛʦʜʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʢʨʦʚ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
[1] A review of principle and sun-tracking methods for maximizing 

solar systems output. Hossein Mousazadeh, Alireza Keyhani, Arzhang 

Javadi, Hossein Mobli, Karen Abrinia , Ahmad Sharifi, 2009 

[2] Tracstar. Should you install a solar tracker?; 2007. 

http://www.helmholz.us/ smallpowersystems. 
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 ʢʘʬʝʜʨʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ 

ʊʫʟʠʣʠʥʘ ɽ. ʉ. 
ʢʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ  

ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʈʍʊʋ ʠʤ. ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ 

 

ʈɸɿʈɸɹʆʊʂɸ ʈɸʉʊɺʆʈɸ ɼʃʗ ɹɽʉʍʈʆʄɸʊʅʆʁ 

ʇɸʉʉʀɺɸʎʀʀ ʎʀʅʂʆɺʓʍ ʇʆʂʈʓʊʀʁ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ 

ʮʠʥʢʦʚʳʭ ʠ ʢʘʜʤʠʝʚʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ 
ʘʣʶʤʠʥʠʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠʤʝʥʷʶʪ ʧʨʦʮʝʩʩʳ 

ʭʨʦʤʘʪʠʨʦʚʘʥʠʷ. ɿʘʱʠʪʥʳʝ ʭʨʦʤʘʪʥʳʝ ʧʣʝʥʢʠ ʠʥʛʠʙʠʨʫʶʪ 

ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ, 

ʢʨʦʤʝ ʪʦʛʦ, ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʶ ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʷʭ ʮʝʣʦʩʪʥʦʩʪʠ ʧʣʝʥʢʠ [1].  
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ʂ ʩʦʞʘʣʝʥʠʶ, ʨʘʩʪʚʦʨʳ ʭʨʦʤʘʪʠʨʦʚʘʥʠʷ ʚʝʩʴʤʘ ʪʦʢʩʠʯʥʳ 

ʠʟ-ʟʘ ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ ʠʦʥʦʚ ʰʝʩʪʠʚʘʣʝʥʪʥʦʛʦ ʭʨʦʤʘ, ʠ 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʥʠʭ ʧʦʢʨʳʪʠʷ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʜʦ 200 ʤʛ/ʤ
2
 

ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cr(VI). ʇʨʦʙʣʝʤʘ ʟʘʤʝʥʳ ʧʨʦʮʝʩʩʦʚ 

ʭʨʦʤʘʪʠʨʦʚʘʥʠʷ ʦʙʦʩʪʨʠʣʘʩʴ ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʚ 2000 ʛ. 

ʝʚʨʦʧʝʡʩʢʦʡ ɼʠʨʝʢʪʠʚʳ 2000/53/ɽʉ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ 
ʧʨʠʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ Cr(VI) ʚ ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʷʭ, ʘ ʚ 

2002 ʛ. ʜʦʧʦʣʥʝʥʠʷ ʢ ʫʢʘʟʘʥʥʦʡ ʜʠʨʝʢʪʠʚʝ, ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʨʝʱʘʶʱʝʛʦ ʩ ʠʶʣʷ 2007 ʛ. ʧʨʠʩʫʪʩʪʚʠʝ Cr(VI) ʚ 

ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʷʭ, ʥʘʥʦʩʠʤʳʭ ʥʘ ʜʝʪʘʣʠ  ʘʚʪʦʤʦʙʠʣʝʡ 

[2]. ʇʦʜʦʙʥʳʝ ʜʠʨʝʢʪʠʚʳ ʚʩʪʫʧʠʣʠ ʚ ʩʠʣʫ ʚ ʂʠʪʘʝ ʩ 1 ʤʘʨʪʘ 2007, 

ʘ ʖʞʥʦʡ ʂʦʨʝʝ ʩ 1 ʠʶʣʷ 2007 ʛʦʜʘ.  

ɼʝʡʩʪʚʫʶʱʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʉʘʥʇʠʅ 2.1.5.980-

00 ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʇɼʂ  ʩʦʝʜʠʥʝʥʠʡ Cr (VI) ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 0,02-0,05 ʤʛ/ʣ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, 

ʯʝʤ ʚ ʩʪʨʘʥʘʭ  ɽʉ - 0,1-0,5 ʤʛ/ʣ. ʊ.ʦ., ʧʨʦʙʣʝʤʘ ʟʘʤʝʥʳ ʨʘʩʪʚʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʰʝʩʪʠʚʘʣʝʥʪʥʳʡ ʭʨʦʤ, ʫ ʥʘʩ ʪʘʢʞʝ ʩʪʦʠʪ ʥʝ ʤʝʥʝʝ 

ʦʩʪʨʦ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʦʮʝʩʩʳ ʭʨʦʤʘʪʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʟʘʤʝʥʷʪʴ ʥʘ ʧʨʦʮʝʩʩʳ ʧʘʩʩʠʚʠʨʦʚʘʥʠʷ ʚ ʢʨʝʤʥʠʡ-ʩʦʜʝʨʞʘʱʠʭ 

[3], ʪʠʪʘʥ-ʩʦʜʝʨʞʘʱʠʭ [4] ʠʣʠ ʥʘ ʧʨʦʮʝʩʩʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 
ʬʦʩʬʘʪʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʧʠʪʢʦʡ ʧʦʢʨʳʪʠʡ 

ʠʥʛʠʙʠʨʫʶʱʠʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ [5,6]. 

ʇʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʟʘʤʝʥʦʡ ʭʨʦʤʘʪʥʳʭ ʧʣʝʥʦʢ ʷʚʣʷʶʪʩʷ ʢʦʥʚʝʨʩʠʦʥʥʳʝ ʮʝʨʠʡ-

ʩʦʜʝʨʞʘʱʠʝ ʧʦʢʨʳʪʠʷ [7]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ 

ʠʤʧʦʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʥʘʥʝʩʝʥʠʷ ʜʘʥʥʳʭ ʢʦʥʚʝʨʩʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ, ʦʜʥʘʢʦ, ʩʦʩʪʘʚʳ ʨʘʩʪʚʦʨʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʦʚ 

ʘʚʪʦʨʘʤʠ ʥʝ ʨʘʩʢʨʳʚʘʶʪʩʷ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʠʣʠ 
ʧʘʪʝʥʪʳ ʧʦ ʫʢʘʟʘʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʚ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘʭ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʮʝʩʩʘ 

ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʳʭ ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʮʝʨʠʡ-ʩʦʜʝʨʞʘʱʠʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʦʮʠʥʢʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʮʝʨʠʷ ʥʘ 

ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʟʘʱʠʪʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳʪʠʡ. 

ʀʦʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ ʚʚʦʜʠʣʠʩʴ ʚ ʨʘʩʪʚʦʨ ʚ ʚʠʜʝ ʝʛʦ 
ʘʟʦʪʥʦʢʠʩʣʦʡ ʩʦʣʠ [Ce(NO3)3Ŀ6H2O]. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʠʦʥʦʚ 

Ce
3+

 ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʦʢʨʳʪʠʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ. 

ʇʦʢʨʳʪʠʷ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʥʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠ 
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ʩʦʜʝʨʞʘʥʠʠ ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʤʝʥʝʝ 18 ʛ/ʣ Ce
3+
. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʢʠʩʣʦʡ ʩʦʣʠ ʮʝʨʠʷ ʚʳʰʝ 

23 ʛ/ʣ ʟʘʱʠʪʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʢʨʳʪʠʡ ʩʥʠʞʘʝʪʩʷ. 

ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʮʝʨʠʡ-ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʢʨʳʪʠʷ 

ʚ ʨʘʩʪʚʦʨ ʚʚʦʜʠʣʠʩʴ ʪʘʢʠʝ ʦʢʠʩʣʠʪʝʣʠ, ʢʘʢ KMnO4 ʠ ʅ2ʆ2. 

ʋʩʢʦʨʝʥʥʳʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤʝʪʦʜʦʤ ʢʘʧʣʠ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʘʮʝʪʘʪʘ ʩʚʠʥʮʘ [8] ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ, 

ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʨʘʩʪʚʦʨ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʧʦʚʳʩʠʣʦ ʟʘʱʠʪʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳʪʠʡ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ.  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʧʫʩʪʠʤʳʝ 

ʟʥʘʯʝʥʠʷ ʨʅ ʨʘʩʪʚʦʨʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 2,5-3,5 ʝʜʠʥʠʮ. ɼʦ 

ʟʥʘʯʝʥʠʡ ʨʅ 2,5 ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʢʨʳʪʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ 

ʢʘʯʝʩʪʚʘ, ʘ ʧʨʠ ʨʅ ʙʦʣʝʝ 3,5 ʧʦʢʨʳʪʠʷ ʥʝ ʬʦʨʤʠʨʫʶʪʩʷ, ʚ 

ʨʘʩʪʚʦʨʝ ʚʳʧʘʜʘʝʪ ʙʫʨʳʡ ʦʩʘʜʦʢ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʨʳʪʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ 2,5-3,5. 

ɺ ʠʥʪʝʨʚʘʣʝ pH=2.5-3.5 ʧʨʦʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ [9,10]: 

Zn Ÿ Zn
2+ 

+ 2e
-
  

O2 + 2H2O + 4e
-
 Ÿ 4OH

-
 

Zn
2+

 + 2OH
ī
 Ÿ Zn(OH)2 

Ce
3+

 + 3OH
- 
Ÿ Ce(OH)3 

Ce(OH)2
2+

 + OH
ī
 + e

-
 Ÿ Ce(OH)3 

ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʝʟʚʦʞʠʚʘʥʠʝ 

ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳʪʠʡ ʧʦ ʨʝʘʢʮʠʷʤ: 

2Ce(OH)3 Ÿ Ce2O3 + 3H2O 

2Ce2O3 + O2Ÿ 4CeO2  

Zn(OH)2 Ÿ ZnO + H2O  

ɸʥʘʣʠʟ ʦʙʟʦʨʥʳʭ ʈʌ ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʩʣʝʜʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ: ʢʠʩʣʦʨʦʜ, ʮʝʨʠʡ, ʮʠʥʢ.  
ʆʪʜʝʣʴʥʳʡ ʩʧʝʢʪʨ ʮʝʨʠʷ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʮʝʨʠʡ-

ʩʦʜʝʨʞʘʱʝʝ ʧʦʢʨʳʪʠʝ ʩʦʩʪʦʠʪ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʮʝʨʠʡ ʢʘʢ 

ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʪʘʢ ʠ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʦʛʦ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʆʧʨʝʜʝʣʝʥʘ ʟʘʱʠʪʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳʪʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ ʚ 

ʨʘʩʪʚʦʨʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʟʘʱʠʪʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʪʝʯʝʥʠʝ  30 ʩʝʢʫʥʜ, ʜʦʩʪʠʛʘʷ ʟʥʘʯʝʥʠʷ 
16 ʩ. ʇʨʝʙʳʚʘʥʠʝ ʧʦʢʨʳʪʠʷ ʚ ʨʘʩʪʚʦʨʝ ʙʦʣʝʝ 120 ʩ ʥʝʞʝʣʘʪʝʣʴʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʧʦʢʨʳʪʠʡ ʠ 

ʩʥʠʞʝʥʠʶ ʟʘʱʠʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʊʦʣʱʠʥʘ ʦʩʘʞʜʘʝʤʦʛʦ ʧʦʢʨʳʪʠʷ 

ʨʘʚʥʘ 60 ʥʤ. 
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ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʥʘ ʟʘʱʠʪʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳʪʠʡ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʛʨʝʚʘʥʠʝ 

ʨʘʩʪʚʦʨʘ ʜʦ 45Áʉ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʩʣʦʝʚ ʠ ʟʘʱʠʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʢʨʳʪʠʡ, ʧʦʩʣʝ 45Áʉ ʟʥʘʯʝʥʠʝ ʟʘʱʠʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʚʳʰʝ 55Áʉ ʚʥʝʰʥʠʡ ʚʠʜ 
ʧʦʢʨʳʪʠʡ ʫʭʫʜʰʘʝʪʩʷ, ʧʦʢʨʳʪʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʯʘʩʪʠʯʥʦ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʟʘ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʠʥʪʝʨʚʘʣ 45-

55Áʉ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ ʟʘʱʠʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 23ʩ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʫʰʢʠ ʚʣʠʷʝʪ ʥʘ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʟʘʱʠʪʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳʪʠʡ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ 

ʟʘʱʠʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (45-47 ʩ) ʠ ʭʦʨʦʰʠʤ ʢʘʯʝʩʪʚʦʤ 

ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʩʣʦʠ, ʚʳʩʫʰʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80-
140Áʉ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʝʨʝʢʠʩʴ ʩʦʜʝʨʞʘʱʠʡ ʨʘʩʪʚʦʨ ʙʳʣ 

ʥʝʫʩʪʦʡʯʠʚ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ 

ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʢʘʢ MgSO4, K4P2O7 ʠ 

ʘʤʠʥʦʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʚʚʝʜʝʥʠʝ ʚ ʨʘʙʦʯʠʡ ʨʘʩʪʚʦʨ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 10-15 
ʤʛ/ʣ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʨʘʩʪʚʦʨ (ʢʦʥʮʝʥʪʨʘʮʠʷ 

H2O2 ʧʦʩʣʝ ʤʝʩʷʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ), ʥʦ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʟʘʱʠʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʢʨʳʪʠʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʩʪʝʧʝʥʠ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʝʤ ʝʝ ʢʦʨʨʦʟʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʮʠʥʢʦʚʘʥʥʦʡ ʩʪʘʣʠ ʛʠʜʨʦʬʠʣʴʥʘ, 
ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʨʘʚʝʥ 41Á. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʜʣʷ ʭʨʦʤʘʪʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʨʘʚʝʥ 85Á. ʅʘʠʙʦʣʴʰʠʤ ʫʛʣʦʤ ʩʤʘʯʠʚʘʥʠʷ (93Á) ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʣʫʯʰʠʤʠ ʟʘʱʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʦʙʣʘʜʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʮʝʨʠʡ-ʩʦʜʝʨʘʱʝʛʦ ʧʦʢʨʳʪʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʙʦʣʴʰʠʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʭʨʦʤʘʪʥʘʷ ʧʣʝʥʢʘ ʩʧʦʩʦʙʥʘ ʢʦ ʚʪʦʨʠʯʥʦʤʫ ʧʘʩʩʠʚʠʨʦʚʘʥʠʶ, ʪʘʢ 

ʢʘʢ ʠʤʝʶʱʘʷʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʣʘʛʘ ʚʳʱʝʣʘʯʠʚʘʝʪ ʠʦʥʳ 

ʭʨʦʤʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ, ʧʦʧʘʜʘʷ ʥʘ ʦʛʦʣʝʥʥʳʝ ʤʝʩʪʘ, ʚʥʦʚʴ 
ʧʘʩʩʠʚʠʨʫʶʪ ʮʠʥʢ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʮʝʨʠʡ-

ʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʢ ʩʘʤʦʨʝʛʝʥʠʨʘʮʠʠ, ʥʘ ʦʙʨʘʟʮʳ ʩ ʜʘʥʥʳʤʠ 

ʧʦʢʨʳʪʠʷʤʠ ʥʘʥʦʩʠʣʘʩʴ ʩʝʪʢʘ ʧʦʧʝʨʝʯʥʳʭ ʥʘʜʨʝʟʦʚ ʠ ʦʙʨʘʟʮʳ 

ʧʦʤʝʱʘʣʠʩʴ ʚʦ ʚʣʘʞʥʫʶ ʘʪʤʦʩʬʝʨʫ [9]. ʉ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ 
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ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʝʪʴ ʮʘʨʘʧʠʥ ʯʝʨʝʟ 4 ʩʫʪʦʢ 

ʧʦʣʥʦʩʪʴʶ ʟʘʨʘʩʪʘʝʪ ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʦʢʨʳʪʠʝʤ, ʪʦ ʝʩʪʴ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʮʝʨʠʡ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʶ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʨʨʦʟʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ (ASTM B117) ʚ 

ʢʘʤʝʨʝ ʩʦʣʷʥʦʛʦ ʪʫʤʘʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʜʦ ʧʦʷʚʣʝʥʠʷ 
ʧʝʨʚʳʭ ʦʯʘʛʦʚ ʙʝʣʦʡ ʢʦʨʨʦʟʠʠ ʥʘ ʮʝʨʠʡ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʷʭ 

ʩʦʩʪʘʚʣʷʝʪ 98 ʯʘʩʦʚ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ 72 ʯʘʩʦʚ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʩʪʘʥʜʘʨʪʦʤ ʀʉʆ 9227 ʜʣʷ ʨʘʜʫʞʥʳʭ 

ʭʨʦʤʘʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʛʦʨʘʟʜʦ ʚʳʰʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʦʛʦ 

ʚʨʝʤʝʥʠ ʜʦ ʧʦʷʚʣʝʥʠʷ ʙʝʣʦʡ ʢʦʨʨʦʟʠʠ ʜʣʷ ʙʝʩʮʚʝʪʥʳʭ 

ʭʨʦʤʘʪʥʳʭ ʧʦʢʨʳʪʠʡ (24 ʯʘʩʘ). 

ʄʝʪʦʜʦʤ ʧʨʦʪʠʨʘʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʘʜʛʝʟʠʷ ʮʝʨʠʡ-

ʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʧʦʢʨʳʪʠʷ 
ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ, ʢʦʪʦʨʘʷ ʥʝ ʫʭʫʜʰʠʣʘʩʴ ʠ ʧʦʩʣʝ 

ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʮʝʨʠʡ-ʩʦʜʝʨʞʘʱʠʝ 

ʧʘʩʩʠʚʠʨʫʶʱʠʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʮʠʥʢʦʚʘʥʥʳʭ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʷʭ ʧʦ  

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʟʘʱʠʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʨʘʜʫʞʥʳʤʠ ʭʨʦʤʘʪʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ. 
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ʂʨʘʚʮʦʚ ɸ.ɺ. 
ɸʩʧʠʨʘʥʪ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʋʇʈɸɺʃɽʅʀɽ ɺɽʃʀʏʀʅʆʁ ʄɽɾʕʃɽʂʊʈʆɼʅʆɻʆ ɿɸɿʆʈɸ 

ʇʈʀ ʕʃɽʂʊʈʆʕʈʆɿʀʆʅʅʆʁ ʆɹʈɸɹʆʊʂɽ ʉ ʇʆʄʆʑʔʖ 

ʂʆʈʈɽʂʊʀʈʋʖʑʀʍ ʄɸɻʅʀʊʆʉʊʈʀʂʎʀʆʅʅʓʍ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ 

 

ʕʣʝʢʪʨʦʵʨʦʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʨʦʟʠʠ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʘ (ʄʕɿ) ʤʝʞʜʫ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʟʘʛʦʪʦʚʢʦʡ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 
ʧʨʦʮʝʩʩʘʤ, ʨʝʘʣʠʟʫʝʤʳʤ ʥʘ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʭ ʩʪʘʥʢʘʭ, ʚʝʣʠʯʠʥʘ ʄʕɿ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 5 

ʤʢʤ ʠ ʤʝʥʝʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʚʝʣʠʯʠʥʦʡ ʟʘʟʦʨʘ [1]. 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʄʕɿ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʘʥʢʘʭ ʜʣʷ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʨʠ ʪʠʧʘ 
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ʧʨʠʚʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʘ-ʠʥʩʪʨʫʤʝʥʪʘ: 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʣʠʥʝʡʥʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ. 

ʕʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʤʠ ʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʚʠʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʷʛʦʚʳʝ ʫʩʠʣʠʷ, ʦʜʥʘʢʦ ʠʭ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ 
ʤʘʣʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ (ʧʦʨʷʜʢʘ 0,1 ʩ) ʠ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʡ ʟʦʥʳ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʄʕɿ ʢʦʧʠʨʦʚʘʣʴʥʦ-ʧʨʦʰʠʚʦʯʥʦʡ 

ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʦʤʦʱʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʦʙʨʘʙʦʪʢʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʚʪʦʨʦʤ ʦʙʟʦʨ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʧʦ 
ʤʝʥʴʰʝʡ ʤʝʨʝ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʧʦʚʳʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢ, ʚ 

ʨʘʙʦʪʘʭ [2-5] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʤʝʥʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ, ʟʘ ʩʯʝʪ ʇ-ʦʙʨʘʟʥʦʛʦ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʮʝʣʦʤ, ʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, ʪ.ʢ. ʥʝ 
ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʠʮʠʦʥʠʨʫʝʪ 

ʵʣʝʢʪʨʦʜ-ʠʥʩʪʨʫʤʝʥʪ. 

ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʛʠʜʨʦʜʚʠʛʘʪʝʣʷ [6-9]. 

ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥʦʡ 

ʄʕɿ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺʥʫʪʨʠ ʩʢʚʦʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚ ʰʪʦʢʝ 
ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʠʜʨʦʜʚʠʛʘʪʝʣʷ ʫʩʪʘʥʦʚʣʝʥ ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʫʧʨʘʚʣʷʶʱʝʡ ʦʙʤʦʪʢʠ ʠ ʩʪʝʨʞʥʷ ʠʟ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɺʝʨʭʥʠʡ ʢʦʥʝʮ ʩʪʝʨʞʥʷ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʰʪʦʢʝ, ʢ 

ʥʠʞʥʝʤʫ ʧʦʜʚʝʰʝʥ ʦʙʲʝʢʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ ï 

ʵʣʝʢʪʨʦʜ ʠʥʩʪʨʫʤʝʥʪ). 

ʇʨʠ ʧʦʜʘʯʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʦʙʤʦʪʢʫ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, 
ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʧʦʩʣʝʜʥʝʛʦ ʤʝʥʷʝʪ ʩʚʦʠ ʣʠʥʝʡʥʳʝ 

ʨʘʟʤʝʨʳ (ʫʜʣʠʥʷʝʪʩʷ), ʦʩʫʱʝʩʪʚʣʷʷ ʤʘʣʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʚʥʫʪʨʠ ʟʦʥʳ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʢʦʥʪʫʨʘ ʉɸʋ. 
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ʈʠʩʫʥʦʢ 1 

 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 
ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʚʝʥʴʝʚ ʤʝʞʜʫ 

ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʠ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʟʘʟʦʨʝ 

ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʜʦʧʫʱʝʥʠʷʭ: 

1. ʄʝʞʵʣʝʢʪʨʦʜʥʳʡ ʟʘʟʦʨ ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʝʥ ʞʠʜʢʦʩʪʴʶ. 

2. ɺʷʟʢʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʧʨʝʜʝʣʘʭ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ 
ʟʘʟʦʨʘ ʧʦʩʪʦʷʥʥʘ 

         3. ʇʨʠʥʫʜʠʪʝʣʴʥʘʷ ʧʨʦʢʘʯʢʘ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʟʘʟʦʨ ʦʪʩʫʪ-

ʩʪʚʫʝʪ. 

         4. ɺʣʠʷʥʠʝ ʵʬʬʝʢʪʘ ʦʙʨʘʪʥʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʥʘ 

ʜʝʬʦʨʤʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ. 
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ʀʟ ʨʘʙʦʪʳ [10] ʠʟʚʝʩʪʥʳ ʩʦʦʪʥʦʰʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ 

ʧʨʝʜʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʠ ʫʩʠʣʠʷ ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʟʘʟʦʨʝ, 

ʥʘʛʨʫʞʘʶʱʝʛʦ ʰʪʦʢ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʠʜʨʦʮʠʣʠʥʜʨʘ. 

ʇʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ (ʜʣʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʬʦʨʤʝ ʜʠʩʢʘ ʨʘʜʠʫʩʦʤ R) ʚ ʧʨʦʮʝʩʩʝ 
ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ: 
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                                                 (1) 

ʛʜʝ g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ŭ - ʚʝʣʠʯʠʥʘ ʄʕɿ, ɡ - 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, ɔ - ʦʙʲʝʤʥʳʡ ʚʝʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʬK  ī ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʇʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʠʣʠʝ: 
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ Vʦʪʚ. ʫʩʠʣʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ, ʚʦʟʨʘʩʪʘʝʪ ʠ ʚ ʧʨʝʜʝʣʝ ʩʪʨʝʤʠʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ˊR
2
 . 

ɽʩʣʠ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʧʨʠʚʦʜʘ ʦʛʨʘʥʠʯʝʥʦ ʠ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ 

2

R2p

, ʪʦ ʙʫʜʫʪ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʤʛʥʦʚʝʥʥʳʝ 
ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʦʧʘʩʥʦʩʪʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ. 

ʅʘʣʠʯʠʝ ʧʨʦʢʘʯʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ 

ʤʝʞʵʣʝʢʪʨʦʜʥʳʡ ʟʘʟʦʨ ʠʟʤʝʥʷʝʪ ʢʘʨʪʠʥʫ ʜʘʚʣʝʥʠʡ, ʠʤʝʶʱʫʶ 
ʤʝʩʪʦ ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʜʦʚ, ʠ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ 

ʫʚʝʣʠʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʩʢʦʨʦʩʪʠ ʦʪʚʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [11-12] ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʩʠʣʠʷ, ʨʘʟʚʠʚʘʝʤʳʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʷʪ ʩʠʣʫ, 

ʜʝʡʩʪʚʫʶʱʫʶ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʟʘʟʦʨʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 
ʫʧʨʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʟʘʟʦʨʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ 

ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ. 
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ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ 

 

ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʚʦʡʩʪʚʘ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʫʩʢʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʦʩʫʱʝʩʪʚʠʪʴ ʦʙʲʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʦʩʪʦʷʥʠʝʤ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʢʘʯʝʩʪʚʘ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʇʦʵʪʦʤʫ 

ʠʟʤʝʨʝʥʠʷ ʜʦʣʞʥʳ ʩʦʧʨʦʚʦʞʜʘʪʴ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʢʘʞʜʦʛʦ 
ʪʠʧʦʨʘʟʤʝʨʘ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ. ɺʘʞʥʝʡʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʪʠʪʴ ʥʘ 

ʚʦʧʨʦʩ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʠʩʧʳʪʫʝʤʦʡ ʤʦʜʝʣʠ ʧʨʝʜʲʷʚʣʷʝʤʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠʣʠ ʦʞʠʜʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʥʦ ʠ ʚʩʢʨʳʪʴ ʧʨʠʯʠʥʳ 
ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʠʭ, ʧʦʥʷʪʴ ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʟʥʘʯʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʟʘʚʠʩʠʪ ʦʪ 
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ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʫʩʣʦʚʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʫʩʪʘʥʦʚʢʠ 

ʜʘʪʯʠʢʦʚ, ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʠ ʜʨ. [1].  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ. ɺ 
ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʝ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ, ʢʦʪʦʨʦʝ ʦʩʥʦʚʘʥʦ ʥʘ ʪʝʧʣʦʦʙʤʝʥʝ ʤʝʞʜʫ ʥʠʤ 

ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʜʨʫʛʠʝ ʚʝʣʠʯʠʥʳ, ʫʜʦʙʥʳʝ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ. ɺ 

ʧʨʘʢʪʠʢʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʨʦʥʥʠʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ 

ʢ ʦʪʢʣʦʥʝʥʠʶ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʷʝʤʦʛʦ 
ʪʝʣʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ ʠʟʤʝʨʝʥʠʷ. ʆʜʥʦ ʠʟ 

ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʦʜʘʤ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ï ʵʪʦ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʠʤʝʥʴʰʝʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʠʙʦʨʘ ʠ ʠʟʤʝʨʷʝʤʳʤ ʪʝʣʦʤ ʠ 

ʠʟʦʣʷʮʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʪʝʧʣʦʚʳʭ 

ʧʦʪʦʢʦʚ [1].  

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʭʨʦʤʝʣʴ-
ʢʦʧʝʣʝʚʳʭ ʪʝʨʤʦʧʘʨ, ʤʦʜʫʣʷ ʚʚʦʜʘ ʘʥʘʣʦʛʦʚʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʄɺɸ 8, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʥʪʝʨʬʝʡʩʦʚ ɸʉ4 ʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ.  

ʊʝʨʤʦʧʘʨʳ ʧʨʝʦʙʨʘʟʫʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʜʚʠʞʫʱʫʶ ʩʠʣʫ 

(ʪʝʨʤʦ-ʕɼʉ), ʜʝʡʩʪʚʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʷʚʣʝʥʠʠ ɿʝʝʙʝʢʘ, ʪ.ʝ. ʥʘ 

ʛʝʥʝʨʘʮʠʠ ʪʝʨʤʦ-ʕɼʉ ʚ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ. ʍʨʦʤʝʣʴ-ʢʦʧʝʣʝʚʳʝ ʪʝʨʤʦʧʘʨʳ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ  ï 50 Áʉ ʜʦ  + 600 Áʉ. 
ʆʥʠ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: ʥʘʠʚʳʩʰʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʪʝʨʤʦʧʘʨ. 

ʅʝʜʦʩʪʘʪʢʠ ï ʵʪʦ ʧʣʦʭʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʬʫʥʢʮʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʪʠʷʤʠ ʪʝʨʤʦʵʣʝʢʪʨʦʜʥʳʭ 

ʧʨʦʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʤʘʪʝʨʠʘʣʘ, ʦʩʦʙʝʥʥʦ 

ʭʨʦʤʝʣʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʘʨʘʟʠʪʥʳʭ ʪʝʨʤʦ-

ʕɼʉ. ʊʘʢʞʝ ʪʝʨʤʦʵʣʝʢʪʨʦʜʥʳʝ ʧʨʦʚʦʜʘ ʭʨʦʤʝʣʴ ʠ ʢʦʧʝʣʴ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ 
ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤ. ɼʦʧʫʩʢʘʝʤʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʪʝʨʤʦ-ʕɼʉ ʭʨʦʤʝʣʴ-ʢʦʧʝʣʝʚʳʭ ʪʝʨʤʦʧʘʨ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 2 Áʉ. ʊʝʨʤʦʧʘʨʳ, 
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ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʛʨʘʜʫʠʨʦʚʢʝ. ɼʣʷ ʵʪʦʛʦ ʩʧʘʡ ʪʝʨʤʦʧʘʨʳ ʙʳʣ ʧʦʤʝʱʝʥ ʚ ʩʦʩʫʜ 

ɼʴʶʘʨʘ ʩ ʪʘʶʱʠʤ ʣʴʜʦʤ, ʚ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʦʢʦʣʦ 0 Áʉ [1, 2].  

ʇʦʣʫʯʝʥʥʘʷ ʛʨʘʜʫʠʨʦʚʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
 
ʊʘʙʣʠʮʘ 1 ï ɻʨʘʜʫʠʨʦʚʢʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  

ʍʂ ʊʇ ˉ1 Ñ 0,05 Áʉ 

ʍʂ ʊʇ ˉ2 Ñ 0,15 Áʉ 

ʍʂ ʊʇ ˉ3 Ñ 0,1 Áʉ 

ʍʂ ʊʇ ˉ4 Ñ 0,04 Áʉ 

 

ʄʦʜʫʣʴ ʚʚʦʜʘ ʘʥʘʣʦʛʦʚʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʄɺɸ8 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʠʙʦʨ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: ʠʟʤʝʨʝʥʠʝ 
ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʭʦʜʥʳʤʠ 

ʧʝʨʚʠʯʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ; ʮʠʬʨʦʚʫʶ ʬʠʣʴʪʨʘʮʠʶ 

ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ; 

ʢʦʨʨʝʢʮʠʶ ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʝʨʚʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʜʨ. ʇʨʝʜʝʣ 

ʦʩʥʦʚʥʦʡ ʧʨʠʚʝʜʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ ʪʝʨʤʦʧʘʨ ʩʦʩʪʘʚʣʷʝʪ 

0,5% [2]. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʪʝʨʤʦʧʘʨ ʢ ʚʭʦʜʫ ʧʨʠʙʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʪʝʨʤʦʧʘʨʳ ʢ ʄɺɸ8 

 
ʇʨʠʙʦʨ ɸʉ4 ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʥʪʝʨʬʝʡʩʦʚ  ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʚʟʘʠʤʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ʠʥʪʝʨʬʝʡʩʦʚ USB ʠ RS-485 ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ 

ʠʟʦʣʷʮʠʠ ʚʭʦʜʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʨʠʙʦʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʦʙʤʝʥʦʤ ʜʘʥʥʳʤʠ 
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ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ (ʪʘʡʤ-ʘʫʪʳ) ʤʝʞʜʫ 

ʢʘʜʨʘʤʠ ʜʘʥʥʳʭ. ʇʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʢ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʩʝʪʠ RS-485 ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʠʤʝʶʱʠʡ USB-ʧʦʨʪ, ʧʨʠ 

ʵʪʦʤ ʧʠʪʘʥʠʝ ʧʨʠʙʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʰʠʥʳ USB. ʇʨʠ 

ʧʦʜʢʣʶʯʝʥʠʠ ʧʨʠʙʦʨʘ ʢ ʇʂ ʚ ʧʦʩʣʝʜʥʝʤ ʧʦʷʚʣʷʝʪʩʷ ʚʠʨʪʫʘʣʴʥʳʡ 

ʉʆʄ-ʧʦʨʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (SCADA, 

ʢʦʥʬʠʛʫʨʘʪʦʨʳ), ʨʘʙʦʪʘʶʱʠʝ ʩ ʘʧʧʘʨʘʪʥʳʤ ʉʆʄ-ʧʦʨʪʦʤ [3]. 

ʆʧʠʩʘʥʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʣʦʜʦʦʚʦʱʥʳʭ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʧʘʢʦʚʘʥʥʳʭ ʚ ʧʘʢʝʪʳ ʧʦ 400 ʛ 

[4]. ʆʜʥʫ ʠʟ ʪʝʨʤʦʧʘʨ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʮʝʥʪʨ ʧʘʢʝʪʘ ʩ ʧʨʦʜʫʢʪʦʤ, 

ʜʚʝ ʜʨʫʛʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʥʘ ʛʣʫʙʠʥʝ 2 ʤʤ ʩ ʜʚʫʭ 

ʩʪʦʨʦʥ ʧʘʢʝʪʘ. ʇʦʩʣʝʜʥʷʷ ʪʝʨʤʦʧʘʨʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʭʦʣʦʜʠʣʴʥʦʡ 
ʢʘʤʝʨʝ ʠ ʠʟʤʝʨʷʣʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. 

ɿʘʤʦʨʘʞʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ: 

ʢʦʥʚʝʢʮʠʦʥʥʳʡ, ʢʦʥʪʘʢʪʥʳʡ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʠʪʝ ʠ ʤʝʞʜʫ 

ʜʚʫʭ ʧʣʠʪ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜʳ [5]. 

ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʜʫʠʨʦʚʢʦʡ 

ʢʘʞʜʦʡ ʠʟ ʪʝʨʤʦʧʘʨ. ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ-ʢʦʥʬʠʛʫʨʘʪʦʨʘ ʥʘ ʇʂ ʩʯʠʪʳʚʘʶʪʩʷ ʩ ʧʨʠʙʦʨʘ ʠ 
ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʘʡʣ ʪʝʢʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ log. ʆʧʨʦʩ ʚʭʦʜʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʢʘʞʜʳʝ 3500 ʤʩ. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ Microsoft Excel ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʛʨʘʬʠʢʠ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʘ, 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ.  
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ʙʘʢʘʣʘʚʨʳ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

çʄʦʩʢʦʚʩʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ʂʘʬʝʜʨʘ ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

 

ʇʈʀʄɽʅɽʅʀɽ ʄɸʃʆʁ ʉʆʃʅɽʏʅʆʁ ʕʅɽʈɻɽʊʀʂʀ  
ɺ ʋʉʃʆɺʀʗʍ ʄʆʉʂɺʓ 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʧʨʝʜʩʪʘʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, 

ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʂʘʢ ʤʠʥʠʤʫʤ, ʧʣʶʩ ʪʘʢʦʛʦ ʚʠʜʘ ʵʥʝʨʛʠʠ ï ʚ ʝʛʦ 

ʥʝʠʩʯʝʨʧʘʝʤʦʩʪʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ 

ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ, ʧʦ ʟʘʚʝʨʝʥʠʶ ʫʯʝʥʳʭ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʦʣʥʝʯʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ ʚʠʜʦʤ ʵʥʝʨʛʠʠ, ʜʘʞʝ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ɺʀʕ.  

ɺ ʈʦʩʩʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʄʦʩʢʚʝ, ʘʢʪʠʚʥʦ ʩʪʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʚ ʚʠʜʝ ʘʚʪʦʥʦʤʥʳʭ 

ʬʦʥʘʨʝʡ, ʩʚʝʪʦʬʦʨʦʚ, wi-fi  ʩʪʘʥʮʠʡ, ʧʘʨʢʦʤʘʪʦʚ ʠ ʩʪʘʥʮʠʡ 

ʚʝʣʦʧʨʦʢʘʪʘ. ɺ ʄʦʩʢʚʝ ʜʘʞʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʠʥʠ-

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ çʗʨʦʩʣʘʚʘè ʚ ʟʘʢʘʟʥʠʢʝ çɸʣʪʫʬʴʝʚʩʢʠʡè, ʟʘʜʘʯʘ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʦʩʚʝʱʝʥʠʷ ʚ ʧʘʨʢʝ.  
 

ʉʦʣʥʝʯʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʩʝʚʝʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʈʦʩʩʠʷ 

ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʚʘʣʦʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ (ʨʠʩʫʥʦʢ 1). 


















































































































