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ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 
 

ʋɼʂ 629.7.01 
  

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʄʆɼʋʃʗ ɼʃʗ ʈɸʉʏɽʊɸ ʃʆʇɸʊʆʂ 

ʂʆʄʇʈɽʉʉʆʈɸ ʅɸ ʉʊɸʊʀʏɽʉʂʋʖ ʇʈʆʏʅʆʉʊʔ 

 

ʄʠʭʘʡʣʦʚʘ ɸ. ɹ., ɸʡʤʫʨʟʠʥ ɺ. ɸ. 

 
ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʰʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢ ʠʭ ʢʘʯʝʩʪʚʫ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʚʠʛʘʪʝʣʷʤ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ (ʚʨʝʤʝʥʠ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ) ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʝʥʥʦʡ ʧʝʨʝʩʤʦʪʨ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʤʢʘʭ CALS ï ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʦʜʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʧʨʦʜʫʢʮʠʠ, ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʠ ʦʙʲʝʢʪʥʦʛʦ ʧʦʜʭʦʜʦʚ, ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʥʘʜ 

ʩʦʟʜʘʥʠʝʤ ʜʚʠʛʘʪʝʣʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʨʠʜʘʶʱʠʭ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʣʝʪʘʪʝʣʴʥʦʤʫ ʘʧʧʘʨʘʪʫ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʩʪʫʧʝʥʝʡ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ 

ʂʇɼ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʂʇɼ ʦʪʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ 

ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʟʣʘ.  

ʇʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʚ ɻʊɼ ʦʟʥʘʯʘʝʪ ʧʦʚʳʰʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʝʛʦ ʵʣʝʤʝʥʪʳ, 

ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʣʦʧʘʪʢʘ ʢʦʤʧʨʝʩʩʦʨʘ. ʈʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʦʧʘʪʦʢ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʠ ʩʘʤʠʭ ʜʚʠʛʘʪʝʣʝʡ ʚ 

ʮʝʣʦʤ. ʂʦʤʧʨʝʩʩʦʨʥʳʝ ʣʦʧʘʪʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ï ʨʘʙʦʯʠʝ 

ʣʦʧʘʪʢʠ ʢʦʣʝʩ ʠ ʩʪʘʪʦʨʥʳʝ ʣʦʧʘʪʢʠ. ʈʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʨʘʙʦʪʘʶʪ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ 

ʧʦʵʪʦʤʫ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ɼʣʷ ʩʪʘʪʦʨʥʳʭ ʣʦʧʘʪʦʢ ʤʥʦʛʠʝ 

ʧʨʦʙʣʝʤʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʝʥʝʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʂ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʠʭ 

ʣʦʧʘʪʦʢ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ:  

1 ʩʦʚʝʨʰʝʥʥʳʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʚʳʩʦʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʤʧʨʝʩʩʦʨʘ;  

2   ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ;  

3   ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ;  

4   ʞʠʚʫʯʝʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ï ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʥʘʜʝʞʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ, ʟʘʨʘʥʝʝ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʧʦʩʪʦʨʦʥʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ.  

ʃʦʧʘʪʢʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ: 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ ʣʦʧʘʪʢʠ ʠ ʧʦʧʝʨʝʯʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ. ʎʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʨʘʩʪʷʞʝʥʠʷ, ʘ ʧʦʧʝʨʝʯʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʚʳʟʳʚʘʶʪ ʠʟʛʠʙ ʣʦʧʘʪʢʠ. ʊʘʢʞʝ, 

ʣʦʧʘʪʢʠ ʠʩʧʳʪʳʚʘʶʪ ʥʘʧʨʷʞʝʥʠʷ ʢʨʫʯʝʥʠʷ ʦʪ ʮʝʥʪʨʦʙʝʞʥʳʭ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʥʦ 

ʦʥʠ ʥʝ ʟʥʘʯʠʪʝʣʴʥʳ, ʧʦʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʝ ʣʦʧʘʪʢʠ ʥʘ ʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʵʪʠ 

ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪ. ʎʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʘ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʘʥʜʘʞʥʳʭ ʧʦʣʦʢ, ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʠʟʛʠʙ ʣʦʧʘʪʢʠ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ. ʆʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʣʦʧʘʪʢʠ 



6   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ         ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʳʭ 

ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʣʦʧʘʪʢʠ ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ:  

1  ʩʪʝʥʜʦʚʳʡ ʨʝʞʠʤ;  

2  ʨʝʞʠʤ ʧʦʣʝʪʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʫ ʟʝʤʣʠ;  

3 ʨʝʞʠʤ ʧʦʣʝʪʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʧʨʦʯʥʦʩʪʠ ʣʦʧʘʪʦʢ. ʀʭ ʩʦʯʝʪʘʥʠʝ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʨʘʥʥʠʭ ʩʪʘʜʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʛʠʙʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʭʤʝʨʥʳʭ ʤʦʜʝʣʷʭ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʪʨʫʜʦⱪʤʢʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʦʚʦʜʢʠ ʠʟʜʝʣʠʷ. ɺ ʅʀʃ ʉɸʇʈ-ɼ ʢʘʬʝʜʨʳ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʋɻɸʊʋ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʜʘʣʝʝ ʉʀʄ) ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ COMPRESSOR. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʉʀʄ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʨʘʩʯʝʪ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʦ ʩʨʝʜʥʝʤʫ ʜʠʘʤʝʪʨʫ, 

ʨʘʩʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦ ʚʳʩʦʪʝ ʧʝʨʘ ʣʦʧʘʪʢʠ ʚ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ, ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʣʦʧʘʪʦʢ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠʷʭ ʧʦ ʚʳʩʦʪʝ ʧʝʨʘ ʣʦʧʘʪʢʠ. 

ɺ ʉʀʄ COMPRESSOR ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʉʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʤʦʜʝʣʴ 

ʢʦʤʧʨʝʩʩʦʨʘ ʩʦʝʜʠʥʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʚʟʘʠʤʦʩʚʷʟʷʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʝʜʘʶʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. ɼʣʷ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʵʪʦ çʄʝʭʘʥʠʯʝʩʢʠʡ ʧʦʪʦʢè 

(ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ), çʇʦʪʦʢ ʛʘʟʘè (ʩʠʥʝʛʦ ʮʚʝʪʘ) ʠ çʇʨʦʬʠʣʠʨʦʚʘʥʠʝè (ʞʝʣʪʦʛʦ ʮʚʝʪʘ). ʉʀʄ 

COMPRESSOR ʧʦʟʚʦʣʷʝʪ ʧʨʦʬʠʣʠʨʦʚʘʪʴ ʣʦʧʘʪʢʠ ɻʊɼ ʧʦ ʩʝʯʝʥʠʷʤ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʪʦʢʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ.  

ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʣʦʧʘʪʦʢ ʥʘ ʧʨʦʯʥʦʩʪʴ ʚ ʉʀʄ COMPRESSOR ʩ 

ʩʦʟʜʘʥ ʤʦʜʫʣʴ çʧʨʦʯʥʦʩʪʴè. ɺ ʜʘʥʥʦʤ ʤʦʜʫʣʝ ʨʝʘʣʠʟʦʚʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ 

ʠ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ. ʄʦʜʫʣʴ çʧʨʦʯʥʦʩʪʴè ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ 

ʤʦʜʫʣʝʤ çʧʨʦʬʠʣʠʨʦʚʘʥʠʝè (ʨʠʩ.1), ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʝʨʝʜʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʣʠʰʴ ʚʚʝʩʪʠ 

ʠʤʷ ʬʘʡʣʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʜʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ 

ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ ʟʘʜʘʯʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ 

ʦʰʠʙʦʢ ʚ ʨʘʩʯʝʪʘʭ, ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʷ çʧʨʦʯʥʦʩʪʴè 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʣʦʧʘʪʦʢ ʥʘ ʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ [1]. ʊʘʢ ʢʘʢ ʉʀʄ COMPRESSOR ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʬʠʣʷ ʥʘ ʨʘʟʥʳʭ ʩʝʯʝʥʠʷʭ, ʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʪʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

„̋ =
1

ὊὭ
(”‫2 1

4
ὊὭ1 + ὊὭ ὙὭ1 + ὙὭ ὙὭ1 ὙὭ + „Ὥ1ὊὭ1); 



ˉ 2 (11). ʄʘʡ, 2014 ʛ.       ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   7 

 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʯʝʥʠʡ ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʇʨʠ ʧʝʨʚʦʤ ʟʘʧʫʩʢʝ ʨʘʩʯʝʪʘ 

ʧʦʷʚʣʷʝʪʩʷ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʚʝʩʪʠ ʯʠʩʣʦ 

ʩʝʯʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ (ʨʠʩ.2). ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤʳ ʦʪ 

ʦʰʠʙʢʠ ʚʚʦʜʘ. ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʝʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʩʝʯʝʥʠʡ (ʤʠʥʠʤʫʤ 6) ʠʣʠ 

ʥʝʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ (ʜʨʦʙʥʦʝ ʯʠʩʣʦ, ʪʝʢʩʪ), ʪʦ ʧʨʦʛʨʘʤʤʘ ʚʳʚʝʜʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʩʦʦʙʱʝʥʠʝ ʠ ʧʦʚʪʦʨʠʪ ʧʨʦʮʝʜʫʨʫ ʚʚʦʜʘ.  

 

 
ʈʠʩ. 2. ʆʢʥʦ ʚʚʦʜʘ ʢʦʣʠʯʝʩʪʚʘ ʩʝʯʝʥʠʡ 

 

ʇʦʩʣʝ ʚʚʦʜʘ ʢʦʣʠʯʝʩʪʚʘ ʩʝʯʝʥʠʡ ʧʨʦʛʨʘʤʤʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʛʝʦʤʝʪʨʠʠ ʧʝʨʘ 

ʣʦʧʘʪʢʠ, ʨʘʩʩʯʠʪʳʚʘʝʪ ʠ ʚʳʚʦʜʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʚʳʩʦʪʳ ʣʦʧʘʪʢʠ (ʨʠʩ.3). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʳʚʦʜʠʤʳʡ ʩʧʠʩʦʢ ʚʭʦʜʷʪ ʪʦʣʴʢʦ ʪʝ 

ʩʝʯʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʣʠʰʥʠʭ ʧʦʚʪʦʨʥʳʭ 

ʨʘʩʯʝʪʦʚ. ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʩʝʭ ʩʝʯʝʥʠʷʭ ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ 

ʧʨʦʛʨʘʤʤʘ ʧʨʦʚʦʜʠʪ ʦʮʝʥʢʫ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʦʧʘʪʢʠ ʢʦʤʧʨʝʩʩʦʨʘ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʤʦʞʥʦ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʠʟʤʝʥʠʪʴ ʜʘʥʥʳʝ ʦ ʤʘʪʝʨʠʘʣʝ. ʇʨʦʛʨʘʤʤʘ ʧʨʦʚʝʜʝʪ ʨʘʩʯʝʪʳ, 

ʠʩʧʦʣʴʟʫʷ ʫʞʝ ʧʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ. 

 

 
ʈʠʩ. 3. ʉʧʠʩʦʢ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʳʩʦʪ ʣʦʧʘʪʢʠ 

 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʫʣʷ ʨʝʘʣʠʟʦʚʘʥ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ: ʚʳʚʦʜ ʚ ʬʘʡʣ (ʨʠʩ.4) ʠ ʚʳʚʦʜ ʚ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ (ʨʠʩ.5). ɺʳʚʦʜ ʚ ʦʢʥʦ 

ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ ʚʳʚʦʜʷʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʪʷʞʝʥʠʷ, ʥʘʧʨʷʞʝʥʠʷ ʠʟʛʠʙʘ ʚ ʪʦʯʢʘʭ A, B ʠ ʉ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʪʠʭ ʪʦʯʢʘʭ, ʤʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʠ ʩʦʦʙʱʝʥʠʝ ʦ 

ʚʳʧʦʣʥʝʥʠʠ (ʠʣʠ ʥʝ ʚʳʧʦʣʥʝʥʠʠ) ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ. ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʬʘʡʣ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʬʘʡʣʦʚ ʩ ʨʘʩʰʠʨʝʥʠʝʤ xar (ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʧʨʠ ʧʦʤʦʱʠ 

CharEdit), ʩʦʜʝʨʞʘʱʠʭ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʚʳʩʦʪʝ ʣʦʧʘʪʢʠ, ʠ ʬʘʡʣ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ txt, ʚ ʢʦʪʦʨʦʤ ʭʨʘʥʷʪʩʷ ʚʩʝ ʜʘʥʥʳʝ ʧʦ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. 

 

 
ʈʠʩ. 4. ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚ ʬʘʡʣ 



8   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ         ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

 
ʈʠʩ. 5. ɺʳʚʦʜ ʛʨʘʬʠʢʦʚ ʧʨʠ ʧʦʤʦʱʠ CharEdit 

 

 
ʈʠʩ. 6. ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ çʧʨʦʯʥʦʩʪʴè ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʉʀʄ COMPRESSOR, 

ʨʘʩʰʠʨʷʝʪ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ɻʊɼ.  

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʘ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʠʟʛʠʙʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ ʣʦʧʘʪʦʢ. 
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ʄʠʭʘʡʣʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ɹʦʨʠʩʦʚʥʘ, ʜʦʮ. ʢʘʬ. ʘʚʠʘʮ. ʜʚʠʛʘʪʝʣʝʡ 

ʋɻɸʊʋ, ʜʠʧʣ. ʠʥʞ. ʧʦ ʘʚʠʘʮʠʦʥʥʳʤ ʜʚʠʛʘʪʝʣʷʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʫʩʪʘʥʦʚʢʘʤ  (ʋɻɸʊʋ, 2008). ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʧʦ ʪʝʧʣʦʚʳʤ, 

ʵʣʝʢʪʨʦʨʘʢʝʪʥʳʤ ʜʚʠʛʘʪʝʣʷʤ ʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʤ ʃɸ (ʋɻɸʊʋ, 2011). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʤʧʨʝʩʩʦʨʘʭ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ  
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ʄʠʭʘʡʣʦʚʘ ɸ. ɹ., ʄʘʢʘʨʦʚ ʅ. ʀ. 

 
ʋʨʦʚʥʠ ʰʫʤʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʝʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ 

ʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

ʐʫʤ ʩʘʤʦʣʝʪʦʚ ʦʢʘʟʳʚʘʝʪ ʨʘʟʜʨʘʞʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʞʠʚʘʶʱʝʝ ʚʙʣʠʟʠ 

ʘʵʨʦʧʦʨʪʦʚ ʥʘʩʝʣʝʥʠʝ, ʧʘʩʩʘʞʠʨʦʚ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ, ʩʦʟʜʘʝʪ ʧʦʤʝʭʠ ʧʨʠ 

ʧʨʠʝʤʝ ʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʟʳʚʘʝʪ ʘʥʦʤʘʣʠʠ ʚ ʨʘʙʦʪʝ ʧʨʠʙʦʨʦʚ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ. ʇʦʵʪʦʤʫ ʰʫʤ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʸʪʦʚ ʠ ʚʝʨʪʦʣʸʪʦʚ ʥʘ ʤʝʩʪʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥ 

ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʩʪʘʥʜʘʨʪʘʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ ʀʂɸʆ, ʘ ʰʫʤ ʚ ʩʘʣʦʥʝ ï ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ɸʥʘʣʠʟ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʰʫʤʫ ʥʝʧʨʝʨʳʚʥʦ ʫʞʝʩʪʦʯʘʶʪʩʷ, ʫʨʦʚʝʥʴ ʰʫʤʘ ʫ ʥʦʚʳʭ 

ʩʘʤʦʣʸʪʦʚ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥ ʫʨʦʚʝʥʴ ʰʫʤʘ ʤʠʨʦʚʦʛʦ 

ʧʘʨʢʘ ʩʘʤʦʣʝʪʦʚ.  

ʆʩʥʦʚʥʦʡ ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʰʫʤʘ ʩʘʤʦʣʝʪʦʚ ð 

ʵʪʦ ʩʥʠʞʝʥʠʝ ʰʫʤʘ ʚ ʠʩʪʦʯʥʠʢʝ. ɻʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ ʩʘʤʦʣʝʪʦʚ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ ʰʫʤ ʩʪʨʫʠ ʩʥʠʞʘʝʪʩʷ, ʘ ʰʫʤ ʚʝʥʪʠʣʷʪʦʨʘ 

ʠ ʪʫʨʙʠʥʳ ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʨʠ m=3 ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ (m>3) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʫʤʘ ʦʪ ʚʝʥʪʠʣʷʪʦʨʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʊɺɺɼ) ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʚʝʣʠʯʠʥʳ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʠʩʪʦʯʥʠʢʠ 

ʰʫʤʘ, ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʤʠ ʰʫʤʘ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ ʊɺɺɼ ʷʚʣʷʶʪʩʷ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨ, ʢʦʤʧʨʝʩʩʦʨ, 

ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ, ʪʫʨʙʠʥʘ ʠ ʨʝʘʢʪʠʚʥʘʷ ʩʪʨʫʷ. ʂʘʞʜʳʡ ʠʩʪʦʯʥʠʢ ʰʫʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʯʘʩʪʦʪʥʳʤ ʩʦʩʪʘʚʦʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʨʦʚʥʝʡ (ʩʧʝʢʪʨʦʤ) ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ. ʅʘ 

ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʊɺɺɼ 
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ʈʠʩ. 1. ʋʨʦʚʝʥʴ ʰʫʤʘ ʤʠʨʦʚʦʛʦ ʧʘʨʢʘ ʩʘʤʦʣʝʪʦʚ 

 

ȑȺȻȷɀȶȱȳȱ Ɂȼȵȩ
     țȋȋȍ

ȋȮȶȻȱȴɈȻȷȹȓȷȵȸȹȮȺȺȷȹ
ȑȺȻȷɀȶȱȳȱ 
ȫȶȼȻȹȮȶȶȮȬȷ
Ɂȼȵȩ

țȼȹȪȱȶȩ
șȮȩȳȻȱȫȶȩɈ
ȺȻȹȼɈ

ȍȱȺȳȹȮȻȶɄȲ
     Ɂȼȵ

ȡȱȹȷȳȷȸȷȴȷȺȶɄȲ
          Ɂȼȵ

ȡȼȵ ȼȭȩȹȶɄȾ
    ȫȷȴȶ

ȓȩȵȮȹȩ 
ȺȬȷȹȩȶȱɈ

ȚȻȷȲȳȱ, ȸȱȴȷȶɄ,
ȻȹȩȳȻȷȫɄȮ ȸȷȫ-Ȼȱ

     ȡȼȵ
  ȬȷȹȮȶȱɈ

ȡȼȵ 

 ȋȱȾȹȮȫȷȲ 
    Ɂȼȵ

ȡȼȵ ȫȰȩȱȵȷ-
ȭȮȲȺȻȫȱɈ ȳȩȵȮ-
ȹɄ ȺȬȷȹȩȶȱɈ ȱ
   ȻȼȹȪȱȶ

ȍȱȺȳȹȮȻȶɄȲ
      Ɂȼȵ

ȘȷȬȹȩ-
ȖȱɀȶȷȬȷ 
ȺȴȷɈ

ȡȱȹȷȳȷȸȷȴȷȺ-
ȶɄȲ Ɂȼȵ

ȡȱȹȷȳȷȸȷȴȷȺȶɄȲ
       Ɂȼȵ

ȡȱȹȷȳȷȸȷȴȷȺȶɄȲ
Ɂȼȵ Ⱥ ȻȷȶȩȴɅȶɄ-
ȵȱ ȺȷȺȻȩȫȴɈɇɂȱ-
ȵȱ

   ȋȱȶȻȷ-

 

ʈʠʩ. 2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʊɺɺɼ. 

 

ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʤʘʣʦʰʤʥʦʛʦ ʊɺɺɼ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ 

ʩʥʠʞʝʥʠʷ ʰʫʤʘ. ʉʶʜʘ ʚʭʦʜʠʪ ʢʘʢ ʚʳʙʦʨ ʩʭʝʤʳ ʜʚʠʛʘʪʝʣʷ, ʝʛʦ ʩʪʝʧʝʥʠ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ, 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ ʰʫʤʘ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʊɺɺɼ 

(ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ, ʩʪʨʫʠ, ʪʫʨʙʠʥʳ, ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ) ʚ ʤʝʩʪʘʭ ʛʝʥʝʨʘʮʠʠ ʠ ʥʘ 

ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʫʤʘ. ʇʦʜ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʧʦʥʠʤʘʶʪʩʷ ʪʘʢʠʝ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʧʨʠʝʤʣʝʤʳʭ ʧʦʪʝʨʷʭ ʪʷʛʠ ʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʰʫʤʘ (1,5ð2,0 EPN ʜɹ ʥʘ 1% ʧʦʪʝʨʴ) ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʝ, 

ʪʝʭʥʦʣʦʛʠʯʥʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʧʨʦʩʪʳ ʠ ʥʘʜʝʞʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʣʘʜʘʶʪ ʤʘʣʳʤ ʚʝʩʦʤ. 

ʄʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʰʫʤʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʘʢʪʠʚʥʳʝ ʠ 

ʧʘʩʩʠʚʥʳʝ. ɸʢʪʠʚʥʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʧʨʦʮʝʩʩ ʰʫʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ ʠ 



ˉ 2 (11). ʄʘʡ, 2014 ʛ.       ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   11 

 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʥʴʰʝʛʦ ʰʫʤʘ ʚ ʩʘʤʦʤ ʠʩʪʦʯʥʠʢʝ, ʧʘʩʩʠʚʥʳʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʫʞʝ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʰʫʤʘ ʥʘ ʧʫʪʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ 

ʛʘʟʦʚʦʟʜʫʰʥʳʭ ʪʨʘʢʪʘʭ ʜʚʠʛʘʪʝʣʷ ʠ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʫʨʦʚʥʷ ʰʫʤʘ ʜʚʠʛʘʪʝʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʜʚʠʛʘʪʝʣʝʡ. ʅʝʪ ʥʘ 

ʩʝʛʦʜʥʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ, ʝʩʪʴ ʦʪʜʝʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʊʈɼ ʠ ʊʈɼɼ, ʜʣʷ ʊɺɼ, 

ʊɺɺɼ, ʊɺʘɼ. ʆʩʥʦʚʘ ʵʪʠʭ ʤʝʪʦʜʠʢ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʦʯʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʂʘʞʜʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʨʘʟʨʘʙʦʪʢʘʤʠ 

ɻʊɼ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʢʘʢ ʈʦʣʣʩ-ʈʦʡʩ, ʇʨʘʪʪ-ʋʠʪʥʠ, General Electric, NASA, ʠʟ 

ʈʦʩʩʠʡʩʢʠʭ - ʎʀɸʄ, ʎɸɻʀ ʠ ʉʅʊʂ ʠʤ. ʅ.ɼ. ʂʫʟʥʝʮʦʚʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʦʨʠʛʠʥʘʣʴʥʳʝ 

ʤʝʪʦʜʠʢʠ ʥʘ ʦʩʥʦʚʝ ʩʚʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʐʫʤ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ ʠʤʝʝʪ, ʚ ʦʩʥʦʚʥʦʤ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʇʨʠʯʠʥʦʡ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ. ʇʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʦʙʪʝʢʘʥʠʠ 

ʧʨʦʬʠʣʷ ʥʘ ʥʝʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʵʧʶʨʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪ ʚʦʟʤʫʱʝʥʠʷ ʧʦʪʦʢʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʦʪ ʢʘʞʜʦʡ ʣʦʧʘʪʢʠ ʚ ʚʠʜʝ ʚʦʣʥ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʈʘʟʣʠʯʘʶʪ ʪʨʠ 

ʚʠʜʘ ʰʫʤʘ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ: ʜʠʩʢʨʝʪʥʳʡ (ʪʦʥʘʣʴʥʳʡ) ʰʫʤ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʰʫʤ ʠ ʰʫʤ 

ʫʜʘʨʥʳʭ ʚʦʣʥ (ʢʦʤʙʠʥʘʮʠʦʥʥʳʡ ʰʫʤ. ɼʣʷ ʜʦʟʚʫʢʦʚʦʛʦ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʠ ʜʠʩʢʨʝʪʥʳʡ ʰʫʤʳ. ɺ ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʝ 

ʚʦʟʥʠʢʘʝʪ ʝʱʝ ʰʫʤ ʜʠʩʢʨʝʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪʘʭ (ʰʫʤ 

ʫʜʘʨʥʳʭ ʚʦʣʥ). 

ɼʣʷ ʜʚʠʛʘʪʝʣʝʡ ʩ ʜʦʟʚʫʢʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʦʪʦʢʘ ʚ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʝ ʦʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʛʝʥʝʨʘʮʠʠ ʰʫʤʘ ʩʣʫʞʘʪ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʠ ʩʣʫʯʘʡʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʪʦʢʘ. 

ʀʩʪʦʯʥʠʢʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʪʦʢʘ: ʩʣʝʜʳ ʟʘ ʣʦʧʘʪʢʘʤʠ ʠ ʚʭʦʜʥʘʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʪʦʢʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʚʦʛʦ ʨʷʜʘ ʣʦʧʘʪʦʢ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ 

ʚʭʦʜʥʳʤ ʧʦʪʦʢʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʦʪʦʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʷʜʫ ʣʦʧʘʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʥʠʞʝ ʧʦ ʧʦʪʦʢʫ.  

ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʣʫʯʘʡʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʪʦʢʘ: ʩʦʙʩʪʚʝʥʥʘʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨ, ʩʨʳʚ ʚʠʭʨʝʡ ʩ ʟʘʜʥʝʡ ʢʨʦʤʢʠ ʣʦʧʘʪʦʢ 

(ʪʫʨʙʫʣʝʥʪʥʳʝ ʩʣʝʜʳ ʟʘ ʣʦʧʘʪʢʘʤʠ), ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ ʢʦʨʧʫʩʝ ʠʣʠ 

ʣʦʧʘʪʢʘʭ. ɼʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʪʦʢʘ 

ʷʚʣʷʶʪʩʷ ʧʝʨʝʪʝʢʘʥʠʷ ʥʘ ʢʦʥʮʘʭ ʣʦʧʘʪʦʢ ʠ ʚʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ ʚ ʢʘʥʘʣʘʭ ʨʝʰʝʪʦʢ. 

ɼʠʩʢʨʝʪʥʳʡ ʰʫʤ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ ʦʙʫʩʣʦʚʣʝʥ ʚʨʘʱʝʥʠʝʤ ʨʦʪʦʨʘ ʠʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʦʪʦʨʘ ʩʦ ʩʪʘʪʦʨʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʘʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ 

ʚʨʘʱʘʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ ʠʣʠ ʚʨʘʱʘʶʱʠʭʩʷ ʤʦʜ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʈʘʟʣʠʯʘʶʪ ʜʚʘ 

ʚʠʜʘ ʜʠʩʢʨʝʪʥʳʭ ʰʫʤʦʚ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ: ʰʫʤ çʩʣʝʜʦʚʦʛʦè ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʰʫʤ 

ʚʨʘʱʝʥʠʷ. ʐʫʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʜʘʚʣʝʥʠʷ ʥʘ 

ʣʦʧʘʪʢʘʭ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜ ʚ 

ʢʦʣʝʩʦ.  

ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʰʫʤ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ ʦʙʫʩʣʦʚʣʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʣʫʯʘʡʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʩ ʧʨʦʬʠʣʷʤʠ ʣʦʧʘʪʦʯʥʳʭ ʚʝʥʮʦʚ. ɺʦʟʤʦʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʰʫʤʘ ʷʚʣʷʶʪʩʷ: 

- ʩʨʳʚ ʚʠʭʨʝʡ ʩ ʣʦʧʘʪʦʢ ʈʂ ʠ ʅɸ; 

- ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʚʦ ʚʭʦʜʥʦʤ ʧʦʪʦʢʝ ʠ ʧʦʣʷʤʠ ʜʘʚʣʝʥʠʡ 

ʥʘ ʣʦʧʘʪʢʘʭ ʈʂ ʠ ʅɸ; 

- ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʣʷʤʠ ʜʘʚʣʝʥʠʡ ʥʘ ʣʦʧʘʪʢʘʭ ʈʂ ʠ ʅɸ ʠ ʪʫʨʙʫʣʝʥʪʥʳʤʠ 

ʧʦʛʨʘʥʠʯʥʳʤʠ ʩʣʦʷʤʠ ʥʘ ʩʪʝʥʢʘʭ ʢʦʨʧʫʩʘ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ ʠ ʪ. ʜ. 

ʌʠʟʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʰʫʤʘ ʩʣʝʜʫʶʱʘʷ. ʉʣʫʯʘʡʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʪʦʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ (ʢʦʪʦʨʘʷ, 

ʚʦʟʥʠʢʘʝʪ ʥʘ ʚʭʦʜʝ, ʣʠʙʦ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʥʘ ʩʪʝʥʢʝ ʢʦʨʧʫʩʘ ʠʣʠ ʥʘ 

ʣʦʧʘʪʢʘʭ, ʣʠʙʦ ʚʦʟʥʠʢʘʝʪ ʚ ʩʣʝʜʘʭ ʟʘ ʣʦʧʘʪʢʘʤʠ), ʚʳʟʳʚʘʝʪ ʩʣʫʯʘʡʥʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʠ ʧʫʣʴʩʘʮʠʠ ʫʛʣʘ ʘʪʘʢʠ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʨʘʙʦʯʫʶ ʨʝʰʝʪʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ 



12   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ         ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

ʚʦʟʥʠʢʘʶʪ ʤʝʩʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ ʈʂ ʠ ʧʫʣʴʩʘʮʠʠ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʣʦʧʘʪʢʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ. 

ʐʫʤ ʚʠʭʨʝʡ, ʩʦʰʝʜʰʠʭ ʩ ʧʨʦʬʠʣʷ, ʪʘʢʞʝ ʚʥʦʩʠʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʢʣʘʜ ʚ ʫʨʦʚʝʥʴ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʰʫʤʘ. ɼʦʚʦʣʴʥʦ ʪʦʥʢʠʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʥʘ ʚʪʫʣʢʝ, 

ʚʨʘʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʨʦʪʦʨʦʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʠʤ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʯʠʩʣʘʭ ʄ 

ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ.  

ʐʫʤ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʠʣʠ ʪʦʥʘʣʴʥʳʡ ʰʫʤ ʥʘ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʯʘʩʪʦʪʘʭ, ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʠ ʣʦʧʘʪʦʢ ʈʂ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ . ʇʨʠ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʪʦʢʘ ʥʘ ʧʝʨʠʬʝʨʠʠ ʈʂ ʥʘ ʧʝʨʝʜʥʠʭ ʢʨʦʤʢʘʭ 

ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʚʦʟʥʠʢʘʶʪ ʫʜʘʨʥʳʝ ʚʦʣʥʳ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʚʳʟʳʚʘʝʪ 

ʛʝʥʝʨʘʮʠʶ ʰʫʤʘ ʚʨʘʱʝʥʠʷ. ɸʤʧʣʠʪʫʜʳ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʝʨʝʤʝʥʥʳ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʰʘʛʫ ʨʝʰʝʪʢʠ. ʇʝʨʝʜ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʦʤ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ 

ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʜʦʛʦʥʷʶʪ ʠ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʙʦʣʝʝ ʩʣʘʙʳʝ, ʦʙʨʘʟʫʷ ʩʣʦʞʥʫʶ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʦʣʝ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʚʨʘʱʘʶʱʝʝʩʷ ʩ 

ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʘ, ʛʝʥʝʨʠʨʫʝʪ ʰʫʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʝʨʠʠ ʪʦʥʦʚ, 

ʠʤʝʶʱʠʭ ʯʘʩʪʦʪʳ, ʢʨʘʪʥʳʝ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ                     
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ɸɺʀɸʎʀʆʅʅʓʍ ɻʊɼ ʉ ʋʏɽʊʆʄ ʂʃɸʇɸʅɸ ʇɽʈɽʇʋʉʂɸ 

 

ɹʘʢʠʨʦʚʘ ɿ. ʅ., ʄʠʭʘʡʣʦʚʘ ɸ. ɹ. 

 
ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ. ʇʦʣʫʯʝʥʠʝ 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦ ʜʚʠʛʘʪʝʣʝ ʩ ʧʦʤʦʱʴʶ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʄʄ) 

ʟʘʚʠʩʠʪ ʦʪ ʜʝʪʘʣʴʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʚʠʛʘʪʝʣʴ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʣʦʧʘʪʦʯʥʳʭ ʤʘʰʠʥ (ʚʝʥʪʠʣʷʪʦʨʘ, ʢʦʤʧʨʝʩʩʦʨʘ, ʪʫʨʙʠʥ). ʅʘʠʙʦʣʝʝ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʵʪʠʭ ʫʟʣʦʚ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɻʊɼ 

ʧʨʦʠʟʚʦʜʠʪʩʷ, ʩ ʧʦʤʦʱʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʠʩʳʚʘʪʴ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚ 

ʮʝʣʦʤ ʢʘʢ "ʯʝʨʥʳʡ ʷʱʠʢ" ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʯʪʦ ʧʦ ʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [1] ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʣʝʚʦʤʫ ʫʨʦʚʥʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʟʣʦʚ 

ʠ ʧʝʨʚʦʤʫ ʫʨʦʚʥʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ. ʆʜʥʘʢʦ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʝʛʦ ʫʟʣʦʚ ʚ ʩʠʩʪʝʤʝ ɻʊɼ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʅʝʫʩʪʦʡʯʠʚʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʢʦʣʝʙʘʥʠʡ 

ʜʘʚʣʝʥʠʡ ʠʣʠ ʚ ʚʠʜʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ (ʦʙʨʳʚʘ) ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ. ɺ ʩʠʩʪʝʤʝ 

ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʵʪʦ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʘ ʠʤʝʥʥʦ: 

¶ ʚ ʨʝʟʢʦʤ ʧʘʜʝʥʠʠ ʜʘʚʣʝʥʠʷ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʦʙʦʛʘʱʝʥʠʶ ʛʦʨʶʯʝʡ ʩʤʝʩʠ, ʧʘʜʝʥʠʶ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʠʣʠ ʚʳʢʣʶʯʝʥʠʶ ʜʚʠʛʘʪʝʣʷ; 

¶ ʚ çʟʘʚʠʩʘʥʠʠè ʜʚʠʛʘʪʝʣʷ, ʪ.ʝ. ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ 

ʠʟ-ʟʘ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ; 

¶ ʚ ʧʦʷʚʣʝʥʠʠ ʩʠʣʴʥʳʭ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʠ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʚʳʟʳʚʘʶʱʠʭ 

ʚʠʙʨʘʮʠʶ ʚʩʝʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʩʜʫʚʘʥʠʠ ʧʣʘʤʝʥʠ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. 

ʈʘʙʦʪʘ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʘʭ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʠʙʨʘʮʠʷʤʠ ʣʦʧʘʪʦʢ, ʠʥʦʛʜʘ ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʠʭ ʧʦʣʦʤʢʘʤ. 

ʇʦʣʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʘʭ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʡ 

ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʠʤʝʶʪ ʢʦʤʧʨʝʩʩʦʨʳ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʚʩrʦʢʠʤʠ ʌ̋ᶻ ʥʘ ʧʨʦʝʢʪʥʦʤ ʨʝʞʠʤʝ, ʩʪʫʧʝʥʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ. ʊʘʢʠʝ ʢʦʤʧʨʝʩʩʦʨʳ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʨʝʛʫʣʠʨʫʝʤʳʝ ʵʣʝʤʝʥʪʳ (ʤʝʭʘʥʠʟʘʮʠʶ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ɻɼʋ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ 

ʨʝʞʠʤʦʚ: ʦʪ ʤʘʣʦʛʦ ʛʘʟʘ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʟʘʧʫʩʢʘ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʳʭ ʟʘʧʘʩʦʚ ɻɼʋ ʥʘ ʧʫʩʢʦʚʳʭ ʨʝʞʠʤʘʭ ʠ ʨʝʞʠʤʘʭ ʚʙʣʠʟʠ ʤʘʣʦʛʦ 

ʛʘʟʘ ʯʘʩʪʦ ʟʘ ʩʨʝʜʥʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʝʨʝʧʫʩʢʘ 

ʚʦʟʜʫʭʘ. ʋʩʪʨʦʡʩʪʚʦ ʧʝʨʝʧʫʩʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʘ ʩʨʝʜʥʠʤʠ ʩʪʫʧʝʥʷʤʠ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʧʦ ʫʛʣʘʤ ʘʪʘʢʠ ʧʝʨʚʳʭ ʩʪʫʧʝʥʝʡ ʥʘ ʧʦʥʠʞʝʥʥʳʭ ʨʝʞʠʤʘʭ. 

ɽʩʣʠ ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʧʦʣʦʞʠʪʴ ʩʨʘʟʫ ʟʘ ʧʝʨʚʳʤʠ ʩʪʫʧʝʥʷʤʠ, ʪʦ ʧʨʠ ʝʛʦ ʚʢʣʶʯʝʥʠʠ 

ʥʘʛʨʫʞʘʣʠʩʴ ʙʳ ʩʨʝʜʥʠʝ ʩʪʫʧʝʥʠ (ʧʦ ʫʛʣʫ ʘʪʘʢʠ) ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ 

(ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜ ʥʠʤʠ). ʆʙʳʯʥʦ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʧʫʩʢʘ ʚʦʟʜʫʭʘ ʙʳʚʘʝʪ ʦʪʢʨʳʪʦ ʜʦ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʡ ʫʛʣʳ ʘʪʘʢʠ ʚ ʧʝʨʚʳʭ ʩʪʫʧʝʥʷʭ ʩʪʘʥʫʪ ʤʝʥʴʰʝ 

ʢʨʠʪʠʯʝʩʢʠʭ, ʠ ʟʘʧʘʩʳ ɻɼʋ ʙʫʜʫʪ ʜʦʩʪʘʪʦʯʥʳ ʩ ʟʘʢʨʳʪʳʤʠ ʢʣʘʧʘʥʘʤʠ. ʇʨʠ ʦʪʢʨʳʪʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʧʝʨʝʧʫʩʢʘ ʥʘ ʤʘʣʳʭ ʨʝʞʠʤʘʭ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʫʛʣʳ ʘʪʘʢʠ ʥʘ ʟʘʜʥʠʭ ʩʪʫʧʝʥʷʭ ʠ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʂʇɼ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʦʱʥʦʩʪʠ ʟʘʧʫʩʢʘ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʦʪʢʨʳʪʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʝʨʝʧʫʩʢʘ ʚʳʙʨʦʩ ʚʦʟʜʫʭʘ ʚ ʘʪʤʦʩʬʝʨʫ ʠʣʠ 

ʥʘʨʫʞʥʳʡ ʢʦʥʪʫʨ ʊʈɼɼ ʥʝʞʝʣʘʪʝʣʝʥ ʠʟ-ʟʘ ʫʭʫʜʰʝʥʠʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʚʩʝʛʦ ʜʚʠʛʘʪʝʣʷ, 

ʪʘʢ ʢʘʢ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚʦʟʜʫʭ, ʥʘ ʩʞʘʪʠʝ ʢʦʪʦʨʦʛʦ ʟʘʪʨʘʯʝʥʘ ʵʥʝʨʛʠʷ. ʅʘ ʦʩʥʦʚʥʳʭ 

ʨʘʙʦʯʠʭ ʨʝʞʠʤʘʭ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʧʫʩʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʨʳʪʦ. 

ɺ ʉʀʄ COMPRESSOR ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʦʩʝʚʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʥʘ ʥʝʨʘʩʯʝʪʥʳʭ ʨʝʞʠʤʘʭ ʚ ʉʀʄ COMPRESSOR ʙʳʣ ʜʦʙʘʚʣʝʥ ʤʦʜʫʣʴ 

çʂʣʘʧʘʥ ʧʝʨʝʧʫʩʢʘ ʚʦʟʜʫʭʘè (ʨʠʩ.1).  

 

 
 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʰʝʩʪʠʩʪʫʧʝʥʯʘʪʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʩ ʫʯʝʪʦʤ ʤʦʜʫʣʷ çʂʣʘʧʘʥ ʧʝʨʝʧʫʩʢʘ 

ʚʦʟʜʫʭʘè 

 

ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʩʪʘʪʴʝ [2]. ɸʥʘʣʦʛʠʯʥʦ ʵʪʦʤʫ ʨʘʩʯʝʪʫ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʨʝʩʩʦʨʘ 

ʫʞʝ ʩ ʫʯʝʪʦʤ ʚʩʪʨʦʝʥʥʦʛʦ ʤʦʜʫʣʷ çʂʣʘʧʘʥ ʧʝʨʝʧʫʩʢʘ ʚʦʟʜʫʭʘè. 

ɺʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʜʫʣʷ çʂʣʘʧʘʥ ʧʝʨʝʧʫʩʢʘ ʚʦʟʜʫʭʘè ʷʚʣʷʝʪʩʷ ʨʘʩʭʦʜʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʘʧʘʥʘ. ɼʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʜʘʚʘʣʘʩʴ ʚ ʨʝʜʘʢʪʦʨʝ CharEdit                

(ʨʠʩ. 2). ʈʘʩʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʘʧʘʥʘ ʠʤʝʝʪ ʨʘʩʰʠʨʝʥʠʝ .tur (ʨʠʩ.3). 

 

        
ʈʠʩ. 2. ʈʝʜʘʢʪʦʨ CharEdit, ʟʘʜʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʧʘʥʘ 
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                            óʠʤʷ ʬʘʡʣʘô .com                                             ó ʠʤʷ ʬʘʡʣʘô .tur 

 

 
ʈʠʩ. 3. ɺʳʙʦʨ ʪʠʧʘ ʬʘʡʣʘ 

 

ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʨʝʩʩʦʨʘ ʩ 

ʫʯʝʪʦʤ ʢʣʘʧʘʥʘ ʧʝʨʝʧʫʩʢʘ. ʊʘʢ ʞʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ 

ʢʦʤʧʨʝʩʩʦʨʘ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʨʘʩʯʝʪʘ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʨʠʪʠʯʝʩʢʠʭ ʫʛʣʦʚ ʘʪʘʢʠ ʢʘʞʜʦʛʦ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. 

ɺ ʉʀʄ COMPRESSOR [3] ʟʘʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʫʛʣʦʚ 

ʘʪʘʢʠ. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʨʝʩʩʦʨʘ: 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ, ʨʘʩʯʝʪʥʦʡ ʠ ʩ ʫʯʝʪʦʤ ʦʪʙʦʨʘ ʚʦʟʜʫʭʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚ ʘʪʘʢʠ ʧʦ ʩʪʫʧʝʥʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʚʝʜʝʥʥʦʛʦ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ ʥʘ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 81% ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚ ʘʪʘʢʠ 
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ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʫʛʣʳ ʘʪʘʢʠ. 

 

 
ʈʠʩ. 5. ʂʨʠʪʠʯʝʩʢʠʝ ʫʛʣʳ ʘʪʘʢʠ 

 

ʀʟ ʨʠʩʫʥʢʘ 5 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʭʦʜʘ ʨʘʥʴʰʝ ʚʩʝʭ ʩʨʳʚ ʥʘʩʪʫʧʘʝʪ ʚ 

ʰʝʩʪʦʡ ʩʪʫʧʝʥʠ, ʧʦʟʞʝ ï ʚ ʧʝʨʚʦʡ. ɼʘʥʥʳʡ ʬʘʢʪ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʨʝʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʢʘʨʪʠʥʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʥʝʫʩʪʦʡʯʠʚʘʷ ʨʘʙʦʪʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʦʡ ʧʦʩʣʝʜʥʠʭ ʩʪʫʧʝʥʝʡ. ʇʦ ʨʠʩʫʥʢʫ 5 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʝʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʝ ʢʦʤʧʨʝʩʩʦʨʘ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʶʪʩʷ çʛʨʘʥʠʯʥʳʝè ʪʦʯʢʠ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʚʝʪʚʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʀʪʦʛʦʚʳʝ ʛʨʘʥʠʮ r ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ  ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ, ʨʘʩʯʝʪʥʘʷ ʠ ʩ ʫʯʝʪʦʤ ʦʪʙʦʨʘ ʚʦʟʜʫʭʘ) ʢʦʤʧʨʝʩʩʦʨʘ ʠʟʦʙʨʘʞʝʥ rʥʘ 

ʨʠʩʫʥʢʝ 6. 

 

 
ʈʠʩ. 6. ʉʨʘʚʥʝʥʠʝ ɻɼʋ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʨʝʩʩʦʨʘ:                                            

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ, ʨʘʩʯʝʪʥʦʡ ʠ ʩ ʫʯʝʪʦʤ ʦʪʙʦʨʘ ʚʦʟʜʫʭʘ  
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ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʧʘʥʘ ʧʝʨʝʧʫʩʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʟʘʧʘʩʦʚ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʥʘ ʧʦʥʠʞʝʥʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʇʨʝʟʠʜʝʥʪʘ ʈʌ 
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ɺʚʝʜʝʥʠʝ 

ʉʧʫʪʥʳʝ ʩʪʨʫʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʟʣʘʭ ʧʣʘʥʝʨʘ ʠ ʜʚʠʛʘʪʝʣʷ 

ʩʘʤʦʣʝʪʘ: ʩʤʝʰʝʥʠʝ ʧʦʪʦʢʦʚ ʟʘ ʢʨʳʣʦʤ, ʧʝʨʦʤ ʣʦʧʘʪʢʠ, ʩʤʝʩʠʪʝʣʝ, ʩʦʧʣʝ. ʆʪ ʢʦʨʨʝʢʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʫʪʥʳʭ ʩʪʨʫʡ ʟʘʚʠʩʷʪ ʢʦʥʝʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [1] ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʸʭʤʝʨʥʦʛʦ 

ʯʠʩʣʝʥʥʦʛʦ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS 

CFX ʧʨʦʩʪʝʡʰʠʭ ʩʣʫʯʘʝʚ ʩʪʨʫʡʥʳʭ ʪʝʯʝʥʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʠʩʘʥʳʭ ʚ [2]. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʸʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ ʋɻɸʊʋ ʢʘʬʝʜʨʳ ɸʊʠʊ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.1 [3]. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʏʝʨʝʟ ʩʦʧʣʦ ʠʟ ʘʪʤʦʩʬʝʨʳ ʚ ʢʘʤʝʨʫ ʚʪʝʢʘʝʪ ʚʦʟʜʫʰʥʘʷ ʩʪʨʫʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʡ, ʩʦʟʜʘʚʘʝʤʳʤ ʚʘʢʫʫʤ-ʥʘʩʦʩʘʤʠ. ʇʦʩʣʝ ʚʳʭʦʜʘ ʩʪʨʫʠ ʚ ʢʘʤʝʨʫ 

ʦʙʨʘʟʫʝʪʩʷ ʩʪʨʫʡʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʫʚʣʝʯʝʥʥʳʭ ʯʘʩʪʠʮ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʟʘʪʦʨʤʦʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩʘʤʦʡ ʩʪʨʫʠ. ʅʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʚʭʦʜʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʨʝʙʝʥʢʘ, ʠʤʝʶʱʘʷ ʦʜʠʥʥʘʜʮʘʪʴ ʪʨʫʙʦʢ ʇʠʪʦ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ 

ʨʘʜʠʫʩʫ ʩ ʰʘʛʦʤ ʚ 3,4 ʤʤ. ʇʝʨʚʘʷ ʪʨʫʙʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦ ʦʩʠ ʧʦʪʦʢʘ, ʧʦʩʣʝʜʥʷʷ ʚʳʭʦʜʠʪ 

ʟʘ ʧʨʝʜʝʣʳ ʩʪʨʫʠ. ɼʘʚʣʝʥʠʝ, ʦʪʙʠʨʘʝʤʦʝ ʪʨʫʙʢʘʤʠ ʇʠʪʦ, ʠʟʤʝʨʷʶʪʩʷ U-ʦʙʨʘʟʥʳʤʠ 

ʚʦʜʷʥʳʤʠ ʤʘʥʦʤʝʪʨʘʤʠʧʨʠ ʥʠʟʢʠʭ ʧʝʨʝʧʘʜʘʭ ʜʘʚʣʝʥʠʡ. ʇʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʷ 

ʠʟʤʝʨʝʥʠʝ ʜʘʚʣʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʫʧʧʦʚʦʛʦ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʤʘʥʦʤʝʪʨʘ 

(ɻʈʄ ɻ49-1). ʕʧʶʨʳ ʧʦʣʥʳʭ ʘʙʩʦʣʶʪʥʳʭ ʜʘʚʣʝʥʠʡ ʧʨʠ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6 ʠ 7. ʇʦ ʤʝʪʦʜʠʢʝ [3] ʧʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʦʩʪʨʦʝʥʳ ʵʧʶʨʳ ʩʢʦʨʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 8, 9. 

ʏʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 2, ʚʳʧʦʣʥʝʥʘ ʚ CAD-ʩʠʩʪʝʤʝ NX 8.0. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʫʚʝʣʠʯʠʚʘʝʤ ʟʦʥʫ ʚʪʝʢʘʥʠʷ ʚʦʟʜʫʭʘ (Inlet) ʠ ʫʜʣʠʥʷʝʤ ʚʳʭʦʜ 

(Outlet), ʦʩʪʘʚʣʷʷ çʢʦʣʝʥʦè. 

 

 

ʈʠʩ. 2. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ 
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ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʝʪʢʝ 2,6 ʤʣʥ. ʵʣʝʤʝʥʪʦʚ, ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʵʣʝʤʝʥʪʘ 

3 ʤʤ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʩʯʝʪʘ ʠ ʨʝʩʫʨʩʦʚ ʢʦʤʧʴʶʪʝʨʘ, ʠʩʧʦʣʴʟʫʝʤ ʧʦʣʦʚʠʥʫ 

ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʪ.ʢ. ʪʝʯʝʥʠʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ (ʩʤ. ʨʠʩ. 2). ʈʘʙʦʯʝʝ ʪʝʣʦ ʚ ʤʦʜʝʣʠ ï 

AirIdealGas, ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʜʚʫʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ - Ὧ ‐ ʠ SST. 

ʄʦʜʝʣʴ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ CFX-Pre ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.  

ʅʘ ʛʨʘʥʠʯʥʦʤ ʫʩʣʦʚʠʠ Inlet (ʚʭʦʜ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ) ʟʘʜʘʚʘʣʘʩʴ ʧʦʣʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

(ʊ*=296,6 ʂ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʦʤʝʱʝʥʠʠ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ) 

ʠ ʠʟʙʳʪʦʯʥʦʝ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ (0=DP  ʇʘ). ʅʘ ʚʳʭʦʜʝ (Outlet) ʟʘʜʘʚʘʣʩʷ ʨʘʩʭʦʜ, 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (G = 0,035; 0,075 ʢʛ/c, ʧʦʣʦʚʠʥʘ 

ʨʘʩʭʦʜʘ ʚʦ ʚʩʝʡ ʤʦʜʝʣʠ). ʅʘ ʛʨʘʥʠʯʥʦʤ ʫʩʣʦʚʠʠ Wall ʟʘʜʘʚʘʣʘʩʴ ʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʩʪʝʥʢʘ 

ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ (ʩ ʧʨʠʣʠʧʘʥʠʝʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ). Symmetry ï ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ 

ʩʠʤʤʝʪʨʠʠ. ʉʩʳʣʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʤʦʜʝʣʠ (Reference Pressure) ʨʘʚʥʦ 99000 ʇʘ 

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ). 

ʈʘʩʭʦʜ ʜʣʷ ʥʠʟʢʠʭ ʜʦʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

     ( ) rwrG SD=
2

2pr ,          (1) 

ʛʜʝ 
*TR

pʘ

Ö
=r , ʢʛ/ʤ

3
 ï ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ, 3104,3 -Ö=Dr ʤ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʨʫʙʦʢ ʧʠʪʦ 

ʧʦ ʨʘʜʠʫʩʫ, w ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ( )100·=r  ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʜʠʫʩ ʫʩʪʘʥʦʚʢʠ ʪʨʫʙʢʠ. 

ʈʘʩʭʦʜ ʜʣʷ ʚʳʩʦʢʠʭ ʦʢʦʣʦʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʧʨʝʜʝʣʷʣʩʷ ʠʟ ʩʣʝʜʫʶʱʝʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ: 

          

( )
( )

()lpr yr
T

RkA
rG SD=

*

2 ,
2 ,         (2) 

ʛʜʝ ()ly  ï ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, A(k,R) = 0,0404, ʊ* = 296,6 ʂ ï ʧʦʣʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʪʦʢʘ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʦʤʝʱʝʥʠʠ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ). 

 

 

ʈʠʩ. 3. ɿʘʜʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

 

Inlet 

Outlet 

Symmet

ry 
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ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʚ CFX-Solver. ʈʘʩʯʝʪ 

ʩʯʠʪʘʣʩʷ ʟʘʢʦʥʯʝʥʥʳʤ, ʢʦʛʜʘ ʩʭʦʜʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʦʩʪʠʛʘʝʪ 10
-5
, ʘ ʜʠʩʙʘʣʘʥʩ 

ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʦʩʪʠʛʘʝʪ ʧʦʨʷʜʢʘ 0,1%. 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ CFX-

Post ʠ MS Excel. 

ʅʘ ʨʠʩ. 4 ʠ 5 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʩʭʦʜʦʚ ʠ 

ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʇʨʦʬʠʣʠ ʩʢʦʨʦʩʪʝʡ ʩʪʨʦʷʪʩʷ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠ ʨʘʩʯʸʪʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʦʜʠʥʥʘʜʮʘʪʠ ʪʦʯʢʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʧʦʣʦʞʝʥʠʶ ʪʨʫʙʦʢ ʇʠʪʦ ʥʘ 

ʫʩʪʘʥʦʚʢʝ (ʩʤ. ʨʠʩ. 1). 

ʅʘ ʨʠʩ. 6ï9 ʠ ʪʘʙʣʠʮʝ 1  ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʸʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʨʦʬʠʣʠ 

ʩʢʦʨʦʩʪʝʡ ʠ ʘʙʩʦʣʶʪʥʳʭ ʧʦʣʥʳʭ ʜʘʚʣʝʥʠʡ. ɺ ʪʘʙʣʠʮʘʭ 2 ʠ 3 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʧʦʣʥʳʭ ʜʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ. 

 

 

ʈʠʩ. 4. ʇʦʣʷ ʩʢʦʨʦʩʪʝʡ ʜʣʷ G = 0,035 ʢʛ/c 

 

 

ʈʠʩ. 5. ʇʦʣʷ ʩʢʦʨʦʩʪʝʡ ʜʣʷ G = 0,075 ʢʛ/c 
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ʈʠʩ. 7. ʇʨʦʬʠʣʷ ʘʙʩʦʣʶʪʥʳʭ ʧʦʣʥʳʭ ʜʘʚʣʝʥʠʡ ʜʣʷ G = 0,075 ʢʛ/c 
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ʈʠʩ. 8. ʇʨʦʬʠʣʷ ʩʢʦʨʦʩʪʝʡ ʜʣʷ G = 0,035 ʢʛ/c 

 

 
ʈʠʩ. 9. ʇʨʦʬʠʣʷ ʩʢʦʨʦʩʪʝʡ ʜʣʷ G = 0,075 ʢʛ/c 
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ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 
 

ʊʘʙʣʠʮʘ 2 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʧʦʣʥʳʤ ʜʘʚʣʝʥʠʷʤ 

 
 

ʊʘʙʣʠʮʘ 3 

ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʩʢʦʨʦʩʪʷʤ 

 
 

 ɺʳʚʦʜʳ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1] ʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʦʜʫʚʦʢ [2], 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʬʠʣʠ ʙʝʟʨʘʟʤʝʨʥʳʭ ʠʟʙʳʪʦʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʢʘʢ ʜʣʷ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠe-k , ʪʘʢ ʠ ʜʣʷ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

SST, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 8%. 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʬʠʣʠ ʧʦʣʥʳʭ ʘʙʩʦʣʶʪʥʳʭ ʜʘʚʣʝʥʠʡ ʠ 

ʩʢʦʨʦʩʪʝʡ ʪʦʯʥʝʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʤʦʜʝʣʴʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ e-k , ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʢʦʪʦʨʦʡ ʧʦ ʜʘʚʣʝʥʠʷʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 7%, ʢʦʛʜʘ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʜʣʷ SST ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 12,8%. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩ ʤʝʪʦʜʠʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ (ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʦʣʴʟʦʚʘʣʠʩʴ ʯʘʩʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

ɹʝʨʥʫʣʣʠ). 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ                             

ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʄɼ-115.2013.8. 
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ʆʜʥʠʤ ʠʟ ʤʥʦʞʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ 

ʚʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

(ʕɻɼʇ) ʞʠʜʢʦʩʪʠ. ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʕɻɼʇ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ. 

ʈʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʭʨʘʥʠʪʩʷ ʚ ʧʦʨʠʩʪʦʤ ʥʘʧʦʣʥʠʪʝʣʝ ʙʘʢʘ. ʊʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʦʪ ʜʫʛʠ 

ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʠʩʧʘʨʠʪʝʣʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ ʠʩʧʘʨʷʝʪ ʝʸ. ɼʘʣʝʝ ʧʘʨ ʧʦʜʘʝʪʩʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʜʫʛʫ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ 

ʧʘʨʘ. ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʟʦʥʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ, ʧʘʨ ʩʤʝʱʘʝʪ ʝʝ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʧʣʘ, ʚʳʪʷʛʠʚʘʷ ʜʫʛʫ ʥʘʨʫʞʫ ʠ ʟʘʤʳʢʘʷ ʝʝ ʥʘ ʚʥʝʰʥʶʶ ʢʨʦʤʢʫ ʩʦʧʣʘ. ɺ ʚʳʭʦʜʥʦʤ 

ʦʪʚʝʨʩʪʠʠ ʧʘʨ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʜʫʛʫ ʠ ʮʝʥʪʨʠʨʫʝʪ ʝʝ, ʥʝ ʧʦʟʚʦʣʷʷ ʜʫʛʝ ʟʘʤʢʥʫʪʴʩʷ ʥʘ 

ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. ʀʩʪʝʢʘʶʱʠʝ ʛʘʟʳ, ʧʨʦʪʝʢʘʷ ʯʝʨʝʟ ʩʦʧʣʦ, 

ʦʭʣʘʞʜʘʶʪ ʝʛʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʕɻɼʇ ʵʥʝʨʛʠʠ ʥʦʩʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ [1, 2] 

ʠʣʠ ʪʝʦʨʝʪʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ [3, 4] ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʦʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʕɻɼʇ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʨʘʩʩʯʠʪʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʪʣʘʜʢʠ ʤʦʜʝʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ. 

¶ ʋʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ. 

ʋʨʘʚʥʝʥʠʝ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʠ ʛʘʟʦʜʠʥʘʤʠʢʠ. ʆʥʦ 

ʩʣʫʞʠʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʚʷʟʢʠʭ ʩʞʠʤʘʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ. 
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ʛʜʝ V ï ʚʝʢʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʤ/ʩ; p ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʇʘ; ɟ ï 

ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
; ɛ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʢʛ/(ʤĀʩ); ɛt ï ʪʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ, ʢʛ/(ʤĀʩ); 

T ïʪʝʤʧʝʨʘʪʫʨʘ, ʂ; ɟhyd ï ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʛ/ʤ
3
; g ï ʚʝʢʪʦʨ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʤ/ʩ

2
; 

ʆʧʝʨʘʪʦʨ ʥʘʙʣʘ (ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ), ʚʝʢʪʦʨʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ, 

ʦʙʦʟʥʘʯʘʝʤʳʡ ʩʠʤʚʦʣʦʤ  ɳ (ʥʘʙʣʘ). ɼʣʷ ʪʨʸʭʤʝʨʥʦʛʦ ʝʚʢʣʠʜʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʦʧʝʨʘʪʦʨ ʥʘʙʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 
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dd d
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¶ ʋʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ. 
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     (3) 

ʛʜʝ h ï ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ, ʤ; ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʣʦʧʨʦʚʦʜʥʦʩʪʠ, ɺʪ/(ʤĀʂ); ʉp ï 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʤ
2
/(ʂĀʩ

2
); Prt ï ʪʫʨʙʫʣʝʥʪʥʦʝ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ; Q ï ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʪʳ, ɼʞ; 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ: 

1. ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ ɛʪ); 

2. ʆʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (k-ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ); 

3. ɼʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (k-ɤ, k-Ů, k-l ʤʦʜʝʣʠ); 

4. LES ʤʦʜʝʣʴ ʙʦʣʴʰʠʭ ʚʠʭʨʝʡ (Large Eddy Simulation); 

ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʤʦʜʝʣʝʡ ʠʤʝʝʪ ʩʚʦʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʦʯʥʦʩʪʴ ʠ 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ [5]. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʜʨʘʟʜʝʣʷʝʤʳʝ ʥʘ ʪʨʠ ʧʦʜʛʨʫʧʧʳ: k-ɤ, k-

l, k-Ů . ʉʨʝʜʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʫʶ k-Ů ʤʦʜʝʣʴ, ʧʦʢʘʟʘʥʥʫʶ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ 

ʈʝʡʥʦʣʴʜʩʘ [6]. ɺ ʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʘʷ k-Ů 

ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ: 
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ʛʜʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ: 
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ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʯʝʥʠʷ: 
2

T

k
R

r
=
me

 ï ʪʫʨʙʫʣʝʥʪʥʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, y

y k
R

r

m
=  ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ,  

y ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʪʝʥʢʠ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʨʘʩʯʝʪʥʦʛʦ ʫʟʣʘ, 
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ʚʷʟʢʦʩʪʴ, ( )
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mm µ
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µ
 ï ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʦʪʝʨʠ ʪʝʧʣʘ. 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ: 

Cm=0,009, 1Ce=1,44, 2Ce =1,92, es =1,3, ks =1. 

Prt=0,9 ï ʪʫʨʙʫʣʝʥʪʥʦʝ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ. 

ʄʦʜʝʣʴ ʪʫʨʙʫʜʝʥʪʥʦʩʪʠ k-Ů, ʠʩʧʦʣʴʟʫʶʱʘʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ (k) ʠ ʩʢʦʨʦʩʪʠ ʝʝ ʜʠʩʩʠʧʘʮʠʠ (Ů), ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʜʘʝʪ ʥʝʧʣʦʭʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʩʯʝʪʦʚ [7]. 

¶ ʋʨʘʚʥʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ k : 
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ʋʨʘʚʥʝʥʠʝ ʜʠʩʩʠʧʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Ů: 
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ʕʤʧʠʨʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʫʢʘʟʘʥʳ ʚʳʰʝ. ʊʫʨʙʫʣʝʥʪʥʘʷ 

ʚʷʟʢʦʩʪʴ ʚ ʤʦʜʝʣʠ k-Ů ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʯʝʨʝʟ ʪʫʨʙʫʣʝʥʪʥʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ k ʠ 

ʩʢʦʨʦʩʪʠ ʝⱪ ʜʠʩʩʠʧʘʮʠʠ Ů. 
2
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¶ ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [6]: 

      (12) 

ʛʜʝ Zʩʞ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ; p ï ʜʘʚʣʝʥʠʝ;  - ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ; R ï ʛʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ; T ï ʪʝʤʧʝʨʘʪʫʨʘ. 

ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʈʝʜʣʠʭʘ-ʂʚʦʥʛʘ ïʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʧʦʣʫʯʝʥʥʦʝ ʆ. ʈʝʜʣʠʭʦʤ ʠ ɼʞ. ʂʚʦʥʛʦʤ ʚ 1949 ʛʦʜʫ ʢʘʢ ʫʣʫʯʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ʇʨʠ ʵʪʦʤ ʆʪʪʦ ʈʝʜʣʠʭ ʚ ʩʚʦʝʡ ʩʪʘʪʴʝ 1975 ʛʦʜʘ ʧʠʰʝʪ, ʯʪʦ 

ʫʨʘʚʥʝʥʠʝ ʥʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ, ʘ ʷʚʣʷʝʪʩʷ, ʧʦ ʩʫʪʠ, ʫʜʘʯʥʦʡ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʋʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

     (13) 

ʛʜʝ P ï ʜʘʚʣʝʥʠʝ, ʇʘ; T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; V ï ʤʦʣʴʥʳʡ ʦʙʲʝʤ, ʤį/ʤʦʣʴ; R ï 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, R=8.31441Ñ0.00026 ɼʞ/(ʤʦʣʴĿʂ), a ʠ b ï ʥʝʢʦʪʦʨʳʝ 

ʢʦʥʩʪʘʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʀʟ ʫʩʣʦʚʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʨʘʟʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʈʝʜʣʠʭʘ-ʂʚʦʥʛʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ 

(13) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ:  

    (14) 

ʛʜʝ ,  

ʋʨʘʚʥʝʥʠʝ ʈʝʜʣʠʭʘ-ʂʚʦʥʛʘ ʧʨʠʤʝʥʠʤʦ, ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

      (15) 

ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʈʝʜʣʠʭʘ-ʂʚʦʥʛʘ: 
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,      (16) 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ ʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʥʷʪʦ ʫʨʘʚʥʝʥʠʝ ʈʝʜʣʠʭʘ-ʂʚʦʥʛʘ. 

¶ ʋʨʘʚʥʝʥʠʝ ʤʝʞʬʘʟʥʦʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʠ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʠ: 

3 2
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Ö Ö -
= Ö Ö     (17) 

ʛʜʝ r ï ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʝʥʪʨʘ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ, Rʧ ï ʨʘʜʠʫʩ ʧʫʟʳʨʴʢʘ, Fvap ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ, pʥʧ ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ, p ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʧʦʪʦʢʝ 

ɼʣʷ ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ: 
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     (18) 

ʛʜʝ ra ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʞʠʜʢʦʩʪʠ; rb ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʧʘʨʘ; ar  ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, 

ʢʛ/ʤ
3
; br  ï ʧʣʦʪʥʦʩʪʴ ʧʘʨʘ, ʢʛ/ʤ

3
; ɻ ï ʠʩʪʦʯʥʠʢ ʠʣʠ ʩʪʦʢ ʤʘʩʩʳ, ʢʛ/ʩ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʨʘʚʝʥʩʪʚʦ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʞʠʜʢʦʡ ʬʘʟʳ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʚʭʦʜʘ ʠ ʧʘʨʦʚʦʡ ʬʘʟʳ ʯʝʨʝʟ 

ʛʨʘʥʠʮʫ ʚʳʭʦʜʘ. 

0r ra a b br r- =     (19) 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʥʘʣʘ 

ʕɻɼʇ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʘʢʝʪʝ Star-CCM+. ʆʙʣʘʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʥʘ ʢʦʨʧʫʩʦʤ 

ʕɻɼʇ, ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʨʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʭʨʘʥʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʩʨʝʟʦʤ 

ʚʳʭʦʜʥʦʛʦ ʩʦʧʣʘ (ʨʠʩ.1). 

 
 

ʈʠʩ. 1. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʕɻɼʇ ʚ ʨʘʟʨʝʟʝ ʠ ʧʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʫʩʪʨʦʡʩʪʚʘ.  

X ï ʤʝʞʵʣʝʢʪʨʦʜʥʳʡ ʟʘʟʦʨ. 

 
ʈʠʩ. 2.  ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʦʪ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʘ. 

G ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ, X ï ʤʝʞʵʣʝʢʪʨʦʜʥʳʡ ʟʘʟʦʨ 

ʢʨ ʢʨ2

p T

p T
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ɿʥʘʯʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ (ʨʠʩ.2) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ ʧʦʜʫʯʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [2].  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʕɻɼʇ 

ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

¶ ʚ ʤʦʜʝʣʠʨʫʝʤʫʶ ʦʙʣʘʩʪʴ ʧʦʩʪʫʧʘʝʪ ʞʠʜʢʦʩʪʴ (ʚʦʜʘ); 

¶ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʚʭʦʜʘ ʧʦʩʪʦʷʥʥʳʡ; 

¶ ʠʟ ʩʦʧʣʘ ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʠʩʪʝʢʘʝʪ ʚ ʧʘʨʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

¶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ; 

¶ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʧʝʨʝʜʘʝʪʩʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ 
ʵʣʝʢʪʨʦʜʦʚ; 

¶ ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʧʣʦʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʯʝʨʝʟ ʩʪʝʥʢʠ ʢʦʨʧʫʩʘ; 

¶ ʞʠʜʢʦʩʪʴ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʧʣʦʪʥʦʩʪʴ; 

¶ ʧʘʨ ʠʩʪʝʢʘʝʪ ʚ ʦʙʣʘʩʪʴ ʩ ʜʘʚʣʝʥʠʝʤ 101325 ʇʘ; 

¶ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʜʢʦʩʪʴ/ʧʘʨ ʥʘ ʚʭʦʜʝ ï1/0, ʥʘ ʚʳʭʦʜʝ ï 0/1. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʭʦʜʘ ʚ ʦʙʣʘʩʪʴ: 

¶ ʪʠʧ ʛʨʘʥʠʮʳ ï "ʧʦʪʦʢ ʤʘʩʩʳ ʥʘ ʚʭʦʜʝ"; 

¶ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʜʢʦʡ ʬʘʟʳ ï 1.0; 

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ ï 300 ʂ; 

¶ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ï6,86Ŀ10
-5

 ʢʛ/ʩ; 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʳʭʦʜʘ ʠʟ ʦʙʣʘʩʪʠ: 

¶ ʪʠʧ ʛʨʘʥʠʮʳ ï "ɼʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ"; 

¶ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʧʘʨʦʚʦʡ ʬʘʟʳ ï 1.0; 

¶ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ï 101325 ʇʘ; 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʦʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʚ ʬʦʨʤʝ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʩʝʯʝʥʠʠ. ʄʘʣʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʤʘʣʳʤ ʤʘʩʩʦʚʳʤ ʨʘʩʭʦʜʦʤ. 

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

 
ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʜʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 
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ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 300 ʂ ʜʦ 423 ʂ. ʅʘʠʙʦʣʴʰʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠʤʝʝʪ ʦʙʣʘʩʪʴ ʤʝʞʜʫ ʢʦʥʠʯʝʩʢʠʤ ʫʯʘʩʪʢʦʤ ʘʥʦʜʘ ʠ ʩʦʧʣʦʤ-ʢʘʪʦʜʦʤ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʘʨʘ, ʠʩʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʩʦʧʣʘ 395 ʂ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʘʨʘ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʩʧʘʨʠʪʝʣʷ ʠ ʮʝʥʪʨʘʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ.  

 

 
ʈʠʩ. 5. ʇʣʦʪʥʦʩʪʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

 

 
ʈʠʩ. 6. ʉʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

 

 
ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ: ö ï ʊʝʤʧʝʨʘʪʫʨʘ ʧʘʨʘ, ʠʩʪʝʢʘʶʱʝʛʦ ʠʟ ʩʦʧʣʘ 

ʧʦʩʣʝ ʛʘʰʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ. ȹ ï ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʪʝʢʘʶʱʝʛʦ ʧʘʨʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, Ű ï ʚʨʝʤʷ. 

 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʵʢʩ ʯʠʩʣ

ʵʢʩ

T T

T

-
D=      (20) 
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ʇʨʠʥʠʤʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʚʥʦʡ 400 ʂ, ʧʦʣʫʯʘʝʤ: 

400 395
1,25%

400

-
D= =     (21) 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ 1,25%. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʘ ʤʘʣʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʥʦʛʦʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ ʩ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʩ ʫʯʝʪʦʤ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʛʨʝʚʘ ʞʠʜʢʦʩʪʠ ʠ ʧʘʨʘ ʧʦ ʚʩʝʤʫ ʪʨʘʢʪʫ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʪʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʦʡ. ʆʙʥʘʨʫʞʝʥʳ ʚʠʭʨʝʚʳʝ ʩʧʠʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʫʞʝʥʠʷ 

ʧʦʪʦʢʘ ʚ ʦʙʣʘʩʪʠ ʢʦʥʬʫʟʦʨʥʦʛʦ ʩʫʞʝʥʠʷ ʧʨʦʪʦʯʥʦʛʦ ʢʘʥʘʣʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ 

ʠʩʧʘʨʠʪʝʣʝʤ ʠ ʘʥʦʜʦʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʥʝʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ: ʜʦʨʘʙʦʪʘʪʴ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ, ʫʚʝʣʠʯʠʚ 

ʧʣʦʱʘʜʴ ʪʝʧʣʦʦʙʤʝʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʜʣʷ 

ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʤʝʥʪʦʚ 

ʫʩʪʨʦʡʩʪʚʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʥʝʡ), ʪʘʢ ʠ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʜʘʚʣʝʥʠʝ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʡ ʦʙʣʘʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʝʢʘʶʱʝʛʦ ʙʝʟ 

ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʜʫʛʫ ʧʘʨʘ). ʇʨʦʚʝʜʝʥʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ, ʩʦʩʪʘʚʣʷʶʱʝʡ 1,25 % ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʕɻɼʇ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʟʘʤʢʥʫʪʳʭ ʮʠʢʣʦʚ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 
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ʍʘʢʠʤʦʚʘ ʃ.ʌ., ʍʘʢʠʤʦʚ ʈ.ʌ., ɹʘʢʠʝʚʘ ɸ.ɼ., ʄʫʭʘʤʝʪʦʚ ʄ.ɺ. 

 
ʉʠʩʪʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ʜʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʥʘ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, 

ʭʣʘʜʦʨʝʩʫʨʩ ʠ ʦʪʚʦʜʠʪʴ ʩʞʠʞʝʥʥʳʝ ʬʨʘʢʮʠʠ ʪʷʞʝʣʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ 

ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʚʠʭʨʝʚʫʶ ʫʩʪʘʥʦʚʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ʜʨʦʩʩʝʣʴ-ʵʬʬʝʢʪʘ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʘʛʨʝʛʘʪʦʚ. 
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ʏʘʩʪʴ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʵʥʝʨʛʠʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʩʨʘʙʘʪʳʚʘʝʪʩʷ (ʥʫʞʥʦ ʧʦ-ʨʫʩʩʢʠ) 

ʚ ʚʠʭʨʝʚʦʡ ʪʨʫʙʝ, ʛʜʝ ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʥʝʸ ʛʘʟ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ çʛʦʨʷʯʠʡè, ʥʘʩʳʱʝʥʥʳʡ 

ʪʷʞʝʣʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʠ çʭʦʣʦʜʥʳʡè ï ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʫʰʝʥʥʳʡ ʛʘʟ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʰʠʨʝʥʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʧʘʜʝʥʠʷ ʛʠʜʨʘʪʦʚ. ʆʩʪʘʚʰʘʷʩʷ ʵʥʝʨʛʠʷ 

ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ çʭʦʣʦʜʥʦʛʦè ʛʘʟʘ ʩʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʪʫʨʙʦʜʝʪʘʥʜʝʨʝ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʫʪʝʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʤʝʞʜʫ 

çʛʦʨʷʯʠʤè ʦʙʦʛʘʱʝʥʥʳʤ ʠ çʭʦʣʦʜʥʳʤè ʩʫʭʠʤ ʛʘʟʦʤ ʧʦʩʣʝ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʢʦʥʜʝʥʩʘʮʠʠ ʪʷʞʝʣʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɺ ʩʪʘʪʴʝ [1, ʨʠʩ.6] ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ʜʘʚʣʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, 

ʚ ʢʦʪʦʨʦʡ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʚʠʭʨʝʚʳʭ ʪʨʫʙ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʟʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʘ. ʆʩʦʙʝʥʥʦʩʪʴ ʵʪʦʡ ʩʭʝʤʳ ʚ ʪʦʤ, ʯʪʦ 

ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʚʦʡ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ 

ʚʪʦʨʦʡ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ. ʊʘʢʞʝ ʧʨʠʥʠʤʘʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʩʪʨʘʪʠʬʠʢʘʮʠʦʥʥʦʤ ʨʘʟʜʝʣʝʥʠʠ 

çʭʦʣʦʜʥʦʛʦè ʠ çʛʦʨʷʯʝʛʦè ʧʦʪʦʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʝʣʝʥʠʝ ʪʷʞʝʣʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ 

çʛʦʨʷʯʠʤè ʧʦʪʦʢʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʦʪʙʨʘʩʳʚʘʶʱʠʭ ʪʷʞʝʣʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʧʝʨʠʬʝʨʠʶ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʩʦʚʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ çʭʦʣʦʜʥʦʛʦè ʠ 

çʛʦʨʷʯʝʛʦè ʧʦʪʦʢʦʚ ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʚʥʳʤʠ 
1

4

ʛʦʨ

ʭʦʣ=
G

G
.  

ʉʪʨʫʢʪʫʨʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʜʚʫʭʪʨʫʙʥʦʡ ʩʠʩʪʝʤʳ ʫʪʠʣʠʟʘʮʠʠ 

ʵʥʝʨʛʠʠ ʜʘʚʣʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʩʠʩʪʝʤʳ ʚʠʭʨʝʚʳʭ ʪʨʫʙ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚ 
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ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʭʝʤʘ ʧʦʢʘʟʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʥʳʭ 

ʦʧʝʨʘʮʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʳʭʦʜʝ ʚʠʭʨʝʚʳʭ ʪʨʫʙ ʧʨʠ ʧʦʵʣʝʤʝʥʪʥʦʡ 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. 

ɺ ʦʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʠʭʨʝʚʦʡ 

ʪʨʫʙʳ ʧʦʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʯʝʥʠʷ ʛʘʟʦʚ ʚ ʚʠʭʨʝʚʳʭ ʪʨʫʙʘʭ, 

ʠʟʣʦʞʝʥʥʳʝ ʚ [1,2,3].  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ ʚʠʭʨʝʚʫʶ ʪʨʫʙʫ (ʢʛ/ʩ):  ʚʭG ; 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʦʭʣʘʞʜʝʥʥʦʛʦ ʦʩʫʰʝʥʥʦʛʦ ʧʦʪʦʢʘ: 8.0...3.0,2.0ɛ=i ; 

ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʚʠʭʨʝʚʫʶ ʪʨʫʙʫ (ʇʘ):   ʚʭP ; 

ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ (ʇʘ):  ʚʳʭP ; 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʭʦʜʥʦʛʦ ʧʦʪʦʢʘ (ʂ):    ʚʭT ; 

ʇʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʛʘʟʘ:       k ; 

ɻʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ (ɼʞ/(ʢʛĀʂ)):      R ; 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ 

ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ (K/ʇʘ)       ɓ. 

 

ɹʝʟʨʘʟʤʝʨʥʘʷ ʧʣʦʱʘʜʴ ʚʚʦʜʥʳʭ ʩʦʧʝʣ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

11,0ɤ06,0 << . 

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʝʞʠʤ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʠʟ ʚʚʦʜʥʳʭ ʩʦʧʝʣ ʧʨʠʥʠʤʘʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤ 1ɚ=  (ʪ.ʢ. ʩʪʝʧʝʥʴ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ ʥʘ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʪʨʫʙʘʭ ʩʦʩʪʘʚʣʷʝʪ 2 ʠ 

3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ɹʝʟʨʘʟʤʝʨʥʳʡ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʜʠʘʬʨʘʛʤʳ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5,0...45,0ŭ1=

.  

ʇʣʦʱʘʜʴ ʚʚʦʜʥʦʛʦ ʩʦʧʣʘ (ʤ
2
): 

Rk
km

k

k
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1

2 1

1

Öö
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õ
æ
ç

å

+
Ö=

-

+

     (1)
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F

ÖÖ

Ö
=ä       (2)

 
ɺʳʩʦʪʘ ʩʦʧʣʘ (ʤ):  

2

ä=
F

h       (3) 

ʐʠʨʠʥʘ ʩʦʧʣʘ (ʤ):  

h

F
b ä=       (4) 

ɼʠʘʤʝʪʨ ʥʘʯʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ (ʤ): 

ɤˊ

4
0

Ö
= äF

D       (5)
 

ɼʠʘʤʝʪʨ ʜʠʘʬʨʘʛʤʳ (ʤ): 

011 ŭ Dd Ö=       (6) 

ɼʣʠʥʘ ʪʨʫʙʳ (ʤ): 

010 DL Ö=       (7) 

ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʭʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ: 
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ɺʝʣʠʯʠʥʘ ʢʦʤʧʣʝʢʩʘ:  
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1 ÖÖ
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ÖÖ
= q
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ʉʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʮʝʥʪʨʝ ʥʘʯʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʳ (ʇʘ): 
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ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ:  

()
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2 -

ö
÷

õ
æ
ç

å

+
=P

k

k

k
l       (12) 

ʚʭ

ʚʳʭ

P

P
=P        (13) 

ʇʨʠ ()P>Pl  ʨʝʞʠʤ ʠʩʪʝʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʡ. 

ʇʘʨʘʤʝʪʨ ʈʦʩʩʙʠ:  

()
()1ʚʳʭ

ʚʭ
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1
ɛ

ɤ
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P
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    (14) 

ʀʟʙʳʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ çʭʦʣʦʜʥʦʛʦè ʠ çʛʦʨʷʯʝʛʦè ʧʦʪʦʢʦʚ (ʂ): 

() ()1ʚʭ1 ɛRo
1

1
26,3ɛ ÖÖ

+

-
Ö=D T
k

k
Thol     (15) 

()1
1

1 ɛ
ɛ1

ɛ
holgor TT DÖ

-
=D      (16) 

ʊʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʦʚ (ʂ): 

() () ( )ʚʳʭʚʭ1ʚʭ1 ɓɛɛ PPTTT holhol -Ö-D-=    (17) 

() () ( )ʚʳʭʚʭ1ʚʭ1 ɓɛɛ PPTTT gorgor -Ö-D+=    (18) 

ʆʜʥʘ ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ çʭʦʣʦʜʥʦʛʦè ʠ 

çʛʦʨʷʯʝʛʦè ʧʦʪʦʢʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ çʛʦʨʷʯʝʛʦè ʧʦʪʦʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ʛʘʟʘ. 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ çʭʦʣʦʜʥʦʛʦè ʠ çʛʦʨʷʯʝʛʦè ʧʦʪʦʢʦʚ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ 

 

ʇʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʚʳʭʦʜʝ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʦʡ, ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 



ˉ 2 (11). ʄʘʡ, 2014 ʛ.       ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   35 

 

ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʠ ʚʪʦʨʦʡ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʷʞʝʣʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʤʘʩʩʦʚʦʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʪʷʞʝʣʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʫʜʘʣʷʶʪʩʷ ʩ çʛʦʨʷʯʠʤè ʧʦʪʦʢʦʤ, ʧʨʠ ʵʪʦʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʚʦʟʨʘʩʪʘʝʪ ʚ ʢʘʞʜʦʡ ʚʠʭʨʝʚʦʡ ʪʨʫʙʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʩʠʩʪʝʤʳ ʚʠʭʨʝʚʳʭ ʪʨʫʙ 

ʩ ʢʦʤʧʦʥʝʥʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʛʘʟʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠ ʤʘʩʩʦʚʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʘ ʚ ʩʠʩʪʝʤʝ ʚʠʭʨʝʚʳʭ 

ʪʨʫʙ. 
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ʇʨʠʨʦʜʥʳʝ ʚʦʜʦʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʠʦʮʝʥʦʟʘ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʠʭ ʣʝʪ ʵʚʦʣʶʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʚʦʜʦʝʤʳ ʚʳʧʦʣʥʷʶʪ ʥʝ ʪʦʣʴʢʦ ʨʦʣʴ ʩʙʦʨʥʠʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʦʜʘ ʫʩʨʝʜʥʷʝʪʩʷ ʧʦ ʢʘʯʝʩʪʚʫ, 

ʥʦ ʠ ʷʚʣʷʶʪʩʷ ʩʨʝʜʦʡ, ʚ ʢʦʪʦʨʦʡ ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ 

ʧʨʠʤʝʩʝʡ. ʇʦʩʪʦʷʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʙʣʠʞʝʥʠʷ ʩʦʩʪʘʚʘ ʧʨʠʤʝʩʝʡ ʢ ʨʘʚʥʦʚʝʩʠʶ, ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʨʫʰʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʠʭ ʧʨʠʯʠʥ, ʥʦ ʦʩʦʙʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ [1].  

ʅʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʩʪʦʢʘʤʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʶʪʩʷ ʩʪʦʯʥʳʝ 

ʚʦʜʳ, ʵʣʝʢʪʨʦʦʙʝʩʩʦʣʠʚʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ (ʕʃʆʋ), ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʜʣʷ 

ʧʝʨʚʠʯʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ, ʆʯʠʩʪʢʘ ʵʪʠʭ ʩʪʦʢʦʚ ʜʦ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʚʝʜʝʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʦ-

ʭʠʤʠʯʝʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʕʪʦ ʩʦʟʜʘʝʪ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʦʠʩʢʘ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ.  

ɺ ʮʝʣʷʭ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʘʙʦʪʘ ʕʃʆʋ ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʪʘʢ, 

ʯʪʦʙʳ ʦʙʨʘʟʫʶʱʠʝʩʷ ʦʪʭʦʜʳ ʧʨʝʚʨʘʱʘʣʠʩʴ ʚ ʥʦʚʳʝ ʧʨʦʜʫʢʪʳ, ʘ ʥʝ ʩʢʣʘʜʠʨʦʚʘʣʠʩʴ ʠʣʠ 

ʟʘʢʘʯʠʚʘʣʠʩʴ ʚ ʧʣʘʩʪ. ʆʭʨʘʥʘ ʧʨʠʨʦʜʳ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʦʩʴ, 

ʘ ʦʪʭʦʜʳ ʫʪʠʣʠʟʠʨʦʚʘʣʠʩʴ; ʚʩʝ ʧʨʦʮʝʩʩʳ ʩʦʟʜʘʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʤʘʣʦʦʪʭʦʜʥʦʡ ʠ 

ʙʝʟʦʪʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʤʘʣʦʦʪʭʦʜʥʦʡ ʠ ʙʝʟʦʪʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʪ 

ʥʝ ʪʦʣʴʢʦ ʨʝʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʫʶ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ [2]. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʢʦʣʦʛʠʠ ʚ ʝʜʠʥʦʤ ʨʘʢʫʨʩʝ, 

ʚʳʭʦʜʦʤ ʠʟ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʥʦʚʳʭ ʩʭʝʤ 

ʦʙʝʩʩʦʣʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʥʝ ʪʦʣʴʢʦ ʦʯʠʩʪʠʪʴ ʩʪʦʢʠ, ʥʦ ʠ ʧʦʣʫʯʠʪʴ ʚʪʦʨʠʯʥʳʡ 
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ˉ 2 (11). ʄʘʡ, 2014 ʛ.       ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   37 

 

ʤʘʪʝʨʠʘʣʴʥʳʡ ʨʝʩʫʨʩ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʪʦʨʠʯʥʳʝ 

ʵʥʝʨʛʦʨʝʩʫʨʩʳ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ ʪʝʨʨʠʪʦʨʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʩʪʦʢʦʚ ʕʃʆʋ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʡ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʭʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.   

ɺ ʩʦʩʪʘʚ ʩʪʦʯʥʳʭ ʚʦʜ ʕʃʆʋ ʚʭʦʜʠʪ ʵʤʫʣʴʛʠʨʦʚʘʥʥʘʷ ʥʝʬʪʴ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ (ʧʦ ʧʨʝʠʤʫʱʝʩʪʚʫ ʭʣʦʨʠʩʪʳʡ ʥʘʪʨʠʡ). ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʪʠ ʚ ʵʪʠʭ 

ʩʪʦʢʘʭ ʩʠʣʴʥʦ ʢʦʣʝʙʣʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʜʦ 30ï40 ʛ/ʣ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʴʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 10ï15 ʛ/ʣ. ɺʳʩʦʢʠʡ ʩʦʣʝʚʦʡ 

ʩʦʩʪʘʚ ʵʪʠʭ ʚʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʭ ʚʪʦʨʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ [3].  

ɽʩʣʠ ʠʟʙʘʚʣʝʥʠʝ ʦʪ ʵʤʫʣʴʛʠʨʦʚʘʥʥʦʡ ʥʝʬʪʠ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʘ, ʪʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʪʠʥʥʦ-

ʨʘʩʪʚʦʨʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʜʦʣʞʥʦ ʩʚʦʜʠʪʴʩʷ ʢ ʙʠʦʣʦʛʦ-ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʜʦʦʯʠʩʪʢʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʠ ʚʨʝʤʝʥʠ ʥʘ 

ʦʯʠʩʪʢʫ, ʘ ʪʘʢʞʝ ʧʣʦʱʘʜʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʦʙʝʩʩʦʣʝʥʥʳʭ ʚʦʜ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ 

ʣʶʙʳʭ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ: ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ (ʵʣʝʢʪʨʦʜʠʘʣʠʟ, 

ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ, ʠʦʥʥʳʡ ʦʙʤʝʥ ʠ ʜʨ.), ʭʦʣʦʜʠʣʴʥʳʭ (ʚʳʤʦʨʘʞʠʚʘʥʠʝ ʥʘ 

ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʜ ʚʘʢʫʫʤʦʤ, ʢʦʥʪʘʢʪʥʦʝ ʚʪʦʨʠʯʥʳʤʠ ʭʣʘʜʘʛʝʥʪʘʤʠ, 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʥʳʡ) ʠ ʜʠʩʪʠʣʣʷʮʠʦʥʥʳʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʢʦʛʜʘ ʚʳʜʝʣʝʥʠʝ ʩʦʣʝʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʬʠʣʴʪʨʘʭ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʟʘʪʨʘʯʠʚʘʷ 

ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʠ ʨʝʘʛʝʥʪʦʚ.  

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʧʨʠ ʦʙʝʩʩʦʣʠʚʘʥʠʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʘʥʠʦʥʦʚ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʧʨʝʚʳʰʘʝʪ 5 ʤʛ ʵʢʚ/ʢʛ, ʪʝʨʤʠʯʝʩʢʦʝ 

ʦʙʝʩʩʦʣʠʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ ʭʠʤʠʯʝʩʢʦʛʦ [4]. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ.1. ʉʨʘʚʥʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʭʠʤʠʯʝʩʢʦʝ(1) ʠ ʪʝʨʤʠʯʝʩʢʦʝ (2) ʦʙʝʩʩʦʣʠʚʘʥʠʝ 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʣʶʩʦʤ ʢ ʧʨʠʤʝʥʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʧʦ ʩʨʝʜʩʪʚʘʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʧʘʨʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ ʚ ʥʠʭ ʧʦʧʫʪʥʦʛʦ 

ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ (ʇʅɻ). ʕʪʦʪ ʬʘʢʪ ʷʚʣʷʝʪʩʷ ʚʝʩʦʤʳʤ ʚ ʩʠʣʫ ʚʩʪʫʧʣʝʥʠʷ ʚ ʩʠʣʫ 

ʫʞʝʩʪʦʯʘʶʱʠʭ ʤʝʨ ʩʦʛʣʘʩʥʦ ʧʦʩʪʘʥʦʚʣʝʥʠʶ ʧʨʘʚʠʪʝʣʴʩʪʚʘ çʆ ʤʝʨʘʭ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ 

ʩʦʢʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʜʫʢʪʘʤʠ ʩʞʠʛʘʥʠʷ ʧʦʧʫʪʥʦʛʦ 

ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʥʘ ʬʘʢʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭè [5].  



38   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ         ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

ɼʦʢʫʤʝʥʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʝʨʴʝʟʥʦʝ ʫʞʝʩʪʦʯʝʥʠʝ ʤʝʨ ʧʦ ʩʞʠʛʘʥʠʶ ʇʅɻ ʥʘ 

ʬʘʢʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʚ ʨʘʟʤʝʨʝ ʥʝ ʙʦʣʝʝ 5 ʧʨʦʮʝʥʪʦʚ ʦʪ ʜʦʙʳʪʦʛʦ ʦʙʲʸʤʘ ʠ ʰʪʨʘʬʥʳʝ 

ʩʘʥʢʮʠʠ ʟʘ ʩʚʝʨʭʣʠʤʠʪʥʳʝ ʦʙʲʸʤʳ ʝʛʦ ʩʞʠʛʘʥʠʷ [6]. 

ʇʨʦʮʝʩʩ ʚʳʧʘʨʠʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ ï 

ʦʧʨʝʩʥʝʥʠʝ ʚʦʜʳ, ʨʘʟʜʝʣʝʥʠʝ ʩʤʝʩʝʡ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʠ ʪ. ʜ. ʆʪʩʶʜʘ ʥʘʣʠʯʠʝ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʤʦʜʠʬʠʢʘʮʠʡ ʚʳʧʘʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ 

ʧʨʠʟʥʘʢʘʤ: 

1. ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ; 

2. ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʨʝʞʠʤʘ; 

3. ʩʧʦʩʦʙʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ʚʪʦʨʠʯʥʦʛʦ ʧʘʨʘ; 

4. ʨʦʜʫ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʦʙʦʛʨʝʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ; 

5. ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ; 

6. ʧʦ ʩʧʦʩʦʙʫ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʨʘʩʪʚʦʨʘ. 

ɺ ʮʝʣʷʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʞʠʜʢʦʩʪʝʡ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʟʥʘʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʚʳʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʩʪʘʥʦʚʠʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʵʢʦʥʦʤʠʯʥʳʤ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʚʳʧʘʨʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʫʩʪʘʥʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʪʚʦʨ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʥʘʛʨʝʚʘ ʠ ʫʩʪʘʥʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʪʚʦʨ ʥʝ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʛʨʝʚʘ. ɺ 

ʫʩʪʘʥʦʚʢʘʭ ʧʝʨʚʦʛʦ ʪʠʧʘ ʦʙʨʘʟʫʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʩʦʣʝʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ. ʇʨʠ ʵʪʦʤ ʥʝʠʟʙʝʞʥʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʦʩʪʘʥʦʚʢʠ ʥʘ ʯʠʩʪʢʫ  ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ, ʩʥʠʞʘʶʱʠʝ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʫʩʣʦʞʥʷʶʱʠʝ ʵʢʩʧʣʫʘʪʘʮʠʶ ʫʩʪʘʥʦʚʦʢ. ʉʪʝʧʝʥʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʚ ʥʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʘ ʠʟ-ʟʘ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ [7].  

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʫʤʝʥʴʰʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʩʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ ʫʩʪʘʥʦʚʦʢ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʘʧʧʘʨʘʪʦʚ 

[8].  

ʀʟ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʚʠʜʥʦ, ʯʪʦ ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʳʧʘʨʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʫʶ ʤʳ ʭʦʪʠʤ ʧʦʣʫʯʠʪʴ ʠ ʦʪ ʢʦʥʝʯʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʨʘʩʪʚʦʨʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʬʬʝʢʪʠʚʥʦ ʠ ʵʢʦʥʦʤʠʯʥʦ ʧʦʣʫʯʠʪʴ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʥʘʩʳʱʝʥʥʳʡ ʧʨʦʜʫʢʪ ʤʦʞʥʦ ʣʠʰʴ ʚ ʘʧʧʘʨʘʪʝ ʧʦʛʨʫʞʥʦʛʦ 

ʛʦʨʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ, ʪʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʫʩʪʘʥʦʚʦʢ ʤʛʥʦʚʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʜʦ 10-15%, ʫʯʠʪʳʚʘʷ, 

ʯʪʦ ʨʘʙʦʪʘʪʴ ʦʥʠ ʤʦʛʫʪ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʘʭ.  

 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʧʘʨʥʳʭ ʫʩʪʘʥʦʚʦʢ 



ˉ 2 (11). ʄʘʡ, 2014 ʛ.       ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   39 

 

 

ɺ ʵʪʠʭ ʘʧʧʘʨʘʪʘʭ ʩʦʟʜʘʶʪʩʷ ʭʦʨʦʰʠʝ ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʥʘʛʨʝʪʳʤʠ 

ʛʘʟʘʤʠ ʠ ʞʠʜʢʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʧʨʠ ʙʘʨʙʦʪʘʞʝ ʥʘʛʨʝʪʳʝ ʛʘʟʳ ʨʘʩʧʳʣʷʶʪʩʷ ʚ ʚʠʜʝ ʧʫʟʳʨʴʢʦʚ 

ʠ ʦʙʨʘʟʫʶʪ ʙʦʣʴʰʫʶ ʤʝʞʬʘʟʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʀʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ 

ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ ʜʣʷ 

ʫʧʘʨʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʵʣʝʢʪʨʦʦʙʝʩʩʦʣʠʚʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʠ ʩʭʝʤʳ ʜʣʷ ʫʧʘʨʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ 

ʵʣʝʢʪʨʦʦʙʝʩʩʦʣʠʚʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3 ï 5. 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʝʨʚʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʝʝ ʟʘʤʢʥʫʪʦʩʪʴ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʝʡ ʙʝʟ ʚʳʚʦʜʘ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ. ʊʘʢʞʝ 

ʦʪʩʫʪʩʪʚʫʝʪ ʩʫʰʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ ʠ ʢʦʥʝʯʥʦʛʦ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ [8]. 

 

 
ʈʠʩ. 3. ʉʭʝʤʘ ˉ 1 

 

ɺʦ ʚʪʦʨʦʡ ʩʭʝʤʝ ʙʳʣ ʫʩʪʨʘʥʝʥ ʥʝʜʦʩʪʘʪʦʢ ʧʨʝʜʳʜʫʱʝʡ, ʠ ʪʝʧʣʦʪʘ ʫʭʦʜʷʱʝʡ 

ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ɻɺʉ, ʘ ʩʦʣʴ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ 

ʩʫʰʠʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ. ʇʨʠ ʵʪʦʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʝʨʚʳʭ ʜʚʫʭ ʩʭʝʤ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ 

ʛʘʟʘ ʚ ɸʇɻ [8].  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʨʝʪʴʝʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʧʝʨʚʦʡ 

ʩʪʝʧʝʥʠ ʫʧʘʨʠʚʘʥʠʷ ʘʧʧʘʨʘʪʘ ʤʛʥʦʚʝʥʥʦʛʦ ʚʩʢʠʧʘʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ (ʨʠʩʫʥʦʢ 2) 

ʵʢʦʥʦʤʠʯʥʦ ʫʧʘʨʠʚʘʪʴ ʚ ʦʧʨʝʩʥʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʚʦʟʤʦʞʥʦ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 10-15%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʭʦʜ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʥʘ ɸʇɻ ʩʥʠʞʘʝʪʩʷ ʚ 2,5-3 ʨʘʟʘ ʜʘʞʝ ʧʨʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʜʦ 5%. 

 
ʈʠʩ. 4. ʉʭʝʤʘ ˉ 2 

ɺʳʙʦʨ ʩʠʩʪʝʤʳ ʛʘʟʦʦʯʠʩʪʢʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ, 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʘʣʦʡ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ 



40   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ         ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʢʨʫʙʙʝʨʦʚ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʚʳʙʨʘʥ ʩʢʦʨʦʩʪʥʦʡ 

ʛʘʟʦʧʨʦʤʳʚʘʪʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʢʨʫʙʙʝʨʘ ɺʝʥʪʫʨʠ ʠ ʮʠʢʣʦʥʘ-ʢʘʧʣʝʫʣʦʚʠʪʝʣʷ. 

 
ʈʠʩ. 5. ʉʭʝʤʘ ˉ 3 

 

ʉʨʝʜʥʝʝ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ ʠʩʭʦʜʥʳʭ ʩʪʦʢʦʚ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʦʪ ʥʝʬʪʠ 

ʩʦʩʪʘʚʣʷʣʦ 15 ʢʛ/ʤ
ɿ
, ʚ ʪʦʤ ʯʠʩʣʝ 14,7 ʢʛ/ʤ

ɿ
 ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ ʠ 0,3 ʢʛ/ʤ

ɿ
 ʦʩʪʘʣʴʥʳʝ 

ʧʨʠʤʝʩʠ Na2SO4, NaHCO3, Na2CO3. ʂʦʣʠʯʝʩʪʚʦ ʘʥʠʦʥʦʚ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʧʨʝʚʳʰʘʝʪ 40 ʤʛ 

ʵʢʚ/ʢʛ. ʇʦʩʣʝ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʚʳʧʘʨʠʚʘʥʠʷ ʠ ʩʫʰʢʠ ʜʦʣʞʝʥ ʦʙʨʘʟʦʚʘʪʴʩʷ 97-98% 

ʭʣʦʨʠʜ ʥʘʪʨʠʷ [9]. ʊʘʢʘ ̫ʩʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʣʦʨʘ ʠ ʜʨʫʛʠʭ 

ʧʨʦʜʫʢʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɺ ʪʨʝʪʴʝʡ ʩʭʝʤʝ ʧʦʜʣʝʞʘʱʠʝ ʚʳʧʘʨʠʚʘʥʠʶ ʩʪʦʢʠ ʠʟ ʩʙʦʨʥʠʢʘ ʥʘʩʦʩʦʤ ʧʦʜʘʶʪ ʚ 

ʘʧʧʘʨʘʪ ʤʛʥʦʚʝʥʥʦʛʦ ʚʩʢʠʧʘʥʠʷ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʟʘ ʩʯʝʪ ʨʘʥʝʝ ʥʝ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ (ɺʕʈ), ʜʘʣʝʝ ʨʘʩʪʚʦʨ ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʩʪʫʧʘʝʪ 

ʚ ɸʇɻ ʩ ʛʘʟʦʚʦʡ ʧʦʛʨʫʞʥʦʡ ʛʦʨʝʣʢʦʡ. ɺ ʩʢʨʫʙʙʝʨ ɺʝʥʪʫʨʠ ʥʘ ʧʨʦʤʳʚʢʫ ʠ ʦʭʣʘʞʜʝʥʠʝ 

ʫʭʦʜʷʱʝʡ ʠʟ ʘʧʧʘʨʘʪʘ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʧʦʜʘʝʪʩʷ ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʠʟ ʘʧʧʘʨʘʪʘ 

ʤʛʥʦʚʝʥʥʦʛʦ ʚʩʢʠʧʘʥʠʷ, ʢʦʪʦʨʘʷ ʮʠʨʢʫʣʠʨʫʝʪ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ. ʆʪʜʝʣʝʥʠʝ ʩʪʦʢʦʚ ʦʪ 

ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʮʠʢʣʦʥʝ. ʅʘʛʨʝʪʘʷ ʜʦ 70 
0
 ʚʦʜʘ ʚʤʝʩʪʝ ʩ ʢʦʥʜʝʥʩʘʪʦʤ ʠʟ 

ʮʠʢʣʦʥʘ ʧʦʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ɻɺʉ. ʏʘʩʪʠʯʥʦ ʦʭʣʘʞʜʝʥʥʳʝ ʜʳʤʦʚʳʝ ʛʘʟʳ ʠʜʫʪ ʚ 

ʩʫʰʠʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʯʝʨʝʟ ʜʳʤʦʚʫʶ ʪʨʫʙʫ. 

ʋʧʘʨʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʦʜʘʝʪʩʷ ʠʟ ɸʇɻ ʚ ʦʪʩʪʦʡʥʠʢ, ʩʥʘʙʞʝʥʥʳʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʦʡ. 

ʆʩʚʝʪʣʝʥʥʳʡ ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʪʩʪʦʡʥʠʢʘ ʧʝʨʝʣʠʚʘʝʪʩʷ ʚ ʩʙʦʨʥʠʢ ʠ 

ʩʥʦʚʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʳʧʘʨʠʚʘʥʠʝ, ʘ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʥʘ ʜʥʝ ʚʳʧʘʨʝʥʥʳʡ ʭʣʦʨʠʜ ʥʘʪʨʠʷ  

ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʚʦʜʠʪʩʷ ʯʝʨʝʟ ʥʠʞʥʠʡ ʧʘʪʨʫʙʦʢ ʚ ʩʫʰʠʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʠʩʧʦʣʴʟʫʶʱʫʶ 

ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʫʭʦʜʷʱʠʝ ʛʘʟʳ ɸʇɻ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʫʧʘʨʠʚʘʥʠʷ ʩʪʦʢʦʚ ʕʃʆʋ ʧʦʟʚʦʣʠʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʘ ʥʝʬʪʷʥʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʕʃʆʋ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʶ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠ ʦʯʠʱʝʥʥʦʡ ʛʦʨʷʯʝʡ 

ʚʦʜʳ.  

ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
ʈʠʩ. 6. ɸʣʛʦʨʠʪʤ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ 



ˉ 2 (11). ʄʘʡ, 2014 ʛ.       ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   41 

 

 

ʀʟ ʨʠʩʫʥʢʘ 6 ʚʠʜʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ 

ʧʦʟʚʦʣʠʪ ʧʦʤʦʯʴ ʚ ʨʝʰʝʥʠʠ ʩʤʝʞʥʳʭ ʧʨʦʙʣʝʤ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ ʚ ʦʙʣʘʩʪʷʭ ʙʫʨʝʥʠʷ 

ʩʢʚʘʞʠʥ, ʜʦʙʳʯʠ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʫʞʜ, ʘ ʠʤʝʥʥʦ: 

¶ ʠʟ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʚ ʫʩʣʦʚʠʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, 

ʢʦʪʦʨʘʷ ʥʘʡʜʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʢʚʘʞʠʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʩʪʦʚ; 

¶ ʧʨʠ ʙʫʨʝʥʠʠ ʥʦʚʳʭ ʩʢʚʘʞʠʥ ʭʣʦʨʠʜ ʥʘʪʨʠʷ ʥʝʦʙʭʦʜʠʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʚ 

ʧʨʦʪʘʣʢʠʚʘʶʱʫʶ ʞʠʜʢʦʩʪʴ ʠ ʪʘʤʧʦʥʘʞʥʳʡ ʨʘʩʪʚʦʨ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʭʚʘʪʳʚʘʥʠʷ;  

¶ ʧʦʣʫʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʛʦʨʷʯʝʡ ʚʦʜʳ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ ɻɺʉ 

ʦʙʲʝʢʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʪʴʝʡ ʩʭʝʤʳ ʫʤʝʩʪʥʦ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʩʪʦʢʦʚ 

ʕʃʆʋ ʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʠ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʝʡ ʥʝʬʪʝʜʦʙʳʯʠ. 
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ʋɼʂ 621.1 

 

ɺʓɹʆʈ ʕʌʌɽʂʊʀɺʅʆɻʆ ʄɽʊʆɼɸ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɻɸɿʆʊʋʈɹʀʅʅʓʍ 

ʋʉʊɸʅʆɺʆʂ ʅɸ ɻɸɿʆʇɽʈɽʂɸʏʀɺɸʖʑʀʍ ʉʊɸʅʎʀʗʍ 

 

ɸʬʘʥʘʩʴʝʚ ʂ. ʖ. 

 
ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʩʪʦʠʪ ʩʯʠʪʘʪʴ 

ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʥʘʜʝʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʪʝʭʥʠʢʠ. 

ɺ ʥʝʬʪʝʛʘʟʦʚʦʤ ʢʦʤʧʣʝʢʩʝ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʜʦʩʪʠʞʝʥʠʶ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʩʪʦʠʪ ʩʯʠʪʘʪʴ ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʨʘʟʚʠʪʠʝ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʧʨʠʤʝʨʫ ʨʷʜʘ 

ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʫʩʪʘʥʦʚʢʠ (ɻʊʋ) ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʨʘʟʚʠʪʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ 

ʛʘʟʦʪʫʨʙʠʥʥʳʤ ʫʩʪʘʥʦʚʢʘʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ 

ɻʊʋ ʧʝʨʝʜ ʠʭ ʦʩʥʦʚʥʳʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ. ʂ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ɻʊʋ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʙʦʣʴʰʠʝ ʤʦʱʥʦʩʪʠ ʧʨʠ ʤʘʣʳʭ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʘʭ ʠ 

ʫʜʝʣʴʥʦʤ ʚʝʩʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚʳʩʦʢʘʷ 

ʥʘʜʝʞʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʘʛʨʝʛʘʪʥʦʛʦ ʨʝʤʦʥʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ 

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʷʭ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ, ʢʦʤʧʘʢʪʥʦʩʪʠ 

ʠ ʘʚʪʦʥʦʤʥʦʩʪʠ ʫʞʝ ʜʘʚʥʦ ʜʦʢʘʟʘʥʳ ʥʘ ʧʨʠʤʝʨʝ ʙʦʣʴʰʠʥʩʪʚʘ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʢʦʤʧʘʥʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʩ ʧʨʠʚʦʜʦʤ 

ʥʘ ʦʩʥʦʚʝ ɻʊʋ ʜʦʩʪʠʛʣʦ ʧʦ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʫʞʝ ʙʦʣʝʝ 80 % ʦʪ ʦʙʱʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ [4]. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʨʠʚʦʜ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ 

(ɻʇɸ) ʨʘʩʭʦʜʫʝʪʩʷ ʦʢʦʣʦ 30 % ʦʪ ʧʝʨʝʢʘʯʠʚʘʝʤʦʛʦ ʦʙʲʝʤʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʜʦʩʪʫʧʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʡ. ʊʘʢʞʝ, ʫʯʠʪʳʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʜʝʞʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʷʥʳʭ, 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʨʘʥʩʧʦʨʪʝ ʥʝʬʪʠ, ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɻʊʋ ʤʦʞʝʪ ʙʳʪʴ ʚʳʛʦʜʥʦ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʊʋ ʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʂʇɼ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʥʦʩʪʠ (ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ 

ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ). 

ʈʘʟʨʘʙʦʪʢʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʊʋ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 

ʥʘʧʨʘʚʣʝʥʠʷ:  

¶ ʨʝʢʫʧʝʨʘʮʠʷ ʪʝʧʣʘ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ, ʩ ʝʛʦ ʧʦʚʪʦʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ; 

¶ ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʚ ʩʘʤʦʡ ʫʩʪʘʥʦʚʢʝ; 

¶ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʪʝʧʣʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. 

ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʪʠʣʠʟʘʮʠʶ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘʤʦʡ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʣʠ ʜʣʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʥʫʞʜ (ʧʦʜʦʛʨʝʚ 

ʩʝʪʝʚʦʡ ʚʦʜʳ, ʦʪʦʧʣʝʥʠʝ, ɻɺʉ ʠ ʪ. ʜ.). 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʣʫʯʰʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɻʊʋ ʟʘ ʩʯʝʪ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʪʳ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʧʝʨʝʜ 

ʚʭʦʜʦʤ ʚ ʢʘʤʝʨʫ
 
ʩʛʦʨʘʥʠʷ; 

¶ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʩʞʘʪʠʠ; 
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¶ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʦʜʚʦʜ ʪʝʧʣʦʪʳ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʨʘʩʰʠʨʝʥʠʠ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦ ʟʘʤʢʥʫʪʦʛʦ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ [9]. 

ʊʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ: 

¶ ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ ʠ ʤʥʦʛʦʚʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʯʘʩʪʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʘʨʦʛʘʟʦʚʦʤʫ ʮʠʢʣʫ ʠʣʠ ʩ 

ʧʦʨʰʥʝʚʳʤʠ ʢʘʤʝʨʘʤʠ ʩʛʦʨʘʥʠʷ; 

¶ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʜʦ 2000 ʂ [1]; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʪʘʢʪʥʳʭ ʛʘʟʦ-ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʭʝʤʳ çɺʦʜʦʣʝʡè; 

¶ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʚ ʧʨʦʪʦʯʥʦʤ ʪʨʘʢʪʝ ʪʫʨʙʠʥʳ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʟʘ 

ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʫʩʪʘʥʦʚʦʢ ʙʝʟ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ [2,4,5,6] ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʩʦʚʨʝʤʝʥʥʘʷ ʛʘʟʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ. 

1. ʂʇɼ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ: 

1.1. ʧʨʦʩʪʦʡ ʮʠʢʣ ð 35-40 %; 

1.2. ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ð 36-42 %; 

1.3. ʩʣʦʞʥʳʡ ð 41-45 %; 

1.4. ʛʘʟʦʧʘʨʦʚʦʡ ð 40-45 %. 

2. ʉʨʦʢ ʩʣʫʞʙʳ 120 ï 150 ʪʳʩ. ʯʘʩʦʚ. 

3. ʈʝʩʫʨʩ ʨʘʙʦʪʳ ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ 40-50 ʪʳʩ. ʯʘʩʦʚ. 

4. ʄʘʣʳʡ ʨʝʤʦʥʪ 20-25 ʪʳʩ. ʯʘʩʦʚ. 

5. ʉʞʠʛʘʥʠʝ ʪʦʧʣʠʚʥʦʛʦ ʛʘʟʘ ʩ ʵʤʠʩʩʠʝʡ Nox ʥʝ ʙʦʣʝʝ 50 ʤʛ/ʤ
3
. 

6. ʄʦʜʫʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

7. ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʤʦʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʂʉ. 

8. ʇʨʦʩʪʦʪʘ ʠ ʫʜʦʙʩʪʚʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

9. ʅʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ɻʊʋ.  

ʇʨʠ ʵʪʦʤ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʘʭ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ [7, 8, 10] ʜʘʶʪʩʷ ʜʘʥʥʳʝ ʦ 

ʩʣʦʞʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʊʋ, 

ʦʜʥʘʢʦ ʨʝʯʴ ʯʘʱʝ ʚʩʝʛʦ ʠʜʝʪ ʣʠʰʴ ʦ ʢʦʥʝʯʥʳʭ ʮʠʬʨʘʭ ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ, ʘ ʧʦʣʫʯʠʪʴ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ʊʘʢʞʝ, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʵʬʬʝʢʪ ʦʪ ʚʚʝʜʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ 

ʧʦʚʳʰʝʥʠʷ ʂʇɼ ɻʊʋ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʢʣʘʩʩʘ ʤʦʱʥʦʩʪʠ, ʠ ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ ɻʇɸ-16ʄ-10, ʢʦʪʦʨʳʡ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʥʘ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ 

ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ, ʙʫʜʝʪ ʠʤʝʪʴ ʚʳʩʦʢʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʭʝʤʳ ɻʊʋ, ʥʘʯʠʥʘʷ ʦʪ ʧʨʦʩʪʦʡ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʩʭʝʤʘʤʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʦʜʚʦʜʘʤʠ ʪʝʧʣʦʪʳ, ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʦʭʣʘʞʜʝʥʠʷʤʠ ʤʝʞʜʫ 

ʩʪʫʧʝʥʷʤʠ ʢʦʤʧʨʝʩʩʦʨʘ, ʨʝʢʫʧʝʨʘʮʠʝʡ ʠ ʪ.ʜ., ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ, ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʝʨʝʜ 

ʢʦʤʧʨʝʩʩʦʨʦʤ ʠ ʚʚʝʜʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ.  

ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʭʝʤ ɻʊʋ ʥʘ ʨʠʩʫʥʢʘʭ 1-5.  

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʚʠʜʥʦ, ʯʪʦ ʩʭʝʤʘ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʠʤʝʝʪ 

ʥʘʠʙʦʣʴʰʠʡ ʂʇɼ ʟʘ ʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʭʝʤʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ 

ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

¶ ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʪʫ ʨʘʩʰʠʨʝʥʠʷ 1 ʢʛ ʛʘʟʘ 

ʚ ʪʫʨʙʠʥʝ ʠ ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʪʫ ɻʊʋ ʥʘ ʚʘʣʫ ʘʛʨʝʛʘʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ. 

¶ ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ 

ʪʫʨʙʠʥʫ, ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʢʦʤʧʨʝʩʩʦʨʦʤ ʠ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʶ ʂʇɼ ʥʘ 3 %. 

¶ ʀʩʧʦʣʴʟʫʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʦʜʚʦʜ ʪʝʧʣʦʪʳ, ʤʳ ʧʦʣʫʯʘʝʤ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʨʘʙʦʪʫ ʨʘʩʰʠʨʝʥʠʷ 1 ʢʛ ʛʘʟʘ ʚ ʪʫʨʙʠʥʝ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʨʘʙʦʪʫ ʛʘʟʘ ʥʘ ʚʘʣʫ ʘʛʨʝʛʘʪʘ ʠ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ. ʆʜʥʘʢʦ, ʧʨʠʨʦʩʪ ʂʇɼ ʤʝʥʝʝ 1 %. 

¶ ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʧʦʟʚʦʣʷʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʨʘʙʦʪʫ ʨʘʩʰʠʨʝʥʠʷ 1 ʢʛ ʛʘʟʘ ʚ ʪʫʨʙʠʥʝ ʠ ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʪʫ ɻʊʋ ʥʘ ʚʘʣʫ ʘʛʨʝʛʘʪʘ, ʘ ʪʘʢʞʝ 

ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ ʪʫʨʙʠʥʫ, ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʯʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʫʚʝʣʠʯʠʣʩʷ ʪʘʢʞʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 1 %.  

¶ ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʜʚʦʜʘ ʪʝʧʣʦʪʳ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘʨʷʜʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʘʞʜʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʘʧʠʪʘʣʦʝʤʢʠʤ ʤʝʪʦʜʦʤ. ʈʦʩʪ ʂʇɼ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 2 %.  

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʢʫʧʝʨʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʘʟʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʫʨʙʠʥʳ, ʠʭ ʪʝʧʣʦʚʦʡ ʧʦʪʝʥʮʠʘʣ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʨʘʙʦʪʫ ʩʞʘʪʠʷ 

ʦʜʥʦʛʦ ʢʠʣʦʛʨʘʤʤʘ ʚʦʟʜʫʭʘ ʚ ʢʦʤʧʨʝʩʩʦʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʂʇɼ ɻʊʋ ʥʘ 3-4 

%.  
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¶ ʇʨʠ ʚʦʟʜʫʰʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʧʨʦʩʪʦʡ ɻʊʋ ʧʨʠ ʨʘʩʭʦʜʝ ʚʦʟʜʫʭʘ ʥʘ 

ʦʭʣʘʞʜʝʥʠʝ 0,106 ʢʛ/ʢʛ, ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʂʇɼ ʥʘ 6 % ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʥʘ 3 %.  

¶ ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ɻʊʋ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʳ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ 

ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʝ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʩʞʠʤʘʝʤʦʛʦ ʢʦʤʧʨʝʩʩʦʨʦʤ. ʂʇɼ ɻʊʋ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʚʳʰʘʶʪʩʷ, ʘ ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʪʦʧʣʠʚʘ ʠ ʚʦʟʜʫʭʘ 

ʩʥʠʞʘʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʙʦʪʳ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʩʞʘʪʠʝ ʚʦʟʜʫʭʘ ʚ 

ʢʦʤʧʨʝʩʩʦʨʝ, ʦʜʥʘʢʦ ʤʘʩʩʦʚʳʝ ʨʘʩʭʦʜʳ ʚʦʟʜʫʭʘ ʠ ʪʦʧʣʠʚʘ ʚʦʟʨʘʩʪʘʶʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʨʝʢʫʧʝʨʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ ʟʘ 

ʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ 

ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʭʝʤʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ.  

ɸʥʘʣʠʟʠʨʫʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ 

ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ ʦ. ʉʘʭʘʣʠʥ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʢʦʤʧʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʙʫʜʝʪ 

ʚʥʝʜʨʝʥʠʝ ʨʝʢʫʧʝʨʘʮʠʠ ʪʝʧʣʘ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ. 
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ɺʚʝʜʝʥʠʝ 

ʀʩʪʦʨʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʘʢʪʠʚʥʦʡ ʘʚʠʘʮʠʠ ʥʘʩʯʠʪʳʚʘʝʪ ʫʞʝ 

ʙʦʣʝʝ 70 ʣʝʪ. ʇʝʨʝʭʦʜ ʩ ʧʦʨʰʥʝʚʦʡ ʘʚʠʘʮʠʠ ʥʘ ʨʝʘʢʪʠʚʥʫʶ ʙʳʣ ʚʳʟʚʘʥ ʮʝʣʳʤ ʨʷʜʦʤ 

ʧʨʠʯʠʥ. ɺʦ-ʧʝʨʚʳʭ, ʢ ʥʦʚʳʤ ʚʦʝʥʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʘʤ (ʃɸ) ʚʩʝʛʜʘ ʧʨʝʜʲʷʚʣʷʣʠʩʴ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʚʳʩʦʪʳ, ʩʢʦʨʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ, ʫʚʝʣʠʯʝʥʠʶ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʃɸ. ʇʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ 

ʜʦʩʪʠʛʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ ʜʚʠʛʘʪʝʣʷ (ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ) ʠ 

ʜʚʠʞʠʪʝʣʷ ʃɸ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʃɸ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʥʘ ʥʦʚʳʭ ʤʦʜʝʣʷʭ ʙʦʣʝʝ ʤʦʱʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ɼʣʷ ʧʦʨʰʥʝʚʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ 

ʧʨʦʛʨʝʩʩʠʠ (ʯʪʦ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʣʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʃɸ) ʠ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ 

ʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʜʠʪ ʥʘ ʥʝʪ ʚʩʝ ʧʦʣʝʟʥʳʝ ʵʬʬʝʢʪʳ ʦʪ ʤʦʜʝʨʥʠʟʘʮʠʠ. ɺʦ-

ʚʪʦʨʳʭ, ʫʩʪʘʨʝʣ ʜʚʠʞʠʪʝʣʴ ï ʜʣʷ ʧʦʨʰʥʝʚʦʡ ʘʚʠʘʮʠʠ ʵʪʦ ʚʦʟʜʫʰʥʳʡ ʚʠʥʪ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʝʡ ʪʷʛʠ ʠ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʧʦʣʸʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʝ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʜʣʷ ʢʦʥʮʝʚʦʛʦ ʩʝʯʝʥʠʷ 

ʣʦʧʘʩʪʝʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʤʝʩʪʥʳʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (ʯʪʦ ʩʥʠʞʘʝʪ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʭʫʜʰʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʠ ʧʦʷʚʣʝʥʠʶ ʦʛʨʦʤʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʚ ʢʦʨʥʝʚʦʤ ʩʝʯʝʥʠʠ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʶ (ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʣʦʧʘʩʪʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʤʘʩʩʘ ʣʦʧʘʩʪʠ, ʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʚʦʟʨʘʩʪʘʶʪ). ʇʦʷʚʣʝʥʠʝ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɻʊɼ), ʧʦʟʚʦʣʠʣʦ ʨʝʰʠʪʴ ʚʩʝ ʵʪʠ ʧʨʦʙʣʝʤʳ: ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳʭ ʛʘʙʘʨʠʪʘʭ ʠ ʤʘʩʩʝ ɻʊɼ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ (ʠ ʪʷʛʫ); ʜʚʠʞʠʪʝʣʝʤ 

ʫ ɻʊɼ ʷʚʣʷʝʪʩʷ ʨʝʘʢʪʠʚʥʘʷ ʩʪʨʫʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʧʦʣʸʪʘ. 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʨʝʘʢʪʠʚʥʦʡ ʘʚʠʘʮʠʠ ʠʟʤʝʥʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʠʟʤʝʥʷʣʠʩʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʠʤ ʠ ʠʭ ʢʦʥʩʪʨʫʢʮʠʷ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ɻʊɼ 

ʥʘʩʯʠʪʳʚʘʶʪ ʧʷʪʴ ʧʦʢʦʣʝʥʠʡ (ʪʘʙʣ. 1) [1].  

ʉʝʡʯʘʩ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʝʨʠʡʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʜʣʷ 

ʚʦʝʥʥʳʭ ʩʘʤʦʣʸʪʦʚ ʷʚʣʷʶʪʩʷ ʜʚʠʛʘʪʝʣʠ IV ʧʦʢʦʣʝʥʠʷ, ʠʣʠ ʢʘʢ ʠʭ ʝʱʸ ʥʘʟʳʚʘʶʪ 

ʧʦʢʦʣʝʥʠʝ IV++: ʩʝʤʝʡʩʪʚʘ ʜʚʠʛʘʪʝʣʝʡ ʈɼ-33 ʠ ɸʃ-31ʌ. 

ʂʘʞʜʦʝ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʣʫʯʰʝʥʠʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʤ ʢʘʢ ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ  ʵʣʝʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʷ, ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ.  

ɺ ʩʨʝʜʥʝʤ, ʢʘʞʜʦʝ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʥʘ 150-250 K ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʫʩʣʦʞʥʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʞʝ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʝ ɻʊɼ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. ʅʘʨʷʜʫ ʩ 

ʫʣʫʯʰʝʥʠʝʤ ʫʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʦʩʪ 

ʘʙʩʦʣʶʪʥʦʡ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ [2].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʚʦʝʥʥʳʭ ʚʳʩʦʢʦʤʘʥʸʚʨʝʥʥʳʭ 

ʩʘʤʦʣʸʪʦʚ V ʧʦʢʦʣʝʥʠʷ, ʚʳʷʚʣʝʥʠʝ ʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 
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ʊʘʙʣʠʮʘ 1. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʊɼ ʜʣʷ ʚʦʝʥʥʳʭ ʚʳʩʦʢʦʤʘʥʸʚʨʝʥʥʳʭ ʩʘʤʦʣʸʪʦʚ 

ʇʦʢʦʣʝʥʠʝ, 

ʇʝʨʠʦʜ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʛʘʟʘ ʧʝʨʝʜ 

ʪʫʨʙʠʥʦʡ,K  

 

ʉʪʝʧʝʥʴ 

ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ 

p
*

ʢ
 

ʋʜʝʣʴʥʳʡ 

ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ, 

ʢʛ/ʅĿʯ 

ʍʘʨʘʢʪʝʨʥʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ɻʜʝ 

ʫʩʪʘʥʦʚʣʝʥʳ 

I, 

1939-1949 ʛʛ 
900ï1000 3ï6 0,122ï0,142 

BMW 003, Jumo 

004 

Me-262, Ar-

234, He-162 

II,  

1950-1960ʛʛ 
1150ï1250 7ï13 0,112ï0,08 J 79, ʈ11-300 

F-104, F-4, 

ʄʠɻ-21 

III,  

1960-1970 ʛʛ 
1400ï1500 16ï20 0,071ï0,065 

TF 30, J 58, ɸʃ- 

21ʌ 

F-111, SR-

71, ʉʫ-24 

IV, 

1970-1990 ʛʛ 
1500ï1700 21ï25 0,063ï0,059 

F100, F110, 

F404, ʈɼ-33, 

ɸʃ-31ʌ 

F-15,F-16, 

ʄʠɻ-29, 

ʉʫ-27 

V, 

2000-2015 ʛʛ 
1800ï2000 25ï30 0,057ï0,050 

F135, F414-GE-

400, F119, F414, 

ɸʃ-41ʌ2 

F-22, F-35, 

ʇɸʂ ʌɸ (ʊ-

50) 

 

ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʝʡ V ʧʦʢʦʣʝʥʠʷ 

Pratt & Whitney F119 ï ʘʚʠʘʮʠʦʥʥʳʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ 

ʜʚʫʭʚʘʣʴʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʦʡ ʠ ʫʧʨʘʚʣʷʝʤʳʤ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʝʢʪʦʨʦʤ ʪʷʛʠ (ʊʈɼɼʌ), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Pratt & 

Whitney ʜʣʷ ʠʩʪʨʝʙʠʪʝʣʷ V ʧʦʢʦʣʝʥʠʷ Lockheed Martin F-22 Raptor [3]. 

ɼʚʠʛʘʪʝʣʴ ʚʳʧʦʣʥʝʥ ʩ ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʝʤ ʪʫʨʙʠʥ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚʳʩʦʢʦʛʦ ʠ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʚʠʛʘʪʝʣʴ ʠʤʝʝʪ 3 ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʂʅɼ) 6 

ʩʪʫʧʝʥʝʡ ʢʦʤʧʨʝʩʩʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʂɺɼ), ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ (ʂʉ), ʦʜʥʦʩʪʫʧʝʥʯʘʪʫʶ 

ʪʫʨʙʠʥʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʊɺɼ) ʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʫʶ ʪʫʨʙʠʥʫ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʊʅɼ), 

ʬʦʨʩʘʞʥʫʶ ʢʘʤʝʨʫ (ʌʂʉ), ʧʣʦʩʢʦʝ ʫʧʨʘʚʣʷʝʤʦʝ ʩʦʧʣʦ ʦʭʣʘʞʜʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʫʶ ʟʘʤʝʪʥʦʩʪʴ ʚ ʟʘʜʥʝʡ ʧʦʣʫʩʬʝʨʝ (ʨʠʩ. 1).  

 

 
ʈʠʩ. 1. ʄʘʢʝʪ ʊʈɼɼʌʩʤ F119 

 

F119 ʧʦʩʪʨʦʝʥ ʥʘ ʙʘʟʝ F100 ʠ ʠʤʝʝʪ ʜʝʪʘʣʝʡ ʤʝʥʴʰʝ ʥʘ 40 %. ʇʝʨʚʘʷ ʩʪʫʧʝʥʴ 

ʢʦʤʧʨʝʩʩʦʨʘ ʧʦʣʘʷ, ʚʩʝ ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʙʣʠʩʢ, 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ. F119 ʧʝʨʚʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʰʠʨʦʢʦʭʦʨʜʥʳʤʠ ʣʦʧʘʪʢʘʤʠ ʜʣʷ 



ˉ 2 (11). ʄʘʡ, 2014 ʛ.       ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   49 

 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʠʩʪʨʝʙʠʪʝʣʷ. ʊʫʨʙʠʥʳ ʪʘʢ ʞʝ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʙʣʠʩʢ, ʜʠʩʢʠ ʩ 

ʣʦʧʘʪʢʘʤʠ ʠʤʝʶʪ ʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʉʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ F-22 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʊʈɼɼʌʩʤ F119 ʩ ʤʘʣʦʡ ʩʪʝʧʝʥʴʶ 

ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ (F100) F119 ʨʘʟʚʠʚʘʝʪ ʚʜʚʦʝ 

ʙʦʣʴʰʫʶ ʪʷʛʫ ʥʘ ʙʝʟʬʦʨʩʘʞʥʦʤ ʨʝʞʠʤʝ ʠ ʥʘ 50 % ʙʦʣʴʰʫʶ ʪʷʛʫ ʥʘ ʬʦʨʩʘʞʥʦʤ ʨʝʞʠʤʝ 

(ʪʘʙʣʠʮʘ 2) [4].  

ʊʘʙʣʠʮʘ 2. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʘʪʝʣʷ Pratt & Whitney F119 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʄʘʩʩʘ, ʢʛ 1775 

ɼʣʠʥʥʘ, ʤʤ 5106 

ɼʠʘʤʝʪʨ, ʤʤ 1168 

ʊʷʛʘ, ʢʛʩ 102969 

ʊʷʛʘ ʥʘ ʬʦʨʩʘʞʝ,ʅ 155690 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʅĿʩ 0,089 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ, ʂ 1920 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʬʦʨʩʘʞʝ, ʢʛ/ʅĿʩ 0,198 

ʉʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ  0,2 

 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʰʠʨʦʢʦʭʦʨʜʥʳʭ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʣʦʧʘʪʦʢ ʛʨʘʞʜʘʥʩʢʦʛʦ ʊʈɼɼ PW4000. ʅʝ ʠʤʝʶʱʠʝ 

ʘʥʪʠʚʠʙʨʘʮʠʦʥʥʳʭ ʧʦʣʦʢ ʣʦʧʘʪʢʠ ʩ ʤʘʣʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʫʜʣʠʥʝʥʠʷʤʠ ʠ ʜʠʘʤʝʪʨʦʤ 

ʚʪʫʣʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʚʝʣʠʯʝʥʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʟʘʧʘʩʦʤ ʛʘʟʦʜʝʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʪʘʢʞʝ ʣʫʯʰʝʡ 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʜʚʠʛʘʪʝʣʴ ʧʪʠʮ ʠ ʜʨʫʛʠʭ ʧʦʩʪʦʨʦʥʥʠʭ 

ʧʨʝʜʤʝʪʦʚ. ʇʦʣʳʝ ʣʦʧʘʪʢʠ ʧʨʠʤʝʥʝʥʳ ʪʦʣʴʢʦ ʚ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʚʝʥʪʠʣʷʪʦʨʘ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʝʛʦ ʤʘʩʩʫ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʫʪʝʯʢʫ ʚʦʟʜʫʭʘ ʚ ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ʣʦʧʘʪʦʢ, 

ʯʪʦ ʙʳʚʘʝʪ ʚ ʨʦʪʦʨʘʭ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʣʦʧʘʪʦʢ ʩ ʜʠʩʢʦʤ. ɼʠʩʢʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʠʟ ʪʠʪʘʥʘ, ʦʪʜʝʣʴʥʳʝ ʩʪʫʧʝʥʠ ʩʦʝʜʠʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ. ɺʭʦʜʥʦʡ 

ʢʦʨʧʫʩ ʚʝʥʪʠʣʷʪʦʨʘ ʠʤʝʝʪ ʤʦʥʦʣʠʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʥ 

ʣʝʛʯʝ (ʥʘ 7 ʢʛ) ʠ ʜʝʰʝʚʣʝ ʠʩʭʦʜʥʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʢʦʨʧʫʩʘ. ɺʭʦʜʥʦʡ ʢʦʨʧʫʩ ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʩʪʦʝʢ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʝʨʝʜʥʠʡ ʧʦʜʰʠʧʥʠʢ. ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʨʧʫʩʘ ʥʝ ʪʨʝʙʫʝʪ ʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʣʘʜʢʫʶ ʥʘʨʫʞʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ ʨʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʠʤʝʶʪ ʤʘʣʦʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʠ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʫʶ ʜʠʬʬʫʟʦʨʥʦʩʪʴ, ʘ ʩʪʘʪʦʨʥʳʝ ʣʦʧʘʪʢʠ 

ʚʳʧʦʣʥʝʥʳ ʥʘʢʣʦʥʥʳʤʠ. ʋʢʦʨʦʯʝʥʥʳʝ ʠ ʙʦʣʝʝ ʧʨʦʯʥʳʝ ʨʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʢʦʤʧʨʝʩʩʦʨʘ 

ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʠ ʚʦʟʤʫʱʝʥʠʷʤ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ. ʂʦʨʧʫʩʘ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʢʦʤʧʨʝʩʩʦʨʘ ï ʨʘʟʲʝʤʥʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʫʯʰʝʛʦ 

ʜʦʩʪʫʧʘ ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ.  

ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ï ʢʦʣʴʮʝʚʘʷ; ʩʪʝʥʢʠ "ʧʣʘʚʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ" ʠʤʝʶʪ ʢʘʢ 

ʢʦʥʚʝʢʪʠʚʥʦʝ, ʪʘʢ ʠ ʧʣʝʥʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ. ʉʪʫʧʝʥʯʘʪʳʝ ʬʦʨʩʫʥʢʠ ʫʣʫʯʰʘʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ.  

ɺʨʘʱʝʥʠʝ ʪʫʨʙʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ. ʆʩʥʘʱʝʥʳ 

ʪʫʨʙʠʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʣʦʧʘʪʢʘʤʠ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ʂʦʥʚʝʢʪʠʚʥʦ-

ʧʣʝʥʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʥʘʛʨʝʚʘ ʣʦʧʘʪʦʢ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʩʨʦʢʘ 

ʩʣʫʞʙʳ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʠʩʢʠ ʪʫʨʙʠʥʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʚʦʡʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. ʀʭ 

ʤʘʪʝʨʠʘʣ ʦʙʨʘʟʫʝʪ ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʫʶ ʧʦ 

ʦʙʦʜʫ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʪʦʡʢʦʩʪʴ ʢ ʧʦʚʨʝʞʜʝʥʠʶ.  

ʉʦʧʣʦ ʫ ʜʚʠʛʘʪʝʣʷ ʧʣʦʩʢʦʝ, ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʚʝʢʪʦʨʘ ʪʷʛʠ. ɺʢʣʶʯʘʝʪ ʩʪʚʦʨʢʠ 

ʩʫʞʠʚʘʶʱʝʡʩʷ ʠ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʯʘʩʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝʟʘʚʠʩʠʤʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʣʦʱʘʜʴʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʡ. ʉʪʚʦʨʢʠ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʯʘʩʪʠ 



50   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ         ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

ʦʭʣʘʞʜʘʶʪʩʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʀʂ-ʠʟʣʫʯʝʥʠʷ, ʢʨʦʤʝ ʪʦʛʦ, ʠʤ ʧʨʠʜʘʥʘ ʦʩʦʙʘʷ ʬʦʨʤʘ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʟʘʤʝʪʥʦʩʪʠ. ʉʦʧʣʘ ʠʩʪʨʝʙʠʪʝʣʷ F-22 ʦʪʢʣʦʥʷʶʪʩʷ ʥʘ ʫʛʣʳ 

Ñ20Á (ʚʨʝʤʷ ʧʝʨʝʢʣʘʜʢʠ 1 ʩ). ʉʠʤʤʝʪʨʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʙʦʠʭ ʩʦʧʝʣ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʪʘʥʛʘʞʫ, ʯʪʦʙʳ ʫʩʠʣʠʪʴ ʜʝʡʩʪʚʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʭʚʦʩʪʦʚʦʛʦ ʦʧʝʨʝʥʠʷ ʥʘ 

ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʘʪʘʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʦʪʢʣʦʥʷʝʤʳʭ ʩʦʧʝʣ ʫʚʝʣʠʯʠʣʦ 

ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ 15é25 ʢʛ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʧʝʨʝʥʠʷ ʧʦʚʳʩʠʣʦ ʙʳ ʵʪʫ ʤʘʩʩʫ ʥʘ 180 ʢʛ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ï

Full Authority Digital Electronic Control (FADEC) ʩ ʜʚʦʡʥʳʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ, ʦʙʲʝʜʠʥʝʥʘ 

ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʠʩʪʨʝʙʠʪʝʣʝʤ F-22. ʆʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʦʤ ʪʷʛʠ, 

ʨʝʛʫʣʠʨʫʝʪ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʫʧʨʘʚʣʷʝʪ ʧʦʚʦʨʦʪʥʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʦʧʘʪʢʘʤʠ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʢʦʤʧʨʝʩʩʦʨʘ [3].  

Pratt & Whitney F135 ï ʘʚʠʘʮʠʦʥʥʳʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ 

ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʦʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Pratt & 

Whitney ʜʣʷ ʠʩʪʨʝʙʠʪʝʣʷ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ Lockheed Martin F-35. ɼʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʜʚʠʛʘʪʝʣʷ F119, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ ʠʩʪʨʝʙʠʪʝʣʷʭ ʧʷʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ Lockheed Martin F-35 çʃʘʡʪʥʠʥʛè II. ʀʤʝʝʪʩʷ ʚʘʨʠʘʥʪ ʜʣʷ ʩʘʤʦʣʝʪʦʚ F-35B ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʟʣʝʪʦʤ ʠ ʧʦʩʘʜʢʦʡ [5]. 

ʈʦʪʦʨʳ ʜʚʠʛʘʪʝʣʷ ʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʂʇɼ. F-135 ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʥʘ ʙʘʟʝ F-119 

ʜʣʷ F-22, ʠʤʝʝʪ 3-ʭ ʩʪʫʧʝʥʯʘʪʳʡ ʂʅɼ ʩ ʣʦʧʘʪʢʘʤʠ ʚʳʧʦʣʥʝʥʥʳʤʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʙʣʠʩʢ, 

6-ʠ ʩʪʫʧʝʥʯʘʪʳʡ ʂɺɼ (F119), ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ (F119), ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1927 ʂ, ʵʪʦ ʜʦʩʪʠʛʥʫʪʦ ʙʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʘʤ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʧʣʘʚʘʤ ʠʟ 

ʢʦʙʘʣʴʪʘ, ʪʫʨʙʠʥʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʦʜʥʦʩʪʫʧʝʥʯʘʪʘʷ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 15 000 ʦʙ/ʤʠʥ, 

ʪʫʨʙʠʥʫ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (2-ʭ ʩʪʫʧʝʥʯʘʪʘʷ), ʬʦʨʩʘʞʥʫʶ ʢʘʤʝʨʫ ʩ ʨʘʜʘʨ-ʙʣʦʢʢʝʨʘʤʠ. 

ɼʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʙʝʩʬʦʨʩʘʞʥʫʶ ʪʷʛʫ 124543 ʅ, ʥʘ ʬʦʨʩʘʞʝ 191227 ʅ. ʈʝʩʫʨʩ ʨʘʟʥʳʭ 

ʜʝʪʘʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1500 ʜʦ 4000 ʯʘʩʦʚ (ʪʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ Pratt & Whitney F135 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʄʘʩʩʘ, ʢʛ 2450 

ɼʣʠʥʥʘ, ʤʤ 5590 

ɼʠʘʤʝʪʨ, ʤʤ 1170 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ, ʂ 1927 

ʊʷʛʘ, ʅ 12544 

ʊʷʛʘ ʥʘ ʬʦʨʩʘʞʝ, ʅ 191229 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʅĿʩ 0,087 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʬʦʨʩʘʞʝ, ʢʛ/ʅĿʩ 0,177 

ʉʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ 0,57 

 

ʊʨʸʭʩʪʫʧʝʥʯʘʪʳʡ ʂʅɼ ʧʦʣʫʯʝʥ ʦʪ F119, ʥʦ ʩ ʥʦʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʜʘʶʱʠʤʠ 

ʙʦʣʴʰʠʡ ʤʘʩʩʦʚʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʩ 

ʫʣʫʯʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦʪʦʢʘ, ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʦʪ 

ʧʦʧʘʜʘʥʠʷ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʈʃ-ʩʠʛʥʘʪʫʨʝ 

(ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʟʘʤʝʪʥʦʩʪʠ). ʋ ʜʚʠʛʘʪʝʣʷ ʰʝʩʪʠʩʪʫʧʝʥʯʘʪʳʡ ʂɺɼ, ʢʦʨʦʪʢʘʷ ʢʦʣʴʮʝʚʘʷ 

ʂʉ, ʧʦʣʫʯʝʥʥʘʷ ʦʪ F119.  

ʊɺɼ ï ʥʘʛʨʫʞʝʥʥʘʷ, ʦʜʥʦʩʪʫʧʝʥʯʘʪʘʷ, ʩʦʟʜʘʥʥʘʷ ʥʘ ʙʘʟʝ ʪʫʨʙʠʥʳ F119, ʩ 

ʫʣʫʯʰʝʥʥʳʤ ʧʨʦʬʠʣʝʤ, ʧʦʢʨʳʪʠʝʤ ʠ ʫʣʫʯʰʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ʊʅɼ ʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ ʜʣʷ ʧʨʠʚʦʜʘ ʚʝʥʪʠʣʷʪʦʨʘ (ʨʠʩ. 

2). 

ʌʂ ʩ ʧʦʣʥʦʩʪʴʶ ʨʝʛʫʣʠʨʫʝʤʳʤ ʚʳʭʦʜʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʩ ʨʘʜʘʨ-ʙʣʦʢʝʨʘʤʠ, 

ʩʥʠʞʘʶʱʠʤʠ ʈʃ-ʟʘʤʝʪʥʦʩʪʴ, ʩ ʩʫʞʘʶʱʝ-ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʩʦʧʣʦʤ. 



ˉ 2 (11). ʄʘʡ, 2014 ʛ.       ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   51 

 

ʅʘ ʩʘʤʦʣʸʪʝ F-35ɺ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʚʟʣʸʪʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʩʘʜʢʦʡ ʫʩʪʘʥʦʚʣʝʥ 

ʧʦʜʲʸʤʥʳʡ ʚʝʥʪʠʣʷʪʦʨ ʙʨʠʪʘʥʩʢʦʡ ʬʠʨʤʳ Rolls-Royce ʠ ʜʚʘ ʙʦʢʦʚʳʭ ʩʦʧʣʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʧʦʣʥʷʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ ʧʦ ʢʨʝʥʫ. ɺʝʥʪʠʣʷʪʦʨ ʦʪʙʠʨʘʝʪ ʤʦʱʥʦʩʪʴ ʧʦʨʷʜʢʘ 

29 ʪʳʩʷʯ ʣ.ʩ. ʠ ʩʦʟʜʘʸʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʷʛʫ 9072 ʢʛ, ʘ 7122 ʢʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʷʛʠ ʩʦʟʜʘʸʪ 

ʛʘʟʦʚʘʷ ʩʪʨʫʷ ʜʚʠʛʘʪʝʣʷ. ɹʦʢʦʚʳʝ ʩʦʧʣʘ ʩʦʟʜʘʶʪ ʪʷʛʫ ʧʦ 884 ʢʛ ʢʘʞʜʦʝ [5]. 

 

 
ʈʠʩ. 2. ʈʘʟʨʝʟ ʜʚʠʛʘʪʝʣʷ F135 

 
 F414-GE-400. ɼʚʠʛʘʪʝʣʴ F414-GE-400 ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ 

ʥʘʜʝʞʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʦʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ F404-GE-

400 ʠ ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʝʪ ʥʘ 35% ʙʦʣʴʰʝʡ ʪʷʛʦʡ (ʪʘʙʣʠʮʘ 4). ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ 

ʣʸʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ F/A-18 Super Hornet ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʞʠʚʫʯʝʩʪʠ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʙʦʝʚʳʭ ʟʘʜʘʥʠʡ [6]. 

ʊʘʙʣʠʮʘ 4. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʘʪʝʣʷ  F414-GE-400 

 ʇʘʨʘʤʝʪʨ  ɿʥʘʯʝʥʠʝ 

ʄʘʩʩʘ, ʢʛ 1109 

ɼʣʠʥʥʘ, ʤʤ 3912 

ɼʠʘʤʝʪʨ, ʤʤ 889 

ʊʷʛʘ, ʅ 65704 

ʊʷʛʘ ʥʘ ʬʦʨʩʘʞʝ, ʅ 97370 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʅĿʩ 0,092 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ, ʂ 1750 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʬʦʨʩʘʞʝ, ʢʛ/ʅĿʩ 0,195 

ʉʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ  0,46 

 

ʇʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʦʧʣʦʱʸʥʥʳʝ ʚ ʜʚʠʛʘʪʝʣʝ, ʚʢʣʶʯʘʶʪ ʪʘʢʠʝ ʬʫʥʢʮʠʠ, ʢʘʢ 

ʧʦʣʥʦʩʪʴʶ ʮʠʬʨʦʚʘʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (FADEC) ï ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʠʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ, ʘ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʭʣʘʞʜʝʥʠʝ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ, ʥʝ ʞʝʨʪʚʫʷ ʧʨʠ ʵʪʦʤ ʨʝʩʫʨʩʦʤ ʜʚʠʛʘʪʝʣʷ. 

ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʤʝʞʜʫ F414 ʠ F404 ʷʚʣʷʝʪʩʷ ʢʦʤʧʨʝʩʩʦʨ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʥ 

ʜʣʠʥʥʝʝ ʥʘ 13 ʩʤ ʠ ʧʦʟʚʦʣʠʣ ʫʚʝʣʠʯʠʪʴ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ 16%. ʏʪʦʙʳ ʫʣʦʞʠʪʴʩʷ ʚ 

ʧʨʝʞʥʠʝ ʛʘʙʘʨʠʪʳ F404-ʛʦ, ʥʘ F-414-ʤ ʩʜʝʣʘʣʠ ʢʦʨʦʯʝ ʥʘ 10 ʩʤ ʬʦʨʩʘʞʥʫʶ ʢʘʤʝʨʫ ʠ ʥʘ 

2,5 ʩʤ ʢʦʨʦʯʝ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ. ɼʠʩʢʠ ʩ ʣʦʧʘʪʢʘʤʠ ʢʦʤʧʨʝʩʩʦʨʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʮʝʣʴʥʦʣʠʪʳʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʝʛʦ ʚʝʩ ʥʘ 23 ʢʛ. ʂʘʞʜʳʡ ʜʠʩʢ ʩ ʣʦʧʘʪʢʘʤʠ ʦʙʝʠʭ 

ʪʫʨʙʠʥ ʚʳʨʘʱʠʚʘʝʪʩʷ ʢʘʢ ʤʦʥʦʢʨʠʩʪʘʣ, ʢʘʢ ʦʜʥʦ ʮʝʣʦʝ. 

ɼʚʠʛʘʪʝʣʴ ʜʚʫʭʢʦʥʪʫʨʥʳʡ, ʜʚʫʭʨʦʪʦʨʥʳʡ, 3-ʩʪʫʧʝʥʯʘʪʳʡ ʢʦʤʧʨʝʩʩʦʨ ʥʠʟʢʦʛʦ 



52   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ         ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

ʜʘʚʣʝʥʠʷ ʠ 7-ʩʪʫʧʝʥʯʘʪʳʡ ʢʦʤʧʨʝʩʩʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, 1-ʩʪʫʧʝʥʯʘʪʘʷ ʪʫʨʙʠʥʘ 

ʢʦʤʧʨʝʩʩʦʨʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 1-ʩʪʫʧʝʥʯʘʪʘʷ ʪʫʨʙʠʥʘ ʢʦʤʧʨʝʩʩʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʉʦʧʣʦ ʩʫʞʠʚʘʶʱʝʝʩʷ-ʨʘʩʰʠʨʷʶʱʝʝʩʷ, ʨʝʛʫʣʠʨʫʝʤʦʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ (ʨʠʩ. 3). 

ʅʘ ʩʘʤʦʣʸʪʝ Gripen NG ʩ ʜʚʠʛʘʪʝʣʝʤ F414 ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʙʝʟ ʬʦʨʩʘʞʘ,  

ʜʦʩʪʠʛʥʫʪʦ ʯʠʩʣʦ ʄ = 1,2. ʊʘʢʞʝ ʜʚʠʛʘʪʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʘʤʦʣʸʪʘʭ F/A-18E Super 

Hornet, F/A-18F Super Hornet, EA-18G Growler, Mako, Gripen NG. 

 

 
ʈʠʩ. 3. ʈʘʟʨʝʟ ʜʚʠʛʘʪʝʣʷ  F414-GE-400 

 

ɸʃ-41ʌ. ɼʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʨʦʥʪʦʚʦʡ ʘʚʠʘʮʠʠ     

(ʇɸʂ ʌɸ) ʊ-50 ʚ ʅʇʆ çʉʘʪʫʨʥè ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʠʛʘʪʝʣʠ ɸʃ-41ʌ1 ʠ ɸʃ-41ʌ2. ɸʃ-41ʌ1 - 

ʵʪʦ ʜʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʛʦ ʜʚʠʛʘʪʝʣʷ ɸʃ-31ʌʇ ʩ 

ʫʚʝʣʠʯʝʥʥʳʤ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ.     

ɸʃ-41ʌ2 ï ʥʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʧʘʨʘʤʝʪʨʘʤʠ V ʧʦʢʦʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʢʦʦʧʝʨʘʮʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʤʝʥʠʪʳʭ ʬʠʨʤ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʅʇʆ çʃʶʣʴʢʘ-ʉʘʪʫʨʥè ʠ 

ʅʇʇ çʄʦʪʦʨè. ʕʪʦ ʘʚʠʘʮʠʦʥʥʳʡ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ 

ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʦʡ ʠ ʫʧʨʘʚʣʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ, ʩʦʟʜʘʥʥʳʡ çʅʇʆ çʉʘʪʫʨʥè. ʅʘ 

ʜʚʠʛʘʪʝʣʝ ʧʨʠʤʝʥʝʥʘ ʫʥʠʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʟʘʞʠʛʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ çʅʇʇ çʄʦʣʥʠʷè. ɸʃ-

41ʌ1 ʵʪʦ ʧʝʨʝʭʦʜʥʳʡ ʜʚʠʛʘʪʝʣʴ ʤʝʞʜʫ ʧʦʢʦʣʝʥʠʝʤ IV ʠ V, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʪʚʝʯʘʝʪ 

ʙʦʣʴʰʠʥʩʪʚʫ ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʜʚʠʛʘʪʝʣʷʤ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ: ʤʘʩʩʘ ʜʚʠʛʘʪʝʣʷ ï 

ʧʦʯʪʠ 1,4 ʪʳʩ. ʢʛ, ʪʷʛʘ ʥʘ ʙʝʩʬʦʨʩʘʞʥʦʤ ʨʝʞʠʤʝ ʩʦʩʪʘʚʣʷʝʪ 86297 ʅ, ʘ ʥʘ ʬʦʨʩʘʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 15-ʪʦʥʥʦʡ ʚʝʣʠʯʠʥʳ. ɺʳʭʦʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʚʠʛʘʪʝʣʝʡ ï ʧʦʚʦʨʦʪʥʳʝ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʨʝʘʢʪʠʚʥʳʝ ʩʦʧʣʘ. ɼʣʷ ʧʘʨʠʨʦʚʘʥʠʷ ʨʘʟʚʦʨʘʯʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʧʨʠ 

ʦʪʢʘʟʝ ʦʜʥʦʛʦ ʠʟ ʜʚʠʛʘʪʝʣʝʡ ʦʩʠ ʧʦʚʦʨʦʪʘ ʩʦʧʝʣ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ ʢ 

ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʩʘʤʦʣʝʪʘ ʪʘʢ, ʯʪʦʙʳ ʚʝʢʪʦʨ ʪʷʛʠ ʨʘʙʦʪʘʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʦʭʦʜʠʣ 

ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ ʤʘʩʩ ʩʘʤʦʣʝʪʘ. ʆʭʣʘʞʜʘʝʤʳʝ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ ʚʳʧʦʣʥʝʥʳ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʚʥʝʰʥʠʝ ʩʭʦʜʩʪʚʘ ʩ ʜʚʠʛʘʪʝʣʝʤ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ, ɸʃ-41ʌ1 

ʧʦʣʫʯʠʣ ʦʢʦʣʦ 80% ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʜʝʪʘʣʝʡ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʚʠʛʘʪʝʣʝʡ IV ʧʦʢʦʣʝʥʠʷ 

ʧʦʚʳʰʝʥʥʦʡ ʩʠʣʦʡ ʪʷʛʠ, ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʦʚʦʡ ʪʫʨʙʠʥʦʡ ʠ 

ʫʣʫʯʰʝʥʠʝʤ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ɸʃ-41ʌ1 ʠ ɸʃ-41ʌ1ʉ (ʜʣʷ ʵʢʩʧʦʨʪʘ) ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ 

ʥʘ ʤʥʦʛʦʮʝʣʝʚʦʡ ʠʩʪʨʝʙʠʪʝʣʴ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʊ-50 ʠ ʤʥʦʛʦʮʝʣʝʚʦʡ ʠʩʪʨʝʙʠʪʝʣʴ 

ʧʦʢʦʣʝʥʠʷ IV++ ʉʫ-35ʉ. ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʦʰʣʦʛʦ 

ʧʦʢʦʣʝʥʠʷ: ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʢʦʤʧʨʝʩʩʦʨʦʚ ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʋʚʝʣʠʯʝʥʥʳʡ ʜʦ 932 ʤʤ ʜʠʘʤʝʪʨ ʪʫʨʙʠʥʳ (ʩʤ. ʪʘʙʣʠʮʫ 5). 

ɹʣʘʛʦʜʘʨʷ ʚʩʝʤ ʵʪʠʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷʤ ʫʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʩʠʣʫ 

ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʩ 122581 ʅ ʜʦ 147098 ʅ ʠ ʫʚʝʣʠʯʠʪʴ ʨʝʩʫʨʩ ʜʚʠʛʘʪʝʣʷ ʚ 4 ʨʘʟʘ ʩ 1000 ʜʦ 
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4000 ʯʘʩʦʚ. ʇʨʠ ʵʪʦʤ ʚʦʟʨʦʩʣʘ ʥʘʜʝʞʥʦʩʪʴ, ʠ ʩʥʠʟʠʣʩʷ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ [7]. 

ʂ ʜʚʠʛʘʪʝʣʶ ɸʃ-41ʌ2 ʧʨʝʜʲʷʚʣʝʥʦ ʪʨʝʙʦʚʘʥʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʣʸʪʘ ʩʦ 

ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ (ʄ = 1,5ï1,6) ʙʝʟ ʚʢʣʶʯʝʥʠʷ ʬʦʨʩʘʞʘ, ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʈʃ ʠ 

ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʟʘʤʝʪʥʦʩʪʠ. ʂʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ ʚ ʜʚʠʛʘʪʝʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʪʦʪʠʧʦʤ ʫʤʝʥʴʰʝʥʦ. ʇʨʠ ʤʝʥʴʰʠʭ ʛʘʙʘʨʠʪʘʭ ʠ ʤʘʩʩʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʃ-31ʌ ʪʷʛʘ 

ʫʚʝʣʠʯʝʥʘ ʥʘ 10ï15%, ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʩʥʠʞʝʥ ʥʘ 10ï13%. ɺ ʢʦʥʩʪʨʫʢʮʠʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ: ʩʧʣʘʚʳ, ʢʦʤʧʦʟʠʪʳ, ʧʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ. 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʥʘ 12%. ɸʃ-41ʌ2 ʦʩʥʘʱʸʥ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʤ ʪʷʛʠ (ʩʤ. ʪʘʙʣʠʮʫ 5). 

ʊʘʙʣʠʮʘ 5. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʘʪʝʣʷ ɸʃ-41ʌ2 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʄʘʩʩʘ, ʢʛ 1380 

ɼʣʠʥʥʘ, ʤʤ 4950 

ɼʠʘʤʝʪʨ, ʤʤ 1180 

ʊʷʛʘ, ʅ 86298 

ʊʷʛʘ ʥʘ ʬʦʨʩʘʞʝ, ʅ 147099 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʅĿʩ 0,067 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ, ʂ 1689 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʬʦʨʩʘʞʝ, ʢʛ/ʅ Ŀʩ 0,178 

ʉʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ  0,54 

 

ɺʳʚʦʜ 

ʈʝʘʢʪʠʚʥʘʷ ʘʚʠʘʮʠʷ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ, ʤʥʦʛʠʝ ʩʪʨʘʥʳ 

ʫʞʝ ʧʨʦʝʢʪʠʨʫʶʪ ʜʚʠʛʘʪʝʣʠ VI ʧʦʢʦʣʝʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʢʦʥʩʪʨʫʢʮʠʶ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʩʝʨʠʡʥʳʭ ʜʚʠʛʘʪʝʣʝʡ V ʧʦʢʦʣʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʫ ʥʠʭ 

ʩʣʝʜʫʶʱʠʝ ʦʙʱʠʝ ʯʝʨʪʳ: ʤʘʣʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʠ ʠʥʬʨʘʢʨʘʩʥʘʷ ʟʘʤʝʪʥʦʩʪʴ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʧʦʣʸʪʘ ʥʘ ʢʨʝʡʩʝʨʩʢʦʤ ʙʝʩʬʦʨʩʘʞʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʧʦʨʷʜʢʘ 1900ʂ, ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 

ʥʘ ʬʦʨʩʘʞʝ (0,177ï0,198 ʢʛ/ʅ ʩ) ʠ ʙʝʟ ʬʦʨʩʘʞʘ (0,067ï0,092 ʢʛ/ʅ ʩ), ʫʜʝʣʴʥʘʷ ʪʷʛʘ (87,67ï

78,06 ʅ ʩ/ʢʛ). ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʜʣʷ ʚʦʝʥʥʳʭ ʚʳʩʦʢʦʤʘʥʸʚʨʝʥʥʳʭ ʩʘʤʦʣʸʪʦʚ 

ʚʳʧʦʣʥʷʶʪʩʷ ʜʚʫʭʢʦʥʪʫʨʥʳʤʠ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ, ʜʚʫʭʚʘʣʴʥʳʤʠ ʩ 

ʬʦʨʩʘʞʥʳʤʠ ʢʘʤʝʨʘʤʠ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ ʢʦʤʧʨʝʩʩʦʨʘ ï ʧʦʨʷʜʢʘ 9. 

ʊʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʧʦʨʷʢʘ 1900ʂ. ʃʦʧʘʪʢʠ ʪʫʨʙʠʥ ʚʳʧʦʣʥʷʶʪʩʷ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩ ʢʦʥʚʝʢʪʠʚʥʦ-ʧʣʸʥʦʯʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ʋ ʜʚʠʛʘʪʝʣʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʐɸ ï ʢʦʤʧʨʝʩʩʦʨʘ ʚʳʧʦʣʥʝʥʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʙʣʠʩʢ. ʈʝʘʢʪʠʚʥʳʝ ʩʦʧʣʘ 

ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ï ʚʩʝʨʘʢʫʨʩʥʳʝ ʠʣʠ ʦʪʢʣʦʥʷʝʤʳʝ. ʅʘ ʚʩʝʭ ʜʚʠʛʘʪʝʣʷʭ 

ʝʩʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʈʃ ʠ ʀʂ ʟʘʤʝʪʥʦʩʪʠ ʚ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʣʫʩʬʝʨʘʭ.  
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ʇʈʀʄɽʅɽʅʀɽ ʅɽʏɽʊʂʆʁ ʃʆɻʀʂʀ ɺ ʉʀʉʊɽʄɽ ʅɸɼɼʋɺɸ ɼʀɿɽʃʔʅʆɻʆ 

ɼɺʀɻɸʊɽʃʗ 

 

ʉʘʙʘʥʛʫʣʦʚʘ ʃ. ɹ., ʍʘʡʨʫʣʣʠʥʘ ɸ. ɸ. 

 
ɺʚʝʜʝʥʠʝ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʛʘʙʘʨʠʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʪʫʨʙʦʥʘʜʜʫʚ. ʊʘʢʞʝ ʪʫʨʙʦʥʘʜʜʫʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʘ ʚ ʨʘʩʯʝʪʝ 

ʥʘ ʝʜʠʥʠʮʫ ʤʦʱʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʙʣʘʛʦʜʘʨʷ  ʙʦʣʝʝ 

ʧʦʣʥʦʤʫ ʩʛʦʨʘʥʠʶ ʪʦʧʣʠʚʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʝʩʩʧʦʨʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʠʨʝ. ʇʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʥʘ ʥʠʟʢʠʭ ʦʙʦʨʦʪʘʭ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʪʘʢʦʝ ʷʚʣʝʥʠʷ, ʢʘʢ 

"ʪʫʨʙʦʷʤʘ"- ʟʘʜʝʨʞʢʘ ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘʜʜʫʚʘ (ʥʝʜʦʩʪʘʪʦʢ ʜʘʚʣʝʥʠʷ). ɼʣʷ ʙʦʨʴʙʳ ʩ 

ʵʪʠʤ ʷʚʣʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʥʘʜʜʫʚʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʅʘʨʷʜʫ ʩ ʧʨʦʩʪʦʡ ʞʝʩʪʢʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʪʫʨʙʠʥʦʡ ʠ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʠʟʚʝʩʪʝʥ 

ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʩʠʩʪʝʤʘʭ ʥʘʜʜʫʚʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʬʬʝʢʪʘ ʪʫʨʙʦʷʤʳ ʧʨʠʤʝʥʷʶʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʨʦʣʠ ʵʣʝʢʪʨʦʤʘʰʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʝʥʪʠʣʴʥʦ-ʨʝʘʢʪʠʚʥʳʝ (ɺʈʄ). ʕʪʠ ʵʣʝʢʪʨʦʤʘʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʘʙʦʪʘʶʱʠʝ   ʟʘ ʩʯʸʪ ʨʘʟʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ.  ʆʥʠ ʤʦʛʫʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨʘ ʠ  ʜʚʠʛʘʪʝʣʷ. ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ɺʈʄ 

ʷʚʣʷʝʪʩʷ  ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʥʘʛʨʫʟʦʯʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʭʦʨʦʰʘʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʥʦʩʪʴ. 

ʀʟʤʝʥʷʷ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʥʘ ʚʘʣʫ ʚʝʥʪʠʣʴʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

(ɺʈɼ), ʤʦʞʥʦ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʮʠʣʠʥʜʨ. ʄʦʤʝʥʪ 

ʧʦʜʘʝʪʩʷ ʥʘ ʢʦʤʧʨʝʩʩʦʨ ʥʝ ʪʦʣʴʢʦ ʦʪ  ɺʈɼ, ʥʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠ, ʯʝʨʝʟ ʧʣʘʥʝʪʘʨʥʳʡ 
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ʤʝʭʘʥʠʟʤ ʦʪ ʪʫʨʙʠʥʳ. ʉ ʥʝʡ ʯʝʨʝʟ ʧʣʘʥʝʪʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʩʚʷʟʘʥ ʠ ʚʝʥʪʠʣʴʥʦ ʨʝʘʢʪʠʚʥʳʡ 

ʛʝʥʝʨʘʪʦʨ (ɺʈɻ). ʆʥ ʟʘʨʷʞʘʝʪ ʘʢʢʫʤʫʣʷʪʦʨ, ʦʪ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʝʪ ʵʥʝʨʛʠʶ ɺʈɼ. 

ʊʘʢ, ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʦʪ ʪʫʨʙʠʥʳ ʤʝʞʜʫ 

ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʠ ʢʦʤʧʨʝʩʩʦʨʦʤ. ʕʪʦ ʜʘʝʪ ʚʳʠʛʨʳʰ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ɺʈʄ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ, ʚʦʟʤʦʞʥʦ 

ʣʠʰʴ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʝʛʦ ʦʙʤʦʪʦʢ ʢ ʢʦʤʤʫʪʘʪʦʨʫ ʪʦʢʦʚ ʥʘ ʙʘʟʝ ʤʦʱʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, 

ʫʧʨʘʚʣʷʝʤʳʭ ʣʦʛʠʢʦʡ, ʢʦʪʦʨʫʶ ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʶʪ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ PIC32. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʴʥʳʤʠ ʨʝʘʢʪʠʚʥʳʤʠ ʵʣʝʢʪʨʦʤʘʰʠʥʘʤʠ ʥʫʞʥʦ ʧʦʜʘʚʘʪʴ 

ʩʠʛʥʘʣʳ ʥʘ ʤʦʱʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ IGBT/MOSFET. ʂʘʞʜʦʡ ʬʘʟʦʡ ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʚʠʛʘʪʝʣʷ 

ʫʧʨʘʚʣʷʶʪ ʧʦ ʜʚʘ ʪʨʘʥʟʠʩʪʦʨʘ. ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʙʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʦ 

ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʤʘʣʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʛʥʘʣʳ ʙʦʣʴʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʜʚʠʛʘʪʝʣʝʤ, ʜʣʷ ʵʪʦʛʦ ʚ ʫʩʪʨʦʡʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʨʘʡʚʝʨʳ. 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɺʈʄ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʬʘʟʘʭ, ʘ ʪʘʢʞʝ ʦʪ 

ʥʝʢʦʪʦʨʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ: ʩʠʣʘ ʪʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʩʤʘʟʢʠ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʬʘʟʘʭ, ʢʦʪʦʨʦʝ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣʦ  ʩʢʦʨʦʩʪʴ, 

ʥʝʟʘʚʠʩʷʱʫʶ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ 

ʠʩʧʦʣʴʟʫʶʪ  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʨʝʛʫʣʷʪʦʨʳ. ɺʳʭʦʜʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ  ʢʦʵʬʬʠʮʠʝʥʪ  ʐʀʄ. ʋʧʨʘʚʣʷʷ ʩʢʚʘʞʥʦʩʪʴʶ 

ʠʤʧʫʣʴʩʦʚ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʜʨʘʡʚʝʨʘ ʤʦʞʥʦ ʧʣʘʚʥʦ ʠʟʤʝʥʷʪʴ ʠʤʧʫʣʴʩʳ ʪʦʢʘ 

ʬʘʟʥʳʭ ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʣʠ ʛʝʥʝʨʘʪʦʨʘ. 

 ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʣʦʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ, ʠ ʚʩʝ ʯʘʱʝ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ 

ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʪʨʫʜʥʦ ʦʧʠʩʘʪʴ ʚ 

ʪʝʨʤʠʥʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʠ ʚʩʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʝʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʵʢʩʧʝʨʪʥʦʤ ʦʧʳʪʝ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ɺʈɼ/ɺʈɻ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʛʫʣʷʪʦʨ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. 

ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ʅʘʧʨʠʤʝʨ, ʦʥʘ ʙʦʣʝʝ ʧʨʦʩʪʘ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ, ʯʝʤ  ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʥʝʯʝʪʢʠʝ ʤʦʜʝʣʠ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʪʨʠʚʠʘʣʴʥʳʤʠ  ʜʣʷ ʩʚʦʝʡ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʙʲʝʢʪʘ ʩ 

ʧʦʤʦʱʴʶ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʠ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ Matlab. ɺʠʜʥʦ, ʯʪʦ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ 

ʦʙʣʘʜʘʝʪ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʤʝʥʴʰʠʤ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʯʝʪʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʜʚʠʛʘʪʝʣʷ, 

ʢʨʘʡʥʝ ʚʘʞʥʦʝ ʠ ʦʱʫʪʠʤʦʝ ʜʣʷ ʚʦʞʜʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʕ.ʄʘʤʜʘʥʠ. ʅʘ ʚʭʦʜ 

ʧʦʩʪʫʧʘʝʪ ʦʰʠʙʢʘ ʝ ʠ ʨʘʟʥʦʩʪʴ ʪʝʢʫʱʝʡ ʠ ʧʨʝʜʳʜʫʱʝʡ ʦʰʠʙʢʠ de.  ʆʰʠʙʢʘ ʝ   ï ʵʪʦ 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʪʝʢʫʱʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʟʘʜʘʥʥʦʡ, de  ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʪʝʢʫʱʝʡ  ʠ 

ʧʨʝʜʳʜʫʱʝʡ ʦʰʠʙʢʦʡ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʥʷʶʪʩʷ ʦʪ -100 ʜʦ 100, ʘ ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ 

ʦʪ 0 ʜʦ 255. 

 ʆʙʝ  ʚʝʣʠʯʠʥʳ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʵʪʘʧ ʬʘʟʟʠʬʠʢʘʮʠʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʫʩʣʦʚʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʬʦʨʤʝ. ɺʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʝʤʴ ʪʨʝʫʛʦʣʴʥʳʭ ʪʝʨʤʦʚ ʢʘʞʜʘʷ.                

 ʇʨʠʥʷʪʳʝ ʩʦʢʨʘʱʝʥʠʷ ʜʣʷ ʟʥʘʯʝʥʠʡ  ʪʝʨʤʦʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʩʠʩʪʝʤʘʭ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʨʘʩʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʥʝʯʝʪʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʣʦʢʝ ʣʦʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ. ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʠʩʧʦʣʴʟʫʝʪ 

ʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʪʘʢʠʝ ʢʘʢ çʝʩʣʠ NS ʠ NM, ʪʦ PSè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʙʦʨʘ 



56   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ         ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

ʧʨʘʚʠʣ ï ʥʝʯʝʪʢʦʡ ʙʘʟʳ ʟʥʘʥʠʡ ï ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʠʩʪʠʥʥʦʩʪʠ ʜʣʷ ʧʨʝʜʧʦʩʳʣʢʠ 

ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʥʝʯʝʪʢʠʭ ʦʧʝʨʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʥʲʶʥʢʮʠʠ ʠʣʠ ʜʠʟʲʶʥʢʮʠʠ ʪʝʨʤʦʚ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʧʨʘʚʠʣ. 

 

 
ʈʠʩ. 1. ʌʫʥʢʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʙʘʟʝ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

 

ʊʘʙʣʠʮʘ 1 

ʇʨʠʥʷʪʳʝ ʩʦʢʨʘʱʝʥʠʷ ʜʣʷ ʟʥʘʯʝʥʠʡ  ʪʝʨʤʦʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʩʠʩʪʝʤʘʭ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

ʉʠʤʚʦʣʠʯʝʩʢʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ 

ʆʙʦʟʥʘʯʝʥʠʷ, 

ʚ ʧʨʦʛʨʘʤʤʝ 

ɸʥʛʣʦʷʟʳʯʥʘʷ 

ʥʦʪʘʮʠʷ 

NH 0 Negative Normal 

NM 1 Negative Middle 

NS 2 Negative Small 

Z 3 Zero 

PS 4 Positive Small 

PM 6 Pozitive Middle 

PH 7 Pozitive  High 

 

   

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧï ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʪʝʨʤʫ  ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 

                                                                    0, ʝʩʣʠ x Ò a, 

 

                                                                    
ὼ ὥ

c a
, ʝʩʣʠ  a < x Ò c, 

                                      Õ(x, a, b,c ) =   

                                                                     
x a

b c
, ʝʩʣʠ c < x < b, 

 

                                                                     0, ʝʩʣʠ x Ó b, 
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ʛʜʝ       ʘ  ʣʝʚʘʷ ʛʨʘʥʠʮʘ ʪʨʝʫʛʦʣʴʥʠʢʘ; 

             c  ʚʝʨʰʠʥʘ ʪʨʝʫʛʦʣʴʥʠʢʘ;         

 b  ʧʨʘʚʘʷ ʛʨʘʥʠʮʘ ʪʨʝʫʛʦʣʴʥʠʢʘ;         

 Õ(x, a, b,c )  ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʜʘʥʥʦʤʫ ʪʝʨʤʫ. 

 

 
ʈʠʩ. 2. ɺʠʜ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

 

ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʨʝʛʫʣʷʪʦʨʝ ʜʚʘ ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʜʘʝʪ 4 ʢʦʤʙʠʥʘʮʠʠ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 2).     

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʚʳʨʘʞʘʶʱʠʡʩʷ  ʯʝʨʝʟ 

ʦʧʝʨʘʮʠʠ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʫʤʘ ʠ ʤʘʢʩʠʤʫʤʘ (ʤʝʪʦʜ ʤʠʥʠʤʫʤʘ-ʤʘʢʩʠʤʫʤʘ). ʉʪʨʦʠʪʩʷ 

ʪʘʙʣʠʮʫ minimum, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ (ʩʤ. ʪʘʙʣʠʮʫ 2). 

 

 ʊʘʙʣʠʮʘ 2 

ʇʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʊʝʨʤʳ ʧʝʨʚʦʛʦ 

ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʊʝʨʤʳ ʚʪʦʨʦʛʦ 

ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʅʦʤʝʨ ʚʳʭʦʜʥʦʛʦ 

ʪʝʨʤʘ 

ʄʠʥʠʤʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʚʭʦʜʥʳʭ 

ʪʝʨʤʦʚ 

A0(0,4) B0(0,3) 1 ÕB=0,3 

A0(0,4) B1(0,7) 2 ÕA=0,4 

A1(0,6) B0(0,3) 2 ÕB=0,3 

A1(0,6) B1(0,7) 1 ÕA=0,6 

  

ʆʧʝʨʘʮʠʷ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʫʤʘ ʜʚʫʭ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ (ʥʝʯʝʪʢʦʝ "ʀ") ɸ ʠ ɺ  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʘʠʙʦʣʴʰʝʝ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʷʚʣʷʶʱʝʝʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʦʙʦʠʭ ʤʥʦʞʝʩʪʚ. ʌʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ÕAB(x)=min(ÕA(x),ÕB(x)). 

 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʚʳʙʦʨ ʠʟ ʚʩʝʭ ʤʠʥʠʤʫʤʦʚ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʚʳʙʠʨʘʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʆʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ 

ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ (ʥʝʯʝʪʢʦʝ "ʀʃʀ") ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʘʠʤʝʥʴʰʝʝ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, 

ʩʦʜʝʨʞʘʱʝʝ ʦʙʘ ʤʥʦʞʝʩʪʚʘ ɸ ʠ ɺ. ʌʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʥʘʭʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:    

              

ÕAB(x)=max(ÕA(x),ÕB(x)). 
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ʄʘʩʩʠʚ defuzz ʩʦʜʝʨʞʠʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʚʳʭʦʜʥʳʭ ʪʝʨʤʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʳʭʦʜʥʦʝ ʪʝʨʤʳ ʧʨʦʭʦʜʷʪ ʵʪʘʧ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʯʝʪʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʮʠʬʨʦʚʳʝ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʭʦʜʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ

ʧʦ ʤʝʪʦʜʫ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ  ʧʦ ʬʦʨʤʫʣʝ: 

ñ

ñ³
=

x

x

A

x

x

A

dxx

dxxx

c

)(

)(

m

m

. 

ʌʠʛʫʨʘ ʚʳʭʦʜʥʳʭ ʪʝʨʤʦʚ ʦʛʨʘʥʠʯʝʥʘ ʩʧʨʘʚʘ ʠ ʩʣʝʚʘ ʢʨʘʡʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʪʝʨʤʦʚ, ʩʚʝʨʭʫ -  ʚʳʯʠʩʣʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ.  ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʮʠʬʨʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʣʫʯʠʚʰʫʶʩʷ ʬʠʛʫʨʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʪʴ ʥʘ n 

ʨʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʚʳʙʨʘʪʴ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ  x, ʟʘʪʝʤ ʧʣʦʱʘʜʠ ʧʦʣʫʯʠʚʰʠʭʩʷ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʩʫʤʤʠʨʫʶʪʩʷ (ʩʤ. ʨʠʩʫʥʦʢ 3).  

 

 
ʈʠʩ. 3. ɼʝʬʘʟʟʠʬʠʢʘʮʠʷ ʧʦ ʤʝʪʦʜʫ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ. 

ɺʳʚʦʜ 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʚ ʚʠʜʝ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʌʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ.  PIC32 ʦʙʣʘʜʘʝʪ ʯʘʩʪʦʪʦʡ ʪʘʢʪʠʨʦʚʘʥʠʷ  80 ʄɻʮ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʦʤʘʥʜ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘ 1 ʪʘʢʪ ʛʝʥʝʨʘʪʦʨʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʬʫʥʢʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ 500 

ʤʢʩ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ ʚʳʟʳʚʘʝʪʩʷ ʜʚʘ ʨʘʟʘ, ʜʣʷ ɺʈɼ ʠ 

ɺʈɻ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʜʫʣʷʮʠʠ, ʫʜʚʘʠʚʘʝʪʩʷ, ʠ ʦʥʦ ʨʘʚʥʦ 1ʤʩ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ, ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʚʳʙʨʘʥʥʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ  ʨʝʛʫʣʷʪʦʨ ʥʘ ʙʘʟʝ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʦʙʣʘʜʘʝʪ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʤʝʥʴʰʠʤ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ. 
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ʋɼʂ 621.1:532 

 

ɺʃʀʗʅʀɽ ʆɹʈɸʊʅʆʁ ʉɺʗɿʀ ɺ ɺʀʍʈɽɺʆʁ ɾʀɼʂʆʉʊʅʆʁ ʊʈʋɹɽ                                

ʅɸ ʍɸʈɸʂʊɽʈ ʅɸɻʈɽɺɸ ɾʀɼʂʆʉʊʀ ɺ ʊɽʇʃʆɻɽʅʈɽʈɸʊʆʈɽ 

 

ʂʘʣʠʤʫʣʣʠʥ ʈ. ʈ., ʄʫʭʘʤʝʪʦʚ ʄ. ɺ., ʍʘʣʠʫʣʣʠʥ ʀ. ʈ., ʖʥʫʩʙʘʝʚ ɼ. ʀ. 

ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ʚ ʚʠʭʨʝʚʳʭ ʞʠʜʢʦʩʪʥʳʭ ʘʧʧʘʨʘʪʘʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʝʱʸ ʚ 90-ʭ 

ʛʦʜʘʭ ʇʦʪʘʧʦʚʳʤ ʖ.ʉ. ɺ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʝ ʖ.ʉ. ʇʦʪʘʧʦʚʘ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʚʠʭʨʝʚʦʤ 

ʵʬʬʝʢʪʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʧʫʩʢʥʦʡ ʧʘʪʨʫʙʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʝʨʝʧʫʩʢ ʞʠʜʢʦʩʪʠ ʠʟ 

ʢʦʨʧʫʩʘ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘ ʚ ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ ʚ ʩʣʫʯʘʝ ʟʘʢʫʧʦʨʢʠ ʚʳʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, 

ʘ ʪʘʢʞʝ ʩʢʘʯʢʦʚ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ [1];ʪʦ ʝʩʪʴʧʝʨʝʧʫʩʢʥʦʡ ʧʘʪʨʫʙʦʢ ʠʛʨʘʝʪ 

ʨʦʣʴʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ.  

ʅʘʣʠʯʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʦʢʘʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʝʡ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ.ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʙʘʡʧʘʩʥʘʷ ʣʠʥʠʷ (1) ʨʠʩ.1, ʩʚʷʟʳʚʘʶʱʘʷ ʚʳʭʦʜ ʠʟ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ, ʩ ʚʭʦʜʦʤ ʚ 

ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʟʘʢʨʫʯʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ(6), ʢʦʪʦʨʘʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ (ʧʨʠ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʩ ʚʳʭʦʜʘ ʚ 

ʚʠʭʨʝʚʫʶ ʟʦʥʫ), ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. ʂʨʝʩʪʦʚʠʥʘ(3), ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʢʦʥʮʝ ʚʠʭʨʝʚʦʡ 

ʪʨʫʙʳ ʠ ʢʨʝʩʪʦʚʠʥʘ ʚ ʙʘʡʧʘʩʝ (4) ʩʣʫʞʘʪ ʚ ʢʘʯʝʩʪʚʝ ʪʦʨʤʦʟʥʦʛʦ ʠ ʚʳʧʨʷʤʣʷʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘ ʭʘʨʘʢʪʝʨ ʥʘʛʨʝʚʘ ʞʠʜʢʦʩʪʠ ʚ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʝ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Ansys 14.5. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʘʢʝʪ çSolidWorks 2009è. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʙʦʨʢʫ, ʘʥʘʣʦʛʠʯʥʫʶ 

ʨʝʘʣʴʥʦʤʫ ʦʙʲʝʢʪʫ, ʚʳʧʦʣʥʝʥʥʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠʩʧʦʣʥʝʥʠʝʤ.[2] 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ; 

¶ ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ; 

 

 

ʌʦʪʦ 

 

 

ʌʦʪʦ 
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¶ ʥʘʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ; 

¶ ʧʨʦʚʝʜʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʳ ʩ 

ʙʘʡʧʘʩʦʤ;  

¶ ʧʨʦʚʝʜʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʳ ʙʝʟ 

ʙʘʡʧʘʩʘ; 

¶ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʨʘʬʠʢʦʚ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʝʡ ʧʦ ʪʨʘʢʪʫ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʳ, ʜʘʚʣʝʥʠʡ ʧʦ ʪʨʘʢʪʫ 

ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʳ ʵʥʝʨʛʦʨʘʟʜʝʣʝʥʠʷ ʠ ʟʘʤʳʢʘʶʱʝʛʦ ʙʘʡʧʘʩʘ); 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʪʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʜʢʣʶʯʝʥʥʦʡ ʠ 

ʦʪʢʣʶʯʝʥʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ (ʙʘʡʧʘʩ). 

 

 
ʈʠʩ.2. ʄʦʜʝʣʴ ʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʳ: 

1 ï ʙʘʡʧʘʩ; 2 ï ʚʠʭʨʝʚʘʷ ʢʘʤʝʨʘ ʵʥʝʨʛʦʨʘʟʜʝʣʝʥʠʷ; 3 ï ʢʨʝʩʪʦʚʠʥʘ;4 ï ʢʨʝʩʪʦʚʠʥʘ ʙʘʡʧʘʩʘ; 

5 ï ʩʦʧʣʦʚʦʡ ʚʚʦʜ; 6 ï ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʟʘʢʨʫʯʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ;                                               

7 ï ʰʪʫʮʝʨʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ ʠʟʤʝʨʝʥʠʷ. 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʨʝʜʝ Ansys 14.5, ʜʣʷ ʵʪʦʛʦ ʚʳʜʝʣʷʝʪʩʷ 

ʧʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʥʘ ʥʝʡ ʩʪʨʦʠʪʩʷ ʨʘʩʯʝʪʥʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ 

ʩʝʪʢʘ. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʛʝʦʤʝʪʨʠʠ ʠʟʜʝʣʠʷ ʠ 

ʧʨʝʦʙʨʘʟʫʝʪ ʠʩʭʦʜʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʢ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʙʘʡʧʘʩʥʦʡ ʣʠʥʠʠ (ʪ.ʝ. ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ)ʨʝʰʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢʘʥʘʣʘ ʙʘʡʧʘʩʘ ʠ ʝʛʦ ʧʦʣʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ. 

ʀʩʢʣʶʯʝʥʠʝ ʙʘʡʧʘʩʘ ʚ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʘʥʦʚʢʠ 

ʫʩʣʦʚʥʦʡ ʰʘʡʙʳ, ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʦʯʥʫʶ ʯʘʩʪʴ ʚ ʙʘʡʧʘʩʥʦʡ ʣʠʥʠʠ. ɼʣʷ 

ʤʦʜʝʣʝʡ ʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʳ ʩ ʙʘʡʧʘʩʦʤ ʠ ʙʝʟ ʙʘʡʧʘʩʘ ʩʪʨʦʷʪʩʷ ʨʘʩʯʝʪʥʳʝ ʩʝʪʢʠ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ ʊʘʙʣʠʮʘ 1.  

ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʜʣʷ ʤʦʜʝʣʝʡ ʩ ʙʘʡʧʘʩʦʤ ʠ ʙʝʟ ʙʘʡʧʘʩʘ 

 ʄʦʜʝʣʴ ʩ ʙʘʡʧʘʩʦʤ ʄʦʜʝʣʴ ʙʝʟ ʙʘʡʧʘʩʘ 

Min size 2 mm 2 mm 

Max face size 7 mm 8mm 

Max size 7mm 9mm 

Nodes 318084 201662 

Elements 1096375 641044 
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ʈʠʩ.3. ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʤʦʜʝʣʠ ʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʳ c ʙʘʡʧʘʩʦʤ 

 
ʅʘʯʘʣʴʥʳʝ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʜʦʧʫʱʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʤʦʜʝʣʠ ʟʘʜʘʶʪʩʷ ʦʜʥʠ 

ʠ ʪʝ ʞʝ, ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʤʦʜʝʣʝʡ. 

ɼʦʧʫʱʝʥʠʷ: 

¶ ʞʠʜʢʦʩʪʴ ʥʝʩʞʠʤʘʝʤʘ; 

¶ ʧʨʦʮʝʩʩ ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ; 

¶ ʩʪʝʥʢʘ ʘʙʩʦʣʶʪʥʦ ʛʣʘʜʢʘʷ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

¶ ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ʚ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ ʧʦʩʪʦʷʥʥʦʝ pʚʭ=6,7Ā10
5
 ʇʘ; 

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ tʚʭ=24 Üʉ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

¶ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ k-Ů; 

¶ ʤʦʜʝʣʴʪʝʧʣʦʧʝʨʝʜʘʯʠ: ʧʦʣʥʘʷʵʥʝʨʛʠʷ (Heat Transfer Model:Total Energy); 

¶ ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘ pʚʳʭ=3,3Ā10
5
 ʇʘ. 

ʈʘʩʯʝʪ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ANSYS FluidFlow (CFX). ɺ ʧʨʦʮʝʩʩʝ ʩʯʝʪʘ 

ʩʭʦʜʠʤʦʩʪʴ ʚʩʝʭ ʫʨʘʚʥʝʥʠʡ ʜʦʩʪʠʛʣʘ ʧʦʨʷʜʢʘ ï 1Ā10
-4

(RMS), ʘ ʜʠʩʙʘʣʘʥʩ ʦʩʥʦʚʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ïʧʦʨʷʜʢʘ 0,1 %. 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ 

(ʈʠʩ.4) ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʨʘʩʩʣʦʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʥʘʣʠʯʠʝʤ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʥʠʞʘʝʪʩʷ ʧʦ 

ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʢʘʤʝʨʳ ʟʘʚʠʭʨʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʘʚʣʝʥʠʷ ʚ 

ʚʠʭʨʝʚʳʭ ʞʠʜʢʦʩʪʥʳʭ ʪʨʫʙʘʭ ʚ ʧʨʦʜʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʧʦ ʪʨʘʢʪʫ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʳ. ʅʘ ʈʠʩ. 

6 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʚ ʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʝ ʙʝʟ ʙʘʡʧʘʩʘ ʧʦ 

ʪʨʘʢʪʫ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨ,r ʛʜʝ ʣʠʥʠʠ ʩʝʯʝʥʠʷ ʫʢʘʟʘʥʳ ʨʘʩʩʪʦʷʥʠʷʤʠ ʦʪ ʦʩʠ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ 

ʦʪʥʦʰʝʥʠʷʤʠ ʢ ʝʸ ʨʘʜʠʫʩʫ (ʈʠʩ.4). ʉʝʯʝʥʠʷ 1,0r ʠ -1,0rʧʦʢʘʟʳʚʘʶʪ ʜʘʚʣʝʥʠʷ ʫ ʩʪʝʥʦʢ 

ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʳ. ɺ ʵʪʦʤ ʩʝʯʝʥʠʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʡ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʯʝʥʠʠ (ʩʝʯʝʥʠʝ 0) ʩʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʡ ʧʦ ʪʨʘʢʪʫ ʚʠʭʨʝʚʦʡ 

ʢʘʤʝʨʳ. ʊʘʢʞʝ ʩʨʘʚʥʠʚʘʷ ʣʠʥʠʠ ʛʨʘʬʠʢʦʚ ʚ ʩʝʯʝʥʠʠ 0,5r ʠ -0,5r, 0,25r ʠ -0,25r, ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ ʠʭ ʨʘʟʣʠʯʠʝ ʧʦ ʜʘʚʣʝʥʠʷʤ, ʭʦʪʷ ʩʝʯʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʩʜʝʣʘʥʳ ʧʦʧʘʨʥʳʝ ʛʨʘʬʠʢʠ, 

ʘʙʩʦʣʶʪʥʦ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪ ʦʩʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠʯʝʤ ʵʪʘ 

ʨʘʟʥʦʩʪʴ ʫʭʦʜʠʪ ʢʘʢ ʚ ʤʠʥʫʩʦʚʫʶ ʩʪʦʨʦʥʫ, ʪʘʢ ʠ ʚ ʧʣʶʩʦʚʫʶ.ʅʘ ʈʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʘʚʣʝʥʠʷʚ ʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʝ ʩ ʙʘʡʧʘʩʦʤ ʧʦ ʪʨʘʢʪʫ 

ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʳ. ɸʥʘʣʦʛʠʯʥʳʝ ʩʨʘʚʥʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʦ ʩʝʯʝʥʠʷʤ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʨʘʟʥʠʮʘ ʧʦ ʜʘʚʣʝʥʠʷʤ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʪ ʦʩʠ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʨʘʟʥʦʩʪʴ 

ʟʥʘʯʝʥʠʡ ʧʦ ʜʘʚʣʝʥʠʶ, ʯʝʤ ʚ ʧʝʨʚʦʡ ʤʦʜʝʣʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʚ 

ʚʠʭʨʝʚʦʡ ʪʨʫʙʝ ʙʝʟ ʙʘʡʧʘʩʘ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʦ.  
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ʅʘ ʈʠʩ.6-9 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʳ ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʥʦʡ, ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʢʦʨʦʩʪʝʡ ʩ ʙʘʡʧʘʩʥʦʡ ʣʠʥʠʝʡ ʠ ʩ ʝʸ ʠʩʢʣʶʯʝʥʠʝʤ. ʅʘ ʜʘʥʥʳʭ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ ʚʣʠʷʥʠʝ 

ʚʚʝʜʝʥʠʷ ʙʘʡʧʘʩʘ ʥʘ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʦ ʪʨʘʢʪʫ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ 

(ʧʦʩʪʨʦʝʥʠʝ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ). 
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ʅʘ ʨʠʩ.10, 11 ʧʨʠʚʝʜʝʥʳ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ 

ʞʠʜʢʦʩʪʥʦʡ ʩʪʨʫʠ ʠʟ ʙʘʡʧʘʩʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʪʨʫʙʳ ʵʥʝʨʛʦʨʘʟʜʝʣʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʟʦʥʳ 1 ʠ 2 ʥʘ ʨʠʩ. 11), ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʧʦʜʦʛʨʝʪʘʷ ʞʠʜʢʦʩʪʴ ʧʨʠʰʣʘ ʯʝʨʝʟ ʙʘʡʧʘʩ). 

ˏ̜̜̃̏̅ȡ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʚ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʝ ʵʥʝʨʛʦʨʘʟʜʝʣʝʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʝ ʙʝʟ ʙʘʡʧʘʩʘ, 

ʥʝʞʝʣʠ ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʙʘʡʧʘʩʦʤ. ʊʦ ʝʩʪʴ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʦʩʠʪ ʨʘʟʨʫʰʘʶʱʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ 

ʚʣʠʷʝʪ ʥʘ ʥʘʛʨʝʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʦ ʪʨʘʢʪʫ ʚ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʝ, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦ ʚ 

ʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʝ ʙʝʟ ʙʘʡʧʘʩʘ. ʆʜʥʘʢʦ ʚ ʚʠʭʨʝʚʦʡ ʪʨʫʙʝ ʦʭʚʘʯʝʥʥʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʝʨʝʧʫʩʢʘʷ ʯʘʩʪʴ ʧʦʜʦʛʨʝʪʦʡ ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ 

ʢʨʝʩʪʦʚʠʥʳ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʢʘʤʝʨʳ ʟʘʚʠʭʨʝʥʠʷ ʚ ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘ ʪʝʯʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʳ ʵʥʝʨʛʦʨʘʟʜʝʣʝʥʠʷ. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʠʜʢʦʩʪʥʦʡ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʢʘʢ ʵʣʝʤʝʥʪʘ 

ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʥʘ ʢʘʬʝʜʨʝ ʧʨʠʢʣʘʜʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ, ʘ ʪʘʢʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʥʘ ʢʘʬʝʜʨʝ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [3], 

ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʣʠʷʥʠʝ ʙʘʡʧʘʩʘ ʥʘ ʥʘʛʨʝʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ, ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʭʨʝʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʪʨʫʙʳ ʩ ʙʘʡʧʘʩʦʤ ʚ ʚʠʭʨʝʚʦʤ 

ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʝ ʦʧʨʘʚʜʘʥʦ. 
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ʉʀʉʊɽʄɸ ʅɸɼɼʋɺɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʇʃʀʉ 

 

ʉʘʙʘʥʛʫʣʦʚʘ ʃ. ɹ. 

 
ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʚʤʝʱʝʥʠʠ ʘʨʭʠʪʝʢʪʫʨ ʇʃʀʉ ʠ ʧʨʦʮʝʩʩʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʨʛʘʥʠʯʥʦʝ 

ʜʦʧʦʣʥʝʥʠʝ: ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ; ʨʝʘʣʠʟʘʮʠʠ 

ʫʟʢʦʩʧʝʮʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʩ ʞʝʩʪʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ; ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʚʳʚʦʜʦʚ ʩ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʛʘʙʘʨʠʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʪʫʨʙʦʥʘʜʜʫʚ. ʇʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʥʘ ʥʠʟʢʠʭ ʦʙʦʨʦʪʘʭ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʪʘʢʦʝ 

ʷʚʣʝʥʠʷ, ʢʘʢ "ʪʫʨʙʦʷʤʘ"- ʟʘʜʝʨʞʢʘ ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘʜʜʫʚʘ (ʥʝʜʦʩʪʘʪʦʢ ʜʘʚʣʝʥʠʷ). 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʥʘʜʜʫʚʘ.  

ʅʘʨʷʜʫ ʩ ʧʨʦʩʪʦʡ ʞʝʩʪʢʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʪʫʨʙʠʥʦʡ ʠ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʠʟʚʝʩʪʝʥ 

ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʩʠʩʪʝʤʘʭ ʥʘʜʜʫʚʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʬʬʝʢʪʘ ʪʫʨʙʦʷʤʳ ʧʨʠʤʝʥʷʶʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʨʦʣʠ ʵʣʝʢʪʨʦʤʘʰʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʝʥʪʠʣʴʥʦ-ʨʝʘʢʪʠʚʥʳʝ (ɺʈʄ). ʕʪʠ ʵʣʝʢʪʨʦʤʘʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʘʙʦʪʘʶʱʠʝ   ʟʘ ʩʯʸʪ ʨʘʟʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ.  ʆʥʠ ʤʦʛʫʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨʘ ʠ  ʜʚʠʛʘʪʝʣʷ. ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ɺʈʄ 

ʷʚʣʷʝʪʩʷ  ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʥʘʛʨʫʟʦʯʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʭʦʨʦʰʘʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʥʦʩʪʴ. 

ʀʟʤʝʥʷʷ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʥʘ ʚʘʣʫ ʚʝʥʪʠʣʴʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

(ɺʈɼ), ʤʦʞʥʦ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʮʠʣʠʥʜʨ. ʄʦʤʝʥʪ 

ʧʦʜʘʝʪʩʷ ʥʘ ʢʦʤʧʨʝʩʩʦʨ ʥʝ ʪʦʣʴʢʦ ʦʪ  ɺʈɼ, ʥʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠ, ʯʝʨʝʟ ʧʣʘʥʝʪʘʨʥʳʡ 

ʤʝʭʘʥʠʟʤ ʦʪ ʪʫʨʙʠʥʳ. ʉ ʥʝʡ ʯʝʨʝʟ ʧʣʘʥʝʪʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʩʚʷʟʘʥ ʠ ʚʝʥʪʠʣʴʥʦ ʨʝʘʢʪʠʚʥʳʡ 

ʛʝʥʝʨʘʪʦʨ (ɺʈɻ). ʆʥ ʟʘʨʷʞʘʝʪ ʘʢʢʫʤʫʣʷʪʦʨ, ʦʪ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʝʪ ʵʥʝʨʛʠʶ ɺʈɼ. 
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ʊʘʢ, ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʦʪ ʪʫʨʙʠʥʳ ʤʝʞʜʫ 

ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʠ ʢʦʤʧʨʝʩʩʦʨʦʤ. ʕʪʦ ʜʘʝʪ ʚʳʠʛʨʳʰ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ɺʈʄ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ, ʚʦʟʤʦʞʥʦ 

ʣʠʰʴ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʝʛʦ ʦʙʤʦʪʦʢ ʢ ʢʦʤʤʫʪʘʪʦʨʫ ʪʦʢʦʚ ʥʘ ʙʘʟʝ ʤʦʱʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, 

ʫʧʨʘʚʣʷʝʤʳʭ ʣʦʛʠʢʦʡ, ʢʦʪʦʨʫʶ ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʶʪ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʴʥʳʤʠ ʨʝʘʢʪʠʚʥʳʤʠ ʵʣʝʢʪʨʦʤʘʰʠʥʘʤʠ ʥʫʞʥʦ ʧʦʜʘʚʘʪʴ 

ʩʠʛʥʘʣʳ ʥʘ ʤʦʱʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ IGBT/MOSFET. ʂʘʞʜʦʡ ʬʘʟʦʡ ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʚʠʛʘʪʝʣʷ 

ʫʧʨʘʚʣʷʶʪ ʧʦ ʜʚʘ ʪʨʘʥʟʠʩʪʦʨʘ. ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʙʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʦ 

ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʤʘʣʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʛʥʘʣʳ ʙʦʣʴʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʜʚʠʛʘʪʝʣʝʤ, ʜʣʷ ʵʪʦʛʦ ʚ ʫʩʪʨʦʡʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʨʘʡʚʝʨʳ. ʉʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ, ʟʘʪʝʤ ʧʦʩʪʫʧʘʶʪ 

ʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ (ʇʃʀʉ). ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ ʇʃʀʉ 

ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠ ʚʦʟʤʦʞʥʦʤ ʩʙʦʝ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ. ʀʟ-ʟʘ 

ʚʦʟʤʦʞʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʧʦ ʪʦʢʫ ʚ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʪʯʠʢʠ ʍʦʣʣʘ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ 

ʪʦʢ ʚ ʬʘʟʘʭ. ɼʘʪʯʠʢʠ ʍʦʣʣʘ ʧʦʜʢʣʶʯʝʥʳ ʢ ʇʃʀʉ ʯʝʨʝʟ ʪʨʠʛʛʝʨʳ ʐʤʠʪʪʘ. ɽʩʣʠ ʚʳʭʦʜʳ 

ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʙʣʠʟʷʪʩʷ ʢ ʢʨʠʪʠʯʝʩʢʠʤ, ʪʦ ʇʃʀʉ ʧʝʨʝʩʪʘʶʪ ʧʦʜʘʚʘʪʴ ʩʠʛʥʘʣʳ ʥʘ 

ʩʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ. ɼʚʠʞʝʥʠʝ ɺʈʄ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʠʥʝʨʮʠʠ.  

ʉʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ, ʟʘʪʝʤ ʧʦʩʪʫʧʘʶʪ ʥʘ 

ʇʃʀʉ, ʢʦʪʦʨʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʥʥʳʭ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ ʧʦʜʘʶʪ ʩʠʛʥʘʣʳ ʥʘ ʜʨʘʡʚʝʨʳ. 

ɽʩʣʠ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʢʨʠʪʠʯʝʩʢʠʤ, ʪʦ ʇʃʀʉ ʧʝʨʝʩʪʘʶʪ 

ʧʦʜʘʚʘʪʴ ʩʠʛʥʘʣʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇʃʀʉ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʟʦʧʘʩʠʪʴ 

ʩʠʩʪʝʤʳ ʦʪ ʚʦʟʤʦʞʥʳʭ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ ʢʦʥʪʨʦʣʣʝʨʘ. ɺ ʜʘʥʥʦʡ ʫʩʪʨʦʡʩʪʚʝ ʇʃʀʉ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʠ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʝʡʰʫʶ ʠ ʜʝʰʝʚʫʶ ʤʠʢʨʦʩʭʝʤʫ SPLD. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ WinCUPL, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ 

Logic Devices, ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʇʃʀʉ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪ ʩʠʛʥʘʣʳ ʥʘ ʜʨʘʡʚʝʨʳ ɺʈɻ ʠ 

ɺʈɼ.  

ʅʘ ʚʭʦʜʳ ʇʃʀʉ ʧʦʜʘʝʪʩʷ ʪʨʝʭʙʠʪʥʳʡ ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʜ ʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ɺʈɼ ʠ ʜʚʫʭʙʠʪʥʳʡ ʢʦʜ ī ʜʣʷ ɺʈɻ. ʅʘ ʚʭʦʜʳ ʇʃʀʉ ʧʦʜʘʶʪʩʷ ʩʠʛʥʘʣʳ stop ʠ 

ʣʦʛʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ, ʨʘʚʥʳʝ ʝʜʠʥʠʮʝ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʦʢ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʤʦʪʢʝ ʧʨʝʚʳʰʝʥ. ʅʘ ʚʳʭʦʜʘʭ ʇʃʀʉ ʬʦʨʤʠʨʫʶʪʩʷ 8 ʩʠʛʥʘʣʦʚ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ  ɺʈɼ, 2 ʩʠʛʥʘʣʘ ī ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ɺʈɻ. 

ʉʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʚʳʭʦʜʥʳʝ ʜʠʘʛʨʘʤʤʳ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ 

ʨʠʩʫʥʢʝ 1.  ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ  

ī in1, in2, in3 ī  ʚʭʦʜʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ;  

ī dh1, dh2, dh3, dh4 ī ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʩ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ; 

ī stop ī ʚʭʦʜʥʦʡ  ʩʠʛʥʘʣ, ʦʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʧʦʜʘʯʫ ʩʠʛʥʘʣʦʚ ʥʘ ʜʨʘʡʚʝʨʳ; 

īh1,l1... h4,l4ī  ʚʳʭʦʜʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ, ʦʪʢʨʳʚʘʶʱʠʝ ʣʠʙʦ ʟʘʧʠʨʘʶʱʠʝ 

ʩʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ.  

ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʧʦʜʯʠʥʷʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʣʦʛʠʢʝ: 

 h1 = !in1 & !in2 & !in3 & !stop & !dh1; 

l1 = !in1 & !in2 & in3 & !stop & !dh1; 

h2 = !in1 & in2 & !in3 & !stop & !dh2; 

l2 = !in1 & in2 & in3 & !stop & !dh2; 

h3 = in1 & !in2 & !in3 & !stop & !dh3; 

l3 = in1 & !in2 & in3 & !stop & !dh3; 

h4 = in1 & in2 & !in3 & !stop & !dh4; 

l4 = in1 & in2 & in3 & !stop & !dh4. 

 



68   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ         ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

 
ʈʠʩ. 1. ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʥʘ ʜʨʘʡʚʝʨ ʫʧʨʘʚʣʝʥʠʷ ɺʈɼ 

ɺʳʚʦʜ 

ʇʦʩʣʝ ʢʦʤʧʠʣʷʮʠʠ ʧʨʦʛʨʘʤʤʳ ʬʦʨʤʠʨʫʶʪʩʷ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.jed, ʢʦʪʦʨʳʡ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʣʠʩ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʘʪʦʨʘ. 

ʇʨʦʛʨʘʤʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʬʦʨʤʘʪ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʇʃʀʉ. 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʦʛʨʘʤʤʘʪʦʨ Sterh-007 ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʬʦʨʤʘʪ  JEDEC ʧʨʠ 

ʨʘʙʦʪʝ ʩ PLD.  

ʅʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʠʩʢʫ ʠ ʧʨʠʤʝʥʝʥʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʩʪʳʭ, ʘ  

ʟʥʘʯʠʪ ʙʦʣʝʝ ʥʘʜʝʞʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʨʝʰʘʣʠ  ʙʳ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʚʚʝʜʝʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʦʧʝʨʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʇʃʀʉ ʨʘʙʦʪʘʝʪ ʧʦ ʩʪʨʦʛʦ 

ʟʘʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʘ ʟʥʘʯʠʪ ʥʝʪ ʨʘʩʭʦʜʦʚ ʥʘ ʦʧʝʨʠʨʦʚʘʥʠʝ ʩ ʧʝʨʝʤʝʥʥʳʤʠ, ʧʝʨʝʜʘʯʫ ʠ 

ʟʘʧʠʩʴ ʠʭ ʚ ʧʘʤʷʪʴ. 
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ʋɼʂ 629 

 

ʇʆʇʃɸɺʂʆɺɸʗ ʕʃɽʂʊʈʆʉʊɸʅʎʀʗ ʅɸ ʊʈɽʍʂʆʆʈɼʀʅɸʊʅʆʄ 

ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʆʄ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽ ʕʅɽʈɻʀʀ ʂʆʃɽɹɸʅʀʁ                   

ʀ ɺɽʊʈʆʕʅɽʈɻɽʀʊʀʏɽʉʂʆʁ ʋʉʊɸʅʆɺʂʀ. 

 

ɺʘʚʠʣʦʚ ɺ. ɽ., ʗʢʫʧʦʚ ɸ. ʄ., ʍʘʢʠʤʦʚʘ ʀ. ʀ. 

 
ʇʦ ʩʪʘʪʠʩʪʠʢʝ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʕʉ). ɺ ʩʦʚʨʝʤʝʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʕʉ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʕʉ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʨʩʢʠʝ ʚʦʣʥʳ. ʊʘʢ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ 

ʩʭʝʤʘ ʚʦʣʥʦʚʦʡ ʕʉ, ʚ ʢʦʪʦʨʦʡ, ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚʦʣʥ, ʚ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʳʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ (ʊʕʇʂʕ) ʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʫʩʪʘʥʦʚʢʫ 

(ɺʕʋ). ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʊʂʕʇʕ ʠ ʪʫʨʙʠʥʳ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʦʣʥʦʚʳʭ ʕʉ. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʪʫʨʙʠʥʳ ʠ ʵʥʝʨʛʠʠ ʊʂʕʇʕ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʦʮʝʩʩʳ ʚ ʧʦʜʦʙʥʳʭ ʕʉ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʭʘʨʘʢʪʝʨ ʚʦʣʥ, ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʚʦʣʥʦʚʫʶ ʕʉ.  

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʶʪʩʷ ʚʝʪʨʦʚʳʝ ʠ 

ʧʨʠʣʠʚʥʳʝ ʚʦʣʥʳ, ʧʨʠ ʵʪʦʤ ʚʝʪʨʦʚʳʝ ʚʦʣʥʳ ʩʦʟʜʘʶʪ ʥʘʠʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ, ʧʦʵʪʦʤʫ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʝʪʨʦʚʳʤ ʚʦʣʥʘʤ. ʇʨʠʣʠʚʥʳʝ ʚʦʣʥʳ ʦʙʳʯʥʦ 

ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʚ ʬʦʨʤʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʧʨʠʣʠʚʦʚ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʪʝʯʝʥʠʡ. 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʫʞʥʳ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʚʦʣʥʦʚʦʡ ʕʉ, ʷʚʣʷʶʪʩʷ: 

-ʘʤʧʣʠʪʫʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʪʦʡ ʚʦʣʥʳ(h) 

-ʯʘʩʪʦʪʘ, ʧʝʨʠʦʜ ʚʦʣʥʳ(l) 

-ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ (ʩʬ) 

-ʰʢʘʣʘ ʩʠʣʳ (ʩʪʝʧʝʥʠ) ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʦʧʫʩʪʠʤʳʭ ʥʘʛʨʫʟʦʢ. 

ɺʝʣʠʯʠʥʳ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʨʝʘʣʴʥʳʭ ʚʦʣʥ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʠʟʫʯʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʦʪʜʝʣʴʥʦʡ ʚʦʣʥʳ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʚʦʣʥʘ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʚʳʙʠʨʘʝʪʩʷ ʪʨʦʭʦʠʜʘʣʴʥʘʷ. ʕʪʦ ʜʚʫʤʝʨʥʘʷ 

ʚʦʣʥʘ, ʯʘʩʪʠʮʳ ʢʦʪʦʨʦʡ ʚʨʘʱʘʶʪʩʷ ʧʦ ʧʨʘʚʠʣʴʥʳʤ ʦʢʨʫʞʥʦʩʪʷʤ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʮʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʦʜʥʦʡ ʚʝʨʪʠʢʘʣʠ, ʢʦʣʝʙʣʶʪʩʷ ʩʠʥʬʘʟʥʦ. 

ʊʨʦʭʦʠʜʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʚʦʣʥʳ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʳ ʠ ʜʣʠʥʳ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɽʩʣʠ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ R (ʨʠʩ. 1) ʢʘʪʠʪʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʨʷʤʦʡ, ʪʦ ʢʦʥʝʮ ʨʘʜʠʫʩʘ ʦʧʠʩʳʚʘʝʪ ʮʠʢʣʦʠʜʫ, ʘ ʦʩʪʘʣʴʥʳʝ ʪʦʯʢʠ ʨʘʜʠʫʩʘ ʦʧʠʩʳʚʘʶʪ 

ʪʨʦʭʦʠʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʨʙʠʪʘʤ ʩ ʨʘʜʠʫʩʘʤʠ r = h/2. ɺʦʣʥʘ ʧʦʣʥʦʡ ʜʣʠʥʳ ʦʙʨʘʟʫʝʪʩʷ 

ʧʦʩʣʝ ʮʝʣʦʛʦ ʦʙʦʨʦʪʘ ʢʘʪʷʱʝʡʩʷ ʦʢʨʫʞʥʦʩʪʠ. ʇʨʠʥʷʪʦ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ R ʥʘʟʳʚʘʪʴ 

ʢʘʪʷʱʠʤʩʷ ʢʨʫʛʦʤ, ʘ ʨʘʜʠʫʩʦʤ r -ʧʨʦʠʟʚʦʜʷʱʠʤ ʢʨʫʛʦʤ. 

ʈʘʟʣʦʞʠʚ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʥʘ ʜʚʘ ʙʦʣʝʝ ʧʨʦʩʪʳʭ, ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ 

ʪʨʦʭʦʠʜʘʣʴʥʦʡ ʚʦʣʥʳ: 
tcx Ö= ;                                                               (1) 
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l

pct
ry

2
sinÖ=

.                                                         (2) 

ʛʜʝ rï ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʠʡ ʚ ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʝ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

ʚʦʣʥʳ, cï ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʝʙʥʷ ʚʦʣʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʟʘ ʢʦʨʦʪʢʠʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ ʧʝʨʠʦʜʘ ʚʦʣʥʳ,    

lï ʜʣʠʥʘ ʚʦʣʥʳ, tï ʚʨʝʤʷ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʦʭʦʠʜʳ 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʪʨʦʭʦʠʜʘʣʴʥʦʡ ʚʦʣʥʳ 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʊʂʕʇʕ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  ʵʥʝʨʛʠʠ ʧʦ ʧʦʧʝʨʝʯʥʦʡ ʦʩʠ, ʠ ʪʫʨʙʠʥʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ 

ʵʥʝʨʛʠʶ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, ʚʦʟʥʠʢʘʶʱʠʡ ʠʟ-ʟʘ ʧʝʨʝʧʘʜʘ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ  

(ʨʠʩ. 3).  

.  
ʈʠʩ. 3. ʇʨʠ ʧʦʜʲʝʤʝ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ ʫʩʪʘʥʦʚʢʠ 
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ʈʠʩ. 4. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ ʫʩʪʘʥʦʚʢʠ 

 

ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʨʘʙʦʯʝʤ ʪʝʣʝ ʤʝʥʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ ʚʦʣʥʳ ʠ  

ʧʦʧʣʘʚʦʢ ʜʚʠʞʝʪʩʷ ʧʦ ʵʪʦʤʫ ʞʝ ʫʨʘʚʥʝʥʠʶ, ʩʦʚʝʨʰʘʷ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʂʕʇʕ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʧʦʧʣʘʚʢʘ ʚʦʣʥʦʚʦʡ ʕʉ. ʕʪʦ ʪʘʢʞʝ ʚʘʞʥʦ ʜʣʷ ɺʕʋ, ʢʦʪʦʨʘʷ ʚʦʩʧʨʠʥʠʤʘʝʪ 

ʵʥʝʨʛʠʶ ʚʝʪʨʷʥʦʛʦ ʧʦʪʦʢʘ, ʪʘʢ ʢʘʢ ʤʦʱʥʦʩʪʴ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʚʝʪʨʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, 

ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ɺ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʝ. ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʧʣʘʚʢʘ, ʠʤʝʝʤ: 

rl

ps

p

l 2

2
+=

g
ʩ

;                                                             (3) 

l

p

l

p ctc
r

dt

dy 2
cos

2
ÖÖ=

.                                                       (4)  
ʛʜʝ gï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ,sï  ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ,                       

rï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʧʣʘʚʢʘ (3) ʠ (4) ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ  ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ (ʨʠʩ. 5). 

 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. 
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ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥ ʧʦʚʳʰʘʝʪʩʷ 

ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʧʣʘʚʢʦʚʦʡ  ʫʩʪʘʥʦʚʢʦʡ. 

ʉʠʣʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʦʧʣʘʚʦʢ, ʩʠʣʘ ɸʨʭʠʤʝʜʘ, ʢʦʪʦʨʘʷ ʥʝ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ 

ʚʝʣʠʯʠʥʫ ʠ ʤʝʥʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ ʚʦʣʥʳ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʩʠʣʘ, 

ʜʝʡʩʪʚʫʶʱʘ ̫ ʥʘ ʧʦʧʣʘʚʦʢ, ʙʫʜʝʪ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʫʩʢʦʨʝʥʠ ̫ ʚʦʣʥʳ ʥʘ ʤʘʩʩʫ 

ʧʦʧʣʘʚʢʘ: 
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;                                            (5) 
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2
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.                                    (6)  

ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʘʚʪʦʨʘʤʠ ʜʣʷ ʊʂʕʇʕ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʂʇʋ (ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʧʦʧʣʘʚʢʦʚʦʡ ʫʩʪʘʥʦʚʢʠ): 
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L qi C qz i r U t+ + =

,  

 

ʛʜʝ L ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ; i ï ʩʠʣʘ ʪʦʢʘ; FD ï ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʩʠʣʳ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʩʪʝʨʞʝʥʴ; ,X YF FD Dï ʠʟʤʝʥʝʥʠʝ ʩʠʣʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʧʣʘʚʦʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʦʩʠ x 

ʠ y; dq
dt
= ï ʦʧʝʨʘʪʦʨ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ; x  ï ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʡʜʸʥʥʦʝ ʘʢʪʠʚʥʦʡ ʯʘʩʪʴʶ 

ʊʂʕʇ ʟʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ; Q  ï ʚʥʝʰʥʠʝ ʩʠʣʳ; r  ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ; mU  ï 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʦʙʤʦʪʢʘʭ; 0
1 1

2 MlF w
C k

k am

m

p
= , 

2

0
2 2

2 MlF
C k

k adm

m

p
=  ïʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ; MF  ï ʄɼʉ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ; ,Ml d  ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ; 
01

2
ˊ

Ma l
m

d
m

å õ
= +æ ö
ç ÷

;  ʉ ï  ʧʦʩʪʦʷʥʥʘʷ ʉʘʟʝʨʣʝʥʜʘ;
0T ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ ʚ ʤʦʤʝʥʪ ʟʘʧʫʩʢʘ ʛʝʥʝʨʘʪʦʨʘ; 0ɔï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ 

ʚʦʟʜʫʭʘ ʚ ʤʦʤʝʥʪ ʟʘʧʫʩʢʘ ʛʝʥʝʨʘʪʦʨʘ; T  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; ɔ ï 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ 

ʧʦʜʲʝʤʘ ʚʦʟʜʫʭʘ, ʧʨʠʥʠʤʘʷ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ:  

ï ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʠʤʝʝʪ ʣʘʤʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ 
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ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʪʦʢʫ ʚʦʟʜʫʭʘ ʦʪʩʫʪʩʪʚʫʝʪ 

ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʥʦʢ ʦʪʩʫʪʩʪʚʫʝʪ 

ï ʚʦʜʘ ʚʥʫʪʨʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʜʝʘʣʴʥʦʛʦ ʧʦʨʰʥʷ. 

1. ʋʨʘʚʥʝʥʠʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʜʚʠʞʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠʡ ʧʦʨʰʝʥʴ: 
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;                                             (13) 
ʄʦʱʥʦʩʪʴ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ: 
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;                            (14) 

ʛʜʝ P - ʤʦʱʥʦʩʪʴ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ,rï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, S - ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʦʪʦʢʘ 

ʚʦʟʜʫʭʘ, U ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ɺʕʋ ʩʧʦʩʦʙʥʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʪʦʣʴʢʦ ʦʢʦʣʦ 25% ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʦʣʝʟʥʫʶ ʤʦʱʥʦʩʪʴ, ʧʦʵʪʦʤʫ:  
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ɺ ʪʫʨʙʠʥʝ, ʠʟ-ʟʘ ʧʝʨʝʤʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʚʝʪʨʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ 

ʢʣʘʧʘʥʦʚ, ʯʪʦʙʳ ʥʝ ʚʦʟʥʠʢʘʣ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ (ʨʠʩ. 6). 

 
ʈʠʩ. 6. ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʚʝʪʨʘ ʚ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʦʨʠʛʠʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚʦʣʥʦʚʦʡ ʕʉ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘ ʧʨʘʢʪʠʢʝ. 

 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. http://sibac.info/14017 

2. ʃ. ɸ. ʆʩʪʨʦʚʩʢʠʡ. ɺʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ // ʌʠʟʠʯʝʩʢʘʷ 

ʵʥʮʠʢʣʦʧʝʜʠʷ / ɼ. ʄ. ɸʣʝʢʩʝʝʚ, ɸ. ʄ. ɹʘʣʜʠʥ, ɸ. ʄ. ɹʦʥʯ-ɹʨʫʝʚʠʯ, ɸ. ʉ. ɹʦʨʦʚʠʢ-

ʈʦʤʘʥʦʚ, ɹ. ʂ. ɺʘʡʥʰʪʝʡʥ, 

3. http://www.science-education.ru/109-9366 

4. ʍʘʡʨʫʣʣʠʥ ʀ.ʍ., ʈʠʷʥʦʚ ʃ.ʅ., ɺʘʚʠʣʦʚ ɺ. ɽ. ʊʨʝʭʢʦʦʨʜʠʥʘʪʥʳʡ 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʵʥʝʨʛʠʠ // ʉʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ. ï 2012. ï ˉ 5. - URL: http://www.science-education.ru/105-

7245 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.04.2013) 

http://sibac.info/14017
http://www.science-education.ru/109-9366


74   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ         ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

5. ʀʩʤʘʛʠʣʦʚ ʌ.ʈ., ʍʘʡʨʫʣʣʠʥ ʀ.ʍ., ʉʘʪʪʘʨʦʚ ʈ.ʈ., ʈʠʷʥʦʚ ʃ.ʅ. ɻʝʥʝʨʘʪʦʨ 
: ʧʘʪʝʥʪ ʈʦʩʩʠʠ ˉ 2402142. ɹʶʣ. ˉ 21 (II ʯ.) 

 

ʆɹ ɸɺʊʆʈɸʍ 

 

 

ɺʘʚʠʣʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ, ʢ.ʪ.ʥ., ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʢʘʬ.ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ ʋɻɸʊʋ, ʜʠʧʣ. ʀʥʞʝʥʝʨʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘ  

(ʋɻɸʊʋ, 2010). ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ 

 

e-mail: s2_88@mail.ru 

 

 

ʗʢʫʧʦʚɸʡʥʫʨʄʘʭʤʫʪʦʚʠʯ, ʩʪʫʜʝʥʪ ʢʘʬ. ʕʣʝʢʪʨʦʤʝʭʘʥʠʢʠ ʋɻɸʊʋ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ. 

 

e-mail: aynurpov@mail.ru 
 

 

ʍʘʢʠʤʦʚʘ ʀʨʠʥʘ ʀʣʴʜʫʩʦʚʥʘ, ʤʘʛʠʩʪʨʘʥʪ ʢʘʬ.ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ 

ʋɻɸʊʋ, ʜʠʧʣ. ʀʥʞʝʥʝʨʘ, çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤ r ʠ ʩʝʪʠè 

(ʋɻɸʊʋ, 2013). ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

 

e-mail: sireo@rambler.ru  

 

ʋɼʂ 04.942 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆɻʆ ʇɽʈɽɽɿɼɸ                                                     

ʅɸ ɹʀʈʉʂʆʄ ʊʈɸʂʊɽ ɻ. ʋʌɸ 

 

ʄʘʚʣʠʭʘʥʦʚʘ ɸ. ʌ., ɿʘʛʘʡʢʦ ʉ. ɸ. 

 
ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʧʦʚʳʰʝʥʠʠ ʝʛʦ ʥʘʜʝʞʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ. 
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ʧʣʘʥʝ ʟʘʜʘʯʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʞʝʣʝʟʥʦïʜʦʨʦʞʥʦʛʦ ʧʝʨʝʝʟʜʘ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ çʨʝʟʠʥʦʚʦʛʦè ʤʦʩʪʘ, ʧʦʢʨʳʪʠʝ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʨʝʟʠʥʦʚʦʡ ʢʨʦʰʢʠ, ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʦʪʩʣʫʞʠʚʰʠʭ ʩʚʦʡ ʩʨʦʢ ʨʝʟʠʥʦʚʳʭ ʧʦʢʨʳʰʝʢ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʘ ʪʘʢ ʞʝ ʠʭ ʫʪʠʣʠʟʘʮʠʷ. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʙʣʝʤʥʦʛʦ ʫʯʘʩʪʢʘ; 

2) 2D ʠ 3D ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʝʨʝʢʨʝʩʪʢʘ; 

3) ʦʮʝʥʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ çʨʝʟʠʥʦʚʦʛʦè ʤʦʩʪʘ ʥʘ ɹʠʨʩʢʦʤ ʪʨʘʢʪʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʋɼʉ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʠʩʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʪʘʢ, ʢʘʢ ʙʳ ʦʥʠ ʧʨʦʭʦʜʠʣʠ 

ʙʳ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʀʭ ʤʦʞʥʦ çʧʨʦʠʛʨʘʪʴè ʚʦ ʚʨʝʤʝʥʠ ʢʘʢ ʜʣʷ ʦʜʥʦʛʦ ʠʩʧʳʪʘʥʠʷ, ʪʘʢ 

ʠ ʟʘʜʘʥʥʦʛʦ ʠʭ  ʤʥʦʞʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʫʯʘʡʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʩʦʚ (ʠʤʝʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʚʦ ʚʨʝʤʝʥʠ ʙʳ 

ʠʟʤʝʥʷʣʠʩʴ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ).  ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ - ʵʪʦ ʤʝʪʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʫʯʘʝʤʘʷ ʩʠʩʪʝʤʘ ʟʘʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴʶ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʦʧʠʩʳʚʘʶʱʝʡ ʨʝʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʠ ʩ ʥʝʡ ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʪʦʡ ʩʠʩʪʝʤʝ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʝ ʩ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ ʥʘʟʳʚʘʶʪ ʠʤʠʪʘʮʠʝʡ. ʉ ʧʦʤʦʱʴʶ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʫʶ 

ʦʙʩʪʘʥʦʚʢʫ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʫʩʨʝʜʥʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʠ ʫʯʠʪʳʚʘʷ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʠʤʝʥʥʦ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ. ʊʘʢ ʞʝ ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ 

ʚʨʝʤʝʥʝʤ ʚ ʤʦʜʝʣʠ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ: ʟʘʤʝʜʣʷʪʴ ʚ ʩʣʫʯʘʝ ʩ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠʣʠ ʫʩʢʦʨʷʪʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩ ʤʝʜʣʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʙʣʝʤʥʦʛʦ ʫʯʘʩʪʢʘ 

ï ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʝʨʝʝʟʜʘ ʥʘ ɹʠʨʩʢʦʤ ʪʨʘʢʪʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) AnyLogic, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ çXJ Technologiesè 

(çʕʢʩ ɼʞʝʡ ʊʝʭʥʦʣʦʜʞʠʩè). 

ʂʘʢ ʚʩʝʤ ʠʟʚʝʩʪʥʦ, ʇʆ AnyLogic ʧʦʤʦʛʘʝʪ ʧʨʦʚʝʨʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʪʘʥʮʠʡ 

ʤʘʣʦʛʦ ʢʦʣʴʮʘ ʄʦʩʢʦʚʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʩ ʝʝ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʠ ʥʘ ʚʦʢʟʘʣʘʭ ʢ ʆʣʠʤʧʠʘʜʝ ʉʦʯʠ ï 2014, ʘ ʪʘʢ ʞʝ ʠʟʙʘʚʣʷʝʪ ʕʡʬʝʣʝʚʫ 

ʙʘʰʥʶ ʦʪ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʧʨʦʙʦʢ. 

ʀʥʩʪʨʫʤʝʥʪ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʤʝʝʪ ʤʦʱʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ 

ʘʚʪʦʤʦʙʠʣʝʡ [1]. 

ʉʦʟʜʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʝʨʝʢʨʝʩʪʢʘ ʥʘ ɹʠʨʩʢʦʤ 

ʪʨʘʢʪʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʠʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʘ ʪʘʢ 

ʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ. 

ʅʘ ɹʠʨʩʢʦʤ ʪʨʘʢʪʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʦʝʟʜ ʧʨʦʝʟʞʘʝʪ ʧʨʠʤʝʨʥʦ 4 ʨʘʟʘ. ʇʦʩʣʝ ʪʦʛʦ, 

ʢʘʢ ʦʧʫʩʢʘʝʪʩʷ ʰʣʘʛʙʘʫʤ, ʥʘ ʢʘʞʜʦʡ  ʧʦʣʦʩʝ ʜʦʨʦʛʠ ʩʦʙʠʨʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʧʦ 188 

ʘʚʪʦʤʦʙʠʣʝʡ ((53+40+50+45)*2), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʨʦʞʥʦʡ ʧʨʦʙʢʝ. 

ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠʤʠʪʠʨʦʚʘʣʦʩʴ ʜʚʠʞʝʥʠʝ ʧʦʝʟʜʦʚ ʠ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʅʘ ʨʠʩ. 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʩʢʨʠʥʰʦʪʳ ʵʢʨʘʥʘ 2D ï ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʝʨʝʝʟʜʘ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʙʝʟ ʧʝʨʝʝʟʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ ʙʝʟ ʧʝʨʝʝʟʜʘ ʠʤʠʪʠʨʦʚʘʣʘ ʜʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ʤʦʩʪʫ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʧʦʝʟʜʘ ʟʘʢʨʳʚʘʣʩʷ ʰʣʘʛʙʘʫʤ ʠ ʘʚʪʦʤʦʙʠʣʠ ʩʦʙʠʨʘʣʠʩʴ 

ʧʝʨʝʜ ʧʝʨʝʝʟʜʦʤ. ʂʦʣʠʯʝʩʪʚʦ ʩʦʙʠʨʘʶʱʠʭʩʷ  ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʦʜʙʠʨʘʣʦʩʴ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʨʝʘʣʴʥʦʩʪʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʘʚʪʦʤʦʙʠʣʠ 

ʩʚʦʙʦʜʥʦ ʧʨʦʝʟʞʘʣʠ ʙʝʟ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʝʨʝʝʟʜʘ. ʇʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʧʦʪʦʢʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʤʝʥʷʣʦʩʴ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʶʪ ʛʠʩʪʦʛʨʘʤʤʳ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ 

ʵʢʨʘʥʦʚ. 
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ʈʠʩ. 1. 2D ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʝʨʝʝʟʜʘ 

 

ɼʣʷ ʜʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʪʫʘʮʠʠ ʇʆ AnyLogic ʧʦʟʚʦʣʷʝʪ ʧʦʢʘʟʘʪʴ 

ʧʨʦʮʝʩʩ ʚ ʪʨʝʭʤʝʨʥʦ ʠʟʦʙʨʘʞʝʥʠʠ. ʅʘ ʨʠʩ. 3 ʠ 4 ʧʨʠʚʝʜʝʥʦ 3Dïʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʝʨʝʝʟʜʘ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʩ ʫʩʣʦʚʥʳʤ ʤʦʩʪʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩ. 2. 2D ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʩ ʫʩʣʦʚʥʳʤ ʤʦʩʪʦʤ 
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ʈʠʩ. 3. 3D ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʝʨʝʝʟʜʘ 

 

 
ʈʠʩ. 4. 3D ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ 

 

ʅʘ ʨʠʩ. 5 ʠ 6 ʧʨʠʚʝʜʝʥʳ ʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʝʨʝʝʟʜʘ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʩ ʫʩʣʦʚʥʳʤ ʤʦʩʪʦʤ. 
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ʈʠʩ. 5. ʃʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʝʨʝʝʟʜʘ 

 

 
ʈʠʩ. 6. ʃʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʩ ʫʩʣʦʚʥʳʤ ʤʦʩʪʦʤ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʟʘʪʦʨʦʚ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. ʀʤʝʥʥʦ ʦʩʪʘʥʦʚʢʘ ʥʘ ʩʚʝʪʦʬʦʨʥʦʤ ʦʙʲʝʢʪʝ ʚʳʟʳʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ çʫʜʘʨʥʳʭ ʚʦʣʥè ʚ ʧʦʪʦʢʝ. 

ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ï ʟʘʧʨʝʱʘʶʱʠʡ ʩʠʛʥʘʣ 

ʩʚʝʪʦʬʦʨʘ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʝʰʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʧʦʜʭʦʜʝ ʥʘʯʠʥʘʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʦʯʝʨʝʜʴ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʪʦʨʦʚ 

ʠ ʩʥʠʞʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʢʨʝʩʪʢʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʩ ʮʝʣʴʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʝʥʳ ʥʘ ɹʠʨʩʢʦʤ ʪʨʘʢʪʝ ʛ. ʋʬʘ. 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ ʚʦ ʚʨʝʤʝʥʠ ʥʘ ʚʩʝʤ 

ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ (ʊʇ) ʥʘ ʚʭʦʜʝ ʥʘ 

ʫʯʘʩʪʦʢ ʠ ʝʛʦ ʚʳʭʦʜʝ, ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ: 

ɼʧ = ( N(x1) - N(x2) ) ï ɼt, 

 

ʛʜʝ ɼʧ ï ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʦʜʭʦʜʝ, 

ʘʚʪ.; 

N (x1) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʊʇ ʥʘ ʚʭʦʜʝ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ, ʘʚʪ./ʢʤ; 

N (x2) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʊʇ, ʦʞʠʜʘʶʱʝʛʦ ʧʨʦʭʦʞʜʝʥʠʝ ʧʦʝʟʜʘ, ʘʚʪ./ʯʘʩ; 

ʄ ï ʜʣʠʥʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʝʨʝʢʨʝʩʪʢʫ, ʢʤ; 

 ɼt - ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʊʇ, ʯʘʩ. 

ɼʧ = 118-55-4=59 (1-ʡ ʩʣʫʯʘʡ), 

ɼʧ = 118-0-4=114 (1-ʡ ʩʣʫʯʘʡ), 

ɼʧ = 133-77-4=52 (2-ʡ ʩʣʫʯʘʡ), 

ɼʧ = 133-0-4=129 (2-ʡ ʩʣʫʯʘʡ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʚʥʝʜʨʝʥʠʷ çʨʝʟʠʥʦʚʦʛʦè ʤʦʩʪʘ  ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʜʦʨʦʛʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ. 

ʉʦʟʜʘʥʠʝ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʜʦʨʦʛʠ çʨʝʟʠʥʦʚʦʛʦè ʤʦʩʪʘ ʨʝʰʠʣʦ ʙʳ ʩʨʘʟʫ ʜʚʝ 

ʦʛʨʦʤʥʳʝ ʟʘʜʘʯʠ. ʈʝʟʠʥʦʚʘʷ ʢʨʦʰʢʘ ʥʝ ʙʦʠʪʩʷ ʚʣʘʛʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ, 

ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʡ ʩʤʝʩʠ ʧʦʟʚʦʣʠʪ ʥʝ ʫʩʫʛʫʙʠʪʴ ʩʦʩʪʦʷʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʩʪʘʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʦʢʨʳʰʝʢ. ɽʩʪʴ ʝʱʝ 

ʦʜʠʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ: ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʨʝʟʠʥʳ ʚ ʘʩʬʘʣʴʪ ʧʦʟʚʦʣʠʪ 

ʫʜʣʠʥʠʪʴ ʞʠʟʥʴ ʜʦʨʦʛʝ ʠ ʫʤʝʥʴʰʠʪʴ ʰʫʤ ʥʘ ʥʝʡ. 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: çɻʜʝ ʧʨʦʠʟʚʦʜʠʪʴ ʫʪʠʣʠʟʘʮʠʶ ʘʚʪʦʧʦʢʨʳʰʝʢ?è. ʅʘ ʫʣ. 

ʀʥʜʫʩʪʨʠʘʣʴʥʦʝ ʰʦʩʩʝ, 112/1 ʨʘʩʧʦʣʦʞʝʥʦ ʧʨʝʜʧʨʠʷʪʠʝ ʆʆʆ çɺʝʨʪʠʢʘʣʴè, ʢʦʪʦʨʦʝ ʢʘʢ 

ʨʘʟ ʥʘʭʦʜʠʪʩʷ ʨʷʜʦʤ ʩ ʩʘʤʠʤ ɹʠʨʩʢʠʤ ʪʨʘʢʪʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʠʥʢʠ, ʪʦ ʝʩʪʴ ʧʦʜʥʷʪʠʝ ʪʨʘʩʩʳ ʧʨʠʚʝʣʦ ʙʳ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʙʦʢ, 

ʩʦʢʨʘʱʝʥʠʶ ʩʚʝʪʦʬʦʨʦʚ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ï ʧʦʚʳʰʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʧʝʨʝʢʨʝʩʪʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʪʠʣʠʟʘʮʠʠ ʩʪʘʨʳʭ ʘʚʪʦʧʦʢʨʳʰʝʢ. 

P.S. ʂʦʛʜʘ ʛʦʪʦʚʠʣʘʩʴ ʵʪʘ ʩʪʘʪʴʷ ʚ ʀʥʪʝʨʥʝʪʝ ʧʦʷʚʠʣʘʩʴ ʩʦʦʙʱʝʥʠʝ [2], ʯʪʦ ʚ ʋʬʝ 

ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ɹʠʨʩʢʦʛʦ ʪʨʘʢʪʘ ʩ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʧʫʪʷʤʠ ʧʦʩʪʨʦʷʪ ʥʦʚʫʶ 

ʪʨʘʥʩʧʦʨʪʥʫʶ ʨʘʟʚʷʟʢʫ. ɿʘʢʘʟ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʨʘʟʤʝʩʪʠʣʦ ʫʧʨʘʚʣʝʥʠʝ ʧʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʨʝʤʦʥʪʫ ʜʦʨʦʛ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʛʦʨʦʜʘ. ʅʘ 

ʵʪʠ ʮʝʣʠ ʚʣʘʩʪʠ ʛʦʪʦʚʳ ʧʦʪʨʘʪʠʪʴ ʧʦʯʪʠ 1,6 ʤʠʣʣʠʘʨʜʘ ʨʫʙʣʝʡ ʠʟ ʤʝʩʪʥʦʛʦ ʙʶʜʞʝʪʘ. 

ʏʝʨʝʟ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʫʪʠ ʧʦʜʨʷʜʯʠʢ ʜʦʣʞʝʥ ʧʨʦʣʦʞʠʪʴ ʧʫʪʝʧʨʦʚʦʜ. ʅʘ ʥʝʤ 

ʙʫʜʝʪ 7 ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ. ʈʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʠʪ 100 ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʘ 6-ʪʠ ʧʦʣʦʩʥʘʷ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ. ɽʝ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʦʩʪʘʚʠʪ ʧʦʯʪʠ 2,5 ʢʠʣʦʤʝʪʨʘ. ʈʘʙʦʪʳ ʧʦʜʨʷʜʯʠʢ ʜʦʣʞʝʥ ʟʘʚʝʨʰʠʪʴ ʜʦ 1 

ʜʝʢʘʙʨʷ 2015 ʛʦʜʘ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. http://www.anylogic.ru  

2. http ://news.mail.ru /inregion 

http://news.mail.ru/inregion
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ɿʘʛʘʡʢʦ ʉʝʨʛʝʡ ɸʥʜʨʝʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

"ɼʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ" ʋɻɸʊʋ 

 

 

ʋɼʂ 629.1 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʀɿʄɽʅɽʅʀʗ ɼɸɺʃɽʅʀʗ                                               

ʀ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ɺʍʆɼɽ ɺʀʍʈɽɺʆɻʆ ʈɽɻʋʃʗʊʆʈɸ                                                    

ʅɸ ɽɻʆ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

 

ɿʘʥʛʠʨʦʚ ʕ. ʀ., ʄʫʭʘʤʝʪʦʚ ʄ. ɺ., ʉʚʠʩʪʫʥʦʚ ɸ. ɺ., 

ʍʘʢʠʤʦʚ ʈ. ʌ., ʍʘʣʠʫʣʣʠʥ ʀ. ʈ., ʖʥʫʩʙʘʝʚ ɼ. ʀ 

 
ʆʧʳʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʦʚʳʭ ʪʦʧʣʠʚʦʧʨʦʜʫʢʪʦʚ ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʳʤ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʩ ʧʝʨʝʜʘʯʝʡ ʯʘʩʪʠ ʛʘʟʘ ʧʦʪʨʝʙʠʪʝʣʷʤ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʜʘʚʣʝʥʠʷ 

ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʛʘʟʘ ʧʦ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ ʧʦʢʘʟʳʚʘʝʪ ʦʩʪʨʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʤʝʥʴʰʝʥʠʷ ʩʪʝʧʝʥʠ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʝʛʦ ʜʘʚʣʝʥʠʷ [1]. 

ʉʫʱʝʩʪʚʫʶʱʠʡ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙ ʧʦʜʦʛʨʝʚʘ ʛʘʟʘ ʧʝʨʝʜ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ 

ʜʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʩʞʠʛʘʥʠʷ ʯʘʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʛʘʟʘ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʷʭ 

ʷʚʣʷʝʪʩʷ ʟʘʪʨʘʪʥʳʤ (ʪ.ʢ. ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʪʦʚʘʨʥʦʤ ʦʙʦʨʦʪʝ ʩʞʠʛʘʝʤʘʷ ʯʘʩʪʴ ʛʘʟʘ, ʘ 

ʧʦʜʦʛʨʝʚʘʪʝʣʠ ʜʦʨʦʛʠ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʝʞʝʛʦʜʥʦʤ ʜʦʨʦʛʦʤ ʨʝʤʦʥʪʝ) ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

çʛʨʷʟʥʳʤè (ʪ.ʝ. ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʥʝʨʝʘʣʠʟʫʝʤʦʛʦ ʠ ʥʝ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ). ʕʪʘ ʧʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ ʚ ʩʚʷʟʠ ʩ 

ʫʩʪʦʡʯʠʚʦʡ ʠ ʧʦʥʷʪʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʛʘʟʘ ʜʦ 10 

ʄʇʘ ʠ ʙʦʣʝʝ. 

ʅʘʜ ʨʝʰʝʥʠʝʤ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʟʘʭʦʣʦʞʝʥʠʷ ʛʘʟʘ ʧʨʠ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʩ 2000 ʛ. ʟʘʥʠʤʘʶʪʩʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʢʦʣʣʝʢʪʠʚʳ ʆɸʆ ʅʀʀʊ ʠ 

ʢʘʬʝʜʨʳ ʇɻʄ ʋɻɸʊʋ. ɺ 2003 ʛ. ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷʵʬʬʝʢʪʘ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʩ ʧʦʤʦʱʴʶ ʚʠʭʨʝʚʳʭ ʪʝʯʝʥʠʡ ʛʘʟʘ, 

ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʨʘʪʠʬʠʢʘʮʠʶ ʨʘʟʜʝʣʷʝʤʳʭ ʚʠʭʨʷʤʠ ʧʦʪʦʢʦʚ.[2] 

ʌʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʳʤʠ ʧʦʪʦʢʘʤʠ ʩʦ 

ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʩ ʦʙʳʯʥʳʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʈ-ʊ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʪʦʢʦʚ ʛʘʟʘ ʧʦʩʣʝ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʧʨʠ 

Õ1<Õ2<Õ3 ʠ ʢʨʠʚʦʡ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ 
1 ï ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ "ʭʦʣʦʜʥʦʛʦ" ʧʦʪʦʢʘ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳʧʨʠ var==

SG
Gͻͦ͡˃ ,                     

2 ïʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ "ʛʦʨʷʯʝʛʦ" ʧʦʪʦʢʘ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ var==
SG

Gͻͦ͡˃ ,                                   

3 ïʢʨʠʚʘʷ ʵʬʬʝʢʪʘ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ, 4 ï ʟʦʥʘ "ʟʘʭʦʣʦʞʝʥʠʷ" ʧʨʠ ʩʤʝʰʝʥʠʠ çʭʦʣʦʜʥʦʛʦè ʠ 

çʛʦʨʷʯʝʛʦè ʧʦʪʦʢʦʚ, 5 ï ʟʦʥʘ ʧʦʜʦʛʨʝʚʘ ʧʨʠ ʩʤʝʰʝʥʠʠ çʭʦʣʦʜʥʦʛʦè ʠ çʛʦʨʷʯʝʛʦè ʧʦʪʦʢʦʚ, 

6 ï ʣʠʥʠʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ çʭʦʣʦʜʥʦʛʦè ʠ çʛʦʨʷʯʝʛʦè ʧʦʪʦʢʦʚ. 

 
ʅʘ ʛʨʘʬʠʢʝ ʠʤʝʶʪʩʷ ʪʦʯʢʠ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʩʤʝʩʝʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ʤʦʞʝʪ ʙʳʪʴ: 

¶ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʣʝ ʦʙʳʯʥʦʛʦ ʜʨʦʩʩʝʣʷ; 

¶ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʳʯʥʦʛʦ ʜʨʦʩʩʝʣʷ, ʥʦ ʥʠʞʝ ʚʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ; 

¶ ʨʘʚʥʘ ʚʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʚʠʭʨʝʚʫʶ ʪʨʫʙʫ; 

¶ ʚʳʰʝ ʚʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʠʭʨʝʚʫʶ ʪʨʫʙʫ. 

ɺ ʨʘʙʦʪʝ [3] ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ ʚʠʭʨʝʚʦʡ ʜʨʦʩʩʝʣʴ-ʵʬʬʝʢʪ 

pT DD=a - ʩʤ

ʚʠʭʨ

ʵʬʜʨ
, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʨʘʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ 

ʩʤTD ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚʭʚʳʭ ppp -=D  ʧʨʠ ʨʝʜʫʮʠʨʦʚʘʥʠʠ ʛʘʟʘ ʚ ʚʠʭʨʝʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʀʟ ʨʠʩ. 1. ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʨʝʜʫʮʠʨʦʚʘʥʠʠ ʛʘʟʦʚ ʩ ʧʦʤʦʱʴʶ ʚʠʭʨʝʚʳʭ ʫʩʪʨʦʡʩʪʚ 

ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʚʠʭʨʝʚʳʤ ʜʨʦʩʩʝʣʴ-ʵʬʬʝʢʪʦʤ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʜʨʦʩʩʝʣʴ-ʵʬʬʝʢʪʦʤ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

1. ʪ-ʜʞ

ʚʠʭʨ

ʵʬʜʨ a>a - ; 

2. ʪ-ʜʞ
ʚʠʭʨ
ʵʬʜʨ a=a - ; 

3. ʪ-ʜʞ
ʚʠʭʨ
ʵʬʜʨ a<a - , 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ 
ʪ-ʜʞ

ʚʠʭʨ

ʵʬʜʨ a>a -
ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʛʘʟʘ ʚ ɺʈɼ, ʛʜʝ ʪ-ʜʞa  - ʢʦʵʬʬʠʮʠʝʥʪ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʚʘʟʠʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʛʘʟʘ 

ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 0ʚʠʭʨ

ʵʬʜʨ >-a . 

ɺʳʰʝʠʟʣʦʞʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʦʙʨʘʟʝʮ ʚʠʭʨʝʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʘʚʣʝʥʠʷ (ɺʈɼ)[4],ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʦʮʝʩʩʘʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʤʘʩʩʦʚʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʡ. ɺʈɼ ʧʦʟʚʦʣʷʝʪ ʧʨʠ 
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ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʛʘʟʘ ʩʥʠʟʠʪʴ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʠʩʢʣʶʯʠʪʴ ʝʛʦ. 

ʇʨʦʮʝʩʩ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʛʘʟʘ ʚ ɺʈɼ ʠʩʩʣʝʜʫʝʪʩʷ ʩ 2003 ʛʦʜʘɸ.ʄ. ʈʫʩʘʢʦʤ, ʖ.ʄ. 

ɸʭʤʝʪʦʚʳʤ, ʉ.ɺ. ɻʫʨʠʥʳʤ, ɸ.ɸ. ʉʦʣʦʚʴʝʚʳʤ,ɺ.ɸ. ʎʝʣʠʱʝʚʳʤ ʠ ʜʨ. 

ʂʘʢ ʧʨʠ ʚʠʭʨʝʚʦʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʛʘʟʦʚ, ʪʘʢ ʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ 

ʩʫʱʝʩʪʚʫʶʪ ʪʦʯʢʠ (ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʩʦʩʪʘʚʝ ʛʘʟʘ) ʧʨʠ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʚʳʭʦʜʝ ʠʟ ʜʨʦʩʩʝʣʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳʰʝ ʚʭʦʜʥʦʡ. ʆʜʥʘʢʦ, ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ɻʈʉ ʚʳʭʦʜʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʝʛʜʘ ʥʠʞʝ. [5] 

ɺ ʨʘʙʦʪʝ [6] ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʧʨʦʭʦʜʥʦʛʦ 

ʩʝʯʝʥʠʷ ʜʠʘʬʨʘʛʤʳ ʥʘ ʧʨʦʮʝʩʩʳ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚ ɺʈɼ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʤʦʜʝʣʴ ɺʈɼ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʜʠʘʤʝʪʨʳ ʜʠʘʬʨʘʛʤ 30, 

40, 50, 60 ʤʤ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʣʦʱʘʜʠ ʜʠʘʬʨʘʛʤʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʜʠʘʣʴʥʳʡ ʫʩʪʫʧ 

(ʨʠʩ. 2), ʷʚʣʷʶʱʠʡʩ ̫ʤʝʩʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʫʤʝʥʴʰʘʶʱʠʡ ʨʘʩʭʦʜ ʛʘʟʘ ʚʳʭʦʜʷʱʝʛʦ 

ʥʘʧʨʷʤʫʶ ʠʟʢʘʤʝʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ(ʂʕʈ) ʚ ʜʠʘʬʨʘʛʤʫ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʫʚʝʣʠʯʠʚʘʶʱʠʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʚ ʜʠʘʬʨʘʛʤʝ. ɺ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʷ ʜʠʘʤʝʪʨʘ 

ʜʠʘʬʨʘʛʤʳ ʜʦ 30 ʤʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʟʘ ʧʨʝʜʝʣʳʂʕʈ ʠ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʚʳʭʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʣʦʱʘʜʴ ʜʠʘʬʨʘʛʤʳ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʧʦʪʦʢʘ ʛʘʟʘ ʚ ʂʕʈ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʢʘʢ ʚʜʦʣʴ ʦʩʠ 

ʪʨʫʙʳ, ʪʘʢ ʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.ʆʙʥʘʨʫʞʝʥʥʳʝ ʢʨʫʧʥʳʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ[7], 

ʧʦʣʫʯʘʝʤʳʝ ʚ ʂʕʈ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. 

 

 

 

 

 

 
ʈʠʩ. 2. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ɺʈɼ: 

1 ï ʟʘʢʨʫʯʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, 2 ï ʜʠʬʬʫʟʦʨ,                                                                                          

3 ï ʢʘʤʝʨʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, 4 ï ʜʠʘʬʨʘʛʤʘ. 

ɺ ʨʘʙʦʪʝ [8]ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʦʨʤʦʟʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ɺʈɼ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʪʦʨʤʦʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪʨʝʘʣʠʟʦʚʘʪʴ ʨʘʩʢʨʫʪʢʫ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʠ ʝʛʦ 

ʪʦʨʤʦʞʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʩ ʣʦʧʘʪʦʯʥʳʤ ʚʝʥʮʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʜʝʣʝʥʠʝ ʝʛʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʣʦʢʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʘʭ ʠ ʪʦʨʤʦʞʝʥʠʝ 

ʧʦʪʦʢʘ ʚ ʦʢʨʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦ ʩʢʦʨʦʩʪʝʡ ʧʦʨʷʜʢʘ 15 ï 40 ʤ/ʩ ʚ ʢʘʤʝʨʝ ʪʦʨʤʦʞʝʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʭʦʜʦʤ ʚ ʪʨʫʙʢʝ ʧʝʨʝʧʫʩʢʘ ʚ çʦʩʝʚʦʝè ʪʝʯʝʥʠʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʦʢʘ 

ʩʢʦʨʦʩʪʝʡ ʜʦ 50-72 ʤ/ʩ. 

ɺ ʨʘʙʦʪʝ [9] ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʭʘʨʘʢʪʝʨʘ ʩʤʝʰʝʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ɺʈɼ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʪʨʫʢʪʫʨ: 

ʧʝʨʠʬʝʨʠʡʥʦʡ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨ rʠ ʮʝʥʪʨʘʣʴʥʦʡ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 

ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʢʘʢ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʪʘʢ ʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʪʦʢʦʚ ʚ ɺʈɼ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʧʝʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ (ʜʘʚʣʝʥʠʝ, 

ʈʘʜʠʘʣʴʥʳʡ 
ʫʩʪʫʧ 

4 

3 

2 

1 
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ʪʝʤʧʝʨʘʪʫʨʘ) ʥʘ ʚʭʦʜʝ ʚ ɺʈɼ, ʘ ʪʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʪʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ɺʈɼ. ʕʪʦ 

ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩ 

ʧʨʦʚʝʜʝʥʠʝʤ ʚʝʨʠʬʠʢʘʮʠʠ ʢʘʢ ʯʠʩʣʝʥʥʦʡ, ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʝʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʋɻɸʊʋ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʠʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩ. 3. 

 

 

 
 

ʈʠʩ. 3.ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ: 

1ï ʤʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʨʘʩʭʦʜʦʤʝʨʘ; 2, 7 ï ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʠʟ ɺʈɼ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 3, 4, 8 ï ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨ; 5 -ʜʘʪʯʠʢ 

ʧʦʣʦʞʝʥʠʷ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʠʥʘ; 6 ï ʧʦʜʚʦʜ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʧʦʜʥʷʪʠʷ 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʢʣʠʥʴʝʚ. 

ʀʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʛʘʟʘ 

ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʧʨʦʚʝʜʝʥʘ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɼʣʷ ʠʤʠʪʘʮʠʠ ʠʟʤʝʥʝʥʠʷ 

ʨʘʩʭʦʜʘ ʧʦʪʨʝʙʠʪʝʣʷ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʜʚʠʞʢʘ ʰʠʙʝʨʥʦʛʦ ʪʠʧʘ. ʋʧʨʘʚʣʝʥʠʝ 

ʨʘʩʭʦʜʦʤ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ(ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ) 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ ʠ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

GDUW [10]. ʏʘʩʪʦʪʘ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 10 ɻʮ. 

ʊʘʙʣʠʮʘ 1 

ʀʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʜʘʪʯʠʢʠ ʠʟʤʝʨʝʥʠʡ 

ʀʟʤʝʨʷʝʤʳʡ 

ʧʘʨʘʤʝʪʨ ʛʘʟʘ 

ɼʘʪʯʠʢ ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ, 

ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʊʝʨʤʦʧʘʨʘ ʪʠʧʘ K 173 ï 473,ʂ 

ɼʘʚʣʝʥʠʝ ɸʀʈï10 0 ï 6, ʄʇʘ 

ʈʘʩʭʦʜ ʉʪʘʥʜʘʨʪʥʳʡ ʤʝʨʥʳʡ 

ʫʯʘʩʪʦʢ ʕ ï 273 

100 ï 30000, ʤ
3
/ʯʘʩ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʞʘʪʦʤ ʚʦʟʜʫʭʝ. ɸʙʩʦʣʶʪʥʦʝ 

ʚʭʦʜʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʦ ʤʝʪʦʜʠʢʝ ʠʩʧʳʪʘʥʠʡ, ʠʟʤʝʥʷʣʦʩʴ ʩʪʫʧʝʥʯʘʪʦ ʚ 

ʜʠʘʧʘʟʦʥʝ0,1õ4,4 ʄʇʘ. ɺʳʭʦʜʥʦʝ ʜʘʚʣʝʥʠʝ ï 0,1õ1,8 ʄʇʘ. 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ɺʈɼ 

ʚ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʷʭ (ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ti ʛʘʟʘ ï Áʉ, ʧʦ ʜʘʚʣʝʥʠʶ piïʘʪʠ ʠ ʧʦ ʨʘʩʭʦʜʫ 
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ʛʘʟʘ Qïʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ï ʤ
3
/ʯʘʩ) ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʠʟʤʝʥʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ 

ʚ ɺʈɼ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʜʨʦʩʩʝʣʷ (ʰʠʙʝʨʥʦʡ ʟʘʜʚʠʞʢʠ) ʥʘ ʚʳʭʦʜʝ ʠʟ 

ɺʈɼ. 

 
 

ʈʠʩ. 5. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʧʦ ʚʨʝʤʝʥʠ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʠʟʤʝʥʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ɺʈɼ 

pʚʭ, pʚʳʭ ï ʟʥʘʯʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ɺʈɼ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; tʚʭ, tʚʳʭ ï ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ɺʈɼ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ ʚ ʧʨʠʨʘʱʝʥʠʷʭ 
ʚʭʚʳʭ ttt -=D  

ʠ
ʚʳʭʚʭ ppp -=D ,ʥʘ ʢʦʪʦʨʦʡ ʩʪʨʝʣʢʘʤʠʫʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʜʝʨʞʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ 

çʨʝʞʠʤʘʭè (çʨʝʞʠʤè - ʧʦʩʪʦʷʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ: pʚʭ, pʚʳʭ, Q), ʘ ʪʘʢ ʞʝ ʧʝʨʝʭʦʜʳ çʨʝʞʠʤʘè 

ʩ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ pʚʭ, ʥʘ ʜʨʫʛʠʝ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʫʚʝʣʠʯʝʥʠʠ ʠ ʫʤʝʥʴʰʝʥʠʠ. 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʥʘ ɺʈɼ 
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ɹʘʣʣʦʥʳ ʩʦ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ ʠʤʝʶʪ ʥʘʯʘʣʴʥʦʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ~20 ʄʇʘ ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʨʝʜʫʮʠʨʦʚʘʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ (0,1õ4,4 ʄʇʘ) ʚʳʟʳʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʚʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ -30 Áʉ) ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʩʭʦʞʜʝʥʠʝ ʢʨʠʚʳʭ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʠ ʩʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʟʚʘʥʘ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ɺʈɼ. 

ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ             

( pt DD, ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʥʘ çʨʝʞʠʤʘʭè, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʝʩʪʠ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ),,( ʚʭʚʭtppft D=D . 

 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʥʘ ɺʈɼ 

 

ɻʨʘʬʠʢ ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ.7 ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʚʝʜʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢ ʞʝ ʧʦʢʘʟʳʚʘʝʪ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦʩʪʫʧʝʥʯʘʪʦʝ ʧʦʚʳʰʝʥʠʝ ʠ 

ʧʦʥʠʞʝʥʠʝ ʚʭʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʚʝʜʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʌʠʣʦʩʦʚʘ ɺ. ʂ., ʐʘʨʦʥʦʚʘ ʖ. ɺ. 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʦ 

ʥʝʬʪʝʜʦʙʳʯʝ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʦʠʩʢʘ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʫʢʘʟʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ 

ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2007-2013 ʛʦʜʳè, 

ʥʦʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ 14.514.11.4098. 

ɹʦʣʝʝ ʜʚʘʜʮʘʪʠ ʣʝʪ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʡ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʥʘʫʢʝ ʠ ʦʙʨʘʟʦʚʘʥʠʠ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ 

ʚʥʝʜʨʝʥʠʷ ʦʥʪʦ-ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʭʦʜʠʪ ʩ ʷʚʥʳʤ ʟʘʤʝʜʣʝʥʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʦʥʪʦʣʦʛʠʠ, ʦʙʣʝʛʯʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʥʪʦʣʦʛʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʠʩʘʥʠʝ ʧʦʥʷʪʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩʚʦʡʩʪʚ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʢʘʞʜʦʝ ʧʦʥʷʪʠʝ, ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʣʦʞʝʥʥʳʭ ʥʘ ʩʣʦʪʳ [1]. ʆʥʪʦʣʦʛʠʷ 

ʚʤʝʩʪʝ ʩ ʥʘʙʦʨʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʢʣʘʩʩʦʚ ʚʭʦʜʠʪ ʚ ʙʘʟʫ ʟʥʘʥʠʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʥʪʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʩʤʳʩʣʦʚʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʚʭʦʜʷʱʠʤʠ ʚ ʥʝʝ ʧʦʥʷʪʠʷʤʠ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʫʩʣʦʞʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʪʨʝʙʫʶʪ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʧʦʥʷʪʠʡ ʠ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʩʤʳʩʣʫ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ 

ʦʮʝʥʠʪʴ ʠ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʠ 

ʚʠʜʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʦʙʲʝʢʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ 

ʦʮʝʥʠʪʴ ʠ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʠ 

ʚʠʜʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʢʩʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʠ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʆʜʠʥ ʠʟ 

ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʢʦʥʬʘʡʥʤʝʥʪ-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ [2]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟ ʟʥʘʥʠʡ 

ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʡ ʟʘ ʩʯʸʪ ʩʦʯʝʪʘʥʠʷ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠ ʩʠʥʪʝʟʘ, ʚʳʚʦʜʘ ʧʦ ʘʥʘʣʦʛʠʠ, ʚʳʷʚʣʝʥʠʷ ʩʠʩʪʝʤʥʳʭ ʪʨʠʘʜ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʨʦʮʝʜʫʨʳ ʤʦʟʛʦʚʦʛʦ ʰʪʫʨʤʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʘʣʠʪʠʢʦʚ 

ʠ ʵʢʩʧʝʨʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʘ ʪʘʢʞʝ ʢ ʫʧʨʦʱʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʝʤʳʭ ʤʦʜʝʣʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʩʪʨʦʝʥʠʷ 

ʦʥʪʦʣʦʛʠʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʦʥʪʦʣʦʛʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 
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ʧʦʜʭʦʜʘ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʦʨʝʪʠʢʦ-ʤʦʜʝʣʴʥʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʦʥʪʦʣʦʛʠʡ. ɼʣʷ 

ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪʝ ʧʨʠʤʝʥʝʥʳ ʠʝʨʘʨʭʠʷ ʦʥʪʦʣʦʛʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, 

ʦʥʪʦʣʦʛʠʷ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʠ ʦʥʪʦʣʦʛʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ [3]. 

ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʡ ʚʥʫʪʨʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʦʨʪʘʣʦʚ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʮʝʥʥʦʩʪʴ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʦʨʪʘʣʘ (ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʝʛʦ ʧʦʠʩʢʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ, ʤʦʛʫʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʝʥʳ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʦʥʪʦʣʦʛʠʠ. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʡ ʚ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʢʦʥʮʝʧʪʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʟʜʘʥʠʡ, 

ʵʥʮʠʢʣʦʧʝʜʠʡ, ʫʯʝʙʥʠʢʦʚ, ʩʧʨʘʚʦʯʥʠʢʦʚ. 

ɿʘʥʠʤʘʪʝʣʴʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʭʦʞʜʝʥʠʷ ʦʩʦʙʝʥʥʦʡ (ʥʘʤʝʯʝʥʥʦʡ) ʠʥʬʦʨʤʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʪʝʢʩʪʦʚʳʡ ʜʦʢʫʤʝʥʪ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʠʥʪʘʢʪʠʢʦ-

ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ. 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʘʥʘʣʠʟʘʪʦʨʳ ʪʝʢʩʪʘ, ʥʘʧʨʠʤʝʨ, SemLP-ʪʝʭʥʦʣʦʛʠʷ ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʘʥʥʦʪʠʨʦʚʘʥʠʷ 

ʪʝʢʩʪʘ, ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ [4]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʦʥʪʦʣʦʛʠʡ ʠʜʝʪ ʜʚʫʤʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ, ʦʜʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʥʪʦʣʦʛʠʠ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʧʦ ʧʨʘʚʠʣʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ, ʚʪʦʨʦʝ ï ʧʦ ʧʨʘʚʠʣʘʤ 

ʣʠʥʛʚʠʩʪʠʢʠ ʠ ʢʦʛʥʠʪʠʚʥʦʡ ʥʘʫʢʠ [5]. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʢʘʞʜʦʝ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʣʠʰʴ ʦʜʠʥ ʘʩʧʝʢʪ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʠ ʪʝʧʝʨʴ ʚ ʩʠʣʫ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ, ʢʘʢ ʦʥʪʦʣʦʛʠʷ, ʩʣʠʣʠʩʴ ʚʦʝʜʠʥʦ.  

ʇʦʩʪʨʦʝʥʠʝ ʦʥʪʦʣʦʛʠʡ ʤʦʞʝʪ ʚʝʩʪʠʩʴ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʦʜʥʦ, ʢʘʢ ʦʙʲʝʜʠʥʝʥʠʝ 

ʟʥʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʢʦʥʪʝʢʩʪ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ, ʠ ʜʨʫʛʦʝ ï ʢʘʢ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ. ɺʪʦʨʦʡ ʩʣʫʯʘʡ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʠʪʴ 

ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʨʝʩʫʨʩ, ʢʘʢ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʡ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʣʘʩʪʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʄʥʦʛʦʫʨʦʚʥʝʚʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʣʘʩʪʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ 

 

ʆʜʥʠʤ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠ ʫʧʨʘʚʣʝʥʠʶ ʦʥʪʦʣʦʛʠʷʤʠ, ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʦʥʪʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʜʚʫʭʫʨʦʚʥʝʚʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ. 

˻͎͙ͤͭͦͦ͡Ύ ͍͔ͪͻ͔͎ͤͦ 
͍ͯͪͦͤΎ 

ζ˹͔͒ͪͦͨͦ͡Έ͍͙ͦ͊ͤ͘Ύη

˻͋΅͊Ύ ͎͙ͦͤͭͦͦ͡Ύ 
ζ˿͙͔ͭͪͦͭ͡Έ͍ͫͭͦ 
͔ͨͦ͒ͣͤ͘·ͻ 
͔͙͚ͫͦͦͪͯ͗ͤη

˻͋΅͊Ύ ͎͙ͦͤͭͦͦ͡Ύ 
ζ˨ͦ͋·;͊ ͔ͨͦͤ͘͡·ͻ 
͙͔ͫͦͨ͊ͣ͟·ͻη

˻͎͙ͤͭͦͦ͡Ύ 
ζ˹͔ͺ͔ͭ͒ͦ͋·;͊η

˻͎͙ͤͭͦͦ͡Ύ

ζ˨ͦ͋·;͊ ͔͎͊ͣͤͤͦͦ͟ 
͎ͯ͡Ύη

˻͎͙ͤͭͦͦ͡Ύ 

ζ˨ͦ͋·;͊ ͦͦͭ͊͘͡η

˻͋΅͊Ύ ͎͙ͦͤͭͦͦ͡Ύ 
ζ˥͔͎͙ͦͦ͡ΎΣ ͔͎͙ͨ͊ͦͤͭͦͦ͡͡
ΎΣ ͙͔͎͙ͣͤͪ͊ͦ͡Ύη
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ʆʥʪʦʣʦʛʠʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʩʠʩʪʝʤʳ ʧʦʥʷʪʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. 

ʂʦʥʮʝʧʪʳ ʦʪʨʘʞʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʧʦʥʷʪʠʡ. ɺ ʦʥʪʦʣʦʛʠʠ ʢʦʥʮʝʧʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʣʘʩʩʦʤ 

(ʦʙʲʝʢʪʦʤ), ʠʤʝʶʱʠʤ ʩʚʦʡʩʪʚʘ ʠ ʩʦʩʪʦʷʱʠʤ ʠʟ ʵʢʟʝʤʧʣʷʨʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʦʥʪʦʣʦʛʠʠ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ 

ʤʥʦʞʝʩʪʚʦ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ (ʢʦʥʮʝʧʪʦʚ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʄʝʪʦʜʦʤ ʢʦʥʬʘʡʥʤʝʥʪ-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʦʥʪʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ, ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʚʷʟʘʥʥʳʭ ʧʦʥʷʪʠʡ 

ʢʦʤʧʣʝʢʩ ʥʘʫʯʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘ ʧʨʠʤʝʨʝ ʥʝʬʪʝʜʦʙʳʯʠ. ʌʨʘʛʤʝʥʪ ʜʘʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʦʥʪʦʣʦʛʠʠ çʅʝʬʪʝʜʦʙʳʯʘè 

 

ʆʥʪʦʣʦʛʠʷ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʠʡ ʩʣʦʚʘʨʴ ʜʣʷ ʫʯʝʥʳʭ, ʢʦʪʦʨʳʤ ʥʫʞʥʦ ʩʦʚʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʤʘʰʠʥʥʦ-

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʬʦʨʤʫʣʠʨʦʚʢʠ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʥʠʤʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʦʥʪʦʣʦʛʠʡ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʤʝʷ ʦʧʠʩʘʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʧʦʥʷʪʠʡ, ʤʦʞʥʦ ʜʘʚʘʪʴ ʦʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠ ʙʫʜʫʪ 

ʟʘʜʘʚʘʪʴ ʥʘʰʠ ʧʦʥʷʪʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʘʢʩʠʦʤʳ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʦʜʥʦʩʣʦʞʥʳʝ 

ʫʪʚʝʨʜʠʪʝʣʴʥʳʝ ʚʳʩʢʘʟʳʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʠʩʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʦʙʲʝʢʪ. ʏʝʤ ʙʦʣʴʰʝ 

ʘʢʩʠʦʤ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʥʷʪʠʷ, ʪʝʤ çʧʦʣʥʝʝè ʵʪʦ ʧʦʥʷʪʠʝ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ çʥʝʷʚʥʳʝè ʟʥʘʥʠʷ ʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʦʙʲʝʢʪʝ. ɸʢʩʠʦʤʳ ʟʘʜʘʶʪʩʷ ʧʦ ʧʨʘʚʠʣʘʤ ʜʠʩʢʨʝʮʠʦʥʥʳʭ ʣʦʛʠʢ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʘʥʝʣʴ ʟʘʜʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʠʣʠ ʘʢʩʠʦʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʷʪʴ ʚʠʜʦʚ ʟʘʜʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ: 

Å ʕʢʟʠʩʪʝʥʮʠʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʦʧʠʩʳʚʘʶʪ ʢʣʘʩʩ ʠʥʜʠʚʠʜʦʚ ʠʤʝʶʱʠʭ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʦ (some) ʦʪʥʦʰʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʜʣʷ ʠʥʜʠʚʠʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʯʣʝʥʦʤ ʟʘʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. ʕʢʟʠʩʪʝʥʮʠʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʦʜʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʩʚʦʡʩʪʚʫ ʜʣʷ ʠʥʜʠʚʠʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʯʣʝʥʦʤ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ (ʫʢʘʟʳʚʘʝʪʩʷ ʜʠʘʧʘʟʦʥ); 

Å ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ (only) ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʠʤʚʦʣʦʤ ᶅ. ʆʥʠ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʪʥʦʰʝʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʩʚʦʡʩʪʚʫ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʠʥʜʠʚʠʜʦʚ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʯʣʝʥʘʤʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ; 

Å ʆʛʨʘʥʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ (exactly) ʫʢʘʟʳʚʘʝʪ ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʆʛʨʘʥʠʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʪʘʢ ʦʧʠʩʳʚʘʶʪ ʢʣʘʩʩʳ, ʠʟʚʝʩʪʥʳ ʢʘʢ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ; 
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Å ʄʠʥʠʤʘʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ (min) ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʥʜʠʚʠʜ ʤʦʞʝʪ ʠʤʝʪʴ; 

Å ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ (max) ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʥʜʠʚʠʜ ʤʦʞʝʪ ʠʤʝʪʴ. 

 

 

ʈʠʩ. 3. ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ 

 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʣʘʩʪʠ çʅʝʬʪʝʜʦʙʳʯʘè ʧʦ ʩʭʝʤʝ ʜʝʡʩʪʚʠʷ ʛʘʟʣʠʬʪʦʤ ʟʘʜʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʘʢʩʠʦʤʳ (ʨʠʩ. 4). 

  

ʈʠʩ. 4.  ɿʘʜʘʥʠʝ ʘʢʩʠʦʤ (ʦʛʨʘʥʠʯʝʥʠʡ) 

ʅʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʘʢʩʠʦʤ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʟʘʧʨʦʩʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʘʢʩʠʦʤ ʤʦʞʥʦ ʥʘʡʪʠ, ʥʘʧʨʠʤʝʨ, ʢʘʢʠʝ ʩʭʝʤʳ 

ʜʝʡʩʪʚʠʷ ʝʩʪʴ ʫ ʛʘʟʣʠʬʪʦʚ (ʨʠʩ. 5). 

  

ʈʠʩ. 5. ɿʘʧʨʦʩ ʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪ 
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ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʦʥʪʦʣʦʛʠʷ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʜʦʙʳʯʠ ʧʦʟʚʦʣʷʝʪ ʩʨʝʜʩʪʚʘʤʠ 

ʣʦʛʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ ʚ ʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʛʫʪ ʙʳʪʴ 

ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʣʠʙʦ ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʧʣʘʥʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʡ, ʫʧʨʘʚʣʷʪʴ ʫʢʘʟʘʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʊʀɺʅʆɻʆ ʈɽʐɽʅʀʗ ʀ ʇɸʈɸʄɽʊʈʓ                          

ɼʃʗ ɺʓɹʆʈɸ ɻʈɸʅʀʏʅʓʍ ʋʉʃʆɺʀʁ ɼʃʗ ʏʀʉʃɽʅʅʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʊɽʏɽʅʀʗ ʈɸɹʆʏɽʁ ɾʀɼʂʆʉʊʀ                                                             

ɺ ʇɸʈʆʇʃɸɿʄɽʅʅʆʄ ɻɽʅɽʈɸʊʆʈɽ 

 

ʄʫʭʘʤʝʪʦʚ ʄ. ɺ., ʂʦʟʣʦʚ ɺ. ɸ. 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʦʧʘʨʦʚʦʡ ʩʤʝʩʠ ʧʨʦʭʦʜʷʱʝʡ ʩʢʚʦʟʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʜʫʛʫ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ.  

ʋʩʪʨʦʡʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʠʝ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳ 

ʧʣʘʟʤʦʪʨʦʥʘʤ, ʚ ʢʦʪʦʨʳʭ ʯʝʨʝʟ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʜʫʛʫ ʧʨʦʪʝʢʘʝʪ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʣʘʟʤʘʪʨʦʥʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ ʧʨʠʚʝʜʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʣʘʟʤʘʪʨʦʥʦʚ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ɺʠʜʳ 

ʇʦ ʚʠʜʫ ʜʫʛʠ 
ʇʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ 

ʂʦʩʚʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʇʦ ʚʠʜʫ ʦʭʣʘʞʜʝʥʠʷ 

ɺʦʜʷʥʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ 

ɺʦʟʜʫʰʥʘʷ ʩʠʩʪʝʤʘ 

ʦʭʣʘʞʜʝʥʠʷ 

ʇʦ ʩʧʦʩʦʙʫ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʜʫʛʠ 

ɻʘʟʦʚʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ɺʦʜʷʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʄʘʛʥʠʪʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʇʦ ʚʠʜʫ ʵʣʝʢʪʨʦʜʦʚ 

ʈʘʩʭʦʜʫʝʤʳʝ ʵʣʝʢʪʨʦʜʳ 

ɻʘʟʦʟʘʱʠʱʝʥʥʳʝ ʵʣʝʢʪʨʦʜʳ 

ʇʣʝʥʢʦʟʘʱʠʱʝʥʥʳʝ 

ʵʣʝʢʪʨʦʜʳ 

ʇʦ ʨʦʜʫ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 

ʇʣʘʟʤʘʪʨʦʥʳ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ 

ʇʣʘʟʤʘʪʨʦʥʳ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ 

ʇʠʪʘʝʤʳʝ ʦʪ ʥʘʢʦʧʠʪʝʣʝʡ 

ʵʥʝʨʛʠʠ 

ʇʦ ʫʨʦʚʥʶ ʪʝʤʧʝʨʘʪʫʨ 
ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʇʦ ʩʧʦʩʦʙʫ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʜʘʯʠ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣ 

ɸʢʩʠʘʣʴʥʳʡ 

ʊʘʥʛʝʥʮʠʘʣʴʥʳʡ 

ʊʨʘʥʩʧʠʨʘʮʠʦʥʥʳʡ 

ʈʘʩʧʨʝʜʝʣʝʥʥʳʡ 

ʇʦ ʚʠʜʫ ʨʘʟʨʷʜʘ 

ʕʣʝʢʪʨʦʜʫʛʦʚʳʝ ʧʣʘʟʤʘʪʨʦʥʳ 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʧʣʘʟʤʘʪʨʦʥʳ 

ʉʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʧʣʘʟʤʘʪʨʦʥʳ 

ʃʘʟʝʨʥʳʝ ʧʣʘʟʤʘʪʨʦʥʳ 



ˉ 2 (11). ʄʘʡ, 2014 ʛ.       ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   93 

 

ʈʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʧʣʘʟʤʘʪʨʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ɼʫʛʘ ʚ ʧʣʘʟʤʘʪʨʦʥʘʭ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ ʛʦʨʠʪ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʦʤ ʠ ʜʝʪʘʣʴʶ, ʚ 

ʧʣʘʟʤʘʪʨʦʥʘʭ ʥʝʧʨʷʤʦʛʦ (ʢʦʩʚʝʥʥʦʛʦ) ʜʝʡʩʪʚʠʷ ʜʫʛʘ ʛʦʨʠʪ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʦʤ ʠ ʩʦʧʣʦʤ.  

ʉʪʘʙʠʣʠʟʘʮʠʷ ʨʘʟʨʷʜʘ ʚ ʜʫʛʦʚʳʭ ʧʣʘʟʤʘʪʨʦʥʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, 

ʧʦʪʦʢʘʤʠ ʛʘʟʘ ʠ ʩʪʝʥʢʘʤʠ ʨʘʟʨʷʜʥʦʡ ʢʘʤʝʨʳ ʠ ʩʦʧʣʘ. ʆʜʠʥ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʧʦʩʦʙʦʚ 

ʤʘʛʥʠʪʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʘʟʤʝʥʥʦʩʪʨʫʡʥʳʭ ʧʣʘʟʤʘʪʨʦʥʦʚ ʩ ʘʥʦʜʦʤ ʚ ʬʦʨʤʝ ʢʦʣʴʮʘ ʠʣʠ 

ʪʦʨʘ, ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʪʦʜʫ, ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ (ʩ ʧʦʤʦʱʴʶ ʩʦʣʝʥʦʠʜʘ) 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʧʣʦʩʢʦʩʪʠ ʘʥʦʜʘ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʚʳʥʫʞʜʘʝʪ 

ʪʦʢʦʚʳʡ ʢʘʥʘʣ ʜʫʛʠ ʥʝʧʨʝʨʳʚʥʦ ʚʨʘʱʘʪʴʩʷ, ʦʙʝʛʘʷ ʘʥʦʜ. ʇʦʵʪʦʤʫ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʢʨʫʛʫ 

ʘʥʦʜʥʳʝ ʠ ʢʘʪʦʜʥʳʝ ʧʷʪʥʘ ʜʫʛʠ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʘʩʧʣʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ (ʠʣʠ ʠʭ 

ʠʥʪʝʥʩʠʚʥʫʶ ʵʨʦʟʠʶ, ʝʩʣʠ ʦʥʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ) [1]. 

 
ʈʠʩ. 1. ʉʭʝʤʳ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʧʣʘʟʤʘʪʨʦʥʦʚ  

ʘ ï ʦʩʝʚʦʡ; ʙ ï ʢʦʘʢʩʠʘʣʴʥʳʡ; ʚ ï ʩ ʪʦʨʦʠʜʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ;                                                    

ʛ ï ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʠʩʪʝʯʝʥʠʷ; ʜ ï ʩ ʚʥʝʰʥʝʡ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʦʡ;                                                         

ʝ ï ʩ ʨʘʩʭʦʜʫʝʤʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ (ʵʨʦʟʠʦʥʥʳʡ); 1 ï ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ;                     

2 ï ʨʘʟʨʷʜ; 3 ï ʧʣʘʟʤʝʥʥʘʷ ʩʪʨʫʷ;       4 ï ʵʣʝʢʪʨʦʜ;       5 ï ʨʘʟʨʷʜʥʘʷ ʢʘʤʝʨʘ;                         

6 ï ʩʦʣʝʥʦʠʜ; 7 ï ʦʙʨʘʙʘʪʳʚʘʝʤʦʝ ʪʝʣʦ. 
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ʂ ʯʠʩʣʫ ʩʧʦʩʦʙʦʚ ʛʘʟʦʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠ ʩʞʘʪʠʷ ʜʫʛʠ ʦʪʥʦʩʠʪʩʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ "ʟʘʢʨʫʪʢʘ" ð ʛʘʟ ʧʦʜʘʸʪʩʷ ʚ ʨʘʟʨʷʜʥʫʶ ʢʘʤʝʨʫ ʧʦ ʩʧʠʨʘʣʴʥʳʤ ʢʘʥʘʣʘʤ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʛʘʟʦʚʳʡ ʚʠʭʨʴ, ʦʙʜʫʚʘʶʱʠʡ ʩʪʦʣʙ ʜʫʛʠ ʠ ʛʝʥʝʨʠʨʫʝʤʫʶ 

ʧʣʘʟʤʝʥʥʫʶ ʩʪʨʫʶ: ʩʣʦʡ ʙʦʣʝʝ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʫ ʩʪʝʥʦʢ ʢʘʤʝʨʳ, ʧʨʝʜʦʭʨʘʥʷʷ ʠʭ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʜʫʛʦʡ [1].  

ʋʩʪʨʦʡʩʪʚʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

(ʕɻɼʇ) ʞʠʜʢʦʩʪʠ [2]. ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʘ ʦʩʥʦʚʝ ʧʣʘʟʤʘʪʨʦʥʘ 

çʄʫʣʴʪʠʧʣʘʟ-500è ʠʩʧʦʣʴʟʫʶʱʝʤ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ (ʇʘʪʝʥʪ RU 

2072640). ʕʩʢʠʟ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʧʣʘʟʤʘʪʨʦʥʘ çʄʫʣʴʪʠʧʣʘʟè ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.  

ʇʨʠ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʯʘʩʪʠʮʳ ʵʣʝʢʪʨʦʜʦʚ, ʘ 

ʪʘʢʞʝ ʚʦʜʦʨʦʜ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʠʟ ʧʘʨʘ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ [3]. 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʣʘʟʤʝʥʥʦʡ ʛʦʨʝʣʢʠ (ʇʘʪʝʥʪ RU 2072640) çʄʫʣʴʪʠʧʣʘʟè:                     

1 ï ʢʦʨʧʫʩ ʛʦʨʝʣʢʠ; 2 ï ʩʦʧʣʦ-ʘʥʦʜ; 3 ï ʢʘʪʦʜʦʜʝʨʞʘʪʝʣʴ; 4 ï ʢʘʪʦʜ;                                                

5 ï ʧʘʪʨʫʙʦʢ; 6 ï ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ; 7 ï ʚʣʘʛʦʚʧʠʪʳʚʘʶʱʠʡ ʤʘʪʝʨʠʘʣ;                           

8 ï ʧʦʨʠʩʪʳʡ ʪʝʧʣʦʧʨʦʚʦʜʥʳʡ ʤʘʪʝʨʠʘʣ; 9 ï ʢʦʣʴʮʦ; 10 ï ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʢʘʥʘʣʳ;                        

11 ï ʨʘʟʨʷʜʥʘʷ ʢʘʤʝʨʘ; 12 ï ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʘʷ ʪʨʫʙʢʘ; 13 ï ʪʝʧʣʦʧʨʦʚʦʜʷʱʘʷ ʪʨʫʙʢʘ; 

14 ï ʢʥʦʧʢʘ; 15 ï ʟʘʛʣʫʰʢʘ; 16 ï ʦʪʚʝʨʩʪʠʝ; 17 ï ʦʙʣʠʮʦʚʢʘ 

 

ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 1, ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʕɻɼʇ)  ʠʤʝʝʪ ʩʤʝʰʘʥʥʫʶ ʧʦʜʘʯʫ ʛʘʟʘ ʚ ʢʘʥʘʣ: ʪʨʘʥʩʧʠʨʘʮʠʦʥʥʳʡ ʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʧʦʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣ. ʕʣʝʢʪʨʦʜʳ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʜʣʠʥʘ ʜʫʛʠ 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷʩʷ. ʇʦʜʚʦʜʠʤʳʡ ʛʘʟ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʫʞʠʪ ʢʘʢ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʣʘʟʤʳ, ʪʘʢ ʠ ʜʣʷ ʝʸ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʫʪʝʤ çʟʘʢʨʫʪʢʠè. ʆʭʣʘʞʜʝʥʠʝ ʜʝʪʘʣʝʡ ʫʩʪʨʦʡʩʪʚʘ ï 

ʚʦʟʜʫʰʥʦʝ. ʕʩʢʠʟʥʦ ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.3. 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʕɻɼʇ [2]: 1 ï ʢʦʨʧʫʩ; 2 ï ʨʝʟʝʨʚʫʘʨ ʩ ʧʦʨʠʩʪʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ;                              

3 ï ʠʩʧʘʨʠʪʝʣʴ; 4 ï ʘʥʦʜ; 5 ï ʩʦʧʣʦ-ʢʘʪʦʜ; 6 ïh ʪʫʮʝʨ. 
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ʇʨʠ ʢʦʥʪʘʢʪʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ ʦʙʨʘʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʜʫʛʘ. ʏʘʩʪʴ ʵʥʝʨʛʠʠ ʜʫʛʠ ʥʘʛʨʝʚʘʝʪ ʵʣʝʢʪʨʦʜʳ ʠ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʠʩʧʘʨʠʪʝʣʴ ʚʦʜʝ, 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʙʘʢʝ. ɺʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʘʨ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʧʦ 

ʠʩʧʘʨʠʪʝʣʶ, ʧʝʨʝʜʥʷʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʤʥʦʛʦʟʘʭʦʜʥʳʭ ʚʠʥʪʦʚʳʭ 

ʢʘʥʘʚʦʢ. ɺ ʠʩʧʘʨʠʪʝʣʝ ʠʤʝʶʪʩʷ 2 ʦʪʚʝʨʩʪʠʷ, ʧʦʜʚʦʜʷʱʠʝ ʧʘʨ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʫʶ ʦʙʣʘʩʪʴ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʢ ʘʥʦʜʫ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ ʧʘʨʘ ʯʝʨʝʟ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʜʫʛʫ, ʧʨʦʠʩʭʦʜʠʪ ʠʦʥʠʟʘʮʠʷ ʧʘʨʘ, ʢʦʪʦʨʳʡ ʚʳʪʘʣʢʠʚʘʝʪ ʜʫʛʫ ʥʘ ʚʥʝʰʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʧʣʘ [4]. 

ʂʦʥʩʪʨʫʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 3 ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʦʣʴʰʝʡ  ʩʪʝʧʝʥʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʣʘʟʤʝʥʥʫʶ ʩʪʨʫʶ ʜʣʷ ʜʠʩʩʦʮʠʘʮʠʠ ʧʘʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʤʦʜʝʣʴ.   

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʮʠʢʣʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʨʘʟʨʘʙʦʪʘʥ ʚʘʨʠʘʥʪ ʚʦʜʦʧʘʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʣʘʟʤʳ, 

ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.  

 

 
ʈʠʩ. 4. ʈʘʟʨʝʟ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʚʦʜʦʧʘʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʣʘʟʤʳ: 1 ï ʘʥʦʜ;        2 ï 

ʨʝʟʝʨʚʫʘʨ ʩ ʧʦʨʠʩʪʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ; 3 ï ʢʦʨʧʫʩ; 4 ï ʠʩʧʘʨʠʪʝʣʴ; 5 ï ʢʨʳʰʢʘ; 6 ïʠʟʦʣʷʪʦʨ; 

7 ï ʥʘʧʨʘʚʣʷʶʱʘʷ ʘʥʦʜʘ; 8 ï ʩʙʦʨʥʘʷ ʛʦʣʦʚʢʘ. 

 

 
ʈʠʩ. 5. ʈʘʟʨʝʟ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʩʙʦʨʥʦʡ ʛʦʣʦʚʢʠ ʚʦʜʦʧʘʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʣʘʟʤʳ: 1 

ï ʩʦʧʣʦ-ʢʘʪʦʜ; 2 ï ʜʦʟʠʨʫʶʱʘʷ ʠʛʣʘ; 3 ï ʞʠʢʣʝʨ; 4 ï ʫʧʣʦʪʥʝʥʠʝ; 5 ï ʚʳʭʦʜʥʦʡ ʰʪʫʮʝʨ; 6 

ï ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʢʘ; 7 ï ʟʘʣʠʚʥʦʡ ʰʪʫʮʝʨ; 8 ï ʧʨʦʙʢʘ; 9 ï ʰʪʫʮʝʨ-ʜʦʟʘʪʦʨ. 
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ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʯʝʥʠʝ ʧʦ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ  ʩʙʦʨʥʦʡ ʛʦʣʦʚʢʠ 

ʚʦʜʦʧʘʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʣʘʟʤʳ, ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʂʦʤʧʘʩ-3D.  

ʉʙʦʨʥʘʷ ʛʦʣʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʚʦʜʦʧʘʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʣʘʟʤʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʥʘʙʞʝʥʘ ʰʪʫʮʝʨʘʤʠ 

ʜʣʷ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ (ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ), ʟʘʣʠʚʥʳʤ ʰʪʫʮʝʨʦʤ ʠ 

ʨʝʟʝʨʚʥʳʤ ʙʘʢʦʤ ʩ ʩʠʩʪʝʤʦʡ ʜʦʟʠʨʦʚʘʥʠʷ.  

ʅʘʣʠʯʠʝ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʨʝʟʝʨʚʥʦʤ ʙʘʯʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʝʨʠʨʦʚʘʪʴ ʜʘʥʥʳʤʠ ʦ  ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʜʦ ʝʝ ʧʦʧʘʜʘʥʠʷ ʚ 

ʣɻʝʢʪʨʠʯʝʩʢʫʶ ʜʫʛʫ  ʚ ʢʘʪʦʜʥʦ-ʘʥʦʜʥʦʡ ʧʦʣʦʩʪʠ ʚʦʜʦʧʘʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʣʘʟʤʳ ʠ 

ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ.  

ʉʠʩʪʝʤʘ ʜʦʟʠʨʦʚʘʥʠʷ, ʩʦʩʪʦʠʪ ʠʟ ʠʛʣʳ ʠ ʞʠʢʣʝʨʘ ʩ ʢʘʣʠʙʨʦʚʘʥʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʠ 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠʟ ʨʝʟʝʨʚʥʦʛʦ ʙʘʢʘ ʚ 

ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʫʶ ʧʦʣʦʩʪʴ.  ʉʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤ ʜʦʟʠʨʦʚʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʘʥʦʜʘ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʜʘʯʫ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʳ (ʞʠʜʢʦʩʪʠ ʠʣʠ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ) ʚ 

ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʫʶ ʧʦʣʦʩʪʴ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤʳ ʜʦʟʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʷʝʤʦʡ ʠ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʛʥʦʚʝʥʥʦʡ ʧʦʜʘʯʠ ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʧʨʦʙʢʘ 

ʩʥʠʤʘʝʪʩʷ ʠ ʚʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ʤʝʩʪʦ ʜʦʟʠʨʫʶʱʝʡ ʠʛʣʳ, ʘ ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʘʥʘʣ ʩ ʧʦʤʦʱʴʶ ʰʧʨʠʮʘ.  ʈʝʟʝʨʚʥʳʡ ʙʘʢ ʩ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʴʶ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

 
ʈʠʩ. 6. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʩʙʦʨʥʦʡ ʛʦʣʦʚʢʠ ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ:                                   

1 ï ʰʪʫʮʝʨ ʧʦʜ ʜʘʪʯʠʢ; 2 ï ʧʨʦʙʢʘ ʢʘʤʝʨʳ ʚʧʨʳʩʢʘ 

  

ʉʦʧʣʦ ʚ ʩʦʩʪʘʚʝ ʩʙʦʨʥʦʡ ʛʦʣʦʚʢʠ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʢʘʪʦʜʘ ʠ ʠʤʝʝʪ ʦʪʚʝʨʩʪʠʝ 

ʜʣʷ ʩʲʝʤʥʦʛʦ ʰʪʫʮʝʨʘ-ʜʦʟʘʪʦʨʘ ʩ ʜʠʘʤʝʪʨʘʤʠ ʫʩʣʦʚʥʦʛʦ ʧʨʦʭʦʜʘ ʦʪ 0.5 ʤʤ ʜʦ 2 ʤʤ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʟʤʝʥʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʯʝʡ ʩʨʝʜʳ (ʧʣʘʟʤʳ) ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʚʦʜʦʧʘʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʣʘʟʤʳ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʧʣʘ-ʢʘʪʦʜʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʚʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʨʝʟʝʨʚʥʳʡ ʙʘʢ 

ʛʝʥʝʨʘʪʦʨʘ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʭʣʘʞʜʝʥʠʷ ʩʦʧʣʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ ʠʟ ʙʘʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʪʦʨʦʡ ʚʩʝʛʜʘ ʙʫʜʝʪ ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʛʝʥʝʨʘʪʦʨʘ 

ʧʣʘʟʤʳ. ʀʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʘ ʫʩʣʦʚʥʦʛʦ ʧʨʦʭʦʜʘ ʚ ʰʪʫʮʝʨʝ-ʜʦʟʘʪʦʨʝ ʧʦʟʚʦʣʷʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʣʠʥʫ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʟʤʝʥʥʦʛʦ ʬʘʢʝʣʘ.  

ɺʳʭʦʜʥʦʡ ʰʪʫʮʝʨ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʠʤʝʝʪ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʧʦʜʘʯʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʣʘʟʤʝʥʥʳʡ ʬʘʢʝʣ (ʢʘʤʝʨʘ ʚʧʨʳʩʢʘ) ʠ 
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ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʧʦʚʝʜʝʥʠʷ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʧʨʠ 

ʧʦʜʘʯʝ ʨʘʩʭʦʜʘ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʡ (ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ) ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ 

ʧʣʘʟʤʝʥʥʫʶ ʩʪʨʫʶ.  

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʫʩʪʨʦʡʩʪʚʝ 

ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʘʢʝʪʦʚ ʪʘʢʠʭ, ʢʘʢ ANSYS Fluent, SolidWorks Flow Simulation, Star-CCM+ . 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʢʝʪʳ ʧʦʟʚʦʣʷʶʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʪʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʦ 

ʪʨʘʢʪʫ ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ; ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʚʳʙʨʘʥ ʧʘʢʝʪ Flow Simulation.  

ʂʦʥʩʪʨʫʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ.4 ʠ ʨʠʩ.5 ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʠʘʧʘʟʦʥ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʦʙʣʘʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʠʟʤʝʥʷʝʤʦʡ ʛʝʦʤʝʪʨʠʠ ʩʦʧʣʦʚʦʡ ʚʩʪʘʚʢʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʩ ʫʯʝʪʦʤ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʛʦ ʠ ʨʝʟʝʨʚʥʦʛʦ ʙʘʢʘ, 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

¶ ʚ ʤʦʜʝʣʠʨʫʝʤʫʶ ʦʙʣʘʩʪʴ ʧʦʩʪʫʧʘʝʪ ʞʠʜʢʦʩʪʴ (ʚʦʜʘ); 

¶ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʚʭʦʜʘ ʧʦʩʪʦʷʥʥʳʡ (ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ 

ʚʳʯʠʩʣʝʥʠʷ); 

¶ ʩʪʝʥʢʠ ʢʘʥʘʣʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʛʣʘʜʢʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ; 

¶ ʧʣʦʪʥʦʩʪʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠʥʚʘʨʠʘʥʪʥʘ; 

¶ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʩʪʝʥʢʠ ʜʝʪʘʣʝʡ ʫʩʪʨʦʡʩʪʚʘ; 

¶ ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʧʣʦʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʯʝʨʝʟ ʩʪʝʥʢʠ ʢʦʨʧʫʩʘ; 

¶ ʧʘʨ ʠʩʪʝʢʘʝʪ ʚ ʦʙʣʘʩʪʴ ʩ ʜʘʚʣʝʥʠʝʤ ʦʪ 105
 ʜʦ 10

6
 ʇʘ; 

¶ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʜʢʦʩʪʴ/ʧʘʨ ʥʘ ʚʭʦʜʝ -1/0, ʥʘ ʚʳʭʦʜʝ - 0/1. 

¶ ʠʟ ʩʦʧʣʘ ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʠʩʪʝʢʘʝʪ ʚ ʧʘʨʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʭʦʜʘ ʚ ʦʙʣʘʩʪʴ: 

¶ ʪʠʧ ʛʨʘʥʠʮʳ - "ʇʦʪʦʢ ʤʘʩʩʳ ʥʘ ʚʭʦʜʝ"; 

¶ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʜʢʦʡ ʬʘʟʳ ï 1.0; 

¶ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʧʘʨʦʚʦʡ ʬʘʟʳ ï 0.0; 

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʚʪʝʢʘʶʱʝʡ ʩʨʝʜʳ ï 300 ʂ; 

¶ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ï ʦʪ 0.0000686 ʢʛ/ʩ ʜʦ 0.0002 ʢʛ/ʩ; 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʳʭʦʜʘ ʠʟ ʦʙʣʘʩʪʠ: 

¶ ʊʠʧ ʛʨʘʥʠʮʳ - "ɼʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ"; 

¶ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʜʢʦʡ ʬʘʟʳ ï 0.0; 

¶ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʧʘʨʦʚʦʡ ʬʘʟʳ ï 1.0; 

¶ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ï ʦʪ 10
5
 ʇʘ; 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʦʜʦʧʘʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʣʘʟʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ 

ʜʝʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʛʝʥʝʨʘʪʦʨʝ ʧʨʦʮʝʩʩʳ. ʊʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʚʦʜʦʧʘʨʦʚʦʡ ʛʝʥʝʨʘʮʠʠ ʧʣʘʟʤʳ. ʇʦʩʪʘʚʣʝʥʥʳʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʪʝʯʝʥʠʷ 

ʚʦʜʦʩʦʜʝʨʞʘʱʝʡ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʘʨʦʧʣʘʟʤʝʥʥʦʤ ʛʝʥʝʨʘʪʦʨʝ.   
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ʄʆɼɽʈʅʀɿɸʎʀʗ ʀ ʈɸʉʏɽʊ ʇʈʀʅʎʀʇʀɸʃʔʅʆʁ ʊɽʇʃʆɺʆʁ ʉʍɽʄʓ 

ʊʕʎ ʅɸ ɹɸɿɽ ʊʋʈɹʆʋʉʊɸʅʆɺʂʀ ʇʊ-80\100-130\13 

 

ɾʝʨʝʙʠʣʦ ɺ. ʖ., ʉʝʥʶʰʢʠʥ ʅ. ʉ., ʈʦʞʢʦʚ ʂ. ɽ. 

 
ʊʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ (ʊʕʎ) ï ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʚʳʨʘʙʦʪʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʪʝʧʣʦ ʢʘʞʜʦʛʦ 

ʢʠʣʦʛʨʘʤʤʘ ʧʘʨʘ, ʦʪʙʠʨʘʝʤʦʛʦ ʠʟ ʪʫʨʙʠʥʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʩʪʠʯʥʦ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʘ ʟʘʪʝʤ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʘʨʘ ʠ ʛʦʨʷʯʝʡ ʚʦʜʳ. 

ʀʩʭʦʜʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʥʘ ʊʕʎ - ʦʨʛʘʥʠʯʝʩʢʦʝ ʪʦʧʣʠʚʦ (ʥʘ ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʠ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʊʕʎ) ʣʠʙʦ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ (ʥʘ ʧʣʘʥʠʨʫʝʤʳʭ ʘʪʦʤʥʳʭ ʊʕʎ). 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʶʪ ʧʘʨʦʪʫʨʙʠʥʥʳʝ ʊʕʎ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʪʦʧʣʠʚʝ, ʷʚʣʷʶʱʠʝʩʷ ʥʘʨʷʜʫ ʩ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ 

ʪʝʧʣʦʚʳʭ ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʈʘʟʣʠʯʘʶʪ ʊʕʎ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʠʧʘ - ʜʣʷ 

ʩʥʘʙʞʝʥʠʷ ʪʝʧʣʦʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʠ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʪʠʧʘ - ʜʣʷ ʦʪʦʧʣʝʥʠʷ 

ʞʠʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʥʘʙʞʝʥʠʷ ʠʭ ʛʦʨʷʯʝʡ ʚʦʜʦʡ. ʊʝʧʣʦ ʦʪ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʊʕʎ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʤ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʚʠʜʝ ʪʝʧʣʘ ʧʘʨʘ), ʦʪ ʦʪʦʧʠʪʝʣʴʥʳʭ - ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 20-30 ʢʤ (ʚ ʚʠʜʝ ʪʝʧʣʘ ʛʦʨʷʯʝʡ 

ʚʦʜʳ) [5]. 

ʇʘʨʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʧʘʨʘ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʢʦʪʣʝ ʧʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ, ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʥʘ ʚʘʣʫ 

ʪʫʨʙʠʥʳ. ʇʘʨʦʚʳʝ ʪʫʨʙʠʥʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʚʤʝʩʪʥʫʶ ʚʳʨʘʙʦʪʢʫ 
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ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʪʝʧʣʦʪʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʧʣʦʪʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ[1]. 

 

 
ʈʠʩ. 1. ʇʨʦʩʪʝʡʰʘʷ ʩʭʝʤʘ ʇʊʋ 

 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʩʦʚʨʝʤʝʥʥʘʷ ʛʘʟʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ (ɻʊʋ) ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʦʟʜʫʰʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ, ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ, ʘ ʪʘʢʞʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʝ ʨʘʙʦʪʫ. ʉʦʚʦʢʫʧʥʦʩʪʴ ɻʊʋ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʥʘʟʳʚʘʶʪ ʛʘʟʦʪʫʨʙʠʥʥʳʤ ʘʛʨʝʛʘʪʦʤ. ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ɻʊʋ ʦʪ ʇʊʋ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʪʣʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ, ʚ ʵʪʦʤ ʩʤʳʩʣʝ ɻʊʋ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʘ, ʩʘʤʦʜʦʩʪʘʪʦʯʥʘ ʠ ʧʨʦʩʪʘ. 

 
ʈʠʩ. 2. ʇʨʦʩʪʝʡʰʘʷ ʩʭʝʤʘ ɻʊʋ: 

1 ï ʚʦʟʜʫʰʥʳʡ ʢʦʤʧʨʝʩʩʦʨ; 2 ï ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ;                                                                                  

3 ï ʛʘʟʦʚʘʷ ʪʫʨʙʠʥʘ; 4 ï ʣɻʝʢʪʨʦʛʝʥʝʨʘʪʦʨ 

  

ʂʦʪʸʣ-ʫʪʠʣʠʟʘӢʪʦʨ ð ʢʦʪʸʣ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʪʝʧʣʦʪʫ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʜʠʟʝʣʝʡ ʠʣʠ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ, ʚʨʘʱʘʶʱʠʭʩʷ ʠ ʪʫʥʥʝʣʴʥʳʭ ʧʝʯʝʡ. 

ʂʨʫʧʥʳʝ ʢʦʪʣʳ-ʫʪʠʣʠʟʘʪʦʨʳ ʥʝ ʠʤʝʶʪ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʢʦʪʣʦʘʛʨʝʛʘʪʘ. ʆʪʭʦʜʷʱʠʝ 

ʚʪʦʨʠʯʥʳʝ ʛʘʟʳ ʧʦʧʘʜʘʶʪ ʩʨʘʟʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ (ʵʢʦʥʦʤʘʡʟʝʨ, ʠʩʧʘʨʠʪʝʣʴ, 

ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʴ). ɺʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ ʠ ʪʦʧʢʘ ʚ ʢʦʪʣʘʭ-ʫʪʠʣʠʟʘʪʦʨʘʭ ʦʪʩʫʪʩʪʚʫʶʪ, 

ʪʘʢ ʢʘʢ ʛʘʟʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʦʪʣʝ, ʦʙʨʘʟʫʶʪʩʷ ʚʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʪʝʣ-ʫʪʠʣʠʟʘʪʦʨ, 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʩʪʘʚʣʷʝʪ 350ð700 ÁC[3]. 

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʊʕʎ, ʘ 

ʪʘʢʞʝ ʥʝʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, ʧʦʚʳʰʝʥʠʷ 

http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
http://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%87%D1%8C
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ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʦʘʛʨʝʛʘʪʘ (ʤʦʱʥʦʩʪʠ ʦʪʩʝʢʦʚ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ, ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ) ʠ ʊʕʎ (ʂʇɼ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʂʇɼ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʂʇɼ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʦʪʧʫʩʢʫ ʪʝʧʣʦʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʫʜʝʣʴʥʳʡ 

ʨʘʩʭʦʜʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʘʩʭʦʜ ʪʝʧʣʦʪʳ ʪʦʧʣʠʚʘ ʥʘ 

ʩʪʘʥʮʠʶ ʠ ʪ.ʜ.), ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʩʭʝʤʳ ʊʕʎ 

ʥʘ ʙʘʟʝ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ ʇʊ-80\10-130\13. ɺʤʝʩʪʦ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʚʥʝʜʨʝʥ ʢʦʪʝʣ-

ʫʪʠʣʠʟʘʪʦʨ ʊɻɽ-435/ʇɻʋ. ʇʦʜʦʛʨʝʚʘʪʝʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʇɺɼ5,ʇɺɼ6,ʇɺɼ7),ʢʦʪʦʨʳʝ ʧʦʜʦʛʨʝʚʘʶʪ ʧʠʪʘʪʝʣʴʥʫʶ ʚʦʜʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 249ʉ
ʆ
 

ʟʘʤʝʥʝʥʳ ʥʘ ʛʘʟʦʚʳʡ ʧʦʜʦʛʨʝʚʘʪʝʣʴ. ɻʘʟʦʚʳʡ ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ -168ʉ
ʆ
.  

ʊʘʢʞʝ ʟʘʤʝʥʘ ʪʨʝʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʥʘ ʦʜʠʥ ʩʥʠʞʘʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. 

ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ ʠ ʊʕʎ, ʨʝʟʫʣʴʪʘʪ 

ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥ ʥʠʞʝ. 

 
ʈʠʩ. 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʩʭʝʤʘ ʊʕʉ ʥʘ ʙʘʟʝ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ ʇʊ-80\100-130\13 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʩʭʝʤʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʙʘʟʝ 

ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ ʇʊ-80\100-130\13: 

ʇʘʨʘʤʝʪʨʳ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʊɻɽ-435/ʇɻʋ :ʧʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ-500ʪ/ʯ, 

ʜʘʚʣʝʥʠʝ ʧʘʨʘ- 13,8 ʄʧʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʘ- 560 
0
ʉ, ʂʇɼ ʢʦʪʣʘ (ʙʨʫʪʪʦ) 93,6% 

ʇʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʉtʥ ¯-= 5  ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʛʨʘʬʠʢʫ ʩʝʪʝʚʦʡ ʚʦʜʳ :48,85ʊQ ʄɺʪ= ; ; ; 

; . 

 

 

. . 82,9ʧʩt ʉ= ¯ . . 68ʥʩt ʉ= ¯

. . 82,9ʚʩt ʉ= ¯ 0

. 47,2ʆʉt ʉ=
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ʊʘʙʣʠʮʘ 1 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʸʪʘ ʪʫʨʙʦʘʛʨʝʛʘʪʘ ʇʊ-80\10-130\13. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʆʙʦʟʥʘʯʝʥʠʝ ɿʥʘʯʝʥʠʝ 

ʅʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʘ, ʄʇʘ P0 12,75 

ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʘ, 
ʦ
ʉ t0 555 

ʈʘʩʭʦʜ ʧʘʨʘ ʥʘ ʪʫʨʙʠʥʫ, ʢʛ/ʩ D0 122,2 

ɼʘʚʣʝʥʠʝ ʧʘʨʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʢʦʥʜʝʥʩʘʪʦʨ,ʄʇʘ Pk 0,0035 

ɼʘʚʣʝʥʠʝ ʧʘʨʘ ʚ ʜʝʘʵʨʘʪʦʨʝ ʧʠʪ.ʚʦʜʳ, ʄʇʘ Pɼʇɺ 0,6 

ʂʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʦʜʦʛʨʝʚʘ 

ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ, 
ʦ
ʉ 

tʧʚ 158 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, 
ʦ
ʉ tʥʘʨ -5 

ʇʨʦʮʝʥʪ ʫʪʝʯʢʠ ʧʘʨʘ ʠ ʢʦʥʜʝʥʩʘʪʘ, %  1,5 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʬʠʢʘʮʠʠ Ŭʊ 0,6 

ʈʘʩʭʦʜ ʧʘʨʘ ʠʟ ʫʧʣʦʪʥʝʥʠʡ ʰʪʦʢʦʚ ʢʣʘʧʘʥʦʚ ʚ ɼʇɺ, ʢʛ/ʩ Dʋʐ. 0,5499 

ʂʇɼ ʧʠʪʘʪʝʣʴʥʦʛʦ ʥʘʩʦʩʘ ɖʇʅ 0,8 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ: 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʭʦʜʳ ʧʘʨʘ ʧʦ ʦʪʙʦʨʘʤ ʪʫʨʙʠʥʳ 

ˉ 

ʦʪʙʦʨʘ 
ʆʙʦʟʥʘʯʝʥʠʝ ʈʘʩʭʦʜ ʧʘʨʘ, ʢʛ/ʩ 

1 D1 0 

2 D2 0 

3 D3=Dʪʧ2+Dɼ+Dʪʧ1 76,494658 

4 D4=Dʇ4 10,45774998 

5 D5=Dʚʩ+Dʇ5 12,62075698 

6 D6=Dʇ6+Dʥʉ+Dɼ+Dʇʉɺ 21,11505631 

7 D7=Dʇ7 0,575420037 

 

ʇʦʪʦʢ ʧʘʨʘ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʧʦʩʣʝ ʪʫʨʙʠʥʳ: 

, . 

ʇʦʪʦʢ ʢʦʥʜʝʥʩʘʪʘ, ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ 

 

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʦʘʛʨʝʛʘʪʘ: 

ʊʘʙʣʠʮʘ 3 

ʈʘʩʯʸʪ ʤʦʱʥʦʩʪʝʡ ʦʪʩʝʢʦʚ ʪʫʨʙʠʥʳ ʇʊ - 80\100-130\13 

ʆʪʩʝʢ 

ʪʫʨʙʠʥʳ 

ʀʥʪʝʨʚʘʣ 

ʜʘʚʣʝʥʠʡ, 

ʄʧʘ 

ʇʨʦʧʫʩʢ ʧʘʨʘ ʯʝʨʝʟ ʦʪʩʝʢ 

ʅ
ʆʊʉ

i, 
ʢɼʞ/ʢʛ 

N
OTC

i, 

ʄɺʪ ʆʙʦʟʥʘʯʝʥʠʝ 

ʏʠʩʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ, 

ʢʛ/ʩ 

0-3 12,01 2,594 D0 - Dʋ3 - Dʋ.ʐ- D1- D2 121,2835 374,867 45,465 

3-4 1,245 0,407 D23 - D3 - Dʪʧ-Dɼ 45,12602848 344,093 15,52755052 

4-5 0,407 0,07537 D34 - D4 34,54715879 240,442 8,306587953 

5-6 0,07537 0,05126 D45 - D5 21,9324406 50,063 1,098003774 

6-7 0,05126 0,0118 D56 - D6 0,749815035 134,775 0,101056321 

7-ʂ 0,0118 0,0035 D67 - D7 0,185148 19,86 0,003677 

 

ʫʪʢ

0 122,2 121,2 0,9165ʇ

ʂ ʋʊ jD D D D= - -S = - - 0,9369ʇ

ʂD ʢʛ ʩ=

7

4 5 6 7

,

16,39 14,84 0,611 0,9363 / ,

14,84 / .

ɺ

ʂ ʇ ʕ ʂ

ɺ

ʂ

ʇ ʇ ʇ ʇ ʇ

D D D D

D ʢʛ ʩ

ʛʜʝ D D D D D ʢʛ ʩ

+ + =

= - - =

= + + + =
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ʇʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʪʫʨʙʠʥʳ: 

 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʪʫʨʙʦʘʛʨʝʛʘʪʘ: 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ ʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ʊʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ: 

1. ʇʦʣʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʪʳ ʥʘ ʪʫʨʙʦʫʩʪʘʥʦʚʢʫ:

. 

2. ʈʘʩʭʦʜ ʪʝʧʣʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ:3.ʈʘʩʭʦʜ 

ʪʝʧʣʦʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ: ,  

4. ʆʙʱʠʡ ʨʘʩʭʦʜ ʪʝʧʣʦʪʳ ʥʘ ʚʥʝʰʥʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ:  

5. ʈʘʩʭʦʜ ʪʝʧʣʦʪʳ ʥʘ ʪʫʨʙʠʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: 

 

6.ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ:  . 

7. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ:. 

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʊʕʎ: 

1. ʊʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ  

2. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ: . 

3. ʂʇɼ ʊʕʎ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: 

4.ʂʇɼ ʊʕʎ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʦʪʧʫʩʢʫ ʪʝʧʣʦʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ:, 

5. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: 

. 

6. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʦʪʧʫʩʢ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ: . 

7. ʈʘʩʭʦʜ ʪʝʧʣʦʪʳ ʪʦʧʣʠʚʘ ʥʘ ʩʪʘʥʮʠʶ:. 

8. ʇʦʣʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʥʝʨʛʦʙʣʦʢʘ (ʙʨʫʪʪʦ):. 

9. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʪʳ ʥʘ ʵʥʝʨʛʦʙʣʦʢ ʊʕʎ:. 

10. ʂʇɼ ʵʥʝʨʛʦʙʣʦʢʘ (ʥʝʪʪʦ):. 

11. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ "ʥʝʪʪʦ": 

. 

12. ʈʘʩʭʦʜ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ: . 

13. ʈʘʩʭʦʜ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʚʳʨʘʙʦʪʢʫ ʪʝʧʣʦʪʳ, ʦʪʧʫʱʝʥʥʦʡ ʚʥʝʰʥʠʤ 

ʧʦʪʨʝʙʠʪʝʣʷʤ: . 

14. ʈʘʩʭʦʜ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ:. 

ɺʳʚʦʜ 
ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʠ ʫʯʠʪʳʚʘʷ ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ, ʧʨʠʭʦʜʠʤ ʢ 

ʚʳʚʦʜʫ ,ʯʪʦ ʟʘʤʝʥʘ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʂʇɼ, 

ʙʦʣʴʰʝʡ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʪʫʨʙʦʘʛʨʝʛʘʪʘ,  ʤʝʥʴʰʠʤ ʨʘʩʭʦʜʘʤ 

45,465 15,53 8,31 1,098 0,101 0,0038 70,49iN ʄɺʪ= + + + + + =

70,49 0,99 0,98 68,39ʕN ʄɺʪ= Ö Ö =

345,212 1241,73 /ʊʋQ ʄɺʪ ɻɼʞ ʯ= =

769,0026 /ʇQ ɻɼʞ ʯ=

0

49,09 176,58 /T
ʆT

T

Q
Q ʄɺʪ ɻɼʞ ʯ

h
= = =

ʊ.ʇ. ɺʅ940,87 /Q Q ɻɼʞ ʯ= =

290,9651 /ʕ

ʊʋQ ɻʜʞ ʯ=

0,84ʕ

ʊʋh =

1,19ʕ

ʊʋq =

ʇɻ 1250,864 /Q ɻɼʞ ʯ=

0,987ʊʈh =

0,771ʕ

ʊʕʎh =

0,9133ʆʊ

ʊʕʎh =

. .
159,53 \ʕ

ʋ

ʛʫʪ
b

ʢɺʪ ʯ
=

Ö

. .
44,254ʊ
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ʫʜʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʪʘʢʞʝ ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʟʜʘʥʠʠ ʢʦʪʝʣʴʥʦʛʦ ʮʝʭʘ. ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ  ʟʘʤʝʥʘ ʪʨʝʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʜʠʥ ʛʘʟʦʚʳʡ ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʤʦʥʪʘʞ. 
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ɻʋʄɸʅʀʊɸʈʅʓɽ ʅɸʋʂʀ 
 

ʋɼʂ 338.1 

 

ʉʊʈʋʂʊʋʈɸ ʀʅʅʆɺɸʎʀʆʅʅʆɻʆ ʇʆʊɽʅʎʀɸʃɸ ʇʈɽɼʇʈʀʗʊʀʗ 

ʕʅɽʈɻʆʉɽʊɽɺʆɻʆ ʂʆʄʇʃɽʂʉɸ 

 

ɼʟʠʥʪʝʨ ʅ. ɺ., ʐʘʨʘʬʠʝʚʘ ɻ. ɸ. 

 
ʕʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʨʘʟʚʠʪʠʝ 

ʚʩʝʛʦ ʭʦʟʷʡʩʪʚʘ ʩʪʨʘʥʳ. ɼʘʥʥʘʷ ʦʪʨʘʩʣʴ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʠ ʵʢʦʥʦʤʠʢʠ ʚ ʮʝʣʦʤ, ʘ, ʟʥʘʯʠʪ, ʥʘʜʝʞʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ 

ʩʦʮʠʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʦʪʨʘʩʣʴʶ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʣʶʙʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʪʨʘʪʝʛʠʝʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2030 ʛʦʜʘ ʦʧʨʝʜʝʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʩʪʨʘʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʢ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʨʘʩʪʫʱʝʡ ʵʢʦʥʦʤʠʢʠ ʚ ʵʥʝʨʛʦʨʝʩʫʨʩʘʭ, ʪʘʢ ʠ ʚʥʝʰʥʝʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʠʥʪʝʨʝʩʘʤ ʈʦʩʩʠʠ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʠ ʩʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ 

ʦʩʥʦʚʝ ʤʘʩʰʪʘʙʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ 

ʈʌ. ʎʝʣʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʠ ï ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʪʝʥʮʠʘʣʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʠ ʩʦʜʝʡʩʪʚʠʷ 

ʫʢʨʝʧʣʝʥʠʶ ʝʝ ʚʥʝʰʥʝʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ.  

ʇʝʨʝʭʦʜ ʢ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʤ, ʯʪʦ  ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʪʨʘʩʣʠ ʥʘʢʦʧʠʣʩʷ ʨʷʜ ʧʨʦʙʣʝʤ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ʂ ʵʪʠʤ ʧʨʦʙʣʝʤʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʠʪʩʷ ʚʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ (ʨʠʩ.1) ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʤʠʨʦʚʦʤʫ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ. ʇʨʦʙʣʝʤʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʠʟʥʦʩʘ ʦʩʥʦʚʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ. ʇʦʢʘʟʘʪʝʣʠ ʠʟʥʦʩʘ ʚ ʈʌ 1,5-2 ʨʘʟʘ 

ʧʨʝʚʳʰʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ.  

 

 
ʈʠʩ. 1.  ʉʨʘʚʥʝʥʠʝ ʠʟʥʦʩʘ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ 
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ʇʦ ʜʘʥʥʳʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʚ ʩʨʝʜʥʝʤ ʧʦ ʈʦʩʩʠʠ 

ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩʦʩʪʘʚʣʷʝʪ 58%. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ  ʚ ʦʪʨʘʩʣʠ ʩʜʝʨʞʠʚʘʝʪʩʷ ʨʷʜʦʤ 

ʦʙʝ̡ʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʦʩʣʘʙʣʝʥʠʝʤ  ʨʦʣʠ 

ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ  ʨʝʘʣʠʟʘʮʠʠ  ʦʙʱʝʡ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ, ʩʦʟʜʘʥʠʠ 

ʠ ʨʘʟʚʠʪʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʜʝʡʩʪʚʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʩʪʠʤʫʣʦʚ ʠ ʪ.ʜ., ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʫʨʦʚʥʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʢʦʤʧʘʥʠʡ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ  ʩʪʘʥʦʚʷʪʩʷ  ʪʘʢʪʠʯʝʩʢʠʝ ʠ ʦʧʝʨʘʪʠʚʥʳʝ 

ʟʘʜʘʯʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʪʤʝʯʝʥʥʳʤʠ ʚʳʰʝ ʥʝʛʘʪʠʚʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ, ʠ ʫʩʫʛʫʙʣʷʶʱʠʝʩʷ 

ʧʦ ʧʨʠʯʠʥʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʙʦʪʝ  

ʩʫʙʲʝʢʪʦʚ  ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʢʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʝʪʝʚʳʝ 

ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴ ʝʜʠʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʦʜʭʦʜʳ ʠ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ  

ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ, ʚ ʯʘʩʪʠ: 

Å  ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʘʚʠʣ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʪʦʚʦʛʦ ʠ 

ʨʦʟʥʠʯʥʦʛʦ ʨʳʥʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

Å  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ;   

Å  ʢʦʤʤʝʨʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʳʥʢʘ;   

Å  ʥʘʫʯʥʦ- ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ; 

Å  ʵʣʝʤʝʥʪʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ. 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʠʩʢʘ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʨʘʤʢʘʭ 

ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʟʨʘʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʪʨʘʩʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʤʦʡ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʚʳʭ 

ʢʦʤʧʘʥʠʡ ʙʘʟʠʨʫʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʱʠʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʨʝʩʫʨʩʦʚ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʛʦʪʦʚʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʚʳʭ ʢʦʤʧʘʥʠʡ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ. ɸʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʧʘʥʠʝʡ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʧʦʚʳʰʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʈʦʩʩʠʠ.  

ʇʦʥʷʪʠʝ çʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘè, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʨʦʩʪ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ 

ʥʦʚʦʚʚʝʜʝʥʠʡ, ʚʧʝʨʚʳʝ ʙʳʣʦ ʚʚʝʜʝʥʦ ʂ. ʌʨʠʤʝʥʦʤ ʚ 70-ʭ - 80-ʭ ʛʦʜʘʭ ʍʍ ʩʪʦʣʝʪʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʦʥ ʩʯʠʪʘʣ, ʯʪʦ ʥʦʚʦʚʚʝʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ, ʦʩʚʦʝʥʠʶ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʠʩʯʝʨʧʘʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ 

ʩʦʮʠʘʣʴʥʦ-ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ ʥʦʚʰʝʩʪʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʫʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʦʜʥʘʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʧʦʣʦʞʝʥʠʷ ʥʦʩʷʪ ʨʘʟʨʦʟʥʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʦʪʨʘʞʘʶʪ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ  ʪʨʘʢʪʦʚʘʥʠʷ ʫʢʘʟʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʠ ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ ʘʚʪʦʨʦʚ ʝʜʠʥʦʡ 

ʪʦʯʢʝ ʟʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʱʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʤʧʘʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʟʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʀʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʩʘʤʳʤ ʣʘʢʦʥʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ɻʫʥʠʥʘ ɺ.ʅ., 

ʨʘʩʩʤʘʪʨʠʚʘʶʱʝʝ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʘʢ ʤʝʨʫ ʛʦʪʦʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʢ 



106   ɻʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ     ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ      ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʣʠ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʤʝʨʘ 

ʛʦʪʦʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʢ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ 

ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʨʝʩʫʨʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʠʩʢʘ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ 

ʠʥʥʦʚʘʮʠʡ. 

ʊʘʙʣʠʮʘ 1 

ɺʘʨʠʘʥʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ çʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣè 

ˉ  ɸʚʪʦʨ ʆʧʨʝʜʝʣʝʥʠʝ ʂʣʶʯʝʚʦʝ ʩʣʦʚʦ 

1 ʊʨʠʬʠʣʦʚʘ ɸ. ɸ. 

[5]  

ʇʦʜ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚʳʩʦʢʫʶ 

ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʳʝ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʦʙʝʩ-

ʧʝʯʝʥʠʠ ʥʦʚʳʭ ʠ ʙʫʜʫʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, 

ʥʦʚʳʝ ʠ ʙʫʜʫʱʠʝ 

ʪʝʭʥʦʣʦʛʠʠ. 

2 ɻʫʥʠʥ ɺ. ʅ. [2] ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ï ʤʝʨʘ ʛʦ-

ʪʦʚʥʦʩʪʠ ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʯʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʩʪʠʞʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʮʝʣʠ, 

ʪ.ʝ. ʤʝʨʘ ʛʦʪʦʚʥʦʩʪʠ ʢ ʨʝʘʣʠʟʘʮʠʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʠʣʠ 

ʧʨʦʛʨʘʤʤʳ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʚʥʝʜʨʝʥʠʷ 

ʠʥʥʦʚʘʮʠʡ. 

ʄʝʨʘ ʛʦʪʦʚʥʦʩʪʠ, 

ʨʝʘʣʠʟʘʮʠʷ, 

ʚʥʝʜʨʝʥʠʝ 

ʠʥʥʦʚʘʮʠʡ. 

3 ʃʠʩʠʥ ɹ. ʂ.,  

ʌʨʠʜʣʷʥʦʚ ɺ. ʅ. 

[4]  

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ, ʬʠʥʘʥʩʦʚʳʭ, ʧʨʘ-

ʚʦʚʳʭ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʭ ʠ ʠʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʝʩʧʝʯʠʪʴ ʚʦʩʧʨʠʷʪʠʝ 

ʠ ʨʝʘʣʠʟʘʮʠʶ ʥʦʚʰʝʩʪʚ, ʪ.ʝ. ʧʦʣʫʯʝʥʠʝ 

ʠʥʥʦʚʘʮʠʡ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʨʝʘʣʠʟʘʮʠʷ 

ʠʥʥʦʚʘʮʠʡ. 

4 ʂʦʩʦʣʘʧʦʚ ʆ. ɺ., 

ɻʠʨʝʥʢʦ- 

ʂʦʮʫʙʘ ʆ. ɸ. [3] 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ï 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʠʣʠ ʫʞʝ 

ʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʨʝʩʫʨʩʳ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ 

(ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʪ.ʜ.) ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ 

ʦʙʣʘʩʪʠ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʥʦʚʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʪʦʚ ʠʣʠ 

ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʫʩʣʫʛ. 

ʕʪʦ ʤʝʨʘ ʛʦʪʦʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ. 

ʄʦʙʠʣʠʟʦʚʘʥʥʳʝ 

ʨʝʩʫʨʩʳ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ 

ʤʝʭʘʥʠʟʤ. 

5 ɿʘʚʣʠʥ ʇ. ʅ., 

ʂʘʟʘʥʮʝʚ ɸ. ʂ., 

ʄʠʥʜʝʣʴ ʃ. ɽ. [6] 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ï 

ʛʦʪʦʚʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʦʨʛʘʥʠʟʘʮʠʠ) 

ʦʩʫʱʝʩʪʚʠʪʴ ʚʧʝʨʚʳʝ ʠ ʚʦʩʧʨʦʠʟʚʝʩʪʠ 

(ʚʦʩʧʨʠʥʷʪʴ) ʥʦʚʦʚʚʝʜʝʥʠʝ. 

ɻʦʪʦʚʥʦʩʪʴ,  

ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʠʪʴ. 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʘ ʞʠʟʥʠ ʠʥʥʦʚʘʮʠʡ ʠ ʜʠʥʘʤʠʯʥʦʛʦ  

ʧʝʨʝʭʦʜʘ ʢ ʠʥʥʦʚʘʮʠʷʤ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝ ʚʳʥʫʞʜʝʥʦ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʳʟʦʚʳ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʧʨʘʚʣʷʪʴ  ʩʦʙʩʪʚʝʥʥʳʤ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʩʦʟʥʘʚʘʪʴ, ʢʘʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʞʝʣʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. ʉʪʨʫʢʪʫʨʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ.2. 

 

ʈʠʩ. 2.  ʉʪʨʫʢʪʫʨʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [4] 

ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʨʝʛʣʘʤʝʥʪʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʚʳʭ ʢʦʤʧʘʥʠʡ ʧʨʘʚʦʤʝʨʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʢʦʪʦʨʘʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ [1]: 

Å  ʥʘʫʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ;  

Å  ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ;  

Å  ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ;  

Å  ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ  ʧʦʪʝʥʮʠʘʣʘ;  

Å  ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʅʘʫʯʥʳʡ  ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʧʨʠʷʪʠʷ ʵʥʝʨʛʦʩʝʪʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ  ʥʘʫʯʥʦ- ʪʝʭʥʠʯʝʩʢʠʭ  (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ) ʩʦʙʩʪʚʝʥʥʳʭ ʠ  ʧʨʠʦʙʨʝʪʝʥʥʳʭ 

ɺʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ, 

ʦʪʨʘʞʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩ 

ʜʨʫʛʠʤʠ ʯʘʩʪʷʤʠ ʩʦʚʦʢʫʧʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʚʣʠʷʶʱʠʝ ʥʘ ʫʩʧʝʰʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʮʠʢʣʘ; 

 

ʉʦʩʪʦʷʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʘʤʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʭʦʞʜʝʥʠʝ 

ʥʦʚʰʝʩʪʚʦʤ ʚʩʝʭ ʵʪʘʧʦʚ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ, 

ʧʨʝʚʨʘʱʝʥʠʝ ʝʛʦ ʚ 

ʥʦʚʦʚʚʝʜʝʥʠʝ ʠʣʠ ʠʥʥʦʚʘʮʠʶ; 

ɿʘʜʝʣ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

(ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ) ʩʦʙʩʪʚʝʥʥʳʭ ʠ 

ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠ 

ʠʟʦʙʨʝʪʝʥʠʡ. ʇʨʠʯʝʤ ʟʜʝʩʴ 

ʫʯʠʪʳʚʘʝʪʩʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʠʣʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʡʪʠ ʠ ʧʨʠʦʙʨʝʩʪʠ 

ʧʨʘʚʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʝʤʫ ʨʘʟʨʘʙʦʪʦʢ, ʘ 

ʪʘʢʞʝ ʟʘʢʘʟʘʪʴ ʥʦʚʳʝ ʅʀʆʂʈ ʧʦ 

ʠʥʪʝʨʝʩʫʶʱʝʡ ʠʭ ʪʝʤʘʪʠʢʝ; 

ʋʨʦʚʝʥʴ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʢʫʣʴʪʫʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʩʪʝʧʝʥʴ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʥʦʚʰʝʩʪʚ ʧʝʨʩʦʥʘʣʦʤ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ, ʝʛʦ 

ʛʦʪʦʚʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʰʝʩʪʚ ʚ ʚʠʜʝ 

ʠʥʥʦʚʘʮʠʡ. 

ʉʉʪʪʨʨʫʫʢʢʪʪʫʫʨʨʘʘ  ʠʠʥʥʥʥʦʦʚʚʘʘʮʮʠʠʦʦʥʥʥʥʦʦʛʛʦʦ    

ʧʧʦʦʪʪʝʝʥʥʮʮʠʠʘʘʣʣʘʘ  ʧʧʨʨʝʝʜʜʧʧʨʨʠʠ̫̫ʪʪʠʠ̫̫  
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ʨʘʟʨʘʙʦʪʦʢ ʠ ʠʟʦʙʨʝʪʝʥʠʡ. ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʫʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʷʚʣʷʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ  ʠ  ʦʧʳʪʥʦ- ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʅʀʀ,  ʚʫʟʘʤʠ  ʠ  ʧʨʦʯʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ  ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʚʳʭ ʢʦʤʧʘʥʠʡ, ʚʥʝʜʨʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʠʢ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ  ʧʨʦʭʦʞʜʝʥʠʝ ʥʦʚʰʝʩʪʚʦʤ ʚʩʝʭ ʵʪʘʧʦʚ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ, ʧʨʝʚʨʘʱʝʥʠʝ ʝʛʦ ʚ ʥʦʚʦʚʚʝʜʝʥʠʝ ʠʣʠ  ʠʥʥʦʚʘʮʠʶ.  

ʌʠʥʘʥʩʦʚʳʡ ʧʦʪʝʥʮʠʘʣ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ  ʚʣʠʷʥʠʝʤ ʬʘʢʪʦʨʦʚ ʚʥʝʥhʝʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʝʚʦʡ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʝʡ  ʧʨʠʚʣʝʢʘʪʴ  

ʧʨʤ̫ʳʝ ʠ ʥʝʧʨʷʤʳʝ ʠʥʚʝʩʪʠʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ  

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʤʦʙʠʣʠʟʦʚʘʪʴ ʚʥʝʰʥʠʝ ʠ  ʚʥʫʪʨʝʥʥʠʝ  

ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ.  

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʝʚʦʡ ʢʦʤʧʘʥʠʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ  

ʥʘʣʠʯʠʝ ʫ  ʢʦʤʧʘʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʠʪʘʣʘ, ʪ. ʝ. ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʥʘʥʠʡ,  ʥʘʚʳʢʦʚ ʠ  

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ ʩʦʪʨʫʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ  ʧʦʪʝʥʮʠʘʣ   ʧʦʜʨʘʟʫʤʝʚʘʝʪ  ʥʘʣʠʯʠʝ   ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʘʢʪʠʚʦʚ, 

ʚʢʣʁʯʘʶʱʠʭ ʧʘʪʝʥʪʳ,  ʙʘʟʳ ʜʘʥʥʳʭ,  ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ,  ʪʦʚʘʨʥʳʝ ʟʥʘʢʠ ʠ  ʜʨ., 

ʢʦʪʦʨʳʝ  ʠʩʧʦʣʴʟʫʶʪʩʷ  ʚ ʠʥʥʦʚʘʮʠʦʥʥʦʡ  ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ.  ʉʧʝʮʠʬʠʯʝʩʢʠʤ 

ʚʠʜʦʤ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ  ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ   ʠ  ʚʥʝʜʨʝʥʠʷ  ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ  ʩʠʩʪʝʤ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʜʠʩʪʘʥʮʠʦʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ  ʦʙʲʝʤʘ  ʧʦʩʪʘʚʦʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ  ʧʦʪʨʝʙʠʪʝʣʷʤ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʦʙʲʝʤʘʤʠ  

ʠʭ  ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʥʥʦʚʘʮʠʦʥʥʳʡ  ʧʦʪʝʥʮʠʘʣ 

ʦʪʨʘʞʘʝʪ ʠʥʪʝʛʨʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʞʜʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʚʳʭ ʢʦʤʧʘʥʠʡ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ: ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʠ 

ʜʝʪʘʣʴʥʳʡ [7].  

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʥʘʣʠʟ ʠ ʜʠʘʛʥʦʩʪʠʢʫ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. ʉʫʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʝʜʫʱʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ (ʵʢʩʧʝʨʪʘʤ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʩʪʘʚʠʪʴ 

ʦʮʝʥʢʠ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʦʟʤʦʞʥʘʷ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ 

ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ.  

ɼʝʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ. ʋʩʪʘʥʦʚʣʝʥʠʝ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʯʠʩʣʝʥʥʦʤ ʚʳʯʠʩʣʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ. ʉʨʝʜʠ 

ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʦʯʝʥʴ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʦʪʦʨʳʭ  ʤʝʥʝʜʞʝʨ  ʯʘʱʝ  ʚʩʝʛʦ ʥʝ  

ʦʙʣʘʜʘʝʪ.  

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ  ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ  ʩʝʪʝʚʳʭ 

ʢʦʤʧʘʥʠʡ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ  ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ  

ʨʝʰʝʥʠʡ ʤʝʥʝʜʞʤʝʥʪʦʤ ʢʦʤʧʘʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʩʪʝʧʝʥʠ ʛʦʪʦʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʢ  

ʦʩʫʱʝʩʪʚʣʝʥʠʶ  ʠ  ʚʝʜʝʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʌʝʜʝʨʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩʦʛʣʘʩʥʦ çʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʈʦʩʩʠʠ ʥʘ 
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çʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʈʦʩʩʠʠ ʜʦ 2030 ʛʦʜʘè ʧʨʠʥʷʪʘ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʠ 13 

ʥʦʷʙʨʷ 2009 ʛʦʜʘ. ʆʥʘ ʩʤʝʥʠʣʘ çʕʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʪʨʘʪʝʛʠʶ ʈʦʩʩʠʠè, ʨʘʩʩʯʠʪʘʥʥʫʶ ʜʦ 

2020 ʛʦʜʘ ʦʪ 28 ʘʚʛʫʩʪʘ 2003 ʛʦʜʘ. ʉʪʨʘʪʝʛʠʷ ʦʧʨʝʜʝʣʷʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʧʦʣʠʪʠʢʫ, ʮʝʣʴʶ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ 

ʈʦʩʩʠʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʦʩʪʘ 

ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ.  

ɺʘʞʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʨʘʟʚʠʪʠʷ ʪʦʧʣʠʚʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʈʦʩʩʠʠ ʩʪʨʘʪʝʛʠʷ 

ʥʘʟʳʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʚ ʤʠʨʦʚʫʶ ʵʢʦʥʦʤʠʢʫ, ʩʦʟʜʘʥʠʝ ʢʦʥʢʫʨʝʥʪʥʦʡ ʨʳʥʦʯʥʦʡ ʩʨʝʜʳ ʠ 

ʧʝʨʝʭʦʜ ʢ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ. ʊʘʢʞʝ ʩʪʨʘʪʝʛʠʷ ʩʪʘʚʠʪ 

ʮʝʣʴʶ ʧʝʨʝʭʦʜ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʦʪ ʵʢʩʧʦʨʪʥʦ-ʩʳʨʴʝʚʦʡ ʢ ʨʝʩʫʨʩʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ, ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʚ ʧʦʣʴʟʫ ʤʝʥʝʝ ʵʥʝʨʛʦʸʤʢʠʭ ʦʪʨʘʩʣʝʡ, 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʜʦ ʫʨʦʚʥʷ ʩʪʨʘʥ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʚ ʂʘʥʘʜʝ ʠ ʩʪʨʘʥʘʭ 

ʉʢʘʥʜʠʥʘʚʠʠ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʕʥʝʨʛʦʝʤʢʦʩʪʴ ɺɺʇ ʚ 2008 ʛ., ʪʦʥʥ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ/ ʪʳʩ. ʝʚʨʦ ɺɺʇ 

 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʈʦʩʩʠʠ, 

ʂʘʥʘʜʝ ʠ  ʌʠʥʣʷʥʜʠʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʜʥʦʤ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʧʦʷʩʝ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ɺɺʇ ʈʌ ʦʩʪʘʝʪʩʷ ʥʘ ʥʝʧʦʟʚʦʣʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʜʘʞʝ ʩ 

ʫʯʝʪʦʤ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ, ʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʨʦʮʝʩʩʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʘ, ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʨʝʘʣʠʟʫʶʱʠʭ ʦʙʱʫʶ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʮʝʣʴ ï ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʵʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ 

ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʠ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ 

(ʛʝʥʝʨʠʨʫʶʱʠʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʩʙʳʪʦʚʳʭ  ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ  ʢʦʤʧʘʥʠʡ), ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ  
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ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʨʝʘʣʠʟʘʮʠʶ ʩʦʙʩʪʚʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʮʝʣʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʠʙʳʣʠ ʠʣʠ ʚʥʦʚʴ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ.  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʦ ʩʣʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʩʪʘʣʠ ʚʝʩʴʤʘ 

ʥʝʥʘʜʝʞʥʳʤʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʩʠʩʪʝʤʥʳʝ ʘʚʘʨʠʠ, ʘ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ï ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ (ʨʠʩ.1), ʯʪʦ ʧʦʨʦʜʠʣʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʠʟʚʝʩʪʥʦʡ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʫʤʥʦʡè (Smart Grids) ʠʣʠ 

çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡè. 

 

ʊʘʙʣʠʮʘ 1 

ʂʨʫʧʥʝʡʰʠʝ ʘʚʘʨʠʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʈʌ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ 

ɸʚʘʨʠʷ ʇʨʠʯʠʥʘ 

ɼʣʠʪʝʣʴʥʦʩʪʴ 
ʦʪʩʫʪʩʪʚʠʷ 
ʵʥʝʨʛʦ- 

ʦʙʝʩʧʝʯʝʥʠʷ 

ʋʱʝʨʙ ʇʦʩʣʝʜʩʪʚʠʷ 

ɸʚʘʨʠʷ 
ʵʥʝʨʛʦʩʝʪʠ  
ʚ ʄʦʩʢʚʝ 
(25.05.05) 

ʀʟʥʦʩ 
ʦʙʦʨʫʜʦʚʘʥ
ʠʷ, 
ʦʪʩʫʪʩʪʚʠʝ 
ʨʝʟʝʨʚʥʳʭ 
ʤʦʱʥʦʩʪʝʡ 
ʥʘ ʇʉ 
çʏʘʛʠʥʦè.  

10-15 ʤʠʥ. 2 ʤʣʨʜ. 
212 ʤʣʥ. 
ʨʫʙ. 

 

Å ʊʦʨʛʦʚʳʝ ʧʣʦʱʘʜʢʠ ʈʊʉ ʠ ʄ 
Å ʄɺɹ, ʧʨʠʦʩʪʘʥʦʚʠʣʠ ʪʦʨʛʠ ʚ 
ʩʝʨʝʜʠʥʝ ʜʥʷ; 
Å ʇʨʝʜʧʨʠʷʪʠʷ ɿʀʃ, 
ʄʦʩʢʦʚʩʢʠʡ ʧʦʜʰʠʧʥʠʢʦʚʳʡ 
ʟʘʚʦʜ, ʄʦʩʢʦʚʩʢʠʡ ʅʇɿ ʠ 
ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ 
ʦʩʪʘʥʦʚʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ; 
Å ʄʝʞʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ 
ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ 
ʙʘʥʢʘ ʈʌ, ʥʘ ʢʦʪʦʨʳʡ 
ʧʨʠʭʦʜʠʪʩʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 
ʨʘʩʯʸʪʦʚ ʚ ʩʪʨʘʥʝ, ʩʤʝʩʪʠʣ 
ʚʨʝʤʷ ʧʣʘʪʝʞʝʡ ʥʘ ʥʝʩʢʦʣʴʢʦ 
ʯʘʩʦʚ. ʄʥʦʛʠʝ ʙʘʥʢʠ 
ʚʳʥʫʞʜʝʥʳ ʙʳʣʠ ʧʨʝʢʨʘʪʠʪʴ 
ʨʘʙʦʪʫ ʯʘʩʪʠ ʩʚʦʠʭ ʦʬʠʩʦʚ ʠ 
ʬʠʣʠʘʣʦʚ; 
Å ʀʟ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ 
52 ʠʟ 170 ʩʪʘʥʮʠʡ ʄʦʩʢʦʚʩʢʦʛʦ 
ʤʝʪʨʦ, ʚ ʪʫʥʥʝʣʷʭ ʥʘ ʨʘʟʥʳʭ 
ʣʠʥʠʷʭ ʦʩʪʘʥʦʚʠʣʦʩʴ 43 
ʩʦʩʪʘʚʘ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʦʩʴ 
ʦʢʦʣʦ 20 ʪʳʩ. ʯʝʣʦʚʝʢ ʠ ʪ.ʜ. 

ɸʚʘʨʠʷ 
ʵʥʝʨʛʦʩʝʪʠ  
ʚ ʉʘʥʢʪ- 
ʇʝʪʝʨʙʫʨʛʝ 
(20.08.10) 

ʀʟʥʦʩ 
ʦʙʦʨʫʜʦʚʘʥ
ʠʷ ʥʘ ʇʉ 
çɺʦʩʪʦʯʥʘʷ
è  

45 ʤʠʥ. 300 ʤʣʥ. 
ʨʫʙ. 

 

Å 40 % ʧʣʦʱʘʜʠ ʇʝʪʝʨʙʫʨʛʘ ʩ 
ʧʨʠʛʦʨʦʜʘʤʠ (ʩʝʚʝʨ ʠ ʯʘʩʪʴ 
ʮʝʥʪʨʘ ʛʦʨʦʜʘ), ʘ ʪʘʢʞʝ 
ʥʝʩʢʦʣʴʢʦ ʨʘʡʦʥʦʚ 
ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 
ʧʦʣʥʦʩʪʴʶ ʦʩʪʘʣʠʩʴ ʙʝʟ 
ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ; 
Å ʦʪʢʣʶʯʠʣʘʩʴ ʧʦʜʘʯʘ ʚʦʜʳ; 
Å ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʝ ʨʘʙʦʪʘʣʘ 
1-ʷ ʣʠʥʠʷ ʤʝʪʨʦ. 

 

ɺ ʮʝʣʷʭ ʨʝʰʝʥʠʷ ʩʣʦʞʠʚʰʠʭʩʷ ʧʨʦʙʣʝʤ ʚ ʨʘʤʢʘʭ çʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ 

ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʚʠʪʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʚʳʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ [10]: 
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ï ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʭ ʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʈʦʩʩʠʠ (ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʝʪʠ ï Smart Grid); 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʥʜʫʢʮʠʦʥʥʳʭ 

ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

ï ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ; 

ï ʨʘʟʚʠʪʠʝ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʩʝʪʝʚʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʫʩʪʨʦʡʩʪʚ (ʛʠʙʢʠʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ï 

FACTS); 

ï ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʧʝʨʘʪʠʚʥʦ-ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʵʢʩʧʝʨʪʥʦ-

ʨʘʩʯʸʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ; 

ï ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʥʘʜʸʞʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʫʨʦʚʥʷʤʠ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʫʙʣʠʨʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʠ ʮʝʥʪʨʘʤʠ ʫʧʨʘʚʣʝʥʠʷ; 

ï ʩʦʟʜʘʥʠʝ ʠ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʩʝ ʫʨʦʚʥʠ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʠ; 

ï ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ; 

ï ʩʦʟʜʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʠʩʪʝʤ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ ʧʦʢʨʳʪʠʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʝʡ ʛʨʘʬʠʢʘ ʥʘʛʨʫʟʢʠ ʠ ʪ.ʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʵʣʝʤʝʥʪʳ  ʢʦʥʮʝʧʮʠʠ Smart Grid  

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ  ʢʘʢ ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʢ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʤʫʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʥʘʧʨʘʚʣʝʥʠʶ  ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ  ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʥʘ ʙʘʟʝ ʥʦʚʦʡ 

ʢʦʥʮʝʧʮʠʠ, ʧʦʣʫʯʠʚʰʝʡ ʟʘ ʨʫʙʝʞʦʤ ʥʘʟʚʘʥʠʝ Smart Grid, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʦʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʚʦʜʘʭ ʚ ʦʩʥʦʚʥʦʤ ʢʘʢ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ (ʫʤʥʘʷ) ʩʝʪʴ (ʵʥʝʨʛʦʩʠʩʪʝʤʘ)è (ʚ 

ʈʦʩʩʠʠ ʵʪʦʤʫ ʪʝʨʤʠʥʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʥʷʪʠʝ ï ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʳʝ ʩʝʪʠ). ʆʩʥʦʚʥʳʤʠ 

ʠʜʝʦʣʦʛʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʦʡ ʢʦʥʮʝʧʮʠʠ ʚʳʩʪʫʧʠʣʠ ʉʐɸ ʠ ʩʪʨʘʥʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ 

(ɽʉ), ʧʨʠʥʷʚʰʠʝ ʝʝ ʢʘʢ ʦʩʥʦʚʫ ʩʚʦʝʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʢʦʥʮʝʧʮʠʷ Smart Grid ʧʦʣʫʯʠʣʘ ʧʨʠʟʥʘʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʢʨʫʧʥʳʭ ʠʥʜʫʩʪʨʠʘʣʴʥʦ ʨʘʟʚʠʪʳʭ ʠ ʜʠʥʘʤʠʯʥʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ, ʛʜʝ ʨʘʟʚʝʨʥʫʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʇʨʠ ʵʪʦʤ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝ ʧʨʦʩʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ, ʪʝʢʫʱʠʭ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʘʢʪʠʚʦʚ ʭʦʟʷʡʩʪʚʫʶʱʠʭ 

ʩʫʙʲʝʢʪʦʚ ʚʩʝʭ ʟʚʝʥʴʝʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ, ʥʦ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ (ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ) ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ) ʟʘ ʩʯʝʪ 

ʥʦʚʦʛʦ ʦʙʣʠʢʘ ð çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡè ʵʥʝʨʛʝʪʠʢʠ [7]. 

ʉʦʟʜʘʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ð ʥʝʦʙʭʦʜʠʤʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʫʩʣʦʞʥʝʥʠʝʤ ʟʘʜʘʯ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʩʪʫʱʠʤ ʩʧʨʦʩʦʤ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʣʫʛʠ ʚ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʠ ʢʘʯʝʩʪʚʝʥʥʦʤ ʚʠʜʝ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʜʥʦʟʥʘʯʥʘʷ ʠ ʦʙʱʝʧʨʠʥʷʪʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʪʝʨʤʠʥʘ ʠ ʜʘʞʝ 

ʦʜʥʦʟʥʘʯʥʦʝ ʧʦʥʷʪʠʝ Smart Grid ʧʦʢʘ ʝʱʝ ʥʝ ʚʳʨʘʙʦʪʘʥʦ. ɺ ʨʘʟʣʠʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ Smart 

Grid ʪʨʘʢʪʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦ-ʨʘʟʥʦʤʫ, ʦʪʨʘʞʘʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʟʛʣʷʜʳ ʠ ʧʦʟʠʮʠʠ 

ʦʩʥʦʚʥʳʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʠ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʚʠʪʠʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʦʨʦʥ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʠʥʪʝʨʝʩʘʤʠ. 
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ʊʘʙʣʠʮʘ 2 

ɺʘʨʠʘʥʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ çSmart Gridè 

ˉ 

ʧ/ʧ 

ʆʨʛʘʥʠʟʘʮʠʷ, 

ʧʨʝʜʣʦʞʠʚʰʘʷ 

ʦʧʨʝʜʝʣʝʥʠʝ 

ʆʧʨʝʜʝʣʝʥʠʝ 
ʂʣʶʯʝʚʦʝ 

ʩʣʦʚʦ 

1 ɽʚʨʦʧʝʡʩʢʦʡ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ  

ʧʣʘʪʬʦʨʤʦʡ, Smart 

Grid (European 

Technology Platform 

SmartGrids) [1].  

Smart Grid ï ʵʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʙʫʜʫʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʤʫ ʠ ʵʢʦʥʦʤʠʯʥʦʤʫ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ 

ʩʢʦʦʨʜʠʥʠʨʦ-ʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʠ 

ʧʦʤʦʱʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʫʩʪʦʨʦʥʥʠʭ 

ʢʦʤʤʫʥʠ-ʢʘʮʠʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʩʪʘʥʮʠʷʤʠ, ʘʢʢʫʤʫʣʠʨʫʶʱʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. 

ʉʝʪʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠ

ʝ ʙʫʜʫʱʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

2 ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʣʘʙʦʨʘʪʦʨʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ  

(The National Energy 

Technology 

Laboratory  Modern 

Grid Initiative) [2]. 

Smart Grid ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʦʨʛʘʥʠʟʘʮʠʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʥʦʚʦʡ 

ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ, ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢ ʞʝ 

ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘ

ʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ

ʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʠ 

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. 

3 ʀʥʩʪʠʪʫʪ 

ʀʥʞʝʥʝʨʦʚ ʧʦ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ 

ʵʣʝʢʪʨʦʥʠʢʝ 

(The Institute of 

Electrical and 

Electronics Engineers 

(IEEE)The 

IntelliGrids) [3]. 

Smart Grid ï ʵʪʦ ʥʦʚʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʠʥʪʝʛʨʠʨʫʝʪ ʧʨʦʜʚʠʞʝʥʠʝ ʚ 

ʢʦʤʤʫʥʠʢʘʮʠʷʭ, ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʵʣʝʢʪʨʦʥʠʢʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʵʥʝʨʛʝʪʠʢʠ ʙʫʜʫʱʝʛʦ. 

ʂʦʥʮʝʧʮʠʷ 

ʧʦʣʥʦʩʪʴʶ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ

,  

ʩʘʤʦʨʝʛʫʣʠʨʫʶʱ

ʝʡʩʷ  ʠ   

ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠ

ʚʘʶʱʝʡʩʷ ʕʕʉ. 

4 ʄʠʥʠʩʪʝʨʩʪʚʦ   

ʵʥʝʨʛʝʪʠʢʠ  ʉʐɸ  

[4]. 

Smart Grid ï  ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ  ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ  

ʩʠʩʪʝʤʘ,  

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ  ʜʚʫʩʪʦʨʦʥʥʠʡ  ʧʦʪʦʢ  

ʵʣʝʢʪʨʠʯʝʩʢʦʡ  ʵʥʝʨʛʠʠ  ʠ  ʠʥʬʦʨʤʘʮʠʠ 

ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʪʘʥʮʠʷʤʠ ʠ   

ʫʩʪʨʦʡʩʪʚʘʤʠ  ʧʦʚʩʝʤʝʩʪʥʦ. Smart Grid ʟʘ  

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ  ʤʝʪʦʜʦʚ ʥʘʧʦʣʥʷʝʪ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʫ çʟʥʘʥʠʷʤʠè, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʨʝʟʢʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘ

ʥʥʘʷ  

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ  

ʩʠʩʪʝʤʘ. 

5 ʀʥʩʪʠʪʫʪ  

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ  

ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ 

ɸʢʪʠʚʥʦ ï ʘʜʘʧʪʠʚʥʘʷ ʩʝʪʴ (ɸɸʉ) ï ʵʪʦ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ 

ʛʝʥʝʨʠʨʫʶʱʠʤ ʠʩʪʦʯʥʠʢʘʤ ʠ 

ʧʦʪʨʝʙʠʪʝʣʷʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

ɸʢʪʠʚʥʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʝʪʠ 



114   ɻʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ     ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ      ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʉʐɸ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʝʪʷʤ (Smart Grid) 

ʧʨʠʩʫʱʠ ʩʣʝʜʫʶʱʠʝ ʘʪʨʠʙʫʪʳ [5]: 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʩʣʝ ʩʙʦʝʚ ʚ ʧʦʜʘʯʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʚ ʨʘʙʦʪʝ ʩʝʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʝʪʠ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʠ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʤʫ ʚʤʝʰʘʪʝʣʴʩʪʚʫ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ; 

ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʥʭʨʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʝʨʘʮʠʠ ʠ ʫʟʣʦʚ ʭʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʨʳʥʢʦʚ; 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ.  

ɺ ʈʦʩʩʠʠ ʠʜʝʷ Smart Grid ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʮʝʧʮʠʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʟʥʘʢʘʤʠ 

[6]: 

ʥʘʩʳʱʝʥʥʦʩʪʴ ʩʝʪʠ ʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʠʟʤʝʥʷʪʴ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ; 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ, ʠʟʤʝʨʷʶʱʠʭ ʪʝʢʫʱʠʝ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ; 

ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ), ʘ ʪʘʢʞʝ 

ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʠ ʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʪʴ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩʦ ʩʤʝʞʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ; 

ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʨʘʙʦʪʳ 

ʩʝʪʠ; 

ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ.  

ʅʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ Smart Grid ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʦʜʢʣʶʯʸʥʥʳʭ ʢ ʛʝʥʝʨʠʨʫʶʱʠʤ ʠʩʪʦʯʥʠʢʘʤ ʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʜʸʞʥʫʶ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʢ ʧʨʠʸʤʥʠʢʫ [8]. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ  ʵʥʝʨʛʝʪʠʢʘ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  ʢʘʢ ʮʝʣʦʩʪʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʧʣʘʪʬʦʨʤʘ, ʦʪʚʝʯʘʶʱʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʥʫʞʜʘʤ ʥʦʚʦʡ, ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʵʢʦʥʦʤʠʢʠ 21 

ʚʝʢʘ, ʟʘʧʨʦʩʘʤ ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʦʙʱʝʩʪʚʘ,  ʪʨʝʙʦʚʘʥʠʷʤ  ʫʩʪʦʡʯʠʚʦʛʦ  ʨʘʟʚʠʪʠʷ. ʅʘ 

ʩʘʤʦʤ ʜʝʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʙʘʟʠʩ  ʢʦʥʮʝʧʮʠʠ Smart Grid ʥʘʤʥʦʛʦ ʰʠʨʝ, ʯʝʤ ʧʨʦʩʪʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʝʪʠ, ʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠ ʫʯʝʪ, ʠ ʧʨʦʛʨʘʤʤʳ ʫʣʫʯʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ (ʨʠʩ. 2). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʷʜʝ ʨʦʩʩʠʡʩʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʝʢʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ Smart Grid. ʋʩʣʦʚʥʦ ʪʘʢʠʝ ʧʨʦʝʢʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 

ʛʨʫʧʧʳ: ʩʠʩʪʝʤʥʳʝ ʧʨʦʝʢʪʳ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ, ʣʦʢʘʣʴʥʳʝ ʧʨʦʝʢʪʳ. [7] 

ʉʠʩʪʝʤʥʳʝ ʧʨʦʝʢʪʳ. ʂ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʝʢʪʦʚ ʚ ʠʥʪʝʨʝʩʘʭ ʆɸʆ çʉʆ  ɽʕʉè ð ʩʦʟʜʘʥʠʝ 

ʩʠʩʪʝʤʳ SCADA EMS. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ  ʩʧʦʩʦʙʥʘ ʟʘʤʝʥʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʣʦʢʘʣʴʥʳʭ, 

ʫʟʢʦʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʆɸʆ  çʉʆ  ɽʕʉè  ʚ  ʪʘʢʠʭ  ʦʙʣʘʩʪʷʭ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ 

ʜʦʣʛʦʩʨʦʯʥʦʝ, ʩʨʝʜʥʝʩʨʦʯʥʦʝ, ʢʨʘʪʢʦʩʨʦʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ɽʕʉ 

ʈʦʩʩʠʠ, ʧʨʦʮʝʜʫʨʳ ʧʦʜʜʝʨʞʢʠ ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʟʘʷʚʦʢ ʥʘ  ʚʳʚʦʜ ʚ  ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ  ʤʥʦʛʠʭ ʜʨʫʛʠʭ. 

 



ˉ 2 (11). ʄʘʡ, 2014 ʛ.    ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ      ɻʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ   115 

 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ  ʢʦʥʮʝʧʮʠʠ Smart Grid 

 

 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

 

 

ʋʤʥʳʡ ʫʯʝʪ 

(Smart Metering) 

 

 ʋʤʥʘʷ ʩʝʪʴ 

(Smart Grid ) 

 ʕʥʝʨʛʦ-

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

(Demand  

Response/EE) 

 

ʇʦʪʨʝʙʠʪʝʣʴʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ 

(Home Network) 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʩʥʷʪʠʝ  

ʧʦʢʘʟʘʥʠʡ 

ɼʚʫʩʪʦʨʦʥʥʷʷ  

ʢʦʤʤʫʥʠʢʘʮʠʷ 

ʋʜʘʣʝʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʠʙʦʨʘʤʠ 

ʉʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ ʫʯʝʪʘ 

ʄʫʣʴʪʠ- 

ʦʪʨʘʩʣʝʚʳʝ  

ʧʨʠʙʦʨʳ ʫʯʝʪʘ 

ʋʜʘʣʝʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

ʩʝʪʴʶ 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

ʩʝʪʴʶ 

ʆʧʪʠʤʠʟʘʮʠʷ 

ʧʦʪʝʨʴ 

ʋʯʝʪ ʠ ʘʥʘʣʠʟ 

ʪʝʭʥʘʨʫʰʝʥʠʡ 

ʆʧʪʠʤʠʟʘʮʠʷ 

ʧʣʘʥʠʨʦʚʘʥʠ

ʷ ʩʝʪʠ 

 

ʊʆʠʈ  

ʧʦ ʩʦʩʪʦʷʥʠʶ 

ʋʧʨʘʚʣʝʥʠʝ  

ʨʘʙʦʯʠʤʠ  

ʙʨʠʛʘʜʘʤʠ 

ʋʧʨʘʚʣʝʥʠʝ 

 ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

ʥʘʛʨʫʟʢʠ 

ʀʥʪʝʨʚʘʣʴʥʘʷ 

ʪʘʨʠʬʠʢʘʮʠʷ 

ʍʨʘʥʝʥʠʝ  

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

 

ʂʦʛʝʥʝʨʘʮʠʷ 

ɽʜʠʥʘʷ  

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ, ʩʪʘʥʜʘʨʪ 

ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʢʫʣʴʪʫʨʳ  

ʧʦʪʨʝʙʣʝʥʠʷ 

ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ 

ʛʝʥʝʨʘʮʠʷ 

 
ʕʣʝʢʪʨʦʤʦʙʠʣʠ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥ

ʳʝ ʙʳʪʦʚʳʝ   

ʧʨʠʙʦʨʳ 

ʄʥʦʛʦʢʘʥʘʣʴʥʘʷ 

ʜʦʩʪʫʧʥʦʩʪʴ  

ʠʥʬʦʨʤʘʮʠʠ 



116   ɻʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ     ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ      ̄  2 (11). ʄʘʡ, 2014 ʛ. 

 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ: 

ü ʇʨʦʛʨʘʤʤʘ  ʩʦʟʜʘʥʠʷ  ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ  ʩʠʩʪʝʤʳ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ɸʀʀʉ ʂʋʕ). 

ü ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ (WAMS) ʚ ʈʦʩʩʠʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ   

ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʧʨʠʙʦʨʦʚ, ʩʠʩʪʝʤ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ  ʤʝʞʜʫ  ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ  

ʜʘʥʥʳʭ ʠ   ʮʝʥʪʨʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʘ  ʪʘʢʞʝ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ü ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ  ʣʠʥʠʠ  ʩʚʷʟʠ  (ɺʆʃʉ).    ɺ  ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ɽʜʠʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʝʪʠ ʩʚʷʟʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ, ʢʦʪʦʨʘʷ 

ʩʪʨʦʠʪʩʷ ʥʘ  ʙʘʟʝ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʫʟʣʦʚ ʟʘ  

ʩʯʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɺʆʃʉ ʠ ʪ.ʜ. 

ʃʦʢʘʣʴʥʳʝ ʧʨʦʝʢʪʳ. ʂ  ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʧʨʦʝʢʪʳ, ʨʝʘʣʠʟʫʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʢʘʢ  ʧʨʘʚʠʣʦ, ʩʙʳʪʦʚʳʤʠ ʠ   ʵʣʝʢʪʨʦʩʝʪʝʚʳʤʠ: ʦʨʛʘʥʠʟʘʮʠʷ 

ʩʠʩʪʝʤ ʤʥʦʛʦʪʘʨʠʬʥʦʛʦ ʫʯʝʪʘ, ʫʩʪʘʥʦʚʢʘ ʙʠʣʣʠʥʛʦʚʳʭ ʩʠʩʪʝʤ, ʨʝʘʣʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʦʪʢʣʶʯʝʥʠʷ. ʇʨʠʤʝʨʳ ʠʥʩʪʘʣʣʷʮʠʡ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʝʜʠʥʠʯʥʳ. ʅʘʠʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ ʣʦʢʘʣʴʥʳʤ ʧʨʦʝʢʪʦʤ ʚʥʝ-ʜʨʝʥʠʷ 

ʢʦʥʮʝʧʮʠʠ Smart Grid ʚ   ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ çʫʤʥʦʛʦè  ʛʦʨʦʜʘ  ʚ   ɹʝʣʛʦʨʦʜʝ. [7] 

ʉʦʟʜʘʥʠʝ  ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʈʦʩʩʠʠ ʙʫʜʝʪ  ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ  

ʨ̫ ʜʦʤ  ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʵʬʬʝʢʪʦʚ. ʆʩʥʦʚʥʳʝ  ʠʭ  ʪʠʧʳ  ʩʚʷʟʘʥʳ  ʩ  ʧʝʨʝʭʦʜʦʤ  ʢ  ʥʦʚʦʤʫ  

ʢʘʯʝʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ [9]:  

- ʵʬʬʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʦʚ 

ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ, ʩʥʠʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʠ ʫʧʣʦʪʥʝʥʠʝ ʛʨʘʬʠʢʘ ʥʘʛʨʫʟʢʠ ʚ 

ʵʥʝʨʛʦʩʠʩʪʝʤʝ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠ ʦʙʱʠʤ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ 

ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ;   

- ʵʬʬʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʝʨʷʤʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʥʝʥʘʛʨʫʟʦʯʥʳʭ ʧʦʪʝʨʴ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʪʠʧʦʚ 

ʧʨʦʚʦʜʦʚ ʠ ʩʠʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʥʘʛʨʫʟʦʯʥʳʭ ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʢʘʯʝʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʩʝʪʠ, ʘ ʪʘʢʞʝ  ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ 

ʨʝʞʠʤʦʚ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ;  

- ʵʬʬʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʧʫʩʢʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʣʠʥʠʡ ʚ ʦʩʥʦʚʥʦʡ ʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ ʧʝʨʝʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʛʠʙʢʠʭ ʧʝʨʝʜʘʯ ʠ ʥʦʚʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʪʠ;  

- ʵʬʬʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʩʣʫʞʘʱʠʭ ʧʨʠʯʠʥʦʡ 

ʧʨʷʤʦʛʦ ʥʝʜʦʦʪʧʫʩʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʣʠ ʥʝʥʘʜʣʝʞʘʱʝʛʦ ʢʘʯʝʩʪʚʘ. ʇʨʠ  

ʵʪʦʤ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʘʶʪʩʷ ʧʨʷʤʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʟ-ʟʘ 

ʫʧʫʱʝʥʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʚʳʛʦʜʳ, ʧʦʨʯʠ ʩʳʨʴʷ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʉʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʜʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʙʘʣʘʥʩʦʚʦʡ  

ʩʠʪʫʘʮʠʠ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ  ʈʦʩʩʠʠ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ  ʧʦʪʨʝʙʥʦʩʪʠ  ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʚʟʘʠʤʥʦʤʫ ʫʩʠʣʝʥʠʶ (ʩʠʥʝʨʛʠʠ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ  ʚ  ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ  ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ  ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ  

ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʚʠʜʝ  ʧʨʦʩʪʦʡ ʩʫʤʤʳ ʵʬʬʝʢʪʦʚ. 
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