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ɼʀʉɽʈʊɸʎɯʗ 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɸʃʔʊɽʈʅɸʊʀɺʅʆɻʆ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ɿɸ ʈɸʍʋʅʆʂ ɽʅɽʈɻɯɰ ʈ̂ʋʅʊʋ,  

ʈ̂ʋʅʊʆɺʀʍ ʊɸ ʉʊɯʏʅʀʍ ɺʆɼ 

 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 144 ï ʊʝʧʣʦʝʥʝʨʛʝʪʠʢʘ 

ɻʘʣʫʟʴ ʟʥʘʥʴ 14 ï ɽʣʝʢʪʨʠʯʥʘ ʽʥʞʝʥʝʨʽʷ 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

_____________________ ʇ.ʆ. ɯʚʘʥʦʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ         ɼʝʥʠʩʦʚʘ ɸʣʣʘ ɭʚʩʽʾʚʥʘ, 

 ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
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ɸʅʆʊɸʎɯʗ 

ɯʚʘʥʦʚ ʇ.ʆ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʠʭ ʪʘ ʩʪʽʯʥʠʭ ʚʦʜ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

144 ï ʊʝʧʣʦʝʥʝʨʛʝʪʠʢʘ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ «ʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ» ʄʆʅ 

ʋʢʨʘʾʥʠ, ʆʜʝʩʘ, 2026 

ʋ ʚʩʪʫʧʽ ʚʠʩʚʽʪʣʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʾ 

ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʥʘ ʙʘʟʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʮʠʢʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ 

(ˆɽ), ˇʨʫʥʪʦʚʠʭ (ˆɺ) ʽ ʩʪʽʯʥʠʭ ʚʦʜ (ʉɺ).  

ɸʣʴʪʝʨʥʘʪʠʚʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ 

ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʠʭ ʪʘ ʩʪʽʯʥʠʭ ʚʦʜ ʜʣʷ ʧʘʨʦʢʦʤʧʨʝʩʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

(ʊʅ) ʥʘʣʝʞʠʪʴ ʜʦ  ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʢʣʫ ʊʅ ʪʘ ʟʤʝʥʰʝʥʥʶ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ ʟʘ ʨʘʭʫʥʦʢ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤ.̔  

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʩʫʯʘʩʥʠʭ ʩʚʽʪʦʚʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʟʚʘʞʘʶʯʠ ʥʘ ʛʦʩʪʨʫ ʧʦʪʨʝʙʫ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ 

ʪʝʧʣʦʪʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʧʠʪʦʤ ʧʨʘʢʪʠʢʠ ʻ ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ, 

ʨʝʞʠʤʥʠʭ ʪʘ  ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʠʭ ʪʘ ʩʪʽʯʥʠʭ ʚʦʜ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤ  ʟʘʩʘʜʘʤ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʩʧʦʞʠʚʘʯʽʚ  ʛʘʣʫʟʽ. 

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʤʝʪʦʜʽʚ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʥʘ ʙʘʟʽ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʠʭ ʪʘ ʩʪʽʯʥʠʭ ʚʦʜ, ʤʘ̒ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷ ̒ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʽ ʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ  

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʟʘ 

ʫʤʦʚ, ʱʦ ʧʨʠʡʥʷʪʽ ʜʦ ʫʚʘʛʠ ʝʥʝʨʛʝʪʠʯʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ 



3 
 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʣʽʤʘʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ.    

ɸʣʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʪʨʝʙ ʫ ʟʘʩʪʦʩʫʚʘʥʥ ̔ ʥ̔ʥʦʚʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʾ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʚʢʘʟʘʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʰʠʨʦʢʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʪʝʭʥʦʣʦʛʽʾ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ 

ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʠʭ  ̔ʩʪʽʯʥʠʭ ʚʦʜ, ʟʘʚʘʞʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ  ̔ʝʢʦʣʦʛʽʯʥʠʭ 

ʯʠʥʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʣʠʡ ʪʝʨʤʽʯʥʠʡ ʩʪʘʥ 

ʜʞʝʨʝʣ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʭʾ ʜʦʚʛʦʪʨʠʚʘʣʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ʨ̌ʫʥʪʦʚʠʭ ʪʘ ʩʢʠʜʥʠʭ ʚʦʜ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʘʪʠ ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, 

ʱʦ ʥʝ hʢʦʜʷʪʴ ʜʦʚʢʽʣʣʶ, ʾʾ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʪʝʧʣʦʚʽ ʪʘ ʨʝʞʠʤʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ ʪʘ ʨʝʛ̔ʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ʅɸɼɽ), ʷʢʽ ʟʜʘʪʥ ̔

ʥʘʜʽʡʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʪʨʝʙʠ ʩʧʦʞʠʚʘʯʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʟʘʤʽʱʝʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʟʘʛʘʣʴʥʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ (ʋɯ) ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ (ʊʅʉ) ʥʘ ʙʘʟʽ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ʨ̌ʫʥʪʦʚʠʭ ʪʘ ʩʢʠʜʥʠʭ ʚʦʜ ʤʘʻ 

ʛʘʨʘʥʪʫʚʘʪʠ ʝʬʝʢʪʠʚʥʠʡ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʊʅʉ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʪʝʨʤʽʯʥʦʛʦ ʚʠʩʥʘʞʝʥʥʷ ʅɸɼɽ, ʧʨʠ ʚʽʜʙʦʨʽ ɽ̂, ̂ɺ  ̔ʉɺ ʜʣʷ 

ʚʠʧʘʨʥʠʢʘ ʊʅ, ʱʦ ̒  ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʽʡ ʧʨʠʩʚʷʯʝʥʦ ʜʘʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʚʩʪʫʧʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʝʥʦ ʦʙ'ʻʢʪ, ʧʨʝʜʤʝʪ, ʟʘʜʘʯʽ ʪʘ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ; ʥʘʚʝʜʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʠʤʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ; ʚʠʩʚʽʪʣʝʥʦ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ.  

ʋ ʨʦʟʜʽʣʽ 1 ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʩʚʽʪʣʝʥʦ ʟʘʩʘʜʠ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ  ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ, ʚʩʪʘʥʦʚʣʝʥʽ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ 
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ʥʝʜʦʣʽʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʊʅʋ) ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, 

ˇʨʫʥʪʦʚʠʭ ʪʘ ʩʢʠʜʥʠʭ ʚʦʜ ʟʘʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ, ʥʝʦʙʭʽʜʥʠʤ ʻ  

ʨʦʟʨʦʙʢʘ  ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʩʧʨʦʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʦʧʝʨʝʜʞʘʶʪʴ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʫ ï ʥʝʛʘʪʠʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ 

ʝʬʝʢʪ, ʷʢʠʡ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʧʨʠ  ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊʅʉ. 

ʆʪʞʝ, ʚʠʥʠʢʘʻ ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʝ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʤʽʱʝʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ.  

ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʽ ʭʘʨʘʢʪʝʨʥʽ ʥʘʷʚʥʽʩʪʶ 

ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʦʾ ʪʘ ʩʢʠʜʥʦʾ ʚʦʜʠ, ʷʢʠʡ ʜʦʮʽʣʴʥʦ 

ʫʪʠʣʽʟʫʚʘʪʠ ʚ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʽ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʩʧʦʞʠʚʘʯʽʚ. ʈʽʰʝʥʥʷ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʠʭ ʪʘ ʩʢʠʜʥʠʭ ʚʦʜ, ʟʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ, ʝʢʦʥʦʤʽʯʥʠʤʠ, 

ʝʢʦʣʦʛʽʯʥʠʤʠ ʪʘ ʩʦʮʽʘʣʴʥʠʤʠ ʯʠʥʥʠʢʘʤʠ.  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʯʠʩʣʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʊʅʉ ʥʘ ʙʘʟʽ  ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, 

ˇʨʫʥʪʦʚʦʾ ʪʘ ʩʢʠʜʥʦʾ ʚʦʜʠ ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʫʤʦʚ, ʟʘʚʘʞʘʻ ʥʝʜʦʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʽʩʥʫʶʯʠʭ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʘ ʟʘʧʦʙʽʛʘʪʠ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ 

ʊʅʉ, ʪʦʙʪʦ ʙʝʟ ʰʢʽʜʣʠʚʦʛʦ  ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʨʽʟʥʦʨʽʜʥʠʭ ʊʅʉ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʙʘʟʽ  ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʦʾ ʪʘ ʩʢʠʜʥʦʾ 

ʚʦʜʠ, ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ.  

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʧʝʨʰʠʡ ʧʫʥʢʪ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ 

ʥʘʩʪʫʧʥʦʤʫ: ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʟ 
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ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʨʽʟʥʦʨʽʜʥʠʭ ɺɼɽ 

(ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʦʾ ʪʘ ʩʢʠʜʥʦʾ ʚʦʜʠ), ʥʝʦʙʭʽʜʥʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʅʉ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʨʽʜʥʠʭ ʅɸɼɽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʾ ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ  

ʨʝʛʽʦʥʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʷʢ ʟʘʩʦʙʫ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʢʦʨʠʩʥʠʭ ʝʬʝʢʪʽʚ: ʝʥʝʨʛʝʪʠʯʥʦʛʦ (ʟʤʝʥʰʠʪʴ ʯʘʩʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ 

ʧʝʨʚʠʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽ) ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ (ʟʤʝʥʰʠʪʴ ʪʝʧʣʦʚʫ ʰʢʦʜʫ 

ʜʦʚʢʽʣʣʶ) ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʢʘʟʘʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ. 

ʋ ʨʦʟʜʽʣʽ 2 ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʤʦʚʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʝʥʝʨʛʽʾ ʨ̌ʫʥʪʫ (ɽ̂ʊʅʉ) ʜʣʷ ʮʽʣʝʡ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ˆɽʊʅʉ.  ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ˆʊʅʉ, 

ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʩʪʘʥʫ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ɽ̂ʊʅʉ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ̔ʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ̌ʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʜʦʟʚʦʣʠʚ ʚ 1,5 ʨʘʟʽʚ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʢʫʤʫʣʷʪʠʚʥʦʾ ʪʝʧʣʦʪʠ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ̌ ʨʫʥʪʫ ʜʦ 

ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʽʜʚʦʜʫ ʚʽʜ 

ʨ̌ʫʥʪʫ ʧʦ ʚʠʩʦʪʽ ˇʨʫʥʪʦʚʦʾ ʪʨʫʙʢʠ. ʂʨʽʤ ʪʦʛʦ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʧʨʦʪʷʞʥʦʩʪʽ ʟʦʥʠ 

ʪʝʧʣʦʦʙʤʽʥʽ ʟ ʧʘʨʦʚʦʶ ʬʘʟʦʶ, ʜʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʽ ʚʜʚʽʯʽ ʤʝʥʰʘ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʥʦʩʥʘ ʧʠʪʦʤʘ ʧʣʦʱʘ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʥʘ 1 ʤ2 ʦʧʘʣʶʚʘʣʴʥʠʭ 

ʧʨʠʤʽʱʝʥʴ. 

ɼʨʫʛʠʡ ʧʫʥʢʪ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʚʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ 

ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʝʥʝʨʛʽʾ ʨ̌ʫʥʪʫ (ɽ̂ʊʅʉ) ʚ 

ʨʝʞʠʤʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ 

ɽ̂ʊʅʉ ʥʘ ʟʘʩʘʜʘʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʨʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ ˆɽʊʅʉ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ ʩʠʩʪʝʤʠ ʟʘʚʜʷʢʠ ʧʦʧʝʨʝʜʞʝʥʥʶ ʩʪʘʥʫ  
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ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ  ʤʘʩʠʚ ̔ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʜʦʟʚʦʣʠʚ ʚ 1,5 ʨʘʟʽʚ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʢʫʤʫʣʷʪʠʚʥʦʾ ʪʝʧʣʦʪʠ 

ʋ ʨʦʟʜʽʣʽ 3 ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʤʦʚʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ (ˆɺʊʅʉ) ʜʣʷ ʦʧʘʣʝʥʥʷ ʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ˆɺʊʅʉ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ˆɺʊʅʉ 

ʚ ʨʝʞʠʤʘʭ ʦʧʘʣʝʥʥʷ ʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʙʝʟ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʦʨʛʘʥʽʟʘʮʽ ʾ ʨʝʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʧʨʷʤʢʘʭ ʧʦʪʦʢʽʚ 

ˇʨʫʥʪʦʚʦʾ ʚʦʜʠ, ʘ ʩʘʤʝ, ʧʨʠ  ʚʽʜʙʦʨ ̔ʪʝʧʣʦʪʠ ˆɺ ʚʽʜ ʉˆɺ ʜʣʷ ʮʽʣʝʡ ʦʧʘʣʝʥʥ ̫ʽ ʩʢʠʜ ̔

ʪʝʧʣʦʪʠ ˆɺ ʚ ʉˆɺ ʜʣʷ ʮʽʣʝʡ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʽ, ʱʦ ʩʪʘʙʽʣʽʟʫʻ ʪʝʨʤʽʯʥʠʡ ʩʪʘʥ ʤʘʩʠʚʫ 

ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʉˆɺ, ʥʘʙʣʠʞʘʶʯʠ ʡʦʛʦ ʜʦ ʬʦʥʦʚʦʛʦ, ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ  ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʪʝʧʣʦʚʠʭ 

ʩʧʦʞʠʚʘʯʽʚ.  

ʊʨʝʪʽʡ ʧʫʥʢʪ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʚʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ 

ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ (ˆɺʊʅʉ) ʚ 

ʨʝʞʠʤʘʭ ʦʧʘʣʝʥʥʷ ʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʝʣʝʤʝʥʪʘʭ ˆɺʊʅʉ ʥʘ ʟʘʩʘʜʘʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ 

ʟʥʘʢʦʟʤʽʥʥʽ ʨʝʞʠʤʥʽ ʮʠʢʣʠ ʨʦʙʦʪʠ ˆɺʊʅʉ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ 

ʩʠʩʪʝʤʠ ʟʘʚʜʷʢʠ ʥʦʨʤʘʣʽʟʘʮʽʾ ʪʝʨʤʽʯʥʦʛʦ ʩʪʘʥʫ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʉˆɺ, 

ʥʘʙʣʠʞʘʶʯʠ ʡʦʛʦ ʜʦ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ 

ʩʠʩʪʝʤʠ ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʧʨʷʤʢʘʭ ʧʦʪʦʢʽʚ ˇʨʫʥʪʦʚʦʾ ʚʦʜʠ.  

ʋ ʨʦʟʜʽʣʽ 4 ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʤʦʚʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʝʥʝʨʛʽʾ ʩʢʠʜʥʠʭ ʚʦʜ (ʉɺʊʅʉ) ʜʣʷ ʮʽʣʝʡ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ-ʚʠʧʘʨʥʠʢʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 
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ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʩʢʠʜʥʠʭ ʚʦʜ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʽ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʤʠ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

ʙʝʟ ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ.  

ʏʝʪʚʝʨʪʠʡ ʧʫʥʢʪ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ:  ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʩ̔ʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʩʢʠʜʥʠʭ ʚʦʜ ʧʨʦʤʠʩʣʦʚʦʛʦ ʽ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʙʝʟ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʧʘʨʥʠʢʽʚ ʉɺʊʅʉ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʤʽʱʝʥʥʷ ʚʠʢʦʧʥʠʭ ʇɽʈ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ, 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʤʦʜʝʣʶʚʘʥʥʷ, ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʝʨʤʽʯʥʠʡ ʩʪʘʥ,  

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʝʥʝʨʛʽʷ ʨ̌ʫʥʪʫ, ˇʨʫʥʪʦʚʽ ʚʦʜʠ, ʩʢʠʜʥʽ ʚʦʜʠ, 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ, ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ, ʢʫʤʫʣʷʪʠʚʥʘ ʪʝʧʣʦʪʘ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 

 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ: 

1. Denysova A.A., Ivanov P., Mazurenko A.S., Zhaivoron O.S. Perfection of an 

Energy-Economic and Environmental Parameters of the Ground Source Heat Pump 

Systems with Preventing Freezing of the Soil around Ground Pipes// PROBLEMELE 

ENERGETICII REGIONALE 2(62) 2024. ï ʈ. 108 -120. ς Available from: DOI: 

https://doi.org/10.52254/1857-0070.2024.2-62.10 (Indexed in SCOPUS) 

2. Denysova A.E., Ivanov P.ʆ.  The toolkit of numerical modelling of the operating 

modes of the geothermal heat pump for heating and cooling with the account of climate 

conditions // Refrigeration Engineering and Technology, 2026 . ï ʈ. 1 ï 14.  ς Available 

from: https://journals.ontu.edu.ua/index.php/reftech/article/view/3380  

(ʈʝʻʩʪʨ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʢʘʪʝʛʦʨʽʷ çɹè). 

3. ɼʝʥʠʩʦʚʘ ɸ.ɭ., ɯʚʘʥʦʚ ʇ.ʆ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ˇʨʫʥʪʦʚʽʡ ʪʝʧʣʦʥʘʩʦʩʥʽʡ ʩʠʩʪʝʤʽ// ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʊʝʭʥʽʯʥʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ɯʥʥʦʚʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʥʘʫʢʦʚʠʭ 

https://doi.org/10.52254/1857-0070.2024.2-62.10
https://journals.ontu.edu.ua/index.php/reftech/article/view/3380
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https://doi.org/10.20998/2220-4784.2023.02.02  

(ʈʝʻʩʪʨ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʢʘʪʝʛʦʨʽʷ çɹè). 

4. Denysova A.E., Ivanov P. A.  Modelling of thermal processes in vertical heat 

exchangers of ground-source heat pump / Herald of Advanced Information Technology 

2023; Vol.6. No.4. P. 352ï362. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: DOI: 

https://doi.org/10.15276/hait.06.2023.23   

(ʈʝʻʩʪʨ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʢʘʪʝʛʦʨʽʷ çɹè) 

5. Alla Denysova, Svitlana G. Antoshchuk, Pavlo O. Ivanov, Olena ʆ. Arsirii, 

Anastasiya S. Troynina. Modelling of the temperature field in the soil massive for 

different operating modes of the ground source heat pump // Applied Aspects of 

Information Technology. 2024, N7 (3): 242ï254. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://doi.org/10.15276/aait.07.2024.17 

https://tests.hait.od.ua/index.php/journal/article/view/15 

(ʈʝʻʩʪʨ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʢʘʪʝʛʦʨʽʷ çɹè). 

6. A. Mazurenko, O. Klymchuk, G.  Luzhanska, P. Ivanov, I. Sergeiev. .Ensuring 
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ABSTRACT 

Ivanov P.O. Increasing the efficiency of alternative heat supply through soil, 

groundwater and wastewater energy.  

Thesis for the degree of Doctor of Philosophy in the Specialty 144 Heat power 

engineering. ï Odessa Polytechnic National University of the  Ministry of Education and 

Science of Ukraine, Odesa, 2026 

The introduction highlights the relevance and experience of applying modern heat 

generation technology based on heat pump cycles using soil energy (SE), groundwater 

(GW) and wastewater (WW).  

Alternative heat supply through the use of low-potential soil energy, groundwater 

and wastewater for the vapor compression heat pump (HP) is an energy-saving innovative 

technology due to increasing the energy efficiency of the HP cycle and reducing 

environmental damage due to decarbonization of technological processes in the system 

elements. 

Based on the analysis of the results of modern global and domestic research, given 

the urgent need for the application of innovative heat generation methods, it can be 

concluded that the demand of practice is the development of scientifically based tools for 

improving the energy, environmental, regime and schematic and design parameters of the 

functioning of heat pump systems based on soil energy, groundwater and wastewater, 

which meet energy-saving principles and can be used by a wide range of industry 

consumers.  

To substantiate the feasibility of using innovative heat pump methods for heat 

generation based on soil energy, groundwater and wastewater, tools should be used using 

mathematical modelling methods that allow increasing the energy and environmental 

efficiency of technological and schematic and design solutions for their practical 

implementation, under the conditions that take into account the energy capacity of low-

potential renewable energy sources for reliable heat supply, taking into account climatic 

features. 

But, despite the relevance of the needs for the application of innovative heat supply 

technologies and numerous studies in this direction, the widespread use of heat pump 
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technology using soil energy, groundwater and wastewater is hindered by the lack of a 

generalized toolkit for substantiating solutions aimed at improving the energy and 

environmental factors of the system's functioning, capable of ensuring a stable thermal 

state of alternative energy sources for heat pump systems during their long-term 

operation. 

Thus, to substantiate the modes of rational use of heat pump systems based on soil 

energy, groundwater and wastewater, it is necessary to apply a generalized toolkit using 

mathematical modelling methods, based on determining the operating conditions of the 

system that do not harm the environment, its schematic and constructive, thermal and 

operating characteristics, taking into account climatic factors and the regional technical 

potential of low-potential alternative energy sources (LPAES), which are capable of 

reliably meeting the needs of consumers with the maximum fossil fuel substitution 

coefficient. 

Thus, the generalized toolkit (GT) for improving heat pump systems (HPS) based 

on soil energy, groundwater and wastewater should guarantee the effective course of 

processes in HPS elements during long-term operation without thermal depletion of the 

LPAES, when selecting SE, GW and SV for the HPS evaporator, which is an urgent 

scientific and technical problem to which this study is devoted. 

The introduction to the dissertation defines the object, the subject, the objectives and 

the research methods. It presents the scientific novelty and practical significance of the 

research results; highlights the personal contribution of the applicant. 

In the section 1 of the dissertation highlights the principles of effective use of 

modern energy generation technologies, establishes their advantages and disadvantages. 

It is shown that for the effective implementation of a heat supply system with rational use 

of soil energy, groundwater and wastewater in the heat pump systems (HPS) to solve 

energy saving problems, taking into account regional capabilities and consumer needs, it 

is necessary to develop a mathematical model that is able to determine rational operating 

modes of the system that prevent soil freezing - a negative environmental effect that can 

occur during long-term operation of the HPS. 
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Therefore, there is a pressing scientific and practical task of increasing the efficiency 

and reducing thermal pollution of the environment by improving the operating modes of 

the alternative heat supply system, which ensures an increase in the substitution 

coefficient of fossil fuels. 

Alternative technologies for the climatic conditions of Ukraine are characterized by 

the presence of the technical potential of soil energy, groundwater and wastewater, which 

is advisable to utilize in heat pump installations and usefully used for heat supply of 

heterogeneous consumers. The decision on the feasibility of implementing such an energy 

supply system is made based on the results of determining the efficiency of heat pump 

installations, using soil energy, groundwater and wastewater, according to energy, 

economic, environmental and social factors. 

It should be noted that, despite the need for application and numerous studies aimed 

at the practical implementation of HPS based on soil energy, soil and wastewater for 

regional conditions, the insufficient effectiveness of currently existing solutions that 

allow predicting and preventing the phase transformation of moisture in the soil mass 

around the soil contour of the HPS, i.e. without harmful environmental impact, hinders. 

To solve this problem, the research proposes a toolkit for improving the operating modes 

of heterogeneous HPS of energy supply based on soil energy, soil and wastewater, the 

technical potential of which is determined by regional conditions. 

The first point of scientific novelty is formulated, which is as follows: to increase 

the efficiency of energy supply systems, with the rational use of a heat pump system based 

on heterogeneous LPAES (soil energy, groundwater and wastewater), it is necessary to 

propose a toolkit for mathematical modelling of the functioning of HPS using LPAES, 

taking into account their technical potential and regional climatic conditions, as a means 

of energy saving, which will lead to beneficial effects: energy (reduce the share of use of 

traditional primary energy resources) and environmental (reduce thermal damage to the 

environment) during long-term operation of the specified heat pump systems. 

In the section 2 the conditions for rational use of a ground-source heat pump system 

(GSHPS) for heat supply purposes are substantiated, using the tools for mathematical 

modelling of non-stationary thermal processes in the GSHPS. Based on the results of 
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numerical modelling, recommendations have been developed to increase the efficiency 

and reliability of the GSHP operation without worsening the thermal state of the soil mass 

around the soil probes during long-term operation of the GSHPS. The proposed tools for 

non-stationary thermal processes in the soil mass allowed us to increase the accuracy of 

calculating the cumulative heat coming from the soil to the heat pump evaporator by 1.5 

times, taking into account the different intensity of heat removal from the soil along the 

height of the soil tube. In addition, the conditions for increasing the efficiency of the soil 

probe by reducing the length of the heat exchange zone with the vapor phase, where the 

heat exchange intensity is half as much, are substantiated, and the relative specific area 

of soil probes per 1 m2 of heated premises is established. 

The second point of scientific novelty is as follows: rational conditions for the 

functioning of a heat pump system based on soil energy (GSHPS) in heat supply modes 

have been determined, using the proposed toolkit for mathematical modeling of non-

stationary thermal processes in GSHP elements on the basis of energy-saving 

technologies, taking into account climatic conditions. The schematic, design, 

technological and operating parameters of the GSHPS have been proposed, which provide 

environmental benefits of the system due to the prevention of the phase transition state in 

the soil mass around the soil probes during long-term operation of the heat pump system. 

The toolkit for non-stationary thermal processes in the soil mass that we have proposed 

has allowed us to increase the accuracy of the calculation of cumulative heat. 

In the section 3, the conditions for the rational use of a ground water heat pump 

system (GWHPS) for heating and air conditioning are substantiated, using the tools of 

mathematical modelling of non-stationary thermal processes in GWHPS. Based on the 

results of numerical modeling, recommendations have been developed to increase the 

efficiency and reliability of the GWHPS operation in heating and air conditioning modes 

without harm to the environment, which is ensured by organizing heat regeneration with 

alternating directions of groundwater flows, namely, when extracting GW heat from the 

well for heating purposes and discharging GW heat into the well for air conditioning 

purposes, which stabilizes the thermal state of the soil mass around the well, bringing it 
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closer to the background, during long-term operation of the heat pump system for a wide 

range of heat consumers. 

The third point of scientific novelty is as follows: rational conditions for the 

functioning of a ground water heat pump system (GWHS) in heating and air conditioning 

modes have been determined, using the proposed tools for mathematical modeling of non-

stationary thermal processes in GWHS elements on the basis of energy-saving 

technologies, taking into account climatic conditions. Schematic-constructive, 

technological and regime GWHSs have been proposed, which provide environmental 

benefits of the system due to the normalization of the thermal state of the soil mass around 

the GW well, bringing it closer to the natural temperature field during long-term operation 

of the heat pump system. 

In the section 4, the conditions for the rational use of a heat pump system based on 

wastewater energy (WWHS) for heat supply purposes are substantiated, using the tools 

of mathematical modeling of thermal processes in a heat exchanger-evaporator. Based on 

the results of numerical modeling, the feasibility of using heat pump systems based on 

industrial and domestic wastewater is substantiated. The methodology we have proposed 

allows us to determine the efficiency of the heat exchange surfaces of a heat pump system 

without harm to the environment. 

The fourth point of scientific novelty is as follows: a numerical modeling toolkit 

has been proposed for the effectiveness of using heat pump systems based on industrial 

and domestic wastewater without harming the environment. Recommendations have been 

developed for optimizing the parameters of the WWHS evaporators, which ensure the 

replacement of fossil fuels.  

Keywords: mathematical modeling, non-stationary thermal processes, modeling 

toolkit, phase transformations, thermal state, low-potential energy sources, soil energy, 

groundwater, wastewater, heat exchangers, heat pump system, cumulative heat, energy 

efficiency. 
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ɼʆɼɸʊʆʂ ʃ. ɺʠʩʥʦʚʢʠ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷééé.181 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ   

 

ɹʊ ï ʙʘʣʘʥʩʦʚʘ ʪʦʯʢʘ ʪʝʧʣʦʚʦʛʦ  

ʥʘʩʦʩʫ 

 

ɿɺɼɽ ï ʟʤʽʥʥʽ ʚʽʜʥʦʚʣʶʚʘʥʽ  

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ɺɺʇ ï ʚʘʣʦʚʠʡ ʚʥʫʪʨʽʰʥʽʡ  

ʧʨʦʜʫʢʪ 

ʅɸɼɽ  ï ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ɺɼɽ ï ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ  

ʝʥʝʨʛʽʾ 

ʅʇʇɽʈ ï ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥ ̔ 

ʧʝʨʚʠʥʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ 

ɺʉ ï ʚʠʙʽʡ (ʜʥʦ) ʩʚʝʨʜʣʦʚʠʥʠ ʅʇɺɼɽ ï ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʽ  ɺɼɽ 

ɺɽʈ ï ʚʪʦʨʠʥʥʽ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʅʊʇ ï ʥʘʷʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ˆɺ ï ˇʨʫʥʪʦʚʽ ʚʦʜʠ ʆɽʉ ï ʦʙ'ʻʜʥʘʥʘ ʝʥʝʨʛʦʩʠʩʪʝʤʘ 

ˆɽ ï ˇʨʫʥʪʦʚʘ ʝʥʝʨʛʽʷ ʆʊ ï ʦʙôʻʢʪ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ˆɺʊʅ ïʪʝʧʣʦʚʠʡ ʥʘʩʦʩ  ̌ʨʫʥʪʦʚʠʭ ʚʦʜ ʇɽʈ ï ʧʝʨʚʠʥʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ 

ɻɺʇ ï ʛʘʨʷʯʝ  

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʇʊʅ ï ʧʘʨʦʢʦʤʧʨʝʩʽʡʥʠʡ  

ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ 

ˆɺʊʅʉ ï ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ  

ʥʘ ̌ʨʫʥʪʦʚʠʭ ʚʦʜʘʭ 

ʈɺɼɽ ï ʨʽʟʥʦʨʽʜʥʽ ʚʽʜʥʦʚʣʶʚʘʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ɿ̂ ï ʨ̌ʫʥʪʦʚʠʡ ʟʦʥʜ ʉɺ ï ʩʢʠʜʥʽ ʚʦʜʠ 

ɻɽʊʅ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʥʘ  

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʚʦʜʘʭ 

ʉɺʊʅ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʥʘ ʩʢʠʜʥʠʭ 

ʚʦʜʘʭ 

ʊ̂ ï ̌ʨʫʥʪʦʚʽ ʪʝʧʣʦʦʙʤʽʥʥʽ  

ʪʨʫʙʢʠ 

ʉɺʊʅʉ ς ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ ʥʘ 

ʩʢʠʜʥʠʭ ʚʦʜʘʭ 

ɻʊɺ ï ʛʝʦʪʝʨʤʘʣʴʥʽ ʚʦʜʠ ʉ̂ ɺ ï ʩʚʝʨʜʣʦʚʠʥʘ ˇʨʫʥʪʦʚʦ ʾʚʦʜʠ 

ʊ̂ʆ ï ̌ʨʫʥʪʦʚʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʉɽʈ ï ʩʚʽʪʦʚʘ ʝʥʝʨʛʝʪʠʯʥʘ ʨʘʜʘ 

ɻʊʅʉ ï ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ˇʨʫʥʪʦʚʦʾ ʝʥʝʨʛʽʾ 

ʉʆʈ ï  ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

ɻɽʊʅʉ ï ʛʝʦʪʝʨʤʘʣʴʥʘ ʪʝʧʣʦʥʘʩʦʩʥʘ  

ʩʠʩʪʝʤʘ 

ʉʅɺʈ ï ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʘ ʩʪʨʘʪʝʛʽʷ 

ʨʦʟʚʠʪʢʫ 

ʂ̂ ï ̌ʨʫʥʪʦʚʠʡ ʢʦʥʪʫʨ ʊɽʇ ï ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʂ̂ʊʅ ï ̌ʨʫʥʪʦʚʠʡ ʢʦʥʪʫʨ ʊʅ ʊɸ ï ʪʝʧʣʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ 

ʈ̂ʉ ï ̌ʨʫʥʪʦʚʘ ʩʚʝʨʜʣʦʚʠʥʘ   ʊʅ ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ 

ɻʊʅ ï ̌ʨʫʥʪʦʚʠʡ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʊʅʉ  ʪʝʧʣʦʥʘʩʦʩʥʘ ʩʠʩʪʝʤʘ 

ɼʉʊïʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʊʅʋ ï ʪʝʧʣʦʥʘʩʦʩʥʘ ʫʩʪʘʥʦʚʢʘ 

ɽʉʋ ï ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ ʋʢʨʘʾʥʠ ʎʉʊïʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɿʘʧʠʪʦʤ ʧʨʘʢʪʠʢʠ ʱʦʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ  ʋʢʨʘʾʥʠ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʽ ʝʢʦʣʦʛʽʯʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʟʘʩʘʜʘʭ ʉʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ [1].  ʇʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ 

ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ,  ʚʽʜʧʦʚʽʜʥʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ˉ 

2859-IX , ʢ̫ʠʤ ʚʥʝʩʝʥʽ ʟʤʽʥʠ ʜʦ ʟʘʢʦʥʽʚ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʠ 

ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠè ʪʘ çʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʠ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ 

ʋʢʨʘʾʥʽè, ʜʝ ʟʘʟʥʘʯʝʥʦ ʟʘʚʜʘʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ: ʟʙʝʨʝʞʝʥʥʷ 

ʜʦʚʢʽʣʣʷ ʽ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʥʦʚʽʪʥʽ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʬʝʢʪʠʚʥʽ 

ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ [2].  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ «ʉʪʨʘʪʝʛʽʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʜʦ 2030 ʨ.» ʚʠʤʘʛʘʻ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʾ ʛʝʥʝʨʘʮʽʾ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʚʘʻ ʥʘ ʽʥʜʝʢʩʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ (ʇɻ). 

ʇʨʠ ʮʴʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʡ ʩʝʢʪʦʨ ʻ ʧʦʪʫʞʥʠʤ 

ʩʧʦʞʠʚʘʯʝʤ ʝʥʝʨʛʽʾ ʽ ʜʞʝʨʝʣʦʤ ʚʠʢʠʜʽʚ CO2, ʚʽʜʧʦʚʽʜʥʦ, ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʚ ʢʨʘʾʥʘʭ 

ɭʉ. ʅʘʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜʧʦʚʽʜʘʻ ʤʘʡʞʝ 80% ʧʦʪʨʝʙ ʚ ʝʥʝʨʛʽʾ ʜʣʷ ʮʽʣʝʡ 

ʦʧʘʣʝʥʥʷ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʧʦʪʨʝʙʠ ʚ ʝʥʝʨʛʽʾ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʙʝʟʫʧʠʥʥʦ 

ʟʨʦʩʪʘʶʪʴ ʢʦʞʥʦʛʦ ʨʦʢʫ. ɺ ɭʚʨʦʧʽ ʥʘʣʽʯʫʻʪʴʩʷ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʙʫʜʠʥʢʽʚ (ʧʦʥʘʜ 

150 ʤʣʥ), ʚ  ʋʢʨʘʾʥʽ ʾʭ ʧʦʥʘʜ 11 ʤʣʥ [3, 4]. ɭʚʨʦʧʘʨʣʘʤʝʥʪ ʫʭʚʘʣʠʚ ɼʠʨʝʢʪʠʚʫ ʧʨʦ 

ʩʧʨʠʷʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʝʨʚʠʥʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ ʙʘʟʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ [5], ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ ʜʣʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʜʣʷ  ʮʽʣʝʡ 

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʨʘʾʥʠ ɭʉ 

ʧʦʚʠʥʥʽ ʩʪʠʤʫʣʶʚʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʧʦʨʫʜ ʰʣʷʭʦʤ ʾʭ ʪʝʭʥʽʯʥʦʛʦ 

ʦʥʦʚʣʝʥʥʷ ʟ ʤʘʡʞʝ ʥʫʣʴʦʚʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʢʦʨʦʯʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʚʠʢʠʜʽʚ CO2, ʚʽʜʧʦʚʽʜʥʦ, ʢʨʽʤ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʦʜʽʚ 

ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʇɽʈ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ [4, 6].  
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ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ  

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʛʝʥʝʨʘʮʽʾ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʷʢʦʩʪʽ 

ʘʣɹʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ  ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʥʘ ʙʘʟʽ  ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ [7 ï 12]. 

ɺʠʭʦʜʷʯʠ ʟ ʚʢʘʟʘʥʦʛʦ ʰʣʷʭʫ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʨʽʟʥʦʨʽʜʥʠʭ 

ˇʨʫʥʪʦʚʠʭ ʢʦʥʪʫʨʽʚ (ʈ̂ʂ) ʚ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʘʭ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʨ̌ʫʥʪʫ ( )̂, ʨ̌ʫʥʪʦʚʠʭ ( ɺ̂) ʪʘ  ʩʪʽʯʥʠʭ ʚʦʜ (ʉɺ) ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʫʤʦʚ 

ʋʢʨʘʾʥʠ ʪʘ ʇ̔ ʚʜʝʥʥʦ-ʉʭʽʜʥʠʭ ʨʝʛʽʦʥʽʚ ɭʚʨʦʧʠ ʛʘʣʴʤʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʩʧʨʦʤʦʞʥʽ  ʟʘʧʦʙʽʛʪʠ ʧʨʦʤʝʨʟʘʥʥʶ ʤʘʩʠʚʫ 

ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʮʠʨʢʫʣʷʮʽʾ ʊʅ,  ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʪʠʧʫ ʊ̂ʅ, ɺ̂ʊʅ ʽ ʉɺʊʅ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ 

ʜʽʘʧʘʟʦʥʽ  ʪʝʤʧʝʨʘʪʫʨ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ t0 = (ï16)é(+8) Áʉ, ʱʦ ʻ ʪʠʧʦʚʠʤ 

ʚʠʧʘʜʢʦʤ ʜʣʷ ʋʢʨʘʾʥʠ ʽ ʇʽʚʜʝʥʥʦ-ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ [13].  

ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʚʢʘʟʘʥʦʛʦ ʪʠʧʫ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ 

ʯʘʩʪʢʫ ʟʘʤʽʱʝʥʥʷ ʚʠʢʦʧʥʠʭ ʇɽʈ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ (ʅɸɼɽ) ʪʘ ʟʤʝʥʰʠʪʠ ʦʙôʻʤ ʪʝʧʣʦʚʠʭ ʚʠʢʠʜʽʚ ʧʨʦʜʫʢʪʽʚ 

ʩʧʘʣʝʥʥʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [8 ï13]. 

ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ, 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʅɸɼɽ, ʘ ʩʘʤʝ, ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ (ˆɽ), ˇʨʫʥʪʦʚʦʾ ʚʦʜʠ (ˆɺ) ʪʘ ʩʢʠʜʥʠʭ 

ʚʦʜ (ʉɺ) ʧʨʦʤʠʩʣʦʚʦʛʦ, ʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʧʝʨʝʜʙʘʯʘʻ 

ʨʦʟʚʠʪʦʢ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ, ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ  ʧʘʨʘʤʝʪʨʽʚ ʊ̂ʅ, ɺ̂ʊʅ ʽ ʉɺʊʅ ʪʘ ʾʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʘʷʚʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʅʊʇ), ʩʧʨʷʤʦʚʘʥʦʛʦ [14 ï21]. 

ʊʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʅɸɼɽ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʠʭ, ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ, ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʽ ʘʚʪʦʥʦʤʥʠʭ ʩʧʦʞʠʚʘʯʽʚ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ (ʅʇɺɼɽ), ʚ ʪ.ʯ. ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ (ɺɽʈ) ʜʣʷ ʟʘʤʽʱʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ 

ʧʘʣʠʚʘ ʪʘ ʙʝʟʫʤʦʚʥʠʭ ʧʝʨʝʚʘʛ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʣʝʢʪʨʠʢʠ ʚ 
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ʪʝʧʣʦʪʫ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ ʊ̂ʅ, ̂ɺʊʅ ʽ ʉɺʊʅ, ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ, 

ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʩʪʨʫʢʪʫʨʠ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʋʢʨʘʾʥʠ, 

ʷʢʘ ʧʝʨʤʘʥʝʥʪʥʦ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ ʜʝʬʽʮʠʪʫ ʚʣʘʩʥʠʭ ʚʠʢʦʧʥʠʭ ʇɽʈ.   

ʆʪʞʝ, ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝʚʠʢʣʘʜʝʥʠʭ ʘʨʛʫʤʝʥʪʽʚ, ʟʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʇɺɼɽ ʜʣʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʧʠʪʘʥʥʷʤ, ʜʣʷ ʨʽʰʝʥʥʷ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʠʪʦʤ ʧʨʘʢʪʠʢʠ, ʱʦ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ, ʻ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʢʦʥʪʫʨʫ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘ 

ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʊɽʇ) 

ʨʽʟʥʦʨʽʜʥʠʭ ʪʠʧʽʚ ʅʇɺɼɽ (ɽ̂, ̂ɺ ʽ ʉɺ), ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʦʾ ʽ 

ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ  ̔ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ 

ʩʠʩʪʝʤ. ɿʘʟʥʘʯʝʥʽ ʚʧʣʠʚʦʚʽ ʯʠʥʥʠʢʠ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʽ ʝʢʦʣʦʛʽʯʥʫ  

ʝʬʝʢʪʠʚʥʽʩʪʴ ʊʅʉ ʥʘ ʙʘʟʽ ʨʽʟʥʦʨʽʜʥʠʭ ʅʇɺɼɽ  ̔ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʢʫ ʟʘʤʽʱʝʥʥʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʇɽʈ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʪʠ.  

ɼʣʷ ʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ  ʥʘ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʘʭ 

ʜʦʩʣʽʜʞʝʥʥʷ,  ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʢʘʟʘʥʠʭ 

ʊʅʉ ʥʘ ʟʘʩʘʜʘʭ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʽʚ, ʟʘʪʚʝʨʜʞʝʥʠʭ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ, ʷʢʽ ʚʠʢʦʥʘʥʦ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʽ ʻ 

ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʅɼʈ 13-40, ɼʈ ˉ01161U002956:   çʈʦʟʨʦʙʢʘ 

ʤʝʪʦʜʽʚ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾè, ʅɼʈ 179-41, ɼʈ ˉ0119U003518: çɿʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʽʚʝʣʴ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠè, ʅɼʈ 196-40, ɼʈ ˉ0121U108310 

çʈʦʟʨʦʙʢʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫè. 
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ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʫʤʦʚ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʅʇɺɼɽ (ˆɽ,  ˆɺ, ʉɺ) ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʟʘʤʽʱʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʇɽʈ ʪʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʊ̂ʅʉ, ɺ̂ʊʅʉ ʽ ʉɺʊʅʉ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʪʝʨʤʽʯʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

ï ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ (ˆɽ,  ˆɺ ʪʘ ʉɺ) ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʫʤʦʚʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʊ̂ʅʉ, ɺ̂ʊʅʉ ʽ ʉɺʊʅʉ, ʾʭ ʩʭʝʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʟʘʩʘʜʘʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ̂ʊʅʉ, ̂ ɺʊʅʉ 

ʽ ʉɺʊʅʉ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʦʾ ʚʦʜʠ ʪʘ ʩʢʠʜʥʠʭ ʚʦʜ,  ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ, ʘ ʩʘʤʝ, ʥʝʜʦʧʫʱʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʚʧʣʠʚʫ ʯʝʨʝʟ ʪʝʨʤʽʯʥʫ ʨʝʣʘʢʩʘʮʽʶ ˇʨʫʥʪʫ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥ ̔

ʩʠʩʪʝʤʠ; 

ï ʚʠʢʦʥʘʪʠ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʨʽʜʥʠʭ ʅʇɺɼɽ (ˆɽ,  ˆɺ,  ʉɺ) ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ  ̔ ʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʠ ʟʤʽʥʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ, ̫ ʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʝʙʘʤ ʩʧʦʞʠʚʘʯʽʚ; 

ï ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ 

ʚ ʝʣʝʤʝʥʪʘʭ ʊʅʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ˇʨʫʥʪʦʚʦʾ ʚʦʜʠ ʪʘ ʩʢʠʜʥʠʭ ʚʦʜ ʪʘ 

ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʞʠʤʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊ̂ʅʉ, ̂ ɺʊʅʉ ̔  ʉɺʊʅʉ ʥʘ ʟʘʩʘʜʘʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ ʚ ʝʣʝʤʝʥʪʘʭ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʨʽʜʥʠʭ ʅʇɺɼɽ (ˆɽ,  ˆɺ, ʉɺ), ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʠʪʠ ʚʘʞʣʠʚʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʧʨʦʙʣʝʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ, 

ʝʢʦʣʦʛʽʯʥʠʭ ʽ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊ̂ʅʉ, ̂ ɺʊʅʉ ʽ ʉɺʊʅʉ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ.   
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ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʝʞʠʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʨ̌ʫʥʪʫ, ʨ̌ʫʥʪʦʚʠʭ ʽ ʩʢʠʜʥʠʭ ʚʦʜ, ʷʢʽ ʥʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʨʦʤʝʨʟʘʥʥ ̫ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊ̂ʅʉ, ɺ̂ʊʅʉ ʽ 

ʉɺʊʅʉ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ˆɽ,  ˆɺ, ʉɺ ʽ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʽ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʫ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʝʧʣʦʥʘʩʦʩʥʽʡ 

ʩʠʩʪʝʤʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʟ̔ʥʦʨʽʜʥʠʭ ʅʇɺɼɽ (ˆɽ,  ˆɺ, ʉɺ). 

ʅʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʚʠʢʣʘʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʫʯʘʩʥʠʭ 

ʟʘʩʘʜʘʭ ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʪʝʦʨʽʾ ʪʝʧʣʦ- ʽ ʤʘʩʦʦʙʤʽʥʫ, ʥʝ ʩʫʧʝʨʝʯʘʪʴ ʫʩʪʘʣʝʥʠʤ 

ʬʽʟʠʯʥʠʤ ʟʘʩʘʜʘʤ ʪʝʧʣʦʪʝʭʥʽʢʠ, ʧʽʜʪʚʝʨʜʞʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ, ʦʪʞʝ ʻ 

ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʪʘ ʜʦʩʪʦʚʽʨʥʠʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʨʘʢʪʠʯʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʊ̂ʅʉ, ɺ̂ʊʅʉ ʽ ʉɺʊʅʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʨʽʜʥʠʭ ʅʇɺɼɽ (ˆɽ,  ˆɺ, 

ʉɺ), ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʦʙʘʭ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʠʩʪʝʤʠ, ʘ ʩʘʤʝ: 

ï ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʨ̌ʫʥʪʫ, ʨ̌ʫʥʪʦʚʠʭ ʪʘ ʩʪʽʯʥʠʭ 

ʚʦʜ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʝʣʝʤʝʥʪʘʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʨʽʟʥʦʨʽʜʥʠʭ ʅʇɺɼɽ (ˆɽ,  ˆɺ,  ʉɺ), 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʊ̂ʅʉ, ɺ̂ʊʅʉ ʽ ʉɺʊʅʉ, ʷʢʠʡ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʦʧʝʨʝʜʞʝʥʥʷʤ  ʥʝʛʘʪʠʚʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʝʬʝʢʪʫ, 

ʧʦʚôʷʟʘʥʦʛʦ ʟ ʬʘʟʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʚ ʤʘʩʠʚʽ ʨ͐ʫʥʪʫ ʧʨʠ ʚʽʜʚʦʜʽ ʪʝʧʣʦʪʠ ʜʦ ʚʠʧʘʨʥʠʢʘ 

ʊʅ; 

ï ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ 

ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʊʅʉ ʥʘ ʙʘʟʽ ʨʽʟʥʦʨʽʜʥʠʭ ʅʇɺɼɽ (ˆɽ, ˆɺ, ʉɺ), ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ; 
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ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʛʨʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ɽ̂ʊʅʉ, ɺ̂ʊʅʉ ʽ ʉɺʊʅʉ ʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽʡ ʤʦʚʽ, ʟ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʚʠʤʦʛ ʱʦʜʦ ʜʦʜʝʨʞʘʥʥʷ ʪʝʨʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ 

ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʨʦʟʨʦʙʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ɽ̂ʊʅʉ, ɺ̂ʊʅʉ ʽ 

ʉɺʊʅʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʨʽʜʥʠʭ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ  ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʘ ʩʘʤʝ, ˆɽ,  ˆɺ ʽ ʉɺ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ, ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ, ʤʫʥʽʮʠʧʘʣʴʥʠʭ   ̔

ʘʚʪʦʥʦʤʥʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ 

ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʊʅʉ, ʱʦ ʤʦʞʝ ʟʘʚʜʘʪʠ ʝʢʦʣʦʛʽʯʥʦʾ 

ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ [8ï17].  

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ  

ʨʝʞʠʤʥʠʭ ʽ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɽ̂ʊʅʉ, ̂ ɺʊʅʉ ʽ 

ʉɺʊʅʉ ʥʘ ʙʘʟʽ ʅʇɺɼɽ (ˆɽ, ˆɺ, ʉɺ), ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ  ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʥʘ ʟʘʩʘʜʘʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ [8ï16]. ʈʦʟʨʦʙʣʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʥʠʟʢʠ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʚ ʛʘʣʫʟʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʊʅʉ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʨʽʜʥʠʭ ʅʇɺɼɽ (ˆɽ,  ˆɺ, ʉɺ), ʷʢʽ ʫʜʦʩʢʦʥʘʣʝʥʽ ʟʘ  ʥʠʟʢʦʶ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʨʝʞʠʤʥʠʭ, ʝʥʝʨʛʦ-ʝʢʦʣʦʛʽʯʥʠʭ  ̔ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, 

ʜʦʟʚʦʣʷʻ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʚʜʘʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ  ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ ʽ ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ [8 ï21]. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ɽ̂ʊʅʉ, ɺ̂ʊʅʉ ʽ ʉɺʊʅʉ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʨʽʜʥʠʭ ʅɸɼɽ ˆɽ, ˆɺ  ̔ʉɺ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ:  

ï ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʙʘʢʘʣʘʚʨʽʚ ʽ ʤʘʛʽʩʪʨʽʚ ʟʘ ʦʩʚʽʪʥʴʦʶ ʧʨʦʛʨʘʤʦʶ çɺʽʜʥʦʚʣʶʚʘʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ ʝʥʝʨʛʦʢʦʤʧʣʝʢʩʠè ʚ ʋʢʨʘʾʥʩʴʢʦ-ʧʦʣʴʩʴʢʦʤʫ ʥʘʚʯʘʣʴʥʦ-

ʥʘʫʢʦʚʦʤʫ ʽʥʩʪʠʪʫʪʽ ʥʘ ʢʘʬʝʜʨʽ  çʊʝʦʨʝʪʠʯʥʦʾ, ʟʘʛʘʣʴʥʦʾ ʪʘ ʥʝʪʨʘʜʠʮʽʡʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠè ʫ  ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥʘʭ:  ʧʝʨʰʦʛʦ (ʙʘʢʘʣʘʚʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ 
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ʦʩʚʽʪʠ: çʊʝʧʣʦʚʽ ʜʚʠʛʫʥʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚè, çʄʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʝʥʝʨʛʦʢʦʤʧʣʝʢʩʘʭè  ʪʘ ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ: 

çʊʝʧʣʦʚʽ ʥʘʩʦʩʠ ʪʘ ʢʦʥʜʠʮʽʦʥʝʨʠè, çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠè. 

ï ʚ ʥʘʫʢʦʚʦʤʫ ʧʘʨʢʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

ʟʛʽʜʥʦ ʋʛʦʜʠ ʟ ʏʝʥʩʪʦʭʦʚʩʴʢʦʶ ʇʦʣʦʥʽʡʥʦʶ ɸʢʘʜʝʤʽʻʶ, ʇʦʣʴʱʘ çʇʨʦ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʥʥʷ ʪʘ ʦʩʚʽʪʥʴʦ ʢʦʥʩʫʣʴʪʘʪʠʚʥʠʭ ʧʦʩʣʫʛ 

ʟʘ ʇʨʦʛʨʘʤʦʶ ʇʦʜʚʽʡʥʠʡ ʜʠʧʣʦʤè, ʧʨʠ ʢʦʥʩʫʣʴʪʫʚʘʥʥʽ ʩʪʫʜʝʥʪʽʚ ʪʘ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʨʦʙʽʪ ʙʘʢʘʣʘʚʨʽʚ ʽ ʤʘʛʽʩʪʨʽʚ. 

ʆʩʦʙʠʩʪʠʡ ʪʚʦʨʯʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ 

ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʦ 

ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ ʚ ʧʝʨʽʦʜ ʟ 2022 ʧʦ 2026 ʨʽʢ. ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ 

ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɸ. 

ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ 

ʚ ʥʘʩʪʫʧʥʦʤʫ:  

ï ʚ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ [1] ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʘʥʘʣʽʟʫ 

ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɻʊʅʉ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ˆɽ,  ˆɺ, ʉɺ) ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ, 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ, ʤʫʥʽʮʠʧʘʣʴʥʠʭ  ʪʘ ʘʚʪʦʥʦʤʥʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʨʝʛʽʦʥʽʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ; 

ï  ʫ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ [2] ï ʟʜʦʙʫʚʘʯʝʤ  ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʧʨʦʤʝʨʟʘʥʥʷ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʧʨʠ ʨʦʙʦʪʽ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ˆɺ, 

ʜʣʷ ʦʙôʻʢʪʽʚ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ;  

ï ʫ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ [3] ʟʜʦʙʫʚʘʯʝʤ ʚʠʢʦʥʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʊ̂ʅʉ ʽ ɺ̂ʊʅʉ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ˆɽ ʽ  ˆɺ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʾʾ ʝʣʝʤʝʥʪʽʚ  ʽ  ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ; 

 ï ʫ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ [4] ʟʜʦʙʫʚʘʯʝʤ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʊ̂ʅʉ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ˆɽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ 

ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ.  
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ï ʫ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ [5] ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ  

ʨʽhʝʥʴ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʊʅʋ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ˆɽ,  ˆɺ ʽ ʉɺ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʇɽʈ, ʨʝʛʽʦʥʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʘ 

ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʫ ʚʠʢʦʥʘʥʥʽ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʊʅʋ, 

ʫʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʽ ʜʦʮʽʣʴʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʨʦʙʦʢ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ. 

ï  ʫ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ [6] ï ʟʜʦʙʫʚʘʯʝʤ  ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ˆɽ, ʜʣʷ ʦʙôʻʢʪʽʚ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ;  

ï ʫ ʨʦʙʦʪʘʭ [7 ï 15] ʟʜʦʙʫʚʘʯʝʤ ʦʧʨʠʣʶʜʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʧʦʟʠʮʽʡ ʟʜʦʙʫʚʘʯ, 

ʚʽʜʧʦʚʽʜʥʦ ʟʘʧʠʪʫ ʧʨʘʢʪʠʢʠ. 

ɸʧʨʦʙʘʮʽʷ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ: 

ï Vɯɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢ 

ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʥʘ ʨʦʟʚʠʪʦʢ ʣʶʜʩʪʚʘè (31 ʉʽʯʥʷ -  2 ʃʶʪʦʛʦ, 2024) ʉʦʬʽʷ, ɹʦʣʛʘʨʽʷ;  

ï ʍXʍɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷè MicroCAD-2024, 22-25 

ʪʨʘʚʥʷ 2024 ʨ., ʍʇɯ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ; 

ï XVIII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çScientific Research as a 

Mechanism of Effective Human Development», 09 ï 12 ʪʨʘʚʥʷ, 2023 ʨ. ʤ. ɹʽʣʴʙʘʦ, 

ɯʩʧʘʥʽʷ; 

ï  II  ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡè, 17-20 ʩʽʯʥʷ 2023 ʨ., ʃʽʩʘʙʦʥ, ʇʦʨʪʫʛʘʣʽʷ.  

ï ʍ  ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʬʦʨʤʘʪʠʢʘ  ʂʫʣʴʪʫʨʘ ʊʝʭʥʽʢʘè,  26 

ï 27 ʚʝʨʝʩʥʷ.2024 ʨ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ; 

ï ʍXʍɯɯɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷè MicroCAD-2025, 14-17 

ʪʨʘʚʥʷ 2025 ʨ., ʍʇɯ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ;  

ʍɯ  ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʬʦʨʤʘʪʠʢʘ  ʂʫʣʴʪʫʨʘ ʊʝʭʥʽʢʘè,  16ï

17 ʞʦʚʪʥʷ 2025, ʍʇɯ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ. 
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ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 15 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʟ ʥʠʭ: 1 

ʩʪʘʪʪʷ, ʱʦ ʧʨʦʽʥʜʝʢʩʦʚʘʥʘ ʥʘʫʢʦ-ʤʝʪʨʠʯʥʦʶ ʙʘʟʦʶ SCOPUS; 5  ʩʪʘʪʝʡ  ʫ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʢʘʪʝʛʦʨʽʾ ɹ;  9 ʧʫʙʣʽʢʘʮʽʡ ï  ʘʧʨʦʙʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ: 

ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ  ʚ ʟʙʽʨʥʠʢʘʭ ʧʨʘʮʴ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ  ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. 

ɺʠʢʣʘʜʝʥʘ ʥʘ 182  ʩʪʦʨʽʥʢʘʭ, ʤʽʩʪʠʪʴ 41 ʨʠʩʫʥʢʽʚ ʥʘ 12  ʩʪʦʨʽʥʢʘʭ, 6 ʪʘʙʣʠʮʴ ʥʘ 5 

ʩʪʦʨʽʥʢʘʭ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 76 ʥʘʡʤʝʥʫʚʘʥʥʷ ʥʘ 10 ʩʪʦʨʽʥʢʘʭ ʪʘ 11 

ʜʦʜʘʪʢʠ ʥʘ 50 ʩʪʦʨʽʥʢʘʭ 
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ʈʆɿɼɯʃ 1 

ʆʉʅʆɺʅɯ ʊɽʅɼɽʅʎɯɰ ʈʆɿɺʀʊʂʋ ɸʃʔʊɽʈʅɸʊʀɺʅʀʍ ʉʀʉʊɽʄ  

ɻɽʅɽʈɸʎɯɰ ʊɽʇʃʆʊʀ ɯ ʇɽʈʉʇɽʂʊʀɺʀ ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʉʀʉʊɽʄ 

ʊɽʇʃʆɿɸɹɽɿʇɽʏɽʅʅʅʗ ʅɸ ɹɸɿɯ ɽʅɽʈɻɯɰ ʈ̂ʋʅʊʋ, ʈ̂ʋʅʊʆɺʀʍ ɯ 

ʉʂʀɼʅʀʍ ɺʆɼ 

 

1.1. ʊʝʥʜʝʥʮʽʾ ʩʚʽʪʦʚʦʾ ʧʦʣʽʪʠʢʠ ʱʦʜʦ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʩʚʽʪʽ, ɭʚʨʦʧʫ ʽ ʋʢʨʘʾʥʽ  

 

ɺ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ 2020 ʨʦʢʫ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ ʚʧʝʨʰʝ ʙʫʣʦ 

ʚʠʨʦʙʣʝʥʦ ʙʽʣʴʰʝ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘ ʥʝ ʟ  

ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʢʨʘʾʥʘʤ ɭʉ ʚ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʠ 2020 ʨʦʢʫ 

ʧʦʢʘʟʫʻ, ʱʦ ʚ 27 ʢʨʘʾʥʘʭ ɭʉ ʢʫʤʫʣʷʪʠʚʥʘ ʛʝʥʝʨʘʮʽʷ ʚʽʜ ʽʥʩʦʣʷʮʽʾ, ʚʽʪʨʫ, ʙʽʦ- ʽ 

ʛ̔ ʜʨʦʨʝʩʫʨʩʽʚ ʜʦʩʷʛʣʘ 40%, ʘ ʚʠʢʦʧʥʽ ʇɽʈ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʣʠʰʝ 34 % 

ʝʥʝʨʛʦʛʝʥʝʨʘʮʽʾ  [22].  

ʇʦʨʽʚʥʷʥʥʷ ʟ ʜʦʩʷʛʥʝʥʥʷʤʠ 2020 ʨʦʢʫ, ʧʦʢʘʟʫʻ, ʱʦ ʚ  2011 ʨ. ʚ ʢʨʘʾʥʘʭ  ɭʉ ʥʘ 

ʙʘʟʽ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ ʚʜʚʽʯʽ ʙʽʣʴʰʝ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʥʽʞ ʽʟ 

ʟʘʣʫʯʝʥʥʷʤ  ɺɼɽ.  

ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʱʦʜʦ ʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʢʨʘʾʥ-ʯʣʝʥʽʚ ɭʉ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ 2020 ʨ. ʧʦʢʘʟʫʶʪʴ [22, 23]: 

ï ʥʘ 25% ʩʢʦʨʦʪʠʣʠʩʷ ʚʠʢʠʜʠ ʚʫʛʣʝʮʶ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ ɭʉ; 

ï ʥʘ 18% ʩʢʦʨʦʪʠʣʦʩʷ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʠʢʠ ʟ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʚ ɭʉ; 

ï ʥʘ 11% ʟʨʦʩʣʦ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ; 

ï 64% ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʚʽʪʨʦʚʦʾ ʽ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ɼʘʥʽʾ; 

ï ʥʘ 95% ʟʤʝʥʰʠʣʦʩʴ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʚʠʢʦʧʥʠʭ ʇɽʈ ʫ 

ʇʦʨʪʫʛʘʣʽʾ. 

ɹʽʣʴʰʽʩʪʴ ʢʨʘʾʥ-ʯʣʝʥʽʚ ɭʉ ʟʘ ʧʽʜʩʫʤʢʘʤʠ 2024 ʨ. ʟʥʘʡʰʣʠ ʘʣʴʪʝʨʥʘʪʠʚʠ 

ʨʦʩʽʡʩʴʢʦʤʫ ʛʘʟʫ, ʭʦʯʘ ʉʣʦʚʘʯʯʠʥʘ, ʋʛʦʨʱʠʥʘ, ɸʚʩʪʨʽʷ ʧʨʦʜʦʚʞʫʚʘʣʠ 

ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʧʘʣʠʚʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʈʌ.  
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ɼʠʚʝʨʩʠʬʽʢʘʮʽʷ ʽʤʧʦʨʪʫ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠʟʚʝʣʘ ʜʦ ʪʦʛʦ, ʱʦ 

ʩʚʽʪʦʚʽ ʮʽʥʠ ʥʘ  ʥʘʬʪʫ ʽ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʩʪʘʙʽʣʽʟʫʚʘʣʠʩʷ ʡ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʚʘʣʠʩʴ, 

ʫ ʟʨʽʚʥʷʥʥʽ ʟ ʧʽʢʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʫ 2022 ʨʦʮʽ (ʨʠʩʫʥʦʢ 1.1) [23].  

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʪʘʪʠʩʪʠʢʘ ʩʚʽʪʦʚʠʭ ʮʽʥ ʥʘ ʥʘʬʪʫ ʪʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ [23] 

 

ɸʣʝ ʜʦʩʷʛʪʠ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʣʘʥʩʫ ʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʭʦʜʫ ʜʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ, ʚ ʪ.ʯ. ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɯʥʥʦʚʘʮʽʡʥʽ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʯʥ ̔ʧʨʦʮʝʩʠ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʫʩʪʘʥʦʚʦʢ  ̒ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤʠ, ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ, ʥʘʜʽʡʥʠʤʠ ʽ 

ʙʝʟʧʝʯʥʠʤʠ  ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʪʠ, ʟʜʘʪʥʠʤʠ  ʟʘʤʽʩʪʠʪʠ ʪʨʘʜʠʮʽʡʥʽ  ʛʝʥʝʨʘʪʦʨʠ 

ʪʝʧʣʦʪʠ  ʜʣʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʮʽʣʦʛʦ ʨʦʢʫ ʥʘʚʽʪʴ ʫ ʤʦʨʦʟʠ 

[13ï21].    

ʋʢʨʘʾʥʘ ʽ ʄʽʞʥʘʨʦʜʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʘʛʝʥʮʽʷ (ʄɽɸ) ʫʟʛʦʜʠʣʠ ʨʦʙʦʯʫ ʧʨʦʛʨʘʤʫ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʥʘ 2025é2026 ʨʦʢʠ [24], ʟʘ ʥʘʧʨʷʤʢʦʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʨʦʟʚʠʪʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ; ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; ʨʝʬʦʨʤʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ; ʥʘʜʘʥʥʷ ʄɽɸ ʝʢʩʧʝʨʪʥʦʾ  ̔ʘʥʘʣʽʪʠʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʟʘʜʣʷ 

ʧʦʩʠʣʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ. 

ʉʪʘʥʦʤ ʥʘ 2024 ʨʽʢ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʫ ʙʘʣʘʥʩʽ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ ʩʪʘʚʠʣʦ 30%, ʥʘ ʜʨʫʛʦʤʫ ʤʽʩʮʽ ï ʘʪʦʤʥʘ ʝʥʝʨʛʽʷ, 

ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʦʢʨʠʪʪʷ 24% ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʋʢʨʘʾʥʠ; ʥʘ ʪʨʝʪʴʦʤʫ 
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ʤʽʩʮʽ ï ʚʫʛʽʣʣʷ,  22% ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʪʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; ʥʘʬʪʘ ʽ ʥʘʬʪʦʧʨʦʜʫʢʪʠ ï 17%; ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʘ ï ʟʘʙʝʟʧʝʯʫʻ ʥʝ 

ʙʽʣʴʰʝ 4% ʧʦʪʨʝʙ ʝʥʝʨʛʽʾ; ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ï 3% [24]. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʋʢʨʘʾʥʠ ʻ ʚʽʜʥʦʩʥʦ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʠʤ, ʙʦ ʞʦʜʥʝ ʧʘʣʠʚʦ ʥʝ 

ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 30% ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ [25].   

ʋ 2024 ʨʦʮʽ ʋʢʨʘʾʥʘ ʽʤʧʦʨʪʫʚʘʣʘ 4436,6 ʪʠʩ. ʄɺʪĿʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʎʝ 

ʥʘʡʚʠʱʠʡ ʧʦʢʘʟʥʠʢ ʟʘ ʦʩʪʘʥʥʽ 11 ʨʦʢʽʚ [25].  ʋʢʨʘʾʥʘ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʜ̔ ̔ʤʧʦʨʪʫ 

ʥʘʬʪʠ ï 83%,  ʚʫʛʽʣʣʷ ï 50% ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ï 33%, ʦʙʩʷʛʠ ʷʢʦʛʦ ʟʘ ʦʩʪʘʥʥʽ 2 

ʨʦʢʠ ʜʦʩʷʛʣʠ ʥʘʡʚʠʱʦʛʦ ʨʽʚʥʷ ï 833 ʤʣʥ ʤ3 (2023 ʨ.), ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 52 ʤʣʥ ʤ3 (2025 

ʨ.) ʦʙʩʷʛʠ ʽʤʧʦʨʪʫ ʧʽʜʚʠʱʠʣʠʩʴ ʫ 16 ʨʘʟ̔ʚ [25]. 

ɸʪʦʤʥʘ ʝʥʝʨʛʝʪʠʢʘ ʚ ʋʢʨʘʾʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʟʘ ʯʘʩʪʢʦʶ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʅʘ ʧʦʯʘʪʢʫ 2024 ʨʦʢʫ ʫʢʨʘʾʥʩʴʢʽ ɸɽʉ ʟʛʝʥʝʨʫʚʘʣʠ ʥʘ 

1 ʤʣʨʜ ʢɺʪĿʛʦʜ ʙʽʣʴʰʝ, ʥʽʞ ʫ 2023 ʨʦʮʽ, ï 5 ʤʣʨʜ 882 ʤʣʥ 931 ʪʠʩ. ʢɺʪĿʛʦʜ. 

ʉʴʦʛʦʜʥʽ ʋʢʨʘʾʥʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʈʦʩʽʡʩʴʢʝ 

ʚʪʦʨʛʥʝʥʥʷ ʚ ʋʢʨʘʾʥʫ ʧʨʠʟʚʝʣʦ ʜʦ ʦʢʫʧʘʮʽʾ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ, ʚʠʚʝʜʝʥʥʷ ʟ ʣʘʜʫ 

ʙʣʠʟʴʢʦ 44% ʪʝʧʣʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʨʽʟʢʝ ʩʢʦʨʦʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ  ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʚ ʪ.ʯ. ʚʽʜʥʦʚʣʶʚʘʥʠʭ. ʎ̔ ʇɽʈ ʤʦʞʫʪʴ 

ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ, ʜʦʩʷʛʘʶʯʠ ʤʘʡʞʝ 70% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʜʦ 2050 ʨ. [27]. 

ɿʘ ʫʤʦʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʣʶʯʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ ʽʥʚʝʩʪʠʮʽʡ, ʘ ʪʘʢʦʞ ʜʦʧʦʚʥʝʥʥʷ 

ʷʜʝʨʥʦʶ ʝʥʝʨʛʝʪʠʢʦʶ, ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʥʘʙʣʠʟʠʪʠ ʋʢʨʘʾʥʫ ʜʦ 

ʚʫʛʣʝʮʝʚʦ-ʥʝʡʪʨʘʣʴʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. ʎʝ ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ, 

ʨʦʟʨʦʙʣʝʥʠʭ UNECE (United Nations Economic Commission for Europe) ʆʆʅ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʮʝʥʘʨʽʶ ʚʫʛʣʝʮʝʚʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ (ʃʦʥʜʦʥ, 21ï22 

ʯʝʨʚʥʷ 2021 ʨ.) [28].  

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʮʝʥʘʨʽʡ ʋʢʨʘʾʥʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʧʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ. ʊʘʢ, ʜʝʬʽʮʠʪ ʝʥʝʨʛʽʾ ʟʘ ʦʩʪʘʥʥʽ ʧ'ʷʪʴ ʨʦʢʽʚ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 
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4500 ʄɺʪ [25], ʱʦ ʻ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʩʝʢʪʦʨʫ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʧʦʪʝʥʮʽʘʣ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʜʣʷ  

ʧʨʦʤʠʩʣʦʚʦʩʪʽ 34% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ, ʚ ʞʠʪʣʦʚʦʤʫ ʩʝʢʪʦʨʽ (33%), ʥʘ 

ʚʫʛʽʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ (22%) [25]. ʉʧʦʞʠʚʘʥʥʷ ʚ ʤʫʥʽʮʠʧʘʣʴʥʦʤʫ 

ʩʝʢʪʦʨʽ ʩʪʘʥʦʚʠʪʴ 90 ʢɺʪĿʛʦʜ/ʤ2. 

ʏʝʨʝʟ ʢʣʽʤʘʪʠʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʢʨʘʾʥʘʭ  ɭʉ ʥʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʋʢʨʘʾʥʠ. 

ʌʘʢʪʠʯʥʦ, ʧʠʪʦʤʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ (ʥʘ 1 ʤ2) ʥʘ ʦʧʘʣʝʥʥʷ, ʛʘʨʷʯʝ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʦʩʚʽʪʣʝʥʥʷ ʥʘʚʽʪʴ ʚ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥʘʭ, ʪʘʢʠʭ, ʷʢ ɼʘʥʽʷ, 

ʩʪʘʥʦʚʠʪʴ 142 ʢɺʪĿʛʦʜ/ʤ2, ʚ ʅʽʤʝʯʯʠʥʽ ï186 ʢɺʪĿʛʦʜ/ʤ2.  

ɿʘʛʘʣʴʥʝ ʢʽʥʮʝʚʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʫʜʽʚʥʠʮʪʚʽ, ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʤʫ ʩʝʢʪʦʨʽ, ʘ ʪʘʢʦʞ ʧʨʠ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʝʥʝʨʛʽʾ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʊɽʉ, ʟʤʝʥʰʠʣʦʩʷ ʥʘ 30,9 ʤʣʥ ʪ ʥ.ʝ. (ï

36,4%) ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠ ʨʦʢʽʚ. ʇʨʠ ʮʴʦʤʫ, ʦʜʥʘ ʪʨʝʪʠʥʘ ʟʥʠʞʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʚʽʜʙʫʣʘʩʴ ʟʘ ʨʘʭʫʥʦʢ ʨʦʩʪʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʜʚʽ ʪʨʝʪʠʥʠ ï ʟʘ 

ʨʘʭʫʥʦʢ ʩʧʘʜʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʚ ʩʝʢʪʦʨʘʭ ʝʢʦʥʦʤʽʢʠ 

(ʨʠʩʫʥʦʢ 1.2) [13].  

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ. 

 

ʅʘʡʙʽʣʴʰʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʩʪʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʘ ʙʫʣʘ ʟʘʬʽʢʩʦʚʘʥʘ ʚ 

ʤʫʥʽʮʠʧʘʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʩʪʘʥʦʚʠʣʘ 22,7%, ʘ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ï 13,2%. ɿʘʛʘʣʦʤ 
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ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʙʣʠʟʠʣʘʩʴ ʜʦ  12,5% [29]. ʋ 2025 ʨʦʮʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ) ʟʥʘʯʥʦ ʟʨʦʩʣʦ ʫ ɭʚʨʦʧʽ, ʜʦʩʷʛʥʫʚʰʠ 54% 

ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʢʨʘʾʥʘʭ ɭʉ ʟʘʚʜʷʢʠ ʩʦʥʷʯʥʽʡ ʪʘ ʚʽʪʨʦʚʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʱʦ 

ʚʠʧʝʨʝʜʠʣʦ ʛʝʥʝʨʘʮʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʫʛʽʣʣʷ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ,  ʯʘʩʪʢʘ: 54% 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ɭʉ ʛʝʥʝʨʫʚʘʣʠ ɺɼɽ, ʱʦ ʙʽʣʴʰʝ, ʥʽʞ ʫ 2024 ʨʦʮʽ (52,7%). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʝʥʝʨʛʝʪʠʢʘ ʩʪʘʣʘ ʢʣʶʯʦʚʠʤ 

ʜʨʘʡʚʝʨʦʤ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʚ ɭʉ.  

ʑʦʜʦ ʋʢʨʘʾʥʠ, ʪʦ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ɺɼɽ ʥʘ ʧʦʯʘʪʢʫ 2025 ʨʦʢʫ 

ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 8773 ʄɺʪ (~ 8,8 ɻɺʪ).  ɼʊɽʂ ʟʘʧʦʯʘʪʢʫʚʘʣʘ  ʧʦʪʫʞʥʽ ʩʠʩʪʝʤʠ 

ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ (200 ʄɺʪ), ʘʣʝ ʦʩʢʽʣʴʢʠ ʮʽ ʧʨʦʻʢʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʬʽʥʘʥʩʫʚʘʥʥ,̫ ʪʦ ʚʠʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʛʘʨʘʥʪʫʚʘʥʥʷ ʮʽʥ ʜʣʷ ʽʥʚʝʩʪʠʮʽʡ. ɿʚʠʯʘʡʥʦ 

ʜʦʤʽʥʫʶʪʴ ʝʥʝʨʛʽʷ ʚʽʪʨʫ, ʩʦʥʮ ̫ʪʘ ʛʽʜʨʦʝʥʝʨʛʽʷ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʧʦʥʘʜ 99% ʫʩʽʭ ʚʠʜʽʚ 

ɺɼɽ. ʊʘʢʠʤ ʯʠʥʦʤ, 2025 ʨʽʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʧʨʦʛʨʝʩʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ɺɼɽ, ʷʢ ʫ ɭʉ, ʪʘʢ ʽ ʚ ʋʢʨʘʾʥʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽ ʨʝʛʫʣʷʪʦʨʥʽ ʪʘ ʽʥʚʝʩʪʠʮʽʡʥʽ 

ʙʘʨ'ʻʨʠ. 

 

1.2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  

 

ʊʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ (ʊʅ) ʥʘʣʝʞʠʪʴ ʜʦ ʩʬʝʨʠ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʴʦʛʦʜʥʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʩʝ ʰʠʨʰʝ.  

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʻ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʧʝʨʝʭʦʜʫ ʥʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʊʅʋ). ʎʝ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʨʝʩʫʨʩʠ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʨʦʙʣʷʯʠ ʾʭ ʤʝʥʰ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ 

ʧʝʨʚʠʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (ʇɽʈ), ʱʦ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤ ʚ ʫʤʦʚʘʭ ʚʠʯʝʨʧʥʦʩʪʽ 

ʨʝʩʫʨʩʽʚ ʪʘ ʾʭ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ [30 ï34].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ 

ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʊʅʋ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʥʦʚʣʶʚʘʥʽ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥ ̔

ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʜʦʚʢʽʣʣʷ, ʟ ʷʢʠʭ, ʨ̌ʫʥʪ, ˇʨʫʥʪʦʚ ̔ʪʘ ʩʪʽʯʥ̔ ʚʦʜʠ, ʻ ʮʽʣʦʨʽʯʥʦ 

ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤʠ ʜʣʷ ʚʠʧʘʨʥʠʢʽʚ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʯʝʨʝʟ ʩʪʘʙʽʣʴʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ, ʘ ʩʘʤʝ,  ~10é12ÁC ʥʘ ʛʣʠʙʠʥʽ ~10 ʤ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʘ  ʮʽʥ ʥʘ ʚʠʢʦʧʥʽ ʇɽʈ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʊʅ (COP = 3é5) ʮʽʣʦʨʽʯʥʦ,  ʇʨʠ ʮʴʦʤʫ ʩʪʨʦʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʩʪʘʥʦʚʠʪʴ ʥʝ ʤʝʥʰʝ 50 ʨʦʢʽʚ. ˆʨʫʥʪʦʚʽ ʊʅ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʦʞʠʚʘʯʽʚ ʷʢ ʦʧʘʣʝʥʥʷʤ, ʪʘʢ ʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʽ ʢʦʣʠ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ, ʪʦ ʥʘʜʽʡʥʽʩʪʴ ʽ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ɻʊʅ ʨʦʙʠʪʴ ʾʭ 

ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʧʨʠ ʟʘʤʽʱʝʥʥʽ ʪʨʘʜʠʮʽʡʥʠʭ ʢʦʪʣʽʚ ʪʘ ʢʦʥʜʠʮʽʦʥʝʨʽʚ. ʉʣʽʜ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ: ʨ̌ʫʥʪ, ˇʨʫʥʪʦʚ ̔ʪʘ ʩʪʽʯʥ ̔ʚʦʜʠ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʁ ʮʽʥʥʽʩʪʶ ʜʣʷ ʧʨʷʤʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ [30 ï 34]. ʋ ʮʠʢʣʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʭʽʜ ʪʝʧʣʘ ʚʽʜ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʧʝʨʚʠʥʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʨʝʩʫʨʩʫ ʜʦ ʩʧʦʞʠʚʘʯʘ ʥʘ ʚʠʩʦʢʦʧʦʪʝʥʮʽʡʥʦʤʫ ʨʽʚʥʽ. ɹʽʣʴʰʝ ʪʦʛʦ, ʦʜʥʦʯʘʩʥʦ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʪʝʧʣʦʚʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʜʦʩ̫ʛʘʻʪʴʩʷ ʝʢʦʥʦʤʽʷ ʪʨʘʜʠʮʽʡʥʠʭ ʧʝʨʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ [30]. ʆʪʞʝ, ʧʨʦʙʣʝʤʫ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ, ʷʢ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ, ʪʘʢ ʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʽʥʥʦʚʘʮʽʡʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʛʝʥʝʨʘʮʽʾ, ʨʦʟʧʦʜʽʣʫ, 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʪʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ (ʊʅ), ʟʘʚʜʷʢʠ ʾʭ ʤʦʞʣʠʚʦʩʪʽ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʈɺɼɽ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ [31ï33], ʙʦ ʊʅ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʘ ʊʅ, ʘ ʥʝ ʜʣʷ ʧʨʷʤʦʛʦ ʥʘʛʨʽʚʫ 

ʪʝʧʣʦʥʦʩʽʷ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʦʙʦʪʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʩʫʯʘʩʥʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ, 

ʥʝ ʤʽʩʪʷʪʴ ʩʠʩʪʝʤʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊ̂ʅʉ ʥʘ ʙʘʟʽ 

ʅʇɺɼɽ (ˆɽ, ˆɺ, ʉɺ) ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʩʪʨʦʢʫ ʙʝʟ ʰʢʦʜʠ ʜʞʝʨʝʣʫ ʪʝʧʣʦʪʠ 

ʽ  ʜʦʚʢʽʣʣʶ, ʚʽʜʧʦʚʽʜʥʦ, ʘ ʩʘʤʝ, ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ: 

ï ʊ̂ʅʉ ʙʝʟ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʨ̌ʫʥʪʫ;  
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ï ɺ̂ʊʅʉ ʙʝʟ ʟʥʠʞʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ 

ʩʚʝʨʜʣʦʚʠʥʠ ʟ ˇʨʫʥʪʦʚʦʶ ʚʦʜʦʶ: 

ï  ʉɺʊʅʉ ʙʝʟ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʯʝʨʝʟ ʟʘʙʨʫʜʥʝʥʥʷ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʝʯʦʚʠʥʘʤʠ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʩʢʠʜʥʠʭ ʚʦʜʘʭ  

ʅʘʝh ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, ʪʠʤ, ʱʦ ʚ ʥʴʦʤʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʨʝʟʫʣʴʪʘʪʘʭ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʤʘʩʠʚʽ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʊ̂ʅʉ, ʥʘʚʢʦʣʦ 

ʩʚʝʨʜʣʦʚʠʥ ʟ ̌ʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ ɺ̂ʊʅʉ, ʟ ʫʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʚ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʩʪʨʦʷʭ ʊʅ ʥʘ ʙʘʟʽ ʉɺ ʪʝʭʥʦʛʝʥʥʦʛʦ ʽ ʧʦʙʫʪʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ ʽ ʇʽʚʜʝʥʥʦ-

ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʧʝʨʝʜʠʪʠ ʪʝʨʤʽʯʥʫ ʨʝʣʘʢʩʘʮʽʶ  ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ 

ʟʙʣʠʟʴ ˇʨʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʜʣʷ ˆʊʅʉ, ʟʙʣʠʟʴ ʩʚʝʨʜʣʦʚʠʥ ʟ ˇʨʫʥʪʦʚʦʶ ʚʦʜʦʶ ʜʣʷ 

ˆɺʊʅʉ ʪʘ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʽʟ ʟʘʙʨʫʜʥʝʥʠʤʠ ʩʢʠʜʥʠʤʠ ʚʦʜʘʤʠ ʜʣʷ ʉɺʊʅʉ, ʥʘ 

ʟʘʩʘʜʘʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ 

 

1.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʧʝʨʚʠʥʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʜʣʷ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ 

 

ʅʠʟʴʢʦʧʦʪʝʥʮʽʡʥʽ ʧʝʨʚʠʥʥʽ ʝʥʝʨʛʦʨʝʩʫʨʩʠ  (ʅʇʇɽʈ) ʜʣʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʫʩʪʘʥʦʚʦʢ (ʊʅʋ), ʢʣʘʩʠʬʽʢʫʶʪʴ ʥʘ ʥʦʩʽʻʤ ʪʝʧʣʦʪʠ: ʘʝʨʦʪʝʨʤʘʣʴʥʽ (ʛʘʟʦʧʦʜʽʙʥʠʡ 

ʪʝʧʣʦʥʦʩʽʡ); ˇʨʫʥʪʦʚʽ (ʪʝʧʣʦʥʦʩʽʻʤ ʻ ʚʝʨʭʥʽʡ ʰʘʨ ˇʨʫʥʪʫ ʜʦ 100 ʤ ʛʣʠʙʠʥʠ); 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʽ (ʨʽʜʠʥʥʠʡ ʪʝʧʣʦʥʦʩʽʡ); ʪʝʭʥʦʛʝʥʥʽ (ʩʢʠʜʥʘ ʪʝʧʣʦʥʦʩʽʾ); 

ʛʝʣʽʦʪʝʨʤʘʣʴʥʽ (ʧʦʪʽʢ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). ʅʠʟʴʢʦʧʦʪʝʥʮʽʡʥʽ ʧʝʨʚʠʥʥʽ 

ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ. 

ʊʝʧʣʦʥʘʩʦʩʥʽ ʛʝʥʝʨʘʪʦʨʠ, ʷʢʽ  ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽ ʾʧʦʪʦʢʽʚ ʅʇʇɽʈ ʜʦ ʥʘʣʝʞʥʦʾ ʨʽʚʥʷ ʛʫʩʪʠʥʠ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʙôʻʢʪʽʚ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ.  ɺ ɭʚʨʦʧʝʡʩʴʢʠʭ 

ʢʨʘʾʥʘʭ ɭʉ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʜʣʷ ʊʅʋ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ˇʨʫʥʪʦʚʽ ʚʦʜʠ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʟʙʣʠʟʴ ʧʽʜʩʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥ ̔ ʨ̌ʫʥʪʫ, ʩʢʠʜʥ ̔ʪʝʭʥʦʛʝʥʥʽ  
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ʽ ʧʦʙʫʜʦʚʽ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʘʝʨʦ-  ̔ʛʝʦʪʝʨʤʘʣʴʥʽ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʥʘ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽʡ 

ʛʣʠʙʠʥʽ, ʜʣʷ ʟʘʤʽʱʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʇɽʈ.  

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʥʘʜ ʽʥʰʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʪʝʧʣʦʪʠ  ̒

ʾʭʥ ̫ʝʢʦʥʦʤʽʯʥʘ ʽ ʝʢʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʝʟʧʝʢʦʚʘ ʷʢʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ. ʊʅʉ 

ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʚʝʨʩʥʦʤʫ ʨʝʞʠʤʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʟʠʤʢʫ ʪʝʧʣʦʪʦʶ 

ʩʧʦʞʠʚʘʯʽʚ, ʘ ʚʣʽʪʢʫ ï ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʤʽʱʝʥʴ. ʇʨʠ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʅʇʇɽʈ ʜʣʷ ʊʅʉ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ 

ʜʣʷ ʧʨʠʚʦʜʫ ʢʦʤʧʨʝʩʦʨʘ ʇʊʅ (ʜʚʠʛʫʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ɺɽʋ, ʌɽʇ ʪʦʱʦ), 

ʩʪʚʦʨʶʻʪʴʩʷ ʜʦʜʘʪʢʦʚʦ ʢʦʨʠʩʥʠʡ ʝʢʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ [13 ï16, 20, 30, 34].  

ɯʩʥʫʻ ʩʽʤ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʅʇʇɽʈ ʜʣʷ ʊʅʋ [35], ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʚ 

ʢʨʘʾʥʘʭ ɭʉ ʜʣʷ ʧʦʪʨʝʙ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ɻɺʇ, ʽ ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʠʟʢʦʶ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ  ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ: ʜʦʩʪʫʧʥʽʩʪʶ, ʩʪʘʙʽʣʴʥʽʩʪʶ ʽ 

ʙʝʟʧʝʯʥʽʩʪʶ, ʧʦʪʫʞʥʽʩʪʶ, ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ (ʪʘʙʣʠʮʷ 1.1), ʜʝ 

ʙʝʟʧʝʯʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫʤʦʚʥʦ ʧʦʟʥʘʯʝʥʽ ʪʘʢ: ɺ, ʉ, ʅ ï ʚʽʜʧʦʚʽʜʥʦ, ʚʠʩʦʢʘ, 

ʩʝʨʝʜʥʷ  ̔ʥʠʟʴʢʘ ʷʢʽʩʪʴ. 

  

ʊʘʙʣʠʮʷ 1.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʇʇɽʈ ʜʣʷ ʊʅʋ [35] 

ʅ
ʇ
ʇ
ɽ
ʈ

 

ʇ
ʦ
ʪ
ʫ
ʞ
ʥ
ʽ
ʩ
ʪ
ʴ
,

 

ʄ
ɺ
ʪ 

ɺ
ʽ
ʜ
ʩ
ʦ
ʪ
ʦ
ʢ
 
ʚ
ʽ
ʜ

 

ʟ
ʘ
ʛ
ʘ
ʣ
ʴ
ʥ
ʦ
ʾ

 

ʧ
ʦ
ʪ
ʫ
ʞ
ʥ
ʦ
ʩ
ʪ
ʽ

 

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ

 

ʙ
ʣ
ʦ
ʢ
ʽ
ʚ

 

ʉ
ʝ
ʨ
ʝ
ʜ
ʥ
ʷ

 

ʧ
ʦ
ʪ
ʫ
ʞ
ʥ
ʽ
ʩ
ʪ
ʴ

 

ʙ
ʣ
ʦ
ʢ
ʫ
,

 

ʄ
ɺ
ʪ 

ʊ
ʝʤ
ʧʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʥ
ʠ
ʡ

 

ʜ
ʽ
ʘ
ʧ
ʘ
ʟ
ʦ
ʥ
,

 

°C
 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ

 

ʉ
ʪ
ʘ
ʙ
ʽ
ʣ
ʴ
ʥ
ʽ
ʩ
ʪ
ʴ
 
/
 

ʙ
ʝ
ʟ
ʧ
ʝ
ʯ
ʥ
ʽ
ʩ
ʪ
ʴ

 

ɹ
ʣ
ʠ
ʟ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ

 

ʜ
ʦ
 
ʤ
ʽ
ʩ
ʴ
ʢ
ʠ
ʭ

 

ʨ
ʘ
ʡ
ʦ
ʥ
ʽ
ʚ

 

1 2 3 4 5 6 7 8 9 

ʉʪʽʯʥʽ ʚʦʜʠ 891 56% 54 17 10é20 ɺ ɺ ɺ 

ɺʦʜʘ ʟ ʜʦʚʢʽʣʣʷ 390 24% 34 11 2é15 ʉ ɺ ɺ 

ʇʨʦʤʠʩʣʦʚʘ 

ʚʽʜʧʨʘʮʴʦʚʘʥʘ 

ʪʝʧʣʦʪʘ 

 

129 

 

8% 

 

28 

 

5 

 

12é46 

 

ɺ 

 

ʅ 

 

ʉ 

ɻʝʦʪʝʨʤʘʣʴʥʘ 

ʪʝʧʣʦʪʘ 

97 4% 19 5 9é55 ɺ ɺ ʅ 

ɼʠʤʦʚʽ ʛʘʟʠ 40 2% 7 6 34é60 ɺ ʉ ʉ 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ 

ʦʭʦʣʦʜʞʝʥʥʷ 

 

30 

 

<2% 

 

4 

 

7 

 

0é9 

 

ʅ 

 

ʉ 

 

ɺ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.1 

1 2 3 4 5 6 7 8 9 

ɸʢʫʤʫʣʶʚʘʥʥʷ 

ʪʝʧʣʦʪʠ ʚʽʜ ʧʦʪʦʢʫ 

ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

4 

 

<1% 

 

3 

 

1 

 

10é35 

 

ɺ 

 

ɺ 

 

C 

ɺʩʴʦʛʦ 1580 ï 149 ï 0é60 ï ï ï 

 

ɺ ʪʘʙʣʠʮʽ 1.2 ʚ ʫʟʘʛʘʣʴʥʝʥʽʡ ʬʦʨʤʽ ʥʘʚʝʜʝʥʦ ʦʟʥʘʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʷʢʦʩʪʽ ʊʅʋ 

ʥʘ ʙʘʟʽ ʅʇʇɽʈ, ʾʭ ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ ʪʘ ʤʦʞʣʠʚʽ ʧʨʦʷʚʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʜʦʚʢʽʣʣʷ ʧʨʠ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ.  

 

ʊʘʙʣʠʮʷ 1.2 ï  ʆʟʥʘʢʠ ʷʢʦʩʪʽ ʊʅ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʙʘʟʽ  ʅʇʇɽʈ [36] 

 

ʊʝʭʥʦʣʦʛʽʷ 

ʊʅ 

 

ɺʘʨʪʽʩʪʴ,  

«+» 

 

ʉʆʈ 

 

ɺʧʣʠʚ ʥʘ 

ʜʦʚʢʽʣʣʷ 

 

 

ʇʝʨʝʚʘʛʠ 

 

ʅʝʜʦʣʽʢʠ 

1 2 3 4 5 6 

 

 

 

ʊʅ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʪʝʧʣʦʪʫ 

ʧʦʚʽʪʨʷ 

 

 

 

 

«+» 

 

 

 

 

3 

 

ɺʧʣʠʚ ʥʘ 

ʜʦʚʢʽʣʣʷ ʚ 

ʭʦʣʦʜʥʠʭ 

ʨʝʛʽʦʥʘʭ. 

ɺʠʪʦʢʠ ʨʦʙʦʯʦʾ 

ʨʝʯʦʚʠʥʠ ʮʠʢʣʫ 

ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

ʐʫʤʦʚʠʡ 

ʝʬʝʢʪ 

 

 

ʇʨʦʙʣʝʤʠ ʽʟ 

ʟʘʙʨʫʜʥʝʥʥʷʤ 

ʤʝʥʰʽ, ʥʽʞ ʚ 

ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ. 

ʇʨʦʩʪʦʪʘ 

ʫʧʨʘʚʣʽʥʥʷ. 

ʅʠʟʴʢʘ ʚʘʨʪʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺʠʩʦʢʠʡ ʉʆʈ. 

ʅʠʟʴʢʝ 

ʩʧʦʞʠʚʘʥʥʷ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ 

 

ʆʙʤʝʨʟʘʥʥʷ 

ʚʠʧʘʨʥʠʢʘ. 

COP ʟʘʣʝʞʠʪʴ 

ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʦʚʢʽʣʣʷ 

 

 

ʊʅ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʪʝʧʣʦʪʫ  

ʚʦʜʠ 

 

 

 

«++» 

 

 

 

3,7é4,3 

 

ʄʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ: 

ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʦʜʠ, ʦʩʽʜʘʥʥʷ 

ʧʦʨʦʜʠ  ̔

ʛʝʦʣʦʛʽʯʥʽ 

ʥʝʛʘʨʘʟʜʠ 

 

 

ɺʠʩʦʢʦ-

ʝʬʝʢʪʠʚʥʠʡ. 

ʋʤʦʚʠ  ʜʦʚʢʽʣʣʷ 

ʥʝ ʚʧʣʠʚʘʶʪʴ. 

ʄʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʝʧʣʦʪʫ ʨʽʯʦʢ, 

ʦʟʝʨ, ʚʦʜʦʡʤ 

 

ʇʦʪʨ̔ʙʥʽ 

ʚʦʜʦʡʤʠ ʪʘ 

ʥʝʦʙʭʽʜʥʠʡ 

ʜʦʟʚʽʣ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʝʢʪʫ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1.2 

 

1 2 3 4 5 6 
 

 

 

ʊʅ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʪʝʧʣʦʪʫ 

ˇʨʫʥʪʫ 

 

 

 

 

«+++» 

 

 

 

 

3,5é3,8 

ʈʦʙʦʯʽ 

ʨʝʯʦʚʠʥʠ 

ʮʠʢʣʫ ʊʅ ʻ 

ʰʢʽʜʣʠʚʠʤʠ 

ʜʣʷ ʜʦʚʢʽʣʣʷ 

ʇʦʚʝʨʭʥʝʚʽ 

ʚʦʜʠ ʤʦʞʫʪʴ 

ʧʦʪʨʘʧʣʷʪʠ ʚ 

ʩʚʝʨʜʣʦʚʠʥʫ ʽ 

ʧʦʨʫʰʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

 

ɺʠʩʦʢʦ-

ʝʬʝʢʪʠʚʥʠʡ, 

ʤʘʻ ʟʥʘʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʅʘʜʽʡʥʝ ʜʞʝʨʝʣʦ 

ʪʝʧʣʦʪʠ ʜʣʷ ʊʅ 

ʄʦʞʝ ʧʨʘʮʶʚʘʪʠ 

ʚ ʭʦʣʦʜʥʠʭ 

ʨʝʛʽʦʥʘʭ 

 

ʅʝʦʙʭʽʜʥʘ 

ʜʝʪʘʣʴʥʘ 

ʦʮʽʥʢʘ 

ʛʝʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʪʘ ʚʠʤʦʛ 

COP ʤʦʞʝ 

ʟʤʝʥʰʫʚʘʪʠʩʷ 

ʧʨʦʪʷʛʦʤ 

ʦʧʘʣʶʚʘʣʴ-

ʥʦʛʦ ʩʝʟʦʥʫ 

ʯʝʨʝʟ 

ʟʤʝʥʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ 

ˇʨʫʥʪʫ 

 

 

ʊʅ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʛʝʦʪʝʨʤʘʣʴʥʫ 

ʪʝʧʣʦʪʫ  

 

 

 

 

«++++» 

 

 

 

 

4 

 

ɿʤʝʥʰʫʻ 

ʚʠʢʠʜʠ ʟʘ 

ʥʠʟʴʢʦʛʦ 

ʩʪʨʦʢʫ 

ʦʢʫʧʥʦʩʪʽ 

 

ɺʠʩʦʢʠʡ ʉʆʈ 

ɺʠʢʦʨʠʩʪʦʚʫʻ 

ʧʦʪʫʞʥʝ ʜʞʝʨʝʣʦ 

ʪʝʧʣʦʪʠ. 

ʇʨʠʜʘʪʥʠʡ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

 

 

ʅʝʦʙʭʽʜʥʦ 

ʨʝʟʝʨʚʫʚʘʪʠ 

ʧʦʪʫʞʥʽʩʪʴ 

ʩʠʩʪʝʤʠ 

ʦʙʽʛʨʽʚʫ 

 

 

 

ʉʦʨʙʮʽʡʥʠʡ 

ʊʅ 

 

 

«++++» 

 

 

1,8 

ʈʦʙʦʯʽ 

ʨʝʯʦʚʠʥʠ 

ʮʠʢʣʫ ʥʝ 

ʟʘʚʜʘʶʪʴ 

ʰʢʦʜʠ 

ʜʦʚʢʽʣʣʶ 

ʋʪʠʣʽʟʘʮʽʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ 

ʪʝʧʣʦʪʠ ʟʽ ʩʪʽʯʥʠʭ 

ʚʦʜ 

 

 

ʅʠʟʴʢʠʡ ʉʆʈ 

 

 

 

ʊʅ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʽʥʩʦʣʷʮʽʶ 

 

 

 

«++» 

é 

«++++» 

 

 

ɺʠʱʝ 

ʥʽʞ  

ʉʆʈ ʫ 

ʦʢʨʝʤʦʛʦ 

ʊʅ 

ʄʘʻ ʟʥʘʯʥʽ 

ʝʢʦʣʦʛʽʯʥʽ 

ʧʝʨʝʚʘʛʠ, 

ʟʤʝʥʰʫʶʪʴʩʷ 

ʚʠʢʠʜʠ ʚ 

ʜʦʚʢʽʣʣʷ ʥʘ 

50% 

ɽʢʦʥʦʤʽʯʥʦ ʽ 

ʝʥʝʨʛʝʪʠʯʥʦ 

ʚʠʛʽʜʥʘ 

ʪʝʭʥʦʣʦʛʽʷ. 

ɯʥʩʦʣʷʮʽʷ  ʩʧʨʠʷʻ 

ʟʙʽʣʴʰʝʥʥʶ COP 

ʊʅ 

ɿʥʠʞʫʻʪʴʩʷ 

ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

 

ʅʝʦʙʭʽʜʥʠʡ 

ʜʦʜʘʪʢʦʚʠʡ 

ʤʝʭʘʥʽʟʤ 

ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ. 

ʇʦʪʨʝʙʫʻ 

ʫʣʘʰʪʫʚʘʥʥʷ 

ʦʢʨʝʤʦʛʦ ʤʽʩʮʷ 

ʫʩʪʘʥʦʚʢʠ 

 

ʊʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ ʅʇʇɽʈ ʜʣʷ ʊʅʋ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 1.3 [35].  
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ʊʘʙʣʠʮʷ 1.3 ï ʊʝʭʥʽʯʥʠʡ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʅʇʇɽʈ ʜʣʷ ʊʅʋ [37] 

ɼʞʝʨʝʣʦ  

ʪʝʧʣʦʪʠ 

ʊʝʭʥʽʯʥʠʡ  

ʧʦʪʝʥʮʽʘʣ 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ 

ʧʦʪʝʥʮʽʘʣ, ʦʉ 

ʉʧʦʩʽʙ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʅʇʇɽʈ 

ɿʦʚʥʽʰʥʻ   

ʧʦʚʽʪʨʷ 

ʅʝʦʙʤʝʞʝʥʠʡ ï10é+15 ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʧʘʨʥʠʢ ʊʅ ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ʉʢʠʜʥʝ  

ʧʦʚʽʪʨʷ 

ʆʙʤʝʞʝʥʠʡ 15é25 ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʧʘʨʥʠʢ ʊʅ ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ʇʽʜˇʨʫʥʪʦʚʽ  

ʚʦʜʠ 

ʆʙʤʝʞʝʥʠʡ 4é10 ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʧʘʨʥʠʢ ʊʅ ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ʆʟʝʨʥʘ  

ʚʦʜʘ 

ʆʙʤʝʞʝʥʠʡ 15é25 ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʧʘʨʥʠʢ ʊʅ ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ʈʽʯʢʦʚʘ  

ʚʦʜʘ 

ʆʙʤʝʞʝʥʠʡ 0é10 ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʧʘʨʥʠʢ ʊʅ ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ʄʦʨʩʴʢʘ  

ʚʦʜʘ 

ʆʙʤʝʞʝʥʠʡ 3é8 ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʧʘʨʥʠʢ ʊʅ ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 

ˆʨʫʥʪ ʅʝʦʙʤʝʞʝʥʠʡ 0é10 ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ 

ʪʝʧʣʦʥʦʩʽ ̫ʫ ʢʦʥʪʫʨʽ ʚʠʧʘʨʥʠʢʘ 

ˆʨʫʥʪʦʚʽ  

ʚʦʜʠ 

ʅʝʦʙʤʝʞʝʥʠʡ >10 ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʧʘʨʥʠʢ ʊʅ ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ  

ɻʝʦʪʝʨʤʘʣʴʥʘ 

ʚʦʜʘ 

ʆʙʤʝʞʝʥʠʡ 20é50 ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʧʘʨʥʠʢ ʊʅ ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 
 

ɸʥʘʣʽʟ ʪʝʭʥʽʯʥʦʛʦ ʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʅʇʇɽʈ (ʪʘʙʣʠʮʷ 1.3) ʧʦʢʘʟʫʻ, 

ʱʦ, ʭʦʯʘ ʟʦʚʥʽʰʥʻ ʧʦʚʽʪʨʷ ʽ ʻ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤ, ʟʘʚʜʷʢʠ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʫ ʜʣʷ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʚʽʜʥʦʩʥʦ ʤʝʥʰʠʤ  ʚʠʪʨʘʪʘʤ ʥʘ 

ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʧʦʚʽʪʨʷʥʠʭ ʊʅʋ, ʥʽʞ ʚʠʪʨʘʪʠ ʢʦʰʪʽʚ ʥʘ ʽʥʰʽ ʪʠʧʠ ʊʅʋ, ʘʣʝ  

ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʧʦʚʽʪʨʷʥʠʭ ʊʅʋ, ʟʘ ʫʤʦʚ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʚʢʽʣʣʷ ʚ 

ʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ, ʻ ʪʘʢʽ ʧʨʦʷʚʠ:  

ï ʟʤʝʥʰʝʥʥʷ ʉʆʈ;  

ï ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʢʣʫ ʊʅ ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʢʦʥʜʝʥʩʘʮʽʾ ʽ ʢʠʧʽʥʥʷ;  

ï ʧʦʪʨʝʙʘ ʚ ʨʦʟʤʦʨʦʞʫʚʘʥʥʷ  (ʜʝʬʨʦʩʪʘʮʽʾ) ʚʠʧʘʨʥʠʢʘ ʊʅ, ʫ ʨʘʟʽ ʫʪʚʦʨʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʚʠʧʘʨʥʠʢʘ ʢʨʠʞʘʥʦʛʦ ʰʘʨʫ, ʱʦ ʚʢʨʘʡ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝʧʣʦʦʙʤʽʥ 

ʤʽʞ ʧʦʚʽʪʨʷʤ ʽ ʭʦʣʦʜʠʣʴʥʠʤ ʘʛʝʥʪʦʤ ʮʠʢʣʫ ʊʅ. 
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ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʜʦʙʦʚʠʭ ʮʠʢʣʽʚ ʜʝʬʨʦʩʪʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʧʨʠ ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦʚʢʽʣʣʷ, ʱʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.3 

[39], ʜʝ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʙʦʚʠʭ ʮʠʢʣʽʚ ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ 

(ʤʽʥʫʩ 5)é0 ʦʉ. 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ɼʦʙʦʚʘ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʜʝʬʨʦʩʪʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ  

 ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ  j ̔ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʩʫʭʠʤ ʪʝʨʤʦʤʝʪʨʦʤ  

 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ  ʧʦʚʽʪʨʷʥʠʭ ʊʅʋ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ 

ʚʠʩʦʢʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ, ʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʧʦʚʽʪʨʷ ʜʣʷ ʊʅʋ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʩʪʘʥʦʚʠʪʴ 3,5 ʤʣʥ ʪʦʥʥ ʨʽʯʥʠʡ 

ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ [39]. 

 

1.4. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʝʥʝʨʛʽʾ ʨ̌ʫʥʪʫ ʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ 

ʚ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʢʘʭ 

 

ɺʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʽʩʪʠʪʴʩʷ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ. 

ʊʘʢʽ ʅʇʇɽʈ ʷʢ ʨ̌ʫʥʪʦʚʫ ʝʥʝʨʛʽʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʣʷʭʦʤ 

ʫʣʘʰʪʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʘʙʦ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʥʘ ʛʣʠʙʠʥʽ 



45 
 

ʙʣʠʟʴʢʦ 10..12 ʤ, ʜʝ  ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʧʦʩʪʽʡʥʘ [19, 40 ï 42]. ʘ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʉˆɺ ʛʣʠʙʠʥʦ  ʁ~ 30é60 ʤ.. 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʧʦ ʛʣʠʙʠʥʽ ʟʘʣʝʞʠʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʽʜ ʪʠʧʫ 

ˇʨʫʥʪʫ (ʧʽʩʦʢ, ʛʣʠʥʘ, ʛʨʘʚʽʡ ʪʦʱʦ) ʽ ʡʦʛʦ ʚʦʣʦʛʦʩʪʽ [40, 43]. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ 

ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʻʪʴʩʷ. ʅʘ ʛʣʠʙʠʥʽ > 3 ʤ ʩʝʟʦʥʥʘ ʟʤʽʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʧʘʟʦʥʫ ʙʣʠʟʴʢʦ 7 Áʉ. ʅʘ ʛʣʠʙʠʥʽ > 9 ʤ ʩʝʟʦʥʥʽ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʩʪʘʥʦʚʣʷʪʴ 10é12 Áʉ, ʦʪʞʝ,  ʽ ˇʨʫʥʪʦʚʽ ʚʦʜʠ ʥʘ ʮʽʡ 

ʛʣʠʙʠʥʽ ʻ ʩʪʘʙʽʣʴʥʠʤ ʽ ʧʦʪʫʞʥʠʤ ʅʇʇɽʈ ʜʣʷ ʊ̂ʅ. 

ɻʨʘʥʠʯʥʝ ʥʠʞʥʻ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʻ, ʱʦ ʧʦʜʘʣʴʰʠʡ ʚʽʜʙʽʨ 

ʪʝʧʣʘ ʚʽʜ ˇʨʫʥʪʫ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʤʝʨʟʘʥʥʷ ʡʦʛʦ ʚʝʨʭʥʽʭ ʰʘʨʽʚ, 

ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʛʝʪʘʮʽʶ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʥʘʜʽʡʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟʙʣʠʟʴ  ʤʽʩʮʝʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʨ̌ʫʥʪʦʚʠʭ ʪʨʫʙʦʢ-ʚʠʧʘʨʥʠʢʽʚ  ʊʅ. ɼʣʷ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʽ ʇʽʚʜʝʥʥʦ-

ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʤʽʥʫʩ 18 Áʉ 

ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 10 ʤ ʤʘʻ ʙʫʪʠ ʥʝ ʥʠʞʯʝ 

9é10 Áʉ [30],  ʱʦʙ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻʊʅʋ ʥʝ ʚʠʥʠʢʘʣʦ ʧʨʦʤʝʨʟʘʥʥʷ 

ʰʘʨʽʚ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ.  

ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʦʾ ʪʨʫʙʢʠ ʧʦʢʘʟʫʻ, ʱʦ 

ʜʝʬʦʨʤʘʮʽʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ ~3é4 ʜʽʘʤʝʪʨʘ ˇʨʫʥʪʦʚʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʛʫʩʪʠʥʦʶ, ʥʘʧʨʠʢʣʘʜ,  8 ɺʪ/ʤ2 

ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ʧʣʦʱʽ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʙʽʣʴʰʝ ʧʣʦʱʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ 

ˇʨʫʥʪʦʚʦʾ ʪʨʫʙʢʠ ʚ 3é4 ʨʘʟʠ, ʚʽʜʧʦʚʽʜʥʦ. ʆʪʞʝ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʙʣʠʟʴʢʦ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʠʭ ʪʨʫʙʦʢ, ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʢʫ 

ʛʫʩʪʠʥʦʶ ~ 30 ɺʪ/ʤ2.  

ɺʠʢʦʥʘʻʤʦ ʧʦʨʽʚʥʷʥʥʷ ʨ̌ʫʥʪʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽʟ  ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʶ 

ʚʝʣʠʯʠʥʦʶ  ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʘʙʩʦʨʙʝʨ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʫ. 

ʗʢʱʦ ʩʝʨʝʜʥʴʦʜʦʙʦʚʝ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ~ 200 ɺʪ/ʤ2, ʪʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʂʂɼ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʫ h=0,3, ʦʪʨʠʤʘʻʤʦ ~60 ɺʪ/ʤ2. ɸ 

ʩʝʨʝʜʥʴʦʨʽʯʥʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʘʙʩʦʨʙʝʨ ʩʦʥʷʯʥʦʛʦ 

ʢʦʣʝʢʪʦʨʫ ~ ʚ 2 ʨʘʟʠ ʤʝʥʰʝ, ʪʦʙʪʦ, ʩʪʘʥʦʚʠʪʴ ~ 30 ɺʪ/ʤ2.  
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ʊʘʢʠʤ ʯʠʥʦʤ,  ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʛʣʷʥʫʪʠʭ ʧʦʪʦʢʽʚ ʪʝʧʣʦʪʠ ʜʣʷ ʊʅʋ 

(ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ  ˇʨʫʥʪʦʚʦʾ ʝʥʝʨʛʽʾ) ʻ ʩʧʽʚʩʪʘʚʥʠʤʠ  ʟʘ ʚʝʣʠʯʠʥʘʤʠ, ʘ 

ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʪʝʧʣʦʪʠ ˇʨʫʥʪʫ ʙʽʣʴʰʝ ʧʦʪʨʝʙ ʣʶʜʩʪʚʘ ʚ 2é4 ʨʘʟʠ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ, ʩʢʽʣʴʢʠ ʢʦʰʪʫʻ 1 ʢɺʪ ʚʽʜ ʊʅʋ. ɿʘʟʚʠʯʘʡ, ʚʘʨʪʽʩʪʴ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʥʘʰ ʯʘʩ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 5 USD ʟʘ 1 ɺʪ ʫʩʪʘʣʝʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ 1 ʤ2 ˇʨʫʥʪʦʚʦʾ ʪʨʫʙʢʠ ʩʧʨʠʡʤʘʻ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʧʦʪʫʞʥʽʩʪʶ 

30 ɺʪ ʚʽʜ ʮʠʣʽʥʜʨʘ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʪʨʫʙʢʠ, ʟʘ 30 ɺʪ ʪʨʝʙʘ ʩʧʣʘʪʠʪʠ 

150 USD. ʑʦʜʦ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ, ʟʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ [19], ʚʘʨʪʽʩʪʴ 1 ʢɺʪ 

ʚʠʨʦʙʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 2965 USD. ʊʦʙʪʦ, ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʣʝʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʊ̂ʅ ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʥʰʝ, ʥʽʞ ʫ ʩʠʩʪʝʤʠ ʟ ʩʦʥʷʯʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ 

ʘʥʘʣʦʛʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ.  

ʊʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʘʣʘʥʩʦʤ ʪʝʧʣʦʪʠ, ʷʢʘ 

ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʉʦʥʮʷ, ʪʘ ʚʽʜʜʘʯʦʶ ʪʝʧʣʦʪʠ ʨ̌ʫʥʪʫ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʥʘʜʭʦʜʞʝʥʥʷʤ ʽ ʚʽʜʜʘʯʦʶ ʪʝʧʣʦʪʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʽʥʩʦʣʷʮʽʾ ʪʘ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʚ ʰʘʨʽ ʨ̌ʫʥʪʫ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʚʽʜ 

ʛʣʠʙʠʥʠ ʜʦ ʽʟʦʪʝʨʤʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʨ̌ʫʥʪʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʧʨʦʮʝʩʘʤʠ ʧʦʛʣʠʥʘʥʥʷʤ, ʘʢʫʤʫʣʶʚʘʥʥʷʤ ʽ ʨʦʟʩʽʶʚʘʥʥʷʤ ʪʝʧʣʦʪʠ ʽ ʻ  ʚʧʣʠʚʦʚʠʤ 

ʯʠʥʥʠʢʦʤ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʛʫʤʫʩʫ ʚ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʨʦʢʫ, ʩʝʟʦʥʫ, 

ʜʦʙʠ. ʆʪʞʝ,  ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʚ ʰʘʨʽ ʨ̌ʫʥʪʫ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨ̌ʫʥʪʫ, ʷʢʠʡ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʥʝʚʠʯʝʨʧʥʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ. ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ˇʨʫʥʪʫ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʧʘʣʝʥʥʷ ʽ ʚʝʥʪʠʣʷʮʽʾ ʧʨʠʤʽʱʝʥʴ.  

ɼʣʷ ʚʽʜʚʦʜʫ  ʝʥʝʨʛʽʾ ʚʽʜ ˇʨʫʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ˇʨʫʥʪʦʚʽ ʪʨʫʙʢʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ˇʨʫʥʪʦʚʠʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ (ʊ̂) ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʠʧʫ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʊ̂ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʴ ʫ ʜʽʘʧʘʟʦʥʽ 5é11 Áʉ, ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ 

ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʪʨʠʚʘʣʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊ̂ʅʉ. 

ɺʠʨʦʙʣʝʥʘ ʪʝʧʣʦʪʘ ʚ ʮʠʢʣʽ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʣʷ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʙʦ ʜʦʟʚʦʣʷʻ ʥʘʛʨʽʪʠ ʪʝʧʣʦʥʦʩʽʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 40é70 Áʉ 

[30, 31].  ʅʘʢʦʧʠʯʝʥʘ ʚʣʽʪʢʫ ʪʝʧʣʦʪʘ ʚ ʤʘʩʠʚʽ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂ ʚʽʜʚʦʜʠʪʴʩʷ ʚ 

ʟʠʤʦʚʠʡ ʩʝʟʦʥ ʽ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʚʣʽʪʢʫ. 
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ɼʦʩʚʽʜ ʧʨʦʚʽʜʥʠʭ  ʢʨʘʾʥ ʩʚʽʪʫ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ˇʨʫʥʪʦʚʫ 

ʝʥʝʨʛʽʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʊ̂ʅ ʧʦʪʫʞʥʽʩʪʶ 80é100 ʢɺʪ ʜʣʷ ʘʚʪʦʥʦʤʥʠʭ 

ʩʧʦʞʠʚʘʯʽʚ. ɼʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ 9,3 ʤʣʥ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ  

ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 515,8 ʤʣʥ ʤ2 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ˇʨʫʥʪʦʚʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ 

ʟ ʪʝʦʨʝʪʠʯʥʠʤ ʨʝʩʫʨʩʦʤ ʪʝʧʣʦʪʠ ʨ̌ʫʥʪʫ ~ 525855 ʪʠʩ. ʄɺʪĿʛʦʜ/ʨʽʢ, ʱʦ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʧʦʪʨʝʙʠ ʚ ʪʝʧʣʦʪʽ ʜʣʷ ʦʧʘʣʝʥʥʷ ʞʠʪʣʦʚʠʭ  ʙʫʜʽʚʝʣʴ [32, 33, 37].  

ʊʝʧʣʦʥʘʩʦʩʥʽ ʫʩʪʘʥʦʚʢʠ ʧʦʪʫʞʥʽʩʪʶ 20é110 ʢɺʪ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʙʫʜʽʚʝʣʴ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ.   

ʂʨʽʤ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ ʜʣʷ ʪʝʧʣʦʥʘʩʦʩʥʦʛʦ ʦʧʘʣʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʚʦʜʦʡʤ (ʤʦʨʷ, ʨʽʯʢʠ, ʦʟʝʨʘ) ʙʦ ʥʘʛʨʽʪʘ ʫ ʥʠʭ ʧʨʦʪʷʛʦʤ ʣʽʪʥʴʦʛʦ 

ʩʝʟʦʥʫ ʚʦʜʘ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝ ʥʠʞʯʝ +4 Áʉ. ʇʦʪʝʥʮʽʘʣ ʪʘʢʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ 

ʋʢʨʘʾʥʽ ʟʥʘʯʥʠʡ, ʦʪʞʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʊʅ çʧʦʚʽʪʨʷ-ʧʦʚʽʪʨʷè ʤʦʞʥʘ ʥʘʛʨʽʚʘʪʠ 

ʧʨʠʤʽʱʝʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ï5 Áʉ, ʘ ʚʣʽʪʢʫ ʊʅ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʥʜʠʮʽʶʚʘʥʥʷ.  

ʅʘʷʚʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦʾ ʧʦʪʨʝʙʠ ʚ ʪʝʧʣʦʪʽ ʪʘ ʭʦʣʦʜʽ ʩʪʚʦʨʶʻ ʥʘʡʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʝʢʦʥʦʤʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʊʅʉ [32, 33]. 

ʅʘʫʢʦʚʝ ʧʨʦʪʠʨʽʯʯʷ ʧʨʠ  ʚʠʢʦʨʠʩʪʘʥʥʷ ɻʊʅʉ ʜʣʷ ʮʽʣʝʡ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ  

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɻʊʅ, ʘʣʝ ʪʝʭʥʽʯʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ˇʨʫʥʪʦʚʦʾ 

ʝʥʝʨʛʽʾ,  ʷʢ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʜʣʷ ʊʅ ʮʠʢʣʫ, ʥʝ ʟôʷʩʦʚʘʥʘ ʧʦʚʥʽʩʪʶ ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʢʦʣʠ ʟʘʛʨʦʟʘ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʫ ʨʘʟʽ 

ʷʚʠʘɦ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʠʭ ʪʨʫʙʦʢ [16 ï18].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʦʩʪʘʶʪʴʩʷ ʥʝʟôʷʩʦʚʘʥʠʤʠ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʩʭʝʤʥʦ-

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʊ̂ (ʯʠʩʣʦ, ʢʨʦʢ, ʟʘʛʣʠʙʣʝʥʥʷ, ʢʦʥʬʽʛʫʨʘʮʽʷ) ʥʘ 

ʧʨʦʮʝʩʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʥʘʚʢʦʣʦ ʊ̂ ʧʨʠ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʊ̂ʅ.  

ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ˇʨʫʥʪ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʩʠʚʽ 

ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂ ʧʨʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻʊʅʉ ʻ ʥʝʦʙʭʽʜʥʦʶ ʽ ʚʘʞʣʠʚʦʶ 
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ʩʢʣʘʜʦʚʦʶ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦʙ ʥʝ ʜʦʧʫʩʪʠʪʠ  ʧʨʦʤʝʨʟʘʥʥʷ ʨ̌ʫʥʪʫ, ʥʘʚʽʪʴ ʚ ʪʝʧʣʽ 

ʤʽʩʷʮʽ ʨʦʢʫ, ʱʦ ʤʦʞʝ ʟʘʚʘʜʠʪʴ ʚʝʛʝʪʘʮʽʾ ʨʦʩʣʠʥ ʪʘ ʩʧʨʠʯʠʥʠʪʠ ʧʦʨʫʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʚʽʜʧʦʚʽʜʥʦ [15, 16].  

ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʟôʷʩʫʚʘʪʠ  ʫʤʦʚʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ  ʚʽʜʥʦʚʠʪʠ ʧʦʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʩʠʚʽ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂ ʪʘ ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʝʨʽʦʜʫ ʤʦʞʥʘ  ʚʽʜʥʦʚʠʪʠ 

ʙʘʟʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ˇʨʫʥʪʽ.   

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʊʅ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʣʷ 

ʫʪʠʣʽʟʘʮʽʾ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ʨ̌ʫʥʪʦʚʠʭ ʽ ʩʢʠʜʥʠʭ ʚʦʜ. ʗʢʱʦ 

ʚʽʜʩʦʪʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ʨ̌ʫʥʪʦʚʠʭ ʪʘ ʩʢʠʜʥʠʭ ʚʦʜ ʧʨʦʤʠʩʣʦʚʦʛʦ ʽ 

ʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʙʫʚ ʤʝʥʰ ʟʥʘʯʠʤʠʤ ʫ 1995 ʨʦʮʽ ï13 %, ʪʦ ʚʞʝ ʚ  2020 

ʨ. ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʙʽʣʴʰʠʚʩʷ ʜʦ 58,8 %  (ʨʠʩʫʥʦʢ 1.4) [40].  

 

 

ʈʠʩʫʥʦʢ 1.4 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ ʪʘ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ ʫ ʩʚʽʪʽ (2020 ʨ.) 

 

ʈʦʟʧʦʜʽʣ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ˇʨʫʥʪʫ ʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ 

ʋʢʨʘʾʥʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1.4 [38]. 
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ʊʘʙʣʠʮʷ 1.4 ï ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ˇʨʫʥʪʫ ʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ [38] 

 ̄ ʆʙʣʘʩʪʽ  

ʋʢʨʘʾʥʠ 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ˇʨʫʥʪʫ ʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ,  

ʪʠʩ. ʄɺʪĿʛʦʜ/ʨʽʢ 

  ɿʘʛʘʣʴʥʠʡ ʊʝʭʥʽʯʥʠʡ ɽʢʦʥʦʤʽʯʥʦ-ʜʦʮʽʣʴʥʠʡ 

1 ɺʽʥʥʠʮʴʢʘ 4731 3379 513 

2    ɺʦʣʠʥʩʴʢʘ 3321 2372 290 

3  ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ 15438 11027 424 

4  ɼʦʥʝʮʴʢʘ 15422 11015 2656 

5     ɾʠʪʦʤʠʨʩʴʢʘ 3374 2410 428 

6     ɿʘʢʘʨʧʘʪʩʴʢʘ 5093 3638 79 

7    ɿʘʧʦʨʽʟʴʢʘ 3833 2738 355 

8  ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ 5532 3951 51 

9 ʂʠʾʚʩʴʢʘ 12966 9262 192 

10 ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ  3720 2657 833 

11 ʃʫʛʘʥʩʴʢʘ 10571 7551 1958 

12 ʃʴʚʽʚʩʴʢʘ 11941  8529 203 

13 ʄʠʢʦʣʘʾʚʩʴʢʘ 3441 2458  117 

14 ʆʜʝʩʴʢʘ 4015 2868  195 

15 ʇʦʣʪʘʚʩʴʢʘ 9163 6545  162 

16 ʈʽʚʥʝʥʩʴʢʘ  3106 2219  225 

17 ʉʫʤʩʴʢʘ  4492 3208  239 

18 ʊʝʨʥʦʧʽʣʴʩʴʢʘ 3819 2728  194 

19 ʍʘʨʢʽʚʩʴʢʘ 12125 8661  153 

20 ʍʝʨʩʦʥʩʴʢʘ  2597 1855  172 

21 ʍʤʝʣʴʥʠʮʴʢʘ 4438 3170  171 

22 ʏʝʨʢʘʩʴʢʘ 4286  3061 476 

23 ʏʝʨʥʽʚʝʮʴʢʘ 2149  1535 123 

24 ʏʝʨʥʽʛʽʚʩʴʢʘ 3930  2807 149 

25 ɸʈ ʂʨʠʤ 4027 2877  206 

 ɺʩʴʦʛʦ 157530 112521  10564 
 

 

1.5. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʩʢʠʜʥʠʭ ʚʦʜ ʚ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ 

ʉʢʠʜʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʚʝʥʪʠʣʷʮʽʡʥʽ ʚʠʢʠʜʠ 

ʪʘ ʦʭʦʣʦʜʞʫʶʯʘ ʚʦʜʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʧʨʦʤʠʩʣʦʚʽ ʪʘ ʢʦʤʫʥʘʣʴʥʦ-ʧʦʙʫʪʦʚʽ ʩʪʦʢʠ) ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʥʦʩʽʷ ʥʝʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (35é95 Áʉ), ʷʢʠʤ ʤʦʞʫʪʴ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʩʧʦʞʠʚʘʯʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʚʽʜ ʜʞʝʨʝʣʘ ʩʢʠʜʥʦʾ ʪʝʧʣʦʚʦʾ 
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ʝʥʝʨʛʽʾ. ɿʘ ʨʘʭʫʥʦʢ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʨʽʟʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʥʘ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʷʢ ʟʥʘʯʥʠʤʠ ʦʙʩʷʛʘʤʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʥʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʦʶ 

ʝʥʝʨʛʽʻʶ ʚʽʜʚʽʜʥʠʭ ʢʘʥʘʣʽʚ ʦʯʠʱʝʥʠʭ ʢʦʤʫʥʘʣʴʥʦ-ʧʦʙʫʪʦʚʠʭ ʚʦʜ, ʪʘʢ ʽ ʪʝʧʣʦʤ 

ʦʢʨʝʤʠʭ ʦʙôʻʢʪʽʚ ʥʝʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ (ʩʪʦʢʽʚ ʙʘʩʝʡʥʽʚ, ʩʧʦʨʪʠʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, 

ʧʨʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʽʚ ʪʦʱʦ). ɼʦʩʚʽʜ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʧʣʦʪʫ ʩʢʠʜʥʠʭ ʚʦʜ ʚ ʪʝʧʣʦʥʘʩʦʩʥʦʤʫ ʮʠʢʣʽ [19].  

ʉʠʩʪʝʤʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʢʦʤʫʥʘʣʴʥʦ-ʧʦʙʫʪʦʚʠʭ ʩʢʠʜʽʚ (ʂʇʉ) 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ 427 ʤʽʩʪʘʭ, 515 ʩʝʣʠʱʘʭ ʤʽʩʴʢʦʛʦ ʪʠʧʫ ʪʘ 856 ʩʝʣʘʭ ʋʢʨʘʾʥʠ [32]. 

ʇʠʪʦʤʠʡ ʦʙôʻʤ ʂʇʉ ʩʪʘʥʦʚʠʪʴ 0,15é0,4 ʤ3  ʥʘ ʦʜʥʦʛʦ ʤʝʰʢʘʥʮʷ ʥʘ ʜʦʙʫ. 

ɿʘʛʘʣʴʥʠʡ ʨʽʯʥʠʡ ʦʙôʻʤ ʂʇʉ ʩʪʘʥʦʚʠʪʴ ~ 3740 ʤʣʥ ʤ3 [32]. ʊʝʤʧʝʨʘʪʫʨʘ ʂʇʉ 

ʩʪʘʥʦʚʠʪʴ  12é20 Áʉ ʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʽʦʜʫ ʨʦʢʫ. ɽʢʦʥʦʤʽʯʥʦ-ʜʦʮʽʣʴʥʽ ʦʙôʻʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʩʢʠʜʥʠʭ ʚʦʜ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ 

ʧʦʣʦʚʠʥʠ ʦʙʩʷʛʫ ʦʯʠʱʝʥʠʭ ʩʪʦʢʽʚ ʚʽʜ ʤʽʩʴʢʠʭ ʧʦʩʝʣʝʥʴ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ). ʈʦʟʧʦʜʽʣ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʩʢʠʜʥʠʭ ʚʦʜ ʧʦ ʦʙʣʘʩʪʷʭ ʋʢʨʘʾʥʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1.5 [33].  

ʗʢ ʜʞʝʨʝʣʦ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʦʞ 

ʘʨʪʝʟʽʘʥʩʴʢʫ ʚʦʜʫ, ʷʢʘ ʤʘʻ ʩʝʨʝʜʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 10é12 Áʉ,  ʽ ʚʦʜʦʧʨʦʚʽʜʥʫ ʚʦʜʫ, 

ʷʢʘ ʤʘʻ ʩʝʨʝʜʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 5é16 Áʉ, ʘ ʪʘʢʦʞ ʢʘʨôʻʨʥʽ ʽ ʰʘʭʪʥʽ ʚʦʜʠ, ʷʢʽ ʤʘʶʪʴ 

ʩʝʨʝʜʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 22é26 Áʉ, ʧʦʪʝʥʮʽʘʣ ʷʢʠʭ ʚ ʋʢʨʘʾʥʽ ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 1 ʤʣʨʜ 

ʤ3 ʥʘ ʨʽʢ [32]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʷʚʥʽ ʧʝʨʝʚʘʛʠ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʠʜʥʠʭ ʚʦʜ, ʚʦʥʠ ʥʝ ʟʥʘʡʰʣʠ ʥʘʣʝʞʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ. 

ɻʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʩʪʘʥʫ ʻ ʪʝ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʮʽʥʠ ʥʘ ʪʝʧʣʦʚʝ ʧʦʩʪʘʯʘʥʥʷ 

ʥʘʩʝʣʝʥʥʶ ʱʝ ʥʝ ʜʦʩʷʛʣʠ ʢʨʠʪʠʯʥʦʾ ʤʝʞʽ, ʘ ʧʝʨʚʽʩʥʽ ʚʠʪʨʘʪʠ ʥʘ ʫʩʪʘʥʦʚʢʫ 

ʪʝʧʣʦʥʘʩʦʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ ʥʘʜʤʽʨʥʦ ʚʠʩʦʢʠʤʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ (~10é15 

ʪʠʩ. ú ʜʣʷ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ ʧʣʦʱʝʶ 100..300 ʤ2 [39].  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʙʨʘʪʠ  ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʩʧʦʞʠʚʘʯʘ ʧʦʪʨʽʙʝʥ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʧʽʜʭʽʜ, ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʦʢʨʝʤʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʦʙʨʘʪʠ ʥʘʡʧʨʠʡʥʷʪʥʽʰʝ ʜʞʝʨʝʣʦ ʥʠʟʴʢʦ 

ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʢʦʥʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʚʠʟʥʘʯʠʪʠ ʧʦʪʨʝʙʠ ʫ 
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ʪʝʧʣʽ, ʛʘʨʷʯʦʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʽ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʽ ʪʘ ʚʠʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʝ 

ʦʙʣʘʜʥʘʥʥʷ.  

ʊʘʙʣʠʮʷ 1.5 ï ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʢʠʜʥʠʭ ʚʦʜ [33] 

 ̄ ʆʙʣʘʩʪʽ ʋʢʨʘʾʥʠ ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʢʠʜʥʠʭ ʚʦʜ, ʪʠʩ. ʄɺʪĿʛʦʜ/ʨʽʢ 

  ɿʘʛʘʣʴʥʠʡ ʊʝʭʥʽʯʥʠʡ ɽʢʦʥʦʤʽʯʥʦ-ʜʦʮʽʣʴʥʠʡ 

1 ɺʽʥʥʠʮʴʢʘ 1170 636  239 

2    ɺʦʣʠʥʩʴʢʘ 761 383  144 

3  ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ 9398 4825  1809 

4  ɼʦʥʝʮʴʢʘ 8550 4089  1533 

5     ɾʠʪʦʤʠʨʩʴʢʘ 1155 499  187 

6     ɿʘʢʘʨʧʘʪʩʴʢʘ 903 378  142 

7    ɿʘʧʦʨʽʟʴʢʘ 3091 1535  576 

8  ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ 1869 912  342 

9 ʂʠʾʚʩʴʢʘ 9608 5086  1907 

10 ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ  836 451  169 

11 ʃʫʛʘʥʩʴʢʘ 2971 1329  498 

12 ʃʴʚʽʚʩʴʢʘ 4979 2616  981 

13 ʄʠʢʦʣʘʾʚʩʴʢʘ 1232 653  245 

14 ʆʜʝʩʴʢʘ 3879 1735  651 

15 ʇʦʣʪʘʚʩʴʢʘ 1683 853  320 

16 ʈʽʚʥʝʥʩʴʢʘ  1701 523  196 

17 ʉʫʤʩʴʢʘ  1024 456  171 

18 ʊʝʨʥʦʧʽʣʴʩʴʢʘ 744 376  141 

19 ʍʘʨʢʽʚʩʴʢʘ 5273 2825  1059 

20 ʍʝʨʩʦʥʩʴʢʘ  870 448  168 

21 ʍʤʝʣʴʥʠʮʴʢʘ 1135 542  203 

22 ʏʝʨʢʘʩʴʢʘ 2229 774  290 

23 ʏʝʨʥʽʚʝʮʴʢʘ 487 264  99 

24 ʏʝʨʥʽʛʽʚʩʴʢʘ 924 478  179 

25 ɸʈ ʂʨʠʤ 3312 1273  477 

 ɺʩʴʦʛʦ 69781 33939  12726 

 

ɼʣʷ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʯʝʨʝʟ ʤʦʨʘʣʴʥʦ ʪʘ ʬʽʟʠʯʥʦ ʟʘʩʪʘʨʽʣʝ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʜʝʷʢʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦʪʨʝʙʫʶʪʴ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ [19].  

ɺʽʜʦʤʦ, ʱʦ ʩʢʠʜʥʽ ʚʦʜʠ, ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʠʱʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦʚʢʽʣʣʷ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 15 Áʉ ʽ ʚʠʱʝ, ʦʩʦʙʣʠʚʦ ʚ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 



52 
 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ ʤʘʶʪʴ ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʝ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʯʠ ʢʦʪʣʠ ʤʘʣʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ 

ʝʥʝʨʛʽʶ ʩʢʠʜʥʠʭ ʚʦʜ, ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʪʘ 

ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʶ [30]. ʇʦʙʫʪʦʚʽ ʩʢʠʜʥʽ ʚʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤ, ʱʦ ʾʭ 

ʩʢʣʘʜ ʥʝ ʻ ʧʝʨʤʘʥʝʥʪʥʠʤ, ʚ ʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʟʤʽʥʶʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɺ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʛʫʩʪʠʥʘ, ʚôʷʟʢʽʩʪʴ ʽ ʧʠʪʦʤʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʽʜʠʥʠ, ʱʦ ʻ ʚʠʟʥʘʯʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʪʘ ʩʢʣʘʜ ʧʨʦʤʠʩʣʦʚʠʭ ʩʢʠʜʥʠʭ ʚʦʜ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʠʤʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ. 

ʎʝʡ ʬʘʢʪʦʨ ʨʦʙʠʪʴ ʧʨʦʤʠʩʣʦʚʽ ʩʢʠʜʥʽ ʚʦʜʠ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʚ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʜʣʷ ʊʅ. 

ʇʠʪʦʤʘ (ʥʘ 1 ʤ2 ʦʧʘʣʶʚʘʥʦʾ ʧʣʦʱʽ) ʚʘʨʪʽʩʪʴ ʊʅʋ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʧʣʦʱʽ ʧʨʠʤʽʱʝʥʴ, ʪʦʤʫ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʦʧʘʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ  ʪʘ  

ʢʦʤʝʨʮʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʜʣʷ ʷʢʠʭ ʪʘʨʠʬʠ ʥʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʻ ʥʘʡʚʠʱʠʤʠ. ʉʪʨʦʢ 

ʦʢʫʧʥʦʩʪʽ  ʊʅʋ ʩʪʘʥʦʚʠʪʴ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʊʅʋ ʪʘ ʚʽʜ ʜʞʝʨʝʣʘ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ.  ʅʘʡʤʝʥʰʠʡ ʩʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ʤʘʻ ʊʅʋ, ʜʝ ʜʞʝʨʝʣʦʤ ʻ 

ʧʦʚʽʪʨʷ, ʘʣʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʪʘʢʦʛʦ ʪʠʧʫ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʦʚʢʽʣʣʷ ʜʦ ʤʽʥʫʩ 20 Áʉ  ʧʦʛʽʨʰʫʻʪʴʩʷ  ʚʜʚʽʯʽ ʫ ʟʨʽʚʥʷʥʥʽ  ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 7 Áʉ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʦʙʽʡʪʠʩʴ ʙʝʟ ʜʫʙʣʝʨʽʚ (ʨʝʟʝʨʚʥʠʭ 

ʜʞʝʨʝʣ) ʝʥʝʨʛʽʾ ʜʣʷ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɼʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ɻʊʅʋ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 10 ʨʦʢʽʚ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʽʡ (15é20) ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ, ʦʪʞʝ 

ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʅ ʪʝʭʥʦʣʦʛʽʡ ʫ ʘʚʪʦʥʦʤʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʧʽʚʩʪʘʚʥʽʡ ʚʘʨʪʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʘʟʦʚʦʛʦ ʢʦʪʣʘ, 

ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ ʡʦʛʦ ʜʦ ʛʘʟʦʚʦʾ ʤʝʨʝʞʽ 

ʉʫʯʘʩʥʽ ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʜʦ ʙʝʟʫʧʠʥʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʮʽʥ ʥʘ ʚʠʢʦʧʥʝ ʧʘʣʠʚʦ 

ʟʫʤʦʚʣʶʶʪʴ ʧʝʨʝʭʽʜ ʜʦ  ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛʠ 

ʩʧʦʞʠʚʘʥʥʷ ʇɽʈ ʥʘ ʦʜʠʥʠʮʶ ɺɺʇ ʙʝʟ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʽʾ 
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ʢʽʥʮʝʚʠʤ ʩʧʦʞʠʚʘʯʘʤ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɽʈ. ʎʝ 

ʚ ʦʜʥʘʢʦʚʽʡ ʤʽʨʽ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʽ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ɻɺʇ) 

ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʩʝʢʪʦʨʫ ʽ ʘʚʪʦʥʦʤʥʠʭ ʞʠʪʣʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʜʝ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. ʆʪʞʝ, ʧʨʦʙʣʝʤʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ ʦʧʘʣʝʥʥʷ ʽ ɻɺʇ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ,  ʙʦ ʥʘ ʧʦʪʨʝʙʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ɻɺʇ ʣʠʰʝ ʫ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʋʢʨʘʾʥʠ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʪʨʝʪʠʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 70 ʤʣʥ. ʪʦʥʥ ʫ. ʧ., ʫ 

ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʦʜʥʦʛʦ ʤʝʰʢʘʥʮʷ ï 1,4 ʪʦʥʥʠ ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ, ʘ ʮʝ ʚʜʚʽʯʽ ʙʽʣʴʰʝ, 

ʥʽʞ ʫ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ [34]. 

ʑʦʙ ʧʽʜʚʠʱʠʪʠ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚ ʫʩʪʘʥʦʚʣʝʥʥʽ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʧʦʪʨʽʙʥʦ, ʟʘ 

ʧʨʠʢʣʘʜʦʤ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥ, ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʧʽʜʪʨʠʤʢʫ ʷʢ ʜʝʨʞʘʚʥʫ, ʪʘʢ 

 ̔ʤʽʩʮʝʚʦʾ ʚʣʘʜʠ. ʉʝʨʝʜ ʪʘʢʠʭ ʟʘʭʦʜʽʚ: ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʪʘʨʠʬʽʚ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʊʅʋ, ʧʽʣʴʛʦʚʽ ʢʨʝʜʠʪʠ, ʧʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ, ʩʫʙʩʠʜʽʾ ʪʘ ʛʨʘʥʪʠ, ʘ 

ʪʘʢʦʞ ʩʧʨʦʱʝʥʥʷ ʧʦʛʦʜʞʫʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠ ʟʘʤʽʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʪʦʱʦ. 

ʉʣʽʜ ʥʘʣʘʛʦʜʠʪʠ ʽ ʧʨʦʧʘʛʘʥʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ 

ʧʨʦʚʝʩʪʠ ʨʝʢʣʘʤʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊʅʋ. ʉʴʦʛʦʜʥʽ ʥʘ ʨʠʥʢʫ 

ʪʝʧʣʦʥʘʩʦʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʧʝʨʝʚʘʞʘʶʪʴ ʊʅʋ ʟʘʢʦʨʜʦʥʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘʧʨʠʢʣʘʜ, ʊʅʋ ʬʽʨʤ Daikin, Mitsubishi Electric, Viesmann, Buderus, 

Hiseer [31]. ɿʤʝʥʰʝʥʥʶ ʚʘʨʪʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʙʦ ʧʽʜʪʨʠʤʢʘ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʋʢʨʘʾʥʠ ʤʘʶʪʴ ʜʦʩʪʘʪʥʽʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ [34]. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʠʥʦʢ ʪʝʧʣʦʥʘʩʦʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʇʇɽʈ ʚ ʋʢʨʘʾʥʽ ʧʦʩʪʫʧʦʚʦ ʨʦʟʰʠʨʶʻʪʴʩʷ, 

 ʭʦʯʘ ʡ ʥʝʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ. ʇʨʠʩʢʦʨʠʚʰʠ ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʰʚʠʜʰʝ 

ʜʦʩʷʛʪʠ ʤʝʥʰʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʧʦʨʪʫ ʇɽʈ, ʟʥʘʯʥʠʡ ʚʽʜʩʦʪʦʢ ʷʢʠʭ ʤʦʞʥʘ 

ʟʘʤʽʩʪʠʪʠ ɺɼɽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ ʜʦʚʢʽʣʣʷ, ʜʣʷ 

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʩʧʦʞʠʚʘʯʽʚ. 
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1.6. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

1. ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʅʇʇɽʈ (ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, ̌ʨʫʥʪʦʚʠʭ ʪʘ ʩʢʠʜʥʠʭ 

ʚʦʜ) ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ ʚ ʯʘʩʽ, ʦʪʞʝ, ʤʘʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʟʘʤʽʱʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʇɽʈ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ 

ʦʙʩʷʛʽʚ ʚʠʢʠʜʽʚ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʫ ʜʦʚʢʽʣʣʷ.  

2. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ˇʨʫʥʪʦʚʠʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ 

ˇʨʫʥʪʫ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ. 

3. ʅʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ, ʷʢ ʚʧʣʠʚʘʻ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʨʦʙʦʪʠ ʊ̂ʅʉ 

ʥʘ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʚ ʤʘʩʠʚʽ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʡʦʛʦ ʧʨʦʤʝʨʟʘʥʥʷ ʥʘʧʨʠʢʽʥʮʽ ʩʝʟʦʥʫ ʦʧʘʣʝʥʥʷ. 

4. ʅʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊ̂ʅʉ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʥʦʚʠʪʠ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʩʠʚʽ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʪʘ ʰʚʠʜʢʽʩʪʴ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʊ̂. 

5. ʅʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ɺ̂ʊʅʉ, ʷʢʽ ʩʧʨʠʷʶʪʴ 

ʚʽʜʥʦʚʣʝʥʥʶ ʧʨʠʨʦʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥ ɺ̂. 

6. ʊʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʉɺ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʯʝʨʝʟ 

ʚʠʩʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʫ ʟʨʽʚʥʷʥʥʽ ʟ ɽ̂ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨ̌ʫʥʪʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ ʥʘ ʤʘʣʠʭ ʛʣʠʙʠʥʘʭ ʟʘʥʫʨʝʥʥʷ ʫ ʨ̌ʫʥʪ.  

7. ʉʪʘʙʽʣʴʥʠʤ ʜʞʝʨʝʣʦʤ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʩʢʠʜʥʠʭ ʚʦʜ ʻ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʧʦʙʫʪʦʚʽ ʧʨʦʮʝʩʠ. ʅʘʧʨʠʢʣʘʜ, ʩʢʠʜʥʽ ʚʦʜʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʤʘʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ 30é35 Áʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʩʢʠʜʥʠʭ ʚʦʜ ʩʪʘʥʦʚʠʪʴ ʥʝ 

ʤʝʥʰʝ 15 Áʉ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʊʅʉ ʥʘ ʙʘʟʽ ʩʢʠʜʥʠʭ ʚʦʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʧʦʙʫʪʦʚʠʭ ʩʪʦʢʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʉɺʊʅʉ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʠʥʥʠʢʠ ʟʤʝʥʰʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʯʝʨʝʟ ʚʤʽʩʪ ʟʘʙʨʫʜʥʝʥʴ  ʚ  ʉɺ. 
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8. ʇʦʨʽʚʥʷʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ  

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʠʜʥʠʭ ʚʦʜ  ʧʦʙʫʪʦʚʦʛʦ ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ. 
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ʈʆɿɼɯʃ 2  

ɯʅʉʊʈʋʄɽʅʊɸʈɯʁ ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʊɽʇʃʆɺʀʍ  

ʇʈʆʎɽʉɯɺ ɺ ʈ̂ʋʅʊʆɺɯʁ ʊɽʇʃʆʅɸʉʆʉʅɯʁ ʉʀʉʊɽʄɯ ʇʈʀ 

ɼʆɺɻʆʊʈʀɺɸʃɯʁ ɽʂʉʇʃʋɸʊɸʎɯɰ, ɿ ʇʆʇɽʈɽɼɾɽʅʅʗʄ 

ʇʈʆʄɽʈɿɸʅʅʗ ʄɸʉʀɺʋ ʈ̂ʋʅʊʋ ʅɸɺʂʆʃʆ ʈ̂ʋʅʊʆɺʀʍ 

ʊɽʇʃʆʆɹʄɯʅʅʀʂɯɺ 

 

2.1. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ, 

ʚʠʤʦʛʠ ʜʦ ʩʪʽʡʢʦʩʪʽ ʽ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ  

 

ʊʝʭʥʦʣʦʛʽʾ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ (ʊ̂ʅʉ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ˇʨʫʥʪʦʚʽ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ, ʫʩʧʽʰʥʦ ʧʨʘʮʶʶʪʴ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ [6, 7, 30, 40]. ʎʽ 

ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʧʣʦʪʫ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ. 

ʊʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨ̌ʫʥʪʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʫ ʟʨʽʚʥʷʥʥʽ ʟ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷ, ʤʘʻ 

ʧʝʨʝʚʘʛʠ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʽʰʽ ʚʟʠʤʢʫ ʽ ʭʦʣʦʜʥʽʰʽ ʚʣʽʪʢʫ, 

ʚʽʜʧʦʚʽʜʥʦ. ʆʪʞʝ, ʊ̂ʅʉ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʽ ʫʤʦʚʠ ʜʣʷ ʦʧʘʣʝʥʥʷ ʚʟʠʤʢʫ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚʣʽʪʢʫ, ʥʽʞ ʧʦʚʽʪʨʷʥʽ ʊʅʉ. ʅʘʧʨʠʢʣʘʜ, ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

(ɼʉ) ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʽ ʦʩʥʘʱʝʥʽ  ˇʨʫʥʪʦʚʠʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ (ɻʊʆ), ʱʦ 

ʦʪʦʯʝʥʽ ʰʘʨʦʤ ʨ̌ʫʥʪʫ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʝʥʝʨʘʮʽʶ ʪʝʧʣʦʪʠ, ʭʦʣʦʜʫ ʪʘ ʛʘʨʷʯʦʾ ʚʦʜʠ. 

ʊ̂ʅʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʫʜʽʚʣʷʭ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʰʠʨʦʢʦʛʦ ʧʨʦʬʽʣʶ: 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʨʦʤʠʩʣʦʚʠʭ, ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ, ʧʨʠʚʘʪʥʠʭ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʩʧʦʨʫʜ [40, 41]. ɺʢʘʟʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʰʚʠʜʰʝ 

ʟʨʦʩʪʘʶʯʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʪʘ,  

ʙʝʟʧʝʨʝʯʥʦ, ʻ ʥʘʡʰʚʠʜʰʝ ʟʨʦʩʪʘʶʯʠʤ ʩʝʛʤʝʥʪʦʤ ʨ̌ʫʥʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ [6, 7, 14ï

17, 35, 36]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ˇʨʫʥʪʦʚʦʾ ʩʠʩʪʝʤʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʝʧʣʦʥʘʩʦʩʥʦʛʦ (ʊʅ) ʮʠʢʣʫ ʦʮʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ˇʨʫʥʪʦʚʦʾ 

ʝʥʝʨʛʽʾ (ʉʆʈ), ʜʣʷ ʷʢʦʛʦ ʽʩʥʫʻ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʩʚʽʜʯʠʪʴ ʯʠ ʝʬʝʢʪʠʚʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ˇʨʫʥʪʫ ʚ ʊ̂ʅʉ [30]. ʉʚʽʪʦʚʽ ʪʝʤʧʠ 

ʟʨʦʩʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʊ̂ʅ ʥʘʚʝʜʝʥʦ ʥʘ ʛʨʘʬʽʢʫ (ʨʠʩʫʥʦʢ 2.1), ʘ ʪʝʤʧʠ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʟʛʝʥʝʨʦʚʘʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘ ʧʝʨʽʦʜ 1995 ï 2025 ʨʦʢʽʚ 
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ʥʘʚʝʜʝʥʦ ʥʘ ʛʨʘʬʽʢʫ (ʨʠʩʫʥʦʢ 2.2), ʟʚʽʜʢʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ  ʜʠʥʘʤʽʢʘ 

ʟʨʦʩʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʊ̂ʅʉ ʤʘ̒ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ.  

 

ʈʠʩʫʥʦʢ 2.1 ï ɻʣʦʙʘʣʴʥ ̔ʪʝʤʧʠ 

ʨʦʟʚʠʪʢʫ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʊ̂ʅ 

 

ʈʠʩʫʥʦʢ 2.2  ï  ʈʽʯʥʽ ʪʝʤʧʠ ʨʦʩʪʫ 

ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ 

 

ʇʨʦʪʷʛʦʤ 1995 ï 2010 ʨʦʢʽʚ ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʊ̂ʅ 

ʽʥʪʝʥʩʠʚʥʦ ʟʨʦʩʪʘʣʠ ï 19,4%;  ʜʣʷ 2010 ï 2020 ʨʦʢʽʚ ï 8,5 % (ʨʠʩʫʥʦʢ 2.1).  ʈʽʯʥʽ 

ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʪʝʧʣʦʪʠ (ʨʠʩʫʥʦʢ 2.2) ʚʽʜ ʊ̂ʅ ʧʨʦʪʷʛʦʤ 1995 ï 2010 ʨʦʢʽʚ 

ʩʪʘʥʦʚʠʣʠ 17,4%, ʘ ʧʨʦʪʷʛʦʤ 2010 ï 2020 ʨʦʢʽʚ ï 11,0% [14].   

ɺʝʣʠʯʝʟʥʦʶ ʧʝʨʝʚʘʛʦʶ ʊʅ ʧʝʨʝʜ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ 

ʻ ʪʝ, ʱʦ ʥʘ 1 ʢɺʪ ʚʠʢʦʨʠʩʪʘʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʧʨʠʚʽʜ ʢʦʤʧʨʝʩʦʨʫ, ʘ ʟʘʟʚʠʯʘʡ ʮʝ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʚʠʨʦʙʣʷʻʪʴʩʷ 3,0é4,2 ʢɺʪ ʢʦʨʠʩʥʦʾ ʪʝʧʣʦʪʠ [41 ï 46].  ʇʨʠʯʠʥʘ 

ʪʘʢʦʾ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʩʪʠʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ, 

ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʮʠʢʣʦʤ ʂʘʨʥʦ, ʚ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʘʭ, ʷʢ ʽ ʚ ʭʦʣʦʜʠʣʴʥʠʭ ʤʘʰʠʥʘʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʧʣʦʪʘ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʬʘʟʦʚʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʨʦʙʦʯʦ ʾ

ʨʝʯʦʚʠʥʠ ʮʠʢʣʫ ʊʅ. ʂʨʽʤ ʪʦʛʦ, ʥʝʚʽʜôʻʤʥʠʤʠ ʧʦʟʠʪʠʚʥʠʤʠ ʨʠʩʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʊʅ ʻ ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʊ̂ʅʉ ʤʘʶʪʴ 

ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ 3 ʯʠʥʥʠʢʠ ʩʪʽʡʢʦʩʪʽ: ʝʢʦʣʦʛʽʯʥʠʡ, ʝʢʦʥʦʤʽʯʥʠʡ, ʩʦʮʽʘʣʴʥʠʡ. 

ʇʦʥʷʪʪʷ ʩʪʽʡʢʦʩʪʽ ʊ̂ʅʉ ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʦʪʨʝʙʠ ʩʧʦʞʠʚʘʯʽʚ 

ʙʝʟ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ, ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɺʢʘʟʘʥʽ ʚʠʱʝ ʧʦʢʘʟʥʠʢʠ ʩʪʽʡʢʦʩʪʽ ʊ̂ʅʉ, ʙʝʟʫʤʦʚʥʦ, ʚʘʞʣʠʚʽ, ʘʣʝ ʢʦʣʠ 

ʡʜʝʪʴʩʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 
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ʨ̌ʫʥʪʦʚʠʭ ʨʝʩʫʨʩʽʚ ʪʝʧʣʦʪʠ ʙʝʟ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ. ʆʪʞʝ, ʧʨʠʨʦʜʥʠʤ ʻ ʧʠʪʘʥʥʷ ʱʦʜʦ 

ʟʜʘʪʥʦʩʪʽ ˇʨʫʥʪʦʚʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʪʨʝʙʠ ʩʧʦʞʠʚʘʯʽʚ 

ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʨʦʙʦʪʠ ʙʝʟ ʚʠʥʠʢʥʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ 

ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʷʢʽ ʘʙʦ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ 

ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʥʠʤ ʧʦʚôʷʟʘʥʽ.  ɯ ʭʦʯʘ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʤʽʥʝʨʘʣʴʥʠʭ ʯʠ ʽʥʰʠʭ ʚʠʢʦʧʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʥʝ ʚʽʜʥʦʚʣʶʶʪʴʩʷ, ˇʨʫʥʪʦʚʠʡ 

ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʜʥʦʚʣʶʶʪʴʩʷ, ʘʣʝ ʥʘʜʽʡʥʘ ʽ ʩʪʘʙʽʣʴʥʘ ʨʦʙʦʪʘ ʊ̂ʅʉ ʙʝʟ 

ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʻ ʢʣʶʯʦʚʦʶ ʚʠʤʦʛʦʶ ʩʧʦʞʠʚʘʯʽʚ [42ï45], ʱʦ 

ʧʦʪʨʝʙʫʻ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʫʤʦʚ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʙʝʟ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ [13ï16].  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʣʷ ʦʧʘʣʝʥʥʷ, ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ  ʽ ʢʦʥʜʠʮʽʶʚʘʥʥʷ 

ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʩʝʢʪʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʣʴʰʝ 40 % ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ 

(ʥʘʬʪʘ, ʛʘʟ, ʢʘʤ'ʷʥʝ ʚʫʛʽʣʣʷ), ʥʘʩʣʽʜʢʠ ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ ʷʢʦʛʦ, ʻ ʨʫʡʥʽʚʥʠʤʠ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʧʨʠʯʠʥʷʶʯʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʊʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ˇʨʫʥʪʦʚʦʾ ʪʝʧʣʦʪʠ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʟʘʤʽʱʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ  

ʧʘʣʠʚ ʯʝʨʝʟ ʥʝʚʠʯʝʨʧʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʩʧʦʞʠʚʘʯʘ, ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʘ ʪʝʧʣʦʪʦʶ, ʥʝ ʧʦʪʨʝʙʫʶʯʠ ʧʨʠ ʮʴʦʤʫ  ʚʝʣʠʢʦʾ  ʯʠʩʝʣʴʥʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʙʫʜʽʚʥʠʮʪʚʘ ʊ̂ʅʉ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ 

ʧʦʪʫʞʥʦʩʪʝʡ.  

ɼʣʷ ʨʦʟʨʦʙʢʠ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ 

ʨʦʙʦʪʠ ʊ̂ʅʉ ʫ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʽʜʪʚʝʨʜʞʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʥʝʟʨʽʚʥʷʥʥʦ ʤʝʥʰʠʭ ʚʠʪʨʘʪʘʭ 

ʯʘʩʫ, ʥʽʞ ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʝʘʣʴʥʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ ʯʠ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʷʭ.  

ʇʨʠʥʮʠʧʦʚʘ  ʩʭʝʤʘ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʊ̂ ʤʽʩʪʠʪʴʩʷ  ʥʘ 

ʨʠʩʫʥʢʫ 2.3, ʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ˇʨʫʥʪʦʚʦʤʫ ʚʠʧʘʨʥʠʢʫ 4 ʭʦʣʦʜʠʣʴʥʠʡ ʘʛʝʥʪ (ʍɸ),  
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ʷʢʠʡ ʻ ʧʝʨʚʠʥʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ ʮʠʢʣʫ ʊ̂ʅ 

ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʚʽʜʚʦʜʷʯʠ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ 

ʪʝʧʣʦʪʫ  Q2 ʚʽʜ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂, 

ʷʢʠʡ  ̒ʜʞʝʨʝʣʦʤ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ 

ʜʣʷ ̌ʨʫʥʪʦʚʦʛʦ ʚʠʧʘʨʥʠʢʘ 4 ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ. ʆʪʨʠʤʘʥʘ ʧʘʨʘ ʍɸ, ʱʦ ʻ ʧʝʨʚʠʥʥʠʤ 

ʪʝʧʣʦʥʦʩʽʻʤ ʮʠʢʣʫ ɻʊʅ, ʩʪʠʩʢʘʻʪʴʩʷ 

ʢʦʤʧʨʝʩʦʨʦʤ 5 ʜʦ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʮʠʢʣʫ ʟ ʚʠʪʨʘʪʦʶ ʨʦʙʦʪʠ L.  ʇʽʩʣʷ 

ʢʦʤʧʨʝʩʦʨʘ 5 ʩʪʠʩʥʫʪʘ ʧʘʨʘ ʥʘʜʭʦʜʠʪʴ ʫ 

ʢʦʥʜʝʥʩʘʪʦʨ 3, ʜʝ ʢʦʥʜʝʥʩʫʻʪʴʩʷ, ʘ ʜʘʣʽ 

ʰʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ Q1 ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘʛʨʽʚ ʚʪʦʨʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʽ ̫ ʢʦʥʪʫʨʫ 

ʪʝʧʣʦʚʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʜʦ ʷʢʦʛʦ ʚʢʣʶʯʝʥʽ 

ʥʘʛʨʽʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ 1. ɺ ʷʢʦʩʪʽ ʥʘʛʨʽʚʘʣʴʥʠʭ 

 

ʈʠʩʫʥʦʢ 2.3 ï ʊ̂ʅʉ 

1 ï ʦʧʘʣʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ; 

2 ï ʨʝʟʝʨʚʥʝ ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ; 

3 ï ʢʦʥʜʝʥʩʘʪʦʨ ʊʅ;  

4 ï ˇʨʫʥʪʦʚʠʡ ʚʠʧʘʨʥʠʢ ʊʅ;   

5 ï ʢʦʤʧʨʝʩʦʨ ʊʅ; 6 ï ʥʘʩʦʩ 

ʢʦʥʪʫʨʫ ʩʧʦʞʠʚʘʯʘ 

ʧʨʠʩʪʨʦʾʚ  1 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʘʜʽʘʪʦʨʠ, ʢʦʥʚʝʢʪʦʨʠ, ʪʝʧʣ ̔ʧʽʜʣʦʛʠ ʪʦʱʦ. ʇʽʩʣʷ 

ʜʨʦʩʝʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʘʨʘʤʝʪʨʠ ʍɸ ʟʥʠʞʫʶʪʴʩʷ ʜʦ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʧʘʨʥʠʢʘ. ʇʨʠ ʥʝʩʧʨʦʤʦʞʥʦʩʪʽ ʊ̂ʅ ʟʘʙʝʟʧʝʯʠʪʠ ʪʝʧʣʦʚʽ ʧʦʪʨʝʙʠ ʩʧʦʞʠʚʘʯʘ, 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 2. ʎʠʨʢʫʣʷʮʽʷ ʪʝʧʣʦʥʦʩʽʷ 

ʚ ʢʦʥʪʫʨʽ ʩʧʦʞʠʚʘʯʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʩʦʩʦʤ 6.   

2.2 ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨ̌ʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʜʣʷ 

ˇʨʫʥʪʦʚʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʊ̂ʅʉ ʟʜʽʡʩʥʶʶʪʴ 

ˇʨʫʥʪʦʚ ̔ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʊ̂ ʤʦʞʥʘ ʟʽʙʨʘʪʠ ˇʨʫʥʪʦʚʫ ʪʝʧʣʦʪʫ ʤʘʣʦʾ 

ʛʫʩʪʠʥʠ ʪʘ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʾ ʾʚ ʮʠʢʣʽ ʊ̂ʅʉ  (ʨʠʩʫʥʦʢ 2.4) ʫ ʣʦʢʘʣʴʥʝ ʜʞʝʨʝʣʦ 

ʪʝʧʣʦʪʠ ʙʽʣʴʰʦʾ ʛʫʩʪʠʥʠ (ʚʽʜ ʜʝʩʷʪʢʽʚ ɺʪ ʜʦ ʜʝʩʷʪʢʽʚ ʢɺʪ). ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʧʦʪʨʽʙʥʽ ˇʨʫʥʪʦʚʽ ʪʨʫʙʢʠ ʟ ʨʦʟʚʠʥʫʪʦʶ ʧʦʚʝʨʭʥʝʶ ʪʝʧʣʦʦʙʤʽʥʫ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʠʧʫ (ˇʨʫʥʪʦʚʽ ʟʦʥʜʠ).  
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ɺʝʨʪʠʢʘʣʴʥʽ ˇʨʫʥʪʦʚʽ ʟʦʥʜʠ ( ɿ̂) ʤʘʶʪʴ ʜʝʷʢʽ ʧʝʨʝʚʘʛʠ, ʙʦ ʜʣʷ ʾʭʥʴʦʾ ʫʩʪʘʥʦʚʢʠ 

ʧʦʪʨʽʙʥʘ ʟʥʘʯʥʦ ʤʝʥʰʘ ʧʣʦʱʘ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʧʽʜ ʟʘʙʫʜʽʚʣʶ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ̌ʨʫʥʪʦʚʠʭ ʟʦʥʜʽʚ, ʜʣʷ ʥʠʭ ʪʨʝʙʘ ʥʝ 

ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʧʣʦʱʽ ʙʫʜʽʚʣʽ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʊ̂ ʧʣʦʱʘ ʨ̌ʫʥʪʫ 

ʤʘʻ ʙʫʪʠ ʚʜʚʽʯʽ ʙʽʣʴʰʘ [46]. 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊ̂ʅ 

 

ʄʝʥʰʘ ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ̂ʊ (ʟʦʥʜʽʚ) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʊ̂ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʝʨʝʜʥʴʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʛʣʠʙʠʥʽ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʟʦʥʜʽʚ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

 ̔ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʊ̂ʅʉ, ʚʽʜʧʦʚʽʜʥʦ. ʂʨʽʤ ʪʦʛʦ, ʟʦʥʜʠ ʩʧʨʠʯʠʥʷʶʪʴ ʤʝʥʰʫ 

ʝʢʦʣʦʛʽʯʥʫ ʰʢʦʜʫ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ  ʚʧʣʠʚ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʨʦʩʣʠʥ ʧʨʠ  

ʪʝʨʤʽʯʥʽʡ ʨʝʣʘʢʩʘʮʽʾ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂.  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʊ̂ʅʉ, ʥʝʦʙʭʽʜʥʦ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʘʢʽ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʽ ʨʝʞʠʤʥʽ  ʧʘʨʘʤʝʪʨʠ ʚʽʜʚʦʜʫ ʟʦʥʜʘʤʠ 

ʪʝʧʣʦʪʠ ʚʽʜ ʨ̌ʫʥʪʫ,  ʷʢʽ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʥʝ ʧʨʠʟʚʦʜʠʣʠ ʙ 
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ʜʦ ʧʨʦʤʝʨʟʘʥʥʷ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʨ̌ʫʥʪʦʚʦʛʦ ʚʠʧʘʨʥʠʢʘ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʚʽʜʧʦʚʽʜʥʦ.   

ʄʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʫ (ʚʝʨʪʠʢʘʣʴʥʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʫ) 

ʢʦʤʧʦʥʦʚʢʫ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʜʣʷ ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ ʨ̌ʫʥʪʫ, ʪʦʜʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʊ̂, 

ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ ~1 ʤ ʚʽʜ ʧʦʚʝʨʭʥʽ, ʥʝʦʙʭʽʜʥʦ ʷʢʽʩʥʦ ʪʝʧʣʦʽʟʦʣʶʚʘʪʠ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ. ʗʢʱʦ ̌ʨʫʥʪʦʚʠʡ ʢʦʥʪʫʨ ʮʠʨʢʫʣʷʮʽʾ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

ʢʦʤʧʦʥʫʻʪʴʩʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ  ʩʠʪʫʘʮʽʷ, ʢʦʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʟʦʥʜʫ ʙʫʜʝ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ 

ʟʦʥʜʫ. ɼʦ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʚʽʜʥʦʩʪ̫ʴʩʷ ʪʘʢ̔  ʯʠʥʥʠʢʠ ʾʭ 

ʢʦʥʬʽʛʫʨʘʮʽʾ: ʜʦʚʞʠʥʘ, ʜʽʘʤʝʪʨ, ʢʨʦʢ, ʯʠʩʣʦ, ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʤʧʦʥʦʚʢʠ, ʰʚʠʜʢʽʩʪʴ 

ʮʠʨʢʫʣʷʮʽʾ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ. 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ˇʨʫʥʪʦʚʽ ʟʦʥʜʠ ʟ ʢʦʥʮʝʥʪʨʠʯʥʠʤʠ, Uïʧʦʜʽʙʥʠʤʠ 

 

ʈʠʩʫʥʦʢ 2.5 ï 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʊ̂: 

1 ï ʍɸ ʚ ʩʪʘʥʽ ʨʽʜʠʥʠ;  

2 ïʍɸ ʚ ʩʪʘʥʽ ʧʘʨʠ;   

3, 4 ï ʚʥʫʪʨʽʰʥʷ ʽ 

ʟʦʚʥʽʰʥʷ ʢʦʥʮʝʥʪʨʠʯʥʽ 

ʪʨʫʙʢʠ, ʚʽʜʧʦʚʽʜʥʦ   

5 ï ʧʦʚʝʨʭʥʷ 

ˇʨʫʥʪʦʚʦʛʦ  ʤʘʩʠʚʫ 

ʪʘ ʩʧʽʨʘʣʝ-ʧʦʜʽʙʥʠʤʠ ʪʨʫʙʢʘʤʠ [45].   

ʇʨʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʦʥʜʘ ʚ ˇʨʫʥʪʽ 5, ʟ ʜʚʦʤʘ 

ʢʦʘʢʩʽʘʣʴʥʠʤʠ ʪʨʫʙʢʘʤʠ 3 ʽ 4, ʪʝʧʣʦʥʦʩʽʡ  ʫ ʨʽʜʠʥʥʦʤʫ  

ʩʪʘʥʽ ʨʫʭʘʻʪʴʩʷ ʟʚʝʨʭʫ ʚʥʠʟ 1 ʧʦ ʽʟʦʣʴʦʚʘʥʽʡ 

ʚʥʫʪʨʽʰʥʽʡ ʮʝʥʪʨʘʣʴʥʽʡ ʪʨʫʙʮʽ 3, ʘ ʧʽʜʥʽʤʽʪʴʩʷ ʚʚʝʨʭ 

ʧʦ ʤʽʞʪʨʫʙʥʦʤʫ ʢʘʥʘʣʫ 4, ʟʚʽʜʢʠ ʚʞʝ ʚ ʧʘʨʦʚʦʤʫ ʩʪʘʥʽ 

2  ʧʦʩʪʫʧʘʻ ʫ ʚʠʧʘʨʥʠʢ ʊʅ (ʨʠʩʫʥʦʢ 2.5).  

ɺ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤ̔ ˇʨʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʊʅ ʟ  

ʚʝʨʪʠʢʘʣʴʥʠʤʠ ˇʨʫʥʪʦʚʠʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ 

ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʪʠʧʫ (ʨʠʩʫʥʦʢ 2.6, ʘ, ʙ) ʨʦʙʦʯʝ ʪʽʣʦ, 

ʥʘʛʨʽʪʝ ʚ ʟʦʥʜ ̔ʧʽʜʥʽʤʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ˇʨʫʥʪʫ ʽ 

ʧʦʪʨʘʧʣʷʻ ʚ ʚʠʧʘʨʥʠʢ ʊ̂ʅʉ. ʇʨʠ ʮʴʦʤʫ, ʧʝʨʝʙʽʛ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʚ 

ʩʘʤʝ ʚ ʪʠʭ ʰʘʨʘʭ ʤʘʩʠʚʫ ˇʨʫʥʪʫ, ʷʢʽ ʥʘʙʣʠʞʝʥʽ ʜʦ 

ʧʦʚʝʨʭʥʽ ʟʦʥʜʫ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʚʽʜ ʊ̂ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʟʤʝʥʰʫʻʪʴʩʷ.   
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ʈʠʩʫʥʦʢ 2.6 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ̂ʊʅʉ: 

ʘ ï ʩʭʝʤʘ ʨʫʭʫ; ʙ ï ʢʦʥʬʽʛʫʨʘʮʽʷ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ; ʚ ï n-ʪʨʫʙʥʠʡ ʟʦʥʜ 

 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 2-ʭ 

ʢʦʘʢʩʽʘʣʴʥʠʭ ʪʨʫʙʦʢ (ʨʠʩʫʥʦʢ 2.6, ʘ) ʻ ʙʽʣʴʰ ʜʦʮʽʣʴʥʦʶ ʟ ʤʽʨʢʫʚʘʥʴ ʚʘʨʪʦʩʪʽ, ʫ 

ʟʨʽʚʥʷʥʥʽ  ʽʟ n-ʪʨʫʙʥʦ  ʁʢʦʤʧʦʥʦʚʢʦʶ (ʨʠʩʫʥʦʢ 2.7, ʚ), ʜʝ 1 ï ʢʦʨʧʫʩ ʚʠʧʘʨʥʠʢʘ; 2ï 

ʧʽʜʡʦʤʥʽ ʪʨʫʙʢʠ; 3 ï ʪʝʧʣʦʧʨʦʚʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʤʽʞ ʊ̂; 4 ï ʦʧʫʩʢʥʘ ʊ̂.  ʅʘʧʨʠʢʣʘʜ, 

12-ʪʨʫʙʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʘ-ʚʠʧʘʨʥʠʢʘ ɻʊʅ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ̌ʨʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ, ʟʥʠʟʠʪʠ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ̔  ʧʽʜʚʠʱʠʪʠ 

ʤʽʮʥʽʩʪʴ ʨ̌ʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʙʦ ʚʽʜ 12-ʪʨʫʙʥʦʛʦ ʟʦʥʜʘ-ʚʠʧʘʨʥʠʢʘ 

ʜʦʚʞʠʥʦʶ 1 ʤ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 50 ɺʪ ʪʝʧʣʦʪʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥ̔ʡ ʥʝʛʘʪʠʚʥʽʡ ʰʢʦʣʽ 

ʜʦʚʢʽʣʣ ʁ[48]. 

 

2.3. ʄʝʪʦʜʠʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʤʘʩʠʚʽ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ˇʨʫʥʪʦʚʦʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ 

 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʊ̂ʅʉ ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ  ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ 

ˇʨʫʥʪʫ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʛʽʦʥʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ  ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ  ̔ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝ ʪʽʣʴʢʠ ʝʥʝʨʛʦïʝʢʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʨʦʪʷʛʦʤ 
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ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʛʥʫʯʢʦʾ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

(ʦʧʘʣʝʥʥʷ, ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʚʠʢʦʥʘʥʥʷ ʦʙʦʭ ʬʫʥʢʮʽʡ) ʙʝʟ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʊ̂ʅʉ, ʜʝ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʫʪʪʻʚʦ 

ʟʤʽʥʶʶʪʴʩʷ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ, ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʤʽʥʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ. ʎʽ ʤʝʪʦʜʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʪʠʤ, ʱʦ ʦʙʤʝʞʝʥʥʶ ʧʽʜʣʷʛʘʻ  ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ, ʚ ʷʢʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥ [49, 50]. ʎʝ ʜʘʻ ʧ̔ʜʩʪʘʚʠ ʫ ʤʝʞʘʭ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ ʨ̌ʫʥʪʫ ʜʣʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʥʝʭʪʫʚʘʪʠ ʟʤʽʥʦʶ 

ʜʝʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ [49, 50].   

ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʊ̂ʅʉ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ, ʪʦ ʟʘʜʘʯʝʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ  ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʤʘʩʠʚʽ 

ˇʨʫʥʪʫ ʟʙʣʠʟʴ ʊ̂ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ˇʨʫʥʪʽ [51, 52]. ɼʣʷ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʤʘʩʠʚʽ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʠʭ ʟʦʥʜʽʚ 

ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʧʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ, ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʡ ʛʨʘʥʠʮʽ  

ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʠʭ ʟʦʥʜʽʚ, ʟ  

ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʘʡʦʚʠʭ ʫʤʦʚ.  

ɼʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟ ʧʦʩʪʽʡʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʙʝʟ 

ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ, ʘ ʮʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ, ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʌʫʨôʻ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʧʨʠ ʫʩʪʘʣʝʥʦʤʫ 

ʧʨʦʮʝʩʽ [14]: 

ὥ   ,                                        (2.1) 

ʜʝ    a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ,  ʤ2/ʩ. 

ʈʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʽ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ t0 = 0 ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʛʣʠʙʠʥʠ z  ʽ ʧʦʯʘʪʢʦʚʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ:  

                 T(r,z,t) = T0(z).                                                  (2.2) 

ɼʣʷ  ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ ˇʨʫʥʪʫ 1, ʷʢʠʡ ʦʙʤʝʞʝʥʠʡ 

ʮʠʣʽʥʜʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ 2 ʥʘʚʢʦʣʦ ʊ̂ (ʨʠʩʫʥʦʢ 2.7) ʟʘʩʪʦʩʫʻʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥ:̫ 
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zB, zH ï ʛʣʠʙʠʥʘ ʚʝʨʭʥʴʦʛʦ ʪʘ ʥʠʞʥʴʦʛʦ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʫ; rmax ï ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ 

ʮʠʣʽʥʜʨʫ; r0 ï ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʫ ʥʘ ʛʨʘʥʠʮʽ ʟ ˇʨʫʥʪʦʚʠʤ ʟʦʥʜʦʤ. 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ɽʣʝʤʝʥʪʘʨʥʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʤʘʩʠʚ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂ 

1 ï ʤʘʩʠʚ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ; 2 ï ˇʨʫʥʪʦʚʠʡ ʟʦʥʜ 

 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʝʨʭʥʴʦʛʦ ʪʘ ʥʠʞʥʴʦʛʦ ʪʦʨʮʽʚ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʦʙôʻʤʫ ˇʨʫʥʪʫ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ 1-ʦʛʦ ʨʦʜʫ. ʗʢʱʦ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʠʞʥʽʡ ʪʦʨʝʮʴ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ʨ̌ʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ z = zH, 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚʩʝʨʝʜʠʥʽ ʮʠʣʽʥʜʨʫ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʻ 

ʽʟʦʪʝʨʤʽʯʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʪʦ ʊ̂ ʥʝ ʟʜʽʡʩʥʶʻ ʥʘ ʥʴʦʛʦ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ. ʊʦʜʽ 

ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ 1-ʦʛʦ ʨʦʜʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ TH(t) ʥʠʞʥʴʦʛʦ ʪʦʨʮʷ ʮʠʣʽʥʜʨʫ ʚ  

ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʨʠ 0 ¢ r ¢ rmax : 

                                           T(r,z,t) = T0(z).                                                   (2.3) 

ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʥʠʞʥʽʡ ʪʦʨʝʮʴ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ʥʘ ʛʣʠʙʠʥʽ z = zH, ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚʩʝʨʝʜʠʥʽ ʮʠʣʽʥʜʨʫ, ʧʨʦʪʛ̫ʦʤ ʧʝʚʥʦʛʦ 

ʯʘʩʫ ʻ ʽʟʦʪʝʨʤʽʯʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʪʦ ʊ̂ ʥʘ ʥʴʦʛʦ ʥʝ ʟʜʽʡʩʥʶʻ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ: 

Ὕὶȟᾀȟὸȿᾀ ᾀ˹ Ὕ˹ ὸ.                                                    (2.3) 

ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʚʝʨʭʥʽʡ ʪʦʨʝʮʴ ʮʠʣʽʥʜʨʫ ʥʘʚʢʦʣʦ ʊ̂ ʧʨʠ z = zɺ ʪʝʞ ʻ  

ʽʟʦʪʝʨʤʽʯʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʪʦ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʨʽʚʥʶʻ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʚʢʽʣʣʷ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ 1-ʦʛʦ ʨʦʜʫ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʝʨʭʥʴʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʦʨʮʽ ʧʨʠ 0 ¢ r ¢ rmax: 
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                                        )(),,( tTtzrT Zzz B
== .                                                (2.4) 

ʅʘ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʽʰʥʴʦʾ ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʫ ʚʟʜʦʚʞ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ, ʟʜʽʡʩʥʶʻ ʚʧʣʠʚ ʨ̌ʫʥʪʦʚʠʡ ʟʦʥʜ, ʫ ʷʢʦʛʦ  ʟʦʚʥʽʰʥʷ ʽ ʚʥʫʪʨʽʰʥʷ 

ʧʦʚʝʨʭʥʽ ʻ ʢʦʘʢʩʽʘʣʴʥʠʤʠ ʽ ʨʦʟʪʘʰʦʚʘʥ ̔ʚʩʝʨʝʜʠʥʽ ʮʠʣʽʥʜʨʫ.  

ʗʢʱʦ ʚʚʘʞʘʪʠ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʘʜʽʘʙʘʪʠʯʥʦʶ, ʪʦ ʚ 

ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʥʘ ʧʦʚʝʨʭʥʽ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ, ʷʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʡʦʛʦ ʧʦʚʝʨʭʥʽ, ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ  ̔

ʚʽʜʧʦʚʽʜʥʦ ʧʦʭʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʆʪʞʝ, ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʚʽʜʧʦʚʽʜʘʻ 2-ʽʡ ʢʨʘʡʦʚʽʡ ʟʘʜʘʯʽ, ʱʦ 

ʻ ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ 2-ʦʛʦ ʨʦʜʫ ʧʨʠ zB ¢ z ¢ zH: 

                                              ȿὶ ὶ ȿ.                                              (2.5) 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ 

ʮʠʣʽʥʜʨʫ ʥʘ ʤʝʞʽ ñʪʝʧʣʦʥʦʩʽʡï̌ ʨʫʥʪò ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʯʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʜʙʦʨʫ 

ʪʝʧʣʦʪʠ ʚʽʜ ʦʪʦʯʫʶʯʦʛʦ ʮʠʣʽʥʜʨ ʤʘʩʠʚʫ ˇʨʫʥʪʫ.  

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ (ʥʘʷʚʥʽʩʪʴ ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ),  ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜ ˇʨʫʥʪʫ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 
0rrT = ʧʝʨʝʜʘʻʪʴʩʷ ʪʝʧʣʦʥʦʩʽʶ, ʮʠʨʢʫʣʶʶʯʦʤʫ ʚ ʟʦʥʜ ̔ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦ  ʁTf.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ 

ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʜʦʨʽʚʥʶʻ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ 

ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʢʦʥʚʝʢʮʽ ʾ[50, 51]. ɼʣ̫  ʮʴʦʛʦ  ʚʠʧʘʜʢʫ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʧʦʚʝʨʭʥʝʶ 

ʟʦʥʜʫ ʪʘ ʨʽʜʠʥʦʶ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʅʴʶʪʦʥʘïʈʽʭʤʘʥʘ, ʘ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ 

ʙʦʢʦʚʽʡ ʤʝʞʽ ˇʨʫʥʪʦʚʦʛʦ ʮʠʣʽʥʜʨʫ, ʱʦ ʡʜʝ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ 

ʨʽʚʥʷʥʥʷ ʌʫʨôʻ [49, 50]. ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ̌ ʨʫʥʪʫ ʥʘ ʛʨʘʥʠʮʽ ʟ ʟʦʥʜʦʤ, ʚ ʷʢʦʤʫ ʮʠʨʢʫʣʶʻ ʪʝʧʣʦʥʦʩʽʡ, 

ʻ ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ 3-ʦʛʦ ʨʦʜʫ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʨʽʚʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʥʘ ʛʨʘʥʠʮʽ 

ʩʠʩʪʝʤʠ ñʪʝʧʣʦʥʦʩʽʡï̌ ʨʫʥʪò.  

ɻʨʘʥʠʯʥʘ ʫʤʦʚʫ 3-ʦʛʦ ʨʦʜʫ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ zB ¢ z ¢ zH:  

ȿὶ ὶ Ὕὶ ὶ Ὕ   ,                                       (2.6) 

ʜʝ  a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ2·ʂ); 
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  l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤ·ʂ). 

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ (ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ),  ʮʠʨʢʫʣʷʮʽʷ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʪʨʫʙʢʘʭ ʟʦʥʜʫ ʚʽʜʩʫʪʥ,̫ ʦʪʞʝ, ʜʦʩʷʛʘʻʪʴʩʷ ʪʝʧʣʦʚʘ ʨʽʚʥʦʚʘʛʘ ʤʽʞ ʟʦʥʜʦʤ  ̔

ˇʨʫʥʪʦʚʠʤ ʤʘʩʠʚʦʤ, ʘ ʚʥʫʪʨʽʰʥʷ ʙʦʢʦʚʘ ʧʦʚʝʨʭʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʦʙôʻʤʫ ˇʨʫʥʪʫ ʥʘ ʤʝʞʽ ñʪʝʧʣʦʥʦʩʽʡï̌ ʨʫʥʪò ʻ ʘʜʽʘʙʘʪʠʯʥʦʶ, ʙʦ ʧʦʪʽʢ ʪʝʧʣʦʪʠ ʥʝ 

ʚʽʜʚʦʜʠʪʴʩʷ.  

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ ʚʽʜʧʦʚʽʜʘʻ 2-ʦʤʫ ʨʦʜʫ  ʧʨʠ zB ¢ z ¢ zH: 

ȿ π.                                               (2.7) 

ʅʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʧʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ ʡʜʝ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʦʥʜʫ ʚʟʜʦʚʞ ʨʘʜʽʫʩʫ r ʨ̌ʫʥʪʦʚʦʛʦ 

ʮʠʣʽʥʜʨʫ ʥʘʚʢʦʣʦ ʟʦʥʜʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʟʤʝʥʰʫʻʪʴʩʷ.  

ʇʨʝʜʩʪʘʚʠʤʦ ʫ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʬʦʨʤ̔ ʝʣʝʤʝʥʪʘʨʥʠʡ ʢʨʦʢ dx ʚʟʜʦʚʞ ʨʘʜʽʫʩʫ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʟʦʥʜʫ (ʧʨʠ r > r 0), ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ 

ʥʘʧʨʷʤʢʦʤ ʚʟʜʦʚʞ ʦʩʽ x:   

x = ln r ,                                                         (2.8) 

ʟʚʽʜʢʠ:                                             

dx = dr / r.                                                       (2.9)         

ʗʢʱʦ ʢʦʦʨʜʠʥʘʪʫ r0 ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ʨ̌ʫʥʪʫ 

ʟʘʤʽʥʠʪʠ ʢʦʦʨʜʠʥʘʪʦʶ ʭ0, ʘ ʢʦʦʨʜʠʥʘʪʫ rmax ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʧʦʟʥʘʯʠʪʠ xmax, 

ʪʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (2.9) ʦʜʝʨʞʠʤʦ: 

ὼ ὼ ᷿ ÌÎ ὶ ὶ  .                          (2.10) 

ʇ̔ ʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.1), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (2.7) 

 ̔(2.10), ʦʜʝʨʞʠʤʦ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʤʘʩʠʚʽ ˇʨʫʥʪʽ ʧʨʠ x0 ¢ x ¢ xmax  ʫ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʬʦʨʤʽ:  

‬Ὕ

‬ὸ
ὥ
‬Ὕ

‬ὶ

ρ

ὶ

‬Ὕ

‬ὶ

‬Ὕ

‬ᾀ

ὥ

ὶ
ὶ
‬Ὕ

‬ὶ
ὶ
‬Ὕ

‬ὶ
ὥ
‬Ὕ

‬ᾀ
 

ὥ              

         ὥ ὥ  .                        (2.11) 
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ʄʦʜʠʬʽʢʦʚʘʥʘ ʬʦʨʤʘ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (2.11) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʮʠʣʽʥʜʨʽ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊ̂ʅʉ.  ʇʨʠʨʦʜʥʦ, ʱʦ ʧʨʠ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʬʦʨʤʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʘʜʽʫʩʘ r, ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ 2-ʦʛʦ ʨʦʜʫ, ʟʘ ʬʦʨʤʫʣʦ  ʁ(2.5) ʟʤʽʥʠʪʴʩʷ, 

ʘʣʝ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.2 ï 2.4)  ʥʝ ʟʤʽʥʷʪʴʩʷ. ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ ʜʨʫʛʦʛʦ 

ʨʦʜʫ (2.5), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ (2.9), ʥʘ ʟʦʚʥʽʰʥʽʡ ʚʝʨʪʠʢʘʣʴʥʽʡ ʙʦʢʦʚʽʡ 

ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʫ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʜʣʷ ʛʣʠʙʠʥʠ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʫ 

ʤʝʞʘʭ  zB ¢ z ¢ zH  ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

ȿ ȿ π                               (2.12) 

ɸʥʘʣʦʛʽʯʥʦ, ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ 3-ʦʛʦ ʨʦʜʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ (2.6), ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʚʥʫʪʨʽʰʥʽʡ  ʙʦʢʦʚʽʡ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʫ ʨ̌ʫʥʪʫ ʥʘ ʤʝʞʽ ñ̌ ʨʫʥʪ-

ʪʝʧʣʦʥʦʩʽʡò ʧʨʠ zB ¢ z ¢ zH  ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

ȿ
Ͻ
Ὕȿ Ὕ .                                      (2.13) 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ (2.7), ʧʨʠ zB ¢ z ¢ zH ʙʫʜʝ: 
 

ȿ ȿ π  .                                     (2.14) 

 

ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʚʠʨʽʰʠʪʠ ʩʢʣʘʜʥʦ, ʩʢʦʨʠʩʪʫʻʤʦʩʴ ʤʝʪʦʜʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ɼʦʜʘʪʦʢ ɹ), 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʽʪʢʠ (ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ) [50, 51]. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʫ 

ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʝʣʝʤʝʥʪʘʨʥʠʡ ʮʠʣʽʥʜʨ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʟʦʥʜʫ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ 

ʩʽʪʢʘ ʟ ʢʦʤʽʨʢʘʤʠ ʨʦʟʤʽʨʘʤʠ  Dx, Dy, Dz.  

ɸʧʨʦʢʩʠʤʘʮʽ ̫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʚ ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʨʽʚʥʷʥʥ ̔

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (2.11) ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʟʛʽʜʥʦ ʨʽʚʥʷʥʴ (2.2 ï 2.4), ʚʠʢʦʥʘʥʘ ʟʘ 

ʤʝʪʦʜʦʤ ʩʽʪʢʠ ʜʣʷ ʾʾ ʚʫʟʣʽʚ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.12 ï2.14), ʜʝ ʢʦʦʨʜʠʥʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ̔

ʚ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʚʠʛʣʷʜʽ.  ɿʘ  ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʟʘ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʦʪʨʠʤʘʥʦ ʨ̔ ʚʥʷʥʥʷ (ɹ.18) ʚ  ɼʦʜʘʪʢʫ ɹ, ʷʢʝ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ 
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ʧʦʪʦʢʫ Qf,L,  ʷʢʠʡ ʩʧʨʠʡʤʘʻʪʴʩʷ ʨʦʙʦʯʠʤ ʪʽʣʦʤ, ɦ ʦ ʮʠʨʢʫʣʶʻ ʚ ʨ̌ʫʥʪʦʚʦʤʫ ʟʦʥʜʽ ʫ 

ʤʦʤʝʥʪ ʯʘʩʫ t:    

( )
iii

ttɺʀʍ,fttɺʍ,fpm
ttL,f

TTcwQ
===

-ÖÖ=  ,                      (2.15) 

ʜʝ   wm = u Ö r Ö F0 ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ;   

       u, r, cp   ï ʰʚʠʜʢʽʩʪʴ, ʛʫʩʪʠʥʘ, ʪʝʧʣʦʻʤʥʽʩʪʴ, ʚʽʜʧʦʚʽʜʥʦ;   

        F0 ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ, ʤ2 ;  

        Tf,ɺʍ, Tf,ɺʀʍ ïʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ, ʂ. 

ʇʦʪʫʞʥʽʩʪʴ  ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʦʨʜʠʥʘʪ ʚʫʟʣʽʚ ʩʽʪʢʠ m1  ̔m2,  

ʷʢʽ, ʚʽʜʧʦʚʽʜʥʦ, ʻ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ (ʥʘ ʚʭʦʜʽ) 

ʜʦʚʞʠʥʦʶ L ʽ ʥʠʞʥʴʦʛʦ ʪʦʨʮʷ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ (ʥʘ ʚʠʭʦʜʽ):  

                                      [ ])m(T)m(TcwQ ffpmL,f 12 -ÖÖ=  ,                                     (2.16) 

ʜʝ   Tf(m1), Tf(m2) ïʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʚ ʚʫʟʣʘʭ ʩʽʪʢʠ m1  ̔m2 : 

                                          Tf (m2) = Tf,ʚʠʭ ;  Tf (m1) = Tf,ʚʭ                                            (2.17) 

ʈ̔ ʚʥʷʥʥʷ  ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʜʦʚʞʠʥʽ L ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ: 

L,f

j

ɻʈ Q)j(Q =ä ,                                               (2.18) 

ɼʣʷ  n-ʦʛʦ ʯʠʩʣʘ  ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ:  

 L,fn,f QnQ Ö=  .                                               (2.19)                                                

ʊʝʧʣʦʚʠʡ  ʧʦʪʽʢ Qf,n, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ˇʨʫʥʪʫ, ʥʘʜʭʦʜʠʪʴ ʜʦ ʚʠʧʘʨʥʠʢʘ ʊ̂ʅ.  

ɿʛʽʜʥʦ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʚʝʨʪʠʢʘʣʴʥʽ 

ˇʨʫʥʪʦʚʽ ʪʨʫʙʢʠ (ʨʠʩʫʥʦʢ 2.6, ʘ) ʩʧʦʣʫʯʘʶʪʴʩʷ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ, ʷʢʽ 

ʟʘʛʣʠʙʣʝʥʠʤʠ ʥʘ 1 ʤ, ʟʚʽʜʢʠ ʪʝʧʣʦʥʦʩʽʡ ʟ ̌ʨʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʥʘʜʭʦʜʠʪʴ ʫ ʚʠʧʘʨʥʠʢ 

ʊ̂ʅ. ʇʨʠ ʥʘʣʝʞʥʽʡ ʷʢʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʊ̂ ʪʝʤʧʝʨʘʪʫʨʘ Tf,0 ʥʘ ʚʭʦʜʽ ʫ ʚʠʧʘʨʥʠʢ 

ʜʦʨʽʚʥʶʻ ʪʝʤʧʝʨʘʪʫʨʽ Tf,ɺʀʍ  ʥʘ ʚʠʭʦʜʽ ʟ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ:                             

 Tf,0 = Tf,ɺʀʍ  .                                               (2.20)           

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʪʝʧʣʦʥʦʩʽʻʤ ʊ̂ ʪʘ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʮʠʢʣʫ 

ʊ̂ʅ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽ ̫ ʊ̂ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʨʽʚʥʷ Tf,1, ʱʦ ʜʦʨʽʚʥʶʻ ʡʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ ʚʭʦʜʽ ʚ ̌ʨʫʥʪʦʚʠʡ ʟʦʥʜ  Tf,ɺʍ¡ , ʫ  ʥʘʩʪʫʧʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ tô: 

Tf,1 = Tf,ɺʍ¡  .                                                (2.21)  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʝʣʝʤʝʥʪʘʭ ʊ̂ʅʉ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʊ̂ʅʉ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ 

ʧʨʠ ʟʤʽʥ ̔ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ  

ʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ˇʨʫʥʪʽ ʥʘʚʢʦʣʦ ɿ̂, ʧʝʨʝʜʙʘʯʘʶʯʠ ʥʝʛʘʪʠʚʥ ̔

ʥʘʩʣʽʜʢʠ ʧʨʦʤʝʨʟʘʥʥʷ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ.  ʂʨʽʤ ʪʦʛʦ, ʚʢʘʟʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ  ʥʘ ʚʠʭʦʜʽ ʟ ˇʨʫʥʪʦʚʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʻ ʙʘʟʦʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʨ̌ʫʥʪʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ̂ ʊʅʉ ̔ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʥʘ ʟʘʩʘʜʘʭ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

 

2.4. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ̌ʨʫʥʪʦʚʠʭ ʟʦʥʜʘʭ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʦʧʝʨʝʜʞʝʥʥʷʤ ʷʚʠʱʘ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ˇʨʫʥʪʫ 

ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʠʩʪʝʤʠ 

 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [30ï48] ʧʦʢʘʟʫ,̒ ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ, 

ʷʢʘ ʻ ʙʝʟʤʝʞʥʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʩʠʩʪʝʤ ʪʝʧʣʦʥʘʩʦʩʥʦʛʦ ʦʧʘʣʝʥʥʷ ʽ ɻɺʇ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤ 

ʥʘʧʨʷʤʢʦʤ. ɸʣʝ ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ ʤʘʻ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʝʥʝʨʛʝʪʠʯʥʽ, ʘ ʡ  ʝʢʦʣʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʘʩʧʝʢʪʠ, ʘ ʩʘʤʝ, ʥʝʜʦʧʫʱʝʥʥʷ ʧʨʦʤʝʨʟʘʥʥʶ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʽ ʟʘʧʦʙʽʛʘʥʥʷ h ʢʦʜʠ 

ʚʝʛʝʪʘʮʽʾ ʨʦʩʣʠʥ, ʚʽʜʧʦʚʽʜʥʦ [8 ï21]. 

ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ: 

ʚʦʣʦʛʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ˇʨʫʥʪʫ, ʘ ʦʪʞʝ, ʽ ʡʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ (ɼʦʜʘʪʦʢ ɺ).  ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘʚʽʪʴ ʙʣʠʟʴʢʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ˇʨʫʥʪʦʚʽ ʟʦʥʜʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʽʜʙʦʨʽ 

ʪʝʧʣʦʪʠ, ʘ ʥʝʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʊ̂ʅʉ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʛʘʪʠʚʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ï ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ (ʧʨʦʤʝʨʟʘʥʥʷ) ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂.  



70 
 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ˇʨʫʥʪʫ Qʛʨ ʨʦʙʦʯʦʶ 

ʨʽʜʠʥʦʶ, ʷʢʘ ʮʠʨʢʫʣʶʻ ʫ ʪʨʫʙʮʽ ʊ̂, ʱʦ ʤʘʻ ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ  d0 = 2 Ö r0, ʟʤʽʥʶʻʪʴʩʷ 

ʚʟʜʦʚʞ ʜʦʚʞʠʥʠ ˇʨʫʥʪʦʚʦʾ ʪʨʫʙʢʠ L = zH ï zK (ʨʠʩʫʥʦʢ 2.6) ̔  ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʤʦʤʝʥʪʫ 

ʯʘʩʫ t = ti ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ [15]: 

() ()[ ]dzzTzTŬrˊ2Q
K

H
i

Z

Z
fZŪ,0ttLɻʈ,
Öñ -ÖÖÖÖ=

=
,                         (2.21) 

ʜʝ   zH , zK ï ʟʘʛʣʠʙʣʝʥʥʷ ʥʠʞʥʴʦʛʦ ʪʘ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʽʚ ʊ̂, ʚʽʜʧʦʚʽʜʥʦ, ʤ; 

a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ˇʨʫʥʪʫ ʜʦ ʪʝʧʣʦʥʦʩʽʷ ʊ̂, ɺʪ/(ʤ2Öʂ); 

TQ,z  ï ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʘ ʛʨʘʥʠʮʽ ʟ ʊ̂, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʛʣʠʙʣʝʥʥʷ ʊ̂, ʂ; 

Tf  ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʊ̂,  ɦ ʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʛʣʠʙʣʝʥʥʷ ʊ̂, ʂ. 

ʇʨʠ ʤʘʣʦʤʫ ʜʽʘʤʝʪʨʽ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʪʘ ʾʭ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽʡ ʜʦʚʞʠʥʽ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ Tf  ʻ ʬʫʥʢʮʽʻʶ ʜʦʚʞʠʥʠ L ɿ̂ ʪʘ ʯʘʩʫ t. 

ʇʦʪʽʢ ʪʝʧʣʦʪʠ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

ʚʽʜ ɿ̂, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʜʦʨʽʚʥʶʻ n, ʟʛʽʜʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʤʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ [15]: 

QTH
itt=
= wmÖ cpÖ n Ö( )

ii ttf,1ttf,0
TT

==
- ,                              (2.22) 

ʜʝ    Tf,0 ï  ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ  ʊ̂ ʥʘ ʚʭʦʜʽ ʚ ʚʠʧʘʨʥʠʢ ʊ̂ʅ, ʂ; 

Tf,1 ï  ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ  ʊ̂ ʥʘ ʚʠʭʦʜʽ ʟ ʚʠʧʘʨʥʠʢʘ ʊ̂ʅ, ʂ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʤʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ 

ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʘʩʠʚʽ ˇʨʫʥʪʫ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʦʥʜʽʚ ʊ̂ʅʉ, ʱʦ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʰʘʨʫ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂ ʚ ʧʨʦʮʝʩʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ. ʇʨʠ ʮʴʦʤʫ, ʥʝʙʘʞʘʥʽ ʷʚʠʱʘ 

ʪʝʨʤʽʯʥʦ ʾ ʨʝʣʘʢʩʘʮʽ ʾ ˇʨʫʥʪʫ ʤʘʶʪʴ ʙʫʪʠ ʫʩʫʥʝʥʽ  ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ 

(ʙʝʟʫʧʠʥʥʦʤʫ) ʚʽʜʙʦʨ ̔ʪʝʧʣʦʪʠ ʚʽʜ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ.  

ɸʥʘʣʽʟ  ʟʤʽʥ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʴ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʪʝʧʣʦʚʽʜʚʦʜʽ 

ʟʦʥʜʘʤʠ ˇʨʫʥʪʦʚʦʾ ʝʥʝʨʛʽʾ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʦʛʦ ʥʘʤʠ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʚʠʢʦʥʘʥʦ ʟʘ ʧʨʦʛʨʘʤʦʶ ʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽʡ ʤʦʚʽ  (ɼʦʜʘʪʦʢ 

ɻ), ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʠʧʠʥʝʥʥ ̔ʚʽʜʙʦʨʫ ʪʝʧʣʦʪʠ ʨ̌ʫʥʪʦʚʠʤʠ 
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ʟʦʥʜʘʤʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ  ʧʦʣ̫ ʪʝʤʧʝʨʘʪʫʨ ʫ ˇʨʫʥʪʽ ʥʘʚʢʦʣʦ ʊ̂, ʷʢʱʦ ʮʝ ʧʦʪʨʽʙʥʦ 

ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ.  

 

2.5. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʘʭ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʦʧʝʨʝʜʞʝʥʥʷʤ ʷʚʠʱʘ ʪʝʨʤʽʯʥʦʾ 

ʨʝʣʘʢʩʘʮʽʾ  ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʠʩʪʝʤʠ 

 

ʇʨʦʮʝʩ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʚʽʜ ˇʨʫʥʪʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʚ ʰʘʨʘʭ ˇʨʫʥʪʫ, ʱʦ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʽ ʜʦ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʦʚʠʭ ʪʨʫʙʦʢ, 

ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʙʽʣʴʰʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʊ̂ 

ʪʝʧʣʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ ʚ ˇʨʫʥʪʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʦ. ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʽ ʧʨʦʪʷʛʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʽʩʣʷ ʚʠʚʝʜʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʩʠʩʪʝʤʠ ʟ 

ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʥʘʤʠ ʤʝʪʦʜʠʢʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʊ̂ʅʉ ʟʘ ʧʨʦʛʨʘʤʦʶ ʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽʡ ʤʦʚʽ (ɼʦʜʘʪʦʢ )̂ [15].  

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘʚʢʦʣʦ ʦʜʥʦʛʦ 

ʟʦʥʜʫ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʟ ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ 12 ʛʦʜʠʥ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.8, ʘ,  

ʜʣʷ ʫʤʦʚ  ʙʝʟʫʧʠʥʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊ̂ʅʉ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʜʽʙ (48 ʛʦʜʠʥ).  

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ  (ʨʠʩʫʥʦʢ 2.8, ʘ) ʯʽʪʢʦ ʧʦʢʘʟʫʻ ʷʢʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʪʁʴʩʷ ʧʨʠ 

ʚʽʜʚʦʜʽ ʪʝʧʣʦʪʠ ˇʨʫʥʪʦʚʠʤ ʟʦʥʜʦʤ, ʘ ʩʘʤʝ: ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʰʘʨʘʭ ˇʨʫʥʪʫ, ʷʢʽ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ̂ʊ (ʥʘ ʚʽʜʩʪʘʥʽ  0,1 ʤ).  

ʅʘ ʙʽʣʴʰʽʡ ʚʽʜʩʪʘʥʽ  (> 0,5 ʤ) ʚʧʣʠʚ ʧʨʦʮʝʩʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʧʦʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʩʠʚʽ ˇʨʫʥʪʫ ʩʪʘʻ ʤʝʥʰ ʧʦʤʽʪʥʠʤ, ʘ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʦʥʜʫ (> 0,6 ʤ), ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʘʢʪʠʯʥʦ ʚʞʝ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʟ ʯʘʩʦʚʠʤ 

ʽʥʪʝʨʚʘʣʦʤ 12 ʛʦʜʠʥ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.8, ʙ, ʜʣʷ ʫʤʦʚ ʧʨʠʧʠʥʝʥʥʷ   

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊ̂ʅʉ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʜʽʙ (48 ʛʦʜʠʥ), ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ 

ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ̌ʨʫʥʪʽ  ʥʘʚʢʦʣʦ ʊ̂. ɸʥʘʣʽʟ 

ʛʨʘʬʽʢʽʚ  (ʨʠʩʫʥʦʢ 2.8, ʙ) ʷʚʥʦ ʧʦʢʘʟʫʻ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʠʚʝʜʝʥʽ ˇʨʫʥʪʦʚʦʾ 

ʩʠʩʪʝʤʠ ʟ ʨʦʙʦʪʠ. ʂʦʣʠ ʥʝʤʘ ̒ʪʝʧʣʦʦʙʤʽʥʫ ʟ ˇʨʫʥʪʦʤ ʧʨʦʪʷʛʦʤ 48 ʛʦʜ., ʪʝʤʧʝʨʘʪʫʨʘ 
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ʚ ʰʘʨʘʭ ˇʨʫʥʪʫ, ʱʦ ʦʪʦʯʫʶʪʴ ʊ̂ ʧʦʩʪʫʧʦʚʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ. ʊʘʢ, ʚ ʧʝʨʰʽ 12 ʛʦʜʠʥ 

ʧʨʦʮʝʩ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʽ ʡʜʝ 

ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ (ʥʠʞʥʷ ʢʨʠʚʘ ʥʘ ʨʠʩʫʥʢʫ 2.8, ʙ), ʘʣʝ ʟ ʯʘʩʦʤ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʽ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʟʙʣʠʞʫʶʪʴʩʷ. ɸ ʜʘʣʽ ʧʦʩʪʫʧʦʚʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʩʠʤʧʪʦʪʠʯʥʝ ʥʘʙʣʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʜʦ ʡʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʞʝ ʯʝʨʝʟ 48 ʛʦʜʠʥ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ 

ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ ʧʦʚʥʽʩʪʶ ʪʝʨʤʽʯʥʦ ʚʽʜʥʦʚʠʪʠʩʴ ʽ ʚʠʡʪʠ ʟʽ ʩʪʘʥʫ ʪʝʨʤʽʯʥʦʾ 

ʨʝʣʘʢʩʘʮʽʾ ʤʘʩʠʚʫ ˇʨʫʥʪʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʧʨʠʨʦʜʥʦʶ ʟʜʘʪʥʽʩʪʶ ˇʨʫʥʪʫ ʜʦ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ.  

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ  2.8 ï ʅʝʩʪʘʮʽʦʥʘʨʥʝ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʽ ʥʘʚʢʦʣʦ ʊ̂: 

ʘ ï ʧʨʠ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ; ʙ ï ʧʽʩʣʷ ʚʠʚʝʜʝʥʥʷ ʩʠʩʪʝʤʠ ʟ ʨʦʙʦʪʠ 

 

ʅʘ ʨʠʩʫʥʢʫ 2.9 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʛʣʠʙʠʥʽ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ɿ̂ ʜʦʚʞʠʥʦʶ 11 ʤ, ʧʝʨʝʜ ʚʚʝʜʝʥʥʷʤ 

ˇʨʫʥʪʦʚʦʾ ʩʠʩʪʝʤʠ ʚ ʨʦʙʦʪʫ. ɺ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜʙʽʨ 

ʪʝʧʣʦʪʠ ʚʽʜ ˇʨʫʥʪʫ, ʭʘʨʘʢʪʝʨ ʽʟʦʣʽʥʽʡ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʥʶʻʪʴʩʷ (ʨʠʩʫʥʦʢ 2.9, ʙ), ʘ 

ʥ̔ʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʢʨʦʮʽ ʫʩʪʘʥʦʚʢʠ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʢʽʣʴʢʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 2.9, ʘ) ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ 

ʩʝʨʽʻʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [53, 54] ʜʣʷ U-ʧʦʜʽʙʥʠʭ ɿ̂ ʥʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʊ̂ʅʉ ʟ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʶ ʪʝʧʣʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ 2,6 ʢɺʪ, ʟʚʽʜʢʠ ʚʠʜʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʊ̂ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʝʥʴ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʤʘʩʠʚʫ ˇʨʫʥʪʫ.  
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ʘ                                                              ʙ     

ʈʠʩʫʥʦʢ 2.9 ï ʅʝʩʪʘʮʽʦʥʘʨʥʝ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨ̌ʫʥʪʽ ʧʨʠ n ɿ̂: 

ʘ ï ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ; ʙ ï ʯʝʨʝʟ ʤʽʩʷʮʴ ʚʽʜ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ 

 

ɯʟʦʣʽʥʽʾ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʽ ʚ ʦʩʪʘʥʥʽʡ ʜʝʥʴ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ 

(ʨʠʩʫʥʦʢ  2.10) ʧʦʢʘʟʫʁʪ,ɹ ʱʦ ʜʣʷ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʊ̂ʅʉ ʟ 15 ̂ɿ, ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʰʘʨʘʤʠ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂, ʚʠʥʠʢʘʻ ʥʘʜʤʽʨʥʠʡ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ (>6 0ʉ) , ɦ ʦ ʻ 

ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʧʨʠʟʫʧʠʥʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʱʦʥʘʡʤʝʥʰʝ ʥʘ 48 ʛʦʜʠʥ, 

ʜʣʷ ʮʽʣʝʡ ʚʽʜʥʦʚʣʝʥʥʷ ʬʦʥʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ̌ʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʊ̂ʅʉ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʠ ʥʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽʡ ʤʦʚʽ  (ɼʦʜʘʪʦʢ ɻ) 

ʚʩʪʘʥʦʚʣʝʥʦ ʫʤʦʚʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ  ʧʨʦʤʝʨʟʘʥʥʷ  ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʟʦʥʜʽʚ: 

ï ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊ̂ʅʉ ʟ ʦʜʥʽʻʶ ʚʝʨʪʠʢʘʣʴʥʦʶ ʊ̂ ʜʦʚʞʠʥʦʶ 

10 ʤ ʚʞʝ ʚ ʧʝʨʰʠʡ ʤʽʩʷʮʴ ʩʝʟʦʥʫ ʦʧʘʣʝʥʥʷ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʫ, 

ʙʦ ʟ ʯʘʩʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ɿ̂ ʜʦ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ, ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ  ʪʝʧʣʦʚʠʭ ʧʦʪʨʝʙ 

ʩʧʦʞʠʚʘʯʘ. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʊ̂ʅʉ ʧʨʠ ʢʽʣʴʢʦʩʪʽ  ʊ̂ n=1 ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ; 
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ʘ                                                              ʙ     

ʈʠʩʫʥʦʢ 2.10 ï ʅʝʩʪʘʮʽʦʥʘʨʥʝ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʽ ʚ ʦʩʪʘʥʥʽʡ ʤʽʩʷʮʴ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ ʜʣʷ ʨʽʟʥʦʛʦ ʯʠʩʣʘ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ  

ʘ ï  ʧʦʯʘʪʦʢ ʦʩʪʘʥʥʴʦʛʦ ʤʽʩʷʮʷ ʩʝʟʦʥʫ ʦʧʘʣʝʥʥʷ;   

ʙ ï  ʦʩʪʘʥʥʴʦʛʦ ʤʽʩʷʮʷ ʩʝʟʦʥʫ ʦʧʘʣʝʥʥʷ  

 

ï ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʟ ʨʽʚʥʝʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ  ʽʥʪʝʨʚʘʣʽ 1é6 0ʉ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜ̔ʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʽ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ;  

ï ʫ ʚʠʧʘʜʢʫ ʥʘʜʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ̂ʊ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ 

ʟʥʠʞʝʥʥʷ ʾʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʽʚʥʷ ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ˇʨʫʥʪʦʤ.  ɺ ʮʴʦʤʫ ʨʘʟʽ 

ˇʨʫʥʪʦʚʘ ʪʨʫʙʢʘ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʧʽʜʽʛʨʽʚʘʯʘ ʨ̌ʫʥʪʫ.   

ï ʫ ʚʠʧʘʜʢʫ ʟʘʥʘʜʪʦ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨ ̔ʪʝʧʣʦʥʦʩʽʷ ʚ ̂ʊ ʚʽʜʙʫʚʘʻʪʴʩʷ  

ʽʥʪʝʥʩʠʚʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʠ ʚ ̂ʊ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ 

ʧʽʜʚʦʜʘʤ ʪʝʧʣʦʪʠ ʚʽʜ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʜʦ ʟʦʥʜʫ. 

ʆʩʢʽʣʴʢʠ ʪʝʧʣʦʥʦʩʽʡ ʊ̂ ʧʝʨʝʜʘʻ ʪʝʧʣʦʪʫ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ˇʨʫʥʪʫ ʜʦ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʱʦ ʮʠʨʢʫʣʶʻ ʢʨʽʟʴ ʚʠʧʘʨʥʠʢ ʊ̂ʅ, ʪʦ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ 

ʩʠʩʪʝʤʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʙʦ ʟʥʠʞʫʻʪʴʩʷ 

ʪʝʧʣʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʨ̌ʫʥʪʫ  ̔ʟʜʘʪʥʽʩʪʴ ʥʘʜʽʡʥʦʛʦ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ.  
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ʅʘ ʨʠʩʫʥʢʫ 2.11 ʧʨʝʜʩʪʘʚʣʝʥ ̔ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʧʨʦʛʨʘʤʠ (ɼʦʜʘʪʦʢ ɻ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʷ ʊ̂ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ, 

ʘʥʘʣʽʟ ʷʢʠʭ  ʜʣʷ ʯʠʩʣʘ n  ̌ ʨʫʥʪʦʚʠʭ ʪʨʫʙʦʢ, ʚʠʷʚʠʚ,  ɦ ʦ  n  ʩʫʪʪʻʚʦ ʚʧʣʠʚʘ ̒ʥʝ ʪʽʣʴʢʠ 

ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʽʚʝʥʴ f
T  ʪʝʧʣʦʥʦʩʽʷ ˇʨʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʊʅ, ʘ ʡ ʥʘ ʭʘʨʘʢʪʝʨ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʫ  ʥʘʚʢʦʣʦ ʟʦʥʜʽʚ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩʫʥʦʢ 2.12), ʧʦʢʘʟʫʻ, ʱʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʉʆʈ ʧʨʠ 

ʢʽʣʴʢʦʩʪʽ ʊ̂ n  > 6 ʤʘʶʪʴ ʣʽʥʽʡʥʽʡ ʭʘʨʘʢʪʝʨ, ʟʘ  ʚʠʢʣʶʯʝʥʥʷʤ ʚʠʧʘʜʢʫ n = 1, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʜʦʮʽʣʴʥʦ ʯʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʾ ʨʝʣʘʢʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂. ʇʨʠ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʟʦʥʜʽʚ (n > 15), ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʉʆʈ 

ʥʘʙʣʠʞʫʶʪʴʩʷ ʘʩʠʤʧʪʦʪʠʯʥʦ ʜʦ ʜʝʷʢʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʉʆʈ, ʪʦʙʪʦ 

ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʊ̂ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʉʆʈ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. 

 

 

ʈʠʩʫʥʦʢ 2.11 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ ʊ̂ 

 

ʈʠʩʫʥʦʢ 2.12 ï ɿʘʣʝʞʥʽʩʪʴ COP ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʧʨʦʪʷʛʦʤ 

ʤʽʩʷʮʽʚ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ  

 

ɼʣ ̫  ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ f
T  ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʮʠʨʢʫʣʶʻ ʚ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ˇʨʫʥʪʦʚʠʭ ʪʨʫʙʢʘʭ, ʥʘʧʨʠʢʽʥʮʽ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩʫʥʦʢ 2.13), ʷʢʱʦ ʯʠʩʣʦ ʨ̌ʫʥʪʦʚʠʭ ʪʨʫʙʦʢ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ  5 ¢ n ¢ 15 
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ʈʠʩʫʥʦʢ 2.13 ï ʉʝʨʝʜʥʷ  ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ  

ʚ ʬʫʥʢʮʽʾ ʯʠʩʣʘ ɿ̂ ʚ ʦʩʪʘʥʥʽʡ ʤʽʩʷʮʴ ʩʝʟʦʥʫ ʦʧʘʣʝʥʥʷ 

 

ɽʥʝʨʛʝʪʠʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʊ̂ʅ ʻ ʢʦʝʬʽʮʽʻʥʪ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʽʾ ʉʆʈ = Q1/L.  

ʈʦʙʦʪʘ ʩʪʠʩʢʫ ʚ ʢʦʤʧʨʝʩʦʨʽ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʪʠ, ʱʦ 

ʚʽʜʚʦʜʠʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʽʚʥʽ Q1 (ʪʦʙʪʦ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʊ̂ʅ), ʪʘ 

ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʪʠ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʥʘ ʥʠʟʴʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʽʚʥʽ Q2 (ʪʦʙʪʦ ʚ 

ʚʠʧʘʨʥʠʢʫ ʊ̂ʅ): L= Q1 ï Q2. 

ʉʆʈ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ [15] ʧʨʠ ʥʝʟʚʦʨʦʪʥʦʤʫ ʮʠʢʣʽ ʊ̂ʅ:  

ʉʆʈ̂ʊʅ = hʢ Ö eʢ = hʢ Öʊʂ /(Tʂ ï ʊɺʀʇ),                                 (2.23) 

ʜʝ    hʢ ï ʂʂɼ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʮʠʢʣʫ ʂʘʨʥʦ; 

eʢ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʮʠʢʣʫ ʂʘʨʥʦ; 

Tʂ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʊ̂ʅ, ʂ. 

ʊɺʀʇ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʚʠʧʘʨʥʠʢʫ ʊ̂ʅ, ʂ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ f
T , ʷʢʘ ʻ ʪʝʤʧʝʨʘʪʫʨʦʶ  

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦ ʾ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʜʣʷ ʊ̂ʅ 
f

T

, ʧʨʠ ʧʝʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 
B

T , ʟʥʘʶʯʠ  

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ DJʂ, ʚ ʚʠʧʘʨʥʠʢʫ DJɺʀʇ ʪʘ ʂʂɼ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʮʠʢʣʫ ʂʘʨʥʦ hʂ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʉʆʈ.  

ɼʣʷ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʊ̂ʅ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʘʥʽ ʱʦʜʦ 

ʩʝʨʝʜʥʴʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ DJʂ = Tʂ ïTɺ
ʩʨ , ʜʝ  Tɺ

ʩʨ =(Tɺ0+Tɺ1)/2 ï  
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ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʢʦʥʪʫʨʫ ʩʧʦʞʠʚʘʯʘ (ʛʘʨʷʯʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʽʚʥʷ), ʂ; Tʢ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʊ̂ʅ.  

ɸʥʘʣʦʛʽʯʥʦ, ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʠʧʘʨʥʠʢʘ ʊ̂ʅ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʘʥʽ 

ʱʦʜʦ ʩʝʨʝʜʥʴʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʠʧʘʨʥʠʢʫ DJɺʀʇ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ Tf
ʩʨ ï ʩʝʨʝʜʥʴʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʽʜʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʧʦʩʪʫʧʘʻ 

ʚ ʚʠʧʘʨʥʠʢ ʊ̂ʅ ʟ ˇʨʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ: 

DJɺʀʇ = Tf
ʩʨ ïʊɺʀʇ,                                           (2.24)                               

ʜʝ     Tf
ʩʨ =(Tf,0+Tf,1)/2 ï  ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʧʨʦʮʝʩʽ ʧʽʜʚʦʜʫ ʪʝʧʣʦʪʠ 

ʚʽʜ ʊ̂ʅ ʜʦ ʚʠʧʘʨʥʠʢʘ ʊ̂ʅ (ʭʦʣʦʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʽʚʥʷ), ʂ; ʊɺʀʇ ïʪʝʤʧʝʨʘʪʫʨʘ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʠʧʘʨʥʠʢʘ. 

Tf
ʩʨ = (Tf,0+Tf,1)/2 ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʚ ʧʨʦʮʝʩʽ 

ʧʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʚʽʜ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʠʧʘʨʥʠʢʘ ʊ̂ʅ, 

ʪʦʙʪʦ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ñʭʦʣʦʜʥʦʛʦò ʪʝʧʣʦʥʦʩʽʷ ʥʠʞʥʴʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʽʚʥʷ, ʂ. 

ʗʢʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʬʫʥʢʮʽʶ ʩʝʨʝʜʥʴʦʛʦ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ DJʂ ʪʘ ʫ 

ʚʠʧʘʨʥʠʢʫ DJɺʀʇ, ʪʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (2.23) ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʊ̂ʅ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʬʫʥʢʮʽʶ ʩʝʨʝʜʥʴʦʛʦ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ  ̔

ʚʠʧʘʨʥʠʢʫ ʽ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ̂ʊ:  

                        eʛʪʥ = hʢ Ö (DJʂ + Tʚ
ʦʪ)/(DJʂ + Tʚ

ʦʪ +DJɺʀʇ ï Tf
ʩʨ)  ,                   (2.25)                               

ʜʝ  Tʚ
ʦʪïʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʚ ʢʦʥʪʫʨʽ ʦʙôʻʢʪʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ,  ʂ.  

      Tf
ʩʨ ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʢʦʥʪʫʨʫ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, 

ʱʦ ʻ ʜʞʝʨʝʣʦʤ ʪʝʧʣʘ ʜʣʷ ʚʠʧʘʨʥʠʢʘ ʊ̂ʅ, ʂ.               

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩʫʥʦʢ 2.13) ʧʦʢʘʟʫʻ, ʱʦ ʻ 

ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʯʠʩʣʦ ˇʨʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʩʪʘʥʦʚʠʪʴ n = 6, ʧʨʠ ʷʢʦʤʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɻʊʅ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʨ̌ʫʥʪʫ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ, ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʷ ʟ ̔

ʟʤʝʥʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ɻɿ ʜʦ 0 ʉ̄, ʪʦʙʪʦ ʤʦʞʣʠʚʘ 

ʪʝʨʤʽʯʥʘ ʨʝʣʘʢʩʘʮʽʷ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ. ʂ̔ ʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʚʠʧʘʨʥʠʢʘ 
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ɻʊʅ ʚʽʜ ˇʨʫʥʪʦʚʠʭ ʟʦʥʜʽʚ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʟʢʠ ʬʽʟʠʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ, 

ʛʽʜʨʘʚʣʽʯʥʠʭ  ʪʘ ʨʝʞʠʤʥʠʭ  ʯʠʥʥʠʢʽʚ:  

ïʪʦʚʱʠʥʘ ʰʘʨʫ ˇʨʫʥʪʫ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ  ʚʽʜʙʽʨ ʪʝʧʣʦʪʠ; 

ïʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʨ̌ʫʥʪʫ;  

ïʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʝʞʠʤʫ ʮʠʨʢʫʣʷʮʽʾ ʪʝʧʣʦʥʦʩʽʷ ʚ ˇʨʫʥʪʦʚʦʤʫ ʢʦʥʪʫʨʽ; 

ïʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʥʦʩʽʷ ˇʨʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ;  

ïʯʠʩʣʘ ˇʨʫʥʪʦʚʠʭ ʟʦʥʜʽʚ;  

ïʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʘʩʠʚʽ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʽ ʚʟʜʦʚʞ ɿ̂; 

ïʦʩʦʙʣʠʚʦʩʪʝʡ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʦʪʷʛʦʤ 

ʯʘʩʫ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʧʣʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ̌ʨʫʥʪʫ, ʚʽʜ ʯʦʛʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ɿ̂.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ̂ʊʅ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʛʨʘʤʘ CoolPack 1.46 [55], 

ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ (ʨʠʩʫʥʦʢ 2.14), ʨʦʟʨʘʭʦʚʘʥʦ ʮʠʢʣ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʚʠʟʥʘʯʝʥʽ  

ʪʝʧʣʦʬʽʟʠʯʥ ̔ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ (ʨʠʩʫʥʦʢ 2.15). 

ʇʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʽʚ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ ʮʠʢʣʫ ʊ̂ʅ ʤʽʩʪʷʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 2.1. 

ʊʘʙʣʠʮʷ 2.1 ï ʇʘʨʘʤʝʪʨʠ ʚ ʭʘʨʘʢʪʝʨʥʠʭ  ʪʦʯʢʘʭ ʮʠʢʣʫ ʊ̂ʅ  

ʊʦʯʢʘ ʜʽʘʛʨʘʤʽ ʇʦʟʥʘʯʝʥʥʷ 

ʝʥʪʘʣʴʧʽʾ 

ɽʥʪʘʣʴʧʽʷ, 

ʢɼʞ/ʢʛ 

ʇʦʟʥʘʯʝʥʥʷ 

ɽʥʪʨʦʧʽʾ 

ɽʥʪʨʦʧʽʷ, 

ʢɼʞ/ʢʛ 

A hA 1480 SA 5,5993 

B hB 1720 SB 5,6314 

C hC 480 SC 1,928 

C  ̀ hC  ̀ 480 SC` 2,023 

 

ʂʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʮʠʢʣʫ ʊ̂ʅ [56]: 

ʉʆʈ = ʉʆʈ'Ā ɖ̔ Ā ɖʢ,                   (2.26) 

ʜʝ  ʉʆʈ' = (hBïhC)/(hBïhA) ï ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʮʠʢʣʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʨʦʙʦʪʠ 

ʢʦʤʧʨʝʩʦʨʘ ʡ ʽʟʦʝʥʪʨʦʧʽʡʥʦʛʦ ʂʂɼ; (hB ï hC) ï ʨʽʟʥʠʮʷ ʝʥʪʘʣʴʧʽʡ ʫ ʪʦʯʢʘʭ B ʽ C 

(ʨʠʩʫʥʦʢ 2.14), ʚʽʜʥʝʩʝʥʘ ʜʦ ʨʽʟʥʠʮʽ ʝʥʪʘʣʴʧʽʡ  (hB ï hA) ʚ ʪʦʯʢʘʭ ɺ ̔ ɸ; ɖ̔ = 0,9 ï 

ʽʟʦʝʥʪʨʦʧʽʡʥʠʡ ʂʂɼ; ɖʢ = 0,92 ï ʂʂɼ ʢʦʤʧʨʝʩʦʨʘ.    
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ʈʠʩʫʥʦʢ  2.14 ï ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ CoolPack 1.46 ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʭʘʨʘʢʪʝʨʥʠʭ  

ʪʦʯʢʘʭ ʮʠʢʣʫ ʊʅ ʟ ̌ʨʫʥʪʦʚʠʤʠ ʟʦʥʜʘʤʠ  

 

 

ʈʠʩʫʥʦʢ 2.15  ï ʎʠʢʣ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʟ ɻʊʅ 
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ɼʣʷ ʮʠʢʣʫ ɻʊʅ (ʨʠʩʫʥʦʢ  2.15), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ (2.25) ʦʜʝʨʞʠʤʦ: 

ʉʆʈ' = (1720 ï 480)/(1720 ï 1480) = 5,2; 

COP = 5,2·0,9·0,92 = 4,3. 

ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʉʆʈ ʩʚʽʜʯʠʪʴ  ʧʨʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʢʣʫ ɻʊʅ. 

 

2.6. ʄʝʪʦʜʠʢʘ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ, 

ʷʢʽ ʚʽʜʚʦʜʷʪʴ ʪʝʧʣʦʪʫ ʚʽʜ ʨ̌ʫʥʪʫ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ   

 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʧʨʦʮʝʩʽ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʚʽʜ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ 

[51, 52, 57]: 

k = 1/(1/Ŭʨ.ʪ.+ ŭʩ.ʪ./ɚʩ.ʪ.+ ŭʛʨ/ɚʛʨ), ɺʪ/(ʤ
2Āʂ),   (2.7) 

ʜʝ     Ŭʨ.ʪ. ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ɺʪ/(ʤ
2·ʂ); 

ŭʩʪ, ŭʛʨ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʦʚʱʠʥʘ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ ˇʨʫʥʪʦʚʦʛʦ ʟʦʥʜʫ  ̔

ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʦʚʱʠʥʘ ʰʘʨʫ ˇʨʫʥʪʫ, ʚʽʜ ̫ ʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ, ʤ; 

ɚʩʪ, ɚʛʨ ï ʚʽʜʧʦʚʽʜʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʩʪʽʥʢʠ ˇʨʫʥʪʦʚʦ ʟʦʥʜʫ ʪʘ ˇʨʫʥʪʫ, ɺʪ/(ʤĀʂ). 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ˇʨʫʥʪʦʚʠʭ ʟʦʥʜʘʭ ʩʢʦʨʠʩʪʘʻʤʦʩʷ 

ʢʨʠʪʝʨʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʣʷ ʚʠʤʫʰʝʥʦʾ ʢʦʥʚʝʢʮʽʾ ʚ ʢʘʥʘʣʘʭ ɻʊ [51, 52, 57]. 

Nu = 1,86Ö(nf/nw)
0,14Ö(ReÖPrÖdʛ/L)

0,33,                           (2.28) 

ʜʝ    Nu ï ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ; dʛ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʜʽʘʤʝʪʨ ʟʦʥʜʫ, ʤ;  

nf, nw ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʧʨʠ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨ ̔ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ 

ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨ ̔ʩʪʽʥʢʠ ɻʊ, ʢʛ/(ʤÖʩ), ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘ ʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ̔  ʩʝʨʝʜʥʴʦʁ ʪʝʤʧʝʨʘʪʫʨʦ  ʁʪʝʧʣʦʥʦʩʽʷ ɻʊ Tf  ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʦʩʪʘʥʥʽʡ ʯʣʝʥ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.28) ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [57]:  

ReÖ PrÖ dʛ/L ² 13 .                                               (2.29) 

ʜʝ    
ɜ

Fu
Re 0

Ö
=  ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, 

a

ɜ
Pr =  ï ʯʠʩʣʦ ʇʨʘʥʜʣʷ.   

ɼʣʷ ʤʘʣʦʾ ʚʠʪʨʘʪʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʱʦ ʮʠʨʢʫʣʶʻ ʚ ˇʨʫʥʪʦʚʦʤʫ ʢʦʥʪʫʨʽ, ʧʨʠ 

ReÖPrÖdʛ/L ² 4,5,  ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ: 

Nu = 0,5ÖReÖPrÖdʛ/L.                                               (2.30) 
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ʂʦʣʠ ʦʩʪʘʥʥʽʡ ʯʣʝʥ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.26) ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ 4,5 ¢ ReÖ 

PrÖ dʛ/L <13, ʩʧʨʘʚʝʜʣʠʚʠʤ ʻ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ: 

Nu = 1,62ÖReÖPrÖ(dʛ/L)0,33.                                       (2.31) 

ʇʣʦʱʘ ʤʽʞʪʨʫʙʥʦʛʦ ʢʘʥʘʣʫ ʜʦʨʽʚʥʶʻ: 

F0 = (d2
ʟʦʚʥ ï d2

ʚʥ)·ˊ / 4, ʤ2,    (2.32)  

ʜʝ    dʟʦʚ, dʚʥ ï ʜʽʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʾ  ̔ʚʥʫʪʨʽʰʥʴʦʾ ʪʨʫʙʦʢ, ʤ. 

ʄʘʩʦʚʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʤʽʞʪʨʫʙʥʦʤʫ ʢʘʥʘʣʽ: 

0
FɟuW ÖÖ= ,  ʢʛ/ʩ,                                              (2.33)  

ʜʝ  u ï ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʤ/ʩ;  r ï ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ, ʤ3/ʢʛ; 

 F0 ï ʧʣʦʱʘ ʤʽʞʪʨʫʙʥʦʛʦ ʢʘʥʘʣʫ, ʤ2. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʜʽʘʤʝʪʨ ˇʨʫʥʪʦʚʦʛʦ ʟʦʥʜʫ:  

ˊ

4F

ʛ
d 0

Ö
= , ʤ.                                              (2.34) 

ʇʣʦʱʘ ʧʦʚʝʨʭʥʽ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ, ʷʢʘ ʩʧʨʠʡʤʘʻ ʪʝʧʣʦʪʫ ʚʽʜ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ: 

lˊ
ʟʦʚ

dF ÖÖ= , ʤ2,                                           (2.35) 

ʜʝ     l ï ʢʨʦʢ ʤʽʞ ˇʨʫʥʪʦʚʠʤʠ ʟʦʥʜʘʤʠ, ʤ. 

ʂʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʮʠʨʢʫʣʶʻ ʚ ʢʦʥʪʫʨʽ ɻʊ: 

r

m
n= , ʤ2/ʩ,                                                 (2.36) 

ʜʝ    ɛ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ʢʛ/(ʤĿʩ). 

ʊʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ: 

ɟC

ɚ
a

p

ʨ

Ö
= ,  ʤ2/ʩ,                                            (2.37) 

ʜʝ    
ʨlï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ɺʪ/(ʤ·ʂ);  

ʉʨ  ï ʽʟʦʙʘʨʥʘ ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʢɼʞ/(ʢʛĿʂ). 

ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʚʽʜʚʦʜʽ 

ʪʝʧʣʦʪʠ ʚʽʜ ʨ̌ʫʥʪʫ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʊ̂ʅʉ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʫ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ (ʆʊ), ̫ ʢʽ ʧʨʠʡʥʷʪʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɼ.  
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ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʚʠʢʦʥʘʥʠʡ ʟʘ 

ʧʨʦʛʨʘʤʦʶ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʧʨʦʛʨʘʤʠ Visual 

Basic, ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʤʽʥʽʤʘʣʴʥʦ ʾ ʪʝʧʣʦʩʧʨʦʤʦʞʥʦʩʪʽ ʊ̂ʅʉ, ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʦʪʨʝʙ ʦʙôʻʢʪʘ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʘ ʥʘʚʝʜʝʥʦʶ ʚʠʱʝ ʤʝʪʦʜʠʢʦʶ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʛʨʘʜʽʻʥʪʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ˇʨʫʥʪʽ ʚʟʜʦʚʞ ʽ ʥʘʚʢʦʣʦ ɿ̂, ʪʦʙʪʦ ʙʝʟ ʚʧʣʠʚʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʝʧʣʦʚʽʜʚʦʜʫ ʟʘ ʜʦʚʞʠʥʦʶ ʟʦʥʜʫ ʧʨʦʪʷʛʦʤ ʯʘʩʫ  ʥʘʚʝʜʝʥʦ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ  ʥʘ 

ʨʠʩʫʥʢʫ 2.16. 

 

 

ʈʠʩʫʥʦʢ 2.16 ï ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʟ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ  

ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʩʧʨʦʤʦʞʥʦʩʪʽ ɿ̂  
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ʆʩʢʽʣʴʢʠ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʰʘʨʘʭ ˇʨʫʥʪʫ ʻ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʟʘ ʛʣʠʙʠʥʦʶ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.9, ʪʦ 

ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽ ʟʤʽʥʠ ʚ ʨʦʟʧʦʜʽʣʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʽ ˇʨʫʥʪʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ 

ʛʣʠʙʠʥʽ 4é8 ʤ, ʘ  ʧʨʠ ʟʘʛʣʠʙʣʝʥʽ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ  ʙʽʣʴʰʝ, ʥʽʞ   ʥʘ  8 ʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ˇʨʫʥʪʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ.   

ʇʦʜʘʣʴʰʝ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʫʪʦʯʥʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʫʩʝʨʝʜʥʝʥʦʾ ʪʝʧʣʦʩʧʨʦʤʦʞʥʦʩʪʽ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ ʟʘ ʛʣʠʙʠʥʦʶ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʯʠʥʥʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʢʦʞʥʦʤʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʟʘʛʣʠʙʣʝʥʥ ̫

ʊ̂ ʚ ʤʘʩʠʚʽ ʨ̌ʫʥʪʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʜʝʨʞʘʪʠ ʙʽʣʴʰ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ (ʨʠʩʫʥʦʢ 2.17).  

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʫʪʦʯʥʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʨʽʟʦʢ ʤʽʞ ʪʦʯʢʘʤʠ ʉé̀A ʮʠʢʣʫ 

ʊ̂ʅ (ʨʠʩʫʥʦʢ 2.15) ʧʦʜʽʣʝʥʠʡ ʥʘ  7 ʯʘʩʪʠʥ, ʩʬʦʨʤʦʚʘʥʦ 8 ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʦʯʦʢ, ʜʣʷ 

ʷʢʠʭ ʚʠʟʥʘʯʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʽ ʧʘʨʘʤʝʪʨʠ. ɼʣʷ ʢʦʞʥʦʛʦ ʚʽʜʨʽʟʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʩʝʨʝʜʥʶʚʘʣʠʩʴ. ʑʦʜʦ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ, ʪʦ ʡʦʛʦ ʜʦʚʞʠʥʘ ʙʫʣʘ ʧʦʜʽʣʝʥʘ ʥʘ 10 

ʚʽʜʨʽʟʢʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ  ʚʽʜʨʽʟʢʽʚ ɿ̂ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʩʧʨʦʤʦʞʥʦʩʪʽ Q ʚ 

ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t. ʇʨʠ ʮʴʦʤʫ, ʦʩʝʨʝʜʥʶʚʘʣʠʩʴ ʪʘʢʽ ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʥʦʩʽʷ ʷʢ: ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, ʛʫʩʪʠʥʘ, ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ  ̔ʡʦʛʦ ʪʝʧʣʦʻʤʥʽʩʪʴ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ Q  ̔ʚʽʜ ʚʩʽʭ -̔ʠʭ 

ʚʽʜʨʽʟʢʽʚ ɿ̂ ʜʦʚʞʠʥʦʶ L,  ʢʫʤʫʣʷʪʠʚʥʠʡ  ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ×Q ̔, ʷʢʠʡ ʥʘʜʽʡʰʦʚ ʚʽʜ 

ʫʩʽʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʽʣʷʥʦʢ ɿ̂ ʜʦʨʽʚʥʶʻ ×Q ̔å 90 ɺʪ. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʦʪʨʠʤʘʥ ̔ʧʨʠ ʫʪʦʯʥʝʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʩʧʨʦʤʦʞʥʦʩʪʽ ɿ̂ 

ʥʘʚʝʜʝʥʦ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ  ʥʘ ʨʠʩʫʥʢʫ 2.17.  
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ʈʠʩʫʥʦʢ 2.17 ï ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʟ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ  

ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʩʧʨʦʤʦʞʥʦʩʪʽ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʽʜʚʦʜʫ ʟʘ ʜʦʚʞʠʥʦʶ ʊ̂ ʧʨʦʪʷʛʦʤ ʯʘʩʫ  

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʢʫʤʫʣʷʪʠʚʥʠʡ  ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʥʘʜʽʡʰʦʚ ʚʽʜ ˇʨʫʥʪʫ, ʟʘ 

ʥʘʙʣʠʞʝʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʠʥʥʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʽʜʚʦʜʫ ʟʘ 

ʚʠʩʦʪʦʶ ɿ̂) ʩʪʘʥʦʚʠʪʴ ×Q = 46 ɺʪ (ʨʠʩʫʥʦʢ 2.16). ʊʦʙʪʦ ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ˇʨʫʥʪʫ ʧʦ ʚʠʩʦʪʽ ̂ ɿ ʟʥʘʡʜʝʥʘ 

ʟ ʧʦʭʠʙʢʦʶ ʚ 1,3 ʨʘʟʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʤʘʻ 

ʨʽʟʥʠʡ ʛʨʘʜʽʻʥʪ ʥʝ ʪʽʣʴʢʠ ʥʘʚʢʦʣʦ ɿ̂, ʘ ʡ ʟʘ ʡʦʛʦ ʜʦʚʞʠʥʦʶ L [15] ʽ ʙʝʟʫʧʠʥʥʦ 

ʟʤʝʥʰʫʶʯʠʩʴ ʧʨʦʪʷʛʦʤ ʩʝʟʦʥʫ ʦʧʘʣʝʥʥʷ, ʪʦ ʚ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽʡ ʧʨʦʛʨʘʤ ̔

(ɼʦʜʘʪʦʢ ɻ) ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨ̌ʫʥʪʦʚʦʤʫ ʢʦʥʪʫʨʽ 

ʊ̂ʅʉ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʜʦ ˆɿ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʧʝʨʽʦʜʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ ʧʦʢʘʟʘʥʦ 

ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ  ʥʘ ʨʠʩʫʥʢʫ 2.19. ɼʣʷ ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ, ʥʘʧʨʠʢʣʘʜ, ʧʣʦʱʝʶ 

40 ʤ2 ʥʝʦʙʭʽʜʥʦ 15 ɿ̂ ʟ ʟʘʟʥʘʯʝʥʠʤʠ ʚʠʱʝ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦʙʪʦ, ʥʘ 1 ʤ2 ʧʨʠʭʦʜʠʪʴʩʷ 
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0,59 ʤ2 ̂ ɿ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʫʪʦʯʥʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʽʜʚʝʜʝʥʘ 

ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʊ̂ʅʉ, ʩʪʘʥʦʚʠʪʴ Q = 90 ɺʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʙʝʟʧʝʯʫʶ ʧʦʪʨʝʙʠ 

ʦʙôʻʢʪʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʙʝʟ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ʨ̌ʫʥʪʫ.  

 

 
 

ʈʠʩʫʥʦʢ 2.18 ï ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ  

ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʦʾ ʜʦ ̂ɿ  ʚ ʬʫʥʢʮʽʾ ʟʘʛʣʠʙʣʝʥʥʷ 

 

 
ʈʠʩʫʥʦʢ 2.19 ï ɼʽʘʣʦʛʦʚʝ ʚ̔ʢʥʦ ʧʨʦʛʨʘʤʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ  

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʦʾ ʜʦ ̂ɿ  ʚ ʬʫʥʢʮʽʾ 

ʟʘʛʣʠʙʣʝʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʽ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʊ̂ʅʉ  
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2.7. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ̂ʊʅʉ, ʷʢʘ 

ʬʫʥʢʮʽʦʥʫʻ ʚ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʨʝʞʠʤʽ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ  ʤʘʻ 

ʚʨʘʭʦʚʫʚʘʪʠ  ʝʬʝʢʪ ʤʦʞʣʠʚʦʛʦ ʧʨʦʤʝʨʟʘʥʥʷ  ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂ ʪʘ ʤʽʩʪʠʪʠ 

ʨʝʢʦʤʝʥʜʘʮʽʾ  ʱʦʜʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʮʴʦʛʦ ʷʚʠʱʘ . 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ̔ʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ  

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨ̌ʫʥʪʦʚʦʤʫ ʢʦʥʪʫʨʽ ʊ̂ʅʉ, 

ʜʦʟʚʦʣʷʻ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʩʠʩʪʝʤʫ, ʥʝ ʜʦʧʫʩʢʘʶʯʠ ʧʦʛʽʨʰʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʩʪʘʥʫ 

ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʨ̌ʫʥʪʦʚʠʭ ʟʦʥʜʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʢʽʣʴʢʦʩʪʽ ʽ ʜʦʚʞʠʥʠ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ. 

3. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʨ̌ʫʥʪʦʚʦʤʫ ʢʦʥʪʫʨʽ ʊ̂ʅʉ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʥʘʤʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʨʝʣʘʢʩʘʮʽʾ ʪʝʨʤʽʯʥʦʛʦ ʩʪʘʥʫ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʥʘʤʠ 

ʧʜ̔ʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʤʘʩʠʚʽ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʽ ʧʦ ʜʦʚʞʠʥʽ ɿ̂ 

ʜʦʟʚʦʣʷʻ ʚʜʚʽʯʽ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ.  ɺʠʷʚʣʝʥʦ, ʱʦ  ʥʝʫʨʘʭʫʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʽʜʚʦʜʫ ʚʽʜ ˇʨʫʥʪʫ ʟʘ ʛʣʠʙʠʥʦʶ ɿ̂, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʭʠʙʢʠ ʚ ʚ 

1,3 ʨʘʟʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʢʫʤʫʣʷʪʠʚʥʦʾ ʪʝʧʣʦʪʠ.  

4. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʫʪʦʯʥʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʷʢʘ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʠʧʘʨʥʠʢʘ ʊʅ, ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 12,9 

ɺʪ (ʥʘ ʚʽʜʨʽʟʢʫ ʧʝʨʝʜ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ) ʜʦ 7,1 ɺʪ (ʚ ʟʦʥʽ, ʜʝ ʧʦ ʤʽʞʪʨʫʙʥʦʤʫ ʢʘʥʘʣʫ 

ʨʫʭʘʻʪʴʩʷ ʧʘʨʘ), ʦʪʞʝ ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ʟʦʥʠ ̂ɿ ʟ ʧʘʨʦʚʦʶ ʬʘʟʦʶ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʊ̂ʅʉ. 

5. ɿʽʩʪʘʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʊʅʋ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ 

ʨʦʙʦʪʽ ʊʅ ʟ ʦʜʥʽʻʶ ʊ̂, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʽʩʣʷ ʢʦʤʧʨʝʩʦʨʘ  60 Áʉ ʽ 

ʉʆʈ = 4,0 ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʦʞʠʚʘʯʘ ʪʝʧʣʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ ~207 ɺʪ, ʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʟʘ ʢʦʤʧʨʝʩʦʨʦʤ 90Áʉ ʪʝʧʣʦʚʘ ʩʧʨʦʤʦʞʥʽʩʪʴ  ʟʨʦʩʪʘʻ ʜʦ  280 ɺʪ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʧʣʦʱʝʶ 40 ʤ2 ʟʘʩʦʙʘʤʠ ʊ̂ʅʉ 

ʚʠʩʪʘʯʘ ̒ ɿ̂ ʢʽʣʴʢʽʩʪʶ  n=15, ʧʠʪʦʤʘ ʧʣʦʘɦ ɿ̂ ʩʪʘʥʦʚʠʪʴ 0,6 ʤ2 ʥʘ 1 ʤ2 ʧʨʠʤʽʱʝʥʴ. 
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6. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʝʥʥʷ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ 

ʊʅ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ -̔ʛʦ ʨʽʚʥʷ 

ʟʘʛʣʠʙʣʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʟʦʥʜʫ, ʱʦ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʫʻ (ʥʘ 25%)  ʢʫʤʫʣʷʪʠʚʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʊ̂ʅ ʟ ɿ̂ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ ʚ ʰʘʨʽ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ˆɿ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʩʘʤʝ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ ʤʽʞ ʪʝʧʣʦʥʦʩʽʻʤ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ ʪʘ hʘʨʦʤ 

ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʥʴʦʛʦ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʽʜʚʦʜʠʪʴʩʷ ʥʘ ̔-ʦʤʫ 

ʨʽʚʥʽ ʚʠʩʦʪʠ ʨ̌ʫʥʪʦʚʦʛʦ ʟʦʥʜʫ. 
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ʈʆɿɼɯʃ 3 

ɯʅʉʊʈʋʄɽʅʊɸʈɯʁ ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʇʃʆɺʀʍ  

ʇʈʆʎɽʉɯɺ ɺ ɽʃɽʄɽʅʊɸʍ ʊɽʇʃʆʅɸʉʆʉʅʆɰ ʉʀʉʊɽʄɯ ʅɸ ɹɸɿɯ 

ʈ̂ʋʅʊʆɺʀʍ ɺʆɼ, ɿ ʇʆʇɽʈɽɼɾɽʅʅʗʄ ʇɽʈɽʆʍʆʃʆɼɾɽʅʅʗ 

ʄɸʉʀɺʋ ʈ̂ʋʅʊʋ ʅɸɺʂʆʃʆ ʉɺɽʈɼʃʆɺʀʅʀ 

 

3.1. ɸʥʘʣʽʟ ʨʝʩʫʨʩʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʚʝʨʜʣʦʚʠʥ ʟ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ ʧʨʠ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʽ ʥʘ ʙʘʟʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ 

 

ʍʦʯʘ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ ʛʘʣʴʤʫʻʪʴʩʷ 

ʥʠʟʴʢʦʶ ʛʫʩʪʠʥʦʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʙʽʣʴʰʦʩʪʽ ʨʝʛʽʦʥʽʚ ʩʚʽʪʫ ʽ ʋʢʨʘʾʥʠ, 

ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟ̔ 

ʩʚʝʨʜʣʦʚʠʥ ʻ ʜʦʮʽʣʴʥʦʶ, ʙʦ ʜʦʧʦʤʘʛʘʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʟʘʤʽʱʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ 

ʇɽʈ ʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʙʘʣʘʥʩʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ ʜʣʷ ɺ̂ʊʅʉ ʤʘʻ 

ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʚʜʷʢʠ ʩʪʘʙʽʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥ, ʦʪʞʝ, 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʮʴʦʛʦ ˇʨʫʥʪʦʚʦʾ ʚʦʜʠ ʟʦʩʪʘʶʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʩʪʘʙʽʣʴʥʠʤʠ 

ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʩʥʫʶʯʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟ ̌ʨʫʥʪʦʚʠʤʠ 

ʚʦʜʘʤʠ (ʉ̂ ɺ) ʧʦʢʘʟʫʻ, ʱʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ  (ˆɺʊʅʉ) ʧʦʛʽʨʰʫʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʪʨʠʚʘʣʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʥʘʜʽʡʥʦʛʦ ̔ ʥʩʪʨʫʤʝʥʪʘʨʽʶ ʫʨʘʭʫʚʘʥʥʷ ʚʢʘʟʘʥʠʭ ʟʤʽʥ ʥʝʤʘʻ [6, 7, 35, 

58, 59, 60].  ʇʨʠ ʮʴʦʤʫ, ʩʣʽʜ ʟʦʩʝʨʝʜʠʪʠʩʴ ʥʘ ʩʪʚʦʨʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘʨʽ ʁ

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʽ ʝʢʦʣʦʛʽʯʥʽ  

ʯʠʥʥʠʢʠ, ʟʘʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʬʘʟʦʚʠʭ ʟʤʽʥ ʚ ʤʘʩʠʚ ̔ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʉ̂ ɺ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ɺ̂ʊʅʉ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʟʘʧʠʪʦʤ ʧʨʘʢʪʠʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʯʽʢʫʚʘʥʠʭ ʟʤʽʥ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʝʩʫʨʩʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʚʝʨʜʣʦʚʠʥ ʟ ˇʨʫʥʪʦʚʦʶ ʚʦʜʦʶ (ʉ̂ ɺ) ʧʨʠ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ɺ̂ʊʅʉ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʘʭ ʦʧʘʣʝʥʥʷ  ̔
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ʦʭʦʣʦʜʞʝʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʢʣʽʯʥʠʭ ʟʤʽʥ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʥʘ ʟʘʩʘʜʘʭ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ [16, 17].  

ɺ ʮʴʦʤʫ ʧʠʪʘʥʥʽ ʛʣʦʙʘʣʴʥ ̔ ʚʠʤʦʛ ̔ ʜʦ ʩʪʘʣʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 

ʧʦʣʽʪʠʯʥʠʡ ʽʤʧʝʨʘʪʠʚ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ ʋʢʨʘʾʥʠ ʧʦʻʜʥʘʣʠʩʷ, ʱʦ ʧʽʜʚʠʱʫ ̒

ʟʥʘʯʠʤʽʩʪʴ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ 

ʟʘʜʦʚʦʣʝʥʥʷ ʟʨʦʩʪʘʶʯʠʭ ʧʦʪʨʝʙ ʚ ʝʥʝʨʛʽʾ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ 

ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ ʚʽʜʢʨʠʚʘ ̒ ʰʣʷʭ ʜʣʷ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʟʘ ʫʤʦʚ ʧʦʩʪʘʯʘʥʥ ̫ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʪʝʧʣʦʪʠ 

ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ  ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʆʩʢʽʣʴʢʠ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʠ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʧʨʦʜʦʚʞʫʶʪʴ ʜʦʪʝʧʝʨ 

ʜʦʤʽʥʫʚʘʪʠ ʚ ʛʘʣʫʟʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ, ʬʘʢʪʠʯʥʦ ʟʘʙʝʟʧʝʯʫʶʯʠ ʆʊ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʤʽʥ ʾʭ ʧʦʪʨʝʙ, ʪʦ, ʧʨʦʙʣʝʤʫ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ 

ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʛʝʥʝʨʘʮʽʾ  ̔ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʚʪʨʘʪ ʝʥʝʨʛʽʾ. 

ɿʘʢʦʨʜʦʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [61, 62] ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ɻɺʊʅʉ, ʱʦ ʜʦʟʚʦʣʷ ̒ʦʪʨʠʤʘʪʠ ʜʦʩʪʦʚʽʨʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʥʘʩʣʽʜʢʠ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʥʘ ʙʘʟʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʙʝʟ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʥʘ ʚʠʙʦ ʾʉ̂ ɺ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʣʴʦʜʫ, ʱʦ ʟʙʽʣʴʰʠʪʴ ʦʙ'ʻʤ 

ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʉˆɺ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʮʠʨʢʫʣʷʮʽʾ, 

ʚʽʜʧʦʚʽʜʥʦ. ɿʦʥʘ ʚʠʙʦ ʁʩʚʝʨʜʣʦʚʠʥʠ ï ʮʝ ʟʦʥʘ ʉˆɺ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʚʧʨʦʪʠ 

ʤʽʩʮʷ ʚʠʜʦʙʫʪʢʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʩʭʝʤʥʦ-

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʫʨʫ ʪʘ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ɻɺʊʅʉ 

ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʟʘʤʽʱʝʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʮʽʣʝʡ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʦʩʽ ʥʝ 

ʟ'ʷʩʦʚʘʥʽ [63, 64]. ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʦʧʠʩʘʥʦʾ ʧʨʦʙʣʝʤʠ: ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʰʠʨʦʢʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ˇʨʫʥʪʦʚʠʭ ʚʦʜ (ɻɺʊʅʉ), ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʛʘʣʴʤʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʧʦʙʽʛʪʠ ʧʨʦʤʝʨʟʘʥʥʶ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ 
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ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʉ̂ ɺ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ ̔ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ï8é26 Áʉ, ʱʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʋʢʨʘʾʥʠ ʪʘ ʇʽʚʜʝʥʥʦ-ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ [15, 16]. 

 

3.2. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨ̌ʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ 

ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʝʧʣʦʤʘʩʦʦʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʨ̌ʫʥʪʦʚʦʤʫ 

ʤʘʩʠʚʽ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʉ̂ ɺ [65ï69], ʚʢʣʶʯʘʶʯʠ ʥʝʩʪʘʮʽʦʥʘʨʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ 

ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʬʽʣʴʪʨʘʮʽʡʥʠʤ ʧʦʪʦʢʦʤ ˇʨʫʥʪʦʚʠʭ ʚʦʜ,  ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʤʦʜʝʣʶʚʘʥʥʷ  ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʞʠʤʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ̌ʨʫʥʪʦʚʠʭ ʚʦʜʘʭ (ɻɺʊʅʉ), ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʡ ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʟ ʚʠʟʥʘʯʝʥʥʤ̫ ʧʦʯʘʪʢʦʚʠʭ  ̔ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 

ʜʣʷ ʦʙʨʘʥʠʭ ʨʝʞʠʤʽʚ, ʷʢʽ ʥʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ 

ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ.   

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʦʜʝʣʽ ʦʙʨʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʞʠʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ:   

ï ʦʜʥʦʧʦʪʦʯʥʠʡ ʨʝʞʠʤ: ʘʙʦ ʪʽʣʴʢʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʘʙʦ ʪʽʣʴʢʠ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ (ɼʦʜʘʪʦʢ ɭ.1, ʨʠʩʫʥʦʢ ɭ.1);  

ï ʟʥʘʢʦʟʤʽʥʥʠʡ ʨʝʞʠʤ: ʮʝ ʩʝʟʦʥʥʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʽ ʟʤʽʥʦʶ ʥʘʧʨʷʤʢʫ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥ ̔ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʟ ʨʝʞʠʤʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘ 

ʨʝʞʠʤ ʢʦʥʜʠʮʽʶʚʘʥʥʷ  ̔ʥʘʚʧʘʢʠ (ɼʦʜʘʪʦʢ ɭ.1, ʨʠʩʫʥʦʢ ɭ.2).  

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ (ʉˆɺ), ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʪʝʧʣʦʥʘʩʦʩʦʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ (ɻɺʊʅʉ) ʨʦʟʛʣʷʥʫʪʽ ʚ ɼʦʜʘʪʢʫ ɭ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ˇʨʫʥʪʦʚʦʾ ʚʦʜʠ ʩʧʨʷʤʦʚʘʥʦ ʥʘ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʜʣʷ ʯʦʛʦ ʦʙʨʘʥʦ ʮʠʣʽʥʜʨʠʯʥʫ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʨʦʜʥʦʾ (ʬʦʥʦʚʦʾ) ʪʝʧʣʦʪʠ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ  

(ɼʦʜʘʪʦʢ ɾ, ʨʠʩʫʥʦʢ ɾ.1) [14, 16].  



91 
 

ɿʘʜʘʯʝʶ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ̌ʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ 

ʥʘʚʢʦʣʦ ʉ̂ ɺ ʻ ʟôʷʩʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʽʜ ʚʧʣʠʚʦʤ ʟʤʽʥʥʠʭ ʩʝʟʦʥʥʠʭ ʮʠʢʣʽʚ, ʷʢʽ ʙʘʛʘʪʦʢʨʘʪʥʦ 

ʧʦʚʪʦʨʶʶʪʴʩʷ, ʧʨʠ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜʘʭ ( ɺ̂ʊʅʉ) ʚ ʨʝʞʠʤʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʽʟ 

ʩʝʟʦʥʥʠʤʠ ʨʝʚʝʨʩʘʤʠ ʧʦʪʦʢʫ ʪʝʧʣʦʪʠ, ʚʽʜʧʦʚʽʜʥʦ [16]: 

ὥ  Ͻ  ,                                 (3.1) 

ʜʝ    t ï ʪʝʤʧʝʨʘʪʫʨʘ ʨ̌ʫʥʪʫ, 0ʉ;  

       Ű ï ʯʘʩ, ʩ;  

       a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʤ2/ʩ; 

       r ï ʨʘʜʽʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ, ʤ;  

       qv ï ʜʞʝʨʝʣʘ ʽ ʩʪʦʢʠ ʪʝʧʣʦʪʠ,  ɺʪ/ʤ3;  

       ʩ ï ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʤ3·K).                                                      

 

3.3. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨ̌ʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ˇʨʫʥʪʦʚʠʤʠ 

ʚʦʜʘʤʠ 

 

ɻʨʘʥʠʯʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʊ0 ʥʘ ʚʠʙʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ˇʨʫʥʪʦʚʦʶ ʚʦʜʦʶ 

(ʉ̂ ɺ), ʪʦʙʪʦ ʚ ʥʠʞʥʽʡ ʾʾ ʯʘʩʪʠʥʽ, ʧʨʠʡʥʷʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɻɺʊʅʉ. 

 ʋʤʦʚʠ ʨʦʙʦʪʠ ʙʝʟ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ: 

ï ʥʘ ʤʝʞʽ ʟʦʥʠ ʚʧʣʠʚʫ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʨ̌ʫʥʪʦʚʠʡ ʤʘʩʠʚ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 1-ʛʦ 

ʨʦʜʫ ʟ ʧʦʩʪʽʡʥʦʶ ʬʦʥʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ˇʨʫʥʪʫ t(¤, Ű) = tʬʦʥ; 

ïʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 2-ʛʦ ʨʦʜʫ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʣʦʥʠ ʉ̂ ɺ ʧʨʠ ʧʨʘʮʶʶʯʦʤʫ 

ʪʝʧʣʦʚʦʤʫ ʥʘʩʦʩʽ  ̒ʬʫʥʢʮʽʻ  ʁʯʘʩʫ:  

‗
ȟ

ή̒ ̃̆̑̅̌̏̃̉̎̉                                                (3.2) 

ï ʧʨʠ ʥʝʧʨʘʮʶʶʯʦʤʫ ʪʝʧʣʦʚʦʤʫ ʥʘʩʦʩʽ:  

 
ȟ

π   ,                                             (3.3) 
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ʜʝ    ή̒ ̃̆̑̅̌̏̃̉̎̉ ï ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʣʦʥʠ ʉˆɺ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ: 0ʉ;  

      ï ʛʨʘʥʠʯʥ ̔ʫʤʦʚʠ 2-ʛʦ ʨʦʜʫ ʥʘ ʥʠʞʥʽʡ ʫʪʚʦʨʶʶʯʽʡ ʮʠʣʽʥʜʨʫ, ʜʝ ʧʨʠʡʥʷʪʦ, ʱʦ  

ʬʦʥʦʚʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʧʦʩʪʽʡʥʠʡ: 

 ‗
ȟ

ή;                                                      (3.4) 

ï ʥʘ ʧʦʚʝʨʭʥʽ ʨ̌ʫʥʪʦʚʦʛʦ ʧʣʘʩʪʫ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 3-ʛʦ ʨʦʜʫ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ  ̔ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʟ ʚʽʜʥʦʩʥʦ ʤʘʣʦʶ ʧʦʭʠʙʢʦʶ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 1-ʛʦ ʨʦʜʫ:  t (r,t) = tʢʣʽʤʘʪ. ʇʨʠʧʫʱʝʥʥʷ 

ʜʦʧʫʩʪʠʤʝ, ʙʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʧʦʚʝʨʭʥʽ ʨ̌ʫʥʪʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ 

ʚ ʙʽʣʴʰʫ ʩʪʦʨʦʥʫ, ʫ ʟʨʽʚʥʷʥʥʽ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ˇʨʫʥʪʫ ʜʦ 

ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʯʘʩʪʠʥʠ ʉ̂ ɺ. 

ʋʤʦʚʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʫ ʟʥʘʢʦʟʤʽʥʥʦʤʫ 

ʨʝʞʠʤʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʝʚʝʨʩʦʤ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ: 

‗
ȟ

ή   .                                                  (3.5) 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʟʥʘʢʦʟʤʽʥʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɻɺʊʅ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʝʥʝʨʘʮʽʾ kp, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ 

ʚʽʜʚʝʜʝʥʦ ʾ  ̔ʧʽʜʚʝʜʝʥʦ ʾʪʝʧʣʦʪʠ: 

kp =Qʧʽʜʚʽʜ /Qʚ̔ ʜʚʽʜ,                                                      (3.6) 

ʜʝ    Qʧʽʜʚʽʜ ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ ʚ ʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ, ɺʪ/ʤ2;  

        Qʚ̔ ʜʚʽʜ  ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʝʜʝʥʦ ʾʪʝʧʣʦʪʠ ʚ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ, ɺʪ/ʤ2. 

ɼ̔ ʘʧʘʟʦʥ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʝʥʝʨʘʮʽʾ ʩʪʘʥʦʚʠʪʴ kp = 0é1.  

ʏʝʨʝʟ ʨʽʟʥʽ ʢʣʽʤʘʪʠʯʥ ̔ʫʤʦʚʠ, ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʩʠʩʪʝʤʠ, 

ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʚʝʨʩʠʚʥʠʭ ʨʝʞʠʤʽʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʚʝʣʠʯʠʥʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʝʥʝʨʘʮʽʾ ʧʨʠʡʤʘʶʪʴ ʟʘ ʤʦʜʫʣʝʤ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɻɺʊʅʉ 

ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [14, 16]. ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ ʟʘ 

ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. ʂʦʣʠ ɻɺʊʅʉ ʧʨʘʮʶʻ ʧʨʠ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ  ̔ʨʝʚʝʨʩʠʚʥʦʤʫ ʨʝʞʠʤʘʭ, ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʟʤʽʥ ʫ ʤʝʪʦʜʠʮʽ ʯʠʩʣʦʚʦʛʦ 
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ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʪʘ ʯʘʩʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʯʠ ʪʝʭʥʽʯʥʽ ʜʝʪʘʣʽ ʩʠʩʪʝʤʠ, ʬʦʨʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ 

ʥʘʚʢʦʣʦ ʉ̂ ɺ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ [13, 14].  

 
 

3.4. ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ̌ʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ 

ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ 

 

ʐʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʨʦʢʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɺ̂ʊʅʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʦʚʦʛʦ ʧʣʘʩʪʫ. ɯ, ʷʢʱʦ 

ʧʝʨʰʽ ʪʨʠ ʨʦʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ (ʉˆɺ) 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʥʘʯʥʦʶ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʉ̂ ɺ ʚʠʥʠʢʘʻ ʙʽʣʴʰʠʡ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨ̌ʫʥʪʽ ʥʘʚʢʦʣʦ ʉˆɺ, ʱʦ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʠʨʦʜʥʦʾ (ʬʦʥʦʚʦʾ) ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ [25, 26]. 

ɹʝʟʧʦʩʝʨʝʜʥʽ  ʚʠʤʽʨʶʚʘʥʥ ̫ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʫʩʢʣʘʜʥʝʥʽ ʯʝʨʝʟ ʛʣʠʙʠʥʫ ˆʉ [65 

ï 69]. ɸʣʝ ̌ ʨʫʥʪʦʚʠʡ ʤʘʩʠʚ ʥʘʚʢʦʣʦ ʉˆɺ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʫʪʪʻʚʦʶ ʪʝʧʣʦʚʦ  ʁ̔ ʥʝʨʮʽʶ, 

ʱʦ ʟʛʣʘʜʞʫ ̒ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ.  

ʎ  ̫ ʦʩʦʙʣʠʚʽʩʪʴ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʉ̂ ɺ ʜʦʟʚʦʣʷʻ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ  

ʤʦʜʝʣʶʚʘʥʥʽ ʟʘʤʽʥʠʪʠ ʬʘʢʪʠʯʥʫ ʢʨʠʚʫ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙôʻʢʪ 

ʜʠʩʢʨʝʪʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʟ ʧʦʩʪʽʡʥʠʤ ʩʝʨʝʜʥʽʤ ʪʝʧʣʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʦʪʷʛʦʤ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ (ʨʠʩʫʥʦʢ ɭ.6, ɼʦʜʘʪʦʢ ɭ).  ʋ ʟʥʘʢʦʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ɺ̂ʊʅʉ (ʩʝʟʦʥ ʥʘ ʪʝʧʣʦ, ʩʝʟʦʥ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ) ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʧʝʨʰʦʛʦ ʪʘ 

ʜʨʫʛʦʛʦ ʝʪʘʧʽʚ ʽʜʝʥʪʠʯʥ,̔ ʟ ʧʦʧʨʘʚʢʦʶ ʥʘ ʥʘʧʨʷʤʦʢ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ [14, 16, 17].  

ɿʤʽʥʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʧʦʯʠʥʘʶʪʴʩʷ ʟ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ  

ʚʢʣʶʯʝʥʥʷ ɺ̂ʊʅʉ ʫ  ʟʥʘʢʦʟʤʽʥʥʠʡ ʨʝʞʠʤ ʚʽʜʥʦʩʥʦ ʧʝʨʰʦʛʦ ʝʪʘʧʫ. 

ʇʨʠ ʟʤʽʥʽ ʥʘʧʨʷʤʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʛʝʥʝʨʘʮʽʷ ʪʝʧʣʦʪʠ ʚ 

ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʥʘʚʢʦʣʦ ʉ̂ ɺ.  ʗʢʱʦ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ  ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʝʜʝʥʥʷ 

ʪʝʧʣʦʪʠ, ʥʘ ʜʨʫʛʦʤʫ  ʝʪʘʧʽ ï ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ, ʘ ʥʘ ʪʨʝʪʴʦʤʫ ʨʝʚʝʨʩʥʦʤʫ ʝʪʘʧʽ 

ʟʥʦʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʝʪʽʡ ʝʪʘʧ ï ʮʝ ʚʢʣʶʯʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʚ ʨʦʙʦʪʫ ʧʽʩʣʷ ʧʝʨʝʨʚʠ, ʢʦʣʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ̌ʨʫʥʪʫ 
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ʥʘʚʢʦʣʦ ʉ̂ ɺ, ʧʽʩʣʷ ʡʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ (t1 < t < t2), ʥʘʢʣʘʜʘʻʪʴʩʷ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʟ 

ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ, ʷʢʠʡ ʟʤʽʥʶʻ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ. 

 ʇʦʯʘʪʢʦʚʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

t = t0 (r, Ű2),                                                         (3.7) 

ʜʝ    Ű2 ï ʪʨʠʚʘʣʽʩʪʴ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ, ʩ, 

        t0 ï ʙʘʟʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʦʉ, 

t ï ʧʦʪʦʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʦʉ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʨʘʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʨʦʪʷʛʦʤ ʜʨʫʛʦʛʦ ʝʪʘʧʫ: 

t1 = t (r, Ű), 0C                                                        (3.8) 

ʊʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʨʦʪʷʛʦʤ ʪʨʝʪʴʦʛʦ ʨʝʚʝʨʩʥʦʛʦ ʝʪʘʧʫ: 

t3 = t (r0, Ű), 
0C                                                      (3.9) 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʝʨʰʦʛʦ ʨʦʜʫ ʻ ʪʦʪʦʞʥʠʤʠ.   

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʨʫʛʦʛʦ ʨʦʜʫ ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʠʭ  ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (3.4).  ʗʢʱʦ ʪʝʧʣʦʪʫ  ˇʨʫʥʪʦʚʠʭ ʚʦʜ ή  ʪʘ ʪʝʧʣʦʚʠʡ 

ʧʦʪʽʢ ʢʨʽʟʴ ʧʦʚʝʨʭʥʶ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʉˆɺ ʚ ʜʦʚʢʽʣʣʷ ʚʚʘʞʘʪʠ ʧʦʩʪʽʡʥʠʤʠ, 

ʪʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʨʫʛʦʛʦ ʨʦʜʫ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ:  

‗ Òȟʐ ή ʐ ή πȢ                                       (3.10) 

ʜʝ    q (Ű) ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʢʨʽʟʴ ʧʦʚʝʨʭʥʶ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚ ʚ ʜʦʚʢʽʣʣʷ, ɺʪ/ʤ2. 

ʅʝʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ɺ̂ʊʅ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʠʟʚʦʜʠʪ ɹ ʜʦ ʟʤʽʥʠ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ʆʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ  ʧʨʠ ʨʦʙʦʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʟʽ ʟʥʘʢʦʟʤʽʥʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɾ, ʨʠʩʫʥʦʢ ɾ.1. 

 

3.5. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʨ̌ʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʚʧʣʠʚʽ ʟʥʘʢʦʟʤʽʥʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʟ 

ʨʝʛʝʥʝʨʘʮʽʻʶ ʪʝʧʣʦʪʠ   

 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʠʩʢʨʝʪʥʽʡ ʬʦʨʤʽ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ, ʛʨʘʥʠʯʥʠʭ  ̔ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʾ 
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ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʘʢʝʪʫ Matlab [70] ʽ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ɼʦʜʘʪʢʫ ɿ. 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʨ̌ʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ 

ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺ̂ʊʅʉ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʾ ʧʦʣʦʚʠʥʠ ʨʦʢʫ ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʤʽʩʪʷʪʴʩʷ ʚ ɼʦʜʘʪʢʫ ɿ ʥʘ ʨʠʩʫʥʢʫ ɿ.1, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʨʦʪʷʛʦʤ ʧʦʣʦʚʠʥʠ ʨʦʢʫ 

(ʨʠʩʫʥʦʢ 3.1). 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨ̌ʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ  

ʧʨʠ ʧʦʟʠʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 6 ʤʽʩʷʮʽʚ ʨʦʙʦʪʠ ɺ̂ʊʅʉ 

 

ɻʨʘʬʽʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʦʪʷʛʦʤ ʮʽʣʦʨʽʯʥʦʛʦ ʧʝʨʽʦʜʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  

ɺ̂ʊʅʉ ʧʨʠ ʨʝʚʝʨʩʥʠʭ ʮʠʢʣʽʯʥʠʭ ʨʝʞʠʤʘʭ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʨʝʛʝʥʝʨʘʮʽʻʶ 

ʪʝʧʣʦʪʠ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɿ.3 (ʨʠʩʫʥʢʠ ɿ.1, ɿ.2).  

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʚʽʜ (+100) ɺʪ/ʤ2 ʜʦ (ï25) ɺʪ/ʤ2, ʧʨʠ ʢʦʝʬʽʮʽʻʥʪ ̔ʨʝʛʝʥʝʨʘʮʽʾ kʨ = 0,25.  

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʨ̌ʫʥʪʦʚʦʤʫ 

ʤʘʩʠʚʽ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥ ̔ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ̌ʨʫʥʪʦʚʠʭ ʚʦʜʘʭ ʧʨʦʪʷʛʦʤ 

ʨʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʝh ʟʘ ʥʘʧʨʷʤʦʤ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʣʷ ʷʢʦʛʦ, ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʜʝʨʞʘʥʦ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ ̌ʨʫʥʪʦʚʦʤʫ 
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ʤʘʩʠʚʽ ʥʘʚʢʦʣʦ ʉˆɺ, ʷʢʝ ʤʽʩʪʠʪʴʩʷ ʚ ɼʦʜʘʪʢʫ ɿ.4 (ʨʠʩʫʥʦʢ ɿ.3) ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʦʤʫ 

ʪʝʧʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʽ. 

 ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʨʦʪʷʛʦʤ ʮʽʣʦʨʽʯʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺ̂ʊʅʉ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.4, ʟʚʽʜʢʠ ʚʠʜʥʦ, ʱʦ ʜʽ̫ ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ̌ʨʫʥʪʦʚʠʡ ʤʘʩʠʚ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʟʘ ʧʽʚʨʦʢʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 3.3. 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʨʦʪʷʛʦʤ 

ʮʽʣʦʨʽʯʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺ̂ʊʅʉ (ʨʠʩʫʥʦʢ 3.2), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʧʣʠʚ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʤʘʻ ʭʚʠʣʴʦʚʠʡ ʭʘʨʘʢʪʝʨ. ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʦʩʽ ʉ̂ ɺ ʽ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦ ,ʁ  ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨ̌ʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ  

ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ  

 

ʅʘ ʚʽʜʩʪʘʥʽ 12,5 ʤ ʚʽʜ ʦʩʽ ʉ̂ ɺ ʧʦʤʽʪʥʽ ʩʣʽʜʠ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʚʽʜ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺ̂ʊʅʉ ʚ ʧʝʨʰʦʤʫ ʮʠʢʣʽ ʫ ʚʠʛʣʷʜʽ ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʷʢʘ ʚʠʱʝ ʬʦʥʦʚʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ̌ʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʘ ʥʘ ʚʽʜʩʪʘʥʽ 6é7 ʤ ʚʽʜ 

ʦʩʽ ʉ̂ ɺ ʧʦʯʠʥʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ̌ʨʫʥʪʫ ʟ̔ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ ʛʨʘʜʽʻʥʪʦʤ 

(ʨʠʩʫʥʦʢ 3.2). 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʩʣʽʜʦʚʥʠʭ ʮʠʢʣʽʚ ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʠʭ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʘʭ ʧʨʠ 

ʨʦʙʦʪ ̔ ɺ̂ʊʅʉ, ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʪʘʢʠʡ: ʜʣʷ ʨʝʞʠʤʫ ʧʦʜʘʯʽ 

ʪʝʧʣʦʪʠ ʫ ʉ̂ ɺ ʧʨʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥ ̔(kp = 0,25), ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʙʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 

ʟʨʦʩʪʘʻ ʥʘ 1,5 ÁC, ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʞʠʤʦʤ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʚʽʜ ʉ̂ ɺ ʧʨʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʨʦʢʽʚ ʨʦʙʦʪʠ ɺ̂ʊʅʉ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʻ 

ʥʝʟʥʘʯʥʦ  ʁʽ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ~ 0,2 ÁC, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʛʝʥʝʨʘʮʽʾ ʟʤʽʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʮʠʢʣʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʨʘʥʽʰʝ, ʥʽʞ ʙʝʟ ʨʝʛʝʥʝʨʘʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʨʦʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺ̂ʊʅʉ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʯʝʨʝʟ 2,5 ʨʦʢʠ, ʢʦʣʠ ʩʝʟʦʥʥʽ ʟʤʽʥʠ ʚʭʦʜʷʪʴ ʫ ʧʝʚʥʠʡ ʮʠʢʣʽʯʥʠʡ 

ʨʠʪʤ, ʜʦʩʷʛʘʻʪʴʩʷ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ,. 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʧʽʜʚʝʜʝʥʥʽ ʪʝʧʣʘ ʚ ʉ̂ ɺ 100 ɺʪ/ʤ2 

ʤʽʩʪʠʪʴʩʷ ʚ ɼʦʜʘʪʢʫ ɿ.3, ʨʠʩʫʥʢʠ ɿ.3, ɿ.4, ʟʚʽʜʢʠ ʚʠʜʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ 

ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʉˆɺ ʧʨʠ ʦʜʥʦʧʦʪʦʢʦʚʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ɻɺʊʅʉ ʟ ʤʦʤʝʥʪʫ ʡʦʛʦ 

ʧʝʨʰʦʛʦ ʚʢʣʶʯʝʥʥʷ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʽ ʪʽʣʴʢʠ ʥʘ ʪʨʝʪʴʦʤʫ ʨʦʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ (ɼʦʜʘʪʦʢ ɿ.3, ʨʠʩʫʥʦʢ ɿ.3, ʘ). ʋ ʧʝʨʽʦʜ ʧʨʦʩʪʦʶ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

(ɼʦʜʘʪʦʢ ɿ.3,  ʨʠʩʫʥʦʢ ɿ.3, ʙ) ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ 

ʚʽʜʥʦʚʣʶʻʪʴʩʷ, ʭʦʯʘ ʥʘ  ʚʠʙʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʬʦʥʦʚʦ ʾʪʝʤʧʝʨʘʪʫʨʠ 

ˇʨʫʥʪʫ ʩʪʘʥʦʚʠʪʴ 2 0ʉ.  

ʂʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤʫ ʪʝʧʣʦʦʙʤʽʥʫ ʙʝʟ 

ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 2,5 ʨʦʢʽʚ, ʘ ʫ ʧʝʨʽʦʜ 

ʧʨʦʩʪʦʶ ï ʧʨʦʪʷʛʦʤ 3 ʨʦʢʽʚ (ɼʦʜʘʪʦʢ ɿ.3, ʨʠʩʫʥʦʢ ɿ.4, ʘ). ʂʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ 

ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ï ʻ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ, ʢʦʣʠ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʟʤʽʥʶʻʪʴʩʷ ʜʫʞʝ 

ʧʦʚʽʣʴʥʦ ʚ ʯʘʩʫ, ʽ ʡʦʛʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʘʮʽʦʥʘʨʥʠʤ, ʰʦ ʩʧʨʦʱʫʻ ʯʠʩʝʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʜʦʟʚʦʣʷʶʯʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʢʦʥʠ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ,  

ʥʝʭʪʫʶʯʠ ʧʦʭʽʜʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʚ ʨʽʚʥʷʥʥʷʭ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ.  

ɿʘ ʥʘʷʚʥʦʩʪʽ ʨʝʛʝʥʝʨʘʮʽʾ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʨʝʞʠʤʫ ʧʨʠ ʨʝʚʝʨʩ ̔ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ 1,5 ʨʦʢʠ (ɼʦʜʘʪʦʢ ɿ.3, ʨʠʩʫʥʦʢ ɿ.4, ʙ). ɸʥʘʣʽʟ 
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ʚʧʣʠʚʫ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʝʥʝʨʘʮʽʾ kʨ (ɼʦʜʘʪʦʢ ɿ.3, ʨʠʩʫʥʦʢ ɿ.4, ʚ). ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʟʤʽʱʝʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʙʽʢ ʟʥʠʞʝʥʥʷ, ʥʘ ʝʪʘʧʽ ʟʘʚʝʨʰʝʥʥʷ 

ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ, ʧʨʠ ʟʨʦʩʪʘʥʥ ̔kʨ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ kʨ = 0,25 ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʙʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ T0 ʩʪʘʥʦʚʠʣʘ +12 ʉ̄, ʧʨʠ kʨ = 0,5 ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʥʦʚʠʣʘ +7 ʉ̄,  ʘ 

ʧʨʠ kʨ = 1,0 ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʟʠʣʘʩʷ ʜʦ ī4 ʉ̄, ʧʨʠ ʮʴʦʤʫ, ʚʧʣʠʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʮʠʢʣʫ 

ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʦʚʦʾ ʭʚʠʣʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʽʜʥʦʩʥʦ ʧʨʠʨʦʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ, 

ʘ ʧʨʠ kʨ = 1,0  ï ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉˆɺ ʫ ʟʨʽʚʥʷʥʥʽ, ʥʘʚʽʪʴ, ʟ 

ʦʜʥʦʢʨʘʪʥʠʤ ʚʢʣʶʯʝʥʥʷʤ. ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ  ʨʦʙʦʪʘ ɺ̂ʊʅʉ ʚ ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ, ʥʽʞ ʨʝʞʠʤ ʨʦʙʦʪʠ ʟ ʧʝʨʝʨʠʚʯʘʩʪʦʶ ʧʦʜʘʯʝʶ 

ʪʝʧʣʦʪʠ ʘʙʦ ʚʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ ʙʝʟ ʡʦʛʦ ʨʝʚʝʨʩʽʾ. ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʥʘʧʦʨʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʙʣʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʉ̂ ɺ ʜʦ 

ʬʦʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʨʦʢʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺ̂ʊʅʉ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʝʛʝʥʝʨʘʮʽʾ kʨ = 0,25é1,0 ʜʣʷ ʘʢʪʠʚʥʠʭ 

ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ (+100) ʜʦ (ī100) ɺʪ.  

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʨʝʛʝʥʝʨʘʮʽʾ 

kʨ = 0é1, ʧʨʠ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥʘʭ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.3, 

ʟʚʽʜʢʠ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʚʽʜʚʦʜʽ ʪʝʧʣʦʪʠ ʚʽʜ ʉˆɺ ʨ̌ʫʥʪʦʚʠʡ ʤʘʩʠʚ ʥʘʚʢʦʣʦ 

ʩʚʝʨʜʣʦʚʠʥʠ ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʘ ʧʨʠ ʧʽʜʚʦʜʽ ʪʝʧʣʦʪʠ ʜʦ ʉ̂ ɺ ï ʥʘʛʨʽʚʘʻʪʴʩʷ, ʘʣʝ 

ʧʦʩʣʽʜʦʚʥʝ ʨʝʚʝʨʩʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʪʝʧʣʦʚʠʭ 

ʭʚʠʣʴʦʚʠʭ ʟʙʫʨʝʥʴ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʫ ʪʘ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺ̂ʊʅʉ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ  ʜʦʟʚʦʣʠʣʠ ʜʽʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ ʧʨʦ ʪʝ, ʱʦ ʱʦʨʽʯʥʝ ʟʤʝʥʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ ʧʦʩʪʫʧʦʚʦ 

ʩʢʦʨʦʯʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʛʝʥʝʨʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʢʦʤʧʝʥʩʫʚʘʪʠ 

ʟʨʦʩʪʘʶʯʽ ʧʦʪʨʝʙʠ  ʫ ʪʝʧʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.3  ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ 

ʥʘʚʢʦʣʦ ʉˆɺ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʝʥʝʨʘʮʽʾ 

 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ,  ʱʦ ʟʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʟ ʨʝʛʝʥʝʨʘʮʽʻʶ ʥʝʦʙʭʽʜʥʦ 

ʚʚʝʩʪʠ ʨʷʜ ʦʙʤʝʞʝʥʴ, ʜʦ ʥʝʛʘʪʠʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʙʦʾ ʩʚʝʨʜʣʦʚʠʥʠ T0 ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʘʢʠʭ ʧʨʦʙʣʝʤ: ʟʙʽʣʴʰʝʥʥʷ ʦʙ'ʻʤʫ ʟʘʤʝʨʟʣʦʛʦ ˇʨʫʥʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʧʫʯʫʚʘʥʥʷ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ, ʩʪʠʩʢʫ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽ ʽʭ ʨʫʡʥʫʚʘʥʥʶ, ʱʦ ʤʦʞʝ 

ʟʘʰʢʦʜʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ 

ʉˆɺ ʟʽ ʟʥʘʢʦʟʤʽʥʥʠʤ ʥʘʧʨʷʤʢʦʤ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ (ʟ ʨʝʛʝʥʝʨʘʮʽʻʶ) ʟʥʠʞʫʶʪʴʩʷ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʥʘʩʣʽʜʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʽʜʭʠʣʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʚʽʜ ʡʦʛʦ ʧʨʠʨʦʜʥʦʾ (ʬʦʥʦʚʦʾ) ʚʝʣʠʯʠʥʠ. 

 

3.6. ʋʟʘʛʘʣʴʥʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ  

 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʦʨʽ ʁ ʧʦʜʽʙʥʦʩʪʽ, ʱʦʙ ʩʬʦʨʤʫʚʘʪʠ 

ʫʟʘʛʘʣʴʥʶʶʯʝ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʫ ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ, ʙʦ ʽʩʥʫʶʯʽ 

ʢʨʠʪʝʨʽʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [71 ï73] ʥʝ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʦʙʨʘʞʘʶʪʴ ʷʚʠʱʘ, ʷʢʽ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʪʘʢʽ ʙʝʟʨʦʟʤʽʨʥʽ ʯʠʥʥʠʢʠ: 

Q ï ʘʢʪʠʚʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʪʘ ɗ ï ʙʝʟʨʦʟʤʽʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʤʦʞʥʘ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʨʦʟʤʽʨʥʦʾ ʬʫʥʢʮʽʾ f = [Fo, Ū, Q],  ʦʧʠʩʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 
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ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʉˆɺ. ʇʦʩʪʘʚʣʝʥʝ ʟʘʜʘʯʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ 

ʦʜʥʦʟʥʘʯʥʦʩʪʽ, ʜʣʷ ʯʦʛʦ ʧʨʝʜʩʪʘʚʠʤʦ ʢʨʠʪʝʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʫ ʜʝʢʽʣʴʢʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. 

ʂʨʠʪʝʨʽʡ ʌʫʨôʻ:  

                 Ὂέ
Ͻ
                                                        (3.11) 

ʜʝ     ʘ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʤ Į/ʩ;  

Ű ï ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ;  

rc ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ, ʨʘʜʽʫʩ ʩʚʝʨʜʣʦʚʠʥʠ, ʤ. 

ɸʢʪʠʚʥʠʡ ʙʝʟʨʦʟʤʽʨʥʠʡ (ʚʽʜʥʦʩʥʠʡ) ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ: 

                 ὗ ̠̎́̃́̎̓́̇̆̎̎

̢̑̔̎̓
                                                        (3.12) 

ʜʝ    ή̎ ̠́̃́̎̓́̇̆̎̎ ï  ʧʠʪʦʤʝ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʢʦʣʦʥʠ ʉˆɺ 

ʫ ʧʝʚʥʠʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ɺ̂ʊʅʉ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ɺʪ/ʤ2;  

ή̢ ̑̔̎̓ï ʧʨʠʨʦʜʥʠʡ (ʬʦʥʦʚʠʡ) ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ɺʪ/ʤ2. 

ɹʝʟʨʦʟʤʽʨʥʘ (ʚʽʜʥʦʩʥʘ) ʪʝʤʧʝʨʘʪʫʨʘ: 

                 ɡ
ὸ̘̏̒̓́̓̏̎̏
̄̑̔̎̓

ὸ̎̒

ὸ̏̎̕
̄̑̔̎̓

ὸ̎̒
                                                        (3.13) 

ʜʝ   ὸ̘̏̒̓́̓̏̎̏
̄̑̔̎̓

 ï  ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻɺʊʅʉ, 

ʷʢʠʡ ʘʥʘʣʽʟʫʻʪʴʩʷ, 0ʉ;  

ὸ̎  ̒ ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ,  0ʉ; 

ὸ̏̎̕
̄̑̔̎̓

 ï  ʧʨʠʨʦʜʥʘ (ʬʦʥʦʚʘ) ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ, 0ʉ;  

ʉʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʜʦʟʚʦʣʷʻ 

ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʦʜʥʦʟʥʘʯʥʝ ʨʽʰʝʥʥʷ, ʫ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʘʜʠʮʽʡʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʷʢ ʩʪʝʧʝʥʝʚʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʦʪʞʝ , ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʠʡʥʷʪʠʭ ʙʝʟʨʦʟʤʽʨʥʠʭ ʯʠʩʝʣ, ʙʘʟʦʚʝ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʙʫʜʝ [16, 17] : 

— ВὧϽὊέϽὗ    ,                                           (3.14) 

ʜʝ:   Ὂέ
Ͻ
 ï ʢʨʠʪʝʨʽʡ ʌʫʨôʻ;  

         n, m ï ʧʦʢʘʟʥʠʢʠ ʩʪʝʧʝʥʽ; 
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        ‌ ï ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʤ²/ʩ; 

         † ï ʯʘʩ, ʩ;   

          rʩ ï ʨʘʜʽʫʩ ʩʚʝʨʜʣʦʚʠʥʠ, ʤ;  

         Q ï ʘʢʪʠʚʥʠʡ ʙʝʟʨʦʟʤʽʨʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ;  

         c ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ. 

ʋʟʘʛʘʣʴʥʶʶʯʝ ʢʨʠʪʝʨʽʘʣʴʥʝ  ʨʽʚʥʷʥʥʷ (3.14) ʜʣʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʟʽ ʟʤʽʥʦʶ 

ʥʘʧʨʷʤʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ (ʟ ʨʝʛʝʥʝʨʘʮʽʻʶ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʩʪʝʧʝʥʝʚʦʛʦ 

ʨʷʜʫ. ʗʢʱʦ ɺ̂ʊʅ ʧʝʨʝʭʦʜʠʪʴ ʫ ʟʥʘʢʦʟʤʽʥʥʠʡ ʨʝʞʠʤ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʪʦ ʟʘʛʘʣʴʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʙʝʨʽʛʘʶʪʴʩʷ.  

ʇʨʠ ʮʴʦʤʫ, ʦʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʨʝʞʠʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺ̂ʊʅ ʻ ʟʜʘʪʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʝʬʝʢʪʫ ʨʝʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʦʾ ʘʢʫʤʫʣʶʶʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ˇʨʫʥʪʫ. ʆʪʞʝ, ʟʘʟʥʘʯʝʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʥʷ 

(3.14) ʷʢ ʙʘʟʦʚʦʛʦ ʟ ʧʦʧʨʘʚʢʦʶ f(kp) ʥʘ ʢʦʝʬʮ̔̒̔ ʥʪ ʨʝʛʝʥʝʨʘʮʽʾ.  

ʊʦʜʽ ʙʘʟʦʚʝ ʫʟʘʛʘʣʴʥʶʶʯʝ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ:  

Ὸ ὯϽὗϽὊέ ὯϽὊέϽὗ Ễ ὯϽὗ ϽὪὯ  ,                         (3.15) 

ʜʝ   ὯȟὯȟȣȟὯ ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʣʷ ʟʘʜʘʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʟʤʽʥʠ ʨʽʟʥʠʭ ʙʝʟʨʦʟʤʽʨʥʠʭ ʚʝʣʠʯʠʥ;  Ὧï ʢʦʝʬʽʮʽʻʥʪ 

ʨʝʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʚ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ. 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʯʠʩʣʘ ʌʫʨôʻ Fo = 4675 

é11686, ʷʢʠʡ ʚʟʷʪʦ ʟʘ ʤʦʜʫʣʝʤ,  ʪʘ ʜʣʷ ʜʚʦʭ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ ʘʢʪʠʚʥʠʭ ʚʽʜʥʦʩʥʠʭ 

ʧʦʪʦʢʽʚ ʪʝʧʣʦʪʠ  ὗ ̠̎́̃́̎̓́̇̆̎̎

̄̑̔̎̓
ςπππȠ   ̔ὗ ̠̎́̃́̎̓́̇̆̎̎

̄̑̔̎̓
τπππ ʟʘ ʙʘʟʦʚʠʤ 

ʢʨʠʪʝʨʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ (3.15). 

ɸʥʘʣʽʟ  ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ 

(3.15), ʚʠʢʦʥʘʥʦ ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ  ʦʜʝʨʞʘʥʦʾ ʙʝʟʨʦʟʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ Ὸ ʧʨʠ 

ʨʽʟʥʠʭ ʚʝʣʠʯʠʥʘʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ kp ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ. ɻʨʘʬʽʢ 

ʟʘʣʝʞʥʦʩʪʽ ʙʝʟʨʦʟʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ Ὸ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ  kp 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.4.  
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ʘ 
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ʈʠʩʫʥʦʢ 3.4 ï ɿʤʽʥʘ ʚʽʜʥʦʩʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ Ὸ ʚ ʬʫʥʢʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ  

ʨʝʛʝʥʝʨʘʮʽʾ kʨ ʧʨʠ ʟʤʽʥʠ ʯʠʩʣʘ Fo ʫ ʜʽʘʧʘʟʦʥʽ 4675é11686  ʜʣʷ ʧʦʪʦʢʽʚ  

ʪʝʧʣʦʪʠ:  ʘ) Q1 = 2000; ʙ) Q2 = 4000 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʚʝʜʝʥʦ ʥʘ ʛʨʘʬʽʢʘʭ, ʷʢʽ 

ʚʽʟʫʘʣʽʟʫʶʪʴ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʝʥʝʨʘʮʽʾ ʚ ʽʥʪʝʨʚʘʣʽ kʨ=0,5é1,0 ʥʘ ʙʝʟʨʦʟʤʽʨʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʉˆɺ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʧʨʠ ʟʤʽʥʽ Q ʚ ʽʥʪʝʨʚʘʣʽ 

200éï 100 ̔ ʯʠʩʝʣ ʌʫʨôʻ,  ʚʟʷʪʠʭ ʟʘ ʤʦʜʫʣʝʤ, ʚ ʽʥʪʝʨʚʘʣʽ 4675é11686 (ɼʦʜʘʪʦʢ ɿ, 

ʨʠʩʫʥʢʠ ɿ.7 ï ɿ.9) .  

ʅʘ ʨʠʩʫʥʢʫ ɿ.7 ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʨʝʛʝʥʝʨʘʮʽʾ ʧʨʠ kʨ= 0,5 ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʤʘʩʠʚʫ ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʉˆɺ. ʈʝʛʝʥʝʨʘʮʽʷ ʪʝʧʣʦʪʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʙʝʟʨʦʟʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʙʪʦ, ʨʦʙʦʪʘ ʧʨʠ ʯʝʨʛʦʚʦʤʫ ʧʝʨʝʤʠʢʘʥʥʽ çʪʝʧʣʦʪʘ ï 

ʭʦʣʦʜè ʪʘ çʭʦʣʦʜ ï ʪʝʧʣʦʪʘè ʧʦʯʠʥʘʻʪʴʩʷ ʥʝ ʟ ʬʦʥʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʦʚʦʛʦ 

ʤʘʩʠʚʫ, ʘ ʟ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ɺ̂ʊʅ. ʆʪʞʝ, ʚʽʜʙʽʨ ʪʝʧʣʦʪʠ ʟʽ ʉˆɺ 

ʜʣʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʥʽʞ ʬʦʥʦʚʘ. ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʨʠ ʨʝʚʝʨʩʽ ʪʝʧʣʦʪʠ ɺ̂ʊʅ ʧʨʘʮʶʻ ʧʨʠ ʤʝʥʰʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʥʘʧʦʨʽ.  

ɺ ɼʦʜʘʪʢʫ ɿ ʥʘ ʨʠʩʫʥʢʫ ɿ.8 ʚʽʟʫʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʨʝʛʝʥʝʨʘʮʽʾ ʧʨʠ kʨ = 0,75 ʪʘ 

ʘʢʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 75/0, 100/ï75, 150/0, 200/ï150. ɼʚʽ ʚʝʨʭʥʽ ʣʽʥʽʾ ï 

ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʨʝʛʝʥʝʨʘʮʽʻʶ ʧʨʠ ʘʢʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

200/ï150 ʪʘ ʙʝʟ ʨʝʛʝʥʝʨʘʮʽʾ ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 150/0. ʇʝʨʝʧʘʜ ʤʽʞ 

ʙʝʟʨʦʟʤʽʨʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ Ū ʩʪʘʥʦʚʠʪʴ ~ 5. ɼʚʽ ʥʠʞʥʽ ʣʽʥʽʾ ï ʨʝʟʫʣʴʪʘʪʠ 
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ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʛʝʥʝʨʘʮʽ ʾ ʧʨʠ 100/ï75 ʽ ʙʝʟ 

ʨʝʛʝʥʝʨʘʮʽʾ 75/0 ʽ ʨʽʟʥʠʮʷ ʟʥʘʯʝʥʴ ʙʝʟʨʦʟʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʘʜʘʻ ~ 0,3. 

ɺ ɼʦʜʘʪʢʫ ɿ ʥʘ ʨʠʩʫʥʢʫ 3.9, ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠ kʨ = 1 ʪʘ 

ʘʢʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 75/0, 100/ï100, 150/0, 200/ï200. ɺʝʨʭʥʷ ʣʽʥʽʷ 200/ī200 (ʟ 

ʨʝʛʝʥʝʨʘʮʽʻʶ), ʘ ʜʨʫʛʘ ʣʽʥʽʷ ʟʥʠʟʫ  150/0 (ʙʝʟ ʨʝʛʝʥʝʨʘʮʽʾ), ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ 

ʙʝʟʨʦʟʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ Ū ʩʢʣʘʜʘʻ ~ 8. ɼʨʫʛʘ ʣʽʥʽʷ ʟʚʝʨʭʫ 100/-100 ʽ ʥʠʞʥʷ ʣʽʥʽʷ 

75/0, ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʙʝʟʨʦʟʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ Ū ʩʢʣʘʜʘʻ ~2. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʙʝʟʨʦʟʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʙʦʾ ʉˆɺ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ ʬʫʥʢʮʽ ʾʚʠʟʥʘʯʘʣʴʥʠʭ ʚʧʣʠʚʦʚʠʭ ʯʠʥʥʠʢʽʚ ʫ ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ ʚ ɼʦʜʘʪʢʫ, ʥʘ  

ʨʠʩʫʥʢʫ ɿ.10, ʟʚʽʜʢʠ ʚʠʜʥʦ, ʱʦ, ʚ ʟʘʣʝʞʥʦʩʪ ̔ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɺ̂ʊʅ ʧʨʠ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʟʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ 

ʥʘʚʢʦʣʦ ʉˆɺ. 

ʈ̔ ʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ Ū ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʧʦʪʦʮʽ ʪʝʧʣʦʪʠ Q, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʯʠʩʣʘ ʌʫʨôʻ  ̔ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʝʥʝʨʘʮʽʾ kʨ  ʤʘʻ ʚʠʛʣʷʜ: 

Ὸ υϽρπϽὗϽὊέ ςϽρπ ϽὊέϽὗ σϽρπ Ͻὗ υȟρς Ͻρπ ϽὯ ρȟωψ,  (3.16) 

ʗʢʱʦ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ɺ̂ʊʅʉ ʚʠʢʣʶʯʥʦ ʚ ʨʝʞʠʤʽ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ, ʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʉˆɺ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ ʽ ʯʝʨʝʟ ʜʝʢʽʣʴʢʘ 

ʨʦʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʝ ʤʝʥʰʝ ʧʨʠʨʦʜʥʦʾ (ʬʦʥʦʚʦʾ) ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʫ.  

ʗʢʱʦ ɺ̂ʊʅʉ ʧʨʘʮʶʻ ʟ ʯʝʨʛʫʚʘʥʥʷʤ ʧʽʜʚʦʜʫ ʽ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʉˆɺ ʧʦʩʪʫʧʦʚʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʠʨʦʜʥʦʾ (ʬʦʥʦʚʦʾ) 

ʪʝʤʧʝʨʘʪʫʨʠ ʨ̌ʫʥʪʫ, ʘ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪ ̔ ʨʝʛʝʥʝʨʘʮʽʾ kʨ = 1 ʜʦʨʽʚʥʶʻ ʬʦʥʦʚʽʡ 

ʪʝʤʧʝʨʘʪʫʨ.̔ ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʟʘ ʘʣʛʦʨʠʪʤʦʤ (ɼʦʜʘʪʦʢ ɯ, ʨʠʩʫʥʦʢ 

ɯ.1). ɹʣʦʢ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ  ʚ  ɼʦʜʘʪʢʫ ɯ ʥʘ ʨʠʩʫʥʢʫ ɯ.2.    

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ 

ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʫʟʘʛʘʣʴʥʶʶʯʽ ʢʨʠʪʝʨʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ: 

ï ʦʜʥʦʧʦʪʦʯʥʠʡ ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺ̂ʊʅʉ: 

ɡ υϽρπϽὗϽὊέ ςϽρπϽὊέϽὗ πȟπππσϽὗ υȟρ ;               (3.17) 

ï ʟʥʘʢʦʟʤʽʥʥʠʡ  ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɺ̂ʊʅʉ: 

ɡ υϽρπϽὗϽὊέ ςϽρπϽὊέϽὗ πȟπππσϽὗ υȟρϽπȟπππςϽὯ ρȟωψ . (3.18)       
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3.7. ʆʙʨ̌ʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜʘʭ  

 

ɼʦʮʽʣʴʥʽʩʪʴ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ɺ̂ʊʅʉ  ʤʘʻ ʙʫʪʠ ʦʙˇʨʫʥʪʦʚʘʥʘ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ.   

ɸʣʛʦʨʠʪʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ɼʦʜʘʪʢʫ ɯ, ʥʘ ʨʠʩʫʥʢʫ ɯ.1 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʟʥʘʢʦʟʤʽʥʥʦʛʦ  ʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʨʠʩʫʥʦʢ ɯ.2) ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɺ̂ʊʅʉ ʧʨʦʪʷʛʦʤ ʨʦʢʫ  

ʉʬʦʨʤʦʚʘʥʦ ʛʨʘʬʽʢʠ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟ ˇʨʫʥʪʽʚ (ʨʠʩʫʥʦʢ 3.5). 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥ ʚʽʜ ʪʝʧʣʦʪʠ 

 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʤʦʞʥʘ 

ʚʽʜʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢ-ʩʭʝʤʠ (ɼʦʜʘʪʦʢ ɯ, ʨʠʩʫʥʦʢ ɯ.3.). 

 

3.8. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ ʟʙʣʠʟʴ ʚʠʙʽʡʥʦʛʦ ʰʘʨʫ 

ʨ̌ʫʥʪʫ ʥʘʚʢʦʣʦ ʉˆɺ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʚ 

ˆɺʊʅʉ, ʦʙʫʤʦʚʣʝʥʦ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʪʝʧʣʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʧʨʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʽ ʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. 

2. ʊʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ ʧʣʘʩʪʘ ʥʘʚʢʦʣʦ ʉˆɺ ʧʨʠ ʦʜʥʦʧʦʪʦʢʦʚʦʤʫ ʨʝʞʠʤʽ ʟ 

ʧʝʨʰʦʛʦ ʚʢʣʶʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʘʣʝ ʥʘ ʪʨʝʪʴʦʤʫ ʨʦʮʽ 
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ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. ɺ ʧʝʨʽʦʜ ʧʨʦʩʪʦʶ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʬʦʥʦʚʠʤ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ ʽ ʜʦʩʷʛʘʻ ʬʦʥʦʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʛʘʣʦʤ ʥʘ 2é3 0ʉ. ɿ ʢʦʞʥʠʤ ʥʘʩʪʫʧʥʠʤ ʨʦʢʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʧʝʨʽʦʜʫ. ɺʠʭʽʜ ʥʘ ʢʚʘʟʩ̔ʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʉˆɺ, ʻ ʣʠʰʝ 

ʬʘʢʪʦʨʦʤ ʟʙʫʨʝʥʥʷ ʬʦʥʦʚʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣ̫ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ 

ʩʚʝʨʜʣʦʚʠʥʠ ˆɺ. ʇʨʠ ʧʽʜʚʝʜʝʥʥʽ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜʜʘʻ ʪʝʧʣʦ ʩʚʝʨʜʣʦʚʠʥʽ, ʘ ʧʽʩʣʷ 

ʧʝʨʝʨʚʠ ˆɺʊʅʉ ʧʦʯʠʥʘʻ ʨʦʙʦʪʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʚʝʨʰʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʪʘʧʫ, 

ʪʦʙʪʦ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨ̌ʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ˆɺʊʅʉ. ʇʨʠ ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ: ʧʨʠ ʚʽʜʚʦʜʽ ʪʝʧʣʦʪʠ 

ʛʨʫʥʪ ʥʘʚʢʦʣʦ ʉˆɺ ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʘ ʧʨʠ ʧʽʜʚʝʜʝʥʥʽ ï ʥʘʛʨʽʚʘʻʪʴʩʷ. ʎʠʢʣʽʯʥʝ 

ʨʝʚʝʨʩʫʚʘʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʪʝʧʣʦʚʠʭ ʭʚʠʣ,ɹ ʷʢʽ 

ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʉˆɺ  ̔ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʧʨʦ ʪʝ, ʱʦ ʱʦʨʽʯʥʝ 

ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʧʦʩʪʫʧʦʚʦ ʩʢʦʨʦʯʫʚʘʪʠʤʝʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʝʛʝʥʝʨʘʮʽʾ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʜʝʬʽʮʠʪ ʪʝʧʣʦʪʠ. ʇʦʟʠʪʠʚʥʠʤ ʯʠʥʥʠʢʦʤ ʻ ʪʝ, ʱʦ ʚ 

ʨʝʞʠʤʽ ʟ ʨʝʛʝʥʝʨʘʮʽʻʶ ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘʩʪʘʻ ʰʚʠʜʰʝ, ʥʽʞ ʧʨʠ 

ʦʜʥʦʧʦʪʦʢʦʚʦʤʫ ʨʝʞʠʤʽ. 

2. ʆʪʨʠʤʘʥʦ ʫʟʘʛʘʣʴʥʝʥ ̔ʨʝʟʫʣʴʪʘʪʠ  ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ 

ʪʝʧʣʦʥʦʩʽ ̫ʟ ʤʘʩʠʚʦʤ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʉˆɺ ʚ ʮʠʢʣʽʯʥʠʭ ʨʝʞʠʤʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ  ̔

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʨʠ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ˆɺʊʅʉ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʢʨʠʪʝʨʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʧʦʨʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʮʠʢʣʽʯʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʢʣʽʤʘʪʠʯʥʠʤ ʫʤʦʚʘʤ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ  ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʝ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʉ̂ ɺ. ʄʝʪʦʜʠʢʘ ʚʨʘʭʦʚʫʻ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ˆɺʊʅʉ ʫ ʩʝʟʦʥʥʦʤʫ 

ʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤ ̔ ʨʦʙʦʪʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ  ̔ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʧʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʧʣʦʪʠ 

ˆɺʊʅʉ. 
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ʈʆɿɼɯʃ 4 

ɯʅʉʊʈʋʄɽʅʊɸʈɯʁ ʄʆɼɽʃʖɺɸʅʅʗ  ʊɽʇʃʆɺʀʍ  

ʇʈʆʎɽʉɯɺ ɺ ʊɽʇʃʆʅɸʉʆʉʅɯʁ ʋʉʊɸʅʆɺʎɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʉʂʀɼʅʀʍ ɺʆɼ 

 

4.1. ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʩʢʠʜʥʠʭ ʚʦʜ  

 

ʉʢʠʜʥʽ ʚʦʜʠ, ʷʢ ˇʨʫʥʪ ʽ ̌ʨʫʥʪʦʚʽ ʚʦʜʠ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ  ʩʪʘʙʽʣʴʥʦʶ  

ʪʝʤʧʝʨʘʪʫʨʦ ,ʁ ̫ ʢʘ ʤʘʣʦ ʟʘʣʝʞʥʘ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ʅʘʧʨʠʢʣʘʜ, ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʠʜʥʠʭ ʚʦʜ ʊɽʉ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 Áʉ, ʘ ʧʦʙʫʪʦʚʽ ʩʢʠʜʥʽ ʚʦʜʠ ʧʨʦʪʷʛʦʤ 

ʨʦʢʫ ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 15 Áʉ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʠʜʥʠʭ ʚʦʜ 

(ʉɺʊʅʉ), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʘʣʴʪʝʨʥʘʪʠʚʥʫ ʝʥʝʨʛʽʶ ʩʢʠʜʥʠʭ ʚʦʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.1.  

ʇʽʩʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʫ ʚʠʧʘʨʥʠʢʫ 1 (ʮʝ ʤʦʞʝ ʙʫʪʠ ʟʚʠʯʘʡʥʘ 

ʪʨʫʙʘ, ʤʝʪʘʣʝʚʘ ʯʠ ʟ ʧʣʘʩʪʠʢʫ), ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʚ ʢʦʣʝʢʪʦʨʽ 2 ʤʝʨʝʞʽ ʢʘʥʘʣʽʟʘʮʽʾ, 

ʧʘʨ, ʱʦ ʫʪʚʦʨʠʚʩʷ, ʧʦʪʨʘʧʣʷʻ ʚ ʢʦʤʧʨʝʩʦʨ 3, ʚ ʷʢʦʤʫ ʪʠʩʢ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ. ɼʘʣʽ ʧʘʨ ʧʦʪʨʘʧʣʷʻ ʜʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 4 ʉɺʊʅ. ʊʫʪ ʧʨʦʭʦʜʠʪʴ 

ʪʝʧʣʦʚʽʜʚʽʜ ʫ ʚʪʦʨʠʥʥʠʡ ʢʦʥʪʫʨ ʮʠʨʢʫʣʷʮʽʾ ʩʧʦʞʠʚʘʯʘ, ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʷʢʦʛʦ 

ʟʘʟʚʠʯʘʡ ʻ ʚʦʜʘ, ʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʧʨʦʪʽʢʘʥʥʷʤ ʧʨʦʮʝʩʫ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ ʧʝʨʚʠʥʥʦʛʦ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ʇʽʩʣʷ ʮʴʦʛʦ ʢʦʥʜʝʥʩʘʪ ʧʝʨʚʠʥʥʦʛʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʢʨʽʟʴ ʜʨʦʩʝʣʴʥʠʡ 

ʢʣʘʧʘʥ 5 ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʚʠʧʘʨʥʠʢʘ 1 ʉɺʊʅ. ɺʪʦʨʠʥʥʠʡ ʢʦʥʪʫʨ ʮʠʨʢʫʣʷʮʽʾ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʦʩʫ 6, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʮʠʨʢʫʣʷʮʽʶ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʨʝʟʝʨʚʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʪʝʧʣʦʪʠ 7 ʪʘ ʩʠʩʪʝʤʠ ʧʨʠʙʦʨʽʚ ʦʧʘʣʝʥʥʷ 8, ʜʝ ʧʨʦʭʦʜʠʪʴ ʚʽʜʚʽʜ ʪʝʧʣʦʪʠ 

ʚʽʜ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ʈʝʟʝʨʚʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ 7 ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʜʣʷ ʚʠʧʘʜʢʽʚ, 

ʢʦʣʠ ʦʩʥʦʚʥʠʡ ʛʝʥʝʨʘʪʦʨ ʪʝʧʣʦʪʠ, ʷʢʠʤ ʚ ʮʽʡ ʩʭʝʤʽ ʻ ʉɺʊʅ, ʥʝ ʩʧʨʦʤʦʞʥʠʡ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʤʦʞʝ ʩʪʘʪʠʩʷ ʧʨʠ ʥʝʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʩʢʠʜʥʠʭ ʚʦʜ. 
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ʈʠʩʫʥʦʢ 4.1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʉɺʊʅ: 1 ï ʚʠʧʘʨʥʠʢ;    

2 ï ʢʦʣʝʢʪʦʨ ʉɺ; 3 ï ʢʦʤʧʨʝʩʦʨ; 4 ï ʢʦʥʜʝʥʩʘʪʦʨ;   5 ï ʜʨʦʩʝʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 

6 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ ʢʦʥʪʫʨʫ ʩʧʦʞʠʚʘʯʘ; 

7 ï ʜʫʙʣʝʨ ʝʥʝʨʛʽʾ;   8 ï ʧʨʠʩʪʨ̔ʡ ʦʧʘʣʝʥʥʷ 

 

ɼʣʷ ʥʘʜʽʡʥʦʛʦ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɺʊʅ ʚʘʞʣʠʚʠʤ ʻ ʧʨʘʚʠʣʴʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʢʠʜʥʦʾ ʚʦʜʠ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚ ʢʘʥʘʣʽʟʘʮʽʡʥʠʡ ʢʦʣʝʢʪʦʨ, ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 40 Áʉ [58]. ʗʢʱʦ ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʱʝ, ʪʦ ʪʽʣʴʢʠ ʧʽʩʣʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʟʘʭʦʜʽʚ ʟʽ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʾʾ ʤʦʞʥʘ ʟʣʠʚʘʪʠ ʾʾ ʚ ʢʘʥʘʣʽʟʘʮʽʶ. ɸʣʝ ʽʩʥʫʻ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʠʜʥʠʭ ʚʦʜ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʚʢʘʟʘʥʠʭ ʤʝʞʘʭ. ʊʘʢ, ʮʠʨʢʫʣʷʮʽʡʥʘ ʚʦʜʘ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʢʦʥʜʝʥʩʘʪʦʨʫ ʊɽʉ 

ʪʘ ɸɽʉ, ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ 30é35 Áʉ, ʪʘ ʩʢʠʜʘʻʪʴʩʷ ʚ ʧʨʠʨʦʜʥʽ ʘʙʦ ʰʪʫʯʥʽ ʚʦʜʦʡʤʠ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ tʢ = 90 ° ʉ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʉʆʈ 

ʩʪʘʥʦʚʠʪʴ (ʨʠʩʫʥʦʢ 4.2), ʜʝ   h  ̔ï ʝʥʪʘʣʴʧʽ ʾʚ ̔ïʪʠʭ ʪʦʯʢʘ ʮʠʢʣʫ, ʢɼʞ/(ʢʛĀʂ).  

ὅὕὖǋ     ϳ ρψρπφτφρψρπρτωτϳ σȟφψ, 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ɖʢ = 0,92 ï ʂʂɼ ʢʦʤʧʨʝʩʦʨʘ: 

ʉʆʈὅὕὖǋẗ–ʢ σȟφψ ẗ πȟως σȟσω. 

ʗʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʉɺ ʜʣʷ ʮʠʢʣʫ ʉɺʊʅ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʧʦʙʫʪʦʚʠʭ ʉɺ 

(ʨʠʩʫʥʦʢ 4.3), ʜʝ ʨʦʙʦʯʠʤ ʪʽʣʦʤ  ̒ ʘʤʽʘʢ, ʷʢ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʜʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʜʦʨʽʚʥʶʻ tʢ = 90 Áʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʫ ʚʠʧʘʨʥʠʢʫ ʊʅ ʤʝʥʰʝ tʚʠʧ = 5 Áʉ, ʪʦ: 

 ( )( ) ( )( ) .74,292,0148019026461902ʢ =Ö--=Ö--= ɖhhhhʉʆʈ ABCB  
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ʈʠʩʫʥʦʢ 4.2 ï ʎʠʢʣ ʉɺʊʅ ʥʘ ʦʩʥʦʚʽ ʩʢʠʜʥʠʭ ʚʦʜ ʊɽʉ 

ɸ ï ʧʝʨʝʜ ʢʦʤʧʨʝʩʦʨʦʤ (hɸ=1494 ʢɼʞ/ʢʛ); B ï ʧʽʩʣʷ ʟ ʢʦʤʧʨʝʩʦʨʫ (hɺ=1810 

ʢɼʞ/ʢʛ); C ï ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʍɸ (hc=646 ʢɼʞ/ʢʛ) 

 

 

 ʈʠʩʫʥʦʢ 4.3 ï ʎʠʢʣ ʊʅ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʪʠ ʧʦʙʫʪʦʚʠʭ ʩʢʠʜʥʠʭ ʚʦʜ 

ɸ ï ʧʝʨʝʜ ʢʦʤʧʨʝʩʦʨʦʤ (hɸ=1480 ʢɼʞ/ʢʛ); B ï ʧʽʩʣʷ ʟ ʢʦʤʧʨʝʩʦʨʫ (hɺ=1902 

ʢɼʞ/ʢʛ); C ï ʧʽʩʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʍɸ (hc=646 ʢɼʞ/ʢʛ) 

 

ɸʥʘʣʽʟ ʮʠʢʣʽʚ ʉɺʊʅ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩʫʥʢʘʭ 4.2 ʽ 4.3,  ʧʦʢʘʟʫʻ, ʱʦ, ʙʽʣʴʫh  

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʻ ʮʠʢʣ ʉɺʊʅ ʥʘ ʙʘʟʽ ʪʝʧʣʦʪʠ ʉɺ ʊɽʉ (ʉʆʈ = 3,4), ʱʦ ʚ 1,25 ʨʘʟ̔ʚ 

ʙʽʣʴʰʝ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉɺʊʅ ʥʘ ʙʘʟʽ ʧʦʙʫʪʦʚʠʭ ʩʢʠʜʥʠʭ  ʚʦʜ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ 

ʤʝʥʰʠʤ ʪʝʭʥʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʧʦʙʫʪʦʚʠʭ ʩʢʠʜʥʠʭ ʚʦʜ,  ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʠʭ ʥʠʞʯʝ 

ʟʘ ʧʨʦʤʠʩʣʦʚʽ ʉɺ, ʦʪʞʝ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʤʧʨʝʩʦʨ ʚʠʢʦʥʫʻ ʙʽʣʴʰʫ ʨʦʙʦʪʫ, ʱʦ 

ʜʦʩʷʛʪʠ 90 Áʉ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʉɺʊʅ.   
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ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʦʙʦʭ ʮʠʢʣʘʭ ʉɺʊʅ (ʨʠʩʫʥʢʠ 4.2 ï 4.3), ʧʽʩʣʷ ʣʽʥʽʾ 

ʥʘʩʠʯʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʧʝʨʝʛʨʽʚ ʧʘʨʠ ʥʘ ~5 Áʉ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ  ʧʦʚʥʝ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʍɸ, ɦ ʦʙ ʧʦʧʝʨʝʜʠʪʠ ʧʦʪʨʘʧʣʷʥʥʷ ʍɸ ʫ ʢʦʥʜʝʥʩʘʪʦʨ ʫ ʩʪʘʥʽ ʨʽʜʠʥʠ.  

ɸʥʘʣʽʟ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʠʜʥʠʭ ʚʦʜ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ  ̔

ʉɺʊʅ ʧʦʢʘʟʫʻ, ʱʦ: 

 ï ʚʠʢʦʨʠʩʪʘʥʥʷ  ʜʦʱʦʚʠʭ ʩʢʠʜʥʠʭ ʚʦʜ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʥʝʨʘʮʽʦʥʘʣʴʥʠʤ 

ʨʽʰʝʥʥʷʤ ʯʝʨʝʟ ʥʝʧʨʦʛʥʦʟʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʫ ʟʣʠʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝʧʨʦʛʥʦʟʦʚʘʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʉɺʊʅ; 

 ï ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʢʠʜʥʽ ʚʦʜʠ, ʷʢʽʩʪʴ ʷʢʠʭ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣʽʟʘʮʽʡʥʠʡ ʢʦʣʝʢʪʦʨ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʤ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʉɺ ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦʚʢʽʣʣʷ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʉɺʊʅ. ʊʘʢʽ ʩʢʠʜʥʽ ʚʦʜʠ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʘʶʪʴ ʧʦʩʪʽʡʥʠʡ 

ʩʢʣʘʜ  ̔ʪʝʤʧʝʨʘʪʫʨʫ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʉɺʊʅ; 

 ï ʧʦʙʫʪʦʚ ̔ʩʢʠʜʥ ̔ʚʦʜʠ,  ʩʢʣʘʜ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ̫ ʢʠʭ ʥʝ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ, ʘʣʝ, ʟʘ 

ʧʝʚʥʠʭ ʫʤʦʚ, ʮʽ ʉɺ ʤʘʶʪʴ ʜʦʩʪʘʪʥʽʡ ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʉɺʊʅ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʢʠʜʥʠʭ ʚʦʜ ʜʦʟʚʦʣʷ ̒ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʫ ʚʠʢʦʧʥʦʛʦ  ʧʘʣʠʚʘ ʪʘ 

ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʜʣʷ ʦʧʘʣʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ  ʩʧʦʞʠʚʘʯʽʚ.  ɸ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʅɸɼɽ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʧʦʙʫʪʦʚʠʭ ʉɺ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʠʭ ʤʦʞʝ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦʚʢʽʣʣʷ, ʜʦʩʷʛʘʻʪʴʩʷ ʝʬʝʢʪ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʉɺ. 

ʆʩʢʽʣʴʢʠ ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʙʫʪʦʚʠʭ ʩʢʠʜʥʠʭ ʚʦʜ, ʙʣʠʟʴʢʠʡ ʜʦ 

ʧʦʪʝʥʮʽʘʣʫ ˇʨʫʥʪʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʛʣʠʙʠʥʽ 5..1,5 ʤ, ʪʦ ʤʘʻ ʩʝʥʩ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  

ʛʽʙʨʠʜʥʫ ʢʦʤʧʦʥʦʚʢʫ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ ʜʚʦʤʘ  ʅɸɼɽ (ɽ̂ ̔  ʉɺ) ʜʣʷ ʧʽʜʽʛʨʽʚʫ 

ʪʝʧʣʦʥʦʩʽʷ ʢʦʥʪʫʨʫ ʮʠʨʢʫʣʷʮʽʾ ʪʝʧʣʦʚʦʛʦ ʩʧʦʞʠʚʘʯʘ. 

ɻʽʙʨʠʜʥʘ ʩʠʩʪʝʤʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʉɺʊʅ, ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʘ ʪʝʧʣʦʪʘ ˇʨʫʥʪʫ ʪʘ ʩʢʠʜʥʠʭ ʚʦʜ, ʤʦʞʝ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʩʧʦʞʠʚʘʯʘ ʚ ʪʝʧʣʦʚʽʡ ʝʥʝʨʛʽʾ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ, ʨʝʟʝʨʚʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʬʽʮʠʪʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ. 
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4.2. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʙʣʠʞʝʥʦʛʦ ʪʘ ʫʪʦʯʥʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʚʠʧʘʨʥʠʢʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʥʘ ʩʢʠʜʥʠʭ 

ʚʦʜʘʭ 

 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʤʝʥʪʘʭ ʉɺʊʅʉ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʠʜʥʠʭ ʚʦʜ, ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʉɺ ʧʦʚʥʽʩʪʴ ʟʘʧʦʚʥʶʶʪʴ ʢʦʣʝʢʪʦʨ 

ʩʢʠʜʥʠʭ ʚʦʜ (ʂʉɺ), ʱʦ, ʟʚʠʯʘʡʥʦ ʻ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʨʝʘʣʴʥʦʩʪʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

‍=1 ï ʮʝ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ ʂʉɺ. ɽʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʂʉɺ ʩʪʘʥʦʚʠʪʴ: 

ὨʝʢʚὨʢʦʣςẗὨʟʦʚ,                                                   (4.1) 

ʜʝ    ʢʦʣd  ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʂʉɺ;  ʟʦʚd  ï ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙ ʚʠʧʘʨʥʠʢʘ ʉɺʊʅ. 

ʊʦʜʽ ʧʣʦʘɦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ, ʷʢʘ ʟʘʧʦʚʥʝʥʘ ʉɺ ʜʦʨʽʚʥʶʻ: 

Ὂ
ẗ ʢʦʣẗʟʦʚ  .                                             (4.2)               

ɺ ʜ̔ʘʣʦʛʦʚʦʤʫ ʚʽʢʥ ̔(ʨʠʩʫʥʦʢ 4.4) ʧʨʦʛʨʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱ̔ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʧʘʨʥʠʢʘ ʉɺʊʅ. 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ ʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʚʞʠʥʠ ʪʨʫʙʦʢ ʪʘ ʧʣʦʱʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʧʘʨʥʠʢʘ ʉɺʊʅ 
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ɿʘ ʥʦʨʤʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʜʣʷ ʚʽʜʚʦʜʫ ʩʢʠʜʥʠʭ ʚʦʜ, ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʧʦʚʥʝʥʥʷ ʢʦʣʝʢʪʦʨʽʚ ʩʢʠʜʥʠʭ ʚʦʜ (ʂʉɺ) ʥʝ ʙʽʣʴʰʝ ‍=0,8 [74]. ʎʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝ 

ʙʫʪʠ ʫ ʤʝʞʘʭ ʜʦ 0,5 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʂʉɺ ʪʘ ʡʦʛʦ ʜʽʘʤʝʪʨʘ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ : 

Ὂ
ẗ ʢ ẗʥ Ὓ,                                             (4.3)  

ʜʝ    Ὓ
ẗ ʢ ẗʥ

ẗ
ẗ‌ ʢ ẗʥ ẗίὭὲ‌ ï ʧʣʦʱʘ ʩʝʛʤʝʥʪʫ, ʷʢʠʡ ʥʝ ʟʘʧʦʚʥʝʥʠʡ 

ʩʢʠʜʥʠʤʠ ʚʦʜʘʤʠ.  

ʂʫʪ ʤʽʞ ʨʘʜʽʫʩʘʤʠ ʂʉɺ, ʷʢʠʡ ʟ ʨʽʚʥʝʤ ʡʦʛʦ ʟʘʧʦʚʥʝʥʥʷ, ʬʦʨʤʫʻ 

ʨʽʚʥʦʩʪʦʨʦʥʥʽʡ ʪʨʠʢʫʪʥʠʢ (ʨʠʩʫʥʦʢ 4.5). 

        ‌ ςẗÁÒÃÃÏÓ
ẗʢ

ʢ

ʢ
ʥ

 ,                                             (4.4)  

ʜʝ h ï ʨʽʚʝʥʴ ʟʘʧʦʚʥʝʥʥʷ ʢʦʣʝʢʪʦʨʫ ʩʢʠʜʥʠʤʠ ʚʦʜʘʤʠ; 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʂʉɺ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  

 

ɽʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʩʪʘʥʦʚʠʪʴ: 

Ὠʝʢʚ
τ&

.                                                (4.5) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ, ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʣʦʱʘ ʪʨʫʙ 

ʚʠʧʘʨʥʠʢʘ ʉɺʊʅ ʟʤʝʥʰʠʣʠʩʴ ʟ 179 ʜʦ 172 ʤ2 , ʘ ʜʦʚʞʠʥʘ ʪʨʫʙ ʟ 839 ʜʦ 806 ʤ, 

ʚʽʜʧʦʚʽʜʥʦ. 
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4.3. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʥʘ 

ʩʢʠʜʥʠʭ ʚʦʜʘʭ ʧʨʠ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʘʭ ʪʨʫʙ ʚʠʧʘʨʥʠʢʘ  ̔ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʪʝʧʣʦʥʦʩʽʷ 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʉɺʊʅʋ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ʂ, ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʛʝʦʤʝʪʨʠʯʥ ̔ʧʘʨʘʤʝʪʨʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙ (ʊʊ) ʚʠʧʘʨʥʠʢʘ ʉɺʊʅ ʧʨʠ ʟʤʽʥʽ ʰʚʠʜʢʦʩʪ ̔ʩʢʠʜʥʠʭ ʚʦʜ ʚ ʊʊ 

ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʘ.  

ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʜʽʘʤʝʪʨʽʚ ʊʊ ʚʠʧʘʨʥʠʢʘ: dʟʦʚ = 0,048é0,108 ʤ, 

ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʊʊ: ŭ = 0,0035 ʤ (ʷʢʱʦ dʟʦʚ < 0,07 ʤ), ʘ ʚ ʽʥʠhʭ ʚʠʧʘʜʢʘʭ ʧʨʠʡʥʷʪʦ 

ŭ = 0,004 ʤ. 

ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʉɺʊʅʋ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ (ʨʠʩʫʥʦʢ 4.6), ʽʟ  

ʤʦʞʣʠʚʽʩʪ ʁ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʧʘʨʥʠʢʘ ʚ ʬʫʥʢʮʽʾ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʉɺ ʽ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʊʊ.  

 

 

ʈʠʩʫʥʦʢ 4.6 ï ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʉɺʊʅ 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʚʽʢʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.7. 

 

 

ʈʠʩʫʥʦʢ 4.7 ï ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʧʘʨʥʠʢʘ ʉɺʊʅ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʛʨʘʬʽʯʥʦʤʫ 

ʚʠʛʣʷʜʽ ʧʦʢʘʟʫʻ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʦʚʞʠʥʠ ʊʊ ʚʠʧʘʨʥʠʢʘ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ 

ʩʢʠʜʥʠʭ ʚʦʜ (ʉɺʊ) ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 4000 ɺʪ 

ʟ ʜʦʚʞʠʥʦʶ ʪʨʫʙ ʤʝʥʰʝ 500 ʤ.  

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʢʨʠʪʝʨʽʘʣʴʥʽ 

ʟʘʣʝʞʥʦʩʪʽ  [75, 76] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʢʦʜʦʤ, ʷʢʠʡ  ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ʂ: 

 

î
î
î
î

í

îî
î
î

ì

ë

>ÖÖ

<¢ÖÖ

<¢ÖÖ

<¢ÖÖ

<¢ÖÖ

<<ÖÖ

=

50000Re,RePr0,026

50000Re5000,RePr0,22

5000Re100,RePr0,665

100Re0.8,RePr0,59

8Re0.4,RePr0,86

4Re0.1,RePr0,99

u

0,80,35

0,60,35

0,470,35

0,470,35

0,410,35

0,3050,35

N                          (4.5)
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.5) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʣʘ Nu ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʊ ʚʠʧʘʨʥʠʢʘ ʉɺʊʅʉ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʝʙʘʤ 

ʩʧʦʞʠʚʘʯʽʚ ʚ ʪʝʧʣʦʪʽ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʪʨʫʙ, 

ʰʚʠʜʢʦʩʪʽ ʉɺ  ̔ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʊʊ ʚʠʧʘʨʥʠʢʘ  (ʨʠʩʫʥʦʢ 4.8).  

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʊʊ ʚʠʧʘʨʥʠʢʘ ʉɺʊʅ ʤʦʞʝ ʧʦʛʽʨʰʫʚʘʪʠʩʴ ʯʝʨʝʟ ʟʘʙʨʫʜʥʝʥʥʷ ʉɺ, ʷʢʽ 

ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ  ʚô̫ ʟʢʽ ʡ  ʪʚʝʨʜʽ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʂʉɺ ʧʽʩʣʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʮʠʢʣʽʚ.   

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʟʘʙʨʫʜʥʝʥʴ ʉɺ ʥʘ ʪʝʧʣʦʦʙʤʽʥʽ ʧʨʦʮʝʩʠ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʙʨʫʜʥʝʥʥʷ ɓ.  

ɺ ʜʽʘʣʦʛʦʚʠʭ ʚʽʢʥʘʭ, ʥʘ ʨʠʩʫʥʢʘʭ 4.9 , 4.10, ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ɓ = 0,8. 

 

 

ʈʠʩʫʥʦʢ 4.8 ïɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʚʝʨʩʽʻʶ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ  
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ʈʠʩʫʥʦʢ 4.9 ï ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʚʝʨʩʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ɓ  

 

 

ʈʠʩʫʥʦʢ 4.10 ï ɼʽʘʣʦʛʦʚʝ ʚʽʢʥʦ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʚʝʨʩʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ɓ = 0,8 
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʥʘ  ʨʠʩʫʥʢʘʭ 4.8 ʽ 

4.10 ʧʦʢʘʟʫʻ, ʱʦ ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʣʦʱʘ ʪʝʧʣʦʦʙʤʽʥʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 

1,3é1,4 ʨʘʟʽʚ, ɦ ʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʠʧʘʨʥʠʢʫ ʉɺʊʅ. 

 

4.4. ɺʠʙiʨ ʨoʙoʯoʛo ʪiʣa ʪa ʪʝʧʣoʚʠʡ ʨoʟʨaxʫʥoʢ ʮʠʢʣʫ ʪʝʧʣoʚoʛo ʥaʩoʩʫ 

ʥʘ ʩʢʠʜʥʠʭ ʚʦʜʘʭ  

 

ɺʠʙip ʨoʙoʯoʛo ʪiʣa ʟʜiʡcʥʶʚaʚcʷ ʥa ocʥoʚi ʪʠcʢʫ ʥa ʣiʥiʾ ʥacʠʯʝʥʥʷ ʧpʠ 

ʜaʥiʡ ʪʝʤʧʝpaʪʫpi 60 oʉ ʚ ʢoʥʜʝʥcaʪopi ʊʅ. Cʫʯacʥa ʢoʤʧpʝciʡʥa ʪʝxʥiʢa 

ʚʠʢopʠcʪoʚʫʻ ʥacʪʫʧʥi ʍɸ: R22, R134a, R407c, 410a. ɺ ʪaʙʣʠʮi 4.1, ʥaʚʝʜʝʥi 

ʟʥaʯʝʥʥʷ ʪʠcʢʫ ʥa ʣiʥiʾ ʥacʠʯʝʥʥʷ ʮʠx ʍɸ ʧpʠ ʪʝʤʧʝpaʪʫpi 60 oʉ.  

 

ʊaʙʣʠʮʷ 4.1 ï ʊʠʩʢ ʥa ʣiʥiʾ ʥaʩʠʯʝʥʥʷ ʍɸ 

ʄapʢa ʍɸ R22 R407c 410a R134a 

ʊʠcʢ ʥacʠʯʝʥʥʷ, ʄʇa, ʧpʠ t=60C 2,43 2-2,3 3,83 1,68 

 

ɺʠʜʥo, ʱo ʬpʝoʥ R134a ï ʤaʻ ʥaʡʤʝʥʰʠʡ ʪʠcʢ ʧpʠ ʟaʜaʥiʡ ʪʝʤʧʝpaʪʫpi.  

R134a ï ʥʝ ʤicʪʠʪʴ xʣopʫ. ʄoʞʣʠʚicʪʴ ʚʠʢopʠcʪaʥʥʷ oʙʤʝʞʝʥa ʜʣʷ ʥʠʟʴʢʠx 

ʪʝʤʧʝpaʪʫp ʢʠʧiʥʥʷ (ʥʠʞʯʝ ʤiʥʫʩ 6 oʉ). Oʪʞʝ, oʙʠpaʻʤo ʡoʛo, ʷʢ poʙoʯʝ ʪiʣo 

ʮʠʢʣʫ ʪʝʧʣoʚoʛo ʥacocʫ.  

ʅa pʠcʫʥʢʫ 4.11 ʟoʙpaʞʝʥa P-h ʜiaʛpaʤa ʜʣʷ ʬpʝoʥʫ 134a ʪa ʧoʢaʟaʥi ʣiʥiʾ 

ʧpoʮʝciʚ, ʷʢi ʚiʙʙʫʚaʶʪʴʩʷ ʚ ʉɺʊʅʉ.  

ɺ oʙʨaʥiʡ ʪʝʧʣoʥacocʥiʡ ʫcʪaʥoʚʮi ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʘ 

ʚiʜʙʠpaʻʪʴcʷ ʚʽʜ ʉɺ ʞʠʪʣoʚoʛo ʙʫʜʠʥʢʫ.  

ʊʝʤʧʝpaʪʫpa ʉɺ ʥa ʚxoʜi ʫ ʚʠʧapʥʠʢ ʪʝʧʣoʥociʷ 20 ʦʊʅt ʉ¡= , a ʥa ʚʠxoʜi 

10 ʦʊʅt ʉ¡¡= . ɿ ʫpaxʫʚaʥʥʷʤ ʪʝʤʧʝpaʪʫpʥoʛo ʥaʧopʫ ʫ ʚʠʧapʥʠʢʫ ʉɺʊʅʉ, 

ʪʝʤʧʝpaʪʫpʘ ʢʠʧiʥʥʷ ʍɸ ʩʪʘʥʦʚʠʪʴ 5 ʦʦt ʉ= . ɺpaxoʚʫʶʯʠ ʧʝpʝʛpiʚ ʍɸ, 

ʪʝʤʧʝpaʪʫpʘ ʥa ʚxoʜi ʚ ʢoʤʧpʝcop 1 8ʦt ʉ= . 
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ʅa pʠcʫʥʢʫ 4.12 ʟoʙpaʞʝʥa cxʝʤa ʪa ʮʠʢʣ ʉɺʊʅʉ ʥa ʩʪiʯʥʠx ʚoʜax 

ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʙaʛaʪoʧoʚʝʨxoʚoʾ ʙʫʜiʚʣi 

 

 
Pʠcʫʥoʢ 4.11 ï P-h ʜiaʛpaʤa ʬpʝoʥʫ R134a 

 

 

Pʠcʫʥoʢ 4.12 ï Cxʝʤa  ʪa ʮʠʢʣ ʉɺʊʅʉ ʙaʛaʪoʧoʚʝʨxoʚoʾ ʙʫʜiʚʣi  

 



118 
 

ɺ ʉɺʊʅʉ ʪʝʧʣo ʚiʜʙʠpaʻʪʴcʷ ʚiʜ cʪiʯʥʠx ʚoʜ ʞʠʪʣoʚoʛo ʙʫʜʠʥʢʫ. 

ʊʝʤʧʝpaʪʫpa ʚoʜʠ ʥa ʚxoʜi ʫ ʚʠʧapʥʠʢ 20 ʦʊʅt ʉ¡= , a ʥa ʚʠxoʜi 10 ʦʊʅt ʉ¡¡= .  

ɿ ʫpaxʫʚaʥʥʷʤ ʪʝʤʧʝpaʪʫpʥoʛo ʥaʧopʫ ʫ ʚʠʧapʥʠʢʫ ʉɺʊʅʉ, ʧpʠʡʤaʻʤo 

ʪʝʤʧʝpaʪʫpʫ ʢʠʧiʥʥʷ ʬpʝoʥʫ 5 ʦʦt ʉ= . ɺpaxoʚʫʶʯʠ ʧʝpʝʛpiʚ xoʣoʜoaʛʝʥʪʫ ʫ ʪpʫʙax, 

ʡoʛo ʪʝʤʧʝpaʪʫpʫ ʥa ʚxoʜi ʚ ʢoʤʧpʝcop ʧpʠʡʤaʻʤo 1 8ʦt ʉ= . 

ɿa ʪʝʤʧʝpaʪʫpoʶ ʥacʠʯʝʥʥʷ xoʣoʜoaʛʝʥʪʫ ʫ ʚʠʧapʥʠʢʫ 5ʦʦt ʉ=  ʟʥaxoʜʠʤo ʪʠcʢ 

xoʣoʜoʥociʷ ʫ ʚʠʧapʥʠʢʫ, ʧo P-h ʜiaʛpaʤi: ( ) 354 ʢʇʘʦ ʦʈ ʈʊ= = . ɿa ʪʝʤʧʝpaʪʫpoʶ  

1 8ʦt ʉ=  i ʪʠcʢʫ
1 354 ʈ ʢʇʘ=  ʝʥʪaʣʴʧiʶ ʚ  ʪoʯʮi 1 ʩʪʘʥʦʚʠʪʴ: 

1

ʢɼʞ
402 

ʢʛ
h = . 

ɼʣʷ ʟʜiʡcʥʝʥʥʷ ʧpoʮʝcʫ ʪʝʧʣoʚiʜʜaʯi ʚiʜ ʍɸ ʜo ʚoʜʠ ʜʣʷ ɻɺʇ, ʷʢa ʧoʚʠʥʥa 

ʤaʪʠ ʪʝʤʧʝpaʪʫpʫ ʥa ʚʠxoʜi ʟ ʢoʥʜʝʥcaʪopa ʉɺʊʅ ʥʝ ʚʠʱʝ 34,9ʦʄɺt ʉ¡¡= , ʧpʠʡʤaʻʤo 

ʪʝʤʧʝpaʪʫpʫ ʥacʠʯʝʥʥʷ  R134a ʚ ʢoʥʜʝʥcaʪopi 40ʦʢt ʉ= . ʊʠcʢ ʫ ʢoʥʜʝʥcaʪopi 

ʩʪʘʥʦʚʠʪʴ: ( ) 1682 ʢʇʘʂ ʢʦʥʈ ʈʊ= = . ʅa ʚʠxoʜi ʟ ʢoʥʜʝʥcaʪopʘ ʍɸ ʧʝpʝoxoʣoʜʞʫʻʪʴcʷ ʚ 

ʪpʫʙax ʥa 2ʦʉ. ʇo ʪʝʤʧʝpaʪʫpi ʥa ʚxoʜi ʚ ʜpocʝʣʴʥʠʡ ʚʝʥʪʠʣʴ 3 38ʦt ʉ=  ʟʥaxoʜʠʤo 

ʝʥʪaʣʴʧiʶ 
3

ʢɼʞ
283 

ʢʛ
h = .  ʆʩʢʽʣʴʢʠ ʧpoʮʝc ʚ ʜpocʝʣʴʥoʤʫ ʚʝʥʪʠʣi iʟoʝʥʪaʣʴʧʥʠʡ (

h const= ), ʪo 
4 3

ʢɼʞ
283 

ʢʛ
h h= = .  

ʇpʠ ʪʝopʝʪʠʯʥoʤʫ ʧpoʮʝci cʪʠcʥʝʥʥʷ ʝʥʪaʣʴʧiʶ ʥa ʚʠxoʜi ʟ ʢoʤʧpʝcopa 

ʚʠʟʥaʯaʻʤo ʟa P-h ʜiaʛpaʤoʶ: ʧpʠ 
1 2 2, 1682ʢʇʘS S const P= = = , 

2

ʢɼʞ
442

ʢʛ
h = . 

ɽʥʪaʣʴʧiʶ ʍɸ ʧpʠ ʜiʡcʥoʤʫ ʧpoʮʝci cʪʠcʥʝʥʥʷ ʚʠʟʥaʯaʻʤo ʧʨʠ 0,75,ʦʽh =  

2 1

2 1

.ʦʽ

ʜ

h h

h h
h

-
=

-
 ɿʚiʜʢʠ 2 1

2 1

ʢɼʞ
442 .

ʢʛ
ʜ

ʦʽ

h h
h h

h

-
= + =   

ʇʠʪoʤa ʪʝʧʣoʚʝ ʥaʚaʥʪaʞʝʥʥʷ ʚ ʢoʥʜʝʥcaʪopi ʊʅʋ ʩʪʘʥʦʚʠʪʴ: 2 3ʂq h h= -, 

ʢɼʞ
442 287,5 154,5 .

ʢʛ
ʂq = - =  ʇʠʪoʤʝ ʪʝʧʣoʚʝ ʥaʚaʥʪaʞʝʥʥʷ ʚʠʧapʥʠʢa ʊʅʋ:  

1 4oq h h= - , 
ʢɼʞ

402 283 119 
ʢʛ

oq = - = . 

ʄacoʚa ʚʠʪpaʪa xoʣoʜoaʛʝʥʪʫ ʮʠʢʣʫ ʉɺʊʅ: ʢ
ʘ

ʢ

Q
m

q
= , 
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ʜʝ  
ʢQ=163 ʢɺʪ ï ʚʝʣʠʯʠʥʫ ʪʝʧʣoʚoʛo ʥaʚaʥʪaʞʝʥʥʷ ʢoʥʜʝʥcaʪopa  ʉɺʊʅ; 

163 ʢʛ
0,91 .

154,5 ʩ
am = =  

ʇoʪʫʞʥicʪʴ ʢoʤʧpʝcopa ʉɺʊʅ: ( )2 1aN m h h= - , ( )0,91 442 402 35 ʢɺʪN= Ö - =  

ʉʆʈ ʮʠʢʣʫ ʉɺʊʅ: ʢQ

N
j= , 

163
4,6

35
j= = . 

ɼiʡʩʥʠʡ ʉʆʈ, ʟ ʫpaxʫʚaʥʥʷʤ ʚʪpaʪ ʝʥʝpʛiʾ ʚ ʢoʤʧpʝcopi, ʩʪaʥoʚʠʪʴ: 

ʢ

ʢ
ʨ

Q

N
j h=  , 4,6 0,9 4,2j= Ö =. 

ʈʝʟʫʣʴʪaʪʠ ʤoʜʝʣʶʚaʥʥʷ (ʨʠʩʫʥʦʢ 4.13) ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜiʚ ʧaʨʥʠʢoʚʠx ʛaʟiʚ 

ʧʨʠ ʧʝʨʝxoʜi  ʜo ʪʝʧʣoʟaʙʝʟʧʝʯʝʥʥʷ ʩ ʚʠʢoʨʠʩʪaʥʥʷʤ ʪʝʧʣoʥaʩoʩʥoʾ ʫʩʪaʥoʚʢʠ ʥa 

ʙaʟi ʩʪiʯʥʠx ʚoʜ ʙʫʜʠʥʢʫ ʟ ʚʠʢoʨʠʩʪaʥʥʷʤ ʧʨoʛʨaʤʠ RETScreen Plus 

 

 
ʈʠʩʫʥoʢ 4.13 ï ʈʝʟʫʣʴʪaʪʠ ʨoʟʨaxʫʥʢʫ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜiʚ ʉO2 

ʧʨʠ ʚʠʢoʨʠʩʪaʥʥi ʉɺʊʅ ʟ ʚʠʢʦʨʠʩʪʘʥʥʤʷ RETScreen   

 

4.5. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

1. ɸʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, 

ʱʦ ʜʦʚʞʠʥʘ ʚʠʧʘʨʥʠʢʘ ʉɺʊʅ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʢʠʜʥʠʭ ʚʦʜ, ʩʪʘʣʠʡ ʪʝʨʤʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʫ ʟʨʽʚʥʷʥʥʽ 

ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʚ ɽ̂ʊʅ.  
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2. ɼʦʚʞʠʥʘ ʚʠʧʘʨʥʠʢʘ ʉɺʊʅ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʩʢʠʜʥʠʭ ʚʦʜ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ. ɼʣʷ ʉɺʊʅ 

ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʫʙ ʟ ʜʽʘʤʝʪʨʦʤ > 0,06 ʤ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ  ʟʤʝʥʰʝʥʥʷʤ 

ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʢʦʤʧʨʝʩʦʨ ʉɺʊʅ  ̔ʟʤʝʥʰʝʥʥʷʤ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʪʨʘʪ ʚ ʢʦʥʪʫʨʽ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʉɺ. 

3. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʫʪʠʣʽʟʘʮʽʾ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ ʉɺ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʾ ʫ ʪʝʧʣʦʪʫ ʟʘʜʘʥʦʛʦ 

ʪʝʧʣʦʚʠʤ ʩʧʦʞʠʚʘʯʝʤ ʧʦʪʝʥʮʽʘʣʫ, ʚ ʫʤʦʚʘʭ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ, ʘʣʝ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʘ ʟʥʘʯʠʪʴ, ʽ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʢʠʜʥʠʭ ʚʦʜ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

4. ʇʨʠ ʰʚʠʜʢʦʩʪʷʭ ʪʝʧʣʦʥʦʩʽʷ ʙʽʣʴʰʝ 0,25 ʤ/ʩ ʜʣʷ ʪʨʫʙ ʜʽʘʤʝʪʨʦʤ dʟʦʚ = 

0,102é0,108 ʤ ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʣʦʱʘ ʪʨʫʙ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʪʨʫʙ 

ʻ ʥʝʜʦʮʽʣʴʥʠʤ. ʆʧʪʠʤʘʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʟ dʟʦʚ = 0,053é0,076 

ʤ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚ ʜʽʘʧʘʟʦʥʽ 0,30é0,4 ʤ/ʩ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʥʘʡʤʝʥʰʘ ʥʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘïʚʠʧʘʨʥʠʢʘ ʉɺʊʅ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʧʦʞʠʚʘʯʘ ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʩ̔ʪʶ ʪʝʧʣʦʪʠ. 

5. ɸʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʅ ʩʠʩʪʝʤ ʟʽ ʩʢʠʜʥʠʤʠ ʚʦʜʘʤʠ 

ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ɽ̂ʊʅ ʽ ɻɺʊʅ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ɽ̂ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʩʝʟʦʥʫ, ʩʢʠʜʥʽ ʚʦʜʠ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ 

ʢʦʤʫʥʘʣʴʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʤʘʶʪʴ ʩʪʘʙʽʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʚʩʽʡ ʧʣʦʱʽ ʩʢʠʜʥʦʛʦ 

ʢʦʣʝʢʪʦʨʫ. ʂʨʽʤ ʪʦʛʦ, ʩʢʠʜʥʽ ʚʦʜʠ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ (ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʢʦʣʝʢʪʦʨʽ ʥʝ ʤʝʥʰʝ 15 Áʉ) ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ ʷʢʦʩʪʽ ʅɸɼɽ ʜʣʷ ʉɺʊʅ ʩʠʩʪʝʤ 

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, 

ʥʘʧʨʠʢʣʘʜ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʠʥʢʫ ʧʣʦʱʝʶ 40 ʤ2 ʽʟ ʩʧʦʞʠʚʘʥʥʷʤ ʪʝʧʣʦʪʠ 4 

ʢɺʪ ʥʘ ʦʧʘʣʝʥʥʷ ʜʦʩʪʘʪʥʴʦ 17é19 ʤ2 ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘïʚʠʧʘʨʥʠʢʘ 

ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʧʦʙʫʪʦʚʠʭ ʩʢʠʜʥʠʭ ʚʦʜ.   

9. ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʩʢʠʜʥʦʤʫ 

ʢʦʣʝʢʪʦʨʽ, ʡʦʛʦ ʧʦʚʝʨʭʥʷ ʧʦʩʪʫʧʦʚʦ ʟʘʙʨʫʜʥʶʻʪʴʩʷ, ʱʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʟʘʙʨʫʜʥʝʥʥʷ ɓ. ʇʨʠ ɓ = 0,8 ʥʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟʨʦʩʪʘʻ ʫ 1,4 ʨʘʟʠ, 

ʦʪʞʝ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʠʧʘʨʥʠʢʘ ʪʘ 
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ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʉɺʊʅ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʤʠ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʠʜʥʠʭ ʚʦʜ. ʇʨʠ ʚʠʢoʨʠʩʪaʥi ʉɺʊʅʉ ʥa ʩʪiʯʥʠx ʚoʜax ʧʦʙʫʪʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʉOʈ=4,4 
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ɿɸɻɸʃʔʅɯ ɺʀʉʅʆɺʂʀ ʇʆ ʈʆɹʆʊɯ 

 

1. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʝʥʝʨʛʽʾ 

ˇʨʫʥʪʫ, ʚʩʪʘʥʦʚʣʝʥʦ ʰʣʷʭʠ ʽ ʤʝʪʦʜʠ ʾʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʟʘʤʽʱʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ 

ʚʠʜʽʚ ʧʘʣʠʚʘ ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʘ ʩʘʤʝ, ʙʝʟ ʧʨʦʤʝʨʟʘʥʥʷ ʰʘʨʫ 

ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʦʛʦ ʟʦʥʜʫ, ʱʦ ʟʘʚʜʘʻ ʰʢʦʜʠ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʽʦʜʠʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ˆɽʊʅʉ ʟ ʨʦʙʦʪʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʩʠʚʽ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʊ̂. 

2. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʝʣʝʤʝʥʪʘʭ ˆʊʅʉ ʥʘ ʙʘʟʽ ˇʨʫʥʪʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ï 

ʥʝʜʦʧʫʱʝʥʥʷ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ˇʨʫʥʪʦʚʠʭ ʟʦʥʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ɽ̂ ʥʘ ʟʘʩʘʜʘʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ 

ʜʦʟʚʦʣʷʻ ʚʜʦʩʢʦʥʘʣʠʪʠ ʜʠʥʘʤʽʢʫ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ̂ɽʊʅʉ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ˆʊ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ɻʊ, ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ 

ʪʘ ʢʣʽʤʘʪʠʯʥʽ ʯʠʥʥʠʢʠ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ  

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ɽ̂ʊʅʉ ʥʘ ʙʘʟʽ ɽ̂ ʜʦʟʚʦʣʷʻ ʫʜʦʩʢʦʥʘʣʠʪʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟ ʪʝʨʤʽʯʥʦʾ ʨʝʣʘʢʩʘʮʽʾ ˇʨʫʥʪʫ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙʤʝʞʝʥʥʷ ʜʦ 75é80 % ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʥʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʠʟʫʧʠʥʝʥʥʷ ʨʦʙʦʪʠ ˆʊʅʉ 

ʥʘ 48 ʛʦʜʠʥ, ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʽ ʥʘʚʢʦʣʦ ˆʊ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʧʦʧʝʨʝʜʞʝʥʥʷʤ ʬʘʟʦʚʠʭ ʟʤʽʥ ʚ ʨ̌ʫʥʪ,̔ ʟʛʽʜʥʦ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʝʣʝʤʝʥʪʘʭ ɽ̂ʊʅʉ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʙʦ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʚʟʜʦʚʞ ˇʨʫʥʪʦʚʦʛʦ ʟʦʥʜʫ, ʘ ʡ ʜʣʷ ʜʣʷ 

ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʥʘ ʩʢʠʜʥʠʭ ʚʦʜʘʭ (ʉɺʊʅ). ʊʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʨʘʭʫʚʘʥʥʶ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ˇʨʫʥʪʽ ʥʘʚʢʦʣʦ ˆʊ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ˆʊ.  
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5. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʤʝʥʰʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʶʪʴ ʜʽʣʷʥʢʠ ˆʊ ʟ ʧʘʨʦʚʦʶ ʬʘʟʦʶ ʪʝʧʣʦʥʦʩʽʷ, ʷʢʠʡ ʤʘʻ ʥʠʟʴʢʫ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʘ ʛʫʩʪʠʥʫ ʫ ʟʨʽʚʥʷʥʥʽ ʟ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʚ ʩʪʘʥʽ ʨʽʜʠʥʠ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ˆʊ ʪʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ 

ʚʽʜ ˇʨʫʥʪʫ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʜʦʚʞʠʥʫ ʟʦʥʜʽʚ ʰʣʷʭʦʤ ʾʭ ʟʘʛʣʠʙʣʝʥʥʷ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʡ ʧʨʦʛʨʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʤʦʚʽ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʽʡ ʤʦʚʽ Delphi, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭïʚʠʧʘʨʥʠʢʘʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʥʘ ʙʘʟʽ ʝʥʝʨʛʽʾ ˇʨʫʥʪʫ ʪʘ 

ʩʢʠʜʥʠʭ ʚʦʜ, ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ (ʩʝʟʦʥʥʠʭ ʡ ʜʦʙʦʚʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʩʭʝʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʘʨʥʠʢʽʚ ˆɽʊʅʉ ʽ 

ʉɺʊʅʉ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʥʦʩʽʷ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʫ, ʪʠʧʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʊʅ) ʥʘ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ 

ʚʠʟʥʘʯʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʾʾ ʨʦʙʦʪʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

7. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ ʟʙʣʠʟʴ ʚʠʙʽʡʥʦʛʦ ʰʘʨʫ 

ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʉˆɺ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʚ 

ˆɺʊʅʉ, ʦʙʫʤʦʚʣʝʥʦ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʪʝʧʣʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʧʨʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʽ ʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. 

8. ʊʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ ʧʣʘʩʪʘ ʥʘʚʢʦʣʦ ʉˆɺ ʧʨʠ ʦʜʥʦʧʦʪʦʢʦʚʦʤʫ 

ʨʝʞʠʤʽ ʟ ʧʝʨʰʦʛʦ ʚʢʣʶʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʘʣʝ ʥʘ ʪʨʝʪʴʦʤʫ ʨʦʮʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. ɺ ʧʝʨʽʦʜ ʧʨʦʩʪʦʶ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʬʦʥʦʚʠʤ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ ʽ ʜʦʩʷʛʘʻ ʬʦʥʦʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʛʘʣʦʤ ʥʘ 2é3 0ʉ. ɿ ʢʦʞʥʠʤ ʥʘʩʪʫʧʥʠʤ ʨʦʢʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʧʝʨʽʦʜʫ. ɺʠʭʽʜ ʥʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʉˆɺ, ʻ ʣʠʰʝ 

ʬʘʢʪʦʨʦʤ ʟʙʫʨʝʥʥʷ ʬʦʥʦʚʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ 

ʩʚʝʨʜʣʦʚʠʥʠ ˆɺ. ʇʨʠ ʧʽʜʚʝʜʝʥʥʽ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜʜʘʻ ʪʝʧʣʦ ʩʚʝʨʜʣʦʚʠʥʽ, ʘ ʧʽʩʣʷ 

ʧʝʨʝʨʚʠ ˆɺʊʅʉ ʧʦʯʠʥʘʻ ʨʦʙʦʪʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʚʝʨʰʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʪʘʧʫ, 

ʪʦʙʪʦ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ˆɺʊʅʉ. ʇʨʠ ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ: ʧʨʠ ʚʽʜʚʦʜʽ ʪʝʧʣʦʪʠ 
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ʛʨʫʥʪ ʥʘʚʢʦʣʦ ʉˆɺ ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʘ ʧʨʠ ʧʽʜʚʝʜʝʥʥʽ ï ʥʘʛʨʽʚʘʻʪʴʩʷ. ʎʠʢʣʽʯʥʝ 

ʨʝʚʝʨʩʫʚʘʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʪʝʧʣʦʚʠʭ ʭʚʠʣʴ, ʷʢʽ 

ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʉˆɺ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʧʨʦ ʪʝ, ʱʦ ʱʦʨʽʯʥʝ 

ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫ ʧʦʩʪʫʧʦʚʦ ʩʢʦʨʦʯʫʚʘʪʠʤʝʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʝʛʝʥʝʨʘʮʽʾ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʜʝʬʽʮʠʪ ʪʝʧʣʦʪʠ. ʇʦʟʠʪʠʚʥʠʤ ʯʠʥʥʠʢʦʤ ʻ ʪʝ, ʱʦ ʚ 

ʨʝʞʠʤʽ ʟ ʨʝʛʝʥʝʨʘʮʽʻʶ ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘʩʪʘʻ ʰʚʠʜʰʝ, ʥʽʞ ʧʨʠ 

ʦʜʥʦʧʦʪʦʢʦʚʦʤʫ ʨʝʞʠʤʽ. 

9. ʆʪʨʠʤʘʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ  ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ 

ʪʝʧʣʦʥʦʩʽʷ ʟ ʤʘʩʠʚʦʤ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ ˆɺ ʧʨʠ ʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ˆɺʊʅʉ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʢʨʠʪʝʨʽʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʥʘʧʦʨʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʮʠʢʣʽʯʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. 

10. ʈʦʟʨʦʙʣʝʥʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʜʞʝʨʝʣʦ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ ˆɺ. ʄʝʪʦʜʠʢʘ ʚʨʘʭʦʚʫʻ ʜʦʚʛʦʩʪʨʦʢʦʚʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ˆɺʊʅʉ ʫ ʩʝʟʦʥʥʦʤʫ ʮʠʢʣʽʯʥʦʤʫ ʨʝʞʠʤ ̔ʨʦʙʦʪʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ  ̔

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʧʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʧʣʦʪʠ ˆɺʊʅʉ. 
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ʏʀʉɽʃʔʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʅɽʉʊɸʎɯʆʅɸʈʅʆɰ 

ʊɽʇʃʆʇʈʆɺɯɼʅʆʉʊɯ ɺ ˆʈʋʅʊʆɺʆʄʋ ʄɸʉʀɺɯ ʅɸɺʂʆʃʆ 

ˆʈʋʅʊʆɺʀʍ ɿʆʅɼɯɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɽʊʆɼʋ ʂɯʅʎɽɺʀʍ 

ʈɯɿʅʀʎʔ 

ʄʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ (ʤʝʪʦʜ ʩʽʪʢʠ) ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʻ [50, 51]. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʝʪʦʜʫ ʢʽʥʮʝʚʠʭ 

ʨʽʟʥʠʮʴ ʜʣʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ˇʨʫʥʪʫ ʧʨʝʜʩʪʘʚʠʤʦ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʢʽʥʮʝʚʠʤʠ ʨʽʟʥʠʮʷʤʠ. 

ɼʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʬʦʨʤʽ  ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ, ʱʦ ʧʦʚôʷʟʫʻ 

ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʫ ʜʠʩʢʨʝʪʥʽʡ ʬʦʨʤʽ, ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʫʟʣʽʚ  ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʩʽʪʢʠ (ʨʠʩʫʥʦʢ ɹ.1), ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ 

ʟʘʜʘʯʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʦʙôʻʤʽ 

ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ̌ ʨʫʥʪʦʚʦʾ ʪʨʫʙʢʠ ( ʊ̂). ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (2.10) ʢʨʦʢ ʩʽʪʢʠ Dxi 

ʚʽʜʧʦʚʽʜʘʻ Dr i, ʘ ʜʠʩʢʨʝʪʥʽ ʟʤʽʥʥʽ ʚʝʣʠʯʠʥʠ r(i) ʪʘ x(i) ʚʟʘʻʤʥʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ 

ʩʦʙʦʶ. ɺʽʜʩʪʘʥʴ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʛʨʘʥʠʮʽ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ 

ʊ̂ ʚʟʜʦʚʞ ʢʦʦʨʜʠʥʘʪʥʦʾ ʦʩʽ x0 (ʚʽʜʧʦʚʽʜʘʻ r0), ʘ ʪʘʢʦʞ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʛʨʘʥʠʮʽ 

ʮʠʣʽʥʜʨʫ xmax (ʚʽʜʧʦʚʽʜʘʻ rmax) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ  (2.10). 

ʇʦʩʪʽʡʥʠʡ ʢʨʦʢ Dx ʤʽʞ ʚʫʟʣʘʤʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʩʽʪʢʠ ʜʦʨʽʚʥʶʻ: 

                                               ɝὼ    .                                                (ɹ.1) 

ʜʝ  n ï ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʩʽʪʢʠ ʥʘ ʦʩʽ x.  

ɼʣʷ ʜʦʚʽʣʴʥʦʛʦ ʚʫʟʣʘ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʩʽʪʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ  (i, j), ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʩʽ,  ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ t, ʱʦ 

ʚ ʩʽʪʮʽ ʚʽʜʧʦʚʽʜʘʻ ʚʫʟʣʫ ʟ ʢʦʦʨʜʠʥʘʪʦʶ (k+1), ʨʽʚʥʷʥʥʷ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ:   

ȟ ȟ ȟ ȟ ȟ
ὥ

ȟ ȟ ȟ
 .               (ɹ.2) 

ʇʦʪʦʯʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʥʫʪʨʽʰʥʴʦʶ ʪʘ ʟʦʚʥʽʰʥʴʦʶ ʛʨʘʥʠʮʷʤʠ ʩʪʘʥʦʚʠʪʴ:                                        

ὼὭ ὼ ὰὲ
ὶὭ

ὶ   .                                       (ɹ.3) 
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ʈʠʩʫʥʦʢ ɹ.1 ï ɽʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ ˇʨʫʥʪʫ ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʩʽʪʢʠ 

 

ɺʝʣʠʯʠʥʫ r(i)  ʚ ʬʫʥʢʮʽʾ  x  ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢ: 

                                 ὶὭ ὶϽὩὼὴὼὭ ὼ  .                                       (ɹ.4) 

ʇʨʠ ʮʴʦʤʫ ʩʧʨʘʚʝʜʣʠʚʦ:                                          

ὼὭ ὼ Ὥ ρϽЎὼ  .                                                       (ɹ.5) 

ɼʣʷ ʜʦʚʽʣʴʥʦʛʦ ʚʫʟʣʘ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʩʽʪʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ  (i, j), ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʩʽ,  ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ t, ʱʦ 

ʚ ʩʽʪʮʽ ʚʽʜʧʦʚʽʜʘʻ ʚʫʟʣʫ ʟ ʢʦʦʨʜʠʥʘʪʦʶ (k+1), ʨʽʚʥʷʥʥʷ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ:   

ȟ ȟ ȟ ȟ ȟ
ὥ

ȟ ȟ ȟ
.                  (ɹ.6) 

ʇʽʩʣʷ ʥʝʩʢʣʘʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʜʝʨʞʫʻʤʦ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʠ Ὕȟ  ʚ 

ʦʙʨʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (k+1) ʫ ʚʫʟʣʫ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (i, j) ʚ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʧʦʧʝʨʝʜʥʽʡ ʤʦʤʝʥʪ ʯʘʩʫ (k) ʫ ʚʫʟʣʘʭ ʩʽʪʢʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ:   

     Ὕȟ ὥɝὸ Ὕ ȟ Ὕ ȟ ςὝȟ Ὕȟ Ὕȟ ςὝȟ ὝȟȢ   ˎȢχ 

ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʥʷʭ ʝʣʝʤʝʥʪʘʨʥʦʛʦ  

ʮʠʣʽʥʜʨʫ ˇʨʫʥʪʫ ʤʦʞʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠ i = 1, é , n : 
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                                                   Ὕȟ Ὕ̄  ̑                                                (ɹ.8) 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ ʜʣʷ ʚʽʜʩʪʘʥʽ z ʤʽʞ ʚʝʨʭʥʴʦʶ ʪʘ ʥʠʞʥʴʦʶ ʪʦʨʮʝʚʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ʜʣʷ j = 1, é , m:                                  

Ú ɝÚÍ Ê .                                                        (ɹ.9) 

ɺʝʣʠʯʠʥʘ z ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʦʯʘʪʢʦʤ ʧʨʦʝʢʮʽʾ ʢʦʦʨʜʠʥʘʪʥʦʾ ʦʩʽ 

ʫ ʚʫʟʣʫ  j = 1, ʱʦ ʣʝʞʠʪʴ ʥʘ ʥʠʞʥʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʦʨʮʝʚʽʡ ʧʦʚʝʨʭʥʽ  

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ʛʨʫʥʪʫ, ʪʘ ʾʾ ʢʽʥʮʝʤ ʫ ʚʫʟʣʫ ʩʽʪʢʠ  j = m. 

ʆʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʝʨʭʥʽʡ ʪʦʨʮʝʚʽʡ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʘ ʜʦʨʽʚʥʶʻ Tz, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʟʥʘʯʝʥʴ ʥʘ ʨʠʩʫʥʢʫ ɹ.1, ʜʦʨʽʚʥʶʻ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʚʝʨʭʥʴʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʽʟʦʪʝʨʤʽʯʥʦʛʦ 

ʪʦʨʮʷ ʮʠʣʽʥʜʨʫ ʛʨʫʥʪʫ ʩʧʨʘʚʝʜʣʠʚʦ: 

Ὕȟ Ὕ.                                                                                 (ɹ.10) 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʚʫʟʣʘʭ ʩʽʪʢʠ, 

ʱʦ ʣʝʞʘʪʴ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʟʦʚʥʽʰʥʽʡ ʙʦʢʦʚʠʭ ʛʨʘʥʠʮʷʭ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ 

ˇʨʫʥʪʫ, ʫ ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʝʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʟʙʣʠʟʴ ʚʽʜʧʦʚʽʜʥʠʭ ʚʫʟʣʽʚ. ʊʘʢ, ʜʣʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʛʨʘʥʠʮʽ, ʪʦʙʪʦ ʧʨʠ  x = x0, ʧʨʝʜʩʪʘʚʠʤʦ ʬʫʥʢʮʽʶ ʪʝʤʧʝʨʘʪʫʨʠ T(x,z) ʫ 

ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʝʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʟʙʣʠʟʴ ʚʫʟʣʘ ʟ ʢʦʦʨʜʠʥʘʪʦʶ i = 1 ʚʟʜʦʚʞ ʦʩʽ x, 

ʘ ʩʘʤʝ ʫ ʚʫʟʣʘʭ, ʱʦ ʤʘʶʪʴ ʢʦʦʨʜʠʥʘʪʠ  i = 2 ʪʘ i = 3 ʚʟʜʦʚʞ ʦʩʽ x. ɼʣʷ ʮʠʭ ʚʫʟʣʽʚ 

ʦʜʝʨʞʠʤʦ ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʜʦ ʷʢʠʭ ʚʭʦʜʠʪʴ ʜʨʫʛʘ 

ʧʦʭʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʠ:  

                                      ,                              (ɹ.11) 

                                       .                     (ɹ.12) 

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʟ ʨʽʚʥʷʥʴ (ɹ.11) ʪʘ (ɹ.12) ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ T¡¡1,j 

ʧʨʝʜʩʪʘʚʠʤʦ ʧʝʨʰʫ ʧʦʭʽʜʥʫ ʪʝʤʧʝʨʘʪʫʨʠ T¡1,j ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʙʦʢʦʚʽʡ ʛʨʘʥʠʮʽ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ʚ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨ T2,j, T3,j  ʟʙʣʠʟʴ ʚʫʟʣʘ ʩʽʪʢʠ ʟ 

ʢʦʦʨʜʠʥʘʪʦʶ i = 1 ʚʟʜʦʚʞ ʦʩʽ x: 
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                                    .                          (ɹ.13) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ (ʬʦʨʤʫʣʘ (2.13), ʨʦʟʜʽʣ 2),  ʨʽʚʥʷʥʥʷ (ɹ.12) 

ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

                               .               (ɹ.14) 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʦʜʝʨʞʠʤʦ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʫ 

ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (i, j) ʚ ʤʦʤʝʥʪ ʯʘʩʫ k+1 

 .            (ɹ.15) 

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʜʙʦʨʫ ˇʨʫʥʪʦʚʦʾ ʝʥʝʨʛʽʾ  (ʬʦʨʤʫʣʘ (2.6) ʟ ʨʦʟʜʽʣʫ 2), ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ (ɹ.13) ʪʝʤʧʝʨʘʪʫʨʘ ʘʜʽʘʙʘʪʠʯʥʦʾ ʚʥʫʪʨʽʰʥʴʦʾ 

ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʽʥʜʨʫ ʛʨʫʥʪʫ ʙʫʜʝ:  

                                          .                                    (ɹ.16) 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ ʜʣʷ ʘʜʽʘʙʘʪʠʯʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘʨʥʦʛʦ 

ʮʠʣʽʥʜʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ, ʘʣʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʥʫʤʝʨʘʮʽʾ ʚʫʟʣʽʚ ʢʦʣʦ 

ʾʾ ʛʨʘʥʠʮʽ:   

                                        .                                 (ɹ.16) 

ʉʫʤʘʨʥʠʡ ʧʦʪʽʢ ʪʝʧʣʘ, ɦ ʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ˇʨʫʥʪʫ ʨʦʙʦʯʦʶ ʨʽʜʠʥʦʶ ̂ ʊ ʧʦ ʚʩʽʡ 

ʜʦʚʞʠʥʽ ˇʨʫʥʪʦʚʦʾ ʪʨʫʙʢʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʩʫʤʫ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʫ ʚʫʟʣʘʭ 

ʩʽʪʢʠ ʚʟʜʦʚʞ ʦʩʽ  j ʟ ʢʨʦʢʦʤ Dz : 

 

                           .                          (ɹ.17) 

ɺ ʧʨʦʮʝʩʽ ʚʽʜʚʦʜʫ ˇʨʫʥʪʦʚʦʾ ʪʝʧʣʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ Tf  

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ˆʊ ʫ ʥʘʧʨʷʤʢʫ ʾʾ ʨʫʭʫ ʚʟʜʦʚʞ ʦʩʽ ʪʨʫʙʢʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ Tf,ɺʍ ʥʘ 

ʚʭʦʜʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ Tf,ɺʀʍ ʥʘ ʚʠʭʦʜʽ ʟ ˆʊ.  
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ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ Tf(z) ʪʝʧʣʦʥʦʩʽʷ ɻʊ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʚʟʜʦʚʞ ʦʩʽ 

j ʟ ʢʨʦʢʦʤ Dz, ʷʢʠʡ ʙʫʚ ʦʙʨʘʥʠʡ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʮʠʣʽʥʜʨʽ ʛʨʫʥʪʫ ʥʘʚʢʦʣʦ ɻʊ.   

ʇʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ Qf,L, ʱʦ ʩʧʨʠʡʤʘʻʪʴʩʷ ʪʝʧʣʦʥʦʩʽʻʤ ˆʊ ʜʣʷ 

ʜʦʚʽʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ t, ʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʟʘ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʩʪʘʥʦʚʠʪʴ:    

     ,              (ɹ.18) 

ʜʝ   wm = u Ö r Ö F0 ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ; 

       u, r,  cp   ïh ʚʠʜʢʽʩʪʴ, ʛʫʩʪʠʥʘ  ʪʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ʚʽʜʧʦʚʽʜʥʦ; 

       F0 ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ˆʊ, ʤ2 ; 

       Tf,ɺʍ, Tf,ɺʀʍ ïʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ˆʊ, ʚʽʜʧʦʚʽʜʥʦ, ʂ. 
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ɼʆɼɸʊʆʂ ɺ 

ɺ.1. ɺʇʃʀɺ ʊɽʇʃʆʌɯɿʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɻʈʋʅʊʋ ʅɸ 

ɽʌɽʂʊʀɺʅɯʉʊʔ ʈʆɹʆʊʀ ʉʀʉʊɽʄʀ ɺ ʈɽɾʀʄɯ ˆʈʋʅʊʆɺʆɻʆ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʥʘʚʢʦʣʦ ɻʊ. ɺʽʜʦʤʦ, ʱʦ ˇʨʫʥʪ 

ʻ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʛʦ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ 

ʬʘʢʪʦʨʠ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʛʫʩʪʠʥʘ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ʪʘ ʤʘʪʝʨʽʘʣʦʤ ˇʨʫʥʪʫ. ɺʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ ʥʘʚʽʪʴ ʜʣʷ ʦʜʥʦʛʦ ʨʝʛʽʦʥʫ 

ʤʦʞʫʪʴ ʧʦʤʽʪʥʦ ʟʤʽʥʶʚʘʪʠʩʴ ʥʘʧʨʦʪʷʟʽ ʨʦʢʫ ʪʘ ʜʝʱʦ ʚʽʜʨʽʟʥʷʪʠʩʴ ʥʘʚʽʪʴ ʧʨʦʪʷʛʦʤ 

ʜʦʙʠ [15, 30, 35]. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʜʦʩʣʽʜʞʝʥʥʷ [13] ʧʦʢʘʟʘʣʠ, ʱʦ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʚʢʽʣʣʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʥʘ 

ʧʝʚʥʽʡ ʛʣʠʙʠʥʽ, ʪʦʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ɻʊʅʉ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʩʣʽʜ ʦʧʠʨʘʪʠʩʷ ʥʘ ʚʠʢʦʥʘʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʟ  ʫʪʦʯʥʝʥʥʷʤ ʨʝʛʽʦʥʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɺʦʣʦʛʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʛʨʫʥʪʫ, ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʤʽʥʷʪʠʩʴ,  

ʪʦʤʫ ʥʘʚʽʪʴ ʩʫʩʽʜʥʽ ʟʦʥʜʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ 10 ʤ ʩʪʘʥʦʚʠʪʴ ~11Üʉ [15, 30, 33, 35]. ʆʪʞʝ, ʜʦʚʞʠʥʘ 

ʟʦʥʜʫ ʤʘʻ ʩʪʘʥʦʚʠʪʠ ~ 10 ʤ ʧʨʠ ʟʘʛʣʠʙʣʝʥʽ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ ɻʊ ʥʘ 1 ʤ ʚʽʜ ʧʦʚʝʨʭʥʽ.  

ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ˇʨʫʥʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʝʜʩʪʘʚʣʝʥʘ, 

ʚʦʣʦʛʦʩʪʽ ʽ ʛʫʩʪʠʥʠ ʥʘ ʨʠʩʫʥʢʫ ɺ.1 [15, 30, 

35]. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʫ ˇʨʫʥʪʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ, ʪʠʧʫ ˇʨʫʥʪʫ, 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ,  

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʚʢʽʣʣʷ, ʥʘʷʚʥʦʩʪʽ ʯʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. ɿ ʨʠʩʫʥʢʫ ɺ.1 

ʚʠʜʥʦ, ʱʦ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ˇʨʫʥʪʫ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʦʣʦʛʦʩʪʽ.  

 

ʈʠʩʫʥʦʢ ɺ.1 ï ʊʝʧʣʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ 
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ʇʨʠ ʥʘʷʚʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚʠʛʽʜʥʽʰʝ ʚʠʢʘʯʫʚʘʪʠ ʾʭ ʥʘ ʧʦʚʝʨʭʥʶ, ʽ ʚʞʝ ʥʘ 

ʧʦʚʝʨʭʥʽ ʚʽʜʙʠʨʘʪʠ ʪʝʧʣʦʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʊʅ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚ ʫʩʪʘʥʦʚʮʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʦʥʜʽʚ, ʟʘʛʣʠʙʣʝʥʠʭ ʫ ˇʨʫʥʪ, ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ 

ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʠʢʘʯʫʚʘʥʥʷ ʚʦʜʠ ʟ ̌ʨʫʥʪʫ.  

ʇʨʠ ʨʦʙʦʪʽ ɻʊʅʉ, ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ɻʊ ʽ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʱʦ ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʫ.  

ʋʤʦʚʘ ʧʽʜʪʨʠʤʢʠ ʪʝʨʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ˇʨʫʥʪʫ ʻ ʚʘʞʣʠʚʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʽ 

ʝʢʦʣʦʛʽʯʥʠʤ ʘʩʧʝʢʪʦʤ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ  

ʚʝʛʝʪʘʮʽʶ ʨʦʩʣʠʥʥʦʩʪʽ, ʙʦ ʧʨʠ ʙʝʟʫʧʠʥʥʽʡ  ʨʦʙʦʪʽ ɻʊʅ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʥʝʙʘʞʘʥʘ 

ʟʤʽʥʘ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘʚʢʦʣʦ ɻʊ,  ʘʞ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʰʘʨʫ ʤʝʨʟʣʦʛʦ ˇʨʫʥʪʫ 

ʥʘʚʢʦʣʦ ɻʊ. ʍʘʨʘʢʪʝʨʥʦ ʪʝ, ʱʦ ʨʘʜʽʫʩ ʤʝʨʟʣʦʛʦ ʛʨʫʥʪʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ˇʨʫʥʪʦʚʠʤʠ 

ʟʦʥʜʘʤʠ ʚʽʜ ʛʨʫʥʪʫ [15, 30, 35]. ɺʠʥʠʢʥʝʥʥʷ ʤʝʨʟʣʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ ʻ ʥʝʙʝʟʧʝʯʥʠʤ 

ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʚʝʛʝʪʘʮʽʾ ʨʦʩʣʠʥ, ʘ ʻ ʟʘʛʨʦʟʦʶ ʜʣʷ ʤʽʮʥʦʩʪʽ ʬʫʥʜʘʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ, ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʡ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʊʅʋ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ɻʊʅʉ ʪʘ ʾʾ 

ʝʣʝʤʝʥʪʽʚ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ (ʟ ʞʦʚʪʥʷ ʧʦ ʢʚʽʪʝʥʴ). ɼʣʷ ʮʴʦʛʦ 

ʨʦʟʛʣʷʥʝʤʦ ʜʽʣʷʥʢʫ ˇʨʫʥʪʫ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʽ ɻʊ (ʨʠʩʫʥʦʢ ɺ.2).   

ʅʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʮʝʥʪʨʘʣʴʥʦʶ 

ʪʨʫʙʢʦʶ 1 ʪʘ ˇʨʫʥʪʦʤ  2 ʚʧʣʠʚʘʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʫʩʽʜʥʽʭ  

n ʪʨʫʙʦʢ ʩʠʩʪʝʤʠ. ʇʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʨʷʜʫ 

ʚʥʫʪʨʽʰʥʽ ʪʨʫʙʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʙʽʣʴʰ  ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚʘʭ ʪʝʧʣʦʦʙʤʽʥʫ, ʱʦ ʩʪʘʻ ʱʝ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʤ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʙʝʟʫʧʠʥʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻʊʅʉ.  

ʅʝʩʧʨʠʷʪʣʠʚʽ  ʫʤʦʚʠ ʧʨʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʨʦʮʝʩ 

ʪʝʧʣʦʦʙʤʽʥʫ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʧʨʠ ʥʝʚʽʨʥʦ 

ʨʦʟʨʘʭʦʚʘʥʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ ɻʊ. 

 

 

 

ʈʠʩʫʥʦʢ ɺ.2 ï ʉʭʝʤʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ n ɻʊ ʥʘ 

ʜʽʣʷʥʮʽ ˇʨʫʥʪʫ 
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ɺ.2. ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ  

ʊɽʇʃʆʌɯɿʀʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ˆʈʋʅʊʋ  
 

 
 

ʈʠʩʫʥʦʢ ɺ.1ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ  ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʛʨʫʥʪʫ lʚ = f(r, W) 

 

ɺ3. ʇʈʆʊʆʂʆʃʀ ɺʀʇʈʆɹʋɺɸʅʔ lʚ = f(r, W) 
 

ʊʘʙʣʠʮʷ ɺ3.1 ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʛʨʫʥʪʫ ʧʨʠ ʚʦʣʦʛʦʩʪʽ W = 5 %  ʪʘ ʛʫʩʪʠʥʽ  

r = 1400 ʢʛ/ʤ3 

 ̄ d, ʤ F, ʤ2 DTm, K m, ʢʛ/ʩ 

ʢʛ/ʩ ʢʛ/ʩ 

ʢʛ/ʩ ʢʛ/ʩ 

ʢʛ/ʩ 

Q, ɺʪ Dʊr, ʂ l, ɺʪ/(ʤÖʂ) 

ɺʪ/(ʤÖʂ) 

ɺʪ/(ʤÖʂ) 

1 0,15 0,245 3,1 0,145 1,717 2,2 0,478 

2 0,15 0,245 3,2 0,15 1,835 2,3 0,488 

3 0,15 0,245 3,2 0,14 1,711 2,4 0,437 

4 0,15 0,245 3,2 0,152 1,858 2,5 0,455 

5 0,15 0,245 3,3 0,151 1,903 2,2 0,529 

6 0,15 0,245 3,3 0,146 1,840 2,3 0,491 

7 0,15 0,245 3,1 0,148 1,753 2,2 0,488 

8 0,15 0,245 3,2 0,149 1,821 2,3 0,485 

9 0,15 0,245 3,1 0,151 1,788 2,1 0,522 

10 0,15 0,245 4,3 0,152 2,497 2,2 0,491 
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ʊʘʙʣʠʮʷ ɺ3.2 ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʛʨʫʥʪʫ ʧʨʠ ʚʦʣʦʛʦʩʪʽ W = 5 %  ʪʘ ʛʫʩʪʠʥʽ 

r =1600 ʢʛ/ʤ3 

 ̄ d, ʤ F, ʤ2 
DTm, K m, ʢʛ/ʩ 

ʢʛ/ʩ ʢʛ/ʩ 

ʢʛ/ʩ ʢʛ/ʩ 

ʢʛ/ʩ 

Q, ɺʪ Dʊr, ʂ l, ɺʪ/(ʤÖʂ) 

ɺʪ/(ʤÖʂ) 

ɺʪ/(ʤÖʂ) 

1 0,15 0,245 4,1 0,145 2,271 2,2 0,632 

2 0,15 0,245 4,2 0,15 2,407 2,3 0,641 

3 0,15 0,245 4,2 0,14 2,246 2,4 0,573 

4 0,15 0,245 4,2 0,152 2,439 2,5 0,597 

5 0,15 0,245 4,3 0,151 2,480 2,2 0,690 

6 0,15 0,245 4,3 0,146 2,398 2,3 0,639 

7 0,15 0,245 4,1 0,148 2,318 2,2 0,645 

8 0,15 0,245 4,3 0,149 2,447 2,3 0,652 

9 0,15 0,245 4,2 0,151 2,423 2,1 0,707 

10 0,15 0,245 4,3 0,152 2,497 2,2 0,695 

 

ʊʘʙʣʠʮʷ ɺ3.3 ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʛʨʫʥʪʫ ʧʨʠ ʚʦʣʦʛʦʩʪʽ W = 5 % ʪʘ ʛʫʩʪʠʥʽ  

r =1800 ʢʛ/ʤ3 

 ̄ d, ʤ F, ʤ2 
DTm, K m, ʢʛ/ʩ 

ʢʛ/ʩ ʢʛ/ʩ 

ʢʛ/ʩ ʢʛ/ʩ 

ʢʛ/ʩ 

Q, ɺʪ Dʊr, ʂ l, ɺʪ/(ʤÖʂ) 

ɺʪ/(ʤÖʂ) 

ɺʪ/(ʤÖʂ) 

1 0,15 0,245 4,7 0,145 2,603 2,2 0,725 

2 0,15 0,245 4,8 0,15 2,750 2,3 0,732 

3 0,15 0,245 4,9 0,14 2,620 2,4 0,669 

4 0,15 0,245 4,9 0,152 2,845 2,5 0,697 

5 0,15 0,245 5 0,151 2,884 2,2 0,803 

6 0,15 0,245 4,9 0,146 2,733 2,3 0,728 

7 0,15 0,245 4,8 0,148 2,714 2,2 0,756 

8 0,15 0,245 5 0,149 2,846 2,3 0,758 

9 0,15 0,245 4,8 0,151 2,769 2,1 0,807 

10 0,15 0,245 4,7 0,152 2,729 2,2 0,759 

 

ʊʘʙʣʠʮʷ ɺ3.4 ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʛʨʫʥʪʫ ʧʨʠ ʚʦʣʦʛʦʩʪʽ W = 5 %  ʪʘ ʛʫʩʪʠʥʽ  

r =2000 ʢʛ/ʤ3 

 ̄ d, ʤ F, ʤ2 DTm, K m, ʢʛ/ʩ 

ʢʛ/ʩ ʢʛ/ʩ 

ʢʛ/ʩ ʢʛ/ʩ 

ʢʛ/ʩ 

Q, ɺʪ Dʊr, ʂ l, ɺʪ/(ʤÖʂ) 

ɺʪ/(ʤÖʂ) 

ɺʪ/(ʤÖʂ) 
1 0,15 0,245 5,5 0,145 3,046 2,2 0,848 

2 0,15 0,245 5,4 0,15 3,094 2,3 0,824 

3 0,15 0,245 5,4 0,14 2,888 2,4 0,737 

4 0,15 0,245 5,7 0,152 3,309 2,5 0,811 

5 0,15 0,245 5,6 0,151 3,230 2,2 0,899 

6 0,15 0,245 5,4 0,146 3,012 2,3 0,802 

7 0,15 0,245 5,5 0,148 3,109 2,2 0,866 

8 0,15 0,245 5,4 0,149 3,074 2,3 0,818 

9 0,15 0,245 5,6 0,151 3,230 2,1 0,942 

10 0,15 0,245 5,5 0,152 3,194 2,2 0,889 
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ɼʆɼɸʊʆʂ ˆ 

ʇʈʆɻʈɸʄɸ ʈʆɿʈɸʍʋʅʂʋ ʊɽʇʃʆɺʆɻʆ ʅɸʉʆʉʋ ɿ  

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ˆʈʋʅʊʆɺʀʍ ɿʆʅɼɯɺ 

 

unit Unit1; 

interface 

uses 

  Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms, 

  Dialogs, Grids, DBGrids, DB, StdCtrls, ExtCtrls, adscnnct, adsdata, adsfunc, 

  adstable, ComCtrls; 

type 

  TMainForm = class(TForm) 

    Button1: TButton; 

    Edit_u: TEdit; 

    Edit_ro: TEdit; 

    Edit_tzn: TEdit; 

    Edit_tzk: TEdit; 

    Edit_delta: TEdit; 

    Edit_zn: TEdit; 

    Edit_zk: TEdit; 

    Edit_dint: TEdit; 

    Edit_dout: TEdit; 

    Edit_step: TEdit; 

    Edit_steppipes: TEdit; 

    Edit_condpipe: TEdit; 

    Edit_condground: TEdit; 

    Label1: TLabel; 

    Label2: TLabel; 

    Label5: TLabel; 

    Label6: TLabel; 

    Label7: TLabel; 

    Label8: TLabel; 

    Label9: TLabel; 

    Label10: TLabel; 

    Label11: TLabel; 

    Label12: TLabel; 

    Label13: TLabel; 

    Label14: TLabel; 
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    Label15: TLabel; 

    Label21: TLabel; 

    Label22: TLabel; 

    Label26: TLabel; 

    Label27: TLabel; 

    Label25: TLabel; 

    Label28: TLabel; 

    Label29: TLabel; 

    Label30: TLabel; 

    Label31: TLabel; 

    Label32: TLabel; 

    Label33: TLabel; 

    Label34: TLabel; 

    Label35: TLabel; 

    results_box1: TGroupBox; 

    Label41: TLabel; 

    Edit_re: TEdit; 

    Label42: TLabel; 

    Label43: TLabel; 

    Edit_pr: TEdit; 

    Edit_p: TEdit; 

    Label44: TLabel; 

    Label45: TLabel; 

    Label46: TLabel; 

    Edit_nu: TEdit; 

    Edit_alfa: TEdit; 

    Edit_k: TEdit; 

    Label48: TLabel; 

    Label47: TLabel; 

    Label49: TLabel; 

    Label51: TLabel; 

    Edit_Q: TEdit; 

    Edit_f: TEdit; 

    Label3: TLabel; 

    Label4: TLabel; 

    data_table: TAdsTable; 

    AdsConnection1: TAdsConnection; 

    pre_box: TGroupBox; 

    Label16: TLabel; 
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    Label17: TLabel; 

    Label18: TLabel; 

    Label19: TLabel; 

    Label20: TLabel; 

    Label36: TLabel; 

    Label37: TLabel; 

    Label38: TLabel; 

    Label39: TLabel; 

    Label40: TLabel; 

    Edit_visc1: TEdit; 

    Edit_visc2: TEdit; 

    Edit_ro1: TEdit; 

    Edit_ro2: TEdit; 

    Edit_cp1: TEdit; 

    Edit_cp2: TEdit; 

    Edit_lambda1: TEdit; 

    Edit_lambda2: TEdit; 

    Edit_t1: TEdit; 

    Edit_t2: TEdit; 

    RadioGroup1: TRadioGroup; 

    spec_box: TGroupBox; 

    DataSource1: TDataSource; 

    DBGrid1: TDBGrid; 

    res_table: TAdsTable; 

    DataSource2: TDataSource; 

    results_box2: TGroupBox; 

    DBGrid2: TDBGrid; 

    res_tableRe: TAdsStringField; 

    res_tablePr: TAdsStringField; 

    res_tableRePrdL: TAdsStringField; 

    res_tableNu: TAdsStringField; 

    res_tableALFA: TAdsStringField; 

    res_tableK: TAdsStringField; 

    data_tableDyn_visc: TAdsStringField; 

    data_tablero: TAdsStringField; 

    data_tableCp: TAdsStringField; 

    data_tableLAMBDA: TAdsStringField; 

    data_tableG_temp: TAdsStringField; 

    data_tableA_temp: TAdsStringField; 
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    res_tableQ: TStringField; 

    Edit1: TEdit; 

    res_tablet1: TStringField; 

    res_tablet2: TStringField; 

    DateTimePicker1: TDateTimePicker; 

    res_tablet_napor: TAdsStringField; 

    Label23: TLabel; 

    Label24: TLabel; 

    data_tablepipe_visc: TAdsStringField; 

    Button2: TButton; 

    Label52: TLabel; 

    Edit_Q2: TEdit; 

    Label50: TLabel; 

    procedure Button1Click(Sender: TObject); 

    procedure Button2Click(Sender: TObject); 

    procedure RadioGroup1Click(Sender: TObject); 

  private 

    { Private declarations } 

  public 

    { Public declarations } 

  end; 

var 

  MainForm: TMainForm; 

implementation 

uses Unit4; 

{$R *.dfm}  

procedure TMainForm.Button1Click(Sender: TObject); 

var f0, W, dgidr, f, dynvisc, kinemvisc, ro, lambda, Cp, a, napor,k, re, pr, p, nu, alfa, t1, 

t2, q, q_sum, temper, pipe_visc: real; 

var dynvisc_i, ro_i, lambda_i, Cp_i, g_temp_i, a_temp_i, pipe_visc_i: array[0..10] of 

real; 

var i, n: integer; 

var date: string; 

begin 

  f0:=(sqr(strtofloat(Edit_dout.text))ïsqr(strtofloat(Edit_dint.text)))*Pi/4; 

  W:=strtofloat(edit_u.text)*strtofloat(edit_ro.text)*f0; 

  dgidr:=sqrt(f0*4/Pi); 

  f:=strtofloat(Edit_dout.text)*Pi*strtofloat(Edit_step.text); 

  edit_f.text:=floattostr(f); 
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if radiogroup1.ItemIndex=0 then 

begin 

  dynvisc:=(strtofloat(Edit_visc1.Text)+strtofloat(Edit_visc2.Text))/2; 

  ro:=(strtofloat(Edit_ro1.Text)+strtofloat(Edit_ro2.Text))/2; 

  kinemvisc:=dynvisc/ro; 

  lambda:=(strtofloat(Edit_lambda1.Text)+strtofloat(Edit_lambda2.Text))/2; 

  Cp:=(strtofloat(Edit_Cp1.Text)+strtofloat(Edit_Cp2.Text))/2; 

  a:=lambda/(Cp*1000*ro); 

  Edit_Re.text:=floattostr(strtofloat(edit_u.text)*f0/kinemvisc); 

  Edit_Pr.text:=floattostr(system.Round(kinemvisc/a)); 

Edit_p.Text:=floattostr(system.Round(strtofloat(Edit_Re.text)*strtofloat(Edit_Pr.text)*

dgidr/strtofloat(Edit_step.text))); 

  if strtofloat(Edit_p.Text)<4.5 then 

Edit_Nu.Text:=floattostr(system.Round(0.5*strtofloat(Edit_p.Text))) 

  else if (strtofloat(Edit_p.Text)>4.5) then 

Edit_Nu.Text:=floattostr(system.Round(1.62*strtofloat(Edit_Re.Text)*strtofloat(Edit_P

r.Text)*exp(0.33*ln(dgidr/strtofloat(Edit_step.Text))))); 

  Edit_ALFA.text:=floattostr(system.Round(strtofloat(Edit_Nu.Text)*lambda/dgidr)); 

  napor:=((strtofloat(Edit_Tzn.text)ïstrtofloat(Edit_T1.Text))ï

(strtofloat(Edit_Tzk.text)ïstrtofloat(Edit_T2.Text)))/ln((strtofloat(Edit_Tzn.text)ï

strtofloat(Edit_T1.Text))/(strtofloat(Edit_Tzk.text)ïstrtofloat(Edit_T2.Text))); 

k:=1/(1/(strtofloat(Edit_ALFA.text))+strtofloat(Edit_delta.text)/strtofloat(Edit_condpip

e.text)+f*ln(2*strtofloat(Edit_step.text)/(strtofloat(Edit_dout.text)/2))/(2*Pi*strtofloat(E

dit_step.text)*strtofloat(Edit_condground.text))); 

  Edit_k.text:=floattostr(k); 

  Edit_Q.text:=floattostr(f*k*napor); 

  //2.57 ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ ʤʝʞʜʫ ʛʨʫʥʪʦʤ ʠ ʨʘʙʦʯʠʤ ʪʝʣʦʤ 

  //Edit_Q2.text:=floattostr(1000*W*Cp*(strtofloat(Edit_T2.Text)ï

strtofloat(Edit_T1.text))); 

  //results_box1.visible:=true; 

end 

else if radiogroup1.ItemIndex=1 then 

  begin 

  q_sum:=0; 

  res_table.Active:=false; 

  datetimepicker1.Update; 

  datetimepicker1.Refresh; 

  date:=FormatDateTime('yyyy_mm_dd_hh_nn_ss',DateTimePicker1.date); 

  res_table.TableName:=date+'.adt'; 
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  res_table.CreateTable; 

  res_table.open; 

  res_table.Edit; 

  results_box2.visible:=true; 

  data_table.active:=true; 

  data_table.First; 

  for n := 0 to data_table.RecordCountï2 do begin 

    dynvisc_i[n]:=data_table.Fields[0].value; 

    ro_i[n]:=data_table.Fields[1].value; 

    Cp_i[n]:=data_table.Fields[2].value; 

    lambda_i[n]:=data_table.Fields[3].value; 

    g_temp_i[n]:=data_table.Fields[4].value; 

    a_temp_i[n]:=data_table.Fields[5].value; 

    pipe_visc_i[n]:=data_table.Fields[6].value; 

    data_table.Next; 

    end; 

  dynvisc_i[data_table.recordcountï1]:=data_table.Fields[0].Value; 

  ro_i[data_table.recordcountï1]:=data_table.Fields[1].value; 

  Cp_i[data_table.recordcountï1]:=data_table.Fields[2].value; 

  lambda_i[data_table.recordcountï1]:=data_table.Fields[3].value; 

  g_temp_i[data_table.recordcountï1]:=data_table.Fields[4].value; 

  a_temp_i[data_table.recordcountï1]:=data_table.Fields[5].value; 

  for n := 0 to data_table.RecordCountï2 do begin 

    res_table.Insert; 

    dynvisc:=(dynvisc_i[n]+dynvisc_i[n+1])/2; 

    ro:=(ro_i[n]+ro_i[n+1])/2; 

    kinemvisc:=dynvisc/ro; 

    lambda:=(lambda_i[n]+lambda_i[n+1])/2; 

    Cp:=(Cp_i[n]+Cp_i[n+1])/2; 

    pipe_visc:=(pipe_visc_i[n]+pipe_visc_i[n+1])/2; 

    a:=lambda/(Cp*1000*ro); 

    re:=strtofloat(edit_u.text)*f0/kinemvisc; 

    pr:=kinemvisc/a; 

    p:=re*pr*dgidr/strtofloat(Edit_step.text); 

    if p<4.5 then nu:=0.5*p 

    else if (p>=4.5) {and (p<13)} then 

nu:=1.62*re*pr*exp(0.33*ln(dgidr/strtofloat(Edit_step.Text))) 

    else if (p>=13) then nu:=1.86*0.14*ln(dynvisc/pipe_visc)*0.33*ln(p); 

    alfa:=nu*lambda/dgidr; 
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k:=1/(1/alfa+strtofloat(Edit_delta.text)/strtofloat(Edit_condpipe.text)+(f*ln(2*strtofloat(

Edit_step.text)/(strtofloat(Edit_delta.text)/2))/(2*Pi*strtofloat(Edit_step.text)*strtofloat(

Edit_condground.text)))); 

    // ʥʘʯʘʣʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ 

    t1:=g_temp_i[n]ïa_temp_i[n]; 

    t2:=g_temp_i[n+1]ïa_temp_i[n+1]; 

    temper:=(t1ït2)/ln(t1/t2); 

    if (t1>=t2) then napor:=(t1ït2)/ln(t1/t2) 

    else napor :=(t2ït1)/ln(t2/t1); 

    // ʢʦʥʝʮ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ 

    q:=f*k*napor; 

    res_table.fields[0].AsFloat:=re; 

    res_table.fields[1].AsFloat:=Pr; 

    res_table.fields[2].AsFloat:=p; 

    res_table.fields[3].AsFloat:=Nu; 

    res_table.fields[4].AsFloat:=ALFA; 

    res_table.fields[5].AsFloat:=k; 

    res_table.fields[6].AsFloat:=q; 

    res_table.fields[7].asfloat:=t1; 

    res_table.fields[8].asfloat:=t2; 

    res_table.Fields[9].asfloat:=napor; 

    q_sum:=q_sum+q; 

    res_table.Next; 

  end; 

  edit1.text:=floattostr(q_sum); 

  res_table.close; 

  res_table.Active:=true; 

{  Edit_Q2.text:=floattostr(1000*W*Cp*(strtofloat(Edit_T2.Text)ï

strtofloat(Edit_T1.text))); 

  Edit_Q.text:=floattostr(f*k*napor);} 

  results_box1.visible:=false; 

  results_box2.Visible:=true; 

  end; 

  end; 

procedure TMainForm.Button2Click(Sender: TObject); 

var i: integer; 

begin 

mainform.res_table.first; 

GrafForm.Series1.Clear; 
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GrafForm.Series2.Clear; 

for I := mainform.res_table.RecordCount downto 1 do 

  begin 

  GrafForm.series1.addxy(i,mainform.res_table.fields[6].value,inttostr(i),clBlack); 

    if i>0 then mainform.res_table.Next; 

  end; 

GrafForm.series2.addxy(10,5.891,inttostr(i),clBlack); 

GrafForm.series2.addxy(9,6.318,inttostr(i),clBlack); 

GrafForm.series2.addxy(8,6.746,inttostr(i),clBlack); 

GrafForm.series2.addxy(7,7.402,inttostr(i),clBlack); 

GrafForm.series2.addxy(6,8.285,inttostr(i),clBlack); 

GrafForm.series2.addxy(5,10.287,inttostr(i),clBlack); 

GrafForm.series2.addxy(4,12.436,inttostr(i),clBlack); 

GrafForm.series2.addxy(3,12.96,inttostr(i),clBlack); 

GrafForm.series2.addxy(2,12.96,inttostr(i),clBlack); 

GrafForm.series2.addxy(1,7.095,inttostr(i),clBlack); 

GrafForm.Series1.Repaint; 

GrafForm.ShowModal; 

end; 

procedure TMainForm.RadioGroup1Click(Sender: TObject); 

begin 

if radiogroup1.ItemIndex=0 then 

begin 

  pre_box.Visible:=true; 

  spec_box.visible:=false; 

  results_box1.Visible:=true; 

  results_box2.Visible:=false; 

end 

else 

begin 

  pre_box.Visible:=false; 

  spec_box.visible:=true; 

  results_box1.Visible:=false; 

  results_box2.Visible:=true; 

end; 

end; 

end  
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ɼʆɼɸʊʆʂ ɼ 

ɺʍɯɼʅɯ ɼɸʅɯ ɼʃʗ ʏʀʉɽʃʔʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʈ̂ʋʅʊʆɺʆɰ 

ʊɽʇʃʆʅɸʉʆʉʅʆɰ ʉʀʉʊɽʄʀ ʊɸ ʍɸʈɸʂʊɽʈʀʉʊʂɸ ʆɹôɭʂʊʋ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ 

 

ɺʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨ̌ʫʥʪʦʚʦʛʦ ʢʦʥʪʫʨʫ ʷʢʽ ʦʙʨʘʥʽ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʚʝʜʝʥʦ  ʚ ʪʘʙʣʠʮʽ ɼ.1 

 

ʊʘʙʣʠʮʷ ɼ.1 ï ɺʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ   

ʇʘʨʘʤʝʪʨʠ ʈʦʙʦʯʝ    ʪʽʣʦ ʮʠʢʣʫ 

ʊʝʧʣʦʥʦʩʽʡ ʌʨʝʦʥ R717 

ʐʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, U ʤ/ʩ 0,15 

ɻʫʩʪʠʥʘ ʪʝʧʣʦʥʦʩʽʷ , ɟ ʢʛ/ʤ3 7,69 

ʊʝʧʣʦʻʤʥʽʩʪʴ, ʩʨ ʢɼʞ/(ʢʛĿʂ) 4,94 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ɚ ɺʪ/(ʢʛĿʂ) 0,42 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ, ʊɺʍ Üʉ 5,00 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ, ʊɺʀʍ 10,00 

ɼʦʚʞʠʥʘ ʊ̂ ʤ 10 

ʈʽʚʝʥʴ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ ʟʦʥʜʫ zʅ ʤ 1 

ʈʽʚʝʥʴ ʥʠʞʥʴʦʛʦ ʪʦʨʮʷ ʟʦʥʜʫ zʂ ʤ 11 

ɼʽʘʤʝʪʨ ʟʦʚʥʽʰʥʽʡ  ʊ̂ ʤ 0,05 

ɼʽʘʤʝʪʨ ʟʦʚʥʽʰʥʽʡ ʊ̂ ʤ 0,028 

ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ ˆʊ ʘʣʶʤʽʥʽʡ 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ɺʪ/(ʢʛĿʂ) 205 

ʊʦʚʱʠʥʘ ʟʦʚʥʽʰʥʴʦʾ ʪʨʫʙʠ ʤ 0,003 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʆɹ'ɭʂʊʋ ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʝʨʝʜʠʥʽ ʙʫʜʠʥʢʫ 20Áʉ, ʊʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʷ ï22Áʉ 

ʊʘʙʣʠʮʷ ɼ.1 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʠʭ ʧʦʪʨʝʙ ʙʫʜʽʚʣʽ 

ʇʽʚʥʽʯʥʘ ʩʪʦʨʦʥʘ 

ʇʣʦʱʘ ʩʪʽʥʠ Aʩʪ ʤ2 15,235 

ʇʣʦʱʘ ʚʽʢʦʥ Aʦʢʦʥ ʤ2 0 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʩʪʽʥ, kʩʪ ɺʪ/(ʤ2Āʂ) 0,62 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʚʽʢʦʥ, kʦʢʦʥ ɺʪ/(ʤ2Āʂ) 0,91 

ɼʦʜʘʪʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ɓ ï 0,15 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʣʦʞʝʥʥʷ ʦʛʦʨʦʜʞʝʥʥʷ n ï 1 

ɿʘʭʽʜʥʘ ʩʪʦʨʦʥʘ 

ʇʣʦʱʘ ʩʪʽʥʠ Aʩʪ ʤ2 16,5855 

ʇʣʦʱʘ ʚʽʢʦʥ Aʦʢʦʥ ʤ2 3,22 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʩʪʽʥ, kʩʪ ɺʪ/(ʤ2Āʂ) 0,62 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʚʽʢʦʥ, kʦʢʦʥ ɺʪ/(ʤ2Āʂ) 0,91 

ɼʦʜʘʪʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ɓ ï 0,15 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʣʦʞʝʥʥʷ ʦʛʦʨʦʜʞʝʥʥʷ n ï 1 

ʇʽʚʜʝʥʥʘ ʩʪʦʨʦʥʘ 

ʇʣʦʱʘ ʩʪʽʥʠ Aʩʪ ʤ2 12,015 

ʇʣʦʱʘ ʚʽʢʦʥ Aʦʢʦʥ ʤ2 3,22 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʩʪʽʥ, kʩʪ ɺʪ/(ʤ2Āʂ) 0,62 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʚʽʢʦʥ, kʦʢʦʥ ɺʪ/(ʤ2Āʂ) 0,91 

ɼʦʜʘʪʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ɓ ï 0,15 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʣʦʞʝʥʥʷ ʦʛʦʨʦʜʞʝʥʥʷ n ï 1 

ʉʭʽʜʥʘ ʩʪʦʨʦʥʘ 

ʇʣʦʱʘ ʩʪʽʥʠ Aʩʪ ʤ2 16,5855 

ʇʣʦʱʘ ʚʽʢʦʥ Aʦʢʦʥ ʤ2 1,61 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʩʪʽʥ, kʩʪ ɺʪ/(ʤ2Āʂ) 0,62 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʚʽʢʦʥ, kʦʢʦʥ ɺʪ/(ʤ2Āʂ) 0,91 

ɼʦʜʘʪʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ɓ ï 0,15 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʣʦʞʝʥʥʷ ʦʛʦʨʦʜʞʝʥʥʷ n ï 1 

ʉʪʝʣʷ 

ʇʣʦʱʘ ʩʪʝʣʽ, Aʧ ʤ2 39,325 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʩʪʝʣʽ, kʧ ɺʪ/(ʤ2Āʂ) 0,62 

ɼʦʜʘʪʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ɓ ï 0 

ʇʽʜʣʦʛʘ 

ʇʣʦʱʘ ʧʽʜʣʦʛʠ, Aʧ ʤ2 39,325 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʧʽʜʣʦʛʠ, kʧ ɺʪ/(ʤ2Āʂ) 0,62 

ɼʦʜʘʪʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ɓ ï 0 
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ʊʘʙʣʠʮʷ ɼ.2 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʪʨʘʪ ʙʫʜʽʚʣʽ 
ʇʽʚʥʽʯʥʘ ʩʪʦʨʦʥʘ 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʽʥʠ, ɺʪ Qʩʪ = ɸʩʪĀ (tʚʥïtʥʘʨ) Ā (1+ɓ) Ākʩʪ 456 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʚʽʢʥʘ, ɺʪ Qʦʢʦʥ = ɸʦʢʦʥĀ (tʚʥïʥʘʨ) Ā (1+ɓ) Ākʦʢʦʥ 0 

ɿʘʭʽʜʥʘ ʩʪʦʨʦʥʘ 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʽʥʠ, ɺʪ Qʩʪ = ɸʩʪĀ (tʚʥïtʥʘʨ) Ā (1+ɓ) Ākʩʪ 497 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʚʽʢʥʘ, ɺʪ Qʦʢʦʥ = ɸʦʢʦʥĀ (tʚʥïtʥʘʨ) Ā (1+ɓ) Ākʦʢʦʥ 142 

ʇʽʚʜʝʥʥʘ ʩʪʦʨʦʥʘ 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʽʥʠ, ɺʪ Qʩʪ = ɸʩʪĀ (tʚʥïtʥʘʨ) Ā (1+ɓ) Ākʩʪ 360 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʚʽʢʥʘ, ɺʪ Qʦʢʦʥ = ɸʦʢʦʥĀ (tʚʥïtʥʘʨ) Ā (1+ɓ) Ākʦʢʦʥ 142 

ʉʭʽʜʥʘ ʩʪʦʨʦʥʘ 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʽʥʠ, ɺʪ Qʩʪ = ɸʩʪĀ (tʚʥïtʥʘʨ) Ā (1+ɓ) Ākʩʪ 497 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʚʽʢʥʘ, ɺʪ Qʦʢʦʥ = ɸʦʢʦʥĀ (tʚʥïtʥʘʨ) Ā (1+ɓ) Ākʦʢʦʥ 71 

ʉʪʝʣʷ 

ɺʪʨʘʪʠ ʪʝʧʣʘ, ɺʪ Qʧ = ɸʧĀ (tʚʥïtʥʘʨ) Ā (1+ɓ) Ākʧ 1024 

ʇʽʜʣʦʛʘ 

ɺʪʨʘʪʠ ʪʝʧʣʘ, ɺʪ Qʧ = ɸʧĀ (tʚʥïtʥʘʨ) Ā (1+ɓ) Ākʧ 1024 

ʉʫʤʘ ʚʪʨʘʪ 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʩʫʤʘʨʥʽ, ʢɺʪ Qʩʫʤ = ɆQ/1000 4 
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ɼʆɼɸʊʆʂ ɭ 

ʇʈʀʅʎʀʇʆɺɯ ʉʍɽʄʀ  ʊɽʇʃʆʅɸʉʆʉʅʆɰ ʉʀʉʊɽʄʀ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ  ɻʈʋʅʊʆɺʀʍ ɺʆɼ  

 

 
ʘ 

 

 

 

 
ʙ 

ʈʠʩʫʥʦʢ ɭ.1 ï ʆʜʥʦʧʦʪʦʯʥʘ ʩʭʝʤʘ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʛʨʫʥʪʦʚʠʭ ʚʦʜ: ʘ) ʪʽʣʴʢʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ (ʘʙʦ ʪʽʣʴʢʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ);  

ʙ) ʛʨʫʥʪʦʚʳʡ ʢʦʥʪʫʨ ɻɺʊʅʉ 

 

ʈʠʩʫʥʦʢ ɭ.2 ï ɿʤʽʰʘʥʘ ʩʭʝʤʘ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʛʨʫʥʪʦʚʠʭ 

ʚʦʜ ʜʣʷ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʬʫʥʢʮʽʦʥʫʻ ʚ ʟʥʘʢʦʟʤʽʥʥʦʤʫ 

ʨʝʞʠʤʽ (ʩʝʟʦʥʥʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʽ ʟʤʽʥʦʶ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʤʠʢʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʟ ʨʝʞʠʤʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʨʝʞʠʤ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʽ ʥʘʚʧʘʢʠ  
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ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʫʥʪʦʚʠʭ ʚʦʜ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʪʝʧʣʦʥʘʩʦʩʦʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʛʨʫʥʪʦʚʠʭ ʚʦʜ 

(ɻɺʊʅʉ):  

ï ʩʚʝʨʜʣʦʚʠʥʘ ʟ ʛʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ ʻ ʣʦʢʘʣʴʥʠʤ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʪʠ ʜʣʷ 

ɻɺʊʅʉ ʚ ʟʤʽʰʘʥʦʤʫ ʨʝʞʠʤʽ ʨʝʞʠʤʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʪʝʧʣʦʪʠ ʚ 

ʨʝʞʠʤʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʚʥʦʩʠʪʴ ʣʦʢʘʣʴʥʝ ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʧʨʠʨʦʨʜʥʝ 

ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʤʘʩʠʚʫ ʛʨʫʥʪʫ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (ʧʨʠ ʧʽʜʚʝʜʝʥʥʽ ʪʝʧʣʦʪʠ ʜʦ ʆʊ) ʘʙʦ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʧʨʠ ʚʽʜʚʝʜʝʥʥʽ ʪʝʧʣʦʪʠ ʚʽʜ ʆʊ) ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ 

ʛʨʫʥʪʦʚʠʡ ʤʘʩʠʚ. ʇʨʠ ʟʫʧʠʥʮʽ ɻɺʊʅʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʧʦʚʝʨʥʝʥʥʷ ʜʦ 

ʧʨʠʨʦʜʥʦʛʦ (ʬʦʥʦʚʦʛʦ) ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʠʚʫ ʛʨʫʥʪʫ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ;  

ï ʟʥʘʯʥʘ ʤʘʩʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʪʘ ʡʦʛʦ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʶʪʴ 

ʟʦʥʫ ʚʧʣʠʚʫ ʩʚʝʨʜʣʦʚʠʥʠ, ʟʥʠʞʫʶʯʠ ʪʝʤʧʠ ʦʭʦʣʦʜʞʝʥʥʷ ʘʙʦ ʥʘʛʨʽʚʘʥʥʷ. ʋ 

ʧʦʻʜʥʘʥʥʽ ʟ ʤʘʣʦʶ ʛʫʩʪʠʥʦʶ ʬʦʥʦʚʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʛʨʫʥʪʦʚʠʡ ʧʣʘʩʪ ʜʦʮʽʣʴʥʦ  

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʪʠ (ʊɸ), ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʦʛʦ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻɺʊʅʉ, ʦʩʦʙʣʠʚʦ, ʢʦʣʠ  

ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʨʝʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʪʠ;  

ï ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʛʨʫʥʪʦʚʶ ʚʦʜʦʶ ʦʙʫʤʦʚʣʝʥʠʡ 

ʨʦʙʦʪʦʶ ɻɺʊʅʉ ʥʘ ʦʜʥʦʧʦʪʦʯʥʘ ʩʠʩʪʝʤʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʯʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ 

(ʨʠʩʫʥʦʢ ɭ.1) ʘʙʦ ʥʘ ʟʤʽʰʘʥʫ ʩʠʩʪʝʤʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ʢʦʥʜʠʮʽʶʚʘʥʥʷ (ʨʠʩʫʥʦʢ 

ɭ.2), ʧʦʪʨʝʙʘ ʷʢʠʭ ʫ ʪʝʧʣʦʪʠ ʯʠ ʭʦʣʦʜʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʚʧʣʠʚʦʚʠʭ ʯʠʥʥʠʢʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʽ  ʢʣʽʤʘʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ;  

ï ʥʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʛʨʫʥʪʦʚʦʶ ʚʦʜʦʶ, ʷʢ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʜʣʷ ɻɺʊʅʉ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʚʧʣʠʚ 

ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʧʦʪʽʢ ʛʨʫʥʪʦʚʠʭ ʚʦʜ. 
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ɼʆɼɸʊʆʂ ɾ 

ʈʆɿʈɸʍʋʅʂʆɺɸ ʉʍɽʄɸ ʈ̂ʋʅʊʆɺʆɻʆ ʄɸʉʀɺʋ ʅɸɺʂʆʃʆ 

ʉɺɽʈɼʃʆɺʀʅʀ ʊɸ ʆʉʆɹʃʀɺʆʉʊɯ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʉʀʉʊɽʄʀ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ɯ ʂʆʅɼʀʎɯʆʅʋɺɸʅʅʗ  ʇʈʀ ʈʆɹʆʊɯ 

ʊɽʇʃʆɺʆɻʆ ʅɸʉʆʉʋ ɿɯ ɿʅɸʂʆɿʄɯʅʅʀʄ ʅɸʇʈʗʄʂʆʄ  

ʊɽʇʃʆɺʆɻʆ ʇʆʊʆʂʋ 

 

 

 

 

 

ʙ) 

ʈʠʩʫʥʦʢ ɾ.1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ 

ʘ) ʛʨʫʥʪʦʚʠʡ ʤʘʩʠʚ; ʙ) ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ 

rʢ ï ʨʘʜʽʫʩ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ; rʩ ï ʨʘʜʽʫʩ ʩʚʝʨʜʣʦʚʠʥʠ; 

Qʧʨʠʨʦʜʥʘ ï ʧʨʠʨʦʜʥʘ ʪʝʧʣʦʪʘ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ 

 

ɻɽʊʅʉ, ʟʘʚʜʷʢʠ ʨʝʚʝʨʩʠʚʥʦʩʪʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʨʝʞʠʤʽ ʦʧʘʣʝʥʥʷ ʚ ʭʦʣʦʜʥʠʡ ʩʝʟʦʥ ʨʦʢʫ ʽ ʚ ʨʝʞʠʤʽ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʚʣʽʪʢʫ. ɿ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʦʮʽʣʴʥʦ ʩʢʠʜʘʪʠ 

ʚʪʦʨʠʥʥʫ ʪʝʧʣʦʪʫ ʫ ʩʚʝʨʜʣʦʚʠʥʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨ, ʘ ʡ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʢʣʫ ʊʅ, ʚʽʜʧʦʚʽʜʥʦ 

[16]. ʇʨʠ  ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʝʚʝʨʩʠʚʥʠʭ ʧʨʦʮʝʩʘʭ ʪʨʝʙʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʥʫ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʝʥʝʨʘʮʽʾ kʨ. 

ʋʩʝʨʝʜʥʝʥʽ ʪʝʧʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻɽʊʅ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʚ 

ʨʝʚʝʨʩʠʚʥʠʭ ʨʝʞʠʤʘʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ ɾ.2, ʘ.  ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ 
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ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʽʚ ʚʢʣʶʯʝʥʥʷ ʽ ʟʫʧʠʥʢʠ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ (ʨʠʩʫʥʦʢ ɾ.2, ʙ), ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ. ʊʨʠʚʘʣʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ  ʰʣʷʭʦʤ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʟʚʠʯʘʡʥʦ ʮʝ  ʪʴ ʨʦʢʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʜʽʶʯʠʭ ʩʚʝʨʜʣʦʚʠʥ [68, 69]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ 

ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʫʨʘʭʫʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʟʤʽʥʥʠʭ ʨʝʞʠʤʥʠʭ ʮʠʢʣʽʚ ʧʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ˆɺʊʅʉ ʩʪʘʥʦʚʠʣʦ ʥʝ ʤʝʥʰʝ ʧ'ʷʪʴ ʨʦʢʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʜʞʝʨʝʣʘ.  

ʇʽʢʦʚʽ ʚʝʣʠʯʠʥʠ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʩʠʚʽ ʛʨʫʥʪʫ ʥʘʚʢʦʣʦ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʜʞʝʨʝʣʘ 

ʜʦʩʷʛʘʶʪʴʩʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ, ʢʦʣʠ ʟʘʚʝʨʰʫʶʪʴʩʷ ʟʥʘʢʦʟʤʽʥʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

(ʦʧʘʣʝʥʥʷ ʽ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ) ˆɺʊʅʉ. ʆʪʞʝ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʩʘʤʝ ʮʽ 

ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ. ʏʝʨʛʫʚʘʥʥʷ ʨʝʚʝʨʩʠʚʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ˆɺʊʅʉ, ʘ ʩʘʤʝ,  

ʨʝʞʠʤʽʚ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ (ʚʟʠʤʢʫ) ʪʘ ʩʢʠʜʫ ʪʝʧʣʦʪʠ ʫ ʩʚʝʨʜʣʦʚʠʥʫ 

(ʚʣʽʪʢʫ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ˇʨʫʥʪʦʚʦʛʦ ʧʣʘʩʪʫ ʥʘʚʢʦʣʦ 

ʩʚʝʨʜʣʦʚʠʥʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʢʦʟʤʽʥʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʝʛʝʥʝʨʘʮʽʻʶ ʪʝʧʣʦʪʠ ʫ ʛʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ. ʇʨʠ ʮʴʦʤʫ, ʟʘ 

ʽʜʝʘʣʴʥʽ ʫʤʦʚʠ ʥʘʡʢʨʘʱʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʻ ʥʫʣʴʦʚʠʡ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ, 

ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʽʜʙʠʨʘʻʪʴʩʷ ʚʟʠʤʢʫ ʚʽʜ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʤʘʩʠʚʫ, 

ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʥʴʦʛʦ ʚʣʽʪʢʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ 

ʘʜʽʘʙʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʥʝ ʤʘʻ ʟʤʽʥʶʚʘʪʠʩʷ ʫ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ˇʨʫʥʪʦʚʠʭ ʚʦʜ.  ʏʝʨʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʟʥʘʢʦʟʤʽʥʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ˆɺʊʅʉ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ ɾ.2, ʙ. ɺʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ 

ʤʘʩʠʚʫ ʚ ʫʤʦʚʘʭ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʻ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʙʦ ʚʠʤʘʛʘʻ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʝ 

ʩʬʦʨʤʦʚʘʥʦ  ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩʠ ʪʝʧʣʦʟʙʦʨʫ ʘʙʦ ʪʝʧʣʦʚʽʜʚʦʜʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʟʤʽʥʥʠʭ 
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ʟʦʚʥʽʰʥʽʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʢʣʫ ˆɺʊʅ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ˇʨʫʥʪʦʚʦʛʦ ʧʣʘʩʪʫ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥʠ [16, 17, 19]. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ ɾ.2 ï ʅʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ɻɽʊʅʉ:  

ʪʨʠʚʘʣʽʩʪʴ ʨʝʚʝʨʩʠʚʥʠʭ ʧʝʨʽʦʜʽʚ ʨʦʙʦʪʠ: 

ʘ) ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʨʝʚʝʨʩʠʚʥʠʭ ʮʠʢʣʽʚ: 

ʙ) ʟʥʘʢʦʟʤʽʥʥʽ ʮʠʢʣʠ ʝʪʘʧʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  ʩʠʩʪʝʤʠ  
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ɼʆɼɸʊʆʂ ɿ 

ʈɽɿʋʃʔʊɸʊʀ ʏʀʉɽʃʔʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʇʆʃʗ ʊɽʄʇɽʈɸʊʋʈ ɺ 

ɻʈʋʅʊʆɺʆʄʋ ʄɸʉʀɺɯ ʅɸɺʂʆʃʆ ʉɺɽʈɼʃʆɺʀʅʀ ɿ ɻʈʋʅʊʆɺʀʄʀ 

ɺʆɼɸʄʀ 

 

ʈʠʩʫʥʦʢ ɿ.1ï ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʧʦʟʠʪʠʚʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ  

ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʰʝʩʪʠ ʤʽʩʷʮʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɻɺʊʅʉ  

 

ʈʠʩʫʥʦʢ ɿ.2ï ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʨʦʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɻɺʊʅʉ  
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ʈɽɿʋʃʔʊɸʊʀ ʏʀʉɽʃʔʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɿʇʆɼɯʃɽʅʅʗ 

ʊɽʄʇɽʈɸʊʋʈ  ɺ ɻʈʋʅʊʆɺʆʄʋ ʄɸʉʀɺɯ ʇʈʀ ʎʀʂʃɯʏʅʆʄʋ ʇɯɼɺʆɼɯ 

ʊɽʇʃʆʊʀ ʋ ʉɺɽʈɼʃʆɺʀʅʋ 

 
ʘ) 

 
ʙ) 

 

 

ʚ) 

ʈʠʩʫʥʦʢ ɿ.3 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ ʨʦʙʦʪʽ ɻɺʊʅʉ ʚ ʨʝʞʠʤʘʭ: 

ʘ) ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʧʽʚʨʦʢʫ;   

ʙ) ʟʫʧʠʥʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ;  

ʚ) ʟʥʘʢʦʟʤʽʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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ʈʠʩʫʥʦʢ ɿ.4 ïɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʚʽʜ ʧʝʨʰʦʛʦ  

ʚʢʣʶʯʝʥʥʷ ɻɽʊʅʉ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ (ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ) ʩʪʘʥʫ 

ʧʨʠ ʦʜʥʦʧʦʪʦʯʥʦʤʫ ʨʝʞʠʤʽ 

 
ʈʠʩʫʥʦʢ ɿ.5 ïɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʚʽʜ ʧʝʨʰʦʛʦ  

ʚʢʣʶʯʝʥʥʷ ɻɽʊʅʉ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ (ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ)  ʩʪʘʥʫ 

ʚ ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ 

 
ʚ) 

ʈʠʩʫʥʦʢ ɿ.6 ïɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʚʽʜ ʧʝʨʰʦʛʦ  

ʚʢʣʶʯʝʥʥʷ ɻɽʊʅʉ ʧʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʝʥʝʨʘʮʽʾ kʨ = 0é1 
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ʈʠʩʫʥʦʢ ɿ.7 ï ɺʧʣʠʚ ʨʝʛʝʥʝʨʘʮʽʾ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʤʘʩʠʚʫ ʛʨʫʥʪʫ ʥʘʚʢʦʣʦ  ʉˆɺ ʧʨʠ kʨ= 0,5 

 
ʈʠʩʫʥʦʢ ɿ.8 ï ɺʧʣʠʚ ʨʝʛʝʥʝʨʘʮʽʾ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʤʘʩʠʚʫ ʛʨʫʥʪʫ ʥʘʚʢʦʣʦ  ʉˆɺ ʧʨʠ kʨ= 0,75 

 
ʈʠʩʫʥʦʢ ɿ.9 ï ɺʧʣʠʚ ʨʝʛʝʥʝʨʘʮʽʾ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʤʘʩʠʚʫ ʛʨʫʥʪʫ ʥʘʚʢʦʣʦ ʉˆɺ kʨ=1,0 

 

ʈʠʩʫʥʦʢ ɿ.10 ï ɿʘʣʝʞʥʽʩʪʴ ʙʝʟʨʦʟʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ Ὸ  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʠʩʣʘ 

ʌʫʨôʻ ʪʘ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ὗ ʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 
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ɼʆɼɸʊʆʂ ɯ 

ɸʃɻʆʈʀʊʄ ɯ ɹʃʆʂ-ʉʍɽʄɸ ʏʀʉɽʃʔʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ʊɽʇʃʆɺʆɻʆ ʅɸʉʆʉʋ ʅɸ ɹɸɿɯ ɻʈʋʅʊʆɺʀʍ ɺʆɼ 

 

 
 

ʈʠʩʫʥʦʢ ɯ.1 ï ɹʣʦʢ-ʩʭʝʤʘ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ɻɺʊʅʉ  

ʟʘ ʢʨʠʪʝʨʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ 

 

 
ʈʠʩʫʥʦʢ ɯ.2 ï ɿʤʽʥʘ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʟʥʘʢʦʟʤʽʥʥʦʛʦ  

ʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ɻɺʊʅʉ  

ʫʩʝʨʝʜʥʦʛʦ ʧʨʦʪʷʛʦʤ ʨʦʢʫ 
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ʈʠʩʫʥʦʢ ɯ.3 ï ɹʣʦʢ-ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ  

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ  ̔ʢʦʥʜʠʮʽʶʚʘʥʥʷ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʫʥʪʦʚʠʭ ʚʦʜ 
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ɼʆɼɸʊʆʂ ʂ 

ʇʈʆɻʈɸʄɸ ʈʆɿʈɸʍʋʅʂʋ ʊɽʇʃʆʅɸʉʆʉʅʆɰ ʉʀʉʊɽʄʀ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉʂʀɼʅʀʍ ɺʆɼ 

unit Unit1; 

interface 

uses 

  Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms, 

  Dialogs, Grids, DBGrids, DB, StdCtrls, ExtCtrls, adscnnct, adsdata, adsfunc, 

  adstable, ComCtrls, math; 

type 

  TMainForm = class(TForm) 

    Button1: TButton; 

    Edit_u: TEdit; 

    Edit_delta: TEdit; 

    Edit_dout: TEdit; 

    Edit_condpipe: TEdit; 

    Edit_condwater: TEdit; 

    Label1: TLabel; 

    Label7: TLabel; 

    Label11: TLabel; 

    Label14: TLabel; 

    Label15: TLabel; 

    Label21: TLabel; 

    Label25: TLabel; 

    Label31: TLabel; 

    Label34: TLabel; 

    Label35: TLabel; 

    results_box1: TGroupBox; 

    Label41: TLabel; 
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    Edit_re: TEdit; 

    Label42: TLabel; 

    Edit_pr: TEdit; 

    Label44: TLabel; 

    Label45: TLabel; 

    Label46: TLabel; 

    Edit_nu: TEdit; 

    Edit_alfa: TEdit; 

    Edit_k: TEdit; 

    Label48: TLabel; 

    Label47: TLabel; 

    Label49: TLabel; 

    Label51: TLabel; 

    Edit_L: TEdit; 

    Edit_f: TEdit; 

    Label3: TLabel; 

    Label4: TLabel; 

    data_table: TAdsTable; 

    AdsConnection1: TAdsConnection; 

    pre_box: TGroupBox; 

    Label16: TLabel; 

    Label17: TLabel; 

    Label18: TLabel; 

    Label19: TLabel; 

    Label20: TLabel; 

    Label36: TLabel; 

    Label37: TLabel; 

    Label38: TLabel; 

    Label39: TLabel; 

    Label40: TLabel; 
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    Edit_visc1: TEdit; 

    Edit_visc2: TEdit; 

    Edit_ro1: TEdit; 

    Edit_ro2: TEdit; 

    Edit_cp1: TEdit; 

    Edit_cp2: TEdit; 

    Edit_lambda1: TEdit; 

    Edit_lambda2: TEdit; 

    Edit_t1: TEdit; 

    Edit_t2: TEdit; 

    spec_box: TGroupBox; 

    DataSource1: TDataSource; 

    DBGrid1: TDBGrid; 

    res_table: TAdsTable; 

    DataSource2: TDataSource; 

    results_box2: TGroupBox; 

    DBGrid2: TDBGrid; 

    res_tableRe: TAdsStringField; 

    res_tablePr: TAdsStringField; 

    res_tableRePrdL: TAdsStringField; 

    res_tableNu: TAdsStringField; 

    res_tableALFA: TAdsStringField; 

    res_tableK: TAdsStringField; 

    data_tableDyn_visc: TAdsStringField; 

    data_tablero: TAdsStringField; 

    data_tableCp: TAdsStringField; 

    data_tableLAMBDA: TAdsStringField; 

    data_tableG_temp: TAdsStringField; 

    data_tableA_temp: TAdsStringField; 

    res_tableQ: TStringField; 
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    Edit1: TEdit; 

    res_tablet1: TStringField; 

    res_tablet2: TStringField; 

    DateTimePicker1: TDateTimePicker; 

    res_tablet_napor: TAdsStringField; 

    Label23: TLabel; 

    Label24: TLabel; 

    data_tablepipe_visc: TAdsStringField; 

    Button2: TButton; 

    Label52: TLabel; 

    Edit_iter: TEdit; 

    Label50: TLabel; 

    Label5: TLabel; 

    Label6: TLabel; 

    Edit_u_water: TEdit; 

    Label8: TLabel; 

    Label9: TLabel; 

    Edit_d_water: TEdit; 

    Label12: TLabel; 

    Label13: TLabel; 

    Edit_Q: TEdit; 

    Label26: TLabel; 

    Edit_COP: TEdit; 

    Edit_x: TEdit; 

    Label10: TLabel; 

    edit_alfa1: TEdit; 

    Edit2: TEdit; 

    Edit3: TEdit; 

    procedure Button1Click(Sender: TObject); 

    procedure Button2Click(Sender: TObject); 
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  private 

    { Private declarations } 

  public 

    { Public declarations } 

  end; 

var 

  MainForm: TMainForm; 

implementation 

uses Unit4; 

{$R *.dfm}  

procedure TMainForm.Button1Click(Sender: TObject); 

var h, d_w, k_, Q_, ftr, L, step, f_pipes, f_water, f0, alfa2, W, dgidr, f, c, m, dynvisc, 

kinemvisc, ro, dynvisc2, kinemvisc2, ro2, lambda, lambda2, Cp, a2, a, napor,k, re, re2, 

pr, pr2, p, nu, nu2, alfa, t1, t2, q, q_sum, q1_sum, temper, pipe_visc, corner, S, d_ekv: 

real; 

var dynvisc_i, ro_i, lambda_i, Cp_i, g_temp_i, a_temp_i, pipe_visc_i: array[0..10] of 

real; 

var iter, i, n: integer; 

var date: string; 

begin 

// ʨʦʟʨʘʭʫʥʢʠ ʧʦʧʝʨʝʜʥʽ  

  dgidr:=strtofloat(Edit_dout.text)ï2*strtofloat(edit_delta.Text); // ʛʠʜʨ. ʜʠʘʤʝʪʨ ʪʨʫʙʳ 

  ftr:=Pi*sqr(dgidr)/4;  // ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʳ 

  data_table.active:=true; 

  data_table.First; 

  for n := 0 to data_table.RecordCountï2 do begin 

     dynvisc_i[n]:=data_table.Fields[0].value; 

    ro_i[n]:=data_table.Fields[1].value; 

    Cp_i[n]:=data_table.Fields[2].value; 

    lambda_i[n]:=data_table.Fields[3].value; 
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    pipe_visc_i[n]:=data_table.Fields[6].value; 

    g_temp_i[n]:=data_table.Fields[4].value; 

    a_temp_i[n]:=data_table.Fields[5].value; 

    data_table.Next; 

    end; 

  g_temp_i[data_table.recordcountï1]:=data_table.Fields[4].value; 

  a_temp_i[data_table.recordcountï1]:=data_table.Fields[5].value; 

  dynvisc_i[data_table.recordcountï1]:=data_table.Fields[0].Value; 

  ro_i[data_table.recordcountï1]:=data_table.Fields[1].value; 

  Cp_i[data_table.recordcountï1]:=data_table.Fields[2].value; 

  lambda_i[data_table.recordcountï1]:=data_table.Fields[3].value; 

  pipe_visc_i[data_table.recordcountï1]:=data_table.Fields[6].value; 

// ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ 

  napor:=((g_temp_i[0]ïa_temp_i[0])ï(g_temp_i[data_table.RecordCountï1]ï

a_temp_i[data_table.RecordCountï1]))/ln((g_temp_i[0]ïa_temp_i[0])ï

(g_temp_i[data_table.RecordCountï1]ïa_temp_i[data_table.RecordCountï1])); 

  dynvisc2:=1.1767/1000; 

  ro2:=999.13; 

  lambda2:=0.590; 

  kinemvisc2:=1.21/1000000; 

  a2:=1.3794/10000000; 

  pr2:=kinemvisc2/a2; 

  Edit_pr.Text:=floattostr(round(pr2)); 

  d_w:=strtofloat(edit_d_water.text)ï2*strtofloat(edit_dout.Text); 

  h:=0.5*d_wï(1ïstrtofloat(Edit_x.text))*d_w; 

  f_water:=sqr(d_w)/4*(2*arccos(h/(0.5*d_w))+sin(2*arccos(h/(0.5*d_w)))); 

  corner:=2*arccos((strtofloat(Edit_x.text)*strtofloat(edit_d_water.text)ï

0.5*strtofloat(edit_d_water.text))/(strtofloat(edit_d_water.text)/2ï

strtofloat(edit_dout.text))); 
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  S:=Pi/4/360*sqr(strtofloat(edit_d_water.text)ï2*strtofloat(edit_dout.Text))*cornerï

(strtofloat(edit_d_water.text)ï2*strtofloat(edit_dout.Text))/2*sin(corner); 

  f_water:=Pi/4*sqr(strtofloat(edit_d_water.text)ï2*strtofloat(edit_dout.Text))ïS; 

  edit3.Text:=floattostr(f_water); 

  //f_water:=Pi*sqr(strtofloat(edit_d_water.text)ï2*strtofloat(edit_dout.Text))/4; 

  d_ekv:=sqrt(4*f_water/Pi); 

  re2:=strtofloat(Edit_u_water.text)*strtofloat(Edit_dout.text)/kinemvisc2; 

  Edit_re.Text:=floattostr(round(re2)); 

  {if (re2>0.1) and (re2<4) then nu2:=0.99*0.35*ln(pr2)*0.305*ln(re2) 

  else if (re2>=4) and (re2<8) then nu2:=0.86*0.35*ln(pr2)*0.41*ln(re2) 

  else if (re2>=8) and (re2<100) then nu2:=0.59*0.35*ln(pr2)*0.47*ln(re2) 

  else if (re2>=100) and (re2<5000) then nu2:=0.665*0.35*ln(pr2)*0.47*ln(re2) 

  else if (re2>=5000) and (re2<50000) then nu2:=0.22*0.35*ln(pr2)*0.6*ln(re2) 

  else if (re2>=50000) then nu2:=0.026*0.35*ln(pr2)*0.8*ln(re2);} 

  if (re2>10) and (re2<1000) then nu2:=0.44*0.5*ln(re2) 

  else if (re2>=1000) and (re2<200000) then nu2:=0.22*0.6*ln(re2); 

  //if (re2>=5) and (re2<1000) then nu2:=0.5*(0.5*ln(re2))*(0.38*ln(pr2)) 

  //else if (re2>=1000) and (re2<200000) then nu2:=0.25*(0.6*ln(re2))*(0.38*ln(pr2)) 

  //else if (re2>=200000) and (re2<2000000) then 

nu2:=0.25*(0.8*ln(re2))*(0.37*ln(pr2)); 

  edit_nu.text:=floattostr(nu2); 

  alfa2:=nu2*lambda2/strtofloat(edit_dout.text); 

  Edit_alfa.text:=floattostr(alfa2); 

  k_:=1/(strtofloat(Edit_delta.text)/strtofloat(Edit_condpipe.text)+1/alfa2); 

  Edit_k.text:=floattostr(k_); 

  Q_:=strtofloat(Edit_Q.text)/strtofloat(Edit_COP.text); 

  f_pipes:=Q_/(k_*napor); 

  Edit_f.text:=floattostr(round(f_pipes)); 

  L:=f_pipes/(Pi*dgidr); 

  Edit_L.text:=floattostr(round(L)); 
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  //ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

  q_sum:=0; 

  res_table.Active:=false; 

  datetimepicker1.Update; 

  datetimepicker1.Refresh; 

  date:=FormatDateTime('yyyy_mm_dd_hh_nn_ss',DateTimePicker1.date); 

  res_table.TableName:=date+'.adt'; 

  res_table.CreateTable; 

  res_table.open; 

  res_table.Edit; 

  results_box2.visible:=true; 

  for n := 0 to data_table.RecordCountï2 do begin 

    res_table.Insert; 

    dynvisc:=(dynvisc_i[n]+dynvisc_i[n+1])/2; 

    ro:=(ro_i[n]+ro_i[n+1])/2; 

    kinemvisc:=dynvisc/ro; 

    lambda:=(lambda_i[n]+lambda_i[n+1])/2; 

    Cp:=(Cp_i[n]+Cp_i[n+1])/2; 

    pipe_visc:=(pipe_visc_i[n]+pipe_visc_i[n+1])/2; 

    a:=lambda/(Cp*1000*ro); 

    re:=strtofloat(edit_u.text)*ftr/kinemvisc; 

    pr:=kinemvisc/a; 

    step:=L/10; 

    p:=re*pr*dgidr/step; 

    if p<4.5 then nu:=0.5*p 

    else if (p>=4.5) {and (p<13)} then nu:=1.62*re*pr*exp(0.33*ln(dgidr/step)); 

    if (p>=13) then nu:=1.86*0.14*ln(dynvisc/pipe_visc)*0.33*ln(p); 

    alfa:=nu*lambda/dgidr; 

    k:=1/(1/alfa+strtofloat(Edit_delta.text)/strtofloat(Edit_condpipe.text)+1/alfa2); 

    // ʧʦʯʘʪʦʢ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ 
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    t1:=g_temp_i[n]ïa_temp_i[n]; 

    t2:=g_temp_i[n+1]ïa_temp_i[n+1]; 

    if (t1=t2) then napor:=t1 

    else if (t1>=t2) then napor:=(t1ït2)/ln(t1/t2) 

    else napor:=(t2ït1)/ln(t2/t1); 

    // ʢʽʥʝʮʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ 

    q:=f_pipes*k*napor/10; 

    res_table.fields[0].AsFloat:=re; 

    res_table.fields[1].AsFloat:=Pr; 

    res_table.fields[2].AsFloat:=p; 

    res_table.fields[3].AsFloat:=Nu; 

    res_table.fields[4].AsFloat:=ALFA ; 

    res_table.fields[5].AsFloat:=k; 

    res_table.fields[6].AsFloat:=q; 

    res_table.fields[7].asfloat:=t1; 

    res_table.fields[8].asfloat:=t2; 

    res_table.Fields[9].asfloat:=napor; 

    q_sum:=q_sum+q; 

    res_table.Next; 

  end; 

  iter:=1; 

  if  q_sum<>Q_ then 

  begin 

   while (abs(q_sumïQ_)>1) do begin 

  f_pipes:=f_pipes*Q_/q_sum; 

  q_sum:=0; 

  iter:=iter+1; 

  res_table.Active:=false; 

  datetimepicker1.Update; 

  datetimepicker1.Refresh; 
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  date:=FormatDateTime('yyyy_mm_dd_hh_nn_ss',DateTimePicker1.date); 

  res_table.TableName:=date+'.adt'; 

  res_table.CreateTable; 

  res_table.open; 

  res_table.Edit; 

  results_box2.visible:=true; 

  for n := 0 to data_table.RecordCountï2 do begin 

    res_table.Insert; 

    dynvisc:=(dynvisc_i[n]+dynvisc_i[n+1])/2; 

    ro:=(ro_i[n]+ro_i[n+1])/2; 

    kinemvisc:=dynvisc/ro; 

    lambda:=(lambda_i[n]+lambda_i[n+1])/2; 

    Cp:=(Cp_i[n]+Cp_i[n+1])/2; 

    pipe_visc:=(pipe_visc_i[n]+pipe_visc_i[n+1])/2; 

    a:=lambda/(Cp*1000*ro); 

    re:=strtofloat(edit_u.text)*ftr/kinemvisc; 

    pr:=kinemvisc/a; 

    step:=L/10; 

    p:=re*pr*dgidr/step; 

    if p<4.5 then nu:=0.5*p 

    else if (p>=4.5) {and (p<13)} then nu:=1.62*re*pr*exp(0.33*ln(dgidr/step)); 

    if (p>=13) then nu:=1.86*0.14*ln(dynvisc/pipe_visc)*0.33*ln(p); 

    alfa:=nu*lambda/dgidr; 

    k:=1/(1/alfa+strtofloat(Edit_delta.text)/strtofloat(Edit_condpipe.text)+1/alfa2); 

    // ʧʦʯʘʪʦʢ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ 

    t1:=g_temp_i[n]ïa_temp_i[n]; 

    t2:=g_temp_i[n+1]ïa_temp_i[n+1]; 

    if (t1=t2) then napor:=t1 

    else if (t1>=t2) then napor:=(t1ït2)/ln(t1/t2) 

    else napor:=(t2ït1)/ln(t2/t1); 



179 
 

    // ʢʽʥʝʮʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ 

    q:=f_pipes*k*napor/10; 

    res_table.fields[0].AsFloat:=re; 

    res_table.fields[1].AsFloat:=Pr; 

    res_table.fields[2].AsFloat:=p; 

    res_table.fields[3].AsFloat:=Nu; 

    res_table.fields[4].AsFloat:=ALFA; 

    res_table.fields[5].AsFloat:=k; 

    res_table.fields[6].AsFloat:=q; 

    res_table.fields[7].asfloat:=t1; 

    res_table.fields[8].asfloat:=t2; 

    res_table.Fields[9].asfloat:=napor; 

    q_sum:=q_sum+q; 

    res_table.Next; 

  end; 

    end; 

    end; 

  Edit_f.text:=floattostr(round(f_pipes)); 

  L:=f_pipes/(Pi*dgidr); 

  Edit_k.text:=floattostr(k); 

  Edit_L.text:=floattostr(round(L)); 

  edit1.text:=floattostr(round(q_sum)); 

  edit_alfa1.text:=floattostr(alfa); 

  edit2.Text:=floattostr(strtofloat(Edit_delta.text)/strtofloat(Edit_condpipe.text)); 

  Edit_iter.text:=inttostr(iter); 

  res_table.close; 

  res_table.Active:=true; 

  results_box1.visible:=true; 

  results_box2.Visible:=true; 

  end; 
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procedure TMainForm.Button2Click(Sender: TObject); 

var i: integer; 

begin 

mainform.res_table.first; 

GrafForm.Series1.Clear; 

GrafForm.Series2.Clear; 

for I := mainform.res_table.RecordCount downto 1 do 

  begin 

  GrafForm.series1.addxy(i,mainform.res_table.fields[6].value,inttostr(i),clBlack); 

    if i>0 then mainform.res_table.Next; 

  end; 

GrafForm.series2.addxy(10,5.891,inttostr(i),clBlack); 

GrafForm.series2.addxy(9,6.318,inttostr(i),clBlack); 

GrafForm.series2.addxy(8,6.746,inttostr(i),clBlack); 

GrafForm.series2.addxy(7,7.402,inttostr(i),clBlack); 

GrafForm.series2.addxy(6,8.285,inttostr(i),clBlack); 

GrafForm.series2.addxy(5,10.287,inttostr(i),clBlack); 

GrafForm.series2.addxy(4,12.436,inttostr(i),clBlack); 

GrafForm.series2.addxy(3,12.96,inttostr(i),clBlack); 

GrafForm.series2.addxy(2,12.96,inttostr(i),clBlack); 

GrafForm.series2.addxy(1,7.095,inttostr(i),clBlack); 

GrafForm.Series1.Repaint; 

GrafForm.ShowModal; 

end; 

end. 
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ɼʆɼɸʊʆʂ ʃ 

 ɺʀʉʅʆɺʂʀ ʇʈʆ ɺʇʈʆɺɸɼɾɽʅʅʗ ʈɽɿʋʃʔʊɸʊɯɺ ɼʆʉʃɯɼɾɽʅʅʗ 

 
 

 


