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ɺʉʊʋʇ 

ʎʠʢʣ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʥʘʚʯʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ñɺʠʤʽʨʶʚʘʣʴʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʽò ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʥʘʧʨʷʤʫ 

ʧʽʜʛʦʪʦʚʢʠ 6.051003 ñʇʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷò ʩʧʝʮʽʘʣʴʥʦʩʪʽ: 8. 05100306 

(ʦʩʚʽʪʥʴʦïʢʚʘʣʽʬʽʢʘʮʽʡʥʠʡ ʨʽʚʝʥʴ ʤʘʛʽʩʪʨ) ñɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽò ʻ ʥʝʚʽʜôʻʤʥʦʶ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʘʫʜʠʪʦʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʟʘʥʷʪʴ, ʱʦ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ: 

 ʥʘʙʫʪʪʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʟ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʚʠʪʨʘʪʠ ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ  ̔ʚʦʜʠ 

(ʇɽʈɺ); 

 ʥʘʙʫʪʪʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʟ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʪʨʘʪʠ ʇɽʈɺ; 

 ʚʠʚʯʝʥʥʷ  ̔ ʥʘʙʫʪʪʷ ʥʘʚʠʯʦʢ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʠʪʨʘʪʠ 

ʇɽʈɺ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʢʦʤʧʣʝʢʩʽʚ. 

ʆʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʪʘ ʜʦʩʚʽʜ ʻ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʢʫʨʩʦʚʦʾ ʨʦʙʦʪʠ, ʢʫʨʩʦʚʠʭ ʪʘ ʜʠʧʣʦʤʥʠʭ ʧʨʦʝʢʪʽʚ, ʤʘʛʽʩʪʝʨʩʴʢʠʭ 

ʜʠʩʝʨʪʘʮʽʡ.  

ɺʮʽʣʦʤʫ, ʚʠʚʯʝʥʥʷ ʽ ʦʩʚʦʻʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʫ ʜʦʟʚʦʣʠʪʴ 

ʩʪʫʜʝʥʪʘʤ ʛʣʠʙʰʝ ʦʧʘʥʫʚʘʪʠ ʽ ʟʘʢʨʽʧʠʪʠ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ 

ʜʠʩʮʠʧʣʽʥʠ, ʦʪʨʠʤʘʪʠ ʥʘʚʠʯʢʠ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʫ ʛʘʣʫʟʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʘ ʢʦʥʪʨʦʣʶ ʨʽʜʠʥʥʦʬʘʟʥʠʭ ʧʦʪʦʢʽʚ ʟ ʚʠʩʦʢʠʤʠ ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ.  
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1 ɯʅʉʊʈʋʂʎɯʗ ɿ ʊɽʍʅɯʂʀ ɹɽɿʇɽʂʀ ʇɯɼ ʏɸʉ ʈʆɹʆʊʀ ɺ 

ʃɸɹʆʈɸʊʆʈɯɰ ñʇʈʀʃɸɼʀ ɯ ʉʀʉʊɽʄʀ ɽʅɽʈɻʆɿɹɽʈɽɾɽʅʅʗò 

ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʪʘ ʚʠʢʦʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʥʝʦʙʭʽʜʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʪʘʢʠʭ ʧʨʘʚʠʣ: 

 ʙʫʪʠ ʫʚʘʞʥʠʤʠ ʽ ʜʠʩʮʠʧʣʽʥʦʚʘʥʠʤʠ, ʪʦʯʥʦ ʚʠʢʦʥʫʚʘʪʠ ʚʢʘʟʽʚʢʠ 

ʚʠʢʣʘʜʘʯʘ; 

 ʥʝ ʧʦʯʠʥʘʪʠ ʚʠʢʦʥʫʚʘʪʠ ʨʦʙʦʪʫ ʙʝʟ ʜʦʟʚʦʣʫ ʚʠʢʣʘʜʘʯʘ; 

 ʨʦʟʤʽʱʫʚʘʪʠ ʧʨʠʣʘʜʠ, ʤʘʪʝʨʽʘʣʠ, ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʚʦʻʤʫ ʨʦʙʦʯʦʤʫ 

ʤʽʩʮʽ ʪʘʢ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʾʭ ʧʘʜʽʥʥʶ ʘʙʦ ʧʝʨʝʢʠʜʘʥʥʶ; 

 ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʨʦʙʦʪʠ ʫʚʘʞʥʦ ʚʠʚʯʠʪʠ ʾʾ ʟʤʽʩʪ ʪʘ ʭʽʜ 

ʚʠʢʦʥʘʥʥʷ; 

 ʧ̔ ʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʥʝ ʜʦʧʫʩʢʘʪʠ ʛʨʘʥʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ; 

 ʩʪʝʞʠʪʠ ʟʘ ʩʧʨʘʚʥʽʩʪʶ ʚʩʽʭ ʢʨʽʧʣʝʥʴ ʫ ʧʨʠʣʘʜʘʭ ʽ ʧʨʠʩʪʨʦʷʭ;  

 ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʨʠʩʪʫʚʘʪʠʩʴ 

ʧʨʦʚʦʜʘʤʠ ʟ ʤʽʮʥʦʶ ʽʟʦʣʷʮʽʻʶ ʪʘ ʙʝʟ ʚʠʜʠʤʠʭ ʧʦʰʢʦʜʞʝʥʴ; 

 ʩʢʣʘʜʘʶʯʠ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ, ʫʥʠʢʘʪʠ ʧʝʨʝʪʠʥʫ ʧʨʦʚʦʜʽʚ, 

ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʦʚʽʜʥʠʢʘʤʠ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʦʶ ʽʟʦʣʷʮʽʻʶ ʽ 

ʚʠʤʠʢʘʯʘʤʠ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ; 

 ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʚ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ ʚʤʠʢʘʪʠ ʚ ʦʩʪʘʥʥʶ ʯʝʨʛʫ. 

ʉʢʣʘʜʥʝ ʢʦʣʦ ʚʤʠʢʘʪʠ ʪʽʣʴʢʠ ʧʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ʽ ʜʦʟʚʦʣʫ ʚʠʢʣʘʜʘʯʘ. 

ʅʘʷʚʥʽʩʪʴ ʥʘʧʨʫʛʠ ʚ ʢʦʣʽ ʧʝʨʝʚʽʨʷʪʠ ʪʽʣʴʢʠ ʧʨʠʣʘʜʘʤʠ ʘʙʦ ʧʦʢʘʟʯʠʢʘʤʠ 

ʥʘʧʨʫʛʠ; 

 ʥʝ ʜʦʪʦʨʢʘʪʠʩʴ ʜʦ ʝʣʝʤʝʥʪʽʚ ʢʦʣʘ, ʱʦ ʥʝ ʤʘʶʪʴ ʽʟʦʣʷʮʽʾ ʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʥʘʧʨʫʛʦʶ. ʅʝ ʚʠʢʦʥʫʚʘʪʠ ʧʦʚʪʦʨʥʦ ʟ'ʻʜʥʘʥʴ ʫ ʢʦʣʘʭ ʽ ʥʝ 

ʟʘʤʽʥʶʚʘʪʠ ʟʘʧʦʙʽʞʥʠʢʠ ʜʦ ʚʠʤʠʢʘʥʥʷ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ; 
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 ʥʝ ʜʦʪʦʨʢʘʪʠʩʴ ʜʦ ʢʦʨʧʫʩʽʚ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 

ʟʘʪʠʩʢʘʯʽʚ ʚʽʜʽʤʢʥʫʪʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ; 

 ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʽʟʦʣʶʶʯʠʤʠ ʨʫʯʢʘʤʠ; 

 ʧ̔ ʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʨʦʙʦʪʠ ʚʽʜ'ʻʜʥʘʪʠ ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, 

ʧʦʪʽʤ ʨʦʟʙʝʨʽʪʴ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ; 

 ʥʝ ʟʘʣʠʰʘʪʠ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʙʝʟ ʜʦʟʚʦʣʫ ʚʠʢʣʘʜʘʯʘ; 

 ʚʠʷʚʠʚʰʠ ʥʝʩʧʨʘʚʥʽʩʪʴ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʥʘʧʨʫʛʦʶ, ʥʝʛʘʡʥʦ ʧʦʚʽʜʦʤʠʪʠ ʚʠʢʣʘʜʘʯʘ/ʣʘʙʦʨʘʥʪʘ. 

 

1.1 ɯʥʩʪʨʫʢʮʽʷ ʟ ʧʨʦʪʠʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ 

1. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʦʞʝʞʽ ʚ ʫʥʽʚʝʨʩʠʪʝʪʽ ʧʦʜʘʻʪʴʩʷ ʩʠʛʥʘʣ 

ñʧʦʞʝʞʥʦʾ ʪʨʠʚʦʛʠò - ʧʝʨʝʨʠʚʯʘʩʪʽ ʜʟʚʽʥʢʠ ʧʨʦʪʷʛʦʤ 30 ʩʝʢʫʥʜ. 

2. ɿ ʧʦʜʘʯʝʶ ʩʠʛʥʘʣʫ ñʧʦʞʝʞʥʘ ʪʨʠʚʦʛʘò ʥʘʚʯʘʣʴʥʽ ʟʘʥʷʪʪʷ ʚ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʧʨʠʧʠʥʷʶʪʴʩʷ. ʋʯʥʽ, ʚʠʢʣʘʜʘʯʽ ʽ ʧʨʘʮʽʚʥʠʢʠ ʥʘʚʯʘʣʴʥʦʛʦ 

ʟʘʢʣʘʜʫ ʟ ʧʨʠʤʽʱʝʥʴ ʝʚʘʢʫʶʶʪʴʩʷ, ʘ ʦʩʦʙʦʚʠʡ ʩʢʣʘʜ ʣʘʥʢʠ ʧʦʞʝʞʦʛʘʩʽʥʥʷ 

ʥʝʛʘʡʥʦ ʧʨʠʩʪʫʧʘʻ ʜʦ ʣʽʢʚʽʜʘʮʽʾ ʚʦʛʥʠʱʘ ʧʦʞʝʞʽ, ʥʘʷʚʥʠʤʠ ʧʝʨʚʠʥʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʛʘʩʽʥʥʷ (ʚʦʛʥʝʛʘʩʥʠʢʠ, ʧʽʩʦʢ, ʚʥʫʪʨʽʰʥʽ ʧʦʞʝʞʥʽ ʢʨʘʥʠ ʡ ʽʥʰʝ ), 

ʜʦ ʧʨʠʙʫʪʪʷ ʧʦʞʝʞʥʦʾ ʢʦʤʘʥʜʠ . 

3. ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʞʝʞʫ ʧʦ ʪʝʣʝʬʦʥʫ ñ101ò ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ 

ʩʧʦʢʽʡʥʦ ʽ ʯʽʪʢʦ. ʇʨʠ ʧʦʚʽʜʦʤʣʝʥʥʽ ʥʝʦʙʭʽʜʥʦ: ʚʢʘʟʘʪʠ ʤʽʩʮʝ ʧʦʞʝʞʽ, ʱʦ 

ʛʦʨʠʪʴ ʽ ʥʘʟʚʘʪʠ ʩʚʦʻ ʧʨʽʟʚʠʱʝ. ɼʦʢʣʘʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʞʝʞʫ 

ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʧʨʠʙʫʪʪʷ ʧʦʞʝʞʥʦʾ ʢʦʤʘʥʜʠ ʜʦ ʤʽʩʮʷ ʧʦʞʝʞʽ ʽ ʜʦʟʚʦʣʷʻ 

ʾʡ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʠʪʠ ʧʣʘʥ ʩʚʦʾʭ ʜʽʡ, ʱʦ ʻ ʽʩʪʦʪʥʠʤ ʫ ʩʧʨʘʚʽ ʫʩʧʽʰʥʦʛʦ 

ʛʘʩʽʥʥʷ. 
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1.2 ʅʘʜʘʥʥʷ ʧʝʨʰʦʾ ʜʦʧʦʤʦʛʠ ʧʦʪʝʨʧʽʣʦʤʫ ʧʨʠ ʥʝʱʘʩʥʠʭ 

ʚʠʧʘʜʢʘʭ 

1. ʋ ʚʠʧʘʜʢʫ ʜʦʪʠʢʫ ʣʶʜʠʥʠ ʜʦ ʩʪʨʫʤʦʚʝʜʫʯʠʭ ʯʘʩʪʠʥ ʽ ʧʦʧʘʜʘʥʥʷ 

ʡʦʛʦ ʧʽʜ ʥʘʧʨʫʛʫ, ʥʝʦʙʭʽʜʥʦ ʟʚʽʣʴʥʠʪʠ ʡʦʛʦ ʚʽʜ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ 

ʰʣʷʭʦʤ ʚʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʚʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʘ ʧʨʠ 

ʥʝʤʦʞʣʠʚʦʩʪʽ ʚʽʜʢʣʶʯʝʥʥʷ - ʚʽʜʪʷʛʥʫʪʠ ʡʦʛʦ ʟʘ ʦʜʷʛ ʘʙʦ ʟʘʩʪʦʩʫʚʘʚʰʠ 

ʧʽʜʨʫʯʥʠʡ ʽʟʦʣʷʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ. 

2. ʇʽʩʣʷ ʟʚʽʣʴʥʝʥʥʷ ʧʦʪʝʨʧʽʣʦʛʦ ʚʽʜ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʣʠʢʘʪʠ ʣʽʢʘʨʷ ʽ ʟʨʦʙʠʪʠ ʡʦʤʫ ʧʝʨʰʫ ʤʝʜʠʯʥʫ ʜʦʧʦʤʦʛʫ 

(ʪʝʣʝʬʦʥ ʰʚʠʜʢʦʾ ʜʦʧʦʤʦʛʠ ñ103ò). 

3. ʗʢʱʦ ʧʦʪʝʨʧʽʣʠʡ ʥʝ ʟʥʝʧʨʠʪʦʤʥʽʚ, ʧʨʦʜʦʚʞʫʻ ʜʠʭʘʪʠ ʡ ʫ ʥʴʦʛʦ 

ʥʦʨʤʘʣʴʥʦ ʧʨʘʮʶʻ ʩʝʨʮʝ, ʚʘʨʪʦ ʫʢʣʘʩʪʠ ʡʦʛʦ, ʨʦʟʩʪʝʙʥʫʪʠ ʦʜʷʛ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʠʡ ʩʧʦʢʽʡ ʜʦ ʧʨʠʙʫʪʪʷ ʣʽʢʘʨʷ. 

4. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʫ ʧʦʩʪʨʘʞʜʘʣʦʛʦ ʜʠʭʘʥʥʷ ʡ ʧʫʣʴʩʫ ʥʝʦʙʭʽʜʥʦ 

ʟʨʦʙʠʪʠ ʡʦʤʫ ʰʪʫʯʥʝ ʜʠʭʘʥʥʷ ʽ ʥʝʧʨʷʤʠʡ (ʟʦʚʥʽʰʥʽʡ) ʤʘʩʘʞ ʩʝʨʮʷ. ʇʽʜ 

ʯʘʩ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ ʥʝʦʙʭʽʜʥʦ ʩʪʝʞʠʪʠ ʟʘ ʟʽʥʠʮʷʤʠ ʦʯʝʡ. ʐʠʨʦʢʽ ʟʽʥʠʮʽ 

ʚʢʘʟʫʶʪʴ ʥʘ ʨʽʟʢʝ ʧʦʛʽʨʰʝʥʥʷ ʢʨʦʚʦʦʙʽʛʫ ʤʦʟʢʫ. ʇʨʠ ʪʘʢʦʤʫ ʩʪʘʥʽ 

ʥʝʦʙʭʽʜʥʝ ʥʝʛʘʡʥʦ ʥʘʜʘʚʘʪʠ ʜʦʧʦʤʦʛʫ. 

5. ʗʢʱʦ ʚ ʧʦʪʝʨʧʽʣʦʛʦ ʚʽʜʩʫʪʥʽ ʜʠʭʘʥʥʷ ʽ ʧʫʣʴʩ, ʪʦ ʜʦʧʦʤʦʛʫ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʚ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ: 

 ʫʢʣʘʩʪʠ ʧʦʪʝʨʧʽʣʦʛʦ ʥʘ ʩʧʠʥʫ ʽ ʧʽʜ ʡʦʛʦ ʛʦʣʦʚʫ ʧʽʜʢʣʘʩʪʠ ʚʘʣʠʢ ʟʽ 

ʟʛʦʨʥʫʪʦʛʦ ʦʜʷʛʫ; 

 ʨʦʟʪʘʰʫʚʘʪʠʩʷ ʟ ʣʽʚʦʾ ʩʪʦʨʦʥʠ ʚʽʜ ʧʦʩʪʨʘʞʜʘʣʦʛʦ, ʩʚʦʶ ʣʽʚʫ ʨʫʢʫ 

ʧʽʜʚʝʩʪʠ ʧʽʜ ʡʦʛʦ ʧʦʪʠʣʠʮʶ ʽ ʚʽʜʢʠʥʫʪʠ ʡʦʛʦ ʛʦʣʦʚʫ ʥʘʟʘʜ ; 

 ʚʽʜʢʨʠʪʠ ʧʦʪʝʨʧʽʣʦʤʫ ʨʦʪ, ʟʚʽʣʴʥʠʪʠ ʡʦʛʦ ʚʽʜ ʩʣʠʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʨʣʽ ʘʙʦ ʥʦʩʦʚʦʾ ʭʫʩʪʢʠ ʽ, ʟʨʦʙʠʚʰʠ ʜʚʘ-ʪʨʠ ʛʣʠʙʦʢʠʭ ʚʜʠʭʠ, ʫʜʤʫʭʫʚʘʪʠ 

ʯʝʨʝʟ ʤʘʨʣʶ ʘʙʦ ʭʫʩʪʢʫ ʧʦʚʽʪʨʷ ʟʽ ʩʚʦʛʦ ʨʦʪʘ ʚ ʨʦʪ ʧʦʪʝʨʧʽʣʦʛʦ; 
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 ʟʚʽʣʴʥʠʪʠ ʨʦʪ ʽ ʥʽʩ ʧʦʪʝʨʧʽʣʦʛʦ ʧʦ ʟʘʢʽʥʯʝʥʥʽ ʚʜʤʫʭʫʚʘʥʥʷ, ʱʦʙ 

ʥʝ ʟʘʚʘʞʘʪʠ ʚʽʣʴʥʦʤʫ ʚʠʜʠʭʦʚʽ. 

6. ɿ ʧʦʷʚʦʶ ʧʝʨʰʠʭ ʩʣʘʙʢʠʭ ʚʜʠʭʽʚ ʫ ʧʦʪʝʨʧʽʣʦʛʦ, ʚʘʨʪʦ ʨʦʙʠʪʠ 

ʰʪʫʯʥʠʡ ʚʜʠʭ ʫ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʜʠʭʫ. 

7. ʇʨʠ ʧʦʥʦʚʣʝʥʥʽ ʫ ʧʦʩʪʨʘʞʜʘʣʦʛʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʜʠʭʘʥʥʷ ʷʢʠʡʩʴ 

ʯʘʩ ʚʘʨʪʦ ʧʨʦʜʦʚʞʠʪʠ ʰʪʫʯʥʝ ʜʠʭʘʥʥʷ ʜʦ ʧʦʚʥʦʛʦ ʧʨʠʚʝʜʝʥʥʷ ʧʦʪʝʨʧʽʣʦʛʦ 

ʫ ʩʚʽʜʦʤʽʩʪʴ ʘʙʦ ʜʦ ʧʨʠʙʫʪʪʷ ʣʽʢʘʨʷ. 

8. ʗʢʱʦ ʫ ʧʦʪʝʨʧʽʣʦʛʦ ʚʽʜʩʫʪʥʽʡ ʧʫʣʴʩ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ 

ʟʦʚʥʽʰʥʽʡ ʤʘʩʘʞ ʩʝʨʮʷ. 

9. ʅʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʥʝ ʤʦʞʥʘ ʧʨʠʧʠʥʷʪʠ, ʥʘʚʽʪʴ ʷʢʱʦ ʧʦʪʝʨʧʽʣʠʡ 

ʥʝ ʧʦʜʘʻ ʦʟʥʘʢ ʞʠʪʪʷ. 

10.ʅʝʦʙʭʽʜʥʦ ʚʠʚʯʠʪʠ ʧʨʠʡʦʤʠ ʥʘʜʘʥʥʷ ʧʝʨʰʦʾ ʜʦʧʦʤʦʛʠ ʧʨʠ 

ʚʨʘʞʝʥʥʽ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʽ ʚʤʽʪʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ. 

11.ʇʨʠ ʥʘʜʘʥʥʽ ʜʦʧʦʤʦʛʠ ʧʦʪʝʨʧʽʣʦʤʫ ʥʝ ʜʦʟʚʦʣʷʻʪʴʩʷ ʜʦʧʫʩʢʘʪʠ 

ʦʭʦʣʦʜʞʝʥʥʷ ʡʦʛʦ ʪʽʣʘ. 

12.ʅʝʦʙʭʽʜʥʦ ʚʤʽʪʠ ʥʘʜʘʚʘʪʠ ʧʝʨʰʫ ʜʦʧʦʤʦʛʫ ʧʨʠ ʦʧʽʢʘʭ, ʪʦʤʫ ʱʦ 

ʦʧʽʢ-ʮʝ ʨʘʥʘ, ʫ ʷʢʫ ʣʝʛʢʦ ʤʦʞʝ ʧʦʪʨʘʧʠʪʠ ʽʥʬʝʢʮʽʷ. 

13.ʅʝ ʩʣʽʜ ʟʨʠʚʘʪʠ ʟ ʦʙʧʘʣʝʥʦʛʦ ʤʽʩʮʷ ʦʜʷʛ ʽ ʚʽʜʨʠʚʘʪʠ ʧʨʠʣʠʧʣʫ ʜʦ 

ʨʘʥʠ ʙʽʣʠʟʥʫ.  

14.ʇʨʠ ʦʧʽʢʫ ʦʯʝʡ ʝʣʝʢʪʨʠʯʥʦʶ ʜʫʛʦʶ ʚʘʨʪʦ ʨʦʙʠʪʠ ʭʦʣʦʜʥʽ 

ʧʨʠʤʦʯʢʠ ʨʦʟʯʠʥʦʤ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ.  

 

1.3 ʇʨʘʚʠʣʘ ʧʦʚʦʜʞʝʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪ ɹ

1. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʜʦʪʨʠʤʫʡʪʝʩʴ ʧʨʘʚʠʣ ʪʝʭʥʽʢʠ 

ʙʝʟʧʝʢʠ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. 

2. ʅʘ ʟʘʥʷʪʪʷ ʟ'ʷʚʣʷʪʠʩʴ ʚʯʘʩʥʦ ʙʝʟ ʟʘʧʽʟʥʝʥʴ. 

3. ʉʣʽʜʢʫʚʘʪʠ ʟʘ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ, ʟ'ʷʚʣʷʪʠʩʴ ʥʘ ʟʘʥʷʪʪʷ ʫ 
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ʚʽʜʧʦʚʽʜʥʽʡ ʬʦʨʤʽ ʦʜʷʛʫ. 

4. ɹʫʪʠ ʚʚʽʯʣʠʚʠʤ, ʟ ʧʦʚʘʛʦʶ ʩʪʘʚʠʪʠʩʴ ʜʦ ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʪʝʭʥʽʯʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ. 

5. ɸʜʝʢʚʘʪʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʘʫʚʘʞʝʥʥʷ ʚʠʢʣʘʜʘʯʽʚ. 

6. ɼʦʪʨʠʤʫʚʘʪʠʩʴ ʥʦʨʤʘʪʠʚʥʦʾ ʣʝʢʩʠʢʠ. 

7. ɼʙʘʡʣʠʚʦ ʩʪʘʚʠʪʠʩʴ ʜʦ ʤʘʡʥʘ ʣʘʙʦʨʘʪʦʨʽʾ. 

1.4 ɸʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʟʘʥʷʪʪʷ 

1. ʋʚʘʞʥʦ ʦʟʥʘʡʦʤʪʝʩʴ ʟ ʤʝʪʦʶ ʨʦʙʦʪʠ. 

2. ɺʠʚʯʽʪʴ ʽ ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ, ʷʢʠʤʠ ʙʫʜʝʪʝ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ: ʦʟʥʘʡʦʤʪʝʩ ɹʽʟ ʧʨʘʚʠʣʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʞʥʦʛʦ ʧʨʠʣʘʜʫ ʽ 

ʪʝʭʥʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

3. ɿʨʦʙʽʪʴ ʥʝʦʙʭʽʜʥʽ ʨʠʩʫʥʢʠ ʪʘ ʢʨʝʩʣʝʥʥʷ, ʟʘʧʦʚʥʽʪʴ ʪʘʙʣʠʮʽ. 

4. ɺʠʟʥʘʯʪʝ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠ ʩʧʦʩʪʝʨʽʛʘʣʠ. 

5. ɿʘʧʠʰʽʪʴ ʧʦʢʘʟʥʠʢʠ ʧʨʠʣʘʜʽʚ; ʚʨʘʭʫʡʪʝ, ʱʦ ʥʽ ʦʜʠʥ ʟʘʩʽʙ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʜʘʻ ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. 

6. ɿʨʦʙʽʪʴ ʥʝʦʙʭʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʟʘʢʦʥʘʤʠ, 

ʦʧʠʩʫʶʯʠʤʠ ʜʘʥʽ ʷʚʠʱʘ. 

7. ɺʠʟʥʘʯʪʝ ʛʦʣʦʚʥʝ ʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʪʘ ʨʦʟʨʘʭʫʥʢʘʭ, ʟʨʦʙʽʪʴ 

ʚʠʩʥʦʚʦʢ. 
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2 ʊɽʆʈɽʊʀʏʅɯ ɺɯɼʆʄʆʉʊɯ ɺʀʄɯʈʖɺɸʅʅʗ ɺʀʊʈɸʊʀ ʊɸ 

ʂɯʃʔʂʆʉʊɯ ʇɸʃʀɺʅʆ-ɽʅɽʈɻɽʊʀʏʅʀʍ ʈɽʉʋʈʉɯɺ ɯ ɺʆɼʀ 

ɼʝʬʽʮʠʪ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʥʝʤʠʥʫʯʝ ʟʨʦʩʪʘʥʥʷ ʾʭ ʮʽʥʠ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ, ʦʙʫʤʦʚʣʶʶʪʴ ʦʩʦʙʣʠʚʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʦʙʣʽʢʫ ʇɽʈɺ.  

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʜʽʻʚʦʾ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʙʣʽʢʫ ʚʠʪʨʘʪʠ ʇɽʈɺ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʥʠʢʘʻ ʛʦʩʪʨʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʚʠʪʨʘʪʠ ʽ 

ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʾʚ ʟ ʨʽʟʥʦʶ ʜʠʥʘʤʽʢʦʶ ʾʭ ʧʨʦʪʽʢʘʥʥʷ (ʨʠʩ.2.1). 

 

ʈʠʩ. 2.1. ɽʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʪʘ ʧʨʠʣʘʜʠ ʜʣʷ ʾʭ ʦʙʣʽʢʫ 

 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʪʘ ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʬʽʟʠʯʥʽ ʷʚʠʱʘ  ̔ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʧʣʠʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ [1]: 
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ʘ) ʟʤʽʥʘ ʧʣʦʱʽ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʪʦʢʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʫ 

ʪʨʫʙʦʧʨʦʚʦʜʽ, ʟʤʽʥʫ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ, ʚʠʭʨʦʚʽ ʢʦʣʠʚʘʥʥʷ, ʦʙʝʨʪʘʥʥʷ ʪʘ 

ʢʦʣʠʚʘʥʥʷ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ (ʏɽ), ʷʢʠʡ ʨʦʟʤʽʱʝʥʦ ʫ ʧʦʪʦʮʽ; 

ʙ) ʚʧʣʠʚ ʥʘ ʧʦʪʽʢ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʽʟʠʯʥʠʭ 

ʷʚʠʱ: 

 ʪʝʧʣʦʚʘ ʜʽʷ ʥʘ ʧʦʪʽʢ ʘʙʦ ʪʽʣʦ, ʷʢʝ ʤʘʻ ʢʦʥʪʘʢʪ ʟ ʥʠʤ; 

 ʤʘʛʥʽʪʥʝ ʧʦʣʝ (ʜʣʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʾ ʨʽʜʠʥʠ); 

 ʘʢʫʩʪʠʯʥʽ ʪʘ ʦʧʪʠʯʥʽ ʝʬʝʢʪʠ ʫ ʧʦʪʦʮʽ ʨʫʭʦʤʦʾ ʨʽʜʠʥʠ; 

 ʽʦʥʽʟʘʮʽʷ ʧʦʪʦʢʫ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚ) ʚʧʣʠʚ ʥʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʨʽʜʠʥʠ (ʚʥʝʩʝʥʥʷ ʫ ʧʦʪʽʢ ʚʠʤʽʨʶʚʘʥʦʾ 

ʨʽʜʠʥʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʦʤʽʰʦʢ). 

ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʩʫʯʘʩʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʩʠʩʪʝʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ  ̔ʢʽʣʴʢʦʩʪʽ ʇɽʈɺ: 

ʘ) ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ; 

ʙ) ʠhʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʣʽʥʽʡʥʽʩʪʴ ʰʢʘʣʠ (ʚʠʤʦʛʠ ʜʦ 

ʩʪʘʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ); 

ʚ) ʤ̔ ʥʽʤʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ ʟʤʽʥʠ ʛʫʩʪʠʥʠ ʪʘ 

ʚôʷʟʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

ʛ) ʥʝ ʟʘʣʝʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ; 

ʜ) ʤ̔ ʥʽʤʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ʝ) ʚʠʩʦʢʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʰʚʠʜʢʦʜʽʷ); 

ʞ) ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʨʠʣʘʜʫ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʚʠʪʨʘʪ ʽ ʢʽʣʴʢʦʩʪʽ ʥʝ 

ʪʽʣʴʢʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ, ʘ ʽ ʟʘ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ (ʟʘ ʥʠʟʴʢʠʭ ʘʙʦ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʠʩʢʫ, ʧʨʠ ʚʽʙʨʘʮʽʷʭ ʪʘ ʽʥ.); 

ʟ) ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʰʠʨʦʢʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ 

ʨʝʯʦʚʠʥ; 
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ʠ) ʚʠʤʦʛʠ ʜʦ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʽ ʥʝʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʢʘʞʯʠʢʘ ʰʢʘʣʠ, ʯʘʩʪʦʪʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʽʤʧʫʣʴʩʽʚ, ʥʘʧʨʫʟʽ, ʚʽʜʥʦʰʝʥʥʶ ʥʘʧʨʫʛʠ, ʩʠʣʽ ʩʪʨʫʤʫ); 

ʢ)  ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʤʝʪʨʦʣʦʛʽʯʥʦʶ ʙʘʟʦʶ. 

ʌʘʢʪʦʨʠ, ʷʢʠʤʠ ʦʙʫʤʦʚʣʝʥʘ ʩʢʣʘʜʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ 

ʇɽʈɺ: 

ʘ) ʚʠʤʽʨʶʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʨʫʭʘʻʪʴʩʷ, ʧʨʠʯʦʤʫ ʡʦʛʦ ʭʘʨʘʢʪʝʨ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʘʥʥʷ ʧʨʠʣʘʜʽʚ; 

ʙ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʠʣʘʜʽʚ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʢʣʘʜʥʦʤʫ ʽ ʙʘʛʘʪʦʛʨʘʥʥʦʤʫ ʟʚôʷʟʢʫ; 

ʚ) ʚʝʣʠʢʝ ʯʠʩʣʦ ʚʠʤʽʨʶʚʘʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʮʽʥʢʘ ʧʦʭʠʙʦʢ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʇɽʈɺ 

ʄʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʯʠʣʴʥʠʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ, 

ʧʨʠʣʘʜʽʚ ʽ ʩʠʩʪʝʤ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʽ ʣʽʯʠʣʴʥʠʢʠ. ʉʢʣʘʜʥʽʩʪʴ ʚ ʦʮʽʥʮʽ 

ʧʦʭʠʙʦʢ ʧʦʷʩʥʶʻʪʴʩʷ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʧʨʠʣʘʜʽʚ, ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʚʨʘʭʦʚʫʚʘʥʥʷ ʟʤʽʥʠ ʩʢʣʘʜʫ ʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʧʣʦʥʦʩʽʷ (ʥʘʷʚʥʽʩʪʴ 

ʜʦʤʽʰʦʢ), ʪʦʱʦ. ʆʮʽʥʢʫ ʧʦʭʠʙʦʢ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, 

ʤʦʞʥʘ ʚʝʩʪʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʱʦ ʥʘʚʝʜʝʥʘ ʚ ʨʦʙʦʪʽ [2]. 

ʇʨʠ ʦʙʣʽʢʫ ʪʝʧʣʦʪʠ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʴ, ʩʧʦʞʠʪʠʭ ʟʘ ʜʝʷʢʠʡ 

ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʻ ʥʘʢʦʧʠʯʝʥʦʶ ʩʫʤʦʶ n-ʧʨʦʤʽʞʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

i iS ( x t )= Dä       (2.1) 

ʜʝ xi ï ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ i-ʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ ʤʠʪʪʻʚʦʾ ʚʠʪʨʘʪʠ 

(ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ), ȹti ï ʪʨʠʚʘʣʽʩʪʴ i-ʛʦ ʽʥʪʝʨʚʘʣʫ 

ʯʘʩʫ. 
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ɿʘʜʘʯʘ ʩʪʘʚʠʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʱʦʙ ʦʮʽʥʠʪʠ ʧʦʭʠʙʢʫ ʨʝʟʫʣʴʪʘʪʫ S 

ʦʙʣʽʢʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʟʘ ʫʤʦʚʠ, ʱʦ ʧʦʭʠʙʢʘ ʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

(ɿɺ) ʥʦʨʤʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʤʝʞ ʚʽʜʥʦʩʥʦʾ ŭɼ ʘʙʦ ʧʨʠʚʝʜʝʥʦʾ ɔɼ ʧʦʭʠʙʢʠ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ
it t constD =D = . ʊʦʜʽ 

iS t x=Dä .      (2.2) 

ʆʮʽʥʢʫ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ S ʦʙʣʽʢʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʧʨʦʚʝʜʝʤʦ ʚ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʢʦʞʝʥ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʴ xi ʤʽʩʪʠʪʴ ʜʝʷʢʫ ʧʦʭʠʙʢʫ, 

ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ Ů ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʝ ʩʫʤʦʶ ʩʠʩʪʝʤʘʪʠʯʥʦʾ Ůʩʠʩʪ 

ʪʘ ʚʠʧʘʜʢʦʚʦʾ Ůʚʠʧ ʩʢʣʘʜʦʚʠʭ. 

ʇʨʠʧʫʩʪʠʤʦ ʪʘʢʦʞ, ʱʦ ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ Ůʚʠʧ ʤʘʻ 

ʨʽʚʥʦʤʽʨʥʫ ʬʫʥʢʮʽʶ ʛʫʩʪʠʥʠ (ʛʽʨʰʠʡ ʚʠʧʘʜʦʢ) ʽ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ, 

ʨʽʚʥʝ ʥʫʣʶ. ɿ ʦʩʪʘʥʥʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʠ n, ʧʨʘʛʥʫʯʦʤʫ ʜʦ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʚʠʪʽʢʘʻ, ʱʦ ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ ɿɺ ʥʝ ʚʧʣʠʥʝ ʥʘ 

ʨʝʟʫʣʴʪʘʪ S ʦʙʣʽʢʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. 

ɼʘʣʽ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ xi ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ xʥ ʜʦ ʢʽʥʮʝʚʦʛʦ xʢ ʟʥʘʯʝʥʴ, ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʠʤʽʨʶʚʘʥʴ ɿɺ. 

ʇʝʨʝʭʦʜʷʯʠ ʚʽʜ ʩʫʤʠ ʜʦ ʽʥʪʝʛʨʘʣʫ ʽ ʚʨʘʭʦʚʫʶʯʠ ʩʠʩʪʝʤʘʪʠʯʥʫ 

ʩʢʣʘʜʦʚʫ ʧʦʭʠʙʢʠ ɿɺ, ʦʜʝʨʞʠʤʦ: 

1
( )

K

H

x

ʩʠʩʪ

K H x

S tn x dx
x x

e=D +
- ñ ,   (2.3) 

ʘʙʦ 

1S t n S=D Ö Ö,     (2.4) 

ʜʝ 

1

1
( )

K

H

x

ʩʠʩʪ

K H x

S x dx
x x

e= +
- ñ ,    (2.5) 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʠʩʪʝʤʘʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ ʧʦ ʜʽʘʧʘʟʦʥʫ 

ʚʠʤʽʨʶʚʘʥʴ ɿɺ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʤʦʶ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: ʘʜʠʪʠʚʥʦʾ 

Ůʘ, ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ɖʤ ʽ ʥʝʣʽʥʽʡʥʦʾ Ůʥ(ʭ), ʪʦʙʪʦ 

( )ʩʠʩʪ a ʤ ʥx xe e h e= + + ,    (2.6) 

ʪʦ 

[ ]1

1
( )

K

H

x

a ʤ ʥ

K H x

S x x x dx
x x

e h e= + + +
- ñ .   (2.7) 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʪʨʠʤʘʻʤʦ: 

1

1
( )

2 2

K

H

x

K H K H
a ʤ ʥ

K H x

x x x x
S x dx

x x
e h e

- -
= + + +

- ñ
.  (2.8) 

ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚʠʨʘʟʫ ʧʨʝʜʩʪʘʚʣʷʻ ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ʚʠʤʽʨʶʚʘʥʴ: 

( )2
1

1 HkH
xxS -= ,     (2.9) 

  ɼ̔ ʡʩʥʝ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ: 

1
( )

2

K

H

x

K H
S a ʤ ʥ

K H x

x x
x dx

x x
e e h e

-
= + +

- ñ .  (2.10) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʘʜʠʪʠʚʥʘ ʽ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʘ ʩʢʣʘʜʦʚʽ ʧʦʭʠʙʢʠ 

ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʧʨʷʤʦʾ, ʱʦ ʘʧʨʦʢʩʠʤʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʦʭʠʙʢʠ ʟʘ 

ʜʽʘʧʘʟʦʥʦʤ ʧʝʨʝʪʚʦʨʝʥʴ ɿɺʊ, ʪʦ 

1
( ) 0

K

H

x

ʥ

K H x

x dx
x x

e =
- ñ .    (2.11) 

ʆʪʞʝ, ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

( )2
1

HkʤaS
xx -+= hee ,    (2.12) 

ʱʦ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ ʩʢʣʘʜʘʻ: 
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1

S
S

ʥS

e
h= .     (2.13) 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ Ůs ʪʘ S1ʥ ʚ ʦʩʪʘʥʥʽʡ ʚʠʨʘʟ ʦʜʝʨʞʠʤʦ: 

( )
ʤ

Hk

a

Hk

Hkʤa

S
xxxx

xx
h

ehe
h +

+
=

+

++
=

22
.  (2.14) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ S1, ʘ, ʦʪʞʝ, ʽ 

ʨʝʟʫʣʴʪʘʪʫ S ʦʙʣʽʢʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

2
S a ʤ

K Hx x
h e h= +

+
.    (2.15) 

ʇʦʜʘʣʴʰʽ ʤʽʨʢʫʚʘʥʥʷ ʧʨʦʚʝʜʝʤʦ ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ: ʥʦʨʤʫʚʘʥʥʷ 

ʧʦʭʠʙʢʠ ɿɺ ʫ ʚʠʛʣʷʜʽ ʤʝʞ ʧʨʠʚʝʜʝʥʦʾ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ ɔʜ ̔  ʚʽʜʥʦʩʥʦʾ ŭʜ 

ʧʦʭʠʙʢʠ. 

1. ʇʨʠ ʥʦʨʤʫʚʘʥʥʽ ʧʦʭʠʙʢʠ ɿɺ ʫ ʚʠʛʣʷʜʽ ʤʝʞ ɔʜ ʧʨʠʚʝʜʝʥʦʾ ʧʦʭʠʙʢʠ, 

ʱʦ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʤʦʜʫʣʴ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ ɿɺ 

ʦʙʤʝʞʝʥʠʡ ʤʝʞʝʶ ( )ɼ ɼ k ʥx xgD = -  ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ, ʱʦ 

ʧʨʠʧʫʩʢʘʻʪʴʩʷ: 

ʩʠʩʪ ʚʠʧ ɼe e e= + ¢D.    (2.16) 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ 

ʩʠʩʪ ɼke = D,      (2.17) 

ʜʝ k ð ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʘʛʫ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʧʦʭʠʙʢʠ 

ɿɺʊ, ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʣʝʞʘʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ. 

ʊʦʜʽ ʚ ʤʝʞʽ 

(1 )ʚʠʧ ɼke = - D.   (2.18) 

ɼʘʣʽ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ 

,a a ʩʠʩʪke e=  

,M ʤ ʩʠʩʪx kh e=  

( ) (1 ) ,H a M ʩʠʩʪx k ke e= - -    (2.19) 
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ʜʝ kʘ ʠ kʤ ð ʚʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʘʛʫ ʘʜʠʪʠʚʥʦʾ ʽ 

ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ɿɺ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ 

2 2
( ) ,S a M a M ʩʠʩʪ

K H K H

k k
x x x x

h e h e= + ¢ +
+ +

   (2.20) 

ʧ̔ ʩʣʷ ʧʽʜʩʪʘʥʦʚʦʢ ʽ ʧʝʨʝʪʚʦʨʝʥʴ ʦʩʪʘʪʦʯʥʠʡ ʚʠʨʘʟ ʤʘʻ ʚʠʛʣʷʜ: 

2 ( )K H
s ʘ ʤ ɼ

K H

x x
k k k

x x
d g

-
= +

+
.    (2.21) 

2. ʇʨʠ ʥʦʨʤʫʚʘʥʥʽ ʧʦʭʠʙʢʠ ɿɺ ʫ ʚʠʛʣʷʜʽ ʤʝʞ ŭʜ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ, 

ʱʦ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʤʦʜʫʣʴ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ ɿɺ 

ʦʙʤʝʞʝʥʠʡ ʤʝʞʝʶ ȹʜ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ. 

ɸʥʘʣʦʛʽʯʥʦ, ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʤʝʞʘ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ 

ʦʙʣʽʢʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ, ʤʘʻ ʚʠʛʣʷʜ: 

( )S a ʤ ɼk k kd d= + .      (2.22) 

ʆʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʨʝʟʫʣʴʪʘʪʫ S 

ʦʙʣʽʢʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʧʨʠ ʟʘʜʘʥʠʭ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ ʚʽʜʥʦʩʥʦʾ ŭʜ ʘʙʦ 

ʧʨʠʚʝʜʝʥʦʾ ɔʜ ʧʦʭʠʙʦʢ ɿɺ ʤʠʪʪʻʚʦʾ ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ.  

ɿʛʽʜʥʦ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʦʮʽʥʢʠ ʧʦʭʠʙʦʢ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚʠʟʥʘʯʠʤʦ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʾ 

ʧʦʭʠʙʢʠ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʜʦ ʚʠʪʨʘʪʠ ʪʝʧʣʘ. 

ʄʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ) 

ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʽʚ ʽ ʩʘʤʽ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʠ 

ʤʘʶʪʴ ʪʘʢʽ ʢʣʘʩʠ ʪʦʯʥʦʩʪʽ: ʢʣʘʩ 1, ʢʣʘʩ 2, ʢʣʘʩ 3. 

ʄʝʞʫ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʽʚ, ʜʦʜʘʪʥʫ ʯʠ ʚʽʜ'ʻʤʥʫ, 

ʚʽʜʥʦʩʥʦ ʧʨʠʡʥʷʪʦʛʦ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ ʥʘʚʦʜʷʪʴ ʷʢ 

ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʽ 

ʚʠʪʨʘʪʠ. 
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ʄʝʞʫ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ, ʜʦʜʘʪʥʫ ʯʠ ʚʽʜ'ʻʤʥʫ, 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʟʥʠʮʝʶ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʦʙʯʠʩʣʶʚʘʯʘ ʪʘ ʧʘʨʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʟʘ ʚʠʪʨʘʪʦʶ ʜʣʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʠʪʨʘʪʠ. 

ɺʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ɽ, ʫ ʚʽʜʩʦʪʢʘʭ, ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

100%d C

C

V V
E

V

-
= ,     (2.23) 

ʜʝ Vd ï ʚʠʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ; VC ï ʧʨʠʡʥʷʪʝ ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ. 

ʄʝʞʽ ʜʦʧʫʩʪʠʤʦʾ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʽʚ ï ʮʝ 

ʘʨʠʬʤʝʪʠʯʥʘ ʩʫʤʘ ʤʝʞ ʜʦʧʫʩʪʠʤʠʭ ʚʽʜʥʦʩʥʠʭ ʧʦʭʠʙʦʢ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʤʝʞ ʜʦʧʫʩʪʠʤʦʾ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ.  

ʇʦʭʠʙʢʫ ʦʙʯʠʩʣʶʚʘʯʘ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʚʠʨʘʟʦʤ: 

min(0,5 )CE
q

q

D
=° +

D
,  

ʜʝ ʧʦʭʠʙʢʘ ɽʉ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʠʤʽʨʷʥʠʤ ʽ ʧʨʠʡʥʷʪʠʤ ʜʽʡʩʥʠʤ 

ʟʥʘʯʝʥʥʷʤʠ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ. 

ʇʦʭʠʙʢʫ ʧʘʨʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ:  

min3
(0,5 )tE

q

q

D
=° +

D
,  

ʜʝ ʧʦʭʠʙʢʘ ɽt ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʠʤʽʨʷʥʠʤ ʽ ʧʨʠʡʥʷʪʠʤ ʜʽʡʩʥʠʤ 

ʟʥʘʯʝʥʥʷʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʧʘʨʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʨʽʟʥʠʮʝʶ ʪʝʤʧʝʨʘʪʫʨ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ ʡ ʦʧʦʨʦʤ ʢʦʞʥʦʛʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʧʘʨʠ ʥʝ ʤʘʻ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ 

ʟʥʘʯʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʫ ɽN 60751 (ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʟʥʘʯʝʥʴ ʩʪʘʣʠʭ ɸ, ɺ ʽ ʉ) 

ʙʽʣʴʰ ʥʽʞ ʥʘ 2ʂ [3]. 

ʇʝʨʝʪʚʦʨʶʚʘʯ ʚʠʪʨʘʪʠ: 
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 ʂʣʘʩ 1: min3
(0,5 );fE

q

q

D
=° +

D
 

 ʂʣʘʩ 2: 
0,02

(2 )
p

f

q
E

q
=° + , ʘʣʝ ʥʝ ʙʽʣʴʰ ʥʽʞ Ñ5%; 

 ʂʣʘʩ 3: 
0,02

(2 )
p

f

q
E

q
=° +  ʘʣʝ ʥʝ ʙʽʣʴʰ ʥʽʞ Ñ5%. 

ɿʥʘʯʝʥʥʷ ɽC ʪʘ ɽt  ʜʣʷ ʢʣʘʩʫ 1 ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʪʦʜʽ, ʢʦʣʠ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʠʪʨʘʪʠ ʜʘʜʫʪʴ 

ʟʤʦʛʫ ʮʝ ʟʨʦʙʠʪʠ. 

ʄʝʞʽ ʜʦʧʫʩʪʠʤʦʾ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʠʤʠ: 

 ʜʣʷ ʟʘʛʘʣʴʥʠʭ ʪʝʧʣʦʣʽʯʽʣʴʥʠʢʽʚ: 
0,05

(3 )
p

f

q
E

q
=° + ; 

 ʜʣʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʠʪʨʘʪʠ: 

min
0,014

(2 )
pq

E
q

q

q

D
=° + +

D
, ʘʣʝ ʥʝ ʙʽʣʴʰ ʥʽʞ Ñ5%. 

ʇʝʨʝʜʙʘʯʝʥʦ, ʱʦ ʮʽ ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʜʦ ʪʝʧʣʦʣʽʯʽʣʴʥʠʢʽʚ ʟ ʚʠʤʽʨʶʚʘʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʚʠʪʨʘʪʠ ʟ 

3100 /ʛʦʜpq ʤ² . 

ɼʣʷ ʢʦʤʙʽʥʘʮʽʾ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ (ʧʝʨʝʪʚʦʨʶʚʘʯ ʚʠʪʨʘʪʠ, ʧʘʨʘ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʙʯʠʩʣʶʚʘʯ ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʷ), ʷʢʽ ʥʝ 

ʫʪʚʦʨʶʶʪʴ ʧʦʚʥʦʛʦ ʟʙʽʨʥʦʛʦ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʘ, ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ 

ʜʦʨʽʚʥʶʶʪʴ ʘʨʠʬʤʝʪʠʯʥʽʡ ʩʫʤʽ ʛʨʘʥʠʮʴ ʜʦʧʫʩʪʠʤʠʭ ʧʦʭʠʙʦʢ ʢʦʞʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ. ʇʦʭʠʙʢʘ ʟʙʽʨʥʠʭ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʽʚ ʥʝ ʤʘʻ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʘʨʠʬʤʝʪʠʯʥʫ ʩʫʤʫ ʤʝʞ ʜʦʧʫʩʪʠʤʠʭ ʧʦʭʠʙʦʢ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ [3]. 

ʈʦʟʛʣʷʥʫʚʰʠ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʡ ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ 

ʤʠ ʤʘʻʤʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ, ʘ ʩʘʤʝ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.6), 



20 

 

(2.12) ʪʘ (2.22) ʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʫʩʪʘʣʝʥʦʾ, ʘʙʩʦʣʶʪʥʦʾ ʪʘ 

ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʦʢ ʽ ʟʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟ ɼʉʊʋ(ʪʘʙʣ.2.1.). 

 

ʊʘʙʣʠʮʷ 2.1 ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʢʣʘʩʦʤ ʪʦʯʥʦʩʪʽ ʨʽʟʥʠʭ 

ʤʝʪʦʜʽʚ 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʚʠʪʨʘʪʠ 

ʇʦʭʠʙʢʠ ɼʉʊʋ 

Ůʩʠʩʪ Ůs ŭs ʂʣʘʩ 1: 

min3
(0,5 )fE

DQ
=° +

DQ
 

ʂʣʘʩ 2: 

0,02
(2 )

p

f

q
E

q
=° +  

ʘʣʝ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 

Ñ5%; 

ʂʣʘʩ 3: 

0,02
(2 )

p

f

q
E

q
=° +

, ʘʣʝ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ 

Ñ5% 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠ

ʡ 
Ñ1-2% Ñ0,8% Ñ0,8% 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ Ñ0,1% Ñ0,05% Ñ0,05% 

ɺʠʭʦʨʦʚʠʡ Ñ1,5% Ñ2% Ñ5,5% 

ʊʝʧʣʦʚʠʡ 

Ñ1% ʚʽʜ 

ʧʦʚʥʦʾ 

ʰʢʘʣʠ, 

ʚʢʣʶʯʘʶʯʠ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʽ 

ʚʽʜʪʚʦʨʥʽʩʪʴ 

Ñ0,8% 

ʚʽʜ 

ʧʦʢʘʟʽʚ 

Ñ0,2% 

ʚʽʜ 

ʧʦʚʥʦʾ 

ʰʢʘʣʠ 
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3 ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸ ʇʈʆʃʀɺʅɸ ʋʉʊɸʅʆɺʂɸ ñɺʆɼʆʃɯʁò 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʥʘʚʯʘʣʴʥʘ ʧʨʦʣʠʚʥʘ ʫʩʪʘʥʦʚʢʘ ñɺʦʜʦʣʽʡò 

(ʨʠʩ.3.1) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʽʥʽʩʠʩʪʝʤʫ ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʨʦʙʽʪ [4]. 

 

 

ʈʠʩ.3.1. ʃʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ ñɺʦʜʦʣʽʡô 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ñ ɺʦʜʦʣʽʡ ò (ʨʠʩ. 3.2) ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʪʘʢʽ ʝʣʝʤʝʥʪʠ: 

1 ï ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʠʪʨʘʪʦʤʽʨ Raab Karcher. 

2 ï ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ñʧʦʜʘʶʯʦʤʫò ʪʨʫʙʦʧʨʦʚʦʜʽ. 

3 ï ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ñʟʚʦʨʦʪʥʦʤʫò  ʪʨʫʙʦʧʨʦʚʦʜʽ. 

4 ï ʊʝʧʣʦʦʙʯʠʩʣʶʚʘʯ ñCombimeterò. 

5 ï ʂʨʠʣʴʯʘʪʠʡ ʣʽʯʠʣʴʥʠʢ ʛʘʨʷʯʦʾ ʚʦʜʠ ʬʽʨʤʠ ñIstameterò. 

6 ï ʂʨʠʣʴʯʘʪʠʡ ʣʽʯʠʣʴʥʠʢ  ʛʘʨʷʯʦʾ ʚʦʜʠ ʬʽʨʤʠ ñʊʝʭʧʨʠʣʘʜò. 

7 ï ʂʨʠʣʴʯʘʪʠʡ ʣʽʯʠʣʴʥʠʢ ʛʘʨʷʯʦʾ ʚʦʜʠ ʬʽʨʤʠ ñʊʘʢʪò. 

8 ï ʂʦʤʙʽʥʦʚʘʥʠʡ ʜʘʪʯʠʢ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨ Watts TMAX. 

9 ï ʃ̔ ʯʠʣʴʥʠʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʦʜʥʦʬʘʟʥʠʡ ʈʦʩʪʦʢ ʉʆ-5000. 

10 ï ʥʘʩʦʩ WILO Star RS 15/6-130. 

11 ï ʈʘʜʽʘʪʦʨ (ʪʝʧʣʦʦʙʤʽʥʥʠʢ) Warme Kraft. 

12 ï ɹʘʢ ʛʘʨʷʯʦʾ ʚʦʜʠ. 

13 ï ɹʘʢ ʭʦʣʦʜʥʦʾ ʚʦʜʠ. 

14 ï ɯʤʽʪʘʪʦʨ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ñʧʦʜʘʶʯʦʤʫò ʪʨʫʙʦʧʨʦʚʦʜʽ. 

15 ï ɯʤʽʪʘʪʦʨ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ñʟʚʦʨʦʪʥʦʤʫò ʪʨʫʙʦʧʨʦʚʦʜ.̔  

16 ï ɺʦʜʦʥʘʛʨʽʚʘʯ (ʪʝʥ), ʱʦ ʚʤʦʥʪʦʚʘʥʠʡ ʫ ʻʤʥʽʩʪʴ ʜʣʷ ʛʘʨʷʯʦʾ  

ʚʦʜʠ 12. 

17 ï ɸʪʦʤʘʪʠʢʘ ʚʚʽʤʢʥʝʥʥʷ ʞʠʚʣʝʥʥʷ ʩʪʝʥʜʫ. 
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ʈʠʩ. 3.2. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ñɺʦʜʦʣʽʡò 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʪʝʥʜʫ ñɺʦʜʦʣʽʡò 

ʇʨʠ ʚʚʽʤʢʥʝʥʥʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʩʪʝʥʜʫ, ʚ ʻʤʥʦʩʪʽ ʛʘʨʷʯʦʾ ʚʦʜʠ 12 

ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʚʦʜʦʥʘʛʨʽʚʘʯ 16. ʊʝʧʣʘ ʚʦʜʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʦʩʘ 10 

ʧʦʜʘʻʪʴʩʷ ʫ ʩʠʩʪʝʤʫ ʽ ʧʨʦʭʦʜʠʪʴ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʦʩʣʽʜʦʚʥʦ ʢʨʽʟʴ 

ʢʦʤʙʽʥʦʚʘʥʠʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ 8, ʣʽʯʠʣʴʥʠʢʠ ʚʦʜʠ 5,6,7. 

ʂʦʥʪʨʦʣʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʦʜʠ ʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʜʘʪʯʠʢʫ ʪʝʤʧʝʨʘʪʫʨ 2, ʷʢʠʡ ʩʪʦʾʪʴ ʧʝʨʝʜ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʦʤ 1. ɼʘʣʽ 

ʪʝʧʣʦʥʦʩʽʡ, ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʨʘʜʽʘʪʦʨ-ʪʝʧʣʦʦʙʤʽʥʥʠʢ 11 ʽ ʧʦʪʨʘʧʣʷʻ ʚ 

ʻʤʥʽʩʪʴ ʜʣʷ ʭʦʣʦʜʥʦʾ ʚʦʜʠ 13. ʊʝʤʧʝʨʘʪʫʨʘ ʜʘʥʦʾ ʚʦʜʠ ʚʠʤʽʨʶʻʪʴʩʷ 

ʜʘʪʯʠʢʦʤ 3. ɯʥʬʦʨʤʮʽʡʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʪʘ 

ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜʘʶʪʴʩʷ ʥʘ ʪʝʧʣʦʦʙʯʠʩʣʶʚʘʯ 4, ʜʝ ʚʠʟʥʘʯʘʶʪʴʩʷ 
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ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ ʪʘ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʎʠʢʣ ʟʥʦʚʫ ʧʦʚʪʦʨʶʻʪʴʩʷ 

ʧʽʜʽʛʨʽʚʦʤ ʚʦʜʠ ʚ ʙʘʢʫ 12. 

ʅʘʩʦʩ 10 ʻ ʪʨʠʰʚʠʜʢʽʩʥʠʤ, ʘ ʦʪʞʝ ʟʘʜʘʻ ʪʨʠ ʨʽʟʥʠʭ ʚʠʪʨʘʪʠ ʧʦʪʦʢʫ 

ʨʽʜʠʥʠ ʚ ʩʠʩʪʝʤʽ. 

ɻʽʜʨʘʚʣʽʯʥʘ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ 

ñɺʦʜʦʣʽʡò ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.3. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʭʝʤʠ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.1. 

 

 

ʈʠʩ.3.3. ɻʽʜʨʘʚʣʽʯʥʘ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ñɺʦʜʦʣʽʡò 
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ʊʘʙʣʠʮʷ 3.1. ʇʝʨʝʣʽʢ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʭʝʤʠ 

ʇʦʟʥʘʯʝʥʥʷ ʅʘʡʤʝʥʫʚʘʥʥʷ 

 1 - ʊʨʫʙʦʧʨʦʚʽʜ 

 
2 - ɺʠʪʨʘʪʦʤʽʨ 

 
3 - ɼʘʪʯʠʢ ʪʝʧʣʦʥʦʩʽʷ 

 
4 - ʅʘʩʦʩ 

 
5 ï ʊʝʧʣʦʦʙʤʽʥʥʠʢ (ʨʘʜʽʘʪʦʨ) 

 

6 ï ɹʘʢ ʜʣʷ ʚʦʜʠ 

 

ʆʧʠʩ ʤʦʞʣʠʚʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʪʝʥʜʫ 

ɺ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʩʪʝʥʜʽ ñɺʦʜʦʣʽʡò  ʧʝʨʝʜʙʘʯʝʥʦ ʜʚʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ:  

1. ɹʝʟ ʥʘʛʨʽʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ 

2. ɿ ʥʘʛʨʽʚʘʥʥʷʤ ʪʝʧʣʦʥʦʩʽʷ. 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʧʝʨʰʦʤʫ ʨʝʞʠʤʽ ʚʽʜʤʠʢʘʻʪʴʩʷ ʞʠʚʣʝʥʥʷ 

ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʽ ,ʚʽʜʧʦʚʽʜʥʦ, ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷ 

ʪʝʧʣʦʥʦʩʽʷ. ɺ ʮʴʦʤʫ ʨʝʞʠʤʽ ʨʽʟʥʠʮʷ ʧʦʢʘʟʽʚ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ 

ʽ ʚʠʭʦʜʽ ʨʘʜʽʘʪʦʨʘ ʙʫʜʝ ʥʝʚʝʣʠʢʦʶ. ɯʤʽʪʘʮʽʷ ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʘʥʥʷ, 

ʚʠʢʦʥʫʻʪʴʩʷ  ʧʝʨʝʤʠʢʘʯʘʤʠ ʇʊʀ-ʄ 14 ʪʘ 15. ʇʝʨʝʤʠʢʘʶʯʠ ʾʭ, ʤʠ 

ʟʤʽʥʶʻʤʦ ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ, ʽʤʽʪʫʶʯʠ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʘʪʯʠʢʘʭ 

ñʧʦʜʘʶʯʦʛʦò ʪʘ ñʟʚʦʨʦʪʥʦʛʦò ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʩʪʝʥʜʫ ʫ ʨʝʞʠʤʽ ʥʘʛʨʽʚʘʥʥʷ ʚʤʠʢʘʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʝ 

ʞʠʚʣʝʥʥʷ ʪʝʥʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʘʛʨʽʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ. ɺ ʮʴʦʤʫ ʨʝʞʠʤʽ 

ʨʽʟʥʠʮʷ ʧʦʢʘʟʽʚ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʨʘʜʽʘʪʦʨʘ ʙʫʜʝ 
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ʩʫʪʪʻʚʦʶ. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʪʝʧʣʦʥʦʩʽʡ, ʥʘʛʨʽʪʠʡ ʪʝʥʦʤ, 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʫ ʨʘʜʽʘʪʦʨʽ, ʚʠʧʨʦʤʽʥʶʶʯʠ ʪʝʧʣʦ ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ʑʝ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʜʘʥʦʤʫ ʨʝʞʠʤʽ ʤʠ ʤʦʞʝʤʦ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʣʽʯʠʣʴʥʠʢʘ, ʱʦ ʨʝʻʩʪʨʫʻ ʚʠʢʦʨʠʩʪʘʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ 

ʥʘʛʨʽʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʪʝʥʦʤ. 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 

ʨʝʛʫʣʶʶʯʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʫ, ʚ ʢʦʞʥʦʤʫ ʟ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʪʝʥʜʫ. 

ʈʝʛʫʣʷʪʦʨ ʥʘʩʦʩʫ ʤʘʻ 3 ʧʦʟʠʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 3-ʦʤ ʨʽʟʥʠʤ ʰʚʠʜʢʦʩʪʷʤ 

ʧʦʪʦʢʫ. 

 

3.1. ʊʝʧʣʦʦʙʯʠʩʣʶʚʘʯ ñCombimeterò 

ʊʝʧʣʦʣʽʯʠʣʴʥʠʢ - ʮʝ ʢʦʤʧʣʝʢʩ ʧʨʠʣʘʜʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʧʦʞʠʪʫ 

ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ (ʄɺʪ/ʛʦʜ) ʽ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʷʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʊʝʧʣʦʣʽʯʠʣʴʥʠʢ ʦʙʠʨʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ (ʤ
3
/ʛʦʜ), ʜʽʘʤʝʪʨʫ ʪʝʧʣʦʪʨʘʩʠ, ʪʠʩʢʫ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ. ʇʨʠʟʥʘʯʝʥʥʷʤ ʪʝʧʣʦʦʙʯʠʩʣʶʚʘʯʘ ʻ ʦʙʣʽʢ 

ʩʧʦʞʠʪʦʛʦ ʪʝʧʣʘ. 

ʊʝʧʣʦʦʙʯʠʩʣʶʚʘʯ ñCombimeterò (ʨʠʩ. 3.4) ð ʮʝ ʥʘʜʽʡʥʠʡ, 

ʚʠʩʦʢʦʪʦʯʥʠʡ ʧʨʠʣʘʜ ʦʙʣʽʢʫ ʪʝʧʣʘ, ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʦʛʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʤʝʪʦʜʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ. 

ɯʥʬʦʨʤʘʮʽʷ, ʱʦ ʥʘʜʘʻ ʪʝʧʣʦʦʙʯʠʩʣʶʚʘʯ ʢʦʨʠʩʪʫʚʘʯʫ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

ʥʘ ʜʠʩʧʣʝʾ. ɺʩʽ ʜʘʥʽ ʟʛʨʫʧʦʚʘʥʽ ʚ ʯʦʪʠʨʠ ʮʠʢʣʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʦʞʝ 

ʚʽʜʦʙʨʘʞʘʪʠ ʜʦ 30 ʝʢʨʘʥʽʚ ʟ ʜʘʥʠʤʠ. ɼʽʘʧʘʟʦʥ ʚʠʪʨʘʪʠ: 0,015-180 ʤ
3
/ʛʦʜ.  
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ʈʠʩ.3.4.ʊʝʧʣʦʦʙʯʠʩʣʶʚʘʯ ñCombimeterò 

 

ʊʝʧʣʦʦʙʯʠʩʣʶʚʘʯ ñCombimeterò ʚʢʣʶʯʘʻ ʚ ʩʝʙ ̔ ʝʣʝʢʪʨʦʥʥʠʡ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʙʣʦʢ, ʜʦ ʷʢʦʛʦ ʤʦʞʥʘ ʧʨʠʻʜʥʫʚʘʪʠ ʨʽʟʥʽ ʜʘʪʯʠʢʠ ʪʘ 

ʚʠʪʨʘʪʦʤʽʨʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʘ ʻ  ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʙʠʨʘʪʠ 

ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʦʙʣʘʜʥʘʥʥʷ. ɼʚʘ ʚʠʤʽʨʶʚʘʥʠʭ 

ʢʦʥʪʫʨʠ ʦʧʘʣʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʣʽʯʠʣʴʥʠʢʫ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 2-ʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʘʙʦ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ. ʆʜʠʥ 

ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʢʦʥʪʨʦʣʶʻ ʚʩʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ, 

ʪʦʤʫ ʷʢ ʜʦ ʧʨʦʮʝʩʦʨʘ ʤʦʞʥʘ ʧʽʜ'ʻʜʥʘʪʠ ʟʘʛʘʣʴʥʦʙʫʜʠʥʢʦʚʽ ʣʽʯʠʣʴʥʠʢʠ 

ʛʘʨʷʯʦʾ ʪʘ ʭʦʣʦʜʥʦʾ ʚʦʜʠ ʟ ʽʤʧʫʣʴʩʥʠʤ ʚʠʭʦʜʦʤ. ɼʦʜʘʪʢʦʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʜʘʪʯʠʢʠ ʪʠʩʢʫ, ʘ ʾʭ ʜʘʥʽ ʥʘʚʦʜʷʪʴʩʷ ʫ 
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ʨʦʟʜʨʫʢʽʚʮʽ ʟʚʽʪʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʦʜʥʦʤʫ 

ʧʨʦʮʝʩʦʨʽ ʧʦʻʜʥʫʶʪʴʩʷ ʚʽʜʨʘʟʫ ʢʽʣʴʢʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʨʠʣʘʜʽʚ, 

ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʤʽʞ ʩʦʙʦʶ ʙʫʜʴ-ʷʢʠʭ ʟ'ʻʜʥʘʥʴ ʘʙʦ ʜʦʜʘʪʢʦʚʠʭ 

ʥʘʣʘʰʪʫʚʘʥʴ, ʘ ʫ ʨʦʟʜʨʫʢʦʚʘʥʦʤʫ ʟʚʽʪʽ ʜʘʥʠʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʦʜʨʘʟʫ ʚʩʶ 

ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʦʙ'ʻʢʪʫ. 

ʋ ʧʨʦʮʝʩʽ ʦʙʯʠʩʣʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʘ ʚ ʦʜʥʦʤʫ ʢʦʥʪʫʨʽ ʧʨʠʣʘʜ 

ʚʨʘʭʦʚʫʻ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙʦʭ ʚʠʪʨʘʪʦʤʽʨʽʚ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʘ 

ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʨʘʢʪʠʯʥʦ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʫʣʷ. ʇʨʠ 

ʧʨʠʻʜʥʘʥʥʽ ʚʠʪʨʘʪʦʤʽʨʽʚ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʧʝʨʝʜʙʘʯʝʥʠʡ ʟʘʧʠʩ ʾʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʫ ʧʘʤ'ʷʪʴ ʰʣʷʭʦʤ ʩʢʘʥʫʚʘʥʥʷ ʰʪʨʠʭ-ʢʦʜʫ, 

ʷʢʠʡ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʜʣʷ ʣʽʯʠʣʴʥʠʢʽʚ, ʱʦ ʚʠʨʦʙʣʝʥʽ ʚ 

ɭʚʨʦʧʽ, ʽ ʚʽʜʦʙʨʘʞʘʻ ʾʭ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʇʨʠʣʘʜ ñCombimeterò ʤʘʻ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ï ʪʠʧʦʨʦʟʤʽʨʠ ʧʦ ʚʠʪʨʘʪʽ (ʤ3
/ʛʦʜ): 1,5; 2,5; 3,5; 6; 10; 15; 25; 40; 60; 

80; 120; 

ï ʚʝʣʠʢʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʦʢʫ; 

ï ʤʦʜʫʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷ/ʚʠʚʦʜʫ ʜʘʥʠʭ ð 

ʜʦʜʘʪʢʦʚʽ ʧʣʘʪʠ ʘʥʘʣʦʛʦʚʦʛʦ ʚʠʭʦʜʫ, ʮʠʬʨʦʚʦʛʦ (ʢʦʥʪʘʢʪʥʦʛʦ) 

ʚʭʦʜʫ/ʚʠʭʦʜʫ, ʧʣʘʪʠ M-bus ʪʘ RS232; 

ï ʨʦʟʰʠʨʝʥʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ï 4 ʧʨʦʛʨʘʤʫʚʘʣʴʥʠʭ ʮʠʢʣʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ (ʦʩʥʦʚʥʠʡ, ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ, ʪʘʨʠʬʥʽ 

ʣʽʯʠʣʴʥʠʢʠ, ʩʝʨʚʽʩʥʠʡ) ʟ ʤʦʞʣʠʚʽʩʪʶ ʥʘʩʪʨʦʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʚʠʜʫ 

ʚʽʜʦʙʨʘʞʫʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʤʦʥʪʘʞʫ 

ʘ) ʥʝ ʧʦʪʨʽʙʥʽ ʧʨʷʤʽ ʜʽʣʷʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʦ ʽ ʧʽʩʣʷ ʚʠʪʨʘʪʦʤʽʨʽʚ. 

ʙ) ʤʦʞʣʠʚʘ ʫʩʪʘʥʦʚʢʘ ʥʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

ʚ) ʤʦʞʣʠʚʘ ʫʩʪʘʥʦʚʢʘ ʚʠʪʨʘʪʦʤʽʨʘ ʥʘ ʧʦʜʘʶʯʦʤʫ ʘʙʦ ʟʚʦʨʦʪʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʽ. 
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ʛ) ʥʝ ʧʦʪʨʽʙʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʠʣʘʜʫ. 

 ʆʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʧʨʦʮʝʩʦʨʽ, ʜʦʩʠʪʴ 

ʚʝʣʠʢʠʡ ʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʯʦʪʠʨʴʦʭ ʦʙʣʘʩʪʷʭ ʡʦʛʦ ʧʘʤ'ʷʪʽ. 

ɸʢʪʠʚʽʟʫʶʯʠ ʪʫ ʯʠ ʽʥʰʫ ʦʙʣʘʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʢʦʨʠʩʪʫʚʘʯ 

ʤʦʞʝ ʚʠʪʷʛʫʚʘʪʠ ʨʽʟʥʽ ʜʘʥʽ, ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ: 

 ʢʘʣʝʥʜʘʨʥʽ ʜʘʥʽ (ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʠʙʦʨʫ ʯʘʩʦʚʦʛʦ ʧʦʷʩʫ ʽ ʢʦʨʝʢʮʽʻʶ 

ʧʝʨʝʭʦʜʫ ʥʘ ʣʽʪʥʽʡ ʯʘʩ); 

 ʧʦʚʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, MWh/Gcal; 

 ʝʥʝʨʛʽ ̫ʫ ñʧʦʜʘʶʯʦʤʫò ʽ ñʟʚʦʨʦʪʥʦʤʫò ʪʨʫʙʦʧʨʦʚʦʜʘʭ, MWh/ Gcal; 

 ʦʙ'ʻʤʥʘ ʚʠʪʨʘʪʘ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʪʘ ʚʭʽʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ, ʤ
3
; 

 ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʪʘ ʚʭʽʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ, ʢʛ; 

 ʧʦʪʦʯʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʚ ʂW/Gcal; 

 ʨ̔ ʟʥʠʮʷ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʤʽʞ ñʧʦʜʘʶʯʠʤò ʽ ñʟʚʦʨʦʪʥʠʤò 

ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ; 

 ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʫ ñʧʦʜʘʶʯʦʤʫò ʽ ñʟʚʦʨʦʪʥʦʤʫòʪʨʫʙʦʧʨʦʚʦʜʘʭ, 
0
ʉ; 

 ʨ̔ ʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ñʧʦʜʘʶʯʠʤò ʽ ñʟʚʦʨʦʪʥʠʤò  

ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ, 
0
ʉ. 

 ʩʪʘʥ ʧʽʜʢʣʶʯʝʥʥʷ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ ʽ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʭʦʣʦʜʥʦʾ 

ʚʦʜʠ; 

 ʤ̔ ʥʽʤʘʣʴʥʠʡ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʜʣʷ ʦʙʦʭ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ, ʙʘʨ. 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.2. 

ʊʝʧʣʦʦʙʯʠʩʣʶʚʘʯ ñCombimeterò ʤʘʻ ʩʝʨʪʠʬʽʢʘʪʠ ISO 9001 ʡ ISO 

14001. ʇʨʠʣʘʜ ʚʥʝʩʝʥʠʡ ʜʦ ʈʝʻʩʪʨʫ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ, ʈʦʩʽʾ ʪʘ 

ɹʽʣʦʨʫʩʽʾ 

ʄʽʞʧʦʚʽʨʦʯʥʠʡ ʽʥʪʝʨʚʘʣ  ð 4 ʨʦʢʠ. 
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ʊʘʙʣʠʮʷ 3.2. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦ ʦʙʯʠʩʣʶʚʘʯʘ ñCombimeterò 

ʇʘʨʘʤʝʪʨʠ ɿʥʘʯʝʥʥʷ 

ʄʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʦʜʠʥʠʮʴ ʚʠʤʽʨʫ ʝʥʝʨʛʽʾ ʢɺʪ, ʄʚʪ, ɻʜʞ, ɻʢʘʣ; 

ʂʣʘʩ ʟʘʭʠʩʪʫ ɯʈ54 

ɼ̔ ʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ 0 - 90 Áʉ 

ʈ̔ ʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʪʨʫʙʦʧʨʦʚʦʜʘʭ; 3 - 150 Áʉ 

ɼʽʘʧʘʟʦʥ ʚʠʪʨʘʪʠ: 0,0015-180 ʤ
3
/ʛ 

ʄʘʩʦʚʘ ʚʠʪʨʘʪʘ 0-1999 ʪ/ʨʽʢ 

ʄʘʩʘ 0 - 999999 ʪ 

ʊʠʩʢ 0 - 2,5 ʄʇʘ 

ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ 0- 999999 ɻʢʘʣ 

ʇʦʭʠʙʢʠ:  

 ʧʦ ʤʘʩʽ ʚʦʜʠ Ñ0,5% 

 ʧʦ ʪʠʩʢʫ ʚʦʜʠ Ñ1% 

 ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʠ Ñ0,2 Áʉ 

 ʧʦ ʛʦʜʠʥʽ 0,1% 

ʉʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ: 3ɺʪ 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ: 
230 (24)ɺ +10% -15%, 

50ɻʮ 

 

3.2 ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʠʪʨʘʪʦʤʽʨ ʬʽʨʤʠ ñRaab Karcherò 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʠʪʨʘʪʦʤʽʨ ʬʽʨʤʠ ñRaab Karcherò (ʨʠʩ. 3.5) 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʭʦʣʦʜʥʦʾ ʘʙʦ ʛʘʨʷʯʦʾ 

(ʜʦ 90Áʉ) ʚʦʜʠ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ) ʫ ʩʠʩʪʝʤʘʭ ʚ ʩʢʣʘʜʽ 

ʪʝʧʣʦʦʙʯʠʩʣʶʚʘʯʘ ñCombimeterò. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 3.3. 
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ʈʠʩ.3.5. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʠʪʨʘʪʦʤʽʨ ʬʽʨʤʠ ñRaab Karcherò 

 

ʊʘʙʣʠʮʷ 3.3.ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʪʨʘʪʦʤʽʨʘ 

ʬʽʨʤʠ ñRaab Karcheròʚ ʩʢʣʘʜʽ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʘ ñCombimeterò  

ʊʠʧ 

ɺʠʪʨʘʪʘ, ʤ
3
/ʛʦʜ ɽʥʝʨʛʽʷ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

Áʉ 

ʄʽʥ. ʅʦʤ. ʄʘʢʩ. 
ʄʽʥ, 

ʢɺʪ 

ʄʘʢʩ., 

ʢɺʪ 
ɼʽʘʧʘʟʦʥ 

1,5 0,0015 1,50 2,25 1,50 0,20 

20-90 

ʤʽʥ. Ñ3 

ʤʘʢʩ. Ñ110 

2,5 0,0025 2,50 3,75 2,50 0,39 

3,5 0,0036 3,50 5,25 3,50 0,047 

5 0,0080 6,00 9,00 6,00 0,80 

15 0,0150 15,00 22,50 15,00 2,00 

25 0,0250 25,00 37,50 25,00 3,30 

40 0,0400 40,00 60,00 40,00 5,30 

60 0,0600 60,00 90,00 60,00 8,00 

80 0,0800 80,00 120,00 80,00 10,70 

120 0,1200 120,00 180,00 120,00 16,00 
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3.3. ʃʽʯʠʣʴʥʠʢ ñIstameterò 

ʃʽʯʠʣʴʥʠʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʦʙ'ʻʤʫ ʧʨʦʪʽʢʘʶʯʦʾ ʢʨʽʟʴ ʥʠʭ 

ʛʘʨʷʯʦʾ ʚʦʜʠ ʫ ʩʠʩʪʝʤʘʭ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʃʽʯʠʣʴʥʠʢʠ ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʙʣʽʢʫ ʚʦʜʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʢʦʤʝʨʮʽʡʥʦʛʦ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʯʠʥʥʠʭ ʧʨʘʚʠʣ ʦʙʣʽʢʫ ʚʽʜʧʫʩʢʘʥʥʷ ʽ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʦʙ'ʻʢʪʘʭ ʪʘ ʦʙ'ʻʢʪʘʭ ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ.  

ʇʨʠʥʮʠʧ ʜʽʾ ʢʨʠʣʴʯʘʩʪʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ 

ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʢʨʠʣʴʯʘʪʢʠ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʰʚʠʜʢʽʩʪʶ, ʧʨʦʧʦʨʮʽʡʥʦʶ 

ʚʠʪʨʘʪʽ ʚʦʜʠ, ʷʢʘ ʧʨʦʪʽʢʘʻ ʫ ʪʨʫʙʦʧʨʦʚʦʜʽ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʣʽʯʠʣʴʥʠʢʠ ʚʠʢʦʥʘʥʽ ʧʦ ʩʭʝʤʽ ñʩʫʭʦʭʦʜʫò, ʢʦʣʠ ʫ 

ʚʦʜʽ ʟʥʘʭʦʜʠʪʴʩʷ ʢʨʠʣʴʯʘʪʢʘ. ʂʽʥʝʤʘʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʨʠʣʴʯʘʪʢʦʶ ʽ 

ʚʽʜʣʽʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʤʘʛʥʽʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʝʨʝʟ 

ʛʝʨʤʝʪʠʯʥʫ ʧʝʨʝʛʦʨʦʜʢʫ. ʆʧʦʨʥʽ ʯʘʩʪʠʥʠ ʢʨʠʣʴʯʘʪʢʠ ʽ ʚʽʜʣʽʢʦʚʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʦʩʥʘʱʝʥʽ ʛʦʜʠʥʥʠʢʦʚʠʤʠ ʢʘʤʝʥʷʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʨʠʚʘʣʠʡ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠʣʘʜʫ.  

ɺʦʜʦʣʽʯʠʣʴʥʠʢ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ñʙʘʛʘʪʦʩʪʨʫʝʥʝʚʦʛʦò ʢʣʘʩʫ ʧʨʠʣʘʜʽʚ, 

ʢʦʣʠ ʚʦʜʘ ʧʦʪʨʘʧʣʷʻ ʥʘ ʢʨʠʣʴʯʘʪʢʫ ʢʨʽʟʴ ʦʪʚʦʨʠ ʚ ʥʘʧʨʘʚʣʷʶʯʽʡ, ʚ ʷʢʽʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʩʘʤʘ ʢʨʠʣʴʯʘʪʢʘ. ʎʝ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʘ ʪʘʢʦʞ 

ʥʘʜʽʡʥʽʩʪʴ ʚʦʜʦʤʽʨʘ.  ʃʽʯʠʣʴʥʠʢ ʢʨʠʣʴʯʘʩʪʠʡ ʦʜʥʦʩʪʨʫʤʝʥʝʚʠʡ ʜʣʷ 

ʛʘʨʷʯʦʾ ʚʦʜʠ (ʨʠʩ. 3.6)  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙôʻʤʫ ʛʘʨʷʯʦʾ 

(ʚʽʜ 30Áʉ ʜʦ 90 Áʉ) ʚʦʜʠ ʟʘ ɼʉʊʋ 51232-98, ʱʦ ʧʨʦʪʽʢʘʻ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚ 

ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʠʭ ʪʘ ʢʦʤʫʥʘʣʴʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ.  

ʄʽʞʧʦʚʽʨʦʯʥʠʡ ̔ʥʪʝʨʚʘʣ 4 ʨʦʢʠ.  

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʯʠʣʴʥʠʢʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.4. 
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ʈʠʩ.3.6. ʃʽʯʠʣʴʥʠʢ ʢʨʠʣʴʯʘʩʪʠʡ ñIstameterò 

 

ʊʘʙʣʠʮʷ 3.4. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʣʴʯʘʩʪʦʛʦ ʚʦʜʦ ʣʽʯʠʣʴʥʠʢʘ 

ʬʽʨʤʠ ñIstameterò 

ʊʠʧ IMV 1,5 

ʅʦʤʽʥʘʣʴʥʘ ʚʠʪʨʘʪʘ, Qn, ʤ
3
/ʛʦʜ 1 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ Qmax,  ʤ
3
/ʛʦʜ 3 

ʅʦʤʽʥʘʣʴʥʠʡ ʪʠʩʢ, ʄʇʘ 1,0 

ʇʦʚʽʨʦʯʥʠʡ ʪʠʩʢ, ʄʇʘ 1,6 

ʅʦʤʽʥʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ 90 

ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʤʦʥʪʘʞ (ʢʣ. ɺ) 

ʄʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ Qmin, ʣ/ʛ 30 

ʇʝʨʝʭʽʜʥʘ ʚʠʪʨʘʪʘ Qt, ʣ/ʛ 120 

ɺʝʣʠʯʠʥʘ ʽʤʧʫʣʴʩʫ, ʣ/ʽʤʧ  

 

3.4. ʂʨʠʣʴʯʘʩʪʠʡ ʣʽʯʠʣʴʥʠʢ ʧʽʜʧʨʠʻʤʩʪʚʘ ñʊʝʭʧʨʠʣʘʜò ʂʠʡ-15 

ʃʽʯʠʣʴʥʠʢ ʢʨʠʣʴʯʘʩʪʠʡ ʦʜʥʦʩʪʨʫʤʝʥʝʚʠʡ ʜʣʷ ʛʘʨʷʯʦʾ ʚʦʜʠ ʂʠʡ-15 

(ʨʠʩ.3.8) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙôʻʤʫ ʛʘʨʷʯʦʾ (ʚʽʜ 0Áʉ ʜʦ 90 

Áʉ) ʚʦʜʠ ʟʘ ɼʉʊʋ 51232-98, ʱʦ ʧʨʦʪʽʢʘʻ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʫ ʩʠʩʪʝʤʘʭ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʠʭ ʽ ʢʦʤʫʥʘʣʴʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ.  
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ʈʠʩ.3.7. ʂʨʠʣʴʯʘʩʪʠʡ ʦʜʥʦʩʪʨʫʤʝʥʝʚʠʡ ʣʽʯʠʣʴʥʠʢ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ñʊʝʭʧʨʠʣʘʜò  ʂʠʡ-15 

 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.5. 

 

ʊʘʙʣʠʮʷ 3.5. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʣʴʯʘʩʪʦʛʦ ʦʜʥʦʩʪʨʫʤʝʥʝʚʦʛʦ 

ʣʽʯʠʣʴʥʠʢʘ ñʊʝʭʧʨʠʣʘʜò  ʂʠʡ-15 

ʊʠʧ 
ʂʠʡ-15 

ʂʠʡ-15ʛ 

ʅʦʤʽʥʘʣʴʥʠʡ ʜʽʘʤʝʪʨ, ʤʤ DN 15 

ʅʦʤʽʥʘʣʴʥʘ ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ, ʤ
3
/ʛʦʜ Qn 1.5 

ʄʘʢʩʠʤʘʣʴʥʘ ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ, ʤ
3
/ʛʦʜ Qmax 3 

ʇʝʨʝʭʽʜʥʘ ʦʙôʻʤʥʘ 

ʚʠʪʨʘʪʘ, ʤ
3
/ʛʦʜ 

ʚʝʨʪ. ʚʩʪʘʥʦʚʣʝʥʥʷ 
Qt 

0.15 

ʛʦʨ. ʚʩʪʘʥʦʚʣʝʥʥʷ 0.12 

ʄʽʥʽʤʘʣʴʥʘ ʦʙôʻʤʥʘ 

ʚʠʪʨʘʪʘ, ʤ
3
/ʛʦʜ  

ʚʝʨʪ. ʚʩʪʘʥʦʚʣʝʥʥʷ 
Qmin 

0.06 

ʛʦʨ. ʚʩʪʘʥʦʚʣʝʥʥʷ 0.03 

ʇʦʨʽʛ ʯʫʪʣʠʚʦʩʪʽ, ʤ
3
/ʛʦʜ - 0.008 

ʈʽʟʴʙʘ G G 3/4 

ɼʦʚʞʠʥʘ, ʤʤ L 110 

ɼʦʚʞʠʥʘ ʟ ʧʨʠʻʜʥʫʚʘʣʴʥʠʤʠ ʰʪʫʮʝʨʘʤʠ, ʤʤ I 190 

ɺʠʩʦʪʘ, ʤʤ H 75 (85) 

ʄʘʩʘ (ʙʝʟ ʰʪʫʮʝʨʽʚ), ʢʛ - 0,45 (0,49) 
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3.5. ʂʨʠʣʴʯʘʩʪʠʡ ʦʜʥʦʩʪʨʫʤʝʥʝʚʠʡ ʣʽʯʠʣʴʥʠʢ ʊɸʂʊ 

ʃʽʯʠʣʴʥʠʢʠ ʚʦʜʠ ʊɸʂʊ (ʨʠʩ. 3.8) ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʙôʻʤʫ ʭʦʣʦʜʥʦʾ ʘʙʦ ʛʘʨʷʯʦʾ ʚʦʜʠ ʫ ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʧʨʦʪʽʢʘʻ 

ʧʽʜ ʪʠʩʢʦʤ ʥʝ ʙʽʣʴʰʝ 1 ʄʇʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨ ̔ʚʽʜ 5Áʉ ʜʦ 90Áʉ.  

 

 

ʈʠʩ. 3.8. ʂʨʠʣʴʯʘʩʪʠʡ ʦʜʥʦʩʪʨʫʤʝʥʝʚʠʡ ʣʽʯʠʣʴʥʠʢ ʊɸʂʊ 

 

ʃʽʯʠʣʴʥʠʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ɺʽʜʣʽʢʦʚʠʡ ʤʝʭʘʥʽʟʤ, ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʟʯʠʪʫʚʘʥʥʷ ʧʦʢʘʟʘʥʴ, 

ʤʦʞʥʘ ʧʦʚʝʨʥʫʪʠ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʚʽʩʽ.  

ɼʝʪʘʣʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʚʦʜʽ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʝ 

ʧʦʛʽʨʰʫʶʪʴ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʡ ʩʪʽʡʢʽ ʜʦ ʾʾ ʚʧʣʠʚʫ.  

ʂʦʨʧʫʩ ʣʽʯʠʣʴʥʠʢʘ ʪʘ ʤʦʥʪʘʞʥʠʭ ʯʘʩʪʠʥ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʣʘʪʫʥʽ, 

ʧʦʢʨʠʪʦʾ ʰʘʨʦʤ ʥʽʢʝʣʶ. 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣ̔ ʯʠʣʴʥʠʢʘ ʚʦʜʠ ʊɸʂʊ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.6.  
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ʊʘʙʣʠʮʷ 3.6. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʯʠʣʴʥʠʢʘ ʊɸʂʊ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʂʣʘʩ ɸ ʂʣʘʩ ɺ 

ɺʠʤʽʨʶʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʭʦʣʦʜʥʘ ʽ ʛʘʨʷʯʘ ʚʦʜʘ ʧʦ 

ʉʘʥʇʠʅ 2.1.4.1074-01 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, Áʉ ʚʽʜ +5 ʜʦ +90 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ 

ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ 80%, Áʉ 
ʚʽʜ +5 ʜʦ +50 

ʅʘʨʽʟʥʝ ʩʧʦʣʫʯʝʥʥʷ, ʜʶʡʤʽʚ 3/4 

ɺʠʪʨʘʪʘ ʚʦʜʠ, ʤ
3
/ʛʦʜ  

ʄʽʥʽʤʘʣʴʥʘ (Qmin) 0.06 0.03 

ʇʝʨʝʭʽʜʥʠʡ (Qt) 0.15 0.12 

ʅʦʤʽʥʘʣʴʥʠʡ (Qn) 1.5 1.5 

ʄʘʢʩʠʤʘʣʴʥʠʡ (Qmax) 3 3 

ʊʝʨʤʽʥ ʩʣʫʞʙʠ ʣʽʯʠʣʴʥʠʢʘ, ʨʦʢʽʚ ʥʝ ʤʝʥʰʝ 12 

ʄʽʞʧʦʚʽʨʦʯʥʠʡ ʽʥʪʝʨʚʘʣ ʣʽʯʠʣʴʥʠʢʘ ʭʦʣ. 

ʚʦʜʠ, ʨʦʢʽʚ 
5 

ʄʽʞʧʦʚʽʨʦʯʥʠʡ ʽʥʪʝʨʚʘʣ ʣʽʯʠʣʴʥʠʢʘ ʛʘʨ. 

ʚʦʜʠ, ʨʦʢʽʚ 
4 

 

3.6. ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ Pt100 (ʨʠʩ. 3.9) ï ʮʝ ʜʚʦʜʨʦʪʦʚʠʡ ʢʦʤʧʣʝʢʪ ʟ 

ʟʘʭʠʩʥʠʤʠ ʛʽʣʴʟʘʤʠ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʽ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʫ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʩʢʣʘʜʽ ʪʝʧʣʦʦʙʯʠʩʣʶʚʘʯʽʚ. 

ʂʦʤʧʣʝʢʪ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʧʽʜʽʙʨʘʥʠʭ ʫ ʧʘʨʽ. 

ʇʨʠʩʪʨʽʡ ʽ ʧʨʠʥʮʠʧ ʜʽʾ ʈt100 ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 

ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʦʥʩʪʨʫʢʮʽʷ ʥʝʨʦʟʙʽʨʥʘ. ʏʫʪʣʠʚʠʡ 

ʝʣʝʤʝʥʪ ʧʦʤʽʱʝʥʠʡ ʫ ʢʦʨʧʫʩ. 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ.3.7- 3.8. 
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ʈʠʩ.3.9. ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ Pt100 

 

ʊʘʙʣʠʮʷ 3.7. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ Pt500 

ʇʘʨʘʤʝʪʨʠ ɿʥʘʯʝʥʥʷ 

ʅʦʤʽʥʘʣʴʥʘ ʩʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ 

ɼʉʊʋ 6651 -94 
Pt100 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 0...+160 Áʉ 

ʂʣʘʩ ʜʦʧʫʩʢʫ ʟʘ ɼʉʊ 6651-94 
100ʇ, 500ʇ, Pt100, Pt500, 

Pt1000 

ʂʣʘʩ ʜʦʧʫʩʢʫ ɺ 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 1 ʜʦ 150Áʉ 

ʅʦʤʽʥʘʣʴʥʝ W ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 1.3850 

ʄʝʞʘ ʚʽʜʭʠʣʝʥʥʷ ʦʧʦʨʫ, ʱʦ ʜʦʧʫʩʢʘʻ, ʧʦ 

ʅʉʍ, ɿ 
Ñ(0,3+0,004t) 

ʄʝʞʘ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ, 

ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ, 
0
ʉ 

(0,09 + 0,005ȹt) 

ʉʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ ʜʚʫʭʧʨʦʚr ʜʥʘ 

ʅʦʤʽʥʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʩʪʨʫʤ, ʤɸ 0,5 

ʇʦʢʘʟʥʠʢ ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʾ, ʩ ʥʝ ʙʽʣʴʰʝ 15 

ʄʽʥʽʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ, ʤʤ 32 

ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʤʤ D = 6, l = 47 

ɼʦʚʞʠʥʘ ʢʘʙʝʣʶ, ʤ 1,5; 2; 3; 10 

ɽʣʝʢʪʨʠʯʥʠʡ ʦʧ̔ʨ 1ʤ ʢʘʙʝʣʶ, ʆʤ ʥʝ ʙʽʣʴʰʝ 0,05 

ʉʝʨʝʜʥʽʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʥʝ ʤʝʥʰ 8 ʨʦʢʽʚ 



38 

 

ʊʘʙʣʠʮʷ 3.8. ɻʨʘʜʫʶʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ Pt100 

ʆʧʽʨ, ʆʤ 
ʦ

0
ʉ 

0 1 2 3 4 5 6 7 8 9 

0 100,000 100,391 100,781 101,172 101,562 101,953 102,343 102,733 103,123 103,513 

10 103,903 104,292 104,682 105,071 105,460 105,849 106,238 106,627 107,016 107,405 

20 107,794 108,182 108,570 108,959 109,347 109,735 110,123 110,530 110,898 111,286 

30 111,673 112,060 112,447 112,835 113,221 113,608 113,995 114,382 114,768 115,155 

40 115,541 115,927 116,315 116,699 117,085 117,470 117,858 118,241 118,627 119,012 

50 119,397 119,782 120,167 120,552 120,936 121,321 121,705 122,090 122,474 122,858 

60 123,242 123,526 124,009 124,393 124,777 125,160 125,543 125,926 126,309 126,692 

70 127,075 127,458 127,840 128,223 128,605 128,987 129,370 129,752 130,133 130,515 

80 130,897 131,278 131,660 132,041 132,442 132,803 133,184 133,565 133,946 134,326 

9

90 
134,707 135,087 135,468 135,848 136,228 136,608 136,987 137,367 137,747 138,126 

1

100 
138,506 138,885 139,264 139,643 140,022 140,400 140,779 141,158 141,536 141,914 

 

ʇʝʨʽʦʜʠʯʥʫ ʧʦʚʽʨʢʫ ʢʦʤʧʣʝʢʪʽʚ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʦʧʦʨʫ Pt100 

ʟʜʽʡʩʥʶʶʪʴ ʦʨʛʘʥʠ ɼʝʨʞʘʚʥʦʾ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ.  

ʄʝʪʦʜʠʢʘ ʧʦʚʽʨʢʠ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʥʘ ʚʠʤʦʛʫ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ. 

ʄʽʞʧʦʚʽʨʦʯʥʠʡ ʽʥʪʝʨʚʘʣ - 4 ʨʦʢʠ. ʇʽʜʙʠʨʘʥʥʷ ʧʘʨ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʨʦʙʠʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ.  

3.7. ʊʝʨʤʦʤʘʥʦʤʝʪʨ Watts TMAX 

ʊʝʨʤʦʤʘʥʦʤʝʪʨ Watts TMAX (ʨʠʩ. 3.10) ʘʢʩʽʘʣʴʥʦʛʦ ʪʠʧʫ. 

ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ ʪʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɺʠʤʽʨʶʚʘʣʴʥʽ 

ʤʝʭʘʥʽʟʤʠ: ʪʨʫʙʯʘʩʪʘ ʧʨʫʞʠʥʘ ʟ̔ ʤʽʜʥʦʛʦ ʩʧʣʘʚʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ, 

ʙʽʤʝʪʘʣʽʯʥʘ ʩʧʽʨʘʣʴ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʝʨʤʦʤʘʥʦʤʝʪʨ 

ʦʩʥʘʱʝʥʠʡ ʚʽʟʫʘʣʴʥʠʤ ʦʙʤʝʞʫʚʘʯʝʤ. 
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ʈʠʩ. 3.10. ʊʝʨʤʦʤʘʥʦʤʝʪʨ Watts TMAX 

 

ɸʚʪʦʤʘʪʠʯʥʠʡ ʟʘʧʽʨʥʠʡ ʢʣʘʧʘʥ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʢʦʤʧʣʝʢʪ, ʜʦʟʚʦʣʷʻ 

ʨʦʙʠʪʠ ʟʘʤʽʥʫ ʪʝʨʤʦʤʘʥʦʤʝʪʨʫ ʙʝʟ ʟʣʠʚʫ ʩʠʩʪʝʤʠ. ʇʨʠ ʤʦʥʪʘʞʽ 

ʪʝʨʤʦʤʘʥʦʤʝʪʨʫ, ʟʘʧʽʨʥʠʡ ʢʣʘʧʘʥ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʪʘʢ, ʱʦ ʪʝʧʣʦʥʦʩʽʡ, ʱʦ 

ʧʨʦʥʠʢʘʻ ʚ ʧʨʫʞʠʥʥʠʡ ʤʝʭʘʥʽʟʤ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ, ʦʙʤʠʚʘʻ ʪʘʢʦʞ ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʘʪʯʠʢ. 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ, ʱʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʧʦʩʪʽʡʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ: ʚʽʜ -10Áʉ ʜʦ +80Áʉ. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʤʘʥʦʤʝʪʨʘ 

Watts TMAX ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.3.9. 

 

ʊʘʙʣʠʮʷ 3.9. ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʜʘʥʽ ʪʝʨʤʦʤʘʥʦʤʝʪʨʫ Watts TMAX 

ʇʘʨʘʤʝʪʨʠ ɿʥʘʯʝʥʥʷ 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʫ ʪʠʩʢʫ, 10
-1
 ʄʇʘ 0 ï 2.5/4/6  

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ, Áʉ 0 - 120 

ʂʣʘʩ ʪʦʯʥʦʩʪʽ 2.5 

ʈʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ ɺʦʜʘ ʪʘ ʽʥʰʽ ʥʝʘʛʨʝʩʠʚʥʽ ʨʽʜʠʥʠ 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ -40Áé+50Áʉ 

ɺʦʣʦʛʽʩʪʴ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ < 95% 

ʉʪʫʧʽʥʴ ʟʘʭʠʩʪʫ ʢʦʨʧʫʩʘ ɯʈ 50 

ɼʽʘʤʝʪʨ ʢʦʨʧʫʩʫ 80 ʤʤ 

ʇʨʠʻʜʥʘʥʥʷ ʨʘʜʽʘʣʴʥʝ (R) ʪʘ ʪʠʣʴʥʝ (ʊ) 
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3.8 ʃʽʯʠʣʴʥʠʢ ʦʜʥʦʬʘʟʥʠʡ ʉʆ-5000 (ʈʦʩʪʦʢ) 

ʆʜʥʦʬʘʟʥʠʡ ʣʽʯʠʣʴʥʠʢ ʉʆ-5000 ʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʽʥʜʫʢʮʽʡʥʠʡ 

ʧʨʷʤʦʛʦ ʚʤʠʢʘʥʥʷ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ 3.11. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.10. 

 

 

ʈʠʩ.3.11.  ʃʽʯʠʣʴʥʠʢ ʦʜʥʦʬʘʟʥʠʡ ʈʦʩʪʦʢ ʉʆ-5000 

 

ʊʘʙʣʠʮʷ 3.10. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʣʽʯʠʣʴʥʠʢʘ ʉʆ-5000(ʈʦʩʪʦʢ) 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʅʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ, ɺ 220 

ʅʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ, ɸ 10 

ɼʽʘʧʘʟʦʥ ʨʦʙʦʯʦʛʦ ʩʪʨʫʤʫ, ɸ ɺʽʜ 0,5 ʜʦ 40 

ʂʣʘʩ ʪʦʯʥʦʩʪʽ 2,0 

ɼʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʫʤʦʚ ɺʽʜ -30Á ʜʦ +55Áʉ 

ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʤʤ 217ʭ129ʭ118 

ɺʘʛʘ, ʢʛ 1.6 

ɻʘʨʘʥʪʽʡʥʠʡ ʩʪʨʦʢ ʦʧʝʨʘʮʽʾ, ʤʽʩ 24  

ʉʝʨʝʜʥʽʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʥʝ ʤʝʥʰʝ, 

ʨʽʢ 
30  

ʄʽʞʧʦʚʽʨʦʯʥʠʡ ʽʥʪʝʨʚʘʣ, ʨʽʢ 16 
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3.9. ʅʘʩʦʩ WILO Star RS 15/6-130 

ʅʘʩʦʩ ï ʮʝ ʛʽʜʨʘʚʣʽʯʥʘ ʤʘʰʠʥʘ, ʱʦ ʩʣʫʞʠʪʴ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʽ 

ʩʪʚʦʨʝʥʥʷ ʥʘʧʦʨʫ ʨʽʜʠʥ ʚʩʽʭ ʚʠʜʽʚ, ʤʝʭʘʥʽʯʥʦʾ ʩʫʤʽʰʽ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʽ 

ʢʦʣʦʾʜʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʘʙʦ ʟʨʽʜʞʝʥʠʭ ʛʘʟʽʚ.  

ʎʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ WILO (ʨʠʩ. 3.12) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʚ ʧʦʙʫʪʦʚʠʭ ʦʧʘʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ, ʩʠʩʪʝʤʘʭ 

ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ. 

ɼʣʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʽ ʤʽʩʮʝʚʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʨʠʰʚʠʜʢʽʩʥʠʡ ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ ʽʟ ʤʦʢʨʠʤ ʨʦʪʦʨʦʤ ʪʠʧʫ Star RS, 

ʥʘʡʯʘʩʪʽʰʝ ï ʥʘʩʦʩ WILO Star RS 15/6-130 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʜʥʦ-

ʜʚʦʪʨʫʙʥʠʭ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʫ ʟʤʽʰʫʚʘʣʴʥʠʭ ʢʦʥʪʫʨʘʭ ʙʽʣʴʰʠʭ 

ʩʠʩʪʝʤ. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.3.11. 

 

 

ʈʠʩ. 3.12.ʅʘʩʦʩ WILO Star RS 15/6-130 
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ʊʘʙʣʠʮʷ 3.11. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʫ WILO Star RS 15/6-130 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʊʠʧ ʥʘʩʦʩʘ ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʟ ʤʦʢʨʠʤ ʨʦʪʦʨʦʤ 

ɻʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʘʣʝʥʥʷ 

ʅʘʧʽʨ, ʤ 2,5-8 

ɺʠʪʨʘʪʘ, ʤ
3
/ʛʦʜ 2,5-6 

ʈʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ 

 ʚʦʜʘ ʜʣʷ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ (ʧʦ VDI 

2035); 

 ʪʝʭʥʽʯʥʘ ʚʦʜʘ; 

 ʦʭʦʣʦʜʞʫʶʯʘ/ʭʦʣʦʜʥʘ ʚʦʜʘ. 

ʄʦʥʪʘʞʥʘ ʜʦʚʞʠʥʘ, ʤʤ 130  

ʈʦʙʦʯʠʡ ʪʠʩʢ, ʄʇʘ 1,0  

ɺʘʛʘ, ʢʛ 2.4  

ʇʨʠʻʜʥʘʥʥʷ Rp1 

ʉʧʦʞʠʚʘʶʯʘ ʧʦʪʫʞʥʽʩʪʴ, ɺʪ 18-84  

ʇʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ 220ɺ / 50ɻʮ 

 

ʄʘʪʝʨʽʘʣʠ: 

ï ʢʦʨʧʫʩ ʥʘʩʦʩʫ: ʩʽʨʠʡ ʯʘʚʫʥ (EN-GJL-200); 

ï ʨʦʙʦʯʝ ʢʦʣʝʩʦ: ʧʣʘʩʪʠʢ (PP-40% GF); 

ï ʚʘʣ: ʥʝʨ̔ʞʘʚʽʶʯʘ ʩʪʘʣʴ (X46 Cr13); 

ï ʧ̔ ʜʰʠʧʥʠʢ: ʤʝʪʘʣʦʥʘʩʠʯʝʥʠʡ. 

 

3.10. ʈʘʜʽʘʪʦʨ (ʪʝʧʣʦʦʙʤʽʥʥʠʢ) Warme Kraft 

ʈʘʜʽʘʪʦʨʠ - (ʚʽʜ ʣʘʪ. radio ï ñʚʠʧʨʦʤʽʥʶʚʘʯò) ʧʨʠʣʘʜ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʧʘʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʞʠʪʣʦʚʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʠʤʽʱʝʥʴ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʨʘʜʽʘʪʦʨʽʚ. 

ɸʣʶʤʽʥʽʻʚʽ, ʙʽʤʝʪʘʣʽʯʥʽ ʽ ʯʘʚʫʥʥʽ ʨʘʜʽʘʪʦʨʠ, ʷʢʽ ʟʘʨʘʟ  ʜʦʩʪʘʪʥʴʦ ʩʠʣʴʥʦ 

ʧʦʰʠʨʝʥʽ, ʘʣʝ ʚʞʝ ʜʫʞʝ ʨʽʜʢʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʯʝʨʝʟ ʥʠʟʴʢʫ ʪʝʧʣʦʚʽʜʜʘʯʫ. 
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ʇʨʠʥʮʠʧ, ʧʦ ʷʢʦʤʫ ʧʨʘʮʶʻ ʨʘʜʽʘʪʦʨ, ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʠʡ - ʪʝʧʣʦʥʦʩʽʡ, 

ʪʦʙʪʦ ʚʦʜʘ, ʧʦʩʪʫʧʘʻ ʫ ʨʘʜʽʘʪʦʨ ʽ ʫʧʦʚʽʣʴʥʶʻ ʩʚʽʡ ʨʫʭ, ʧʨʠ ʮʴʦʤʫ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʪʘ ʧʝʨʝʜʘʻ ʪʝʧʣʦ ʚ ʧʨʠʤʽʱʝʥʥʷ. 

ʉʪʘʣʝʚʽ ʧʘʥʝʣʴʥʽ ʨʘʜʽʘʪʦʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʤʦʥʪʘʞʫ ʚ ʟʘʢʨʠʪʠʭ 

ʩʠʩʪʝʤʘʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʧʘʣʶʚʘʥʥʷ ʟ ʨʦʙʦʯʠʤ ʪʠʩʢʦʤ ʜʦ 1,0 ʄʇʘ, ʜʝ ʚ 

ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽ ̫ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʦʜʘ ʘʙʦ ʚʦʜʥʽ ʨʦʟʯʠʥʠ, ʟ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʶ ʨʦʙʦʯʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 120Áʉ. ʇʨʠ ʫʩʪʘʥʦʚʮʽ ʚ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʣʷʭ, ʟ ʚʽʜʢʨʠʪʦʶ ʩʠʩʪʝʤʦʶ, ʚ ʢʽʥʮʽ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʩʝʟʦʥʫ ʥʝʦʙʭʽʜʥʦ ʟʘʢʨʠʪʠ ʟʘʧʽʨʥʫ ʘʨʤʘʪʫʨʫ, ʚʩʪʘʥʦʚʣʝʥʫ ʥʘ ʚʭʦʜʽ/ʚʠʭʦʜʽ 

ʢʦʞʥʦʛʦ ʨʘʜʽʘʪʦʨʘ, - ʮʝ ʟʘʚʘʜʠʪʴ ʧʦʧʘʜʘʥʥʶ ʧʦʚʽʪʨʷ ʫ ʩʠʩʪʝʤʫ. 

ʈʘʜʽʘʪʦʨ-ʪʝʧʣʦʦʙʤʽʥʥʠʢ (ʨʠʩ. 3.13), ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ̔ 

ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʩʪʘʣʝʚʦʛʦ ʣʠʩʪʘ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ 

ʢʘʨʙʦʥʫ. ʈʘʜʽʘʪʦʨʠ ʧʨʦʪʝʩʪʦʚʘʥʽ ʚʠʨʦʙʥʠʢʦʤ ʧʽʜ ʪʠʩʢʦʤ 1,5ʄʇʘ, ʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʪʠʩʢʫ ʜʦ 1,1ʄʇʘ. ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʽʚʘʥʥʷ ʜʣʷ Warme Kraft 22 ʩʪʘʥʦʚʠʪʴ 110Áʉ. ɻʘʨʘʥʪʽʷ ʚʽʜ ʚʠʨʦʙʥʠʢʘ 

ʩʢʣʘʜʘʻ 10 ʨʦʢʽʚ. 

 

ʈʠʩ.3.13. ʈʘʜʽʘʪʦʨ Warme Kraft 
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ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʽʘʪʦʨʘ Warme Kraft ʥʘʚʝʜʝʥʥʽ ʫ ʪʘʙʣ. 

3.12. 

 

ʊʘʙʣʠʮʷ 3.12. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʽʘʪʦʨʘ Warme Kraft  

ʇʘʨʘʤʝʪʨʠ ɿʥʘʯʝʥʥʷ 

ʄʘʪʝʨʽʘʣ ʉʪʘʣʴ 

ʂʽʣʴʢʽʩʪʴ ʩʝʢʮʽʡ 3 

ɺʠʩʦʪʘ, ʤʤ 400 

ʐʠʨʠʥʘ, ʤʤ 500 

ʈʦʙʦʯʠʡ ʪʠʩʢ, ʄʇʘ 0,9 

ɺʘʛʘ, ʢʛ 10,7 

ʂʣʘʩ 22 

ʄʦʥʪʘʞ ɹʽʯʥʠʡ ʚʝʨʭʥʽʡ 

ʇʦʪʫʞʥʽʩʪʴ, ɺʪ 723 

 

3.11ɺʦʜʦʥʘʛʨʽʚʘʯ (ʪʝʥ) 

ʇʦʛʨʫʞʥʽ ʥʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʥʘ ʨʽʟʴʙʦʚʠʭ ʬʣʘʥʮʷʭ (ʨʠʩ. 3.14), 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʫ ʨʽʜʠʥʘʭ. ɿʘʣʝʞʥʦ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʫ 

ʨʦʙʦʪʠ, ʧʽʜʙʠʨʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʟʘʭʠʩʥʦʾ ʪʨʫʙʢʠ (ʤʽʜʴ, 

ʥʽʢʝʣʴʦʚʘʥʘ ʤʽʜʴ, ʢʠʩʣʦʩʪʽʡʢʘ ʩʪʘʣʴ ï ʥʝ̔ʨʞʘʚʽʶʯʘ), ʘ ʪʘʢʦʞ ʨʽʟʴʙʦʚʽ 

ʬʣʘʥʮʽ.  

ɹʘʟʦʚʽ ʤʦʜʝʣʽ ʤʽʩʪʷʪʴ ʦʜʠʥ ʘʙʦ ʪʨʠ ʥʘʛʨʽʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʠ. ʊʘʢʦʞ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʢʦʚʧʘʢʘ.  

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.3.13. 
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ʈʠʩ.3.14. ɿʘʛʣʠʙʥʠʡ ʥʘʛʨʽʚʘʯ ʥʘ ʨʽʟʴʙʦʚʠʭ ʬʣʘʥʮʷʭ 

 

ʊʘʙʣʠʮʷ 3.13. ʊʝʭʥʽʯʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʣʠʙʥʦʛʦ ʥʘʛʨʽʚʘʯʘ ʥʘ 

ʨʽʟʴʙʦʚʠʭ ʬʣʘʥʮʷʭ 

ʇʘʨʘʤʝʪʨʠ ɿʥʘʯʝʥʥʷ 

ʊʠʧ 3/2 "15ʂ 

ʈʦʙʽʪʥʠʯʝ ʩʝʨʝʜʦʚʠʱʝ: ʚʦʜʘ, ʤʘʩʣʦ ʡ ʽʥʰʽ ʨʽʜʠʥʠ 

ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ: 100Á ʜʦ 300Áʉ 

ɼʽʘʤʝʪʨ, ʤʤ 8,5 

ɽʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ɺʪ/ɺ 2x1500/230 

ɼʦʚʞʠʥʘ L, ʤʤ 410 

ʄʘʪʝʨʽʘʣ ʪʨʫʙʠ Cu/Ni 

ʂʨʽʧʣʝʥʥʷ ʬʣʘʥʝʮʴ ʟ ʨʽʟʴʙʣʝʥʥʷʤ 3/2" 

 

3.12. ɯʤʽʪʘʪʦʨʠ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ 

ɯʤʽʪʘʪʦʨʠ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʝʨʝʤʠʢʘʯʘ ʇʊʀ-ʄ 

(ʨʠʩ. 3.15)  ʪʘ ʜʨʦʪʦʚʠʭ ʦʧʦʨʽʚ (ʨʠʩ. 3.16),  ʧʨʠʻʜʥʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦ ʜʦ 

ʢʦʞʥʦʾ ʢʣʝʤʠ. ʇʝʨʝʤʠʢʘʯʝʤ ʇʊʀ-ʄ, ʟʤʽʥʶʻʤʦ ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ, ʽʤʽʪʫʶʯʠ 

ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʜʘʪʯʠʢʘʭ ñʧʦʜʘʶʯʦʛʦò ʪʘ ñʟʚʦʨʦʪʥʦʛʦò 
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ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ʇʨʠ ʢʦʞʥʦʤʫ ʧʝʨʝʤʠʢʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 

5Üʉ.  

 

 

ʈʠʩ. 3.15. ʇʝʨʝʤʠʢʘʯ ʇʊʀ-ʄ 

 

 

ʈʠʩ. 3.16. ɼʨʦʪʦʚʽ ʨʝʟʠʩʪʦʨʠ, ʧʨʠʻʜʥʘʥʽ ʜʦ ʢʦʞʥʦʾ ʢʣʝʤʠ 
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4  ʃɸɹʆʈɸʊʆʈʅʀʁ ʇʈɸʂʊʀʂʋʄ 

4.1 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 1 

ʊʝʤʘ ʨʦʙʦʪʠ: ʆʮʽʥʶʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʨʠʣʘʜʽʚ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʆʟʥʘʡʦʤʠʪʠʩʴ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʙʦʪʠ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʨʠʣʘʜʽʚ ʣʘʙʦʨʘʪʦʨʥʦ-ʥʘʚʯʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʬʽʨʤʠ 

ñɺʦʨʜʦʣʽʡò; ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʙʫʜʦʚʦʶ, ʧʨʠʥʮʠʧʦʤ ʜʽʾ, ʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʽʥʩʪʨʫʢʮʽʷʤʠ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʣʘʜʽʚ ʽ ʩʠʩʪʝʤ, ʷʢʽ ʻ 

ʩʢʣʘʜʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʪʝʥʜʫ; ʥʘʙʫʪʠ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʢʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʪʨʘʪʠ ʪʘ ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥ; ʚʠʢʦʥʘʪʠ ʧʦʚʽʨʢʫ ʣʽʯʠʣʴʥʠʢʽʚ ʩʪʝʥʜʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʠʥ ʟ ʣʽʯʠʣʴʥʠʢʽʚ ʷʢ ʟʨʘʟʢʦʚʠʡ; ʥʘʙʫʪʠ ʧʨʘʢʪʠʯʥʠʭ 

ʥʘʚʠʢʽʚ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʣʘʜʽʚ ʪʘ 

ʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʽ ʢʽʣʴʢʦʩʪʽ ʇɽʈɺ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʇʦʚʽʨʢʘ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ 

ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʥʘ ʷʢʽ ʧʦʰʠʨʶʻʪʴʩʷ ʜʝʨʞʘʚʥʠʡ 

ʤʝʪʨʦʣʦʛʽʯʥʠʡ ʥʘʛʣʷʜ, ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ʾʭ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ɼʣʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʧʦʚʽʨʮʽ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʪʘʢʽ ʚʠʜʠ ʧʦʚʽʨʢʠ: ʧʝʨʚʠʥʥʘ, ʧʝʨʽʦʜʠʯʥʘ, ʧʦʟʘʯʝʨʛʦʚʘ, 

ʽʥʩʧʝʢʮʽʡʥʘ ʪʘ ʝʢʩʧʝʨʪʥʘ. 

ʇʝʨʚʠʥʥʘ ʧʦʚʽʨʢʘ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ï ʧʦʚʽʨʢʘ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ 

ʚʠʧʫʩʢʫ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʘʙʦ ʧʽʩʣʷ ʨʝʤʦʥʪʫ, ʘ ʪʘʢʦʞ 

ʧʨʠ ʚʚʝʟʝʥʥʽ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟ-ʟʘ ʢʦʨʜʦʥʫ ʧʘʨʪʽʷʤʠ. 
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ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʧʦʚʽʨʢʠ ʧʝʨʝʜ ʚʚʝʜʝʥʥʷʤ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʾʾ ʦʙʩʷʛ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʤʝʪʦʜʠʢʘʭ ʧʦʚʽʨʢʠ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. 

ʇʝʨʽʦʜʠʯʥʘ ʧʦʚʽʨʢʘ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ï ʧʦʚʽʨʢʘ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʯʝʨʝʟ ʚʩʪʘʥʦʚʣʝʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʜʣʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʙʦ ʥʘ ʟʙʝʨʽʛʘʥʥʽ. 

ʄʽʞʧʦʚʽʨʦʯʥʠʡ ʽʥʪʝʨʚʘʣ ï ʚʩʪʘʥʦʚʣʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʤʽʞʦʢ 

ʯʘʩʫ ʤʽʞ ʧʝʨʚʠʥʥʦʶ ʪʘ ʧʝʨʰʦʶ ʧʝʨʽʦʜʠʯʥʦʶ ʧʦʚʽʨʢʦʶ, ʘ ʪʘʢʦʞ ʤʽʞ ʜʚʦʤʘ 

ʧʦʩʣʽʜʦʚʥʠʤʠ ʧʝʨʽʦʜʠʯʥʠʤʠ ʧʦʚʽʨʢʘʤʠ. 

ɿʘʩʦʙʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚʠʟʥʘʶʪʴ ʧʨʠʜʘʪʥʠʤʠ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʽʨʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʭ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʤʝʪʨʦʣʦʛʽʯʥʠʤ ʽ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ ʜʦ ʮʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʫ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʘʙʦ ʪʝʭʥʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ʄʽʞʧʦʚʽʨʦʯʥʽ ʽʥʪʝʨʚʘʣʠ ʜʣʷ ʧʝʨʽʦʜʠʯʥʦʾ ʧʦʚʽʨʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʟ ʧʦʚʽʨʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʥʴ ʽ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ ʜʝʢʽʣʴʢʦʭ 

ʤʽʩʷʮʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ. ʄʽʞʧʦʚʽʨʦʯʥʠʡ ʽʥʪʝʨʚʘʣ ʚʩʪʘʥʦʚʣʶʶʪʴ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʜʘʪʥʽʩʪʴ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ. 

ʗʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʽʦʜʠʯʥʦʾ ʧʦʚʽʨʢʠ ʘʙʦ ʜʝʨʞʘʚʥʦʛʦ 

ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʥʘʛʣʷʜʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʝʪʨʦʣʦʛʽʯʥʠʤ ʥʦʨʤʘʤ ʧʨʦʪʷʛʦʤ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʤʽʞʧʦʚʽʨʦʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʪʝʨʠʪʦʨʽʘʣʴʥʠʡ ʦʨʛʘʥ ɼʝʨʞʩʪʘʥʜʘʨʪʫ ʋʢʨʘʾʥʠ, 

ʷʢʠʡ ʧʨʦʚʦʜʠʪʴ ʧʦʚʽʨʢʫ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ 

ʤʽʞʧʦʚʽʨʦʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ. 

ʇʝʨʽʦʜʠʯʥʫ ʧʦʚʽʨʢʫ ʧʨʦʚʦʜʷʪʴ ʫ ʢʘʣʝʥʜʘʨʥʽ ʪʝʨʤʽʥʠ, ʚʩʪʘʥʦʚʣʝʥʽ 

ʛʨʘʬʽʢʦʤ ʧʦʚʽʨʢʠ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʘʙʦ ʟʘ ʟʘʷʚʢʦʶ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. 
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ʇʦʟʘʯʝʨʛʦʚʘ ʧʦʚʽʨʢʘ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ï ʧʦʚʽʨʢʘ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʥʽʰʝ ʩʪʨʦʢʫ ʡʦʛʦ ʯʝʨʛʦʚʦʾ ʧʝʨʽʦʜʠʯʥʦʾ 

ʧʦʚʽʨʢʠ. 

ʇʦʟʘʯʝʨʛʦʚʘ ʧʦʚʽʨʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ: 

 ʟʘ ʧʦʪʨʝʙʠ ʧʝʨʝʩʚʽʜʯʠʪʠʩʴ ʫ ʧʨʠʜʘʪʥʦʩʪʽ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

 ʫ ʨʘʟʽ ʧʦʰʢʦʜʞʝʥʥʷ ʚʽʜʙʠʪʢʘ ʧʦʚʽʨʦʯʥʦʛʦ ʪʘʚʨʘ ʘʙʦ ʚʪʨʘʪʠ 

ʩʚʽʜʦʮʪʚʘ ʧʨʦ ʧʦʚʽʨʢʫ; 

 ʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʷʢ 

ʢʦʤʧʣʝʢʪʫʚʘʣʴʥʠʭ, ʷʢʱʦ ʯʘʩ, ʱʦ ʤʠʥʫʚ ʧʽʩʣʷ ʦʩʪʘʥʥʴʦʾ ʧʦʚʽʨʢʠ, 

ʧʝʨʝʚʠʱʫʻ ʧʦʣʦʚʠʥʫ ʤʽʞʧʦʚʽʨʦʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ; 

 ʫ ʚʠʧʘʜʢʫ ʧʨʦʜʘʞʫ ʩʧʦʞʠʚʘʯʝʚʽ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ 

ʪʦʤʫ ʨʘʟʽ ʢʦʣʠ ʯʘʩ, ʱʦ ʤʠʥʫʚ ʧʽʩʣʷ ʦʩʪʘʥʥʴʦʾ ʧʦʚʽʨʢʠ, ʧʝʨʝʚʠʱʫʻ 

ʧʦʣʦʚʠʥʫ ʤʽʞʧʦʚʽʨʦʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ. 

ɯʥʩʧʝʢʮʽʡʥʘ ʧʦʚʽʨʢʘ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ ï ʧʦʚʽʨʢʘ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ 

ʦʨʛʘʥʘʤʠ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʜʝʨʞʘʚʥʦʛʦ ʥʘʛʣʷʜʫ ʘʙʦ 

ʚʽʜʦʤʯʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ.   

ɿʘ ʨʽʰʝʥʥʷʤ ʜʝʨʞʘʚʥʦʛʦ ʽʥʩʧʝʢʪʦʨʘ ʟ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʥʘʛʣʷʜʫ 

ʽʥʩʧʝʢʮʽʡʥʫ ʧʦʚʽʨʢʫ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʥʝ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ, ʧʝʨʝʜʙʘʯʝʥʦʤʫ 

ʤʝʪʦʜʠʢʦʶ ʧʦʚʽʨʢʠ. 

ɿʘʩʦʙʠ ʧʦʚʽʨʢʠ: 

1. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʚʽʨʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʟʘʩʦʙʠ 

ʧʦʚʽʨʢʠ: 

 ʧʦʚʽʨʦʯʥʘ ʫʩʪʘʥʦʚʢʘ;  

 ʤʘʥʦʤʝʪʨ ʢʣʘʩʫ 1 ʟ ʜʽʘʧʘʟʦʥʦʤ ʪʠʩʢʫ 0 ï 2,5ʄʇʘ (0 ï 25 ʢʛʩ/ʩʤ
2
) 

ʟʘ ɻʆʉʊ 2405ï80; 

 ʪʝʨʤʦʤʝʪʨ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 1Üʉ ʽ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨ 0 ï 100Üʉ ʟʘ ɻʆʉʊ 2823ï73; 
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 ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʠʩʢʫ 2 ʄʇʘ (20 ʢʛʩ/ʩʤ
2
); 

 ʤʝʤʙʨʘʥʥʠʡ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʡ ʙʘʨʦʤʝʪʨ ʟʘ ɻʆʉʊ 23696ï79; 

 ʩʝʢʫʥʜʦʤʽʨ ʢʣʘʩʫ 3 ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,2 ʟʘ ɻʆʉʊ 5072ï79. 

2. ɺʩʽ ʟʘʩʦʙʠ ʧʦʚʽʨʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʚʽʨʝʥʽ (ʘʪʝʩʪʦʚʘʥʽ) ʚʽʜʦʤʯʦʶ ʘʙʦ 

ʜʝʨʞʘʚʥʦʶ ʤʝʪʨʦʣʦʛʽʯʥʦʶ ʩʣʫʞʙʦʶ ʪʘ ʤʘʪʠ ʜʽʶʯʝ ʩʚʽʜʦʮʪʚʦ ʧʨʦ ʧʦʚʽʨʢʫ 

(ʘʪʝʩʪʘʮʽʶ) ʘʙʦ ʚʽʜʙʠʪʢʠ ʧʦʚʽʨʶʚʘʣʴʥʠʭ  ʢʣʝʡʤ. 

3. ɼʦʟʚʦʣʷʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʥʰʽ ʟʘʩʦʙʠ ʧʦʚʽʨʢʠ, ʷʢʽ ʧʨʦʡʰʣʠ 

ʤʝʪʨʦʣʦʛʽʯʥʫ ʘʪʝʩʪʘʮʽʶ ʚ ʦʨʛʘʥʘʭ ʜʝʨʞʘʚʥʦʾ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʭʠʙʦʢ ʟʨʘʟʢʦʚʠʭ ʪʘ ʨʦʙʦʯʠʭ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʙʽʣʴʰʝ ʟʘ 1:3. 

ʋʤʦʚʠ  ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʽʨʢʠ 

1) ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʚʽʨʢʠ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 

 ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ: ʚʽʜ ʧʣʶʩ 5 ʜʦ ʧʣʶʩ 40Üʉ ʜʣʷ ʭʦʣʦʜʥʦʚʦʜʥʠʭ 

ʣʽʯʠʣʴʥʠʢʽʚ, ʚʽʜ ʧʣʶʩ 10 ʜʦ ʧʣʶʩ 30Üʉ ʜʣʷ ʛʘʨʷʯʝʚʦʜʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ; 

 ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʯʫʶʯʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʧʣʶʩ 5 ʜʦ ʧʣʶʩ 50Üʉ; 

 ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʚʽʜ 30 ʜʦ 80%; 

 ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʚʽʜ 84 ʜʦ 106,6ʄʇʘ (0,84 ʜʦ 1,07ʢʛʩ/ʩʤ
2
); 

 ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʙʨʘʮʽʾ, ʪʨʷʩʢʠ ʪʘ ʫʜʘʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʙʦʪʫ 

ʣʽʯʠʣʴʥʠʢʘ; 

 ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʟʘ ʯʘʩ ʧʦʚʽʨʢʠ ʥʝ ʙʽʣʴʰʝ ʟʘ -5Üʉ. 

2) ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʚʠʤʽʨʶʶʪʴ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʥʘʧʨʠʢʽʥʮʽ ʧʦʚʽʨʢʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʽʨʥʠʢʘʭ. 

3) ʃʽʯʠʣʴʥʠʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʧʦʚʽʨʦʯʥʽʡ ʫʩʪʘʥʦʚʮʽ ʧʦ 

ʦʜʥʦʤʫ ʘʙʦ ʧʦʩʣʽʜʦʚʥʦ ʧʦ ʜʝʢʽʣʴʢʘ ʰʪʫʢ. 

4) ʏʠʩʣʦ ʣʽʯʠʣʴʥʠʢʽʚ ʚ ʛʨʫʧʽ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʧʦʚʽʨʢʠ ʧʨʠ ʥʘʡʙʽʣʴʰʠʡ ʧʦʚʽʨʦʯʥʽʡ ʚʠʪʨʘʪʽ. ʃʽʯʠʣʴʥʠʢʠ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʦʜʥʘʢʦʚʠʡ ʜʽʘʤʝʪʨ ʫʤʦʚʥʦʛʦ ʧʨʦʭʦʜʫ. ʃʽʯʠʣʴʥʠʢʠ ʩʣʽʜ ʧʨʠʻʜʥʘʪʠ ʜʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʦʚʽʨʦʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʯʝʨʝʟ ʧʝʨʝʭʽʜʥʽ ʘʙʦ ʧʨʦʤʽʞʥʽ 
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ʧʘʪʨʫʙʢʠ, ʜʦʚʞʠʥʘ ʷʢʠʭ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰ 4 Dn ʧʝʨʝʜ ʧʝʨʰʠʤ ʽ 1Dn 

ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ, ʜʝ Dn ï ʥʦʤ̔ʥʘʣʴʥʠʡ  ʜʽʘʤʝʪʨ 

ʫʤʦʚʥʦʛʦ ʧʨʦʭʦʜʫ ʣʽʯʠʣʴʥʠʢʘ. 

    ʉʪʨʽʣʢʘ ʥʘ ʢʦʨʧʫʩʽ ʣʽʯʠʣʴʥʠʢʘ ʧʦʚʠʥʥʘ ʩʧʽʚʧʘʜʘʪʠ ʟ ʥʘʧʨʷʤʢʦʤ 

ʧʦʪʦʢʫ ʚʦʜʠ. 

ʇʽʜʛʦʪʦʚʢʘ ʜʦ ʨʦʙʦʪʠ 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʧʦʚʽʨʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʥʘʩʪʫʧʥʽ 

ʧʽʜʛʦʪʦʚʯʽ ʨʦʙʦʪʠ: 

 ʧʝʨʝʚʽʨʢʘ ʥʘʷʚʥʦʩʪʽ ʜʽʶʯʠʭ ʩʚʽʜʦʮʪʚ ʧʨʦ ʧʦʚʽʨʢʫ (ʘʪʝʩʪʘʮʽʶ) 

ʟʘʩʦʙʽʚ ʧʦʚʽʨʢʠ, ʚʽʜʙʠʪʢʽʚ ʧʦʚʽʨʶʚʘʣʴʥʠʭ ʢʣʝʡʤ; 

 ʧʝʨʝʚʽʨʢʘ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ ʣʽʯʠʣʴʥʠʢʽʚ ʟ ʪʨʫʙʦʧʨʦʚʦʜʦʤ 

ʪʘ ʤʽʞ ʩʦʙʦʶ. 

ʇʝʨʝʚʽʨʢʫ ʟʜʽʡʩʥʶʶʪʴ ʪʠʩʢʦʤ ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ ʧʨʠ ʚʽʜʢʨʠʪʦʤʫ 

ʟʘʧʽʨʥʦʤʫ ʧʨʠʩʪʨʦʾ ʧʝʨʝʜ ʣʽʯʠʣʴʥʠʢʦʤ ʪʘ ʟʘʢʨʠʪʦʤʫ ʧʽʩʣʷ ʥʴʦʛʦ; 

ʧʨʦʧʫʩʢʘʶʪʴ ʚʦʜʫ ʢʨʽʟʴ ʣʽʯʠʣʴʥʠʢʠ ʧʨʠ ʥʘʡʙʽʣʴʰʽʡ ʧʦʚʽʨʦʯʥʽʡ ʚʠʪʨʘʪʽ ʟ 

ʤʝʪʦʶ ʚʠʜʘʣʝʥʥʷ ʧʦʚʽʪʨʷ ʟ ʩʠʩʪʝʤʠ. 

 ʇʨʦʚʝʜʝʥʥʷ ʧʦʚʽʨʢʠ 

1) ɿʦʚʥʽʰʥʽʡ ʦʛʣʷʜ. 

 ʇʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʦʛʣʷʜʽ ʣʽʯʠʣʴʥʠʢʽʚ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʟ 

ʚʠʨʦʙʥʠʮʪʚʘ ʘʙʦ ʧʽʩʣʷ ʨʝʤʦʥʪʫ ʧʦʚʠʥʥʦ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʦ: 

 ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʤʧʣʝʢʪʥʦʩʪʽ ʚʠʤʦʛʘʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʣʽʯʠʣʴʥʠʢ; 

 ʩʪʘʥ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʧʦʢʨʠʪʪʷ; 

 ʥʘʷʚʥʽʩʪʴ ʩʪʨʽʣʢʠ, ʱʦ ʚʢʘʟʫʻ ʥʘʧʨʷʤʦʢ ʧʦʪʦʢʫ ʚʦʜʠ; 

 ʯʽʪʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʥʘʜʧʠʩʽʚ ʥʘ ʤʘʨʢʽʨʦʚʘʥʽʡ ʪʘʙʣʠʯʮʽ, ʘ ʪʘʢʦʞ 

ʮʠʬʨ ʪʘ ʚʽʜʤʽʪʦʢ ʥʘ ʮʠʬʝʨʙʣʘʪʽ ʽ ʨʦʣʠʢʘʭ ʚʽʜʣʽʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ; 

 ʚʽʜʩʫʪʥʽʩʪʴ ʧʣʷʤ, ʪʨʽʱʠʥ, ʚʽʜʢʦʣʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʷʪʪʷ 

ʧʦʢʘʟʘʥʴ ʟʘ ʚʽʜʣʽʢʦʚʠʤ ʧʨʠʩʪʨʦʻʤ. 
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2) ʇʝʨʝʚʽʨʢʘ ʛʝʨʤʝʪʠʯʥʦʩʪʽ. 

ɻʝʨʤʝʪʠʯʥʽʩʪʴ ʣʽʯʠʣʴʥʠʢʽʚ ʧʝʨʝʚʽʨʷʶʪʴ ʩʪʚʦʨʝʥʥʷʤ ʚ ʨʦʙʦʯʽʡ 

ʧʦʨʦʞʥʠʥʽ ʪʠʩʢʫ 1,6 ʄʇʘ (16 ʢʛʩ/ʩʤ
2
)  ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʝʩʫ. 

ʊʠʩʢ ʚʠʪʨʠʤʫʶʪʴ ʧʨʦʪʷʛʦʤ15ʭʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʚʚʘʞʘʶʪʴ ʟʘʜʦʚʽʣʴʥʠʤʠ, ʷʢʱʦ ʧʽʩʣʷ ʚʠʪʨʠʤʢʠ 

ʪʠʩʢʫ ʧʨʦʪʷʛʦʤ 15ʭʚ. ʫ ʤʽʩʮʷʭ ʟôʻʜʥʘʥʴ ʪʘ ʢʦʨʧʫʩʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʢʨʘʧʣʝʧʘʜʽʥʥʷ ʘʙʦ ʚʠʪʦʢʽʚ ʚʦʜʠ. ʇʘʜʽʥʥʷ ʪʠʩʢʫ  ʟʘ ʤʘʥʦʤʝʪʨʦʤ ʥʝ 

ʜʦʟʚʦʣʷʻʪʴʩʷ. 

ʇʝʨʝʚʽʨʢʫ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʣʽʯʠʣʴʥʠʢʽʚ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʟ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʝʤʦʥʪʫ, ʜʦʟʚʦʣʷʻʪʴʩʷ ʟʘ ʫʟʛʦʜʞʝʥʥʷʤ ʟ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤ 

ʦʨʛʘʥʦʤ ɼʝʨʞʩʪʘʥʜʘʨʪʫ ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʜʜʽʣʦʤ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ï ʚʠʛʦʪʦʚʣʶʚʘʯʘ ʘʙʦ ʦʨʛʘʥʽʟʘʮʽʻʶ, ʱʦ ʟʜʽʡʩʥʶʻ ʨʝʤʦʥʪ. ɸʢʪ 

ʘʙʦ ʧʨʦʪʦʢʦʣ ʧʝʨʝʚʽʨʢʠ ʧʨʝʜôʷʚʣʷʶʪʴ ʧʨʝʜʩʪʘʚʥʠʢʫ ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʥʦʾ 

ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʧʦʚʽʨʢʫ.  

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʧʫʩʢʫ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʘʙʦ ʧʽʩʣʷ 

ʨʝʤʦʥʪʫ ʥʝʛʝʨʤʝʪʠʯʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʧʨʝʜʩʪʘʚʥʠʢ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʦʨʛʘʥʫ 

ɼʝʨʞʩʪʘʥʜʘʨʪʫ ʧʦʚʠʥʝʥ ʧʝʨʝʚʽʨʠʪʠ ʛʝʨʤʝʪʠʯʥʽʩʪʴ 10 % ʣʽʯʠʣʴʥʠʢʽʚ, ʷʢʽ 

ʧʨʝʜôʷʚʣʷʶʪʴʩʷ  ʥʘ ʜʝʨʞʘʚʥʫ ʧʦʚʽʨʢʫ. ʋ ʚʠʧʘʜʢʫ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʽ ʷʢʦʛʦ-

ʥʝʙʫʜʴ ʣʽʯʠʣʴʥʠʢʘ ʟ ʚʽʜʽʙʨʘʥʦʾ ʧʘʨʪʽʾ ʣʽʯʠʣʴʥʠʢʽʚ ʧʽʜʜʘʶʪʴ ʧʝʨʝʚʽʨʮʽ ʥʘ 

ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʚʩʶ ʧʘʨʪʽʶ ʣʽʯʠʣʴʥʠʢʽʚ. 

3) ʆʧʨʦʙʦʚʫʚʘʥʥʷ. 

ʇʽʜ ʯʘʩ ʦʧʨʦʙʦʚʫʚʘʥʥʷ ʚʠʷʚʣʷʶʪʴ ʛʦʪʦʚʥʽʩʪʴ ʣʽʯʠʣʴʥʠʢʽʚ ʜʦ ʧʦʚʽʨʢʠ. 

ɼʣʷ ʮʴʦʛʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʦʪʨʽʙʥʫ ʚʠʪʨʘʪʫ ʚʦʜʠ (Qmin) ʪʘ ʧʝʨʝʚʽʨʷʶʪʴ 

ʦʙʝʨʪʘʥʥʷ ʩʪʨʽʣʢʠ. ʇʦʪʽʤ ʟʘʢʨʠʚʘʶʪʴ ʟʣʠʚʘʣʴʥʠʡ  ʧʨʠʩʪʨʽʡ ʧʦʚʽʨʦʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ. ʃʽʯʠʣʴʥʠʢ ʟʽ ʩʪʨʽʣʢʦʶ, ʷʢʘ ʥʝ ʦʙʝʨʪʘʻʪʴʩʷ ʟʘʤʽʥʶʶʪʴ ʽʥʰʠʤ. 

4) ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ɺ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʘʛʘʪʦ ʨʽʟʥʦʚʠʜʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʭʦʤʝʪʨʠʯʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ. 
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ɼʣʷ ʦʮʽʥʢʠ ʽ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʣʽʯʠʣʴʥʠʢʽʚ ʷʢ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʥʦʨʤʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 ʢʘʣʽʙʨ - ʥʦʤʽʥʘʣʴʥʠʡ ʜʽʘʤʝʪʨ (Dn) ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʣʽʯʠʣʴʥʠʢʘ ʚ 

ʤʽʣʽʤʝʪʨʘʭ; 

 ʚ̔ ʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʣʽʯʠʣʴʥʠʢʽʚ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʦʙôʻʤʫ ʚʦʜʠ, ʧʨʦʧʫʱʝʥʦʛʦ ʢʨʳʟʴ ʣʽʯʠʣʴʥʠʢ 

ʪʘ ʧʦʚʽʨʦʯʥʫ ʫʩʪʘʥʦʚʢʫ. 

ɺʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʫ ʚʽʜʩʦʪʢʘʭ ʚʠʟʥʘʯʘʶʪʴ ʜʣʷ ʢʦʞʥʦʾ ʧʦʚʽʨʦʯʥʦʾ 

ʚʠʪʨʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

%100Ö
-

=
ɿʈ

ɿʈʃ

i
V

VV
d , 

ʜʝ Vɿʈ ï ʦʙôʻʤ, ʧʦʢʘʟʘʥʠʡ ʟʨʘʟʢʦʚʠʤ ʣʽʯʠʣʴʥʠʢʦʤ, ʤ
3
; Vʃ ï ʦʙôʻʤ, 

ʧʦʢʘʟʘʥʠʡ ʣʽʯʠʣʴʥʠʢʦʤ, ʱʦ ʧʦʚʽʨʷʻʪʴʩʷ, ʤ
3
. 

 ʚʪʨʘʪʘ ʥʘʧʦʨʫ ï ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ, ʚʠʟʥʘʯʝʥʘ ʟʘ ʧʦʢʘʟʘʥʥʷʤʠ 

ʤʘʥʦʤʝʪʨʽʚ ʫ ʚʭʽʜʥʦʤʫ ʽ ʚʠʭʽʜʥʦʤʫ ʧʘʪʨʫʙʢʘʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʦʙʫʤʦʚʣʝʥʘ 

ʛʽʜʨʘʚʣʽʯʥʠʤ ʽ ʤʝʭʘʥʽʯʥʠʤ ʦʧʦʨʘʤʠ ʚ ʡʦʛʦ ʤʝʭʘʥʽʟʤʽ; 

 ʥʠʞʥʷ ʤʝʞʘ ʚʠʤʽʨʶʚʘʥʴ ï ʥʘʡʤʝʥʰʘ ʚʠʪʨʘʪʘ, ʟʘ ʷʢʦʾ ʚʽʜʥʦʩʥʘ 

ʧʦʭʠʙʢʘ ʧʦʢʘʟʘʥʴ ʣʽʯʠʣʴʥʠʢʘ ʥʝ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ; 

 ʚʝʨʭʥʷ ʤʝʞʘ ʚʠʤʽʨʶʚʘʥʴ ï ʥʘʡʙʽʣʴʰʘ ʚʠʪʨʘʪʘ, ʟʘ ʷʢʦʾ ʧʦʭʠʙʢʘ 

ʧʦʢʘʟʘʥʴ ʽ ʚʪʨʘʪʘ ʥʘʧʦʨʫ ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʜʦʧʫʩʢʽʚ 

(ʨʦʙʦʪʘ ʣʽʯʠʣʴʥʠʢʽʚ ʥʘ ʚʝʨʭʥʽʡ ʤʝʞʽ ʜʦʧʫʩʪʠʤʘ ʪʽʣʴʢʠ ʟʘ ʢʦʨʦʪʢʦʯʘʩʥʠʭ 

ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʝ ʙʽʣʴʰʝ ʦʜʥʽʻʾ ʛʦʜʠʥʠ ʥʘ ʜʦʙʫ); 

 ʥʦʤʽʥʘʣʴʥʘ ʚʠʪʨʘʪʘ ï ʥʘʡʙʽʣʴʰʘ ʚʠʪʨʘʪʘ, ʟʘ ʷʢʦʾ ʧʦʭʠʙʢʘ 

ʧʦʢʘʟʘʥʴ ʥʝ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, ʘ ʚʪʨʘʪʘ ʥʘʧʦʨʫ ʥʘ ʮʽʡ 

ʚʠʪʨʘʪʽ ʥʝ ʩʪʚʦʨʶʻ ʚ ʧʨʠʣʘʜʽ ʟʫʩʠʣʴ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʰʚʠʜʢʦʛʦ ʟʥʦʰʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ; 
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 ʧʦʨʽʛ ʯʫʪʣʠʚʦʩʪʽ ï ʥʘʡʤʝʥʰʘ ʚʠʪʨʘʪʘ, ʟʘ ʷʢʦʾ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ 

ʧʨʠʣʘʜʫ ʥʘʙʫʚʘʻ ʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ, ʘ ʣʽʯʠʣʴʥʠʢ ʧʦʯʠʥʘʻ ʚʠʜʘʚʘʪʠ ʧʦʢʘʟʘʥʥʷ 

ʟ ʙʫʜʴ-ʷʢʦʶ ʧʦʭʠʙʢʦʶ; 

 ʻʤʥʽʩʪʴ ʣʽʯʠʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ï ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, 

ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜʨʘʭʦʚʘʥʘ ʣʽʯʠʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʨʠʣʘʜʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʚʽʨʢʠ ʟʘʥʦʩʷʪʴ ʫ ʧʨʦʪʦʢʦʣ. 

ʆʬʦʨʤʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʚʽʨʢʠ 

1. ʇʨʠ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʜʝʨʞʘʚʥʦʾ ʧʦʚʽʨʢʠ ʧʣʦʤʙʠ ʟ 

ʚʽʜʙʠʪʢʦʤ ʧʦʚʽʨʶʚʘʣʴʥʦʛʦ ʢʣʝʡʤʘ ʥʘʚʽʰʫʶʪʴ ʚ ʤʽʩʮʷʭ, ʧʝʨʝʰʢʦʜʞʘʶʯʠʭ 

ʜʦʩʪʫʧʫ ʜʦ ʚʽʜʣʽʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʩʫʤʘʨʥʦʛʦ ʦʙʣʽʢʫ ʣʽʯʠʣʴʥʠʢʘ ʪʘ 

ʨʝʛʫʣʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʤʽʨʶʚʘʯʘ ʦʙôʻʤʫ ʽ ʚʽʜʣʽʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ (ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʣʽʯʠʣʴʥʠʢ, ʧʣʦʤʙʘ 

ʧʦʚʠʥʥʘ ʚʠʢʣʶʯʠʪʠ ʜʦʩʪʫʧ ʜʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ), ʚʢʘʟʘʥʠʭ ʚ ʪʝʭʥʽʯʥʠʭ 

ʦʧʠʩʘʭ ʥʘ ʣʽʯʠʣʴʥʠʢ. 

2. ʈʝʟʫʣʴʪʘʪʠ ʧʦʚʽʨʢʠ ʟʘʥʦʩʷʪʴ ʫ ʧʘʩʧʦʨʪ  ̔ʟʘʩʚʽʜʯʫʶʪʴ ʧʽʜʧʠʩʦʤ 

ʜʝʨʞʘʚʥʦʛʦ ʧʦʚʽʨʥʠʢʘ ʪʘ ʚʽʜʙʠʪʢʦʤ ʧʦʚʽʨʶʚʘʣʴʥʦʛʦ ʢʣʝʡʤʘ. 

3. ʈʝʟʫʣʴʪʘʪ ʧʦʚʽʨʢʠ ʣʽʯʠʣʴʥʠʢʘ ʟʘʥʦʩʷʪʴ ʜʦ ʧʨʦʪʦʢʦʣʫ. 

4. ʃʽʯʠʣʴʥʠʢ, ʱʦ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʜʘʥʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ 

ʚʠʧʫʩʢʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʜʦʧʫʩʢʘʶʪʴ. 

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʣʽʯʠʣʴʥʠʢʽʚ ʫ ʩʠʩʪʝʤʘʭ ʦʙʣʽʢʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʩʣʽʜ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʪʘʢʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ: 

1. ʇʝʨʝʨʽʟ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚ ʤʽʩʮʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʠʡ ʚʠʤʽʨʶʚʘʥʦʶ ʨʽʜʠʥʦʶ. ʎʝ ʧʨʘʚʠʣʦ ʥʝ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʧʨʠʣʘʜʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʦʥʪʘʞʫ. 

2. ɼʣʷ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʧʦʚʽʪʨʷ ʽʟ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ 

ʧʦʚʽʪʨʷʥʠʡ ʢʣʘʧʘʥ ʫ ʥʘʡʙʣʠʞʯʽʡ ʜʦ ʧʨʠʣʘʜʫ ʚʝʨʭʥʽʡ ʪʦʯʮʽ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

3. ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʪʦʢʫ ʧʝʨʝʜ 

ʧʨʠʣʘʜʦʤ ʩʣʽʜ ʚʠʪʨʠʤʫʚʘʪʠ ʩʪʘʙʽʣʽʟʫʶʯʫ ʧʨʷʤʫ ʜʽʣʷʥʢʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʥʝ 
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ʤʝʥʰʝ 3Dn - 5Dn. ʅʘ ʮʽʡ ʜʽʣʷʥʮʽ ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʞʦʜʥʦʛʦ ʧʨʠʣʘʜʫ ʘʙʦ 

ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʙʠ ʚʧʣʠʚʘʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʫ ʨʽʜʠʥʠ: ʟʘʩʫʚʦʢ, ʚʽʜʚʦʜʽʚ, 

ʦʙʝʨʥʝʥʠʭ ʢʣʘʧʘʥʽʚ, ʥʘʩʦʩʽʚ, ʟʚʫʞʝʥʴ, ʨʦʟʰʠʨʝʥʴ ʪʦʱʦ. 

4. ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʧʦʰʢʦʜʞʝʥʥʷ ʟʘʥʫʨʝʥʠʭ ʫ ʨʽʜʠʥʫ ʯʘʩʪʠʥ 

ʣʽʯʠʣʴʥʠʢʘ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʫʜʘʨʘʤʠ, ʧʽʩʣʷ ʧʨʠʣʘʜʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ 

ʧʨʷʤʫ ʜʽʣʷʥʢʫ ʜʦʚʞʠʥʦʶ 1Dn. ʎʷ ʜʽʣʷʥʢʘ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʘʤ, 

ʦʧʠʩʘʥʠʤ ʚ ʧ.3. 

5. ɼʣʷ ʫʩʫʥʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷʤʠ, ʙʘʞʘʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʜʦ ʽ ʧʽʩʣʷ ʧʨʠʣʘʜʫ, ʧʦʟʘ ʧʨʷʤʠʤʠ ʜʽʣʷʥʢʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʧ. 3-

4, ʬʽʣʴʪʨʠ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʧʨʦʩʪʽ ʩʽʪʯʘʩʪʽ, ʪʘʢ ʽ ʩʢʣʘʜʥʽʰʽ ʪʘ ʥʘʜʽʡʥʽʰʽ 

ʤʘʛʥʽʪʦʤʝʭʘʥʽʯʥʽ ʬʽʣʴʪʨʠ. 

6. ɼʣʷ ʰʚʠʜʢʦʛʦ ʜʝʤʦʥʪʘʞʫ ʣʽʯʠʣʴʥʠʢʽʚ ʥʘ ʯʘʩ ʧʦʚʽʨʢʠ ʘʙʦ ʨʝʤʦʥʪʫ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʟʘʧʽʨʥʫ ʘʨʤʘʪʫʨʫ  ʜʦ ʽ ʧʽʩʣʷ ʧʨʠʣʘʜʫ, ʧʦʟʘ ʧʨʷʤʠʤʠ 

ʜʽʣʷʥʢʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʧ.3,4. 

7. ʄʽʩʮʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʣʘʜʫ ʦʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʣʽʯʠʣʴʥʠʢ ʙʫʚ ʣʝʛʢʦʜʦʩʪʫʧʥʠʤ. 

8. ʗʢʱʦ ʜʽʘʤʝʪʨ ʧʨʠʣʘʜʫ ʤʝʥʰʝ ʜʽʘʤʝʪʨʫ ʪʨʫʙʠ, ʪʦ ʧʝʨʝʭʽʜ ʟ ʦʜʥʦʛʦ 

ʜʽʘʤʝʪʨʘ ʥʘ ʽʥʰʠʡ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʥʫʩʦʧʦʜʽʙʥʦ (ʢʦʥʬʫʟʦʨ). 

9. ʃʽʯʠʣʴʥʠʢ ʤʦʥʪʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʩʽʭ ʟʚʘʨʶʚʘʣʴʥʠʭ 

ʽ ʽʥʰʠʭ ʨʦʙʽʪ ʧʦ ʧʽʜʛʦʪʦʚʮʽ ʫʩʪʘʥʦʚʦʯʥʦʛʦ ʛʥʽʟʜʘ. 

10. ʃʽʯʠʣʴʥʠʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʽʜʣʽʢʦʚʠʤ ʧʨʠʩʪʨʦʻʤ ʜʦʚʝʨʭʫ. 

11. ʅʘʧʨʷʤ ʩʪʨʽʣʢʠ ʥʘ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʧʦʚʠʥʝʥ ʩʧʽʚʧʘʜʘʪʠ ʟ 

ʥʘʧʨʷʤʦʤ ʧʦʪʦʢʫ ʨʽʜʠʥʠ. 

ʋʤʦʚʦʶ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʣʽʯʠʣʴʥʠʢʘ ʻ 

ʧʨʘʚʠʣʴʥʠʡ ʡʦʛʦ ʚʠʙʽʨ. ʇʨʠ ʚʠʙʦʨʽ ʣʽʯʠʣʴʥʠʢʘ ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ: 

1. ɼʽʘʤʝʪʨ ʧʨʠʣʘʜʫ ʧʽʜʙʠʨʘʻʪʴʩʷ ʟʘ ʜʽʘʧʘʟʦʥʦʤ ʚʠʪʨʘʪ ʨʽʜʠʥʠ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽ, ʘ ʥʝ ʟʘ ʜʽʘʤʝʪʨʦʤ ʪʨʫʙʠ, ʥʘ ʷʢʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ 



56 

 

ʣʽʯʠʣʴʥʠʢ. ʅʝ ʩʣʽʜ ʟʘʚʠʱʫʚʘʪʠ ʨʦʟʤʽʨʠ ʧʨʠʣʘʜʫ, ʦʩʢʽʣʴʢʠ ʮʝ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʽ ʥʝʚʠʧʨʘʚʜʘʥʠʭ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ. ʅʝ ʩʣʽʜ ʪʘʢʦʞ ʽ ʟʘʥʠʞʫʚʘʪʠ ʨʦʟʤʽʨʠ ʧʨʠʣʘʜʫ, ʦʩʢʽʣʴʢʠ 

ʚʽʥ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʚ ʝʢʩʪʨʝʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʧʝʨʝʜʯʘʩʥʦʛʦ ʟʥʦʰʝʥʥʷ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʣʽʯʠʣʴʥʠʢʘ. 

2. ʗʢʱʦ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʣʘʜ ʥʘ ʚʝʨʪʠʢʘʣʴʥʠʡ 

ʪʨʫʙʦʧʨʦʚʽʜ, ʩʣʽʜ ʦʙʠʨʘʪʠ ʧʨʠʣʘʜ, ʧʨʠʟʥʘʯʝʥʠʡ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʦʥʪʘʞʫ. 

3. ʗʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 40
0
ʉ, 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʙʠʨʘʪʠ ʣʽʯʠʣʴʥʠʢ ʥʘ ʭʦʣʦʜʥʫ ʚʦʜʫ. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʠ ʥʝʦʙʭʽʜʥʦ ʙʨʘʪʠ ʣʽʯʠʣʴʥʠʢ ʛʘʨʷʯʦʾ ʚʦʜʠ. 

ʗʢʱʦ ʩʠʩʪʝʤʘ ʢʨʠʪʠʯʥʘ ʟʘ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʝʨʝʧʘʜʦʤ ʪʠʩʢʫ, ʪʦ ʙʘʞʘʥʦ 

ʦʙʠʨʘʪʠ ʧʨʠʣʘʜ ʟ ʥʘʡʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ. 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ: 

ʘ) ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ; 

ʙ) ʚʠʟʥʘʯʠʪʠ ʣʽʯʠʣʴʥʠʢ, ʷʢʠʡ ʙʫʜʝ ʟʨʘʟʢʦʚʠʤ; 

ʚ) ʟʘʧʠʩʘʪʠ ʧʦʯʘʪʢʦʚʽ ʧʦʢʘʟʠ ʚʩʽʭ ʣʽʯʠʣʴʥʠʢʽʚ. 

ʛ) ʚʚʽʤʢʥʫʪʠ ʩʪʝʥʜ; 

ʜ) ʯʝʨʝʟ ʨʽʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ, ʟʫʧʠʥʷʶʯʠ ʥʘʩʦʩ, ʟʘʧʠʩʘʪʠ ʧʦʢʘʟʠ 

ʣʽʯʠʣʴʥʠʢʽʚ ʜʣʷ ʪʨʴʦʭ ʚʠʪʨʘʪ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘʩʦʩʦʤ ʜʦ ʪʘʙʣ. 4.1; 

ʝ) ʥʘ ʧʽʜˇʨʫʥʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʠʪʠ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ, 

ʟʘʬʽʢʩʦʚʘʥʽ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʟʥʷʪʪʷ ʧʦʢʘʟʘʥʴ; 

ʞ)  ʚʠʟʥʘʯʠʪʠ ʧʨʠʚʝʜʝʥʫ ʧʦʭʠʙʢʫ ʣʽʯʠʣʴʥʠʢʽʚ, ʱʦ ʧʦʚʽʨʷʶʪʴʩʷ, ʟʘ 

ʬʦʨʤʫʣʦʶ: 

%100Ö
-¡

=
Q

QQ
g

, 

ʟ) ʜʝ  Q¡- ʚʠʪʨʘʪʘ ʚʠʟʥʘʯʝʥʘ ʟʨʘʟʢʦʚʠʤ ʣʽʯʠʣʴʥʠʢʦʤ, Q  - ʚʠʪʨʘʪʘ, 

ʚʠʟʥʘʯʝʥʘ ʣʽʯʠʣʴʥʠʢʦʤ, ʱʦ ʧʦʚʽʨʷʻʪʴʩʷ; 
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ʠ) ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ɔ(Q) ʧʨʠʚʝʜʝʥʦʾ ʧʦʭʠʙʢʠ 

ʣʽʯʠʣʴʥʠʢʽʚ, ʱʦ ʧʦʚʽʨʷʶʪʴʩʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪʠ, ʚʠʟʥʘʯʝʥʦʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʨʘʟʢʦʚʦʛʦ ʣʽʯʠʣʴʥʠʢʘ; 

ʢ) ɿʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ. 

 

ʊʘʙʣʠʮʷ 4.1. 

ʈʝʞʠʤ ʥʘʩʦʩʫ 
ɿʨʘʟʢʦʚʠʡ 

ʣʽʯʠʣʴʥʠʢ 

ʃʽʯʠʣʴʥʠʢ 1, 

ʱʦ ʧʦʚʽʨʷʻʪʴʩʷ 

ʃʽʯʠʣʴʥʠʢ 2, 

ʱʦ ʧʦʚʽʨʷʻʪʴʩʷ 

ʃʽʯʠʣʴʥʠʢ 3, 

ʱʦ ʧʦʚʽʨʷʻʪʴʩʷ 

 
Q, 

ʤ
3
/ʛʦʜ 

ʇʦʢʘʟʠ 
V, 

ʤ
3
 

Q, 

ʤ
3
/ʛʦʜ 

ɔ, 

% 
ʇʦʢʘʟʠ 

V, 

ʤ
3
 

Q, 

ʤ
3
/ʛʦʜ 

ɔ, 

% 
ʇʦʢʘʟʠ 

V, 

ʤ
3
 

Q, 

ʤ
3
/ʛʦʜ 

ɔ, 

% 

ʇʦʯʘʪʢʦʚʽ 

ʜʘʥʽ 
             

1              

2              

3              

 

ɿʤʽʩʪ ʟʚʽʪʫ ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

 ʤʝʪʘ ʨʦʙʦʪʠ; 

 ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʨʦʙʦʪʠ ʩʪʝʥʜʫ ʪʘ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ; 

 ʟʘʚʜʘʥʥʷ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ; 

 ʛʽʜʨʘʚʣʽʯʥʘ ʩʭʝʤʘ ʩʪʝʥʜʫ; 

 ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ; 

 ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ; 

 ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ; 

 ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʩʥʦʚʢʠ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ: 

1) ʆʧʠʩʘʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʪʝʥʜʫ. 

2) ʈʦʟʢʘʟʘʪʠ ʧʨʦ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ ʩʪʝʥʜʫ ʪʘ ʤʦʞʣʠʚʽ ʨʝʞʠʤʠ ʡʦʛʦ 

ʨʦʙʦʪʠ. 

3) ʑʦ ʪʘʢʝ ʧʦʚʽʨʢʘ ʪʘ ʷʢ ʚʦʥʘ ʧʨʦʚʦʜʠʪʴʩʷ? 

4) ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʪʨʘʪʦʤʽʨ ʚʽʜ ʣʽʯʠʣʴʥʠʢʘ? 

5) ɿʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʧʨʠʣʘʜʽʚ ʤʦʞʥʘ ʜʽʟʥʘʪʠʩʴ ʦʙʩʷʛ ʭʦʣʦʜʥʦʛʦ 

ʡ/ʘʙʦ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʚʽʜʩʪʘʥʽ? ʗʢʠʤ ʯʠʥʦʤ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ? 

4.2 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 2 

ʊʝʤʘ ʨʦʙʦʪʠ: ɻʽʜʨʘʚʣʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʩʠʩʪʝʤʠ ʧʦʩʪʘʯʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʟʥʘʡʦʤʠʪʠʩ ɹʟ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʪʘ 

ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ, ʷʢ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ; ʨʦʟʛʣʷʥʫʪʠ ʦʩʥʦʚʥʽ ʧʨʠʣʘʜʠ ʪʘ ʧʨʠʩʪʨʦʾ ʩʪʝʥʜʫ;  

ʧʨʦʚʝʩʪʠ ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʪʝʥʜʫ ʬʽʨʤʠ ñɺʽʜʦʣʽʡò. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ: ʛʫʩʪʠʥʘ ʽ 

ʚ'ʷʟʢʽʩʪʴ ï ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠ ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʪʠʩʢʫ ʟ ʪʘʙʣ. 4.2 ʽ 

ʨʠʩ. 4.1. 

 

ʊʘʙʣʠʮʷ 4.2. ɻʫʩʪʠʥʘ ʚʦʜʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʈʝʯʦʚʠʥʘ ɻʫʩʪʠʥʘ, ʢʛ/ʤ
3
 

 t, 
0
ʉ -20 0 20 40 60 80 100 120 

ɺʦʜʘ  1000 998 992 983 972 958 943 
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ʈʠʩ.4.1. ʅʦʤʦʛʨʘʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʚ'ʷʟʢʦʩʪʽ ʚʦʜʠ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

 

ɼʽʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʫ d ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ ʚʠʪʨʘʪʠ (4.2): 

cʝʝ
V

Q
d

Ö

Ö
=
p

4
.     (4.2) 
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ʍʘʨʘʢʪʝʨ ʨʫʭʫ ʨʽʜʠʥʠ (ʣʘʤʽʥʘʨʥʠʡ ʯʠ ʪʫʨʙʫʣʝʥʪʥʠʡ) ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʠʪʨʘʪʠ (Q), ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʦʪʦʢʫ (Vʩʝʨ) ʪʘ ʜʽʘʤʝʪʨʫ 

(d) ʪʨʫʙʠ. ʇʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʜʦ ̔ʥʰʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʈʝʡʥʦʣʴʜʩʘ, ʱʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ (4.3): 

m

rÖÖ
=

dV
cʝʝ

Re ,     (4.3) 

ʜʝ ɟ -  ʛʫʩʪʠʥʘ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ɛ ï ʚôʷʟʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʈʦʟʨʘʭʫʥʦʢ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʇʨʠ ʧʣʠʥʽ ʨʝʘʣʴʥʦʾ ʨʽʜʠʥʠ (ʘʙʦ ʛʘʟʫ) ʧʦ ʪʨʫʙʽ ʘʙʦ ʢʘʥʘʣʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ ʪʠʩʢʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʧʦʨʫ ʪʝʨʪʷ ʦʙ ʩʪʽʥʢʠ ʽ 

ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʤʽʥʽ ʥʘʧʨʷʤʫ ʘʙʦ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ. 

ɺʪʨʘʪʘ ʪʠʩʢʫ ʫ ʧʨʷʤʠʭ ʪʨʫʙʘʭ ʢʨʫʛʣʦʛʦ ʧʝʨʝʪʠʥʫ ʜʣʷ ʥʝʩʪʠʩʢʫʚʘʥʦʾ 

ʨʽʜʠʥʠ, ʅ/ʤ
2
 ʦʙʯʠʩʣʶʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ:

 
 

ö
ö

÷

õ

æ
æ

ç

å Ö
Öö
÷

õ
æ
ç

å
Ö=D

2

2
r

l ʩʝʨ
V

d

L
p ,     (4.4) 

ʜʝ ɚ - ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʪʝʨʪʷ; L - ʜʦʚʞʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʤ. 

ʂʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʪʝʨʪʷ ʻ ʬʫʥʢʮʽʻʶ ö
÷

õ
æ
ç

å
=

d

k
f Re,l  , ʜʝ k - 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʰʦʨʩʪʢʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ (ʪʘʙʣ. 4.3).  

 

ʊʘʙʣʠʮʷ 4.3  ɽʢʚʽʚʘʣʝʥʪʥʘ ʰʦʨʩʪʢʽʩʪʴ ʪʨʫʙ 

 ̄

ʧ/ʧ 
ɺʠʛʣʷʜ ʽ ʩʪʘʥ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʨʫʙ 

ʐʦʨʩʪʢʽʩʪʴ 

k, ʤʤ 

1 ɹʝʟʰʦʚʥʽ ʩʪʘʣʝʚʽ ʪʨʫʙʠ:   

1ʘ  ʥʦʚʽ 0,02 .. 0,1 

1ʙ  ʦʯʠʱʝʥʽ ʧʽʩʣʷ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 0,04 

1ʚ  ʛʘʟʦʧʨʦʚʦʜʠ ʧʽʩʣʷ ʦʜʥʦʛʦ ʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 0,12 

1ʛ  ʥʘʬʪʦʧʨʦʚʦʜʠ ʜʣʷ ʩʝʨʝʜʥʽʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 0,2 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 4.3 

1 2 3 

1ʜ  ʧʦʚʽʪʨʦʧʨʦʚʦʜʠ ʧʦʨʰʥʝʚʠʭ ʽ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʽʚ 0,8 

1ʝ 
 ʚʦʜʦʧʨʦʚʽʜʥʽ ʪʨʫʙʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 
1,2 .. 1,5 

2 ʉʪʘʣʝʚʽ ʟʚʘʨʥʽ ʪʨʫʙʠ:   

2ʘ  ʥʦʚʽ 0,04 .. 0,1 

2ʙ  ʱʦ ʙʫʣʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʨʽʚʥʦʤʽʨʥʽʡ ʢʦʨʦʟʽʾ 0,15 

2ʚ 
 ʤʘʛʽʩʪʨʘʣʴʥʽ ʛʘʟʦʧʨʦʚʦʜʠ ʧʽʩʣʷ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 
0,5 .. 1,1 

3 ʊʨʫʙʦʧʨʦʚʦʜʠ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ:   

3ʘ  ʧʘʨʦʧʨʦʚʦʜʠ 0,2 

3ʙ  ʂʦʥʜʝʥʩʘʪʦʧʨʦʚʦʜʠ 0,1 

3ʚ  ʚʦʜʷʥʘ ʪʝʧʣʦʤʝʨʝʞʘ 0,5 

3ʛ  ʤʝʨʝʞʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 1,0 

4 ʏʘʚʫʥʥʽ ʪʨʫʙʠ:   

4ʘ  ʥʦʚʽ 0,25 .. 1,0 

4ʙ  ʚʦʜʦʧʨʦʚʽʜʥʽ, ʪʘʢʽ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 1,4 

4ʚ  ʱʦ ʙʫʣʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟ ʚʽʜʢʣʘʜʝʥʥʷʤʠ 1,0 .. 1,5 

4ʛ  ʽʟ ʟʥʘʯʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ 3,0 

5 ɸʣʶʤʽʥʽʻʚʽ ʪʝʭʥʽʯʥʦ ʛʣʘʜʢʽ ʪʨʫʙʠ 0,015 .. 0,06 

6 ɹʝʪʦʥʥʽ ʪʨʫʙʠ :   

6ʘ  ʭʦʨʦʰʘ ʧʦʚʝʨʭʥʷ ʟ ʪʽʻʶ, ʱʦ ʟʘʪʝʨʣʘ 0,3 .. 0,8 

6ʙ  ʛʨʫʙʘ (ʰʦʨʩʪʢʘ) ʧʦʚʝʨʭʥʷ 3,0 .. 9,0 

7 ʅʘʬʪʦʧʨʦʚʦʜʠ ʟʘ ʩʝʨʝʜʥʽʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 0,2 

8 
ʏʠʩʪʽ ʩʫʮʽʣʴʥʦʪʷʛʥʫʪʽ ʪʨʫʙʠ ʟ ʣʘʪʫʥʽ, ʤʽʜʽ ʽ ʩʚʠʥʮʶ; 

ʩʢʣʷʥʽ ʪʨʫʙʠ 
0,0015 ..0,01 

9 ʇʦʣʽʝʪʠʣʝʥʦʚʽ ʪʨʫʙʠ 0,02 .. 0,04 

10 ʃʠʩʪʦʚʘ ʩʪʘʣʴ 0,1 .. 0,15 

 

ɺ ʦʙʣʘʩʪʽ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ (Re<2300) ʢʦʝʬʽʮʽʻʥʪ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʧʦ ʬʦʨʤʫʣʽ ʇʫʘʟʝʡʣʷ: 

64

Re
l= ô       (4.5) 
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ʚ ʦʙʣʘʩʪʽ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ ʧʨʠ 
125,1

120eRRe ö
÷

õ
æ
ç

å
=¡²

k

d
 ʽ   0>k  - ʧʦ 

ʬʦʨʤʫʣʽ ʇʨʘʥʜʪʣʷ-ʅʠʢʫʨʘʜʟʝ 
1

1,14 2 lg
k

dl

å õ
= - Öæ ö

ç ÷
. 

ɺ ʦʙʣʘʩʪʽ ʟʤʽʰʘʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ ʧʨʠ 2300 Re 4000¢ ¢  ʥʘ ʧʽʜʩʪʘʚʽ 

ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ɻ.ɸ. ʄʫʨʽʥʠʤ, ʚʠʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ 

1,23

0,1121 6,35
1,781 lg 0,11 Re

Re

k

dl

è øå õ
=- Ö + Öé ùæ ö

ç ÷é ùê ú

.   (4.6) 

ɺʧʣʠʚ ʟʚʘʨʥʠʭ ʩʪʠʢʽʚ ʥʘ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʨʘʭʦʚʫʶʪʴ 

ʚʚʝʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʫ ʚʠʛʣʷʜʽ 

ʉʊ
ʉʊ

N d

L

x
l

Ö Ö
= ,     (4.7) 

ʜʝ ɚʉʊ - ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʟʚʘʨʥʦʛʦ ʩʪʠʢʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟ ʨʽʚʥʷʥʥʷ 
0ʉʊ Kx x= Ö, ʜʝ 

35,0

6,0237,0

d

l
K ʉʊÖ= , 

0 1,35

0,0061

d
x= ; N - ʯʠʩʣʦ ʩʪʠʢʽʚ ʥʘ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʜʽʣʷʥʮʽ; lʉʊ - ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʪʠʢʘʤʠ, ʤ. 

ʈʦʟʨʘʭʫʥʦʢ ʤʽʩʮʝʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ[32-45] 

ʋ ʪʨʫʙʦʧʨʦʚʽʜʥʠʭ ʩʠʩʪʝʤʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʥʘ ʜʦʣʶ ʤʽʩʮʝʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʤʦʞʝ ʜʦʚʦʜʠʪʴʩʷ ʜʦ 50 % ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʩʠʩʪʝʤʠ [32-45]. 

ɺʪʨʘʪʠ ʪʠʩʢʫ ʫ ʤʽʩʮʝʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʘʭ ȹpʤ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʰʚʠʜʢʦʩʪʽ ʽ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʩʢʣʘʜʘʶʪʴ: 

 

cʝʝ
i

i
Vp ÖÖÖ=D ä rx

2

1
, 

ʜʝ ɝi ï ʢʦʝʬʽʮʽʻʥʪ -̔ʛʦ ʤʽʩʮʝʚʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ. ʆʨʽʻʥʪʦʚʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʽʩʮʝʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 4.4. 
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ʊʘʙʣʠʮʷ 4.4 ʂʦʝʬʽʮʽʻʥʪʠ ʤʽʩʮʝʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ 

 ̄

ʧ/

ʧ 

ʄʽʩʮʝʚʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ 

ʆʨʽʻʥʪʦʚʥʝ 

ʟʥʘʯʝʥʥʷ  

ʢʦʝʬʽʮʽʻʥʪʘ, ɝ 

1 2 3 

1 ɺʭʽʜ ʚ ʪʨʫʙʫ ʟ ʻʤʢʦʩʪʽ 0,5 

2 
ʈʘʧʪʦʚʝ ʟʚʫʞʝʥʥʷ (ʢʦʥʬʫʟʦʨ) ʟ ʜʽʘʤʝʪʨʫ d ʥʘ 

ʜʽʘʤʝʪʨ dmin  ù
ù
ú

ø

é
é
ê

è
ö
÷

õ
æ
ç

å
-Ö

2

min15,0
d

d
 

3 
ʈʘʧʪʦʚʝ ʨʦʟʰʠʨʝʥʥʷ (ʜʠʬʫʟʦʨ) ʟ ʜʽʘʤʝʪʨʫ d ʥʘ 

ʜʽʘʤʝʪʨ dmax  ù
ù

ú

ø

é
é

ê

è

öö
÷

õ
ææ
ç

å
-Ö

2

max

15,0
d

d
 

4 
ɼʽʘʬʨʘʛʤʘ ʚ ʧʨʷʤʽʡ ʪʨʫʙʽ ʜʽʘʤʝʪʨʦʤ d;  d0 - 

ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʚ ʜʽʘʬʨʘʛʤʽ:   
 

 8,0/6,0/5,0/4,0/3,01=-dd   300/86/30/12/0,5 

5 
ɼʠʬʫʟʦʨ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ ʜʽʘʤʝʪʨʫ d0 ʥʘ ʜʽʘʤʝʪʨ d 

ʧʨʠ ʡʦʛʦ ʜʦʚʞʠʥʽ L ʟ ʢʫʪʦʤ ʨʦʟʰʠʨʝʥʥʷ; d  > d0 
0,25 

6 
ʂʦʥʬʫʟʦʨ ʜʦʚʞʠʥʦʶ L ʽ ʟ ʢʫʪʦʤ ʟʚʫʞʝʥʥ;̫ d < 

d0 
0,1 

7 
ɺʽʜʚʝʜʝʥʥʷ ʢʨʫʪʦʟ̔ʛʥʫʪʽ ʽ ʧʣʘʚʥʽ ʧʨʠ ʢʫʪʽ 

ʧʦʚʦʨʦʪʫ ʽ ʨʘʜʽʫʩʦʤ ʧʦʚʦʨʦʪʫ R, ʫ ʪʦʤʫ ʯʠʩʣʽ: 
  

   ʚʽʜʚʝʜʝʥʥʷ ʧʨʠ ʢʫʪʽ ʧʦʚʦʨʦʪʫ 90 
0
  )//(42,0 dR  

  
 ʚʽʜʚʝʜʝʥʥʷ ʩʪʘʥʜʘʨʪʥʽ ʧʨʠ R/d =1,5 ʽ ʢʫʪʦʤ 

ʧʦʚʦʨʦʪʫ 90
0
  

0,34 

8 ɺʽʜʚʝʜʝʥʥʷ ʩʪʘʣʝʚʽ ʩʝʢʮʽʡʥʽ ʜʦ 0,4 

9 ʂʦʣʽʥʦ ʟ ʛʦʩʪʨʦʶ ʢʨʦʤʢʦʶ ʽ ʢʫʪʦʤ ʧʦʚʦʨʦʪʫ 90
0
:   

   ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʜʽʘʤʝʪʨʘʭ ʙʝʟ ʥʽʰʽ 1,65 

   ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʜʽʘʤʝʪʨʘʭ ʟ ʥʽʰʝʶ 2,0 

   ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʤʝʥʰʠʡ ʜʽʘʤʝʪʨ ʙʝʟ ʥʽʰʽ 2,8 

   ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʤʝʥʰʠʡ ʜʽʘʤʝʪʨ ʟ ʥʽʰʝʶ 3,5 

10 
Z-ʧʦʜʽʙʥʝ ʢʦʣʽʥʦ (ʟ ʜʚʦʭ ʢʦʣʽʥ  ̔ʢʫʪʦʤ ʧʦʚʦʨʦʪʫ 

ʧʦʪʦʢʫ ʫ ʢʦʣʽʥʽ ʥʘ 30
0
) 

0,32 

11 ʊʨʽʡʥʠʢ :    
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ.4.4 

1 2 3 

   ʧʨʦʭʽʜ 0,35 

   ʙʽʯʥʝ ʚʽʜʛʘʣʫʞʝʥʥʷ  1,5 

   ʧʨʠ ʩʠʤʝʪʨʠʯʥʦʤʫ ʟʣʠʪʪʽ ʧʦʪʦʢʽʚ 2 

   ʧʨʠ ʩʠʤʝʪʨʠʯʥʦʤʫ ʨʦʟʜʽʣʝʥʥʽ ʧʦʪʦʢʫ 2,5 

12 ʍʨʝʩʪʦʚʠʥʘ:   

   ʙʽʯʥʝ ʚʽʜʛʘʣʫʞʝʥʥʷ 3,0 

   ʧʨʦʭʽʜ 2,0 

13 ɺʝʥʪʠʣʴ ʧʨʠ ʧʦʚʥʦʤʫ ʚʽʜʢʨʠʪʪʽ :   

   ʩʪʘʥʜʘʨʪʥʠʡ 4 .. 6 

   ʪhʘʤʧʦʚʘʥʠʡ 7,8 

   ʢʫʪʦʚʠʡ 2,3 

   ʧʨʷʤʦʪʦʯʥʠʡ 1,3 

14 ʂʣʘʧʘʥ ʟʚʦʨʦʪʥʠʡ :   

   ʧʦʚʦʨʦʪʥʠʡ 2,0 

   ʧ̔ ʜʡʦʤʥʠʡ 8,0 

15 ʂʨʘʥ 3,0 

16 ʂʦʤʧʝʥʩʘʪʦʨ:  

   ʣ̔ ʥʟʦʚʠʡ 0,3 

   ʩʘʣʴʥʠʢʦʚʠʡ 0,5 

   ʇ - ʧʦʜʽʙʥʠʡ 2,0 

   ʭʚʠʣʷʩʪʠʡ d = 0,1 é 0,3 ʤ  0,4 

   ʭʚʠʣʷʩʪʠʡ d = 0,3 .. 0,5 ʤ 0,3 

  ï ʙ̔ ʣʴʰ ʥʽʞ 0,5 ʤ 0,02 

17 ɺʠʭʽʜ ʟ̔ ʪʨʫʙʠ ʚ ʻʤʥʽʩʪʴ:   

   ʟʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ 1,0 

   ʟʘʣʘʤʽʥʘʨʥʦʛʦ ʧʦʪʦʢʫ 2,0 

 

ɺʽʜʧʦʚʽʜʥʦ ʚʪʨʘʪʘ ʥʘʪʠʩʢʫ ʥʘ ʚʩʤʦʢʪʫʶʯʦʤʫ ʽ ʥʘʛʥʽʪʘʶʯʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʇʘ: 

 
ʊʈ ʄp p ʨD =D +D ,    (4.8) 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʫ ʚʩʤʦʢʪʫʶʯʦʤʫ ʽ ʥʘʛʥʽʪʘʶʯʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 
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ʩʢʣʘʜʝ: 

ʇ

p
h

gr

D
=
Ö

. 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ: 

ʘ) ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʪʝʥʜʫ; 

ʙ) ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʦʩʥʦʚʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʪʘ ʟʘʧʽʨʥʦʶ ʘʨʤʘʪʫʨʦʶ. 

ʇʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʾʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʥʩʪʨʫʢʮʽʾ; 

ʚ) ʚʠʟʥʘʯʠʪʠ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʟ ʧʨʠʣʘʜʽʚ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʨʦʙʦʪʫ ʩʪʝʥʜʫ; 

ʛ) ʧʨʦʚʝʩʪʠ ʦʩʥʦʚʥʽ ʟʘʤʽʨʠ ʜʽʣʷʥʦʢ ʩʪʝʥʜʫ ʪʘ ʟʨʦʙʠʪʠ ʡʦʛʦ ʩʭʝʤʫ; 

ʜ) ʟ ʜʦʟʚʦʣʫ ʚʠʢʣʘʜʘʯʘ ʚʚʽʤʢʥʫʪʠ ʩʪʝʥʜ; 

ʝ) ʇʨʦʚʝʩʪʠ ʚʠʤʽʨʠ ʦʩʥʦʚʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠ ʨʦʙʦʪʽ ʩʪʝʥʜʫ ʥʘ ʪʨʴʦʭ 

ʚʠʪʨʘʪʘʭ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʥʘʩʦʩʦʤ ʪʘ ʟʘʧʠʩʘʪʠ ʜʘʥʽ ʜʦ ʪʘʙʣ. 4.5; 

 

ʊʘʙʣʠʮʷ 4.5 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʈʝʞʠʤ 

ʥʘʩʦʩʫ 
V1, ʤ

3 
V2, ʤ

3
 Vʩʝʨ, ʤ

3
 

Q, 

ʤ
3
/ʛʦʜ 

ɡ, ʤ/ʩ ȹʈ, ʇʘ 

ʇʦʯʘʪʢʦʚʽ 

ʜʘʥʽ 

      

1       

2       

3       

 

ʞ) ʨʦʟʨʘʭʫʚʘʪʠ ʚʪʨʘʪʫ ʪʠʩʢʫ ʥʘ ʚʢʘʟʘʥʠʭ ʜʽʣʷʥʢʘʭ(ʟʘʜʘʻ ʚʠʢʣʘʜʘʯ); 

ʟ) ʧʨʦʚʝʩʪʠ ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʪʝʥʜʫ; 

ʠ) ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ; 

ʢ) ʦʬʦʨʤʠʪʠ ʟʚʽʪ ʟ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ. 
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ɿʤʽʩʪ ʟʚʽʪʫ ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

 ʤʝʪʘ ʨʦʙʦʪʠ; 

 ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʨʦʙʦʪʠ ʩʪʝʥʜʫ ʪʘ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ; 

 ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ; 

 ʛʽʜʨʘʚʣʽʯʥʘ ʩʭʝʤʘ ʩʪʝʥʜʫ; 

 ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ; 

 ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ; 

 ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ; 

 ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʩʥʦʚʢʠ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ: 

1) ʈʦʟʢʘʟʘʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʪʝʥʜʫ. 

2) ʅʘ ʷʢʠʭ ʜʽʣʷʥʢʘʭ ʩʪʝʥʜʫ ʪʘ ʥʘ ʷʢʠʭ ʧʨʠʣʘʜʘʭ ʙʫʜʫʪʴ ʥʘʡʙʽʣʴʰʽ 

ʚʪʨʘʪʠ ʥʘʧʦʨʫ? 

3) ʗʢ ʨʽʟʥʽ ʪʠʧʠ ʟʘʧʽʨʥʦ ʾ ʘʨʤʘʪʫʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʪʽʢ ʪʘ ʚʪʨʘʪʫ 

ʪʠʩʢʫ? 

4) ʈʦʟʢʘʞʽʪʴ ʷʢ ʧʨʦʚʦʜʠʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʪʝʥʜʫ? 

5) ʗʢʠʤ ʯʠʥʦʤ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʥʘ ʜʽʣʷʥʢʘʭ ʪʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʣʘʜʽʚ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ ʥʘʩʦʩʫ ʪʘ ʜʽʘʤʝʪʨʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ?  

 

4.3 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ3 

ʊʝʤʘ ʨʦʙʦʪʠ: ɺʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʪʘ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʆʟʥʘʡʦʤʠʪʠʩʴ ʟ ʦʩʥʦʚʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʘ ʪʘ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʡʦʛʦ ʨʦʙʦʪʠ; ʚʠʚʯʠʪʠ ʪʘ 

ʦʧʘʥʫʚʘʪʠ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʪʘ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ; ʥʘʙʫʪʠ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʢʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʪʘ ʢʽʣʴʢʦʩʪʽ 
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ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; ʥʘʙʫʪʠ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʢʽʚ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʠʩʪʝʤʠ ʦʙʣʽʢʫ ʪʝʧʣʘ  ̒ʥʝʦʙʭʽʜʥʠʤʠ 

ʪʘ ʚʘʞʣʠʚʠʤʠ, ʷʢ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʪʝʧʣʘ, ʪʘʢ ʽ ʡʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ. 

ʇʝʨʰʦʨʷʜʥʠʤ ʢʨʠʪʝʨʽʻʤ ʷʢʦʩʪʽ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ  ̒ ʚʽʜʩʫʪʥʽʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʩʢʦʤʬʦʨʪʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʪʘ ʧʦʩʪʽʡʥʘ ʥʘʷʚʥʽʩʪʴ ʛʘʨʷʯʦʾ 

ʚʦʜʠ ʟ ʧʝʚʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ ʥʝʦʙʭʽʜʥʦʤʫ ʦʙ'ʻʤʽ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʢʦʪʝʣʴʥʠʭ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʘʞʣʠʚʦʶ 

ʧʝʨʝʚʘʛʦʶ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʤʽʩʮʝʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʢʚʘʨʪʠʨʥʦʛʦ ʦʧʘʣʶʚʘʥʥʷ ʽ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʇʨʦʪʝ ʝʢʩʧʣʫʘʪʘʮʽʷ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʽ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʜʦʧʦʤʽʞʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʢʚʘʨʪʠʨʥʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʤʝʰʢʘʥʮʷʤʠ ʥʝ ʟʘʚʞʜʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʶ 

ʧʝʨʝʚʘʛʫ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ 

ʚʪʨʘʪʠ ʪʝʧʣʘ ʚ ʢʦʞʥʦʾ ʢʚʘʨʪʠʨʽ, ʱʦʙ ʥʝ ʧʨʠʚʝʨʪʘʪʠ ʨʝʤʦʥʪʥʦ-

ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʞʝʨʝʣ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, 

ʦʙʣʘʰʪʫʚʘʪʠ ʢʚʘʨʪʠʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤʠ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʘʤʠ, ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʪʝʞʝʥʥʷ ʟʘ ʚʪʨʘʪʘʤʠ ʪʝʧʣʘ ʚ ʙʫʜʽʚʣʽ. 

ʈʦʟʚô̫ ʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʡʙʽʣʴʰ 

ʚʽʜʧʦʚʽʜʥʠʤ ʻ ʧʨʦʩʪʠʡ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢ, ʷʢʠʡ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ 

ʧʨʠʩʪʨʦʻʤ, ʱʦ ʚʠʤʽʨʶʻ ʚʠʪʨʘʪʫ ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʭʦʜʽ ʽ 

ʚʠʭʦʜʽ ʦʙ'ʻʢʪʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. (ʨʠʩ.4.2). 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʦʾ ʜʦ ʪʽʣʘ ʘʙʦ ʚʽʜʚʝʜʝʥʦʾ ʚʽʜ ʥʴʦʛʦ, ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʡʦʛʦ ʤʘʩʠ, ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʪʘ ʟʘ 
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ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʫ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʝʥʪʘʣʴʧʽʾ ʫ 

ʧʨʷʤʦʤʫ ʽ ʟʚʦʨʦʪʥʦʤʫ ʧʦʪʦʢʘʭ ʽʥʪʝʛʨʫʻʪʴʩʷ ʟʘ ʯʘʩʦʤ. 

 

ʈʠʩ. 4.2. ʉʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ 

 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʡʦʛʦ ʨʦʙʦʪʠ ʤʘʻ ʚʠʛʣʷʜ: 

 
1

0

t

m

t

G q hdt= Dñ  ,    (4.9) 

ʜʝ G ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʚʠʜʽʣʝʥʦ ʘʙʦ ʧʦʛʣʠʥʫʪʦ; qm ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ 

ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʧʨʦʪʽʢʘʻ ʢʨʽʟ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢ; ȹhï ʨʽʟʥʠʮʷ ʟʥʘʯʝʥʴ ʧʠʪʦʤʦʾ 

ʝʥʪʘʣʴʧʽʾ ʪʝʧʣʦʥʦʩʽʷ ʫ ʧʨʷʤʦʤʫ ʽ ʟʚʦʨʦʪʥʦʤʫ ʧʦʪʦʢʘʭ; t ï ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʫ 

ʚʠʤʽʨʶʚʘʥʥʷ. 

ʗʢʱʦ ʧʨʠʣʘʜ ʚʠʟʥʘʯʘʻ ʦʙ'ʻʤ, ʘ ʥʝ ʤʘʩʫ, ʨʽʚʥʷʥʥʷ (4.9) ʥʘʙʫʚʘʻ ʪʘʢʦʛʦ 

ʚʠʛʣʷʜʫ: 

1

0

V

V

G k TdV= Dñ ,    (4.10) 

ʜʝ V ï ʦʙ'ʻʤ ʨʽʜʠʥʠ, ʱʦ ʧʨʦʪʝʢʣʘ; k ï ʪʝʧʣʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʻ ʬʫʥʢʮʽʻʶ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʧʣʦʥʦʩʽʷ ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ; 

ȹTï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʷ ʫ ʧʨʷʤʦʤʫ ʽ ʟʚʦʨʦʪʥʦʤʫ ʧʦʪʦʢʘʭ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ 

ʢʦʥʪʫʨʽ, ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʠ ʤʘʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʪʠʧ ʪʝʧʣʦʥʦʩʽʷ ʯʝʨʝʟ 

ʪʝʧʣʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ k, ʷʢʠʡ ʻ ʬʫʥʢʮʽʻʶ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʪʠʩʢʫ ʨ, 

ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʨʷʤʦʤʫ Tʚʭ ʪʘ ʟʚʦʨʦʪʥʦʤʫ Tʚʠʭ ʧʦʪʦʢʘʭ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 

ʚʦʜʠ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

1
( , , ) ʚʭ ʚʠʭ

ʚʭ ʚʠʭ

ʚʭ ʚʠʭ

h h
k pʊ ʊ

V ʊ ʊ

-
=

-
,   (4.11) 

ʜʝ V ï ʧʠʪʦʤʠʡ ʦʙ'ʻʤ;  hʚʭ, hʚʠʭ ï ʧʠʪʦʤʘ ʝʥʪʘʣʴʧʽʷ ʫ ʧʨʷʤʦʤʫ ʪʘ ʟʚʦʨʦʪʥʦʤʫ 

ʧʦʪʦʢʘʭ ʚʽʜʧʦʚʽʜʥʦ(ʪʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ). 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʪʝʧʣʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʭʠʙʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʦʙôʻʤʫ ʪʘ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʜʘʪʯʠʢʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʠʪʨʘʪʦʤʽʨʘ ʪʝʧʣʦʥʦʩʽʷ). ʊʘʢʦʞ ʟ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʥʦʩʽʷ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʯʠʥʦʤ ʟʚ'ʷʟʘʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜʥʠʭ ʤʘʩʰʪʘʙʫʶʯʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʟʨʘʟʢʦʚʠʭ 

ʨʝʟʠʩʪʦʨʽʚ, ʧʘʨʘʤʝʪʨʽʚ ɸʎʇ. ʉʚʦʶ ʯʘʩʪʢʫ ʧʦʭʠʙʢʠ ʚʥʦʩʠʪʴ ʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʯʘʩʪʠʥʘ. ʆʙʤʝʞʝʥʥʷ ʧʦ ʪʦʯʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʫ 

ʢʽʥʮʝʚʦʤʫ ʧʨʠʩʪʨʦʾ ʽ ʥʝ ʟʦʚʩʽʤ ʢʦʨʝʢʪʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʮʽʣʢʦʤ ʟʚʝʩʪʠ 

ʥʘʥʽʚʝʮʴ ʥʘʚʽʪʴ ʽʜʝʘʣʴʥʫ ʚʭʽʜʥʫ ʯʘʩʪʠʥʫ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʘ [46-50]. 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

ʘ) ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʧʨʠʥʮʠʧʦʤ ʜʽʾ  ʪʘ ʢʦʥʩʪʨʫʢʮʽʻʶ 

ʪʝʧʣʦʚʦʜʦʣʽʯʠʣʴʥʠʢʘ; 

ʙ) ʟʘʧʠʩʘʪʠ ʧʦʯʘʪʢʦʚʽ ʧʦʢʘʟʠ ʣʽʯʠʣʴʥʠʢʽʚ; 

ʚ) ʚʚʽʤʢʥʫʪʠ ʩʪʝʥʜ; 

ʛ) ʧʨʦʚʝʩʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʪʨʴʦʭ ʨʝʞʠʤʽʚ ʰʚʠʜʢʦʩʪʽ ʥʘʩʦʩʫ, ʜʘʥʽ 

ʟʘʧʠʩʘʪʠ ʜʦ ʪʘʙʣ. 4.6. 

ʜ) ʟʥʷʪʠ ʧʦʢʘʟʘʥʥʷ ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʪʠ ʟ ʦʙʯʠʩʣʶʚʘʯʘ; 
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ʝ) ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʪʠ ʧʦ ʜʘʥʠʤ ʣʽʯʠʣʴʥʠʢʘ ʟ ʚʽʟʫʘʣʴʥʠʤ 

ʧʦʢʘʞʯʠʢʦʤ; 

ʞ) ʧʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʟ) ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʦ ʨʦʙʦʪʽ. 

 ʊʘʙʣʠʮʷ 4.6 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʈʝʞʠʤ 

ʥʘʩʦʩʘ 

T1ʚʭ, 

Üʉ 

T2ʚʠʭ, 

Üʉ 

V1ʧʦʢʘʟʠ, 

ʤ
3
 

V2ʧʦʢʘʟʠ, 

ʤ
3
 

t, ʩ G, 

Gcal 

Gʨʦʟ, 

Gcal 

ɔ, % 

ʇʦʯʘʪʢʦʚʽ 

ʧʦʢʘʟʘʥʥʷ 
- - 

      

1 

70 25       

80 30       

90 35       

2 

70 25       

80 30       

90 35       

3 

70 25       

80 30       

90 35       

 

ɿʤʽʩʪ ʟʚʽʪʫ ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

 ʤʝʪʘ ʨʦʙʦʪʠ; 

 ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʨʦʙʦʪʠ ʩʪʝʥʜʫ ʪʘ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ; 

 ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ; 

 ʛʽʜʨʘʚʣʽʯʥʘ ʩʭʝʤʘ ʩʪʝʥʜʫ ; 

 ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ; 

 ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ; 

 ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʩʥʦʚʢʠ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʗʢʝ ʧʨʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʘ? 

2. ʈʦʟʢʘʞʽʪʴ ʧʨʦ ʙʫʜʦʚʫ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʘ. 
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3. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʨʦʙʦʪʘ ʣʽʯʠʣʴʥʠʢʘ? 

4. ʗʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘ ʦʙʯʠʩʣʶʚʘʯʽ? 

5. ʗʢʠʤ ʯʠʥʦʤ ʦʙʯʠʩʣʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʚ ʩʠʩʪʝʤʽ? 

6. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʭʠʙʢʘ ʣʽʯʠʣʴʥʠʢʽʚ? 

 

4.4 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ4 

 

ʊʝʤʘ ʨʦʙʦʪʠ: ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʆʟʥʘʡʦʤʠʪʠʩʷ ʟ ʙʫʜʦʚʦ,ʁ ʧʨʠʥʮʠʧʦʤ ʜʽʾ, ʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʽʥʩʪʨʫʢʮʽʷʤʠ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʣʘʜʽʚ ʪʘ ʩʠʩʪʝʤ, ʷʢʽ 

ʻ ʩʢʣʘʜʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʪʝʥʜʫ; ʥʘʙʫʪʠ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʜʦʩʣʽʜʞʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ CAD/CAE. ʆʜʥʽʻʶ ʟ 

ʪʘʢʠʭ CAD/CAE ʩʠʩʪʝʤ ʻ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ANSYS FLUENT, ʱʦ 

ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʟ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʟʥʘʯʠʪʠ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʽʚ 

ʰʚʠʜʢʦʩʪʝʡ ʚ ʜʠʩʢʨʝʪʥʠʭ ʪʦʯʢʘʭ ʧʦʪʦʢʽʚ, ʷʢ ʟʘ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ, ʪʘʢ 

ʽ ʧʦ ʜʦʚʞʠʥʽ ʧʦʪʦʢʽʚ. 

ʆʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʨʽʜʠʥʥʦʬʘʟʥʠʭ ʧʦʪʦʢʽʚ ʥʘ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʠʪʨʘʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʪʘ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʨʦʮʝʩʽʚ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS CFX, ʱʦ 

ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 

ʚʠʟʥʘʯʠʪʠ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʝʡ ʚ ʜʠʩʢʨʝʪʥʠʭ ʪʦʯʢʘʭ ʧʦʪʦʢʫ, ʷʢ ʟʘ 

ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ, ʪʘʢ ʽ ʧʦ ʡʦʛʦ ʧʨʦʪʷʞʥʦʩʪʽ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʘʢʽ ʘʩʧʝʢʪʠ 

ʧʨʠ ʨʦʟʨʦʙʮʽ, ʤʦʥʪʘʞʫ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʚʠʪʨʘʪʦʤʽʨʽʚ: ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥ 

ʥʝʧʦʣʘʜʦʢ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ, ʦʮʽʥʢʘ ʚʝʣʠʯʠʥʠ ʧʦʭʠʙʦʢ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʨ ʧʦ ʫʩʫʥʝʥʥʶ ʥʝʧʦʣʘʜʦʢ, ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʮʽʥʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʢʦʥʬʽʛʫʨʘʮʽʡ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘ ʩʪʫʧʝʥʶ ʚʧʣʠʚʫ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʘʤʝʨʠ, ʤʽʩʮʝʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ ʽ ʤʝʞʦʚʠʭ ʫʤʦʚ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʦʙʣʘʩʪʽ 

ʤʘʣʠʭ ʚʠʪʨʘʪ, ʜʝ ʚʘʨʪʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʚʠʭʦʜʠʪʴ ʥʘ ʦʜʥʝ ʟ ʧʝʨʰʠʭ ʤʽʩʮʴ. 

ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʯʽʪʢʫ ʢʘʨʪʠʥʫ 

ʚʟʘʻʤʦʜʽʾ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʏɽ ʚʠʪʨʘʪʦʤʽʨʘ ʧʦʩʪʘʚʠʪʠ ʥʘʪʫʨʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. ʊʦʜʽ ʥʘ ʜʦʧʦʤʦʛʫ ʽ ʧʨʠʭʦʜʠʪʴ 

ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʪʨʘʪʦʤʽʨʘ. 

ANSYS CFX ï ʧʨʦʬʝʩʽʡʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʚʜʘʥʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʛʘʟʦ- ʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ. ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʪʦʩʫʥʢʫ CFX - 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʛʘʪʦʬʘʟʥʠʭ ʧʦʪʦʢʽʚ, ʭʽʤʽʯʥʦʾ ʢʽʥʝʪʠʢʠ, ʛʦʨʽʥʥʷ, 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ, ʨʽʜʠʥʥʦ-ʩʪʨʫʢʪʫʨʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʇʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʟ ʨʫʭʦʤʦʶ ʩʽʪʢʦʶ, ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʜʘʧʪʠʚʥʝ ʩʽʪʢʦʚʝ ʟʛʫʱʝʥʥʷ. ʆʩʥʦʚʦʶ ʚʩʽʻʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ANSYS CFX ʻ ʦʙʯʠʩʣʶʚʘʯ ʙʘʛʘʪʦʩʽʪʢʦʚʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʤʦʜʝʣʝʡ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝʷʚʥʫ, ʧʦʚ'ʷʟʘʥʫ ʩʭʝʤʫ ʚʠʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ 

ʣʽʥʝʘʨʠʟʦʚʘʥʠʭ ʨʽʚʥʷʥʴ, ʦʙʯʠʩʣʶʚʘʯ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʽ ʩʪʽʡʢʫ ʟʙʽʞʥʽʩʪʴ 

ʫ ʚʩʽʭ ʪʠʧʘʭ ʟʘʚʜʘʥʴ. ʇʨʠ ʮʴʦʤʫ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʩʷʛʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. 

ʇʝʨʝʚʘʛʠ ANSYS CFX ʦʩʦʙʣʠʚʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʚʝʣʠʢʠʭ ʤʦʜʝʣʝʡ ʟ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʪʝʯʽʷʤʠ ʽ ʩʢʣʘʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 
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ɺʠʨʽʰʫʚʘʯ ANSYS CFX ʤʘʣʦ ʯʫʪʣʠʚʠʡ ʜʦ ʚʽʜʥʦʩʥʠʭ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ, 

ʪʠʤʯʘʩʦʚʠʭ ʢʨʦʢʽʚ ʽ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ. ʊʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ 

ʜʦʩʷʛʘʻʪʴʩʷ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʥʘ ʚʫʟʦʣ, ʪʘʢ ʽ ʩʭʝʤʦʶ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʟʘ ʫʤʦʚʯʘʥʥʷʤ. ʎʽ ʞ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʧʘʨʘʣʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʚʽʜʤʽʥʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽ 

ʢʣʘʩʪʝʨʘʭ ʨʦʙʦʯʠʭ ʩʪʘʥʮʽʡ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʢʦʨʧʫʩʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʠʪʨʘʪʠ ʩʣʽʜ 

ʚʠʢʦʥʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: ʩʪʚʦʨʠʪʠ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʧʨʠʣʘʜʫ, ʥʘʢʣʘʩʪʠ 

ʩʽʪʢʫ ʥʘ ʩʪʚʦʨʝʥʫ ʤʦʜʝʣʴ, ʧʨʠʟʥʘʯʠʪʠ ʟʦʥʠ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ ʨʽʜʠʥʠ ʢʨʽʟʴ 

ʧʨʠʣʘʜ, ʚʠʙʨʘʪʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʙʨʘʪʠ 

ʤʘʪʝʨʽʘʣ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʨʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʚʭʦʜʽ, ʚʠʢʦʥʘʪʠ 

ʽʥʽʮʽʘʣʽʟʘʮʽʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʨʦʟʧʦʯʘʪʠ ʩʘʤ ʧʨʦʮʝʩ, ʦʮʽʥʠʪʠ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʧʦʜʽʣʫ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʦʢʨʝʤʘ ʰʚʠʜʢʦʩʪʽ, 

ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʠʪʨʘʪʦʤʽʨʥʽʡ ʜʽʣʷʥʮʽ ʥʘ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʪʨʘʪʦʤʽʨʘ, ʜʦʤʦʛʪʠʩʷ ʟʙʽʛʫ ʨʦʟʨʘʭʫʥʢʫ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʟʤʝʥʰʠʪʠ ʯʘʩ ʨʦʟʨʦʙʢʠ. 

ʄʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ CFD-ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʚʠʪʨʘʪʠ ʥʠʥʽ ʪʽʣʴʢʠ ʚʠʚʯʘʻʪʴʩʷ, 

ʽ ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʤʦʜʝʣʝʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʥʘ ʢʦʨʝʢʪʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ ʫ 

ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʽ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʧʘʩʧʦʨʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʣʘʜʽʚ.ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʨʦʟʭʦʜʞʝʥʥʷ, ʧʨʦʛʨʘʤʠ ʤʘʶʪʴ 

ʩʭʦʞʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ [51-59].  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ  ̔ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʴ-ʷʢʦʛʦ ʟʘʚʜʘʥʥʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ:  
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 ʚʠʙʨʘʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʤʦʜʝʣʽ, ʚʠʟʥʘʯʠʪʠ ʬʽʟʠʯʥʠʡ ʨʦʟʜʽʣ ʽ 

ʚʠʟʥʘʯʠʪʠ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʘʙʦ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʮʝʩʫ;  

 ʚʠʟʥʘʯʠʪʠ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ ʽ ʟʘʜʘʪʠ ʛʝʦʤʝʪʨʽʶ;  

 ʟʘʜʘʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʥʠʭ ʚʝʣʠʯʠʥ ʚʽʜ ʢʦʦʨʜʠʥʘʪ 

ʽ ʯʘʩʫ;  

 ʚʢʘʟʘʪʠ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ; 

 ʚʢʘʟʘʪʠ ʤʝʞʦʚʽ ʫʤʦʚʠ;  

 ʟʘʜʘʪʠ ʧʘʨʘʤʝʪʨʠ, ʧʦʙʫʜʫʚʘʪʠ ʩʽʪʢʫ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ;  

 ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʙʣʦʢʫ ʨʽʰʝʥʥʷ, ʟʘʧʫʩʪʠʪʠ ʨʦʟʨʘʭʫʥʦʢ; 

 ʥʘʣʘʰʪʫʚʘʪʠ ʨʝʞʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷ;  

 ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ .  

ɿʤʦʜʝʣʴʦʚʘʥʽ ʪʝʯʽʾ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʩʪʘʮʽʦʥʘʨʥʽ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ, 

ʩʪʠʩʢʫʚʘʥʽ, ʩʣʘʙʦ ʩʪʠʩʢʫʚʘʥʽ ʽ ʥʝ ʩʪʠʩʢʫʚʘʥʽ ʧʦʪʦʢʠ ʨʽʜʠʥʠ ʽ ʛʘʟʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʽʪʢʠ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʩʢʣʘʜʥʽ ʨʫʭʠ ʨʽʜʠʥʠ, ʚʢʣʶʯʘʶʯʠ ʪʝʯʽʾ ʟ 

ʩʠʣʴʥʦʶ ʟʘʢʨʫʪʢʦʶ, ʛʦʨʽʥʥʷʤ, ʪʝʯʽʾ ʟ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ. 

ʄʦʞʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ: 

 3D ʩʪʘʮʽʦʥʘʨʥʽ, ʥʝʩʪʘʮʽʦʥʘʨʥʽ, ʩʪʠʩʢʫʚʘʥʽ, ʩʣʘʙʦʩʪʠʩʢʫʚʘʥʽ , 

ʥʝʩʪʠʩʢʫʚʘʥʽ ʧʦʪʦʢʠ ʨʽʜʠʥʠ; 

 ʣʘʤʽʥʘʨʥʽ ʯʠ ʪʫʨʙʫʣʝʥʪʥʽ ʧʦʪʦʢʠ; 

 ʧʝʨʝʥʝʩʝʥʥʷ ʩʢʘʣʷʨʥʠʭ ʚʝʣʠʯʠʥ ʪʘ ʾʭ ʬʣʫʢʪʫʘʮʽʡ; 

 ʚʽʣʴʥʽ ʧʦʚʝʨʭʥʽ; 

 ʤʝʞʦʚʽ ʫʤʦʚʠ ʥʘ ʩʪʽʥʮʽ; 

 ʩʪʝʧʝʥʝʚʽ ʽ ʣʦʛʘʨʠʬʤʽʯʥʽ ʟʘʢʦʥʠ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʠʭ ʪʝʯʽʡ; 

 ʘʜʽʘʙʘʪʠʯʥʽ, ʽʟʦʪʝʨʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʪʝʧʣʦʦʙʤʽʥ; 

 ʤʝʞʦʚʽ ʫʤʦʚʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ; 

 ʧʝʨʽʦʜʠʯʥʽ ʪʘ ʧʦʚ'ʷʟʘʥʽ ʤʝʞʦʚʽ ʫʤʦʚʠ. 
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ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ: 

ʘ) ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʪʝʥʜʫ; 

ʙ) ʧʨʦʚʝʩʪʠ ʟʘʤʽʨʠ ʨʦʟʤʽʨʽʚ ʚʩʽʭ ʯʘʩʪʠʥ ʩʪʝʥʜʫ (ʧʨʷʤʽ ʜʽʣʷʥʢʠ, 

ʢʦʣʽʥʘ, ʧʝʨʝʭʦʜʠ, ʜʽʣʷʥʢʠ ʥʘ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠʣʘʜʠ) ; 

ʚ) ʟʤʦʜʝʣʶʚʘʪʠ ʩʪʝʥʜ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʩʦʙ ̔ ʟʘ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ: 

 ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʚʠʪʨʘʪʽ - 2,5 ʤ
3
/ʛʦʜ (0,69 ʢʛ/ʩ); 

 ʧʨʠ ʩʝʨʝʜʥʽʡ ʚʠʪʨʘʪʽ - 3,7 ʤ
3
/ʛʦʜ (1,03 ʢʛ/ʩ); 

 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʠʪʨʘʪʽ - 5,5 ʤ
3
/ʛʦʜ (1,53 ʢʛ/ʩ). 

ʛ) ʜʦʩʣʽʜʠʪʠ ʚʪʨʘʪʠ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʯʘʩʪʠʥʘʭ ʪʨʫʙʦʧʨʦʚʦʜʫ, 

ʥʘʚʝʩʪʠ ʧʨʦʬʽʣʽ ʰʚʠʜʢʦʩʪʝʡ ʫ ʤʽʩʮʷʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʽʯʠʣʴʥʠʢʽʚ; 

ʜ) ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ. 

ɿʤʽʩʪ ʟʚʽʪʫ ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

 ʤʝʪʘ ʨʦʙʦʪʠ; 

 ʩʭʝʤʘ  ̔ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʨʦʙʦʪʠ ʩʪʝʥʜʫ ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ; 

 ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ; 

 ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ; 

 ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʘ ʦʪʨʠʤʘʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤʠ; 

 ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʩʥʦʚʢʠ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1) ʗʢʽ ʚʠ ʟʥʘʻʪʝ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʣʘʜʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ? 

2) ʗʢʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʧʘʨʘʤʝʪʨʠ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʪʦʢʽʚ ʫ ʪʨʫʙʦʧʨʦʚʦʜʽ? 

3) ʗʢ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʦʪʽʢ? 

4) ʆʧʠʰʽʪʴ ʧʦʢʨʦʢʦʚʦ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʝʥʜʫ.   
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