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ɸ.ɺ. ɺʘʨʝʥʮʦʚ, ɼ.ɺ. ɼʦʨʦʥʢʦʚ, ɽ.ʄ. ʀʣʶʪʠʥʘ, ʀ.ɺ. ʂʘʨʘʪʫʰʠʥʘ,  

ɺ.ɼ. ʉʦʨʦʢʠʥ, 
 
ɸ.ɽ. ʍʨʦʙʦʩʪʦʚ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʊɽʏɽʅʀʗ ʊɽʇʃʆʅʆʉʀʊɽʃʗ ɺ ʊɺʉ-ʂɺɸɼʈɸʊ ʈɽɸʂʊʆʈɸ  

PWR ʇʈʀ ʇʆʉʊɸʅʆɺʂɽ ʇɽʈɽʄɽʐʀɺɸʖʑʀʍ ɼʀʉʊɸʅʎʀʆʅʀʈʋʖʑʀʍ  

ʈɽʐɽʊʆʂ ʉ ʈɸɿʃʀʏʅʓʄʀ ʊʀʇɸʄʀ ɼɽʌʃɽʂʊʆʈʆɺ 
 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ 

 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʠʭ ʨʝʰʝʪʦʢ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʪʠʧʘʤʠ ʜʝʬʣʝʢʪʦʨʦʚ ʥʘ ʪʝʯʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʊɺʉïʂʚʘʜʨʘʪ ʨʝʘʢʪʦʨʘ PWR. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʚʳ-

ʟʚʘʥʘ ʩʪʨʝʤʣʝʥʠʝʤ ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʥʘ ʤʠʨʦʚʦʤ 

ʨʳʥʢʝ ʜʣʷ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʟʘʧʘʜʥʦʛʦ ʜʠʟʘʡʥʘ. ʂʨʘʪʢʦ ʦʧʠʩʘʥʳ ʩʪʝʥʜ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʦʩʥʦʚʘʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ CFD-ʧʨʦʛʨʘʤʤ ʠ ʚ ʧʨʠʢʣʘʜʥʳʭ 

ʧʦʷʯʝʡʢʦʚʳʭ ʢʦʜʘʭ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʙʘʟʦʡ ʜʘʥʥʳʭ ʧʨʠ ʨʘʩʯʝʪʘʭ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʘʢʪʠʚʥʳʭ ʟʦʥ 

ʨʝʘʢʪʦʨʦʚ PWR ʩ ʊɺʉ-ʂʚʘʜʨʘʪ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ, ʪʝʧʣʦʚʳʜʝʣʷʶʱʘʷ ʩʙʦʨʢʘ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʧʝʨʝʤʝ-

ʰʠʚʘʶʱʘʷ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʘʷ ʨʝʰʝʪʢʘ. 

 

ɺʚʝʜʝʥʠʝ 
 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʪʝʥʮʠʘʣ ʈʦʩʩʠʠ ʧʦ ʩʦʟʜʘʥʠʶ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʦʪʝʯʝʩʪʚʝʥʥʦ-

ʛʦ ʜʠʟʘʡʥʘ ʩʦʩʪʘʚʣʷʝʪ 17% ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʪʦʧʣʠʚʘ. ʕʪʦ 76 ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʚ ʈʦʩ-

ʩʠʠ ʠ 14 ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ( ʌʠʥʣʷʥʜʠʷ, ɹʦʣʛʘʨʠʷ, ɺʝʥʛʨʠʷ, ʉʣʦʚʘʢʠʷ, ʏʝʭʠʷ, ʋʢʨʘʠʥʘ, 

ɸʨʤʝʥʠʷ ʠ ʂʠʪʘʡ). ʆʜʥʘʢʦ ʙʦʣʝʝ 80% ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʥʩʪʨʫʢʮʠʶ ʪʦʧʣʠʚʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝ-

ʥʠʝ ʜʦʣʠ ʧʨʠʩʫʪʩʪʚʠʷ ʈʦʩʩʠʠ ʥʘ ʨʳʥʢʝ ʤʠʨʦʚʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʦ ʩʚʟ̫ʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʠ 

ʵʢʩʧʦʨʪʦʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʪʦʧʣʠʚʘ ʟʘʧʘʜʥʦʛʦ ʜʠʟʘʡʥʘ ʟʘ ʨʫʙʝʞ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʦ ʟʘʜʘʥʠʶ ʪʦʧʣʠʚʥʦʡ ʢʦʤʧʘʥʠʠ çʊɺʕʃè  

ɸʆ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʡ ʩʙʦʨʢʠ ʢʚʘʜʨʘʪ-

ʥʦʛʦ ʩʝʯʝʥʠʷ (ʊɺʉïʂʚʘʜʨʘʪ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʟʘʧʘʜʥʳʡ ʨʳʥʦʢ ʧʦʪʨʝʙʠʪʝʣʝʡ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʘ. ɺ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʮʠʠ ʊɺʉïʂʚʘʜʨʘʪ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɸʆ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʢʘʨʢʘʩʫ ʠ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʠʤ ʨʝʰʝʪʢʘʤ, ʧʦʣʫ-

ʯʠʚʰʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʊɺʉ ʨʝʘʢʪʦʨʦʚ ɺɺʕʈ. ʊʘʢ ʞʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʊɺʉ-ʂʚʘʜʨʘʪ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʘʣʠʯʠʝ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʠʭ ʨʝʰʝʪʦʢ (ʇɼʈ) ʠ ʜʦʧʦʣʥʠ-

ʪʝʣɹʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʨʝʰʝʪʦʢ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʝʬʣʝʢʪʦʨʳ, ʚʳʩʪʫʧʘ-

ʶʱʠʝ ʚ ʨʦʣʠ ʪʫʨʙʫʣʠʟʘʪʦʨʦʚ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʦʚ ʪʝʧʣʦʦʙʤʝʥʘ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʝʰʝʥʠʝ ʨʷʜʘ ʚʦʧʨʦʩʦʚ, ʘ ʠʤʝʥʥʦ: ʩʥʠʟʠʪʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; ʚʳʨʘʚʥʠʪʴ ʪʝʤʧʝʨʘʪʫ-

ʨʫ (ʵʥʪʘʣʴʧʠʶ) ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʩʙʦʨʢʠ; ʧʦʚʳʩʠʪʴ ʟʘʧʘʩ ʜʦ ʢʨʠʟʠʩʘ 

ʪʝʧʣʦʦʪʜʘʯʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʚʳʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ.  

ɺ ʊɺʉïʂʚʘʜʨʘʪ ʨʝʘʢʪʦʨʦʚ PWR ʧʨʠʤʝʥʷʶʪʩʷ ʧʣʘʩʪʠʥʯʘʪʳʝ ʨʝʰʝʪʢʠ, ʩʥʘʙʞʝʥʥʳʝ 

ʜʝʬʣʝʢʪʦʨʘʤʠ ʪʠʧʘ split vane, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʟʜʘʪʴ ʢʨʫʛʦʚʳʝ ʧʦʧʝʨʝʯʥʳʝ 

ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʦʢʨʫʛ ʊɺʕʃʦʚ ʠ ʟʘʢʨʫʪʢʫ ʧʦʪʦʢʘ ʚ ʤʝʞʪʚʵʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʩʦ-

ʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʧʨʦʬʠʣʶ ʜʝʬʣʝʢʪʦʨʦʚ ʠ ʚʳʙʦʨʫ ʫʛʣʘ ʦʪʛʠʙʘ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʝʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʪʘʢ ʢʘʢ ʵʪʠ ʬʘʢʪʦʨʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

                                                 
 
 É ɺʘʨʝʥʮʦʚ ɸ.ɺ., ɼʦʨʦʥʢʦʚ ɼ.ɺ.,. ʀʣʶʪʠʥʘ ɽ.ʄ, ʂʘʨʘʪʫʰʠʥʘ ʀ.ɺ., ʉʦʨʦʢʠʥ ɺ.ɼ. , 

 
 ʍʨʦʙʦʩʪʦʚ ɸ.ɽ., 2015. 
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ʚʣʠʷʶʪ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʙʦʨʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʧʝ-

ʨʝʤʝʰʠʚʘʶʱʠʭ ʨʝʰʝʪʦʢ ʜʣʷ ʊɺʉïʂʚʘʜʨʘʪ ʪʨʝʙʫʪʁ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʣʘʛʦʧʨʠʷʪʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʣʦʩʴ ʥʘ ʩʦʯʝʪʘʥʠʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠ ʟʘʧʘʩʳ ʜʦ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʪʜʘʯʠ. 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʪʝʧʣʘ ʚʦʟʤʦʞʥʘ 

ʪʦʣʴʢʦ ʥʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʪʝʥʜʘʭ ʧʨʠ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʘ ʠʟʫʯʝ-

ʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩʙʦʨʦʢ ʊɺʕʃʦʚ ʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʨʝʘʢʪʦʨʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʥʘ 

ʤʘʩʰʪʘʙʥʳʭ ʠ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʤʦʜʝʣʷʭ ʢʘʩʩʝʪ ʥʘ ʘʵʨʦ- ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʝʥʜʘʭ [1, 2]. 

ʇʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʧʫʯʢʘʭ ʊɺʕʃʦʚ ʊɺʉ-ʂʚʘʜʨʘʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʠʭ ʨʝʰʝʪʦʢ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘ-

ʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʟʦʥ ʨʝ-

ʘʢʪʦʨʦʚ PWR. 

 

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʠʭ ʨʝʰʝʪʦʢ ʥʘ ʧʦʪʦʢ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʊɺʉïʂʚʘʜʨʘʪ ʥʘ ʙʘʟʝ ʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ ʙʳʣ ʩʦʟʜʘʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ [3, 4]. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʟʦʤʢʥʫʪʳʡ 

ʢʦʥʪʫʨ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʢʘʯʠʚʘʝʪʩʷ ʚʦʟʜʫʭ (ʨʠʩ. 1). ʆʨʛʘʥʠʟʘʮʠʷ ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʩʣʝʜʫʶʱʘʷ: ʚʦʟʜʫʭ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʘʣʴʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 5 ʥʘʛʥʝʪʘʝʪʩʷ ʚ 

ʨʝʩʠʚʝʨʥʫʶ ʝʤʢʦʩʪʴ 6 ʠ ʜʘʣʝʝ, ʧʨʦʡʜʷ ʨʘʩʭʦʜʦʤʝʨʥʳʡ ʢʦʣʣʝʢʪʦʨ 4 ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʤʦʜʝʣʴ 3, ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝʥʠʡ ʧʦ ʜʣʠʥʝ ʕʄ 2, ʘ 

ʪʘʢ ʞʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʟʘ ʜʝʬʣʝʢʪʦʨʘʤʠ ʇɼʈ ʨʘʟʨʘʙʦʪʘʥ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ: ʧʷʪʠʢʘʥʘʣʴʥʳʡ ʧʥʝʚʤʦʤʝʪʨʠʯʝʩʢʠʡ ʟʦʥʜ 1; ʙʣʦʢ ʘʥʘʣʦʛʦʚʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʘʚʣʝʥʠʷ 8; ʢʦʦʨʜʠʥʘʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; ʙʘʟʦʚʳʡ ʙʣʦʢ ʢʦʤʤʫʪʘ-

ʮʠʠ/ʠʟʤʝʨʝʥʠʷ Agilent 34980A 9; ʇʕɺʄ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 10.  

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ: 

1 ï ʧʷʪʠʢʘʥʘʣʴʥʳʡ ʧʥʝʚʤʦʤʝʪʨʠʯʝʩʢʠʡ ʟʦʥʜ; 2 ï ʩʪʘʪʠʯʝʩʢʠʝ ʦʪʙʦʨʳ;  

3 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ; 4 ï ʫʯʘʩʪʦʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʪʦʢʘ; 5 ï ʚʝʥʪʠʣʷʪʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; 

6 ï ʨʝʩʠʚʝʨʥʘʷ ʝʤʢʦʩʪʴ; 7 ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ; 8 ï ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ; 9 ï ʙʘʟʦʚʳʡ ʙʣʦʢ 

ʢʦʤʤʫʪʘʮʠʠ/ʠʟʤʝʨʝʥʠʷ Agilent 34980A; 10 ï ʕɺʄ 



ʊʨʫʜʳ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ ˉ 3(110) 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʩʪʝʥʜʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʰ-

ʪʘʙʥʳʡ ʬʨʘʛʤʝʥʪ ʊɺʉ-ʂʚʘʜʨʘʪ ʨʝʘʢʪʦʨʘ ʪʠʧʘ PWR, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʧʦʣʥʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʧʦʜʦʙʠʠ ʥʘʪʫʨʥʦʡ ʊɺʉ [5]. ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʂʛ = 4,2. ʕʄ ʩʦʩʪʦʠʪ 

ʠʟ ʩʦʨʦʢʘ ʧʷʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʊɺʕʃ-ʠʤʠʪʘʪʦʨʦʚ, ʯʝʪʳʨʝʭ ʠʤʠʪʘʪʦʨʦʚ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 

ʢʘʥʘʣʘ, ʧʦʷʩʦʚ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʠ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʠʭ ʨʝʰʝʪʦʢ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʷʩʘ ʇɼʈ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʘʩʪʠʥʯʘʪʳʝ ʨʝʰʝʪʦʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʨʷʜʦʚ ʧʣʘʩʪʠʥ ʠ ʚʦʩʴʤʠʛʨʘʥʥʳʭ ʷʯʝʝʢ, ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʶ 

ʜʠʩʪʘʥʮʠʦʥʠʨʦʚʘʥʠʷ ʊɺʕʃ-ʠʤʠʪʘʪʦʨʦʚ. ʂ ʚʝʨʭʥʠʤ ʢʨʦʤʢʘʤ ʧʣʘʩʪʠʥ ʚ ʤʝʩʪʘʭ ʠʭ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʠʚʘʨʠʚʘʣʠʩʴ ʜʝʬʣʝʢʪʦʨʘ ʨʘʟʣʠʯʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʨʠ ʚʘʨʠʘʥʪʘ ʜʝʬʣʝʢʪʦʨʦʚ ʪʠʧʘ split vane: 

1) ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʜʝʬʣʝʢʪʦʨʘ ʚʳʩʦʪʦʡ 9 ʤʤ, ʫʛʣʦʤ ʦʪʛʠʙʘ 25Á ʠ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʣʠʥʠʝʡ ʛʠʙʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʣʘʩʪʠʥʳ (9/25) (ʨʠʩ. 2, 1); 

2) ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʜʝʬʣʝʢʪʦʨ 9/25 ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʥʘ 8% ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʚʘʨʠʘʥʪʫ ʠ ʧʨʦʬʠʣʝʤ, ʧʦʚʝʨʥʫʪʳʤ ʢ ʮʝʥʪʨʫ ʷʯʝʡʢʠ ʩʦʛʣʘʩʥʦ 

ʣʠʥʠʠ ʛʠʙʘ ʚ 15Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʣʘʩʪʠʥʳ (9/25/8/15) (ʨʠʩ. 2, 2); 

3) ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʜʝʬʣʝʢʪʦʨ 9/25 ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʥʘ 21% ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʚʘʨʠʘʥʪʫ ʠ ʧʨʦʬʠʣʝʤ, ʧʦʚʝʨʥʫʪʳʤ ʢ ʊɺʕʃʫ ʩʦʛʣʘʩʥʦ ʣʠʥʠʠ 

ʛʠʙʘ ʚ 15Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʣʘʩʪʠʥʳ (9/25/21/15) (ʨʠʩ. 2, 3). 
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ʈʠʩ. 2. ʇʝʨʝʤʝʰʠʚʘʶʱʘʷ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʘʷ ʨʝʰʝʪʢʘ ʬʨʘʛʤʝʥʪʘ ʊɺʉ ï ʂʚʘʜʨʘʪ: 

ʪʠʧ ʜʝʬʣʝʢʪʦʨʘ:  1ï ʧʨʷʤʦʡ ʛʠʙ; 2 ï ʢʦʩʦʡ ʛʠʙ; 3 ï ʦʙʨʘʪʥʳʡ ʛʠʙ 

 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 
 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʪʦʢʝ ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʧʷʪʠʢʘʥʘʣʴʥʳʡ ʧʥʝʚʤʦʤʝʪʨʠʯʝʩʢʠʡ ʟʦʥʜ ʩ ʢʦʥʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ, 

ʠʤʝʶʱʠʡ ʧʷʪʴ ʧʨʠʝʤʥʳʭ ʦʪʚʝʨʩʪʠʡ [6, 7]. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʦʝʢʮʠʡ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ Wx, Wy, Wz ʩ ʫʯʝʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʘʨʠʨʦʚʢʝ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʝʙʝ 

ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦʡ ʩʨʝʜʥʝʨʘʩʭʦʜʥʦʡ ʩʢʦʨʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʢʦʨʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʕʄ, 

ʩʦʩʪʘʚʠʣʘ 2, 2, 2,5% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʥʷʪʠʝ ʧʦʢʘʟʘʥʠʡ ʩ ʧʷʪʠʢʘʥʘʣʴʥʦʛʦ ʧʥʝʚʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʟʦʥʜʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦ-

ʤʦʱʴʶ ʙʣʦʢʘ ʘʥʘʣʦʛʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʥʘʙʦʨ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʝʡ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ. ʇʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʡ ʦʩʥʦʚʥʦʡ ʧʦ-

ʛʨʝʰʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ Ñ 0,25%. 



ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʬʠʟʠʢʘ 
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ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʣʶʙʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦ-

ʩʪʠ. ɺ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ PWR ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʦʩʪʠʛʘʝʪ 4,5Ö10
5
, ʯʪʦ ʪʨʫʜʥʦʜʦʩʪʠ-

ʞʠʤʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʦ ʧʦʩʢʦʣʴʢʫ ʪʝʯʝʥʠʝ ʚʦʜʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚʦʟʜʫʭʦʤ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦ-

ʙʠʷ, ʚʢʣʶʯʘʶʱʝʤ ʚ ʩʝʙʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ, ʪʦ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʦ-

ʜʝʣʴʥʦʩʪʠ ʧʨʦʬʠʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (Wʣʦʢ/Wʩʨ.ʨʘʩʭ) ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ [8]. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʟʦʥʝ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʪ ʧʝʨʝʥʝʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʥʘ ʥʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʰʪʘʪʥʳʭ ʊɺʉ-ʂʚʘʜʨʘʪ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʯʘʩʪʢʦʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʪʦʢʘ [5] ʠ ʛʨʘʥʠʮ ʟʦʥ ʘʚʪʦ-

ʤʦʜʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ. 

ʅʘʯʘʣʦ ʟʦʥʳ ʘʚʪʦʤʦʜʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʕʄ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʷʩʦʚ ʇɼʈ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʝ-

ʬʣʝʢʪʦʨʦʚ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʠʣʣʶʩʪʨʘʮʠʷ ʤʘʩʩʠʚʘ ʪʦʯʝʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʇɼʈ ʕʄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ Re. ʀʟ ʨʠʩ. 3 ʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʭʦʜʥʘʷ ʦʙʣʘʩʪʴ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʯʠʩʣʘʭ Re ʜʦ 7Ā10
4
, ʧʨʠ ʯʠʩʣʘʭ Re ʩʚʳʰʝ 7Ā10

4
 

ʥʘʩʪʫʧʘʝʪ ʦʙʣʘʩʪʴ ʘʚʪʦʤʦʜʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʚʳʟʚʘʥʘ ʪʝʤ, ʯʪʦ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʚʝʥʩʪʚʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʂɻʉ) ʇɼʈ ʕʄ ʠ ʇɼʈ 

ʥʘʪʫʨʥʳʭ ʊɺʉïʂʚʘʜʨʘʪ.  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʂɻʉ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʠʭ ʨʝʰʝʪʦʢ ʕʄ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʦ-

ʜʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʪʁ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʥʘʪʫʨʥʳʭ ʧʝʨʝʤʝʰʠʚʘʶ-

ʠɦʭ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʠʭ ʨʝʰʝʪʦʢ ʊɺʉ-ʂʚʘʜʨʘʪ ʨʝʘʢʪʦʨʘ PWR.  ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜʠʢʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ, ʦʧʨʝʜʝʣʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ. ʇʦʛʨʝʰʥʦʩʪʠ ʘʢʩʠʘʣʴʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʩʨʘʚʥʝʥʠʝʤ ʨʘʩʭʦʜʦʚ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʤʦʜʝʣʴ ʠ ʧʦ ʷʯʝʡ-

ʢʘʤ, ʥʝ ʧʨʝʚʳʰʘʣʘ 5%. 
 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʩʪʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʷʩʦʚ  

ʧʝʨʝʤʝh ʠʚʘʶʱʠʭ ʜʠʩʪʘʥʮʠʦʥʠʨʫʶʱʠʭ ʨʝʰʝʪʦʢ ʕʄ ʦʪ ʯʠʩʣʘ Re 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ-

ʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʕʄ ʟʘ ʧʝʨʝʤʝʰʠʚʘʶʱʝʡ ʨʝʰʝʪʢʦʡ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʠʟʤʝʨʝʥʠʠ ʤʦʜʫʣʷ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ, ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʡ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʝ ʧʫʯʢʘ 

ʩʪʝʨʞʥʝʡ. ʇʦʵʪʦʤʫ ʫʩʣʦʚʥʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʕʄ ʙʳʣʦ ʨʘʟʙʠʪʦ ʥʘ ʷʯʝʡʢʠ, ʢʘʞʜʦʡ ʠʟ ʢʦ-

ʪʦʨʳʭ ʙʳʣ ʧʨʠʩʚʦʝʥ ʩʚʦʡ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʝʬʣʝʢʪʦʨʦʚ ʇɼʈ ʥʘ ʧʦʪʦʢ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʝʛʫ-

ʣʷʨʥʘʷ ʷʯʝʡʢʘ. ʂʦʥʪʫʨ ʠ ʛʨʘʥʠʮʳ ʨʝʛʫʣʷʨʥʦʡ ʷʯʝʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. ɼʣʷ ʧʦʣʫʯʝʥʠʡ 

ʧʦʣʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʟʘ ʜʝʬʣʝʢʪʦʨʘʤʠ ʇɼʈ ʨʝʛʫʣʷʨʥʘʷ 

ʷʯʝʡʢʘ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʟʦʥʳ ʠʟʤʝʨʝʥʠʷ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʠʟʤʝʨʷʣʩʷ ʚ 

15-ʪʠ ʩʝʯʝʥʠʷʭ ʧʦ ʜʣʠʥʝ ʤʦʜʝʣʠ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʈʘʩʧʦʣʦʞʝʥʠʝ ʟʦʥ ʠʟʤʝʨʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʤʦʜʝʣʠ ʕʄ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 
 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʟʘ ʇɼʈ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʷʯʝʡʢʝ 

(ʨʠʩ. 5 ï ʨʠʩ. 7) ʊɺʉïʂʚʘʜʨʘʪ ʩʜʝʣʘʥ  rʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɿʘ ʣʶʙʳʤ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʪʠʧʦʚ ʜʝʬʣʝʢʪʦʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ȹl/dʛ=3 ï 5 ʟʘ ʜʝʬʣʝʢʪʦʨʘʤʠ ʪʠʧʘ çʢʦʩʦʡ ʛʠʙè ʠ çʦʙʨʘʪʥʳʡ ʛʠʙè 

ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ȹl/dʛ=10 ï 12 ʟʘ ʜʝʬʣʝʢʪʦʨʘʤʠ ʪʠʧʘ çʧʨʷʤʦʡ ʛʠʙè. 

2. ɿʘʪʫʭʘʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʟʘ ʇɼʈ ʩ ʜʝʬʣʝʢʪʦʨʘʤʠ ʪʠʧʘ çʢʦʩʦʡ ʛʠʙè ʠ 

çʧʨʷʤʦʡ ʛʠʙè ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ȹl/dʛ=14õ15, ʘ ʟʘ ʇɼʈ ʩ ʜʝʬʣʝʢʪʦʨʘʤʠ ʪʠʧʘ 

çʦʙʨʘʪʥʳʡ ʛʠʙè ʥʘ ʨʘʩʩʪʦʷʥʠʠ ȹl/dʛ=24.  

ɺʚʠʜʫ ʵʪʦʛʦ ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʟʘ ʧʝʨʝʤʝʰʠʚʘʶʱʠʤʠ ʜʠʩʪʘʮʠʦʥʠʨʫʶʱʠʤʠ ʨʝʰʝʪʢʘʤʠ ʊɺʉ-ʂʚʘʜʨʘʪ ʩ 

ʜʝʬʣʝʢʪʦʨʘʤʠ ʪʠʧʘ çʧʨʷʤʦʡ ʛʠʙè, çʢʦʩʦʡ ʛʠʙè ʠ çʦʙʨʘʪʥʳʡ ʛʠʙè ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʞʲʷʯʝʡʢʦʚʦʛʦ ʦʙʤʝʥʘ, ʧʦʤʠʤʦ ʫʛʣʘ ʦʪʛʠʙʘ, ʚʣʠʷʝʪ ʧʣʦʱʘʜʴ ʧʨʦʬʠʣʷ 

ʜʝʬʣʝʢʪʦʨʘ, ʢʦʪʦʨʘʷ ʧʝʨʝʢʨʳʚʘʝʪ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʷʯʝʝʢ ʊɺʉ, ʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʬʦʨʤʫ 

ʚʠʭʨʷ ʚ ʮʝʥʪʨʝ ʷʯʝʡʢʠ ʢʣʶʯʝʚʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʣʠʥʠʷ ʛʠʙʘ ʜʝʬʣʝʢʪʦʨʘ. 


