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ɸʅʆʊɸʎɯʗ  

 

ʄʽʨʦʰʥʠʯʝʥʢʦ ɼ.ɺ. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ, 

ʩʪʚʦʨʶʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.05.17 ï ʛʽʜʨʘʚʣʽʯʥʽ ʤʘʰʠʥʠ ʪʘ ʛʽʜʨʦʧʥʝʚʤʦʘʛʨʝʛʘʪʠ. ï 

ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʄʆʅ ʋʢʨʘʾʥʠ, ʉʫʤʠ, 2019. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ, 

ʚʠʟʥʘʯʝʥʥ ʁ ʦʙʣʘʩʪʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. ʈʦʟʨʦʙʣʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ, ʤʝʪʦʜʠʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʘ ʯʠʩʝʣʴʥʦʛʦ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʾ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘhʠʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ 

ʢʘʥʘʣʦʤ. ɺʩʪʘʥʦʚʣʝʥʽ ʦʩʥʦʚʥʽ ʟʥʘʯʫʱʽ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ, ʚʠʟʥʘʯʝʥʠʡ ʩʪʫʧʽʥʴ ʾʭ ʚʧʣʠʚʫ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʰʠʥʠ, ʱʦ ʜʘʣʦ 

ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʙʽʣʴʰ ʥʽʞ ʥʘ 15 % ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʂʂɼ ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ 

ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ (ʟʦʢʨʝʤʘ 

ʧʥʝʚʤʦʧʨʠʚʦʜʽʚ ʘʙʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ) ʥʘ ʙʘʟʽ ʪʠʭʦʭʽʜʥʦʾ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʽ ʟʫʩʠʣʣʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʽ 

ʩʪʚʦʨʝʥʥʽ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ, 

ʟʤʝʥʰʝʥʥʷ ʾʭ ʚʘʨʪʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥ ̫ ʚʠʪʨʘʪ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʦ ʦʙôʻʢʪ ʽ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ, 

ʟʘʚʜʘʥʥʷ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʢʨʠʪʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʽ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʜʘʥʦ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʛʣʷʜʫ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. ʇʝʨʝʚʘʛʠ ʪʠʭʦʭʽʜʥʠʭ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ 



 

ʤʘʰʠʥ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʪʠʭʦʭʽʜʥʽ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʘʛʨʝʛʘʪʠ ʚʽʜʥʦʩʥʦ 

ʜʝʰʝʚʽ, ʧʨʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ, ʥʘʜʽʡʥʽ ʪʘ ʟʨʫʯʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʠʷʚʠʚ, ʱʦ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʭʨʦʚʦʛʦ 

ʨʫʭʫ, ʘ ʦʪʞʝ, ʽ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʤʘʻ ʦʨʛʘʥʽʟʘʮʽʷ 

ʧʦʚʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʦʾ ʪʝʯʽʾ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ. ʊʘʢʦʞ ʘʥʘʣʽʟ 

ʧʦʢʘʟʘʚ, ʱʦ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʥʝʩʪʘʯʫ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ 

ʦʙʤʝʞʫʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥ ̫ʂʂɼ. ɯʩʥʫʻ ʽʥʪʝʨʝʩ ʜʦ ʚʠʭʨʦʚʠʭ 

ʩʪʫʧʝʥʽʚ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ, ʙʦ ʚʦʥʠ ʣʝʛʢʦ ʢʦʤʧʦʥʫʶʪʴʩʷ ʚ 

ʙʘʛʘʪʦʧʦʪʦʢʦʚʽ, ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ ʽ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʪʽ ʤʘʰʠʥʠ, ʧʨʦʩʪʽʰʝ ʫ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʽ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʽ ʦʩʴʦʚʽ ʛʘʙʘʨʠʪʠ. ɼʣʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʨʦʪʦʨʘ 

ʤʘʰʠʥʠ ʚʽʜ ʨʘʜʽʘʣʴʥʠʭ ʟʫʩʠʣʴ ʽ ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʮʽʣʴʥʦ 

ʚʠʛʦʪʦʚʣʷʪʠ ʚʠʭʨʦʚʽ ʨʦʟʰʠʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʟʘ ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʾ ʩʭʝʤʦʶ. 

ʉʠʩʪʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ ʩʭʝʤ ʚ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʚʽʜʩʫʪʥʽ, 

ʘ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ʂʂɼ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʚ ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʤʫ ʚʠʢʦʥʘʥʥʽ 

ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 30%. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʽ ʤʝʪʦʜʠʢʘ 

ʯʠʩʝʣʴʥʦʛʦ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʾ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ɺʠʜʽʣʝʥʦ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʽ ʥʘ ʂʂɼ ʤʘʰʠʥʠ ʬʘʢʪʦʨʠ ʪʘ ʚʠʟʥʘʯʝʥʦ 

ʜʽʘʧʘʟʦʥʠ ʾʭ ʟʤʽʥ.  

ʉʧʣʘʥʦʚʘʥʽ (ʟ̔ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ) ʪʘ 

ʧʨʦʚʝʜʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʠʭ ʚʠʢʦʥʘʥʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ, ʮʝ ʜʦʟʚʦʣʠʣʦ ʟʥʘʡʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʽ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʘʜʽʘʙʘʪʥʠʡ (ʽʟʦʝʥʪʨʦʧʥʠʡ) ʂʂɼ ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ 

ʤʘʰʠʥ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ.  

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʪʽʤʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʪʦʢʽʚ ʽ ʦʪʨʠʤʘʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʦʧʪʠʤʘʣʴʥʽ 



 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʪʨʴʦʭ ʩʭʝʤ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʽʟ 

ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʘ ʪʝʯʽʷ ʻ ʙʘʟʦʚʦʶ ʧʨʠ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ 

ʚʽʜ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʣʦʧʘʪʢʘʤ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʽ ʯʠʤ ʢʨʘʱʝ ʦʨʛʘʥʽʟʦʚʘʥʘ ʮʷ ʪʝʯʽʷ, 

ʪʠʤ ʚʠʱʝ ʂʂɼ ʤʘʰʠʥʠ. 

ʉʧʨʦʝʢʪʦʚʘʥʘ ʜʚʦʧʦʪʦʯʥʘ ʧʨʦʪʦʯʥʘ ʯʘʩʪʠʥʘ ʚʠʭʨʦʚʦʾ  ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʂʂɼ 48 % (ʥʘ 

ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 3000 ʦʙ/ʭʚ) ʽ ʦʪʨʠʤʘʥʽ ʾʾ 

ʙʝʟʨʦʟʤʽʨʥʽ ʽ ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʂʂɼ ʚʠʭʨʦʚʦɰ 

ʜʚʦʧʦʪʦʢʦʚʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʚʜʘʣʦʩʷ ʧʽʜʚʠʱʠʪʠ 

ʙʽʣʴʰ ʥʽʞ ʥʘ 15 % (ʟ ʨʽʚʥʷ ʤʝʥʰʝ 30 % ʜʦ ʨʽʚʥʷ ʙʽʣʴʰ 45 %). ɿʙʽʣʴʰʝʥʥʷ ʂʂɼ 

ʦʪʨʠʤʘʥʦ ʙʝʟ ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ (ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʦʨʥʠʭ ʥʘʧʨʷʤʥʠʭ 

ʣʦʧʘʪʦʢ, ʙʝʟ ʟʤʽʥʠ ʧʣʦʱʽ ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ ʪʦʱʦ) ʟʘ ʨʘʭʫʥʦʢ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʦʛʦ ʨʫʭʫ ʥʘ ʚʩʽʡ ʜʦʚʞʠʥʽ ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʰʣʷʭʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʦʜʘʥʠʡ ʦʧʠʩ ʩʪʚʦʨʝʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʜʦ 15 ʢɺʪ), 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʦʜʝʣʽ ʜʚʫʧʦʪʦʢʦʚʦʾ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʪʘ 

ʩʪʚʦʨʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʩʪʝʥʜʫ. ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʧʽʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ: ʂʂɼ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʱʝ 

45%.  

ʇʨʦʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʻʤʠʭ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. ɺʠʢʦʥʘʥʦ 

ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʦʢ ʧʨʷʤʠʭ ʽ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ ʨʽʚʥʷʥʥʷʭ ʜʣʷ 



 

ʚʠʟʥʘʯʝʥʥʷ ʂʂɼ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʘ ʘʢʪʠʚʥʦʩʪʽ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʽ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʽʚ, 

ʩʪʚʦʨʶʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʚ ʟʦʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʩʪʫʧʝʥʷ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʤʘʰʠʥʽ ʇʪ = 1.2-6. 

ɺʠʟʥʘʯʝʥʦ ʦʙʣʘʩʪʽ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʦʩʥʦʚʥʠʤʠ 

ʢʨʠʪʝʨʽʘʣʴʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʟʘʛʘʣʴʥʦʚʠʟʥʘʯʝʥʠʤʠ ʚ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʮʽ 

ʪʫʨʙʦʤʘʰʠʥ: ʥʘʧʨʠʢʣʘʜ, ʟʘ ʧʨʠʚʝʜʝʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ (ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ) ns=0.04...0.24, ʟʘ ʧʨʠʚʝʜʝʥʠʤ ʜʽʘʤʝʪʨʦʤ Ds=15...50, ʟʘ 

ʧʨʠʚʝʜʝʥʦʶ ʦʢʨʫʞʥʦʶ ʰʚʠʜʢʽʩʪʶ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 5  0.14-0.18. ɺʠʭʨʦʚʽ 

ʨʦʟʰʠʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʂʂɼ ʧʨʠ 

ʢʦʝʬʽʮʽʻʥʪʽ ʚʠʪʨʘʪʠ ʌ2<0.01. ɿʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʤʧʣʝʢʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʭʨʦʚʽ 

ʨʦʟʰʠʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʦʜʥʦʟʥʘʯʥʦ ʻ ʤʘʣʦʧʦʪʫʞʥʠʤʠ, ʤʘʣʦʚʠʪʨʘʪʥʠʤʠ 

ʤʘʰʠʥʘʤʠ ʽ ʧʨʘʮʶʶʪʴ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʂʂɼ ʚ ʦʙʣʘʩʪʽ Nʢʦʤʧʣ=0.004...0.1, ʚ ʷʢʽʡ 

ʂʂɼ ʢʣʘʩʠʯʥʠʭ (ʜʦʮʝʥʪʨʦʚʠʭ ʽ ʦʩʴʦʚʠʭ) ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʥʘ 20 % ʥʠʞʯʝ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʣʦʚʠʪʨʘʪʥʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ 

ʪʫʨʙʦʤʘʰʠʥ (ʈʊʄ) ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦ ʨʷʜʫ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʧʨʠʚʝʜʝʥʘ ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʽ 

ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ ʜʣʷ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ 

ʥʠʞʯʝ ʦʧʪʠʤʘʣʴʥʠʭ ʦʢʨʫʞʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ 

ʢʣʘʩʠʯʥʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʪʫʨʙʦʤʘʰʠʥ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʨʘʜʽʘʣʴʥʠʭ ʩʠʣ ʚʠʭʨʦʚʽ ʦʜʥʦʧʦʪʦʢʦʚʽ ʩʪʫʧʝʥʽ ʟ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʘʣʫ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦ ʪʠʩʢʫ ʛʘʟʫ ʥʘ ʚʭʦʜʽ ʜʦ 1.2 ... 1.8 ʄʇʘ, ʧʨʠ ʙʽʣʴʰ 

ʚʠʩʦʢʠʭ ʚʭʽʜʥʠʭ ʪʠʩʢʘʭ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʘʛʘʪʦʧʦʪʦʢʦʚʽ ʩʭʝʤʠ. ʋ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʴʦʭʧʦʪʦʢʦʚʦʶ ʜʚʦʧʦʪʦʢʦʚʘ ʩʭʝʤʘ ʤʘʻ ʙʽʣʴʰ ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʽ ʤʝʥʰʽ, ʥʽʞ ʫ ʪʨʴʦʭʧʦʪʦʢʦʚʦʾ, ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʾ ʦʢʨʫʞʥʦʾ 

ʰʚʠʜʢʦʩʪʽ Ὗ. ɼʣʷ ʫʪʠʣʽʟʘʮʽʡʥʠʭ ʜʝʪʘʥʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ 



 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ, ʙʦ ʧʨʠ ʪʘʢʽʡ ʩʭʝʤʽ ʚʜʘʻʪʴʩʷ 
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The dissertation is devoted to raising of the efficiency and reliability, 

determination of area of rational application of pneumatic units on the basis of vortex 

expansion machines. A parameter-oriented model, technique of experimental and 

numerical optimization study of a multithreaded vortex expansion machine with an 

external peripheral channel has been developed. The main significant geometric and 

gas-dynamic ratios of the parameters of the flowing section of the vortex expansion 

machine have been set, the certain degree of their influence on the machine 

characteristics has been determined that allowed to increase the optimal values of the 

efficiency factor of multithreaded vortex expansion machines by more than 15%. 

The introduction  substantiates the urgency of creating pneumatic actuators or 

turbogenerators based on a low-speed vortex expansion machine. It is noted that the 

main efforts in the study and creation of small power producing facility are aimed at 



 

increasing the efficiency, reducing their cost, reliability growing and cutting down 

costs for maintenance. Subject and scope of the research have been outlined, objective, 

tasks and methods of the research have been defined. The scientific novelty and 

practical significance of the obtained results are revealed. Data on the evaluation and 

introduction of work results has been provided. 

The first section presents an analysis of the possibilities of using pneumatic 

units based on vortex expansion machines. The results of the information-analytical 

review in the field of vortex expansion machines research are presented. The 

advantages of low-speed vortex expansion machines make it possible to create low-

speed energy-saving units relatively cheap, simple in design and technology, reliable 

and easy to operate. Obtained analysis of the literature sources revealed that the 

arrangement of the longitudinal vortex flow of the actuation fluid in the flowing section 

has a significant effect on the intensity of the vortex motion and, consequently, on the 

efficiency of the vortex machine. The analysis also showed that due to the peculiarities 

of the workflow, the lack of theoretical and experimental studies on the use of vortex 

expansion machines is limited due to the relatively low efficiency values. There is an 

interest in vortex cascades with an external peripheral trunk, as they are easily 

assembled into multi-threaded, multi-channel and multi-stage machines, that are easier 

to manufacture and have significantly smaller axial dimensions. For unloading the rotor 

of the machine from radial stress and to rise the power output, it is advisable to make 

vortex expansion machines according to the multithreaded scheme. System studies of 

multithreaded circuits in the literature sources are absent, and the known values of the 

efficiency of expansion machines in multithreaded running do not exceed 30%. 

The second section presents the parameter-oriented model and method of 

numerical optimization study of a multithreaded vortex expansion machine in the 

ANSYS software complex, whereby studies of the influence of geometrics and gas-

dynamic parameters on its efficiency and characteristics, as well as the results of these 

studies have been carried out. 

The most influential factors on machine efficiency are identified and the ranges 

of their variations are determined. 



 

Planned (using the experimental design theory) and carried out computational 

experiments, the results of which performed multi-objective optimization, have made 

it possible to find geometrics of flowing sections and their ratios, providing the 

maximum adiabatic (isentropic) efficiency of multithreaded vortex expansion 

machines with an external peripheral channel. 

A comparative analysis of the results of optimization studies of flowing units 

with different number of flows has been conducted and generalized best parameter 

values for three schemes of vortex expansion machines with an external peripheral 

channel have been obtained. 

It is indicated that the longitudinal vortex flow is basic in the transferring of 

energy from the working fluid to the impeller blades, and the better organized this flow, 

the higher the efficiency of the machine. 

The double-stream flowing section of the vortex expansion machine with an 

external peripheral channel with an estimated efficiency of 48 % (in operating mode at 

a rotation frequency of 3000 rpm) has been designed and its non-dimensional and 

dimensional characteristics have been obtained. The optimum values of the efficiency 

of the vortex double-stream machine with an external peripheral channel have been 

successfully increased by more than 15% (from less than 30% to more than 45%). Due 

to the organization of longitudinal vortex movement along the entire length of the 

working channel of the flowing section by the optimal choice of its geometrics by the 

devised technique, the increase in efficiency has been obtained without complication 

of the design (with no use of stator guide vanes, without changing the working channel 

area from inlet to outlet, etc.) 

The third section presents a description of the created test facility for the study 

of vortex expansion machines of low power (up to 15 kW), an experimental model of 

the double-stream vortex expansion machine and the set up data measuring system of 

the test facility. The technique of experimental researches is given. 

The results of experimental studies of the vortex expansion machine have 

verified the results of the computational experiment: the efficiency of vortex expansion 

machines with an external peripheral channel may be higher than 45%. 



 

A comparative analysis of theoretical and experimental characteristics of the 

studied vortex expansion machines has been carried out. An error estimation of direct 

and indirect measurements has been conducted. 

Using the results of theoretical and experimental studies, the values of 

empirical coefficients in formulas for determining the efficiency of the flowing section 

of the vortex expansion machine and the activity ratio have been determined. 

In the fourth section, a method for determining the parameters and 

characteristics of vortex expansion machines and pneumatic units on their basis has 

been developed. Recommendations focused on the units maintenance, created on the 

basis of vortex expansion machines at a peak efficiency in the variation range of the 

expansion ratio in the machine PT = 1.2-6 have been worked out. 

Areas of their rational use with the basic criteria complexes, generally 

recognized in the theory and practice of turbomachines have been determined: for 

example, by the rotation frequency ( power-speed coefficient ) ns=0.04...0.24, 

according to the given diameter Ds=15...50, according to the blade speed 5  0.14-

0.18. Vortex expansion machines are capable of operating with the maximum 

efficiency at the flow coefficients of F2 <0.01. By the coefficient of complex power, 

vortex expansion machines at the same time are low-power, low-cost machines and 

operate with optimal efficiency in the area Ncompl = 0.004 ... 0.1, where the efficiency 

of classical (centripetal and axial) expansion machines is 20% lower. 

Comparison of characteristics of the low-cost expansion turbomachines of 

different types on a number of criterial complexes has been made. 

It has been established that the optimum reduced blade speed and the optimal 

velocity coefficient for vortex expansion machines are lower than the optimal 

peripheral speeds and coefficients of speed of classic expansion turbomachines. 

In terms of radial forces, vortex single-flow levels with the blade wheel 

arrangement directly on the electric generator shaft can be used at the inlet gas pressure 

of up to 1.2 ... 1.8 MPa, at higher input pressures it is necessary to use multithreaded 

schemes. In comparison with three-flow, the double-flow scheme has a simpler 

construction and smaller than the three-threaded, the optimal values of the reduced 



 

peripheral speed 5. For the disposal expansion plants of low-power, the use of the 

double-flow scheme is most appropriate, as such scheme 

manages to balance the radial forces with a simpler and more compact design. 

The ways of further improvement of vortex expansion machines and 

installations on their basis have been formed and substantiated. 

An applied research task, which is to increase the efficiency and reliability has 

been solved, areas of rational application of pneumatic units on the basis of vortex 

expansion machines have been defined, that allowed to expand possibilities of the use 

of vortex expansion machines and units on their basis. 

Keywords: vortex expansion machine, experimental design, optimization, 

energy efficiency, pneumatic unit. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

D  ï ʜʘ̔ʤʝʪʨ, ʤ; 

 ï ʚʽʜʥʦʩʥʠʡ ʜʽʘʤʝʪʨ ʩʦʧʣʘ; 

 ï ʚʽʜʥʦʩʥʠʡ ʜʽʘʤʝʪʨ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ; 

d ï ʜʽʘʤʝʪʨ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʤ; 

pʊ ï ʩʪʫʧʽʥʴ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʤʘʰʠʥʽ; 

ʨ́.ʢ. ï ʩʪʫʧʽʥʴ ʨʦʟʰʠʨʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʦʤʫ ʢʘʥʘʣʽ ʩʪʫʧʝʥʷ; 

ʨ ï ʪʠʩʢ, ʇʘ; 

0p  ï ʪʠʩʢ ʛʘʟʫ ʥʘ ʚʭʦʜʽ, ʇʘ; 

r ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; 

cʝʨr  ï ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʫʱʽʣʴʥʝʥʥʽ, ʢʛ/ʤ3; 

n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʦʙ/ʭʚ; 

m ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ, ʢʛ/ʩ; 

k ï ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ; 

ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʧʦ ʧʦʪʫʞʥʦʩʪʽ; 

R ï ʧʠʪʦʤʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/(ʢʛÖʂ); 

F ï ʧʣʦʱʘ, ʤ2; 

hs ï ʧʠʪʦʤʠʡ ʽʟʦʝʥʪʨʦʧʥʠʡ ʧʝʨʝʧʘʜ ʝʥʪʘʣʴʧʽʾ  (ʧʠʪʦʤʘ ʥʘʷʚʥʘ ʨʦʙʦʪʘ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ), ɼʞ/ʢʛ; 

ʉS ï ʽʟʦʝʥʪʨʦʧʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʫ ʧʠʪʦʤʫ 

ʨʦʙʦʪʫ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʤ/ʩ; 

ɓʋ ï ʢʫʪ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ, ʛʨʘʜ; 

ɓʣ ï ʢʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʦʢ, ʛʨʘʜ; 

bs ïʩʪʫʧʽʥʴ ʘʢʪʠʚʥʦʩʪʽ ʪʫʨʙʽʥʠ ʟʘ ʽʟʦʝʥʪʨʦʧʥʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʝʥʪʘʣʴʧʽʾ; 

lu ï ʙʝʟʨʦʟʤʽʨʥʘ ʰʚʠʜʢʽʩʪʴ ʚ ʢʦʣʦʚʦʤʫ ʥʘʧʨʷʤʢʫ; 

lʩ ï ʙʝʟʨʦʟʤʽʨʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ; 

m ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ;  

 ïʢʦʝʬʽʮʽʻʥʪ ʚhʠʜʢʦʩʪʽ ʜʣʷ ʩʦʧʣʘ; 

Cd

.ʧʨʯd

ʉj
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ŭ ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʪʦʨʮʝʚʦʛʦ ʟʘʟʦʨʫ; 

ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʨʘʜ/ʩ; 

Mz ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʅĀʤ; 

ʄʈ ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʽʜ ʧʝʨʝʧʘʜʫ ʪʠʩʢʽʚ ʥʘ ʚʽʜʩʽʢʘʯʫ (ʨʦʟʜʽʣʶʚʘʯʫ); 

ʄV ï ʤʦʤʝʥʪ ʚʽʜ ʩʠʣʠ, ʱʦ ʜʽʻ ʥʘ ʩʦʧʣʦ; 

1T  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʜ ʫʱʽʣʴʥʝʥʥʷʤ, ʂ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʪʦʢʫ (ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ) ʥʘ ʚʭʦʜʽ ʚ 

ʤʘʰʠʥʫ, ʂ;  

 ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʚʭʦʜʦʤ ʪʘ ʚʠʭʦʜʦʤ, ʂ; 

STD  ï ʽʟʦʝʥʪʨʦʧʥʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʚʭʦʜʦʤ ʪʘ ʚʠʭʦʜʦʤ, ʂ; 

ʚʠʭST  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʽʟ ʪʫʨʙʽʥʠ ʚ ʽʟʦʝʥʪʨʦʧʥʦʤʫ  ʧʨʦʮʝʩʽ 

ʨʦʟʰʠʨʝʥʥʷ, ʂ; 

hh ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʂʂɼ ʧʨʦʮʝʩʫ ʨʦʟʰʠʨʝʥʥʷ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʥʘ ʟʨʠʚʠ, ʚʠʭʨʦʫʪʚʦʨʝʥʥʷ, ʫʜʘʨʥʽ ʚʪʨʘʪʠ, ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ; 

hʧʘʪ ï ʂʂɼ ʧʘʪʨʫʙʢʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʪʠʩʢʫ ʫ ʚʭʽʜʥʦʤʫ ʽ ʚʠʭʽʜʥʦʤʫ 

ʧʘʪʨʫʙʢʘʭ; 

hʥʘʧ ï ʂʂɼ ʥʘʧʦʚʥʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʪʠʩʢʫ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ ʤʘʩʠ ʛʘʟʫ, 

ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ, ʟ ʛʘʟʦʤ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʯʝʨʝʟ ʚʽʜʩʽʢʘʯ; 

ht ï ʂʂɼ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʫ ʚʽʜ 

ʟʤʽʰʫʚʘʥʥʷ ʟ ʭʦʣʦʜʥʠʤ ʛʘʟʦʤ, ʷʢʠʡ ʧʝʨʝʥʦʩʠʪʴʩʷ ʯʝʨʝʟ ʚʽʜʩʽʢʘʯ; 

hʪ.ʧ ï ʂʂɼ ʪʝʨʪʷ ʽ ʧʝʨʝʪʦʢʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʚʥʫʪʨʽʰʥʴʦʩʪʫʧʝʥʝʚʠʭ 

ʧʝʨʝʪʦʢʽʚ ʯʝʨʝʟ ʟʘʟʦʨʠ ʪʘ ʚʪʨʘʪʠ ʚʽʜ ʪʝʨʪʷ ʜʠʩʢʘ ʢʦʣʝʩʘ ʦʙ ʛʘʟ; 

hʚʠʪ ï ʂʂɼ ʚʠʪʦʢʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʠʪʽʢ ʛʘʟʫ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; 

 ï ʚʽʜʥʦʩʥʠʡ ʂʂɼ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʦʙʫʤʦʚʣʝʥʽ ʪʦʨʮʝʚʠʤʠ 

ʟʘʟʦʨʘʤʠ; 

hʛ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʂʂɼ ʩʪʫʧʝʥʷ; 

 ï  ʥʘʚʝʜʝʥʘ ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ; 

NB ï ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʘʣʫ ʪʫʨʙʽʥʠ, ɺʪ; 

Ns ï ʥʘʷʚʥʘ ʧʦʪʫʞʥʽʩʪʴ, ɺʪ; 

*

ʚʭT

ʊD
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 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ ʜʠʩʢʽʚ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʚʽʜ ʧʝʨʝʪʽʢʘʥʥʷ ʛʘʟʫ ʯʝʨʝʟ ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ ʫ 

ʚʽʜʩʽʢʘʯʽ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʚʽʜ ʧʝʨʝʪʽʢʘʥʥʷ ʛʘʟʫ ʯʝʨʝʟ ʪʦʨʮʝʚʽ ʟʘʟʦʨʠ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ, ʦʙʫʤʦʚʣʝʥʽ ʧʝʨʝʥʝʩʝʥʥʷʤ ʤʘʩʠ ʛʘʟʫ ʫ 

ʤʽʞʣʦʧʘʪʢʦʚʠʭ ʢʘʥʘʣʘʭ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʯʝʨʝʟ ʚʽʜʩʽʢʘʯ ʟ ʚʠʭʦʜʫ ʥʘ ʚʭʽʜ ʩʪʫʧʝʥʷ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʫ ʩʦʧʣʽ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʟ ʚʠʭʽʜʥʦʶ ʰʚʠʜʢʽʩʪʶ; 

 ï ʚʽʜʥʦʩʥʽ ʛʽʜʨʘʚʣʽʯʥʽ ʚʪʨʘʪʠ ʚ ʢʦʣʝʩʽ ʽ ʢʘʥʘʣʽ ʢʦʨʧʫʩʫ; 

 ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʜʦ ʧʣʦʱʠʥʠ ʣʦʧʘʪʢʠ ʚ ʟʘʜʘʥʽʡ ʪʦʯʮʽ; 

V ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ, ʤ3/ʩ; 

 ï ʚʝʢʪʦʨ ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ; 

 ï ʚʝʢʪʦʨ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʚ ʢʦʣʝʩʽ; 

z ï ʯʠʩʣʦ ʣʦʧʘʪʦʢ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ;  

 

ʄʈɽ ï ʤʘʣʘ ʨʦʟʧʦʜʽʣʝʥʘ ʝʥʝʨʛʝʪʠʢʘ; 

ʈʊʄ ï ʨʦʟʰʠʨʶʚʘʣʴʥʘ ʪʫʨʙʦʤʘʰʠʥʘ; 

ɺʈʄ ï ʚʠʭʨʦʚʘ ʨʦʟʰʠʨʶʚʘʣʴʥʘ ʤʘʰʠʥʘ; 

ɼɻɸ ï ʜʝʪʘʥʜʝʨ-ʛʝʥʝʨʘʪʦʨʥʠʡ ʘʛʨʝʛʘʪ; 

ɯɺʉ ï ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ; 

ʈʆʋï ʨʝʜʫʢʮʽʡʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ; 

ɻʈʉ ï ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʘ ʩʪʘʥʮʽʷ; 

ʈʝʰʪʘ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ ʧʦʷʩʥʶʻʪʴʩʷ ʚ ʪʝʢʩʪʽ. 

ʜ.ʪND

ʧʝʨ.ʦND

ʧʝʨ.NdD

ʦND

cND

ʜʠʥND

ʢ.ʨND

nn

V

W
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʇʨʦʙʣʝʤʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʥʘʰ ʯʘʩ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ ʫ ʩʚʽʪʽ, ʪʦʤʫ ʱʦ ʧʦʪʨʽʙʥʦ ʟʘʜʦʚʦʣʴʥʷʪʠ ʟʨʦʩʪʘʶʯʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʨʝʙʠ ʣʶʜʩʪʚʘ. 

ʋʢʨʘʾʥʫ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʢʨʘʾʥʦʶ ʟ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʚʠʪʨʘʪʥʠʭ 

ʝʢʦʥʦʤʽʢ ʫ ʩʚʽʪʽ, ʜʣʷ ʷʢʦʾ ʧʠʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚʘʞʣʠʚʝ ʽ ʜʣʷ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʙʝʟʧʝʢʠ. ʇʽʜʚʠʱʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʤʫʰʫʻ 

ʧʝʨʝʛʣʷʜʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʾʭ ʚʠʪʨʘʯʘʥʥʷ. ɽʢʦʥʦʤʽʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʜʦʟʚʦʣʷʻ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʟʤʝʥʰʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʦʜʝʨʞʫʚʘʥʦʛʦ ʧʨʠʙʫʪʢʫ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʯʘʩʪʢʦʚʦʛʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʻ ʫʪʠʣʽʟʘʮʽʷ ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʘʛʨʝʛʘʪʽʚ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʝʥʝʨʛʽʶ. 

ɺʽʜʦʤʦ, ʱʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʝʢʩʝʨʛʽʾ ʩʪʠʩʥʫʪʠʭ ʛʘʟʽʚ ʽ ʧʘʨʽʚ ʚʪʨʘʯʘʻʪʴʩʷ 

ʥʘ ʨʝʜʫʢʪʦʨʘʭ ʽ ʨʝʛʫʣʷʪʦʨʘʭ ʥʘ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʩʪʘʥʮʽʷʭ (ɻʈʉ), 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʧʫʥʢʪʘʭ (ɻʈʇ) ʽ ʧʨʠ ʧʦʜʘʯʽ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ ʥʘ ʛʘʟʦʪʫʨʙʽʥʥʽ 

ʜʚʠʛʫʥʠ ʫ ʛʘʟʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʫ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʫ ʭʽʤʽʯʥʽʡ ʪʘ 

ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʫ ʢʦʤʫʥʘʣʴʥʦ-ʧʦʙʫʪʦʚʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ [1]. 

ɿʥʠʟʠʪʠ ʚʪʨʘʪʠ ʽ ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ 

ʤʦʞʥʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʟʘʤʽʩʪʴ ʟʚʠʯʘʡʥʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ ʜʨʦʩʝʣʴʥʦʤʫ ʦʨʛʘʥʽ. ʇʨʠ 

ʮʴʦʤʫ ʢʦʨʠʩʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʪʠʣʽʟʫʶʯʦʛʦ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ, ʟʘʟʚʠʯʘʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 1 ʄɺʪ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʫ ʥʘʰ ʯʘʩ ʻ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ 

ʽ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ [2]. 

ɽʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʚ ʋʢʨʘʾʥʽ, ʪʘ ʫ ʩʚʽʪʽ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ  

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʯʝʨʝʟ ʚʝʣʠʢʽ ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ  

ʧʦʪʫʞʥʠʤʠ ʧʘʨʦʚʠʤʠ ʪʫʨʙʽʥʘʤʠ, ʝʥʝʨʛʽʷ ʚʽʜ ʷʢʠʭ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʩʢʣʘʜʥʽʡ 

ʩʠʩʪʝʤʽ ʤʝʨʝʞ, ʱʦ ʤʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ, ʪʘʢ ʷʢ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʚʝʣʠʢʠʭ ʩʪʘʥʮʽʡ 

ʟʥʠʞʫʻʪʴʩʷ ʚʘʨʪʽʩʪʴ ʢʽʣʦʚʘʪʘ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 

ʟʥʦʰʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʚʝʣʠʢʠʭ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʧʝʨʝʚʠʱʫʻ 60 %, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘʜʽʡʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʧʦʩʪʘʯʘʥʥʷ ʷʢ ʝʣʝʢʪʨʠʯʥʦʾ, ʪʘʢ ʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ. ɼʦʣʷ ʚʪʨʘʪ ʫ ʤʝʨʝʞʘʭ ʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʜʦʩʷʛʘʻ 



8 

25-32 %. ɿʨʦʩʪʘʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʽ ʪʘʨʠʬʠ ʥʘ ʚʠʨʦʙʣʝʥʫ ʝʥʝʨʛʽʶ. ʂʦʰʪʽʚ ʜʣʷ 

ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʥʝʤʘʻ. 

ɺʠʭʽʜ ʽʟ ʩʠʪʫʘʮʽʾ, ʱʦ ʚʠʥʠʢʣʘ, ʧʦʣʷʛʘʻ ʫ ʧʨʠʩʢʦʨʝʥʥʽ ʨʦʟʚʠʪʢʫ ʤʘʣʦʾ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ (ʄʈɽ): ʩʠʩʪʝʤʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʝʨʝʚʘʞʥʦ ʤʘʣʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʩʧʦʞʠʚʘʯʘ. 

ʊʘʢʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʧʦʚʥʝʥʥʷ ʽ ʨʝʟʝʨʚʫʚʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ. 

ʇʨʠ ʮʴʦʤʫ ʩʧʦʞʠʚʘʯ, ʷʢʠʡ ʚʦʣʦʜʽʻ ʚʣʘʩʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, ʧʦ-ʧʝʨʰʝ, ʦʪʨʠʤʫʻ 

ʾʾ ʧʦ ʩʦʙʽʚʘʨʪʦʩʪʽ, ʷʢʘ ʚ ʨʘʟʠ ʥʠʞʯʘ ʟʘ ʪʘʨʠʬʠ; ʧʦ-ʜʨʫʛʝ, ʟʙʽʣʴʰʫʻ ʥʘʜʽʡʥʽʩʪʴ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ; ʧʦ-ʪʨʝʪʻ, ʤʦʞʝ ʦʪʨʠʤʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʚʠʛʦʜʠ ʚʽʜ ʧʨʦʜʘʞʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʫʩʽʜʘʤ; ʧʦ-ʯʝʪʚʝʨʪʝ, ʟʥʠʞʫʻ ʧʽʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʝ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿʙʽʣʴʰʫʻʪʴʩʷ ʩʝʨʽʡʥʽʩʪʴ 

ʚʠʧʫʩʢʘʻʤʠʭ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʤʘʣʠʭ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʥʠʞʫʻʪʴʩʷ 

ʾʭ ʩʦʙʽʚʘʨʪʽʩʪʴ. ʈʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʄʈɽ ʧʦʪʨʝʙʫʻ ʥʘʷʚʥʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʘʣʦʾ ʽ ʥʘʜʤʘʣʦʾ ʦʜʠʥʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʤʦʞʥʦ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘ ʦʢʨʝʤʠʭ ʦʙôʻʢʪʘʭ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʥʘʚʽʪʴ ʫ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʘʙʦ ʘʚʪʦʥʦʤʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ. ʅʘʩʠʯʝʥʥʷ ʝʢʦʥʦʤʽʢʠ 

ʥʝʟʘʣʝʞʥʠʤʠ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʝʥʝʨʛʦʜʞʝʨʝʣʘʤʠ, ʷʢ ʧʦʢʘʟʫʻ ʤʽʞʥʘʨʦʜʥʠʡ ʜʦʩʚʽʜ, 

ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʽʾ, ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ 

ʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʢʨʘʾʥʠ.  

ʏʘʩʪʦ, ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʘʯʘʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʷʢʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ.  

ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʻ ʥʘʜʽʡʥʽʩʪʴ, 

ʪʨʠʚʘʣʽʩʪʴ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ ʽ ʟʨʫʯʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ, ʷʢʘ 

ʚʠʨʦʙʣʷʻʪʴʩʷ, ʤʦʞʝ ʥʝ ʷʚʣʷʪʠʩʷ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ. ʋʩʪʘʥʦʚʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʜʦʚʛʦʚʽʯʥʠʤʠ ʽ ʧʨʦʩʪʠʤʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɼʣʷ ʩʠʩʪʝʤ ʤʘʣʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʜʣʷ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʪʘʢʦʞ ʻ ʩʪʚʦʨʝʥʥʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʽ 

ʪʫʨʙʦʧʨʠʚʦʜʽʚ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 500 ʢɺʪ. 



9 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʥʘ ʰʣʷʭʫ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʘʣʦʧʦʪʫʞʥʠʭ (ʜʦ 0,5 ʄɺʪ) ʫʩʪʘʥʦʚʦʢ ʻ ʾʭ ʥʠʟʴʢʠʡ ʂʂɼ ʽ ʚʠʩʦʢʽ ʚʘʨʪʽʩʪʴ ʪʘ 

ʚʽʜʥʦʩʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʪʫʞʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 

ʊʦʤʫ ʦʩʥʦʚʥʽ ʟʫʩʠʣʣʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʽ ʩʪʚʦʨʝʥʥʽ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ, ʟʤʝʥʰʝʥʥʷ ʾʭ ʚʘʨʪʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɼʣʷ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦ 500 ʢɺʪ ʯʘʩʪʦ ʤʦʞʣʠʚʝ ʩʪʚʦʨʝʥʥʷ ʧʥʝʚʤʦʧʨʠʚʦʜʽʚ 

ʘʙʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʪʫʨʙʦʤʘʰʠʥʠ ʚ 

ʙʝʟʨʝʜʫʢʪʦʨʥʦʤʫ ʚʠʢʦʥʘʥʥʽ. 

ɺʠʭʨʦʚʘ ʨʦʟʰʠʨʶʚʘʣʴʥʘ ʤʘʰʠʥʘ ʤʘʻ ʚʩʽ ʧʝʨʝʚʘʛʠ ʢʣʘʩʠʯʥʠʭ ʪʫʨʙʽʥ 

(ʜʦʮʝʥʪʨʦʚʠʭ  ̔ʦʩʴʦʚʠʭ): ʻʜʠʥʘ ʨʫʭʦʤʘ ʯʘʩʪʠʥʘ - ʨʦʙʦʯʝ ʢʦʣʝʩʦ, ʷʢʝ ʟʜʽʡʩʥʶʻ 

ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ʪʦʤʫ ʾʾ ʥʘʜʽʡʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʧʨʘʢʪʠʯʥʦ, ʥʘʜʽʡʥʽʩʪʶ  ̔

ʜʦʚʛʦʚʽʯʥʽʩʪ ʁ ʪʽʣʴʢʠ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ; ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ; "ʩʫʭʘ" (ʙʝʟʤʘʩʣʷʥʘ) ʨʦʙʦʯʘ ʧʦʨʦʞʥʠʥʘ; ʧʨʦʩʪʦʪʘ  ̔ ʙʝʟʧʝʢʘ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʦʩʴʦʚʦʶ ʘʙʦ ʜʦʮʝʥʪʨʦʚʦʶ ʻ: ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ  ̔ ʥʠʟʴʢʘ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ; ʧʦʨʽʚʥʷʣʴʥʦ ʥʠʟʴʢʘ ʦʙʦʨʦʪʥʽʩʪʴ, ʪʦʙʪʦ ʧʨʠ ʽʥʰʠʭ 

ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʦʧʪʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʤʝʥʰʝ ʦʧʪʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʢʣʘʩʠʯʥʦʾ ʪʫʨʙʽʥʠ, ʪʦʤʫ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʤʦʞʣʠʚʦ ʙʝʟʨʝʜʫʢʪʦʨʥʝ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʛʨʝʛʘʪʫ, ʱʦ ʨʽʟʢʦ ʟʜʝʰʝʚʣʶʻ ʤʘʰʠʥʫ  ̔ ʩʢʦʨʦʯʫʻ ʚʠʪʨʘʪʠ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺʽʜʦʤʽ ʪʫʨʙʦʜʝʪʘʥʜʝʨʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʽ ʩʪʨʫʤʠʥʥʦ-ʨʝʘʢʪʠʚʥʦʾ ʪʫʨʙʽʥʠ. 

ɸʣʝ ʮʽ ʪʫʨʙʽʥʠ ʚʠʩʦʢʦʦʙʦʨʦʪʥʽ ʽ ʪʦʤʫ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʫʩʪʘʥʦʚʦʢ ʥʘ ʾʭ ʦʩʥʦʚʽ ʯʘʩʪʦ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʝʜʫʢʪʦʨ. 

ʐʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʫʨʙʦʫʩʪʘʥʦʚʦʢ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʘʛʘʻ ʰʠʨʦʢʠʭ ʚʩʝʙʽʯʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʜʝʣʴʥʠʭ ʽ ʥʘʪʫʨʥʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʪʫʨʙʦʤʘʰʠʥ ʪʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʫ ʮʽʣʦʤʫ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ 
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ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ, ʱʦ ʚʢʣʶʯʘʻ 

ʥʦʚʽ ʽ ʤʦʜʝʨʥʽʟʦʚʘʥʽ ʩʪʝʥʜʠ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʦʜʝʣʴʥʽ ʪʘ ʥʘʪʫʨʥʽ ʫʩʪʘʥʦʚʢʠ, 

ʦʙ'ʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʨʦʙʥʠʯʝ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʜʦʩʣʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʠʥʥʽ ʧʽʜʪʚʝʨʜʠʪʠ ʧʨʘʚʦʯʠʥʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʠʥʮʠʧʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʪʫʨʙʦʤʘʰʠʥ ʽ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʥʝʨʛʽʶ ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʫʩʴʦʛʦ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʪʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ, 

ʦʩʢʽʣʴʢʠ ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʟʘʢʣʘʜʝʥʠʡ ʚ ʫʪʠʣʽʟʘʮʽʾ ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ʉʪʚʦʨʝʥʥʷ ʫʪʠʣʽʟʫʶʯʠʭ 

ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʩʧʨʠʷʻ ʚʠʨʽʰʝʥʥʶ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʜʽʡʥʦʛʦ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪʦʛʦ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʽ ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʟʛʽʜʥʦ ʟ ʧʣʘʥʦʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ 

ʨʦʙʽʪ ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʷʤʢʫ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ "ɽʥʝʨʛʝʪʠʢʘ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ". ɿʜʦʙʫʚʘʯ ʙʫʚ ʚʠʢʦʥʘʚʮʝʤ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʥʘʫʢʦʚʦ- 

ʪʝʭʥʽʯʥʦʾ ʨʦʙʦʪʠ çʈʦʟʨʦʙʣʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʛʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ 

ʫʪʠʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʩʪʠʩʥʫʪʠʭ ʛʘʟʽʚè (ʟʘʤʦʚʥʠʢ ï ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ, ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0117U007375) ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 

ʥʘ ʪʝʤʫ çɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʘʰʠʥè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ ˉ 0110U004210). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ:  

- ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʴ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 
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- ʧʨʦʚʝʩʪʠ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ 

ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS CFX ʟ 

ʤʝʪʦʶ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʛʘʟʫ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ;  

- ʨʦʟʨʦʙʠʪʠ ʧʘʨʘʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ 

ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ, ʩʧʣʘʥʫʚʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟ 

ʚʠʙʦʨʦʤ ʟʥʘʯʫʱʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʧʨʦʚʝʩʪʠ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʂʂɼ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ; 

- ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ;  

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʦʜʥʦ- ʪʘ ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʾ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ 

ʢʘʥʘʣʦʤ;  

- ʨʦʟʨʦʙʠʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʚ ʟʦʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʚʧʨʦʚʘʜʠʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʽ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ.  

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʙʦʯʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʚʠʭʨʦʚʽʡ 

ʨʦʟʰʠʨʶʚʘʣʴʥʽʡ ʤʘʰʠʥʽ ʪʘ ʘʛʨʝʛʘʪʘʭ ʥʘ ʾʾ ʦʩʥʦʚʽ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʪʘ ʘʛʨʝʛʘʪʽʚ ʥʘ ʾʾ ʦʩʥʦʚʽ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ 

ʘʥʘʣʽʟ ʪʘ ʥʘʫʢʦʚʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ ʽ ʩʬʦʨʤʫʣʶʚʘʪʠ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ.  
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ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʯʽʾ ʛʘʟʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʽʚʥʷʥʥʷʭ ʟʙʝʨʝʞʝʥʥʷ 

ʝʥʝʨʛʽʾ, ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʩʪʘʥʫ ʛʘʟʫ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ ʤʦʤʝʥʪʫ 

ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʚ ʜʠʬʝʨʝʥʮʽʡʥʽʡ, ʪʘʢ ʽ ʚ ʽʥʪʝʛʨʘʣʴʥʽʡ 

ʬʦʨʤʘʭ.  

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʛʘʟʫ ʚ ʚʠʭʨʦʚʽʡ ʨʦʟʰʠʨʶʚʘʣʴʥʽʡ 

ʤʘʰʠʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʦʛʨʘʤʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ANSYS CFX.  

ʌʽʟʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʤʽʩʪʠʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  

- ʚʧʝʨʰʝ ʚʠʟʥʘʯʝʥʽ ʦʙʣʘʩʪʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʽ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟʘ ʟʘʛʘʣʴʥʦʚʠʟʥʘʯʝʥʥʠʤʠ 

ʢʨʠʪʝʨʽʘʣʴʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʧʨʠʡʥʷʪʠʤʠ ʚ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʮʽ ʪʫʨʙʦʤʘʰʠʥ; 

- ʚʧʝʨʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS CFX ʚʠʢʦʥʘʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʦʾ ʪʝʯʽʾ ʛʘʟʫ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ 

ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʽ 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ;  

- ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʝʯʽʾ ʛʘʟʫ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ 

ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʽ ʚʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʦʛʦ 

ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ ʾʾ ʂʂɼ;  

- ʚʧʝʨʰʝ ʩʪʚʦʨʝʥʘ ʧʘʨʘʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʽ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 

ANSYS CFX, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ;  

- ʚʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ ʦʩʥʦʚʥʠʭ ʟʥʘʯʫʱʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ 

ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʾ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ 
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ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʰʠʥʠ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ 

ʙʽʣʴʰ ʥʽʞ ʥʘ 15% (ʟ ʨʽʚʥʷ 30% ʜʦ ʨʽʚʥʷ ʙʽʣʴʰʝ 45%) ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʂʂɼ; 

- ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʦʧʦʪʦʢʦʚʦʾ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  

- ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʫʟʘʛʘʣʴʥʝʥʠʭ ʙʝʟʨʦʟʤʽʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ 

ʢʘʥʘʣʦʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʝʢʪʫʚʘʪʠ ʚʠʭʨʦʚʽ ʤʘʰʠʥʠ ʥʘ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ ʚ ʟʦʥʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ; 

- ʩʪʚʦʨʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʤʦʜʝʣʴ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ; 

- ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʪʨʠʤʘʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʙʦʨʫ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʨʦʚʠʭ  

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʽ ʘʛʨʝʛʘʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ;   

- ʩʪʚʦʨʝʥ ̔ʤʝʪʦʜʠʢʠ ʽ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ, ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟ 

ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ; ʱʦ ʤʘʻ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʧʨʠ ʨʦʟʨʦʙʮʽ ʮʠʭ 

ʤʘʰʠʥ; 

- ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ;  

- ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ʢʫʨʩʘʭ: çʇʥʝʚʤʦʘʛʨʝʛʘʪʠ ʪʘ ʚʘʢʫʫʤʥʘ 

ʪʝʭʥʽʢʘè, çʈʦʟʰʠʨʶʚʘʣʴʥʽ ʪʫʨʙʦʤʘʰʠʥʠ ʨʘʜʽʘʣʴʥʦʛʦ ʪʠʧʫè (ʜʣʷ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

142 çɽʥʝʨʛʝʪʠʯʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè ʟʘ ʦʩʚʽʪʥʴʦʶ ʧʨʦʛʨʘʤʦʶ çʂʦʤʧʨʝʩʦʨʠ, 

ʧʥʝʚʤʦʘʛʨʝʛʘʪʠ ʪʘ ʚʘʢʫʫʤʥʘ ʪʝʭʥʽʢʘè). ʊʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʊʆɺ ɯʊʎ çʉʤʘʨʪʝʢʩè ʪʘ ʊʆɺ çɸʣʴʪʝʨʥʘʪʠʚʥʠʡ ʝʥʝʨʛʦʚʝʢʪʦʨè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʪʘʪʷʭ ʪʘ 

ʨʦʙʦʪʘʭ [3-9]. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟ ʽ ʦʙʛʦʚʦʨʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʜʦʙʫʚʘʯʝʤ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. ʋ 
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ʧʫʙʣʽʢʘʮʽʷʭ ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʠʪʴ ʥʘʩʪʫʧʥʝ. ʋ ʨʦʙʦʪʘʭ [3, 5] ʚʠʢʦʥʘʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʝʪʘʥʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʠʡ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʧʥʝʚʤʦʘʛʨʝʛʘʪʠ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. ʋ 

ʨʦʙʦʪʘʭ [3, 5] ʟʜʦʙʫʚʘʯ ʧʨʦʚʽʚ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʧʦ ʜʘʥʽʡ ʪʝʤʘʪʠʮʽ, ʚʠʢʣʘʚ 

ʧʨʦʙʣʝʤʫ ʽ ʟʚ'ʷʟʦʢ ʟ ʥʘʫʢʦʚʠʤʠ ʪʘ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʜʘʯʘʤʠ. ʋ ʨʦʙʦʪʘʭ [3, 4] 

ʟʜʦʙʫʚʘʯ ʦʧʠʩʘʚ ʤʝʪʦʜʠʢʫ ʩʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ɺʈʄ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʂʂɼ ʽ 

ʢʘʨʪʠʥʫ ʪʝʯʽʾ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʪʘ ʧʨʦʚʽʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʛʘʟʫ. ʋ ʨʦʙʦʪʘʭ [4,6] ʟʜʦʙʫʚʘʯʝʤ ʩʧʣʘʥʦʚʘʥʠʡ 

(ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ) ʽ ʚʠʢʦʥʘʥʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʦʛʦ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʂʂɼ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʚʽʜ ʦʩʥʦʚʥʠʭ ʟʥʘʯʫʱʠʭ ʬʘʢʪʦʨʽʚ. ʊʘʢʦʞ ʚ ʨʦʙʦʪʘʭ [4, 6] ʚʠʢʦʥʘʥʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʂʂɼ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ 

ʧʽʜʚʠʱʠʪʠ ʙʽʣʴʰ ʥʽʞ ʥʘ 15% (ʟ ʨʽʚʥʷ ʤʝʥʰʝ 30% ʜʦ ʨʽʚʥʷ ʙʽʣʴʰ 45%) ʦʧʪʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʂʂɼ ʚʠʭʨʦʚʦʾ ʜʚʦʧʦʪʦʢʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. ʋ ʨʦʙʦʪʘʭ [4, 6] ʟʜʦʙʫʚʘʯ ʧʨʝʜʩʪʘʚʠʚ ʦʙʨʦʙʣʝʥʽ (ʫ 

ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ) ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʽʚ ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʚ ʫʟʘʛʘʣʴʥʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʪʨʴʦʭ ʩʭʝʤ 

ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ, ʘ ʪʘʢʦʞ 

ʧʨʝʜʩʪʘʚʠʚ ʜʝʷʢʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ 

ʤʘʰʠʥ. ɺ ʨʦʙʦʪʘʭ [7, 8] ʘʚʪʦʨ ʦʧʠʩʘʚ ʩʪʚʦʨʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʦʜʝʣʽ 

ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ, 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʾʾ ʦʩʥʦʚʽ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʶ ʦʙʣʘʜʥʘʥʥʷ ʩʪʝʥʜʫ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʝʻʩʪʨʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ɺʈʄ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʩʪʚʦʨʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʚʠʤʽʨʶʚʘʣʴʥʫ 

ʩʠʩʪʝʤʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʜʘʪʯʠʢʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʂʂɼ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ 

ʩʪʚʦʨʝʥʠʡ ʙʝʟʜʨʦʪʦʚʠʡ ʜʘʪʯʠʢ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ (ʪʝʥʟʦʤʝʪʨʠʯʥʫ ʤʫʬʪʫ 
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ʊʄ100). ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺ ʨʦʙʦʪʽ [9] ʘʚʪʦʨʦʤ ʚʠʚʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʘʥʜʝʨ-

ʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʷʢ ʜʞʝʨʝʣʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʪʘʥʮʽʷʭ (ʂʉ) ʟʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ 

ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ ʧʝʨʝʜ ʧʦʜʘʯʝʶ ʡʦʛʦ ʚ ʛʘʟʦʪʫʨʙʽʥʥʠʡ ʜʚʠʛʫʥ.  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʡ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ:  

- ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʚʠʢʣʘʜʘʯʽʚ, ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʩʪʫʜʝʥʪʽʚ ʬʘʢʫʣʴʪʝʪʫ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽè (ʤ. ʉʫʤʠ, 2011 ʨ.); 

- X ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʭʦʣʦʜʠʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè (ʤ. ʆʜʝʩʘ, 2015 ʨ.);  

- XVI ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʤʠʩʣʦʚʘ 

ʛʽʜʨʘʚʣʽʢʘ ʽ ʧʥʝʚʤʘʪʠʢʘè (ʤ. ʉʫʤʠ, 2015 ʨ.);  

- I ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʠʩʪʝʤʠ ʨʦʟʨʦʙʣʝʥʥʷ 

ʪʘ ʧʦʩʪʘʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦè (ʤ. ʉʫʤʠ, 2016 ʨ.); 

- ɯV ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʤʽʞʚʫʟʽʚʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽè (ʤ. ʉʫʤʠ, 2016 ʨ.); 

- XXI ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñɻʽʜʨʦʘʝʨʦʤʝʭʘʥʽʢʘ ʚ 

ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽò (ʤ. ʂʠʾʚ, 2016 ʨ.); 

- ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʚʠʢʣʘʜʘʯʽʚ, ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ 

ʩʪʫʜʝʥʪʽʚ ʬʘʢʫʣʴʪʝʪʫ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽè (ʤ. ʉʫʤʠ, 2017 ʨ.); 

- XI ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʭʦʣʦʜʠʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾè (ʤ. ʆʜʝʩʘ, 2017 ʨ.); 

- XXIII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñɻʽʜʨʦʘʝʨʦʤʝʭʘʥʽʢʘ 

ʚ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽò (ʤ. ʂʠʾʚ, 2018 ʨ.); 

 - ʍɯʍ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ɸʉʇɻʇ çʇʨʦʤʠʩʣʦʚʘ 

ʛʽʜʨʘʚʣʽʢʘ ʽ ʧʥʝʚʤʘʪʽʢʘè (ʤ. ʃʴʚʽʚ, 2018 ʨ). 
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 - V ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʤʽʞʚʫʟʽʚʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽè (ʤ. ʉʫʤʠ, 2018 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 21 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 6 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ (5 ï ʫ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʥʷʭ, ʟ ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʧʝʨʝʣʽʢʫ ʄʆʅ ʋʢʨʘʾʥʠ (1 ʩʪʘʪʪʷ ʥʘʜʨʫʢʦʚʘʥʘ ʚ 

ʞʫʨʥʘʣʽ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ ʙʘʟʠ ʜʘʥʠʭ Ulrich's Periodicals Directory 

ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ ʚʠʜʘʚʥʠʮʪʚʘ Bowker; ʽʥʜʝʢʩʫʻʪʴʩʷ ʚ ʦʥʣʘʡʥʦʚʽʡ ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ 

ʙʘʟʽ ʜʘʥʠʭ Index Copernicus), 1 ï ʫ ʞʫʨʥʘʣʽ, ʱʦ ʽʥʜʝʢʩʫʻʪʴʩʷ ʥʘʫʢʦʚʦʶ ʙʘʟʦʶ 

ʜʘʥʠʭ Scopus); 1 ʧʫʙʣʽʢʘʮʽʷ ʫ ʟʙʽʨʥʠʢʫ  ʧʨʘʮʴ ʢʦʥʬʝʨʝʥʮʽʾ; 1 ʧʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ 

ʤʦʜʝʣʴ; 13 ʪʝʟ ʜʦʧʦʚʽʜʝʡ.  

ʉʪʨʫʢʪʫʨʘ ʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ʈʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 204 ʩʪʦʨʽʥʦʢ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʤʽʩʪʠʪʴ 96 

ʨʠʩʫʥʢʽʚ, 9 ʪʘʙʣʠʮʴ, 7 ʜʦʜʘʪʢʽʚ ʽ ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʫ ʢʽʣʴʢʦʩʪʽ 106 

ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 13 ʩʪʦʨʽʥʢʘʭ.  
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ʈʆɿɼɯʃ 1  

 

ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ɸʂʊʋɸʃʔʅɯʉʊʔ ʊɽʄʀ  

 

1.1 ʂʦʥʩʪʨʫʢʮʽʾ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ 

ʚʠʭʨʦʚʦʛʦ ʪʠʧʫ 

 

ɺʠʭʨʦʚʽ ʨʦʟʰʠʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʭʝʤ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʭʝʤ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʪʘ 

ʾʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʜʘʥʘ ʚ ʨʷʜʽ ʨʦʙʽʪ [10-13]. 

ʅʘ ʨʠʩ. 1.1 ʧʨʠʚʝʜʝʥʽ ʥʘʡʧʦʰʠʨʝʥʽ ʪʠʧʠ ʤʝʨʠʜʽʦʥʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ 

ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʚʠʭʨʦʚʠʭ ʤʘʰʠʥ. 

ɼʣʷ ʚʠʭʨʦʚʠʭ ʢʦʤʧʨʝʩʩʦʨʽʚ ʚʝʣʠʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʩʪʫʧʝʥʽ ʟ 

ʧʝʨʠʬʝʨʽʡʥʦ-ʙʦʢʦʚʠʤ ʢʘʥʘʣʦʤ [11]. ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ.1.1 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʟ ʧʝʨʠʬʝʨʽʡʥʦ-ʙʦʢʦʚʠʤ ʢʘʥʘʣʦʤ: 

ï ʜʚʦʢʘʥʘʣʴʥʽ ʧʨʦʪʦʯʥʽ ʯʘʩʪʠʥʠ ʟ ʧʨʷʤʦʢʫʪʥʠʤ (ʨʠʩ. 1.1ʘ), ʟ ʟʘʢʨʫʛʣʝʥʠʤ 

(ʨʠʩ. 1.1ʙ), ʟ ʢʨʫʛʣʠʤ (ʨʠʩ. 1.1ʚ) ʧʨʦʬʽʣʝʤ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ; 

ï ʦʜʥʦʢʘʥʘʣʴʥʽ ʧʨʦʪʦʯʥʽ ʯʘʩʪʠʥʠ ʟ ʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ (ʨʠʩ. 1.1ʛ); 

ï ʦʜʥʦʢʘʥʘʣʴʥʽ ʧʨʦʪʦʯʥʽ ʯʘʩʪʠʥʠ ʟ ʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ ʽ ʮʝʥʪʨʘʣʴʥʠʤ 

ʦʙʪʽʯʥʠʢʦʤ  

(ʨʠʩ. 1.1ʜ); 

ï ʦʜʥʦʢʘʥʘʣʴʥʽ ʧʨʦʪʦʯʥʽ ʯʘʩʪʠʥʠ ʟ ʢʨʠʚʦʣʽʥʽʡʥʠʤ ʧʨʦʬʽʣʝʤ (ʨʠʩ. 1.1ʝ). 

ɼʣʷ ʜʚʦʢʘʥʘʣʴʥʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʟ ʢʨʠʚʦʣʽʥʽʡʥʠʤ ʧʨʦʬʽʣʝʤ 

ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʫ ʚʠʭʨʦʚʦʤʫ ʢʦʤʧʨʝʩʦʨʽ ʙʫʣʦ ʜʦʩʷʛʥʝʥʦ ʂʂɼ 55 % 

[11]. 

ʋ ʚʠʭʨʦʚʠʭ ʥʘʩʦʩʘʭ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʦʪʦʯʥʽ ʯʘʩʪʠʥʠ ʟ ʙʦʢʦʚʠʤ 

ʢʘʥʘʣʦʤ ʽ ʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʨʠʩ. 1.1 ʞ) [10]. ʋ 

ʥʘʩʦʩʘʭ, ʢʦʤʧʨʝʩʦʨʘʭ ʽ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʦʪʦʯʥʽ 

ʯʘʩʪʠʥʠ ʟ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʽ ʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ (ʨʠʩ. 1.1 ʟ, ʠ, ʢ, ʣ). ʋ 

ʚʠʭʨʦʚʠʭ ʛʽʜʨʦʪʫʨʙʽʥʘʭ ʽ ʚʠʭʨʦʚʠʭ ʛʘʟʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ 

ʜʦʩʣʽʜʞʝʥʠʤʠ ʻ ʧʨʦʪʦʯʥʽ ʯʘʩʪʠʥʠ ʟ ʙʦʢʦʚʠʤ ʢʘʥʘʣʦʤ ʽ ʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ (ʨʠʩ. 
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1.1 ʞ), ʟ ʚʥʫʪʨʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ (ʨʠʩ. 1.1 ʠ), ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ (ʨʠʩ . 1.1 ʟ). 

 

ʈʠʩʫʥʦʢ 1.1 ï ʊʠʧʠ ʤʝʨʠʜʽʦʥʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ  

ʚʠʭʨʦʚʠʭ ʤʘʰʠʥ 
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ʇʨʦʪʦʯʥʽ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʠʭ ʤʘʰʠʥ ʚʠʢʦʥʫʶʪʴ ʦʜʥʦʢʘʥʘʣʴʥʠʤʠ (ʨʠʩ. 1.1 

ʝ, ʞ, ʟ, ʠ, ʢ), ʜʚʦʢʘʥʘʣʴʥʠʤʠ (ʨʠʩ. 1.1 ʘ, ʙ, ʚ) ʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʤʠ (ʨʠʩ. 1.1 ʣ). 

ɿʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʢʘʥʘʣʽʚ ʚʠʢʦʥʫʶʪʴ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ 

ʢʦʤʧʨʝʩʦʨʘʭ ʽ ʥʘʩʦʩʘʭ, ʘʙʦ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. 

ɹʘʛʘʪʦʢʘʥʘʣʴʥʽ ʧʨʦʪʦʯʥʽ ʯʘʩʪʠʥʠ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦ ʦʪʨʠʤʘʪʠ ʟʘʩʪʦʰʫʚʘʚʰʠ 

ʩʪʫʧʝʥʴ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ (ʨʠʩ. 1.1 ʣ). 

ɺʠʭʨʦʚʽ ʤʘʰʠʥʠ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʪʘʢʦʞ ʦʜʥʦ-, ʜʚʦ- ʘʙʦ 

ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʤʠ (ʨʠʩ. 1.1 ʤ, ʥ), ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʚʘʥʪʘʞʫʚʘʪʠ ʨʦʪʦʨ ʤʘʰʠʥʠ ʚʽʜ 

ʨʘʜʽʘʣʴʥʠʭ ʟʫʩʠʣʴ. 

ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʪʝʯʽʾ ʚ ʧʨʦʪʦʯʥʽʡ 

ʯʘʩʪʠʥʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʤʘʻ ʚʭʽʜʥʘ ʜʽʣʷʥʢʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 

[14]. ʅʘ ʚʭʦʜʽ ʚ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ, ʥʘʧʨʷʤʢʫ ʽ 

ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ. ʅʘ ʚʭʽʜʥʽʡ ʜʽʣʷʥʮʽ ʪʝʯʽʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ ʟ 

ʨʝʯʦʚʠʥʦʶ, ʷʢʘ ʧʝʨʝʥʦʩʠʪʴʩʷ ʯʝʨʝʟ ʚʽʜʩʽʢʘʯ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪ ʚʽʜ 

ʟʤʽʰʫʚʘʥʥʷ ʧʦʪʦʢʽʚ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʫʜʘʨʥʠʭ ʚʪʨʘʪ ʧʨʠ ʚʭʦʜʽ ʚ ʢʦʣʝʩʦ, ʘ ʫ 

ʚʠʭʨʦʚʠʭ ʽ ʚʽʣʴʥʦʚʠʭʨʦʚʠʭ ʥʘʩʦʩʘʭ ï ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʢʘʚʽʪʘʮʽʾ. ʇʨʠ ʨʦʙʦʪʽ 

ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʚ ʨʝʞʠʤʽ ʢʦʤʧʨʝʩʦʨʘ ʨʦʙʦʯʝ ʪʽʣʦ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʚʭʽʜʥʠʡ 

ʧʘʪʨʫʙʦʢ, ʜʦʜʘʪʢʦʚʦ ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ ʙʽʣʴʰ ʛʘʨʷʯʠʤ ʧʦʪʦʢʦʤ, ʷʢʠʡ ʧʝʨʝʥʦʩʠʪʴʩʷ 

ʯʝʨʝʟ ʚʽʜʩʽʢʘʯ, ʱʦ ʟʙʽʣʴʰʫʻ ʨʦʙʦʪʫ ʩʪʠʩʥʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. 

ʇʨʠ ʨʦʙʦʪʽ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ 

ʛʫʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʚ 

ʢʘʥʘʣʽ ʢʦʨʧʫʩʫ ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ ʩʧʽʨʘʣʝʧʦʜʽʙʥʽ ʣʽʥʽʾ ʩʪʨʫʤʫ 

ʨʦʟʪʷʛʫʶʪʴʩʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʚʟʘʻʤʦʜʽʡ ʯʘʩʪʠʥʦʢ ʨʦʙʦʯʦʛʦ 

ʪʽʣʘ ʟ ʣʦʧʘʪʢʘʤʠ ʢʦʣʝʩʘ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ ʩʪʫʧʝʥʷ. ʊʦʤʫ ʫ ʚʠʭʨʦʚʽʡ 

ʨʦʟʰʠʨʶʚʘʣʴʥʽʡ ʤʘʰʠʥʽ ʚʘʞʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʦʪʽʢ ʛʘʟʫ, 

ʟʘʙʝʟʧʝʯʠʚʰʠ ʽʥʪʝʥʩʠʚʥʫ ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʚʽʭʨʦʚʦʾ ʪʝʯʽʾ ʨʦʙʦʯʦʤʫ ʢʦʣʠʩʫ [14]. 

ʅʘ ʨʠʩʫʥʢʘʭ 1.1 ʽ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʭʝʤʠ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ (ʨʠʩ. 1.1 ʟ, 1.2) ʽ ʟ 

ʧʝʨʠʬʝʨʽʡʥʦ-ʙʦʢʦʚʠʤ ʢʘʥʘʣʦʤ (ʨʠʩ. 1.1 ʛ, ʝ). 
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ʉʪʫʧʽʥʴ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʪʝʭʥʦʣʦʛʽʯʥʘ ʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪʘ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʽ 

ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ ʩʭʝʤ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʪʫʧʝʥʷʤʠ, ʱʦ ʤʘʶʪʴ ʽʥʰʽ ʪʠʧʠ ʧʨʦʪʦʯʥʠʭ 

ʯʘʩʪʠʥ (ʟ ʙʦʢʦʚʠʤ, ʧʝʨʠʬʝʨʽʡʥʦ-ʙʦʢʦʚʠʤ, ʚʥʫʪʨʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʘʤʠ 

ʪʦʱʦ) [10,14]. 

ʋ ʚʠʭʨʦʚʽʡ ʨʦʟʰʠʨʶʚʘʣʴʥʽʡ ʤʘʰʠʥʽ ʨʦʙʦʯʝ ʪʽʣʦ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʩʦʧʣʦ 1 

(ʨʠʩ. 1.2) ʫ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ, ʱʦ ʫʪʚʦʨʝʥʘ ʢʘʥʘʣʦʤ 2 ʢʦʨʧʫʩʫ 3 ʽ 

ʤʽʞʣʦʧʘʪʢʦʚʠʤʠ ʢʘʥʘʣʘʤʠ 4 ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 5. ʈʦʙʦʯʝ ʢʦʣʝʩʦ ʦʙʝʨʪʘʻʪʴʩʷ ʚ 

ʢʦʨʧʫʩʽ ʟ ʤʘʣʠʤʠ ʨʘʜʽʘʣʴʥʠʤʠ ʽ ʪʦʨʮʝʚʠʤʠ ʟʘʟʦʨʘʤʠ. ʄʽʞ ʚʭʦʜʦʤ ʽ ʚʠʭʦʜʦʤ ʚ 

ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʢʘʥʘʣʫ ʢʦʨʧʫʩʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʩʽʢʘʯ (ʨʦʟʜʽʣʶʚʘʯ, ʧʝʨʝʤʠʯʢʘ) 

6 [14]. 

ʉʝʨʝʜʥʷ ʢʦʣʦʚʘ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ (ʩʝʨʝʜʥʴʦʚʠʪʨʘʪʥʘ ʰʚʠʜʢʽʩʪʴ) 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʢʘʥʘʣʽ ʙʽʣʴʰʘ ʟʘ ʢʦʣʦʚʫ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ. ʏʘʩʪʠʥʢʠ 

ʛʘʟʫ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʨʫʭʘʶʪʴʩʷ ʟʘ ʩʧʽʨʘʣʝʧʦʜʽʙʥʦʶ 

ʪʨʘʻʢʪʦʨʽʻʶ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʟʘʻʤʦʜʽʶʯʠ ʟ 

ʣʦʧʘʪʢʘʤʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʽ ʧʦʩʪʫʧʦʚʦ ʚʽʜʜʘʶʯʠ ʡʦʤʫ ʝʥʝʨʛʽʶ. 

ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʯʘʩʪʠʥʦʢ ʫ ʤʽʞʣʦʧʘʪʢʦʚʠʭ ʢʘʥʘʣʘʭ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘʧʨʷʤ ʽ ʚʝʣʠʯʠʥʘ ʾʭ ʰʚʠʜʢʦʩʪʽ ʪʘ ʤʦʤʝʥʪ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʣʦʧʘʪʢʘʭ ʟ'ʷʚʣʷʶʪʴʩʷ ʩʠʣʠ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʢʦʣʝʩʦ ʚ ʨʫʭ. ʎʷ 

ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʘ ʪʝʯʽʷ ʻ ʙʘʟʦʚʦʶ ʧʨʠ ʦʙʤʽʥʽ ʝʥʝʨʛʽʻʶ ʤʽʞ ʧʦʪʦʢʦʤ ʛʘʟʫ ʚ ʽ 

ʣʦʧʘʪʢʘʤʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʽ ʯʠʤ ʽʥʪʝʥʩʠʚʥʽʰʝ ʚʦʥʘ ʦʨʛʘʥʽʟʦʚʘʥʘ, ʪʠʤ ʚʠʱʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʠ. 

ʋ ʧʦʨ̔ʚʥʷʥʥʽ ʟ ʦʩʴʦʚʦʶ ʽ ʜʦʮʝʥʪʨʦʚʦʶ ʚʠʭʨʦʚʘ ʨʦʟʰʠʨʶʚʘʣʴʥʘ ʤʘʰʠʥʘ 

ʧʨʦʩʪʽʰʘ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʜʝʰʝʚʰʦʶ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ. ɺ ʦʙʣʘʩʪʽ 

ʤʘʣʠʭ ʚʠʪʨʘʪ, ʤʘʣʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʚʠʭʨʦʚʘ ʨʦʟʰʠʨʶʚʘʣʴʥʘ ʤʘʰʠʥʘ, ʧʨʠ ʽʥʰʠʭ 

ʨʽʚʥʠʭ ʫʤʦʚʘʭ (ʧʦʪʫʞʥʽʩʪʴ, ʛʘʙʘʨʠʪʠ, ʂʂɼ), ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʦʩʥʦʚʥʠʡ 

ʥʝʜʦʣʽʢ ʦʩʴʦʚʠʭ ʽ ʚʽʜʮʝʥʪʨʦʚʠʭ (ʢʣʘʩʠʯʥʠʭ) ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ï 

ʚʠʩʦʢʦʦʙʦʨʦʪʥʽʩʪʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʜʫʢʪʦʨʽʚ ʧʨʠ 

ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ, ʱʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʚʘʨʪʽʩʪʴ, ʧʽʜʚʠʱʫʻ 

ʥʘʜʽʡʥʽʩʪʴ ʤʘʰʠʥ ʪʘ ʩʢʦʨʦʯʫʻ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʦʞ ʧʝʨʝʚʘʛʦʶ 
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ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʻ ʚʝʣʠʢʝ ʚʽʜʥʦʰʝʥʥʷ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʜʦ 

ʥʦʤʽʥʘʣʴʥʦʛʦ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘ ʚʠʭʨʦʚʦʛʦ ʩʪʫʧʝʥʷ ʟ ʟʦʚʥʽʰʥʽʤ  

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ 

 

ʇʝʨʝʚʘʛʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʠʡ ʽ ʥʘʜʽʡʥʠʡ ʪʫʨʙʦʧʨʠʚʦʜ ʘʙʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ, ʟ ʪʝʨʤʽʥʦʤ 

ʦʢʫʧʥʦʩʪʽ 1-2 ʨʦʢʠ. ʈʦʟʰʠʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʜʘʥʦʛʦ ʚʠʜʫ ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʧʦʪʫʞʥʦʩʪʝʡ 500-600 ʢɺʪ, ʧʨʠ ʪʠʩʢʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ ʚʭʦʜʽ 

ʜʦ 7 ʄʇʘ. 
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1.2 ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ 

 

1.2.1 ʇʥʝʚʤʦʧʨʠʚʦʜʠ ʫ ʧʥʝʚʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ 

 

ʋ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʥʝʚʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ. ʇʥʝʚʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʧʦʨʷʜ ʟ ʝʣʝʢʪʨʠʯʥʠʤʠ ʽ 

ʛʽʜʨʘʚʣʽʯʥʠʤʠ, ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʾʭ ʥʠʟʴʢʠʤʠ ʤʘʩʦʛʘʙʘʨʠʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʨʽʚʥʷʥʦ 

ʧʨʦʩʪʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ, ʟʨʫʯʥʽʩʪʶ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʜʽʡʥʽʩʪʶ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʶ.  

ɺʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʤʘʣʦʧʦʪʫʞʥʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟʥʘʡʰʣʠ 

ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʥʝʚʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʚ ʷʢʦʩʪʽ ʧʥʝʚʤʦʧʨʠʚʦʜʽʚ, 

ʧʥʝʚʤʦʤʦʪʦʨʽʚ. ʇʥʝʚʤʘʪʠʯʥʽ ʜʚʠʛʫʥʠ, ʷʢ ʧʨʠʚʦʜʠ ʨʽʟʥʠʭ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʾʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʷʢʽ ʨʦʙʣʷʪʴ ʾʭ ʚ ʨʷʜʽ 

ʚʠʧʘʜʢʽʚ ʥʝʟʘʤʽʥʥʠʤʠ. ʇʥʝʚʤʘʪʠʯʥʽ ʜʚʠʛʫʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʤʦʞʣʠʚʽ ʫʨʘʞʝʥʥʷ 

ʧʨʘʮʽʚʥʠʢʽʚ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʛʽʨʥʠʯʦʜʦʙʫʚʥʽʡ ʽ ʭʽʤʽʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ, ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʨʫʯʥʦʛʦ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʥʘ ʪʨʘʥʩʧʦʨʪʽ, ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʽʥʠhʭ ʛʘʣʫʟʷʭ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. ʇʥʝʚʤʘʪʠʯʥʽ ʜʚʠʛʫʥʠ, ʦʩʦʙʣʠʚʦ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʤʘʶʪʴ 

ʥʝʚʝʣʠʢʫ ʚʽʜʥʦʩʥʫ ʤʘʩʫ (ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ ʧʦʪʫʞʥʦʩʪʽ), ʚʦʥʠ ʥʝ ʙʦʷʪʴʩʷ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʧʨʦʩʪʽ ʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʥʘʜʽʡʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʜʝʰʝʚʽ ʫ 

ʚʠʛʦʪʦʚʣʝʥʥʽ. ɼʦ ʯʠʩʣʘ ʥʝʜʦʣʽʢʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ (ʦʩʴʦʚʠʭ ʽ 

ʨʘʜʽʘʣʴʥʠʭ ʪʫʨʙʦ- ʽ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʦʙ'ʻʤʥʠʭ) ʧʥʝʚʤʘʪʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʚʽʜʥʦʩʠʪʴʩʷ ʾʭ ʥʠʟʴʢʠʡ ʂʂɼ (20-30%). ʇʥʝʚʤʘʪʠʯʥʽ ʜʚʠʛʫʥʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦʪʫʞʥʦʩʪʝʡ (ʚʽʜ 0,05 ʜʦ 50 ʢɺʪ) ʟ 

ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʜʦ 75000 ʦʙ/ʭʚ ʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ, ʪʘʢ ʽ ʚ ʧʝʨʝʩʫʚʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʅʘʡʙʽʣʴʰʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʧʥʝʚʤʘʪʠʯʥʽ ʜʚʠʛʫʥʠ ʧʦʨʽʚʥʷʥʦ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ 
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ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʷʢ ʧʨʠʚʦʜʠ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʘʨʤʘʪʫʨʠ ʪʦʱʦ, ʘ ʪʘʢʦʞ ʷʢ ʟʘʩʦʙʠ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠʚʦʜʠ ʢʫʣʴʦʚʠʭ ʢʨʘʥʽʚ, ʧʨʠʚʦʜʠ ʥʘʩʦʩʽʚ, ʚʝʥʪʠʣʷʪʦʨʽʚ, 

ʧʥʝʚʤʦʩʪʘʨʪʝʨʠ ʪʦʱʦ).  

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʧʥʝʚʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʤʽʩʪʴ ʦʩʴʦʚʠʭ ʽ ʨʘʜʽʘʣʴʥʠʭ ʪʫʨʙʦ- ʽ ʦʙ'ʻʤʥʠʭ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʪʠʭʦʭʽʜʥʽ ʽ ʙʽʣʴʰ ʥʘʜʽʡʥʽ ʚʠʭʨʦʚʽ (ʨʠʩʫʥʦʢ 1.3). 

ʅʘ ʨʠʩʫʥʢʫ 1.3 ʧʦʢʘʟʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʪʘ ʧʨʠʚʦʜ ʢʫʣʴʦʚʦʛʦ 

ʢʨʘʥʫ DN 1400 PN 80 ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʦʛʦ ʧʥʝʚʤʦʜʚʠʛʫʥʘ ʟ ʧʝʨʠʬʝʨʽʡʥʦ-ʙʦʢʦʚʠʤ 

ʢʘʥʘʣʦʤ [15]. 

 

 
 

ʈʠʩʫʥʦʢ 1.3 ï ɺʠʭʨʦʚʠʡ ʪʫʨʙʦʧʨʠʚʦʜ ʟ ʧʝʨʠʬʝʨʽʡʥʦ-ʙʦʢʦʚʠʤ ʢʘʥʘʣʦʤ. 

 

ʇʫʩʢʦʚʽ ʩʠʩʪʝʤʠ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʜʚʠʛʫʥʘʤʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ). ʅʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʩʪʘʨʪʝʨʥʦʛʦ 

ʧʫʩʢʫ (ʉɽʇ) ʜʣʷ 1 ʤʽʣʴʡʦʥʘ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʪʨʘʢʪʦʨʽʚ ʚʠʪʨʘʯʘʻʪʴʩʷ ʚʽʜ 20 ʜʦ 150 

ʪʠʩʷʯ ʪʦʥʥ ʢʦʣʴʦʨʦʚʦʛʦ ʤʝʪʘʣʫ, ʘ ʥʘ ʾʭ ʧʝʨʝʚʝʟʝʥʥʷ - ʚʽʜ 0,5 ʜʦ 2% ʧʘʣʠʚʘ, 

ʩʧʦʞʠʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷʤʠ. ɺʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ - 

ʩʚʠʥʮʶ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʤʽʜʽ - ʉɽʇ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ ʚʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʽʨʰʠʤʠ ʧʫʩʢʦʚʠʤʠ ʷʢʦʩʪʷʤʠ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʟʥʘʯʥʠʤ ʧʘʜʽʥʥʷʤ ʩʠʣʠ ʩʪʨʫʤʫ ʚ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʷʭ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʣʽʧʰʝʥʥʷ ʧʫʩʢʦʚʠʭ, 
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ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʷʢʦʩʪʝʡ ʩʠʩʪʝʤ ʧʫʩʢʫ - ʦʜʥʝ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʥʘʧʨʷʤʢʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʚʠʛʫʥʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʫʨʙʦʩʪʘʨʪʝʥʠʭ ʩʠʩʪʝʤ (ʊʉ) ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʨʷʜʫ 

ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʉɽʇ. ʆʜʥʘʢ ʽʩʥʫʶʯʽ ʩʫʯʘʩʥʽ ʊʉ ʪʘʢʦʞ 

ʤʘʶʪʴ ʥʝʜʦʣʽʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ, ʱʦ ʚʠʤʘʛʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʨʦʛʠʭ ʨʝʜʫʢʪʦʨʽʚ, ʘʙʦ ʟ ʥʘʜʽʡʥʽʩʪʶ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʶ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ, ʚʠʩʦʢʘ ʧʦʞʝʞʥʘ ʙʝʟʧʝʢʘ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʥʘʜʽʡʥʦʛʦ ʧʫʩʢʫ; ʽʩʪʦʪʥʦ 

ʤʝʥʰʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʉɽʇ ʧʠʪʦʤʘ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʽ ʚʘʨʪʽʩʪʴ ʩʪʘʶʪʴ ʚʘʛʦʤʦʶ 

ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʊʉ. ɼʫʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊʉ ʥʘ ʦʩʥʦʚʽ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

(ʨʠʩʫʥʦʢ 1.4) [16, 17]. 

 

 
 

ʈʠʩʫʥʦʢ 1.4 - ɺʠʭʨʦʚʠʡ ʪʫʨʙʦʩʪʘʨʪʝʨ 

 

 

1.2.2 ɽʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʠ ʥʘ ʝʥʝʨʛʦʚʫʟʣʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʽ 

ʢʦʤʫʥʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

 

ɺ ʝʥʝʨʛʝʪʠʮʽ, ʭʽʤʽʯʥʽʡ, ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚ ʢʦʤʫʥʘʣʴʥʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʻ ʙʘʛʘʪʦ ʝʥʝʨʛʦʚʫʟʣʽʚ, ʥʘ ʷʢʠʭ ʜʨʦʩʝʣʶʻʪʴʩʷ ʜʦ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʦʜʷʥʘ ʧʘʨʘ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʢʦʪʣʘʭ. ʅʘ ʮʠʭ 

ʝʥʝʨʛʦʚʫʟʣʘʭ ʪʘʢʦʞ ʜʫʞʝ ʚʠʛʽʜʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʪʠʣʽʟʘʮʽʡʥʠʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ 

[18-25] ʦʩʦʙʣʠʚʦ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ [23-25]. 

ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʝʣʠʢʠʭ ʭʽʤʽʯʥʠʭ  ʧʽʜʧʨʠʻʤʩʪʚ 

ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʧʘʨʠ, ʷʢʘ ʚ ʜʘʥʠʡ ʯʘʩ 
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ʙʝʟʧʦʚʦʨʦʪʥʦ ʚʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʝʜʫʢʪʦʨʘʭ ʽ ʨʝʛʫʣʷʪʦʨʘʭ ʪʠʩʢʫ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ (ʪʦʙʪʦ ʟʝʢʦʥʦʤʣʝʥʦ) 10-30 % ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ 

ʚʝʣʠʯʠʥʠ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʮʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. 

ʄʘʣʦʧʦʪʫʞʥʽ ʧʘʨʦʚʽ ʪʫʨʙʽʥʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʢʦʪʝʣʴʥʷʭ ʪʘ ʧʨʘʮʶʶʪʴ ʚ 

ʩʭʝʤʽ ʢʦʪʝʣʴʥʽ ʟʘʤʽʩʪʴ ʘʙʦ ʧʘʨʘʣʝʣʴʥʦ ʟ ʨʝʜʫʢʮʽʡʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʦ  ʁ

ʫʩʪʘʥʦʚʢʦ  ʁ(ʈʆʋ) ʥʘ ʧʝʨʝʧʘʜʽ ʪʠʩʢʽʚ ʥʘʩʠʯʝʥʦʾ ʘʙʦ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ, ʱʦ ʡʜʝ ʚʽʜ 

ʢʦʪʣʘ ʥʘ ʪʝʭʥʦʣʦʛʽʶ ʘʙʦ ʥʘ ʦʧʘʣʝʥʥʷ ʽ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʠʪʠʩʢʦʚʠʭ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʚ ʢʦʪʝʣʴʥʷʭ ʟ ʧʘʨʦʚʠʤʠ 

ʢʦʪʣʘʤʠ ï ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ ʩʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ 

ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʠʡ  ʧʝʨʝʪʚʦʨʶʻ ʮʽ ʢʦʪʝʣʴʥʽ ʚ ʤʽʥʽʊɽʎ. ʎʝ ʧʦʚ'ʷʟʘʥʦ 

ʟ ʪʠʤ, ʱʦ ʥʘʩʠʯʝʥʘ ʘʙʦ ʧʝʨʝʛʨʽʪʘ ʧʘʨʘ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚ ʢʦʪʣʘʭ ʧʨʠ ʪʠʩʢʫ 0,6-

1,4 ʄʇʘ,  ʜʨʦʩʝʣʶʻʪʴʩʷ ʜʦ 0,12-0,4 ʄʇʘ ʚ ʈʆʋ. ʗʢʱʦ ʧʘʨʘʣʝʣʴʥʦ ʈʆʋ 

ʚʩʪʘʥʦʚʠʪʠ ʧʘʨʦʚʠʡ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ ʽ ʨʝʜʫʢʫʚʘʪʠ ʧʘʨʫ ʚ ʡʦʛʦ ʪʫʨʙʽʥʽ, ʪʦ 

ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝ ʩʢʣʘʩʪʠ 50-600 ʢɺʪ. 

ʇʨʠ ʮʴʦʤʫ ʫʩʪʘʥʦʚʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʨʴʦʭ ʪʠʧʽʚ: ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ; ʜʣʷ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʤʝʨʝʞʝʶ; ʚ ʷʢʦʩʪʽ ʧʨʠʚʦʜʫ ʘʛʨʝʛʘʪʽʚ, 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʚ ʢʦʪʝʣʴʥʽ, ʥʘʧʨʠʢʣʘʜ, ʚʦʜʷʥʠʭ ʥʘʩʦʩʽʚ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʠ 

ʧʘʨʘʣʝʣʴʥʽʡ ʨʦʙʦʪʽ ʟ ʤʝʨʝʞʝʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʩʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ, 

ʷʢʠʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʥʭʨʦʥʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʚ ʜʚʘ ʨʘʟʠ ʜʝʰʝʚʰʠʡ, ʙʽʣʴʰ 

ʧʨʦʩʪʠʡ ʚ ʦʙʣʫʛʦʚʫʚʘʥʥʽ, ʥʘʜʽʡʥʽʰʠʡ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʝ ʚʠʤʘʛʘʻ ʩʠʩʪʝʤʠ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʟ ʟʦʚʥʽʰʥʴʦʶ ʤʝʨʝʞʝʶ (ʤʝʨʝʞʘ ʧʽʜʪʨʠʤʫʻ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ 

ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ). ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʟ ʘʩʠʥʭʨʦʥʥʠʤ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ ʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ, ʥʘ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʽ ʽ 

ʧʨʘʮʶʶʪʴ ʫʩʪʘʥʦʚʢʠ, ʽ ʫ ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʥʝ ʚʠʥʠʢʘʣʦ ʥʘʨʽʢʘʥʴ 

ʥʘ ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ [21]: ʥʘʧʨʠʢʣʘʜ, ʫʩʪʘʥʦʚʢʘ ʧʦʪʫʞʥʽʩʪʶ 1000 

ʢɺʪ ʟ ʧʘʨʦʚʦʶ ʛʚʠʥʪʦʚʦʶ ʤʘʰʠʥʦʶ ʽ ʘʩʠʥʭʨʦʥʥʠʤ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ, 

ʚʩʪʘʥʦʚʣʝʥʘ ʫ ʚʠʨʦʙʥʠʯʽʡ ʢʦʪʝʣʴʥʽ ɺɸʊ çʅɺʌ çʇʽʛʤʝʥʪè, ʥʘ ʧʨʦʪʷʟ ̔5000 ʛʦʜʠʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʚʠʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ ʥʝ ʯʠʥʠʣʘ 

ʜʝʩʪʘʙʽʣʽʟʫʶʯʦʛʦ ʚʧʣʠʚʫ ʥʘ ʮʶ ʤʝʨʝʞʫ, ʽ ʥʝ ʙʫʣʦ ʥʽʷʢʠʭ ʧʨʝʪʝʥʟʽʡ ʟ ʙʦʢʫ 
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ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ [22]. ɺʘʨʽʘʥʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.5. 

ɻʝʥʝʨʘʪʦʨʥʠʡ ʚʘʨʽʘʥʪ ʚʢʣʶʯʘʻ ʧʘʨʦʚʫ ʪʫʨʙʽʥʫ 1 (ʨʠʩ. 1.5 ʙ), ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʚ ʜʽʶ ʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨ 2 ʘʩʠʥʭʨʦʥʥʦʛʦ ʘʙʦ ʩʠʥʭʨʦʥʥʦʛʦ ʪʠʧʫ. 

ɼʣʷ ʚʠʜʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʥʘ ʚʥʫʪʨʽʰʥʽ 

ʨʦʟʧʦʜʽʣʴʯʽ ʧʨʠʩʪʨʦʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʘʨ ʧʽʩʣʷ ʪʫʨʙʽʥʠ ʧʦʜʘʻʪʴʩʷ ʜʦ ʩʧʦʞʠʚʘʯʘ 

ʥʘ ʚʠʨʦʙʥʠʯʽ ʧʦʪʨʝʙʠ, ʘ ʪʘʢʦʞ ʚ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ, ʥʘ ʧʽʜʽʛʨʽʚʘʯʽ ʪʦʱʦ. 

ɻʝʥʝʨʘʪʦʨʥʠʡ ʚʘʨʽʘʥʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ ʧʝʨʝʪʚʦʨʶʻ ʢʦʪʝʣʴʥʶ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʤʽʥʽ-ʊɽʎ. 

 

 

ʘ)                                                   ʙ) 

 

ʈʠʩʫʥʦʢ 1.5 ï ʇʘʨʦʚʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ: ʘ) ʬʦʪʦ, ʙ) ʩʭʝʤʘ. 

 

ʇʝʨʝʚʘʛʠ: 

Å ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

Å ʚʽʜʩʫʪʥʽʩʪʴ ʤʘʩʣʦʩʠʩʪʝʤʠ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʽ ʧʦʞʝʞʥʫ ʙʝʟʧʝʢʫ 

ʫʩʪʘʥʦʚʢʠ; 

Å ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʯʝʥʥʷ ʟ ʢʦʥʩʠʩʪʝʥʪʥʠʤ ʤʘʩʪʠʣʦʤ 

ʩʧʨʦʱʫʻ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʽʜʚʠʱʫʻ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ; 

Å ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʪʫʨʙʽʥʠ - 3000 ʦʙ/ʭʚ. - ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʜʫʢʪʦʨʥʠʭ ʩʭʝʤ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʽ ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʂʂɼ ʽ 

ʥʘʜʽʡʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ; 



27 

Å ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʽ ʢʦʤʧʘʢʪʥʽʩʪʴ ʤʦʥʪʘʞʫ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʤʽʱʫʚʘʪʠ 

ʫʩʪʘʥʦʚʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʦʪʝʣʴʥʦʤʫ ʚʽʜʜʽʣʝʥʥʽ ʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʦʢʨʝʤʦʛʦ 

ʧʨʠʤʽʱʝʥʥʷ; 

Å ʰʚʠʜʢʠʡ ʧʫʩʢ ʫʩʪʘʥʦʚʢʠ ʟʽ ʩʪʘʥʫ ʟʫʧʠʥʢʠ; 

Å ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʪʫʨʙʦʧʨʠʚʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʧʣʘʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ. 

ʊʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʧʨʦʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʚ ʷʢʦʩʪʽ ʪʫʨʙʦʧʨʠʚʦʜʫ ʥʘʩʦʩʽʚ (ʨʠʩ. 1.6) [23-25]. ʊʘʢʝ 

ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʝʢʦʥʦʤʠʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʝʬʝʢʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʩʦʩʘ. ʇʨʦʙʣʝʤʠ ʝʬʝʢʪʠʚʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʩʦʩʘ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʪʘʢʽ ʤʝʭʘʥʽʟʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢ ʛʽʜʨʦʤʫʬʪʘ ʘʙʦ ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʤʘʶʪʴ ʙʽʣʴʰ ʥʠʟʴʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʥʘ ʯʘʩʪʢʦʚʠʭ ʨʝʞʠʤʘʭ. 

ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʧʨʦʝʢʪʫ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʞʠʚʠʣʴʥʠʭ ʥʘʩʦʩʽʚ ʟ ʫʩʪʘʥʦʚʢʦʶ ʪʫʨʙʦʧʨʠʚʦʜʫ ʩʪʘʥʦʚʠʪʴ 1-1,5 

ʨʦʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʞʠʚʠʣʴʥʠʭ ʝʣʝʢʪʨʦʥʘʩʦʩʽʚ ʟ ʟʘʤʽʥʦʶ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʘ ʧʨʠʚʦʜʥʫ ʪʫʨʙʽʥʫ: ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 

ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ; ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; ʥʘʡʙʽʣʴʰ 

ʝʢʦʥʦʤʽʯʥʠʡ ʚʠʜ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʩʦʩʘ. 

 

 

 ʈʠʩʫʥʦʢ 1.6ï ʇʘʨʦʚʠʡ ʪʫʨʙʦʧʨʠʚʦʜ ʥʘʩʦʩʘ. 
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1.2.3  ɽʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʠ ʫ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ  

 

ʆʩʥʦʚʥʘ ʤʘʩʘ ɻʈʉ ʋʢʨʘʾʥʠ ʤʘʶʪʴ ʢʦʨʠʩʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʫ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚʽʜ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʚ 

ʩʪʘʥʮʽʶ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ ʟʽ ʩʪʘʥʮʽʾ, ʥʝ ʙʽʣʴʰʝ 500 ʢɺʪ. 

ʅʘ ʚʠʭʦʜʽ ɻʈʉ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʜʫ ʩʧʦʞʠʚʘʯʽʚ ʤʘʻ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʪʠʩʢ 

0,3; 0,6 ʘʙʦ 1,2 ʄʇʘ. ʊʠʩʢ ʥʘ ʚʭʦʜʽ ʢʦʣʠʚʘʻʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 7 ʜʦ  

2,5 ʄʇʘ. ʅʘ 20% ɻʈʉ ʩʪʫʧʽʥʴ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 1-1,3 ʽ ʮʽ ɻʈʉ 

ʥʝ ʮʽʢʘʚʽ ʷʢ ʦʙ'ʻʢʪʠ ʫʪʠʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ; ʫ 20% ɻʈʉ ʩʪʫʧʽʥʴ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ 1,5-2; 

ʫ 36% - 2-3; ʫ 15% - 3-5; ʫ 8% - 5-10; ʫ 2% - 10-20 [28]. 

ʅʘʧʨʠʢʣʘʜ, ʻ ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ ɸʊ çʋʢʨʪʨʘʥʩʛʘʟè ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʩʪʘʥʮʽʡ (ɸɻʈʉ) ʟ ʚʠʪʨʘʪʦʶ ʛʘʟʫ  

5000 ʥ.ʤ3/ʛʦʜ, 10000 ʥ.ʤ3/ʛʦʜ, 30000 ʥ.ʤ3/ʛʦʜ. ʎʽ ʩʪʘʥʮʽʾ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ 

ʪʠʧʦʨʦʟʤʽʨʠ:  

ï ɸɻʈʉï5 ʧʨʠ ʈʚʠʭ = 0,3ʄʇʘ, ɸɻʈʉï5 ʧʨʠ ʈʚʠʭ = 0,6ʄʇʘ, ɸɻʈʉï5 ʧʨʠ    ʈʚʠʭ 

= 1,2 ʄʇʘ; 

ï ɸɻʈʉ-10 ʧʨʠ ʈʚʠʭ = 0,3ʄʇʘ, ɸɻʈʉï10 ʧʨʠ ʈʚʠʭ = 0,6ʄʇʘ, ɸɻʈʉ-10 ʧʨʠ 

ʈʚʠʭ = 1,2 ʄʇʘ; 

ï ɸɻʈʉï30 ʧʨʠ ʈʚʠʭ = 0,3ʄʇʘ, ɸɻʈʉï30 ʧʨʠ ʈʚʠʭ =0,6ʄʇʘ, ɸɻʈʉ-30 ʧʨʠ 

ʈʚʠʭ = 1,2 ʄʇʘ. 

ʋ ʮʴʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʟʘʚʜʘʥʥʽ ʻ ʪʘʢʦʞ ʚʠʤʦʛʘ, ʱʦ çʚʫʟʦʣ ʟʘʧʦʙʽʛʘʥʥʷ 

ʛʽʜʨʘʪʦʫʪʚʦʨʝʥʴ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʠʡ ʨʝʞʠʤ ʧʽʜʽʛʨʽʚʫ ʛʘʟʫ, ʱʦ 

ʧʦʩʪʫʧʘʻ ʥʘ ɸɻʈʉ, ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʽʜʪʨʠʤʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ ʧʦ ʚʠʭʦʜʽ ʟ 

ɸɻʈʉ ʚ ʤʝʞʘʭ (-10ʉõ+10ʉ). ʇʽʜʽʛʨʽʚ ʛʘʟʫ ʥʘ ɸɻʈʉ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ ʟ ʧʦʜʘʯʝʶ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ ʢʦʪʣʽʚ ʧʽʜʽʛʨʽʚʫè.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ɻʈʉ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʽʛʨʽʚʘʪʠ ʛʘʟ, ʱʦ ʩʧʨʦʱʫʻ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʚʠʤʦʛ. 

ɸʢʪʫʘʣʴʥʦʶ ʚ ʜʘʥʠʡ ʯʘʩ ʩʪʘʻ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʩʪʘʥʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ 
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ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʤʦʾ ʩʪʘʥʮʽʾ (ʜʞʝʨʝʣ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ 

ʞʠʚʣʝʥʥʷ) [27, 28].  

ɺ [28] ʢʦʥʢʨʝʪʠʟʫʻʪʴʩʷ, ʱʦ çʉʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɻʈʉ ʚ ʧʦʚʥʽʡ 

ʢʦʤʧʣʝʢʪʘʮʽʾ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ: 

- ʨʦʟʧʦʜʽʣʴʥʠʡ ʱʠʪ (ʨʦʟʧʦʜʽʣʴʯʘ ʟʙʽʨʢʘ) 230/400 ɺ ʟ ʥʘʙʦʨʦʤ 

ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʽ ʣʽʯʠʣʴʥʠʢʦʤ ʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʚʦʜʽ; 

- ʘʚʘʨʽʡʥʝ ʜʞʝʨʝʣʦ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ ʘʢʫʤʫʣʷʪʦʨʥʫ 

ʙʘʪʘʨʝʶ, ʚʠʧʨʷʤʣʷʯ ʟʘʨʷʜʥʠʡ ʽ ʽʥʚʝʨʪʦʨ; 

- ʨʝʟʝʨʚʥʠʡ ʝʣʝʢʪʨʦʘʛʨʝʛʘʪ (ʨʝʟʝʨʚʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ), ʚʠʢʦʥʘʥʠʡ ʥʘ 

ʙʘʟʽ ʜʝʪʘʥʜʝʨʘ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʧʝʨʝʧʘʜʽ ʪʠʩʢʫ ʨʝʜʫʢʫʻʤʦʛʦ ʥʘ ɻʈʉ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʫ, ʘʙʦ ʝʣʝʢʪʨʦʘʛʨʝʛʘʪ ʥʘ ʙʘʟʽ ʛʘʟʦʚʠʭ ʤʽʢʨʦʪʫʨʙʽʥ, ʘʙʦ ʛʘʟʦʚʠʭ ʧʦʨʰʥʝʚʠʭ 

ʤʘʰʠʥ; 

- ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʽ ʩʠʛʥʘʣʽʟʘʮʽʾè. 

ɽʣʝʢʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʩʽʭ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ ɻʈʉ - ʥʝ ʙʽʣʴʰʝ  

30 ʢɺʪ (ʜʣʷ ɻʈʉ ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʽʜʽʛʨʽʚʫ ʛʘʟʫ). ʈʷʜ ʧʦʪʫʞʥʦʩʪʝʡ ʨʝʟʝʨʚʥʠʭ 

ʝʣʝʢʪʨʦʘʛʨʝʛʘʪʽʚ ï 2, 5, 15, 30 ʢɺʪ. ʊʨʠʚʘʣʽʩʪʴ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ ʚʽʜ 

ʨʝʟʝʨʚʥʦʛʦ ʜʞʝʨʝʣʘ ï ʥʝ ʤʝʥʰʝ 5 ʜʽʙ (ʫ ʨʘʟʽ ʨʦʙʦʪʠ ʨʝʟʝʨʚʥʦʛʦ ʝʣʝʢʪʨʦʘʛʨʝʛʘʪʫ 

ʚ ʙʘʟʦʚʦʤʫ ʨʝʞʠʤʽ ʪʨʠʚʘʣʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ).  

ɼʣʷ ʧʨʠʚʦʜʫ ʛʝʥʝʨʘʪʦʨʽʚ ʜʝʪʘʥʜʝʨ-ʛʝʥʝʨʘʪʦʨʘ ʨʝʟʝʨʚʥʦʛʦ 

ʝʣʝʢʪʨʦʘʛʨʝʛʘʪʫ ʧʦʚʠʥʥʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʚʠʛʫʥʠ ʨʽʟʥʦʛʦ ʪʠʧʫ: 

- ʜʚʠʛʫʥ ʪʫʨʙʽʥʥʦʛʦ ʘʙʦ ʦʙ'ʻʤʥʦʛʦ ʪʠʧʫ, ʱʦ ʧʨʘʮʶʻ ʚʽʜ ʧʦʪʦʢʫ ʛʘʟʫ ʥʘ 

ɻʈʉ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʛʘʟʫ ʚ ʨʝʜʫʢʫʶʯʠʭ ʣʽʥʽʷʭ; 

- ʛʘʟʦʚʘ ʤʽʢʨʦʪʫʨʙʽʥʘ; 

- ʛʘʟʦʚʠʡ ʧʦʨʰʥʝʚʠʡ ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 

ɿ ʚʠʤʦʛ ʜʦ ʜʝʪʘʥʜʝʨʥʦʛʦ ʜʚʠʛʫʥʘ ʽ ʛʘʟʦʚʦʾ ʤʽʢʨʦʪʫʨʙʽʥʠ ʤʦʞʥʘ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ, ʧʦ-ʧʝʨʰʝ, ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʻ ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʱʦ ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ 

ʥʘ ɻʈʉ ʙʝʟ ʡʦʛʦ ʩʧʝʮʽʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ (ʦʯʠʱʝʥʥʷ, ʧʽʜʽʛʨʽʚʫ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ 

ʪʦʱʦ). ʇʦ-ʜʨʫʛʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʚ ʜʝʪʘʥʜʝʨʝ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʡʦʛʦ ʧʽʜʽʛʨʽʚʫ ʥʘ 

ʚʭʦʜʽ, ʥʝ ʤʦʞʝ ʟʥʠʞʫʚʘʪʠʩʷ ʟʥʘʯʥʦ, ʪʘʢ ʷʢ ʥʘ ʚʠʭʦʜʽ ɻʈʉ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ 

ʦʙʤʝʞʝʥʘ.  
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ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʤʦʛʠ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʨʝʟʝʨʚʥʠʭ ʙʣʦʢʽʚ ʞʠʚʣʝʥʥʷ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɻʈʉ, ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʮʽ ʘʛʨʝʛʘʪʠ ʜʦʮʽʣʴʥʦ 

ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. 

ʋ ʛʘʟʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫʪʠʣʽʟʘʮʽʡʥʽ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʠ ʤʦʞʫʪʴ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ ʘʙʦ ʟʘʤʽʩʪʴ ʚʫʟʣʽʚ ʨʝʜʫʢʫʚʘʥʥʷ ʥʘ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʩʪʘʥʮʽʷʭ  ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʛʘʟʦʧʨʦʚʦʜʽʚ, ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʪʘ 

ʛʘʟʦʨʝʛʫʣʷʪʦʨʥʠʭ ʧʫʥʢʪʘʭ (ɻʈʇ) ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʥʘ ʢʦʤʧʨʝʩʦʨʥʠʭ 

ʩʪʘʥʮʽʷʭ (ʂʉ) ʟ ʛʘʟʦʪʫʨʙʽʥʥʠʤ ʧʨʠʚʦʜʦʤ ʢʦʤʧʨʝʩʦʨʽʚ (ʨʠʩ. 1.7).  

ʅʘ ɻʈʉ, ɻʈʇ ʽ ʂʉ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʨʦʙʠ ʟʘʢʽʥʯʝʥʦʾ ʟʘʚʦʜʩʴʢʦʾ 

ʛʦʪʦʚʥʦʩʪʽ: ʥʘʛʨʽʚʘʯʽ, ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʛʘʟʫ, ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʪʨʘʪʠ ʪʦʱʦ, ʪʦʤʫ ʜʦʜʘʪʢʦʚʦʛʦ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʫʩʪʘʥʦʚʮʽ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʥʘ ɻʈʉ, ɻʈʇ ʘʙʦ 

ʂʉ ʥʝ ʧʦʪʨʽʙʥʦ. ʋ ʛʘʟʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ɼɻɸ ʚʠʢʦʥʫʶʪʴ ʫ ʚʠʙʫʭʦʟʘʭʠʱʝʥʦʤʫ 

ʚʠʢʦʥʘʥʥʽ. ʊʦʤʫ ʦʧʪʠʤʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʨʦʙʦʯʠʤ 

ʢʦʣʝʩʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʘʣʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʫ ʚʠʙʫʭʦʟʘʭʠʱʝʥʽʡ 

ʦʙʦʣʦʥʮʽ (ʨʠʩ. 1.8). 

ɺ ʨʦʙʦʪʽ [9] ʚʠʚʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʘʥʜʝʨ-ʛʝʥʝʨʘʪʦʨʽʚ ʥʘ 

ʦʩʥʦʚʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʷʢ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 

ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʪʘʥʮʽʷʭ ʟʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ ʧʝʨʝʜ 

ʧʦʜʘʯʝʶ ʡʦʛʦ ʚ ʛʘʟʦʪʫʨʙʽʥʥʠʡ ʜʚʠʛʫʥ. 

ɼʣʷ ʨʷʜʫ ʪʠʧʦʚʠʭ ʂʉ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʜʽʶʯʠʭ ʚ ʉʅɼ, ʚʠʢʦʥʘʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘ ʦʜʥʦʤʫ ɻʇɸ ʽ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʩʪʘʥʮʽʾ (ʪʘʙʣʠʮʷ 1.1) ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ ʚʠʭʦʜʽ ʟ ʊɼɸ 

200 0ʉ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʚʽʜʙʦʨʫ ʛʘʟʫ: ʟ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ ʂʉ. 

ɿ ʪʘʙʣʠʮʽ 1.1 ʚʠʜʥʦ, ʱʦ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʚʠʭʨʦʚʽ ʨʦʟʰʠʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ, 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 200-500 ʢɺʪ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʂʉ ʟʘ ʨʘʭʫʥʦʢ 

ʫʪʠʣʽʟʘʮʽʾ ʥʝʧʨʠʜʘʪʥʦʛʦ ʪʝʧʣʘ ʽ ʪʠʩʢʫ ʧʨʠ ʜʨʦʩʝʣʶʚʘʥʥʽ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʧʦʨʰʥʝʚʠʭ ʘʙʦ ʛʘʟʦʪʫʨʙʽʥʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʂʂɼ 40 % ʥʝʦʙʭʽʜʥʦ 60-153 ʤ3/ʛʦʜ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ. ʋ 
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ʮʴʦʤʫ ʨʘʟʽ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʝ 

ʩʢʣʘʩʪʠ 206-515 ʪʠʩ. ʜʦʣʘʨʽʚ ʥʘ ʨʽʢ (ʧʨʠ ʚʘʨʪʦʩʪʽ ʛʘʟʫ 400 ʜʦʣʘʨʽʚ ʟʘ 1000 ʥʤ3). 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʄʦʜʝʨʥʽʟʘʮʽʷ ʚʫʟʣʘ ʨʝʜʫʢʫʚʘʥʥʷ ʛʘʟʫ ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʢʠ 

ʫʪʠʣʽʟʘʮʽʡʥʦʛʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʂʦʥʩʪʨʫʢʮʽʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʘʟʽ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʽ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ  

ʥʘ ɸɻʈʉ-5 ʤ. ɺʦʣʛʦʛʨʘʜ. 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʚ ʩʠʩʪʝʤʽ ʧʘʣʠʚʥʦʛʦ 

ʛʘʟʫ ɻʇɸ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ 

ʂʉ. ʎʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʙʦʪʠ ɻʇɸ ʚ ʘʚʘʨʽʡʥʦʤʫ 

ʨʝʞʠʤʽ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ.  
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ʊʘʙʣʠʮʷ 1.1 ï ɸʥʘʣʽʟ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ 

ʚʠʭʨʦʚʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ (ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ ʟ ʂʉ ʈʢ =75 ʙʘʨ). 

ɸʛʨʝʛʘʪ 

ʂʽʣ. 

ʥʘ 

ʂʉ 

ɺʠʪʨʘʪʘ 

ʧʘʣʠʚʥʦʛʦ 

ʛʘʟʫ ʥʘ 

ʦʜʠʥ 

ʘʛʨʝʛʘʪ, 

ʥʤ3/ʛʦʜ 

ʊʠʩʢ 

ʧʝʨʝʜ 

ʉʈɺʇɻ, 

ʙʘʨ 

ʉʪʫʧʽʥʴ 

ʨʦʟʰʠ-

ʨʝʥʥʷ ʚ 

ɺʈʄ 

 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ 

ʧʽʜʽʛʨʽʚʫ 

(ʧʝʨʝʜ 

ɺʈʄ), 
0ʉ 

ʂʂɼ 

ɺʈʄ 

ʇʦʪʫʞ-

ʥʽʩʪʴ 

ɺʊɻ ʥʘ 1 

ʘʛʨʝʛʘʪʽ, 

ʢɺʪ 

ʉʫʤʘʨʥʘ 

ʧʦʪʫʞ- 

ʥʽʩʪʴ  

 ʥʘ ʂʉ, 

 ʢɺʪ 

ɻʊʂ-

10-4ɹ 

 

8 

 

3720 

 

16 

 

4,5 60 

0.45 

 

58 464 

4,5 90 64 512 

4,5 110 68 544 

3,0 60 45 360 

3,0 90 50 400 

3,0 110 53 424 

ʅʂ-

16-

18ʉʊ 

 

4 
6500 

 

24 

 

3,0 60 

0.45 

 

77 308 

3,0 90 85 340 

3,0 110 91 364 

2,0 60 52 208 

2,0 90 58 232 

2,0 110 61 244 

 

1.3  ɼʦʩʣʽʜʞʝʥʥʷ ʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ 

ʤʘʰʠʥ 

 

ʋ ʥʘʰ ʯʘʩ ʜʦʩʠʪʴ ʜʦʩʣʽʜʞʝʥʠʤʠ ʻ ʚʠʭʨʦʚʽ ʥʘʩʦʩʠ ʽ ʢʦʤʧʨʝʩʦʨʠ. ʅʘʪʦʤʽʩʪʴ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʚʠʚʯʝʥʘ ʨʦʙʦʪʘ ʚʠʭʨʦʚʠʭ ʤʘʰʠʥ ʫ ʪʫʨʙʽʥʥʦʤʫ ʨʝʞʠʤʽ. ʏʘʩʪʠʥʘ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʽ ʛʽʜʨʦʪʫʨʙʽʥ [10, 29-32], ʯʘʩʪʠʥʘ ï ʨʦʙʦʪʽ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʪʫʨʙʽʥ [14, 33-45, 47,48]. ɼʝʷʢʽ ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʨʦʙʦʪʫ 

ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ, ʷʢ ʫ ʨʝʞʠʤʽ ʥʘʩʦʩʘ (ʢʦʤʧʨʝʩʦʨʘ), ʪʘʢ ʽ ʫ ʪʫʨʙʽʥʥʦʤʫ ʨʝʞʠʤʽ 

[10, 46]. 

ʈʦʙʦʪʘ ʚʠʭʨʦʚʠʭ ʛʽʜʨʦʪʫʨʙʽʥ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ɹʘʡʙʘʢʦʚʠʤ ʆ. ɺ. [10]. 

ʅʘʷʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʠʤ ʟʘ ʬʦʨʤʫʣʦʶ 

 

, 

 

ʜʝ pʚʭ, pʚʠʭ ï ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʢʘʥʘʣʫ ʚʽʜʧʦʚʽʜʥʦ; 

Qʢ ï ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʫ ʢʽʥʮʽ ʢʘʥʘʣʫ. 

( )ʢ ʚʭ ʚʠʭ ʢN p p Q= - Ö
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ɺʨʘʭʦʚʫʶʯʠ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ ʚ ʢʘʥʘʣʽ (ʚʪʨʘʪʠ ʥʘ ʧʦʜʦʣʘʥʥʷ ʢʦʣʦʚʦʾ 

ʩʢʣʘʜʦʚʦʾ ʩʠʣ ʪʝʨʪʷ ʥʘ ʩʪʽʥʮʽ ʢʘʥʘʣʫ), ʘʚʪʦʨ ʦʪʨʠʤʫʻ ʥʘʷʚʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʚʠʭʨʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ: 

 

, 

 

ʜʝ ʊu ï ʢʦʣʦʚʘ ʩʢʣʘʜʦʚʘ ʩʠʣ ʪʝʨʪʷ ʥʘ ʩʪʽʥʮʽ ʢʘʥʘʣʫ; 

F ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʠʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʭʨʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʤʦʤʝʥʪʽʚ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʨʽʜʠʥʫ ʚ ʢʘʥʘʣʽ, ʱʦʜʦ ʦʩʽ ʥʘʩʦʩʘ: 

 

, 

 

ʜʝ ʈʚʭ = ʨʚʭÖF ʠ ʈʚʠʭ = ʨʚʠʭ F ï ʩʠʣʠ ʪʠʩʢʫ ʥʘ ʚʭʽʜʥʠʡ ʪʘ ʚʠʭʽʜʥʠʡ ʧʝʨʝʨʽʟ 

ʢʘʥʘʣʫ; 

Rʮ.ʪ. ï ʨʘʜʽʫʩ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ; 

ʄʢ ï ʤʦʤʝʥʪ ʩʠʣʠ ʚʧʣʠʚʫ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʥʘ ʨʽʜʠʥʫ ʚ ʢʘʥʘʣʽ. 

ʇʝʨʝʤʥʦʞʠʚʰʠ ʥʘ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʢʦʣʝʩʘ ʘʚʪʦʨ ʦʪʨʠʤʫʻ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʢʦʨʠʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʭʨʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ: 

 

, 

 

ʜʝ u ï ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʥʘ ʨʘʜʽʫʩʽ ʮʝʥʪʨʫ ʚʘʛʠ ʧʝʨʝʨʽʟʫ 

ʢʘʥʘʣʫ. 

ɼʘʣʽ ʘʚʪʦʨ ʚʚʦʜʠʪʴ ʨʷʜ ʂʂɼ ʜʣʷ ʦʮʽʥʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʪʨʘʪ: 

ï ʛʽʜʨʘʚʣʽʯʥʽ ʚʪʨʘʪʠ ʚ ʢʘʥʘʣʽ ʦʮʽʥʶʶʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʠʤ ʂʂɼ ʢʘʥʘʣʫ 
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; 

 

ï ʦʙ'ʻʤʥʽ ʚʪʨʘʪʠ ʚ ʫʱʽʣʴʥʝʥʥʽ ʢʘʥʘʣʫ ʦʮʽʥʶʶʪʴʩʷ ʦʙ'ʻʤʥʠʤ ʂʂɼ ʢʘʥʘʣʫ 

hʦʢ; 

ï ʛʽʜʨʘʚʣʽʯʥʽ ʚʪʨʘʪʠ ʚʠʭʨʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʦʮʽʥʶʶʪʴʩʷ ʂʂɼ 

ʚʠʭʨʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ hʨ.ʧ; 

ï ʦʙ'ʻʤʥʽ ʚʪʨʘʪʠ ʯʝʨʝʟ ʚʠʪʦʢʠ ʨʽʜʠʥʠ ʢʨʽʟʴ ʫʱʽʣʴʥʝʥʥʷ ʚʽʜʩʽʢʘʯʘ 

(ʧʝʨʝʤʠʯʢʠ) ʦʮʽʥʶʶʪʴʩʷ ʦʙ'ʻʤʥʠʤ ʂʂɼ 

 

, 

 

ʜʝ Q ï ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʦʢʽʚ ʨʽʜʠʥʠ 

ʯʝʨʝʟ ʫʱʽʣʴʥʝʥʥʷ ʫ ʚʽʜʩʽʢʘʯʽ; 

qʧʝʨ ï ʚʠʪʦʢʠ ʨʽʜʠʥʠ ʯʝʨʝʟ ʫʱʽʣʴʥʝʥʥʷ ʫ ʚʽʜʩʽʢʘʯʽ. 

ɼʦʙʫʪʦʢ ʂʂɼ hʦʢĀhʨ.ʧ. ʜʦʨʽʚʥʶʻ: 

 

. 

 

ɼʦʙʫʪʦʢ ʂʂɼ hʦĀhʦʢĀhʨ.ʧ. ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

 

. 

 

ʅʘ ʨʠʩ. 1.9 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ hʦ Ā hʦʢ Ā hʨ.ʧ. = F (Q), Nn.ʚ = f (Q) ʽ h = f (Q). 
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ʈʠʩʫʥʦʢ 1.9 ï ɿʘʣʝʞʥʦʩʪʽ ʜʦʙʫʪʢʫ ʂʂɼ hʦĀhʦʢĀhʨ.ʧ., ʂʂɼ ʪʫʨʙʽʥʠ h ʽ 

ʧʦʪʫʞʥʦʩʪʽ ʚʠʭʨʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ Nʧ.ʚ ʚʽʜ ʚʠʪʨʘʪʠ ʯʝʨʝʟ ʪʫʨʙʽʥʫ 

 

ɺʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʫʨʙʽʥʠ ʚʽʜʧʦʚʽʜʘʻ Q > Fu; 

ʥʘʧʨʠʢʣʘʜ, ʧʨʠ Q = 1,5Fu ʜʦʙʫʪʦʢ ʂʂɼ ʤʘʻ ʤʝʞʫ: hʦ Ā hʦʢ Ā hʨ.ʧ. = 0,67. 

ɺʠʩʥʦʚʦʢ: ʜʦʙʫʪʦʢ hʦ Ā hʦʢ Ā hʨ.ʧ. ʟʫʤʦʚʣʝʥʠʡ ʨʦʟʛʣʷʥʫʪʠʤʠ ʚʠʱʝ ʨʽʚʥʷʥʥʷʤʠ 

ʽ ʟʙʽʣʴʰʠʪʠ ʡʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ ʤʦʞʥʘ. 

ɸʚʪʦʨʦʤ ʨʦʙʦʪʠ [10] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ (ʩʭʝʤʘ) ʨʦʟʨʘʭʫʥʢʫ 

ʚʠʭʨʦʚʦʾ ʛʽʜʨʦʪʫʨʙʽʥʠ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʩʪʨʫʤʝʥʝʤ, ʚ ʷʢʫ ʚʭʦʜʷʪʴ ʢʦʝʬʽʮʽʻʥʪʠ, 

ʱʦ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. 

ʋ ʨʦʙʦʪʽ [10] ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʜʝʢʽʣʴʢʦʭ ʚʠʭʨʦʚʠʭ 

ʛʽʜʨʦʪʫʨʙʽʥ, ʤʝʨʠʜʽʦʥʘʣʴʥʽ ʧʝʨʝʨʽʟʠ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.10 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʇʨʦʪʦʯʥʽ ʯʘʩʪʠʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʠʭ 

ʚʠʭʨʦʚʠʭ ʛʽʜʨʦʪʫʨʙʽʥ [10] 
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ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʪʫʨʙʽʥʠ ʟ ʙ̔ʯʥʠʤ ʢʨʫʛʣʠʤ ʢʘʥʘʣʦʤ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ 

(ʨʠʩ. 1.10ʘ) ʧʨʠ Q/(FĀu)=1,5 ʦʪʨʠʤʘʥʠʡ ʂʂɼ 54 %. ʇʦʪʫʞʥʽʩʪʴ ʮʽʻʾ ʪʫʨʙʽʥʠ ʧʨʠ 

ns = 4 ʽ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʭ ʂʂɼ ʚ 7 ʨʘʟʽʚ ʚʠʱʘ, ʥʽʞ ʫ ʤʘʣʦʛʘʙʘʨʠʪʥʦʾ ʦʩʴʦʚʦʾ 

ʛʽʜʨʦʪʫʨʙʽʥʠ. ɼʣʷ ʪʫʨʙʽʥʠ ʟ ʢʨʫʛʣʠʤ ʤʝʨʠʜʽʦʥʘʣʴʥʠʤ ʧʝʨʝʨʽʟʦʤ ʢʘʥʘʣʫ ʽ 

ʧʨʷʤʦʢʫʪʥʠʤ ʤʝʨʠʜʽʦʥʘʣʴʥʠʤ ʧʝʨʝʨʽʟʦʤ ʣʦʧʘʪʦʢ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʟʦʙʨʘʞʝʥʦʾ 

ʥʘ ʨʠʩ. 1.10ʙ, ʦʪʨʠʤʘʥʠʡ ʂʂɼ 40,5 %, ʘ ʜʣʷ ʪʫʨʙʽʥʠ (ʨʠʩ. 1.10ʚ) ï 46,5%. 

ʄʘʻʤʦ ʚʠʩʥʦʚʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʫʨʙʽʥ ʟ ʧʨʷʤʦʢʫʪʥʠʤ 

ʤʝʨʠʜʽʦʥʘʣʴʥʠʤ ʧʝʨʝʨʽʟʦʤ ʛʽʨʰʽ, ʥʽʞ ʟ ʢʨʫʛʣʠʤ; ʟʘʢʨʠʪʽ ʪʫʨʙʽʥʠ ʝʬʝʢʪʠʚʥʽʰʽ 

ʚʽʜʢʨʠʪʠʭ. 

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʪʫʨʙʽʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ  

(ʨʠʩ.1.10ʛ) ʦʪʨʠʤʘʥʦ ʂʂɼ 13%, ʪʦʙʪʦ ʟʥʘʯʥʦ ʥʠʞʯʝ, ʥʽʞ ʫ ʪʫʨʙʽʥ ʟ ʙʦʢʦʚʠʤ 

ʢʘʥʘʣʦʤ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʟʜʦʚʞʥʴʦʛʦ ʚʠʭʦʨʫ ʯʝʨʝʟ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ: ʚʦʥʠ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʚʠʥʠʢʥʝʥʥʶ ʽ ʧʽʜʪʨʠʤʮʽ 

ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʦʛʦ ʨʫʭʫ. 

ɺ ʦʙʣʘʩʪʽ ʚʠʭʨʦʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʫʨʙʽʥ ʚʽʜʦʤʽ ʨʦʙʦʪʠ ʏʝʙʘʥʘ ɺ. ɻ.  

[29-32] ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷʤ ʤʘʣʦʛʘʙʘʨʠʪʥʦʾ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ, ʱʦ ʧʨʘʮʶʻ ʚ 

ʷʢʦʩʪʽ ʧʨʠʚʦʜʫ ʬʽʣʴʪʨʦʝʣʝʤʝʥʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʯʠʩʥʠʢʘ ʚ'ʷʟʢʠʭ ʨʽʜʠʥ. 

ɻʽʜʨʦʪʫʨʙʽʥʘ ʤʘʻ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ ʟ ʙʦʢʦʚʠʤ ʢʨʫʛʣʠʤ ʢʘʥʘʣʦʤ ʚ 

ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ. ʈʦʙʦʯʝ ʢʦʣʝʩʦ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʟ ʧʣʦʩʢʠʤʠ 

ʨʘʜʽʘʣʴʥʠʤʠ ʣʦʧʘʪʢʘʤʠ. ʈʽʜʠʥʘ ʚ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʩʦʧʣʦ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ, ʭʦʯʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦ-

ʚʠʭʨʦʚʦʛʦ ʨʫʭʫ ʙʦʢʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʥʘʣʫ ʙʽʣʴʰ ʧʝʨʝʚʘʞʥʝ, ʚʠʭʨʦʚʽ ʤʘʰʠʥʠ 

ʟ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʽ, ʙʦ ʣʝʛʢʦ 

ʢʦʤʧʦʥʫʶʪʴʩʷ ʚ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʽ ʽ ʙʘʛʘʪʦʧʦʪʦʢʦʚʽ ʤʘʰʠʥʠ (ʜʠʚ.  

ʨʠʩ. 1.1, 1.2). ʄʘʩʦʛʘʙʘʨʠʪʥʽ ʧʦʢʘʟʥʠʢʠ ʫ ʮʠʭ ʤʘʰʠʥ ʤʝʥʰʽ, ʚʦʥʠ ʣʝʛʰʽ ʽ 

ʜʝʰʝʚʰʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʧʨʦʩʪʽʰʝ ʨʝʛʫʣʶʶʪʴʩʷ ʟʘʟʦʨʠ. 

ɺʽʜʦʤʦ ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. 
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ʋ ʨʦʙʦʪʘʭ ʉʝʨʛʻʻʚʘ ɺ.ʄ. ʽ ʍʤʘʨʠ ɺ.ʄ. [33-35] ʜʦʩʣʽʜʞʝʥʘ ʚʠʭʨʦʚʘ 

ʩʪʫʧʽʥʴ ʟ ʚʥʫʪʨʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ (ʜʠʚ. ʨʠʩ. 1.11), ʱʦ ʧʨʘʮʶʻ ʥʘ 

ʩʪʠʩʣʠʚ̔ʡ ʨʝʯʦʚʠʥʽ (ʧʦʚʽʪʨʽ).  

 

 

ʈʠʩʫʥʦʢ 1.11 ï ʉʭʝʤʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ 

 

ʊʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʥʘʣʫ ʢʦʨʧʫʩʫ ʽ ʣʦʧʘʪʦʢ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʣʝ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʙʦ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ ʥʘ ʚʭʦʜʽ ʫ ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʙʽʣʴʰʽ, ʥʽʞ ʥʘ ʚʠʭʦʜʽ ʟ ʥʴʦʛʦ, ʱʦ 

ʩʧʨʠʷʻ ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ ʨʫʭʫ ʨʝʯʦʚʠʥʠ. ɼʦʩʷʛʥʫʪʦ ʟʥʘʯʝʥʥʷ ʂʂɼ 30 %, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʟʘʢʣʘʜʝʥʽ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʮʽʻʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʪʝʦʨʝʪʠʯʥʽ 

ʧʝʨʝʜʫʤʦʚʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ (ʚʠʭʨʦʚʦʛʦ ʧʥʝʚʤʦʧʨʠʚʦʜʘ) ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʦʮʽʥʶʻʪʴʩʷ ʘʜʽʘʙʘʪʥʠʤ ʂʂɼ, ʷʢʠʡ ʚ ʨʦʙʦʪʽ [33] 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʜʦʙʫʪʢʫ ʥʘʩʪʫʧʥʠʭ ʂʂɼ: 

 

, 
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ʜʝ hh ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʂʂɼ ʧʨʦʮʝʩʫ ʨʦʟʰʠʨʝʥʥʷ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʥʘ ʟʨʠʚʠ, ʚʠʭʨʦʫʪʚʦʨʝʥʥʷ, ʫʜʘʨʥʽ ʚʪʨʘʪʠ, ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ; 

hʧʘʪ ï ʂʂɼ ʧʘʪʨʫʙʢʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʪʠʩʢʫ ʫ ʚʭʽʜʥʦʤʫ ʽ ʚʠʭʽʜʥʦʤʫ 

ʧʘʪʨʫʙʢʘʭ; 

hʥʘʧ ï ʂʂɼ ʥʘʧʦʚʥʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʪʠʩʢʫ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ ʤʘʩʠ ʛʘʟʫ, 

ʱʦ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ, ʟ ʛʘʟʦʤ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʯʝʨʝʟ ʚʽʜʩʽʢʘʯ; 

ht ï ʂʂɼ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʫ ʚʽʜ 

ʟʤʽʰʫʚʘʥʥʷ ʟ ʭʦʣʦʜʥʠʤ ʛʘʟʦʤ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʯʝʨʝʟ ʚʽʜʩʽʢʘʯ; 

hʪ.ʧ ï ʂʂɼ ʪʝʨʪʷ ʽ ʧʝʨʝʪʦʢʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʚʥʫʪʨʽʰʥʴʦʩʪʫʧʝʥʝʚʠʭ 

ʧʝʨʝʪʦʢʽʚ ʯʝʨʝʟ ʟʘʟʦʨʠ ʤʽʞ ʢʦʣʝʩʦʤ ʽ ʢʦʨʧʫʩʦʤ ʽ ʚʪʨʘʪʠ ʚʽʜ ʪʝʨʪʷ ʜʠʩʢʘ ʢʦʣʝʩʘ ʦʙ 

ʛʘʟ; 

hʚʠʪ ï ʂʂɼ ʚʠʪʦʢʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʠʪʽʢ ʛʘʟʫ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʆʩʥʦʚʥʠʤʠ ʚʪʨʘʪʘʤʠ ʻ ʛʽʜʨʘʚʣʽʯʥʽ ʚʪʨʘʪʠ, ʚʪʨʘʪʠ ʚ ʧʘʪʨʫʙʢʘʭ ʽ ʚʪʨʘʪʠ 

ʯʝʨʝʟ ʚʠʪʦʢʠ. 

ʋ ʨʦʙʦʪʽ [33] ʉʝʨʛʻʻʚʠʤ ɺ. ʄ. ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 18 ʪʠʧʽʚ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ 

ʟ ʨʽʟʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʛʘʟʦʜʠʥʘʤʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ: 

ï ʢʫʪ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ ɓʋ = 9 ï 11 ʛʨʘʜ; 

ï ʢʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʦʢ ɓʣ = 33ï37 ʛʨʘʜ; 

ï ʚʽʜʥʦʩʥʠʡ ʢʨʦʢ ʣʦʧʘʪʦʢ  t = 0,9ï1,1; 

ï ʚʽʜʥʦʩʥʘ ʜʦʚʞʠʥʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ d̀ = 0,1ï0,13; 

ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʪʦʨʮʝʚʦʛʦ ʟʘʟʦʨʫ  

ŭ̀ = 0,05ï0,09; 

ï ʥʘʚʝʜʝʥʘ ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʢʦʣʝʩʘ ù = 0,4ï0,16; 

ï ʧʘʨʘʤʝʪʨ ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ ʄu = 0,15ï0,17; 

ï ʩʪʫʧʽʥʴ ʨʦʟʰʠʨʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʦʤʫ ʢʘʥʘʣʽ ʩʪʫʧʝʥʷ ʨ́.ʢ. = 2,5ï2,8. 

ɹʫʣʠ ʦʪʨʠʤʘʥʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟ ʷʢʠʭ ʚʠʜʥʦ ʚʠʩʦʢʝ 

ʚʽʜʥʦʰʝʥʥʷ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ: ʄʧʫʩʢ/ʄʥʦʤ = 1,6. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʉʝʨʛʻʻʚʠʤ ɺ.ʄ. ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ 
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ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʽ 

ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ 

ʚʥʫʪʨʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʪʦʯʥʘ ʯʘʩʪʠʥʘ ʟ ʚʥʫʪʨʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ 

ʢʘʥʘʣʦʤ ʥʝʟʨʫʯʥʘ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʙʦ ʚ ʥʽʡ ʨʦʪʦʨʥʘ ʯʘʩʪʠʥʘ 

ʜʽʘʤʝʪʨʘʣʴʥʦ ʙʽʣʴʰʘ ʟʘ ʩʪʘʪʦʨʥʫ ʽ ʦʙʝʨʪʘʻʪʴʩʷ ʟʦʚʥʽʰʥʽʡ ʣʦʧʘʪʢʦʚʠʡ ʚʽʥʝʮʴ, 

ʚʘʞʢʦ ʚʠʢʦʥʘʪʠ ʧʽʜʚʝʜʝʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʛʘʟʫ ʽ ʩʪʚʦʨʠʪʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʫ ʪʘ/ʘʙʦ 

ʙʘʛʘʪʦʧʦʪʦʯʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. 

ʋ ʨʦʙʦʪʘʭ [14, 44] ʜʦʩʣʽʜʞʝʥʘ ʚʠʭʨʦʚʘ ʧʥʝʚʤʘʪʠʯʥʘ ʪʫʨʙʽʥʘ ʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʽ ʩʦʧʣʦʚʠʤ ʘʧʘʨʘʪʦʤ (ʨʠʩ. 1.12). 

 

ʈʠʩʫʥʦʢ 1.12 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʦʜʝʣʽ ʽ 

ʧʽʜʚʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ 

 

ɺʠʭʨʦʚʘ ʪʫʨʙʽʥʘ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʽ ʧʽʜʚʝʜʝʥʥʷʤ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʢʘʥʘʣ ʢʦʨʧʫʩʫ ʯʝʨʝʟ ʦʪʚʽʨ, ʚʠʢʦʥʘʥʠʡ ʫ ʢʦʨʧʫʩʽ, ʟʛʽʜʥʦ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ [10], ʤʘʣʘ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʦʧʣʘ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʪʫʨʙʽʥʠ ʜʦʟʚʦʣʠʣʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʦʪʽʢ ʛʘʟʫ ʥʘ ʚʭʽʜʥʽʡ ʜʽʣʷʥʮʽ ʽ ʧʦ ʜʦʚʞʠʥʽ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʽ ʧʽʜʚʠʱʠʪʠ ʂʂɼ ʪʫʨʙʽʥʠ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ (ʟ 10 % ʜʦ 30% ï 35 % 

[14]). 
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ʋ ʨʦʙʦʪʘʭ [14,36-40] ʨʦʟʛʣʷʥʫʪʽ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʚʠʭʨʦʚʦʾ ʧʥʝʚʤʘʪʠʯʥʦʾ 

ʪʫʨʙʽʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʽ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʾʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʣʷʭʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʚʭʽʜʥʽʡ ʜʽʣʷʥʮʽ ʽ ʚʟʜʦʚʞ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʦʧʣʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ [14] ʪʘʢʽ: 

1) ɼʘʥʘ ʦʮʽʥʢʘ ʟʤʽʥʠ ʤʘʩʠ ʛʘʟʫ mʣ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʤʽʞʣʦʧʘʪʢʦʚʠʭ 

ʢʘʥʘʣʘʭ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʟʘ ʫʤʦʚʠ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ 

ʯʝʨʝʟ ʚʝʩʴ ʤʝʨʠʜʽʦʥʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʧʦʩʪʽʡʥʦʶ  

(m=const) ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʩʪʫʧʝʥʽ, ʱʦ ʧʨʘʮʶʻ ʚ 

ʪʫʨʙʽʥʥʦʤʫ ʨʝʞʠʤʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʽʻʾ ʦʮʽʥʢʠ ʦʪʨʠʤʘʣʠ ʨʽʚʥʷʥʥʷ, ʟ ʷʢʠʭ ʚʠʜʥʦ, 

ʱʦ, ʧʨʠ ʨʦʙʦʪʽ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʚ ʪʫʨʙʽʥʥʦʤʫ ʨʝʞʠʤʽ ʥʘ ʩʪʠʩʣʠʚʽʡ ʨʝʯʦʚʠʥʽ, 

ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʛʫʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʚ ʢʘʥʘʣʽ ʢʦʨʧʫʩʫ ʚ ʢʦʣʦʚʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ 

ʩʧʽʨʘʣʝʧʦʜʽʙʥʽ ʣʽʥʽʾ ʪʦʢʫ ʥʽʙʠʪʦ ʨʦʟʪʷʛʫʶʪʴʩʷ,  ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ 

ʚʟʘʻʤʦʜʽʡ ʯʘʩʪʠʥʦʢ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʟ ʣʦʧʘʪʢʘʤʠ ʢʦʣʝʩʘ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ 

ʜʦʚʞʠʥʠ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ; ʢʨʽʤ ʪʦʛʦ, ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʩʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʤʽʞʣʦʧʘʪʢʦʚʠʭ ʢʘʥʘʣʘʭ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʊʦʤʫ ʚ ʚʠʭʨʦʚʦʤʫ ʩʪʫʧʝʥʽ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ 

ʪʫʨʙʽʥʥʦʤʫ ʨʝʞʠʤʽ, ʚʘʞʣʠʚʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʦʪʽʢ ʛʘʟʫ, ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʪʝʥʩʠʚʥʫ 

ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʱʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʦʧʣʘ, ʧʝʚʥʠʤ ʯʠʥʦʤ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʚʽʜʥʦʩʥʦ ʣʦʧʘʪʦʢ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ. 

2) ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʘʩʦʚʠʭ ʧʦʪʦʢʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʚʪʨʘʪ 

ʝʥʝʨʛʽʾ ʽ ʂʂɼ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. ɿ ʘʥʘʣʽʟʫ 

ʤʘʩʦʚʠʭ ʧʦʪʦʢʽʚ ʘʚʪʦʨʦʤ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʱʦ ʚʪʨʘʪʠ, ʟʫʤʦʚʣʝʥʽ ʧʝʨʝʪʽʢʘʥʥʷʤ 

ʯʝʨʝʟ ʪʦʨʮʝʚʽ ʟʘʟʦʨʠ ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʧʝʨʝʪʽʢʘʥʥʷʤ ʯʝʨʝʟ 

ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ ʫ ʚʽʜʩʽʢʘʯʽ ʽ ʧʝʨʝʥʝʩʝʥʥʷʤ ʤʘʩʠ ʛʘʟʫ ʚ ʤʽʞʣʦʧʘʪʢʦʚʠʭ  ʢʘʥʘʣʘʭ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʟ ʚʠʭʦʜʫ ʥʘ ʚʭʽʜ ʩʪʫʧʝʥʽ ʯʝʨʝʟ ʚʽʜʩʽʢʘʯ ʫ ʚʠʭʨʦʚʦʤʫ ʪʫʨʙʽʥʥʦʤʫ 

ʩʪʫʧʝʥʽ ʤʝʥʰʽ, ʥʽʞ ʚ ʢʦʤʧʨʝʩʦʨʥʦʤʫ ʚʠʭʨʦʚʦʤʫ ʩʪʫʧʝʥʽ, ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʭʨʦʚʦʾ 

ʪʫʨʙʽʥʠ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʚʪʨʘʪʘʤʠ. ʇʨʠ ʨʦʟʨʦʙʮʽ 

ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʽ ʂʂɼ ʚʠʢʦʨʠʩʪʘʥʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ 
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ʣʦʧʘʪʢʦʚʠʭ ʤʘʰʠʥ ʟʽ ʩʢʣʘʜʥʦʶ ʧʨʦʪʦʯʥʦʶ ʯʘʩʪʠʥʦʶ ʤʝʪʦʜ ʦʙʣʽʢʫ ʚʪʨʘʪ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʭ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. ɺʠʨʘʟ ʜʣʷ ʚʽʜʥʦʩʥʦʛʦ (ʽʟʦʝʥʪʨʦʧʥʦʛʦ, 

ʘʜʽʘʙʘʪʥʦʛʦ) ʂʂɼ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʫʨʙʽʥʠ ʯʝʨʝʟ ʩʢʣʘʜʦʚʽ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʦʪʨʠʤʘʥʦ 

ʫ ʚʠʛʣʷʜʽ: 

 

 

ʘʙʦ 

, 

 

ʜʝ NB ï ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʘʣʫ ʪʫʨʙʽʥʠ; 

Ns ï ʥʘʷʚʥʘ ʧʦʪʫʞʥʽʩʪʴ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ ʜʠʩʢʽʚ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʚʽʜ ʧʝʨʝʪʽʢʘʥʥʷ ʛʘʟʫ ʯʝʨʝʟ ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ ʫ 

ʚʽʜʩʽʢʘʯʽ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʚʽʜ ʧʝʨʝʪʽʢʘʥʥʷ ʛʘʟʫ ʯʝʨʝʟ ʪʦʨʮʝʚʽ ʟʘʟʦʨʠ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʯʝʨʝʟ ʚʠʪʽʢʘʥʥʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ, ʦʙʫʤʦʚʣʝʥʽ ʧʝʨʝʥʝʩʝʥʥʷʤ ʤʘʩʠ ʛʘʟʫ ʫ 

ʤʽʞʣʦʧʘʪʢʦʚʠʭ ʢʘʥʘʣʘʭ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʯʝʨʝʟ ʚʽʜʩʽʢʘʯ ʟ ʚʠʭʦʜʫ ʥʘ ʚʭʽʜ ʩʪʫʧʝʥʽ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʫ ʩʦʧʣʽ; 

 ï ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʟ ʚʠʭʽʜʥʦʶ ʰʚʠʜʢʽʩʪʶ; 

 ï ʚʽʜʥʦʩʥʽ ʛʽʜʨʘʚʣʽʯʥʽ ʚʪʨʘʪʠ ʚ ʢʦʣʝʩʽ ʽ ʢʘʥʘʣʽ ʢʦʨʧʫʩʫ; 

 ï ʚʽʜʥʦʩʥʠʡ ʂʂɼ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʦʙʫʤʦʚʣʝʥʽ ʪʦʨʮʝʚʠʤʠ 

ʟʘʟʦʨʘʤʠ; 

hʛ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʂʂɼ ʩʪʫʧʝʥʷ. 

3) ʆʪʨʠʤʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʩʪʨʫʢʪʫʨʠ ʂʂɼ ʜʣʷ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʫʨʙʽʥʠ ʚ ʟʦʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽʟʦʝʥʪʨʦʧʥʦʛʦ ʂʂɼ, ʱʦ 

ʜʠʥʢ.ʨcoʧʝʨ.ʧʝʨ.ʦʜ.ʪsɺs NNNNNNN1NN DDDDDDDh d -------==

( )ʧʝʨ.ʦoʛs NN DDhhh d --Ö=

ʜ.ʪND
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ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʦʨʛʘʥʽʟʦʚʘʥʦʶ ʪʝʯʽʻʶ ʧʦ ʩʧʽʨʘʣʝʧʦʜʽʙʥʠʭ ʣʽʥʽʷʭ 

ʩʪʨʫʤʫ. 

4) ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʩʪʦʩʦʚʥʦ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

5) ʇʨʦʚʝʜʝʥʦ ʰʠʨʦʢʠʡ ʢʦʤʧʣʝʢʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ: 

ʘ) ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʫʨʙʽʥʠ ʥʘ ʚʭʦʜʽ (ʧʣʦʱʽ ʩʦʧʣʘ , ʚʝʣʠʯʠʥʠ ʟʩʫʚʫ ʦʩʽ ʩʦʧʣʘ ʧʦ ʰʠʨʠʥʽ 

ʢʦʣʝʩʘ ʘ, ʢʫʪʘ ʚʭʦʜʫ ʧʦʪʦʢʫ ʛʘʟʫ, ʱʦ ʚʠʪʽʢʘʻ ʟ ʩʦʧʣʘ, ʥʘ ʣʦʧʘʪʢʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

a1 (ʢʫʪʘ ʤʽʞ ʚʽʩʩʶ ʩʦʧʣʘ ʽ ʜʦʪʠʯʥʦʶ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ), 

ʢʦʝʬʽʮʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ, ʩʪʫʧʝʥʷ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʪʫʨʙʽʥʽ ʪʦʱʦ) 

ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʦʩʥʦʚʥʽ ʨʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ ʪʫʨʙʽʥʠ; 

ʙ) ʦʪʨʠʤʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʽ ʧʫʩʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʽʥʠ; 

ʚ) ʧʨʦʚʝʜʝʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʝʯʽʾ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ. 

ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ 41 ʩʝʨʽʷ ʚʠʧʨʦʙʫʚʘʥʴ ʪʫʨʙʽʥʠ ʟ ʨʽʟʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ (, ʘ, a1). ɿʘ ʥʘʧʨʷʤʢʦʤ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 

ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ ʨʘʜʽʘʣʴʥʦʛʦ ʜʦ ʪʘʥʛʝʥʮʽʘʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʘ ʧʦ 

ʚʝʣʠʯʠʥʽ ï ʜʦ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʫʨʙʽʥʠ ʰʣʷʭʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ 

ʚʭʽʜʥʽʡ ʜʽʣʷʥʮʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚ ʾʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʦ ʧʝʨʝʜʙʘʯʝʥʦ ʧʨʠʩʪʨʽʡ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʢʫʪ ʥʘʭʠʣʫ ʽ ʜʽʘʤʝʪʨ ʩʦʧʣʘ, ʘ ʪʘʢʦʞ ʚʝʣʠʯʠʥʫ ʟʤʽʱʝʥʥʷ 

ʦʩʽ ʩʦʧʣʘ ʧʦ ʰʠʨʠʥʽ ʢʦʣʝʩʘ (ʨʠʩ. 1.12). 

ɼʽʘʧʘʟʦʥʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ: 

ʘ) ʢʫʪʘ a1: a1 = 900·00 ; 

ʙ) ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ dc = 8·19 ʤʤ (ʚʽʜʥʦʩʥʦʾ ʧʣʦʱʽ ʩʦʧʣʘ  =  

= 0.264·1.492);) 

ʚ) ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ ʦʩʽ ʩʦʧʣʘ ʧʦ ʰʠʨʠʥʽ ʢʦʣʝʩʘ ʘ = 6,5·17,5 ʤʤ 

(ʚʽʜʥʦʩʥʦ ʾʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ ʘ/d =  = 0,295·0,795). 

cF

cF

cʢc FFF =.ʨ

a



43 

ʛ) ʩʪʫʧʝʥʷ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʪʫʨʙʽʥʽ pʩʪ = 1,2·4,2; 

ʜ) ʙʝʟʨʦʟʤʽʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚ ʢʦʣʦʚʦʤʫ ʥʘʧʨʷʤʢʫ lu = 0,09·0,18; 

ʝ) ʥʘʚʝʜʝʥʦʾ ʢʦʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ  = 0,09·0,25; 

ʅʝʟʤʽʥʥʠʤʠ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘʣʠʰʘʣʠʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʽ ʜʽʘʤʝʪʨ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ: 

ʘ) ʢʫʪ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ (ʢʫʪ ʤʽʞ ʢʨʦʤʢʦʶ ʣʦʧʘʪʢʠ ʽ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʝʩʘ) bʫ = 100; 

ʙ) ʢʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʦʢ (ʢʫʪ ʤʽʞ ʚʽʩʩʶ ʣʦʧʘʪʦʢ ʽ ʜʦʪʠʯʥʦʶ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʽʘʤʝʪʨʫ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ) (ʨʠʩ. 1.12) bʣ = 500; 

ʚ) ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ D = 180 ʤʤ; 

ʛ) ʜʽʘʤʝʪʨ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ d = 22 ʤʤ 

(ʚʽʜʥʦʩʥʠʡ ʜʽʘʤʝʪʨ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ  = 0,122); 

ʜ) ʯʠʩʣʦ ʣʦʧʘʪʦʢ z=48 (ʚʽʜʥʦʩʥʠʡ ʢʨʦʢ ʣʦʧʘʪʦʢ 1,07); 

ʝ) ʤʝʨʠʜʽʦʥʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ï ʢʨʫʛʣʠʡ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʛʣʷʜʽ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽʟʦʝʥʪʨʦʧʥʦʛʦ ʂʂɼ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʡʦʤʫ ʦʩʥʦʚʥʠʭ 

ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʙʝʟʨʦʟʤʽʨʥʽʡ ʬʦʨʤʽ (ʩʪʫʧʝʥʷ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʪʫʨʙʽʥʽ 

pʪ, ʥʘʚʝʜʝʥʦʾ ʢʦʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʙʝʟʨʦʟʤʽʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʫ 

ʚʠʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʩʦʧʣʘ lʩ, ʚʝʣʠʯʠʥʠ ʘʢʪʠʚʥʦʩʪʽ ʪʫʨʙʽʥʠ ʧʦ ʽʟʦʝʥʪʨʦʧʥʠʤ 

ʧʝʨʝʧʘʜʘʤ bs) ʽ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ Nʧʠʪ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʫʨʙʽʥʠ ʥʘ ʚʭʦʜʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ ʫ ʢʦʣʦʚʦʤʫ 

ʥʘʧʨʷʤʢʫ:  bs, Nʧʠʪ = f(a1, lu);  bs, Nʧʠʪ = f(a1, lu); 

 bs, Nʧʠʪ = f(a1, lu); . ɿʨʦʙʣʝʥʦ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʽʜʪʚʝʨʜʠʣʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʚʽʜ ʢʫʪʘ 

ʚʭʦʜʫ ʧʦʪʦʢʫ ʛʘʟʫ, ʱʦ ʚʠʪʽʢʘʻ ʽʟ ʩʦʧʣʘ, ʥʘ ʣʦʧʘʪʢʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ (ʢʫʪʘ a1). ʊʘʢ, 

ʥʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʢʫʪʘʭ a1 = 30-50̄  (ʨʠʩ. 

1.13ʘ), ʧʨʠʯʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʫʨʙʽʥʠ ʧʨʠ ʢʫʪʽ a1 = 40  ̄ʚ 2,5 ʨʘʟʠ ʚʠʱʘ, ʥʽʞ ʧʨʠ 
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ʨʘʜʽʘʣʴʥʦʤʫ ʚʭʦʜʽ (a1 = 90 )̄, ʱʦ ʚʠʜʥʦ ʟ ʨʠʩ. 1.13ʙ, ʥʘ ʷʢʦʤʫ ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜʥʦʩʥʦʛʦ ʂʂɼ, ʨʽʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽʟʦʝʥʪʨʦʧʥʦʛʦ ʂʂɼ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʯʥʦʤʫ ʢʫʪʫ a1, ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽʟʦʝʥʪʨʦʧʥʦʛʦ ʂʂɼ ʧʨʠ 

ʨʘʜʽʘʣʴʥʦʤʫ ʚʭʦʜʽ. 

 

ʈʠʩʫʥʦʢ 1.13 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽʟʦʝʥʪʨʦʧʥʦʛʦ ʂʂɼ  

ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ ʚʽʜ ʢʫʪʘ a1 

 

ʅʘʷʚʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʦʛʦ, ʩʧʽʨʘʣʝʧʦʜʽʙʥʦʛʦ ʨʫʭʫ ʛʘʟʫ ʚ 

ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʫ ʨʦʙʦʪʽ 
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[14] ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʝʯʽʾ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʶ ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ ʢʦʨʧʫʩʫ ʢʨʘʧʝʣʴʦʢ ʨʦʟʯʠʥʝʥʦʾ ʫ ʚʦʜʽ ʤʘʩʣʷʥʦʾ ʬʘʨʙʠ 

ʽ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʤʠʪʪʷ ʾʭ ʧʦ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʘʰʠʥʠ. ʂʨʘʧʝʣʴʢʠ 

ʚʠʷʚʠʣʠʩʷ ʨʦʟʤʠʪʠʤʠ ʧʦ ʛʚʠʥʪʦʚʠʭ ʣʽʥʽʷʭ, ʧʨʠʯʦʤʫ ʥʘ ʧʦʯʘʪʢʫ ʢʘʥʘʣʫ ʮʽ ʣʽʥʽʾ 

ʤʘʶʪʴ ʙʽʣʴʰ ʢʨʫʪʠʡ ʧʽʜʡʦʤ (ʙʽʣʴʰ "ʩʪʠʩʥʫʪʽ"), ʥʽʞ ʫ ʢʽʥʮʽ ʢʘʥʘʣʫ, ʘ ʥʘ ʣʦʧʘʪʢʘʭ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʩʪʨʦʛʦ ʥʘ ʦʜʥʽʡ ʩʪʦʨʦʥʽ ʜʦʙʨʝ ʚʠʜʥʦ ʩʣʽʜʠ ʬʘʨʙʠ, ʚʠʢʠʥʫʪʦʾ ʟ 

ʢʘʥʘʣʫ ʢʦʨʧʫʩʫ. 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʽ ʧʨʘʢʪʠʯʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʜʥʦʧʦʪʦʢʦʚʠʭ ʚʠʭʨʦʚʠʭ ʧʥʝʚʤʘʪʠʯʥʠʭ ʪʫʨʙʽʥ ʟ 

ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʜʽʘʧʘʟʦʥʽʚ ʟʤʽʥʠ 

ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʪʘʙʣʠʮʽ 1.2. ɿʘʣʝʞʥʦ ʚʽʜ 

ʥʘʷʚʥʦʛʦ ʧʝʨʝʧʘʜʫ ʪʠʩʢʽʚ ʥʘ ʩʪʫʧʽʥʴ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʧʝʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʂʂɼ ʤʘʰʠʥʠ (ʪʘʙʣʠʮʷ 1.2). 

 

ʊʘʙʣʠʮʷ 1.2 ï ʇʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʜʥʦʧʦʪʦʢʦʚʠʭ 

ʚʠʭʨʦʚʠʭ ʪʫʨʙʽʥ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ [14]. 

ʉʪʫʧʽʥʴ  

ʟʥʠʞʝʥʥʷ 

ʪʠʩʢʫ 

 

ʅʘʚʝʜʝʥʘ 

ʢʦʣʦʚʘ 

ʰʚʠʜʢʽʩʪʴ 

ʨʦʙʦʯʦʛʦ 

ʢʦʣʝʩʘ 

 

ɯʟʦʝʥ- 

ʪʨʦʧʥʠʡ 

ʂʂɼ 

  

ʂʫʪ ʚʭʦʜʫ 

ʧʦʪʦʢʫ ʛʘʟʫ ʥʘ 

ʣʦʧʘʪʢʠ 

ʨʦʙʦʯʦʛʦ 

ʢʦʣʝʩʘ 

ɺʽʜʥʦʩʥʘ 

ʧʣʦʱʘ ʩʦʧʣʘ 

 

 

ɺʽʜʥʦʩʥʘ 

ʚʝʣʠʯʠʥʘ 

ʟʤʽʱʝʥʥʷ 

ʩʦʧʣʘ ʧʦ 

ʰʠʨʠʥʽ 

ʢʦʣʝʩʘ 

pʩʪ lu hs a1   

1,4 ï 1,8 0,12 0,30 ï 0,33 40 - 50 1,26 ï 0,60 0,5 ï 0,60 

1,9 ï 2,8 0,15 0,29 ï 0,31 40 - 50 1,10 ï 0,40 0,5 ï 0,73 

2,5 ï 3,5 0,18 0,28 ï 0,30 40 - 50 0,60 ï 0,32 0,5 ï 0,80 

3,4 ï 4,0 0,18 0,26 ï 0,30 25 - 40 0,28 ï 0,20 0,5 ï 0,85 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʘ ʧʦʢʘʟʘʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʭʨʦʚʽʡ ʪʫʨʙʽʥʽ 

ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʩʦʧʣʘ, ʧʝʚʥʠʤ ʯʠʥʦʤ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʱʦʜʦ 

ʣʦʧʘʪʦʢ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ. 

cF a
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ [14] ʜʣʷ ʦʜʥʦʧʦʪʦʢʦʚʦʾ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʽ ʩʦʧʣʦʚʠʤ ʘʧʘʨʘʪʦʤ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʽ ʩʪʨʫʢʪʫʨʠ ʚʪʨʘʪ ʫ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʪʨʘʪ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʇʨʦʜʦʚʞʝʥʥʷʤ ʨʦʙʦʪʠ [14] ʻ ʨʦʙʦʪʘ [44]. ʋ ʥʽʡ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚʠʭʨʦʚʽ 

ʧʥʝʚʤʦʪʫʨʙʽʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʽ ʩʦʧʣʦʚʠʤ ʘʧʘʨʘʪʦʤ ʟ 

ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 180 ʤʤ ʽ 60 ʤʤ. ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʥʦʾ ʩʪʫʧʝʥʽ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʪʨʠʚʠʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ ʪʝʯʽʾ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʽ ʧʨʦʛʨʘʤʫ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʘʣʛʦʨʠʪʤʽʯʥʽʡ ʤʦʚʽ ʄS-FORTRAN v. 4.1 ʽ  

MS-C v. 5.0, ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʮʶ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ. ʅʘ ʦʩʥʦʚʽ 

ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʘʥʘʣʽʟʫ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʽʩʪʦʪʥʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʫʨʙʽʥʠ ʟʘ ʨʘʭʫʥʦʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʾʾ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ, ʚʠʟʥʘʯʝʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʰʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʾ 

ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ 

ʢʘʥʘʣʦʤ ʽ ʩʦʧʣʦʚʠʤ ʘʧʘʨʘʪʦʤ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʨʦʙʦʪʽ [44], ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.14. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʚʝʣʠʯʠʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʨʦʪʦʨʽ (ʄʢʨ) 

ʧʨʠ ʚʽʜʦʤʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʤʘʰʠʥʠ, ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʝʩʘ, 

ʪʠʩʢʘʭ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ (ʨʥ) ʽ ʚʠʭʦʜʽ (ʨʢ) ʟ ʤʘʰʠʥʠ. 

ɹʫʣʠ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʜʦʧʫʱʝʥʥʷ: 

ï ʛʘʟ ï ʽʜʝʘʣʴʥʠʡ; 

ï ʪʝʯʽʷ ʛʘʟʫ ï ʩʪʘʮʽʦʥʘʨʥʘ, ʘʜʽʘʙʘʪʥʘ; 

ï ʢʦʣʝʩʦ ʤʽʩʪʠʪʴ ʥʝʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʩʢʽʥʯʝʥʥʦ ʪʦʥʢʠʭ ʧʣʦʩʢʠʭ 

ʣʦʧʘʪʦʢ; 

ï ʚʽʜʩʫʪʥʽ ʚʩʽ ʚʠʜʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ: ʤʝʭʘʥʽʯʥʽ ʽ ʛʽʜʨʘʚʣʽʯʥʽ (ʫʜʘʨʥʽ ʽ 

ʧʨʦʬʽʣʴʥʽ ʚʪʨʘʪʠ, ʚʪʨʘʪʠ ʧʨʠ ʨʘʧʪʦʚʦʤʫ ʩʪʠʩʥʝʥʥʽ-ʨʦʟʰʠʨʝʥʥʽ, ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ 

ʜʠʩʢʽʚ, ʚʠʭʨʦʫʪʚʦʨʝʥʥʷ ʪʦʱʦ); 
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ï ʚʠʭʽʜ ʽʟ ʩʦʧʣʘ ʽ ʚʠʭʽʜ ʽʟ ʢʘʥʘʣʫ ʻ ʧʦʚʝʨʭʥʝʚʠʤʠ, ʚʽʜʧʦʚʽʜʥʦ, ʜʞʝʨʝʣʦʤ ʽ 

ʩʪʦʢʦʤ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʘʨʘʤʝʪʨʽʚ ʧʦ ʧʦʚʝʨʭʥʷʭ. 

 

 

ʈʠʩʫʥʦʢ 1.14 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ ʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʽ ʩʦʧʣʦʚʠʤ ʘʧʘʨʘʪʦʤ 

 

ɼʣʷ ʦʧʠʩʫ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ "ʪʦʨʦʽʜʘʣʴʥʽ" 

ʢʦʦʨʜʠʥʘʪʠ. ʋ ʥʠʭ ʧʦʣʦʞʝʥʥʷ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ʟʘʜʘʻʪʴʩʷ ʢʫʪʦʚʦʶ ʢʦʦʨʜʠʥʘʪʦʶ 

j, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʣʦʚʝ ʧʦʣʦʞʝʥʥʷ ʤʝʨʠʜʽʦʥʘʣʴʥʦʾ ʧʣʦʱʠʥʠ, ʚ ʷʢʽʡ 

ʨʦʟʪʘʰʦʚʘʥʘ ʮʷ ʪʦʯʢʘ; ʢʫʪʦʚʦʶ ʢʦʦʨʜʠʥʘʪʦʶ y ï ʥʘʧʨʷʤʢʦʤ ʥʘ ʮʶ ʪʦʯʢʫ ʚ 

ʤʝʨʠʜʽʦʥʘʣʴʥʽʡ ʧʣʦʱʠʥʽ; ʣʽʥʽʡʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ r ï ʚʽʜʩʪʘʥʥʶ ʚʽʜ ʦʙʫʤʦʚʣʝʥʦʾ 

ʪʦʯʢʠ ʜʦ ʦʩʽ ʪʦʨʘ ʨʘʜʽʫʩʦʤ R.  

ɼʣʷ ʦʧʠʩʫ ʪʝʯʽʾ ʛʘʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ (ʫ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ): 

ï ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ 

 

; 

 

dV
F gradp

dt
r r= Ö -
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ï ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ 

 

; 

 

ï ʨʽʚʥʷʥʥʷ ʥʝʧʨʦʥʠʢʥʦʩʪʽ ʣʦʧʘʪʦʢ (ʧʨʠ ʦʧʠʩʽ ʪʝʯʽʾ ʚ ʢʦʣʝʩʽ) 

 

 

 

ʜʝ  ï ʚʝʢʪʦʨ ʘʙʩʦʣʶʪʥʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ; 

    ʨ ï ʪʠʩʢ; 

   r ï ʛʫʩʪʠʥʘ; 

   F ï ʨʝʟʫʣʴʪʫʶʯʘ ʦʙ'ʻʤʥʠʭ ʩʠʣ; 

    ï ʚʝʢʪʦʨ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʚ ʢʦʣʝʩʽ; 

    ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʜʦ ʧʣʦʱʠʥʠ ʣʦʧʘʪʢʠ ʚ ʟʘʜʘʥʽʡ ʪʦʯʮʽ. 

ʉʠʩʪʝʤʘ ʮʠʭ ʨʽʚʥʷʥʴ ʙʫʣʘ ʧʝʨʝʪʚʦʨʝʥʘ ʚ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ 

ʧʦʭʽʜʥʠʭ: 
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, 

, 

, 

 

 

ʆʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʛʘʟʫ, 

ʷʢ ʫ ʢʦʣʝʩʽ, ʪʘʢ ʽ ʚ ʢʘʥʘʣʽ ʢʦʨʧʫʩʫ, ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʪʝʯʽʾ ʚ ʢʦʣʝʩʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʩʽ ʨʽʚʥʷʥʥʷ, ʘ ʜʣʷ ʪʝʯʽʾ ʚ ʢʘʥʘʣʽ ʦʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʪʦʪʦʞʥʽʩʪʴ. 

ʇʨʠ ʚʭʦʜʽ ʛʘʟʫ ʟ ʢʘʥʘʣʫ ʢʦʨʧʫʩʫ ʚ ʢʦʣʝʩʦ ʧʨʠʡʤʘʻʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ 

ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʟʙʝʨʝʞʝʥʥʷ ʚʠʪʨʘʪʠ ʽ 

ʽʤʧʫʣʴʩʫ. 

ʈʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚʠʢʦʥʫʚʘʣʦʩʷ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ. ɼʣʷ 

ʮʴʦʛʦ ʚʝʩʴ ʦʙôʻʤ ʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʚʩʷ ʫ ʬʦʨʤʽ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟ 

ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʚʫʟʣʽʚ ʧʦ ʢʦʞʥʽʡ ʟ ʢʦʦʨʜʠʥʘʪ. 

ʈʦʟʨʘʭʫʥʦʢ ʟʜʽʡʩʥʶʚʘʚʩʷ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ. ʉʧʦʯʘʪʢʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠʩʷ ʥʘʙʣʠʞʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʪʠʩʢʫ ʨʩ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ. ʇʦʪʽʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ , ʜʽʶʯʠʡ 

ʟ ʙʦʢʫ ʧʦʪʦʢʫ ʥʘ ʢʦʨʧʫʩ, ʘ ʧʦʪʽʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʠʮʝʚʠʡ ʤʝʪʦʜ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʜʽʶʯʠʡ ʥʘ ʢʦʣʝʩʦ: 

 

, 

 

 

ʜʝ ʄʈ ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʽʜ ʧʝʨʝʧʘʜʫ ʪʠʩʢʽʚ ʥʘ ʚʽʜʩʽʢʘʯʽ (ʨʦʟʜʽʣʶʚʘʯʽ); 

    ʄV ï ʤʦʤʝʥʪ ʚʽʜ ʩʠʣʠ, ʱʦ ʜʽʻ ʥʘ ʩʦʧʣʦ; 

  I ʽ ʂ ï ʧʦʨʷʜʢʦʚʽ ʥʦʤʝʨʠ ʚʫʟʣʽʚ ʫ ʥʘʧʨʷʤʢʫ ʢʦʦʨʜʠʥʘʪ j ʽ r; 
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  Ij(y=0) ʽ Ij(y=p) ï ʝʣʝʤʝʥʪʘʨʥʽ ʽʤʧʫʣʴʩʠ ʧʦʪʦʢʫ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʢʦʣʝʩʦ ʽ 

ʚʠʭʦʜʷʪʴ ʟ ʥʴʦʛʦ. 

ʇʨʠ ʥʝʧʨʠʧʫʩʪʠʤʦ ʚʝʣʠʢʽʡ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʤʦʤʝʥʪʘʤʠ  ʽ  

ʢʦʨʝʢʪʫʚʘʚʩʷ ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʨʩ ʽ ʮʠʢʣ ʧʦʚʪʦʨʶʚʘʚʩʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ  ʟʘʜʘʚʘʚʩʷ ʜʦʚʽʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʘʨʘʤʝʪʨʽʚ ʧʦ ʰʘʨʫ  

y=p ʥʘ ʚʭʦʜʽ ʚ ʢʦʣʝʩʦ. ɺʠʟʥʘʯʘʣʠʩʷ ʨʽʟʥʠʮʽ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʠ 

ʯʘʩʪʠʥʥʠʤ ʧʦʭʽʜʥʠʤ  ʽ  ʪʘ, ʟ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʟʥʘʭʦʜʠʣʠ 

ʨʽʟʥʠʮʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʠ . ʊʘʢʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʰʘʨʫ (y) 

ʚ ʰʘʨ (y+ ). ʎʠʢʣʽʯʥʝ ʧʦʚʪʦʨʝʥʥʷ ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ ʜʣʷ y ʚʽʜ p ʜʦ  0 ʽ ʚʽʜ 0 ʜʦ p 

ʦʟʥʘʯʘʣʦ ʮʠʢʣ "ʟʘʤʽʪʘʥʥʷ" ʦʙôʻʤʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʽ ʚʽʜʧʦʚʽʜʘʣʦ ʧʨʦʩʫʚʘʥʥʶ 

ʦʜʥʦʛʦ ʚʠʪʢʘ ʩʧʽʨʘʣʽ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʶʚʘʣʘʩʷ 6-10 ʨʘʟʽʚ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʟʥʘʯʝʥʥʷ , ʷʢʝ ʚʠʟʥʘʯʘʣʦʩʷ ʢʦʞʝʥ ʨʘʟ ʧʨʠ ʚʠʭʦʜʽ ʧʦʪʦʢʫ ʟ ʢʦʣʝʩʘ ʷʢ ʨʽʟʥʠʮʷ 

ʤʦʤʝʥʪʽʚ ʽʤʧʫʣʴʩʫ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʧʦʪʦʢʽʚ. 

ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʨʦʪʦʨʽ ʤʘʰʠʥʠ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʦʧʣʦʚʦʛʦ ʘʧʘʨʘʪʫ (ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ, ʢʫʪʘ ʥʘʭʠʣʫ ʡʦʛʦ 

ʦʩʽ ʽ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʘʥʘʣʫ, ʘ ʪʘʢʦʞ ʬʦʨʤʠ ʩʦʧʣʘ). 

ʋ ʨʦʙʦʪʽ [44] ʧʨʦʚʝʜʝʥʦ ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ 

ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʤʦʜʝʣʽ ʩʪʫʧʝʥʽʚ ʚʠʭʨʦʚʦʾ ʪʫʨʙʽʥʠ ʟ ʜʽʘʤʝʪʨʦʤ ʢʦʣʽʩ 60 ʽ 180 ʤʤ 

ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʦʥʘʜ 60 ʪʠʧʽʚ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ, 

ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʽʟʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʦʧʣʘ ʽ ʨʦʙʦʯʦʛʦ 

ʢʘʥʘʣʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ 

ʛʝʦʤʝʪʨʽʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥ ̫ ʷʢʽʩʥʦ ʩʧʽʚʧʘʣʠ 

(ʢʽʣʴʢʽʩʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʩʧʽʚʧʘʜʘʣʠ ʽʟ-ʟʘ ʟʥʘʯʥʠʭ ʜʦʧʫʱʝʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ). ʋ ʨʦʙʦʪʽ ʥʘʜʘʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʨʦʙʦʪʫ ʩʪʫʧʝʥʷ ʚ ʟʦʥʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʂʂɼ ʽ ʧʫʩʢʦʚʠʭ ʤʦʤʝʥʪʽʚ ʜʣʷ 

ʜʽʘʧʘʟʦʥʫ ʩʪʫʧʝʥʷ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ p=1,5..3,5: 

ï ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʦʧʣʘ ʜʦ ʧʣʦʱʽ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ ʢʦʨʧʫʩʫ (Fʩ/Fʢʘʥ)=0,2...0,3 (ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 
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ʜʦʩʣʽʜʞʝʥʴ); ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ ʜʦ ʜʽʘʤʝʪʨʫ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ dc/dk =0,35...0,45 (ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ); 

ï ʢʫʪ ʥʘʭʠʣʫ ʦʩʽ ʩʦʧʣʘ ʜʦ ʜʦʪʠʯʥʦʾ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʢʦʣʝʩʘ 

aʩ=30...60; 

ï ʟʤʽʱʝʥʥʷ ʦʩʽ ʩʦʧʣʘ ʱʦʜʦ ʦʩʽ ʢʘʥʘʣʫ ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʫ 

ʤʝʞʘʭ ʢʘʥʘʣʫ; 

ï ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʢʘʥʘʣʫ ʢʦʨʧʫʩʫ ʽ ʢʦʣʝʩʘ ʚ ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ 

(Fʢʘʥ/Fʢʦʣ) = 1,15.. 1,35 ʘʙʦ ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʢʦʣʝʩʘ ʽ ʚʩʽʻʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚ 

ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ (Fʢʦʣ/Fʟʘʛ) = 0,43...0,47 (ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ); 

ï ʨʦʟʰʠʨʝʥʥʷ ʧʣʦʱʽ ʢʘʥʘʣʫ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ ʚ ʢʦʣʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʚ 

1,8...2,1 ʨʘʟʠ (ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ), 1,5...2,3 ʨʘʟʠ (ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ); 

ï ʢʫʪ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ bʫ = 10Á (ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ); 

ï ʥʝʨʫʭʦʤʘ ʧʣʘʩʪʠʥʘ, ʱʦ ʧʝʨʝʢʨʠʚʘʻ ʫʚʝʩʴ ʧʝʨʝʨʽʟ ʢʘʥʘʣʫ ʽ ʚʩʪʘʥʦʚʣʝʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʩʦʧʣʦʤ ʧʽʜ ʢʫʪʦʤ aʧʣ=(1...1,2)Öaʩ (ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʦʨʥʠʭ ʥʘʧʨʘʚʣʷʶʯʠʭ ʧʣʘʩʪʠʥ ʪʘ 

ʧʨʦʬʽʣʴʦʚʘʥʦʾ ʩʪʘʪʦʨʥʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ (ʟʘʤʽʩʪʴ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʟ 

ʧʦʩʪʽʡʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʢʨʫʛʣʦʾ ʬʦʨʤʠ) ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʶʪʴ 

ʢʦʥʩʪʨʫʢʮʽʶ. 

ɼʣʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʨʦʪʦʨʘ ʤʘʰʠʥʠ ʚʽʜ ʨʘʜʽʘʣʴʥʠʭ ʟʫʩʠʣʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 

ʫ ʦʜʥʦʧʦʪʦʯʥʠʭ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥʘʭ (ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʧʦ ʜʦʚʞʠʥʽ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ), ʽ ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʘʥʥʷ 

ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʘ ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʶ ʪʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʶ 

ʩʭʝʤʘʤʠ (ʨʠʩ 1.1).  

ɺʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʦʧʦʪʦʢʦʚʦʾ ʜʚʦʢʘʥʘʣʴʥʦʾ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʧʝʨʠʬʝʨʽʡʥʦ ʙʦʢʦʚʠʤ ʢʘʥʘʣʦʤ [49]. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 
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ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʠ ʢʫʪʘ ʚʭʦʜʫ ʧʦʪʦʢʫ ʛʘʟʫ, ʱʦ ʚʠʪʽʢʻ ʟ ʩʦʧʣʘ ʥʘ 

ʣʦʧʘʪʢʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ; ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʦʧʣʦʤ ʽ ʨʦʙʦʯʠʤ ʢʦʣʝʩʦʤ. ʂʂɼ ʜʘʥʦʾ 

ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʩʪʘʥʦʚʠʣʦ ʜʦ 30%. 

 

1.4  ɺʠʩʥʦʚʢʠ. ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ  

 

ɺʠʢʦʥʘʥʠʡ ʚʠʱʝ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʚʠʭʨʦʚʠʭ ʤʘʰʠʥ, ʧʦʢʘʟʘʚ, 

ʱʦ: 

1) ʅʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʠʭʨʦʚʠʭ ʤʘʰʠʥ ʟʥʘʯʥʦ 

ʥʠʞʯʘ, ʥʽʞ ʜʣʷ ʢʣʘʩʠʯʥʠʭ (ʦʩʴʦʚʠʭ ʽ ʜʦʮʝʥʪʨʦʚʠʭ) ʪʫʨʙʽʥ, ʦʩʴʦʚʠʭ ʽ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ ʘʙʦ ʢʦʤʧʨʝʩʦʨʽʚ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʯʘʩʪʦ ʤʦʞʣʠʚʝ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʛʨʝʛʘʪʫ ʙʝʟ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʨʽʟʢʦ ʩʧʨʦʱʫʻ, 

ʟʜʝʰʝʚʣʶʻ ʤʘʰʠʥʫ ʽ ʧʽʜʚʠʱʫʻ ʾʾ ʥʘʜʽʡʥʽʩʪʴ. 

2) ɺʠʭʨʦʚʽ ʨʦʟʰʠʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʝ ʚʽʜʥʦʰʝʥʥʷ 

ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ, ʧʦʩʪʫʧʘʶʯʠʩʴ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʣʠʰʝ 

ʧʦʨʰʥʝʚʠʤ ʤʘʰʠʥʘʤ. 

3) ʇʝʨʝʚʘʛʠ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʧʥʝʚʤʦʘʛʨʝʛʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟ ʪʝʨʤʽʥʦʤ ʦʢʫʧʥʦʩʪʽ 1-2 ʨʦʢʠ, ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʽ, 

ʧʨʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ, ʥʘʜʽʡʥʽ ʽ ʟʨʫʯʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʘʛʨʝʛʘʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʠʭ ʣʦʧʘʪʝʚʠʭ ʪʫʨʙʽʥ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʧʦʪʫʞʥʽʩʪʶ 100 ʢɺʪ ʧʨʠ ʧʠʪʦʤʽʡ ʚʘʨʪʦʩʪʽ ʘʛʨʝʛʘʪʫ 400 ʜʦʣ/ʢɺʪ 

(ʪʦʙʪʦ 40000 ʜʦʣ ʟʘ ʘʛʨʝʛʘʪ), ʨʽʯʥʠʡ ʧʨʠʙʫʪʦʢ ʚʽʜ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʩʢʣʘʜʘʻ (ʧʨʠ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 0,04 ʜʦʣ.): 0,04 Å 100ʢɺʪ Å 8000 = 32000 ʜʦʣ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʛʨʝʛʘʪ ʦʢʫʧʠʪʠʩʷ ʤʝʥʰʝ, ʥʽʞ ʟʘ 1,5 ʨʦʢʫ. ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʷʢʱʦ 

ʚʩʪʘʥʦʚʠʪʠ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʠ ʥʘ ʽʩʥʫʶʯʠʭ ɻʈʉ ʽ ɻʈʇ, ʪʦ ʤʦʞʥʘ ʤʘʪʠ ʙʣʠʟʴʢʦ 

4032 ʤʣʥ. ʛʨʥ / ʨʽʢ (ʧʨʠ ʪʘʨʠʬʽ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 1 ʛʨʥ ʟʘ ʢɺʪĀʛʦʜ) ʽ 6854 ʤʣʥ. 

ʛʨʥ / ʨʽʢ (ʧʨʠ ʪʘʨʠʬʽ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 1,7 ʛʨʥ ʟʘ ʢɺʪĀʛʦʜ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʪʠʣʽʟʫʶʯʠʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʜʣʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ɻʈʉ ʚ 3 ʨʘʟʠ 

ʝʢʦʥʦʤʽʯʥʽʰʝ, ʥʽʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʧʦʨʰʥʝʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ.  

 ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ ʱʝ ʙʽʣʴʰʠʤ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʟʘʚʦʜʘʭ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ, ʭʘʨʯʦʚʦʾ, 
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ʭʽʤʽʯʥʦʾ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʚ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ.  

ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʝʣʠʢʠʭ ʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʧʘʨʘ, ʷʢʘ ʚ ʥʘʰ ʯʘʩ 

ʙʝʟʧʦʚʦʨʦʪʥʦ ʚʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʝʜʫʢʪʦʨʘʭ ʽ ʨʝʛʫʣʷʪʦʨʘʭ ʪʠʩʢʫ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ (ʪʦʙʪʦ ʟʝʢʦʥʦʤʣʝʥʦ) 10-30 % ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ 

ʚʝʣʠʯʠʥʠ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʮʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ.  

ɿʘ ʨʘʭʫʥʦʢ ʨʦʟʚʽʪʢʫ ʤʘʣʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʦʩʥʦʚʽ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʽ 

ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʢʨʘʾʥʠ, ʧʦʣʽʧʰʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʢʘʧʽʪʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

4) ʅʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʭʨʦʚʦʛʦ ʨʫʭʫ, ʘ ʦʪʞʝ, ʽ  ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʭʨʦʚʦʾ 

ʤʘʰʠʥʠ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʤʘʶʪʴ: 

ï ʪʠʧ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʽʣʴʮʝʚʦʛʦ 

(ʨʦʙʦʯʦʛʦ) ʢʘʥʘʣʫ ʢʦʨʧʫʩʫ (ʟ ʙʦʢʦʚʠʤ, ʧʝʨʠʬʝʨʽʡʥʦ-ʙʦʢʦʚʠʤ, ʧʝʨʠʬʝʨʽʡʥʠʤ 

ʚʥʫʪʨʽʰʥʽʤ ʘʙʦ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ); 

ï ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ (ʦʜʥʦ- ʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ), ʧʨʦʬʽʣʴ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ (ʧʨʷʤʦʢʫʪʥʽ, ʢʨʫʛʣʽ, ʘʩʠʤʝʪʨʠʯʥʽ ʪʦʱʦ) (ʜʠʚ. ʨʠʩ. 

1.1)); 

ï ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢ ʩʪʫʧʽʥʴ ʫ ʮʽʣʦʤʫ 

(ʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʜʦ ʜʽʘʤʝʪʨʘ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, 

ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʚʭʽʜʥʦʛʦ (ʚʠʭʽʜʥʦʛʦ) ʧʘʪʨʫʙʢʘ ʜʦ ʧʣʦʱʽ ʤʝʨʝʜʽʘʥʘʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʪʦʱʦ), ʪʘʢ ʽ ʦʢʨʝʤʽ ʡʦʛʦ ʝʣʝʤʝʥʪʠ (ʢʫʪʠ ʫʩʪʘʥʦʚʢʠ, 

ʥʘʭʠʣʫ ʽ ʯʠʩʣʦ ʣʦʧʘʪʦʢ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʢʫʪʠ ʥʘʭʠʣʫ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ 

ʧʘʪʨʫʙʢʽʚ ʪʦʱʦ). 

5) ʉʪʠʩʣʠʚʽʩʪʴ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʥʦʩʠʪʴ ʨʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚ ʢʘʨʪʠʥʫ ʪʝʯʽʾ 

ʛʘʟʫ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʽ ʻ ʜʞʝʨʝʣʦʤ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ. 

6) ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ 

ʧʦʢʘʟʘʚ, ʱʦ:  
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- ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʥʝʩʪʘʯʫ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ 

ʪʫʨʙʦʤʘʰʠʥ ʦʙʤʝʞʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʂʂɼ (25...35%;);  

- ʽʩʥʫʻ ʽʥʪʝʨʝʩ ʜʦ ʚʠʭʨʦʚʠʭ ʩʪʫʧʝʥʝʡ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ 

ʢʘʥʘʣʦʤ (ʨʠʩ.1ʚ), ʪʘʢ ʷʢ ʚʦʥʠ ʣʝʛʢʦ ʢʦʤʧʦʥʫʶʪʴʩʷ ʚ ʙʘʛʘʪʦʧʦʪʦʢʦʚʽ (ʨʠʩ. 1 ʣ), 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ (ʨʠʩ. 1ʝ) ʽ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʪʽ ʤʘʰʠʥʠ, ʧʨʦʩʪʽʰʝ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽ 

ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʽ ʦʩʴʦʚʽ ʛʘʙʘʨʠʪʠ; 

- ʟʤʽʥʘ ʪʠʩʢʫ ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʛʦ ʩʪʫʧʝʥʷ ʟ 

ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʨʘʜʽʘʣʴʥʦʾ ʩʠʣʠ ʪʠʩʢʫ, 

ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦʶ ʽ ʚʠʢʣʠʢʘʪʠ ʟʥʦʰʝʥʥʷ ʦʧʦʨ, ʥʝʧʨʠʧʫʩʪʠʤʠʡ ʧʨʦʛʠʥ ʚʘʣʫ 

ʽ ʧʝʨʝʢʽʩ ʢʦʣʝʩʘ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʘʾʜʘʥʥʷ ʽ ʧʦʣʦʤʢʠ; 

-  ʩʠʩʪʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ ʩʭʝʤ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʚʽʜʩʫʪʥʽ, ʘ ʚʽʜʦʤʽ 

ʟʥʘʯʝʥʥʷ ʂʂɼ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʚ ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʤʫ ʚʠʢʦʥʘʥʥʽ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ 30%. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʽ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʨʦʟʚʠʪʢʫ ʤʘʣʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʤʝʪʦʶ ʨʦʙʦʪʠ  ̒

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ 

ʟ ʟʦʚʥʽʰʥʠʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. 

ʆʪʞʝ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ:  

- ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʴ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

- ʧʨʦʚʝʩʪʠ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʪʫʨʙʦʤʘʰʠʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 

ANSYS CFX ʟ ʤʝʪʦʶ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʛʘʟʫ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ;  

- ʨʦʟʨʦʙʠʪʠ ʧʘʨʘʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʪʫʨʙʦʤʘʰʠʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ, ʩʧʣʘʥʫʚʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ 
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ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʚʠʙʦʨʦʤ ʟʥʘʯʫʱʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʧʨʦʚʝʩʪʠ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʦʜʥʦ ʪʘ ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʾ  

ʧʨʦʪʦʯʥʦʾ  ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʪʫʨʙʦʤʘʰʠʥʠ ʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ;  

- ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʘ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ɺʈʄ;  

- ʨʦʟʨʦʙʠʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʚ ʟʦʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʚʧʨʦʚʘʜʠʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʽ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ.  
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ʈʆɿɼɯʃ 2 

 

ʏʀʉɽʃʔʅɯ ʆʇʊʀʄɯɿɸʎɯʁʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʊʆʏʅʀʍ ʏɸʉʊʀʅ 

ɺʀʍʈʆɺʀʍ ʈʆɿʐʀʈʖɺɸʃʔʅʀʍ ʄɸʐʀʅ 

 

2.1 ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ 

ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʽʤʧʝʨʠʯʥʠʭ ʜʘʥʠʭ, ʘ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʠʩʫʶʪʴ 

ʪʝʯʽʶ ʟʽ ʟʥʘʯʥʠʤʠ ʜʦʧʫʱʝʥʥʷʤʠ. ʆʩʥʦʚʥʽ ʜʦʧʫʱʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ: 

ï ʛʘʟ ï ʽʜʝʘʣʴʥʠʡ; 

ï ʪʝʯʽʷ ʛʘʟʫ ï ʩʪʘʮʽʦʥʘʨʥʘ, ʘʜʽʘʙʘʪʥʘ; 

ï ʢʦʣʝʩʦ ʤʽʩʪʠʪʴ ʥʝʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʩʢʽʥʯʝʥʥʦ ʪʦʥʢʠʭ ʧʣʦʩʢʠʭ 

ʣʦʧʘʪʦʢ; 

ï ʚʽʜʩʫʪʥʽ ʚʩʽ ʚʠʜʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ: ʤʝʭʘʥʽʯʥʽ ʽ ʛʽʜʨʘʚʣʽʯʥʽ (ʫʜʘʨʥʽ ʽ 

ʧʨʦʬʽʣʴʥʽ ʚʪʨʘʪʠ, ʚʪʨʘʪʠ ʧʨʠ ʨʘʧʪʦʚʦʤʫ ʩʪʠʩʥʝʥʥʽ-ʨʦʟʰʠʨʝʥʥʽ, ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ 

ʜʠʩʢʽʚ, ʚʠʭʨʦʫʪʚʦʨʝʥʥʷ ʪʦʱʦ); 

ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʢʽʣʴʢʽʩʥʦ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ.  

ʊʘʢʦʞ ʫ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʫ ʚʠʭʨʦʚʽʡ ʩʪʫʧʝʥʽ, 

ʷʢʘ ʧʨʘʮʶʻ ʚ ʪʫʨʙʽʥʥʦʤʫ ʨʝʞʠʤʽ, ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʦʨʛʘʥʽʟʘʮʽʷ 

ʚʠʭʨʦʚʦʛʦ ʧʦʪʦʢʫ ʛʘʟʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʥʩʠʚʥʫ ʧʝʨʝʜʘʯʫ ʝʥʝʨʛʽʾ ʚ ʧʨʦʪʦʯʥʽʡ 

ʯʘʩʪʠʥʽ. 

 ɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʨʦʚʠʭ ʤʘʰʠʥ ʚ ʥʘʰ ʯʘʩ ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʽʙʥʦʾ ʪʦʯʥʦʩʪʽ ʯʝʨʝʟ ʪʨʫʜʥʦʱʽ ʦʙʣʽʢʫ ʚʩʽʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʙʦʪʫ ʚʠʭʨʦʚʦʛʦ ʩʪʫʧʝʥʷ, ʘʣʝ ʚʩʝ ʙʽʣʴʰʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʧʦʯʘʣʠ 
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ʥʘʙʫʚʘʪʠ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʨʽʜʠʥ ʽ ʛʘʟʽʚ ʫ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥʘʭ 

ʪʫʨʙʦʤʘʰʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ.  

ɿʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʪʘʢʦʞ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟ 

ʽʥʪʝʛʨʘʣʴʥʦʶ ʦʮʽʥʢʦʶ ʚʪʨʘʪ ʫ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ɸʣʝ ʧʨʦʚʝʜʝʥʥʷ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʧʦʚôʷʟʘʥʦ ʟ ʚʝʣʠʢʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʪʘ ʯʘʩʦʚʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʙʦ ʚʘʨʽʶʚʘʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʝʜʝ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ. ʊʘʢʦʞ ʦʙʤʝʞʝʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʧʦʪʦʢʫ, ʱʦ ʜʣʷ ʚʠʭʨʦʚʠʭ ʤʘʰʠʥ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ. 

ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʧʝʨʝʜ ʬʽʟʠʯʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ  

ʧʨʦʚʦʜʠʪʠ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʏʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS CFX. ʂʦʤʧʣʝʢʩ ʜʦʙʨʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʛʘʟʦʚʦʾ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʪʘ ʜʦʟʚʦʣʷʻ ʫ 

ʧʦʚʥʽʡ ʤʽʨʽ ʨʦʟʨʘʭʫʚʘʪʠ ʽ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʝʯʽʶ ʛʘʟʫ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥ ɹ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʦʛʦ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʥʘ ʂʂɼ ʤʘʰʠʥʠ.  

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʯʘʩʫ ʽ ʢʦʰʪʽʚ ʥʘ 

ʧʽʜʛʦʪʦʚʢʫ ʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ, ʦʙʨʦʙʢʫ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʧʨʘʮʶʚʘʪʠ ʤʝʪʦʜʠʢʫ ʽ ʧʨʦʛʨʘʤʫ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʥʘʪʫʨʥʠʭ 

ʩʪʝʥʜʘʭ. 

 

2.2 ʄʝʪʦʜʠʢʘ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʚʠʭʨʦʚʠʭ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ 

 

ʏʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS 

CFX. ʆʩʥʦʚʫ ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʩʪʘʥʦʚʠʪʴ ʤʝʪʦʜ ʯʠʩʝʣʴʥʦʛʦ ʨʽʰʝʥʥʷ 

ʨʽʚʥʷʥʴ ʅʘʚ'ʻ-ʉʪʦʢʩʘ ʫʩʝʨʝʜʥʝʥʠʭ ʧʦ ʈʝʡʥʦʣʴʜʩʫ, ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʽ 

ʝʥʝʨʛʽʾ, ʜʣʷ ʟʘʤʠʢʘʥʥʷ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ʎʽ 
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ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʘʢʦʥʠ ʛʘʟʦʚʦʾ ʜʠʥʘʤʽʢʠ. ʎʁ  ʩʠʩʪʝʤʫ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʷʢʘ ʦʧʠʩʫʻ ʪʝʯʽʶ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʝʥʝʨʛʽʾ ʚ 

ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʘʰʠʥʠ, ʥʘʟʠʚʘʶʪʴ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣ ʁ

ʪʝʯʽʾ [50]. 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ, ʱʦ ʚʢʣʶʯʘ ̒ʦʩʝʨʝʜʥʝʥʽ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʨʽʚʥʷʥʥʷ ʅʘʚ'ʻ-

ʉʪʦʢʩʘ, ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʽ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ ʤʘʻ ʚʠʛʣʷʜ: 

 

 

 

 

 

 ʜʝ U - ʦʩʝʨʝʜʥʝʥʝ ʟʘ ʯʘʩʦʤ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ, r - ʛʫʩʪʠʥʘ ʩʝʨʝʜʦʚʠʱʘ, p - 

ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, t - ʪʝʥʟʦʨ ʚ'ʷʟʢʠʭ ʥʘʧʨʫʞʝʥʴ, (rU¡ ÖU¡) - ʪʝʥʟʦʨ ʨʝʡʥʦʣʴʜʩʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ, F ï ʚʝʢʪʦʨ ʦʙ'ʻʤʥʠʭ ʩʠʣ; h* - ʧʦʚʥʘ ʝʥʪʘʣʴʧʽʷ; l - ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʛʘʟʫ; ʊ - ʩʪʘʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʘ SSʊ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʄʝʥʪʝʨʘ [51]. 

ʈʽʚʥʷʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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ʜʝ ɛ - ʜʠʥʘʤʽʯʥʘ (ʤʦʣʝʢʫʣʷʨʥʘ) ʚ'ʷʟʢʽʩʪʴ, sk, b¡, sw, sw2, a, b - ʢʦʥʩʪʘʥʪʠ 

ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, Pk - ʯʣʝʥ ʛʝʥʝʨʘʮʽʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʝʥʝʨʛʽʽ, F1 - ʚʘʛʦʚʘ 

ʝʤʧʽʨʠʯʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ k-ɤ ʤʦʜʝʣʽ ʚ ʧʨʠʩʪʽʥʢʦʚʽʡ 

ʦʙʣʘʩʪʽ ʜʦ k-Ů ʤʦʜʝʣʽ ʜʘʣʝʢʦ ʚʽʜ ʩʪʽʥʦʢ. 

ʇʨʦʮʝʩ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧ'ʷʪʠ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: 

1. ʉʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ (CAD-ʤʦʜʝʣʽ). ʄʦʜʝʣʶʚʘʥʥʷ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʚ ANSYS Design 

Modeler. 

2. ʉʪʚʦʨʝʥʥʷ ʩʽʪʦʯʥʦʾ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ. ʈʦʟʙʠʪʪʷ 

ʪʚʝʨʜʦʪʽʣʴʥʦʾ 3D-ʤʦʜʝʣʽ ʥʘ ʢʦʤ̔ʨʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʩ̔ʪʢʦʛʝʥʝʨʘʪʦʨʽ ANSYS 

Meshing. ɿʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʪʝʪʨʘʾʜʥʘ ʩʽʪʢʘ, ʱʦ ʩʢʣʘʜʘʣʘʩʷ ʟ 3 ʤʽʣʴʡʦʥʽʚ ʢʦʤʽʨʦʢ. 

ʏʘʩʪʠʥʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.1.  

 

 

ʈʠʩʫʥʦʢ 2.1 - ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ 

 

3. ʉʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʰʣʷʭʦʤ ʥʘʢʣʘʜʝʥʥʷ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ. ɺ ʷʢʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʧʨʠʡʥʷʪʽ: ʧʦʚʥʠʡ ʪʠʩʢ ʥʘ 

ʚʭʦʜʽ, ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʽ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʦʙʣʘʩʪʽ. ʈʦʙʦʯʝ ʪʽʣʦ - ʚ'ʷʟʢʝ ʩʪʠʩʢʘʻʤʝ ʧʦʚʽʪʨʷ. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʟʘʜʘʻʪʴʩʷ 

ʜʦʤʝʥʫ RK. ʐʦʨʩʪʢʽʩʪʴ ʩʪʽʥʦʢ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʟʘʜʘʚʘʣʘʩʷ ʨʽʚʥʦʾ 3 ʤʢʤ. ʋ 

ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʪʝʯʽʾ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʟʘʟʦʨʽ ʧʽʜ ʚʽʜʩʽʢʘʯʝʤ. ɼʦʧʫʱʝʥʥʷ: 

ʪʝʯʽʷ ʚ ʪʦʨʮʝʚʠʭ ʟʘʟʦʨʘʭ ʤʽʞ ʢʦʨʧʫʩʦʤ ʽ ʨʦʙʦʯʠʤ ʢʦʣʝʩʦʤ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʥʝ 
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ʤʦʜʝʣʶʻʪʴʩʷ; ʚʽʜʩʫʪʥʽʡ ʪʝʧʣʦʦʙʤʽʥ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ; ʧʘʨʘʤʝʪʨʠ 

ʧʦʪʦʢʫ ʚʚʘʞʘʶʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʦ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʫ. 

4. ʇʦʰʫʢ ʨʽʰʝʥʥʷ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʪʴʩʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘʢʠʭ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʚ ʢʦʞʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʢʦʤʽʨʮʽ, ʱʦʙ ʚʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʟʦʥʘ 

ʤʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʨʥʽ ʨʽʚʥʷʥʥʷ ʧʦʪʦʢʽʚ. ʗʢ ʢʨʠʪʝʨʽʡ ʟʙʽʞʥʦʩʪʽ ʧʨʠʡʤʘʻʪʴʩʷ 

ʫʤʦʚʘ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʥʝʫʚôʷʟʢʘʤʠ ʧʘʨʘʤʝʪʨʽʚ ʪʝʯʽʾ ʟʥʘʯʝʥʴ ʥʠʞʯʝ 

10-4, ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʝʣʠʢʠʭ ʦʩʮʠʣʷʮʽʡ ʚ ʟʥʘʯʝʥʥʷʭ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

(ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ, ʢʽʥʮʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ). 

5. ɸʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ. ʆʨʛʘʥʽʟʦʚʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʽ 

ʚʠʚʝʜʝʥʥʷ ʥʘ ʝʢʨʘʥ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʂʂɼ, ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʚʠʪʨʘʪʠ, 

ʧʦʪʫʞʥʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ). ʊʘʢʦʞ ʦʪʨʠʤʫʻʤʦ ʚʽʟʫʘʣʽʟʘʮʽʶ ʪʝʯʽʾ ʽ ʨʦʟʧʦʜʽʣ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯʦʢ ʦʙʯʠʩʣʝʥʥʷ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʦʜʝʨʞʘʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʜʘʥʠʭ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ 

ʧʽʜʽʙʨʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʦʾ ʤʝʪʦʜʠʢʠ. ɼʣʷ ʮʴʦʛʦ ʷʢ 

ʧʨʦʪʦʪʠʧ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʙʫʚ ʦʙʨʘʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʦʧʠʩʘʥʠʡ 

ʫ ʨʦʙʦʪʽ [14], ʦʩʢʽʣʴʢʠ ʥʘ ʮʴʦʤʫ ʩʪʝʥʜʽ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʚʝʣʠʢʽ ʮʠʢʣʠ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʦʢʨʝʤʘ, ʥʘ ʮʴʦʤʫ ʩʪʝʥʜʽ ʚʠʧʨʦʙʦʚʫʚʘʣʘʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʚʠʭʨʦʚʦʾ 

ʧʥʝʚʤʘʪʠʯʥʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ (ʨʠʩ. 

1.12). ɼʣʷ ʜʘʥʦʛʦ ʩʪʝʥʜʫ ʻ ʪʝʭʥʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʫ ʧʦʚʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʘ ʪʘʢʦʞ ʜʦʢʣʘʜʥʽ 

ʧʨʦʪʦʢʦʣʠ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ [14]. 

ʅʘ ʨʠʩ. 2.2 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʘʜʽʘʙʘʪʥʦʛʦ (ʽʟʦʝʥʪʨʦʧʥʦʛʦ) ʂʂɼ ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʚ ʨʦʟʰʠʨʶʚʘʣʴʥʫ ʤʘʰʠʥʫ ʜʦ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ ʟ ʥʝʾ: 

ʟʘʣʝʞʥʽʩʪʴ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʟʘ ʤʝʪʦʜʠʢʦʶ 

ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʚʠʝɦ), ʽ ʟʘʣʝʞʥʽʩʪʴ, ʦʪʨʠʤʘʥʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ 

(ʜʝʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʝʪʦʜʠʢʫ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʨʠʩ. 2.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʙʦʪʽ [14]). ɿ ʨʠʩʫʥʢʫ 2.2 ʚʠʜʥʦ ʜʦʩʠʪʴ ʛʘʨʥʠʡ ʟʙʽʛ 

ʟʘʣʝʞʥʦʩʪʝʡ. 
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ʈʠʩʫʥʦʢ. 2.2 - ɿʘʣʝʞʥʽʩʪʴ ʂʂɼ ʚʽʜ ʩʪʫʧʽʥʷ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʚʠʭʨʦʚʽʡ 

ʨʦʟʰʠʨʶʚʘʣʴʥʽʡ ʤʘʰʠʥʽ ʇʪ (ʚʽʜʥʦʰʝʥʥʷ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʪʠʩʢʽʚ). 

 

ɸʜʽʘʙʘʪʥʠʡ ʂʂɼ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʽ 

ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

–
Ͻ

Ͻ

̒ Ͻ˟ ̖̃
ᶻ ˟̃ ̖̉

ᶻ

Ƞ                                         (2.1) 

 

ʜʝ -  ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʅĀʤ; 

ʖ   ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʨʘʜ/ʩ; 

Í  ʚʠʪʨʘʪʘ ʛʘʟʫ, ʢʛ/ʩ; 

˟̃ ̖
ᶻ  ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʪʦʢʫ ʛʘʟʫ (ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ) ʥʘ 

ʚʭʦʜʽ ʚ ʤʘʰʠʥʫ, ʂ; 

˟̃ ̜̖
ᶻ  ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʤʘʰʠʥʠ, ʂ; 
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̒  ʩʝʨʝʜʥʷ ʽʟʦʙʘʨʥʘ ʤʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ ʜʣʷ ʜʽʘʧʘʟʦʥʫ 

ʪʝʤʧʝʨʘʪʫʨ ˟̃ ̖
ᶻ ˟̃ ̖̉

ᶻ . 

È- ʧʠʪʦʤʠʡ ʽʟʦʝʥʪʨʦʧʥʠʡ ʧʝʨʝʧʘʜ ʝʥʪʘʣʴʧʽʡ (ʧʠʪʦʤʘ ʥʘʷʚʥʘ ʨʦʙʦʪʘ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦ ʾʤʘʰʠʥʠ), ɼʞ/ʢʛ. 

ɹʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʘʥʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʪʦʢʫ ʽ ʨʦʟʧʦʜʽʣʫ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦ ʾʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. ʅʘ 

ʨʠʩ. 2.3, 2.4, 2.5 ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʽ ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʜʦʚʞʠʥʽ ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʣʷ ʚʽʜʥʦʰʝʥɹ ʪʠʩʢʽʚ ʇʊ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʢʘʤ ʥʘ ʨʠʩ 2.2.  

ʇʦ ʜʦʚʞʠʥʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʛʦ ʩʪʫʧʝʥ ̫ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʻ ʟʥʘʯʥʠʡ ʛʨʘʜʽʻʥʪ ʪʠʩʢʫ (ʜʠʚ. ʨʠʩ. 2.3), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʨʘʜʽʘʣʴʥʦʾ ʩʠʣʠ 

ʪʠʩʢʫ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦʶ ʽ ʚʠʢʣʠʢʘʪʠ ʟʥʦʰʫʚʘʥʥʷ ʦʧʦʨ ʽ ʥʝʧʨʠʧʫʩʪʠʤʠʡ 

ʧʨʦʛʠʥ ʚʘʣʫ ʽ ʧʝʨʝʢʽʩ ʢʦʣʝʩʘ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʘʾʜʘʥʥʷ ʽ ʧʦʣʦʤʢʠ. 

ɿ ʨʠʩ. 2.5 ʚʠʜʥʦ, ʱʦ ʥʘ ʚʠʭʽʜʥʽʡ ʜʽʣʷʥʮʽ ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʪʦʙʪʦ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ 

ʝʥʝʨʛʽʷ ʧʦʪʦʢʫ ʥʝ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʤʝʭʘʥʽʯʥʫ ʨʦʙʦʪʫ ʥʘ ʚʘʣʫ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ. ʊʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʢʫʪʦʚʘ ʧʨʦʪʷʞʥʽʩʪʴ ʜʽʣʷʥʢʠ ʟ ʧʦʩʪʽʡʥʦʶ ʧʦʚʥʦ ʁ

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʂʂɼ ʜʣʷ ʇʊ=2,18, ʇʊ=2,48, ʇʊ=2,8 (ʜʠʚ. 

ʨʠʩ. 2.2) ʤʝʥʰʝ, ʥʽʞ ʥʘ ʢʨʘʡʦʚʠʭ ʨʝʞʠʤʘʭ ʦʪʨʠʤʘʥʦʾ ʥʘ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʪʝʥʜʽ 

ʟʘʣʝʞʥʦʩʪʽ ʂʂɼ = f(ʇʊ), ʪʦʙʪʦ ʧʨʠ ʙʽʣʴʰʠʭ ʘʙʦ ʤʝʥʰʠʭ ʟʥʘʯʝʥʥʷʭ ʇʊ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʨʘʜʽʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʽʜʰʠʧʥʠʢʠ ʽ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʞʠʥʠ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ 

ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʥʘ ʙʘʛʘʪʦʧʦʪʦʢʦʚʫ ʩʭʝʤʫ. ʅʘ ʨʠʩ. 2.5 ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ 

ʜʚʦʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʪʠʥʽ, ʱʦ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ 

ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 2.4). 
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ʈʠʩʫʥʦʢ 2.5 - ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ ʨʦʙʦʯʦʛʦ 

ʢʘʥʘʣʫ ʦʜʥʦʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 
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ʇʦʣʦʞʝʥʥʷ  ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ , ʛʨʘʜ 

ͭм ˽ͭҐмΦррͭн ˽ͭҐмΦтуͭо ˽ͭҐнΦмуͭп ˽ͭҐнΦпу
ͭр ˽ͭҐнΦулͭс ˽ͭҐо нͪ ˽ͭҐн

ʈʠʩʫʥʦʢ 2.3 - ʈʦʟʧʦʜʽʣ 

ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʧʦ ʜʦʚʞʠʥʽ 

ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ. 

ʈʠʩʫʥʦʢ 2.4 - ʈʦʟʧʦʜʽʣ 

ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʜʦʚʞʠʥʽ ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 
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2.3 ʈʦʟʨʦʙʢʘ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ 

 

ʇʽʜ ʧʘʨʘʤʝʪʨʠʯʥʦʶ ʤʦʜʝʣʣʶ ʨʦʟʫʤʽʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙôʻʢʪʫ, 

ʪʦʙʪʦ ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ ʢʽʣʴʢʽʩʥʠʡ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ. ʄʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʨʠʩ.2.6 ʻ ʦʪʨʠʤʘʥʥʷ ʬʦʨʤʘʣʴʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʙô̒ ʢʪʫ ʫ ʚʠʛʣʷʜʽ ʢʚʘʜʨʘʪʠʯʥʠʭ ʧʦʣʽʥʦʤʽʚ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʚʧʣʠʚʫ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ.  

 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʇʘʨʘʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʚʠʭʨʦʚʦ ʾʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ 

ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ 
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ɼʦ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʚʠʤʦʛʠ ʩʫʤʽʩʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ. ʉʫʤʽʩʥʽʩʪʴ ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ ʾʭ ʢʦʤʙʽʥʘʮʽʾ ʟʜʽʡʩʥʝʥʥʽ ʽ ʙʝʟʧʝʯʥʽ. ʎʷ ʚʠʤʦʛʘ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʟʘʣʝʞʥʠʭ (ʚʠʟʥʘʯʘʶʱʠʭ) ʽ ʟʘʣʝʞʥʠʭ ʚʽʜ 

ʚʠʟʥʘʯʘʻʤʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʘʣʝʞʥʽʩʪʴ ʟʘʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ ʟʚ'ʷʟʢʫ. 

ʅʝʟʘʣʝʞʥʽ ʧʘʨʘʤʝʪʨʠ ʚ ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʟʠʚʘʶʪʴ ʬʘʢʪʦʨʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʂʦʞʝʥ ʬʘʢʪʦʨ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʦʜʥʝ ʟ ʜʝʢʽʣʴʢʦʭ ʟʥʘʯʝʥʴ. ʊʘʢʽ 

ʟʥʘʯʝʥʥʷ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʷʤʠ. ʂʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʧʦʚʥʦʤʫ ʬʘʢʪʦʨʥʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʽʚ ʪʘ ʢʽʣʴʢʦʩʪ ̔ ʬʘʢʪʦʨʽʚ ʽ ʤʦʞʝ 

ʚʠʟʥʘʯʠʪʠʩ ̫ʟʘ ʬʦʨʤʫʣʦʶ:  

 

N=pk                                                        (2.2) 

 

ʜʝ k - ʯʠʩʣʦ ʬʘʢʪʦʨʽʚ; 

     p - ʯʠʩʣʦ ʨʽʚʥʽʚ. 

ɼʨʫʛʘ ʚʘʞʣʠʚʘ ʚʠʤʦʛʘ - ʮʝ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʠʟʥʘʯʘʶʱʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʦʙʪʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʘ (ʬʘʢʪʦʨʘ ʝʢʩʧʝʨʠʤʝʥʪʫ) ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʨʽʚʥʽ 

(ʚ ʫʩʪʘʥʦʚʣʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ) ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʬʘʢʪʦʨʽʚ) 

[52]. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʜʦʩʣʽʜʽʚ ʙʫʣʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ 

ʚʧʣʠʚʘʶʯ̔ ʧʘʨʘʤʝʪʨʠ ʽ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʡʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʭʨʦʚʠʭ ʤʘʰʠʥ.  ʇʘʨʘʤʝʪʨʠ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣ ̔ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

(ʨʠʩ. 2.6) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.1. 

ɿʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʧʣʠʚʘʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʪʘʢʦʞ ʧʝʨʝʭʦʜʦʤ ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦ ʙʝʟʨʦʟʤʽʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ Ὗ, 

ʇʪ ̔ ʛʝʦʤʝʪʨʠʯʥʠʭ Ὠ  ȟὨ), ʷʢʽ ʟ ʥʠʭ ʬʦʨʤʫʶʪʴʩʷ.  

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʙʝʟʨʦʟʤʽʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʙʦʪʫ 

ʪʫʨʙʦʤʘʰʠʥ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʾʭ ʜʦʩʣʽʜʞʝʥʴ, ʻ 

ʧʨʠʚʝʜʝʥʘ ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ Ὗ. ʎʝʡ ʢʦʤʧʣʝʢʩ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʦʙʦʨʦʪʥʽʩʪʴ ʽ ʥʘʚʘʥʪʘʞʝʥʽʩʪʴ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʪʫʨʙʦʤʘʰʠʥʠ: 
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ʊʘʙʣʠʮʷ 2.1 ï ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

 ̄

ʧ.ʧ. 

ʇʘʨʘʤʝʪʨ ʆʜ. ʚʠʤ. ʇʦʟʥʘ-

ʯʝʥʥʷ 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

1 ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʤ $ 

2 ɼʽʘʤʝʪʨ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʤ Ä  

3 ɼʽʘʤʝʪʨ ʩʦʧʣʘ ʫ ʚʠʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʤ Ä 

4 ʂʫʪ ʥʘʭʠʣʫ ʩʦʧʣʘ ʛʨʘʜ ᶿ  

5 ʂʫʪ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ ʛʨʘʜ ɼɣ 

6 ʂʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʢʠ ʛʨʘʜ ɼ 

7 ʆʢʨʫʞʥʠʡ ʢʫʪ ʨʦʟʜʽʣʶʚʘʯʘ ʛʨʘʜ ʒ̋  

8 ɿʤʽʱʝʥʥʷ ʩʦʧʣʘ ʤ X 

9  ʏʠʩʣʦ ʣʦʧʘʪʦʢ  z 

10 ʂʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ  i 

11  ʂ̔ ʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ  j 

ʈʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ 

12 ʊʠʩʢ ʥʘ ʚʭʦʜʽ ʚ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ ʇʘ ʈʚʭ 

13 ʊʠʩʢ ʥʘ ʚʠʭʦʜʽ ʟ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʇʘ ʈʚʠʭ 

14 ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʪʦʢʫ ʛʘʟʫ (ʧʦʚʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ) ʥʘ ʚʭʦʜʽ ʚ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ. 

ʂ ˟̃ ̖
ᶻ 

15 ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʪʦʢʫ ʛʘʟʫ (ʧʦʚʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ) ʥʘ ʚʠʭʦʜʽ ʟ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 

ʂ ˟̃ ̖̉
ᶻ  

16 ʄʘʩʦʚʘ ʚʠʪʨʘʪʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʢʛ/ʩ Í 

17 ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʦʙ/ʭʚ Î 

18 ʇʦʢʘʟʥʠʢ ʽʟʦʝʥʪʨʦʧʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ  k 

19 ʇʠʪʦʤʘ ʛʘʟʦʚʘ ʩʪʘʣʘ ɼʞ/(ʢʛ*ʂ) R 

20 ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʅĀʤ -  

 

Ὗ
Ὗ

ὅ

“ϽὈϽὲ

φπϽ ὅ
Ƞ 

 

ʜʝ $ - ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʤ; 

Î - ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʦʙ/ʭʚ; 

# - ʽʟʦʝʥʪʨʦʧʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʛʘʟʫ, ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʫ ʧʠʪʦʤʫ 

ʨʦʙʦʪʫ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʤ/ʩ 



67 

˞ ςὬ
ςὯ

Ὧ ρ
˟̃ ̖
ᶻὙρ

ρ

˜̓
Ƞ 

 

ʜʝ È- ʧʠʪʦʤʠʡ ʽʟʦʝʥʪʨʦʧʥʠʡ ʧʝʨʝʧʘʜ ʝʥʪʘʣʴʧʽʡ (ʧʠʪʦʤʘ ʥʘʷʚʥʘ ʨʦʙʦʪʘ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ), ɼʞ/ʢʛ; 

k - ʧʦʢʘʟʥʠʢ ʽʟʦʝʥʪʨʦʧʠ  ʨʦʙʦʯʦʛʦ ʪʽʣʘ; 

R - ʧʠʪʦʤʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/(ʢʛÖʂ); 

˟̃ ̖
ᶻ- ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʪʦʢʫ ʛʘʟʫ (ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ) ʥʘ ʚʭʦʜʽ 

ʚ ʤʘʰʠʥʫ, ʂ; 

ʇʪ ï ʩʪʫʧʽʥʴ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʨʦʟʰʠʨʶʚʘʣʴʥʽʡ ʤʘʰʠʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʘʨʘʤʝʪʨ 5 ʧʦʚ'ʷʟʫʻ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʪʫʨʙʦʤʘʰʠʥʠ, ʾʾ ʛʘʙʘʨʠʪʠ ʽ ʥʘʷʚʥʫ ʨʦʙʦʪʫ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʫ ʚ ʤʘʰʠʥʽ. 

ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʇʪ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʫʤʦʚ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 1,3 ʜʦ 6 

(ʜʦʟʚʫʢʦʚʝ ʩʦʧʣʦ). ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʫʧʽʥʴ ʟʥʠʞʝʥʥʷ 

ʪʠʩʢʫ ʧʨʠʡʤʘʚʩʷ ʧʦʩʪʽʡʥʠʤ ʽ ʨʽʚʥʠʤ ʇʪ = 4. 

ʆʩʥʦʚʥʠʤʠ ʙʝʟʨʦʟʤʽʨʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʜʣʷ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʻ ʚʽʜʥʦʩʥʠʡ ʜʽʘʤʝʪʨ ʩʦʧʣʘ ʽ ʚʽʜʥʦʩʥʠʡ ʜʽʘʤʝʪʨ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ.  

ɺʽʜʥʦʩʥʠʡ ʜʽʘʤʝʪʨ ʩʦʧʣʘ Ὠ  Ä̒ȾÄ  - ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ ʫ 

ʚʠʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʜʦ ʜʽʘʤʝʪʨʫ ʤʝʨʽʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 

(ʨʠʩʫʥʦʢ 2.6). ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ Ὠ ʧʨʠʡʤʘʚʩʷ ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʤʽʨʢʫʚʘʥʴ ʪʘʢ, ʱʦʙ ʥʝ ʧʦʨʫʰʠʪʠ ʚʠʤʦʛʠ ʩʫʤʽʩʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʜ̔ʥʦʩʥʠʡ ʜʽʘʤʝʪʨ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ Ὠ  ÄȾ$ - ʮʝ ʚʽʜʥʦʰʝʥʥʷ 

ʜʽʘʤʝʪʨʘ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ 

ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ (ʨʠʩʫʥʦʢ 2.6). ʋ ʦʜʥʦʧʦʪʦʢʦʚʠʭ ʚʠʭʨʦʚʠʭ ʤʘʰʠʥʘʭ  ʜʣʷ 

ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ, ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ, ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ Ὠ  = 0.11...0.13. ɺ 

ʨʦʙʦʪʽ [14] ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ (ʷʢʝ ʥʝ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ), ʱʦ ʜʣʷ ʧʝʨʝʭʦʜʫ ʥʘ 

ʤʥʦʛʦʧʦʪʦʢʦʚʫ ʩʭʝʤʫ ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʽʛʘʪʠ ʚʽʜʥʦʩʥʫ ʨʦʙʦʯʫ ʜʦʚʞʠʥʫ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ Ὠ  

ʧʨʠʡʥʷʪʠʡ 0.12...0.06. 
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ɺʘʞʣʠʚʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʢʫʪ ʥʘʭʠʣʫ ʩʦʧʣʘ ᶿ ȟ ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʢʫʪ ʘʪʘʢʠ ʧʨʠ ʚʠʪʽʢʘʥʥʽ ʛʘʟʫ ʟ ʩʦʧʣʘ ʥʘ ʣʦʧʘʪʢʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

(ʨʠʩ. 2.7). ɼʽʘʧʘʟʦʥ ʡʦʛʦ ʟʤʽʥʠ ʦʙʨʘʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ 

ʨʦʙʦʪʘʭ [14, 44]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʥʘʩʪʫʧʥʽ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʽ ʬʘʢʪʦʨʠ: 

- ʥʘʚʝʜʝʥʘ ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ 5,  

- ʚʽʜʥʦʩʥʠʡ ʜʽʘʤʝʪʨ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ  Ä ÄȾ$ (ʨʠʩ. 2.6), 

-  ʚʽʜʥʦʩʥʠʡ ʜʽʘʤʝʪʨ ʩʦʧʣʘ  Ä Ä̒ȾÄ (ʨʠʩ. 2.6), 

-  ʢʫʪ ʥʘʭʠʣʫ ʩʦʧʣʘ ᶿ  (ʨʠʩ. 2.6, 2.7) 

ʽ ʚʠʟʥʘʯʝʥʦ ʜʽʘʧʘʟʦʥ ʾʭ ʟʤʽʥʠ: 

- 5 πȢρȣπȢς 

- Ä πȢπφȣπȢρς  

- Ä πȢσȣπȢτυ 

- ᶿ σπȣυπ ̄̑́̅. 

 ɺʧʣʠʚʘʶʯʽ ʧʘʨʘʤʝʪʨʠ ʟʘʜʘʚʘʣʠʩʷ ʚ ʚʠʟʥʘʯʝʥʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʜʽʘʧʘʟʦʥʽ, ʚ ʷʢʦʤʫ ʧʝʨʝʜʙʘʯʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʦʧʪʠʤʫʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʂʂɼ. 

ɸʜʽʘʙʘʪʥʠʡ ʂʂɼ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.1). ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʟʥʘʯʝʥʥʷ Ὤ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʘ ʟʥʘʯʝʥʥʷ ὓ ‫  ʠ ά 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

 

ʈʠʩʫʥʦʢ 2.7 - ʂʫʪ ʥʘʭʠʣʫ ʩʦʧʣʘ 
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ɿʥʘʯʝʥʥʷ ʽʥʰʠʭ ʥʝʟʘʣʝʞʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 2.8-2.10) ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʷʢ ʤʝʥʰ ʟʥʘʯʫʱʽ ʽ ʦʧʪʠʤʘʣʴʥʽ ʾʭ ʟʥʘʯʝʥʥʷ ʚʟʷʪʽ ʟ ʜʦʩʣʽʜʞʝʥʴ [14, 44] 

ʘʙʦ ʚʩʪʘʥʦʚʣʝʥʘ ʽʭ ʤʘʪʝʤʘʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʥʰʠʭ ʧʘʨʘʤʘʪʨʽʚ. ʂʫʪ ʫʩʪʘʥʦʚʢʠ 

ʣʦʧʘʪʦʢ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʨʽʚʥʠʤ  -10 ʛʨʘʜ (ʨʠʩ. 2.6, 2.8, 2.10).  ʂʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʢʠ 

ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʨʽʚʥʠʤ  35 ʛʨʘʜ (ʨʠʩ. 2.6, 2.9, 2.10) . 

ɺʽʜʥʦʩʥʠʡ ʢʨʦʢ ʣʦʧʘʪʦʢ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὸӶ
ς“Ὀ

ᾀϽὨ

ς“

ᾀϽὨὴὬ
Ƞ 

ʜʝ z -  ʯʠʩʣʦ ʣʦʧʘʪʦʢ. 

 ʋ ʨʦʙʦʪʽ [33] ʉʝʨʛʻʻʚʠʤ ɺ. ʄ. ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʽʜʥʦʩʥʠʡ 

ʢʨʦʢ ʣʦʧʘʪʦʢ  t = 0,9ï1,1 ʜʣʷ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. 

ʋ ʨʦʙʦʪʽ [14] ɺʘʥʻʻʚ ʉ.ʄ. ʜʦʩʣʽʜʞʫʚʘʚ ʦʜʥʦʧʦʪʦʢʦʚʫ ʚʠʭʨʦʚʫ 

ʨʦʟʰʠʨʶʚʘʣʴʥʫ ʤʘʰʠʥʫ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʟ ʧʦʩʪʽʡʥʠʤ 

ʚʽʜʥʦʩʥʠʤ ʢʨʦʢʦʤ    t = 1,07 ʧʨʠ Ὠ  0,122,  z = 48. 

 

  

ʈʠʩʫʥʦʢ 2.8 - ʂʫʪ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ  +20  0  -10  -20. 

 

 

ʈʠʩʫʥʦʢ 2.9 - ʂʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʢʠ 50, 35 ʛʨʘʜ, 10,  
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ʈʠʩʫʥʦʢ 2.10 - ʈʦʙʦʯʝ ʢʦʣʝʩʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʦʜʝʣʽ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ.  

 

ʏʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʯʠʩʣʘ ʣʦʧʘʪʦʢ z ʥʘ ʂʂɼ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ANSYS CFX ʜʣʷ ʜʚʦʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʟ ʧʦʩʪʽʡʥʠʤʠ 

ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.11. ʅʘ ʨʠʩ. 2.12 ʧʨʝʜʩʪʘʚʣʝʥʽ  

ʜʦʩʣʽʜʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʟ ʯʠʩʣʦʤ ʣʦʧʘʪʦʢ 62, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʥʦʩʥʦʤʫ 

ʢʨʦʢʫ ὸӶ  = 1,7, ʪʘ ʟ ʯʠʩʣʦʤ ʣʦʧʘʪʦʢ 92, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ὸӶ  =1,1. 

 

 

ʈʠʩʫʥʦʢ 2.11ï ɿʘʣʝʞʥʽʩʪʴ ʂʂɼ ʚʽʜ ʯʠʩʣʘ ʣʦʧʘʪʦʢ 

 

ɿ ʨʠʩ. 2.11 ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʂʂɼ ʚʽʜʧʦʚʽʜʘʻ  ʯʠʩʣʦ 

ʣʦʧʘʪʦʢ 80-90, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʩʥʦʤʫ ʢʨʦʢʫ ʣʦʧʘʪʦʢ ὸӶ = 1.1é1.3.  

ɿʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʣʦʧʘʪʦʢ ʜʦ 100 ʪʘ ʙʽʣʴʰʝ (ʱʦ ʚʽʜʧʦʚʽʜʘʻ t = 1 ʪʘ ʤʝʥʰʝ) 

ʜʣʷ ʜʚʦʧʦʪʦʯʥʦʾ ʩʭʝʤʠ ʪʘ ʚʠʙʨʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʣʦʧʘʪʢʠ ʧʨʠʚʦʜʠʪʴ ʜʦ 
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ʥʝʪʝʭʥʦʣʦʛʽʯʥʦʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʣʝʩʘ. ɺ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʽʜʥʦʩʥʠʡ ʢʨʦʢ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʨʽʚʥʠʤ ὸӶ  =1.1é1.2. 

 

   

ʈʠʩʫʥʦʢ 2.12 - ʈʦʙʦʯʝ ʢʦʣʝʩʦ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʣʦʧʘʪʦʢ. 

 

ʇʨʦʛʨʘʤʥʘ ʧʣʘʪʬʦʨʤʘ ANSYS Workbench ʜʦʟʚʦʣʷʻ ʚ ʻʜʠʥʦʤʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽʥʪʝʛʨʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽ ʁʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʘʙʦ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ (ʨʠʩ.2.13, 

2.14). ʊʠʤ ʩʘʤʠʤ ʣʽʢʚʽʜʫʶʪʴʩʷ ʚʠʪʨʘʪʠ ʷʢ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʟ ʦʜʥʽʻʾ ʧʨʦʛʨʘʤʠ 

ʜʦ ʽʥʰʦʾ ʥʘ ʨʽʚʥʽ ʪʝʢʩʪʦʚʠʭ ʬʘʡʣʽʚ, ʪʘʢ ʽ ʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʬʘʡʣʽʚ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʟ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ ʚ ʽʥʰʫ. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʝʢʪʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

2.13. ɺʠʢʦʨʠʩʪʦʚʫʶʯʽ ʧʘʨʘʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʤʦʞʣʠʚʦ ʜʫʞʝ ʰʚʠʜʢʦ ʟ 

ʥʘʡʤʝʥʰʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ ʪʘ 

ʦʪʨʠʤʘʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. 

                                          

 

 

ʈʠʩʫʥʦʢ 2.13 ï ʉʠʩʪʝʤʘ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ Fluid 

Flow (CFX) 

ʈʠʩʫʥʦʢ 2.14 ï ɯʥʪʝʨʬʝʡʩ ʧʘʥʝʣʽ 

Outline of All Parameters, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʟ ʚʭʽʜʥʠʤʠ ʪʘ 

ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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2.4 ʇʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʇʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ [52] (Design of Experiments) - ʤʝʪʦʜʠʢʘ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʦʢ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʄʝʪʦʶ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʟʘʜʘʥʥʷ ʪʦʯʦʢ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʯʠʥʦʤ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʠ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ, ʘ 

ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʤʘʪʤʦʜʝʣʽ (ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ). ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʦʜʫʣʷ ANSYS Design Exploration, ʢʨʽʤ ʤʦʞʣʠʚʦʩʪʽ ʟʘʜʘʥʥʷ ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ 

çʚʨʫʯʥʫè, ʜʦʩʪʫʧʥʽ ʥʘʩʪʫʧʥʽ ʧʣʘʥʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ: 

¶ Central Composite Design (CCD);  

¶ Box-Behnken Design;  

¶ Latin Hypercube Sampling Design (LHS);  

¶ Optimal Space-Filling Design (OSF).  

Central Composite Design (CCD) 

ʎʝʥʪʨʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʣʘʥ [53], ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʧʣʘʥ ɹʦʢʩʘ-

ʋʾʣʩʦʥʘ, ʻ ʧ'ʷʪʠʨʽʚʥʝʚʠʤ ʜʨʦʙʦʚʠʤ ʬʘʢʪʦʨʥʠʤ ʧʣʘʥʦʤ, ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ, 

ʷʢʱʦ ʤʘʪʤʦʜʝʣʴ ʻ ʧʦʚʝʨʭʥʝʶ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɯʩʥʫʶʪʴ ʪʨʠ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʜʘʥʦʛʦ ʤʝʪʦʜʫ: ʦʧʠʩʘʥʠʡ (circumscribed), ʚʧʠʩʘʥʠʡ 

(inscribed), ʘ ʪʘʢʦʞ ʮʝʥʪʨʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʣʘʥ ʟ ʮʝʥʪʨʘʤʠ ʥʘ ʛʨʘʥʷʭ (face-

centered). ɿʥʘʯʝʥʥʷ, ʷʢʽ ʢʦʜʫʶʪʴʩʷ ʧ'ʷʪʴʤʘ ʨʽʚʥʷʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ [-Ŭ, -1, 0, +1, + Ŭ], ʜʝ ʨʽʚʥʽ [-1, +1] ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʤʝʞʽ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, ʘ ʨʽʚʥʽ [- Ŭ, + Ŭ] 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʦʚʽ ʤʝʞʽ ʜʣʷ ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ Ŭ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʪʠʧʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʯʠʩʣʘ ʬʘʢʪʦʨʽʚ. 

ɭ ʜʝʢʽʣʴʢʘ ʚʝʨʩʽʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫ CCD. 

Circumscribed CCD. ʎʝʡ ʧʣʘʥ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʧʦʯʘʪʢʦʚʦʶ 

ʚʝʨʩʽʻʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫ. ʇʣʘʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʛʝʥʝʨʘʮʽʾ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʧʨʠ ʧʦʙʫʜʦʚʽ ʚʠʩʦʢʦʪʦʯʥʦʾ ʤʘʪʤʦʜʝʣʽ. ɿʥʘʯʝʥʥʷ 

ʟʤʽʥʥʦʾ Ŭ ʟʘʚʞʜʠ ʧʨʠʡʤʘʻʪʴʩʷ ʙʽʣʴʰʠʤ ʦʜʠʥʠʮʽ, ʪʘʢʠʤ ʯʠʥʦʤ ʜʝʷʢʽ ʟʥʘʯʝʥʥʷ 

ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʦʜʷʪʴ ʟ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ʅʝʦʙʭʽʜʥʦ 
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ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʥʘ ʨʽʚʥʷʭ [-Ŭ, + Ŭ]. ɻʝʦʤʝʪʨʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʣʘʥʫ ʜʣʷ ʪʨʴʦʭ 

ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.15. 

 

 

ʈʠʩʫʥʦʢ 2.15 - ʇʣʘʥ Circumscribed CCD 

 

Inscribed CCD. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʚʠʥʦʾ ʚʝʨʩʽʾ ʧʣʘʥʫ, ʨʽʚʥʽ [-1, +1] 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʤʽʥʽʤʘʣʴʥʽ ʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʊʘʢʘ ʟʤʽʥʘ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʩʪʚʦʨʶʚʘʥʦʾ ʤʘʪʤʦʜʝʣʽ ʧʦʙʣʠʟʫ ʢʦʨʜʦʥʽʚ ʦʙʣʘʩʪʽ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʧʣʘʥʫ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʪʽʣʴʢʠ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʾ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɻʝʦʤʝʪʨʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʣʘʥʫ ʜʣʷ ʪʨʴʦʭ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.16 

 

 

ʈʠʩʫʥʦʢ 2.16 - ʇʣʘʥ Inscribed CCD 

 



74 

Face-centered CCD. ɼʘʥʠʡ ʧʣʘʥ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫ, ʜʣʷ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ Ŭ ʟʘʚʞʜʠ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʦʯʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʜʘʶʪʴʩʷ ʚ ʮʝʥʪʨʽ ʛʨʘʥʝʡ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ 

ʙʫʜʴ-ʷʢʠʤʠ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ. ɼʣʷ ʜʘʥʦʛʦ ʧʣʘʥʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝ 

ʧʦʪʨʽʙʥʦ ʟʘʚʜʘʥʥʷ ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʟʘ ʦʙʣʘʩʪʶ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ 

ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʎʝʥʪʨʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʣʘʥ ʟ ʮʝʥʪʨʘʤʠ ʥʘ ʛʨʘʥʷʭ, 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ Inscribed CCD, ʟʘʙʝʟʧʝʯʫʻ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʤʘʪʤʦʜʝʣʽ ʜʣʷ 

ʚʩʽʻʾ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʬʘʢʪʦʨʽʚ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʘ 

ʧʦʭʠʙʢʘ ʧʨʠ ʦʙʯʠʩʣʝʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʚʘʜʨʘʪʥʦʛʦ ʨʽʚʥʷʥʥʷ. ɻʨʘʬʽʯʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʣʘʥʫ ʜʣʷ ʪʨʴʦʭ ʬʘʢʪʦʨʽʚ ʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.17. 

 

 

ʈʠʩʫʥʦʢ 2.17 - ʇʣʘʥ Face-centered CCD 

 

Box-Behnken Design 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫ, ʧʣʘʥ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ 

ʥʝ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʚʢʣʘʜʝʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʘʙʦ ʜʨʽʙʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫ [53]. 

ʇʣʘʥ ʻ ʪʨʠʨʽʚʥʝʚʠʤ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʞʝʥ ʬʘʢʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʨʴʦʤʘ ʨʽʚʥʷʤʠ 

[-1, 0, +1]. ʈʽʚʥʽ [-1, +1] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʤʽʥʽʤʘʣʴʥʽ ʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʦʯʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʜʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʦʥʠ 

ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʚ ʮʝʥʪʨʽ ʨʝʙʝʨ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʙʫʜʴ-ʷʢʠʤʠ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ. 

ʇʨʠ ʨʽʚʥʽʡ ʪʦʯʥʦʩʪʽ ʤʘʪʤʦʜʝʣʽ, ʧʣʘʥ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʧʣʘʥʦʤ, ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʪʨʴʦʭ-ʯʦʪʠʨʴʦʭ ʯʠʥʥʠʢʽʚ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʙʝʟʣʽʯ 
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ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʜʘʻʪʴʩʷ ʤʝʥʰʠʤ ʯʠʩʣʦʤ ʢʦʤʙʽʥʘʮʽʡ ʨʽʚʥʽʚ ʢʝʨʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ɺʽʜʩʫʪʥʽʩʪʴ ʚʢʣʘʜʝʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʚʪʨʘʪʠ 

ʜʘʥʠʭ, ʷʢʱʦ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʦʜʝʣʽ ʽʩʥʫʶʪʴ ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʭ 

ʢʦʤʙʽʥʘʮʽʻʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʢʝʨʦʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʣʘʥʫ ʜʣʷ ʪʨʴʦʭ ʬʘʢʪʦʨʽʚ ʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 

2.18. 

 

 

ʈʠʩʫʥʦʢ 2.18- ʇʣʘʥ Box-Behnken  

 

Latin Hypercube Sampling Design (LHS) 

Latin Hypercube Sampling Design  - ʮʝ ʧʣʘʥ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʠ 

ʷʢʦʤʫ ʪʦʯʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʚʦʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ LHS ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʦʶ ʚʝʨʩʽʻʶ ʘʣʛʦʨʠʪʤʫ ʄʦʥʪʝ-ʂʘʨʣʦ, ʱʦ ʚʠʢʣʶʯʘʻ ʫʪʚʦʨʝʥʥʷ 

ʩʢʫʧʯʝʥʴ ʪʦʯʦʢ. ɼʘʥʠʡ ʧʣʘʥ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʥʘ ʢʚʘʜʨʘʪʥʽʡ ʩ̔ ʪʮʽ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ. ʏʠʩʣʦ ʨʷʜʽʚ ʽ ʩʪʦʚʧʮʽʚ ʩʽʪʢʠ ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʚʽ 

ʪʦʯʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝ ʤʦʞʫʪʴ ʤʘʪʠ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʴ (ʚʠʢʣʶʯʘʻʪʴʩʷ 

ʩʪʚʦʨʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʪʦʯʦʢ ʚ ʦʜʥʦʤʫ ʨʷʜʫ ʘʙʦ ʩʪʦʚʧʮʽ). ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ 

ʜʘʥʦʛʦ ʧʣʘʥʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʥʝ ʛʘʨʘʥʪʫʻ ʩʪʚʦʨʝʥʥʷ ʪʦʯʦʢ ʥʘ ʢʦʨʜʦʥʘʭ ʦʙʣʘʩʪʽ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ ʤʘʣʦʛʦ ʯʠʩʣʘ ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʟʜʘʪʥʝ ʚʽʜʙʠʪʠʩʷ ʥʘ ʷʢʦʩʪʽ ʤʘʪʤʦʜʝʣʽ. 



76 

Optimal Space-Filling Design (OSF) 

ɼʘʥʠʡ ʧʣʘʥ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʜʘʣʝʥʠʭ ʦʜʥʘ ʚʽʜ ʦʜʥʦ ʾ

ʪʦʯʦʢ, ʪʘʢʠʤ ʯʠʥʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʚʩʽʡ 

ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ʇʣʘʥ OSF ʻ ʨʦʟʰʠʨʝʥʦʶ ʚʝʨʩʽʻʶ ʧʣʘʥʫ LHS. ʎʝʡ 

ʧʣʘʥ ʽʥʽʮʽʘʣʟ̔ʫʻʪʴʩʷ ʷʢ LHS, ʧʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʽʣʴʢʦʭ ʪʦʯʦʢ ʚ 

ʦʜʥʦʤʫ ʨʷʜʫ ʘʙʦ ʩʪʦʚʧʮʽ ʩʽʪʢʠ, ʧʨʦʚʦʜʠʪʴʩʷ ʤʘʢʩʠʤʽʟʘʮʽʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʪʦʯʢʘʤʠ ʟ 

ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʬʽʟʠʯʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʢʣʘʩʠʯʥʽ ʧʣʘʥʠ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ ʮʝʥʪʨʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʣʘʥ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʚʜʘʥʥʷ ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʙʣʠʟʫ ʢʦʨʜʦʥʫ ʦʙʣʘʩʪʽ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ʊʘʢ ʷʢ ʚ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʥʝ ʽʩʥʫʻ ʧʦʜʽʙʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʧʣʘʥ OSF ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʚʩʽʡ 

ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ɼʘʥʠʡ ʧʣʘʥ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʫʤ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʤʦʜʝʣʽ. Optimal Space-Filling Design ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʤʝʪʦʜʽʚ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʝ ʯʠʩʣʦ ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜ 

Kriging, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʘʙʦ ʤʝʪʦʜ ʥʝʧʘʨʘʤʝʪʨʠʯʥʦʾ ʨʝʛʨʝʩʽʾ. ʇʣʘʥ OSF ʪʘʢʦʞ 

ʤʘʻ ʥʝʜʦʣʽʢʠ ʧʣʘʥʫ LHS. ʅʝ ʽʩʥʫʻ ʛʘʨʘʥʪʽʡ ʪʦʛʦ, ʱʦ ʪʦʯʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʫʪʴ 

ʩʪʚʦʨʝʥʽ ʥʘ ʢʦʨʜʦʥʘʭ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʦʙʨʘʥʦ ʥʝʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʣʘʥ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (Box-Behnken Design, ʪʦʙʪʦ ʧʣʘʥ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ) [54,55], ʪʦʤʫ 

ʱʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʧʣʘʥʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʨʽʚʥʽʡ ʪʦʯʥʦʩʪʽ 

ʤʘʪʤʦʜʝʣʽ, ʧʣʘʥ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ, ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʪʨʴʦʭ-ʯʦʪʠʨʴʦʭ ʬʘʢʪʦʨʽʚ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʙʝʟʣʽʯ 

ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʜʘʻʪʴʩʷ ʤʝʥʰʠʤ ʯʠʩʣʦʤ ʢʦʤʙʽʥʘʮʽʡ ʨʽʚʥʽʚ ʢʝʨʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʅʝʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʣʘʥ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (ʧʣʘʥ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ) ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʯʦʪʠʨʤʘ ʬʘʢʪʦʨʘʤʠ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʣʽʜʽʚ ʜʦ 27. ʇʣʘʥ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ ʻ ʯʘʩʪʠʥʦʶ ʧʦʚʥʦʛʦ ʪʨʠʨʽʚʥʝʚʦʛʦ ʧʣʘʥʫ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʠʡ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʝʨʝʚʝʨʰʫʻ ʚʽʜʦʤʽ 

ʮʝʥʪʨʘʣʴʥʦ-ʢʦʤʧʦʟʠʮʽʡʥʽ ʦʨʪʦʛʦʥʘʣʴʥʽ ʽ ʨʦʪʘʪʘʙʝʣʴʥʽ ʧʣʘʥʠ. 
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ɿʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ ʪʘʢʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ, ʪʦʙʪʦ 

ʟʘʜʦʚʦʣʴʥʷʶʯʦʛʦ ʦʙʤʝʞʝʥʥʷʤ, ʧʦʻʜʥʘʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʝ ʜʘʚʘʣʦ ʙ ʝʢʩʪʨʝʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʜʣʷ ʩʪʚʦʨʝʥʦʾ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʧʘʨʘʪ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʪʝʦʨʽʾ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ [52-55]. 

ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ - ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʜʥʽʻʾ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʥʘ ʟʘʣʝʞʥʫ ʟʤʽʥʥʫ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʽʙʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʜʣʷ ʷʢʠʭ 

ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʩʣʫʞʠʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʙʝʟʣʽʯʽ ʪʦʯʦʢ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ, ʦʪʨʠʤʘʥʝ 

ʥʘʙʣʠʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ, ʱʦ ʚ ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʟʠʚʘʶʪʴ ʤʘʪʤʦʜʝʣʣ .ʁ 

ɼʣʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ ʽ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʙʫʚ ʦʙʨʘʥʠʡ ʧʦʣʽʥʦʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚʠʜʫ: 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʚʘʜʨʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʥʝʦʙʭʽʜʥʦ ʚʘʨʽʶʚʘʥʥʷ 

ʥʝʟʘʣʝʞʥʠʭ ʬʘʢʪʦʨʽʚ ʷʢ ʤʽʥʽʤʫʤ ʥʘ ʪʨʴʦʭ ʨʽʚʥʷʭ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʯʦʪʠʨʴʦʭ ʬʘʢʪʦʨʽʚ ʥʘ ʪʨʴʦʭ ʨʽʚʥʷʭ ʧʦʪʨʽʙʥʦ 81 ʜʦʩʣʽʜ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ 

ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʽʚ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʧʣʘʥʠ ɹʦʢʩʘ-ɹʝʥʢʝʥʘ, ʪʦʤʫ ʱʦ, 

ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʚʦʥʠ ʜʣʷ ʯʦʪʠʨʴʦʭ ʬʘʢʪʦʨʽʚ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʣʽʥʦʤʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽʣʴʢʠ 27 

ʜʦʩʣʽʜʽʚ (ʪʘʙʣʠʮʷ 2.2).  

ʋ ʪʦʯʢʘʭ ʧʣʘʥʫ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʛʘʟʫ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS CFX ʟʘ ʧʨʠʚʝʜʝʥʦʶ ʚ 

ʧ̔ ʜʨʦʟʜʽʣʽ 2.2 ʤʝʪʦʜʠʢʦʶ. ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ 

ʧʨʠʡʥʷʪʽ: ʧʦʚʥʠʡ ʪʠʩʢ ʽ ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʽ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ ʟ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. ʈʦʙʦʯʝ ʪʽʣʦ - ʚ'ʷʟʢ ̒ʧʦʚʽʪʨʷ, ʱʦ ʩʪʠʩʢʘʻʪʴʩʷ. ʗʢ ʢʨʠʪʝʨʽʡ 



78 

ʟʙʽʞʥʦʩʪʽ ʧʨʠʡʤʘʻʪʴʩʷ ʫʤʦʚʘ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʥʝʚʷʟʢʘʤʠ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʯʽʾ ʟʥʘʯʝʥʴ ʥʠʞʯʝ 10
ï5
, ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʝʣʠʢʠʭ ʦʩʮʠʣʷʮʽʡ ʚ ʟʥʘʯʝʥʥʷʭ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

ʊʘʙʣʠʮʷ 2.2 ï ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

Ѕ alfa_ns UI dphI dsI 
1 30 0.10 0.09 0.38 

2 50 0.10 0.09 0.38 

3 30 0.20 0.09 0.38 

4 50 0.20 0.09 0.38 

5 40 0.15 0.06 0.300 

6 40 0.15 0.12 0.300 

7 40 0.15 0.06 0.450 

8 40 0.15 0.12 0.450 

9 40 0.15 0.09 0.375 

10 30 0.15 0.09 0.300 

11 50 0.15 0.09 0.300 

12 30 0.15 0.09 0.450 

13 50 0.15 0.09 0.450 

14 40 0.10 0.06 0.375 

15 40 0.20 0.06 0.375 

16 40 0.10 0.12 0.375 

17 40 0.20 0.12 0.375 

18 40 0.15 0.09 0.375 

19 30 0.15 0.06 0.375 

20 50 0.15 0.06 0.375 

21 30 0.15 0.12 0.375 

22 50 0.15 0.12 0.375 

23 40 0.10 0.09 0.3 

24 40 0.20 0.09 0.3 

25 40 0.10 0.09 0.45 

26 40 0.20 0.09 0.45 

27 40 0.15 0.09 0.375 

 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʚʽʨʷʣʘʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ F-ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ, ʷʢʠʡ ʧʦʨʽʚʥʶʚʘʚʩʷ ʟ ʪʘʙʣʠʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʧʨʠ ʧʨʠʡʥʷʪʦʤʫ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ (ʚ ʪʝʭʥʽʮʽ ʥʘʡʯʘʩʪʽʰʝ ʧʨʠʡʤʘʶʪʴ 

ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ q = 5%). 
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2.5 ʈʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʚʦʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ 

 

ɺ ʭʦʜʽ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʛʣʷʜʘʚʩʷ ʚʧʣʠʚ ʥʘ ʂʂɼ ʜʚʦʧʦʪʦʯʥʦʾ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʥʘʚʝʜʝʥʦʾ ʦʢʨʫʞʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 5, 

ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ D, ʜʽʘʤʝʪʨʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ dph, 

ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ ds ʽ ʢʫʪʘ ʥʘʭʠʣʫ ʩʦʧʣʘ alfans ʧʨʠ ʧʦʩʪʽʡʥʠʭ: ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ 

ʨʦʪʦʨʘ n = 3000 ʦʙ/ʭʚ, ʚʽʜʥʦʰʝʥʥʽ ʪʠʩʢʽʚ ʇʊ = 4 ʽ ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ ʚʭʦʜʽ 

ʊʚʭ*  = 293 ʂ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 27 ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʚʠʱʝ 

ʧʝʨʝʣʽʯʝʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʟʛʽʜʥʦ ʪʘʙʣʠʮʽ 2.2.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ (ʪʘʙʣʠʮʷ 2.3) 

ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ, ʧʨʦʚʝʜʝʥʘ ʾʭ ʦʮʽʥʢʘ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ 

ʛʦʣʦʚʥʠʭ ʝʬʝʢʪʽʚ ʽ ʝʬʝʢʪʽʚ ʚʟʘʻʤʦʜʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽ 

ʚʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʝʬʝʢʪʽʚ ʚʧʣʠʚʫ ʥʘ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤ ʇʘʨʝʪʦ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.19, 2.20. 

 

ʈʠʩʫʥʦʢ 2.19-  ɼʽʘʛʨʘʤʘ ʟʥʘʯʫʱʦʩʪʽ (ʯʫʪʣʠʚʦʩʪʽ) ʚʧʣʠʚʫ ʥʘ ʮʽʣʴʦʚʫ 

ʬʫʥʢʮʽʶ eff ï ɸʜʽʘʙʘʪʥʠʡ ʂʂɼ 
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ʊʘʙʣʠʮʷ 2.3 - ɻʝʦʤʝʪʨʠʯʥʽ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ 

ʚʠʭʨʦʚʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʅʦʤʝʨ 

ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ 

ʇ
ʨ
ʠ
ʚ
ʝ
ʜ
ʝ
ʥ
ʘ
 
ʢ
ʦ
ʣ
ʦ
ʚ
ʘ
 

ʰ
ʚ
ʠ
ʜ
ʢ
ʽ
ʩ
ʪ
ʴ

 

ɿ
ʦ
ʚ
ʥ
ʽ
ʰ
ʥ
ʽ
ʡ
 
ʜ
ʽ
ʘ
ʤ
ʝ
ʪ
ʨ
 

 

ʨ
ʦ
ʙ
ʦ
ʯ
ʦ
ʛ
ʦ
 
ʢ
ʦ
ʣ
ʝ
ʩ
ʘ

 

ɼ
ʽ
ʘ
ʤ
ʝ
ʪ
ʨ
 
ʧ
ʨ
ʦ
ʪ
ʦ
ʯ
ʥ
ʦ
ʾ
 

ʯ
ʘ
ʩ
ʪ
ʠ
ʥ
ʠ

 

ɼ
ʽ
ʘ
ʤ
ʝ
ʪ
ʨ
 
ʩ
ʦ
ʧ
ʣ
ʘ

 

ʂ
ʫ
ʪ
 
ʥ
ʘ
ʭ
ʠ
ʣ
ʫ
 
ʩ
ʦ
ʧ
ʣ
ʘ

 

ɸ
ʜ
ʽ
ʘ
ʙ
ʘ
ʪ
ʥ
ʠ
ʡ
 
ʂ
ʂ
ɼ

 

ʂ
ʨ
ʫ
ʪ
ʥ
ʠ
ʡ

 

 ʤ
ʦ
ʤ
ʝ
ʥ
ʪ

 

ʇ
ʦ
ʪ
ʫ
ʞ
ʥ
ʳ
ʩ
ʪ
ʴ
 
ʥ
ʘ
 

ʨ
ʦ
ʙ
ʦ
ʯ
ʦ
ʤ
ʫ
 
ʢ
ʦ
ʣ
ʝ
ʩ

 ̔

UI D, ʤ dph, ʤ ds, ʤ 
alfa_ns, 

ʛʨʘʜ 
ʂʇɼ 

Mz, 

ʅÖʤ 

Nv,  

ʢɺʪ 

1 0.1 0.279 0.025 0.009 30 0.23 10.6 3.3 

2 0.1 0.279 0.025 0.009 50 0.32 13 4.08 

3 0.2 0.559 0.050 0.019 30 0.395 60.5 19 

4 0.2 0.559 0.050 0.019 50 0.41 60.9 19.1 

5 0.15 0.419 0.025 0.008 40 0.452 13.6 4.27 

6 0.15 0.419 0.050 0.015 40 0.42 49 15.4 

7 0.15 0.419 0.025 0.011 40 0.39 21.4 6.7 

8 0.15 0.419 0.050 0.023 40 0.3 62 19.5 

9 0.15 0.419 0.038 0.014 40 0.43 38 12 

10 0.15 0.419 0.038 0.011 30 0.4 27 8.5 

11 0.15 0.419 0.038 0.011 50 0.42 28.2 8.9 

12 0.15 0.419 0.038 0.017 30 0.24 28 8.9 

13 0.15 0.419 0.038 0.017 50 0.41 43 13.6 

14 0.1 0.279 0.017 0.006 40 0.36 5.4 1.7 

15 0.2 0.559 0.034 0.013 40 0.435 29 9.1 

16 0.1 0.279 0.033 0.013 40 0.25 17 5.3 

17 0.2 0.559 0.067 0.025 40 0.35 107 33.6 

18 0.15 0.419 0.038 0.014 40 0.43 38 12 

19 0.15 0.419 0.025 0.009 30 0.41 18.2 5.7 

20 0.15 0.419 0.025 0.009 50 0.44 19 6 

21 0.15 0.419 0.050 0.019 30 0.27 41.5 13 

22 0.15 0.419 0.050 0.019 50 0.408 58.6 18.4 

23 0.1 0.279 0.025 0.008 40 0.33 9.8 3.1 

24 0.2 0.559 0.050 0.015 40 0.39 47 14.8 

25 0.1 0.279 0.025 0.011 40 0.3 15.5 4.9 

26 0.2 0.559 0.050 0.023 40 0.37 78 24.5 

27 0.15 0.419 0.038 0.014 40 0.43 38 12 
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ʈʠʩʫʥʦʢ 2.20 -  ɼʽʘʛʨʘʤʘ ʟʥʘʯʫʱʦʩʪʽ (ʯʫʪʣʠʚʦʩʪʽ) ʚʧʣʠʚʫ ʥʘ ʮʽʣʴʦʚʫ 

ʬʫʥʢʮʽʶ Mz ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ. 

 

ʅʘ ʜʽʘʛʨʘʤʘʭ ʧʨʠʚʝʜʝʥʘ ʦʮʽʥʢʘ ʝʬʝʢʪʽʚ, ʩʪʦʚʧʮʽ ʝʬʝʢʪʽʚ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ 

ʘʙʩʦʣʶʪʥʽʡ ʚʝʣʠʯʠʥʽ ʟʥʘʯʝʥʴ: ʚʽʜ ʥʘʡʙʽʣʴʰʠʭ ʜʦ ʥʘʡʤʝʥʰʠʭ. ɺʝʣʠʯʠʥʘ ʢʦʞʥʦʛʦ 

ʝʬʝʢʪʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʦʚʧʯʠʢʦʤ, ʩʪʦʚʧʯʠʢʠ ʧʝʨʝʩʽʯʝʥʽ ʯʝʨʚʦʥʦʶ ʣʽʥʽʻʶ, ʷʢʘ 

ʚʢʘʟʫʻ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʝʣʠʯʠʥʘ ʝʬʝʢʪʫ, ʱʦʙ ʙʫʪʠ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʤ.  

ʗʢ ʚʠʜʥʦ ʟ ʜʽʘʛʨʘʤ (ʨʠʩʫʥʦʢ 2.19, 2.20), ʥʘ ʚʝʣʠʯʠʥʫ ʘʜʽʘʙʘʪʥʦʛʦ ʂʂɼ ʪʘ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ Mz  ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʛʘʟʦʜʠʥʘʤʯ̔ʥʠʡ ʧʘʨʘʤʝʪʨ  5 

ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʡ ʧʘʨʘʤʝʪʨ Ä , ʧʘʨʘʤʝʪʨʠ  Äȟ θ  ʪʘʢʦʞ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʽ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʾʭ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʂʂɼ. 

ʅʘ ʧʽʜʩʪʘʚ ̔ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʜʽʘʛʨʘʤʠ 

ʧʦʚʝʨʭʦʥʴ ʚʽʜʛʫʢʫ (3D ʜʽʘʛʨʘʤʠ) ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ eff - ʘʜʽʘʙʘʪʥʠʡ ʂʂɼ 

ʚʽʜ ʧʦʧʘʨʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ (ʬʘʢʪʦʨʽʚ) (ʨʠʩ 2.21). ɼʘʥʽ ʛʨʘʬʽʢʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʟʫ, ʷʢʝ ʜʘʻ ʚʽʜʧʦʚʽʜʥʫ ʧʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ. ʅʘ 

ʜʽʘʛʨʘʤʘʭ ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ (ʬʘʢʪʦʨʠ ʚʘʨʽʶʚʘʥʥʷ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʧʘʨʥʦ, ʢʦʞʥʘ 

ʦʙʣʘʩʪʴ ʦʪʨʠʤʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʨʽʚʥʽʚ ʜʚʦʭ 

ʬʘʢʪʦʨʽʚ ʚʘʨʽʶʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ  2.21 - ʇʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ: ʢʘʨʪʠ ʣʽʥʽʡ ʨʽʚʥʷ ʪʘ ʛʨʘʬʽʢ ʧʦʚʝʨʭʦʥʴ 

ʚʽʜʛʫʢʫ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ eff - ɸʜʽʘʙʘʪʥʠʡ ʂʂɼ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʘʤʠ Ä  ʪʘ Ä ʙʣʠʟʴʢʦ ʜʽʘʧʘʟʦʥʫ ʾʭ ʦʧʪʠʤʫʤʫ ʤʦʞʥʘ ʜʦʤʦʛʪʠʩʷ 

ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʤʝʥʪʫ ʽ ʧʦʪʫʞʥʦʩʪʽ ʙʝʟ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʂʂɼ ʥʝ 

ʟʙʽʣʴʰʫʶʯʠ ʨʘʜʽʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʩʪʽʡʥʠʭ 

ʟʦʚʥʽʰʥʴʦʤʫ ʜʽʘʤʝʪʨʽ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʽ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ 

ʧʦʪʫʞʥʽʩʪʴ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚ 5 ʨʘʟʽʚ ʧʨʠ ʟʥʠʞʝʥʥʽ ʂʂɼ ʚʩʴʦʛʦ ʥʘ 5%, 

ʟʙʽʣʴʰʠʚʰʠ ʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʘ ʢʘʥʘʣʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ Ä ʽ ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ Ä̒. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʨʠʩʫʥʢʠ 2.19-2.21) ʧʦʢʘʟʫʻ, ʱʦ ʚʧʣʠʚʘʶʯʽ 

ʧʘʨʘʤʝʪʨʠ ʽ ʜʽʘʧʘʟʦʥʠ ʾʭ ʟʤʽʥʠ ʙʫʣʠ ʦʙʨʘʥʽ ʧʨʘʚʠʣʴʥʦ, ʦʪʨʠʤʘʥʠʡ ʦʧʪʠʤʫʤ ʜʣʷ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (ʂʂɼ). 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʫʤʫ ʂʂɼ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ (ʜʣʷ 

ʫʪʦʯʥʝʥʥʷ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ) ʙʫʣʦ ʦʢʨʝʤʦ ʜʦʩʣʽʜʞʝʥʦ ʜʣʷ ʜʚʦʧʦʪʦʢʦʚʦ ʾ

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʚʧʣʠʚ ʥʘ ʂʂɼ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʢʫʪʘ ʥʘʭʠʣʫ ʩʦʧʣʘ ᶿ  

(ʢʫʪʘ ʚʭʦʜʫ ʧʦʪʦʢʫ ʛʘʟʫ, ʚʠʪʽʢʘʶʯʦʛʦ ʟ ʩʦʧʣʘ ʥʘ ʣʦʧʘʪʢʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ) ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ Ὠ ʽ ʧʨʠʚʝʜʝʥʦʾ ʢʦʣʦʚʦʾ ʰʚʠʜʢʽʩʪʽ Ὗ 

ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥ ̔ʚʽʜʥʦʩʥʦʛʦ ʜʽʘʤʝʪʨʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ Ὠ 0.06.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.22, 2.23. 

ɿ ʨʠʩ. 2.22 ʚʠʜʥʦ, ʱʦ: 

- ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʂʂɼ ʧʨʠ ᶿ =20 ʛʨʘʜ, Ὠ πȢσυȟ Ὗ πȢς 

ʜʦʨʽʚʥʶʻ 54% ̑̉Ȣ̒ςȢςς ̂ ; 

- ʚ ʜʦʩʣʽʜʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʫʪʽʚ ᶿ =10é600 ʚʧʣʠʚ ʢʫʪʘ ᶿ  ʥʘ ʂʂɼ 

ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʧʨʠʚʝʜʝʥʦʾ ʢʦʣʦʚʦʾ 

ʰʚʠʜʢʽʩʪʽ Ὗ; 

- ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʩʥʦʛʦ ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ Ὠ (ʨʠʩ. 2.22ʘ) ʟʤʽʥʘ 

ʢʫʪʘ ʥʘʭʠʣʫ ʩʦʧʣʘ ᶿ  ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʂʂɼ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ; ʧʨʠ ʮʴʦʤʫ 

ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʩʦʧʣʘ ᶿ  ʩʪʘʥʦʚʠʪʴ 20...300; 

- ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʥʦʩʥʦʛʦ ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ Ὠ (ʨʠʩ. 2.22ʚ) ʦʧʪʠʤʘʣʴʥ ̔

ʟʥʘʯʝʥʥ ̫ʢʫʪʘ ʥʘʭʠʣʫ ʩʦʧʣʘ ᶿ   ʟʙʽʣʴʰʫʪʁʴʩʷ ʜʦ 30...500. 

ɿʥʘʯʝʥʥʷ ʢʫʪʽʚ ʘʪʘʢʠ ʧʨʠ ʚʭʦʜʽ ʚ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʥʘʯʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽʟʦʝʥʪʨʦʧʥʦʛʦ ʂʂɼ, ʟʤʽʥʶʶʪʴʩʷ ʚ ʜʦʩʠʪʴ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ (-5é200), ʟʘʣʝʞʘʪʴ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ Ὠ ʪʘ 

ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ Ὠ (ʨʠʩ.2.23). ʐʠʨʠʥʘ ʜʽʘʧʘʟʦʥʫ ʧʦʷʩʥʶʻʪʴʩʷ 

ʩʧʝʮʠʬʽʯʥʦʶ ʜʣʷ ʚʠʭʨʦʚʠʭ ʤʘʰʠʥ ʚʣʘʩʪʠʚʽʩʪʶ ʟʤʽʥʠ ʢʫʪʘ ʘʪʘʢʠ ʧʦ ʜʦʚʞʠʥʽ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʢʦʣʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. 
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ʈʠʩʫʥʦʢ 2.22 ï ɺʧʣʠʚ ʢʫʪʘ ʥʘʭʠʣʫ ʩʦʧʣʘ ʥʘ ʂʂɼ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. 

 

ʇʨʠʚʝʜʝʥʘ ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ Ὗ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʧʨʠ ʧʝʚʥʦʤʫ 

ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʥʽ Ὠ ʥʘ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ  ʢʫʪʘ ʘʪʘʢʠ (ʨʠʩ.2.23). 
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ʘ)                                                        ʙ)   

 
ʚ)                                                        ʛ)   

ʈʠʩʫʥʦʢ 2.23ï ɺʧʣʠʚ ʢʫʪʘ  ʘʪʘʢʠ ʥʘ ʂʂɼ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ. 

 

ʅʘ ʨʠʩʫʥʢʘʭ 2.24-2.30 ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʯʦʪʠʨʴʦʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʎʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʪʘʙʣʠʮʽ 2.3 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʤʝʨʘʤ ʧʨʦʪʯʥʠʭ ʯʘʩʪʠʥ 5, 7, 12, 23. ʅʘ ʨʠʩʫʥʢʘʭ 2.24-2.26 

ʧʦʢʘʟʘʥʦ ʟʤʽʥʘ ʪʠʩʢʫ (ʨʠʩ. 2.24) ʽ ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 2.25, 2.26) ʧʦ ʜʦʚʞʠʥʽ 

ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʅʘ ʨʠʩʫʥʢʘʭ 2.27-2.30 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʝʯʽʾ ʛʘʟʫ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʤʘʰʠʥʠ ʜʣʷ ʮʽʭ ʧʨʦʪʦʯʥʠʭ 

ʯʘʩʪʠʥ. 
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ʈʠʩ.2.26ï ɻʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ ʨʦʙʦʯʦʛʦ 

ʢʘʥʘʣʫ ʜʚʫʭʧʦʪʦʯʥʦʡ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 

ʈʠʩ.2.24 ï ʈʦʟʧʦʜʽʣ ʩʪʘʪʠʯʥʦʛʦ 

ʪʠʩʢʫ ʧʦ ʜʦʚʞʠʥʽ ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 

ʈʠʩ.2.25 ï ʈʦʟʧʦʜʽʣ ʧʦʚʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʜʦʚʞʠʥʽ ʨʦʙʦʯʦʛʦ 

ʢʘʥʘʣʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 
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ʈʠʩ.2.27  -  ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʝʯʽʾ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ˉ5 ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ, ʂʂɼ = 45%. 

 

 

ʈʠʩ.2.28  -  ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʝʯʽʾ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ˉ7 ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ, ʂʂɼ = 39%. 
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ʈʠʩ.2.29  -  ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʝʯʽʾ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ˉ23 ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ, ʂʂɼ = 33%. 

 

 

ʈʠʩ.2.30  -  ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʝʯʽʾ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ˉ12 ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ, ʂʂɼ = 24%. 
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ɿʘ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʪʝʯʽʾ ʚʠʜʥʦ, ʱʦ ʥʘ ʜʽʣʷʥʢʘʭ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʜʝ ʜʦʙʨʝ 

ʦʨʛʘʥʽʟʦʚʘʥʦ ʧʦʟʜʦʚʞʥʴʦ ʚʠʭʨʦʚʘ ʪʝʯʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʘ ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ 

ʚʽʜ ʧʦʪʦʢʫ ʛʘʟʫ ʜʦ ʣʦʧʘʪʦʢ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʪʦʙʪʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʧʦʪʦʢʫ ʚ 

ʨʦʙʦʪʫ ʥʘ ʚʘʣʫ (ʥʘ ʛʨʘʬʽʢʘʭ ʨʠʩʫʥʢʫ 2.26 - ʮʝ ʜʽʣʷʥʢʠ, ʥʘ ʷʢʠʭ ʧʦʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʨʽʤʢʦ ʟʤʝʥʰʫʻʪʴʩʷ). ʅʘ ʯʘʩʪʠʥʘʭ ʛʨʘʬʽʢʽʚ ʟ ʙʽʣʴʰ ʧʦʣʦʛʠʤʠ ʜʽʣʷʥʢʘʤʠ ʧʦʪʽʢ 

ʚʟʘʻʤʦʜʽʻ ʟ ʚʝʣʠʢʠʤʠ ʚʪʨʘʪʘʤʠ ʯʝʨʝʟ ʟʤʽʥʫ ʫʤʦʚ ʥʘʪʽʢʘʥʥʷ ʥʘ ʣʦʧʘʪʢʠ. 

ʊʘʢ, ʥʘ ʨʠʩ. 2.26 (ʧʨʦʪʦʯʥʘ ʯʘʩʪʠʥʘ ˉ7) ʚʠʜʥʦ, ʱʦ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʨʽʤʢʝ ʟʤʝʥʰʝʥʥʷ ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʙʨʝ 

ʚʠʨʘʞʝʥʦʤʫ ʚʠʭʨʝʚʦʤʫ ʨʫʭʫ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ (ʜʠʚ. ʨʠʩ. 2.28). ʇʽʩʣʷ 30 ʛʨʘʜ ʚʠʭʦʨ 

ʨʦʟʢʨʫʯʫʻʪʴʩʷ ʽ ʛʨʘʬʽʢ ʟʤʽʥʠ ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʽʣʷʥʮʽ 30-90 ʛʨʘʜ ʤʝʥʰ 

ʧʦʣʦʛʠʡ. ʅʘ ʚʠʭʽʜʥʽʡ ʜʽʣʷʥʮʽ 90-140 ʛʨʘʜ ʚʠʭʨʦʚʘ ʚʟʘʻʤʦʜʽʷ ʟʥʦʚʫ ʧʦʣʽʧʰʫʻʪʴʩʷ. 

ʇʦʜʽʙʥʘ ʢʘʨʪʠʥʘ ʪʝʯʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ˉ23 (ʨʠʩ. 2.29) ʽ 

ˉ12 (ʨʠʩ. 2.30), ʘʣʝ ʟʤʽʥʶʻʪʴʩʷ ʜʦʚʞʠʥʘ ʧʦʯʘʪʢʦʚʦʾ ʽ ʚʠʭʽʜʥʦʾ ʜʽʣʷʥʦʢ ʽ 

ʩʪʨʫʢʪʫʨʘ ʚʠʭʨʦʚʦʛʦ ʨʫʭʫ ʛʘʟʫ. ʊʘʢ, ʜʣʷ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ˉ12, ʟ ʥʘʡʤʝʥʰʠʤ 

ʟʥʘʯʝʥʥʷʤ ʂʂɼ (ʥʘʡʤʝʥʰʝ ʟʥʠʞʝʥʥʷ ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ ʥʘ 

ʨʠʩ. 2.26),  ʧʽʩʣʷ ʜʝʢʽʣʴʢʦʭ ʚʠʪʢʽʚ ʚʠʭʦʨ ʨʦʟʢʨʫʯʫʻʪʴʩʷ ʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ ʜʦ 

ʢʦʨʦʪʢʦʾ ʚʠʭʽʜʥʦʾ ʜʽʣʷʥʢʠ (ʨʠʩ.2.30). ʇʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʘ ʪʝʯʽʷ ʚ ʧʨʦʪʦʯʥʽʡ 

ʯʘʩʪʠʥʽ ˉ5 ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ 

(ʨʠʩ. 2.27), ʽ ʜʣʷ ʮʴʦʛʦ ʨʝʞʠʤʫ ʤʘʻʤʦ ʥʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ʧʦʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

(ʨʠʩ. 2.26) ʽ ʚʠʩʦʢʠʡ ʂʂɼ (ʪʘʙʣ. 2.3). 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʪʝʥʜʫ) ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʙʫʣʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʧʨʦʪʦʯʥʘ 

ʯʘʩʪʠʥʘ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʧʦʪʫʞʥʽʩʪʶ 10 ʢɺʪ ʜʣʷ ɸɻʈʉ ʥʘ 

ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ - ʧʨʠʨʦʜʥʠʡ ʛʘʟ. ɼʣʷ ʮʽʻʾ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʦʟʤʽʨʥʽ ʽ ʙʝʟʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʩʥʦʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ 

ʨʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.4. ʂʂɼ 

ʮʽʻʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʩʢʣʘʚ 48% (ʥʘ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ), ʱʦ ʥʘ 18% ʙʽʣʴʰʝ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʘʥʘʣʦʛʘʤʠ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʝʯʽʾ ʚ ʫʜʦʩʢʦʥʘʣʝʥʽʡ ʧʨʦʪʦʯʥʽʡ 

ʯʘʩʪʠʥʽ (ʨʠʩ. 2.31) ʧʦʢʘʟʫʻ ʜʫʞʝ ʷʢʽʩʥʦ ʩʬʦʨʤʦʚʘʥʫ ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʫ ʪʝʯʽʶ 

ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. ʅʘ ʙʘʟʽ ʮʽʻʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 
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ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʫ ʚ ʛʝʨʤʝʪʠʯʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʟ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʘʣʫ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 2.32). 

 

ʊʘʙʣʠʮʘ 2.4 - ɻʝʦʤʝʪʨʠʯʥʽ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʦʾ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʨʠʩ. 2 31).  
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UI D, ʤ dph, ʤ ds, ʤ 
alfa_ns, 

ʛʨʘʜ 
ʂʂɼ N, ʢɺʪ 

n, 

ʦʙ/ʭʚ 
ʇʊ 

0.16 0.360 0.022 0.008 35 0.48 10 3000 2 

 

 

ʈʠʩʫʥʦʢ 2.31 -  ɺʟ̔ʫʘʣʽʟʘʮʽʷ ʪʝʯʽʾ ʚ ʫʜʦʩʢʦʥʘʣʝʥʽʡ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ 

ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ, 

ʂʂɼ = 48%. 
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ʈʠʩʫʥʦʢ 2.32 -  ï ʂʦʥʩʪʨʫʢʮʽʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʪʫʨʙʦʤʘʰʠʥʠ. 
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2.6 ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʪʽʤʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʪʦʢʽʚ 

 

ɿʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚʠʱʝ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʂʂɼ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʪʘʢʦʞ ʜʣʷ ʦʜʥʦ- ʽ ʪʨʦʴʭʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ ʫ ʜʦʩʣʽʜʞʝʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ ʦʜʥʦ-, ʜʚʦ- 

ʽ ʪʨʦʴʭʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʨʠʩ. 

2.33). 

 

ʈʠʩʫʥʦʢ 2.33  ï ʄʦʜʝʣʽ ʦʜʥʦ, ʜʚʦ- ʽ ʪʨʦɹʭʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 

ɺʈʄ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʝʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. 

 

ʅʘ ʨʠʩʫʥʢʘʭ 2.34-2.36 ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʘʨʪʠ ʣʽʥʽʡ ʨʽʚʥʷ 

(ʧʦʚʝʨʭʦʥʴ ʚʽʜʛʫʢʫ) ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʘʜʽʘʙʘʪʥʦʛʦ ʂʂɼ) ʦʜʥʦ-, ʜʚʦ- ʽ 

ʪʨʦʴʭʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʧʝʚʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʂʂɼ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʇʪ = 1.2-6 ʜʣʷ: 

- ʦʜʥʦʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ: Ὗ πȢρςȣπȢρψ, Ὠ πȢπψȣπȢρπ, Ὠ

πȢςψȣπȢσψ, θ ςυȣυπ ̄̑́̅; 
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- ʜʚʦʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ: Ὗ πȢρυȣπȢρω, Ὠ πȢπυȣπȢπχ, Ὠ

πȢςψȣπȢσψ, θ ςυȣυπ ̄̑́̅; 

- ʪʨʦʴʭʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ: Ὗ πȢρψȣπȢςς, Ὠ πȢπςȣπȢπτ , Ὠ

πȢςψȣπȢσψ, θ ςυȣυπ ̄̑́̅. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʜʣʷ ʪʨʴʦʭ ʩʭʝʤ 

ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʂʂɼ ʚʠʭʨʦʚʠʡ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜʥʦʰʝʥʥʷ ʪʠʩʢʽʚ ʇʪ = 2-6: Ὗ πȢρςȣπȢς, 

Ὠ πȢςψȣπȢσψ, θ ςυȣυπ ̄̑́̅. 

 

 

ʈʠʩʫʥʦʢ 2.34  - ʂʘʨʪʠ ʣʽʥʽʡ ʨʽʚʥʷ (ʧʦʚʝʨʭʦʥʴ ʚʽʜʛʫʢʫ) ʜʣʷ ʚʠʭʽʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ eff - ɸʜʽʘʙʘʪʥʠʡ ʂʂɼ ʜʣʷ ʦʜʥʦʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 

 

ʈʠʩʫʥʦʢ 2.35 -  ʂʘʨʪʠ ʣʽʥʽʡ ʨʽʚʥʷ (ʧʦʚʝʨʭʦʥʴ ʚʽʜʛʫʢʫ) ʜʣʷ ʚʠʭʽʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ eff - ɸʜʽʘʙʘʪʥʠʡ ʂʂɼ ʜʣʷ ʜʚʦʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 
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ʈʠʩʫʥʦʢ 2.36   - ʂʘʨʪʠ ʣʽʥʽʡ ʨʽʚʥʷ (ʧʦʚʝʨʭʦʥʴ ʚʽʜʛʫʢʫ) ʜʣʷ ʚʠʭʽʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ eff - ɸʜʽʘʙʘʪʥʠʡ ʂʂɼ ʜʣʷ ʪʨʦʴʭʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 

 

ɿʘ ʧʘʨʘʤʝʪʨʦʤ  Ὠ  ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʜʥʦʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʷ ʟʥʘʯʝʥʥʷ Ὠ  = 0.09, ʜʣʷ ʜʚʦʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ - Ὠ  = 0.06, ʜʣʷ 

ʪʨʦʴʭʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ - Ὠ  = 0.03. ʇʘʨʘʤʝʪʨ Ὠ  ʜʣʷ ʦʜʥʦʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ  - ʮʝ 

ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʢʦʣʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʜʦ ʾʾ 

ʜʦʚʞʠʥʽ ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ: 

Ὠ
“ϽὨ

“ϽὈ

Ὠ

Ὀ
Ƞ   

ɼʣʷ ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ ʩʭʝʤ ʜʦʮʽʣʴʥʦ ʚʝʩʪʠ ʧʘʨʘʤʝʪʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚʽʜʥʦʩʥʫ ʜʦʚʞʠʥʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʣʷ ʦʜʥʦʛʦ ʧʦʪʦʢʫ 

ὒ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὒ
ὒ

ὰ

“ϽὈ

ὭϽ“ϽὨ

Ὀ

ὭϽὨ

ρ

ὭϽὨ
Ƞ       

ʜʝ ὒ ʜʦʚʞʠʥʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚ ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʣʷ ʦʜʥʦʛʦ 

ʧʦʪʦʢʫ, ʤ; ὰ   ʜʦʚʞʠʥʘ ʢʦʣʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʤ; 

i- ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ. 

ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ὒ ʜʣʷ ʪʨʴʦʭ ʩʭʝʤ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ 

ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʷ ʟʥʘʯʝʥʥʷ 

ὒ = 10 (ὒ = 8 ... 11). 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʽʚ 2.34-2.36 ʚʠʭʨʦʚʽ ʩʪʫʧʝʥʽ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʰʠʨʦʢʠʡ 

ʧʦ ʜʽʘʧʘʟʦʥʫ ʧʘʨʘʤʝʪʨʽʚ ʨʘʡʦʥ ʦʧʪʠʤʫʤʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʘʤʠ Ὠ  ʽ Ὠ  ʙʣʠʟʴʢʦ ʜʽʘʧʘʟʦʥʫ ʾʭ ʦʧʪʠʤʫʤʫ ʜʦʤʦʛʪʠʩʷ ʥʝʦʙʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʙʝʟ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʂʂɼ, ʥʝ ʟʙʽʣʴʰʫʶʯʠ ʨʘʜʽʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʥʝʚʤʦʘʛʨʝʛʘʪʫ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʘʭ Ὠ  ʽ Ὠ   ʤʦʞʥʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʚʝʜʝʥʽ ʚʠʱʝ 

ʦʜʥʦʢʘʥʘʣʴʥʽ ʙʘʛʘʪʦʧʦʪʦʢʦʚʽ ʩʭʝʤʠ, ʦʪʨʠʤʘʪʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʫ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ 

ʨʠʩ 1.1. ʊʘʢ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʨʷʜ ʚʠʭʨʦʚʠʭ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ ʜʣʷ 

ʜʽʘʧʘʟʦʥʫ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦ 500 ʢɺʪ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʂʂɼ ʪʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʾ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ 

ʢʘʥʘʣʦʤ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʠʭ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1) ʈʦʟʨʦʙʣʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʽ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʘʛʘʪʦʧʦʪʦʢʦʚʦʾ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 

ANSYS, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺʠʜʽʣʝʥʦ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʽ ʬʘʢʪʦʨʠ ʪʘ ʚʠʟʥʘʯʝʥʦ ʜʽʘʧʘʟʦʥʠ ʾʭ ʟʤʽʥʠ.  

ʉʧʣʘʥʦʚʘʥʽ (ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ) ʽ ʧʨʦʚʝʜʝʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʠʭ ʚʠʢʦʥʘʥʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʟʥʘʡʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʽ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʘʜʽʘʙʘʪʥʠʡ (ʽʟʦʝʥʪʨʦʧʥʠʡ) ʂʂɼ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʜʘʥʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. 

2) ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʘ ʪʝʯʽʷ ʻ ʙʘʟʦʚʦʶ ʧʨʠ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ 

ʚʽʜ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʣʦʧʘʪʢʘʤ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʽ ʯʠʤ ʢʨʘʱʝ ʦʨʛʘʥʽʟʦʚʘʥʘ ʮʷ ʪʝʯʽʷ, 

ʪʠʤ ʚʠʱʝ ʂʂɼ ʤʘʰʠʥʠ.  
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3) ʉʧʨʦʝʢʪʦʚʘʥʘ ʜʚʦʧʦʪʦʯʥʘ ʧʨʦʪʦʯʥʘ ʯʘʩʪʠʥʘ ʚʠʭʨʦʚʦʾ  ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʂʂɼ 48% ʽ 

ʦʪʨʠʤʘʥʽ ʾʾ ʙʝʟʨʦʟʤʽʨʥʽ ʽ ʨʦʟʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʂʂɼ 

ʚʠʭʨʦʚʦʾ ʜʚʫʭʧʦʪʦʢʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ 

ʢʘʥʘʣʦʤ ʚʜʘʣʦʩʷ ʧʽʜʚʠʱʠʪʠ ʙʽʣʴʰ ʥʽʞ ʥʘ 15% (ʟ ʨʽʚʥʷ ʤʝʥʰʝ 30% ʜʦ ʨʽʚʥʷ ʙʽʣʴʰ 

45%). ɿʙʽʣʴʰʝʥʥʷ ʂʂɼ ʦʪʨʠʤʘʥʦ ʙʝʟ ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ (ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʪʘʪʦʨʥʠʭ ʥʘʧʨʷʤʥʠʭ ʣʦʧʘʪʦʢ, ʙʝʟ ʟʤʽʥʠ ʧʣʦʱʽ ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ ʚʽʜ ʚʭʦʜʫ ʜʦ 

ʚʠʭʦʜʫ ʪʦʱʦ), ʘʣʝ ʟʘ ʨʘʭʫʥʦʢ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʟʜʦʚʞʥʴʦ-ʚʠʭʨʦʚʦʛʦ ʨʫʭʫ ʥʘ ʚʩʽʡ 

ʜʦʚʞʠʥʽ ʨʦʙʦʯʦʛʦ ʢʘʥʘʣʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʰʣʷʭʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 

4) ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʛʘʪʦʧʦʪʦʢʦʚʠʭ ʩʭʝʤ ʜʦʜʘʪʢʦʚʦ ʚʚʝʜʝʥʦ 

ʙʝʟʨʦʟʤʽʨʥʠʡ ʧʘʨʘʤʝʪʨ ,, ʷʢʠʡ ʧʦʚ'ʷʟʫʻ ʜʦʚʞʠʥʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚ 

ʦʢʨʫʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʣʷ ʦʜʥʦʛʦ ʧʦʪʦʢʫ ʟ ʜʦʚʞʠʥʦʶ ʢʦʣʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ. ʆʪʨʠʤʘʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʦʜʥʦ-, ʜʚʦ- 

ʽ ʪʨʴʦʭʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ ʚʠʭʨʦʚʦ ʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦ ʾ ʤʘʰʠʥʠ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜʥʦʰʝʥʥʷ ʪʠʩʢʽʚ ʇʪ = 1.2-6: 5 πȢρςȣπȢς, 

Ä πȢςψȣπȢσψ, θ ςυȣυπ ̄̑́̅, , ψȣρρ 

5) ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʴʦʭʧʦʪʦʢʦʚʦʶ ʜʚʦʧʦʪʦʢʦʚʘ ʩʭʝʤʘ ʤʘʻ ʙʽʣʴʰ ʧʨʦʩʪʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʤʝʥʰʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʦʾ ʦʢʨʫʞʥʦʾ ʰʚʠʜʢʦʩʪʽ.  

ɼʣʷ ʫʪʠʣʽʟʘʮʽʡʥʠʭ ʧʥʝʚʤʦʘʛʨʝʛʘʪʽʚ (ʜʝʪʘʥʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ) ʤʘʣʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ, ʪʘʢ ʷʢ ʧʨʠ 

ʪʘʢʽʡ ʩʭʝʤʽ ʚʜʘʻʪʴʩʷ ʚʨʽʚʥʦʚʘʞʠʪʠ ʨʘʜʽʘʣʴʥʽ ʩʠʣʠ ʙʽʣʴʰ ʧʨʦʩʪʦʶ ʽ ʢʦʤʧʘʢʪʥʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ. 



97 

 

ʈʆɿɼɯʃ 3 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʁ ʉʊɽʅɼ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ ɺʀʍʈʆɺʀʍ 

ʈʆɿʐʀʈʖɺɸʃʔʅʀʍ  ʄɸʐʀʅ ʊɸ ʇʅɽɺʄʆɸɻʈɽɻɸʊɯɺ, ʉʊɺʆʈʖɺɸʅʀʍ 

ʅɸ ɰʍ ʆʉʅʆɺɯ 

 

3.1 ɿʘʚʜʘʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ:  

- ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ;  

- ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʥʠʭ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ  ʥʘ 

ʥʦʤʽʥʘʣʴʥʦʤʫ ʽ ʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ; 

- ʦʪʨʠʤʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. 

 

3.2 ʆʧʠʩ ʩʪʝʥʜʫ 

 

ʅʘ ʢʘʬʝʜʨʽ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʚ̔ʝʨʩʠʪʝʪʫ 

ʩʪʚʦʨʝʥʠʡ ʩʪʝʥʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʠʭ  ̔

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʧʦʪʫʞʥʦʩʪ ʁʜʦ 15 ʢɺʪ.  

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʪʝʥʜʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.1, ʩʢʣʘʜʘʣʴʥʝ ʢʨʝʩʣʝʥʥʷ 

ʩʪʝʥʜʫ ï ʥʘ ʨʠʩ. 3.2, ʬʦʪʦ ʩʪʝʥʜʫ - ʥʘ ʨʠʩ. 3.3. 

ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʩʪʝʥʜʫ ʻ:  

ï ʜʞʝʨʝʣʦ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ (ʢʦʤʧʨʝʩʦʨ);  

ï ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ (ʧʦʟ. 1, ʨʠʩ. 3.2), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽ  ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ;  
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ʈʠʩʫʥʦʢ 3.1 -  ʉʭʝʤʘ ʩʪʝʥʜʫ (ʧʨʠʥʮʠʧʦʚʘ) 

ʂ - ʢʦʤʧʨʝʩʦʨ; ɺʈʊʄ - ʚʠʭʨʦʚʘ ʨʦʟʰʠʨʶʚʘʣʴʥʘ ʪʫʨʙʦʤʘʰʠʥʘ; ɽɻ - ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ; ʈʊ - ʨʝʛʫʣʷʪʦʨ ʪʠʩʢʫ; ʐʂ 

ï ʰʘʨʦʚʠʡ ʢʨʘʥ; ɺʄʇ - ʚʠʪʨʘʪʦʤʽʨʥʠʡ ʧʨʠʩʪʨʽʡ; ʌ - ʬʽʣʴʪʨ; FI - ʙʣʦʢ ʽʥʜʠʢʘʮʽʾ ʚʠʪʨʘʪʦʤʽʨʘ; PI - ʤʘʥʦʤʝʪʨ; TI -

ʪʝʨʤʦʤʝʪʨ;SI - ʙʣʦʢ ʪʘʭʦʤʝʪʨʘ; WI - ʙʣʦʢ ʽʥʜʠʢʘʮʽʾ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ  
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ʈʠʩʫʥʦʢ 3.2 ï ʉʢʣʘʜʘʣʴʥʝ ʢʨʝʩʣʝʥʥʷ ʩʪʝʥʜʫ 



100 

 

 

 

        

ʈʠʩʫʥʦʢ 3.3 ï ʌʦʪʦ ʩʪʝʥʜʫ 

 

ï ʩʠʩʪʝʤʘ ʩʠʣʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ (ʧʦʟ. 2, ʨʠʩ. 3.2),  

ï ʩʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ (ʧʦʟ. 23, ʨʠʩ. 3.2), ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ, ʪʠʩʢʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʽ ʽ 

ʚʠʭʦʜʽ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʧʦʟ. 13, ʨʠʩ. 3.2); 

ï ʪʨʫʙʦʧʨʦʚʽʜʥʘ ʦʙʚôʷʟʢʘ ʩʪʝʥʜʫ (ʧʦʟ. 4-9, ʨʠʩ. 3.2), ʘ ʪʘʢʦʞ ʘʨʤʘʪʫʨʘ 

ʟʘʧʠʨʘʥʥʷ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʛʘʟʫ (ʧʦʟ. 24, ʨʠʩ. 3.2); 
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ï ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ (ɯɺʉ) ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ, ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʪʠʩʢʽʚ ʽ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʽ ʠ ʚʠʭʦʜʽ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 3.3, 

ʨʠʩ. 3.9-3.10). 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʜʠʚ. ʨʦʟʜʽʣ 2) ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʜʘ ʚʠʛʦʪʦʚʣʝʥʦ ʚʠʭʨʦʚʫ 

ʨʦʟʰʠʨʶʚʘʣʴʥʫ ʤʘʰʠʥʫ ʟ ʜʚʫʭʧʦʪʦʢʦʚʦʶ ʧʨʦʪʦʯʥʦʶ ʯʘʩʪʠʥʦʶ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʂʂɼ 48% (ʨʠʩ 3.4) ʪʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ ʥʘ 

ʾʾ ʦʩʥʦʚʽ ʧʦʪʫʞʥʽʩʪʶ 10 ʢɺʪ (ʨʠʩ 3.5). 

ɺʠʭʨʦʚʘ ʨʦʟʰʠʨʶʚʘʣʴʥʘ ʤʘʰʠʥʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʝʥʝʨʛʽʾ ʥʘ ʚʘʣʫ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʧʨʠ 

ʡʦʛʦ ʨʦʟʰʠʨʝʥʥʽ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʤʘʰʠʥʠ. ʊʫʨʙʦʛʝʥʝʨʘʪʦʨ ʥʘ ʙʘʟʽ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʰʣʷʭʦʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʘʣʫ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʢʦʥʩʪʨʫʢʮʽʷ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚʠʢʦʥʘʥʘ 

ʚ ʦʢʨʝʤʦʤʫ ʢʦʨʧʫʩʽ (ʨʠʩ. 3.4, 3.5). ʈʦʙʦʯʝ ʢʦʣʝʩʦ ʨʦʟʪʘʰʦʚʘʥʝ ʢʦʥʩʦʣʴʥʦ ʥʘ ʚʘʣʫ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʽʤʽʪʘʮʽʾ ʨʦʙʦʪʠ ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʘʣ ʛʝʥʝʨʘʪʦʨʘ. ɺʘʣ ʛʝʥʝʨʘʪʦʨʘ ʽ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ'ʻʜʥʫʶʪʴʩʷ ʤʫʬʪʦʶ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʪʝʥʜʫ ʽ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʧʨʠʻʜʥʫʚʘʪʠ ʜʦ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʨʽʟʥʽ 

ʤʦʜʝʣʽ ʪʘ ʪʠʧʠ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʷʢ ʩʠʥʭʨʦʥʥʦʛʦ ʪʘʢ ʽ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʥʮʠʧʫ 

ʜʽʾ, ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʽʚ ʪʘ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, 

ʚʠʤʽʨʶʚʘʪʠ ʤʦʤʝʥʪ ʽ ʧʦʪʫʞʥʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʘʣʫ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʥʥʷ 

(ʨʠʩ. 3.4): 

ʘ) ʢʫʪʘ ʚʭʦʜʫ ʧʦʪʦʢʫ ʛʘʟʫ, ʱʦ ʚʠʪʽʢʘʻ ʟ ʩʦʧʣʘ, ʥʘ ʣʦʧʘʪʢʠ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

(ʢʫʪʘ ʤʽʞ ʚʽʩʩʶ ʩʦʧʣʘ ʽ ʜʦʪʠʯʥʽʡ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ); 
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ʘ) 

 

  

   ʙ)       ʚ)  

ʈʠʩʫʥʦʢ 3.4 - ɺʠʭʨʦʚʘ ʨʦʟʰʠʨʶʚʘʣʴʥʘ ʤʘʰʠʥʘ (ʘ - ʩʢʣʘʜʘʣʴʥʝ 

ʢʨʝʩʣʝʥʥʷ; ʙ ï ʩʦʧʣʘ; ʚ - ʟʤʽʥʥʘ ʚʪʫʣʢʘ ʧʨʦʪʦʯʥʦ ʾʯʘʩʪʠʥʠ) 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 3.5 ï ʊʫʨʙʦʛʝʥʝʨʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ (ʘ - ʩʢʣʘʜʘʣʴʥʝ ʢʨʝʩʣʝʥʥʷ, ʙ) ï ʬʦʪʦ). 

https://sumdu.edu.ua/images/stories/news/2019_02_12-1/2.jpg
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ʙ) ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʚʠʪʨʘʪʫ ʽ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʟ ʩʦʧʣʘ, ʘ ʪʘʢʦʞ - ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʩʦʧʣʘ ʜʦ ʧʣʦʱʽ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʤʦʞʣʠʚʝ ʧʽʜʢʨʫʯʝʥʥʷ ʧʦʪʦʢʫ ʥʘ ʚʭʽʜʥʽʡ 

ʜʽʣʷʥʮʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ (ʨʠʩ. 3.4, 3.5); 

ʚ) ʜʽʘʤʝʪʨʘ ʽ ʪʠʧʫ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʽ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʘ ʪʘʢʦʞ 

ʪʠʧʫ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʠ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʩʪʝʥʜʫ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʛʘʟʫ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ 

ɺʈʄ, ʘ ʪʘʢʦʞ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʪʘ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʂʂɼ, ʟʥʘʯʝʥʴ ʥʘʚʝʜʝʥʦʾ 

ʢʦʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʈʄ. 

ɽʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʩʠʣʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ, ʟʤʦʥʪʦʚʘʥʽ ʚ ʰʘʬʽ ʪʘ ʥʘ ʨʘʤʽ ʦʢʨʝʤʠʤ ʤʦʜʫʣʝʤ 

ʩʪʝʥʜʫ (ʨʠʩ. 3.6).  

 

 

ʈʠʩʫʥʦʢ 3.6 ï ʉʠʩʪʝʤʘ ʩʠʣʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ. 
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ɺ ʮʴʦʤʫ ʤʦʜʫʣʽ ʩʪʝʥʜʫ ʨʝʘʣʽʟʦʚʘʥʽ ʜʚʽ ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʨʠʩ.3.7, 3.8) ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʠʢʘʥʥʷ ʟ ʦʜʥʽʻʾ ʩʭʝʤʠ ʥʘ ʽʥʰʫ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ 

ʩʭʝʤʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʟ ʩʠʥʭʨʦʥʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ  

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.7, ʘ ʟ ʘʩʠʥʭʨʦʥʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʥʘ ʨʠʩ. 3.8.  

ʋ ʚʠʭʨʦʚʽʡ ʨʦʟʰʠʨʶʚʘʣʴʥʽʡ ʪʫʨʙʦʤʘʰʠʥʽ ʝʥʝʨʛʽʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ 

ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ ʥʘ ʚʘʣʫ ʤʘʰʠʥʠ. ɺ 

ʩʠʥʭʨʦʥʥʦʤʫ ʛʝʥʝʨʘʪʦʨʽ ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ ʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʭʽʜʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʤʘʻʤʦ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ ʩʪʨʫʤ ʥʝʦʙʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ɸʚʪʦʥʦʤʥʠʡ ʽʥʚʝʨʪʦʨ ʥʘʧʨʫʛʠ ʧʝʨʝʪʚʦʨʶʻ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ ʚ 

ʟʤʽʥʥʫ ʥʘʧʨʫʛʫ ʥʝʦʙʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʬʦʨʤʠ. ɺ ʩʠʩʪʝʤʽ ʧʝʨʝʜʙʘʯʝʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

 

 

ʈʠʩʫʥʦʢ 3.7 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʟ ʩʠʥʭʨʦʥʥʠʤ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ: ʊɼ ï ʪʫʨʙʦʜʝʪʘʥʜʝʨ 

(ʚʠʭʨʦʚʘ ʨʦʟʰʠʨʶʚʘʣʴʥʘ ʤʘʰʠʥʘ); ɻʇʉ ï ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

(ʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ); ɹʂ ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ ɻʇʉ; ʉʂ ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ; ʉʋ ï ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ ɻʇʉ; ɸɯʅ ï ʘʚʪʦʥʦʤʥʠʡ ʽʥʚʝʨʪʦʨ ʥʘʧʨʫʛʠ; ʅʇʉ ï ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; ʅ ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 
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ʈʠʩʫʥʦʢ 3.8 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʟ ʘʩʠʥʭʨʦʥʥʠʤ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ: ʊɼ ï ʪʫʨʙʦʜʝʪʘʥʜʝʨ 

(ʚʠʭʨʦʚʘ ʨʦʟʰʠʨʶʚʘʣʴʥʘ ʪʫʨʙʦʤʘʰʠʥʘ); ɸɻ ï ʘʩʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ; 

ɹʂɿ ï ʙʣʦʢ ʩʘʤʦʟʙʫʜʞʝʥʥʷ; ɺ ï ʚʠʧʨʷʤʣʷʯ; ʌ ï ʻʤʥʽʩʥʠʡ ʬʽʣʴʪʨ; ʐɯʇ ï 

ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; ɼɿɿ ï ʜʘʪʯʠʢ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʦ ʥʘʧʨʫʟʽ; 

ɹʋɯ ï ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʽʥʚʝʨʪʦʨʦʤ; ɸɯʅ ï ʘʚʪʦʥʦʤʥʠʡ ʽʥʚʝʨʪʦʨ ʥʘʧʨʫʛʠ; ʅʇʉ ï 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; ʅ ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 3.7), ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ 

ʘʩʠʥʭʨʦʥʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ (ʨʠʩ. 3.8) ʜʣʷ ʨʦʙʦʪʠ ʾʾ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ 

ʨʝʞʠʤʽ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʙʣʦʢ ʩʘʤʦʟʙʫʜʞʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʘʤʦʟʙʫʜʞʝʥʥʷ ɸɻ 

ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʩʪʽʡʢʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ɸɻ (ʥʘ ʦʩʥʦʚʽ ʙʣʦʢʘ ʢʦʥʜʝʥʩʘʪʦʨʽʚ). ɺ ʩʠʩʪʝʤʫ ʚʭʦʜʠʪʴ ʪʘʢʦʞ ʙʣʦʢ 

ʚʠʧʨʷʤʣʷʯʽʚ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʪʨʠʬʘʟʥʫ ʟʤʽʥʥʫ ʥʘʧʨʫʛʫ ʚ ʧʦʩʪʽʡʥʫ ʽ ʻʤʥʽʩʥʠʡ 

ʬʽʣʴʪʨ, ʱʦ ʟʛʣʘʜʞʫʻ ʧʫʣʴʩʘʮʽʾ ʚʠʧʨʷʤʣʝʥʦʾ ʥʘʧʨʫʛʠ. ʐʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ɸɻ, ʧʽʜʪʨʠʤʫʶʯʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʧʨʷʤʣʝʥʦʾ ʥʘʧʨʫʛʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʦ 

ʥʘʧʨʫʟʽ. 

ɼʣʷ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʜʘʪʯʠʢʽʚ ʩʠʩʪʝʤʠ ʩʠʣʦʚʦʛʦ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʢʫʤʫʣʷʪʦʨ ʟ ʟʘʨʷʜʥʠʤ ʧʨʠʩʪʨʦʻʤ ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘʧʨʫʛʠ. ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʪʘ 

ʢʦʥʪʨʦʣʶ ʥʘʧʨʫʛʠ ʪʘ ʩʠʣʠ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ, ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʩʭʝʤ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʤʧʝʨʤʝʪʨʠ ʪʘ ʚʦʣʴʪʤʝʪʨʠ ʟʤʽʥʥʦʛʦ ʘʙʦ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 
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(ʨʠʩ. 3.6). ɺ ʷʢʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʘʣʦʛʝʥʦʚʽ ʧʨʦʞʝʢʪʦʨʠ 

ʧʦʪʫʞʥʽʩʪʶ ʜʦ 1 ʢɺʪ ʢʦʞʝʥ (ʨʠʩ. 3.6) ʪʘ ʧʦʚʽʪʨʷʥʽ ʊɽʅʠ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 2 ʢɺʪ.  

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʩʠʣʦʚʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ, ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ, ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʜʘʥʫ (ʥʝʦʙʭʽʜʥʫ) 

ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʪʘ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ. 

 

3.3 ɯʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʩʪʝʥʜʫ 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʪʫʨʙʦʤʘʰʠʥʠ, ʾʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʦʙʨʦʙʢʠ ʫ ʩʢʣʘʜʽ ʩʪʝʥʜʫ 

ʩʪʚʦʨʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ (ɯɺʉ) (ʨʠʩ. 3.9), ʷʢʘ ʜʦʟʚʦʣʷʻ:  

¶ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ (ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʚ ʩʢʣʘʜʽ ɯɺʉ ʻ ʤʥʝʤʦʩʭʝʤʘ (ʨʠʩ. 3.10), ʷʢʘ ʚ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʨʝʛʽʩʪʨʫʻ ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʧʦʪʦʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ 

ʩʪʝʥʜʫ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ);  

¶ ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʻʩʪʨʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ ʽ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʜʘʪʯʠʢʽʚ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʨʦʙʦʪʠ ɯɺʉ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

¶ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʜʽʡʥʝ ʟʙʝʨʽʛʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ;  

¶ ʧʨʝʜʩʪʘʚʣʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʚ ʪʘʙʣʠʯʥʦʤʫ ʽ ʛʨʘʬʽʯʥʦʤʫ 

ʚʠʛʣʷʜʽ;  

¶ ʨʝʻʩʪʨʫʚʘʪʠ ʰʚʠʜʢʦʟʤʽʥʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʥʷʪʪʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʤʦʞʣʠʚʦʩʪʝʡ ʩʪʝʥʜ ʦʩʥʘʱʝʥʠʡ 

ʜʘʪʯʠʢʘʤʠ ʜʣʷ ʚʠʤʽʨʫ ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ, ʪʝʤʧʝʨʘʪʫʨ, ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʽ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. ɯɺʉ ʤʘʻ 5 ʢʘʥʘʣʽʚ ʪʠʩʢʫ, ʦʩʥʘʱʝʥʠʭ ʜʘʪʯʠʢʘʤʠ ʪʠʧʫ 

ñʉʘʧʬʠʨ-22ò ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʠʩʢʫ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ 4-20 ʤɸ, ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʚ ʧʝʨʝʪʚʦʨʶʚʘʯ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʚ ʮʠʬʨʦʚʠʡ, ʷʢʠʡ ʦʙʨʦʙʣʷʻʪʴʩʷ 

ʢʦʤʧ'ʶʪʝʨʦʤ (ʨʠʩ. 3.9).  
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ʈʠʩʫʥʦʢ 3.9 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʝʣʝʤʝʥʪʽʚ ɯɺʉ. 

 

 

ʈʠʩʫʥʦʢ.3.10 ï ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

 

ɭ ʪʘʢʦʞ ʜʦ 10 ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʘʥʘʣʽʚ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʫʟʜʦʚʞ ʧʦʚʽʪʨʷʥʦʛʦ ʪʨʘʢʪʫ ʩʪʝʥʜʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ DS18B20 ʥʝ 

ʧʝʨʝʚʠʱʫʻ 5 ʤʤ.  

ʋ ʩʪʚʦʨʝʥʽʡ ɯɺʉ ʧʝʨʝʜʙʘʯʝʥʠʡ ʢʘʥʘʣ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʨʦʪʦʨʘ, ʽ ʢʘʥʘʣ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʾ 
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ʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʩʪʚʦʨʝʥʠʡ ʧʨʠʣʘʜ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʦʨʩʠʦʥʘ ʽ 

ʨʦʟʤʽʱʝʥʠʭ ʚ ʥʴʦʤʫ ʪʝʥʟʦʨʠʟʠʩʪʦʨʽʚ, ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ, wi_fi ʧʝʨʝʜʘʚʘʯʘ ʽ 

ʘʢʫʤʫʣʷʪʦʨʘ. ʇʨʠʣʘʜ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʧʦʢʘʟʘʥʥʷ ʙʝʟʜʨʦʪʦʚʠʤ ʤʝʪʦʜʦʤ.  

ʆʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʢʦʤʧ'ʶʪʝʨʦʤ, ʷʢʠʡ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʷʢ ʚ ʦʧʝʨʘʪʦʨʥʽʡ ʩʪʝʥʜʫ, ʪʘʢ ʽ ʚ ʱʠʪʽ ʫʧʨʘʚʣʽʥʥʷ ʩʪʝʥʜʦʤ. ʈʦʙʦʪʘ 

ɯɺʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʽ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʦʛʦ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʜʫʞʝ ʰʚʠʜʢʦ ʦʪʨʠʤʫʚʘʪʠ ʽ ʦʙʨʦʙʣʷʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʧʨʦʙʫʚʘʥʥʷ (ʯʘʩ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ 

ʢʘʥʘʣʫ, ʤʝʥʰʝ 1 ʩʝʢ.). 

 

3.3.1 ɺʠʤʽʨʶʚʘʥʽ ʧʘʨʘʤʝʪʨʠ 

 

ɺ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʤʽʨʶʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

ʨʚʭ, ʨʩ, ʨʚʠʭ ï ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʜʦ ʧʽʜʚʦʜʥʦʛʦ ʩʦʧʣʘ, ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ ʽʟ ʩʦʧʣʘ,  ʪʠʩʢ 

ʥʘ ʚʠʭʦʜʽ ʽʟ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʤʽʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʨʘʟʢʦʚʠʭ ʤʘʥʦʤʝʪʨʽʚ ʪʠʧʫ ʄʆ (ʢʣʘʩ ʪʦʯʥʦʩʪʽ 0,4) ʟ ʚʝʨʭʥʴʦʶ ʤʝʞʝʶ ʰʢʘʣʠ 

ʚʠʤʽʨʶʚʘʥʥʷ 10 ʢʛʩ/ʩʤ2 (ɻʆʉʊ 6521-72) ʽ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ (ʨʠʩ. 3.9); 

 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʚ ʨʦʟʰʠʨʶʚʘʣʴʥʫ ʤʘʰʠʥʫ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʫ 

ʚʠʭʽʜʥʦʤʫ ʧʘʪʨʫʙʢʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʤʽʨʶʶʪʴʩʷ ʮʠʬʨʦʚʠʤ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ  

DS18B20 (ʜʠʚ. ʥʠʞʯʝ ʨʠʩ. 3.12). ʇʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʪʘʢʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ ï ʧʦʭʠʙʢʘ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʤʽʢʨʦʩʭʝʤʠ, ʦʪʢʘʣʽʙʨʦʚʘʥʽʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ +25Áʉ, ʚ ʤʝʞʽ ʚʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ 45...+125Áʉ 

ʩʢʣʘʜʘʻ ʤʝʥʰʝ 0,5Áʉ;  

 ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ɺʈʄ, ʚʠʤʽʨʶʻʪʴʩʷ ʯʘʩʪʦʪʦʤʨ̔ʦʤ, ʷʢʠʡ 

ʟʜʘʪʥʠʡ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 1 ʦʙ/ʭʚ; 

 ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ɺʈʄ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʪʝʥʟʦʤʝʪʨʠʯʥʦʡ ʤʫʬʪʠ); 

 ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ ɺʈʄ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʥʜʘʨʪʥʦʾ ʢʘʤʝʨʥʦʾ ʜʽʘʬʨʘʛʤʠ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʘ (ʨʠʩ. 3.1, 3.2, 

3.3); 

,ʚʭ ʚʠʭt t
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ʅʠʞʯʝ, ʫ ʪʘʙʣʠʮʽ 3.1, ʥʘʜʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʇʝʨʝʣʽʢ ʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʢʦʥʪʨʦʣʴʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʘʧʘʨʘʪʫʨʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ, 

ʨʦʟʤʽʨʥʽʩʪʴ ʽ ʜʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ʇʦʟʥʘ-

ʯʝʥʥʷ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʜʘʪʯʠʢʽʚ ʽ ʧʨʠʣʘʜʽʚ 

ʊʠʧ, ɻʆʉʊ ʂʣʘʩ 

ʪʦʯʥʦʩʪʽ, 

ʧʦʭʠʙʢʘ 

ʂʽʣʴ-

ʢʽʩʪʴ 

1 ʊʠʩʢ ʛʘʟʫ ʧʝʨʝʜ 

ʟʚʫʞʫʚʘʣʴʥʠʤ 

ʧʨʠʩʪʨʦʻʤ, ʢʛʩ/ʩʤ2 

ʨʜ.ʚʭ 

ʄʘʥʦʤʝʪʨ 

ʟʨʘʟʢʦʚʠʡ ʄʆ, 

0-10 ʢʛʩ/ʩʤ2 

ɻʆʉʊ 6521-

72 

ʂʣ.0,4 

 
1 

ɼʘʪʯʠʢ ʪʠʩʢʫ 

çʉʘʧʬʠʨ 

 22-ɼʀè 

ʊʋ 25-

2472.0049-89 
Ñ0,5% 1 

2 ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ 

ʟʚʫʞʫʚʘʣʴʥʦʤʫ 

ʧʨʠʩʪʨʦʾ, ʢʇʘ 
æʨʜ 

ʄʘʥʦʤʝʪʨ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ, 

0-63 ʢʇʘ 

ʊʋ 25-

7310.0063-87 

ʂʣ.1,5 

 
1 

4 ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ 

ʧʝʨʝʜ ʟʚʫʞʫʚʘʣʴʥʠʤ 

ʧʨʠʩʪʨʦʻʤ, Áʉ 

Tʜ 
ʎʠʬʨʦʚʠʡ ʜʘʪʯʠʢ 

ʚʽʜ ï 55 ʜʦ +125 Áʉ 

ʊʠʧ 

DS18B20 

Ñ0,2Áʉ 

 
1 

5 ʊʠʩʢ ʛʘʟʫ ʥʘ ʚʭʦʜʽ 

ɺʊɻ,  ʢʛʩ/ʩʤ2 
ʨʚʭ 

ʄʘʥʦʤʝʪʨ 

ʟʨʘʟʢʦʚʠʡ ʄʆ, 

0-10 ʢʛʩ/ʩʤ2 

ɻʆʉʊ 6521-

72 

ʂʣ.0,4 

 
1 

ɼʘʪʯʠʢ ʪʠʩʢʫ 

çʉʘʧʬʠʨ 22-ɼʀè 

ʊʋ 25-

2472.0049-89 
Ñ0,5% 1 

6 ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʥʘ 

ʚʭʦʜʽ ɺʈʄ, Áʉ 
Tʚʭ 

ʎʠʬʨʦʚʠʡ ʜʘʪʯʠʢ 

ʚʽʜ ï 55 ʜʦ +125 Áʉ 

ʊʠʧ 

DS18B20 

Ñ0,2Áʉ 

 

1 

 

7 ʊʠʩʢ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ 

ʽʟ ʩʦʧʣʘ, ʢʛʩ/ʩʤ2 
ʨʩ 

ʄʘʥʦʤʝʪʨ 

ʟʨʘʟʢʦʚʠʡ ʄʆ, 

0-10 ʢʛʩ/ʩʤ2 

ɻʆʉʊ 6521-

72 

ʂʣ.0,4 

 
1 

ɼʘʪʯʠʢ ʪʠʩʢʫ 

çʉʘʧʬʠʨ 22-ɼʀè 

ʊʋ 25-

2472.0049-89 
Ñ0,5% 1 

8 ʊʠʩʢ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ 

ɺʈʄ, ʢʛʩ/ʩʤ2 
ʨʚʠʭ 

ʄʘʥʦʤʝʪʨ 

ʟʨʘʟʢʦʚʠʡ ʄʆ, 

0-10 ʢʛʩ/ʩʤ2 

ɻʆʉʊ 6521-

72 

ʂʣ.0,4 

 
1 

ɼʘʪʯʠʢ ʪʠʩʢʫ 

çʉʘʧʬʠʨ 22-ɼʀè 

ʊʋ 25-

2472.0049-89 
Ñ0,5% 1 

9 ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʥʘ 

ʚʠʭʦʜʽ ɺʈʄ, Áʉ 
Tʚʠʭ 

ʎʠʬʨʦʚʠʡ ʜʘʚʘʯ 

ʚʽʜ ï 55 ʜʦ +125 Áʉ 

ʊʠʧ 

DS18B20 

Ñ0,2Áʉ 

 

1 

 

10 ʏʠʩʣʦ ʦʙʝʨʪʽʚ 

ʨʦʪʦʨʘ ɺʈʄ, ʦʙ/ʭʚ 
n ʏʘʩʪʦʪʦʤʨ̔ - Ñ0,5% 1 

11 ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ  ʊʄ100 - Ñ0,25ʅʤ 1 

 

 

ʢʨM
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3.3.2 ʎʠʬʨʦʚʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ 

 

ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʪʠʧʫ ñʉʘʧʬʠʨ-22ò ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ ʚʠʤʽʨʶʚʘʥʦʛʦ ʨʦʟʨʷʜʞʝʥʥʷ, ʥʘʜʣʠʰʢʦʚʦʛʦ, ʘʙʩʦʣʶʪʥʦʛʦ, 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʥʝʡʪʨʘʣʴʥʠʭ ʽ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʚ ʫʥʽʬʽʢʦʚʘʥʽ ʧʨʦʧʦʨʮʽʡʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ 4-20 ʤɸ. 

ʇʝʨʝʪʚʦʨʶʚʘʯ ʪʠʩʢʫ ʉʘʧʬʠʨ 22-ɼʀ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 

ʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʣʘʜʫ. ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʶʪʴ ʫʥʽʬʽʢʦʚʘʥʠʡ 

ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ ʽ ʚʽʜʤʽʥʥʽ ʪʽʣʴʢʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ. 

ʈʦʙʦʯʝ ʪʣ̔ʦ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʽʪʨʷ) ʧʦʜʘʻʪʴʩʷ ʚ ʢʘʤʝʨʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʙʣʦʢʫ ʽ ʣʽʥʽʡʥʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʜʝʬʦʨʤʘʮʽʶ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʽ ʟʤʽʥʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʪʝʥʟʦʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʠʡ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ 

ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʙʣʦʮʽ. ɽʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʝʨʝʪʚʦʨʶʻ ʮʶ 

ʟʤʽʥʫ ʦʧʦʨʫ ʚ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 4-20 ʤɸ. ʏʫʪʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʪʝʥʟʦʧʝʨʝʪʚʦʨʶʚʘʯʘ ʻ ʧʣʘʩʪʠʥʘ ʽʟ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʩʘʧʬʽʨʘ ʟ ʢʨʝʤʥʽʻʚʠʤʠ 

ʧʣʽʚʢʦʚʠʤʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ ʤʽʮʥʦ ʟôʻʜʥʘʥʘ ʟ ʤʝʪʘʣʝʚʦʶ ʤʝʤʙʨʘʥʦʶ 

ʪʝʥʟʦʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɿʦʚʥʽʰʥʽʡ ʚʠʜ ʽ ʨʦʟʤʽʨʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʠʩʢʫ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʘʭ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.11. 

  

ʈʠʩʫʥʦʢ 3. 11 ï ʇʝʨʝʪʚʦʨʶʚʘʯ ʪʠʩʢʫ ʉʘʧʬʠʨ 22-ɼʀ. 
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3.3.3 ʎʠʬʨʦʚʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʦʥʜʠ ʟ ʯʫʪʣʠʚʠʤ 

ʝʣʝʤʝʥʪʦʤ DS18B20,  ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.12, ʘ 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ï ʥʘ ʨʠʩ. 3.13.  

ɼʘʚʘʯ DS18B20 (ʨʠʩ. 3.12, 3.13) ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʢʦʤʧʘʥʽʻʶ DALLAS 

Semiconductor. ʄʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʤʤ. 

ɺʽʥ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʽʢʨʦʩʭʝʤʫ ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʦʤ. ʎʝʡ ʧʨʠʣʘʜ ʤʘʻ ʚʝʣʠʢʫ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʩʠʛʥʘʣ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʫ ʯʫʪʣʠʚʦʤʫ 

ʝʣʝʤʝʥʪʽ, ʦʜʨʘʟʫ ʞ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʮʠʬʨʦʚʠʡ ʢʦʜ ʪʘ ʚʞʝ ʧʦʪʽʤ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ 

ʚʪʦʨʠʥʥʠʡ ʧʨʠʣʘʜ ʙʝʟ ʟʘʡʚʠʭ ʚʪʨʘʪ. ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ -55ï

+125 Áʉ, ʮʽʥʘ ʧʦʜʽʣʢʠ 0,1 Áʉ. 

ʇʨʠʥʮʠʧ ʜʽʾ ʮʠʬʨʦʚʠʭ ʜʘʚʘʯʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʬʽʨʤʠ DALLAS ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʧʽʜʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʽʤʧʫʣʴʩʽʚ, ʱʦ 

ʚʠʨʦʙʣʷʶʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʥʠʟʴʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʫ ʯʘʩʦʚʦʤʫ 

ʽʥʪʝʨʚʘʣʽ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʟ 

ʚʝʣʠʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ. 

ʃʽʯʠʣʴʥʠʢ ʽʥʽʮʽʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ, ʷʢʝ 

ʚʽʜʧʦʚʽʜʘʻ -55ÁC (ʤ̔ʥʽʤʘʣʴʥʽʡ 

ʚʠʤʽʨʶʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ). ʗʢʱʦ 

ʣʽʯʠʣʴʥʠʢ ʜʦʩʷʛʘʻ ʥʫʣʷ ʧʝʨʝʜ ʪʠʤ, ʷʢ 

ʟʘʢʽʥʯʫʻʪʴʩʷ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ (ʟʥʘʯʠʪʴ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʙʽʣʴʰʘ ʟʘ -55ÁC), ʪʦʜʽ 

ʨʝʛʽʩʪʨ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʠʡ ʪʘʢʦʞ ʽʥʽʮʽʘʣʽʟʦʚʘʥʠʡ ʟʥʘʯʝʥʥʷʤ -55ÁC, 

ʽʥʢʨʝʤʝʥʪʫʻʪʴʩʷ. ʆʜʥʦʯʘʩʥʦ ʣʽʯʠʣʴʥʠʢ ʧʝʨʝʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʦʚʠʤ ʟʥʘʯʝʥʥʷʤ, 

ʷʢʝ ʟʘʜʘʻʪʴʩʷ ʩʭʝʤʦʶ ʬʦʨʤʫʚʘʥʥʷ ʥʘʭʠʣʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʷ ʩʭʝʤʘ ʧʦʪʨʽʙʥʘ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʘʨʘʙʦʣʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪ ʛʝʥʝʨʘʪʦʨʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.. 

ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʭʠʣʫ ʟʘʛʨʫʞʘʻ ʣʽʯʠʣʴʥʠʢ ʟʥʘʯʝʥʥʷʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʽʣʴʢʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʜʠʥ ʛʨʘʜʫʩ ʎʝʣʴʩʽʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

 

ʈʠʩʫʥʦʢ 3.12. - ʇʨʠʥʮʠʧʦʚʘ  

ʩʭʝʤʘ ʟʦʥʜʫ 



113 

 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʛʽʩʪʨ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʜʝ ʚʤʽʱʘʪʠ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ DS18ɺ20 ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 12-ʙʽʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ʜʦʜʘʪʢʦʚʦʤʫ ʢʦʜʽ. ʄʦʞʣʠʚʦ 

ʟʤʝʥʰʠʪʠ ʢʦʜʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʜʦ 9 ʙʽʪ, ʱʦ ʚʧʣʠʥʝ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʻʜʥʫʚʘʥʠʭ ʜʘʚʘʯʽʚ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʩʢʨʝʪʥʦʩʪʽ 

ʩʠʛʥʘʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 0,0125ÁC ʜʦ 0,5ÁC. ʎʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ 

ʚʠʤ̔ʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʭʠʙʢʠ ʾʾ ʚʠʤʽʨʶʚʘʥʥʷ. ɿʯʠʪʫʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʧʝʨʝʜʘʯʘ ʢʦʤʘʥʜʠ ʧʦʯʘʪʢʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʽʥʰʠʭ ʢʦʤʘʥʜ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 1-ʧʨʦʚʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ (1-WireTM).  

 

 

ʈʠʩʫʥʦʢ 3.13. - ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʟʦʥʜʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ 

 

3.3.4 ʎʠʬʨʦʚʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ɺʈʄ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ. ɯʥʜʫʢʮʽʡʥʽ ʜʘʪʯʠʢʠ ʚʠʢʦʥʫʶʪʴ ʟ ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʦʤ ʘʙʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʤ ʧʨʦʧʫʩʪʽʡʥʦʛʦ ʩʪʨʫʤ. ʎʽ ʜʘʪʯʠʢʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʜʫʢʪʠʚʥʠʭ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʽ ʤʘʛʥʽʪʦʧʨʫʞʥʠʭ ʜʘʪʯʠʢʽʚ ʚʽʜʥʦʩʷʪʴ ʜʦ ʨʦʟʨʷʜʫ 

ʛʝʥʝʨʘʪʦʨʥʠʭ, ʪʦʤʫ ʱʦ ʧʨʠ ʚʧʣʠʚʽ ʚʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʚʦʥʠ ʛʝʥʝʨʫʶʪʴ ʝʣʝʢʪʨʠʯʥʫ 
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ʝʥʝʨʛʽʶ. ɺ ʽʥʜʫʢʪʠʚʥʠʭ ʜʘʪʯʠʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʚʠʱʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʽʥʜʫʢʮʽʾ - ʥʘʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦ ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʥʪʫʨʽ, ʚ ʷʢʦʤʫ 

ʟʤʽʥʶʻʪʴʩʷ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʽʥʜʫʢʮʽʡʥʦʛʦ ʜʘʪʯʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.14. 

ɼʘʪʯʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ 1, ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ 2, ʩʝʨʮʝʚʠʥʠ 3, 

ʽʥʜʫʢʮʽʡʥʦʾ ʢʦʪʫʰʢʠ 4 ʽ ʢʦʨʧʫʩʫ. ɼʘʪʯʠʢ ʻ ʙʝʟʢʦʥʪʘʢʪʥʠʤ, ʙʦ ʜʘʪʯʠʢ ʚʽʜʜʘʣʝʥʠʡ 

ʚʽʜ ʚʘʣʘ 5, ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ, ʥʘ ʚʽʜʩʪʘʥʴ ʤʦʥʪʘʞʥʦʛʦ ʟʘʟʦʨʫ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʚʘʣʫ ʥʘ 

ʦʩʥʦʚʽ ʽʥʜʫʢʮʽʡʥʦʛʦ ʜʘʪʯʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.14, 3.15.  

 

 

ʈʠʩʫʥʦʢ 3.14. - ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʽʥʜʫʢʮʽʡʥʦʛʦ ʜʘʪʯʠʢʘ ʽ ʧʨʠʩʪʨʦʶ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ 

 

ʈʠʩʫʥʦʢ 3. 15. - ʉʭʝʤʘ ʨʦʙʦʪʠ ʽʥʜʫʢʮʽʡʥʦʛʦ ʜʘʪʯʠʢʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ 

 

ʄʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʤʘʛʥʽʪʦʧʨʦʚʦʜʘ ʯʝʨʝʟ ʚʘʣ ʥʘ ʩʝʨʮʝʚʠʥʫ 

ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʜʘʪʯʠʢʘ. ʅʘ ʥʘ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʻ ʩʧʝʮʽʘʣʴʥʽ ʣʠʩʢʠ 6. ʇʽʜ ʯʘʩ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʣʠʩʢʠ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʟʦʥʫ ʜʘʪʯʠʢʘ ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʽʥʶʶʪʴ ʟʘʟʦʨ 

ʤʽʞ ʚʘʣʦʤ ʽ ʤʘʛʥʽʪʦʧʨʦʚʦʜʦʤ. ɿʤʽʥʘ ʟʘʟʦʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʩʪʝʤʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ 
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ʯʝʨʝʟ ʩʝʨʮʝʚʠʥʫ ʜʘʪʯʠʢʘ. ʅʘ ʦʙʤʦʪʢʘʭ ʢʦʪʫʰʢʠ  ʚ ʮʝʡ ʤʦʤʝʥʪ ʛʝʥʝʨʫʻʪʴʩʷ 

ʝʣʝʢʪʨʦ ʨʫʱʽʡʥʘ ʩʠʣʘ ʫ ʚʠʛʣʷʜʽ ʧʦʯʝʨʛʦʚʠʭ ʽʤʧʫʣʴʩʽʚ. 

 

3.3.5 ʎʠʬʨʦʚʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʧʝʨʝʜʘʥʦʾ ʦʙʝʨʪʦʚʠʤ ʚʘʣʦʤ, 

ʧʨʠʚʝʣʘ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʴ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ. ʇʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʚʘʣʫ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʂʂɼ ʫʩʪʘʥʦʚʦʢ, ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʪʠʤ ʩʘʤʠʤ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʚʧʣʠʚ ʤʘʣʦʧʦʤʽʪʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ. ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʜʝ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʟʚʠʯʘʡʥʽ 

ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ ʥʝʧʨʠʜʘʪʥʽ, ʘʙʦ ʤʘʶʪʴ ʥʝʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ. 

ʇʨʠʩʪʨʦʾ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʨʦʙʦʪʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʯʦʪʠʨʠ ʢʣʘʩʠ: ʙʘʣʘʥʩʠʨʥʽ ʜʠʥʘʤʦʤʝʪʨʠ, ʪʦʨʩʽʦʥʥʽ 

ʧʨʠʣʘʜʠ, ʪʨʘʥʩʤʽʩʽʡʥʽ ʜʠʥʘʤʦʤʝʪʨʠ ʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦ 

ʚʪʦʨʠʥʥʠʤ ʧʘʨʘʤʝʪʨʘʤ [56]. ʊʦʨʩʽʦʥʥʽ ʜʠʥʘʤʦʤʝʪʨʠ ʻ ʟʘʟʚʠʯʘʡ ʙʝʟʽʥʝʨʮʽʡʥʠʤʠ 

ʧʨʠʣʘʜʘʤʠ ʽ ʚʠʢʦʥʫʶʪʴ ʪʽʣʴʢʠ ʚʠʤʽʨʶʚʘʣʴʥʫ ʬʫʥʢʮʽʶ, ʜʦʟʚʦʣʷʶʯʠ ʨʝʻʩʪʨʫʚʘʪʠ 

ʷʢ ʩʝʨʝʜʥʽ ʚ ʯʘʩʽ, ʪʘʢ ʽ ʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʶʪʴʩʷ 

ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʙʫʜʴ-ʷʢʠʭ ʨʝʞʠʤʘʭ [56]. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʷʚʥʽ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʦʥʥʽ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʤʘʶʪʴ ʨʷʜ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ (ʨʠʩ. 3.16, 3.17): 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʩʪʝʥʜʽʚ ʘʙʦ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʥʘʷʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫʩʪʘʥʦʚʦʢ; 

- ʢʦʥʩʪʨʫʢʮʽʾ ʜʘʪʯʠʢʽʚ ʤʽʩʪʷʪʴ ʩʪʘʪʦʨʥʽ ʝʣʝʤʝʥʪʠ (ʨʠʩ. 3.16, 3.17); 

- ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ (ʨʠʩ. 3.16, 3.17); 

- ʥʝʟʨʫʯʥʽʩʪʴ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

- ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. 
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ʈʠʩʫʥʦʢ 3. 16 - ɼʘʪʯʠʢ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ TRC-10K 

 

ʊʦʨʩʽʦʥʥʽ ʜʠʥʘʤʦʤʝʪʨʠ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʪʝʥʟʦʤʝʪʨʠʯʥʽ 

[57,59,60,61,64,65,66] ʽ ʢʨʫʪʠʣʴʥʽ [14,58,62,63,67-72]. 

ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ ʪʦʨʩʽʦʥʥʦʛʦ ʢʨʫʪʠʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʦʨʩʽʦʥʥʦʛʦ ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʷʤʦʤʫ ʯʠ 

ʥʝʧʨʷʤʦʤʫ ʚʠʤʽʨʽ ʢʫʪʘ ʩʢʨʫʯʫʚʘʥʥʷ ʪʦʨʩʽʦʥʥʦʛʦ ʚʘʣʘ. ʎʝʡ ʢʫʪ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʢʦʥʫ ɻʫʢʘ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʝʨʝʜʘʥʦʤʫ ʢʨʫʪʥʦʤʫ ʤʦʤʝʥʪʫ [56]. 

 

 

ʘ)                                                                       ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ 3. 17- ʉʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʭʨʦʚʠʭ ʪʫʨʙʦʤʘʰʠʥ ʟ ʧʨʠʩʪʨʦʻʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ (ʙʝʟʢʦʥʪʘʢʪʥʠʤ ʪʦʨʩʽʡʥʠʤ ʢʨʫʪʠʣʴʥʠʤ 

ʜʠʥʘʤʦʤʝʪʨʦʤ) (ʘ - ʩʭʝʤʘ ʩʪʝʥʜʫ (1- ɺʈʄ, 2- ʧʨʠʣʘʜ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ, 3 ï ʚʠʭʨʦʚʠʡ ʢʦʤʧʨʝʩʩʦʨ), ʙ - ʬʦʪʦ ʩʪʝʥʜʫ, ʚ - ʧʨʠʩʪʨʽʡ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʦʤʝʥʪʫ) 
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ʊʦʨʩʽʦʥʥʽ ʢʨʫʪʠʣʴʥʽ ʜʠʥʘʤʦʤʝʪʨʠ ʙʫʣʠ ʚʠʥʘʡʜʝʥʽ ʟʥʘʯʥʦ ʨʘʥʽʰʝ 

ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ. ɺʦʥʠ ʽʩʪʦʪʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʪʝʥʟʦʤʝʪʨʠʯʥʠʤ ʫ ʨʦʟʤʽʨʘʭ ʽ 

ʪʦʯʥʦʩʪʽ, ʦʜʥʘʢ ʤʘʶʪʴ ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢʮʽ.ʁ ʂʨʫʪʠʣʴʥʽ ʪʦʨʩʽʦʥʥʽ ʜʠʥʘʤʦʤʝʪʨʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʢʦʥʪʘʢʪʥʽ ʽ ʙʝʟʢʦʥʪʘʢʪʥʽ [56]. ʆʩʪʘʥʥʽ ʤʘʶʪʴ ʤʝʥʰʫ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʽʙʨʘʮʽʡ ʽ ʚʝʣʠʢʫ ʩʪʘʙʽʣʴʥʽʩʪ ɹʧʦʢʘʟʘʥʴ, ʘ ʪʘʢʦʞ ʤʝʥʰ ʚʠʤʦʛʣʠʚʽ 

ʜʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘ ʧʨʠʥʮʠʧʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʢʫʪʘ ʩʢʨʫʯʫʚʘʥʥʷ 

ʙʝʟʢʦʥʪʘʢʪʥʽ ʪʦʨʩʽʦʥʥʽ ʜʠʥʘʤʦʤʝʪʨʠ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʪʠʤʯʘʩʦʚʽ, ʬʘʟʦʚʽ, 

ʥʦʥʠʫʩʥʽ, ʨʽʟʥʠʮʝʚʽ ʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ. ɺ ʨʦʙʦʪʽ [14] ʥʘ ʩʪʝʥʜʽ (ʨʠʩ. 3.17 ʘ, ʙ) 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʽ 1 ʚʠʤʽʨʶʚʘʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʪʦʨʩʽʦʥʥʦʛʦ ʢʨʫʪʠʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ 2, ʱʦ ʧʨʘʮʶʻ 

ʟʘ ʪʠʤʯʘʩʦʚʠʤ ʧʨʠʥʮʠʧʦʤ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʣ ʩʪʚʦʨʶʚʘʣʘʩʷ ʧʦʚʽʪʨʷʥʠʤ 

ʛʘʣʴʤʦʤ 3 (ʚʠʭʨʦʚʠʤ ʢʦʤʧʨʝʩʦʨʦʤ). 

ʂʨʫʪʠʣʴʥʠʡ ʜʠʥʘʤʦʤʝʪʨ (ʨʠʩ 3.17 ʚ) ʷʚʣʷʻ ʩʦʙʦʶ ʪʦʨʩʽʦʥʥʠʡ ʚʘʣ 1 

ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ, ʷʢʠʡ ʦʜʥʠʤ ʢʽʥʮʝʤ ʟʘʢʨʽʧʣʝʥʠʡ ʚ ʧʨʠʚʦʜʥʦʤʫ ʚʘʣʫ 2 ʽ 

ʚʠʭʽʜʥʦʤʫ ʚʘʣʫ 3. ʅʘ ʚʘʣʘʭ 2 ʽ 3 ʟʘʢʨʽʧʣʝʥʽ ʜʠʩʢʠ 4 ʥʘ ʷʢʠʭ ʚʠʢʦʥʘʥʽ ʤʽʪʢʠ 5. 

ɺʘʣʠ 2 ʽ 3 ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʧʽʜʰʠʧʥʠʢʘʭ ʚ ʢʦʨʧʫʩʽ 6, ʚ ʷʢʦʤʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜ 

ʜʠʩʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʽ ʽʥʜʫʢʪʠʚʥʽ ʜʘʪʯʠʢʠ 7. ɯʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʟ 

ʽʥʜʫʢʪʠʚʥʠʭ ʜʘʪʯʠʢʽʚ ʚʠʤʽʨʶʚʘʚʩʷ ʯʘʩʪʦʪʦʤʽʨʦʤ ʏ3-33. ʎʝʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʫʪʫ ʩʢʨʫʯʫʚʘʥʥʷ ʪʦʨʩʽʦʥʥʦʛʦ ʚʘʣʫ ɣ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤʦʤʝʥʪʫ ʥʘ 

ʚʘʣʫ. 

ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʚʠʟʥʘʯʘʚʩʷ ʷʢ ʬʫʥʢʮʽʷ ʢʫʪʘ ʩʢʨʫʯʫʚʘʥʥʷ 

ʪʦʨʩʽʦʥʥʦʛʦ ʚʘʣʫ, ʅÖʤ: 

˙  ὑ Ͻ‪ ‪ Ƞ 
 

ʜʝ ὑ  - ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʜʠʥʘʤʦʤʝʪʨʘ; 

     ‪ -ʮʝʥʪʨʘʣʴʥʠʡ ʢʫʪ ʤʽʞ ʤʽʪʢʘʤʠ ʥʘ ʜʠʩʢʘʭ ʪʦʨʩʽʦʤʝʪʨʘ ʧʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʛʨʘʜ: 

‪ ‫Ͻ†Ͻρπ φϽὲϽ†Ͻρπȟ 
 

ʜʝ ‫ φϽὲ   - ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʛʨʘʜ/ʩ; 

      ὲ  ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʦʙ/ ʭʚ; 
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   ɩ - ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʜʘʪʯʠʢʽʚ ʧʨʠ ʨʦʙʦʪʽ ʧʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʤʩʝʢ; 

       ‪- ʮʝʥʪʨʘʣʴʥʠʡ ʢʫʪ ʤʽʞ ʤʽʪʢʘʤʠ ʥʘ ʜʠʩʢʘʭ ʪʦʨʩʽʦʤʝʪʨʘ ʥʘ ʭʦʣʦʩʪʦʤʫ 

ʭʦʜʫ (ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʤʝʥʪʦʤ), ʛʨʘʜ: 

 

‪ ‫Ͻ†Ͻρπ φϽὲϽ†Ͻρπȟ 
 

ʜʝ † ï ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʜʘʪʯʠʢʽʚ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʭʦʣʦʩʪʦʤʫ 

ʭʦʜʫ, ʤʩʝʢ. 

ʇʨʠ ʧʝʨʝʜʘʯʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʪʦʨʩʽʦʥʥʠʡ ʚʘʣ ʚʽʜʯʫʚʘʻ ʧʨʫʞʥʫ 

ʜʝʬʦʨʤʘʮʽʶ ʽ ʢʫʪ ɣ ʟʤʽʥʶʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ. ʈʦʟʛʣʷʥʫʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ 

ʚʠʤʽʨʶʚʘʪʠ ʫʤʦʚʥʦ-ʤʠʪʪʻʚʽ (ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʚʘʣʫ) ʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. 

ɸʣʝ ʫ ʜʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʥʝʜʦʣʽʢʠ ʪʘʢʽ ʷʢ: 

- ʢʦʥʩʪʨʫʢʮʽʾ ʜʘʪʯʠʢʽʚ ʤʽʩʪʷʪʴ ʩʪʘʪʦʨʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʝʥʜʫ (ʨʠʩ 3.17); 

- ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʽ ʩʢʣʘʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ (ʨʠʩ 3.17); 

- ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʧʨʠʣʘʜʠ, ʧʨʠʥʮʠʧ 

ʜʽʾ ʷʢʠʭ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʨʦʟʪʷʛʥʝʥʥʷʤ ʧʨʦʚʽʜʥʠʢʘ ʽ ʡʦʛʦ 

ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʦʨʦʤ. ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʨʦʟʤʽʨʘʤʠ ʽ 

ʧʦʣʽʧʰʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦʩʪ ɹ ʝʣʝʢʪʨʦʥʽʢʠ, ʤʦʞʣʠʚʦ ʢʦʥʩʪʨʫʶʚʘʪʠ ʜʘʪʯʠʢʠ ʟʽ 

ʟʙʽʣʴʰʝʥʦʶ ʪʦʯʥʽʩʪʶ ʽ ʢʨʘʱʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʫʯʘʩʥʽ 

ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʧʨʠʣʘʜʠ ʢʦʤʧʘʢʪʥʽ, ʚʦʣʦʜʽʶʪʴ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʱʦʜʦ 

ʽʥʰʠʭ ʪʠʧʽʚ ʜʠʥʘʤʦʤʝʪʨʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʘ 

ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʙʝʨʪʦʚʦʤʫ ʚʘʣʫ, ʥʝ ʚʠʤʘʛʘʶʯʠ 

ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʽʞ ʜʚʠʛʫʥʦʤ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʟʘʩʥʦʚʘʥʝ ʥʘ ʟʤʽʥʽ ʡʦʛʦ 

ʦʧʦʨʫ ʧʽʜ ʟʦʚʥʽʰʥʽʤʠ ʚʧʣʠʚʘʤʠ. ɺ ʦʙʣʘʩʪʽ ʤʝʭʘʥʽʢʠ ʦʧʽʨ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʽʜ ʚʧʣʠʚʦʤ ʩʠʣʠ. 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʢʨʫʯʝʥʥʽ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʚʘʣʘ ʚʽʜʯʫʚʘʶʪʴ ʜʝʬʦʨʤʘʮʽʶ 
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ʯʠʩʪʦʛʦ ʟʩʫʚʫ ʽ ʥʘʧʨʫʛʘ ʜʽʻ ʧʦ ʜʽʣʷʥʮʽ, ʥʘʭʠʣʝʥʦʶ ʧʽʜ ʢʫʪʦʤ 45 Á ʜʦ ʦʩʽ ʚʘʣʘ. ʊʦʤʫ 

ʪʝʥʟʦʨʝʟʽʩʪʦʨʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʧʦ ʛʚʠʥʪʦʚʽʡ ʣʽʥʽʾ, ʱʦ ʫʪʚʦʨʶʻ ʟ ʚʽʩʩʶ ʚʘʣʘ ʢʫʪ 

45 Á. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʾ ʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʨʦʟʨʦʙʣʝʥʠʡ 

ʧʨʠʣʘʜ (ʪʝʥʟʦʤʝʪʨʠʯʥʘ ʤʫʬʪʘ), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʦʨʩʠʦʥʘ ʽ ʨʦʟʤʽʱʝʥʠʭ ʚ 

ʥʴʦʤʫ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ, ʧʽʜʩʠʣʶʚʘʯʘ, wi_fi ʧʝʨʝʜʘʚʘʯʘ ʽ ʘʢʫʤʫʣʷʪʦʨʘ. 

ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʰʚʠʜʢʦʟʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚ ʪʘʙʣʠʯʥʦʤʫ ʽ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉ# ʜʣʷ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

Windows (ʨʠʩ. 3.18). ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʚ ʟʨʫʯʥʦʤʫ ʜʣʷ ʜʦʩʣʽʜʥʠʢʘ 

ʚʠʛʣʷʜʽ ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ ʮʶ ʤʫʬʪʫ ʚ ɯɺʉ ʩʪʝʥʜʫ. 

ʅʘ ʦʩʥʦʚʽ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʩʪʚʦʨʝʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ 

ʩʠʩʪʝʤʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.19. 

ʊʝʥʟʦʤʝʪʨʠʯʥʘ ʤʫʬʪʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 3.20. 

 

 

ʈʠʩʫʥʦʢ 3. 18 - ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3.19 - ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

 

 

ʈʠʩʫʥʦʢ 3.20 - ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʤʫʬʪʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

(ʥʘʧʨʫʛʘ) ʚʽʜ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʧʦ ʧʦʚʥʽʡ ʤʦʩʪʦʚʽʡ ʩʭʝʤʽ, ʻ 

ʘʥʘʣʦʛʦʚʠʤ ʟ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ (ʚ ʤʝʞʘʭ ʢʽʣʴʢʦʭ ʤɺ). ʊʦʤʫ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ 

ʜʘʥʦʛʦ ʩʠʛʥʘʣʫ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʧʦʪʨʽʙʥʦ ʧʽʜʩʠʣʶʚʘʯ (ʨʠʩ. 3.19), ʱʦ 

ʟʙʽʣʴʰʫʻ ʥʘʧʨʫʛʫ. ɼʣʷ ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ 

ʮʠʬʨʦʚʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯ ɸʎʇ ʅʍ711. ɺ ʷʢʦʩʪʽ ʙʝʟʜʨʦʪʦʚʦʾ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʚʽʜ ʤʦʩʪʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ wi-fi ʤʦʜʫʣʴ 

ESP8266 ESP-01.  

ʎʠʬʨʦʚʠʡ ʩʠʛʥʘʣ ʚʽʜ ɸʎʇ ʅʍ711 ʧʝʨʝʜʘʻʪʴʩʷ ʜʦ ʧʝʨʝʜʘʚʘʯʘ, ʧʽʩʣʷ ʯʦʛʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʽʡ ʧʨʦʩʪʽʨ ʜʦ ʧʨʠʡʤʘʯʘ (ʪʝʣʝʬʦʥ ʘʙʦ ʧʝʨʩʦʥʘʣʴʥʠʡ 

ʢʦʤʧôʶʪʝʨ ʇʂ). ʆʪʨʠʤʘʥʠʡ ʩʠʛʥʘʣ ʦʙʨʦʙʣʷʻʪʴʩʷ, ʨʝʻʩʪʨʫʻʪʴʩʷ ʽ ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ 

ʩʪʚʦʨʝʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ɾʠʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʣʽʪʽʻʚʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ 18650 Li-Ion. 

ɼʘʥʘ ʩʭʝʤʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʘʩʪʦ ʚʞʠʚʘʥʠʤʠ [57ï60,64] ʜʘʻ ʨʷʜ ʧʝʨʝʚʘʛ: 
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ʟʨʫʯʥʽʩʪʴ ʪʘ ʧʨʦʩʪʦʪʘ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ; ʜʦʩʪʫʧʥʽʩʪʴ ʮʽʥʠ ʧʨʠ ʭʦʨʦʰʽʡ ʷʢʦʩʪʽ 

ʧʝʨʝʜʘʯʽ; ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʡʤʘʯʘ, ʪʘʢ ʷʢ ʩʫʯʘʩʥʽ ʇʂ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʡʤʘʪʠ wi-fi  ʩʠʛʥʘʣ.  

ɺʩʪʘʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʤʫʬʪʠ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʠʭ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʝʣʝʤʝʥʪʠ ʩʭʝʤʠ ʧʨʠ ʨʦʙʦʪʽ ʧʨʠ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʪʫʨʙʦʤʘʰʠʥʠ.  

ʄʘʩʦʛʘʙʘʨʠʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʫʬʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʜʘʨʪʥʠʭ ʤʫʬʪ ʜʣʷ ʧʝʨʝʜʘʯʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. ʊʦʨʩʽʡʥʠʡ ʚʘʣ 

ʤʫʬʪʠ ʤʘʻ ʨʦʙʦʯʫ ʜʦʚʞʠʥʫ 100 ʤʤ, ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ 32 ʤʤ ʘʙʦ 40 ʤʤ (ʨʠʩ. 

3.20). ʊʦʚʱʠʥʘ ʩʪʽʥʢʠ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ̔  ʩʪʘʥʦʚʠʪʴ ʚʽʜ 0.5 ʤʤ ʜʦ 5 ʤʤ (ʽ ʙʽʣʴʰʝ). ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ ʤʦʤʝʥʪʫ 

ʜʠʥʘʤʦʤʝʪʨʘ ʊʄ100 ʩʪʘʥʦʚʠʪʴ: M = -100 ... 100 ʅĿʤ, n = 100 ... 10000 ʦʙ/ʭʚ; 

ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 200 ʅĿʤ. 

ɹʫʣʦ ʚʠʢʦʥʘʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ (ʪʘʨʫʚʘʥʥʷ) ʩʪʚʦʨʝʥʦʾ ʪʝʥʟʦʤʝʪʨʠʯʥʦʾ ʤʫʬʪʠ 

ʊʄ100. ʂʘʣʽʙʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʚʩʪʘʥʦʚʠʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʦʢʘʟʘʤʠ ʷʢʽ 

ʨʝʩ̒ʪʨʫʻ ʩʠʩʪʝʤʘ ʽ ʟʥʘʯʝʥʥʷʤ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʘʣʝ ʽ ʧʝʨʝʚʽʨʠʪʠ ʨʦʙʦʪʫ 

ʩʠʩʪʝʤʠ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʚʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ. 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: ʥʘ ʚʭʽʜ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʧʦʜʘʶʪʴ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ (ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ), ʘ ʥʘ ʚʠʭʦʜʽ ʬʽʢʩʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʩʠʩʪʝʤʠ ʥʘ ʮʽ ʜʽʾ. ʂʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʩʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʦʤʦʶ ʚʘʛʦʶ 

ʥʘ ʤʽʨʥʽʡ ʙʘʣʮʽ ʜʦʚʞʠʥʦʶ 1 ʤ, ʞʦʨʩʪʢʦ ʟ'ʻʜʥʘʥʦʾ ʟ ʚʘʣʦʤ (ʨʠʩ. 3.21). ʇʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ Ñ 0,2 ʅĿʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ ʽ ʧʦʢʘʟʘʤʠ 

ʧʨʠʣʘʜʫ (ʢʨʠʚʘ ʢʘʣʽʙʨʫʚʘʥʥʷ), ʘ ʪʘʢʦʞ ʨʽʚʥʷʥʥʷ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ. ʅʘ ʨʠʩ. 3.22  

ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʠʡ ʨʝʻʩʪʨʫʚʘʚ ʧʨʠʣʘʜ, ʚ̔ ʜ ʯʘʩʫ ʫ 

ʧʨʦʮʝʩʽ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʘ ʥʘ ʨʠʩ. 3.23 - ʢʨʠʚʘ ʢʘʣʽʙʨʫʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.21ï ʂʘʣʽʙʨʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʊʄ100 ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ  

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ  

 

ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʽʚ ʧʨʠʣʘʜʫ ʚʽʜ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ 

ʨʽʚʥʷʥʥʷʤ: 

ὓ ὥϽὴ ὦ 

ʜʝ ὴ  ʧʦʢʘʟʠ ʧʨʠʣʘʜʫ; 

ὥȟὦ  ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠ ʢʘʣʽʙʨʫʚʘʥʥʽ ʜʣʷ ʢʦʞʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʫʬʪʠ (ʨʠʩ. 3.20). 

 

 

ʈʠʩʫʥʦʢ 3.22  ï ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚ̔ ʜ ʯʘʩʫ ʫ ʧʨʦʮʝʩʽ ʪʘʨʫʚʘʥʥʷ 
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ʈʠʩ. 3.23 ïʂʨʠʚʘ ʢʘʣʽʙʨʫʚʘʥʥʷ 

 

 

ʋ ʪʘʙʣʠʮʽ 3.2 ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʦʙʣʝʥʦʾ 

ʪʝʥʟʦʤʝʪʨʠʯʥʦʾ ʤʫʬʪʠ ʊʄ100 (ʨʠʩ. 3.20-3.22) ʽ ʤʫʬʪʠ TRC-10K (ʨʠʩ 3.16). 

 

ʊʘʙʣʠʮʷ 3.2 - ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

 ̄ ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  ʊʄ100 TRC-10K 

1 ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʅÖʤ -100é100 -100é100 

2 
ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ (ʚʢʣʶʯʘʶʯʠ 

ʥʝʣʽʥʽʡʥʦʩʪʽ), ʅÖʤ 
Ñ0,25 - 

3 ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ, ɺ 3,5 - 

4 ʇʝʨʝʜʘʯʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ wi-fi  ʂʘʙʝʣʴ 

5 
ɼʦʧʫʩʪʠʤʘ ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ, ʦʙ/ʭʚ 
10000 10000 

6 ɻʘʙʘʨʠʪʠ (L, D), ʤʤ 100Ĭ90 240Ĭ115 

7 ɺʘʛʘ, ʢʛ 1 8 

 

ʇʨʠʣʘʜ ʙʫʚ ʚʠʧʨʦʙʫʚʘʥʠʡ ʚ ʜʠʥʘʤʽʮʽ ʥʘ ʩʪʝʥʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʫʨʙʦʤʘʰʠʥ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ʩʢʣʘʜʽ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʤʠʥʥʦ-ʨʝʘʢʪʠʚʥʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʨʠʩ. 3.24) ʽ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʨʠʩ. 
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3.5). ʇʽʜ ʯʘʩ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠʣʘʜ ʚʠʤʽʨʶʚʘʚ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʧʨʠ 

ʟʤʽʥʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʜ 500 ʜʦ 10000 ʦʙ/ʭʚ. 

 

 

ʈʠʩʫʥʦʢ. 3.24- ɼʠʥʘʤʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

 

ʅʘ ʨʠʩ. 3.25, 3.26 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʠʡ ʨʝʻʩʪʨʫʚʘʚ 

ʧʨʠʣʘʜ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʨʠʩ.3.5) ʧʨʠ 

ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ 2500-3000 ʦʙ/ʭʚ. 

 

 

ʈʠʩʫʥʦʢ. 3.25- ɿʘʣʝʞʥʽʩʪʴ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʨʠʩ. 3.5) ʚʽʜ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʚ ʤʘʰʠʥʫ. 
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a) 

 

ʙ) 

 

ʚ) 

ʈʠʩʫʥʦʢ. 3.26 - ɿʤʽʥʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʥʘ ʩʪʝʥʜʽ (ʨʠʩ 3.3, 3.5) ʧʨʠ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ 

(ʥʘʜʣʠʰʢʦʚʦʤʫ): ʘ) - ʈʚʭ = 2 ʙʘʨ, ʙ) - ʈʚʭ = 3 ʙʘʨ, ʚ) - ʈʚʭ = 4 ʙʘʨ. 
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3.4 ʄʝʪʦʜʠʢʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ 

 

1. ʄʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʾ 

ʢʘʤʝʨʥʦʾ ʜʽʘʬʨʘʛʤʠ ʽ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʤʘʥʦʤʝʪʨʘ  

 

, 

 

ʜʝ G ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʜʽʘʬʨʘʛʤʫ, ʢʛ/ʩ; 

a ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ ʜʽʘʬʨʘʛʤʠ; 

e ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ; 

dʜʬ ï ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʜʽʘʬʨʘʛʤʠ, ʤ; 

p ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʜʽʘʬʨʘʛʤʽ ʧʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʤʘʥʦʤʝʪʨʫ, ʇʘ; 

rʜʬ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ʧʝʨʝʜ ʜʽʘʬʨʘʛʤʦʶ, ʢʛ/ʤ3 

 

 

 

ʜʝ rʥʦʨ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʫʤʦʚʘʭ, ʢʛ/ʤ3; 

pʥʦʨ ï ʪʠʩʢ ʧʦʚʽʪʨʷ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʫʤʦʚʘʭ, ʇʘ;  

ʊʥʦʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʫʤʦʚʘʭ, ʂ; 

pʜʬ ï ʪʠʩʢ ʧʦʚʽʪʨʷ ʧʝʨʝʜ ʜʽʘʬʨʘʛʤʦʶ, ʇʘ; 

ʊʜʬ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʝʨʝʜ ʜʽʘʬʨʘʛʤʦʶ, ʂ; 

Z ï ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʣʠʚʦʩʪʽ, Z @ 1. 

2. ʉʪʫʧʽʥʴ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ (ʚʽʜʥʦʰʝʥʥʷ ʪʠʩʢʽʚ) ʫ ʚʠʭʨʦʚʽʡ 

ʨʦʟʰʠʨʶʚʘʣʴʥʽʡ ʤʘʰʠʥʽ  

 

2
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3. ʇʠʪʦʤʘ ʽʟʦʝʥʪʨʦʧʥʘ ʨʦʙʦʪʘ ʨʦʟʰʠʨʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ 

ʩʪʫʧʝʥʷ  

, ɼʞ/ʢʛ, 

 

ʜʝ k ï ʧʦʢʘʟʥʠʢ ʽʟʦʝʥʪʨʦʧʠ, k = 1,4; 

ʊʥ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ ɺʈʄ, ʂ; 

pʥ ï ʪʠʩʢ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ ɺʈʄ, ʇʘ; 

pʢ ï ʪʠʩʢ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ɺʈʄ, ʇʘ; 

R ï ʧʠʪʦʤʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ʜʣʷ ʧʦʚʽʪʨʷ R = 287 ɼʞ/(ʢʛÖʂ). 

 

4. ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʚʘʣʫ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

 

ὔ̃ ‫Ͻὓ 

 

ʜʝ  ὓ ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ, ʅĿʤ; 

‫  ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ, ʨʘʜ/ʩ. 

6.1 ɯʟʦʝʥʪʨʦʧʥʠʡ ʂʂɼ ɺʈʄ,  

 

 

 

5. ʂʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʜʽʘʤʝʪʨʽ 
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6. ʅʘʚʝʜʝʥʘ ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ 

 

, 

 

ʜʝ ʉS ï ̔ ʟʦʝʥʪʨʦʧʥʘ ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʫ ʧʠʪʦʤʫ 

ʨʦʙʦʪʫ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʤ/ʩ.  

 

3.5. ɺʠʧʨʦʙʫʚʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʰʚʠʜʢʦʩʪʽ ʪʘ ʚʠʪʨʘʪʠ ʩʦʧʝʣ  

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʚʠʪʨʘʪʫ ʛʘʟʫ ʯʝʨʝʟ ʩʦʧʣʘ ʪʘ ʟʥʘʪʠ ʢʦʝʬʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʩʦʧʣʘ.  

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ: ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʚ ʩʦʧʣʦ p1, ʪʠʩʢ ʫ ʚʠʭʽʜʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʩʦʧʣʘ p2, ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ (R, k), ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʚ ʩʦʧʣʦ 

ʊ1, ʧʣʦʱʘ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʽ ʩʦʧʣʘ F2. 

ʄʘʩʦʚʫ ʚʠʪʨʘʪʫ ʛʘʟʫ ʚ ʧʨʦʮʝʩʽ ʽʟʦʝʥʪʨʦʧʥʦʛʦ ʚʠʪʽʢʘʥʥʷ ʯʝʨʝʟ ʩʦʧʣʦ 

(ʢʦʥʬʫʟʦʨ) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

- ʜʣʷ ʜʦʢʨʠʪʠʯʥʦʛʦ ʨʝʞʠʤʫ (2

1
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p

p
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- ʜʣʷ ʩʚʝʨʭʢʨʠʪʠʯʥʦʛʦ ʨʝʞʠʤʫ (2

1

ʢʨ

p

p
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ʜʝ  ʢʨb  ï ʢʨʠʪʠʯʥʝ ʚʽʜʥʦʰʝʥʥʶ ʪʠʩʢʽʚ 
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ɼʽʡʩʥʠʡ ʧʨʦʮʝʩ ʚʠʪʽʢʘʥʥʷ ʛʘʟʫ ʯʝʨʝʟ ʩʦʧʣʦ (ʢʦʥʬʫʟʦʨ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʪʨʘʪ ʥʘ ʪʝʨʪʷ ʽ ʚʠʭʨʦʫʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʚʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʠʪʨʘʪʠ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʩʦʧʣʘ.  

ʂʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ ʩʦʧʣʘ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪʠ ʛʘʟʫ ʚ ʜʽʡʩʥʦʤʫ 

ʧʨʦʮʝʩʽ ʨʦʟʰʠʨʝʥʥʷ ʜʦ ʚʠʪʨʘʪʠ ʛʘʟʫ ʚ ʽʟʦʝʥʪʨʦʧʥʦʤ ʧʨʦʮʝʩʽ ʨʦʟʰʠʨʝʥʥʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʝʥʰʝʥʥʷ ʜʽʡʩʥʦʾ ʚʠʪʨʘʪʠ ʛʘʟʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʟʦʝʥʪʨʦʧʥʠʤ 

(ʽʜʝʘʣʴʥʠʤ) ʧʨʦʮʝʩʦʤ 

ʩ

s

G

G
m=  

 

ʜʝ G  ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʫ ʜʽʡʩʥʦʤʫ ʧʨʦʮʝʩʽ ʨʦʟʰʠʨʝʥʥʷ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʾ ʢʘʤʝʨʥʦʾ ʜʽʘʬʨʘʛʤʠ ʽ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ 

ʤʘʥʦʤʝʪʨʘ. 

ʂʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʩʦʧʣʘ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʛʘʟʫ ʥʘ 

ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʚ ʜʽʡʩʥʦʤʫ ʧʨʦʮʝʩʽ ʨʦʟʰʠʨʝʥʥʷ c2 ʜʦ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ 

ʚ ʽʟʦʝʥʪʨʦʧʥʦʤʫ ʧʨʦʮʝʩʽ ʨʦʟʰʠʨʝʥʥʷ c2s, ʚʨʘʭʦʚʫʻ ʟʤʝʥʰʝʥʥʷ ʜʽʡʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʟʦʝʥʪʨʦʧʥʦʶ 

. 
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ʜʝ 2l, 2sl  ï ʥʘʚʝʜʝʥʽ ʰʚʽʜʢʦʩʪʠ ʧʦʪʦʢʫ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʚ ʜʽʡʩʥʦʤʫ 

ʽ ʽʟʦʝʥʪʨʦʧʥʦʤʫ ʧʨʦʮʝʩʘʭ ʨʦʟʰʠʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ ʩʦʧʣʘ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʡʦʛʦ 

ʟʚ'ʷʟʦʢ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʪʨʘʪʠ ʩʦʧʣʘ 

 

( )
( )

22

2 2

ss
ʩ c c

s

G T

G T

t l
m j j

t l
= = Ö = Ö  

 

ʜʝ ʊ2s ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʫ ʚʠʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʩʦʧʣʘ ʫ ʽʟʦʝʥʪʨʦʧʥʦʤʫ 

ʧʨʦʮʝʩʽ ʨʦʟʰʠʨʝʥʥʷ; 

    ʊ2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʫ ʚʠʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʩʦʧʣʘ ʫ ʜʽʡʩʥʦʤʫ ʧʨʦʮʝʩʽ 

ʨʦʟʰʠʨʝʥʥʷ; 

   ( )2t l, ( )2st l  ï ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʦʜʽ ʤʘʻʤʦ 

 

( ) ( )2 2ʩ c st l m j t lÖ = Ö  
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2 22
2 2

2

1 1
1 1 0

1 1
ʩ s
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k k
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ʈʦʟʚôʷʟʘʚʰʠ ʮʝ ʨʽʚʥʷʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʇ πȣρ (ʜʣʷ ʜʦʟʚʫʢʦʚʠʭ ʩʦʧʝʣ) 

ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ  ʇ ʪʘ ʒ̒. 

ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʧʨʦʜʫʚʘʥʥʷ ʩʦʧʣʘ ʜʽʘʤʝʪʨʦʤ 7,6 ʤʤ, ʢʦʪʨʝ ʚʩʪʘʥʦʚʣʝʥʦ ʚ 

ʚʠʭʨʦʚʽʡ ʨʦʟʰʠʨʶʚʘʣʴʥʽʡ ʤʘʰʠʥʽ, ʽ ʦʪʨʠʤʘʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ ʩʦʧʣʘ ʈ̒ 

ʩʪʘʥʦʚʠʪʴ 0,89, ʘ ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʩʦʧʣʘ ʒ̒  ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 0,92. 
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3.6 ɺʠʧʨʦʙʫʚʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʨʦʟʤʽʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

 

ʆʩʥʦʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʱʦ 

ʜʦʩʣʽʜʞʫʝʪʴʩʷ, (ʨʠʩ 3.4): 

ʂʫʪ ʥʘʭʠʣʫ ʩʦʧʣʘ, ʛʨʘʜ ï35. 

ɼʽʘʤʝʪʨ ʢʦʣʝʩʘ, ʤʤ ï360. 

ɼʽʘʤʝʪʨ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʦʧʣʘ, ʤʤ ï7,6. 

ɼʽʘʤʝʪʨ ʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ, ʤʤ ï22. 

ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʤʧʨʝʩʦʨʠ ʥʘʛʥʽʪʘʣʠ ʧʦʚʽʪʨʷ ʚ ʨʝʩʠʚʝʨʠ 

ʟʘʛʘʣʴʥʠʤ ʦʙʴʝʤʦʤ 1000 ʣ. ʇ̔ ʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʠʩʢʫ ʫ ʨʝʩʠʚʝʨʘʭ 8 ʙʘʨ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʧʽʨʥʦʾ ʘʨʤʘʪʫʨʠ ʩʪʝʥʜʫ ʧʦʚʽʪʨʷ ʧʦʜʘʚʘʣʦʩʷ ʥʘ ʚʭʽʜ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʧʜ̔ ʧʝʚʥʠʤ ʟʘʧʣʘʥʦʚʘʥʠʤ ʪʠʩʢʦʤ. ɿʥʽʤʘʣʠ ʧʘʨʘʤʝʪʨʠ 

ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʜʣʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ. ʇʦʪʽʤ ʥʘʚʘʥʪʘʞʫʚʘʣʠ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ  

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʚʥʦʾ ʧʦʩʪʽʡʥʦʾ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ,̔ ʧʽʩʣʷ ʚʠʭʦʜʫ ʥʘ ʧʦʩʪʽʡʥʠʡ 

ʨʝʞʠʤ, ʟʥʽʤʘʣʠ ʧʘʨʘʤʝʪʨʠ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʥʘ ʮʴʦʤʫ ʨʝʞʠʤʽ.  

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʭʨʦʚʦ ʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʨʦʟʤʨ̔ʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.4 ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ ʜʦʜʘʪʢʫ ɸ. 

ʅʘ ʨʠʩ. 3.27 ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ:  

- ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʘ ʙʝʟʨʦʟʤʽʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʟʘʣʝʞʥʽʩʪʴ ʂʂɼ ʥʘ 

ʚʘʣʫ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʚʽʜ ʧʨʠʚʝʜʝʥʦʾ ʢʦʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ) ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʦʪʨʠʤʘʥʘ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʩʪʝʥʜʽ (ʨʠʩ.3.1-3.3);  

- ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʪʦʯʢʠ ʂʂɼ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 

ʚʽʜ ʧʨʠʚʝʜʝʥʦʾ ʢʦʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ) ʩʪʚʦʨʝʥʦʾ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʜʚʦʧʦʪʦʢʦʚʦʾ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ;  

- ʨʦʟʨʘʭʫʥʢʦʚʘ ʙʝʟʨʦʟʤʽʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʚ ʨʦʟʜʽʣʽ 4 

ʤʝʪʦʜʠʢʦʶ (ʟʘʣʝʞʥʽʩʪʴ ʂʂɼ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʚʽʜ ʧʨʠʚʝʜʝʥʦʾ ʢʦʣʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ);  
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- ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ 

ʧʨʦʪʦʪʠʧʫ ʥʘ ʩʪʝʥʜʽ [14] (ʨʠʩ 3.17) (ʪʦʯʢʠ ʂʂɼ ʥʘ ʚʘʣʫ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʚʽʜ 

ʧʨʠʚʝʜʝʥʦʾ ʢʦʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ) ʧʨʦʪʦʪʠʧʫ ʦʜʥʦʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 

ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ;  

- ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʘ ʙʝʟʨʦʟʤʽʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʜʥʦʧʦʪʦʢʦʚʦʾ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʦʪʨʠʤʘʥʘ ʥʘ ʩʪʝʥʜʽ (ʨʠʩ. 

3.17) [14] (ʟʘʣʝʞʥʽʩʪʴ ʂʂɼ ʥʘ ʚʘʣʫ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʚʽʜ ʧʨʠʚʝʜʝʥʦʾ ʢʦʣʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ);  

ʇʦʨʽʚʥʶʶʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʙʝʟʨʦʟʤʨ̔ʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟ 

ʨʦʟʨʘʭʦʚʘʥʦʶ ʧʦ ʩʪʚʦʨʝʥʽʡ ʤʝʪʦʜʠʮʽ ʤʠ ʙʘʯʠʤʦ ʛʘʨʥʝ ʩʧʽʚʧʘʜʽʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʇʦʨʽʚʥʶʶʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʜʚʦʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ 

ʯʘʩʪʠʥʠ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʪʦʪʠʧʫ (ʦʜʥʦʧʦʪʦʢʦʚʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ) 

ʙʘʯʠʤʦ, ʱʦ ʚʜʘʣʦʩʷ ʧʽʜʚʠʰʠʪʠ ʂʂɼ ʟ ʨʽʚʥʷ 30% ʜʦ ʨʽʚʥʷ ʙʽʣʴʰʝ 45 %. 

 

 

ʈʠʩʫʥʦʢ 3.27 ï ɿʘʣʝʞʥʽʩʪʽ ʂʂɼ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚʽʜ  

ʚʽʜʥʦʩʥʦʾ ʢʦʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ. 
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3.7 ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ  

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʂʂɼ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ 

(ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽ) ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʥʝ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʝʞʠʤʘʭ, ʘ ʩʘʤʝ ʥʘ ʨʝʞʠʤʘʭ ʟ ʧʦʪʫʞʥʽʩʪʶ ʤʝʥʰʝ 25% ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʾ, ʩʪʨʽʤʢʦ ʟʥʠʞʫʶʪʴʩʷ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ: 

–̆ ̌ –̆ Ⱦ̌–̆ ̌̎ͅ ̏,̍ 

ʜʝ  –̆  ̌ï ʂʂɼ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʨʝʞʠʤʽ; 

–̆ ̌̎ͅ ̏ ̍ï ʂʂɼ ʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ. 

ʇʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ –̆  ̌ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʛʨʘʬʽʢʦʤ, ʟʦʙʨʘʞʝʥʠʤ 

ʥʘ ʨʠʩʫʥʢʫ 3.28. 

 

 

ʈʠʩʫʥʦʢ 3.28 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ –̆  ̌

ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ai ʚ ʨʽʚʥʷʥʥʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʂʂɼ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ɖʧʯ ʪʘ bi ʚ ʨʽʚʥʷʥʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
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ʢʦʝʬʽʮʽʻʥʪʘ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ɓs ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʝʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʜʣʷ ʜʚʦʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ: 

 

–̐ ̘ ὥ ὥϽ‌ ὥϽὟ ὥϽὨ̐ Ȣ̘̑ ὥϽὨ  

ὥϽ‌ ὥϽὟ ὥϽὨ̐ Ȣ̘̑ ὥϽὨ Ƞ 

 

ɽʤʧʽʨʠʯʥʦ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ  Á : 

 Á -1.419208;  Á 0.030558;  Á 8.133333; Á 2.016667; Á 2.853333; 

 Á -0.000334; Á -24.00000;  Á -18.75000; Á -4.400000. 

 

 

‍ ὦ ὦϽ‌ ὦϽὟ ὦϽὨ̐ Ȣ̘̑ ὦϽὨ  

ὦϽ‌ ὦϽὟ ὦϽὨ̐ Ȣ̘̑ ὦϽὨ Ƞ 

 

ɽʤʧʽʨʠʯʥʦ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ bi: 

 ὦ 1.99041667;  Â - 0.0485000;  Â - 0.5833333;  Â 1.4722222;  

 Â - 1.677778;  Â 0.0004875;  Â 6.000000;  Â -1.3888889; Â 0.0; 

 

ɼʣʷ ʪʨʴʦʭʧʦʪʦʢʦʚʦʾ ʪʘ ʦʜʥʦʧʦʪʦʢʦʚʦʾ ʩʭʝʤʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ 

ʨʽʚʥʷʥʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʂʂɼ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ. 

 

ɽʤʧʽʨʠʯʥʦ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ  Á : 

 Á -0.3623;  Á 0.0042;  Á 6.0750;  Á 0.8194;  Á 0.8167;  

 Á -0.0000; Á -16.500;  Á -11.1111; Á -1.4444. 

 

ɽʤʧʽʨʠʯʥʦ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ  Á : 

 Á 0.0290;  Á  - 0.0051;  Á σȢςυψσ; Á 4.7917;  Á 0.4500; 

  Á 0.0001;  Á -9.8333;  Á -31.4815;  Á - 0.9259. 
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3.8 ɺʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ 

 

ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚʠʟʥʘʯʘʣʘʩʷ ʧʦ ʧʦʪʨʽʙʥʽʡ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʧʦʭʠʙʢʠ 5...10% ʟʘ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 0,9-0,95 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʥʝ ʤʝʥʰʝ 5 ʚʠʤʽʨʽʚ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ. ʋ 

ʨʦʙʦʪʽ ʚʠʟʥʘʯʘʣʠʩʴ ʚʝʣʠʯʠʥʠ ʧʦʭʠʙʦʢ ʧʨʷʤʠʭ ʽ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ [77, 78], 

ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʽ ʚʠʧʘʜʢʦʚʠʭ [79, 80]. 

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝ ʦʜʥʝ, ʘ ʩʝʨʽʷ 

ʚʠʤʽʨʶʚʘʥʴ. ʉʠʩʪʝʤʘʪʠʯʥʽ ʧʦʭʠʙʢʠ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʤʠʣʦʢ: ʨʦʟʤʽʱʝʥʥʷ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ, 

ʩʫʙ'ʻʢʪʠʚʥʠʭ. ʇʦʭʠʙʢʠ ʨʦʟʤʽʱʝʥʥʷ ʟʚʦʜʷʪʴ ʜʦ ʤʽʥʽʤʫʤʫ ʟʘ ʨʘʭʫʥʦʢ ʥʘʧʝʨʝʜ 

ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʤʦʥʪʘʞʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʚʠʢʦʥʫʚʘʣʠʩʴ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʟʘʚʦʜʫ-ʚʠʛʦʪʦʚʣʶʚʘʯʘ ʪʘ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ 

ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʣʘʩʦʤ ʪʦʯʥʦʩʪʽ ʪʘ ʮʽʥʦʶ ʧʦʜʽʣʢʠ ʧʨʠʣʘʜʽʚ, ʪʘʢ ʷʢ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʧʨʘʚʠʣʘ ʾʭ ʤʦʥʪʘʞʫ ʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʫʙ'ʻʢʪʠʚʥʽ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʣʶʯʘʶʪʴʩʷ ʚʠʢʦʥʘʥʥʷʤ ʨʷʜʫ ʦʜʥʘʢʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʨʽʟʥʠʤʠ 

ʜʦʩʣʽʜʥʠʢʘʤʠ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʭʠʙʦʢ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʧʦʭʠʙʦʢ 

ʧʨʠʡʤʘʚʩʷ ʥʦʨʤʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʬʫʥʢʮʽʷʤʠ ʮʽʣʦʛʦ ʨʷʜʫ 

ʚʝʣʠʯʠʥ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ ʚʠʨʦʙʣʷʻʪʴʩʷ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ï ʮʝ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʽ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ. ʇʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʧʠʪʦʤʦʾ ʽʟʦʝʥʪʨʦʧʥʦʾ (ʥʘʷʚʥʦʾ) ʨʦʙʦʪʠ ï ʮʝ ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʝʣʠʯʠʥ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ ʨʦʰʠʨʶʚʘʣʥɹʦʾ ʪʫʨʙʦʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʚ ʤʘʰʠʥʫ. ʂʦʣʠ ʩʫʤʘʨʥʘ ʧʦʭʠʙʢʘ ʟ'ʷʚʣʷʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʽʣʴʥʦʾ 

ʜʽʾ ʥʠʟʢʠ ʧʨʠʯʠʥ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʥʦʩʠʪʴ ʤʘʣʫ ʯʘʩʪʢʫ ʚ ʟʘʛʘʣʴʥʫ ʧʦʤʠʣʢʫ, ʪʦ ʟ 

ʷʢʦʛʦ ʙ ʟʘʢʦʥʫ ʥʝ ʙʫʣʠ ʙ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦʤʠʣʢʠ, ʚʠʢʣʠʢʘʥʽ ʢʦʞʥʦʶ ʟ ʧʨʠʯʠʥ, 

ʨʝʟʫʣʴʪʘʪ ʾʭ ʩʫʤʘʨʥʦʾ ʜʽʾ ʧʨʠʟʚʝʜʝ ʜʦ ʛʘʫʩʦʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʤʠʣʦʢ. 
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ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʜʝʢʽʣʴʢʘ 

ʚʠʤʽʨʶʚʘʥʴ ʚʝʣʠʯʠʥ, ʷʢʽ ʢʦʥʪʨʦʣʶʚʘʣʠʩʷ, ʧʦʪʽʤ ʚʠʟʥʘʯʘʣʘʩʷ ʩʝʨʝʜʥʷ 

ʘʨʠʬʤʝʪʠʯʥʘ ʚʝʣʠʯʠʥʘ, ʥʘʧʨʠʢʣʘʜ, ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ ʫ ʧʝʨʝʨʽʟʽ ʢʘʥʘʣʫ: 

, 

 

ʧʦʪʽʤ ʚʠʟʥʘʯʘʣʘʩʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ 

 

 ,                   

 

ʜʝ  ï ʧʦʭʠʙʢʘ ʛʦ ʚʠʤʽʨʶʚʘʥʥʷ;  ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

ɺʝʣʠʯʠʥʘ  ʻ ʦʮʽʥʢʦʶ ʜʠʩʧʝʨʩʽʾ  ʧʨʠ ʜʫʞʝ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʴ (). ʇʨʠ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ  ʚʝʣʠʯʠʥʘ  ʻ 

ʚʠʧʘʜʢʦʚʦʶ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʮʽʥʠʪʠ ʤʝʞʽ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʢʨʠʪʝʨʽʻʤ ʉʪʴʶʜʝʥʪʘ , ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʜʦʚʽʨʯʦʾ 

ʚʽʨʦʛʽʜʥʦʩʪʽ  ʪʘ ʯʠʩʣʘ ʚʠʤʽʨʶʚʘʥʴ . ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦ :ʁ 

 

.      

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʜʦʚʽʨʯʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ  ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ 

 

.                 

 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ: 
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ɸʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

.      

 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

 

,       

 

ɸʙʦ 

 

.     

 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʢʦʝʬʽʮʽʻʥʪ ʜʦʚʽʨʯʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ  

ʧʨʠʡʤʘʚʩʷ ʨʽʚʥʠʤ 0,95. 

ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʧʦʭʠʙʢʫ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʚʘʣʫ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, %: 

 

ὔ‏ ὓ‏  ὲȟ‏

 

ʜʝ ‏ὓ ï ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʤʫʬʪʦʶ 

ʊʄ100; 

 ὲ ï  ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ‏

ʯʘʩʪʦʪʦʤʽʨʦʤ. 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, %:  
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ʜʝ ὓ ï ʚʠʤʽʨʷʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʅÖʤ; 

Ўὓ ï ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. 

ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʅʤ: 

 

Ўὓ ὦϽЎὓ̨ ̎ Ўὓ̍ ̆̓Ўὓ̒ Ўὓ̅  

 

ʜʝ b ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʧʨʠ ʜʦʚʽʨʯʽʡ ʡʤʦʚʽʨʥʦʩʪʽ P = 0,95 ʜʦʨʽʚʥʶʻ 1,1; 

Ўὓ̨  ̎ï ʘʙʩʦʣʶʪʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʭʠʙʢʘ ʧʨʠʣʘʜʫ; 

Ўὓ̍ ̆ ̓ï ʘʙʩʦʣʶʪʥʘ ʤʝʪʦʜʠʯʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ; 

Ўὓ̒  ï ʘʙʩʦʣʶʪʥʘ ʩʫʙ'ʻʢʪʠʚʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ; 

Ўὓ̅  ï ʘʙʩʦʣʶʪʥʘ ʜʦʜʘʪʢʦʚʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ, ʷʢʘ ʧʨʠ 

ʥʘʣʘʛʦʜʞʝʥʽ ʩʪʝʥʜʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʫʣʷ.  

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʫ, %: 

ὲ‏
Ўὲ

ὲ
Ͻρππȟ 

     

ʜʝ ὲ ï ʚʠʤʽʨʷʥʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʫ, ʦʙ/ʭʚ; 

Ўὲ ï ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʫ, ʦʙ/ʭʚ 

 

Ўὲ ὦϽЎὲ̨ ̎ Ўὲ̍ ̆̓Ўὲ̒ Ўὲ̅ 

 

ʜʝ b ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʧʨʠ ʜʦʚʽʨʯʽʡ ʡʤʦʚʽʨʥʦʩʪʽ P = 0,95 ʜʦʨʽʚʥʶʻ 1,1; 

Ўὲ̨  ̎ï ʘʙʩʦʣʶʪʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʦʭʠʙʢʘ ʧʨʠʣʘʜʫ; 

Ўὲ̍ ̆ ̓ï ʘʙʩʦʣʶʪʥʘ ʤʝʪʦʜʠʯʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ; 

Ўὲ̒  ï ʘʙʩʦʣʶʪʥʘ ʩʫʙ'ʻʢʪʠʚʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ; 

Ўὲ̅  ï ʘʙʩʦʣʶʪʥʘ ʜʦʜʘʪʢʦʚʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ̫ ʢʘ 

ʧʨʠ ʥʘʣʘʛʦʜʞʝʥʽ ʩʪʝʥʜʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʫʣʷ. 

ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, %: 
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, 

 

ʜʝ ὔ ï ʚʠʤʽʨʶʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ: ὔ̃ ὔ Ўὔ , ʢɺʪ, ʪʦʙʪʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʧʦʪʫʞʥʦʩʪʽ 

2095 ɺʪ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ °69 ɺʪ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʨʦʚʦʛʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʚʠʤʽʨʷʥʽ ̔  ʨʦʟʨʘʭʦʚʘʥʽ 

ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ (ʜʦʜʘʪʦʢ ɸ), ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 5% ʟ 

ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 0,95. ʊʘʢʘ ʪʦʯʥʽʩʪʴ ʻ ʜʦʧʫʩʪʠʤʦʶ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʪʝʭʥʽʯʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺ ʪʘʙʣʠʮʽ 3.3, ʜʣʷ ʧʨʠʢʣʘʜʫ, ʥʘʚʝʜʝʥʽ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ɺʈʄ ʥʘ ʨʝʞʠʤʽ 2 (ʪʘʙʣʠʮʷ ʜʦʜʘʪʢʫ ɸ). 

 

ʊʘʙʣʠʮʷ 3.3 ï ʇʦʭʠʙʢʠ ʧʨʷʤʠʭ ʪʘ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʇʘʨʘʤʝʪʨ ʈʦʟʤʽʨʥʽʩʪʴ 
ʅʦʤʽʥʘʣʴʥʘ 

ʚʝʣʠʯʠʥʘ 

ʇʦʭʠʙʢʠ 

ɸʙʩʦʣʶʪʥʘ ɺʽʜʥʦʩʥʘ, % 

ʇʨʷʤʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʈʜ.ʚʭ ʢʛʩ/ʩʤ2 2,1 0.04 1,9 

æʈʜ ʢʇʘ 6 0,3 4,8 

Tʜ 
ʆʉ 15,2 0,2 1,3 

ʈʚʭ ʢʛʩ/ʩʤ2 2,04 0.04 2,0 

Tʚʭ 
ʆʉ 15,0 0,2 1,3 

ʈʚʠʭ ʢʛʩ/ʩʤ2 0 0.04 - 

n ʦʙ/ʭʚ 3080 5 0,2 

ʄ ʅʤ 6,5 0,2 3,3 

ʅʝʧʨʷʤʽ ʚʠʤʽʨʶʚʘʥʥʷ 

Nʚ ɺʪ 2095 69 3,3 

G ʢʛ/ʩ 0,037 0.002 4,5 

–̃ % 47 1.6 3,3 

 

100
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1) ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʬʽʟʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʩʪʚʦʨʝʥʦʤʫ ʥʘ ʢʘʬ. ʊʊʌ ʩʪʝʥʜʽ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʩ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʧʦʪʫʞʥʦʩʪʁ  ʜʦ 15 ʢɺʪ. ʇʨʠʣʘʜʠ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʩʪʝʥʜʫ ʜʦʟʚʦʣʷʶʪʴ ʧʣʘʚʥʦ ʟʤʽʥʶʚʘʪʠ ʝʣʝʢʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʽ ʚʠʭʨʦʚʦʾ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. 

2) ʉʪʚʦʨʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʤʦʜʝʣʴ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟ ʟʦʚʥʽʰʥʽʤ ʧʝʨʠʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ. ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʦʩʥʦʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʥʘ ʾʾ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. 

3) ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʂʂɼ ʚʠʭʨʦʚʦʾ ʤʘʰʠʥʠ ʘʚʪʦʨʦʤ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʙʝʟʜʨʦʪʦʚʠʡ ʜʘʪʯʠʢ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ (ʪʝʥʟʦʤʝʪʨʠʯʥʫ ʤʫʬʪʫ  ʊʄ100). 

ʄʘʩʦʛʘʙʘʨʠʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʫʬʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʜʘʨʪʥʠʭ ʤʫʬʪ ʜʣʷ ʧʝʨʝʜʘʯʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. ʉʪʚʦʨʝʥʘ 

ʤʫʬʪʘ ʟʜʘʪʥʘ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʪʫʨʙʦʤʘʰʠʥʠ. 

ʄʫʬʪʘ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʧʦ ʧʦʭʠʙʮʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʟʘ ʜʽʘʧʘʟʦʥʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʽʥʰʠʤʠ ʜʘʪʯʠʢʘʤʠ ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ. ʉʪʚʦʨʝʥʦ ʚʣʘʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʚ ʟʨʫʯʥʦʤʫ ʜʣʷ ʜʦʩʣʽʜʥʠʢʘ 

ʚʠʛʣʷʜʽ ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ ʮʶ ʤʫʬʪʫ ʚ ɯɺʉ ʩʪʝʥʜʫ.  

ʅʘ ʦʩʥʦʚʽ ʪʝʥʟʦʤʝʪʨʠʯʥʦʾ ʤʫʬʪʠ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʚʦʨʝʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ 

ʚʘʣʘʭ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, ʷʢʘ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʘʥʘʣʦʛʽʯʥʠʤʠ ɯɺʉ, ʤʘʻ 

ʢʦʤʧʘʢʪʥʫ ʽ ʟʨʫʯʥʫ ʚ ʨʦʙʦʪʽ ʢʦʥʩʪʨʫʢʮʽ ʁʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ. 
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ʉʪʚʦʨʝʥʘ ɯɺʉ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʤʦʤʝʥʪ ʥʘ ʦʙʝʨʪʦʚʠʭ ʚʘʣʘʭ ʙʝʟʢʦʥʪʘʢʪʥʠʤ 

ʩʧʦʩʦʙʦʤ, ʥʝ ʚʠʤʘʛʘʶʯʠ ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʝʥʜʫ, ʟ ʥʝʦʙʭʽʜʥʦʶ 

ʪʦʯʥʽʩʪʶ. 

4) ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʶ ʦʙʣʘʜʥʘʥʥʷ ʩʪʝʥʜʫ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʨʝʛʽʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ɺʈʄ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʨʦʤ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʩʪʝʥʜʫ, ʷʢʘ ʩʢʣʘʜʘʻʪɹʩ ̫ ʟ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʜʘʪʯʠʢʽʚ. 

5) ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʦʨʽʚʥʶʶʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʧʦ ʩʪʚʦʨʝʥʽʡ ʤʝʪʦʜʠʮʽ ʤʠ ʙʘʯʠʤʦ ʛʘʨʥʝ ʩʧʽʚʧʘʜʽʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʇʦʨʽʚʥʶʶʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʟ 

ʧʨʦʪʦʪʠʧʦʤ ʙʘʯʠʤʦ, ʱʦ ʚʜʘʣʦʩʷ ʧʽʜʚʠʰʠʪʠ ʂʂɼ ʟ ʨʽʚʥʷ 30 % ʜʦ ʨʽʚʥʷ ʙʽʣʴʰʝ 

45%.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ ʨʽʚʥʷʥʥʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʂʂɼ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʭʨʦʚʦʾ ʨʦʟʰʠʨʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʘ ʘʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʽ ʟʘ ʽʟʦʝʥʪʨʦʧʥʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʝʥʪʘʣʴʧʽʡ, ʘ ʪʘʢʦʞ 

ʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ɺʈʄ ʟ ʟʦʚʥʽʰʥʽʤ 

ʧʝʨʝʬʝʨʽʡʥʠʤ ʢʘʥʘʣʦʤ ʪʘ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʟʦʥ ʤʘʢʩʠʤʘʣʴʥʠʭ ʂʂɼ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʧʘʪʝʥʪ [81]. 

6) ʈʦʟʨʘʭʦʚʘʥʦ ʧʦʭʠʙʢʠ ʧʨʷʤʠʭ ʽ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʤʝʪʦʜʠʢʘ ʦʙʨʦʙʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ 

ʜʦʩʪʦʚʽʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽʟ ʧʨʠʧʫʩʪʠʤʦʶ ʪʦʯʥʽʩʪʶ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʪʝʭʥʽʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 




