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ɸʅʆʊɸʎɯʗ 

 

 ɼɽʂʋʐɸ ʆ.ʃ. ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

 ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʽ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ 05.11.13 çʇʨʠʣʘʜʠ ʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ 

ʨʝʯʦʚʠʥè (17 ï ʝʣʝʢʪʨʦʥʽʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ). ï 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2024. 

  

 ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ 

ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʨʦʟʨʦʙʣʝʥʥʶ ʪʘ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ ʟʘʩʦʙʽʚ 

ʪʘ ʤʝʪʦʜʽʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʡ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʙʩʪʝʞʝʥʥʷ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʷʢ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ 

ʝʥʝʨʛʦʘʫʜʠʪʫ. 

 ʋ ʚʩʪʫʧʽ ʨʦʟʢʨʠʪʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʚʠʙʽʨ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʟʘʟʥʘʯʝʥʦ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ, ʚʢʘʟʘʥʦ ʟʚôʷʟʦʢ ʟ 

ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʪʝʤʘʤʠ, ʧʣʘʥʘʤʠ, ʛʨʘʥʪʘʤʠ, ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʩʪʘʥ 

ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʦ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʾʭʥʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʘʟʥʘʯʝʥʦ ʩʪʨʫʢʪʫʨʫ ʨʦʙʦʪʠ. 

 ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʩʫʯʘʩʥʦʛʦ 

ʩʪʘʥʫ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 

ʙʫʜʽʚʝʣʴ. ʈʦʟʛʣʷʥʫʪʦ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʚ ʥʘʪʫʨʥʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, 

ʚʠʟʥʘʯʝʥʦ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʧʨʦʚʦʜʷʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʝʣʝʤʝʥʪʽʚ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 
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ɿʦʢʨʝʤʘ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ, ʧʦʙʫʜʦʚʘʥʦʾ ʟʘ ʤʦʜʫʣʴʥʠʤ 

ʧʨʠʥʮʠʧʦʤ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʦʛʦ 

ʦʧʦʨʫ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʥʝʨʫʡʥʽʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ, ʷʢʘ ʙ ʧʦʻʜʥʫʚʘʣʘ ʷʢʽʩʥʠʡ ʪʝʧʣʦʚʽʟʽʡʥʠʡ ʘʥʘʣʽʟ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

(ISO 6781) ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ (ISO 9869), ʱʦ ʙ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʜʝʬʝʢʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʩʫʙ'ʻʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ.  

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ, ʷʢʠʡ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʚʩʽʭ ʚʠʧʘʜʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʩʢʣʘ ʪʘ ʚʽʢʦʥ, ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʧʽʨʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʤʝʪʦʜʘʤ ʪʘ ʧʨʠʣʘʜʘʤ, 

ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʻ ʤʝʪʦʜʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʨʦʙʦʯʠʭ ʝʪʘʣʦʥʽʚ, ʪʘ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʙʠʪʪʷ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʩʬʦʨʤʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʚʠʨʦʙʽʚ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʧʦʣʽʚ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʘʭ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʦʣʷ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ, ʟ ʤʝʪʦʶ ʦʮʽʥʶʚʘʥʥʷ 

ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʪʝʧʣʦʦʙʤʽʥ ʚ ʙʫʜʽʚʣʷʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʩʢʣʘʜʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʩʮʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʥʩʦʨʽʚ ʽ 
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ʚʧʣʠʚʫ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪ ʢʦʥʪʨʦʣʶ. ʆʪʨʠʤʘʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʚʩʪʘʥʦʚʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʜʚʠʱʝʥʦʾ ʪʫʨʙʫʣʽʟʘʮʽʾ ʫ ʟʦʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ.  

ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʰʣʷʭʦʤ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. 

ʈʦʟʚʠʥʫʪʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʜʽʘʧʘʟʦʥʽ 1ï10 

ɺʪ/ʤ2 ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʨʝʡʬʫ ʪʝʤʧʝʨʘʪʫʨʠ. 

 ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʤʫ ʤʝʪʦʜʫ 

ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ. 

ʎʝʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ ʽ ʤʦʞʝ 

ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ 

ʜʚʦʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʦʤʽʨʢʘʭ ʩʝʥʩʦʨʘʤʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʧʦʚʝʨʭʥʽ ʷʢʠʭ 

ʤʘʶʪʴ ʨʽʟʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʝʤʽʩʽʾ, ʪʘ ʟʘ ʧʦʩʪʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʦʭ ʢʦʤʽʨʦʢ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʛʨʽʚʥʦʛʦ ʝʣʝʤʝʥʪʫ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʢʦʤʧôʶʪʝʨʥʝ CFD ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʷʢ ʚ ʢʦʞʥʽʡ ʦʢʨʝʤʽʡ ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʢʦʤʽʨʮʽ, ʪʘʢ ʽ ʚ ʧʨʦʪʦʪʠʧʫ ʧʨʠʣʘʜʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʚʽʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʚʠʟʥʘʯʝʥʦʛʦ ʷʢ ʨʽʟʥʠʮʷ ʧʦʪʦʢʽʚ, ʚʠʤʽʨʷʥʠʭ ʫ ʢʦʤʽʨʢʘʭ ʟ ʩʝʥʩʦʨʘʤʠ, ʱʦ ʤʘʶʪʴ 
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ʯʦʨʥʝ ʪʘ ʩʚʽʪʣʝ ʧʦʢʨʠʪʪʷ. ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʻ ʢʘʣʽʙʨʫʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʠʣʘʜʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʥʝʣʽʥʽʡʥʽʩʪʴ ʪʘ ʟʤʽʱʝʥʥʷ 

ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʘʣʛʦʨʠʪʤʽ 

ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʧʝʨʚʠʥʥʠʭ ʩʝʥʩʦʨʽʚ ʧʨʠʣʘʜʫ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʨʠʣʘʜʫ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʟʨʘʟʦʢ 

ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʤʦʜʝʣʽ, ʚʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʪʘʙʽʣʽʟʘʮʽʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ 2000 ʩʝʢʫʥʜʠ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʨʝʞʠʤ ʷʢ ʜʦʧʫʩʪʠʤʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʢʦʤʙʽʥʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʢʦʥʪʨʦʣʶ 

ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. ʄʝʪʦʜʠʢʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʪʝʧʣʦʚʽʟʽʡʥʠʡ 

ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʟ ʢʽʣʴʢʽʩʥʠʤʠ 

ʢʦʥʪʘʢʪʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʠʟʥʘʯʝʥʠʭ ʟʦʥʘʭ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ.  

ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʪʘ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ 

ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɿʘ ʨʘʭʫʥʦʢ ʤʦʜʫʣʴʥʦʾ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ 

ʤʝʪʦʜʫ ʢʦʨʝʢʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʙʝʟʧʝʯʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ ʦʜʥʦʯʘʩʥʦ ʚ 40 ʟʦʥʘʭ ʪʘ ʥʘ ʦʙôʻʢʪʘʭ, ʱʦ 

ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʬʦʨʤʫ. 

ʉʪʚʦʨʝʥʦ ʧʨʠʣʘʜ ʜʣʷ ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ 

ʤʘʪʝʨʽʘʣʽʚ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʤʝʪʦʜ. 

ʇʨʠʣʘʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʧʦʢʨʠʪʪʽʚ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʤʽʩʽʾ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,05 ʜʦ 1,0 ʟ ʨʦʟʰʠʨʝʥʦʶ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ 0,02. 

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 
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ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʫʩʪʘʥʦʚʮʽ ʜʣʷ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʥʦʛʦ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ  ʚ ʢʘʣʽʙʨʫʚʘʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʚʩʪʘʥʦʚʣʝʥʦ ʛʨʘʥʠʮʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʽʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ  

ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʨʦʟʰʠʨʠʪʠ ʥʠʞʥʶ ʤʝʞʫ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ.  

ɿʘʧʨʦʚʘʜʞʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʤʝʪʘʣʝʚʠʭ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ɺʠʟʥʘʯʝʥʦ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ), ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʯʘʩ 

ʚʽʜʛʫʢʫ ʩʝʥʩʦʨʘ, ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʧʦʚʝʨʭʥʽ ʩʝʥʩʦʨʘ. ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʘ, ʧʨʦʚʝʜʝʥʝ ʧʨʠ ʢʦʥʜʫʢʪʠʚʥʦʤʫ ʪʘ ʨʘʜʽʘʮʽʡʥʦʤʫ 

ʧʽʜʚʝʜʝʥʥʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ɦ ʦ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʚʧʣʠʚ ʫʤʦʚ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʽʚ.  

ʋ h ʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʪʘ 

ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ. 

ʃʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʨʘʟʦʤ ʟ 

ʣʘʙʦʨʘʪʦʨʽʻʶ ʙʫʜʽʚʝʣʴʥʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ɼʇ 

Ăʋʂʈʄɽʊʈʊɽʉʊʉʊɸʅɼɸʈʊò ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʬʨʘʛʤʝʥʪ ̔ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʪʨʠʰʘʨʦʚʠʭ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ ʟ ʫʪʝʧʣʶʚʘʯʝʤ ʽʟ ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʫ ʟ ʟʘʟʥʘʯʝʥʥʷʤ 

ʦʜʥʦʨʽʜʥʠʭ ʟʦʥ ʪʘ ʚʽʢʦʥʥʦʤʫ ʙʣʦʮʽ ʟ ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʥʠʭ ʧʨʦʬʽʣʽʚ ʟ 

ʟʘʧʦʚʥʝʥʥʷʤ ʩʚʽʪʣʦʧʨʦʟʦʨʦʾ ʯʘʩʪʠʥʠ ʜʚʦʢʘʤʝʨʥʠʤʠ ʩʢʣʦʧʘʢʝʪʘʤʠ ʚʘʨʽʘʥʪʦʤ 

ʩʢʣʽʥʥʷ ʉʇɼ 4ʽ-14Ar-4ʄ1-12Ar-4ʽ ʚ ʢʣʽʤʘʪʠʯʥʽʡ ʢʘʤʝʨʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 
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ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʦ Ñ 0,5Áʉ, ʘ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ï Ñ 0,75 ɺʪ/ʤ2. 

ʇʨʦʚʝʜʝʥʦ ʘʧʨʦʙʘʮʽʶ ʤʝʪʦʜʠʢʠ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ 

ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʜʣʷ ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʢʽʣʴʢʽʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʪʘ ʚʝʣʠʯʠʥ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʇʝʨʝʚʘʛʘʤʠ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ :̒ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʩʫʙ'ʻʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶ; ʟʜʘʪʥʽʩʪʴ ʚʠʷʚʣʷʪʠ ʣʦʢʘʣʴʥʽ 

ʜʝʬʝʢʪʠ ʪʝʧʣʦʽʟʦʣʷʮʽʾ; ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʷʢʽ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʢʦʥʩʪʨʫʢʮʽʶ.  

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʦʾ ʦʮʽʥʢʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟ 

ʩʪʘʥʜʘʨʪʦʤ ISO 9869, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʨʦʟʰʠʨʝʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʣʝʞʠʪʴ ʚ 

ʤʝʞʘʭ ʚʽʜ 14% ʜʦ 28%, ʰʣʷʭʦʤ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʣʶʤʽʥʽʜʫ ʪʠʪʘʥʫ, ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʢʣʘ ʪʘ ʧʦʢʨʠʪʪʽʚ. 

 ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʧʦʣʽʚ ʽʥʬʦʨʤʘʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʘʭ ʦʧʨʘʮʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, 

ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʢʠ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 

2. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ, ʚ ʦʩʥʦʚʫ 

ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʤʧʝʥʩʘʮʽʶ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʜʘʻ ʟʤʦʛʫ 

ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʴ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ, ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ 

ʙʝʟ ʩʧʝʮʽʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʦʙôʻʢʪʘ ʢʦʥʪʨʦʣʶ. 

3. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʰʣʷʭʦʤ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ 
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ʟʤʝʥʰʠʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ 

ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. 

4. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ Computational Fluid Dynamics ʤʦʜʝʣʽ 

ʦʙôʻʢʪʘ ʢʦʥʪʨʦʣʶ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʘʥ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ 

ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ. 

5. ʈʦʟʚʠʥʫʪʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʝʥʩʦʨʽʚ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦ ʾʭʥʻ ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʜʽʘʧʘʟʦʥʽ 1ï10 ɺʪ/ʤ2 ʪʘ 

ʥʘʷʚʥʦʩʪʽ ʜʨʝʡʬʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʢʦʥʪʨʦʣʶ ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʢʦʥʪʘʢʪʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʟʥʘʯʝʥʴ 

ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ 

ʚʧʣʠʚ ʩʫʙ'ʻʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ 

ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʪʘ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɿʘ ʨʘʭʫʥʦʢ ʤʦʜʫʣʴʥʦʾ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʙʝʟʧʝʯʝʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʜʥʦʯʘʩʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʟʦʥ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʩʢʣʘʜʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʾʾ ʝʣʝʤʝʥʪʽʚ. 

3. ʇʨʦʚʝʜʝʥʦ ʘʧʨʦʙʘʮʽʶ ʤʝʪʦʜʠʢʠ ʪʘ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʪʘ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʢʠ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 
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4. ʅʘ ʧʽʜʩʪʘʚʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʩʢʣʘʜʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʟʥʘʯʝʥʦ ʚʠʤʦʛʠ ʜʦ ʩʝʥʩʦʨʽʚ ʡ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ 
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 The thesis is devoted to the development of theoretical foundations of non-

destructive control, the development and practical application of means and methods 

for complex monitoring of thermoradiation and thermophysical characteristics of 

materials and products when conducting an inspection of the thermal insulation shell 

of buildings and structures as an integral part of an energy audit. 

The introduction reveals the relevance of the research direction and justifies 

the choice of the topic of the thesis, formulates the purpose and objectives of the 

research, presents the scientific novelty and practical significance of the results 

obtained, indicates the personal contribution of the applicant, indicates the 

connection with scientific programs, themes, plans, grants, research methods, state 

of publications and testing of the results of the thesis research, provides information 

about their implementation and indicates the structure of the thesis. 

In the first section an analysis of scientific publications and the current state 

of regulatory documents and standards on energy audit of buildings has been carried 

out. The hardware that is used to monitor the thermal state of the building envelope 

in field and laboratory conditions has been considered, the requirements for control 

systems has been determined, with the help of which studies of the thermal resistance 

of the elements of the heat-protective envelope of the building are carried out. In 

particular, it has been noted that when studying complex objects, there is a need to 

create a control system built on a modular principle.  
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An analysis of the methodological support for thermal resistance studies has 

been carried out, and the feasibility of improving the non-destructive testing 

technique, combining high-quality thermal imaging analysis of the building 

envelope (ISO 6781) and measurement of surface heat flux density and temperature 

(ISO 9869), has been substantiated, which would increase the likelihood of detecting 

structural defects and reduce the impact subjective factor on test results. 

Carried out is an analysis of methods for determining the emission coefficient, 

which is relevant for all cases of research, calculation and modeling of radiation heat 

transfer, in particular when determining the properties of energy-efficient glass and 

windows and when carrying out pyrometric and thermal imaging measurements. 

Special attention is paid to the methods and devices that can be used in non-

destructive testing. The most common methods are those based on determining the 

emissivity by comparison with the radiation of working standards, and methods for 

determining the reflection coefficient. 

In the second section, a conceptual approach to the integrated control of 

thermoradiation and thermophysical characteristics of materials and products has 

been formed, based on models of fields of informative parameters and statistical 

methods of data processing. 

A mathematical model of the climatic component of the meteorological field 

when monitoring thermal resistance has been considered in order to assess the main 

factors and meteorological parameters affecting heat exchange in buildings.  

A computer model of the process of complex radiation and convective and 

conductive heat exchange when monitoring the thermophysical characteristics of a 

building envelope is proposed, taking into account the installation locations of 

sensors and the influence of their parameters on the control result. Data have been 

obtained on the distribution of temperature and the air velocity field of the internal 

thermal field, which made it possible to establish the absence of increased 

turbulization in the area where the heat flow sensors are located. 
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The influence of changes in the emission coefficient of heat flow sensors on 

the results of determining the thermal resistance of the outer envelope of a building 

has been shown. 

A method has been proposed for correcting the results of heat flow 

measurements by compensating for temperature drift, which makes it possible to 

reduce the uncertainty in the results of heat flow measurements under natural 

conditions. 

The scientific and practical basis for the creation of new heat flow sensors has 

been developed to perform measurements of heat flow density in the range of 1ï

10 W/m2 in the presence of temperature drift. 

The third section is devoted to the differential calorimetric method for express 

control of the emission coefficient of surfaces of materials and coatings. 

This method is used to measure the integral hemispherical surface emission 

coefficient of materials and coatings and can be used in the production of building 

materials and structures, aerospace and other industries. 

The essence of the method is to compare heat flows, which are determined in 

two measuring cells by heat flow sensors, the surfaces of which have different 

emissivity coefficients, and at a constant temperature of both cells, which is ensured 

using a heating element. 

To analyze the impact factors when implementing the differential calorimetric 

method for monitoring the emission coefficient, computer CFD modeling of the 

processes of complex radiation and convective conductive heat transfer was carried 

out both in each individual measuring cell and in the prototype of the device. 

Based on the modeling results, an analysis has been made of the dependence of 

the measured value of the emission coefficient on the differential heat flux, defined 

as the difference in fluxes measured in cells with sensors with black and light 

coatings. The resulting dependence represents the calibration characteristic of the 

device. The nonlinearity and shift of the calibration characteristic have been 

established, which must be taken into account in the algorithm for processing 

information coming from the primary sensors of the device. 
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To determine the operating mode of the system after installation on the sample, 

calculations of the sample surface temperature have been performed in a transient 

model. Based on the obtained results, the sample temperature stabilizes after 2000 

seconds, which subsequently allows considering the mode as acceptable for 

conducting emissivity coefficient control. 

The fourth section presents a combined method for monitoring the thermal 

resistance of the building envelope. The method combines thermal imaging 

qualitative analysis of the temperature fields of the building envelope with 

quantitative contact measurements of the values of surface heat flux density and 

temperature in certain areas of the building envelope. 

A thermal resistance monitoring system and a software package for recording 

and processing information have been developed. Due to the modular design of the 

system, the use of various modifications of heat flow sensors and the method of 

correcting the results of heat flow determination, it is possible to simultaneously 

control 40 zones and objects that have complex shapes. 

A device has been created for express control of the emission coefficient of 

material surfaces, which is based on the developed differential method. The device 

allows to study energy-efficient materials and coatings with an emission coefficient 

in the range from 0.05 to 1.0 with an expanded uncertainty of 0.02. 

In the fifth section the metrological support of heat flow measurement during 

monitoring the thermal state of the building envelope has been considered. 

Modeling of heat transfer processes in an installation for radiation calibration 

of heat flow sensors and determination of thermoradiation characteristics have been 

carried out. 

Based on the results of computer modeling of complex radiation and convective 

and conductive heat transfer processes in the calibration system, the boundaries of 

the working zone with a uniform distribution of heat flux density have been 

established, which made it possible to reduce the uncertainty of calibration results 

and expand the lower limit of the heat flux density measurement range. 
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An integrated approach to determining the characteristics of bimetallic and 

semiconductor heat flow sensors, which are most often used to control the thermal 

resistance of enclosing structures, has been introduced. 

The following characteristics have been determined: conversion coefficient 

(sensitivity to heat flow), dependence of the conversion coefficient on temperature, 

the response time of the sensor, emissivity of the sensor surface. The determination 

of the conversion coefficient of the sensor, carried out during conductive and 

radiative supply of thermal energy, made it possible to reveal the influence of heat 

transfer conditions on the characteristics of the sensors. 

The sixth section presents experimental studies of the developed system for 

monitoring the thermal resistance of building envelopes and a device for determining 

the emissivity. 

Laboratory tests of the monitoring system of thermal resistance were carried 

out jointly with the laboratory of building enclosing structures and materials of the 

State Enterprise ñUKRMETRTESTSTANDARDò on a fragment of a structure made 

of three-layer wall panels with polyurethane foam insulation indicating 

homogeneous zones and a window block with polyvinyl chloride and glazing system 

4i -14Ar-4M1-12Ar-4i in a climate chamber. As a result of comparative tests, it has 

been established that the deviations in the temperature measurement results have not 

exceeded Ñ 0.5ÁC, and the heat flux density has not exceeded Ñ 0.75 W/m2. 

A methodology has been tested, which is based on a combination of thermal 

imaging of surface temperature for qualitative analysis and quantitative contact 

measurements of surface temperature and heat flow values. The advantages of this 

technique are the reduction of the influence of the subjective factor on the control 

process, the ability to detect local thermal insulation defects and carry out control of 

enclosing structures of a complex design. 

The uncertainty of the measurement results of the thermal resistance of the 

building envelope has been assessed and the resulting uncertainty assessment has 

been compared with the ISO 9869, according to which the expanded uncertainty 

ranges from 14% to 28% by assessing the reliability.  
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The thermoradiation characteristics of a promising material, namely titanium 

aluminide, different types of glass and coatings have been experimentally studied. 

Scientific novelty of the results obtained: 

1. A new conceptual approach to integrated non-destructive testing of 

thermoradiation and thermophysical characteristics of materials and products is 

proposed. It is based on models of fields of informative parameters and statistical 

methods for processing experimental data, which made it possible to increase the 

reliability of the assessment of the thermal performance of the building envelope. 

2. For the first time, a method for monitoring the emission coefficient has been 

proposed, which is based on the principles of differential calorimetry, which 

provides compensation for the convective-conductive component of heat transfer 

and allows express monitoring in laboratory, industrial and field conditions without 

special preparation of the surface of the test object. 

3. For the first time, a method has been proposed for correcting heat flow 

measurement results by compensating for temperature drift, which makes it possible 

to reduce the uncertainty of the results of heat flow measurements under natural 

conditions. 

4. The method for monitoring the thermal resistance of a building envelope has 

been improved by using Computational Fluid Dynamics computer model of the 

control object, which has made it possible to reduce the influence of instrumental 

factors on the control process and predict the state of the building's thermal 

protection envelope, taking into account conductive and convective-radiative heat 

transfer. 

5. The scientific and practical basis for the creation of new heat flow sensors 

has been developed and their metrological support has been improved to perform 

measurements of heat flow density in the range of 1ï10 W/m2 and the presence of 

temperature drift, which has reduced the uncertainty of heat flow density 

measurement results. 

Practical significance of the obtained results: 
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1. A control technique has been developed based on a combination of thermal 

imaging analysis of enclosing structures with contact measurements of the values of 

surface heat flux density and temperature, which made it possible to reduce the 

influence of the subjective factor on the test results. 

2. A system for non-destructive testing of the thermal resistance of the outer 

envelope of the building and a software package for recording and processing 

experimental data have been developed. Due to the modular design of the system 

and the use of various modifications of heat flow sensors, it is possible to carry out 

simultaneous monitoring in a large number of zones and study the characteristics of 

a heat-protective envelope of a complex structure and its elements. 

3. The methodology and control system have been tested in laboratory and field 

conditions, which made it possible to determine the reliability of the assessment of 

the thermal performance indicators of the building envelope enclosing structures. 

4. Based on computer modeling and verification of the processes of complex 

radiation and convective-conductive heat exchange when monitoring the emission 

coefficient, a research methodology has been developed and requirements for 

sensors and the hardware and software part of the system have been determined. 

5. A device for monitoring the emission coefficient and a software package for 

recording and processing information have been developed. Experimental studies 

have been carried out on a number of energy-efficient materials and coatings used 

in construction. 

 

Keywords: thermal resistance, emission coefficient, heat flow sensors, 

temperature sensors, methods for control of thermal quantities, computer models of 

heat transfer. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

ʈ ï ʪʠʩʢ, ʇʘ; 

V ï ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʤ/ʩ; 

ʅ ï ʚʦʣʦʛʽʩʪʴ, %; 

Uo- ʥʘʧʨʫʛʘ, ɺ; 

Io- ʥʘʧʨʫʛʘ, ɺ; 

Ὗ - ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʷ ɺʪ /( ʤ2Āʂ); 

ὰ ï ʪʦʚʱʠʥʘ ʽ-ʛʦ ʰʘʨʫ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʤ; 

‗ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʽ-ʛʦ ʰʘʨʫ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ɺʪ/(ʤĀʂ); 

w ï ʝʣʝʤʝʥʪʘʨʥʘ ʚʠʧʘʜʢʦʚʘ ʧʦʜʽʷ ʟ ʧʨʦʩʪʦʨʫ ʧʦʜʽʡ ɋ; 

q ï ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʢʨʽʟʴ ʪʝʧʣʦʟʘʭʠʩʥʫ ʦʙʦʣʦʥʢʫ ʙʫʜʽʚʣʽ, ɺʪ/ʤĮ; 

Rc ï ʪʝʦʨʝʪʠʯʥʘ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ, (ʤ2Āʂ)/ɺʪ; 

ὑ  ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʫ; 

ὦὝ ï ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ; 

Ὂέ  ï ʙʝʟʨʦʟʤʽʨʥʘ ʢʦʦʨʜʠʥʘʪʘ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʯʠʩʣʦ ʌʫʨôʻ; 

ὧ” ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʝʥʩʦʨʫ, ɼʞ/(ʢʛĀʂ); 

–  ï ʙʝʟʨʦʟʤʽʨʥʘ ʢʦʦʨʜʠʥʘʪʘ ʫ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ; 

‐  ï  ʢʦʝʬʽʮʽʻʥʪʠ ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ;  

„ ï ʩʪʘʣʘ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ;  

ɝ(ɤ) ï ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ;  

j ï ʝʬʝʢʪʠʚʥʠʡ ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ; 

ὺ ï ʚʝʢʪʦʨʥʘ ʰʚʠʜʢʽʩʪʴ, ʤ/ʩ;  

u, v, w ï ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ; 

 ʘ ï ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʤ2/ʩ;  

n ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ, ʤ2/ʩ;  

r ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ3;  

f ï ʟʦʚʥʽʰʥʷ ʧʠʪʦʤʘ ʩʠʣʘ, ʅ;  
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Ðï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ;  

D ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ; 

‌  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʦʙʤʽʥʫ, ɺʪ/(ʤ2Ŀʂ); 

ref ï ʚʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ; 

in ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ; 

cons ï ʧʦʛʣʠʥʘʥʥʷ;  

ɘ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʤ; 

Rs ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ; 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʆʥʦʚʣʝʥʘ ɼʠʨʝʢʪʠʚʘ ɭʉ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

çEnergy Efficiency Directiveè (ɭʉ/2023/1791) ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʚʠʤʦʛ ʱʦʜʦ 

ʩʢʦʨʦʯʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʦ 2030 ʨʦʢʫ. ɺʦʥʘ ʚʧʝʨʰʝ 

ʟʘʢʨʽʧʣʶʻ ʧʨʠʥʮʠʧ "ʩʧʦʯʘʪʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ" ʷʢ ʦʩʥʦʚʦʧʦʣʦʞʥʠʡ 

ʧʨʠʥʮʠʧ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ, ʱʦ ʩʪʠʤʫʣʶʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʝʪʘʧʘʭ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʆʜʥʠʤ 

ʟ ʩʧʦʞʠʚʘʯʽʚ ʟ ʚʠʩʦʢʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʜʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʘ ʩʘʤʝ, ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ, ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʙʝʟʧʝʢʠ, ʻ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ. ɿʘ ʦʮʽʥʢʘʤʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (EEA), ʢʽʥʮʝʚʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʧʝʨʝʚʠʱʫʻ 25% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʩʽʭ 

ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʭ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʣʦʥʦʢ 

ʙʫʜʽʚʝʣʴ. ʈʦʟʚôʷʟʘʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʶ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʷʢ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʘʢ ʽ ʥʘ ʝʪʘʧʽ 

ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ʇʨʦʚʽʜʥʽ ʩʚʽʪʦʚʽ ʦʨʛʘʥʽʟʘʮʽʾ ʫ ʩʬʝʨʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʽ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽ ʽʥʩʪʠʪʫʪʠ ʽ ʫʥʽʚʝʨʩʠʪʝʪʠ, ʪʘʢʽ ʷʢ Munich 

University of Applied Sciences, DIN Deutsches Institut f¿r Normung e.V., 

International Organization for Standardization, ʚʝʜʫʪʴ ʧʦʩʪʽʡʥʫ ʨʦʙʦʪʫ ʱʦʜʦ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ ʙ ʜʘʣʠ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 

ʎʝʡ ʧʨʦʮʝʩ ʩʪʠʤʫʣʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʦʪʨʝʙʠ ʧʨʘʢʪʠʢʠ ʧʦʩʪʽʡʥʦ ʚʠʩʫʚʘʶʪʴ ʥʦʚʽ, 

ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʚʩʴʦʛʦ ʣʘʥʮʶʛʫ ʢʦʥʪʨʦʣʶ: ʤʝʪʦʜ ï ʩʝʥʩʦʨʠ ï 

ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʽʜʩʠʩʪʝʤʠ ï ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ï 

ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ.  

ʂʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʦʢ 

ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʫʪʝʧʣʶʚʘʯʽʚ ʚʠʢʣʠʢʘʣʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʤʽʨʽ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʥʘʪʫʨʥʠʭ 
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ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʠʪʪʽʚ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʠʤʘʛʘʣʦ ʩʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ ʪʘ ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʢʦʥʪʨʦʣʶ - 

ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ, ʜʣʷ ʥʦʚʠʭ ʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ 

ʙʫʜʽʚʝʣʴ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 4 ʂ/ʚʪ ʤ2, ʘ ʟʤʽʥʘ ʢʣʽʤʘʪʫ ʧʨʠʟʚʝʣʘ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨʠ ʤʽʞ ʟʦʚʥʽʰʥʽʤ ʪʘ ʚʥʫʪʨʽʰʥʽʤ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤ ʧʦʣʝʤ, 

ʚʠʥʠʢʣʘ ʛʦʩʪʨʘ ʧʦʪʨʝʙʘ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʟʤʝʥʰʝʥʠʭ ʨʽʚʥʽʚ. ʎʷ ʟʘʜʘʯʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʧʽʜ ʯʘʩ 

ʥʘʪʫʨʥʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʟʘʭʠʩʥʦʾ 

ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʝʣʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʷʢ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘʢ ʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʷʢʘ ʥʦʩʷʪʴ ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ.  

ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʦʩʥʦʚʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʦʙʩʪʝʞʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ ʷʢ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʝʥʝʨʛʦʘʫʜʠʪʫ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʾʭ ʢʦʥʪʨʦʣʶ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʠʢ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʘʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

- ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʧʦʣʽʚ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʪʦʜʘʭ ʦʧʨʘʮʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ; 
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- ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠ ʥʝʨʫʡʥʽʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʚʠʨʦʙʽʚ; 

- ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʪʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʘʥʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʚʠʨʦʙʽʚ; 

- ʩʪʚʦʨʝʥʦ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ʜʽʶʯʦʛʦ ʩʪʘʥʜʘʨʪʫ ISO 9869 ʚ ʯʘʩʪʠʥʽ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ 

ʟʜʽʡʩʥʝʥʦ ʾʾ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ; 

- ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʘʣʽʜʘʮʽʶ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʥʦʛʦ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʽ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʢʦʥʪʨʦʣʽ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ; 

- ʩʪʚʦʨʝʥʦ ʧʨʠʣʘʜ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʽ ʧʨʦʚʝʜʝʥʦ 

ʡʦʛʦ ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ; 

- ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ, ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ, 

ʤʝʪʦʜʠʢʠ ʪʘ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʡ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʦʙôʻʢʪʘʭ ʪʘ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʽ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ; ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ, ʢʦʥʮʝʧʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʢʦʥʪʨʦʣʶ ʜʣʷ ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʚʘʣʽʜʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ. 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʧʦʣʽʚ ʽʥʬʦʨʤʘʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʘʭ ʦʧʨʘʮʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, 

ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʢʠ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 

2. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ, ʚ ʦʩʥʦʚʫ 

ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʤʧʝʥʩʘʮʽʶ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʜʘʻ ʟʤʦʛʫ 

ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʴ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ, ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ 

ʙʝʟ ʩʧʝʮʽʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʦʙôʻʢʪʘ ʢʦʥʪʨʦʣʶ. 

3. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʰʣʷʭʦʤ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʟʤʝʥʰʠʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ 

ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. 

4. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ Computational Fluid Dynamics ʤʦʜʝʣʽ 

ʦʙôʻʢʪʘ ʢʦʥʪʨʦʣʶ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʘʥ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ 

ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ. 

5. ʈʦʟʚʠʥʫʪʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʝʥʩʦʨʽʚ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦ ʾʭʥʻ ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʜʽʘʧʘʟʦʥʽ 1ï10 ɺʪ/ʤ2 ʪʘ 

ʥʘʷʚʥʦʩʪʽ ʜʨʝʡʬʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʢʦʥʪʨʦʣʶ ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʢʦʥʪʘʢʪʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʟʥʘʯʝʥʴ 
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ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ 

ʚʧʣʠʚ ʩʫʙ'ʻʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ 

ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʪʘ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɿʘ ʨʘʭʫʥʦʢ ʤʦʜʫʣʴʥʦʾ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʙʝʟʧʝʯʝʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʜʥʦʯʘʩʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʟʦʥ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʩʢʣʘʜʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʾʾ ʝʣʝʤʝʥʪʽʚ. 

3. ʇʨʦʚʝʜʝʥʦ ʘʧʨʦʙʘʮʽʶ ʤʝʪʦʜʠʢʠ ʪʘ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʪʘ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʢʠ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 

4. ʅʘ ʧʽʜʩʪʘʚʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʩʢʣʘʜʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʟʥʘʯʝʥʦ ʚʠʤʦʛʠ ʜʦ ʩʝʥʩʦʨʽʚ ʡ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ 

ʩʠʩʪʝʤʠ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʧʨʠʣʘʜ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʪʘ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ 

ʨʝʻʩʪʨʘʮʽʾ ʽ ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʠʟʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʚʠʩʚʽʪʣʝʥʽ ʥʘ 

ʄʽʞʥʘʨʦʜʥʠʭ ʽ ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ, ʟʦʢʨʝʤʘ: IEEE 2nd Ukraine Conference on Electrical and Computer 

Engineering (UKRCON), ʃʴʚʽʚ, ʋʢʨʘʾʥʘ, 2019; XIV International Scientific and 

Technical Conference CSITô19. Computer Science and Information Technologies 

ʃʴʚʽʚ, ʋʢʨʘʾʥʘ, 2019; IEEE 39th International Conference on Electronics and 

Nanotechnology ñELNANO-2019ò ʂʠʾʚ, ʋʢʨʘʾʥʘ; IEEE 40th International 

Conference on Electronics and Nanotechnology, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2020; 3rd 



37 

 

International Workshop on Computer Modeling and Intelligent Systems CMIS 

ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ 2020; 1st International Workshop on Information 

Technologies: Theoretical and Applied Problems, ITTAP ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ 

2021;  2nd International Workshop on Information Technologies: Theoretical and 

Applied Problems, ITTAP ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ 2022; International Conference 

Information Control Systems &Technologies (ICST) ʆʜʝʩʩʘ, ʋʢʨʘʾʥʘ 2023. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ 

ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʥʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʪʘʢ ʽ ʢʦʣʝʢʪʠʚʥʦ. ɺ 

ʜʠʩʝʨʪʘʮʽʾ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʽʜʝʾ ʪʘ ʨʦʟʨʦʙʢʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʩʧʽʚʘʚʪʦʨʘʤ 

ʩʧʽʣʴʥʦ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ɼʝʷʢʽ ʤʘʪʝʨʽʘʣʠ ʩʧʽʣʴʥʠʭ ʨʦʙʽʪ 

ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʜʠʩʝʨʪʘʮʽʾ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ɼʝʢʫʰʠ ʃ.ɺ., 2016 ʨ. 

(ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʚʯʝʥʘ ʨʘʜʘ ɼ 35.052.08 ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 05.11.04 ï ʧʨʠʣʘʜʠ ʪʘ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʚʝʣʠʯʠʥ); ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʂʦʚʪʫʥ ʉ.ɯ., 2018 ʨ. (ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʚʯʝʥʘ 

ʨʘʜʘ ɼ 26.224.02 ɯʥʩʪʠʪʫʪʫ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, 05.11.04 ï 

ʧʨʠʣʘʜʠ ʪʘ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʚʝʣʠʯʠʥ); ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ɺʦʨʦʙʡʦʚʘ ʃ.ʁ., 2018 ʨ. (ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʚʯʝʥʘ ʨʘʜʘ ɼ 26.224.02 ɯʥʩʪʠʪʫʪʫ 

ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, 05.11.04 ï ʧʨʠʣʘʜʠ ʪʘ ʤʝʪʦʜʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʚʝʣʠʯʠʥ); ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ɹʫʨʦʚʦʾ ɿ.ɸ., 2014 

ʨ. (ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʚʯʝʥʘ ʨʘʜʘ ʂ 26.224.02 ɯʥʩʪʠʪʫʪʫ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ 

ʅɸʅ ʋʢʨʘʾʥʠ, 05.11.04 ï ʧʨʠʣʘʜʠ ʪʘ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʚʝʣʠʯʠʥ). 

ʋ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ: 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʤʝʪʘʣʝʚʠʭ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [1, 20, 23]; 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [2, 5]; ʨʦʟʨʦʙʣʝʥʥʷ ʘʧʘʨʘʪʥʦ-
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ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʝʣʴ, 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [6, 21]; ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ 

ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ [4, 9, 10, 16]; ʘʥʘʣʽʟ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʢʦʥʪʨʦʣʶ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʪʘ ʚʠʙʽʨ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ [11]; ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʽ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɹʇʃɸ [12, 

13]; ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ[3, 15, 22]; ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ 

CFD ʤʦʜʝʣʝʡ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ [17, 18]; 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʢʦʨʝʢʮʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

[14]; ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʘʜ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʝʥʩʦʨʽʚ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ [7, 24]; ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʤʝʪʦʜʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʤʘʪʝʨʽʘʣʽ ʪʘ ʚʠʨʦʙʽʚ, 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [25, 26, 28, 29, 30, 31]; 

ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ 

ʙʫʜʽʚʣʽ, ʷʢʘ ʧʦʻʜʥʫʻ ʪʝʧʣʦʚʽʟʽʡʥʠʡ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ 

ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʟ ʢʽʣʴʢʽʩʥʠʤʠ ʢʦʥʪʘʢʪʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʟʥʘʯʝʥʴ 

ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ [8, 19, 27]. 

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

ʚʠʢʦʥʘʥʘ ʫ ʚʽʜʜʽʣʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙôʻʢʪʽʚ ʝʥʝʨʛʝʪʠʢʠ ɯʥʩʪʠʪʫʪʫ 

ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ: ˉ 

ʊɼ.15/1.7.1.885 çʉʪʚʦʨʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʣʘʜʽʚ ʜʣʷ ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ ʩʝʥʩʦʨʽʚ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷè ʟʘ ʎʽʣʴʦʚʦʶ 

ʧʨʦʛʨʘʤʦʶ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ çʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, 

ʪʝʭʥʦʣʦʛʽʾ ʽ ʜʘʪʯʠʢʠ ʜʣʷ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ, ʢʦʥʪʨʦʣʶ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷè ʥʘ 2018-2020 ʨʨ. (ˉɼʈ 0221U102774); ˉ 1.7.1.884 çʈʦʟʨʦʙʣʝʥʥʷ 

ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴè ʟʘ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤʠ ʧʨʦʝʢʪʘʤʠ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ 
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ʅɸʅ ʋʢʨʘʾʥʠ 2018 ʨ. (ˉɼʈ 0218U007846); ˉ 1.7.1.902 çɯʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚè ʟʘ 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤʠ ʧʨʦʝʢʪʘʤʠ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ ʅɸʅ ʋʢʨʘʾʥʠ 2021 ʨ. (ˉɼʈ 

0221U106755); ˉ 2022.01/0048 çɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʝʥʝʨʛʦʘʫʜʠʪʫ 

ʙʫʜʽʚʝʣʴ ʷʢ ʩʢʣʘʜʦʚʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʢʨʘʾʥʠè ʢʦʥʢʫʨʩʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ çʅʘʫʢʘ ʜʣʷ ʚʽʜʙʫʜʦʚʠ ʋʢʨʘʾʥʠ ʫ ʚʦʻʥʥʠʡ ʪʘ 

ʧʦʚʦʻʥʥʠʡ ʧʝʨʽʦʜʠè (ˉɼʈ  0223U005204). 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, 

6 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 153 ʥʘʡʤʝʥʫʚʘʥʥʷ, 4 

ʜʦʜʘʪʢʠ ʪʘ ʤʽʩʪʠʪʴ 148 ʨʠʩʫʥʢʽʚ ʪʘ 37 ʪʘʙʣʠʮʴ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 

317 ʩʪʦʨʽʥʦʢ.  
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1 ɸʅɸʃɯɿ ʉʊɸʅʋ ɯ ʊɽʅɼɽʅʎɯʁ ʈʆɿɺʀʊʂʋ ʂʆʅʊʈʆʃʖ 

ʊɽʇʃʆʌɯɿʀʏʅʀʍ ʊɸ ʊɽʈʄʆʈɸɼɯɸʎɯʁʅʀʍ ʍɸʈɸʂʊʀʈʀʉʊʀʂ 

ʄɸʊɽʈɯɸʃɯɺ ʊɸ ʂʆʅʉʊʈʋʂʎɯʁ ʊɽʇʃʆɿɸʍʀʉʅʆɰ ʆɹʆʃʆʅʂʀ 

ɹʋɼɯɺʃɯ 

1.1 ɸʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʠʢ ʧʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʧʣʦʚʦʛʦ 

ʩʪʘʥʫ ʪʘ ʪʝʧʣʦʚʠʤ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [1ï12]. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʠʢ ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʨʦʟʛʣʷʜʘʻ ʪʽʣʴʢʠ 

ʧʠʪʘʥʥʷ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʥʘʪʫʨʥʠʭ 

ʫʤʦʚʘʭ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘʪʫʨʥʠʭ ʦʙʩʪʝʞʝʥʴ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʦʧʦʨʥʠʭ ʪʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʦʙôʻʢʪʫ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʪʘʢʠʭ ʨʦʙʽʪ ʢʦʨʠʩʪʫʚʘʣʠʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʩʣʫʞʙʠ ʜʣʷ 

ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʡʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʊʝʧʣʦʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʢʣʶʯʦʚʠʤ 

ʬʘʢʪʦʨʦʤ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʪʨʘʯʘʻʪʴʩʷ ʙʫʜʠʥʢʦʤ ʫ 

ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ ʽ ʥʘʜʭʦʜʠʪʴ ʜʦ ʥʴʦʛʦ ʚ ʪʝʧʣʫ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʘʻ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʘʨʪʽʩʪʴ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʘʙʦ ʚʝʥʪʠʣʷʮʽʾ ʪʘ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʣʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʟ ʯʘʩʦʤ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʟʦʚʥʽ ʙʫʜʠʥʢʫ, 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʽʜʜʘʯʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʦʱʦ [3]. 

ʇʨʠʥʮʠʧʠ ʥʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʽʚʝʣʴ 

ʦʩʥʦʚʘʥʽ ʥʘ ʤʝʪʦʜʦʣʦʛʽʾ ʨʦʟʛʣʷʜʫ ʙʫʜʽʚʣʽ  ʷʢ  ʻʜʠʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, 

ʚʝʥʪʠʣʷʮʽʾ,  ʦʭʦʣʦʜʞʝʥʥʷ, ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ,  

ʦʩʚʽʪʣʝʥʥʷ,  ʷʢʽ ʜʽʶʪʴ ʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ  ʩʦʙʦʶ  ʪʘ  ʦʪʦʯʫʶʯʠʤ  ʢʣʽʤʘʪʠʯʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ [13]. ʇʨʠ ʮʴʦʤʫ ʫ ʚʽʪʯʠʟʥʷʥʫ ʥʦʨʤʘʪʠʚʥʫ ʙʘʟʫ ʧʦʢʣʘʜʝʥʠʡ 
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ʧʨʠʥʮʠʧ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʜʽʚʣʽ ʪʘ ʾʭ ʝʣʝʤʝʥʪʽʚ [4]. 

ɺ ʜʝʨʞʘʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤʘʭ ɼɹʅ ɺ.2.6-31 [14] ʚʨʘʭʦʚʘʥʦ ʨʦʟʚʠʪʦʢ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ ʩʪʚʦʨʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ 

ʙʫʜʠʥʢʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʨʘʢʪʠʮʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʦʩʪʘʥʥʽ 

ʨʦʢʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʫ ʥʦʨʤʠ ʚʥʝʩʝʥʽ ʪʘʢʽ ʧʨʠʥʮʠʧʦʚʽ ʟʤʽʥʠ: 

- ʧʽʜʚʠʱʝʥʦ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʢʨʽʟʴ 

ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʞʠʪʣʦʚʠʭ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ 

ʙʫʜʠʥʢʽʚ ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 15ï40% ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ, ʥʘ 20ï25% ʜʣʷ ʧʦʢʨʠʪʪʽʚ 

ʪʘ ʥʘ 20% ʜʣʷ ʚʽʢʦʥ; 

- ʚʚʝʜʝʥʦ ʥʦʨʤʘʪʠʚʠ ʥʘ ʦʧʘʣʝʥʥʷ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʠʭ ʧʠʪʦʤʠʭ ʪʝʧʣʦʚʪʨʘʪ ʙʫʜʠʥʢʫ; 

- ʚʚʝʜʝʥʦ ʧʨʠʥʮʠʧ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ 

ʦʙʦʣʦʥʢʠ ʙʫʜʠʥʢʫ ʟʘ ʝʣʝʤʝʥʪʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʟʘ ʽʥʪʝʛʨʘʣʴʥʠʤ ʧʠʪʦʤʠʤ 

ʧʦʢʘʟʥʠʢʦʤ; 

- ʧʽʜʚʠʱʝʥʦ ʚʠʤʦʛʠ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ 

ʧʨʠʤʽʱʝʥʴ; 

- ʚʚʝʜʝʥʦ ʚʠʤʦʛʠ ʱʦʜʦ ʦʙʦʚôʷʟʢʦʚʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ 

ʙʫʜʠʥʢʽʚ ʧʨʠ ʥʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ; 

- ʚʚʝʜʝʥʦ ʚʠʤʦʛʠ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ 

ʦʙʦʣʦʥʢʠ ʙʫʜʠʥʢʽʚ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ɼɹʅ 

ɺ.2.6-31[14], ʜʦʟʚʦʣʷʻ: 

- ʩʢʦʨʦʪʠʪʠ ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʧʨʠ ʦʧʘʣʝʥʥʽ  ʙʫʜʠʥʢʽʚ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʚʧʨʠʪʫʣ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʚʽʜʥʦʩʥʦ ʜʦ 

ʜʦʧʫʩʪʠʤʠʭ ʪʝʧʣʦʚʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʙʫʜʠʥʢʽʚ, ʱʦ ʽʩʥʫʶʪʴ ʫ ʢʨʘʾʥʘʭ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (ʜʘʣʽ ï ɭʉ);  
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- ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʶʚʘʥʥʷ 

ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ; 

ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ ʚʠʤʦʛ 

ʜʦ ʪʝʧʣʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠʤʽʱʝʥʴ ʙʫʜʠʥʢʽʚ ʧʨʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺ ʮʽʣʦʤʫ ɼɹʅ ɺ.2.6-31[14] ʧʦ ʩʚʦʾʡ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʪʘ ʟʤʽʩʪʫ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ɼʠʨʝʢʪʠʚʽ 2002/91/ɭʉ ʚʽʜ 16.12.2002 ʨ. 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʇʘʨʣʘʤʝʥʪʫ ʪʘ ɭʚʨʦʧʝʡʩʴʢʦʾ ʈʘʜʠ ʟ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʠʥʢʽʚ [15] ʪʘ ʧʨʦʛʨʝʩʠʚʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʥʦʨʤ ʽʥʰʠʭ ʢʨʘʾʥ.  

ʄʝʪʦʶ ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʻ ʚʠʷʚʣʝʥʥʷ ʾʭ 

ʬʘʢʪʠʯʥʠʭ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʩʪʫʧʝʥʶ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʤ 

ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ, ʷʢʽ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʫʪʪʻʚʦ ʟʤʽʥʠʣʠʩʴ ʚ ʟʚôʷʟʢʫ ʟ 

ʧʨʦʙʣʝʤʘʤʠ ʝʢʦʥʦʤʽʾ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ [4]. ʇʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʩʪʘʥʦʚʣʝʥʽ: 

- ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʥʘ ʜʽʣʷʥʢʘʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʚʫʟʣʘʭ ʧʨʠʤʠʢʘʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ, ʩʪʠʢʦʚʠʭ ʟ`ʻʜʥʘʥʥʷʭ ʪʦʱʦ, ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʟʦʥ 

ʟ ʧʦʥʠʞʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʜʝ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ; 

- ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʾ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ; 

- ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʢʦʥʩʪʨʫʢʮʽʾ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʦʙʤʽʥʫ ʚʥʫʪʨʽʰʥʽʭ ʪʘ 

ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʟ ʧʨʠʣʝʛʣʠʤ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʪʝʧʣʦʚʠʡ ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʢʨʽʟʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

- ʜʠʥʘʤʽʢʘ ʚʦʣʦʛʽʩʥʦʛʦ ʨʝʞʠʤʫ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʨʽʟʥʽ ʧʦʨʠ ʨʦʢʫ, ʚʠʷʚʣʝʥʥʷ 

ʤʦʞʣʠʚʦʾ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ ʪʘ ʩʪʫʧʽʥʴ ʚʦʣʦʛʦʥʘʢʦʧʠʯʝʥʥʷ ʚ ʭʦʣʦʜʥʫ 

ʧʦʨʫ ʨʦʢʫ, ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʽʩʥʦʛʦ ʩʪʘʥʫ ʩʪʠʢʦʚʠʭ ʟ`ʻʜʥʘʥʴ; 

- ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
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ʊʝʧʣʦʪʝʭʥʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʝ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʝ ʷʢ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʝʥʜʘʭ, ʪʘʢ 

ʽ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʪʘʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ. ɿʘ ʨʦʢʠ ʥʝʟʘʣʝʞʥʦʩʪʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʥʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ ʋʢʨʘʾʥʠ, 

ʻʚʨʦʧʝʡʩʴʢ ̔ (EN) ʪʘ ʤʽʞʥʘʨʦʜʥ ̔ (ISO) ʩʪʘʥʜʘʨʪʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ. ʊʦʤʫ ʥʘ ʜʘʥʠʡ ʯʘʩ ʯʠʥʥʠʤʠ ʻ ʥʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ, ʱʦ 

ʤʘʶʪʴ ʩʪʘʪʫʩ ʤʽʞʥʘʨʦʜʥʠʭ ʚ ʛʘʣʫʟʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʤʝʪʦʜʽʚ ʾʭ ʚʠʟʥʘʯʘʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ.  

ɿʦʢʨʝʤʘ, ʥʘʙʫʣʠ ʯʠʥʥʦʩʪʽ ʥʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ, ʱʦ ʛʘʨʤʦʥʽʟʦʚʘʥʽ ʟ EN 

ʪʘ ISO, ʘ ʩʘʤʝ: ɼʉʊʋ ISO 8301 [16], ɼʉʊʋ ISO 8302 [17], ɼʉʊʋ ISO 9869 [18], 

ɼʉʊʋ ISO 6946 [19], ɼʉʊʋ ISO 10051 [20], ɼʉʊʋ ISO 14683 [21], ɼʉʊʋ ISO 

10211-1 [22], ɼʉʊʋ ISO 10211-2 [23], ɼʉʊʋ ISO 10291 [24], ɼʉʊʋ EN673 [25]. 

1.2 ʉʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

ɺ ɼʝʨʞʘʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤʘʭ ɼɹʅ ɺ.2.6 31 ʚʩʪʘʥʦʚʣʝʥʽ ʚʠʤʦʛʠ ʜʦ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ 

ʦʙʦʣʦʥʢʠ) ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ ʪʘ ʧʦʨʷʜʢʫ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʦʙʽʛʨʽʚʘʥʥʷ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʧʨʠʤʽʱʝʥʴ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ [14]. 

ʇʦʣʦʞʝʥʥʷ ʪʘ ʚʠʤʦʛʠ ʮʠʭ ʥʦʨʤ ʻ ʦʙʦʚôʷʟʢʦʚʠʤʠ. ʅʠʤʠ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʱʦ ʦʧʘʣʶʶʪʴʩʷ, ʧʨʠ ʥʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ, 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʡ ʢʘʧʽʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʽ (ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ), ʧʨʠ ʩʢʣʘʜʘʥʥʽ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʘʩʧʦʨʪʫ, ʚʠʟʥʘʯʝʥʽ ʚʠʪʨʘʪ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ 

ʦʧʘʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ʌʘʢʪʠʯʥʽ ʞ ʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʝʣʴ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʪʽʣʴʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʪʝʧʣʦʪʝʭʥʽʯʥʦʤʫ ʦʙʩʪʝʞʝʥʥʽ 
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ʙʫʜʽʚʝʣʴ (ʩʧʦʨʫʜ), ʧʨʦʚʦʜʷʯʠ ʧʝʚʥʠʡ ʮʠʢʣ ʚʠʤʽʨʶʚʘʥʴ ʪʘʢʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʩʪʝʞʫʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʡ ʧʦʚʽʪʨʷ ʟ ʦʙʦʭ ʙʦʢʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 

ʧʦʚʝʨʭʥʝʚʘ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʢʨʽʟʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥ ̔ʢʦʥʩʪʨʫʢʮʽ.ʾ ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʠʭ ʚʠʤʽʨʶʚʘʥʴ ʦʙʯʠʩʣʶʶʪʴ ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʢʨʽʟʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥ ̔ʢʦʥʩʪʨʫʢʮʽ ʾʪʘ, ʟʘ 

ʧʦʪʨʝʙʠ, ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʙʫʜʽʚʣʽ ʯʠ ʩʧʦʨʫʜʠ. 

ʊʝʧʣʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ 

ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ 

ʙʫʜʠʥʢʫ ʟʜʽʡʩʥʶʶʪʴ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʘʙʦ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥ ɹʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʘʙʦ ʾʾ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʤʧʣʝʢʩ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʷʢʝ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ 

ʢʣʽʤʘʪʠʯʥʽʡ ʢʘʤʝʨʽ, ʧʨʠ ʮʴʦʤʫ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʰʪʫʯʥʦ ʩʪʚʦʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʽʩʥʽ ʨʝʞʠʤʠ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʙʣʠʟʴʢʠʤʠ 

ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʠʤʦʚʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʦʨʷʜʦʢ ʚʽʜʙʠʨʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʜʣʷ ʪʝʧʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʚʢʘʟʘʥʦ ʫ ʧʝʚʥʠʭ ʩʪʘʥʜʘʨʪʘʭ ʘʙʦ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ ʥʘ ʢʦʥʢʨʝʪʥʫ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʮʠʭ ʜʦʢʫʤʝʥʪʘʭ ʚʢʘʟʽʚʦʢ ʧʨʦ 

ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʣʽʜ ʚʽʜʙʠʨʘʪʠ ʥʝ ʤʝʥʰʝ ʜʚʦʭ 

ʦʜʥʦʪʠʧʥʠʭ ʟʨʘʟʢʽʚ. 

ʇ̔ ʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʢʣʽʤʘʪʠʯʥʽʡ 

ʢʘʤʝʨʽ ʩʪʠʢʠ ʪʘ ʽʥʰʽ ʚʠʜʠ ʟôʻʜʥʘʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʙʦ ʾʭ 

ʬʨʘʛʤʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ ʚʠʢʦʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ʆʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʨʦʨʽʟʷʤʠ ʚʠʧʨʦʙʫʶʪʴ ʷʢ ʽʟ ʟʘʧʦʚʥʝʥʥʷʤ 

ʧʨʦʨʽʟʽʚ ʚʽʢʦʥʥʠʤʠ ʪʘ ʜʚʝʨʥʠʤʠ ʙʣʦʢʘʤʠ, ʪʘʢ ʽ ʟ ʽʤʽʪʘʮʽʻʶ ʮʴʦʛʦ ʟʘʧʦʚʥʝʥʥʷ 

ʫʪʝʧʣʶʚʘʯʝʤ, ʷʢʠʡ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʻ ʪʘʢʝ ʞ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ. 

ɺ ʨʘʟʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʫ ʘʙʦ ʦʢʨʝʤʦʛʦ ʝʣʝʤʝʥʪʫ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʾʭ ʜʦʚʞʠʥʘ ʽ ʰʠʨʠʥʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʥʽʞ 
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ʯʦʪʠʨʠ ʪʦʚʱʠʥʠ ʚʠʨʦʙʫ, ʘʣʝ ʛʘʙʘʨʠʪʠ ʟʨʘʟʢʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʥʽʞ 

1500Ĭ1500 ʤʤ. 

ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʥʘʪʫʨʥʠʭ 

ʫʤʦʚʘʭ ʧʨʦʚʦʜʷʪʴ ʫ ʧʦʨʠ ʨʦʢʫ, ʢʦʣʠ ʽʩʥʫʻ ʪʘʢʠʡ ʩʘʤʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ, 

ʟʘ ʷʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤ ʽ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ ʥʝ ʤʝʥʰʠʡ 

ʥʽʞ 15 ʂ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʙʠʨʘʶʪʴ ʟʦʚʥʽʰʥʽ 

ʩʪʽʥʠ ʢʫʪʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʥʘ ʧʝʨʰʦʤʫ ʧʦʚʝʨʩʽ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʧʽʚʥʽʯ, 

ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ, ʘ ʪʘʢʦʞ ʥʘ ʽʥʰʽ ʩʪʦʨʦʥʠ ʩʚʽʪʫ, ʜʝ ʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʽ ʫʤʦʚʠ ʜʣʷ 

ʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʘʞʥʽ ʚʽʪʨʠ ʪʘ ʢʦʩʽ ʜʦʱʽ, ʪʘ ʥʘ ʽʥʰʦʤʫ 

ʧʦʚʝʨʩʽ. ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʙʠʨʘʶʪʴ ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʦʜʥʦʪʠʧʥʠʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʟ ʦʜʥʘʢʦʚʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʦʣʦʛʠʤʠ ʫʤʦʚʘʤʠ.  

ʊʝʧʣʦʪʝʭʥʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʠʥʢʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʡʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ 

ʦʛʣʷʜʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʦʙʦʭ ʙʦʢʽʚ ʦʙʩʪʝʞʫʚʘʥʦʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦ ʾ ʢʦʥʩʪʨʫʢʮʽ.ʾ ɼʦ ʦʩʥʦʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʥʦʩʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʦʣʦʛʽʩʪʴ 

ʧʦʚʽʪʨʷ, ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʡ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ. ʎʽ ʚʠʤʽʨʶʚʘʥʥʷ ʻ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʜʣʷ ʦʙʩʪʝʞʝʥʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʥʘʪʫʨʥʠʭ 

ʫʤʦʚʘʭ ʙʫʜʴ-ʷʢʠʤ ʤʝʪʦʜʦʤ. 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʪʘ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʦʙʩʪʝʞʫʚʘʥʠʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʦʥʫʶʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʫ ʧʦʧʝʨʝʜʥʴʦ ʥʘʤʽʯʝʥʠʭ 

ʧʨʝʜʩʪʘʚʥʠʮʴʢʠʭ ʟʦʥʘʭ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʥʽ ʜʽʣʷʥʢʠ, ʪʝʨʤʽʯʥʦ 

ʦʜʥʦʨʽʜʥʽ ʪʘ ʘʥʦʤʘʣʴʥʽ. ɺʠʟʥʘʯʝʥʥʷ ʧʦʪʨʽʙʥʠʭ ʟʦʥ ʽ ʜʽʣʷʥʦʢ ʟʜʽʡʩʥʶʶʪʴ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʧʦʚʝʨʭʦʥʴ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ  ʙʝʟʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ. 

1.2.1 ʂʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʷ   

ʂʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 
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ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʚʘʞʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ, ʷʢ ʚʠʥʷʪʦʢ, ʫ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʟ 

ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʡʦʛʦ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʠʥʥʠʤ 

ʥʦʨʤʘʤ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʫ ʛʘʨʷʯʦʛʦ ʷʱʠʢʘ (Hot Box Method)[26], ʷʢʠʡ 

ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘ ʢʦʨʜʦʥʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʷ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [27] ʤʝʪʦʜ, ʧʦʢʣʘʜʝʥʠʡ ʚ 

ʦʩʥʦʚʫ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ-ʅ ɹ ɺ.2.6-101:2010 [1] ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʽʭ ʪʠʧʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʮʠʤ ʩʪʘʥʜʘʨʪʦʤ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʫʩʝʨʝʜʥʝʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ 

ʧʦʚʝʨʭʥʶ ʜʽʣʷʥʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʤʽʱʝʥʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ, ʱʦ ʧʦʨʫʰʫʶʪʴ ʪʝʨʤʽʯʥʫ ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʮʠʤ ʩʪʘʥʜʘʨʪʦʤ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʫʩʝʨʝʜʥʝʥʠʡ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʧʦʚʝʨʭʥʶ ʜʽʣʷʥʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʢʣʶʯʝʥʥʷ, 

ʱʦ ʧʦʨʫʰʫʶʪʴ ʪʝʨʤʽʯʥʫ ʦʜʥʦʨʽʜʥʽʩʪʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʄʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʧʝʨʝʙʫʚʘʻ ʚ ʫʩʪʘʣʝʥʦʤʫ ʩʪʘʥʽ. ʊʘʢʘ ʚʠʤʦʛʘ ʤʦʞʝ ʙʫʪʠ ʜʦʪʨʠʤʘʥʘ ʪʽʣʴʢʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. ɺ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʪʘʢʫ ʧʦʨʫ ʨʦʢʫ, ʢʦʣʠ ʤʘʶʪʴ ʤʽʩʮʝ ʫʤʦʚʠ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʷ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʚʽʜʥʦʩʥʦ 

ʜʦʚʛʽʡ ʪʨʠʚʘʣʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʾ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʪʨʠʤʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʻ ʙʣʠʟʴʢʠʤʠ ʜʦ 

ʫʤʦʚ ʫʩʪʘʣʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ.  

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

˟̊ Ȣ˞ˏ  ̊ ʽ ˟̊ Ȣ˞̝ ˛  ˏ ʥʘ ʚʽʜʩʪʘʥʽ ʥʝ ʤʝʥʰʝ ʥʽʞ 100 ʤʤ ʚʽʜ ʧʦʚʝʨʭʦʥʴ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʽ ʫʩʝʨʝʜʥʝʥʦʾ ʧʦ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʦ ʾ ʢʦʥʩʪʨʫʢʮʽ,ʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ (ή) ʦʙʯʠʩʣʶʶʪʴ 
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ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʷ (Ὗ) ʽ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ (Ὑ) ʟʘ ʬʦʨʤʫʣʘʤʠ [1]: 

Ὗ ήȾὝ̊ Ȣ˞ˏ Ȣ̊ ˟̊ Ȣ˞̝˛Ȣˏ,    (1.1) 

Ὑ ρȾὟ,       (1.2) 

ʧʨʠ ʮʴʦʤʫ ʛʫʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʪʨʘʪʦʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, 

ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʝʣʝʢʪʨʦʥʘʛʨʽʚʥʠʢʦʤ, ʨʦʟʤʽʱʝʥʠʤ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʧʨʠʣʘʜʽ [1].  

ʋʩʝʨʝʜʥʝʥʘ ʧʦ ʧʦʚʝʨʭʥʽ ʦʙʩʪʝʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʥʘʩʪʘʥʥʽ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʟʘ ʫʤʦʚʠ ʦʜʥʘʢʦʚʦʩʪʽ ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʩʪʽʥʦʢ ʢʘʤʝʨʠ ʧʨʠʣʘʜʫ. ɰʾ ʟʥʘʯʝʥʥʷ ʦʙʯʠʩʣʶʶʪʴ ʟʘ 

ʬʦʨʤʫʣʦʶ [1]:: 

ή ὟέẗὍέȾὃ Ὕ˞ Ȣ˟ˏ ˚ ˟˞ Ȣ˟̝˛ ȾˏὙʉʊ,   (1.3) 

ʜʝ Ὗέ ʽ Ὅέï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʪʘ ʩʠʣʠ ʩʪʨʫʤʫ, ʱʦ ʧʦʜʘʪʁʴʩʷ ʥʘ 

ʝʣʝʢʪʨʦʥʘʛʨʽʚʥʠʢ; 

ὃ ï ʧʣʦʱʘ ʚʽʜʢʨʠʪʦʛʦ ʦʪʚʦʨʫ ʢʘʤʝʨʠ; 

Ὕ˞ Ȣ˟ˏ  ̊ʽ ˞˟Ȣ˟̝˛ ˏï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ ʟʦʚʥʽʰʥʴʦʾ 

ʧʦʚʝʨʭʦʥʴ ʧʨʠʣʘʜʫ; 

Ὑʉʊ ï ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʩʪʽʥʦʢ ʧʨʠʣʘʜʫ,  ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ὑ˞ ˟ ὰʋʊȾ‗ɣ ˟ ὰʉʊȾ‗˞  ˟,    (1.4) 

ʜʝ ὰ  ̔  ὰ  ï ʪʦʚʱʠʥʘ ʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʜʝʢʩʫ: çʫʪè 

ï ʫʪʝʧʣʶʚʘʯʘ ʩʪʽʥʦʢ ʪʘ çʩʪè ï ʤʘʪʝʨʽʘʣʫ ʩʪʽʥʦʢ ʢʘʤʝʨʠ [1]. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʬʦʨʤʫʣʘʤʠ (1.3) ʽ (1.4), ʦʙʯʠʩʣʶʶʪʴ 

ʟʘ ʬʦʨʤʫʣʘʤʠ (1.1) ʽ (1.2) ʪʝʧʣʦʟʘʭʠʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʙʫʜʽʚʝʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʷ Ὗ ʘʙʦ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥ ̫ Ὑ  ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʦ ʾ ʢʦʥʩʪʨʫʢʮʽ ʾ ʟ ʧʨʠʣʘʜʦʤ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʤʽʞ ʪʝʧʣʠʤ ʽ 

ʭʦʣʦʜʥʠʤ ʚʽʜʩʽʢʘʤʠ ʢʣʽʤʘʪʠʯʥʦʾ ʢʘʤʝʨʠ. ʇʽʩʣʷ ʨʝʪʝʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʪʝʧʣʽ ʪʘ ʭʦʣʦʜʥʽ 

ʢʘʤʝʨʠ ʢʣʽʤʘʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʛʝʨʤʝʪʠʯʥʦ ʽʟʦʣʶʶʪʴ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

l
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ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʜʚʝʨʝʡ. ɺʢʣʶʯʘʶʪʴ ʦʭʦʣʦʜʞʫʚʘʣʴʥʝ ʪʘ 

ʥʘʛʨʽʚʘʣʴʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʢʘʤʝʨʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʶʚʘʣʴʥʦʾ 

ʘʧʘʨʘʪʫʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʦʪʨʽʙʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʚʽʜʩʽʢʘʭ ʪʘ ʚʠʢʦʥʫʶʪʴ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʩʪʘʥʜʘʨʪʫ [1] ʩʪʚʦʨʶʶʯʠ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʽ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɼʦ ʦʩʥʦʚʥʦʛʦ ʥʝʜʦʣʽʢʫ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʚ ʨʘʟʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʪʫʨʥʠʭ 

ʫʤʦʚʘʭ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʦʙʤʝʞʝʥʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ʜʽʣʷʥʢʘʤʠ, ʥʘ ̫ ʢʽ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʩʪʘʥʦʚʠʪʠ ʢʘʤʝʨʫ ʧʨʠʣʘʜʫ, ʱʦ ʟʚʫʞʫʻ ʢʦʣʦ ʤʦʞʣʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʝʥʴ 

ʩʢʣʘʜʥʠʭ ʟʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʬʦʨʤʦʶ ʝʣʝʤʝʥʪʽʚ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 

ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʫʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʠʟʥʘʯʘʶʪʴ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ Ñ 5% ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʫ 

ʢʣʽʤʘʪʠʯʥʦʾ ʢʘʤʝʨʽ, ʪʘ Ñ 15% ï ʜʣʷ ʥʘʪʫʨʥʠʭ ʫʤʦʚ. 

1.2.2 ʄʝʪʦʜ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʾ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  

ʊʝʧʣʦʚʽʟʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʷʢ ʦʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ 

ʩʧʦʩʦʙʽʚ ʦʙʩʪʝʞʝʥʥʷ ʩʪʘʥʫ ʦʜʥʦ- ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʚ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʚʜʷʢʠ ʰʚʠʜʢʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

[28]. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʥʝʜʦʣʽʢʠ ʪʝʧʣʦʟʘʭʠʩʪʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʙʫʜʽʚʥʠʮʪʚʘ ʩʧʦʨʫʜ, ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʱʦ.  

ʎʠʤ ʤʝʪʦʜʦʤ ʣʝʛʢʦ ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʷ ʪʘ ʨʦʟʤʽʨʠ ʜʽʣʷʥʦʢ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʨʝʤʦʥʪʫ ʟ ʤʝʪʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʝʨʝʚʘʛʠ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʤʝʪʦʜʫ ʩʧʨʠʷʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʶ ʫ ʷʢʦʩʪʽ 

ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ [29-36]. 

ʊʝʧʣʦʚʽʟʽʡʥʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʦ ʥʘ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ 

ʪʝʧʣʦʚʽʟʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʤʽʞ 

ʚʥʫʪʨʽʰʥʴʦʶ ʪʘ ʟʦʚʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʷʤʠ ʷʢʦʾ ʽʩʥʫʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʝʨʝʧʘʜ, ʟ 

ʧʦʜʘʣʴʰʠʤ ʦʙʯʠʩʣʝʥʥʷʤ ʚʽʜʥʦʩʥʦʛʦ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʢʨʽʟʴ 

ʦʙʩʪʝʞʫʚʘʥʽ ʜʽʣʷʥʢʠ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɺʽʜʥʦʩʥʠʡ ʦʧʽʨ 
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ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ, ʚʠʟʥʘʯʘ̒ ʪɹʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʜʦ ʡʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɺʽʜʥʦʩʥʠʡ ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʟʛʽʜʥʦ ʟ ʮʠʤ 

ʩʪʘʥʜʘʨʪʦʤ ʧʨʠʡʥʷʪʽ ʟʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [29-32]. 

ʊʝʧʣʦʚʽʟʽʡʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʠʭ 

ʦʧʘʜʽʚ, ʪʫʤʘʥʫ, ʟʘʜʠʤʣʝʥʦʩʪʽ ʪʦʱʦ. ʆʙʩʪʝʞʫʚʘʥʽ ʧʦʚʝʨʭʥʽ ʥʝ ʧʦʚʠʥʥʽ 

ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʟʦʥʽ ʧʨʷʤʦʛʦ ʘʙʦ ʚʽʜʙʠʪʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʧʨʦʜʦʚʞ 12 ʛʦʜ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ. ɺʠʤʽʨʶʚʘʥʥʷ ʥʝ ʧʦʪʨʽʙʥʦ ʨʦʙʠʪʠ, 

ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʧʨʦʤʽʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʦʙôʻʢʪʘ 

ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 0,7 [34-36]. 

ʄʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʽʟʦʨʘ ʦʙʠʨʘʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʦʚʝʨʭʥʷ 

ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʷʤʽʡ ʚʠʜʠʤʦʩʪʽ ʧʽʜ ʢʫʪʦʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʥʝ ʤʝʥʰʝ ʥʽʞ 60Á [29-32]. 

ʊʝʧʣʦʚʽʟʦʨʠ ʤʘʶʪʴ ʚʠʩʚʽʪʣʝʥʥʷ ʥʘ ʝʢʨʘʥʽ ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʚʠʤʽʨʷʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʝʨʭʥʽ. ɿʘ ʦʛʣʷʜʦʚʦʶ ʪʝʨʤʦʛʨʘʤʦʶ ʟʦʚʥʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʙʫʜʠʥʢʫ ʚʠʷʚʣʷʶʪʴ ʜʽʣʷʥʢʠ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʪʦʙʪʦ ʟ ʽʥʰʠʤʠ ʪʝʧʣʦʟʘʭʠʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʝʦʤʝʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʪʝʨʤʦʛʨʘʤʘʤʠ ʚʠʟʥʘʯʘʶʪʴ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʭʘʨʘʢʪʝʨʥʠʭ 

ʜʽʣʷʥʦʢ, ʟʦʢʨʝʤʘ, ʜʝʬʝʢʪʥʠʭ [29-32]. 

ʆʩʥʦʚʥʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʱʦ ʚʠʷʚʣʷʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ 

ʢʦʥʪʨʦʣʶ  ̒[31-33]: 

ï ʤʽʩʮʷ ʧʨʦʪʽʢʘʥʥʷ ʚʦʜʠ ʪʘ ʧʦʚʽʪʨʷ; 

ï çʤʽʩʪʢʠè ʧʝʨʝʪʽʢʘʥʥʷ ʪʝʧʣʦʪʠ ʚʥʘʩʣʽʜʦʢ ʧʦʛʽʨʰʝʥʥʷ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ; 

ï ʜʝʬʝʢʪʠ ʧʘʥʝʣʝʡ; 

ï ʚʽʜʰʘʨʦʚʘʥʽ ʜʽʣʷʥʢʠ ʰʪʫʢʘʪʫʨʢʠ, ʦʙʣʠʮʶʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʉʫʯʘʩʥʽ ʪʝʧʣʦʚʽʟʽʡʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʽ ʪʦʯʥʦ ʚʠʷʚʣʷʪʠ 

ʜʝʬʝʢʪʥʽ ʜʽʣʷʥʢʠ ʪʘ ʚʠʟʥʘʯʘʪʠ ʾʭ ʤʝʞʽ. ʂʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʚʠʷʚʣʝʥʠʭ ʜʝʬʝʢʪʽʚ 
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ʧʨʦʚʦʜʷʪʴ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ 

ʘʙʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɺʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʜʝʬʝʢʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʥʮʠʧʫ 

ʧʦʨʽʚʥʷʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʟʦʥʠ ʢʦʥʪʨʦʣʶ ʟ ʭʘʨʘʢʪʝʨʥʦʶ ʙʝʟʜʝʬʝʢʪʥʦʶ 

ʜʽʣʷʥʢʦʶ. ʂʣʘʩʠʬʽʢʘʮʽʶ ʚʠʷʚʣʝʥʠʭ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʪʦʨ ʥʘ 

ʦʩʥʦʚʽ ʩʚʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʽʩʥʫʶʯʠʭ ʢʨʠʪʝʨʽʾʚ [31-33]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʷʢʽʩʥʦʤʫ 

ʦʮʽʥʶʚʘʥʥʽ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʪʝʧʣʦʚʠʡ 

ʨʝʞʠʤ ʙʫʜʽʚʣʽ, ʜʦʩʚʽʜ ʦʧʝʨʘʪʦʨʘ,  ʪʦʯʥʽʩʪʴ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʪʝʧʣʦʚʽʟʦʨʘ [29-32]. 

ɯʥʬʨʘʯʝʨʚʦʥʫ ʟʡʦʤʢʫ ʧʦʪʨʽʙʥʦ ʜʦʧʦʚʥʶʚʘʪʠ ʚʽʟʫʘʣʴʥʠʤ ʦʛʣʷʜʦʤ ʪʘ 

ʬʦʪʦʛʨʘʬʫʚʘʥʥʷʤ. ɺʠʜʠʤʝ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʩʧʽʚʧʘʜʘʶʪʴ ʟʘ ʪʝʢʩʪʫʨʦʶ. ʆʮʽʥʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʧʦʪʨʽʙʥʦ 

ʧʨʦʚʦʜʠʪʠ ʷʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʝʨʝʧʘʜʦʤ ʚ ʟʦʥʽ ʘʥʦʤʘʣʽʾ, ʪʘʢ ʽ ʧʦʨʽʚʥʷʥʥʷʤ 

ʟ ʝʪʘʣʦʥʥʦʶ ʟʦʥʦʶ. ɽʪʘʣʦʥʥʘ ʟʦʥʘ ʧʦʚʠʥʥʘ ʦʙʠʨʘʪʠʩʴ ʘʥʘʣʦʛʽʯʥʦ 

ʦʙʩʪʝʞʫʚʘʥʽʡ ʪʘ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʪʝʧʣʦʦʙʤʽʥʫ[31,32]. 

ʇʨʠ ʽʥʰʠʭ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʦʛʣʷʜ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʻ 

ʝʬʝʢʪʠʚʥʽʰʠʤ ʟʘ ʟʦʚʥʽʰʥʽʡ ʦʛʣʷʜ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʝʨʝʧʘʜ 

ʚ ʟʦʥʽ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʪʝʧʣʦʚʦʾ ʘʥʦʤʘʣʽʾ ʻ ʙʽʣʴʰʠʤ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ. ʂʨʽʤ 

ʪʦʛʦ, ʨʷʜ ʜʝʬʝʢʪʽʚ, ʱʦ ʚʠʷʚʣʝʥʽ ʟʩʝʨʝʜʠʥʠ, ʥʝ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ 

ʟʟʦʚʥʽ [31,32]. ʊʝʧʣʦʚʽ ʘʥʦʤʘʣʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʪʝʨʤʦʛʨʘʤʘʭ ʫ ʚʠʛʣʷʜʽ ʟʦʥ 

ʟ ʧʽʜʚʠʱʝʥʦʶ ʘʙʦ ʧʦʥʠʞʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ 

ʘʨʭʽʪʝʢʪʫʨʥʠʤ ʜʝʪʘʣʷʤ, ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʧʨʦʤʽʥʝʥʥʷ, 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʜʝʬʝʢʪʘʤ [29-32]. ʂʨʽʤ ʪʦʛʦ ʧʨʠ ʘʥʘʣʽʟʫʚʘʥʥʽ ʪʘ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʤʽʥʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʽʟʥʠʭ 

ʢʽʤʥʘʪʘʭ ʙʫʜʠʥʢʫ [31-33]. 

ʂʽʣʴʢʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʚʠʢʦʥʫʶʪʴ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ʥʘ ʪʝʧʣʦʚʪʨʘʪʠ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ.  

ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʪʝʧʣʦʚʽʟʽʡʥʝ ʦʙʩʪʝʞʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʽ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 



51 

 

1.2.3 ʄʝʪʦʜ ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ  
 

ʅʘʡʙʽʣʴʰ ʘʜʘʧʪʦʚʘʥʠʤ ʜʦ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʻ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʦʙʩʪʝʞʫʚʘʥʫ ʧʦʚʝʨʭʥʶ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʢʦʥʪʘʢʪʥʠʤʠ ʩʝʥʩʦʨʘʤʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ [30, 37]. ʇʨʠ ʮʴʦʤʫ, ʦʜʥʦʯʘʩʥʦ 

ʚʠʤʽʨʶʶʪʴ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʙʦʭ ʧʦʚʝʨʭʥʷʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʟ ʦʙʦʭ ʙʦʢʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʘ ʧʦʪʽʤ ʥʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʫʶʪʴ ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʪʘ ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [30, 37]. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟʦʥ ʟ ʨʽʟʥʠʤʠ ʪʝʧʣʦʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʦʱʽ ʨʽʟʥʦʨʽʜʥʠʭ ʟʦʥ. 

ʉʪʚʦʨʝʥʠʡ ʜʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ ɼʉʊʋ 4035-2001 [7,18], 

ʩʪʦʩʫʻʪʴʩʷ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʩʫʤʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʢʨʽʟʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʽ ʩʝʥʩʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʂʨʽʤ ʪʦʛʦ, ʚ ʩʪʘʥʜʘʨʪʽ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʘʥʘʣʽʟʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʩʢʣʘʜʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ [38-45] ʤʽʞ 

ʧʦʚʝʨʭʥʝʶ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʦʪʨʠʤʘʥʥʷ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ 

ʩʫʤʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʇʨʠ ʮʴʦʤʫ ʥʘʚʝʜʝʥʽ ʜʚʘ ʚʘʨʽʘʥʪʠ ʤʝʪʦʜʠʢʠ 

ʚʠʤʽʨʶʚʘʥʥʷ: ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʨʘʜʽʘʪʦʨʠ, ʚʠʧʨʦʤʽʥʶʚʘʯʽ, ʧʦʪʫʞʥʽ ʩʚʽʪʠʣʴʥʠʢʠ, ʧʨʘʮʶʶʯʝ ʝʥʝʨʛʝʪʠʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ) ʪʘ ʧʨʠ ʾʭ ʥʘʷʚʥʦʩʪʽ. ʂʦʞʝʥ ʟ ʮʠʭ ʜʚʦʭ ʚʠʧʘʜʢʽʚ ʦʧʠʩʘʥʦ 

ʩʚʦʾʤ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʟʚʝʣʦ ʜʦ ʨʽʟʥʠʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʯʠʩʣʝʥʥʷ ʰʫʢʘʥʠʭ ʚʝʣʠʯʠʥ[38-42]. 
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ʅʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʠʜʫ ʜʦʧʦʤʽʞʥʦʾ ʩʪʽʥʢʠ ʨʦʟʛʣʷʥʫʪʦ 

ʫ [46]. ɺ ʋʢʨʘʾʥʽ ʜʘʥʠʡ ʪʠʧ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʻ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʟʘʩʦʙʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʩʪʽʡ ʧʨʦʮʝʜʫʨʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ 

ʩʠʛʥʘʣʫ, ʟʨʫʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʰʠʨʦʢʦʛʦ ʚʘʨʽʶʚʘʥʥʷ 

ʟʥʘʯʝʥʥʷʤʠ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ [46]. 

ʅʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʦʙʦʢ ʩʪʚʦʨʝʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʠʣʘʜʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ [47 ï 58]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʢʘʤʝʨ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʫʤʦʚ 

ʧʽʜʛʦʪʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʝʥʩʦʨʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ  

ʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʧʨʘʚʠʣ ʚʽʜʙʠʨʘʥʥʷ ʪʘ ʧʽʜʛʦʪʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ, ʘ 

ʪʘʢʦʞ ʥʘʜʘʥʦ ʧʝʨʝʣʽʢ ʧʦʪʨʽʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ.  

ʄʝʪʦʜ ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʥʪʘʢʪʥʠʭ ʩʝʥʩʦʨʚ̔ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʠʭ, ʪʘʢ ʽ ʧʨʠ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ. ʇʨʠ 

ʟʘʛʘʣʴʥʽʡ ʩʭʦʞʦʩʪʽ ʮʠʭ ʚʠʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʽʩʥʫʻ ʩʫʪʪʻʚʘ ʤʝʪʦʜʠʯʥʘ ʨʽʟʥʠʮʷ ʤʽʞ 

ʥʠʤʠ ï ʣʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʭʦʜʷʪʴ ʫ ʢʣʽʤʘʪʠʯʥʽʡ ʢʘʤʝʨʽ, ʚ ʷʢʽʡ 

ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʜʦʩʠʪʴ ʩʪʘʙʽʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʪʘ ʫʤʦʚʠ ʪʝʧʣʦʦʙʤʽʥʫ ʟ 

ʦʙʦʭ ʙʦʢʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʫʤʦʚʠ ʪʝʧʣʦʦʙʤʽʥʫ ʟʤʽʥʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥ ʧʦʛʦʜʠ 

ʽ ʜʦʙʦʚʦʛʦ ʮʠʢʣʫ[58]. ʊʦʤʫ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʘʟʚʠʯʘʡ 

ʜʦʩʪʘʪʥʴʦ ʢʽʣʴʢʦʭ ʛʦʜʠʥ ʚʠʤʽʨʶʚʘʥʴ ʧʽʩʣʷ ʥʘʩʪʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʨʝʞʠʤʫ ʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʶʪʴ ʟʤʽʥʥʽ ʫʤʦʚʠ ʪʝʧʣʦʦʙʤʽʥʫ, ʝʬʝʢʪʠ ʘʢʫʤʫʣʷʮʽʾ ʪʝʧʣʦʪʠ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʦʱʦ, ʪʦʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʜʦʚʛʦʪʨʠʚʘʣʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʫʩʝʨʝʜʥʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʟʘʟʚʠʯʘʡ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ ʪʝʧʣʦʟʘʭʠʩʥʽ 
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ʚʣʘʩʪʠʚʦʩʪʽ ʚʩʽʻʾ ʙʫʜʽʚʣʽ, ʷʢʘ ʤʘʻ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʪʝʧʣʦʚʦʾ ʦʙʦʣʦʥʢʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʫ ʙʘʛʘʪʴʦʭ 

ʟʦʥʘʭ, ʚʽʜʜʘʣʝʥʠʭ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʋ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʽ ISO 9869, ʟ 

ʢʦʪʨʠʤ ʙʫʚ ʛʘʨʤʦʥʽʟʦʚʘʥʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ɼʉʊʋ ISO 9869 [18], 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʥʘʩʪʫʧʥʝ: 

ʘ) ʜʣʷ ʣʝʛʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʘ ʦʜʠʥʠʮʶ 

ʧʣʦʱʽ ʤʝʥʰʝ 20 ʢɼʞ/(ʤ2Āʂ), ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʣʠʰʝ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʫʥʦʯʽ (ʟʘ ʦʜʥʫ ʛʦʜʠʥʫ ʧʽʩʣʷ ʟʘʭʦʜʫ ʽ ʜʦ ʩʭʦʜʫ ʩʦʥʮʷ), ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʧʣʠʚʫ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʤʦʞʥʘ ʟʘʚʝʨʰʠʪʠ ʷʢʱʦ ʨʝʟʫʣʴʪʘʪʠ, 

ʦʪʨʠʤʘʥʽ ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʥʦʯʝʡ, ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 

Ñ5%. ʋ ʽʥʰʦʤʫ ʨʘʟʽ ʡʦʛʦ ʪʨʝʙʘ ʧʨʦʜʦʚʞʫʚʘʪʠ [18]; 

ʙ) ʜʣʷ ʙʽʣʴʰ ʤʘʩʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʘ 

ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʧʦʥʘʜ 20 ʢɼʞ/(ʤ2Āʂ), ʘʥʘʣʽʟʫʚʘʥʥʷ ʤʘʻ ʙʫʪʠ ʧʨʦʚʝʜʝʥʦ ʟʘ 

ʧʝʨʽʦʜ, ʢʨʘʪʥʠʡ 24 ʛʦʜ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʦʚʠʥʥʦ ʟʘʢʽʥʯʫʚʘʪʠʩʷ ʣʠʰʝ ʚ ʨʘʟʽ 

ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʫʤʦʚ[18]: 

ï  ʪʨʠʚʘʣʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʝʨʝʚʠʱʫʻ 72 ʛʦʜ.; 

ï ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ ʥʘ Ñ5% ʚʽʜ 

ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ 24 ʛʦʜ. ʜʦ ʮʴʦʛʦ; 

ï ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ, ʦʪʨʠʤʘʥʝ ʟʘ ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ ʟʘ ʧʝʨʰʠʡ ʧʝʨʽʦʜ 

ʯʘʩʫ ʧʨʦʪʷʛʦʤ ɯNT(2ĬDʊ/3) ʜʽʙ ʥʝ ʚʽʜʭʠʣʷʻʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ ʥʘ Ñ5% ʚʽʜ ʟʥʘʯʝʥʴ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʜʘʥʠʭ ʟʘ ʦʩʪʘʥʥʽʡ ʧʝʨʽʦʜ ʯʘʩʫ ʪʘʢʦʾ ʩʘʤʦʾ ʪʨʠʚʘʣʦʩʪʽ (Dʊ ï 

ʪʨʠʚʘʣʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʜʽʙ; ɯNT ï ʮʽʣʘ ʯʘʩʪʠʥʘ ʯʠʩʣʘ); 

ï ʷʢʱʦ ʟʤʽʥʘ ʪʝʧʣʦʪʠ, ʘʢʫʤʫʣʴʦʚʘʥʦʾ ʚ ʩʪʽʥʽ, ʧʝʨʝʚʠʱʫʻ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 

Ñ5% ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʩʪʽʥʫ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ, ʪʦ ʪʨʝʙʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʜʠʥ ʟ ʤʝʪʦʜʽʚ ʢʦʨʝʢʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ, ʥʘʜʘʥʠʭ ʫ 

ʩʪʘʥʜʘʨʪʽ [18]. 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ  ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʟʛʽʜʥʦ ʟ 

ʩʪʘʥʜʘʨʪʦʤ ISO 9869 [18] ʟʘʣʝʞʠʪʴ ʚʽʜ: 
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¶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʝʥʩʦʨʽʚ. ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 5%, ʷʢʱʦ ʮʽ 

ʧʨʠʣʘʜʠ ʚʽʜʢʘʣʽʙʨʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʫ [18]; 

¶ ʪʦʯʥʦʩʪʽ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ [18]; 

¶ ʚʠʧʘʜʢʦʚʠʭ ʚʽʜʭʠʣʝʥʴ, ʩʧʨʠʯʠʥʝʥʠʭ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ 

ʤʽʞ ʩʝʥʩʦʨʘʤʠ ʪʘ ʧʦʚʝʨʭʥʝʶ. ʎʝ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 5% ʚʽʜ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʱʦ ʩʝʥʩʦʨʠ ʚʩʪʘʥʦʚʣʝʥʽ ʨʝʪʝʣʴʥʦ [18]; 

¶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʟʤʽʥʫ 

ʽʟʦʪʝʨʤ ʷʢʘ ʚʠʥʠʢʘʻ ʚ ʤʽʩʮʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʥʩʦʨʫ. ʎʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2ï3% [18]; 

¶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ,  ʩʧʨʠʯʠʥʝʥʦʾ ʟʤʽʥʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʟ ʯʘʩʦʤ. ʊʘʢʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʚʝʣʠʢʠʤʠ ̔  ʩʪʘʥʦʚʠʪʠ ʜʦ Ñ10% 

ʚʽʜ ʚʠʤʽʨʷʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʝʡ ʚʥʝʩʦʢ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʰʣʷʭʦʤ ʟʘʧʠʩʫ ʜʘʥʠʭ 

ʚʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ, ʟʤʝʥʰʝʥʥʷʤ ʢʦʣʠʚʘʥʴ ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʤʽʥʽʤʫʤʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʽʥʪʝʨʧʨʝʪʘʮʽʾ  

[18]; 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ ISO 9869 [18], ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʟʘʟʥʘʯʝʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ʤʽʞ ʢʚʘʜʨʘʪʫʨʥʦʶ (1.5) 

ʪʘ ʘʨʠʬʤʝʪʠʯʥʦʶ (1.6) ʩʫʤʘʤʠ: 

Ѝυ υ σ ρπ υ ρτϷ    (1.5) 

ʪʘ 

υ υ σ ρπυϷ ςψϷ   (1.6) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ [59, 60], 

ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʧʨʦʜʦʚʞ 6ï7 ʜʽʙ ʨʝʻʩʪʨʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ 

ʟʟʦʚʥʽ ʪʘ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ, ʘ ʧʦʪʽʤ ʧʨʦʚʦʜʷʪʴ ʦʜʥʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ɺʚʘʞʘʶʪʴ, ʱʦ ʟʘ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʫ ʩʽʤ ʜʽʙ, ʢʦʣʠ ʨʝʻʩʪʨʫʚʘʣʠ 
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ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʪʦʚʱʠʥʽ ʚʩʝʨʝʜʠʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʙʫʜʫʪʴ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʥʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʠʡʥʷʪʦʾ ʪʝʧʣʦʬʽʟʠʯʥʦʾ 

ʤʦʜʝʣʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʠʨʽʰʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [38-42].  

ʇʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʚ ʥʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʦʻʜʥʘʪʠ ʪʝʧʣʦʚʽʟʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʜʘʶʪʴ ʧʦʨʽʚʥʷʣʴʥʠʡ ʷʢʽʩʥʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʟ ʢʦʥʪʘʢʪʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [38-42]. 

ʆʜʥʘʢ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠʡʥʷʪʘ ʪʝʧʣʦʬʽʟʠʯʥʘ ʤʦʜʝʣʴ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʘ ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ 

ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʝʥʥʷ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣ ʧʦʚʝʨʭʥʝʚʠʭ ʪʝʧʣʦʚʠʭ 

ʧʦʣʽʚ. ʊʦʤʫ ʪʘʢʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʴ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʚʝʣʠʢʠʭ ʧʦʭʠʙʦʢ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [38-42]. 

1.2.4 ɸʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʜʽʡʩʥʶʶʪʴ ʰʣʷʭʦʤ ʾʾ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ, ʷʢʝ ʚʠʢʦʥʫʶʪʴ ʫ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʘʙʦ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʩʦʙʠ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʜʚʘ ʚʽʜʩʽʢʠ: ʪʝʧʣʠʡ ʪʘ ʭʦʣʦʜʥʠʡ, ʤʽʞ ʷʢʠʤʠ 

ʨʦʟʤʽʱʫʶʪʴ ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʗʢ ʚʠʧʨʦʙʫʚʘʣʴʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹɺ.2.6-101 [1] ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʣʽʤʘʪʠʯʥʽ ʢʘʤʝʨʠ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ: ʩʪʘʮʽʦʥʘʨʥʫ ʢʘʤʝʨʫ ʜʣʷ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʾʭ ʬʨʘʛʤʝʥʪʽʚ, ʩʭʝʤʘ 

ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.1, ʯʠ ʤʝʥʰ ʛʘʙʘʨʠʪʥʫ ʢʣʽʤʘʪʠʯʥʫ ʢʘʤʝʨʫ ʟ ʧʨʠʩʪʘʚʥʠʤ 
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ʪʝʧʣʠʤ ʚʽʜʩʽʢʦʤ (ʨʠʩ. 1.2) ʘʙʦ ʽʥʰʽ ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟ ʜʚʦʭ ʙʦʢʽʚ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʥʝʦʙʭʽʜʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʽʩʥʽ 

ʫʤʦʚʠ. ʅʘʧʨʠʢʣʘʜ, ʧʝʨʝʩʫʚʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʢʘʤʝʨʘ ʊʆɺ çɸʣʴʪʘʚʽʨè (ʋʢʨʘʾʥʘ) 

(ʨʠʩ. 1.3) [61], ʤʘʣʦʛʘʙʘʨʠʪʥʘ ʧʝʨʝʩʫʚʥʘ ʢʣʽʤʘʪʠʯʥʘ ʫʩʪʘʥʦʚʢʘ çɯʊʉ-3è (ʨʠʩ. 1.4), 

ʷʢʫ ʨʦʟʨʦʙʣʝʥʦ ʚ ɯʊʊʌ ʅɸʅ ʋʢʨʘʾʥʠ [62]. ʂʣʽʤʘʪʠʯʥʽ ʢʘʤʝʨʠ ʧʨʠʟʥʘʯʝʥ ̔ʜʣʷ 

ʪʝʧʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʢʣʦʧʘʢʝʪʽʚ, ʱʦ ʚʠʨʦʙʣʝʥʽ ʟʘ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʷʤʠ, ʟ ʤʝʪʦʶ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ 

ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʪʘ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʢʣʽʤʘʪʠʯʥʦʾ ʢʘʤʝʨʠ ʜʣʷ ʪʝʧʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [1]: 1 ï ʟʨʘʟʦʢ; 2 ï ʥʘʛʨʽʚʥʠʢʠ; 3 ï 

ʧʘʨʦʟʚʦʣʦʞʫʚʘʯ; 4 ï ʢʦʥʜʠʮʽʦʥʝʨ; 5 ï ʦʭʦʣʦʜʞʫʚʘʣʴʥʽ ʙʘʪʘʨʝʾ; 6 ï ʭʦʣʦʜʠʣʴʥʝ 

ʦʙʣʘʜʥʘʥʥʷ; 7 ï ʪʨʫʙʦʧʨʦʚʦʜʠ ʭʦʣʦʜʦʘʛʝʥʪʫ; 8 ï ʚʝʥʪʠʣʷʪʦʨʠ; 9 ï ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ; 10 ï ʩʝʥʩʦʨ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 

ʪʝʧʣʦʛʦ ʚʽʜʩʽʢʫ; 11 ï ʩʝʥʩʦʨ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʝʧʣʦʛʦ ʚʽʜʩʽʢʫ; 

12 ï ʩʝʥʩʦʨ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʭʦʣʦʜʥʦʛʦ ʚʽʜʩʽʢʫ; 13 ï ʩʝʥʩʦʨ 

ʪʝʤʧʝʨʘʪʫʨʠ; 14 ï ʩʝʥʩʦʨ ʚʦʣʦʛʦʩʪʽ; 15 ï ʧʘʨʦʧʨʦʚʽʜ; 16 ï ʨʝʛʫʣʶʚʘʣʴʥʠʡ 

ʢʣʘʧʘʥ; 17 ï ʟʘʧʽʨʥʠʡ ʢʣʘʧʘʥ. 
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ʈʠʩʫʥʦʢ. 1.2 ï ʉʭʝʤʘ ʢʣʽʤʘʪʠʯʥʦʾ ʢʘʤʝʨʠ ʟ ʧʨʠʩʪʘʚʥʠʤ ʪʝʧʣʠʤ ʚʽʜʩʽʢʦʤ 

[1]: 1 ï ʟʨʘʟʦʢ; 2 ï ʥʘʛʨʽʚʥʠʢʠ; 3 ï ʧʦʩʫʜʠʥʘ ʟ ʨʦʟʯʠʥʦʤ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 

ʚʦʣʦʛʦʩʪʽ; 4 ï ʧʝʨʝʭʽʜʥʘ ʜʽʘʬʨʘʛʤʘ; 5 ï ʚʠʧʘʨʥʠʢ; 6 ï ʭʦʣʦʜʠʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ; 

7 ï ʪʨʫʙʦʧʨʦʚʦʜʠ ʭʦʣʦʜʦʘʛʝʥʪʫ; 8 ï ʚʝʥʪʠʣʷʪʦʨ; 9 ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ; 10 ï ʩʝʥʩʦʨ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʚ 

ʧʨʠʩʪʘʚʥʦʤʫ ʪʝʧʣʦʤʫ ʚʽʜʩʽʢʫ; 11ï ʩʝʥʩʦʨ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʩʪʘʚʥʦʤʫ ʪʝʧʣʦʤʫ ʚʽʜʩʽʢʫ; 12 ï ʩʝʥʩʦʨ ʢʦʥʪʨʦʣʶ ʪʘ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʦʤʫ ʦʙôʻʤʽ ʢʣʽʤʘʪʠʯʥʦʾ ʢʘʤʝʨʠ; 13 ï 

ʩʝʥʩʦʨ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʚ ʨʦʙʦʯʦʤʫ ʦʙôʻʤʽ ʢʣʽʤʘʪʠʯʥʦʾ 

ʢʘʤʝʨʠ; 14 ï ʧʨʠʩʪʘʚʥʠʡ ʪʝʧʣʠʡ ʚʽʜʩʽʢ; 15 ï ʢʣʽʤʘʪʠʯʥʘ ʢʘʤʝʨʘ. 
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ʈʠʩʫʥʦʢ 1.3 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʢʣʽʤʘʪʠʯʥʦʾ ʢʘʤʝʨʠ ʊʆɺ çɸʣʴʪʘʚʽʨè 

(ʋʢʨʘʾʥʘ) [61] 

 

ʈʠʩʫʥʦʢ 1.4 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʘʣʦʛʘʙʘʨʠʪʥʦʾ ʧʝʨʝʩʫʚʥʦʾ ʢʣʽʤʘʪʠʯʥʦʾ 

ʢʘʤʝʨʠ ʜʣʷ ʪʝʧʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʢʣʦʧʘʢʝʪʽʚ [62]: ʄʇʂ ï ʤʘʣʦʛʘʙʘʨʠʪʥʘ 

ʧʝʨʝʩʫʚʥʘ ʢʘʤʝʨʘ; ɹɽʈ ï ʙʣʦʢ ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ; ɯɺʇ ï ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ; ʉʉ ï ʩʝʨʚʽʩʥʠʡ ʩʪʽʣ 

 

˱ˤ˽ 
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ʅʝʦʙʭʽʜʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʢʘʤʝʨʠ: 

ï ʢʦʤʧʨʝʩʦʨʠ ʘʙʦ ʢʦʤʧʨʝʩʦʨʥʦ-ʢʦʥʜʝʥʩʘʪʦʨʥʽ ʘʛʨʝʛʘʪʠ ʭʦʣʦʜʠʣʴʥʠʭ 

ʤʘʰʠʥ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʦʟʘ ʢʘʤʝʨʦʶ, ʪʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʽ ʙʘʪʘʨʝʾ 

ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʭʦʣʦʜʥʦʤʫ ʚʽʜʩʽʢʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʻ ʪʠʧʦʚʦʶ ʜʣʷ ʟʠʤʦʚʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [1,62]; 

ï ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ ʭʦʣʦʜʥʦʤʫ ʚʽʜʩʽʢʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʚʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʝʛʫʣʷʪʦʨʘ ʪʘ 

ʤʝʭʘʥʽʟʤʫ, ʱʦ ʚʠʢʦʥʫʻ ʘʚʪʦʤʘʪʠʯʥʝ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ ʥʽʞ Ñ1ʂ, ʽ ʚʝʥʪʠʣʷʪʦʨʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ 

ʨʽʚʥʦʤʽʨʥʝ ʧʦʜʘʚʘʥʥʷ ʭʦʣʦʜʥʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʙʘʪʘʨʝʡ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʫ ʭʦʣʦʜʥʦʤʫ ʚʽʜʩʽʢʫ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʨʽʚʥʽ 23 ɺʪ/(ʤ2Ŀʂ), ʷʢʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤ ʧʦ ʚʩʽʡ 

ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ, ʘ ʪʘʢʦʞ [1,62]:  

ï ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʪʝʧʣʦʤʫ 

ʚʽʜʩʽʢʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ 

ʧʦʚʽʪʨʷ,  

ï ʨʝʛʫʣʷʪʦʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʥʘʛʨʽʚʥʠʢʠ, 

ʪʝʨʤʦʨʘʜʽʘʪʦʨʠ, ʝʣʝʢʪʨʦʚʝʥʪʠʣʷʪʦʨʠ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʪʘ 

ʝʣʝʢʪʨʦʧʘʨʦʟʚʦʣʦʞʫʚʘʯʽʚ ʜʣʷ ʟʚʦʣʦʞʝʥʥʷ ʧʦʚʽʪʨʷ, ʘʙʦ ʢʦʥʜʠʮʽʦʥʝʨʠ.  

ʅʝʚʠʟʥʘʯʝʥʽʩʪ ɹ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʪʝʧʣʦʤʫ ʚʽʜʩʽʢʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ ʥʽʞ Ñ1 ʂ, ʚʦʣʦʛʦʩʪʽ ï 

ʥʝ ʙʽʣʴʰʝ Ñ5 %[1,62]. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʠʤʽʨʶʚʘʥʴ ʢʣʽʤʘʪʠʯʥʽ ʢʘʤʝʨʠ ʤʘʶʪʴ ʙʫʪʠ ʦʩʥʘʱʝʥʽ 

ʢʦʤʧʣʝʢʩʦʤ ʧʝʚʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ [1]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ 

ʟʘʩʪʦʩʦʚʫʶʪʴ: ʤʝʪʨʦʣʦʛʽʯʥʽ ʩʢʣʷʥʽ ʪʝʨʤʦʤʝʪʨʠ ʜʣʷ ʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʽ ʪʠʞʥʝʚʽ ʪʝʨʤʦʛʨʘʬʠ ʜʣʷ ʾʾ ʨʝʻʩʪʨʘʮʽʾ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ 

ʜʽʙ, ʛʽʛʨʦʛʨʘʬʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ, ʧʩʠʭʨʦʤʝʪʨʠ ʜʣʷ 

ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʪʘ 
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ʘʥʝʤʦʤʝʪʨʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ 

ʦʤʠʚʘʻ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʪʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʤ/ʩ. 

ɼʣʷ ʷʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʠʭ ʟʦʥ ʥʘ ʧʦʚʝʨʭʥʽ 

ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦ ʾʢʦʥʩʪʨʫʢʮʽ ʾʘʙʦ ʮʽʣʦʾ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʦ ʾ ʢʦʥʩʪʨʫʢʮʽ,ʾ ʷʢ ̔ ʚʠʢʦʥʫʶʪʴ ʙʝʟʢʦʥʪʘʢʪʥʠʤ ʩʧʦʩʦʙʦʤ, 

ʧʦʪʨʽʙʝʥ ʪʝʧʣʦʚʽʟʦʨ ʘʙʦ ʧʽʨʦʤʝʪʨ. ɼʣʷ ʢʦʥʪʘʢʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʢʦʤʧʣʝʢʪ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʚ 

ʪʝʧʣʦʤʫ ʪʘ ʭʦʣʦʜʥʦʤʫ ʚʽʜʩʽʢʘʭ ʢʘʤʝʨʠ, ʪʘ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʢʨʽʟʴ 

ʥʴʦʛʦ, ʘ ʪʘʢʦʞ ʚʪʦʨʠʥʥʫ ʩʠʩʪʝʤʫ [1]. 

ʂʦʥʪʨʦʣʴ ʟʥʘʯʝʥʴ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʱʦ ʝʢʩʧʣʫʘʪʫʪʁʴʩʷ ʘʙʦ ʧʦʚʥʽʩʪʶ 

ʧʽʜʛʦʪʦʚʣʝʥ ̔ ʜʦ ʧʨʠʡʥʷʪʪʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʘʙʦ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ, ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʫ ʥʘʪʫʨʥʠʭ 

ʫʤʦʚʘʭ. 

ʊʝʧʣʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʶʪʴ ʮʽʣʫ ʥʠʟʢʫ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. ʆʩʥʦʚʥʘ ʟ ʥʠʭ ï ʾʭ ʚʠʢʦʥʫʶʪʴ ʫ ʧʝʨʽʦʜ, ʢʦʣʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʤʽʥʽʤʘʣʴʥʦ-ʥʝʦʙʭʽʜʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ. ʊʦʙʪʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʶʪʴ ʚ ʦʩʽʥʥʴʦ-ʟʠʤʦʚʦ-ʚʝʩʥʷʥʽ ʧʦʨʠ ʨʦʢʫ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʚ ʣʽʪʥʽʡ ʩʝʟʦʥ 

ʤʦʞʣʠʚʽ ʧʨʠ ʰʪʫʯʥʦʤʫ ʧʽʜʽʛʨʽʚʘʥʥʽ ʧʦʚʽʪʨʷ ʚ ʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʘʙʦ 

ʦʭʦʣʦʜʞʫʚʘʥʥʽ ʧʽʜʩʠʣʝʥʦʶ ʚʝʥʪʠʣʷʮʽʻʶ, ʱʦ ʥʘ ʧʨʘʢʪʠʮʽ ʤʘʡʞʝ ʥʝ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʪʘ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʚʠʢʦʥʫʶʪʴ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʪʘ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ 

ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʝʨʝʟ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʽ 

ʧʨʝʜʩʪʘʚʥʠʮʴʢʽ ʟʦʥʠ, ʷʢʽ ʤʘʶʪʴ ʥʘʙʦʨʠ ʥʝʦʜʥʘʢʦʚʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʜʽʣʷʥʦʢ. 

ʉʝʨʝʜ ʮʠʭ ʜʽʣʷʥʦʢ ʥʘʤʽʯʘʶʪʴ ʙʘʟʦʚʽ (ʙʝʟʜʝʬʝʢʪʥʽ ʪʝʨʤʽʯʥʦ ʦʜʥʦʨʽʜʥʽ) ʪʘ 

ʘʥʦʤʘʣʴʥʽ (ʟ ʚʠʷʚʣʝʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ). ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʦʥ ʽ 

ʜʽʣʷʥʦʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ, ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 
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ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʧʦʚʝʨʭʦʥʴ ʙʝʟʢʦʥʪʘʢʪʥʠʤ 

(ʥʝʨʫʡʥʽʚʥʠʤ) ʤʝʪʦʜʦʤ [38-42]. 

ɼʦ ʩʢʣʘʜʫ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʴ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, ʚʭʦʜʷʪʴ ʟʘʩʦʙʠ 

ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦʚʝʨʭʦʥʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʽ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʪʘ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ) ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʣʽʥʽʡʥʠʭ ʽ ʢʫʪʦʚʠʭ ʨʦʟʤʽʨʽʚ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʦʢʨʝʤʠʭ ʾʾ ʜʽʣʷʥʦʢ, ʢʦʤʧʣʝʢʪ ʟʘʩʦʙʽʚ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʝʤʽʩʽʾ ʦʙʩʪʝʞʫʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʦʙʤʽʥʫ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʘ ʢʦʤʧôʶʪʝʨʠʟʘʮʽʾ ʥʘʪʫʨʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʽ ʜʦʧʦʤʽʞʥʝ ʦʙʣʘʜʥʘʥʥʷ [1, 38-42]. 

ʊʝʧʣʦʪʝʭʥʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʠʥʢʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʡʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ 

ʦʛʣʷʜʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʦʙʦʭ ʩʪʦʨʽʥ 

ʦʙʩʪʝʞʫʚʘʥʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽʩʥʫʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʧʨʠʣʘʜʠ, ʧʝʨʝʣʽʢ ʷʢʠʭ 

ʥʘʚʝʜʝʥʦ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ. 

ʇʦʧʝʨʝʜʥʻ ʦʙʩʪʝʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʧʦʚʝʨʭʦʥʴ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʠʥʢʫ ʧʨʦʚʦʜʷʪʴ 

ʙʝʟʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʧʣʦʚʽʟʦʨʘ ʘʙʦ ʧʽʨʦʤʝʪʨʘ [63- 66]. 

ʊʝʧʣʦʚʽʟʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʙʩʪʝʞʫʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʚ  

ʽʥʬʨʘʯʝʨʚʦʥʽʡ  ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʫ [33,34, 36,66, 67]. 

ɯʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʨʝʻʩʪʨʫʻ ʪʝʧʣʦʚʽʟʦʨ, ʪʘ ʷʢʝ  

ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.5, ʤʘʻ ʪʨʠ ʩʢʣʘʜʦʚʽ: ʚʣʘʩʥʝ ʚʠʧʨʦʤʽʥʝʥʥʷ 

ʦʙôʻʢʪʘ ʚʠʤʽʨʶʚʘʥʥʷ, ʚʽʜʙʠʚʥʝ ʟʦʚʥʽʰʥʻ ʚʠʧʨʦʤʽʥʝʥʥʷ  ʪʘ ʚʠʧʨʦʤʽʥʝʥʥʷ, ʷʢʝ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ ʧʨʦʧʫʩʢʘʻ ʢʨʽʟʴ ʩʝʙʝ.  
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ʈʠʩʫʥʦʢ 1.5 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʝʧʣʦʚʽʟʦʨʘ [68] 

 

ɼʣʷ ʮʽʣʝʡ ʪʝʨʤʦʛʨʘʬʫʚʘʥʥʷ ʯʠʤ ʤʝʥʰʝ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʝʥʥʷ , ʪʠʤ 

ʙʽʣʴʰʝ ʨʽʚʝʥʴ ʚʽʜʙʠʚʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʽ ʩʢʣʘʜʥʽʰʝ ʪʦʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ  

ʪʝʤʧʝʨʘʪʫʨʠ ʦʙôʻʢʪʘ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʩʪʘʻ ʧʨʘʚʠʣʴʥʝ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʽʜʙʠʚʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ. [33, 34, 36] ʇʨʦʪʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʚʽʟʦʨʘ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʚʠʟʥʘʯʝʥʥ ̫ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ 

ʥʝʨʫʡʥʽʚʥʠʤ ʤʝʪʦʜʦʤ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦ, ʟʘ ʢʽʣʴʢʘ ʛʦʜʠʥ, ʧʨʦʚʝʩʪʠ 

ʥʘʪʫʨʥʝ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙôʻʢʪʫ ʪʘ ʚʠʷʚʠʪʠ ʧʨʝʜʩʪʘʚʥʠʮʴʢʽ ʟʦʥʠ, ʜʝ 

ʫ ʧʦʜʘʣʴʰʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʢʦʥʪʘʢʪʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʴ 

ʧʦʚʝʨʭʥʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ[33, 34, 36]. 

ʂʨʽʤ ʪʝʧʣʦʚʽʟʦʨʘ (ʘʙʦ ʧʽʨʦʤʝʪʨʘ) ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ 

ʧʦʚʥʦʤʫ ʦʙʩʪʝʞʝʥʥʽ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʪʨʝʙʘ ʤʘʪʠ ʱʝ ʢʦʤʧʣʝʢʪ 

ʢʦʥʪʘʢʪʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 

ʧʦʙʣʠʟʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʦʙʦʭ ʙʦʢʽʚ ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʢʨʽʟʴ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʽ ʚʠʤʽʨʶʚʘʣʴʥʫ ʘʧʘʨʘʪʫʨʫ [18,38,39]. 
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ɺ ʨʦʣʽ ʚʪʦʨʠʥʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʱʦ ʧʨʘʮʶʻ ʟ ʩʝʥʩʦʨʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ(ɸʎʇ), 

ʤʽʣʽʚʦʣʴʪʤʝʪʨʠ, ʘ ʟ ʪʝʨʤʦʤʝʪʨʘʤʠ ʦʧʦʨʫ ï ʧʦʪʝʥʮʽʦʤʝʪʨʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ 

ʽʥʰʽ ʧʨʠʣʘʜʠ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʩʝʥʩʦʨʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ  ʽ ʩʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʽʙʥʫ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ [18, 39-41]. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʤʫʪʘʪʦʨʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʛʥʘʣʽʚ ʘʙʦ ʢʦʤʫʪʘʮʽʡʥʽ ʰʘʬʠ ʤʽʞ ʧʝʨʚʠʥʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʪʘ 

ʚʪʦʨʠʥʥʠʤʠ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʨʠʣʘʜʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʟ`ʻʜʥʘʥʥʷ ʢʦʤʫʪʘʮʽʡʥʦʾ 

ʘʧʘʨʘʪʫʨʠ ʟ ʧʨʠʣʘʜʘʤʠ ʪʨʝʙʘ ʚʠʢʦʥʫʚʘʪʠ ʤʽʜʥʠʤ ʜʨʦʪʦʤ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʩʝʨʝʜʦʚʠʱʘ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʽ  ʢʦʤʫʪʘʪʦʨʠ  

ʩʠʛʥʘʣʽʚ, ʱʦ ʚʠʤʽʨʶʶʪʴʩʷ, ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ ʥʽʞ Ñ1 ʂ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʨʝʻʩʪʨʫʚʘʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ (ʘʙʦ) 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʫʯʘʩʥʽ ʧʦʨʪʘʪʠʚʥʽ ʮʠʬʨʦʚʽ ʧʨʠʣʘʜʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ (ʘʙʦ) ʪʝʤʧʝʨʘʪʫʨʠ ʟʛʽʜʥʦ ʟ 

ɼʉʊʋ 4035 [7] ʘʙʦ ʽʥʰʽ ʧʨʠʣʘʜʠ ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɼʝʷʢʽ ʤʦʜʝʣʽ 

ʧʦʨʪʘʪʠʚʥʠʭ ʧʨʠʣʘʜʽʚ ʜʣʷ ʢʦʥʪʘʢʪʥʠʭ ʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʫ ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʧʨʘʢʪʠʮʽ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1.1. 

ɼʣʷ ʦʙʩʪʝʞʝʥʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʘʶʪʴ ʜʝʢʽʣʴʢʘ 

ʨʽʟʥʦʨʽʜʥʠʭ ʧʨʝʜʩʪʘʚʥʠʮʴʢʠʭ ʟʦʥ, ʟʨʫʯʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʨʦʜʦʚʞ 

ʢʽʣʴʢʦʭ ʜʽʙ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʧʨʦ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʛʫʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʢʽʣʴʢʦʤ ʜʝʩʷʪʢʘʤ ʢʘʥʘʣʽʚ.  
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ʊʘʙʣʠʮʷ. 1.1 ɿʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

 

  

ʅʘʡʤʝʥʫʚʘʥʥʷ TRSYS20 

Hukseflux [69] 

(ʅʽʜʝʨʣʘʥʜʠ) 

FluxDAQ 

(ʉʐɸ) [70] 

UVAL Wired System 

(ʐʚʝʡʮʘʨʽʷ) [71] 

ʂʽʣʴʢʽʩʪʴ 

ʢʘʥʘʣʽʚ 

6 8 5 

ɿʦʥʠ ʢʦʥʪʨʦʣʶ 2 2 2 

ʉʝʥʩʦʨʠ 

ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ 

HFP01 PHFS-01e gSKINÈ-XO 67 7C 

(30mm x 30mm) 

ɼʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, ɺʪ/ʤĮ 

1 é 2000 1 é 150 Ñ300 . 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʢʦʥʪʨʦʣʶ 

ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, % 

Ñ 3 % Ñ 3 % Ñ 3 % 

ʉʝʥʩʦʨʠ 

ʪʝʤʧʝʨʘʪʫʨʠ 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ 

ʩʝʥʩʦʨ 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ 

ʩʝʥʩʦʨ 

ʥ.ʜ. 

ɼʽʘʧʘʟʦʥ 

ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ, Áʉ 

-30 é  +70 -50 é +120 -30 é  +70 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʢʦʥʪʨʦʣʶ 

ʪʝʤʧʝʨʘʪʫʨʠ, K 

0,5 0,5 0,5 
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1.3 ʄʝʪʦʜʠ ʪʘ ʧʨʠʣʘʜʠ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʧʦʢʨʠʪʪʽʚ 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʚʠʤʽʨʶʚʘʥʴ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʩʬʝʨ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ. ɺʽʜʦʤʦ, ʱʦ ʥʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʠʭ, 

ʛʨʦʤʘʜʩʴʢʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ ʙʫʜʽʚʝʣʴ ʚʠʪʨʘʯʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 40% ʚʩʴʦʛʦ 

ʚʠʜʦʙʫʪʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ. ʇʨʠ ʮʴʦʤʫ, ʢʨʽʟʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰʝ 60% ʚʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʘʤʠ 

ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʂʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʧʦʢʨʠʪʪʷ ʯʠ 

ʤʘʪʝʨʽʘʣʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ, ʪʦʤʫ ʡʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʚʘʞʣʠʚʝ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʚʽʢʦʥ ʪʘ ʩʢʣʦʧʘʢʝʪʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʠʟʢɹʦʝʤʽʩʽʡʥʝ ʩʢʣʦ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʪʝʧʣʦʦʙʤʽʥʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʩʚʽʪʣʦʧʨʦʟʦʨʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ. ɼʣʷ ʢʦʩʤʽʯʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʥʘʚʧʘʢʠ, ʦʙʦʣʦʥʢʘ ʧʦʚʠʥʥʘ ʩʧʨʠʷʪʠ ʨʦʟʩʽʶʚʘʥʥʶ ʫ ʧʨʦʩʪʦʨʽ ʪʝʧʣʦʪʠ, 

ʱʦ ʚʠʜʽʣʠʣʘʩʷ ʫ ʙʦʨʪʦʚʽʡ ʘʧʘʨʘʪʫʨʽ, ʘʣʝ ʤʘʪʠ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ. ʇʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʩʢʣʘ ʪʘ ʦʙʦʣʦʥʦʢ ʜʣʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ [72ï77]. 

1.3.1 ʄʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ 

ɺʽʜʦʤʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʙʦ ʩʢʣʘʜʥʝ ʪʘ ʜʦʨʦʛʝ ʬʦʪʦʩʧʝʢʪʨʦʤʝʪʨʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʘʙʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽ 

ʤʝʪʦʜʠ, ʷʢʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʦʥʚʝʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʝʧʣʦʦʙʤʽʥʫ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʚʘʢʫʫʤʫʚʘʥʥʷ ʢʘʤʝʨʠ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʟʨʘʟʢʘʤʠ. ɿʜʝʙʽʣʴʰʦʛʦ ʧʨʠʣʘʜʠ ʜʣʷ 

ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʪʘ 

ʦʙʤʝʞʝʥʫ ʜʽʘʛʨʘʤʫ ʥʘʧʨʘʚʣʝʥʦʩʪʽ. 
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ɯʥʪʝʛʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʨʝʘʣʴʥʦʛʦ ʪʽʣʘ ʜʦ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʯʦʨʥʦʛʦ ʪʽʣʘ ʧʨʠ ʪʽʡ 

ʞʝ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʗʢ ʚʽʜʦʤʦ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʽʨʠʭ ʪʽʣ ʚʽʜʧʦʚʽʜʘʻ ʟʘʢʦʥʫ ʉʪʝʬʘʥʘ-

ɹʦʣʴʮʤʘʥʘ [78], ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ  ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ: 

ή  ‐Ͻ„ϽὝ (ɺʪ/ʤ2)    (1.7) 

ʜʝ: q ï ʛʫʩʪʠʥʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ; 

s = 5,67 Ĭ10-8 (ɺʪ/ʤ2Ŀʂ4) ʩʪʘʣʘ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ; 

‐ ï ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʘʢʪʫʘʣʴʥʝ ʜʣʷ ʚʩʽʭ ʚʠʧʘʜʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ, ʟʦʢʨʝʤʘ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʩʢʣʘ ʪʘ ʚʽʢʦʥ, ʧʦʢʨʠʪʪʷ ʝʣʝʤʝʥʪʽʚ 

ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ, ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʧʽʨʦʤʝʪʨʠʯʥʠʭ ʪʘ ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʚ ʙʫʜʽʚʝʣʴʥʽʡ, ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʽʡ ʪʘ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʛʘʣʫʟʷʭ.   

ɼʣʷ ʨʝʘʣʴʥʠʭ ʪʽʣ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʻ ʩʢʣʘʜʥʦʶ ʬʫʥʢʮʽʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʠʨʦʜʠ ʪʽʣʘ ʱʦ ʚʠʧʨʦʤʽʥʶʻ, ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ, ʘ ʜʣʷ ʤʝʪʘʣʽʚ 

ï ʚʽʜ ʩʪʫʧʝʥʶ ʦʢʠʩʣʝʥʥʷ ʮʽʻʾ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʟ ʧʦʣʽʨʦʚʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʤʘʻ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 100Áʉ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʦʣʽʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,1. ɿ 

ʧʦʷʚʦʶ ʦʢʩʠʜʥʠʭ ʧʣʽʚʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʨʽʟʢʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʽ ʟʘ 0,5.  

ɺʽʜʦʤʽ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʝʤʽʩʽʾ. ɰʭ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʚʝʣʠʢʽ ʛʨʫʧʠ: ʦʧʪʠʯʥʽ ʪʘ ʪʝʧʣʦʚʽ [79]. 

ʉʝʨʝʜ ʦʧʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʻ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʡ. ʄʝʪʦʜʠʢʘ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʢʨʠʚʦʾ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ, ʦʙʤʽʨʶʚʘʥʦʾ ʫ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʧʨʠ ʢʫʪʽ ʧʘʜʽʥʥʷ ʧʫʯʢʘ ʚʠʧʨʦʤʽʥʝʥʥʷ, 

ʙʣʠʟʴʢʦʤʫ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʯʠʩʣʶʶʪʴ ʩʝʨʝʜʥʻ 
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ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʪʘ ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʴ ʥʝʦʙʭʽʜʥʝ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʝ ʽ ʢʦʰʪʦʚʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʤʧʽʨʠʯʥʠʭ ʧʦʧʨʘʚʦʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝʡ 

ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʴ ʻ ʥʝʧʨʷʤʠʤ [79]. 

ʉʝʨʝʜ ʪʝʧʣʦʚʠʭ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʝʤʽʩʽʾ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʥʘʩʪʫʧʥʽ: ʨʘʜʽʘʮʽʡʥʠʡ, ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʡ, 

ʤʝʪʦʜ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʫ, ʤʝʪʦʜ ʥʝʧʝʨʝʨʚʥʦʛʦ ʥʘʛʨʽʚʫ ʟʽ ʩʪʘʣʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʋ ʚʩʽʭ ʤʝʪʦʜʘʭ ʧʝʨʝʥʽʩ ʪʝʧʣʦʪʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʚʝʢʮʽʾ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʧʦʚʽʪʨʷ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʫʞʝ ʤʘʣʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

ʈʘʜʽʘʮʽʡʥʠʡ ʤʝʪʦʜ ʻ ʚʽʜʥʦʩʥʠʤ ʤʝʪʦʜʦʤ [79]. ɺʽʥ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʦʨʽʚʥʷʥʥʽ ʚʠʧʨʦʤʽʥʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ ʟ ʚʠʧʨʦʤʽʥʝʥʥʷʤ ʘʙʩʦʣʶʪʥʦ 

ʯʦʨʥʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʝʪʘʣʦʥʥʦʛʦ ʪʽʣʘ ʟ ʚʽʜʦʤʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʧʨʦʤʽʥʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʡʤʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʚ ʷʢʦʤʫ ʨʦʟʤʽʱʝʥʦ 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʩʝʥʩʦʨ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʜʠʥ ʟʽ ʩʧʘʾʚ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʡʤʘʻ ʚʠʧʨʦʤʽʥʝʥʥʷ ʚʽʜ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ, ʘ ʽʥʰʠʡ ï ʟ ʧʦʚʝʨʭʥʽ ʝʪʘʣʦʥʥʦʛʦ ʪʽʣʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʛʥʘʣʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴ 

ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ. 

ʂʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ 

ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ [79]. ʊʘʢʠʡ ʤʝʪʦʜ ʻ 

ʘʙʩʦʣʶʪʥʠʤ. ʂʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʚʠʟʥʘʯʘʶʪʴ ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʢʦʥʫ ʉʪʝʬʘʥʘ-

ɹʦʣʴʮʤʘʥʘ. 

ʄʝʪʦʜ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʘʢʦʥʘʭ 

ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʜʣʷ ʪʽʣʘ, ʪʝʧʣʦʦʙʤʽʥ ʷʢʦʛʦ ʻ ʪʽʣʴʢʠ 

ʨʘʜʽʘʮʽʡʥʠʤ [79]. ɼʣʷ  ʪʘʢʦʛʦ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦ 

ʪʝʤʧʫ ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʠʡ ʚʠʟʥʘʯʘʶʪʴ ʟʚʠʯʘʡʥʠʤ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʫ 

ʤʝʪʦʜʦʤ. 

ʋ ʤʝʪʦʜʽ ʥʘʛʨʽʚʫ ʟʽ ʩʪʘʣʦʶ ʰʚʠʜʢʽʩʪʶ  ʟʨʘʟʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʨʦʩʪʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ (ʥʘʧʨʠʢʣʘʜ, ʮʠʣʽʥʜʨ) ʨʦʟʤʽʱʫʶʪʴ 
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ʚʩʝʨʝʜʠʥʽ ʤʘʩʠʚʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʙʣʦʢʫ, ʷʢʠʡ ʩʣʫʛʫʻ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘʚʢʦʣʦ ʟʨʘʟʢʘ. ʊʝʧʣʦʦʙʤʽʥ ʤʽʞ ʟʨʘʟʢʦʤ ʪʘ 

ʙʣʦʢʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ. ʄʘʩʠʚʥʠʡ 

ʙʣʦʢ ʥʘʛʨʽʚʘʶʪʴ ʪʘʢ, ʱʦʙ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ʟʨʘʟʢʘ ʙʫʣʘ ʩʪʘʣʦʶ ʚ ʫʤʦʚʘʭ 

ɺʽÒ0,1. ʂʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʟʥʘʭʦʜʷʪʴ ʟ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʟʨʘʟʢʘ, 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʟʨʘʟʢʘ, ʡʦʛʦ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʝʥʥʷ ʤʘʩʠʚʥʦʛʦ ʙʣʦʢʫ[79]. 

ʉʪʘʥʜʘʨʪ ASTM E408-13 [78] ʚʠʟʥʘʯʘʻ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʋ ʩʪʘʥʜʘʨʪʽ ʥʘʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ: ʟʘʛʘʣʴʥʝ ʥʦʨʤʘʣʴʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ŮN) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʟʨʘʟʢʘ ʜʦ 

ʚʠʧʨʦʤʽʥʝʥʥʷ ʯʦʨʥʦʛʦ ʪʽʣʘ ʟʘ ʪʽʻʾ ʞ ʪʝʤʧʝʨʘʪʫʨʠ. ʈʽʚʥʷʥʥʷ,  ʱʦ ʧʦʚôʷʟʫʻ ŮN ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦ ʟʘʣʝʞʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

[ŮN(ɘ)] ʩʪʘʥʦʚʠʪʴ: 

‐ ᷿ ὒ ―ȟὝ‐ ―Ὠ―Ⱦ᷿ ὒ ―ȟὝὨ―  (1.8) 

ʜʝ: ὒ ―ȟὝ ὧϽ― Ὡ Ⱦ ρ ï ʬʫʥʢʮʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʯʦʨʥʦʛʦ 

ʪʽʣʘ ʇʣʘʥʢʘ;  

ʩ1 = 3,7415Ĭ10
-16 ɺʪĿʤ2;  

ʩ2 = 1,4388Ĭ10
-2 ʤĿʂ;  

ʊ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ;  

ɘ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʤ;  

᷿ ὒ ―ȟὝὨ―„Ὕ . 

ʉʪʘʥʜʘʨʪ E408-13 ʨʦʟʛʣʷʜʘʻ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʨʠ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʧʨʦʚʝʜʝʥʥʷ ʮʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɺ ʧʝʨʰʦʤʫ ʤʝʪʦʜʽ ʚʠʤʽʨʶʶʪʴ ʧʨʦʤʝʥʠʩʪʫ 

ʝʥʝʨʛʽʶ, ʚʽʜʙʠʪʫ ʚʽʜ ʟʨʘʟʢʘ (ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ ɸ), ʫ ʜʨʫʛʦʤʫ ʤʝʪʦʜʽ 

ʚʠʤʽʨʶʶʪʴ ʧʨʦʤʝʥʠʩʪʫ ʝʥʝʨʛʽʶ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ (ʤʝʪʦʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷ B), ʽ ʪʨʝʪʽʡ ʤʝʪʦʜ ʚʠʤʽʨʶʻ ʤʘʡʞʝ ʥʦʨʤʘʣʴʥʫ ʩʧʝʢʪʨʘʣʴʥʫ 

ʚʽʜʙʠʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ (ʪʦʙʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʥʝʨʛʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʽʜʙʠʪʘ 
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ʚʽʜ ʟʨʘʟʢʘ, ʷʢ ʬʫʥʢʮʽʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ) ʽ ʧʝʨʝʪʚʦʨʶʻ ʮʝ ʥʘ ʟʘʛʘʣʴʥʠʡ ʤʘʡʞʝ 

ʥʦʨʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ (ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ ʉ) [78].  

ʄʝʪʦʜ ʪʝʩʪʫʚʘʥʥʷ A ʥʘʡʢʨʘʱʝ ʦʧʠʩʘʪʠ ʷʢ ʤʝʪʦʜ ʚʽʜʙʠʪʪʷ. ʇʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʧʦʚʝʨʭʥʽ ʧʦʪʽʢ ʘʙʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ, ʧʝʨʝʜʘʻʪʴʩʷ, ʘʙʦ 

ʧʦʛʣʠʥʘʻʪʴʩʷ. ɼʽʡʩʥʠʤ ʻ ʚʠʨʘʟ: 

ref + in + cons = 1, 

ʜʝ ref ï ʚʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ,  

in ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ,  

cons ï ʧʦʛʣʠʥʘʥʥʷ.  

ɼʣʷ ʥʝʧʨʦʟʦʨʠʭ ʧʦʚʝʨʭʦʥʴ, ʢʦʝʬʽʮʽʻʥʪ ʧʨ ʦʧʫʩʢʘʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ 

(in=0), ʘ ʚʠʨʘʟ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ref+cons=1. ɿʘʢʦʥ ʂʽʨʭʛʦʬʘ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʜʣʷ 

ʦʜʥʘʢʦʚʠʭ ʢʫʪʽʚ ʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ, cons=Ů. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʽ 

ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʚʽʜʙʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʥʘʯʝʥʥʷ  ʥʦʨʤʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʝʤʽʩʽʾ ʜʣʷ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʙʦ ŮN =1ïrefN. ʇʨʠ ʮʴʦʤʫ ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʽʘʧʘʟʦʥʦʤ ʯʦʨʥʦʛʦ ʪʽʣ ʘ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʚʠʧʨʦʙʫʚʘʥʥʷ ɸ ʩʪʘʚʠʪʴ ʜʚʽ ʚʘʞʣʠʚʽ ʚʠʤʦʛʠ ʜʣʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. ʇʝʨʰʠʡ ï ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʚʠʤʽʨʶʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʙʠʪʪʷ ʚ ʧʦʚʥʽʡ ʧʽʚʢʫʣʽ. ɼʨʫʛʠʡ ï ʩʧʝʢʪʨʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʣʘʜʫ 

ʧʦʚʠʥʥʘ ʜʦʙʨʝ ʩʧʽʚʧʘʜʘʪʠ ʽʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʯʦʨʥʦʛʦ ʪʽʣʘ ʧʨʠ ʮʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 300 K, ʘʣʝ ʚ ʧʨʠʥʮʠʧʽ ʤʦʞʣʠʚʽ ʽʥʰʽ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʩʪʘʥʜʘʨʪʽ ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ,  ʘ ʦʜʠʥ ʟ ʧʨʠʢʣʘʜʽʚ ʪʘʢʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʝʪʘʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʦ ʫ [80]. 

ʄʝʪʦʜ B ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʦʚʝʨʭʥ,ʁ ʷʢʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʨʦʟʤʽʱʫʶʪʴ 

ʥʘʚʧʨʦʪʠ ʦʪʚʦʨʫ ʥʘ ʧʦʨʪʘʪʠʚʥʦʤʫ ʯʫʪʣʠʚʦʤʫ ʝʣʝʤʝʥʪʽ. ʇʨʦʤʝʥʝʚʘ ʝʥʝʨʛʽʷ, ʷʢʘ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʽ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ ʟʨʘʟʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʝ 

ʧʝʨʝʜʘʚʘʣʴʥʝ ʚʘʢʫʫʤʥʝ ʚʽʢʥʦ ʽ ʧʽʜʩʚʽʯʫʻ ʪʝʨʤʦʙʘʪʘʨʝʶ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʪʝʨʤʦʙʘʪʘʨʝʾ ʧʽʜʩʠʣʶʻʪʴʩʷ ʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ. ʇʦʢʘʟʥʠʢʠ ʧʨʠʣʘʜʫ ʻ ʚʽʜʥʦʩʥʠʤʠ ʽ ʚʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʜʢʘʣʽʙʨʦʚʘʥʠʡ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʽʚ ʟ ʚʽʜʦʤʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʤʽʩʽʾ [78,81]. 
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ʄʝʪʦʜ ʉ ʙʘʟʫʻʪʴʩʷ  ʥʘ ʌʫʨ'ʻ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ (FTIR) [78]. 

ʌʫʨ'ʻ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ (ʘʥʛʣ. Fourier-transform spectroscopy) ï ʩʫʢʫʧʥʽʩʪʴ 

ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʴ ʩʧʝʢʪʨʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʚ ʷʢʠʭ ʩʧʝʢʪʨ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʝ 

ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʠʛʥʘʣʫ, ʷʢ ʥʘʧʨʠʢʣʘʜ, ʚ ʧʨʠʟʤʦʚʠʭ ʩʧʝʢʪʨʦʩʢʦʧʘʭ, ʘ ʟʘ 

ʚʽʜʛʫʢʦʤ ʫ ʯʘʩʦʚʽʡ ʘʙʦ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ (ʜʣʷ ʦʧʪʠʯʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ). 

ɺʠʤʽʨʶʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ʉ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʬʣʝʢʪʦʤʝʪʨʽʚ / ʝʤʽʩʦʤʝʪʨʽʚ ʥʘ ʦʩʥʦʚʽ FTIR, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʧʝʢʪʨ ʚʽʜʙʠʪʪʷ 

ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ (refN (ɘ)), ʘʙʦ (ŮN (ɘ)), ʘʙʦ ʦʙʠʜʚʘ, ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ɼʣʷ ʥʝʧʨʦʟʦʨʠʭ ʟʨʘʟʢʽʚ, ʟʘʛʘʣʴʥʠʡ ʤʘʡʞʝ ʥʦʨʤʘʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ  ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʠʡ ʷʢ: 

 ‐ ρ
᷿ ―ȟ ― ―

᷿ ―ȟ ―
ρ ʍ   (1.9) 

ɯʩʥʫʻ ʙʘʛʘʪʦ FTIR ʟʘʩʦʙʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɟN (―) ʪʘ ŮN(―) ʜʣʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʥʘʯʝʥʴ ʜʦʚʞʠʥ ʭʚʠʣʴ ―. ɺʽʜʧʦʚʽʜʥʦ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʣʷ 

ʘʧʨʦʢʩʠʤʘʮʽ ʾʚʠʱʝʚʢʘʟʘʥʠʭ ʽʥʪʝʛʨʘʣʽʚ. ʅʘʡʚʘʞʣʠʚʽʰʦ  ʁʦʩʦʙʣʠʚʽʩʪ ʁʙʫʜʴ-

ʷʢʦʛʦ ʟʘʩʦʙʫ ʻ ʟʜʘʪʥʽʩʪʴ ʟʙʠʨʘʪʠ ʚʽʜʙʠʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʘʙʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ 

ʚʩʽʡ ʧʽʚʢʫʣʽ ʥʘʜ ʟʨʘʟʢʦʤ. ɼʝʷʢʽ ʟʘʩʦʙʠ ʪʘ ʤʝʪʦʜʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʚ 

[82ï84]. 

ɺ ʩʪʘʥʜʘʨʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʦʨʷʜʦʢ ʜʽʡ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ, 

ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʽʩʥʫʶʪʴ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʪʘ ʦʩʥʦʚʥʽ ʚʽʜʦʤʦʩʪʽ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʟʘʟʥʘʯʝʥʽ ʫ ʟʚʽʪʽ. 

ʉʪʘʥʜʘʨʪ ISO 9050:2003 [85] ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʟʚʠʯʘʡʥʦʛʦ ʚʽʢʦʥʥʦʛʦ ʪʘ ʥʠʟʴʢʦʝʤʽʩʽʡʥʦʛʦ ʩʢʣʘ. ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜʧʦʚʽʜʘʻ 

ʤʝʪʦʜʫ ɸ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʱʝ ʩʪʘʥʜʘʨʪʫ [78]. 

ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʢʨʠʚʦʾ ʜʟʝʨʢʘʣʴʥʦʛʦ 

ʚʽʜʙʠʪʪʷ, ʦʙʤʽʨʶʚʘʥʦʾ ʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ 5ï50 ʤʢʤ ʧʨʠ ʢʫʪʽ ʧʘʜʽʥʥʷ 

ʧʫʯʢʘ ʚʠʧʨʦʤʽʥʝʥʥʷ, ʙʣʠʟʴʢʦʛʦ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ, ʽ ʦʙʯʠʩʣʝʥʥʽ ʥʦʨʤʘʣʴʥʦʾ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʚʝʨʭʥʽ Ůn. 
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ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʥʘ ʟʨʘʟʢʘʭ ʩʢʣʘ ʧʨʠʡʥʷʪʦʾ ʧʘʨʪʽʾ, ʱʦ ʥʝ ʤʘʶʪʴ 

ʚʘʜ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ. ɿʨʘʟʢʠ ʩʢʣʘ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʽʥʩʪʨʫʢʮʽʾ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ [78]. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʟ ʜʽʘʧʘʟʦʥʦʤ ʜʦʚʞʠʥʠ 

ʭʚʠʣʴ 5ï50 ʤʢʤ ʽ ʟ ʧʨʠʩʪʘʚʢʦʶ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʧʨʠ 

ʢʫʪʽ ʧʘʜʽʥʥʷ ʩʚʽʪʣʘ  Ò 20Á, ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 1% [78]. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʩʪʨʫʢʮʽʾ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ, ʚʠʤʽʨʶʚʘʥʥʷʤ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 20Ñ5Áʉ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʘ Ri ʩʪʦʨʦʥʦʶ ʟʨʘʟʢʘ ʩʢʣʘ ʟ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʤ ʤ'ʷʢʠʤ 

ʧʦʢʨʠʪʪʷʤ. 

ʅʦʨʤʘʣʴʥʝ ʚʽʜʙʠʪʪʷ Rsn ʚʠʟʥʘʯʘʶʪʴ ʦʙʯʠʩʣʝʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ ʟ 30 ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ Ri i ʟʘ ʬʦʨʤʫʣʦʶ (1.10): 

Ὑί
В

     (1.10) 

ʜʝ Ri i ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʘ;  

ɘ̔ ï -̔ʪʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ. 

ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʤʘʻ ʜʽʘʧʘʟʦʥ 

ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʜʦ 25 ʤʢʤ, ʪʦ ʜʦ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ 

ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʴ ʧʦʥʘʜ 25 ʤʢʤ ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʝ ʥʘ ʜʦʚʞʠʥʽ 

ʭʚʠʣʽ 25 ʤʢʤ. ʇʨʠ ʮʴʦʤʫ ʘʧʨʦʢʩʠʤʘʮʽʶ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʢʘʟʫʶʪʴ ʫ ʧʨʦʪʦʢʦʣʽ 

ʚʠʧʨʦʙʫʚʘʥ ɹ[78]. 

ʅʦʨʤʘʣʴʥʫ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ Ůn ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

(1.11): 

ʀ ρ Ὑὲ      (1.11) 

ʜʝ Rnn ï ʥʦʨʤʘʣʴʥʝ ʚʽʜʙʠʪʪʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ Ů ʚʠʟʥʘʯʘʶʪʴ ʤʥʦʞʝʥʥʷʤ ʥʦʨʤʘʣʴʥʦʾ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ Ůn ʥʘ ʢʦʝʬʽʮʽʻʥʪ ɸ, ʟʘʟʥʘʯʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 1.2  

ʇʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ɸ ʦʜʝʨʞʫʶʪʴ ʣʽʥʽʡʥʦʶ ʽʥʪʝʨʧʦʣʷʮʽʻʶ. 
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ɼʦʧʫʩʢʘʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʥʰʽ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ, ʟ ʥʝʚʠʟʥʘʯʝʥʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʙʽʣʴʰʝ 2%, 

ʘʪʝʩʪʦʚʘʥʽ ʡ ʧʦʚʽʨʝʥʽ ʚ ʫʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ. 

ʊʘʙʣʠʮʷ 1.2 ï ʇʦʢʘʟʥʠʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ 

ʅʦʨʤʘʣʴʥʘ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ  Ůn 
ʂʦʝʬʽʮʽʻʥʪ ɸ 

0,01 1,30 

0,02 1,26 

0,03 1,22 

0,05 1,18 

0,1 1,14 

0,2 1,10 

0,3 1,06 

0,4 1,03 

0,5 1,00 

0,6 0,98 

0,7 0,96 

0,8 0,95 

0,89 0,94 

ʗʢ ʩʣʽʜʫʻ ʟ ʥʘʚʝʜʝʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʴ, ʜʣʷ ʾʾ 

ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʝ ʜʦʩʠʪʴ ʩʢʣʘʜʥʝ ʽ ʢʦʰʪʦʚʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʨʝʟʫʣʴʪʘʪ 

ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʤʧʽʨʠʯʥʠʭ ʧʦʧʨʘʚʦʯʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʴ ʻ ʥʝʧʨʷʤʠʤ. 

ʉʪʘʥʜʘʨʪ C835-06 [86] ʚʠʟʥʘʯʘʻ ʩʪʘʥʜʘʨʪʥʠʡ ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʛʦ ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ ʜʦ 1400Áʉ. 

ɿʘʟʥʘʯʝʥʠʡ ʤʝʪʦʜ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʭʦʧʣʶʻ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʝʤʽʩʽʾ ʤʝʪʘʣʝʚʠʭ ʪʘ ʛʨʘʬʽʪʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʧʦʢʨʠʪʪʷʤ ʧʨʠʙʣʠʟʥʦ ʜʦ 1400ÁC. ɺʝʨʭʥʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʘ ʣʠʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʨʘʟʢʘ ʪʘ ʧʨʦʝʢʪʥʠʤʠ 
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ʤʝʞʘʤʠ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺʠʤʽʨʶʚʘʥʥʷ, ʦʧʠʩʘʥʽ ʚ ʮʴʦʤʫ ʤʝʪʦʜʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ, ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʚʘʢʫʫʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɿʘʛʘʣʦʤ ʧʨʠʩʪʨʽʡ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠʩʷ ʟ ʥʘʩʪʫʧʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: ʙʘʥʢʘ-

ʜʟʚʽʥ, ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʪʘ ʤʫʣʴʪʠʤʝʪʨ ʜʣʷ ʥʘʧʨʫʛʠ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ, 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥ ̔ ʩʝʥʩʦʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʴʪʤʝʪʨ ʘʙʦ ʽʥʰʽ ʽʥʜʠʢʘʪʦʨʠ, 

ʚʘʢʫʫʤʥʘ ʩʠʩʪʝʤʘ ʪʘ ʪʨʠʤʘʯʽ ʟʨʘʟʢʽʚ. ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.6. 

ʇʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʽ ʟʘʩʦʙʠ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʽ 

ʧʨʠʣʘʜʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʭʽʜʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʟʨʘʟʦʢ, ʪʘ ʪʝʤʧʝʨʘʪʫʨ ʟʨʘʟʢʘ ʽ ʥʘʚʢʦʣʠʰʥʴʦʾ ʧʦʚʝʨʭʥʽ. ɹʘʥʢʘ-

ʜʟʚʽʥ ʧʦʚʠʥʥʘ ʤʘʪʠ ʯʦʨʥʝ ʧʦʢʨʠʪʪʷ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʨʘʟʢʘ, ʘ 

ʧʣʦʱʘ ʾʾ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ 

[86]. 

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʚʘʢʫʫʤʫʶʪʴ ʚʠʤʽʨʶʚʘʣʴʥʫ ʢʦʤʽʨʢʫ, ʧʨʦʧʫʩʢʘʶʪʴ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʢʨʽʟʴ ʟʨʘʟʦʢ, ʥʘʛʨʽʚʘʶʯʠ ʡʦʛʦ ʜʦ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʚʠʟʥʘʯʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ, 

ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʪʘ ʙʘʥʢʠ-ʜʟʚʦʥʘ. 

 

ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ C835 [86]. 

 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ ʻ ʤʘʣʝʥʴʢʠʤ 

ʚʠʧʨʦʤʽʥʶʶʯʠʤ ʪʽʣʦʤ, ʷʢʝ ʦʪʦʯʝʥʝ ʚʝʣʠʢʦʶ ʧʦʛʣʠʥʘʶʯʦʶ ʧʦʚʝʨʭʥʝʶ, 
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ʟʘʛʘʣʴʥʠʡ ʥʘʧʽʚʩʬʝʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʟʨʘʟʢʘ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʠʡ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (1.12): 

ʀ       (1.12) 

ʜʝ: Q ï ʪʝʧʣʦʪʘ, ʷʢʘ ʛʝʥʝʨʫʻʪʴʩʷ ʚ ʟʨʘʟʢʫ;  

ɸ1 ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ; 

ʊ1 ʪʘ ʊ2 ï ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʘ ʪʘ ʢʦʤ̔ʨʢʠ ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʩʪʘʥʜʘʨʪʽ ʥʘʚʝʜʝʥʦ ʪʘʢʦʞ ʚʠʤʦʛʠ ʜʦ ʘʧʘʨʘʪʫʨʠ, ʟʨʘʟʢʘ, ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʟʤʽʩʪʫ ʟʚʽʪʫ, ʟʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʧʣʠʚʘʪʠ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʽ ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʶʚʘʥʥʷ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʉʪʘʥʜʘʨʪ ʤʽʩʪʠʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʦʨʠʛʽʥʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘ 

ʷʢʠʭ ˇʨʫʥʪʫʻʪʴʩʷ ʮʝʡ ʜʦʢʫʤʝʥʪ, ʪʘ ʜʦʚʽʜʢʦʚʫ ʣʽʪʝʨʘʪʫʨʫ ʟ ʪʝʧʣʦʦʙʤʽʥʫ [87ï95]. 

ʉʪʘʥʜʘʨʪ C1371-15 [96] ʤʽʩʪʠʪʴ ʩʪʘʥʜʘʨʪʥʠʡ ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʪʘʪʠʚʥʠʭ 

ʝʤʽʩʦʤʝʪʨʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦʾ ʜʦ ʢʽʤʥʘʪʥʦʾ. ʄʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʦʭʦʧʣʶʻ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʧʨʦʟʦʨʦʛʦ ʪʘ 

ʚʠʩʦʢʦʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʥʦʩʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʤʽʩʦʤʝʪʨʘ. 

ʄʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʥʘʚʝʜʝʥʠʡ ʫ C1371-15 [96] ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʪʝʨʤʦʙʘʪʘʨʝʶ ʝʤʽʩʦʤʝʪʨʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʝʤʽʩʽʾ, ʧʨʠ ʮʴʦʤʫ ʪʝʨʤʦʙʘʪʘʨʝʾ ʜʝʪʝʢʪʦʨʘ ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʨʽʟʥʠʮ ̔ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʜʝʪʝʢʪʦʨʦʤ ʽ ʜʦʩʣʽʜʞʫʚʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʘ ʪʝʨʤʦʙʘʪʘʨʝʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʽʻʾ ʪʝʨʤʦʙʘʪʘʨʝʾ, 

ʱʦ ʧʦʢʨʠʪʘ ʯʦʨʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʽ ʜʨʫʛʦʾ ʙʘʪʘʨʝʾ, ʱʦ ʧʦʢʨʠʪʘ ʩʚʽʪʣʦʚʽʜʙʠʚʥʠʤ 

ʧʦʢʨʠʪʪʷʤ. ʇʨʠʣʘʜ ʢʘʣʽʙʨʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʽʚ: 

ʦʜʥʦʛʦ ʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʽʥʰʦʛʦ ï ʟ ʥʠʟʴʢʠʤ, ʷʢʽ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʨʽʚʥʽʡ ʧʦʚʝʨʭʥʽ ʨʘʜʽʘʪʦʨʘ (ʪʝʧʣʦʚʽʜʚʦʜʫ), ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

1.7. 
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 ʈʠʩʫʥʦʢ 1.7 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʯʘʩʪʠʥʠ ʝʤʽʩʦʤʝʪʨʘ 

[96]: (ʘ) ï ʚʠʤʽʨʶʚʘʣʴʥʘ ʛʦʣʦʚʢʘ ʝʤʽʩʦʤʝʪʨʘ ʥʘ ʝʪʘʣʦʥʽ ʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʧʦʢʘʟʘʥʽ ʪʘʢʦʞ ʨʘʜʽʘʪʦʨ ʽ ʢʘʙʝʣʴ 

ʟʯʠʪʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ; (b) ï ʚʠʜ ʟʥʠʟʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʝʤʽʩʦʤʝʪʨʘ, 

ʱʦ ʧʦʢʘʟʫʻ ʝʣʝʤʝʥʪʠ ʪʝʨʤʦʙʘʪʘʨʝʡ ʟ ʧʦʢʨʠʪʪʷʤ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʪʘ ʥʠʟʴʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪʠ ʝʤʽʩʽʾ.  

 

ɼʽʘʤʝʪʨ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʝʤʽʩʦʤʝʪʨʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 50 ʤʤ, ʘ 

ʝʣʝʤʝʥʪʠ ʜʝʪʝʢʪʦʨʘ ʟʘʛʣʠʙʣʝʥʽ ʧʨʠʙʣʠʟʥʦ ʥʘ 3 ʤʤ ʫ ʚʠʤʽʨʶʚʘʣʴʥʫ ʛʦʣʦʚʢʫ. 

ɿʨʘʟʦʢ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʙʩʪʝʞʫʻʪʴʩʷ, ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʨʘʜʽʘʪʦʨʽ, ʘ ʡʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʥʦ ʧʦʨʽʚʥʷʥʥʷʤ ʟ ̔

ʩʪʘʥʜʘʨʪʥʠʤʠ ʟʨʘʟʢʘʤʠ. ʂʘʣʽʙʨʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʷ ʥʝʦʜʥʦʨʘʟʦʚʦ ʧʽʜ 

ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ɺʠʨʦʙʥʠʢ ʝʤʽʩʦʤʝʪʨʘ  ʧʦʚʠʥʝʥ ʧʦʩʪʘʯʘʪʠ ʜʚʘ ʥʘʙʦʨʠ ʩʪʘʥʜʘʨʪʥʠʭ 

ʟʨʘʟʢʽʚ, ʢʦʞʝʥ ʥʘʙʽʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʣʽʨʦʚʘʥʦʾ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ (ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʣʠʟʴʢʦ 0,06) ʽ ʟ ʯʦʨʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʨʘʟʢʘ 

(ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʣʠʟʴʢʦ 0,9). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʽʚ ʧʦʚʠʥʥʽ 

ʧʨʦʩʪʝʞʫʚʘʪʠʩʷ ʜʦ ʚʠʤʽʨʶʚʘʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʙʩʦʣʶʪʥʦʛʦ 
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ʤʝʪʦʜʫ ʚʠʧʨʦʙʫʚʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ C835). ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʢʦʤʧʣʝʢʪ ʷʢ ʨʦʙʦʯʽ ʩʪʘʥʜʘʨʪʥʽ ʟʨʘʟʢʠ, ʘ ʽʥʰʠʡ ʥʘʙʽʨ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʽʦʜʠʯʥʠʭ ʧʝʨʝʚʽʨʦʢ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʨʦʙʦʯʠʭ 

ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʽʚ [96].  

ɿʨʘʟʦʢ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʽʜʣʷʛʘʻ ʚʠʧʨʦʙʫʚʘʥʥʶ, ʨʝʪʝʣʴʥʦ ʚʽʜʙʠʨʘʻʪʴʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʥʘ ʤʽʩʮʽ. ɿʨʘʟʦʢ ʪʨʦʭʠ ʙʽʣʴʰʝ 

ʟʦʚʥʽʰʥʽʭ ʨʦʟʤʽʨʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʝʤʽʩʦʤʝʪʨʘ ʘʢʫʨʘʪʥʦ ʚʠʨʽʟʘʻʪʴʩʷ ʽʟ 

ʟʨʘʟʢʘ. ʊʝʧʣʦʚʠʡ ʦʧʽʨ ʟʨʘʟʢʘ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,00091 ʤ2Ŀʂ/ɺʪ. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʚʢʣʶʯʘʶʪʴ ʧʨʠʣʘʜ ʪʘ ʨʦʟʽʛʨʽʚʘʶʪʴ ʛʦʣʦʚʢʫ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 40ï60 ʂ ʚʠʱʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɻʦʣʦʚʢʘ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘʜ çʯʦʨʥʠʤè ʟʨʘʟʢʦʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʨʘʜʽʘʪʦʨ, ʽ 

ʯʝʨʝʟ 90 ʩʝʢʫʥʜ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ Vhi. 

ʇʦʪʽʤ ʛʦʣʦʚʢʘ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘʜ çʩʚʽʪʣʠʤè ʟʨʘʟʢʦʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʨʘʜʽʘʪʦʨ,  

ʽ ʯʝʨʝʟ 90 ʩʝʢʫʥʜ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ Vlow.  

ʄʽʞ ʚʠʤʽʨʷʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʽʡʩʥʠʤ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.13):  

ὠ ‐  ‐ ὠϳ        (1.13) 

ɻʦʣʦʚʢʫ ʨʦʟʤʽʱʫʶʪʴ ʥʘʜ ʚʠʧʨʦʙʫʚʘʥʠʤ ʟʨʘʟʢʦʤ ʽ ʧʽʩʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʩʠʛʥʘʣʫ ʚʠʤʽʨʶʶʪʴ ʟʥʘʯʝʥʥʷ Vspec. ʂʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ (1.14): 

‐ ὠ  ‐ ὠϳ       (1.14) 

ʋ ʩʪʘʥʜʘʨʪʽ ʥʘʚʝʜʝʥʦ ʚʠʤʦʛʠ ʜʦ ʘʧʘʨʘʪʫʨʠ, ʟʨʘʟʢʘ, ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʟʤʽʩʪʫ ʟʚʽʪʫ, ʟʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. ɺʢʘʟʘʥʦ, ʱʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪ ɹ ʚʠʤʽʨʶʚʘʥʴ, ʟʘʟʚʠʯʘʡ, 

ʩʢʣʘʜʘʻ Ñ0,02.  

ʋ ʜʦʜʘʪʢʫ ʜʦ ʩʪʘʥʜʘʨʪʫ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʜʽʾ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʤʽʨʶʚʘʥʥʷ. ɺʽʜʤʽʯʝʥʦ, 

ʱʦ ʢʫʪ ʝʢʩʧʦʟʠʮʽʾ ʪʝʨʤʦʙʘʪʘʨʝʡ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 168ï169Á (ʧʨʠʙʣʠʟʥʦ Ñ84Á ʚʽʜ 

ʥʦʨʤʘʣʽ), ʪʦʙʪʦ ʤʝʥʰʽʡ ʟʘ ʧʦʚʥʫ ʥʘ ʧʽʚʩʬʝʨʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʠ 

ʤʘʶʪʴ ʩʫʪʪʻʚʦ ʨʽʟʥʫ ʜʽʘʛʨʘʤʫ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 



77 

 

1.3.2 ʇʨʠʣʘʜʠ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ 

ʇʝʨʝʥʦʩʥʽ ʧʦʨʪʘʪʠʚʥʽ ʧʨʠʣʘʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʙʣʠʟʴʢʦʾ ʜʦ 

ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɽʤʽʩʦʤʝʪʨ ʤʦʜʝʣʽ AE1 ʬʽʨʤʠ Devices & Services Co. (ʨʠʩ. 1.8) ʻ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʧʨʠʣʘʜʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ [97]. ʇʨʠʣʘʜ 

ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʱʝ ʩʪʘʥʜʘʨʪʫ ʉ1371-15. 

 

ʈʠʩʫʥʦʢ 1.8 ï ɽʤʽʩʦʤʝʪʨ ʤʦʜʝʣʽ AE1 ʬʽʨʤʠ Devices & Services Co. (D&S, 

ʉʐɸ) [97] 

 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʝʤʽʩʦʤʝʪʨʫ ʤʦʜʝʣʽ AE1: 

- ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ +/- 0,01 ʦʜʠʥʠʮʽ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ; 

- ʣʝʛʢʦ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ: ʜʝʪʝʢʪʦʨʥʫ ʯʘʩʪʠʥʫ ʧʨʠʣʘʜʫ 

ʥʘʛʨʽʚʘʶʪʴ ʝʣʝʢʪʨʠʯʥʦ ʪʘʢ, ʱʦ ʟʨʘʟʦʢ ʥʝ ʧʦʪʨʽʙʥʦ ʥʘʛʨʽʚʘʪʠ. ʅʝ ʧʦʪʨʽʙʥʦ 

ʚʠʤʽʨʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ; 

- ʰʚʠʜʢʽ ʚʠʤʽʨʶʚʘʥʥʷ: ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʨʦʟʽʛʨʽʚʫ ʧʨʠʙʣʠʟʥʦ ʟʘ 30 

ʭʚʠʣʠʥ, ʟʯʠʪʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʢʦʞʥʽ ʧʽʚʭʚʠʣʠʥʠ; 

- ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ: ʧʨʠʩʪʨʦʾ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʦʰʪʫʶʪʴ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ; 
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- ʜʦʜʘʪʢʦʚʽ ʘʜʘʧʪʝʨʠ: ʘʜʘʧʪʝʨʠ, ʷʢʽ ʨʦʙʣʷʪʴ ʜʦʩʪʫʧʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʥʘ ʤʘʣʠʭ ʧʣʦʱʘʭ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʘʜʘʧʪʝʨʠ ʜʣʷ ʟʨʘʟʢʽʚ ʽʟ ʥʝʧʨʘʚʠʣʴʥʦʶ 

ʛʝʦʤʝʪʨʽʻʶ ʧʦʚʝʨʭʥʽ.  

 

ʈʠʩʫʥʦʢ 1.9  ʇʦʨʪʘʪʠʚʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʝʤʽʩʦʤʝʪʨ / ʨʝʬʣʝʢʪʦʤʝʪʨ TESA 

2000 [98] 

 

ʇʦʨʪʘʪʠʚʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʝʤʽʩʦʤʝʪʨ / ʨʝʬʣʝʢʪʦʤʝʪʨ TESA 2000 ʬʽʨʤʠ 

AZ Technology (ʉʐɸ) [98] ʢʦʤʧʘʢʪʥʠʡ, ʣʝʛʢʠʡ, ʤʽʮʥʠʡ ʪʘ ʝʨʛʦʥʦʤʽʯʥʠʡ, 

ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʘʙʦ ʚ 

ʣʘʙʦʨʘʪʦʨʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠʣʘʜ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʘʚʪʦʥʦʤʥʦʤʫ 

ʨʝʞʠʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʞʠʚʣʝʥʥʷ ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʘ. ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.3. 

ʇʨʠʥʮʠʧ ʜʽʾ ʧʨʠʣʘʜʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʧʘʜʘʻ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ, ʽ ʚʽʜʙʠʪʦʛʦ ʧʦʚʝʨʭʥʝʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʽʜʙʠʪʝ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʟʙʠʨʘʻʪʴʩʷ ʜʟʝʨʢʘʣʴʥʠʤ 



79 

 

ʝʣʽʧʩʦʾʜʦʤ ʽ ʧʨʷʤʫʻ ʥʘ ʧʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʦʧʨʦʤʽʥʝʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʙʣʠʟʴʢʦʶ ʜʦ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʯʦʨʥʦʛʦ ʪʽʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 340 ʂ.  

ʊʘʙʣʠʮʷ 1.3 ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʫ TESA 2000. 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ 
ʚʽʜ <3Õm ʜo >35Õm (ʥʝʤʘʻ ʦʙʤʝʞʝʥʴ 

ʚʥʘʩʣʽʜʦʢ ʬʽʣʴʪʨʽʚ, ʚʽʢʦʥ ʽ ʪ.ʧ.) 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ 

 (ʜʣʷ ʜʟʝʨʢʘʣʴʥʠʭ ʽ 

ʜʠʬʫʟʥʠʭ ʟʨʘʟʢʽʚ) 

- Ñ 1% ʚʽʜ ʧʦʚʥʦʾ ʰʢʘʣʠ ʜʣʷ ʩʽʨʠʭ ʟʨʘʟʢʽʚ  

- Ñ 3% ʚʽʜ ʧʦʚʥʦʾ ʰʢʘʣʠ ʜʣʷ ʥʝ ʩʽʨʠʭ ʟʨʘʟʢʽʚ   

ɺʽʜʪʚʦʨʶʚʘʥʽʩʪʴ - Ñ 0.5% ʚʽʜ ʧʦʚʥʦʾ ʰʢʘʣʠ ʘʙʦ ʢʨʘʱʝ 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ ʢʽʤʥʘʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ 

ɺʠʤʽʨʶʚʘʥʘ ʚʝʣʠʯʠʥʘ - ɯʥʬʨʘʯʝʨʚʦʥʝ ʚʽʜʙʠʪʪʷ 

- ʅʦʨʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ (300K) 

- ʅʘʧʽʚʩʬʝʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ (300K) 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ 

(ʚʽʜʙʠʪʪʷ) 
0.00 to 1.00 

ʈʝʬʣʝʢʪʦʤʝʪʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʨʴʦʭ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ, ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ/ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʤʝʨʝʞʝʚʦʛʦ 

ʘʜʘʧʪʝʨʘ. ʇʦʨʪʘʪʠʚʥʠʡ ʝʤʽʩʦʤʝʪʨ/ʨʝʬʣʝʢʪʦʤʝʪʨ TESA 2000 ʟʘʚʜʷʢʠ 

ʚʜʦʩʢʦʥʘʣʝʥʽʡ ʦʧʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʚʠʢʦʥʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʥʘʧʽʚʩʬʝʨʠʯʥʦʾ ʚʽʜʙʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʚʽʜ 3 ʜʦ 35 ʤʢʤ ʽ ʥʝ 

ʦʙʤʝʞʫʻ ʜʽʘʧʘʟʦʥ ʜʦʚʞʠʥ ʭʚʠʣʴ ʯʝʨʝʟ ʬʽʣʴʪʨʠ, ʚʽʢʥʘ ʘʙʦ ʧʦʢʨʠʪʪʷ, ʨʦʟʤʽʱʝʥʽ 

ʚ ʦʧʪʠʯʥʦʤʫ ʰʣʷʭʫ. ʆʧʪʠʯʥʘ ʩʠʩʪʝʤʘ TESA 2000 ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʪʨʘʪʠ, ʧʦʣʝʛʰʠʪʠ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʧʪʠʯʥʝ 

ʚʠʨʽʚʥʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʧʘʪʝʥʪʦʚʘʥʦʛʦ 

ʝʣʽʧʩʦʾʜʥʦʛʦ ʢʦʣʝʢʪʦʨʘ AZ Technology, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʘʢʪʥʽʩʪʴ ʜʣʷ 

ʧʦʨʪʘʪʠʚʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ [98]. 

http://www.aztechnology.com/lpsr300.html
http://www.aztechnology.com/lpsr300.html
http://www.aztechnology.com/lpsr300.html
http://www.aztechnology.com/lpsr300.html
http://www.aztechnology.com/lpsr300.html
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ʈʝʬʣʝʢʪʦʤʝʪʨ ï ʝʤʽʩʦʤʝʪʨ ɽʊ-100 ʬʽʨʤʠ Surface Optics Corporation 

(ʉʐɸ) [99] ʚʠʤʽʨʶʻ ʥʘʧʨʘʚʣʝʥʫ ʚʽʜʙʠʚʥʫ ʟʜʘʪʥʽʩʪʴ ʚ ʰʝʩʪʠ ʩʤʫʛʘʭ ʚ ʦʙʣʘʩʪʽ 

ʪʝʧʣʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠ ʜʚʦʭ ʩʝʢʪʦʨʘʭ ʢʫʪʽʚ ʧʘʜʽʥʥʷ ï 20Á ʪʘ 

60Á. ʅʘ ʧʽʜʩʪʘʚʽ ʮʠʭ ʟʥʘʯʝʥʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʡ 

ʥʘʧʽʚʩʬʝʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ. 

 

ʈʠʩʫʥʦʢ. 1.10 ʈʫʯʥʠʡ ʨʝʬʣʝʢʪʦʤʝʪʨ - ʝʤʽʩʦʤʝʪʨ ɽʊ-100 [99]  

 

ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʠʣʘʜʫ ʻ ʨʝʘʣʽʟʘʮʽʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʙʠʪʪʷ ʚ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʥʘʧʨʘʚʣʝʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ. ɺʠʤʽʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʜʚʦʭ ʩʝʢʪʦʨʘʭ ʢʫʪʽʚ 

ʧʘʜʽʥʥʷ: ʩʝʢʪʦʨ 20 Áʙʽʣʷ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ  ʪʘ ʩʝʢʪʦʨ ʙʣʠʟʴʢʠʡ ʜʦ 60Á, ʯʘʩ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 10 ʩʝʢʫʥʜ.  

ʉʪʘʮʽʦʥʘʨʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʩʠʩʪʝʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʨʠ ʚʘʢʫʫʤʫʚʘʥʥʽ 

ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʦʥʜʫʢʪʠʚʥʦ-ʢʦʥʚʝʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʪʝʧʣʦʦʙʤʽʥʫ. ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [100]. ʌʦʪʦ ʨʦʙʦʯʦʾ 

ʢʘʤʝʨʠ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.11. ʇʨʝʜʩʪʘʚʣʝʥʦ ʢʨʽʦʛʝʥʥʠʡ ʤʝʪʦʜ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʤʽʩʽʾ ʪʘ ʧʦʛʣʠʥʘʥʥʷ 
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ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ 320 ʂ ʜʦ 20 ʂ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʧʦʛʣʠʥʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 5ï35 ʂ. 

 

    ʘ)      ʙ) 

ʈʠʩʫʥʦʢ. 1.11 ï ɺʠʤʽʨʶʚʘʣʴʥʘ ʢʘʤʝʨʘ ʝʤʽʩʦʤʝʪʨʘ [101]: ʘ) ʚʽʜʢʨʠʪʘ 

ʢʘʤʝʨʘ ʟ ʚʠʣʫʯʝʥʦʶ ʯʘʩʪʠʥʦʶ ʘʙʩʦʨʙʝʨʘ; ʙ) ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ. 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ (ʪʝʧʣʦʤʽʨʫ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʘʜʽʘʮʽʡʥʠʡ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʤʽʞ ʜʚʦʤʘ ʧʣʘʩʢʠʤʠ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʫ ʚʠʛʣʷʜʽ 

ʜʠʩʢʽʚ ʜʽʘʤʝʪʨʦʤ 40 ʤʤ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʫ ʚʘʢʫʫʤʽ. ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ ʽ ʜʠʩʢ-

ʨʝʬʝʨʝʥʪ ʟ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʤʘʻ ʚʽʜʦʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʘʥʫʨʶʶʪʴʩʷ ʫ ʚʘʥʥʫ, 

ʷʢʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʨʽʜʢʠʤ ʛʝʣʽʻʤ (LHe). ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ 

ʤʝʪʦʜʦʤ ʟʘʤʽʱʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʥʘʛʨʽʚʘʯʘ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʝʧʣʦʤʽʨʫ. ɺʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʮʽʥʮʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʮʴʦʛʦ ʩʧʦʩʦʙʫ. 

ʄʦʞʣʠʚʦʩʪʽ ʧʨʠʣʘʜʫ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʠʤʽʨʶʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʨʘʟʢʘ ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ. ʅʘ ʨʠʩ. 1.12 

ʧʦʢʘʟʘʥʦ ʟʨʘʟʢʠ-ʨʝʬʝʨʝʥʪʠ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʦʟʰʠʨʝʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ (k = 2) ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ 

Ů=0,0041, ʚʠʤʽʨʷʥʦʛʦ ʧʨʠ å30 K ʜʣʷ ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ, ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 11%, 

ʘ ʜʣʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ Ů > 0,0053, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʱʝ 60 ʂ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʥʠʞʯʝ 7%. ʄʝʪʦʜ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ, ʧʝʨʰ 
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ʟʘ ʚʩʝ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʘʣʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ, ʪʘʢʠʭ 

ʷʢ ʯʠʩʪʽ ʤʝʪʘʣʠ, ʧʨʦʪʝ ʚʠʩʦʢʘ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʝʪʘʣʦʥʥʦʛʦ ʟʨʘʟʢʘ 

ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʥʝʤʝʪʘʣʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʨʦʟʫʤʥʦʶ ʪʦʯʥʽʩʪʶ. 

 

ʈʠʩʫʥʦʢ. 1.12 ï ɿʨʘʟʢʠ-ʨʝʬʝʨʝʥʪʠ. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʾʭ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ (a) ʪʘ ʬʦʪʦʛʨʘʬʽʾ (b) ʚʽʜ ʝʧʦʢʩʠʜʥʦʾ ʟʨʘʟʢʘ (ʚʝʨʭʥʷ ʢʘʨʪʠʥʢʘ) 

ʽ ʨʠʬʣʝʥʦʛʦ ʟʨʘʟʢʘ ʟ V-ʧʦʜʽʙʥʠʤʠ ʢʘʥʘʚʢʘʤʠ [100].  

 

ʂʦʤʧʘʥʽʻʶ çSun LabTekè (ɯʥʜʽʷ) ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʡ 

ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ [101]. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.13. ɺ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ ʣʝʞʠʪʴ ʤʝʪʘʣʝʚʠʡ 

ʟʨʘʟʦʢ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ ʩʚʽʪʣʦʚʠʤ ʧʫʯʢʦʤ. ʉʚʽʪʣʦʚʠʡ 

ʧʨʦʤʽʥʴ ʛʝʥʝʨʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ ʨʝʛʫʣʴʦʚʘʥʦʶ ʛʘʣʦʛʝʥʥʦʶ ʣʘʤʧʦʶ ʽ 

ʧʘʨʘʙʦʣʽʯʥʠʤ ʚʽʜʙʠʚʘʯʝʤ. ɺʽʜʙʠʚʘʯ ʢʦʥʮʝʥʪʨʫʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʬʦʢʫʩʥʦʾ 

ʪʦʯʢʠ. ɿʨʘʟʦʢ ʧʦʤʽʱʘʶʪʴ ʥʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʩʝʥʩʦʨ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʬʦʢʘʣʴʥʽʡ ʪʦʯʮʽ. ʊʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʟʨʘʟʢʦʤ, ʚʠʤʽʨʶʻʪʴʩʷ ʪʝʨʤʦʙʘʪʘʨʝʻʶ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʪʝʨʤʦʙʘʪʘʨʝʷ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʫʭʦʤʽʡ 

ʢʘʨʝʪʮʽ. 
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ʈʠʩʫʥʦʢ ï 1.13 ʂʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ çLabTekè, ɯʥʜʽʷ [101]. 

 

ʄʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʧʨʠʣʘʜʠ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʟʘʭʠʱʝʥʦʤʫ ʚ ʢʦʨʧʫʩʽ. ʇʨʠʣʘʜ 

ʦʩʥʘʱʝʥʦ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʣʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʘ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ 

ʪʘ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɿʘʚʜʷʢʠ ʧʦʷʩʥʶʚʘʣʴʥʠʤ ʪʝʢʩʪʘʤ ʪʘ 

ʽʣʶʩʪʨʘʮʽʷʤ ʥʘʚʯʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʥʘʯʥʦ ʜʦʧʦʤʘʛʘʻ ʟʨʦʟʫʤʽʪʠ 

ʪʝʦʨʝʪʠʯʥʽ ʧʨʠʥʮʠʧʠ. 

ʋ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʧʣʦʚʽ ʤʝʪʦʜʠ, ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʶʪʴ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʤʽʞ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʦʙôʻʢʪʦʤ ʪʘ ʜʝʷʢʠʤ ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ. ɸʣʝ ʮʽ ʤʝʪʦʜʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʢʦʥʪʨʦʣʽ 

ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. 

 

1.4 ʌʦʨʤʫʣʶʚʘʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʨʽʚʥʷ ʪʝʧʣʦʟʘʭʠʩʪʫ ʟʦʚʥʽʰʥʽʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙʫʤʦʚʠʣʦ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʽʪʥʽʭ ʫʪʝʧʣʶʚʘʯʽʚ, ʱʦ ʨʦʟʤʽʱʫʶʪʴ ʟʟʦʚʥʽ ʘʙʦ 

ʫʩʝʨʝʜʠʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʧʽʜʚʠʱʫʚʘʪʠ ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʶ. ʅʦʚʽ ʚʠʤʦʛʠ ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʶʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʷʢ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ, ʾʭ ʙʫʜʽʚʥʠʮʪʚʽ, ʪʘʢ ʽ ʧʨʠ 
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ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʢʘʧʽʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʽ ʙʫʜʽʚʝʣʴ, ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ 

ʥʘ ʾʭʥʻ ʦʧʘʣʝʥʥʷ. 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ  ʪʘ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ 

ʟʘʟʥʘʯʝʥʠʭ ʨʦʙʦʪʘʭ, ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ ʦʩʥʦʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʠʢ. 

ɺʠʱʝʚʠʢʣʘʜʝʥʝ ʜʘʣʦ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʧʨʦʙʣʝʤʫ 

(ʨʠʩ. 1.14), ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʦʙʩʪʝʞʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʦʙʦʣʦʥʢʠ, ʷʢ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ 

ʝʥʝʨʛʦʘʫʜʠʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

 

ʈʠʩʫʥʦʢ 1.14 ï ʌʦʨʤʫʣʶʚʘʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʘ 



85 

 

 

ɺʽʜʧʦʚʽʜʥʦ ʧʦʩʪʘʚʣʝʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʚ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ 

ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

- ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʧʦʣʽʚ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʪʦʜʘʭ ʦʧʨʘʮʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ; 

- ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʪʦʜʠ ʥʝʨʫʡʥʽʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʚʠʨʦʙʽʚ; 

- ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʪʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʘʥʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʚʠʨʦʙʽʚ; 

- ʩʪʚʦʨʝʥʦ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ʜʽʶʯʦʛʦ ʩʪʘʥʜʘʨʪʫ ISO 9869 ʚ ʯʘʩʪʠʥʽ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ 

ʟʜʽʡʩʥʝʥʦ ʾʾ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ; 

- ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʘʣʽʜʘʮʽʶ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʥʦʛʦ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʽ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʢʦʥʪʨʦʣʽ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ; 

- ʩʪʚʦʨʝʥʦ ʧʨʠʣʘʜ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʽ ʧʨʦʚʝʜʝʥʦ 

ʡʦʛʦ ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ; 

- ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ. 

 

1.5 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ 

ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ, ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 
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ʧʨʦʚʝʜʝʥʥʷ ʾʭ ʦʮʽʥʶʚʘʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʧʨʠʡʤʘʥʥʽ ʤʦʞʣʠʚʝ ʟʘ ʜʚʦʤʘ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ï ʨʝʛʣʘʤʝʥʪʥʦʤʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʠʥʢʽʚ ʧʨʠʡʤʘʻ ʟʘ ʦʩʥʦʚʫ ʢʽʥʮʝʚʠʡ 

ʧʨʦʜʫʢʪ ʙʫʜʽʚʥʠʮʪʚʘ ï ʙʫʜʠʥʦʢ, ʽ ʜʦʩʣʽʜʞʫʻ ʡʦʛʦ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʪʷʛʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʘʣʝ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʚʽʜʫ ʡʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʚʘʛʠ ʛʥʫʯʢʦʛʦ 

ʧʽʜʭʦʜʫ ʤʦʞʫʪʴ ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʥʘ ʟʘʛʘʣʴʥʽ ʥʝʜʦʣʽʢʠ. 

2. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʷʢ ʚ ʥʘʪʫʨʥʠʭ ʪʘʢ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ 

ʚʠʟʥʘʯʝʥʦ ʚʠʤʦʛʠ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦ- ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ̫ ʢʠʭ 

ʧʨʦʚʦʜʷʪʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʝʣʝʤʝʥʪʽʚ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 

ɿʦʢʨʝʤʘ ʚʽʜʟʥʘʯʝʥʦ ʱʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ, ʧʦʪʨʽʙʥʦ 

ʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ ʟʘ ʤʦʜʫʣʴʥʠʤ ʧʨʠʥʮʠʧʦʤ. 

3. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ  ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʦʛʦ 

ʦʧʦʨʫ, ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʜʦʮʽʣʴʥʦ ʚʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠʢʫ ʥʝʨʫʡʥʽʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʧʣʦʚʽʟʽʡʥʠʡ ʘʥʘʣʽʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ (ISO 6781) ʪʘ ʢʦʥʪʨʦʣʴ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ (ISO 9869), ʱʦʙ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʩʫʙ'ʻʢʪʠʚʥʦʛʦ 

ʬʘʢʪʦʨʫ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ.  

4. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ, ʷʢʠʡ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʚʩʽʭ ʚʠʧʘʜʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʩʢʣʘ ʪʘ ʚʽʢʦʥ, ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʧʽʨʦʤʝʪʨʠʯʥʠʭ ʪʘ 

ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʠ ʮʴʦʤʫ ʘʢʮʝʥʪ ʨʦʙʠʚʩʷ ʥʘ ʧʝʨʝʥʦʩʥʠʭ 

ʧʦʨʪʘʪʠʚʥʽ ʧʨʠʣʘʜʠ ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʥʝʨʛʦʘʫʜʠʪʫ. 

ʄʝʪʦʜʠ ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ, ʥʝ ʜʫʞʝ ʟʨʫʯʥʽ ʚ ʫʤʦʚʘʭ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʘ ʜʣʷ ʨʝʬʣʝʢʪʦʤʝʪʨʽʚ ʥʝʜʦʣʽʢʦʤ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʨʘʭʫʥʢʫ ʝʤʽʩʽʾ ʟ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ. ʊʦʤʫ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ 



87 

 

ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʧʦʢʣʘʜʝʥʠʡ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʡ 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʤʝʪʦʜ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

5. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ 

ʧʨʦʙʣʝʤʫ, ʧʦʚôʷʟʘʥʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʢʦʥʪʨʦʣʶ ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 
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2. ʂʆʅʎɽʇʊʋɸʃʔʅʀʁ ʇɯɼʍɯɼ ɼʆ ʂʆʅʊʈʆʃʖ ʊɽʇʃʆɻʆɻʆ 

ʆʇʆʈʋ ʊɽʇʃʆɿɸʍʀʉʅʆɰ ʆɹʆʃʆʅʂʀ ɹʋɼɯɺʃɯ 

2.1 ʊʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ 

ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

ʅʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʟʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʦʙʩʪʝʞʝʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʻ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʧʨʷʤʠʭ 

ʚʠʤʽʨʶʚʘʥʥʷʭ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ[18], ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ 

ʦʙʩʪʝʞʫʚʘʥʫ ʧʦʚʝʨʭʥʶ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [18, 102].  

ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʪʨʘʪ ʽ, 

ʷʢ ʥʘʩʣʽʜʦʢ, ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ [62, 63]. 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʪʨʘʪ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ 

ʧʨʠʚʝʜʝʥʠʡ ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ , ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʦʧʽʨ 

ʦʢʨʝʤʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʟʦʥ ʦʙʦʣʦʥʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʣʦʱʽ [64, 65]. ɼʣʷ ʡʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ [64, 65], ʬʽʟʠʯʥʽ ʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ [102, 103], ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʦʜʝʣʽ (CFD) 

[104, 105] ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [18, 106, 107]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʥʘʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

ʚʠʟʥʘʯʝʥʽ ʩʪʘʥʜʘʨʪʦʤ ISO 9869 [18], ʤʘʶʪʴ ʨʷʜ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ 

ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʪʘʢʽ: ʚʝʣʠʢʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ (ʥʝ ʤʝʥʰʝ 72 ʛʦʜʠʥ) [108], 

ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪ ʤʦʞʝ ʙʫʪʠ ʧʨʦʜʦʚʞʝʥʠʡ; ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʝʥʩʦʨʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ [109,110]; ʦʙʤʝʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʣʽʤʘʪʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʴ [111, 112]. ɸ ʪʘʢʦʞ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, ʪʘʢʠʭ ʷʢ 

ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʙʫʜʽʚʣʽ [113], ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ [18, 

108]. ɿʦʚʥʽʰʥʽ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ [108, 112, 114] ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ 

ʚʽʜʭʠʣʝʥʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ [75].  

CFD ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʰʠʨʶʻ ʢʦʣʦ ʨʦʟʚôʷʟʫʚʘʥʠʭ ʟʘʚʜʘʥʴ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʽ ʨʦʟʨʦʙʢʠ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʦʧʘʣʝʥʥʷ [112,113]. CFD-
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ʤʦʜʝʣʽ ʜʣʷ ʚʘʨʽʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ ʩʪʘʣʠ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ [114, 115]. ɸʣʝ ʩʪʚʦʨʝʥʽ CFD ʤʦʜʝʣʽ ʦʙʦʚôʷʟʢʦʚʦ ʚʠʤʘʛʘʶʪʴ 

ʚʘʣʽʜʘʮʽʾ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ [113]. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ, ʟʚʘʞʘʶʯʠ ʥʘ ʥʘʚʝʜʝʥʽ ʬʘʢʪʦʨʠ, 

ʩʬʦʨʤʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ, 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʧʦʣʽʚ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʪʦʜʘʭ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ (ʨʠʩʫʥʦʢ 2.1) [116].  

 

ʈʠʩʫʥʦʢ 2.1 ʂʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʪʝʨʤʦʨʘʜʽʘʮʽʡʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʶ, ʜʣʷ ʮʴʦʛʦ ʧʦʙʫʜʦʚʘʥʦ ʧʨʠʯʠʥʦ-ʥʘʩʣʽʜʢʦʚʫ ʜʽʘʛʨʘʤʫ 

[116]. 

ʇʨʠʯʠʥʦ-ʥʘʩʣʽʜʢʦʚʘ ʜʽʘʛʨʘʤʘ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʬʘʢʪʦʨʘʤʠ ʪʘ 

ʥʘʩʣʽʜʢʘʤʠ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 2.1. ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʜʽʘʛʨʘʤʠ ʚʠʟʥʘʯʝʥʽ ʪʘʢʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ: 
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ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ, ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʢʦʥʪʨʦʣ ,ʁ ʟʦʚʥʽʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʤʘʪʝʨʽʘʣʠ, ʩʫʙ'ʻʢʪʠʚʥʠʡ ʬʘʢʪʦʨ [116]. 

 

ʈʠʩʫʥʦʢ 2.2 ʇʨʠʯʠʥʦ-ʥʘʩʣʽʜʢʦʚʘ ʜʽʘʛʨʘʤʘ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ [166] 

ʊʝʧʣʦʪʝʭʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʥʘʪʫʨʥʠʭ 

ʫʤʦʚʘʭ ʧʨʦʚʦʜʷʪʴ ʫ ʧʦʨʠ ʨʦʢʫ, ʢʦʣʠ ʽʩʥʫʻ ʪʘʢʠʡ ʩʘʤʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ, 

ʟʘ ʷʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤ ʽ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ ʥʝ ʤʝʥʰʠʡ 

ʥʽʞ 15 ʂ[18]. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʙʠʨʘʶʪʴ 

ʟʦʚʥʽʰʥʽ ʩʪʽʥʠ ʢʫʪʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʥʘ ʧʝʨʰʦʤʫ ʧʦʚʝʨʩʽ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 

ʧʽʚʥʽʯ, ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ, ʘ ʪʘʢʦʞ ʥʘ ʽʥʰʽ ʩʪʦʨʦʥʠ ʩʚʽʪʫ, ʜʝ ʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʫʤʦʚʠ ʜʣʷ ʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʘʞʥʽ ʚʽʪʨʠ ʪʘ ʢʦʩʽ ʜʦʱʽ. ɼʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʙʠʨʘʶʪʴ ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʦʜʥʦʪʠʧʥʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʟ ʦʜʥʘʢʦʚʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʠʤʠ 

ʫʤʦʚʘʤʠ[18].  

ʊʝʧʣʦʪʝʭʥʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʠʥʢʫ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʡʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ ʦʛʣʷʜʫ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʦʙʦʭ 

ʙʦʢʽʚ ʦʙʩʪʝʞʫʚʘʥʦʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʦ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 
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ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʥʦʩʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, 

ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʡ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷ (ʈʠʩʫʥʦʢ 2.3).  

 

ʈʠʩʫʥʦʢ 2.3 ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ ʧʨʠ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʊʨʠʚʘʣʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʠʪʴ ʤʽʥʽʤʫʤ 72 ʛʦʜʠʥʠ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʮʠʢʣʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʦʪʝ ʮʽ ʮʠʢʣʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʟʘ ʧʝʨʽʦʜʦʤ, ʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 

ʢʦʞʝʥ ʜʝʥʴ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ. ɿʨʫʯʥʦ ʟ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

ʚʽʜʦʢʨʝʤʠʪʠ ʝʬʝʢʪ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ: 

ʘ) ʮʠʢʣʽʯʥʫ ʚʥʫʪʨʽʰʥʶ ʪʘ ʟʦʚʥʽʰʥʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʙ) ʚʠʧʘʜʢʦʚʫ ʟʤʽʥʫ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʧʣʠʚ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʨʘʚʥʦʤʽʨʥʦʛʦ 

ʥʘʛʨʽʚʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʅʘ ʨʠʩʫʥʦʢ 2.4 ʥʘʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʽʷ ʪʘ ʨʝʟʫʣʴʪʘʪ ʪʝʧʣʦʚʽʟʽʡʥʦʾ 

ʟʡʦʤʢʠ ʧʽʜ ʚʧʣʠʚʦʤ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʥʘ ʦʙʦʣʦʥʢʫ ʙʫʜʽʚʣʽ. 
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ʈʠʩʫʥʦʢ 2.4 ʈʝʟʫʣʴʪʘʪ ʪʝʧʣʦʚʽʟʽʡʥʦʾ ʟʡʦʤʢʠ ʧʽʜ ʚʧʣʠʚʦʤ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʝʥʥʷ ʥʘ ʦʙʦʣʦʥʢʫ ʙʫʜʽʚʣʽ 

ʅʘ ʨʠʩʫʥʢʫ 2.4 ʤʘʨʢʝʨʘʤʠ ʥʘʥʝʩʝʥʽ ʭʘʨʘʢʪʝʨʥʽ ʪʦʯʢʠ ʟ ʚʢʘʟʘʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠ ʮʴʦʤʫ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʝʨʝʚʠʱʫʻ 2.50ʉ. ʇʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʻ ʥʝʤʦʞʣʠʚʠʤ. 

ʇʨʠ ʚʧʣʠʚʽ ʚʽʪʨʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʢʦʥʚʝʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʪʝʧʣʦʦʙʤʽʥʫ ʽ  ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʪʝʧʣʦʚʽʟʽʡʥʦʾ ʟʡʦʤʢʠ ʤʠ ʦʪʨʠʤʘʻʤʦ ʥʝʚʝʣʠʢʫ ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʚʝʨʭʥʽ (ʈʠʩʫʥʦʢ. 2.5), ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʥʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, 

ʱʦ ʥʝʨʝʢʦʤʝʥʜʦʚʘʥʝ ʩʪʘʥʜʘʨʪʘʤʠ ʪʘ ʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʠʤ ʢʦʨʝʢʪʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. 

 

ʈʠʩʫʥʦʢ. 2.5 ʈʝʟʫʣʴʪʘʪ ʪʝʧʣʦʚʽʟʽʡʥʦʾ ʟʡʦʤʢʠ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʪʨʫ ʥʘ ʦʙʦʣʦʥʢʫ 

ʙʫʜʽʚʣʽ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ ʩʫʙôʻʢʪʠʚʥʠʡ ʬʘʢʪʦʨ ʷʢʠʡ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ 

ʢʚʘʣʽʬʽʢʘʮʽʶ ʜʦʩʣʽʜʥʠʢʘ, ʥʝʚʽʨʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ, ʥʝʚʽʨʥʠʡ ʤʦʥʪʘʞ 

ʩʝʥʩʦʨʽʚ, ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. 
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ʅʝʚʽʨʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʝ ʥʝ ʪʽʣʴʢʠ ʥʝ 

ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʽʚ, ʱʦʜʦ ʦʜʥʦʚʠʤʽʨʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, ʘʣʝ ʡ ʧʨʠʭʦʚʘʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʢʦʥʩʪʨʫʢʮʽʾ. ɺʠʷʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʪʘ ʩʢʣʘʜʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʥʘ ʟʘʚʜʷʢʠ 

ʪʝʧʣʦʚʽʟʽʡʥʦʤʫ ʦʙʩʪʝʞʝʥʥ ʁʚʩʽʻʾ ʙʫʜʽʚʣʽ, ʷʢʝ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ISO 

6781 [2]. ʅʘ ʨʠʩʫʥʢʘʭ 2.6 ʪʘ 2.7 ʥʘʚʝʜʝʥʽ ʪʠʧʦʚʽ ʧʨʠʭʦʚʘʥʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. 

 

ʈʠʩʫʥʦʢ. 2.6 ʊʝʨʤʦʛʨʘʤʤʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ  

 

ʈʠʩʫʥʦʢ. 2.7 ʊʝʨʤʦʛʨʘʤʤʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ  

ʅʘ ʈʠʩ. 2.6 ʥʘʚʝʜʝʥʘ ʪʝʨʤʦʛʨʘʤʘ ʜʝ ʣʽʥʽʡʥʠʤ ʤʘʨʢʝʨʦʤ ʧʦʢʘʟʘʥʘ 

ʧʨʠʭʦʚʘʥʘ ʪʨʫʙʘ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʾ ʥʘ 5 ʂ ʚʠʱʘ ʥʽʞ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʠ. ɸ ʪʘʢʦʞ ʢʚʘʜʨʘʪʥʠʤ ʤʘʨʢʝʨʦʤ ʚʽʜʤʽʯʝʥʘ ʟʦʥʘ ʥʘʜ 

ʩʠʩʪʝʤʦʶ ʦʧʘʣʝʥʥʷ ʷʢʘ ʧʝʨʝʛʨʽʪʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʪʽʥʠ ʥʘ 10 ʂ. 

 ʅʘ ʈʠʩ. 2.7 ʥʘʚʝʜʝʥʘ ʪʝʨʤʦʛʨʘʤʘ ʜʝ ʣʽʥʽʡʥʠʤ ʤʘʨʢʝʨʦʤ ʟʦʙʨʘʞʝʥʥʽ 

ʧʨʠʭʦʚʘʥʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ (ʤʝʪʘʣʝʚʠʡ ʧʨʦʬʽʣʴ) ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʛʦ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʪʽʥʦʶ ʚʠʱʝ ʥʘ 1 ʂ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʝʥʩʦʨʽʚ ʚ ʮʠʭ ʟʦʥʘʭ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝ ʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ. 

ʅʝʚʽʨʥʠʡ ʤʦʥʪʘʞ ʩʝʥʩʦʨʽʚ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʟʤʘʟʦʢ, ʘʙʦ 

ʟ ʧʦʚʽʪʨʷʥʠʤ ʰʘʨʦʤ ʚʥʘʩʣʽʜʦʢ ʥʝʷʢʽʩʥʦʛʦ ʤʦʥʪʘʞʫ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʶ ʯʝʨʝʟ ʥʝʚʨʘʭʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ. ʎʴʦʛʦ 

ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʟʘʚʜʷʢʠ ʚʩʪʘʥʦʚʣʝʥʥʶ ʜʝʢʽʣʴʢʦʭ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʚ ʦʜʥʽʡ ʟʦʥʽ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʾʭ ʚʠʤʽʨʶʚʘʥʴ. ʅʘ ʨʠʩ. 2.8 ʥʘʚʝʜʝʥʘ 

ʪʝʨʤʦʛʨʘʤʘ ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

 

ʈʠʩʫʥʦʢ. 2.8 ʊʝʨʤʦʛʨʘʤʤʘ ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ  

ʅʘ ʨʠʩʫʥʢʫ 2.8  ʢʚʘʜʨʘʪʥʠʤ ʤʘʨʢʝʨʦʤ ʚʽʜʦʙʨʘʞʝʥʘ ʟʦʥʘ ʢʦʥʪʨʦʣʶ 

ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʪʘ ʪʦʯʢʦʚʠʤʠ ʤʘʨʢʝʨʘʤʠ ʧʦʟʥʘʯʝʥʽ ʤʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʝʥʩʦʨʽʚ. ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʟʥʠʮʷ ʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 0.2 ʂ.   

 

2.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʦʣʷ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ 

ʈʦʟʛʣʷʥʫʪʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʦʣʷ ʧʨʠ ʢʦʥʪʨʦʣʽ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ, ʟ ʤʝʪʦʶ ʦʮʽʥʶʚʘʥʥʷ 
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ʚʧʣʠʚʫ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʰʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʧʣʦʦʙʤʽʥ ʚ ʙʫʜʽʚʣʷʭ, ʚʠʟʥʘʯʝʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ, 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [116]. 

ʅʘ ʨʠʩʫʥʢʫ 2.9 ʥʘʚʝʜʝʥʘ ʩʭʝʤʘʪʠʯʥʘ ʽʣʶʩʪʨʘʮʽʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ 

ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʟʦʚʥʽʰʥʴʦʛʦ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʣʽʚ ʪʘ ʩʝʥʩʦʨʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʶʯʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʧʦʚôʷʟʘʥʥʽ ʟ 

ʟʦʚʥʽʰʥʽʤ ʢʣʽʤʘʪʠʯʥʠʤ ʪʘ ʚʥʫʪʨʽʰʥʽʤ ʪʝʧʣʦʚʠʤ ʧʦʣʷʤʠ, ʧʨʦʮʝʩʦʤ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʥʥʷ [116]. 

 

ʈʠʩʫʥʦʢ 2.9 ʉʭʝʤʘʪʠʯʥʘ ʽʣʶʩʪʨʘʮʽʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ, 

ʟʦʚʥʽʰʥʴʦʛʦ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʣʽʚ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʝʥʩʦʨʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʶʯʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

[116] 

ɿʦʚʥʽʰʥʻ ʤʝʪʝʦʨʦʣʦʛʽʯʥʝ ʧʦʣʝ ʤʘʻ ʩʢʣʘʜʥʫ ʬʽʟʠʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ 

ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ. ʍʘʨʘʢʪʝʨ ʟʤʽʥ ʪʘʢʦʛʦ ʧʦʣʷ ʻ 

ʩʪʦʭʘʩʪʠʯʥʠʤ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ. ʊʦʤʫ ʤʘʪʝʤʘʪʠʯʥʘ 

ʽ ʬʽʟʠʯʥʘ ʤʦʜʝʣʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʦʣʷ ʻ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʽ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ.  
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ʄʦʜʝʣʴ ʟʦʚʥʽʰʥʴʦʛʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʦʣʷ ʻ ʚʝʢʪʦʨʥʠʤ ʚʠʧʘʜʢʦʚʠʤ 

ʧʦʣʝʤ ʚʠʜʫ [116]: 

ɧ †‫ȟὶᴆȟ ‚ ‚‫ȟὶᴆȟ†ȟ ‚‫ȟὶᴆȟ†ȟ ‚‫ȟὶᴆȟ†ȟ ‫ȟὶᴆȟ†                  (2.1) 

‫ᶰ ȟ ὶᴆ ὼȟώȟᾀᶰὋṒὙȟ†ɴ ɬȢ 

ɺ ʤʦʜʝʣʽ (1) ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ: 

- ʢʦʤʧʦʥʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʧʦʣʷ ʧʘʨʘʤʝʪʨʘ Ὕ) ‚ (ʖ, ὶᴆȟ†; 

- ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷ ʪʠʩʢʫ (ʧʦʣʷ ʧʘʨʘʤʝʪʨʘ ʨ) ‚ ‫ȟὶᴆȟ†Ƞ 

- ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ (ʧʦʣʷ ʧʘʨʘʤʝʪʨʘ V) ‚ ‫ȟὶᴆȟ†Ƞ 

- ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷ ʚʦʣʦʛʦʩʪʽ (ʧʦʣʷ ʧʘʨʘʤʝʪʨʘ Rʅ) ‚ ‫ȟὶᴆȟ†Ƞ 

- ʦʙʤʝʞʝʥʘ ʧʨʦʩʪʦʨʦʚʘ ʦʙʣʘʩʪʴ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ὶᴆ

ὼȟώȟᾀᶰὋṒὙȠ 

- ʦʙʤʝʞʝʥʠʡ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʩʧʦʩʪʝʨʝʞʝʥʴ †ɴ ɬ;  

-  ʧʨʦʩʪʽʨ   ʚʠʧʘʜʢʦʚʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʜʽʡ .‫ 

ʉʫʢʫʧʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʦʣʷ (2.1) ʻ ʚʽʜʧʦʚʽʜʥʠʤ ʢʦʨʪʝʞʝʤ 

                                             <Ὕȟ̋ȟὠȟὙ̊ >ȟ                                           (2.2) 

ʜʝ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʤʘʻ ʭʘʨʘʢʪʝʨʥʠʡ ʢʦʥʢʨʝʪʥʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ, ʪʦʙʪʦ 

ʷʚʣʷʻʪʴʩʷ ʬʽʟʠʯʥʦ  ʁʚʝʣʠʯʠʥʦ  ʁ[116]. 

ɿʦʚʥʽʰʥʻ ʤʝʪʝʦʨʦʣʦʛʽʯʥʝ ʧʦʣʝ ʜʽʻ ʥʘ ʦʙʦʣʦʥʢʫ ʙʫʜʽʚʣʽ ʽ ʬʦʨʤʫʻ ʚ 

ʟʘʢʨʠʪʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʚʥʫʪʨʽʰʥʻ ʧʦʣʝ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʝ ʧʦʣʝ ʻ ʚʽʜʛʫʢʦʤ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʝʨʝʪʚʦʨʝʥʴ ὒ , ʷʢʠʡ ʦʧʠʩʫʻ 

ʭʘʨʘʢʪʝʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʾ ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʦʣʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʨʦʙʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʦʣʦʥʢʠ 

ʙʫʜʽʚʝʣʴ [116]. 

ɺʠʢʦʨʠʩʪʘʥʦ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʽ ʥʘʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʣʷ ʫ ʚʠʛʣʷʜʽ 

                                 ɧ †‫ȟὶᴆȟ  ὒ ɧ †‫ȟὶᴆȟ                                    (2.3) 
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ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʠʣʠ ʩʪʘʪʠʩʪʠʯʥʫ ʛʽʧʦʪʝʟʫ ʧʨʦ 

ʭʘʨʘʢʪʝʨ ʤʦʜʝʣʽ (1) ʥʘ ʨʽʯʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʦʜʝʣʴ 

(2.1) ʜʦʧʫʩʢʘʻ ʨʦʟʢʣʘʜʘʥʥʷ ʥʘ ʪʘʢʽ ʪʨʠ ʘʜʠʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ 

           ɧ †‫ȟὶᴆȟ  ὃ ὶᴆȟ† ὄ ὶᴆȟ† ‒ ‫ȟὶᴆȟ†                               (2.4) 

ʜʝ ὃ ὶȟ† - ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʩʢʣʘʜʦʚʘ ʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʦʣʷ, ʦʪʨʠʤʘʥʘ ʩʪʘʪʠʩʪʠʯʥʠʤ ʫʩʝʨʝʜʥʝʥʥʷʤ ʧʦ ʘʥʩʘʤʙʣʶ 

ʨʝʘʣʽʟʘʮʽʡ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʝʟʦʥʥʠʤʠ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ (ʟʠʤʘ, ʚʝʩʥʘ, ʣʽʪʦ, 

ʦʩʽʥʴ); ὄ ὶᴆȟ† - ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʛʘʨʤʦʥʽʯʥʘ ʩʢʣʘʜʦʚʘ ʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, 

ʷʢʘ ʪʘʢʦʞ ʦʪʨʠʤʘʥʘ ʧʦ ʘʥʩʘʤʙʣʶ ʨʝʘʣʽʟʘʮʽʡ ʽ ʟʫʤʦʚʣʝʥʘ ʜʦʙʦʚʠʤ ʮʠʢʣʦʤ 

(ʜʝʥʴ, ʥʽʯ); ‒ ‫ȟὶᴆȟ† - ʩʪʦʭʘʩʪʠʯʥʘ ʩʢʣʘʜʦʚʘ ʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʦʣʷ, ɦ ʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʧʦʚʽʜʥʽ ʾʾ ʬʣʫʢʪʫʘʮʽʾ [116]. 

ʊʘʢʠʡ ʨʦʟʢʣʘʜ ʤʦʜʝʣʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʰʠʨʦʢʝ ʢʦʣʦ ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ, ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʟ ʤʝʪʦʶ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʬʽʟʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʦʣʷ. ɺ ʩʚʦʶ 

ʯʝʨʛʫ ʬʦʨʤʫʚʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʪʚʦʨʝʥʴ ʚʠʟʥʘʯʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʨʪʝʞ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʫ ʧʨʠ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʚʠʜʫ [116]: 

ὤ ộ‗ȠὙὌȠ‐Ớ                   (2.5) 

ʜʝ Ѧ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ 

ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ,  

RH ï ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ, 

 Ѡ - ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʤʝʪʦʶ 

ʚʝʨʠʬʽʢʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘ ʜʘʥʠʤʠ 

ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʛʽʧʦʪʝʟʠ ʟʘʬʽʢʩʦʚʘʥʦʛʦ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʢʘʟʘʥʽ ʧʘʨʘʤʝʪʨʠ ʢʣʽʤʘʪʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʢʦʥʢʨʝʪʠʟʫʶʪʴʩʷ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʯʠʩʣʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʆʙʦʣʦʥʢʫ ʙʫʜʽʚʣʽ 
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ʨʦʟʢʣʘʜʝʥʦ ʥʘ ʭʘʨʘʢʪʝʨʥʽ ʟʦʥʠ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ. ʆʜʥʦʶ ʟ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʥʠʭ 

ʟʦʥ ʻ ʫʪʝʧʣʝʥʘ ʜʽʣʷʥʢʘ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ [116]. 

 

2.3 ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʭʘʨʘʢʪʝʨʥʽʡ ʟʦʥʽ ʦʙʦʣʦʥʢʠ 

ʙʫʜʽʚʣʽ 

ʄʦʜʝʣʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʥʦʾ ʜʽʣʷʥʢʠ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʧʦʙʫʜʦʚʘʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS CFX. ʄʦʜʝʣʴ ʚʢʣʶʯʘʻ ʨʽʜʠʥʥʫ 

(fluid) ʪʘ ʪʚʝʨʜʫ ʨʦʟʨʘʭʫʥʢʦʚʽ ʦʙʣʘʩʪʽ. ʐʘʨ ʧʦʚʽʪʨʷ ʨʦʟʛʣʷʜʘʚʩʷ ʷʢ ʨʽʜʠʥʥʘ 

ʦʙʣʘʩʪʴ [116]. 

ɻʝʦʤʝʪʨʽʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʽʜʧʨʦʛʨʘʤʠ ANSYS Design Manager. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 3D-ʤʦʜʝʣʽ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ.2.10 

 

ʈʠʩʫʥʦʢ 2.10 ɿʘʛʘʣʴʥʠʡ ʚʠʜ 3D-ʤʦʜʝʣʽ ʭʘʨʘʢʪʝʨʥʦʾ ʟʦʥʠ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

[116]. 

 



99 

 

ɿ ʤʝʪʦʶ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʩʝʥʩʦʨʽʚ ʥʘ ʨʦʟʧʦʜʽʣ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʭʘʨʘʢʪʝʨʥʦʾ ʟʦʥʠ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʧʽʜ ʯʘʩ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ, ʜʦ ʤʦʜʝʣʽ ʜʦʜʘʥʦ ʷʢ ʦʢʨʝʤʽ 

ʝʣʝʤʝʥʪʠ ʩʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ɼʣʷ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ 

ʩʬʦʨʤʦʚʘʥʦ ʦʢʨʝʤʽ ʟʦʥʠ, ʱʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟʘ ʨʦʟʤʽʨʘʤʠ ʟ ʩʝʥʩʦʨʘʤʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ.  

ɼʣʷ ʚʠʢʦʥʘʥʥʷ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʫ 

ʢʦʤʙʽʥʦʚʘʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʽʪʢʫ, ʧʦʙʫʜʦʚʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʽʪʢʦʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ANSYS CFX Mesh  (ʨʠʩʫʥʦʢ 2.11). ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʩʢʣʘʜʘʣʘʩʴ 

ʟ 2053866 ʝʣʝʤʝʥʪʽʚ ʽ 1446712 ʚʫʟʣʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʮʴʦʤʫ  ʢʦʞʝʥ 

ʩʝʥʩʦʨ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʩʢʣʘʜʘʚʩʷ ʟ 43200 ʝʣʝʤʝʥʪʽʚ ʪʘ 51667 ʚʫʟʣʽʚ. 

 

ʈʠʩʫʥʦʢ 2.11 ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʢʦʤʧôʶʪʝʨʥʦʾ CFD ʤʦʜʝʣʽ ʭʘʨʘʢʪʝʨʥʦʾ ʟʦʥʠ 

ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ [116]. 
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ɼʣ̫ ʧʨʦʚʝʜʝʥʥʷ ʚʘʣʽʜʘʮʽʾ ʜʘʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʥʽ ʚ ʨʦʟʜʽʣʽ 6 ʜʣʷ 

ʚʠʧʘʜʢʫ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧôʷʪʠ ʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ ʟ ʫʪʝʧʣʝʥʥʷʤ ʚʠʢʦʥʘʥʠʤ 

ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʦʤ (ʇʇʋ). ʇʨʠ ʮʴʦʤʫ, ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʟʘʭʠʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʟʨʘʟʢʫ ʇʇʋ, ʚʽʜʽʙʨʘʥʦʤʫ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʝʣʝʤʝʥʪʽ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ 

ʩʪʘʥʜʘʨʪʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ IS0 8301 [16, 118 - 119]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʠʟʥʘʯʝʥ̔ ʚ ʧʫʙʣʽʢʘʮʽʾ [121]. 

ʇʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚ 

ʧʫʙʣʽʢʘʮʽʷʭ [120, 122]. 

ʋ ʚʠʢʦʨʠʩʪʘʥʽʡ ʤʦʜʝʣʽ ʪʚʝʨʜʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʦʙʣʘʩʪʽ ʻ ʰʘʨʘʤʠ ʇʇʋ, 

ʙʝʪʦʥʥʠʭ ʙʣʦʢʽʚ ʪʘ ʩʝʥʩʦʨʘʤʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ̫ ʢʠʭ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʽ 2.1. [116] 

 

ʊʘʙʣʠʮʷ 2.1 ʄʘʪʝʨʽʘʣʠ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʤʦʜʝʣʽ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

ʄʘʪʝʨʽʘʣ 
ʊʦʚʱʠʥʘ 

ʰʘʨʫ, ʤ 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, 

ɺʪ/(ʤ ʂ) 

ɻʫʩʪʠʥʘ, 

ʢʛ/ ʤ3 

ʇʠʪʦʤʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ, 

ɼʞ/ʢʛĿʂ 

ʇʇʋ 0,030 0,0346 30 1340 

ɹʝʪʦʥʥʽ 

ʙʣʦʢʠ 
0,400 0,5200 

1200 837 

ʉʝʥʩʦʨʠ 

ʪʝʧʣʦʛʦ 

ʧʦʪʦʢʫ 

0,002 1,01 

2000 850 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʝʥʦ ʩʢʣʘʜʥʠʡ ʪʝʧʣʦʦʙʤʽʥ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ 

ʛʨʘʚʽʪʘʮʽʾ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ 

ʙʫʜʽʚʣʽ (ʨʠʩʫʥʦʢ 2.12) [116]. 
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ʈʠʩʫʥʦʢ 2.12 ʂʦʤʧôʶʪʝʨʥʘ CFD ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʥʦʾ ʟʦʥʠ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ 

ʂʦʥʜʫʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʪʚʝʨʜʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʦʙʣʘʩʪʷʤʠ 

ʦʧʠʩʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [104,105].  

ʈʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʦʧʠʩʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʝʨʝʥʦʩʫ (Discrete Transfer), ʨʝʘʣʽʟʦʚʘʥʽʡ ʚ ANSYS CFX. ʇʨʠ ʮʴʦʤʫ, ʜʣʷ 

ʢʦʞʥʦʾ ʦʙʣʘʩʪʽ ʟʘʜʘʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʝʤʽʩʽʾ [123]. ʇʦʛʣʠʥʘʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʣʦʩʴ ʚʚʝʜʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʛʣʠʥʘʥʥʷ ʧʦʚʽʪʨʷ, 

ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʨʠʡʥʷʪʦ 0,01. 

ɼʣʷ ʦʧʠʩʫ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʨʽʜʠʥʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʚʙʫʜʦʚʘʥʫ ʚ ANSYS CFX ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ Shear Stress 

Transport [116,124]. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘʜʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ: 

- ʙ̔ ʯʥʽ ʩʪʽʥʢʠ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʝʞʠʤʽ ʘʜʽʘʙʘʪʠʟʘʮʽʾ ‗ π [124]; 
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- ʥʠʞʥʷ ʽ ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʨʦʟʛʣʷʥʫʪʦ ʷʢ ʩʪʽʥʢʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 17,5 Áʉ ʪʘ 

18,5 Áʉ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ 1,66 ɺʪ /ʤ-2K ʪʘ 2,1 ɺʪ/ 

ʤ-2K  ʚʽʜʧʦʚʽʜʥʦ [113, 114, 124]; 

- ʜʘʣʴʥʷ ʩʪʽʥʢʘ ʟʘʜʘʥʘ ʷʢ ʚʽʜʢʨʠʪʠʡ ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ ʟ ʨʦʟʧʦʜʽʣʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 17,5 Áʉ ʜʦ 18,5 Áʉ ʧʦ ʚʠʩʦʪʽ; 

- ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʟ ʟʦʚʥʽʰʥʽʤ ʧʦʣʝʤ ʟʘʜʘʥʘ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʟ ʨʦʟʧʦʜʽʣʦʤ 

ʧʦ ʚʠʩʦʪʽ ʚʽʜ 2,70 Áʉ ʜʦ 2,88 Áʉ. 

ʅʘ ʨʠʩʫʥʢʫ 2.13 ʥʘʚʝʜʝʥʦ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʫ ʧʝʨʝʨʽʟʘʭ ʢʦʥʩʪʨʫʢʮʽʾ 

ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʧʦʢʘʟʘʥʦ ʧʦʣʷ ʫ ʧʣʦʱʠʥʽ çXZè, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʩʝʥʩʦʨʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q9- q12 .[116] 

 

ʈʠʩʫʥʦʢ 2.13 ɺʝʢʪʦʨʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʫ ʧʣʦʱʠʥʽ çXZè (ʙ), ʷʢʝ 

ʧʨʦʭʦʜʪ̫ʴ ʯʝʨʝʟ ʩʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q9- q12. .[116] 

 

ʋ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 2.13 ʧʦʣ̔ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʧʝʨʝʨʽʟʘʭ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʚ ʧʨʠʩʪʽʥʢʦʚʦʤʫ ʰʘʨʽ ʧʨʠʩʫʪʥʻ 
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ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚ ʟʦʥʽ ʚʝʨʭʥʴʦʛʦ (q12) ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʩʝʥʩʦʨʫ (q11), 

ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,2 ʤ/ʩ. .[116]  

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʣʦʱʠʥʽ çXZè ), ʷʢʝ ʧʨʦʭʦʜʪ̫ʴ ʯʝʨʝʟ ʩʝʥʩʦʨʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q9- q12, ʥʘʚʝʜʝʥʠʡ ʥʘ ʈʠʩ 2.14 

 

 

ʈʠʩʫʥʦʢ 2.14 ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʣʦʱʠʥʽ çXZè, ʷʢʝ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʩʝʥʩʦʨʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q9- q12. .[116] 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ ʚʘʞʣʠʚʠʤ ʧʨʠ ʘʥʘʣʽʟʽ, ʻ ʚʧʣʠʚ ʥʘʷʚʥʦʩʪʽ ʩʝʥʩʦʨʽʚ 

ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʙʫʜʦʚʘʥʦ 

ʧʝʨʝʨʽʟʠ ʧʦ ʧʣʦʱʽ çZXè ʪʘ çXYè ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʩʝʥʩʦʨʘ q9. ɿʤʽʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦʚʝʨʭʥʽ ʩʪʽʥʠ ʯʝʨʝʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʥʩʦʨʫ q9 ʧʦʢʘʟʘʥʘ 

ʥʘ ʈʠʩ 2.15 .[116] 
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ʈʠʩʫʥʦʢ 2.15 ʇʦʣʝ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʣʦʱʠʥʽ çXZè ʪʘ çXYè, ʷʢʽ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʮʝʥʪʨ ʩʝʥʩʦʨʘ q9. .[116] 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʩʷʭ ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q9 ʪʘ ʧʦʨʷʜ ʟ 

ʥʠʤ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.16 

 

ʈʠʩʫʥʦʢ 2.16 ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʦʩʷʭ ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q9 

ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʚ Ansys CFX Post,  

ʤʘʢʩʠʤʘʣʴʥʘ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʥʩʦʨʫ, ʜʦʩʣʽʜʞʫʚʘʥʦʾ 
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ʧʦʚʝʨʭʥʽ ʚ ʟʦʥʽ ʧʦʨʷʜ ʟ ʩʝʥʩʦʨʦʤ ʽ ʧʦʚʝʨʭʥʝʶ ʦʙʦʣʦʥʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,02 ʂ 

.[116] 

 

ɼʣʷ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣ (2.6) ʪʘ (2.7): 

Ὑ˞ В Ὑ В  ,                                    (2.6) 

ʜʝ ὰ ï ʪʦʚʱʠʥʘ -̔ʛʦ ʰʘʨʫ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ʤ; ‗ ï 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ -̔ʛʦ ʰʘʨʫ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, ɺʪ/(ʤ ʂ). 

Ὑ  ,                                           (2.7) 

ʜʝ  Ὕ  -ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, 

0ʉ; Ὕ̆  -ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ, 0ʉ; 

q ï ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʢʨʽʟʴ ʪʝʧʣʦʟʘʭʠʩʥʫ ʦʙʦʣʦʥʢʫ ʙʫʜʽʚʣʽ, ɺʪ/ʤĮ. 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʦ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ 

ʚʽʜʥʦʩʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʟʘ ʚʠʨʘʟʦʤ: 

ὈὉὠ Ͻρππ Ϸȟ                                       (2.8) 

ʜʝ Rc ï ʪʝʦʨʝʪʠʯʥʘ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ 

(2.6). 

ʈʦʟʨʘʭʦʚʘʥʝ ʟʘ ʬʦʨʤʫʣʦʶ (6) ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʩʪʘʥʦʚʠʣʦ 

Rʉ=1,64 (ʤ2ʂ) /ɺʪ, ʱʦ ʣʠʰʝ ʥʘ 0,6% ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ RCFD = 1,65 (ʤ2ʂ) /ɺʪ , 

ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʬʦʨʤʫʣʦʶ (2.7) ʚ CFD ʤʦʜʝʣʽ. .[116] 

ʅʘ ʧʨʠʢʣʘʜʽ ʩʝʥʩʦʨʘ q9 ʥʘʚʝʜʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʧʘʨʘʤʝʪʨʽʚ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

ɺʧʣʠʚ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʩʝʥʩʦʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦʢʘʟʘʥʦ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʩʝʥʩʦʨʘ q9 ʥʘ 0,71, 

ʧʨʠ ʮʴʦʤʫ ʚʩʽ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ CFD-ʤʦʜʝʣʽ ʟʘʣʠʰʠʣʠʩʷ ʥʝʟʤʽʥʥʠʤʠ.  

ʅʘ ʈʠʩʫʥʢʫ 2.17  ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʩʷʭ ʩʝʥʩʦʨʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʧʦʨʷʜ ʟ ʥʠʤ. 
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ʈʠʩʫʥʦʢ 2.17 ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʦʩʷʭ ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q9 ʧʨʠ 

ʢʦʝʬʽʮʽʻʥʪʽ ʝʤʽʩʽʾ 0.71.[116] 

 

ʈʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʝʤʽʩʽʾ ʩʝʥʩʦʨʘ 

0,88 ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʩʪʘʥʦʚʠʣʘ 8,77 ɺʪ/ʤĮ, ʘ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʝʤʽʩʽʾ 

0,71 - 7,6 ɺʪ/ʤĮ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʨʽʟʥʠʮʽ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʮʠʭ 

ʚʠʧʘʜʢʽʚ ʥʘ 1,17 ɺʪ/ʤ .[116] 

ɺʠʢʦʥʘʥʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽ ʝʤʽʩʽʾ ʩʝʥʩʦʨʫ ʥʘ 

ʨʝʟʫʣʴʪʘʪ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʰʣʷʭʦʤ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.6-2.8). ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʤʦʜʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.2  

ʊʘʙʣʠʮʷ 2.2 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ. 

ʇʦʢʘʟʥʠʢ Rʉ RCFD R9CFD, Ů=0,88 R9CFD, Ů=0,71 

ɿʥʘʯʝʥʥʷ, 

(ʤ2ʂ)/ɺʪ 

1,64 1,65 1,67 1,95 

ɺʽʜʭʠʣʝʥʥʷ, %  0,6 1,79 17,51 

ɿʘ ʜʘʥʠʤʠ ʪʘʙʣʠʮʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʻ 

~17.5%. 
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2.4 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙôʻʢʪʫ 

ʢʦʥʪʨʦʣʶ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ  

ʇʨʠ ʥʘʪʫʨʥʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʥʦʩʷʪʴ ʢʦʣʠʚʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʇʨʠʯʦʤʫ, ʥʘ ʚʝʣʠʢʠʭ ʧʨʦʤʽʞʢʘʭ ʯʘʩʫ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʣʘ 

ʙʣʠʟʴʢʠʡ ʜʦ ʣʽʥʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʟʤʽʥʶʚʘʣʘʩʴ ʟ 

ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʦʢʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʤʽʨʶʚʘʪʠ, 

ʥʘʡʯʘʩʪʽʰʝ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʧʦʪʦʢʦʤ ʪʝʧʣʦʪʠ, ʷʢʠʡ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʩʝʥʩʦʨʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʘʙʦ 

ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʫ. 

ɼʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʨʠʛʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʝ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ 

ʦʧʦʨʫ ʢʦʨʠʛʫʶʯʦʛʦ ʙʣʦʢʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʽʜʝʥʪʠʯʥʠʭ ʟʘ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʜʠʥ ʥʘʜ ʦʜʥʠʤ ʽ ʚʢʣʶʯʝʥʠʭ 

ʜʠʬʝʨʝʥʮʽʡʥʦ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʧʨʠʯʦʤʫ ʩʝʥʩʦʨ, ʷʢʠʡ ʤʘʻ ʙʽʣʴʰʫ 

ʯʫʪʣʠʚʽʩʪʴ, ʟʘʙʝʟʧʝʯʝʥʠʡ ʰʫʥʪʫʚʘʣʴʥʠʤ ʟʤʽʥʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʦʧʦʨʦʤ(ʈʠʩʫʥʦʢ 2.18) [126].  

ʆʩʪʘʥʥʽʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʚʥʷʪʠ ʯʫʪʣʠʚʽʩʪʴ ʚʢʣʶʯʝʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʦ 

ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʦ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʷʥʦʾ ʩʝʥʩʦʨʦʤ ʚʝʣʠʯʠʥʠ ʜʦʜʘʻʪʴʩʷ ʩʠʛʥʘʣ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʝʧʣʦʪʽ, ʷʢʘ ʡʜʝ ʥʘ ʥʘʛʨʽʚ ʩʘʤʦʛʦ ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ 

ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʨʝʛʫʚʘʣʴʥʠʤ ʙʣʦʢʦʤ [126]:  

ή ή̒ ̆̎̒̏̑ή̠́ ˛ ̋    (2.9) 

ή̠ ˛˝ Ὁ̠ ˛ Ͻ̋ὑ̠ ˛ Ͻ̋ὃ    (2.10) 
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ʜʝ ὑ̠ ˛ ̋ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʨʠʛʫʶʯʦʛʦ ʙʣʦʢʫ; ὃ ï ʧʦʧʨʘʚʢʘ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʨʽʟʥʠʮʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʢʘʣʽʙʨʫʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 2.18 ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʫ ʢʦʨʠʛʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ [126] 1 -  ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ; 2,3 - 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʩʝʥʩʦʨʠ ʜʣʷ ʨʝʻʩʪʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ ʽʟ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʟ ʚʥʫʪʨʽʰʥʴʦʛʦ ʙʦʢʫ ʦʙôʻʢʪʘ; 4,5 - ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʩʝʥʩʦʨʠ 

ʜʣʷ ʨʝʻʩʪʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ; 6,7 ï 
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ʩʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; 8 - ʙʣʦʢ ʢʦʥʪʨʦʣʶ, ʥʘʢʦʧʠʯʫʚʘʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ 

ʜʘʥʠʭ; 9 - ʢʦʨʠʛʫʚʘʣʴʥʠʡ ʙʣʦʢ  

ɼʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʦʙ'ʻʢʪʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʷʢʦʛʦ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ (ʈʠʩʫʥʦʢ 2.19) [51, 58, 126, 127, 128].  

ʂʨʘʡʦʚʽ ʫʤʦʚʠ: Ὕὼ πȟ† Ὕ; Ὕὼ πȟ† Ὕ ὦὝẗ†; ‗
ȟ

ή ï ʧʦʩʪʽʡʥʘ ʪʝʧʣʦʚʘ ʜʽʷ, ὦὝ ï ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

 

 

ʈʠʩʫʥʦʢ 2.19 ʊʝʧʣʦʚʘ ʩʭʝʤʘ ʟʘʜʘʯʽ ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʥʘ ʦʙ'ʻʢʪʽ ʟʽ ʟʤʽʥʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʈʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ [51, 58, 126, 127, 128].: 

 

Ὕ–ȟ† Ὕ ήẗὬ‗ϳ ẗ‪ –ȟ†  ‪ –Ƞ†ẗὦὝẗ                   (2.11) 

ɼʣʷ ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʝʟʨʦʟʤʽʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʫ ʯʘʩʦʚʽʡ 

ʦʙʣʘʩʪʽ ʨʽʚʥʷʥʥʷ (11) ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʝ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

‪–ȠὊέ ‪ –ȠὊέ ‪ –ȠὊέẗ‰     (2.12) 

 

ʜʝ  ‪ –ȠὊέ – В ὃÐ ẗίὭὲ‘–ẗὩὼὴ‘ẗὊέ,                     

‪ –ȠὊέ Ὂέ – πȟυ– ВÐ ẗὧέί‘ ρ – ẗὩὼὴ‘ẗὊέ, (2.13) 

ὃ ρ ẗ , 

 ὄ ρ ẗςȾ‘, 

 ‘ ςὯ ρ“ςϳȟ 
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‰ ὦὝẗ
ẗ

 , (2.14) - ʢʦʤʧʣʝʢʩ ʚʨʘʭʦʚʫʶʯʠʡ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʮʝʩʫ, 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʰʚʠʜʢʽʩʪʶ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʛʫʩʪʠʥʦʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʝʥʩʦʨʘ; 

Ὂέ  ï ʙʝʟʨʦʟʤʽʨʥʘ ʢʦʦʨʜʠʥʘʪʘ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʯʠʩʣʦ ʌʫʨôʻ; 

ὧ” ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʝʥʩʦʨʫ;  

–  ï ʙʝʟʨʦʟʤʽʨʥʘ ʢʦʦʨʜʠʥʘʪʘ ʫ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ. 

ɼʣʷ ʩʝʥʩʦʨʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʷʥʥ ʁ (2.11) ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ[51, 58, 126, 127, 128]: 

ʩʝʥʩʦʨʘȠ
‪πȟπρȠὊέ ‪πȟωωȠὊέ .   (2.15) 

ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʙʣʦʢʫ ʤʘʻʤʦ [51, 58, 126, 127, 128]: 

ʙʣʦʢȠ ‪πȟπρȠὊέ ‪πȟτωȠὊέ ‪πȟυρȠὊέ ‪πȟωωȠὊέ  (2.16) 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʦʶ (2.14), ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.20, 

ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʽʚ, 

ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʙʝʟʨʦʟʤʽʨʥʦ ʾʢʦʦʨʜʠʥʘʪʠ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʘʣʝ ʽ ʚʽʜ ʢʦʤʧʣʝʢʩʫ ◖. ʅʘʡʙʽʣʴʰʽ 

ʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ◖ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʚ ʟʦʥʽ ʚʽʜ 1 ɺʪ/ʤ2 ʜʦ 10 ɺʪ/ʤ2 , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʘʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ 

ʧʨʠ ʧʝʨʝʧʘʜʘʭ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʢʦʣʽ 15ʦʉ. ʇʨʠ ʟʥʘʯʝʥʥʷʭ ʢʦʤʧʣʝʢʩʫ ◖>0,1 

ʚʽʜʥʦʩʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪ̔ʢ ʚʽʜ ʩʝʥʩʦʨʫ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ (2.15), ʥʝ 

ʜʦʩʷʛʘʻ ʨʽʚʥʷ 0,9 (ʨʠʩʫʥʦʢ 2.21), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʾ ʢʦʨʝʢʮʽʾ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʫ ʚʠʧʘʜʢʫ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʛʫʩʪʠʥʦʶ ʚʽʜ 10 ɺʪ/ʤ2 ʧʨʠ ʚʘʨʽʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ◖<0,1, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʝʥʩʦʨʠ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʝʢʮʽʾ [51, 58, 126, 127, 128]. 
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ʈʠʩʫʥʦʢ 2.20. ɿʘʣʝʞʥʽʩʪʴ ʢʦʤʧʣʝʢʩʫ ◖ ʚʽʜ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʧʨʠ 

ʚʘʨʽʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ὦὝ 

ʉʠʛʥʘʣʠ ʢʦʨʠʛʫʶʯʦʛʦ ʙʣʦʢʫ, ʨʦʟʨʘʭʦʚʘʥ ̔ʟʘ ʬʦʨʤʫʣʦʶ (2.16), ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 2.22, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʚʝʩʪʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʨʠʛʫʚʘʥʥʷ, ʙʦ ʚʦʥʠ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʤʧʣʝʢʩʫ ◖ ʽ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʯʘʩ ʚʽʜʛʫʢʫ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʚʝʜʝʥʥʷ ʢʦʨʠʛʫʶʯʦʛʦ ʙʣʦʢʫ ʜʦ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʻ ʟʥʠʞʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ.  
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ʈʠʩʫʥʦʢ 2.21 ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʯʘʩʫ 

ʧʨʠ ʚʘʨʽʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ◖ ʜʣʷ ʩʝʥʩʦʨʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ  

 

ʈʠʩʫʥʦʢ 2.22 ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʯʘʩʫ 

ʧʨʠ ʚʘʨʽʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ◖ ʜʣʷ ʢʦʨʠʛʫʚʘʣʴʥʦʾ ʪʝʨʤʦʙʘʪʘʨʝʾ 
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ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʨʝʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʘʜʽʷʪʠ ʜʚʘ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʠ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʧʨʦʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʝ 

ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʩʝʥʩʦʨʽʚ.  

2.5 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʪʝʧʣʦʤʝʪʨʠʯʥʦʶ 

ʢʦʨʝʢʮʽʻʶ  

 

ɯʥʰʠʤ ʤʦʞʣʠʚʠʤ ʰʣʷʭʦʤ ʻ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʝʥʩʦʨʽʚ, ʷʢʽ ʚʞʝ 

ʙʫʜʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʢʦʨʠʛʫʶʯʫ ʪʝʨʤʦʙʘʪʘʨʝʶ, ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʠʭ ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩʫʥʢʫ 2.22. 

 
ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 2.22. ɺʘʨʽʘʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʜʥʽʻʾ (ʘ) ʪʘ ʜʚʦʭ (ʙ) ʢʦʨʠʛʫʶʯʠʭ ʪʝʨʤʦʙʘʪʘʨʝʡ  

ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʫʪʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ (2.11) ʟ ʣʽʥʽʡʥʦʶ ʟʤʽʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʟʤʽʥʽ ʢʽʣʴʢʦʩʪʽ ʪʝʨʤʦʙʘʪʘʨʝʡ ʚ ʩʝʥʩʦʨʽ. ɼʣʷ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʽʻʾ ʢʦʨʠʛʫʶʯʦʾ ʪʝʨʤʦʙʘʪʘʨʝʾ (ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʨʽʟʽʚ n=3) [51, 58, 

126, 127, 128]. 

 

ʩʝʥʩʦʨʘȠ
‪πȟωωȠὊέ ‪πȟφρȠὊέ ‪πȟυωȠὊέ ‪πȟπρȠὊέ 

(2.17) 

ʋ ʚʠʧʘʜʢʫ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʫ ʟ ʜʚʦʤʘ ʢʦʨʠʛʫʶʯʠʤʠ ʪʝʨʤʦʙʘʪʘʨʝʷʤʠ 

(ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʨʽʟʽʚ n=4) ʤʘʻʤʦ [51, 58, 126, 127, 128]. 

ʩʝʥʩʦʨʘȠ
ψχ‪πȟωωȠὊέ ‪πȟψρȠὊέ ρσ‪πȟχωȠὊέ

‪πȟςρȠὊέ ρς‪πȟρωȠὊέ ‪πȟπρȠὊέ     (2.18) 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.15, 2.17, 2.18) ʥʘʚʝʜʝʥʽ ʥʘ 

ʛʨʘʬʽʢʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 2.23. ɿ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 

ʛʨʘʬʽʢʫ ʚʠʜʥʦ, ʱʦ ʜʣʷ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʽʻ ʾʢʦʨʠʛʫʶʯʦ ʾʪʝʨʤʦʙʘʪʘʨʝʻʾ 

(n=3) ʩʝʥʩʦʨ ʜʦʩʷʛʘʻ ʨʽʚʥʷ ʩʠʛʥʘʣʫ 0,9 ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʯʠʩʣʘ ʌʫʨôʻ 0,2, ʘʣʝ 

ʚʥʘʩʣʽʜʦʢ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʤʧʣʝʢʩʫ ◖ ʧʨʠʩʫʪʥʻ ʥʝ ʩʧʽʚʧʘʜʽʥʥʷ ʢʨʠʚʠʭ 

ʚʽʜʥʦʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʧʽʚʧʘʜʽʥʥʷ ʢʨʠʚʠʭ ʚʽʜʥʦʩʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʌʫʨôʻ ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʝ 0,8 [51, 58, 126, 127, 

128].. 

 

ʈʠʩʫʥʦʢ 2.23 ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʯʘʩʫ 

ʧʨʠ ʚʘʨʽʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ◖ ʜʣʷ ʪʨʴʦʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʝʥʩʦʨʽʚ 

 

ɼʣʷ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʜʚʦʤʘ ʢʦʨʠʛʫʶʯʠʤʠ 

ʪʝʨʤʦʙʘʪʘʨʝʷʤʠ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 0,9 ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʯʠʩʣʘ ʌʫʨôʻ 

0,02, ʘʣʝ ʩʧʽʚʧʘʜʽʥʥʷ ʢʨʠʚʠʭ ʚʽʜʥʦʩʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʨʽʚʥʽ ʯʠʩʣʘ ʌʫʨôʻ 0.4. 

2.6 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 
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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ, 

ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʧʦʣʽʚ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʢʣʘʜʥʦʛʦ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʢʦʥʪʨʦʣʽ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʩʮʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʥʩʦʨʽʚ ʽ ʚʧʣʠʚʫ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪ ʢʦʥʪʨʦʣʶ. 

ʅʘʚʝʜʝʥʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʦʧʠʩ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʽʶʯʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ, 

ʦʧʝʨʘʪʦʨʘ ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʪʘ ʦʪʨʠʤʘʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʦʣʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʢʣʘʜʥʦʛʦ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʢʦʥʪʨʦʣʽ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʩʮʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʥʩʦʨʽʚ ʽ ʚʧʣʠʚʫ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪ ʢʦʥʪʨʦʣʶ ʦʪʨʠʤʘʥʦ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʣʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʜʚʠʱʝʥʦʾ ʪʫʨʙʫʣʽʟʘʮʽʾ ʫ ʟʦʥʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ.  

ɺ ʨʦʙʦʪʽ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʩʝʥʩʦʨʘ ʥʘ 

0.16 ʦʜʠʥʠʮʴ ʨʽʟʥʠʮʷ ʚ ʟʥʘʯʝʥʥʷʭ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʢʨʽʟʴ ʟʦʥʫ ʡʦʛʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʢʣʘʜʘʻ ʙʽʣʴʰ ʥʽʞ 2 ɺʪ/ʤĮ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʭʠʣʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʨʝʟʫʣʴʪʘʪʫ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʩʢʣʘʜʘʻ 

17,51%. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʨʝʢʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʰʣʷʭʦʤ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. 

ʈʦʟʚʠʥʫʪʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦ ʾʭʥʻ ʤʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 
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ʚʠʤʽʨʶʚʘʥʴ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʜʽʘʧʘʟʦʥʽ 1ï10 ɺʪ/ʤ2 ʪʘ ʥʘʷʚʥʦʩʪʽ 

ʜʨʝʡʬʫ ʪʝʤʧʝʨʘʪʫʨʠ. 
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ʈʆɿɼɯʃ 3. ʄɽʊʆɼ ɺʀɿʅɸʏɽʅʅʗ ʂʆɽʌɯʎɯɭʅʊɸ ɽʄɯʉɯɰ ʇʆɺɽʈʍʅɯ 

ʆɹôɭʂʊʋ ʂʆʅʊʈʆʃʖ 

3.1 ɼʠʬʝʨʝʥʮʽʡʥʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ 

ʎʝʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ (ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ, 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ, ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ) ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʧʦʢʨʠʪʪʽʚ ʽ ʤʦʞʝ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʢʦʥʪʨʦʣʽ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ 

ʜʚʦʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʦʤʽʨʢʘʭ ʩʝʥʩʦʨʘʤʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʧʦʚʝʨʭʥʽ ʷʢʠʭ 

ʤʘʶʪʴ ʨʽʟʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʝʤʽʩʽʾ, ʪʘ ʟʘ ʧʦʩʪʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊʂ ʦʙʦʭ ʢʦʤʽʨʦʢ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʛʨʽʚʥʦʛʦ ʝʣʝʤʝʥʪʫ [129]. ʉʭʝʤʘ ʤʝʪʦʜʫ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.1. 

 

 ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʤʝʪʦʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ 

ʤʘʪʝʨʽʘʣʽʚ 
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ʄʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʫʩʪʘʣʝʥʠʭ ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʽʚʥʦʛʦ ʝʣʝʤʝʥʪʫ ʊʂ ʽ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʊɿʈ ʪʘ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʫ 

ʢʘʥʘʣʘʭ Q1 ʪʘ Q2. ʎʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʥʘ ʜʚʽ ʢʦʤʧʦʥʝʥʪʠ ï 

ʨʘʜʽʘʮʽʡʥʫ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʫ. ʆʩʢʽʣʴʢʠ ʩʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʢʦʤʽʨʦʢ ʤʘʶʪʴ ʨʽʟʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʝʤʽʩʽʾ Ů1 ʪʘ Ů2, ʪʦ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʫ ʢʦʤʽʨʢʘʭ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (3.1) ʪʘ (3.2): 

ὗ jẗ„ẗ‐ẗ‐ẗὝʂ Ὕɿʈ ʂẗὝʂ Ὕɿʈ,              (3.1) 

ὗ jẗ„ẗ‐ẗ‐ẗὝʂ Ὕɿʈ ʂẗὝʂ Ὕɿʈ,              (3.2) 

ʜʝ Q1, Q2  ï ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʚʠʤʽʨʷʥʽ ʩʝʥʩʦʨʘʤʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ;  

ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ;  

‐ ï ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ; 

Ů1, Ů2 ï ʢʦʝʬʽʮʽʻʥʪʠ ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ ʩʝʥʩʦʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ;  

„ ï ʩʪʘʣʘ ʉʪʝʬʘʥʘïɹʦʣʴʮʤʘʥʘ;  

j  ï ʝʬʝʢʪʠʚʥʠʡ ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʢʦʤʽʨʢʘʭ, 

ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʷʢ ʧʨʷʤʝ ʦʧʨʦʤʽʥʝʥʥʷ ʪʦʨʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʥʘʣʽʚ, ʪʘʢ ʽ 

ʚʽʜʙʠʪʪʷ ʚʽʜ ʙʦʢʦʚʠʭ ʜʟʝʨʢʘʣʴʥʠʭ ʩʪʽʥʦʢ. 

ɿ ʥʘʚʝʜʝʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.1) ʪʘ (3.2) ʚʠʟʥʘʯʘʪʁʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

(3.3) ʪʘ (3.4) ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʟʨʘʟʢʘ [129]: 

‐
jẗẗ ʂ ɿʈ

ẗ

ʂ ɿʈ

,     (3.3) 

ʘʙʦ   ‐ ‎ẗὑ ẗ  ,        (3.4) 

ʜʝ ‎ •ẗ„ẗ‐ ‐  ï ʩʪʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ 

ʩʪʘʣʦʾ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʽʨʦʢ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʧʨʠ 

ʢʘʣʽʙʨʫʚʘʥʥʽ; 

ῳὝ Ὕʂ Ὕɿʈ ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʢʦʣʝʢʪʦʨʦʤ ʪʘ ʟʨʘʟʢʦʤ; 

ὑ
ʂ ɿʈẗʂ ɿʈ

 ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ. 
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ɼʣʷ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʨʦʚʝʜʝʥʦ 

ʢʦʤʧôʶʪʝʨʥʝ CFD ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʷʢ ʚ ʢʦʞʥʽʡ ʦʢʨʝʤʽʡ ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʢʦʤʽʨʮʽ, ʪʘʢ ʽ ʚ ʧʨʦʪʦʪʠʧ ̔ʧʨʠʣʘʜʫ.  

 

3.2 ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʢʦʤʽʨʮʽ ʧʨʠʣʘʜʫ ʜʣʷ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʘ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʦʢʨʝʤʽʡ ʢʦʤʽʨʮʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʡʥʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ 

ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ [130,131].  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʘʤʢʥʝʥʫ ʮʠʣʽʥʜʨʠʯʥʫ 

ʧʦʨʦʞʥʠʥʫ, ʷʢʘ ʤʦʜʝʣʶʻ ʢʦʤʽʨʢʫ ʧʨʠʣʘʜʫ ʜʣʷ ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ 

ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ. ʇʦʨʦʞʥʠʥʘ ʟʘʧʦʚʥʝʥʘ ʘʪʤʦʩʬʝʨʥʠʤ 

ʧʦʚʽʪʨʷʤ. ʈʘʜʽʫʩ ʮʠʣʽʥʜʨʫ ʩʪʘʥʦʚʠʪʴ r = 10 ʤʤ, ʚʠʩʦʪʘ ʅ = 30 ʤʤ. ʆʜʥʘ ʟ 

ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ (ʩʝʥʩʦʨ) ʥʘʛʨʽʚʘʣʘʩʷ, ʘ ʽʥʰʘ (ʟʨʘʟʦʢ) ʩʧʨʠʡʤʘʣʘ ʪʝʧʣʦʪʫ 

(ʨʘʜʽʘʮʽʡʥʫ, ʢʦʥʜʫʢʪʠʚʥʫ ʪʘ ʢʦʥʚʝʢʪʠʚʥʫ).  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʙʫʜʦʚʘʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʦʙôʻʢʪʫ 

ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 3.2), ʷʢʘ ʩʢʣʘʜʘʣʘʩʷ ʟ ʦʜʥʽʻʾ ʨʽʜʠʥʥʦʾ ʪʘ ʜʚʦʭ ʪʚʝʨʜʠʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʙʣʘʩʪʝʡ. ʈʽʜʠʥʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʤʘʣʘ ʮʠʣʽʥʜʨʠʯʥʫ 

ʬʦʨʤʫ ʜʽʘʤʝʪʨʦʤ 20 ʤʤ ʪʘ ʚʠʩʦʪʦ  ʁ30 ʤʤ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʟʥʘʭʦʜʠʪʴʩʷ ʪʚʝʨʜʘ 

ʧʽʜʦʙʣʘʩʪʴ ʜʽʘʤʝʪʨʦʤ 20 ʤʤ ʪʘ ʚʠʩʦʪʦʶ 2 ʤʤ, ʷʢʘ ʻ ʤʦʜʝʣʣʶ ʩʝʥʩʦʨʘ, ʘ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ ʨʦʟʪʘʰʦʚʘʥʘ ʪʚʝʨʜʘ ʧʽʜʦʙʣʘʩʪʴ ʜʽʘʤʝʪʨʦʤ 120 ʤʤ ʪʘ ʚʠʩʦʪʦʶ 

30 ʤʤ, ʱʦ ʚʠʢʦʥʫʻ ʨʦʣʴ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ, ʷʢʠʡ ʚʠʢʦʥʘʥʠʡ ʟ ʜʶʨʘʣʶ. ʎʽ ʪʨʠ 

ʧʽʜʦʙʣʘʩʪʽ ʟôʻʜʥʘʥʽ ʽʥʪʝʨʬʝʡʩʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚʠ ʩʪʘʣʦʩʪʽ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʥʘ ʤʝʞʽ ʢʦʞʥʦʾ ʧʽʜʦʙʣʘʩʪʽ ʨʽʜʠʥʘ-ʪʚʝʨʜʝ ʪʽʣʦ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS 

CFX. ɻʝʦʤʝʪʨʽʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʽʜʧʨʦʛʨʘʤʠ ANSYS Design Manager. 
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ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʅʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʩʝʥʩʦʨʘ ʟʘʜʘʚʘʣʘʩʷ ʩʪʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫ 30Áʉ, ʘ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʟʘʜʘʚʘʣʘʩʷ ʩʪʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫ 20Áʉ. ɯʥʰʽ ʧʦʚʝʨʭʥʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʣʠʩʷ ʘʜʽʘʙʘʪʥʠʤʠ 

[130,131]. 

 

ʈʠʩʫʥʦʢ 3.2 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 3D-ʤʦʜʝʣʽ ʢʦʤʽʨʢʠ ʧʨʠʣʘʜʫ [130,131] 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʫ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʽʪʢʫ, ʧʦʙʫʜʦʚʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʽʪʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ANSYS 

CFX Mesh  (ʨʠʩ. 3.3). ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʝʢʩʘʻʜʨʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚ ʩʝʨʝʜʠʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʦʩʴʦʚʦʤʫ  

ʧʝʨʝʨʽʟʽ (ʨʠʩ. 3.4), ʟ ʧʨʠʟʤʘʪʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʦʙʣʘʩʪʷʭ ʟʛʫʱʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʙʽʣʷ ʩʪʽʥʦʢ ʨʽʜʠʥʥʦʾ ʧʽʜʦʙʣʘʩʪʽ [130,131] (ʨʠʩ. 3.5). 

ʇʨʦʚʝʜʝʥʦ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʩʽʪʢʠ ʩʧʦʩʦʙʫ 

ʟʘʜʘʥʥʷ ʟʛʫʱʝʥʥʷ ʙʽʣʷ ʪʚʝʨʜʠʭ ʩʪʽʥʦʢ [132, 133]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ 

ʘʥʘʣʽʟʫ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘʜʘʥʥʷ ʟʛʫʱʝʥʥʷ ʻ 

ʤʝʪʦʜ ɻʣʘʜʢʦʛʦ ʧʝʨʝʭʦʜʫ ʰʘʨʫ ʟʽ ʟʥʘʯʝʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʭʦʜʫ 0,2. 

́ Ґ олͦ  ˿

́ Ґ нлͦ  ˿
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ɿʘʛʘʣʴʥʠʡ ʨʦʟʤʽʨ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʩʢʣʘʜʘʚ 107 ʪʠʩ. ʚʫʟʣʽʚ ʪʘ 102 ʪʠʩ. 

ʝʣʝʤʝʥʪʽʚ.  

 

ʈʠʩʫʥʦʢ 3.3 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʢʦʤʽʨʢʠ ʧʨʠʣʘʜʫ 

[130,131] 

 

ʈʠʩʫʥʦʢ 3.4 ï ʆʩʴʦʚʠʡ ʧʝʨʝʨʽʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʢʦʤʽʨʢʠ ʧʨʠʣʘʜʫ 

[130,131] 
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ʈʠʩʫʥʦʢ 3.5 ï ʇʨʠʩʪʽʥʢʦʚʘ ʦʙʣʘʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʢʦʤʽʨʢʠ 

ʧʨʠʣʘʜʫ[130,131] 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʨʽʜʠʥʥʽʡ ʧʽʜʦʙʣʘʩʪʽ ʚʚʘʞʘʶʪʴʩʷ  ʩʪʘʣʠʤʠ ʽ ʚʟʷʪʽ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʠ 25 ʉ. 

ʈʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ (3.5) ʟ ʨʽʚʥʷʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ (3.6) 

ʚʠʨʽʰʫʚʘʣʠʩʴ ʜʣʷ ʚôʷʟʢʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʛʘʟʫ ʚ ʩʪʘʮʽʦʥʘʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ 

ʝʥʝʨʛʽʾ (3.7) ʜʣʷ ʚʠʧʘʜʢʫ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ [130,131]. 

ὺϽɳ ὺ ὴɳ ’Ўὺ Ὢᴆ    (3.5) 

ὺɳᴆ π       (3.6) 

ό ὺ ύ ὥɳ Ὕ,    (3.7) 

ʜʝ ὺï ʚʝʢʪʦʨʥʘ ʰʚʠʜʢʽʩʪʴ; 

ʨ ï ʪʠʩʢ; 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ; 

u,v,w ï ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ; 

ʘ ï ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ; 

n ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ; 

r ï ʛʫʩʪʠʥʘ; 
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f ï ʟʦʚʥʽʰʥʷ ʧʠʪʦʤʘ ʩʠʣʘ;  

Ðï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ;  

D ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ. 

ɺʧʣʠʚ ʛʨʘʚʽʪʘʮʽʾ ʚʨʘʭʦʚʫʚʘʚʩʷ ʰʣʷʭʦʤ ʟʘʚʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʟʨʘʟʢʘ. ʈʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʨʦʟʛʣʷʜʘʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ɼʠʩʢʨʝʪʥʦʛʦ ʇʝʨʝʥʦʩʫ (Discrete Transfer) [123]. 

ɼʦʩʣʽʜʞʝʥʽ ʚʘʨʽʘʥʪʠ ʢʦʤʽʨʢʠ ʧʨʠʣʘʜʫ ʥʘʚʝʜʝʥʦ ʨʠʩʫʥʢʫ 3.6. ɺʘʨʽʘʥʪ 1 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʤʽʩʽʾ ʧʦʚʝʨʭʥʽ ʩʝʥʩʦʨʘ Ů1 = 0,95 (ʧʦʟʥʘʯʝʥʠʡ 

çdarkè). ɺʘʨʽʘʥʪ 2 ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʤʽʩʽʾ ʧʦʚʝʨʭʥʽ ʩʝʥʩʦʨʘ 

Ů1 = 0,1 (ʧʦʟʥʘʯʝʥʠʡ çlightè). ʂʦʦʨʜʠʥʘʪʘ ʧʣʦʱʠʥʠ ʩʝʥʩʦʨʘ ʜʦʨʽʚʥʶʚʘʣʘ 

Z = 0,03 ʤ. ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʟʤʽʥʶʚʘʚʩʷ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů2  ï ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ 0,05 ʜʦ 1,0.  

 

 

ɺʘʨʽʘʥʪ 1, dark 

 

 

ɺʘʨʽʘʥʪ 2, light  

ʈʠʩʫʥʦʢ 3.6 ï ʉʭʝʤʠ ʚʘʨʽʘʥʪʽʚ ʢʦʤʽʨʦʢ ʧʨʠʣʘʜʫ çdarkè ʽ çlightè  

 

ʅʘ ʨʠʩ. 3.7 ʪʘ 3.8 ʥʘʚʝʜʝʥʦ ʚʝʢʪʦʨʥʽ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʫ ʮʝʥʪʨʘʣʴʥʠʭ 

ʧʦʟʜʦʚʞʥʽʭ ʧʝʨʝʨʽʟʘʭ ʮʠʣʽʥʜʨʫ. ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʦʢʘʟʘʥʦ ʧʦʣʷ 

ʫ ʧʣʦʱʠʥʽ çYZè. [130,131] 
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ɺʘʨʽʘʥʪ 1, dark  

 

ɺʘʨʽʘʥʪ 1, light  

ʈʠʩʫʥʦʢ 3.7 ï ɺʝʢʪʦʨʥʽ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʫ ʧʣʦʱʠʥʽ çYZè ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʮʠʣʽʥʜʨʫ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů2=0,6 

[130,131] 

ɼʣʷ ʚʠʧʘʜʢʫ ʚʝʨʭʥʴʦʛʦ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʫʪʚʦʨʶʶʪʴʩʷ ʜʚʽ ʪʦʨʦʧʦʜʽʙʥʽ 

ʚʠʭʨʦʚʽ ʧʘʨʠ, ʧʨʠʯʦʤʫ ʾʭ ʨʦʟʤʽʨʠ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ 

ʟʨʘʟʢʘ (ʨʠʩ. 3.7). ɺʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʫ ʧʦʚʽʪʨʷ ʧʦʚôʷʟʘʥʠʡ 

ʟ ʪʠʤ, ʱʦ ʫ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʽʪʨʷ ʚʢʣʶʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 0,01.  

ʇʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʤʽʥʶʻ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʧʦʚʽʪʨʷʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʚʝʢʮʽʶ ʚʩʝʨʝʜʠʥʽ ʦʙôʻʤʫ (ʨʠʩ. 3.8). 

 
Ů2 = 0,05 

 
Ů2 = 0,2 

 
Ů2 = 0,4 

 
Ů2 = 0,6 
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Ů2 = 0,8 

 
Ů2 = 1,0 

ʈʠʩʫʥʦʢ 3.8 ï ɺʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʫ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʚ 

ʢʦʤʽʨʮʽ ʜʣʷ ʚʘʨʽʘʥʪʫ 1 (dark) [130,131] 

 

ʅʘ ʨʠʩ. 3.9 ʥʘʚʝʜʝʥʦ ʧʦʟʜʦʚʞʥʽʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʢʦʤʽʨʮʽ 

ʧʦ ʦʩʽ çZè ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʚʘʨʽʘʥʪʽʚ. ɿ ʛʨʘʬʽʢʽʚ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 3.9 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʻ ʙʣʠʟʴʢʠʤ ʜʦ ʣʽʥʽʡʥʦʛʦ. ʊʘʢʦʞ ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʧʘʨʥʽ ʚʘʨʽʘʥʪʠ çdarkè ʪʘ çlightè ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣʴʢʽʩʥʦ: ʚ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʣʦʚʠʥʽ ʢʦʦʨʜʠʥʘʪʠ çZè ʜʝʱʦ 

ʚʠʱʠʡ, ʮʝ ʥʝʟʥʘʯʥʠʤ ʯʠʥʦʤ, ʘʣʝ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, 

ʦʩʢʽʣʴʢʠ ʟʤʽʥʶʻʪʴʩʷ ʧʦʟʜʦʚʞʥʽʡ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. [130,131] 

 

 

 

 

ɺʘʨʽʘʥʪ 1, dark ɺʘʨʽʘʥʪ 2, light  

ʈʠʩʫʥʦʢ 3.9 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʧʦ ʦʩʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʦʤʽʨʢʠ 

ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů2 = 0,6 

 

ʅʘ ʨʠʩʫʥʢʫ 3.10 ʥʘʚʝʜʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʫ ʮʝʥʪʨʘʣʴʥʠʭ ʧʦʟʜʦʚʞʥʽʭ 

ʧʝʨʝʨʽʟʘʭ ʮʠʣʽʥʜʨʫ. ɼʣʷ ʚʠʧʘʜʢʫ ʚʝʨʭʥʴʦʛʦ ʧʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʚʦʥʦ ʧʨʘʢʪʠʯʥʦ 

ʨʽʚʥʦʤʽʨʥʝ. 
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ɺʘʨʽʘʥʪ 1, dark  

 

ɺʘʨʽʘʥʪ 2, light  

ʈʠʩʫʥʦʢ 3.10 ï ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ ʧʦʨʦʞʥʠʥʽ ʫ ʧʣʦʱʠʥʽ çYZè ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʢʦʤʽʨʢʠ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů2 = 0,6 

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʟʥʘʯʘʣʠʩʴ ʪʨʠ ʽʥʪʝʛʨʘʣʴʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʟ ʧʦʚʝʨʭʥʽ 

ʩʝʥʩʦʨʘ: ʟʘʛʘʣʴʥʠʡ, ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʠʡ ʪʘ ʨʘʜʽʘʮʽʡʥʠʡ: QɆ=Qc+QR. 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʟʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.1. 

[130,131] 

ʊʘʙʣʠʮʷ 3.1 ï ɿʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʢʦʤʽʨʢʘʭ çdarkè 

ʪʘ çlightè ʧʨʠ ʚʘʨʽʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ 

ɺʘʨʽʘʥʪ Ů2 

ɿʘʛʘʣʴʥʠʡ 

ʪʝʧʣʦʚʽʡ 

ʧʦʪʽʢ 

QɆ, ɺʪ 

ʂʦʥʚʝʢʪʠʚʥʠʡ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ 

Qc,  ɺʪ 

ʈʘʜʽʘʮʽʡʥʠʡ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ 

QR, ɺʪ 

ˉ1 

Dark sensor 

çïgè 

Ů1 = 0,95 

0,05 4,544 E-03 1,931 E-03 2,613 E-03 

0,2 6,713E-03 2,084E-03 4,544 E-03 

0,4 9,348E-03 2,260E-03 7,088E-03 

0,6 1,198E-02 2,408E-03 9,571E-03 

0,8 1,429E-02 2,546E-03 1,174E-02 

0,95 1,592E-02 2,634E-03 1,329E-02 

1,0 1,622E-02 2,669E-03 1,356E-02 

ˉ2 

Light sensor 

ç-gè 

Ů1 = 0,10 

0,05 3,435E-03 2,579E-03 8,567E-04 

0,2 4,037E-03 2,888E-03 1,149E-03 

0,4 4,444E-03 3,111E-03 1,333E-03 

0,6 4,690E-03 3,240E-03 1,450E-03 

0,8 4,833E-03 3,305E-03 1,528E-03 

1,0 4,966E-03 3,372E-03 1,594E-03 
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ʅʘ ʨʠʩʫʥʢʫ 3.11 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʚʘʨʽʘʥʪʽʚ. 

  

ɺʘʨʽʘʥʪ 1, dark , Ů1 = 0,95 ɺʘʨʽʘʥʪ 2, light , Ů1 = 0,10 

ʈʠʩʫʥʦʢ 3.11 ï ɯʥʪʝʛʨʘʣʴʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʟ ʧʦʚʝʨʭʥʽ ʩʝʥʩʦʨʘ: 1 ï 

ʟʘʛʘʣʴʥʠʡ, 2 ï ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʠʡ, 3 ï ʨʘʜʽʘʮʽʡʥʠʡ 

 

ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʨʠʩ. 3.11, ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ 

ʩʝʥʩʦʨʘ Ů1 = 0,95 ʨʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʧʝʨʝʚʠʱʫʻ ʢʦʥʚʝʢʪʠʚʥʠʡ. ʇʨʠ 

ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʩʝʥʩʦʨʘ Ů1 = 0,10 ʨʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ 

ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʟʘ ʢʦʥʚʝʢʪʠʚʥʠʡ. [130,131] 

ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʠʪʦʤʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ (ɺʪ/ʤ2) ʟʘ ʜʽʘʤʝʪʨʦʤ ʩʝʥʩʦʨʘ 

(ʚʽʩʴ çYè) ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʟʨʘʟʢʘ  Ů2 = 0,6 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.12 

 ̔ʨʠʩ. 3.13. 

  

ʘ ʙ 
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ʚ 

ʈʠʩʫʥʦʢ 3.12 ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʠʪʦʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʦʩʽ çYè ʜʣʷ 

ʚʠʧʘʜʢʫ (dark, Ů1 = 0,95): ʘ, ʙ, ʚ ï ʟʘʛʘʣʴʥʠʡ, ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʠʡ ʪʘ 

ʨʘʜʽʘʮʽʡʥʠʡ  ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʚʽʜʧʦʚʽʜʥʦ 

 

 

     

 

ʘ ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 3.13 ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʠʪʦʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʦʩʽ çYè ʜʣʷ 

ʚʠʧʘʜʢʫ (light, Ů1 = 0,10): ʘ, ʙ, ʚ ï ʟʘʛʘʣʴʥʠʡ, ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʠʡ ʪʘ 

ʨʘʜʽʘʮʽʡʥʠʡ  ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʚʽʜʧʦʚʽʜʥʦ 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʽʚ, ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʩʝʥʩʦʨʽʚ ʪʘ ʥʘʛʨʽʚʽ ʢʦʤʽʨʢʠ 

ʟʚʝʨʭʫ, ʟʘʛʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʟʦʥʽ (0,005 ʤ  ̓Y  ̓0,005 ʤ) ʻ 

ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʤʽʨʥʠʤ. [130,131] 
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3.2.1 ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʨʽʟʥʠʭ 

ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʘʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ ʧʨʠʣʘʜʫ ʜʣʷ 

ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ 

ʆʢʨʽʤ ʨʦʟʨʦʙʢʠ ʦʩʥʦʚʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʦʩʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʢʦʤʽʨʢʠ, ʜʦʜʘʪʢʦʚʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʟ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʩʝʥʩʦʨʽʚ ʫ ʥʠʞʥʽʡ ʧʣʦʱʠʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

(ʨʠʩ. 3.14), ʱʦ ʥʘʜʘʻ ʨʦʟʰʠʨʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʣʘʜʫ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʫ ʨʘʥʽʰʝ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʽʪʢʫ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. 

ɺʽʩʴ çZè ʙʫʣʘ ʥʘʧʨʘʚʣʝʥʘ ʚʽʜ ʟʨʘʟʢʘ, ʢʦʦʨʜʠʥʘʪʘ Z = 0 ʚʽʜʧʦʚʽʜʘʣʘ 

ʧʣʦʱʠʥʽ ʟʨʘʟʢʘ, ʷʢʘ ʩʧʨʠʡʤʘʻ ʧʨʦʤʝʥʝʚʠʡ ʧʦʪʽʢ. ʂʦʦʨʜʠʥʘʪʘ ʧʣʦʱʠʥʠ 

ʩʝʥʩʦʨʘ ʜʦʨʽʚʥʶʚʘʣʘ Z = 0,03 ʤ. ɺʘʨʽʘʥʪʠ  ʧʦʟʥʘʯʘʣʠʩʴ çg+è, ʪʦʙʪʦ ʜʣʷ ʥʠʭ 

ʚʝʢʪʦʨ ʩʠʣʠ ʪʷʞʽʥʥʷ ʩʧʽʚʧʘʜʘʚ ʟ ʥʘʧʨʷʤʢʦʤ ʢʦʦʨʜʠʥʘʪʠ çZè. ɺʘʨʽʘʥʪʠ  ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʦʩʽ ʧʦʟʥʘʯʘʣʠʩʴ ʷʢ  çhorizon darkè ʪʘ çhorizon 

lightè, ʜʣʷ ʥʠʭ ʚʝʢʪʦʨ ʩʠʣʠ ʪʷʞʽʥʥʷ ʥʘʧʨʘʚʣʝʥʦ ʧʨʦʪʠʣʝʞʥʦ ʦʩʽ çʍè.  

 

ɺʘʨʽʘʥʪ 1, dark g+ 

 

ɺʘʨʽʘʥʪ 2, light g+ 

 

ɺʘʨʽʘʥʪ 3, dark horizon 

 

ɺʘʨʽʘʥʪ 4, light horizon 

ʈʠʩʫʥʦʢ 3.14 ï ʉʭʝʤʠ ʚʘʨʽʘʥʪʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʤʽʨʦʢ ʧʨʠʣʘʜʫ[130,131] 
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ʅʘ ʨʠʩʫʥʢʘʭ 3.15 ʽ 3.16 ʥʘʚʝʜʝʥʦ ʚʝʢʪʦʨʥʽ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʫ ʮʝʥʪʨʘʣʴʥʠʭ 

ʧʦʟʜʦʚʞʥʽʭ ʧʝʨʝʨʽʟʘʭ ʮʠʣʽʥʜʨʫ. 

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ (ʚʘʨʽʘʥʪʠ 1, 2) ʧʦʢʘʟʘʥʦ ʧʦʣʷ ʫ ʧʣʦʱʠʥʽ 

çYZè, ʘ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ (ʚʘʨʽʘʥʪʠ 3, 4) ʧʦʣʷ ʧʦʢʘʟʘʥʦ ʫ ʜʚʦʭ 

ʧʣʦʱʠʥʘʭ: ʚʝʨʪʠʢʘʣʴʥʽʡ çXZè ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ çYZè. 

ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩʫʥʢʘʭ, ʢʘʨʪʠʥʘ 

ʪʝʯʽʾ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ɼʣʷ ʚʠʧʘʜʢʽʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʣʽʥʜʨʫ (ʨʠʩ. 3.15) ʟ ʥʠʞʥʽʤ ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʦʪʠ (ʚʘʨʽʘʥʪʠ 1, 

2) ʤʘʻ ʤʽʩʮʝ ʦʜʠʥ ʜʽʘʛʦʥʘʣʴʥʠʡ ʚʠʭʦʨ. [130,131] 

 
ɺʘʨʽʘʥʪ 1, dark g+ 

 
ɺʘʨʽʘʥʪ 2, light g+ 

 

ʈʠʩʫʥʦʢ 3.15 ï ɺʝʢʪʦʨʥʽ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʫ ʧʣʦʱʠʥʽ çYZè ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʮʠʣʽʥʜʨʫ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů2 = 0,6 

 

ɺʝʢʪʦʨʥʽ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʚʘʨʽʘʥʪʽʚ 3 ʪʘ 4 (ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ 

ʮʠʣʽʥʜʨʫ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.16 (ʘ, ʙ). ʂʘʨʪʠʥʘ ʪʝʯʽʾ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ 

(ʧʣʦʱʠʥʘ çXZè) ʘʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʽ ʪʝʯʽʾ ʜʣʷ ʚʘʨʽʘʥʪʽʚ 1 ʪʘ 2 (g+), ʢʦʣʠ ʤʘʻ 

ʤʽʩʮʝ ʦʜʠʥ ʜʽʘʛʦʥʘʣʴʥʠʡ ʚʠʭʦʨ. ɺ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ (ʧʣʦʱʠʥʘ çYZè) 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʘ ʚʠʭʦʨʠ ʧʦʙʣʠʟʫ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʦʙʪʦ, ʤʘʻ ʤʽʩʮʝ 

ʩʢʣʘʜʥʘ ʪʨʠʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʯʽʾ. ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʟʨʘʟʢʘ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʥʫ ʢʘʨʪʠʥʫ ʪʝʯʽʾ. [130,131] 



131 

 

 
ɺʘʨʽʘʥʪ 3, dark horizon 

 
ɺʘʨʽʘʥʪ 4, light horizon 

 

ʈʠʩʫʥʦʢ 3.16 ʘ ï ɺʝʢʪʦʨʥʽ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

çYZè ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʮʠʣʽʥʜʨʫ ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů = 0,6 [130,131] 

 

 
ɺʘʨʽʘʥʪ 3, dark horizon,  

 

 
ɺʘʨʽʘʥʪ 4, light horizon, 

 

ʈʠʩʫʥʦʢ 3.16 ʙ ï ɺʝʢʪʦʨʥʽ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ çXZè 

ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʮʠʣʽʥʜʨʫ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů = 0,6 

[130,131] 

 

ʅʘ ʨʠʩʫʥʢʫ 3.17 ʥʘʚʝʜʝʥʦ ʧʦʟʜʦʚʞʥʽʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ 

ʧʦʨʦʞʥʠʥʽ ʧʦ ʦʩʽ çZè ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʚʘʨʽʘʥʪʽʚ. ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʘ, ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ ʛʨʘʬʽʢʽʚ ʤʘʻ ʤʽʩʮʝ ʪʦʯʢʘ ʧʝʨʝʛʠʥʫ. ʊʘʢʦʞ ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʧʘʨʥʽ ʚʘʨʽʘʥʪʠ çdarkè ʪʘ çlightè ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʢʽʣʴʢʽʩʥʦ: ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʣʦʚʠʥʽ ʢʦʦʨʜʠʥʘʪʠ çZè 

ʜʝʱʦ ʚʠʱʠʡ, ʘ ʮʝ ʥʝʟʥʘʯʥʠʤ ʯʠʥʦʤ, ʘʣʝ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʚʠʡ 

ʧʦʪʽʢ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʶʻʪʴʩʷ ʧʦʟʜʦʚʞʥʽʡ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. 
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ɺʘʨʽʘʥʪ 1, dark g+ 

 

ɺʘʨʽʘʥʪ 2, light g+ 

 

ɺʘʨʽʘʥʪ 5, dark horizon 

 

ɺʘʨʽʘʥʪ 6, light horizon 

ʈʠʩʫʥʦʢ 3.17 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʧʦ ʦʩʽ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʧʦʨʦʞʥʠʥʠ ʜʣʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů2 = 0,6 [130,131] 

 

ʅʘ ʨʠʩʫʥʢʘʭ 3.18 ʽ 3.19 ʥʘʚʝʜʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʫ ʮʝʥʪʨʘʣʴʥʠʭ 

ʧʦʟʜʦʚʞʥʽʭ ʧʝʨʝʨʽʟʘʭ ʮʠʣʽʥʜʨʫ. ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ (ʨʠʩ. 3.18, 

ʚʘʨʽʘʥʪʠ 1, 2) ʧʦʢʘʟʘʥʦ ʧʦʣʷ ʫ ʧʣʦʱʠʥʽ çYZè, ʘ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʮʠʣʽʥʜʨʫ ʢʦʤʽʨʢʠ ʧʦʣʷ ʧʦʢʘʟʘʥʦ ʫ ʜʚʦʭ ʧʣʦʱʠʥʘʭ: ʚʝʨʪʠʢʘʣʴʥʽʡ 

çXZè (ʚʘʨʽʘʥʪʠ 3, 4), ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ çYZè (ʚʘʨʽʘʥʪʠ 5, 6). ʗʢ ʚʠʜʥʦ ʽʟ 

ʨʠʩʫʥʢʽʚ, ʢʘʨʪʠʥʘ ʪʝʯʽʾ ʜʣʷ ʚʘʨʽʘʥʪʽʚ g+ ʪʘ gï ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ɼʣʷ 

ʚʠʧʘʜʢʫ ʥʠʞʥʴʦʛʦ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ (ʚʘʨʽʘʥʪʠ 1, 2) ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ 

ʦʙôʻʤʽ ʩʫʪʪʻʚʦ ʥʝʨʽʚʥʦʤʽʨʥʝ, ʘ ʜʣʷ ʚʠʧʘʜʢʫ ʚʝʨʭʥʴʦʛʦ ʧʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʚʦʥʦ 

ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʤʽʨʥʝ. [130,131] 
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ɺʘʨ̔ʘʥʪ 1, dark g+ 

 
ɺʘʨ̔ʘʥʪ 2, light g+ 

 

ʈʠʩʫʥʦʢ 3.18 ï ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ ʧʦʨʦʞʥʠʥʽ ʫ ʧʣʦʱʠʥʽ çYZè ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʢʦʤʽʨʢʠ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů2 = 0,6  

 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʜʣʷ ʚʘʨʽʘʥʪʽʚ 3 ʪʘ 4 (ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ 

ʮʠʣʽʥʜʨʫ) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.19. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.19, ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ (ʧʣʦʱʠʥʘ çXZè) ʘʥʘʣʦʛʽʯʥʦ ʧʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʚʘʨʽʘʥʪʽʚ 1 ʪʘ 2 (g+). ɺ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ (ʧʣʦʱʠʥʘ çYZè) ʧʦʣʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʝ. 

 
ɺʘʨ̔ʘʥʪ 3, dark horizon,  

ʚʝʨʪʠʢʘʣʴʥʘ ʧʣʦʱʠʥʘ çXZè 

 
ɺʘʨ̔ʘʪ 4, light horizon, 

ʚʝʨʪʠʢʘʣʴʥʘ ʧʣʦʱʠʥʘ çXZè 

 

 
ɺʘʨ̔ʘʥʪ 3, dark horizon, 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʣʦʱʠʥʘ çYZè 

 

 
ɺʘʨ̔ʘʥʪ 4, light horizon, 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʣʦʱʠʥʘ çYZè 

 

ʈʠʩʫʥʦʢ 3.19 ï ʊʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʚ ʧʦʨʦʞʥʠʥʽ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʮʠʣʽʥʜʨʫ ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů2 = 0,6  
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ʅʘ ʨʠʩʫʥʢʫ 3.19  ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ 

ʝʤʽʩʽʾ ʟʨʘʟʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʚʘʨʽʘʥʪʽʚ. ɿ ʨʠʩ. 3.19 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʩʝʥʩʦʨʘ Ů1 = 0,95 (ʚʘʨʽʘʥʪʠ 1, 3, çdark sensorè) ʨʘʜʽʘʮʽʡʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥ ʧʝʨʝʚʠʱʫʻ ʢʦʥʚʝʢʪʠʚʥʠʡ. ʇʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʩʝʥʩʦʨʘ 

Ů1 = 0,10 (ʚʘʨʽʘʥʪʠ 2, 4, 6, çlight sensorè) ʨʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʟʥʘʯʥʦ 

ʤʝʥʰʠʡ ʟʘ ʢʦʥʚʝʢʪʠʚʥʠʡ [130,131]. 

 
ɺʘʨ̔ʘʥʪ 1, dark g+, Ů1 = 0,95 

 
ɺʘʨ̔ʘʥʪ 2, light g+, Ů1 = 0,10 

 

 

ɺʘʨ̔ʘʥʪ 3, dark horizon, Ů1 = 0,95 

 

 

ɺʘʨ̔ʘʥʪ 4, light horizon, Ů1 = 0,10 

ʈʠʩʫʥʦʢ 3.19 ï ɯʥʪʝʛʨʘʣʴʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʟ ʧʦʚʝʨʭʥʽ ʩʝʥʩʦʨʘ: 1 ï 

ʟʘʛʘʣʴʥʠʡ, 2 ï ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʠʡ, 3 ï ʨʘʜʽʘʮʽʡʥʠʡ 

 

ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʠʪʦʤʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ (ɺʪ/ʤ2) ʟʘ ʜʽʘʤʝʪʨʦʤ ʩʝʥʩʦʨʘ 

(ʦʩʴ çYè) ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʟʨʘʟʢʘ Ů2 = 0,6 (ʨʠʩ. 3.20ï3.22). 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʢʦʤʽʨʢʠ 

ʩʪʫʧʽʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʥʩʦʨʘ. 

ɼʣʷ ʥʠʞʥʴʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʥʩʦʨʘ (ʚʘʨʽʘʥʪʠ 1, 2) ʟʘʛʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ 
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ʻ ʩʫʪʪʻʚʦ ʥʝʨʽʚʥʦʤʽʨʥʠʤ: ʜʣʷ ʚʘʨʽʘʥʪʘ 1 ʚʽʜʥʦʰʝʥʥʷ qmax/qmin ʩʢʣʘʜʘʻ ʚʝʣʠʯʠʥʫ 

1,3, ʘ ʜʣʷ ʚʘʨʽʘʥʪʘ 2 ʚʦʥʠ ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ 2. ʎʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʦʙʫʤʦʚʣʝʥʘ ʥʘʪʫʨʘʣʴʥʦʾ ʢʦʥʚʝʢʮʽʻʶ, ʨʘʜʽʘʮʽʡʥʠʡ ʧʦʪʽʢ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʟʦʥʽ ʻ 

ʨʽʚʥʦʤʽʨʥʠʤ. [130,131] 

  
ʘ ʙ 

   
ʚ 

ʈʠʩʫʥʦʢ 3.20 ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʠʪʦʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʦʩʽ çYè ʜʣʷ 

ʚʘʨ̔ʘʥʪʫ 1 (dark g+, Ů1 = 0,95): ʘ, ʙ, ʚ ï ʟʘʛʘʣʴʥʠʡ, ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʠʡ 

ʪʘ ʨʘʜʽʘʮʽʡʥʠʡ  ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʚʽʜʧʦʚʽʜʥʦ 

 

  

ʘ ʙ 



136 

 

 

ʚ 

ʈʠʩʫʥʦʢ 3.21 ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʠʪʦʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʦʩʽ çYè ʜʣʷ 

ʚʘʨ. 2 (light g+, Ů1 = 0,10): ʘ, ʙ, ʚ ïʟʘʛʘʣʴʥʠʡ, ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʠʡ ʪʘ 

ʨʘʜʽʘʮʽʡʥʠʡ  ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʚʽʜʧʦʚʽʜʥʦ 

 

    
ʘ ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 3.22 ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʠʪʦʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʦʩʽ çYè ʜʣʷ 

ʚʘʨ̔ʘʥʪʫ 4 (light gï, Ů1 = 0,10): ʘ, ʙ, ʚ ï ʚʽʜʧʦʚʽʜʥʦ ʟʘʛʘʣʴʥʠʡ, ʢʦʥʚʝʢʪʠʚʥʦ-

ʢʦʥʜʫʢʪʠʚʥʠʡ ʪʘ ʨʘʜʽʘʮʽʡʥʠʡ  ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ [130,131] 

 

ɼʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʥʩʦʨʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʧʦ ʦʩʷʤ çʍè ʪʘ çYè ʧʦʪʦʢʫ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ (ʨʠʩ. 3.23 ʪʘ ʨʠʩ. 3.24). 
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ʇʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ çʍè ʚʽʜʥʦʰʝʥʥʷ qmax/qmin ʜʣʷ ʦʙʦʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 1,6, ʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ çYè ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ 

ʻ ʟʥʘʯʥʦ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʤ, ʚʽʜʥʦʰʝʥʥʷ qmax/qmin ʩʪʘʥʦʚʠʪʴ 1,1ï1,2. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʭʘʨʘʢʪʝʨʦʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʨʫʭʫ ʧʦʚʽʪʨʷ. [130,131] 

  

ʘ ʙ 

  

ʚ ʛ 

  

ʜ ʝ 

ʈʠʩʫʥʦʢ 3.23 ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʠʪʦʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʚʘʨʽʘʥʪʫ 5 

(dark horizon, Ů1 = 0,95): ʘ, ʙ ï ʟʘʛʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ; ʚ, ʛ ï ʢʦʥʚʝʢʪʠʚʥʦ-

ʢʦʥʜʫʢʪʠʚʥʠʡ ʧʝʣʦʚʠʡ ʧʦʪʽʢ; ʜ, ʝ ï ʨʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ; ʘ, ʚ, ʜ ï ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ çXè; ʙ, ʛ, ʝ ï ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ çYè. [130,131] 
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ʈʠʩʫʥʦʢ 3.24 ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʠʪʦʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʚʘʨʽʘʥʪʫ 6 

(light horizon, Ů1 = 0,10): ʘ, ʙ ï ʟʘʛʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ; ʚ, ʛ ï ʢʦʥʚʝʢʪʠʚʥʦ-

ʢʦʥʜʫʢʪʠʚʥʠʡ ʧʝʣʦʚʠʡ ʧʦʪʽʢ; ʜ, ʝ ï ʨʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ; ʘ, ʚ, ʜ ï ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ çXè; ʙ, ʛ, ʝ ï ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ çYè [130,131] 

 

ʊʘʢ ʜʣʷ ʫʤʦʚ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ (ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʪʦʨʮʷʤʠ 10Áʉ, 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʨʮʷʤʠ 0,03 ʤ), Ra = 2,56Ā104. ʎʝ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʈʝʣʝʷ ʟʥʘʯʥʦ 

ʚʠʱʝ ʟʘ ʢʨʠʪʠʯʥʝ, ʽ ʜʣʷ ʚʽʜʥʦʩʥʦʾ ʜʦʚʞʠʥʠ ʮʠʣʽʥʜʨʫ L/D = 1,5, ʟʛʽʜʥʦ ʟ [132], 

ʚ ʧʦʨʦʞʥʠʥʽ ʤʘʻ ʤʽʩʮʝ ʢʦʤʽʨʯʘʩʪʠʡ ʨʝʞʠʤ ʪʝʯʽʾ. 
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ɺ [132ï134] ʯʠʩʝʣʴʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʥʘʪʫʨʘʣʴʥʘ 

ʢʦʥʚʝʢʮʽʷ ʚʦʜʠ (Pr = 6,7)  ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʨʦʞʥʠʥʽ ʚ ʜʽʘʧʘʟʦʥʽ 

ʯʠʩʣʘ ʈʝʣʝʷ 3Ā105  ̓Ra ᾽ 2Ā106. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʝʤʦʤʝʪʨʽʾ ʧʦ ʟʦʙʨʘʞʝʥʥʷʤ ʯʘʩʪʠʥʦʢ (PIV). ɹʦʢʦʚʘ ʧʦʚʝʨʭʥʷ ʮʠʣʽʥʜʨʫ ʙʫʣʘ 

ʘʜʽʘʙʘʪʠʯʥʦʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʬʽʟʠʯʥʘ ʢʘʨʪʠʥʘ ʪʝʯʽʾ ʤʘʻ ʩʢʣʘʜʥʫ ʪʨʠʚʠʤʽʨʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ ʚʠʭʦʨʦʤ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ. ʇʨʠʯʦʤʫ, ʮʝʡ ʚʠʭʦʨ ʥʝ ʻ 

ʦʩʝʩʠʤʝʪʨʠʯʥʠʤ (ʨʠʩ. 3.25) [134].  

 
ʈʠʩʫʥʦʢ 3.25 ï ʂʘʨʪʠʥʘ ʪʝʯʽʾ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʮʠʣʽʥʜʨʫ [134] 

 

ɺ [134] ʚʠʢʦʥʘʥʦ ʯʠʩʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʚʝʢʮʽʾ ʚ ʧʦʨʦʞʥʠʥʽ ʜʦʚʛʦʛʦ 

ʮʠʣʽʥʜʨʫ (L/d = 10) ʟ ʽʟʦʪʝʨʤʽʯʥʠʤʠ ʪʦʨʮʝʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ  ʧʨʠ ʯʠʩʣʘʭ 

Ra=103ï106. ɼʣʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (Pr = 0,71) ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʝʬʝʢʪʠ 

ʧʦʯʠʥʘʶʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʧʨʠ ʟʥʘʯʝʥʥʽ ʯʠʩʣʘ ʈʝʣʝʷ Ra > 104. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʧʘʜʢʫ ʩʪʨʫʢʪʫʨʘ ʪʝʯʽʾ ʻ ʪʨʠʚʠʤʽʨʥʦʶ ʟ ʤʦʞʣʠʚʦʶ ʧʨʝʮʝʩʽʻʶ 

ʚʠʭʦʨʫ ʥʘʚʢʦʣʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ. 

3.2.2 ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʚʢʣʶʯʝʥʥʽ ʢʦʤʽʨʦʢ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʚʽʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʚʠʟʥʘʯʝʥʦʛʦ ʷʢ ʨʽʟʥʠʮʷ ʧʦʪʦʢʽʚ, ʚʠʤʽʨʷʥʠʭ ʫ ʢʦʤʽʨʢʘʭ ʟ ʩʝʥʩʦʨʘʤʠ, ʱʦ ʤʘʶʪʴ 
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ʯʦʨʥʝ ʪʘ ʩʚʽʪʣʝ ʧʦʢʨʠʪʪʷ: ‐ʭ Ὂὗ ὗ Ὂῳὗ. ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.26. ʇʨʦʩʪʦʨʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʢʦʤʽʨʦʢ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʽ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʧʽʚʧʘʜʘʶʪʴ ʫ 

ʤʘʩʰʪʘʙʽ ʥʘʚʝʜʝʥʦʛʦ ʛʨʘʬʽʢʫ ï ʾʭ ʨʽʟʥʠʮʷ ʥʝ ʧʝʨʝʚʝʨʰʫʻ 0,01. [130,131] 

 

ʈʠʩʫʥʦʢ 3.26 ï ɿʘʣʝʞʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʚʽʜ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ [130,131] 

 

ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʚʽʜ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʻ ʢʘʣʽʙʨʫʚʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʧʨʠʣʘʜʫ.  ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʣʽʥʽʡʥʦʾ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 3%, ʘʣʝ ʥʝ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʢʦʦʨʜʠʥʘʪ, ʘ ʤʘʻ ʟʤʽʱʝʥʥʷ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ. ʊʘʢʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʟʫʤʦʚʣʝʥʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʧʨʷʞʝʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦ-ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʟʘʤʢʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟ ʢʽʥʮʝʚʠʤʠ ʨʦʟʤʽʨʘʤʠ [132, 133]. 

ɿʘʣʝʞʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʤʽʩʽʾ ʚʽʜ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʤʦʞʝ ʙʫʪʠ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʦʚʘʥʘ 

ʧʦʣʽʥʦʤʦʤ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʶ:  

‐ʭ σφφρφπẗȹὗ Ȥ φπχρẗȹὗ   ρρψȟρẗȹὗ Ȥ πȟπχχυ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʨʷʞʝʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ 

ʢʦʤʽʨʢʘʭ ʧʨʠʣʘʜʫ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘʢʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʫ 
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ʟʘʤʢʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟ ʢʽʥʮʝʚʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʢʘʣʽʙʨʫʚʘʣʴʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠʣʘʜʫ [130,131]. ɿʘʚʜʷʢʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʩʭʝʤʽ ʧʨʠʣʘʜʫ, 

ʧʨʦʩʪʦʨʦʚʘ ʦʨʽʻʥʪʘʮʽʷ ʢʦʤʽʨʦʢ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ. ɺʠʷʚʣʝʥʽ ʥʝʣʽʥʽʡʥʽʩʪʴ ʪʘ ʟʤʽʱʝʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚ ʘʣʛʦʨʠʪʤʽ ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʧʝʨʚʠʥʥʠʭ ʩʝʥʩʦʨʽʚ ʧʨʠʣʘʜʫ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʨʘʟʢʽʚ, ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʷʢʠʭ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʮʽʦʥʘʨʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 

[123, 126, 130 ,131]. 

 

3.3 ʂʦʤʧôʶʪʝʨʥʘ CFD ʄʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠʣʘʜʫ ʜʣʷ 

ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʦʢʨʠʪʪʽʚ 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʦʜʝʣʴ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʙʣʦʢʫ 

ʧʨʠʣʘʜʫ ʝʢʩʧʨʝʩ-ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʫ ʝʤʽʩʽʾ ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʧʦʢʨʠʪʪʽʚ, ʱʦ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʟʨʘʟʢʫ. ʄʦʜʝʣʴ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʙʣʦʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʷʤʦʢʫʪʥʦʛʦ ʢʦʨʧʫʩʫ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʷʢʠʡ ʚʙʫʜʦʚʘʥʦ ʜʚʽ ʟʘʤʢʥʝʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ 

ʚʠʤʽʨʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʦʩʥʘʱʝʥʽ ʩʝʥʩʦʨʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʛʣʠʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʨʦʞʥʠʥʠ ʟʘʧʦʚʥʝʥʽ ʘʪʤʦʩʬʝʨʥʠʤ ʧʦʚʽʪʨʷʤ. ʈʘʜʽʫʩ 

ʮʠʣʽʥʜʨʽʚ ʩʢʣʘʜʘʻ r = 10 ʤʤ, ʚʠʩʦʪʘ ʅ = 30 ʤʤ. ɺʝʨʭʥʽ ʪʦʨʮʝʚʽ ʧʦʚʝʨʭʥʽ 

(ʩʝʥʩʦʨʠ) ʥʘʛʨʽʚʘʣʠʩʷ, ʘ ʥʠʞʥʽ (ʟʨʘʟʦʢ) ʩʧʨʠʡʤʘʣʠ ʪʝʧʣʦʪʫ (ʨʘʜʽʘʮʽʡʥʫ, 

ʢʦʥʜʫʢʪʠʚʥʫ ʪʘ ʢʦʥʚʝʢʪʠʚʥʫ). ʆʜʠʥ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʻ 

ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ ʧʦʚʝʨʭʥʽ ʩʝʥʩʦʨʘ Ů1 = 0,95 (ʧʦʟʥʘʯʘʣʠʩʴ çdarkè), ʘ ʽʥʰʠʡ 

ʩʝʥʩʦʨ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʝʤʽʩʽʾ Ů1 = 0,1 (ʧʦʟʥʘʯʘʣʠʩʴ çlightè).  

ʆʧʠʩ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS CFX. ɻʝʦʤʝʪʨʽʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ 

ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʧʨʦʛʨʘʤʠ ANSYS Design Manager. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ 

ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.27ï3.29. 



142 

 

ʄʦʜʝʣʴ ʩʢʣʘʜʘʣʘʩʷ ʟ ʜʚʦʭ ʨʽʜʠʥʥʠʭ ʪʘ ʪʨʴʦʭ ʪʚʝʨʜʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʦʙʣʘʩʪʝʡ. ʈʽʜʠʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʦʙʣʘʩʪʽ ʤʘʣʠ ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ ʟ ʨʦʟʤʽʨʘʤʠ: 

ʜʽʘʤʝʪʨ 20 ʤʤ ʚʠʩʦʪʘ 30 ʤʤ. ʂʦʞʥʘ ʨʽʜʠʥʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʥʘ ʛʦʨʽ ʤʘʣʘ 

ʪʚʝʨʜʫ ʧʽʜʦʙʣʘʩʪʴ ʜʽʘʤʝʪʨ 20 ʤʤ ʚʠʩʦʪʘ 2 ʤʤ, ʱʦ ʙʫʣʘ ʤʦʜʝʣʣʶ ʩʝʥʩʦʨʘ, ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ ʨʦʟʪʘʰʦʚʘʥʘ ʪʚʝʨʜʘ ʧʨʷʤʦʢʫʪʥʘ ʧʽʜʦʙʣʘʩʪʴ 360ʭ300 ʤʤ, ʱʦ 

ʚʠʢʦʥʫʚʘʣʘ ʨʦʣʴ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ, ʷʢʠʡ ʚʠʢʦʥʘʥʠʡ ʟʽ ʩʢʣʘ. ʊʦʚʱʠʥʘ ʩʢʣʘ ʙʫʣʘ 

ʧʨʠʡʥʷʪʘ 4 ʤʤ. ʎʝʥʪʨʠ ʨʽʜʠʥʥʠʭ ʧʽʜʦʙʣʘʩʪʝʡ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 60 ʤʤ 

ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʨʽʜʠʥʥʽ ʧʽʜʦʙʣʘʩʪʽ ʧʦʤʽʱʝʥʥʽ ʚ ʪʚʝʨʜʽʡ 

ʧʽʜʦʙʣʘʩʪʴ ʨʦʟʤʽʨʦʤ 120ʭ60 ʤʤ ʟ ʝʢʩʪʨʫʜʦʚʘʥʦʛʦ ʧʦʣʽʩʪʠʨʦʣʫ, ʱʦ ʩʣʫʛʫʻ 

ʢʦʨʧʫʩʦʤ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ. ʋʩʽ ʧʽʜʦʙʣʘʩʪʽ ʙʫʣʠ ʟôʻʜʥʘʥʽ 

ʽʥʪʝʨʬʝʡʩʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚʠ ʩʪʘʣʦʩʪʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ 

ʥʘ ʤʝʞʽ ʢʦʞʥʦʾ ʧʽʜʦʙʣʘʩʪʽ ʨʽʜʠʥʘ-ʪʚʝʨʜʝ ʪʽʣʦ. [130,131] 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʅʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʩʝʥʩʦʨʘ ʟʘʜʘʚʘʣʘʩʷ ʩʪʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫ 30Áʉ, ʘ ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʟʨʘʟʢʘ ʪʘ ʧʨʠʣʘʜʫ ʟʘʜʘʚʘʣʠʩʷ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 3-ʛʦ ʨʦʜʫ: ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 20Áʉ, 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ 6 ɺʪ/(ʤ2Ā ʂ). ʅʘ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʥʷʭ ʟʨʘʟʢʫ ʙʫʣʠ ʟʘʜʘʥʽ 

ʘʜʽʘʙʘʪʠʯʥʽ ʫʤʦʚʠ. [130,131] 

 

ʈʠʩʫʥʦʢ 3.27 ï ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: ʟʘʛʘʣʴʥʽʡ 

ʚʠʛʣʷʜ[130,131] 

́ Ґ олͦ  ˿
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ʈʠʩʫʥʦʢ 3.28 ï ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: ʧʦʚʟʜʦʚʞʥʽʡ 

ʧʝʨʝʪʠʥ[130,131] 

 

ʈʠʩʫʥʦʢ 3.29 ï ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ: ʚʠʜ ʟ ʚʝʨʭʫ[130,131] 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʫ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʽʪʢʫ, ʧʦʙʫʜʦʚʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʽʪʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ANSYS 

CFX Mesh (ʨʠʩ. 3.30ï3.31). [130,131]ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʫʩʽʭ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʟ ʛʝʢʩʘʻʜʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʧʦʨʦʞʥʠʥ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ ʪʝʪʨʘʻʜʨʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚ ʩʝʨʝʜʠʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʟ ʧʨʠʟʤʘʪʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ 

ʦʙʣʘʩʪʷʭ ʟʛʫʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʙʽʣʷ ʩʪʽʥʦʢ ʨʽʜʠʥʥʦʾ ʧʽʜʦʙʣʘʩʪʽ. 
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ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʚ ʧʨʠʤʝʞʦʚʦʤʫ ʰʘʨʽ ʩʢʣʘʜʘʣʘ 15. ɿʘʛʘʣʴʥʠʡ 

ʨʦʟʤʽʨ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʩʪʘʥʦʚʠʚ 823 ʪʠʩ. ʚʫʟʣʽʚ ʪʘ 775 ʪʠʩ. ʝʣʝʤʝʥʪʽʚ.  

 

ʈʠʩʫʥʦʢ 3.30 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ: ʆʩʴʦʚʠʡ ʧʝʨʝʪʠʥ [130,131] 

 

 

ʈʠʩʫʥʦʢ 3.31 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ: ʚʠʛʣʷʜ ʟ ʛʦʨʠ. [130,131] 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʨʽʜʠʥʥʽʡ ʧʽʜʦʙʣʘʩʪʽ ʚʚʘʞʘʣʦʩʷ  ʩʪʘʣʠʤʠ ʽ ʚʟʷʪʽ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʠ 25Áʉ.  

ʈʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ (3.5) ʟ ʨʽʚʥʷʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ (3.6) 

ʚʠʨʽʰʫʚʘʣʠʩʴ ʜʣʷ ʚôʷʟʢʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʛʘʟʫ ʚ ʩʪʘʮʽʦʥʘʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ 

ʝʥʝʨʛʽʾ (3.7) ʜʣʷ ʚʠʧʘʜʢʫ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ. [130,131] 

ɺʧʣʠʚ ʛʨʘʚʽʪʘʮʽʾ ʚʨʘʭʦʚʫʚʘʚʩʷ ʰʣʷʭʦʤ ʟʘʚʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ 

ʥʘʧʨʷʤʢʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʦʩʽ Z. ʈʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʨʦʟʛʣʷʜʘʚʩʷ 






















































































































































































































































































































































