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ɸʅʅʆʊɸʎɯʗ 

ʄʦʩʢʚʽʪʽʥʘ ɸ.ʉ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʝ ʩʝʟʦʥʥʝ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʚ ʩʠʩʪʝʤʘʭ 

ʩʦʥʷʯʥʦʛʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. - ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ 

ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ (ʜʦʢʪʦʨʘ 

ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.23.03 çɺʝʥʪʠʣʷʮʽʷ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ 

ʪʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷè (192 ïɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ). ï ʂʠʾʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʠʾʚ, 2021. 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ï ʨʦʟʨʦʙʮʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜ ʚʪʦʨʠʥʥʠʭ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʻʤʥʽʩʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʟ ʪʚʝʨʜʠʤ ʪʘ 

ʨʽʜʠʥʥʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʩʝʟʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʝʧʣʦʪʠ. ɺʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʦʨʛʘʥʽʟʦʚʘʥʠʭ 

ʪʝʧʣʦʻʤʥʽʩʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʝʧʣʦʪʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʠʚʯʘʣʠ ʪʘʢʽ 

ʚʯʝʥʽ: ʅ.ɻ. ɹʝʢʤʘʥ, ɺ.ɼ. ʃʝʚʝʥʙʝʨʛ ɻ. ʄ. ɿʘʙʘʨʥʠʡ, ʅ.ɺ. ʍʘʨʯʝʥʢʦ, ʈ.ʈ. ɸʚʝʟʦʚ, ɸ.ɯ. 

ʅʘʢʦʨʯʝʚʩʢɹʠʡ, ɹ.ɯ. ɹʘʩʦʢ, ʊ.ɻ. ɹʝʣʷʚ̒ʘ, ɭ.ʆ. ɸʥʪʠʧʦʚ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʚʠʤʦʛʠ ʜʦ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʚʠʩʦʢʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʽ ʝʥʪʘʣʴʧʽʷ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ, ʧʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʽʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ; ʚʠʩʦʢʘ ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʽ ʡʦʛʦ 

ʭʽʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ; ʙʝʟʧʝʢʘ ʡ ʥʝ ʪʦʢʩʠʯʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ; ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʩʠʩʪʝʤʘ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʶ ʟʜʘʪʥʽʩʪʶ ʘʙʦ ʧʠʪʦʤʦʶ 

ʝʥʝʨʛʦʻʤʥʽʩʪʶ; ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ; ʰʚʠʜʢʽʩʪʶ ʧʽʜʚʝʜʝʥʥʷ ʡ ʚʽʜʚʦʜʫ 

ʪʝʧʣʦʪʠ ʧʨʠ ʟʘʨʷʜʞʘʥʥʽ ʡ ʨʦʟʨʷʜʞʝʥʥʽ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ, ʪʦʙʪʦ, ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʪʨʠʤʘʻʤʦ ʥʘʡʢʨʘʱʽ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʦʤʠʭ ʜʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ 
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ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʩʝʟʦʥʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɺʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʟʛʣʷʥʫʪʦʾ 

ʧʨʦʙʣʝʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ, ʱʦ ʚʠʢʦʥʘʥʽ ʫ ʮʽʡ ʨʦʙʦʪʽ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʽʩʥʫʶʯʽ ʨʦʟʨʦʙʢʠ ʚ ʩʠʩʪʝʤʘʭ ʩʦʥʷʯʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʩʦʥʷʯʥʠʤʠ ʪʝʧʣʦʚʠʤʠ 

ʢʦʣʝʢʪʦʨʘʤʠ ʪʘ ʩʝʟʦʥʥʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʪʠ. ʆʧʠʩʘʥʽ ʪʨʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ: 1-ʡ ʪʨʘʚʝʥʴ ï ʩʝʨʧʝʥʴ ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ ʪʘ ʟʘʨʷʜʞʝʥʥʷ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʧʣʦʪʦʶ ʚʽʜ ʥʠʭ; 2-ʡ ʨʝʞʠʤ ʚʝʨʝʩʝʥʴ-ʞʦʚʪʝʥʴ  

ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ʪʘ ʪʝʧʣʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ) ʟʘ ʨʘʭʫʥʦʢ 

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ ,̔ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʴ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʟ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ; 3-ʡ ʨʝʞʠʤ ʣʠʩʪʦʧʘʜ-

ʣʶʪʠʡ ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ  ̔ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʚ ʘʢʫʤʫʣʷʪʦʨʽ ʪʝʧʣʦʪʠ, ʪʘ ʧʨʠ ʧʘʜʽʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʘʢʫʤʫʣʷʪʦʨʽ ʪʝʧʣʦʪʠ ʥʠʞʯʝ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ï 

ʧʽʜʢʣʶʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ. ɿ ʘʥʘʣʽʟʫ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʽʜʦʤʦ, ʱʦ ʚ ʯʝʨʚʥʽ ʤʽʩʷʮʽ ʥʘ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 65% ʪʝʧʣʦʪʠ ʟ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ, ʚ ʣʠʧʥʽ ï 50%, ʘ ʚ 

ʩʝʨʧʥʽ ï 60%, ʘ ʥʘʜʣʠʰʢʠ ʪʝʧʣʦʪʠ ʟ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ ʡʜʫʪʴ ʥʘ 

ʟʘʨʷʜʞʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ. ɸʣʝ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʠʭ 

ʢʦʣʝʢʪʦʨʽʚ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʧʦʢʘʟʥʠʢ ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʧʣʦʪʠ, ʷʢʘ ʡʜʝ ʥʘ ʟʘʨʷʜʞʝʥʥʷ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ, ʟʙʽʣʴʰʠʚʰʠ ʧʣʦʱʫ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ. 

ʇʨʠʚʝʜʝʥʽ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʚʦʜʠ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʷʢ ʚ ʙʘʮʽ 

ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʪʘʢ ʽ ʚ ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ; ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʥʘʛʨʽʚʘʯʘ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʪʘʢʦʞ ʤʘʻ ʚʠʛʣʷʜ ʪʨʫʙʯʘʩʪʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʷʢʠʡ 

ʟʘʢʣʘʜʘʻʪʴʩʷ ʚ ʪʚʝʨʜʠʡ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʡ ʤʘʪʝʨʽʘʣ;  ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ 

ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʘʢʫʤʫʣʷʪʦʨʽ ʪʝʧʣʦʪʠ.  

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʦʙôʻʤʽ 
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ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

ʧʨʦʚʝʜʝʥʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʪʠ ʚ ʤʝʞʘʭ 100-200 ʦʉ ʚ ʷʢʦʩʪʽ 

ʪʝʧʣʦʘʢʫʤʫʣʶʯʁʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʣʽʮʝʨʠʥ ʪʘ ʙʝʪʦʥ.   

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʘʨʪʦʩʪʽ 1ɻɼʞ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʝʬʝʢʪʠʚʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʽ ʪʝʧʣʦʚʪʨʘʪʠ ʚ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʠ ʚʠʙʦʨʽ ʬʦʨʤʠ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʚ ʧʣʘʥʽ ʧʦʪʨʽʙʥʦ 

ʥʘʤʘʛʘʪʠʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʩʧʨʦʩʪʠʪʠ ʡʦʛʦ ʬʦʨʤʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʬʦʨʤʫ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʚʧʣʠʚʘʻ ʤʽʩʮʝ ʡʦʛʦ ʨʦʟʤʽʱʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʨʽʚʥʷʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʌʫʨôʻ-

ʂʽʨʭʛʦʬʘ ʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʅʴʶʪʦʥʘ-ʈʽʭʤʘʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʨʠ ʨʦʙʦʪʽ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ, ʱʦʙ ʜʦʩʣʽʜʠʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʦʙôʻʤʽ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʪʝʧʣʦʦʙʤʽʥ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʚʠʨʽʰʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʟʘʜʘʯʽ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʩʠʚʽ ʪʚʝʨʜʦʛʦ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʘʥʘʣʘʭ ʟ ʨʽʜʠʥʥʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤ ʤʘʪʝʨʽʘʣʦʤ.  

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ ʥʝʣʽʥʽʡʥʦ-ʚôʟ̫ʢʦʾ ʨʽʜʠʥʠ (ʫ 

ʤʝʞʘʭ ʤʦʜʝʣʽ ʆʩʪʚʘʣʴʜʘ ï ʜʝ ɺʽʣʷ) ʫ ʢʨʫʛʣʦʤʫ ʢʘʥʘʣʽ ʽʟ ʟʘʜʘʥʠʤ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ 

ʥʘ ʩʪʽʥʮʽ, ʦʩʢʽʣʴʢʠ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʘ ʟʤʽʥʘ ʨʝʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ, ʷʢʠʤʠ ʻ ʛʣʽʮʝʨʠʥ ʪʘ ʩʫʯʘʩʥʽ ʪʝʧʣʦʥʦʩʽ ʾ

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ (ʥʘʥʦʨʽʜʠʥʘ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ/ʝʪʠʣʝʥʛʣʽʢʦʣʶ). ʇʨʦʘʥʘʣʽʟʦʚʘʥʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʤʽʥʶʻʪʴʩʷ ʚʟʜʦʚʞ ʢʘʥʘʣʫ, ʧʨʠʯʦʤʫ ʮʷ ʟʤʽʥʘ ʜʦʚʦʣʽ ʩʣʘʙʢʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʟʜʦʚʞ ʩʪʽʥʦʢ ʢʘʥʘʣʫ (ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ ʫ ʧʣʦʱʠʥʽ 

ʩʠʤʝʪʨʽʾ). ɸʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʦʪʨʠʤʘʥʽ ʤʽʩʮʝʚʽ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ, ʷʢʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʨʠʪʝʨʽʶ ɹʽʦ, ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʪʝʧʣʦʦʙʤʽʥ ʫ ʪʨʫʙʽ 
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ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʨʝʪʴʦʛʦ ʨʦʜʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʣʽ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʢʘʟʘʥʠʭ ʨʽʜʠʥ.  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʙʦʪʠ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ ʨʽʜʠʥʥʠʤ ʪʘ 

ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʯʁʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɺʠʢʦʥʘʥʘ ʷʢʽʩʥʘ ʦʮʽʥʢʘ ʧʨʦʮʝʩʽʚ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʚ ʥʘʡʤʝʥʰʠʡ ʛʨʘʜʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ, ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʙʝʪʦʥʥʠʤ 

ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʪʠ. ɿʘʜʘʯʫ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʚʠʨʽʰʝʥʦ ʟʘ ʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʢʘʥʘʣʽʚ, ʟʘʧʦʚʥʝʥʠʭ ʨʽʜʠʥʥʠʤ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ʪʚʝʨʜʦʛʦ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʽʘʤʝʪʨ ʢʘʥʘʣʽʚ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʧʨʠʡʤʘʻʪʴʩʷ ʟ 

ʨʦʟʨʘʭʫʥʢʫ ʪʦʛʦ, ʱʦ ʨʽʜʠʥʥʠʡ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʚʝʣʠʢʫ ʚʘʨʪʽʩʪʴ, 

ʢʽʣʴʢʽʩʪʴ ʡʦʛʦ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʝʧʣʦʪʠ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʨʦʟʤʽʱʝʥʥʷ ʢʘʥʘʣʽʚ, 

ʨʽʟʥʠʤʠ ʜʽʘʤʝʪʨʘʤʠ ʽ ʨʽʟʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʢʘʥʘʣʘʤʠ. ʅʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʤʘʻ 

ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʪʠ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʯʁʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʟʘʨʷʜʞʘʥʥʷ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦ ʩʝʨʝʜʠʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ 

ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙôʻʤʫ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ  ̔ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟ ʩʝʟʦʥʥʠʤ 

ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʪʠ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, 

ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʨʷʜʞʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʦʙôʻʤ ʛʣʽʮʝʨʠʥʫ ʪʘ ʙʝʪʦʥʫ ʚ ʨʦʟʨʦʙʣʝʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʤʘʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 1,1:6. 

ɺʠʟʥʘʯʝʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʛʫʩʪʠʥʠ, ʪʝʧʣʦʻʤʥʦʩʪʽ, 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ: ɟʝʢʚ=2082 ʢʛ/ʤ
3; 

ʩʝʢʚ = 1,39 ʢɼʞ/(ʢʛȚʂ); ɚʝʢʚ=1,23 ɺʪ/(ʤȚʂ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʦʩʣʽʜʥʽʡ ʤʦʜʝʣʽ, ʛʘʙʘʨʠʪʠ 

ʷʢʦʾ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʪʝʦʨʽʻʶ ʧʦʜʽʙʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʽ 
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ʧʣʘʥʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚʠʭʽʜʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʢʦʛʦ ʙʫʣʠ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʭ1 = ʊ, 
ʦʉ, ʯʘʩ ʟʘʨʷʜʞʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʭ2 = t, ʭʚ. 

ʌʫʥʢʮʽʻʶ ʚʽʜʛʫʢʫ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʩʝʨʝʜʠʥʽ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʨʦʟʨʦʙʣʝʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ, ʪʦʙʪʦ ʥʘʡʤʝʥʰʠʡ 

ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙô̒ ʤʽ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ 

ʩʝʟʦʥʥʠʤ ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʦʤ ʪʘ ʩʠʩʪʝʤʦʶ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ. ʊʘʢʦʞ 

ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʫʙʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʜʣʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʦʩʥʦʚʥʽ ʚʠʭʽʜʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʪʝʭʥʽʯʥʽ ʜʘʥʽ, ʷʢʠʤʠ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠʩʴ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʥʦʾ ʪʝʧʣʦʪʠ ʜʦ ʚʠʪʨʘʯʝʥʦʾ ʥʘ ʮʝ ʝʥʝʨʛʽʾ.  

 ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʢʫʤʫʣʷʪʦʨʘ 

ʪʝʧʣʦʪʠ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʤʽʩʮʝ ʨʦʟʤʽʱʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ, ʫ ʨʘʟʽ ʨʦʟʤʽʱʝʥʥʷ ʧʽʜ ʙʫʜʽʚʣʝʶ ʧʣʦʱʫ ʮʽʻʾ 

ʙʫʜʽʚʣʽ, ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʟʤʠʥʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʫ ʤʽʩʮʽ ʙʫʜʽʚʥʠʮʪʚʘ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ, ʚʽʜʥʦʰʝʥʥʷ ʦʙôʻʤʽʚ ʛʣʽʮʝʨʠʥʫ ʪʘ ʙʝʪʦʥʫ.  

ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʥʝʧʨʦʜʫʢʪʠʚʥʠʭ ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʩʠʩʪʝʤʦʶ ʦʧʘʣʝʥʥʷ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʢʘʟʥʠʢ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ  ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʧʨʠʣʘʜʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʘ ʚʝʣʠʯʠʥʘ ʧʠʪʦʤʦʛʦ ʛʨʦʰʦʚʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʡʥʦʩʪʽ ʪʘ ʧʠʪʦʤʦʾ ʚʘʨʪʦʩʪʽ 1 ʢɺʪ ʚʩʪʘʥʦʚʣʝʥʦʾ ʪʝʧʣʦʚʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ.  

ʇʨʦʚʝʜʝʥʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʽʩʪʘʚʣʝʥʥʷ ʜʚʦʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ. ɼʦ ʧʦʨʽʚʥʷʥʥʷ ʧʨʠʡʤʘʣʘʩʴ: ʚʘʨʽʘʥʪ 1 - ʩʠʩʪʝʤʘ ʟ ʩʝʟʦʥʥʠʤ 

ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʪʠ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ 

ʩʠʩʪʝʤʦʶ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ; ʚʘʨʽʘʥʪ 2 - ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʢʦʪʣʘ. ʊʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟ ʩʝʟʦʥʥʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ 
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ʪʝʧʣʦʪʠ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʩʠʩʪʝʤʦʶ 

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ ʩʪʘʥʦʚʠʪʴ 8,97 ʨʦʢ̔ʚ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ  

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ 

ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʥʦʚʠʭ  ̔ ʧʨʠ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ 

ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʘʡʦʥʘʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ 

ʧʨʦʝʢʪʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʪʘ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ, ʘ ʥʘʚʝʜʝʥʘ ʤʦʜʝʣʴ ʆʩʪʚʘʣʴʜʘ-ʜʝ ɺʽʣʷ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʽ (ʚ ʢʘʥʘʣʘʭ ʟ 

ʛʣʽʮʝʨʠʥʦʤ) ʪʘ ʽʥʰʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʟ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤʠ ʨʽʜʠʥʘʤʠ ʽ ʤʦʞʝ ʙʫʪʠ 

ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘʜʘʯ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ.  

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʚ 

ʧʨʦʻʢʪʘʭ ʊʆɺ çɯʂɹ çʇʘʥʦʨʘʤʘè (ʤ. ʂʠʾʚ). ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʚʧʨʦʚʘʜʞʝʥʦ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʘʩʠʚʥʠʭ 

ʙʫʜʽʚʝʣʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ. 

ɺʧʝʨʰʝ: 

- ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʙôʻʤʽ ʪʝʧʣʦʻʤʥʽʩʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʟ ʨʽʜʠʥʥʠʤ ʪʘ 

ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ;  

- ʚʠʟʥʘʯʝʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ ʨʽʜʠʥʥʠʤ ʪʘ 

ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʨʦʙʦʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 100-

200 ʦʉ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʶ. 
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ɺʜʦʩʢʦʥʘʣʝʥʦ: 

- ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʧʽʜʩʪʘʚʽ ʨʽʚʥʷʥʴ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʌʫʨôʻ-ʂʽʨʭʛʦʬʘ ʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʅʴʶʪʦʥʘ-ʈʽʭʤʘʥʘ ʜʣʷ 

ʪʝʧʣʦʻʤʥʽʩʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ. 

ʅʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ: 

- ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ ʥʝʣʽʥʽʡʥʦ-ʚôʷʟʢʦʾ ʨʽʜʠʥʠ ʫ ʢʘʥʘʣʽ ʽʟ 

ʟʘʜʘʥʠʤ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ ʥʘ ʩʪʽʥʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʽʜʠʥʠ ʥʘ ʧʽʜʩʪʘʚʽ ʤʦʜʝʣʽ ʆʩʪʚʘʣʴʜʘ ï ʜʝ ɺʽʣʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʙʯʘʩʪʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʝʟʦʥʥʠʡ ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʪʠ, ʪʝʧʣʦʘʢʫʤʫʣʶʯʁʠʡ ʤʘʪʝʨʽʘʣ, 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʢʦʥʩʪʨʫʢʮʽʷ ʩʝʟʦʥʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ,  

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ.  
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ABSTRACT 

Moskvitina A.S. Energy efficient seasonal accumulation of heat in solar decentralized 

heating systems. - ï Qualifying scientific work on the rights of the manuscript. 

Dissertation for the degree of candidate of technical sciences (doctor of philosophy),  

speciality 05.23.03 çVentilation, Illumination and Heat-Gas Supplyè. ï Kyiv National 

University of Construction and Architecture, Kyiv, 2021. 

The dissertation is devoted to solving an urgent problem - the development of an energy 

efficient system of decentralized heat supply from secondary and renewable sources using 

a heat storage with solid and liquid heat accumulating materials. 

The analysis of the existing heat storage systems, as well as various types of seasonal heat 

accumulators, has been carried out. The main advantages of organized heat accumulators 

are determined. 

The study of the problems of thermal energy storage systems was studied by such 

scientists: Bekman H., Levenberg V., Zabarny G., Kharchenko N., Avezov R., 

Nakorchevsky A., Basok B., Belyaeva T., Antypov I . 

Analysis of literature sources made it possible to determine the requirements for heat-

accumulating materials: high heat capacity and phase transition enthalpy, with a 

sufficiently high thermal conductivity; high density of the material and its chemical 

stability; safety and non-toxicity of the material; low cost. It is shown that the thermal 

energy storage system is characterized by the following parameters: heat storage capacity 

or specific energy consumption; range of operating temperatures; the speed of supply and 

removal of heat when charging and discharging the heat accumulator, that is, when 

optimizing these parameters, we will get the best economic and operational indicators. 

Based on the analysis of the known data of theoretical and experimental studies, it was 

concluded that it is necessary to develop an energy-efficient seasonal heat accumulator 

with solid and liquid heat storage materials. Taking into account the current state of the 

problem under consideration, the main tasks that are performed in this work are 

formulated. 
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Based on existing developments in solar heat supply systems, a schematic diagram of heat 

supply with solar thermal collectors and a seasonal heat accumulator was proposed. The 

described three operating modes of the system: the first May - August covering the heat 

loads of the hot water supply due to the heat from the system of solar thermal collectors 

and charging the heat accumulator with excess heat from them; the second mode 

September-October covering the heat loads of the hot water supply (and heat loads on the 

heating system at the beginning of the heating season) due to heat from solar thermal 

collectors and, in the absence of heat from solar thermal collectors, is covered by using 

the accumulated heat from the heat accumulator; the third mode November-February 

covering the heat loads of the hot water supply and the heating system by using the 

accumulated heat in the heat accumulator, and when the temperature in the heat 

accumulator drops below that required for the heating system - connecting a heat pump 

to increase the temperature of the heat carrier. From the analysis of literary sources, it is 

known that in June 65% of the heat from solar thermal collectors is used for hot water 

supply, in July - 50%, and in August - 60%, and surplus heat from solar thermal collectors 

is used to charge the heat accumulator. But when designing a system of thermal collectors, 

it is possible to increase the rate of excess heat, which is used to charge the heat 

accumulator, by increasing the area of solar thermal collectors. 

The given equations of energy conservation for heated water, both in the hot water supply 

tank and in the buffer tank of the heating system; the heat balance equation of the heat 

exchanger, taking into account that the surface of the heater of the heat accumulator also 

has the form of a tubular heat exchanger, which is embedded in a solid heat accumulating 

material; energy conservation equations when heating a heat-accumulating material in a 

heat accumulator. 

To substantiate the mathematical model of heat and mass transfer processes in the volume 

of a heat accumulator with solid and liquid  heat-accumulating materials, a feasibility 

study of various types of  heat-accumulating materials was carried out on the basis of the 

proposed factor optimization criterion. Using this optimization criterion, it was found that 

for heat supply systems with a heat source in the range of 100-200 ÁC, it is advisable to 

use glycerin and concrete as heat-accumulating  materials. 
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To reduce the specific cost of 1 GJ of heat that is accumulated, an efficient design of a 

heat accumulator should have minimal heat loss to the environment. When choosing the 

shape of the heat accumulator in terms of plan, one should try to simplify its shape as 

much as possible. It is shown that the location of the heat accumulator affects the shape 

of the heat accumulator. 

A mathematical model of a heat accumulator with liquid and solid  heat-accumulating 

materials has been developed on the basis of the Fourier-Kirchhoff heat conduction 

equations and Newton-Richmann heat transfer equations to study heat exchange 

processes during the operation of a heat accumulator in order to study the temperature 

distribution in the volume of  heat-accumulating material. The mathematical model takes 

into account the heat exchange with the environment, the problems of temperature 

distribution in an array of solid heat-accumulating material and temperature distribution 

in channels with liquid heat-accumulating material are solved analytically. 

A study of the non-isothermal motion of a nonlinearly viscous fluid (within the 

framework of the Ostwald - de Ville model) in a circular channel with a given heat flux 

on the wall is carried out, since with a change in temperature there is a sharp change in 

the rheological properties of non-Newtonian fluids, which are glycerol and modern 

coolants for solar thermal collectors (nanofluids based on propylene glycol / ethylene 

glycol). The situation is analyzed when the temperature changes along the channel, and 

this change is rather weak in relation to the temperature change along the channel walls 

(in the transverse direction, that is, in the plane of symmetry). The local value of the 

Nusselt number, which depends on the Biot criterion, has been obtained analytically for 

solving the problem of heat transfer in a pipe of circular cross-section under boundary 

conditions of the third kind, taking into account the role of the non-Newtonian properties 

of these liquids.  

To reduce the number of field experiments to determine the optimal design of the heat 

accumulator, a mathematical experiment was carried out by simulating the processes of 

operation of the heat accumulator with liquid and solid heat accumulating materials. A 

qualitative assessment of the processes of temperature distribution in the volume of a heat 

accumulator with solid and liquid heat accumulating materials has been carried out. The 
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optimization criterion was the smallest temperature gradient in the volume of the heat 

accumulator; the comparison was carried out with a concrete heat accumulator. The 

problem of uniform distribution of temperatures in the volume of the heat accumulator is 

solved due to the system of channels filled with liquid heat accumulating material located 

in the middle of the solid heat accumulating material. The diameter of the channels, the 

distance between them is taken on the basis that the liquid heat accumulating material has 

a high cost and its amount in the structure must be minimized. Simulation of various 

design options for heat accumulators with liquid and solid heat-accumulating materials 

with different options for the placement of channels, different diameters and different 

distances between the channels has been carried out. The best indicators have a heat 

accumulator with liquid and solid heat-accumulating materials, the charging heat 

exchanger is located in the middle of the structure. To verify the correctness of 

calculations of the volume of the heat accumulator and the operation of the system with 

a seasonal heat accumulator with liquid and solid heat accumulating materials, the process 

of discharging the heat accumulator was simulated. It was found that the volume of 

glycerin and concrete in the developed design of the heat accumulator has a ratio of                 

1.1: 6. 

The equivalent thermophysical indicators of density, heat capacity, thermal conductivity 

of the developed design of the heat accumulator have been determined: ɟeq = 2082 kg/m3; 

ʩeq = 1,39 kJ/(kgȚK); ɚeq = 1,23 W/(mȚK). 

Experimental studies were carried out on an experimental model, the dimensions of which 

were calculated according to the theory of similarity. The studies were carried out on the 

basis of planning a full factorial experiment, the initial factors of which were: coolant 

temperature x1 = T, ʦC, heat accumulator charging time x2 = t, min. The response function 

is the temperature of the heat storage material in the middle of the heat accumulator. 

Based on the results of experimental studies, it was concluded that in the developed design 

of the heat accumulator, a uniform distribution of temperatures in the volume of the heat 

accumulator is ensured, that is, the smallest temperature gradient in the volume of the 

heat accumulator. 
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An algorithm for the operation of a decentralized heat supply system with a seasonal heat 

accumulator and a system of solar thermal collectors has been developed. Also, on the 

basis of theoretical studies, a methodology for calculating and optimizing tubular heat 

exchangers for non-Newtonian fluids is proposed. The basic assumptions and technical 

data are presented, which must be followed when performing these calculations. For a 

quantitative assessment, a parameter is introduced that is equal to the ratio of the amount 

of transferred heat to the energy expended on it. 

 A method for calculating the structural elements of a heat accumulator with liquid and 

solid heat storage materials has been developed, taking into account the place where the 

heat accumulator is located, if the heat accumulator is located under the building, then the 

area of this building is taken into account, the limiting value of crushing of the soil mass 

at the place of construction of the heat accumulator, the ratio volumes of glycerin and 

concrete. 

In order to avoid unproductive heat losses by the heating system, an indicator of the 

technical and economic efficiency of the heating device was proposed, determined as the 

weighted average value of the specific monetary equivalent of thermal inertia and the 

specific cost of 1 kW of the installed thermal power of the heating device. 

A technical and economic comparison of two heat supply systems of a private house has 

been carried out. The following was accepted for comparison: option 1 ï a system with a 

seasonal heat accumulator with solid and liquid heat-accumulating materials and a system 

of solar thermal collectors; option 2 ï providing heat supply using an electric boiler. The 

payback period for a system with a seasonal heat accumulator with solid and liquid heat 

storage materials and a system of solar thermal collectors is 8.97 years. 

The practical value of the results obtained. A heat supply system based on renewable 

sources and a heat accumulator with liquid and solid heat-accumulating materials has 

been developed, which makes it possible to effectively use non-stationary heat inputs. 

Such a system can be used in the construction of new and in the thermal modernization 

of existing private houses and public buildings, especially those located in areas remote 

from infrastructure. The proposed methodology makes it possible to design efficient 

systems of decentralized heat supply from renewable energy sources. The method for 
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determining the effective heat storage material can be adapted depending on the type and 

operating conditions of the heat accumulator, and the given Ostwald-de Ville model 

makes it possible to calculate the temperature field in the proposed heat accumulator (in 

channels with glycerin) and other heat exchangers with non-Newtonian fluids and can be 

further used to improve existing engineering methods for calculating heat transfer 

problems in heat exchangers. 

The results of the work have been implemented in the projects of EDB Panorama LLC, 

Kyiv. The proposed recommendations have been introduced in order to provide 

autonomous heat supply for passive buildings. 

 The scientific novelty of the results obtained. 

for the first time: 

¶ on the basis of theoretical and experimental studies, the features of heat exchange 

processes in the volume of a heat accumulator with liquid and solid heat-

accumulating materials have been determined; 

¶ the thermophysical characteristics of the heat accumulator with liquid and solid 

heat-accumulating materials for operation in the temperature range of 100 - 

200ÁC were determined, which made it possible to develop its design. 

improved:  

¶ a mathematical model of unsteady heat transfer based on the Fourier-Kirchhoff 

thermal conductivity equations and Newton-Richmann heat transfer equations for 

a heat accumulator with liquid and solid heat-accumulating materials; 

further developed: 

¶ a mathematical model of non-isothermal motion of a nonlinear viscous fluid in a 

channel with a given heat flux on the wall, taking into account the non-

Newtonian properties of the fluid, based on the Ostwald-de Ville model for 

calculating tubular heat exchangers. 

Key words: seasonal heat accumulator, heat accumulating material, accumulation 

of thermal energy, seasonal heat accumulator design, decentralized heat supply. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ʊɸ ʉʂʆʈʆʏɽʅʔ 

k ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ɺʪ/(ʤ2 Țʂ); 

ɸ ð ʧʣʦʱʘ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ, ʤ2; 

F ð ʧʣʦʱʘ, ʤ2; 

T, t , Ű ð ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ; 

c ð ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛȚʂ);  

ɟ ð ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; 

g ð ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ2;  

Ŭ ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ2Ț ʂ); 

V ð ʦʙôʻʤ, ʤ3; 

R ð ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʤ2Ț ʂ/ɺʪ; 

,̱ t ð ʯʘʩ, ʩ; 

m ð ʤʘʩʘ, ʢʛ; 

ɚ  ð  ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤȚʂ); 

Ŭ  ð  ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ2Ŀʂ); 

D, d  ð  ʜʽʘʤʝʪʨ, ʤʤ; 

a ð  ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʩ̔ʪʴ ʙʝʪʦʥʫ, ʤĮ/ʩ; 

Nu ð ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ; 

Bi ð ʯʠʩʣʦ ɹʽʦ; 

Pe ð  ʢʨʠʪʝʨʽʡ ʇʝʢʣʝ; 

ʉʊʂ ð  ʩʦʥʷʯʥʽ ʪʝʧʣʦʚʽ ʢʦʣʝʢʪʦʨʠ; 

ʊɸʄ ï ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʡ ʤʘʪʝʨʽʘʣ; 

ɸʊ  ð  ʘʢʫʤʫʣʷʪʦʨ ʪʝʧʣʦʪʠ; 

ɻɺʇ  ð  ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ; 

ɯʅɼɽʂʉʀ 

ʛʨ ï ˇʨʫʥʪ; ʙ ï ʙʝʪʦʥ; ʛ ï ʛʣʽʮʝʨʠʥ; ʥʘʚ ï  ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; ʟʦʚʥ - ʟʦʚʥʽʰʥʻ 

ʧʦʚʽʪʨʷ; ʨʦʟ ï ʨʦʟʨʷʜʞʝʥʥʷ; ʟʘʨ ï ʟʘʨʷʜʞʝʥʥʷ; max ï ʤʘʢʩʠʤʘʣʴʥʠʡ; min ï 

ʤʽʥʽʤʘʣʴʥʠʡ; ʝʢʚ ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ; ʚʥ ï ʚʥʫʪʨʽʰʥʽʡ. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʠʩʪʝʤʠ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʻ 

ʦʜʥʠʤʠ ʽʟ ʟʥʘʯʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʋʢʨʘʾʥʽ. ɿ 

ʧʽʜʧʠʩʘʥʥʷʤ ʋʛʦʜʠ ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʟ ɭʉ ʋʢʨʘʾʥʘ ʧʨʠʡʥʷʣʘ ʨʷʜ ʟʦʙʦʚôʷʟʘʥʴ ʱʦʜʦ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, ʫ ʪ.ʯ. ʽ ʩʠʩʪʝʤʘʤʠ ʦʧʘʣʝʥʥʷ. ʇʦʨʷʜ ʟ ʮʠʤ 

ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ ʽ ʧʨʦʙʣʝʤʘ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ, ʚʠʢʣʠʢʘʥʘ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʽ ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ  ʨʝʯʦʚʠʥ ʫ ʘʪʤʦʩʬʝʨʥʝ 

ʧʦʚʽʪʨʷ. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ï ʦʩʥʦʚʥʠʡ ʰʣʷʭ 

ʚʠʨʽʰʝʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʠʪʘʥʴ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʋʢʨʘʾʥʦʶ ʽʤʧʣʝʤʝʥʪʦʚʘʥʦ 

ʥʠʟʢʫ ʜʠʨʝʢʪʠʚ ɭʉ, ʘ ʪʘʢʦʞ ʧʨʠʡʥʷʪʦ ʨʷʜ ʚʣʘʩʥʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ, ʥʘʧʨʠʢʣʘʜ, 

ɼʠʨʝʢʪʠʚʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʧʘʨʣʘʤʝʥʪʫ ʪʘ ʈʘʜʠ 2012/27EU çʇʨʦ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴè [1], ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʙʫʜʽʚʝʣʴè[2], ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘè[3], ɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2035 ʨ. çɹʝʟʧʝʢʘ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴè[4]. 

ɽʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʤʘʶʪʴ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ: 

ʥʝʚʠʯʝʨʧʥʽʩʪʴ, ʙʝʟʢʦʰʪʦʚʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʙʝʟʧʝʯʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʝʩʪʝʪʠʯʥʽʩʪʴ. 

ʆʜʥʘʢ, ʮʠʤ ʩʠʩʪʝʤʘʤ ʚʣʘʩʪʠʚʽ ʡ ʥʝʜʦʣʽʢʠ, ʩʝʨʝʜ ʷʢʠʭ, ʧʝʨʰ ʟʘ ʚʩʝ, ʤʽʥʣʠʚʽʩʪʴ ʫ 

ʯʘʩʽ. ʅʘʧʨʠʢʣʘʜ, ʧʦʪʽʢ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʚʽʜ ʥʫʣʷ ʚ ʥʽʯʥʠʡ 

ʯʘʩ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʽ ʚ ʩʦʥʷʯʥʠʡ ʧʦʣʫʜʝʥʴ. ʎʝʡ ʥʝʜʦʣʽʢ ʤʦʞʝ ʙʫʪʠ 

ʟʥʠʞʝʥʠʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʢʫʤʫʣʷʪʦʨʽʚ ʝʥʝʨʛʽʾ. 

ʅʘʜʽʡʥʽ ʪʘ ʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʘʪʴ 

ʩʪʘʙʽʣʴʥʝ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ, ʘʣʝ ʽ ʧʽʜʚʠʱʘʪʴ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʧʽʢʦʚʦʾ ʽ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʾʾ ʧʝʨʝʪʚʦʨʝʥʴ. ɿʘʧʘʩ ʝʥʝʨʛʽʾ ʚ ʘʢʫʤʫʣʷʪʦʨʽ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʢʽʣʴʢʘ ʛʦʜʠʥ ʘʙʦ ʜʽʙ ʧʨʠ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʤʫ ʘʢʫʤʫʣʶʚʘʥʥʽ 

ʪʘ ʥʘ ʢʽʣʴʢʘ ʤʽʩʷʮʽʚ - ʧʨʠ ʩʝʟʦʥʥʦʤʫ ʘʢʫʤʫʣʶʚʘʥʥʽ. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʻ, ʙʝʟʩʫʤʥʽʚʥʦ, ʘʢʪʫʘʣʴʥʦʶ.  
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʝʧʣʦʪʠ (ɸʊ) ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʘ 30 - 50% 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʫʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʇʨʦʛʨʘʤʠ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʦʟʚʠʪʢʫ 

ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʤʘʣʦʾ ʛʽʜʨʦ - ʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ 

(ʇʨʦʛʨʘʤʘ ʅɺɼɽ), ɼʝʨʞʘʚʥʦʶ ñʇʨʦʛʨʘʤʦʶ ʧʽʜʪʨʠʤʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ 

ʋʢʨʘʾʥʽò , çɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2035 ʨʦʢʫè ̔  ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚôʷʟʘʥʘ ʟ ʧʣʘʥʘʤʠ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʘʪʠʢʠ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ ( ˉ ʜʝʨʞʘʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0120U101132). 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʩʠʩʪʝʤ ʩʦʥʷʯʥʦʛʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʩʝʟʦʥʥʠʤ ʘʢʫʤʫʣʶʚʘʥʥʷʤ 

ʪʝʧʣʦʪʠ ʥʘ ʦʩʥʦʚʽ ʪʚʝʨʜʦʛʦ ʪʘ ʨʽʜʠʥʥʦʛʦ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʧʘʪʝʥʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ 

ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽʟ ʩʝʟʦʥʥʠʤʠ ʘʢʫʤʫʣʷʪʦʨʘʤʠ ʪʝʧʣʦʪʠ ʥʘ ʦʩʥʦʚʽ ʪʚʝʨʜʠʭ ʽ 

ʨʽʜʠʥʥʠʭ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʨʦʟʨʦʙʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʩʦʥʷʯʥʦʛʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽʟ ʩʝʟʦʥʥʠʤ ʘʢʫʤʫʣʶʚʘʥʥʷʤ ʪʝʧʣʦʪʠ; 

- ʩʪʚʦʨʠʪʠ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ ʪʚʝʨʜʠʤ 

ʪʘ ʨʽʜʠʥʥʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʥʘ ʦʩʥʦʚʽ ʨʝʦʣʦʛʽʯʥʦ-ʜʠʥʘʤʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʥʝʣʽʥʽʡʥʦ-ʚôʷʟʢʠʭ ʩʝʨʝʜʦʚʠʱ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʪʨʫʙʘʭ (ʢʘʥʘʣʘʭ) ʚ ʤʝʞʘʭ ʤʦʜʝʣʽ ʆʩʪʚʘʣʴʜʘ ï ʜʝ ɺʽʣʷ ʪʘ ʨʦʟʨʦʙʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ;  

- ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ 

ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʤʝʪʦʶ ʚʝʨʠʬʽʢʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 
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- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʽʥʞʝʥʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʪʘ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʟʦʥʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ; 

- ʟʜʽʡʩʥʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʩʦʥʷʯʥʦʛʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽʟ ʩʝʟʦʥʥʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʪʠ ʥʘ ʦʩʥʦʚʽ ʪʚʝʨʜʦʛʦ ʽ ʨʽʜʠʥʥʦʛʦ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʉʠʩʪʝʤʘ ʩʦʥʷʯʥʦʛʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʩʝʟʦʥʥʠʤ ʘʢʫʤʫʣʶʚʘʥʥʷʤ ʪʝʧʣʦʪʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʊʝʧʣʦʤʘʩʦʦʙʤʽʥʥʽ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʚʽʜʜʘʯʽ ʪʝʧʣʦʪʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʩʝʟʦʥʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʟʜʽʡʩʥʶʚʘʣʦʩʴ 

ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʪʠʯʥʦʛʦ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ k-Ů ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʽʚ ʫʩʢʣʘʜʥʝʥʝ 

ʯʝʨʝʟ ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ. ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʘʟʦʤ ʟ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ 

ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ɺʧʝʨʰʝ: 

- ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʙôʻʤʽ ʪʝʧʣʦʻʤʥʽʩʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʟ ʨʽʜʠʥʥʠʤ ʪʘ 

ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ;  

- ʚʠʟʥʘʯʝʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ ʨʽʜʠʥʥʠʤ ʪʘ 

ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʨʦʙʦʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 100-

200 ʦʉ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʶ. 

ɺʜʦʩʢʦʥʘʣʝʥʦ: 

- ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʧʽʜʩʪʘʚʽ ʨʽʚʥʷʥʴ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʌʫʨôʻ-ʂʽʨʭʛʦʬʘ ʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʅʴʶʪʦʥʘ-ʈʽʭʤʘʥʘ ʜʣʷ 
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ʪʝʧʣʦʻʤʥʽʩʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ. 

ʅʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ: 

- ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʨʫʭʫ ʥʝʣʽʥʽʡʥʦ-ʚôʷʟʢʦʾ ʨʽʜʠʥʠ ʫ ʢʘʥʘʣʽ ʽʟ 

ʟʘʜʘʥʠʤ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ ʥʘ ʩʪʽʥʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʽʜʠʥʠ ʥʘ ʧʽʜʩʪʘʚʽ ʤʦʜʝʣʽ ʆʩʪʚʘʣʴʜʘ ï ʜʝ ɺʽʣʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʙʯʘʩʪʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ.   

 ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʪʘ 

ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ ʟ ʨʽʜʠʥʥʠʤ  ̔ ʪʚʝʨʜʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʩʪʘʮʽʦʥʘʨʥʽ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ. ʊʘʢʘ 

ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʥʦʚʠʭ ʪʘ ʧʨʠ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ 

ʽʩʥʫʶʯʠʭ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʘʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ 

ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ, 

ʘ ʥʘʚʝʜʝʥʘ ʤʦʜʝʣʴ ʆʩʪʚʘʣʴʜʘ-ʜʝ ɺʽʣʷ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʽ (ʚ ʢʘʥʘʣʘʭ ʟ ʛʣʽʮʝʨʠʥʦʤ) ʪʘ ʽʥʰʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʟ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤʠ ʨʽʜʠʥʘʤʠ ʽ ʤʦʞʝ ʙʫʪʠ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʟʘʜʘʯ 

ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ.  

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʚ 

ʧʨʦʻʢʪʘʭ ʊʆɺ çɯʂɹ çʇʘʥʦʨʘʤʘè (ʤ. ʂʠʾʚ). ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʚʧʨʦʚʘʜʞʝʥʦ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʘʚʪʦʥʦʤʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʘʩʠʚʥʠʭ 

ʙʫʜʽʚʝʣʴ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ 

ɿʜʦʙʫʚʘʯʝʤ ʦʙˇʨʫʥʪʦʚʘʥʽ ʤʝʪʦʜʠʢʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʊɸʄ) ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʦʙôʻʤʫ ɸʊ [61, 67,71]. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ ̔ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 



24 
 

ʧʨʦʚʝʜʝʥʝ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ ʪʘ ʽʥʰʠʭ 

ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ɸʊ [19,73,102]. ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʯʠʩʝʣʴʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʽʪʠʯʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ ʪʝʧʣʦʦʙʤʽʥʫ 

ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʧʝʨʰʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʨʦʜʫ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʽ ʨʝʦʣʦʛʽʯʥʦ-

ʜʠʥʘʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʝʣʽʥʽʡʥʦ-ʚôʷʟʢʠʭ ʩʝʨʝʜʦʚʠʱ ʫ ʜʦʚʛʠʭ ʪʨʫʙʘʭ ʚ ʤʝʞʘʭ 

ʤʦʜʝʣʽ ʆʩʪʚʘʣʴʜʘ ï ʜʝ ɺʽʣʷ ʧʨʠ ʟʘʜʘʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʮʽ ʥʘ ʩʪʽʥʮʽ [91,95]. 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ 

ʨʽʜʠʥʥʠʤ ʊɸʄ ʪʘ ʤʝʪʦʜʠʢʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʦʧʘʣʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ [153,154]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʢʨʝʤʽ ʨʦʟʜʽʣʠ ʜʠʩʝʨʪʘʮʽʾ ʜʦʧʦʚʽʜʘʣʠʩʷ: ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ ʚ 2013 - 2015, 2018, 2020 ʨ.; ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʽ (2018)" (ʤ. 

ɺʽʥʥʠʮʷ, 2018); The international and practical conference çThe development of 

technical sciences: golems and solutionsè  (Brno, 2018); International scientific 

conference çScientific development of new Eastern Europeè (Riga, 2019); International 

Scientific Conference çRelevant Issues of the Development of Science in Central and 

Eastern European Countriesè (Riga, 2019); The XI International Science Conference 

çTheoretical approaches of Fundamental Sciences. Theory, Practice and prospectsè, 

(Geneva, 2021). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʽ 10 ʜʨʫʢʦʚʘʥʠʭ ʧʨʘʮʴ, ʚ ʪ. 

ʯ. 7 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 2 ï ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʜʘʥʥʷʭ, ʦʜʝʨʞʘʥʦ 1 

ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ. 

ʆʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ 

ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

ʟ 160 ʥʘʡʤʝʥʫʚʘʥʴ, ʜʦʜʘʪʢʽʚ, ʚʠʢʣʘʜʝʥʘ ʥʘ 195 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ 159 ʩʪʦʨʽʥʢʘʭ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 110 ʨʠʩʫʥʢʽʚ ʽ 16 ʪʘʙʣʠʮʴ.  
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ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʅɸʋʂʆɺʆ-ʊɽʍʅɯʏʅʀʍ ʈʆɿʈʆɹʆʂ ʉʀʉʊɽʄʀ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ɿ ɸʂʋʄʋʃʗʊʆʈɸʄʀ ʊɽʇʃʆʊʀ ʊɸ 

ɼʆʉʃɯɼɾɽʅʔ ɸʂʋʄʋʃʗʊʆʈɯɺ 

1.1. ʉʠʩʪʝʤʘ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʥʝʨʛʝʪʠʢʠ ʚ ʥʘʰʽ ʜʥʽ ʻ ʟʨʦʩʪʘʶʯʘ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʎʷ ʦʙʩʪʘʚʠʥʘ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ, ʟʤʫʰʫʻ ʝʥʝʨʛʝʪʠʢʽʚ ʰʫʢʘʪʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʢʨʠʪʪʷ ʟʤʽʥʥʦʾ 

ʯʘʩʪʠʥʠ ʛʨʘʬʽʢʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [5]. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʧʣʦʚʝ, ʧʥʝʚʤʘʪʠʯʥʝ, ʛʽʜʨʘʚʣʽʯʥʝ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʝ ʪʘ 

ʽʥʰʽ ʚʠʜʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ. ɺʝʣʴʤʠ ʫʩʧʽʰʥʠʤ, ʥʘʧʨʠʢʣʘʜ, ʚʠʷʚʠʚʩʷ ʧʝʨʰʠʡ 

ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʟʝʤʥʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʌʈʅ. ʋ ʛʘʣʫʟʽ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʥʘʯʥʽ ʜʦʙʦʚʽ ʪʘ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ ʛʨʘʬʽʢʘ 

ʥʘʚʘʥʪʘʞʝʥʴ  ʜʣʷ ʧʦʢʨʠʪʪʷ ʷʢʠʭ ʚʩʝ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʽ 

ʫʩʪʘʥʦʚʢʠ. 

ʊʝʧʣʦʚʝ ʘʢʫʤʫʣʶʚʘʥʥʷ - ʮʝ ʬʽʟʠʯʥʽ ʘʙʦ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʪʝʧʣʦʚʦʤʫ ʘʢʫʤʫʣʷʪʦʨʽ ʝʥʝʨʛʽʾ [6]. 

ɺ ʷʢʦʩʪʽ ʨʦʙʦʯʠʭ ʨʝʟʝʨʚʫʘʨʽʚ ʚ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦ-ʜʦʙʦʚʦʛʦ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʩʝʢʮʽʡʥʽ 

ʨʝʟʝʨʚʫʘʨʠ, ʟʚʘʨʥʽ ʙʘʢʠ, ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʥʘʟʝʤʥʽ ʽ ʧʽʜʟʝʤʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʧʦʢʨʠʪʪʷ 

ʩʝʟʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʰʪʫʯʥʽ 

ʨʝʟʝʨʚʫʘʨʠ, ʘʣʝ ʪʘʢʦʞ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʰʘʭʪʠ ʘʙʦ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʨʠʨʦʜʥʽ ʧʦʨʦʞʥʝʯʽ ʚ 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʠʭ ˇʨʫʥʪʘʭ. 

ʅʝʚʝʣʠʢʽ ʪʝʧʣʦʚʽ ʘʢʫʤʫʣʷʪʦʨʠ (ɸʊ), ʧʨʠʡʤʘʶʯʠ ʥʘ ʩʝʙʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʟʚʦʣʷʶʪʴ ʥʘ ʯʘʩ ʜʦʙʦʚʠʭ ʧʽʢʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʢʣʶʯʘʪʠ ʦʧʘʣʶʚʘʣʴʥʽ ʚʽʜʙʦʨʠ ʧʘʨʠ ʥʘ ʊɽʎ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, 

ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ɸʊ ʜʦʟʚʦʣʷʶʪʴ ʦʙʽʡʪʠʩʷ 

ʙʝʟ ʧʫʩʢʫ ʧʽʢʦʚʦʾ ʢʦʪʝʣʴʥʽ ʽ ʪʠʤ ʩʘʤʠʤ ʟʘʦʱʘʜʠʪʠ ʦʨʛʘʥʽʯʥʝ ʧʘʣʠʚʦ. 

ʆʜʥʽʻʶ ʟ ʪʝʭʥʦʣʦʛʽʡ ʥʘʢʦʧʠʯʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʪʝʧʣʦʪʠ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ ʚ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʻ ʩʪʚʦʨʝʥʥʷ ʪʘ 
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ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʝʟʦʥʥʠʭ ɸʊ. ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʩʝʟʦʥʥʠʤ ɸʊ ʨʦʟʫʤʽʻʪʴʩʷ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʟʝʨʚʫʘʨʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʝʧʣʦʪʠ, 

ʘʢʫʤʫʣʶʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʦʙʦʯʦʛʦ ʪʽʣʘ) ʪʘ ʨʽʜʠʥʥʦʛʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

(ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ), ʱʦ ʧʝʨʝʜʘʻ ʪʝʧʣʦʪʫ ʷʢ ʜʣʷ ʾʾ ʘʢʫʤʫʣʶʚʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʦʜʘʪʢʦʚʦ ʜʦ ʩʝʟʦʥʥʠʭ ɸʊ ʤʦʞʣʠʚʦ ʚʽʜʥʝʩʪʠ ʪʘʢʦʞ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʪʠ, ʷʢʘ ʘʢʫʤʫʣʶʻʪʴʩʷ, ʪʘ ʩʧʦʞʠʚʘʯʽʚ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

 ɺʠʟʥʘʯʠʤʦ ʜʘʣʽ ʟʤʽʩʪ ʪʝʨʤʽʥʽʚ "ʟʘʨʷʜʞʝʥʥʷ" ʪʘ "ʨʦʟʨʷʜʞʝʥʥʷ" ʩʝʟʦʥʥʠʭ ɸʊ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜ ʪʝʨʤʽʥʦʤ "ʟʘʨʷʜʞʝʥʥʷ" ʩʝʟʦʥʥʦʛʦ ɸʊ ʨʦʟʫʤʽʻʪʴʩʷ ʧʨʦʮʝʩ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʨʝʟʝʨʚʫʘʨʽ ʟʙʝʨʽʛʘʥʥʷ ʟʘ ʜʝʷʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʗʢ ʧʨʘʚʠʣʦ 

ʧʨʦʮʝʩ ʥʘʢʦʧʠʯʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʣʽʪʥʶ ʧʦʨʫ ʨʦʢʫ. "ʈʦʟʨʷʜʞʝʥʥʷ" ʩʝʟʦʥʥʦʛʦ ɸʊ 

ʮʝ ʧʨʦʮʝʩ ʚʽʜʙʦʨʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʨʝʟʝʨʚʫʘʨʫ ʟʙʝʨʽʛʘʥʥʷ ʟʘ ʜʝʷʢʠʡ ʧʨʦʤʽʞʦʢ 

ʯʘʩʫ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ [7]. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʝʧʣʦʪʠ (ɸʊ) ʨʠʩ. 1.1.: 

 

 

ʈʠʩ.1.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʝʧʣʦʪʠ 

1.1.1.ʉʠʩʪʝʤʠ ʘʢʫʤʫʣʷʮʽʾ ʪʝʧʣʦʪʠ ʟ ʪʝʧʣʦʻʤʥʽʩʥʠʤʠ ʘʢʫʤʫʣʷʪʦʨʘʤʠ 

ʪʝʧʣʦʪʠ. 

ɺ ʩʠʩʪʝʤʘʭ ʟ ʪʝʧʣʦʻʤʥʽʩʥʠʤʠ ɸʊ ʧʨʦʮʝʩʠ ʥʘʛʨʽʚʘʥʥʷ ʡ ʦʭʦʣʦʜʞʝʥʥʷ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʊɸʄ) ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʘʙʦ ʦʜʥʦʯʘʩʥʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʨʘʭʫʥʦʢ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʘʙʦ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ. ʎʝʡ ʩʧʦʩʽʙ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘʡʙʽʣʴʰʝ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ [8].  
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ʊʝʧʣʦʘʢʫʤʫʣʶʶʯʫ ʟʜʘʪʥʽʩʪʴ ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ (ʢɼʞ), ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʥʘʢʦʧʠʯʝʥʝ ʚ ɸʊ ʻʤʥʽʩʥʦʛʦ ʪʠʧʫ, ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʬʦʨʤʫʣʽ: 

Q = mĿʩpĿ (T1 ï T2)  1.1 

ʜʝ ʪ ð ʤʘʩʘ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʾ ʨʝʯʦʚʠʥʠ, ʢʛ; ʩʨ ð ʧʠʪʦʤʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʨʝʯʦʚʠʥʠ, ʢɼʞ/(ʢʛĿʂ); ʊ1 ʠ ʊ2 ð ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʪʘ ʢʽʥʮʝʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨ ʊɸʄ, Áʉ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʪʝʧʣʦʻʤʥʽʩʥʝ ʘʢʫʤʫʣʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʽʜʠʥʥʦʛʦ ʘʙʦ ʪʚʝʨʜʦʛʦ 

ʊɸʄ. 

ʈʽʜʠʥʥʽ ʪʝʧʣʦʚʽ ʘʢʫʤʫʣʷʪʦʨʠ. ʅʘʡʙʽʣʴʰʦʶ ʧʝʨʝʚʘʛʦʶ ʚʦʜʠ ʷʢ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʾʾ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʠʭ 

ʨʘʡʦʥʽʚ ʩʚʽʪʫ, ʜʝ ʚʦʜʠ ʤʘʣʦ. ʆʜʥʘʢ ʟ ʚʦʜʦʶ ʧʦʚ'ʷʟʘʥʽ ʜʝʷʢʽ ʪʨʫʜʥʦʱʽ, ʚʠʨʽʰʝʥʥʷ 

ʷʢʠʭ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʫʪʨʠʤʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ 

ʚʦʜʠ (ʚʽʜ 100 ʜʦ 350 ʤ3 ʥʘ 1 ʤ2 ʢʦʣʝʢʪʦʨʫ) ʜʦ ʜʝʷʢʦʾ ʤʽʨʠ ʩʪʘʣʦ ʧʨʦʩʪʽʰʝ ʟʘʚʜʷʢʠ 

ʧʦʷʚʽ ʥʘʜʽʡʥʠʭ ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʝʣʠʢʠʭ ʧʣʘʩʪʠʢʦʚʠʭ ʘʨʢʫʰʽʚ. ʈʘʥʽʰʝ 

ʻʜʠʥʦʶ ʧʦʩʫʜʠʥʦʶ ʙʫʚ ʙʘʢ ʟ ʦʮʠʥʢʦʚʘʥʦʾ ʩʪʘʣʽ, ʷʢʠʡ ʚ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ ʧʨʦʪʽʢʘʚ. 

ɿʘʤʽʥʘ ʚʝʣʠʢʠʭ ʙʘʢʽʚ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʧʽʜʚʘʣʘʭ ʘʙʦ ʧʽʜ ʟʝʤʣʝʶ, ʻ 

ʚʘʞʢʦʶ ʽ ʜʦʨʦʛʦʶ ʩʧʨʘʚʦʶ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʢʣʦʬʫʪʝʨʦʚʢʠ ʽ ʨʝʟʝʨʚʫʘʨʽʚ ʟʽ 

ʩʢʣʦʚʦʣʦʢʥʘ ʫʩʫʥʫʣʦ ʧʨʦʙʣʝʤʠ ʢʦʨʦʟʽʾ, ʘʣʝ ʟʙʽʣʴʰʠʣʦ ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʝʨʚʫʘʨʽʚ ʟ ʣʠʪʦʛʦ ʙʝʪʦʥʫ ʜʦʥʝʜʘʚʥʘ ʩʪʨʠʤʫʚʘʣʦʩʷ ʚʘʞʢʽʩʪʶ ʽ 

ʚʘʨʪʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʛʝʨʤʝʪʠʯʥʦʩʪʽ; ʙʝʪʦʥ ʚʦʜʦʧʨʦʥʠʢʥʠʡ ʽ 

ʩʭʠʣʴʥʠʡ ʜʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ. ʇʨʦʪʝ ʚʝʣʠʢʽ ʧʣʘʩʪʠʢʦʚʽ ʣʠʩʪʠ ʘʙʦ ʤʽʰʢʠ ʤʦʞʫʪʴ 

ʟʘʤʽʥʠʪʠ ʩʦʙʦʶ ʙʝʪʦʥ; ʧʣʘʩʪʠʢʦʚʽ ʧʦʩʫʜʠʥʠ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʣʝʛʢʠʤʠ 

ʜʝʨʝʚ'ʷʥʠʤʠ ʘʙʦ ʤʝʪʘʣʝʚʠʤʠ ʢʘʨʢʘʩʘʤʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʨʽʜʠʥʥʦʛʦ ɸʊ 

ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʊɸʄ [9].  

ʅʘ ʨʠʩ. 1.2. ʧʦʢʘʟʘʥʽ ʜʚʘ ʩʧʦʩʦʙʠ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʠ : ʘ) - ʮʝ ʥʘʧʦʚʥʝʥʠʡ ʚʦʜʦʶ 

ʙʝʪʦʥʥʠʡ (ʘʙʦ ʰʣʘʢʦʙʣʦʢʦʚʠʡ) ʨʝʟʝʨʚʫʘʨ; ʜʨʫʛʠʡ - ʮʝ ʩʠʩʪʝʤʘ ʜ-ʨʘ ɻʘʨʨʽ ʊʦʤʘʩʦʥʘ, 

ʪʦʙʪʦ ʨʝʟʝʨʚʫʘʨ  ʟ ʚʦʜʦʶ, ʦʪʦʯʝʥʠʡ ʢʘʤʽʥʥʷʤ. ʇʨʠ ʚʘʨʽʘʥʪʽ (ʘ) ʪʝʧʣʦʪʠ ʚʦʜʘ ʟ 

ʨʝʟʝʨʚʫʘʨʫ ʮʠʨʢʫʣʶʻ ʚ ʙʫʜʽʚʣʶ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ʨʘʜʽʘʪʦʨʠ ʘʙʦ 

ʪʝʧʣʦʚʠʧʨʦʤʽʥʶʶʯʽ ʧʘʥʝʣʽ, ʘʙʦ ʧʦʙʽʯʥʦ ʯʝʨʝʟ ʟʤʽʻʚʠʢʦʚʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ, ʷʢʽ 

ʥʘʛʨʽʚʘʶʪʴ ʦʪʦʯʫʶʯʝ ʾʭ, ʦʭʦʣʦʜʞʝʥʝ ʚ ʧʨʠʤʽʱʝʥʥʽ ʧʦʚʽʪʨʷ. ʎʝʡ ʦʩʪʘʥʥʽʡ ʩʧʦʩʽʙ 
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ʟʘʩʪʦʩʫʚʘʣʠ ʚ ʙʫʜʠʥʢʫ IV ʧʨʠ ʄʘʩʩʘʯʫʩʝʪʩʴʢʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ʚ 1959 

ʨ.  ɸʊ ̔ ʥʰʦʛʦ ʪʠʧʫ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1.2.ʙ , ʧʝʨʝʜʘʻ ʪʝʧʣʦ ʧʦʚʽʣʴʥʦ, ʘʣʝ ʧʦʩʪʽʡʥʦ 

ʚʽʜ ʨʝʟʝʨʚʫʘʨʫ ʟ ʚʦʜʦʶ ʜʦ ʢʘʤʝʥʽʚ. ʆʭʦʣʦʜʞʝʥʝ ʚ ʙʫʜʠʥʢʫ ʧʦʚʽʪʨʷ ʧʦʚʽʣʴʥʦ 

ʮʠʨʢʫʣʶʻ ʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʤʽʞ ʥʘʛʨʽʪʠʤ ʢʘʤʽʥʥʷʤ ʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘʟʘʜ ʚ ʙʫʜʠʥʦʢ. 

ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʘʡʭʦʣʦʜʥʽʰʘ ʚʦʜʘ ʥʘ ʜʥʽ ʨʝʟʝʨʚʫʘʨʫ ʥʘʜʭʦʜʠʪʴ ʫ ʢʦʣʝʢʪʦʨ ʜʣʷ 

ʧʽʜʽʛʨʽʚʫ, ʘ ʧʦʪʽʤ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʨʝʟʝʨʚʫʘʨʫ. ʎʷ ʥʘʛʨʽʪʘ ʚ ʢʦʣʝʢʪʦʨʽ 

ʚʦʜʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʘʣʝʥʥʷ ʙʫʜʠʥʢʫ [10]. 

 

ʈʠʩ. 1.2. ɼʚʽ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʚʦʜʷʥʦʛʦ ʪʠʧʫ. 

ʘ) ʙʝʪʦʥʥʠʡ ʨʝʟʝʨʚʫʘʨ, ʥʘʧʦʚʥʝʥʠʡ ʚʦʜʦʶ; ʙ) ʚʦʜʷʥʠʡ ʨʝʟʝʨʚʫʘʨ, ʦʪʦʯʝʥʠʡ 

ʢʘʤʽʥʥʷʤ. 1 ï ʜʦ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʫ; 2 ï ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʝ ʦʙʣʠʮʶʚʘʥʥʷ; 3 ï ʜʦ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ; 4 ï ʚʽʜ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʫ; 5 ï ʩʪ̔ ʥʢʘ ʟ ʙʝʪʦʥʥʠʭ ʘʙʦ 

ʰʣʘʢʦʙʝʪʦʥʥʠʭ ʙʣʦʢʽʚ; 6 ï ʚʽʜ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ; 7 ï ʚʦʜʘ; 8 ï ʢʘʤʽʥʥʷ ʨʦʟʤʽʨʦʤ 

70-100ʤʤ ʟ ʧʦʚʽʪʨʷʥʠʤʠ ʧʨʦʰʘʨʢʘʤʠ; 9 ï ʚʠʭʽʜ ʪʝʧʣʦʛʦ ʧʦʚʽʪʨʷ; 10 ï ʚʭʽʜ 

ʭʦʣʦʜʥʦʛʦ ʧʦʚʽʪʨʷ. 

 

ʅʘ ʨʠʩ. 1.3. ʧʦʢʘʟʘʥʦ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʙʫʜʠʥʢʫ ʚ ʰʪʘʪʽ ɺʝʨʤʦʥʪ ʥʘ 

ʉʝʨʝʜʥʴʦʤʫ ɿʘʭʦʜʽ, ʷʢʠʡ ʙʫʚ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʉôʶ ɹʝʨʪʦʥʦʤ ʊʝʥʥʝʨʦʤ. ʉʠʩʪʝʤʘ 

ʩʦʥʷʯʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʘ ʬʽʨʤʦʶ çʊʦʪʘʣ ʽʥʚʘʡʨʦʥʤʝʥʪʘʣ ʝʢʰʥ.è, 

ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʢʦʣʝʢʪʦʨ ʟ ʟʦʚʥʽʰʥʽʤ ʩʪʦʢʦʤ ʚʦʜʠ. ʊʝʧʣʦʦʙʤʽʥʥʠʢ ʚʽʜʙʠʨʘʻ 

ʪʝʧʣʦ ʚʽʜ ɸʊ ʽ ʧʝʨʝʜʘʻ ʡʦʛʦ ʚ ʙʫʜʠʥʦʢ ʯʝʨʝʟ ʚʝʣʠʢʽ ʩʪʽʥʦʚʽ ʪʘ ʩʪʝʣʴʦʚʽ ʨʘʜʽʘʮʽʡʥʽ 

ʧʘʥʝʣʽ, ʜʦʟʚʦʣʷʶʯʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʜʫ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʨʫʛʠʡ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʧʽʜʽʛʨʽʚʘʻ ʚʦʜʫ ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʪʨʝʙ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ 

ʟʚʠʯʘʡʥʠʡ ʚʦʜʦʥʘʛʨʽʚʘʯ. 
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ɺʝʣʠʢʽ ʨʦʟʤʽʨʠ ʽ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʩʝʨʡʦʟʥʽ 

ʟʘʧʝʨʝʯʝʥʥʷ ʧʨʦʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʷʥʠʭ ɸʊ. ʋ ʪʠʧʦʚʠʭ ʤʝʪʘʣʝʚʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʟʘʥʫʨʝʥʠʭ ʫ ʚʦʜʫ, ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʤʦʞʝ 

ʩʪʘʥʦʚʠʪʠ ʤʘʣʦ ʥʝ ʦʜʥʫ ʪʨʝʪʠʥʫ ʚʽʜ ʧʣʦʱʽ ʩʦʥʷʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʣʝʢʪʦʨʫ (ʉʊʂ) 

[9- 13]. 

 
ʈʠʩ. 1.3. ʉʊʂ ʟ ʟʦʚʥʽʰʥʽʤ ʩʪʦʢʦʤ ʚʦʜʠ ʪʘ ɸʊ ʚ ʙʫʜʠʥʢʫ, ʰʪʘʪ ɺʝʨʤʦʥʪ (ʧʨʦʝʢʪ 

ʘʨʭʽʪʝʢʪʦʨʘ ʉôʶ ɹʝʨʪʦʥʘ ʊʝʥʥʝʨʘ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʬʽʨʤʠ çʊʦʪʘʣ ʽʥʚʘʡʨʦʤʝʥʪʘʣ 

ʝʢʰʥ.è): 1 ï ʉʊʂ; 2 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʜʣʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʘʣʝʥʥʷ ʛʘʨʷʯʦʶ ʚʦʜʦʶ; 

3 ï ɸʊ. 

ɿʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʚʦʜʷʥʦʛʦ ɸʊ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʢʽʣʴʢʦʩʪʽ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ 

ʪʝʧʣʦʪʠ ʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʽʩʪʦʪʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʪʠʩʢʫ, ʥʝʦʙʭʽʜʥʽʩʪʶ ʘʧʘʨʘʪʫ, ʱʦ ʧʨʘʮʶʻ ʧʽʜ ʪʠʩʢʦʤ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʨʧʫʩʫ, ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʚʘʨʪʽʩʪʴ. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʟʴʢʠʭ 

ʨʦʙʦʯʠʭ ʪʠʩʢʽʚ ʊɸʄ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʪʝʧʣʦʥʦʩʽʾ. ɼʘʥʽ 

ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʷʢʠʭ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʘʢʫʤʫʣʶʶʯʠʭ ʩʝʨʝʜʦʚʠʱ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʪʘʙʣ. 1.1.  

ʈʽʜʠʥʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʢʠʧʽʥʥʷ (ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ) ʚʠʱʝ 100 Áʉ 

ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʚʠʩʦʢʦʢʠʧʣʷʯʠʤʠ. ɰʭ ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʥʷ ʽ ʢʠʧʽʥʥʷ. ɼʣʷ ʨʽʜʠʥ ʟ ʚʠʩʦʢʦʶ ʚ'ʷʟʢʽʩʪʶ ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʪʘʢʠʭ, ʷʢ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʤʘʩʣʘ) ʤʽʥʽʤʘʣʴʥʘ ʨʦʙʦʯʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʟʚʠʯʘʡ ʟʥʘʯʥʦ ʚʠʱʘ ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ; ʚʦʥʘ ʤʦʞʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʥʘʷʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʥʘ ʧʝʨʝʢʘʯʫʚʘʥʥʷ [12]. 
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ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 1.1, ʦʙ'ʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʩʨ ʽ ʛʫʩʪʠʥʽ ɟ - ʜʣʷ ʚʦʜʠ ʚʝʣʠʢʘ. ʆʜʥʘʢ ʜʣʷ ʥʝʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʠʱʝ 100 Áʉ ʧʦʪʨʽʙʥʦ ʧʦʩʫʜʠʥʫ, ʱʦ ʧʨʘʮʶʻ ʧʽʜ ʪʠʩʢʦʤ. ʎʽʢʘʚʘ ʧʨʦʧʦʟʠʮʽʷ ɹʘʫʝʨʘ 

ʍ.ʉ. ʪʘ ɸʣʝʬʝʣʴʜʘ ɻ. [10], ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ Naʆʅ), ʟ ʷʢʠʤʠ ʤʦʞʥʘ ʧʨʘʮʶʚʘʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 130 Áʉ, ʽ ʡʤʦʚʽʨʥʦ, ʥʘʚʽʪʴ ʜʦ 150Áʉ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʪʘʢʦʞ ʝʚʪʝʢʪʠʯʥʘ ʩʫʤʽʰ ʨʦʟʧʣʘʚʣʝʥʠʭ ʩʦʣʝʡ ʅIʊɽʉ ʟ ʜʦʩʠʪʴ 

ʚʠʩʦʢʦʶ ʦʙ'ʻʤʥʦʶ ʪʝʧʣʦʻʤʥʽʩʪʶ.  

ʊʘʙʣʠʮʷ 1.1.  

ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʥʠʭ ʊɸʄ 

 

 

ʊɸʄ 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ (0ʉ) ɻʫʩʪʠʥʘ, 

ʢʛ/ʤ3  
(ʩʝʨʝʜʥʷ ʧʨʠ 
ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ) 

ʇʠʪʦʤʘ 

ʪʝʧʣʦ-

ʻʤʥʽʩʪʴ 
ʢɼʞ/(ʢʛĿʂ) 

ʆʙôʻʤʥʘ 

ʪʝʧʣʦʻʤʥʽ

ʩʪʴ, 
ʢɼʞ/(ʤ3Ŀʂ) 

ɿʘʩʪʠ- 

ʛʘʥʥʷ 

ʄʘʢʩʠ-

ʤʘʣʴʥʘ 

 

ʂʠʧʽʥʥʷ 

ɺʦʜʘ ʧʽʜ ʪʠʩʢʦʤ 

0,1 ʄʇʘ 

273 (0) 373 373 979 4,19 4102 

ɺʦʜʘ ʧʽʜ ʪʠʩʢʦʤ 1 

ʄʇʘ: 

273 (0) 453 (180) 453 (180) 940,5 4,19 3940,7 

ɺʦʜʘ ʧʽʜ ʪʠʩʢʦʤ 10 

ʄʇʘ: 

273 (0) 584 (311) 584 (311) 844 4,29 3620,8 

ʉʫʤʽʰ 50% ʅ2ʆ/ 

50% ʝʪʠʣʝʥʛʣʽʢʦʣʴ 

237   (-36) 373(100) - 1045 3,48 3636,6 

ɽʪʠʣʝʥʛʣʽʢʦʣʴ 

(ʉ6ʅ6ʆ2) 

260  (-13) 373 (100) 470 (197) 1130 2,5 2825 

ɺʦʜʥʽ ʨʦʟʯʠʥʠ 50% 

Naʆʅ/ 50% ʅ2ʆ, 

293ʂ ï ʤʝʞʘ 

ʨʦʟʯʠʥʥʦʩʪʽ 

-  413 (140) 413 (140) 1550 3,27 5068,5 

ʄʘʩʣʦ ʥʘʬʪʦʭʽʤʽʯʥʝ 

(ʩʝʨʝʜʥʻ) 

253   (-20) - 573 (300) 475 2,4 1140 

ʉʠʥʪʝʪʠʯʥʝ 

(ʜʽʘʧʘʟʦʥ) 

203/263 

(-70/-10) 

533/623 

(260/350) 

503/683 

(230/410) 

875 2,1 1837,5 

ʪʝʪʨʘʭʣʦʨʜʠʬʝʥʽʣ 266   (-7) -  613   (340) 1440 2,1 3024 

ʈʦʟʧʣʘʚ ʩʦʣʝʡ 53% 

KNO3/ 40% NaNO2/ 

7% NaNO3 

415 (142) 723 (450) - 1847,5 1,3 2401,8 

ʇʦʣʽʤʝʪʠʣʩʠʣʦʢʩʘʥ 213   (-60) 593 (320) - 900 1,5 - 

ʇʦʣʽʝʪʠʣʩʠʣʦʢʩʘʥ 203  (-70) 563 (290) - 850 1,6 - 

ʃʽʪʽʡ 455  (182) 1600 

(1327) 

1623 

(1350) 

480 4,36 - 

ʅʘʪʨʽʡ 371 (98) 1150 (877) 1155 (877) 800 1,33 - 

ʂʘʣʽʡ 336 (63) -  1033 (760) 745 0,77 573,7 
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ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʧʽʜʙʦʨʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ɸʊ ʽ 

ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʟʘʧʦʙʽʛʘʶʪʴ ʟʘʪʚʝʨʜʽʥʥʷ 

ʊɸʄ ʥʘ ʚʩʽʭ ʨʝʞʠʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʛʝʨʤʝʪʠʟʘʮʽʾ ɸʊ ʽ ʨʷʜ ʽʥʰʠʭ. 

ʊʝʧʣʦʚʽ ʘʢʫʤʫʣʷʪʦʨʠ ʟ ʪʚʝʨʜʠʤ ʊɸʄ ʚ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ [9,12]. 

ʎʝ ʧʦʚ'ʷʟʘʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʜʦʨʦʛʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʩʪʠʭ ʽ 

ʧʝʨʝʚʽʨʝʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ɺ ʷʢʦʩʪʽ ʊɸʄ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʜʝʰʝʚʽ 

ʤʘʪʝʨʽʘʣʠ - ʱʝʙʽʥʴ, ʬʝʦʣʽʪ (ʟʘʣʽʟʥʘ ʨʫʜʘ), ʟʘʣʠʰʢʠ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [14]. 

ʊʘʙʣʠʮʷ 1.2. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʠʭ ʊɸʄ. 

 

 

ʊɸʄ 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 

ʦ
ʉ

 

 

ɻ
ʫ
ʩ
ʪ
ʠ
ʥ
ʘ
,
 
ʢ
ʛ
/

ʤ
3
 

ʇ
ʠ
ʪ
ʦ
ʤ
ʘ
 

ʪ
ʝ
ʧ
ʣ
ʦ
ʻ
ʤ
ʥ
ʽ
ʩ
ʪ
ʴ
,
 

ʢ
ɼ
ʞ
/

(ʢ
ʛ
Ŀ
ʂ

) 

ʂ
ʦ
ʝ
ʬ
ʽ
ʮ
ʽ
ʻ
ʥ
ʪ
 

ʪ
ʝ
ʧ
ʣ
ʦ
ʧ
ʨ
ʦ

-

ʚ
ʽ
ʜ
ʥ
ʦ
ʩ
ʪ
ʽ
,
 

ɺ
ʪ
/

(ʤ
Ŀ
ʂ) 

ʆ
ʙ
ô̒
ʤ
ʥ
ʘ
 

ʪ
ʝ
ʧ
ʣ
ʦ
ʻ
ʤ
ʥ
ʽ
ʩ
ʪ
ʴ
,
 

ʢ
ɼ
ʞ
/

(ʤ
3
Ŀ
ʂ) 

ʑʝʙʽʥʴ 400 2500-2800 0,92 2,2-3,5 2300-2576 

ʉʢʝʣʴʥʽ ʧʦʨʦʜʠ -  1300-2600 0,8-0,9 1,5-5,0 1040-2340 

ʬʝʦʣʽʪ 400 3900 0,92 2,1 3598 

ʙʝʪʦʥ 400 1900-2000 0,84 1,2-1,3 1596-1680 

ʰʘʤʦʪ 1700 1830-2200 1,1-1,3 0,6-1,3 2013-2860 

ʛʨʘʬʽʪ 3500 1600-2000 2,0 40-170 3200-4000 

ʎʝʛʣʘ ʟʚʠʯʘʡʥʘ 1000 1700-1800 0,88 0,7-0,8 1496-1594 

ʂʣʽʥʢʝʨ,  

(ʚʦʛʥʝʪʨʠʚʢʘ ʛʣʠʥʘ) 

-  2100-2600 1,0 1,0-1,5 2100-2600 

ɿ Al2O3 (90%) 1700 3000 1,0 2,5 3000 

MgO (90%) 1700 3000 1,0 4,5-6 3000 

ʧʽʩʦʢ ïïï 1460-1600 0,8-1,5 0,2-0,3 1168-2400 

ʅʠʟʴʢʦʣʝʛʦʚʘʥʘ ʩʪʘʣʴ 1510 7850 0,46 50 3615 

ʯʘʚʫʥ 1150-

1300 

7200 0,54 42 3920 

ʄʽʜʴ 1083 8960 0,39 395 3190 

ɸʣʶʤʽʥʽʡ 660 2700 0,92 200 2490 

 

ɼʝʷʢʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʠʭ ʊɸʄ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1.2.2. 

ʆʙ'ʻʤʥʽ ʪʝʧʣʦʻʤʥʦʩʪʽ ʾʭ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʩʦʢʽ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨ (ʷʢʽ ʥʘʚʨʷʜ ʯʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʥʽʩʪʶ). ɿ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ ʯʘʚʫʥ 

ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʝʨʝʜ ʤʝʪʘʣʽʚ. ʉʝʨʝʜ ʥʝʤʝʪʘʣʽʚ ʢʣʽʥʢʝʨ (ʚʦʛʥʝʪʨʠʚʢʘ 

ʛʣʠʥʘ) ʤʘʻ ʟʘʜʦʚʽʣʴʥʫ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʘʣʝ ʥʠʟʴʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ɺʠʩʦʢʫ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʶʪʴ ʪʘʢʦʞ ʦʢʩʠʜʠ ʘʣʶʤʽʥʽʶ (Al2O3) ʽ ʤʘʛʥʽʶ (MgO). ʆʜʥʘʢ ʱʦʜʦ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʚʘʨʪʦʩʪʽ ʦʢʠʩ ʤʘʛʥʽʶ ʧʝʨʝʚʘʞʥʽʰʝ, ʪʦʤʫ ʚʽʥ ʚʚʘʞʘʻʪʴʩʷ ʛʘʨʥʠʤ 
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ʪʚʝʨʜʠʤ ʊɸʄ. ɯʥʰʠʤ ʧʽʜʭʦʜʷʱʠʤ ʪʚʝʨʜʠʤ ʊɸʄ ʻ ʬʝʦʣʽʪ - ʩʧʝʯʝʥʠʡ ʫ ʬʦʨʤʽ ʮʝʛʣʠ 

ʧʦʨʦʰʦʢ ʦʢʠʩʫ ʟʘʣʽʟʘ [ 15,16 ]. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʞʠʚʘʥʠʭ 

ʪʚʝʨʜʠʭ ʊɸʄ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.2. ʇʦʨʽʚʥʶʶʯʠ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʚʝʨʜʠʭ ʽ ʨʽʜʠʥʥʠʭ 

ʊɸʄ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʩʷʛ ʧʦʨʦʞʥʝʯ ʫ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʽ ʦʙʩʷʛ ʢʘʥʘʣʽʚ ʜʣʷ 

ʪʝʧʣʦʥʦʩʽʷ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʝʟʝʨʚʫʘʨʽ, 

- ʟ ʽʥʰʦʛʦ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʝʬʝʢʪʠʚʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʫ ʨʘʟʽ ʪʚʝʨʜʦʛʦ ʊɸʄ ʻ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʽ ʪʝʧʣʦʥʦʩʽʷ [17]. 

ʊʨʘʜʠʮʽʡʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ɸʊ ʟ ʥʝʨʫʭʦʤʦʶ ʘʙʦ ʨʫʭʦʤʦʶ ʤʘʪʨʠʮʷʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʨʫʭʦʤʦʾ ʤʘʪʨʠʮʽ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʘʣʝ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʤʘʩ ʊɸʄ. ʂʨʽʤ ʮʴʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ɸʊ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʯʘʩʫ, ʱʦ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʦʩʪʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʰʣʷʭʦʤ ʧʝʨʝʧʫʩʢʫ. ɺ ʜʘʥʠʡ ʯʘʩ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʽʣʴʢʘ ʭʘʨʘʢʪʝʨʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘʢʠʭ ɸʊ (ʨʠʩ. 1.4.) [12,14,15-24]. 

 
ʈʠʩ.1.4. ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʊɸʄ: ʘ - ʟ ʧʦʨʠʩʪʦʶ ʤʘʪʨʠʮʝʶ ʙ, 

ʚ - ʢʘʥʘʣʴʥʠʡ; ʛ, ʜ - ʧʽʜʟʝʤʥʠʡ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ; 1 - 

ʚʭʽʜ ʪʝʧʣʦʥʦʩʽʷ; 2 - ʪʝʧʣʦʽʟʦʣʷʮʽʷ; 3 - ʨʦʟʜʽʣʶʚʘʣʴʥʘ ʨʝʰʽʪʢʘ; 4 - ʊɸʄ; 5 - ʦʧʦʨʠ; 

6 - ʚʠʭʽʜ ʪʝʧʣʦʥʦʩʽʷ; 7 - ʧʦʜʽʣʽ ʧʦʪʦʢʽʚ; 8 - ʽʥʜʫʢʪʦʨ; 9 - ʚʦʜʦʥʦʩʥʠʡ ʰʘʨ; 10 - 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʠʡ ʰʘʨ. 
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ɸʊ ʟ ʧʦʨʠʩʪʦʶ ʤʘʪʨʠʮʝʶ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʩʠʩʪʝʤʘʭ 

ʛʝʣʽʦʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʊʘʢʽ ɸʊ ʧʨʦʝʢʪʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦʨʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʥʮʠʧ ʚʽʣʴʥʦ-

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ. ʇʨʠ ʟʘʨʷʜʽ ʛʘʨʷʯʠʡ ʛʘʟ ʧʦʜʘʻʪʴʩʷ ʫ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ɸʊ ʽ, 

ʦʭʦʣʦʜʞʫʶʯʠʩʴ, ʦʧʫʩʢʘʻʪʴʩʷ ʚ ʡʦʛʦ ʥʠʞʥʶ ʯʘʩʪʠʥʫ. ʇʨʠ ʨʦʟʨʷʜʽ ʭʦʣʦʜʥʠʡ ʛʘʟ 

ʧʦʜʘʻʪʴʩʷ ʚ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ɸʊ, ʥʘʛʨʽʚʘʻʪʴʩʷ ʽ ʚʠʭʦʜʠʪʴ ʟ ʚʝʨʭʥʴʦʾ ʡʦʛʦ ʯʘʩʪʠʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʧʨʦʝʢʪʫʚʘʪʠ ʩʠʩʪʝʤʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʚʠʤʘʛʘʻ ʪʽʣʴʢʠ 

ʜʞʝʨʝʣʦ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ (ʥʘʧʨʠʢʣʘʜ, ʉʦʥʮʝ) [17, 20, 21]. ʆʩʦʙʣʠʚʠʤ ʪʠʧʦʤ 

ʢʘʥʘʣʴʥʦʛʦ ɸʊ ʟ ʪʚʝʨʜʠʤ ʊɸʄ ʻ ʪʝʧʣʦʚʽ ʛʨʘʬʽʪʦʚʽ ɸʊ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʚ ʘʚʪʦʥʦʤʥʠʭ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ. ʊʝʤʧʝʨʘʪʫʨʘ ʾʭ ʥʘʛʨʽʚʫ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠ 3500 ʂ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʘʨʥʽ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʥʦʚʢʠ. 

ʇʽʜʟʝʤʥʽ ɸʊ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʜʣʷ 

ʘʢʫʤʫʣʷʮʽʾ ʩʝʟʦʥʥʦʾ ʪʝʧʣʦʪʠ. ɼʦʚʞʠʥʘ ʦʜʥʦʛʦ ʢʘʥʘʣʫ ʪʘʢʠʭ ɸʊ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʩʪʘ 

ʤʝʪʨʽʚ, ʘ ʟʘʛʘʣʴʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʪʠʩʷʯ ʢʽʣʦʚʘʪ-ʛʦʜʠʥ. ʇʽʜʟʝʤʥʽ ɸʊ  ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʘʢʫʤʫʣʷʮʽʾ ʪʝʧʣʦʪʠ ʧʨʦʪʷʛʦʤ 

ʜʝʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ (ʜʝʪʘʣʴʥʽʰʝ ʜʠʚ. ʧʫʥʢʪ 1.1.2). ɸʊ ʟ ʨʫʭʣʠʚʦʶ ʤʘʪʨʠʮʝʶ 

ʚʠʢʦʥʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʚʠʛʣʷʜʽ ʦʙʝʨʪʦʚʦʛʦ ʨʝʛʝʥʝʨʘʪʦʨʘ, ʧʨʠʩʪʨʦʾʚ ʟ 

ʧʘʜʘʶʯʠʤʠ ʢʫʣʷʤʠ ʽ ʪ. ʧ. ʊʘʢʽ ɸʊ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʨʠʩʪʨʦʷʭ ʨʝʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʽ ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʾ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ; ɸʊ 

ʟ ʨʫʭʣʠʚʦʶ ʤʘʪʨʠʮʝʶ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʩʪʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ 

[22-24].  

ɿ ʜʝʢʽʣʴʢʦʭ ʊɸʄ ʜʣʷ ʩʠʩʪʝʤ ʧʦʚʽʪʨʷʥʦʛʦ ʪʠʧʫ, ʤʘʙʫʪʴ, ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʽ 

ʚʞʠʚʘʥʠʤʠ ʻ ʢʘʤʽʥʥʷ (ʛʘʣʴʢʘ). ʍʦʯʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʜʘʻʪʴʩʷ 

ʧʦʨʽʚʥʷʥʦ ʜʝʰʝʚʠʤ ʽ ʣʝʛʢʠʤ ʨʽʰʝʥʥʷʤ, ʦʜʥʘʢ ʪʘʢʠʡ ʚʠʙʽʨ ʥʝ ʟʘʚʞʜʠ ʧʨʘʚʠʣʴʥʠʡ. 

ʅʘʡʙʽʣʴʰ ʽʩʪʦʪʥʦʶ ʧʝʨʝʚʘʛʦʶ ʢʘʤʽʥʥʷ ʻ ʾʭ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ, ʷʢʱʦ ʜʽʡʩʥʦ ʢʘʤʽʥʥʷ 

ʙʘʛʘʪʦ. ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʨʦʟʤʽʨʽʚ ʚʽʜʩʽʢʫ ʜʣʷ ʢʘʤʽʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʪʨʽʙʥʝ ʢʘʤʽʥʥʷ ʜʽʘʤʝʪʨʦʤ ʜʦ 100 ʤʤ. ʅʘ 1 ʤ2 ʢʦʣʝʢʪʦʨʫ ʧʦʪʨʽʙʥʦ ʚʽʜ 35 ʜʦ 180 ʢʛ 

ʢʘʤʽʥʥʷ ʯʝʨʝʟ ʾʭ ʤʘʣʫ ʪʝʧʣʦʻʤʥʽʩʪʴ. ɺʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʢʘʤʽʥʥʷ ʫʩʢʣʘʜʥʶʻ 

ʧʨʦʙʣʝʤʫ ʾʭʥʴʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʤʘʛʘʻ ʚʽʜʩʽʢʫ, 



34 
 

ʜʦʩʪʘʪʥʴʦʛʦ ʟʘ ʨʦʟʤʽʨʦʤ, ʱʦʙ ʚʤʽʩʪʠʪʠ ʾʭ. ʇʨʠ 30 % ʧʦʨʦʞʥʝʯ ʦʙôʻʤ ʢʘʤʽʥʥʷ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʦʾ ʞ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʱʦ ʡ ʨʝʟʝʨʚʫʘʨ ʟ ʚʦʜʦʶ, 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʜʚʘ ʟ ʧʦʣʦʚʠʥʦʶ ʨʘʟʠ ʙʽʣʴʰʝ [10,17,24]. 

ɿʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʘʣʴʢʦʚʽ ɸʊ (ʨʠʩ. 1.5.), ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʨʝʟʝʨʚʫʘʨʠ ʢʨʫʛʣʦʛʦ ʘʙʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʪʠʥʫ, ʱʦ ʤʽʩʪʷʪʴ ʛʘʣʴʢʫ ʨʦʟʤʽʨʦʤ 20-

50 ʤʤ ʫ ʚʠʛʣʷʜʽ ʥʘʩʘʜʢʠ ʽʟ ʱʽʣʴʥʦʛʦ ʰʘʨʫ ʯʘʩʪʦʢ. ɸʊ ʮʴʦʛʦ ʪʠʧʫ ʚʦʣʦʜʽʶʪʴ ʨʷʜʦʤ 

ʜʦʩʪʦʾʥʩʪʚ, ʘʣʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʦʜʷʥʠʤ ɸʊ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʝʥ ʙʽʣʴʰʠʡ ʦʙʩʷʛ. 

ɻʘʣʴʢʦʚʠʡ ɸʊ ʤʦʞʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʘʙʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ɻʘʨʷʯʝ 

ʧʦʚʽʪʨʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟʘ ʜʦʙʫ ʽʟ ʉʊʂ ʚ ɸʊ, ʚʽʜʜʘʻ ʛʘʣʴʮʽ ʩʚʦʶ ʪʝʧʣʦʪʫ ʡ ʫ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʨʷʜʞʝʥʥʷ ɸʊ. ʇʨʠ ʨʦʟʨʷʜʞʝʥʥʽ ɸʊ ʚʥʦʯʽ ʘʙʦ ʚ ʥʝʧʦʛʦʞʫ 

ʧʦʛʦʜʫ ʧʦʚʽʪʨʷ ʨʫʭʘʻʪʴʩʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʡ ʚʽʜʚʦʜʠʪʴ ʪʝʧʣʦʪʫ ʜʦ 

ʩʧʦʞʠʚʘʯʘ. 

 
ʈʠʩ.1.5. ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʛʘʣʴʢʦʚʦʛʦ ɸʊ: 1 - ʢʨʠʰʢʘ;  2 - ʙʫʥʢʝʨ; 3- ʙʝʪʦʥʥʠʡ ʙʣʦʢ; 4 

- ʪʝʧʣʦʽʟʦʣʷʮʽʷ; 5 - ʩʽʪʢʘ; 6 - ʛʘʣʴʢʘ. 

ʋ ɸʊ ʟ ʰʘʨʦʚʦʶ ʥʘʩʘʜʢʦʶ (ʛʘʣʴʢʦʚʦʶ ʘʙʦ ʢʘʤ'ʷʥʦʶ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʰʘʨʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʽʣʴʥʦ ʫʢʣʘʜʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʯʝʨʝʟ ʷʢʠʡ 

ʧʨʦʢʘʯʫʻʪʴʩʷ ʪʝʧʣʦʥʦʩʽʡ, ʟʘʟʚʠʯʘʡ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʚʽʜʜʘʻ ʘʙʦ ʚʽʜʙʠʨʘʻ ʪʝʧʣʦ ʚʽʜ 

ʮʴʦʛʦ ʰʘʨʫ. ɿ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʮʽʻʾ ʤʝʪʠ, ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʘʤʽʥʴ [18,24]. 

ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ɸʊ ʟ ʰʘʨʦʚʦʶ ʥʘʩʘʜʢʦʶ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ.1.6. 

ʆʩʥʦʚʥʠʤʠ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʢʦʥʪʝʡʥʝʨ, ʨʝʰʽʪʢʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʥʘʩʘʜʢʠ ʽ ʨʦʟʧʦʜʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʧʝʨʝʪʠʥ ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ. ʊʝʧʣʦ ʧʽʜʚʦʜʠʪʴʩʷ ʧʨʠ ʦʜʥʦʤʫ 
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ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ ʯʝʨʝʟ ʥʘʩʘʜʢʫ (ʟʚʠʯʘʡʥʦ ʟʚʝʨʭʫ ʚʥʠʟ), ʘ ʚʽʜʚʦʜʠʪʴʩʷ ʧʨʠ 

ʧʨʦʪʠʣʝʞʥʦʤʫ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʪʘʢʦʤʫ ɸʊ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʦʜʷʥʦʛʦ ʥʝʤʦʞʣʠʚʦ 

ʟʜʽʡʩʥʠʪʠ ʦʜʥʦʯʘʩʥʦ ʧʽʜʚʝʜʝʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ. ʆʩʢʽʣʴʢʠ ʥʘʩʘʜʢʘ ʤʘʻ ʥʠʟʴʢʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʘʢʫʤʫʣʶʚʘʥʥʽ 

ʧʦʪʨʽʙʥʘ ʤʽʥʽʤʘʣʴʥʘ ʽʟʦʣʷʮʽʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʰʘʨʦʚʦʾ ʥʘʩʘʜʢʠ. 

 
ʈʠʩ. 1.6. ʉʭʝʤʘ ɸʊ ʟ ʰʘʨʦʚʦʶ ʥʘʩʘʜʢʦʶ: 1 ï ʣʦʧʘʪʢʠ, ʱʦ ʥʘʧʨʘʚʣʷʶʪʴ ʧʦʪʽʢ 

ʧʦʚʽʪʨʷ; 2 ï ʢʦʥʪʝʡʥʝʨ; 3 ï ʰʘʨʦʚʘ ʥʘʩʘʜʢʘ; 4 ï ʨʝʰʽʪʢʘ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʝʧʣʦʻʤʥʽʩʥʠʭ ɸʊ ʻ ʾʭʥʷ ʚʝʣʠʢʘ ʤʘʩʘ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

- ʧʦʪʨʝʙʘ ʚ ʙʽʣʴʰʠʭ ʧʣʦʱʘʭ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙʩʷʛʘʭ ʨʦʟʨʘʭʦʚʫʶʯʠ ʥʘ 1ɻɼʞ-

ʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ. ɼʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʮʠʭ ɸʊ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʧʨʘʮʷʭ ɹʝʢʤʘʥʘ 

ʅ.ɻ., ɻʣ̔ʣʠ ʇ., ɻʫʪʽʨ̒ʩʘ ɻ., ʐʝʨʠʜʘʥʘ ʅ.ʈ., ɸʚʝʟʦʚʘ ʈ.ʈ., ɸʥʜʝʨʩʦʥʘ 

ɹ.[9,10,12,15,18,19,23,24]. 

 

1.1.2. ʉʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ˇʨʫʥʪʫ ʪʘ 

ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʫ ʷʢʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʝʧʣʦʪʠ. 

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ɸʊ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʝʟʦʥʥʝ ʘʢʫʤʫʣʶʚʘʥʥʷ, 

ʝʢʦʥʦʤʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʪʫʯʥʽ ʧʽʜʟʝʤʥʽ ʧʦʨʦʞʥʝʯʽ: ʾʭ ʧʠʪʦʤʘ ʚʘʨʪʽʩʪʴ ʧʨʠ 

ʤʽʩʪʢʦʩʪʽ ʙʽʣʴʰʝ 100 ʪʠʩ. ʤ3 ʽʩʪʦʪʥʦ ʤʝʥʰʝ, ʥʽʞ ʫ ʩʪʘʣʝʚʠʭ ɸʊ. ʑʝ ʥʠʞʯʝ ʧʠʪʦʤʘ 

ʚʘʨʪʽʩʪʴ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜʦʥʦʩʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ. ʎʝʡ ʧʦʨʽʚʥʷʣʴʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʘʢʫʤʫʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʜʦʩʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʧʦʰʠʨʝʥʽ ʜʦʩʠʪʴ ʰʠʨʦʢʦ, ʚʦʥʠ ʻ 

ʧʨʠʨʦʜʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ, ʽ ʪʦʤʫ ʧʨʘʢʪʠʯʥʦ ʻʜʠʥʠʤ ʚʠʜʦʤ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʪʘʢʠʭ ɸʊ ʙʫʜʝ ʚʘʨʪʽʩʪʴ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ 

ʇʦʪʽʢ ʧʦʚʽʪʨʷ 

ʇʦʪʽʢ ʧʦʚʽʪʨʷ 



36 
 

ʛʦʨʠʟʦʥʪʫ. ɺʘʞʣʠʚʠʤ ʜʦʩʪʦʾʥʩʪʚʦʤ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʪʘʢʦʞ ʽ ʪʝ, ʱʦ ʪʝʧʣʦʪʘ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʘʢʫʤʫʣʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚ ʦʙ'ʻʤʽ ʚʦʜʠ, ʘʣʝ ʽ ʚ ʛʽʨʩʴʢʽʡ ʧʦʨʦʜʽ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ. ʇʨʠʨʦʜʥʠʡ ɸʊ ʥʝ ʟʥʦʰʫʻʪʴʩʷ, ʥʝ ʚʠʤʘʛʘʻ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʨʝʤʦʥʪʫ, ʘ ʪʝʨʤʽʥ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʠʡ [19,20, 23, 25]. 

ɸʊ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʘʭ   ʷʚʣʷʶʪʴ   ʩʦʙʦʶ   

ʩʠʩʪʝʤʫ   ʧʦʛʣʠʥʘʣʴʥʠʭ   ʪʘ   ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴ 

ʧʨʠʨʦʜʥʠʡ ʚʦʜʦʥʦʩʥʠʭ, ʚʦʜʦʧʨʦʥʠʢʥʠʡ, ʛʽʜʨʦʽʟʦʣʴʦʚʘʠʠʡ ʟʚʝʨʭʫ ʽ ʟʥʠʟʫ ʧʽʜʟʝʤʥʠʡ 

ʢʦʣʝʢʪʦʨ (ʜʠʚ. ʨʠʩ. 1.7.). ɻʣʠʙʠʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʣʝʢʪʦʨʘ-ʘʢʫʤʫʣʷʪʦʨʘ ʤʦʞʝ 

ʩʪʘʥʦʚʠʪʠ ʚʽʜ 10 ʤ ʽ ʙʽʣʴʰʝ (ʜʦ 1000 ʤ) [22-24]. ʋ ʧʝʨʽʦʜ çʟʘʨʷʜʞʘʥʥʷè ʢʦʣʝʢʪʦʨʘ-

ʘʢʫʤʫʣʷʪʦʨʘ ʧʨʦʤʽʞʥʠʡ ʪʝʧʣʦʥʦʩʽʡ, ʷʢʠʡ ʚʠʜʦʙʫʚʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʚʠʜʦʙʫʚʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ, ʧʦʜʘʻʪʴʩʷ ʜʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʜʝ ʦʙʽʛʨʽʚʘʻʪʴʩʷ. ʇʦʪʽʤ ʦʙʽʛʨʽʪʠʡ 

ʪʝʧʣʦʥʦʩʽʡ  ʥʘʢʦʧʠʯʫʻʪʴʩʷ  ʚ ʧʽʜʟʝʤʥʦʤʫ ʢʦʣʝʢʪʦʨʽ-ʘʢʫʤʫʣʷʪʦʨʽ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʧʦʛʣʠʥʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʷʢ ʪʝʧʣʦʪʠ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʫ ʩʘʤʦʤʫ ʧʨʦʤʽʞʥʦʤʫ ʪʝʧʣʦʥʦʩʽʾ, ʪʘʢ ʽ ʪʝʧʣʦʪʠ, ʱʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʦʙʽʛʨʽʚʫ ʩʢʝʣʝʪʘ ʧʦʨʦʜʠ. ɺ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʝʧʣʦʪʘ ʚʽʜ ʷʢʦʛʦ 

ʘʢʫʤʫʣʶʻʪʴʩʷ ʧʽʜʟʝʤʥʠʤ ʚʦʜʦʥʘʩʠʯʝʥʠʤ ʰʘʨʦʤ, ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʩʠʩʪʝʤʘ ʉʊʂ,   

ʢʦʪʝʣ ʩʤʽʪʪʻʩʧʘʣʶʶʯʦʛʦ ʟʘʚʦʜʫ, ʩʢʠʜʥʘ ʪʝʧʣʦʪʘ ʧʽʜʧʨʠʻʤʩʪʚ [25, 26]. ʉʣʽʜ 

ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʨʦʟʛʣʷʥʫʪʠʡ ʪʠʧ ʧʽʜʟʝʤʥʠʭ ʩʝʟʦʥʥʠʭ ɸʊ ʪʝʧʣʦʪʠ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʷʢ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ (ʊ = 25Áʉ...60Áʉ), ʪʘʢ ʽ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ (ʊ>60Áʉ) ʪʝʧʣʦʪʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʝʧʣʦʚʠʭ 

ʥʘʩʦʩʽʚ ʤʦʞʣʠʚʦ ʦʙʽʡʪʠʩʴ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʪʝʧʣʦʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʱʦ ʥʘʢʦʧʠʯʝʥʘ ʧʨʠ ʾʭ 

ʧʨʠʨʦʜʥʦʤʫ ʨʫʩʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʘʧʘʩʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ [27-30]. 

ʈʝʟʝʨʚʫʘʨ ʜʣʷ ʚʦʜʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʷʤʠ ʚ ˇʨʫʥʪʽ (ʨʠʩ. 1.8.). ʇʦ 

ʜʦʥʥʽʡ ʯʘʩʪʠʥʽ ʡ ʙʽʯʥʠʤ ʩʪʦʨʦʥʘʤ ʷʤʠ ʫʢʣʘʜʘʶʪʴ ʪʝʧʣʦ- ̔  ʛʽʜʨʦʽʟʦʣʷʮʽʶ; ʧʦʚʝʨʭʥ ʁ

ʚʦʜʠ ʟʘʭʠʱʘʶʪʴ ʪʝʧʣʦʽʟʦʣʶʶʯʦʶ ʧʣʘʚʘʶʯʦʶ ʢʨʠʰʢʦʶ, ʥʘ ʷʢʽʡ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʉʊʂ. ʄʽʩʪʢʽʩʪʴ ʪʘʢʠʭ ɸʊ ʚʠʤʽʨʷʻʪʴʩʷ ʩʦʪʥʷʤʠ ʡ ʜʝʩʷʪʢʘʤʠ ʪʠʩʷʯ ʢʫʙʦʤʝʪʨʽʚ . 

ɸʊ ʚ ʧʨʠʨʦʜʥʠʭ ʚʦʜʦʡʤʘʭ ʟʘʩʥʦʚʘʥʦ ʥʘ ʚʽʜʜʽʣʝʥʥʽ ʯʘʩʪʠʥʠ ʦʟʝʨʘ ʘʙʦ ʤʦʨʩʴʢʦʾ 

ʟʘʪʦʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʽʟʦʣʶʶʯʦʾ ʟʘʚʽʩʠ. ʇʦʚʝʨʭʥʶ ʚʦʜʠ ʟʘʭʠʱʘʶʪʴ 
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ʧʣʘʚʘʶʯʦʶ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ ʚ ʪʘʢʠʡ ʞʝ ʩʧʦʩʽʙ, ʷʢ ʡ ʫ ʚʠʧʘʜʢʫ ʷʤʠ-ʘʢʫʤʫʣʷʪʦʨʘ. ʎʝʡ 

ʚʘʨʽʘʥʪ ʩʪʘʚʠʪʴʩʷ ʜʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ, ʦʩʢʽʣʴʢʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʘʢʫʤʫʣʷʪʦʨʠ ʙʽʣʴʰʠʭ ʨʦʟʤʽʨʽʚ ʽ ʧʨʠ ʮʴʦʤʫ ʫʥʠʢʥʫʪʠ ʚʠʪʨʘʪ ʥʘ ʚʠʾʤʢʫ ˇʨʫʥʪʫ 

[9,10,12]. 

 
ʈʠʩ. 1.7. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʩʝʟʦʥʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ɸʊ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʫ 

ʙʣʠʟʴʢʦʤʫ ʜʦ ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ: 1-ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ; 2-ʥʘʩʦʩ; 

3-ʙʫʬʝʨʥʘ ʻʤʥʽʩʪʴ; 4-ʧʝʨʝʧʫʩʢʥʠʡ ʢʣʘʧʘʥ;  5- ʚʠʜʦʙʫʚʥʘ ʩʚʝʨʜʣʦʚʠʥʘ; 6- 

ʧʦʧʣʘʚʢʦʚʠʡ ʜʘʪʯʠʢ; 7- ʧʦʛʣʠʥʘʣʴʥʘ ʩʚʝʨʜʣʦʚʠʥʘ; 8-ʥʘʩʦʩ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ; 9-

ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ. 

 
ʈʠʩ.1.8. ɸʊ ʚ ˇʨʫʥʪʦʚʽʡ ʚʧʘʜʠʥʽ  ʚ ʉʪʫʜʚʽʢʝ (ʐʚʝʮʽʷ): 1 ï ʧʦʚʦʨʦʪʥʘ ʢʨʠʰʢʘ; 2 ï 

ʉʊʂ; 3 ï ʪʝʧʣʦʽʟʦʣʷʮʽʷ; 4 ï ʧʦʜʘʯʘ ʥʘʛʨʽʪʦʾ ʚʦʜʠ; 5 ï ʟʘʭʠʩʥʝ ʧʦʢʨʠʪʪʷ. 

 

ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʻ ʜʦʩʚʽʜ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʩʢʝʣʴʦʚʠʭ ʚʠʾʤʢʘʭ ʩʭʦʚʠʱ ʜʣʷ 

ʥʘʬʪʠ ʡ ʟʨʽʜʞʝʥʦʛʦ ʛʘʟʫ. ʇʦʜʽʙʥʽ ʩʢʝʣʴʦʚʽ ʚʠʾʤʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʡ ʜʣʷ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ. ʋ ʐʚʝʮʽʾ ʚ ʩʝʣʠʱʽ ʃʠʢʝʙʶ ʦʙʣʘʜʥʘʥʘ ʚ ʩʢʝʣʴʥʠʭ 

ʧʦʨʦʜʘʭ ʧʦʨʦʞʥʠʥʘ ʜʣʷ ʩʝʟʦʥʥʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʤʽʩʪʢʽʩʪʶ 10 000 ʤ3. ʇʦʨʦʞʥʠʥʘ 
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ʥʝ ʤʘʻ ʪʝʧʣʦʽʟʦʣʷʮʽʾ; ʽʥʪʝʨʚʘʣ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʪʘʥʦʚʠʪʴ 90...40Áʉ. 

ʅʘʚʢʦʣʠʰʥʽ ʰʘʨʠ ʩʢʝʣʴʥʦʾ ʧʦʨʦʜʠ ʪʘʢʦʞ ʩʣʫʞʘʪʴ ʜʣʷ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ [31]. 

ʇʨʠ ʘʢʫʤʫʣʶʚʘʥʥʽ ʪʝʧʣʦʪʠ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʚʢʽʚ ʾʭ 

ʚʠʢʦʨʠʩʪʘʶʪʴ ʱʝ ʡ ʷʢ ʉʊʂ. ʉʦʥʷʯʥʠʡ ʩʪʘʚʦʢ (ʨʠʩ.1.9.) - ʮʝ ʦʙʩʷʛ ʚʦʜʠ ʟ ʨʽʟʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʦʣʽ: ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʚʦʥʘ ʤʝʥʰʝ, ʥʽʞ ʫ ʥʠʞʥʽ. ʉʦʥʷʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʙʽʣʴʰʝ ʽʥʪʝʥʩʠʚʥʝ ʥʘʛʨʽʚʘʥʥʷ ʥʠʞʥʽʭ ʱʽʣʴʥʠʭ ʰʘʨʽʚ. 

ʇʝʨʝʧʘʜ ʛʫʩʪʠʥ ʜʦʩʷʛʘʻʪʴʩʷ ʰʪʫʯʥʠʤ ʘʙʦ ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ. ʇʨʠ ʮʴʦʤʫ ʚʝʨʭʥʽ, 

ʤʝʥʰ ʥʘʛʨʽʪʽ ʰʘʨʠ ʚʦʜʠ ʩʣʫʞʘʪʴ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ. ɯʩʥʫʶʪʴ ʡ ʽʥʰʽ ʩʧʦʩʦʙʠ 

ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʟ ʧʦʚʝʨʭʥʽ, ʘʥʘʣʦʛʽʯʥʽ ʚʽʜʢʨʠʪʠʤ ʢʦʣʝʢʪʦʨʘʤ, ʥʘʧʨʠʢʣʘʜ, 

ʟʘʩʢʣʝʥʥʷ. ʉʪʘʚʦʢ ʛʣʠʙʠʥʦʶ 1 ʤ ʘʢʫʤʫʣʶʻ 15...25% ʪʝʧʣʦʪʠ ʧʘʜʘʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɹʽʣʴʰʘ ʛʣʠʙʠʥʘ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʽʟʦʣʷʮʽʶ, ʘʣʝ ʜʦ ʥʠʞʥʽʭ ʰʘʨʽʚ 

ʜʦʭʦʜʠʪʴ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ. ʆʧʪʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʩʪʘʚʢʘ ʩʪʘʥʦʚʠʪʴ 1...2  ʤ. 

ʉʦʥʷʯʥʽ ʩʪʘʚʢʠ ʜʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʧʣʦʪʠ, ʩʪʽʡʢʽ ʜʦ 

ʜʝʥʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʟʜʘʪʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʟʠʪʠʚʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʨʦʪʷʛʦʤ  ʟʠʤʠ [32-36]. 

 
ʈʠʩ. 1.9. ʉʭʝʤʘ ʩʦʥʷʯʥʦʛʦ ʩʪʘʚʢʘ (ʘ) ʽ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ (ʙ) ʨʽʜʠʥʠ ʧʦ ʚʠʩʦʪʽ 

ʩʪʘʚʢʘ: 1 ï ʧʨʽʩʥʘ ʚʦʜʘ; 2 ï ʽʟʦʣʶʶʯʠʡ ʰʘʨ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʷʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʜʦʥʠʟʫ; 3 ï ʰʘʨ ʛʘʨʷʯʦʛʦ ʨʦʟʯʠʥʫ; 4 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ. 

ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ˇʨʫʥʪʫ ʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʙʽʛʨʽʚʫ 

ʪʘ ʚʝʥʪʠʣʶʚʘʥʥʷ ʧʨʠʤʽʱʝʥʴ. ɺʽʜʙʽʨ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ˇʨʫʥʪʫ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ˇʨʫʥʪʦʚʦʤʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʤʽʥʫʩ 5...7 ʜʦ ʧʣʶʩ 

10...12Áʉ ʽ ʻ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʥʦʩʽʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 40-70Áʉ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ. ɼʦʩʚʽʜ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ʩʚʽʜʯʠʪʴ, ʱʦ ʝʥʝʨʛʽʶ ˇʨʫʥʪʫ 
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ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 70-100 

ʢɺʪ, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ ʦʢʨʝʤʽ ʥʝʚʝʣʠʢʽ ʙʫʜʠʥʢʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʩʘʜʠʙʥʽ ʞʠʪʣʦʚʽ 

ʙʫʜʠʥʢʠ [36-40]. ɺ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ ʮʝ ʤʦʞʫʪʴ ʙʫʪʠ ʩʘʜʠʙʥʽ ʙʫʜʠʥʢʠ ʤʽʩʪ ʪʘ ʩʽʣ. 

ˆʨʫʥʪʦʚʽ ɸʊ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ - ʮʝ ʧʨʠʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ 

ˇʨʫʥʪʫ, ʚ ʤʝʞʘʭ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʽʜôʻʜʥʘʥʘ ʜʦ ʩʧʦʞʠʚʘʯʽʚ ʩʠʩʪʝʤʘ 

ʩʧʝʮʽʘʣʴʥʦ ʧʨʦʢʣʘʜʝʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ (ʨʠʩ.1.10). 

ʊʝʧʣʦʦʙʤʽʥʥʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʾ ʬʦʨʤʠ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʟ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɻʣʠʙʠʥʘ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʥʝ ʤʝʥʰʝ 1,5...2 ʤʝʪʨʽʚ, 

ʪʦʙʪʦ ʥʠʞʯʝ ʨʽʚʥʷ ʛʣʠʙʠʥʠ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʫ, ʧʨʠʯʦʤʫ ˇʨʫʥʪ, ʚ ʷʢʦʤʫ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʮʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ, ʤʦʞʝ ʙʫʪʠ ʷʢ ʚʽʜʥʦʩʥʦ ʩʫʭʠʤ, ʪʘʢ ʽ 

ʚʦʜʦʥʘʩʠʯʝʥʠʤ [30,40-43 ].  

 
ʈʠʩ.1.10. ɺʘʨʽʘʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ˇʨʫʥʪʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ 

 

1.1.3. ʉʠʩʪʝʤʠ ʘʢʫʤʫʣʷʮʽʾ ʪʝʧʣʦʪʠ ʟ ʘʢʫʤʫʣʷʪʦʨʘʤʠ ʪʝʧʣʦʪʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʧʣʦʪʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʪʘ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʜʣʷ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ. ʉʧʦʩʽʙ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʬʘʟʦʚʦʤʫ 

ʧʝʨʝʭʦʜʽ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ ʧʣʘʚʣʝʥʥʷ ʜʣʷ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʟʘʧʘʩʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʚʝʣʠʢʠʭ ʧʝʨʝʧʘʜʽʚ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʜʦʩʠʪʴ ʩʪʘʙʽʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʠʭʦʜʽ ʟ ɸʊ. ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʊɸʄ 
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ʚ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʩʪʘʥʽ ʻ ʢʦʨʦʟʽʡʥʦʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʚ ʦʩʥʦʚʥʦʤʫ ʤʘʶʪʴ 

ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʟʤʽʥʶʶʪʴ ʦʙôʻʤ ʧʨʠ ʧʣʘʚʣʝʥʥʽ ʽ ʚʽʜʥʦʩʥʦ 

ʜʦʨʦʛʽ. ɺ ʜʘʥʠʡ ʯʘʩ ʚʽʜʦʤʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʝʯʦʚʠʥ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʘʢʫʤʫʣʷʮʽʾ ʚʽʜ 0 ʜʦ 1400 Áʉ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɸʊ ʟ ʊɸʄ, ʱʦ ʧʣʘʚʠʪʴʩʷ, ʩʪʨʠʤʫʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʤʽʨʢʫʚʘʥʥʷʤʠ ʝʢʦʥʦʤʽʯʥʦʩʪʽ 

ʩʪʚʦʨʶʚʘʥʠʭ ʫʩʪʘʥʦʚʦʢ [34,44,45]. 

ʊʘʙʣʠʮʷ 1.3. 

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʊɸʄ ʥʘ ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ 

 

 

ʄʘʪʝʨʽʘʣ 

ʏʠʩʪʘ ʩʽʣʴ ʈʦʙʦʯʘ ʩʫʤʽʰ  
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CaClĿ6H2O 29,7 170 1,71 1,52      

Na2SO4Ŀ10H2O 32,4 251 1,46 1,48 68,2 31,8 31 244 
ɻʣʘʫʙʝʨʦʚʘ 

ʩʽʣʴ 

Na2S2O3Ŀ5H2O 48 210 1,6      
ɻʽʧʦʩʫʣʴʬʽʪ 

ʥʘʪʨʽʷ 

CH3COONaĿ3H2O 58,2 260 1,45  90-95 10-5 52-58 
290-

220 
 

MgCl2Ŀ6H2O 116 165 1,57      ɹʽʰʦʬʽʪ 

 

ʇʨʠ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 120 Áʉ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ. ɼʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ɸʊ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʽ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ 

(ʧʘʨʘʬʽʥ ʽ ʜʝʷʢʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ) ʽ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʠ  ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ, ʥʘʧʨʠʢʣʘʜ, 

ʛʝʢʩʘʛʽʜʨʘʪ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʴʮʽʶ ʉʘʉ12Ŀ6ʅ2ʆ  ʘʙʦ ʛʣʘʫʙʝʨʦʚʘ ʩʽʣʴ Nʘ2SO4Ŀ10ʅ2ʆ, 

ʱʦ ʧʣʘʚʣʷʪʴʩʷ ʧʨʠ 29 ʡ 32 Áʉ ʚʽʜʧʦʚʽʜʥʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣ.1.3. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʤʦʞʣʠʚʠʡ ʧʦʜʽʣ ʩʫʤʽʰʽ ʽ ʾʾ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʮʠʭ ʥʝʜʦʨʦʛʠʭ ʨʝʯʦʚʠʥ ʽ 

ʟʥʠʞʝʥʥʷ ʯʠʩʣʘ ʨʦʙʦʯʠʭ ʮʠʢʣʽʚ. ɼʣʷ ʨʝʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽʣʴʢʠ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʥʝ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʧʨʠ ʧʣʘʚʣʝʥʥʽ, ʘʙʦ ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ ʥʘʜʣʠʰʢʦʚʦʾ 

ʚʦʜʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʊɸʄ. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʤʘʣʠʤ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷʤ ʨʽʜʠʥʠ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʯʦʚʠʥ, ʱʦ ʻ ʧʝʨʚʠʥʥʠʤʠ 

ʮʝʥʪʨʘʤʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɼʣʷ ʙʣʦʢʫʚʘʥʥʷ ʧʦʜʽʣʫ ʬʘʟ ʘʙʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʘʛʫʩʥʠʢʠ 

(ʛʨʘʥʫʣʷʮʽʶ, ʜʦʜʘʚʘʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʡ ʽʥ.), ʘʙʦ ʽʥʪʝʥʩʠʚʥʝ 
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ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʪʝʧʣʦʦʙʤʽʥʫ. ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʨʦʟʨʦʙʣʝʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʊɸʄ ʥʘ ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ 

ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʪʠʩʷʯ ʮʠʢʣʽʚ ʟʘʨʷʜʞʘʥʥʷ - ʨʦʟʨʷʜʞʘʥʥʷ. ɼʦ ʯʠʩʣʘ ʥʝʜʦʣʽʢʽʚ 

ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʘʢʦʞ ʾʭ ʧʽʜʚʠʱʝʥʫ ʢʦʨʦʟʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ [9,10,15]. 

ʊʘʙʣʠʮʷ 1.4.  

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʨʛʘʥʽʯʥʠʭ ʊɸʄ, ʱʦ ʧʣʘʚʣʷʪʴʩʷ. 

ʄʘʪʝʨʽʘʣ 

ʊʝʤʧʝʨʘ

ʪʫʨʘ 

ʧʣʘʚʣʝʥ-

ʥʷ, ʦʂ 

ʊʝʧʣʦʪʘ 

ʧʣʘʚʣʝʥ-

ʥʷ Q, 

ʢɼʞ/ʢʛ 

ʇʠʪʦʤʘ 

ʊʝʧʣʦʻʤ-

ʥʽʩʪʴ, 

ʢɼʞ/ʢʛĿʂ 

ɻʫʩʪʠʥʘ 

ʢʛ/ʤ3 

ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜ- 

ʥʦʩʪʽ 

ɚʪʚ,ɺʪ/(ʤĿʂ) 

ɺôʷʟʢʽʩʪʴ 

ʇʘĿʩȚ10-3 
Ʌʪʚ Ʌʞ 

ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʴ 293-298 146 2,26  1100 0,16 11,5 

ʦʢʪʘʜʝʢʘʥ 301 244 2,18 744  0,15 3,9 

ʇʘʨʘʬʽʥ 46-48 320 209 2,08 800  0,34 3 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʟʥʽʤʘʻ ʧʠʪʘʥʥʷ 

ʢʦʨʦʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʨʧʫʩʫ, ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ 

ʟʘʧʘʩʘʻʪʴʩʷ, ʥʝʧʦʛʘʥʽ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ʈʦʟʨʦʙʣʝʥʽ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ 

ʩʧʦʩʦʙʠ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ (ʢʨʘʬʪ - ʧʦʣʽʤʝʨʠʟʘʮʽʷ - 

ʤʦʜʠʬʽʢʘʮʽʷ ʽ ʪ. ʧ.) ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʟ ʷʚʥʦ ʚʠʨʘʞʝʥʦʾ 

ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ. ʆʜʥʘʢ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʪʠ ʧʣʘʚʣʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʜʦʚʛʠʭ ʣʘʥʮʶʞʢʽʚ ʤʦʣʝʢʫʣ 

ʧʦʣʽʤʝʨʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʤʘʛʘʻ ʨʦʟʚʠʥʝʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʪʝʧʣʦʦʙʤʽʥʫ ʚʥʘʩʣʽʜʦʢ ʥʠʟʴʢʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʊɸʄ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʨʛʘʥʽʯʥʠʭ ʊɸʄ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.1.4. 

ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ ʟ ʬʘʟʦʚʠʤ ʧʝʨʝʭʦʜʦʤ (ɸʊʌʇ) ʧʦʚʠʥʥʘ ʧʨʦʚʦʜʠʪʠʩʷ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ ʢʦʤʧʦʥʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ, ʜʣʷ ʷʢʦʾ ʚʽʥ 

ʧʨʠʟʥʘʯʘʻʪʴʩʷ. ʆʩʥʦʚʦʶ ʙʫʜʴ-ʷʢʦʛʦ ɸʊʌʇ ʻ ʊɸʄ, ʦʜʥʘʢ ʯʝʨʝʟ ʚʽʜʤʽʥʥʦʩʪʽ 

ʩʧʦʩʦʙʽʚ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʜʦ ʊɸʄ ʢʦʥʩʪʨʫʢʮʽʾ ʾʭ ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ɸʊʌʇ ʟ ʧʨʦʤʽʞʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ, 

ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʛʘʟ ʘʙʦ ʨʽʜʠʥʫ, ʱʦ ʟʜʽʡʩʥʶʻ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ 

ɸʊʌʇ ʧʨʠ ʡʦʛʦ ʟʘʨʷʜʞʘʥʥʽ ʽ ʚʽʜ ɸʊʌʇ ʜʦ ʩʧʦʞʠʚʘʯʘ ʧʨʠ ʨʦʟʨʷʜʞʝʥʥʽ. ʋ ʮʴʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʽ ʪʠʧʠ ɸʊʌʇ [9, 31, 34]: ʟʽ ʩʢʨʝʙʢʦʚʠʤ 
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ʚʠʜʘʣʝʥʥʷʤ ʊɸʄ; ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʚʠʜʘʣʝʥʥʷʤ ʊɸʄ;  ʟ ʧʨʷʤʠʤ ʢʦʥʪʘʢʪʦʤ ʽ 

ʧʨʦʢʘʯʫʚʘʥʥʷʤ ʊɸʄ. 

ʋ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʥʘ ʨʠʩ. 1.11. ʪʝʧʣʦʥʦʩʽʡ ʽ ʊɸʄ ʨʦʟʜʽʣʝʥʽ 

ʥʝʧʨʦʥʠʢʥʦʶ ʩʪʽʥʢʦʶ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʩʤʽʯʝʥʥʷ ʊɸʄ 

ʜʦʤʽʰʢʘʤʠ ʪʝʧʣʦʥʦʩʽʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɸʊʌʇ ʽ ʟ ʧʨʷʤʠʤ 

ʢʦʥʪʘʢʪʦʤ ʪʝʧʣʦʥʦʩʽʷ ʟ ʊɸʄ. ʇʝʨʝʚʘʛʦʶ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʟʥʠʞʝʥʥʷ 

ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ [9,24, 46]. 

 
ʈʠʩ. 1.11. ʉʭʝʤʠ ɸʊʌʇ: ʘ) ʢʦʞʫʭʦʪʨʫʙʥʠʡ; ʙ) ʢʘʧʩʫʣʴʥʠʡ; 

1 ï ʢʦʨʧʫʩ; 2 ï ʊɸʄ; 3 ï ʪʝʧʣʦʥʦʩʽʡ; 4 ï ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 5 ï ʚʠʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 

6 ï ʪʨʫʙʥʘ ʜʦʰʢʘ; 7 ï ʦʙʤʝʞʫʚʘʣʴʥʘ ʩʽʪʢʘ. 

ʅʘ ʨʠʩ. 1.12. ʧʦʢʘʟʘʥʠʡ ɸʊʌʇ ʨʫʣʦʥʥʦʛʦ ʪʠʧʫ. ʋ ʮʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʊɸʄ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʤʽʜʥʠʤʠ ʣʠʩʪʘʤʠ, ʟʛʦʨʥʫʪʠʤʠ ʚ ʩʧʽʨʘʣʴ. ʋ ʚʽʣʴʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʪʝʧʣʦʥʦʩʽʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʩʪʨʫʢʮʽʷ 

ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʦʟʥʘʢʠ ʢʦʞʫʭʦʪʨʫʙʥʦʛʦ ʽ ʢʘʧʩʫʣʴʥʦʛʦ ɸʊʌʇ.  

 
ʈʠʩ. 1.12. ɸʊʌʇ ʨʫʣʦʥʥʦʛʦ ʪʠʧʫ 

ʘ) ʙ) 
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ɸʊ, ʱʦ ʚʠʢʦʨʠʩʪʘʶʪʴ ʪʝʧʣʦʪʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʤʘʶʪʴ ʙʽʣʴʰʫ ʦʙ'ʻʤʥʫ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ, ʜʷʢʫʶʯʠ ʯʦʤʫ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʤʘʩʘ ʡ ʦʙʩʷʛ ɸʊ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʻʤʥʽʩʥʠʤʠ ɸʊ, ʽ ʧʦʩʪʽʡʥʫ ʨʦʙʦʯʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʥʠʟʴʢʠʡ ʪʠʩʢ. ʆʜʥʘʢ ʚʦʥʠ 

ʚʦʣʦʜʽʶʪʴ ʽ ʨʷʜʦʤ ʥʝʜʦʣʽʢʽʚ: ʢʦʨʦʟʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʜʝʛʨʘʜʘʮʽʷ ʚ ʯʘʩʽ ʡ ʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʨʦʟʚʠʥʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʧʣʦʦʙʤʽʥʫ [9,31,45]. 

ʊʘʙʣʠʮʷ 1.5. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʟʚʦʨʦʪʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ 

 
ɸʊ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʬʦʪʦʭʽʤʽʯʥʠʭ ʽ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ, ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ ʘʢʫʤʫʣʶʚʘʥʥʷ ʡ ʟʙʝʨʽʛʘʪʠ ʝʥʝʨʛʽʶ ʪʨʠʚʘʣʠʡ ʯʘʩ ʙʝʟ 

ʚʪʨʘʪ. ʅʘʧʨʠʢʣʘʜ, ʚʠʧʘʨʶʶʯʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚʦʜʫ ʟ ʨʦʟʯʠʥʫ 

ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ, ʧʽʜʚʠʱʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʦʩʪʘʥʥʴʦʾ, ʘ ʧʦʪʽʤ ʦʜʝʨʞʫʶʪʴ 

ʝʥʜʦʪʝʨʤʽʯʥʝ ʪʝʧʣʦ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʾʾ ʨʦʟʚʝʜʝʥʥʽ. ɺʽʜʦʤʠʡ ʧʨʦʮʝʩ 

ʨʦʟʱʝʧʣʝʥʥʷ ʩʽʨʯʘʥʦʛʦ ʘʥʛʽʜʨʠʜʫ ʥʘ ʩʽʨʯʠʩʪʠʡ ʘʥʛʽʜʨʠʜ ʽ ʢʠʩʝʥʴ, ʱʦ ʧʨʦʪʽʢʘʻ ʟ 

ʧʦʛʣʠʥʘʥʥʷʤ ʝʥʝʨʛʽʾ.  ʅʘʜʘʣʽ  ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʢʦʤʙʽʥʘʮʽʷ ʚʠʭʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟ 

ʚʠʜʽʣʝʥʥʷʤ ʝʥʜʦʪʝʨʤʽʯʥʦ ʾʪʝʧʣʦʪʠ [10,15]. ɺ ʪʘʙʣʠʮʽ 1.5. ʥʘʚʝʜʝʥʦ ʟʚʦʨʦʪʥʽ ʭʽʤʽʯʥʽ 

ʨʝʘʢʮʽʾ ʜʝʷʢʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʭʽʤʽʯʥʠʭ ʘʢʫʤʫʣʷʪʦʨʘʭ 

ʝʥʝʨʛʽʾ [7,11]. 

 
ʈʠʩ. 1.13. ɸʢʫʤʫʣʷʮʽʷ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʚʦʜʥʶ. 
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ɸʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʚʦʜʥʶ (ʨʠʩ.1.13) ʤʘʻ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ. ɿ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʚʦʜʝʥʴ - ʮʝ ʘʣʴʪʝʨʥʘʪʠʚʘ ʥʘʬʪʽ ʪʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ, ʧʨʠ 

ʮʴʦʤʫ: 

- ʟʘʧʘʩʠ ʚʦʜʥʶ ʚ ʩʢʣʘʜʽ ʚʦʜʠ ʧʨʘʢʪʠʯʥʦ ʥʝʚʠʯʝʨʧʥʽ; 

- ʪʝʧʣʦʪʘ ʟʛʦʨʘʥʥʷ ʚʦʜʥʶ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʚʠʱʘ, ʥʽʞ ʫ ʧʨʠʨʦʜʥʠʭ ʛʘʟʽʚ; 

- ʚʦʜʝʥʴ ʷʢ ʧʘʣʠʚʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʧʣʦʚʦʾ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʫ ʜʚʠʛʫʥʘʭ ʨʽʟʥʦʛʦ ʚʠʜʫ; 

- ʚʦʜʝʥʴ - ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʝ ʧʘʣʠʚʦ. 

ʉʠʩʪʝʤʘ ʘʢʫʤʫʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʦʜʥʶ ʟʘʙʝʟʧʝʯʫʻ: 

- ʩʪʘʙʽʣʴʥʝ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ; 

- ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ; 

- ʦʪʨʠʤʘʥʥʷ ʧʘʣʠʚʘ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʎʠʢʣ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʥʶ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʜʝʨʞʘʥʥʽ ʛʽʜʨʠʪʥʦʾ ʬʦʨʤʠ 

ʨʝʯʦʚʠʥʠ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʪʠʩʢʫ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʜʽʣʝʥʥʷʤ 

ʚʦʜʥʶ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʨʝʯʦʚʠʥʠ. ʅʝʜʦʣʽʢ ʪʝʨʤʦʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ 

ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪʫ ʚʽʜ ʜʦʤʽʰʦʢ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ [16,20]. 

ʍʽʤʽʯʥʽ ʩʧʦʩʦʙʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʢʮʽʡ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʪʘ ʛʽʜʨʘʪʘʮʽʾ (ʜʝʛʽʜʨʘʪʘʮʽʾ), ʭʽʤʽʯʥʠʭ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʽ ʪʝʧʣʦʚʠʭ 

ʥʘʩʦʩʽʚ. 

ʇʨʠ ʘʢʫʤʫʣʶʚʘʥʥʽ ʝʥʝʨʛʽʾ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʤʘʶʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʪʘʢʽ ʢʨʠʪʝʨʽʾ: 

ʨʝʘʣʽʟʘʮʽʷ ʟʘ ʜʦʩʪʫʧʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ; 

ʦʙʦʨʦʪʥʽʩʪʴ ʧʨʠ ʚʝʣʠʢʦʤʫ ʚʠʭʦʜʽ ʧʨʦʜʫʢʪʽʚ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʱʦ ʜʦʩʷʛʘʶʪʴʩʷ ʚ 

ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ ʽ ʥʘ ʚʠʭʦʜʽ ʟ ʘʢʫʤʫʣʷʪʦʨʘ; ʰʚʠʜʢʦʧʣʠʥʥʽʩʪʴ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ 

ʤʘʣʽʡ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʯʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʘʪʘʣʽʟʘʪʦʨʘ; ʧʨʦʜʫʢʪʠ ʥʝʢʘʪʘʣʽʪʠʯʥʦʾ 

ʨʝʘʢʮʽʾ ʧʦʚʠʥʥʽ ʥʘʜʽʡʥʦ ʨʦʟʜʽʣʷʪʠʩʷ ʪʘ ʟʙʝʨʽʛʘʪʠʩʷ, ʘ ʢʘʪʘʣʽʪʠʯʥʦʾ ï ʟʙʝʨʽʛʘʪʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʯʘʩʫ ʾʭ ʟʙʝʨʽʛʘʥʥʷ; ʨʝʘʛʝʥʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʘʶʪʴ ʙʫʪʠ ʜʦʩʪʫʧʥʠʤʠ ʚ ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ ʪʘ ʟʘ ʥʝʚʝʣʠʢʦʾ ʚʘʨʪʦʩʪʽ [18,21,22]. 

ɸʊ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʦʙʦʨʦʪʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʝʥʝʨʛʽʾ ʪʝʧʣʦʪʠ ʧʨʠ ʤʘʣʦʤʫ ʦʙʩʷʟʽ 
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ʊɸʄ ʽ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʨʷʜʫ, ʘʣʝ ʧʨʠ ʾʭʥʴʦʤʫ ʩʪʚʦʨʝʥʥʽ 

ʚʠʥʠʢʘʶʪʴ ʫʩʢʣʘʜʥʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʽ ʥʝʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʚʽʜʦʤʠʭ ʜʝʰʝʚʠʭ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ ʽ ʚʠʜʽʣʝʥʥʷʤ ʛʘʟʽʚ ʫ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ [25,32, 36,37]. 

 

1.2. ʄʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʘʢʫʤʫʣʷʪʦʨʽ ʪʝʧʣʦʪʠ ʪʘ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙôʻʤʫ ʘʢʫʤʫʣʷʪʦʨʘ 

ʪʝʧʣʦʪʠ. 

ʉʠʩʪʝʤʠ ʩʦʥʷʯʥʦʛʦ ʦʧʘʣʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽʩʪʦʪʥʦʶ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʤʽʞ 

ʩʝʟʦʥʥʦʶ ʧʨʦʧʦʟʠʮʽʻʶ ʪʝʧʣʦʪʠ ʽ ʧʦʧʠʪʦʤ ʥʘ ʪʝʧʣʦʪʫ. ʊʦʤʫ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʝʦʙʭʽʜʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ. ɼʣʷ ʥʝʚʝʣʠʢʠʭ 

ʙʫʜʽʚʝʣʴ ï ʢʦʪʝʜʞʽʚ ï ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʦʻʤʥʽʩʥʠʭ ɸʊ. ɼʦʮʽʣʴʥʽʩʪʴ ʩʝʟʦʥʥʦʛʦ ɸʊ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʟʜʘʪʥʽʩʪʶ 

ʥʘʢʦʧʠʯʫʚʘʪʠ ʽ ʟʙʝʨʽʛʘʪʠ ʪʨʠʚʘʣʠʡ ʯʘʩ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ. ʈʦʟʛʣʷʜ ʪʘʢʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ɸʊ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʘʙʦ ʟʤʽʥʥʠʭ ʨʦʟʤʽʨʘʭ 

ʧʨʠʩʪʨʦʶ. ɺʠʙʽʨ ʨʦʟʤʽʨʽʚ ʟʘʟʚʠʯʘʡ ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʟʨʫʯʥʽʩʪʶ ʨʦʟʪʘʰʫʚʘʥʥʷ ɸʊ ʚ 

ʤʝʞʘʭ ʟʘʜʘʥʦʾ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʘʙʦ ʧʣʦʱʽ ʙʫʜʽʚʣʽ (ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ɸʊ ʧʽʜ ʥʝʶ), 

ʪʦʤʫ ʜʣʷ ʨʦʟʛʣʷʜʫ ʙʫʚ ʦʙʨʘʥʠʡ ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ. ʇʨʠ ʬʽʢʩʦʚʘʥʠʭ 

ʨʦʟʤʽʨʘʭ ʢʽʣʴʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʦʾ ʝʥʝʨʛʽʾ ʚ ɸʊ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ 

ʥʴʦʤʫ [22,39,40]. 

ʇʦʢʘʟʥʠʢʦʤ ʜʣʷ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʽʚ 

ʥʘʢʦʧʠʯʝʥʥʷ  ʪʝʧʣʦʪʠ ʧʨʠ ʨʦʙʦʪʽ ʛʝʣʽʦʩʠʩʪʝʤʠ ʚ ʣʽʪʥʽʡ ʩʝʟʦʥ  ̔ʟʙʝʨʽʛʘʥʥʷ ʾʾ ʜʣʷ 

ʚʽʜʙʦʨʫ ʜʣʷ ʩʠʩʪʝʤ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʚ ʟʠʤʦʚʠʡ ʩʝʟʦʥ. ɸʢʫʤʫʣʶʶʯʘ ʟʜʘʪʥʽʩʪʴ 

ʧʨʠʩʪʨʦʶ ʟ ʊɸʄ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ɸʊ. ʉʘʤʝ ʥʘʷʚʥʽʩʪʴ 

ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʚʽʜʨʽʟʥʷʻ ʨʦʟʛʣʷʥʫʪʠʡ ʪʠʧ ɸʊ ʚʽʜ ˇʨʫʥʪʦʚʠʭ ɸʊ [19,22]. ɸʥʘʣʽʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʩʫʯʘʩʥʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʻ ʧʽʥʦʩʢʣʦ ʘʙʦ ʧʨʦʧʽʣʝʥʦʚʘ ʽʟʦʣʷʮʽʷ [44]. ʇʨʠ ʮʴʦʤʫ ʪʦʚʱʠʥʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦʙ ʧʨʠ ʭʦʣʦʩʪʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ɸʊ ʪʨʠʚʘʣʠʡ 

ʯʘʩ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘʜʘʥ ̔ ʚ ʢʽʥʮʽ ʬʘʟʠ 

ʨʦʟʨʷʜʞʝʥʥʷ ɸʊ. ɿʘʨʷʜʞʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʷʢ ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ 

ʧʝʨʽʦʜ, ʪʘʢ ʽ ʚʟʠʤʢʫ - ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʾ ʽʥʩʦʣʷʮʽʾ, ʱʦ ʩʧʨʠʷʻ ʟʘʙʝʟʧʝʯʝʥʥʶ 
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ʟʘʜʘʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʽʚʥʷ ʥʘʛʨʽʚʫ ʪʝʧʣʦʥʦʩʽʷ. ʇʦʢʘʟʥʠʢʠ ɸʊ (ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʦʩʷʛʘʪʁʴʩʷ, ʽ ʾʭ ʧʽʜʪʨʠʤʢʘ ʚ ʧʝʚʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ), ʷʢ 

ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʩʪʫʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʣʽʦʩʠʩʪʝʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʛʝʣʽʦʩʠʩʪʝʤʠ ʾʾ ʧʦʪʫʞʥʽʩʪʴ ʧʦʚʠʥʥʘ ʢʦʨʝʣʶʚʘʪʠʩʷ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɸʊ. 

ʅʘʷʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʟʤʽʥʶʻ ʨʽʯʥʝ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊɸʄ ʚ ɸʊ (ʨʠʩ. 1.14.). ɹʝʟ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʉʊʂ, ʤʦʞʥʘ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʾʭ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʛʝʣʽʦʩʠʩʪʝʤʠ, - ʦʧʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ŰŬ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʪʝʧʣʦʪʠ U. ʅʘ ʛʨʘʬʽʢʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʫ ʉʊʂ (   = 0,6) ʟ ʨʽʟʥʦʶ ʘʢʪʠʚʥʦʶ ʧʣʦʱʝʶ ɸ ʽ 

ʧʨʠ ʟʤʽʥʥʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ Qo
p, ʟʥʘʡʜʝʥʦʛʦ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʦʧʘʣʝʥʥʷ (ʥʘʡʭʦʣʦʜʥʽʰʘ 

ʧôʷʪʠʜʝʥʢʘ) [47]. ʇʘʨʘʤʝʪʨʠ ɸ ʽ Qo
p ʦʙ'ʻʜʥʘʥʽ ʚ ʻʜʠʥʠʡ ʢʦʤʧʣʝʢʩ - ʧʠʪʦʤʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ  . ɸ ʪʘʢʦʞ ʚʚʦʜʠʪʴʩʷ ʧʘʨʝʤʝʪʨ, ʷʢʠʡ ʧʦʢʘʟʫʻ 

ʚʽʜʥʦʰʝʥʥʷ ʦʙ'ʻʤʫ ɸʊ ʜʦ ʧʣʦʱʽ ʉʊʂ - . 

ʇʨʠ ʚʝʣʠʢʦʤʫ ʧʠʪʦʤʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ɸʊ, 

ʷʢ ʧʨʠʩʪʨʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʥʦʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʥʠʟʴʢʘ [24]. 

ɿʘʧʘʩʫ ʪʝʧʣʦʪʠ ʣʝʜʴ ʚʠʩʪʘʯʘʻ ʥʘ ʦʜʠʥ ʤʽʩʷʮʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʦʶ ʦʧʘʣʝʥʥʷ 

(ʣʽʥʽʾ 1', 2', 3'). ɿʥʠʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʘʚʪʦʥʦʤʥʦʛʦ 

ʨʦʙʦʯʦʛʦ ʭʦʜʫ ɸʊ, ʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ AT ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʦʢʘʟʥʠʢʽʚ, 

ʧʨʠ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʝ ʥʝʦʙʭʽʜʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ 

ʦʧʘʣʝʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ɸʊ ʚ 

ʛʝʣʽʦʩʠʩʪʝʤʽ. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʢʨʠʚʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ ʯʘʩʪʠʥʠ. ʇʝʨʰʘ 

ʟ ʥʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʨʷʜʞʘʥʥʶ ɸʊ ʚ ʣʽʪʥʽʡ ʩʝʟʦʥ, ʻ ʦʜʥʘʢʦʚʦʶ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʘʣʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜ 

ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʉʊʂ). ɼʨʫʛʘ ʯʘʩʪʠʥʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʠʤʦʚʦʤʫ ʩʝʟʦʥʫ, ʪʦʙʪʦ 

ʧʝʨʽʦʜʫ ʨʦʟʨʷʜʞʝʥʥʷ ɸʊ, ʟʘʣʝʞʠʪʴ ʽ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʽ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ [11,18]. 
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ʈʠʩ. 1.14. ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ɸʊ ʚʽʜ ʤʽʩʷʮʷ ʨʦʢʫ, ʧʠʪʦʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ  ʪʘ ʚʽʜʥʦʰʝʥʥʷ    ʧʨʠ  =0,6 (ɺʪ/ʤ2Ŀʂ) 

ʄʝʪʦʜ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ [47] ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʙʩʷʛʫ 

ʩʝʟʦʥʥʦʛʦ ɸʊ ʽ ʧʣʦʱʽ ʉʊʂ  ,  ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʦʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʚ ʟʘʜʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ɸʊ ʽ ʉʊʂ, ʷʢʱʦ ʚʦʥʠ ʟʘʙʝʟʧʝʯʘʪʴ ʟʘʜʘʥʝ ʪʝʧʣʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʜʫʙʣʶʶʯʦʛʦ 

ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʤ 
̏̐̓
. ɿʽ ʟʨʦʩʪʘʥʥʷʤ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʚʽʜʥʦʰʝʥʥʷ 
̏̐̓

 ʟʤʝʥʰʫʻʪʴʩʷ. 

ɿʘʣʝʞʥʽʩʪʴ ʥʝʣʽʥʽʡʥʘ ï ʟʨʦʩʪʘʥʥʷ  ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʫ ʟʤʽʥʠ 
̏̐̓
. ʅʘ 

ʮ  ʁʟʘʣʝʞʥʽʩʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʪʘʢʦʞ ʤʘʻ ʢʦʥʩʪʨʫʢʮʽʷ ʉʊʂ. ɿ ʨʦʩʪʦʤ ʢʦʤʧʣʝʢʩʫ 

ʧʘʨʘʤʝʪʨʽʚ , ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʂ, 
̏̐̓

  

ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʚʧʣʠʚ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʬʫʥʢʮʽʶ ʪʘʢʦʞ ʟʥʠʞʫʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʉʂ ʟ 

ʩʝʟʦʥʥʠʤ ɸʊ ʜʦʟʚʦʣʷʻ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʉʊʂ ʽ ɸʊ ʟʘʙʝʟʧʝʯʠʪʠ 

ʘʚʪʦʥʦʤʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ [5,7,10].  

ʅʘ ʘʚʪʦʥʦʤʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʣʠʚʘʻ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʩʘʤʦʛʦ ɸʊ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ɸʊ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʢʦʨʠʩʥʦʾ ʤʘʩʠ 

ʄʽʩʷʮʽ 
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ʊɸʄ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ, ʦʪʨʠʤʘʥʫ ʚʽʜ ɸʊ ʧʨʠ ʨʦʟʨʷʜʞʝʥʥʽ ʜʦ 

ʩʫʤʘʨʥʦʾ ʤʘʩʠ ʊɸʄ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟ ɸʊ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʪʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʷʚʥʠʡ ʦʙʣʽʢ ʚʪʨʘʪ ʚʩʝʨʝʜʠʥʽ ɸʊ. 

ʇʨʦʮʝʩʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʊɸʄ ʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟʚ'ʷʟʢʫ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ ʨʝʯʦʚʠʥ. ɺʠʭʦʜʷʯʠ 

ʟ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʜʣʷ ʥʝʟʘʤʢʥʝʥʦ ʾʩʠʩʪʝʤʠ ʧʦʩʪʽʡʥʦʛʦ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʊ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʤʽʥʠ ʤʘʩʠ, ʦʙ'ʻʤʫ, ʪʠʩʢʫ, ʝʥʪʘʣʴʧʽʾ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʊɸʄ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʭ ʾʭ ʢʦʤʙʽʥʘʮʽʡ [9, 48]. ɿʘʣʝʞʥʦ ʚʽʜ 

ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʷʤʝ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ, ʢʦʣʠ ʊɸʄ ʻ 

ʦʜʥʦʯʘʩʥʦ ʽ ʪʝʧʣʦʥʦʩʽʻʤ, ʥʝʧʨʷʤʝ ʘʢʫʤʫʣʶʚʘʥʥʷ - ʟʘ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ 

ʘʢʫʤʫʣʶʶʪʴ ʪʘ ʧʝʨʝʜʘʶʪʴ ʪʝʧʣʦʪʫ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʚʠʜʠ ʩʠʤʙʽʦʟʫ ʥʘʟʚʘʥʠʭ ʚʠʧʘʜʢʽʚ. 

ɿʤʽʥʘ ʝʥʪʘʣʴʧʽʾ (ʊɸʄ) ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʷʢ ʽʟ ʟʤʽʥʦʶ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘʢ ʽ ʙʝʟ 

ʪʘʢʦʾ - ʚ ʧʨʦʮʝʩʽ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ (ʥʘʧʨʠʢʣʘʜ, ʪʚʝʨʜʝ - ʪʚʝʨʜʝ, ʪʚʝʨʜʝ - ʨʽʜʢʝ, 

ʨʽʜʢʝ - ʧʘʨ). ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ɸʊ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

(ʩʪʨʘʪʠʬʽʢʘʮʽʾ) ʨʽʜʠʥʥʦʛʦ ʊɸʄ (ʨʠʩ.1.2.ʘ): 

( ) ( ) ( ),s
p s u s s ʥʘʚ

dT
m ʩ Q L UA T T

dt
Ö = - - - 1.2 

ʜʝ m ï ʤʘʩʘ ʥʘʛʨʽʪʦʾ ʚʦʜʠ, ʢʛ; ʩp ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ, ɼʞ/(ʢʛĿʂ); Ts  ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʠ ʚ ɸʊ, ʦʉ; Ű  ï ʯʘʩ, ʩ; Qu  ï ʪʝʧʣʦʪʘ, ʷʢʘ ʧʦʩʪʫʧʘʻ ʚʽʜ ʉʊʂ, ɺʪ; L  ï ʪʝʧʣʦʪʘ, ʷʢʘ 

ʚʽʜʚʦʜʠʪʴʩʷ ʜʦ ʩʧʦʞʠʚʘʯʘ, ɺʪ; UA  ï ʜʦʙʫʪʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʘ ʧʣʦʱʫ 

ʧʦʚʝʨʭʥʽ ɸʊ, ɺʪ/ʂ; Tʥʘʚï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʉ.  

ʗʢʱʦ ʨʽʚʥʷʥʥʷ ʟʘʧʠʩʘʪʠ ʚʽʜʥʦʩʥʦ Qu: ὗ ὋϽ̒ Ὕȟ Ὕ  1.3 

ʜʝ G ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ, ʢʛ/ʩ; TC,0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ 

ʉʊʂ, ʦʉ. 

ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ɸʊ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʘʪʠʬʽʢʘʮʽʾ ʊɸʄ ʽ ʟ 

ʚʥʫʪʨʽʰʥʽʤʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʤʠ ʜʣʷ ʟʘʨʷʜʞʝʥʥʷ (ʷʢʠʡ ʥʘʛʨʽʚʘʻ ʊɸʄ) ʪʘ 

ʨʦʟʨʷʜʞʝʥʥʷ (ʷʢʠʡ ʟʘʙʠʨʘʻ ʟʘʢʫʤʫʣʴʦʚʘʥʫ ʪʝʧʣʦʪʫ ʚʽʜ ʊɸʄ)  [49,50] (ʨʠʩ. 1.15):  

,0 ,( ) ( ),u p c C C iQ G ʩ T T= Ö -   1.4 

ʜʝ  TC,0 ï ʊʉ,ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ: 

( ) /( ),0 ,

,0

1 ,c p cUA G CC C i

C s

T T
e

T T

- Ö-
= -

-
 

 1.5 
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ʈʠʩ.1.15. ɺʦʜʷʥʠʡ ɸʊ  ʟ ʧʝʨʝʤʽʰʘʥʠʤ ʊɸʄ (ʚʦʜʘ), ʚ ʷʢʠʡ ʪʝʧʣʦʪʘ ʧʽʜʚʦʜʠʪʴʩʷ 

ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ (ʟʘʨʷʜʞʝʥʥʷ) ʉ, ʘ ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ L 

(ʨʦʟʨʷʜʞʝʥʥʷ). 

ɺʽʜʚʽʜ ʪʝʧʣʦʪʠ ʩʧʦʞʠʚʘʯʫ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ L ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʽʜʥʦʰʝʥʥʷ: 

, ,0( ) ( ),L p L L i LQ G ʩ T T= Ö -   1.6 

ʜʝ  TL,i ï ʊL,0 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ: 

( ) /( ), ,0

,0

1 ,L p LUA G CL i L

s L

T T
e

T T

- Ö-
= -

-
 

 1.7 

ɺ ɸʊ ʟ ʪʚʝʨʜʠʤ ʊɸʄ [50,51] (ʩʭʝʤʘ ɸʊ ʟ ʰʘʨʦʚʦʶ ʥʘʩʘʜʢʦʶ ʨʠʩ. 1.6.) ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʽ-ʛʦ ʰʘʨʫ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʥʘʩʘʜʢʠ ɸʊ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ: 

,

, , ,( ) ( ) ,
b i

p b v f i b i ʚʪʨʘʪʠ ʽ

dT
ʩ F x F x T T Q

d
r a

t
Ö Ö ÖD = Ö ÖD - - 

 1.8 

ʜʝ ɟ  ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʰʘʨʦʚʦʾ ʥʘʩʘʜʢʠ, ʢʛ/ʤ
3; ʩʨ  ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʥʘʩʘʜʢʠ, ɼʞ/(ʢʛȚʂ); ȹʭ  ï ʪʦʚʱʠʥʘ ʽ-ʛʦ ʰʘʨʫ ʥʘʩʘʜʢʠ, ʤ; F  ï ʧʣʦʱʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘʩʘʜʢʠ, ʤ2; ŬV  ï  ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘʩʘʜʢʠ ʟ ʦʜʠʥʠʮʽ 

ʧʣʦʱʽ: ‌ Ͻ‌ ; Tb,i   ï ʪʝʤʧʝʨʘʪʫʨʘ i-ʛʦ ʰʘʨʫ ʥʘʩʘʜʢʠ, Áʉ; Tf,i   ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ i-ʛʦ ʰʘʨʫ ʥʘʩʘʜʢʠ, Áʉ.  

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʪʝʧʣʦʻʤʥʽʩʪʶ ʪʝʧʣʦʥʦʩʽʷ (ʟʘʟʚʠʯʘʡ ʮʝ ʧʦʚʽʪʨʷ), ʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ Tf,i  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

, , 1 , 1 ,( ),
( )

v
f i f i f i b i

p C

F x
T T T T

G ʩ

a
- -

Ö ÖD
= - -

Ö
  1.9 

1.3.ʇʨʦʮʝʩʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʣʘʤʽʥʘʨʥʽʡ ʪʝʯʽʾ ʚ ʢʘʥʘʣʘʭ. 

ɺ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʟʘʨʷʜʞʘʥʥʷ ʪʘ ʨʦʟʨʷʜʞʝʥʥʷ ɸʊ ʤʠ ʤʘʻʤʦ ʣʘʤʽʥʘʨʥʫ ʪʝʯʽʶ. 

ʆʧʠʰʝʤʦ ʧʨʦʮʝʩ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʣʘʤʽʥʘʨʥʽʡ ʪʝʯʽʾ. ʇʨʠ ʩʪʘʣʽʡ ʧʨʷʤʦʣʽʥʽʡʥʽʡ, 
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ʩʠʤʝʪʨʠʯʥʽʡ, ʽʟʦʪʝʨʤʽʯʥʽʡ ʣʘʤʽʥʘʨʥʽʡ ʪʝʯʽʾ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʪʦʢʫ ὈύὨὸπϳ , 

ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ  ʤʘʻ ʚʠʛʣʷʜ [52]: 

2

2

1
0

dp d w dw

dx dR R dR
m
å õ

- + + Ö =æ ö
ç ÷ , 

2 2
d dw dp

R R
dR dR dx

p m p
å õ

=æ ö
ç ÷  

1.11 

ʃʽʚʘ ʯʘʩʪʠʥʘ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʟʤʽʥʫ ʧʦ ʨʘʜʽʫʩʫ ʜʦʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʩʠʤʝʪʨʠʯʥʦʤʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʣʘʤʽʥʘʨʥʦʤʫ ʧʦʪʦʮʽ, ʘ ʧʨʘʚʘ ï ʩʠʣʠ 

ʪʠʩʢʫ, ʜʽʶʯʦʾ ʥʘ ʩʪʦʚʧ ʨʽʜʠʥʠ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ ʟ ʧʝʨʝʨʽʟʦʤ “Ὑ . 

ʈʦʟʛʣʷʥʫʪʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʝʨʰʝ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʨʦʙʦʪʘʭ ɻʘʛʝʥʘ ʽ 

ʇʫʘʟʝʡʣʷ [xx]. ɼʣʷ ʢʘʥʘʣʽʚ ʥʝʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʣʝʞʥʽʩʪʴ ʁὙὩ ʤʘʻ ʪʘʢʠʡ ʞʝ 

ʭʘʨʘʢʪʝʨ, ʘʣʝ ʟʤʽʥʶʻʪʴʩʷ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʥʦʞʥʠʢʘ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʦʩʪʽ [53]. 

ɿʽʩʪʘʚʣʝʥʥʷ ʧʨʦʬʽʣʝʡ ʰʚʠʜʢʦʩʪʝʡ ʚ ʣʘʤʽʥʘʨʥʦʤʫ ʪʘ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʦʪʦʢʘʭ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.16. 

 
ʈʠʩ. 1.16. ʇʨʦʬʽʣʽ ʰʚʠʜʢʦʩʪʝʡ ʚ ʪʨʫʙʽ: 1 ïʣʘʤʽʥʘʨʥʘ ʪʝʯʽʷ; 2 ï ʪʫʨʙʫʣʝʥʪʥʘ ʪʝʯʽʷ. 

ɯʥʪʝʛʨʫʻʤʦ ʮʝ ʨʽʚʥʷʥʥʷ ʽ ʧʨʠʡʤʘʻʤʦ ʜʦ ʫʚʘʛʠ ʫʤʦʚʫ: 
( )2 2

0

1

4

dp
W R R

dxm
=- -

 
1.12 

 ̅  ̆Ὑ- ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʪʨʫʙʠ. ʉʝʨʝʜʥʷ ʚʠʪʨʘʪʥʘ ʰʚʠʜʢʽʩʪʴ: 

0 2

0

2

0 0

1
2

8

R
R dp

w RWdR
R dx

p
p m
= =- Öñ

 
1.13 

ʇʦʻʜʥʫʻʤʦ ʜʚʽ ʦʩʪʘʥʥʽ ʬʦʨʤʫʣʠ, ʟʥʘʭʦʜʠʤʦ: 

0 2

0

2

0 0

1
2

8

R
R dp

w RWdR
R dx

p
p m
= =- Öñ

 
1.14 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʣʘʤʽʥʘʨʥʽʡ ʪʝʯʽʾ ʰʚʠʜʢʽʩʪʴ ʥʘ ʦʩʽ ʪʨʫʙʠ ʚ ʜʚʘ ʨʘʟʠ ʙʽʣʴʰʝ 

ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ [52]. ɺ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʥʘ ʦʜʠʥʠʮʶ 

ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʦʪʦʢʫ ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ ɼʘʨʩʽ: 

2ɕɟ /2
dp

w D
dx
- =

 
1.15 

ɺʠʟʥʘʯʘʻʤʦ ʪʝʧʣʦʚʽʜʜʘʯʫ ʧʨʠ ʣʘʤʽʥʘʨʥʽʡ ʪʝʯʽʾ, ʟʘʧʠʩʘʚʰʠ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ: 

2 2

2 2

1
ɚ R x

T T T T T T
c W W

R R R x t R x
r

å õµ µ µ µ µ µå õ
+ Ö + = + +æ ö æ ö

µ µ µ µ µ µç ÷ç ÷  
1.16 

ʧʽʜʩʪʘʚʣʷʻʤʦ ʚ ʥʴʦʛʦ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚʽʩʝʩʠʤʝʪʨʠʯʥʦʛʦ 

ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʣʘʤʽʥʘʨʥʦʛʦ ʧʦʪʦʢʫ:  πȠὡ π 1.16 

ɯ ʧʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ύ ʟ ʨʽʚʥʷʥʥʷ 1.14, ʦʪʨʠʤʫʻʤʦ: 

2
2 2

2 2

0

1 2
1

T T w R T T

R R R a R x x

è øå õµ µ µ µ
é ù+ = - -æ ö

µ µ µ µé ùç ÷ê ú  

1.17 

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʙʝʟʨʦʟʤʽʨʥʠʭ ʢʦʦʨʜʠʥʘʪ [54], ʚʚʘʞʘʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʽʥʢʠ ʪʨʫʙʠ 

ʧʦʩʪʽʡʥʦʶ, ʨʽʚʥʷʥʥʷ 1.17  ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ:              

( )
2 2

2

2 2

1
1Pe

X X

J J J J
x

x x x

µ µ µ µ
+ = - -

µ µ µ µ 
1.18 

ʜʝ ὖὩ ̨̋̑̉̓̆̑̊ ̃̆̋̌̆. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʞʝ ʧʨʠ ʈʝ>10 ʚʝʣʠʯʠʥʫ  Ⱦ‮‬‬s  ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʜʫʞʝ ʤʘʣʦʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʰʠʤ ʯʣʝʥʦʤ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ 1.18 ̔  ʚʚʘʞʘʪʠ, 

ʱʦ: 

( )
2

2

2

1
1Pe

X

J J J
x

x x x

µ µ µ
+ = -

µ µ µ 
1.19 

ʗʢ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ, ʪʘʢ ʽ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʨʽʜʠʥʠ ʙʝʟʨʦʟʤʽʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ  ‮ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʟʜʦʚʞ ʪʝʯʽʾ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʰʫʢʘʻʤʦ ʯʘʩʪʠʥʥʝ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 

1.19 ʫ ʚʠʛʣʷʜʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʚʦʭ ʬʫʥʢʮʽʡ, ʘʥʘʣʦʛʽʯʥʦ ʪʦʤʫ  ʷʢ ʮʝ ʨʦʙʠʣʦʩʷ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʪʽʣʘ, ʷʢʝ ʧʨʘʛʥʝ ʜʦ ʪʝʧʣʦʚʦʾ ʨʽʚʥʦʚʘʛʠ, ʽ, ʧʽʩʣʷ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʪʘ 

ʧʽʜʩʪʘʥʦʚʢʠ ʧʦʭʽʜʥʠʭ [53], ʦʪʨʠʤʫʻʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ:  
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1.20 

ɿʘʛʘʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʷʢʦʛʦ ʤʘʻ ʚʠʛʣʷʜ (1Ò ʽ Ò Ð)    
() ( )2Ɇ ɣ /ʽ iexp X PeJ x b= -

 1.21 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ: ()
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1.22 

ʇʦ ʨʦʟʨʘʭʫʥʢʘʭ ʅʫʩʩʝʣʴʪʘ:                        
() ()i i iA Xy x x=

 1.23 

ʂʦʝʬʽʮʽʻʥʪ ‍  ̓  ́ ὃ   ʧʨʠʚʝʜʝʥʽ ʚ [53] ʘ ʬʫʥʢʮʽʷ … ʧʨʠʚʝʜʝʥʘ ʚ [54]. 

ʉʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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1.24 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʩʪʽʥʮʽ ʪʨʫʙʠ ʤʘʶʪʴ ʚʠʛʣʷʜ:  ὥ Ὕ̒̓ Ὕ ‬ὝȾ‬ώ̒  ̓ 1.25 

ʇʨʠʡʤʘʻʤʦ ʜʦ ʫʚʘʛʠ, ʱʦ ώ Ὑ Ὑ, ʪʝʧʝʨ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ:  

( ) ( )
0

ɚ /x ʩʪ ʭ R
ʊ ʊ T Ra - = µ µ

 1.26 

ɿ ʚʠʚʝʜʝʥʦʾ ʬʦʨʤʫʣʠ ʚʠʜʥʦ, ʱʦ ʪʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʣʘʤʽʥʘʨʥʽʡ ʪʝʯʽʾ ʨʽʜʠʥʠ ʚ ʪʨʫʙʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ὥὼ″Ὀϳ . ʅʘ ʨʠʩ. 1.17 ʟʦʙʨʘʞʝʥʦ ʟʤʽʥʫ ʢʨʠʪʝʨʽʷ 

/ ɚx xNu Da=
 1.27 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʦʛʦ ʨʘʥʽʰʝ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ ʢʘʥʘʣʽʚ. 

ɼʣʷ ʢʨʫʛʣʦʾ ʪʨʫʙʠ ʛʨʘʥʠʯʥʝ(ʥʘʡʤʝʥʰʝ) ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʷ ʅʫʩʩʝʣʴʪʘ ʜʦʨʽʚʥʶʻ  

3,66. 

ʇʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʫ ʚʭʽʜʥʽʡ ʜʽʣʷʥʮʽ ʧʦʷʩʥʶʻʪʴʩʷ 

ʪʠʤ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʬʦʨʤʫʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʤʽʩʮʷ 

ʧʦʯʘʪʢʫ ʦʙʽʛʨʽʚʫ. ʇʨʠ ʮʴʦʤʫ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʨʷʜ ʩʪʽʥʢʠ ʪʨʫʙʠ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʧʝʨʝʨʽʟʽ, ʜʝ ʪʝʦʨʝʪʠʯʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʚʩʴʦʤʫ 

ʧʝʨʝʨʽʟʽ ʧʦʩʪʽʡʥʘ ʽ ʥʘ ʩʪʽʥʮʽ ʤʘʻ ʤʽʩʮʝ ʩʢʘʯʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ˟̒  ̓  ̅  ̏ ˟  ʜʦ 

ʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʞʝ ʩʪʘʙʽʣʴʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʧʦʣʶ [52,54]. 

ʇʨʠ ʟʘʜʘʚʘʥʥʽ ʫʤʦʚʠ ʧʦʩʪʽʡʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʩʪʽʥʮʽ ʪʨʫʙʠ 

(q=const) ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʠʭʦʜʠʪʴ ʪʨʦʭʠ ʙʽʣʴʰʠʤʠ 
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ʥʽʞ ʧʨʠ ʫʤʦʚʽ ˟̒  ̓  ÃÏÎÓÔ. ʉʪʘʙʽʣʽʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ Nu ʧʨʠ  q=const ʜʣʷ 

ʢʨʫʛʣʦʾ ʪʨʫʙʠ ʜʦʨʽʚʥʶʻ 4,36. 

 
ʈʠʩ. 1.17. ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʝʨʽʷ Nu ʚʽʜ ʢʦʤʧʣʝʢʩʫ ʈʝ D/x ʧʨʠ ʣʘʤʽʥʘʨʥʽʡ ʪʝʯʽʾ (Ŭ 

ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʩʝʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ): 1 ï ʢʨʫʛʣʘ ʪʨʫʙʘ; 2 ï

ʧʣʦʩʢʘ ʱʽʣʠʥʘ; 3 ïʨʽʚʥʦʩʪʦʨʦʥʥʽʡ ʪʨʠʢʫʪʥʠʢ. 

 

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʦʩʪʦʚʽʨʥʽ ʧʨʠ ʨʫʩʽ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʚ ʪʨʫʙʽ, ʘ ʙʽʣʴʰʽʩʪʴ 

ʨʽʜʠʥʥʠʭ ʊɸʄ, ʨʦʟʯʠʥʠ ʨʽʟʥʠʭ ʩʦʣʝʡ ʟ ʜʦʤʽʰʢʘʤʠ, ʤʽʥʝʨʘʣʴʥʝ ʤʘʩʣʦ, ʛʣʽʮʝʨʠʥ, ʻ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤ ʨʽʜʠʥʘʤʠ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʥʦʨʽʜʠʥ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ/ʝʪʠʣʝʥʛʣʽʢʦʣʶ ʧʽʜʚʠʱʫʶʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʢʦʣʝʢʪʦʨʽʚ [55], ʽ ʮʽ ʨʽʜʠʥʠ ʻ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤʠ ʪʘ ʻ ʧʠʪʘʥʥʷ ʧʦ ʦʩʦʙʣʠʚʦʩʪʷʤ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʜʣʷ 

ʪʘʢʠʭ ʪʝʧʣʦʥʦʩʽʾʚ [56]. ʊʦʙʪʦ, ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʮʝʩ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʨʠ 

ʣʘʤʽʥʘʨʥʽʡ ʪʝʯʽʾ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʚ ʪʨʫʙʘʭ ʪʘ ʢʘʥʘʣʘʭ.  

 

1.4. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

1. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʝ ʯʠʩʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʝʟʦʥʥʠʭ ɸʊ ʩʦʥʷʯʥʦ ʾ

ʪʝʧʣʦʪʠ, ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʟʘʚʞʜʠ ʦʯʝʚʠʜʥʘ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭʥʴʦʛʦ ʩʧʦʨʫʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʠʪʨʘʪʠ 

ʥʘ ʧʨʠʩʪʨʽʡ ʡ ʝʢʩʧʣʫʘʪʘʮʽʶ ɸʊ ʙʫʣʠ ʽʩʪʦʪʥʦ ʤʝʥʰʝ ʚʘʨʪʦʩʪʽ ʟʘʧʘʩʝʥʦʾ ʝʥʝʨʛʽʾ.  

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʩʝʟʦʥʥʦʛʦ ɸʊ ʜʣʷ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ 

ʩʠʩʪʝʤʠ ʉʊʂ ʻ ʥʝʜʦʮʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʪʝʧʣʦʪʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʉʊʂ ʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʪʝʧʣʦʚʪʨʘʪʠ ʚ 

ʥʘʚʢʦʣʠʰʥʽʡ ʰʘʨ ˇʨʫʥʪʫ. 
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3. ɺʩʪʘʥʦʚʣʝʥʽ ʚʠʤʦʛʠ ʜʦ ʊɸʄ: ʚʠʩʦʢʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʽ ʝʥʪʘʣʴʧʽʷ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ, ʧʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʽʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ; ʚʠʩʦʢʘ ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʽ ʡʦʛʦ 

ʭʽʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ; ʙʝʟʧʝʢʘ ʡ ʥʝ ʪʦʢʩʠʯʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ; ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ. 

4. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʩʠʩʪʝʤʘ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʶ ʟʜʘʪʥʽʩʪʶ 

ʘʙʦ ʧʠʪʦʤʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ, ɻɼʞ/ʤ3; ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, 0ʉ; 

ʰʚʠʜʢʽʩʪʶ ʧʽʜʚʝʜʝʥʥʷ ʡ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʧʨʠ ʟʘʨʷʜʞʘʥʥʽ ʡ ʨʦʟʨʷʜʞʝʥʥʽ ɸʊ, ʢɼʞ/ʩ 

ï ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʪʨʠʤʘʻʤʦ ʥʘʡʢʨʘʱʽ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʧʦʢʘʟʥʠʢʠ. 

5. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ɸʊ ʪʘ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʩʦʥʷʯʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ: ʚʘʨʪʦʩʪʽ ɸʊ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʘʨʪʽʩʪʴ 

ʩʧʦʨʫʜʞʝʥʥʷ ʨʝʟʝʨʚʫʘʨʫ (ʧʦʚʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨʝʟʝʨʚʫʘʨʘ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ), ʚʘʨʪʽʩʪʴ 

ʩʘʤʦʛʦ ʊɸʄ; ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊɸʄ; ʚʘʨʪʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊ; ʚʘʨʪʦʩʪʽ ʡ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʣʽʦʢʦʣʝʢʪʦʨʽʚ (ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʨʦʛʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʤʧʦʨʪʥʠʭ ʛʝʣʽʦʢʦʣʝʢʪʦʨʽʚ). 

6. ɿ ʦʛʣʷʜʫ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʩʽ ʚʠʜʠ ɸʊ ʧʨʘʮʶʶʪʴ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʪʝʧʣʦʚʦʤʫ 

ʨʝʞʠʤʽ, ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ ʻ ʧʽʜʚʠʱʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

- ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʟʘʨʷʜʞʝʥʥʷ ʽ ʨʦʟʨʷʜʞʝʥʥʷ ʰʣʷʭʦʤ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʊ ʽ ʡʦʛʦ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ʆʩʢʽʣʴʢʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ɸʊ ʟ ʪʚʝʨʜʠʤ ʊɸʄ ʤʘʻ ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ï ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ɸʊ. 

7.  ɯʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʮʝʩ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʨʠ ʣʘʤʽʥʘʨʥʽʡ ʪʝʯʽʾ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʚ ʪʨʫʙʘʭ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ 

ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʦʙôʻʤʽ ɸʊ ʪʘ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʟʘʨʷʜʞʘʥʥʷ ʪʘ ʨʦʟʨʷʜʞʘʥʥʷ ɸʊ. 

8. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʟʦʥʥʦʛʦ ɸʊ ʜʣʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʦʪʪʝʜʞʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 
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ʈʆɿɼɯʃ 2. ʊɽʆʈɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɸʂʋʄʋʃʗʊʆʈɸ ʊɽʇʃʆʊʀ ɿ 

ʊɺɽʈɼʀʄ ʊɸ ʈɯɼʀʅʅʀʄ ʊɽʇʃʆɸʂʋʄʋʃʖʖʏʀʄʀ 

ʄɸʊɽʈɯɸʃɸʄʀ 

2.1. ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʛʝʣʽʦʢʦʣʝʢʪʦʨʘʤʠ 

ʪʘ ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʪʠ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʧʨʠ ʩʦʥʷʯʥʦʤʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʽ 

ʦʙʫʤʦʚʣʝʥʘ ʟʥʘʯʥʦʶ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ ʾʾ 

ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʪʘ ʨʦʢʫ. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʚ ʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ 

ʨʦʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʤʽʥʽʤʘʣʴʥʝ, ʘ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʝ, 

ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʉʊʂ ʚʣʽʪʢʫ ʟ 

ʤʝʪʦʶ ʾʾ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʧʝʨʝʭʽʜʥʠʡ ʪʘ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜʠ. ɿʘʧʘʩ ʝʥʝʨʛʽʾ ʚ ɸʊ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʢʽʣʴʢʘ ʛʦʜʠʥ, 

ʜʽʙ, ʤʽʩʷʮʽʚ ʘʙʦ ʮʽʣʠʡ ʨʽʢ - ʧʨʠ ʩʝʟʦʥʥʦʤʫ ʘʢʫʤʫʣʶʚʘʥʥʽ. ʋ ʮʽʣʦʤʫ ʞ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʝʟʦʥʥʦʛʦ ɸʊ ʟʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʣʽʦʩʠʩʪʝʤ ʪʘ ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʧʣʦʪʠ ʚ ʪʝʧʣʠʡ 

ʧʝʨʽʦʜ ʨʦʢʫ ʚʽʜ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ [57].  

ʄʦʞʣʠʚʽ ʪʘʢʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʛʝʣʽʦʩʠʩʪʝʤ: 

1) ʇʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʧʘʣʝʥʥʷ ʪʘ ɻɺʇ (ʨʝʞʠʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ); 

2) ʇʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʽʣʴʢʠ ɻɺʇ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʨʦʢʫ; 

3) ʇʦʢʨʠʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʽʣʴʢʠ ɻɺʇ ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ. 

ʇʝʨʰʽ ʜʚʘ ʨʝʞʠʤʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʣʽʦʩʠʩʪʝʤʠ ʟ ʜʚʦʢʦʥʪʫʨʥʦ ʁ

ʩʭʝʤʦʶ, ʢʦʣʠ ʚ ʛʨʽʶʯʦʤʫ ʢʦʥʪʫʨʽ ʮʠʨʢʫʣʶʻ ʪʝʧʣʦʥʦʩʽʡ (ʥʘʧʨʠʢʣʘʜ, ʝʪʠʣʝʥʛʣʽʢʦʣʴ, 

ʧʨʦʧʽʣʝʥʛʣʽʢʦʣʴ ʘʙʦ ʥʘʥʦʨʽʜʠʥʠ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ/ʝʪʠʣʝʥʛʣʽʢʦʣʶ 

[55]), ʘ ʪʝʧʣʦʪʘ ʚ ɸʊ ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 

ʛʝʣʽʦʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ f-ʤʝʪʦʜ, ʱʦ ʚʨʘʭʦʚʫʻ ʢʣʽʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʽʩʮʝʚʦʩʪʽ: ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʧʨʷʤʦʾ ʪʘ ʨʦʟʩʽʷʥʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟʘ ʤʽʩʷʮʴ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʽ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

[7,58]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʝʟʦʥʥʠʭ ɸʊ ʜʣʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʥʝʤʦʞʣʠʚʝ ʙʝʟ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 
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ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʧʨʦʝʢʪʠ ʾʭ ʙʫʜʽʚʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʙʝʟ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʝʢʪʽʚ. ɺʢʘʟʘʥʝ ʧʦʪʨʝʙʫʻ ʚʦʣʦʜʽʥʥʷ 

ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʤʝʪʦʜʠʢʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ɸʊ ʽ ʚʤʽʥʥʷ 

ʦʮʥ̔ʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʪʝʭʥʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʨʦʟʫʤʽʶʪʴʩʷ: ʾʾ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ, ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ 

ʦʢʨʝʤʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ (ʧʽʢʦʚʠʭ ʢʦʪʣʽʚ, ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ, ʩʝʟʦʥʥʦʛʦ ɸʊ), 

ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ɸʊ. ʇʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ - ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ 

ʪʠʤ ʯʠ ʽʥʰʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʘ ʧʨʠ ʮʴʦʤʫ 

ʩʧʦʞʠʚʘʻʪʴʩʷ, ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʫ ʯʘʩʽ ʪʝʤʧʝʨʘʪʫʨʠ ʊɸʄ, ʥʝʦʙʭʽʜʥʽ ʚʠʪʨʘʪʠ 

ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ, ʪʝʧʣʦʚʪʨʘʪʠ ɸʊ, ʪʝʨʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʪʝʧʣʦʚʘ 

ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ "ʟʘʨʷʜʞʘʥʥʷ" ʧʽʜʟʝʤʥʦʛʦ ɸʊ. 

ʅʝʜʦʣʽʢ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʨʦʙʦʪʫ ʪʘʢʠʭ ɸʊ ʥʝ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʧʨʦʝʢʪʫʚʘʪʠ 

ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʽ ʛʝʣʽʦʩʠʩʪʝʤʠ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʜʫʙʣʶʶʯʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʜʦʨʦʞʯʘʥʥʷ ʧʨʦʝʢʪʫ [21]. ʊʦʤʫ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʩʝʟʦʥʥʠʭ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ, ʢ̫ʽ 

ʨʦʟʤʽʱʝʥʽ ʚ ʢʦʨʧʫʩ ̔ʟ ʪʝʧʣʦʚʦʶ ʽʟʦʣʷʮʽʻʶ. ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʠʩʫʻ ʜʚʦʢʦʥʪʫʨʥʫ ʛʝʣʽʦʩʠʩʪʝʤʫ ʟ ʙʘʢʦʤ ɻɺʇ, ʚʦʜʷʥʦʶ ʙʫʬʝʨʥʦʶ ʻʤʥʽʩʪʶ ʜʣʷ 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʽ ʩʝʟʦʥʥʠʤ ɸʊ (ʨʠʩ.2.1). ɯʩʥʫʻ ʪʨʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ: 1-ʡ 

ʪʨʘʚʝʥʴ ï ʩʝʨʧʝʥʴ ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ɻɺʇ ʟʘ ʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʉʊʂ ʪʘ 

ʟʘʨʷʜʞʝʥʥʷ ɸʊ ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʧʣʦʪʦʶ ʚʽʜ ʉʊʂ; 2-ʡ ʨʝʞʠʤ ʚʝʨʝʩʝʥʴ-ʞʦʚʪʝʥʴ  

ʧʦʢʨʠʪʪʷ  ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ɻɺʇ (ʪʘ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʩʠʩʪʝʤʫ 

ʦʧʘʣʝʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ) ʟʘ ʨʘʭʫʥʦʢ ʉʊʂ ʪʘ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥΈ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʟ ɸʊ; 3-ʡ 

ʨʝʞʠʤ ʣʠʩʪʦʧʘʜ-ʣʶʪʠʡ ʧʦʢʨʠʪʪʷ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ɻɺʇ ʪʘ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 

ʟʘ ʨʘʭʫʥʦʢ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʚ ɸʊ, ʪʘ ʧʨʠ ʧʘʜʽʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ɸʊ ʥʠʞʯʝ 

ʥʝʦ͋ʭʽʜʥʦʾ ʜʣʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ï ʧʽʜʢʣʶʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ. ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʽʜʦʤʦ, ʱʦ ʚ ʯʝʨʚʥʽ ʤʽʩʷʮʽ 

ʥʘ ɻɺʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 65% ʪʝʧʣʦʪʠ ʟ ʉʊʂ, ʚ ʣʠʧʥʽ ï 50%, ʘ ʚ ʩʝʨʧʥʽ ï 60%, ʘ 
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ʥʘʜʣʠʰʢʠ ʪʝʧʣʦʪʠ ʟ ʉʊʂ ʡʜʫʪʴ ʥʘ ʟʘʨʷʜʞʝʥʥʷ ɸʊ [9-11,47,51]. ɸʣʝ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʉʊʂ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʧʦʢʘʟʥʠʢ ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʧʣʦʪʠ, ʷʢʘ 

ʡʜʝ ʥʘ ʟʘʨʷʜʞʝʥʥʷ ɸʊ, ʟʙʽʣʴʰʠʚʰʠ ʧʣʦʱʫ ʉʊʂ.  ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʽ 

ʫʤʦʚʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʉʊʂ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʤʠʪʪʻʚʦʾ ʪʝʧʣʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ 

ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʾʚ ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʠʭ ʜʽʙ, ʘʣʝ ʧʨʠʡʤʘʻʤʦ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 

ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʉʊʂ ʚ ʤʝʞʘʭ 100 ï 200 ʦʉ. 

 
ʈʠʩ.2.1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʉʊʂ ʪʘ ʩʝʟʦʥʥʠʤ ɸʊ: 1 ï ʩʠʩʪʝʤʘ 

ʉʊʂ; 2 ï ʥʘʩʦʩʥʠʡ ʚʫʟʦʣ ʩʠʩʪʝʤʠ ʉʊʂ; 3 ï ʛʽʜʨʘʚʣʽʯʥʘ ʩʪʨʽʣʢʘ;  4 ï ʨʦʟʧʦʜʽʣʴʯʠʡ 

ʢʦʣʝʢʪʦʨ; 5 ï ʥʘʩʦʩ ʥʘ ʙʫʬʝʨʥʫ ʻʤʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ; 6 ï ʥʘʩʦʩ ʥʘ ʩʝʟʦʥʥʠʡ 

ɸʊ; 7 ï ʜʚʦʭʧʦʟʠʮʽʡʥʠʡ ʢʣʘʧʘʥ; 8 ï ʥʘʩʦʩ ʙʦʡʣʝʨʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

(ɻɺʇ); 9 ï ʪʝʨʤʽʯʥʠʡ ʜʘʪʯʠʢ ʚʤʠʢʘʥʥʷ/ʚʠʤʠʢʘʥʥʷ ʥʘʩʦʩʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ; 10 ï 

ʙʦʡʣʝʨ ɻɺʇ; 11 ï ʪʝʨʤʦʟʤʽʰʫʚʘʣʴʥʠʡ ʢʣʘʧʘʥ ʩʠʩʪʝʤʠ ɻɺʇ (ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʦʩʪʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʚʦʜʠ); 12 ï ʜʦ ʩʧʦʞʠʚʘʯʽʚ ʩʠʩʪʝʤʠ ɻɺʇ; 13 ï 

ʙʫʬʝʨʥʘ ʻʤʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ; 14 ï ʢʦʥʪʫʨ ʩʠʩʪʝʤʠ ʨʘʜʽʘʪʦʨʥʦʛʦ ʦʧʘʣʝʥʥʷ; 

15 ï ʩʝʟʦʥʥʠʡ ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ; 16 ï ʥʘʩʦʩ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʠʩʪʝʤ 

ɻɺʇ ʪʘ ʦʧʘʣʝʥʥʷ ʚʽʜ ʩʝʟʦʥʥʦʛʦ ɸʊ; 17 ï ʪʨʴʦʭʭʦʜʦʚʠʡ ʢʣʘʧʘʥ ʧʽʜʪʨʠʤʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʦʨʦʪʥʦʾ ʣʽʥʽʾ; 18 ï ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʥʘʩʦʩʠ ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ ʪʘ 

ʙʘʢʘ ɻɺʇ; 19 ï ʨʦʟʧʦʜʽʣʴʯʽ ʢʦʣʝʢʪʦʨʠ ʟ ʬʫʥʢʮʽʻʶ ʛʽʜʨʦʩʪʨʽʣʢʠ; 20 ï ʟʘʧʦʙʽʞʥʠʡ 

ʢʣʘʧʘʥ; 21 ï ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ; 22 ï ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ; 23 ï ʧʝʨʝʤʠʢʘʶʯʠʡ 

ʪʨʴʦʭʭʦʜʦʚʠʡ ʢʣʘʧʘʥ. 
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ʄʘʢʩʠʤʘʣʴʥʘ ʤʠʪʪʻʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʨʦʤʽʥʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ: 

3
max 2( ) 10

, / ,
50

(1,707 )
365

r ʤ
r

H n
N ɺʪ ʤ

N
n

Ö
=

+
-  

2.1 

ʜʝ Hr(nʤ) ï ʧʠʪʦʤʠʡ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʜʝʥʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʄɼʞ/(ʤ2Ŀʜʦʙʫ); N ï ʪʨʠʚʘʣʽʩʪʴ ʜʥʷ; n - ʥʦʤʝʨ ʜʥʷ ʚ ʨʦʮʽ. 

ʄʠʪʪʻʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʨʦʤʽʥʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʧʨʠʧʫʱʝʥʥʽ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʾʾ ʟʤʽʥʠ ʧʨʦʪʷʛʦʤ  ʜʥʷ: 

max 2' 1
sin( ) , / ,

1 (20370 1226 )exp( )
r r

t
H N ɺʪ ʤ

N N t

p
=

+ -  
2.2 

ʜʝ  tô ï ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʫ ʚʽʜ ʩʭʦʜʫ ʩʦʥʮʷ ʜʦ ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ, ʩ; tô = t ï tʩʭ;  t ï 

ʧʦʪʦʯʥʠʡ ʯʘʩ;  tʩʭ ï ʯʘʩ ʩʭʦʜʫ ʩʦʥʮʷ, ʛʦʜ; tʩʭ =12,27-0,52 N. 

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ [7,11,58,59]: 

- ʧʨʠ tʩʭ >  t > tʟʘʭ   

5 21,507 3,14 45,03 0,0258 9,345 10
,a

Y N t n n
T X

tg Nj

-è ø- + + - Ö
= + é ù

ê ú 
2.3 

ʜʝ tʟʘʭ ï ʯʘʩ ʟʘʭʦʜʫ ʩʦʥʮʷ, tʟʘʭ = tʩʭ+ N; X = 2,884Ŀ10-8Ŀn4 ï 2,2845Ŀ10-5Ŀn3 + 5,18Ŀ10-

3Ŀn2  ï0,2508Ŀn+0,0751; Y= 0,1792+0,044Ŀn ï 1,217Ŀ10-4Ŀn2  ; ű ï ʰʠʨʦʪʘ ʤʽʩʮʝʚʦʩʪʽ; 

- ʧʨʠ 24 > t > tʟʘʭ     
( ),

24

ʟʘʭ ʩʭ
a ʟʘʭ ʟʘʭ

T T
T T t t

N

-
= - -

-  
2.4 

- ʧʨʠ 0 < t < tʩʭ            
( 24 ) ,

24

ʟʘʭ ʩʭ
a ʟʘʭ ʟʘʭ

T T
T T t t

N

-
= - + -

-  
2.5 

ʜʝ Tʩʭ ̔ Tʟʘʭ ï ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ tʩʭ ʽ tʟʘʭ, 
ʦʉ. 

ʂʽʣʴʢʽʩʪʴ ʢʦʨʠʩʥʦʾ ʪʝʧʣʦʪʠ qʢʦʨ, ʷʢʫ ʧʦʛʣʠʥʘʻ ʉʊʂ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ ʚʠʨʘʟʫ: 

[ ]11 11( ) 0,5( ' " ) ,
rʢʦʨ aq H R U T T Tta= - + -

 
2.6 

ʜʝ Tô11 ̔  Tò11 ï ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʟ ʉʂ, ʦʉ, ʚʽʜʧʦʚʽʜʥʦ; R ï 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʨʽʻʥʪʘʮʽʶ ʉʊʂ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ; (ŰŬ) ï 

ʦʧʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉʊʂ; U ï ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʉʊʂ, ɺʪ/(0ʉȚʤ2). 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʦ ʣʽʥʽʡʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʟʜʦʚʞ 

ʧʦʚʝʨʭʥʽ ʘʙʩʦʨʙʝʨʘ ʽ ʨʽʚʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʘʙʩʦʨʙʝʨʘ ʪʘ ʪʝʧʣʦʥʦʩʽʷ. ʊʘʢʽ 

ʧʨʠʧʫʱʝʥʥʷ ʻ ʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ [31]. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ  ʙʘʢʫ ɻɺʇ, 

ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ, ɸʊ : 

11 11

1 1

' ,
ʢʦʨq

T T
m c

= +

 

2.7 

ʜʝ άȟὧï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʽ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ʚʽʜʧʦʚʽʜʥʦ. 

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʣʷ ʙʘʢʫ ɻɺʇ ʪʘ ʜʣʷ ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ ʙʫʜʝ ʦʜʥʘʢʦʚʠʡ ʽ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʙʫʜʝ ʪʽʣʴʢʠ ʧʨʠ ʧʽʜʩʪʘʚʣʝʥʥʽ ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ. ʇʦʚʝʨʭʥʷ 

ʥʘʛʨʽʚʘʯʘ ʙʘʢʫ ɻɺʇ ʪʘ ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ ʦʜʥʦ- ʘʙʦ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʛʦ 

ʪʨʫʙʯʘʩʪʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. ʅʘʛʨʽʚʘʯ ʧʨʘʮʶʻ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ, ʧʨʠ 

ʷʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ, ʪʦʤʫ ʟʘʢʦʥ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʫʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ, ʧʦʢʣʘʜʝʥʦʛʦ ʚ 

ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʫ ʩʨʝʜʥʴʦʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ [60]. ɿ ʦʛʣʷʜʫ 

ʥʘ ʮʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʙʘʢʫ ɻɺʇ ʪʘ ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ ʤʘʻ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʨʝʞʠʤʽ [57]: 

11 11
1 1 11 11 11 12 11 1( ) ( ) 0,

dT dT
m c k d T T f c

dl dl
p r- - - =

 
2.8 

ʜʝ (ʩɟ)1 ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʽ ʛʫʩʪʠʥʘ ʛʨʽʶʯʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜʧʦʚʽʜʥʦ; T11 ï  ʣʦʢʘʣʴʥʘ, 

ʤʠʪʪʻʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʽʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʉ, T11=f(l); l ï  ʜʦʚʞʠʥʘ ʪʨʫʙʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʙʘʮʽ ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ, ʤ; ʊ12 ï ʤʠʪʪʻʚʘ ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʥʘʛʨʽʚʘʻʪʴʩʷ ʚ ʙʘʮʽ ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ, 

ʟʘʜʘʥʘ ʚʝʣʠʯʠʥʘ, ʦʉ; k11ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʙʘʮʽ 

ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ, ɺʪ/(ʤ2Țʂ); d11 ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʙʘʮʽ ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ, ʤ; f11ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʙʘʮʽ ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ, ʤ2. 

11
1 1 11 1 11 11 11 11 11 12[ ( ) ] 0

dT
m c f c k d T k d T
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2.10 

ʈʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ  2.10: 

11 11 11 11 12 11 11
11 12

1 1 11 1 11 11 1 1 11 1
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2.11 
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ʂʦʥʩʪʘʥʪʫ ʉ ʟʥʘʭʦʜʠʤʦ ʟ ʫʤʦʚʠ: Ὕ  ὰȿ Ὕ
 
πȿ Ὕ

 
π - 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ l=0 . Ὕ
 
π - ʟʘʜʘʥʘ ʚʝʣʠʯʠʥʘ. ʊʦʜʽ ʤʘʻʤʦ: Ὕ

 
π ˞ ˟ ᵼ

˞ Ὕ
 
π ˟ ; ʆʪʞʝ, ʜʣʷ ʟʘʢʦʥʫ T11(l) ʤʘʻʤʦ: 

(0) 11 11
11 11 12 12

1 1 11 1

( ) { (0) } exp{ }
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k d l
T l T T T

m c f c

p

r

Ö Ö
= - Ö +

- Ö Ö  
2.12 

ʉʝʨʝʜʥʷ ʚʟʜʦʚʞ ʪʨʫʙʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʽʶʯʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʩʠʣʫ ʩʢʣʘʜʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʚ ʯʘʩʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʤʠʪʪʻʚʘ, ʦʩʝʨʝʜʥʝʥʘ ʧʦ 

ʜʦʚʞʠʥʽ ʢʘʥʘʣʫ:  
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ʜʝ lʊʈ - ʜʦʚʞʠʥʘ ʪʨʫʙʠ. 

ɹʘʣʘʥʩ ʪʝʧʣʦʪʠ ʜʣʷ ʙʘʢʫ ɻɺʇ/ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ, ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟʘʨʷʜʢʠ ɸʊ ʪʘ 

ʩʘʤʦʛʦ ɸʊ: 

1 1 11 21 11 22 21

0;
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2.14.1 

2.15.1 

2.16.1 

ɺ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2.14.2 -

2.16.2)  ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 

¶ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʚʦʜʠ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ ʷʢ ʚ ʙʘʮʽ ɻɺʇ ʪʘʢ ʽ ʚ 

ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ, ʘʣʝ ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʤʠʪʪʻʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙôʻʤʽ;   

¶ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʪʝʧʣʦʚʦʤʫ 

ʨʝʞʠʤʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʥʘʛʨʽʚʘʯʘ ɸʊ ʪʘʢʦʞ ʤʘʻ ʚʠʛʣʷʜ 

ʪʨʫʙʯʘʩʪʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʷʢʠʡ ʟʘʢʣʘʜʘʻʪʴʩʷ ʚ ʪʚʝʨʜʠʡ ʊɸʄ;  

¶ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʥʘʛʨʽʚʫ ʊɸʄ ʚ ɸʊ, 

ʧʨʠʡʤʘʻʪʴʩʷ ʟʽ ʩʧʨʦʱʝʥʥʷʤ - ʚ ʧʨʠʧʫʱʝʥʥʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʣʷ ʤʠʪʪʻʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙôʻʤʽ, ʱʦ ʜʦʧʫʩʪʠʤʦ ʟʘ ʫʤʦʚʠ ʛʘʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʤʘʩʠʚʽ ʊɸʄ. 

2.14 
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2.15 

2.16 

ʜʝ Qʩʢ ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜ ʩʠʩʪʝʤʠ ʉʊʂ, ɺʪ; Qɹ 
ʊɺ ï ʪʝʧʣʦʚʪʨʘʪʠ ʚʽʜ ʙʘʢʫ 

ɻɺʇ/ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ɺʪ; Qɹ ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ 

ʥʘʛʨʽʚ ʚʦʜʠ ʚ ʙʘʮʽ ɻɺʇ/ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ, ɺʪ; Qɸʊ 
ʊɺ ï ʪʝʧʣʦʚʪʨʘʪʠ ʚʽʜ ɸʊ ʚ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ɺʪ; Qʊɸʄ 
ʈ ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʥʘʛʨʽʚ ʨʽʜʠʥʥʦʛʦ ʊɸʄ ʚ 

ɸʊ, ɺʪ; Qʊɸʄ 
ʊ ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʥʘʛʨʽʚ ʪʚʝʨʜʦʛʦ ʊɸʄ ʚ ɸʊ, ɺʪ; ȹT11 ï ʨʽʟʥʠʮʷ 

ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟʘʨʷʜʞʝʥʥʷ ɸʊ, ʦʉ;  

k12ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ ʙʘʢʫ ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʦʾ 

ʻʤʥʦʩʪʽ, ɺʪ/(ʤ2Țʂ); F11 ʽ F12 ï ʧʣʦʱʽ ʪʝʧʣʦʧʝʨʝʜʘʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʽ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ ʙʘʢʫ ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤ2; V12 ï ʦʙôʻʤ ʙʘʢʫ 

ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ;  (ʩɟ)2 ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʽ ʛʫʩʪʠʥʘ ʚʦʜʠ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ ʚ 

ʙʘʮʽ ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ; ά ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ, ʷʢʘ ʧʦʩʪʫʧʘʻ ʚ ʙʘʢ 

ɻɺʇ ʘʙʦ ʚ ʙʫʬʝʨʥʫ ʻʤʥʽʩʪʴ ; T13 ï  ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ, ʷʢʘ ʧʦʩʪʫʧʘʻ  ʚ ʙʘʢ ɻɺʇ ʘʙʦ 

ʚ ʙʫʬʝʨʥʫ ʻʤʥʽʩʪʴ - ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʠʩʪʝʤʽ ʭʦʣʦʜʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʘʙʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʚʦʨʦʪʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʦʉ; Tʥ.ʩ. ï  ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʝ ʨʦʟʤʽʱʝʥʦ ʙʘʢ ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʫ ʻʤʥʽʩʪʴ, ʦʉ. ɼʣʷ 

ʩʘʤʦʧʣʠʚʥʠʭ ʉʊʂ, ʷʢʱʦ ʙʘʢ ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʘ ʻʤʥʽʩʪʴ ʜʣʷ ʉʊʂ ʟʥʘʭʦʜʷʪʴʩʷ 

ʥʘʟʦʚʥʽ Tʥ.ʩ.= Tʘ; ά , c1 ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʽ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ʚʽʜʧʦʚʽʜʥʦ; ʊ22 

ïʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʊɸʄ, ʷʢʽ ʥʘʛʨʽʚʘʶʪʴʩʷ ʚ ɸʊ, ʦʉ; k21ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ɸʊ, ɺʪ/(ʤ2Țʂ); d21 ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ɸʊ, ʤ; f21 ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ɸʊ, ʤ2; k22 ï 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ ɸʊ, ɺʪ/(ʤ2Țʂ); F21 ʽ F22 ï ʧʣʦʱʽ 

ʧʦʚʝʨʭʦʥʴ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʪʝʧʣʦʪʫ, ̔  ʟʦʚʥʽʰʥʴʦʾ ʩʪʽʥʢʠ ɸʊ, 

ʚʽʜʧʦʚʽʜʥʦ, ʤ2; V21  ï ʦʙôʻʤ ʨʽʜʠʥʥʦʛʦ ʊɸʄ ʚ ɸʊ, ʤ3; V22  ï ʦʙôʻʤ ʪʚʝʨʜʦʛʦ ʊɸʄ ʚ 

ɸʊ, ʤ3; (ʩɟ)21 ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʽ ʛʫʩʪʠʥʘ ʨʽʜʠʥʥʦʛʦ ʊɸʄ ʚ ɸʊ; (ʩɟ)22 ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʽ 

ʛʫʩʪʠʥʘ ʪʚʝʨʜʦʛʦ ʊɸʄ ʚ ɸʊ; Tʥ.ʩ. ï  ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ɸʊ ʚ ˇʨʫʥʪʽ Tʥ.ʩ. = Tʛʨ. ï 

ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ, ʦʉ. 
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ʉʝʨʝʜʥʷ ʫʟʜʦʚʞ ʪʨʫʙʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʽʶʯʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʪʘʢ 

ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʙʘʢʫ ɻɺʇ ʘʙʦ ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʤʠʪʪʻʚʦʾ ʦʩʝʨʝʜʥʝʥʦʾ ʧʦ ʜʦʚʞʠʥʽ ï ʊô11ʩʝʨ. ʇʨʠ ʮʴʦʤʫ  ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

T13 ï  ʟʘʜʘʥʘ [60]. ʈʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 2.14: 
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dt
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ʐʫʢʘʻʤʦ ʨʦʟʚôʷʟʦʢ Ὕ  ὸ  ʫ ʚʠʛʣʷʜʽ: 
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( )

cep ʥ ʩk F T k F T m Tk F k F m
T t C t

V c k F k F mr

Ö Ö + Ö Ö + ÖÖ + Ö +
= Ö - Ö +

Ö Ö + Ö +  

ὅӶ - ʢʦʥʩʪʘʥʪʫ ʟʥʘʭʦʜʠʤʦ ʟ ʫʤʦʚʠ: Ὕ  ὸȿ Ὕ  π ὧέὲίὸ.  

ʊʦʜʽ ʜʣʷ ὅӶ  ʤʘʻʤʦ: 

_
11 11 11 12 12 . . 12 13

12

11 11 12 12 12

(0) ,
cep ʥ ʩk F T k F T m T

T C
k F k F m

Ö Ö + Ö Ö + Ö
= +

Ö + Ö +  ʟʚʽʜʩʠ: 

_
11 11 11 12 12 . . 12 13

12

11 11 12 12 12

(0) { }.
cep ʥ ʩk F T k F T m T

C T
k F k F m

Ö Ö + Ö Ö + Ö
= -

Ö + Ö +  

ʆʪʞʝ, ʜʣʷ ʊ12(t) ʚʩʪʘʥʦʚʣʝʥʠʡ ʪʘʢʠʡ ʟʘʢʦʥ: 

11 11 11 12 12 . . 12 1311 11 12 12 12 11 11 12 12 12
12 12

12 2 11 11 12 12 12 12 2

( )( ) ( )
( ) (0) exp{ } {1 exp[ ]}.

( ) ( ) ( )

cep ʥ ʩk F T k F T m Tk F k F m k F k F m
T t T t t

V c k F k F m V cr r

Ö Ö + Ö Ö + ÖÖ + Ö + Ö + Ö +
= Ö - Ö + Ö - - Ö

Ö Ö + Ö + Ö
 

ʈʦʟʚôʷʞʝʤʦ ʪʝʧʝʨ ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʊ12(t) (2.16). 

22 22
21 21 11 22 22 22 22 . . 21 21 22 22( ) ( ) ( ) ( ) 0.cep ʥ ʩ

dT dT
k F T T k F T T V c V c

dt dt
r rÖ Ö - - Ö Ö - - Ö Ö - Ö Ö =

 

ʇʝʨʝʧʠʰʝʤʦ ʡʦʛʦ ʫ ʽʥʰʽʡ ʬʦʨʤʽ: 

22 22
21 21 22 21 21 22 22 22 22 21 21 11 22 22 . .( ) { } ( ) { } 0cep ʥ ʩ

dT dT
V c T k F k F V c k F T k F T

dt dt
r rÖ Ö + Ö Ö + Ö + Ö Ö - Ö Ö + Ö Ö =

 

ʊʘʢʝ ʨʽʚʥʷʥʥʷ ʣʝʛʢʦ ʨʦʟʚôʷʟʘʪʠ. ʄʘʻʤʦ: 

22
21 21 22 22 22 21 21 22 22 21 21 11 22 22 11 . .( ( ) ( ) ) { } { }cep ʥ ʩ

dT
V c V c T k F k F k F T k F T

dt
r rÖ + Ö Ö + Ö Ö + Ö = Ö Ö + Ö Ö

, 

ʘʙʦ: 

21 21 11 22 22 11 . .22 21 21 22 22
22

21 21 22 22 21 21 22 22

{ }{ }
.

{ ( ) ( ) } { ( ) ( ) }

cep ʥ ʩk F T k F TdT k F k F
T

dt V c V c V c V cr r r r

Ö Ö + Ö ÖÖ + Ö
+ Ö =

Ö + Ö Ö + Ö 

ʈʦʟʚôʷʟʦʢ: 

21 21 11 22 22 21 21 11 22 22 . .

22

21 21 22 22 21 21 22 22

( ) ( )
( ) exp{ .

[ ( ) ( ) ] { }

cep cep ʥ ʩk F T k F t k F T k F T
T t C

V c V c k F k Fr r

= Ö Ö + Ö Ö Ö Ö + Ö Ö
= Ö - +

Ö + Ö Ö + Ö  

ʂʦʥʩʪʘʥʪʫ  ˞ʟʥʘʭʦʜʠʤʦ ʟ ʫʤʦʚʠ: Ὕ  ὸȿ Ὕ  π ὧέὲίὸ. ʊʦʜʽ: 
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21 21 11 22 22 . .

22

21 21 22 22

( )
(0) .

{ }

cep ʥ ʩk F T k F T
T C

k F k F

= Ö Ö + Ö Ö
= +

Ö + Ö

21 21 11 22 22 . .

22

21 21 22 22

( )
(0)

{ }

cep ʥ ʩk F T k F T
C T

k F k F

= Ö Ö + Ö Ö
= -

Ö + Ö  

ʆʪʞʝ, ʦʩʪʘʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ T22(t) ʤʘʻ ʚʠʜ: 

21 21 11 22 22 . .21 21 22 22 21 21 22 22
22 22

21 21 22 22 21 21 22 22 21 21 22 22

( )( ) ( )
( ) (0) exp{ } {1 exp[ ]}.

[ ( ) ( ) ] { } ( ( ) ( ) )

cep ʥ ʩk F T k F Tk F k F t k F k F t
T t T

V c V c k F k F V c V cr r r r

Ö Ö + Ö ÖÖ + Ö Ö Ö + Ö Ö
= Ö - + Ö - -

Ö + Ö Ö + Ö Ö + Ö
 

ʊʝʧʝʨ ʟʥʘʶʯʠ ʊ22(t), ʟʥʘʡʜʝʤʦ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 2.15, ʧʝʨʝʧʠʩʘʚʰʠ ʡʦʛʦ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

11
21 1 21 1 21 21 11 21 21 22( ( ) ) 0.

dT
m c f c k d T k d T

dt
r p p- Ö Ö Ö - Ö Ö + Ö Ö =

 
2.17 

ɸʙʦ:               

11 21 21 21 21 22
11

21 1 12 1 21 1 12 1[ ( ) ] ( ( ) )

dT k d k d T
T

dt m c f c m c f c

p p

r r

Ö Ö Ö
- Ö =-

- Ö Ö - Ö Ö 
2.18 

ʈʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 2.18 ʰʫʢʘʻʤʦ ʫ ʚʠʛʣʷʜʽ: 

11 11 11( ) ( ) ( )ʦʜʥ ʯʘʩʪT t T t T t= +
, 2.19 

ʜʝ ʊ11(t)ʦʜʥ  - ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 2.18 ʟ ʧʨʘʚʦʶ ʯʘʩʪʢʦʶ ʨʽʚʥʦʶ ʥʫʣʶ (ʦʜʥʦʨʽʜʥʝ 

ʨʽʚʥʷʥʥʷ). ˟
̏̅̎

˞ᶻϽὩὼὴ
ϽϽ Ͻ

Ͻ Ͻ
; ʢʦʥʩʪʘʥʪʫ ʉ* ʟʥʘʡʜʝʤʦ ʧʽʟʥʽʰʝ ʟ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʟʘʜʘʯʽ.  ʊ11(t)ʯʘʩʪ  ʟʥʘʭʦʜʠʤʦ ʟ (2.18) ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʠʥʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʫ ʬʦʨʤʽ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ (2.18) ,ʪʦʙʪʦ: 

21 21 22 22
11

21 2 22 22

( )
( ) exp{ },

[ ( ) ( ) ]
ʯʘʩʪ

k F k F t
T t A B

V c V cr r

Ö + Ö Ö
= + Ö -

Ö + Ö  

ʜʝ ɸ ʡ ɺ ï ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ (2.18) ʧʽʜʩʪʘʚʠʚʰʠ ʫ ʥʴʦʛʦ ʊ11(t)ʯʘʩʪ, 

ʪʦʙʪʦ ʤʘʻʤʦ: 

21 21 11 22 22 . .21 11 21 11

21 1 21 1 21 1 21 1 21 21 22 22

( )
.

[ ( ) ] ( ( ) ) ( )

cep ʥ ʩk F T k F Tk d k d
A

m c f c m c f c k F k F

p p

r r

Ö Ö + Ö ÖÖ Ö
- Ö =- Ö

- Ö Ö - Ö Ö Ö + Ö 

ʆʪʞʝ:    

21 21 11 22 22 . .

21 21 22 22

( )

( )

cep ʥ ʩk F T k F T
A

k F k F

Ö Ö + Ö Ö
=

Ö + Ö ; 

ɼʣʷ ɺ ʤʘʻʤʦ ʪʘʢʝ ʨʽʚʥʷʥʥʷ:  

21 21 11 22 22 . .21 21 22 22 21 11 21 11
22

21 21 22 22 21 1 21 1 21 1 21 1 21 21 22 22

( )( )
{ } { (0) }.

[ ( ) ( ) ] ( ( ) ) ( ( ) ) ( )

cep ʥ ʩk F T k F Tk F k F k d k d
B T

V c V c m c f c m c f c k F k F

p p

r r r r

Ö Ö + Ö ÖÖ + Ö Ö Ö
- - Ö =- Ö -

Ö + Ö - Ö Ö - Ö Ö Ö + Ö
 

ɿʚʽʜʩʠ ʟʥʘʭʦʜʠʤʦ ɺ: 

21 21 11 22 22 . . 121 21 21 21 22 22 21 21
22

21 21 22 22 21 1 21 1 21 21 22 22 21 1 21 1

( ) ( ) ( 1) ( )
{ (0)} { } ,

( ) [ ( ) ] [ ( ) ( ) ] [ ( ) ]

cep ʥ ʩk F T k F T k d k F k F k d
B T

k F k F m c f c V c V c m c f c

p p

r r r r

-
Ö Ö + Ö Ö Ö Ö - Ö + Ö Ö

= - Ö Ö +
Ö + Ö - Ö Ö Ö + Ö - Ö Ö

 

ʘʙʦ: 
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21 21 11 22 22 . . 121 21 21 21 22 22 21 21
22

21 21 22 22 21 1 21 1 21 21 22 22 21 1 21 1

( ) ( ) ( )
{ (0)} { } .

( ) [ ( ) ] [ ( ) ( ) ] [ ( ) ]

cep ʥ ʩk F T k F T k d k F k F k d
B T

k F k F m c f c V c V c m c f c

p p

r r r r

-
Ö Ö + Ö Ö Ö Ö + Ö Ö

= - + Ö Ö +
Ö + Ö - Ö Ö Ö + Ö - Ö Ö

 

ʋ ʧʦʜʘʣʴʰʦʤʫ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʉ* ʫ ʟʘʜʘʯʽ  ʊ11(t) ʚʚʘʞʘʻʤʦ ʚʽʜʦʤʠʤʠ ɸ ʪʘ ɺ. 

ʄʘʻʤʦ ʧʦʯʘʪʢʦʚʫ ʫʤʦʚʫ ʜʣʷ ʨʽʚʥʷʥʥʷ (2.18): Ὕ  ὸȿ Ὕ
 
π ὧέὲίὸ. ʊʦʜʽ 

ʉ* ʟʥʘʭʦʜʠʤʦ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: ʉ*+ɸ+ɺ=ʊ11(0)Ÿʉ* ʊ11(0) ï ɸ ï ɺ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʦʩʪʘʪʦʯʥʦ ʤʘʻʤʦ ʜʣʷ ʊ11(t): 

12 21 21 21 22 22
11

21 1 21 1 21 21 22 22

12 21 21 21 22 22
11

21 1 21 1 21 21 22 22

( )
( ) * exp{ } exp{

[ ( ) ] [ ( ) ( ) ]

( )
{ (0) } exp{ } exp{ }.

[ ( ) ] [ ( ) ( ) ]

k d t k F k F t
T t C A B

m c f c V c V c

k d t k F k F t
T A B A B

m c f c V c V c

p

r r r

p

r r r

Ö Ö Ö + Ö Ö
= Ö + + Ö - =

- Ö Ö Ö + Ö

Ö Ö Ö + Ö Ö
= - - Ö + + Ö -

- Ö Ö Ö + Ö 
ʂʦʥʩʪʘʥʪʠ ɸ ʪʘ ɺ ʚʠʟʥʘʯʝʥʽ ʚʠʱʝ. 

ʆʪʞʝ, ʚʠʭʽʜʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.14), (2.15), (2.16) ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʚʠʧʘʜʢʫ ʨʦʟʚôʷʟʘʥʘ ʘʥʘʣʽʪʠʯʥʦ. 

 

2.2. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʩʠʩʪʝʤ ʤʽʞʩʝʟʦʥʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

ʉʠʩʪʝʤʘ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʽʩʪʠʪʴ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʠʡ  

ʨʝʟʝʨʚʫʘʨ ʟ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʥʘʢʦʧʠʯʝʥʥʷ ʡ 

ʟʙʝʨʽʛʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʪʝʧʣʦʦʙʤʽʥʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʡ ʚʽʜʚʦʜʫ 

ʪʝʧʣʦʪʠ ʚʽʜ ʊɸʄ ʧʨʠ ʟʘʨʷʜʞʘʥʥʽ ʡ ʨʦʟʨʷʜʞʘʥʥʽ ɸʊ. 

ʆʧʪʠʤʘʣʴʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʘʢʫʤʫʣʷʮʽʾ ʪʝʧʣʦʪʠ ʪʘ ʚʩʽʻʾ ʩʠʩʪʝʤʠ 

ʩʦʥʷʯʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ: 

¶ ʚʘʨʪʦʩʪʽ ɸʊ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʘʨʪʽʩʪʴ ʩʧʦʨʫʜʞʝʥʥʷ ʨʝʟʝʨʚʫʘʨʫ (ʧʦʚʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʨʝʟʝʨʚʫʘʨʘ ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʻʶ), ʚʘʨʪʽʩʪʴ ʩʘʤʦʛʦ ʊɸʄ; 

¶ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ  ʊɸʄ;  

¶ ʚʘʨʪʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊ;  

¶ ʚʘʨʪʦʩʪʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʊʂ. 

ʊʦʤʫ ʥʘʛʘʣʴʥʦʶ ʧʦʪʨʝʙʦʶ ʻ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʊɸʄ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʡʦʛʦ ʚʘʨʪʦʩʪʽ, ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʘʨʪʦʩʪʽ ʥʘ ʩʧʦʨʫʜʞʝʥʥʷ 

ʨʝʟʝʨʚʫʘʨʫ. ʇʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʊɸʄ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʧʨʘʮʷʭ ɹʝʢʤʘʥʘ ʅ.ɻ., ɼʘʬʬʽ 



65 
 

ɼʞ.ɸ. ʪʘ ʽʥ. [9,10,51]. ʈʘʟʦʤ ʟ ʪʠʤ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʚʠʙʦʨʫ 

ʊɸʄ ʥʽʢʦʣʠ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʢʘʧʽʪʘʣʴʥʽ ʟʘʪʨʘʪʠ ʥʘ ʩʧʦʨʫʜʞʝʥʥʷ ʩʝʟʦʥʥʦʛʦ ɸʊ.  

ɺʨʘʭʦʚʫʶʯʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ, ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʩʝʟʦʥʥʠʭ ɸʊ 

ʩʣʽʜ ʟʚʝʨʪʘʪʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʘ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʠʪʦʤʫ ʚʘʨʪʽʩʪʴ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ. ɼʦ ʮʠʭ ʬʘʢʪʦʨʽʚ ʧʦʪʨʽʙʥʦ ʚʽʜʥʝʩʪʠ: ʧʠʪʦʤʫ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʊɸʄ, ʡʦʛʦ ʛʫʩʪʠʥʫ ʪʘ ʚʘʨʪʽʩʪʴ, ʪʝʭʥʽʯʥʦ ʤʦʞʣʠʚʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʛʘʨʘʥʪʦʚʘʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʧʝʨʝʣʽʯʝʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʚʘʨʪʽʩʪʴ ʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʜʦʟʚʦʣʠʚ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʬʘʢʪʦʨʥʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ [61] ʥʘ ʧʽʜʩʪʘʚʽ  ʷʢʦʛʦ ʤʦʞʣʠʚʦ 

ʧʦʨʽʚʥʷʪʠ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʊɸʄ: 

, / ;
( )

o

ʟʘʨ ʨʦʟ

ʚ
K ʛʨʥ ʢɼʞ

ʩ T Tr
=
Ö Ö -

 2.19 

ʜʝ ȹT = Tʟʘʨ - Tʨʦʟ: Tʨʦʟ - ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʨʷʜʞʝʥʥʷ ɸʊ, ʧʨʠʡʤʘʻʤʦ 550ʉ, ʜʣʷ ʥʘʛʨʽʚʫ 

ʚʦʜʠ ʜʣʷ ɻɺʇ ʜʦ 450ʉ  (ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʧʦʪʨʽʙʥʦ ʧʨʠʡʤʘʪʠ 

Tʨʦʟ =  80ʉ); ʩ - ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʊɸʄ, ʢɼʞ/(ʢʛĿK); ɟ - ʛʫʩʪʠʥʘ ʊɸʄ, ʢʛ/ʤ3; Tʟʘʨ 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʨʷʜʞʘʥʥʷ ɸʊ,  ʧʨʠʡʤʘʻʤʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʊɸʄ, 0ʉ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊɸʄ; ʩĀɟ ï ʦʙôʻʤʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʊɸʄ, ʢɼʞ/(ʤ3ȚK); ʚ ï ʧʠʪʦʤʘ ʚʘʨʪʽʩʪʴ 1ʤ3 ɸʊ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʬʦʨʤʫʣʠ: 

;/,/ 3ʤʛʨʥVɺʚ ʟʘʛ=
 2.20 

ʜʝ ɺʟʘʛ ï ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ɸʊ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʨʪʦʩʪʽ ʊɸʄ, ʚʘʨʪʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʨʝʟʝʨʚʫʘʨʫ ʪʘ ʚʘʨʪʦʩʪʽ ʨʦʙʽʪ ʧʦ ʡʦʛʦ ʩʧʦʨʫʜʞʝʥʥʶ, ʛʨʥ.; V ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʦʙôʻʤ ɸʊ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʬʦʨʤʫʣʠ: 

6
310

, ;
( )ʟʘʨ ʨʦʟ

W
V ʤ

c T Tr

Ö
=
Ö Ö -

 2.21 

ʜʝ W ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʢʫʤʫʣʶʚʘʪʠ, ɻɼʞ. 

ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʘ ʩʫʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ (ʂʦ)  - ʮʝ 

ʧʠʪʦʤʘ ʚʘʨʪʽʩʪʴ ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ (ʘʢʫʤʫʣʶʚʘʥʥʷ) ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ [61].  

ɼʣʷ ʦʮʽʥʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʊɸʄ, ʨʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪ ʩʦʥʷʯʥʦʛʦ ʤʽʞʩʝʟʦʥʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ʢʦʪʪʝʜʞʥʦʛʦ ʙʫʜʠʥʢʫ S= 250ʤ2 ʪʘ 

ʧʠʪʦʤʠʤʠ ʪʝʧʣʦʚʪʨʘʪʘʤʠ ʥʘ ʦʧʘʣʝʥʥʷ ɽʙʫʜ=400ʄɼʞ/ʤ
2 ʥʘ ʨʽʢ. ɽʙʫʜ=400ʄɼʞ/ʤ

2 ʥʘ 
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ʨʽʢ = 111ʢɺʪĿʛʦʜ/ʤ2 ʥʘ ʨʽʢ. ʊʦʙʪʦ ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ ʥʘ ʦʧʘʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ: 

Q= ɽʙʫʜȚ S= 400ʄɼʞ/ʤ
2Ŀ250ʤ2 = 100000ʄɼʞ ʥʘ ʨʽʢ = 100ɻʜʞ ʥʘ ʨʽʢ. 

ʈʦʙʠʤʦ ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ɸʊ ʻʤʥʽʩʪʶ W=100ɻʜʞ, ʷʢʠʡ ʨʦʟʤʽʱʝʥʦ ʧʽʜ 

ʙʫʜʠʥʢʦʤ. ʇʨʠʡʥʷʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ɸʊ: ʛʽʜʨʦʙʝʪʦʥ, ʪʦʚʱʠʥʦʶ 30ʤʤ; ʪʷʞʢʠʡ ʙʝʪʦʥ ʟ 

ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 0,2ʤ; ʟʦʚʥʽʰʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʷ ʽʟ ʤʽʥʝʨʘʣʴʥʦʾ ʚʘʪʠ ʜʣʷ ʩʪʽʥ ɸʊ ʪʘ ʽ 

ʚʩʧʽʥʝʥʦʛʦ ʩʢʣʘ ʜʣʷ ʜʦʥʥʦʾ ʯʘʩʪʠʥʠ ɸʊ, ʪʦʚʱʠʥʘ 0,6ʤ; ʨʫʙʝʨʦʡʜ. 

ɿ ʤʝʪʦʶ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊɸʄ ʜʣʷ ʩʠʩʪʝʤ 

ʩʝʟʦʥʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʨʦʟʛʣʷʜʘʻʤʦ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʊɸʄ, ʜʦ ʷʢʠʭ 

ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʚʦʜʫ, ʛʨʘʥʽʪʥʠʡ ʱʝʙʽʥʴ, ʯʘʚʫʥ, ʙʝʪʦʥ, ʤʘʩʣʦ ʤʽʥʝʨʘʣʴʥʝ, ʛʫʜʨʦʥ, 

ʛʣʽʮʝʨʠʥ [62-66]. ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.1.  

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʉʊʂ, ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʧʣʦʪʠ ʚ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʨʦʢʫ (ʘʙʦ 

ʧʝʨʽʦʜʠʯʥʦ) ʚʽʜ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ  ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ 

ʝʬʝʢʪʠʚʥʽʰʝ ʚʩʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʪʦʥ ʪʘ ʱʝʙʽʥʴ ʚ ʷʢʦʩʪʽ ʊɸʄ. ʅʘʡʜʦʨʦʞʯʠʤ 

ʊɸʄ ʻ ʯʘʚʫʥ, ʪʦʤʫ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ɸʊ ʟ ʯʘʚʫʥʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʩʴ ʧʦʪʝʥʮʽʘʣ ʡʦʛʦ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʽʯʥʠʭ ʪʘʨʠʬʽʚ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʤʦʞʣʠʚʦ ʧʨʦʛʨʽʚʘʥʥʷ ɸʊ ʟ ʯʘʚʫʥʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 

500-600 0ʉ, ʱʦ ʜʘʻ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ɸʊ ʚ 5-6 ʨʘʟʽʚ. ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʜʣʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʪʘ ʚʪʦʨʠʥʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʦ 950ʉ (ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʉʊʂ, ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʘ  ʩʢʠʜʥʘ 

ʪʝʧʣʦʪʘ) ʥʘʡʢʨʘʱʠʤ ʊɸʄ ʻ ʚʦʜʘ. 

ɿʘʪʨʘʪʠ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʪʠʩʢʫ ʥʝ ʦʢʫʧʘʶʪʴ ʩʝʙʝ ʟʘ ʨʘʭʫʥʦʢ ʫʩʢʣʘʜʥʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʪʘ 

ʜʦʜʘʪʢʦʚʠʭ ʟʘʪʨʘʪ ʥʘ ʦʙʣʘʜʥʘʥʥʷ. ʗʢ ʨʽʜʠʥʥʠʡ ʊɸʄ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʠʱʝ 1000ʉ ʥʘʡʜʝʰʝʚʰʠʡ ʚʘʨʽʘʥʪ ʛʫʜʨʦʥ, ʘʣʝ ʪʫʪ ʻ ʦʙʤʝʞʝʥʥʷ ʧʦ ʥʠʞʥʽʡ ʤʝʞʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 55ʦʉ ʛʫʜʨʦʥ ʧʦʯʠʥʘʻ 

ʟʘʩʪʠʛʘʪʠ, ʱʦ ʟʤʝʥʰʫʻ ʡʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ.  ʊʦʤʫ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ï ʛʣʽʮʝʨʠʥ. 
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     ʊʘʙʣʠʮʷ. 2.1.  

     ʇʦʨʽʚʥʷʥʥʷ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ  

ʄʘʪʝʨʽʘʣ 
ʩ,  

ʢɼʞ/(ʢʛĿʂ) 

ɟ,  

ʢʛ/ʤ3 

ʩĿɟ, 

ʢɼʞ/(ʤ3Ŀʂ) 

tʢʠʧ, 
Áʉ 

tʪʚʝʨʜ, 
Áʉ 

ɚ, 

ɺʪ/(ʤĿʂ) 

ɛĿ103, 

ʇʘĿʩ 

ɡĿ106, 

ʤ2/ʩ 

Tʟʘʨ, 

 Áʉ 

Tʨʦʟ,  
Áʉ 

V,  

ʤ3 

ɺʟʘʛ, 

ʪʠʩ. ʛʨʥ 

ʂʦ,  

ʛʨʥ/ʢɼʞĿ103 

ɺʦʜʘ 4,187 975 4082,3 100 0 0,67 0,38 0,385 95 55 612 851 8,51 

ɺʦʜʘ* 4,195 972 4077,5 110 0 0,674 0,355 0,355 105 55 516 733 7,33 

ʏʘʚʫʥ 0,482 7200 3470,4 - - 50 - - 140 55 339 52749 527,50 

ɹʝʪʦʥ 1,13 2242 2533,5 - - 1,4 - - 140 55 464 664 6,64 

ʄʘʩʣʦ ʤʽʥʝʨʘʣʴʥʝ 2,23 780 1794 175 15 0,1087 18,3 4,68 140 55 726 18635 186,35 

ʑʝʙʽʥʴ ʛʨʘʥʽʪʥʠʡ 0,84 1600 1344,0 - - 3,5 - - 140 55 875 776 7,76 

ɻʣʽʮʝʨʠʥ 2,79 1208 3370,3 290 17 0,289 13 15,7 140 55 384 6593 65,93 

ɻʫʜʨʦʥ 
2,09 1000 2090,0 290 

12 -

55 
0,3 16 83 140 55 563 3436 34,36 

 ʇʨʠʤʽʪʢʘ:  1) ɺʦʜʘ * - ʮʝ ʚʦʜʘ ʧʽʜ ʪʠʩʢʦʤ 1,5 ʘʪʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ 1100ʉ. 

 2) ɺʦʜʘ ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʜʠʩʪʠʣʴʦʚʘʥʘ. 

3)ʎʽʥʠ ʚʢʘʟʘʥʽ ʥʘ ʞʦʚʪʝʥʴ 2018 ʨʦʢʫ. 
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2.3. ʈʦʟʨʘʭʫʥʦʢ ʬʦʨʤʠ ʽ ʦʙ'ʻʤʫ ʩʝʟʦʥʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʦʪʠ 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʘʨʪʦʩʪʽ 1ɻɼʞ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʝʬʝʢʪʠʚʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ɸʊ ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʽ ʪʝʧʣʦʚʪʨʘʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʇʨʠ ʚʠʙʦʨʽ ʬʦʨʤʠ ɸʊ ʚ ʧʣʘʥʽ ʧʦʪʨʽʙʥʦ ʥʘʤʘʛʘʪʠʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʩʧʨʦʩʪʠʪʠ ʡʦʛʦ 

ʬʦʨʤʫ. ʆʩʢʽʣʴʢʠ ʥʘʡʙʽʣʴʰʽ ʪʝʧʣʦʚʪʨʘʪʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ ʩʪʽʥʠ, ʙʘʞʘʥʦ, ʱʦʙ 

ʧʣʦʱʘ ʾʭ ʧʦʚʝʨʭʥʽ ʙʫʣʘ ʥʘʡʤʝʥʰʦʶ. ɿʘʛʘʣʴʥʦ ʚʽʜʦʤʦ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʦʙôʻʤʽ 

ʥʘʡʤʝʥʰʫ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʤʘʻ ʰʘʨ. ʆʜʥʘʢ ʙʫʜʫʚʘʪʠ ɸʊ ʚ ʬʦʨʤʽ ʰʘʨʫ ʚ 

ʧʨʘʛʥʝʥʥʽ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʪʝʧʣʦʚʪʨʘʪʠ ʥʝ ʨʘʮʽʦʥʘʣʴʥʦ, ʪʦʤʫ ʱʦ ʨʦʟʨʘʭʫʚʘʪʠ ʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʠʢʦʥʘʪʠ ɸʊ ʰʘʨʦʚʠʜʥʦʾ ʬʦʨʤʠ ʜʫʞʝ ʩʢʣʘʜʥʦ.  ɼʣʷ ʨʝʘʣʴʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʧʽʜʭʦʜʠʪʴ ʢʦʥʬʽʛʫʨʘʮʽʷ ɸʊ ʚ ʬʦʨʤʽ ʢʫʙʘ, 

ʦʩʢʽʣʴʢʠ ʚ ʥʴʦʤʫ ʧʣʦʱʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʥʘʡʤʝʥʰʘ, ʪʦʤʫ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʙʠʨʘʻʤʦ ʩʘʤʝ ʪʘʢʫ ʬʦʨʤʫ. ɸʣʝ ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʽʨʠʪʠ ʷʢ ʚʧʣʠʥʝ ʥʘ 

ʬʦʨʤʫ ɸʊ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʢʨʘʱʝ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʢʫʙʽʯʥʦʾ 

ʬʦʨʤʠ, ʘ ʚ ʷʢʦʤʫ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʨʘʣʝʣʝʧʽʧʝʜ [67]. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʬʦʨʤʠ ɸʊ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʨʦʟʤʽʱʝʥʥʷ: 1-ʡ 

ʚʘʨʽʘʥʪ ɸʊ ʨʦʟʤʽʱʫʻʪʴʩʷ ʧʽʜ ʙʫʜʠʥʢʦʤ; 2-ʡ ʚʘʨʽʘʥʪ ɸʊ  ʜʦʚʽʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʚ ʟʝʤʣʽ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠʡʤʘʻʤʦ ʦʙôʻʤ ɸʊ 1 ʤ3. 

ʊʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʙʫʜʴ-ʷʢʫ ʩʪʽʥʢʫ ɸʊ ʚʠʟʥʘʯʘʶʪʴʩʷ: 

, ( ) ,ʩ

ʪʚ ʽ ʘʢ ʛ ʽQ T T F ɺʪ
l

d
= Ö - Ö  2.22 

ʜʝ ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʽʥʢʠ ɸʊ, ɺʪ/(ʤῊʂ); ŭ ï ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ɸʊ, 

ʤ; Tʘʢ
ʩ ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ɸʊ ʚʧʨʦʜʦʚʞ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢ ʧʽʚʩʫʤʘ ʪʝʤʧʝʨʘʪʫʨ ʟʘʨʷʜʞʘʥʥʷ Tʟʘʨ ̔  ʨʦʟʨʷʜʞʝʥʥʷ tʨʦʟ ɸʊ:  Tʘʢ
ʩ = (Tʟʘʨ+Tʨʦʟ)/2= 

=(140+55)/2= 97,50ʉ;  Tʛ ï ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ, ʧʨʠʡʤʘʻʤʦ +8 
0ʉ; F  ̔ï ʧʣʦʱʘ 

ʩʪʽʥʦʢ ɸʊ, ʤ2. 

ʆʩʢʽʣʴʢʠ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ɸʊ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʚʘʨʪʽʩʪʴ ʛʣʠʙʠʥʘ 

ʟʘʛʣʠʙʣʝʥʥʷ ɸʊ, ʪʦ ʥʘʤ ʧʦʪʨʽʙʥʘ ʥʘʡʝʬʝʢʪʠʚʥʽʰʘ ʬʦʨʤʘ ɸʊ ʟ ʥʘʡʤʝʥʰʦʶ 

ʚʠʩʦʪʦʶ. ɼʣʷ ʮʴʦʛʦ ʧʦʟʥʘʯʠʤʦ ʜʦʚʞʠʥʫ ʪʘ ʰʠʨʠʥʫ ɸʊ ï ʭ, ʘ ʚʠʩʦʪʫ ï ʫ (ʨʠʩ.2.2.). 

ʂʦʥʩʪʨʫʢʮʽʶ ɸʊ ʧʨʠʡʤʘʻʤʦ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ: ʩʪʽʥʠ ʟ ʤʽʥʝʨʘʣʴʥʦʾ ʚʘʪʠ 

ʟ ɚ=0,045 ɺʪ/(ʤῊʂ), ʘ ʜʦʥʥʘ ʯʘʩʪʠʥʘ ʟ ʚʩʧʽʥʝʥʦʛʦ ʩʢʣʘ ʟ ɚ=0,065 ɺʪ/(ʤῊʂ), ʪʦʚʱʠʥʘ 

ʩʪʽʥ ŭ=1,0ʤ. 
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ʈʠʩ. 2.2. ʇʦʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ɸʊ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ. 

 

ɼʣʷ 1-ʛʦ ʚʘʨʽʘʥʪʫ ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ɸʊ ʧʽʜ ʙʫʜʽʚʣʝʶ, ʪʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ 

ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ɸʊ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʚʨʘʭʦʚʫʶʪʴʩʷ ʷʢ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ 

ʚ ʙʫʜʽʚʣʶ. ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʜʣʷ ɸʊ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

Qʙʘʣ = Qʪʝʧ.ʚʪ. ï Qʪʝʧ.ʥʘʜ.Ÿ  min. 2.23 

ʊʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʩʪʽʥʠ ʪʘ ʜʦʥʥʫ ʯʘʩʪʠʥʫ ɸʊ: Qʪʝʧ.ʚʪ. =(0,065/1,0) Ț (97,5-8) Țʭ2+ 

+(0,045/1,0) Ț4Ț (97,5-8) ȚʭȚʫ = 5,8175Ț ʭ2+16,11ȚʭȚʫ. 

ʊʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ ʙʫʜʠʥʦʢ ʯʝʨʝʟ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ɸʊ: 

Qʪʝʧ.ʥʘʜ.=  (0,045/1,0) Ț (97,5-20) Țʭ2 = 3,4875 ʭ2 . 

ʊʝʧʣʦʚʪʨʘʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʽ: 

Qʙʘʣ =2,33 ʭ
2 +16,11ȚʭȚʫ.Ÿ  min. 

ʊʘʙʣʠʮʷ 2.2.  

1-ʡ ʚʘʨʽʘʥʪ, ʟʥʘʯʝʥʥʷ Qʙʘʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ ʫ. 

ɺʠʩʦʪʘ  y, ʤ ʐʠʨʠʥʘ ʽ ʜʦʚʞʠʥʘ x, ʤ ʊʝʧʣʦʚʪʨʘʪʠ Qʙʘʣ, ɺʪ 

1 1 13,171 

0,9 1,0541 12,766 

0,8 1,118 12,373 

0,7 1,1952 12,005 

0,6 1,291 11,687 

0,5 1,4142 11,465 

0,4 1,5811 11,438 

0,3 1,8257 11,85 

0,2 2,2361 13,468 

0,1 3,1623 20,282 
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ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʦʙôʻʤ ʧʨʠʡʥʷʪʦ  V=1ʤ3. ʇʽʜʩʪʘʚʣʷʶʯʠ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʫ ʽ 

ʚʠʨʘʞʘʶʯʠ ʭ= (1/ʫ)0,5, ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ Qʙʘʣ (ʪʘʙʣ. 2.2.) 

ʊʦʙʪʦ ʜʣʷ ʚʘʨʽʘʥʪʫ ʨʦʟʤʽʱʝʥʥʷ ɸʊ ʧʽʜ ʙʫʜʽʚʣʝʶ ʥʘʡʝʬʝʢʪʠʚʥʽʰʘ ʬʦʨʤʘ ɸʊ 

ï ʧʘʨʘʣʝʣʝʧʽʧʝʜ, ʟ  ʚʠʩʦʪʦʶ ʫ=0,4ʤ, ʰʠʨʠʥʦʶ ʪʘ ʜʦʚʞʠʥʦʶ ʭ= 1,58ʤ, ʘʣʝ ʰʠʨʠʥʘ 

ʽ ʜʦʚʞʠʥʘ ɸʊ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʝ ʧʦʚʠʥʥʽ ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ ʨʦʟʤʽʨʽʚ ʙʫʜʠʥʢʫ 

ʚ ʧʣʘʥʽ. 

ɼʣʷ 2-ʛʦ ʚʘʨʽʘʥʪʫ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ɸʊ ʜʦʚʽʣʴʥʦ ʚ ʟʝʤʣʽ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʫ ʤʘʻ ʚʠʛʣʷʜ:  

Qʙʘʣ = Qʪʝʧ.ʚʪ. Ÿ  min. 2.24 

ʊʘʙʣʠʮʷ 2.3.  

2-ʡ ʚʘʨʽʘʥʪ, ʟʥʘʯʝʥʥʷ Qʙʘʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ ʫ. 

ɺʠʩʦʪʘ  y, ʤ ʐʠʨʠʥʘ ʽ ʜʦʚʞʠʥʘ x, ʤ ʊʝʧʣʦʚʪʨʘʪʠ Qʙʘʣ, ɺʪ 

1 1 18,154 

0,9 1,0541 18,302 

0,8 1,118 18,6 

0,7 1,1952 19,122 

0,6 1,291 19,991 

0,5 1,4142 21,43 

0,4 1,5811 23,894 

0,3 1,8257 28,457 

0,2 2,2361 38,378 

0,1 3,1623 70,103 

 

ʊʝʧʣʦʚʪʨʘʪʠ ʯʝʨʝʟ ʩʪʽʥʠ ɸʊ: Qʙʘʣ = Qʪʝʧ.ʚʪ. = (0,065/1,0) Ț (97,5-8) Țʭ2 + 

+(0,045/1,0) Ț4Ț (97,5-8) ȚʭȚʫ+(0,045/1,0) Ț (97,5-20) Țʭ2 =9,305 ʭ2 +16,11ȚʭȚʫ.Ÿ  min. 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʫ ʽ ʚʠʨʘʞʘʶʯʠ ʭ= (1/ʫ)0,5, ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ 

Qʙʘʣ (ʪʘʙʣ. 2.3.). ʊʦʙʪʦ ʜʣʷ ʚʘʨʽʘʥʪʫ ʨʦʟʤʽʱʝʥʥʷ ɸʊ ʜʦʚʽʣʴʥʦ ʚ ʟʝʤʣʽ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʘ ʬʦʨʤʘ ɸʊ ï ʢʫʙ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʨʘʭʫʥʦʢ ʦʙôʻʤʫ ɸʊ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʧʽʜ 

ʙʫʜʽʚʣʝʶ, ʧʣʦʱʝʶ 300 ʤ2 ʽ ʷʢʠʡ ʟʘʨʷʜʞʘʻʪʴʩʷ ʚʽʜ ʉʊʂ. ʇʨʠʡʤʘʻʤʦ ʥʘʩʪʫʧʥʽ 

ʚʠʭʽʜʥʽ  ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʙôʻʤʫ ʩʝʟʦʥʥʦʛʦ ɸʊ: ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʦʧʘʣʝʥʥʷ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʟʦʚʥʽʰʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ ʦʧʘʣʝʥʥʷ - Qʉʆ=8080,09 ɺʪ; 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ 1 ʣʶʜʠʥʫ qh=247 ɺʪ/ʣʶʜ; 
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ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʡʭʦʣʦʜʥʽʰʦʾ ʧ'ʷʪʠʜʝʥʢʠ t'ʦ=tʟʦʚʥ.5=-22 0ʉ; ʪʨʠʚʘʣʽʩʪʴ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ zʦʩ= 176 ʜʽʙ; ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʧʘʣʝʥʥʷ tʦʩ= - 0,1 

0ʉ; ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ tʚʥ= 20 0 ʉ; ʩʝʟʦʥʥʠʡ ɸʊ ʤʘʻ 

ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʠʡ ʢʦʨʧʫʩ; ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʥʘ ɻɺʇ ʧʨʠʡʤʘʻʤʦ  tʛʚʧ = 55 0ʉ;  

ʢ̔ ʣʴʢʽʩʪʴ ʦʩʽʙ, ʱʦ ʧʨʦʞʠʚʘʻ ï n=5; ʥʦʨʤʘ ʛʘʨʷʯʦʾ ʚʦʜʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 55 0ʉ gʛʚʧ 

= 85ʣ/ʣʶʜ. ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2.1. 

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʚ ʨʦʟʨʘʭʫʥʢʫ ʦʙôʻʤʫ ʩʝʟʦʥʥʦʛʦ ɸʊ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʪʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʢʫʤʫʣʶʚʘʪʠ. ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʢʫʤʫʣʶʚʘʪʠ ʚ ʩʝʟʦʥʥʦʤʫ ɸʊ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ, ʪʘ ʪʝʧʣʦʪʠ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʘ 

ʨʦʟʨʘʭʫʥʢʘʤʠ ʢʣʘʩʠʯʥʦʛʦ ʛʨʘʬʽʢʫ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [28]. ʈʽʯʥʘ ʚʠʪʨʘʪʘ 

ʪʝʧʣʦʪʠ ʜʣʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ 3,6 - ʧʝʨʝʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ; Qʩʦ - ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ, ɺʪ; 24 - ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ ʫ ʜʦʙʽ;  tʦʩ- ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ, Áʉ; Sʦʩ - ʢʽʣʴʢʽʩʪʴ ʛʨʘʜʫʩʦ-ʜʽʙ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʩʝʟʦʥʫ; tʚʥ - ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʦʉ.; tʟʦʚʥ5 - ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʥʘʡʭʦʣʦʜʥʽʰʦʾ ʧ'ʷʪʠʜʝʥʢʠ, Áʉ; ʘ=1 - 

ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʷʢʱʦ ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʘ 

ʧʨʠʣʘʜʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʥʝʨʦʙʦʯʠʡ ʯʘʩ; 

b = 0,9 - ʢʦʝʬʽʮʽʻʥʪ, ʢʦʪʨʠʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʷʢʱʦ ʙʽʣʴʰʝ 75% 

ʦʧʘʣʶʚʘʣʴʥʠʭ   ʧʨʠʣʘʜʽʚ ʦʙʣʘʜʥʘʥʽ ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘʤʠ; ʩ = 1 - 

ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʪʨʝʙʘ ʚʨʘʭʫʚʘʪʠ, ʷʢʱʦ ʥʘ ʘʙʦʥʝʥʪʩʴʢʦʤʫ ʚʚʦʜʽ (ʚ ɯʊʇ) 

ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠʣʘʜʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʦʬʘʩʘʜʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʂ̔ ʣʴʢʽʩʪʴ ʛʨʘʜʫʩʦ-ʜʽʙ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ: 

( ) ( ). . .    20  0,1  · 176 3537,6 ʦʩ ʚʥ ʦʩ ʦʩS t t Z ʛʨʘʜ ʜʽʙ= - = + = - 2.27 
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ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪʠ ʪʝʧʣʦʪʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʧʨʦʜʦʚʞ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 

ʧʝʨʽʦʜʫ ʚʝʜʝʤʦ ʥʘ 5 ʦʩʽʙ (n = 5 ʯʦʣ.), ʧʨʠʡʤʘʻʤʦ ʩʝʨʝʜʥʽʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ɻɺʇ 

Qhm=1235 ɺʪ: 

6         3,6 24 1       0 18,8 ;P

hm hm ocW Q Z ɻɼʞ-= Ö Ö Ö Ö =  2.28 

ʘʙʦ                          
324 10 5300 ;P

hm hm ocW Q Z ʢɺʪ ʛʦʜ-= Ö Ö Ö = Ö 2.29 

ʜʝ Qhm ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ɻɺʇ, ɺʪ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 hm hQ q n= Ö
 2.30 

ɺʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʚ ʩʠʩʪʝʤʽ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʧʨʦʜʦʚʞ 

ʥʝʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ W ʈʣ
 hm ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.28-2.29) ʘʣʝ 

ʟʘʤʽʩʪʴ ʟʥʘʯʝʥʥʷ zʦʩ ʧʽʜʩʪʘʚʣʷʻʤʦ ʟʥʘʯʝʥʥʷ 365- zʦʩ, ʘ ʩʝʨʝʜʥʽʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ 

ɻɺʇ:  

, ;
ʣ

s h ʭ
hm hm

h ʭ

t t
Q Q ɺʪ

t t
b

-
= Ö Ö

-  
2.31 

ʜʝ th ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʨʷʯʦʾ ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ ɻɺʇ, ʧʨʠʡʤʘʻʤʦ 55
0ʉ; tʭ  ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʭʦʣʦʜʥʦʾ ʚʦʜʠ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ, ʦʉ; tʭ
ʣ ï ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʾ ʚʦʜʠ ʚ 

ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ; ɓ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ ʩʝʨʝʜʥʴʦʾ ʚʠʪʨʘʪʠ 

ʛʘʨʷʯʦʾ ʚʦʜʠ ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ, ʧʦʨʽʚʥʶʶʯʠ ʟ ʦʧʘʣʶʚʘʣʴʥʠʤ ʧʝʨʽʦʜʦʤ. 

ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʦʙôʻʢʪ -  ʢʦʪʝʜʞ, ʪʦ tʭ = tʭ
ʣ =5 0ʉ, ʘ ʢʦʝʬʽʮʽʻʥʪ ɓ ʜʦʨʽʚʥʶʻ 1.  

ʊʦʙʪʦ Qhm =  Qhm 
s = 1235 ɺʪ.  

63,6 1235 24 189 10 20,17 5700 ;Pʣ

hmW ɻɼʞ ʢɺʪ ʛʦʜ-= Ö Ö Ö Ö = = Ö
 

ʈʽʯʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ: Wʨʽʯ = Wʩʦ + W ʈʣ
 hm + Whm 

p = 53ɻɼʞ+ 20,2ɻɼʞ + 

+18,8ɻɼʞ = 92 ɻɼʞ/ʨʽʢ = 25700ʢɺʪĿʛʦʜ; 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʢʫʤʫʣʶʚʘʪʠ ʚ ʩʝʟʦʥʥʦʤʫ ɸʊ:  

Wʟʘʛ = Wʩʦ + Whm 
p = 53ɻɼʞ + 18,8ɻɼʞ = 71,8 ɻɼʞ. 

ɸʣʝ ʮʝʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʥʝ ʪʦʯʥʠʡ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʨʘʭʦʚʫʻ ʥʘʜʭʦʜʞʝʥʥʷ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚ ʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʨʦʢʫ [68]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙ'ʻʤʫ ʩʝʟʦʥʥʦʛʦ 

ɸʊ ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʪʠ ʩʠʩʪʝʤʘʤʠ 

ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʛʨʘʬʽʢ ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʘ ʚʽʜ 

ʉʊʂ ʚʧʨʦʜʦʚʞ ʨʦʢʫ, ʚ ʷʢʦʤʫ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʱʦʜʝʥʥʘ ʜʠʥʘʤʽʢʘ ʧʦʪʨʝʙ ʝʥʝʨʛʽʾ 

ʥʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ [69].  
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ɼʣʷ ʟʨʫʯʥʽʰʦʾ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʫ ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʪʠ ʨʦʙʠʤʦ 

ʘʧʨʦʢʩʠʤʘʮʽʶ ʜʘʥʠʭ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʟʷʪʠʭ ʟʽ ɼʉʊʋ-ʅ ɹ. ɺ.1.1-

27:2010 "ɹʫʜʽʚʝʣʴʥʘ ʢʣʽʤʘʪʦʣʦʛʽʷ" [59]. ɸʧʨʦʢʩʠʤʘʮʽʶ ʨʦʙʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʠ Aproksim. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʤʥʦʛʦʯʣʝʥ 4 ʩʪʝʧʝʥʶ:  

ʋ=ɸ0+ɸ1Ŀʭ1+ɸ2Ŀʭ2+ɸ3Ŀʭ3+ɸ4Ŀʭ4 

ɸ0 = 8,287241; ɸ1= - 0,2041129; ɸ2= - 1,072438Ŀ10-4; ɸ3= 1,049703Ŀ10
-5;  

 ɸ4= -2,047809Ŀ10-8. 

ʇʦʭʠʙʢʘ ʩʢʣʘʜʘʻ E=0,063500 ʪʦʙʪʦ 6,35%. 

ʊʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʦʧʘʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

/
,ʽ ʚʥ ʽ

ʩʦ ʩʦ

ʚʥ O

t t
Q Q ɺʪ

t t

-
=

-  
2.32 

ʜʝ tʽ ï ʙʫʜʴ-ʷʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ, Áʉ. 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ ʦʧʘʣʝʥʥʷ 

ʪʘ ɻɺʇ ʚʧʨʦʜʦʚʞ ʨʦʢʫ (ʨʠʩ. 2.5). 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʥʝʦʙʭʽʜʥʫ ʥʘ ʧʦʢʨʠʪʪʷ ʧʦʪʨʝʙ ʥʘ ɻɺʇ ʟʘ ʜʦʙʫ: 

( ),ʜ

ʛʚʧ ʛʚʧ ʚ ʛ ʭW G ʩ t t ɼʞ= Ö Ö -
 2.33 

ʜʝ Gʛʚʧ ï ʢʽʣʴʢʽʩʪʴ ʛʘʨʷʯʦʾ ʚʦʜʠ ʟʘ ʜʦʙʫ, ʣ/ʜʦʙʫ; ʩʚ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ, 4187 

ɼʞ/(ʢʛĿK); tʛ  ï  ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʨʷʯʦʾ ʚʦʜʠ, 55 
0ʉ; tʭ ï  ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʾ ʚʦʜʠ, 

5 0ʉ. 

 85  5  425 /ʛʚʧ ʛʚʧG g n ʣ ʜʦʙʫ= Ö = Ö =  2.34 

Wʜʛʚʧ=425Ț4187Ț(55-5)=88973750ɼʞ=24,72ʢɺʪȚʛʦʜ ʟʘ ʜʦʙʫ 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʥʝʦʙʭʽʜʥʫ ʥʘ ʧʦʢʨʠʪʪʷ ʧʦʪʨʝʙ ʥʘ ʦʧʘʣʝʥʥʷ ʟʘ 

ʜʦʙʫ:           

24 3600,ʽ ʽ

ʦʧ ʦʧW Q ɼʞ= Ö Ö
 2.35 

ʜʝ  Qʦʧ
ʽ  ï  ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʘʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ, ʟ ʨʠʩ. 2.5, ɺʪ  

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʜʝ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ [68]. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʧʣʦʱʫ ʉʊʂ ʽ ʨʽʯʥʝ ʥʘʜʭʦʜʞʝʥʥʷ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ. 
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ʈʠʩ. 2.3. ʉʝʨʝʜʥʴʦʨʽʯʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ 

 

ʈʠʩ.2.4. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʙʦʚʦʾ ʩʫʤʘʨʥʦʾ  ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚ ʤ. ʂʠʾʚ 

ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʜʘʥʠʭ ʙʫʣʠ ʩʢʣʘʜʝʥʽ ʛʨʘʬʽʢʠ ʥʘʜʭʦʜʞʝʥʥʷ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʟ ʷʢʠʭ ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʨʽʯʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʨʠʩ. 

2.3 [70]  ʪʘ ʨʠʩ.2.4 [68]. 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʥʝʦʙʭʽʜʥʫ ʧʣʦʱʫ ʉʊʂ: 

2

. .
,

ʨʽʯʥ

ʩ ʨ

ʣʽʪ

W
A ʤ

W h
=

Ö  
2.36 

ʜʝ ɸ ï ʧʣʦʱʘ ʉʊʂ, ʤ2; Wʨʽʯʥ  ï ʨʽʯʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ +ɻɺʇ, 

ʢɺʪ*ʛʦʜ/ʨʽʢ; Wʣʽʪ. ʩ.ʨ. ï  ʨʽʯʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʢɺʪ*ʛʦʜ/ʨʽʢ; ɖ ï  

ʂʂɼ ʉʊʂ, ʜʣʷ ʧʣʦʩʢʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʦʨʽʚʥʶʻ 0,6; Wʨʽʯʥ =25700ʢɺʪĿʛʦʜ; Wʣʽʪ.
ʩ.ʨ. = 

830 ʢɺʪĿʛʦʜ/ʨʽʢ, ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ ʪʘʙʣ.2.4. ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʧʝʨʽʦʜ 

ʟʘʨʷʜʞʘʥʥʷ ɸʊ ʪʨʠʚʘʻ ʟ ʢʽʥʮʷ ʢʚʽʪʥʷ ʜʦ ʧʦʯʘʪʢʫ ʞʦʚʪʥʷ. 
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.

2

.
2570 (0 / 830 0,6 2 )  5 .

ʨʽʯʥ

ʩ ʨ

ʣʽʪ

W

W
ʤA

h
Ö == =

Ö  

ʊʘʙʣʠʮʷ 2.4. 

ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ 

ʄʽʩʷʮʴ 
ʂʽʣʴʢʽʩʪ

ʴ ʜʥʽʚ ʫ 

ʤʽʩʷʮʽ 

ʅʘʜʭʦʜʞʝʥʥʷ 

ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ 

ʟʘ ʤʽʩʷʮʴ, 

ʢɺʪĿʛʦʜ/ʤ2Ŀʨʽʢ 

ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʝ 

ʜʦʙʦʚʝ 

ʥʘʜʭʦʜʞʝʥʥʷ 

ʨʘʜʽʘʮʽʾ, ɺʪĿʛʦʜ/ʤ2 

ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʝ 

ʜʦʙʦʚʝ 

ʥʘʜʭʦʜʞʝʥʥʷ 

ʨʘʜʽʘʮʽʾ, ʢɺʪĿʛʦʜ/ʤ2 

15.ʃʠʧ 31 176,00 3406,45 3,41 

15.ʉʝʨ 31 147,00 2845,16 2,85 

15.ɺʝʨ 30 104,00 2080,00 2,08 

15.ɾʦʚ 31 62,80 1215,48 1,22 

15.ʃʠʩ 30 24,70 494,00 0,49 

15.ɻʨʫ 31 18,40 356,13 0,36 

15.ʉʽʯ 31 26,70 516,77 0,52 

15.ʃʶʪ 28 41,70 893,57 0,89 

15.ɹʝʨ 31 85,30 1650,97 1,65 

15.ʂʚʽ 30 113,00 2260,00 2,26 

15.ʊʨʘ 31 161,00 3116,13 3,12 

15.ʏʝʨ 30 181,00 3620,00 3,62 

15.ʃʠʧ 31 176,00 3406,45 3,41 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʴ ʚʽʜ ʉʊʂ ʨʦʙʠʤʦ ʘʧʨʦʢʩʠʤʘʮʽʶ  

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦʛʦ ʜʦʙʦʚʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʘʮʽʾ , ʢɺʪ/ʤ2. ɸʧʨʦʢʩʠʤʘʮʽʶ 

ʨʦʙʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Aproksim. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʤʥʦʛʦʯʣʝʥ 4 

ʩʪʝʧʝʥʶ: Y=ɸ0+ɸ1Ŀʭ+ɸ2Ŀʭ
2+ɸ3Ŀʭ

3+ɸ4Ŀʭ
4; ɸ0=3,457757; ɸ1=-0,0140787; ɸ2=-

2,682738*10-4;ɸ3=1,9613*10-6; ɸ4=-3,077561*10-9. 

ʇʦʭʠʙʢʘ ʩʢʣʘʜʘʻ E=0,070976=7,10% 

ɺʠʟʥʘʯʘʻʤʦ  ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟʘ ʜʦʙʫ: 

. . , ;ʽ

ʩ ʨ ʽQ A W ʢɺʪ ʛʦʜ= Ö Ö
 2.37 

ʜʝ Wʽ  ï ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟʘ ʜʦʙʫ, ʢɺʪĿʛʦʜ/ʨʽʢ; ɸ ï ʧʣʦʱʘ ʉʊʂ, ʤ2. 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʪʠ 

ʩʠʩʪʝʤʘʤʠ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽ ʨʽʯʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʦʪʠ 

ʚʽʜ ʉʊʂ  ʨʠʩ. 2.5.   
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ʈʦʟʨʘʭʦʚʫʻʤʦ ʦʙôʻʤ ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ. ɺʠʭʦʜʷʯʠ ʟ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʧ.2.2. ʝʢʦʥʦʤʥʽʰʝ ʚʩʴʦʛʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ɸʊ 

ʧʦʙʫʜʫʚʘʪʠ ɸʊ ʟ ʙʝʪʦʥʫ ʪʘ ʛʣʽʮʝʨʠʥʫ. ɸʊ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʪʝʧʣʝʥʦʛʦ ʨʝʟʝʨʚʫʘʨʫ, 

ʷʢʠʡ ʟʘʧʦʚʥʝʥʠʡ ʪʚʝʨʜʠʤ ʊɸʄ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʽ ʢʘʥʘʣʠ, ʟʘʧʦʚʥʝʥʽ ʨʽʜʠʥʥʠʤ 

ʊɸʄ ʪʘ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʟʘʨʷʜʞʘʥʥʷ ʪʘ ʨʦʟʨʷʜʞʝʥʥʷ ɸʊ. ʆʩʥʦʚʥʠʤ ʊɸʄ ɸʊ 

ʙʫʜʝ ʙʝʪʦʥ, ʪʦʤʫ ʩ ʧʦʯʘʪʢʫ ʨʦʟʨʘʭʦʚʫʻʤʦ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʱʦ ʚʝʩʴ ɸʊ 

ʚʠʢʦʥʘʥʦ ʟ ʙʝʪʦʥʫ, ʘ ʧʦʪʽʤ ʧʽʩʣʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʨʦʟʤʽʩʪʠʤʦ ʢʘʥʘʣʠ ʟ ʛʣʽʮʝʨʠʥʦʤ ʚ 

ʦʙôʻʤʽ ʙʝʪʦʥʫ. ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʘʢʫʤʫʣʶʚʘʪʠ (Wʘʢ) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

. . .  ,  ʢ

ʘʢ ʟʘʛ ʩʦ ʧW W W ɻɼʞ= -
 2.38 

ʜʝ Wʢʟʘʛ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʢʫʤʫʣʶʚʘʪʠ ʚ ɸʊ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʉʊʂ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ,  ʢɺʪĿʛʦʜ, ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʠʩ.2.5; 

Wʩ.ʦ.ʧ. - ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʚʽʜ ʉʊʂ  ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ, ʢɺʪĿʛʦʜ, ʚʠʟʥʘʯʘʻʤʦ ʟ 

ʨʠʩ.2.5.  

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʉʊʂ  ʟ 2.36: 52 ʤ2. ɿ ʨʠʩ 2.5. ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʚʽʜ ʉʊʂ ʚ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʂʂɼ ʉʊʂ 0,6: Wʩ.ʦ.ʧ. = 6428ʢɺʪĿʛʦʜ  = 

=23,14ɻɼʞ. ɿʘ ʬʦʨʤʫʣʦʶ. 2.38:  Wʘʢ =69,47ɻɼʞ - 23,14ɻɼʞ =46,33ɻɼʞ.   

ʆʙôʻʤ ʩʝʟʦʥʥʦʛʦ ɸʊ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

Wak
,

( )ʟʘʨ ʨʦʟ

ʢ
T T

G ʛ
c
=
Ö -

 2.39 

3,
G

V ʤ
r
=

 
2.40 

ʜʝ G - ʢʽʣʴʢʽʩʪʴ ʊɸʄ, ʢʛ; Tʟʘʨ - ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʨʷʜʞʘʥʥʷ ɸʊ, 0ʉ; Tʨʦʟ - ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʨʷʜʞʝʥʥʷ ɸʊ, 0ʉ; c - ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʊɸʄ, ɼʞ/(ʢʛĿʂ); ɟ - ʧʠʪʦʤʘ ʛʫʩʪʠʥʘ 

ʊɸʄ, ʢʛ/ʤ3. 

ɿʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʛʫʩʪʠʥʠ ʪʘ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʠʡʤʘʻʤʦ ʟ ʪʘʙʣʠʮʽ 2.1 [65]. 

946,33 10
482353 ;

1130 (140 55)
G ʢʛ

Ö
= =

Ö -  

3482353
215 ;

2242

G
V ʤ
r
= = =

 

ʈʦʟʤʽʨʠ ɸʊ ʧʨʠʡʤʘʻʤʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʨʦʟʤʽʨʠ ʙʫʜʠʥʢʫ ʚ ʧʣʘʥʽ 

10ʭ9ʤ: 8ʭ8ʭ3,36(h)ʤ. 
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ʈʠʩ.2.5. ɻʨʘʬʽʢʠ ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʪʠ ʩʠʩʪʝʤʘʤʠ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽ ʨʽʯʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ 

ʪʝʧʣʦʪʠ ʚʽʜ ʉʊʂ.
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ɼʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʙʫʜʠʥʢʫ, ʧʣʦʱʝʶ 162 ʤ2, ʚ ʷʢʦʤʫ ʧʨʦʞʠʚʘʻ 4 

ʣʶʜʠʥʠ, ʘ ʪʝʧʣʦʚʪʨʘʪʠ ʩʪʘʥʦʚʣʷʪʴ  3680ɺʪ ʥʝʦʙʭʽʜʥʦ ʟʘʢʫʤʫʣʶʚʘʪʠ 15,66 ɻɼʞ 

ʪʝʧʣʦʪʠ. ɿʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʤʽʨʠ ɸʊ ʧʨʠʡʤʘʻʤʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 

ʨʦʟʤʽʨʠ ʙʫʜʠʥʢʫ ʚ ʧʣʘʥʽ 8.5ʭ8.5ʤ: 7.5ʭ7.5ʭ1,30(h)ʤ, ʘ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʉʊʂ 

ʩʪʘʥʦʚʠʪʴ 26 ʤ2.  

 

2.4. ʈʦʟʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʩʝʟʦʥʥʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʫ ʪʝʧʣʦʪʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʘʨʪʽʩʪʴ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʝʥʝʨʛʽʾ ʚ ʩʝʟʦʥʥʦʤʫ ɸʊ (ʧ.2.3),  ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ, ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʤʽʥʽʤʘʣʴʥʠʭ ʧʨʠʚʝʜʝʥʠʭ ʟʘʪʨʘʪ. 

( ) ʽ ʥ ʽ ʪʧʇ ʈ ɽ ʂ ʉ min= + Ö + =
 2.41 

ʜʝ ʈ̔ ï ʨʽʯʥʽ ʚʽʜʨʘʭʫʚʘʥʥʷ ʚʽʜ ʚʘʨʪʦʩʪʽ ʽʟʦʣʷʮʽʾ ʩʢʣʘʜʘʶʪʴ 0,08; ɽʥ ï ʥʦʨʤʘʪʠʚʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʚ ʽʟʦʣʷʮʽʶ, ʜʦʨʽʚʥʶʻ 0,12; ʂ̔ ï ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʚ 

ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ; ʉʪʧ ï ʨʽʯʥʘ ʚʘʨʪʽʩʪʴ ʪʝʧʣʦʚʪʨʘʪ; ʇ ï ʧʨʠʚʝʜʝʥʽ ʟʘʪʨʘʪʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʯʥʦʾ ʚʘʨʪʦʩʪʽ ʪʝʧʣʦʚʪʨʘʪ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ [71]: 

¶ ʊʝʧʣʦʚʪʨʘʪʠ ʧʨʠ ʨʽʟʥʠʭ ʪʦʚʱʠʥʘʭ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ; 

¶ ɺʘʨʪʽʩʪʴ 1ʢɼʞ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ. 

ʇʨʠʡʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʩʝʟʦʥʥʦʛʦ ɸʊ  ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ: ʛ̔ ʜʨʦʽʟʦʣʷʮʽʷ, 

ɚ=0,17 ɺʪ/(ʤĿʂ), ŭ=0,005 ʤ; ʪʝʧʣʦʽʟʦʣʷʮʽʷ ʜʦʥʥʦʾ ʯʘʩʪʠʥʠ ʟ ʚʩʧʽʥʝʥʦʛʦ ʩʢʣʘ 

ɚ=0,065 ɺʪ/(ʤĿʂ), ŭ=ʭ ʤ ʪʘ ʪʝʧʣʦʽʟʦʣʷʮʽʷ ʙʦʢʦʚʠʭ ʯʘʩʪʠʥ ʟ ʤʽʥʝʨʘʣʴʥʦʾ ʚʘʪʠ 

ɚ=0,045 ɺʪ/(ʤĿʂ), ŭ=ʭ ʤ; ʟʘʣʽʟʦʙʝʪʦʥ ʙʝʪʦʥ, ɚ=2,04 ɺʪ/(ʤĿʂ), ŭ=0,220 ʤ; 

ʛ̔ ʜʨʦʽʟʦʣʷʮʽʷ, ɚ=0,17 ɺʪ/(ʤĿʂ), ŭ=0,005 ʤ. 

ʉʝʟʦʥʥʠʡ ɸʊ  ʨʦʟʤʽʱʝʥʦ ʧʽʜ ʙʫʜʽʚʣʝʶ, ʪʦʤʫ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʧʨʠʤʽʱʝʥʥʷ ʙʫʜʠʥʢʫ ʟʚʝʨʭʫ ʥʘʜ ɸʊ ̔  ʚ ˇʨʫʥʪ, ʷʢʠʡ ʦʪʦʯʫʻ ɸʊ ʟ ʽʥʰʠʭ ʙʦʢʽʚ, ʨʠʩ. 

2.6. ʈʦʟʤʽʨʠ ɸʊ ʧʨʠʡʤʘʻʤʦ 8ʭ8ʭ3,36(h)ʤ . ʈʽʯʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ 

+ɻɺʇ, 25700 ʢɺʪĿʛʦʜ/ʨʽʢ; ʨʽʯʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ 830 ʢɺʪĿʛʦʜ/ʨʽʢ, 

ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʧʝʨʽʦʜ ʟʘʨʷʜʞʘʥʥʷ ɸʊ ʪʨʠʚʘʻ ʟ ʢʽʥʮʷ ʢʚʽʪʥʷ ʜʦ ʧʦʯʘʪʢʫ 

ʞʦʚʪʥʷ;  ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʉʊʂ:  52 ʤ2. ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʟʘʢʫʤʫʣʶʚʘʪʠ - 46,33ɻɼʞ. 

ʊʝʧʣʦʚʪʨʘʪʠ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 
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( )  ,ʩ

ʪʧ AT ʥʘʚQ F k t t ɺʪ= Ö Ö -  2.42 

ʜʝ Qʪʧ ï ʪʝʧʣʦʚʪʨʘʪʠ, ɺʪ; F ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʩʝʟʦʥʥʦʛʦ ɸʊ ʤ2; k ï  

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ɺʪ/(ʤ2Ŀʂ); tʩAT ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ɸʊ, ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ɸʊ 140-55 0ʉ, ʜʦʨʽʚʥʶʻ 97,5 0ʉ; tʥʘʚ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʉ.    

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

21/ ,  ( )/ ·k Rɺʪ ʤ ʂ=  2.43 

ʜʝ R ï ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ,  (ʤ2Ŀʂ)/ɺʪ. 

 
ʈʠʩ.2.6. ʈʦʟʤʽʱʝʥʥʷ ɸʊ ʪʘ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ. 

ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʽʜʟʝʤʥʦʾ ʯʘʩʪʠʥʠ ʩʪʽʥʠ ɸʊ R, ʤ2ʂ/ɺʪ,  ʚʠʟʥʘʯʘʶʪʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʪʝʧʣʶʚʘʯʘ ʧʦ ʟʦʥʘʭ-ʩʤʫʛʘʭ ʟʘʚʰʠʨʰʢʠ 2 ʤ, ʧʘʨʘʣʝʣʴʥʠʭ 

ʟʦʚʥʽʰʥʽʤ ʩʪʽʥʘʤ, ʟʘ ʬʦʨʤʫʣʘʤʠ [72]:  

ʜʣʷ  I-ʦʾ ʟʦʥʠ RI = 2,1 + ŭʪ ̔/ɚʪ;̔ ʜʣʷ  II-ʦʾ ʟʦʥʠ RII = 4,3 + ŭʪ/̔ɚʪ.̔ 
2.44 

ʜʣʷ  Iɯɯ-ʦʾ ʟʦʥʠ RIɯɯ = 8,6 + ŭʪ/̔ɚʪ;̔ ʜʣʷ  IV-ʦʾ ʟʦʥʠ RVI = 14,2 + ŭʪ/̔ɚʪ.̔ 

ʜʝ  ŭʪʽ ï ʪʦʚʱʠʥʘ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ, ʤ; ɚʪʽ  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʝʧʣʦʚʦʾ 

ʽʟʦʣʷʮʽʾ, ɺʪ/(ʤĿʂ). 

ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ɸʊ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ  

2

Ɇ 

1 1

( ) /
1 1

  ,  ·
n n

i
i

i iʚ ʚ ip

R R ʤ ʂ ɺʪ
d

a a l= =

= + = +ä ä
 

2.45 

ʜʝ Ŭʚ, - ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ɺʪ/(ʤ2 Ŀ ʂ), ʷʢʠʡ  ʜʦʨʽʚʥʶʻ 8,7 ɺʪ/(ʤ2 Ŀ ʂ); R̔ - ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ -̔ʛʦ 
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ʰʘʨʫ ʢʦʥʩʪʨʫʢʮʽʾ, (ʤ2 Ŀ ʂ)/ɺʪ; ɚip - ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ i-ʛʦ ʰʘʨʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ɺʪ/(ʤ Ŀ ʂ). 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʪʨʘʪ ʚʽʜ ɸʊ ʚ ʧʨʠʤʽʱʝʥʥʷ ʥʘʜ ʥʠʤ, ʦʢʨʽʤ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʘʤʦʛʦ ɸʊ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʱʝ ʧʽʜʣʦʛʫ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ: ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ɚ=2,04 ɺʪ/(ʤĿʂ), ŭ=0,220 ʤ; ʮʝʤʝʥʪʥʦ-

ʧʽʱʘʥʦʾ ʩʪʷʞʢʠ ɚ=0,81 ɺʪ/(ʤĿʂ), ŭ=0,050 ʤ; ʢʝʨʘʤʽʯʥʦ ʾʧʣʠʪʢʠ ɚ=1,1 ɺʪ/(ʤĿʂ), 

ŭ=0,005 ʤ. ɺʩʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʤʦ ʜʣʷ ʪʦʚʱʠʥʠ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʚ ʜʽʘʧʘʟʦʥʽ 

ŭʪ ̔= 400é2500. ʊʝʧʣʦʚʪʨʘʪʠ ʟʘ ʨʽʢ ʚ ˇʨʫʥʪ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʬʦʨʤʫʣʘʤʠ 2.34 ʪʘ 

2.35 ʟ ʧʦʧʨʘʚʢʘʤʠ: ʟʘʤʽʩʪʴ tʚʥ ʩʪʘʚʠʤʦ tʩAT = 97,5 0ʉ, tʦʩ ʧʨʠʡʤʘʻʤʦ ʩʝʨʝʜʥʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ ʟʘ ʨʽʢ 8 0ʉ, ʪʘ ʢʽʣʴʢʽʩʪʴ ʜʽʙ ʧʨʠʡʤʘʻʤʦ 365. ʊʝʧʣʦʚʪʨʘʪʠ ʚ 

ʧʨʠʤʽʱʝʥʥʷ ʙʫʜʠʥʢʫ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʧʨʠʡʤʘʻʤʦ ʷʢ ʪʝʧʣʦʥʘʜʭʦʜʞʝʥʥʷ ʚ 

ʦʧʘʣʶʚʘʣʴʥʝ ʧʨʠʤʽʱʝʥʥʷ, ʪʦʤʫ ʪʝʧʣʦʚʪʨʘʪʠ ʚ ʧʨʠʤʽʱʝʥʥʷ ʧʦʪʨʽʙʥʦ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʟʘ ʥʝʦʧʘʣʶʚʘʣʴʥʽʡ ʧʝʨʽʦʜ. ʊʦʤʫ ʧʨʠʡʤʘʻʤʦ ʩʝʨʝʜʥʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʟʘ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ 20 0ʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʙʫʜʠʥʢʫ, ʘ ʢʽʣʴʢʽʩʪʴ ʜʽʙ ʥʝʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ: 365-176=189. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʪʨʘʪ ʚ ˇʨʫʥʪ ʟʘ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʧʨʠʡʤʘʻʤʦ ʩʝʨʝʜʥʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ˇʨʫʥʪʫ ï  8 0ʉ. ɺʘʨʪʽʩʪʴ 1ʢɼʞ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʨʦʟʨʘʭʦʚʫʻʤʦ 

ʟʘ ʤʝʪʦʜʠʢʦʶ, ʚʠʢʣʘʜʝʥʦʶ ʚ ʧ.2.1.   

ɼʣʷ ʢʨʘʱʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ ʧʨʠʚʝʜʝʥʠʭ ʟʘʪʨʘʪ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ (ʨʠʩ. 2.7). ɿʛʽʜʥʦ ʛʨʘʬʽʢʫ ʧʨʠʚʝʜʝʥʠʭ 

ʟʘʪʨʘʪ ʥʘ ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ ʦʧʪʠʤʘʣʴʥʘ ʪʦʚʱʠʥʘ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʩʪʘʥʦʚʠʪʴ 

2300ʤʤ. ʊʝʧʣʦʚʪʨʘʪʠ ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʙʫʜʫʪʴ ʧʦʢʨʠʚʘʪʠʩʷ  ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʪʢʦʚʠʭ ʧʣʦʱ ʉʊʂ, ʘ ʪʝʧʣʦʚʪʨʘʪʠ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ï ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʩʝʟʦʥʥʦʛʦ ɸʊ [71]. 

ʅʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʉʊʂ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ: 
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ʜʝ ɸ ï ʧʣʦʱʘ ʉʊʂ, ʤ2; Wʨʽʯʥ ï ʨʽʯʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ +ɻɺʇ, 

ʢɺʪĿʛʦʜ/ʨʽʢ (ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟ ʧ.2.3.); Wʣʽʪ. ʩ.ʨ. ï ʨʽʯʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ 

ʨʘʜʽʘʮʽʾ, ʢɺʪĿʛʦʜ/ʨʽʢ (ʜʣʷ ʜʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ  ʧ.2.3.); ɖ ï ʂʂɼ ʉʊʂ, ʜʣʷ ʧʣʦʩʢʠʭ 
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ʉʊʂ ʜʦʨʽʚʥʶʻ 0,6; Wʣʽʪ.
ʪ.ʧ. ï ʪʝʧʣʦʚʪʨʘʪʠ ʟʘ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʜʣʷ ʜʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʟ ʧ.2.3., ʪʝʧʣʦʚʪʨʘʪʠ ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ 8,61 ɻɼʞ ʘʙʦ 2391,67 ʢɺʪĿʛʦʜ. 

 
ʈʠʩ. 2.7. ʇʨʠʚʝʜʝʥʽ ʟʘʪʨʘʪʠ ʥʘ ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʪʨʘʪ ʚ 

ˇʨʫʥʪ ʽ ʚ ʧʨʠʤʽʱʝʥʥʷ ʙʫʜʠʥʢʫ ʟʚʝʨʭʫ. 

 
ʈʠʩ. 2.8. ʇʨʠʚʝʜʝʥʽ ʟʘʪʨʘʪʠ ʥʘ ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʪʨʘʪ ʚ 

ˇʨʫʥʪ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ. 

ɿ ʨʦʟʨʘʭʫʥʢʽʚ ʧʣʦʱʘ ʉʊʂ, ʥʝʦʙʭʽʜʥʘ ʥʘ ʧʦʢʨʠʪʪʷ ʧʦʪʨʝʙ ʪʝʧʣʦʚʪʨʘʪ ʚ 

ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʩʪʘʥʦʚʠʪʴ 10 ʤ2. ʊʦʤʫ ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʉʊʂ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 62 ʤ2. 

ʆʙôʻʤ ʩʝʟʦʥʥʦʛʦ ɸʊ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 2.39 ʪʘ 2.40. ʈʦʟʨʘʭʦʚʫʻʤʦ 

ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʩʝʟʦʥʥʦʛʦ ɸʊ, ʧʨʠʡʤʘʶʯʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʢʫʤʫʣʶʚʘʪʠ, ʷʢ ʩʫʤʫ Wʘ.ʢ. (46,33 ɻɼʞ)  ʪʘ ʪʝʧʣʦʚʪʨʘʪʠ ʩʝʟʦʥʥʦʛʦ ɸʊ ʚ ˇʨʫʥʪ 

ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ (5,12 ɻɼʞ), ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʚ ˇʨʫʥʪ ʪʘ ʧʨʠʤʽʱʝʥʥʷ 

ʙʫʜʠʥʢʫ ʟʚʝʨʭʫ, 8,61 ɻɼʞ  ï 224,43 ʤ3. ʈʦʟʤʽʨʠ ʩʝʟʦʥʥʦʛʦ ɸʊ ʩʪʘʥʦʚʣʷʪʴ 

8,1ʭ8,1ʭ3,5 ʤ. 

ɸʣʝ ʻ ʧʠʪʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʪʦʚʩʪʦʛʦ ʰʘʨʫ ʪʝʧʣʦʚʦʾ 

ʽʟʦʣʷʮʽʾ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʝʟʦʥʥʦʛʦ ɸʊ. ʊʦʤʫ ʧʨʦʧʦʥʫʻʤʦ ʨʦʟʛʣʷʥʫʪʠ ʧʦʢʘʟʥʠʢʠ 
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ʧʨʠʚʝʜʝʥʠʭ ʟʘʪʨʘʪ ʥʘ ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ ʦʢʨʝʤʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʪʨʘʪ ʚ ˇʨʫʥʪ 

ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ (ʨʠʩ. 2.8), ʦʩʢʽʣʴʢʠ ʪʝʧʣʦʚʪʨʘʪʠ ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ 

ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʧʣʦʱ ʉʊʂ. ʇʨʠ  ʪʘʢʦʤʫ ʚʘʨʽʘʥʪʽ 

ʦʧʪʠʤʘʣʴʥʘ ʪʦʚʱʠʥʘ  ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʩʪʘʥʦʚʠʪʴ 1300ʤʤ, ʪʝʧʣʦʚʪʨʘʪʠ ʚ 

ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ï 13,53 ɻɼʞ ʘʙʦ 3758,33 ʢɺʪĿʛʦʜ, ʘ ʪʝʧʣʦʚʪʨʘʪʠ ʚ ˇʨʫʥʪ 

ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ï 7,96 ɻɼʞ. ɿʘ ʬʦʨʤʫʣʦʶ 2.46  ʥʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʉʊʂ 

ʩʪʘʥʦʚʠʪʴ 57 ʤ2, ʘ ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʉʊʂ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʪʨʘʪ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ, 

ï 73 ʤ2. ɿʘ ʬʦʨʤʫʣʘʤʠ  2.39  ʪʘ 2.40  ʦʙôʻʤ ʩʝʟʦʥʥʦʛʦ ɸʊ ʜʦʨʽʚʥʶʻ 237,67 ʤ3, ʦʪʞʝ 

ʧʨʠʡʤʘʻʤʦ ʨʦʟʤʽʨʠ ʩʝʟʦʥʥʦʛʦ ɸʊ 8,1ʭ8,1ʭ3,65ʤ, ʘ ʢʣ̔ʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʢʫʤʫʣʶʚʘʪʠ ï 54,29ɻɼʞ.  

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʪʦʚʱʠʥʠ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʩʝʟʦʥʥʦʛʦ ɸʊ ʟ 2300ʤʤ ʜʦ 

1300ʤʤ ʥʝʦʙʭʽʜʥʘ ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʉʊʂ  ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 16ʤ2, ʘ ʨʦʟʤʽʨʠ 

ʩʝʟʦʥʥʦʛʦ ɸʊ ï ʥʘ 15 ʩʤ ʚ ʚʠʩʦʪʫ. 

ɼʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʙʫʜʠʥʢʫ, ʧʣʦʱʝʶ 162 ʤ2, ʥʝʦʙʭʽʜʥʦ ʟʘʢʫʤʫʣʶʚʘʪʠ 

15,66 ɻɼʞ ʪʝʧʣʦʪʠ. ɿʛʽʜʥʦ ʛʨʘʬʽʢʫ ʧʨʠʚʝʜʝʥʠʭ ʟʘʪʨʘʪ ʥʘ ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ 

ʦʧʪʠʤʘʣʴʥʘ ʪʦʚʱʠʥʘ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʩʪʘʥʦʚʠʪʴ 1200ʤʤ (ʨʠʩ.2.9).  

 
ʈʠʩ. 2.9. ʇʨʠʚʝʜʝʥʽ ʟʘʪʨʘʪʠ ʥʘ ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʪʨʘʪ ʚ 

ˇʨʫʥʪ ʽ ʚ ʧʨʠʤʽʱʝʥʥʷ ʙʫʜʠʥʢʫ ʟʚʝʨʭʫ ʜʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʙʫʜʠʥʢʫ. 

ɿ ʨʦʟʨʘʭʫʥʢʽʚ ʧʣʦʱʘ ʉʊʂ, ʥʝʦʙʭʽʜʥʘ ʥʘ ʧʦʢʨʠʪʪʷ ʧʦʪʨʝʙ ʪʝʧʣʦʚʪʨʘʪ ʚ 

ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʩʪʘʥʦʚʠʪʴ 3 ʤ2. ʊʦʤʫ ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʉʊʂ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 29 ʤ2. 

ʆʙôʻʤ ʩʝʟʦʥʥʦʛʦ ɸʊ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 2.39 ʪʘ 2.40. ʈʦʟʨʘʭʦʚʫʻʤʦ 

ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʩʝʟʦʥʥʦʛʦ ɸʊ, ʧʨʠʡʤʘʶʯʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʢʫʤʫʣʶʚʘʪʠ, ʷʢ ʩʫʤʫ Wʘ.ʢ. (15,66 ɻɼʞ)  ʪʘ ʪʝʧʣʦʚʪʨʘʪʠ ʩʝʟʦʥʥʦʛʦ ɸʊ ʚ ˇʨʫʥʪ 
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ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ (1,81 ɻɼʞ), ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʚ ˇʨʫʥʪ ʪʘ ʧʨʠʤʽʱʝʥʥʷ 

ʙʫʜʠʥʢʫ ʟʚʝʨʭʫ, 2,76 ɻɼʞ  ï 93,94 ʤ3. ʈʦʟʤʽʨʠ ʩʝʟʦʥʥʦʛʦ ɸʊ  ʩʪʘʥʦʚʣʷʪʴ 

7,5ʭ7,5ʭ1,67 ʤ.  

ʈʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʧʨʠʚʝʜʝʥʠʭ ʟʘʪʨʘʪ ʥʘ ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʪʨʘʪ ʚ ˇʨʫʥʪ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ (ʨʠʩ. 2.10), ʦʩʢʽʣʴʢʠ 

ʪʝʧʣʦʚʪʨʘʪʠ ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ 

ʧʣʦʱ ʉʊʂ. ʇʨʠ  ʪʘʢʦʤʫ ʚʘʨʽʘʥʪʽ ʦʧʪʠʤʘʣʴʥʘ ʪʦʚʱʠʥʘ  ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ 

ʩʪʘʥʦʚʠʪʴ 700ʤʤ, ʪʝʧʣʦʚʪʨʘʪʠ ʚ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ï 4,01 ɻɼʞ, ʘ 

ʪʝʧʣʦʚʪʨʘʪʠ ʚ ˇʨʫʥʪ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ï 2,55 ɻɼʞ. ɿʘ ʬʦʨʤʫʣʦʶ 2.46 

ʥʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʉʊʂ ʩʪʘʥʦʚʠʪʴ 10 ʤ2, ʘ ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʉʊʂ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʝʧʣʦʚʪʨʘʪ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ, ï 36 ʤ2. ɿʘ ʬʦʨʤʫʣʘʤʠ 2.39 ʪʘ 2.40 ʦʙôʻʤ ʩʝʟʦʥʥʦʛʦ 

ɸʊ ʜʦʨʽʚʥʶʻ 102,21 ʤ3, ʦʪʞʝ ʧʨʠʡʤʘʻʤʦ ʨʦʟʤʽʨʠ ʩʝʟʦʥʥʦʛʦ ɸʊ 7,5ʭ7,5ʭ1,83ʤ. 

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʪʦʚʱʠʥʠ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʩʝʟʦʥʥʦʛʦ ɸʊ ʟ 1200ʤʤ ʜʦ 700ʤʤ 

ʥʝʦʙʭʽʜʥʘ ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʉʊʂ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 7ʤ2, ʘ ʨʦʟʤʽʨʠ ʩʝʟʦʥʥʦʛʦ ɸʊ ï ʥʘ 

16 ʩʤ ʚ ʚʠʩʦʪʫ. 

 
ʈʠʩ. 2.10. ʇʨʠʚʝʜʝʥʽ ʟʘʪʨʘʪʠ ʥʘ ʪʝʧʣʦʚʫ ʽʟʦʣʷʮʽʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʪʨʘʪ ʚ 

ˇʨʫʥʪ ʚ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʜʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʙʫʜʠʥʢʫ. 

ʆʩʢʽʣʴʢʠ ʩʝʟʦʥʥʠʡ ɸʊ ʨʦʟʤʽʱʝʥʦ ʧʽʜ ʙʫʜʽʚʣʝʶ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʣʦʛʠ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ ʽ ʧʦʨʽʚʥʷʪʠ ʾʾ ʟ ʥʦʨʤʘʪʠʚʥʦ 

ʜʦʧʫʩʪʠʤʠʤ ʟʥʘʯʝʥʥʷʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʣʦʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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ʜʝ tʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʣʦʛʠ, 
0ʉ; tʚʥ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ, 20 0ʉ; qʚ ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ɺʪ/ʤ
2. 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ [72]: 

2, /
tʩʪʘ ʚʥ

ʚq
R

ʤ
t
ɺʪ

S

-
=

 
2.48 

ɿʛʽʜʥʦ ʬʦʨʤʫʣʠ 2.47 ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʣʦʛʠ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ 

ʩʪʘʥʦʚʠʪʴ 20,28 0ʉ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ɼʣʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʙʫʜʠʥʢʫ 20,310ʉ. 

 

2.5. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʦʙôʻʤʽ ʪʝʧʣʦʚʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ.  

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʫʤʦʚ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ, 

ʷʢ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʻ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʪʘ ʧʣʦʱ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʟʘʨʷʜʞʘʥʥʷ ʪʘ 

ʨʦʟʨʷʜʞʝʥʥʷ, ʜʽʘʤʝʪʨ ʪʨʫʙʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʩʫʩʽʜʥʽʭ 

ʢʘʥʘʣʽʚ ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ ʽ ʪ.ʧ. ʆʧʪʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʚʘʨʽʘʥʪʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ ɸʊ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʚʢʘʟʘʥʠʭ ʚʝʣʠʯʠʥ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʪʘʢʦʛʦ ɸʊ (ʨʠʩ.2.11) [73]. 

ʊʝʧʣʦʦʙʤʽʥ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [74]: 

2 2
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, 2.49 

ɟa, - ʛʫʩʪʠʥʘ, ʢʛ/ʤ
3; ɚa, - ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ɺʪ/(ʤȚʂ); ʩa - ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʩʠʚʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ, ɼʞ/(ʢʛȚʂ); ʊʧʦʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷ ʥʘʜ ɸʊ, 
ʦʉ. 

Ta=T(t,z,y); ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ):  

0 0( , , )a tT T t z y const T== = = 2.50 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ:  
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ʇʝʨʝʧʠʰʝʤʦ ʮʶ ʟʘʜʘʯʫ ʚ ʽʥʰʠʭ ʧʦʟʥʘʯʝʥʥʷʭ: 
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ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ: 
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ʜʝ  Ŭʢ - ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʢʦʥʚʝʢʮʽʻʶ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʧʽʜʣʦʛʠ 

ʙʫʜʠʥʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʮʽʻʾ ʧʦʚʝʨʭʥʽ, ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ, 

ʢʦʝʬʽʮʽʻʥʪʘ ʦʙôʻʤʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʚôʷʟʢʦʩʪʽ, ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʛʫʩʪʠʥʠ 

ʧʦʚʽʪʨʷ, ʢʨʠʪʝʨʽʾʚ ʇʨʘʥʜʪʣʷ ʪʘ ɻʨʘʩʛʦʬʘ ʽ ʷʢʠʡ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʤʝʪʦʜʠʢʦʶ 

[72] ɺʪ/(ʤĮȚʂ);  ʊʛʨ
ʩ ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ, ʷʢʘ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʜʣʷ ʂʠʻʚʘ 

ʤʘʻ ʟʥʘʯʝʥʥʷ 8,7- 9,2 ʦʉ, ʥʘ ʛʣʠʙʠʥʽ ʙʽʣʴʰʝ 2ʤ. 

 
ʈʠʩ. 2.11. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ. 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʝʚʦʾ ʪʨʫʙʠ, ʷʢʘ 

ʢʦʥʪʘʢʪʫʻ ʟ ʪʝʧʣʦʥʦʩʽʻʤ [30]: 
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2 2

2 2

n n ʚʥ ʚʥ ʚʥ

n

c T T T

t z y

r

l

Ö µ µ µ
Ö = +
µ µ µ; ( , , ) ( , , )ʪ ʚʥT t z y T t z y=  

2.55 

ʜʝ ɟʧ - ʛʫʩʪʠʥʘ, ʢʛ/ʤ
3; ɚʧ - ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ɺʪ/(ʤȚʂ); ʩʧ - ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ 

ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʟʘʨʷʜʞʘʥʥʷ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʥʦʨʽʜʠʥʠ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʽʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ/ʝʪʠʣʝʥʛʣʽʢʦʣʶ; ɼʞ/(ʢʛȚʂ); t ï ʯʘʩ, ʩ; ʊm ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʟʘʨʷʜʞʘʥʥʷ, ʦʉ; ʊʚʥ ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʽʣʷʥʢʠ ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ, ʦʉ; 

ʇʦʯʘʪʢʦʚʘ ʫʤʦʚʘ: 
0( , , ) ( , , ) ( , ),ʚʥ t ʚʥT t z y T o z y f z y== = =  2.56 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ: 
( ).ʚʥ

n ʚʥ m ʚʥ m

T
T T

n
l a
µ

- Ö = Ö -
µ

 2.57 

ʇʝʨʝʡʜʝʤʦ ʫ ʮʠʣʽʥʜʨʠʯʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʪʦʜʽ ʨʽʚʥʷʥʥʷ 2.53 ʧʨʠʡʤʘʻ ʚʠʜ: 

2 2_

2 2 2

1 1
{ },ʚʥ ʚʥ ʚʥ ʚʥT T T T

a
t t t t t j

µ µ µ µ
= Ö + Ö + Ö

µ µ µ µ  
2 2 , 2 .r y z o j p= + ¢ ¢

 
2.58 

ʜʝ ὥ
Ͻ
, ʤĮ/ʩ. 

ʇʦʯʘʪʢʦʚʘ ʫʤʦʚʘ: 
0( , , ) ( , ) ,ʚʥ tT r t f rj j==  2.59 

ɻʨʘʥʠʯʥʘ ʫʤʦʚʘ: 
,

ʪʨ

ʚʥ
n r R m ʚʥ m m

T
T T

r
l a a=

µ
- Ö - Ö =- Ö

µ
 2.60 

ʜʝ Rʪʨ ï ʚʥʫʪʨʽʰʥʽʡ  ʨʘʜʽʫʩ ʪʨʫʙʠ, ʤ.  

ʆʩʪʘʥʥʶ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ ʟʘʧʠʰʝʤʦ ʽʥʘʢʰʝ: 

 
ʪʨ

ʚʥ m m
r R ʚʥ m

n n

T
T T

r

a a

l l
=

µ
+ Ö = Ö

µ
 

2.61 

ʇʦʟʥʘʯʠʤʦ:ὯȠ ϽὝ ή•ȟὸ ʧʨʠ r=Rmp. 

ʊʦʜʽ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ 

ʤʝʪʘʣʝʚʦʾ ʪʨʫʙʠ, ʷʢʘ ʢʦʥʪʘʢʪʫʻ ʟ ʪʝʧʣʦʥʦʩʽʻʤ ʤʘʻ ʚʠʜ [75]: 

2

0 0

2

0 0

( , , ) ( , ) ( , , , , )

( , ) ( , , , , ) ,

ʪʨR

ʚʥ

t

ʪʨ ʪʨ

T r t f G r t d d

a R q G r R t d d

p

p

j x h j x h x x h

h t j h t h t

= Ö Ö +

+ Ö Ö Ö -

ñ ñ

ññ

 2.62 

ʜʝ G(r,ű,ɝ,ɖ,t) - ʬʫʥʢʮʽʷ ɻʨʽʥʘ, ʷʢʘ ʻ ʨʦʟʚôʷʟʢʘʤ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟ 

ʪʦʯʢʦʚʠʤ ʜʞʝʨʝʣʦʤ.  
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2
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( , , , , )

( ) ( )1
cos[ ( )] exp( ),
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n m
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n

G r t

A I r I
n at

R k R n I R

A A n n

j x h

m m m x
j h m

p
m m

¤ ¤

= =

=

Ö Ö Ö Ö Ö
= Ö Ö - Ö - Ö

ë
Ö + Ö - Ö Öì

í

= = =

ää  
2.63 

ʊʫʪ  In(ɝ) - ʬʫʥʢʮʽʾ ɹʝʩʩʝʣʷ - ʩʽʤʝʡʩʪʚʦ ʬʫʥʢʮʽʡ, ʷʢʽ ʻ ʢʘʥʦʥʽʯʥʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ɹʝʩʩʝʣʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʘʜʘʯ 

ʧʨʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚ ʮʠʣʽʥʜʨʦʚʠʭ ʦʙôʻʢʪʘʭ. ɸ  ɛʧʪ- ʜʦʜʘʥʽ ʢʦʨʝʥʽ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ  ‘ ̌ Ὅ˃  ‘ ϽὙ ὯϽὍ ‘Ͻ Ὑ π ,  ʚ ʷʢʦʤʫ 

ʰʪʨʠʭ ʦʟʥʘʯʘʻ ʧʦʭʽʜʥʫ ʚʽʜ ʬʫʥʢʮʽʾ ʧʦ ʘʨʛʫʤʝʥʪʫ [76]. 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ ʟʤʽʻʚʠʢʘ 

(ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ), ʷʢʘ ʢʦʥʪʘʢʪʫʻ ʟ ʤʘʩʠʚʦʤ ʙʝʪʦʥʫ [72]. 

 
2 2

2 2
;n n ʟʦʚʥ ʟʦʚʥ ʟʦʚʥ

n

c T T T

t z y

r

l

Ö µ µ µ
Ö = +
µ µ µ

( , , ) ( )ʪ ʟʦʚʥT t z y T t=  2.64 

ʇʦʯʘʪʢʦʚʘ ʫʤʦʚʘ: 
0( , , ) ( , , ) ( , ).ʟʦʚʥ t ʟʦʚʥT t z y T o z y f z y== = =

0 ,0( , , , ) .ʙ t ʙT t ʭ y z T== =  
2.65 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ: ;ʟʦʚʥ ʙ
n ʙ

T T

z z
l l
µ µ

- Ö =- Ö
µ µ

.ʟʦʚʥ ʙ
n ʙ

T T

y y
l l
µ µ

- Ö =- Ö
µ µ

 2.66 

ὶ Ὑ ̑
̈̏̃̎  - ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ ʪʨʫʙʠ, ʤ; ɟʙ - ʛʫʩʪʠʥʘ, ʢʛ/ʤ

3; ɚʙ, - ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, 

ɺʪ/(ʤȚʂ); ʩʙ - ʪʝʧʣʦʻʤʥʽʩʪʴ ʙʝʪʦʥʫ ʚ ɸʊ, ɼʞ/(ʢʛȚʂ); ʊʙ ï ʪʝʤʧʝʨʘʪʫʨʘ ʙʝʪʦʥʫ 

(ʪʚʝʨʜʠʡ ʊɸʄ), ʦʉ; ʊʙ ï ʪʝʤʧʝʨʘʪʫʨʘ ʙʝʪʦʥʫ (ʪʚʝʨʜʠʡ ʊɸʄ), ʦʉ; ʊʟʦʚʥ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ ʟʤʽʻʚʠʢʘ (ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ) 

ʟʘʨʷʜʞʘʥʥʷ, ʦʉ. 

ʇʝʨʝʧʠʰʝʤʦ ʮʶ ʟʘʜʘʯʫ ʚ ʽʥʰʠʭ ʧʦʟʥʘʯʝʥʥʷʭ: 

2 2 _

2 2
{ }, / ( , ) .ʟʦʚʥ ʟʦʚʥ ʟʦʚʥ

n n n

T T T
a a c a

t z y
l r

= =µ µ µ
= Ö + = ¹

µ µ µ
  2.67 

ʇʦʯʘʪʢʦʚʘ ʫʤʦʚʘ: Ὕ̈̏̃π̎ȟᾀȟώ ὪӶᾀȟώȢ 2.68 

ʋʤʦʚʥʦ ʧʨʠʡʤʘʻʤʦ, ʱʦ ʧʨʠ z=0, y=0 ʻ ʩʪʠʢ ʪʨʫʙʠ ʟ ʤʘʩʠʚʦʤ ʙʝʪʦʥʫ. ʊʦʜʽ ʪʘʢʽ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ:  

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ: 0 1 0 2( , ); ( , ).ʟʦʚʥ ʙ ʙ ʟʦʚʥ ʙ ʙ
z y

n n

T T T T
q y t q y t

z z y y

l l

l l
= =

µ µ µ µ
= Ö = = Ö =

µ µ µ µ
 2.69 

ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʤʘʻ ʚʠʜ [77]: 
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_

1

0 0 0 0

( , , ) ( , ) ( , , , , ) ( , ) ( , , , , )

t

ʟʦʚʥT z y t f G z y t d d a g G z y o t r d dx h x h h x h t h h t
¤¤ ¤=

= Ö - Ö - -ññ ññ

2

0 0

( , ) ( , , , , ) ,

t

a g r G z y o t r d drx x x
¤=

- Ö -ññ   

2.70 

ʜʝ G(z,y,ɝ,ɖ,t) - ʬʫʥʢʮʽʷ ɻʨʽʥʘ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

2 2 2 2

( , , , , )

1 ( ) ( ) ( ) ( )
{exp[ ] exp[ ]} {exp[ ] exp[ ]}.

4 4 4 4 4

G z y t

z z y y

a t a t a t a t a t

x h

x x h h

p
= = = = =

=

- + - +
= Ö - + - Ö - + -

Ö Ö Ö Ö Ö

  2.71 

ɿʘʜʘʯʘ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʤʘʩʠʚʽ ʙʝʪʦʥʫ, ʚ ʦʙʤʝʞʝʥʽʡ ʦʙʣʘʩʪʽ 0 Ò xÒl1; 0ÒyÒ 

l2; 0ÒzÒl3, ʚʠʨʽʰʫʻʪʴʩʷ ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ: 

2 2 2

2 2 2
,ʙ ʙ ʙ ʙ

ʙ

T T T T
ʘ

t ʭ y z

å õµ µ µ µ
= Ö + +æ ö

µ µ µ µç ÷
  2.72 

ʜʝ ʘʙ -  ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʩ̔ʪɹ ʙʝʪʦʥʫ, ʤĮ/ʩ.  

ʇʦʯʘʪʢʦʚʘ ʫʤʦʚʘ: 
0 1,( , , , ) .ʙ t ʙT t ʭ y z T== =  2.73 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

1

2

3

0 ,1

0 ,1

0 ,1

( , , , ) ( , , , ) ( , , ) ;

( , , , ) ( , , , ) ( , , ) ;

( , , , ) ( , , , ) ( , , ) ;

ʙ x ʙ x l ʙ ʙ

ʙ y ʙ y l ʙ ʙ

ʙ z ʙ y l ʙ ʙ

T t ʭ y z T t ʭ y z T t y z T

T t ʭ y z T t ʭ y z T t x z T

T t ʭ y z T t ʭ y z T t x y T

= =

= =

= =

= = =

= = =

= = =

 

2.74 

2.75 

2.76 

ʧʨʠ ʮʴʦʤʫ Tʙ,0< Tʙ,1,  ʪʘ ʻ ʜʝʷʢʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ. ʊʦʜʽ ʨʦʟʚôʟʦʢ ʨʽʚʥʷʥʥʷ (2.72) 

ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ɻʨʽʥʘ: 

G(x,y,z,ɝ,ɖ,ɕ,t)=G1(x,ɝ,t)ȚG2(y,ɖ,t)ȚG3(z,ɕ,t).  2.77 

ʈʦʟʚôʷʟʦʢ (2.77) ʤʘʻ ʚʠʜ: 
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2.78 

ʜʝ  
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 2.79 

ɿʘʜʘʯʘ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʥʘʣʘʭ ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ ï ʛʣʽʮʝʨʠʥʦʤ. 

ɿʘʜʘʯʘ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʪʨʝʪʴʦʛʦ ʨʦʜʫ [78]. 0 Ò rÒR1; 0ÒűÒ2ˊ; 0ÒzÒl. ʊʨʝʙʘ 

ʨʦʟʚ'ʷʟʘʪʠ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʛʣʽʮʝʨʠʥʫ, ̫ ʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʢʘʥʘʣʫ ʨʘʜʽʫʩʫ R1: 

2 2

2 2 2

1 1
( ) ,ɻ ɻ ɻ ɻ

ɻ

T T T T
ʘ r

t r r r r zj

è øµ µ µ µµ
= Ö Ö Ö + Ö +é ù

µ µ µ µ µê ú
  2.80 

 ʷʢʝ ʚʠʟʥʘʯʘʻ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ, ʱʦ ʚʠʥʠʢʘʻ ʫ ʛʣʽʮʝʨʠʥʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʢʘʥʘʣʽ ʨʘʜʽʫʩʦʤ R1  ̔ ʤʘʻ ʩʢʽʥʯʝʥʥʫ ʜʦʚʞʠʥʫ l ʚʟʜʦʚʞ ʚʽʩʽ ʮʠʣʽʥʜʨʘ 0z. ʋ 

ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʚʘʞʘʻʤʦ, ʱʦ ʥʘ ʚʩʽʭ ʛʨʘʥʠʮʷʭ, ʷʢʽ ʦʪʦʯʫʶʪʴ 

ʛʣʽʮʝʨʠʥʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʥʫʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʨʝʪʴʦʛʦ ʨʦʜʫ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʨʝʟʫʣʴʪʘʪʠ ʟʘʜʘʯʽ, ʨʦʟʚôʷʟʘʥʦʾ ʚʠʱʝ, ʜʝ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʙʝʪʦʥʫ ʊʙ. ʊʦʜʽ ʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʧʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ:  

ʇʦʯʘʪʢʦʚʘ ʫʤʦʚʘ: 
0 ,0( , , , ) .ɻ t ɻT r z t Tj == =  2.81 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ:  

ʧʨʠ  r =  R1 

ʧʨʠ z=0 

ʧʨʠ z=l 
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2.82 

2.83 

2.84 

 

 ʜʝ Ὧ ː

ː
 , Ŭ1ɻ  - ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʛʣʽʮʝʨʠʥʫ, ɺʪ/(ʤ2Țʂ), ʥʘ ʧʦʚʝʨʭʥʽ r =  

R1,ʤ; ɚɻ -  ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʛʣʽʮʝʨʠʥʫ, ɺʪ/(ʤȚʂ);  aɻ - ʫ ʚʠʨʘʟʽ (2.80)  

ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʛʣʽʮʝʨʠʥʫ ʤĮ/ʩ; Ὧ ː

ː
 , Ŭ2ɻ  - ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʛʣʽʮʝʨʠʥʫ, ɺʪ/(ʤ2Țʂ), ʥʘ ʧʦʚʝʨʭʥʽ z = 0; Ὧ ː

ː
 , Ŭɻ  - ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʛʣʽʮʝʨʠʥʫ, ɺʪ/(ʤ2Țʂ), ʥʘ ʧʦʚʝʨʭʥʽ z = k.  

ʈʦʟʚôʟʦʢ ʨʽʚʥʷʥʥʷ (2.80) ʰʫʢʘʻʤʦ ʤʝʪʦʜʦʤ ʬʫʥʢʮʽʾ ɻʨʽʥʘ: 
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 1 2 2
1

( ) ( )
( , , , , , , ) ( , , , , ) ,

exp( )

s s

s s s

h z h
G r z t G r t

h a t

z
j x h z j x h

l

¤

=

Ö
= Ö

Ö Ö Ö
ä  2.85 

 ʜʝ  
( )

2

2 22 2 2 2 2 2
0 1

1 1 1 1

( ) ( )1 cos[ ( )]
( , , , , ) ,

exp( )( )

n nm n nm n nm

n m nm ɻnm n nm

A I r I n
G r t

a tR k R n I R

m m m x j h
j x h

p mm m

¤ ¤

= =

Ö Ö Ö Ö Ö -
= Ö Ö

Ö Öè øÖ + Ö - Ö Öê ú

ää  2.86 

 2( ) cos( ) sin( ),s s s
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h z z zl l

l
= Ö + Ö Ö 2.87 
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ʊʫʪ  A0=1, An=2 ʧʨʠ n=1,2,3é;  In(ɝ) - ʬʫʥʢʮʽʾ ɹʝʩʩʝʣʷ n-ʛʦ ʧʦʨʷʜʢʫ ʚʽʜ ʘʨʛʫʤʝʥʪʫ 

ɝ;  ɛʧʪ ʪʘ ɚs - ʜʦʜʘʥʽ ʢʦʨʝʥʽ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ: 

‘ ̌ Ὅ˃  ‘Ͻ Ὑ ὯϽὍ ‘Ͻ Ὑ π,  2 3

2

2 3

( )
.

k ktg l

k k

l

l l

+Ö
=

- Ö
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ʆʪʞʝ, ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (2.80) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 
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2.90 

ɺ ʨʦʙʦʪʽ [79] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʫ ʬʫʥʢʮʽʡ ɻʨʽʥʘ ʟʘʜʣʷ 

ʨʦʟʚôʷʟʢʫ ʛʨʘʥʠʯʥʠʭ ʟʘʜʘʯ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʪʠʧʫ 

ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ʄʘʢʩʚʝʣʣʘ-ʂʘʪʪʘʥʝʦ-ʃʠʢʦʚʘ.  

ɺ ʢʘʥʘʣʘʭ ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ ʪʘ ʟʤʽʻʚʠʢʫ (ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ) ʟʘʨʷʜʞʘʥʥʷ ʪʘ 

ʨʦʟʨʷʜʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʘ ʨʽʜʠʥʘ [55]. ʍʘʨʘʢʪʝʨʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʪʝʯʽʾ ʥʝʣʽʥʽʡʥʦ-ʚôʷʟʢʠʭ ʨʽʜʠʥ ʻ ʾʭ ʚʠʩʦʢʘ ʪʝʨʤʦʯʫʪʣʠʚʽʩʪʴ, 

ʦʙʫʤʦʚʣʝʥʘ ʬʘʟʦʚʠʤʠ ʡ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ. ʊʦʤʫ ʟʽ ʟʤʽʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʘ ʟʤʽʥʘ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʾ ʨʽʜʠʥʠ. 
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ɼʣʷ ʮʽʣʦʾ ʥʠʟʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʥʘʥʦʨʽʜʠʥ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʽʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ/ʝʪʠʣʝʥʛʣʽʢʦʣʶ, ʨʦʟʯʠʥʫ ʛʣʽʮʝʨʠʥʫ ʮʽ ʟʤʽʥʠ ʤʦʞʫʪʴ 

ʚʽʜʙʫʚʘʪʠʩʴ ʫ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ [56]. 

ʈʦʟʛʣʷʜʘʻʤʦ ʪʝʯʽ ʁʫ ʢʘʥʘʣʽ (ʧʨʷʤʦʢʫʪʥʦʛʦ / ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ), ʜʦʚʞʠʥʘ 

ʷʢʦʛʦ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʜʦʚʞʠʥʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʚʽʜʨʽʟʢʫ ʢʘʥʘʣʫ 

(ʜʽʣʷʥʢʠ ʪʨʫʙʠ). ɼʣʷ ʫʩʪʘʣʝʥʦʾ ʪʝʯʽʾ ʨʝʦʣʦʛʽʷ, ʜʠʥʘʤʽʢʘ ʡ ʪʝʧʣʦʦʙʤʽʥ ʧʨʠ ʨʽʟʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʫ ʨʷʜʽ ʨʦʙʽʪ [80-85]. ʊʫʪ ʜʦʩʣʽʜʞʝʥʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʤʽʥʶʻʪʴʩʷ ʚʟʜʦʚʞ ʢʘʥʘʣʫ. ɸʥʘʣʽʟʫʻʤʦ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʮʷ ʟʤʽʥʘ ʜʦʩʪʘʪʥʴʦ ʩʣʘʙʢʘ: 
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2.91 

ʜʝ ˟ ȟ̖̔ ˟̒ ̖  - ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʜʦ ʦʩʽ ʢʘʥʘʣʫ; ʊʩ(ʭ) - ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʣʦʱʠʥʽ ʩʠʤʝʪʨʽʾ (ʥʝʶ ʤʦʞʝ ʙʫʪʠ ʩʪʽʥʢʘ 

ʢʘʥʘʣʫ), ʦʉ. 

 ʄʝʪʘ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʡ ʘʥʘʣʽʟʽ ʨʝʦʣʦʛʽʯʥʦ-

ʜʠʥʘʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʝʣʽʥʽʡʥʦ-ʚôʷʟʢʠʭ ʩʝʨʝʜʦʚʠʱ ʫ ʜʦʚʛʠʭ ʪʨʫʙʘʭ 

(ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʘ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʽʚ) ʚ ʤʝʞʘʭ ʤʦʜʝʣʽ ʆʩʪʚʘʣʴʜʘ ï ʜʝ ɺʽʣʷ 

ʪʘ ʚʠʚʯʝʥʥʷ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʧʨʦʬʽʣʶ ʪʝʤʧʝʨʘʪʫʨ ʫ ʢʘʥʘʣʽ ʚʟʜʦʚʞ ʡʦʛʦ ʦʩʽ ʫ 

ʧʨʦʮʝʩʘʭ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

 ʄʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʨʽʚʥʷʥʥʷ, ʛʨʘʥʠʯʥʫ 

ʫʤʦʚʫ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʧʝʨʝʨʽʟʽ, ʘ ʪʘʢʦʞ ʫʤʦʚʘ ʧʦʩʪʽʡʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ 

ʩʪʽʥʮʽ ʢʘʥʘʣʫ, ʫ ʮʽʡ ʧʦʩʪʘʥʦʚʮʽ ʤʘʻ ʚʠʜ [86,87]: 
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2.91 

ʜʝ y ï ʧʦʧʝʨʝʯʥʘ ʢʦʦʨʜʠʥʘʪʘ; h ï ʥʘʧʽʚʰʠʨʠʥʘ ʢʘʥʘʣʫ, ʤ; Ű ï ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, 

ʇʘ; p ï ʪʠʩʢ, ʇʘ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, 0ʉ; u ï ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ, ʤ/ʩ; ʊ0ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʧʣʦʱʠʥʽ x = 0, 0ʉ; q ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ɺʪ; k(T)- ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʩʠʩʪʝʥʮʽʾ, 

ʟʘʣʝʞʥʠʡ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʊ; n ï ʧʘʨʘʤʝʪʨ ʥʝʣʽʥʽʡʥʦʩʪʽ ʫ ʤʦʜʝʣʽ ʆʩʪʚʘʣʴʜʘ ï ʜʝ 
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ɺʽʣʷ [82]; ɚï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤȚʂ); ɟï ʛʫʩʪʠʥʘ ʨʝʯʦʚʠʥʠ, ʢʛ/ʤ3; 

ʩ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʨʝʯʦʚʠʥʠ, ɼʞ/(ʢʛȚʂ). ʇʝʨʝʭʽʜ ʜʦ ʙʝʟʨʦʟʤʽʨʥʠʭ ʟʤʽʥʥʠʭ 

ʡ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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ʜʝ u0=Q/(2h) - ʭʘʨʘʢʪʝʨʥʘ ʰʚʠʜʢʽʩʪʴ ʤ/ʩ; ʊ - ʪʝʤʧʝʨʘʪʫʨʘ, 0ʉ; Q ï ʚʠʪʨʘʪʘ ʯʝʨʝʟ 

ʦʜʠʥʠʮʶ ʰʠʨʠʥʠ ʢʘʥʘʣʫ, ʤ3/ʩ; ὥ  - ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʤĮ/ʩ; Pe ï ʢʨʠʪʝʨʽʡ ʇʝʢʣʝ. 

ʂʨʠʪʝʨʽʡ ʇʝʢʣʝ ʟʚʦʜʠʪʴ ʮʽ ʨʽʚʥʷʥʥʷ (2.56) ʜʦ ʚʠʜʫ [88]: 
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2.93 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.93) ʧʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ 

ʜʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʨʠʚʝʜʝʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨ [89]: 
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2.94 

ɿ ʨʽʚʥʷʥʴ (2.93) ʪʘ (2.94) ʚʠʧʣʠʚʘʻ ʥʘʩʪʫʧʥʝ ʽʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ 

ʨʽʚʥʷʥʥʷ [82,85]: 
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ʗʢʝ ʨʘʟʦʤ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ɗ(ɝ,0)= ɗc; 
ȟ

π  ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʧʨʦʬʽʣʴ ʪʝʤʧʝʨʘʪʫʨ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʟʥʘʯʝʥʥʷ ɗc.  ʎʷ ʚʝʣʠʯʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʟ 

ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (2.94). ʊʘʢʠʤ ʯʠʥʦʤ ʜʚʦʚʠʤʽʨʥʘ ʟʘʜʘʯʘ ʟʚʝʣʘʩʴ ʜʦ ʜʚʦʭ 

ʦʜʥʦʚʠʤʽʨʥʠʭ [90]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.93) ʦʪʨʠʤʘʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʛʨʘʜʽʻʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʡ 

ʚʝʣʠʯʠʥʦʶ ʧʨʠʚʝʜʝʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʛʨʘʜʽʻʥʪʫ ū = dɗc /d(ɝ /Pe):  
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ʜʝ Űw - ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʩʪʽʥʮʽ ʢʘʥʘʣʫ (Űw< 0), f1(Ű) - ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ:  
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ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.96) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʪʽʣʴʢʠ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ (ʩʠʪʫʘʮʽʡ) [91]: 

ʘ) ʷʢʱʦ ʩʫʤʘʨʥʠʡ ʧʨʠʧʣʠʚ ʪʝʧʣʦʪʠ (ʚʝʣʠʯʠʥʘ ū) ʜʦʜʘʪʥʽʡ ʪʘ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ 

ʦʙʽʛʨʽʚʘʻ ʨʽʜʠʥʫ (q, q' )>0, ʪʦʜʽ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ ʤʦʥʦʪʦʥʥʦ 

ʟʨʦʩʪʘʻ ʽ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʩʪʽʥʮʽ ʢʘʥʘʣʫ (ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ 

ʨʽʜʠʥʥʦʛʦ ʊɸʄ ʚ ʢʘʥʘʣʽ,  ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʨʦʟʨʷʜʞʝʥʥʷ ʧʨʠ 

ʧʨʦʮʝʩʽ ʨʦʟʨʷʜʞʝʥʥʷ ɸʊ ʪʘ ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʉʊʂ ʚʽʜ ʩʦʥʷʯʥʦʾ 

ʨʘʜʽʘʮʽʾ); 

ʙ) ʷʢʱʦ ʩʫʤʘʨʥʠʡ ʧʨʠʧʣʠʚ ʪʝʧʣʦʪʠ ʚʽʜôʻʤʥʠʡ ʽ ʨʽʜʠʥʘ ʚʽʜʜʘʻ ʪʝʧʣʦ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʪʦʜʽ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʧʣʦʱʠʥʠ 

ʩʠʤʝʪʨʽʾ ʤʦʥʦʪʦʥʥʦ ʩʧʘʜʘʻ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʢʩʠʤʘʣʴʥʦʶ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ɖ=0  

(ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ ʪʚʝʨʜʦʛʦ ʊɸʄ ʚʽʜ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟʘʨʷʜʞʘʥʥʷ ʪʘ ʧʨʦʮʝʩʠ 

ʥʘʛʨʽʚʫ ʚʦʜʠ ʚ ʙʘʮʽ ɻɺʇ ʪʘ ʙʫʬʝʨʥʽʡ ʻʤʥʦʩʪʽ ʚʽʜ ɸʊ ʘʙʦ ʉʊʂ ʯʝʨʝʟ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ ʚ ʮʠʭ ʻʤʥʦʩʪʷʭ); 

ʚ) ʷʢʱʦ ʩʫʤʘʨʥʠʡ ʧʨʠʧʣʠʚ ʪʝʧʣʦʪʠ ʜʦʜʘʪʥʽʡ, ʘ ʨʽʜʠʥʘ ʚʽʜʜʘʻ ʪʝʧʣʦ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʪʦʜʽ ʪʝʤʧʝʨʘʪʫʨʘ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʦʦʨʜʠʥʘʪʠ Ăyò 

ʢʘʥʘʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʧʦʪʽʤ ʩʧʘʜʘʻ, ʪʦʙʪʦ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʱʝʥʠʡ ʚʽʜ 

ʧʣʦʱʠʥʠ ʩʠʤʝʪʨʽʾ ʜʦ ʩʪʽʥʢʠ (ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ ʪʚʝʨʜʦʛʦ ʊɸʄ ʚʽʜ ʨʽʜʠʥʥʦʛʦ ʊɸʄ, 

ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʘʥʘʣʘʭ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʪʚʝʨʜʦʤʫ ʊɸʄ ʪʘ ʥʘʛʨʽʚʘʻʪʴʩʷ 

ʰʚʠʜʰʝ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ). 

ʇʨʦʚʝʜʝʤʦ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʘʥʘʣʽʟ ʨʦʟʚôʷʟʢʫ ʩʧʨʷʞʝʥʦʾ ʟʘʜʘʯʽ, ʷʢʘ 

ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʚʨʘʭʦʚʫʻ ʜʽʡʩʥʽ ʫʤʦʚʠ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʪʨʫʙʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ 

ʘʧʘʨʘʪʘʭ ʟʘ ʫʤʦʚʠ ʣʘʤʽʥʘʨʥʦʾ ʪʝʯʽʾ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʫ ʪʨʫʙʘʭ ʽ ʢʘʥʘʣʘʭ. ʇʨʠ 

ʨʦʟʚôʷʟʢʫ ʩʧʨʷʞʝʥʦʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʨʦʣʴ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʢʘʟʘʥʦʾ ʨʽʜʠʥʠ. ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [92,93] ʚʽʜʦʤʦ, ʱʦ 

ʨʦʣʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʜʽʣʷʥʢʠ ʜʝʱʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʯʠʩʣʘ Bi 

(ʢʨʠʪʝʨʽʶ) ɹʽʦ. ʊʘʢ, ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʟ ʧʨʦʬʽʣʝʤ ʰʚʠʜʢʦʩʪʽ, ʱʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ, ʜʦ ʘʥʘʣʽʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʟ ʨʦʟʚʠʥʫʪʠʤ ʧʨʦʬʽʣʝʤ ʰʚʠʜʢʦʩʪʽ ʜʣʷ Bi 
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= 100 (ʱʦ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʟ BiŸÐ) ʩʢʣʘʜʘʻ 1,15 ʧʨʠ  Ͻ ρπ , ʘ ʜʣʷ Bi 

= 2 ʚʦʥʦ ʜʦʨʽʚʥʶʻ 1,25. ɼʘʥʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʯʠʩʣʘ Pr = 10. (ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚʽʩʴ 

ʆz  ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʩʩʶ ʪʨʫʙʠ). ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ Ͻ , ʘ ʪʘʢʦʞ ʯʠʩʝʣ ʇʨʘʥʜʪʣʷ (Pr) 

ʨʦʣʴ ʧʦʯʘʪʢʦʚʦʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʜʽʣʷʥʢʠ ʟʥʠʞʫʻʪʴʩʷ ʽ ʧʨʠ Pr Ó100  ʪʘ  

31
10

z

Pe d

-Ö >  ʫ ʤʝʞʘʭ ʪʦʯʥʦʩʪʽ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʘʻ ʥʝʩʫʪʪʻʚʦʶ, ʱʦ 

ʘʥʘʣʦʛʽʯʥʦ ʧʝʨʰʽʡ ʛʨʘʥʠʯʥʽʡ ʟʘʜʘʯʽ. 

ɺʧʣʠʚ ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʪʝʧʣʦʦʙʤʽʥ ʜʣʷ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ 

ʚʠʚʯʝʥʠʡ ʫ ʨʦʙʦʪʽ [93]. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ ʪʝʧʣʦʦʙʤʽʥʫ ʜʣʷ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʨʫʭʫ, ʷʢ ʚʽʜʦʤʦ, ʚʽʜʩʫʪʥʽ 

[94]. ʅʝʦʙʭʽʜʥʦ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ (ʤʽʩʮʝʚʦʛʦ) ʟʘʛʘʣʴʥʦʛʦ 

ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʷʢ ʬʫʥʢʮʽʾ ʟʚʠʯʘʡʥʦʛʦ ʤʽʩʮʝʚʦʛʦ ʯʠʩʣʘ Nu ʡ ʢʨʠʪʝʨʽʶ ɹʽʦ (Bi). 

ɺʽʜʦʤʦ, ʱʦ ʯʠʩʣʦ ɹʽʦ: 

ὄὭὑϽ
Ὠ

‗
ȟ 
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ʜʝ ὑ
̒̓
ϽÌÎ

Ͻ
Ƞ Kô - ʤʽʩʮʝʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʽʜ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ɚ, ɚʩʪ  - ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʤʘʪʝʨʽʘʣʫ ʩʪʽʥʢʠ, ʚʽʜʧʦʚʽʜʥʦ, 

ɺʪ/(ʤȚʂ); Ŭ1- ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ, ɺʪ/(ʤ2Țʂ); d ʡ 

d1  - ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨʠ ʪʨʫʙʠ, ʤ. 

ʏʠʩʣʦ Bi ʡ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʭʦʜʷʪʴ ʫ ʙʝʟʨʦʟʤʽʨʥʽ ʟʤʽʥʥʽ ʟʘʜʘʯʽ ʪʝʧʣʦʦʙʤʽʥʫ, ʚʚʘʞʘʶʪʴʩʷ ʟʘʜʘʥʠʤʠ. 

ɿʘʛʘʣʴʥʝ ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ (ʤʽʩʮʝʚʝ ʟʥʘʯʝʥʥʷ) Nuk=KȚd/ɚ  ʧʦʚôʷʟʘʥʝ ʟʽ 

ʟʚʠʯʘʡʥʠʤ ʤʽʩʮʝʚʠʤ ʯʠʩʣʦʤ ʅʫʩʩʝʣʴʪʘ NuŬ=ŬȚd/ɚ   ʚʽʜʦʤʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

ρ

ὔό

ρ

ὔό

ρ

ὄὭ
 

2.99 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ: ὔό ὔόϽὄὭȾὔό ὄὭ, 2.100 

ʪʦʙʪʦ, ʟʘʚʞʜʠ Nuk < NuŬ , ʘ   , ʜʝ ʂ ï ʤʽʩʮʝʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʚʽʜ ʨʽʜʠʥʠ, ʷʢʘ ʧʨʦʪʽʢʘʻ ʧʦ ʪʨʫʙʽ, ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ɺʪ/(ʤ2Ŀʂ). 

ʌʦʨʤʫʣʘ (2.100) ʻ ʩʧʨʘʚʝʜʣʠʚʦʶ ʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʯʠʩʝʣ ὔό. 
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ʗʢʱʦ BiŸÐ, ʪʦʜʽ Nuk = NuŬ i ʟʘʜʘʯʘ ʧʨʦ ʪʝʧʣʦʦʙʤʽʥ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ 

ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʧʝʨʰʦʛʦ ʨʦʜʫ; ʷʢʱʦ Bi 

= 0, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʽʡ ʩʪʽʥʮʽ, ʪʦ Nuk =0, ʘ NuŬ - ʩʢʽʥʯʝʥʥʘ ʚʝʣʠʯʠʥʘ 

[95]. 

ɺʽʜʦʤʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚʘʭ ʪʨʝʪʴʦʛʦ ʨʦʜʫ. ʋ ʟʚôʷʟʢʫ ʽʟ ʛʨʦʤʽʟʜʢʽʩʪʶ ʨʦʟʚôʷʟʢʫ ʤʝʪʦʜʦʤ ʨʦʟʜʽʣʝʥʥʷ 

ʟʤʽʥʥʠʭ (ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʡ ʚʣʘʩʥʽ ʬʫʥʢʮʽʾ ʫ ʟʘʜʘʯʽ ʐʪʫʨʤʘ-ʃʽʫʚʽʣʣʷ  ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʠʩʣʘ Bi) ʦʪʨʠʤʘʣʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ [96]. 

ɼʣʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʮʷ ʦʙʩʪʘʚʠʥʘ ʤʘʻ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʦʩʢʽʣʴʢʠ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ ʡ ʫʩʽ ʧʘʨʘʤʝʪʨʠ ʟʘʜʘʯʽ ʐʪʫʨʤʘ-ʃʽʫʚʽʣʣʷ ʻ, ʢʨʽʤ ʪʦʛʦ, ʬʫʥʢʮʽʻʶ ʨʘʜʽʫʩʫ 

ʩʪʨʫʤʥʝʚʦʾ ʪʝʯʽʾ ʡ ʧʦʢʘʟʥʠʢʘ ʥʝʣʽʥʽʡʥʦʩʪʽ (n=1/m), ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʫ ʤʦʜʝʣʽ 

(ʨʝʦʣʦʛʽʯʥʽʡ) ɹʘʣʢʣʽ-ɻʝʨʰʝʣʷ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʪʝʧʣʦʦʙʤʽʥʫ ʟʘ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʨʝʪʴʦʛʦ ʨʦʜʫ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʙʫʜʫʻʪʴʩʷ, ʘ ʥʘʩʪʫʧʥʠʡ ʘʥʘʣʽʟ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʥʘʜʘʥʠʭ ʫ ʨʦʙʦʪʘʭ [97,98]. 

ʄʝʪʦʜ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠʡ ʪʘʢʦʞ ʫ [99].  

 

 
ʈʠʩ. 2.12.  ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ m = 2,  Ŭ = 0,5:  
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ʘ  - Tw=const;  ʙ  - qw=const; ʢʨʠʚʽ ï ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ [99], 

ʪʦʯʢʠ ï ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʇɽʆʄ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ʅʘ ʨʠʩ.2.12 ʟʜʽʡʩʥʝʥʘ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʘʥʘʣʽʪʠʯʥʠʤ [98, 100], ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʘʜʘʯ 

ʪʝʧʣʦʦʙʤʽʥʫ ʜʣʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʧʝʨʰʦʛʦ ʡ ʪʨʝʪʴʦʛʦ ʨʦʜʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʇɽʆʄ ʩʧʽʚʧʘʜʘʶʪʴ ʫ ʤʝʞʘʭ ʚʽʜʭʠʣʝʥʴ, ʥʝ 

ʧʝʨʝʚʠʱʫʶʯʠ (2é3)%, ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʯʠʩʝʣʴʥʦʛʦ ʤʝʪʦʜʫ. 

ʅʘ ʨʠʩ. 2.12 ʚʚʝʜʝʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ, ʦʉ; Tw- 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ, ʦʉ; rw  - ʨʘʜʽʫʩ ʩʪʽʥʢʠ, ʤ; r ï ʨʘʜʽʫʩ (ʧʦʪʦʯʥʠʡ), ʷʢʠʡ 

ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜ ʚʽʩʽ Oz ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʨʫʙʠ, ʤ; m ï ʧʦʢʘʟʥʠʢ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʤʦʜʝʣʽ ɹʘʣʢʣʽ-ɻʝʨʰʝʣʷ, Ŭ=rŬ/rw - ʙʝʟʨʦʟʤʽʨʥʠʡ ʨʘʜʽʫʩ ʷʜʨʘ (rŬ) ʩʪʨʫʤʥʝʚʦʾ ʪʝʯʽʾ; 

qw  - ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʩʪʽʥʢʫ ʪʨʫʙʠ, ɺʪ/ʤ2. 

ʆʮʽʥʶʻʤʦ ʜʘʣʽ ʟʥʘʯʝʥʥʷ Bi, ʧʨʠ ʷʢʦʤʫ ʟʘʜʘʯʘ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ ʟʘʜʘʯʽ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʧʝʨʰʦʛʦ ʨʦʜʫ. 

ʋ ʨʦʙʦʪʘʭ [82-85,101] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʧʨʠ Bi Ó40 ʨʽʟʥʠʮʷ 

ʫ ʧʘʨʘʤʝʪʨʘʭ ʪʝʧʣʦʦʙʤʽʥʫ ʥʝʩʫʪʪʻʚʘ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʯʠʩʝʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʘ ʇɽʆʄ ʧʦʢʘʟʫʻ, ʱʦ ʡ ʜʣʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ ʚʞʝ ʧʨʠ Bi = 40 ʨʽʟʥʠʮʷ ʫ 

ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʨʽʜʠʥʠ —Ӷ ʪʘ ʯʠʩʣʘʭ Nu ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ ʪʦʯʥʦʩʪʽ 

ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʭʦʯʘ ʧʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʟʥʘʯʝʥʥʷʭ —   (ʨʠʩ. 2.13) ʟʘ 

ʤʘʣʠʭ ʜʦʚʞʠʥ ʚʩʝ ʞ ʤʘʶʪʴ ʤʽʩʮʝ; ʚʦʥʠ ʟʥʠʢʘʶʪʴ ʧʨʠ Bi å 60é70. ɼʘʥʽ ʨʠʩ. 2.14 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ m = 2 ʽ Ŭ = 0,5, ʧʨʠ ʽʥʰʠʭ ʟʥʘʯʝʥʥʷʭ m ʪʘ Ŭ ʟʤʽʥʠ ʥʝʟʥʘʯʥʽ.  

 

ʈʠʩ. 2.13. ɿʤʽʥʠ ʙʝʟʨʦʟʤʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʽʥʢʠ ʪʨʫʙʠ (—  ) 

ʧʦ ʾʾ ʜʦʚʞʠʥʽ ʧʨʠ m = 2, Ŭ = 0,5, ὄὶᶻ π (ὄὶᶻ- ʯʠʩʣʦ ɹʨʽʥʢʤʘʥʘ [96] ), 
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 — Ὕ Ὕ)/ Ὕ . 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ  

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʙʦʪʠ ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ. ʆʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ (ʪʨʫʜʥʦʱʽʚ) ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ 

ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʦʙʣʘʩʪʝʡ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ. ɽʬʝʢʪʠʚʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢ ʟʚʘʥʠʭ ʘʜʘʧʪʠʚʥʠʭ ʩʽʪʦʢ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʯʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʚʦʤʽʨʥʠʭ ʨʽʚʥʷʥʥʷʭ ʅʘʚôʻ-ʉʪʦʢʩʘ ʫ 

ʟʤʽʥʥʠʭ çʬʫʥʢʮʽʷ ʪʝʯʽʾ-ʚʠʭʦʨè ʡ ʨʽʚʥʷʥʥʽ ʇʫʘʩʩʦʥʘ ʜʣʷ ʪʠʩʢʫ, ʷʢʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʩʢʽʥʯʝʥʥʦ-ʨʽʟʥʠʮʝʚʦʛʦ ʤʝʪʦʜʫ. ɼʘʥʘ ʬʦʨʤʘ ʚʽʜʦʙʨʘʞʘʻ ʥʘʡʙʽʣʴʰ 

ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʘ 

ʪʨʫʙʦʧʨʦʚʽʜʥʠʭ ʩʠʩʪʝʤ [95]. ɺ ʪʝʦʨʽʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʱʝ ʥʝ ʨʦʟʨʦʙʣʝʥʘ 

ʫʥʽʚʝʨʩʘʣʴʥʘ ʪʝʦʨʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʥʘʢʦʚʦ ʫʩʧʽʰʥʦ ʟʥʘʭʦʜʠʪʠ ʨʽʰʝʥʥʷ ʜʣʷ ʚʩʽʭ 

ʢʣʘʩʽʚ ʟʘʜʘʯ, kïŮ ʤʦʜʝʣʽ ʻ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʦʶ ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʝ ʽ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʤ ʚ ʯʠʩʣʝʥʥʠʭ ʧʘʢʝʪʘʭ. ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ, 

ʦʪʨʠʤʘʣʠ ʧʨʘʢʪʠʯʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʬʫʥʢʮʽʡ. ʊʘʢʦʞ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥʥʦʛʦ ʊɸʄ 

(ʛʣʽʮʝʨʠʥʫ) ʜʦ ʪʚʝʨʜʦʛʦ ʊɸʄ (ʙʝʪʦʥʫ) ʚ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ  ̔  ʪʝ, ʷʢ ʨʦʟʤʽʱʝʥʽ ʢʘʥʘʣʠ 

ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ ʚ ʦʙôʻʤʽ ʪʚʝʨʜʦʛʦ ʊɸʄ.  

 

2.6. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʙʽʣʴʰʝ 120 0ʉ, ʚ 

ʷʢʦʩʪʽ ʊɸʄ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʪʦʥ ʪʘ ʱʝʙʽʥʴ ʛʨʘʥʽʪʥʠʡ. ʏʘʚʫʥ, ʷʢ 

ʊɸʄ, ʤʘʻ ʥʘʡʤʝʥʰʠʡ ʦʙôʻʤ, ʘʣʝ ʜʫʞʝ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ 

ʢʘʧʽʪʘʣʴʥʽ ʟʘʪʨʘʪʠ. ɼʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ (ʜʦ 950ʉ) 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʻ ʥʘʡʢʨʘʱʠʤ ʪʘ ʥʘʡʜʝʰʝʚʰʠʤ ʚʘʨʽʘʥʪʦʤ.  

2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ 

ʨʽʟʥʠʭ ʊɸʄ , ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʥʘ 

ʨʽʚʥʽ 100-200 0ʉ) ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʚʽʜ ʉʊʂ, 

ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʪʠ ʚ ʦʙôʻʤʽ ɸʊ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʧʣʦʘʢʫʤʫʣʷʮʽʾ ʻ ʙʝʪʦʥ ʪʘ ʛʫʜʨʦʥ, ʘʣʝ ʜʣʷ 
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ʛʫʜʨʦʥʫ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʥʠʞʥʷ ʤʝʞʘ ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʤʫ 

ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʣʽʮʝʨʠʥ.  

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʬʦʨʤʫ ɸʊ ʚʧʣʠʚʘʻ ʤʽʩʮʝ ʡʦʛʦ ʨʦʟʤʽʱʝʥʥʷ, ʱʦ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʝʟʦʥʥʠʭ ɸʊ. ʊʘʢʦʞ ʤʽʩʮʝ ʨʦʟʤʽʱʝʥʥʷ ɸʊ 

ʚʧʣʠʚʘʻ ʥʘ ʦʧʪʠʤʘʣʴʥʫ ʪʦʚʱʠʥʫ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ɸʊ. 

4.  ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦ ʧʦʢʨʘʱʠʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ɸʊ ʟ 

ʪʚʝʨʜʠʤ ʊɸʄ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʢʘʥʘʣʽʚ ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʦʙôʻʤʽ ʪʚʝʨʜʦʛʦ ʊɸʄ. ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ 

ʊɸʄ. 

5.  ɼʦʩʣʽʜʞʝʥʠʡ ʥʝʽʟʦʪʝʨʤʽʯʥʠʡ ʨʫʭ ʥʝʣʽʥʽʡʥʦ-ʚôʷʟʢʦʾ ʨʽʜʠʥʠ (ʫ ʤʝʞʘʭ ʤʦʜʝʣʽ 

ʆʩʪʚʘʣʴʜʘ ï ʜʝ ɺʽʣʷ) ʫ ʧʣʦʩʢʦʤʫ ʢʘʥʘʣʽ ʽʟ ʟʘʜʘʥʠʤ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ ʥʘ 

ʩʪʽʥʮʽ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʝʯʽʾ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱ ʻ ʾʭ ʚʠʩʦʢʘ 

ʪʝʨʤʦʯʫʪʣʠʚʽʩʪʴ, ʦʙʫʤʦʚʣʝʥʘ ʬʘʟʦʚʠʤʠ ʡ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ. 

ʊʦʤʫ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʘ ʟʤʽʥʘ ʨʝʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʮʽʣʦʾ ʥʠʟʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʥʘʥʦʨʽʜʠʥ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʽʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ/ʝʪʠʣʝʥʛʣʽʢʦʣʶ, ʜʣʷ ʨʦʟʯʠʥʽʚ ʛʣʽʮʝʨʠʥʫ ʮʽ ʟʤʽʥʠ ʤʦʞʫʪʴ 

ʚʽʜʙʫʚʘʪʠʩʴ ʫ ʜʦʚʦʣʽ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ.  

6. ʇʨʦʘʥʘʣʽʟʦʚʘʥʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʤʽʥʶʻʪʴʩʷ ʚʟʜʦʚʞ ʢʘʥʘʣʫ, 

ʧʨʠʯʦʤʫ ʮʷ ʟʤʽʥʘ ʜʦʚʦʣʽ ʩʣʘʙʢʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʟʜʦʚʞ 

ʩʪʽʥʦʢ ʢʘʥʘʣʫ (ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ ʫ ʧʣʦʱʠʥʽ ʩʠʤʝʪʨʽʾ).  

7. ʈʦʟʨʦʙʣʝʥʘ ʜʚʦʤʽʨʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʦʙôʻʤʽ ɸʊ 

ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘʚʢʦʣʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟʘʨʷʜʞʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ 

ʙʝʪʦʥʫ ʪʘ ʛʣʽʮʝʨʠʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ɻʨʽʥʘ. 

8. ɸʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʦʪʨʠʤʘʥʽ ʤʽʩʮʝʚʽ ʟʥʘʯʝʥʥʷ Nuk (ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ 

ʅʫʩʩʝʣʴʪʘ), ʷʢʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʨʠʪʝʨʽʶ ɹʽʦ (Bi), ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ 

ʪʝʧʣʦʦʙʤʽʥ ʫ ʪʨʫʙʽ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʨʝʪʴʦʛʦ ʨʦʜʫ. 

ʈʦʟʨʘʭʦʚʘʥʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʪʨʫʙʠ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʯʠʩʝʣʴʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʡ ʦʮʽʥʝʥʘ ʪʦʯʥʽʩʪʴ ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʧʽʜʭʦʜʘʤʠ ʜʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʧʝʨʰʦʛʦ ʪʘ 
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ʪʨʝʪʴʦʛʦ ʨʦʜʫ. ʇʨʦʚʝʜʝʥʘ ʯʠʩʝʣʴʥʘ ʦʮʽʥʢʘ ʟʥʘʯʝʥʥʷ Bi, ʟʘ ʷʢʦʛʦ ʟʘʜʘʯʘ ʟ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ ʟʘʜʘʯʽ ʟ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʧʝʨʰʦʛʦ ʨʦʜʫ.   

9. ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥʥʦʛʦ ʊɸʄ 

(ʛʣʽʮʝʨʠʥʫ) ʜʦ ʪʚʝʨʜʦʛʦ ʊɸʄ (ʙʝʪʦʥʫ) ʚ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ ʽ ʪʝ, ʷʢ ʨʦʟʤʽʱʝʥʽ 

ʢʘʥʘʣʠ ʟ ʨʜ̔ʠʥʥʠʤ ʊɸʄ ʚ ʦʙôʻʤʽ ʪʚʝʨʜʦʛʦ ʊɸʄ. ʑʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʦʙôʻʤʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ɸʊ. 
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ʈʆɿɼɯʃ 3. ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʇʃʆɺʆɻʆ 

ɸʂʋʄʋʃʗʊʆʈɸ. 

3.1. ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ 

ʛʝʣʽʦʢʦʣʝʢʪʦʨʘʤʠ ʪʘ ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʦʪʠ. 

3.1.1. ʇʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. 

ʇʨʦʚʽʚʰʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʊɸʄ ʚ ʧ.2.2., 

ʨʦʟʨʘʭʫʥʢʠ ʚ ʧ.2.3-2.4 ʪʘ ʨʦʟʨʦʙʠʚʰʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚ ʧ.2.5. ʧʨʦʚʝʜʝʤʦ 

ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽ ʾɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ 

ʊɸʄ  (ʨʠʩ.2.11), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ 1 ʟ ʪʝʧʣʦʽʟʦʣʷʮʽʶ 2, ʚ ʷʢʦʤʫ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʪʚʝʨʜʠʡ ʊɸʄ 3, ʥʘʧʨʠʢʣʘʜ ʙʝʪʦʥ, ʫ ʬʦʨʤʽ ʢʫʙʘ (ʘʙʦ ʽʥʰ. 

ʧʨʘʚʠʣʴʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ) ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ 5 ʜʽʘʤʝʪʨʦʤ d ʜʣʷ 

ʮʠʨʢʫʣʷʮʽʾ ʨʽʜʠʥʥʦʛʦ ʊɸʄ. ʄʽʞ ʢʦʨʧʫʩʦʤ 1 ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ 3, ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʢʘʥʘʣ 4, ʰʠʨʠʥʦʶ ȹ, ʪʘʢʦʞ ʟʘʧʦʚʥʝʥʠʡ ʨʽʜʠʥʥʠʤ ʊɸʄ. ɺ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ 1 ʨʦʟʪʘʰʦʚʘʥʠʡ ʟʘʤʦʥʦʣʽʯʝʥʠʡ ʚ ʙʝʪʦʥ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 6 ʜʣʷ 

ʟʘʨʷʜʞʘʥʥʷ ɸʊ ʚʽʜ ʉʊʂ. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ - ʪʝʧʣʦʦʙʤʽʥʥʠʢ 7 ʜʣʷ ʨʦʟʨʷʜʞʝʥʥʷ 

ɸʊ, ʦʤʠʚʘʻʪʴʩʷ ʨʽʜʠʥʥʠʤ ʊɸʄ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʦʙôʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʨʦʟʰʠʨʝʥʴ ʨʽʜʠʥʥʦʛʦ ʊɸʄ ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʤʙʨʘʥʥʠʡ ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ 8 ʟ 

ʧʽʜʨʠʚʥʠʤ ʢʣʘʧʘʥʦʤ 9. ʅʘʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʝʟʦʥʥʦʛʦ ɸʊ ʟʘʭʠʱʝʥʘ 

ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʥʘ ʚʠʥʘʭʽʜ [73]. ɺ ʢʘʥʘʣʘʭ ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʡ ʧʨʦʛʨʽʚ ʨʽʜʠʥʠ ʽ ʚʞʝ ʨʽʜʠʥʥʠʡ ʊɸʄ ʧʝʨʝʜʘʻ ʪʝʧʣʦʪʫ 

ʪʚʝʨʜʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʣʘʤʽʥʘʨʥʽʡ ʪʝʯʽʾ [102].  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ ʧʨʦʚʝʜʝʤʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʦʩʢʽʣʴʢʠ ʟ ʨʦʟʚʠʪʢʦʤ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʟôʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ ʪʘ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ. ʄʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʘʤʽʥʫ ʨʝʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 

(ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ) ʨʽʚʥʷʥʥʷʤʠ (ʚ ʦʩʥʦʚʥʦʤʫ ï ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ), ʱʦ ʦʧʠʩʫʶʪʴ 

ʮʽ ʧʨʦʮʝʩʠ, ʟʘʜʘʚʰʠ  ʧʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ 

ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ [103].  
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ʈʠʩ.3.1. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ: 1 ï ʢʦʨʧʫʩ; 2 ï 

ʪʝʧʣʦʟ̔ʦʣʷʮʽʷ; 3 ï ʪʚʝʨʜʠʡ ʊɸʄ (ʙʝʪʦʥ); 4 ï ʨʽʜʠʥʥʠʡ ʊɸʄ (ʛʣʽʮʝʨʠʥ); 5 ï 

ʢʘʥʘʣʠ ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ ʚ ʦʙôʻʤʽ ʪʚʝʨʜʦʛʦ;  6 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʟʘʨʷʜʞʘʥʥʷ ɸʊ; 

7 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʨʦʟʨʷʜʞʝʥʥʷ; 8 ï ʤʝʤʙʨʘʥʥʠʡ ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ; 9 ï 

ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ; ɲ ï ʪʦʚʱʠʥʘ ʧʨʦʰʘʨʢʫ ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ; d ï ʜʽʘʤʝʪʨ 

ʢʘʥʘʣʫ, ʟʘʧʦʚʥʝʥʦʛʦ ʨʽʜʠʥʥʠʤ ʊɸʄ; l ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʘʥʘʣʘʤʠ. 

ɼʫʞʝ ʩʢʣʘʜʥʦʶ ʻ ʟʘʜʘʯʘ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ ʟ ʤʝʪʦʶ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʚʠʪʢʫ ʩʢʣʘʜʥʠʭ ʩʪʨʫʤʠʥʥʠʭ ʪʝʯʽʡ, ʧʨʦʮʝʩʽʚ 

ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ, ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʦʙôʻʤʘʭ ʪʽʣ, ʚʽʜʜʘʯʽ ʪʝʧʣʘ ʚʽʜ ʪʚʝʨʜʠʭ ʪʽʣ, 

ʦʙʪʽʢʘʥʥʷ ʥʘʛʨʽʪʦʛʦ ʪʽʣʘ ʨʽʜʠʥʘʤʠ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʦʜʝʣʝʡ 

ʜʣʷ ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʾ ʩʢʣʘʜʥʽʩʪʶ ʨʽʰʝʥʥʷ ʽ 

ʪʦʯʥʽʩʪʶ ʦʧʠʩʫ ʪʝʯʽʾ [102, 103]. ɿ ʮʠʭ ʤʦʜʝʣʝʡ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʦʶ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʡ ʻ k-Ů ʤʦʜʝʣʴ. ʇʨʠ ʮʴʦʤʫ ʚʚʦʜʷʪʴʩʷ ʜʚʽ ʚʝʣʠʯʠʥʠ: k ï 

ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʧʦʣʦʚʠʥʘ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ 

ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʫʣʴʩʘʮʽʡ ʰʚʠʜʢʦʩʪʽ; Ů ï ʰʚʠʜʢʽʩʪʴ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ʎ̫  ʤʦʜʝʣʴ ʧʨʝʪʝʥʜʫʻ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ ʚʽʜʦʙʨʘʞʝʥʘ ʚ  ʤʦʜʝʣʽ 

ʣʘʤʽʥʘʨʥʠʭ ʽ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ ʽ ʪʝʧʣʦʪʠ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʬʽʨʤʦʶ 
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Dassault Syst¯mes ʽ ʤʘʻ ʥʘʟʚʫ SolidWorks Flow Simulation. ɺʦʥʘ ʚʠʢʦʥʘʥʘ ʷʢ Plug-

in ʜʦ ʚʽʜʦʤʦʾ ʩʠʩʪʝʤʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ SolidWorks, ʨʦʟʨʦʙʣʝʥʦʾ 

ʦʜʥʦʡʤʝʥʥʦʶ ʢʦʨʧʦʨʘʮʽʻʶ. ʄʦʜʝʣʴ ʚʠʟʥʘʥʘ ʫ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʩʚʽʪʫ [104]. 

ɿʘ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʧ.2.3. ʧʦʙʫʜʦʚʘʥʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʫ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʉʊʂ,  ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʾ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ Solidworks ʚʠʢʦʥʘʥʘ ʷʢʽʩʥʘ ʦʮʽʥʢʘ ʧʨʦʮʝʩʽʚ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʦʙôʻʤʽ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ  ʨʦʟʛʣʷʥʫʪʦ 2 ʚʘʨʽʘʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʝʪʦʥʥʦʛʦ ɸʊ ʪʘ 3 ʚʘʨʽʘʥʪʠ ɸʊ (ʚ ʷʢʦʩʪʽ ʊɸʄ ʚʠʢʦʨʠʩʪʘʥʦ ʛʣʽʮʝʨʠʥ 

ʪʘ ʙʝʪʦʥ). ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ɸʊ 8,1ʭ8,1ʭ3,65 ʤ (ʨʦʟʨʘʭʫʥʢʠ ʧ.2.4). ɯʜʝʘʣʴʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ɸʊ ï ʧʽʜ ʙʫʜʠʥʢʦʤ (ʧ.2.3). ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ɸʊ  - 

ʨʽʚʥʷʥʥʷ 2.12. 

 
ʈʠʩ.3.2. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʙʝʪʦʥʥʠʤ ʊɸʄ, ʚʘʨʽʘʥʪ 1: 1 ï ʢʦʨʧʫʩ; 2 ï 

ʪʝʧʣʦʟ̔ʦʣʷʮʽʷ; 3 ï ʪʚʝʨʜʠʡ ʊɸʄ (ʙʝʪʦʥ); 4 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʟʘʨʷʜʞʘʥʥʷ ɸʊ; 5 ï 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʨʦʟʨʷʜʞʝʥʥʷ. 

ʅʘ ʨʠʩ. 3.2 ʧʨʝʜʩʪʘʚʣʝʥʦ 1 ʚʘʨʽʘʥʪ ɸʊ ʟ ʙʝʪʦʥʥʠʤ ʊɸʄ, ʥʘ ʨʠʩ.3.3 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʠʩ. 3.3 ʽʣʶʩʪʨʫʻ ʛʦʣʦʚʥʫ ʧʨʦʙʣʝʤʫ ɸʊ ʟ ʪʚʝʨʜʠʤ ʊɸʄ 

ï ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ʪʚʝʨʜʦʛʦ ʊɸʄ. ʇʨʠ ʥʘʛʨʽʚʽ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 160 0ʉ ʤʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʚʝʨʜʦʛʦ ʊɸʄ 

ʩʢʣʘʜʘʻ 65,4 0ʉ. ɿʘʜʘʯʫ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ɸʊ 

ʚʠʨʽʰʫʻʤʦ ʟʘ ʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʢʘʥʘʣʽʚ, ʟʘʧʦʚʥʝʥʠʭ ʨʽʜʠʥʥʠʤ ʊɸʄ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ʪʚʝʨʜʦʛʦ ʊɸʄ. ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.3.1. ɸʊ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ ʟ ʪʝʧʣʦʚʦʶ ʽʟʦʣʷʮʽʻʶ, 
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ʟʘʧʦʚʥʝʥʠʡ ʪʚʝʨʜʠʤ ʊɸʄ, ʚ ʦʙôʻʤʽ ʷʢʦʛʦ ʚʠʢʦʥʘʥʦ ʢʘʥʘʣʠ, ʟʘʧʦʚʥʝʥʽ ʨʽʜʠʥʥʠʤ 

ʊɸʄ ʪʘ ʧʦ ʧʝʨʠʤʝʪʨʫ, ʦʢʨʽʤ ʜʦʥʥʦʾ ʯʘʩʪʠʥʠ, ʚʠʢʦʥʘʥʠʡ ʧʨʦʰʘʨʦʢ ʟ ʨʽʜʠʥʥʦʛʦ 

ʊɸʄ. ɼʽʘʤʝʪʨ ʢʘʥʘʣʽʚ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʫ ʪʦʛʦ, ʱʦ 

ʨʽʜʠʥʥʠʡ ʊɸʄ ʤʘʻ ʚʝʣʠʢʫ ʚʘʨʪʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʡʦʛʦ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʪʨʽʙʥʦ 

ʤʽʥʽʤʽʟʫʚʘʪʠ. ʇʨʠʡʤʘʻʤʦ ʜʽʘʤʝʪʨ ʢʘʥʘʣʽʚ 50ʤʤ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʘʥʘʣʘʤʠ 500ʤʤ, 

ʪʦʚʱʠʥʘ ʧʨʦʰʘʨʢʫ 50ʤʤ. 

 

ʈʠʩ.3.3. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʙʝʪʦʥʥʠʤ ʊɸʄ, ʚʘʨʽʘʥʪ 1, ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

 

ʈʠʩ.3.4. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ, ʚʘʨʽʘʥʪ 1, ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘ ʨʠʩ. 3.4 ʚʠʜʥʦ, ʱʦ ʤʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 67,4 0ʉ, ʘʣʝ 

ʧʨʦʰʘʨʦʢ ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ ʧʦ ʧʝʨʠʤʝʪʨʫ ʦʩʪʠʛʘʻ ʰʚʠʜʰʝ, ʥʽʞ ʪʚʝʨʜʠʡ ʊɸʄ, ʱʦ 

ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʜʘʥʦʛʦ ɸʊ. ʊʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪ 2 

ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ.  ʊɸ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ ʟ 

ʪʝʧʣʦʚʦʶ ʽʟʦʣʷʮʽʻʶ, ʟʘʧʦʚʥʝʥʠʡ ʪʚʝʨʜʠʤ ʊɸʄ, ʚ ʦʙôʻʤʽ ʷʢʦʛʦ ʚʠʢʦʥʘʥʦ ʢʘʥʘʣʠ, 

Min 67,4 0C 

Min 65,4 0C 
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ʟʘʧʦʚʥʝʥʽ ʨʽʜʠʥʥʠʤ ʊɸʄ ʪʘ ʟʚʝʨʭʫ ʚʠʢʦʥʘʥʠʡ ʧʨʦʰʘʨʦʢ ʟ ʨʽʜʠʥʥʦʛʦ ʊɸʄ. 

(ʨʠʩ.3.5). 

 

ʈʠʩ.3.5. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ, ʚʘʨʽʘʥʪ 2: 1 ï 

ʢʦʨʧʫʩ; 2 ï ʪʝʧʣʦʽʟʦʣʷʮʽʷ; 3 ï ʪʚʝʨʜʠʡ ʊɸʄ (ʙʝʪʦʥ); 4 ï ʨʽʜʠʥʥʠʡ ʊɸʄ 

(ʛʣʽʮʝʨʠʥ); 5 ï ʢʘʥʘʣʠ ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ ʚ ʦʙôʻʤʽ ʪʚʝʨʜʦʛʦ; 6 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ 

ʟʘʨʷʜʞʘʥʥʷ ɸʊ; 7 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʨʦʟʨʷʜʞʝʥʥʷ; 8 ï ʤʝʤʙʨʘʥʥʠʡ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ; 9 ï ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ; ɲ ï ʪʦʚʱʠʥʘ ʧʨʦʰʘʨʢʫ ʟ 

ʨʽʜʠʥʥʠʤ ʊɸʄ; d ï ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ, ʟʘʧʦʚʥʝʥʦʛʦ ʨʽʜʠʥʥʠʤ ʊɸʄ; l ï ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʢʘʥʘʣʘʤʠ. 

 
ʈʠʩ. 3.6. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ (ʚʘʨʽʘʥʪ 2), 

dʢʘʥ=50ʤʤ, ʚʽʜʩʪʘʥʴ 500ʤʤ 15 ʢʘʥʘʣʽʚ ʚ ʨʷʜʫ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ. 

Min 68,1 0C 



105 
 

 

 
ʈʠʩ. 3.7.ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ (ʚʘʨʽʘʥʪ 2), dʢʘʥ= 100ʤʤ, 

ʚʽʜʩʪʘʥʴ 1000ʤʤ 15 ʢʘʥʘʣʽʚ ʚ ʨʷʜʫ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ. 

 

 

ʈʠʩ. 3.8. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ (ʚʘʨʽʘʥʪ 2), dʢʘʥ=100ʤʤ, 

ʚʽʜʩʪʘʥʴ 500ʤʤ 15 ʢʘʥʘʣʽʚ ʚ ʨʷʜʫ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ. 
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ʈʠʩ. 3.9. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ (ʚʘʨʽʘʥʪ 2), dʢʘʥ=50ʤʤ, 

ʚʽʜʩʪʘʥʴ 500ʤʤ ʢʘʥʘʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ, ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ. 

 
ʈʠʩ. 3.10. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ (ʚʘʨʽʘʥʪ 2), dʢʘʥ=100ʤʤ, 

ʚʽʜʩʪʘʥʴ 500ʤʤ ʢʘʥʘʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ, ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ. 

 
ʈʠʩ. 3.11. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ (ʚʘʨʽʘʥʪ 2), dʢʘʥ=100ʤʤ, 

ʚʽʜʩʪʘʥʴ 500ʤʤ 16 ʢʘʥʘʣʽʚ ʚ ʨʷʜʫ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʠʩ.3.6-3.11, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ 

ʢʘʥʘʣʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʚ ʦʜʥʦʤʫ ʨʷʜʫ  ʟʙʽʣʴʰʫʻ ʤʽʥʽʤʘʣʴʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ɸʊ, ʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʫ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ ʥʝ ʤʘʻ 

ʧʦʟʠʪʠʚʥʦʛʦ ʝʬʝʢʪʫ. ɿʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʢʘʥʘʣʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ 

ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʟʘʪʨʘʪ ʥʘ ʩʧʦʨʫʜʞʝʥʥʷ ɸʊ. ʆʩʢʽʣʴʢʠ ʥʘʡʢʨʘʱʠʡ 

ʨʝʟʫʣʴʪʘʪ ʤʘʻ ʚʘʨʽʘʥʪ ʥʘ ʨʠʩ.3.11, ʙʫʜʝʤʦ ʦʧʠʨʘʪʠʩʷ ʥʘ ʮʽ ʜʘʥʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

3 ʚʘʨʽʘʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʨʦʙʠʤʦ ʨʦʟʨʘʭʫʥʦʢ 2 

ʚʘʨʽʘʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ ʟ ʙʝʪʦʥʦʤ ʚ ʷʢʦʩʪʽ ʊɸʄ. (ʨʠʩ.3.12, 3.13). ɸʊ ʟ ʨʽʜʠʥʥʠʤ 

ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ (ʚʘʨʽʘʥʪ ʢʦʥʩʪʨʫʢʮʽʾ 3) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ ʟ ʪʝʧʣʦʚʦʶ 
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ʽʟʦʣʷʮʽʻʶ, ʟʘʧʦʚʥʝʥʠʡ ʪʚʝʨʜʠʤ ʊɸʄ, ʚ ʦʙôʻʤʽ ʷʢʦʛʦ ʚʠʢʦʥʘʥʦ ʢʘʥʘʣʠ, ʟʘʧʦʚʥʝʥʽ 

ʨʽʜʠʥʥʠʤ ʊɸʄ ʪʘ ʟʚʝʨʭʫ ʚʠʢʦʥʘʥʠʡ ʧʨʦʰʘʨʦʢ ʟ ʨʽʜʠʥʥʦʛʦ ʊɸʄ, ʟʤʽʻʚʠʢ 

(ʪʝʧʣʦʦʙʤʽʥʥʠʢ) ʟʘʨʷʜʞʘʥʥʷ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦʩʝʨʝʜʠʥʽ (ʨʠʩ.3.14, 3.15). 

 
ʈʠʩ. 3.12. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʙʝʪʦʥʥʠʤ ʊɸʄ, ʚʘʨʽʘʥʪ 2: 1 ï ʢʦʨʧʫʩ; 2 ï 

ʪʝʧʣʦʟ̔ʦʣʷʮʽʷ; 3 ï ʪʚʝʨʜʠʡ ʊɸʄ (ʙʝʪʦʥ); 4 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʟʘʨʷʜʞʘʥʥʷ ɸʊ; 5 ï 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʨʦʟʨʷʜʞʝʥʥʷ. 

 
ʈʠʩ. 3.13. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʙʝʪʦʥʥʠʤ ʊɸʄ, ʚʘʨʽʘʥʪ 2, ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ. 

ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ, ʟʤʽʻʚʠʢ (ʪʝʧʣʦʦʙʤʽʥʥʠʢ) ʟʘʨʷʜʞʘʥʥʷ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦ ʩʝʨʝʜʠʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʤʽʥʽʤʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʘʥʽʞ ɸʊ ʟ ʙʝʪʦʥʥʠʤ ʊɸʄ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʫʭʫ 

ʨʽʜʠʥʥʦʛʦ ʊɸʄ ʚ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʘʥʘʣʘʭ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʟʘʜʦʚʦʣʴʥʷʻ ʢʨʠʪʝʨʽʡ ʤʽʥʽʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʠʥʥʦʛʦ ʊɸʄ, ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʤʘʻ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙôʻʤʫ ɸʊ ʪʘ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟ ʩʝʟʦʥʥʠʤ ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ (ʨʠʩ.3.14), ʚʠʢʦʥʘʻʤʦ 

ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʨʷʜʞʝʥʥʷ ɸʊ, ʚʠʢʦʨʠʩʪʘʚʰʠ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧ.2.3. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.16 ʤʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚ ɸʊ ʚ ʢʽʥʮʽ ʧʝʨʽʦʜʫ ʨʦʟʨʷʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 54,8 ʦʉ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʷ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʙôʻʤʽ ɸʊ ʩʪʘʥʦʚʠʪʴ 55,7 ʦʉ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ 

ʟʘʜʘʥʠʭ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ɸʊ, ʦʩʢʽʣʴʢʠ ʧʽʩʣʷ ʨʦʟʨʷʜʞʝʥʥʷ ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʨʦʟʨʷʜʞʝʥʥʷ ʥʝ ʦʧʫʩʪʠʣʘʩʷ ʥʠʞʯʝ 55 ʦʉ. 

 
ʈʠʩ.3.14. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ, ʚʘʨʽʘʥʪ 3: 1 ï 

ʢʦʨʧʫʩ; 2 ï ʪʝʧʣʦʟ̔ʦʣʷʮʽʷ; 3 ï ʪʚʝʨʜʠʡ ʊɸʄ (ʙʝʪʦʥ); 4 ï ʨʽʜʠʥʥʠʡ ʊɸʄ 

(ʛʣʽʮʝʨʠʥ); 5 ï ʢʘʥʘʣʠ ʟ ʨʽʜʠʥʥʠʤ ʊɸʄ ʚ ʦʙôʻʤʽ ʪʚʝʨʜʦʛʦ;  6 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ 

ʟʘʨʷʜʞʘʥʥʷ ɸʊ; 7 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʨʦʟʨʷʜʞʝʥʥʷ; 8 ï ʤʝʤʙʨʘʥʥʠʡ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ; 9 ï ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ; ɲ ï ʪʦʚʱʠʥʘ ʧʨʦʰʘʨʢʫ ʟ 
ʨʜ̔ʠʥʥʠʤ ʊɸʄ; d ï ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ, ʟʘʧʦʚʥʝʥʦʛʦ ʨʽʜʠʥʥʠʤ ʊɸʄ; l ï ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʢʘʥʘʣʘʤʠ. 

 
ʈʠʩ. 3.15. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ (ʚʘʨʽʘʥʪ 3), ʜʽʘʤʝʪʨ 

ʢʘʥʘʣʽʚ 100ʤʤ, ʚʽʜʩʪʘʥʴ 500ʤʤ 16 ʢʘʥʘʣʽʚ ʚ ʨʷʜʫ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ. 
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ʈʠʩ. 3.16. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʟ ʪʚʝʨʜʠʤ ʪʘ ʨʽʜʠʥʥʠʤ ʊɸʄ (ʚʘʨʽʘʥʪ 3), ʜʽʘʤʝʪʨ 

ʢʘʥʘʣʽʚ 100ʤʤ, ʚʽʜʩʪʘʥʴ 500ʤʤ 16 ʢʘʥʘʣʽʚ ʚ ʨʷʜʫ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʽʩʣʷ 

ʨʦʟʨʷʜʞʝʥʥʷ ɸʊ. 

ɺʠʙʨʘʚʰʠ ʢʦʥʩʪʨʫʢʮʽʶ ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ ʚʠʟʥʘʯʘʻʤʦ ʡʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ɟʝʢʚ, ʩʝʢʚ, ɚʝʢʚ: 

̒̆̋̃

̒̄Ͻὠ̄ ̒ˎϽὠˎ

ὠ̄ ὠˎ

ςȟχωϽσσȟσωρȟρσϽρψςȟρτ

ςρυȟυσ
ρȟσω̋ˑ̇Ⱦ̋Ͻ̠̄  

3.1 

”̆ ̋̃

”̄Ͻὠ̄ ”ˎϽὠˎ

ὠ̄ ὠˎ

ρςπψϽσσȟσωςςτςϽρψςȟρτ

ςρυȟυσ
ςπψς̋̄Ⱦ̍  

3.2 

‗̆ ̋̃

‗̄Ͻὠ̄ ‗ˎϽὠˎ

ὠ̄ ὠˎ

πȟςψωϽσσȟσωρȟτϽρψςȟρτ

ςρυȟυσ
ρȟςσˏȾ̓̍Ͻ̠  

3.3 

ʜʝ ʦʙôʻʤ ʛʣʽʮʝʨʠʥʫ ʪʘ ʙʝʪʦʥʫ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ, ʚʠʭʦʜʷʯʠ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʤʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 1,1:6, ʘ ʟʥʘʯʝʥʥʷ ɟɻ, ʩɻ, ɚɻ, ɟɹ, ʩɹ, ɚɹ, ɟɻ,  ʚʟʷʪʽ 

ʟ [62-66]. 

 

3.1.2. ʈʦʟʨʘʭʫʥʦʢ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʤʦʜʝʣʽ ʪʝʧʣʦʚʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʆʧʠʩ ʫʩʪʘʥʦʚʢʠ 

ʪʘ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. ʈʦʟʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ. 

ɿ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʧ.3.1.1.) ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʻ ʩʝʟʦʥʥʠʡ ɸʊ ʟ ʨʽʜʠʥʥʠʤ ʪʘ ʪʚʝʨʜʠʤ ʊɸʄ, ʚ ʷʢʦʤʫ 

ʟʤʽʻʚʠʢ (ʪʝʧʣʦʦʙʤʽʥʥʠʢ) ʟʘʨʷʜʞʘʥʥʷ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦ ʩʝʨʝʜʠʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ (ʟʤʽʻʚʠʢʠ) ʨʦʟʨʷʜʞʝʥʥʷ ï ʚ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ.  
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ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʷʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʤʝʥʰʝʥʫ ʤʦʜʝʣʴ ʊɸ ʝʥʝʨʛʦʻʤʥʽʩʪʶ 1ʢɺʪȚʛʦʜ.  

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʤʽʨʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʤʦʜʝʣʽ ʙʝʨʝʤʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʚ ʧʫʥʢʪʽ 2.4: 

¶ Vʪʘ ï ʦʙôʻʤ ɸʊ, 239,5 ʤ3; 

¶ ʈʦʟʤʽʨʠ ɸʊ 8,1ʭ8,1ʭ3,65ʤ; 

¶ Wʪʘ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʟʘʢʫʤʫʣʴʦʚʘʥʘ ʚ ɸʊ, 51,17 ɻɼʞ ʟʘ ʨʽʢ ʘʙʦ 

14213,89 ʢɺʪȚʛʦʜ; 

¶ Wʤ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʟʘʢʫʤʫʣʴʦʚʘʥʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʤʦʜʝʣʽ, 1 

ʢɺʪȚʛʦʜ. 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʦʙôʻʤ ʤʦʜʝʣʽ (Vʤ) ʤ
3 ʥʘ 1 ʢɺʪȚʛʦʜ ʟʘʢʫʤʫʣʴʦʚʘʥʦʾ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ 

Vʤ = Vʪʘ/ Wʪʘ = 239,5/ 14213,89 = 0,017, ʤ3/ ʢɺʪȚʛʦʜ                          3.4 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʤʦʜʝʣʽ ʧʦʪʨʽʙʥʦ ʚʠʨʘʟʠʪʠ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ɸʊ ʯʝʨʝʟ ʦʜʠʥ: a = 3,65ʤ,     b = 8,1ʤ = 2,22Ŀʘ. 

ʊʦʜʽ ʦʙôʻʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 2,22ʘ ʭ 2,22ʘ ʭ 1ʘ=4,92 ʘ3.  ʇʨʠʡʤʘʶʯʠ Vʤ =4,92 ʘ
3= 

0,017 ʤ3, ʨʦʟʤʽʨ ʘ=0,1512ʤ, ʦʢʨʫʛʣʶʶʯʠ ʚʚʝʨʭ, ʘ=16ʩʤ. ʊʦʜʽ b = 2,22Ŀʘ = 35,52 

ʩʤ ~ 36 ʩʤ. 

ɺʠʟʥʘʯʘʻʤʦ ʚʠʪʨʘʪʫ ʪʝʧʣʦʥʦʩʽʷ ʯʝʨʝʟ 1ʤ2 ʉʊʂ, ʨʦʟʨʘʭʫʥʢʠ ʨʦʙʠʤʦ ʜʣʷ 

ʣʠʧʥʷ ʤʽʩʷʮʷ: 

Ὃ ̒̏Ͻ̎

̒̋ϽЎ
πȟπρψψς

̋̄

̒
ȟ                                      3.5 

ʜʝ Gʢ ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ ʯʝʨʝʟ 1ʤ
2 ʉʊʂ; Qʩʦʥ ï ʩʫʤʘʨʥʠʡ ʧʦʪʽʢ ʩʦʥʷʯʥʦʾ 

ʨʘʜʽʘʮʽʾ ʥʘ 1ʤ2 ʧʣʦʱʽ, ʜʣʷ ʂʠʻʚʘ Qʩʦʥ =860ɺʪ/ʤ
2 [59]; ʩʢ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ 

ʩʠʩʪʝʤʠ ʉʊʂ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʝʪʠʣʝʥʛʣʽʢʦʣʴ ʩʢ = 2,742 

ʢɼʞ/(ʢʛĿʂ); ɖʢ ï ʂʂɼ ʉʊʂ, ʧʨʠʡʤʘʻʤʦ 0,6; ȹtʢ ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʉʂ,  ʧʨʠʡʤʘʻʤʦ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ȹtʢ = 10 0ʉ. 

ʆʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ (Lʢ) ʯʝʨʝʟ 1 ʤ
2 ʉʊʂ ʩʪʘʥʦʚʠʪʴ: 

Lʢ = Gʢ/ɟʢ = 0,01882/1057 = 1,7788Ŀ10
-5 ʤ3/ʩ = 0,0178 ʣ/ʩ,  

ʜʝ ɟʢ ï ʧʠʪʦʤʘ ʛʫʩʪʠʥʘ ʪʝʧʣʦʥʦʩʽʷ, ʜʣʷ ʝʪʠʣʝʥʛʣʽʢʦʣʶ ɟʢ=1057 ʢʛ/ʤ
3. 
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ʇʣʦʱʘ ʉʊʂ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʤʦʜʝʣʽ (Fʢ
ʤ) ʚʠʟʥʘʯʘʻʪʴʩʷ: Fʢ

ʤ = Fʢ/ Wʪʘ = 0,0049 ʤ
2 ʥʘ 

ʤʦʜʝʣʴ 1 ʢɺʪȚʛʦʜ, ʜʝ Fʢ ï ʧʣʦʱʘ ʩʠʩʪʝʤʠ ʉʊʂ, ʧʨʠʡʤʘʻʤʦ ʟ ʨʦʟʨʘʭʫʥʢʫ ʚ ʧ.2.4 Fʢ 

= 69 ʤ2. 

ɺʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ ʜʣʷ ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʦʜʝʣʽ ɸʊ (Lʤ): 

 Lʤ =LʢĿ Fʢ
ʤ = 8,72Ŀ 10-5 ʣ/ʩ = 8,72Ŀ10-8 ʤ3/ʩ. 

ʆʩʢʽʣʴʢʠ ʫʩʪʘʥʦʚʢʘ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʜʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 20ʦʉ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʘʭʫʥʢʠ ʚ ʧ.2.4. ʧʽʜʙʠʨʘʻʤʦ ʪʦʚʱʠʥʫ 

ʽʟʦʣʷʮʽʾ ʝʢʩʪʨʫʜʦʚʘʥʦʛʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʚ 120ʤʤ.  ʇʨʠ ʪʘʢʽʡ ʪʦʚʱʠʥʠ ʪʦʚʱʠʥʽ 

ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʤʠ ʦʪʨʠʤʘʻʤʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʝʧʣʦʚʪʨʘʪʠ ʚʽʜ ʤʦʜʝʣʽ ɸʊ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʧʣʦʚʪʨʘʪʘʤ ɸʊ, ʨʦʟʤʽʱʝʥʦʛʦ ʚ ˇʨʫʥʪʽ.  

 
ʈʠʩ.3.17. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

1 - ʪʝʨʤʦʩʪʘʪ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ ʜʣʷ ʟʘʨʷʜʞʘʥʥʷ ɸʊ; 2 - 

 ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ ʜʣʷ ʟʘʨʷʜʞʘʥʥʷ ɸʊ(ʝʣʝʢʪʨʦʢʦʪʝʣ); 3 - ʢʫʣʴʦʚʠʡ ʢʨʘʥ; 4 - 

ʛʨʫʧʘ ʙʝʟʧʝʢʠ; 5 - ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ; 6 - ʣʽʯʠʣʴʥʠʢ-ʚʠʪʨʘʪʦʤʽʨ; 7 ï ʥʘʩʦʩ; 8 - 

ʪʝʧʣʦʚʘ ʽʟʦʣʷʮʽʷ; 9 - ɸʊ; 10 - ʊʆʄ ʚ ʦʙ'ʻʤʽ ʊɸ; 11 - ʧʝʨʝʤʠʢʘʯ ʪʝʨʤʦʧʘʨ; 12 - 

ʚʦʣʴʪʤʝʪʨ ʌ266. 

ʉʭʝʤʘ ʧʨʠʥʮʠʧʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 3.17. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙôʻʤʽ ɸʊ, ʪʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ɸʊ  ʥʘ ʚʝʜʝʥʽ ʥʘ ʨʠʩ.3.18.- 3.21. ɼʞʝʨʝʣʦʤ ʪʝʧʣʦʪʠ ʻ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʪʝʣ, 

ʧʦʪʫʞʥʽʩʪʶ 2 ʢɺʪ (2), ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ ʜʣʷ 

ʟʘʨʷʜʞʘʥʥʷ ɸʊ  ʧʝʨʝʜʙʘʯʝʥʦ ʪʝʨʤʦʩʪʘʪ (1). ʅʘʩʦʩ (7) ʧʦʜʘʻ ʪʝʧʣʦʥʦʩʽʡ ʚʽʜ ʢʦʪʣʘ 
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ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʟʘʨʷʜʞʘʥʥʷ ɸʊ. ɼʣʷ ʟʘʭʠʩʪʫ ʩʠʩʪʝʤʠ ʚʽʜ ʧʝʨʝʛʨʽʚʫ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ɸʊ ʚʩʪʘʥʦʚʣʝʥʦ ʛʨʫʧʠ ʙʝʟʧʝʢʠ ʟ ʧʽʜʨʠʚʥʠʤʠ ʢʣʘʧʘʥʘʤʠ (4) 

ʪʘ ʤʝʤʙʨʘʥʥʠʡ ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ (5). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʪʨʘʪʦʤʽʨ (6). ɼʣʷ ʟʘʤʽʨʽʚ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ɸʊ ʚʩʪʘʥʦʚʣʝʥʦ 

ʪʝʨʤʦʧʘʨʠ (10). ʅʘ ʪʨʫʙʦʧʨʦʚʦʜʽ ʧʦʜʘʯʽ ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʛʨʫʞʥʠʡ ʤʦʢʨʠʡ 

ʪʝʨʤʦʤʝʪʨ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʊɸ, ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʧʽʩʣʷ ɸʊ ʚʩʪʘʥʦʚʣʝʥʦ ʪʝʨʤʦʧʘʨʫ ʥʘ ʚʠʭʦʜʽ ʟ ɸʊ.  

 

 ʈʠʩ.3.18. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʽ ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʜ ʟʙʦʢʫ. 

  
ʈʠʩ.3.19. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʽ ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ  ʪʝʤʧʝʨʘʪʫʨʠ, ʨʦʟʨʽʟ ɸ-ɸ. 

 

ʊʝʧʣʦʦʙʤʽʥʥʠʢ ʟʘʨʷʜʞʘʥʥʷ 

 

ʆʙôʻʤ, ʟʘʧʦʚʥʝʥʠʡ ʨʽʜʠʥʥʠʤ ʊɸʄ 

(ʛʣʽʮʝʨʠʥʦʤ) 
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ʈʠʩ.3.20. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʽ ʨʦʟʤʽʱʝʥʥʷ 

ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʦʟʨʽʟ ɹ-ɹ ʧʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʟʘʨʷʜʞʘʥʥʷ. 

ʈʠʩ.3.21. ʂʦʥʩʪʨʫʢʮʽʷ ɸʊ ʽ 

ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ  

ʪʝʤʧʝʨʘʪʫʨʠ, ʨʦʟʨʽʟ ɺ-ɺ. 

ʌʦʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.3.22.  

 

ʈʠʩ. 3.22. ʌʦʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

 

3.1.3. ʈʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥ ʪʘ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʇʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ 

ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʦʜʽ, ʢʦʣʠ ʮʝʡ ʦʙôʻʢʪ, ʷʢʠʡ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʜʦʟʚʦʣʷʻ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʫ ʟʤʽʥʫ ʚʩʽʭ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʠʭ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ, ʪʦʙʪʦ ʬʘʢʪʦʨʽʚ, 

ʟʘ ʥʘʧʝʨʝʜ ʪʦʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʩʢʣʘʜʝʥʽʡ ʧʨʦʛʨʘʤʽ, ʘ ʩʘʤʝ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ,  
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ʚ ʧʦʪʨʽʙʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʚʘʨʽʶʚʘʥʥʷ [105]. ʊʦʙʪʦ, ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ï ʮʝ 

ʤʝʪʦʜ ʚʠʙʦʨʫ ʢʽʣʴʢʦʩʪʽ ʽ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ 

ʥʝʦʙʭʽʜʥ ̔ ʪʘ ʜʦʩʪʘʪʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʠʤʠ ʘʩʧʝʢʪʘʤʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʻ: 

¶ ʧʦʪʨʝʙʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ; 

¶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʜʥʦʯʘʩʥʦʤʫ ʚʘʨʽʶʚʘʥʥ ̔ ʚʩʽʭ ʟʤʽʥʥʠʭ, ʢʦʪʨʽ ʚʠʟʥʘʯʘʶʪʴ 

ʧʨʦʮʝʩ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ; 

¶ ʚʠʙʽʨ ʯʽʪʢʦʛʦ ʧʣʘʥʫ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʧʽʩʣʷ ʢʦʞʥʦʾ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ ʧʨʠʡʤʘʪʠ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ. 

ɺʘʨʽʶʚʘʪʠ ʨʷʜ ʬʘʢʪʦʨʽʚ ʡ ʦʪʨʠʤʫʚʘʪʠ ʩʠʥʭʨʦʥʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʽʚ ʚʩʽʭ 

ʝʬʝʢʪʽʚ, ʱʦ ʧʨʦʷʚʣʷʶʪʴʩʷ, ʜʦʟʚʦʣʷʻ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʌʘʢʪʦʨʘʤʠ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʽ ʚʭʽʜʥʽ ʚʝʣʠʯʠʥʠ, ʢʦʪʨʽ 

ʦʪʨʠʤʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ (ʜʦʩʣʽʜʽʚ) [106] ʪʘ ʢʦʪʨʽ ʧʨʠʡʤʘʶʪʴ ʚ 

ʜʝʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚʠʟʥʘʯʝʥʝ ʟʥʘʯʝʥʥʷ. ʆʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʫ, ʤʦʞʝ 

ʙʫʪʠ ʥʝʧʝʨʝʨʚʥʦʶ ʘʙʦ ʜʠʩʢʨʝʪʥʦʶ, ʧʽʜ ʦʙʣʘʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʫ ʤʘʻʪʴʩʷ ʥʘ 

ʫʚʘʟʽ ʩʫʢʫʧʥʦʩʪʽ ʚʩʽʭ ʟʥʘʯʝʥʴ, ʢʦʪʨʽ ʧʨʠʡʤʝ ʜʘʥʠʡ ʬʘʢʪʦʨ. 

ɼʠʩʢʨʝʪʥʽ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʟʘʚʞʜʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʟʘʜʘʯʘʭ 

ʧʣʘʥʫʚʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ ʜʠʩʢʨʝʪʥʽ ʤʥʦʞʠʥʠ ʨʽʚʥʽʚ ʚʠʙʠʨʘʶʪʴʩʷ 

ʜʣʷ ʬʘʢʪʦʨʽʚ ʟ ʜʠʩʢʨʝʪʥʦʶ ʦʙʣʘʩʪʶ ʚʠʟʥʘʯʝʥʥʷ (ʪʝʤʧʝʨʘʪʫʨʘ, ʯʘʩ, ʚʠʪʨʘʪʘ, ʪʠʩʢ 

ʽ ʪ.ʧ.). ʂʨʽʤ ʪʦʛʦ, ʬʘʢʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ ʢʝʨʦʚʘʥʠʤ, ʪʦʙʪʦ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ 

ʧʦʩʪʽʡʥʠʤ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʫ ʘʙʦ ʟʤʽʥʥʠʤ ʧʦ ʟʘʜʘʥʽʡ ʧʨʦʛʨʘʤ,̔ ʦʜʥʦʟʥʘʯʥʠʤ, ʪʦʙʪʦ 

ʪʘʢʠʤ, ʷʢʠʡ ʥʝ ʻ ʬʫʥʢʮʽʻʶ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʚʠʤʽʨʶʚʘʥʠʤ ʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ. ɺ ʩʫʢʫʧʥʦʩʪʽ ʬʘʢʪʦʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʫʤʽʩʥʠʤʠ, ʘ ʾʭ ʢʦʤʙʽʥʘʮʽʾ ʤʘʶʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʽ ʙʫʪʠ ʙʝʟʧʝʯʥʠʤʠ, ʤʽʞ ʬʘʢʪʦʨʘʤʠ ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʣʽʥʽʡʥʦʾ 

ʢʦʨʝʣʷʮʽʾ [107]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʡʥʷʪʦʛʦ ʧʦʻʜʥʘʥʥʷ ʬʘʢʪʦʨʽʚ 

ʚʠʤʽʨʶʶʪʴ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʽʟʘʮʽʾ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʞʥʦʛʦ 

ʜʦʩʣʽʜʫ ʷʚʣʷʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʯʝʨʝʟ ʧʦʭʠʙʢʠ ʚʠʤʽʨʽʚ ʟʥʘʯʝʥʴ 

ʬʘʢʪʦʨʽʚ, ʩʘʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʧʣʠʚʫ ʥʝʚʨʘʭʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ. ʊʦʤʫ 

ʷʢʱʦ ʚʽʜʪʚʦʨʠʪʠ ʜʝʢʽʣʴʢʘ ʨʘʟ ʜʦʩʣʽʜ ʧʨʠ ʦʜʥʠʭ ʽ ʪʠʭ ʟʥʘʯʝʥʥʷʭ ʬʘʢʪʦʨʽʚ, ʪʦ 
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ʢʦʞʥʠʡ ʨʘʟ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʜʝ ʨʽʟʥʠʤ. ɿʘʟʚʠʯʘʡ ʥʘʤʘʛʘʶʪʴʩʷ 

ʧʨʠ ʢʦʞʥʦʤʫ ʧʦʻʜʥʘʥʥʽ ʟʥʘʯʝʥʴ ʬʘʢʪʦʨʽʚ (ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ) ʧʨʦʚʝʩʪʠ ʧʦʚʪʦʨʥʠʡ 

ʜʦʩʣʽʜ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʧʘʨʘʣʝʣʴʥʠʤʠ (ʜʫʙʣʴʦʚʘʥʠʤ) [108]. ɼʫʙʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʠʪʠ ʚʽʜʪʚʦʨʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.1. 

ʊʘʙʣʠʮʷ 3.1. 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ 

ʅʘʟʚʘ ʚʠʤʽʨʷʥʦʛʦ 

ʝʣʝʤʝʥʪʘ 

ɸʙʩʦʣʶʪʥʘ 

ʧʦʭʠʙʢʘ 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ 

ʤʽʥʽʤʘʣʴʥʘ, % ʤʘʢʩʠʤʘʣʴʥʘ, % 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʽʷ 

(ʪʝʨʤʦʤʝʪʨ ʊʃ-4) 

Ñ0,05 ʦʉ 0,2 0,37 

ɻʦʜʠʥʥʠʢ Ñ30ʩ 0,017 0,034 

ɺʦʣʴʪʤʝʪʨ ʌ266 ʟ 

ʜʘʪʯʠʢʘʤʠ ʊʆʄ 

Ñ0,5 0,5 1,5 

ɼʣʷ ʦʙʨʦʙʣʝʥʥʷ ʚʠʤʽʨʷʥʠʭ ʚʝʣʠʯʠʥ ʛʨʫʧʘ ʬʘʢʪʦʨʽʚ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ 

ʪʘʙʣ.3.2. 

ʊʘʙʣʠʮʷ 3.2. 

ʌʘʢʪʦʨʠ ʽ ʨʽʚʥʽ ʧʣʘʥʫʚʘʥʥʷ 

ʅʘʟʚʘ ʬʘʢʪʦʨʫ 
ʂʦʜʦʚʝ 

ʧʦʟʥʘʯʝʥʥʷ 

ʈʽʚʥʽ ʬʘʢʪʦʨʽʚ 
ɯʥʪʝʨʚʘʣ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʠʞʥʽʡ -1 ʚʝʨʭʥʽʡ +1 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʽʷ (ʊ, ʦʉ) 
ʭ1 110 120 5 ʦʉ 

ʏʘʩ ʟʘʨʷʜʞʘʥʥʷ 

(t, ʭʚ.) 
ʭ2 360 450 30 ʭʚ. 

ʇʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ (ʇʌɽ) ï ʮʝ ʜʦʩʣʽʜ, ʚ ʷʢʦʤʫ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʚʩʽ ʤʦʞʣʠʚʽ ʥʝʦʜʥʦʤʘʥʽʪʥʽ ʽ ʥʝʤʦʥʦʪʦʥʥʽ ʦʙôʻʜʥʘʥʥʷ ʨʽʚʥʽʚ 

ʬʘʢʪʦʨʽʚ. N=2k ï ʮʝ ʯʠʩʝʣʴʥʽʩʪʴ ʪʦʯʦʢ ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʚ ʮʴʦʤʫ ʧʣʘʥʽ, ʘ k ï 

ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʢʦʪʨʽ ʚʘʨʽʶʶʪʴʩʷ ʫ ʜʚʦʭ ʨʽʚʥʷʭ. ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ï ʮʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʦʩʣʽʜʫ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ, ʜʝ ʨʷʜʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʤ, ʘ ʩʪʦʚʧʮʽ ï ʟʥʘʯʝʥʥʷʤ ʬʘʢʪʦʨʽʚ. ʇʨʠ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʬʘʢʪʦʨʘʭ 

k= 2 ʯʠʩʣʦ ʝʢʩʧʝʨʠʤʝʥʪʽʚ N= 4 [109]. 

ɯ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʚʥʦʪʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʢʦʪʨʫ ʦʪʨʠʤʫʻʤʦ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʫ ʩʘʤʝ ʪʘʢʠʡ ʪʠʧ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ. 
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ɺʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʭ1 = ʊ, 
ʦʉ, 

ʯʘʩ ʟʘʨʷʜʞʘʥʥʷ ɸʊ ʭ2 = t, ʭʚ. 

ʌʫʥʢʮʽʻʶ ʚʽʜʛʫʢʫ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʊɸʄ ʚ ʩʝʨʝʜʠʥʽ ɸʊ. ɭ ʧʽʜʩʪʘʚʘ ʚʚʘʞʘʪʠ ʱʦ 

ʤʦʜʝʣʴ ʥʝʣʽʥʽʡʥʘ, ʪʦʙʪʦ ʧʦʪʨʽʙʥʦ ʾʾ ʫʩʢʣʘʜʥʠʪʠ. ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʥʝʣʽʥʽʡʥʦʛʦ 

ʟʚôʷʟʢʫ, ʷʢʠʡ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ, ʧʦʚôʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʝʬʝʢʪ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ, ʥʘ ʷʢʦʤʫ ʧʝʨʝʙʫʚʘʻ ʽʥʰʠʡ ʬʘʢʪʦʨ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʠʡʤʘʶʪʴ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʬʘʢʪʦʨʽʚ. ʇʌɽ ʜʘʻ ʧʨʘʚʦ ʥʘ 

ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʫ ʚʟʘʻʤʦʜʽʾ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʘʚʠʣʦ 

ʧʝʨʝʤʥʦʞʝʥʥʷ ʩʪʦʚʧʮʽʚ  ̔ ʦʪʨʠʤʘʪʠ ʩʪʦʚʧʝʮʴ ʜʦʙʫʪʢʫ ʜʚʦʭ ʬʘʢʪʦʨʽʚ [110]. 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʜʣʷ ʇʌɽ 22 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʫ ʚʟʘʻʤʦʜʽʾ ʬʘʢʪʦʨʽʚ 

ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 3.3. 

ʊʘʙʣʠʮʷ 3.3 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʅʦʤʝʨ 

ʜʦʩʣʽʜʫ 
ʭ0 ʭ1 ʭ2 ʭ1ʭ2 

ʌʫʥʢʮʽʷ 

ʚʽʜʛʫʢʫ 

1 + - - + y 

2 + + - - y 

3 + - + - y 

4 + + + + y 

ʊʝʧʝʨ ʤʦʜʝʣʴ ʤʘʻ ʚʠʛʣʷʜ: 

ώ  ὦὼ ὦὼ ὦὼ ὦ ὼὼ , 3.6 

 ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦ ʾʪʦʯʢʠ ʜʦʩʣʽʜʫ ʚʚʦʜʠʪʴʩʷ ʬʽʢʪʠʚʥʘ ʟʤʽʥʥʘ ʭ0 ʚ 

ʧʝʨʰʦʤʫ ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ. ʌʽʢʪʠʚʥʦ ʾʟʤʽʥʥʦ ʾʚ ʧʨʠʨʦʜʽ ʥʝ ʽʩʥʫʻ, ʘ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʮʝ  ̒ʬʦʨʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ. ʭ1ʭ2 ï ʬʽʢʪʠʚʥʠʡ ʜʦʙʫʪʦʢ, ʢʦʪʨʦʛʦ ʥʝ ʽʩʥʫʻ ʚ ʧʨʠʨʦʜʽ, ʘʣʝ ʚʽʥ 

ʧʦʢʘʟʫʻ ʚʟʘʻʤʦʜʽʶ ʧʘʨʘʤʝʪʨʽʚ ʭ1 ʪʘ  ʭ2, ʪʦʙʪʦ ʩʫʤʽʩʥʫ ʜʽʶ ʧʘʨʘʤʝʪʨʽʚ. b0é,b12 ï 

ʢʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʢʦʪʨʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ [105,107]: 

ὦ
ρ

ὔ
ὼώ ȟ Ὦ πȟρȟȣὯȢ 3.7 

ʋ ʨʽʚʥʷʥʥʽ (3.4) N ï ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; j ï ʥʦʤʝʨ ʬʘʢʪʦʨʫ; xji ï 

ʢʦʜʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʽ; ώ -  ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʟʘ n 
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ʧʘʨʘʣʝʣʴʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ -̔ʛʦ ʨʷʜʢʘ, ʪʦʙʪʦ ʟʘ ʪʨʴʦʤʘ ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ [106]: 

ώ  В ώ, 3.8 

ʜʝ В ώ- ʚʠʤʽʨʷʥʽ ʚʝʣʠʯʠʥʠ; 

ʇʝʨʝʚʽʨʢʘ ʦʜʥʦʨʽʜʥʦʩʪʽ ʜʠʩʧʝʨʩʽʾ ʧʘʨʘʣʝʣʴʥʠʭ ʜʦʩʣʽʜʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʮʽʣʣʶ 

ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʭʠʙʦʢ ʦʢʨʝʤʠʭ ʜʦʩʣʽʜʽʚ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ 

ʥʝʤʦʞʥʘ ʧʨʠʩʪʫʧʠʪʠ ʜʦ ʨʝʛʨʝʩʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ïʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʨʝʩʽʾ, 

ʧʝʨʝʚʽʨʮʽ ʾʭ ʟʥʘʯʝʥʥʷ ʽ ʧʝʨʝʚʽʨʮʽ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [109]. 

ʇʝʨʝʚʽʨʢʫ ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʯʠʩʣʽ ʧʘʨʘʣʝʣʴʥʠʭ ʜʦʩʣʽʜʽʚ 

ʧʨʦʚʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʷ ʂʦʭʨʝʥʘ (G-ʢʨʠʪʝʨʽʡ). ʇʝʨʝʚʽʨʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [108]: 

-ʚʠʟʥʘʯʘʶʪʴ ʜʠʩʧʝʨʩʽʶ ʧʘʨʘʣʝʣʴʥʠʭ ʜʦʩʣʽʜʽʚ  

ί
ρ

ὲ ρ
ώ ώ ȟ 3.9 

ʜʝ n - ʯʠʩʣʦ ʧʘʨʘʣʝʣʴʥʠʭ ʜʦʩʣʽʜʽʚ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ; 

-ʚʠʟʥʘʯʘʶʪʴ ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʠʩʧʝʨʩʽʾ -  ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ 

ʜʦ ʩʫʤʠ ʚʩʽʭ ʜʠʩʧʝʨʩʽʾ (ʢʨʠʪʝʨʽʡ ʂʦʭʨʝʥʘ): 

Ὃ  

В
, 3.10 

-ʚʠʟʥʘʯʘʶʪʴ ʯʠʩʣʦ ʩʪʝʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ  f1=n ï 1   ʽ  f2 = N; 

-ʚʠʙʠʨʘʶʪʴ ʨʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ p; 

-ʟʥʘʭʦʜʷʪʴ ʟ ʪʘʙʣʠʮʴ ʢʨʠʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ  Gr (ʜʦʜ.6 [111]) 

-ʧʦʨʽʚʥʶʶʪʴ ʚʝʣʠʯʠʥʠ  G ʽ Gr. ʗʢʱʦ  G Ò Gr, ʪʦ ʜʠʩʧʝʨʩʽʷ ʦʜʥʦʨʽʜʥʘ. 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʦʙʨʦʙʣʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣ. 3.4. ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (3.4) ʜʦʨʽʚʥʶʶʪʴ: b0= 

106,52; b1= 1,43; b2= 6,25; b12=0,7. ɺʠʟʥʘʯʘʻʤʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʫ 

ʢʦʞʥʦʤʫ ʨʷʜʢʫ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ  ʟʘ ʧʨʦʚʝʜʝʥʠʤʠ ʪʨʴʦʤʘ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʜʦʩʣʽʜʘʤʠ (ʪʘʙʣ.3.4) ʟʘ ʬʦʨʤʫʣʦʶ (3.6). ʇʨʠ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ 

ʚʽʣʴʥʦʩʪʽ f1=n ï 1=3 ï 1=2 ʪʘ f2=N=4, ʘ ʪʘʢʦʞ ʨʽʚʥʝʤ ʟʥʘʯʫʱʦʩʪʽ p=0,05 ʢʨʠʪʠʯʥʝ 
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ʚʽʜʥʦʰʝʥʥʷ Gr=0,769. ɿʘ ʬʦʨʤʫʣʦʶ (3.7) ʧʝʨʝʚʽʨʷʻʤʦ ʦʜʥʦʨʽʜʥʽʩʪʴ ʜʠʩʧʝʨʩʽʾ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʂʦʭʨʝʥʘ: G=5,72/10,58=0,54< Gr=0,769 [111]. ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ Gr ʙʽʣʴʰʝ, ʥʽʞ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ G, ʪʦʙʪʦ ʨʦʟʨʘʭʦʚʘʥʘ ʜʠʩʧʝʨʩʽʷ 

ʻ ʦʜʥʦʨʽʜʥʦʶ. 

ʊʘʙʣʠʮʷ 3.4. 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ 

 ̄
ʇʣʘʥ ɿʤʽʥʘ ʩʪʘʥʫ 

ώ ί 
ʭ1 ʭ2 ʭ1ʭ2 y1 y1 y1 

1 - - + 99,3 97,1 98 98,1 0,816 

2 + - - 102,8 100,5 103,9 102,4 2,01 

3 - + - 108,9 114,8 112,4 112 5,72 

4 + + + 113,6 115,2 111,7 113,5 2,05 

 ×ώ=426,07, В Ὓ=10,58 

 

3.2. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ 

ʚ ʦʙôʻʤʽ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. 

ʅʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʩʪʝʥʜʽ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 3.17 ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ɸʊ ʧʨʠ ʡʦʛʦ ʟʘʨʷʜʞʘʥʥʽ ʪʝʧʣʦʥʦʩʽʻʤ 

ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 110 ʦʉ, 115 ʦʉ, 120 ʦʉ. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʽ 

ʚ ʦʙ'ʻʤʽ ɸʊ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3.18-3.21. ʅʘ ʨʠʩ.3.23-3.33 ʟʦʙʨʘʞʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ʜʘʥʠʭ ʜʣʷ ʭʘʨʘʢʪʝʨʥʠʭ 

ʪʦʯʦʢ ʚ ʦʙôʻʤʽ ɸʊ ʧʨʠ ʟʘʨʷʜʞʘʥʥʽ ʪʝʧʣʦʥʦʩʽʻʤ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 110 ʦʉ, ʥʘ ʨʠʩ. 

3.34-3.44 ʧʨʠ ʟʘʨʷʜʞʘʥʥʽ ʪʝʧʣʦʥʦʩʽʻʤ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 115 ʦʉ, ʘ ʥʘ ʨʠʩ.3.45-3.55 

ʧʨʠ ʟʘʨʷʜʞʘʥʥʽ ʪʝʧʣʦʥʦʩʽʻʤ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 120 ʦʉ. 

ʈʽʚʥʷʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʫ ʟʘʨʷʜʞʝʥʥʷ ɸʊ: 

Ὕ
 

Ⱦ
, 

3.11 

ʜʝ T ï ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙ'ʻʤʽ ɸʊ, 0ʉ; t ï ʯʘʩ ʟʘʨʷʜʞʘʥʥʷ ɸʊ, ʭʚ. 
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ʈʠʩ. 3.23. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.1 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ. 

 
ʈʠʩ. 3.24. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.2 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ. 

 
ʈʠʩ. 3.25. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.3 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110ʦʉ. 

 
ʈʠʩ. 3.26. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.5 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ. 
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͔͔́ͣͨͪ͊ͭͯͪ͊ ͍͙͍ͣͪ͜͜Σ ϲ˿ ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊Σϲ˿
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͔͔́ͣͨͪ͊ͭͯͪ͊ ͍͙͍ͣͪ͜͜Σ ϲ˿ ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊Σϲ˿

t0=240,3; m=1,139; n=0,5714. 

t0=198,4; m=1,07; n=0,748. 

t0=241,7; m=1,134; n=0,598. 

t0=167,7; m=0,998; n=0,887. 
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ʈʠʩ. 3.27. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.6 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ. 

 
ʈʠʩ. 3.28. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.7 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ. 

 
ʈʠʩ. 3.29. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.8 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ. 

 
ʈʠʩ. 3.30. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.9 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ. 
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t0=241,3; m=1,125; n=0,586. 

t0=149,4; m=0,979; n=1,0095. 

t0=234,8; m=1,19; n=0,6118. 

t0=347; m=1,508; n=0,5627. 
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ʈʠʩ. 3.31. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.10 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ.  

 
ʈʠʩ. 3.32. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.11 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ. 

 
ʈʠʩ. 3.33. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.12 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ. 

 
ʈʠʩ. 3.34. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.1 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 
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t0=295,3; m=1,345; n=0,704. 

t0=272; m=1,254; n=0,513. 

t0=337; m=1,526; n=0,587. 

t0=177; m=1,14; n=0,569. 
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ʈʠʩ. 3.35. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.2 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 

 
ʈʠʩ. 3.36. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.3 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 

 
ʈʠʩ. 3.37. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.5 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 

 
ʈʠʩ. 3.38. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.6 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 
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t0=172,5; m=1,16; n=0,631. 

t0=171,5; m=1,17; n=0,62. 

t0=190,5; m=1,202; n=0,5724. 

t0=245,6; m=1,302; n=0,4094. 
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ʈʠʩ. 3.39. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.7 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 

 
ʈʠʩ. 3.40. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.8 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 

 
ʈʠʩ. 3.41. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.9 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 

 
ʈʠʩ. 3.42. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.10 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 
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t0=226,5; m=1,314; n=0,4093. 

t0=266,5; m=1,427; n=0,379. 

t0=369; m=1,787; n=0,3964. 

t0=306; m=1,47; n=0,536. 
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ʈʠʩ. 3.43. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.11 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 

 
ʈʠʩ. 3.44. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.12 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ. 

 
ʈʠʩ. 3.45. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.1 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 

 
ʈʠʩ. 3.46. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.2 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 
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t0=222; m=1,81; n=0,2844. 

t0=164,7; m=1,36; n=0,4683. 

t0=238; m=1,333; n=0,4887. 

t0=323,6; m=1,692; n=0,476. 
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ʈʠʩ. 3.47. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.3 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 

 
ʈʠʩ. 3.48. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.5 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 

 
ʈʠʩ. 3.49. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.6 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 

 
ʈʠʩ. 3.50. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.7 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 
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t0=209; m=1,624; n=0,337. 

t0=238; m=1,32; n=0,367. 

t0=256,5; m=2,0502; n=0,2312. 

t0=235,3; m=1,714; n=0,3038. 
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ʈʠʩ. 3.51. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.8 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 

 
ʈʠʩ. 3.52. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.9 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 

 
ʈʠʩ. 3.53. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.10 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 

 
ʈʠʩ. 3.54. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.11 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 
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t0=256,1; m=2,234; n=0,2184. 

t0=372,6; m=2,209; n=0,2734. 

t0=383; m=2,435; n=0,261. 

t0=256,6; m=2,07; n=0,2308. 
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ʈʠʩ. 3.55. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.12 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ɸʊ ʥʘʛʨʽʚ ʊɸʄ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʪʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ɸʊ, ʯʠʤ ʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʨʷʜʞʘʥʥʷ ɸʊ, ʪʠʤ ʰʚʠʜʰʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʨʷʜ ɸʊ. ɺʩʽ 

ʜʘʥʽ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʦʙôʻʤʽ ʊɸʄ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ ʧʽʩʣʷ ʟʘʨʷʜʞʘʥʥʷ ɸʊ 

ʚʧʨʦʜʦʚʞ 450 ʭʚ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.5. ʇʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʢʣʘʜʘʻ ʤʝʥʰʝ 5%. 

ʊʘʙʣʠʮʷ 3.5. 

ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ʊɸʄ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ, ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ 

ˉ ʪʦʯʢʠ 110 115 120 

ʪ.1 101,2 108,3 115,6 

ʪ.2 99,5 106,1 113,3 

ʪ.3 100,9 107,3 114,7 

ʪ.5 98,9 106,9 114,2 

ʪ.6 101,1 107,9 115,6 

ʪ.7 98,7 106,0 113,4 

ʪ.8 101,0 108,0 115,2 

ʪ.9 98,9 105,0 112,7 

ʪ.10 98,3 105,2 112,3 

ʪ.11 101,6 107,9 114,9 

ʪ.12 98,7 105,7 114,0 

tmin., 
oC 98,3 105,0 112,3 

tmax., 
oC 101,6 108,3 115,7 

tʩʝʨ., oC 99,9 106,7 114,2 

æt =tmax. - tmin. , 
oC 3,3 3,4 3,4 

æt, % 3,25 3,13 2,9 
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͔͔́ͣͨͪ͊ͭͯͪ͊ ͍͙͍ͣͪ͜͜Σ ϲ˿ ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊Σϲ˿

t0=396,7; m=3,127; n=0,1977. 
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3.3. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʬʽʟʠʯʥʦʛʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʈʦʟʨʘʭʫʥʢʠ ʊɸʄ ʚʝʣʠʩʴ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʧʣʦʥʦʩʽʷ ʜʣʷ 

ʟʘʨʷʜʞʘʥʥʷ ɸʊ 150 ʦʉ. ɸ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʟ ʉʊʂ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ 200 0ʉ. 

ʅʘʞʘʣʴ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ, ʩʪʠʩʥʝʥʠʭ ʫʤʦʚʘʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʥʝ 

ʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʥʘʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʨʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ɸʊ ʧʨʠ ʟʘʨʷʜʞʘʥʥʽ 

ʪʝʧʣʦʥʦʩʽʻʤ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 150 ʘʙʦ 200 ʦʉ. ʊʦʤʫ ʧʨʦʚʦʜʠʤʦ ʝʢʩʪʨʘʧʦʣʷʮʽʶ 

ʧʨʦʮʝʩʫ ʟʘʨʷʜʞʘʥʥʷ ɸʊ ʪʝʧʣʦʥʦʩʽʻʤ 150 ʦʉ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ 

ʜʘʥʠʭ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʟʘʨʷʜʞʘʥʥʽ ɸʊ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 115 ʦʉ, 120 

ʦʉ ʚ ʫʩʽʭ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ ʚ ʦʙôʻʤʽ ʊɸʄ ʨʠʩ.3.56 - 3.66. ɿʘ ʪʘʢʠʤ ʩʘʤʠʤ 

ʧʨʠʥʮʠʧʦʤ ʧʦ ʪʨʴʦʤ ʪʦʯʢʘʤ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʝʢʩʪʨʘʧʦʣʷʮʽʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ɸʊ ʧʨʠ ʟʘʨʷʜʞʘʥʥʽ ʪʝʧʣʦʥʦʩʽʻʤ ʟ ʙʫʜʴ-ʷʢʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ ʤʝʞʘʭ 100-200 ʦʉ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ʜʘʥʠʭ ʧʨʦʚʝʜʝʤʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʤʦʜʝʣʽ ɸʊ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 115 ʦʉ, 120 

ʦʉ, 150 ʦʉ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ SolidWorks Flow Simulation ʨʠʩ.3.67-3.74. 

ʊʦʙʪʦ, ʧʨʦʚʽʚʰʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʘʨʷʜʞʘʥʥʷ ɸʊ ʚʧʨʦʜʦʚʞ 450 ʭʚ ʽ 

ʧʦʨʽʚʥʷʚʰʠ ʢʽʥʮʝʚʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʤʠ ʟʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ʜʘʥʠʭ. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.6.  

 
ʈʠʩ. 3.56. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.1 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 
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ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммр ϲ˿
ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммлϲ˿
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ʈʠʩ. 3.57. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.2 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 

 
ʈʠʩ. 3.58. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.3 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 

 

 
ʈʠʩ. 3.59. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.5 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 
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ʈʠʩ. 3.60. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.6 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 

 
ʈʠʩ. 3.61. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.7 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 

 
ʈʠʩ. 3.62. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.8 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 
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ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммрϲ˿

ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммлϲ˿
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ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммр ϲ˿

ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммлϲ˿
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ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммр ϲ˿

ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммлϲ˿
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ʈʠʩ. 3.63. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.9 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 

 
ʈʠʩ. 3.64. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.10 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 

 
ʈʠʩ. 3.65. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.11 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 
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ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммр ϲ˿

ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммлϲ˿
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ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммр ϲ˿

ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммлϲ˿

0

20

40

60

80

100

120

140

160

0 50 100 150 200 250 300 350 400 450 500

́
͔
ͣ
ͨ
͔
ͪ
͊
ͭ
ͯ
ͪ
͊
 

ϲ˿

͙͔̉ͫ͡Έͤ͜ ͙͙ͨͦ͊ͤ͘͟͟ ͻ͍͙͙ͤ͡ ͍͒ͤͦͫͤͦ͜ ͨͦ;͊ͭͯ͟ ͍͟͡Ό;͔ͤͤΎ ́˩˹ͯ
ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммр ϲ˿

ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммлϲ˿
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ʈʠʩ. 3.66. ʇʨʦʮʝʩ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ.12 ɸʊ ʧʨʠ ʥʘʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, 

115 ʦʉ, 120 ʦʉ, 150 ʦʉ; ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʜʘʥʽ. 

  
ʈʠʩ. 3.61. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.1,3,6. 

ʈʠʩ. 3.62. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.2. 

  
ʈʠʩ. 3.63. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.5 ʪʘ 7. 

ʈʠʩ. 3.64. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.8 ʪʘ 11. 

0

20

40

60

80

100

120

140

160

0 50 100 150 200 250 300 350 400 450 500

́
͔
ͣ
ͨ
͔
ͪ
͊
ͭ
ͯ
ͪ
͊
 

ϲ˿

͙͔̉ͫ͡Έͤ͜ ͙͙ͨͦ͊ͤ͘͟͟ ͻ͍͙͙ͤ͡ ͍͒ͤͦͫͤͦ͜ ͨͦ;͊ͭͯ͟ ͍͟͡Ό;͔ͤͤΎ ́˩˹ͯ
ˢ͙͍ͨͪͦͫͣͦ͊ͤ͊͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ͨͪ ммр ϲ˿
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ʈʠʩ. 3.65. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.9. 

ʈʠʩ. 3.66. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.10. 

  
ʈʠʩ. 3.67. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 110 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.12. 

ʈʠʩ. 3.68. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.1,3,6. 

  
ʈʠʩ. 3.69. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.2. 

ʈʠʩ. 3.70. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.5 ʪʘ 7. 
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ʈʠʩ. 3.71. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.8 ʪʘ 11. 

ʈʠʩ. 3.72. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.9. 

  
ʈʠʩ. 3.73. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.10. 

ʈʠʩ. 3.74. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.12. 

  
ʈʠʩ. 3.75. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.1,3,6. 

ʈʠʩ. 3.76. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.2. 
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ʈʠʩ. 3.77. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.5 ʪʘ 7. 

ʈʠʩ. 3.78. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ 

ʚ ʪ.8 ʪʘ 11. 

  
ʈʠʩ. 3.79. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.9. 

ʈʠʩ. 3.80. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ 

ʚ ʪ.10. 

  
ʈʠʩ. 3.81. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 120 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.12. 

ʈʠʩ. 3.82. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 150 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ 

ʚ ʪ.1,3,6. 
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ʈʠʩ. 3.83. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 150 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.2. 

ʈʠʩ. 3.84. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 150 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ 

ʚ ʪ.5 ʪʘ 7. 

  
ʈʠʩ. 3.71. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ 

ʪ.8 ʪʘ 11. 

ʈʠʩ. 3.72. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ɸʊ 

ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ 

ʚ ʪ.9. 

  
ʈʠʩ. 3.73. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ɸʊ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, 

ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ ʪ.10. 

ʈʠʩ. 3.74. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʨʷʜʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ɸʊ ʪʝʧʣʦʥʦʩʽʻʤ 115 ʦʉ, 

ʨʝʟʫʣʴʪʘʪʠ t, ʦʉ ʚ ʪ.12. 

 

 


