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ɸʅʆʊɸʎɯʗ 

 

 

ɿʘʭʘʨʦʚʘ ɯ.ɺ. ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦ-

ʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶ-

ʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ. - ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.03.06 çɿʚʘʨʶʚʘʥʥʷ ʪʘ ʩʧʦʨʽʜʥʝʥʽ ʧʨʦʮʝʩʠ ʽ ʪʝʭʥʦʣʦʛʽʾè ï

ɼɺʅɿ çʇʨʠʘʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, ʄʆʅ ʋʢʨʘʾʥʠ, 

ʄʘʨʽʫʧʦʣʴ  2021. 

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ ʧʨʦʙʣʝʤʫ ʨʦʟʨʦʙʢʠ 

ʠ ʦʩʚʦʻʥʥʷ ʨʝʩʫʨʩʦ- ʪʘ  ʝʥʝʨʛʦʟʙʝʨʝʞʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʷʢʽʩʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟ 

ʦʜʥʦʯʘʩʥʽʤ ʟʙʽʣʴʰʝʥʥʷʤ ʨʝʩʫʨʩʫ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʚ ʫʤʦʚʘʭ ʘʙʨʘʟʠʚʥʦʛʦ, ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ, ʛʘʟʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ 

ʟʥʦʩʫ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʫʛʦʚʦ ʾʤʝʪʘʣʽʟʘʮʽʾ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟ-

ʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ. 

ʇʨʦʮʝʩ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʩʝʨʝʜ ʨʽʟ-

ʥʦʤʘʥʽʪʪʷ ʤʝʪʦʜʽʚ ʽʥʞʝʥʝʨʽʾ ʧʦʚʝʨʭʥʽ, ʯʦʤʫ ʩʧʨʠʷʻ ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʪʝʭʥʦ-

ʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʞʣʠʚʩ̔ʪɹ ʤʦʙʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʠʟʴʢʘ ʩʦʙʽʚʘʨ-

ʪʦʩʪʽ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɺʪʽʤ, 

ʜʫʛʦʚʘ ʤʝʪʘʣʽʟʘʮʽʷ ʤʘʻ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ, ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚ ʢʠ-

ʩʥʶ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʛʦ-

ʨʷʥʥʷ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʥʘʧʠʣʶʚʘʣʴʥʦʤʫ ʤʝʪʘʣʽ ʽ ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʧʦʢ-

ʨʠʪʪʷ. ɺʢʘʟʘʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʢʠʩʥʶ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ 

ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʠʡ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʫʣʴʩʘʮʽʾ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ, 

ʱʦ ʤʘʻ ʟʥʘʯʥʠʡ ʨʝʩʫʨʩʦ- ʪʘ  ʝʥʝʨʛʦʟʙʝʨʝʞʥʠʡ ʧʦʪʝʥʮʽʘʣ. ɺʪʽʤ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʪʨʠʤʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʨʠʟ-

ʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝʪʝʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʪʘ ʚʢʘʟʫʻ ʥʘ ʘʢʪʫ-

ʘʣʴʥʽʩʪʴ ʚʠʙʨʘʥʦʛʦ ʚ ʜʠʩʝʨʪʘʮʽʾ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʩʪʘʥʫ ʧʠʪʘʥʥʷ ʪʘ ʦʙ-
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ˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʛʣʷʥʫʪʦ ʧʝʨʝʚʘʛʠ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘ-

ʮʽʾ ʩʝʨʝʜ ʩʧʦʨʽʜʥʝʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʦʚʝʜʝʥʦ, ʱʦ ʮʝ ʻ ʦʜʥʠʤ ʟ̔ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʽ 

ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦ-

ʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ, ʚʠʜʽʣʝʥʽ ʧʨʦʙʣʝʤʥʽ ʩʪʦʨʦʥʠ, ʥʘʜ 

ʷʢʠʤʠ ʪʨʠʚʘʻ ʨʦʙʦʪʘ ʥʠʟʢʠ ʜʦʩʣʽʜʥʠʢʽʚ. 

ɸʥʘʣʽʪʠʢʘ ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ ʱʦʜʦ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʥʘʚʦʜʠʪʴ, ʱʦ ʦʩ-

ʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʧʨʦʮʝʩ ʦʢʠʩʣʶʚʘʥʥʷ ʢʨʘʧʝʣʴ ʤʝʪʘʣʫ ʚ ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʦʨ-

ʪʫʚʘʥʥʷ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʠʡ ʩʧʨʘʚʣʷʻ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʪʘ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʃʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ ʪʘ ʚʠʨʦʙʥʠʯʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚ ʷʢʠʭ ʩʫʯʘʩʥʠʤʠ ʧʽ-

ʜʭʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʛʘʟʦʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʨʽʟʥ ̔

ʢʦʥʩʪʨʫʢʮʽ ʾʩʦʧʝʣ, ʢʦʤʙʽʥʘʮʽʾ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ ʛʘʟʽʚ, ʧʦʢʘʟʫ-

ʶʪʴ ʱʦ ʥʘ ʧʨʦʮʝʩ ʦʢʠʩʣʝʥʥʷ ʪʘ ʚʠʛʦʨʷʥʥʷ ʣʝʛʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʧʣʠʚʘʶʪʴ 

ʨʷʜ ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤ ʻ ʩʪʨʫʢʪʫʨʘ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʧʦʪʦʢʫ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʚʫʟʴʢʽ ʤʽʩʮʷ ʪʘ ʥʘʧʨʷʤʢʠ ʜʣʷ ʧʦʜʘ-

ʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʥʘʧʨʷʤʢʠ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʢʠʩʥʶ ʨʦʟʧʠʣʶʚʘʣʴʥʦ-

ʛʦ ʧʦʚʽʪʨʷ, ʦʩʥʦʚʦʶ ʷʢʠʭ ʻ ʛʽʧʦʪʝʟʘ ʧʨʦ ʚʠʥʠʢʥʝʥʥʷ ʦʩʦʙʣʠʚʠʭ ʪʝʯʽʡ ʧʨʠ ʦʙ-

ʪʽʢʘʥʥʽ ʩʫʮʽʣʴʥʦʛʦ ʪʽʣʘ ʩʪʘʮʽʦʥʘʨʥʠʤ ʽ ʧʫʣʴʩʫʶʯʠʤ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ, 

ʧʨʠʥʮʠʧ ʢ̫ʠʭ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʚ ʨʽʟʥʠʭ 

ʤʝʪʦʜʘʭ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘ-

ʮʽʾ, ʜʝ ʪʨʘʥʩʧʦʨʪʫʶʯʠʡ ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʷʢʦʩʪʽ 

ʥʘʥʝʩʝʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʧʝʨʝʯʥʝ ʦʙʪʽʢʘʥʥʷ ʪʽʣ ʧʫʣʴʩʫʶʯʠʤ ʧʦ-

ʪʦʢʦʤ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʯʠʩʣʘ ʥʘʡʤʝʥʰ ʚʠʚʯʝʥʠʭ ʷʚʠʱ, ʪʦʙʪʦ ʚʦʥʦ ʻ ʥʘʡʙʽʣʴʰ 

ʮʽʢʘʚʠʤ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ. 

ʉʫʯʘʩʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ (ANSYS CFX, ʪʦʱʦ), ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʽ-

ʰʝʥʥʷʭ ʨʽʚʥʷʥʴ ʅʘʚ'ʻ-ʉʪʦʢʩʘ ʪʘ ʚʨʘʭʦʚʫʶʪʴ ʨʷʜ ʚʘʞʣʠʚʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʦʧʦʤʘʛʘʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩʠ ʦʙʪʽʢʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʪʽʣʘ 

ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ ʥʘ ʧʨʠʢʣʘʜʽ ʢʨʠʣʘ ʣʽʪʘʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʽ ʪʝʤ-
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ʧʝʨʘʪʫʨʠ ʧʦʪʦʢʫ. ʎʝʡ ʜʦʩʚʽʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʚʽʪ-

ʨʷʥʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʚʚʝʜʝʥʥʽ ʝʣʝʢʪʨʦʜʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ ʥʘʧʠʣʝʥʥʷ, ʧʦʢʘʟʘʚ ʱʦ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʨʦʟ-

ʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ, ʥʘ ʚʠʛʦʨʷʥʥʷ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʥʘʧʠʣʶʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʱʦ ʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʠʤ 

ʦʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʥʝʩʝʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ, ʪʘ ʫ ʧʽʜʩʫʤʢʫ, ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʤ-

ʧʣʝʢʩ ʨʦʟʧʠʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ɺʩʝ ʮʝ ʻ ʧʽʜˇʨʫʥʪʷʤ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘ-

ʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ: 

- ʦʙˇʨʫʥʪʫʚʘʥʥ ̔ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ ʟ ʤʝʪʦʶ 

ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʦʢʠʩʣʝʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ; 

- ʫʪʦʯʥʝʥʥ ̔ʩʭʝʤʠ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʚʝʨʜʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʪʘ ʫʪʚʦʨʝʥʥʷ ʟʘ ʝʣʝʢʪʨʦʜʘʤʠ ʪʫʨʙʫʣʝʥʪʥʦʾ ʟʦʥʠ; 

- ʜʦʩʣʽʜʞʝʥʥ ̔ʩʭʝʤʠ ʜʽʾ ʩʠʣ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʝʣʝʢʪʨʦʜʽʚ ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʘ 

ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚʧʣʠʚʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ; 

- ʨʦʟʨʦʙʮ ̔ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʨʦʟʧʠʣʶʚʘ-

ʣʴʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʢʠʩʥʶ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ 

ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ; 

- ʦʮʽʥʮ ̔ʚʧʣʠʚʫ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʟʤʽʥʫ ʧʨʦʜʫ-

ʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

- ʨʦʟʨʦʙʮʽ ʧʨʘʢʪʠʯʥʠʭ ʨʽʰʝʥ,ɹ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘ-

ʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ.  

ɺ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʝʥʦ ʩʪʘʥ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʪʦʨʮʷʤʠ 

ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʨʽʟʥʠʭ ʟʘʟʦʨʘʭ ʤʽʞ ʥʠʤʠ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʥʘ 

ʰʣʷʭʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʝʨʝʰʢʦʜʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʚ ʭʘʨʘʢʪʝʨʽ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʫ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʦʨʤʠ ʧʝʨʝʰʢʦʜʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʫ ʪʘ ʽʥʰʠʭ 

ʬʘʢʪʦʨʽʚ, ʧʨʠʯʦʤʫ ʩʪʘʥ ʧʦʪʦʢʫ ʟʘ ʧʝʨʝʰʢʦʜʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜ-

ʩʘ, ʱʦ ʧʦʢʘʟʘʥʦ ʫ ʥʘʚʝʜʝʥʠʭ ʪʽʥʴʦʚʠʭ ʬʦʪʦʛʨʘʬʽʷʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʤʝʪʘʣʽʟʘʮʽʡʥʠʭ ʫʩʪʘʥʦ-
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ʚʢʘʭ, ʥʘ ʧʨʦʬʽʣʴʥʽʡ ʢʘʬʝʜʨʽ ʽ ʥʘ ʜʚʦʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʈʦʟʧʠʣʝʥ-

ʥʷ ʤʘʪʝʨʽʘʣʫ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʧʦʚʽʪʨʷʥʠʤ ʩʪʨʫʤʝʥʝʤ ʟ ʨʦʙʦʯʠʤ ʪʠʩʢʦʤ ʩʪʠʩʥʝ-

ʥʦʛʦ ʧʦʚʽʪʨʷ 0,5-0,6 ʄʇʘ ʪʘ ʡʦʛʦ ʚʠʪʨʘʪʦʶ ʚ ʤʝʞʘʭ 60-150 ʤ
3
/ʛʦʜ. ɼʣʷ ʬʦʨ-

ʤʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʦʣʦʚʢʠ ʟ 

ʩʦʧʣʦʤ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ. ʆʪʨʠʤʘʥʦ ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤʫ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ, 

ʱʦ ʚʠʪʽʢʘʻ ʟ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʩʦʧʣʘ ʽ ʦʤʠʚʘʻ ʝʣʝʢʪʨʦʜʠ ʧʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʟʘ ʧʝʨʝʰʢʦʜʦʶ 

ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʜʽʚ, ʷʢʝ ʜʦʩʷʛʘʻ ʟʥʘʯʥʠʭ ʚʝʣʠʯʠʥ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʫ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʝʥʷ, ʧʨʦʚʝʜʝʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʽʥʴʦʚʦʛʦ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʩʪʨʫʤʝʥʷ ʚ ʟʦ-

ʥʽ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ, ʧʦʢʘʟʘʣʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʦʜʽʚ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ 

ʩʫʤʘʨʥʦʛʦ ʪʠʩʢʫ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽ ʧʦ ʜʦʚʞʠʥʽ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʝʥʷ. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʜʫ-

ʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʽ ʯʘʩʪʠʥʦʢ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʧʨʦʚʝʜʝʥʦ ʬʦʪʦʛʨʘʬʫ-

ʚʘʥʥʷ ʤʽʞʝʣʝʢʪʨʦʜʥʦʾ ʟʦʥʠ ʽ ʜʫʛʠ ʟ ʜʚʦʭ ʥʘʧʨʷʤʽʚ ï ʟ ʙʦʢʫ ʽ ʟʚʝʨʭʫ ʝʣʝʢʪʨʦ-

ʜʽʚ. ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ ʫʪʦʯʥʝʥʥʷ ʚ ʢʦʤʧʣʝ-

ʢʩʥʽʡ ʩʭʝʤʽ ʨʦʟʧʦʜʽʣʫ ʩʠʣ ʚ ʧʨʦʮʝʩʽ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ. ʇʽʜʪʚʝʨʜʞʝʥʦ 

ʥʘʷʚʥʽʩʪʴ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʤʽʞ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ ʜʦ ʨʽʚʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʣʫʞʠʣʠ ʙʘʟʦʚʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʦ-

ʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʧʫʣʴʩʫʶʯʦʾ ʨʦʟʧʠʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʝʪʘʣʽ-

ʟʘʪʦʨʘ) ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ. 

ɺ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʷʢʽʩʪʴ ʥʘʧʠʣʝʥʦʛʦ ʰʘʨʫ, ʘ ʩʘʤʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝ-

ʪʦʜ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʝʥʷ ʧʦʚʽʪʨʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʤʧʣʝʢʩʽ ʦʙʣʘʜʥʘʥʥʷ ʟ ʧʨʠ-

ʩʪʨʦʻʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʫʣʴʩʫʶʯʠʡ ʨʝʞʠʤ ʚʠʪʽʢʘʥʥʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʝʥʷ ʧʦʚʽʪʨʷ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʫʣʴʩʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʥʘʜʘʣʽ ʧʫʣʴʩʘʪʦʨ) 

ʷʚʣʷʻ ʩʦʙʦʶ ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʦʨʧʫʩ ʟ ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ ʧʘʪʨʫʙʢʦʤ ʜʣʷ ʧʽʜ-

ʚʝʜʝʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʘʣ ʟ 

ʦʪʚʦʨʦʤ ʽ ʤʦʞʣʠʚʽʩʪʶ ʦʙʝʨʪʘʥʥʷ. ʇʫʣʴʩʘʪʦʨ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʫʣʴʩʫʶʯʠʡ 
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ʨʝʞʠʤ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚ ʤʝʞʘʭ 0-120 ɻʮ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʨʦʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ, ʷʢʠʡ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʭʘʨʘʢ-

ʪʝʨ ʥʘʨʦʩʪʘʥʥʷ ʽʤʧʫʣʴʩʫ.  

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʢʨʠʪʪʷ ʢʣʘ-

ʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ ʽ ʩʦʧʣʘ ʨʽʟʥʠʭ ʬʦʨʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ Mathcad. ɺ 

ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʦʩʮʠʣʦʛʨʘʤʠ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʦʨʫ ʩʪʨʫʤʝʥʷ ʜʣʷ ʢʨʫʛ-

ʣʦʛʦ ʪʘ ʧʨʷʤʦʢʫʪʥʦʛʦ ʨʦʟʨʽʟʫ ʦʪʚʦʨʫ ʚʘʣʫ ʧʫʣʴʩʘʪʦʨʘ, ʩʧʝʢʪʨʦʛʨʘʤʠ ʟʤʽʥʠ 

ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ. ɺʩʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʝʜ-

ʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ, ʦʪʨʠʤʘʥʽ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʫʣʴʩʘʪʦʨʽ, ʷʢʠʡ ʥʘʜʘʣʽ 

ʙʫʚ ʚʧʨʦʚʘʜʞʝʥʠʡ ʫ ʧʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʟ ʧʫʣʴʩʫʶʯʠʤ ʨʦʟʧʠʣʶʚʘʣʴ-

ʥʠʤ ʧʦʪʦʢʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʩʥʦʚʢʽʚ ʪʘ ʦʪʨʠʤʘʥʠʭ ʧʨʘʢʪʠʯ-

ʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʫʣʴʩʘʪʦʨʘ ʜʣʷ ʧʨʦ-

ʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ 

ʧʦʚʽʪʨʷ ʽ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʝʣʝʢʪ-

ʨʦʜʘʤʠ, ʘ ʩʘʤʝ ʦʪʨʠʤʘʥʦ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ ʥʘ 

ʦʙ'ʻʤ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʩʦʧʣʦ, ʜʣʷ ʟʥʘʯʝʥʴ ʜʦʣʽ ʧʝʨʝʢʨʠʪʪʷ ʙʽʣʷ 

80% ʚʧʨʦʜʦʚʞ 60 ʩ, ʷʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʦʙ'ʻʤ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ ʟʥʘʯʥʦ 

ʟʥʠʞʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʽ ʩʪʫʧʝʥʷ ʧʝʨʝʢʨʠʪʪʷ ʧʫʣʴʩʘʪʦ-

ʨʘ. ʅʘʚʝʜʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʦʙ'ʻʤ ʧʦʚʽʪʨʷ ʽ 

ʤʘʩʫ ʢʠʩʥʶ ʚ ʩʪʨʫʤʝʥʽ, ʱʦ ʨʦʟʧʠʣʶʻ ʝʣʝʢʪʨʦʜʥʠʡ ʤʝʪʘʣ. 

ɺʠʟʥʘʯʝʥʦ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ ʜʣʷ ʚʠʧʘʜʢʫ ʧʫʣʴʩʫʶʯʦʾ ʧʦʜʘʯʽ, ʱʦ ʦʤʠʚʘʻ 

ʝʣʝʢʪʨʦʜʠ, ʧʨʠ ʧʝʨʝʢʨʠʪʪʽ ʢʘʥʘʣʫ ʩʦʧʣʘ ʢʣʘʧʘʥʦʤ ʧʫʣʴʩʘʪʦʨʘ, ʷʢʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʦʤʠʚʘʥʥʷ ʧʨʠ ʧʝʨʝʢʨʠʪʪʽ ʽ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʧʦʪʦʢʫ 

ʙʝʟ ʧʝʨʝʢʨʠʪʪʷ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʤʽʥʠ ʤʘʩʠ ʢʠʩʥʶ ʚ ʧʦʪʦʮʽ ʟʚʝʜʝʥʦ ʫ 

ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʦ ʫ ʚʠʛʣʷʜʽ ʥʦʤʦʛʨʘʤʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘ-

ʯʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʧʝʨʝʢʨʠʪʪʷ ʢʘʥʘʣʫ ʽ ʯʘʩʪʦʪʫ ʧʫʣʴʩʘʮʽʡ. 

ɺ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ  

ʬʦʨʤʫ ʪʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʧʦʢʨʠʪʪʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʟ ʧʫʣʴʩʫ-
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ʶʯʠʤ ʨʦʟʧʠʣʶʚʘʣʴʥʠʤ ʩʪʨʫʤʝʥʝʤ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʩʠʣ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʽ ʜʣʷ ʚʠʧʘʜʢʽʚ ʤʘʢ-

ʩʠʤʘʣʴʥʦʾ ʜʽʾ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʧʨʠ ʧʫʣʴʩʫʶʯʽʡ ʧʦʜʘʯʽ, ʪʘ ʢʦ-

ʣʠ ʜʽʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜʩʫʪʥʷ (ʧʦʚʥʝ ʧʨʠʧʠʥʝʥʥʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ). 

ɺʠʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʫ ʩʠʣʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʢʨʘʧʣʽ ʧʨʠ ʨʦʟʧʣʘʚʣʝʥʽ 

ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʝʣʝʢʪʨʦʜʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ 

ʩʭʝʤʘ, ʫʪʚʦʨʝʥʘ ʩʪʘʣʝʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʪʘ ʝʣʝʢʪʨʠʯʥʦʶ ʜʫʛʦʶ, ʱʦ ʚʧʣʠʚʘʻ 

ʥʘ ʧʨʦʮʝʩ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʽ ʫʪʚʦʨʝʥʥʷ ʯʘʩʪʦʢ ʧʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʤʘʩʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ mʨʤ, ʱʦ ʚʽʜʜʽʣʷ-

ʻʪʴʩʷ ʟ ʪʦʨʮʷ ʩʫʮʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʫ. ɺʠʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘ-

ʯʘʪʠ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ Rʢʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ 

ʝʣʝʢʪʨʦʜʽʚ, ʜʽʘʤʝʪʨʘ ʝʣʝʢʪʨʦʜʽʚ ʽ ʢʫʪʘ ʤʽʞ ʥʠʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʧʘʜʢʫ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʷʭ ʝʣʝʢʪʨʦʜʽʚ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʩʠ ʨʽʜ-

ʢʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʷʭ ʝʣʝʢʪʨʦʜʽʚ (ʘʥʦʜ ʽ ʢʘʪʦʜ) ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʤʝʪʘ-

ʣʽʟʘʮʽʾ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʝʣʠʯʠʥ ʪʘ ʫʟʘʛʘʣʴʥʝʥʽ ʚ ʥʦʤʦʛʨʘʤʽ. ɺʩʪʘ-

ʥʦʚʣʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ ʽ ʩʠʣʠ ʧʦʚʝʨʭʥʝ-

ʚʦʛʦ ʥʘʪʷʛʫ, ʷʢʝ ʦʙʫʤʦʚʣʶʻ ʚʽʜʜʽʣʝʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ 

ʧʨʠ ʧʫʣʴʩʫʶʯʦʤʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʤʫ ʧʦʪʦʮʽ.  

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʨʦʤʠʩʣʦʚʠʤ 

ʦʧʨʦʙʫʚʘʥʥʷʤ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʨʽʟʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ (ʮʠʥʢ, ʮʠʥʢ-

ʘʣʶʤʽʥʽʡ) ʟ ʨʽʟʥʦʶ ʯʘʩʪʦʪʦʶ ʧʫʣʴʩʘʮʽʾ ʧʦʚʽʪʨʷ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʬʦʪʦʛʨʘʬʽʡ ʟʨʘʟʢʽʚ. 

ɺ ʰʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʣʠʚ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʥʘ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʧʠʣʝʥʥʷ, ʷʢ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʫʪʚʦʨʝʥʥʽ 

ʧʦʢʨʠʪʪʽʚ, ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʬʦʨʤʫʣʠ ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʽʜ ʯʘʩʪʦʪʠ 

ʧʫʣʴʩʘʮʽʡ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦ-
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ʢʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ Nf å 25% ʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ max

fg å40% ʧʨʠ ʯʘʩʪʦʪʽ 

ʧʫʣʴʩʘʮʽʡ 65 ɻʮ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʦʢʠʩʥʦʛʦ ʚʧʣʠʚʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦ-

ʪʦʢʫ ʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʜʫʛʠ.  

ʋʪʦʯʥʝʥʦ, ʱʦ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʛʠ ʚ ʥʘʧʠʣʝʥʦʤʫ ʛʘʟʦʪʝʨʤʽʯʥʦʤʫ ʧʦʢ-

ʨʠʪʪʽ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ ʧʦ ʪʦʚʱʠʥʽ ʽ ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥ-

ʥʷ ʚ ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ. ɿ ʧʦʰʘʨʦʚʠʤ ʥʘʨʦʩʪʘʥʥʷʤ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʚʝʣʠʯʠʥʘ 

ʥʘʧʨʫʛʠ ʟʨʦʩʪʘʻ ʥʝ ʧʨʦʧʦʨʮʽʡʥʦ, ʩʧʦʚʽʣʴʥʶʶʯʠ ʟʨʦʩʪʘʥʥʷ, ʦʜʥʘʢ ʩʫʤʘʨʥʘ 

ʫʩʘʜʦʯʥʘ ʩʠʣʘ ʚ ʰʘʨʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʚ ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ, ʙʝʟ-

ʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʶʪʴ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʝʥʴ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʦʛʠʥʫ ʥʘʧʠ-

ʣʝʥʠʭ ʟʨʘʟʢʽʚ. ʅʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʧʫʣʴʩʘʮʽʡ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 65õ75 ɻʮ, ʢʦʣʠ ʟʥʠʞʫʻʪʴʩʷ ʨʽʚʝʥʴ ʦʢʠʩ-

ʣʝʥʥʷ ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʽʣʴʢʽʩʪʴ ʦʢʩʠʜʽʚ ʚ ʧʦʢʨʠʪʪʽ. 

ɺ ʩʴʦʤʦʤʫ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʣʴ-

ʩʘʪʦʨʘ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʢʦʤʧʣʝʢʩʥʦʾ ʫʩʪʘ-

ʥʦʚʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ ʜʫʛʦʚʽʡ 

ʤʝʪʘʣʽʟʘʮʽʾ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʾ ʽ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ï ɺɸʊ çʇʉʂ ɭʚʨʦʉʪʨʦʡʇʨʦʝʢʪè 

(ʤ. ʄʘʨʽʫʧʦʣʴ), ʇɸʊ çɿʘʧʦʨʽʞʚʦʛʥʝʪʨʠʚè (ʤ. ɿʘʧʦʨʽʞʞʷ) ʩʫʤʽʩʥʦ ʟ ɺɸʊ 

çʄɽʊɯʅɺɽʉʊ-ʇʈʆʄʉɽʈɺɯʉè. ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʠʣʦ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥ-

ʥʷ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʥʘʥʦʩʷʪʴʩʷ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

(ʙʣʠʟʴʢʦ 26 %), ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ (ʙʣʠʟʴʢʦ 

22 %), ʟʨʦʩʪʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʠʭ ʜʝʪʘʣʝʡ (25 %).  ɽʢʦ-

ʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʢʣʘʚ 

2193 ʪʠʩ. ʛʨʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʫʣʴʩʫʶʯʠʡ ʧʦʪʽʢ, ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ, ʜʫʛʦʚʝ ʥʘʧʠʣʝʥʥʷ, 

ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʽʡ, ʚʽʜʥʦʚʣʝʥʥʷ, ʦʢʩʠʜʠ. 
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ABSTRACT 

 

 

Iryna Zakharova. Theoretical and technological basics of resource and ener-

gy saving at arc spraying with the use of pulsating spraying air flows ï qualifying 

scientific paper as a manuscript. 

Dissertation for a technical sciences doctor's scientific degree on a speciality 

05.03.06 - Welding and related processes and technologies. - DVNZ "Priazov State 

Technical University", MES of Ukraine, Mariupol 2021. 

The paper is devoted to the solution of a scientific-technical problem of 

quality restoration and life-extension of the machines` and constructions` details, 

which work in the conditions of abrasive, shock-abrasive, gas-abrasive and other 

types of wear, by the development of a resource and energy-saving method of arc 

metallization due to the use of a pulsating spraying airflow. 

Among the variety of coating methods, the process of arc metallization is the 

most efficient due to the simplicity of technological equipment, the possibility of 

portable usage, relatively low cost with high technological performance. 

However, arc metallization disadvantages have been specified - the negative 

impact of spray air oxygen on the quality of coatings. 

Theoretical research in the paper is carried out using systems analysis and 

mathematical logic, which serve as a basis for practical developments enhancing 

the airflow structure. It has significantly influenced the solution to the issue of high 

properties of the sprayed coating, which previously been held back by the need to 

use special wires with a high content of alloying elements that burn out at intensive 

chemical interaction with the air jet. 

The absence of scientifically proven cost-effective technology to reduce the 

impact of spraying jet oxygen on the liquid metal at the ends of the molten elec-

trodes leads to the need of research and developing methods to achieve reduced 

burnout of alloying elements, improve the properties of the coating at arc 
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metalization, including pulsating airflow method. There were no previous studies 

conducted in this direction. 

The first chapter provides an analytical review of the issue's status, and the 

choice of research direction is substantiated. The advantages of arc metallization 

among related processes are described. It is proved that this is one of the most 

promising and effective technological processes for restoration and improvement 

of wear resistance of parts in various industries. The problematic aspects on which 

several researchers are working are highlighted. 

The analysis of existing arc spraying data shows that the main disadvantage 

of the method is the particles' oxidation process during their transportation to the 

sprayed surface, which has a determining influence on coating quality and perfor-

mance. 

Literature sources and production tests in which peculiarities of gas-air flow 

formation, including different nozzle designs, combinations of mixtures, use of 

neutral gases by modern approaches are investigated, show that oxidation and 

burnout of alloying material are influenced by several factors, among which the 

structure of spraying flow is the most significant. Based on this, tight spots and ar-

eas for further research and improvement were identified.  

Current developments to reduce the influence of atomizing air oxygen, based 

on the hypotheses about the emergence of specific air flows when flowing around a 

solid body with a steady and pulsating flow are reviewed. Their principle can be 

applied to the spraying flow in various coating application methods and is especial-

ly relevant for arc metallization, where the transporting airflow is one of the key 

factors in the quality of the applied coating. 

Modern software products, based on the solutions of Navier-Stokes equa-

tions and consider several important aerodynamic characteristics, allow modelling 

processes of flowing around a solid body by an airflow, with an aeroplane wing as 

an example in ANSYS CFX depending on speed and temperature. This experience 

is used to visualise the airflow to study the airflow structure when electrodes are 

introduced.  
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It is shown that cross-flow of bodies by a pulsating stream is among the least 

studied phenomena and therefore, the most interesting and promising to model and 

apply in the future. 

The analysis of theoretical and practical data of modern spraying technolo-

gies has shown insufficient study of the influence of spraying airflow and in par-

ticular the mass of oxygen in contact with liquid metal on the burnout of alloying 

elements in the sprayed material. This makes it impossible to obtain stable quality 

indicators of the applied coating, including adhesion strength, and, as a result, does 

not allow choosing the optimal set of spraying system. All this is the basis for de-

termining the main directions of research to improve energy and resource-saving, 

reduce the oxidizing effects of transporting air on the quality of the sprayed layer: 

- substantiation of the need to control the airflow in order to reduce the in-

fluence on the oxidation of alloying elements; 

- refinement of the scheme of arc metallization, considering the influence of 

solid electrodes on the gas flow and the formation of a turbulent zone behind the 

electrodes; 

- research of force action scheme on liquid electrode metal in the presence 

and the absence of gas flow influence; 

- development of methods for determining the effect of spraying flow pul-

sation frequency on airflow rate; 

- development of a method for determining the change in the mass of oxy-

gen interacting with the liquid metal at different pulse frequencies. 

- to assess the effect of pulsating spraying flow during arc metallization on 

the change in productivity and efficiency of sprayed material use. 

- propose a practical solution aimed at improving the performance proper-

ties of coatings. 

The second section investigates the gas mixture's state between the elec-

trode ends sprayed at different gaps. 

If there are obstacles in the way of the gas flow, there are changes in its na-

ture, which depend on the shape of the obstacle, flow characteristics and other fac-
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tors; also the flow's state behind the obstacle depends on the Reynolds number, 

which is shown on represented shadow photographies. 

Researches were carried out on powerful electrometallization installations 

(electroarc Metallizer EM-17), at the profile department and two industrial plants. 

An air stream carried out spraying of the material. The working pressure of com-

pressed air is 0,5-0,6 MPa; the consumption is 60-150 m3 / hour. Heads with a cy-

lindrical nozzle were used to form the air spraying flow. The gas spectrogram of 

the gas jet flowing from a cylindrical nozzle and washing electrodes at arc metalli-

zation is presented. 

Practical research confirms the hypothesis: behind the obstacle in the form 

of electrodes, there was a presence of a pressure drop that reaches significant val-

ues, the data is obtained by direct measurement of pressure with curved medical 

needles. 

The research of dependence of character of pulsating spraying stream was 

carried out using shadow photographing of a stream in a zone of electrode ends 

which has shown, that presence of electrodes influences the distribution of total 

pressure in interelectrode space and on length of a spraying stream. 

To determine the gas jet's influence on the formation of the arc discharge 

and the electrode particles that are sprayed the interelectrode zone and arc were 

photographed from two directions: from the side and from above the electrodes. 

The experimental data obtained made it possible to specify a complex force distri-

bution scheme in the process of arc metallization. The pressure drop of the elec-

trode ends to the atmospheric level was confirmed. 

The presented research was a precondition for developing additional con-

structive elements (pulsating spray system for metallizer) for the formation of an 

air jet at arc metallization. 

The third section proposes measures to reduce the impact of transport air 

on the quality of the sprayed layer, namely, the method of arc metallization using a 

pulsating spraying air stream. Researches were carried out on a complex of the 
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equipment with the device providing a pulsating mode of exhausting a spraying 

airflow. 

Structurally the pulsating device (pulsator) is a cylindrical casing with inlet 

and outlet nozzles for compressed air, inside which a shaft with a hole and rotation 

feature is installed. The pulsator allows receiving pulsating mode of a spray jet 

within 0õ120 Hz. The use of different cross-sections of the pulsator valve port al-

lows changing the impulse progression's nature.  

In the paper, a mathematical simulation of the pulsator valve and nozzle 

overlaps of various shapes was carried out using the Mathcad program. 

The following are given: oscillograms of changes in the dynamic flow rate 

for a round and rectangular cross-section of the pulsator shaft hole; spectrograms 

of changes in air flows depending on the frequency of the impulses. All dependen-

cies are received and presented on the experimental pulsator, further implemented 

in industrial production. 

To implement the method of arc metallization with pulsating spraying flow, 

considering the theoretical conclusions and the obtained practical preliminary re-

sults, the pulsator's design for industrial use is proposed. 

The fourth section provides a quantitative assessment of the reduction in air 

consumption rate and the amount of oxygen in the spraying jet during interaction 

with the electrodes, specifically a graphic representation of the dependence of the 

influence of impulse frequency on the volume of air passing through the nozzle for 

the values of the overlap fraction of about 80%, during 60 seconds. It shows that 

the volume of spraying air significantly decreases depending on the increase in 

pulsation frequency, and the degree of overlap of the pulsator. 

The volume of oxygen in the spraying stream at one turn of the pulsator 

valve is determined considering the equations given for the air flow rate of 2 m3 

per min. 

The consumption has been determined for the case of pulsating air supply, 

washing the electrodes when the nozzle channel is closed by the pulsator valve, 
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which depends on the ratio of the area of washing at the overlap and the area of the 

flow cross-section without overlap. 

The results of calculations of oxygen mass change in the stream at electrodes 

spraying are drawn in the form of graphical dependence and generalized in the 

form of a nomogram, which allows determining the optimal channel overlap and 

the frequency of pulsation. 

The fifth section conducts the study of factors influencing coating particles' 

shape and dispersibility at arc spraying with a pulsating spraying flow. 

The calculated schemes of forces acting on the liquid metal of electrodes at 

arc spraying are presented: for cases of the maximum effect of a spraying stream of 

air at pulsating supply and the absence of the influence of the spraying flow (full 

termination of air supply). 

The surface tension force's value at the melting of the sprayed electrode is 

determined. 

The calculated electromagnetic scheme formed by steel electrodes and an 

electric arc, which affects the electrode melting process and particles' formation at 

arc metallization, is proposed. 

The calculation scheme for the mass of liquid metal mlm which separates 

from the solid electrode`s end is presented. 

The equation for determining the radius of curvature of liquid metal Rcr de-

pending on the electrode feed rate, electrode diameter and the angle between them, 

and the case of maximum accumulation of liquid metal at the end of the electrode 

is derived. 

Based on the calculations' results, graphical dependences of liquid metal 

mass at the electrode ends (anode and cathode) on the parameters of the metalliza-

tion mode in the range of the studied values were built and generalized in the 

nomogram. 

The ratio of the maximum aerodynamic force to the surface tension force, 

which causes the separation of liquid metal from the ends of the electrodes at a 

pulsating spraying flow is determined. 
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This is confirmed by the results of industrial testing of a coating by different 

materials (zinc, zinc-aluminium) with a different frequency of air pulsation under 

industrial conditions, presented in the form of photographs of samples. 

The sixth section describes the influence of pulsating spraying airflow on 

technological parameters of the spraying, such as process productivity, the effi-

ciency of usage of electrodes sprayed at the formation of coatings, the adhesion 

strength of the coating with the base. 

Formulas and graphical dependencies for determining material efficiency 

and process performance on pulsation frequency are presented. 

It is determined that applying a pulsating spraying stream at arc spraying in-

creases productivity Nf å 25% and efficiency of use of a sprayed material max

fg å 

40% at a frequency of pulsation 65 Hz due to decrease in the oxidative influence of 

a spraying stream and rational use of energy of an arc. 

It has been clarified that the residual stresses in the sprayed gas-thermal 

coating are unevenly distributed along the thickness and have the maximum value 

in the transition zone. With a layer-by-layer increase of coating thickness, the 

stress value grows not proportionally, slowing down the growth, but the total 

shrinkage force in the layer and, accordingly, the stress level in the transition zone, 

grows continuously. 

Application of pulsating spraying flow affects residual stresses, and the de-

flection of sprayed samples decreases. The greatest reduction occurs at optimal 

values of spraying flow pulsation 65õ75 Hz, when the level of oxidation of the 

sprayed material and, accordingly, the amount of oxides in the coating is reduced. 

The seventh section presents the pulsator's basic design scheme of the 

pulsator for industrial application, the appearance of a complex unit providing a 

pulsating spraying airflow at arc metallization. 

The results of using the proposed equipment at the enterprises - OJSC PSK 

EuroStroyProject (Mariupol), OJSC Zaporizhvognetryv (Zaporizhzhia) in coopera-

tion with OJSC ñMetinvest-Promserviceò- are presented. During the use period, 
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there was a significant reduction in the applied materials consumption, an increase 

in productivity (circa 26%), an increase in the adhesion strength of the coating with 

the base (circa 22%). The economic effect of implementing the results of the dis-

sertation work amounted to 2193 thousand UAH. 

Keywords: pulsating flow, coating quality, arc spraying, pulsation frequen-

cy, regeneration, oxides. 
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ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʴ. ʊʝʭʥʦʣʦʛʽʷ ʥʘʧʠʣʝʥʥʷ ʟʥʘ-

ʭʦʜʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʪʘ ʟʤʽʮʥʝʥʥʽ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ 

ʦʙʣʘʜʥʘʥʥʷ ʤʘʰʠʥʦʙʫʜʽʚʥʦ,ʾ ʤʝʪʘʣʫʨʛʽʡʥʦ,ʾ ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʦ,ʾ ʩʽʣʴʩʴʢʦʛʦ-

ʩʧʦʜʘʨʩʴʢʦ ʾ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʘʙʨʘʟʠʚʥʦʛʦ, 

ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʽ ʛʘʟʦʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ,  ̔ʜʦ ʷʢʠʭ ʧʦʩʪʽʡʥʦ ʟʘʩʪʦʩʦʚʫ-

ʶʪʴʩʷ ʥʦʚʽ ʪʘ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ. ʋ ʟʚôʷʟʢʫ ʟ̔ ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʥʘʧʠʣʝʥʥʷ, ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʮʝʩʽʚ ʥʘʧʠʣʝʥʥʷ 

ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚʠʨʽʰʝʥʦ ʨʷʜ 

ʢʣʶʯʦʚʠʭ ʧʠʪʘʥʴ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʛʦʨʽʥʥʷ ʜʫʛʠ ʚ ʚʠʩʦʢʦ-

ʰʚʠʜʢʽʩʥʦʤʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʮʽ, ʧʨʦʪʝ ʟʥʠʟʠʪʠ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʢʠʩʥʶ ʟ 

ʨʦʟʧʣʘʚʣʝʥʠʤ ʤʝʪʘʣʦʤ ʽ ʧʨʦʮʝʩ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʛʦʨʷʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʚʜʘʣʦʩʷ ʪʽʣʴʢʠ ʯʘʩʪʢʦʚʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʽʰʝʡ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ, ʚʠ-

ʩʦʢʦʣʝʛʦʚʘʥʠʭ ʜʨʦʪʽʚ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫ ̒ʚʘʨʪʽʩʪʴ ʥʘʥʝʩʝʥʦʛʦ ʧʦʢʨʠʪʪʷ.  

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚ ʧʨʘʢʪʠʮʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʢʠʩʥʶ ʥʘ 

ʨʽʜʢʠʡ ʤʝʪʘʣ ʝʣʝʢʪʨʦʜʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʧʠʣʶʚʘʣɹ -

ʥʠʭ ʩʦʧʝʣ. ʇʨʠ ʮʴʦʤʫ ʤʘʻ ʤʽʩʮʝ ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʢʨʠʪʪʽʚ 

ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ. ɺ 

ʨʘʤʢʘʭ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʫʣʴʩʘʮʽʶ ʧʦʚʽʪʨʷʥʦ-

ʛʦ ʧʦʪʦʢʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ. ʇʫʣɹʩʫʶʯʝ ʨʦʟʧʠʣʝʥʥʷ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, 

ʷʢʝ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʣʴʩʘʪʦʨʘ ʜʦʚʦʣʽ ʧʨʦʩʪʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (ʥʘ 

ʟʨʘʟʦʢ ʨʦʪʘʮʽʡʥʦʛʦ ʢʣʘʧʘʥʫ), ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʥʘʧʠʣʝʥʠʡ ʰʘʨ ʟ ʥʝ-

ʦʙʭʽʜʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʜʦʟʚʦʣʷ ̒ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʥʘʧʠʣʝʥʦʛʦ ʤʝʪʘʣʫ ʙʝʟ ʩʫʪʪʻʚʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ. ʂʨʽʤ ʪʦʛʦ, ʚʠʨʽ-
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ʰʫʶʪʴʩʷ ʧʠʪʘʥʥʷ ʨʝʩʫʨʩʦ- ʽ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʥʠʞʫʻʪʴʩʷ ʚʠʛʦ-

ʨʷʥʥʷ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ. ɺʪʽʤ, ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʚʠʨʽʰʝʥʦʶ ʥʠʟʢʘ ʥʘʫʢʦʚʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʛʘʟʦʜʠ-

ʥʘʤʽʢʦʶ ʧʦʪʦʢʫ ʧʨʠ ʧʫʣʴʩʘʮʽʷʭ ʧʦʚʽʪʨʷ, ʽʟ ʚʧʣʠʚʦʤ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʥʘ ʨʽ-

ʚʝʥʴ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ ʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʤʫ ʧʦʪʦʮʽ ʪʘ ʥʘ ʚʠʛʦʨʷʥʥʷ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʧʫʣʴʩʫʶʯʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʥʘ ʷʢʽʩʪʴ ʥʘʧʠʣʝ-

ʥʦʛʦ ʰʘʨʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʜʘʣʴ-

ʰʠʭ ̔ʥʪʝʥʩʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʦʛʣʷʜʫ ʥʘ 

ʝʥʝʨʛʦ- ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʝʞʥʝ ʩʧʨʷʤʫʚʘʥʥʷ ʪʝʤʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʘʢʪʫʘ-

ʣʴʥʦʶ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ, ʤʝʪʘʣʫʨʛʽʡʥʦʾ, ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʦʾ 

ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʝ ʤʦʞʝ ʟʘʩʪʦʩʫʚʘʪʠʩʷ ʨʝʥʦʚʘ-

ʮʽʷ ʜʝʪʘʣʝʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ. 

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

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʽʜʧʦʚʽʜʘʻ ʥʘʫʢʦʚʽʡ ʪʝʤʘʪʠʮʽ ɼɺʅɿ çʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʢʘʬʝʜʨʽ çʆʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʷ ʟʚʘʨʶʚʘ-

ʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè (çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʤʝʭʘʥʽʟʘʮʽʷ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙ-

ʥʠʮʪʚʘè): çʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ  ʜʝʪʘʣʽ ʤʘʰʠʥ 

ʤʝʪʦʜʘʤʠ ʥʘʧʣʘʚʣʝʥʥʷ, ʥʘʧʠʣʝʥʥʷè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0112U005780); 

çʋʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʩʧʦʨʽʜʥʝʥʠʭ 

ʧʨʦʮʝʩʘʭè (ʥʘʧʣʘʚʣʝʥʥʷ, ʛʘʟʦʪʝʨʤʽʯʥʝ ʥʘʧʠʣʝʥʥʷ)(ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0113U006280); çɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʚʘ-

ʨʶʚʘʥʥʷ ʪʘ ʩʧʦʨʽʜʥʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U004948); çɼʦ-

ʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʩʧʦʨʽ-

ʜʥʝʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0116U008769); çɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝ-

ʩʽʚ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʠʭ ʪʘ ʰʣʘʢʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʟ ʤʝʪʘʣʝʚʦʶ ʬʘʟʦʶ ʧʨʠ 

ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʩʧʦʨʽʜʥʝʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U007314); 

çɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʥʝʩʝʥʥʷʤ ʨʽʜʢʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘ-

ʣʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʩʧʦʨʽʜʥʝʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0118U006938). 
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ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ ʦʙ-

ˇʨʫʥʪʦʚʘʥʦʾ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ̔ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʣʴʩʫʶʯʦʾ ʧʦʜʘʯʽ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʽ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ ʥʝʦʙʭʽʜʥʦ: 

- ʨʦʟʨʦʙʠʪʠ ʨʘʮʽʦʥʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠʩʪʨʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʪʨʠʤʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ; 

- ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʤʽʥʽʤʘʣʴʥʝ ʚʠʛʦʨʷʥʥʷ ʣʝʛʫʁ ʯʠʭ ʝʣʝʤʝʥʪʽʚ;  

- ʜʦʩʣʽʜʠʪʠ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʧʫʣʴʩʘʮʽʡ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪ-

ʨʷ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʦʢʠʩʣʶʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʝʪʘʣ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪ-

ʨʦʜʽʚ, ʘ ʩʘʤʝ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʠʣʝʥʦʛʦ ʰʘʨʫ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡ-

ʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʯʘʩʪʦʪ ʧʫʣʴʩʘʮʽʡ ʧʦʚʽʪʨʷ ʥʘ ʨʦʟʤʽʨ ʯʘʩ-

ʪʦʢ ʥʘʧʠʣʝʥʦʛʦ ʤʝʪʘʣʫ ʪʘ ʫʜʦʩʢʦʥʘʣʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

- ʜʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʷ ʧʨʠ ʜʫʛʦʚʦʤʫ 

ʥʘʧʠʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʣʴʩʫʶʯʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʢʽ-

ʣʴʢʦʩʪʽ ʦʢʩʠʜʽʚ;  

- ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʥʘ ʪʝʭ-

ʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ (ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ); 

- ʚʧʨʦʚʘʜʠʪʠ ʨʦʟʨʦʙʣʝʥʫ ʪʝʭʥʦʣʦʛʽʶ ʥʘʧʠʣʝʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʽ-

ʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʨʦʤʠʩʣʦ-

ʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʧʦʚʽʪʨʷ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʯʘʩʪʦʢ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠ-

ʣʝʥʥʽ 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʧʣʠʚ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʧʦʚʽʪʨʷ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʠʣʝʥʦʛʦ ʰʘ-

ʨʫ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʦʪʽ ʚʢʣʶʯʘʶʪʴ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦ-

ʟʨʘʭʫʥʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʫ (ʧʫʣʴʩʘʪʦʨʘ), ʨʦ-

ʟʨʘʭʫʥʢʠ ʫʤʦʚ ʚʽʜʜʽʣʝʥʥʷ ʢʘʧʣʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ,  ʚʠʟʥʘ-

ʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʥʘʧʠʣʝʥʦʤʫ ʧʦʢʨʠʪʪʽ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ; ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ; ʤʝʪʦʜʠ ʪʽʥʴʦʚʦʾ ʬʦ-

ʪʦʛʨʘʬʽʾ ʧʨʦʟʦʨʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʫ ʧʦʣʷʨʠʟʦʚʘʥʦʤʫ 

ʧʨʦʤʝʥʽ ʩʚʽʪʣʘ. ɿʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦ ʾʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʘʢʝʪʽʚ Microsoft Excel, MathCad, 

Ansys-ED. 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʚʠʩʥʦʚʢʽʚ ʧʽʜ-

ʪʚʝʨʜʞʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʧʨʦʮʝʩʽʚ 

ʟʚʘʨʶʚʘʥʥʷ, ʟʘʛʘʣʴʥʦʾ ʪʘ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ, ʬʽʟʠʢʠ, ʛʘʟʦʜʠʥʘʤʽʢʠ ʧʨʠ ʘʥʘʣʽʟʽ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʟ ʧʫʣʴʩʫʶʯʠʤ ʧʦ-

ʪʦʢʦʤ ʧʦʚʽʪʨʷ, ʟʘʜʦʚʽʣʴʥʠʤ ʟʙʽʛʦʤ ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʘ ʪʘʢʦʞ ʫʩʧʽʰʥʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʫ ʚʠ-

ʨʦʙʥʠʮʪʚʦ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. 

1. ɺʧʝʨʰʝ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʥʮʠʧ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʧʫʣʴʩʫʶʯʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʚ ʟʦʥʫ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʫʟʛʦʜʞʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʢʨʘʧʝʣʴ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʥʘ 

ʝʣʝʢʪʨʦʜʘʭ ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ʽʟ ʯʘʩʪʦʪʦʶ ʧʦʜʘʯʽ ʨʦ-

ʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʾʭ ʚʠʜʘʣʝʥʥʷ ʟ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽ-

ʥʽʤʽʟʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚʫ ʢʠʩʥʶ ʥʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪ-

ʪʽʚ ʪʘ ʟʤʝʥh ʠʪʠ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ. 

2. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʦʙʪʽʢʘʥʥʷ ʧʝʨʝʰʢʦʜ ʛʘʟʦʚʠʤ ʧʦʪʦ-

ʢʦʤ ʽ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʟʘ ʝʣʝʢʪʨʦʜʘʤʠ ʚʽʜʢʦʨʠʛʦʚʘʥʘ ʢʦʤʧʣʝʢʩʥʘ 

ʩʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʩʠʣ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʟʦʥʠ ʟʘʚʠʭʨʝʥʴ 

ʧʦʪʦʢʫ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʚʚʝʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʩʠ-

ʣʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʚʽʜʜʽʣʝʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟ ʾʭ ʪʦʨʮʽʚ. 
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3. ʅʘ ʙʘʟʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʟʘʻʤʦʜʽʾ ʨʦ-

ʟʧʠʣʶʚʘʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʩʫʮʽʣʴʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝ-

ʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʣʘʚʣʝʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʽ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʫ ʚʠ-

ʛʣʷʜʽ ʩʬʝʨʠʯʥʠʭ ʽ ʥʘʧʽʚʝʣʽʧʩʦʾʜʥʠʭ ʢʨʘʧʝʣʴ ʟ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʧʫʣʴʩʫʶʯʦʛʦ ʧʦʪʦʢʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ, ʚʩʪʘʥʦʚʣʝʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ ʽ ʩʠʣʠ ʧʦʚʝʨʭʥʝ-

ʚʦʛʦ ʥʘʪʷʛʫ, ʱʦ ʜʽʶʪʴ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʫʣʴʩʘʮʽʡ, ʚʝʣʠʯʠʥʘ 

ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ: Fʘ/Fů = 10,104 ï ʜʣʷ ʩʬʝʨʠʯʥʦʾ ʢʨʘʧʣʽ, Fʘ/Fů = 56,44 ï ʜʣʷ ʥʘ-

ʧʽʚʝʣʽʧʩʦʾʜʥʦʾ ʢʨʘʧʣʽ. 

4. ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʷ ʛʘʟʦʜʠʥʘʤʽʢʠ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ 

ʛʘʟʫ ʯʝʨʝʟ ʢʨʫʛʣʽ ʦʪʚʦʨʠ (ʩʦʧʣʦ) ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʦʣʦʛʽʾ ʨʦʟʨʘʭʫʥʢʫ 

ʤʘʩʠ ʢʠʩʥʶ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʝʣʝʢʪ-

ʨʦʜʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʧʦʚʽʪʨʷ ʚ ʤʝʞʘʭ 20-120 ɻʮ, ʥʘ ʦʩ-

ʥʦʚʽ ʯʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʯʘʩʪʦʪʽ ʧʫʣʴʩʘʮʽʡ 60-80 ɻʮ ʚʠʪʨʘʪʘ ʨʦʟʧʠʣʶ-

ʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ ʟʥʠʞʫʻʪʴʩʷ ʫ 3-4 ʨʘʟʠ. 

5. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʶ ʚʠʛʦʨʷʥʥʷ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʧʦʚʽʪʨʷ. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ (60-75 ɻʮ), ʟʘ ʷʢʦʾ ʜʦʩʷʛʘʻʪʴʩʷ ʩʫʪʪʻ-

ʚʝ (ʥʘ 35-38 %) ʟʤʝʥʰʝʥʥʷ ʫʛʘʨʫ ʚʫʛʣʝʮʶ ʪʘ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʟʘʩʪʦ-

ʩʫʚʘʥʥʽ ʝʣʝʢʪʨʦʜʽʚ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʣʝʛʫʚʘʥʥʷ (ʉʚ-08ɸ, 12ʍ18ʅ10ʊ) ʽʟ ʚʽʜʧʦʚʽʜ-

ʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʪʘ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʫ ʧʦʢʨʠʪʪʽ, ʱʦ  

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠɦ ʝʥʥʷ ʚ 1,5 ʨʘʟʠ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ ʦʩʥʦʚʦʶ. 

6. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫ-

ʞʝʥʴ ʚ ʥʘʧʠʣʝʥʦʤʫ ʛʘʟʦʪʝʨʤʽʯʥʦʤʫ ʧʦʢʨʠʪʪʽ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʷʢʦʾ ʚʩʪʘʥʦʚ-

ʣʝʥʦ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʧʦ ʪʦʚʱʠʥʽ ʧʦʢʨʠʪʪʷ ʟ̔ ʤʘʢʩʠʤʘʣʴ-

ʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚ ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʫʣʴ-

ʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʟʤʝʥʰʫʻ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʧʨʠ 

ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʯʘʩʪʦʩʪʽ ʧʫʣʴʩʘʮʽ ʾʨʦʟʧʠʣʶʚʘ-

ʣʴʥʦʛʦ ʧʦʪʦʢʫ 65õ75 ɻʮ ʚʥʘʩʣʽʜʦʢ ʟʥʠʞʝʥʥʷ ʦʢʠʩʣʝʥʥʷ ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝ-

ʨʽʘʣʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʽʣʴʢʦʩʪʽ ʦʢʩʠʜʽʚ ʚ ʧʦʢʨʠʪʪʽ. 
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 ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʣʴʩʫ-

ʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫ ̒ʟʥʠʞʝʥʥʷ ʫʛʘʨʫ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʥʘ 20-30 % ʪʘ ʧʦʣʽʧ ʫh ̒ʝʢʩʧʣʫʘʪʘʮʽʡʥ ̔

ʚʣʘʩʪʠʚʦʩʪ ̔ʧʦʢʨʠʪʪʽʚ. 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʧʫʣʴʩʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʪʘʮʽʡʥʦʛʦ ʢʣʘʧʘʥʫ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʢʦʥʩʪʨʫʢ-

ʮʽʶ ʧʫʣʴʩʘʪʦʨʘ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠ-

ʣʁ ʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʦʚʽʪʨʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦ-

ʮʝʩʫ ʥʘ 25 % ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ 40 %. 

ʊʝʭʥʦʣʦʛʽʶ ʝʣʝʢʪʨʦʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʟ ʧʫʣʴʩʫʶʯʠʤ ʨʦʟʧʠʣʶʚʘʣʴʥʠʤ 

ʧʦʪʦʢʦʤ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʊʆɺ çʇʉʂ ɭʚʨʦʉʪʨʦʡʇʨʦʝʢʪè ʧʨʠ ʥʘ-

ʥʝʩʝʥʥʽ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʥʷʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝ-

ʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʠʣʦ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 42 %, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʽ ʥʘ 26 %, ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ ʥʘ 22 %, 

ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʦʪʨʠʤʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚ ʨʦʟʤʽʨʽ 1,50 ʤʣʥ. ʛʨʥ. 

ʇʽʜʧʨʠʻʤʩʪʚʦ çʄɽʊɯʅɺɽʉʊ-ʇʈʆʄʉɽʈɺɯʉè ʚʠʢʦʨʠʩʪʘʣʦ ʥʘ ʙʘʟʽ ʬʽʣʽʾ 

ʇɸʊ çɿʘʧʦʨʽʞʩʪʘʣʴè ʪʝʭʥʦʣʦʛʽʶ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʧʫʣʴʩʫʶʯʠʤ 

ʨʦʟʧʠʣʶʚʘʣʴʥʠʤ ʩʪʨʫʤʝʥʝʤ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥ ̔ʽ ʟʤʽʮʥʝʥʥ ̔ʜʝʪʘʣʝʡ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʦʛʥʝʪʨʠʚʥʠʭ ʩʫʤʽʰʝʡ, ʱʦ ʧʽʜʚʠʱʠʣʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʩʪʽʡʢʩ̔ʪɹ ʚʽʜʥʦʚʣʝʥʠʭ ʜʝʪʘʣʝʡ ʥʘ 25 % ʽʟ ʝʢʦʥʦʤʽʯʥʠʤ ʝʬʝʢʪʦʤ ʙʽʣʷ 0,72 ʤʣʥ. 

ʛʨʥ. 

ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ ʫ ɼɺʅɿ çʇʨʠʘʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʚʠʥʦ-

ʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘ ʦʪʨʠʤʘʥʦ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ɸʚʪʦʨʫ 

ʥʘʣʝʞʠʪʴ: ʧʦʩʪʘʥʦʚʢʘ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʠ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩ-

ʣʽʜʞʝʥʴ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʽ ʦʙʛʦʚʦʨʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʽ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʽ ʩʧʽʚʘʚ-
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ʪʦʨʘʤʠ ʩʪʘʪʝʡ. ʆʩʚʦʻʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʽʯ-

ʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʘʚʪʦʨʩʴʢʠʡ ʩʫ-

ʧʨʦʚʽʜ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʧʠʣʝʥʠʭ ʚʠʨʦʙʽʚ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʟʘ ʘʢʪʠʚʥʦʾ 

ʫʯʘʩʪʽ ʘʚʪʦʨʘ ʨʘʟʦʤ ʟ ʧʨʘʮʽʚʥʠʢʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ, 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʅɼʈ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʚ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ: 

[1,13] ï  ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʚʠʚʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʚʧʣʠʚʫ ʧʫʣʴʩʫʶʯʦʛʦ 

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʤʝʪʘʣ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʥʘʧʠ-

ʣʝʥʥʷ, ʧʽʜʛʦʪʦʚʢʘ ʨʫʢʦʧʠʩʫ; [3, 6, 12, 15] ï ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʧʫʣʴʩʫʶʯʦʛʦ ʧʦ-

ʪʦʢʫ ʥʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʯʘʩʪʦʢ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ; [2,8,9] ï ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʧʣʠʚʫ ʢʠʩʥʶ ʥʘ ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ, ʧʽʜʛʦʪʦʚʢʘ ʨʫʢʦʧʠʩʫ; 

[14] ï  ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʣʴʩʘʪʦʨʘ; [5,7,16,17,18,19] ï ʘʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩ-

ʪʝʡ ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʧʽʜʛʦʪʦʚʢʘ ʨʫʢʦʧʠʩʫ; [4,11,20] ï ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ  ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʽʜʛʦʪʦʚʢʘ ʨʫʢʦʧʠʩʫ 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠ-

ʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ:  4-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘ-

ʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çTopical Issues of the Development of Modern 

Scienceè ʉʦʬ̫̔, ɹʦʣʛʘʨʽ̫ , 2019 ʨ; ʥʘ 16-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñScienceandSocietyò (December 27, 2019) Accent Graphics Communications & 

Publishing, Hamilton, Canada, 2019: 7-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥ-

ʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʘʛʨʘʨʥʦʾ ʥʘʫʢʠè. ʋʤʘʥʴ 2019 ʨ.; ʥʘ ʤ̔ ʞʥʘʨʦʜ-

ʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʋʥʽʚʝʨʩʠʪʝʪʩʴʢʘ ʥʘʫʢʘè, ʄʘʨʽʫʧʦʣʴ: 

ɼɺʅɿ çʇɼʊʋè, 2019, 2018, 2016, 2015, 2011 ʨʨ.; ʥʘ 20-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦ-

ʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ ʽ ʨʝʥʦʚʘʮʽʷ ʚʠʨʦʙʽʚ çɿʚʘʨʶ-

ʚʘʥʥʷ, ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʽʥʰʽ ʨʝʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʽʨʥʠʯʦ-

ʤʝʪʘʣʫʨʛʽʡʥʦʾ, ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽè, ʂʠʾʚ: ɸʊʄ ʋʢʨʘʾʥʠ, 2020. 

ʅʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʦʧʫʙʣʽ-

ʢʫʚʘʥʥʽ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ çɻʘʟʦʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚè, ʥʘʚʯʘʣʴ-

ʥʦʛʦ ʧʦʩʽʙʥʠʢʘ çɼʝʬʝʢʪʠ ʢʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʘ 
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ʩʧʦʨʽʜʥʝʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭè. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 43 ʥʘʫʢʦ-

ʚʠʭ ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ 1 ʤʦʥʦʛʨʘʬʽʷ; 23 ʩʪʘʪʪʽ, ʟ ʥʠʭ 19 ʫ ʬʘʭʦʚʠʭ ʪʘ ʟʘʨʫ-

ʙʽʞʥʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʥʠʭ 1 ʩʪʘʪʪʷ ʫ ʅɹɼ Scopus Q3 ʽ 6 ʫ ʅɹɼ Index 

Copernicus); 19 ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ; 1 ʧʘʪʝʥʪ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʩʝ-

ʤʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 244 ʥʘʡʤʝʥʫʚʘʥʴ. ɼʠ-

ʩʝʨʪʘʮʽʷ ʚʠʢʣʘʜʝʥʘ ʥʘ 345 ʩʪʦʨʽʥʢʘʭ, ʚʢʣʶʯʘʻ 137 ʨʠʩʫʥʢʽʚ, 17 ʪʘʙʣʠʮʴ ʪʘ 3 

ʜʦʜʘʪʢʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



37 
 

ʈʆɿɼɯʃ 1 

ʈʆɿʇʀʃɽʅʅʗ ʄɸʊɽʈɯɸʃɯɺ ʊɸ ʋʊɺʆʈɽʅʅʗ ʇʆʂʈʀʊʊɯɺ  

ʇʈʀ ɼʋɻʆɺʆʄʋ ʅɸʇʀʃɽʅʅɯ 

 

 

1.1.  ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ 

 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʨʦʟʛʣʷʥʝʤʦ ʦʙʣʘʩʪʽ ʽ ʦʙʩʷʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ 

ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʧʨʦʮʝʩʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ (ɻʊʅʇ) ʟʥʘ-

ʭʦʜʷʪʴ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ ʽ 

ʜʣʷ ʥʘʜʘʥʥʷ ʨʽʟʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʷʤ ʥʦʚʠʭ ʜʝʪʘʣʝʡ. ɿʛʽʜʥʦ ʦʛʣʷʜʫ, 

ʦʧʫʙʣʽʢʦʚʘʥʦʛʦ ʫ 2013 ʨʦʮʽ, ʦʙʩʷʛ ʨʠʥʢʫ ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ, ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦ-

ʤʠʩʣʦʚʦʩʪʽ ʪʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʪʫʨʙʽʥ ʟʘʡʤʘʻ 75% ʚʽʜ ʟʘʛʘʣʴʥʦ-

ʛʦ ʨʠʥʢʫ ɻʊʅʇ, ʷʢʠʡ ʦʨʽʻʥʪʦʚʥʦ ʩʪʘʥʦʚʠʪʴ 6,5 ʤʣʥ. ʜʦʣʘʨʽʚ, ʟ ʷʢʠʭ 77% ʧʨʠ-

ʧʘʜʘʻ ʥʘ ʧʦʢʨʠʪʪʷ ʽ ʧʦʩʣʫʛʠ, 19% ʥʘ ʤʘʪʝʨʽʘʣʠ ʪʘ 4% ʥʘ ʦʙʣʘʜʥʘʥʥʷ [1-3]. 

ʉʝʨʝʜ ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʨʦʮʝʩ ʜʫʛʦʚʦʛʦ ʥʘ-

ʧʠʣʝʥʥʷ ʚʠʛʣʷʜʘʻ ʢʨʘʱʝ ʟʘ ʪʝʧʣʦʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʩʦʙʽ-

ʚʘʨʪʽʩʪʶ ʧʦʢʨʠʪʪʽʚ (ʟʘ ʜʘʥʠʤʠ [2] ï ʚ 3õ10 ʨʘʟʽʚ ʜʝʰʝʚʰʝ ʧʦʢʨʠʪʪʽʚ ʦʜʝʨʞʫ-

ʚʘʥʠʭ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ) ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟ-

ʥʠʢʽʚ. 

ʇʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ, ʚ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʛʘʟʫ, ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʪʴʩʷ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʘʙʦ ʥʝʡʪʨʘʣʴʥʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʩʫʤʽʰʽ. ʇʝʨʝʚʘʛʘ ʚʽʜ-

ʜʘʻʪʴʩʷ ʨʦʟʧʠʣʶʚʘʥʥʶ ʩʪʠʩʥʫʪʠʤ ʧʦʚʽʪʨʷʤ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʠʡ ʨʦʟ-

ʧʠʣ ʤʝʪʘʣʫ, ʱʦ ʧʣʘʚʠʪʴʩʷ, ʧʨʦʪʝ ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʥʝ ʟʘʚʞʜʠ ʚʠʩʦʢʘ ʯʝʨʝʟ ʽʥ-

ʪʝʥʩʠʚʥʝ ʦʢʠʩʣʝʥʥʷ ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʚʝʣʠʢʦʾ ʢʣ̔ʴʢʦʩʪʽ ʧʦʨ ʽ ʦʢʩʠʜʽʚ. 

ɺʪʨʘʪʠ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʘʶʪʴ: ʚʫʛʣʝʮʶ ï 60 %, ʤʘʨʛʘʥʮʶ ï  

30 %, ʢʨʝʤʥʽʶ ï 20 %. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʥʘʧʠʣʝʥʥʽ ʜʣʷ ʨʦʟʧʠʣʝʥʥʷ ʽʥʝʨʪʥʠʭ 

ʛʘʟʽʚ ʜʦʨʦʛʝ ʽ ʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ [4-6]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʨʦʟʧʠʣʝʥʥʷ ʩʫʤʽʰʝʡ 
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çʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ-ʚʫʛʣʝʚʦʜʝʥʴè ʦʙʫʤʦʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʽ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʽ ʩʠʩʪʝʤʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʠ ʜʫʛʦʚʦʤʫ 

ʥʘʧʠʣʝʥʥ ̔ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʛʦʨʷʥʥʷ ʟ ʤʝʪʘʣʫ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʥʘʩʠʯʝʥʥʷ 

ʰʘʨʫ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ ʛʘʟʘʤʠ ʘʪʤʦʩʬʝʨʠ. ɿʘʟʥʘʯʝʥʽ ʧʨʦʮʝʩʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʜʤʽʨ-

ʥʦʛʦ ʚʤʽʩʪʫ ʦʢʩʠʜʽʚ ʚ ʧʦʢʨʠʪʪʽ. 

ɸʚʪʦʨʦʤ ʨʦʙʦʪʠ ʥʠʞʯʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘ-

ʥʫ ʨʦʟʚʠʪʢʫ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚ ʋʢʨʘʾʥʽ  ʽ ʩʚʽʪʽ. ɼʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʨʽʚʝʥʴ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʠʭ ʧʠʪʘʥʴ ʷʢ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʧʦʢʨʠʪ-

ʪʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʛʝʟʽʾ ʽ ʢʦʛʝʟʽʾ ʧʦʢʨʠʪʪʽʚ, ʚʠʛʦʨʘʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ 

ʧʨʦʮʝʩʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʪʘ ʟʘʭʦʜʠ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʾʭ ʚʪʨʘʪ,  ʘʥʘʣʽʟ ʢʦʥʩ-

ʪʨʫʢʮʽʡ ʨʦʟʧʠʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʤʝʪʘʣʽʟʘʪʦʨʽʚ, ʢʽʥʝʪʠʢʘ ʚʟʘ-

ʻʤʦʜʽʾ ʥʘʧʠʣʶʚʘʥʥʦʛʦ ʤʝʪʘʣʫ ʟ ʢʠʩʥʝʤ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ, ʨʝʩʫʨʩʦ-

ʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʧʦʨʦʰʢʦʚʠʤʠ ʜʨʦʪʘʤʠ, ʦʩʦʙʣʠʚʦʩʪʽ ʬʦ-

ʨʤʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʩʫʮʽʣʴʥʦʛʦ ʪʽʣʘ.  

ɸʥʘʣʽʟ ʥʘʷʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʫ 

ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʤʦʞʣʠʚʠʡ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʟʘʻ-

ʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʷʢʽʩʪʶ ʧʦʢʨʠʪʪʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʤʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʙʨʘʥʦ ʥʘʫʢʦʚʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʢʠʩʥʶ ʧʦʚʽʪʨʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʽ ʚʠʚʯʝʥʥʷ ʚʣʘʩ-

ʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʨʦʟʧʠʣʶʚʘʥʥʽ ʤʘʪʝʨʽʘʣʫ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ. 

ʈʦʟʚ'ʷʟʫʚʘʥʘ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʙʣʝʤʘ ʨʝʩʫʨʩʦ- ʪʘ  ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ.  

ɺʪʨʘʪʠ ʤʝʪʘʣʫ ʚʽʜ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʘʥʦʚʣʷʪʴ ʙʣʠ-

ʟʴʢʦ 30% ʾʭ ʤʘʩʠ. ɿʙʽʣʴʰʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʚʠʨʦʙʽʚ ʚ 2-3 ʨʘʟʠ ʤʦʞʥʘ ʟʘ ʨʘ-

ʭʫʥʦʢ ʧʦʣʽʧʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘ-
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ʧʠʣʝʥʥʷ ʚʥʦʩʠʪʴ ʽʩʪʦʪʥʠʡ ʚʥʝʩʦʢ ʚ ʝʢʦʥʦʤʽʢʫ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥ ( ʪʘʙʣ. 1.1) 

[7,8]. 

 

ʊʘʙʣʠʮʷ 1.1 -   

ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ (ʚʠʪʨʘʪʠ, ʤʣʥ. ʻʚʨʦ) 

ʈʝʛʽʦʥ ʈʦʢʠ 

1990 2000 2012 

ɭʚʨʦʧʘ 300 400 ʙʽʣʴʰ 500 

ʇʽʚʥʽʯʥʘ  ɸʤʝʨʠʢʘ 600 800 ʙʽʣʴʰ 1000 

ɸʟʽʷ, ɸʚʩʪʨʘʣʽʷ, ʙʣʠʞʥʽʡ ʉʭʽʜ 300 400 ʙʽʣʴʰ 500 

ɺʩʴʦʛʦ 1200 1600 ʙʽʣʴʰ 2000 

 

ɿʛʽʜʥʦ ʟ ʦʮʽʥʢʦʶ ʩʫʩʧʽʣʴʩʪʚʘ ʟʚʘʨʶʚʘʥʥʷ ʅʽʤʝʯʯʠʥʠ (DVS), ɭʚʨʦʧʝʡ-

ʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʟʚʘʨʶʚʘʥʥʷ (EWF) ʽ ɸʩʦʮʽʘʮʽʾ ʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ (GTS), ʚ 

2007 ʨʦʮʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻʊʅ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʧʨʠʥʝʩʣʦ ʧʨʠ-

ʙʫʪʦʢ ʧʦʥʘʜ 900 ʤʣʥ. ʻʚʨʦ ʽ ʟʘʙʝʟʧʝʯʠʣʦ 20 ʪʠʩ. ʨʦʙʦʯʠʭ ʤʽʩʮʴ. 

ʇʦ ʦʢʨʝʤʠʭ ʩʝʛʤʝʥʪʘʭ: ʙʣʠʟʴʢʦ 60% ʟʘʛʘʣʴʥʦʛʦ ʨʠʥʢʫ ʥʘʣʝʞʘʪʴ ʪʫʨʙʦ-

ʙʫʜʫʚʘʥʥʶ, 15%  ï ʘʚʪʦʤʦʙʽʣʴʥʽʡ  ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʽʥʰʽ 25% ʨʦʟʧʦʜʽʣʝʥʽ ʤʽʞ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʰʠʭ ʛʘʣʫʟʝʡ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʪʫʨʙʦʙʫʜʫʚʘʥʥʷ ʙʫʜʝ ʧʨʦ-

ʚʽʜʥʦʶ ʛʘʣʫʟʟʶ ʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʚ 

ʥʘʩʪʫʧʥʽ ʨʦʢʠ. ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʨʠʥʢʽʚ (ʜʚʽ ʪʨʝʪʠʥʠ) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ɭʚʨʦʧʽ, ʥʘ 

ɹʣʠʟʴʢʦʤʫ ʉʭʦʜʽ ʽ ʚ ʇʽʚʥʽʯʥʽʡ ɸʤʝʨʠʮʽ. ʆʜʥʘʢ, ʥʘʡʙʽʣʴʰʽ ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʚ ɸʟʽʾ [9] ʽ ʦʯʽʢʫʶʪʴʩʷ ʚ ʇʽʚʜʝʥʥʽʡ ɸʬʨʠʮʽ ʚ ʟʚ'ʷʟʢʫ ʟ ʨʦʩʪʦʤ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʠʭ ʢʨʘʾʥʘʭ.  

ʆʜʥʘʢ, ʽʥʰʽ ʛʘʣʫʟʽ ʽ ʨʠʥʢʠ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘʬʪʦʛʘʟʦʚʘ, ʮʝʣʶʣʦʟʥʦ-

ʧʘʧʝʨʦʚʘ, ʤʝʪʘʣʦʦʙʨʦʙʥʘ ʽ ʙʽʦʤʝʜʠʯʥʘ, ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʧʝʨʝʚʘʛʠ ʧʨʠ ʚʠʢʦ-

ʨʠʩʪʘʥʥʽ ʛʘʟʦʪʝʨʤʠʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʚʠʩʫʥʫʪʠ ʟʘʧʠʪʠ ʜʣʷ ʥʦʚʠʭ ʨʦʟʨʦʙʦʢ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ. 
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1.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ 

 

ʄʝʪʦʜʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʧʦ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ ʽ ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʧʠʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ (ʨʠʩ. 1.1). 

 

ʈʠʩ. 1.1. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʽ ʰʚʠʜʢʦʩʪʝʡ ʯʘʩʪʠʥʦʢ ʨʽʟʥʠʭ ʤʝ-

ʪʦʜʽʚ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ [8-14]: ɼʇ ï ʛʘʟʦʧʦʣʫʤʝʥʝʚʝ; ʇʣʘʟʤʘ ï ʧʦ-

ʣʫʤ'ʷʥʝ ʧʦʚʽʪʨʽ ʽ ʚ ʚʘʢʫʫʤʽ (ʜʠʥʘʤʽʯʥʦʤʫ); ɻʇʉ ï ʛʘʟʦʧʦʣʫʤʝʥʝʚʝ ʥʘʜʟʚʫʢʦʚʝ; 

ɼʇ ï ʜʝʪʦʥʘʮʽʡʥʝ ʧʦʢʨʠʪʪʷ; ɼʄ ï ʜʫʛʦʚʝ ʥʘʧʠʣʝʥʥʷ; ʍɻʅ ï ʭʦʣʦʜʥʝ ʛʘʟʦʜʠ-

ʥʘʤʽʯʥʝ ʥʘʧʠʣʝʥʥʷ. 

 

ʇʨʠ ʧʣʘʚʣʝʥʥʽ ʜʣʷ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʽ ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʭʘʨʘʢʪʝ-

ʨʥʽ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

ʧʣʘʚʣʝʥʥʷ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʧʝʨʝʛʨʽʚ, ʪʝʧʣʦʚʽʜʜʘʯʘ. ʆʜʥʘʢ, ʟʘ ʘʙʩʦʣʶʪʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʚʝʣʠʯʠʥʘ ʚʪʨʘʪ ʚʠʱʝ ʧʨʠ ʧʣʘʟʤʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʯʝʨʝʟ ʙʽʣʴʰ ʚʠ-

ʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ. ɺʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʚ ʝʬʝʢʪʠʚʥʠʭ ʂʂɼ ʥʘ-

ʛʨʽʚʫ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 1 ʢʛ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ (Nʧʠʪ) ʧʨʠ 

ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʚ 3-10 ʨʘʟʽʚ ʥʠʞʯʝ, ʥʽʞ ʧʨʠ ʧʣʘʟʤʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ (ʪʘʙʣ. 

1.2).   
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ʊʘʙʣʠʮʷ 1.2 -  

ʇʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʧʨʦʮʝʩʽʚ ʜʫʛʦʚʦʾ 

ʤʝʪʘʣʽʟʘʮʽʾ ʽ ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ [10, 11, 12] 

 ɺʠʪʨʘʪʘ ʝʣʝʢʪʨʦ-

ʝʥʝʨʛʽʾ, ʢɺʪ/ʛʦʜ 

ʇʨʦʜʫʢʪʠʚ-

ʥʽʩʪʴ, ʢʛ/ʛʦʜ 

Nʧʠʪ,  

ʢɺʪ/ʢʛ 

ɼʫʛʦʚʝ ʥʘʧʠʣʝʥʥʷ, ʪʠʧʦʚʽ ʨʝʞʠʤʠ 6 10 0,6 

ʇʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ 

(ʨʦʟʧʠʣʶʚʘʥʥʷ ʜʨʦʪʦʤ) 
12 6 2 

ʇʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ 

(ʨʦʟʧʠʣʶʚʘʥʥʷ ʧʦʨʦʰʢʫ) 
15-40 3-6 6 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʽʟʘʪʦʨʘ, ʱʦ ʩʝʨʽʡʥʦ 

ʚʠʧʫʩʢʘʻʪʴʩʷ ɽʄ-17 ʽ ʧʣʘʟʤʦʪʨʦʥʽʚ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ, 

ʢʨʽʤ ʪʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʝʦʙʭʽʜʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʥʘʧʠ-

ʣʝʥʥʷ (ʪʘʙʣ.1.3.). 

ʊʘʙʣʠʮʷ 1.3 -   

ɽʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʚʠʜʽʚ ʥʘʧʠʣʝʥʥʷ 

 ɽʣʝʢʪʨʦʜʫʛʦʚʝ  
ʥʘʧʠʣʝʥʥʷ 

ɻʘʟʦʧʦʣʫʤ'ʷʥʝ  
ʥʘʧʠʣʝʥʥʷ 

ʇʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ 

ʉʧʦʞʠʚʘʥʘ  
ʧʦʪʫʞʥʽʩʪ ɹ

16-20 0,3 40-50 

ʉʧʦʞʠʚʘʥʽ  
ʛʘʟʠ 

ʉʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ 
ɸʮʝʪʠʣʝʥ (ʧʨʦʧʘʥ),  

ʢʠʩʝʥʴ 
ɸʨʛʦʥ, ʘʟʦʪ 

ɺʠʪʨʘʪʘ  
ʩʧʦʞʠʚʘʥʠʭ 
ʛʘʟʽʚ, ʣ/ʭʚ 

ʇʦʚʽʪʨʷ, 2000-2500 
ɸʮʝʪʠʣʝʥ, 10-30 ɸʨʛʦʥ, 30-70 
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ʜʘʨʪʥʽ ʜʨʦʪʠ ʧʨʘʢʪʠʯ-
ʥʦ ʙʫʜʴ-ʷʢʦʛʦ ʭʽʤʽʯ-
ʥʦʛʦ ʩʢʣʘʜʫ; 
ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚ-
ʥʽʩʪʴ ʥʘʧʠʣʝʥʥʷ; 
ʚ ʤʝʪʘʣʽ ʧʦʢʨʠʪʪʷ 
ʫʪʚʦʨʶʶʪʴʩʷ ʥʽʪʨʠʜʠ, 
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ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʧʨʠ 
ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʩʦʢʘ ʤʦʙʽʣʴʥʽʩʪʴ 
(ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩ-
ʪʘʥʥʷ ʚ ʧʦʣʴʦʚʠʭ 
ʫʤʦʚʘʭ);  
ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 
ʥʘʧʠʣʝʥʥʷ ʜʨʦʪʽʚ, 
ʰʥʫʨʽʚ ʽ ʧʦʨʦʰʢʽʚ; 
ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 
ʥʘʧʠʣʝʥʥʷ ʧʣʘʩʪʤʘʩ; 
ʥʝʩʢʣʘʜʥʝ ʦʙʣʘʜʥʘʥ-
ʥʷ. 
 

ʅʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ 
ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʽʚ, 
ʢʘʨʙʽʜʽʚ, ʥʽʪʨʠʜʽʚ, ʙʦ-
ʨʠʜʽʚ, ʢʦʤʧʦʟʠʮʽʡʥʠʭ 
ʤʘʪʝʨʽʘʣʽʚ; 
ʨʦʟʧʠʣʝʥʥʷ ʜʨʦʪʷʥʠʭ ʽ 
ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘ-
ʣʽʚ; 
ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʢʠʩ-
ʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ 
ʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʨʦʟʧʠ-
ʣʶʻʪʴʩʷ. 
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ɸʥʘʣʽʟ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʟ ʜʫʛʦʚʠʤ ʟʚʘʨʶ-

ʚʘʥʥʷʤ ʽ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʝʬʝʢʪʠʚʥʽʰʝ ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ. ʆʩʪʘʥʥʻ ʦʙʫ-

ʤʦʚʣʝʥʝ ʥʘʷʚʥʽʩʪʶ ʙʘʣʘʩʪʥʠʭ ʣʘʥʦʢ ʚ ʩʭʝʤʘʭ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʜʦ ʤʝʪʘʣʫ, ʱʦ 

ʨʦʟʧʠʣʶ̒ ʪʴʩʷ ʧʨʠ ʧʣʘʟʤʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ [10, 11]. 

ɽʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ, ʻ ʦʜʥʠʤʠ ʟ ʢʣʶʯʦʚʠʭ ʚ ʪʝʭʥʦʣʦʛʽʾ ʥʘʧʠʣʝʥʥʷ, ʷʢʽ 

ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʫ ʚʘʨʪʽʩʪʴ ʥʘʥʝʩʝʥʠʭ ʨʽʟʥʠʤʠ ʤʝ-

ʪʦʜʘʤʠ ʧʦʢʨʠʪʪʽʚ, ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.1.2. 

 

 

ʈʠʩ. 1.2. ɺʽʜʥʦʩʥʘ ʚʘʨʪʽʩʪʴ ʧʦʢʨʠʪʪʽʚ, ʥʘʥʝʩʝʥʠʭ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ-

ʧʠʣʝʥʥʷ: ɼʇ ï ʛʘʟʦʧʦʣʫʤʝʥʝʚʝ ʥʘʧʠʣʶʚʘʥʥʷ; ɽɼʄ ï ʝʣʝʢʪʨʦʜʫʛʦʚʝ ʥʘʧʠʣʝʥ-

ʥ;̫ ʇʅ ï ʧʦʣʫʤ'ʷʥʝ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ; ɼʅ ï ʜʝʪʦʥʘʮʽʡʥʝ ʥʘʧʠʣʝʥʥʷ; ɻʇʉ 

ï ʛʘʟʦʧʦʣʫʤʝʥʝʚʝ ʥʘʜʟʚʫʢʦʚʝ; ʇɺ ï ʧʦʣʫʤ'ʷʥʝ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʝ; ʇɼɺ ï ʧʣʘ-

ʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʚʘʢʫʫʤʽ.  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʫʛʦʚʝ ʥʘʧʠʣʝʥʥʷ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʧʨʦʮʝʩʦʤ ʚʽʜ-

ʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ 

ʜʦʟʚʦʣʷʻ  ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ, ʟʘ ʨʘ-

ʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ. 
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1.3. ʇʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʘʜʛʝʟʽʾ ʽ ʢʦʛʝʟʽʾ 

 

ʆʩʥʦʚʫ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʬʦʨʤʫʚʘʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʾʭ ʟʯʝʧ-

ʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ ʩʢʣʘʜʘʶʪʴ ʨʦʙʦʪʠ, ʧʨʦʚʝʜʝʥʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʐʦʨʰʦʨʦʚʘ 

ʄ.ʍ., ʂʫʜʽʥʦʚʘ ɺ.ɺ., ʈʠʢʘʣʽʥʘ ʅ.ɯ. ʪʘ ʽʥ. [12-17]. ɺ ʦʩʥʦʚʫ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʙʫʣʠ ʧʦʢʣʘʜʝʥʽ ʧʨʠʥʮʠʧʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʫʚʘʥʥʷ 

ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʨʦʟʚʠʪʢʫ ʪʝʧʣʦʚʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʩʫ-

ʧʨʦʚʦʜʞʫʶʪʴ ʫʜʘʨ, ʨʦʟʪʽʢʘʥʥʷ  ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʯʘʩʪʠʥʦʢ, ʱʦ ʥʘʧʠʣʶʶʪʴʩʷ. 

ɻʦʣʦʚʥʦʶ ʯʘʩʪʠʥʦʶ ʪʝʦʨʽʾ ʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʢʦʥʪʘʢʪʥʫ ʚʟʘʻʤʦʜʽʶ ʯʘʩʪʠʥʦʢ ʧʨʠ 

ʫʪʚʦʨʝʥʥʽ ʥʘʧʠʣʶʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ ʫʤʦʚ ʨʦʟʧʠʣʝʥʥʷ ʽ ʧʝʨʝʥʝ-

ʩʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʜʞʝʨʝʣʘ ʨʦʟʧʠʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʨʦʙʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʷʜ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʶʚʘʪʠ ʪʝʨʤʽʯʥʽ, ʝʥʝʨ-

ʛʝʪʠʯʥʽ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʫʤʦʚʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʦʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʪʨʠʤʘʥʥʷ ʤʽʮʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʥʘʧʠʣʶʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʇʦʢʘʟʘ-

ʥʦ, ʱʦ ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʝ ʟʯʝʧʣʝʥʥʷ, ʻ ʧʨʠʚʘʨʶʚʘʥ-

ʥʷ ʯʘʩʪʠʥʦʢ ʜʦ ʧʽʜʢʣʘʜʢʠ, ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʤʽʩʮʴ ʩʭʦʧʣʶʚʘʥʥʷ ʚ ʢʦʥʪʘ-

ʢʪʽ. ʆʯʝʚʠʜʥʦ, ʯʠʤ ʙʽʣʴʰʝ ʤʽʩʮʴ ʩʭʦʧʣʶʚʘʥʥʷ, ʪʠʤ ʚʠʱʝ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ.   

ʇʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʥʢʦʤʫ ʨʦʟʧʠ-

ʣʝʥʥʽ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʚ ʨʘʟʽ ʡʦʛʦ ʢʦʤʧʘʢʪʥʦʛʦ ʩʪʘʥʫ) ʥʘ ʜʨʽʙʥʽ ʯʘʩʪʠʥ-

ʢʠ, ʥʘʛʨʽʚʘʥʥʽ ʯʘʩʪʠʥʦʢ ʜʦ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʘʙʦ ʧʣʘʩʪʠʯʥʦʛʦ ʩʪʘʥʫ ʽ ʧʝʨʝʤʽ-

ʱʝʥʥʽ ʾʭ ʩʪʨʫʤʝʥʝʤ ʛʘʟʫ ʜʦ ʟʽʪʢʥʝʥʥʷ ʟ ʧʦʚʝʨʭʥʝʶ ʚʠʨʦʙʫ [18-22]. 

ʅʘʛʨʽʪʽ ʽ ʧʨʠʩʢʦʨʝʥʽ ʯʘʩʪʠʥʢʠ ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʝʶ ʧʽʜʢʣʘʜʢʠ, ʨʦʟ-

ʧʣʶʱʫʶʪʴʩʷ ʽ ʫʪʚʦʨʶʶʪʴ ʪʦʥʢʽ ʯʘʩʪʠʥʢʠ (ʩʧʣʝʪʠ), ʩʭʦʧʣʶʶʪʴʩʷ ʟ ʧʦʚʝʨʭ-

ʥʝʶ ʜʝʪʘʣʽ. 

ʉʧʣʝʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʽ ʧʦʩʣʽʜʦʚʥʠʤ ʥʘʨʦʱʫʚʘʥʥʷʤ ʦʜʠʥ 

ʥʘ ʦʜʥʦʛʦ ʫʪʚʦʨʶʶʪʴ ʧʦʢʨʠʪʪʷ ʟ ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʉʪʨʫʢʪʫʨʘ, ʤʝʭʘʥʽ-

ʯʥʽ, ʪʝʧʣʦʬʽʟʠʯʥʽ ʪʘ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʤʽʮʥʽʩʪʴ ʾʭ ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦ-

ʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝ-

ʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʚ ʥʴʦʤʫ ʚ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʚ ʧʨʦʮʝʩʽ 
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ʟʽʪʢʥʝʥʥʷ ʯʘʩʪʦʢ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʘʪʝ-

ʨʽʘʣʽʚ. ʉʬʦʨʤʦʚʘʥʽ ɻʊʇ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʥʝʛʦʤʦʛʝʥʥʫ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʷʢ 

ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʨʦʟʧʠʣʶʻʪʴʩʷ (ʜʨʽʪ), ʫʪʚʦʨʶʻ ʯʘʩʪʠʥʢʠ ʟ ʨʽʟʥʠʤʠ ʨʦʟ-

ʤʽʨʘʤʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʮʽ ʰʚʠʜʢʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʯʘʩʪʠʥʦʢ ʧʨʠ ʟʽʪ-

ʢʥʝʥʥʽ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʽ, ʦʪʞʝ, ʜʦ ʾʭ ʨʽʟʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ (ʨʦʟʧʣʘʚʣʝ-

ʥʦʛʦ, ʥʘʧʽʚ-ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʘʙʦ ʪʚʝʨʜʦʛʦ). ɿʘʣʠʰʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʧʦʢʨʠʪʪʷ ʤʦ-

ʞʝ ʤʽʩʪʠʪʠ ʧʦʨʠ ʚʥʘʩʣʽʜʦʢ ʧʦʛʘʥʦʛʦ ʘʥʢʝʨʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ 

ʨʦʟʤʽʨʫ ʘʙʦ ʥʘʩʠʯʝʥʥʷ ʛʘʟʘʤʠ, ʫʪʚʦʨʝʥʥʷ ʩʧʣʝʪʽʚ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ, ʩʧʣʝʪʽʚ ʟ 

ʨʽʟʥʦʶ ʬʘʟʦʚʦʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ, ʫʪʚʦʨʝʥʥʶ ʧʨʠ ʛʘʟʦʪʝʨʤʽʯʥʦʤʫ ʥʘʧʠʣʝʥʥʽ 

ʥʦʚʠʭ ʬʘʟ (ʥʘʧʨʠʢʣʘʜ, ʦʢʩʠʜʽʚ) ʽ ʪʨʽʱʠʥ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʥʘʩʣʽʜʦʢ ʘʢʫʤʫ-

ʣʷʮʽʾ ʥʘʧʨʫʞʝʥʴ. ɼʦ ʪʦʛʦ ʞ ʰʘʨʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ɻʊʇ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʥʽʟʦʪʨʦ-

ʧʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʽ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. 

ɻʘʟʦʪʝʨʤʽʯʥʦʤʫ ʥʘʧʠʣʝʥʥʶ ʧʽʜʜʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʽ ʤʘʪʝʨʽʘʣʠ, 

ʷʢʽ ʥʝ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʧʦʙʣʠʟʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚ-

ʣʝʥʥʷ). ʌʘʢʪʠʯʥʦ ʚʩʽ ʚʠʜʠ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʣʽʤʝʨʠ, ʤʝʪʘʣʠ ʽ ʢʝʨʘʤʽʢʘ (ʽ ʾʭ ʢʦʤ-

ʙʽʥʘʮʽʾ) ʤʦʞʫʪʴ ʥʘʧʠʣʶʚʘʪʴʩʷ  ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʚʠʙʦʨʽ ʪʝʭʥʽʢʠ ʛʘʟʦʪʝʨʤʽʯ-

ʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɻʊʅʇ. ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʽʩʥʫʻ 

ʝʤʙʘʨʛʦ ʟ ʥʘʧʠʣʶʚʘʥʥʷ ʢʝʨʘʤʽʢ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʧʦʩʪʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚ-

ʣʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʢʘʨʙʽʜ ʽ ʥʽʪʨʠʜ ʢʨʝʤʥʽʶ), ʚʥʘʩʣʽʜʦʢ ʾʭ ʤʦʞʣʠʚʦʩʪʽ ʩʫʙʣʽ-

ʤʫʚʘʪʠ ʘʙʦ ʨʦʟʢʣʘʜʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʥʘʧʠʣʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ [14, 25]. ʅʝʟʥʘʯʥʽ 

ʦʙʤʝʞʝʥʥʷ ʩʪʦʩʦʚʥʦ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʥʘʥʦʩʷʪʴʩʷ, ʦʙʫʤʦʚʣʶʶʪʴ ʧʨʠ-

ʚʘʙʣʠʚʽʩʪʴ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʽʚ. 

ʇʦʚʝʨʭʥʷ ʜʝʪʘʣʽ, ʥʘ ʷʢʫ ʥʘʥʦʩʠʪʴʩʷ ʧʦʢʨʠʪʪʷ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʪʚʝʨʜʦʤʫ 

ʩʪʘʥʽ. ɺʥʘʩʣʽʜʦʢ ʮʽʻʾ ʦʩʦʙʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʮʝʩʽʚ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʭʘ-

ʨʘʢʪʝʨʥʽ ʤʘʣʽ ʪʝʧʣʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʽ, ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ, ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʨʫʢʪʫ-

ʨʥʠʭ ʟʤʽʥ ʚ ʜʝʪʘʣʽ. ɺʩʝ ʮʝ ʦʙʫʤʦʚʣʶʻ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠ-

ʣʝʥʥʷ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʽʚ. 

ʅʘ ʨʠʩ. 1.3. ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ 

ʥʘʧʠʣʝʥʥʷ [21]. 
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ʈʠʩ. 1.3. ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ 

 

ɿ ʨʠʩ. 1.3. ʚʠʜʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ: 

- ʧʨʠ ʨʫʩʽ ʧʦ ʜʠʩʪʘʥʮʽʾ ʥʘʧʠʣʶʚʘʥʥʷ ʯʘʩʪʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʟʧʣʘʚʣʝ-

ʥʦʤʫ ʘʙʦ ʧʣʘʩʪʠʯʥʦʤʫ ʩʪʘʥʽ, ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ʛʘʟʘʤʠ ʘʪʤʦʩʬʝʨʠ; 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʘʨʫ ʯʘʩʪʠʥʢʠ ʦʙ ʧʽʜʢʣʘʜʢʫ ʚʠʟʥʘʯʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʽʚ; 

- ʧʦʢʨʠʪʪʷ ʬʦʨʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʥʘʢʣʘʜʝʥʥʷ ʦʢʨʝʤʠʭ ʰʘʨʽʚ. 

ʏʘʩʪʢʘ ʧʨʠ ʫʜʘʨʽ ʨʦʟʪʽʢʘʻʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʩʦ-

ʢʦʶ ʰʚʠʜʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʥʷ, ʚ ʽʥʪʝʨʚʘʣʽ 104õ106 ʂ/ʩ, ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʽʜʚʦ-

ʜʫ ʚ ʦʩʥʦʚʫ. 

ʇʦʧʘʜʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʪʦʚʱʠʥʠ ʧʦʢ-

ʨʠʪʪʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫʚʘʪʦʾ ʩʪʨʫʢʪʫʨʠ. ʅʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʚʧʣʠʚʘ-

ʶʪʴ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʨʠ-

ʩʪʨʦʶ, ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʧʦ ʜʠʩʪʘʥʮʽʾ ʥʘʧʠʣʶ-

ʚʘʥʥʷ ʽ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʦʩʥʦʚʦʶ. 

ͣ3κ͎ͦ͒ 
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ʅʘ ʨʠʩ. 1.4 ʧʨʝʜʩʪʘʚʣʝʥʽ, ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦ-

ʩʪʽ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ [18]. 

 

 

  

 ʈʠʩ. 1.4. ʆʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ 

 

ʉʪʚʦʨʝʥʥʷ ʧʝʚʥʦʛʦ ʥʘʙʦʨʫ ʟʥʘʯʝʥʴ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʦʚʠʪʴ ʟʤʽʩʪ ʨʦʟ-

ʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʥʘʧʠʣʝʥʥʷ ʽ ʨʦ-

ʟʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚ ʧʦʢʨʠʪʪʽ ʧʨʠʩʫʪʥʷ ʨʽʟʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʨ, ʤʽʢʨʦʪʨʽ-

ʱʠʥ, ʚ ʧʦʚʥʦʤʫ ʦʙ'ʻʤʽ ʨʦʟʧʣʘʚʣʝʥʠʭ ʘʙʦ ʪʠʭ, ʱʦ ʚʜʨʫʛʝ ʟʘʢʨʠʩʪʘʣʽʟʫʚʘʣʠʩʷ 

ʜʦ ʫʜʘʨʫ ʦʙ ʧʦʚʝʨʭʥʶ, ʯʘʩʪʠʥʦʢ, ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʤʘʪʝʨʽʘʣʫ ʯʘʩʪʠʥʦʢ ʟ ʛʘ-

ʟʘʤʠ ʘʪʤʦʩʬʝʨʠ. ʂʦʥʮʝʥʪʨʦʚʘʥʝ ʪʝʧʣʦʚʢʣʘʜʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʨʦʟʧʠʣʶ-

ʻʪʴʩʷ, ʚ ʧʦʻʜʥʘʥʥʽ ʽʟ ʚʟʘʻʤʦʜʽʻʶ ʯʘʩʪʦʢ ʟ ʘʪʤʦʩʬʝʨʦʶ ʧʨʠ ʧʦʣʴʦʪʽ, ʧʨʠʟʚʦ-

ʜʷʪʴ ʜʦ ʭʽʤʽʯʥʠʭ ʟʤʽʥ ʚ ʩʢʣʘʜʽ ʽ ʩʪʨʫʢʪʫʨʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʘ ʩʘʤʝ: 

- ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ; 

- ʟʤʽʥʠ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʠ ʚ 

ʪʚʝʨʜʠʭ ʬʘʟʘʭ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ; 

- ʫʪʚʦʨʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʦʢʩʠʜʽʚ, ʥʽʪʨʠʜʽʚ ʟ ʘʢʪʠʚʥʠʭ ʤʝʪʘʣʽʚ. 
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ʎʽ ʩʧʦʣʫʢʠ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʙʽʣʴʰʫʶʪʴ ʽʥʪʝʛʨʘʣʴʥʫ ʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʽ, 

ʱʦ ʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʟ ʽʥʰʦʛʦ ï ʟʥʠʞʫʶʪʴ ʤʽʮʥʽʩʪʴ ʟ'ʻʜ-

ʥʘʥʥʷ ʦʢʨʝʤʠʭ ʰʘʨʽʚ ʧʦʢʨʠʪʪʷ [18]. 

ɺʽʜʦʤʦ, ʱʦ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʷ ʦʩʦʙʣʠʚʦ ʚʧʣʠʚʘʶʪʴ ʫʤʦʚʠ ʧʦʧʘ-

ʜʘʥʥʷ ʯʘʩʪʦʢ ʥʘ ʧʦʚʝʨʭʥʶ, ʱʦ ʥʘʧʠʣʶʻʪʴʩʷ.  

ʇʨʠ ʛʘʟʦʪʝʨʤʽʯʥʦʤʫ ʥʘʧʠʣʝʥʥʽ ʧʦʢʨʠʪʪʷ ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦ-

ʚʥʦʛʦ ʫʢʣʘʜʘʥʥʷ ʜʦʚʝʜʝʥʠʭ ʜʦ ʨʽʜʢʦʛʦ ʘʙʦ ʨʽʜʢʦʧʣʘʩʪʠʯʥʦʛʦ ʩʪʘʥʫ ʯʘʩʪʠʥʦʢ 

(ʨʠʩ. 1.5), ʱʦ ʤʘʶʪʴ ʧʝʚʥʫ ʝʥʝʨʛʽʻʶ.  

 

 

 

ʈʠʩ. 1.5. ɿʚ'ʷʟʦʢ ʥʘʧʠʣʝʥʦʛʦ ʰʘʨʫ ʟ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ ï ʩʠʣʠ ʩʪʠʩʥʝʥ-

ʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ: 1 ï ʥʘʧʨʫʛʘ ʩʪʠʩʥʝʥʥʷ; 2 ï ʯʘʩʪʢʦʚʝ ʚʥʫʪʨʽʰʥʻ ʟ'ʻʜʥʘʥʥʷ 

ʥʘʧʠʣʶʚʘʥʦʛʦ ʰʘʨʫ ʟ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ ʽ ʧʨʠʚʘʨʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʦʜʥʘ ʜʦ 

ʦʜʥʦʾ; 3 ï ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ ï ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʥʘʧʨʫʛʠ ʩʪʠʩʥʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʻ 

ʪʽʣʴʢʠ ʥʝʟʥʘʯʥʠʡ ʧʽʜʽʛʨʽʚ [19]. 

 

ʌʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʦʙʫʤʦʚʣʝʥʝ ʪʘʢʠʤʠ ʯʠʥʥʠʢʘʤʠ: 
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- ʤʝʭʘʥʽʯʥʠʤ ʟʯʝʧʣʝʥʥʷʤ, ʢʦʣʠ ʯʘʩʪʠʥʢʠ ʟʘʧʦʚʥʶʶʪʴ ʥʝʨʽʚʥʦʩʪʽ ʧʦʚʝ-

ʨʭʥʽ ʥʘ ʤʦʤʝʥʪ ʫʜʘʨʫ ʦʙ ʧʽʜʢʣʘʜʢʫ ʽ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʢʨʠʩʪʘʣ̔-

ʟʘʮʽʾ ʡ ʫʩʘʜʮʽ; 

- ʬʽʟʠʯʥʦʶ ʘʜʛʝʟʽʻʶ, ʢʦʣʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʙʣʠʞʝʥʥʷ ʧʨʠ ʫʜʘʨʽ ʩʪʚʦʨʶ-

ʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʥʠʭ ʩʠʣ ʤʘʪʝʨʽʘʣʫ ʽ ʧʽʜʢʣʘʜʢʠ (ʩʠʣʠ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ); 

- ʭʽʤʽʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʯʘʩʪʠʥʢʠ ʟ ʧʽʜʢʣʘʜʢʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʙʣʠ-

ʞʝʥʥʽ ʘʪʦʤʽʚ ʥʘ ʚʽʜʩʪʘʥʴ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʽʚ ʘʙʦ ʤʦ-

ʣʝʢʫʣ (Me + Me
/
O;  Me

/
 + Me

//
;  Me

/
O + Me

//
O), ʜʝ ʄʝ ï ʤʝʪʘʣʝʚʘ ʦʩʥʦʚʘ; ʄʝ

/
 ï 

ʤʝʪʘʣʝʚʽ ʯʘʩʪʠʥʢʠ ʧʝʨʰʦʛʦ ʰʘʨʫ; ʄʝ
//
 ï ʤʝʪʘʣʝʚʽ ʯʘʩʪʠʥʢʠ ʧʦʜʘʣʴʰʠʭ ʰʘʨʽʚ; 

ʄʝʆ ï ʚʽʜʧʦʚʽʜʥʽ ʦʢʩʠʜʠ; 

- ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʷʢʱʦ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʥʝʦʙʤʝʞʝʥʫ 

ʚʟʘʻʤʥʫ ʨʦʟʯʠʥʥʽʩʪʴ; 

- ʫʪʚʦʨʝʥʥʷʤ ʦʙʣʘʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ʇʨʠ ʥʘʥʝʩʝʥʥʽ ʧʦʢʨʠʪʪʽʚ ʩʪʚʦ-

ʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʜʠʬʫʟʽʾ ʧʦʢʨʠʪʪʽʚ (ʣʦʢʘʣʴʥʠʡ ʥʘʛʨʽʚ ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨ); 

- ʘʢʪʠʚʽʟʘʮʽʻʶ ʘʪʦʤʽʚ ʧʽʜʢʣʘʜʢʠ ʯʝʨʝʟ ʧʨʦʤʽʞʥʽ ʰʘʨʠ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʤʽʞʘʪʦʤʥʠʭ ʟʚ'ʷʟʢʽʚ, ʟ'ʻʜʥʘʥʥʷ ʪʠʧʫ çʟʚʘʨʚʁʘʥʥʷè. 

ɹʫʜʦʚʘ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʛʨʘʥʠʮʴ 

ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʽ ʰʘʨʘʤʠ, ʪʘʢʦʞ ʤʽʞ ʧʽʜʢʣʘʜʢʦʶ ʽ ʧʦʢʨʠʪʪʷʤ, ʱʦ ʦʙʫʤʦʚʣʝ-

ʥʦ ʫʤʦʚʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʯʘʩʪʦʢ ʨʦʟʧʠʣʶʚʘʣʴʥʠʤ ʧʦʪʦʢʦʤ, 

ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʤʽʞ ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʯʘʩʪʦʢ, ʢʠʩʥʝʤ ʽ ʘʟʦʪʦʤ ʧʦ-

ʚʽʪʨʷ. 

ʉʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʢʦʞʥʘ ʯʘʩʪʠʥʢʘ ʧʽʩʣʷ ʟʘʪʚʝʨʜʽʥʥʷ ʤʘʻ ʙʫ-

ʜʦʚʫ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʛʝʪʝʨʦʛʝʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɺ ʧʨʦʮʝʩʽ ʫʪʚʦʨʝʥʥʷ, 

ʧʦʣʴʦʪʫ ʽ ʢʦʥʪʘʢʪʫ ʟ ʧʽʜʢʣʘʜʢʦʶ (ʫʜʘʨʫ ʦʙ ʧʽʜʢʣʘʜʢʫ) ʚʦʥʘ ʧʽʜʜʘʻʪʴʩʷ ʽʥʪʝʥ-

ʩʠʚʥʽʡ ʪʝʧʣʦʚʽʡ, ʭʽʤʽʯʥʽʡ ʽ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʩʢʣʘʜʥʽʩʪʴ 

ʙʫʜʦʚʠ ʫʪʚʦʨʶʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ (ʨʠʩ.1.6). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʜʦʚʘ ʧʦʢʨʠʪʪʷ ʚ ʦʩʥʦʚʥʦʤʫ ʩʢʣʘʜʘʻʪʴʩʷ  ʟ ʯʘʩʪʦʢ ʥʘ-

ʧʠʣʶʚʘʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʛʨʘʥʠʮʴ ʦʢʩʠʜʥʠʭ ʧʨʦʰʘʨʢʽʚ ʤʽʞ ʥʠʤʠ. ɺʦʯʝʚʠʜʴ, 
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ʱʦ ʟʥʠʞʝʥʥʷ ʦʢʩʠʜʥʦʾ ʬʘʟʠ ʚ ʧʦʢʨʠʪʪʷʭ ʦʙʫʤʦʚʠʪʴ ʧʦʣʽʧʰʝʥʥʷ ʪʘʢʠʭ ʯʠʥ-

ʥʠʢʽʚ ʷʢ ʘʜʛʝʟʽʷ ʽ ʢʦʛʝʟʽʷ ʧʦʢʨʠʪʪʷ. ʊʦʤʫ ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ ʚ ʧʨʠʚʝʜʝʥʠʭ ʥʠʞʯʝ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʨʽʰʫʚʘʣʘʩʴ ʟʘʜʘʯʘ  ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚ ʨʦʟʧʠʣʶʚʘʣʴʥʦʤʫ 

ʧʦʚʽʪʨʽ ʦʙôʻʤʫ ʢʠʩʥʶ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʣʴʩʫʶʯʦʾ ʧʦʜʘʯʽ. 

ɺʩʪʘʚʣʝʥʦ ʪʘʢʦʞ, ʱʦ ʤʽʮʥʽʩʪʴ ʧʨʠʚʘʨʶʚʘʥʥʷ ʯʘʩʪʦʢ ʜʦ ʦʩʥʦʚʠ ʧʽʜʚʠ-

ʱʫʻʪʴʩʷ ʚ ʤʽʨʫ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʝʨʝʛʨʽʚ ʥʘʧʠʣʶʚʘʥʦʾ ʯʘʩʪʢʠ ʚʠ-

ʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ ʽ ʧʽʜʚʠ-

ʱʫʻ ʧʣʦʱʫ ʧʣʷʤʠ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʦʤʫ ʱʦ ʧʨʠ ʧʝʨʝʛʨʽʚʽ ʯʘʩʪʦʢ ʧʽʜʚʠʱʫ-

ʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʫ ʽ ʧʨʦʮʝʩ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʨʽʟʢʦ ʧʨʠʩʢʦʨʶʻʪʴʩʷ. 

 

 

 

ʈʠʩ 1.6. ɹʫʜʦʚʘ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʧʦʢʨʠʪʪʷ: 1 ï ʛʨʘʥʠʮʽ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ;  

2 ï ʛʨʘʥʠʮʽ ʤʽʞ ʰʘʨʘʤʠ; 3 ï ʛʨʘʥʠʮʽ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʽ ʧʽʜʢʣʘʜʢʦʶ; 4 ï ʯʘʩʪʠʥ-

ʢʠ (ʤʝʪʘʣʝʚʽ); 5 ï ʥʘʧʠʣʝʥʽ ʯʘʩʪʠʥʢʠ; 6 ï ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ. 

 

ʅʘ ʧʨʦʮʝʩ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʧʣʠʚʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʫ: ʨʽʜʢʘ 

ʯʘʩʪʠʥʢʘ-ʪʚʝʨʜʘ ʦʩʥʦʚʘ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʯʘʩʽ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʨʦʙʦʪʘʭ [25-28] ʘʥʘʣʽʟ  ʧʦʢʘʟʫʻ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʟ 
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ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʤʽʮʥʦʛʦ  ʟʯʝʧ-

ʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʥʪʘʢʪʫ ʯʠ ʦʩʥʦʚʠ. ɼʣʷ ʟôʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʤ ʜʽʾ 

ʦʜʥʦʛʦ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʚʽʜ ʫʜʘʨʫ ʪʘ ʨʦʟʪʽʢʘʥʥʷ ʯʘʩʪʦʢ ʧʦ ʦʩʥʦʚʽ [27-32]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʚ ʧʨʘʢʪʠʮʽ ʥʘʧʠ-

ʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʡʦʤ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʩʥʦʚʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʦ  ʷʢ ʟʘ ʨʘ-

ʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʩʥʦʚʠ (ʧʜ̔ʽʛʨʽʚ ʜʝʪʘʣʝʡ)[32] ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʠʣʶʚʘʥʠʭ ʯʘʩʪʦʢ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʩʥʦʚʠ ʧʦʪʨʝ-

ʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʫʩʢʣʘʜʥʶʻ ʪʝʭʥʦʣʦʛʽʶ ʤʝʪʘʣʽ-

ʟʘʮʽʾ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʯʘʩʪʦʢ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʩʪʨʫʤʫ  ʧʨʠʚʦ-

ʜʠʪʴ ʜʦ ʘʢʪʠʚʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʜʦʜʘʪʢʦʚʠʤ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʚʠʪʨʘʪʘʤ [32]. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʧʽʜʚʠ-

ʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘ-

ʣʴʥʦʛʦ ʧʦʪʦʢʫ ï ʧʽʜ ʯʘʩ ʚʽʜʩʫʪʥʦʩʪʽ ʜʽʾ ʧʦʪʦʢʫ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʥʘʢʦʧʠʯʝʥʥʷ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʷʭ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʧʦʪʽʤ ʚ ʧʨʦʮʝʩʽ ʪʨʘʥʩ-

ʧʦʨʪʫʚʘʥʥʷ ʯʘʩʪʦʢ ʤʘʪʝʨʽʘʣʫ ʟʙʝʨʝʞʝʪʴʩʷ ʾʭ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɺ ʨʦʙʦʪʘʭ [27, 28] ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʤʽʮʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩ-

ʥʦʚʦʶ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʦʢ ʟ ʦʢʠʩʥʦʶ ʧʣʽʚʢʦʶ ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ, ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʷʢʦʾ ʯʘʩʪʢʘ ʚʟʘʻʤʦʜʽʾ ʟ ʘʪʦʤʘʤʠ ʤʝʪʘʣʽʚ ʡ 

ʫʤʦʚʥʦ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʽʚʥʷʥʥʷʤ: 

 

 ( ) ( ) ,Me O Me M M ʆ¡¡ ¡ ¡¡- + = - + (1.1) 

ʜʝ Me' ï ʤʝʪʘʣ ʦʩʥʦʚʠ; 

ʄ'' ï ʤʝʪʘʣ ʯʘʩʪʢʠ: 

(ʄe'- ʆ) ï ʰʘʨ ʦʢʠʩʣʫ ʥʘ ʘʪʦʤʥʽʡ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ. 

 

ʎʷ ʩʭʝʤʘ ʚʽʨʥʘ ʜʣʷ ʧʨʦʮʝʩʽʚ ʧʣʘʟʤʦʚʦʛʦ, ʚʘʢʫʫʤʥʦʛʦ, ʜʝʪʦʥʘʮʽʡʥʦʛʦ 

ʧʨʦʮʝʩʽʚ ʥʘʧʠʣʝʥʥʷ. ʆʜʥʘʢ, ʪʫʪ ʥʝ ʚʨʘʭʦʚʫ̒ ʪʴʩʷ, ʱʦ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ 
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(ʢʦʣʠ ʤʘʪʝʨʽʘʣ ʨʦʟʧʠʣʶʻʪʴʩʷ ʧʦʚʽʪʨʷʥʠʤ ʩʪʨʫʤʦʤ) ʚ ʧʦʢʨʠʪʪʽ ʫʪʚʦʨʶʻʪʴʩʷ 

ʚʽʜ 5 % ʜʦ 25% ʦʢʩʠʜʽʚ [10, 33,  34] ʷʢʽ, ʷʢ ʧʨʘʚʠʣʦ,  ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʪʦʤʫ ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʻ ʨʠʭʣʠʤʠ ʪʘ ʥʝʤʽʮʥʠʤʠ.
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʦʢʠʩʣʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʭʦʜʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦ ʥʘ-

ʧʠʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʻ ʦʜʠʥ ʟ ʚʠʨʽʰʘʣʴʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪ-

ʪʷ, ʘ ʩʘʤʝ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ, ʷʢʘ ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ ï ʘʜʛʝʟʽʾ, ʘ ʪʘʢʦʞ ʟʯʝʧʣʝʥʥʷ 

ʯʘʩʪʠʥʦʢ ʧʦʢʨʠʪʪʽʚ ʤʽʞ ʩʦʙʦʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʩʫʪ-

ʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʢʨʠʪʪʽʚ, ʟʦʢʨʝʤʘ ʟʤʝʥʰʝʥʥʷʤ ʦʢʩʠʜʥʦʾ ʬʘʟʠ ʫ 

ʧʦʢʨʠʪʪʽ ʪʘ ʤʝʞʽ ʤʽʞ ʧʦʢʨʠʪʪʷʤ ʪʘ ʦʩʥʦʚʦʶ. ʄʘʻ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʦʚʝ-

ʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʥʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢ-

ʨʠʪʪʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʟʦʥʽ ʧʝʨʝʭʦʜʫ ʧʦʢʨʠʪʪʷ-ʦʩʥʦʚʘ. 

 

1.4. ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʢʪʦʨʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʟ  

ʦʩʥʦʚʦʶ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ 

 

ʇʨʠ ʛʘʟʦʪʝʨʤʽʯʥʦʤʫ ʥʘʧʠʣʝʥʥʽ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ 

ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ. 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʤʝʪʘʣʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʨʠʩ 1.7. 

[35, 36]. ɺʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʥʘ ʧʦʚʽʪʨʽ ʫʩʽ ʤʽʢʨʦ ʚʠʩʪʫʧʠ ʪʘ ʚʧʘʜʠʥʠ, ʚʢʨʠʚʘ-

ʶʪʴʩʷ ʦʢʠʩʥʠʤʠ ʧʣʽʚʢʘʤʠ, ʘ ʪʘʢʦʞ ʚʽʜʩʦʨʙʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ʚʦʜʠ, ʛʘʟʽʚ ʽ ʞʠ-

ʨʦʚʠʭ ʨʝʯʦʚʠʥ. ʇʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʱʦ ʟʥʘʡʰʣʘ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʧʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ) ʧʝʨʰʠʤ ʰʘʨʦʤ ʟʚʠʯʘʡʥʦ ʟôʷʚʣʷʻʪʴʩʷ ʦʢʠʩʥʘ 

ʧʣʽʚʢʘ. 

ʆʢʠʩʥʠʡ ʰʘʨ, ʧʨʠʣʝʛʣʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʤʝʪʘʣʫ, ʷʚʣʷʻ ʩʦʙʦʶ ʧʫʭʢʝ 

ʧʦʢʨʠʪʪʷ, ʷʢʝ ʩʪʨʫʢʪʫʨʥʦ ʪʽʣʴʢʠ ʱʝ ʧʽʜʣʘʪhʦʚʫʻʪʴʩʷ ʧʽʜ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ 

ʤʝʪʘʣʫ, ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ  ʚʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʢʨʠʩʪʘʣʽʯʥʘ ʙʫʜʦʚʘ ʽ ʟʤʝʥʰʫʻʪʴʩʷ 

ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʫʪʚʦʨʝʥʥʷ. 
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ʆʢʠʩʥʠʡ ʰʘʨ ʥʘ ʤʝʞʽ ʟ ʤʝʪʘʣʦʤ ʟʙʝʨʽʛʘʻ ʥʝʛʘʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʪʦʤʫ 

ʱʦ ʧʦʟʠʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʤʘʻ ʩʘʤ ʤʝʪʘʣ.  

 

 

ʈʠʩ. 1.7. ʉʪʘʥ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʥʘ ʧʦʚʽʪʨʽ ʟʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [35]: ɸ ï 

ʛʣʠʙʠʥʥʠʡ ʰʘʨ ʤʝʪʘʣʫ, ʷʢʠʡ ʥʝ ʪʦʨʢʥʫʣʘʩʴ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ; ɹ ï ʧʦʚʝ-

ʨʭʥʝʚʠʡ ʰʘʨ ʧʦʚʥʽʩʪʶ ʨʦʟʦʨʽʻʥʪʦʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟ ʧʨʦʰʘʨʢʘʤʠ ʦʢʠʩʣʽʚ; ɺ ï 

ʦʢʩʠʜʥʠʡ ʰʘʨ, ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʷʨʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʛʨʘʥʠʮʴ, ʘ ʪʘ-

ʢʦʞ ʧʦʚʝʨʭʥʷ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʤʝʪʘʣʫ ʧʦʢʘʟʘʥʽ ʟʥʘʢʘʤʠ ç+è, ç-è; ɻ ï ʘʜʩʦʨʙʦ-

ʚʘʥʠʡ ʰʘʨ ʢʠʩʥʝʚʠʭ ʘʥʽʦʥʽʚ ʡ ʥʝʡʪʨʘʣʴʥʠʭ ʤʦʣʝʢʫʣ; ɼ ï ʰʘʨ ʚʦʜʷʥʠʡ ʤʦʣʝ-

ʢʫʣ, ɽ ï ʰʘʨ ʞʠʨʦʚʠʭ ʤʦʣʝʢʫʣ; ɾ ï ʽʦʥʽʟʦʚʘʥʽ ʧʠʣʦʚʽ ʯʘʩʪʢʠ  

 

ɿʦʚʥʽʰʥʽʡ ʰʘʨ ʦʢʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʩʪʘʻ ʝʣʝʢʪʨʦʧʦʟʠʪʠʚʥʠʤ ʪʘ ʘʜʩʦʨʙʫʻ 

ʥʘ ʩʝʙʝ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʡ ʰʘʨ ʢʠʩʥʶ, ʷʢʠʡ ʚʞʝ ʥʝ ʟʥʘʭʦʜʠʪʴ ʭʽʤʽʯʥʠʭ 

ʟʘʚôʷʟʢʽʚ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʣʴʥʠʭ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʫ. 

ɿʘ ʜʘʥʠʤʠ ʘʚʪʦʨʽʚ [37,38,39], ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦ-

ʚʫʚʘʪʠ ʪʘʢʦʞ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʫ ʤʝʪʘʣʽʯʥʦʾ ʧʦʚʝʨʭʥʽ:  

1. ʊʦʯʢʦʚʽ ʜʝʬʝʢʪʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʬʫʟʽʾ ʘʪʦʤʽʚ 

ʟ ʦʙôʻʤʫ ʥʘ ʧʦʚʝʨʭʥʶ ʢʨʠʩʪʘʣʘ.  
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2. ʇʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ (ʝʥʝʨʛʽʷ ʚʽʣʴʥʠʭ ʟʚôʷʟʢʽʚ). 

3. ɸʜʩʦʨʙʮʽʷ ʥʘ ʤʝʪʘʣʝʚʽʡ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʤʦʣʝʢʫʣ ʢʠʩʥʶ, ʷʢʽ ʤʽʮʥʦ ʧʦ-

ʚ'ʷʟʘʥʽ ʟ ʤʝʪʘʣʝʚʦʶ ʦʩʥʦʚʦʶ.  

ʄʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʜʫʛʦʚʝ ʥʘʧʠʣʝʥʥʷ ʟ ʧʫʣʴʩʫʶʯʠʤ ʨʦ-

ʟʧʠʣʶʚʘʣʴʥʠʤ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ ʧʨʠʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʽʩʪʴ ʦʢʩʠʜʽʚ ʫ ʧʦ-

ʢʨʠʪʪʽ, ʧʦʢʨʘʱʠʪʴ ʫʤʦʚʠ ʟʤʦʯʫʚʘʥʥʷ ʯʘʩʪʦʢ ʧʦʢʨʠʪʪʷ ʥʘʧʠʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ 

ʽ ʧʽʜʚʠʩʠʪʴ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ. 

ʇʨʠʜʘʪʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ. ʇʦʩʪʘʚʣʝʥʘ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ  ʮʽʣʴ ʟ ʨʦʟʨʦʙʢʠ ʚʠ-

ʩʦʢʦ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʚʠʤʘʛʘʣʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ [41,42]:  ʧʨʷʤʽ ʯʠ ʥʝʧʨʷʤʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʝʶ ʯʠ 

ʙʝʟ ʥʴʦʛʦ (ʨʠʩ.1.8), ʚʠʧʨʦʙʫʚʘʥʥʷ  ʥʘ ʟʨʽʟ  (ʨʠʩ.1.9, 1.10), ʚʽʜʨʠʚ (ʨʠʩ.1.11), 

ʘʙʦ ʢʦʤʧʣʝʢʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʟʨʽʟʽ ʟ ʚʽʜʨʠʚʦʤ (ʨʠʩ. 1.12). 

 

 

 

ʈʠʩ.1.8. ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ ʥʘ 

ʚʽʜʨʠʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʝʶ: 1 ï ʦʩʥʦʚʘ; 2 ï ʥʘʥʝʩʝʥʝ ʧʦʢʨʠʪʪʷ; 3 ï ʰʘʨ 

ʢʣʝʶ. 
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ʈʠʩ.1.9. ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ ʥʘ 

ʟʨʽʟ: 1ï ʦʩʥʦʚʘ; 2ï ʥʘʥʝʩʝʥʝ ʧʦʢʨʠʪʪʷ; 3 ï ʰʪʠʬʪ. 

 

 
 

ʈʠʩ.1.10. ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʧʨʠ ʯʠʩʪʦʤʫ  

ʟʨʽʟʽ: 1 ï ʥʘʥʝʩʝʥʝ ʧʦʢʨʠʪʪʷ, 2 ï ʝʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʽʾ, 3 ï ʦʩʥʦʚʘ. 
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ʈʠʩ.1.11.  ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ ʥʘ 

ʚʽʜʨʠʚ: 2 ï ʥʘʥʝʩʝʥʝ ʧʦʢʨʠʪʪʷ, 1 ï ʦʩʥʦʚʘ, 3 ï 4 ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

 

 

ʈʠʩ. 1.12. ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ 

ʧʨʠ ʟʨʽʟʽ ʟ ʚʽʜʨʠʚʦʤ: 1 ï ʥʘʥʝʩʝʥʝ ʧʦʢʨʠʪʪʷ, 2 ï ʦʩʥʦʚʘ, 3-4 ï ʝʣʝʤʝʥʪʠ ʢʦʥʩ-

ʪʨʫʢʮʽʾ. 

 

ʐʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʚʽʜʨʠʚ 

ʚʽʜ ʦʩʥʦʚʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʝʻʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ [43, 
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45]. ʆʜʥʘʢ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʪʦʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʩʧʦʪʚʦʨʝ-

ʥʽ, ʘ ʥʘʡʯʘʩʪʽʰʝ ʡ ʟʥʝʮʽʥʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʠʚʫ ʟʨʘʟʢʘ ʧʦ ʧʨʦʰʘʨʢʫ ʢʣʝʶ.  

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʧʦʢʨʠʪʪʽʚ ʥʘ ʚʽʜʨʠʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʪʠʬʪʦʚʫ ʧʨʦʙʫ 

ʧʦ ʤʝʪʦʜʫ ʉʪʝʬʬʝʥʩʘ [42, 46], ʱʦ ʜʦʟʚʦʣʷʻ  ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʩʪʘʥʦʚʠʪʠ  ʩʠʣʫ 

ʚʽʜʨʠʚʫ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʤʝʪʦʜ ʥʘ ʨʠʩʫʥʢʫ ʥʝ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʦʚʽʨʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʫ ʟʚôʷʟʢʫ ʟ ʪʨʫʜʥʦʱʘʤʠ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ɯʩʥʫʻ ʛʨʫʧʘ ʟʨʘʟʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʷʢ ʥʘ ʚʽʜʨʠʚ, ʪʘʢ ʽ ʥʘ ʯʠʩʪʠʡ ʟʩʫʚ [42-46].  

ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘ ʧʦʢʨʠʪʪʷ ʜʽʶʪʴ ʢʦʤ-

ʧʣʝʢʩʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʚʽʜʨʠʚ ʟʽ ʟʨʽʟʦʤ, ʘʙʦ ʚʽʜʨʠʚ ʟ̔ ʟʩʫʚʦʤ. ʊʦʤʫ ʥʝʦʙʭʽʜ-

ʥʦ ʨʦʟʛʣʷʜʘʪʠ ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʚʽʜʨʠʚ ʟʽ 

ʟʨʽʟʦʤ 

ʄʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʽʜʨʠ-

ʚʦʤ ʟʽ ʟʨʽʟʦʤ (ʨʠʩ.1.13., 1.14), ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʢʘʬʝʜʨʽ çʆʽʊɿɺè ʇɼʊʋ ʽ ʚʠʢʦ-

ʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʘʢʪʠʮʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ.  

 

 

 

ʈʠʩ. 1.13. ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝ-

ʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʽʜʨʠʚʦʤ ʟʽ ʟʨʽʟʦʤ.    
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ʈʠʩ. 1.14. ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝ-

ʧʣʝʥʷ ʧʦʢʨʠʪʪʷ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʽʜʨʠʚʦʤ ʟʽ ʟʨʽʟʦʤ:  1 - ʧʦʢ-

ʨʠʪʪʷ, 2 - ʟʨʘʟʢʠ ʟʽ ʩʢʦʩʦʤ ʢʨʦʤʦʢ; 3 - ʨʫʭʣʠʚʽ ʧʽʜʩʪʘʚʠ; 4 - ʥʘʧʨʷʤʥʽ. 

 

ɺ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʨʘʟʢʠ ʟʽ ʩʢʦʩʦʤ ʢʨʦʤʦʢ ʧʽʜ ʢʫ-

ʪʦʤ Ŭ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʨʫʭʦʤʠʭ ʧʽʜʩʪʘʚʘʭ ʧʨʠʩʪʨʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ 

ʧʨʦʪʠʣʝʞʥʝ ʧʘʨʘʣʝʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ (ʨʠʩ. 1.14.). ʉʢʦʩʠ ʢʨʘʡʦʢ ʫʪʚʦʨʶʶʪʴ 

ʦʙʨʦʙʣʝʥʥʷ, ʟʘʧʦʚʥʝʥʝ ʚʠʧʨʦʙʦʚʫʚʘʥʠʤ ʧʦʢʨʠʪʪʷʤ. ʇʨʠʩʪʨʽʡ ʚʩʪʘʥʦʚʣʶʻʪʴ-

ʩʷ ʚ ʨʦʟʨʠʚʥʫ ʤʘʰʠʥʫ ʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʦʪʠʣʝʞʥʦ ʩʧʨʤ̫ʦʚʘʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 

ʟʨʘʟʢʽʚ. ɺʠʟʥʘʯʘʶʪʴ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʚʽʜʜʽʣʝʥʥʷ ʧʦʢʨʠʪʪʷ Fʆ.ʇ. ʟ ʟʨʘʟʢʽʚ ʽ ʟʥʘ-

ʭʦʜʷʪʴ ʚʝʣʠʯʠʥʫ ʥʘʧʨʫʛʠ ʚʽʜʨʠʚʫ ʽ ʟʨʽʟʫ:      

   

            ;    ,ʚʽʜ ʟʨ

ʈsin ʈʩʦs

F F

a a
s t= =                                     (1.2) 

ʜʝ ůʚʽʜ - ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ ʚʽʜʨʠʚʫ, ʅ/ʤ
2
; 

Űʟʨ  - ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʛʠ ʟʨʽʟʫ, ʅ/ʤ
2
; 

a  - ʢʫʪ ʩʢʦʩʫ ʢʨʘʡʦʢ  ʟʨʘʟʢʽʚ. 
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ʅʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʨʠ Ŭ Ò 90 ̄ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʚʠʧʨʦʙʫ-

ʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʨʽʟʽ ʪʘ ʚʽʜʨʠʚʽ ʧʦʢʨʠʪʪʷ ʽ ʚ ʷʢʦʩʪʽ ʧʦʢʘʟ-

ʥʠʢʘ ʤʽʮʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ: 

 

                         2 23 .ʝʢʚ ʚʽʜʨ ʟʨs s t=° +                                            (1.3) 

 

ɼʘʥʠʡ ʚʘʨʽʘʥʪ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʧʨʠʯʠʥʦʶ: ʚʝʣʠ-

ʢʠʡ ʨʦʟʢʠʜ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʝʨʝʢʽʩ ʽ ʧʽʜʢʣʠʥʶʚʘʥʥʷ ʥʘʧʨʷʤʥʠʭ 4 ʥʘ 

ʨʫʭʦʤʠʭ ʧʽʜʩʪʘʚʘʭ 1 (ʨʠʩ. 1.13.) ɿ ʦʛʣʷʜʫ ʥʘ ʥʝʩʧʽʚʚʽʩʥʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠ-

ʧʨʦʙʦʚʫʚʘʥʠʭ ʟʨʘʟʢʽʚ 2 ʽ ʦʩʽ ʜʦʢʣʘʜʘʥʥʷ ʟʫʩʠʣʴ; ʤʦʞʣʠʚʝ ʨʫʡʥʫʚʘʥʥʷ ʧʦʢ-

ʨʠʪʪʷ ʥʝ ʧʦ ʟʦʥʽ ʟʯʝʧʣʝʥʥʷ, ʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦ ʧʝʨʝʨʽʟʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʭʠʙʢʠ ʦʪʨʠʤʘʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦ-

ʚʦʶ. ʂʨʽʤ ʪʦʛʦ, ʚ ʢʦʨʝʥʽ ʧʦʢʨʠʪʪʷ ʩʪʚʦʨʶʻʪʴʩʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʢʦʥʮʝʥʪʨʘ-

ʪʦʨ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʢʠʜʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. ʅʝʜʦʣʽ-

ʢʦʤ ʻ ʪʘʢʦʞ ʚʽʜʥʦʩʥʘ ʩʢʣʘʜʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʫʩʪʘʥʦʚʢʠ ʽ 

ʷʢʽʩʥʝ ʟʘʧʦʚʥʝʥʥʷ ʦʙʩʷʛʫ ʤʽʞ ʩʢʦʩʘʤʠ ʟʨʘʟʢʽʚ. 

 

1.5. ɸʥʘʣʽʟ ʚʠʛʦʨʘʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʧʨʦʮʝʩʽ ʥʘʥʝʩʝʥʥʷ  

ʧʦʢʨʠʪʪʽʚ ʜʫʛʦʚʠʤ ʥʘʧʠʣʝʥʥʷʤ ʪʘ ʟʘʭʦʜʠ, ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʾʭ ʚʪʨʘʪ 

 

ɯʥʪʝʥʩʠʚʥʠʡ ʥʘʛʨʽʚ ʯʘʩʪʠʥʦʢ ʥʘʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʜʫʛʦʚʦʤʫ 

ʥʘʧʠʣʝʥʥʽ ʪʘʢʦʞ ʩʪʘʻ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʜʝʷʢʠʭ ʣʝʛʫʶʯʠʭ ʢʦʤʧʦʥʝ-

ʥʪʽʚ ʩʢʣʘʜʫ.  

ɺ ʪʘʙʣ. 1.4 ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʦ ʚʤʽʩʪ ʤʘʨʛʘʥʮʶ, ʢʨʝʤʥʽʶ ʪʘ ʭʨʦʤʫ 

ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʪʘ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʤʫ ʥʘʧʠʣʶʚʘʥʥʽ ʜʨʦʪʦʤ.  

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ, 

ʚʤʽʩʪ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʥʠʞʯʠʡ, ʥʽʞ ʧʨʠ ʛʘʟʦʧʦʣʫʤʝʥʝʚʦʤʫ ʥʘʧʠʣʝʥʥʽ. 
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ʊʘʙʣʠʮʷ 1.4 - 

ɿʤʽʥʘ ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ, ʤʘʨʛʘʥʮʶ ʽ ʭʨʦʤʫ ʚ ʩʪʘʣʷʭ ʧʨʠ ʛʘʟʦʧʦʣʫʤ'ʷʥʦʤʫ  

ʽ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ [10] 

ɺʤʽʩʪ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ 

ʥʘʧʠʣʶʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, % 

ɺʤʽʩʪ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʧʦʢʨʠʪʪʽ,% 

ɻʘʟʦʧʦʣʫʤ'ʷʥʝ  

ʥʘʧʠʣʝʥʥ ̫

ɼʫʛʦʚʝ 

ʥʘʧʠʣʝʥʥʷ 

 

ʄʘʨʛʘʥʝʮʴ  

0,41 

0,5 

0,52 

0,6 

0,35 

0,48 

0,46 

0,55 

0,30 

0,36 

0,36 

0,46 

 

ʂʨʝʤʥʽʡ  

0,23 

0,23 

0,27 

0,20 

0,21 

0,27 

0,14 

0,14 

0,22 

ʍʨʦʤ 1,18 1,12 1,12 

 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʚ ʧʦʢʨʠʪʪʽ ʧʨʠ ʜʫ-

ʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʜʣʷ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ. ɼʘʥʠʤʠ ʪʘʙʣ. 1.5 ʧʽ-

ʜʪʚʝʨʜʞʝʥʦ ʽ ʟʤʽʥʠ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ.  

 

ʊʘʙʣʠʮʷ 1.5 - 

ɿʤʽʥʘ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʧʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ ʜʨʦʪʦʤ  

ʟ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ 

ɺʤʽʩʪ ʚʫʛʣʝʮʶ ʚ ʥʘʧʠʣʶʚʘʥʦʤʫ  

ʤʘʪʝʨʽʘʣʽ (ʜʨʦʪʽ), % 

ɺʤʽʩʪ ʚʫʛʣʝʮʶ ʚ ʥʘʧʠʣʝʥʦʤʫ  

ʧʦʢʨʠʪʪʽ, % 

0,91 0,39 

0,69 0,16 

0,30 0,13 

0,07 0,04 

 

ɺ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʚ ʤʘ-

ʪʝʨʽʘʣʽ ʧʦʢʨʠʪʪʷ [10]. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʤʦʞʝ ʜʘʪʠ ʤʦʞ-

ʣʠʚʽʩʪʴ ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʚʠʛʦʨʷʥʥʷ ʚʫʛʣʝʮʶ ʽ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʥʘʧʠʣʝ-

ʥʦʤʫ ʧʦʢʨʠʪʪʽ.  

 

1.6. ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʧʠʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʫʛʦʚʠʭ ʤʝʪʘʣʽʟʘ-

ʪʦʨʽʚ 

 

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʨʦʮʝʩ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʤʘʻ ʧʝ-

ʨʝʚʘʛʠ ʟʘ ʪʝʧʣʦʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʚʽʜʥʦʩʥʦʶ ʚʘʨʪʽʩʪʶ ʧʦʢʨʠʪʪʽʚ (ʟʘ ʝʢʦʥʦ-

ʤʽʯʥʦʶ ʦʮʽʥʢʦʶ ʖ. ʍʘʨʣʘʤʦʚʘ [1, 2] ʚʘʨʪʽʩʪʴ ʚ 3õ10 ʨʘʟʽʚ ʜʝʰʝʚʰʝ ʧʦʢʨʠʪ-

ʪʽʚ, ʦʜʝʨʞʫʚʘʥʠʭ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ) ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ. 

ʗʢ ʚʽʜʦʤʦ, ʧʦʢʨʠʪʪʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʬʦʨʤʫʻʪʴʩʷ ʟ ʢʨʘʧʝʣʴ ʨʽ-

ʜʢʦʛʦ ʤʝʪʘʣʫ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʚ ʩʪʨʫʤʝʥʽ ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʛʘʟʫ. ʈʦʟʧʣʘʚʣʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʘ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ. ʈʽʜʢʠʡ ʤʝʪʘʣ ʟʜʫ-

ʚʘʻʪʴʩʷ ʟ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ, ʧʦʜʨʽʙʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʽ ʝʣʝʢʪ-

ʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ ʪʘ ʫ ʚʠʛʣʷʜʽ ʢʨʘʧʝʣʴ ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʨʝʟʫʣʴʪʫʶʯʦʾ ʾʭ 

ʜʽʾ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1.15. 

 

 

 

ʈʠʩ. 1.15. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ [10]. 
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ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʨʫʤʽʥʴ ʟ ʚʝʣʠʢʦʶ ʤʘʩʦʚʦʶ ʚʠʪʨʘ-

ʪʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʨʘʧʝʣʴ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʚ-

ʥʦʛʦ ʚʠʛʦʨʷʥʥʷ ʟ ʤʝʪʘʣʫ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʥʘʩʠʯʝʥʥʷ ʰʘʨʫ, ʱʦ ʥʘʥʦʩʠʪʴ-

ʩʷ, ʛʘʟʘʤʠ ʟ ʘʪʤʦʩʬʝʨʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʟʥʠʞʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʜʤʽʨʥʦʛʦ ʚʤʽʩʪʫ ʦʢʩʠʜʽʚ ʚ ʧʦʢʨʠʪʪʽ. 

ɺ ʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʘʧʘʨʘʪʽʚ ʫ ʥʘʷʚʥʦʩʪʽ ʰʠʨʦʢʠʡ ʬʘʢʝʣ ʨʦʟʧʠʣʫ 

ʩʪʨʫʤʝʥʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 

0,5-0,6, ʘ ʱʽʣʴʥʽʩʪʴ  ʧʦʢʨʠʪʪʷ ʥʘ ʧʝʨʠʬʝʨʽʾ ʧʣʷʤʠ ʨʦʟʧʠʣʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʚʩʝ 

ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʷ. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʽʩʥʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʜʫʛʦʚʠʭ ʤʝʪʘʣʽʟʘʪʦʨʽʚ, ʷʢʽ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʚʟʘʻʤʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʜʨʦʪʽʚ ʽ ʨʦʟʧʠʣʶʚʘʣʴʥʠʭ ʩʦʧʝʣ; 

ʚʠʜʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʛʘʟʫ. 

ʉʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʦʧʣʦʚʦʛʦ ʚʫʟʣʘ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʟʘʢʨʠʪʽ ʪʘ ʚʽʜʢ-

ʨʠʪʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʠʩ. 1.16-1.17 [47-52]. 

 

 
 

ʘ 

 
 

ʙ 

 

ʈʠʩ. 1.16. ʉʭʝʤʠ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʦʧʣʘ ʚʫʟʣʘ ʽ ʜʨʦʪʽʚ, ʱʦ  ʧʽʜ-

ʚʦʜʷʪʴ ʩʪʨʫʤ: ʘ ï ʟʘʢʨʠʪʘ ʩʭʝʤʘ; ʙ ï ʚʽʜʢʨʠʪʘ ʩʭʝʤʘ; 1 ï ʝʣʝʢʪʨʦʜ; 2 ï ʩʦʧʣʦ. 
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ʈʠʩ.1.17. ɺʽʜʢʨʠʪʘ ʩʭʝʤʘ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʧʦʜʘʯʝʶ ʛʘʟʫ ʯʝʨʝʟ ʩʧʽ-

ʚʚʽʩʥʽ ʟ ʜʨʦʪʘʤʠ ʩʦʧʣʘ [29]: 1 ï ʜʨʽʪ; 2 ï ʩʦʧʣʦ. 

 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʩʝʨʽʡʥʠʭ ʤʝ-

ʪʘʣʽʟʘʪʦʨʘʭ ʪʠʧʫ ɽʄ-15, ɽʄ-17 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʦʣʦʚʢʠ, ʱʦ ʨʦʟʧʠʣʶʶʪʴ ʟ 

ʩʦʧʣʦʤ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ [50-52], ʷʢʽ ʜʘʶʪʴ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ ʦʢʠʩʣʝʥʥʷ ʣʝ-

ʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʦʪʨʽ ʚʚʦʜʷʪʴʩʷ ʚ ʝʣʝʢʪʨʦʜʥʠʡ ʤʘʪʝʨʽʘʣ, ʰʠʨʦʢʘ ʧʣʷʤʘ ʨʦ-

ʟʧʦʜʽʣʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʤʫ ʩʪʨʫʤʝʥʽ (ʥʝʩʝ ʟʘ 

ʩʦʙʦʶ ʚʝʣʠʢʽ ʚʪʨʘʪʠ ʥʘʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ), ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ 

ʧʦʣʴʦʪʫ ʤʝʪʘʣʽʟʘʮʽʡʥʠʭ ʯʘʩʪʠʥʦʢ. 

ɺ ʨʦʙʦʪʽ [48] ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʣʴʦʪʫ ʤʝʪʘʣʽʟʘʮʽʡ-

ʥʠʭ ʯʘʩʪʠʥʦʢ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʩʧʨʦʙʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʘʣʽʟʘʪʦʨ, ʷʢʠʡ 

ʦʩʥʘʱʝʥʠʡ ʪʨʫʙʥʠʤʠ ʥʘʩʘʜʢʘʤʠ ʜʦ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʦʧʣʘ. ʍʦʯʘ 

ʮʝ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʘʙʠʚʘʥʥʷ ʥʘʩʘʜʢʠ ʪʦʙʪʦ ʥʘʣʠʧʘʥʥʷ ʤʝʪʘʣʽʟʘʮʽʡʥʠʭ ʯʘʩʪʠ-

ʥʦʢ ʥʘ ʾʾ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʽ ʥʝ ʜʘʚʘʣʦ ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʟʠʪʠʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʥʫʩʥʦʾ ʥʘʩʘʜʢʠ ʟ ʙʽʣʴʰʠʤ ʢʫ-

ʪʦʤ ʢʦʥʫʩʥʦʩʪʽ, ʜʝ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʠʡ ʩʪʨʫʤʽʥʴ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʧʦ-

ʨʠʩʪʠʡ ʢʽʣʴʮʝʧʦʜʽʙʥʠʡ ʚʢʣʘʜʠʰ, ʥʘʚʢʦʣʠʰʥʽʡ ʦʪʚʽʨ ʩʦʧʣʘ, ʩʪʚʦʨʶʻ ʛʘʟʦʚʠʡ 

ʧʦʪʽʢ, ʱʦ ʦʙʪʽʢʘʻ ʩʪʽʥʢʠ ʥʘʩʘʜʢʠ ʽ ʩʧʨʷʤʦʚʘʥʠʡ ʜʦ ʡʦʛʦ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ. ɿʘ-

ʢʨʫʛʣʝʥʽ ʥʘʟʦʚʥʽ ʢʨʦʤʢʠ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʥʘʩʘʜʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴʦ-

ʚʘʥʝ ʚʽʜʚʝʜʝʥʥʷ ʛʘʟʫ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ, ʷʢʠʡ ʤʝʪʘʣʽʟʫʻʪʴʩʷ. 
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ɸʣʝ ʚʩʝ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʝ, ʩʪʚʦʨʶʚʘʥʽ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʚ ʧʨʦʮʝʩʽ 

ʤʝʪʘʣʽʟʘʮʽʾ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʟʚʦʜʷʪʴʩʷ ʥʘʥʽʚʝʮʴ ʚʠʩʦʢʦʶ ʚʠʪʨʘʪʦʶ ʩʪʠʩʥʝ-

ʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ [51-55] ï ʧʦʤʠʣʢʦʚʦ. ʇʽʜʚʠʱʝʥʘ ʚʠʪʨʘʪʘ 

ʧʦʚʽʪʨʷ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʾ ʤʝʪʘ-

ʣʽʟʘʮʽʾ, ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʚʥʽʰʦʤʫ ʦʢʠʩʣʝʥʥʶ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝ-

ʪʘʣʫ, ʟʥʠʞʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʷʢʽʩʪʴ ʽ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ. ʗʢ ʥʘʩʣʽʜʦʢ, 

ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʛʘʟʫ (40õ60 ʤ
3
/ʛʦʜ) ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ, ʨʦʙʣʷʪʴ ʥʝʜʦʮʽʣʴʥʠʤ ʟʘʤʽʥʫ ʩʪʠʩʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ ʙʫʜʴ-ʷʢʠʤ ʽʥʰʠʤ ʽʥʝʨʪʥʠʤ ʛʘʟʦʤ, ʷʢʠʡ  ʥʝ ʦʢʠʩʣʶʻʪʴʩʷ  (ʥʘʧʨʠʢʣʘʜ 

ʛʝʣʽʡ, ʘʨʛʦʥ, ʘʟʦʪ ʪʦʱʦ) ʟ ʧʨʠʯʠʥʠ ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʚ ʨʦʙʦʪʽ [48] ʩʦʧʣʦ, ʟʘʤʢʥʫʪʝ ʤʘʡʞʝ ʜʦ ʪʦʯʢʠ ʜʦʪʠʢʫ 

ʢʦʥʪʘʢʪʫ ʦʙʦʭ ʜʨʦʪʽʚ, ʜʘʣʦ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʪɹʘʪʠ ʚʽʜʥʦʩʥʦ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ 

ʧʦʚʽʪʨʷ ʤʝʪʘʣʽʟʘʪʦʨʘ. ʍʦʯʘ ʚʦʥʦ ʪʘʢ ʩʘʤʦ ʥʝʟʘʙʘʨʦʤ ʙʫʣʦ ʟʘʙʠʪʦ ʯʘʩʪʠʥʢʘʤʠ 

ʤʝʪʘʣʫ, ʱʦ ʚʠʢʠʜʘʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʽʢʨʦ ʟʨʠʚʽʚ ʧʨʠ ʢʦʥʪʘʢʪʫʚʘʥʥʽ ʜʨʦʪʷ-

ʥʠʭ ʝʣʝʢʪʨʦʜʽʚ. ɺʟʷʚʰʠ ʜʦ ʫʚʘʛʠ ʮʽ ʥʝʜʦʣʽʢʠ, ʚ ʨʦʙʦʪʽ [48] ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘ-

ʥʘ ʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʦʧʣʘ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʣʦ ʧʝʨʝʰʢʦʜʠʪʠ ʚʠʢʠʜʫ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʤʝ-

ʪʘʣʫ ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ ʜʦ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ ʦʩʥʦʚʥʦʾ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ 

ʥʘʧʠʣʶʻʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʙʫʣʘ ʙʠ ʟʥʠʞʝʥʘ ʜʦ ʚʝʣʠʯʠ-

ʥʠ, ʥʝʦʙʭʽʜʥʦʾ ʪʽʣʴʢʠ ʜʣʷ ʨʦʟʧʠʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʪʘʣʫ. ʋ ʜʚʦʭ-

ʝʣʝʢʪʨʦʜʥʠʭ ʧʽʩʪʦʣʝʪʘʭ ʟʘʟʥʘʯʝʥʽ ʚʠʤʦʛʠ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʘ ʥʝ ʟʜʽʡʩʥʝʥʥʽ, ʪʦ-

ʤʫ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʦʜʥʦ ʜʨʦʪʷʥʦʛʦ  ʩʦʧʣʘ ʟ ʜʫʛʦʶ, ʷʢʘ ʦʙʝʨ-

ʪʘʻʪʴʩʷ, ʜʝ ʥʘʛʨʽʪʠʡ ʜʨʽʪ ʛʨʘʻ ʨʦʣʴ ʢʘʪʦʜʘ, ʭʦʣʦʜʥʝ ʩʦʧʣʦ ï  ʘʥʦʜʘ. ʂʦʪʫʰʢʘ, 

ʯʝʨʝʟ ʷʢʫ ʧʨʦʭʦʜʠʪʴ ʧʦʚʥʠʡ ʜʫʛʦʚʠʡ ʩʪʨʫʤ, ʩʪʚʦʨʶʻ ʥʝʦʜʥʦʨʽʜʥʝ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ, ʱʦ ʚʠʢʣʠʢʘʻ ʦʙʝʨʪʘʥʥʷ ʜʫʛʠ ʽ ʧʨʠ ʟʘʜʘʥʽʡ ʧʦʣʷʨʥʦʩʪʽ, ʷʢʘ ʫʪʨʠʤʫʻ ʾʾ ʚ 

ʩʝʨʝʜʠʥʽ ʢʦʪʫʰʢʠ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʚʠʪʨʘʪ ʤʝʪʘʣʫ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʥʘ-

ʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʜʫʛʦʚʽʡ ʢʘʤʝʨʽ, ʢʦʪʫʰʢʘ ʦʪʦʯʝʥʘ ʤʝʪʘʣʝʚʠʤ 

ʢʦʞʫʭʦʤ. ʉʦʧʣʦ ï ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʝ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʛʦʨʽʥʥʷ ʜʫʛʠ ʽ ʚʠʩʦʢʘ 

ʰʚʠʜʢʽʩʪʴ ʾʾ ʦʙʝʨʪʘʥʥʷ ʙʫʣʠ ʜʦʩʷʛʥʫʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʨʷʯʦʛʦ ʢʘʪʦʜʘ ʪʦʤʫ 

ʱʦ ʧʨʠ ʭʦʣʦʜʥʦʤʫ ʢʘʪʦʜʽ, ʟʤʽʥʶʶʯʠ ʧʦʣʷʨʥʽʩʪʴ, ʜʫʛʘ ʩʪʘʚʘʣʘ ʥʝʢʝʨʦʚʘʥʦʶ ʽ 
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ʣʝʛʢʦ ʛʘʩʠʣʘʩʴ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʘʨʛʦʥ, ʷʢ ʨʦʟʧʠʣʶʚʘʣʴʥʠʡ 

ʛʘʟ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʦʨʽʥʥʷ ʜʫʛʠ ʙʫʣʘ ʚʠʢʣʶʯʥʦ ʚʠʩʦʢʦʶ [51]. 

ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʦʚʝʜʝʥʽ ʘʚʪʦʨʦʤ  [48] ʜʦʩʣʽʜʞʝʥʥʷ ʷʚʣʷ-

ʶʪʴʩʷ ʧʝʚʥʠʤ ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ ʦʪʨʠʤʘʥʥʷ, ʫʤʦʚ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʨʦʮʝʩʫ ʥʘ-

ʥʝʩʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ, ʦʜʥʘʢ ʨʦʙʦʪʘ 

ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʱʝ ʜʘʣʝʢʦ ʥʝ ʟʘʚʝʨʰʝʥʘ. ɼʦʩʣʽʜʞʫʶʯʠ ʧʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘ-

ʮʽʾ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʝʪʘʣʽʟʘʪʦʨʘ, ʚʽʥ ʡʰʦʚ ʰʣʷʭʦʤ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʠʭ ʟʤʽʥ ʨʦʟʧʠʣʶʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, ʥʝ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʙʫʜʴ-ʷʢʠʤʠ ʪʝʦ-

ʨʝʪʠʯʥʠʤʠ ʜʘʥʠʤʠ. ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ, ʘʚʪʦʨʦʤ [85] ʧʽʜʪʚʝʨʜʞʫ-

ʻʪʴʩʷ ʜʫʤʢʘ ʧʨʦ ʪʝ, ʱʦ ʚ ʥʠʭ ʥʝʤʘʻ ʜʘʥʠʭ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʦʙʣʝʥʠʭ ʩʠʩʪʝʤ, ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʠʪʽʢʘʥʥʷ ʧʦʚʽʪʨʥ̫ʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʤʝʪʘʣʽʟʘʪʦʨʘ. 

ʎʽʣʢʦʤ ʡʤʦʚʽʨʥʦ ʩʘʤʝ ʮʠʤ ʧʦʷʩʥʠʪʠ ʪʝ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʘʚʪʦʨʦʤ ʚʜʦʩʢʦʥʘʣʝʥʽ 

ʧʦʚʽʪʨʷʥ ̔ ʨʦʟʧʠʣʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʥʝ ʟʥʘʡʰʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝ-

ʪʘʣʽʟʘʮʽʡʥʽʡ ʪʝʭʥʽʮʽ. 

ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʜʘʥʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʯʠʥʥʠʢʽʚ ʤʝʭʘʥʽʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʤʽʥʴ ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʝʪʘʣʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ 

ɸ.ʌ. ʊʨʦʾʮʴʢʠʤ [49]. ʆʜʥʘʢ, ʥʝ ʚʽʜʢʠʜʘʶʯʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʟʘʛʘʣʴʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʫ ʤʽʨʢʫʚʘʥʴ ʘʚʪʦʨʘ, ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ ʨʷʜ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ, ʷʢʽ ʧʦʪʨʝʙʫ-

ʶʪʴ ʽʥʰʦʛʦ ʧʽʜʭʦʜʫ ʫ ʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʾʭ ʫʩʫʥʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʦʩʥʦʚ-

ʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨ ʙʘʯʠʪʴ ʪʝʦʨʝʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʨʫ-

ʭʫ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʫ, ʷʢʠʡ ʨʦʟʧʠʣʶʻʪʴʩʷ ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʧʨʦʮʝʩʫ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʜʦʤʽ ʟʘʢʦʥʦʤʽʨʥʦʩ-

ʪʽ ʚʣ̔ʴʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʪʨʫʤʝʥʷ [49], ʭʦʯʘ ʮʷ ʩʭʝʤʘ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʽ ʥʝ 

ʜʘʻ ʧʦʚʥʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʭʘʨʘʢʪʝʨ ʚʠʪʽʢʘʥʥʷ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʝʥʷ ʟ ʤʝʪʘʣʽʟʘʪʦʨʘ. ʊʦʙʪʦ, ʘʚʪʦʨ ʨʦʟʛʣʷʜʘʻ ʚʞʝ ʩʬʦʨʤʦʚʘʥʠʡ ʩʪʨʫʤʽʥʴ 

ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʛʘʟʦ-

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʱʦ ʥʝʧʨʠ-

ʧʫʩʪʠʤʦ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ. 
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ʎʝ ʪʚʝʨʜʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚ ʨʦʙʦʪʽ [29], ʨʝʟʫʣʴʪʘʪʠ ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʷʢʦʾ ʧʽʜʪʚʝʨʜʠʣʠ ʧʨʠʧʫʱʝʥʥʷ, ʟʛʜ̔ʥʦ ʟ ʷʢʠʤ ʩʪʨʫʢʪʫʨʘ ʧʦʚʽʪʨʷʥʦ-

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʘ ʪʘʢʦʞ ʾʾ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʩʪʦʪʥʦ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʽʣʦʛʦ ʨʷʜʫ ʯʠʥʥʠʢʽʚ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ, ʥʘ-

ʧʨʠʢʣʘʜ, ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʦʧʣʘ, ʪʠʩʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦ-

ʚʽʪʨʷ, ʦʙʪʽʢʘʥʥʷ ʩʪʨʫʤʝʥʝʤ. 

ɺʧʣʠʚ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʩʪʘʥ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʽ ʥʘ ʥʘʷʚʥʽʩʪʴ ʫʱʽʣʴʥʝʥʥʷ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʝʣʝʢʪʨʦʜʽʚ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [52], ʘ ʚ ʨʦ-

ʙʦʪʽ [53] ʚʽʜʟʥʘʯʝʥʦ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚ ʟʦʥʽ ʨʦʟ-

ʪʘʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠ ʢʦʥʽʯʥʝ ʩʦʧʣʦ. ʆʜʥʘʢ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ʽ ʾʾ ʪʝʨʤʦ-

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʩʪʘʥ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʽʡ 

ʤʝʪʘʣʽʟʘʮʽʾ (ʥʘ ʩʪʘʜʽʷʭ ʾʾ ʟʙʫʜʞʝʥʥʷ ʽ ʛʦʨʽʥʥʷ) ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʝ ʚʠ-

ʚʯʝʥʽ ʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʽ. 

  ɺʘʨʽʘʥʪʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʝʪʘʣʽʟʘ-

ʪʦʨʘ ʧʨʦʧʦʥʫʚʘʣʠʩʷ ʪʘʢʦʞ ʽʥʰʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ. ʊʘʢ ʏ. ʗʢʽʤʘʚʽʯʫʩ ʚ ʩʚʦʾʡ 

ʨʦʙʦʪʽ, ʩʧʨʷʤʦʚʘʥʽʡ ʥʘ ʟʥʠʞʝʥʥʷ ʦʢʠʩʥʦʾ ʜʽʾ ʧʦʚʽʪʨʷʥʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʝʥʷ, ʟʘʟʥʘʯʘʻ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʢʠʩʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʧʦʨʷʜ ʟ 

ʨʝʞʠʤʦʤ ʤʝʪʘʣʽʟʘʮʽʾ ʟʘʣʝʞʠʪʴ ʪʘʢ ʩʘʤʦ ʚʽʜ ʩʪʘʥʫ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʚʽʜ ʚʠʪʨʘʪʠ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʛʘʟʫ [54, 55]. ɿʘʩʪʦʩʦʚʫʚʘʥʥʷ 

ʜʣʷ ʨʦʟʧʠʣʝʥʥʷ ʟʘʤʽʩʪʴ ʧʦʚʽʪʨʷ ʘʟʦʪʫ ʘʙʦ ʽʥʰʦʛʦ ʛʘʟʫ, ʘʚʪʦʨ ʪʘʢʦʞ ʚʚʘʞʘʻ 

ʥʝʜʦʮʽʣʴʥʠʤ. ʅʘ ʜʦʢʘʟ ʮʴʦʛʦ ʪʚʝʨʜʞʝʥʥʷ ʥʘʚʦʜʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʮʠʬʨʠ: ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʟʧʠʣʝʥʥʷ (ʈ = 0,5 ʄʇʘ, d = 5õ6 ʤʤ) ʪʨʝʙʘ ʙʫʣʦ ʙ ʚʽʜ 

1õ1,5 ʤ
3
/ʭʚ, ʪʦʙʪʦ 10õ15 ʙʘʣʦʥʽʚ ʘʟʦʪʫ ʚ ʛʦʜʠʥʫ ʩʪʠʩʥʝʥʦʛʦ ʜʦ 15 ʄʇʘ ʉʧʦ-

ʞʠʚʘʥʥʷ ʘʟʦʪʫ ʤʦʞʥʘ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ, ʟʤʝʥʰʠʚʰʠ ʜʽʘʤʝʪʨ ʨʦʟʧʠʣʶʚʘʣʴʥʦ-

ʛʦ ʩʦʧʣʘ, ʱʦ ʟʥʠʟʠʪʴ ʰʚʠʜʢʽʩʪʴ ʧʦʣʴʦʪʫ ʽ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʠʪʴʩʷ ʥʘ ʷʢʦʩʪʽ 

ʤʝʪʘʣʦʧʦʢʨʠʪʪʷ. 

ɼʦʩʣʽʜʞʫʶʯʠ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷʤ ʤʝʪʘʣʦ-ʧʦʚʽʪʨʷʥʠʡ  ʩʪʨʫʤʽʥʴ ʚ ʧʨʦʮʝʩʽ 

ʤʝʪʘʣʽʟʘʮʽʾ, ʏ. ʗʢʽʤʘʚʽʯʫʩ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʩʪʨʫʤʝʥʽ, ʷʢʠʡ ʚʠʪʽ-

ʢʘʻ ʟ ʩʦʧʣʘ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ (5 ʽ ʙʽʣʴʰʝ ʤʤ.), ʤʝʪʘʣʽʟʘʮʽʡʥʽ ʯʘʩʪʢʠ ʨʦʟʧʘʜʘ-
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ʶʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʫ ʚʥʫʪʨʽʰʥʽʡ ʯʘʩʪʠʥʽ ʩʪʨʫʤʝʥʷ - ʚ ʾʾ  ʷʜʨʽ, ʧʝʨʠʬʝʨʽʡʥʽ ʞ 

ʰʘʨʠ ʚʽʣʴʥʽ ʚʽʜ ʯʘʩʪʠʥʦʢ  ʩʣʫʞʘʪʴ ʣʠʰʝ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʰʚʠʜʢʦʩʪʽ ʫ ʚʥʫʪʨʽʰ-

ʥʽʡ ʯʘʩʪʠʥʽ ʩʪʨʫʤʝʥʷ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʽʾ 

ʩʪʨʫʤʝʥʷ, ʘʚʪʦʨʦʤ [55] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʨʦʟʧʠʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʠʡ ʩʪʨʫʤʽʥʴ, ʦʜʝʨ-

ʞʫʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 1.18. 

 

 

 

ʈʠʩ 1.18. ʉʦʧʣʦ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʤʝʪʘʣʽʟʘʪʦʨʘ ʜʣʷ ʢʦʤʙʽʥʫʚʘʥʥʷ ʛʘʟʽʚ, 

ʚʚʝʜʝʥʥʷ ʣʝʛʫʶʯʠʭ ʧʦʨʦʰʢʽʚ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ ʜʫʛʠ: 1 ï ʢʦʨʧʫʩ; 2 ï ʩʦʧʣʦ ʬʦʨ-

ʤʫʻ ʦʩʥʦʚʥʠʡ ʨʦʟʧʠʣʶʚʘʣʴʥʠʡ ʩʪʨʫʤʽʥʴ; 3 ï ʪʨʫʙʢʘ, ʱʦ ʧʽʜʚʦʜʠʪʴ ʽʥʝʨʪʥʠʡ 

ʛʘʟ ʽ ʧʦʨʦʰʦʢ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ ʜʫʛʠ; 4 ï ʰʪʫʮʝʨ. 

 

ɸʚʪʦʨ [55]  ʩʪʚʝʨʜʞʫʻ, ʱʦ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʣʠ: ʟʥʠʞʝʥʥʷ ʦʢʠʩʥʦʛʦ 

ʚʧʣʠʚʫ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ 30õ45%, ʟʙʽʣʴʰʝʥʥʷ ʢʦʨʦ-

ʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʘʣʶʤʽʥʽʻʚʠʭ ʽ ʥʝʽʨʞʘʚʽʶʯʠʭ ʧʦʢʨʠʪʪʽʚ ʚ 3õ4 ʨʘʟʠ ʚ ʧʦʨʽʚʥʷʥ-
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ʥʽ ʟ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʩʘʤʝ ʪʘʢʠʭ  ʧʦʢʨʠʪʪʽʚ, ʥʘʧʠʣʝʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʚʽʪʨʷ. ɺʽʜʟʥʘʯʝʥʦ ʟʥʠʞʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʩʪʽʣʴʢʠ ʦʧʪʠʤʽʩʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʧʨʦ-

ʧʦʥʦʚʘʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʥʝ ʟʥʘʡʰʣʘ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʘ ʜʘʥʽ ʧʨʦ ʙʽʣʴʰ ʧʦʛʣʠʙʣʝʥʝ ʚʠʚʯʝʥʥʷ ʦʩʪʘʥʥʴʦʾ ʚ ʣʽ-

ʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʨʦʱʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʦʧʣʘ ʟʘ ʮʽʻʶ ʩʭʝʤʦʶ ʘʚʪʦʨʦʤ 

ʚʠʷʚʣʝʥʦ ʨʷʜ ʥʝʜʦʣʽʢʽʚ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʜʽʾ ʩʪʨʫʤʝʥʷ ʚʽʜʦʤʽ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʧʠ-

ʣʶʚʘʣʴʥʠʭ ʛʦʣʦʚʦʢ ʟ ʩʦʧʣʘʤʠ, ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʷʢʠʭ ʚʭʦʜʠʪʴ ʢʦʥʫʩʥʘ ʚʩʪʘʚʢʘ, 

ʦʛʠʥʘʶʯʠ ʷʢʫ ʛʘʟʦʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ʩʪʚʦʨʶʻ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʦʙʣʘʩʪʴ ʨʦʟʨʷ-

ʜʞʝʥʥʷ, ʚ ʷʢʫ ʽ ʧʦʤʽʱʘʶʪʴ ʝʣʝʢʪʨʠʯʥʫ ʜʫʛʫ. ʎʽ ʞ ʮʽʣʽ ʧʝʨʝʩʣʽʜʫʚʘʣʠʩʷ ʚ ʨʦ-

ʙʦʪʘʭ [47, 51], ʚ ʷʢʠʭ ʧʨʦʧʦʥʫʶʪʴʩʷ ʨʦʟʧʠʣʶʚʘʣʴʥʽ ʛʦʣʦʚʢʠ ʟ ʨʦʟʜʚʦʻʥʠʤ ʧʦ-

ʚʽʪʨʷʥʠʤ ʩʦʧʣʦʤ. 

ɸʥʘʣʽʟʫʶʯʠ ʣʽʪʝʨʘʪʫʨʫ ʟ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ, ʥʝ ʤʦʞʥʘ ʥʝ ʚʽʜʟʥʘʯʠʪʠ ʰʠ-

ʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʧʝʣ ʃʘʚʘʣʷ [57, 58], ʱʦ ʻ ʥʘʜʟʚʫʢʦʚʠʤʠ ʩʦʧʣʘʤʠ ʽ ʧʨʠʟ-

ʥʘʯʝʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʪʦʢʽʚ ʛʘʟʫ ʟ ʥʘʜʟʚʫʢʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʽ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʦʜʥʦʛʦ ʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʘʢʪʠʚʥʠʭ ʜʚʠʛʫʥʽʚ, ʧʘʨʦʚʠʭ 

ʪʫʨʙʽʥ ʽ ʪ.ʜ. 

ʉʦʧʣʦ ʃʘʚʘʣʷ ʻ ʪʨʫʙʦʶ ʟʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩ-

ʪʠʥ: ʯʘʩʪʠʥʠ, ʱʦ ʟʚʫʞʫʻʪʴʩʷ ʽ ʯʘʩʪʠʥʠ, ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘ-

ʥʦʛʦ ʧʨʦʬʽʣʶ ʚ ʩʦʧʣʘʭ ʃʘʚʘʣʷ ʦʙʫʤʦʚʣʝʥʝ ʥʘʩʪʫʧʥʠʤʠ ʤʽʨʢʫʚʘʥʥʷʤʠ: ʧʨʠ 

ʚʠʪʽʢʘʥʥʽ ʛʘʟʫ ʚ ʩʦʧʣʽ ʟ ʤʘʣʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʢʦʣʠ ʛʫʩʪʠʥʫ ʛʘʟʫ ʤʦʞʥʘ ʧʨʠ-

ʡʥʷʪʠ ʥʝʟʤʽʥʥʦʶ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʣʽʜ ʟʤʝʥh ʫʚʘʪʠ ʧʝʨʝʨʽʟ ʩʦʧʣʘ. 

ʊʦʤʫ ʚʭʽʜʥʘ ʯʘʩʪʠʥʘ ʩʦʧʣʘ ʃʘʚʘʣʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʚʫʞʝʥʦʶ [57]. ʋ ʥʘʡʚʫʞʯʦ-

ʤʫ ʧʝʨʝʨʽʟʽ ʩʦʧʣʘ ʛʫʩʪʠʥʘ ʛʘʟʫ ʟʤʝʥʰʫʻʪʴʩʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ, ʽ ʦʩʪʘʥʥʽʡ ʥʘʙʫʚʘʻ ʰʚʠʜʢʦʩʪʽ, ʨʽʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ. ʎʝʡ ʧʝʨʝʨʽʟ 

ʥʘʟʠʚʘʶʪʴ ʢʨʠʪʠʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʩʦʧʣʘ. ɼʘʣʽ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦ-

ʢʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʧʘʜʽʥʥʷ ʡʦʛʦ ʛʫʩʪʠʥʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʝʨʝʨʽʟ ʩʦ-

ʧʣʘ ʟʙʽʣʴʰʫʻʪʴʩʷ [53, 59, 60]. 
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ʇʨʦʬʽʣʴ ʩʦʧʣʘ ʃʘʚʘʣʷ ʩʪʦʩʦʚʥʦ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʫʩʪʨʽʯʘ-

ʻʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ [57]. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥ-

ʥʷ ʧʨʦ ʚʠʙʽʨ, ʷʢ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢ ʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʚʠʪʽʢʘʥʥʷ 

ʩʪʨʫʤʝʥʷ. ʅʘ ʨʠʩ. 1.19 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʽʯʥʝ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʝ ʩʦʧ-

ʣʦ, ʨʦʟʨʦʙʣʝʥʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ [57].  

 

 

 

ʈʠʩ. 1.19. ʉʭʝʤʘ ʢʦʥʽʯʥʦʛʦ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʦʧʣʘ [62]. 

 

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʚʥʝʩʦʢ ʫ ʚʠʨʽʰʝʥʥʽ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʘʚʪʦʨʽʚ ʨʦʙʦʪʠ 

[62] ʟ ʥʦʚʦʶ ʩʭʝʤʦʶ ʥʘʜʟʚʫʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʤʝʪʘʣʽʟʘʪʦʨʘ (ʨʠʩ. 1.20).  

 

 

 

ʈʠʩ. 1.20. ʉʭʝʤʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʤʝʪʘʣʽʟʘʪʦʨʘ ʟ ʥʘʜʟʚʫʢʦʚʠʤ ʚʠʪʽʢʘʥ-

ʥʷʤ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ [66]. 
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ɼʣʷ ʨʦʟʧʠʣʝʥʥʷ ʜʨʦʪʽʚ, ʱʦ ʧʣʘʚʣʷʪʴʩʷ ʝʣʝʢʪʨʠʯʥʦʶ ʜʫʛʦʶ, ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʩʣʘʙʦ ʥʝʜʦʨʦʟʚʠʥʝʥʘ ʥʘʜʟʚʫʢʦʚʘ ʩʪʨʫʤʽʥʴ ʛʘʨʷʯʠʭ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥ-

ʥʷ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʛʘʟʫ ʟ ʧʦʚʽʪʨʷʤ, ʱʦ ʚʠʧʣʠʚʘʻ ʟ ʥʘʜʟʚʫʢʦʚʦʛʦ ʩʦʧʣʘ. ʉʧʝ-

ʮʠʬʽʢʘ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʤʝʪʘʣʽʟʘʪʦʨʘ ʧʦʣʷʛʘʻ ʚ ʧʦʻʜʥʘʥʥʽ ʨʦʟʧʠʣʶʚʘ-

ʣʴʥʦʛʦ ʩʦʧʣʘ ʟ ʚʦʜʦ-ʦʭʦʣʦʜʞʫʚʘʥʦʶ ʨʦʟʧʠʣʶʚʘʣʴʥʦʶ ʛʦʣʦʚʢʦʶ. 

ɻʘʟʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [60] ʧʦʢʘʟʘʣʠ, ʱʦ ʦʩʥʦʚʥʝ ʟʙʫʨʝʥʥʷ ʚ ʧʦʪʽʢ ʚʥʦ-

ʩʠʪʴ ʙʽʯʥʠʡ ʜʨʽʪ, ʪʦʤʫ ʱʦ ʥʠʞʯʝ ʟʘ ʥʠʤ ʫʪʚʦʨʶʻʪʴʩʷ ʦʙʣʘʩʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ 

ʪʽʥʽ. 

ʃʽʜʝʨʩʪʚʦ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʚ ʦʙʣʘʩʪʽ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʘ-

ʡʤʘʻ ʧʽʚʥʽʯʥʦʘʤʝʨʠʢʘʥʩʴʢʠʡ ʚʠʨʦʙʥʠʢ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʽ 

ʜʨʦʪʫ ʬʽʨʤʘ çTAFAè'. ɿʽ ʩʧʝʢʪʨʫ ʧʨʦʜʫʢʮʽʾ ʜʘʥʦʛʦ ʚʠʨʦʙʥʠʢʘ (ʩʠʩʪʝʤʘ 9000, 

ʩʠʩʪʝʤʘ 8830/8835, ʩʠʩʪʝʤʘ 8850MHU (UNBUNDLED) ʽ ʽʥ.) ʷʩʢʨʘʚʦ ʚʠʜʽʣʷ-

ʶʪʴʩʷ ʤʦʜʝʣʽ, ʫʢʦʤʧʣʝʢʪʦʚʘʥʽ ʨʦʟʧʠʣʶʚʘʣʴʥʠʤʠ ʛʦʣʦʚʢʘʤʠ ʟ ʨʦʟʜʽʣʝʥʠʤ ʧʦ-

ʚ̔ ʪʨʷʥʠʤ ʧʦʪʦʢʦʤ (ʨʠʩ. 1.21) [65].  

 

 

 

ʈʠʩ. 1.21. ʉʭʝʤʘ ʨʦʟʧʠʣʶʶʯʠ ʩʠʩʪʝʤʠ ʤʝʪʘʣʽʟʘʪʦʨʘ ʟ ʦʙʞʠʤʘʶʪʴʩʷ ʧʦ-

ʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ ʩʠʩʪʝʤʠ ʬʽʨʤʠ çTAFAè' [65]: 1 ï ʢʦʨʧʫʩ; 2 ï ʩʪʨʫʤʦʧʽʜʚʽʜ; 

3 ï ʽʟʦʣʷʪʦʨ (ʢʝʨʘʤʽʢʘ); 4 ï ʢʽʣʴʮʝ; 5 ï ʩʦʧʣʦ, ʷʢʝ ʦʙʞʠʤʘʻ (ʢʝʨʘʤʽʢʘ); 6 ï ʩʦ-

ʧʣʦ ʨʦʟʧʠʣʶʚʘʣʴʥʝ. 
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ʈʝʪʝʣʴʥʦ ʧʨʦʢʦʥʪʨʦʣʴʦʚʘʥʘ ʛʝʦʤʝʪʨʽʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʾ ʜʨʦʪʷʥʦʾ ʛʦʣʦʚ-

ʢʠ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʨʦʟʧʠʣʶʚʘʥʥʷ ʜʨʦʪʘʤʠ ʜʽʘʤʝʪʨʽʚ 1,6õ3 ʤʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʜʽʣʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʪʦʡ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʷʤʦ ʤʽʞ ʜʨʦʪʘʤʠ, ʽ ʥʘʚʢʦʣʦ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʜʨʽʙʥʦ-ʢʨʘʧʝʣʴʥʝ ʨʦʟʧʠʣʝʥʥʷ, ʽ ʷʢ ʥʘʩʣʽ-

ʜʦʢ, ʙʽʣʴʰ ʱʽʣʴʥʝ ʜʨʽʙʥʦʟʝʨʥʠʩʪʝ ʧʦʢʨʠʪʪʷ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʭʦʜʷʯʠ ʧʦ ʢʘʥʘ-

ʣʘʭ, ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ʦʭʦʣʦʜʞʫʻ ʩʪʨʫʤʦʟ'ʻʤʥʽ ʥʘʢʦʥʝʯʥʠʢʠ ʟʥʠʞʫʶʯʠ ʾʭ ʪʝ-

ʤʧʝʨʘʪʫʨʫ ʪʘ ʟʙʽʣʴʰʫʶʯʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. 

ʉʠʩʪʝʤʠ çTAFAè, ʥʘ ʞʘʣʴ, ʨʽʜʢʦ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩ-

ʪʚʘʭ ʋʢʨʘʾʥʠ ʪʘ ʢʨʘʾʥ ʉʅɼ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʮʠʤ 

ʩʢʣʘʜʥʦʱʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʝʤʦʥʪʫ ʪʘ ʚʟʘʻʤʦʟʘʤʽʥʥʦʩʪʽ ʜʝʪʘʣʝʡ. ʉʧʨʦʙʠ ʚʠ-

ʨʦʙʣʷʪʠ ʟʘʧʘʩʥʽ ʯʘʩʪʠʥʠ ʯʘʩʪʦ ʟʚʦʜʷʪʴʩʷ ʥʘʥʽʚʝʮʴ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʩʧʝʮʽʘʣʴ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʭ ʷʢ ʩʧʝʮ ʢʝʨʘʤʽʢʘ ʪʘ ʽʥ. 

ɿ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʦʛʣʷʜʫ ʨʦʟʧʠʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʤʝʪʘ-

ʣʽʟʘʪʦʨʽʚ ʚʠʜʥʦ, ʱʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʨʦʟʨʦʙʣʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ 

ʨʦʟʧʠʣʶʚʘʣʴʥʠʭ ʛʦʣʦʚʦʢ, ʷʢʽ ʧʽʜʭʦʜʷʪʴ ʜʦ ʙʽʣʴʰʦʩʪʽ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʤʝʪʘʣʽ-

ʟʘʪʦʨʽʚ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʧʨʦʤʠʩʣʦʚʽʩʪʶ, ʽ ʩʧʨʠʷʶʪʴ ʦʪʨʠʤʘʥʥʶ ʚʠʩʦʢʦ 

ʧʨʘʮʝʟʜʘʪʥʠʭ ʤʝʪʘʣʦʧʦʢʨʠʪʪʽʚ ʟ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʜʥʘʢ, ʽʩʥʫʶʯʽ ʨʦʟʧʠʣʶʚʘʣʴʥʽ ʛʦʣʦʚʢʠ ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʨʽʜʢʦ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʚʘʞʘʶʯʠ ʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ ʽ ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʧʨʦʩʪʽ ʟʘ ʢʦʥʩ-

ʪʨʫʢʮʽʻʶ ï ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʩʦʢʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʜʚʦʬʘʟʥʦʛʦ 

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ [67, 68] .  

ɭ ʨʦʟʨʦʙʢʠ, ʚ ʷʢʠʭ ʟʘʢʨʠʪʽ ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʶʶʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʩʦʧ-

ʣʘ, ʷʢʝ ʦʙʞʠʤʘʻ ʧʦʪʽʢ ʧʦʚʽʪʨʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʚʫʟʴʢʠʡ ʬʘʢʝʣ ʨʦʟʧʠʣʫ. 

ʊʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʦʧʣʦʚʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʩʚʦʾʭ ʤʝʪʘʣʽʟʘʮʽʡʥʠʭ ʘʧʘ-

ʨʘʪʘʭ çSulzer Metcoè ʉʐɸ [69]. ʅʘ ʬʦʪʦʛʨʘʬʽʾ (ʨʠʩ. 1.22) ʚʠʜʥʦ, ʱʦ ʢʫʪ ʨʦʟ-

ʢʨʠʪʪʷ ʩʪʨʫʤʝʥʷ ʪʘʢʦʛʦ ʘʧʘʨʘʪʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 15õ 20 Á. ʆʜʥʘʢ, ʪʘʢʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʥʝ ʜʦʟʚʦʣʷʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʟʦʥʫ ʫʪʚʦʨʝʥʥʷ ʨʦʟʧʣʘ-

ʚʣʝʥʠʭ ʢʨʘʧʝʣʴ ï ʟʦʥʫ ʛʦʨʽʥʥʷ ʜʫʛʠ. 
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ɿʘ ʟʘʢʨʠʪʦʶ ʩʭʝʤʦʶ ʝʣʝʢʪʨʦʜʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚʩʝʨʝʜʠʥʽ ʩʦʧʣʘ, ʘ ʛʘʟ ʧʦ-

ʜʘʻʪʴʩʷ ʚ ʩʦʧʣʦ ʽʟ ʟʘʤʢʥʫʪʦʾ ʧʦʨʦʞʥʠʥʠ. ʇʨʠ ʚʽʜʢʨʠʪʽʡ ʩʭʝʤʽï ʦʜʥʝ ʘʙʦ ʢʽʣʴ-

ʢʘ ʩʦʧʝʣ ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ ʜʨʦʪʘʤʠ ʝʣʝʢʪʨʦʜʘʤʠ. ɭ ʨʦʟʨʦʙʢʠ ʜʝ ʟʘʩʪʦʩʦʚʫʻʪʴ-

ʩʷ ʧʦʻʜʥʘʥʥʷ ʚʽʜʢʨʠʪʠʭ ʽ ʟʘʢʨʠʪʠʭ ʩʦʧʝʣ ʚ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ. 

 

 

ʈʠʩ.1.22. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʝʪʘʣʽʟʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʬʽʨʤʘ çSulzer Metcoè ʉʐɸ 

 

ʊʘʢʦʞ ʽʥʢʦʣʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʦʧʣʘ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ.1.23.  

 

 

ʈʠʩ. 1.23. ʇʨʠʢʣʘʜ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʦʧʣʦ [64].  
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ʈʷʜ ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʤʝʪʘʣʽʟʘʮʽʡʥʦʤʫ ʘʧʘʨʘʪʽ ʢʘʤʝʨʠ ʟʛʦ-

ʨʷʥʥʷ (ʨʠʩ.1.24). 

 

 

 

ʈʠʩ. 1.24. ʉʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʪʘʣʽʟʘʮʽʡʥʦʤʫ ʘʧʘʨʘʪʽ ʢʘʤʝʨʠ ʟʛʦ-

ʨʷʥʥʷ: 1 ï ʧʦʨʦʞʥʠʥʘ ʢʘʤʝʨʠ; 2 ï ʩʦʧʣʦ; 3 ï ʩʪʨʫʤʦʧʽʜʚʽʜ; 4 ï ʝʣʝʢʪʨʦʜʠ, ʱʦ 

ʧʣʘʚʣʷʪʴʩʷ; 5 ï ʢʘʤʝʨʘ ʟʛʦʨʷʥʥʷ. 

 

ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʦʢʠʩʥʦʛʦ ʚʧʣʠʚʫ ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʛʘʟʦʧʦʚʽʪʨʷʥʦʛʦ 

ʩʪʨʫʤʝʥʷ ʘʚʪʦʨʦʤ [66, 67] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʚʽʪʨʷʥʦ-

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʦʧʣʘ ʜʦ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʤʝʪʘʣʽʟʘʪʦʨʽʚ (ʨʠʩ. 1.25), ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʨʦʟʨʷʜʞʝʥʥʷ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ.  

ɺ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʩʦʧʣʘ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʦʪʨʠʤʘʥʥʷ ʨʦʟʨʷʜʞʝʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʚʠʭʨʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘʥʛʝʥʮʽʘʣʴ-

ʥʠʤ ʚʚʝʜʝʥʥʷʤ ʛʘʟʫ. ʇʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 0,55õ0,65 ʄʇʘ ʩʧʦʯʘʪ-

ʢʫ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʦʪʚʽʨ ʚ ʧʝʨʰʫ ʢʘʤʝʨʫ ʨʦʟʢʨʫʯʫʚʘʥʥʷ (ʨʦʟʛʦʥʫ) 

(ʨʠʩ. 1.25.) ʽ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʯʦʪʠʨʴʦʭ ʢʘʥʘʣʘʭ ʩʦʧʣʘ - ʟʘʚʠʭʨʶʚʘʯʘ, ʧʦʪʽʤ 

ʨʦʟʢʨʫʯʝʥʠʡ ʧʦʪʽʢ ʧʦʪʨʘʧʣʷʻ ʧʦ ʜʦʪʠʯʥʽʡ ʥʘ ʩʪʽʥʢʠ ʢʦʨʧʫʩʫ ʽ ʟʽ ʩʪʽʥʦʢ ʚ ʪʦʤʫ 

ʞ ʥʘʧʨʷʤʢʫ ʥʘʜʭʦʜʠʪʴ ʫ ʜʨʫʛʫ ʢʘʤʝʨʫ ʟʘʚʠʭʨʶʚʘʯʘ (ʨʠʩ. 1.25, ʧʝʨʝʨʽʟ  ɹ-ɹ), 
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ʜʝ ʚʽʥ ʱʝ ʙʽʣʴʰʝ ʨʦʟʢʨʫʯʫʻʪʴʩʷ ʟʚʦʜʷʯʠʩʴ ʜʦ ʮʝʥʪʨʫ ʩʦʧʣʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʠ-

ʭʽʜ ʫʪʚʦʨʶʶʯʠ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʩʚʦʾʡ ʯʘʩʪʠʥʽ ʧʘʜʽʥʥʷ ʪʠʩʢʫ (ʦʙʣʘʩʪʴ ʨʦʟʨʷ-

ʜʞʝʥʥʷ) ʥʘ ʚʽʜʩʪʘʥʽ 8õ2 ʤʤ ʚʽʜ ʟʨʽʟʫ ʩʦʧʣʘ.  

 

 

 

ʈʠʩ. 1.25. ʉʭʝʤʘ ʠ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʨʦʟʧʠʣʶʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ ʩ ʮʝʥʪʨʘ-

ʣʴʥʦʶ ʚʠʭʨʦʚʦʶ ʚʩʪʘʚʢʦʶ: 1 - ʩʦʧʣʦ ʜʽʝʣʝʢʪʨʠʯʥʝ; 2, 4 - ʢʦʨʧʫʩ; 3 - ʟʘʚʠʭ-

ʨʶʚʘʯ. 
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ʇʦʤʽʩʪʠʚʰʠ ʚ ʟʦʥʫ ʟʥʠʞʝʥʦʛʦ ʪʠʩʢʫ ʝʣʝʢʪʨʠʯʥʫ ʜʫʛʫ, ʧʘʣʘʶʯʫ ʤʽʞ 

ʝʣʝʢʪʨʦʜʘʤʠ, ʱʦ ʨʦʟʧʠʣʶʶʪʴʩʷ, ʟʥʠʞʫʻʪʴʩʷ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʧʦʚʝ-

ʨʭʥʝʚʦʛʦ ʦʢʠʩʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʝʥʥʶ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ 

ʯʘʩʪʠʥʦʢ ʚ ʧʦʢʨʠʪʪʽ ʤʽʞ ʩʦʙʦʶ ʽ ʟ ʦʩʥʦʚʦʶ. 

ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʦʧʣʘ ʻ ʨʽʚʥʽʩʪʴ ʧʝʨʝʨʽʟʫ 

ʧʨʦʭʽʜʥʠʭ ʢʘʥʘʣʽʚ ʟʘʚʠʭʨʶʚʘʯʘ ʽ ʚʠʭʨʦʚʦʛʦ ʦʪʚʦʨʫ ʩʦʧʣʘ (dʚʭ = dʚʠʭ) (ʨʠʩ. 

1.25). ʂʨʽʤ ʪʦʛʦ, ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʦʪʚʦʨʠ ʣʝʞʘʪʴ ʥʘ ʦʜʥʽʡ ʮʝʥʪʨʘʣʴʥʽʡ ʦʩʽ, 

ʱʦ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʽ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʥʦʚʦʛʦ ʩʦʧʣʘ ʥʘ ʧʨʦʤʠʩʣʦʚʽ ʤʝʪʘʣʽʟʘʪʦʨʽ ʪʠʧʫ ɽʄ-15, ɽʄ-17 

ʪʘ ʽʥʰʠʭ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʩʦʧʝʣ. 

ʈʽʟʥʦʤʘʥʽʪʪʷ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʘʧʘʨʘʪʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʦʩʥʦʚʥʫ ʩʭʝʤʫ ʤʝ-

ʪʦʜʫ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠ-

ʣʝʥʥʽ, ʘ ʪʘʢʦʞ ʧʨʦ ʥʝʜʦʩʪʘʪʥʻ ʨʦʟʫʤʽʥʥʷ ʭʘʨʘʢʪʝʨʫ ʾʭ ʧʨʦʪʽʢʘʥʥʷ ʽ ʚʟʘʻʤʦʟ-

ʚ'ʷʟʢʫ. 

ɺʽʜʢʨʠʪʘ ʩʭʝʤʘ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʽ ʧʦʰʠʨʝʥʘ ʚ ʩʫʯʘʩʥʦ-

ʤʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʪʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧ-

ʨʠʻʤʩʪʚʘʭ, ʪʦʤʫ ʜʘʣʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʜʫʪʴʩʷ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʂʽʥʮʝʚʦʶ ʤʝʪʦʶ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʷʢ ʽ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʤʘ-

ʪʝʨʽʘʣʽʚ, ʻ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺ. ɺ. ʂʫʜʽʥʦʚ ʟ 

ʘʥʘʣʽʟʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʨʦ-

ʙʠʚ ʚʠʩʥʦʚʦʢ [30], ʱʦ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʜʝʬʦʨʤʘʮʽʾ ʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʢʦʥʪʘʢʪʽ ʢʨʘʧʝʣʴ ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʦʩʥʦʚʦʶ, ʘ ʪʘ-

ʢʦʞ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʢʨʘʧʝʣʴ ʟ ʛʘʟʦʚʦʶ ʘʪʤʦʩʬʝʨʦʶ ʧʨʠ ʨʫʩʽ ʜʦ 

ʦʩʥʦʚʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʤʝʪʘʣʽʟʘʮʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʚʦʬʘʟʥʦʤʫ ʧʦʪʦ-

ʮʽ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʛʘʟʽʚ ʚ ʤʝʪʘʣ ʢʨʘʧʝʣʴ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦ-

ʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʭʘʨʘʢʪʝʨʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʤʝʪʘʣʫʨ-

ʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʨʝʯʦʚʠʥ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʫʪʚʦʨʝʥʥʽ ʛʘʟʦʚʦʾ ʘʪʤʦʩʬʝʨʠ, ʾʾ 
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ʩʢʣʘʜ ʚʠʭʦʜʠʪʴ ʦʜʥʦʪʠʧʥʠʤ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ 2500 ʂ ʚʽʥ ʚʢʣʶʯʘʻ 3 

ʛʨʫʧʠ ʩʢʣʘʜʦʚʠʭ: ʧʨʦʜʫʢʪʠ ʧʦʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʢʠʩʥʝʤ (ʉʆ2, ʅ2ʆ (ʧʘʨ), SO3); 

ʧʨʦʜʫʢʪʠ ʥʝʧʦʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʢʠʩʥʝʤ, ʪʝʨʤʽʯʥʦʾ ʜʠʩʦʮʽʘʮʽʾ, ʟʥʝʚʫʛʣʝʚʦʞʫ-

ʚʘʥʥʷ ʽ ʜʝʛʘʟʘʮʽʾ ʤʝʪʘʣʫ (ʉʆ, ʅ2, ʉʅ4, SO2, ʆ2, N2); ʽʥʝʨʪʥʽ ʩʢʣʘʜʦʚʽ (Ar ʪʘ ʽʥ.). 

ʉʢʣʘʜ ʪʘʢʦʾ ʛʘʟʦʚʦʾ ʘʪʤʦʩʬʝʨʠ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯ-

ʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. 

ɺ ʩʭʝʤʘʭ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʛʘʟʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʘʙʦ ʥʝʡʪʨʘʣʴʥʽ ʪʘ ʚʽʜʥʦʚʥʽ ʛʘʟʦʚʽ ʩʫʤʽʰʽ. 

ʈʦʟʧʠʣʝʥʥʷ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʠʡ ʨʦʟʧʠʣ ʤʝʪʘʣʫ, ʱʦ 

ʧʣʘʚʠʪʴʩʷ, ʧʨʦʪʝ ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʥʝ ʜʫʞʝ ʚʠʩʦʢʘ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʨ ʽ 

ʦʢʩʠʜʽʚ [69]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʥʘʧʠʣʝʥʥʽ ʜʣʷ ʨʦʟʧʠʣʝʥʥʷ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ [70] 

ʥʝʪʝʭʥʦʣʦʛʽʯʥʝ ʯʝʨʝʟ ʾʭ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ.  

ʇʝʨʩʧʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʽʰʽ çʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ-ʚʫʛʣʝʚʦʜʥʽè. ʎʝ 

ʚʥʝʩʝ ʜʦʜʘʪʢʦʚʝ ʪʝʧʣʦ ʧʨʠ ʟʛʦʨʘʥʥʽ ʩʫʤʽʰʽ, ʟʥʠʟʠʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ ʚ 

ʢʨʘʧʣʽ ʤʝʪʘʣʫ ʧʨʠ ʚʽʜʥʦʚʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ. ɿʘ ʪʘʢʦʛʦ ʚʘʨʽʘʥ-

ʪʫ ʧʨʦʧʦʥʫ̒ ʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʩʫʤʽʰʽ ʟ ʧʦʚʽʪʨʷʤ ʤʝʪʘʥ [72]. 

ʋ ɺʅɯɯʊʋɺɯɼ çʈʝʤʜʝʪʘʣʴè ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʷʢʦʩʪʽ ʚʫʛʣʝʚʦʜʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠ ʛʘʩ [76]. ɺ. ɽ. ɹʘʨʘʥʦʚʩʴʢʠʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ 

ʛʘʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ ʧʨʦʧʘʥʦ-ʢʠʩʥʝʚʦʾ ʩʫʤʽʰʽ [73]. ʆʜ-

ʥʘʢ, ʚ ʮʠʭ ʨʦʙʦʪʘʭ ʢʽʣʴʢʽʩʥʽ ʨʦʟʨʘʭʫʥʢʠ ʘʙʦ ʚʽʜʩʫʪʥʽ ʚʟʘʛʘʣʽ [60,61], ʘʙʦ ʥʦ-

ʩʷʪʴ ʧʨʠʙʣʠʟʥʠʡ ʭʘʨʘʢʪʝʨ [62, 64]. ʎʝ ʥʝ ʜʦʟʚʦʣʷʻ ʧʦʚʥʦʶ ʤʽʨʦʶ ʨʝʘʣʽʟʫʚʘʪʠ 

ʧʝʨʝʚʘʛʠ ʦʙʨʘʥʦʾ ʩʭʝʤʠ. 

ʌʽʨʤʦʶ Air Products and Chemical, Inc.(ʉʐɸ), ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʨʦʟ-

ʧʠʣʝʥʥʷ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʤʝʪʘʣʽʚ ʧʨʠ ʤʝʪʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʨʛʦʥ, ʘʟʦʪ, 

ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʛʝʢʩʘʬʪʦʨʠʜ ʩʽʨʢʠ ʘʙʦ ʾʭ ʩʫʤʽʰ [77]. ʇʨʠ ʮʴʦʤʫ ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʦ ʩʢʣʘʜʥʠʡ ʚʘʨʽʘʥʪ, ʚ ʷʢʦʤʫ ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʤʝʪʘʣʫ ʽ ʛʘʟʫ 

ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʚ ʧʨʦʧʦʨʮʽʾ ʧʨʠʙʣʠʟʥʦ 1: 10. ʅʘ ʟʚʠʯʘʡʥʠʭ ʨʝʞʠʤʘʭ ʚʠʪʨʘʪʘ 

ʛʘʟʫ ʱʦʜʦ ʤʝʪʘʣʫ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʯʝ. 

ʆʜʥʘʢ, ʚʩʽ ʧʨʦʧʦʥʦʚʘʥʽ ʚʘʨʽʘʥʪʠ ʥʝ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʜʦʩʪʫʧʫ ʢʠʩʥʶ ʚ 

ʟʦʥʫ ʛʦʨʽʥʥʷ ʜʫʛʠ. ʊʘʢ, ʧʨʠ ʧʦʜʘʯʽ ʘʨʛʦʥʫ, ʘʟʦʪʫ ʘʙʦ ʾʭ ʩʫʤʽʰʽ ʚ ʮʝʥʪʨʘʣʴʥʦ-
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ʤʫ ʩʪʨʫʤʝʥʽ ʥʝʤʠʥʫʯʝ (ʯʝʨʝʟ ʪʫʨʙʫʣʽʟʘʮʽʶ ʧʦʪʦʢʫ) ʧʽʜʤʽʰʫʚʘʥʥʷ ʢʠʩʥʶ ʥʝ 

ʢʦʤʧʝʥʩʫ̒ ʪʴʩʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʠ ʚʘʨʽʘʥʪʽ 

ʩʫʤʽʰʽ çʚʫʛʣʝʚʦʜʥʽ-ʧʦʚʽʪʨʷè ʩʫʤʽʰ ʚʞʝ ʤʽʩʪʠʪʴ ʢʠʩʝʥʴ. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʩʢʠʜʘʥʥʷ ʢʨʘʧʝʣʴ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʖ. ʉ. ɹʦʨʠʩʦʚʠʤ 

ʽʟ ʩʧʽʚʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʢʣʘʜʘʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ (ʋɿʂ) ʥʘ 

ʩʪʨʫʤʦʧʽʜʚʽʜ [63, 64]. ʈʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʨʽʟʢʦʛʦ ʟʚʫʞʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ. ɿʥʠʞʫʻʪʴʩʷ ʡʤʦʚʽʨ-

ʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʫʣʴʪʨʘ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ, ʜʽʘʤʝʪʨʦʤ ʤʝʥʰʝ 3 ʤʢʤ, ʟʘ ʨʘ-

ʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨ ʫ ʨʽʜʢʽʡ ʧʣʽʚʮʽ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ. ʄʘ-

ʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʟʧʠʣʝʥʥʷ ʜʨʦʪʽʚ, 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʰʘ-

ʨʫ. ɿʛʽʜʥʦ ʜʦʩʣʽʜʘʤ ʟ ʥʘʧʠʣʶʚʘʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʜʨʦʪʽʚ, ʜʦ ʥʘʢʣʘʜʝʥʥʷ ʋɿʂ 

ʽʥʪʝʨʚʘʣ ʜʽʘʤʝʪʨʽʚ ʨʦʟʧʠʣʶʶʪʴʩʷ ʯʘʩʪʠʥʦʢ ʩʪʘʥʦʚʠʚ 3õ120 ʤʢʤ, ʧʽʩʣʷ ï 

21õ40 ʤʢʤ. ʅʘ ʞʘʣʴ, ʥʝʤʘʻ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ-

ʢʦʛʦ ʘʧʘʨʘʪʫ, ʦʯʝʚʠʜʥʦ, ʻ ʩʢʣʘʜʥʦʱʽ ʧʨʠ ʩʪʠʢʫʚʘʥʥʽ ʤʝʪʘʣʽʟʘʪʦʨʘ ʟ ʫʣʴʪʨʘʟ-

ʚʫʢʦʚʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ. 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʚʠʜʥʦ, ʱʦ ʥʘʷʚʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʫʛʦʚʦʛʦ ʥʘʧʠ-

ʣʝʥʥʷ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ. ʆʜʥʽ ʟ ʥʠʭ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʢʣʘʜʥʦʱʘʤʠ ʬʦʢʫʩʫʚʘʥʥʷ 

ʩʪʨʫʤʝʥʷ ʤʝʪʘʣʫ, ʱʦ ʨʦʟʧʠʣʶʻʪʴʩʷ, ʽʥʰʽ ï ʟ ʪʨʫʜʥʦʱʘʤʠ ʱʦʜʦ ʚʠʙʦʨʫ ʩʢʣʘ-

ʜʫ ʩʪʨʫʤʝʥʷ ʛʘʟʫ, ʷʢʠʡ ʪʨʘʥʩʧʦʨʪʫʻ ʯʘʩʪʠʥʢʠ. 

ɼʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʡ ʥʝʦʙʭʽʜʥʝ ʙʽʣʴʰ ʧʦʚʥʝ ʨʦ-

ʟʫʤʽʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʜʭʦʜʞʝʥʥʷ ʛʘʟʽʚ ʽ ʭʘʨʘʢʪʝʨʫ ʾʭ ʚʟʘʻʤʦʜʽʾ. 

ɺ ʨʦʙʦʪʘʭ, ʜʝ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʨʦʮʝʩ ʧʣʘʚʣʝʥʥʷ ʽ ʨʦʟʧʠʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ, ʚʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ ʥʘ ʬʦʨʤʫ-

ʚʘʥʥʷ ʢʨʘʧʝʣʴ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʭʦʯʘ ʽ ʚʢʘʟʫʻʪʴʩʷ ʥʘ ʾʭ ʧʨʠʩʫʪʥʽʩʪʴ. ʂʨʽʤ ʪʦ-

ʛʦ, ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ ʥʘʜʘʶʪʴ ʚʠʟʥʘʯʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʭʘ-

ʨʘʢʪʝʨ ʫʪʚʦʨʝʥʥʷ ʢʨʘʧʝʣʴ [78]. 

ɼʣʷ ʦʮʽʥʢʠ ʢʦʨʝʢʪʥʦʩʪʽ ʮʴʦʛʦ ʚʠʩʥʦʚʢʫ ʚʠʢʦʥʘʥʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʦʩ-

ʥʦʚʥʠʭ ʩʠʣ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ [78]. 
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ʇʽʜ ʜʽʻʶ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʦʨʫ ʤʝʪʘʣ ʟʥʦʩʠʪʴʩʷ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʽ 

ʚʠʪʷʛʫʻʪʴʩʷ ʚ ʧʣʦʩʢʠʡ ʩʪʨʫʤʽʥʴ ï çʷʟʠʢè. ɺʽʥ ʫʪʨʠʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ ʧʦ-

ʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. ɹʘʣʘʥʩ ʮʠʭ ʩʠʣ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ: 

 

20,5 ( ) ,d g nʉ S W W dr p sÖ Ö Ö - = Ö Ö     (1.4) 

ʜʝ ʉd ï ʢʦʝʬʽʮʽʻʥʪ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ;  

S ï ʧʣʦʱʘ ʤʠʜʝʣʝʚʦʛʦ ʧʝʨʝʪʠʥʫ, ʤ
2
; 

Wg, Wɟ  ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʽ ʯʘʩʪʠʥʦʢ, ʤ/c; 

dʧ ï ʜʽʘʤʝʪʨ ʧʝʨʝʤʠʯʢʠ ʚʽʜʨʠʚʫ, ʤ; 

ů ï ʚʝʣʠʯʠʥʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ɼʞ /ʤ
2
. 

 

ɿʘ ʦʧʠʩʘʥʦʶ ʨʘʥʽʰʝ ʩʭʝʤʦʶ ɺ. ɻ. ʃʝʚʠʯʘ, ʨʦʟʨʠʚ ʩʪʨʫʤʝʥʷ ʨʽʜʢʦʛʦ ʤʝ-

ʪʘʣʫ ʧʦʪʦʢʦʤ ʛʘʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʝʨʝʪʷʞʢʘʭ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʷʟʠʢʫ ʧʽʜ ʜʽ-

ʻʶ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʛʘʟʫ ʚ ʤʽʩʮʷʭ ʤʽʩʮʝʚʠʭ ʟʙʫʨʝʥʴ [79]. ʅʘʷʚʥʽʩʪʴ ʧʨʦʭʦ-

ʜʞʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʷʟʠʢ ʽ ʝʣʝʢʪʨʠʯʥʫ ʜʫʛʫ ʜʦʧʦʚʥʶʻ ʤʝʭʘʥʽʟʤ ʧʝʨʝʪʷʞʢʠ 

ʽʥʰʠʤ ʙʽʣʴʰ ʧʦʪʫʞʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʨʫʡʥʫʚʘʥʥʷ ʧʝʨʝʤʠʯʦʢ, ʨʦʟʛʣʷʥʫʪʠʤ 

ʩʪʦʩʦʚʥʦ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ ʐ. ʄ. ʐʝʡʭʘʣʽʻʚʠʤ [80]. 

ɺʟʘʻʤʦʜʽʷ çʨʽʜʢʠʡ ʤʝʪʘʣ - ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘè ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʨʷʜʽ ʜʦʩʣʽ-

ʜʞʝʥʴ ʩʪʦʩʦʚʥʦ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ [81, 82]. 

ʆʜʥʘʢ, ʚʦʥʠ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʪʦʛʦ, ʱʦ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʚ ʨʘʟʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʟ ʢʣ̔ʴʢʦʭ ʧʨʠʯʠʥ [28]: 

1. ʈʽʟʥʠʮʷ ʥʘ 1-2 ʧʦʨʷʜʢʠ ʚ ʰʚʠʜʢʦʩʪʷʭ ʽ ʚʠʪʨʘʪʘʭ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ-

ʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʥʘ 2-3 ʧʦʨʷʜʢʠ ʨʦʟʤʽʨʫ ʽ ʯʘʩʫ ʟʨʠʚʫ ʢʨʘʧʝʣʴ ʟ ʪʦʨʮʽʚ 

ʝʣʝʢʪʨʦʜʽʚ. 

2. ɿʤʽʥʶʶʪʴʩʷ ʥʘʧʨʷʤʦʢ ʽ ʚʝʣʠʯʠʥʘ ʚʧʣʠʚʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʝʣʝʢʪ-

ʨʠʯʥʫ ʜʫʛʫ. ʇʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ ʥʘʧʨʷʤʦʢ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʩʪʘʥʦʚʠʪʴ ʢʫʪ 

(15-30)
ʦ
 ʜʦ ʦʩʽ ʝʣʝʢʪʨʦʜʫ, ʘ ʚʠʪʨʘʪʘ ʛʘʟʫ ʚʠʱʝ ʚ 100 ʨʘʟʽʚ. ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ 

ʙʘʞʘʥʘ ʣʘʤʽʥʘʨʥʘ ʪʝʯʽʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ʇʝʨʝʭʽʜ ʪʝʯʽʾ ʚ ʪʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ 

ʟʥʠʞʫʻ ʩʪʽʡʢʽʩʪʴ ʛʦʨʽʥʥʷ ʜʫʛʠ. ɺ ʧʨʦʮʝʩʽ ʜʫʛʦʚʦʾ ʤʝʪʘʣʟ̔ʘʮʽʾ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ 
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ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ ʧʨʠʤʫʩʦʚʦ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʟ ʚʝʣʠʢʦʶ ʢʽʥʝ-

ʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʚʠʩʦʢʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 

3. ʇʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ ʢʘʪʦʜ ʽ ʘʥʦʜ ʦʜʥʦʯʘʩʥʦ ʻ ʝʣʝʢʪʨʦʜʘʤʠ, ʘ ʢʨʘ-

ʧʣʽ ʧʽʩʣʷ ʟʨʠʚʫ ʟ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʥʝ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʽʥʰʠʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʚʪʦʨʠ ʨʦʟʛʣʷʥʫʪʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʥʘʷʚʥʦʩʪʽ 

ʟʦʥʠ çʨʦʟʨʷʜʞʝʥʥʷè ʟʘ ʝʣʝʢʪʨʦʜʘʤʠ ʽ ʾʾ ʚʧʣʠʚʫ ʥʘ ʥʘʧʨʷʤ ʽ ʚʝʣʠʯʠʥʫ ʚʧʣʠʚʫ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʜʫʛʫ. 

ʅʘʛʨʽʚ ʪʘ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ 

ʘʥʘʣʦʛʽʯʥʽ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʶ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʪʝʧʣʦʤ ʭʽʤʽʯʥʠʭ ʨʝʘ-

ʢʮʽʡ, ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ʽ ʜʞʦʫʣʝʚʠʤ ʪʝʧʣʦʤ ʚʽʜ ʥʘʛʨʽʚʘʥʥʷ ʤʝʪʘʣʫ ʜʨʦʪʽʚ ʚʽʜ 

ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ (ʩʪʘʣʴ) ʥʘ ʪʦʨʮʽ ʝʣʝ-

ʢʪʨʦʜʘ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʩʪʘʥʦʚʠʪʴ 2000-2700 ʂ, ʧʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʽ ʜʦ 2500 ʂ [84, 85]. 

ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʦ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʶ ʾʾ ʧʨʠʡʤʘʶʪʴ ʚ ʩʭʦʞʦʤʫ ʟʽ 

ʟʚʘʨʶʚʘʥʥʷʤ ʽʥʪʝʨʚʘʣʽ ï ʤʽʞ ʪʦʯʢʘʤʠ ʧʣʘʚʣʝʥʥʷ ʽ ʢʠʧʽʥʥʷ ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪ-

ʨʦʜʽʚ [86, 87]. ʇʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʽ ʜʘʥʽ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ 2323-2473 ʂ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ [88, 89]. ʆʜʥʘʢ, ʫ ʟʚ'ʷʟʢʫ ʟ ʤʘʣʦʶ ʚʝʣʠʯʠ-

ʥʦʶ ʟʘʟʦʨʫ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ, ʧʦʨʷʜʢʫ 0,1-1,0 ʤʤ ʟʘ ʦʮʽʥʢʦʶ ɺ.ʆ. ʈʦʷʥʦʚʘ 

[52], ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʨ̔ʶʚʘʥʴ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʨʘʧʝʣʴ ʤʝʪʘʣʫ, ʱʦ ʟʨʠʚʘʶʪʴʩʷ ʟ 

ʝʣʝʢʪʨʦʜʘ. ʇʽʜ ʚʧʣʠʚʦʤ ʧʦʚʽʪʨʷʥʦʛʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʧʦʪʦʢʫ ʾʭ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʥʠʞʯʝ, ʥʽʞ ʫ ʧʦʚʝʨʭʥʽ ʪʦʨʮʷ. 

ɭ ʚʽʜʤʽʥʥʦʩʪʽ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʦʙʜʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʘ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ. 

ʇʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʤʘʻ ʤʽʩʮʝ ʣʘʤʽʥʘʨʥʘ ʪʝʯʽʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ʇʝʨʝʭʽʜ 

ʪʝʯʽʾ ʚ ʪʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ ʟʥʠʞʫʻ ʩʪʽʡʢʽʩʪʴ ʛʦʨʽʥʥʷ ʜʫʛʠ. ʊʫʪ ʰʚʠʜʢʽʩʪʴ ʧʦ-

ʪʦʢʫ ʛʘʟʫ, ʱʦ ʦʙʪʽʢʘʻ ʨʽʜʢʠʡ ʤʝʪʘʣ, ʩʪʘʥʦʚʠʪʴ 10õ30 ʤ/ʩ, ʘ ʚʠʪʨʘʪʘ ʥʝ ʧʝʨʝ-

ʚʠʱʫʻ 1,2 ʤ
3
/ʛʦʜ [24]. ʐʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 250õ1500 ʤ/ʩ, ʘ ʚʠʪʨʘ-

ʪʘ 90õ150 ʤ
3
/ʛʦʜ, ʪʦʙʪʦ ʚʠʱʝ ʥʘ 1-2 ʧʦʨʷʜʢʠ [86]. 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʜʫʛʠ ʚ ʟʘʟʦʨʽ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʯʘʩʪʦ-

ʪʦʶ ʟʨʠʚʫ ʢʨʘʧʝʣʴ. ʎʝ ʚʠʧʣʠʚʘʻ ʟ ʬʽʟʠʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʝʭʘʥʽʟʤ ʜʫʛʦʫʪ-
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ʚʦʨʝʥʥʷ ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦʜʽʚ. ʉʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʫʥʪʫʚʘʥʥʷ ʜʫʛʠ ʚ 

ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʦʤʫ ʤʽʩʮʽ ï ʧʦ ʚʥʫʪʨʽʰʥʽʤ ʢʨʦʤʢʘʤ ʪʦʨʮʽʚ. ʇʽʩ-

ʣʷ ʮʴʦʛʦ ʜʫʛʘ ʨʫʭʘʻʪʴʩʷ ʜʦ ʧʝʨʝʜʥʽʭ ʢʨʘʡʦʢ ʪʦʨʮʽʚ. ʊʘʤ ʩʪʦʚʧ ʜʫʛʠ ʟʛʠʥʘʻʪʴ-

ʩʷ, ʡʦʛʦ ʜʦʚʞʠʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠ ʥʝʟʤʽʥʥʽʡ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʢʘʪʦ-

ʜʦʤ ʽ ʘʥʦʜʦʤ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʫ ʜʫʛʠ. ɼʘʣʽ ʧʨʦʮʝʩ ʟʥʦʚʫ ʧʦʯʠʥʘʻʪʴʩʷ 

ʟ ʰʫʥʪʫʚʘʥʥʷ ʜʫʛʠ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʢʨʘʡʢʘʭ. 

ʐʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʟʘʟʦʨʽ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʦʮʽʥʠʤʦ ʟʘ ʚʝʣʠʯʠʥʦʶ ʧʨʦ-

ʰʘʨʢʫ ʨʽʜʠʥʠ, ʱʦ ʧʽʜʣʷʛʘʻ ʟʥʝʩʝʥʥʶ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ, ʟ 

ʨʽʚʥʷʥʥʷ ʅʴʶʪʦʥʘ ʜʣʷ ʚʠʧʘʜʢʫ ʪʝʯʽʾ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʨʽʜʠʥ, ʱʦ ʟʥʦʩʷʪʴʩʷ ʛʘʟʦ-

ʚʠʤ ʧʦʪʦʢʦʤ, ɺ. ɻ. ʃʝʚʠʯʝʤ  ʚʠʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʦʚʱʠʥʠ ʚʫʟʴʢʦʛʦ ʰʘʨʫ (ŭ) 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ [79] 

 

( )
0 5

3
0

,

ʨd s n r n= Ö Ö ,    (1.5) 

ʜʝ ů ï ʚʝʣʠʯʠʥʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ɼʞ/ʤ
2
; 

ɜ ï ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ, ʤ/ʩ
2
; 

ɟʨ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʢʛ/ʤ
3
; 

v0 ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʟʘʟʦʨʽ ʚʠʱʝ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ, ʤ/ʩ. 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʦʰʘʨʢʫ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʫ, ʨʦʟʧʣʘʚʣʝʥʦʛʦ 

ʪʝʧʣʦʤ ʧʨʠʝʣʝʢʪʨʦʜʥʦʾ ʧʣʷʤʠ ʜʫʛʠ ʽ ʪʦʚʱʠʥʠ ʨʽʜʢʦʛʦ ʧʨʦʰʘʨʢʫ, ʱʦ ʟʥʦʩʠʪʴ-

ʩʷ, ʷʢʽʩʥʦ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʽʡ ʢʘʨʪʠʥʽ ʧʨʦʮʝʩʫ, ʢʦʣʠ ʨʽʜʢʠʤ ʧʦʪʦʢʦʤ ʟʥʦ-

ʩʠʪʴʩʷ ʯʘʩʪʠʥʘ ʰʘʨʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. 

ʅʘ ʘʥʦʜʽ (+) ʘʢʪʠʚʥʘ ʧʣʷʤʘ ʥʘʛʨʽʚʘʻ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʧʦʚʝʨʭʥʽ ʪʦʨʮʷ 

ʝʣʝʢʪʨʦʜʘ, ʱʦ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʥʘ ʧʦʚʝʨʭʥʽ. ʇʦʪʽʢ 

ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʛʘʟʫ ʚʧʣʠʚʘʻ ʥʘ ʮʝʡ ʰʘʨ, ʩʪʚʦʨʶʶʯʠ ʭʚʠʣʶ, ʷʢʘ ʧʨʦʩʫʚʘʻ 

ʤʝʪʘʣ ʜʦ ʢʨʘʡʢʠ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ, ʩʪʚʦʨʶʶʯʠ ʘʥʦʜʥʫ ʩʤʫʞʢʫ ʤʝʪʘʣʫ. ɸʥʦʜʥʘ 

ʧʣʷʤʘ ʧʨʘʛʥʝ ʨʫʭʘʪʠʩʷ ʚ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʫ 

ʧʦʚʝʨʭʥʽ ʘʥʦʜʥʦʛʦ ʷʟʠʢʘ. ʂʦʣʠ ʘʥʦʜʥʠʡ ʷʟʠʢ ʚʽʜʨʠʚʘʻʪʴʩʷ, ʜʫʛʘ ʦʙʨʠʚʘʻʪʴʩʷ ʽ 
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ʧʦʚʪʦʨʥʦ ʟʘʧʘʣʶʻʪʴʩʷ ʚ ʤʽʩʮʽ ʥʘʡʢʦʨʦʪʰʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ. ʎʠʢʣʽ-

ʯʥʽʡ ʧʦʚʝʜʽʥʮʽ ʜʫʛʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʜʽʙʥʽ ʢʦʣʠʚʘʥʥʷ ʥʘʧʨʫʛʠ. 

ʅʘ ʢʘʪʦʜʽ (-) ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚʦʯʝʚʠʜʴ, ʟʘ ʪʨʴʦʤʘ ʤʝʭʘ-

ʥʽʟʤʘʤʠ (ʨʠʩ. 1.26) [86]: 

 

 

 

ʈʠʩ.1.26. ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ [1]. 

 

1) ʝʞʝʢʮʽʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʫ ʚʠʛʣʷʜʽ ʢʨʘʧʝʣʴ ʚ ʢʘʪʦʜʥʠʡ ʩʪʨʫ-

ʤʽʥʴ. ɺʥʘʩʣʽʜʦʢ ʟʤʽʥ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʜʫʛʠ 

(ʩʪʠʩʥʝʥʥʷ ʜʫʛʠ ʫ ʢʘʪʦʜʘ ï ʇʽʥʯ ʝʬʝʢʪ), ʚʟʘʻʤʦʜʽʷ ʜʫʛʠ ʟ ʚʣʘʩʥʠʤ ʤʘʛʥʽʪʥʠʤ 

ʧʦʣʝʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʰʪʦʚʭʫʚʘʥʥʷ ʽ ʚʽʜʜʽʣʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʚ 

ʩʪʦʚʧ ʜʫʛʠ; 

2) ʫʪʚʦʨʝʥʥʷ ʥʝʚʝʣʠʢʠʭ ʚʠʩʪʫʧʽʚ ʧʦ ʧʝʨʠʤʝʪʨʫ ʪʦʨʮʷ ʢʘʪʦʜʘ ʽ ʾʭ ʚʽʜʜʽ-

ʣʝʥʥʷ ʜʦ ʫʪʚʦʨʝʥʥʷ ʷʟʠʢʘ. ʏʘʩʪʦ ʮʽ ʽʤʧʫʣʴʩʠ ʻ ʯʘʩʪʠʥʦʶ ʧʨʦʪʷʞʥʦʛʦ ʢʽʣʴʮʷ 

ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʧʦ ʧʦʚʝʨʭʥʽ ʜʨʦʪʫ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ-

ʚ'ʷʟʢʠ ʢʘʪʦʜʥʦʾ ʧʣʷʤʠ ʧʦ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʘ. ɻʨʘʜʽʻʥʪ ʪʠʩʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʦʨʮʷ 

ʜʨʦʪʫ, ʱʦ ʚʠʭʦʜʠʪʴ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʽʦʥʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʢʘʪʦʜʥʫ ʧʣʷʤʫ, ʧʨʠ-

ʤʫʰʫʻ ʨʦʟʧʣʘʚʣʝʥʠʡ ʤʝʪʘʣ ʟʨʫʰʫʚʘʪʠʩʷ ʥʘ ʧʝʨʠʤʝʪʨ ʪʦʨʮʷ, ʩʪʚʦʨʶʶʯʠ ʚʠ-

ʩʪʫʧʠ ʤʝʪʘʣʫ; 
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3) ʥʝʚʝʣʠʢʽ ʚʠʩʪʫʧʠ ʛʨʫʧʫʶʪʴʩʷ, ʬʦʨʤʫʶʯʠ ʢʘʪʦʜʥʠʡ ʷʟʠʢ ʥʘ ʧʝʨʝʜʥʽʡ 

ʢʨʦʤʮʽ ʜʨʦʪʫ. ɺʽʥ ʘʥʘʣʦʛʽʯʥʠʡ ʘʥʦʜʥʦʤʫ, ʘʣʝ, ʟʘʟʚʠʯʘʡ, ʤʝʥʰʠʡ ʚ ʨʦʟʤʽʨʘʭ. 

ɺʧʣʠʚ ʪʠʩʢʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʛʘʟʫ ʥʘ ʭʘʨʘʢʪʝʨ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ ʥʘ 

ʘʥʦʜʽ ʽ ʢʘʪʦʜʽ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʈ = 138õ414 ʢʇʘ. 

ʇʨʠ ʧʽʜʚʠʱʝʥʦʤʫ ʪʠʩʢʫ ʯʽʪʢʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʝʬʝʢʪʠ: 

- ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʥʘʧʨʫʛʠ ʟʙʽʣʴʰʠʣʘʩʷ, ʟʙʽʣʴʰʠʣʘʩʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝ-

ʤʽʱʝʥʥʷ ʜʫʛʠ; 

- ʟʤʝʥʰʠʚʩʷ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʜʫʛʠ ʚ ʥʝʨʫʭʦʤʦʤʫ ʩʪʘʥʽ ʽ ʟʙʽʣʴʰʠʣʘʩʷ 

ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʥʠʭ ʟʘʧʘʣʝʥʴ; 

- ʟʤʽʥʠʚʩʷ ʭʘʨʘʢʪʝʨ ʨʦʟʧʣʘʚʣʝʥʥʷ ʘʥʦʜʘ ʽ ʢʘʪʦʜʘ. ʋ ʘʥʦʜʘ ʙʣʠʟʴʢʦ ʪʦʨ-

ʮʷ ʝʣʝʢʪʨʦʜʘ ʟ'ʷʚʠʣʠʩʷ ʙʫʣʴʙʘʰʢʦ ʧʦʜʽʙʥʽ ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʣʫ. 

ʂʨʘʧʣʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʨʦʟʤʽʨʘʭ ʚʽʜʧʦʚʽʜʥʦ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʚʠʪʽʩʥʝʥʥʶ 

ʛʘʟʦʤ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʟ ʨʽʜʢʦʛʦ ʧʨʦʰʘʨʢʫ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ. ʇʨʠ ʜʦ-

ʩʷʛʥʝʥʥʽ ʢʨʠʪʠʯʥʦʾ ʤʘʩʠ ʛʣʦʙʫʣʘ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʚʠʪʷʛʫʻʪʴʩʷ ʚ ʜʦʚʛʠʡ 

ʷʟʠʢ ʽ ʚʽʜʜʽʣʷʻʪʴʩʷ [82]. ʆʜʥʘʢ, ʚ ʧʝʚʥʽʡ ʪʦʯʮʽ, ʢʦʣʠ ʩʠʣʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

ʚ ʷʟʠʢʫ ʧʝʨʝʚʠʱʫʶʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ, ʷʟʠʢ ʧʽʜʪʷʛʫʻʪʴʩʷ ʜʦ ʪʦʨʮʷ ʝʣʝʢ-

ʪʨʦʜʫ ʽ ʫʪʚʦʨʝʥʥʷ ʛʣʦʙʫʣʠ ʧʦʯʠʥʘʻʪʴʩʷ ʧʦʚʪʦʨʥʦ. ʊʘʢʠʡ ʝʬʝʢʪ ʥʘʡʙʽʣʴʰ ʚʠ-

ʨʘʟʥʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʨʦʤʽʞʥʦʤʫ ʪʠʩʢʫ (345 ʢʇʘ). ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩ-

ʢʫ ʜʦ 414 ʢʇʘ ʘʥʦʜʥʘ ʙʫʣʴʙʘʰʢʘ  ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʨʦʟʤʽʨʘʭ, ʘ ʧʽʜʪʷʛʫʚʘʥʥʷ 

ʘʥʦʜʥʦʛʦ ʷʟʠʢʘ ʜʦ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʫ ʟʥʠʢʘʻ. 

ʅʘ ʢʘʪʦʜʽ ʚʠʩʪʫʧʠ ʧʦ ʧʝʨʠʤʝʪʨʫ ʪʦʨʮʷ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʨʦʟʤʽʨʘʭ ʽ ʯʘʩʪʦ 

ʦʙ'ʻʜʥʫʶʪʴʩʷ, ʫʪʚʦʨʶʶʯʠ ʢʘʪʦʜʥʠʡ ʷʟʠʢ, ʷʢʠʡ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʥʠ-

ʟʴʢʦʤʫ ʪʠʩʢʫ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʬʦʨʤʘ ʽ ʨʦʟʤʽʨʠ ʢʨʘʧʝʣʴ ʤʝʪʘʣʫ, ʚʽʜʦʢʨʝʤʣʶ-

ʚʘʥʠʭ ʟ ʘʥʦʜʘ ʽ ʢʘʪʦʜʘ, ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʠʡ ʤʝ-

ʭʘʥʽʟʤ ʾʭ ʫʪʚʦʨʝʥʥʷ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʠʤ ʪʠʩʢʦʤ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʛʘʟʫ. 

ʅʘ ʷʟʠʢʘʭ ʟ ʘʥʦʜʘ ʽ ʢʘʪʦʜʘ ʚʽʜʟʥʘʯʝʥʽ ʚʝʣʠʢʽ ʟʘʚʠʭʨʝʥʥʷ. ʗʢ ʪʽʣʴʢʠ ʷʟʠʢ 

ʧʦʯʠʥʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʝʚʥʫ ʢʨʠʪʠʯʥʫ ʜʦʚʞʠʥʫ, ʥʘ ʥʴʦʛʦ ʧʦʩʠʣʶʻʪʴʩʷ ʘʝʨʦ-

ʜʠʥʘʤʽʯʥʠʡ ʚʧʣʠʚ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʡʦʛʦ ʚʠʛʠʥʘʭ. ʎʽ ʚʠʛʠʥʠ ʟʙʽʣʴʰʫʶʪʴʩʷ 

ʚ ʨʦʟʤʨ̔ʘʭ ʟʘ ʪʝʯʽʻʶ ʧʦʪʦʢʫ ʽ ʧʝʨʝʭʦʜʷʪʴ ʚ ʚʠʭʨʦʚʽ ʩʪʨʫʢʪʫʨʠ, ʷʢ ʥʘ ʘʥʦʜʽ ʪʘʢ 
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ʽ ʥʘ ʢʘʪʦʜʽ. ɺ ʢʨʠʪʠʯʥʠʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʩʠʣʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʥʝ ʤʦʞʫʪʴ 

ʫʪʨʠʤʫʚʘʪʠ ʷʟʠʢ ʟʽʛʥʫʪʦʾ ʬʦʨʤʠ, ʧʦʯʠʥʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʜʫʰʘ ʟ ʢʨʘʧʝʣʴ. 

ɺʥʘʩʣʽʜʦʢ ʨʦʟʨʠʚʫ ʷʟʠʢʽʚ, ʢʨʘʧʣʽ ʤʦʞʫʪʴ ʣʝʪʽʪʠ ʟʘ ʥʘʧʨʷʤʢʘʤʠ, ʚʽʜʤʽʥ-

ʥʠʤ ʚʽʜ ʦʩʴʦʚʦʛʦ. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʫʤʦʚʣʶʶʪʴ ʩʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩ-

ʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ: 

 - ʧʦʻʜʥʘʥʥʷ ʚʝʣʠʢʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʢʨʘʧʝʣʴ ʟ ʚʠʩʦʢʦʶ ʾʭ ʪʝʤʧʝʨʘʪʫ-

ʨʦʶ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʥʝʙʘʞʘʥʦʛʦ, ʚ ʦʩʥʦʚʥʦʤʫ, ʥʘʜʭʦʜʞʝʥʥʷ 

ʛʘʟʽʚ ʚ ʨʽʜʢʠʡ ʤʝʪʘʣ; 

 - ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʩʦʧʣʦʚʦʛʦ ʚʫʟʣʘ ʧʦʪʨʽʙʥʽ ʩʧʝʮʽʘʣʴʥʽ ʟʘʭʦʜʠ ʱʦʜʦ 

ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʣʴʦʪʫ ʢʨʘʧʝʣʴ ʚʽʜ ʦʩʽ ʩʪʨʫʤʝʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʢʨʘʧ-

ʣʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʽ ʧʝʨʝʙʫʚʘʪʠ ʥʘ ʧʦ-

ʚʝʨʭʥʽ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʚ ʤʦʤʝʥʪ ʚʽʜʩʫʪʥʦʩʪʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ɺ ʤʦʤʝʥʪ ʧʦ-

ʜʘʯʽ ʛʘʟʫ ʢʨʘʧʣʷ ʙʫʜʝ ʚʽʜʨʠʚʘʪʠʩʷ ʟ ʧʦʚʝʨʭʥʽ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠʩʷ ʛʘʟʦʚʠʤ ʧʦ-

ʪʦʢʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʧʨʦʮʝʩʽ ʚʽʜʨʠʚʫ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʥʝ ʬʽʢʩʫʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʷʟʠʢʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʚʧʣʠʚ ʧʦʚʽʪʨʷʥʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ 

(ʘ ʩʘʤʝ ʢʠʩʥʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʧʦʚʽʪʨʽ) ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʡ, ʥʽʞ ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ 

ʧʝʨʝʥʝʩʝʥʥʽ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ. ʇʨʦ ʮʝ ʛʦʚʦʨʷʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʩʪʘʪʪʷʭ [88, 89]. 

ʗʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʟʘʣʝʞʠʪʴ, ʟʦʢʨʝʤʘ, 

ʚʜ̔ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʢʩʠʜʽʚ ʚ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥ-

ʢʘʭ.  

ʍʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʟ ʛʘʟʦʤ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠ-

ʣʝʥʥʽ, ʘ ʪʘʢʦʞ ʧʦʚʝʜʽʥʢʫ ʰʣʘʢʫ ʥʘ ʢʨʘʧʣʷʭ ʤʝʪʘʣʫ ʚ ʛʘʟʦʚʦʤʫ ʩʪʨʫʤʝʥʽ, ʬʽʟʠ-

ʯʥʫ ʢʘʨʪʠʥʫ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ ʚ ʤʝʪʘʣ, ʱʦ ʨʦʟʧʠʣʶʻʪʴʩʷ, ʤʦʞʥʘ ʧʨʝʜʩʪʘ-

ʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [91].  

ʉʧʦʯʘʪʢʫ ʚʝʩʴ ʚʩʪʫʧʥʠʢ ʢʠʩʝʥʴ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ ʜʦ ʥʘ-

ʩʪʘʥʥʷ ʤʝʞʽ ʥʘʩʠʯʝʥʥʷ. ɼʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʰʣʘʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟ-

ʜʽʣʫ çʤʝʪʘʣ-ʛʘʟè. ɺ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʙʝʨʝ ʫʯʘʩʪʴ ʥʝ ʪʽʣʴʢʠ ʢʠʩʝʥʴ, ʱʦ ʥʘʜʭʦ-

ʜʠʪʴ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʘʣʝ ʽ ʢʠʩʝʥʴ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʧʝʨʝʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʚʥʘ-
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ʩʣʽʜʦʢ ʦʭʦʣʦʜʞʝʥʥʷ ʤʝʪʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʛʨʽʚʫ 2500õ2900 ʂ ʥʘ ʪʦʨʮʽ 

ʝʣʝʢʪʨʦʜʘ ʽ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ, ʜʦ ʪʦʯʢʠ ʧʣʘʚʣʝʥʥʷ ʧʨʠ ʧʦʣʴʦʪʽ ʢʨʘʧʝʣʴ. 

ʅʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʫ ʨʝʘʢʮʽʡʥʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʢʦʚʦ ʦʥʦʚʣʶʻʪʴʩʷ ʟʘ ʨʘʭʫ-

ʥʦʢ ʚʠʜʘʣʝʥʥʷ ʧʣʽʚʢʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟ ʯʘʩʪʦʪʦʶ ʩʢʠʜʘʥʥʷ ʢʨʘʧʝʣʴ. ʇʽʩʣʷ ʚʠ-

ʜʘʣʝʥʥʷ ʧʣʽʚʢʠ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʦʚʝʨʭʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʚ ʷʢʦʤʫ ʚʤʽʩʪ ʢʠʩʥʶ 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʦʚʦʤʫ ʪʚʝʨʜʦʤʫ ʤʝʪʘʣʫ, ʱʦ ʟʥʘʯʥʦ ʥʠʞʯʝ ʤʝʞʽ ʥʘʩʠʯʝʥʥʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ ʪʦʨʮʽ [91, 92]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʷ ʧʦʢʘʟʘʣʠ, ʥʘʷʚʥʽʩʪʴ ʚ 

ʧʦʢʨʠʪʪʽ ʦʢʨʝʤʠʭ ʰʘʨʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ [93]. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦ-

ʜʝʣʴ, ʟʘ ʷʢʦʶ ʥʘ ʩʬʝʨʠʯʥʽʡ ʯʘʩʪʠʥʮʽ ʟʥʘʭʦʜʠʪʴʩʷ ʰʣʘʢʦʚʘ ʧʣʽʚʢʘ, ʧʣʦʱʘ ʧʦ-

ʚʝʨʭʥʽ ʷʢʦʾ ʧʦʩʪʽʡʥʘ ʘʙʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʧʝʚʥʠʤ ʟʘʢʦʥʦʤ. ʐʣʘʢʦʚʘ ʧʣʽʚʢʘ ʚʽʜ-

ʪʽʩʥʷʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ɿʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʘʤ, ʥʘ ʙʽʣʴʰʽʡ ʯʘʩ-

ʪʠʥʽ ʜʠʩʪʘʥʮʽʾ ʥʘʧʠʣʶʚʘʥʥʷ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚʠʱʝ ʰʚʠʜʢʦʩʪʽ ʢʨʘʧʝʣʴ, ʪʦʤʫ 

ʢʦʨʤʦʚʘ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ʢʨʘʧʣʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʣʴʥʘ ʚʽʜ ʰʣʘʢʦʚʦʾ ʧʣʽʚʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʢʨʘʧʣʽ ʻ ʜʚʘ ʚʠʜʠ ʨʝʘʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʚʽʜʨʽʟʥʷ-

ʶʪʴʩʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʚʧʣʠʚʫ ʟ ʢʠʩʥʝʤ: 

 - ʚʽʣʴʥʘ ʚʽʜ ʰʣʘʢʫ ʧʦʚʝʨʭʥʷ. ʅʘ ʥʝʾ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʥʘʜʭʦʜʠʪʴ ʢʠʩʝʥʴ ʽ 

ʨʝʘʛʫʻ ʟ ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʰʣʘʢʫ. ʆʩʪʘʥʥʽʡ ʧʽʜ ʚʧʣʠʚʦʤ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʫ ʚʽʜʪʽʩʥʷʻʪʴʩʷ ʟ ʮʽʻʾ ʧʦʚʝʨʭʥʽ, ʟʥʦʚʫ ʚʽʜʢʨʠʚʘʶʯʠ ʧʦʚʝʨʭʥʶ ʤʝʪʘʣʫ ʜʣʷ 

ʚʟʘʻʤʦʜʽʾ ʟ ʛʘʟʦʚʦʶ ʬʘʟʦʶ; 

- ʧʦʚʝʨʭʥʷ, ʚʢʨʠʪʘ ʰʣʘʢʦʤ. ʅʘ ʤʽʞʬʘʟʥʽʡ ʛʨʘʥʠʮʽ çʤʝʪʘʣ-ʰʣʘʢè ʧʨʦʪʽ-

ʢʘʶʪʴ ʚʟʘʻʤʦʟʘʣʝʞʥʽ ʨʝʘʢʮʽʾ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʽ ʰʣʘʢʫ [38]. 

 ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ, ʷʢ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ ʧʦʪʨʘʧʣʷʥʥʷ ʢʠʩʥʶ ʫ 

ʢʨʘʧʣʶ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʜʽʡ ʧʨʦʭʦʜʠʪʴ ʥʘʡʙʽʣʴʰʝ ʥʘʩʠ-

ʯʝʥʥʷ, ʷʢ ʤʦʞʥʘ ʟʥʠʟʠʪʠ ʯʠ ʟʘʧʦʙʽʛʪʠ ʮʴʦʤʫ. 
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1.7. ʂʽʥʝʪʠʢʘ ʚʟʘʻʤʦʜʽʾ ʥʘʧʠʣʶʚʘʥʦʛʦ ʤʝʪʘʣʫ ʟ ʢʠʩʥʝʤ ʨʦʟʧʠʣʶʚʘ-

ʣʴʥʦʛʦ ʧʦʚʽʪʨʷ 

 

ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ ʚ ʢʨʘʧʣʽ ʤʝʪʘʣʫ ʧʨʠ ɽɼʄ ʨʦʟ-

ʨʦʙʣʝʥʘ ʂʦʨʦʙʦʚʠʤ ʖ.ʉ.  ̔ɺ. ʅ. ɹʦʨʦʥʝʥʢʦʚʠʤ ʽ ʚʠʢʣʘʜʝʥʘ ʚ ʨʦʙʦʪʘʭ [93-97]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ ʚ ʢʨʘʧʣʶ ʧʨʠ ɽɼʄ ʚʨʘʭʦʚʫʻ 

ʧʨʦʮʝʩʠ ʷʢ ʟʦʚʥʽʰʥʴʦʾ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʴʦʾ ʜʠʬʫʟʽʾ. ʆʢʨʝʤʦ ʚʠʜʽʣʝʥʘ ʩʪʘʜʽʷ 

ʜʨʦʙʣʝʥʥʷ ʢʨʘʧʣʽ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ, ʷʢʘ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʮʝʚʫ ʢʽʣʴ-

ʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ. ʈʦʟʛʣʷʥʫʪʦ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ ʚ ʤʝʪʘʣ ʰʣʷʭʦʤ 

ʨʦʟʯʠʥʝʥʥʷ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʽ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʟʽ ʰʣʘʢʦʤ. 

ʈʦʟʜʽʣʷʻʪʴʩʷ ʧʨʦʮʝʩ ʥʘ ʪʨʠ ʧʦʩʣʽʜʦʚʥʽ ʩʪʘʜʽʾ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʩʦʙʣʠ-

ʚʦʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʟ ʢʠʩʥʝʤ (ʨʠʩ.1.27). 

 

 

 

ʈʠʩ. 1.27. ʉʭʝʤʘ ʨʫʭʫ ʢʨʘʧʝʣʴ ʧʨʠ ʟʨʠʚʽ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʽʚ 

 

1 ʩʪʘʜʽʷ. ʄʝʪʘʣ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ. 

ʄʝʪʘʣ ʙʝʟʧʝʨʝʨʚʥʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʟʦʥʠ ʚʟʘʻʤʦʜʽʾ (ʜʦ ʪʦʨʮʷ) ʽ ʚʽʜʚʦ-

ʜʠʪʴʩʷ ʚʽʜ ʥʝʾ ʚ ʢʨʘʧʣʶ. ʋ ʛʘʟʦʚʽʡ ʬʘʟʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʘʛʝʥʪʫ (ʢʠʩʥʶ) ʧʦʩ-
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ʪʽʡʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʽ, ʟʘ ʜʘʥʠʤʠ ɸ. ɸ. ɭʨʦʭʽʥʘ ʪʘ ɯ. ʂ. ʇʦʭʦʜʥʽ 

[98, 99], ʩʪʘʥʦʚʠʪʴ 2400õ2700 ʂ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʡʥʷʪʦ ʊ = 2500 ʂ. 

ɭ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʧʦ ʢʦʝʬʽʮʽʻʥʪʫ ʤʘʩʦʧʝʨʝʥʦʩʫ ʢʠʩʥʶ ʚ ʨʦʟ-

ʧʣʘʚʽ ʈʤʝ ʜʣʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʚ ʜʫʛʦʚʦʤʫ ʨʦʟʨʷʜʽ ʧʨʠ ʜʽʾ ʛʘʟʦʚʦʛʦ ʧʦʪʦ-

ʢʫ. ɿʘ ʜʘʥʠʤʠ [63], ʜʣʷ ʘʟʦʪʫ ʚ ʢʨʘʧʣʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʽ ʟʚʘʨʶʚʘ-

ʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦ ʧʝʨʝʥʦʩʫ ʚ ʤʝʪʘʣʽ ʈʤʝ = 0,29 Ā 10
-2
ʤ/ʩ. ʎʝ ʥʘ 

ʧʦʨʷʜʦʢ ʚʠʱʝ, ʥʽʞ ʧʨʠ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʘʭ ʚ ʨʦʟʧʣʘʚʘʭ ʧʨʠ ʚʠʧʣʘʚʮʽ 

ʩʪʘʣʽ, ʜʝ ʈʤʝ = (0,8 õ 2,9) Ā 10
-4
 ʤ/ʩ. ʆʯʝʚʠʜʥʦ, ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʢʨʘʧʣʽ ʽ ʫʪʦʥʝʥʥʷʤ ʧʨʠʢʦʨ-

ʜʦʥʥʦʛʦ ʰʘʨʫ ʚʥʘʩʣʽʜʦʢ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʝʪʘʣʫ ʢʨʘʧʣʽ. ʗʢʱʦ ʧʨʠ-

ʡʥʷʪʠ, ʱʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 3ʄʝ ʢʠʩʥʶ ʘʥʘʣʦʛʽʯʥʠʡ, ʪʦ, ʡʤʦʚʽʨʥʦ, ʱʦ ʈʄʝ = (0,1-

0,3) Ā10
-2 
ʤ/ʩ. ɿʘ ʜʦʩʣʽʜʘʤ ɸ. ɸ. ɭʨʦʭʽʥʘ [99], ʜʝ ʚʠʟʥʘʯʘʚʩʷ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦ-

ʧʝʨʝʥʦʩʫ ʥʘ ʢʨʘʧʣʷʭ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʝʣʝʢʪʨʦʜʘʤʠ, ʈʤʝ = (0,19 õ 0,25) 10
-2
 ʤ/ʩ. 

ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʻʪʴʩʷ  3ʄʝ = 0,25Ā10
-2
 ʤ/ʩ. 

2 ʩʪʘʜʽʷ. ʄʝʪʘʣ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ. 

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʻʪʴʩʷ ʩʭʝʤʘ, ʨʦʟʛʣʷʜʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʪʚʦʨʝʥʥʷ 

ʢʨʘʧʝʣʴ ʤʝʪʘʣʫ [95]. ʋ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ ʤʝʪʘʣ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʚʠʛʣʷʜʽ "ʷʟʠʢʘ" 

ʪʦʚʱʠʥʦʶ 7Ā10
-6
 ʤ ʽ ʜʦʚʞʠʥʦʶ 6,3Ā10

-3
 ʤ. ʋ ʧʝʨʝʪʷʞʢʘʭ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ 

ʜʽʻʶ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʛʘʟʫ ʚ ʤʽʩʮʷʭ ʤʽʩʮʝʚʠʭ ʟʙʫʨʝʥʴ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʠʚ 

ʩʪʨʫʤʝʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. ɺʠʜʽʣʝʥʥʷ ɼʞʦʫʣʝʚʘ ʪʝʧʣʘ ʚ ʧʝʨʝʪʷʞʢʘʭ ʡʜʝ ʽʥʪʝʥ-

ʩʠʚʥʽʰʝ, ʥʽʞ ʚ ʽʥʰʠʭ ʜʽʣʷʥʢʘʭ ʧʨʦʚʽʜʥʠʢʘ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʦʛʦ ʦʤʽʯʝʩʢʦ-

ʛʦ ʩʫʧʨʦʪʠʚʫ. ʇʨʠʡʥʷʪʦ, ʱʦ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝ-

ʨʝʪʷʞʢʘʭ ʜʦ 2900 ʂ, ʘ ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʤʝʥʷ ʨʽʟʢʦ ʧʦʩʠʣʶʻʪʴʩʷ ʟʘ ʨʘ-

ʭʫʥʦʢ ʩʧʽʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʢʠʧʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʽ ʫʜʘʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʛʘʟʫ ʫ ʧʝʨʝʪʷʞʦʢ. ɺʝʣʠʯʠʥʫ ʢʦʝʬʮ̔ʽʻʥʪʘ ʤʘʩʦ ʧʝʨʝʥʦʩʫ ʢʠʩʥʶ ʚ ʤʝʪʘʣʽ ʚʟʷʣʠ 

ʷʢ ʜʣʷ 1 ʩʪʘʜʽʾ. 

ʌʦʨʤʘ çʷʟʠʢʘè ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʩʧʽʣʴʥʠʤ ʚʧʣʠʚʦʤ ʛʽʜʨʦʜʠʥʘ-

ʤʽʯʥʠʭ ʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ, ʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʩʢʨʫʪʥʠʤ ʦʧʠʩʘʪʠ ʾʾ ʘʥʘ-

ʣʽʪʠʯʥʦ. ʈʦʟʨʘʭʫʥʦʢ ʚʝʣʠʯʠʥʠ ʧʦʚʝʨʭʥʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʭʝʤʽ, 

ʧʨʠʡʥʷʪʽʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʰʚʠʜʢʦʩʪʝʡ ʢʨʘʧʝʣʴ. ɿʘ ʮʽʻʶ ʩʭʝʤʦʶ ʚ ʟʦʥʽ ʛʦʨʽʥ-



86 
 

ʥʷ ʜʫʛʠ ʟʥʘʭʦʜʷʪʴʩʷ ʢʨʘʧʣʽ ʤʝʪʘʣʫ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʫʤʦʚʥʠʤ ʜʽʘʤʝʪʨʦʤ, ʨʽ-

ʚʥʠʤ ʪʦʚʱʠʥʽ "ʷʟʠʢʘ", ʪʦʙʪʦ  < dʫʤ = 10Ā10
-6
 ʤ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʟʦʥʠ ʛʦʨʽʥʥʷ 

ʜʫʛʠ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʢʨʘʧʝʣʴ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʎʝ ʩʧʨʦʱʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʢʠ, ʭʦʯʘ ʬʽʟʠʯʥʘ ʢʘʨʪʠʥʘ ʧʨʦʮʝʩʫ 

ʤʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ. ʅʘʜʘʣʽ ʟʛʽʜʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʟʘ 

ʢʽʣʴʢʽʩʪʶ ʢʠʩʥʶ ʚ ʧʦʢʨʠʪʪʽ ʤʦʞʥʘ ʚʽʜʢʦʨʠʛʫʚʘʪʠ ʧʘʨʘʤʝʪʨ  < 1ʫʤ. 

3 ʩʪʘʜʽʷ. ʇʦʣʽʪ ʧʦ ʜʠʩʪʘʥʮʽʾ ʥʘʧʠʣʶʚʘʥʥʷ. 

ʇʨʠʙʣʠʟʥʦ ʧʽʩʣʷ 15õ25 ʤʤ ʜʠʩʪʘʥʮʽʾ ʥʘʧʠʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʘ-

ʧʝʣʴ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʊʧʣ = 1809 ʂ ʽ ʜʘʣʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʜʦ ʢʽʥʮʷ ʜʠʩ-

ʪʘʥʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʾ ʝʥʪʘʣʴʧʽʾ ʧʣʘʚʣʝʥʥʷ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʬʨʘʢʮʽʾ ʚʽʜ  

237Ā10
-6
 ʤ ʜʦ 10Ā10

-6
 ʤ ʰʚʠʜʢʦʩʪʽ ʢʨʘʧʝʣʴ ʥʘ ʜʠʩʪʘʥʮʽʾ ʥʘʧʠʣʶʚʘʥʥʷ ʟʙʽʣʴ-

ʰʫʶʪʴʩʷ ʚ 2,5õ3 ʨʘʟʠ. ɺʽʜʧʦʚʽʜʥʦ ʨʦʟʨʽʟʥʷʻʪʴʩʷ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʢʨʘʧʝʣʴ ʟ ʢʠʩ-

ʥʝʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʧʘʜʘʻ ʜʦ 600õ800 ʂ. ɺʥʘʩʣʽʜʦʢ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʽ-

ʰʫʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʘʪʤʦʩʬʝʨʦʶ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʾʾ ʧʦʯʘʪʢʦʚʦʛʦ ʜʽ-

ʣʷʥʢʠ ʩʢʣʘʜʫ ʩʪʨʫʤʝʥʷ ʛʘʟʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʚʽʪʨʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʩʭʝʤʠ ʧʝʨʝʜʙʘʯʘʶʪʴ, ʱʦ ʥʘʩʠʯʝʥʥʷ ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʝ-

ʪʘʣʫ ʝʣʝʢʪʨʦʜʽʚ ʢʠʩʥʝʤ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʢʦʥʪʘʢʪʫ ʥʘ ʪʦʨʮʷʭ ʝʣʝʢʪʨʦʜʽʚ ʟ ʧʦʩʣʽ-

ʜʦʚʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʥʘʩʠʯʝʥʥʷ ʢʨʘʧʝʣʴ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʟʘʚʜʷʢʠ ʥʘʨʦʩʪʘʥʥʶ 

ʟʘʛʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. ɼʝʪʘʣʴʥʦ ʢʽʥʝʪʠʢʘ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ 

ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʝʣʝʢʪʨʦʜʽʚ  ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1.28. 

 ʅʘ ʨʠʩ. 1.28  ʧʦʢʘʟʘʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠ-

ʩʥʶ ʚ ʢʨʘʧʣʶ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ. 

ʇʨʠ ʧʦʚʝʨʭʥʝʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ [ʆ]', ʤʝʥʰʦʶ ʤʝʞʽ ʥʘʩʠʯʝʥʥʷ 

[ʆ]
ʥʘʩ

Fe, ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʯʠʥʝʥʥʷ ʢʠʩʥʶ ʚ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ. 

ɺʥʘʩʣʽʜʦʢ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʪʘʜʽʷʭ 1 ʽ 2, ʪʦʙʪʦ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦ-

ʜʘ ʽ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ, ʤʝʞʘ ʨʦʟʯʠʥʥʦʩʪʽ ʢʠʩʥʶ ʚ ʤʝʪʘʣʽ ʟʥʘʯʥʦ ʚʠʱʝ, ʥʽʞ 

ʧʨʠ ʧʦʣʴʦʪʽ ʢʨʘʧʝʣʴ ʧʦ ʜʠʩʪʘʥʮʽʾ (ʪʘʙʣ. 1.6) [95]. 
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ʧʠʣʝʥʥʽ 
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ʊʘʙʣʠʮʷ 1.6 - 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʤʝʞʠ ʨʦʟʯʠʥʥʦʩʪʽ ʢʠʩʥʶ ʫ ʨʽʜʢʦʤʫ ʟʘʣʽʟʽ 

ʊ, ʂ 1809 2500 2900 

[ʆ]Fe
ʥʘʩ
, ʤʘʩ. % 0,174 1,607 3,587 

 

ʅʘ ʮʠʭ ʩʪʘʜʽʷʭ ʚʝʩʴ ʢʠʩʝʥʴ, ʱʦ ʧʦʜʘʻʪʴʩʷ, ʘʙʦ, ʧʨʠʥʘʡʤʥʽ, ʡʦʛʦ ʦʩʥʦʚʥʘ 

ʯʘʩʪʠʥʘ, ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ. ʇʨʠ ʮʴʦʤʫ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʢʨʘʧʝʣʴ 

ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʣʦʱʝʶ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠ-

ʚʽ ʫʤʦʚʠ ʜʣʷ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ ʚ ʤʝʪʘʣ. 

ʅʘ ʪʨʝʪʽʡ ʩʪʘʜʽʾ, ʚ ʧʦʣʴʦʪʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʘʧʝʣʴ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʊʧʣ = 

1809 ʂ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʝʞʽ ʨʦʟʯʠʥʥʦʩʪʽ (ʜʠʚ. ʪʘʙʣ. 1.6) ʽ, ʚʽʜ-

ʧʦʚʽʜʥʦ, ʜʦ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ ʟ ʧʝʨʝʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ. 

ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʘʧʘʨʘʪʠ ʜʫʛʦʚʦʛʦ ʤʝʪʘʣʽʟʘ-

ʮʽʾ: - ɸɼʄ-7, ʚ ʷʢʦʤʫ ʨʦʟʧʦʨʦʰʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʷʥʥʷ ï 

ʧʨʦʧʘʥʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ, ʪʠʩʢ ʧʦʚʽʪʨʷ 0,34 ʄʇʘ, ʪʠʩʢ ʧʨʦʧʘʥʫ 0,28õ 

0,32 ʄʇʘ - ɽʄ-14, ʚ ʷʢʦʤʫ ʨʦʟʧʦʨʦʰʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ, 

ʪʠʩʢ ʧʦʚʽʪʨʷ 0,6 ʄʇʘ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚ ʪʘʙʣ. 1.7 ʢʦʝʬʽʮʽʻʥʪʠ ʥʘʜʣʠʰʢʫ ʦʢʠʩ-

ʣʶʚʘʯʘ ʟʽʩʪʘʚʣʝʥʽ ʟ ʘʙʩʦʣʶʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʠʩʢʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʜʫ-

ʢʪʽʚ ʟʛʦʨʷʥʥʷ ʧʨʦʧʘʥʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʛʘʟʫ. 

 

ʊʘʙʣʠʮʷ 1.7 -   

ɺʤʽʩʪ ʢʠʩʥʶ ʚ ʤʝʪʘʣʽʟʘʮʽʡʥʠʭ ʧʦʢʨʠʪʪʷʭ  

ʋʤʦʚʠ  

ʥʘʧʠʣʝʥʥʷ 

ʄʝʪʘʣʽʟʘʪʦʨ ɸɼʄ-7 ʄʝʪʘʣʽʟʘʪʦʨ 

ɽʄ-14 

ɺʠʭʽʜʥʠʡ 

ʜʨʽʪ 40ʍ13 Ŭʦʢ=0,8 Ŭʦʢ=1,0 Ŭʦʢ=1,2 

ʈʆ2, ʄʇʘ 0,0035 0,0068 0,0090 0,0210 - 

[ʆ], ʤʘʩ. % 2,19 3,160 3,551 4,724 0,0425 
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ʇʝʚʥʠʡ ʚʤʽʩʪ ʢʠʩʥʶ ʚ ʥʘʧʠʣʝʥʥʠʭ ʧʦʢʨʠʪʪʷʭ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʠʤ ʽʥʰʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ. ʊʘʢ, ʚ ʨʦʙʦʪʽ ʄ. ɸ. ɹʽʣʦʮʝʨʢʽʚʩʴʢʦʛʦ ʟ  ʘʚʪʦʨʘʤʠ [36] ʥʘʚʦʜʷʪʴʩʷ 

ʟʥʘʯʝʥʥʷ [ʆ] = 1,4õ4,5 ʤʘʩ. % ɼʣʷ ʽʥʪʝʨʚʘʣʫ Ŭʦʢ = 0,67õ1,93 (ʚ ʨʦʙʦʪʽ: ʦʙ'ʻʤʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʚʽʪʨʷ ʽ ʧʨʦʧʘʥʫ 16õ46), ʧʦʢʨʠʪʪʷ ʥʘʥʦʩʠʣʦʩʷ ʤʝʪʘʣʽʟʘʪʦ-

ʨʦʤ, ʘʥʘʣʦʛʽʯʥʠʤ ʚʠʢʦʨʠʩʪʘʥʦʤʫ. ɺʤʽʩʪ ʢʠʩʥʶ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʘʥʘʣʽʟʘʪʦʨʽ 

AN 10000 ʬʽʨʤʠ "Link Analytical". ʋ ʨʦʙʦʪʽ A. I. ɹʦʨʠʩʦʚʦʾ ʪʘ ʽʥ. [92,101-103] 

ʚʤʽʩʪ ʢʠʩʥʶ ʚʠʟʥʘʯʘʚʩʷ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʊʉ-436 ʽ CS-444 (ʬʽʨʤʠ "ʃʝʢʦ"). ɼʣʷ 

ʧʦʢʨʠʪʪʽʚ ʪʠʧʫ Fe-ʉr-ʉ ʟ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʚʤʽʩʪ ʢʠʩʥʶ ʩʢʣʘʚ 3,3 ʤʘʩ.%, 

ʇʦʢʨʠʪʪʷ ʥʘʥʦʩʠʣʦʩʷ ʤʝʪʘʣʽʟʘʪʦʨʦʤ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʢʫʪʦʚʦ  ʁʩʠʩʪʝʤʦʶ ʧʦ-

ʜʘʯʽ ʜʨʦʪʽʚ [75]. 

ʂʠʩʝʥʴ, ʷʢʠʡ ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʨʦʟʯʠʥʫ ʟʚ'ʷʟʫʻʪʴʩʷ ʚ ʦʢʩʠʜʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ 

ʰʣʘʢʦʚʫ ʧʣʽʚʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʘʧʣʽ. ɿʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʧʦʪʦʢʫ ʪʨʘʥʩʧʦʨʪʫʶ-

ʯʦʛʦ ʛʘʟʫ ʮʷ ʧʣʽʚʢʘ ʚʽʜʪʽʩʥʷʻʪʴʩʷ ʟ ʢʦʨʤʦʚʦʾ ʯʘʩʪʠʥʠ ʢʨʘʧʣʽ, ʟʘʣʠʰʘʶʯʠ ʚʽʜʢ-

ʨʠʪʦʶ ʜʣʷ ʚʩʪʫʧʫ ʢʠʩʥʶ ʟʟʦʚʥʽ ʯʘʩʪʠʥʫ ʧʦʚʝʨʭʥʽ. ʂʠʩʝʥʴ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟʟʦ-

ʚʥʽ ʡʜʝ ʥʘ ʫʪʚʦʨʝʥʥʷ ʰʣʘʢʦʚʦʾ ʧʣʽʚʢʠ, ʷʢʘ ʪʘʢʦʞ ʚʽʜʪʽʩʥʷʻʪʴʩʷ ʚ ʥʦʩʦʚʫ ʯʘʩ-

ʪʠʥʫ. ʊʫʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʽʚ ʤʽʞ ʰʣʘʢʦʤ ʽ ʤʝʪʘʣʦʤ. ʋ 

ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫ̒ ʪʴʩʷ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʨʝʘʢʮʽʡ ʽ ʜʠʬʫʟʽʷ ʚʩʽʭ ʨʝʘʛʝʥʪʽʚ ʚ 

ʤʝʪʘʣʽ ʽ ʰʣʘʢʫ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʰʣʘʢʫ ʚ ʥʦʩʦʚʽʡ ʯʘʩʪʠʥʽ ʧʦʷʩʥʶ̒ ʪʴʩʷ ʤʝʥʰʦʶ 

ʰʚʠʜʢʽʩʪʶ ʢʨʘʧʝʣʴ ʚʽʜʥʦʩʥʦ  ʛʘʟʫ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʚʦʜʠʪʴʩʷ ʧʦʟʥʘʯʝʥʥʷ: ʔ 

ï ʯʘʩʪʢʘ ʧʦʚʝʨʭʥʽ, ʚʽʣʴʥʘ ʚʽʜ ʰʣʘʢʫ. 

ʅʘʡʽʤʦʚʽʨʥʽʰʝ, ʱʦ ʚʝʣʠʯʠʥʘ ʯʘʩʪʢʠ ʧʦʚʝʨʭʥʽ, ʚʽʣʴʥʦʾ ʚʽʜ ʰʣʘʢʫ, ʧʦʩ-

ʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʢʨʘʧʣʽ ʱʦʜʦ ʛʘʟʫ ʽ ʥʘʷʚʥʦʩʪʽ 

ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʢʨʘʧʣʽ ʚʥʘʩʣʽʜʦʢ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʪʦʢʫ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ 

ʧʨʠʡʥʷʪʘ ʫʤʦʚʥʘ ʩʭʝʤʘ, ʧʦ ʷʢʽʡ ʯʘʩʪʢʘ ʧʦʚʝʨʭʥʽ, ʚʽʣʴʥʦʾ ʚʽʜ ʰʣʘʢʫ, ʟʘʣʠʰʘ-

ʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʚʝʩʴ ʯʘʩ ʞʠʪʪʷ ʢʨʘʧʣʽ. ɿʽʩʪʘʚʣʷʶʯʠ ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʤʽʨʶ-

ʚʘʥʥʷʤ ʚʤʽʩʪʫ ʢʠʩʥʶ ʚ ʧʦʢʨʠʪʪʽ, ʢʽʥʮʝʚʽʡ ʪʦʯʮʽ ʧʦʣʴʦʪʫ ʢʨʘʧʣʽ, ʤʦʞʥʘ ʧʨʠ-

ʡʥʷʪʠ ʜʝʷʢʠʡ ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʔ. 

ʊʘʢʝ ʫʷʚʣʝʥʥʷ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʙʝʩʪʠ-

ʛʝʣʴʥʦʾ ʧʣʘʚʢʠ ʤʝʪʘʣʫ ʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ɺ ʨʦʙʦʪʽ 

ɺ. ɯ. ʗʚʦʡʩʴʢʦʛʦ [104]  ʦʧʠʩʘʥʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʢʨʘʧʣʷʤʠ ʤʝʪʘʣʫ, ʱʦ ʫʪʚʦ-
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ʨʠʣʠʩʷ ʧʨʠ ʨʦʟʧʣʘʚʣʝʥʥʽ ʟʨʘʟʢʽʚ ʚ ʽʥʜʫʢʪʦʨʽ. ʂʨʘʧʣʽ ʦʙʜʫʚʘʶʪʴʩʷ ʧʦʪʦʢʦʤ 

ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ. ʇʦʪʽʤ ʜʦʜʘʚʘʣʠ ʢʠʩʝʥʴ ʚ ʛʘʟ, ʷʢʠʡ ʦʙʜʫʚʘʚ ʢʨʘʧʣʶ ʧʨʦʪʷʛʦʤ 

ʧʝʚʥʦʛʦ ʯʘʩʫ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ ʚʫʛʣʝʮʶ ʉ <  

1 ʤʘʩ.% ʅʘ ʧʦʚʝʨʭʥʽ ʢʨʘʧʣʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʯʘʩʪʠʥʢʠ ʦʢʩʠʜʥʦʾ ʬʘʟʠ, ʷʢʽ ʧʦʤʽʪʥʽ 

ʧʦ ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʤʝʪʘʣʫ ʢʦʣʴʦʨʦʤ ʽ ʷʩʢʨʘʚʽʩʪʶ. ʇʣʽʚʢʘ ʰʣʘʢʫ ʥʝ ʧʦʢʨʠʚʘʻ 

ʚʩʶ ʧʦʚʝʨʭʥʶ ʤʝʪʘʣʫ, ʘ ʧʣʘʚʘʻ ʧʦ ʥʽʡ ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʠʭ ʦʩʪʨʽʚʮʽʚ, ʷʢʽ ʩʪʽʢʘ-

ʶʪʴ ʚ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʟʨʘʟʢʘ, ʜʝ ʟʙʠʨʘʶʪʴʩʷ ʚ ʙʽʣʴʰ ʚʝʣʠʢʝ ʫʪʚʦʨʝʥʥʷ, ʷʢʝ 

ʚʽʜʨʠʚʘʻʪʴʩʷ ʚʽʜ ʢʨʘʧʣʽ ʤʝʪʘʣʫ. ʏʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʽ ʪʘʢʝ ʷʚʠʱʝ, ʷʢ ʟʘʭʦʧ-

ʣʝʥʥʷ ʤʝʪʘʣʦʤ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʮʠʭ ʰʣʘʢʦʚʠʭ ʦʩʪ-

ʨʽʚʮʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʟʚʦʨʦʪʥʝ ʩʧʣʠʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ. 

ʆʩʥʦʚʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ, 85õ95 % ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫ-

ʛʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʦʧʝʨʝʜʘʯʽ 

ʚ ʛʘʟʽ ʽ ʚʝʣʠʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʢʠ. ɺʝʣʠʯʠʥʘ ʩʪʫʧʝʥʷ ʦʢʠʩʣʝʥʥʷ 

ʩʠʣɹʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʦʢʠʩʣʶʚʘʯʘ ʛʘʟʫ ʥʘ ʮʽʡ ʩʪʘʜʽʾ 

(ʨʠʩ.1.28). 

ʅʘ 1, 2 ʩʪʘʜʽʷʭ ʚʝʩʴ ʚʩʪʫʧʥʠʢ ʢʠʩʝʥʴ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʤʝʪʘʣʽ ʯʘʩʪʠʥʢʠ. 

ʅʘ ʩʪʘʜʽʾ ʧʦʣʴʦʪʫ ʚʥʘʩʣʽʜʦʢ ʨʽʟʢʦʛʦ ʧʘʜʽʥʥʷ ʤʝʞʽ ʥʘʩʠʯʝʥʥʷ ʡʜʝ ʪʽʣʴʢʠ ʫʪʚʦ-

ʨʝʥʥʷ ʰʣʘʢʫ ʟʘ ʨʘʭʫʥʦʢ ʢʠʩʥʶ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʧʝʨʝʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʽ ʥʘʜ-

ʭʦʜʠʪʴ ʚ ʢʦʨʤʦʚʫ ʯʘʩʪʠʥʫ ʟ ʘʪʤʦʩʬʝʨʠ. ɼʣʷ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦʛʦ ʔ = 0,45 ʥʘ 

ʨʦʙʦʯʽʡ ʜʠʩʪʘʥʮʽʾ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʰʣʘʢʫ ʩʪʘʥʦʚʠʪʴ 5õ12 % ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦ-

ʩʪʦʤ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʢʠʩʥʶ ʽ ʟʤʝʥʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʯʘʩʪʠʥʦʢ (ʨʠʩ. 1.29). 

ɿʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦ-

ʛʽʡ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʪʘʢ ʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʩʪʘʜʽʷʭ ʧʣʘʚʣʝʥʥʷ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʽʚ ʽ ʟʦʥʠ ʛʦʨʽʥʥʷ ʜʫʛʠ ʥʘʜʭʦʜʠʪʴ 

ʢʠʩʝʥʴ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʤʝʪʘʣʽ ʢʨʘʧʣʽ, ʘ ʥʘ ʩʪʘʜʽʾ ʧʦʣʴʦʪʫ ï ʡʜʝ ʥʘ ʫʪʚʦʨʝʥʥʷ 

ʰʣʘʢʫ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷʤ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʢʨʘʧʝʣʴ ʽ ʟʥʠʞʝʥʥʷʤ 

ʤʝʞʽ ʨʦʟʯʠʥʥʦʩʪʽ ʢʠʩʥʶ ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʘʧʝʣʴ ʧʨʠ ʚʠ-

ʜʘʣʝʥʥʽ ʚʽʜ ʟʦʥʠ ʛʦʨʽʥʥʷ ʜʫʛʠ. ʇʨʠ ʟʥʠʞʝʥʥʽ ʤʝʞʽ ʨʦʟʯʠʥʥʦʩʪʽ ʢʠʩʥʶ ʚ ʰʣʘʢ 

ʜʦʜʘʪʢʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʢʠʩʝʥʴ, ʷʢʠʡ ʚʠʭʦʜʠʪʴ ʟ ʧʝʨʝʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʨʽʜʢʦʛʦ 

ʤʝʪʘʣʫ. 
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ʈʠʩ. 1.29. ɺʥʝʩʦʢ ʩʪʘʜʽʡ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚ ʥʘʜʭʦʜʞʝʥʥʷ 

ʢʠʩʥʶ ʚ ʢʨʘʧʣʶ ʧʨʠ ʨʽʟʥʦʤʫ ʚʠʭʽʜʥʦʤʫ ʧʘʨʮʽʘʣʴʥʦʤʫ ʪʠʩʢʫ ʢʠʩʥʶ, ʈ, ʄʇʘ 

 

ʅʘʚʝʜʝʥʠʡ ʤʝʭʘʥʽʟʤ ʥʘʩʠʯʝʥʥʷ ʢʨʘʧʝʣʴ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʢʠʩʥʝʤ ʥʘ ʨʽʟ-

ʥʠʭ ʩʪʘʜʽʷʭ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʫʣʴʩʫʯʁʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ. 

ɺʨʘʭʦʚʫʚʘʣʦʩʴ ʱʦ ʥʘ ʢʽʣʴʢʽʩʪʴ ʢʠʩʥʶ ʚ ʢʨʘʧʣʽ ʚʧʣʠʚʘʻ ʯʘʩ ʜʽʾ ʪʨʘʥʩʧʦ-

ʨʪʫʶʯʦʛʦ ʧʦʚʽʪʨʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦ-

ʪʦʢʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʠʩʥʶ, ʟʘ ʨʘʭʫʥʦʢ ʮʠ-

ʢʣʽʯʥʦʾ ʟʤʽʥʠ ʦʙôʻʤʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ (ʧʝʨʝʢʨʠʪʪʷ 

ʧʦʪʦʢʫ) ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠ ʚʽʜʢʨʠʪʪʽ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ. 

ʂʽʣʴʢʽʩʪʴ ʢʠʩʥʶ, ʷʢʠʡ ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʦʢʠʩʣʶʚʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠ ʟʘ-

ʩʪʦʩʫʚʘʥʥʽ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʨʦʟʛʣʷʥʫʪʦ ʚ ʩʪʘʪʪʽ 

[100]. 
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1.8. ʈʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʧʦʨʦʰʢʦʚʠʤʠ  

ʜʨʦʪʘʤʠ 

 

ɺ ʷʢʦʩʪʽ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʰ ʯʘʩ  ʤʘʻ ʤʽʩʮʝ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʭʽʤʽʯ-

ʥʦʛʦ ʩʢʣʘʜʫ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʦʩʦʩʪʽʡ-

ʢʠʭ ʧʦʢʨʠʪʪʽʚ ʛʘʟʦʪʝʨʤʽʯʥʠʤ ʥʘʧʠʣʝʥʥʷʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʨʦʰ-

ʢʠ ʟ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ, ʢʦʙʘʣʴʪʫ, ʤʦʣʽʙʜʝʥʫ ʪʘ ʽʥ., ʘ 

ʪʘʢʦʞ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʩʪʘʣʝʡ, ʢʘ-

ʨʙʽʜʽʚ ʤʝʪʘʣʽʚ, ʙʦʨʠʜʽʚ ʽ ʥʽʪʨʠʜʽʚ (ʨʠʩ.1.30) [103].  

 

 

 

ʈʠʩ. 1.30.  ɿʥʦʩ ʤʝʪʘʣʽʟʘʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʜʘʥʠʤʠ [102]: 1 ï ʥʠʟʴʢʦ-

ʚʫʛʣʝʮʝʚʘ ʩʪʘʣʴ; 2 ï ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʘ ʩʪʘʣʴ ʪʠʧʫ 18-8 ʟ ʚʤʽʩʪʦʤ ʤʦʣʽʙʜʝʥʫ; 3 ï 

ʭʨʦʤʦʤʦʣʽʙʜʝʥʦʚʘ ʩʪʘʣʴ; 4 ï ʩʪʝʣʣʽʪ ˉ 66; 5 ï ʩʪʝʣʣʽʪ ˉ 33; 6 ï ʩʪʝʣʣʽʪ ˉ 11; 

7 ï ʩʧʣʘʚ ʥʘ ʭʨʦʤʦʥʽʢʝʣʝʚʦʾ ʦʩʥʦʚʽ, 8 ï ʢʦʣʤʦʥʦʡ ˉ 4; 9 ï ʢʦʣʤʦʥʦʡ ˉ 5; 10 

ï ʢʦʣʤʦʥʦʡ ˉ 6  
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʘʨʙʽʜʠ ʢʨʝʤʥʽʶ, 

ʪʠʪʘʥʫ ʪʘ ʚʦʣʴʬʨʘʤʫ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʚ ʢʘʨʙʽʜ ʚʦ-

ʣʴʬʨʘʤʫ. ɿʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʠʟʴʢʠʡ ʢʦʝ-

ʬʽʮʽʻʥʪ ʪʝʨʪʷ ʤʝʪʘʣʝʚʠʭ ʧʘʨ ʢʦʤʧʦʟʠʮʽʾ ʥʽʢʝʣʴ-ʛʨʘʬʽʪ, ʢʝʨʘʤʽʯʥʽ ʤʘʪʝʨʽʘʣʠ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʦʣʫʤ'ʷʥʝ ʘʙʦ ʜʝʪʦʥʘʮʽʡʥʝ ʥʘʧʠʣʝʥʥʷ. ʊʦʤʫ ʱʦ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʤʘʻ 

ʤʽʩʮʝ ʚʠʛʦʨʘʥʥʷ ʙʘʛʘʪʦ ʢʦʰʪʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʧʽʜ ʜʽʻʶ 

ʢʠʩʥʶ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʆʜʥʘʢ, ʷʢ ʚʢʘʟʫʻ Steffens H.D [102], ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʝʢʦ-

ʥʦʤʽʯʥʽ ʤʽʨʢʫʚʘʥʥʷ (ʩʢʦʨʦʯʝʥʥʷ ʟʘʧʘʩʽʚ ʜʝ̫ ʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʾʭ ʧʦʜʦʨʦʞʯʘʥʥʷ). 

ɼʽʘʧʘʟʦʥ ʩʢʣʘʜʽʚ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʨʦʪʽʚ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʟ ʚʠʩʦʢʦ-

ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ, ʘ ʧʦʢʨʠʪʪʷ ʟ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ 

ʧʦ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. 

ʅʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʧʩʝʚʜʦ ʩʧʣʘʚʠ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʜʨʦ-

ʪʘʤʠ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ [103]. ʋ ʧʨʘʢʪʠʮʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʥʦʩʦʩʪʡ̔-

ʢʠʭ ʧʦʢʨʠʪʪʽʚ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʝ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦ-

ʨʦʰʢʦʚʽ ʜʨʦʪʠ, ʜʦ ʩʢʣʘʜʫ ʩʝʨʜʝʯʥʠʢʘ ʷʢʠʭ ʚʚʦʜʷʪʴ ʧʦʨʦʰʢʠ ʪʘ ʤʘʪʝʨʽʘʣʠ, 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʘʙʦ ʚ ʷʢʦʩʪʽ ʣʝʛʫʶʯʠʭ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʧʦʨʦʰʢʠ ʜʦʨʦʛʠʭ ʤʝʪʘʣʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘʩʪʦʩʦʚʫʚʘʥʘ ɺʅʇʆ çʈʝʤʜʝʪʘʣʴè [76] ʜʣʷ ʥʘʧʠʣʝʥʥʷ ʢʦ-

ʣʽʥʯʘʩʪʠʭ ʚʘʣʽʚ ʘʚʩʪʨʽʡʩʴʢʠʡ ʧʦʨʦʰʢʦʚʠʡ ʜʨʽʪ TUFTON-600 ʤʽʩʪʠʪʴ ʚʫʛʣʝʮʶ 

0,1%, ʢʨʝʤʥʽʶ 0,35%, ʤʘʨʛʘʥʮʶ 0,37%, ʭʨʦʤʫ 9%, ʥʽʢʝʣʶ 0,8%, ʤʦʣʽʙʜʝʥʫ 

2%, ʚʦʣʴʬʨʘʤʫ 1%, ʚʘʥʘʜʽʶ 1%. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʦ-

ʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʦʢʠʩʣʝʥʥʷ ʧʦʚʽʪʨʷʥʠʤ ʨʦʟʧʠʣʶʚʘʣʴʥʠʤ ʩʪʨʫʤʝʥʝʤ. 

ɿ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʠʭ ʨʘ-

ʥʽʰʝ ʦʙˇʨʫʥʪʫʚʘʥʴ ʨʝʘʣʴʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʫʤʦʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʪʽʢʘʥʥʷ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡ-

ʩʥʠʪʠ ʦʪʨʠʤʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʣʝʛʫʚʘʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʾ 

ʦʙʦʣʦʥʢʠ ʟ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ 08ʂʇ ʥʝʜʝʬʽʮʠʪʥʠʭ ʬʝʨʦʩʧʣʘʚʽʚ ʟ ʥʘʩʠ-
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ʯʝʥʥʷʤ ʤʘʪʨʠʮʽ ʤʝʪʘʣʫ ʯʘʩʪʠʥʢʠ ʢʘʨʙʠʜʘʤʠ ʤʝʪʘʣʽʚ ʽ ʪʚʝʨʜʠʤʠ ʦʢʩʠʜʘʤʠ, ʘ 

ʪʘʢʦʞ ʦʪʨʠʤʘʥʥʷ ʚ ʦʢʩʠʜʥʦʾ ʬʘʟʽ ʧʦʢʨʠʪʪʷ ʢʦʤʧʣʝʢʩʽʚ ʦʢʩʠʜʽʚ (ʰʧʠʥʝʣʝʡ) ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʭʽʤʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʽ ʪʚʝʨʜʽʩʪʶ. 

ʇʨʠ ʮʴʦʤʫ, ʟ ʦʛʣʷʜʫ ʥʘ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʦʪʨʠʤʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢ-

ʨʠʪʪʽʚ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʜʦʨʦʛʠʭ ʧʦʨʦʰʢʽʚ ʤʝʪʘʣʽʚ ʘʙʦ ʬʝʨʦʩʧ-

ʣʘʚʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʤʦʣʽʙʜʝʥ, ʚʦʣʴʬʨʘʤ, ʥʽʢʝʣʴ, ʚʘʥʘʜʽʡ, ʥʽʦʙʽʡ ʪʘ ʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʣʘʩʪʠʚʦʩʪʽ ʭʨʦʤʠʩʪʠʭ ʩʪʘʣʝʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʚʜʘʥʥʷʤ, 

ʧʦʩʪʘʚʣʝʥʠʤ ʚ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦ ʟʥʦʩʦ-

ʩʪʽʡʢʦʛʦ ʥʘʧʠʣʷʥʦʛʦ ʰʘʨʫ ʤʘʣʦʚʫʛʣʝʮʝʚʦʾ ʩʪʨʽʯʢʠ ʽ ʥʝ ʜʦʨʦʛʠʭ ʽ ʥʝʜʝʬʽʮʠʪ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʬʝʨʦʩʧʣʘʚʽʚ ʘʙʦ ʧʦʨʦʰʢʽʚ ʤʝʪʘʣʽʚ. ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʨʦʟʨʦʙʠʪʠ ʩʢʣʘʜ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʽʚ, 

ʱʦ ʤʽʩʪʷʪʴ 1õ2% C, 4õ10% Cr, ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʭʨʦʤʠʩʪʠʭ 

ʩʪʘʣʝʡ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʪʚʝʨʜʽʩʪʶ ʽ ʤʽʮʥʽʩʪʶ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʩʣʦʚʣʝʥʠʭ ʧʝʨʝʜʫʤʦʚ ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʝʨʽʷ ʩʢʣʘʜʽʚ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʚʠʱʝ ʢʦʤʧʦʥʝʥʪʠ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʬʝʨʦʭʨʦʤʫ, ʘʣʶʤʽʥʽʻʚʦʛʦ ʧʦʨʦʰʢʫ, ʬʪʦʨʠ-

ʩʪʦʛʦ ʢʘʣʮɹʽʶ, ʛʝʤʘʪʠʪʫ, ʟʘʣʽʟʥʦʛʦ ʧʦʨʦʰʢʫ (ʪʘʙʣ. 1.8). 

 

ʊʘʙʣʠʮʷ 1.8 - 

ʉʢʣʘʜʠ ʧʦʨʦʰʢʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ 

ˉ  ̄

ʚʘʨʽʘʥʪʽʚ 

ɺʽʜʩʦʪʢʦʚʠʡ ʩʢʣʘʜ ʢʦʤʧʦʥʝʥʪʽʚ 

ʟʘʣʽʟʥʠʡ ʧʦ-

ʨʦʰʦʢ 

ʘʣʶʤʽʥʽʡ 

ɸl 
Fe Cr 

ʬʪʦʨʠʩʪʠʡ 

ʢʘʣʴʮʽʡ 

ʩʪ. 

ʦʙʦʣʦʥʢʘ 

1 19 5,0 5,0 1,0 ʟʘʣ. 

2 22 8,0 7,0 2,0 ʟʘʣ. 

3 20,5 6,5 6,0 1,5 ʟʘʣ. 

4 17 3,0 4,0 0,5 ʟʘʣ. 

5 23 10,0 8,0 2,5 ʟʘʣ. 
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ʅʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.8 ʩʢʣʘʜʠ ʰʠʭʪʠ ʧʦʨʦʰʢʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ ʙʫʣʠ ʧʨʠʡʥ-

ʷʪʽ ʚ ʷʢʦʩʪʽ ʙʘʟʦʚʠʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʠ ʥʘ ʣʝʛʫʚʘʥʥʷ ʧʦʢ-

ʨʠʪʪʽʚ [104]. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʫ ʰʠʭʪʠ ʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʦʨʦʰʢʦ-

ʚʠʭ ʜʨʦʪʽʚ ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʮʽʷʭ ʙʘʟʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.9. 

 

ʊʘʙʣʠʮʷ 1.9 - 

ɺʧʣʠʚ ʩʢʣʘʜʫ ʰʠʭʪʠ ʥʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʢʨʠʪʪʷ 

ʇʦʨʦ-

ʰʢʦʚʠʡ 

ʜʨʽʪ ˉ 

ʉʢʣʘʜ ʰʠʭʪʠ, %  ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ɸl 

 

Fe Fe2O3 FeCr CaF2+FeMo Mn Si Cr ɸl 

 

Mo 

1 6,0 22 2,0 7,0 2,0 0,24 0,25 2,63 1,5 0,1 

2 6,0 20 2,0 7,0 4,0 0,31 0,27 2,25 1,6 0,25 

3 6,0 18 2,0 7,0 6,0 0,27 0,30 2,8 1,7 0,17 

4 7,5 22 2,0 3,0 1,0 0,39 0,28 2,09 1,9 0,25 

5 7,5 20 2,0 3,0 3,0 0,30 0,30 2,3 1,85 0,23 

6 6,0 22 2,0 7,0 2,0 0,24 0,29 1,78 1,45  

7 7,5 20, 5  3,0 - 0,24 0,32 1,22 1,6  

8 7,5 23 2,5 3,0 - 0,24 0,33 1,14 1,85  

9 8,0 20 1,5 8,0 - 0,24 0,24 3,35 1,98  

10 8,0 18 1,5 10 - 0,24 0,23 5,15 1,96  

11 8,0 13 1,5 15 - 0,26 0,27 8,85 1,92  

12 8,0 24 1,5 4 - 0,27 0,28 2,22 1,96  

 

ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʽʚ ʧʦʢʨʠʪʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʥʘʧʠʣʝʥʥʽ ʧʦʨʦʰʢʦ-

ʚʠʤʠ ʜʨʦʪʘʤʠ, ʧʦʢʘʟʫʻ, ʱʦ ʚ ʧʦʢʨʠʪʪʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜ-

ʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʆʜʥʘʢ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʽʜʦʙʨʘʞʘʻ 

ʫʩʝʨʝʜʥʝʥʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚ ʧʦʢʨʠʪʪʽ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ-

ʣʝʞʘʪʴ ʚʽʜ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ. 
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ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʰʠʭʪʠ ʥʝ-

ʜʝʬʽʮʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʬʝʨʦʩʧʣʘʚʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʧʦʢʨʠʪʪʽʚ ʫ 

ʷʢʽʡʩʴ ʤʽʨʽ  ʟʘʙʝʟʧʝʯʫʻ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʽ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦʛʦ ʨʽʚʥʷ 

ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. ʆʜʥʘʢ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʠʩʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʫ ʩʢʣʘʜʽ ʧʦʢʨʠʪʪʽʚ ʪʚʝʨʜʠʭ ʦʢʩʠʜʽʚ. 

ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʰʠʭʪʽ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʜʦʨʦʛʦʮʽʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʪʠʪʘʥ, ʙʦʨ, ʮʝʟʽʡ,  ʤʦʞʫʪʴ ʩʧʨʦʚʦʢʫʚʘʪʠ ʾʭ ʚʠʛʦʨʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʨʦʟ-

ʧʠʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʢʠʩʥʶ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʤʝʪʦʜ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ 

ʧʫʣʴʩʫʶʯʠʤ ʨʦʟʧʠʣʶʚʘʣʴʥʠʤ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ ʜʦʟʚʦʣʠʪʴ ʟʙʝʨʝʛʪʠ ʢʽʣʴʢʽʩʪʴ 

ʣʝʛʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʩʫʪʪʻʚʦ ʚʽʜʦʙʨʘʟʠʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʷʭ ʧʦʢʨʠʪʪʷ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʝʬʽʮʠʪʥʦʩʪʽ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ ʨʦʣʴ ʢʠʩʥʶ ʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʡʦʛʦ 

ʚʧʣʠʚʫ ʧʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ. ʈʷʜ ʘʚʪʦʨʽʚ: ɺ.ʅ. ɹʦʨʦʥʝʥʢʦʚ [68, 94], A.I. 

ɹʦʨʠʩʦʚʘ [101], ʄ.ɸ. ɹʽʣʦʮʝʨʢʽʚʩʴʢʠʡ [36], ɺ.ʆ. ʈʦʷʥʦʚ [52, 71 ʪʦʱʦ], ɺ.ɯ. 

ʗʚʦʡʩʴʢʠʡ [104], ʪʘ ʽʥʰʽ ʧʨʦʧʦʥʫʚʘʣʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʟʥʠʞʝʥʥʷ  ʢʽʣʴʢʦʩʪʽ ʢʠ-

ʩʥʶ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 

ʝʣʝʢʪʨʦ. ʆʜʥʘʢ ʮʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʟʘʪʨʘʪ. 

 ɸʚʪʦʨʦʤ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʚʝʜʝʤʦ 

ʘʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʪʚʝʨʜʠʤʠ ʪʽʣʘʤʠ (ʚ ʨʦʣʽ 

ʷʢʠʭ ʚʠʩʪʫʧʘʶʪʴ ʝʣʝʢʪʨʦʜʠ). 

  

1.9. ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʦʙʪʽʢʘʥʥʽ  

ʩʫʮʽʣʴʥʦʛʦ ʪʽʣʘ 

 

ʅʘʚʝʜʝʥʽ ʥʠʞʯʝ ʜʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʘʭʦʜʷʪʴ ʪʝʦʨʝʪʠʯʥʝ ʽ ʧʨʘʢʪʠʯʥʝ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʧʫʣʴʩʫʶʯʠʤ 

ʨʦʟʧʠʣʶʚʘʣʴʥʠʤ ʩʪʨʫʤʝʥʝʤ ʧʦʚʽʪʨʷ [100]. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʘʮʽ-

ʦʥʘʨʥʦʤʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʤʝʪʘʣʽʟʘʪʦʨʽ ɽʄ-17 ʟ ʧʨʠʩʪʨʦʻʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
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ʧʫʣʴʩʫʶʯʠʡ ʨʝʞʠʤ ʚʠʪʽʢʘʥʥʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ. ʈʦʟʨʦʙʢʠ ʟʨʦʙʣʝʥʽ 

ʥʘ ʦʩʥʦʚʽ ʛʽʧʦʪʝʟʠ ʧʨʦ ʚʠʥʠʢʥʝʥʥʷ ʦʩʦʙʣʠʚʠʭ ʪʝʯʽʡ ʧʦʚʽʪʨʷ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʩʫ-

ʮʽʣʴʥʦʛʦ ʪʽʣʘ ʩʪʘʮʦ̔ʥʘʨʥʠʤ ʽ ʧʫʣʴʩʫʶʯʠʤ ʧʦʪʦʢʦʤ. 

ɸʚʪʦʨʘʤʠ ʨʷʜʫ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʪʽʣʦʤ, ʷʢʝ ʦʙʪʽʢʘʻʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʮʠʣʽʥʜʨʦʤ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʦʥʘ ʪʘʢ ʟʚʘʥʠʭ ʚʠʭʦʨʽʚ ʂʘʨʤʘʥʘ ʥʘʚʽʪʴ 

ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʩʪʘʮʽʦʥʘʨʥʠʤ ʧʦʪʦʢʦʤ [106, 107]. 

ɺ ʨʘʟʽ ʞ ʧʫʣʴʩʫʶʯʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʚʠʢʨʠʚʣʝʥʥʽ ʣʽʥʽʡ ʩʪʨʫʤʫ, ʱʦ ʚʠʥʠ-

ʢʘʻ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʮʠʣʽʥʜʨʘ, ʩʪʚʦʨʶʶʪʴʩʷ ʱʝ ʡ ʫʤʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʛʽʥ-

ʥʠʭ ʚʠʭʦʨʽʚ [108]. 

ʂʘʨʪʠʥʠ ʪʝʯʽʾ ʚ çʩʣʽʜʽ ʟʘ ʮʠʣʽʥʜʨʦʤè, ʦʙʪʽʯʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʧʦʪʦʢʦʤ, 

ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ. ɺʩʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʝʩʪʘʮʽʦʥʘʨ-

ʥʦʛʦ ʧʦʪʦʢʫ. ʇʨʠ ʦʙʪʽʢʘʥʥʽ ʮʠʣʽʥʜʨʘ ʧʫʣʴʩʫʶʯʠʤ ʧʦʪʦʢʦʤ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʯʦʪʠʨʠ: ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʯʠʩʣʦ ʄʘʭʘ, ʚʽʜʥʦʩʥʘ ʯʘʩʪʦʪʘ ʽ ʚʽʜʥʦʩʥʘ ʘʤʧʣʽʪʫʜʘ 

ʧʫʣʴʩʘʮʽʡ ʧʦʪʦʢʫ. ʇʨʠ ʤʘʣʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʰʚʠʜʢʦʩʪʽ 

ʟʚʫʢʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʯʠʩʣʦ ʄʘʭʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʝʯʽʾ. ɺʽʜ ʯʠʩʣʘ ʈʝʡ-

ʥʦʣʴʜʩʘ ʟʘʣʝʞʠʪʴ, ʙʫʜʝ ʧʦʪʽʢ ʣʘʤʽʥʘʨʥʠʤ ʘʙʦ ʪʫʨʙʫʣʝʥʪʥʠʤ. ɼʚʘ ʦʩʪʘʥʥʽʭ 

ʯʠʩʣʘ ʧʦʜʽʙʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʥʝ ʯʠʥʥʠʢʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʦʪʦʢʫ. 

ɺ ʜʝʷʢʽʡ ʦʙʣʘʩʪʽ ʬʘʢʪʦʨʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʦʪʦʢʫ ʚʧʣʠʚ ʧʫʣʴʩʘʮʽʡ ʘʙ-

ʩʦʣʶʪʥʦ ʥʝ ʚʽʜʯʫʚʘʻʪʴʩʷ (ʨʝʞʠʤ I ʥʘ ʨʠʩ. 1.31), ʬʦʨʤʫʻʪʴʩʷ ʟʚʠʯʘʡʥʘ ʚʠʭʨʦʚʘ 

ʜʦʨʽʞʢʘ ʂʘʨʤʘʥʘ [108]. ɼʘʣʽ ʻ ʦʙʣʘʩʪʴ ʤʠʨʥʦʛʦ ʩʧʽʚʽʩʥʫʚʘʥʥʷ (ʨʝʞʠʤ II) ï 

ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʛʽʥʥʠʭ ʚʠʭʦʨʽʚ ʽ ʚʠʭʦʨʽʚ ʂʘʨʤʘʥʘ ʤʘʡʞʝ ʥʝ ʧʦʤʽʯʘ-

ʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ, ʽ ʨʝʟʫʣʴʪʘʪʦʤ ʾʭ ʩʧʽʣʴʥʦʾ ʜʽʾ ʻ ʥʝʨʝʛʫʣʷʨʥʘ ʚʠʭʨʦʚʘ ʜʦʨʽʞʢʘ 

ʨʽʟʥʦʢʘʣʽʙʝʨʥʠʭ ʚʠʭʦʨʽʚ. 

ɺ ʨʘʟʽ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʯʠʥʥʠʢʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ, ʧʫʣʴʩʘʮʽʾ ʧʦ-

ʪʦʢʫ ʧʦʯʠʥʘʶʪʴ ʟʘʜʘʚʘʪʠ ʨʠʪʤ (ʨʝʞʠʤ III), ʘʣʝ ʽ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʦ-

ʨʽʚ ʂʘʨʤʘʥʘ ʱʝ ʧʦʤʽʪʥʠʡ. ʅʘʨʝʰʪʽ, ʧʨʠ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʧʫʣʴʩʘʮʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ ʧʨʠʜʫʰʝʥʥʷ ʚʠʭʦʨʽʚ 

ʂʘʨʤʘʥʘ (ʨʝʞʠʤ IV) ï ʚ ʩʣʽʜʽ ʟʘ ʮʠʣʽʥʜʨʦʤ ʟ'ʷʚʣʷʻʪʴʩʷ ʨʦʟʨʽʜʞʝʥʥʷ ʽ ʟʘʣʠ-

ʰʘʶʪʴʩʷ ʪʽʣʴʢʠ ʩʠʤʝʪʨʠʯʥʽ ʚʠʭʦʨʠ. 
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ʆʙʪʽʢʘʥʥʷ ʪʽʣ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʪʦʮʽ ʜʦʙʨʝ ʚʠʚʯʝʥʦ. ɼʘ-

ʥʠʭ ʧʨʦ ʧʨʦʮʝʩʠ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʪʽʣ ʧʫʣʴʩʫʯʁʠʤ ʧʦʪʦʢʦʤ ʥʝʜʦʩʪʘʪʥʴʦ, ʧʨʦʪʝ, 

ʪʘʢʠʡ ʨʝʞʠʤ ʦʙʪʽʢʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ, ʱʦ ʚʝʣʴʤʠ ʚʘʞʣʠʚʦ ʜʣʷ ʧʽ-

ʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [107]. 

 

 

ʈʠʩ. 1.31. ʍʘʨʘʢʪʝʨʥʽ ʨʝʞʠʤʠ ʦʙʪʽʢʘʥʥʷ ʮʠʣʽʥʜʨʘ ʧʫʣʴʩʫʶʯʠʤ ʧʦʪʦʢʦʤ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʫ ʧʫʣʴʩʘʮʽʾ ʙʫʣʦ ʟʘʩʥʦʚʘʥʦ ʪʘʢʦʞ ʥʘ ʜʦʩʣʽʜʞʝʥ-

ʥʷʭ ʧʨʦʚʝʜʝʥʠʭ ɺ. ɺʦʞʜʘʻʚʠʤ [109], ʷʢʠʡ ʚʠʚʯʠʚʰʠ ʬʽʟʠʢʫ ʧʨʦʮʝʩʫ ʦʙʪʽʢʘʥ-

ʥʷ ʪʽʣʘ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʧʦʪʦʢʦʤ ʛʘʟʫ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʮʝʡ 

ʧʨʦʮʝʩ ʚʜ̔ʦʙʨʘʞʘʶʪʴ ʤʝʪʦʜʠʢʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʽʰʝʥʥʷʭ ʨʽʚʥʷʥʴ ʅʘʚ'ʻ-ʉʪʦʢʩʘ. 

ɿ ʧʦʷʚʦʶ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʯʠʩʣʦʚʠʭ ʨʽʰʝʥʥʷʭ ʨʽʚʥʷʥʴ 

ʅʘʚ'ʻ-ʉʪʦʢʩʘ, ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʨʷʜ ʚʘʞʣʠ-

ʚʠʭ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʣʘ ʣʽʪʘʢʘ. ʆʜʥʠʤ ʟ ʧʦʰʠʨʝʥʠʭ ʧʨʦ-
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ʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʻ ANSYS CFX [110, 111]. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʠʢ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʯʠʩʣʦʚʠʭ ʨʽʰʝʥʥʷʭ ʨʽʚʥʷʥʴ 

ʅʘʚ'ʻ-ʉʪʦʢʩʘ, ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦ-

ʨʫ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS CFX ʨʝʘʣʽʟʦʚʘ-

ʥʦ ʜʦʩʠʪʴ ʚʝʣʠʢʝ ʯʠʩʣʦ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʦʜʥʘ ʟ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʱʦ 

ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʻ ʤʦʜʝʣʴ ʦʙʪʽʢʘʥʥʷ ʚʽʜʩʽʢʫ ʢʨʠʣʘ, ʨʠʩ.1.32 

 

 

 

ʈʠʩ. 1.32. ʉʭʝʤʘ ʦʙʪʽʢʘʥʥʷ ʚʽʜʩʽʢʫ ʢʨʠʣʘ (ʚʠʛʣʷʜ ʟʚʝʨʭʫ).  

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʩʪʧʨʦʮʝʩʦʨʘ CFX-POST, ʬʘʡʣ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟ-

ʨʘʭʫʥʢʫ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʢʘʨʪʠʥʫ ʦʙʪʢ̔ʘʥʥʷ ʢʨʠʣʘ ʣʽʪʘʢʘ, ʨʠʩ.1.33. 

 

 

ʈʠʩ. 1.33. ɺʽʟʫʘʣʽʟʘʮʽʷ ʦʙʪʽʢʘʥʥʷ ʚʽʜʩʽʢʫ ʢʨʠʣʘ: 1 ï ʧʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ; 2 

ï ʢʨʠʣʦ; 3 ï ʟʦʥʘ ʨʦʟʨʷʜʞʝʥʥʷ 
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ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚ ʧʦʪʦʢʫ ʪʚʝʨʜʦ-

ʛʦ ʪʽʣʘ (ʚʽʜʩʽʢ ʢʨʠʣʘ) ʟ ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ ʚʽʜ ʚʭʦʜʫ ʧʦʪʦʢʫ ʚʠʥʠʢʘʻ ʦʙʣʘʩʪʴ 

ʟʘʚʠʭʨʝʥʴ (ʨʦʟʨʷʜʞʝʥʥʷ) ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʫ. ʅʘʚʝʜʝʥʽ 

ʧʨʠʢʣʘʜʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʘʥʘʣʦʛʽʯʥʝ ʷʚʠʱʝ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ 

ʚ ʧʨʦʮʝʩʽ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ (ʦʙʪʽʢʘʥʥʽ) ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ 

ʨʦʟʧʠʣʶʚʘʥʠʭ ʜʨʦʪʽʚ (ʮʠʣʽʥʜʨʽʚ) ʟʘ ʥʠʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʟʦʥʠ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ 

ʧʦʪʦʢʫ, ʘʙʦ ʚʠʭʨʦʚʽ ʟʦʥʠ ʟ ʧʦʥʠʞʝʥʠʤ ʪʠʩʢʦʤ.  

ɺʠʢʘʟʘʥʘ ʛʽʧʦʪʝʟʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʥʘʚʝʜʝʥʽ 

ʚ ʜʘʥʥʽʡ ʨʦʙʦʪʽ. ʇʨʠʯʦʤʫ ʧʨʠ ʧʫʣʴʩʘʮʽʾ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘʚʝʜʝʥʠʡ 

ʝʬʝʢʪ ʤʘʻ ʤʽʩʮʝ ʧʽʜ ʯʘʩ ʧʦʚʥʦʛʦ ʚʽʜʢʨʠʪʪʷ ʢʘʥʘʣʽʚ ʧʫʣʴʩʘʪʦʨʘ ʽ ʜʦʩʷʛʘʻ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʧʝʨʝʢʨʠʪʪʽ ʢʘʥʘʣʽʚ ʧʫʣʴʩʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ 

ʪʠʤʯʘʩʦʚʦ ʬʫʥʢʮʽʦʥʫʻ ʚ ʫʤʦʚʘʭ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠɦ ʘ. 

ʇʦʧʝʨʝʯʥʝ ʦʙʪʽʢʘʥʥʷ ʪʽʣ ʧʫʣʴʩʫʶʯʠʤ ʧʦʪʦʢʦʤ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʯʠʩʣʘ 

ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʭ ʽ ʥʘʡʤʝʥʰ ʚʠʚʯʝʥʠʭ ʷʚʠʱ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ ʪʘ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʴ ʜʦʩʣʽ-

ʜʞʝʥʥʷ 

 

1. ɺʩʪʘʥʦʚʣʝʥʦ ʧʝʨʝʚʘʛʠ  ʽ  ʱʦ ʦʜʥʠʤ ʟ ʥʝʜʦʣʽʢʽʚ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ 

ʻ ʦʢʠʩʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʝʪʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʘʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ 

ʟ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ.  

ɼʣʷ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʢʠʩʥʶ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʨʦʟʧʠʣʶʚʘ-

ʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʠʡʦʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʶ-

ʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʽʟʥʠʭ ʩʫʤʽʰʝʡ ʛʘʟʽʚ, ʨʽʟʥʠʭ ʚʠʜʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʧʠʣʶʚʘ-

ʣʴʥʠʭ ʩʦʧʝʣ. ʆʜʥʘʢ, ʤʝʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʽ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʙʘʟʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʦʩʥʦʚʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ ʚ ʨʽʜʢʠʡ ʤʝʪʘʣ ʟ ʝʣʝʢʪʨʦʜʽʚ 85-95 % ʚʽʜʙʫʚʘʻʪʴ-

ʩʷ ʫ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʤʘʩʦ-
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ʧʝʨʝʜʘʯʽ ʚ ʛʘʟʽ ʽ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ʢʨʘʧʣʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. ɺʝʣʠ-

ʯʠʥʘ ʩʪʫʧʝʥʷ ʦʢʠʩʣʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʜʣʠʰʢʫ ʦʢʠʩʣʁ ʚʘʯʘ ʥʘ ʮʽʡ ʩʪʘʜʽʾ. ʅʘ 

ʩʪʘʜʽʾ ʧʦʣʴʦʪʫ - ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʯʘʩʪʦʢ  ʧʦʢʨʠʪʪʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʞʫʻʪʴʩʷ, 

ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʢʠʩʥʶ. 

3. ʇʠʪʘʥʥʷ ʧʨʦ ʚʧʣʠʚ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʧʠʣʶʚʘʣʴ-

ʥʦʛʦ ʧʦʪʦʢʫ ʽ ʨʦʟʧʘʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ. ɺʧʣʠʚ ʧʫʣʴ-

ʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʽ ʫʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪ-

ʪʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʫʢʦʚʠʡ ʽ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. ʇʨʦ-

ʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʚ ʥʘʧʠʣʝʥʠʭ ʚʠʨʦʙʘʭ ʧʨʠ ʜʦʩʪʫʧʥʦʤʫ  

ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʽ  ʷʚʣʷʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ. ɺʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ 

ʧʠʪʘʥʴ ʤʦʞʣʠʚʝ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ: 

 - ʫʟʘʛʘʣʴʥʠʪʠ ʽ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʫʪʦʯʥʝʥʫ ʩʭʝʤʫ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʪʘ ʫʪʚʦʨʝʥʥʷ ʟʘ 

ʝʣʝʢʪʨʦʜʘʤʠ ʪʫʨʙʫʣʝʥʪʥʦʾ ʟʦʥʠ ʽ ʾʾ ʚʧʣʠʚ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ; 

- ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʽ çʜʦʩʣʽʜʠʪʠè ʩʭʝʤʠ ʜʽʾ ʩʠʣ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʝʣʝʢʪʨʦʜʽʚ 

ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʘ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚʧʣʠʚʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʨʦʟʧʠʣʶʚʘ-

ʣʴʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ; 

- ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʽ ʦʙˇʨʫʥʪʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʬʦʨʤʫ ʽʤʧʫʣʴʩʽʚ ʜʣʷ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ ʽ ʦʙʣʘʜ-

ʥʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʾ ʬʦʨʤʠ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʤʘʩʠ ʢʠʩʥʶ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ ʨʽ-

ʜʢʠʤ ʤʝʪʘʣʦʤ, ʧʨʠ ʨʽʟʥʽʡ ʯʘʩʪʦʪʽ ʽʤʧʫʣʴʩʽʚ ʽ ʡʤʦʚʽʨʥʽʩʪʶ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʧʦʢʨʠʪʪʽ. 

- ʨʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʚʠʛʦʪʦʚʠʪʠ ʟʨʘʟʢʠ ʧʨʠʩʪʨʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʧʫʣʴʩʫʶʯʠʤ ʨʦʟ-

ʧʠʣʶʚʘʣʴʥʠʤ ʧʦʪʦʢʦʤ; 

- ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ 

ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʥʘ ʟʤʽʥʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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- ʨʝʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦ-

ʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ  ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʤʘʰʠʥ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʫʣʴʩʫʶʯʠʡ ʨʦʟʧʠʣʶʚʘʣʴʥʠʡ ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʜʦʟʚʦʣʠʪʴ 

ʦʪʨʠʤʘʪʠ ʢʝʨʦʚʘʥʫ ʜʽʶ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʨʦʟ-

ʧʠʣʶʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ.  

ʈʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʧʨʦʮʝʩʽ ʥʘʧʠʣʝʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʩʘʤʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʟʘ ʨʘ-

ʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ ʨʦʟʧʠ-

ʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ, ʟʤʝʥʰʝʥʥʷ ʚʠʛʦʨʘʥʥʷ ʣʝʛʫʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʧʦʣʽʧʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ. 
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ʈʆɿɼɯʃ 2 

ʆʉʆɹʃʀɺʆʉʊɯ ɺɿɸɭʄʆɼɯɰ ɻɸɿʆɺʆɻʆ ʇʆʊʆʂʋ ɿ  

ʈʆɿʇɸʃʖɺɸʅʀʄʀ ɽʃɽʂʊʈʆɼɸʄʀ  

 

 

 

ʇʨʦʮʝʩ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ (ɼʅ) ʧʦʣʷʛʘʻ ʚ ʥʘʛʨʽʚʘʥʥʽ ʪʦʨʮʽʚ ʤʝʪʘʣʝʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʝʣʝʢʪʨʠʯʥʦʶ ʜʫʛʦʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʽ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟ-

ʧʠʣʶʚʘʥʥʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʩʪʨʫʤʝʥʝʤ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ [10, 30]. ʇʨʠʥʮʠʧʦ-

ʚʘ ʩʭʝʤʘ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.1. 

 

 

 

ʈʠʩ. 2.1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ: 1 ï ʟʦʥʘ ʛʦʨʽʥ-

ʥʷ ʜʫʛʠ; 2 ï ʤʝʪʘʣʝʚʽ ʝʣʝʢʪʨʦʜʠ, ʷʢʽ ʨʦʟʧʠʣʶʶʪʴʩʷ; 3 ï ʩʦʧʣʦ; 4 ï ʨʦʣʠʢʠ, ʱʦ 

ʧʦʜʘʶʪʴ; 5 ï ʩʪʨʫʤʦʧʽʜʚʽʜ; 6 ï ʜʚʦʬʘʟʥʠʡ ʩʪʨʫʤʽʥʴ. 

 

ɺʠʟʥʘʯʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʯʘʩʪʠʥʦʢ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ, ʷʢʠʡ ʨʦʟʧʣʘʚʣʷʻʪʴʩʷ, ʻ ʥʘʛʨʽʚ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ ʜʦ ʪʝ-
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ʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʜʽʣʝʥʥʷʤ ʧʽʜ ʜʽʻʶ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʝʥʷ. 

ɺʧʣʠʚ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʩʪʘʥ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʥʘʷʚʥʽʩʪʴ ʫʱʽʣʴʥʝʥʴ ʧʦʪʦʢʫ 

ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʝʣʝʢʪʨʦʜʽʚ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [50], ʘ ʚ ʨʦʙʦʪʽ [100] ʚʽʜʟʥʘ-

ʯʝʥʦ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚ ʟʦʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʢʪ-

ʨʦʜʽʚ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʫ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʪʦʢʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʽʯʥʽ ʩʦʧʣʘ [67].  

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʟ ʛʘʟʦʜʠʥʘʤʽʢʠ ʚʽʜʦʤʦ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʘ ʰʣʷʭʫ ʛʘʟʦ-

ʚʦʛʦ ʧʦʪʦʢʫ ʧʝʨʝʰʢʦʜʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʚ ʭʘʨʘʢʪʝʨʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʦʨʤʠ ʧʝʨʝʰʢʦʜʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʫ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ 

[106].  ɺ ʨʦʙʦʪʽ [100] ʥʘʚʝʜʝʥʽ ʪʽʥʴʦʚʽ ʬʦʪʦʛʨʘʬʽʾ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʥʘʷ-

ʚʥʦʩʪʽ ʚ ʧʦʪʦʮʽ ʛʘʟʫ ʢʫʣʽ ʘʙʦ ʮʠʣʽʥʜʨʘ, ʟ ʙʦʢʫ, ʧʨʦʪʠʣʝʞʥʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʪʦ-

ʢʫ, ʩʪʚʦʨʶʻʪʴʩʷ ʦʙʣʘʩʪʴ ʟʘʚʠʭʨʝʥʴ ʟʽ ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʫ ʧʦʪʦʢʫ, ʡʦʛʦ ʰʚʠʜʢʦ-

ʩʪʽ ʪʘ ʪʠʩʢʫ, ʧʨʠʯʦʤʫ ʩʪʘʥ ʧʦʪʦʢʫ ʟʘ ʧʝʨʝʰʢʦʜʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʈʝʡʥʦ-

ʣʴʜʩʘ. 

 ɺ ʨʦʙʦʪʽ [102] ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʢʣʘʩʠʯʥʽ ʟʘʜʘʯʽ ʚʠʭʨʦʚʦʛʦ ʪʝʯʽʾ ʽʜʝʘ-

ʣʴʥʦʾ ʨʽʜʠʥʠ, ʤʝʪʦʜʦʤ ʜʠʩʢʨʝʪʥʠʭ ʚʠʭʨʦʚʠʭ ʨʘʤʦʢ. 

ʅʘ ʨʠʩ. 2.2 ʥʘ ʙʘʟʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʭʝʤʘʪʠʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ, 

ʱʦ ʚ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʟʫʩʪʨʽʯʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʮʠʣʽʥʜʨʦʤ ʤʘʻ ʤʽʩʮʝ ʡʦʛʦ 

ʫʱʽʣʴʥʝʥʥʷ, ʘ ʟʘ ʮʠʣʽʥʜʨʦʤ ʫʪʚʦʨʶʶʪʴʩʷ ʟʫʩʪʨʽʯʥʽ ʧʦʪʦʢʠ, ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ 

ʟʘʚʠʭʨʝʥʥʷ.  

ʇʨʠʢʣʘʜ ʦʙʪʽʢʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʮʠʣʽʥʜʨʘ ʫ ʚʦʜʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.3, ʜʝ 

ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʥʘʷʚʥʽʩʪʴ ʦʙʪʽʢʘʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʟʘʚʠʭʨʝʥʴ ʟʘ ʮʽʣʽʥʜʨʦʤ. 

ʅʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʘʥʘʣʦʛʽʯʥʽ ʷʚʠʱʘ ʤʘ-

ʶʪʴ ʤʽʩʮʝ ʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ (ʦʙʪʽʢʘʥʥʽ) ʧʦʪʦʢʦʤ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ 

ʩʪʨʫʤʝʥʷ ʪʦʨʮʽʚ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ (ʮʠʣʽʥʜʨʽʚ) ʟʘ ʷʢʠʤʠ ʤʦʞʫʪʴ ʨʦʟ-

ʪʘʰʦʚʫʚʘʪʠʩʷ ʟʦʥʠ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʧʦʪʦʢʫ ʘʙʦ ʚʠʭʨʦʚʽ ʟʦʥʠ ʟʽ ʟʥʠʞʝʥʠʤ ʪʠ-

ʩʢʦʤ. 
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ʈʠʩ. 2.2. ʉʭʝʤʘ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʦʙʪʽʢʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʮʠʣʽʥʜʨʘ ʟ ʮʠʨʢʫ-

ʣʷʮʽʻʶ ʨʽʜʠʥʠ ʘʙʦ ʧʦʚʽʪʨʷ [102]. 

 

 

 

ʈʠʩ. 2.3. ʆʙʪʽʢʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʮʠʣʽʥʜʨʘ ʧʨʠ Re = 2000. ɺʽʟʫʘʣʽʟʘʮʽʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʪʨʷʥʠʭ ʙʫʣʙɹʘʰʦʢ ʫ ʚʦʜʽ. 

 

 ɺʠʩʣʦʚʣʝʥʝ ʧʨʠʧʫʱʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʛʘʟʫ ʚ ʤʽʞʝʣʝ-

ʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ [112, 113]. 
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2.1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʭʘʨʘʢʪʝʨ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʽ-

ʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ 

 

ʅʘʚʝʜʝʥʽ ʥʠʞʯʝ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʤʘʣʠʭ ʟʘʟʦ-

ʨʘʭ ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦʜʽʚ, ʤʘʻ ʤʽʩʮʝ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚ ʨʦʟʧʠʣʶʚʘʣʴʥʦʤʫ ʧʦ-

ʪʦʮʽ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʙʣʠʟʴʢʘ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʙʦ ʥʠʞʯʝ ʡʦʛʦ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʝʞʠʤʫ ʥʘʧʠʣʝʥʥʷ ʤʽʞ ʪʦʨʮʷ-

ʤʠ ʝʣʝʢʪʨʦʜʽʚ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ, ʧʨʠ ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ 

ʬʽʟʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʫʛʠ, ʚ ʦʙʣʘʩʪʽ ʟʥʠʞʝʥʦʛʦ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʩʥʦʚʥʠʤ ʧʦʪʦʢʦʤ, ʪʠʩʢʫ ʽ ʟʘʭʠʩʪ ʝʣʝʢʪʨʦʜʘʤʠ ʚʽʜ ʧʨʷʤʦʛʦ 

ʚʧʣʠʚʫ ʦʩʪʘʥʥʴʦʛʦ. 

ʉʪʫʧʽʥʴ ʦʢʠʩʥʦʾ ʨʝʘʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʞʘʨʦʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʨʦ-

ʟʧʠʣʶʻʪʴʩʷ, ʜʠʩʧʝʨʩʥʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦ ʢʠʩʥʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʤʝʪʘʣʽʟʘʪʦʨʽ ɽʄ-17 [114]. 

ʈʦʟʧʠʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʚʽʪʨʷʥʠʤ ʩʪʨʫʤʝʥʝʤ. ʈʦʙʦʯʠʡ ʪʠʩʢ 

ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ 0,5õ0,6 ʄʇʘ, ʚʠʪʨʘʪʘ 60õ150 ʤ
3
/ʛʦʜ [62]. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʽʪʨʷʥʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʧʠʣʶʚʘʣʴʥʽ 

ʛʦʣʦʚʢʠ ʟ ʩʦʧʣʦʤ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ. 

ɺ ʫʤʦʚʘʭ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʪʠʩʢ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʝ ʚʠʪʽʢʘʻ 

ʨʦʟʧʠʣʶʚʘʣʴʥʠʡ ʛʘʟ, ʩʪʘʥʦʚʠʪʴ ʈn = 0,1 ʄʇʘ, ʘ ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʥʝ ʤʝ-

ʥʰʝ 0,2õ0,4 ʄʇʘ [109] ʽ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʻ ʚʝʣʠʯʠʥʫ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ 

ʈʘ = 0,0893 ʄʇʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʜʦ ʥʘʜʟʚʫʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ 

[105,106]. 

ɿʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [116] ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʫ ʩʢʣʘʜʘʻ å 0,8 ʤʤ. ʇʨʠ ʟʙʽʣʴ-

ʰʝʥʥʽ ʟʘʟʦʨʫ ʤʘʻ ʤʽʩʮʝ ʦʙʨʠʚ ʜʫʛʠ ʧʽʜ ʜʽʻʶ ʧʦʪʦʢʫ, ʧʦʪʽʤ ʩʣʽʜʫʻ ʢʦʨʦʪʢʝ ʟʘ-

ʤʠʢʘʥʥʷ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʽ ʟʙʫʜʞʝʥʥʷ ʜʫʛʠ. ʁʤʦʚʽʨʥʦ, ʮʷ ʮʠʢʣʽʯʥʽʩʪʴ ʤʘʻ 

ʤʽʩʮʝ ʧʨʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʝʣʝʢʪʨʦʜʽʚ ʽ ʧʣʘʚʣʝʥʥʷ. 

ʅʘ ʨʠʩ. 2.4 ʥʘʚʝʜʝʥʽ ʢʘʜʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʡʦʤʢʠ ʝʣʝʢʪʨʦʜʽʚ, ʷʢʽ ʨʦʟʧʠ-

ʣʶʶʪʴʩʷ, ʟ ʷʢʠʭ ʥʝʚʘʞʢʦ ʫʛʣʝʜʽʪʠ, ʱʦ ʜʫʛʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʤʽʞ ʩʢʦʰʝʥʠʤʠ 
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ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦʜʽʚ (ʫ ʚʦʨʦʥʮʽ) ʽ ʟʘʭʠʱʝʥʘ ʚʽʜ ʧʨʷʤʦʛʦ ʚʧʣʠʚʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦ-

ʢʫ.  

 

 

 

ʈʠʩ. 2.4. ʂʘʜʨʠ ʰʚʠʜʢʽʩʥʦʾ ʟʡʦʤʢʠ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʽ ʬʫ-

ʥʢʮʽʦʥʫʚʘʥʥʷ ʜʫʛʠ ʧʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ ʩʫʮʽʣʴʥʦʪʷʛʥʝʥʠʤ ʜʨʦʪʦʤ [116]:  

1 ï ʘʥʦʜ, 2 ï ʢʘʪʦʜ, 3 ï ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ. 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʛʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ: 

- ʦʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʻ ʚʪʨʘʪʠ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥ-

ʪʽʚ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʨʦʟʧʠʣʶʶʪʴʩʷ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʦʢʠʩʣʝʥʥʷ, ʧʦ-

ʨʽʚʥʷʥʦ ʥʠʟʴʢʘ ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ (ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʦʢʠʩ-

ʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʣʝʢʪʨʦʜʠ ʧʦʚʽʪʨʷʥʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ); 
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- ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ ʚʠʚʯʝʥʽ ʫʤʦʚʠ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʝʣʝʢʪʨʦ-

ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ, ʘ ʪʘʢʦʞ ʩʪʘʥ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ 

ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦʜʽʚ, ʷʢʽ ʨʦʟʧʣʘʚʣʷʶʪʴʩʷ. 

ɺ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʘ ʭʽʤʽʯʥʘ 

ʚʟʘʻʤʦʜʽʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʦʚʽʪʨʷ ʟ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʨʦʟʧʠʣʶʻʪʴ-

ʩʷ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʚʠʛʦʨʷʥʥʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ [91]. ɯʥʪʝʥʩʠ-

ʚʥʽʩʪʴ ʦʢʠʩʣʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ, ʷʢ ʪʠʩʢ ʩʪʠʩʥʝʥʦ-

ʛʦ ʧʦʚʽʪʨʷ, ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʘʧʘʨʘʪʫ ʜʦ ʜʝʪʘʣʽ, ʱʦ ʥʘʧʠʣʶʻʪʴʩʷ, ʱʦ ʯʠʥʠʪʴ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

ʂʘʨʪʠʥʘ ʪʝʯʽʾ ʚ ʥʘʜʟʚʫʢʦʚʦʤʫ ʩʪʨʫʤʝʥʽ, ʷʢʘ ʚʠʪʽʢʘʻ ʟ ʧʣʦʩʢʦʛʦ ʘʙʦ ʦʩʝ-

ʩʽʤʝʪʨʠʯʥʦʛʦ ʩʦʧʣʘ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʨʦʟʨʘʭʫʥʢʦʚʦʩʪʽ ʩʪʨʫʤʝʥʷ [116] 

 

     a

n

P
n ,

P
=          (2.1) 

ʜʝ ʈʘ ï ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ, ʄʇʘ; 

ʈn ï ʪʠʩʢ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʄʇʘ. 

 

ʌʦʨʤʘ ʪʝʯʽʾ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ ʢʫʪʘ ʨʦʟʢʨʠʪʪʷ ʩʦʧʣʘ, ʚʽʜ ʩʪʘʥʫ ʩʝʨʝʜʦ-

ʚʠʱʘ (ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʨʫʭʫ, ʛʫʩʪʠʥʠ, ʪʝʤʧʝʨʘʪʫʨʠ), ʢʫʜʠ ʩʪʨʫʤʽʥʴ ʚʠʪʽʢʘʻ, ʘ 

ʪʘʢʦʞ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ. ʗʢʱʦ n < 1, ʪʦʙʪʦ  

Pn < Pa, ʚʠʪʽʢʘʥʥʷ ʟ ʧʝʨʝʨʦʟʰʠʨʝʥʥʷʤ. 

ʅʘʜʟʚʫʢʦʚʠʡ ʘʙʦ ʥʝʨʦʟʨʘʭʫʥʢʦʚʠʡ ʩʪʨʫʤʽʥʴ, ʱʦ ʚʠʪʽʢʘʻ ʽʟ ʩʦʧʣʘ ʫʤʦʚ-

ʥʦ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 3 ʜʽʣʷʥʢʠ: 

1 ï ʧʦʯʘʪʢʦʚʫ ʛʘʟʦʜʠʥʘʤʽʯʥʫ ʜʽʣʷʥʢʫ, ʜʝ ʚʧʣʠʚ ʚ'ʷʟʢʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽ-

ʜʥʦʩʪʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʚ ʪʦʥʢʦʤʫ ʧʨʠʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ; 

2 ï ʧʝʨʝʭʽʜʥʫ ʜʽʣʷʥʢʫ, ʜʝ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ, ʘʣʝ ʻ ʷʜʨʦ 

ʧʦʩʪʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʟʘ ʧʝʨʝʪʠʥʦʤ ʩʪʨʫʤʝʥʷ ʥʝ ʣʝ-

ʞʠʪʴ ʥʘ ʦʩʽ ʩʪʨʫʤʝʥʷ; 
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3 ï ʦʩʥʦʚʥʫ ʜʽʣʷʥʢʫ, ʚ ʷʢʽʡ ʦʩʴʦʚʘ ʰʚʠʜʢʽʩʪʴ ʩʪʘʻ ʤʘʢʩʠʤʘʣʴʥʦʶ ʟʘ ʧʝ-

ʨʝʪʠʥʦʤ ʽ ʚ ʷʢʽʡ ʩʧʨʘʚʝʜʣʠʚʽ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʝʦʨʽʾ ʚʽʣʴʥʠʭ ʪʫʨʙʫʣʝ-

ʥʪʥʠʭ ʩʪʨʫʤʝʥʽʚ. 

ɿʛʽʜʥʦ ʧʨʘʮʽ ʏʞʘʥ ʏʞʝ ʉʽʥʘ [117], ʚʠʢʦʥʘʥʦʾ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ  

ɻ. ʅ. ɸʙʨʘʤʦʚʽʯʘ, ʧʝʨʝʭʽʜʥʫ ʜʽʣʷʥʢʫ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʜʚʽ: ʧʝʨʝʭʽʜʥʫ ʜʽʣʷʥ-

ʢʫ, ʚ ʷʢʽʡ ʩʢʦʨʦʯʫʻʪʴʩʷ ʷʜʨʦ ʧʦʩʪʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ (ʦʩʴʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʩʪʽʡ-

ʥʘ); ʜʨʫʛʫ ʧʝʨʝʭʽʜʥʫ ʜʽʣʷʥʢʫ, ʚ ʷʢʽʡ ʷʜʨʘ ʧʦʩʪʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʝ ʤʘʶʪʴ, 

ʦʩʴʦʚʘ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʻ ʚ ʥʘʧʨʷʤʢʫ ʩʪʨʫʤʝʥʷ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʟʘ 

ʧʝʨʝʪʠʥʦʤ ʥʝ ʧʝʨʝʙʫʚʘʻ ʥʘ ʦʩʽ ʩʪʨʫʤʝʥʷ. 

ʇʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ ʚ ʘʧʘʨʘʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʩʝʩʠʤʝ-

ʪʨʠʯʥʽ (ʮʠʣʽʥʜʨʠʯʥʽ) ʩʦʧʣʘ, ʢʦʣʠ n >> 2. ʉʭʝʤʘ ʪʝʯʽʾ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ 

ʜʣʷ ʚʠʧʘʜʢʫ ʦʩʝʩʠʤʝʪʨʠʯʥʦʛʦ ʥʘʜʟʚʫʢʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ n > 2 ʧʨʠʚʝʜʝʥʘ ʚ 

ʨʦʙʦʪʘʭ [10,50], ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.5. 

 

 

 

ʈʠʩ. 2.5. ʉʭʝʤʘ ʚʠʪʽʢʘʥʥʷ ʛʘʟʫ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʜʣʷ ʚʠʧʘʜʢʫ ʦʩʝ-

ʩʠʤʝʪʨʠʯʥʦʛʦ ʥʘʜʟʚʫʢʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʟʘ ʜʘʥʠʤʠ [53] 

 

ʅʘ ʨʠʩ. 2.5 ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 1 ï ʧʦʯʘʪʢʦʚʠʡ ʛʘʟʦʜʠʥʘʤʽʯʥʠʡ 

ʩʪʨʠʙʦʢ, 2 ï ʧʝʨʝʭʽʜʥʘ ʜʽʣʷʥʢʘ, 3 ï ʦʩʥʦʚʥʘ ʜʽʣʷʥʢʘ (ʜʠʩʢʦʧʦʜʽʙʥʠʡ ʩʪʨʠʙʦʢ, 
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ʬʨʦʥʪ ʜʠʩʢʫ ʄʘʭʘ), 4 ï ʢʦʥʪʘʢʪʥʘ ʧʦʚʝʨʭʥʷ ʤʽʞ ʦʙʣʘʩʪʷʤʠ. I ï ʛʨʘʥʠʯʥʘ ʦʙ-

ʣʘʩʪʴ ʪʝʯʽʾ ʥʘʜʟʚʫʢʦʚʦʛʦ ʩʪʨʫʤʝʥʷ;  II ï ʦʙʣʘʩʪʴ ʥʘʜʟʚʫʢʦʚʦʾ ʪʝʯʽʾ ʟʘ ʚʽʜʦʙʨʘ-

ʞʝʥʠʤ ʩʪʨʠʙʢʦʤ ʫʱʽʣʴʥʝʥʥʷ;   III ï ʦʙʣʘʩʪʴ ʜʦʟʚʫʢʦʚʦʾ ʪʝʯʽʾ ʟʘ ʚʽʜʦʢʨʝʤʣʝ-

ʥʠʤ ʩʪʨʠʙʢʦʤ ʫʱʽʣʴʥʝʥʥʷ;   IV  ïʦʙʣʘʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʾ ʥʘʜʟʚʫʢʦʚʦʾ ʪʝʯʽʾ ʥʝ-

ʟʙʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ;  V ï  ʦʙʣʘʩʪʴ ʜʦʟʚʫʢʦʚʦʾ ʪʝʯʽʾ;.  VI ï ʦʙʣʘʩʪʴ ʥʘʜʟʚʫʢʦʚʦʾ 

ʪʝʯʽʾ. 

ʅʘ ʨʠʩ. 2.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤʘ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ, ʱʦ ʚʠʪʽ-

ʢʘʻ ʟ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʩʦʧʣʘ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ, ʥʘ ʷʢʽʡ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ: ʦʩʥʦʚʥʦʾ, ʧʝʨʝʭʽʜʥʦʾ ʪʘ ʧʦʯʘʪʢʦʚʦʛʦ 

ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʨʠʙʢʘ. 

 

 

 

ʈʠʩ 2.6. ɻʘʟʦʩʧʝʢʪʨʦʛʨʘʤʘ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ, ʱʦ ʚʠʪʽʢʘʻ ʟ ʮʠʣʽʥʜʨʠʯ-

ʥʦʛʦ ʩʦʧʣʘ ʧʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘʮʽʾ [116]. 

 

ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤ ʽ ʩʭʝʤ ʚʠʪʽʢʘʥʥʷ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʫ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʜʦ ʥʘʧʠʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʢʘʟʘ-

ʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʻ: ʩʪʘʪʠʯʥʠʡ ʽ ʜʠʥʘʤʽʯ-

ʥʠʡ ʪʠʩʢ, ʰʚʠʜʢʽʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. 



111 
 

ɿʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [105-107] ʜʦʩʪʘʪʥʴʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʫ ʤʦʞʝ ʩʣʫʞʠʪʠ ʩʫʤʘʨʥʠʡ ʪʠʩʢ: 

 ʩʪ ʜʠʥʈ ʈ ʈ ,S= +                 (2.2) 

ʜʝ ʈʩʪ ï ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʚ ʧʦʪʦʮʽ, ʄʇʘ; 

ʈʜʠʥ ï ʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʘʙʦ ʰʚʠʜʢʽʩʥʠʡ ʥʘʧʽʨ, ʄʇʘ.  

 

ɺ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦʚʥʠʡ ʥʘʧʽʨ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ 

ʟ ʨʽʚʥʷʥʥʷ: 

2

2
ʅ ʈ ,

g

gv
= +                        (2.3) 

ʜʝ ʈ ï ʪʠʩʢ ʛʘʟʫ, ʄʇʘ; 

ɔ ï ʦʙ'ʻʤ, ʤ
3
; 

ɤ ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʤ/ʩ ;  

g ï ʩʠʣʘ ʪʷʞʽʥʥʷ, ʤ/ʩ
2
. 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʻ ʽʩʪʦʪʥʠʤ ʯʠʥʥʠʢʦʤ ʧʨʠ ʚʠʟʥʘ-

ʯʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʫ ʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʨʫʭʫ [105]. ɿʘʣʝʞʥʦ 

ʚʽʜ ʪʦʛʦ, ʯʠ ʟʥʘʭʦʜʠʪʴʩʷ ʛʘʟ ʚ ʩʧʦʢʦʾ ʘʙʦ ʨʫʩʽ, ʨʦʟʨʽʟʥʷʶʪʴ 2 ʚʠʜʠ ʪʠʩʢʫ: ʩʪʘ-

ʪʠʯʥʠʡ (ʈʩʪ) ʪʠʩʢ ï ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ ʧʦʪʦʢʫ ʛʘʟʫ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʧʨʷʤʦʣʽʥʽʡʥʦ, 

ʷʢʠʡ ʧʦʢʘʞʝ ʤʘʥʦʤʝʪʨ, ʱʦ ʫʤʦʚʥʦ ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ; ʜʠʥʘʤʽʯʥʠʡ 

ʪʠʩʢ (ʈʜʠʥ) ʘʙʦ ʰʚʠʜʢʽʩʥʠʡ ʥʘʧʽʨ ï ʪʠʩʢ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʟʨʦʙʠʪʠ ʧʦʪʽʢ ʛʘʟʫ ʟʘ-

ʚʜʷʢʠ ʝʥʝʨʛʽʾ ʩʚʦʛʦ ʨʫʭʫ. 

ʇʦʨʽʚʥʷʥʦ ʣʝʛʢʦ ʤʘʪʝʤʘʪʠʯʥʦ ʚʜʘʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ ʪʘʢ ʟʚʘʥʠʡ ʩʫʤʘʨʥʠʡ 

ʪʠʩʢ ʨʽʚʥʷʥʥʷ (2.2), ʜʣʷ ʮʠʭ ʮʽʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʘʜʢʠ, ʜʽʘʬʨʘʛʤʠ, ʪʨʫʙ-

ʢʠ ɺʝʥʪʫʨʽ, ɺʘʤʙʝʨʘ ʽ ʐʨʘʤʣʴ.  ɸʚʪʦʨʠ  [115, 119] ʽ ʧʨʠʡʰʣʠ ʜʦ ʚʠʩʥʦʚʢʫ, 

ʱʦ ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʟʽʛʥʫʪʦʾ ʪʨʫʙʢʠ, ʜʫʞʝ ʪʦʯʥʦ ʚʠʤʽʨʶʻʪʴʩʷ ʩʫʤʘʨʥʠʡ ʪʠʩʢ 

(ʈɆ), ʘ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ, ʷʢ ʨʽʟʥʠʮʶ ʤʽʞ ʟʘʛʘʣʴʥʠʤ ʽ ʜʠ-

ʥʘʤʽʯʥʠʤ. 
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ʉʪʘʪʠʯʥʠʡ ʪʠʩʢ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦ-

ʩʪʽ ʛʘʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʦʨʫ ʨʫʭʫ ʽ ʜʣʷ ʽʥʰʠʭ ʮʽʣʝʡ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʘʪʠ-

ʯʥʦʛʦ ʪʠʩʢʫ ʧʦʜʘʯʽ ʛʘʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠʣʘʜʠ ʪʘ ʧʨʠʩʪʨʦʾ: ʰʘʡʙʘ 

ʉʽʨʢʘ, ʧʨʠʣʘʜ ʅʽʬʝʨʘ, ʧʨʠʣʘʜ ʈʦʟʝʥʤʶʣʝʨʘ. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʮʠʤ ʤʝʪʦʜʦʤ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʪʘʪʠ 

ʫʚʘʛʫ ʥʘ ʪʦʯʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʣʘʜʫ ʚ ʧʦʪʦʮʽ, ʪʦʤʫ ʱʦ ʧʨʠ ʟʩʫʚʘʭ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʽ ʧʦʢʘʟʘʥʥʷ ʤʘʥʦʤʝʪʨʘ. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠ-

ʛʦʪʦʚʣʝʥʥʷ ʽʥʜʠʢʘʪʦʨʘ (ʪʨʫʙʢʠ) ʟ ʙʽʯʥʠʤʠ ʦʪʚʦʨʘʤʠ (ʥʘ ʨʠʩ. 2.7), ʪʦʤʫ ʱʦ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʤʽʨʶʚʘʪʠ ʪʠʩʢ ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦʜʽʚ, ʜʝ ʧʨʦʩʪʽʨ ʦʙʤʝ-

ʞʝʥʠʡ ʜʽʘʤʝʪʨʦʤ ʝʣʝʢʪʨʦʜʽʚ (ʥʝ ʙʽʣʴʰʝ 3 ʤʤ).  

 

 

 

ʈʠʩ. 2.7. ʉʭʝʤʘ ʚʠʤʽʨʽʚ ʈɆ ʚ ʨʦʟʧʠʣʶʚʘʣʴʥʦʤʫ ʩʪʨʫʤʝʥʽ ʽ ʤʽʞʝʣʝʢʪʨʦʜ-

ʥʦʤʫ ʧʨʦʤʽʞʢʫ: 1 ï ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʜʽʚ, 2 ï ʨʦʟʧʠʣʶʚʘʣʴʥʠʡ ʩʪʨʫʤʽʥʴ, 3 ï ʧʦ-

ʨʦʞʥʠʩʪʘ ʛʦʣʢʘ, 4 ï ʬʽʢʩʘʪʦʨ, 5 ï ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʽʚ, 6 ï ʟʘʟʦʨ ʤʽʞ ʝʣʝʢʪʨʦʜʘ-

ʤʠ. 
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ɺʠʛʦʪʦʚʣʝʥʥʷ ʪʨʫʙʢʠ-ʽʥʜʠʢʘʪʦʨʘ (ʧʦʨʦʞʥʠʩʪʦʾ ʛʦʣʢʠ) ʟ ʙʽʯʥʠʤʠ ʦʪʚʦ-

ʨʘʤʠ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ, ʪʦʤʫ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʟʥʘʯʘʣʠ ʚʝʣʠʯʠʥʫ 

ʩʫʤʘʨʥʦʛʦ ï ʩʪʘʪʠʯʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʠʭ ʮʽʣʝʡ 

ʚʠʛʥʫʪʽ ʤʝʜʠʯʥʽ ʛʦʣʢʠ. 

ʊʘʢʘ ʩʭʝʤʘ ʚʠʤʽʨʽʚ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʈɆ ʚ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʦʨʫ (ʚ ʮʝʥʪʨʽ ʪʘ ʧʝʨʠʬʝʨʽʡʥʠʭ ʟʦʥʘʭ), ʘ ʪʘʢʦʞ ʧʦ ʜʦʚ-

ʞʠʥʽ ʩʪʨʫʤʝʥʷ. ʇʨʠʡʥʷʪʘ ʩʭʝʤʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ, ʷʢʝ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʛʘʟʦ-

ʜʠʥʘʤʽʮʽ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʪʫʧʦʥʦʩʦʛʦ ʪʽʣʘ, ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʪʠʩʢʫ, ʷʢʝ ʧʦʢʘʟʫʻ 

ʪʨʫʙʢʘ ʇʽʪʦ [115]. 

ʇʨʠ ʦʙʪʽʢʘʥʥʽ ʪʫʧʦʥʦʩʦʛʦ ʪʽʣʘ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʝʣʝʢʪʨʦʜʫ) ʚ ʡʦʛʦ 

ʚʝʨʰʠʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʷʤʠʡ ʩʪʨʠʙʦʢ ʫʱʽʣʴʥʝʥʥʷ,  ʷʢʱʦ ʧʦʤʽʩʪʠʪʠ ʪʨʫʙʢʫ 

ʇʽʪʦ ʚ ʥʘʜʟʚʫʢʦʚʠʡ ʧʦʪʽʢ, ʪʦ ʧʨʷʤʠʡ ʩʪʨʠʙʦʢ ʫʱʽʣʴʥʝʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʧʝ-

ʨʝʜʫ ʥʝʾ (ʨʠʩ. 2.8). 

 

  

 

ʈʠʩ. 2.8. ʉʭʝʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʠʩʢʫ ʚ ʧʦʪʦʮʽ ʽ ʩʪʨʠʙʢʫ 

ʫʱʽʣʴʥʝʥʥʷ (ʘ), ʚ ʩʪʨʠʙʢʫ ʫʱʽʣʴʥʝʥʥʷ ʽ ʟʘ ʥʠʤ (ʙ): P1 ï ʪʠʩʢ ʧʦʪʦʢʫ ʜʦ ʧʝʨʝ-

ʰʢʦʜʠ (ʪʫʧʦʥʦʩʝ ʪʽʣʦ); P2 ï ʪʠʩʢ ʧʦʪʦʢʫ ʧʽʩʣʷ ʦʙʪʽʢʘʥʥʷ ʧʝʨʝʰʢʦʜʠ; V1 ï 

ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʜʦ ʧʝʨʝʰʢʦʜʠ; V2 ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʧʽʩʣʷ ʦʙʪʽʢʘʥʥʷ ʧʝ-

ʨʝʰʢʦʜʠ;  Pn ï ʪʠʩʢ ʚ ʟʦʥʽ ʨʦʟʨʷʜʞʝʥʥʷ, ɟ1 ï ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʜʦ ʧʝʨʝʰʢʦʜʠ;  

ɟ2 ï ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʧʽʩʣʷ ʦʙʪʽʢʘʥʥʷ ʧʝʨʝʰʢʦʜʠ. 
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ʊʠʩʢ, ʷʢʠʡ ʚʦʥʘ (ʪʨʫʙʢʘ) ʧʦʢʘʟʫʻ, ʈn, ʚʽʜʧʦʚʽʜʘʻ ʪʠʩʢʫ ʚ ʚʝʨʰʠʥʽ ʪʫʧʦ-

ʥʦʩʦʛʦ ʪʽʣʘ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʠʩʢʫ ʚ ʩʪʨʠʙʢʫ ʫʱʽʣʴʥʝʥʥʷ ʈ1 ʽ ʥʘʙʽʛʘʶʯʦʛʦ 

ʧʦʪʦʢʫ ʈ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʈʝʣʝʷ [219]: 
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ʜʝ 
2

2 1
1  ʪʘ  

ʩV
M K

KRT ʩ

r

n

= = , 

R ï ʛʘʟʦʚʘ ʧʦʩʪʽʡʥʘ, (R = 8314 ɼʞ/ʂ
. 
ʢʤʦʣʴ); 

ʊ1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʫ, ʱʦ ʥʘʙʽʛʘʻ, ʂ. 

 

ʗʢʱʦ ʚ ʬʦʨʤʫʣʫ ʧʽʜʩʪʘʚʠʪʠ ʟʘʤʽʩʪʴ ʈ1 ʪʠʩʢ ʘʜʽʘʙʘʪʠʯʥʦ ʟʘʛʘʣʴʤʦʚʘʥʦ-

ʛʦ ʧʦʪʦʢʫ, ʪʦ ʦʪʨʠʤʫʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʠʩʢʫ ʚ ʟʘ-

ʛʘʣʴʤʦʚʘʥʦʤʫ ʧʦʪʦʮʽ ʽ ʧʦʢʘʟʘʥʥʷ ʪʨʫʙʢʠ ʇʽʪʦ ʟʘ ʧʦʪʦʢʦʤ. 
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.               (2.5) 

 ʜʝ V1 ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʜʦ ʧʝʨʝʰʢʦʜʠ, ʤ/ʩ; 

V2 ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʧʽʩʣʷ ʦʙʪʽʢʘʥʥʷ ʧʝʨʝʰʢʦʜʠ, ʤ/ʩ. 

 

ʌʦʨʤʫʣʘ ʧʦʢʘʟʫʻ, ʱʦ ʪʠʩʢ ʛʘʣʴʤʫʚʘʥʥʷ ʟʘ ʩʪʨʠʙʢʦʤ ʤʝʥʰʠʡ, ʥʽʞ ʜʦ 

ʩʪʨʠʙʢʘ. ɺʝʣʠʯʠʥʘ 
1

1nP

P
s- =  ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʧʦʚʥʦʛʦ ʥʘʧʦʨʫ ʟʘ ʩʪʨʠʙʢʦʤ. 

ʇʨʦʚʝʜʝʥʽ ʚʠʤʽʨʠ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦ-

ʨʽʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ (ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʫ ʤʝʨʝʞʽ, ʚʦʣʦʛʽʩʪʴ, ʪʝʤ-



115 
 

ʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʫ ʨʽʟʥʽ ʯʘʩʠ ʜʦʙʠ ʪʦʱʦ). ʆʙôʻʤ ʩʫʢʫʧʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ  

ʩʢʣʘʚ N =10õ15. [116]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 
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     (2.6) 

ʜʝ  xi ï ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ; 

 mi ï ʢʽʣʴʢʽʩʪʴ ʙʣʠʟʴʢʠʭ i-ʪʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; 

n ï ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.9.  

 

 

 

ʈʠʩ. 2.9. ʈʦʟʧʦʜʽʣ ʈ× ʫ ʤʽʞ ʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʦʩʽ 

ʩʦʧʣʘ Ñ1 ʤʤ): 1 ï ʟʘʟʦʨ ʩʢʣʘʜʘʻ 0,2 ʤʤ; 2 ï ʟʘʟʦʨ ʩʢʣʘʜʘʻ 0,5 ʤʤ; 3 ï ʟʘʟʦʨ 

ʩʢʣʘʜʘʻ 1,0 ʤʤ. 
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ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʦʧʣʦ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ, ʪʠʩʢ ʥʘ ʚʭʦʜʽ 0,5 ʄʇʘ, ʜʽʘ-

ʤʝʪʨ ʝʣʝʢʪʨʦʜʽʚ 5 ʤʤ.  

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʦʜʽʚ 

ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʽʜʩʫʤʢʦʚʦʛʦ ʪʠʩʢʫ ʩʪʨʫʤʫ ʧʦʚʽʪʨʷ ʤʽʞ 

ʝʣʝʢʪʨʦʜʘʤʠ. ʇʨʠ ʟʘʟʦʨʽ ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦʜʽʚ 0,2 ʤʤ ʤʘʻ ʤʽʩʮʝ ʧʘʜʽʥʥʷ 

ʪʠʩʢʫ ʜʦ 0,04 ʄʇʘ ʫ ʮʝʥʪʨʽ ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦʜʽʚ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʚʠʭʦʜʽ 

ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʚʝʜʝʥʽ ʥʠʞʯʝ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʦʨʝʪʠʯʥʠʤ ʧʝ-

ʨʝʜʫʤʦʚʘʤ: ʟʘ ʧʝʨʝʰʢʦʜʦʶ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʜʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʧʘ-

ʜʽʥʥʷ ʪʠʩʢʫ, ʷʢʝ ʜʦʩʷʛʘʻ ʟʥʘʯʥʠʭ ʚʝʣʠʯʠʥ (ʈ× = 0,04ʄʇʘ ʚ ʮʝʥʪʨʽ ʤʽʞ ʝʣʝʢʪ-

ʨʦʜʘʤʠ). 

 

2.2. ʉʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤ ʧʦʚʽʪʨʷʥʦ-ʨʦʟʧʠʣʶʚʘʣʴ-

ʥʦʛʦ ʩʪʨʫʤʝʥʷ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤʘʤʠ, ʦʪʨʠʤʘ-

ʥʠʤʠ ʧʨʠ ʪʽʥʴʦʚʦʤʫ ʬʦʪʦʛʨʘʬʫʚʘʥʥʽ ʩʪʨʫʤʝʥʷ ʚ ʟʦʥʽ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ. 

ɿʡʦʤʢʫ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʦʭ ʚʟʘʻʤʥʦ-ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʷʤʢʘʭ ï ʟ ʙ̔-

ʯʥʦʾ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ ʽ ʟʚʝʨʭʫ çʥʘ ʝʣʝʢʪʨʦʜʠè (ʨʠʩ. 2.10). 

ɻʦʣʦʚʢʫ ʤʝʪʘʣʽʟʘʪʦʨʘ ʚʠʩʚʽʪʣʶʚʘʣʠ ʪʦʯʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʩʚʽʪʣʘ. ʋ ʮʝʥʪʨ 

ʧʦʤʽʱʘʣʠ ʥʝʧʨʦʟʦʨʠʡ ʝʢʨʘʥ, ʱʦ ʟʘʪʽʥʷʻ ʚ ʬʦʨʤʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʪʦʯʢʦʚʝ 

ʜʞʝʨʝʣʦ, ʘʣʝ ʥʝ ʧʝʨʝʰʢʦʜʞʘʻ ʧʨʦʤʝʥʷʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 2.10 ʫʩʪʘʥʦʚʢʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʛʘʟʦʩʧʝ-

ʢʪʨʦʛʨʘʤʠ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʚʧʣʠʚ ʥʘʷʚʥʦʩʪʽ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʦʟʧʠʣʶ-

ʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ (ʨʠʩ. 2.11). 
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ʈʠʩ. 2.10. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤ: 1 ï ʜʞʝʨʝ-

ʣʦ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ; 2 ï ʟʥʽʤʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ; 3 ï ʦʙ'ʻʢʪʠʚ; 4 ï ʤʦʜʝʣʴ ʛʦʣʦʚʢʠ 

ʤʝʪʘʣʽʟʘʪʦʨʘ; 5 ï ʧʦʜʘʯʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ; 6 ï ʰʪʘʪʠʚ-ʢʨʽʧʣʝʥʥʷ; 7-8 ï ʝʢ-

ʨʘʥ; 9 ï ʧʨʦʤʽʥʴ ʧʦʣʷʨʠʟʦʚʘʥʠʡ, 10 ï ʧʽʜʣʦʛʘ. 

 

ɿ ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤ [89], ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 2.11 ʚʠʜʥʦ: 

- ʱʦ ʧʨʠ ʟʘʟʦʨʘʭ ʚʽʜ 0 ʤʤ ʜʦ 1 ʤʤ ʥʘ ʢʽʥʮʽ ʜʨʫʛʦʾ ʜʽʣʷʥʢʠ ʚʽʜʩʫʪʥʽʡ 

ʜʠʩʢ ʄʘʭʘ; 

- ʟʦʥ ʫʱʽʣʴʥʝʥʥʷ ʧʦʪʦʢʫ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘ-

ʻʪʴʩʷ; 

- ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʩʪʨʫʤʝʥʷ ʟʦʥʠ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ. 

ɺ ʥʘʩʪʫʧʥʽʡ ʜʽʣʷʥʮʽ ʟʘʟʥʘʯʝʥʽ ʟʦʥʠ ʚʘʞʢʦ ʧʦʤʽʪʥʽ ʧʨʠ ʟʘʟʦʨʘʭ: 0 ʤʤ;  

0,5 ʤʤ. ʂʦʥʪʫʨʠ ʟʘʟʥʘʯʝʥʠʭ ʟʦʥ ʧʦʯʠʥʘʶʪʴ ʚʽʜʥʦʚʣʶʚʘʪʠʩʷ ʧʨʠ ʟʘʟʦʨʽ  

1,2 ʤʤ. 

ɼʘʣʽ ʩʧʦʩʪʝʨʽʛʘʻʤʦ, ʱʦ ʝʣʝʢʪʨʦʜʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʟʦʥʽ ʚʪʦʨʠʥʥʦʛʦ ʨʦʟ-

ʰʠʨʝʥʥʷ ʩʪʨʫʤʝʥʷ ʚ ʦʙʣʘʩʪʽ, ʦʙʤʝʞʝʥʦʾ ʧʝʨʰʠʤʠ ʫʜʘʨʥʠʤʠ ʭʚʠʣʷʤʠ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʝʯʽʾ ʨʦʟʨʽʜʞʝʥʥʷ ʽ çʜʝʬʦʨʤʘʮʽʾè ʜʨʫʛʦʾ ʜʽʣʷʥʢʠ ʨʦʟʧʠʣʶʚʘʣʴ-

ʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ ʚʝʣʠʯʠʥʽ ʟʘʟʦʨʫ ʚʽʜ 0 ʤʤ ʜʦ 2 ʤʤ, (ʨʠʩ, 2.11, ʚ). 
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ʈʠʩ. 2.11. ɺʧʣʠʚ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ 

(ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤʠ): ʘ ï ʙʝʟ ʟʘʟʦʨʫ; ʙ ï ʟʘʟʦʨ 0,5 ʤʤ; ʚ ï ʟʘʟʦʨ 1,2 ʤʤ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʝʜʝʥʽ ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʝʣʝ-

ʢʪʨʦʜʽʚ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʤʘʻ ʤʽʩʮʝ ʧʦʜʽʣ 

ʧʦʪʦʢʫ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʝʣʝʢʪʨʦʜʽʚ, ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʽʚ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʟʦʥʽ, ʜʝ 

ʧʨʠʩʫʪʥʻ ʨʦʟʨʽʜʞʝʥʥʷ. ʊʦʤʫ ʥʘʜʘʣʽ ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʟʦʥʠ ʨʦʟʨʷ-

ʜʞʝʥʥʷ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʨʘʧʝʣʴ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʜʫʛʦʚʽʡ ʤʝʪʘʣʽʟʘ-

ʮʽʾ. 
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2.3. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʬʦʨʤʫʚʘʥ-

ʥʷ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʽ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʨʦʟʧʠʣʶʶʪʴʩʷ  

 

ʗʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʷʤʦʛʦ ʚʠʤʽʨʫ ʪʠʩʢʫ ʽ ʪʽʥʴʦʚʦʛʦ ʬʦ-

ʪʦʛʨʘʬʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʦʜʽʚ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ ʩʫ-

ʤʘʨʥʦʛʦ ʪʠʩʢʫ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʧʦ ʜʦʚʞʠʥʽ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʝʥʷ. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʪʝʧʣʘ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ. ɺʽʜʦʤʦ, ʱʦ ʜʫʛʘ ʨʦʟʜʽʣʷʻʪʴʩʷ 

ʥʘ ʜʚʘ çʷʟʠʯʢʘè, ʚʽʜ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʜʽʣʝʥʥʷ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ, ʨʷʜ ʜʦʩʣʽʜʥʠʢʽʚ ʨʦʟʛʣʷʜʘʣʠ ʜʫʛʦʚʠʡ ʨʦʟʨʷʜ, ʷʢ ʢʚʘʟʽʪʚʝʨʜʝ ʪʽʣʦ, ʱʦ ʥʝ 

ʧʨʦʜʫʚʘʻʪʴʩʷ [46, 47]. 

ɺ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS CFX ʨʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʜʣʷ ʦʙʪʽ-

ʢʘʥʥʷ ʝʣʝʢʪʨʦʜʘ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ (ʨʠʩ. 2.12) [110, 

111]. 

ɿ ʤʝʪʦʶ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ ʽ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʧʨʠ ʪʽʥʴʦʚʦʤʫ ʬʦʪʦʛʨʘʬʫʚʘʥʥʽ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ, ʜʫʛʦʚʠʡ 

ʨʦʟʨʷʜ ʽʤʽʪʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʩʪʠʯʥʦʾ ʚʩʪʘʚʢʠ ï ʽʤʽʪʘʪʦʨʫ, ʱʦ ʟʘʢʨʽʧ-

ʣʶʶʪʴʩʷ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ. 

 

 
  

 

ʟʦʥʘ ʥʘʡʚʠʱʦʛʦ 

ʪʠʩʢʫ (6 ʄʇʘ) 

ʟʦʥʘ ʩʝʨʝʜʥʴʦʛʦ 

ʪʠʩʢʫ (2,5õ 4 ʄʇʘ) 

 

ʟʦʥʘ ʨʦʟʨʷʜʞʝʥʥʷ 

ʈʠʩ. 2.12. ɺʽʟʫʘʣʽʟʘʮʽʷ ʦʙʪʽʢʘʥʥʷ ʝʣʝʢʪʨʦʜʘ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ ʧʨʠ ʜʫ-

ʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ. 

 

ʊʽʥʴʦʚʽ ʬʦʪʦʛʨʘʬʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ 2.13 [116].  
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ʅʘʷʚʥʽʩʪʴ ʽʤʽʪʘʪʦʨʘ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ (ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʯʥʦʾ 

ʩʪʨʽʯʢʠ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʷʚʥʦʩʪʽ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʦʛʦ ʦʙʪʽʢʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ 

ʧʨʠ ʚʩʽʭ ʚʝʣʠʯʠʥʘʭ ʟʘʟʦʨʫ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʚʽʜ 0 ʤʤ ʜʦ 3 ʤʤ. ʆʪʨʠʤʘʥʽ ʨʝ-

ʟʫʣʴʪʘʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤʘʤ, ʦʪʨʠʤʘʥʠʤ ʨʘʥʽʰʝ (ʬʦʪʦʛʨʘʬʫ-

ʚʘʥʥʷ ʩʪʨʫʤʝʥʷ ʙʝʟ ʽʤʽʪʘʪʦʨʽʚ) ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʟʦʨʫ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ (ʨʠʩ. 

2.13). 

 

1 

 

  

 

2 

  

 

3 

  

 

4 

  

 

ʈʠʩ. 2.13. ɺʟʘʻʤʦʜʽʷ ʝʣʘʩʪʠʯʥʦʛʦ ʽʤʽʪʘʪʦʨʘ ʜʫʛʠ ʟ ʨʦʟʧʠʣʶʚʘʣʴʥʠʤ ʛʘ-

ʟʦʚʠʤ ʩʪʨʫʤʝʥʝʤ (ʛʘʟʦʩʧʝʢʪʨʦʛʨʘʤʠ). 
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ʅʘ ʨʠʩ. 2.13: 1 ï ʟʘʟʦʨ 3 ʤʤ ʚʠʛʣʷʜ çʟʚʝʨʭʫè, ʟʘʟʦʨ 3 ʤʤ ʙʝʟ ʩʪʨʫʤʝʥʷ 2 

ï ʟʘʟʦʨ 2 ʤʤ, ʧʦʩʠʣʝʥʠʡ ʜʫʛʦʚʠʡ ʧʦʪʽʢ; 3 ï ʟʘʟʦʨ 1 ʤʤ, ʙʽʣʴʰ ʚʠʨʘʞʝʥʽ ʜʽʣʷʥ-

ʢʠ ʨʦʟʨʷʜʞʝʥʥʷ ʚ ʜʫʛʦʚʦʤʫ ʧʦʪʦʮʽ ʟʘ ʝʣʝʢʪʨʦʜʘʤʠ; 4.ï ʟʘʟʦʨ 0 ʤʤ, ʩʣʘʙʢʘ ʽʥ-

ʪʝʥʩʠʚʥʽʩʪʴ ʜʫʛʠ. 

ʉʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʽʤʽʪʘʪʦʨʫ (ʚʠʪʷʛʥʫʪʦʩʪʽ) ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʘ-

ʟʦʨʫ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʟʦʨʫ ʜʝʬʦʨʤʘʮʽʷ ʛʥʫʯʢʦʛʦ ʽʤʽʪʘʪʦʨʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠ ʟʘʟʦʨʽ ʙʽʣʴʰʝ 3 ʤʤ.  

ʇʨʠ ʟʘʟʦʨʽ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ 0õ1 ʤʤ ʚʧʣʠʚ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʽʤʽʪʘ-

ʪʦʨ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ ʽ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʘʥʘʣʦʛʽʯʥʝ ʚʠʭʽʜʥʦʤʫ (ʨʠʩ. 2.13, 1) 

(ʙʝʟ ʚʧʣʠʚʫ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ). 

ʇʨʠ ʟʘʟʦʨʽ 2õ3 ʤʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʛʥʫʯʢʦʛʦ ʽʤʽʪʘ-

ʪʦʨʘ, ʱʦ ʬʽʢʩʫʻʪʴʩʷ ʥʘ ʬʦʪʦʟʥʽʤʢʘʭ çʚ ʧʣʦʱʠʥʽ ʝʣʝʢʪʨʦʜʽʚ ʽ ʨʦʟʧʠʣʶʚʘʣʴʥʦ-

ʛʦ ʩʦʧʣʘè ʽ ʧʨʠ ʬʦʪʦʛʨʘʬʫʚʘʥʥʽ ʝʣʝʢʪʨʦʜʽʚ çʟʙʦʢʫè (ʨʠʩ. 2.13, 2). ʇʨʠ ʟʘʟʦʨʽ 2 

ʤʤ ʢʫʪ ʨʦʟʢʨʠʪʪʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʟʥʠʞʫʻʪʴʩʷ, ʽ ʬʦʨʤʘ ʩʪʨʫʤʝʥʷ ʥʘʙʣʠʞʘʻʪʴ-

ʩʷ ʜʦ ʩʪʨʫʤʝʥʷ, ʟʘʬʽʢʩʦʚʘʥʦʛʦ ʧʨʠ ʬʦʪʦʛʨʘʬʫʚʘʥʥʽ ʙʝʟ ʽʤʽʪʘʪʦʨʫ ʚ ʤʽʞʝʣʝʢʪ-

ʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʧʨʠ ʟʘʟʦʨʘʭ ʚ 2 ʤʤ. 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʽʤʽʪʘʪʦʨʘ ʚ ʤʽʞʝ-

ʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʤʘʻ ʤʽʩʮʝ ʩʪʘʙʽʣʴʥʠʡ ʧʦʜʽʣ ʧʦʪʦʢʫ ʝʣʝʢʪʨʦʜʘʤʠ ʪʘ 

ʽʤʽʪʘʪʦʨʦʤ ʧʨʠ ʟʘʟʦʨʘʭ ʚʽʜ 0 ʤʤ ʜʦ 2 ʤʤ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʛʥʫʯʢʦʛʦ ʽʤʽʪʘʪʦʨʘ, ʱʦ ʡʤʦʚʽʨʥʦ ʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴ-

ʥʦʤʫ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ, ʧʦʜʽʣ ʧʦʪʦʢʫ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʟʘʟʦʨʘʭ ʚʽʜ 

0 ʤʤ ʜʦ 1 ʤʤ. ʇʨʠ ʟʘʟʦʨʘʭ ʙʽʣʴʰʝ 1 ʤʤ ʧʦʪʽʢ ʧʨʦʥʠʢʘʻ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʠʡ 

ʧʨʦʤʽʞʦʢ, ʘʢʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʽʤʽʪʘʪʦʨʠ ʽ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʾ. 

ʎʝ ʤʘʻ ʤʽʩʮʝ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʽ ʚʠʢʣʠʢʘʻ ʜʝʬʦʨʤʘʮʽʶ (ʘʙʦ ʨʦʟʨʠʚ) ʜʫʛʠ ʧʨʠ 

ʚʝʣʠʢʠʭ (ʙʽʣʴʰʝ 1 ʤʤ) ʟʘʟʦʨʘʭ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʧʦʜʽʣʫ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʽ ʯʘʩʪʠʥʦʢ ʝʣʝʢʪ-

ʨʦʜʽʚ, ʱʦ ʨʦʟʧʠʣʶʶʪʴʩʷ, ʧʨʦʚʝʜʝʥʦ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʤʽʞ ʝʣʝʢʪʨʦʜʥʦʾ ʟʦʥʠ ʽ 

ʜʫʛʠ çʟʙʦʢʫè ʝʣʝʢʪʨʦʜʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʢʦʤʙʽʥʘʮʽʷ ʩʚʽʪʣʦʬʽʣʴʪʨʽʚ: ʧʦ-

ʤʘʨʘʥʯʝʚʠʡ + ʩʚʽʪʣʦ ʟʝʣʝʥʠʡ, ʚʠʪʨʠʤʢʘ 0,002õ 0,008 ʩ. ʆʪʨʠʤʘʥʽ ʬʦʪʦʟʥʽʤʢʠ 

(ʨʠʩ. 2.14, 2.15) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʬʦʨʤʘ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʧʨʠ ʚʠʜʽ çʟʙʦʢʫè 
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ʙʣʠʟʴʢʘ ʜʦ ʬʦʨʤʠ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦ-

ʜʽʚ. 

 

 

 

ʈʠʩ. 2.14. ɺʠʛʣʷʜ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʽ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ 

ʨʦʟʧʠʣʶʶʪʴʩʷ  

 

 

 

ʈʠʩ. 2.15.  ɺʠʛʣʷʜ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʽ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ 

ʨʦʟʧʠʣʶʶʪʴʩʷ ʟ ʥʘʷʚʥʽʩʪʶ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚ ʮʝʥʪʨʽ. 

 

ɺ ʮʝʥʪʨʽ ʦʙʣʘʩʪʴ ʩʚʽʪʽʥʥʷ ʤʝʥʰʘ, ʥʽʞ ʚ ʧʝʨʠʬʝʨʽʡʥʠʭ ʟʦʥʘʭ, ʱʦ, ʡʤʦʚʽ-

ʨʥʦ, ʧʦʚ'ʷʟʘʥʦ ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ ʩʪʨʫʤʝʥʷ ʽ ʥʘʷʚʥʽʩʪʶ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚ ʮʝʥʪʨʽ 

(ʨʠʩ. 2.15). ʋ ʪʦʡ ʞʝ ʯʘʩ, ʜʦʩʣʽʜʥʠʢʠ ʧʨʦʚʦʜʷʪʴ ʟʡʦʤʢʫ, ʷʢ ʧʨʘʚʠʣʦ, çʥʘ ʝʣʝʢ-

ʪʨʦʜʠ ʽ ʩʦʧʣʦè ʽ ʬʽʢʩʫʶʪʴ ʚʠʪʷʛʥʫʪʽʩʪʴ ʜʫʛʠ, ʚʚʘʞʘʶʯʠ, ʱʦ ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʾʾ 

ʜʝʬʦʨʤʘʮʽʻʶ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʬʦʪʦʛʨʘʬʽʾ (ʨʠʩ.2.14, 2.15) ʜʦ-
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ʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʫʛʦʚʠʡ ʨʦʟʨʷʜ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʟʦʥʽ ʟʥʠʞʝʥʦʛʦ 

ʪʠʩʢʫ (ʤʽʞʝʣʝʢʪʨʦʜʥʠʡ ʧʨʦʩʪʽʨ) ʽ ʟʘ ʨʘʭʫʥʦʢ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʚʠʢʣʠʢʘʻ ʘʢ-

ʪʠʚʥʝ ʩʚʽʪʽʥʥʷ ʨʦʟʜʽʣʝʥʦʛʦ ʝʣʝʢʪʨʦʜʘʤʠ ʛʘʟʦʚʦʛʦ ʧʨʦʤʽʞʢʫ. 

ɿʽ ʟʥʽʤʢʽʚ (ʨʠʩ. 2.14, 2.15) ʚʠʜʥʦ, ʱʦ ʥʘʷʚʥʽ ʟ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ ʯʘʩʪʢʠ 

ʬʦʨʤʫʶʪʴʩʷ ʚ 2 ʧʦʪʦʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʠ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ 

ʩʪʨʫʤʝʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʽʥʴʦʚʦʛʦ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ. ʇʦʜʽʣ ʤʘʻ 

ʤʽʩʮʝ ʧʨʠ ʨʦʟʧʠʣʶʚʘʥʥʽ ʩʫʮʽʣʴʥʠʭ ʽ ʧʦʨʦʰʢʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ. ʌʦʪʦʛʨʘʬʫʚʘʥ-

ʥʷ ʥʘ ʝʣʝʢʪʨʦʜʠ ʽ ʩʦʧʣʦ (ʟʚʝʨʭʫ), ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ʨʘʥʽʰʝ ʜʦʩʣʽʜʥʠʢʘʤʠ, 

ʥʝ ʜʘʚʘʣʦ ʤʦʞʣʠʚʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʯʘʩ-

ʪʠʥʦʢ ʟʘ ʟʦʚʥʽʰʥʽʤʠ ʯʘʩʪʠʥʘʤʠ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʩʦʧʣʘ ʧʨʘʮʶ-

ʶʪʴ ʚ ʨʝʞʠʤʽ ʥʝʜʦʨʦʟʰʠʨʝʥʥʷ, ʪʘʢʠʡ ʨʝʞʠʤ ʚʽʜʥʦʩʷʪʴ ʜʦ ʥʝʨʦʟʨʘʭʫʥʢʦʚʠʭ. 

ʋ ʥʘʜʟʚʫʢʦʚʦʤʫ ʩʪʨʫʤʝʥʽ ʥʝʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʝʞʠʤʽʚ ʚʠʥʠʢʘʶʪʴ ʩʪʨʠʙʢʠ ʫʱʽ-

ʣʴʥʝʥʥʷ, ʩʫʧʨʦʚʦʜʞʫʚʘʥʽ ʫʜʘʨʥʠʤʠ ʭʚʠʣʷʤʠ. ɺʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʴʥʦ-

ʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʬʦʨʤʫ ʩʪʨʫʤʝʥʷ ʪʘ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʦʢ ï ʥʘ ʟʤʽʥʫ ʜʦʚʞʠʥʠ ʩʪʨʫʤʝʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʽʥʴʦʚʦʛʦ ʬʦʪʦʛʨʘʬʫʚʘʥ-

ʥʷ [45, 222]. 

 

2.4. ʄʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʩʪʦʩʦʚʘʥʽ  ʚ ʨʦʙʦʪʽ 

 

2.4.1. ʉʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʨʘʟʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʨʽʟʘʣʠ ʟ ʥʘ-

ʧʠʣʝʥʦʛʦ ʰʘʨʫ ʚʽʜʨʽʟʥʽʤ ʘʙʨʘʟʠʚʥʠʤ ʢʨʫʛʦʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʥʘʧʨʷʤʢʫ 

ʥʘʧʠʣʝʥʥʷ [120]. ʇʨʠ ʮʴʦʤʫ ʤʽʩʮʝ ʨʽʟʫ ʦʭʦʣʦʜʞʫʚʘʣʠ ʚʦʜʦʶ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʨʦʟʽʛʨʽʚʫ ʥʘʧʠʣʝʥʦʛʦ ʤʝʪʘʣʫ. ʇʦʚʝʨʭʥʽ ʚʠʨʽʟʘʥʠʭ ʟʨʘʟʢʽʚ ʰʣʽʬʫʚʘʣʠ ʘʙʨʘʟʠʚ-

ʥʠʤ ʢʨʫʛʦʤ (ʢʘʨʙʦʨʫʥʜ, ʟʝʨʥʦ 1,0õ1,2 ʤʤ) ʥʘ ʧʣʦʩʢʦh ʣʽʬʫʚʘʣʴʥʦʤʫ ʚʝʨʩʪʘʪʽ. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʨʘʟʢʽʚ ʜʣʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʰʣʽʬʦʚʘʥʽ 

ʘʙʨʘʟʠʚʥʠʤ ʢʨʫʛʦʤ ʧʦʚʝʨʭʥʽ ʧʨʦʜʦʚʞʫʚʘʣʠ ʰʣʽʬʫʚʘʪʠ ʥʘ ʘʙʨʘʟʠʚʥʦʤʫ ʧʘʧʝ-

ʨʽ ʟ ʧʦʩʪʫʧʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʜʦ ʙʽʣʴʰ ʪʦʥʢʦʛʦ ʘʙʨʘʟʠʚʫ. ʇʦʪʽʤ ʰʣʽʬʦʚʘʥʽ ʟʨʘ-

ʟʢʠ ʧʦʣʽʨʫʚʘʣʠ ʘʣʤʘʟʥʦʶ ʧʘʩʪʦʶ çɸʉʅ 7/5 ʅʆʄɻè, ʧʽʩʣʷ ʯʦʛʦ ʧʽʜʜʘʚʘʣʠ ʬʽ-
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ʥʽʰʥʦʤʫ ʧʦʣʽʨʫʚʘʥʥʶ ʥʘ ʩʫʢʥʽ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʚʦʜʥʝʚʫ ʝʤʫʣʴʩʽʶ ʦʢʠʩʫ ʭʨʦ-

ʤʫ. ʄʘʢʨʦʩʪʨʫʢʪʫʨʫ ʟʨʘʟʢʽʚ ʚʠʷʚʣʷʚ ʪʨʘʚʣʝʥʥʷʤ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚ 15% - 

ʤʫ ʩʧʠʨʪʦʚʦʤʫ ʨʦʟʯʠʥʽ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ɼʣʷ ʚʠ-

ʷʚʣʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʣʽʨʦʚʘʥʫ ʜʦ ʜʟʝʨʢʘʣʴʥʦʛʦ ʙʣʠʩʢʫ ʧʦʚʝʨʭʥʶ ʧʽʜʜʘ-

ʚʘʣʠ ʪʨʠʚʘʣʦʤʫ ʪʨʘʚʣʝʥʥʶ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʫ 4% -ʤʫ ʩʧʠʨʪʦʚʦʤʫ 

ʨʦʟʯʠʥʽ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʢʩʠʜʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʧʦʚ'ʷ-

ʟʘʥʠʭ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʥʘʧʠʣʝʥʠʭ ʯʘʩʪʠʥʢʘʭ ʧʦʢʨʠʪʪʷ ʦʙʫʤʦʚʣʝʥʦ ʤʦʞ-

ʣʠʚʽʩʪʶ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ [121]. 

ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʨʘʟʢʘʭ, 

ʱʦ ʧʨʦʪʨʘʚʣʝʥʽ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʬʝʨʠʪʫ ʪʘ ʽʥh ʠʭ ʩʪʨʫʢʪʫʨ. 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʪʦʚʱʠʥʫ ʽ ʧʦʨʠʩʪʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʚʽʪʣʦ-

ʚʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ Zeiss-200M. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʚʠʟʥʘ-

ʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ɺʽʢʢʝʨʩʘ ʥʘ ʮʠʬʨʦʚʦʤʫ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʽ LM-100 ʧʨʠ ʥʘʚʘʥ-

ʪʘʞʝʥʥʽ 50 ʅ. 

2.4.2.  ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʘʙʨʘʟʠʚʥʠʡ ʟʥʦʩ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʤʘʰʠʥʦ-

ʙʫʜʫʚʘʥʥʽ, ʤʝʪʘʣʫʨʛʽʾ ʽ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʛʘʣʫʟʽ, ʜʝ ʚʦʥʠ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʩʪʦʩʦ-

ʚʫʶʪʴʩʷ ʷʢ ʪʽʣʘ ʪʝʨʪʷ ʟ ʪʚʝʨʜʠʤʠ ʢʦʥʪʨ ʪʽʣʘʤʠ, ʥʝʦʙʭʽʜʥʦ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʷ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʶʚʘʪʠ ʾʭ ʘʙʨʘʟʠʚʥʫ ʩʪʽʡ-

ʢʽʩʪʴ [122-128]. 

ʆʮʽʥʢʫ ʟʥʦʩʫ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ɹʨʽʥʝʣʣʷ-ʍʘʚʦʨʪʘ [124-127], 

ʟʘ ʚʪʨʘʪʘʤʠ ʤʘʩʠ ʟʨʘʟʢʘ ʧʨʠ ʟʥʦʰʫʚʘʥʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʥʘ ʨʠʩ. 2.16. ɺʪʨʘʪʠ 

ʦʮʽʥʶʚʘʣʠʩʷ ʟʘ ʨʽʟʥʠʮʝʶ ʤʘʩʠ ʟʨʘʟʢʽʚ ʜʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ 

(ʪʝʨʪʷ ʟʨʘʟʢʘ ʦ ʧʦʚʝʨʭʥʶ ʛʫʤʦʚʦʛʦ ʜʠʩʢʫ ʟ ʫʯʘʩʪʶ ʘʙʨʘʟʠʚʥʦʛʦ ʧʠʣʫ)  ʟ ʪʦʯ-

ʥʽʩʪʶ ʟʚʘʞʫʚʘʥʥʷ 0,001 ʛ.  
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ʈʠʩ.2.16. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʘʙʨʘʟʠʚʥʠʡ ʟʥʦʩ:1 ï ʥ̔-

ʩʪʘʣʷʮʽʡʥʠʡ ʢʦʨʧʫʩ, 2 ï ʘʙʨʘʟʠʚʥʠʡ ʤʘʪʝʨʽʘʣ, 3 ï ʤʦʥʪʘʞʥʠʡ ʜʠʩʢ, 4 ï ʛʫʤʦ-

ʚʠʡ ʜʠʩʢ, 5 ï ʦʧʨʘʚʣʝʥʥʷ, 6 ï ʢʦʥʪʨʦʣʴʥʠʡ ʟʨʘʟʦʢ, 7 ï ʚʘʞʽʣʴ, 8 ï ʚʘʥʪʘʞ, 9 ï 

ʧʨʠʚʦʜʥʠʡ ʤʝʭʘʥʽʟʤ, 10 ï ʨʝʡʢʘ. 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʢʦʞʥʦʛʦ ʚʠʜʫ ʧʦʢʨʠʪʪʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʩʝʨʽʶ ʟ ʧ'ʷʪʠ ʟʨʘʟʢʽʚ, ʪʦʙʪʦ ʢʦʞʥʝ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦ ʚʪʨʘʪʽ ʚʘʛʠ ʟʨʘʟʢʽʚ ʻ 

ʫʩʝʨʝʜʥʝʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧ'ʷʪʠ ʚʠʤʽʨʶʚʘʥʴ. ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦ-

ʞʥʦʛʦ ʟʨʘʟʢʘ ʩʢʣʘʣʦ 80 ʭʚʠʣʠʥ. 

2.4.3.  ɺʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ.  

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʥʘʥʝʩʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯ-

ʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʚʠʩʦʢʫ ʟʘʪʨʝʙʫʚʘʥʽʩʪʴ ʚ ʷʢʽʩʥʠʭ, ʟ ʚʠʩʦʢʠʤ ʨʝʩʫʨʩʦʤ ʧʦʢʨʠʪ-

ʪʽʚ, ʛʦʣʦʚʥʠʡ ʢʨʠʪʝʨʽʡ, ʱʦ ʦʙʤʝʞʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʛʘʟʦʪʝʨʤʠʯʝʩ-

ʢʦʛʦ ʧʦʢʨʠʪʪʷ, ʻ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ. 

 ʆʙʦʚ'ʷʟʢʦʚʝ ʨʦʟʫʤʽʥʥʷ ʨʽʚʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʽ ʟʘʢʣʘʩʪʠ ʚ ʚʠʨʦʙʥʠʯʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦ-

ʮʝʩ ʪʽ ʯʠ ʽʥʰʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ [128, 130]. 
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ɺʧʣʠʚ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʥʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ ʚʠ-

ʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ çʰʪʠʬʪʦʚʦʾ ʧʨʦʙʠè. ɼʣʷ ʮʴʦʛʦ ʰʪʠʬʪ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʤʘ-

ʪʨʠʮʶ, ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ.2.17, ʥʘʥʦʩʠʪʴʩʷ ʧʦʢʨʠʪʪʷ ʥʘ ʟʘʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ (ʟʤʽʥʶʶʯʠ  ʯʘʩʪʦʪʫ ʧʫʣʴʩʘʮʽʡ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ) ʽ 

çʚʽʜʨʠʚʘʻʪʴʩʷè ʰʪʠʬʪ ʟ ʩʠʣʦʶ, ʷʢʘ ʧʣʘʚʥʦ ʥʘʨʦʱʫʻʪʴʩʷ ʪʘ ʬʽʢʩʫʻʪʴʩʷ ʧʨʠʣʘ-

ʜʦʤ-ʜʠʥʘʤʦʤʝʪʨʦʤ. 

 

ʈʠʩ. 2.17.  ʉʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʝʪʦʜʦʤ çʰʪʠʬʪʦʚʦʾ ʧʨʦʙʠè (ʤʝʪʦʜ 

ʉʪʝʬʬʝʥʩʘ): 1 ï ʥʘʥʝʩʝʥʝ ʧʦʢʨʠʪʪʷ, 2 ï ʰʪʠʬʪ; 3 ï ʮʠʣʽʥʜʨʠʯʥʘ ʤʘʪʨʠʮʷ;  

ʈ ï ʩʠʣʘ ʚʽʜʨʠʚʫ, ɼ ï ʜʽʘʤʝʪʨ ʰʪʠʬʪʘ [128].  

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʜʠʥʘʤʦʤʝʪʨʽ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ 

ʩʠʣʠ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ, ʚʨʘʭʦʚʫʶʯʽ ʧʣʦʱʠʥʫ ʢʦʥʪʘʢʪʫ. 

2.4.4. ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʢʨʠʪʪʽ.  

ɺʽʜ ʚʝʣʠʯʠʥʠ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʥʘʥʝʩʝʥʦʤʫ ʧʦʢʨʠʪʪʽ ʪʘʢʦʞ ʷʢ ʽ 

ʚ ʥʘʧʣʘʚʣʝʥʦʤʫ ʧʦʢʨʠʪʪʽ, ʽ ʟʚʘʨʥʦʤʫ ʟ'ʻʜʥʘʥʥʽ ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʦʙʨʦʙʣʶʚʘ-

ʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʽ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ - ʛʦʣʦʚʥʽ ʢʨʠʪʝʨʽʾ ʧʨʠ ʚʠʙʦʨʽ ʩʘʤʝ ʛʘʟʦʪʝʨʤʽ-

ʯʥʦʛʦ ʧʦʢʨʠʪʪʷ [131-134]. 

ʋʪʚʦʨʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʧʨʠʯʠʥʽ ʫʩʘʜʢʠ ʧʦ-

ʢʨʠʪʪʷ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʛʦʚʦʨʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜ-
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ʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʭʦʜʽʚ ʷʢʽ ʙ ʟʥʠʞʫʚʘʣʠ ʛʨʘʜʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʧʨʠʢʣʘʜ ʧʦʧʝʨʝʜʥʽʡ ʽ ʥʘʩʪʫʧʥʠʡ ʧʽʜʽʛʨʽʚ ʦʩʥʦʚʠ (ʜʝʪʘʣʽ).  

ɼʦʜʘʪʢʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴ ʚʘʨʪʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ 

ʥʘʥʝʩʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʥʠʞʫʶʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦ-

ʤʦʞʥʽʩʪʴ ʧʨʦʮʝʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ ʨʽʚʝʥʴ ʟʘʣʠʰʢʦʚʠʭ ʥʘ-

ʧʨʫʞʝʥʴ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʘ ʨʘʭʫʥʦʢ ʥʝ 

ʪʽʣʴʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʽʛʨʽʚʫ ʘʣʝ ʽ ʚʧʣʠʚʫ ʥʘ ʨʽʚʥʽ ʧʽʜʙʦʨʫ ʤʘʪʝʨʽʘ-

ʣʫ ʽ ʡʦʛʦ ʣʝʛʫʶʯʠʭ ʩʢʣʘʜʦʚʠʭ. 

ʋʩʘʜʢʘ ʥʘʥʝʩʝʥʦʛʦ ʰʘʨʫ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʧʨʠ ʚʠʩʦʢʽʡ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʪʠʩʥʝʥʥʷʤ ʽ ʚʠʛʠʥʦʤ ʩʪʨʫʢʪʫʨʠ ʦʩ-

ʥʦʚʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʢʨʠʪʪʽ ʟʘʩʦʙʦʤ ʧʦʰʘʨʦʚʦʛʦ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ 

ʥʘ ʧʨʠʟʤʘʪʠʯʥʠʡ ʚʽʜʢʘʣʽʙʨʦʚʘʥʠʡ ʩʪʨʠʞʝʥʴ (ʟʨʘʟʦʢ) ʟ ʚʽʜʦʤʠʤ ʤʦʜʫʣʝʤ 

ʧʨʫʞʥʦʩʪʽ, ʷʢʠʡ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʙʘʟʽ, ʧʦʪʽʤ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʠʣʢʘ ʚʠʤʽʨʶ-

ʚʘʯʘ ʟ ʤʽʢʨʦʤʝʪʨʦʤ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦ ʢʨʦʢʦʚʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʛʠʥʫ ʟʨʘʟʢʘ. 

ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʠ ʽ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʯʽʪ-

ʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʧʦʢʨʠʪʪʷ. ʊʘʢ ʥʘʧʨʠ-

ʢʣʘʜ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʘʣʶʤʽʥʽʡ ʽ ʭʨʦʤ ʥʝʦʙʭʽʜʥʠʡ ʪʦʯʥʠʡ 

ʧʽʜʙʽʨ (ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʨʦʮʝʩʫ) ʧʘʨʘʤʝʪʨʽʚ (ʩʠʣʘ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʘ ʥʘ ʜʫʟʽ, ʪʠʩʢ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʪʦʱʦ) ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʛʦʨʽʥʥʷ ʜʫʛʠ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ (ʨʠʩ. 2.18) ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʽʣʴʢʠ ʚʠʤʦʛʠ ʜʦ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ. ɿʨʘʟʢʠ ʚʠʢʦʥʘʥʽ ʤʝʪʦʜʦʤ ʩʪʨʫʛʘʥʥʷ, ʰʣʽʬʫ-

ʚʘʥʥʷ (ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,1 ʤʢʤ) ʽ ʥʘʩʪʫʧʥʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ ʧʨʠ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝ-

ʪʨʘʭ ʜʦʟʚʦʣʷʶʪʴ ʧʽʪʠ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘʢʣʘʜʝʥʠʭ ʧʨʠ 

ʧʨʦʢʘʪʮʽ ʩʪʘʣʝʚʦʛʦ ʣʠʩʪʘ.  

ʗʢʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʘ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ɼʉʊʋ, ʱʦ ʟʥʘ-

ʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 
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ʈʠʩ. 2.18. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʫ ʟʨʘʟʢʘ ʟ ʧʦʰʘʨʦʚʠʤ ʥʘʥʝʩʝʥ-

ʥʷʤ ʧʦʢʨʠʪʪʷ: 1 ï ʙʘʟʘ ʚʠʤʽʨʶʚʘʣʴʥʘ; 2 ï ʟʨʘʟʦʢ ʟ ʧʦʢʨʠʪʪʷʤ; 3 ï ʚʠʣʢʘ ʚʠʤʽ-

ʨʶʚʘʯʘ; 4 ï ʤʽʢʨʦʤʝʪʨ; 5 ï ʬʽʢʩʘʪʦʨ; 6 ï ʙʘʟʘ  ʟʨʘʟʢʫ; l ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʟʦʥʘʤʠ 

ʟʘʢʨʽʧʣʝʥʴ ʟʨʘʟʢʘ. 

 

2.4.5. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ ʯʘʩʪʦʢ. 

ɺʽʜ ʨʦʟʤʽʨʫ ʨʦʟʧʣʘʚʣʝʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦʩʪʘʚʣʝʥʠʭ ʟ ʚʝʣʠʢʦʶ ʝʥʝʨʛʽʻʶ ʽ 

ʰʚʠʜʢʽʩʪʶ ʜʦ ʥʘʧʠʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʤʽʮʥʽʩʪʴ ʟʯʝʧ-

ʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʧʦʢʨʠʪʪʽ ʤʽʞ ʩʦʙʦʶ, ʷʢ ʥʘ ʨʽʚʥʽ ʩʧʣʘʚʫ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ ʤʝʭʘ-

ʥʽʯʥʦʛʦ ʟʯʝʧʣʝʥʥʷ [88, 135-137]. ʑʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʝʨʰʦʯʝʨʛʦʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ ʚ ʮʽʣʦʤʫ. ʋʧʨʘʚʣʽʥʥʷ ʪʘʢʦʶ ʚʣʘʩʪʠ-

ʚʽʩʪʶ ʷʢ ʜʠʩʧʝʨʩʥʽʩʪʴ ʜʦʧʦʤʘʛʘʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʝʭʘʥʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘ-

ʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

ɼʠʩʧʝʨʩʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʧʦʢʨʠʪʪʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ 

ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʫʣʦʚʣʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʨʦ-

ʟʧʠʣʶʚʘʚʩʷ ʚ ʧʦʩʫʜʠʥʽ ʟ ʚʦʜʦʶ [88]. ʄʘʪʝʨʽʘʣ, ʱʦ ʨʦʟʧʠʣʠʚʩʷ ʟʙʠʨʘʣʠ, ʚʠ-

ʩʫʰʫʚʘʣʠ ʽ ʧʨʦʩʽʚʘʣʠ ʯʝʨʝʟ ʥʘʙʽʨ ʩʠʪ ʟ ʨʽʟʥʠʤʠ ʜʽʘʤʝʪʨʘʤʠ ʦʪʚʦʨʽʚ (ʨʠʩ.2.19). 
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ʈʠʩ. 2.19.  ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʟʙʦʨʫ ʢʨʘʧʝʣʴ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʬʨʘʢʮʽʡʥʦ-

ʛʦ ʩʢʣʘʜʫ: 1 ï ʤʝʪʘʣʣʽʟʘʪʦʨ, 2 ï ʩʪʨʫʤʽʥʴ ʯʘʩʪʠʥʦʢ ʽ ʛʘʟʫ; 3 ï ʢʨʠʰʢʠ; 4 ï ʤ̒-

ʥʽʩʪʴ, ʚ ʷʢʫ ʥʘʣʠʪʘ ʚʦʜʘ,  5 ï ʪʨʫʙʘ; 6 ï ʯʘʩʪʠʥʢʠ ʫ ʚʦʜʠ, 7 ï ʧʽʜʜʦʥ; H ï ʚʠʩʦ-

ʪʘ ʪʨʫʙʢʠ. 

  

ɼʚʦʬʘʟʥʠʡ ʩʪʨʫʤʽʥʴ ʯʘʩʪʠʥʦʢ ʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʤʝʪʘʣʽʟʘʪʦʨʘ ʧʦʪʨʘʧ-

ʣʷʻ ʫ ʚʦʜʫ. ɺʠʩʦʪʘ H ʪʨʫʙʢʠ ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʤʝʪʘʣʽ-

ʟʘʪʦʨʘ ʜʦ ʚʦʜʠ ʤʘʣʘ ʨʦʙʦʯʫ ʜʠʩʪʘʥʮʽʶ. ʇʦʪʨʘʧʣʷʶʯʠ ʚ ʚʦʜʫ ʯʘʩʪʠʥʢʠ ʦʩʪʠ-

ʛʘʶʪʴ ʽ ʦʩʽʜʘʶʪʴ ʥʘ ʧʽʜʜʦʥ. 
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2.5.  ʂʦʨʠʛʫʚʘʥʥʷ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʨʦʟʧʦʜʽʣʫ ʩʠʣ ʧʨʠ ʜʫʛʦʚʦʤʫ 

ʥʘʧʠʣʝʥʥʽ 

 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʧʨʷʤʠʭ ʚʠʤʽʨʽʚ ʩʫʤʘʨʥʦʛʦ ʪʠʩʢʫ ʚ ʤʽʞʝʣʝʢʪ-

ʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ, ʪʽʥʴʦʚʝ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʝʣʝʢʪʨʦʜʽʚ, ʘ ʪʘʢʦʞ ʛʥʫʯʢʠʭ ʽʤʽʪʘʪʦʨʽʚ ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦʜʽʚ, ʰʚʠʜʢʽʩʥʝ 

ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ ʽ ʧʦʪʦʢʽʚ ʯʘʩʪʠʥʦʢ ʝʣʝʢʪʨʦʜʽʚ, ʷʢʽ ʨʦʟʧʠ-

ʣʶʶʪʴʩʷ ʧʽʜʪʚʝʨʜʠʣʠ ʥʘʷʚʥʽʩʪʴ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʟʦʨʫ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʽ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʚ ʨʦʟ-

ʧʠʣʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ: ʚʩʪʘʥʦʚʣʝʥʽ ʚʧʣʠʚ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʜʫʛʦʚʦʛʦ 

ʨʦʟʨʷʜʫ ʽ ʧʦʪʦʢʽʚ ʯʘʩʪʠʥʦʢ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʨʷʤʦʛʦ ʚʧʣʠʚʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ çʚʥʫʪʨʽʰʥʽè ʯʘʩʪʠʥʠ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ 

[89]. 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʫʪʦʯʥʝʥʥʷ ʚ ʢʦʤ-

ʧʣʝʢʩʥʽʡ ʩʭʝʤʽ ʨʦʟʧʦʜʽʣʫ ʩʠʣ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ (ʨʠʩ. 2.19). 

ɺʽʜʦʤʦ, ʱʦ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʜʽʶʪʴ ʥʘʩʪʫʧʥʽ ʩʠʣʠ: Fʧʥ ï ʩʠʣʘ ʧʦʚʝʨʭʥʝ-

ʚʦʛʦ ʥʘʪʷʛʫ, ʱʦ ʫʪʨʠʤʫʻ ʨʽʜʢʠʡ ʤʝʪʘʣ ʥʘ ʪʦʨʮʷʭ ʝʣʝʢʪʨʦʜʽʚ; Fʝʜ ï ʝʣʝʢʪʨʦʜʠ-

ʥʘʤʽʯʥʘ ʩʠʣʘ (ʇ̔ ʥʯ-ʝʬʝʢʪ); Fʩʪʨ ï ʩʠʣʘ ʧʦʚʽʪʨʷʥʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝ-

ʥʷ, ʱʦ ʜʽʻ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʫʟʜʦʚʞ ʩʪʨʫʤʝʥʷ, ʱʦ ʩʧʨʠʷʻ ʚʠʜʘʣʝʥʥʶ ʢʨʘʧʝʣʴ ʟ 

ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʽʚ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʩʭʝʤʽ (ʨʠʩ. 2.19), ʧʦʨʷʜ ʟ ʚʽʜʦʤʠʤʠ ʝʣʝʤʝ-

ʥʪʘʤʠ, ʚʨʘʭʦʚʘʥʦ ʥʘʷʚʥʽʩʪʴ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚ ʟʦʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʨʮʽʚ ʝʣʝʢʪ-

ʨʦʜʽʚ, ʘ ʪʘʢʦʞ ʦʙʪʽʢʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ ʽ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʬʦ-

ʨʤʫ ʽ ʧʝʨʝʥʝʩʝʥʥʷ ʯʘʩʪʠʥʦʢ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʧʨʠ ʩʪʘʙʽʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʛʦʨʽʥʥʷ ʜʫʛʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦ-

ʚʘʭ, ʢʦʣʠ ʪʠʩʢ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʙʣʠʟʴʢʠʡ ʜʦ ʘʪʤʦʩʬʝʨ-

ʥʦʛʦ. ʌʽʟʠʯʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʷʭ ʝʣʝʢʪʨʦʜʽʚ ʙʣʠʟʴʢʽ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʢʨʘʧʝʣʴ ʧʨʠ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʽ ʧʣʘʚʢʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ. 
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ʈʠʩ. 2.20. ʋʪʦʯʥʝʥʘ ʢʦʤʧʣʝʢʩʥʘ ʩʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʩʠʣ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦ-

ʚʦʤʫ ʥʘʧʠʣʝʥʥʽ: 1 ï ʨʦʟʧʠʣʶʚʘʥʽ ʝʣʝʢʪʨʦʜʠ; 2 ï ʧʦʚʽʪʨʷʥʝ ʩʦʧʣʦ; 3 ï ʨʦʟʧʠ-

ʣʶʚʘʣʴʥʠʡ ʧʦʚʽʪʨʷʥʠʡ ʩʪʨʫʤʽʥʴ; 4 ï ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ; 5 ï ʟʦʥʘ ʟʘʚʠʭʨʝʥʴ (ʨʦ-

ʟʨʷʜʞʝʥʥʷ); 6 ï ʨʽʜʢʠʡ ʤʝʪʘʣ ʥʘ ʪʦʨʮʷʭ ʝʣʝʢʪʨʦʜʽʚ; 7 ï ʤʽʞʝʣʝʢʪʨʦʜʥʠʡ ʧʨʦ-

ʤʽʞʦʢ; 8 ï ʯʘʩʪʠʥʢʠ ʨʦʟʧʠʣʶʚʘʥʦʛʦ ʤʝʪʘʣʫ; Fʧʥ ï ʩʠʣʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ; 

Fʝʜ ï ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʘ ʩʠʣʘ; Fʩʪʨ ï ʩʠʣʘ ʚʧʣʠʚʫ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʨʽʜʢʠʡ 

ʤʝʪʘʣ; Fʚ ï ʩʠʣʘ ʚʧʣʠʚʫ ʟʘʚʠʭʨʝʥʴ (ʨʦʟʨʽʜʞʝʥʥʷ) ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʛʘʟʦʚʠʤ ʩʪʨʫ-

ʤʝʥʝʤ ʝʣʝʢʪʨʦʜʽʚ. 

 

ʇʝʨʝʚʘʛʘʤʠ ʫʪʦʯʥʝʥʦʾ ʩʭʝʤʠ ʨʦʟʧʦʜʽʣʫ ʩʠʣ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʻ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠ ʘʥʘʣʽʟʽ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʨʽʜʢʠʡ ʤʝ-

ʪʘʣ ï ʩʠʣʠ ʟʘʚʠʭʨʝʥʥʷ (Fʚ). ʎʷ ʩʠʣʘ ʚʠʥʠʢʘʻ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦ-

ʢʦʤ ʪʚʝʨʜʠʭ ʮʠʣʽʥʜʨʽʚ ʝʣʝʢʪʨʦʜʽʚ ʽ ʩʧʨʠʷʻ ʚʽʜʜʽʣʝʥʥʶ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟʘ ʨʘ-

ʭʫʥʦʢ ʨʦʟʨʽʜʞʝʥʥʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʩʠʣ ʫʤʦʚʦʶ ʫʪʨʠʤʘʥʥʷ ʨʽ-

ʜʢʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʙʫʜʝ: 

 

                                     .ʧʥ ʩʪʨ ʝʜ ʚF F F F² + +                (2.6) 
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ʋʤʦʚʘ ʚʽʜʜʽʣʝʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ: 

 

                           .ʧʥ ʩʪʨ ʝʜ ʚF F F F¢ + +                                       (2.7) 

 

 ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʫʤʦʚʘ ʫʪʨʠʤʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʥʘ 

ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʽʚ ʙʫʜʝʧʥ ʝʜF F¢ , ʪʦʙʪʦ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʫ ʟ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ 

ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ  ʚ ʦʩʥʦʚʥʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʩʠʣ ʧʦʚʽʪ-

ʨʷʥʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʝʥʷ, ʤʝʪʘʣ ʫʪʨʠʤʫ-

ʻʪʴʩʷ ʩʠʣʦʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʦʙʤʝʞʝʥʦʛʦ ʚʧʣʠʚʦʤ ʢʠʩʥʶ 

ʧʦʚʽʪʨʷ. ʇʦʪʽʤ ʧʨʠ ʚʧʣʠʚʽ ʧʦʪʦʢʫ ʨʽʜʢʠʡ ʤʝʪʘʣ ʘʢʪʠʚʥʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʪʦʨʮʽʚ 

ʝʣʝʢʪʨʦʜʽʚ ʧʽʜ ʜʽʻʶ ʢʦʤʧʣʝʢʩʫ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʩʠʣ. 

  

2.6. ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʦʥʠ ʨʦʟʨʷʜʞʝʥʥʷ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʚʝʜʝʥʥʷ ʧʦʨʦʰʢʽʚ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ ʜʫʛʠ 

 

ɸʚʪʦʨʦʤ ʨʦʙʦʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʭʝʤʠ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷʥʦ-

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʦʧʣʘ ʪʘʢʦʞ ʚʠʚʯʘʣʘʩʴ  ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ  ʟʦʥʠ ʨʦʟʨʷʜʞʝʥʥʷ ʫ  ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ ʨʦʟʧʠʣʶʚʘʣʴʥʦ-

ʛʦ ʩʪʨʫʤʝʥʷ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʚʦʨʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷʥʦ-

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ: ʧʦʚʽʪʨʷ-

ʥʦ-ʧʦʨʦʰʢʦʚʦʾ-ʣʝʛʫʶʯʦʾ ʽ ʟʦʚʥʽʰʥʴʦʾ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʾ. ɺʚʝʜʝʥʥʷ ʧʦʨʦʰʢʽʚ ʚ 

ʩʪʨʫʤʽʥʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ʨʘʭʫʥʦʢ ʽʥʞʝʢʮʽʾ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʦʚʽʪʨʷʥʦ-

ʧʦʨʦʰʢʦʚʘ ʩʫʩʧʝʥʟʽʷ ʨʦʟʪʘʰʦʚʫʚʘʣʘʩʷ ʚ ʮʝʥʪʨʽ ʧʦʪʦʢʫ [138].  

ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʦʚʽʪʨʷʥʦ-ʜʫʪʪʴʦʚʝ ʮʠʣʽʥʜʨʠʯʥʝ ʩʦʧʣʦ ʤʝʪʘʣʽʟʘʪʦʨʘ  

ɽʄ-Iʆɸ ʙʫʣʦ ʟʘʤʽʥʝʥʦ ʽʥʞʝʢʪʦʨʥʠʤ ʟ ʙʫʥʢʝʨʥʦʶ ʧʨʠʩʪʘʚʢʦʶ, ʨʠʩ. 2.21, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʜʦʟʫʚʘʥʥʷ ʧʦʨʦʰʢʫ ʚ ʨʦʟʧʠʣʚʁʘʣʴʥʠʡ ʩʪʨʫʤʽʥʴ. 
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ʈʠʩ. 2.21. ʉʭʝʤʘ ʩʦʧʣʘ ʤʝʪʘʣʽʟʘʪʦʨʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʦʚʽ-

ʪʨʷʥʦ-ʧʦʨʦʰʢʦʚʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ: 1 ï ʙʫʥʢʝʨ ʜʣʷ ʧʦʨʦʰʢʫ, 2 ï 

ʮʠʣʽʥʜʨʠʯʥʝ ʨʦʟʧʠʣʶʚʘʣʴʥʝ ʩʦʧʣʦ, 3 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʚʚʝʜʝʥʥʷ ʧʦʨʦʰʢʫ ʚ 

ʩʪʨʫʤʽʥʴ, 4 ï ʛʚʠʥʪ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ ʧʦʨʦʰʢʫ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʜʫʛʦ-

ʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʣʦʚʫʛʣʝʮʝʚʦʛʦ ʜʨʦʪʫ ʉʚ-08ɸ ʜʽʘʤʝʪʨʦʤ  

2 ʤʤ. ʇʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʥʘʧʠʣʝʥʥʷ Iʜ = 200-220 ɸ; Uʜ = 28-30 ɺ; Vʧʦʜ =  

3 ʤ/ʭʚ; ʈʧʦʚ = 0,55Ñ0,05 ʄʇʘ; lʧʠʪ = 150 ʤʤ. ɺʠʪʨʘʪʘ ʧʦʨʦʰʢʫ ʚʠʟʥʘʯʘʣʘʩʷ ʚʘ-

ʛʦʶ ʧʦʨʦʰʢʫ, ʱʦ  ʨʦʟʧʠʣʶʻʪʴʩʷ ʟʘ ʚʩʪʘʥʦʚʣʶʚʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. 

ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʶʚʘʣʦʩʷ ʚʧʣʠʚ ʚʠʪʨʘʪʠ ʧʦʨʦʰʢʽʚ ʤʝʪʘ-

ʣʽʚ: ʤʘʨʛʘʥʮʶ, ʘʣʶʤʽʥʽʶ, ʪʠʪʘʥʫ, ʥʽʢʝʣʶ ʪʘ ʬʝʨʦʩʧʣʘʚʽʚ: ʬʝʨʦʤʘʨʛʘʥʮʶ, ʬʝ-

ʨʦʘʣʶʤʽʥʽʶ ʽ ʬʝʨʦʚʘʥʘʜʽʶ ʥʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʢʨʠʪʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʽʜʪʚʝʨʜʠʣʠ ʥʘʷʚʥʽʩʪʴ ʬʽʟʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʣʝ-

ʛʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʧʦʜʘʯʽ ʧʦʨʦʰʢʽʚ ï ʤʝʪʘʣʽʚ ʽ ʬʝʨʦʩʧʣʘʚʽʚ ʚ ʧʦʚʽʪʨʷʥʦ- 

ʨʦʟʧʠʣʶʚʘʣʴʥʠʡ ʩʪʨʫʤʽʥʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦ-ʧʦʨʦʰʢʦʚʦʛʦ ʨʦʟʧʠʣʶʚʘ-

ʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚ ʧʦʢʨʠʪʪʽ ʜʦ 12õ14% Mn, 10% Ni, 2% Ti, 
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14% V, 10,5% ɸl (ʨʠʩ. 2.22, 2.23). ʇʨʠ ʮʴʦʤʫ ʧʨʦʩʣʽʜʞʫʻʪʴʩʷ, ʧʽʜʚʠʱʝʥʠʡ ʨʽ-

ʚʝʥʴ ʚʠʪʨʘʪ ʧʦʨʦʰʢʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʽ ʦʙʪʽ-

ʢʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʩʪʨʫʤʝʥʝʤ. 

 

 

 

ʈʠʩ. 2.22. ɺʧʣʠʚ ʚʠʪʨʘʪʠ ʧʦʨʦʰʢʽʚ ʤʝʪʘʣʫ ʚ ʧʦʚʽʪʨʷʥʦ-ʧʦʨʦʰʢʦʚʦʛʦ 

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʫʪʨʠʤʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚ ʧʦʢʨʠʪʪʽ.  

 

ɿ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʥʘʯʥʦʤʫ ʟʙʽʣʴʰʝʥ-

ʥʽ ʚʠʪʨʘʪ ʧʦʨʦʰʢʽʚ (ʙʽʣʴʰ ʥʽʞ 7-9 ʛ/ʩ) ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʚ ʧʦʢʨʠʪʪʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʥʠʞʫʻʪʴʩʷ ʪʦʙʪʦ ʚʠʷʚʣʷʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʧʦʨʦh ʢʽʚ. 

ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʚʝʜʝʥʥʷ ʚ ʧʦʢʨʠʪʪʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʜʚʦʬʘʟʥʦʾ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʩʪʨʫʤʝʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʤʽʰʽ 

ʧʦʚʽʪʨʷ ʧʦʨʦʰʢʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦ-ʧʦʨʦʰʢʦʚʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʝʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚ ʧʦʢʨʠʪʪʽ ʜʦ 12õ14% Mn, 10% Ni, 2% Ti, 14% V, 

10,5% ɸl. ʇʨʠ ʮʴʦʤʫ ʧʨʦʩʣʽʜʞʫʻʪʴʩʷ,  ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʚʠʪʨʘʪ ʧʦʨʦʰʢʽʚ, ʟʘ 

ʨʘʭʫʥʦʢ ʦʙʤʝʞʝʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʽ ʦʙʪʽʢʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʩʪʨʫʤʝ-

ʥʝʤ, ʟʥʠʞʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʽʚ. 
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ʈʠʩ. 2.23. ɺʧʣʠʚ ʚʠʪʨʘʪʠ ʧʦʨʦʰʢʽʚ ʬʝʨʦʩʧʣʘʚʽʚ ʚ ʧʦʚʽʪʨʷʥʦ-

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʦʪʨʠʤʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚ ʧʦʢʨʠʪʪʽ ʧʨʠ ʜʫʛʦʚʦʤʫ 

ʥʘʧʠʣʝʥʥʽ. 

 

ɺʠʟʥʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʫʛʠ ʥʘ 5õ15% 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʮʝʩʫ, ʪʘʢ ʷʢ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʽ 

ʧʣʘʚʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ ʚ ʟʦʥʽ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ [158] ʱʦʙ ʫʥʠʢʥʫ-

ʪʠ ʟʥʠʞʝʥʥʷ ʪʘ ʫʪʨʠʤʘʪʠ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ ʥʘ ʨʽʚʥʽ ʥʝ 

ʤʝʥʰ 50 ʄʇʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʟʘʪʨʘʪ ʪʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻ ʫʚʘʛʠ ʥʽ ʟʽ ʩʪʦʨʦʥʠ ʨʝʩʫʨʩʦ- ʥʽ ʟʽ ʩʪʦʨʦʥʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʊʦ 

ʤʫ ʥʘʜʘʣʽ ʚ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘʷʚʥʽʩʪʴ ʟʦʥʠ ʨʦʟʨʷʜʞʝʥʥʷ 

ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʪʠ ʧʫʣʴʩʫʶʯʠʡ ʨʦʟʧʠ-

ʣʶʚʘʣʴʥʠʡ ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʯʘʩʪʦʢ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 

ʝʣʝʢʪʨʦʜʽʚ. 
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ʈʦʟʚʠʪʦʢ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʚ ʨʦʟʨʦʙʮʽ ʜʦʜʘʪʢʦʚʠʭ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʧʫʣʴʩʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ) ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ 

ʩʪʨʫʤʝʥʷ. 

 

ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 2 

 

1. ʇʨʝʜʩʪʘʚʣʝʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʪʽʥʴʦʚʦʛʦ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʦ-

ʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʟʤʽʥʠ ʫ  ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʽ. ʇʽʜʪʚʝʨʜʞʝʥʘ ʥʘʷʚʥʽʩʪʴ ʚʽʜʭʠʣʝʥʴ ʧʨʠ ʘʥʘʣʽʟʽ ʩʧʝʢʪʨʦʛʨʘʤ ʽ ʟʦʚ-

ʥʽʰʥʴʦʛʦ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʜʫʛʠ.  

2. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʞʥʠʩʪʦʾ ʤʝʜʠʯʥʦʾ ʛʦʣ-

ʢʠ ʚ ʷʢʦʩʪʽ ʪʨʫʙʢʠ ʇʽʪʦ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʛʘʟʫ ʚ ʧʨʦʩʪʦʨʽ 

ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦʜʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʠ ʭʘʨʘʢ-

ʪʝʨ ʨʦʟʧʦʜʣ̔ʫ ʪʠʩʢʫ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʫʪʦʯʥʝʥʫ ʢʦʤʧʣʝʢ-

ʩʥʫ ʩʭʝʤʫ ʨʦʟʧʦʜʽʣʫ ʩʠʣ ʚ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʩʠʣʠ ʟʘʚʠʭʨʝʥʥʷ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪ-

ʨʦʜʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʪʽʥʴʦʚʦʶ ʟʡʦʤʢʦʶ ʤʦʜʝʣʝʡ ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʴ ʝʣʝʢʪ-

ʨʦʜʽʚ ʚ ʨʦʟʧʠʣʶʚʘʣʴʥʦʤʫ ʩʪʨʫʤʝʥʽ. ɿʨʦʙʣʝʥʽ ʧʨʷʤʽ ʚʠʤʽʨʠ ʚʝʣʠʯʠʥʠ ʩʫʤʘʨ-

ʥʦʛʦ (ʩʪʘʪʠʯʥʦʛʦ + ʜʠʥʘʤʽʯʥʦʛʦ) ʪʠʩʢʫ ʚ ʣʦʢʘʣʴʥʽʡ ʟʦʥʽ ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪ-

ʨʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ. 

4. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʜʽʚ ʜʽʘʤʝʪʨʦʤ 2,4 ʤʤ ʧʨʠ ʪʠʩʢʫ 

ʛʘʟʫ ʥʘ ʚʭʦʜʽ ʨʦʟʧʠʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʝʪʘʣʽʟʘʪʦʨʘ ʈʚʭʦʜ = 0,5Ñ0,05 ʄʇʘ ʽ ʚʽ-

ʜʩʫʪʥʦʩʪʽ ʟʘʟʦʨʫ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤʠ ʯʘʩʪʠʥʘʤʠ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ, ʚ ʮʝʥʪʨʽ ʤʽ-

ʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ ʩʪʚʦʨʶʻʪʴʩʷ ʨʦʟʨʽʜʞʝʥʥʷ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʜʦʩʷʛʘʻ ï 

0,044 ʄʇʘ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʟʦʨʫ ʩʪʫʧʽʥʴ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʟʤʝʥʰʫʻʪʴʩʷ: ʧʨʠ 

ʟʤʽʥʽ ʟʘʟʦʨʫ ʚʽʜ 0 ʤʤ ʜʦ 1,0 ʤʤ ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ ʚ ʮʝʥʪʨʽ ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪ-

ʨʦʜʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,044õ0,16 ʄʇʘ. ʇʨʠ ʟʘʟʦʨʽ ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦ-

ʜʽʚ 2 ʤʤ ʽ ʙʽʣʴʰʝ ʚʝʣʠʯʠʥʘ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʥʝʟʥʘʯʥʘ. ʍʘʨʘʢʪʝʨʥʽ ʟʤʽʥʠ ʚ ʩʪʨʫ-



137 
 

ʢʪʫʨʽ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʝʣʝʢʪʨʦʜʽʚ ʧʽʜʪʚʝʨʜʞʝʥʽ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʪʽʥʴʦʚʦʛʦ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ.  

5. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʫʤʦʚʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦ-

ʮʝʩʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʦʜʥʠʭ ʜʨʦʪʽʚ ʜʽʘʤʝ-

ʪʨʦʤ 2õ2,4 ʤʤ, ʛʦʨʽʥʥʷ ʜʫʛʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʚʽʜʩʫʪʥʽʡ ʧʨʷʤʠʡ 

ʚʧʣʠʚ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʚʥʫʪʨʽʰʥʽ ʯʘʩʪʠʥʠ ʪʦʨʮʽʚ ʝʣʝʢʪʨʦʜʽʚ. 

ʊʠʩʢ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʙʣʠʟʴʢʠʡ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʽ ʬʽʟʠʯʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥ-

ʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʷʭ ʝʣʝʢʪʨʦʜʽʚ ʙʣʠʟʴʢʽ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʢʨʘʧʝʣʴ ʧʨʠ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʧʣʘʚʢʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ. 

ʊʦʤʫ, ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʡʦʤʽʚ ʢʝʨʫʚʘʥʥʷ ʭʘ-

ʨʘʢʪʝʨʦʤ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʛʘʟʫ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ, ʜʝ ʧʨʠ ʥʘʷʚʥʦʩ-

ʪʽ ʥʘ ʰʣʷʭʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʝʨʝʰʢʦʜʠ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʜʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʽ ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʦʨʤʠ ʧʝʨʝʰʢʦʜʠ, ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʫ, ʪʘ ʡʦʛʦ ʪʠʩʢʫ ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʫʣʴʩʫʶ-

ʯʦʾ ʧʦʜʘʯʽ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ: [1], [18], [13], [19],  [30].  

ɸʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʦ ʥʘʷʚʥʽʩʪʴ ʟʦʥʠ ʨʦʟʨʽʜʞʝʥʥʷ ʟʘ ʝʣʝʢʪʨʦʜʘʤʠ, ʫʜʦʩʢʦʥʘ-

ʣʝʥʦ ʩʭʝʤʫ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʦʩʪʽ ʩʠʣʠ ʟʘʚʠʭ-

ʨʝʥʥʷ. 
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ʈʆɿɼɯʃ 3 

ʊɽʆʈɽʊʀʏʅɽ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɯ ʈʆɿʈʆɹʂɸ ʇʈʀʅʎʀʇʋ ʊɸ  

ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ ɽʃɽʂʊʈʆɼʋɻʆɺʆɰ ʄɽʊɸʃɯɿɸʎɯɰ  

ʇʋʃʔʉʋʖʏʀʄ ʈʆɿʇʀʃʖɺɸʃʔʅʀʄ ʉʊʈʋʄɽʅɽʄ 

 

 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʨʘʥʽʰʝ, ʚ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʘ ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʦʚʽʪʨʷ ʟ 

ʨʦʟʧʠʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʚʠʛʦʨʷʥʥʷ ʣʝʛʫʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ [18, 21].  

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʦʢʠʩʣʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʪʠʩʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʘʧʘʨʘʪʫ ʜʦ ʥʘʧʠʣʶʚʘʥʦʾ ʜʝʪʘʣʽ, 

ʱʦ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ. 

ʉʪʫʧʽʥʴ ʦʢʠʩʥʦʾ ʨʝʘʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʞʘʨʦʩʪʽʡʢʦʩʪʽ ʨʦʟʧʘʣʶʚʘʥʦʛʦ ʤʘ-

ʪʝʨʽʘʣʫ, ʜʠʩʧʝʨʩʥʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦ ʢʠʩʥʶ. 

ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʦʢʠʩʥʦʛʦ ʚʧʣʠʚʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʨʽʜ-

ʢʠʡ ʤʝʪʘʣ ʪʦʨʮʽʚ, ʱʦ ʧʣʘʚʣʷʪʴʩʷ, ʧʨʦʧʦʥʫ̒ ʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʫʣʴʩʫʶʯʠʡ 

ʨʦʟʧʠʣʶʚʘʣʴʥʠʡ ʩʪʨʫʤʽʥʴ ʧʦʚʽʪʨʷ, ʥʘʚʝʜʝʥʝ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʣʷ 

ʚʠʨh̔ʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʠʩʪʨʽʡ. 

ɺ ʨʷʜʽ ʨʦʙʽʪ [60-64, 66, 70, 75] ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩ-

ʪʨʫʢʮʽʾ ʛʦʣʦʚʦʢ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʤʝʪʘʣʽʟʘʪʦʨʘ ʜʣʷ ʟʥʠʞʝʥʥʷ ʦʢʠʩʥʦʛʦ ʚʧʣʠʚʫ 

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʦʚʽʪʨʷ, ʦʜʥʘʢ, ʚʦʥʠ ʟʜʘʣʠʩʷ ʥʝ ʧʨʠʡʥʷʪʥʽ ʚ ʩʠʣʫ 

ʩʚʦʻʾ ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʽʥʝʨʮʽʡʥʦʩʪʽ ʚ ʨʦʙʦʪʽ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʠʞʯʝ ʤʘʪʝʨʽʘʣʫ, ʦʬʦʨʤʣʝʥʦ ʅʆʋ-ʍɸʋ 

çʪʝʭʥʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʜʦʩʚʽʜ ʽ ʟʥʘʥʥʷ ʟʽ ʩʪʚʦʨʝʥ-

ʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ  ʜʫʛʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ) ʪʘ ʟʘʢʣʶʯʝʥʦ 

ʙʶʜʞʝʪʥʫ ʨʦʙʦʪʫ ʜʦʛʦʚʽʨ 16-ʅʊʎ ʚʽʜ 04.12.2020 
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3.1. ʇʨʠʥʮʠʧ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟ ʧʫʣʴʩʫʶʯʠʤ ʨʦʟʧʠʣʶ-

ʚʘʣʴʥʠʤ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ 

 

ʅʘ ʢʘʬʝʜʨʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽ ʤʝʭʘʥʽʟʘʮʽʾ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʇɼʊʋ (ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʤ ʄʘʨʽʫʧʦʣʴ) 

ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʦʚʽʪʨʷ [143-145]. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʤʝʪʘʣʽʟʘʪʦʨʽ ɽʄ-17 ʟ ʧʨʠʩʪʨʦ-

ʻʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʫʣʴʩʫʶʯʠʡ ʨʝʞʠʤ ʚʠʪʽʢʘʥʥʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʫʣʴʩʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʥʘʜʘʣʽ ʧʫʣʴʩʘʪʦʨ) ʷʚʣʷʻ ʩʦʙʦʶ 

ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʦʨʧʫʩ ʟ ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ ʧʘʪʨʫʙʢʦʤ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʽ ʚʠʚʝ-

ʜʝʥʥʷ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʘʣ ʟ ʦʪʚʦʨʦʤ ʽ ʤʦʞ-

ʣʠʚʽʩʪʶ ʦʙʝʨʪʘʥʥʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʪʨʽʡ ʩʧʽʚʚʽʩʥʦ ʟ ʢʘʥʘʣʦʤ ʩʦʧʣʘ ʤʝʪʘʣʽʟʘʪʦʨʘ ʧʝʨʝʜ ʨʦ-

ʟʧʠʣʶʚʘʣʴʥʠʤ ʩʦʧʣʦʤ (ʨʠʩ. 3.1). ʇʫʣʴʩʘʪʦʨ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʫʣʴʩʫʶʯʠʡ 

ʨʝʞʠʤ ʚʠʪʽʢʘʥʥʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚ ʤʝʞʘʭ 0õ130 ɻʮ. 

 

 

 

ʈʠʩ. 3.1. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʥʥʷ: 

ɺʅ ï ʚʝʥʪʠʣʴ, ɺɼ ï ʚʦʣʦʛʦʚʽʜʦʢʨʝʤʣʶʚʘʯ, ʄʅ ï ʤʘʥʦʤʝʪʨ, ʂʈ ï ʢʣʘʧʘʥ ʨʝ-

ʜʫʢʮʽʡʥʠʡ; 1 ï ʨʦʟʧʠʣʶʚʘʣʴʥʝ ʩʦʧʣʦ; 2 ï ʩʪʨʫʤʦʧʽʜʚʦʜʠ; 3 ï ʨʦʣʠʢʠ; 4 ï ʝʣʝ-

ʢʪʨʦʜʥʠʡ ʤʘʪʝʨʽʘʣ. 
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ʅʘʷʚʥʽʩʪʴ ʧʫʣʴʩʘʮʽʡ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʦʙʤʽʥʫ ʝʥʝʨʛʽʻʶ ʤʽʞ ʩʫʤʽʞʥʠʤ ʰʘʨʦʤ ʩʪʨʫʤʝʥʷ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʟ ʩʦʧʣʘ ʽ 

ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʩʪʠʩʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʦʪʞʝ, ʟʤʝʥʰʫʻʪʴʩʷ ʦʧʽʨ ʨʫʭʫ ʷʜʨʘ ʩʪʨʫʤʝʥʷ ʤʝʪʘʣʦʧʦ-

ʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʦʪʦ-

ʢʫ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʣʴʦʪʫ ʯʘʩʪʠʥʦʢ ʧʦ ʡʦʛʦ ʧʝʨʝʨʽʟʫ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʛʦ ʧʝʨʝʪʠʥʫ ʧʨʦʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ 

ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʽ ʭʘʨʘʢʪʝʨ ʥʘʨʦʩʪʘʥʥʷ ʽʤʧʫʣʴʩʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʨʫʛ-

ʣʦʛʦ ʧʝʨʝʪʠʥʫ (ʧʨʦʪʦʪʠʧ) ï ʽʤʧʫʣʴʩ ʤʘʻ ʙʫʪʠ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ. ʇʨʠ ʚʠ-

ʢʦʨʠʩʪʘʥʥʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ï ʽʤʧʫʣʴʩ ʤʘʻ ʙʫʪʠ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ 

ʥʘʨʦʩʪʘʥʥʷ ʽ ʧʘʜʽʥʥʷ ʥʘʧʦʨʫ ʩʪʨʫʤʝʥʷ. ɿʘʛʘʣʴʥʠʤ ʜʣʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʽ ʧʨʷ-

ʤʦʢʫʪʥʦʾ ʬʦʨʤ ʧʝʨʝʢʨʠʪʪʷ ʻ ʥʘʷʚʥʽʩʪʴ ʧʘʫʟʠ ʚ ʨʦʟʧʠʣʝʥʥʽ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʷʭ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʧʣʘʚʣʷʪʴʩʷ.  

ʆʜʥʘʢ ʧʨʷʤʦʢʫʪʥʘ ʬʦʨʤʘ ʧʝʨʝʪʠʥʫ ʧʨʦʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘ-

ʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʨʽʟʢʠʡ ʨʝʞʠʤ ʥʘʨʦʩʪʘʥʥʷ ʽ ʧʘʜʽʥʥʷ ʥʘʧʦʨʫ ʩʪʨʫʤʝʥʷ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʫʣʴʩʫʶʯʠʡ ʨʝʞʠʤ ʧʦʚʽʪʨʷʥʦ-

ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʽʤʧʫʣʴʩʘʤʠ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ. ʇʨʠ ʮʴʦʤʫ ʦʧ-

ʪʠʤʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʧʨʦʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʦʙʝʨʪʦʚʦʛʦ ʢʣʘʧʘʥʘ ï ʧʨʷʤʦʢʫʪʥʠʢ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʩʪʦʨʽʥ h/b = 1,3õ1,5 [143, 146, 148]. 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ ʦʪʚʦʨʫ ʢʣʘʧʘʥʘ ʚʠʨʘʞʝʥʽ ʧʝʚʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʦʙˇʨʫʥʪʦʚʘʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ.  

ʉʫʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʝʬʝ-

ʢʪʫ ʧʦʷʩʥʶʻʪʴʩʷ ʢʨʝʩʣʝʥʥʷʤ (ʨʠʩ. 3.2) (ʧʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʄʇʂ ɺ23ʂ 

9/00 ʂʆʄʇʃɽʂʉ ɼʃʗ ɽʃɽʂʊʈʆɼʋɻʆɺʆɰ ʄɽʊɸʃɯɿɸʎɯɰ), ʥʘ ʷʢʦʤʫ ʟʦ-

ʙʨʘʞʝʥʘ ʩʭʝʤʘ ʧʨʠʥʮʠʧʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʣʴʩʘʪʦʨʘ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ, 

ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ, ʢʨʠʰʢʠ, ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʽʚ. ʊʘʢʦʞ ʥʘʚʝʜʝ-

ʥʽ ʚʽʨʦʛʽʜʥʽ ʩʭʝʤʠ ʧʝʨʝʢʨʠʪʪʷ ʢʘʥʘʣʫ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʩʢʨʽʟʴ ʢʣʘʧʘʥ 

ʧʫʣʴʩʘʪʦʨʘ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʢʨʠʪʪʷ ʢʘʥʘʣʫ ʧʫʣʴ-

ʩʘʪʦʨʘ ʥʘʚʝʜʝʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ. 
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ʈʠʩ. 3.2. ʉʭʝʤʘ ʧʫʣʴʩʘʪʦʨʘ ʟ ʦʙʝʨʪʦʚʠʤ ʢʣʘʧʘʥʦʤ: ʘ ï ʬʦʨʤʘ ʧʝʨʝʨʽʟʫ 

ʧʨʦʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ (çʢʦʣʦ-ʢʚʘʜʨʘʪè);  ʙ ï ʬʦʨʤʘ ʧʝʨʝʨʽʟʫ 

ʧʨʦʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ (çʢʦʣʦ-ʢʦʣʦè); 1 ï ʢʦʨʧʫʩ; 2 ï ʰʪʦʢ 

ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ; 3 ï ʢʨʠʰʢʘ; 4, 5 ï ʧʘʪʨʫʙʦʢ. 

 

ʅʘ ʨʠʩ. 3.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʝʨʝʢʨʠʪʪʷ ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʫʩʦʾʜʘʣʴ-

ʥʫ ʬʦʨʤʫ ʽʤʧʫʣʴʩʫ ʟ ʧʣʘʚʥʠʤ ʥʘʨʦʩʪʘʥʥʷʤ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ, ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.3. ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝ-
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ʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʧʦʚʽʪʨʷ. 

 

3.2. ʊʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʨʦʟʧʠʣʶ-

ʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ  

 

 ɺ ʷʢʦʩʪʽ ʧʨʦʪʦʪʠʧʫ ʧʫʣʴʩʘʪʦʨʘ ʙʫʣʦ ʦʙʨʘʥʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʨʦʪʘʮʽʡ-

ʥʦʛʦ ʢʣʘʧʘʥʫ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪ-

ʨʷ.   

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʧʨʦʛʨʘʤʘ Mathcad. ʈʦ-

ʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.3, ʥʘ ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥ-

ʪʠ ʨʦʪʘʮʽʡʥʦʛʦ ʢʣʘʧʘʥʫ ʽ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʟʤʽʥʽ ʢʫʪʘ ʦʙʝʨʪʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɿ ʤʝʪʦʶ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ  ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʧʫʣʴʩʘʪʦʨʘ  

ʪʘʢʠʭ ʷʢ: ʬʦʨʤʘ ʽʤʧʫʣʴʩʽʚ ʧʽʜ ʯʘʩ ʟʤʝʥʰʝʥʥʷ  ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ  ʢʘʥʘʣʫ, ʭʘ-

ʨʘʢʪʝʨ ʥʘʨʦʩʪʘʥʥʷ  ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʫ, ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʽ ʜʦʚʞʠʥʘ ʧʘʫʟ  

ʧʨʦʤʽʞ ʽʤʧʫʣʴʩʘʤʠ, ʰʚʠʜʢʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʢʣʘʧʘʥʫ. ʆʪʨʠʤʘʥʽ ʜʘʥʥʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢ-

ʪʠʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʣʴʩʘʪʦʨʘ, ʟʦʢʨʝʤʘ ʢʘʥʘʣʽʚ ʢʣʘʧʘʥʫ.  

ʂʫʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʦʯʦʢ ʨʦʪʦʨʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʴ: 

 

 

       (3.1) 

 

 

ʅʘ ʨʠʩ. 3.4. ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʽʚ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʜʘʣʴ-

ʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ ʟʛʽʜʥʦ ʧʦʯʘʪʢʦʚʦʛʦ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʨʦʪʘʮʽʡʥʦʛʦ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ.  
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ʈʠʩ. 3.3. ʉʭʝʤʘ ʧʦʯʘʪʢʦʚʦʛʦ ʽ ʧʦʜʘʣʴʰʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʦʪʘʮʽʡʥʦʛʦ ʢʣʘ-

ʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ: 1,2,3,4 ï ʪʦʯʢʠ ʜʦʪʠʢʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ ʟ ʚʭʽʜʥʠʤ ʪʘ ʚʠ-

ʭʽʜʥʠʤ ʦʪʚʦʨʘʤʠ; l ï ʭʦʨʜʘ ʩʝʛʤʝʥʪʫ; lʧ  ï ʰʘʛ ʦʙʝʨʪʘʥʥʷ ʢʣʘʧʘʥʘ; ɔ ï ʢʫʪ ʧʝ-

ʨʝʢʨʠʪʪʷ ʢʘʥʘʣʫ; d ï ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ, ʨʽʚʥʠʡ ʜʽʘʤʝʪʨʫ ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ 

ʦʪʚʦʨʽʚ; D ï ʜʽʘʤʝʪʨ ʢʣʘʧʘʥʫ ʧʫʣʴʩʘʪʦʨʘ,  ʱʦ ʧʝʨʝʢʨʠʚʘʻ ʚʭʽʜʥʠʡ ʪʘ ʚʠʭʽʜʥʠʡ 

ʦʪʚʽʨ; ű, ű1, ű2, ű3 ï ʢʫʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʦʯʦʢ ʨʦʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ; Ŭ ï ʢʫʪ ʩʝ-

ʛʤʝʥʪʫ ʩ ʚʝʨʰʠʥʘʤʠ ʫ ʢʨʘʧʢʘʭ 1, 2. 

 

ʊʘʢʦʞ ʟʘʜʘʻʤʦ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ:  

 

 

ʜʝ ű (t) ï ʬʫʥʢʮʽʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʦʙʝʨʪʘʥʥʷ,  

ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʫ, ʨʘʜ/ʩ. 

( )  t tj w= Ö
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ʈʠʩ. 3.4. ʇʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʫ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʫ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʢʘʤ ʥʘ ʨʠʩ. 3.3, ʜʝ ʊ ï ʧʝʨʽʦʜ; timp ï ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ. 

 

ʇʝʨʝʨʽʟ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ ʤʦʞʝ ʤʘʪʠ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʪʦʤʫ ʮʽʢʘʚʠʤ 

ʻ ʨʦʟʛʣʷʜ ʥʘʩʪʫʧʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʝʨʝʢʨʠʪʪʷ ʢʘʥʘʣʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ. 

ɿʤʽʥʶʶʯʠ ʢʨʦʢ ʽ ʢʫʪ ʧʦʚʦʨʦʪʫ ʧʫʣʴʩʘʪʦʨʘ ʚʠʟʥʘʯʘʻʤʦ ʢʫʪ ʧʝʨʝʢʨʠʪʪʷ 

ʧʣʦʱ ʦʪʚʦʨʽʚ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ ʽ ʩʦʧʣʘ (ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʦʪʚʽʨ). 

 

 

 

ʈʠʩ. 3.5. ʇʘʨʘʤʝʪʨʠ ʩʠʛʤʝʥʪʫ ʢʦʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ: ɓ ï ʢʫʪ ʨʦʟʢʨʠʪʪʷ; ʘ 

- ʭʦʨʜʘ ʩʝʛʤʝʥʪʫ. 
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ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ʦʪʚʦʨʽʚ: ʧʝʨʝʨʽʟʫ çʢʦʣʦ-ʢʦʣʦè (ʨʠʩ. 3.6), ʧʨʠ ʧʝʨʝʢʨʠʪ-

ʪʽ ʽ ʥʘ ʧʦʯʘʪʢʫ ʦʪʚʦʨʫ. 

 

   

ʈʠʩ. 3.6. ʉʭʝʤʘ ʧʝʨʝʢʨʠʪʪʷ ʦʪʚʦʨʽʚ ʟ ʧʝʨʝʨʽʟʘʤʠ çʢʦʣʦ-ʢʦʣʦè, ʘ - ʧʦʚʥʝ 

ʧʝʨʝʢʨʠʪʪʷ; ʙ - ʧʦʯʘʪʦʢ ʦʪʚʦʨʫ: ʩ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʦʪʚʦʨʽʚ; 2h ï ʚʝʣʠ-

ʯʠʥʘ ʧʝʨʝʢʨʠʪʪʷ ʦʪʚʦʨʽʚ. 

 

ɺʩʪʘʥʦʚʣʶʻʤʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ. ʅʘ ʨʠʩ. 3.7 ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ ʧʨʠ ʦʙʝʨʪʽ ʢʣʘʧʘʥʘ ʥʘ 360
ʦ
. 

 

 

 

ʈʠʩ. 3.7. ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ ʧʨʠ ʦʙʝʨʪʽ ʢʣʘʧʘʥʫ ʥʘ 360
0 
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 ɿ ʛʨʘʬʽʢʘ ʚʠʜʥʦ ʭʘʨʘʢʪʝʨ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʨʦʩʪʘʥʥʷ ʧʣʦʱʽ ʚʽʜʢʨʠʪʪʷ, 

ʪʘʢʦʞ ʻ ʥʘʷʚʥʽʩʪʴ ʧʘʫʟʠ ʤʽʞ ʽʤʧʫʣʴʩʘʤʠ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʦʧ-

ʣʘ. 

ɹʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ h 

ʪʘ ʢʫʪʘ ʧʝʨʝʢʨʠʪʪʷ ɓ ʧʨʠ ʪʦʨʢʘʥʥʽ ʚ ʪʦʯʮʽ 2 ï ʪʦʯʢʘ ʜʦʪʠʢʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦ-

ʨʘ ʟ ʚʭʽʜʥʠʤ ʪʘ ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʘʤʠ  (ʨʠʩ. 3.8, 3.9). 

 

ʈʠʩ. 3.8. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ h ʧʨʠ ʪʦʨʢʘʥʥʽ ʚ ʪʦʯʮʽ 2 

ʚʽʜ ʢʫʪʘ ʦʙʝʨʪʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ. 

 

ʈʠʩ. 3.9. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʘ ʧʝʨʝʢʨʠʪʪʷ ɓ ʧʨʠ ʪʦʨʢʘʥʥʽ ʚ ʪʦʯʮʽ 2 ʚʽʜ 

ʢʫʪʘ ʦʙʝʨʪʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ. 
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ɿ ʛʨʘʬʽʢʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʢʫʪʘ ʧʝʨʝ-

ʢʨʠʪʪʷ ʧʨʠ ʜʦʪʠʢʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ ʟ ʚʭʽʜʥʠʤ ʪʘ ʚʠʭʽʜʥʠʤ ʦʪʚʦʨʘʤʠ, ʭʘ-

ʨʘʢʪʝʨ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʨʦʩʪʘʥʥʷ ʚʽʜʢʨʠʪʪʷ.   

ʇʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʽʥʰʠʭ ʬʦʨʤ 

ʧʦʻʜʥʘʥʥʷ ʦʪʚʦʨʽʚ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ ʽ ʦʪʚʦʨʫ ʩʦʧʣʘ. 

ʈʦʟʛʣʷʜʘʻʤʦ ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ ʦʪʚʦʨʽʚ: ʧʝʨʝʨʽʟ çʢʦʣʦ-ʢʚʘʜʨʘʪè, ʩʭʝʤʘ 

(ʨʠʩ. 3.10). 

 

 

ʈʠʩ. 3.10. ʉʭʝʤʘ ʧʝʨʝʢʨʠʪʪʷ ʦʪʚʦʨʽʚ ʟ ʧʝʨʝʨʽʟʘʤʠ çʢʦʣʦ-ʢʚʘʜʨʘʪè: ʘ - 

ʧʦʚʥʝ ʧʝʨʝʢʨʠʪʪʷ; ʙ -  ʧʦʯʘʪʦʢ ʦʪʚʦʨʫ: b ï ʨʦʟʤʽʨʠ ʩʪʦʨʽʥ ʢʚʘʜʨʘʪʫ; c ï ʤʽʞʦ-

ʩʴʦʚʘ ʚʽʜʩʪʘʥʴ; h ï ʧʣʦʱʘ ʧʝʨʝʢʨʠʪʪʷ. 

 

ʊʨʝʪʽʡ ʚʘʨʽʘʥʪ ʦʪʚʦʨʽʚ ï ʧʝʨʝʨʽʟ çʢʚʘʜʨʘʪ- ʢʚʘʜʨʘʪè, ʩʭʝʤʘ (ʨʠʩ. 3.11). 

 

 

ʈʠʩ. 3.11 ʉʭʝʤʘ ʧʝʨʝʢʨʠʪʪʷ ʦʪʚʦʨʽʚ ʟ ʧʝʨʝʨʽʟʘʤʠ çʢʚʘʜʨʘʪ-ʢʚʘʜʨʘʪè: b ï 

ʨʦʟʤʽʨʠ ʩʪʦʨʽʥ ʢʚʘʜʨʘʪʫ; c ï ʤʽʞʦʩʴʦʚʘ ʚʜ̔ʩʪʘʥʴ; h ï ʧʣʦʱʘ ʧʝʨʝʢʨʠʪʪʷ. 
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ʍʘʨʘʢʪʝʨ ʧʝʨʝʢʨʠʪʪʷ ʧʣʦʱʽ ʧʝʨʝʨʽʟʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʛʨʘʬʽʢʘʭ (ʨʠʩ. 3.12, 3.13, 3.14). 

 

 

 

ʈʠʩ. 3.12. ʇʣʦʱʘ ʧʝʨʝʢʨʠʪʪʷ ʜʣʷ ʧʝʨʝʨʽʟʫ çʢʦʣʦ-ʢʦʣʦè. 

 

 

 

 

ʈʠʩ. 3.13. ʇʣʦʱʘ ʧʝʨʝʢʨʠʪʪʷ ʜʣʷ ʧʝʨʝʨʽʟʫ çʢʦʣʦ-ʢʚʘʜʨʘʪè. 
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ʈʠʩ. 3.14. ʇʣʦʱʘ ʧʝʨʝʢʨʠʪʪʷ ʜʣʷ ʧʝʨʝʨʽʟʫ çʢʚʘʜʨʘʪ-ʢʚʘʜʨʘʪè. 

 

ɿ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ ʜʣʷ ʨʽ-

ʟʥʠʭ ʚʠʜʽʚ ʧʝʨʝʨʽʟʫ. ɿʤʽʥʘ ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ ʤʘʻ ʧʫʣʴʩʫʶʯʠʡ ʭʘʨʘʢʪʝʨ ʟ ʘʥʘ-

ʣʦʛʽʯʥʠʤ ʥʘʨʦʱʝʥʥʷʤ ʧʝʨʝʨʽʟʫ ʦʪʚʦʨʽʚ ʽ ʜʦʩʷʛʥʝʥʥʷʤ ʝʢʩʪʨʝʤʫʤʽʚ. ʇʽʜʪʚʝʨ-

ʜʞʝʥʘ ʥʘʚ̫ʥʽʩʪʴ ʧʘʫʟ. 

ɺʝʣʠʯʠʥʘ ʧʣʦʱʽ ʩʢʣʘʣʘ: ʧʝʨʝʨʽʟ çʢʦʣʦ-ʢʦʣʦè ʈ1 = 92,04 ʤʤ
2
; ʧʝʨʝʨʽʟ 

çʢʦʣʦ-ʢʚʘʜʨʘʪè ï ʈ2 = 46,02 ʤʤ
2
; ʧʝʨʝʨʽʟ çʢʚʘʜʨʘʪ-ʢʚʘʜʨʘʪè ï  ʈ3 = 121,6 ʤʤ

2
. 

ɿʨʦʙʠʚʰʠ ʘʥʘʣʽʟ, ʤʦʞʥʘ ʥʘʜʘʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʧʣʦʱʘ ʧʝ-

ʨʝʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʠʧʘʜʢʫ çʢʚʘʜʨʘʪ-ʢʚʘʜʨʘʪè, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʜʘʥʠʡ 

ʚʘʨʽʘʥʪ ʤʘʻ ʩʢʣʘʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʰʪʦʢʫ ʪʘ ʢʦʨʧʫʩʫ ʟ ʢʚʘʜ-

ʨʘʪʥʠʤ ʧʝʨʝʨʽʟʦʤ ʦʪʚʦʨʫ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙʩʷʛʘʭ. ʊʦʤʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʫʣʴʩʘ-

ʪʦʨʘ ʙʫʣʦ ʦʙʨʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʧʝʨʝʨʽʟʫ çʢʦʣʦ-ʢʦʣʦè, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝ ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʽ ʝʣʝʤʝʥ-

ʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʊʝʦʨʝʪʠʯʥʦ ʪʘ ʧʨʘʢʪʠʯʥʦ, ʟʤʽʥʘ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ ʦʙʝʨ-

ʪʘʥʥʽ ʰʪʦʢʫ ʤʘʻ ʧʫʣʴʩʫʶʯʽʡ ʭʘʨʘʢʪʝʨ. ɺʽʜʧʦʚʽʜʥʦ ʟʽ ʟʤʽʥʦʶ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ 

ʟʤʽʥʶʻʪʴʩʷ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ. ɺ ʤʦʤʝʥʪ ʧʦʚʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ, ʥʘʩʪʘʻ ʝʬʝʢʪ çʟʘ-

ʯʠʥʝʥʦʛʦ ʚʝʥʪʠʣʶè ʪʘ ʧʦʚʥʽʩʪʶ ʟʫʧʠʥʷʻʪʴʩʷ ʧʦʪʽʢ ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʧʦʚʽʪʨʷ 

ʥʘ ʯʘʩ ʥʘʧʽʚʦʙʝʨʪʫ ʰʪʦʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʨʦʩʪʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʦʨ-



150 
 

ʮʷʭ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʚ ʫʤʦʚʘʭ ʧʦʚʽʪʨʷʥʦʾ ʘʪʤʦʩʬʝʨʠ ʽ ʤʽʥʽʤʘʣʴʥʠʡ 

ʚʧʣʠʚ ʢʠʩʥʶ ʧʦʚʽʪʨʷ.  

 

3.3. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ 

ʧʦʚʽʪʨʷ ʧʫʣʴʩʘʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

 

ʆʪʨʠʤʘʥʽ ʚʠʱʝ ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʣʴʩʘ-

ʪʦʨʘ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦ-

ʨʫ, ʜʽʘʤʝʪʨʘ ʢʣʘʧʘʥʘ ʽ ʭʘʨʘʢʪʝʨʫ ʽʤʧʫʣʴʩʽʚ. 

ʅʘʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʧʨʦʭʽʜʥʠʡ ʧʝ-

ʨʝʨʽʟ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʩʪʠʥʠ 

ʽ ʪʝʥʟʦʜʘʪʯʠʢʘ. 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʽʤʧʫʣʴʩʽʚ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.13 ʜʣʷ 

ʦʙʦʭ ʚʠʧʘʜʢʽʚ ʬʦʨʤʠ ʧʝʨʝʨʽʟʫ ʧʨʦʭʽʜʥʦʛʦ ʢʘʥʘʣʫ ʧʫʣʴʩʘʪʦʨʘ [148-150]. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʨʠʩʪʨʦʶ ʜʦʩʣʽʜʞʫʚʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʦ-

ʨʫ ʩʪʨʫʤʝʥʷ ʽ ʬʦʨʤʫ ʽʤʧʫʣʴʩʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʢʘʥʘʣʫ ʧʫʣʴʩʘʪʦʨʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʠ ʬʦʨʤʠ ʽʤʧʫʣʴʩʽʚ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʦʨʫ ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʦʤ ʚʧʣʠʚʫ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝ-

ʥʷ ʥʘ ʤʝʪʘʣʝʚʫ ʧʣʘʩʪʠʥʢʫ, ʥʘ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʦ ʪʝʥʟʦʜʘʪʯʠʢ. 

ʉʠʛʥʘʣʠ ʟ ʪʝʥʟʦʜʘʪʯʠʢʘ ʨʝʻʩʪʨʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʩʮʠʣʦʛʨʘʬʘ, ʬʦʪʦ 

ʦʩʮʠʣʦʛʨʘʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.15 [138].  

ɿ ʥʘʚʝʜʝʥʠʭ ʦʩʮʠʣʦʛʨʘʤ ʚʠʜʥʦ, ʱʦ ʨʦʟʧʠʣʶʚʘʣʴʥʠʡ ʩʪʨʫʤʽʥʴ ʥʦʩʠʪʴ 

ʧʫʣʴʩʫʶʯʠʡ ʭʘʨʘʢʪʝʨ ʟ ʯʘʩʦʚʠʤʠ ʧʨʦʤʽʞʢʘʤʠ (ʧʘʫʟʘʤʠ) (ʨʠʩ. 3.15). ʗʢ ʧʦʢʘ-

ʟʘʣʠ ʧʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʛʦ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘ-

ʣʫ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʽ ʭʘʨʘʢʪʝʨ ʥʘʨʦʩʪʘʥʥʷ ʩʘʤʦʛʦ ʽʤ-

ʧʫʣʴʩʫ. ʊʘʢ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʝʨʽʟʫ çʢʦʣʦ-ʢʦʣʦè ʽʤʧʫʣʴʩ ʤʘʻ ʩʠʥʫʩʦʾʜʘ-

ʣʴʥʫ ʬʦʨʤʫ, ʧʣʘʚʥʦ ʟʨʦʩʪʘʶʯʫ ʩʧʘʜʘʶʯʠʤ ʥʘʧʦʨʦʤ (ʨʠʩ. 3.15). ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʝʨʽʟʫ çʢʦʣʦ-ʢʚʘʜʨʘʪè ʧʨʦʭʽʜʥʦʛʦ ʢʘʥʘʣʫ ʢʣʘʧʘʥʘ ʤʘʻ ʤʽʩʮʝ 
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ʙʽʣʴʰ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʽ ʧʘʜʽʥʥʷ ʥʘʧʦʨʫ ʩʪʨʫʤʝʥʷ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʽʤʧʫʣʴʩʽʚ 

ʩʠʥʫʩʦʾʜʥʽʩʪʴ ʚʽʜʩʫʪʥʷ.  

 

  
ʘ ʙ 

  
ʚ ʛ 

ʈʠʩ. 3.15. ɿʤʽʥʠ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʦʨʫ ʩʪʨʫʤʝʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʩʪʦ-

ʩʦʚʫʚʘʥʦʛʦ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʦʧʣʘ ʟ ʯʘʩʪʦʪʦʶ ʧʫʣʴʩʘʮʽʡ: 30 ɻʮ (ʘ), 65 ɻʮ 

(ʙ) ï ʧʝʨʝʨʽʟ çʢʦʣʦ-ʢʦʣʦè; 40 (ʚ), 75 (ʛ) ɻʮ ïʧʝʨʝʨʽʟ çʢʦʣʦ-ʢʚʘʜʨʘʪè. 

 

ɿʘʛʘʣʴʥʠʤ ʜʣʷ ʩʠʥʫʩʦʧʦʜʽʙʥʦʾ ʽ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤ ʧʝʨʝʢʨʠʪʪʷ (ʨʠʩ. 

3.15 ʚ, ʛ) ʻ ʥʘʷʚʥʽʩʪʴ ʧʘʫʟʠ ʚ ʨʦʟʧʠʣʝʥʥʽ, ʥʝʦʙʭʽʜʥʦʤʫ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʨʽʜʢʦʛʦ 

ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʽʚ, ʟ ʥʘʩʪʫʧʥʠʤ ʚʽʜʦʢʨʝʤʣʶʚʘʥʥʷʤ ʧʦʚʽʪʨʷʥʠʤ 

ʩʪʨʫʤʦʤ. 

ʍʘʨʘʢʪʝʨ ʛʨʘʬʽʯʥʠʭ ʣʽʥʽʡ ʢʦʥʪʫʨʽʚ ʽʤʧʫʣʴʩʫ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ, ʨʦʟʨʘʭʦ-

ʚʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʤ ʰʣʷʭʦʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʦʥʪʫʨʽʚ (ʭʘʨʘʢʪʝʨʫ) ʽʤʧʫʣʴʩʫ 

ʦʪʨʠʤʘʥʠʭ ʚ ʭʦʜʽ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʷʢ ʥʘ ʮʝ ʚʧʣʠʚʘʶʪʴ  ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ, ʦʜʥʘʢ ʪʘʢʦʞ ʥʦʩʠʪʴ ʽʤ-

ʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ ʚʽʜʧʦʚʽʜʥʦʾ ʬʦʨʤʠ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ 

ʧʦʚʽʪʨʷ ʚʽʜ ʯʘʩʪʦʪʠ ʥʘʢʣʘʜʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʧʨʦʭʽʜʥʦʛʦ ʢʘʥʘʣʫ ʩʦʧʣʘ ʧʨʦʚʦʜʠ-

ʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʽʥʴʦʚʦʛʦ ʤʝʪʦʜʫ. 

ɻʘʟʦʩʧʝʢʪʨʦʛʨʘʤʘ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʙʝʟ ʧʫʣʴʩʘʮʽʡ (ʨʠʩ. 3.16, ʘ) ʭʘʨʘʢ-

ʪʝʨʠʟʫʻ ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʧʨʦʩʪʦʨʦʚʦ ʥʝʦʜʥʦʨʜ̔ʥʝ ʛʘʟʦʚʝ ʫʪʚʦʨʝʥʥʷ [143]. 

  

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

ʈʠʩ. 3.16. ɻʘʟʦʩʧʝʢʪʨʦʛʨʘʤʠ ʧʦʚʽʪʨʷʥʠʭ ʩʪʨʫʤʝʥʽʚ ʙʝʟ ʧʫʣʴʩʘʮʽʾ (ʘ); ʟ 

ʯʘʩʪʦʪʦʶ ʧʫʣʴʩʘʮʽʡ 25 ɻʮ (ʙ); ʟ ʯʘʩʪʦʪʦʶ ʧʫʣʴʩʘʮʽʡ 56 ɻʮ (ʚ); ʟ ʯʘʩʪʦʪʦʶ 

ʧʫʣʴʩʘʮʽʡ 80 ɻʮ (ʛ). 
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ɺʩʽ ʦʙʣʘʩʪʽ ʩʪʨʫʤʝʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʦʣʠʚʘʣʴʥʦʤʫ ʨʫʩʽ ʱʦʜʦ ʛʝʦʤʝʪʨʠ-

ʯʥʦʾ ʦʩʽ ʩʦʧʣʘ, ʟ ʷʢʦʛʦ ʚʦʥʠ ʚʠʪʽʢʘʶʪʴ [148, 149]. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ çʙʦʯʢʦʧʦ-

ʜʽʙʥʘè ʭʚʠʣʴʦʚʘ ʩʪʨʫʢʪʫʨʘ ʧʦʯʘʪʢʦʚʦʾ ʪʘ ʧʝʨʝʭʽʜʥʦʾ ʜʽʣʷʥʦʢ ʟ çʧʠʣʢʦʧʦʜʽʙ-

ʥʠʤè ʨʦʟʧʦʜʽʣʦʤ ʪʠʩʢʫ ʚʟʜʦʚʞ ʦʩʽ ʩʪʨʫʤʝʥʷ. ʋ ʧʝʨʝʨʽʟʽ ʩʦʧʣʘ ʚʠʥʠʢʘʻ ʟʦʥʘ 

ʨʦʟʨʽʜʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʮʝʥʪʨʦʚʘʥʦʾ ʭʚʠʣʽ. 

ʈʦʟʧʠʣʶʚʘʣʴʥʠʡ ʩʪʨʫʤʽʥʴ ʟ ʧʫʣʴʩʘʮʽʻʶ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ  

(ʨʠʩ. 3.16.ʙ, ʚ, ʛ) ʪʘʢʦʞ ʻ ʥʝʦʜʥʦʨʽʜʥʠʤ ʛʘʟʦʚʠʤ ʫʪʚʦʨʝʥʥʷʤ, ʧʨʦʪʝ ʤʘʻ ʽʥh ʠʡ 

ʚʠʛʣʷʜ. 

ʊʘʢ ʧʨʠ ʯʘʩʪʦʪʽ ʧʫʣʴʩʘʮʽʡ ʫ 25 ɻʮ (ʨʠʩ. 3.16.ʙ) ʛʘʟʦʚʠʡ ʩʪʨʫʤʽʥʴ ʧʨʠ 

ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʫʪʚʦʨʶʻ ʮʝʥʪʨʦʚʘʥʫ ʢʦʥʫʩʦʧʦʜʽʙʥʫ ʟʦʥʫ, ʦʙʤʝʞʝʥʫ ʭʚʠʣʷʤʠ 

ʨʦʟʨʷʜʞʝʥʥʷ. 

 ʇʨʠ ʯʘʩʪʦʪʘʭ 56 ɻʮ ʽ 80 ɻʮ (ʨʠʩ. 3.16, ʚ, ʛ) ʚʩʽ ʦʙʣʘʩʪʽ ʩʪʨʫʤʝʥʷ ʟʥʘʭʦ-

ʜʷʪʴʩʷ ʚ ʢʦʣʠʚʘʣʴʥʦʤʫ ʨʫʩʽ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ çʙʦʯʢʦʧʦʜʽʙ-

ʥʦʾè, ʭʚʠʣʴʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʯʘʪʢʦʚʦʾ ʪʘ ʧʝʨʝʭʽʜʥʦʾ ʜʽʣʷʥʦʢ ʟ ʧʠʣʢʦʧʦʜʽʙʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʪʠʩʢʫ ʚʟʜʦʚʞ ʦʩʽ ʩʪʨʫʤʝʥʷ ʭʚʠʣʴ ʨʦʟʨʷʜʞʝʥʥʷ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫ-

ʶʪʴʩʷ ʫʜʘʨʥʠʤʠ ʭʚʠʣʷʤʠ. ʄʽʞ ʭʚʠʣʷʤʠ ʧʨʠʩʫʪʥʽ ʜʽʣʷʥʢʠ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʦʟ-

ʨʠʚʫ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ. 

ʇʨʠ ʯʘʩʪʦʪʽ 80 ɻʮ ʧʦʤʽʪʥʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʣ̔ʷʥʦʢ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʨʦʟʨʠʚʫ ʟ ʧʝʨʝʧʘʜʘʤʠ ʪʠʩʢʫ, ʱʦ ʚʧʣʠʥʝ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʨʽʜʢʦʛʦ 

ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʷʭ ʨʦʟʧʠʣʶʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ.  

 

3.4. ʂʦʥʩʪʨʫʢʮʽʷ ʧʫʣʴʩʘʪʦʨʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʨʦʟʧʠ-

ʣʶʚʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

 

ʂʦʥʩʪʨʫʢʮʽʷ ʧʫʣʴʩʘʪʦʨʘ ʨʦʟʨʦʙʣʷʣʘʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝ-

ʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʘʮʶ-

ʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʣʴʩʘʪʦʨʘ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ, 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʧʨʦʧʫʩʢʘ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʧʽʜ ʯʘʩ ʧʦʚʥʦʛʦ 

ʧʝʨʝʢʨʠʪʪʷ (ʨʠʩ. 3.2), ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʪʝʨʪʷ ʜʝʪʘʣʝʡ, ʚʠʜʽʣʝʥʥʶ ʪʝʧ-

ʣʘ, ʟ ʜʦʜʘʪʢʦʤ ʜʦʜʘʪʢʦʚʠʭ ʟʫʩʠʣʴ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʰʚʠʜʢʦʛʦ ʟʥʦʩʫ 
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ʧʘʨʠ ʜʝʪʘʣʝʡ, ʪʘʢʠʭ ʷʢ ʰʪʦʢ-ʢʦʨʧʫʩ. ɿʤʽʥʘ ʢʫʪʘ ʧʦʩʘʜʢʠ ʰʪʦʢʘ ʚ ʢʦʨʧʫʩ ʽ 

ʟʤʽʥʘ ʧʣʦʱʽ ʪʝʨʪʷ ʧʦʚʝʨʭʥʽ ʥʝ ʧʦʢʘʟʘʣʦ ʨʝʟʫʣʴʪʘʪʽʚ.  

ɺʠʛʦʪʦʚʣʝʥʠʡ ʨʷʜ ʰʪʦʢʽʚ ʽ ʢʦʨʧʫʩʽʚ ʧʨʦʡʰʣʠ ʧʦʟʠʪʠʚʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʘʣʝ ʧʦʢʘʟʘʣʠ ʥʝ ʤʦʞʣʠʚʽʩʪʴ ʩʝʨʽʡʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʪʠ ʥʘ ʧʽʜʩʪʘʚʽ  

ʚʠʩʦʢʦʛʦ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʽ ʧʨʦʧʫʩʢʘʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʫʣʴʩʫʶʯʦʛʦ ʝʬʝʢʪʫ. ʇʨʠʙʨʘʪʠ ʪʝʨʪʷ ʧʘʨʠ ʰʪʦʢ-ʢʦʨʧʫʩ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷʤ ʜʦʩʢʦʥʘʣʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʫʣʴʩʘʪʦʨʘ, ʷʢʠʡ ʙʫʜʝ ʤʘʪʠ ʚʠʩʦʢʠʡ ʨʝʩʫʨʩ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʽ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʾ ʟʘʤʽʥʠ ʜʝʪʘʣʝʡ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʜʫʛʦʚʦʾ ʤʝʪʘʣʽʟʘʮʽʾ ʟ ʧʫʣʴʩʫʶʯʠʤ ʨʦʟʧʠʣʶʚʘʣɹ-

ʥʠʤ ʧʦʪʦʢʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʩʥʦʚʢʽʚ ʪʘ ʦʪʨʠʤʘʥʠʭ ʧʨʘʢʪʠʯ-

ʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʩʧʦʩʦʙʫ, ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʫʣʴʩʘʪʦʨʘ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʨʠʩ. 3.17).  

ʂʦʥʩʪʨʫʢʮʽʷ ʧʫʣʴʩʘʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʽʤʧʫʣʴʩʽʚ 

ʧʦʪʦʢʫ ʟʘʚʜʘʥʦʾ ʯʘʩʪʦʪʠ. ʎʝ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ: 

- ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʩʽʭ ʯʘʩʪʠʥ ʧʫʣʴʩʘʪʦʨʘ ʟ ʧʨʘʢʪʠʯʥʦ ʚʽʜ-

ʩʫʪʥʽʤʠ ʟʘʟʦʨʘʤʠ; 

- ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʜʦ ʧʨʠʚʦʜʫ; 

- ʨʦʟʙʽʨʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʠʛʦʪʦʚʠʪʠ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘ-

ʪʠ ʧʨʠʩʪʨʽʡ ʚ ʭʦʜʽ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ. 

ʎʝ ʚʩʝ ʟʘʙʝʟʧʝʯʫʻ ʣʝʛʢʝ ʦʙʝʨʪʘʥʥʷ ʙʝʟ ʟʫʩʠʣʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʠʛʫʥʽʚ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʦʤʧʘʢʪʥʦʩʪʽ, ʬʽʢʩʫʚʘʥʥʷ ʰʪʦʢʫ ʫ ʢʦʨʧʫʩʽ, ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ, ʤʦʞʣʠʚʽʩʪʴ ʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴ-

ʢʦʭ ʛʦʜʠʥ ʨʦʙʦʯʦʾ ʟʤʽʥʠ ʧʨʠ ʚʠʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʥʘʧʠʣʝʥʽ. ʂʦʥʩʪʨʫʢʮʽʷ 

ʧʝʨʝʜʙʘʯʘʻ ʚʽʣʴʥʝ ʦʙʝʨʪʘʥʥʷ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ, ʪʘ ʙʝʟʧʝʨʝʨʚʥʫ ʩʪʘʙʽʣʴʥʫ 

ʨʦʙʦʪʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʘʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (5-6 ʘʪʤʦʩʬʝʨ) ʫ ʩʠʩʪʝʤʽ ʧʦʜʘʯʽ ʧʦʚʽ-

ʪʨʷ. ɺʦʥʘ ʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʷʢʦʾ ʙʫʣʠ ʧʨʦ-

ʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 3.18). 
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ʈʠʩ. 3.17. ʉʢʣʘʜʘʣʴʥʘ ʩʭʝʤʘ ʢʣʘʧʘʥʘ-ʧʫʣʴʩʘʪʦʨʘ: 1 ï ʢʦʨʧʫʩ; 2 ï ʰʪʦʢ;     

3 ï ʢʨʠʰʢʘ; 4 ï ʧʘʪʨʫʙʦʢ; 5 ï ʧʽʜʰʠʧʥʠʢ; 6 ï ʛʚʠʥʪ.  

 

ʄʽʥʽʤʘʣʴʥʽ ʟʘʟʦʨʠ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʦʙʝʨʪʦʚʦʛʦ ʰʪʦʢʘ ʽ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦ-

ʚʝʨʭʥʝʶ ʢʦʨʧʫʩʫ (ʨʠʩ. 3.17.) ɼʦʩʷʛʘʻ ʪʦʯʥʩ̔ʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʜʦʟʚʦʣʷʶʪʴ ʥʝ 

ʜʦʧʫʩʪʠʪʠ ʧʨʦʧʫʩʢʘʥʥʷ ʧʦʚʽʪʨʷ (ʛʝʨʤʝʪʠʯʥʽʩʪʴ) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ-

ʛʦ ʝʬʝʢʪʫ ʧʫʣʴʩʘʮʽʾ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʩʧʠʨʘʥʥʷ ʥʘ ʧʽʜʰʠʧ-

ʥʠʢʦʚʫ ʧʘʨʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʢʣʘʩʪʠ ʤʽʥʽʤʘʣʴʥʽ ʟʫʩʠʣʣʷ ʜʣʷ ʦʙʝʨʪʘʥʥʷ ʰʪʦ-

ʢʘ ʽ ʟʥʠʟʠʪʠ ʨʦʟʤʽʨ ʜʚʠʛʫʥʘ ʥʘ ʧʨʠʚʦʜʽ. ʈʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʨʦʟ'ʻʤʥʠʤ ʛʚʠʥʪʦʚʠʤ ʟ'ʻʜʥʘʥʥʷʤ [150]. 

ʐʪʦʢʘ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʦʪʚʦʨʦʤ ʽ ʢʚʘʜʨʘʪʥʠʤ ʩʪʚʦʨʶʶʪʴ ʟʘʜʘʥʠʡ ʧʫʣʴ-

ʩʫʶʯʠʡ ʧʦʪʽʢ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙ-

ʥʠʮʪʚʽ. 


