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ɸʅʆʊɸʎɯʗ 

 

 

ɸʛʻʻʚʘ ʄ. ɺ. ʈʦʟʚʠʪʦʢ ʥʘʫʢʦʚʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʝʣʝʢʪʨʦʜʫʛʦʚʦ-

ʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʟ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ï ʂʚʘʣʽʬʽʢʘ-

ʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.03.06 ç3ʚʘʨʶʚʘʥʥʷ ʪʘ ʩʧʦʨʽʜʥʝʥʽ ʧʨʦʮʝʩʠ ʽ ʪʝʭʥʦʣʦʛʽʾè 

(132 ï çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè) ï ɼʝʨʞʘʚʥʠʡ ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ çʇʨʠʘ-

ʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè ʄʆʅ ʋʢʨʘʾʥʠ, ʄʘʨʽʫʧʦʣʴ, 

2020.  

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʧʽʜ ʬʣʶʩʦʤ ʧʣʘʚ-

ʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʟ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝ-

ʨʫʚʘʥʥʷ ʛʣʠʙʠʥʦʶ ʪʘ ʰʠʨʠʥʦʶ ʟʚʘʨʶʚʘʣʴʥʠʭ ʰʚʽʚ ʪʘ ʥʘʧʣʘʚʣʝʥʠʭ ʚʘʣʠʢʽʚ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ, ʧʽʜʚʠʱʠʪʠ 

ʩʣʫʞʙʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʣʠʢʽʚ ʽ ʰʚʚ̔ ʪʘ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʚ'ʷʟʫʚʘʥʦʾ ʚ ʜʠʩʝʨʪʘʮʽʾ ʧʨʦ-

ʙʣʝʤʠ, ʾʾ ʥʘʫʢʦʚʝ ʽ ʚʠʨʦʙʥʠʯʝ ʟʥʘʯʝʥʥʷ; ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʤʝʪʘ ʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ; ʦʧʠʩʘʥʽ ʦʙ'ʻʢʪ, ʧʨʝʜ-

ʤʝʪ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ; ʥʘʚʝʜʝʥʽ ʥʘʫʢʦʚʽ ʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʜʘʥʽ ʧʨʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʽ ʨʦ-

ʟʤʽʨʘʤʠ ʚʘʣʠʢʘ ʽ ʰʚʘ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʧʣʘʚʢʠʤ ʝʣʝʢ-

ʪʨʦʜʦʤ, ʦʛʣʷʜ ʚʟʘʻʤʦʜʽ ʾʟʦʚʥʽʰʥʽʭ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʟʽ ʟʚʘʨʶʚʘʣʴ-

ʥʦʶ ʜʫʛʦʶ, ʢʨʘʧʣʝʶ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʽ ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʟʚʘʨʶʚʘʣʴʥʦʾ 

ʚʘʥʥʠ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʜʽʷ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʪʘ ʟʚʘ-

ʨʶʚʘʥʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ 
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ʜʨʦʪʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʬʦʨʤʘ, ʨʦʟʤʽʨʠ ʰʚʘ ʚ ʧʝʨʝʨʽʟʽ ʽ ʷʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʰʚʽʚ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʨʫʭʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ ʧʽʜ ʜʽʻʶ 

ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʈʦʟʨʘʭʫʥʢʦʚ ̔ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ (ʧʦʟʜʦʚʞʥʴʦʾ ʚʝʣʠʯʠʥʠ ʽʥʜʫʢʮʽʾ ʜʣʷ 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʇɼʄʇ) ʽ ʧʦʧʝʨʝʯʥʦʾ ï ʜʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘ-

ʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʇʆʄʇ)). ʇʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʩʫʪʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨ ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ ʰʚʘ (ʚʘʣʠʢʘ) ʚʧʣʠʚʘʻ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ 

ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʽ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ. ʈʦʟʛʣʷʥʫʪʽ ʤʝʭʘʥʽʟʤʠ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʠ ʜʫʛʦ-

ʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʠʭ 

ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʥʘ ʷʢʽʡ ʩʪʘʜʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʟʚʘʨʥʠʭ ʰʚʽʚ ʧʨʠ ʜʽʾ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ: ʧʨʠ 

ʧʝʨʚʠʥʥʽʡ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘʙʦ ʧʨʠ ʚʪʦʨʠʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ 

ʜʘʥʽ ʧʨʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʟʥʘʢʦʟʤʽʥʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʜʣʷ ʝʬʝʢʪʠʚ-

ʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʚ ʚʘʥʥʽ ʚʽʜʩʫʪʥʽ. 

ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʨʦʟʨʦʙʮʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʠʢ ʚʠʟʥʘ-

ʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʢʝʨʫʶʯʠʭ ʇɼʄʇ ʽ ʇʆʄʇ ʚ ʟʦʥʽ ʢʨʘʧʣʽ ʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ 

ʜʣʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʚʝʢ-

ʪʦʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʣʦʩʢʦʤʝʨʠʜʽʘʥʥʠʭ ʤʘʛʥʽʪ-

ʥʠʭ ʧʦʣʷʭ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʝʨʜʷ, ʜʨʦʪʫ ʽ ʚʠʨʦʙʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʪʘ ʟʚʘʨʶʚʘʥʥʽ ʚ ʇɼʄʇ ʦʩʥʦʚ-

ʥʠʡ ʚʧʣʠʚ ʥʘ ʟʥʘʯʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢ-

ʮʽʾ ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʨʦʙʫ ʥʘʜʘʶʪʴ ʬʝʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦ-

ʩʪʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʘ 

ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ 
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ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʧʽʜ ʪʦʨʮʝʤ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʷʢʱʦ ʚʠ-

ʨʽʙ ʟ ʥʝʤʘʛʥʽʪʥʦʛʦ, ʘʙʦ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʈʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ, ʱʦ ʜʦʟʚʦʣʠʣʘ ʚʠʟʥʘʯʠʪʠ ʯʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʷʤʠ ʩʪʨʠʞʥʽʚ ʇɺ ʇʆʄʇ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴ-

ʥʦʾ ʚʘʥʥʠ. ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʚʠʢʦʥʫʚʘʣʠʩʷ 

ʨʦʟʨʘʭʫʥʢʠ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʚ ʛʦʣʦʚʥʽʡ ʯʘʩʪʠ-

ʥʽ ʚʘʥʥʠ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ  ̔ʟʚʘʨʶʚʘʥʥʽ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ. ʅʘ ʦʩ-

ʥʦʚʽ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʠʨʘʟʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʇɺ ʇʆʄʇ, ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʦʚʽʣʴʥʫ ʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʟ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʤʠ. 

ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʥʷ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʪʘ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ 

ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʦʛʽ ʾʤʘʛʥʽʪʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʟ ʝʣʝʢʪʨʦʩʪʘʪʠ-

ʯʥʠʤ ʧʦʣʝʤ ʨʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤ-

ʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʚ ʟʦʥʽ ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ ʧʽʜ ʪʦʨʮʝʤ ʬʝʨʦʤʘʛʥʽʪʥʦ-

ʛʦ ʝʣʝʢʪʨʦʜʘ, ʷʢʱʦ ʚʠʨʽʙ ʥʝʤʘʛʥʽʪʥʠʡ ʜʣʷ ʦʮʽʥʢʠ ʧʦʚʝʜʽʥʢʠ ʝʣʝʢʪʨʦʜʥʦʾ 

ʢʨʘʧʣʽ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʟ 

ʜʽʻʶ ʇɼʄʇ. ʈʦʟʨʘʭʫʥʢʘʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʝʤ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ 

ʝʣʝʢʪʨʦʜʘ ʧʦʧʝʨʝʯʥʘ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ ʟʥʘʯʥʘ ʽ ʜʦʩʷʛʘʻ ʧʦʣʦʚʠʥʠ ʚʝʣʠ-

ʯʠʥʠ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ, ʷʢʫ ʛʝʥʝʨʫʻ ʇɺ ʇɼʄʇ. ʎʝʡ ʚʠʩʥʦ-

ʚʦʢ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ.  

ɺʜʦʩʢʦʥʘʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥ-

ʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʚʘʨʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ 

ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʚʘʨʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʾ ʇʆʄʇ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪ-

ʨʦʜʥʦʛʦ ʜʨʦʪʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽ-

ʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ 
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ʧʽʜʚʠʱʫʻ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʽʚ. ɺ̔ ʜʥʦʩʥʝ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʽʚ ʩʪʘʥʦʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʧʦʩʪʽʡ-

ʥʦʛʦ ʇʆʄʇ. ʇʨʠ ʜʽʾ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇʆʄʇ ʯʘʩʪʦʪʦʶ ʙʣʠʟʴʢʦ 10...20 ɻʮ 

ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʽʚ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʥʫʣʴʦʚʠʭ 

ʟʥʘʯʝʥʴ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜ-

ʥʠʭ ʜʨʦʪʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʇʆʄʇ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʝʪʦʜʠʢʠ. ʈʦʟ-

ʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʇʆʄʇ, 

ʱʦ ʚʠʜʘʣʷʻ ʢʨʘʧʣʶ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ, ʱʦ ʧʣʘʚʠʪʴʩʷ, ʧʨʠ ʜʘʥʽʡ ʯʘ-

ʩʪʦʪʽ ʮʴʦʛʦ ʧʦʣʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʣʘʚ-

ʣʝʥʥʷ ʜʨʦʪʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʇʆʄʇ ʧʦʣʷʛʘʻ ʚ ʜʦʩʪʘʪʥʴʦʤʫ ʨʽʚʥʽ ʽʥʜʫʢʮʽʾ ʚ ʽʤʧʫʣʴʩʽ ʇʆʄʇ ʽ ʪʨʠʚʘʣʦʩʪʽ 

ʽʤʧʫʣʴʩʫ (ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʝʣʠʯʠʥʽ ʯʘʩʪʦʪʠ) ʇʆʄʇ.  

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʜʽʶ ʇɼʄʇ ʽ ʇʆʄʇ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ 

ʜʨʦʪʦʤ ʧʽʜ ʰʘʨʦʤ ʬʣʶʩʫ.  

ɺʩʪʘʥʦʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʛʣʠʙʠʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʪʘ ʰʠʨʠʥʠ ʚʘʣʠʢʘ ʚʽʜ 

ʯʘʩʪʦʪʠ ʇɼʄʇ ʽ ʇʆʄʇ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʰʘʨʦʤ ʬʣʶʩʫ. 

ʇôʷʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʇɼʄʇ ʽ ʇʆʄʇ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʫ ʚʘʣʠʢʽʚ ʽ ʰʚʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʪʘ ʟʚʘʨʶʚʘʥʥʽ.  

ɺ ʨʦʟʜʽʣʽ ʤʽʩʪʷʪʴʩʷ ʜʘʥʽ ʧʨʦ ʩʫʯʘʩʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦ ʤʝʭʘʥʽʟʤ ʢʨʠ-

ʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ ʰʚʘ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥʥʽ).  

ʅʘ ʦʩʥʦʚʽ ʰʠʨʦʢʦ ʚʽʜʦʤʠʭ ʩʫʯʘʩʥʠʭ ʜʘʥʠʭ ʫ ʣʠʚʘʨʥʦʤʫ ʪʘ ʤʝʪʘʣʫʨ-

ʛʽʡʥʦʤʫ  ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦ ʢʣʘʩʪʝʨʥʠʡ ʤʝʭʘʥʽʟʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʣʠʪʢʽʚ ʚʠʩʣʦ-

ʚʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʪʘʢʠʡ ʞʝ ʤʝʭʘʥʽʟʤ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʰʚʽʚ ʚ 

ʧʨʦʮʝʩʽ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʟ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦ-

ʣʽʚ. ɿʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʠ ʜʽʾ ʢʝʨʫʶʯʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ ʧʝʨʝʛʨʽʪʠʡ ʨʽʜʢʠʡ ʤʝʪʘʣ ʟ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʚʘʥʥʠ, ʱʦ ʤʘ ̒ʙʽʣʴʰ ʜʨʽʙ-
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ʥʽ ʢʣʘʩʪʝʨʠ, ʧʝʨʽʦʜʠʯʥʦ ʜʦʩʷʛʘʻ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʭʚʦʩʪʦʚʽʡ ʾʾ ʯʘʩʪʠʥʠ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʠ ʰʚʽʚ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʶ ʤʝʭʘʥʽʟʤʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘ-

ʣʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʟ ʤʝʪʦʶ ʚʠʨʽ-

ʰʝʥʥʷ ʧʠʪʘʥʥʷ, ʥʘ ʷʢʽʡ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ ʰʚʘ ʧʨʠ ʟʚʘʨʶ-

ʚʘʥʥʽ ʟ ʜʽʻʶ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʚʽʚ. ʇʨʠ 

ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴʥʠʡ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ, 

ʷʢʠʡ ʥʝ ʟʘʟʥʘʚ ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʅʘʧʣʘʚʣʝʥʥʷ ʚʠ-

ʢʦʥʘʥʽ ʙʝʟ ʜʽʾ ʇɼʄʇ ʽ ʟ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇɼʄʇ ʯʘʩʪʦʪʦʶ 6; 12; 24; 33 ɻʮ. 

ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ (ʜʝʥʜʨʠʪʽʚ) ʧʨʠ ʜʫʛʦ-

ʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ ʦʙʫʤʦʚʣʝʥʦ ʨʫʭʦʤ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ 

ʚʘʥʥʽ ʧʽʜ ʜʽʻʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʚʧʣʠʚʦʤ ʥʘ ʧʝʨʚʠʥʥʫ ʢʨʠʩʪʘʣʽʟʘʮʽʶ, ʘ ʥʝ ʥʘ 

ʩʪʘʜʽʶ ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʤʝʪʘʣʫ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʫ ʚʘʥʥʽ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘ-

ʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇɼʄʇ. ʋ ʮʽʡ ʤʝʪʦʜʠʮʽ ʧʨʠʧʫʩʪʠʣʠ, 

ʱʦ ʯʝʨʝʟ ʛʦʣʦʚʥʫ ʯʘʩʪʠʥʫ ʚʘʥʥʠ (ʧʝʨʝʜ ʜʫʛʦʶ) ʧʨʦʪʽʢʘʻ 90% ʚʩʴʦʛʦ ʩʪʨʫʤʫ 

ʥʘʧʣʘʚʣʝʥʥʷ. ʈʦʟʨʘʭʫʥʢʘʤʠ ʚʠʟʥʘʯʝʥ ̔ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʧʨʠʩʢʦʨʝʥʥʷ, 

ʷʢʽ ʜʦʩʷʛʘʻ ʨʽʜʢʠʡ ʤʝʪʘʣ ʧʽʜ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇɼʄʇ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ 

ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʽ ʯʘʩʪʦʪʠ ʇɼʄʇ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʫ ʚʘʥʥʽ ʧʦ ʚʩʽʡ ʾʾ ʜʦʚʞʠʥʽ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘ-

ʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʫ ʚʘʥʥʽ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘ-

ʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇʆʄʇ ʚʠʟʥʘʯʘʣʠ ʚhʠʜʢʽʩʪʴ ʧʦʪʦʢʽʚ ʨʦʟʨʘ-

ʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ɽʡʣʝʨʘ ʜʣʷ ʣʘʤʽʥʘʨʥʦʛʦ 

ʧʦʪʦʢʫ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫʚʘʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʩʠʣʫ ʚʽʜ ʚʟʘʻʤʦʜʽʾ ʚʝʨ-

ʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ ʚʘʥʥʠ ʧʽʜ ʝʣʝʢʪʨʦʜʦʤ 

ʟ ʧʦʧʝʨʝʯʥʦ ʁ ʩʢʣʘʜʦʚʦ ʁ ʽʥʜʫʢʮʽʾ ʇʆʄʇ. ɺʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ 

ʇʆʄʇ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʽʥʜʫʢʮʽʾ ʇʆʄʇ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʝ ʧʝʨʝʤʽ-

ʫhʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʫ ʚʘʥʥʽ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ. 
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ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʇɼʄʇ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ ʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʻ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʜʽʾ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʇʆʄʇ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʩʪʠʢʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʧʣʘʩʪʠʥ ʟʽ ʩʪʘʣʽ ʪʠʧʫ 

12ʍ18ʅ10ʊ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʝʥ ʤʝʪʘʣʫ ʟʚʘʨʥʠʭ ʰʚʽʚ ʧʨʘʢʪʠ-

ʯʥʦ ʚ 2 ʨʘʟʠ. 

ɺ ʰʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʽʜʦʤʦʩʪʽ ʦʧʨʦʙʫʚʘʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥ-

ʥʷ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ɼʣʷ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʟ ʜʽʻʶ ʇʆʄʇ ʫʜʦʩʢʦʥʘʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʇɺ ʇʆʄʇ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʥʘ-

ʧʣʘʚʣʝʥʥʷ. ʈʦʟʤʽʨʠ ʩʪʦʨʽʥ ʩʪʨʠʞʥʷ ʇɺ ʇʆʄʇ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʨʝʞʠʤʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ (ʟʚʘʨʶʚʘʥʥʷ) ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ ʟʚʘʨʶʚʘʣʴʥʠʭ ʧʣʘʩʪʠʥ.  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ʢʝʨʫʶʯʠʭ ʇɼʄʇ ʽ ʇʆʄʇ ʧʨʠ 

ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʘʙʦ ʟʚʘʨʶʚʘʥʥʽ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ ʜʦʟʚʦʣʠʚ ʩʪʚʦʨʠ-

ʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʢʝʨʫʶʯʠʭ (ʟʦʚʥʽʰʥʽʭ) ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʪʝʭʥʦʣʦʛʘʤʠ ʚ 

ʦʙʣʘʩʪʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʞʥʦʛʦ ʟ 

ʟʘʟʥʘʯʝʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚʘʨʶ-

ʚʘʣʴʥʠʭ ʽ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʈʦʟʨʦʙʣʝʥʽ ʘʚʪʦʨʦʤ ʪʝʭʥʦʣʦʛʽ ʾʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʜʨʦʪʦʤ ʧʽʜ 

ʬʣʶʩʦʤ ʟ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʇɼʄʇ ʪʘ ʇʆʄʇ ʜʝʪʘʣʝʡ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ  ̔ʧʨʦʢʘ-

ʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʊʆɺ 

çʂʨʘʤʘʪʦʨʩʴʢʠʡ ʬʝʨʦʩʧʣʘʚʥʠʡ ʟʘʚʦʜè ʪʘ ʊʆɺ çʄʘʨʽʣʝʥʜè. ʆʪʨʠʤʘʥʦ ʩʫʤʘ-

ʨʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʫ ʨʦʟʤʽʨʽ 1 728,8 ʪʠʩ. ʛʨʥ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʫʛʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ, ʧʦʟʜʦʚʞʥʻ ʤʘʛʥʽʪ-

ʥʝ ʧʦʣʷ, ʧʦʧʝʨʝʯʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ, ʧʨʦʧʣʘʚ-

ʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʰʚʽʚ. 
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SUMMARY  

Ahieieva M.V. Scientific and technological fundamentals of electric arc 

surfacing and welding with the control magnetic fields action. ï Qualifying scien-

tific work on the rights of the manuscript.  

Dissertation for the degree of Doctor of Technical Sciences, specialty 

05.03.06 ï "Welding and Related Processes and Technologies" (132 ï "Material 

Science") - State Enterprise "Priazovsky State Technical University", Ministry of 

Education and Science of Ukraine, Mariupol, 2021. 

The dissertation is devoted to solving the actual problem of increasing the 

submerged arc surfacing and welding process efficiency by consumable electrode 

with the control magnetic fields action, which allowed to increase the productivity 

of the electrode wire melting process, the efficiency of controlling the depth and 

width of welds and surfaced beads, grind the structural components of the beads 

and welds, reduce the energy intensity of the electric arc surfacing and welding 

process. 

The introduction  substantiates the relevance of the problem solved in the 

dissertation, its scientific and industrial significance; goals and tasks are formulat-

ed that can never be solved in the process of doing work; the object, subject and 

methods of research are described; the scientific and practical results, data on the 

introduction into production are given.  

In the first chapter the methods of controlling the shape and size of the 

beads and welds at arc surfacing and welding with a consumable electrode were 

analyzed, an overview of the interaction of external control magnetic fields with 

the welding arc, a drop on the electrode end and liquid metal welding bath was 

conducted. It is noted that the magnetic fields action at arc surfacing and welding 

leads to an increase of the electrode wire melting coefficient. It is shown that the 

shape, the size of the weld in the section and the quality of the welds formation 

are determined by the nature of the liquid metal movement in the welding bath 

under the action of control magnetic fields. Calculation methods for determining 

the magnitude of the magnetic field induction component (longitudinal magnitude 
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of induction for the longitudinal magnetic field (LMF) and transverse is for the 

transverse magnetic field (TMF)). It is shown that no calculation methods for de-

termining the optimum parameters of magnetic fields and optimal sizes of input 

device (ID) TMF for practical use in arc surfacing and welding. 

The influence of the mixing of liquid metal in a welding bath on the grind-

ing of weld (bead) metal structures during crystallization is stated at arc welding 

and surfacing with the action of magnetic fields as a result of the analysis. The 

mechanisms of grinding of structural components are considered at arc surfacing 

and welding with the magnetic fields action. The analysis of the previous re-

searches showed that it was not stated at what stage is the grinding of the weld 

metal structure caused by magnetic fields action: during the primary crystalliza-

tion or during the secondary transformations. It is noted that there are no data on 

the optimal parameters of alternating magnetic fields for effective melt mixing in 

the bath. 

The second chapter is devoted to the development of calculation methods 

for determining the induction of control LMF and TMF in the area of the drop and 

the welding bath for electric arc surfacing and welding. 

It is stated that the ferromagnetic properties of the electrode wire have the 

main influence on the value and nature of the distribution of the longitudinal field 

induction component in the surface of the ferromagnetic product at arc surfacing 

and welding by calculation of LMF induction using the method of vector magnet-

ic potential in the stationary flat-meridian magnetic fields and taking into account 

the magnetic properties of the core, wire and product. A calculation-experimental 

method for determining the numerical values of the LMF induction components 

under the end of a ferromagnetic electrode, if a product of non-magnetic or ferro-

magnetic material, has been developed for practical use.  

A calculation-experimental method was developed that allowed to deter-

mine the numerical values of TMF induction components in the area under the of 

the rods ends of the ID TMF to achieve the maximum values of the transverse in-

duction component at the minimum values of the longitudinal induction compo-
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nent in the welding bath area. In order to simplify the use of this method, calcula-

tions of the numerical values of  the TMF induction the components in the head 

part of the bath during submerged arc surfacing and welding were performed. 

Based on the processing of experimental data, the calculated expressions for de-

termining the induction generated by ID TMF in the area of the welding bath, 

which provide a satisfactory convergence of the calculated data with the experi-

mental ones. 

The third  chapter is devoted to improving the melting productivity of 

electrode metal at electric arc surfacing and welding with magnetic fields action. 

A calculation method for determining the radial component of LMF induction in 

an electrode droplet area under the ferromagnetic electrode end is developed on 

the basis of the analogy of the magnetostatic field with the electrostatic field, if 

the product is non-magnetic to evaluate the behavior of the electrode droplet at 

the electrode end and the welding arc at the arc surfacing with the action of LMF. 

The calculations show that in the area under the ferromagnetic electrode end the 

induction transverse component is significant and reaches half the magnitude of 

the induction longitudinal component generated by the ID LMF. This conclusion 

is supported by experimental data. 

The method of calculation and experimental determination of the magnetic 

permeability of welding materials has been improved in. The magnetic permeabil-

ity values of the welding materials are obtained. 

The TMF action on the melting coefficient of electrode wire at submerged 

arc surfacing was carried out. The results of studies have shown that increasing 

the TMF induction in the area under the electrode end increases the melting coef-

ficient of the wires. The relative increase of the wires melting coefficient is max-

imum when surfacing with the constant TMF action. At the alternating TMF ac-

tion with a frequency of about 10...20 Hz, the effect of increasing the wires 

melting coefficient is reduced to zero. 

Determination of the reasons of the increase of the electrode wires melting 

coefficient at arc surfacing and welding with the alternating TMF action was car-
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ried out using the developed calculation method. Based on this technique, it is 

possible to determine the minimum value of the TMF induction transverse com-

ponent removing a drop from the end of the melting electrode wire at a given fre-

quency of this field. It is stated that the increasing effect of the wire melting coef-

ficient at arc surfacing and welding with the alternating TMF action is a sufficient 

level of induction in the TMF pulse and the TMF pulse duration (and, according-

ly, the frequency magnitude. 

In the fourth  chapter the action of LMF and TMF on the penetration effi-

ciency of the base metal at submerged arc surfacing and welding with wire is con-

sidered. 

Dependences of the penetration depth and the width of the bead on the fre-

quency of LMF and TMF at submerged arc surfacing were stated. 

The fifth  chapter is devoted to the influence of LMF and TMF on the met-

al structure of the bead and the weld at arc surfacing and welding. 

The chapter contains data on the modern understanding of the mechanism 

of crystallization of the weld metal at arc surfacing (welding). 

On the basis of widely known modern data in the foundry and metallurgical 

industry about the cluster mechanism of crystallization of ingots, it is suggested 

that the same mechanism occurs in the crystallization of welds in the process of 

arc surfacing and welding with the action of control magnetic fields. The assump-

tion is made that, with the action of control alternating magnetic fields the over-

heated liquid metal from the head of the bath having smaller clusters periodically 

reaches the crystallization front in its tail part and provides grinding of the weld 

metal structure during crystallization. 

Researches have been conducted to establish the mechanism of metal crys-

tallization at arc surfacing with the action of control magnetic fields in order to 

solve the question at what stage of crystallization of the weld metal at welding 

with the action of magnetic fields is the grinding of the weld structure. It is used 

model alloy based on iron, which did not undergo polymorphic transformations 

during crystallization at arc surfacing. The surfacing is conducted without the 
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LMF action and with the alternating LMF action with the frequency of 6; 12; 24; 

33 Hz. It is concluded that the grinding of the structure (dendrites) at submerged 

arc surfacing is caused by the movement of liquid metal in the bath under the 

magnetic field action and the effect on the primary crystallization, and not on the 

stage of polymorphic transformations of the metal in the solid state. 

A calculation method for determining the optimal parameters of the alter-

nating LMF is proposed for efficient mixing of the melt in the bath at arc surfac-

ing with the LMF action. It is assumed in this method that 90% of the total surfac-

ing current flows through the head of the bath (before the arc). The dimensions of 

the deepening (crater) under the arc in liquid metal are determined with the help 

of refractory inserts. The calculations determine the values of the velocity and ac-

celeration which the liquid metal reaches under the alternating LMF action, as 

well as the optimal values of the induction and frequency of the LMF, which en-

sure the effective mixing of the melt in the bath along its entire length at sub-

merged electric arc surfacing. 

The flow velocity was calculated by using the Euler motion equation for 

laminar flow for effective mixing of the melt in the bath at arc surfacing with the 

alternating TMF action. The calculations take into account the electromagnetic 

force from the interaction of the vertical component of the current density in the 

liquid metal of the bath under the electrode with a transverse component of the 

TMF induction. The TMF frequency at a given level of TMF induction is deter-

mined, which ensure complete mixing of the melt in the bath at electric arc sur-

facing and welding. 

Conducted experiments confirmed that the use of alternating LMF in sub-

merged arc surfacing by wire favorably affects the weld metal structure. It is also 

stated that the action of the alternating provides grinding of the grains of weld 

metal almost 2 times at submerged welding of butt joints of plates of steel type 

12X18H10T. 

The sixth chapter is presented information on the testing and implementa-

tion of research into production.  
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For arc surfacing with the TMF action, ID TMF design is improved, which 

allows to increase the productivity of the arc surfacing process and the service 

characteristics of the surfaced bead. The dimensions of the sides of ID TMF rod 

are calculated taking into account the mode of electric arc welding and the 

thermophysical properties of the metal of the welding plates. 

Comparative analysis of the efficiency of the action of control LMF and 

TMF in submerged arc surfacing or welding allowed to create a rational choice of 

control (external) magnetic fields by technologists in the field of welding produc-

tion, taking into account the capabilities of each of these magnetic fields and tak-

ing into account the properties of welding and basic materials. 

The efficiency of the developed technology of submerged arc surfacing and 

welding by wire with the control magnetic fields action of metallurgical and me-

chanical engineering products has been implemented at LLC ñKramatorsk Fer-

roalloy Plantò and LLC ñMarilandò. The overall economic impact is 1 728,8 thou-

sand  UAH. 

 

Keywords: arc surfacing and welding, longitudinal magnetic field, trans-

verse magnetic field, wire melting coefficient, basic metal penetration, mixing, 

crystallization. 
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ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. 

ʇʨʦʮʝʩʠ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ  ʧʽʜ ʬʣʶʩʦʤ ʟʘʡʤʘʶʪʴ ʦʜʥʝ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʤʽʩʮʴ ʧʨʠ ʟôʻʜʥʘʥʥʽ ʪʘ ʚʽʜʥʦʚʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʛʘʣʫʟʽ ʤʘ-

ʰʠʥʦʙʫʜʫʚʘʥʥʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ, ʤʦʞʣʠʚʦʩʪʽ 

ʢʝʨʫʚʘʥʥʷ ʛʣʠʙʠʥʦʶ ʽ ʧʣʦʱʝʶ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʫʶʯʠʭ ʟʦʚʥʽ-

ʰʥʽʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʅʘʡʯʘʩʪʽʰʝ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʟʜʦʚʞʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ (ʇɼʄʇ) ʽ ʧʦʧʝʨʝʯʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ 

(ʇʆʄʇ). 

ɺʽʜʩʫʪʥʽʩʪʴ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ 

ʟʚʘʨʶʚʘʥʥʷ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ ʟ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʟʦʚʥʽʰʥʽʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, 

ʤʝʪʦʜʠʢ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʫ ʽ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘ-

ʣʴʥʦʾ ʚʘʥʥʠ, ʤʝʪʦʜʠʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʽʥʜʫʢʮʽʾ ʽ ʯʘʩʪʦʪʠ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʇɼʄʇ ʪʘ ʇʆʄʇ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘ-

ʣʫ ʚʘʥʥʠ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ, ʩʪʨʠʤʫʶʪʴ ʨʦʟʚʠ-

ʪʦʢ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʦʙʦʢ. ɺʽʜʩʫʪʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʪʘ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʠʩʪʨʦʶ 

ʚʚʝʜʝʥʥʷ (ʇɺ) ʇʆʄʇ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚ-

ʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ. ʅʝ ʫʪʦʯʥʝʥʠʡ ʤʝʭʘʥʽʟʤ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʚʽʚ ʧʨʠ 

ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʪʘ ʟʚʘʨʶʚʘʥʥʽ. ʈʦʟʨʦʙʢʘ ʪʘʢʠʭ ʤʝʪʦʜʠʢ ʜʦʟʚʦʣʠʪʴ ʧʽ-

ʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚ-

ʥʫ ʜʽʶ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʤʝʪʘʣ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʽ ʷʢʽʩʥʝ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʧʣʘʚʣʝʥʠʭ ʚʘʣʠʢʽʚ ʪʘ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʨʦʙʦʪʘ ʻ ʘʢʪʫʘʣɹ-

ʥʦʶ ʜʣʷ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ ʚʠʨʦʙʥʠʮʪʚʘ.  
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ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠ-

ʩʝʨʪʘʮʽʷ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʪʝʤʘʪʠʮʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʢʘʬʝʜʨ 

çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʤʝʭʘʥʽʟʘʮʽʷ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè ɼɺʅɿ 

çʇɼʊʋè ʪʘ çʆʙʣʘʜʥʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʡ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè ɼʦʥ-

ʙʘʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʘʢʘʜʝʤʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʚʠʢʣʘʜʝʥʽ ʚ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʦʪʘʭ: çɼʦʩʣʽ-

ʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʧʽʜ 

ʬʣʶʩʦʤè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0110U006577), çɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠ-

ʚʫ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʷʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫè 

(ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0111U009185), çʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʥʘ-

ʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʜʝʪʘʣʽ ʤʘʰʠʥ ʤʝʪʦʜʘʤʠ ʥʘʧʣʘʚʣʝʥʥʷ, ʥʘʧʠʣʝʥʥʷè 

(ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0112U005780), ɼʢ-06-2009 çɼʦʩʣʽʜʞʝʥʥʷ ʽ 

ʨʦʟʨʦʙʢʘ ʟʚʘʨʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʤʝʪʘʣʽʯ-

ʥʦʛʦ ʰʘʨʫ ʟ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝ-

ʻʩʪʨʘʮʽʾ 0109U007793), ɼʢ-02-2014 çʋʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʧʣʘʚʣʶ-ʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥ-

ʩʪʨʫʤʝʥʪʫ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0114U003937). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ ʧʽʜ 

ʬʣʶʩʦʤ ʩʪʠʢʦʚʠʭ ʟôʻʜʥʘʥʴ ʝʣʝʢʪʨʦʜʥʠʤʠ ʜʨʦʪʘʤʠ ʟ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʢʝʨʫʶ-

ʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ 

ʟʘʜʘʯʽ:  

1. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʩʪʘʥʦʚʠʪʠ 

ʨʦʟʧʦʜʽʣ ʽʥʜʫʢʮʽʾ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʜʽʣʷʥ-

ʢʘʭ ʤʘʛʥʽʪʥʦʛʦ ʢʦʣʘ ʚʽʜ ʦʙʤʦʪʢʠ ʟʽ ʩʪʨʫʤʦʤ ʜʦ ʚʠʨʦʙʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ 
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ʦʩʝʨʜʷ ʧʨʠʩʪʨʦʶ ʚʚʝʜʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʜʨʦʪʫ ʽ ʚʠʨʦ-

ʙʫ.  

2. ɺʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʡ ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ ʧʦʧʝʨʝʯʥʦ-

ʛʦ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʚ ʟʦʥʽ ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ ʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʛʦʣʦʚʥʽʡ ʯʘʩ-

ʪʠʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪ-

ʨʦʜʥʠʭ ʜʨʦʪʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ. 

3. ɺʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘ-

ʛʥʽʪʥʦʛʦ ʧʦʣʷ ʨʽʟʥʦʾ ʯʘʩʪʦʪʠ, ʱʦ ʚʠʜʘʣʷʶʪʴ ʢʨʘʧʣʽ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʜʨʦʪʫ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʧʽʜ ʬʣʶʩʦʤ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʧʽʜʚʠ-

ʱʠʪʠ  ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ. 

4. ɼʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʜʫʛʦʚʦ-

ʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʩʪʠʢʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʟ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʽʥʜʫʢʮʽʾ ʽ 

ʯʘʩʪʦʪʠ ʚʢʘʟʘʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʛʣʠʙʠʥʠ 

ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. 

5. ɺʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʽʥʜʫʢʮʽʾ ʽ ʯʘʩʪʦʪʠ ʟʥʘʢʦʟʤʽʥʥʠʭ ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ 

ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʧʨʠ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʤʽʰʫ-

ʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ, ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘ-

ʜʦʚʠʭ ʤʝʪʘʣʫ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʩʣʫʞʙʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ-

ʧʣʘʚʣʝʥʠʭ ʪʘ ʟʚʘʨʥʠʭ ʜʝʪʘʣʝʡ ʽ ʚʠʨʦʙʽʚ. 

6. ʈʦʟʨʦʙʠʪʠ ʽ ʚʧʨʦʚʘʜʠʪʠ ʪʝʭʥʦʣʦʛʽʾ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶ-

ʚʘʥʥʷ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ ʟ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʜʝʪʘʣʝʡ ʽ ʚʠʨʦ-

ʙʽʚ ʚ ʧʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ.  

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘ-

ʧʣʘʚʣʝʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ ʧʽʜ ʬʣʶʩʦʤ ʟ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ ʧʦʧʝʨʝʯʥʦ-

ʛʦ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʮʝʩʠ ʚ ʢʨʘʧʣʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘ-

ʣʫ ʽ ʚ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ 

ʪʘ ʟʚʘʨʶʚʘʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʟ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. 



30 
 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʽ ʚʠʨʽ-

ʰʝʥʥʽ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ, 

ʩʢʘʥʫʚʘʣʴʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘ-

ʣʽʟ;ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠʢʠ: ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʜʫʢʮʽʾ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʝʣʝʢʪʨʦʩʪʘ-

ʪʠʯʥʠʤ ʧʦʣʝʤ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʽʥʜʫʢʮʽʾ ï ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʝ-

ʩʣʘʤʝʪʨʦʤ43205 ʟ ʜʘʪʯʠʢʦʤ ʍʦʣʘ ʟ ʙʘʟʦʶ 0,9ʭ0,9 ʤʤ, ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʣʘʚ-

ʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ï ʤʝʪʦʜʦʤ ʟʚʘʞʫʚʘʥʥʷ, ʧʦʢʘʟʥʠʢʘ ʤʽʮʥʦʩʪʽ 

ʟʚʘʨʥʠʭ ʰʚʽʚ ï ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʥʘ ʩʪʘʪʠʯʥʠʡ ʨʦʟʪʷʛ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʥʦ-

ʰʫʚʘʥʥʷ ʽ ʩʪʽʡʢʦʩʪʽ ʧʨʦʪʠ ʪʝʨʤʽʯʥʦʾ ʚʪʦʤʠ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ ʧʨʠ ʧʽʜʚʠʱʝ-

ʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɺʧʝʨʰʝ, ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʩʪʘʮʽ-

ʦʥʘʨʥʠʭ ʧʣʦʩʢʦʤʝʨʠʜʽʘʥʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ, ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ, ʱʦ ʥʘʧʣʘʚʣʷʻʪʴʩʷ, ʪʘ ʝʣʝʤʝʥʪʽʚ ʧʨʠʩʪʨʦʶ ʚʚʝʜʝʥʥʷ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʤʽʞ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʽ ʚʠʨʦʙʦʤ, ʘ ʪʘʢʦʞ ʚ ʩʝʨʝʜʠʥʽ ʚʠʨʦʙʫ ʽ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʜʨʦʪʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʇʦ-

ʢʘʟʘʥʦ, ʱʦ ʩʘʤʝ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʩʧʨʘʚʣʷʶʪʴ ʥʘʡʙʽ-

ʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʚʢʘʟʘʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʨʠʯʦʤʫ ʦʧʪʠʤʘʣʴʥʽ ʾʭ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʝ-

ʨʫʚʘʥʥʷ ʢʨʘʧʣʝʧʝʨʝʥʝʩʝʥʥʷʤ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ 

ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʽʡ ʩʠʣʽ ʦʙʤʦʪʢʠ ʚ ʤʝʞʘʭ 1600é2000 ʘʤʧʝʨʚʠʪʢʽʚ. 

2. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʦʛʽʾ ʤʘʛʥʽʪʦʩʪʘʪʠʯʥʠʭ ʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʧʦ-

ʣʽʚ ʨʦʟʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ  ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʽ ʢʨʘʧ-

ʣʽ ʧʽʜ ʪʦʨʮʝʤ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʪʘ ʫ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ ʽ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʟʦʥʽ ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ ʥʘ ʚʽʜʩʪʘʥʽ 4é7 ʤʤ ʚʽʜ ʦʩʽ ʝʣʝʢʪʨʦʜʘ 

ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 3é6 ʨʘʟʽʚ, ʘ ʧʦʧʝʨʝʯʥʘ ʢʦʤ-

ʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ ʩʷʛʘʻ ʧʦʣʦʚʠʥʠ ʟʥʘʯʝʥʴ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ 

ʮʴʦʛʦ ʧʦʣʷ. 
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3. ɺʠʷʚʣʝʥʦ ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ 

ʜʨʦʪʽʚ ʜʽʘʤʝʪʨʘʤʠ 3é5 ʤʤ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʽʟ ʩʠʣʦʶ 

ʩʪʨʫʤʫ 400é1000 ɸ ʚʥʘʩʣʽʜʦʢ ʥʘʢʣʘʜʝʥʥʷ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛ-

ʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʯʘʩʪʦʪʦʶ 5é10 ɻʮ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʠʡ ʚʽʜʨʠʚ ʢʨʘʧʣʽ 

ʤʝʪʘʣʫ ʽʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʽʚʥʽ ʽʥʜʫʢʮʽʾ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ 50é100 ʤʊʣ. 

4. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʽʥʜʫʢʮʽʾ ʧʦʩʪʽʡʥʦʛʦ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʦ 30é35 ʤʊʣ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʩʫʮʽʣʴʥʠʭ 

ʽ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʟ ʤʘʛʥʽʪʥʠʭ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʨʦʩʪʘʻ ʥʘ 

23é30 %, ʩʪʘʙʽʣʽʟʫʶʯʠʩʴ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʽʥʜʫʢ-

ʮʽʾ ʧʦʣʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʟʤʽʥʠ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʽʥʜʫ-

ʢʮʽʾ 25é30 ʤʊʣ ʧʨʠʨʽʩʪ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʧʦʩʪʫʧʦʚʦ 

ʟʥʠʞʫʻʪʴʩʷ, ʩʷʛʘʶʯʠ ʥʫʣʷ ʧʨʠ ʯʘʩʪʦʪʽ 20 ɻʮ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʥʝʜʦʩʪʘʪʥʽʤ ʨʽ-

ʚʥʝʤ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

5. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʩʪʠʢʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʧʣʘʩʪʠʥ ʟʽ ʩʪʘʣʽ 

12ʍ18ʅ10ʊ ʪʦʚʱʠʥʦʶ 4 ʤʤ ʟ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʽ ʽʥʜʫʢʮʽʻʶ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ 25...30 ʤʊʣ ʪʘ ʯʘʩʪʦʪʦʶ 5 ɻʮ 

ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ ʰʚʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ 11,5%, ʘ ʧʨʠ ʜʽʾ 

ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʽʥʜʫʢʮʽʻʶ 25...30 ʤʊʣ ʽ ʯʘʩ-

ʪʦʪʦʶ 5 ɻʮ ï ʥʘ 11,0%, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʝʥ ʤʝʪʘʣʫ ʟʚʘʨʥʠʭ 

ʰʚʽʚ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʽ ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʤʝʪʘʣʫ ʚ ʚʘʥʥʽ ʧʽʜ ʜʽʻʶ 

ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. 

6. ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ 

ʚ ʚʘʥʥʽ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʜʨʦʪʘʤʠ 3é5 ʤʤ ʚ ʜʽʘʧʘʟʦʥʘʭ 

ʩʠʣʠ ʩʪʨʫʤʫ 400...1000 ɸ ʽ ʰʚʠʜʢʦʩʪʽ ʥʘʧʣʘʚʣʝʥʥʷ 5...40 ʤ/ʛʦʜ ʟʘʙʝʟʧʝʯʫʻʪʴ-

ʩʷ ʧʨʠ ʨʽʚʥʽ ʽʥʜʫʢʮʽʾ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

25é30ʤʊʣ ʽ ʯʘʩʪʦʪʽ ʮʴʦʛʦ ʧʦʣʷ ʚ ʤʝʞʘʭ 2...4 ɻʮ, ʘ ʪʘʢʦʞ ʧʨʠ ʜʽʾ ʟʥʘʢʦʟʤʽʥ-

ʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ï ʧʨʠ ʧʦʧʝʨʝʯʥʽʡ ʢʦʤʧʦʥʝʥʪʽ ʽʥʜʫʢʮʽʾ 

25é100 ʤʊʣ ʽ ʯʘʩʪʦʪʽ ʧʦʣʷ  ʚ ʜʽʘʧʘʟʦʥʽ 1...3 ɻʮ.  
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7. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʝʪʘʣʫʨʛʽʡ-

ʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʫʛʦʚʠʤ ʥʘʧʣʘʚʣʝʥʥʷʤ ʧʽʜ ʬʣʶʩʦʤ ʝʣʝʢʪʨʦʜʥʠʤʠ ʜʨʦʪʘʤʠ 

ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʣʝʛʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʨʠ ʜʽʾ ʢʝʨʫʶʯʦʛʦ ʟʥʘʢʦʟ-

ʤʽʥʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʽʥʜʫʢʮʽʻʶ ʚ ʤʝʞʘʭ 25é30 ʤʊʣ ʽ 

ʯʘʩʪʦʪʦʶ ʧʦʣʷ ʚ ʤʝʞʘʭ 3é6 ɻʮ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʥʘʧʣʘ-

ʚʣʝʥʠʭ ʰʘʨʽʚ ʜʦ ʪʝʨʤʽʯʥʦʾ ʚʪʦʤʠ ʚ 2 ʨʘʟʠ, ʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʨʠ 600 Üʉ ï ʥʘ 

20é25 %. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

1. ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʚʠʨʦʙʽʚ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʝʨʫʶʯʠʭ ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʠʣʠ ʢʝʨʫʚʘʪʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʥʘʧʣʘʚʣʝʥʠʭ ʚʘʣʠʢʽʚ ʪʘ ʟʚʘʨʥʠʭ 

ʰʚʽʚ,ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦ 30 % ʽ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʦ 20 % ʧʨʦʮʝ-

ʩʽʚ, ʘ ʪʘʢʦʞ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʥʘʧʣʘʚʣʝʥʠʭ ʽ ʟʚʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʝʪʘʣʫʨʛʽʡ-

ʥʦʛʦ ʽ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ 11 %. 

2. ɺʜʦʩʢʦʥʘʣʝʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʦʟʤʽʨʠ ʧʨʠʩʪʨʦʶ ʚʚʝʜʝʥʥʷ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ (ʧʘ-

ʪʝʥʪ ʋʢʨʘʾʥʠ ˉ 141514)ʽ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʧʣʘ-

ʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʩʪʠʢʦʚʠʭ ʟôʻʜʥʘʥʴ ʧʣʘʩʪʠʥ ʽʟ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʽ 

ʥʝʤʘʛʥʽʪʥʠʭ ʩʪʘʣʝʡ ʟ ʜʽʻʶ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ 

142804), ʱʦ ʧʽʜʚʠʱʠʣʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʠʭ ʧʨʦʮʝʩʽʚ. 

3. ʈʦʟʨʦʙʣʝʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪ-

ʚʦ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʟʥʦʰʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪ-

ʚʘ, ʥʘʧʨʠʢʣʘʜ, ʨʦʣʠʢʽʚ ʤʘʰʠʥ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ ʟʘʛʦʪʽʚʦʢ, ʝʣʝʢʪʨʦʜʫʛʦ-

ʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʰʘʨʽʚ ʝʣʝʢʪʨʦʜʥʠʤʠ ʜʨʦʪʘʤʠ ʅʧ-30ʍɻʉɸ, ʇʇ-15ʍ4ʄʌʉ, 

ʇʇ-12ʍ13 ʧʽʜ ʰʘʨʦʤ ʬʣʶʩʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  

4. ʈʝʟʫʣʴʪʘʪʠ  ʜʠʩʝʨʪʘʮʽʡʥʦʾ  ʨʦʙʦʪʠ  ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ ʨʷʜʽ ʧʨʦʤʠʩʣʦ-

ʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʜʨʦʪʦʤ ʜʝʪʘʣʝʡ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʽ ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ɺ ʫʤʦʚʘʭ 

ʇʨɸʊ çʂʨʘʤʘʪʦʨʩʴʢʠʡ ʬʝʨʦʩʧʣʘʚʥʠʡ ʟʘʚʦʜè ʚʧʨʦʚʘʜʞʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʫ-
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ʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʟʥʦʰʝʥʠʭ ʧʣʠʪ, ʱʦ ʜʨʦʙʣʷʪʴ ʬʝʨʦʩʧ-

ʣʘʚʠ, ʟ ʝʢʦʥʦʤʽʯʥʠʤ ʝʬʝʢʪʦʤ 478 ʪʠʩ. ʛʨʥ. ɺ ʫʤʦʚʘʭ ʊʆɺ çʅɺʆ ʄʘʨʽ-

ʣʝʥʜè (ʤ. ʄʘʨʽʫʧʦʣʴ) ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʪʝʭʥʦʣʦʛʽʷ ʝʣʝʢʪʨʦʜʫʛʦ-

ʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʬʣʘʥʮʽʚ ʩʪʘʣʝʚʠʭ ʪʠʧʫ ɼʫ-500 ʟʽ ʩʪʘʣʽ ɺʄʉʪ3ʩʧ ʟ 

ʥʘʛʥʽʪʘʣʴʥʠʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʪʘ ʪʝʭʥʦʣʦʛʽʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ 

ʚʘʣʽʚ ʨʝʜʫʢʪʦʨʘ ʽʟ  ʟʘʛʘʣʴʥʠʤ ʝʢʦʥʦʤʽʯʥʠʤ ʝʬʝʢʪʦʤ ʚ ʨʦʟʤʨ̔ʽ1250,4 ʪʠʩ. 

ʛʨʥ. ʛʨʥ.  

5. ʈʷʜ ʨʦʟʨʦʙʦʢ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʚ ʨʘʤʢʘʭ ʚʠʢʣʘ-

ʜʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ çʊʝʭʥʦʣʦʛʽʷ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ʧʣʘ-

ʚʣʝʥʥʷʤè, çʅʘʧʠʣʝʥʥʷ ʪʘ ʥʘʧʣʘʚʣʝʥʥʷè, çʉʧʝʮʢʫʨʩ ʟʘ ʥʘʧʨʷʤʢʦʤ ʤʘʛʽʩ-

ʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠè ʢʘʬʝʜʨʠ çʆʙʣʘʜʥʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʡ ʟʚʘʨʶʚʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘè ɼʦʥʙʘʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʘʢʘʜʝʤʽʾ 

(ʤ. ʂʨʘʤʘʪʦʨʩʴʢ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʽ ʚ ʨʦʙʦʪʽ, ʻ ʩʘʤʦʩʪʽʡʥʦ ʦʪʨʠʤʘʥʠʤʠ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ, 

ʘʙʦ ʟ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʫʯʘʩʪʶ. ɸʚʪʦʨ ʩʘʤʦʩʪʽʡʥʦ ʫʜʦʩʢʦʥʘʣʠʚ ʢʦʥʩʪʨʫ-

ʢʮʽʾ ʧʨʠʩʪʨʦʾʚ ʧʦʧʝʨʝʯʥʦʛʦ ʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʱʦ ʛʝʥʝʨʫʶʪʴ 

ʟʦʚʥʽʰʥʻ ʤʘʛʥʽʪʥʝ ʧʦʣʝ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʚʪʦʨʦʤ ʚ ʨʦ-

ʙʦʪʽ, ʨʦʟʨʦʙʣʝʥʽ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ, ʘ ʚʩʽ ʨʦʟʨʘʭʫʥʢʠ ʘʚʪʦʨ 

ʚʠʢʦʥʘʚ ʩʘʤʦʩʪʽʡʥʦ. ʋʟʘʛʘʣʴʥʝʥʥʷ ʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠ-

ʣʦʩʷ ʟ ʥʘʫʢʦʚʠʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʪʘ ʩʧʽʚʘʚʪʦʨʘʤʠ. ɸʚʪʦʨ ʩʘʤʦʩʪʽʡʥʦ ʘʙʦ ʟʽ 

ʩʧʽʚʘʚʪʦʨʘʤʠ ʧʽʜʛʦʪʦʚʠʚ ʩʪʘʪʪʽ, ʽ ʦʬʦʨʤʠʚ ʟʘʷʚʢʠ ʥʘ ʚʠʥʘʭʦʜʠ. ʆʩʚʦʻʥʥʷ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʚʝʜʝʥʥʷ ʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʩʫʧʨʦʚʽʜ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘ-

ʮʽʾ ʥʘʧʣʘʚʣʝʥʠʭ ʚʠʨʦʙʽʚ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʘʚʪʦʨʘ ʨʘʟʦʤ ʟ 

ʧʨʘʮʽʚʥʠʢʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ.  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ʄʘʪʝʨʽʘʣʠ ʨʦʙʦʪʠ ʙʫʣʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʽ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ: IV ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɿʚʘʨʶʚʘʥʥʷ ʪʘ ʩʧʦʨʽʜʥʝʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫè (ʂʨʘʤʘ-
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ʪʦʨʩʴʢ, 2010, 2016); Vɯ ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦ-

ʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʧʝʮʽʘʣʽʩʪʽʚ çɿʚʘʨʶʚʘʥʥʷ ʪʘ ʩʫʤʽʞʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʂʠʾʚ, 

2011); ɺʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʢʦʥʬʝʨʝʥʮʽʷʭ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝ-

ʤʠ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʩʧʦʨʽʜʥʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʫʜʦʩʢʦʥʘʣʶʚʘʥʥʷ ʧʽʜʛʦʪʦʚʢʠ 

ʢʘʜʨʽʚè (ʄʘʨʽʫʧʦʣʴ, 2016); 9th ɯnternational conference of young scientists on 

welding and related technologies (Kyiv , 2017); ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çɿʚʘʨʶʚʘʥʥʷ ʪʘ ʩʧʦʨʽʜʥʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʩʴʦʛʦʜʝʥʥʷ ʽ ʤʘʡʙʫʪʥʻè (ʂʠʾʚ, 

2018); ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʋʥʽʚʝʨʩʠʪʝʪʩʴʢʘ 

ʥʘʫʢʘè (ʄʘʨʽʫʧʦʣʴ, 2018-2020); Vɯɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥ-

ʬʝʨʝʥʮʽʷ çʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩ-

ʪʝʤè (ʏʝʨʥʽʛʽʚ, 2018);VI-ʘ ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʦʙʣʝʤʠ ʜʦʚʛʦʚʽʯ-

ʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʢʨʠʪʪʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡè (ɺʽʥʥʠʮʷ, 2018); IX 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè (ʊʦʤʩʴʢ, 2018); ʅʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çʌʫʥʜʘʤʝʥ-

ʪʘʣʴʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʫʯʘʩʥʽʡ ʥʘʫʮʽè (ʍʘʨʢʽʚ, 2019); Surles 

mat®riaux de la conference scientifique et pratique internationale çProbl̄ mes et 

perspectives d'introduction de la recherch® scientifique innovanteè (Bruxelles, 

Belgique, 2019); Vɯɯɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ 

ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ çɸʢʪʫʘʣʴʥʽ ʟʘʜʘʯʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ʊʝʨʥʦʧʽʣʴ, 

2019), Conactas de la conferencia internacional cient²fica y pr§ctica 

çIntegraci·n de las ciencias fundamentales y aplicadas en el paradigma de la 

sociedad post-industrialè(Barcelonʘ, Espa¶a, 2020). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʟʜʦʙʫʚʘʯʝʤ ʦʧʫʙʣʽʢʦʚʘʥʦ 49 

ʨʦʙʽʪ, ʟ ʥʠʭ: 1 ʤʦʥʦʛʨʘʬʽʷ, 22 ʩʪʘʪʪʽ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟ 

ʥʠʭ 6 ʩʪʘʪʝʡ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʅɹɼ Scopus, ʟ ʷʢʠʭ 5 ʩʪʘʪʝʡ Q3; 5 ʩʪʘʪʝʡ ʫ ʩʧʝ-

ʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ, 3 ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ, 18 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ 

ʪʘ 2 ʩʝʨʪʠʬʽʢʘʪʠ ʫʯʘʩʥʠʢʘ ʄʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ.  

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 6 ʨʦʟʜʽ-

ʣʽʚ,ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʧʝʨʝʣʽʢʫ ʧʦʩʠʣʘʥʴ (ʥʘʡʤʝʥʫʚʘʥʴ) ʽ ʜʦʜʘʪʢʽʚ. ɼʠʩʝʨ-
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ʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 343 ʩʪʦʨʽʥʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 121 ʨʠʩʫʥʦʢ, 12 

ʪʘʙʣʠʮʴ, ʽ ʧʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 291 ʥʘʡʤʝʥʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 1 

ʇʈʆɹʃɽʄɸ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆʎɽʉɯɺ 

ɽʃɽʂʊʈʆɼʋɻʆɺʆɻʆ ʅɸʇʃɸɺʃɽʅʅʗ ɯ ɿɺɸʈʖɺɸʅʅʗ  

 

 

1.1 ʉʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʽ ʨʦʟʤʽʨʘʤʠ ʰʚʘ ʽ ʚʘʣʠʢʘ ʧʨʠ ʟʚʘ-

ʨʁ ʚʘʥʥʽ ʽ ʥʘʧʣʘʚʣʝʥʥʽ ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ 

 

1.1.1 ʉʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʜʫʛʦʚʦʛʦ ʟʚʘ-

ʨʶʚʘʥʥʷ ʡ ʥʘʧʣʘʚʣʝʥʥʷ ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ. ʉʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝ-

ʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʡ ʥʘʧʣʘʚʣʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦ-

ʜʫʢʪʠʚʥʽʩʪʶ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʽ ʢʝʨʫʚʘʥʥʷʤ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʟʚʘʨʥʠʭ ʰʚʽʚ (ʚʘʣʠʢʽʚ). 

ʈʦʟʛʣʷʥʝʤʦ ʾʭ ʩʪʦʩʦʚʥʦ ʜʦ ʟʚʘʨʶʚʘʥʥʷ (ʥʘʧʣʘʚʣʝʥʥ)̫ ʥʘ ʟʚʦʨʦʪʥʽʡ ʧʦʣʷʨʥʦ-

ʩʪʽ ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶ-

ʚʘʥʥʽ ʩʪʠʢʦʚʠʭ ʟôʻʜʥʘʥʴ ʽ ʥʘʧʣʘʚʣʝʥʥʽ  ʚʽʜʙʫʚʘʶʪʴʩʷ  ʧʦʜʽʙʥʽ ʫʤʦʚʠ ʬʦʨʤʫ-

ʚʘʥʥʷ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. ɺʽʜʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʧʨʠ 

ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʟʦʚʥʽʰʥʽ ʢʝʨʫʶʯʽ ʤʘʛʥʽʪʥʽ 

ʧʦʣʷ [1]. ʊʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʫʚʘʪʠ ʪʽʣʴʢʠ ʧʨʦʮʝʩʠ ʜʫʛʦʚʦʛʦ 

ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʩʪʠʢʦʚʠʭ ʟô̒ ʜʥʘʥʴ.   

ʂʝʨʫʚʘʪʠ ʭʘʨʘʢʪʝʨʦʤ ʧʣʘʚʣʝʥʥʷ ʽ ʧʝʨʝʥʝʩʝʥʥʷʤ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ 

ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʢʦʣʠ ʢʨʘʧʝʣʴʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʩʪʘʻ ʩʪʨʫʤʝʥʝʚʠʤ [2], ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʽ ʟʥʠʞʝʥʥʷ ʨʦʟʙ-

ʨʠʟʢʫʚʘʥʥʷ. ɯʤʧʫʣʴʩʥʦ-ʜʫʛʦʚʝ ʟʚʘʨʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ ʧʝʨʝʥʝʩʝʥ-

ʥʷʤ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ [3-5]. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʥʘ 

15é20 %. ʆʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʽʤʧʫʣʴʩʥʦ-ʜʫʛʦʚʦʛʦ ʟʚʘʨʶ-

ʚʘʥʥʷ ʦʙʤʝʞʝʥʦ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. 
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ɽʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʢʝʨʫʚʘʥʥʷ ʻ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʽʤʧʫʣʴʩʥʽʡ 

ʧʦʜʘʯʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ. ʇʦʢʘʟʘʥʦ [7-14], ʱʦ ʧʫʣʴʩʫʶʯʠʡ ʨʝʞʠʤ ʧʦʜʘʯʽ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʫʚʘʪʠ ʧʦ-

ʛʦʥʥʫ ʝʥʝʨʛʽʶ ʧʨʦʮʝʩʫ ʚ 2 ʨʘʟʠ, ʽ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʫʧʨʘʚʣʷʪʠ ʬʦʨʤʦʶ ʧʝʨʝ-

ʪʠʥʫ ʰʚʘ. ʆʜʥʘʢ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘʢʦʞ ʦʙʤʝʞʝʥʘ ʯʝ-

ʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʧʦʜʘʶʪʴ, 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʨʝʞʠʤʽʚ ʧʦʜʘʯʽ ʝʣʝʢʪʨʦʜʘ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ. 

ɿʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ, ʟʤʝʥʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʝʣʝʢʪʨʦʜʘ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩ-

ʪʽ ʥʘʧʣʘʚʣʝʥʥʷ ʜʦ 25 ʤ/ʛʦʜ [15,16]. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʧʣʘʚ-

ʣʝʥʥʷ ʚʠʢʣʠʢʘʻ ʟʥʠʞʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʚʘʨʫ [15]. ʐʠʨʠʥʘ ʰʚʘ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽ-

ʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʽ ʟʥʠʞʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʰʚʠʜʢʦʩʪʽ ʟʚʘʨʶʚʘʥʥʷ [15,16]. ʅʘʧʨʫʛʘ ʜʫʛʠ ʤʘʻ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʛʣʠʙʠ-

ʥʫ ʧʨʦʧʣʘʚʣʝʥʥʷ, ʘʣʝ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʰʚʘ [15,16].  

ʂʝʨʫʚʘʪʠ ʛʣʠʙʠʥʦʶ ʧʨʦʧʣʘʚʣʝʥʥʷ ʽ ʰʠʨʠʥʦʶ ʰʚʘ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʥʘʭʠʣʫ ʝʣʝʢʪʨʦʜʘ [15,16]. ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʢʫʪʦʤ ʚʧʝʨʝʜ ʛʣʠʙʠʥʘ ʧʨʦ-

ʧʣʘʚʣʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʰʠʨʠʥʘ ʰʚʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʘʨʶ-

ʚʘʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʠʤ ʝʣʝʢʪʨʦʜʦʤ. ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʢʫʪʦʤ ʥʘʟʘʜ ʛʣʠʙʠʥʘ 

ʧʨʦʚʘʨʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʰʠʨʠʥʘ ʰʚʘ ʟʤʝʥʰʫʻʪʴʩʷ [15]. ʇʦʜʽʙʥʽ ʟʤʽʥʠ ʩʧʦ-

ʩʪʝʨʽʛʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ "ʥʘ ʩʧʫʩʢ" ʽ "ʥʘ ʧʽʜʡʦʤ" [15,16]. 

ʇʨʠ ʟʥʠʞʝʥʥʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚʘʥʥʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʛʣʠ-

ʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʥʷ [17]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʱʝʧʣʝʥʦʛʦ ʝʣʝʢʪʨʦʜʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʜʦʟʚʦʣʷʻ ʜʦʩʷ-

ʛʪʠ ʟʤʽʥ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ ʰʚʘ [18]. ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ ʟʘʭʠʩʥʠʭ ʛʘʟʘʭ ʘʢʪʠʚʦ-

ʚʘʥʠʤ ʝʣʝʢʪʨʦʜʦʤ ʟ ʨʽʟʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʤʦʞʣʠʚʦ ʫʧʨʘʚʣʷʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʘ [18]. ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝ-

ʢʪʨʦʜʘ ʚ ʟʚ'ʷʟʢʫ ʟ ʚʟʘʻʤʦʟʚ'ʷʟʢʦʤ ʧʨʦʮʝʩʽʚ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʘ ʽ ʦʩʥʦʚʥʦʛʦ 

ʤʝʪʘʣʫ ʟʨʦʩʪʘʻ ʧʨʦʧʣʘʚʣʷʶʯʘ ʟʜʘʪʥʽʩʪʴ ʜʫʛʠ, ʟʥʠʞʫʻʪʴʩʷ ʧʦʩʠʣʝʥʥʷ ʰʚʘ 

[18].  



38 
 

ɼʦʜʘʚʘʥʥʷ ʧʨʠʩʘʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʟʚʘʨʶʚʘʣʴʥʫ ʚʘʥʥʫ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦ-

ʰʢʚ̔ ʘʙʦ ʢʨʫʧʢʠ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʣʦʱʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ [19]. ʎʝʡ 

ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʚʘʨʶ-

ʚʘʥʥʷ (ʥʘʧʣʘʚʣʝʥʥʷ) ʽ ʢʝʨʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʤʝʪʘʣʫ ʽ ʩʪʨʫʢʪʫʨʥʠʤ ʩʪʘ-

ʥʦʤ ʟʦʥʠ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ. ɿʥʘʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʢʝʨʫʚʘʥʥʷ ʨʦʟʤʽʨʘʤʠ 

ʚʘʣʠʢʘ (ʰʚʘ), ʬʦʨʤʦʶ ʡʦʛʦ ʧʦʩʠʣʝʥʥʷ, ʤʘʻ ʩʧʦʩʽʙ ʟʚʘʨʶʚʘʥʥʷ ʟ ʧʦʧʝʨʝʯʥʠ-

ʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʝʣʝʢʪʨʦʜʽʚ [20].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦ  ʁʜʫʛʦʶ ʜʦʟʚʦʣʷʻ ʫʧʨʘʚʣʷʪʠ ʬʦ-

ʨʤʫʚʘʥʥʷʤ ʰʚʘ [21-23]. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [21] ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʪʦʤʫ ʬʘʢʪʽ, 

ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʧʨʠ ʟʙʽʛʫ ʯʘʩʪʦʪʠ ʥʘ-

ʢʣʘʜʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʟ ʯʘʩʪʦʪʦʶ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʜʢʦʛʦ ʨʦʟʧʣʘʚʫ ʟʚʘʨʶʚʘ-

ʣʴʥʦʾ ʚʘʥʥʠ. ʆʜʥʘʢ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʥʝʦʙʭʽʜʥʝ ʧʝʨʝʥʘʣʘʛʦ-

ʜʞʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʙʣʦʢʫ, ʱʦ ʩʪʚʦʨʶʻ 

ʧʫʣʴʩʘʮʽʾ ʩʪʨʫʤʫ. 

ɺʧʣʠʚ ʩʧʨʷʤʦʚʘʥʠʭ ʛʘʟʦʩʪʨʫʤʝʥʝʚʠʭ ʧʦʪʦʢʽʚ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʜʦʟʚʦʣʷʻ 

ʫʧʨʘʚʣʷʪʠ ʛʝʦʤʝʪʨʽʻʶ ʟʚʘʨʥʦʛʦ ʰʚʘ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʚʘ-

ʨʥʠʭ ʟ'ʻʜʥʘʥʴ [24, 25]. 

ɻʽʙʨʠʜʥʠʡ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʠʡ ʧʨʦʮʝʩ ʟʚʘʨʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʘʭʠʩʥʦ-

ʛʦ ʛʘʟʫ ʧʦʻʜʥʫʻ ʧʝʨʝʚʘʛʠ ʜʚʦʭ ʟʘʟʥʘʯʝʥʠʭ ʟʚʘʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ [26-28]. 

ʃʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ ʨʦʟʧʣʘʚʣʷʻ ʤʝʪʘʣ ʚʩʝʨʝʜʠʥʽ ʥʝʚʝʣʠʢʦ ʾʧʣʷʤʠ ʥʘʛʨʽʚʫ. ɿʘ-

ʚʜʷʢʠ ʚʠʩʦʢʽʡ ʛʫʩʪʠʥʽ ʝʥʝʨʛʽʾ ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ ʛʣʠʙʦʢʦ ʧʨʦʥʠʢʘʻ ʚ ʤʘʪʝʨʽʘʣ 

ʽ ʚʠʧʘʨʦʚʫʻ ʡʦʛʦ. ʇʨʦʮʝʩ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚ ʩʝʨʝ-

ʜʦʚʠʱʽ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ, ʥʘʚʧʘʢʠ, ʫʪʚʦʨʶʻ ʰʠʨʦʢʫ ʧʣʷʤʫ ʥʘʛʨʽʚʫ ʽ ʚʚʦʜʠʪʴ ʚ 

ʟʘʛʘʣʴʥʫ ʟʚʘʨʶʚʘʣʴʥʫ ʚʘʥʥʫ ʧʨʠʩʘʜʥʠʡ ʤʘʪʝʨʽʘʣ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʣʠʚʦ 

ʫʧʨʘʚʣʷʪʠ ʬʦʨʤʦʶ ʽ ʛʣʠʙʠʥʦʶ ʧʨʦʧʣʘʚʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʚʱʠʥʠ ʤʘʪʝ-

ʨʽʘʣʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʚʘʨʶʚʘʥʥʷ. ʆʜʥʘʢ ʮʽ ʩʧʦʩʦʙʠ ʥʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʧʽʜ ʬʣʶʩʦʤ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ (ʟʚʘʨʶ-

ʚʘʥʥʷ) ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ (ʢʝʨʫʶʯʠʭ) ʤʘʛʥʽʪʥʠʭ ʧʦ-

ʣʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʫʛʫ, ʘʙʦ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ. ʋ ʮʴʦ-
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ʤʫ ʚʠʧʘʜʢʫ ʩʪʚʦʨʶʶʪʴʩʷ ʟʥʘʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ, ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷʤ ʽ ʨʦʟʤʽʨʘʤʠ 

ʰʚʽʚ, ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʤʝʪʘʣʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ. ʄʘʛʥʽʪʥʝ ʢʝʨʫʚʘʥʥʷ ʤʘʻ 

ʥʠʟʢʫ ʧʝʨʝʚʘʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʢʝʨʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ, 

ʟʜʽʡʩʥʝʥʥʷ ʩʧʦʩʦʙʫ ʙʝʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʢʝʨʫʶʯʠʭ ʟʘʩʦʙʽʚ ʟ ʟʦʥʦʶ 

ʟʚʘʨʶʚʘʥʥʷ, ʥʝ ʧʦʪʨʽʙʥʦ ʽʩʪʦʪʥʠʭ ʟʤʽʥ ʩʪʘʥʜʘʨʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʪʝʭʥʽʢʠ 

ʟʚʘʨʶʚʘʥʥʷ. ʋ ʥʘʩʪʫʧʥʠʭ ʧʫʥʢʪʘʭ ʨʦʟʛʣʷʥʝʤʦ ʥʘʷʚʥʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʧʨʦ 

ʚʧʣʠʚ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʰʚʽʚ (ʚʘʣʠʢʽʚ) ʧʨʠ ʟʚʘʨʶʚʘʥ-

ʥ ̔(ʥʘʧʣʘʚʣʝʥʥʽ). 

ʇʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ (ʥʘʧʣʘʚʣʝʥʥʽ) ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʟʜʦʚʞʥʽ ʤʘʛ-

ʥʽʪʥʽ ʧʦʣʷ (ʇɼʄʇ) ʽ ʧʦʧʝʨʝʯʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ (ʇʆʄʇ). ʋ ʧʝʨʰʠʭ ʚʝʢʪʦʨ ʽʥ-

ʜʫʢʮʽʾ ʧʘʨʘʣʝʣʴʥʠʡ, ʫ ʜʨʫʛʠʭ - ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʦʩʽ ʝʣʝʢʪʨʦʜʘ ʽ ʜʫʛʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʇɼʄʇ ʽ ʇʆʄʇ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʪʘ ʟʚʘʨʶʚʘʥ-

ʥʽ ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʤʦʥʦʛʨʘʬʽʷʭ [1, 29-32] ʽ ʚ ʙʘʛʘʪʴʦʭ ʧʫʙʣʽʢʘʮʽʷʭ.  

1.1.2. ɺʧʣʠʚ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. ɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘ-

ʭʫʥʢʫ ʨʦʟʤʽʨʽʚ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ [33] ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʬʽ-

ʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʥʘʯʥʝ ʯʠʩʣʦ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝ-

ʥʦ ʚʠʟʥʘʯʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʥʝʧʣʘʚʢʠʤ 

ʝʣʝʢʪʨʦʜʦʤ ʫ ʩʝʨʝʜʦʚʠʱʽ ʘʨʛʦʥʫ ʚ ʨʘʤʢʘʭ ʜʠʬʫʟʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʝʧʣʦʧʨʦ-

ʚʽʜʥʦʩʪʽ [34], ʚ ʷʢʠʭ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʫʭ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʚʘʥʥʽ. 

ʋ ʜʦʩʣʽʜʥʠʢʽʚ ʥʝʤʘʻ ʻʜʠʥʦʾ ʜʫʤʢʠ ʧʨʦ ʧʨʠʯʠʥʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʨʫʭ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʚʘʥʥʽ. ʅʘ ʬʦʨʤʫ ʚʘʣʠʢʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʶʪʴ ʢʦʥʚʝʢʪʠʚʥʽ ʧʦʪʦʢʠ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ [35-45]. ʉʠʣʠ, ʷʢʽ ʦʙʫ-

ʤʦʚʣʶʶʪʴ ʢʦʥʚʝʢʮʽʁ  ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʚʘʥʥʽ ʚ ʜʘʥʠʡ ʯʘʩ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝ-

ʥʽ. ʋ ʨʦʙʦʪʘʭ [46-53] ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʧʣʠʚʫ ʩʠʣʠ ʄʘʨʘʥʛʦʥ ̔ʥʘ ʧʦʪʦʢʠ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʟʚʘʨʶ-

ʚʘʣʴʥʦʾ ʚʘʥʥʠ. ʋ ʨʦʙʦʪʘʭ [54-64] ʧʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʩʠʣʘ-

ʤʠ), ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʫʭ ʤʝʪʘʣʫ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ, ʻ: ʤʝʭʘʥʽʯʥʘ ʜʽʷ ʜʫʛʠ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʩʠʣʠ ʃʦʨʝʥʮʘ ʚ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ ʚʘʥʥʠ, ɸʨʭʤ̔ʝʜʦʚʘ ʩʠʣʘ, ʨʽ-



40 
 

ʟʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʽ ʛʫʩʪʠʥʠ ʯʝʨʝʟ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʦʙʩʷʛʦʤ ʚʘʥʥʠ. ʇʦʪʽʢ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚʪʨʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʧʨʠ 

ʨʫʩʽ ʯʝʨʝʟ ʧʦʜʦʣʘʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʥʘʧʦʨʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʭʚʦʩʪʦ-

ʚʦ ʾʯʘʩʪʠʥʠ ʽ ʩʠʣ ʦʧʦʨʫ, ʱʦ ʦʙʫʤʦʚʣʝʥ ̔ʚ'ʷʟʢʽʩʪʶ ʨʦʟʧʣʘʚʫ. 

ʇʦʢʘʟʘʥʦ [37], ʱʦ ʚ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ, ʢʦʣʠ ʚʘʥʥʘ ʥʝʛʣʠʙʦʢʘ, ʢʦʥʚʝʢʮʽʷ 

ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ, ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʽ ʪʝʨʤʦʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʥʝ ʚʽʜʽʛʨʘʻ 

ʟʥʘʯʥʦʾ ʨʦʣʽ ʚ ʧʨʦʧʣʘʚʣʝʥʥʽ. ʋ ʨʦʙʦʪʘʭ [65] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʪʦʢʠ ʚʽʜ ʝʣʝʢʪʨʦ-

ʤʘʛʥʽʪʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣ ʤʦʞʫʪʴ ʧʽʜʩʫʤʦʚʫʚʘʪʠʩʷ, ʘʙʦ ʚʽʜʥʽʤʘʪʠʩʷ ʟʘʣʝ-

ʞʥʦ ʚʽʜ ʟʥʘʢʘ ʛʨʘʜʽʻʥʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʱʦ ʧʽʜʩʠʣʶʻ ʘʙʦ ʧʨʠʛʥʽʯʫʻ ʪʝʧ-

ʣʦʧʝʨʝʥʝʩʝʥʥʷ ʚʛʣʠʙ ʚʘʥʥʠ, ʪʠʤ ʩʘʤʠʤ, ʟʙʽʣʴʰʫʶʯʠ, ʘʙʦ ʟʤʝʥʰʫʶʯʠ ʨʦʟʤʽʨʠ 

ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ. ɺ ʨʦʙʦʪʽ [66] ʧʦʢʘʟʘʥʦ, ʱʦ ʢʦʥʚʝʢʮʽʷ ʚ ʚʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʜ̔ ʜʽʻʶ, ʚ ʦʩʥʦʚʥʦʤʫ, ʪʝʨʤʦʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. ʈʦʟʨʘʭʫʥ-

ʢʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʪʝʧʣʦʧʝʨʝʥʝʩʝʥʥʽ ʚʨʘʭʫʚʘʥʥʷ ʢʨʘʪʝ-

ʨʘ ʧʽʜ ʜʫʛʦʶ ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʠʙ-

ʣʠʟʥʦ ʨʽʚʥʫ ʛʣʠʙʠʥʽ ʜʝʬʦʨʤʘʮʽʾ ʨʽʜʠʥʠ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ʜʫʛʠ [67]. ʇʨʠ 

ʟʚʘʨʶʚʘʥʥʽ ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʥʘ ʛʣʠʙʠʥʫ ʧʨʦʧʣʘʚʣʝʥʥʷ ʚʧʣʠʚʘʶʪʴ ʝʣʝʢʪ-

ʨʦʤʘʛʥʽʪʥʘ ʩʠʣʘ ʃʦʨʝʥʮʘ ʚ ʨʽʜʢʽʡ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ ʽ ʯʘʩʪʦʪʘ ʢʨʘʧʝʣʴʥʦʛʦ 

ʧʝʨʝʥʦʩʫ [68]. ʋ ʨʦʙʦʪʘʭ [69-78] ʚʠʢʦʥʫʚʘʣʠ ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦ-

ʪʦʢʽʚ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʾ ʢʨʘʧʝʣʴ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ. ɺ 

ʨʦʙʦʪʽ [69] ʥʘ ʦʩʥʦʚʽ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʟʚʘ-

ʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʛʨʠʙʦʧʦʜʽʙʥʝ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʙʫʤʦʚʣʝʥʦ ʢʨʘ-

ʧʝʣʴʥʠʤ ʧʝʨʝʥʝʩʝʥʥʷʤ, ʛʨʘʜʽʻʥʪʦʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʽ ʚ ʤʝʥʰʽʡ ʤʽʨʽ ï 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʩʠʣʦʶ. ɺ ʨʦʙʦʪʽ [70] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʽʣʴʥʠʡ ʚʧʣʠʚ ʪʝʧ-

ʣʦʚʤʽʩʪʫ ʢʨʘʧʣʽ ʽ ʩʠʣʠ ʾʾ ʫʜʘʨʫ ʦʙ ʧʦʚʝʨʭʥʶ ʚʘʥʥʠ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʛʨʠʙʦ-

ʧʦʜʽʙʥʦʛʦ ʧʝʨʝʪʠʥʫ ʰʚʘ. ʋ ʨʷʜʽ ʽʥʰʠʭ ʨʦʙʽʪ [66-68] ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝ-

ʩʫ ʫʪʚʦʨʝʥʥʷ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʦʪʨʠʤʘʥʽ ʢʘʨʪʠʥʠ ʢʦʥʚʝʢʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, 

ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʽ ʽʥʰʠʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʟʚʘ-

ʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ. 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʢʦʥʚʝʢʪʠʚʥʠʭ ʧʦʪʦʢʽʚ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ ʘʚʪʦ-

ʨʠ ʨʦʙʽʪ [54] ʚʚʘʞʘʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʩʠʣʠ. ʋ ʛʦʣʦʚʥʽʡ ʯʘʩʪʠʥʽ ʚʘʥʥʠ ʮʽ ʩʠ-
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ʣʠ ʚ 4é5 ʨʘʟʽʚ ʙʽʣʴʰʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ ʚ ʭʚʦʩʪʦʚʽʡ ʯʘʩʪʠʥʽ ʽ ʽʥʜʫʢʫʶʪʴ 

ʨʫʭ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ [54]. ʇʦʪʦʢʠ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʧʦʙʣʠʟʫ ʜʥʘ ʟʚʘʨʶʚʘ-

ʣʴʥʠʭ ʚʘʥʥ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʩʧʨʷʤʦʚʘʥʽ ʜʦ ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʠ, ʘ ʧʦʙʣʠʟʫ ʧʦ-

ʚʝʨʭʥʽ ï ʜʦ ʛʦʣʦʚʥʦʾ ʾʾ ʯʘʩʪʠʥʠ [1]. ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʚ 

ʚʘʥʥʘʭ ʤʘʣʦʛʦ ʦʙʩʷʛʫ ʚʩʷ ʤʘʩʘ ʤʝʪʘʣʫ ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʜʦ ʭʚʦʩʪʦʚʦʾ ʯʘʩ-

ʪʠʥʠ, ʫʪʚʦʨʶʶʯʠ ʟʘʚʠʭʨʝʥʥʷ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʚʘʥʥʠ [1]. 

ʐʚʠʜʢʽʩʪʴ ʧʦʪʦʢʽʚ ʚ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʽ ʚʠʟʥʘʯʘʣʠ ʚ ʨʦʙʦʪʘʭ [82-84]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʥʷ ʤʘʨʢʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʧʦʢʘʟʘʥʦ [1], 

ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʨʦʩʫʚʘʥʥʷ ʧʦʪʦʢʫ ʤʝʪʘʣʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ ʭʚʦʩʪʦʚʫ ʯʘʩʪʠ-

ʥʫ ʚʘʥʥʠ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ (1,25...3) Ā Vʟʚ. ʌʽʟʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ, ʢʦʣʠ 

ʫ ʚʘʥʥʽ ʨʫʭ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʽʥʜʫʢʫʻʪʴʩʷ ʪʽʣʴʢʠ ʩʠʣʘʤʠ ʃʦʨʝʥʮʘ, ʧʦʢʘʟʘʥʦ 

[1], ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʽʚ ʟʥʘʯʥʦ ʙʽʣʴʰʝ (ʜʦ 20Ā10
-2
 ʤ/ʩ). ʄʘʢʩʠʤʘʣʴʥʽ 

ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʜ ʝʣʝʢʪʨʦʜʦʤ (ʧʽʜ ʜʫʛʦʶ) ʽ ʚ ʟʦʥʽ ʤʝ-

ʪʘʣʫ, ʱʦ ʧʨʠʤʠʢʘʻ ʜʦ ʝʣʝʢʪʨʦʜʘ (ʜʫʛʠ). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʨʫʭ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟ ʧʝʨʝʜʥʴʦʾ ʯʘ-

ʩʪʠʥʠ ʚʘʥʥʠ ʚ ʭʚʦʩʪʦʚʫ, ʻ ʰʚʠʜʢʽʩʪʴ ʟʚʘʨʶʚʘʥʥʷ ʽ ʢʨʫʪʠʟʥʘ ʬʨʦʥʪʫ ʧʨʦ-

ʧʣʘʚʣʝʥʥʷ [1]. 

ʗʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʟʚʘʨʥʦʛʦ ʰʚʘ (ʧʦʷʚʘ ʧʽʜʨʽʟʽʚ), ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦ-

ʮʝʩʠ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʧʣʘʚʣʝʥʥ̫  ʤʝʪʘʣʫ, ʱʦ ʟʚʘʨʶ-

ʻʪʴʩʷ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʢʨʘʪʝʨʘ [1]. ɻʣʠʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ʛʣʠʙʠʥʠ ʢʨʘʪʝʨʘ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʽ ʪʦʚʱʠʥʠ ʧʨʦʰʘʨʢʫ ʨʽʜʢʦʛʦ 

ʤʝʪʘʣʫ ʧʽʜ ʜʫʛʦʶ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʧʣʘʚʣʝʥʥ̫  ʤʝʪʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʧʨʦʰʘʨʢʫ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʧʽʜ ʜʫʛʦʶ. ʎʝʡ ʰʘʨ ʤʘʻ ʟʥʘʯʥʦ ʤʝʥʰʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʥʽʞ 

ʪʚʝʨʜʠʡ ʤʝʪʘʣ. ʏʠʤ ʪʦʚʱʽ ʮʝʡ ʰʘʨ, ʪʠʤ ʙʽʣʴʰʝ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʥʴʦʤʫ, ʪʠʤ 

ʥʘ ʙʽʣʴʰʽʡ ʧʣʦʱʽ ʨʦʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʽ ʪʠʤ ʥʠʞʯʝ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʪʦʚʱʠʥʫ ʨʽʜʢʦʾ 

ʧʨʦʰʘʨʢʫ ʤʦʞʥʘ ʤʝʪʦʜʦʤ ʪʫʛʦʧʣʘʚʢʠʭ ʚʩʪʘʚʦʢ [1, 85], ʷʢʽ ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫ-

ʨʫ ʧʣʘʚʣʝʥʥʷ, ʙʣʠʟʴʢʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʤʝʪʘʣʫ, ʱʦ ʟʚʘʨʶʻʪʴʩʷ. 
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ɿʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʥʘʧʣʘʚʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʧʨʦ-

ʰʘʨʢʫ ʩʢʣʘʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ (1/2é1/3) ʅʧʨ [85]. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʨʽʜʢʦʾ ʧʨʦʰʘʨʢʫ ʧʽʜ ʜʫʛʦʶ ʤʦʞʣʠ-

ʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʰʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ [86], ʚ ʷʢʽʡ ʚʨʘʭʦʚʘʥʽ ʜʽʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ, ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ, ʩʠʣ ʪʠʩʢʫ ʜʫʛʠ ʽ ʚ'ʷʟʢʦʛʦ ʪʝʨʪʷ ʚ ʨʽʜʠ-

ʥʽ, ʘ ʪʘʢʦʞ ʤʝʪʘʣʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ. ɺ ʨʦʙʦʪʽ [87] ʚ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʩʧʦʩʪʝ-

ʨʽʛʘʻʪʴʩʷ ʬʘʢʪ ʟʩʫʚʫ ʦʩʽ ʜʫʛʠ ʚ ʥʘʧʨʷʤʢʫ ʧʝʨʝʜʥʴʦʛʦ ʬʨʦʥʪʫ ʟʚʘʨʶʚʘʣʴʥʦʾ 

ʚʘʥʥʠ ʫʪʦʯʥʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. 

ʋ ʨʦʙʦʪʘʭ [86,87] ʧʦʢʘʟʘʥʦ, ʱʦ ʪʦʚʱʠʥʘ ʨʽʜʢʦʛʦ ʧʨʦʰʘʨʢʫ ʽ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʤʝʪʘʣʫ ʚ ʥʽʡ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʥʘʧʣʘʚʣʝʥʥʷ ʽ 

ʟʚʘʨʶʚʘʥʥʷ. 

ɼʣʷ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʟ ʜʽʻʶ ʇɼʄʇ ʜʘʥʽ ʧʨʦ ʥʘʧʨʘ-

ʚʣʝʥʥʷ ʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʽʚ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʚʘʥʥʽ ʨʦʟʛʣʷʥʫʪʽ ʚ ʧ. 1.2. 

 

1.2 ɺʟʘʻʤʦʜʽʷ ʟʦʚʥʽʰʥʽʭ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʟʽ ʟʚʘʨʶʚʘʣʴ-

ʥʦʁ  ʜʫʛʦʶ ʽ ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ 

 

1.2.1 ɺʧʣʠʚ ʇɼʄʇ ʥʘ ʧʨʦʮʝʩʠ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʜʫʟʽ ʽ ʚ ʨʽʜʢʦʤʫ ʤʝ-

ʪʘʣʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ. ʅʘʢʣʘʜʝʥʥʷ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʜʫʛʫ ʇɼʄʇ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʟʤʽʥ ʬʦʨʤʠ ʜʫʛʠ ʽ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ [29, 88-90]. ɿʚʘʨʶʚʘʣʴʥʘ ʜʫʛʘ ʧʽʜ 

ʜʽʻʶ ʇɼʄʇ ʧʦʯʠʥʘʻ ʦʙʝʨʪʘʪʠʩʷ ʥʘʚʢʦʣʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ [29, 91], ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʬʦʨʤʘ ʜʫʛʠ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟ ʜʟʚʽʥʦʧʦʜʽʙʥʦʾ ʚ ʢʦʥʫʩʥʫ. ʋʩʝʨʝʜʠʥʽ ʮʴʦ-

ʛʦ ʢʦʥʫʩʘ ʻ ʧʦʨʦʞʥʠʥʘ, ʚʽʣʴʥʘ ʚʽʜ ʧʣʘʟʤʠ. ʇʝʨʝʙʫʜʦʚʘ ʜʫʛʠ ʟ ʧʨʠʨʦʜʥʦʾ ʬʦ-

ʨʤʠ ʚ ʢʦʥʫʩʦʧʦʜʽʙʥʫ ʽ ʥʘʚʧʘʢʠ ʩʣʽʜʫ ̒ʟʘ ʟʤʽʥʘʤʠ ʽʥʜʫʢʮʽʾ ʧʨʘʢʪʠʯʥʦ ʙʝʟʽʥʝ-

ʨʮʽʡʥʦ.  

ʅʘ ʢʦʞʥʫ ʟʘʨʷʜʞʝʥʫ ʯʘʩʪʠʥʢʫ ʩʪʦʚʧʘ ʜʫʛʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ ʤʘʛʥʽʪʥʦʤʫ 

ʧʦʣʽ, ʜʽʻ ʩʠʣʘ ʃʦʨʝʥʮʘ: 

 

 f = e [ ɡB], ʅ, (1.1) 

ʜʝ e ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ, ʂʣ;  
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ɡ ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʯʘʩʪʠʥʢʠ, ʤ/ʩ;  

ɺ ï ʥ̔ʜʫʢʮʽ̫  ʤʘʛʥʪ̔ʥʦʛʦ ʧʦʣʷ, ʊʣ. 

ʉʪʦʩʦʚʥʦ ʜʦ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ (ʥʘʧʣʘʚʣʝʥʥ)̫ ʜʣʷ ʚʚʝʜʝʥʥʷ ʇɼʄʇ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʩʪʨʽʡ ʚʚʝʜʝʥʥʷ (ʇɺ) ʫ ʚʠʛʣʷʜʽ ʢʨʫʛʣʦʛʦ ʬʝʨʦ-

ʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ, ʨʦʟʤʽʱʝʥʦʛʦ ʩʧʽʚʚʽʩʥʦ ʟ ʝʣʝʢʪʨʦʜʦʤ (ʨʠʩ. 1.1 [1, 92]). 

ʎʝʡ ʧʨʠʩʪʨʽʡ  ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʫ ʧʦʜʦʚʞʥʶ ʢʦʤʧʦʥʝʥʪʫ ʽʥʜʫʢʮʽʾ Bz ʚ ʟʦʥʽ 

ʜʫʛʠ, ʢʨʘʧʣʽ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʧʽʜ ʜʫʛʦʶ. ʋ ʧʦʚʝʨ-

ʭʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʧʣʘʩʪʠʥʠ ʚ ʟʦʥʽ ʜʫʛʠ ʧʦʧʝʨʝʯʥʘ ʢʦʤʧʦʥʝʥʪʘ (Bx) ʥʝʟʥʘʯʥʘ, 

ʘ ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʝʤ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʧʦʣʦʚʠʥʠ ʚʝ-

ʣʠʯʠʥʠ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ, ʷʢʫ ʛʝʥʝʨʫʻ ʇɺ ʇɼʄʇ [30]. 

 

ʈʠʩ. 1.1. ʂʦʥʩʪʨʫʢʮʽʷ ʇɺ ʇɼʄʇ, ʚʠʢʦʥʘʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʩʦʣʝʥʦʾʜʘ: 1 ï 

ʝʣʝʢʪʨʦʜ; 2 ï ʦʩʝʨʜʷ 3 ï ʦʙʤʦʪʢʘ; 4 ï ʤʫʥʜʰʪʫʢ; 5 ï ʚʠʨʽʙ (ʩʪʨʽʣʢʘʤʠ ʧʦʢʘ-

ʟʘʥʽ ʩʠʣʦʚʽ ʣʽʥʽʾ ʧʦʣʷ) [30] 

 

ɺʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʦʢ ʽ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʫʛʠ ʚ ʧʦʩʪʽʡʥʦʤʫ ʇɼʄʇ 

ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ, ʢʦʣʠ ʚʠʨʽʙ ʷʚʣʷʻ ʩʦ-

ʙʦʶ ʧʣʦʩʢʝ ʪʽʣʦ [30]. ɺʩʪʘʥʦʚʣʝʥʦ [30], ʱʦ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʜʫʛʠ ʧʨʠ 

ʚʧʣʠʚʽ ʇɼʄʇ ʦʙʫʤʦʚʣʝʥʦ ʚʟʘʻʤʦʜʽʻʶ ʚʝʢʪʦʨʘ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫ-

ʢʮʽʾ Br, ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʧʦʨʽʚʥʷʥʥʘ ʟ ʚʝʣʠʯʠʥʦʶ ʦʩʴʦʚʦ ʁʢʦʤʧʦʥʝʥʪʦ  ʁBz [30], 

ʟ ʦʩʴʦʚʦ ʁʩʢʣʘʜʦʚʦ ʁʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚ ʜʫʟʽ jz, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʘʥʠʭ ʨʦʙʽʪ 

[93], ʜʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʱʦ ʦʙʝʨʪʘʥʥʷ ʜʫʛʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʨʘʜʽʘʣʴ-

ʥʦʾ ʩʢʣʘʜʦʚʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ jr ʽ ʧʦʟʜʦʚʞʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʽʥʜʫʢʮʽʾ ʇɼʄʇ Bz. 
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ʆʙʝʨʪʘʥʥʷ ʧʣʘʟʤʠ ʩʪʦʚʧʘ ʜʫʛʠ ʦʙʫʤʦʚʣʝʥʦ ʨʫʭʦʤ ʝʣʝʢʪʨʦʥʽʚ ʧʽʜ ʜʽʻʶ 

ʇɼʄʇ. ʋ ʨʦʙʦʪʘʭ [94, 95] ʨʦʟʛʣʷʥʫʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʚ ʇɼʄʇ. ʆʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʨʘʧʣʽ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʽ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʚʠʨʘʟ. 

ʋ ʨʘʟʽ, ʢʦʣʠ ʚʠʨʽʙ ʷʚʣʷʻ ʩʦʙʦʶ ʧʣʦʩʢʝ ʪʽʣʦ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʽ ʨʦʟʧʦʜʽʣ 

ʪʠʩʢʫ ʜʫʛʠ ʧʦ ʨʘʜʽʫʩʫ ʚ ʾʾ ʧʝʨʝʪʠʥʽ, ʨʦʟʤʽʨʠ ʘʢʪʠʚʥʦʾ ʧʣʷʤʠ ʜʫʛʠ ʥʘ ʚʠʨʦʙʽ, 

ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʦ ʮʽʡ ʧʣʷʤʽ [30]. ʇʦʢʘʟʘʥʦ [30], ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥ-

ʥʽ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʪʠʩʢ ʜʫʛʠ ʥʘ ʾʾ ʦʩʽ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʠ ʽʥʜʫʢʮʽʾ ʚʠʱʝ 

40 ʤʊʣ ʥʘ ʦʩʽ ʜʫʛʠ ʫʪʚʦʨʶʻʪʴʩʷ ʨʦʟʨʷʜʞʝʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʘʥʽ ʨʦʙʦʪʠ 

[93]. ɺʩʪʘʥʦʚʣʝʥʦ [30], ʱʦ ʟʥʠʞʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚ ʮʝʥʪʨʽ ʘʥʦʜʥʦʾ ʧʣʷʤʠ 

ʽ ʾʾ ʟʙʽʣʴʰʝʥʥʷ ʚ ʧʝʨʠʬʝʨʽʡʥʠʭ ʟʦʥʘʭ ʧʣʷʤʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʢʽʣʴ-

ʮʝʚʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʜʫʛʠ ʚ ʇɼʄʇ.  

ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʘʚʨʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʩʪʘʣʝʡ ʧʦʟʜʦʚʞʥʷ 

ʢʦʤʧʦʥʝʥʪʘ Bz ʇɼʄʇ ʚ ʟʦʥʽ ʜʫʛʠ ʚ 2...3 ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʥʘ 

ʧʣʦʩʢʫ ʧʦʚʝʨʭʥʶ [96, 97]. ʐʣʷʭʦʤ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʩʦʣʝʥʦʾʜʘ 

ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʘʚʨʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʚ ʟʦʥʽ ʜʫʛʠ ʤʦʞʥʘ ʜʦʤʦʛʪʠʩʷ ʪʘʢʦʛʦ ʞ ʨʽ-

ʚʥʷ ʽʥʜʫʢʮʽʾ ʇɼʄʇ, ʷʢ ʽ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʥʘ ʧʣʦʩʢʫ ʧʣʘʩʪʠʥʫ ʧʨʠ ʨʽʚʥʽʡ ʩʠ-

ʣʽ, ʱʦ ʥʘʤʘʛʥʽʯʫʻ ʢʦʪʫʰʢʠ. 

ʈʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʽ ʧʠʪʘʥʥʷʤ ʨʫʭʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʚʘʥʥʽ ʧʨʠ ʜʫʛʦʚʦ-

ʤʫ ʟʚʘʨʶʚʘʥʥ ̔(ʥʘʧʣʘʚʣʝʥʥʽ) ʧʽʜ ʬʣʶʩʦʤ ʟ ʚʧʣʠʚʦʤ ʇɼʄʇ, ʥʝʯʠʩʣʝʥʥʽ. ʋ 

ʨʦʙʦʪʘʭ [29, 91, 98-101] ʮʽ ʧʠʪʘʥʥʷ ʨʦʟʛʣʷʜʘʣʠ ʩʪʦʩʦʚʥʦ ʟʚʘʨʶʚʘʥʥʷ ʥʝʧʣʘʚ-

ʢʠʤ ʝʣʝʢʪʨʦʜʦʤ. 

ʇʨʠ ʚʧʣʠʚʽ ʧʦʩʪʽʡʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʽʩʴ ʚʘʣʠʢʘ 

ʟʤʽʱʫʻʪʴʩʷ. ɺʩʪʘʥʦʚʣʝʥʦ [1], ʱʦ ʚʽʩʴ ʚʘʣʠʢʘ ʟʤʽʱʫʻʪʴʩʷ ʚ ʪʫ ʩʪʦʨʦʥʫ, ʢʫʜʠ 

ʨʫʭʘʻʪʴʩʷ ʨʽʜʢʠʡ ʤʝʪʘʣ ʚ ʭʚʦʩʪʦʚʽʡ ʯʘʩʪʠʥʽ ʚʘʥʥʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʠʤʽʨʘ-

ʤʠ ʧʦʧʝʨʝʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ (Vy) ʚ ʭʚʦʩʪʦʚʽʡ ʯʘʩʪʠʥʽ ʚʘʥʥʠ 

ʧʨʠ ʬʽʟʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʾʾ ʩʧʣʘʚʦʤ ɺʫʜʘ.  

ʌʽʟʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʦʢʘʟʘʥʦ [1], ʱʦ ʧʨʠ ʯʘʩʪʦʪʽ f = 5 ɻʮ ʟʥʘʢʦʟ-

ʤʽʥʥʦʛʦ ʇɼʄʇ ʯʝʨʝʟ ʟʥʘʯʥʫ ʽʥʝʨʮʽʡʥʩ̔ʪʴ ʤʘʩʠʚʥʦʾ ʨʽʜʢʦʾ ʚʘʥʥʠ ʧʦʧʝʨʝʯʥʘ 
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ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚ ʭʚʦʩʪʦʚʽʡ ʾʾ ʯʘʩʪʠʥʠ ʥʝ ʽʥʜʫʢʫʻʪʴʩʷ. ʇʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ 

ʇɼʄʇ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʩʧʨʷʤʦʚʘʥʘ ʚ ʭʚʦʩʪʦʚʫ ʯʘʩʪʠʥʫ 

ʚʘʥʥʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʝʥʥʶ ʩʪʨʫʤʫ [102]. ɿʙʽʣʴʰʝʥʥʷ ʽʥ-

ʜʫʢʮʽʾ ʧʦʣʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʥʽ ʩʪʨʫʤʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʮʽʻʾ 

ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ. ɺʩʪʘʥʦʚʣʝʥʦ [102], ʱʦ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ 

ʬʣʶʩʦʤ ʟʚʘʨʶʚʘʣʴʥʠʤ ʩʪʨʫʤʦʤ ʙʣʠʟʴʢʦ 500...1000 ɸ ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʯʘʩʪʦ-

ʪʘ ʧʦʣʷ 2...5 ɻʮ. ʆʜʥʘʢ ʧʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇɼʄʇ ʽʥʜʫʢʦʚʘʥʠʡ ʫʩʪʘʣʝʥʠʡ ʨʫʭ 

ʤʝʪʘʣʫ ʚ ʚʘʥʥʽ ʻ ʟʘʤʢʥʫʪʠʤ [102]. ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ 

ʥʝʤʘʻ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʠʢ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʫ ʽ ʨʽʚʝʥʴ 

ʽʥʜʫʢʮʽʾ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇɼʄʇ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚʘʥʥʠ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ.  

ɿʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʚ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ ʚʠʤʫʰʝʥʠʭ ʧʦʪʦʢʽʚ ʚʽʜ ʦʙ'ʻʤ-

ʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʤʫ, ʱʦ ʨʦʟʪʽʢʘʻʪʴʩʷ ʚ ʨʽʜʢʦʤʫ 

ʤʝʪʘʣʽ ʚʘʥʥʠ, ʟ ʢʝʨʫʶʯʠʤʠ ʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ ʤʦʞʣʠʚʦ ʫʧʨʘʚʣʷʪʠ ʬʦʨʤʦʶ 

ʽ ʨʦʟʤʽʨʘʤʠ ʚʘʣʠʢʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ [1, 29, 103]. ʇʦʢʘʟʘʥʦ, ʱʦ ʬʦʨʤʘ, 

ʨʦʟʤʽʨʠ ʰʚʘ ʚ ʧʝʨʝʨʽʟʽ ʽ ʷʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʰʚʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ 

ʨʫʭʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ ʧʽʜ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʇɼʄʇ. ɺʧʣʠʚ 

ʇɼʄʇ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʰʚʽʚ (ʚʘʣʠʢʽʚ) ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʥʠʞʯʝ ʚ 

ʧ. 1.4. 

1.2.2 ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʫʢʮʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʇɺ ʇɼʄʇ. ɺʠ-

ʚʯʝʥʥʷ ʙʫʜʦʚʠ ʇɼʄʇ ʚ ʟʦʥʽ ʜʫʛʠ, ʢʨʘʧʣʽ ʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʤʘʻ ʽ ʪʝʦʨʝ-

ʪʠʯʥʝ, ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ 

ʥʘʡʯʘʩʪʽʰʝ ʝʣʝʢʪʨʦʜ ʽ ʚʠʨʽʙ ʻ ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʪʽʣʘʤʠ, ʷʢʽ ʩʧʦʪʚʦʨʶʶʪʴ ʙʫ-

ʜʦʚʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʽ ʧʽʜ ʬʝʨʦʦʩʝʨʜʷʤ ʇɺ ʇɼʄʇ. ʌʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚ 

ʟʚʘʨʶʚʘʣʴʥʽʡ ʜʫʟʽ ʽ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʨʠ ʜʽʾ ʇɼʄʇ ʩʢʣʘʜʥʽ, ʽ ʥʝʜʦʩʪʘʪʥʷ ʾʭ ʚʠʚʯʝʥʽʩʪʴ ʩʪʨʠʤʫʶʪʴ ʧʨʘʢʪʠʯʥʝ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʥʘʧʣʘʚʣʝʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽ-

ʜʞʝʥʴ ʧʨʦ ʽʥʜʫʢʮʽʾ ʢʝʨʫʶʯʦʛʦ ʇɼʄʇ, ʷʢʽ ʛʝʥʝʨʫʻ ʇɺ ʇɼʄʇ, ʽ ʤʝʪʦʜʽʚ ʾʾ 

ʨʦʟʨʘʭʫʥʢʫ.  
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ɺʽʜʦʤʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʨʦʛʨʘʤʘ ANSYS ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ 

ʽʥʜʫʢʮʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʚʩ̔ʝʩʠʤʝʪʨʠʯʥʠʤ ʇɺ ʇʈʄʇ [104]. ʆʜʥʘʢ ʾʾ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʫʩʢʣʘʜʥʝʥʝ ʯʝʨʝʟ ʥʘʜʤʽʨʥʫ ʩʢʣʘʜʥʽʩʪʴ. ʋ ʨʦʙʦʪʘʭ [105, 106] ʪʘʢʝ 

ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʚʘʣʦʩʷ ʽʪʝʨʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʥʝ-

ʩʪʘʮʽʦʥʘʨʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʜʣʷ ʩʠʩʪʝʤ ʟ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʤʝʪʨʽʻʶ, ʱʦ 

ʚʢʣʶʯʘʻ ʧʨʦʚʽʜʥʽ (ʬʝʨʦʤʘʛʥʽʪʥʽ ʽ ʥʝʬʝʨʦʤʘʛʥʽʪʥʠʤʠ) ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ. 

ʋ ʨʦʙʦʪʘʭ [107,108] ʪʘʢʘ ʟʘʜʘʯʘ ʚʠʨʽʰʝʥʘ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʚʪʦʨʠʥʥʠʭ 

ʜʞʝʨʝʣ [109] ʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʩʠʤʝʪʨʠʯʥʠʭ (ʱʦʜʦ ʦʩʽ OZ ʧʦ ʨʠʩ. 

1.2, [107]), ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʮʴʦʤʫ ʧʨʦʛʨʘʤʘ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʩʪʽʰʝ, ʥʽʞ ʧʨʦ-

ʛʨʘʤʘ ANSYS. ʇʝʨʚʠʥʥʠʤ ʜʞʝʨʝʣʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʙʫʚ ʩʪʘʮʽʦʥʘʨʥʠʡ 

ʩʪʨʫʤ ʟ ʛʫʩʪʠʥʦʶ j, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʦʙʩʷʟʽ ʢʦʪʫʰʢʠ Vʢ, ʱʦ ʦʭʦʧʣʶʻ ʩʪʘʣʝʚʠʡ 

ʩʝʨʜʝʯʥʠʢ ʟ ʦʙ'ʻʤʦʤ Vʬ1, ʦʙʤʝʞʝʥʠʡ ʧʦʚʝʨʭʥʝʶ Sʬ1 [107]. ɺʪʦʨʠʥʥʠʤʠ ʜʞʝ-

ʨʝʣʘʤʠ ʚ ʮʴʦʤʫ ʧʦʣʽ ʩʣʫʞʠʣʠ ʬʽʢʪʠʚʥʽ ʤʘʛʥʽʪʥʽ ʟʘʨʷʜʠ ʟ ʦʙ'ʻʤʥʦʶ ɟʤ1 ʽ ʧʦ-

ʚʝʨʭʥʝʚʦʾ sʤ1 ʛʫʩʪʠʥʘʤʠ ʜʣʷ ʩʪʘʣʝʚʦʛʦ ʦʩʝʨʜʷ ʽ ʟ ʧʦʚʝʨʭʥʝʚʦʶ sʤ2 ʛʫʩʪʠʥʦʶ 

ʜʣʷ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʝʣʝʢʪʨʦʜʘ. ɺʽʜʥʦʩʥʫ ʤʘʛʥʽʪʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʬʝʨʦʤʘʛʥʽʪ-

ʥʦʛʦ ʦʩʝʨʜʷ ɛ'1 ʙʨʘʣʠ, ʷʢ ʟʘʣʝʞʥʫ ʚʽʜ ʢʦʦʨʜʠʥʘʪ ʽ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʚ ʪʦʯʮʽ, ʘ ʤʘʛʥʽʪʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʚʩʝʨʝʜʠʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʜʨʦʪʫ ɛ'2 ʟʘ-

ʜʘʚʘʣʠ ʧʦʩʪʽʡʥʦʶ.  

 

ʈʠʩ 1.2. ʉʭʝʤʘ ʩʦʣʝʥʦʾʜʘ ʇɼʄʇ: 1 - ʟʚʘʨʶʚʘʣʴʥʠʡ ʜʨʽʪ; 2 - ʦʩʝʨʜʷ; 3 - 

ʚʠʪʢʠ ʢʦʪʫʰʢʠ (ʤʽʜʴ); 4 - ʚʠʨʽʙ (ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʨʦʟʰʠʬʨʦʚʘʥʽ ʚ ʪʝʢʩʪʽ) 

[107] 



47 
 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 
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ʜʝ n1Q, n2Q ï ʦʜʠʥʠʯʥʽ ʥʦʨʤʘʣʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʚʝʨʭʥʽ ʩʪʘʣʝʚʦʛʦ ʬʝʨʦ-

ʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ ʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʝʣʝʢʪʨʦʜʘ. 

 

ʉʠʩʪʝʤʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (1.2) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʨʽʚʥʦʩʪʽ  ʥʫ-

ʣʶ  ʤʘʛʥʽʪʥʠʭ ʟʘʨʷʜʽʚ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [107] ʚʠʨʽʰʫʚʘʣʠ ʤʝʪʦʜʦʤ ʙʣʦʯʥʦʾ 

ʽʪʝʨʘʮʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʨʦʟʤʽʨʠ ʩʦʣʝʥʦʾʜʘ ʩʪʦʩʦʚʥʦ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʽ 

ʚ ʇɼʄʇ ʟʚʘʨʶʚʘʣʴʥʠʤ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ. ʇʦʢʘʟʘʥʦ [107], ʱʦ ʜʣʷ ʩʦʣʝʥʦ-

ʾʜʘ ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʤ ʦʩʝʨʜʷʤ ʦʧʪʠʤʘʣʴʥʠʤ ʜʽʘʤʝʪʨʦʤ ʮʴʦʛʦ ʦʩʝʨʜʷ ʻ dʥ = 

(50é60)Āʤʤ, ʜʣʷ ʩʦʣʝʥʦʾʜʘ ʙʝʟ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ ï dʥ = 152Āʤʤ. ʇʦʢʘ-

ʟʘʥʦ [107], ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʚ 

2...3 ʨʘʟʠ ʽʥʜʫʢʮʽʶ Bz (ʧʨʠ dʥ Ò 60Ā10
-3
 ʤ) ʽ ʟʤʝʥʰʠʪʠ ʜʽʘʤʝʪʨ ʩʦʣʝʥʦʾʜʘ ʚ 

3 ʨʘʟʠ, ʟʨʦʙʠʚʰʠ ʢʦʥʩʪʨʫʢʮʽʶ ʇɺ ʇʈʄʇ ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʶ. 

ɺ ʨʦʙʦʪʽ [107] ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʞʘʭ 

ʟʤʝʥʰʫʚʘʪʠ ʚʠʩʦʪʫ ʢʦʪʫʰʢʠ H ʩʦʣʝʥʦʾʜʘ, ʘ ʥʘʧʣʘʚʣʝʥʥʷ (ʟʚʘʨʶʚʘʥʥʷ) ʚʠʢʦ-

ʥʫʚʘʪʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ (ʧʦ ʤʦʞʣʠʚʦʩʪʽ) ʜʽʘʤʝʪʨʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ. 
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ʆʜʥʘʢ ʯʠʩʝʣʴʥʝ ʨʽʰʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦ-

ʜʦʤ ʙʣʦʯʥʦʾ ʽʪʝʨʘʮʽʾ ʫʩʢʣʘʜʥʶʻ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ (ʥʘʧʣʘʚ-

ʣʝʥʥʷ) ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʽʥʜʫʢʮʽʾ ʇɼʄʇ, ʪʦʤʫ ʚʘʞʣʠʚʠʤ ʻ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʧʨʦʩʪʦʾ ʫ ʚʠʢʦ-

ʨʠʩʪʘʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʝʪʦʜʠʢʠ. ʊʘʢʦʞ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ-

ʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʇɼʄʇ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ, ʢʦʣʠ ʚʠʨʽʙ ʽ ʝʣʝʢʪ-

ʨʦʜ ʻ ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʪʽʣʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʬʝʨʦ-

ʤʘʛʥʽʪʥʽ ʪʽʣʘ (ʝʣʝʢʪʨʦʜ, ʚʠʨʽʙ, ʩʝʨʜʝʯʥʠʢ ʩʦʣʝʥʦʾʜʘ) ʤʘʶʪʴ ʨʽʟʥʽ ʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ (ʤʘʛʥʽʪʥʫ ʧʨʦʥʠʢʥʽʩʪʴ). ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʥʘʯʝʥʴ ʽʥʜʫʢʮʽʾ ʚ ʟʘʟʦ-

ʨʽ ʤʽʞ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʽ ʚʠʨʦʙʦʤ (ʧʣʦʩʢʦʶ ʧʣʘʩʪʠʥʦʶ) ʨʦʟʨʘʭʫʥʢʦʚʠʤ, 

ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʘʚʪʦʨʠ ʨʦʙʽʪ [105, 107] ʟʘʟʚʠʯʘʡ ʥʝ ʨʦʟʛʣʷ-

ʜʘʣʠ (ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ) ʩʪʘʥ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʮʠʭ ʪʽʣ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʤʘʛ-

ʥʽʯʫʚʘʣʴʥʦʶ ʩʠʣʦʶ ʦʙʤʦʪʢʠ ʩʦʣʝʥʦʾʜʘ (ʨʽʚʥʝʤ ʅ) ʽ ʚʝʣʠʯʠʥʦʶ ɛ ʤʘʪʝʨʽʘʣʫ, 

ʘ ʪʘʢʦʞ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ ʟʘʣʝʞʥʽʩʪʴ ɛ ʚʽʜ ʅ. ʎʝ ʧʠʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥ-

ʥ.̫ 

1.2.3 ɺʧʣʠʚ ʇʆʄʇ ʥʘ ʧʨʦʮʝʩʠ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʜʫʟʽ ʽ ʨʽʜʢʦʤʫ ʤʝ-

ʪʘʣʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ. ʈʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʽ ʧʠʪʘʥʥʷʤ ʜʽʾ ʇʆʄʇ ʥʘ ʧʨʦ-

ʮʝʩʠ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʜʫʟʽ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ (ʥʘʧʣʘʚʣʝʥʥʽ) ʧʽʜ ʬʣʶ-

ʩʦʤ, ʥʝʯʠʩʣʝʥʥʽ. ʋ ʨʦʙʦʪʘʭ [110,111] ʮʽ ʧʠʪʘʥʥʷ ʨʦʟʛʣʷʜʘʣʠ ʩʪʦʩʦʚʥʦ 

ʟʚʘʨʶʚʘʥʥʷ ʥʝʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚ ʘʨʛʦʥʽ. ɺʠʢʦʥʘʥʦ ʪʘʢʦʞ ʘʥʘʣʽʟ ʝʬʝʢʪʠ-

ʚʥʦʩʪʽ ʜʽʾ ʇʆʄʇ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽ ʷʢʽʩʪʴ ʰʚʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʣʠʚʫ ʢʝʨʫʶʯʠʭ ʇʆʄʇ ʥʘ ʨʦʟʤʽʨʠ ʚʘ-

ʣʠʢʘ (ʰʚʘ) ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʻ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʭʠ-

ʣʝʥʴ ʘʢʪʠʚʥʦʾ ʧʣʷʤʠ ʜʫʛʠ ʥʘ ʚʠʨʦʙʽ. ɼʣʷ ʩʧʦʩʦʙʫ ʟʚʘʨʶʚʘʥʥʷ ʧʽʜ ʬʣʶʩʦʤ ʚ 

ʨʦʙʦʪʽ [1] ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʦʛʦ 

ɺ.ʉ. ʄʝʯʝʚʠʤ [1]. ʋ ʮʴʦʤʫ ʧʽʜʭʦʜʽ ʚʽʩʴ ʩʪʦʚʧʘ ʜʫʛʠ, ʚʽʜʭʠʣʝʥʦʛʦ ʟʦʚʥʽʰʥʽʤ 

ʧʦʧʝʨʝʯʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʟʘʡʤʘʻ ʪʘʢʽ ʪʦʯʢʠ ʧʨʦʩʪʦʨʫ ʚ ʟʦʥʽ ʤʽʞ ʝʣʝʢʪ-

ʨʦʜʘʤʠ, ʚ ʷʢʠʭ ʩʫʤʘʨʥʘ ʚʝʣʠʯʠʥʘ ʽʥʜʫʢʮʽʾ ʜʦʨʽʚʥʶʻ ʥʫʣʶ.  
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ɺ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 1.3, ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ ʚʽʜ 

ʩʪʨʫʤʫ ʚ ʚʠʣʴʦʪʽ ʝʣʝʢʪʨʦʜʘ ʧʽʜ ʡʦʛʦ ʪʦʨʮʝʤ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ [1]: 
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ɺ ʨʦʙʦʪʽ [1] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʦʾ ʤʦʜʝʣʽ ʩʪʦʚʧʘ ʜʫʛʠ 

ʜʦ ʢʦʥʽʯʥʦʾ (ʧʨʠ ʦʙʣʽʢʫ ʚʣʘʩʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʩʪʦʚʧʘ ʜʫʛʠ) ʟʤʽʥʶʻ ʨʝ-

ʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 9%. ʊʦʤʫ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʮʠʣʽʥʜʨʠʯʥʦʾ ʤʦʜʝʣʽ ʩʪʦʚʧʘ ʜʫʛʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʚʣʘʩʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

 

ʈʠʩ. 1.3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʚʽʜ ʩʪʨʫʤʫ ʚ ʚʠʣʴʦʪʽ ʝʣʝʢʪʨʦʜʘ ʧʽʜ ʡʦʛʦ ʪʦʨʮʝʤ [1] 

 

ɼʣʷ ʚʚʝʜʝʥʥʷ ʇʆʄʇ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ ʥʘʡʯʘʩ-

ʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʟ ʇ-ʧʦʜʽʙʥʠʤ ʩʝʨʜʝʯʥʠʢʦʤ [1, 31, 112-

114].  
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ɺ ʨʦʙʦʪʽ [112] ʚʠʚʯʘʣʠ ʚʧʣʠʚ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʥʘ ʚʽʜʭʠʣʝʥʥʷ ʦʩʽ ʚʘ-

ʣʠʢʘ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʜʨʦʪʦʤ ʉʚ-06X18H9T ʜʽʘʤʝʪʨʦʤ 4Āʤʤ. 

ʆʩʴ ʚʘʣʠʢʘ ʚʽʜʭʠʣʷʻʪʴʩʷ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʚʽʜʭʠʣʝʥʥʷ ʦʩʽ ʚʘʣʠʢʘ 

(Dʤʘʭ) ʟʘʜʦʚʽʣʴʥʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʦʩʥʦ-

ʚʽ ʤʝʪʦʜʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ɺ.ʉ. ʄʝʯʝʚʠʤ [112] ʽ ʧʨʘʢʪʠʯʥʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʚʝʣʠʯʠʥʽ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ Bx (ʨʠʩ. 1.4). ʊʘʢʦʞ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʥʘ 

ʟʤʽʱʝʥʥʷ ʧʣʷʤʠ ʜʫʛʠ ʥʘ ʚʠʨʦʙʽ ʜʦʜʘʪʢʦʚʦ ʚʧʣʠʚʘʶʪʴ ʩʠʣʠ ʃʦʨʝʥʮʘ ʚ ʜʫʟʽ ʽ ʚ 

ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ ʚʘʥʥʠ. 

ʇʨʠ ʟʤʽʥʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʯʘʩʪʦʪʦʶ f = 0,5 ɻʮ, ʚʽʩʴ ʚʘʣʠʢʘ ʟʤʽʱʫ-

ʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʘʩʪʦʪʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʘʣʝ ʟʤʽʱʝʥʥʷ ʦʩʽ ʚʘʣʠʢʘ ʚ 2-3 

ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʩʫʚ ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʧʦʣʷ. ɺ 

ʨʦʙʦʪʽ [112] ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʚʽʩʴ ʚʘʣʠʢʘ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ 

ʟʤʽʱʫʻʪʴʩʷ ʚʩʷ ʩʠʩʪʝʤʘ: ʜʫʛʘ ï ʰʣʘʢʦ-ʛʘʟʦʚʘ ʧʦʨʦʞʥʠʥʘ. ɿʘʟʥʘʯʝʥʘ ʩʠʩʪʝʤʘ 

ʟʤʽʱʫʻʪʴʩʷ, ʷʢʱʦ ʯʘʩʪʦʪʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ f ¢ 1 ɻʮ. 
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 ʂʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ Bx, ʤʊʣ 

 

ʈʠʩ. 1.4. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʱʝʥʥʷ ʧʣʷʤʠ ʜʫʛʠ ʥʘ ʚʠʨʦʙʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦ-

ʧʝʨʝʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽʥʜʫʢʮʽʾ Bx ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ: 1 - ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ (dʝ = 

5 ʤʤ; Iʥ = 800A); 2, 3, 4 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ; 2 ï dʝ = 5ʤʤ; Iʥ = 800A; 3 ï 

dʝ = 5 ʤʤ; Iʥ = 500A; 4 ï de = 4 ʤʤ; Iʥ = 500A [112] 
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ɺ ʨʦʙʦʪʽ [1] ʥʘʚʝʜʝʥʠʡ ʇɺ ʇʆʄʇ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʇ-ʧʦʜʽʙʥʦʛʦ ʦʩʝ-

ʨʜʷ ʽ ʢʦʪʫʰʢʠ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʦʩʝʨʜʽ. ʇɺ ʇʆʄʇ ʢʨʽʧʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʭʦʤʫʪʽʚ ʜʦ ʤʫʥʜʰʪʫʢʘ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʘ ʽ ʞʠʚʠʣʦʩʴ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ 

ʯʘʩʪʦʪʦʶ 50 ɻʮ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫ ʧʦʚʝʨʭʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʧʣʘʩʪʠʥʠ ʧʦʧʝʨʝʯʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ Bx ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʮʝʥʪʨʽ ʩʠʩʪʝʤʠ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ ʦʩʽ 

ʝʣʝʢʪʨʦʜʘ ʜʦ ʧʦʣʶʩʽʚ ʦʩʝʨʜʷ. ʇʦʢʘʟʘʥʦ [1], ʱʦ ʧʦʧʝʨʝʯʥʫ ʢʦʤʧʦʥʝʥʪʫ ʽʥʜʫ-

ʢʮʽʾ Bx ʤʦʞʣʠʚʦ ʨʝʛʫʣʶʚʘʪʠ ʘʙʦ ʚʽʜʩʪʘʥʥʶ ʚʽʜ ʥʠʞʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʦʣʶʩʽʚ ʜʦ 

ʧʣʘʩʪʠʥʠ ʘʙʦ ʩʪʨʫʤʦʤ ʚ ʢʦʪʫʰʮʽ ʇɺ ʇʆʄʇ. ɺʠʤʽʨʘʤʠ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʽʚ ʚ 

ʨʽʜʢʽʡ ʤʦʜʝʣʴʥʽʡ ʚʘʥʥʽ ʧʨʠ ʜʽʾ ʇʆʄʇ ʯʘʩʪʦʪʦʶ f = 50 ɻʮ ʥʘ ʟʦʥʫ ʜʫʛʠ, ʧʦʢʘ-

ʟʘʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʽ ʚʝʣʠʯʠʥʘ ʩʢʣʘʜʦʚʠʭ ʧʦʪʦʢʽʚ ʫ ʚʘʥʥʽ ʟʘʣʠʰʘʶʪʴʩʷ ʪʘʢʠʤʠ 

ʞ, ʷʢ ʽ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʧʝʨʝʯʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʇʨʠ ʯʘʩʪʦʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ f = 1...2 ɻʮ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ ʚ ʭʚʦʩʪʦʚʽʡ ʯʘʩʪʠʥʽ ʚʘʥʥʠ ʟʥʘʯʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʩʠʣʠ ʃʦʨʝʥʮʘ ʽ 

ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʽʚ ʚ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ ʚʘʥʥʠ (Vy = 0,1 ʤ/ʩ ʧʨʠ ʚʝʣʠʯʠʥʽ Bx = 

20 ʤʊʣ ʽ ʩʪʨʫʤʽ ʚ ʨʽʜʠʥʠ I = 500 ɸ). ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʚʽʜ 1 ʜʦ 5 ɻʮ 

ʰʚʠʜʢʽʩʪʴ Vy ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ [1], ʱʦ 

ʝʬʝʢʪ ʨʦʟʰʠʨʝʥʥʷ ʚʘʣʠʢʘ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʧʨʠ ʯʘʩʪʦʪʽ ʢʝʨʫʶ-

ʯʠʭ ʧʦʧʝʨʝʯʥʠʭ ʧʦʣʽʚ f = 50 ɻʮ ʦʪʨʠʤʘʥʦ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʩʪʨʫʤʫ ʚ ʟʚʘʨʶ-

ʚʘʣʴʥʽʡ ʜʫʟʽ ʟ ʢʝʨʫʶʯʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʨʫʭʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʇʆʄʇ ʤʝʪʦ-

ʜʦʤ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚ ʨʦʙʦʪʽ [115, 116]. ʋ ʮʠʭ ʨʦ-

ʙʦʪʘʭ ʚʠʟʥʘʯʝʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʽʚ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʦʜʥʘʢ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʠ-

ʢʦʥʘʥʽ ʟ ʜʽʻʶ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ. ɼʦ ʪʦʛʦ ʞ ʚ ʛʦʣʦʚʥʽʡ ʯʘʩʪʠʥʽ ʚʘʥʥʠ ʨʽʜʢʠʡ 

ʤʝʪʘʣ ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʘʣʦʤ ʚ ʭʚʦʩʪʦʚʽʡ ʯʘ-

ʩʪʠʥʽ ʚʘʥʥʠ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ). ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʜʫʛʦ-

ʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥʥʽ) ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʢʦʟʤʽʥʥʽ 

ʇʆʄʇ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʛʘʨʥʝ ʬʦʨʤʫʚʘʥʥʷ ʚʘʣʠʢʽʚ 

(ʰʚʽʚ). ʇʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʽʥʜʫʢʫʚʘʚʩʷ ʫʩʪʘʣʝʥʠʡ ʨʫʭ ʤʝʪʘʣʫ ʚ ʚʘʥʥʽ, 

ʷʢʠʡ ʻ ʟʘʤʢʥʫʪʠʤ [116], ʷʢ ʽ ʚ ʨʦʙʦʪʽ [1] ʧʨʠ ʬʽʟʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʪʦʢʽʚ 
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ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʚʘʥʥʽ. ɼʘʥʽ ʨʦʙʦʪʠ [116] ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʽ ʥʘ ʚʘ-

ʨʽʘʥʪ, ʢʦʣʠ ʥʘ ʨʽʜʢʠʡ ʤʝʪʘʣ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʚʧʣʠʚʘʻ ʟʥʘʢʦʟʤʽʥʥʽ (ʫ ʚʠ-

ʛʣʷʜʽ ʽʤʧʫʣʴʩʽʚ ʟ ʧʝʚʥʦʶ ʯʘʩʪʦʪʦʶ) ʇʆʄʇ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʦ ʚʠ-

ʟʥʘʯʠʪʠ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʫʢʮʽʾ ʽ ʯʘʩʪʦʪʦʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ 

ʇʆʄʇ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ (ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʚʘʥʥʠ) ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥʥʽ) ʜʨʦʪʦʤ ʧʽʜ 

ʬʣʶʩʦʤ ʽ ʨʦʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʝʪʦʜʠʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʰʚʠʜ-

ʢʽʩʪʴ ʧʦʪʦʢʽʚ ʫʟʜʦʚʞ ʦʩʽ ʚʘʥʥʠ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʜʨʦ-

ʪʦʤ ʧʽʜ ʬʣʶʩʦʤ ʟ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇʆʄʇ. 

1.2.4 ʇʨʠʩʪʨʦʾ ʚʚʝʜʝʥʥʷ ʇʆʄʇ ʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʫʢʮʽʾ ʚ ʟʦʥʽ 

ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʦʶ ʤʝʪʘʣʫ 

ʚʘʥʥʠ ʽ ʨʦʟʤʽʨʘʤʠ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʥʝʦʙʭʽʜʥʘ ʦʧʪʠʤʘ-

ʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʇɺ ʇʆʄʇ.  

ɺ ʨʦʙʦʪʽ [31] ʧʨʝʜʩʪʘʚʣʝʥʦ ʇɺ ʇʆʄʇ ʟ ʇ-ʧʦʜʽʙʥʠʤ ʦʩʝʨʜʷʤ ʽ ʩʪʨʠʞ-

ʥʷʤʠ ʟʽ ʟʤʽʥʥʠʤ ʧʝʨʝʪʠʥʦʤ ʧʦʣʶʩʽʚ (ʨʠʩ. 1.5) ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʜʨʦʪʦʤ ʉʚ-

08ɻɸ ʧʽʜ ʬʣʶʩʦʤ ʢʽʣʴʮʝʚʠʭ ʧʦʚʦʨʦʪʥʠʭ ʩʪʠʢʽʚ ʪʨʫʙ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 

11...12 ʤʤ. ʅʘ ʩʪʨʠʞʥʷʭ ʦʩʝʨʜʷ ʨʦʟʪʘʰʦʚʘʥʽ ʢʦʪʫʰʢʠ, ʚʠʢʦʥʘʥʽ ʧʨʦʚʦʜʦʤ 

ʇɽʃ ʜʽʘʤʝʪʨʦʤ 1 ʤʤ. 

 

 

 

ʈʠʩ. 1.5. ʉʭʝʤʘ ʇɺ ʇʆʄʇ ʟʽ ʟʤʽʥʥʠʤ ʧʝʨʝʪʠʥʦʤ ʧʦʣʶʩʽʚ  
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ʇʦʢʘʟʘʥʦ [31], ʱʦ ʜʣʷ ʷʢʽʩʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʰʚʘ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ 

ʟʤʽʥʥʦʤʫ ʇʆʄʇ ʥʝʦʙʭʽʜʥʠʡ ʧʝʨʝʪʠʥ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ 25ʭ25 ʤʤ ʽ ʧʦʚʽʪʨʷ-

ʥʠʤ ʟʘʟʦʨʦʤ ʤʽʞ ʧʦʣʶʩʘʤʠ 20...30 ʤʤ ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʘʤʧʝʨ-ʚʠʪʢʽʚ 

3000...7500. ʇʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʨʦʩʪʘʥʥʷ ʽʥʜʫ-

ʢʮʽʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʘʤʧʝʨ-ʚʠʪʢʽʚ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʨʠ ʚʝʣʠʯʠʥʽ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘ-

ʟʦʨʫ 30 ʤʤ. ʊʘʢʦʞ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʢʦʨʦʪʢʦʶ ʜʫʛʦʶ ʽ ʥʘʢʣʘ-

ʜʝʥʥʷ ʥʠʞʥʽʭ ʰʚʽʚ ʧʨʠ ʙʘʛʘʪʦʧʨʦʭʽʜʥʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʜʦʮʽʣʴʥʽʰʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ ʟ ʚʝʣʠʢʠʤ ʧʦʚʽʪʨʷʥʠʤ ʟʘʟʦʨʦʤ ʤʽʞ ʧʦʣʶʩʘʤʠ. 

ʆʜʥʘʢ ʚ ʮʽʡ ʨʦʙʦʪʽ ʚʠʤʽʨʶʚʘʣʘʩʷ ʣʠʰʝ ʧʦʧʝʨʝʯʥʘ ʢʦʤʧʦʥʝʥʪʘ Bx, ʷʢʘ ʚʠ-

ʢʣʠʢʘʣʘ ʢʦʣʠʚʘʥʥʷ ʜʫʛʠ, ʘ ʧʦʟʜʦʚʞʥʷ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ Bz ʥʝ ʚʠʤʽʨʶʚʘ-

ʣʘʩʴ. ʊʘʢ ʷʢ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʬʝʨʦʤʘʛʥʽʪʥʽ ʝʣʝʢʪʨʦʜ ʽ 

ʚʠʨʽʙ, ʪʦ ʥʘ ʜʫʛʫ ʽ ʨʽʜʢʠʡ ʤʝʪʘʣ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ, ʘ, ʦʪʞʝ, ʽ ʥʘ ʬʦʨʤʫ 

ʰʚʘ ʤʦʛʣʘ ʚʧʣʠʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʧʦʧʝʨʝʯʥʘ, ʘʣʝ ʽ ʧʦʟʜʦʚʞʥʷ ʢʦʤʧʦʥʝʥʪʘ ʤʘʛ-

ʥʽʪʥʦʛʦ ʧʦʣ.̫ 

ɺ ʨʦʙʦʪ̔ [113] ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʇɺ ʇʆʄʇ ʟ ʇ-ʧʦʜʽʙʥʠʤ ʩʝ-

ʨʜʝʯʥʠʢʦʤ (ʨʠʩ. 1.6) ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʧʽʜ ʬʣʶʩʦʤ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʨʘʟʢʽʚ ʟʽ 

ʩʪʘʣʽ 45 ʜʨʦʪʦʤ ʅʧ-30ʍɻʉɸ. ʆʜʥʘʢ ʪʘʢʠʡ ʇɺ ʇʆʄʇ ʥʝ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫ-

ʚʘʪʠ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ (ʟʚʘʨʶʚʘʥʥʷ) ʧʣʦʩʢʠʭ ʚʠʨʦʙʽʚ. 

 

 

ʈʠʩ. 1.6. ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʚʚʝʜʝʥʥʷ ʇʆʄʇ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ ʟʚʘʨʶʚʘʣʴ-

ʥʦʾ ʜʫʛʠ: 1 ï ʟʨʘʟʦʢ, ʱʦ ʥʘʧʣʘʚʣʷʻʪʴʩʷ; 2 - ʝʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ; 3 - ʤʘʛʥʽʪʥʽ ʩʠ-

ʣʦʚʽ ʣʽʥʽʾ; 4 - ʩʪʦʚʧ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ; 5 - ʩʝʨʜʝʯʥʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ; 6 - ʢʦ-

ʪʫʰʢʘ [113] 
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ʅʘʷʚʥʽʩʪʴ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʧʣʘʩʪʠʥʠ ʚ 4...6 ʨʘʟʽʚ ʟʤʝʥʰʫʚʘʣʦ ʚʝʣʠʯʠʥʫ 

Bx ʽ ʟʙʽʣʴʰʫʚʘʣʦ ʧʦʟʜʦʚʞʥʶ ʢʦʤʧʦʥʝʥʪʫ ʽʥʜʫʢʮʽʾ Bz, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʰʫʥʪʫ-

ʚʘʥʥʷʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʬʝʨʦʤʘʛʥʝʪʠʢʘʤʠ [1]. ʊʦʤʫ ʚʧʣʠʚ ʇʆʄʇ ʥʘ ʛʝʦʤʝ-

ʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʰʚʽʚ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ, ʧʦʢʘʟʘʥʽ ʚ ʨʦʙʦ-

ʪʘʭ [114], ʧʦʚ'ʷʟʘʥʽ ʚʧʣʠʚʦʤ ʥʝ ʪʽʣʴʢʠ ʧʦʧʝʨʝʯʥʦʾ, ʘ ʡ ʧʦʟʜʦʚʞʥʴʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇʆʄʇ. 

ɺ ʨʦʙʦʪʽ [113] ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʇʆʄʇ ʧʨʠ ʜʫʛʦʚʦ-

ʤʫ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʪʝʣ. ʂʨʽʤ ʪʦʛʦ, ʚ ʨʦʙʦʪʘʭ [1, 

112, 113] ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʨʦ ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʇɺ 

ʇʆʄʇ. 

ɺ ʨʦʙʦʪʽ [117] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 4-ʭ ʩʪʨʠʞʥʝʚʠʡ ʧʨʠʩʪʨʽʡ. ɼʚʘ ʝʣʝʢʪʨʦ-

ʤʘʛʥʽʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘʜ ʧʣʘʩʪʠʥʦʶ, ʱʦ ʟʚʘʨʶʻʪʴʩʷ, ʟ ʨʽʟʥʠʤʠ ʧʦʣʶʩʘʤʠ ʥʘ 

ʪʦʨʮʷʭ ʩʪʨʠʞʥʽʚ ʽ ʜʚʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ - ʧʽʜ ʧʣʘʩʪʠʥʦʶ, ʱʦ ʟʚʘʨʶʻʪʴʩʷ, ʷʢ ʜʟʝ-

ʨʢʘʣɹʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜ ʚʝʨʭʥʽʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʪʽʣʴ-

ʢʠ ʧʦʧʝʨʝʯʥʫ ʢʦʤʧʦʥʝʥʪʫ Bx ʟ ʜʫʞʝ ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤ-

ʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bz ʇʆʄʇ. ʆʜʥʘʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧ ʜʦ ʟʚʦʨʦʪʥʦʾ ʩʪʦʨʦʥʠ ʰʚʘ ʽ ʜʦʪʨʠʤʘʪʠ ʧʘʨʘ-

ʣʝʣʴʥʽʩʪʴ ʦʜʠʥ ʦʜʥʦʤʫ ʩʪʨʠʞʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʠʨʽʙ ʥʝ ʧʦʚʠʥʥʠʡ ʙʫʪʠ ʬʝʨʦ-

ʤʘʛʥʝʪʠʢʦʤ. 

ɼʦʮʽʣʴʥʽʰʝ ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʇɺ ʇʆʄʇ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟ-

ʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʠʢ ʟ ʧʦʜʘʣʴʰʠʤʠ ʧʨʘʢʪʠʯʥʠʤʠ ʚʠʤʽʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʤʘʛʥʽ-

ʪʥʦʛʦ ʧʦʣʷ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝ-

ʩʫ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ (ʥʘʧʣʘʚʣʝʥʥʷ) ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʨʽʚʥʷ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bx ʇʆʄʇ ʚ ʟʦʥʽ ʜʫʛʠ, ʝʣʝʢʪʨʦʜʥʦʾ 

ʢʨʘʧʣʽ ʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʚʝʣʠʯʠʥʽ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bz. 
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ɺ ʨʦʙʦʪʽ [109] ʥʘʚʝʜʝʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʪʽʣʴʢʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʆʜʥʘʢ ʜʣʷ ʇɺ ʇʆʄʇ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶ-

ʚʘʥʥ ̔(ʥʘʧʣʘʚʣʝʥʥʽ) ʥʝʦʙʭʽʜʥʽ ʣʦʢʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʋ 

ʥʘʷʚʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ [33, 109, 118-121] ʥʝ ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʠ ʚʠ-

ʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʙʫʜʦʚʫ ʇʆʄʇ ʘʚ-

ʪʦʨʠ [122] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʚʠʨʘʟ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʦʟ-

ʜʦʚʞʥʶ ʢʦʤʧʦʥʝʥʪʫ Bz ʥ̔ʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʦʜʠʥʦʯʥʠʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʤ.  

ɺ ʨʦʙʦʪʽ [123] ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʤʠʯʢʠ ʤʽʞ ʩʪʨʠʞʥʷʤʠ ʟ ʢʦ-

ʪʫʰʢʘʤʠ ʚ ʇɺ ʇʆʄʇ ʧʽʜʚʠʱʫʻ ʥʘ 20...30 % ʨʽʚʝʥʴ ʽʥʜʫʢʮʽʾ Bz ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʘʨʽʘʥʪʦʤ, ʢʦʣʠ ʧʝʨʝʤʠʯʢʠ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʪʨʠʞʥʽʚ ʇɺ ʇʆʄʇ ʥʝʤʘʻ. 

ʌʽʟʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʦ [124], ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢ-

ʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʦʧʪʠʤʘʣʴʥʠʤʠ ʻ 

ʪʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʇɺ ʇʆʄʇ, ʚ ʷʢʠʭ ʢʫʪ ʥʘʭʠʣʫ ʩʪʨʠʞʥʽʚ ʜʦ ʚʝʨʪʠʢʘʣʽ ʩʪʘʥʦ-

ʚʠʪʴ ʜʦ Ŭ = 45Á, ʘ ʪʦʨʮʝʚʽ ʧʦʚʝʨʭʥʽ ʾʭ ʤʘʶʪʴ ʩʢʦʩʠ, ʧʘʨʘʣʝʣʴʥʽ ʧʣʦʱʠʥʽ ʟʚʘ-

ʨʶʶʪʴʩʷ ʧʣʘʩʪʠʥ. 

ɺ ʨʦʙʦʪʽ [31] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʫ-

ʢʮʽʾ ʇʆʄʇ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ ʝʣʝʢʪʨʦʩʪʘʪʠʢʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘ-

ʣʦʛʽʾ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ ʧʦʣʝʤ [109], ʷʢʙʠ 

ʦʩʪʘʥʥ ̒ʛʝʥʝʨʫʚʘʣʦʩʷ ʘʥʘʣʦʛʽʯʥʠʤʠ ʟʘʨʷʜʞʝʥʠʤʠ ʪʽʣʘʤʠ. ʈʦʟʧʦʜʽʣ ʥʘʧʨʫ-

ʞʝʥʦʩʪʽ ʧʦʣʷ ʦʙʯʠʩʣʶʚʘʣʠ ʚʽʜ ʜʽʾ ʟʘʨʷʜʽʚ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʨʠʞ-

ʥʽʚ ʇɺ ʇʆʄʇ ʟʘ ʩʭʝʤʦʶ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.7. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʢʦʤʧʦʥʝʥʪ ʥʘ-

ʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ ʫʟʜʦʚʞ ʦʩʽ ʆʍ ʚ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ, 

ʙʣʠʟʴʢʽ ʜʣʷ ʙʫʜʦʚʠ ʧʦʣʷ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʨʝʘʣʴʥʠʤ ʇɺ ʇʆʄʇ  (ʨʠʩ. 1.8) 

[109].  

ɺ ʨʦʙʦʪʽ [27] ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ ʝʣʝʢʪʨʦʩʪʘ-

ʪʠʢʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 
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ʧʦʣʷ, ʱʦ ʤʦʜʝʣʶʻ ʇʆʄʇ ʽ ʽʥʜʫʢʮʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʨʝʘʣʴʥʠʤʠ ʇɺ ʇʆʄʇ, ʚ 

ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʟʜʽʡʩʥʶʶʪʴ ʪʦʨʮʽ ʇɺ ʇʆʄʇ. 

 

 

 

ʈʠʩ. 1.7. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʟʘʨʷʜʽʚ ʚ ʩʪʨʠʞʥʷʭ ʜʣ ̫ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦ-

ʜʽʣʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ɽx ʽ ɽz ʚʽʜ ʜʽʾ ʟʘʨʷʜʽʚ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʷʭ ʜʚʦʭʩʪ-

ʨʠʞʥʝʚʦʛʦ ʇɺ ʇʆʄʇ 

 

ʆʜʥʘʢ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʽ ʤʝʪʦʜʠʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʧʘʜʢʫ ʟʚʘʨʶʚʘʥ-

ʥʷ ʚʠʨʦʙʽʚ ʟ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʷʚʥʽʩʪʴ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʨʦʙʫ ʧʨʠ 

ʟʚʘʨʶʚʘʥʥʽ (ʥʘʧʣʘʚʣʝʥʥʽ) ʩʧʦʪʚʦʨʶʻ ʙʫʜʦʚʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɺ ʮʴʦʤʫ ʚʠʧʘ-

ʜʢʫ ʚʠʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʧʣʘʩʪʠʥ 

ʤʦʞʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʝʪʦʜʠʢʠ [31] ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ 

ʝʣʝʢʪʨʦʩʪʘʪʠʢʠ ʽ ʤʝʪʦʜʫ ʚʽʜʦʙʨʘʞʝʥʴ [109]. 

ʅʘ ʨʠʩ. 1.9 ʧʦʢʘʟʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ ʽʥʜʫʢʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʤʝʪʦʜʦʤ ʚʽʜʦʙʨʘʞʝʥʥʷ. ʊʘʢʦʞ ʘʚʪʦʨʘʤʠ 

ʨʦʙʦʪʠ [31] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʝʪʦʜ ʧʨʠ ʘʥʘʣʽʟʽ ʙʫʜʦʚʠ 

ʇʆʄʇ ʚ ʟʦʥʽ ʦʙʨʦʙʣʝʥʥʷ ʢʨʘʡʦʢ ʩʪʠʢʦʚʠʭ ʟôʻʜʥʘʥʴ ʧʣʘʩʪʠʥ ʽʟ ʬʝʨʦʤʘʛʥʽʪ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ. 

ʇʦʢʘʟʘʥʦ [31], ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦ ʪʘʢʽʡ ʤʝʪʦʜʠʮʽ ʟʘʜʦʚʽ-

ʣʴʥʦ ʩʭʦʜʷʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦ ʨʦʟʧʦʜʽʣ ʽʥʜʫʢʮʽʾ ʇʆʄʇ 

ʧʦ ʧʦʚʝʨʭʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʧʣʘʩʪʠʥʠ (ʨʠʩ. 1.10). 
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ʆʜʥʘʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʽ ʤʝʪʦʜʠʢʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʯʠʩʝ-

ʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʧʽʜ ʩʪʨʠʞʥʷʤʠ ʜʣʷ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  
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 ɺʽʜʩʪʘʥʴ ʚʟʜʦʚʞ ʦʩʽ ʆʍ, ʤʤ 

ʙ 

ʈʠʩ. 1.8. ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ɽz  (ʘ) ʪʘ ɽx (ʙ) ʫʟʜʦʚʞ 

ʦʩ̔ ʆʍ: 1 ï ʜʘʥ̔  ʨʦʟʨʘʭʫʥʢʫ; 2 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 
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ʇɺ ʇʆʄʇ. ʅʝʦʙʭʽʜʥʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʮʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠʢʠ, ʱʦ ʛʝʥʝ-

ʨʫʻʪʴʩʷ ʇʆʄʇ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʇɺ ʇʆʄʇ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ  

   

ʘ 

  

ʙ 

ʈʠʩ. 1.9. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ E ʥ̔-

ʜʫʢʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʤʝʪʦʜʦʤ ʚʽʜʦʙʨʘʞʝʥʥʷ (ʘ) ʽ ʩʭʝʤʘ ʩʢʣʘʜʘʥʥʷ ʚʝʢ-

ʪʦʨʽʚ (ʙ) [31] 

 

ʚʠʟʥʘʯʠʪʠ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʚ ʛʦʣʦʚʥʽʡ ʯʘʩʪʠʥʽ ʚʘʥʥʠ ʧʨʠ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʽ ʥʘʧʣʘʚʣʝʥʥʽ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ. 

ɺʘʞʣʠʚʠʤ ʻ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʨʽʚʥʷ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ 

ʩʪʦʩʦʚʥʦ ʜʦ ʟʚʘʨʶʚʘʥʥʷ (ʥʘʧʣʘʚʣʝʥʥʽ) ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʽ ʥʝʤʘʛʥʽʪʥʠʤʠ ʤʘ-
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ʪʝʨʽʘʣʘʤʠ, ʱʦʙ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʚʘʥʥʽ ʽ 

ʨʦʟʤʽʨʘʤʠ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʝ ʬʦʨʤʫ-

ʚʘʥʥʷ ʰʚʽʚ (ʚʘʣʠʢʽʚ), ʧʽʜʚʠʱʠʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʚʘʨʥʠʭ (ʥʘʧʣʘʚʣʷʻʤʠʭ) ʚʠ-

ʨʦʙʽʚ. 
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 ɺʽʜʩʪʘʥʴ ʚʟʜʦʚʞ ʦʩʽ ʆʍ, ʤʤ 

ʈʠʩ. 1.10. ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ɽz ʧʦ ʧʦʚʝʨʭʥʽ ʬʝʨʦ-

ʤʘʛʥʽʪʥʦʛʦ ʚʠʨʦʙʫ ʚʟʜʦʚʞ ʦʩʽ ʆʍ (h = 15 ʤʤ): 1 - ʥʝʤʘʛʥʽʪʥʠʡ ʚʠʨʽʙ (ɛ = 1); 

2 ï  ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʚʠʨʽʙ (ɛ = Ð); 3 - ɛ = Ð (h = 15 ʤʤ); 4 - ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥ-

ʪʫ, h=15 ʤʤ 

 

1.3 ɺʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʧʨʦʮʝʩ ʨʦʟʧʣʘ-

ʚʣʝʥʥʷ ʜʨʦʪʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥʥʽ) ʧʽʜ ʬʣʶʩʦʤ 

 

1.3.1 ɺʧʣʠʚ ʇɼʄʇ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦ-

ʪʫ. ɿʦʚʥʽʰʥʽ ʧʦʟʜʦʚʞʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝ-

ʬʽʮʽʻʥʪʘ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ [93, 125-131]. 
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ɺ ʨʦʙʦʪʘʭ [93, 125] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ 

ʜʨʦʪʦʤ ʉʚ-08ɸ ʧʽʜ ʬʣʶʩʦʤ ʥʘ ʟʚʦʨʦʪʥʽʡ ʧʦʣʷʨʥʦʩʪʽ ʟ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʛʦ 

ʇɼʄʇ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ (aʨ) ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 

30%. ʊʘʢʦʞ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʯʝʨʝʟ ʚʠʩʦʢʫ ʽʥʝʨʮʽʡʥʽʩʪʴ ʨʦʟʧʣʘʚʫ ʢʨʘʧʣʽ 

ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʟʤʽʥʥʝ ʇɼʄʇ ʯʘʩʪʦʪʦʶ 50 ɻʮ ʥʝ ʚʧʣʠʚʘʻ ʥʘ aʨ ʜʨʦʪʫ 

[93].  

ɺʩʪʘʥʦʚʣʝʥʦ [127, 132, 133], ʱʦ ʧʽʜʚʠʱʝʥʥʷ aʨ ʝʣʝʢʪʨʦʜʥʠʭ ʜʨʦʪʽʚ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇɼʄʇ Bz  (ʨʠʩ. 1.11) 

ʽ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 30% ʧʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇɼʄʇ ʽ 20% ʧʨʠ ʜʽʾ ʟʤʽʥ-

ʥʦʛʦ ʇɼʄʇ.  

ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʨʽʚʥʷ ʽʥʜʫʢʮʽʾ Bz = 80 ʤʊʣ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʬʝʢʪ 

ʧʨʠʧʠʥʝʥʥʷ ʨʦʩʪʫ aʨ ʜʨʦʪʫ. ɺ ʨʦʙʦʪʽ [125] ʜʦʩʣʽʜʞʝʥʦ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʣʘʚ-

ʣʝʥʥʷ ʜʨʦʪʷʥʦʾ ʧʨʦʚʦʣʦʢʠ ʜʽʘʤʝʪʨʦʤ 2é5 ʤʤ ʧʨʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʟʚʘʨʶ-

ʚʘʥʥʽ ʧʽʜ ʬʣʶʩʦʤ, ʜʽʘʧʘʟʦʥ ʩʪʨʫʤʽʚ 200é1000 ɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʧʣʘʩʪʠʥʘʭ ʟʽ ʩʪʘʣʽ 10ʍʉʅɼ, ʧʨʦʚʦʣʦʢʦʶ ʉʚ-08ɸ ʧʽʜ ʬʣʶʩʦʤ ɸʅ-348ɸʄ.  
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 ɯʥʜʫʢʮʽʷ ʇɼʄʇ Bz, ʤʊʣ 

ʈʠʩ. 1.11. ɺʧʣʠʚ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ (Bz) ʇɼʄʇ ʥʘ ʚʽʜ-

ʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ (ȹ aʨ/aʨ) ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ 

ʉʚ-08ɸ: 1 ï ʧʦʩʪʽʡʥʝ ʇɼʄʇ; 2 ï ʇɼʄʇ ʯʘʩʪʦʪʦʶ f = 50 ɻʮ [127] 
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ɿʦʚʥʽʰʥʻ ʧʦʚʟʜʦʚʞʥʻ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʛʝʥʝʨʫʚʘʣʠ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ ʜʫʛʠ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʚʘʣʠ  ʥʘ ʟʚʘʨʶʚʘʣʴʥʽʡ ʛʦʣʦʚʮʽ ʩʧʽʚʚ̔-

ʩʥʠʤ ʟ ʝʣʝʢʪʨʦʜʥʦʶ ʜʨʦʪʦʤ. ɯʥʜʫʢʮʽʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʤʽʥʶʚʘʣʠ ʜʦ 

100 ʤʊʣ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʣʠ, ʱʦ ʧʨʠ ʜʽʾ ʢʝʨʫʶʯʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʟʜʦ-

ʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣ̫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʾ 

ʧʨʦʚʦʣʦʢʠ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʪʝʧʣʦʚʽʡ ʧʨʠ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ ʨʝʞʠʤʫ 

ʥʘʧʣʘʚʣʝʥʥ,̫ ʱʦ ʽ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʙʝʟ ʜʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʽʥʜʫʢʮʽʾ ʧʨʠʙʣʠʟʥʦ ʜʦ 40 ʤʊʣ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʝ ʟʨʦʩʪʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ. ɺ̔ ʜʤʽʥʥʦʩʪʽ ʚ ʟʥʘʯʝʥʥʽ 

ʽʥʜʫʢʮʽʾ, ʧʨʠ ʷʢʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʬʝʢʪ ʧʨʠʧʠʥʝʥʥʷ ʨʦʩʪʫ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦ-

ʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ ʚ ʨʦʙʦʪʘʭ [127] ʪʘ [125], ʤʦʞʣʠʚʦ, ʦʙʫʤʦʚʣʝʥʽ ʨʽʟʥʠʤʠ 

ʫʤʦʚʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ (ʟʦʢʨʝʤʘ, ʨʽʟʥʦʶ ʚʽʜʩʪʘʥʥʶ ʚʽʜ ʪʦʨʮʷ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʜʦ ʚʠʨʦʙʫ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʽʥʜʫʢʮʽʾ Bz). 

ɿʥʘʢʦʟʤʽʥʥʽ ʇɼʄʇ ʯʘʩʪʦʪʦʶ 50 ɻʮ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ aʨ ʝʣʝʢʪʨʦʜʘ, 

ʧʨʦʪʝ ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʥʽʞ ʧʦʩʪʽʡʥʝ ʇɼʄʇ [127].  

ɺ ʨʦʙʦʪʽ [127] ʚʠʢʦʥʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ aʨ  ʬʝʨʦʤʘʛʥʪ̔-

ʥʦʛʦ ʽ ʥʝʤʘʛʥʽʪʥʦʛʦ ʝʣʝʢʪʨʦʜʥʠʭ ʜʨʦʪʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʚ ʇɼʄʇ 

ʥʘ ʧʣʘʩʪʠʥʠ ʟ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʽ ʥʝʤʘʛʥʽʪʥʦʾ ʩʪʘʣʽ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ (aʨ) ʟ ʥʝʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. 

ʅʘ ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ aʨ ʜʨʦʪʫ ʚʧʣʠʚʘʻ ʯʘʩʪʦʪʘ ʇɼʄʇ. ɺʩʪʘʥʦʚʣʝʥʦ 

(ʨʠʩ. 1.12, [134]), ʱʦ ʧʨʠ ʟʚʦʨʦʪʥʽʡ ʧʦʣʷʨʥʦʩʪʽ ʥʘʧʣʘʚʣʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ (ȹ aʨ/aʨ) ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʚʧʣʠʚʽ ʧʦʩʪʽʡʥʦʛʦ ʇɼʄʇ, ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʇɼʄʇ ʚʽʜ 1 ɻʮ ʜʦ 4 ɻʮ ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ aʨ ʝʣʝʢʪʨʦʜʘ 

ʟʥʠʞʫʻʪʴʩʷ, ʜʦ ʯʘʩʪʦʪʠ f = 10 ɻʮ ʟʤʝʥʰʫʻʪʴʩʷ ʧʣʘʚʥʦ ʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩ-

ʪʦʪʠ ʚʽʜ 10 ʜʦ 50 ɻʮ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ (ʢʨʠʚʽ 1, 3, 5, 6 ʥʘ 

ʨʠʩ. 1.12).   
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 ʏʘʩʪʦʪʘ ʇɼʄʇ f, ɻʮ 

ʈʠʩ. 1.12. ɺʧʣʠʚ ʯʘʩʪʦʪʠ ʇɼʄʇ ʥʘ ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ (ȹ aʨ /aʨ) ʢʦ-

ʝʬʽʮʽʻʥʪʘ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʽʚ: 1, 3, 5, 6 ï ʟʚʦʨʦʪʥʘ ʧʦʣʷʨʥʽʩʪʴ; 2, 4 ï 

ʧʨʷʤʘ ʧʦʣʷʨʥʽʩʪʴ; 1, 2 ï ʉʚ-08ɸ; 3, 4 ï ʇʇ-12ʍ13; 5 ï ʉʚ-08ɻ2ʉ; 6 ï  

ʅʧ-30ʍɻʉɸ [135] 

 

ʇʨʠʯʠʥʠ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ (ʥʘʧʣʘʚʣʝʥ-

ʥʽ) ʟ ʜʽʻʶ ʇɼʄʇ ʧʦʷʩʥʝʥʽ ʚ ʨʦʙʦʪʘʭ [30, 93, 94, 127, 135]. ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʫ 

ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʜʦʚʞʥʴʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʭʘʨʘʢʪʝʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʽʜ ʜʫʛʠ 

ʯʝʨʝʟ ʨʽʜʢʫ ʢʨʘʧʣʶ ʜʦ ʪʚʝʨʜʦʛʦ ʤʝʪʘʣʫ ʝʣʝʢʪʨʦʜʫ ʟʤʽʥʶʻʪʴʩʷ. ɺ ʨʦʙʦʪʘʭ 

[135, 136] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʜʽʾ ʇɼʄʇ ʥʘ ʢʨʘʧʣʶ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʚʠ-

ʥʠʢʘʶʪʴ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʦʙʝʨʪʘʥʥʷ ʪʘ ʜʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦ-

ʜʥʦʛʦ ʤʝʪʘʣʫ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ ʢʨʘʧʣʽ. ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚʠʩʦʪʘ ʢʨʘʧʣʽ 

ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ ʝʣʝʢʪʨʦʜʘ (ʽ ʯʘʩ ʾʾ ʽʩʥʫʚʘʥʥʷ), ʮʝ ʧʦʢʨʘʱʫʻ ʫʤʦʚʠ ʪʝʧʣʦʧʝʨʝ-

ʜʘʯʽ (q) ʯʝʨʝʟ ʢʨʘʧʣʶ ʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʜʨʦʪʫ. ʏʘʩ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʪʦʚʱʠʥʘ ʧʨʦʰʘʨʢʫ ʨʜ̔ʢʦʛʦ ʤʝʪʘʣʫ ʥʘ ʪʦʨʮʽ ʝʣʝʢ-

ʪʨʦʜʫ ʟʤʝʥʰʫʶʪʴʩʷ ʟ ʨʦʩʪʦʤ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʎʝ ʧʜ̔ʚʠʱʫ ̒ʢʦʝʬ̔- 



63 
 

ʮʽʥ̒ʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʷʥʠʭ ʝʣʝʢʪʨʦʜʚ̔ ʧʨʠ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʽ 

ʟʚʘʨʶʚʘʥʥʷ 40 ʤʊʣ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ  ʤʘʡʞʝ 

ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʫ [94].  

ɺ ʨʦʙʦʪʽ [30] ʧʦʢʘʟʘʥʦ, ʱʦ ʢʨʘʧʣʷ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʥʝ 

ʚʩʪʠʛʘʻ ʚʠʨʦʩʪʠ ʽ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ ʨʫʡʥʫʻʪʴʩʷ, ʱʦ ʽ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ. ɺ ʨʦʙʦ-

ʪʽ [127] ʜʦʚʝʜʝʥʦ, ʱʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʩʠʣʠ ʚ ʢʨʘʧʣʽ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʚʟʘʻʤʦʜʽʾ 

ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽʥʜʫʢʮʽʾ ʇɼʄʇ (Br) ʟ ʦʩʴʦʚʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ʛʫʩʪʠʥʠ 

ʩʪʨʫʤʫ (jz) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʘʥʠʭ ʨʦʙʽʪ [93, 126, 135], ʚ ʷʢʠʭ ʚʚʘʞʘʶʪʴ, ʱʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʩʠʣʠ ʚ ʢʨʘʧʣʽ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʚʟʘʻʤʦʜʽʾ ʦʩʴʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʽʥ-

ʜʫʢʮʽʾ ʇɼʄʇ (Bz) ʟ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʦʶ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚ ʢʨʘʧʣʽ (jr). 

ʇʠʪʘʥʥʷ ʧʨʦ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʢʨʘʧʝʣʴ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʚ ʨʦ-

ʙʦʪʘʭ [137-140]. ɺ ʨʦʙʦʪʘʭ [137, 138] ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ ʜʽʻʶ 

ʇɼʄʇ ʧʨʠ ʩʪʨʫʤʝʥʝʚʦʤʫ ʧʝʨʝʥʝʩʝʥʽ ʢʨʘʧʝʣʴ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ ʩʫʤʽʰʽ ʛʘ-

ʟʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷ ʩʪʨʫʤʝʥʶ ʢʨʘʧʝʣʴ ʥʘʚʢʦʣʦ ʧʦʜʦʚʞʥʴʦʾ ʚʽʩʽ 

ʝʣʝʢʪʨʦʜʫ. 

ɺʠʚʯʝʥʦ ʨʽʟʥʽ ʨʝʞʠʤʠ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʚʘʨʶʚʘʥʥʷ [139] ʽ ʥʘʚʝʜʝʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʧʣʠʚʽʚ, ʩʪʚʦʨʶʚʘʥʠʭ ʘʢʩʽʘʣʴʥʠʤ ʽʤʧʫʣʴʩʥʠʤʠ ʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ ʥʘ ʧʘʨʘ-

ʤʝʪʨʠ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʧʣʘʚʢʠʤ 

ʝʣʝʢʪʨʦʜʦʤ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ [140].  

ɺʠʚʯʝʥʦ ʨʽʟʥʽ ʨʝʞʠʤʠ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʚʘʨʶʚʘʥʥʷ [139] ʽ ʥʘʚʝʜʝʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʧʣʠʚʽʚ, ʩʪʚʦʨʶʚʘʥʠʭ ʘʢʩʽʘʣʴʥʠʤ ʽʤʧʫʣʴʩʥʠʤʠ ʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ ʥʘ ʧʘʨʘ-

ʤʝʪʨʠ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʧʣʘʚʢʠʤ 

ʝʣʝʢʪʨʦʜʦʤ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ [140].  

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʜʫʛʦʶ 

ʧʨʠ ʜʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʦʩʷʛʘʣʦʩʴ ʟʘ ʨʘʭʫʥʦʢ ʢʝʨʦʚʘʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢ-

ʪʨʦʜʥʠʭ ʢʨʘʧʝʣʴ ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʦɦ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʥʘ-

ʧʨʷʤʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ 
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ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʻ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʤʝʪʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ  ʢʝʨʫʶʯʦʛʦ ʧʦʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  

ɺ ʨʦʙʦʪʽ [92] ʨʦʟʛʣʷʥʫʪʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʧʣʠʚʫ ʟʥʘʢʦʟʤʽʥʥʠʭ ʨʘʜʽʘʣʴ-

ʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʧʦʚʟʜʦʚʞʥʽ ʪʘ ʧʦʧʝʨʝʯʥʽ ʢʦʣʠʚʘʥʥʷ ʜʫʛʠ. ɺʩʪʘʥʦʚ-

ʣʝʥʦ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʽ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩ ̫ʣʠʰʝ ʚ ʾʭ ʮʝʥʪʨʘʣʴ-

ʥʠʭ ʦʙʣʘʩʪʷʭ ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʦʙʤʝʞʝʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʪʘʢʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʧʣʠʚʽʚ. ʂʨʽʤ ʪʦʛʦ, ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʢʣʘʜʥ̔ʩʪʶ. 

ɺ ʨʦʙʦʪʽ [1] ʧʦʧʝʨʝʯʥʽ ʢʦʣʠʚʘʥʥʷ ʜʫʛʠ  ʘʤʧʣʽʪʫʜʦʶ 9é12 ʤʤ ʩʧʨʠʷ-

ʶʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʾʾ  ʛʦʨʽʥʥʷ, ʫʩʫʥʝʥʥʶ ʥʘʧʣʠʚʽʚ ʥʘ ʧʦʩʠʣʝʥʥʷ ʰʚʽʚ, 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʝ ʬʦʨʤʫʚʘʥʥʷ ʡʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʚʘʣʠʢʫ. ʇʨʠ 

ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 1,5é2,5 ʨʘʟʠ ʢʦʝʬʽʮʽʥ̒ʪ ʬʦʨʤʠ ʰʚʽʚ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦ-

ʤʫ ʟʨʦʩʪʘʥʥʽ ʥʘ 20é25 % ʡʦʛʦ ʰʠʨʠʥʠ ʪʘ ʟʤʝʥʰʝʥʥʽ ʥʘ 10é15 % ʛʣʠʙʠʥʠ 

ʧʨʦʧʣʘʚʣʝʥʥʷ. ɼʘʥʠʡ ʝʬʝʢʪ ʧʦʢʨʘʱʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ. 

ʊʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥ ̫ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝ-

ʪʘʣʫ ʟʤʝʥʰʫʻʪʴʩʷ ʡʦʛʦ ʧʦʨʠʩʪʽʩʪʴ, ʧʽʜʚʠʱʫʶʪʴʩʷ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʚʘ-

ʨʥʠʭ ʟ'ʻʜʥʘʥʴ.  

ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʚʘʣʠʢʽʚ ʟ ʧʦʧʝʨʝʯʥʠʤʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤʠ ʢʦʣʠʚʘʥ-

ʥʷʤʠ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽ-

ʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʰʠʨʠʥʘ ʚʘʣʠʢʫ ʪʘ ʛʣʠʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦ-

ʚʥʦʛʦ ʤʝʪʘʣʫ ʟʤʝʥʰʫʶʪʴʩʷ, ʘ ʚʠʩʦʪʘ ʚʘʣʠʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ [1]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʧʨʠ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʛʣʠʙʠʥʫ ʧʨʦʧʣʘʚ-

ʣʝʥʥʷ, ʟʤʝʥʰʠʪʠ ʜʦʣʶ ʫʯʘʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʚ ʥʘʧʣʘʚʣʝʥʦʤʫ ʚ 5 ʨʘʟʽʚ, 

ʟʙʽʣʴʰʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʫ ʥʘ 10õ20 %.  

ɼʣʷ ʦʮʽʥʢʠ ʨʦʟʤʽʨʽʚ ʢʨʘʧʣʽ ʧʨʠ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʙʘʣʘʥʩʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʠʣ [33]. ɺ ʨʦʙʦʪʽ [141] ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʩʪʚʦʨʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʦʚʝʜʽʥʢʫ ʢʨʘʧʣʽ ʥʘ  

ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ.  
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ʋ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʨʘʭʦʚʘʥʦ ʜʽʶ ʥʘʩʪʫʧʥʠʭ ʯʦʪʠʨʴʦʭ ʩʠʣ: ʩʠʣ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ Fʧ.ʥ., ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ Fʚ.ʮ., ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ 

(ʦʙ'ʻʤʥʠʭ) ʚʽʜ ʚʧʣʠʚʫ ʇɼʄʇ Fʵ.ʤ. ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ (ʦʙ'ʻʤʥʠʭ ʩʠʣ, ʱʦ 

ʩʪʠʩʢʘʶʪʴ ʢʨʘʧʣʶ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ), ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʢʨʘʧʣʽ ʧʨʠ 

ʧʨʦʪʽʢʘʥʥʽ ʚ ʥʽʡ ʩʪʨʫʤʫ ʥʘʧʣʘʚʣʝʥʥʷ Fr (ʨʠʩ. 1.13) [141].  

 

 

ʈʠʩ. 1.13. ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʦʙʝʨʪʘʥʥʷ ʨʽʜʢʦʾ ʢʨʘʧʣʽ ʧʨʠ ʥʘʧʣʘʚ-

ʣʝʥʥʽ ʟ ʚʧʣʠʚʦʤ ʇɼʄʇ: r1 - ʨʘʜʽʫʩ ʝʣʝʢʪʨʦʜʘ; r2 - ʨʘʜʽʫʩ ʢʨʘʧʣʽ ʚ ʧʣʦʱʠʥʽ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʩʴ Z; h - ʚʠʩʦʪʘ ʝʣʝʤʝʥʪʘ ʰʘʨʫ ʨʽʜʢʦʾ ʢʨʘʧʣʽ; ű ï ʢʫʪ 

ʩʝʢʪʦʨʫ; S1 - ʧʦʚʝʨʭʥʶ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ [141] 
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ʆʪʨʠʤʘʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʽʥʜʫʢʮʽʾ, ʥʝʦʙ-

ʭʽʜʥʦʛʦ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʢʨʘʧʣʽ [141]: 

 

 
p

m
ps

p

r

2

11

32

2

02

21

min

ʥ
ʵ

ʥ

ʵ
r

I
d

rrtI

d
B

Ö
+Ööö

÷

õ
ææ
ç

å
+Ö

ÖÖ

Ö
= , ʊʣ. (1.5) 

 

ʉʪʦʩʦʚʥʦ ʜʦ ʥʘʧʣʘʚʣʝʥʥʷ ʧʽʜ ʬʣʶʩʦʤ ʜʨʦʪʦʤ ʜʽʘʤʝʪʨʦʤ dʝ = 4Āʤʤ ʽ 

ʟʥʘʯʝʥʥʽ ʩʪʨʫʤʫ Iʥ = 500 ɸ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʽʥʜʫʢʮʽʾ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠ-

ʜʘʣʝʥʥʷ ʢʨʘʧʣʽ ʩʪʘʥʦʚʠʪʴ Br = 12Āʤʊʣ. 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ [30], ʱʦ ʜʣʷ ʝʣʝʢʪʨʦʜʥʠʭ ʜʨʦʪʽʚ ʜʽʘʤʝʪʨʦʤ dʝ = 

(3...5)Āʤʤ, ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ (ʥʘʧʣʘʚʣʝʥʥʽ), 

ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʇɼʄʇ, ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʢʨʘʧʣʽ 

ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ, ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ tmin å  

(2é3,8)Ț10
-3 
ʩ.  

ʇɼʄʇ ʧʨʦʤʠʩʣʦʚʦʾ ʯʘʩʪʦʪʠ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʚʠʜʘʣʝʥʥʷ ʢʨʘʧʣʽ ʟ ʪʦʨ-

ʮʷ ʝʣʝʢʪʨʦʜʘ ʢʦʞʥʠʤ ʽʤʧʫʣʴʩʦʤ ʽʥʜʫʢʮʽʾ (ʪʨʠʚʘʣʽʩʪʶ 0,01 ʩ), ʧʽʜʚʠʱʫʶʯʠ 

ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ Ŭʨ  ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ.  

ɺ ʨʦʙʦʪʽ [30] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʨʘʜʽʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ 

ʽʥʜʫʢʮʽʾ Br ʇɼʄʇ ʚ ʟʦʥʽ ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ ʧʨʦʧʦʨʮʽʡʥʘ ʟʥʘʯʝʥʥʶ ʤʘʛʥʽʪ-

ʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ɛ ʝʣʝʢʪʨʦʜʥʠʭ ʜʨʦʪʽʚ, ʘ ʝʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ Ŭʨ ʝʣʝʢʪʨʦʜʘ ʧʨʠ 

ʜʽʾ ʇɼʄʇ ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʝʣʠʯʠʥʽ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ɛ ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪ-

ʨʦʜʘ ʽ ʦʙʫʤʦʚʣʝʥʠʡ ʟʨʦʩʪʘʶʯʠʤ ʧʨʠ ʮʴʦʤʫ ʨʽʚʥʝʤ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʽʥʜʫʢʮʽʾ Br ʇɼʄʇ ʚ ʟʦʥʽ ʢʨʘʧʣʽ. ʆʜʥʘʢ ʧʨʦʩʪʠʭ ʤʝʪʦʜʠʢ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦ-

ʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʝʣʝʢʪʨʦʜʘ ʽ ʚʠʨʦʙʫ ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʤʘʻ. ʎʝ ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ [31, 106-109], ʘʣʝ ʷʢ 

ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʢʣʘʜʥʝʥʝ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʜʫ-

ʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʚʠʨʦʙʽʚ. ʅʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʮʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

1.3.2 ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʫʢʮʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ, ʱʦ ʚʠʜʘʣʷʻ 

ʢʨʘʧʣʷ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ 
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ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʽ ʥʘʧʣʘʚʣʝʥʥʷ ʟ ʜʽʻʶ ʇʆʄʇ ʚʠʚʯʘʣʘʩʷ ʚ ʥʝʚʝʣʠʢʽʡ 

ʢʽʣʴʢʦʩʪʽ ʨʦʙʽʪ. 

ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚ ʘʨʛʦʥʽ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʤ ʜʨʦ-

ʪʦʤ ʜʽʘʤʝʪʨʦʤ (1,0...1,2)Āʤʤ  ʟ ʜʽʻʶ ʇʆʄʇ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʥʘʧʨʫʞʝʥʦʩ-

ʪʽ ʟʤʽʥʥʦʛʦ ʇʆʄʇ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ [1]. ɺʩʪʘʥʦʚʣʝʥʦ [1], 

ʱʦ ʥʘ ʯʘʩʪʦʪʘʭ 3 ʪʘ 50 ɻʮ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫ-

ʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɺ ʨʦʙʦʪʽ [31] ʜʦʩʣʽʜʞʫʚʘʣʠ ʜʽʶ ʟʤʽʥʥʦʛʦ ʇʆʄʇ 

ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ [31], ʱʦ ʤʘʛʥʽʪʥʽ 

ʢʦʣʠʚʘʥʥʷ ʜʫʛʠ ʧʽʜ ʜʽʻʶ ʟʤʽʥʥʦʛʦ ʇʆʄʇ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜ-

ʢʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʥʘ 10...25 %. 

ɺʧʣʠʚ ʇʆʄʇ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ (Ŭʨ) ʜʽʘʤʝʪʨʦʤ 

1,8...2,0 ʤʤ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [113], ʜʝ ʚʩʪʘ-

ʥʦʚʣʝʥʦ, ʱʦ ʜʽʷ ʇʆʄʇ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ (Ŭʨ), ʘ ʩʘʤʝ ʟ 11,7 ʜʦ 12,6 ʛ/ɸĀʛʦʜ.  

ʆʜʥʘʢ ʜʘʥʽ ʨʦʙʦʪʠ [113] ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʪʦʚʽʨʥʠʤʠ ʚ ʟʚ'ʷʟʢʫ ʟ ʦʩʦʙ-

ʣʠʚʦʩʪʷʤʠ ʙʫʜʦʚʠ ʇʆʄʇ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ (ʥʘ-

ʧʣʘʚʣʝʥʥʽ) ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʽʜʦʤʦ [1], ʱʦ ʩʪʨʫʢʪʫʨʘ ʇʆʄʇ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ: ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ Bʭ ʽ ʧʘʨʘʣʝʣʴʥʦʾ Bz ʜʦ ʦʩʽ 

ʝʣʝʢʪʨʦʜʘ ʽ ʜʫʛʠ. ʉʪʦʩʦʚʥʦ ʜʦ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ (ʥʘʧʣʘʚʣʝʥʥʷ) ʬʝʨʦʤʘʛ-

ʥ̔ ʪʥʠʭ ʩʪʘʣʝʡ ʯʝʨʝʟ ʚʠʩʦʢʫ ʤʘʛʥʽʪʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʚ ʟʦʥʽ ʜʽʾ ʇʆʄʇ ʧʨʠʩʫʪʥʷ 

ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ Bz, ʷʢʘ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʪʽʣ ʥʘʜʘʚʘʣʘ ʙʽ-

ʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ, 

ʥʽʞ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ Bʭ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʽʾ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ [113]. ɽʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʚʩʷ ʚ ʨʦʙʦʪʘʭ [113], ʪʘʢʦʞ ʙʫʚ 

ʬʝʨʦʤʘʛʥʽʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʽ ʱʝ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʠʢʨʠʚʣʷʚ ʙʫʜʦʚʘ ʇʆʄʇ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʮʽ ʜʘʥʽ ʥʝ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʜʽʾ ʪʽʣʴʢʠ ʇʆʄʇ.  

ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʣʝʢʪʨʦʜʥʽ ʜʨʦʪʠ 

ʜ̔ ʘʤʝʪʨʦʤ (3...5)Āʤʤ, ʘʣʝ ʜʘʥʠʭ ʧʨʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʇʆʄʇ ʜʣʷ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ Ŭʨ ʪʘʢʠʭ ʝʣʝʢʪʨʦʜʚ̔ ʥʝʤʘʻ.  
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ʇʨʠʯʠʥʠ ʧʽʜʚʠʱʝʥʥʷ Ŭʨ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ (ʥʘʧʣʘʚ-

ʣʝʥʥʽ) ʟ ʜʽʻʶ ʇʆʄʇ ʧʦʷʩʥʝʥʽ ʚ ʨʦʙʦʪʽ [142]. ʅʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʚʠʜʽʚ ʪʦʨ-

ʮʚ̔, ʦʧʣʘʚʣʝʥʠʭ ʜʫʛʦʶ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʇʆʄʇ, ʧʦʢʘʟʘʥʦ, ʱʦ ʪʦʨʮʽ 

ʤʘʶʪʴ ʩʢʦʩʠ. ʉʢʽʩ ʝʣʝʢʪʨʦʜʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʭʠʣʝʥʥʷ ʜʫʛʠ ʧʽʜ 

ʜʽʻʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ. ʇʽʜ ʜʽʻʶ ʮʽʻʾ ʩʠʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʨʠʚ ʢʨʘʧʝʣʴ ʽ 

ʟʤʽʱʝʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʫʟʜʦʚʞ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ. ʇʨʠ ʮʴʦʤʫ ʧʦʣʽʧʰʫʶʪʴʩʷ 

ʫʤʦʚʠ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʜʫʛʠ ʝʣʝʢʪʨʦʜʘ ʽ ʧʽʜʚʠʱʫʻʪʴʩʷ Ŭʨ ʝʣʝʢʪʨʦʜʽʚ. 

ɺ ʨʦʙʦʪʽ [143] ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʽʥʜʫʢʮʽʾ ʧʦʩʪʽʡʥʦʛʦ 

ʇʆʄʇ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʜʘʣʝʥʥʷ ʢʨʘʧʣʽ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʣʠ ʤʝʪʦʜ ʙʘʣʘʥʩʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʠʣ, ʚʠʢʣʘʜʝʥʠʡ ʚ ʨʦʙʦʪʽ [33]. 

ʋ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʢʨʘʧʣʶ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʘʧʨʦʢʩʠʤʫʚʘʣʠ ʥʘ-

ʧʽʚʝʣ̔ʧʩʦʜʾʦʤ (ʨʠʩ. 1.14 [31]). ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʦ, ʱʦ ʥʘ ʨʽʜʢʫ ʢʨʘʧʣʶ 

ʜʽʶʪʴ ʥʘʩʪʫʧʥʽ ʩʠʣʠ:  

FËʤ ï ʩʠʣʘ ʚʽʜ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʤʫ ʥʘʧʣʘʚʣʝʥʥʷ ʚ ʝʣʝʢʪʨʦʜʽ (ʢʨʘʧʣʽ) ʟ ʚʝʢ-

ʪʦʨʦʤ ʽʥʜʫʢʮʽʾ ɺʫ ʇʆʄʇ, ʱʦ ʚʽʜʨʠʚʘ ̒ʢʨʘʧʣʶ ʚʽʜ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʟʽ ʩʢʦʩʦʤ 

(ʫʟʜʦʚʞ ʥʦʨʤʘʣʽ n-n);  

Fʧʥ ï ʩʠʣʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʢʨʘʧʣʽ, ʱʦ ʫʪʨʠʤʫʻ ʢʨʘʧʣʶ ʥʘ ʪʦʨʮʽ 

ʝʣʝʢʪʨʦʜʘ ʟʽ ʩʢʦʩʦʤ (ʫʟʜʦʚʞ ʥʦʨʤʘʣʽ n-n);  

Fg ï ʩʠʣʘ ʪʷʞʽʥʥʷ, ʩʧʨʷʤʦʚʘʥʘ ʚʥʠʟ ʚʟʜʦʚʞ ʚʽʩʽ OȻ;  

FËg ï ʩʠʣʘ ʪʷʞʽʥʥʷ, ʩʧʨʷʤʦʚʘʥʘ ʫʟʜʦʚʞ n-n. 

ɺʠʟʥʘʯʘʣʠ ʧʨʦʝʢʮʽʶ ʫʩʽʭ ʩʠʣ ʥʘ ʥʦʨʤʘʣʴ n-n (ʨʠʩ. 1.14). 
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,  (1.6) 

ʜʝ jʢ ï ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʚ ʢʨʘʧʣʽ, ɸ/ʤ
2
; 

rʝ ï ʨʘʜʽʫʩ ʝʣʝʢʪʨʦʜʘ, ʤ; 

Vʢ ï ʦʙô̒ ʤ ʢʨʘʧʣʽ, ʤ
3
. 
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ʈʠʩ. 1.4. ʉʭʝʤʘ ʦʩʥʦʚʥʠʭ ʩʠʣ, ʱʦ ʜʽʪʁ ɹʥʘ ʢʨʘʧʣʶ ʝʣʽʧʩʦʾʜʥʦʾ ʬʦʨʤʠ 

ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ [31] (ʧʦʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʽ ʚ ʪʝʢʩʪʽ)  

 

ʆʙô̒ ʤ ʢʨʘʧʣʽ [31]:  

 

,
3

2
cbaVʢ ÖÖÖ= p  (1.7) 

ʜʝ ʘ, b, ʩ ï ʜʦʚʞʠʥʠ ʧʽʚʚʩ̔ʝʡ ʥʘʧʽʚʝʣʽʧʩʦʽʜʫ, ʤ. 

 

ʉʠʣʘ Fʧʥ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʬʦʨʤʫʣʦ :ʁ 

 

LFʧʥ Ö=s  (1.8) 

ʜʝ ů ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʢʨʘʧʣʽ, ʅ/ʤ; 

L ï ʜʦʚʞʠʥʘ ʧʝʨʠʤʝʪʨʫ ʝʣ̔ʧʩʫ, ʤ: 

 

ʇʨʦʝʢʮʽʷ ʩʠʣ ʪʷʞʽʥʥʷ ʢʨʘʧʣʽ ʥʘ ʥʦʨʤʘʣʴ n-n: 
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,cosar ÖÖÖ=¡ gVF ʢg  (1.9) 

ʜʝ ɟ ï ʛʫʩʪʠʥʘ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʢʨʘʧʣʽ, ʢʛ/ʤ
3
; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ
2
. 

 

ʂʨʘʧʣʷ ʚʽʜʨʠʚʘʻʪʴʩʷ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʟʽ ʩʢʦʩʦʤ ʫʟʜʦʚʞ ʦʩʽ n-n ʟʘ ʫʤʦʚʠ: 

 

gʧʥ FFF ¡-¡²¡  (1.10) 

 

ɼʦʚʞʠʥʫ ʧʝʨʠʤʝʪʨʫ ʝʣʽʧʩʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ [269]: 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʽʥʜʫʢʮʽʾ ɺʫ, ʱʦ ʚʠʜʘʣʷʻ ʢʨʘʧʣʶ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ [143]: 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʤʽʥʽʤʘʣʴʥʠʡ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ɺʫ ʜʦʙʨʝ 

ʟʙʽʛʣʠʩʷ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ ʜʽʘʤʝʪʨʘʤʠ 3 ʽ 4 ʤʤ. ɼʣʷ ʝʣʝʢʪʨʦ-

ʜʽʚ ʜʽʘʤʝʪʨʘʤʠ 5 ʤʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʤʝʥʰʝ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

(ʨʠʩ. 1.15), ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʽʥʜʫʢʮʽʾ ɺʫ ʇʆʄʇ 

ʥʘ ʢʨʘʧʣʶ ʽ ʧʽʜʚʠʱʝʥʥʷ Ŭʨ ʝʣʝʢʪʨʦʜʘ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ. 

ɼʣʷ ʝʣʝʢʪʨʦʜʽʚ ʜʽʘʤʝʪʨʘʤʠ 3, 4, 5Āʤʤ ʽ ʜʣʷ ʩʪʨʫʤʽʚ ʚ ʜʽʘʧʘʟʦʥʽ 

300é1000 ɸ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ (ɺʫ) ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʣʝʞʘʪʴ ʚ 

ʤʝʞʘʭ 10é25 ʤʊʣ. 

ʆʜʥʘʢ ʦʧʠʩʘʥʫ ʚʠʱʝ ʤʝʪʦʜʠʢʫ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʧʨʠ 
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 ʉʪʨʫʤ ʥʘʧʣʘʚʣʝʥʥʷ Iʥ, ɸ 

ʈʠʩ. 1.15. ɿʘʣʝʞʥʽʩʪʴ ʽʥʜʫʢʮʽʾ By ʚʽʜ ʩʪʨʫʤʫ ʥʘʧʣʘʚʣʝʥʥʷ Iʥ ʜʣʷ ʝʣʝʢʪ-

ʨʦʜʽʚ ʜʽʘʤʝʪʨʘʤʠ [143]: 1 ï ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ; 2, 3, 4 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘ-

ʥʽ; æ ï 3 ʤʤ, Ǐ ï 4ʤʤ, ƺ ï 5ʤʤ 

 

ʟʚʘʨʶʚʘʥʥʽ (ʥʘʧʣʘʚʣʝʥʥʽ) ʟ ʜʽʻʶ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ, ʢʦʣʠ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʢʽʩ (ʨʠʩ. 1.14). ɿʘʩʪʦʩʫʚʘʪʠ ʜʦ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇʆʄʇ, ʢʦʣʠ ʥʝ 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʢʽʩ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ, ʮʶ ʤʝʪʦʜʠʢʫ ʥʝʤʦʞʣʠʚʦ, ʱʦ ʩʪʨʠʤʫʻ ʨʘ-

ʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʢʦʟʤʽʥʥʠʭ ʇʆʄʇ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʪʘ 

ʥʘʧʣʘʚʣʝʥʥʽ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʝʪʦʜʠʢʫ, ʱʦ ʜʦʟʚʦ-

ʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʨʽʟʥʦʾ 

ʯʘʩʪʦʪʠ ʇʆʄʇ, ʱʦ ʚʠʜʘʣʷʻ ʢʨʘʧʣʶ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʽ, ʱʦʙ ʧʜ̔-

ʚʠʱʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʜʨʦʪʽʚ ʧʨʠ 

ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʧʽʜ ʬʣʶʩʦʤ. 

 

1.4 ʂʝʨʫʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷʤ ʥʘʧʣʘʚʣʝʥʠʭ ʚʘʣʠʢʽʚ  ̔ʟʚʘʨʥʠʭ ʰʚʽʚ 

ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ 

 

1.4.1 ʂʝʨʫʚʘʥʥʷ ʨʦʟʤʽʨʘʤʠ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʰʚʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ 

ʥʘʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥʥ)̔ ʟ ʜʽʻʶ ʇɼʄʇ. ʅʘʷʚʥʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʧʨʦ ʨʦʟ-

ʤʽʨʠ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʥʝʧʣʘʚʢʠʤ ʝʣʝʢ-

ʪʨʦʜʦʤ (ɿʅɽ) ʚ ʇɼʄʇ ʥʝʯʠʩʣʝʥʥʽ [33, 144-149]. 
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ɼʘʥʽ ʨʦʙʦʪʠ [144] ʧʨʦ ʛʣʠʙʠʥʫ ʧʨʦʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ ʧʨʠ ɿʅɽ ʚʽʜʥʦ-

ʩʷʪʴʩʷ ʜʦ ʜʽʾ ʇɼʄʇ ʯʘʩʪʦʪʦʶ 50 ɻʮ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʽʥʜʫʢʮʽʾ: 100, 200, 300 ʽ 

400 ʤʊʣ. ʆʜʥʘʢ ʧʨʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʽ ʟʚʘʨʶʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʇɼʄʇ ʟ ʽʥʜʫʢʮʽʻʶ ʟʥʘʯʥʦ ʤʝʥʰʦʶ (ʙʣʠʟʴʢʦ ʜʦ 30...50 ʤʊʣ) [28]. 

ʋ ʨʦʙʦʪʘʭ [145-148] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʰʚʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʤʙʽ-

ʥʦʚʘʥʽ ʢʝʨʫʶʯʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ. ʋ ʨʦʙʦʪʘʭ [147, 148] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ (ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ ʧʦʧʝʨʝʯʥʦʛʦ) ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʽʜ-

ʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʽʻʶ 

ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʽʥʜʫʢʮʽʻʶ 6...10 ʤʊʣ ʥʘ ʧʝʨʝʜʥʶ ʯʘʩʪʠʥʫ 

ʚʘʥʥʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʥʝʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ, ʜʦʩʷʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠ-

ʙʠʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʰʚʽʚ ʥʘ 50é65 %.  

ɽʢʩʧʝʨʠʤʝʥʪʠ ʱʦʜʦ ʜʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʥʘ ʚʠʢʦ-

ʥʘʥʥʷ ʟʚʘʨʥʦʛʦ ʰʚʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʚ ʽʥʝʨʪʥʦʤʫ ʛʘʟʽ 

ʜʫʛʦʶ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʘʫʩʪʝʥʽʪʥʦʾ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʦʾ ʩʪʘʣʽ 0Cr18Ni12Mo2Ti 

ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷʤ ʟʚʘʨʥʦʛʦ ʰʚʘ [148].  

ɺ ʨʦʙʦʪʽ [151] ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦ ʜʽʶ ʇɼʄʇ ʥʘ ʪʠʩʢ ʜʫ-

ʛʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚʦʣʴʬʨʘʤʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚ ʘʨʛʦʥʽ. ʆʜʥʘʢ ʚʧʣʠʚ ʪʠʩʢʫ 

ʜʫʛʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ ʥʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝ-

ʥʦ (ʽ ʥʝ ʘʥʘʣʽʟʫʚʘʚʩʷ). 

ʅʘ ʧʨʘʢʪʠʮʽ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴ ʜʫʛʦʚʝ ʟʚʘʨʶʚʘʥʥʷ (ʥʘ-

ʧʣʘʚʣʝʥʥʷ) ʧʽʜ ʬʣʶʩʦʤ, ʢʦʣʠ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʝʨʦʤʘʛʥʽʪʥʽ 

ʝʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ ʽ ʚʠʨʽʙ. ʇʨʠ ʜʽʾ ʇɼʄʇ ʬʝʨʦʤʘʛʥʽʪʥʽ ʟʚʘʨʶʚʘʣʴʥʠʡ ʜʨʽʪ, 

ʩʝʨʜʝʯʥʠʢ ʩʦʣʝʥʦʾʜʘ ʽ ʚʠʨʽʙ ʦʙʫʤʦʚʣʶʶʪʴ ʩʢʣʘʜʥʠʡ ʨʦʟʧʦʜʽʣ ʩʠʣʦʚʠʭ ʣʽʥʽʡ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ [1, 30, 152]. 

ɺ ʨʦʙʦʪʽ [152] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʣʠʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝ-

ʪʘʣʫ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ ʯʘʩʪʦʪʦʶ 50 ɻʮ. 

ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʰʚʘ. 

ʋ ʨʦʙʦʪʘʭ [153-155] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʜʫʢʮʽʾ Bz ʷʢ ʟʤʥ̔-

ʥʦʛʦ ʯʘʩʪʦʪʦʶ 50 ɻʮ, ʪʘʢ ʽ ʧʦʩʪʽʡʥʦʛʦ ʇɼʄʇ ʛʣʠʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʥʷ ʅʧʨ 
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ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʦʜʥʘʢʦʚʽʡ ʤʽʨʽ. ʏʘʩʪʢʘ ʫʯʘʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʚ ʥʘʧʣʘʚʣʝ-

ʥʦʤʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʜʫʢʮʽʾ Bz ʷʢ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʯʘʩʪʦʪʦʶ 50 ɻʮ, ʪʘʢ ʽ ʧʦʩ-

ʪʽʡʥʦʛʦ ʇɼʄʇ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 1,3 ʨʘʟʠ. 

ɿʥʠʞʝʥʥʷ ʛʣʠʙʠʥʠ ʽ ʧʣʦʱʽ ʧʨʦʧʣʘʚʣʝʥʥʷ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʣʠ ʚ ʟʦʥʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʫ ʝʣʝʢʪʨʦ-

ʜʘ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ Br. 

ʆʜʥʘ ʟ ʧʨʠʯʠʥ ʟʥʠʞʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ - ʦʙʝʨʪʘʥʥʷ ʜʫʛʠ ʽ ʧʝ-

ʨʝʭʽʜ ʾʾ ʚ ʜʟʚʽʥʦʧʦʜʽʙʥʫ ʬʦʨʤʫ. ʇʣʷʤʘ ʜʫʛʠ ʥʘ ʚʠʨʦʙʽ ʨʦʟʦʩʝʨʝʜʞʫʻʪʴʩʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʽ ʟʙʽʣʴ-

ʰʝʥʥʷ ʰʠʨʠʥʠ ʰʚʘ. 

ɺ ʨʦʙʦʪʽ [30] ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʟʘʛʘʣʴʥʝ ʟʥʠʞʝʥʥʷ 

ʛʣʠʙʠʥʠ (ʅʧʨ) ʽ ʧʣʦʱʽ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ (Fʧʨ) ʧʨʠ ʜʽʾ ʇɼʄʇ 

ʚʥʦʩʠʪʴ çʛʘʣʴʤʫʶʯʫè ʜʽʶ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ (ʚ ʭʚʦʩʪʦʚʫ ʯʘʩʪʠʥʫ ʚʘʥʥʠ ʟ 

ʛʦʣʦʚʥʦʾ ʾʾ ʯʘʩʪʠʥʠ) ʦʩʴʦʚʘ (ʧʦʟʜʦʚʞʥʷ) ʩʢʣʘʜʦʚʘ ʽʥʜʫʢʮʽʾ ʇɼʄʇ. ʇʦʟʜʦʚʞ-

ʥʷ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ ʇɼʄʇ, ʚʟʘʻʤʦʜʽʶʯʠ ʟʽ ʩʪʨʫʤʦʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʚʘʥ-

ʥʽ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ, ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʠʜʦʥʥʦʛʦ ʧʦʪʦʢʫ ʤʝʪʘʣʫ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ 

ʨʽʜʢʦʛʦ ʧʨʦʰʘʨʢʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʧʽʜ ʜʫʛʦʶ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʛʣʠʙʠʥʠ ʽ ʧʣʦʱʽ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. 

ʇʨʠ ʦʜʥʦʩʪʦʨʦʥʥʴʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʩʪʠʢʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʪʦʚʱʠʥʦʶ ʤʝʥʰʝ 

4 ʤʤ ʟ ʤʘʣʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʟ ʜʽʻʶ ʇɼʄʇ ʧʦʢʘʟʘʥʦ [31], ʱʦ ʜʦʮʽʣʴʥʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʇɼʄʇ ʯʘʩʪʦʪʦʶ 2...12 ɻʮ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚ-

ʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝ-

ʪʘʣʫ ʰʚʘ ʽ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ ʰʚʘ. 

1.4.2. ʂʝʨʫʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷʤ ʰʚʽʚ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʪʘ ʟʚʘʨʶ-

ʚʘʥʥʽ ʟ ʜʽʻʶ ʇʆʄʇ. ɺʧʣʠʚ ʟʤʽʥʥʦʛʦ ʇʆʄʇ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʟʚʘʨ-

ʥʠʭ ʰʚʽʚ ʽ ʥʘʧʣʘʚʣʝʥʠʭ ʚʘʣʠʢʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʷ (ʥʘʧʣʘʚʣʝʥʥʽ) 

ʚʠʚʯʘʚʩʷ ʚ ʨʦʙʦʪʘʭ [112, 142]. ʇʦʢʘʟʘʥʦ [112], ʱʦ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʧʽʜ ʬʣʶ-

ʩʦʤ ʜʨʦʪʦʤ ʉʚ-08ɸ ʚ ʇʆʄʇ ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʥʘʧʣʘʚʣʝʥʦʛʦ ʚʘʣʠʢʘ ʟʥʠ-
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ʞʫʻʪʴʩʷ ʚ 1,5...2,5 ʨʘʟʠ, ʧʨʠ ʮʴʦʤʫ ʛʣʠʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 

50 % [112]. 

ɺʧʣʠʚ ʢʝʨʫʶʯʦʛʦ ʇʆʄʇ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʰʚʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶ-

ʚʘʥʥʽ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʚʝʣʠʢʦʾ ʪʦʚʱʠʥʠ ʟ ʚʫʟʴʢʠʤ ʟʘʟʦʨʦʤ ʚʠʚʯʘʣʦʩʷ ʚ ʨʦ-

ʙʦʪʘʭ [156, 157]. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʚʜʷʢʠ ʢʝʨʫʶʯʦʤʫ ʇʆʄʇ ʜʦʩʷʛʘʻʪʴʩʷ ʛʘʨʘ-

ʥʪʦʚʘʥʝ ʩʧʣʘʚʣʝʥʥʷ ʙʽʯʥʠʭ ʩʪʽʥʦʢ ʨʦʟʜʽʣʢʠ ʟʽ ʟʚʘʨʥʠʤ ʰʚʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʠʞʝʥʥʷ ʚʠʤʦʛ ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʢʨʘʡʦʢ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʠʪʨʘʪ ʥʘ ʧʽʜʛʦʪʦʚʯʽ ʦʧʝ-

ʨʘʮʽʾ, ʟʤʝʥʰʝʥʥʷ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʟʘʣʠʰʢʦʚʠʭ ʟʚʘʨʶʚʘʣʴʥʠʭ ʥʘʧʨʫ-

ʞʝʥʴ ʫ ʟ'ʻʜʥʘʥʥʷʭ, ʝʢʦʥʦʤʥʫ ʚʠʪʨʘʪʫ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ ʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ. 

ɺ ʨʦʙʦʪʽ [158] ʚʠʚʯʘʣʠ ʚʧʣʠʚ ʷʢ ʧʦʩʪʽʡʥʦʛʦ, ʪʘʢ ʽ ʟʤʽʥʥʦʛʦ ʇʆʄʇ ʥʘ 

ʛʝʦʤʝʪʨʽʶ ʚʘʣʠʢʽʚ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ. ʇʽʜ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʚʽʩʴ ʚʘ-

ʣʠʢʘ ʟʤʽʱʫʻʪʴʩʷ, ʧʨʠʯʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʟʩʫʚʫ ʧʨʦʧʦʨʮʽʡʥʘ ʟʥʘ-

ʯʝʥʥʶ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bx ʇʆʄʇ. ʇʨʠ ʟʤʽʥʥʦʤʫ ʇʆʄʇ ʯʘʩʪʦʪʦʶ 

0,5 ɻʮ ʟʤʽʱʝʥʥʷ ʦʩʽ ʚʘʣʠʢʘ ʚʽʜʧʦʚʽʜʘʣʠ ʯʘʩʪʦʪʽ ʧʦʣʷ. ʇʨʠ ʯʘʩʪʦʪʽ 2 ɻʮ ʟʤʽ-

ʱʝʥʥʷ ʦʩʽ ʚʘʣʠʢʘ ʧʨʘʢʪʠʯʥʦ ʙʫʣʠ ʚʽʜʩʫʪʥʽ. ɻʣʠʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʥʷ ʽ ʚʠʩʦʪʘ 

ʧʦʩʠʣʝʥʥʷ ʟʤʝʥʰʫʚʘʣʠʩʷ, ʘ ʰʠʨʠʥʘ ʚʘʣʠʢʘ ʟʙʽʣʴʰʫʚʘʣʘʩʷ, ʷʢʱʦ Bx Ó 

15 ʤʊʣ. ʇʨʠ Bx < 15 ʤʊʣ ʨʦʟʰʠʨʝʥʥʷ ʚʘʣʠʢʘ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʥʝ ʚʽʜʙʫʚʘʣʦ-

ʩʷ. ʄʘʢʩʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʇʆʄʇ ʣʽʤʽʪʫʶʪʴ ʦʙʨʠʚʠ ʜʫʛʠ (ʧʦʨʫʰʝʥʥʷ ʩʪʘ-

ʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ) ʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ ʧʦʨʫʰʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʰʚʘ ʽ ʫʪʚʦʨʝʥ-

ʥʷ ʜʝʬʝʢʪʽʚ. 

ʇʦʢʘʟʘʥʦ [158], ʱʦ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʚʠʨʦʙʽʚ ʥʝʦʙʭʽʜʥʦ 

ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʫ ʩʠʣʫ ʧʨʠʩʪʨʦʶ ʚʚʝʜʝʥʥʷ ʇʆʄʇ ʟʙʽʣʴʰʫʚʘʪʠ ʚ 4...5 ʨʘʟʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʧʣʘʚʣʝʥʥʷʤ ʥʝʤʘʛʥʽʪʥʠʭ ʚʠʨʦʙʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʠʤ [120, 

159, 160]. ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚʝʣʠʢʦʾ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥ ʟ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʩʪʘ-

ʣʽ (> 20)Ā10
-3
 ʤ) ʜʦʩʷʛʪʠ ʟʥʘʯʥʠʭ ʟʤʽʥ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʰʚʘ ʥʝʤʦʞʣʠʚʦ 

ʯʝʨʝʟ ʝʢʨʘʥʫʶʯʠʡ ʚʧʣʠʚ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʨʦʙʫ ʥʘ ʇʆʄʇ. 

ʇʨʠʩʫʪʥʽʩʪʴ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʪʽʣ ʫ ʟʦʥʽ ʜʽʾ ʇʆʄʇ ʟʫʤʦʚʣʶʻ ʥʘʷʚʥʽʩʪʴ 

ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ɺz, ʷʢʘ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʟʤʽʥʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟ-

ʤʽʨʽʚ ʟʚʘʨʥʠʭ ʰʚʽʚ. ɺ ʨʦʙʦʪʽ [159] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 4-ʭ ʩʪʨʠʞʥʝʚʠʡ ʧʨʠ-
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ʩʪʨʽʡ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʚʘʚ ʚʧʣʠʚ ʥʘ ʜʫʛʫ ʽ ʨʽʜʢʠʡ ʤʝʪʘʣ ʚʘʥʥʠ ʪʽʣʴʢʠ ʧʦʧʝʨʝʯ-

ʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bx, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʙʽʪ [113]. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʜʫ-

ʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʨʦʪʽʚ ʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ 

ʟ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʽʻʶ ʇʆʄʇ ʛʣʠʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝ-

ʪʘʣʫ ʟʤʝʥʰʫʻʪʴʩʷ ʥʝ ʤʝʥʰ, ʥʽʞ ʚ 2 ʨʘʟʠ. 

 

1.5 ɺʧʣʠʚ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʽ ʩʪʨʫʢʪʫʨʫ 

ʥʘʧʣʘʚʣʝʥʠʭ ʚʘʣʠʢʽʚ ʽ ʟʚʘʨʥʠʭ ʰʚʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘ-

ʨʶʚʘʥʥʽ ʪʘ ʧʽʜ ʬʣʶʩʦʤ 

 

ɺʘʞʣʠʚʠʤ ʻ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚʘʨ-

ʥʠʭ ʟ'ʻʜʥʘʥʴ ʽ ʥʘʧʣʘʚʣʝʥʠʭ ʜʝʪʘʣʝʡ. ɭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʧʦ ʪʝʦʨʽʾ ʢʨʠ-

ʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʟʘʪʚʝʨʜʽʥʥʷ [ʥʘʧʨʠʢʣʘʜ, 161], ʷʢʽ ʚʽʜʥʦʩʷʪʴ-

ʩʷ ʜʦ ʣʠʚʘʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʘʙʦ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʘʜʯʠʩʪʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʪʽʚ. 

ʋʤʦʚʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʽʚ, ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʽ [161], ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ [162]. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʯʝʨʝʟ ʝʬʝʢʪ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʝʨʽʜʢʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʨʽʚ-

ʥʦʚʘʛʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ [162]. ʇʦʣʦʞʝʥʥʷ ʨʦʙʦʪʠ [161] ʣʠʰʝ ʯʘʩʪʢʦʚʦ ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʫʤʦʚ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʤʝʪʘʣʫ ʰʚʘ ʻ ʧʦʜʨʽʙʥʝʥʥʷ ʡʦʛʦ 

ʛʨʫʙʦʾ ʩʪʦʚʙʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ [163]. ɺʽʜʦʤʽ ʩʧʦʩʦʙʠ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩ ʢʨʠʩ-

ʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʜʽʣʷʪʴ ʥʘ ʜʚʘ ʰʣʷʭʠ: ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ. ʇʝʨʰʠʡ ʰʣʷʭ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʦʜʠʬʽʢʫʚʘʥʥ ̔ʤʝʪʘʣʫ ʟʚʘʨʶ-

ʚʘʣʴʥʦʾ ʚʘʥʥʠ ʯʝʨʝʟ ʧʨʠʩʘʜʥʠʡ ʜʨʽʪ, ʧʦʨʦʰʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʬʣʶʩʠ. ʆʜʥʘʢ 

ʩʧʦʩʦʙʠ ʚʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʫ ʟʚʘʨʶʚʘʣʴʥʫ ʚʘʥʥʫ ʥʝ ʟʘʚʞʜʠ ʪʝʭʥʦʣʦʛʽ-

ʯʥʽ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʫ ʧʝʨʝʜ 

ʟʚʘʨʶʚʘʥʥʷʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʤʝʭʘʥʽʯʥʫ ʧʦʧʝʨʝʜʥʶ ʥʘʛʦʨʪʦʚʢʫ ʘʙʦ ʥʘʢʣʝʧ 

ʢʨʦʤʦʢ ʤʝʪʘʣʫ, ʱʦ ʟʚʘʨʶʻʪʴʩʷ. ɺ ʨʦʙʦʪʽ [165] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜ-

ʜʘʚʰʠ ʢʨʦʤʢʠ ʟʚʘʨʥʦʛʦ ʚʠʨʦʙʫ ʢʘʨʙʫʚʘʥʥ,ʁ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʜʨʽʙʥʶʪʁʴʩʷ 

ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʰʚʘ ʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʢʦʨʦʟʽʡʥʠʭ ʪʨʽʱʠʥ. 
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ɽʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʤʝʪʘʣʫ ʰʚʘ ʻ ʚʧʣʠʚ ʽʤʧʫʣʴ-

ʩʥʦʾ ʧʦʜʘʯʽ ʝʣʝʢʪʨʦʜʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʽ ʥʘʧʣʘʚʣʝʥʥʽ [163-168]. 

ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʦʙʣʝʥʽ ʜʦʩʠʪʴ ʜʦʩʢʦʥʘʣʽ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʜʨʦʪʫ ʥʘ ʦʩʥʦʚʽ ʢʨʦ-

ʢʦʚʠʭ ʽ ʚʝʥʪʠʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘ-

ʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦ 20 %, ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʽ ʥʘʧʣʘʚʣʝʥʥʷ. ʇʦʢʨʘʱʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ 

ʰʚʘ ʽ ʥʘʧʣʘʚʣʝʥʦʛʦ ʚʘʣʠʢʘ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʤʦʞʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ 

ʛʣʠʙʠʥʦ ʁʧʨʦʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ: ʰʠʨʠʥʦʶ ʪʘ ʚʠʩʦʪʦʶ ʰʚʽʚ ʽ ʥʘʧʣʘʚʣʝʥʠʭ 

ʚʘʣʠʢʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʽʤʧʫʣʴʩʥʽ ʤʝʭʘʥʽʟʤʠ ʧʦʜʘʯʽ ʝʣʝʢʪʨʦʜʽʚ ʜʦʟʚʦʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʧʨʦʮʝʩʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʧʣʘʚʢʠʤ ʝʣʝʢʪ-

ʨʦʜʦʤ [163], ʬʦʨʤʫʚʘʥʥʷʤ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ [164]. 

ɺ ʨʦʙʦʪʽ [169] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʜʘʚʰʠ ʢʨʘʡʢʠ ʟʚʘʨʥʦʛʦ ʚʠ-

ʨʦʙʫ ʢʘʨʙʫʚʘʥʥ,ʁ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʜʨʽʙʥʶʪʁʴʩʷ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʰʚʘ ʽ ʧʽ-

ʜʚʠʱʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʧʨʦʪʠ ʢʦʨʦʟʽʡʥʠʭ ʪʨʽʱʠʥ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʰʣʷʭ ʚʢʣʶʯʘʻ ʩʧʦʩʦʙʠ ʚʧʣʠʚʫ ʥʘ ʤʝʪʘʣ ʚ ʧʨʦʮʝʩʽ ʟʚʘ-

ʨʶʚʘʥʥʷ: ʩʧʦʩʦʙʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʟʚʘʨʶʚʘʥʥʷ ʽ ʤʝʪʦʜʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʠʣʦʚʦʛʦ, ʪʝʧʣʦʚʦʛʦ ʘʙʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʧʣʠʚʫ [1, 29-31,170-173]. 

ɹʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʻ ʙʝʟʢʦʥʪʘʢʪʥʠʡ 

ʩʧʦʩʽʙ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ ʰʚʘ. ɭ ʟʥʘ-

ʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ, ʚ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥ ̔ʟ 

ʜʽʻʶ ʇɼʄʇ, ʘʙʦ ʇʆʄʇ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʰʚʘ 

(ʘʙʦ ʥʘʧʣʘʚʣʝʥʥʷ) ʽ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚʘʨʥʠʭ ʰʚʽʚ. 

ʋ ʚʽʜʦʤʠʭ ʨʦʙʦʪʘʭ ʥʘʚʝʜʝʥʽ ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʝʨʫʶʯʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʅʝ ʚʩʽ ʨʝʞʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʧʣʠʚʫ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʫʪʚʦʨʝʥʥʷ ʜʨʽʙʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʄʦʞʣʠʚʦ ʽ ʫʢʨʫʧʥʝʥʥʷ ʢʨʠʩʪʘʣʽʚ. ɽʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɽʄʇ ʜʣʷ ʜʝ-

ʷʢʠʭ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ [147,170, 171].  

ɺ ʨʦʙʦʪʽ [171] ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢʠ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤ-

ʧʣʽʪʫʜʠ ʚʽʜʥʦʩʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʤʽʞʬʘʟʥʦʾ ʤʝʞʽ ʩʪʫʧʝʥʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʢʨʠʩ-

ʪʘʣʽʟʘʮʽʾ ʚ çʛʘʨʷʯʠʡè ʥʘʧʽʚʧʝʨʽʦʜ ʽ ʧʨʠʩʢʦʨʝʥʥʷ - ʚ çʭʦʣʦʜʥʠʡè ʥʘʧʽʚʧʝʨʽʦʜ 
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ʚʠʟʥʘʯʠʣʠ ʤʠʪʪʻʚʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʬʨʦʥʪʫ ʟʘʪʚʝʨʜʽʥʥʷ. ʎʝ ʜʦʟʚʦʣʠ-

ʣʦ ʧʽʜʽʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ɽʄʇ. ɺ ʨʦʙʦʪʽ [172] ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥ-

ʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ɽʄʇ ʧʨʠ ʟʚʘʨʶ-

ʚʘʥʥʽ ʤʝʪʘʣʽʚ. 

ʇʆʄʇ ʪʘʢʦʞ ʩʧʨʠʷʻ ʧʦʜʨʽʙʥʝʥʥʶ ʩʪʨʫʢʪʫʨ ʰʚʘ. ɺ ʨʦʙʦʪʽ [170] ʧʦʢʘ-

ʟʘʥʦ, ʱʦ ʧʦʟʜʦʚʞʥʽ ʽ ʧʦʧʝʨʝʯʥʽ ʢʦʣʠʚʘʥʥʷ ʜʫʛʠ, ʥʝʨʝʚʝʨʩʠʚʥʽ ʽ ʨʝʚʝʨʩʠʚʥʽ 

ʢʦʣʠʚʘʣʴʥʦ-ʦʙʝʨʪʘʣʴʥʽ ʨʫʭʠ ʜʫʛʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʇʆʄʇ ʧʨʠʚʦʜʠʣʠ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʷ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʰʚʽʚ. ɺ ʨʦʙʦʪʽ [30] 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʢʦʣʠʚʘʥʥʷ ʜʫʛʠ ʚʟʜʦʚʞ ʽ ʧʦʧʝʨʝʢ ʰʚʘ ʧʨʠʚʦ-

ʜʠʣʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʨʚ̔ʥʦʚʩ̔ʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʰʚʘ, ʜʦ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ 

ʜʝʥʜʨʠʪʽʚ. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʜʫʛʦʶ, ʱʦ ʢʦʣʠʚʘʻʪʴʩʷ ʚʟʜʦʚʞ 

ʰʚʘ, ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ ʰʚʘ ʙʽʣʴʰ ʨʽʚʥʦʚʩ̔ʥʘ, ʥʽʞ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟ ʢʦʣʠʚʘʥ-

ʥʷʤʠ ʜʫʛʠ ʧʦʧʝʨʝʢ ʰʚʘ. ʇʦʚʥʝ ʧʨʠʜʫʰʝʥʥʷ ʜʝʥʜʨʠʪʽʚ ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʨʠ ʯʘʩ-

ʪʦʪʽ ʢʦʣʠʚʘʥʴ 4 ɻʮ. ʆʜʥʘʢ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʆʄʇ ʧʨʠ ʟʚʘ-

ʨʶʚʘʥʥʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟʚʘʨʥʠʭ ʰʚʽʚ ʽ 

ʥʘʧʣʘʚʣʝʥʠʭ ʚʘʣʠʢʽʚ ʥʝʜʦʩʪʘʪʥʴʦ. 

ɺ ʽʩʥʫʶʯʠʭ ʨʦʙʦʪʘʭ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʧʨʷʤʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʩʪʨʫʢʪʫʨʦʶ ʰʚʽʚ, ʟʚʘʨʝʥʠʭ ʟ ɽʄʇ. ʗʢʱʦ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʷʚʠʪʠ ʛʨʘʬʽʯʥʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ɽʄʇ, ʪʦ ʚʦʥʠ ʤʘʶʪʴ ʚʠʛʣʷʜ 

ʢʨʠʚʠʭ ʟ ʤʘʢʩʠʤʫʤʦʤ. ʇʨʠʯʦʤʫ ʤʘʢʩʠʤʫʤʠ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʦʧʪʠʤʘʣʴ-

ʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ɽʄʇ. ɿʘʚʜʷʢʠ ʜʽʾ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟʙʽʣʴʰʫ-

ʻʪʴʩʷ ʪʚʝʨʜʽʩʪʴ, ʧʽʜʚʠʱʫʶʪʴʩʷ ʤʽʮʥʽʩʪʴ ʽ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ ʰʚʘ, 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʦʧʽʨʥʽʩʪʴ ʰʚʽʚ ʫʪʚʦʨʝʥʥ ʁʛʘʨʷʯʠʭ ʪʨʽʱʠʥ [1, 29,30, 174-182]. 

ɼʣʷ ʟʚʘʨʶʚʘʥʥʷ ʘʫʩʪʝʥʽʪʥʠʭ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʩʪʘʣʝʡ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʘ-

ʭʠʩʥʠʭ ʛʘʟʽʚ ʟ ʜʽʻʶ ʇɼʄʇ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʣʷ, ʱʦ ʜʦʟʚʦ-

ʣʷʶʪʴ ʧʦʣʽʧʰʠʪʠ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ [174]. 

ʇʦʢʘʟʘʥʦ [177,178], ʱʦ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚʠʩʦʢʦʤʽʮʥʠʭ ʩʪʘʣʝʡ ʟ ʜʽʻʶ 

ʟʤʽʥʥʦʛʦ ʇɼʄʇ ʚ ʦʙʣʘʩʪʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ɽʄʇ, ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʦʧʨ̔-

ʥʽʩʪʴ ʫʪʚʦʨʝʥʥʶ ʛʘʨʷʯʠʭ ʽ ʭʦʣʦʜʥʠʭ ʪʨʽʱʠʥ. ʇʨʠ ʮʴʦʤʫ ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʝʪʘʣʫ 
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ʰʚʘ ʟʨʦʩʣʘ ʚ 3é3,5 ʨʘʟʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟʨʘʟʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʙʝʟ ɽʄʇ. 

ɺ ʨʦʙʦʪʽ [30] ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʜʨʦʪʦʤ ʤʘʨʢʠ ʅʧ-30ʍɻʉɸ ʧʽʜ ʬʣʶʩʦʤ 

ʟ ʜʽʻʶ ʇɼʄʇ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʽ ʧʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ ʧʨʠ ʥʘ-

ʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ ʚʠʱʝ, ʥʽʞ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʙʝʟ ʧʦʣʷ. 

ɼʘʥʽ ʨʦʙʽʪ [179-181] ʧʨʠʩʚʷʯʝʥʽ ʟʘʩʪʦʩʫʚʘʥʥʶ ʢʝʨʫʶʯʦʛʦ ʇɼʄʇ ʧʨʠ 

ʧʽʜʚʦʜʥʦʤʫ ʟʚʘʨʶʚʘʥʥʽ. ɺʽʜʟʥʘʯʘʻʪʴʩʷ ʧʦʣʽʧʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʧʣʘʩʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ ʰʚʘ, ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʚʘ. ɺ ʨʦʙʦʪʽ [179] ʧʦʢʘ-

ʟʘʥʦ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʽʥʜʫʢʮʽʾ ʇɼʄʇ Bz = 10 ʤʊʣ ʟʥʠʞʫʻʪʴʩʷ ʚʤʽʩʪ ʚʦʜʥʶ 

ʚ ʤʝʪʘʣʽ ʰʚʘ ʚ 2...2,5 ʨʘʟʠ, ʟʤʝʥʰʫʶʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʽ ʨʦʟʤʽʨʠ ʧʽʨ. 

ɺ ʨʦʙʦʪʽ [182] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʧʦ ʰʘʨʫ ʣʝʛʫ-

ʶʯʦʾ ʰʠʭʪʠ ʥʘ ʩʪʘʣʴ 45 ʧʽʜ ʬʣʶʩʦʤ ɸʅ-348ɸ ʜʨʦʪʦʤ ʉʚ-08ɸ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʪʚʝʨʜʦʩʪʽ ʥʘ-

ʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ. ɺʥʘʩʣʽʜʦʢ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʨʠ ʥʘʢʣʘʜʝʥʥʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʥʘʯʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚ 

1,5é2,2 ʨʘʟʠ ʟʙʽʣʴʰʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ. 

ʋ ʨʦʙʦʪʘʭ [183-185] ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʥʘ 

ʟʚʘʨʶʚʘʣʴʥʫ ʚʘʥʥʫ ʽ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʭʘʨʘʢʪʝʨ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘ-

ʣʫ ʰʚʘ. ʋ ʨʦʙʦʪʘʭ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʚʘʥʥʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʨʝʟʦʥʘʥʩʫ, ʢʦʣʠ ʯʘʩʪʦʪʘ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʣʘʩʥʦʶ ʯʘʩʪʦʪʦʶ ʤʝʪʘʣʫ ʰʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʽʢʨʦ-

ʩʪʨʫʢʪʫʨʘ ʰʚʘ ʙʫʣʘ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦ ,ʁ ʟʥʠʢʘʣʘ ʩʪʦʚʙʯʘʪʽʩʪʴ ʧʝʨʚʠʥʥʠʭ ʜʝ-

ʥʜʨʠʪʽʚ, ʤʝʞʽ ʢʨʠʩʪʘʣʽʚ ʩʪʘʣʠ ʨʦʟʤʠʪʠʤʠ, ʱʦ ʧʦʢʨʘʱʫʚʘʣʦ ʤʽʮʥʦʩʪʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʰʚʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʽʩʥʫʶʯʽ ʫʷʚʣʝʥʥʷ (ʛʽʧʦʪʝʟʠ) ʜʝʷʢʠʭ ʘʚʪʦʨʽʚ ʧʨʦ ʤʝʭʘʥʽʟʤ 

ʧʦʜʨʽʙʥʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʽ ʚʪʦʨʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʰʚʘ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟ 

ʚʧʣʠʚʦʤ ʄʇ. 

ɺ ʦʜʥʽʡ ʟ ʧʝʨʰʠʭ ʨʦʙʽʪ [186] ʩʪʦʩʦʚʥʦ ʜʦ ʟʚʘʨʶʚʘʥʥʷ ʪʠʪʘʥʦʚʦʛʦ 

ʩʧʣʘʚʫ ʆʊ4-1 ʪʦʚʱʠʥʦʶ 1,5Āʤʤ ʽ ʞʘʨʦʤʽʮʥʦʛʦ ʘʫʩʪʝʥʽʪʥʦʛʦ ʩʧʣʘʚʫ ʪʠʧʫ ʥʽ-

ʤʦʥʽʢ ʪʦʚʱʠʥʦʶ 10Āʤʤ ʟ ʜʽʻʶ ʇɼʄʇ ʚʠʩʣʦʚʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ 
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ʤʘʣʦʧʦʤʽʪʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʚʽʚ ʩʧʣʘʚʫ ʆʊ4-1 ʧʦʚ'ʷʟʘʥʝ ʟ ʪʠʤ , ʱʦ 

ʬʨʦʥʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʻ ʚʽʜʥʦʩʥʦ ʨʽʚʥʫ ʧʦʚʝʨʭʥʶ, ʘ ʟʥʘʯʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʰʚʘ 

ʘʫʩʪʝʥʽʪʥʦʛʦ ʩʧʣʘʚʫ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʬʨʦʥʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʷʚʣʷʻ ʩʦʙʦʶ 

ʤʘʩʫ ʟʨʦʩʪʘʶʯʠʭ ʛʦʣʦʢ, ʜʨʦʙʣʝʥʥʷ ʷʢʠʭ ʚʠʤʘʛʘʻ ʤʝʥʰʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ. 

ʊʦʙʪʦ, ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʜʝʪʘʣʴʥʦ ʥʝ ʚʢʘʟʘʥʦ. 

ʇʽʟʥʽʰʝ, ʚ ʧʫʙʣʽʢʘʮʽʾ [187] ʮʠʭ ʘʚʪʦʨʽʚ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʝ ʟʥʘʯʝʥ-

ʥʷ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦ-

ʣʠʚʘʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ, ʱʦ ʧʝʨʽʦʜʠʯʥʦ ʟʤʽʥʶʶʪʴ ʩʪʫʧʽʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʽ ʥʝ ʤʝʭʘʥʽʯʥʽ, ʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʣʠ-

ʚʘʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ ʚ ʚʘʥʥʽ. ɸʣʝ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʢʦʥʮʝʥʪʨʘ-

ʮʽʡʥʝ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ. 

ɺ ʨʦʙʦʪʽ [188] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʚʽʙʨʘʮʽʷ ʟʚʘʨʶʚʘʣʴʥʦʾ 

ʚʘʥʥʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʧʣʠʚʫ ʽ ʥʝ ʤʦʞʫʪʴ 

ʟʨʫʡʥʫʚʘʪʠ ʟʨʦʩʪʘʶʯʽ ʢʨʠʩʪʘʣʠ. ɺʚʘʞʘʶʪʴ, ʱʦ ʚ ʨʦʟʧʣʘʚʽ ʚʠʥʠʢʘʶʪʴ ʭʚʠʣʽ 

ʪʠʩʢʫ. ʎʝ ʩʪʚʦʨʶʻ ʤʠʪʪʻʚʽ ʛʨʘʜʽʻʥʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʪʦʯʢʘʤʠ ʚ 

ʦʩʪʠʛʘʶʯʦʤʫ ʨʦʟʧʣʘʚʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʜʠʩʣʦʢʘʮʽʡ ʽ ʜʦ 

ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ. 

ʇʠʪʘʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʜʨʦʙʣʝʥʥʷ ʟʨʦʩʪʘʶʯʠʭ ʢʨʠʩʪʘʣʽʚ ʧʽʜ ʜʽʻʶ 

ʇɼʄʇ (ʘʙʦ ʇʆʄʇ) ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʻ ʜʠʩʢʫʩʽʡʥʠʤ. ɺ ʦʜʥʽʡ ʟ ʨʦʙʽʪ [29] 

ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʪʘʢʝ ʜʨʦʙʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚ ʽʥʰʽʡ ʨʦʙʦʪʽ [188] ʩʪʚʝʨ-

ʜʞʫʻʪʴʩʷ, ʱʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ɺ ʨʦʙʦʪʽ [189] ʚʠʢʦʥʫʚʘʣʠ ʢʽʥʦʟʡʦʤʢʫ ʧʨʦʮʝʩʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʟʚʘ-

ʨʶʚʘʥʥʽ ʥʽʢʝʣʶ ʟ ʜʽʻʶ ʇɼʄʇ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ 

ʥʘ ʦʧʣʘʚʣʝʥʠʭ ʟʝʨʥʘʭ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʧʦʪʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʩʫʚʘʥʥʷ 

ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʉʢʫʧʯʝʥʥʷ ʜʦʤʽʰʦʢ ʧʝʨʝʜ ʨʫʭʦʤʠʤ ʧʣʦʩʢʠʤ 

ʬʨʦʥʪʦʤ ʩʪʠʤʫʣʶʻ ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦ-

ʟʧʘʜʫ ʮʴʦʛʦ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʫ ʽ ʫʪʚʦʨʝʥʥʷ ʦʩʝʨʝʜʢʫ ʥʘ ʤʽʞʬʘʟʥʽʡ ʧʦʚʝʨʭʥʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙʩʷʟʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʧʨʠ ʟʚʘ-

ʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ (ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [29, 171]) ʧʝʨʝʜ ʬʨʦʥʪʦʤ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ. ʄʠʪʪʻʚʽ ʰʚʠʜʢʦʩʪʽ 
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ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚ 1,5é10 ʨʘʟʽʚ [29], ʟʙʽʣʴʰʫʶʯʠ ʧʨʦʪʷʞʥʽʩʪʴ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ, ʮʠʤ ʘʚʪʦʨʠ ʨʦʙʽʪ [190] ʧʦʷʩʥʶʶʪʴ 

ʝʬʝʢʪ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʚʽʚ. 

ɺ ʨʦʙʦʪʽ [29] ʨʦʟʛʣʷʥʫʪʽ ʥʝʪʨʘʚʣʝʥ ̔ʧʦʚʝʨʭʥʽ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, 

ʦʛʦʣʝʥʽ ʧʨʠ ʚʠʧʣʝʩʢʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚʘʥʥʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʠʪʘʥʫ ʽ ʡʦʛʦ 

ʩʧʣʘʚʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʠʷʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ ʧʨʠ 

ʜʽʾ  ʇɼʄʇ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ. ʎʝ ʩʧʦʩʪʝʨʽʛʘʣʠ ʪʘʢʦʞ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ 

ʇɼʄʇ ʭʨʦʤʦʥʽʢʝʣʝʚʠʭ ʩʪʘʣʝʡ ʧʽʜ ʬʣʶʩʦʤ ʽ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʨʛʦʥʫ. ʇʨʠ ʟʚʘ-

ʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ ʟʘʚʞʜʠ ʧʽʜʚʠʱʫʚʘʣʘʩʷ ʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʽ ʟʥʠ-

ʞʫʚʘʣʘʩʷ ʭʽʤʽʯʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʰʚʽʚ. ʎʝ ʧʦʷʩʥʶʚʘʣʦʩʷ ʟʤʽʥʦʶ 

ʢʽʥʝʪʠʢʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʦʙʫʤʦʚʣʝʥʦʾ ʧʝʨʽʦʜʠʯʥʠʤʠ ʟʤʽʥʘʤʠ ʧʘʨʘʤʝʪʨʽʚ ʟʦʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʧʝʨʝʜ ʤʽʞʬʘʟʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨ ʙʽʣʷ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɺʠʜʽʣʷʶʪʴ ʜʚʘ ʥʘ-

ʧʽʚʧʝʨʽʦʜʠ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʙʽʣʷ ʮʴʦʛʦ ʬʨʦʥʪʫ: ʛʘʨʷʯʠʡ ʽ ʭʦʣʦʜʥʠʡ. ʋ 

ʧʝʨʰʠʡ (ʛʘʨʷʯʠʡ) ʥʘʧʽʚʧʝʨʽʦʜ ʬʨʦʥʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʝʨʝʛʨʽʪʠʡ ʚ ʛʦʣʦʚʥʽʡ ʯʘ-

ʩʪʠʥʽ ʚʘʥʥʠ ʨʽʜʢʠʡ ʤʝʪʘʣ ʧʽʜʭʦʜʠʪʴ (ʦʤʠʚʘʻ) ʮʝʡ ʬʨʦʥʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʧʽʜ-

ʚʠʱʫʻ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨ ʙʽʣʷ ʮʴʦʛʦ ʬʨʦʥʪʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʡʦʛʦ ʚʝʣʠʯʠ-

ʥʦʶ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʙʝʟ ʜʽʾ ʇɼʄʇ. ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ 

ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʪʽʚ, ʟʤʝʥʰʫʻʪʴʩʷ ʨʦʟʤʽʨ ʜʚʦʭʬʘʟʥʦʾ ʦʙʣʘʩʪʽ, ʩʢʦʨʦʯʫʻʪʴʩʷ 

ʧʨʦʪʷʞʥʽʩʪʴ ʟʦʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ. ʋ ʜʨʫʛʦʤʫ (ʭʦʣʦʜ-

ʥʦʤʫ) ʥʘʧʽʚʧʝʨʽʦʜʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʦʥʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ, ʤʝʥʰʠʭ, ʥʽʞ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʙʝʟ ʜʽʾ ʇɼʄʇ. ʇʨʠ 

ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʦʟʤʽʨ ʟʦʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ, ʧʨʠʩ-

ʢʦʨʶʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ, ʧʦʜʨʽʙʥʶʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʩʢʣʘʜʦʚʽ. ʇʨʠ ʜʽʾ ʟʥʘʢʦ-

ʟʤʽʥʥʦʛʦ ʇɼʄʇ ʤʘʢʩʠʤʘʣʴʥʽ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ 1,5...10 ʨʘʟʽʚ ʧʝʨʝ-

ʚʠʱʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ ʙʝʟ 

ʜʽʾ ʇɼʄʇ. ʆʜʥʘʢ ʙʘʞʘʥʦ ʙ ʚʩʪʘʥʦʚʠʪʠ, ʯʠ ʻ ʯʝʨʛʫʚʘʥʥʷ ʰʘʨʽʚ ʙʽʣʴʰ ʜʨʽʙ-

ʥʠʭ ʽ ʚʝʣʠʢʠʭ ʢʨʠʩʪʘʣʽʪʽʚ (ʥʘ ʚʠʛʣʷʜʽ ʟʚʝʨʭʫ), ʷʢʽ ʟʘ ʦʙʨʠʩʘʤʠ ʧʦʚʠʥʥʽ ʧʦ-

ʚʪʦʨʶʚʘʪʠ ʦʙʨʠʩʠ ʤʝʞʽ ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʽ ʚʘʥʥʠ. 
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ɺ ʨʦʙʦʪʽ [189] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥ ̔ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʙʽʣʷ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʝʤʠʥʫʯʝ ʦʧʣʘʚʣʝʥʥʷ ʟʘʪʚʝʨʜʽ-

ʣʦʛʦ ʤʝʪʘʣʫ (ʷʢ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʣʠʚʢʽʚ ʽ ʟʣʠʪʢʽʚ [178]). ʇʨʠ ʮʴʦʤʫ ʚ ʧʝ-

ʨʰʫ ʯʝʨʛʫ ʧʣʘʚʣʷʪʴʩʷ ʜʽʣʷʥʢʠ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʷʢʽ ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʚʤʽʩʪ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ, ʦʪʞʝ, ʙʽʣʴʰ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ. ʋ ʜʝʥʜ-

ʨʠʪʽʚ ʪʘʢʠʤʠ ʜʽʣʷʥʢʘʤʠ ʻ ʦʩʥʦʚʠ ʛʽʣʦʢ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʇʨʠ ʬʣʫʢʪʫʘʮʽʷʭ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʙʣʠʟʫ ʤʽʞʬʘʟʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʜʽʣʝʥʥʷ ʛʽʣʦʢ ʜʝʥ-

ʜʨʠʪʽʚ ʚʽʜ ʛʦʣʦʚʥʦʛʦ ʩʪʦʚʙʫʨʘ, ʱʦ ʚʽʜʟʥʘʯʘʣʦʩʷ ʽ ʚ ʨʦʙʦʪʽ [191]. ɼʝʥʜʨʠʪʥʘ 

ʛʽʣʢʘ, ʱʦ  ʚʽʜʦʢʨʝʤʠʣʘʩʷ, ʤʦʞʝ ʫʪʚʦʨʠʪʠ ʥʦʚʠʡ ʢʨʠʩʪʘʣ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘ-

ʨʦʜʢʘ. ʇʨʠ ʜʽʾ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇɼʄʇ ʟ ʧʘʫʟʘʤʠ ʟʘ ʯʘʩ ʧʘʫʟʠ ʬʨʦʥʪ ʢʨʠʩʪʘʣʽ-

ʟʘʮʽʾ ʧʦʚʠʥʝʥ ʧʨʦʩʫʥʫʪʠʩʷ ʥʘ ʚʽʜʩʪʘʥʴ, ʨʽʚʥʫ ʪʦʚʱʠʥʽ ʜʚʦʭʬʘʟʥʦ ʾʦʙʣʘʩʪʽ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʯʘʩʪʦʪʫ ʩʣʽʜʫʚʘʥʥʷ ʽ ʞʦʨʩʪ-

ʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇɼʄʇ, ɦʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʯʘʩʪʦʪʘ ʇɼʄʇ ʚ ʤʝʞʘʭ 0,6...15 ɻʮ, ʱʦ ʟʙʽ-

ʛʘʻʪʴʩʷ ʟ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʯʘʩʪʦʪ ʫ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ. ʉʪʚʝʨ-

ʜʞʫʻʪʴʩʷ ʪʘʢʦʞ, ʱʦ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʟ ʥʠʟʴʢʠʤ ʽʥʪʝ-

ʨʚʘʣʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʦʜʨʽʙʥʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚ̔ ʜʙʫʚʘʻʪʴʩʷ (ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ). ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʤʘʣʦʶ ʪʦʚʱʠ-

ʥʦʶ ʜʚʦʭʬʘʟʥʦʾ ʟʦʥʠ, ʽ ʥʝʨʦʟʚʠʥʝʥʽʩʪʶ ʦʩʝʡ ʜʝʥʜʨʠʪʽʚ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʅʘ 

ʥʘʰ ʧʦʛʣʷʜ, ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥ ̔ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ, ʢʦʣʠ ʥʘʡʯʘʩʪʽʰʝ ʩʧʦ-

ʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʥʜʨʠʪʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ, ʮʝʡ ʤʝʭʘʥʽʟʤ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʤʦʞʣʠʚʠʡ. ʆʜʥʘʢ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ, ʷʢʱʦ ʙʽʣʴʰ ʣʝʛʢʦʧʣʘʚʢʽ ʬʨʘʛʤʝʥʪʠ 

ʛʽʣʦʢ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʙʫʜʫʪʴ ʚʠʥʝʩʝʥʽ ʚ ʙʽʣʴʰ ʛʘʨʷʯʠʡ ʨʽʜʢʠʡ ʤʝʪʘʣ ʚʘʥʥʠ 

ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʪʦ ʚʦʥʠ ʨʦʟʧʣʘʚʣʷʪʴʩʷ, ʽ ʥʝ ʙʫʜʫʪʴ ʛʨʘʪʠ ʨʦʣʴ 

ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ɺ ʨʦʙʦʪʽ [189], ʷʢ ʽ ʚ ʨʦʙʦʪʽ [186] ʜʦʪʨʠʤʫʶʪʴʩʷ ʜʫʤʢʠ, ʱʦ ʚʝʣʠʯʠʥʠ 

ʩʠʣ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʚʘʥʥʽ ʧʨʠ ʜʽʾ ʇɼʄʇ, ʷʚʥʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʜʨʦʙʣʝʥʥʷ 

ʟʨʦʩʪʘʶʯʠʭ ʢʨʠʩʪʘʣʽʚ. ʗʢ ʽ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [29] ʚʦʥʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʧʨʦʚʽʜ-

ʥʠʤ ʬʘʢʪʦʨʦʤ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʻ ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ. 
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ʋ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʨʦʙʦʪʘʭ ʨʦʟʛʣʷʜʘʚʩʷ ʚʧʣʠʚ ʇɼʄʇ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʥʘ 

ʧʦʜʨʽʙʥʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʆʜʥʘʢ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʦʪʦʢʠ ʨʽ-

ʜʢʦʛʦ ʤʝʪʘʣʫ, ʱʦ ʽʥʽʮʽʶʶʪʴʩʷ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ, ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ (ʧʦʜʨʽʙʥʝʥʥʷ) ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʨʦʙʦʪʽ [189] ʧʝʨʝʢʦʥʣʠʚʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʇɼʄʇ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶ-

ʚʘʥʥʽ ʚʧʣʠʚʘʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ʤʝʞ ʢʨʠʩʪʘʣʽʚ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘ-

ʪʢʦʚʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʥʘ ʬʨʦʥʪ ʟʨʦʩʪʘʶʯʠʭ ʢʨʠʩʪʘʣʽʚ ʨʦʟʧʣʘʚʣʝʥʠʤ 

ʤʝʪʘʣʦʤ ʚʘʥʥʠ, ʱʦ ʩʪʚʦʨʶʻ ʥʘʧʨʫʞʝʥʥʷ ʽ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ. ʊʘʢʠʡ ʤʝʭʘʥʽʟʤ 

ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʝʭʥʽʯʥʦ ʯʠʩʪʠʭ ʤʝʪʘ-

ʣʽʚ, ʟʦʢʨʝʤʘ, ʪʠʪʘʥʫ ʪʘ ʥʽʢʝʣʶ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ [189]. 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʠʤ ʻ ʪʝ, ʱʦ ʜʣʷ ʟʚʘʨʥʠʭ ʰʚʽʚ ʭʘʨʘʢʪʝʨʥʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʎʝʡ ʬʘʢʪ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʰʘʨʫʚʘʪʦʩʪʽ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘ-

ʮʽʾ ʟʚʘʨʥʠʭ ʰʚʽʚ [192], ʦʙʫʤʦʚʣʝʥʦʾ ʟʫʧʠʥʢʘʤʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʧʝʨʽʦʜ ʚʠʜʽ-

ʣʝʥʥʷ ʧʨʠʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʋ ʨʦʙʦʪʘʭ [183-185] ʧʝʨʝʢʦʥʣʠʚʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʥʘʜʯʠʩʪʠʭ (ʽ ʪʝʭʥʽʯ-

ʥʦ ʯʠʩʪʠʭ) ʤʝʪʘʣʽʚ, ʢʦʣʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʦʥʩʪʠʪʫʮʽʡʥʝ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʪʘ-

ʢʦʞ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʧʣʘʚʽʚ (ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʤʽʰʦʢ), ʢʦʣʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʢʦʥʩʪʠʪʫʮʽʡʥʝ, ʘʣʝ ʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴ-

ʩʷ ʰʘʨʫʚʘʪʘ ʙʫʜʦʚʫ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʰʚʽʚ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʙʝʟ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʯʘʩʪʦʪʘ ʧʨʠʨʦʜʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʰʚʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʟʚʘʨʶʚʘʥʥʷ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʝʪʘʣʫ, ʱʦ ʟʚʘʨʶʻʪʴʩʷ, ʽ ʡʦʛʦ ʪʦʚ-

ʱʠʥʠ. ʆʜʥʘʢ, ʘʚʪʦʨʠ ʨʦʙʽʪ [183-185] ʧʨʦʧʦʥʫʶʪʴ ʤʝʪʦʜ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢ-

ʪʫʨʠ ʰʚʽʚ ʟʘ ʨʘʭʫʥʦʢ ʫʟʛʦʜʞʝʥʥʷ ʯʘʩʪʦʪʠ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʜʽʾ ʇɼʄʇ) ʟ ʚʣʘʩʥʦʶ ʯʘʩʪʦʪʦʶ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʱʦʙ ʥʘʩʪʘʚ ʨʝʟʦʥʘʥʩ. ʆʜʥʘʢ, 

ʤʝʭʘʥʽʟʤ ʜʦʩʷʛʥʝʥʥʷ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʝʟʦʥʘʥʩʫ, ʚʠʢʣʘ-

ʜʝʥʠʡ ʘʚʪʦʨʘʤʠ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʥʝ ʻ ʧʝʨʝʢʦʥʣʠʚʠʤ. ʅʝʦʙʭʽʜʥʝ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʽʾ ʟʘʟʥʘʯʝʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʦʜʨʽʙ-

ʥʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʰʚʽʚ. 
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ʅʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʥʘ ʷʢʽʡ ʩʪʘʜʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʟʚʘʨʥʠʭ ʰʚʽʚ ʧʨʠ ʚʧʣʠʚʽ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ: ʧʨʠ ʧʝʨʚʠʥʥʽʡ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘʙʦ 

ʧʨʠ ʚʪʦʨʠʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ, ʘʙʦ ʦʜʥʦʯʘʩʥʦ ʥʘ ʮʠʭ ʜʚʦʭ ʩʪʘʜʽʷʭ. ʅʝʦʙʭʽʜ-

ʥʦ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʇɼʄʇ (ʇʆʄʇ) ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʚʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ 

ʟʚʘʨʶʚʘʥʥ.̔ 

ʐʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʚ ʚʘʥʥʽ ʧʝʨʽʦʜʠʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʽ ʚ ʩʪʨʫʢʪʫ-

ʨʽ ʰʚʚ̔ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʽ ʰʘʨʠ. ʊʦʚʱʠʥʘ ʮʠʭ ʰʘʨʽʚ ʟʙʽʣʴʰʫ-

ʻʪʴʩʷ ʧʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʧʝʨʠʬʝʨʽʾ ʚʘʥʥʠ ʜʦ ʾʾ ʮʝʥʪʨʫ. ʊʦʚʱʠʥʘ ʰʘʨʽʚ 

ʚʠʤʽʨʶʻʪʴʩʷ ʯʘʩʪʢʘʤʠ ʤʽʣ̔ ʤʝʪʨʫ. ɺ ʪʠʭ ʜʽʣʷʥʢʘʭ ʰʚʫ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦ-

ʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰʘ, ʪʦʚʱʠʥʘ ʰʘʨʫ ʚʠʭʦʜʠʪʴ ʥʘʡʤʝʥʰʦʶ. ʇʦ ʰʘʨʘʤ ʢʨʠʩʪʘ-

ʣʽʟʘʮʽʾ (ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʾʭ ʧʝʨʝʪʠʥʽ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʭʽʤʽʯʥʘ ʥʝʦʜʥʦʨʽ-

ʜʥʽʩʪʴ ʧʦ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʭ, ʽ, ʟʦʢʨʝʤʘ, (ʦʩʦʙʣʠʚʦ) ʧʦ ʩʽʨʮʽ. ʄʝʪʦʜʦʤ 

ʨʘʜʽʦʛʨʘʬʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʦʞʝʥ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʡ ʰʘʨ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʭʘʨʘʢʪʝʨʥʠʭ ʜʽʣʷʥʦʢ:  

ς ʥʠʞʥʷ ʧʦʯʘʪʢʦʚʘ ʜʽʣʷʥʢʘ ʟ ʥʘʡʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ, ʩʽʨʢʠ ʽ ʬʦ-

ʩʬʦʨʫ;  

ï ʩʝʨʝʜʥʷ ʜʽʣʷʥʢʘ, ʚ ʷʢʽʡ ʚʤʽʩʪ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʘ ʪʘʢʦʞ S ʽ P) ʚʽʜ-

ʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ ʚʤʽʩʪʫ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʤʝʪʘʣʽ ʰʚʘ;  

ï ʚʝʨʭʥʷ ʜʽʣʷʥʢʘ ʟʽ ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʟʘʟʥʘʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺ ʨʦʙʦʪʽ [193] ʧʦʷʩʥʝʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʝʨʽʦʜʘʤʠ ʟʫʧʠʥʦʢ ʚ ʧʨʦʮʝʩʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʰʘʨʫ ʽ ʧʨʦʮʝʩʦʤ ʜʠʬʫʟʽʾ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʘ ʪʘʢʦʞ S ʽ P) ʥʘ 

ʢʦʨʜʦʥʽ: ʪʚʝʨʜʠʡ ʤʝʪʘʣ-ʨʽʜʠʥʘ. ɼʘʥʽ ʧʨʦ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 

ʭ̔ ʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚ ʤʝʞʘʭ ʢʨʠʩʪʘʣʽʟʘʮ̔ʡʥʦʛʦ ʰʘʨʫ, ʘ ʪʘʢʦʞ ʧʨʦ ʨʦʟʤʽʨʠ (ʚ 

ʧʝʨʝʪʠʥʽ) ʮʴʦʛʦ ʰʘʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʞʣʠʚʠʤʠ ʧʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʾ 

ʯʘʩʪʦʪʠ ʢʝʨʫʶʯʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʨʦʟʤʽʨʽʚ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʰʚʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʾʭ ʭʽʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. 

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨ ʚʧʣʠʚʘʻ ʛʽʜʨʦʜʠʥʘ-

ʤʽʢʘ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ. ʇʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʨʦʟʧʣʘʚʫ ʫ 

ʚʘʥʥʽ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʨʽ-



84 
 

ʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʚʘʥʥʽ ʥʝ-

ʦʙʭʽʜʥʦ, ʱʦʙ ʨʽʜʢʠʡ ʤʝʪʘʣ ʨʦʟʧʣʘʚʫ ʜʦʩʷʛʘʚ ʢʨʘʡʥʽʭ ʪʦʯʦʢ ʚ ʭʚʦʩʪʦʚʽʡ ʯʘʩ-

ʪʠʥʽ ʚʘʥʥʠ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ (ʥʘʧʣʘʚʣʝʥʥʽ) ʷʢʽʩʥʝ ʬʦʨʤʫʚʘʥʥʷ ʰʚʽʚ 

(ʚʘʣʠʢʽʚ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʟʤʽʥʥʦʛʦ ʄʇ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʟʥʘʢʦʟʤʽʥʥʠʭ ʇɼʄʇ ʽ ʇʆʄʇ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ 

ʝʬʝʢʪʠʚʥʝ (ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʚʘʥʥʠ) ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʝʪʘʣʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘ-

ʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥʥʽ) ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ. 

 

1.6 ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʽ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ 

 

ʆʛʣʷʜʦʤ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʜʦʩʣʽ-

ʜʞʝʥʘ ʪʦʧʦʣʦʛʽʷ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʇɺ ʇɼʄʇ ʽ ʇʆʄʇ, ʘ ʪʘ-

ʢʦʞ ʥʝ ʜʦʩʣʽʜʞʝʥʠʡ ʚʧʣʠʚ ʟʥʘʢʦʟʤʽʥʥʠʭ ʧʦʣʽʚ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʇɺ ʇɼʄʇ ʽ 

ʇʆʄʇ ʥʘ ʧʝʨʝʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʢʨʘʧʝʣʴ ʽ ʨʫʭ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʟʚʘʨʶʚʘ-

ʣʴʥʽʡ ʚʘʥʥʽ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʪʘ ʟʚʘʨʶʚʘʥʥʽ ʩʪʠʢʦʚʠʭ ʟô̒ ʜʥʘʥ.ɹ ʅʝ 

ʜʦʩʣʽʜʞʝʥʽ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

ʟʚʘʨʥʠʭ ʰʚʽʚ ʽ ʥʘʧʣʘʚʣʝʥʴ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʩʪʠʢʦʚʠʭ 

ʟôʻʜʥʘʥ.ɹ 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ 

ʟʚʘʨʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʽ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦ-

ʚʥʦʛʦ ʤʝʪʘʣʫ. ʅʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʨʦ-

ʙʦʪʘʭ ʚʠʢʦʥʫʶʪʴ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʟʚʦʨʦʪʥʦʾ ʧʦʣʷʨʥʦʩʪʽ. ʊʦʤʫ ʽ ʚ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʚʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʚʽʜʥʦʩʠʪʠʩʴ ʜʦ ʧʨʦʮʝʩʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʜʫʛʦ-

ʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʟʚʦʨʦʪʥʦʾ ʧʦʣʷʨʥʦʩʪʽ 

ʜʨʦʪʷʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʧʽʜ ʰʘʨʦʤ ʬʣʶʩʫ. 

ʃʪ̔ʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʧʦʢʘʟʘʚ, ʱʦ ʻ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽ-

ʮʽʻʥʪʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ. ʆʩʦʙʣʠʚʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʽ ʟʘʨʘʟ 

ʧʦʩʪʽʡʥʦ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʻ ʩʧʦʩʦʙʠ ʧʫʣʴʩʫʶʯʦʾ ʧʦʜʘʯʽ ʝʣʝʢʪʨʦʜʫ ʚ ʟʦʥʫ 

ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʎʽ ʩʧʦʩʦʙʠ 

ʜʦʟʚʦʣʷʶʪʴ ʪʘʢʦʞ ʨʝʛʫʣʶʚʘʪʠ ʛʣʠʙʠʥʫ ʽ ʧʣʦʱʫ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦ-
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ʛʦ ʤʝʪʘʣʫ, ʧʦʢʨʘʱʫʚʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʚʘʣʠʢʽʚ ʽ ʰʚʽʚ, ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʩʣʫʞʙʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʘʥʥʠ ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʩʣʫʞʙʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʽ ʟʚʘʨ-

ʥʠʭ ʰʚʽʚ. 

ʆʜʥʘʢ ʜʝʷʢʽ ʥʘʫʢʦʚʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʠʪʘʥʥʷ ʩʪʦʩʦʚʥʦ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚ-

ʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʟ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʟʦʚʥʽʰʥʽʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʝ ʜʦʩʣʽ-

ʜʞʝʥʽ ʚ ʜʘʥʠʡ ʯʘʩ. ɿʦʢʨʝʤʘ ʥʝ ʜʦʩʣʽʜʞʝʥʽ ʽ ʥʝ ʟʥʘʡʰʣʠ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʦ-

ʷʩʥʝʥʥʷ ʝʬʝʢʪʠ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʽ ʟʤʽʥʠ ʛʣʠʙʠʥʠ 

ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘ-

ʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʜʦʩʣʽʜʞʝʥ ɹʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ ʧʽʜ 

ʬʣʶʩʦʤ ʟ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 

ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ ʧʽʜ ʬʣʶʩʦʤ ʩʪʠʢʦʚʠʭ ʟôʻʜʥʘʥʴ ʝʣʝʢʪʨʦʜʥʠʤʠ 

ʜʨʦʪʘʤʠ ʟ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ 

ʟʘʜʘʯʽ:  

1. ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʩʪʘʥʦʚʠʪʠ ʨʦʟ-

ʧʦʜʽʣ ʽʥʜʫʢʮʽʾ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʜʽʣʷʥʢʘʭ ʤʘʛ-

ʥʽʪʥʦʛʦ ʢʦʣʘ ʚʽʜ ʦʙʤʦʪʢʠ ʟʽ ʩʪʨʫʤʦʤ ʜʦ ʚʠʨʦʙʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴ-

ʥʠʭ ʟʥʘʯʝʥʴ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʽ 

ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʦʩʝʨʜʷ 

ʧʨʠʩʪʨʦʶ ʚʚʝʜʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʜʨʦʪʫ ʽ ʚʠʨʦʙʫ.  

2. ɺʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʡ ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ ʧʦʧʝʨʝʯʥʦ-

ʛʦ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʚ ʟʦʥʽ ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ ʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʛʦʣʦʚʥʽʡ ʯʘʩ-

ʪʠʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪ-

ʨʦʜʥʠʭ ʜʨʦʪʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ. 

3. ɺʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘ-

ʛʥʽʪʥʦʛʦ ʧʦʣʷ ʨʽʟʥʦʾ ʯʘʩʪʦʪʠ, ʱʦ ʚʠʜʘʣʷʶʪʴ ʢʨʘʧʣʽ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʥʦʛʦ 
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ʜʨʦʪʫ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʧʽʜ ʬʣʶʩʦʤ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʧʽʜʚʠ-

ʱʠʪʠ  ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ. 

4. ɼʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʜʫʛʦʚʦ-

ʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʩʪʠʢʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʟ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʽʥʜʫʢʮʽʾ ʽ 

ʯʘʩʪʦʪʠ ʚʢʘʟʘʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʛʣʠʙʠʥʠ 

ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. 

5. ɺʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʽʥʜʫʢʮʽʾ ʽ ʯʘʩʪʦʪʠ ʟʥʘʢʦʟʤʽʥʥʠʭ ʧʦʟʜʦʚʞʥʴʦʛʦ ʽ 

ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʧʨʠ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʤʽʰʫ-

ʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ, ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘ-

ʜʦʚʠʭ ʤʝʪʘʣʫ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʩʣʫʞʙʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ-

ʧʣʘʚʣʝʥʠʭ ʪʘ ʟʚʘʨʥʠʭ ʜʝʪʘʣʝʡ ʽ ʚʠʨʦʙʽʚ. 

6. ʈʦʟʨʦʙʠʪʠ ʽ ʚʧʨʦʚʘʜʠʪʠ ʪʝʭʥʦʣʦʛʽʾ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶ-

ʚʘʥʥʷ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ ʟ ʜʽʻʶ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʜʝʪʘʣʝʡ ʽ ʚʠʨʦ-

ʙʽʚ ʚ ʧʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ.  
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ʈʆɿɼɯʃ 2 

ɺʀɿʅɸʏɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʂɽʈʋʖʏʀʍ ʄɸɻʅɯʊʅʀʍ 

ʇʆʃɯɺ ɺ ɿʆʅɯ ɽʃɽʂʊʈʆɼʅʆɰ ʂʈɸʇʃɯ ɯ ɿɺɸʈʖɺɸʃʔʅʆɰ ɺɸʅʅʀ 

ʇʈʀ ɽʃɽʂʊʈʆɼʋɻʆɺʆʄʋ ʅɸʇʃɸɺʃɽʅʅɯ ɯ ɿɺɸʈʖɺɸʅʅɯ 

 

 

2.1. ʈʦʟʨʘʭʫʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʜʫ-

ʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥʥʽ) 

 

2.1.1 ʈʦʟʨʘʭʫʥʦʢ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠ-

ʚʦʩʪʝʡ ʦʩʝʨʜʷ, ʜʨʦʪʫ ʽ ʚʠʨʦʙʫ. ʉʢʣʘʜʥʽʩʪʴ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʟʚʘʨʶʚʘʣʴ-

ʥ̔ ʡ  ʜʫʟʽ ʽ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʜʽʾ 

ʇɼʄʇ, ʽ ʥʝʜʦʩʪʘʪʥʷ ʾʭ ʚʠʚʯʝʥʽʩʪʴ ʩʪʨʠʤʫʶʪʴ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦ-

ʛʦ ʩʧʦʩʦʙʫ ʥʘʧʣʘʚʣʝʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦ ʽʥʜʫʢʮʽʶ 

ʇɼʄʇ, ʷʢʽ ʛʝʥʝʨʫʻ ʇɺ ʇɼʄʇ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʾʾ ʨʦʟʨʘʭʫʥʢʫ. ʂʨʽʤ ʪʦʛʦ, ʥʝ-

ʦʙʭʽʜʥʠʡ ʥʘʜʽʡʥʠʡ ʧʨʠʩʪʨʽʡ ʚʚʝʜʝʥʥʷ ʇɼʄʇ ʩʪʦʩʦʚʥʦ ʜʦ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ 

ʥʘʧʣʘʚʣʝʥʥʷ ʚʠʨʦʙʽʚ (ʜʝʪʘʣʝʡ). 

ɭ ʧʨʦʛʨʘʤʘ ANSYS, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ, ʱʦ ʛʝ-

ʥʝʨʫʻʪʴʩʷ ʚʩ̔ʝʩʠʤʝʪʨʠʯʥʠʤ ʇɺ ʇɼʄʇ [104]. ʆʜʥʘʢ ʚʦʥʘ ʻ ʥʘʜʤʽʨʥʦ ʩʢʣʘʜ-

ʥʦ ʁʜʣʷ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋ ʨʦʙʦʪʘʭ [105, 106] ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ 

ʚʠʨʽʰʫʚʘʣʘʩʷ ʯʠʩʝʣʴʥʦ ʽʪʝʨʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʥʝ-

ʩʪʘʮʽʦʥʘʨʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʜʣʷ ʩʠʩʪʝʤ ʟ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʠʤʝʪʨʽʻʶ. ʋ ʨʦʙʦ-

ʪʘʭ [107, 108] ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʚʪʦʨʠʥʥʠʭ ʜʞʝʨʝʣ ʪʘʢʘ ʟʘʜʘʯʘ ʚʠʨʽʰʝʥʘ ʽ ʚʽ-

ʜʥʦʩʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʩʠʤʝʪʨʠʯʥʠʭ, ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʮʴʦʤʫ ʧʨʦʛʨʘʤʘ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʩʪʽʰʝ, ʥʽʞ ʧʨʦʛʨʘʤʘ ANSYS. ʋ ʮʽʡ ʤʝʪʦʜʠʮʽ ʽʥʪʝʛʨʘʣʴʥʦ-

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʨʦʟʚ'ʷʟʫʶʪʴʩʷ ʯʠʩʝʣʴʥʦ ʤʝʪʦʜʦʤ ʙʣʦʯʥʦʾ ʽʪʝʨʘʮʽʾ, 

ʱʦ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʨʽʙ ʽ ʝʣʝʢʪʨʦʜ-

ʥʠʡ ʜʨʽʪ ʻ ʬʝʨʦʤʘʛʥʝʪʠʢʘʤʠ, ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ ʻ ʪʘʢʦʞ ʦʩʝʨʜʷ ʩʦʣʝʥʦʾʜʘ, ʱʦ 

ʛʝʥʝʨʫʻ ʇɼʄʇ. ʂʦʥʩʪʨʫʢʮʽʷ ʩʦʣʝʥʦʾʜʘ, ʡʦʛʦ ʨʦʟʤʽʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʘʢʠʤʠ, 
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ʱʦʙ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʧʦʟʜʦʚʞʥʷ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ ʙʫʣʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦʶ. 

ʉʠʩʪʝʤʘ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʪʽʣ: ʦʩʝʨʜʷ ʩʦʣʝʥʦʾʜʘ, ʟʚʘʨʶʚʘʣʴʥʠʡ ʜʨʽʪ ʽ ʚʠ-

ʨʽʙ (ʧʣʘʩʪʠʥʘ) ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʬʝʨʦʤʘʛʥʽʪʥʦʛʦ (ʧʦʚʽʪʨʷʥʦʛʦ) ʟʘʟʦʨʫ ʤʽʞ ʪʦʨ-

ʮʝʤ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ ʽ ʚʠʨʦʙʦʤ (ʜʫʛʠ) ʦʙʫʤʦʚʣʶʻ ʩʢʣʘʜʥʫ ʙʫʜʦʚʫ (ʨʦʟ-

ʧʦʜʽʣ) ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʩʪʦʨʽ. ʇʦʟʜʦʚʞʥʷ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ (Bz) ʚ 

ʟʘʟʥʘʯʝʥʦʤʫ ʟʘʟʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʬʝʨʦʤʘ-

ʛʥʽʪʥʠʭ ʪʽʣ ʽ ʾʭ ʚʟʘʻʤʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ, ʘ ʡ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʤʘ-

ʛʥʽʪʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ɛ) ʮʠʭ ʪʽʣ. ɺʽʜʦʤʦ, ʱʦ ʚʝʣʠʯʠʥʘ ɛ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʨʦʟʤʽʨʫ ʟʝʨʥʘ, ʚʦ-

ʥʘ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ (ʅ). 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʥʘʯʝʥʴ ʽʥʜʫʢʮʽʾ ʚ ʟʘʟʦʨʽ ʤʽʞ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʽ ʚʠʨʦ-

ʙʦʤ (ʧʣʦʩʢʦʶ ʧʣʘʩʪʠʥʦʶ) ʨʦʟʨʘʭʫʥʢʦʚʠʤ, ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ 

[1, 105] ʟʘʟʚʠʯʘʡ ʥʝ ʨʦʟʛʣʷʜʘʣʠ (ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ) ʩʪʘʥ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʮʠʭ ʪʽʣ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʦʶ ʩʠʣʦʶ ʦʙʤʦʪʢʠ ʩʦʣʝʥʦʾʜʘ (ʨʽʚʥʝʤ ʅ) ʽ 

ʚʝʣʠʯʠʥʦʶ ɛ ʤʘʪʝʨʽʘʣʫ , ʘ ʪʘʢʦʞ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ ʟʘʣʝʞʥʽʩʪʴ ɛ ʚʽʜ ʅ. 

ʅʝʦʙʭʽʜʥʦ ʙʫʣʦ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʧʨʦ ʨʦʟʧʦʜʽʣ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʩʢʣʘʜʦʚʠʭ (ʜʽʣʷʥʢʘʭ) ʤʘʛʥʽʪʥʦʛʦ ʣʘʥʮʶʛʘ ʚʽʜ ʦʙʤʦʪʢʠ ʟʽ 

ʩʪʨʫʤʦʤ ʜʦ ʥʘʧʣʘʚʣʷʻʤʦʛʦ ʚʠʨʦʙʫ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘ-

ʯʝʥʴ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bz ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴ-

ʥʦʾ ʜʫʛʠ (ʟʘʟʦʨʽ ʤʽʞ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʽ ʚʠʨʦʙʦʤ). 

ʅʘ ʨʠʩ. 2.1 ʧʨʠʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʪʽʣ ʥʘ ʰʣʷʭʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ, ʩʪʚʦ-

ʨʝʥʦʛʦ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʦʙʤʦʪʮʽ 1: 2 - ʟʚʘʨʶʚʘʣʴʥʠʡ ʜʨʽʪ 

ʜʽʘʤʝʪʨʦʤ 5 ʤʤ; 3 - ʧʣʘʩʪʠʥʘ ʪʦʚʱʠʥʦʶ 20 ʤʤ; 4 - ʟʘʟʦʨ ʤʽʞ ʪʦʨʮʝʤ ʝʣʝʢʪ-

ʨʦʜʘ ʽ ʧʣʘʩʪʠʥʦʶ ȹ = 5 ʤʤ. ʇʨʠʡʥʷʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʽʥʰʽ ʨʦʟʤʽʨʠ ʩʦʣʝʥʦ-

ʾʜʘ: ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ ï dʚʥ = 12 ʤʤ; ʡʦʛʦ ʟʦʚʥʽʰ-

ʥʽʡ ʜʽʘʤʝʪʨ ï dʟ = 50 ʤʤ; ʚʠʩʦʪʘ ʦʩʝʨʜʷ - h = 50 ʤʤ, ʚʠʣʽʪ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʜʨʦʪʫ ï H = 40 ʤʤ. 

ɿʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ Bz ʦʪʨʠʤʫʚʘʣʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʟʘ ʤʝʪʦʜʠ-

ʢʦʶ ʨʦʙʦʪʠ [226], ʩʫʪʴ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʇɼʄʇ ʚ 
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ʈʠʩ. 2.1. ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣ ̫ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʦʚʠ ʇɼʄʇ: 1 ï ʝʣʝʢʪ-

ʨʦʜʥʠʡ ʜʨʽʪ; 2 ï ʦʙʤʦʪʢʘ ʧʨʠʩʪʨʦʶ; 3 ï ʦʩʝʨʜʷ ʧʨʠʩʪʨʦʶ; 4 ï ʚʠʨʽʙ (ʧʣʘʩʪʠ-

ʥʘ)  

 

ʙʣ̔ʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʪʫʰʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʨʘʟʦʤ ʟʽ 

ʟʚʘʨʶʚʘʣʴʥʠʤ ʝʣʝʢʪʨʦʜʦʤ ʽ ʦʧʦʨʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʩʠʩʪʝʤʫ, ʱʦ ʤʘʻ ʮʠʣʽʥ-

ʜʨʠʯʥʫ ʩʠʤʝʪʨʽʶ. ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʚ ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʤʘʻ ʣʠʰʝ ʦʜʥʫ ʩʢʣʘʜʦʚʫ 

ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʩʧʨʷʤʦʚʘʥʫ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚ 

ʢʦʪʫʰʮʽ, ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʧʣʦʩʢʦʤʝʨʽʜʽʘʥʥʠʤ. 

ʈʦʟʧʦʜʽʣ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʧʣʦʩʢʦʤʝʨʽʜʽʘʥʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [226]: 
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ʜʝ J ï ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʚ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (r, z), ɸ/ʤ
2
;  

vʘ ï ʟʚʦʨʦʪʥʝ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ; ʜʣʷ 

ʬʝʨʦʤʘʛʥʪ̔ʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ()Bfa =n ; 
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ʘʙʦ, ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʬʫʥʢʮʽʾ ʧʦʪʦʢʫ y = rÖA, ʨʽʚʥʷʥʥʷʤ: 
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 (2.2) 

 

ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʦʚʠʭ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʾ ʧʦ-

ʪʦʢʫ ɣ ʚʠʢʦʥʫʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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(2.4) 
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zr BBB +=  (2.5) 

 

ʅʘ ʤʝʞʘʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʘ, 

ʟʘʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

ʅʘ ʚʝʨʭʥʽʡ ʪʘ ʥʠʞʥʽʡ ʛʨʘʥʠʮʷʭ: 
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ʥʘ ʟʦʚʥʽʰʥʽʡ ʛʨʘʥʠʮʽ (ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ r, ʧʦʚʝʨʭʥʶ S ʧʨʠʡʤʘʻʪʴ-

ʩʷ ʧʘʨʘʣʝʣʴʥʦʾ ʦʩʽ ʩʠʩʪʝʤʠ): 
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ʥʘ ʦʩʽ ʩʠʩʪʝʤʠ: 

 

 ɣ = 0. (2.8) 
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ (2.2) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ 

ʨʽʟʥʠʮʴ. ʈʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ, ʱʦ ʘʧʨʦʢʩʠʤʫʻ ʨʽʚʥʷʥʥʷ (2.2), ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʰʣʷʭʦʤ ʥʘʙʣʠʞʝʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʫ ñ =
l

ldH 0
dd

 ʧʦ ʢʦʥʪʫʨʫ, ʱʦ ʦʛʦʨʪʘʻ 

ʟʘʜʘʥʠʡ ʚʫʟʦʣ ʩʽʪʢʠ, ʽ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʯʦʪʠʨʠ ʩʫʩʽʜʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʢʦʤʽʨʢʠ 

[226] (ʜʠʚ. ʨʠʩ. 2.2).  

 

ʈʠʩ. 2.2. ɺʠʚʝʜʝʥʥʷ ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ ʰʣʷʭʦʤ ʥʘʙʣʠʞʝʥʦʛʦ 

ʽʥʪʝʛʨʫʚʘʥʥʷ: abcd - ʢʦʥʪʫʨ ʽʥʪʝʛʨʫʚʘʥʥʷ ʥʘʚʢʦʣʦ ʪʦʯʢʠ 0; 0, 1, 2, 3, 4 ï ʪʦʯ-

ʢʠ ʩʪ̔ʢʠ 

 

ʈʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʫʟʣʘ 0 ʤʘʻ ʚʠʛʣʷʜ [226]: 
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 (2.9) 

ʜʝ c0 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ 41 yy = . 
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ʈʽʚʥʷʥʥʷ (2.9) ʟʨʫʯʥʽʰʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʫ ʬʦʨʤʽ: 

 

 ,000544332211 =Ö-+Ö+Ö+Ö+Ö yyyyy cccccc  (2.10) 

ʜʝ c5 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʦʚʥʽʰʥʽ ʩʪʨʫʤʠ ʽ ʨʽʚʥʠʡ ʧʨʘʚʽʡ ʯʘʩ-

ʪʠʥʽ ʨʽʚʥʷʥʥʷ (2.6) ʟ ʧʦʟʠʪʠʚʥʠʤ ʟʥʘʢʦʤ; .43210 ccccc +++=  

 

ʆʯʝʚʠʜʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.10) ʽʪʝʨʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ 

(ʥʘʧʨʠʢʣʘʜ, ʚʝʨʭʥʴʦʾ ʨʝʣʘʢʩʘʮʽʾ). ɺʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʩʪʫʧʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʤʝʪʦʜʫ ʚʝʨʭʥʴʦʾ ʨʝʣʘʢʩʘʮʽʾ [226]: 

- ʨʽʚʥʷʥʥʷ (2.10) ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʬʦʨʤʽ, ʟʨʫʯʥʽʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ, ʪʦʙʪʦ: 

  

 33115004422 yyyyy Ö-Ö--=Ö-Ö+Ö cccccc   (2.11) 

 

- ʦʙʯʠʩʣʶʻʪʴʩʷ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.8) ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʬʫʥʢʮʽʾ ʧʦʪʦʢʫ 

ʥʘ ʨʽʚʥʷʭ ʚʠʱʝ ʽ ʥʠʞʯʝ ʟʘʜʘʥʦʛʦ (ʪʦʙʪʦ 1y   ̔ 3y), ʟʥʘʡʜʝʥʠʭ ʥʘ 

ʧʦʧʝʨʝʜʥʽʭ ʽʪʝʨʘʮʽʷʭ; 

- ʧʨʠʩʢʦʨʝʥʥʷ ʟʙʽʞʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ 

ʨʝʣʘʢʩʘʮ̔ ʡʥʦʛʦ ʤʥʦʞʥʠʢʘ: 

 

 ( )kkk X 00

1

0 ywyy -Ö+=+ , (2.12) 

ʜʝ w ï ʧʘʨʘʤʝʪʨ ʧʨʠʩʢʦʨʝʥʥʷ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʣʝʞʠʪʴ ʚ ʤʝ-

ʞʘʭ 1 ... 2, X - ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.12) ʜʣʷ ʟʘʜʘʥʦʾ ʪʦʯʢʠ, k

0y , 1

0

+ky  ï ʨʽʰʝʥʥʷ, 

ʜʦʩʷʛʥʫʪʽ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ ʽ ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʷʭ; 

 

- ʢʨʠʪʝʨʽʻʤ ʟʙʽʞʥʦʩʪʽ ʻ ʤʘʣʘ ʚʝʣʠʯʠʥʘ ʥʝʚ'ʷʟʢʠ k

p

kr yy -= +1

0 . 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʚʝʣʠʯʠʥʠ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ɛ ʥʘ ʚʝʣʠʯʠʥʫ ʽ 

ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ Bz ʚ 

ʟʘʟʥʘʯʝʥʠʭ ʜʽʣʷʥʢʘʭ ʩʠʩʪʝʤʠ ʪʽʣ ʚʝʣʠʯʠʥʫ ɛ ʟʘʜʘʚʘʣʠ ʧʦʩʪʫʧʦʚʦ, ʥʘʜʘʶʯʠ 
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ʟʥʘʯʝʥʥʷ ɛ = 1; 250; 500 (ʪʘʙʣ.2.1). ʅʘʤʘʛʥʽʯʫʚʘʣʴʥʫ ʩʠʣʫ ʢʦʪʫʰʢʠ ʦʙʤʝʞʠ-

ʣʠ ʟʥʘʯʝʥʥʷʤ IW = 400 ʘʤʧʝʨʚʠʪʢʽʚ. ʆʙʤʝʞʝʥʥʷ ɛ = 500 ʽ IW = 

400 ʘʤʧʝʨʚʠʪʢʽʚ ʟʘʜʘʚʘʣʠʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚʠ, ʱʦʙ ʚ ʟʘʟʥʘʯʝʥʠʭ ʬʝ-

ʨʦʤʘʛʥʽʪʥʠʭ ʪʽʣʘʭ ʥʝ ʙʫʣʦ ʾʭ ʥʘʩʠʯʝʥʥʷ [194]. 

ʅʘ ʥʘʚʝʜʝʥʠʭ ʥʠʞʯʝ ʛʨʘʬʽʢʘʭ ʥʦʤʝʨʘ ʢʨʠʚʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʩʪʫʧʥʠʤ 

ʧʨʠʡʥʷʪʠʤ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʟʥʘʯʝʥʴ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ m (ʪʘʙʣ. 2.1). 

ʊʘʙʣʠʮʷ 2.1  

ɿʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ m, ʧʨʠʡʥʷʪʠʭ ʚ ʨʦʟʨʘʭʫʥʢʘʭ 

ˉˉ 

ʢʨʠʚʠʭ 

ɿʥʘʯʝʥʥ ̫m ʜʣʷ 

ʦʩʝʨʜʷ ʧʣʘʩʪʠʥʠ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ 

1 250 250 250 

2 250 250 500 

3 500 250 250 

4 250 500 250 

5 1 250 250 

6 250 1 250 

7 250 250 1 

8 250 1 1 

 

ʈʦʟʧʦʜʽʣ ʽʥʜʫʢʮʽʾ Bz ʫʟʜʦʚʞ ʦʩʽ ʩʠʩʪʝʤʠ (ʧʨʠ R = 0) ʚ ʧʣʘʩʪʠʥʽ (ʨʠʩ. 

2.3, ʘ), ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʟʘʟʦʨʽ ʤʽʞ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʽ ʧʣʘʩʪʠʥʦʶ (ʨʠʩ. 2.3, ʙ) ʽ 

ʚ ʟʚʘʨʶʚʘʣʴʥʦʤʫ ʜʨʦʪʽ (ʨʠʩ. 2.3, ʚ) ʟʘʟʥʘʻ ʟʤʽʥ ʟʘ ʚʝʣʠʯʠʥʦʶ ʥʘ ʛʨʘʥʠʮʽ ʮʠʭ 

ʪʽʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʤ ʪʝʦʨʝʪʠʯʥʠʤ ʧʦʣʦʞʝʥʥʷʤ. ʈʽʚʝʥʴ ʽʥʜʫʢ-

ʮʽʾ Bz ʤʘʢʩʠʤʘʣʴʥʠʡ ʥʘ ʜʽʣʷʥʮʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ 

ʮʝʥʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʡʦʛʦ ʜʦʚʞʠʥʠ (ʚʩʝʨʝʜʠʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ). ʈʽ-

ʚʝʥʴ ʟʥʘʯʝʥʴ Bz ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʧʨʠ-

ʡʥʷʪʠʭ ʚ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (ɛ) ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʤʘʛ-

ʥʽʪʥʦʾ ʩʠʩʪʝʤʠ: ʚʠʨʦʙʫ (ʧʣʘʩʪʠʥʠ), ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ (ʝʣʝʢʪʨʦʜʫ) ʽ 

ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ. 
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                          ʘ                                                              ʙ 

 

 

ʚ 

 

ʈʠʩ. 2.3. ʈʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bz ʧʦ ʦʩʽ OZ ʚ ʧʣʘʩʪʠʥʽ (ʘ), ʚ 

ʟʘʟʦʨʽ ʤʽʞ ʧʣʘʩʪʠʥʦʶ ʽ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʫ (ʙ) ʽ ʚ ʝʣʝʢʪʨʦʜʥʦʤʫ ʜʨʦʪʽ (ʚ): 1-8 - 

ʤʘʛʥʽʪʥʽ ʧʨʦʥʠʢʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʟʘ ʜʘʥʠʤʠ ʪʘʙʣ. 2.1 [194] 

 

ʗʢʱʦ ʟʚʘʨʶʚʘʣʴʥʠʡ ʜʨʽʪ ʻ ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ, ʪʦ ʚʝʣʠʯʠʥʘ Bz ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʠʭ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʟʥʘʯʝʥʴ ɛ ʜʣʷ ʜʨʦʪʫ (ʧʦʨ. ʢʨʠʚʽ 1, 2, 

7 ʥʘ ʨʠʩ. 2.3, ʚ). ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ɛ, ʧʨʠʡʥʷʪʘ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʜʣʷ ʬʝʨʦ-
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ʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ (ɛ = 1; 250; 500), ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʝʥʴ ʽʥʜʫʢʮʽʾ Bz ʥʘ ʮʽʡ 

ʜʽʣʷʥʮʽ ʜʨʦʪʫ (ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʚʝʣʠʯʠʥʽ ɛ = 250 ʜʣʷ ʜʨʦʪʫ) (ʧʦʨ. ʢʨʠʚʽ 1, 3 ʥʘ 

ʨʠʩ. 2.3, ʚ). ʂʨʠʚʽ 7 ʽ 8 (ʨʠʩ. 2.3, ʚ) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʥʝʤʘʛʥʽʪʥʦʛʦ ʜʨʦʪʫ 

(ɛ = 1) ʨʽʚʝʥʴ ʟʥʘʯʝʥʴ Bz ʚ ʥʴʦʤʫ ʙʣʠʟʴʢʠʡ ʜʦ ʥʫʣʷ. ʇʦʨʽʚʥʷʥʥʷ ʢʨʠʚʠʭ 1 ʽ 5 

ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ ʟʚʘʨʶʚʘʣʴʥʠʡ ʜʨʽʪ (ɛ = 

250) ʥʘʤʘʛʥʽʯʫʻʪʴʩʷ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʬʝʨʦʤʘʛʥʽʪʥʦ-

ʛʦ ʦʩʝʨʜʷ.  

ʅʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʧʣʘʩʪʠʥʠ (ʚʠʨʦʙʫ) ʥʘ ʧʨʦʮʝʩ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʜʨʦʪʫ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʥʫʣʦ (ʧʦʨ. ʢʨʠʚʽ 6 ʽ 4 

ʥʘ ʨʠʩ. 2.3, ʚ). ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʜʨʦʪʫ ʚʩʝʨʝʜʠʥʽ 

ʩʦʣʝʥʦʾʜʘ ʽ ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʻ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ʽʥʜʫʢʮʽʾ ʚ ʟʘʟʦʨʽ ʤʽʞ ʪʦʨʮʝʤ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ ʽ ʚʠʨʦʙʦʤ 

(ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ). ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.3, ʙ, ʘ ʪʘ-

ʢʦʞ ʜʘʥʽ ʧʨʦ ʨʦʟʧʦʜʽʣ Bz ʫʟʜʦʚʞ ʨʘʜʽʫʩʘ R ʫ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ (ʨʠʩ. 2.4). ɿʚʽʜʩʠ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥʠ ʽʥʜʫʢʮʽʾ Bz ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʜʣʷ ʟʚʘʨʁ ʚʘ-

ʣʴʥʦʛʦ ʜʨʦʪʫ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʣʘʜʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʥʘʤʘʛʥʽ-

ʯʫʚʘʣʴʥʽʡ ʩʠʣʽ ʢʦʪʫʰʢʠ ʩʦʣʝʥʦʾʜʘ 400 ʘʤʧʝʨʚʠʪʢʽʚ, ʦʜʥʘʢ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʨʽʚʥʷ Bz ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠ-

ʤʠ ʨʦʟʤʽʨʘʤʠ ʚʘʣʠʢʘ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʮʷ ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʘ ʩʠʣʘ 

ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ ʙʣʠʟʴʢʦ 2000 ʘʤʧʝʨʚʠʪʢʽʚ [1]. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʦ ʥʘʩʠ-

ʯʝʥʥʷ ʬʝʨʦʤʘʛʥʝʪʠʢʽʚ ʨʦʟʛʣʷʥʫʪʦʾ ʩʠʩʪʝʤʠ ʪʽʣ (ʧʝʨʰ ʟʘ ʚʩʝ ʟʚʘʨʶʚʘʣʴʥʦʛʦ 

ʜʨʦʪʫ). 

ɺʨʘʭʦʚʫʚʘʣʠ ʟʘʣʝʞʥʦʩʪʽ B = f(H) ʽ ɛ = f(H), ʧʨʠʡʥʷʪʠʭ ʜʣʷ ʤʘʣʦʚʫʛ-

ʣʝʮʝʚʦʾ ʩʪʘʣʽ ʟʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [30, 196]. ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ (ʨʠʩ. 2.5) ʧʦʢʘ-

ʟʘʣʠ, ʱʦ ʧʨʠ ʤʘʣʽʡ ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʽʡ ʩʠʣʽ ʩʦʣʝʥʦʾʜʘ (400 ʘʤʧʝʨʚʠʪʢʽʚ) ʚʨʘ-

ʭʫʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ B = f(H) ʽ ɛ = f(H) ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ 

ʥʝ ʧʨʠʚʽʚ ʜʦ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʽʥʜʫʢʮʽʾ ʚʟʜʦʚʞ ʜʨʦʪʫ (ʢʨʠʚʽ 1, 2 ʥʘ ʨʠʩ. 2.5). 

ɼʣʷ ʟʥʘʯʥʦʾ ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʦʾ ʩʠʣʠ ʩʦʣʝʥʦʾʜʘ (2000 ʘʤʧʝʨ-ʚʠʪʢʽʚ), ʷʢʱʦ 
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ʚʨʘʭʫʚʘʪʠ ʨʝʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʟʘʣʝʞʥʦʩʪʽ B = f(H) ʽ ɛ = f(H), ʪʦ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bz ʚ ʜʨʦʪʽ ʟʥʘʯʥʦ ʤʝ-

ʥʰʝ, ʥʽʞ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ɛ= 500 

(ʧʦʨ. ʢʨʠʚʽ 3 ʽ 4 ʥʘ ʨʠʩ. 2.5).  

 

 

 

ʈʠʩ. 2.4. ʈʘʜʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bz ʧʨʠ Z=2,5 ʤʤ (1-

8 ï ʜʠʚ. ʪʘʙʣ. 2.1) [194] 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ Br, ʷʢ ʧʦʢʘʟʘʣʠ 

ʨʦʟʨʘʭʫʥʢʠ, ʜʣʷ ʧʝʨʝʪʠʥʽʚ Z = 35, 60 ʽ 90 ʤʤ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʤʝʥʰʝ, ʥʽʞ ʧʦʟ-

ʜʦʚʞʥʷ ʩʢʣʘʜʦʚʘ Bz. ɯ ʪʽʣʴʢʠ ʥʘ ʢʽʥʮʽ ʝʣʝʢʪʨʦʜʘ (Z å 10 ʤʤ) ʥʘ ʚʽʜʩʪʘʥʽ R = 

0,1...2,5 ʤʤ ʟʥʘʯʝʥʥʷ Br ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ Bz (ʜʦʩʷʛʘʻ ʧʦʣʦʚʠʥʠ ʟʥʘʯʝʥʴ 

ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bz). 
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ʈʠʩ. 2.5. ʈʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bz ʚ ʜʨʦʪʽ ʧʦ ʦʩʽ OZ: 1, 2 - ʧʨʠ 

IW = 400 ʘʤʧʝʨ-ʚʠʪʢʽʚ; 3, 4 ï ʧʨʠ IW = 2000 ʘʤʧʝʨʚʠʪʢʽʚ; 1, 3 ï ʧʨʠ ʧʦʩʪʽʡ-

ʥʠʭ ʟʥʘʯʝʥʥʷʭ ɛ = 500 ʜʣʷ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ; 2, 4 ï ʟ ʫʨʘʭʫ-

ʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ɛ = f(H) ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ [194] 

 

ɼʘʥʽ ʧʨʦ ʨʦʟʧʦʜʽʣ Bz ʫʟʜʦʚʞ ʨʘʜʽʫʩʘ ʫ ʧʦʚʝʨʭʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʧʣʘʩʪʠ-

ʥʠ (ʨʠʩ. 2.6) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʽʡ ʩʠʣʽ ʩʦʣʝʥʦʾʜʘ 400 ʘʤʧʝʨ-

ʚʠʪʢʽʚ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʜʦʙʨʝ ʟʙʽʛʘʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʷʢ ʧʨʠ ʧʦ-

ʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʥʽ ɛ = 500, ʪʘʢ ʽ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʣʝʞʥʦʩʪʽ 

B = f(H) ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʜʨʦʪʫ (ʧʦʨ. ʢʨʠʚʽ 1, 2, 3).  

ʇʨʠ ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʽʡ ʩʠʣʽ ʩʦʣʝʥʦʾʜʘ 2000 ʘʤʧʝʨ-ʚʠʪʢʽʚ, ʚ ʟʚ'ʷʟʢʫ ʟ ʥʘ-

ʩʠʯʝʥʥʷʤ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟʚʘʨʶʚʘʣʴʥʠʡ 

ʜʨʽʪ, ʟʙʽʛ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ B = f(H) ʜʣʷ ʤʘʪʝʨʽʘʣʫ 

ʜʨʦʪʫ (ʧʦʨ. ʢʨʠʚʽ 4, 5, 6 ʥʘ ʨʠʩ. 2.6). 
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ʈʠʩ. 2.6. ʈʘʜʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bz ʧʨʠ Z = 2,5 ʤʤ: 1, 

2, 3 ï ʧʨʠ IW = 400 ʘʤʧʝʨ-ʚʠʪʢʽʚ; 4, 5, 6 ï ʧʨʠ IW = 2000 ʘʤʧʝʨ-ʚʠʪʢʽʚ; 1, 4 - 

ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʥʷʭ ɛ = 500 ʜʣʷ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ; 2, 5 

- ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ɛ = f(H) ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ; 3, 6 - 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ [194] 

 

2.1.2 ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʽʥʜʫ-

ʢʮʽʾ ʇɼʄʇ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛ-

ʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʧʨʠ ʤʽʥʽʤʘ-

ʣʴʥʠʭ  ʟʥʘʯʝʥʥʷʭ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠʢʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʽʥʜʫʢʮʽʶ ʇɼʄʇ 

ʧʽʜ ʪʦʨʮʝʤ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʱʦ ʚʦʣʦʜʽʻ ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦ-

ʩʪʤ̫ʠ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʥʦʶ ʩʢʣʘʜʥʽʩʪʶ [104, 107, 109]. ɸʥʘʣʦʛʽʯʥʝ ʟʘ-

ʚʜʘʥʥʷ ʜʣʷ ʚʽʩʝʩʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʪʽʣ (ʇɺ ʇɼʄʇ) ʚ 

ʧ. 2.1.1 ʚʠʨʽʰʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʣʦʩʢʦʤʝʨʠʜʽʘʥʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ. ʎʷ ʤʝʪʦʜʠʢʘ ʧʨʦʩʪʽʰʝ, 

ʥ̔ ʞ ʤʝʪʦʜʠʢʠ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [104, 107]. ɿʘʚʜʘʥʥʷ ʪʫʪ ʚʠʨʽʰʫʚʘʣʘʩʷ ʪʘ-
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ʢʦʞ ʯʠʩʝʣʴʥʦ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ, ʱʦ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻ ʾʾ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ. ʇʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʙʽʣʴʰ ʧʨʦʩʪʽʰʫ ʤʝʪʦʜʠʢʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʧʽʜ ʪʦʨ-

ʮʝʤ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʨʦʟʨʦʙʠʣʠ ʽʥʞʝʥʝʨʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʝʪʦʜʠʢʫ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʟʜʦ-

ʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘ-

ʧʣʘʚʣʝʥʥʽ, ʢʦʣʠ ʚʠʨʽʙ ʽ ʝʣʝʢʪʨʦʜ ʻ ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʪʽʣʘʤʠ [197].  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʣʠ ʙʫʜʦʚʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʽʥʜʫʢʮʽʶ) 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʇɺ ʇɼʄʇ ʧʦ ʨʠʩ. 2.7: R = dʟ/2 = 25 ʤʤ (dʟ ï ʟʦʚʥʽʰʥʽʡ ʜʽ-

ʘʤʝʪʨ ʬʝʨʦʦʩʝʨʜʷ); L = 50 ʤʤ (L ï ʚʠʩʦʪʘ ʦʙʤʦʪʢʠ); ʅ = 40 ʤʤ; ȹ = 5 ʤʤ; ʜʽ-

ʘʤʝʪʨ ʜʨʦʪʫ ʉʚ-08ɸ ï dʝ = 5 ʤʤ (ʬʝʨʦʤʘʛʥʝʪʠʢ, ɛ å 500), ʘʙʦ ʟʽ ʩʪʘʣʽ 

12ʍ18ʅ10ʊ (ɛ = 1). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʤʽʨ ȹ ʥʘ ʨʠʩ. 2.7 (ʧʦʚʽʪʨʷʥʠʡ ʟʘ-

ʟʦʨ) ʩʠʤʚʦʣʽʟʫʻ ʥʘʷʚʥʽʩʪʴ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʨʽʜʢʦʾ ʢʨʘʧʣʽ (ɛ = 1) ʽ  

 

 

ʈʠʩ. 2.7. ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʪʣ̔ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ: 

1 ï ʬʝʨʦʦʩʝʨʜʷ; 2 ï ʦʙʤʦʪʢʘ; 3 ï ʚʠʨʽʙ; 4 ï ʝʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ 
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ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ (ɛ = 1). ɼʘʥʽ ʧʨʦ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [30]. ʏʠʩʣʦ ʚʠʪʢʽʚ ʦʜʥʦʰʘʨʦʚʦʾ 

ʦʙʤʦʪʢʠ (2) ʩʪʘʥʦʚʠʣʦ W = 20, ʚ ʦʙʤʦʪʮʽ ʧʨʦʧʫʩʢʘʣʠ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ ʚʝʣʠ-

ʯʠʥʦʶ I = 50 A (IW = 1000). ɺʠʤʽʨʶʚʘʣʠ ʧʦʜʦʚʞʥʶ (Bz) ʽ ʨʘʜʽʘʣʴʥʫ (Br) 

ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʪʝʩʣʘʤʝʪʨʦʤ 42305 ʟ ʜʘʪʯʠʢʦʤ ʍʦʣʘ ʟ ʙʘʟʦʶ 0,9ʭ0,9 ʤʤ 

ʫʟʜʦʚʞ ʦʩʽ ʆZ ʚʽʜ ʪʦʯʢʠ 0, ʷʢʱʦ ʝʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ (4) ʽ ʚʠʨʽʙ (3) ʟ ʥʝʤʘʛʥʽʪ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʽʜ ʪʦʯʢʠ ɸ (ʨʠʩ. 2.7), ʷʢʱʦ ʝʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ ʽ ʚʠʨʽʙ ʟ ʬʝ-

ʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʠʤʽʨʶʚʘʣʠ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ Bz ʫ ʧʦʚʝʨʭʥʽ 

ʦʩʝʨʜʷ (1) (Z = 0). ʋ ʪʘʙʣ. 2.2 ʥʘʚʝʜʝʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ Bz ʟ 3-ʭ ʚʠʤʽʨʽʚ ʚ 

ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ (IĀW = 1000). 

ʊʘʙʣʠʮ ̫2.2  

ɿʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʦʯʢʘʭ 

ˉˉ 

ʧʧ 

ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʣ 
ɺʽʜʩʪʘʥʴ Z, ʤʤ 

ɯʥʜʫʢʮʽʷ Bz, 

ʤʊʣ ʝʣʝʢʪʨʦʜ ʚʠʨʽʙ 

1 
ʅʝʤʘʛʥʽʪʥʠʡ, 

ɛ = 1 

ʅʝʤʘʛʥʽʪʥʠʡ, 

ɛ = 1 

0 25 

35 10 

40 9 

2 ʌʝʨʦʤʘʛʥʝʪʠʢ 
ʅʝʤʘʛʥʽʪʥʠʡ, 

 ɛ = 1 

0 40 

35 70 

40 24 

3 ʌʝʨʦʤʘʛʥʝʪʠʢ ʌʝʨʦʤʘʛʥʝʪʠʢ 

0 50 

35 90 

40 40 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʮʽʣʴʥʦ ʟʥʘʪʠ ʟʥʘʯʝʥʥʷ ʽʥ-

ʜʫʢʮʽʾ Bz ʫ ʧʦʚʝʨʭʥʽ ʦʩʝʨʜʷ ʇɺ ʇɼʄʇ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʨʝʪʠʥʫ ʩʪʨʠʞʥʷ 

(ʬʝʨʦʦʩʝʨʜʷ) ʽ ʯʠʩʣʘ ʘʤʧʝʨ ʚʠʪʢʽʚ ʨʦʟʤʽʱʝʥʦʾ ʥʘ ʥʴʦʤʫ ʦʙʤʦʪʢʠ. ɼʣʷ ʮʠʭ 

ʮʽʣʝʡ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʝʪʦʜʠʢʫ [109]. 
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ɯʥʜʫʢʮʽ ʁʥʘ ʧʦʟʜʦʚʞʥʽʡ ʦʩʽ ʩʦʣʝʥʦʾʜʘ ʜʦʚʞʠʥʦʶ L (ʙʝʟ ʬʝʨʦʤʘʛʥʽʪʥʦ-

ʛʦ ʩʪʨʠʞʥʷ ʚ ʩʝʨʝʜʠʥʽ ʡʦʛʦ) ʚ ʪʦʯʮʽ 0, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʡʦʛʦ ʪʦʨʮʷ 

(ʨʠʩ. 2.8) ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 

0 cos ,
2

z

I W
B

L
m a
Ö

=   (2.12) 

ʜʝ ɛ0 ï ʤʘʛʥʽʪʥʘ ʧʦʩʪʽʡʥʘ; ɛ0 = 4ˊĀ10
-7
 ɻʥ/ʤ; 

IĀW ï ʯʠʩʣʦ ʘʤʧʝʨʚʠʪʢʽʚ ʚ ʩʦʣʝʥʦʜʾ̔ ; 

 

 
2 2

cos ,
L

R L
a=

+
  (2.13) 

ʜʝ R ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʨʘʜʽʫʩ çʚʽʢʥʘè ʢʦʪʫʰʢʠ (ʩʦʣʝʥʦʾʜʘ): 

 

 

,cF
R

p
=   (2.14) 

ʜʝ Fc ï ʧʝʨʝʨʽʟ ʬʝʨʦʦʩʝʨʜʷ. 

 

 

ʈʠʩ. 2.8. ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʫʢʮʽʾ Bz ʚ ʪʦʯʮʽ 0 ʥʘ ʦʩʽ Z: R ï ʨʘʜʽʫʩ 

ʚʠʪʢʽʚ ʩʦʣʝʥʦʾʜʘ,  L ï ʜʦʚʞʠʥʘ ʩʦʣʝʥʦʾʜʘ 
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ɺʠʨʘʭʦʚʫʚʘʣʠ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ Bz ʚ ʪʦʯʮʽ 0 (ʨʠʩ. 2.8), ʚʨʘʭʦʚʫʶʯʠ 

ʬʦʨʤʫʣʠ (2.12) ʽ (2.13) ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 

,
2 22

0

LR

L

L

IW
ɺz

+
Ö=m   (2.15) 

ʜʝ R ï ʨʘʜʽʫʩ ʬʝʨʦʦʩʝʨʜʷ, R = dʟ/2 = 25Ā10
-3
 ʤ. 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ n, ʱʦ ʚʨʘʭʦʚʫʻ 

ʥʘʷʚʥʽʩʪʴ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʦʩʝʨʜʷ ʚ (ʩʦʣʝʥʦʾʜʽ) ʢʦʪʫʰʮʽ: 

 

 

max ,z

z

B
n

B
=   (2.16) 

ʜʝ Bzmax ï ʽʥʜʫʢʮʽʷ ʫ ʪʦʨʮʷ ʬʝʨʦʦʩʝʨʜʷ, ʊʣ. 

 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ n ʚʠʟʥʘʯʘʣʠ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʧʦ ʬʦʨʤʫʣʽ:  

 

 n = 3,75 ï 0,0912 (Fc ï 2,08). (2.17), 

ʜʝ Fc ï ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʬʝʨʦʦʩʝʨʜʷ (ʨʠʩ. 2.7, ʧʦʟ. 1) ʇɺ ʇɼʄʇ, ʤ
2
. 

 

ʂʦʝʬʽʮʽʻʥʪ n ʣʽʥʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʝʨʝʨʽʟʫ ʬʝʨʦʦʩʝʨ-

ʜʷ (Fc). 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʽʥʜʫʢʮʽʾ Bz ʧʽʜ ʪʦʨʮʝʤ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ 

ʝʣʝʢʪʨʦʜʘ (ʚʠʨʽʙ - ʥʝʤʘʛʥʽʪʥʠʡ) ʚ 7 ʨʘʟʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʝʣʠʯʠʥʠ Bz, 

ʷʢʱʦ ʝʣʝʢʪʨʦʜ ʟ ʥʝʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʚ ʪʦʯʮʽ çɸè, Z = 35 ʤʤ). ʗʢʱʦ ʽ 

ʝʣʝʢʪʨʦʜ, ʽ ʚʠʨʽʙ - ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ, ʪʦ ʟʙʽʣʴʰʝʥʥʷ Bz ʚʠʱʝ ʪʦʯʢʠ çɸè ʩʢʣʘ-

ʜʘʻ - 9 (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʥʘʯʝʥʥʷʤ Bz, ʷʢʱʦ ʽ ʝʣʝʢʪʨʦʜ, ʽ ʚʠʨʽʙ ʟ ʥʝʤʘʛʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʢʦʣʠ ʚ ʪʦʯʮʽ çɸè Bz = 10 ʤʊʣ). 

ʅʘ ʜʽʣʷʥʮʽ ʦʩʽ OZ ʚʽʜ Z = 35 ʤʤ ʜʦ Z = 40 ʤʤ (R = 0) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʽʥʜʫʢʮʽʾ Bz (ʧ.ʧ. 2, 3 ʪʘʙʣ. 2.2). 
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ʌʝʨʦʦʩʝʨʜʷ (ʨʠʩ. 2.7, ʧʦʟ. 1) ʇɺ ʇɼʄʇ ʻ ʥʘʤʘʛʥʽʯʝʥʠʤ ʪʽʣʦʤ ʽ ʽʥʜʫʢ-

ʮʽʷ Bz ʚʽʜ ʡʦʛʦ ʪʦʨʮʷ (ʚʽʜ ʪʦʯʢʠ ç0è ʥʘ ʨʠʩ. 2.6) ʫʟʜʦʚʞ ʦʩʽ OZ ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ [195]: 

 

 ( )nz

z

ZR

R

B

B

22

2

max +
= , (2.18) 

ʜʝ Z ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ, ʷʢʘ ʚʽʜʣʽʯʫʻʪʴʩʷ ʚʽʜ ʪʦʯʢʠ ç0è (ʨʠʩ. 2.7), ʤ; 

Bzmax ï ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʚ ʪʦʯʮʽ ç0è, ʊʣ (ʨʠʩ. 2.7). 

 

ɺʚʘʞʘʣʠ, ʱʦ ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʝʣʝʢʪʨʦʜ (ʨʠʩ. 2.7, ʧʦʟ. 4) ʫ ʩʢʣʘʜʽ ʇɺ 

ʇɼʄʇ ʻ ʥʘʤʘʛʥʽʯʝʥʠʤ ʪʽʣʦʤ (ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ). ɺʚʘʞʘʣʠ, 

ʱʦ ʘʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ Bz ʫʟʜʦʚʞ ʦʩʽ OZ ʚʽʜ ʪʦʨʮʷ ʝʣʝʢʪ-

ʨʦʜʘ (ʚʽʜ ʪʦʯʢʠ çɸè ʧʦ ʨʠʩ. 2.7) ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 

,
22

2

max Zr

r

B

B

ʝ

ʝ

z

z

+
=

 

(2.19) 

ʜʝ rʝ ï ʨʘʜʽʫʩ ʝʣʝʢʪʨʦʜʘ; rʝ = dʝ/2 = 2,5Ā10
-3
 ʤ; 

Bzmax ï ʟʥʘʯʝʥʥ ̫ ʥ̔ʜʫʢʮʽʾ ʚ ʪʦʯʮ ̔çɸè (ʫ ʪʦʨʮ̫ ʝʣʝʢʪʨʦʜʘ, ʊʣ), ʱʦ ʥʘʚʝ-

ʜʝʥʽ ʚ ʪʘʙʣ. 2.2. 

 

ɺʩʪʘʥʦʚʣʝʥʦ (ʨʠʩ. 2.9), ʱʦ ʫ ʚʘʨʽʘʥʪʽ ʩʠʩʪʝʤʠ ʪʣ̔ (ʇɺ ʇɼʄʇ), ʥʘʚʝʜʝ-

ʥʠʭ ʫ ʪʘʙʣʠʮʽ, ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ Bz/Bzmax ʙʣʠʟʴʢʽ ʤʽʞ ʩʦʙʦʶ. ʆʙʯʠʩʣʝʥʽ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.19) ʟʥʘʯʝʥʥʷ Bz/Bzmax ʥʘʚʝʜʝʥʽ ʫ ʚʠʛʣʷʜʽ ʟʥʘʯʢʽʚ - ȹ (ʥʘ ʨʠʩ. 

2.9). ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʾʭ ʧʦʚʥʠʡ ʟʙʽʛ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʪʽʣʴʢʠ ʥʘ 

ʜʽʣʷʥʮʽ ʥʠʞʯʝ Z = 0...2 ʤʤ ʚʽʜ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ, ʪʦʙʪʦ ʚ ʟʦʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ. ʎʝ ʚʘʞʣʠʚʦ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ 

ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʇɼʄʇ.  

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ, ʷʢʱʦ ʝʣʝʢʪʨʦʜ ʬʝ-

ʨʦʤʘʛʥʝʪʠʢ, ʘ ʚʠʨʽʙ ʥʝʤʘʛʥʽʪʥʠʡ, ʪʦ ʽʥʜʫʢʮʽʷ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ (ʜʨʽʪ ʉʚ-

08ɸ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ) ʟʨʦʩʪʘʻ ʚ 7 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʾ ʟʥʘʯʝʥʥʷʤʠ, ʢʦʣʠ 
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ʝʣʝʢʪʨʦʜ ʥʝ ʻ ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ. ʗʢʱʦ ʽ ʝʣʝʢʪʨʦʜ, ʽ ʚʠʨʽʙ ï ʬʝʨʦʤʘʛʥʝʪʠʢʠ, ʪʦ 

ʽʥʜʫʢʮʽʷ Bz ʇɼʄʇ ʟʨʦʩʪʘʻ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʚ 9 ʨʘʟʽʚ (ʜʠʚ. ʪʘʙʣ. 2.2). ʎʝ 

ʪʘʢʦʞ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʜʦ ʽʥʰʠʭ ʜʨʦʪʽʚ, ʷʢʽ ʻ ʬʝʨʦʤʘʛʥʝʪʠʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʅʧ-

30ʍɻʉɸ ʽ ʉʚ-08ɻ2ʉ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʽʥʜʫʢʮʽʾ Bz ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜ-

ʩʪʘʥʽ Z (ʚʽʜ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʚʥʠʟ ʜʦ ʚʠʨʦʙʫ) ʟʥʘʯʝʥʥʷ Bzmax ʩʣʽʜ ʟʤʝʥʰʠʪʠ 

(ʧʦʤʥʦʞʠʪʠ) ʥʘ ʢʦʝʬʽʮʽʻʥʪ 
22

2

Zr

r

ʝ

ʝ

+
. ʇʝʨʝʚʽʨʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʟʥʘʯʝʥʥʷ ʽʥʜʫ-

ʢʮʽʾ ʫ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ, ʟʘʟʥʘʯʝʥʽ ʚ ʪʘʙʣ. 2.2, ʚʠʢʦʥʫʶʪʴʩʷ ʽ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ 

ʜʽʘʤʝʪʨʦʤ 3 ʽ 4 ʤʤ ʽ ʚʽʜʩʪʘʥʷʭ ȹ ʜʦ 10 ʤʤ. 

 

 

 

ʈʠʩ. 2.9. ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʟʥʘʯʝʥʴ Bz/Bzmax ʚʟʜʦʚʞ ʦʩʽ OZ (H = 

40 ʤʤ; ȹ = 5 ʤʤ; dʝ = 5 ʤʤ): 1, 2, 3 ï ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʫʥʢʪʘʤ 1, 2, 3 ʪʘʙʣ. 2.2; 4 

- ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ [197] 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʯʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ Bz ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʝʣʝʢʪʨʦʜʘ, 

ʘʙʦ ʽ ʝʣʝʢʪʨʦʜʘ, ʽ ʚʠʨʦʙʫ ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚ-

ʣʝʥʥʽ ʜʨʦʪʦʤ ʟ ʜʽʻʶ ʇɼʄʇ. 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʨʘʜʽʘʣʴʥʫ ʢʦʤʧʦʥʝʥʪʫ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʣʠ ʽʥʰʽ ʧʽʜʭʦʜʠ, ʷʢʽ ʦʧʠʩʘʥʽ ʚ ʨʦʟʜʽʣʽ 3.  

ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɼʄʇ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʪʘ 

ʟʚʘʨʶʚʘʥʥʽ ʚʠʨʦʙʽʚ ʽʟ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʫ ʇɺ ʇɼʄʇ 

ʤʘʻ ʙʫʪʠ: ʜʽʘʤʝʪʨ ʬʝʨʦʦʩʝʨʜʷ 50é55 ʤʤ, ʢʦʪʫʰʢʠ ʟ ʽʟʦʣʴʦʚʘʥʦʛʦ ʤʽʜʥʦʛʦ 

ʜʨʦʪʫ ʜʽʘʤʝʪʨʦʤ 2 ʤʤ, ʯʠʩʣʦ ʘʤʧʝʨʚʠʪʢʽʚ  å 2000, ʧʦʟʜʦʚʞʥʷ ʢʦʤʧʦʥʝʥʪʘ 

ʽʥʜʫʢʮʽʷ ʫ ʟʦʥʽ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʫ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʫ 20é30 ʤʊʣ.  

 

2.2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʤ-

ʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ 

 

ɺ ʨʦʙʦʪʽ [31] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʨʦʟ-

ʧʦʜʽʣ ʧʦʧʝʨʝʯʥʦʾ ʽ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʛʝ-

ʥʝʨʫʻʪʴʩʷ ʇɺ ʇʆʄʇ, ʫ ʧʦʚʝʨʭʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ. ʄʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʇɺ ʇʆʄʇ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʚ ʟʦʥʽ 

ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʚʝʣʠʯʠʥʽ ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʦ ʾʩʠʣʠ ʦʙʤʦʪʦʢ 

ʥʘ ʩʪʨʠʞʥʷʭ ʮʴʦʛʦ ʇɺ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢ-

ʮʽʾ, ʥʘʚʝʜʝʥʽ ʚ [31] ʫ ʚʠʛʣʷʜʽ ʚʽʜʥʦʩʥʠʭ ʾʭ ʟʥʘʯʝʥʴ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʾʭ ʯʠʩʝ-

ʣʴʥʽ ʟʥʘʯʝʥʥʷ ʭʦʯʘ ʙ ʜʣʷ ʦʜʥʽʻʾ ʪʦʯʢʠ ʥʘ ʮʴʦʤʫ ʛʨʘʬʽʢʫ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʤʝ-

ʪʦʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ, ʱʦ 

ʛʝʥʝʨʫʶʪʴʩʷ ʇɺ ʇʆʄʇ. 

ɺʽʜʦʤʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠʢʠ [31, 104, 109, 187-190] ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʧʽʜ ʩʪʨʠʞʥʷʤʠ ʜʣʷ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠ-

ʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʇɺ ʇʆʄʇ. ʅʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʪʘʢʦʾ ʦʮʽʥʦʯʥʦʾ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʇɺ 

ʇʆʄʇ, ʷʢʘ ʥʝ ʚʽʜʨʽʟʥʷʣʘʩʷ ʙ ʥʘʜʤʽʨʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʽ ʜʦʟʚʦʣʷʣʘ ʰʚʠʜʢʦ ʽ ʟ 

ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʈʦʟʨʦʙʢʘ ʪʘʢʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʝʪʦʜʠʢʠ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʴ ʟʘʚʜʘʥʥʷ ʧʨʦʝʢʪʦ-

ʚʘʥʥ ̫ʇɺ ʇʆʄʇ. 
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʤʝʪʠ ʚʠʢʦʥʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘ ʨʠʩ. 2.10 ʥʘʚʝʜʝʥʽ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʇɺ ʇʆʄʇ. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʽ 

ʨʦʟʤʽʨʠ ʇɺ ʇʆʄʇ: ʘ - ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʪʨʠʞʥʷʤʠ ɸ ʽ ɺ ʫ ʾʭ ʥʠʞʥʽʭ ʪʦʨʮʽʚ; h ï 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʨʮʽʚ ʩʪʨʠʞʥʽʚ ʜʦ ʚʠʨʦʙʫ, ʅ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʢʦʪʫʰʢʠ ʜʦ ʥʠʞ-

ʥʴʦʛʦ ʪʦʨʮʷ ʩʪʨʠʞʥʷ. ɺʽʩʴ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʽʩʩʶ O1Z1. ʄʦ-

ʞʣʠʚʦ ʙʫʣʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʩʪʘʥ ɹʅ ʚʽʜ ʪʦʨʮʷ ʩʪʨʠʞʥʷ ʜʦ ʦʙʤʦʪʢʠ. ʆʙʤʦʪ-

ʢʠ ʥʘ ʩʪʨʠʞʥʷʭ ɸ ʽ ɺ ʟ'ʻʜʥʫʚʘʣʠ ʧʦʩʣʽʜʦʚʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʠʞʥʽ ʪʦʨʮʽ 

ʩʪʨʠʞʥʽʚ ɸ ʽ ɺ ʤʘʣʠ ʨʽʟʥʽ ʧʦʣʶʩʠ - N ʽ S (ʨʠʩ. 2.10). ʉʪʨʠʞʥʽ ʧʝʨʝʪʠʥʦʤ Fʧ = 

26Ĭ16 ʤʤ ʚʠʛʦʪʦʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʟ ʧʣʘʩʪʠʥ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ 

1512 (ɽ42) ʪʦʚʱʠʥʦʶ 0,5 ʤʤ, ʥʘ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ ʯʦʪʠʨʴʦʭʰʘʨʦʚʽ ʦʙʤʦʪʢʠ ʟ 

ʤʽʜʥʦʛʦ ʜʨʦʪʫ ʜʽʘʤʝʪʨʦʤ 1,0 ʤʤ ʚʠʩʦʪʦʶ L = 30 ʤʤ ʟ ʢʽʣʴʢʽʩʪʶ ʚʠʪʢʽʚ W = 

100. ɹʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʪʘʢʦʞ ʩʪʨʠʞʥʽ ʧʝʨʝʪʠʥʦʤ 26Ĭ8 ʤʤ, 26Ĭ32 ʤʤ, 

32Ĭ52  ʤʤ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʟ ʦʙʤʦʪʢʘʤʠ ʚʠʩʦʪʦʶ L = 30 ʤʤ (ʮʽ ʦʙʤʦʪʢʠ ʤʦʛʣʠ 

ʧʝʨʝʤʽʱʘʪʠʩʷ ʫʟʜʦʚʞ ʩʪʨʠʞʥʽʚ, ʱʦʙ ʟʤʽʥʶʚʘʪʠ ʚʽʜʩʪʘʥʴ ʅ). ɺ ʦʙʤʦʪʢʘʭ 

ʧʨʦʧʫʩʢʘʣʠ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ Ik = 16 ɸ. ɺʠʤʽʨʶʚʘʥʥʷ ʽʥʜʫʢʮʽʾ ɺ ʚʠʢʦʥʫʚʘʣʠ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʝʩʣʘʤʝʪʨʦʤ ʪʠʧʫ 43205 ʟ ʜʘʪʯʠʢʦʤ ʍʦʣʫ, ʷʢʠʡ ʤʘʚ ʚʠʤʽʨʶ-

ʚʘʣʴʥʫ ʙʘʟʫ 0,9Ĭ0,9 ʤʤ.  

 

ʈʠʩ. 2.10. ʇʨʠʩʪʨʽʡ ʚʚʝʜʝʥʥʷ ʇʆʄʇ ʟ ʜʚʦʤʘ ʩʪʨʠʞʥʷʤʠ [31]: 1 ï 

ʩʪʨʠʞʝʥʴ; 2 ï ʦʙʤʦʪʢʘ; 3 ï ʚʠʨʽʙ 
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ɼʣʷ ʇɺ ʇʆʄʇ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʢʠʭ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ (ʧʦ 

ʨʠʩ. 2.10, ʘ), ʷʢʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʙ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ 

ɺʭ ʤʽʞ ʩʪʨʠʞʥʷʤʠ ɸ ʽ ɺ ʫʟʜʦʚʞ ʦʩʽ ʆʍ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʽʚʥʽ ʧʦʟʜʦʚʞʥʴʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ɺz. ɺ ʨʦʙʦʪʘʭ [31, 198-202] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦ-

ʚʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʇɺ ʇʆʄʇ 

(ʬʦʨʤʫʣʘ 2.18), ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʫ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʚʽʜʩ-

ʪʘʥʴ ʤʽʞ ʪʦʨʮʷʤʠ ʩʪʨʠʞʥʽʚ ʽ ʦʙʤʦʪʢʘʤʠ, ʨʦʟʤʽʨʠ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʽʚ ʽ ʢʽʣʴ-

ʢʽʩʪʴ ʘʤʧʝʨʚʠʪʢʽʚ (IW).  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʜʦʮʽʣʴʥʦ ʟʥʘʪʠ ʟʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bz ʫ ʪʦʨʮʽʚ ʩʪʨʠʞʥʽʚ ʇɺ ʇʆʄʇ (ʽ ʢʦʣʠ ʢʦʪʫʰʢʠ ʨʦʟ-

ʤʽʱʝʥʽ ʧʦʙʣʠʟʫ ʪʦʨʮʽʚ ʩʪʨʠʞʥ̔ ʚ, ʪʦʙʪʦ, ʢʦʣʠ H = 0) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʨʝʪʠ-

ʥʫ ʩʪʨʠʞʥʽʚ ʽ ʯʠʩʣʘ ʘʤʧʝʨʚʠʪʢʽʚ ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʥʠʭ ʦʙʤʦʪʢʘʭ. ɼʣʷ ʮʠʭ ʮʽ-

ʣʝʡ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʝʪʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣ 

(2.12), (2.13) ʽ ʨʠʩ. 2.8 [204]. 

ʅʘ ʨʠʩ. 2.11 ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ (ʢʨʠʚʘ 2) ʽʥʜʫʢʮʽʾ Bz ʫ  

 

 

 

ʈʠʩ. 2.11. ɿʘʣʝʞʥʽʩʪʴ ʽʥʜʫʢʮʽʾ Bz ʚʽʜ ʧʝʨʝʪʠʥʫ ʩʪʨʠʞʥʽʚ Fʩ (IW = 1600): 

1,2 ï ʩʦʣʝʥʦʾʜ ʙʝʟ ʬʝʨʦʦʩʝʨʜʷ; 1 - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ; 2 - ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʜʘʥʽ; 3 ï ʩʦʣʝʥʦʾʜ ʟ ʬʝʨʦʦʩʝʨʜʷʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ [191] 
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ʪʦʨʮʽʚ ʢʦʪʫʰʦʢ, ʟʚʽʣʴʥʝʥʠʭ ʚʽʜ ʩʪʨʠʞʥʽʚ ʨʽʟʥʦʛʦ ʧʝʨʝʪʠʥʫ (Fʩ). ʈʦʟʨʘʭʫʥʢʦʚʽ 

ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ (ʢʨʠʚʘ 1) ʟʥʘʯʝʥʥʷ Bz ʙʣʠʟʴʢʽ ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʧʝʨʝʪʠʥʫ ʩʪʨʠʞʥʽʚ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ. ɽʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ Bz ʫ ʪʦʨʮʽʚ ʩʪʨʠʞʥʽʚ (ʟ ʢʦʪʫʰʢʘʤʠ, ʢʦʣʠ H = 0) ʟʥʘ-

ʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʢʦʪʫʰʦʢ (ʩʦʣʝʥʦʾʜʽʚ) ʙʝʟ ʩʪʨʠʞʥʽʚ (ʢʨʠʚʘ 3 ʥʘ ʨʠʩ. 2.11) ʽ   

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ Fʩ ʣʽʥʽʡʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʧʦ ʟʘʣʝʞʥʦʩʪʽ (ʧʨʠ ʘʤʧʝʨʚʠʪʢʘʭ 

IW=1600): 

 

 Bz = 90 ï 2,37 (Fc ï 2,08), ʊʣ. (2.20) 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ n, ʱʦ ʚʨʘʭʦʚʫʻ 

ʥʘʷʚʥʽʩʪʴ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʩʪʨʠʞʥʷ ʚ (ʩʦʣʝʥʦʾʜʽ) ʢʦʪʫʰʮʽ ʟʘ ʬʦʨʤʫʣʦʶ 

(2.16). 

ʂʦʝʬʽʮʽʻʥʪ n ʣʽʥʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ 

(Fʩ). ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʫʣʽ (2.17) (ʨʠʩ. 2.12). 

 

 

ʈʠʩ. 2.12. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ n ʚʽʜ ʧʝʨʝʪʠʥʫ ʩʪʨʠʞʥʷ Fʩ [204] 

 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ n ʥʝ ʟʤʽʥʠʣʠʩʷ ʜʣʷ ʩʪʨʠʞʥʽʚ ʟ ʥʘʙʦʨʫ ʣʠʩʪʽʚ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ 1512 (ɽ42) ʽ ʩʫʮʽʣʴʥʦʛʦ ʧʝʨʝʪʠʥʫ ʟ ʩʪʘʣʝʡ ɺʄʉʪ3ʩʧ ʽ 

09ɻ2ʉ (ʧʨʠ ʨʽʚʥʽʡ ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʽʡ ʩʠʣʽ ʦʙʤʦʪʦʢ - IW). ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥ-

ʪʘ n ʥʝ ʟʤʽʥʠʣʠʩʷ ʪʘʢʦʞ ʧʨʠ ʧʨʦʧʫʱʝʥʥʽ ʚ ʢʦʪʫʰʢʘʭ ʧʦʩʪʽʡʥʦʛʦ, ʘʙʦ ʟʤʽʥʥʦ-
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ʛʦ ʩʪʨʫʤʫ ʯʘʩʪʦʪʦʶ 50 ɻʮ ʽ ʧʨʠ ʟʤʽʥʽ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʤʝʞʘʭ: ʘʤʧʝʨʚʠʪʢʽʚ 

800...3200; ʨʦʟʤʽʨʫ H = 0...70 ʤʤ; ʨʦʟʤʽʨʫ h = 15é50 ʤʤ. 

ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʨʦʟʛʣʷʥʫʪʦʾ 

ʚʠʱʝ, ʜʦʮʽʣʴʥʦ ʤʘʪʠ ʜʝʷʢʽ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʚ 

ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ, ʦʜʝʨʞʫʚʘʥʽ ʟʘ ʮʽʻʶ ʤʝʪʦʜʠʢʦʶ. ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘ-

ʯʠʪʠ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʢʝʨʫʶʯʦʛʦ ʇʆʄʇ ʚ ʛʦʣʦʚʥʽʡ 

ʯʘʩʪʠʥʽ ʚʘʥʥʠ ʧʨʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʜʨʦʪʦʤ ʧʽʜ 

ʬʣʶʩʦʤ. 

ʈʦʟʛʣʷʜ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʩʘʤʝ ʚ ʛʦʣʦʚʥʽʡ ʯʘʩʪʠʥʽ ʚʘʥʥʠ ʻ 

ʚʘʞʣʠʚʠʤ ʪʦʤʫ, ʱʦ ʚ ʮʽʡ ʟʦʥʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦ-

ʥʝʥʪ ʛʫʩʪʠʥʠ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʨʦʟʪʽʢʘʻʪʴʩʷ ʚ ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ, 

ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʦʚʘʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʽʚ, ʽ ʧʦʨʫʯ ʟʥʘʭʦʜʷʪʴʩʷ 

ʝʣʝʢʪʨʦʜʥʘ ʢʨʘʧʣʷ ʽ ʟʚʘʨʶʚʘʣʴʥʘ ʜʫʛʘ, ʥʘ ʷʢʽ ʜʽʻ ʇʆʄʇ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʨʘʜʽʫʩʫ ʦʙʤʦʪʢʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘ-

ʪʠ, ʱʦ ʦʙʤʦʪʢʠ ʻ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ ʽ ʻ ʰʘʨ ʽʟʦʣʷʮʽʾ ʥʘ ʩʪʨʠʞʥʷʭ ʇɺ ʇʆʄʇ ʽ 

ʤʽʞ ʰʘʨʘʤʠ ʦʙʤʦʪʦʢ. ʆʩʢʽʣʴʢʠ ʦʙʤʦʪʢʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʯʦʪʠʨʴʦʭʰʘʨʦʚʠʤ 

ʤʽʜʥʠʤ ʽʟʦʣʴʦʚʘʥʠʤ ʧʨʦʚʦʜʦʤ ʜʽʘʤʝʪʨʦʤ 1,0 ʤʤ ʤʽʞ ʰʘʨʦʚʠʤʠ ʽʟʦʣʷʪʦʨʘ-

ʤʠ ʽʟ ʟʘʛʘʣʴʥʠʤ ʯʠʩʣʦʤ ʚʠʪʢʽʚ W = 100, ʪʦ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʨʘʜʽʫʩ, ʦʜʝʨʞʫʚʘ-

ʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ (2.14), ʟʙʽʣʴʰʫʚʘʣʠ ʥʘ 5 ʤʤ (ʜʦʚʞʠʥʘ ʦʙʤʦʪʦʢ ʩʪʘʥʦʚʠʣʘ 

30é35 ʤʤ).  

ʆʙʯʠʩʣʶʚʘʣʠ ʟʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʫ ʪʦʨʮʽʚ 

ʩʪʨʠʞʥʽʚ ʇɺ ʇʆʄʇ (Bz1max  ʧʨʠ ʢʫʪʽ ʥʘʭʠʣʫ ʩʪʨʠʞʥʽʚ ʜʦ ʚʝʨʪʠʢʘʣʽ Ŭ = 0 ʽ 

ʨʦʟʤʽʱʝʥʽ ʢʦʪʫʦhʢ ʧʦʙʣʠʟʫ ʪʦʨʮʽʚ ʩʪʨʠʞʥʽʚ, ʪʦʙʪʦ, ʢʦʣʠ H = 0) ʚ ʟʘʣʝʞʥʦʩ-

ʪʽ ʚʽʜ ʧʝʨʝʪʠʥʫ ʩʪʨʠʞʥʽʚ ʽ ʯʠʩʣʘ ʘʤʧʝʨʚʠʪʢʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʥʠʭ ʦʙʤʦʪʢʘʭ. 

ɼʣʷ ʮʠʭ ʮʽʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʧʠʩʘʥʠʡ ʚʠʱʝ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʝʪʦʜ (ʬʦʨ-

ʤʫʣʠ 2.12-2.14, 2.20, 2.17). ʇʽʩʣʷ ʮʴʦʛʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ H ʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʽʥʜʫʢʮʽʾ (Bz2max) ʚ ʪʦʯʢʘʭ ʥʘ ʦʩʽ 

O2Z2, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ, ʱʦ ʫ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ - ʧʣʘʩʪʠʥʠ z = h. ɯʥʜʫʢʮʽʷ Bz ʫ 

ʪʦʨʮʽʚ ʩʪʨʠʞʥʽʚ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ: )04,01/( 2

2max1max2 HBB zz += . 
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ʅʘ ʨʠʩ. 2.13 ʥʘʚʝʜʝʥʽ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ Bz ʧʽʜ ʩʪʨʠʞʥʷʤʠ 

ʇɺ ʇʆʄʇ ʜʣʷ ʩʪʨʠʞʥʽʚ ʇɺ ʇʆʄʇ ʧʝʨʝʪʠʥʦʤ 26Ĭ16 ʤʤ ʽ 26Ĭ32 ʤʤ. ʊʘʢʽ 

ʨʦʟʤʽʨʠ ʧʝʨʝʪʠʥʽʚ ʩʪʨʠʞʥʽʚ ʇʆʄʇ ʜʦʩʪʘʪʥʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʅ ʚʽʜ ʢʦʪʫʰʦʢ ʜʦ ʪʦʨʮʽʚ 

ʩʪʨʠʞʥʽʚ ʽʥʜʫʢʮʽʷ Bz ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʦ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩ-

ʪʘʥʽ h ʟʥʘʯʝʥʥʷ Bz ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʶʪʴʩʷ. 

ʆʙʯʠʩʣʶʚʘʣʠ ʟʥʘʯʝʥʥʷ ɺz/ɺzmax ʧʨʠ ʟʤʽʥʽ Z (ʚʽʜ ʟʥʘʯʝʥʥʷ Z = 0 ʟʘ ʬʦʨ-

ʤʫʣʦʶ (2.18). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʙʯʠʩʣʝʥʽ ʜʘʥʽ ʧʨʦ Bz ʫ ʪʦʨʮʽʚ ʩʪʨʠʞʥʽʚ, ʻ 

ʚʠʭʽʜʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʥʘʯʝʥʴ Bx ʚ ʪʦʯʢʘʭ ʥʘ ʦʩʽ O1Z1. ʇʨʠ 

ʮʴʦʤʫ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

 
( )

22

22

max
zr

zr
ɺɺ

n

zʭ
+

+
= , ʊʣ, (2.21) 

ʜʝ n = 1 ʧʨʠ ʘ = 20 ʤʤ, n = 0,8 ʧʨʠ ʘ = 40 ʤʤ ʪʘ n = 0,5 ʧʨʠ ʘ = 60 ʤʤ. 

 

 

ʈʠʩ. 2.13. ɿʘʣʝʞʥʽʩʪʴ ʽʥʜʫʢʮʽʾ Bz ʚʽʜ ʚʽʜʩʪʘʥʽ ʅ (IW = 1600): 1, 2 ï Fc = 

26ʭ16 ʤʤ; 3, 4 ï Fc = 26ʭ32 ʤʤ; 1, 3 ï h = 15 ʤʤ; 2, 4 ï h = 30 ʤʤ [205] 

 

ʅʘ ʨʠʩ. 2.14 ʥʘʚʝʜʝʥʽ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ Bx.  
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ʈʠʩ. 2.14 . ɿʘʣʝʞʥʽʩʪʴ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ  Bʭ ʚʽʜ ʚʽʜʩʪʘʥʽ 

ʅ ʧʨʠ ʚʽʜʩʪʘʥʽ h = 15 ʤʤ (ʘ) ʽ h = 30 ʤʤ (ʙ) (IW = 1600): 1, 2, 3 ï Fc = 

26ʭ16 ʤʤ; 4, 5, 6 ï Fc = 26ʭ32 ʤʤ; 1, 4 ï ʘ = 20 ʤʤ; 2, 5 ï ʘ = 40 ʤʤ;  3, 6 ï ʘ = 

60 ʤʤ [205] 

ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bx ʫ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ-

ʧʣʘʩʪʠʥʠ ʟʥʘʯʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʘ ʽ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡ-
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ʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʅ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Bx ʚ ʛʦʣʦʚʥʽʡ ʯʘʩʪʠʥʽ ʚʘʥʥʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ h ʽ ʘ (ʧʦ ʤʦʞʣʠʚʦʩʪʽ). 

ʈʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ 

ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʇɺ ʇʆʄʇ, ʱʦ ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʟʽ ʩʪʨʠʞʥʽʚ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʘ ʡ ʜʣʷ ʩʪʨʠʞʥʽʚ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦ-

ʨʤʠ.  ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘ-

ʯʝʥʥʷ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ Bx, Bz ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʇɺ ʇʆʄʇ (ʨʦʟʤʽʨʽʚ ʩʪʨʠʞʥʽʚ 

ʚ ʧʝʨʝʨʽʟʽ, ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʪʨʠʞʥʷʤʠ). ʄʝʪʦʜʠʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʘʨʽʘʥʪʫ, ʢʦʣʠ 

ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ (ʧʣʘʩʪʠʥʘ) ʥʝ ʻ ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ. ʇʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦ-

ʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ Bx ʚ ʪʦʯʢʘʭ ʥʘ ʦʩʽ O1Z1 ʽ ʽʥʜʫʢ-

ʮʽʾ Bz ʚ ʪʦʯʢʘʭ ʥʘ ʦʩʽ O2Z2. 

ʗʢʱʦ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʇɺ ʇʆʄʇ ʩʪʨʠʞʥʽ ʙʫʜʫʪʴ ʧʦʻʜʥʘʥʽ ʥʘ ʚʝʨʭʫ ʧʝ-

ʨʝʤʠʯʢʦʶ (ʟ ʪʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ ʽ ʪʘʢʦʾ ʞ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʱʦ ʽ ʩʪʨʠʞʥʽ), 

ʪʦ ʦʜʝʨʞʫʚʘʥʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ɺʭ ʽ ɺz ʩʣʽʜ ʟʙʽʣʴ-

ʰʠʪʠ ʥʘ 20 %. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʚʠʨʦʙʽʚ ʟ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʥʝ ʻ ʬʝʨʦʤʘʛʥʝʪʠʢʘʤʠ. 

ʈʦʟʨʘʭʫʥʢʠ ʥ̔ʜʫʢʮʽʾ Bx ʇʆʄʇ ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʧʦ ʨʽʚʥʷʥʥʷʤ: 

ï ʜʣʷ ʅ = (0é60) ʤʤ; ʘ = 40 ʤʤ, 0< Ŭ Ò 30Ü:  

 

 

,
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ï ʜʣʷ ʅ = (0é60) ʤʤ; ʘ = 60 ʤʤ, 0< Ŭ Ò 30Ü: 
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ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ. ʈʘʥʽʰʝ ʥʝ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ 

ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʟʥʘʯʝʥʴ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘʢʠʭ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʩʢʣʘ-

ʜʦʚʠʭ ʧʨʠ ʚʚʝʜʝʥʽ ʢʝʨʫʶʯʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʷʢ ʜʨʦʪʷʥʠʡ ʝʣʝʢʪʨʦʜ, ʦʩʥʦʚ-

ʥʠʡ ʤʝʪʘʣ ʽ ʬʝʨʦʦʩʝʨʜʷ ʧʨʠʩʪʨʦʶ ʚʚʝʜʝʥʥʷ ʇɼʄʇ. 

ɺʠʢʦʥʘʥʽ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʮʝ ʤʦʞʣʠʚʦ 

ʟʨʦʙʠʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʧʣʦʩʢʦ-ʤʝʨʠʜʽʘʥʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ ʟ ʚʚʝʜʝʥʥʷʤ ʬʫʥʢʮʽʾ ʧʦʪʦʢʫ. ʇʨʠ ʨʦʟ-

ʨʘʭʫʥʢʘʭ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʘ ʧʨʦʛʨʘʤʫ ʨʽʰʝʥ-

ʥʷ ʩʠʩʪʝʤʠ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. ɸʣʝ ʪʘʢʠʡ ʩʧʦʩʽʙ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ ʯʘ-

ʩʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʥʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʘʥʘʣʽʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʥʘ ʦʩʽ 

ʩʦʣʝʥʦʾʜʘ. ɸʣʝ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʘʨʽʘʥʪʫ, ʢʦʣʠ ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʩʦʣʝʥʦʾʜ ʙʝʟ ʬʝʨʦʦʩʝʨʜʷ ʽ ʙʝʟ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʜʨʦʪʷ-

ʥʦʛʦ ʝʣʝʢʪʨʦʜʫ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʦʣʝʥʦʾʜ ʤʘʻ ʬʝʨʦʦʩʝʨʜʷ, ʪʦ ʽʥʜʫʢʮʽʷ 

ʇɼʄʇ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ (ʦʪʨʠʤʘ-

ʣʠ ʬʦʨʤʫʣʫ) ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦ-

ʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇɼʄʇ. 

ɸʥʘʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤ-

ʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʧʨʠ ʜʽʾ ʇʆʄʇ ʜʣʷ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫ ʟʙʽʞʥʽʩʪʴ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʚʝ-

ʢʪʦʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʣʦʩʢʦʤʝʨʠʜʽʘʥʥʠʭ ʤʘʛʥʽʪ-

ʥʠʭ ʧʦʣʷʭ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʜʨʦʪʫ, ʦʩʝʨʜʷ ʩʦʣʝʥʦʾʜʘ ʽ ʚʠʨʦʙʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʚ ʇɼʄʇ ʥʘ ʭʘ-
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ʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʽ ʤʽʞ ʪʦʨʮʝʤ 

ʝʣʝʢʪʨʦʜʘ ʽ ʚʠʨʦʙʦʤ, ʘ ʪʘʢʦʞ ʚʩʝʨʝʜʠʥʽ ʚʠʨʦʙʫ ʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ. ʇʦʢʘ-

ʟʘʥʦ, ʱʦ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥʥʽ) ʚ ʇɼʄʇ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ 

ʥʘ ʟʥʘʯʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʧʦʣʷ ʫ 

ʧʦʚʝʨʭʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʨʦʙʫ ʥʘʜʘʶʪʴ ʬʝʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪ-

ʨʦʜʥʦʛʦ ʜʨʦʪʫ. 

2. ʈʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʯʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʫ ʪʦʨʮʷ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʝʣʝʢʪʨʦʜʘ, 

ʷʢʱʦ ʚʠʨʽʙ ʟ ʥʝʤʘʛʥʽʪʥʦʛʦ, ʘʙʦ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʚʩʪʘ-

ʥʦʚʣʝʥʦ, ʱʦ, ʷʢʱʦ ʝʣʝʢʪʨʦʜ ʬʝʨʦʤʘʛʥʝʪʠʢ, ʘ ʚʠʨʽʙ ʥʝʤʘʛʥʽʪʥʠʡ, ʪʦ ʽʥʜʫʢ-

ʮʽʷ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʟʨʦʩʪʘʻ ʚ 7 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʾ ʟʥʘʯʝʥʥʷʤʠ, ʢʦ-

ʣʠ ʝʣʝʢʪʨʦʜ ʥʝ ʻ ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ. ʗʢʱʦ ʽ ʝʣʝʢʪʨʦʜ, ʽ ʚʠʨʽʙ - 

ʬʝʨʦʤʘʛʥʝʪʠʢʠ, ʪʦ ʽʥʜʫʢʮʽʷ Bz ʇɼʄʇ ʟʨʦʩʪʘʻ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʚ 9 ʨʘ-

ʟʽʚ. 

3. ʈʦʟʨʦʙʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʯʠʩʝ-

ʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʷʤʠ ʩʪʨʠʞʥʽʚ ʇɺ 

ʇʆʄʇ, ʷʢʱʦ ʚʽʜʦʤʽ ʨʦʟʤʽʨʠ ʾʭ ʧʝʨʝʪʠʥʽʚ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʦʟ-

ʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ. ʈʦʟʨʦʙʣʝʥʽ ʥʘ 

ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʽʥʜʫʢʮʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʇɺ ʇʆʄʇ, ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʟʘ-

ʙʝʟʧʝʯʫʶʪʴ ʟʘʜʦʚʽʣʴʥʫ ʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʤʠ. 

4. ʈʦʟʨʦʙʣʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠʢʠ ʤʦʞʣʠʚʦ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 3 

ɺʇʃʀɺ ʄɸɻʅɯʊʅʀʍ ʇʆʃɯɺ ʅɸ ʇʈʆɼʋʂʊʀɺʅɯʉʊʔ 

ʈʆɿʇʃɸɺʃɽʅʅʗ ɽʃɽʂʊʈʆɼʅʆɻʆ ʄɽʊɸʃʋ ʇʈʀ 

ɽʃɽʂʊʈʆɼʋɻʆɺʆʄʋ ʅɸʇʃɸɺʃɽʅʅɯ ʊɸ ɿɺɸʈʖɺɸʅʅɯ 

 

 

3.1 ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʧʽʜ ʪʦʨʮʝʤ ʬʝʨʦʤʘʛʥʽʪ-

ʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʪʘ ʟʚʘʨʶʚʘʥʥʽ  

 

ɺʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʧʣʘʚ-

ʣʝʥʥʷ ʽ ʟʚʘʨʶʚʘʥʥʷ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ. ɺ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʮʠʭ ʮʽʣʝʡ ʟʘʩʪʦʩʦ-

ʚʫʶʪʴ ʢʝʨʫʶʯʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʧ. 1.3, ʧʨʠ ʜʽʾ ʇɼʄʇ ʧʨʠ ʜʫʛʦ-

ʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ (aʨ). ʇʽʜʚʠʱʝʥʥʷ aʨ 

ʝʣʝʢʪʨʦʜʥʠʭ ʜʨʦʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ 

ʇɼʄʇ ʽ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 30% ʧʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇɼʄʇ (ʨʠʩ. 1.11) 

[127]. ɿʥʘʢʦʟʤʽʥʥʽ ʇɼʄʇ ʯʘʩʪʦʪʦʶ 50 ɻʮ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ aʨ ʝʣʝʢʪʨʦʜʘ, 

ʧʨʦʪʝ ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʥʽʞ ʧʦʩʪʽʡʥʝ ʇɼʄʇ ʽ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 20%. ʈʽ-

ʚʝʥʴ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʧʽʜ-

ʚʠʱʝʥʥʶ aʨ ʝʣʝʢʪʨʦʜʘ, ʩʪʘʥʦʚʠʚ Bz = 70é85 ʤʊʣ. ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ 

ʇɼʄʇ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʤʘʛʥʽʪʥʦʛʦ ʜʨʦʪʫ (ʉʚ-12ʍ18ʅ10ʊ) ʧʽʜʚʠʱʝʥʥʷ aʨ 

ʝʣʝʢʪʨʦʜʘ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ɺ ʨʦʙʦʪʽ [30] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʘ-

ʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ aʨ ʜʨʦʪʫ ʉʚ-08ɸ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʦʥʘ ʤʘʻ ʥʘʡ-

ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤʧʦ-

ʥʝʥʪʠ ʽʥʜʫʢʮʽʾ Br ʚ ʟʦʥʽ ʢʨʘʧʣʽ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ. ʇʽʜʚʠʱʝʥʥʷ aʨ ʜʣʷ ʜʨʦʪʽʚ 

ʉʚ-08ɻ2ʉ, ʅʧ-30ʍɻʉɸ ʽ ʇʇ-12ʍ13 ʧʨʦʧʦʨʮʽʡʥʦ ʟʥʘʯʝʥʥʷʤ ʤʘʛʥʽʪʥʦʾ ʧʨʦ-

ʥʠʢʥʦʩʪʽ ɛ. ɿ ʨʦʩʪʦʤ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʜʨʦʪʫ ʟʨʦʩʪʘʻ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫ-

ʢʮʽʾ Br ʇɼʄʇ ʚ ʟʦʥʽ ʙʽʣʷ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ, ʷʢʘ ʦʙʫʤʦʚʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ. ʇʽʜʚʠʱʝʥʥʷ aʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʣ ʚ ʢʨʘʧʣʽ ʚʽʜ ʚʟʘʻʤʦʜʽʾ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽʥʜʫʢʮʽʾ 
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ʇɼʄʇ (ʚ ʢʨʘʧʣʽ) ʟ ʦʩʴʦʚʠʤ (ʫʟʜʦʚʞ ʦʩʽ ʝʣʝʢʪʨʦʜʘ) ʩʢʣʘʜʦʚʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫ-

ʤʫ, ʱʦ ʨʦʟʪʽʢʘʻʪʴʩʷ ʚ ʢʨʘʧʣʽ [30]. ʆʜʥʘʢ, ʥʝʤʘʻ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʷʢʠʭ ʨʦʟʛʣʷ-

ʜʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʽ ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ ʽ ʟʚʘ-

ʨʶʚʘʣʴʥʦʾ ʜʫʛʠ. 

ʋ ʧ. 2.1.2 ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʧʦʟʜʦ-

ʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ (Bz), ʷʢʫ ʽʥʜʫʢʫʻ ʇɺ ʇɼʄʇ ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʝʤ 

ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʮʴʦʛʦ ʇɺ ʇɼʄʇ. ɸʥʘʣʦʛʽʯʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝ-

ʪʦʜʠʢʘ ʥʘʚʝʜʝʥʘ ʚ ʧ. 2.2.2. ɿʘ ʜʘʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʥʝʤʦʞʣʠʚʦ ʨʦʟʨʘʭʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ (Br) ʇɼʄʇ ʥʘʚʽʪʴ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʝʣʝʢʪʨʦʜʘ ʽ ʚʠʨʦʙʫ ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ, ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʯʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʣʝ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ, ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʢʣʘʜʥʝʥʝ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʪʘ 

ʥʘʧʣʘʚʣʝʥʥʷ ʚʠʨʦʙʽʚ [30, 31, 109]. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʫ 

ʤʝʪʦʜʠʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ʇɼʄʇ ʚ ʟʦʥʽ ʝʣʝʢʪʨʦ-

ʜʥʦʾ ʢʨʘʧʣʽ ʧʽʜ ʪʦʨʮʝʤ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʝʣʝʢʪʨʦʜʫʛʦʚʦʤʫ ʥʘ-

ʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥʥʽ) ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʛʦ ʟʘʚʜʘʥʥʷ ʧʝʨʝʚʽʨʷʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʘʥʘʣʦʛʽʾ ʤʽʞ ʤʘʛʥʽʪʦʩʪʘʪʠʯʥʠʤ ʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ 

ʧʦʣʝʤ [31]. ʇʨʠ ʧʨʦʪʽʢʘʥʥʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ʽ ʟʤʽʥʥʦʛʦ) ʚ ʢʦʪʫʰʮʽ (ʦʙʤʦ-

ʪʮʽ) ʇɺ ʇɼʄʇ (ʨʠʩ. 2.6) ʬʝʨʦʦʩʝʨʜʷ, ʝʣʝʢʪʨʦʜ (ʥʘ ʜʽʣʷʥʮʽ ʚʠʣʴʦʪʫ - ʅ) ʽ ʥʘ-

ʚʽʪʴ ʜʝʷʢʘ ʜʽʣʷʥʢʘ ʚʠʨʦʙʫ-ʧʣʘʩʪʠʥʠ ʧʽʜ ʝʣʝʢʪʨʦʜʦʤ ʥʘʤʘʛʥʽʯʫʶʪʴʩʷ. ʉʣʽʜ 

ʚʨʘʭʫʚʘʪʠ, ʱʦ ʽ ʬʝʨʦʦʩʝʨʜʷ, ʽ ʜʽʣʷʥʢʘ ʝʣʝʢʪʨʦʜʘ ʥʘ ʜʦʚʞʠʥʽ ʅ ʻ ʪʽʣʘʤʠ, ʱʦ 

ʥʘʤʘʛʥʽʯʫʶʪʴʩʷ ʽ ʩʪʚʦʨʶʶʪʴ ʚ ʧʨʦʩʪʦʨʽ ʤʽʞ ʪʦʨʮʝʤ ʬʝʨʦʦʩʝʨʜʷ ʽ ʚʠʨʦʙʦʤ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʱʦ ʤʘʻ ʩʢʣʘʜʥʫ ʙʫʜʦʚʫ. ɼʣʷ ʮʴʦʛʦ ʩʢʣʘʜʥʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʧʦ-

ʣʷ (ʇɼʄʇ) ʩʣʽʜ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʜʦʚʞʥʶ (Bz) ʽ ʨʘʜʽʘʣʴʥʫ (Br) ʢʦʤʧʦʥʝʥʪʠ ʽʥ-

ʜʫʢʮʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʨʦʙʽʪ [30, 31] ʥʝʦʙʭʽʜʥʦ ʤʦʜʝʣʶʚʘʪʠ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ. ʇʨʠ ʮʴʦʤʫ ʬʝʨʦʤʘʛʥʽʪʥʽ (ʥʘʤʘʛʥʽʯʝʥʽ) ʪʽʣʘ ʟʘʤʽʥʶ-

ʶʪʴʩʷ ʪʘʢʠʭ ʞʝ ʨʦʟʤʽʨʽʚ ʟʘʨʷʜʞʝʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤʠ ʪʽʣʘʤʠ. ʇʨʠ ʮʴʦ-

ʤʫ ʥʘ ʧʦʚʝʨʭʥʷʭ ʮʠʭ ʪʽʣ ʨʦʟʧʦʜʽʣʷʶʪʴ ʪʦʯʢʦʚʽ ʟʘʨʷʜʠ ï q (ʦʜʥʘʢʦʚʽ) ʧʝʚʥʠʤ 

ʯʠʥʦʤ. 
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ʈʦʟʧʦʜʽʣʷʣʠ ʟʘʨʷʜʠ q ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʽ ʦʜʥʽʡ ʟ ʙʽʯʥʠʭ ʡʦʛʦ ʧʦʚʝʨ-

ʭʦʥʴ ʟ ʨʽʚʥʠʤ ʢʨʦʢʦʤ (ʯʝʨʝʟ 1 ʤʤ) ʟʘ ʩʭʝʤʦʶ, ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 3.1. ɿ ʫʤʦʚ 

ʩʠʤʝʪʨʽʾ (ʱʦʜʦ ʦʩʽ ʆZ) ʽ ʫʤʦʚʠ ʥʝʧʨʦʟʦʨʦʩʪʽ ʪʽʣʘ ʝʣʝʢʪʨʦʜʘ ʜʣʷ ʟʘʨʷʜʽʚ q ʨʦ-

ʟʨʘʭʦʚʫʚʘʣʠ ʢʦʤʧʦʥʝʥʪʠ ɽz, ɽr ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ɽ ʧʨʠ 

ʙʫʜʴ-ʷʢʦʤʫ ʟʥʘʯʝʥʥʽ ʢʦʦʨʜʠʥʘʪʠ Z (Z = const) ʪʦʯʦʢ ʚʟʜʦʚʞ ʨʘʜʽʫʩʘ R. ɺʠʢʦ-

ʨʠʩʪʦʚʫʚʘʣʠ ʜʽʶ 6-ʪʠ ʟʘʨʷʜʽʚ. ɺʝʣʠʯʠʥʫ ʚʩʽʭ 6 ʦʜʥʘʢʦʚʠʭ ʟʘʨʷʜʽʚ ʙʨʘʣʠ ʨʽʚ-

ʥʦʶ q = 4 ʂʣ. ʗʢʱʦ ʟʙʽʣʴʰʠʪʠ ʯʠʩʣʦ ʟʘʨʷʜʽʚ, ʪʦ ʟʨʦʩʪʝ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʜʥʘʢ ʟʙʽʣʴʰʠʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʦʙʯʠʩʣʝʥʴ. ɺ ʧʨʠʥʮʠʧʽ ʤʦʞʣʠʚʦ ʧʨʠ-

ʡʥʷʪʠ ʙʫʜʴ-ʷʢʝ ʯʠʩʣʦ (ʥʝ ʪʽʣʴʢʠ ʯʠʩʣʦ 6) ʟʘʨʷʜʽʚ q. ʉʧʦʯʘʪʢʫ ʚʠʢʦʥʫʚʘʣʠ ʨʦ-

ʟʨʘʭʫʥʢʠ, ʷʢʱʦ ʚʠʨʽʙ ʟ ʥʝʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘʨʷʜʠ q ʨʦʟʤʽʱʝʥʽ ʥʘ ʛʣʠ-

ʙʠʥʽ 0,5 ʤʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ. ʊʦʜʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʪʦʯʮʽ ʉ ʟʘ ʬʦʨʤʫʣʘʤʠ 

[109, 206, 207]: 
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ʜʝ Z ,̔ r i ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʉ, ʤ; 

R̔ ï ʨʘʜʽʫʩ-ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʯʢʠ ʉ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘʨʷʜʫ q  ̔(q  ̔= 4 ʂʣ);  

ɽ̔ ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ, ʂʣ/ʤ
2
. 

 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʾ ʚʩʽʭ 6 ʟʘʨʷʜʽʚ (ʧʦ 4 ʦʜʠʥʠʮʽ: q1...q6) ʚʠʢʦʥʫʚʘʣʠ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪ ɽzi, ʘ ʧʦʪʽʤ ɽri ʚ ʪʦʯʮʽ ʉ. ʗʢʱʦ ʚʠʨʽʙ ï ʬʝ-

ʨʦʤʘʛʥʝʪʠʢ, ʪʦ ʜʣʷ ʤʘʛʥʽʪʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʜʦʪʠʯʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ïBr) ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʇʨʠ ʤʦʜʝʣʶ-

ʚʘʥʥʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʨʽʙ-ʧʣʘʩʪʠʥʘ ʻ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤ ʪʽʣʦʤ (ʟ ʚʠʩʦʢʦʶ 

ʧʠʪʦʤʦʶ ʧʨʦʚʽʜʥʽʩʪʶ) ʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʪʠʯʥʘ ʢʦʤʧʦʥʝʥ-

ʪʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ï ɽr). 

ʎʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʦ, ʷʢʱʦ ʚʚʝʩʪʠ ʜʟʝʨʢʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʽʣʷʥʢʠ ʝʣʝ-

ʢʪʨʦʜʘ, ʥʘ ʷʢʦʤʫ ʨʦʟʤʽʱʝʥʽ ʟʘʨʷʜʠ +q (+q1...+q6). ʇʨʠ ʮʴʦʤʫ ʚʽʜʦʙʨʘʞʝʥʽ 

ʜʟʝʨʢʘʣʴʥʦ ʟʘʨʷʜʠ ʻ ʪʦʯʥʦ ʪʘʢʠʤʠ ʞ ʟʘ ʚʝʣʠʯʠʥʦʶ, ʘʣʝ ʥʝʛʘʪʠʚʥʠʤʠ (-q). 

ʇʨʠ ʮʴʦʤʫ   ʤʘʛʥʽʪʦʩʪʘʪʠʯʥʝ   (ʽ  ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ)   ʧʦʣʝ   ʩʧʦʪʚʦʨʶʶʪʴʩʷ   
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ʈʠʩ. 3.1. ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ɽ 

ʚ ʪʦʯʮʽ ʉ (ʧʦʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʝʢʩʪʽ) [206] 

 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʘʨʽʘʥʪʫ, ʢʦʣʠ ʥʝʤʘʻ ʪʘʢʦʛʦ ʚʠʨʦʙʫ. ʋ ʧʨʦʩʪʦʨʽ ʤʽʞ ʪʦʨ-

ʮʝʤ ʝʣʝʢʪʨʦʜʘ ʽ ʚʠʨʦʙʦʤ, ʥʘʧʨʠʢʣʘʜ, ʚ ʪʦʯʮʽ ʉ ʧʦ ʨʠʩ. 2, ʚʽʜʩʪʘʥʽ rǋ1érǋ6  ʨ̔ -
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ʚʥʽ ʚʽʜʩʪʘʥʷʤ r1ér6, ʘʣʝ ʚʽʜʩʪʘʥʽ ʧʦ ʦʩʽ OZ: 
'

6

'

1...zz  ï ʮʝ ʚʞʝ ʽʥʰʽ ʚʽʜʩʪʘʥʽ ʜʦ 

ʪʦʯʢʠ ʉ. ɺ ʪʦʯʮʽ ʉ ʜʦʜʘʶʪʴʩʷ ʢʦʤʧʦʥʝʥʪʠ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ɽǋz ʪʘ ɽǋr. ɺʦʥʠ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ [109]: 
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ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʡʤʘʶʪʴ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʽʚ +q  ̔ʽ -q  ̔ʨʚ̔-

ʥʠʤ ʙʫʜʴ-ʷʢʦʤʫ ʯʠʩʣʫ ʟʨʫʯʥʦʤʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʝʥʦʩʪʽ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʜʫ-

ʢʮʽʡ ʤʘʛʥʽʪʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ɽ/ɽmax ʽ ɺ/ɺmax 

(ʾʭ ʤʦʞʥʘ ʧʦʨʽʚʥʶʚʘʪʠ). ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʦ ʟʥʘʯʝʥʥʷ ʟʘʨʷʜʽʚ +q1 ... +q6 

= -q1 ... -q6 = 4 ʂʣ. ʉʢʣʘʜʥʠʤ ʻ ʧʠʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ɽz ʚ ʪʦʯʮʽ ç0è 

(ʨʠʩ. 3.1) ʫ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ. ʋ ʮʽʡ ʪʦʯʮʽ ʟʥʘʯʝʥʥʷ ɽz = Ð. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦ-

ʙʦʪʽ [31] ʦʙʽʡʪʠ ʮʝ ʤʦʞʣʠʚʦ, ʷʢʱʦ ʟʘʨʷʜʠ +q (+q1 ... +q6) ʥʝ ʨʦʟʤʽʱʫʚʘʪʠ ʫ 

ʦʩʽ OZ ʽ ʚʽʜʩʪʫʧʠʪʠ ʚʽʜ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʥʘ ʚʽʜʩʪʘʥʴ d = 0,5...1,0 ʤʤ. ʋ 

ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʨʷʜʠ +q ʨʦʟʤʽʩʪʠʣʠ ʥʘ ʚʽʜʩʪʘʥʽ d = 0,5 ʤʤ ʚʽʜ ʧʦʚʝʨʭ-

ʥʽ ʝʣʝʢʪʨʦʜʘ (ʨʠʩ. 3.1).  

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʥʘʯʝʥʴ ɽz ʚ ʧʝʚʥʠʭ ʪʦʯʢʘʭ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʜʽ-

ʘʤʝʪʨʦʤ 5,0 ʤʤ ʽ ʚʽʜʩʪʘʥʽ ʚʽʜ ʡʦʛʦ ʪʦʨʮʷ ʜʦ ʥʝʤʘʛʥʽʪʥʦʛʦ ʚʠʨʦʙʫ (ȹ) ʥʘʚʝʜʝ-

ʥʽ ʥʘ ʨʠʩ. 3.2. ɼʘʥʽ ʧʦʢʘʟʫʶʪʴ (ʨʠʩ. 3.2, ʘ), ʱʦ ɽz ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ 

ʚʠʜʘʣʝʥʥʽ ʚʽʜ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ. ʎʽ ʜʘʥʽ ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʶʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 

ɺz/ɺzmax (ʪʦʯʢʠ ʥʘ ʨʠʩ. 3.2, ʙ) ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʇɺ ʇɼʄʇ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʜʨʦʪʫ (ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ) ʉʚ-08ɸ ʜʽʘʤʝʪʨʦʤ 5,0 ʤʤ (ʚʠʨʽʙ-ʥʝʤʘʛʥʽʪʥʠʡ). ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʤʦʞʥʘ ʪʽʣʴʢʠ ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ɽz/ɽzmax ʟ ʚʽʜʥʦ-

ʩʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ɺz/ɺzmax (ʜʠʚ. ʨʠʩ. 3.2, ʙ). ʗʢʱʦ ʚʠʨʽʙ-ʬʝʨʦʤʘʛʥʝʪʠʢ,  ʪʦ  ʫ 

ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ  ɽz  (ʪʘ ɽz/ɽzmax)  ʟʨʦʩʪʘʶʪʴ ʯʝʨʝʟ ʚʧʣʠʚ (ʜʽʾ) ʚʽʜʦʙʨʘʞʝʥʠʭ 

ʟʘʨʷʜʽʚ (-qǋ1...-qǋ6). ɼʘʥʽ ʧʨʦ ɽz/ɽzmax ʪʘʢʦʞ ʟʙʽʛʘʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ ʧʨʦ ɺz/ɺzmax (ʢʨʠʚʽ 2, 4 ʥʘ ʨʠʩ. 3.2). ʊʘʢʠʤ ʯʠʥʦʤ, çʤʝʪʦʜ ʟʘʨʷʜʽʚè  
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ʈʠʩ. 3.2. ʈʦʟʧʦʜʽʣ ɽz (ʘ) ʽ ʚʽʜʥʦʩʥʠʭ ʟʥʘʯʝʥʴ ɽz/ɽzmax, ɺz/ɺzmax (ʙ) ʚʟʜʦʚʞ 

ʦʩʽ OZ (ȹ = 5 ʤʤ): 1, 3 ï ʚʠʨʽʙ ʥʝʤʘʛʥʽʪʥʠʡ; 2, 4 ï ʚʠʨʽʙ-ʬʝʨʦʤʘʛʥʝʪʠʢ; 1, 2 ï 

r = 0; 3, 4 ï r = 2,0 ʤʤ (ʣʽʥʽʾ ï ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ; ʟʥʘʯʢʠ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʘʥʽ ʧʨʦ ɺz/ɺzmax) [206] 

ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʨʦʟʧʦʜʽʣʫ ʽʥʜʫʢʮʽʾ ɺz ʇɼʄʇ ʧʽʜ ʪʦʨ-

ʮʝʤ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʷʢʱʦ ʚʠʨʽʙ ʥʝʤʘʛʥʽʪʥʠʡ ʽ ʷʢʱʦ ʚʽʥ ï ʬʝʨʦ- 
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ʤʘʛʥʝʪʠʢ. 

ɼʘʥʽ ʧʨʦ ʨʦʟʧʦʜʽʣ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ɽz ʫʟ-

ʜʦʚʞ ʨʘʜʽʫʩʘ r ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.3. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ɽz ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ  

 

 

ʘ 

 

ʙ 

ʈʠʩ. 3.3. ʈʦʟʧʦʜʽʣ ɽz (ʘ) ʪʘ ɽz/ɽzmax (ʙ) ʚʟʜʦʚʞ ʨʘʜʽʫʩʫ r: 1, 3 ï ʚʠʨʽʙ 

ʥʝʤʘʛʥʽʪʥʠʡ; 2, 4 ï ʚʠʨʽʙ ʬʝʨʦʤʘʛʥʝʪʠʢ; 1, 2 ï Z = 0; 3, 4 ï Z = 2,5 ʤʤ; 5 ï ʝʢ-

ʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ɺz/ɺzmax [206] 
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ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʘʨʘʤʝʪʨʘ çrè, ʷʢʱʦ Z = 0, ʘʙʦ Z =2,5 ʤʤ, ʪʦʙʪʦ ʚ ʟʦʥʽ ʨʦʟ-

ʪʘʰʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ ʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ. ʊʦʙʪʦ, ʬʝʨʦʤʘʛʥʽʪʥʠʡ 

ʝʣʝʢʪʨʦʜ ʢʦʥʮʝʥʪʨʫʻ ʧʦʣʝ ʩʘʤʝ ʚ ʨʘʡʦʥʽ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ, ʽ ʥʘ ʚʽʜʩʪʘʥʽ r = 

4...7 ʤʤ ʚʽʜ ʦʩʽ ʝʣʝʢʪʨʦʜʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʧʦʣʝ (ʽ ʤʘʛʥʽʪʦʩʪʘʪʠʯʥʝ) ʟʤʝʥʰʫ-

ʻʪʴʩʷ ʚ 2,5...3 ʨʘʟʠ. 

ʅʘ ʨʠʩ. 3.4 ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʘ-

ʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ɽr ʫʟʜʦʚʞ ʨʘʜʽʫʩʫ r (ʥʘ ʨʠʩ. 3.4, ʘ ï ʚ 

ʦʜʠʥʠʮʷʭ, ʥʘ ʨʠʩ. 3.4, ʙ ï ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ ï ɽr/ɽrmax, Br/Brmax). ɺ ʪʦʯʮʽ 

ç0è (r = 0) ʟʥʘʯʝʥʥʷ ɽr = 0 (ʟ ʫʤʦʚ ʨʘʜʽʘʣʴʥʦʾ ʩʠʤʝʪʨʽʾ ʩʠʩʪʝʤʠ). ʋ ʤʽʨʫ ʥʘ-

ʙʣʠʞʝʥʥʷ ʜʦ ʚʠʨʦʙʫ (ʤʘʛʥʽʪʥʦʤʫ ʽ ʥʝʤʘʛʥʽʪʥʦʤʫ) ʟʥʘʯʝʥʥʷ ɽr ʟʤʝʥʰʫʶʪʴ-

ʩʷ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ɽr/ɽrmax ʟʙʽʛʘʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ɺr/ɺrmax (ʨʠʩ. 3.4, ʙ). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʘʜʽʘʣʴʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ɺr ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʟʥʘʯʥʘ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʦʮʽʥʢʠ 

ʧʦʚʝʜʽʥʢʠ ʢʨʘʧʣʽ ʥʘ ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥ-

ʥʽ) ʟ ʜʽʻʶ ʇɼʄʇ. 

ʆʙʯʠʩʣʶʚʘʣʠ ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ ɽr/ɽz ʚ ʪʦʯʢʘʭ ʥʘ ʚʽʜʩʪʘʥʽ Z = 2,5 ʤʤ 

(ʜʝ ʨʦʟʤʽʱʝʥʘ ʝʣʝʢʪʨʦʜʥʘ ʢʨʘʧʣʷ). ɼʘʥʽ (ʨʠʩ. 3.5) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʟʦʥʽ ʧʽʜ 

ʝʣʝʢʪʨʦʜʦʤ (Z = 2,5 ʤʤ) ʨʘʜʽʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ ɽr (ʽ ɺr) ʩʪʘʥʦʚʠʪʴ  

40...50% ʚʽʜ ʧʦʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ɽz (ʽ ɺz), ʷʢʱʦ ʚʠʨʽʙ ʥʝʤʘʛʥʽʪʥʠʡ. 

ʗʢʱʦ ʚʠʨʽʙ-ʬʝʨʦʤʘʛʥʝʪʠʢ, ʪʦ ʯʘʩʪʢʘ ɽr (ʽ ɺr) ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʩʢʣʘʜʘʶ-

ʯʠ 20é30 %. 

ʎʝʡ ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʨʘʥʽʰʝ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚ ʨʦʙʦʪʽ [30] ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʚ ʧ. 

2.1.2. ʎʝʡ ʚʠʩʥʦʚʦʢ ʚʘʞʣʠʚʠʡ ʜʣʷ ʦʮʽʥʢʠ ʧʦʚʝʜʽʥʢʠ ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘʧʣʽ ʥʘ 

ʪʦʨʮʽ ʝʣʝʢʪʨʦʜʘ ʽ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʜʨʦʪʦʤ ʧʽʜ 

ʬʣʶʩʦʤ ʟ ʜʽʻʶ ʇɼʄʇ. 

ʋ ʚʠʩʥʦʚʢʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ, ʷʢʱʦ ʥʝ ʪʽʣʴʢʠ ʝʣʝʢʪʨʦʜ, ʘ ʡ ʚʠʨʽʙ ʟ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ɛ è 1), ʪʦ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʤʝʪʦʜʠʮʽ ʩʣʽʜ ʟʘʩʪʦʩʫ-

ʚʘʪʠ ʤʝʪʦʜ ʚʽʜʦʙʨʘʞʝʥʴ [31], ʪʦʙʪʦ ʧʽʜ ʧʦʚʝʨʭʥʝʶ ʚʠʨʦʙʫ-ʧʣʘʩʪʠʥʠ ʨʦʟʤʽʩ-

ʪʠʪʠ ʬʽʢʪʠʚʥʽ ʟʘʨʷʜʠ (ʨʽʚʥʽ ʪʠʤ, ʷʢʽ ʙʫʣʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ). 
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ɺʥʘʩʣʽʜʦʢ ʚʨʘʭʫʚʘʥʥʷ ʜʽʾ ʮʠʭ ʬʽʢʪʠʚʥʠʭ ʟʘʨʷʜʽʚ ʚʝʣʠʯʠʥʘ ʢʦʤʧʦʥʝʥʪ ɽz, ɽr 

(ʘ, ʦʪʞʝ, ʽ  ʚʽʜʧʦʚʽʜʥʠʭ  ʢʦʤʧʦʥʝʥʪ  ʽʥʜʫʢʮʽʾ  ɺz,  ɺr  ʚ  ʟʦʥʽ  ʝʣʝʢʪʨʦʜʥʦʾ   

 

 

ʘ 

 

 

ʙ 

ʈʠʩ. 3.4. ʈʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ɽr (ʘ) ʽ ʚʽʜʥʦʩʥʠʭ ʟʥʘʯʝʥʴ ɽr/ɽrmax 

(ʙ) ʚʟʜʦʚʞ ʨʘʜʽʫʩʫ r: 1, 3, 5 ï ʚʠʨʽʙ ʥʝʤʘʛʥʽʪʥʠʡ; 2, 4, 6 ï ʚʠʨʽʙ-

ʬʝʨʦʤʘʛʥʝʪʠʢ;1, 2 ï Z = 0; 3, 4 ï Z = 1,5 ʤʤ; 5, 6 ï Z = 2,5 ʤʤ; (ʣʽʥʽʾ ï ʨʦʟʨʘ-

ʭʫʥʢʦʚʽ ʜʘʥʽ; ʟʥʘʯʢʠ - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʦ ɺz/ɺzmax) [206] 
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ʈʠʩ. 3.5. ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʰʝʥʴ ɽr/ɽz ʚʟʜʦʚʞ ʨʘʜʽʫʩʫ r (ʅ = 40 ʤʤ; ȹ = 

5 ʤʤ; dʝ = 5 ʤʤ), Z = 2,5 ʤʤ: 1 ï ʚʠʨʽʙ ʥʝʤʘʛʥʽʪʥʠʡ; 2 ï ʚʠʨʽʙ-ʬʝʨʦʤʘʛʥʝʪʠʢ  

 

ʢʨʘʧʣʽ   ̔ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ) ʙʫʜʫʪʴ ʟʙʽʣʴʰʝʥʽ. ʄʝʪʦʜ ʦʙʣʽʢʫ ʜʽʾ ʬʽʢʪʠʚʥʠʭ 

ʟʘʨʷʜʽʚ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʠʨʦʙʫ ʟ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʤʧʦʥʝʥʪ ɽz, ɽr ʜʦʢʣʘʜʥʦ ʚʠʢʣʘʜʝʥʦ ʚ ʨʦʙʦʪʽ [31]. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠ-

ʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʫʟʜʦʚʞ ʧʝʚʥʠʭ ʥʘʧʨʷʤʽʚ ʧʘʨʘʤʝʪʨʫ ɽ/ɽmax, ʽ, ʦʪ-

ʞʝ, ʧʘʨʘʤʝʪʨʫ ɺ/ɺmax, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʠʥ ʦʜʥʦʤʫ. ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʢʦʤʧʦ-

ʥʝʥʪʠ ɺz ʽ ɺr, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʧʦʜʽʣ ɽz ʽ ɽr, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʟʥʘʯʝʥʥʷ 

ʽʥʜʫʢʮʽʾ ɺz, ʘʙʦ ɺr ʭʦʯʘ ʙ ʚ ʦʜʥʽʡ ʪʦʯʮʽ. ʎʽ ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʰʣʷʭʦʤ ʽ ʧʨʠʚʝʜʝʥʽ ʚ ʧ. 2.1.2. 

 

3.2 ɼʦʩʣʽʜʞʝʥʥ ̫ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚʘʨʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʩʪʦʩʦʚʥʦ ʜʦ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ ʟ ʜʽʻʶ ʇɼʄʇ ʽ 

ʇʆʄʇ 

 

ʇʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ ʜʨʦʪʦʤ ʧʽʜ ʬʣʶʩʦʤ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʇɼʄʇ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ [30], ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʤʘʛʥʽʪ-

ʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʚʘʨʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʜʨʦʪʫ ʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ). ʇʽʜʚʠ-

ʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʛʥʽʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʣʘʚʣʶʚʘʣʴʥʠʭ (ʟʚʘʨʶʚʘʣʴʥʠʭ) ʜʨʦʪʽʚ B = f(H) ʽ ɛ = f(H) 

[208]. ʆʩʥʦʚʥʠʡ ʤʝʪʘʣ ʽ ʟʚʘʨʶʚʘʣʴʥʠʡ ʜʨʽʪ ʯʘʩʪʦ ʻ ʬʝʨʦʤʘʛʥʝʪʠʢʘʤʠ ʽ ʚʦʥʠ 
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ʟʥʘʯʥʦ ʩʧʦʪʚʦʨʶʶʪʴ ʙʫʜʦʚʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ʇɼʄʇ) ʚ ʟʦʥʽ ʝʣʝʢʪʨʦʜʥʦʾ 

ʢʨʘʧʣʽ, ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʪʘ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚʘʥʥʠ, ʽ ʪʠʤ ʩʘʤʠʤ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ, ʛʣʠʙʠʥʫ ʽ ʧʣʦʱʫ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. ʑʝ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʧʣʠʚ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩ-

ʪʠʚʦʩʪʝʡ ʟʚʘʨʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦ-

ʜʥʦʛʦ ʜʨʦʪʫ ʽ ʛʣʠʙʠʥʫ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶ-

ʚʘʥʥʽ ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇʆʄʇ [31]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚʘʨʶʚʘʣʴʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ - ɛ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟʨʦʙ-

ʣʝʥʘ ʚ ʨʦʙʦʪʽ [208] ʤʝʪʦʜʠʢʘ. ʋ ʮʽʡ ʤʝʪʦʜʠʮʽ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʦʢ ʫ ʚʠʛʣʷʜʽ ʪʦʨʘ (ʟ ʧʣʘʩʪʠʥʠ, ʘʙʦ ʥʘʚʠʚʢʦʶ ʜʨʦʪʦʤ). ʅʘ ʮʴʦ-

ʤʫ ʪʦʨʽ ʨʦʟʤʽʱʫʶʪʴ ʧʝʨʚʠʥʥʫ ʽ ʚʪʦʨʠʥʥʫ ʦʙʤʦʪʢʠ. ʇʝʨʚʠʥʥʠʡ ʣʘʥʮʶʛ ʞʠʚ-

ʣʷʪʴ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʯʘʩʪʦʪʦʶ 50 ɻʮ. ʋ ʧʝʨʚʠʥʥʦʤʫ ʣʘʥʮʶʟʽ ʻ ʚʦʣʴʪʤʝʪʨ ʽ 

ʘʤʧʝʨʤʝʪʨ, ʘ ʫ ʚʪʦʨʠʥʥʦʤʫ ʣʘʥʮʶʟʽ ï ʚʦʣʴʪʤʝʪʨ. ʂʨʽʤ ʪʦʛʦ, ʱʦʙ ʚʠʢʣʶʯʠʪʠ 

ʧʦʛʨʽʰʥʽʩʪʴ ʚ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʘʭ (ʚ ʧʦʢʘʟʥʠʢʫ ï ɛ) ʯʝʨʝʟ ʚʪʨʘʪʠ ʚ ʜʦ-

ʩʣʽʜʞʫʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ (ʟʨʘʟʢʫ) ʥʘ ʛʽʩʪʝʨʝʟʠʩ ʽ ʩʪʨʫʤʠ ʌʫʢʦ ʚ ʧʝʨʚʠʥʥʦʤʫ 

ʣʘʥʮʶʟʽ ʧʽʜʢʣʶʯʝʥʠʡ ʚʘʪʤʝʪʨ. ʊʘʢʘ ʤʝʪʦʜʠʢʘ ʚʠʜʘʻʪʴʩʷ ʚʘʞʢʦʶ. ʂʨʽʤ ʪʦʛʦ, 

ʦʜʝʨʞʫʚʘʥʽ ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʷʢ 

ʘʤʧʣʽʪʫʜʥʝ ʾʾ ʟʥʘʯʝʥʥʷ m ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʟʤʽʥʥʦʤʫ ʤʘʛʥʽʪ-

ʥʦʤʫ ʧʦʣʽ ʯʘʩʪʦʪʦʶ 50 ɻʮ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʘʭ [109, 209], ʻ ʧʝʨʝʜʫʤʦʚʠ, ʱʦ ʜʦʟ-

ʟʚʦʣʷʶʪʴ ʩʧʨʦʩʪʠʪʠ ʤʝʪʦʜʠʢʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘ-

ʯʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (ɛ) ʟʚʘʨʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʗʢʱʦ ʚʟʷʪʠ ʪʦʨ ʽʟ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ ï dʩʨ ʟ ʧʨʦʨʽʟʦʤ ʰʠʨʠʥʦʶ ï b 

(ʨʠʩ. 3.6, ʘ) ʽ ʨʦʟʤʽʩʪʠʪʠ ʨʽʚʥʦʤʽʨʥʦ ʥʘ ʥʴʦʤʫ ʦʙʤʦʪʢʫ ʽʟ ʟʘʛʘʣʴʥʠʤ ʯʠʩʣʦʤ 

ʚʠʪʢʽʚ W ʽ ʧʨʦʧʫʩʪʠʪʠ ʯʝʨʝʟ ʥʝʾ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ I, ʪʦ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ 

ʚ ʧʨʦʨʽʟʠ ʜʦʨʽʚʥʶʻ ɺ. ʅʝʭʪʫʶʯʠ ʨʦʟʩʽʶʚʘʥʥʷʤ ʧʦʣʷ ʥʘ ʢʨʘʷʭ ʧʨʦʨʽʟʫ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʤʘʛʥʽʪʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ɛ ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʘ (ʪʦʨʘ). 

ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʧʨʦ ʮʠʨʢʫʣʷʮʽʶ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ  

ʧʦʣʷ ʅ ʧʦ ʢʦʣʫ ʜʽʘʤʝʪʨʦʤ dʩʨ (ʨʠʩ. 3.6, ʘ) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 
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 (d́ʩʨ ï b)H + bH0 = IW,  (3.3) 

ʜʝ ʅ ʽ ʅ0 ï ʤʦʜʫʣʽ ʚʝʢʪʦʨʘ ʅ ʚʽʜʧʦʚʽʜʥʦ ʚ ʬʝʨʦʤʘʛʥʽʪʥʦʤʫ ʤʘʪʝʨʽʘʣʽ 

ʪʦʨʘ ʽ ʧʨʦʨʽʟʫ (ʧʦʚʽʪʨʽ). ʂʨʽʤ ʪʦʛʦ, ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʧʦʣʷ ʥʘ ʢʨʘʷʭ 

ʧʨʦʨʽʟʫ ʦʟʥʘʯʘʻ, ʱʦ ɺ = ɺ0 (ɺ ʽ ɺ0 - ʽʥʜʫʢʮʽʷ ʧʦʣʷ ʚ ʟʨʘʟʢʫ ʽ ʧʨʦʨʽʟʫ). ɺʨʘʭʦ-

ʚʫʶʯʠ ʱʦ ɺ = ɛ ɛ0ʅ ʠ b  dʩʨ, ʦʪʨʠʤʫʻʤʦ: 

  

 
bBIW

dɺ ʩʨ

-
=

0m

p
m ,   (3.4) 

ʜʝ ɛ0 ï ʤʘʛʥʽʪʥʘ ʧʦʩʪʽʡʥʘ; ɛ0 = 4ˊĀ10
-7
 ɻʥ/ʤ. 

 

 

ʘ 

 

 

ʙ 

 

ʈʠʩ. 3.6. ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ɛ (ʘ) ʽ ʚʠʜ ʪʦʨʘ ʟ 

ʦʙʤʦʪʢʦʶ (ʙ): ʙ ï 1 ï ʪʦʨ; 2 ï ʦʙʤʦʪʢʘ  
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ɿʨʘʟʢʠ ʫ ʚʠʛʣʷʜʽ ʪʦʨʘ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 50 ʤʤ ʽ ʟʦʚʥʽʰʥʽʤ ʜʽʘ-

ʤʝʪʨʦʤ 80 ʤʤ (dʩʨ = 65 ʤʤ) ʚʠʨʽʟʘʣʠ ʟ ʧʣʘʩʪʠʥ ʟʽ ʩʪʘʣʽ ɺʄʉʪ3ʩʧ ʽ 09ɻ2ʉ 

ʪʦʚʱʠʥʦʶ 15 ʤʤ. ʅʘ ʪʦʨʠ ʥʘʚʠʚʘʣʠ (ʨʽʚʥʦʤʽʨʥʦ) ʦʙʤʦʪʢʠ ʟ ʤʽʜʥʦʛʦ ʽʟʦʣʴʦ-

ʚʘʥʦʛʦ ʜʨʦʪʫ ʜʽʘʤʝʪʨʦʤ 1,2 ʤʤ ʟ ʯʠʩʣʦʤ ʚʠʪʢʽʚ W = 50. ʇʨʦʨʽʟ ʚ ʟʨʘʟʢʘʭ 

(ʪʦʨʘʭ) ʚʠʢʦʥʫʚʘʣʠ ʥʦʞʽʚʢʦʶ, ʰʠʨʠʥʘ ʧʨʦʨʽʟʫ ʩʪʘʥʦʚʠʣʘ b = 1,0 ʤʤ. ʏʝʨʝʟ 

ʦʙʤʦʪʢʫ ʧʨʦʧʫʩʢʘʣʠ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ ʚʽʜ ʚʠʧʨʷʤʣʷʯʘ ɺʉɾ-303 (ʩʪʨʫʤ ʧʦ-

ʩʪʫʧʦʚʦ ʦʙʤʝʞʫʚʘʣʠ ʙʘʣʘʩʪʦʚʠʤ ʨʝʦʩʪʘʪʦʤ ʈɹ-301 ʽ ʧʣʘʚʥʦ ʨʝʛʫʣʶʚʘʣʠ 

ʥʘʧʨʫʛʦʶ ʥʘ ʚʠʭʦʜʽ ʚʠʧʨʷʤʣʷʯʘ ɺʉɾ-303). ʉʪʨʫʤ ʚ ʦʙʤʦʪʮʽ ʟʤʽʥʶʚʘʣʠ ʚ 

ʤʝʞʘʭ I = 0,2...28 ɸ (ʯʝʨʝʟ 0,2 ɸ, ʘ ʚ ʯʘʩʪʠʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ï ʯʝʨʝʟ 2 ɸ). 

ɺʠʤʽʨʶʚʘʥʥʷ ʽʥʜʫʢʮʽʾ ʚ ʟʘʟʦʨʽ (ɺ) ʚʠʢʦʥʫʚʘʣʠ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʝʩʣʘʤʝʪʨʦʤ 

ʪʠʧʫ 43205. 

ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʴ (ʧʽʜʢʣʶʯʝʥʴ ʧʨʠʣʘʜʽʚ) ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.7. ʋ ʮʽʡ 

ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʦʜʥʘ ʦʙʤʦʪʢʘ ʽ ʦʜʠʥ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ï 

ʘʤʧʝʨʤʝʪʨ (ɸ). 

 

 

 

ʈʠʩ. 3.7. ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʴ: 1 ï ʪʦʨ; 2 ï ʦʙʤʦʪʢʘ; ʈʅ ï ʨʝʛʫʣʷʪʦʨ ʥʘ-

ʧʨʫʞʝʥʴ, ɺ ï ʚʠʧʨʷʤʣʷʯ; ɸ ï ʘʤʧʝʨʤʝʪʨ 

 

ʅʘ ʨʠʩ. 3.8, ʘ ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʽʥʜʫʢʮʽʾ ʚ ʟʘʟʦʨʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ - ʅ0 [210-212]. 

ʅʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ ʅ ʚʠʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 
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l

IW
H = ,  (3.5) 

ʜʝ l = ˊĀdʩʨ ï ʜʦʚʞʠʥʘ ʩʠʣʦʚʦʾ ʣʽʥʽʾ, ʤ. 

 

 

 

ʘ 

 

 

ʙ 

 

ʈʠʩ. 3.8. ɿʘʣʝʞʥʽʩʪʴ ʽʥʜʫʢʮʽʾ ɺ (ʘ) ʽ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ɛ (ʙ) ʚʽʜ ʥʘ-

ʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʅ: 1, 2 ï ʜʘʥʽ ʨʦʙʦʪʠ [210]; 3, 4 ï ʥʦʚʽ ʜʘʥʽ; 1, 3 

ï ʩʪʘʣʴ ɺʄʉʪ3ʩʧ; 2, 4 - ʩʪʘʣʴ 09ɻ2ʉ  
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ʆʪʨʠʤʘʥʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʚ ʟʘʟʦʨʽ (ɺ) ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ (ʅ) ʤʘʶʪʴ ʪʠʧʦʚʠʡ (ʚʽʜʦʤʠʡ) ʚʠʜ (ʨʠʩ. 3.8, ʘ). ʇʨʠ 

ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ɺ ʚ ʟʘʟʦʨʽ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʣʠʩʷ ʟ ʨʘʥʽʰʝ ʦʪʨʠʤʘʥʠʤʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʚ ʨʦʙʦʪʽ [208] ʜʣʷ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 

ɺʄʉʪ3ʩʧ ʽ 09ɻ2ʉ (ʧʦʨ. ʢʨʠʚʽ 1 ʽ 3 ʟ ʢʨʠʚʠʤʠ 2 ʽ 4 ʥʘ ʨʠʩ. 3.8, ʘ). 

ʍʽʜ ʟʘʣʝʞʥʦʩʪʝʡ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (ɛ) ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ (ʅ) 

ʙʣʠʟʴʢʠʡ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʘʥʽʰʝ ʚ ʨʦʙʦʪʽ [208]. ʆʜʥʘʢ, ʟʥʘʯʝʥʥʷ ɛ ʟʘʩʪʦʩʦ-

ʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʅ, ʦʪʨʠʤʘʥʽ ʟʘ ʧʨʦʧʦʥʦʚʘʥʦʶ ʚ ʮʽʡ ʨʦʙʦʪʽ ʤʝʪʦʜʠ-

ʢʦʶ, ʜʝʱʦ ʤʝʥʰʝ (ʧʦʨ. ʢʨʠʚʽ 1 ʽ 3 ʟ ʢʨʠʚʠʤʠ 2 ʽ 4 ʥʘ ʨʠʩ. 3.8, ʙ). ʎʝ ʧʦʷʩ-

ʥʁ ʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʨʦʙʦʪʽ [30] ʚʠʟʥʘʯʝʥʦ ʘʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ m (ʧʨʠ 

ʯʘʩʪʦʪʽ  50 ɻʮ). 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʤʘʛʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚʘʨʶʚʘʣʴʥʠʭ ʽ ʥʘʧʣʘ-

ʚʦʯʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʜʨʦʪʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʚ ʇɼʄʇ ʽ ʇʆʄʇ 

ʚʘʞʣʠʚʽ, ʦʩʢʽʣʴʢʠ, ʚʦʥʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʟʧ-

ʣʘʚʣʝʥʥʷ ʜʨʦʪʫ aʨ. 

 

3.3. ɺʧʣʠʚ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢ-

ʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ (ʟʚʘʨʶʚʘʥʥʽ) ʧʽʜ ʬʣʶʩʦʤ 

 

ɺʧʣʠʚ ʇʆʄʇ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ (Ŭʨ) ʧʨʠ 

ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [113]. ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠʩʷ ʬʝʨʦʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ (ʜʨʽʪ ʽ ʚʠʨʽʙ), ʷʢʽ ʩʧʦʪʚʦʨʶʚʘʣʠ ʙʫʜʦʚʫ 

ʇʆʄʇ ʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ ʚʧʣʠʚʘʣʘ ʧʦʟʜʦʚʞ-

ʥʷ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ. ʎʝ ʧʠʪʘʥʥʷ ʧʦʪʨʝʙʫʚʘʣʦ ʚʠʚʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʨʦʟʤʽʨʘʤʠ ʟʦʥʠ ʧʨʦ-

ʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʘʣʝ ʽ ʟʥʘʯʝʥʥʷʤ Ŭʨ ʝʣʝʢʪʨʦʜʘ. ʅʝʦʙʭʽʜʥʦ 

ʜʦʩʣʽʜʠʪʠ ʜʽʶ ʇʆʄʇ ʥʘ ʢʦʝʬʽʮʽʻʥʪ Ŭʨ ʜʘ̔ʤʝʪʨʽʚ 3...5 ʤʤ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘ-

ʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʇʆʄʇ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠʩʪʨʽʡ, ʩʭʝʤʘ ʷʢʦʛʦ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.9 [215, 216]. ʇʨʠʩʪʨʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʨʠʞʥʽʚ (2), ̫ ʢʽ 
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ʈʠʩ. 3.9. ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʚʚʝʜʝʥʥʷ ʇʆʄʇ: 1 ï ʝʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ; 2 ï 

ʩʪʨʠʞʥʽ ʧʨʠʩʪʨʦʶ; 3 ï ʧʝʨʝʤʠʯʢʘ (ʽʟʦʣʷʪʦʨ); 4 ï ʢʦʪʫʰʢʠ; 5 ï ʧʣʘʩʪʠʥʘ; 6 ï 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ ʛʫʙʢʠ  

 

ʟôʻʜʥʘʥʽ ʧʝʨʝʤʠʯʢʦʶ  (3) ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʦʣʪʦʚʠʭ ʟô̒ ʜʥʘʥʴ. ʉʪʨʠʞʥʽ ʟʽʙʨʘʥ ̔ʟ 

ʧʣʘʩʪʠʥ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ ʪʦʚʱʠʥʦʶ 0,5 ʤʤ. ʅʘ ʩʪʨʠʞʥʷʭ ʨʦʟʤʽʱʝʥʽ 

ʢʦʪʫʰʢʠ (4). ɼʚʽ ʢʦʪʫʰʢʠ ʚʠʢʦʥʘʥʽ ʜʚʦʰʘʨʦʚʦ ʟ ʤʽʜʥʦʛʦ ʽʟʦʣʴʦʚʘʥʦʛʦ ʧʨʦ-

ʚʦʜʫ ʜʽʘʤʝʪʨʦʤ 2 ʤʤ. ʂʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʦʜʥʽʻʾ ʢʦʪʫʰʢʠ ʩʪʘʥʦʚʠʣʦ W = 70. 

ʇʨʠʩʪʨʽʡ, ʱʦ ʛʝʥʝʨʫʻ ʇʆʄʇ, ʢʨʽʧʠʚʩʷ ʜʦ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʫ ʪʠʧʫ 

ɸɼʉ - 1002 ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʦʤʫʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʩʪʨʽʡ ʚʚʝʜʝʥʥʷ ʇʆʄʇ ʚ̔ -

ʜʦʢʨʝʤʣʶʚʘʚʩʷ ʚʽʜ ʘʚʪʦʤʘʪʘ ʽʟʦʣʷʪʦʨʦʤ. ʂʦʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʨʦʶ ʚʚʝʜʝʥʥʷ 

ʇʆʄʇ ʜʦʟʚʦʣʷʣʘ  ʟʤʽʥʶʚʘʪʠ  ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʞʥʽʤʠ ʜʽʣʷʥʢʘʤʠ ʩʪʨʠʞʥʽʚ ʫ 

ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ (ʧʘʨʘʤʝʪʨ ʘ). ɿʚʘʨʶʚʘʣʴʥʠʡ ʘʚʪʦʤʘʪ ʜʦʟʚʦʣʷʚ 

ʟʤʥ̔ʶʚʘʪʠ ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʨʮʽʚ ʩʪʨʠʞʥʽʚ ʧʨʠʩʪʨʦʶ ʜʦ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ (5) 

h, ʘ ʪʘʢʦʞ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʪʨʫʤʦʧʽʜʚʽʜʥʠʤʠ ʛʫʙʢʘʤʠ (6) ʽ ʧʣʘʩʪʠʥʦʶ (5) ʅ 

(ʚʠʣʽʪ ʝʣʝʢʪʨʦʜʘ). ɽʣʝʢʪʨʦʜʥʠʡ ʜʨʽʪ (1) ʧʨʦʭʦʜʠʚ ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ ʟʚʘʨʶʚʘ-

ʣʴʥʦʛʦ ʘʚʪʦʤʘʪʫ.  
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ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʥʝʩʝʥʥʷʤ ʝʣʝʢʪʨʦʜʥʠʭ ʢʨʘʧʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʦʩʪʽʡʥʝ ʇʆʄʇ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʷʢʦʛʦ ʚ ʢʦʪʫʰʢʘʭ ʧʨʠʩʪʨʦʶ ʧʨʦʧʫʩʢʘʚʩʷ 

ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ ʚʽʜ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ ʪʠʧʫ ɺʉɾ-303. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʚ ʟʦʥʽ ʝʣʝʢʪʨʦʜʥʦʾ ʢʨʘ-

ʧʣʽ ʽ ʜʫʛʠ ʧʨʦʚʦʜʠʣʠ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ɺʭ ʽ ɺz.  

ɺʠʚʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʽʥʜʫʢʮʽʾ ɺʭ ʽ ɺz ʚʠʢʦʥʫʚʘʣʠ ʤʽʣʽʪʝʩʣʘʤʝʪʨʦʤ ʪʠʧʫ 

ɽʄ-4305 ʟ ʜʘʪʯʠʢʦʤ ʍʦʣʫ ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʙʘʟʦʶ 1Ĭ1 ʤʤ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ Z = 0, Y = 0 ʚ ʪʦʯʢʘʭ ʍ = 0; ʍ = 5 ʤʤ; ʍ = 10 ʤʤ; ʍ = 15 ʤʤ; 

ʍ = 20 ʤʤ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʜʦ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ȹ ʚʠʪʨʠʤʫʚʘ-

ʣʠ ʧʦʩʪʽʡʥʠʤ (æ = 5 ʤʤ). ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʚʠʣʴʦʪʫ ʝʣʝʢʪʨʦʜʘ ʜʦʨʽʚʥʶ-

ʚʘʣʘ ʅ = 25 ʤʤ (ʽ ʨʦʟʤʽʨ h = 25 ʤʤ), ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʞʥʽʤʠ ʪʦʨʮʷʤʠ ʤʘʛʥʽ-

ʪʦʧʨʦʚʦʜʫ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʘ = 35 ʤʤ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʨʽʪ ʉʚ-08ɻɸ ʽ ʉʚ-12ʍ18ʅ10ʊ ʜʽʘʤʝʪʨʦʤ 4 ʤʤ, ʘ ʚ 

ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ-ʧʣʘʩʪʠʥʠ ʟʽ ʩʪʘʣʽ ʉʪ.09ɻ2ʉ ʠ ʉʪ.12ʍ18ʅ10ʊ.  

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʜʨʦʪʫ 

ʽ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʧʣʘʩʪʠʥʠ ʢʦʤʧʦʥʝʥʪʘ ʽʥʜʫʢʮʽʾ ɺʭ ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦ-

ʜʘ ʚʝʣʴʤʠ ʥʝʟʥʘʯʥʘ, ʙʣʠʟʴʢʦ 4 ʤʊʣ [223]. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ 

ʜʨʦʪʫ ʉʚ-08ɸ ʽ ʧʣʘʩʪʠʥʠ ʟ ʥʝʤʘʛʥʽʪʥʦʾ ʩʪʘʣʽ ʉʪ.12ʍ18ʅ10ʊ ʢʦʤʧʦʥʝʥʪʘ ʽʥ-

ʜʫʢʮʽʾ ɺʭ ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʝʤ ʝʣʝʢʪʨʦʜʘ ʤʘʻ ʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ 30...40 ʤʊʣ [216-

219]. ɺʚʘʞʘʣʠ, ʱʦ ʨʽʚʝʥʴ ʽʥʜʫʢʮʽʾ ɺʭ ʙʣʠʟʴʢʦ 30...40 ʤʊʣ ʚ ʟʦʥʽ ʧʽʜ ʪʦʨʮʝʤ 

ʝʣʝʢʪʨʦʜʘ ʜʦʩʪʘʪʥʽʡ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʥʝʩʝʥʥʷʤ ʢʨʘʧʝʣʴ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝ-

ʪʘʣʫ. ɼʽ ʁʇʆʄʇ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ Ŭʨ ʧʨʠ 

ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ (ʤʝʪʦʜʦʤ ʟʚʘ-

ʞʫʚʘʥʥʷ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʥʘʧʣʘʚʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʘʚʪʦʤʘʪʦʤ ɸɼʉ-1002 ʟ ʥʝ-

ʟʘʣʝʞʥʦʾ ʚʽʜ ʥʘʧʨʫʛʠ ʜʫʛʠ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʜʨʦʪʫ ʚʽʜ ʚʠʧʨʷʤʣʷʯʘ ɺɼʋ-

1202 (ʟ ʧʘʜʘʶʯʦʶ ʟʦʚʥʽʰʥʴʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ) ʥʘ ʟʚʦʨʦʪʥʽʡ ʧʦʣʷʨʥʦʩʪʽ ʥʘ 

ʧʣʘʩʪʠʥʠ ʟʽ ʩʪʘʣʽ ʉʪ. 12ʍ18ʅ10ʊ ʜʨʦʪʦʤ ʉʚ-08ɸ ʜʽʘʤʝʪʨʦʤ 4 ʤʤ, ʅʧ-

30ʍɻʉɸ ʜʽʘʤʝʪʨʦʤ 4 ʤʤ ʧʽʜ ʬʣʶʩʦʤ ɸʅ-348ɸ ʽ ʧʽʜ ʬʣʶʩʦʤ ɸʅ-26ʇ ʧʨʠ 

ʥʘʧʣʘʚʣʝʥʥʽ ʜʨʦʪʦʤ ʉʚ-12ʍ18ʅ10ʊ ʜʽʘʤʝʪʨʦʤ 4 ʤʤ ʪʘ ʜʨʦʪʦʤ ʇʇ-12ʍ13 ʜʽ-
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ʘʤʝʪʨʦʤ 3,6 ʤʤ. ʅʘʧʣʘʚʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʟ ʜʽʻʶ (ʽ ʙʝʟ ʜʽʾ) ʧʦʩʪʽʡʥʦʛʦ 

ʇʆʄʇ. ɿʘʧʠʩ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʥʘʧʣʘʚʣʝʥʥʷ (Iʥ, Uʜ) ʟʜʽʡʩʥʶʚʘʣʠ ʩʘʤʦʧʠ-

ʩʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʪʠʧʫ ʅ390. ʋ ʚʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʥʘ-

ʧʣʘʚʣʝʥʥʷ ʙʝʟ ʜʽʾ ʇʆʄʇ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʧʦʧʝʨʝʜʥʴʦ ʧʦ ʩʪʨʽʣʦʯʥʠʭ ʧʨʠ-

ʣʘʜʘʭ ʽ ʜʣʷ dʝ = 4 ʤʤ ʚʦʥʠ ʩʪʘʥʦʚʠʣʠ: Iʥ = 480...520 ɸ; Uʜ = 30...32 ɺ, 

ʰʚʠʜʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ Vʥ = 27 ʤ/ʛʦʜ., ʜʣʷ dʝ = 3,6 ʤʤ (ʇʇ-12ʍ13) Iʥ = 

380...420 ɸ; Uʜ = 30...32 ɺ, ʰʚʠʜʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ Vʥ = 27 ʤ/ʛʦʜ. ʆʩʢʽʣʴʢʠ 

ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʇʆʄʇ ʩʪʨʫʤ ʥʘʧʣʘʚʣʝʥʥʷ ʟʤʝʥʰʫʚʘʚʩʷ, ʪʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʟʙʽʣʴʰʫʚʘʣʠ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ, ʱʦʙ ʥʘʧʨʫʛʘ ʜʫʛʠ ʟʥʘʭʦ-

ʜʠʣʦʩʷ ʚ ʤʝʞʘʭ Uʜ = 30...32 ɺ. ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ ʩʪʘʥʦʚʠʣʘ ʥʝ 

ʤʝʥʰʝ 60 ʩ. ʅʘ ʢʦʞʥʦʤʫ ʨʝʞʠʤʽ ʚʠʢʦʥʫʚʘʣʠ ʧʦ 3 ʥʘʧʣʘʚʣʝʥʥʷ.  

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʧʦʩʪʽʡʥʦʛʦ 

ʇʆʄʇ ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʜʨʦʪʫ ʉʚ-08ɸ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʜʫʢ-

ʮʽʾ ɺʭ ʇʆʄʇ ʢʦʝʬʽʮʽʻʥʪ ʾʾ ʨʦʟʧʣʘʚʣʝʥʥʷ (Ŭʨ) ʟʨʦʩʪʘʻ ʽ ʧʨʠ ʚʝʣʠʯʠʥʽ ʽʥʜʫʢʮʽʾ 

ɺʭ = 30...35 ʤʊʣ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʧʦʨʷʜʢʫ 16,6 ʛ/(ɸĀʛʦʜ) 

(ʨʠʩ. 3.10), ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʙʝʟ ʜʽʾ ʇʆʄʇ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦ-

ʚʠʣʠ 12,5...13,0 ʛ/(ɸĀʛʦʜ). ʇʨʠ ʮʴʦʤʫ Ŭʨ ʝʣʝʢʪʨʦʜʽʚ ʟ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽ-

ʘʣʫ (ʉʚ-08ɸ) ʽ ʥʝʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʉʚ-12ʍ18ʅ10ʊ) ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʽʥʜʫʢʮʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ. ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ ʉʚ-

12ʍ18ʅ10ʊ ʟʨʦʩʪʘʻ ʥʘ 30 %, ʜʨʦʪʫ ʅʧ-30ʍɻʉɸ ï ʥʘ 27 %, ʜʨʦʪʫ ʇʇ12ʍ13 ï 

ʥʘ 23 %. ʗʢ ʚʽʜʦʤʦ [30], ʤʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ Ŭʨ ʜʨʦʪʽʚ ʜʽʘʤʝʪʨʦʤ 4, 

5 ʤʤ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʟ ʜʽʻʶ ʇɼʄʇ ʜʦʩʷʛʘʻ 30% (ʧʨʠ ʟʚʦʨʦʪʥʽʡ 

ʧʦʣʷʨʥʦʩʪʽ ʧʨʦʮʝʩʫ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ ʬʣʶʩʦʤ ʥʘ ʟʚʦʨʦʪʥʽʡ ʧʦʣʷʨʥʦʩʪʽ ʟ 

ʜʽʻʶ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʨʽʚʝʥʴ Ŭʨ ʜʨʦʪʽʚ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚ ʪʽʡ ʞʝ 

ʤʽʨʽ, ʱʦ ʽ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʜʽʻʶ ʧʦʩʪʽʡʥʦʛʦ ʇɼʄʇ. ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʧʽʜ 

ʬʣʶʩʦʤ ʜʽʷ ʧʦʩʪʽʡʥʦʛʦ ʇɼʄʇ ʥʝ ʧʽʜʚʠʱʫʻ ʟʥʘʯʝʥʥʷ Ŭʨ ʜʨʦʪʽʚ ʟ ʥʝʤʘʛʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ [127], ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʽʷ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʧʽʜʚʠʱʫʻ ʟʥʘʯʝʥʥʷ Ŭʨ 

ʜʨʦʪʽʚ ʷʢ ʟ ʬʝʨʦʤʘʛʥʽʪʥʠʭ, ʪʘʢ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʈʠʩ. 3.10. ɺʧʣʠʚ ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ɺʭ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʥʘ Ŭʨ ʝʣʝʢ-

ʪʨʦʜʥʠʭ ʜʨʦʪʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥ:̔ 1 ï ʜʨʽʪ ʉʚ-08ɸ; 2 ï ʜʨʽʪ ʉʚ-

12ʍ18ʅ10ʊ, 3 ï ʜʨʽʪ ʇʇ-12ʍ13, 4 ï ʜʨʽʪ ʅʧ-30ʍɻʉɸ  

ʈʘʥʽʰʝ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʽʥʜʫʢʮʽʾ ʧʦʩʪʽʡʥʦʛʦ 

ʇʆʄʇ, ʱʦ ʚʠʜʘʣʷʻ ʢʨʘʧʣʶ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ (ʧ. 1.3.2), ʘʣʝ 

ʥʝ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʦʙôʻʤ ʽ ʜʽʘʤʝʪʨ ʢʨʘʧʝʣʴ.  ɺ ʬʦʨʤʫʣʽ (1.6) ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ 

ʚ ʢʨʘʧʣʽ (jʢ) ʧʨʠʡʤʘʣʠ ʨʽʚʥʦʶ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ ʚ ʝʣʝʢʪʨʦʜʽ  ʟ ʪʘʢʠʭ ʤʽʨʢʫʚʘʥʴ. 

ʇʠʪʦʤʠʡ ʦʧʽʨ ʪʚʝʨʜʦʛʦ ʤʝʪʘʣʫ ʫ ʪʦʨʮʷ (ʩʢʦʩʘ) ʝʣʝʢʪʨʦʜʘ ʟʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ 

ʜʘʥʠʤʠ, ʥʝʟʥʘʯʥʦ (ʥʘ 5...10%) ʤʝʥʰʝ, ʥʽʞ ʧʠʪʦʤʠʡ ʦʧʽʨ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ 

ʢʨʘʧʣʽ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʣʽʥʽʾ ʩʪʨʫʤʫ ʚ ʢʨʘʧʣʽ ʤʘʶʪʴ ʪʘʢʠʡ ʞʝ ʩʘʤʠʡ ʥʘʧʨʷ-

ʤʦʢ, ʱʦ ʽ ʣʽʥʽʾ ʩʪʨʫʤʫ ʚ ʝʣʝʢʪʨʦʜʽ, ʪʦʙʪʦ, ʫʟʜʦʚʞ ʦʩʽ OZ (ʨʠʩ. 1.4). ʇʨʠ ʮʴʦ-

ʤʫ ʚʝʩʴ ʩʪʨʫʤ ʥʘʧʣʘʚʣʝʥʥʷ (Iʥ) ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʢʨʘʧʣʶ. ʉʪʦʚʧ ʜʫʛʠ ʤʘʻ ʥʘʭʠʣ 

ʧʽʜ ʜʽʻʶ ʇʆʄʇ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʡʦʛʦ ʚʽʩʴ ʥʦʨʤʘʣʴʥʘ ʜʦ ʧʦʚʝʨʭʥʽ ʩʢʦʩʘ 

ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ. 

ɺʨʘʭʦʚʫʶʯʠ ʨʘʥʽʰʝ ʚʠʢʣʘʜʝʥʝ (ʬʦʨʤʫʣʠ 1.6-1.11), ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ 

ʨʽʚʥʷʥʥʷ: 
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ɿ ʬʦʨʤʫʣʠ (3.12) ʦʪʨʠʤʘʣʠ: 
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V , ʤ/ʛʦʜ. (3.13) 

 

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʙʨʘʣʠ ʟʥʘʯʝʥʥʷ:  s = 1 ʅ/ʤ; g = 9,8 ʤ/ʩ
2
. ɿʥʘʯʝʥʥʷ ʢʫʪʘ 

Ŭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʜʫʢʮʽʾ ɺʭ ʇʆʄʇ ʙʨʘʣʠ ʟ ʨʦʙʦʪʠ [31]. 

ɼʽʘʤʝʪʨ ʢʨʘʧʝʣʴ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 

3
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ʢV

d , ʤ  (3.14) 

 

ɼʣʷ ʮʠʭ ʞʝ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʣʘʚʣʝʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʥʘʯʝʥʥʷ dʢ ʙʝʟ ʜʽʾ 

ʇʆʄʇ ʧʦ ʬʦʨʤʫʣʽ: 
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ʈʦʟʨʘʭʦʚʘʥʽ ʜʘʥʽ ʧʨʦ dʢ ʜʣʷ ʟʥʘʯʝʥʴ: dʝ = 4Ā10
-3
 ʤ; Iʥ = 500 ɸ; ɟ = 

7Ā10
3
 ʢʛ/ʤ

3;
; s = 1 ʅ/ʤ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.12. 

ɼʘʥʽ (ʨʠʩ. 3.12) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʜʫʢʮʽʾ  ɺʭ ʧʦʩʪʽʡʥʦʛʦ 

ʇʆʄʇ ʜʽʘʤʝʪʨ ʝʣʝʢʪʨʦʜʥʠʭ ʢʨʘʧʝʣʴ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʫ 2 ʨʘʟʠ. ʇʨʠ 

ʮʴʦʤʫ ʜʦʩʪʘʪʥʽʤ ʻ ʨʽʚʝʥʴ ʽʥʜʫʢʮʽʾ 30é40 ʤʊʣ. ʇʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ 

ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʟʤʝʥʰʫʻʪʴʩʷ ʧʝʨʝʛʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʘ) ʝʣʝʢʪʨʦʜʥʠʭ 

ʢʨʘʧʝʣʴ (ʚʦʥʠ ʧʨʠʤʫʩʦʚʦ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʪʦʨʮʷ ʜʨʦʪʫ) ʽ ʮʝ ʦʙʫʤʦʚʣʶʻ ʟʨʦʩ-

ʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ Ŭʨ  ʝʣʝʢʪʨʦʜʽʚ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ. ʇʨʠ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ 

ʢʨʘʧʣʽ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ (ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʟʜʦʚʞ ʦʩʽ 

ʆY) ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ, ʫʪʚʦʨʝʥʦʾ ʚʟʘʻʤʦʜʽʻʶ ʩʪʨʫʤʫ ʥʘʧʣʘʚ-

ʣʝʥʥʷ (ʩʧʨʷʤʦʚʘʥʦʛʦ ʫʟʜʦʚʞ ʦʩʽ ʆZ) ʟ ʢʦʤʧʦʥʝʥʪʦʶ ʽʥʜʫʢʮʽʾ ɺʭ ʇʆʄʇ, 
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ʈʠʩ. 3.12. ɿʘʣʝʞʥʽʩʪʴ ʜʽʘʤʝʪʨʘ ʢʨʘʧʝʣʴ ʚʽʜ ʽʥʜʫʢʮʽʾ ɺʭ ʇʆʄʇ 

 

ʩʧʨʷʤʦʚʘʥʦʾ ʫʟʜʦʚʞ ʦʩʽ ʆʍ. ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʚ ʇʆʄʇ ʯʘʩʪʦʪʦʶ 50 ɻʮ ʟʤʽ-

ʥʶʻʪʴʩʷ ʥʘʧʨʷʤʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʣʠ, ʱʦ ʜʽʻ ʥʘ ʝʣʝʢʪʨʦʜʥʫ ʢʨʘʧʣʶ (ʥʘ 

180 Á ʫʟʜʦʚʞ ʦʩʽ ʆY). ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʢʦʟʤʽʥʥʠʭ ʇʆʄʇ 

ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʨʦ-

ʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʜʨʦʪʽʚ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʦʧʝʨʝʯʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʽʥʜʫʢʮʽʾ ʇʆʄʇ ʨʽʟʥʦʾ ʯʘʩʪʦʪʠ, ʱʦ ʚʠʜʘʣʷʻ ʢʨʘʧʣʶ ʟ ʪʦʨʮʷ ʝʣʝ-

ʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ. 

 

3.4 ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʇʆʄʇ, ʱʦ ʚʠʜʘʣʷʶʪʴ 

ʢʨʘʧʣʶ ʟ ʪʦʨʮʷ ʝʣʝʢʪʨʦʜʘ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘʚʣʝʥʥʽ 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʥʝʤʘʻ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʟ'ʷʩʫʚʘʥʥʶ ʧʨʠʯʠʥ ʧʽʜ-

ʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʜʨʦʪʽʚ ʧʨʠ ʜʫʛʦʚʦʤʫ ʥʘʧʣʘ-

ʚʣʝʥʥʽ ʽ ʟʚʘʨʶʚʘʥʥʽ ʟ ʜʽʻʶ ʟʤʽʥʥʦʛʦ ʇʆʄʇ. 

ɺ ʨʦʙʦʪʽ [143] ʧʨʠʚʝʜʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʝʪʦʜʠʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʷʩʥʠ-

ʪʠ ʬʽʟʠʯʥʫ ʩʫʪʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ Ŭʨ ʚʽʜ ʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʧʨʠ ʜʫʛʦʚʦʤʫ 

ʥʘʧʣʘʚʣʝʥʥʽ. ʆʜʥʘʢ, ʥʘʚʝʜʝʥʫ ʚ ʨʦʙʦʪʽ [143] ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʝʪʦʜʠʢʫ ʤʦʞʣʠ-

ʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʦʩʪʽʡʥʦʛʦ ʇʆʄʇ ʧʨʠ ʥʘʧʣʘʚ-


