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ɸʅʆʊɸʎɯʗ 

      ɹʘʨʘʥʦʚ ɯ.ʈ.  ʇʨʦʮʝʩʠ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʪʚʝʨʜʽʥʥʷ  ʧʨʠ ʦʜʝʨʞʘʥʥʽ 

ʪʦʥʢʦʛʦ ʣʠʩʪʘ ʤʝʪʦʜʦʤ ʜʚʦʚʘʣʢʦʚʦʛʦ ʨʦʟʣʠʚʘʥʥʷ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ 

ʟʘʣʽʟʘ ʪʘ ʘʣʶʤʽʥʽʶ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

      ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.16.02 ï çʄʝʪʘʣʫʨʛʽʷ ʯʦʨʥʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʩʧʝʮʽʘʣʴʥʠʭ ʩʧʣʘʚʽʚè. ʌʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʅɸʅ 

ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2020. 

 

        ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʘʥʦʚʢʠ ʪʘ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʛʦ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢʽʩʥʦʛʦ ʪʦʥʢʦʛʦ ʣʠʩʪʘ ʟ ʨʦʟʧʣʘʚʫ ʤʝʪʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ ʪʘ ʟʘʣʽʟʘ. ʇʨʦʮʝʩʩ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦʛʦ ʣʠʩʪʘ ʚ 

ʜʚʦʚʘʣʢʦʚʦʤʫ ʣʠʚʘʨʥʦ - ʧʨʦʢʘʪʥʦʤʫ ʘʛʨʝʛʘʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʧʣʘʚʫ  ̒

ʩʢʣʘʜʥʠʤ ʽ ʙʘʛʘʪʦʝʪʘʧʥʠʤ.  ʄʝʪʘʣ ʧʨʦʭʦʜʠʪʴ  ʪʨʠ ʟʦʥʠ ʤʽʞʚʘʣʢʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʧʨʠ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʭʦʣʦʜʞʝʥʥʷ, ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ, 

ʪʝʤʧʝʨʘʪʫʨʘʭ:  ʨʽʜʢʦʛʦ ʨʦʟʧʣʘʚʫ (I ʟʦʥʘ); ʪʚʝʨʜʦʛʦ-ʨʽʜʢʦʛʦ ( II  ʟʦʥʘ) ʪʘ 

ʪʚʝʨʜʦʛʦ ʽ ʧʣʘʩʪʠʯʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʥʫ (ɯɯɯ ʟʦʥʘ). ʌʦʨʤʫʚʘʥʥʷ ʪʦʥʢʦʛʦ 

ʧʨʦʢʘʪʫ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ  ʪʘ ʰʚʠʜʢʦʩʪʝʡ ʚʠʤʘʛʘʻ 

ʛʣʠʙʦʢʦʛʦ ʚʠʚʯʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʧʨʦʮʝʩʫ, ʘ 

ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʪʘʢʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ. ɿ 

ʮʽʻʶ ʤʝʪʦʶ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ  ʢʦʤʧʣʝʢʩ ʷʢ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʬʽʟʠʯʥʦʛʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢ ʽ ʚʽʜʦʤʠʭ ʟʘʣʝʞʥʦʩʪʝʡ  ʧʨʠ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ, ʦʜʝʨʞʘʥʠʭ ʧʨʷʤʠʤʠ ʥʘʪʫʨʥʠʤʠ ʚʠʤʽʨʘʤʠ.  ʄʝʪʦʜʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ 

ʧʨʦʮʝʩʠ ʪʝʯʽʾ  ʨʦʟʧʣʘʚʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʚʦʚʘʣʢʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʟ 

ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʦʜʘʯʝʶ ʤʝʪʘʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʷʢʽʩʥʠʡ ʽ ʢʽʣʴʢʽʩʥʠʡ ʟʙʽʛ 

ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʨʽʜʠʥʠ ʰʣʷʭʦʤ ʟʨʽʚʥʷʥʥʷ 

ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʰʚʠʜʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʠʭ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ. 
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ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʚ ʧʨʦʮʝʩʽ 

ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ ʽ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʡʦʛʦ ʨʦʟʫʤʽʥʥʷ, ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤ Comsol. ɿʽʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʬʽʟʠʯʥʦʛʦ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ  ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʨʽʜʠʥʠ ʚ  ʧʨʦʩʪʦʨʽ  ʤʽʞ ʚʘʣʢʘʤʠ-

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʤʠ ʧʦʢʘʟʘʣʦ ʟʙʽʛ  ʭʘʨʘʢʪʝʨʫ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʽ ʚʠʥʠʢʘʶʯʠʭ 

ʟʦʥ ʮʠʨʢʫʣʷʮʽʾ. ʅʘʡʙʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʝʯʽʾ ʤʝʪʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʙʣʠʟʫ 

ʧʦʚʝʨʭʥʽ ʚʘʣʢʽʚ, ʷʢʽ ʥʘʛʥʽʪʘʶʪʴ ʤʝʪʘʣ ʚ ʤʽʞʚʘʣʢʦʚʠʡ ʧʨʦʩʪʽʨ, ʘ ʚʟʜʦʚʞ 

ʮʝʥʪʨʘʣʴʥʦʾ ʚʽʩʽ ʤʽʞʚʘʣʢʦʚʦʛʦ ʟʘʟʦʨʫ ʧʨʦʭʦʜʠʪʴ ʟʚʦʨʦʪʥʽʡ ʧʦʪʽʢ, ʱʦ ʤʘʻ 

ʟʥʘʯʥʫ  ʰʚʠʜʢʽʩʪʴ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʽ ʚʠʟʥʘʯʝʥʦ  ʟʤʽʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʪʚʝʨʜʽʣʦʛʦ ʤʝʪʘʣʫ  ʧʦ ʜʦʚʞʠʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʟʦʥʠ 

ʤʽʞʚʘʣʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ.  ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ  ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ 

ʟʥʠʞʝʥʥʷʤ ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʨʦʟʣʠʪʠʤ ʤʝʪʘʣʦʤ ʽ ʚʘʣʢʦʤ-

ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ. ɺʩʪʘʥʦʚʣʝʥʦ,  ʱʦ ʧʨʠ ʚʘʣʢʦʚʽʡ ʨʦʟʣʠʚʮʽ-ʧʨʦʢʘʪʮʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʬʦʨʤʫʣʽ çʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʝʥʷè ʜʣʷ  

ʘʣʶʤʽʥʽʶ ʩʢʣʘʜʘʻ 7,4ʤʤ/ʩ
0,5
, ʜʣʷ ʩʪʘʣʽ 4,2ʤʤ/ʩ

0,5
 , ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʪʚʝʨʜʽʥʥʽ ʚ ʟʣʠʚʢʘʭ. ʆʪʨʠʤʘʥʦ  ʧʦʜʘʣʴʰʠʡ 

ʨʦʟʚʠʪʦʢ ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʮʽʥʢʫ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ ʚ ʨʽʜʢʦʤʫ, 

ʨʜ̔ʢʦ-ʪʚʝʨʜʦʤʫ ʽ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ. ʅʘ ʦʩʥʦʚʽ 

ʧʦʻʜʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʝʣʠʯʠʥ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʪʘʣʝʡ ʚʠʱʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʦʣʽʜʫʩ, ʚôʷʟʢʦʩʪʽ ʨʽʜʢʦʾ ʩʪʘʣʽ ʽ ʾʾ ʦʧʦʨʫ ʜʝʬʦʨʤʘʮʽʾ ʚ ʪʚʝʨʜʦʤʫ 

ʩʪʘʥʽ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ ʦʧʠʩʫʶʪʴ ʨʝʦʣʦʛʽʶ ʩʪʘʣʝʡ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʪʘʣʫ ʚ ʨʽʟʥʠʭ ʟʦʥʘʭ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʤʝʪʘʣʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʽ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʫʡʥʫʚʘʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ  ʤʝʪʘʣʝʚʦʾ ʩʤʫʛʠ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʧʝʨʚʠʥʥʦʾ (ʩʧʘʜʢʦʻʤʥʦʾ) ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʪʝʤʧʝʨʘʪʫʨʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ (ʰʚʠʜʢʽʩʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, 

ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʩʪʫʧʝʥʴ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʪʠʩʥʝʥʥʷ) ʥʘ 
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ʩʪʨʫʢʪʫʨʫ ʽ ʷʢʽʩʪʴ ʧʨʦʢʘʪʫ ʟʽ ʥʠʟʴʢʦ ʚʫʛʣʝʮʝʚʦʾ, ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʪʘ 

ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʝʡ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʪʘʣʽ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 650
ʦ
ʉ  ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ    ʜʠʩʧʝʨʩʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʩʢʣʘʜʫ ʩʪʘʣʽ ʽ ʬʦʨʤʫʻʪʴʩʷ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʘ ʩʪʨʫʢʪʫʨʘ  ʙʝʟʧʝʨʝʨʚʥʦʣʠʪʦʾ 

ʩʤʫʛʠ. 

          ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʚʠʟʥʘʯʝʥʽ ʜʘʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʘʣʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʩʪʘʙʽʣʴʥʽ ʨʝʞʠʤʠ ʜʚʦʚʘʣʢʦʚʦʾ 

ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʩʪʨʽʯʢʠ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʽʟ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʪʘ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘ ʨʝʘʣʽʟʦʚʘʥʽ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʪʴ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʠʚʘʨʥʠʭ 

ʜʚʦʚʘʣʢʦʚʠʭ ʜʦʩʣʽʜʥʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ.  

          ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʩʤʫʛʠ ʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɼ16 ʥʘ ʜʚʦʭʚʘʣʢʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ, ʰʚʠʜʢʽʩʥʽ, ʜʝʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʮʝʩʫ ʦʜʝʨʞʘʥʥʷ ʣʠʪʠʭ ʩʤʫʛ ʪʦʚʱʠʥʦʶ 2-3ʤʤ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ  ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ ʚʘʣʢʦʚʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʚʠʩʦʢʦʤʽʮʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤ Al-Zn-Mg-Cu, 

ʷʢʽ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ( Ó100
ʦ
ʉ). 

 

     ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʜʚʦʚʘʣʢʦʚʘ ʨʦʟʣʠʚʢʘ-ʧʨʦʢʘʪʢʘ, ʪʦʥʢʠʡ ʣʠʩʪ, ʰʚʠʜʢʽʩʪʴ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʛʽʜʨʦʜʠʥʘʤʽʢʘ, ʟʦʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ï ʜʝʬʦʨʤʘʮʽʾ, ʤʽʞʚʘʣʢʦʚʠʡ 

ʧʨʦʩʪʽʨ,  ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 
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      ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ: 

 

     ʉʪʘʪʽ ʫ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʢʣʶʯʝʥʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ      

ʥʘʫʢʦʚʦʤʝʪʨʠʯʥʠʭ ʙʘʟ: 

1. A.V.Nogovitsyn  Mathematic and physical simulation of the melt flow at roll 

casting of steel bars / A.V.Nogovitsyn, A.D. Podoltsev, I.N. Kucheriavaia, I.R. 

Baranov //Metallurgical and Mining Industry. ï 2018. ï̄ 1.- ʩ. 41 - 44; 

     ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ: 

2. ʅʦʛʦʚʠʮʳʥ ɸ.ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʨʘʩʧʣʘʚʘ ʤʝʪʘʣʣʘ ʧʨʠ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʝ - ʧʨʦʢʘʪʢʝ/ɸ. ɺ. ʅʦʛʦʚʠʮʳʥ,     

ʀ.ʈ. ɹʘʨʘʥʦʚ // ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. ï 2012. - ˉ47(953). ï ʩ. 144-153; 

3. ʅʦʛʦʚʠʮʳʥ ɸ.ɺ. ʉʢʦʨʦʩʪʴ ʣʠʪʴʷ ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʩʪʘʣʴʥʳʭ ʧʦʣʦʩ ʥʘ 

ʜʚʫʭʚʘʣʢʦʚʳʭ ʤʘʰʠʥʘʭ /ɸ.ɺ. ʅʦʛʦʚʠʮʳʥ, ʀ.ʈ. ɹʘʨʘʥʦʚ//ʇʨʦʮʝʩʩʳ ʣʠʪʴʷ. 

ï 2013. - ˉ2(98). ï ʩ. 54 - 59; 

4. ʅʦʛʦʚʠʮʳʥ ɸ.ɺ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ 

ʜʚʫʭʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ ʩʪʘʣʠ ʠ ʘʣʶʤʠʥʠʷ /ɸ.ɺ. ʅʦʛʦʚʠʮʳʥ, 

ʀ.ʈ. ɹʘʨʘʥʦʚ//ʄʝʪʘʣʣ ʪʘ ʣʠʪʴʝ ʋʢʨʘʠʥʳ. ï 2013. - ˉ7(242). ï ʩ. 14 - 17; 

5. ʅʦʛʦʚʠʮʳʥ ɸ.ɺ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʠʟ ʩʧʣʘʚʘ ɼ16 

ʥʘ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʦʯʥʦʡ ʫʩʪʘʥʦʚʢʝ/ɸ.ɺ. ʅʦʛʦʚʠʮʳʥ,                                    

ɸ.ɺ. ʅʘʨʠʚʩʢʠʡ, ʀ.ʈ. ɹʘʨʘʥʦʚ, ɺ.ʇ. ʐʢʦʣʷʨʝʥʢʦ,                                                      

ɺ.ʅ. ʐʘʧʦʚʘʣ//ʇʨʦʮʝʩʩʳ ʣʠʪʴʷ. ï 2017. - ˉ3(23). ï ʩ. 37 - 42; 

6. ʂʦʥʜʨʘʪʶʢ ʉ.ɽ. ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʛʘʨʷʯʦʾ ʜʝʬʦʨʤʘʮʽʾ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ ʧʨʠ ʚʘʣʢʦʚʦʤʫ ʧʨʦʢʘʪʫʚʘʥʥʽ/                      

ʉ.ɽ. ʂʦʥʜʨʘʪʶʢ,  ʆ.ɺ. ʅʦʛʦʚʽʮʠʥ, ʆ.ʄ. ʉʪʦʷʥʦʚʘ, ɯ.ʈ. ɹʘʨʘʥʦʚ,                         

ɾ.ɺ. ʇʘʨʭʦʤʯʫʢ//ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ.ï2016.ï̄ 3ï                    

ʩ. 10 - 17; 

7. ʅʦʛʦʚʠʮʳʥ ɸ.ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʣʘʚʘ 

ʧʨʠ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʝ ʩʪʘʣʴʥʳʭ ʧʦʣʦʩ /ɸ.ɺ. ʅʦʛʦʚʠʮʳʥ,   ʀ.ʈ. ɹʘʨʘʥʦʚ, 
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ɸ.ɼ. ʇʦʜʦʣʴʮʝʚ, ʀ.ʅ. ʂʫʯʝʨʷʚʘʷ//ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʠ ʛʦʨʥʦʨʫʜʥʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ï 2016. ï ˉ5 ï ʩ. 43 - 49; 

8. ʅʦʛʦʚʠʮʳʥ ɸ.ɺ. ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʚʘʣʢʦʚʦʡ 

ʨʘʟʣʠʚʢʝ/ɸ.ɺ. ʅʦʛʦʚʠʮʳʥ, ʀ.ʈ. ɹʘʨʘʥʦʚ//ʇʨʦʮʝʩʩʳ ʣʠʪʴʷ. ï 2014. - 

ˉ1(103). ï ʩ. 36 - 46; 

9. ʅʦʛʦʚʽʮʠʥ ʆ.ɺ. ʈʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ ʧʨʠ ʚʘʣʢʦʚʦʤʫ ʨʦʟʣʠʚʘʥʥʽ-

ʧʨʦʢʘʪʫʚʘʥʥʽ/ʆ.ɺ. ʅʦʛʦʚʽʮʠʥ, ɯ.ʈ. ɹʘʨʘʥʦʚ//ʄʝʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʦʙʨʦʙʢʘ 

ʤʝʪʘʣʽʚ. ï 2014. - ˉ2 ï ʩ. 39 - 45; 

10. ʅʦʛʦʚʠʮʳʥ ɸ.ɺ. ʈʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʦʩʳ ʧʨʠ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʠ 

ʩʪʘʣʠ/ɸ.ɺ. ʅʦʛʦʚʠʮʳʥ, ʀ.ʈ. ɹʘʨʘʥʦʚ//ʇʨʦʮʝʩʩʳ ʣʠʪʴʷ. ï 2014. - ˉ4(106). 

ï ʩ. 30 - 38; 

11. ʅʦʛʦʚʠʮʳʥ ɸ.ɺ. ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʨʘʩʧʣʘʚʘ ʧʨʠ 

ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʝ / ɸ.ɺ. ʅʦʛʦʚʠʮʳʥ, ʀ.ʈ. ɹʘʨʘʥʦʚ, ɺ.ɸ. ʅʘʟʘʨʝʥʢʦ, ɸ.ʄ. 

ʄʘʰʢʠʥ//ʇʨʦʮʝʩʩʳ ʣʠʪʴʷ. ï 2015. - ˉ4(112). ï ʩ. 69 - 73; 

      ʉʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ ʱʦ ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ: 

12.  ʅʦʛʦʚʠʮʳʥ ɸ.ɺ. ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʟʦʥ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʝ-ʧʨʦʢʘʪʢʝ /ɸ.ɺ. ʅʦʛʦʚʠʮʳʥ, 

ʀ.ʈ.ɹʘʨʘʥʦʚ//ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʜʘʚʣʝʥʠʝʤ. ʉʙ. ʥʘʫʯʥ. ʪʨ. ï 2013. - 

ˉ1(34). ï ʩ. 170-176; 

13. ʅʦʛʦʚʠʮʳʥ ɸ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʞʠʜʢʦʡ ʬʘʟʳ ʠ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʨʠ ʚʘʣʢʦʚʦʡ ʨʘʟʣʠʚʢʝ-ʧʨʦʢʘʪʢʝ 

ʩʪʘʣʠ/ɸ.ɺ. ʅʦʛʦʚʠʮʳʥ, ʀ.ʈ. ɹʘʨʘʥʦʚ//ʉʙ. ʥʘʫʯʥ. ʪʨʫʜʦʚ çʇʣʘʩʪʠʯʝʩʢʘʷ 
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ABSTRACT 

 

       Baranov I.R. The processes of hydrodynamics and solidification upon receipt 

of a thin sheet by the method of two-roll casting of alloys based on iron and 

aluminum. -  Qualifying scientific work on the rights of manuscripts.  

        Dissertation for the degree of a candidate of technical sciences (doctor of 

philosophy (Ph.D.)) by specialty 05.16.02 ï ñMetallurgy of ferrous and non-

ferrous metals and special alloysò. The Physico - technological institute of metals 

and alloys, National Academy Sciences of Ukraine, Kiyv, 2020.  

 

        The dissertation is devoted to the study of the influence of the construction 

parameters and the physical - technological parameters of the process of two-roll 

casting on the provision of stable production of high-quality thin sheet of metal 

from aluminum and iron. The process of obtaining a thin sheet in a two-roll casting 

unit directly from the melt is complex and multi-stage. The metal passes three 

zones of inter-roll space at different cooling rates, heat transfer, temperatures: 

liquid melt (ɯ zone); solid-liquid (ɯɯ zone) and solid and plastic-deformation state 

(ɯɯɯ zone). The formation of thin rolled metal under conditions of high gradients 

temperature and velocity requires a deep study of the hydrodynamic and 

thermophysical aspects of the process, as well as the study of the crystallization 

process under such extreme conditions. For this purpose, a complex of new 

methods of physical and mathematical modeling, as well as known dependencies at 

boundary conditions obtained by direct measurements, was applied in the 

dissertation. Methods of experimental physical and mathematical modeling have 

investigated the processes of melt flow in the inter-roll space of a two-roll 

installation with vertical metal feed. The qualitative and quantitative coincidence 

of the results of the numerical calculation of the fluid flow velocity by comparison 

with the velocity values measured at the experimental setup was established. It is 

shown that Comsol software package can be effectively used to model the flow of 

molten metal in the process of two-roll casting and to understand it more deeply. 
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Comparison of the results of physical and mathematical modeling of the fluid 

behavior in the space between the rolls - crystallizers showed the coincidence of 

the nature of the velocity field and the emerging zones of circulation. The greatest 

velocity of movement of the metal flow is near the surface of the rolls, which force 

the metal into the inter-roll space, and along the central axis of the roll gap there is 

a reverse flow, which has a significant speed. Algorithms have been developed and 

the changes in the heat flux and temperature of the metal solidification along the 

length of the technological zone of the inter-roll space have been determined. The 

heat flux decreases due to a decrease in the temperature gradient between the melt 

metal and the roll. It is established that at the roll casting-rolling, the coefficients of 

crystallization rate in the formula "square root" for aluminum is 7.4mm / sec
0.5

, for 

steel 4.2mm / sec
0.5

, significantly exceeding the values of the coefficients for 

solidification in ingots. Further development of the idea of evaluation of 

rheological properties of steel in liquid, liquid-solid and solid state with continuous 

casting was obtained. Based on the combination of experimental data values of the 

yield strength of steels above the solidus temperature, the viscosity of the liquid 

steel and its deformation resistance in the solid state, dependencies are obtained 

that sufficiently describe the rheological of the steels and can be used calculated 

the energy-power parameters of the technological process and equipment two-roll 

casting. The developed mathematical model of temperature and rheological 

properties of metal in different zones of two-roll casting allows to calculate the 

parameters of the stress state of the metal in the inter-roller space and to predict the 

destruction of the continuity of the metal strip. The influence of primary 

(hereditary) cast structure, temperature and deformation parameters of the process 

of roll casting-rolling (crystallization rate, heat dissipation, modification, degree of 

deformation compression) on the structure and quality of rolling from low carbon, 

electrical and stainless steels is investigated. With the increase of the cooling rate 

of the steel in the temperature range up to 650
o
C, the dispersion of the structural 

composition of the steel significantly increases and a more uniform structure of the 

continuous cast strip is formed. 
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        According to the results of the dissertation, the data of complex influence of 

technological parameters of the two-roll process are established, allow to predict 

and establish optimal stable modes of two-roll casting sheet of different thickness 

of iron-carbon and aluminum alloys and can be used and implemented in 

experimental researches of Ukraine and in industrial conditions and will reduce the 

cost of experimental research, design and manufacture of two-roll pilot and 

industrial plants. 

        The experiments on the production of a strip of high-strength aluminum alloy 

D16 on a two-roller installation allowed us to determine the optimal temperature, 

speed, deformation technological parameters of the process of obtaining cast strips 

2-3 mm thick. The results of these studies are aimed at the development of an 

experimental two-roll machine for casting and rolling of high-strength aluminum 

alloys of Al-Zn-Mg-Cu systems, which crystallize over a wide temperature range 

(Ó100 Á C). 

 

Keywords: two-roll casting-rolling, thin sheet, cooling rate, hydrodynamics, 

crystallization ï deformation zone, inter-roll space, physical modeling, 

experimental studies. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʀʄɺʆʃɯɺ, ʆɼʀʅʀʎʔ 

ɺʀʄɯʈʖɺɸʅʅʗ, ʉʂʆʈʆʏɽʅʔ 

 

ʊs, 
ʦ
ʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʽʜʫʩʘ; 

TL, 
ʦ
ʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʣʽʢʚʽʜʫʩʫ; 

Vʦʭ, 
ʦ
ʉ/ʩ ï ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ; 

Vʚ, ʤ/ʩ ï ʰʚʠʜʢʽʩʪʴ ʚʘʣʢʽʚ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ;  

Q, ʂɺʪ/ʤ
2 
ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ; 

Лʝff, ʇʘĀʩ ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ; 

ὄʢʨ,  ʨʘʜ ï ʢʫʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ; 

ὄʦʙ, ʨʘʜ ï ʢʫʪ ʜʝʬʦʨʤʘʮʽʾ; 

ὄ, ʨʘʜ  ï ʢʫʪ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʫ ʟ ʚʘʣʢʦʤ; 

k, ʤʤ/ʩ
0,5

 ï ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ; 

R, ʤʤ ï ʨʘʜʽʫʩ ʚʘʣʢʘ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ; 

lʦʙ, ʤʤ ï ʜʦʚʞʠʥʘ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ; 

lʢʨ, ʤʤ ï ʜʦʚʞʠʥʘ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ; 

hʧ, ʤʤ ï ʪʦʚʱʠʥʘ ʣʠʩʪʘ ʥʘ ʚʠʭʦʜʽ ʟ ʚʘʣʢʽʚ; 

hp, ʤʤ ï ʰʠʨʠʥʘ ʚʘʥʥʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ; 

L, ʤʤ ï ʚʠʩʦʪʘ ʥʘʣʠʚʫ ʨʦʟʧʣʘʚʫ; 

ůʊ, ʅ/ʤʤ
2
 ï ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ; 

ůɺ, ʄʇʘ ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ; 

Re ï ʢʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ; 

TRC ï (Twin Roll Caster) ʜʚʦʚʘʣʢʦʚʘ ʨʦʟʣʠʚʢʘ ʤʝʪʘʣʫ; 

ɹʃ ï ʙʝʟʟʣʠʪʢʦʚʝ ʣʠʪʪʷ; 

ɹʇ ï ʙʝʟʟʣʠʚʢʦʚʘ ʧʨʦʢʘʪʢʘ; 

ʄɹʃɿ ï ʤʘʰʠʥʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ ʟʘʛʦʪʦʚʦʢ; 

ʃʇɸ ï ʣʠʚʘʨʥʦ-ʧʨʦʢʘʪʥʠʡ ʘʛʨʝʛʘʪ; 

ɼʃʇɸ ï ʜʚʦʚʘʣʢʦʚʠʡ ʣʠʚʘʨʥʦ-ʧʨʦʢʘʪʥʠʡ ʘʛʨʝʛʘʪ; 
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ɺʉʊʋʇ 

      ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʊʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʚ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʛʘʣʫʟʽ  ʚ 

ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʢʦʥʢʫʨʝʥʪʥʦʾ ʙʦʨʦʪʴʙʠ ʥʘ 

ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ, ʦʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʷʢʦʛʦ ʻ ʧʽʜʚʠʱʝʥʥʷ ʩʧʦʞʠʚʯʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥʽ ʾʾ ʩʦʙʽʚʘʨʪʦʩʪʽ.   

ʄʘʩʰʪʘʙʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʥʢʦʾ ʣʠʩʪʦʚʦʾ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ 

ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʟʘʛʦʩʪʨʶʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʾ ʽ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʢʘʪʫ, ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʆʜʠʥ ʟ ʚʠʜʽʚ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ , ʱʦ ʢʦʨʠʩʪʫʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰʠʤ ʧʦʧʠʪʦʤ ʽ ʰʠʨʦʢʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, 

ʘʚʪʦʤʦʙʽʣʴʥʽʡ, ʙʫʜʽʚʝʣʴʥʽʡ, ʭʘʨʯʦʚʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ 

ʧʣʦʩʢʠʡ ʪʦʥʢʠʡ ʣʠʩʪ. 

        ʇʨʷʤʝ ʦʜʝʨʞʘʥʥʷ ʪʦʥʢʦʛʦ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʟ ʨʦʟʧʣʘʚʫ ʯʦʨʥʠʭ ʪʘ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʧʨʦʛʨʝʩʫ ʚ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ (ʧʨʷʤʦʛʦ) ʦʜʝʨʞʘʥʥʷ ʪʦʥʢʦʛʦ ʧʨʦʢʘʪʫ ʟ ʨʦʟʧʣʘʚʫ ʪʘ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʚʘʣʢʦʚʠʭ ʣʠʚʘʨʥʦ-ʧʨʦʢʘʪʥʠʭ ʘʛʨʝʛʘʪʽʚ (ʃʇɸ) 

ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚ ʤʝʪʘʣʫʨʛʽʾ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ. 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ  ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʣʠʪʪʷʤ ʩʣʷʙʽʚ ʪʘ 

ʧʦʜʘʣʴʰʦʶ ʧʨʦʢʘʪʢʦʶ: ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ( ʚ 3-7 ʨʘʟʽʚ); ʤʝʥʰʘ 

ʜʦʚʞʠʥʘ  ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ (ʜʦ 50 ʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʩʭʝʤʠ 150- 

1000 ʤ); ʮʠʢʣ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʫ ʟʘʡʤʘʻ ʥʝ ʙʽʣʴʰʝ 15 ʭʚʠʣʠʥ; ʝʢʦʣʦʛʽʯʥʘ 

ʯʠʩʪʦʪʘ (ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʛʘʟʫ ʥʘ 70-90%); ʤʦʞʣʠʚʽʩʪʴ ʫʩʧʽʰʥʦ 

ʽʥʪʝʛʨʫʚʘʪʠʩʴ ʷʢ ʝʬʝʢʪʠʚʥʝ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʤʽʥ 

ʟʘʚʦʜʽʚ (ʧʽʜʧʨʠʻʤʩʪʚ) ʟ ʧʦʚʥʠʤ ʮʠʢʣʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ ʾʭ ʤʦʜʝʨʥʽʟʘʮʽʾ, ʱʦ 

ʩʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʦ ʽ ʢʦʥʯʝ ʥʝʦʙʭʽʜʥʦ  ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʚʦʚʘʣʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʣʠʪʪʷ-ʧʨʦʢʘʪʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʩʫʥʫʪʠ ʙʘʛʘʪʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʛʘʣʠʥ, 

ʷʢʽ ʽʩʥʫʚʘʣʠ ʚ ʪʨʘʜʠʮʽʡʥʦʤʫ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. ʅʦʚʠʤ ʩʧʦʩʦʙʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʘ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ 
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ʦʜʝʨʞʘʥʥʷ ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʟ ʤʘʨʦʢ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ, ʱʦ  ʚʘʞʢʦ 

ʜʝʬʦʨʤʫʶʪʴʩʷ (ʥʘʧʨʠʢʣʘʜ ʚʠʩʦʢʦʩʽʣʽʮʽʻʚʠʭ,  ʚʠʩʦʢʦ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ, 

ʢʦʙʘʣʴʪʦʚʠʭ ʩʧʣʘʚʽʚ ʪʘ ʽʥ.), ʦʜʝʨʞʘʥʥʷ ʷʢʠʭ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʧʦʚôʷʟʘʥʦ 

ʟ ʪʨʫʜʥʦʱʘʤʠ ʘʙʦ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʦ. ɺʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ 

ʩʧʨʠʷʶʪʴ ʦʜʝʨʞʘʥʥʶ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʧʨʠʛʥʽʯʝʥʥʶ ʣʽʢʚʘʮʽʾ 

ʜʦʤʽʰʦʢ, ʯʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʦʚʠʡ, ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʽ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ. 

         ʊʦʤʫ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʨʦʙʢʠ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʫʚʘʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ, ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʫʚʘʪʠ ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʚ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʩʘʤʝ  ʪʘʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʻ ʜʚʦʚʘʣʢʦʚʘ ʨʦʟʣʠʚʢʘ-

ʧʨʦʢʘʪʢʘ, ʻ ʥʘʨʘʟʽ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ.  ʉʚʽʪʦʚʽ ʣʽʜʝʨʠ ʚ ʮʽʡ ʛʘʣʫʟʽ (ʉʐɸ, 

ʗʧʦʥʽʷ, ɸʚʩʪʨʘʣʽʷ, ʅʽʤʝʯʯʠʥʘ, ɯʪʘʣʽʷ ʪʘ ʽʥʰʽ) ʜʦʩʷʛʣʠ ʚʘʛʦʤʠʭ ʨʝʟʫʣʴʪʘʪʽʚ  ʚ 

ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ, ʢʦʥʩʪʨʫʢʮʽʡʥʦʤʫ ʦʩʥʘʱʝʥʽ ʤʘʰʠʥ ʜʚʦʚʘʣʢʦʚʦʾ 

ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʪʘ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʤʝʪʘʣʫʨʛʽʡʥʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʆʜʥʘʢ 

ʫ ʟʚôʷʟʢʫ ʟʽ ʟʥʘʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽ ʪʝʭʥʽʯʥʠʤʠ ʩʢʣʘʜʥʦʩʪʷʤʠ ʥʘʣʘʛʦʜʠʪʠ 

ʩʪʽʡʢʠʡ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʧʨʦʮʝʩ ʟ ʦʧʝʨʘʪʠʚʥʠʤʠ ʟʤʽʥʘʤʠ 

ʥʦʤʝʥʢʣʘʪʫʨʠ ʧʨʦʜʫʢʮʽʾ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʚʜʘʻʪʴʩʷ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʚʘʣʢʦʚʦʾ  ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʦʣʷʛʘʻ ʫ ʥʘʷʚʥʦʩʪʽ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ, ʾʭ  ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʘʪʠ  ʚ ʟʚôʷʟʢʫ ʟ ʤʘʣʦʶ 

ʜʦʩʪʫʧʥʽʩʪʶ ʜʦ ʟʦʥʠ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ,  ʽ ʱʝ ʩʢʣʘʜʥʽʰʝ ʢʦʥʪʨʦʣʶʚʘʪʠ  ʚ 

ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ. ʈʷʜ ʩʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʜʚʦʚʘʣʢʦʚʦʾ 

ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʧʦʚôʷʟʘʥʽ ʥʘʩʘʤʧʝʨʝʜ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʦʜʘʯʽ ʨʽʜʢʦʛʦ 

ʤʝʪʘʣʫ ʚ ʟʦʥʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʢʽʚ ʽ 

ʧʘʨʘʤʝʪʨʘʤʠ ʣʫʥʢʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. ʅʘʡʤʝʥʰʽ ʨʦʟʭʦʜʞʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʝʛʘʪʠʚʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʧʨʦʢʘʪʫ. ʅʠʟʴʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ, 

ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʪʨʫʜʥʦʱʽ ʢʦʥʪʨʦʣʶ ʪʦʯʢʠ 

ʟʤʠʢʘʥʥʷ ʢʽʨʦʢ, ʱʦ ʪʚʝʨʜʽʶʪʴ  ʥʘ ʧʦʚʝʨʭʥʽ ʚʘʣʢʽʚ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ, ʩʢʣʘʜʥʽʩʪʴ  
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ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ-ʜʝʬʦʨʤʘʮʽʾ, ʾʭ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚ ʧʨʦʮʝʩʽ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʦʚʘʣʢʦʚʠʭ ʤʘʰʠʥ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʭ ʪʝʦʨʝʪʠʯʥʦʶ (ʨʦʟʨʘʭʫʥʢʦʚʦʶ) ʤʦʞʣʠʚʽʩʪʶ ʥʝ ʜʦʟʚʦʣʷʻ 

ʥʘʣʘʛʦʜʠʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʷʢʽʩʥʦʛʦ ʪʦʥʢʦʛʦ ʧʨʦʢʘʪʫ ʧʦʪʨʝʙʠ ʷʢʦʛʦ ʧʦʩʪʽʡʥʦ 

ʟʙʽʣʴʰʫʶʪʴʩʷ.  

          ʇʨʦʙʣʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʟ ʚʠʩʦʢʦʤʽʮʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ 

ʩʧʣʘʚʽʚ ʚ ʋʢʨʘʾʥʽ ʪʘʢʦʞ ʥʝ ʚʠʨʽʰʝʥʘ, ʪʦʤʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʘʚʽʘʨʘʢʝʪʦʙʫʜʫʚʘʥʥʷ, ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʴ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙ ʽ ʚʠʤʦʛ ʩʚʽʪʦʚʦʛʦ ʩʧʦʞʠʚʯʦʛʦ ʨʠʥʢʫ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʜʚʦʚʘʣʢʦʚʘ ʨʦʟʣʠʚʢʘ-ʧʨʦʢʘʪʢʘ ʙʫʜʝ 

ʟʘʣʠʰʘʪʠʩʷ ʥʝʟʤʽʥʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʦʥʢʦʛʦ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʦʧʨʦʢʘʪʫ, ʧʨʦʙʣʝʤʠ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʦʛʦ ʛʣʠʙʦʢʦʛʦ ʚʠʚʯʝʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ, 

ʨʦʟʨʦʙʢʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ , ʷʢʽ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ  

ʩʪʽʡʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʅʘ ʮʝ ʽ ʩʧʨʷʤʦʚʘʥʘ ʜʘʥʘ  ʜʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ. ɺ ʨʦʙʦʪʽ ʪʘʢʦʞ ʥʘʜʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʦʾ 

ʚʽʪʯʠʟʥʷʥʦʾ ʪʝʭʥʦʣʦʛʽʾ  ʧʨʷʤʦʛʦ ʦʜʝʨʞʘʥʥʷ ʷʢʽʩʥʦʛʦ ʪʦʥʢʦʛʦ ʣʠʩʪʦʚʦʛʦ 

ʧʨʦʢʘʪʫ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʪʘ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʽʚ. 

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

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚ ʌʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ 

ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʅɸʅ ʋʢʨʘʾʥʠ (ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ) ʚ ʨʘʤʢʘʭ ʅɼʈ ʧʦ 

ʪʝʤʘʭ: ɯɯɯ-17-12-626 çɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ, ʪʚʝʨʜʽʥʥʷ, 

ʜʝʬʦʨʤʘʮʽʾ ʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʤʝʪʘʣʝʚʦʾ ʩʪʨʽʯʢʠ ʧʨʠ ʣʠʪʪʽ-ʧʨʦʢʘʪʫʚʘʥʥʽè 

(ˉɼʈ0112U001463, 2012-2016ʨʨ.); ɯɯɯ-24-18-688 çɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʰʚʠʜʢʽʩʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʽʚ ʚ ʫʤʦʚʘʭ ʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ ʥʘ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʩʦʢʦʤʽʮʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ 

ʜʝʬʦʨʤʫʶʪʴʩʷè;  
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ʷʢ ʩʧʽʚʚʠʢʦʥʘʚʝʮʴ ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʩʧʽʣʴʥʽʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽʡ ʨʦʙʦʪʽ ʌʊɯʄʉ 

ʅɸʅʋ ʪʘ ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤ. 

ʄ.ʂ. ʗʥʛʝʣʷ (ɼʇ çʂɹçʇʽʚʜʝʥʥʝèè çɺʠʧʨʦʙʫʚʘʪʠ ʚʘʣʢʦʚʫ ʤʘʰʠʥʫ ʜʣʷ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʟʣʠʚʢʠ ʤʝʪʘʣʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʥʘ ʥʽʡ ʣʠʩʪʘ ʽʟ ʘʣʶʤʽʥʽʻʚʦʛʦ 

ʩʧʣʘʚʫ ɼ16è (2016-2017 ʨʨ., ʇʨʦʪʦʢʦʣ ʧʨʦ ʩʧʽʚʧʨʘʮʶ ʤʽʞ ʌʽʟʠʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ɼʝʨʞʘʚʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ çʇʽʚʜʝʥʥʝè ʽʤ. ʄ.ʂ. ʗʥʛʝʣʷ. 2 ʙʝʨʝʟʥʷ 

2016ʨʦʢʫ ʤ.ʂʠʾʚ; ʈʽʰʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʨʘʜʠ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʩʧʽʣʴʥʠʭ ʨʦʙʽʪ 

ɼʇ çʂɹ çʇʽʚʜʝʥʥʝèè ʪʘ ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ ʅɸʅ ʋʢʨʘʾʥʠ ʚʽʜ 26.05.2016ʨ., 

ʤ.ʂʠʾʚ). 

          ʄʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʜʝʨʞʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʚʦʚʘʣʢʦʚʠʭ ʣʠʚʘʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʦʥʢʦʛʦ ʣʠʩʪʘ  ʽʟ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʪʘ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ 

ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʽʟʠʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʽʚ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʪʘ ʪʚʝʨʜʽʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʪʝʯʽʾ ʤʝʪʘʣʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʟʘʟʦʨʽ ʜʚʦʚʘʣʢʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʚʠʢʦʥʘʪʠ 

ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; 

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʧʨʠ 

ʚʘʣʢʦʚʽʡ ʨʦʟʣʠʚʮʽ; 

- ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʦʥʠ ʨʦʟʣʠʚʢʠ ʥʘ ʧʘʨʘʤʝʪʨʠ 

ʪʝʯʽʾ ʤʝʪʘʣʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʟʘʟʦʨʽ ʜʚʦʚʘʣʢʦʚʦʾ ʫʩʪʘʥʦʚʢʠ; 

- ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʘʣʶʤʽʥʽʶ ʽ ʩʪʘʣʽ ʧʨʠ 

ʚʘʣʢʦʚʽʡ ʨʦʟʣʠʚʮʽ;  

- ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʩʧʨʦʱʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʣʦʩʠ ʚ ʨʽʟʥʠʭ 

ʟʦʥʘʭ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ; 

- ʚʠʟʥʘʯʠʪʠ ʨʝʦʣʦʛʽʶ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʽ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ çʩʦʣʽʜʫʩ-ʣʽʢʚʽʜʫʩè ; 
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- ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʦʾ 

ʦʙʨʦʙʢʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʧʨʦʢʘʪʫ ʨʽʟʥʠʭ ʤʘʨʦʢ ʩʪʘʣʝʡ ʚ 

ʫʤʦʚʘʭ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ;  

- ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʦʪʨʠʤʘʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ, ʱʦ ʝʬʝʢʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ  ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ  ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʷʢʽʩʪʴ ʪʦʥʢʦʛʦ 

ʧʨʦʢʘʪʫ; 

- ʧʨʦʚʝʩʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʦʥʢʦʛʦ ʣʠʩʪʘ ʽʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɼ16 ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʚʘʣʢʦʚʽʡ ʫʩʪʘʥʦʚʮʽ; 

- ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʘʙʽʣʴʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʩʪʘʣʴʥʠʭ ʩʤʫʛ ʚ 

ʫʤʦʚʘʭ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ; 

- ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ ʚʠʢʦʨʠʩʪʘʪʠ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ, 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʨʦʟʨʦʙʢʘʭ ʪʘ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. 

      ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʪʦʥʢʠʭ 

ʤʝʪʘʣʝʚʠʭ ʩʪʨʽʯʦʢ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʪʘ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʽʚ. 

      ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ,ʪʝʧʣʦʬʽʟʠʯʥʽ,ʤʘʩʦʦʙʤʽʥʽ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ  ʧʨʦʮʝʩʫ ʪʘ ʷʢʽʩʪʴ ʩʪʨʽʯʢʠ. 

       ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ  ʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʱʦ ʧʦʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ, 

ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ: ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ 

ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ, ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ, ʤʝʪʦʜ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʦʧʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʢʽʣʴʢʽʩʥʘ ʤʝʪʘʣʦʛʨʘʬʽʷ, 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʡ ʪʘ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʯʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʪʝʦʨʽʾ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʽ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ.  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʚʘʣʢʦʚʽʡ 
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ʫʩʪʘʥʦʚʮʽ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʩʫʯʘʩʥʝ ʦʧʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʬʦʪʦ-ʚʽʜʝʦ 

ʬʽʢʩʘʮʽʾ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ ʱʦ ʧʨʦʡʰʣʘ ʤʝʪʨʦʣʦʛʽʯʥʫ ʧʝʨʝʚʽʨʢʫ. 

  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1.  ɺʧʝʨʰʝ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʪʦʚʱʠʥʠ ʢʽʨʢʠ ʟʘʪʚʝʨʜʽʣʦʛʦ ʤʝʪʘʣʫ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʧʨʠ ʚʘʣʢʦʚʽʡ ʨʦʟʣʠʚʮʽ-ʧʨʦʢʘʪʮʽ ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ  ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʣʷ 

ʪʝʭʥʽʯʥʦʛʦ ʘʣʶʤʽʥʽʶ ʩʢʣʘʜʘʻ 7,4ʤʤ/ʩ
0,5
, ʜʣʷ ʩʪʘʣʽ 4,2 ʤʤ/ʩ

0,5
, ʱʦ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʪʚʝʨʜʽʥʥʽ ʤʝʪʘʣʫ ʚ 

ʟʣʠʚʢʘʭ.   

          ɺʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʽʚ ʻ ʢʣʶʯʦʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʦʚʱʠʥʽ ʩʪʨʽʯʢʠ ʚ ʜʚʦʚʘʣʢʦʚʦʤʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ, 

ʪʦʤʫ ʷʢ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʦʚʞʠʥʫ ʽ 

ʛʨʘʥʠʮʽ ʟʦʥ ʢʨʠʩʪʘʣʽʟʘʮʽʾ - ʜʝʬʦʨʤʘʮʽʾ, ʚʠʟʥʘʯʘʪʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʣʦʞʝʥʥʷ 

ʪʦʯʢʠ ʟʤʠʢʘʥʥʷ ʢʽʨʦʢ ʚʽʜʥʦʩʥʦ ʚʽʩʽ ʚʘʣʢʽʚ; 

2.     ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʯʥʦʛʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ   ʚ  ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʚʦʚʘʣʢʦʚʽʡ ʫʩʪʘʥʦʚʢʠ ʚʧʝʨʰʝ 

ʚʩʪʘʥʦʚʣʝʥʦ ʷʢʽʩʥʠʡ ʟʙʽʛ ʭʘʨʘʢʪʝʨʫ ʧʦʣʷ ʪʝʯʽʾ, ʘ ʩʘʤʝ ʫʪʚʦʨʝʥʥʷ ʜʚʦʭ ʟʦʥ 

ʮʠʨʢʫʣʷʮʽʾ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʧʦʪʦʢʫ ʚʟʜʦʚʞ ʮʝʥʪʨʘʣʴʥʦʾ ʚʽʩʽ ʤʽʞʚʘʣʢʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʥʠʡ ʟʙʽʛ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʚʠʤʽʨʷʥʦʾ 

ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʜʚʦʚʘʣʢʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʠʪʴ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʝʬʝʢʪʠʚʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ 

(Лʝff = 0,1ʇʘĀʩʝʢ). ʎʝ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʯʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʦʜʘʣʴʰʽ ʧʦʛʣʠʙʣʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʪʝʯʽʾ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ; 

3.     ɺʧʝʨʰʝ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʬʦʨʤʫʣʠ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ  ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʪʘ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ çʩʦʣʽʜʫʩ-ʣʽʢʚʽʜʫʩè. ɺ ʧʦʻʜʥʘʥʥʽ ʟ ʜʘʥʠʤʠ ʚôʷʟʢʦʩʪʽ  

ʨʽʜʢʦʾ ʩʪʘʣʽ ʪʘ ʾʾ ʦʧʦʨʫ ʜʝʬʦʨʤʘʮʽʾ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ  ʚʦʥʠ ʦʧʠʩʫʶʪʴ ʨʝʦʣʦʛʽʶ 
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ʩʪʘʣʝʡ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ. 

4.   ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʟʠʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʚʠʥʥʦʾ ʣʠʪʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʟʘʢʣʘʜʝʥʽ ʥʘ ʩʪʘʜʽʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʫʤʦʚʘʭ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ, ʘ 

ʩʘʤʝ ʧʽʜʚʠʱʝʥʥʷ ʚ 3-5 ʨʘʟʽʚ ʧʦʢʘʟʥʠʢʽʚ ʜʠʩʧʝʨʩʥʦʩʪʽ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʨʽʟʥʠʭ ʤʘʨʦʢ ʩʪʘʣʝʡ, ʟʨʦʩʪʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʽʜ 0,75 ʜʦ 

1,5 ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʡʥʦ-ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʩʪʘʣʝʡ ʟ ʨʽʟʥʠʤʠ 

ʩʪʫʧʝʥʷʤʠ ʦʙʪʠʩʢʫ (Ů=34-55%). ʎʝ ʚʽʜʢʨʠʚʘʻ ʜʦʜʘʪʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʣʠʩʪʘ. 

5.   ɺʧʝʨʰʝ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ  ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ  ʤʦʜʝʣʶʚʘʥʥʷ   ʚʩʪʘʥʦʚʣʝʥʽ    ʟʘʣʝʞʥʦʩʪʽ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ, 

ʟʦʢʨʝʤʘ, ʩʪʫʧʝʥʶ ʜʝʬʦʨʤʘʮʽʾ, ʪʦʚʱʠʥʠ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʣʠʩʪʘ ʚʽʜ: 

 -  ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʣʠʰʝ ʥʘ 

10
ʦ
ʉ (ʧʨʠ ʩʪʘʣʽʡ ʰʚʠʜʢʦʩʪʽ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʩʪʫʧʝʥʶ ʜʝʬʦʨʤʘʮʽʾ ʥʘ 

Ñ3%;  

 -  ʨʽʚʥʷ ʟʘʣʠʚʢʠ ʨʦʟʧʣʘʚʫ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʤʝʪʘʣʫ ʧʨʠ 

ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʩʪʫʧʝʥʶ ʜʝʬʦʨʤʘʮʽʾ 

ʣʠʩʪʘ, ʷʢʘ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʢʨʠʪʠʯʥʠʭ ʚʝʣʠʯʠʥ ʪʘ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʜʝʬʝʢʪʽʚ; 

 -  ʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʧʦʢʘʟʘʥʦ, ʱʦ ʟʤʽʥʘ ʰʠʨʠʥʠ 

ʧʦʜʘʯʽ ʨʦʟʧʣʘʚʫ ʚʽʜ 25% ʜʦ 100% ʰʠʨʠʥʠ ʚʘʣʢʘ, ʟʘʙʝʟʧʝʯʫʻ  ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʰʠʨʠʥʦʶ ʣʠʩʪʘ ʥʘ ʚʠʭʦʜʽ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 80
ʦ
ʉ ʜʦ 10

ʦ
ʉ. 

6.    ɺʠʟʥʘʯʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ  ʧʘʨʘʤʝʪʨʠ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʘʣʶʤʽʥʽʻʚʠʭ 

ʩʧʣʘʚʽʚ, ʷʢʽ  ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ (>100Áʉ) ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. 

ɺʧʝʨʰʝ ʚ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʤʝʪʦʜʦʤ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ 

ʚʠʛʦʪʦʚʣʝʥʦ ʣʠʩʪʠ ʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɼ16. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  ɺʠʟʥʘʯʝʥʽ ʜʘʥʽ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʘʣʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʩʪʘʙʽʣʴʥʽ ʨʝʞʠʤʠ 
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ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʩʪʨʽʯʢʠ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʽʟ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʪʘ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘ ʨʝʘʣʽʟʦʚʘʥʽ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʪʴ ʩʢʦʨʦʪʠʪʴ ʚʠʪʨʘʪʠ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʠʚʘʨʥʠʭ 

ʜʚʦʚʘʣʢʦʚʠʭ ʜʦʩʣʽʜʥʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ.  

          ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʩʤʫʛʠ ʟ ʚʠʩʦʢʦʤʽʮʥʦʛʦ 

ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɼ16 ʥʘ ʜʚʦʭʚʘʣʢʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ, ʰʚʠʜʢʽʩʥʽ, ʜʝʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʮʝʩʫ ʦʜʝʨʞʘʥʥʷ ʣʠʪʠʭ ʩʤʫʛ ʪʦʚʱʠʥʦʶ 2-3ʤʤ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ  ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ ʚʘʣʢʦʚʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʚʠʩʦʢʦʤʽʮʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤ Al-Mg (ɸʄʛ6),  

Al-Zn-Mg (ɺ95), Al-Cu-Li  (ʘʥʘʣʦʛ 1450).  

         ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɸʚʪʦʨ  ʧʨʦʘʥʘʣʽʟʫʚʘʚ  ʽʩʥʫʶʯʠʡ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʥʢʦʛʦ 

ʤʝʪʘʣʝʚʦʛʦ ʧʨʦʢʘʪʫ - ʜʚʦʚʘʣʢʦʚʦʾ   ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ, ʡʦʛʦ ʧʨʦʙʣʝʤʠ ʪʘ 

ʥʝʜʦʣʽʢʠ, ʩʬʦʨʤʫʣʶʚʘʚ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʜʽʡʩʥʠʚ ʧʣʘʥʫʚʘʥʥʷ ʧʦ 

ʧʨʦʚʝʜʝʥʥʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʠʢʦʥʘʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʚ 

ʦʩʥʦʚʥʽ ʦʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʚʠʜʽʣʠʚ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ, ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʡʦʛʦ ʩʪʘʙʽʣʴʥʽʩʪʴ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʧʨʦʢʘʪʫ.  

         ɺʩʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʚʝʜʝʥʠʭ ʘʚʪʦʨʦʤ. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʚ ʩʧʽʣʴʥʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ (ʟʛʽʜʥʦ ʟ ʧʝʨʝʣʽʢʦʤ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʦʙʽʪ): 

[2-4,7,9,12] ï ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʝʯʽʾ 

ʤʦʜʝʣʴʥʦʾ ʨʽʜʠʥʠ ʫ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʚʦʚʘʣʢʦʚʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ; [13,15] ï ʚʠʙʽʨ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʫʨʙʫʣʝʥʪʥʦʾ ʪʝʯʽʾ ʨʽʜʠʥʠ ʤʽʞ ʜʚʦʤʘ ʚʘʣʢʘʤʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘʟʫʩʪʨʽʯ 

ʦʜʠʥ ʦʜʥʦʤʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʤʝʪʘʣʫ ʟ ʬʽʟʠʢʦ-
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ʤʝʭʘʥʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʠʚʘʨʥʦʾ ʜʚʦʚʘʣʢʦʚʦʾ ʤʘʰʠʥʠ; [6,10] ï ʪʝʦʨʝʪʠʯʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʪʝʭʥʽʯʥʦʛʦ ʘʣʶʤʽʥʽʶ ʽ ʩʪʘʣʽ;  [11,20] ï ʧʦʩʪʘʥʦʚʢʘ, ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʘ ʨʝʦʣʦʛʽʾ 

ʧʦʚʝʜʽʥʢʠ ʤʝʪʘʣʫ ʚ ʨʽʜʢʦʤʫ, ʨʽʜʢʦ-ʪʚʝʨʜʦʤʫ ʽ ʪʚʝʨʜʦʤʫ ʩʪʘʥʘʭ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʦʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚôʷʟʢʽʩʪʴ ʨʽʜʢʦʾ ʩʪʘʣʽ ʪʘ ʦʧʦʨʫ 

ʜʝʬʦʨʤʘʮʽʾ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ; [8] ï ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʚʝʨʜʽʥʥʷ ʽ ʛʘʨʷʯʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʣʠʪʦʾ ʽ ʢʽʥʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʦʥʢʦʛʦ ʧʨʦʢʘʪʫ; [23] ï 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ (ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ, ʨʽʚʝʥʴ ʟʘʣʠʚʢʠ ʤʝʪʘʣʫ, 

ʩʪʫʧʽʥʴ ʦʙʪʠʩʢʫ ʪʦʚʱʠʥʠ ʦʜʝʨʞʫʚʘʥʦʛʦ ʧʨʦʢʘʪʫ, ʜʽʘʤʝʪʨʠ ʚʘʣʢʽʚ-

ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ); [1-17, 20-25] ï  ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ 

ʪʦʥʢʦʛʦ ʧʨʦʢʘʪʫ ʤʝʪʦʜʦʤ ʜʚʦʚʘʣʢʦʚʦʛʦ ʨʦʟʣʠʚʘʥʥʷ-ʧʨʦʢʘʪʫʚʘʥʥʷ, ʘʥʘʣʽʟ 

ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ ʨʦʟʧʣʘʚʽʚ ʩʪʘʣʽ ʪʘ ʘʣʶʤʽʥʽʶ. 

        ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʶʚʘʥʴ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʙʫʣʠ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ  

ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʪʘʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ:  

IV ʥʘʫʢʦʚʘ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʤʝʪʘʣʫʨʛʽʾè, 

2012ʨ. ʤ. ʍʘʨʢʽʚ; II  ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʃʠʚʘʨʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ: ʪʝʭʥʦʣʦʛʽʷ, ʤʘʪʝʨʽʘʣʠ, ʦʙʣʘʜʥʘʥʥʷ, ʝʢʦʣʦʛʽʷè, 2012ʨ. ʤ. ʂʠʾʚ;  

 ɯɯ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ  ʢʦʥʬʝʨʝʥʮʽʷ çʄʘʰʠʥʠ ʽ ʧʣʘʩʪʠʯʥʘ 

ʜʝʬʦʨʤʘʮʽʷ ʤʝʪʘʣʽʚè, 2012ʨ. ʤ. ɿʘʧʦʨʽʞʞʷ; X ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʇʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʤʝʪʘʣʽʚè, 2014ʨ. ʤ. ɼʥʽʧʨʦ; XVI  

ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʦʛʨʝʩʠʚʥʘ ʪʝʭʥʽʢʘ,ʪʝʭʥʦʣʦʛʽʷ 

ʪʘ ʽʥʞʝʥʝʨʥʘ ʦʩʚʽʪʘè, 2016ʨ. ʤ. ʂʠʾʚ; XII  ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʉʪʨʘʪʝʛʽʷ ʷʢʦʩʪʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʦʩʚʽʪʠè, 2016ʨ. ʤ. ɺʘʨʥʘ 



24 
 

(ɹʦʣʛʘʨʽʷ); VI ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʩʤʽʯʥʽ 

ʪʝʭʥʦʣʦʛʽʾ: ʩʴʦʛʦʜʝʥʥʷ ʪʘ ʤʘʡʙʫʪʥʻ è, 2017ʨ. ʤ. ɼʥʽʧʨʦ; 13 ʤʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʃʠʪʚʦ. ʄʝʪʘʣʫʨʛʽʷè, 2017ʨ. ɿʘʧʦʨʽʞʞʷ; VII  

ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʋʢʨʘʾʥʠ çʅʦʚʽ ʣʠʚʘʨʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʽ ʤʘʪʝʨʽʘʣʠ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè,2018ʨ.,ʂʠʾʚ; XIV  ʤʽʞʥʘʨʦʜʥʘ 

ʥʘʫʢʦʚʘ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʃʠʪʚʦè ʪʘ VII  ʄʅʊʂ çʄʝʪʘʣʫʨʛʽʷè, 2018ʨ., 

ʤ. ɿʘʧʦʨʽʞʞʷ; ʍɯ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ - ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʅʦʚʽ 

ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ-2019è, 2019ʨ., ʤ. ʂʠʾʚ.     

        ʇʫʙʣʽʢʘʮʽʾ.  ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʽ ʚ 25 ʧʫʙʣʽʢʘʮʽʷʭ, ʟ 

ʥʠʭ: 10 ʩʪʘʪʝʡ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʝʨʝʣʽʢʫ ɼɸʂ ʄʆʅ ʋʢʨʘʾʥʠ, 2 ʩʪʘʪʪʽ ʫ ʟʙʽʨʥʠʢʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ,1 ʩʪʘʪʪʷ ʫ 

ʢʦʣʝʢʪʠʚʥʽʡ ʤʦʥʦʛʨʘʬʽʾ, 1 ʩʪʘʪʪʷ ʫ ʧʝʨʝʦʜʠʯʥʦʤʫ ʥʫʢʦʚʦʤʫ ʚʠʜʘʥʥʽ ʋʢʨʘʾʥʠ, 

ʱʦ ʚʥʝʩʝʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦʤʝʪʨʠʯʥʠʭ ʙʘʟ, 11 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

       ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ,  

ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (145 ʥʘʡʤʝʥʫʚʘʥʴ) ʪʘ ʧôʷʪʠ ʜʦʜʘʪʢʽʚ, ʟʘʛʘʣʴʥʠʡ 

ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ - 186 ʩʪʦʨʥ̔ʦʢ, ʦʙʩʷʛ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ - 136 ʩʪʦʨʽʥʦʢ, 

ʜʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 73 ʨʠʩʫʥʢʘ ʪʘ 21ʪʘʙʣʠʮʷ. 
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ʈʆɿɼɯʃ 1 

 ʊɽʍʅʆʃʆɻɯʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ,  ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʊɸ ʇʈʆɹʃɽʄʀ  

ʇʈʆʄʀʉʃʆɺʆɻʆ  ɺʀʈʆɹʅʀʎʊɺɸ  ʊʆʅʂʆɻʆ  ʄɽʊɸʃʆʇʈʆʂɸʊʋ ɿɯ 

ʉʇʃɸɺɯɺ ʅɸ ʆʉʅʆɺɯ ɿɸʃɯɿɸ ʊɸ ɸʃʖʄɯʅɯʖ 

        ɺʠʩʦʢʠʡ ʧʦʧʠʪ ʥʘ ʪʦʥʢʠʡ ʤʝʪʘʣʦʧʨʦʢʘʪ ʷʢ ʟʽ ʩʪʘʣʽ, ʪʘʢ ʽ ʟ ʘʣʶʤʽʥʽʻʚʠʭ 

ʩʧʣʘʚʽʚ ʪʘ ʡʦʛʦ ʥʝʫʭʠʣʴʥʝ ʟʨʦʩʪʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʦ ʜʫʞʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ, ʙʝʟ ʷʢʦʾ ʚʘʞʢʦ ʫʷʚʠʪʠ ʚ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʪʘʢʽ ʛʘʣʫʟʽ ʷʢ ʤʘʰʠʥʦ- ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʦ, 

ʭʘʨʯʦʚʘ ʛʘʣʫʟʴ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʇʝʨʝʚʘʛʠ ʪʦʥʢʦʛʦ ʧʨʦʢʘʪʫ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ 

ʣʝʛʢʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʥʴʦʛʦ ʨʽʟʥʦʛʦ ʨʦʜʫ ʦʙʨʦʙʢʠ ʽ ʤʘʣʦʚʽʜʭʦʜʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʚʜʷʢʠ ʥʘʙʣʠʞʝʥʥʶ  ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʦʢʘʪʫ ʜʦ 

ʢʽʥʮʝʚʦʛʦ ʚʠʨʦʙʫ,  ʜʘʶʪʴ ʦʜʥʦʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʥʘ ʢʦʨʠʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘʢʠʭ ʤʝʪʘʣʦʚʠʨʦʙʽʚ. 

         ʃʠʩʪʦʚʘ  ʩʪʘʣʴ ʚ ʩʚʽʪʦʚʽʡ ʜʦʣʽ ʚʠʨʦʙʥʠʮʪʚʘ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʩʢʣʘʜʘʻ 

ʧʨʠʙʣʠʟʥʦ 45% [1]. ʋ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʰʠʨʦʢʦʩʤʫʛʦʚʘ 

ʛʘʨʷʯʝʢʘʪʘʥʘ ʩʪʘʣʴ, ʷʢʘ ʻ ʷʢ ʢʽʥʮʝʚʦʶ ʧʨʦʜʫʢʮʽʻʶ, ʪʘʢ ʽ ʧʽʜʢʘʪʦʤ ʜʣʷ 

ʭʦʣʦʜʥʦʢʘʪʘʥʠʭ ʩʤʫʛ ʪʘ ʣʠʩʪʽʚ ʩʷʛʘʻ ʙʽʣʴʰ ʥʽʞ 50% ʚʩʴʦʛʦ ʩʪʘʣʝʚʦʛʦ ʧʨʦʢʘʪʫ 

[2]. ɸʥʘʣʽʟ ʩʦʨʪʘʤʝʥʪʫ ʻʚʨʦʧʝʡʩʴʢʠʭ  ʩʪʘʥʽʚ ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ ʩʤʫʛ ʧʦʢʘʟʘʚ 

ʥʘʩʪʫʧʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʟʘ ʪʠʧʦʤ ʩʪʘʣʽ: ʚʫʛʣʝʮʝʚʽ ʜʣʷ ʭʦʣʦʜʥʦʾ 

ʰʪʘʤʧʦʚʢʠ ʪʘ ʧʨʦʢʘʪʢʠ ï 76,2%, ʟʚʘʨʶʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ï 10,5%, 

ʤʽʢʨʦʣʝʛʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ  ʪʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʨʫʙ ï 6,4% , ʚʠʩʦʢʦ - 

ʚʫʛʣʝʮʝʚʽ ï 1,7%, ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʽ ï 3,3%, ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽ ï 1,9% [1]. 

       ɺʠʨʦʙʥʠʮʪʚʦ ʛʘʨʷʯʝʢʘʪʘʥʠʭ ʪʦʥʢʠʭ ʣʠʩʪʽʚ (ʪʦʚʱʠʥʘ ʤʝʥʰ ʥʽʞ 1,5 ʤʤ) ʻ 

ʧʨʽʦʨʠʪʝʪʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʚ ʣʠʩʪʦʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɺ ʧʝʨʰʫ 

ʯʝʨʛʫ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʨʽʟʥʠʮʷ ʫ ʚʘʨʪʦʩʪʽ ʛʘʨʷʯʝʢʘʪʘʥʦʛʦ ʽ 

ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʜʦʩʷʛʘʻ 25%. ɿ ʦʛʣʷʜʫ ʥʘ ʦʙʩʷʛʠ 

ʩʚʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʣʠʩʪʽʚ ʪʦʚʱʠʥʦʶ ʚʽʜ 0,6 ʜʦ 1,5 ʤʤ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ 

ʙʽʣʴʰʝ 60%, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʘʨʷʯʝʢʘʪʘʥʦʛʦ ʧʨʦʢʘʪʫ ʟʘʤʽʩʪʴ 

ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʦʯʝʚʠʜʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ [2]. 



26 
 

       ɽʚʦʣʶʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʫʤʦʚʠ 

ʨʽʟʥʠʭ ʧʝʨʽʦʜʽʚ ʯʘʩʫ ʟʘ ʦʩʪʘʥʥʻ ʩʪʦʨʽʯʯʷ ʥʘʢʣʘʣʠ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʚ ʧʨʦʤʠʩʣʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦʛʦ ʤʝʪʘʣʦʧʨʦʢʘʪʫ.   

    

        1.1 ɸʥʘʣʽʟ  ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʟʽ 

ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ 

 

       ʑʝ ʜʦ ʩʝʨʝʜʠʥʠ ʍʍ ʩʪ. (ʘ ʫ ʢʦʣʠʰʥʴʦʤʫ ʉʈʉʈ ï ʜʦ ʩʝʨʝʜʠʥʠ 80-ʭ  ʨʦʢʽʚ) 

ʚʠʨʦʙʥʠʮʪʚʦ  ʩʪʘʣʽ, ʪʘ  ʟʦʢʨʝʤʘ, ʣʠʩʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʘʢʪʠʯʥʦ ʚ  ʫʩʴʦʤʫ ʩʚʽʪʽ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ʩʭʝʤʦʶ [3-6]: çʚʠʧʣʘʚʢʘ ʩʪʘʣʽ ʫ ʧʣʘʚʠʣʴʥʦʤʫ ʘʛʨʝʛʘʪʽ 

(ʤʘʨʪʝʥʽʚʩʴʢʘ ʧʽʯ, ʢʦʥʚʝʨʪʦʨ) ï ʨʦʟʣʠʚʢʘ ʩʪʘʣʽ ʥʘ ʟʣʠʚʢʠ (ʨʠʩ.1.1) ï ʧʨʦʢʘʪʢʘ 

ʟʣʠʚʢʽʚ ʥʘ ʩʣʷʙʽʥʛʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʣʷʙʽʚ ï ʛʘʨʷʯʘ ʧʨʦʢʘʪʢʘ  ʜʦ ʣʠʩʪʘ 

ʟʘʚʜʘʥʦʾ ʪʦʚʱʠʥʠ ï ʧʨʦʢʘʪʢʘ ʥʘ ʩʪʘʥʘʭ ʭʦʣʦʜʥʦʾ ʧʨʦʢʘʪʢʠè.      

 

ʘ ï ʨʦʟʣʠʚʢʘ ʟʚʝʨʭʫ; ʙ ï ʨʦʟʣʠʚʢʘ ʟʥʠʟʫ (ʩʠʬʦʥʘ); ʚ ï ʚʠʜ ʟʣʠʚʢʘ; 

1 ï ʩʪʘʣʝʨʦʟʣʠʚʥʠʡ ʢʽʚʰ; 2 ï ʨʽʜʢʘ ʩʪʘʣʴ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʟ ʢʦʚʰʘ ʚ ʚʠʣʠʚʥʠʮʶ 

ʧʦ ʨʦʟʣʠʚʥʦʤʫ ʩʪʘʢʘʥʫ; 3 ï ʮʝʥʪʨʘʣʴʥʠʡ ʣʽʪʥʠʢ; 5 ï ʚʠʣʠʚʥʠʮʷ; 6 ï ʧʽʜʜʦʥ; 

7 ï ʢʘʥʘʣ; 8 ï ʧʨʠʙʫʪʢʦʚʽ ʥʘʜʩʪʘʚʢʠ; 9 ï ʚʦʛʥʝʪʨʠʚʢʘ ʬʫʪʝʨʦʚʢʘ 

ʈʠʩ. 1.1. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʣʠʪʪʷ ʟʣʠʚʢʽʚ ʧʽʜ ʧʨʦʢʘʪʢʫ [7] 
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ɹʝʟʧʝʨʝʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʪʘʢʦʾ ʩʭʝʤʠ ʻ ʧʨʦʩʪʦʪʘ ʾʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ ʷʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʧʨʘʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ 

ʙʫʜʴ ʷʢʦʤʫ ʝʪʘʧʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

        ʆʜʥʘʢ ʪʘʢʠʡ ʧʨʦʮʝʩ ʤʘʻ ʟʥʘʯʥʫ ʚʪʨʘʪʫ ʤʝʪʘʣʫ (ʚʠʭʽʜ ʧʨʠʜʘʪʥʦʛʦ ï ʥʝ 

ʙʽʣʴʰ 80% ʟʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʦʙʨʽʟʽ) ʪʘ ʚʝʣʠʢʠʤʠ ʚʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʷʢ ʥʘʩʣʽʜʦʢ 

ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʧʦʚʪʦʨʶʚʘʥʴ ʮʠʢʣʽʚ ʥʘʛʨʽʚʫ ʟʘʛʦʪʦʚʢʠ ʧʽʜ ʧʨʦʢʘʪʢʫ. ɿʛʽʜʥʦ ʟ 

ʦʮʽʥʢʘʤʠ [8], ʜʣʷ ʦʪʨʠʤʘʥʥʷ 1 ʪ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʘ ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ 

ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜ 1,4 ʜʦ 1,5 ʪ ʨʽʜʢʦʾ ʩʪʘʣʽ. 

         ʇʦʯʠʥʘʶʯʽ  ʟ 60-ʭ ï 70-ʭ ʨʦʢʽʚ ʍʍ ʩʪ., ʚ ʩʚʽʪʦʚʽʡ ʤʝʪʘʣʫʨʛʽʾ ʚʽʜʙʫʚʘʣʘʩʷ 

ʟʘʤʽʥʘ ʟʘʩʪʘʨʽʣʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʙʽʣʴʰ ʩʫʯʘʩʥʫ ʪʘ ʝʬʝʢʪʠʚʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʩʭʝʤʫ, ʷʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʮʝʩʫ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʟʣʠʚʢʠ ʩʪʘʣʽ 

(ʨʠʩ.1.2), ʷʢʘ ʚʽʜʥʦʩʥʦ ʦʪʨʠʤʘʥʥʷ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʤʘʣʘ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

çʚʠʧʣʘʚʢʘ ʩʪʘʣʽ ʫ ʧʣʘʚʠʣʴʥʦʤʫ ʘʛʨʝʛʘʪʽ (ʢʦʥʚʝʨʪʦʨ, ʝʣʝʢʪʨʦʧʽʯ) ï ʜʦʚʦʜʢʘ ʪʘ 

ʧʦʟʘʧʽʯʥʘ ʦʙʨʦʙʢʘ ʩʪʘʣʽ ʚ ʢʦʚʰʽ (ʧʨʦʜʫʚʢʘ ʽʥʝʨʪʥʠʤ ʛʘʟʦʤ, ʚʘʢʫʫʤʫʚʘʥʥʷ, 

ʨʝʘʛʝʥʪʥʘ ʦʙʨʦʙʢʘ, ʣʝʛʫʚʘʥʥʷ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ ʽʥʰ.) ï ʨʦʟʣʠʚʘʥʥʷ ʩʪʘʣʽ ʥʘ 

ʩʣʷʙʦʚʽʡ ʤʘʰʠʥʽ  ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ ʟʘʛʦʪʦʚʦʢ (ʄɹʃɿ) ï ʛʘʨʷʯʘ ʧʨʦʢʘʪʢʘ 

ʩʣʷʙʽʚ ʜʦ ʣʠʩʪʘ ʟʘʜʘʥʦʾ ʪʦʚʱʠʥʽ ï ʧʨʦʢʘʪʢʘ ʥʘ ʩʪʘʥʘʭ ʭʦʣʦʜʥʦʾ ʧʨʦʢʘʪʢʠè.  

         ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʩʭʝʤʠ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʚʠʭʦʜʫ 

ʧʨʠʜʘʪʥʦʛʦ ʤʝʪʘʣʫ  ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʙʽʣʴʰ ʥʽʞ 90%, ʧʨʠ ʮʴʦʤʫ ʥʘ ʦʪʨʠʤʘʥʥʷ  

1 ʪ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʘ   ʧʦʪʨʽʙʥʦ ʧʨʠʙʣʠʟʥʦ 1,2-1,3 ʪ ʨʦʟʧʣʘʚʫ [8]. ʆʜʥʘʢ, 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʛʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʧʝʨʰʦʾ ʩʭʝʤʠ  - ʧʽʜʚʠʱʝʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʮʠʢʣʽʚ ʥʘʛʨʽʚʫ ï ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʾʾ 

ʧʨʦʢʘʪʮʽ. ʊʦʤʫ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʩʪʘʣʝʚʦʛʦ ʤʝʪʘʣʦʧʨʦʢʘʪʫ  ʥʘʫʢʦʚʠʡ ʪʘ ʚʠʨʦʙʥʠʯʠʡ ʧʦʪʝʥʮʽʘʣ ʤʝʪʘʣʫʨʛʽʚ ʙʫʚ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʙʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʢʫʤʫʣʴʦʚʘʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʙʝʟʧʝʨʝʨʚʥʦ ʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ 

ʦʜʨʘʟʫ ʧʽʩʣʷ ʾʾ ʚʠʭʦʜʫ ʟ ʤʘʰʠʥʠ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ ʟʘʛʦʪʦʚʦʢ (ʄɹʃɿ) ʜʣʷ ʾʾ 

ʧʦʜʘʣʴʰʦʾ  ʤʝʭʘʥʽʯʥʦʾ ʪʘ  ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ.         
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1 ï ʩʪʘʣʝʨʦʟʣʠʚʥʠʡ ʢʽʚʰ; 2 ï ʧʨʦʤʽʞʥʠʡ ʢʽʚʰ; 3 ï ʢʨʠʩʪʘʣʽʟʘʪʦʨ;  

4 ï ʜʞʝʨʝʣʦ ʥʘʛʨʽʚʫ; 5 ï ʩʪʦʧʦʨ; 6 ï ʧʨʷʤʦʣʽʥʽʡʥʘ ʜʽʣʷʥʢʘ ʄɹʃɿ;  

7 ï ʪʷʛʥʫʯʽ ʨʦʣʠʢʠ; 8 ï ʤʝʥʽʩʢ; 9 ï  ʬʣʶʩ 

ʈʠʩ. 1.2.  ɹʝʟʧʝʨʝʨʚʥʘ ʨʦʟʣʠʚʢʘ ʩʪʘʣʽ ʥʘ ʄɹʃɿ ʪʘ ʚʠʜʠ ʦʜʝʨʞʫʚʘʥʠʭ 

ʟʘʛʦʪʦʚʦʢ [9] 

         ʅʘ ʧʦʯʘʪʢʫ 80-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʡ ʢʣʘʩ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ï ʪʘʢ ʟʚʘʥʠʡ ʣʠʚʘʨʥʦ-

ʧʨʦʢʘʪʥʠʡ ʘʛʨʝʛʘʪ (ʃʇɸ), ʚ ʷʢʦʤʫ ʧʦʻʜʥʫʻʪʴʩʷ ʨʦʟʣʠʚʢʘ ʩʪʘʣʽ ʥʘ ʪʦʥʢʠʡ ʩʣʷʙ 

(ʟʘʚʪʦʚʰʢʠ ʤʝʥʰ ʥʽʞ 100 ʤʤ) ʪʘ ʡʦʛʦ ʥʘʩʪʫʧʥʘ ʛʘʨʷʯʘ ʧʨʦʢʘʪʢʘ [9]. ɿʘʛʘʣʦʤ 

ʩʭʝʤʘ  ʚʠʛʣʷʜʘʣʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (ʨʠʩ. 1.3) : çʚʠʧʣʘʚʢʘ ʩʪʘʣʽ ʫ ʜʫʛʦʚʽʡ ʧʝʯʽ 

ʘʙʦ ʢʦʥʚʝʨʪʦʨʽ ï ʜʦʚʝʜʝʥʥʷ ʩʪʘʣʽ ʥʘ ʫʩʪʘʥʦʚʮʽ çʢʽʚʰ -ʧʽʯè - ʨʦʟʣʠʚʢʘ ʩʪʘʣʽ ʥʘ 

ʪʦʥʢʠʡ ʩʣʷʙ ʪʘ ʡʦʛʦ ʛʘʨʷʯʘ ʧʨʦʢʘʪʢʘ ʥʘ ʃʇɸ ï ʧʨʦʢʘʪʢʘ ʥʘ ʩʪʘʥʘʭ ʭʦʣʦʜʥʦʾ 

ʧʨʦʢʘʪʢʠè.  ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 1 ʪ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʘ ʜʦʩʪʘʪʥʴʦ 

ʙʽʣʷ 1,1 ʪ ʨʽʜʢʦʾ ʩʪʘʣʽ, ʘ ʟʥʘʯʥʠʡ  ʝʥʝʨʛʦ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʡ ʝʬʝʢʪ 

ʜʦʩʷʛʘʻʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ  

ʣʘʥʮʶʛʘ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʮʠʢʣʽʚ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʥʘʛʨʽʚʫ 

ʟʘʛʦʪʦʚʦʢ. 

         ʇʝʨʰʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʃʇɸ ʙʫʚ ʚʝʜʝʥʠʡ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 1989 ʨʦʮʽ ʚ 

ʤʽʩʪʽ ʂʨʦʫʬʦʨʜʩʚʽʣʣʝ (ʉʐɸ) ʢʦʤʧʘʥʽʻʶ Nucor ʥʘ ʟʘʚʦʜʽ ʷʢʠʡ ʙʫʚ 

ʦʙʣʘʜʥʘʥʠʡ ʄɹʃɿ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʣʷʙʘ ʟʘʚʪʦʚʰʢʠ 50 ʤʤ.        
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ʈʠʩ. 1.3. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʘ ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ  

(ʢʨʠʩʪʘʣʽʟʘʪʦʨ ʟ ʯʝʯʝʚʠʮʝʧʦʜʽʙʥʦʶ ʚʝʨʭʥʴʦʶ ʯʘʩʪʠʥʦʶ ʪʘ ʧʣʦʩʢʽ 

ʩʪʘʣʝʨʦʟʣʠʚʥʽ ʩʪʘʢʘʥʠ ʪʠʧʘ çʙʦʙʨʦʚʠʡ ʭʚʽʩʪ)  ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦʛʦ  

ʩʣʷʙʫ [10] 

ʇʨʠ ʮʴʦʤʫ ʩʣʷʙʠ ʧʝʨʝʜʘʚʘʣʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʩʪʘʥ ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ. ʎʝʡ 

ʧʨʦʮʝʩ ʦʪʨʠʤʘʚ ʥʘʟʚʫ CSP (Compact  Strip Production), ʘ ʨʦʟʨʦʙʢʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʬʽʨʤʦʶ çSchloeman-Siamagè (ʅʽʤʝʯʯʠʥʘ) [10]. ʅʘ ʃʇɸ ʜʣʷ 

ʪʦʥʢʠʭ ʩʣʷʙʽʚ  ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʣʠʪʪʷ ʟ ʜʦʜʘʪʢʦʚʠʤ ʦʙʪʠʩʢʦʤ 

ʟʘʛʦʪʦʚʢʠ ʜʦ ʪʦʚʱʠʥʠ ʤʝʥʰ ʥʽʞ 35 ʤʤ ʟ ʨʽʜʢʦʶ ʩʝʨʝʜʠʥʦʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʽʜ ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ ʪʘ ʧʦʜʘʣʴʰʦʶ ʧʨʦʢʘʪʢʦʶ ʧʽʜ ʣʠʩʪ ʪʦʚʱʠʥʦʶ ʙʽʣʷ 1 ʤʤ. 

ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʧʦʙʫʜʦʚʘ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʝʡ ʩʪʘʥʫ 

ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ ʪʘ ʩʪʚʦʨʠʪʠ ʢʦʤʧʘʢʪʥʝ ʚʠʨʦʙʥʠʮʪʚʦ. 

          ɺ ʩʽʯʥʽ 1996 ʨʦʢʫ ʚʠʡʰʦʚ ʥʘ ʧʨʦʝʢʪʥʫ ʧʦʪʫʞʥʽʩʪʴ 1,5 ʤʣʥ. ʪ ʩʪʘʣʽ ʫ ʨʽʢ 

ʟʘʚʦʜ ʢʦʤʧʘʥʽʾ  Steel Dynamics, ʥʘ ʷʢʦʤʫ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ CSP, 

ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ ʷʢʘ ʤʽʩʪʠʪʴ ʣʠʪʪʷ, ʦʙʪʠʩʢ ʪʘ ʧʨʦʢʘʪʢʫ [10]. ʎʝʡ ʧʨʦʮʝʩ 

ʦʪʨʠʤʘʚ ʥʘʟʚʫ CPR (Casting ï Pressing ï Rolling). ʇʨʠ ʮʴʦʤʫ ʷʢʱʦ ʩʪʘʥʜʘʨʪʥʘ 

ʪʦʚʱʠʥʘ ʩʣʷʙʘ ʄɹʃɿ ʪʠʧʫ CSP ʜʦʨʽʚʥʶʚʘʣʘ 50 ʤʤ, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʪʽʥʢʘʤʠ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʥʘ ʨʽʚʥʽ ʤʝʥʽʩʢʫ ʜʦʨʽʚʥʶʚʘʣʘ 170 ʤʤ, ʪʦ ʥʘ ʄɹʃɿ ʪʠʧʫ  CPR 
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ʟʘ ʨʘʭʫʥʦʢ ʦʙʪʠʩʢʫ ʩʣʷʙʫ (ʤʘʢʩʠʤʘʣʴʥʘ ʪʦʚʱʠʥʘ 80 ʤʤ) ʻ ʤʦʞʣʠʚʠʤ 

ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʠʪʠ ʪʦʚʱʠʥʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʥʘ ʨʦʟʤʽʨ ʦʙʪʠʩʢʫ. ɹʽʣʴʰ ʤʘʣʘ 

ʪʦʚʱʠʥʘ ʩʣʷʙʫ ʜʦʟʚʦʣʷʻ ʟ ʙʽʣʴʰʦʶ ʣʝʛʢʽʩʪʶ  ʧʨʦʢʘʪʫʚʘʪʠ ʡʦʛʦ ʚ ʪʦʥʢʠʡ 

ʣʠʩʪ. 

        ʂʦʤʧʘʥʽʻʶ Mannesmann ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʩ ISP, ʢʦʪʨʠʡ  ʙʘʛʘʪʦ ʚ 

ʯʦʤʫ ʻ ʘʥʘʣʦʛʦʤ ʧʨʦʮʝʩʫ CSP [10]. ʊʦʥʢʠʡ ʩʣʷʙ ʟʘʚʪʦʚʰʢʠ 60 ʤʤ ʚʠʭʦʜʠʪʴ ʟ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʫ ʱʝ ʟ ʨʽʜʢʦʶ ʩʝʨʝʜʠʥʦʶ ʪʘ ʧʽʜʜʘʻʪʴʩʷ ʥʘ ʜʽʣʷʥʢʠ ʦʧʦʨʥʠʭ 

ʨʦʣʠʢʽʚ ʤôʷʢʦʤʫ ʦʙʪʠʩʢʫ ʜʦ ʪʦʚʱʠʥʠ 45 ʤʤ. ʇʽʩʣʷ ʧʦʚʥʦʛʦ ʪʚʝʨʜʥʝʥʥʷ ʩʣʷʙ 

ʧʨʦʢʘʪʫʻʪʴʩʷ ʥʘ ʩʤʫʛʫ ʟʘʚʪʦʚʰʢʠ 15-20 ʤʤ. ʇʽʩʣʷ ʽʥʜʫʢʮʽʡʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ 

ʧʽʜʽʛʨʽʚʫ ʩʤʫʛʘ ʧʽʜʜʘʻʪʴʩʷ ʟʤʦʪʫʚʘʥʥʶ.  ʅʘ ʫʩʪʘʥʦʚʮʽ  ISP ʬʽʨʤʠ Arvedi 

(ɯʪʘʣʽʷ) ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʩʤʫʛʫ ʟʘʚʪʦʚʰʢʠ ʤʝʥʰ ʥʽʞ 2 ʤʤ ʟ ʦʙôʻʤʦʤ 

ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʣʷ 800 ʪʠʩ. ʪ ʩʪʘʣʽ ʥʘ ʨʽʢ. 

       ʇʨʷʤʝ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʤʝʪʦʜʽʚ CSP ʪʘ ISP ʚʠʷʚʠʣʦ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ 

ʦʩʪʘʥʥʴʦʛʦ: ʤʝʥʰʘ ʫʩʪʘʥʦʚʯʘ ʜʦʚʞʠʥʘ ʄɹʃɿ; ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʤʫʛʠ ʜʣʷ ʙʽʣʴʰ ʪʦʚʩʪʠʭ ʣʠʩʪʽʚ ʰʣʷʭʦʤ ʚʽʜʛʘʣʫʞʝʥʥʷ ʯʘʩʪʠʥʠ 

ʧʦʪʦʢʫ ʤʝʪʘʣʫ ʧʽʩʣʷ ʧʝʨʰʦʾ ʜʝʬʦʨʤʘʮʽʾ [10]. ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ  ʢʽʣʴʢʽʩʪʴ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʽʚ  ʫ ʩʚʽʪʽ ʟ ʦʪʨʠʤʘʥʥʷʤ ʪʦʥʢʠʭ ʩʣʷʙʽʚ ʪʘ ʩʣʷʙʽʚ ʩʝʨʝʜʥʴʦʾ 

ʪʦʚʱʠʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʽʣʴʢʦʩʪʽ ʧʨʠʙʣʠʟʥʦ 50-55 ʰʪ. ʇʨʠ ʮʴʦʤʫ ʙʽʣʷ 80% ʟ 

ʥʠʭ  ʦʩʥʘʱʝʥʥʽ ʄɹʃɿ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʥʢʠʭ ʩʣʷʙʽʚ. ʆʩʥʦʚʥʘ ʜʦʣʷ ʪʘʢʠʭ 

ʟʘʚʦʜʽʚ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʉʐɸ (ʙʽʣʷ 40%), ɿʘʭʽʜʥʫ ɭʚʨʦʧʫ (18%) ʪʘ ʢʨʘʾʥʠ ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ (27%), ʪʦʙʪʦ ʥʘ ʢʨʘʾʥʠ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʡ ʪʝʤʧ 

ʧʨʠʨʦʩʪʫ ʦʙôʻʤʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʥʢʦʛʦ ʧʨʦʢʘʪʫ [10].  

        ʈʽʟʢʝ ʟʨʦʩʪʘʥʥʷ  ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʮʽʶ ʪʦʥʢʦʛʦ ʤʝʪʘʣʦʧʨʦʢʘʪʫ, ʥʝʜʦʣʽʢʠ 

ʽʩʥʫʶʯʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʤʦʛ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʯʠʩʪʦʪʠ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦ ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʥʥʷ, ʪʘ ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʤʝʪʘʣʦʧʨʦʢʘʪʫ 

ʩʧʦʥʫʢʘʣʠ ʚʯʝʥʠʭ ʤʝʪʘʣʫʨʛʽʚ ʚʝʩʪʠ ʽʥʪʝʥʩʠʚʥʽ ʨʦʟʨʦʙʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʟôʷʚʠʣʘʩʷ ʥʘ ʩʚʽʪ ʙʽʣʴʰ ʥʽʞ ʩʪʦ ʨʦʢʽʚ ʪʦʤʫ,  ʘ ʩʘʤʝ ʧʨʷʤʝ 

ʦʜʝʨʞʘʥʥʷ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʧʣʘʚʫ.  ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʽ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʘʣʠ ʤʘʰʠʥʠ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ ʩʤʫʛʠ, 
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ʦʩʥʘʱʝʥʥʽ ʚʘʣʢʘʤʠ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʤʠ ʷʢʽ ʩʫʤʽʱʝʥʥʽ ʟʽ ʩʪʘʥʘʤʠ ʛʘʨʷʯʦʾ 

ʧʨʦʢʘʪʢʠ. ʆʩʦʙʣʠʚʽʩʪʴ ʮʠʭ ʤʘʰʠʥ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ 

ʟʙʽʣʴʰʠʣʘʩʷ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʨʦʢʘʪʫʚʘʥʥʷ.   

         ʋ 90-ʭ ʨʦʢʘʭ ʍʍ ʩʪ.. ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ 

ʩʚʽʪʫ, ʟʦʢʨʝʤʘ ʚ ɸʚʩʪʨʘʣʽʾ (ɺʅP), ʗʧʦʥʽʾ (IHI), ʌʨʘʥʮʽʷ (Ugine), ʅʽʤʝʯʯʠʥʽ 

(Krupp Thyssen Nirosta) ʪʘ ʽʥʰ.,  ʧʦʯʘʣʠ ʟôʷʚʣʷʪʠʩʷ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʽ ʪʘ 

ʧʨʦʤʠʩʣʦʚʽ ʤʘʰʠʥʠ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʟʣʠʚʢʠ ʩʪʘʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʪʦʥʢʠʡ 

ʣʠʩʪ ʪʘ ʩʤʫʛʫ ʤʝʪʦʜʦʤ ʜʚʦʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ (ʨʠʩ.1.4) [11,12].        

 

 

 

 

 

 

 

 

1 ï ʧʨʦʤʽʞʥʠʡ ʢʽʚʰ; 2 ï ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʣʴʥʽ ʚʘʣʢʠ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʠ;  

3 ï ʣʠʩʪ; 4 ï ʪʷʛʥʫʯʠʡ ʤʝʭʘʥʽʟʤ 

ʈʠʩ. 1.4. ɹʝʟʧʝʨʝʨʚʥʘ ʨʦʟʣʠʚʢʘ ʩʪʘʣʽ ʚ ʜʚʦʚʘʣʢʦʚʠʡ ʢʨʠʩʪʘʣʽʟʘʪʦʨ 

ʧʨʠ ʧʨʷʤʦʤʫ ʦʜʝʨʞʘʥʽ ʣʠʩʪʘ ʪʘ ʩʤʫʛʠ 

 

ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʜʦʩʣʽʜʥʠʭ ʪʘ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ 

ʫʩʪʘʥʦʚʦʢ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʘʣʢʘʤʠ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʤʠ. ʅʘʡʣʽʧʰʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʜʚʦʚʘʣʢʦʚʽ ʤʘʰʠʥʠ ʟ ʧʦʜʘʚʘʥʥʷʤ ʨʽʜʢʦʾ ʩʪʘʣʽ ʚ 

ʤʽʞʚʘʣʢʦʚʠʡ ʧʨʦʩʪʽʨ.  
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          1.2 ʊʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʟʽ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ 

ʘʣʶʤʽʥʽʶ 

 

          ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʨʦʙʽʚ ʣʠʩʪʦʚʦʛʦ 

ʧʨʦʢʘʪʫ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʷʢʽ ʤʘʶʪʴ ʜʫʞʝ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʦʩʦʙʣʠʚʽʩʪʶ ʾʭ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʪʘ ʤʝʪʘʣʦʧʨʦʢʘʪ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʻ ʦʩʥʦʚʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʘʚʽʘʮʽʡʥʽʡ, 

ʘʝʨʦʢʦʩʤʽʯʥʽʡ, ʘʚʪʦʤʦʙʽʣʝʙʫʜʽʚʥʠʡ ʪʘ ʭʘʨʯʦʚʠʭ ʛʘʣʫʟʷʭ. 

        ɺ ʋʢʨʘʾʥʽ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʚʽʘʙʫʜʫʚʘʥʥʽ ʟʤʽʮʥʶʶʯʠ 

ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʚʠʩʦʢʦʤʽʮʥʽ ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ Al-Zn-Mg-Cu ʪʘ ʩʧʣʘʚʠ 

ʩʝʨʝʜʥʴʦʾ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ Al-Mg-Cu. ɺʦʥʠ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ 

ʦʩʥʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʦʙʰʠʚʢʠ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʧʣʘʚʥʦʛʦ 

ʥʘʙʦʨʫ ʝʣʝʤʝʥʪʽʚ ʧʣʘʥʝʨʘ  ʣʽʪʘʢʘ  (ʬʶʟʝʣʷʞ, ʢʨʠʣʦ ʽ ʪ.ʧ.). ʇʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ 

ʟʚʘʨʥʦʛʦ ʬʶʟʝʣʷʞʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʣʽʪʘʢʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʣʘʚ 1420, ʱʦ 

ʥʘʣʝʞʠʪʴ ʩʠʩʪʝʤʽ Al-Zn-Mg. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʛʽʜʨʦʣʽʪʘʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʟʚʘʨʥʽ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʽ ʩʧʣʘʚʠ (ɸʄʛ5, ɸʄʛ6) ʪʘ ʩʧʣʘʚʠ ʩʠʩʪʝʤʠ  Al-Zn-Mg 

(1915,ɺ92,1420) [13]. 

        ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʚʘʨʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʝʣʝʤʝʥʪʽʚ  

ʨʘʢʝʪʥʦʾ ʪʝʭʥʽʢʠ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʘʻ ʙʝʟʧʝʨʝʯʥʫ ʧʝʨʝʚʘʛʫ. ɺʠʩʦʢʽ 

ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʤʽʮʥʦʩʪʽ, ʧʠʪʦʤʦʾ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʦʟʚʦʣʠʣʠ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʘʢʽʚ, ʤʽʞʙʘʢʦʚʠʭ ʪʘ ʥʦʩʦʚʠʭ ʯʘʩʪʠʥ ʨʘʢʝʪʠ ʟ 

ʚʠʩʦʢʦʶ ʧʦʚʟʜʦʚʞʥʴʦʶ ʩʪʽʡʢʽʩʪʶ. ɼʦ ʧʝʨʝʚʘʛ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ (2219 ʪʘ 

ʽʥ..) ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʾʭ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʨʠ ʢʨʽʦʛʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʢʦʥʪʘʢʪʽ ʟ 

ʨʽʜʢʠʤ ʢʠʩʥʝʤ, ʚʦʜʥʝʤ ʪʘ ʛʝʣʽʻʤ. ʋ ʮʠʭ ʩʧʣʘʚʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢ ʟʚʘʥʝ 

ʢʨʽʦʛʝʥʥʝ ʟʤʽʮʥʝʥʥʷ ï ʪʦʙʪʦ ʤʽʮʥʽʩʪʴ ʪʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʟʨʦʩʪʘʶʪʴ ʟʽ 

ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ [13] . 

       ʋ ʢʦʥʩʪʨʫʢʮʽʷʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʣʘʚʠ  ʟ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ɺ96, ʪʘʢ ʷʢ ʚʦʥʠ ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʤʽʮʥʽʩʪʴ. 

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʩʧʣʘʚʠ  ɸʄʛ6, ɼ16 ʪʘ ɼ20.  
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ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ  ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʟʤʽʮʥʶʶʯʠ ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʩʧʣʘʚʠ ɼ16ʯ, 1163, ʚʠʩʦʢʦʤʽʮʥʽ ʩʧʣʘʚʠ 

ɺ95ʧʯ, ɺ95ʦʯ ʪʘ ɺ93ʧʯ. ɼʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʛʽʜʨʦʣʽʪʘʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ  

ʥʝ ʟʤʽʮʥʶʶʯʠ ʪʝʨʤʦʦʙʨʦʙʢʦʶ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʽ ʩʧʣʘʚʠ ɸʄʛ5 ʽ ɸʄʛ6. ʉʧʣʘʚ 

ɼ16  ʚʠʧʫʩʢʘʶʪʴ ʚ ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʘʩʦʨʪʠʤʝʥʪʽ  ʫ ʚʠʛʣʷʜʽ ʧʨʝʩʦʚʘʥʠʭ ʽ 

ʢʘʪʘʥʠʭ ʚʠʨʦʙʽʚ. ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴ ʩʧʣʘʚ 1420. ʇʦ ʤʽʮʥʦʩʪʽ 

ʩʧʣʘʚ 1420 ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ɼ16, ʘʣʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʟʘ ʧʣʘʩʪʠʯʥʽʩʪʶ ʪʘ 

ʧʝʨʝʚʠʱʫʻ ʧʦ ʧʨʫʞʥʦʩʪʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʩʧʣʘʚʫ 1420 ʟʘʤʽʩʪʴ 

ɼ16 ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʚʠʨʦʙʽʚ ʥʘ 10-20% [14]. 

         ʆʩʥʦʚʥʘ ʧʨʦʤʠʩʣʦʚʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʟʽ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʚ 

ʩʪʘʣʝʣʠʚʘʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʽ ʟʣʠʚʢʘ ʪʘ ʡʦʛʦ ʧʦʜʘʣʴʰʦʾ  

ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʦʪʨʠʤʘʥʥʷ ʛʘʨʷʯʝʢʘʪʘʥʦʛʦ ʣʠʩʪʘ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʧʦʩʣʽʜʦʚʥʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ [15]:  

      ɺʽʜʣʠʚʢʘ ʟʣʠʚʢʽʚ ï ʥʘ ʜʘʥʠʡ ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʟʣʠʚʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ (ʨʠʩ.1.5) ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʠ ʢʦʚʟʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʨʠʩʪʘʣʽʟʘʪʦʨʠ ʢʦʪʨʽ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʟʣʠʚʢʠ ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʧʦʚʝʨʭʥʽ ʪʘ ʩʪʨʫʢʪʫʨʠ.    

      ɻʦʤʦʛʝʥʽʟʘʮʽʷ ʽ ʨʽʟʘʥʥʷ ʟʣʠʚʢʽʚ ʚ ʤʽʨʫ -  ʤʝʪʘ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʟʤʝʥʰʝʥʥʷ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʟʣʠʚʢʫ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʘ  ʟʥʷʪʪʷ ʟʘʣʠʰʢʦʚʠʭ ʪʝʨʤʽʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʦʣʫʙʝʟʧʝʨʝʨʚʥʦʤʫ ʣʠʪʪʽ. ʋ ʧʽʜʩʫʤʢʫ 

ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟʣʠʚʢʘ, ʱʦ 

ʨʦʙʠʪʴ ʡʦʛʦ ʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʜʦ ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ.  

ɻʦʤʦʛʝʥʽʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʥʘʛʨʽʚʫ ʟʣʠʚʢʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʦʾ 

ʜʦ ʣʽʥʽʾ ʩʦʣʽʜʫʩʫ (ʟʘ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ), ʪʨʠʚʘʣʦʾ ʚʠʪʨʠʤʢʠ ʧʨʠ ʮʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʧʦʚʽʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʈʽʟʢʫ ʟʣʠʚʢʽʚ ʧʨʦʚʦʜʷʪʴ ʫ ʣʠʚʘʨʥʦʤʫ ʮʝʭʫ ʜʠʩʢʦʚʠʤʠ ʬʨʝʟʘʤʠ ʥʘ ʩʧʝʮʽʘʣʴʥʽʡ 

ʣʽʥʽʾ ʨʽʟʢʠ.  
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1 - ʢʨʠʩʪʘʣʽʟʘʪʦʨ; 2 - ʨʽʜʢʠʡ ʤʝʪʘʣ; 3 - ʢʚ̔ -hʜʦʟʘʪʦʨ ʨʦʟʧʣʘʚʫ; 4 - ʟʣʠʚʦʢ; 5 - 

ʧʜ̔ʜʦʥ; 6 - ʥʘʧʨʘʚʣʷʶʯʘ ʢʦʣʦʥʢʘ; 7 - ʨʫʭʦʤʠʡ ʩʪʽʣ. 

ʈʠʩ. 1.5. ʉʭʝʤʘ ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ [16]  

 

ʌʨʝʟʝʨʫʚʘʥʥʷ ï ʣʽʢʚʘʮʽʡʥʽ ʥʘʧʣʠʚʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʜʘʣʝʥʥʽ ʟ ʧʦʚʝʨʭʥʽ 

ʟʣʠʚʢʽʚ ʜʣʷ ʯʦʛʦ ʟʣʠʚʢʠ ʧʽʜʜʘʶʪʴʩʷ ʩʫʮʽʣʴʥʦʤʫ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ 

ʬʨʝʟʝʨʫʚʘʥʥʶ ʟʽ ʟʥʷʪʪʷʤ ʟ ʢʦʞʥʦʾ ʩʪʦʨʦʥʠ ʰʘʨʫ ʪʦʚʱʠʥʦʶ 0,012 ï 0,015 ʤ. 

ʄʠʡʢʘ ʪʘ ʩʫʰʢʘ ʟʣʠʚʢʽʚ ï ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʟʣʠʚʢʘ 

ʙʨʫʜʫ ʪʘ ʤʘʩʪʠʣʘ ʛʘʨʷʯʦʶ ʚʦʜʦʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60é80
ʦ
ʉ ʧʽʜ ʪʠʩʢʦʤ ʜʦ 

1000 ʢʇʘ ʥʘ ʤʠʡʥʦ-ʩʫʰʠʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ. 

ʇʣʘʢʫʚʘʥʥʷ ʟʣʠʚʢʽʚ ï ʧʣʘʢʫʚʘʥʥʶ ʧʽʜʜʘʶʪʴ ʟʣʠʚʢʠ ʟʽ ʩʧʣʘʚʽʚ ɼ1, ɼ16, ɺ95 ʪʘ 

ʽʥʰ., ʧʨʦʢʘʪʘʥʽ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʟ ʥʘʢʣʘʜʝʥʠʤʠ ʟ ʦʙʦʭ ʙʦʢʽʚ ʧʣʘʥʰʝʪʘʤʠ ʟ 

ʧʣʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ( ʟ ʘʣʶʤʽʥʽʶ ɸɼ1, ʘʙʦ ɸʎʧʣ). ʇʣʘʢʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʽʛʘʪʠ ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ ʚʽʜ ʢʦʨʦʟʽʾ  ʪʘ ʟʘʭʠʩʪʠʪʠ  ʧʦʚʝʨʭʥʶ ʟʣʠʚʢʽʚ ʚʽʜ 

ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʛʘʨʷʯʽʡ ʧʨʦʢʘʪʮʽ. 

ʅʘʛʨʽʚ ʟʣʠʚʢʽʚ ʧʝʨʝʜ ʛʘʨʷʯʦʶ ʧʨʦʢʘʪʢʦʶ ï ʧʨʦʮʝʩ ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ ʧʦʣʷʛʘʻ ʚ 

ʦʙʪʠʩʢʫ ʤʝʪʘʣʫ ʚʘʣʢʘʤʠ ʚ ʤʝʞʘʭ ʪʝʤʧʝʨʘʪʫʨ ʚʠʱʝ ʟʘ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʭ. 
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 ʏʘʩ ʥʘʛʨʽʚʫ ʟʣʠʚʢʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʪʘʢʠʤ ʷʢʠʡ ʙʠ ʟʘʙʝʟʧʝʯʫʚʘʚ ʨʽʚʥʦʤʽʨʥʠʡ 

ʥʘʛʨʽʚ ʧʦ ʚʩʴʦʤʫ ʧʝʨʝʪʠʥʫ. ɼʦʚʛʠʡ ʥʘʛʨʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ 

ʦʢʠʩʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʣʠʚʢʘ. ɼʣʷ ʥʘʛʨʽʚʫ ʟʣʠʚʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʠʯʥʫ 

ʧʽʯ ʟ ʢʨʦʢʫʶʯʠʤʠ ʙʘʣʢʘʤʠ. ɺʠʚʘʥʪʘʞʝʥʥʷ ʟʣʠʚʢʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʽʜʣʦʛʦʚʠʭ ʤʘʰʠʥ ʙʝʟ ʫʜʘʨʥʦʛʦ ʚʠʚʘʥʪʘʞʝʥʥʷ. ɼʘʣʽ ʟʣʠʚʢʠ ʚʠʚʘʥʪʘʞʝʥʥʽ ʟ 

ʧʝʯʽ ʧʦ ʨʦʣʴʛʘʥʛʫ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʨʝʚʝʨʩʠʚʥʠʭ ʢʣʽʪʝʡ ʜʣʷ ʧʨʦʢʘʪʫ. 

ɻʘʨʷʯʘ ʧʨʦʢʘʪʢʘ -  ʻ  ʛʦʣʦʚʥʦʶ ʦʧʝʨʘʮʽʶ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʣʠʩʪʦʚʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʣʠʩʪʠ ʪʘ ʧʣʠʪʠ.  ʆʩʥʦʚʥʘ ʞ  ʯʘʩʪʠʥʘ 

ʧʨʦʜʫʢʮʽʾ   ʧʦʩʪʫʧʘʻ ʫ ʚʠʛʣʷʜʽ ʨʫʣʦʥʽʚ ʟʘʚʪʦʚʰʢʠ 3é10 ʤʤ. ɼʣʷ ʛʘʨʷʯʦʾ 

ʧʨʦʢʘʪʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʦʢʣʽʪʴʦʚʽ, ʜʚʦʢʣʽʪʴʦʚʠʤʠ ʪʘ ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʽ 

ʩʪʘʥʠ.  ʅʘʧʽʚʙʝʟʧʝʨʝʨʚʥʽ ʩʪʘʥʠ ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ ʟʥʘʯʥʦ ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʽ ʪʘ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʣʠʚʢʠ ʙʽʣʴʰʦʾ ʤʘʩʠ. ʋ ʩʢʣʘʜ 

ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʠʭ ʩʪʘʥʽʚ  ʚʭʦʜʷʪʴ ʦʜʥʘ ʘʙʦ ʜʚʽ ʨʝʚʝʨʩʠʚʥʽ  ʯʦʨʥʦʚʽ ʢʣʽʪʽ ʩ 

ʝʜʞʝʨʘʤʽ, ʜʚʦʻ ʥʦʞʠʮʴ ʪʘ ʙʝʟʧʝʨʝʨʚʥʘ ʯʠʩʪʦʚʘ ʛʨʫʧʘ ʢʣʽʪʝʡ. ʂʽʣʴʢʽʩʪʴ 

ʯʠʩʪʦʚʠʭ ʢʣʽʪʝʡ ʩʢʣʘʜʘʻ ʚʽʜ ʪʨʴʦʭ ʜʦ ʰʝʩʪʠ, ʧʨʠʯʦʤʫ ʪʨʴʦʭʢʣʽʪʴʦʚʽ ʛʨʫʧʠ 

ʙʘʞʘʥʦ ʨʦʟʰʠʨʶʚʘʪʠ ʜʦ ʧôʷʪʠʢʣʽʪʴʦʚʠʭ.  

       ʉʫʯʘʩʥʽ ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʽ ʩʪʘʥʠ ʤʘʶʪʴ ʨʘʩʢʘʪʥʽ ʧʦʣʷ ʟʥʘʯʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʢʘʪʢʠ ʟʣʠʚʢʽʚ ʚʝʣʠʢʦʾ ʤʘʩʠ. ʆʩʥʦʚʥʠʤ ʚʠʜʦʤ ʢʣʽʪʝʡ ʻ 

ʢʣʽʪʽ ʢʚʘʨʪʦ. ʋ ʩʢʣʘʜ ʩʪʘʥʽʚ ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ ʚʭʦʜʷʪʴ ʝʜʞʝʨʥʽ ʢʣʽʪʽ, 

ʥʘʧʨʘʚʣʷʶʯʽ ʣʽʥʽʡʢʠ, ʦʙʝʨʪʦʚʽ ʩʪʦʣʠ, ʰʪʦʚʭʘʯʽ, ʥʦʞʠʮʽ, ʨʦʣʴʛʘʥʛʠ, ʤʦʪʘʣʢʠ 

ʪʘ ʽʥʰ. ɻʘʨʷʯʘ ʧʨʦʢʘʪʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʧʝʨʝʢʦʚʠʤ ʟʘʩʦʙʦʤ (ʧʦʧʝʨʝʢ ʣʽʥʽʾ ʚʽʩʽ 

ʩʣʷʙʫ) ʜʦ ʪʦʚʱʠʥʠ 5é10 ʤʤ ʥʘ ʨʝʚʝʨʩʥʠʭ ʩʪʘʥʘʭ ʪʘ ʧʦʚʟʜʦʚʞʥʽʤ ʟʘʩʦʙʦʤ ʜʦ 

ʪʦʚʱʠʥʠ 2,5é10ʤʤ ʥʘ ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʠʭ ʩʪʘʥʘʭ.  

        ʅʘʡʚʘʞʣʠʚʽʰʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʫ - ʩʪʫʧʽʥʴ ʦʙʪʠʩʢʫ, ʢʦʪʨʘ 

ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʝʤʽʢʣʽʪʴʦʚʦʛʦ ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʪʘʥʫ ʥʘ ʧʝʨʰʠʭ ʧʨʦʭʦʜʘʭ ʛʘʨʷʯʦʾ 

ʧʨʦʢʘʪʢʠ ʩʪʫʧʝʥʴ ʜʝʬʦʨʤʘʮʽʾ ʩʢʣʘʜʘʻ 2é4%, ʦʩʢʽʣʴʢʠ ʟʣʠʚʦʢ ʤʘʻ ʣʠʪʫ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʥʠʟʴʢʫ ʧʣʘʩʪʠʯʥʽʩʪʴ ʽ ʧʨʠ ʚʝʣʠʢʠʭ ʩʪʫʧʝʥʷʭ 

ʦʙʪʠʩʢʫ ʤʦʞʫʪʴ ʟôʷʚʣʷʪʠʩʷ ʪʨʽʱʠʥʠ.  
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        ʇʨʦʮʝʩ ʧʨʦʢʘʪʢʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʜʝʬʦʨʤʘʮʽʾ. 

ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʦ ʚʦʥʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʙʦʢʦʚʠʭ ʢʨʦʤʢʘʭ. ʇʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ 

ʧʨʠ ʛʘʨʷʯʽʡ ʧʨʦʢʘʪʮʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʠʨʠʥʘ ʧʨʦʢʘʪʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ 

ʧʦʚʟʜʦʚʞʥʽʭ ʥʘʧʨʫʛ, ʱʦ ʨʦʟʪʷʛʫʶʪʴ ʫ ʙʦʢʦʚʠʭ ʛʨʘʥʷʭ. ʅʘ ʧʝʨʰʠʭ ʧʨʦʭʦʜʘʭ 

ʟʦʚʥʽʰʥʽ  ʰʘʨʠ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʽ ʢʨʦʤʢʘ ʚʠʭʦʜʠʪʴ ʫʚʽʛʥʫʪʘ. ʎʝ 

ʪʘʢʦʞ ʩʧʨʠʷʻ ʾʾ ʨʦʟʪʨʽʩʢʫʚʘʥʥʶ, ʪʦʤʫ ʜʣʷ ʫʩʫʥʝʥʥʷ ʫʚʽʛʥʫʪʦʩʪʽ ʪʘ ʜʣʷ 

ʧʨʦʨʦʙʢʠ ʩʪʨʫʢʪʫʨʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʦʙʭʽʜʥʘ 

ʜʝʬʦʨʤʘʮʽʷ ʩʤʫʛʠ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʚʘʣʢʘʭ (ʝʜʞʝʨʦʚʢʘ). ɺʝʣʠʯʠʥʘ ʝʜʞʝʨʦʚʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʩʤʫʛʘ ʥʘʙʫʚʘʣʘ ʩʚʽʡ ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʤʽʨ ʟʘ ʰʠʨʠʥʦʶ. ɺ 

ʧʝʨʰʽʡ ʨʝʚʝʨʩʠʚʥʽʡ ʢʣʽʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʧʨʦʭʦʜʽʚ, ʢʦʪʨʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʦʜʚʽʡʥʠʤʠ ʝʜʞʝʨʥʠʤʠ ʧʨʦʭʦʜʘʤʠ, ʧʦʪʽʤ ʤʝʪʘʣ 

ʧʨʦʢʘʪʫʻʪʴʩʷ ʚ ʜʨʫʛʽʡ ʨʝʚʝʨʩʠʚʥʽʡ ʢʣʽʪʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʛʽʣʴʡʦʪʠʥʥʠʤʠ 

ʥʦʞʠʮʷʤʠ ʦʙʨʽʟʫʶʪʴʩʷ ʪʦʨʮʝʚʽ ʢʽʥʮʽ ʩʤʫʛʠ (ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʷʚʠʱʘ 

ʩʝʨʧʦʚʠʜʥʦʩʪʽ  ʧʨʠ ʧʨʦʢʘʪʮʽ ʚ ʙʝʟʧʝʨʝʨʚʥʽʡ ʛʨʫʧʽ)  ʽ ʩʤʫʛʘ ʧʦʜʘʻʪʴʩʷ ʫ 

ʧʷʪʠʢʣʽʪʴʦʚʫ  ʙʝʟʧʝʨʝʨʚʥʫ ʛʨʫʧʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʦʙʨʽʟʫʶʪʴʩʷ ʙʦʢʦʚʽ ʢʨʦʤʢʠ 

ʩʤʫʛʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʠʮʷʤʠ,  ʩʤʫʛʘ ʟʤʦʪʫʻʪʴʩʷ ʜʦ ʨʫʣʦʥʫ ʘʙʦ ʧʦʜʘʻʪʴʩʷ ʜʦ 

ʣʽʥʽʾ ʨʽʟʢʠ ʪʦʚʩʪʠʭ ʣʠʩʪʽʚ.          

ɺʘʣʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʘʣʶʤʽʥʽʻʚʠʭ ʩʤʫʛ.         

 ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʘʣʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ (ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʝʨʤʽʥ ʙʝʟʟʣʠʚʢʦʚʘ ʧʨʦʢʘʪʢʘ) ʚ ʘʣʶʤʽʥʽʻʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʩʪʘʣʝʣʠʚʘʨʥʦʾ ʤʘʻ ʙʽʣʴʰ ʪʨʠʚʘʣʫ ʽʩʪʦʨʽʶ [17-19]. ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʬʦʣʴʛʦʚʦʾ 

ʟʘʛʦʪʦʚʢʠ ʩʫʤʽʱʝʥʥʷ ʧʨʦʮʝʩʫ ʣʠʪʪʷ ʪʘ ʧʨʦʢʘʪʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʙʝʟʟʣʠʚʢʦʚʦʛʦ ʣʠʪʪʷ  (ɹʃ)  ʤʘʻ ʧʝʨʝʚʘʛʫ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʛʦʪʽʚʝʣʴʥʠʭ ʩʪʘʥʽʚ 

ʜʣʷ ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ  ʪʘ ʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʤʽʨ ʧʝʨʝʪʠʥʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʭʦʣʦʜʥʦʾ ʧʨʦʢʘʪʢʠ. ɺʠʨʦʙʥʠʮʪʚʦ ʬʦʣʴʛʦʚʦʾ ʟʘʛʦʪʦʚʢʠ ʥʘ ʤʘʰʠʥʘʭ 

ʙʝʟʟʣʠʚʢʦʚʦʾ ʧʨʦʢʘʪʢʠ (ɹʇ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʠʞʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ. ʗʢ 

ʚʞʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʨʘʥʽʰʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ  ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʘʛʦʪʦʚʢʠ ʽʟ ʟʣʠʚʢʘ, ʧʨʦʚʦʜʷʪʴ ʦʙʨʽʟʽ ʜʦʥʥʦʾ ʪʘ ʣʠʚʥʠʢʦʚʦʾ ʯʘʩʪʠʥʠ. ɿʣʠʚʦʢ 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʫʣʦʥʥʦʾ ʣʠʩʪʦʚʦʾ ʟʘʛʦʪʦʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʤʘʻ ʚʠʭʽʜ 
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ʧʨʠʜʘʪʥʦʛʦ ʧʦ ʣʠʪʪʶ ʤʝʥʰ ʥʘ 7-9%. ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʬʦʣʴʛʠ ʟʽ ʟʣʠʚʢʦʚʦʾ 

ʟʘʛʦʪʦʚʢʠ ʥʝʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʫʣʦʥ ʥʝʦʙʭʽʜʥʦʛʦ ʜʽʘʤʝʪʨʫ. 

    ɺʘʣʢʦʚʽ ʤʘʰʠʥʠ ʜʣʷ ʣʠʪʪʷ ʘʣʶʤʽʥʽʻʚʠʭ ʩʤʫʛ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʧʦʩʦʙʘʤʠ 

ʧʦʜʘʯʠ ʤʝʪʘʣʘ ʚ ʚʘʣʢʠ: ʟʙʦʢʫ, ʟʚʝʨʭʫ ʽ ʟʥʠʟʫ. ʇʝʨʰʽ ʩʧʨʦʙʠ  ʦʪʨʠʤʘʪʠ 

ʘʣʶʤʽʥʽʻʚʫ ʣʠʩʪʦʚʫ ʟʘʛʦʪʦʚʢʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʬʽʨʤʦʶ çGrown Cork and Seal 

Co.è [20]. ʃʠʪʪʷ ʨʽʜʢʦʛʦ ʘʣʶʤʽʥʽʻʚʦʛʦ ʨʦʟʧʣʘʚʫ ʧʨʦʚʦʜʠʣʘʩʴ  ʥʘ ʧʦʚʝʨʭʥʶ 

ʚʘʣʢʽʚ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ. ɺʽʜʦʤʦ, ʱʦ ʟʘʣʠʚʢʘ ʘʣʶʤʽʥʽʻʚʦʛʦ ʨʦʟʧʣʘʚʫ 

ʚʽʜʙʫʚʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 680
ʦ
ʉ ʤʽʞ ʜʚʦʤʘ ʚʘʣʢʘʤʠ ʜʦʚʞʠʥʦʶ 610 ʤʤ, 

ʧʨʠ ʮʴʦʤʫ ʦʪʨʠʤʫʚʘʣʠ ʩʤʫʛʠ ʪʦʚʱʠʥʦʶ 3 ʤʤ ʪʘ ʟʘʚʜʦʚʞʢʠ 150 ʤ. ʋ 1956 

ʨʦʮʽ ʫ ʉʐɸ ʙʫʣʘ ʚʚʝʜʝʥʘ ʚ ʧʨʦʤʠʩʣʦʚʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʘʣʶʤʽʥʽʻʚʦʾ ʣʠʩʪʦʚʦʾ ʟʘʛʦʪʦʚʢʠ ʟʘ ʩʧʦʩʦʙʦʤ ʍʘʥʪʝʨʘ ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʚʝʜʝʥʥʷ ʨʦʟʧʣʘʚʫ ʟʥʠʟʫ ʜʦ ʚʘʣʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ 

ʨʦʟʧʦʜʽʣʴʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʜʝʬʦʨʤʘʮʽʾ. ʋʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʣʘʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦ ʟʚôʷʟʘʥʠʭ 

ʦʜʠʥ ʟ ʦʜʥʠʤ ʢʦʤʙʽʥʦʚʘʥʠʭ ʚʫʟʣʽʚ: ʧʽʯ-ʤʽʢʩʝʨ, ʣʠʚʘʨʥʠʡ ʘʛʨʝʛʘʪ ʟ ʧʨʠʚʦʜʦʤ, 

ʪʷʛʥʫʯʽ ʨʦʣʠʢʠ, ʥʦʞʠʮʽ, ʨʽʞʫʯʽʤ ʚʫʟʣʦʤ ʢʨʦʤʢʠ, ʤʦʪʘʣʢʦʶ. ʇʨʠ ʚʠʨʦʙʥʠʯʽʡ 

ʧʦʪʫʞʥʦʩʪʽ 1 ʪ/ʯ  ʥʘ ʫʩʪʘʥʦʚʮʽ ʦʪʨʠʤʫʚʘʣʠ ʬʦʣʴʛʦʚʫ ʟʘʛʦʪʦʚʢʫ 6,35 ʤʤ 

ʟʘʚʪʦʚʰʢʠ ʪʘ ʰʠʨʠʥʦʶ 1260 ʤʤ. 

         ʇʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʬʨʘʥʮʫʟʢʽ ʣʠʚʘʨʥʽ ʤʘʰʠʥʠ  

ʬʽʨʤʠ  çPechsiney- Coguillardè, ʷʢʽ ʤʘʣʠ ʧʽʜʚʽʜ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟ ʙʦʢʫ. ʋ 1962 

ʨʦʮʽ ʬʽʨʤʦʶ  çPechsineyè ʙʫʣʦ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʪʘʢ ʟʚʘʥʠʡ ʤʝʪʦʜ   

çʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ ʘʣʶʤʽʥʽʻʚʦʾ ʩʤʫʛʠè [20,21]. ʋ 60-70 ʨʦʢʘʭ ʍɯʍ ʩʪ. ʚ 

ʩʚʽʪʦʚʽʡ ʘʣʶʤʽʥʽʻʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʦʩʥʦʚʥʽ ʪʨʠ ʪʠʧʠ 

ʤʘʰʠʥ ʙʝʟʟʣʠʪʢʦʚʦʾ  ʧʨʦʢʘʪʢʠ: ʟ ʧʽʜʚʦʜʦʤ ʨʦʟʧʣʘʚʫ ʟ ʙʦʢʫ   çPechsiney- 3è, ʟ 

ʧʽʜʚʦʜʦʤ ʟʥʠʟʫ çHunter Ingineeringè, ʪʘ ʟ ʧʽʜʚʦʜʦʤ ʨʦʟʧʣʘʚʫ ʫ ʚʘʣʢʠ ʧʽʜ 

ʢʫʪʦʤ 60
ʦ
 ʜʦ ʛʦʨʠʟʦʥʪʫ ï çSuper Casterè. ʇʝʨʰʽ  ʤʘʰʠʥʠ ʬʽʨʤʠ  çHunter 

Ingineeringè ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʦʢʘʪʫ ʪʘ ʣʠʩʪʽʚ ʜʣʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  
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         ɼʦ 90-ʭ ʨʦʢʽʚ ʍɯʍ ʩʪ. ʚʩʴʦʛʦ ʫ ʩʚʽʪʽ ʚ ʘʣʶʤʽʥʽʻʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʧʨʘʮʶʚʘʣʦ ʙʽʣʷ 160 ʣʠʚʘʨʥʠʭ ʤʘʰʠʥ  ʟ ʩʫʤʽʱʝʥʥʷʤ ʣʠʪʪʷ ʪʘ ʧʨʦʢʘʪʢʠ. ʇʨʠ 

ʮʴʦʤʫ ʦʩʥʦʚʥʠʤ ʦʙʨʦʙʣʶʚʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʪʝʭʥʽʯʥʦ ʯʠʩʪʠʡ 

ʘʣʶʤʽʥʽʡ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʭʘʨʯʦʚʦʾ  ʬʦʣʴʛʠ. ɼʣʷ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ ʪʘ ʘʚʽʘʮʽʾ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʻ ʫ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʪʝʨʤʦʟʤʽʮʥʶʚʘʥʠʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤ Al-Cu ʪʘ Al-Zn. ʆʜʥʘʢ, 

ʪʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʩʤʫʛ (ʣʠʩʪʽʚ) ʟ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʦʙʦʤ ʚʘʣʢʦʚʦʾ 

ʨʦʟʣʠʚʢʠ - ʧʨʦʢʘʪʢʠ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʝ ʨʦʟʨʦʙʣʝʥʘ, ʱʦ ʟʚôʷʟʘʥʦ ʟ 

ʚʠʩʦʢʠʤ, ʙʽʣɹ ʰʝ 100 ÁC, ʽʥʪʝʨʚʘʣʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ  ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʮʠʭ 

ʩʠʩʪʝʤ.   

 

          1.3  ʆʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪ̫ ʤʝʪʘʣʫ  ʥʘ 

ʨʫʭʦʤʠʡ ʢʨʠʩʪʘʣʽʟʘʪʦʨ [22] 

          ɿʘʛʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʣʠʪʪʷ ʥʘ ʨʫʭʦʤʠʡ  

ʢʨʠʩʪʘʣʽʟʘʪʦʨ (ʨʠʩ. 1.7)  ʻ ʪʚʝʨʜʽʥʥʷ (ʥʘʤʝʨʟʘʥʥʷ) ʢʽʨʦʢ ʤʝʪʘʣʫ ʟ ʧʝʨʝʛʨʽʪʦʛʦ 

ʨʦʟʧʣʘʚʫ ʥʘ ʜʽʣʷʥʢʘʭ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʚʘʣʢʘ-

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ. ʊʚʝʨʜʽʥʥʷ ʨʦʟʧʣʘʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʽʥʪʝʥʩʠʚʥʠʤ 

ʪʝʧʣʦʦʙʤʽʥʦʤ, ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʚʽʪʨʷʥʦʛʦ  ʰʘʨʫ ʤʽʞ ʢʽʨʢʦʶ ʪʘ ʧʦʚʝʨʭʥʝʶ 

ʚʘʣʢʘ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ, ʙʝʟʧʝʨʝʰʢʦʜʥʽʡ  ʧʦʜʘʯʽ  ʧʝʨʝʛʨʽʪʦʛʦ ʨʦʟʧʣʘʚʫ ʜʦ 

ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ.  ʎʝ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʱʽʣʴʥʦʾ 

ʚʠʣʠʚʢʠ ʟ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ʌʦʨʤʫʚʘʥʥʷ ʚʠʣʠʚʢʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ: ʫʪʚʦʨʝʥʥʷʤ ʤʝʪʘʣʝʚʦʾ ʢʽʨʢʠ ʥʘ 

ʦʜʥʦʤʫ ʚʘʣʢʫ (ʨʠʩ.1.6, ʘ,ʙ); ʥʘ ʜʚʦʭ ʚʘʣʢʘʭ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʚ ʧʨʦʪʠʣʝʞʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʟʚʘʨʶʚʘʥʥʷʤ ʤʝʪʘʣʝʚʠʭ ʢʽʨʦʢ ʙʝʟ ʧʨʦʢʘʪʢʠ (ʣʠʪʪʷ ʟʘ ʩʭʝʤʦʶ 

ʨʽʜʢʦʾ ʧʨʦʢʘʪʢʠ) (ʨʠʩ.1.6, ʚ); ʥʘʤʝʨʟʘʥʥʷʤ ʢʽʨʦʢ ʥʘ ʜʚʦʭ ʚʘʣʢʘʭ ʟ ʧʨʦʢʘʪʢʦʶ 

ʟʘʪʚʝʨʜʽʣʠʭ ʢʽʨʦʢ (ʣʠʪʪʷ ʟʘ ʩʭʝʤʦʶ ʙʝʟʟʣʠʪʢʦʚʦʾ ʧʨʦʢʘʪʢʠ  ʩʤʫʛʠ  (ʣʠʩʪʘ) 

(ʨʠʩ.1.6, ʛ,ʜ,ʝ). 

          ʗʢ ʟʘʩʚʽʜʯʫʶʪʴ  ʙʘʛʘʪʦʨʽʯʥʽ ʩʚʽʪʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ  ʪʘ ʜʦʩʚʽʜ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ  ʪʝʭʥʦʣʦʛʽʡ  ʙʝʟʧʝʨʝʨʚʥʦʛʦ  ʣʠʪʪʷ ʥʘ ʨʫʭʦʤʠʡ 
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ʢʨʠʩʪʘʣʽʟʘʪʦʨ, ʥʘʡʙʽʣʴʰ ʫʩʧʽʰʥʦʶ ʪʘ ʘʜʘʧʪʦʚʘʥʦʶ  ʻ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ 

ʣʠʪʪʷ ʫ ʜʚʦʚʘʣʢʦʚʠʡ ʢʨʠʩʪʘʣʽʟʘʪʦʨ. 

 

 

 

1 ï ʨʦʟʧʦʜʽʣʶʚʘʯ ʨʦʟʧʣʘʚʫ (ʞʠʚʠʣʴʥʠʢ); 2 ï ʚʘʣʦʢ-ʢʨʠʩʪʘʣʽʟʘʪʦʨ; 3 ï ʩʤʫʛʘ 

ʈʠʩ. 1.6.  ʉʭʝʤʠ ʣʠʪʪʷ ʥʘʤʝʨʟʘʥʥʷʤ ʥʘ ʚʘʣʢʘʭ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʭ [22] 

 

            ʃʠʪʪʷ ʟʘ ʩʭʝʤʦʶ ʨʽʜʢʦʾ ʧʨʦʢʘʪʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʣʠʚʢʘ ʫ 

ʚʠʛʣʷʜʽ ʩʤʫʛʠ (ʣʠʩʪʘ)  ʬʦʨʤʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʟʚʘʨʶʚʘʥʥʶ ʜʚʦʭ ʤʝʪʘʣʝʚʠʭ 

ʢʽʨʦʢ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʚʘʥʥʽ ʟ ʨʦʟʧʣʘʚʦʤ ʥʘ ʧʦʚʝʨʭʥʷʭ ʜʚʦʭ ʚʘʣʢʽʚ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ, ʷʢʽ ʦʙʝʨʪʘʶʪʴʩʷ ʫ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʉʤʫʛʘ, ʱʦ 

ʚʠʭʦʜʠʪʴ ʟ ʚʘʣʢʽʚ ʤʦʞʝ ʤʽʩʪʠʪʴ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʜʢʦʾ ʬʘʟʠ, ʪʦʤʫ ʱʦ  ʬʨʦʥʪʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʨʦʩʪʘʶʪʴʩʷ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʧʨʦʬʽʣʝʤ;  
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ʥʝʧʦʚʥʽʩʪʶ ʡʜʝ ʚʠʪʠʩʢʘʥʥʷ ʨʽʜʠʥʠ ʫ ʟʦʥʽ ʦʙʪʠʩʥʝʥʥʷ ʨʽʜʢʦ-ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʠ. 

ʆʩʪʘʪʦʯʥʝ ʪʚʝʨʜʽʥʥʷ ʩʤʫʛʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʩʣʷ ʾʾ ʚʠʭʦʜʫ ʟ ʚʘʣʢʽʚ ʪʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʤʫʟʽ, ʘ ʪʘʢʦʞ ʪʝʧʣʦʦʙʤʽʥʫ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʇʦʚʥʽʩʪʶ ʟʘʪʚʝʨʜʽʣʘ ʯʘʩʪʠʥʘ ʩʤʫʛʠ ʥʝ 

ʧʨʦʢʘʪʫʻʪʴʩʷ, ʪʦʤʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʤʝʪʘʣʝʚʠʭ ʢʽʨʦʢ ʫ ʚʘʥʥʽ ʪʘ ʰʚʠʜʢʽʩʪʴ 

ʚʠʭʦʜʫ ʩʤʫʛʠ ʜʦʨʽʚʥʶʶʪʴ ʣʽʥʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʫ ʚʘʣʢʽʚ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ. 

       ʇʨʠ ʣʠʪʪʽ ʚ ʚʘʣʢʦʚʠʡ ʢʨʠʩʪʘʣʽʟʘʪʦʨ ʟ ʧʨʦʢʘʪʢʦʶ (ʜʘʣʽ ï ʙʝʟʟʣʠʪʢʦʚʘ 

ʧʨʦʢʘʪʢʘ ʩʤʫʛʠ) ʩʤʫʛʘ ʬʦʨʤʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʦʢʘʪʮʽ ʤʝʪʘʣʝʚʠʭ ʢʽʨʦʢ, 

ʫʪʚʦʨʝʥʠʭ ʫ ʚʘʥʥʽ ʟ ʨʦʟʧʣʘʚʦʤ ʥʘ ʧʦʚʝʨʭʥʽ ʚʘʣʢʽʚ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ. ʊʦʚʱʠʥʘ 

ʩʤʫʛʠ ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʚʘʣʢʽʚ ʤʝʥʰʝ ʩʫʤʘʨʥʦʾ ʪʦʚʱʠʥʠ ʫʪʚʦʨʝʥʠʭ ʥʘ ʚʘʣʢʘʭ 

ʤʝʪʘʣʝʚʠʭ ʢʽʨʦʢ. ʋ ʟʦʥʽ ʧʨʦʢʘʪʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʪʠʩʢ ʫʪʚʦʨʝʥʠʭ ʥʘ ʚʘʣʢʘʭ 

ʢʽʨʦʢ, ʽʥʪʝʥʩʠʚʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʩʤʫʛʠ ʟʘʚʜʷʢʠ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʚʘʣʢʘʤʠ-

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʤʠ ʥʘ ʚʩʴʦʤʫ ʧʨʦʪʷʟʽ ʢʦʥʪʘʢʪʫ. ɺʽʜ  ʚʝʣʠʯʠʥʠ ʦʙʪʠʩʢʫ 

ʤʝʪʘʣʝʚʠʭ ʢʽʨʦʢ  ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʘʣʝʞʠʪʴ ʬʦʨʤʫʚʘʥʥʷ ʩʤʫʛʠ ʙʝʟ ʪʨʽʱʠʥ ʪʘ 

ʨʦʟʨʠʚʽʚ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʙʣʠʟʴʢʦʶ ʜʦ ʛʘʨʷʯʝʢʘʪʘʥʦʾ. ɺ ʫʤʦʚʘʭ ʩʫʤʽʱʝʥʥʷ 

ʣʠʪʪʷ  ʟ ʧʨʦʢʘʪʢʦʶ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʤʫʛʠ ʥʘ ʚʠʭʦʜʽ ʟ ʚʘʣʢʽʚ  ʙʽʣʴʰʘ ʣʽʥʽʡʥʽʡ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʫ ʚʘʣʢʽʚ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ, ʪʦʙʪʦ ʤʘʶʪʴ ʤʽʩʮʝ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ 

ʧʨʦʢʘʪʢʠ ʚʠʧʝʨʝʜʞʝʥʥʷ.  

           ɼʦ ʧʝʨʝʚʘʛ ʧʨʦʮʝʩʫ ʧʨʷʤʦʛʦ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦʛʦ ʧʨʦʢʘʪʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʝ: 

- ʢʦʤʧʘʢʪʥʽʩʪʴ ʫʩʪʘʪʢʫʚʘʥʥʷ ï ʟʘʛʘʣʴʥʘ ʧʨʦʪʷʞʥʽʩʪʴ ʣʽʥʽʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 60 ʤ 

ʟʘʤʽʩʪʴ 500 ï 800 ʤ ʜʣʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ  ʩʤʫʛ ʪʘ ʣʠʩʪʽʚ ʟʽ ʩʣʷʙʽʚ 

ʟʘʚʪʦʚʰʢʠ ʚʽʜ 200 ʜʦ 300ʤʤ [23] (ʨʠʩ. 1.7); 

- ʟʘʦʱʘʜʞʝʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚʽʜ 80 ʜʦ 90% [24] ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʨʦʤʽʞʥʦʛʦ ʧʽʜʽʛʨʽʚʫ ʤʝʪʘʣʫ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʥʘ ʩʴʦʛʦʜʥʽ ʟʘʩʦʙʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʣʽ, 

ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʙʝʟʧʝʨʝʨʚʥʫ ʨʦʟʣʠʚʢʫ ʪʦʥʢʠʭ ʩʣʷʙʽʚ; 

- ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʦʤʽʞʥʦʛʦ ʧʽʜʽʛʨʽʚʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʩʭʝʤʦʶ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ ʚʫʛʣʝʮʝʚʦʛʦ 

ʛʘʟʫ ʚ ʩʽʤ ʨʘʟʽʚ, ʦʢʠʩʣʽʚ ʘʟʦʪʫ ï ʚ 15 ʨʘʟʽʚ, ʩʽʨʯʘʥʦʛʦ ʛʘʟʫ ï ʚ ʪʨʠ ʨʘʟʠ [18]; 
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ʘ ï ʪʨʘʜʠʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ, ʙ ï ʫʩʪʘʥʦʚʢʘ SuperCasterPlus (SCP), 

ʚ ï ʫʩʪʘʥʦʚʢʘ ʬʽʨʤʠ Castrip 

ʈʠʩ. 1.7.   ʉʭʝʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʨʷʯʝʢʘʪʘʥʦʾ ʩʤʫʛʠ [25] 

 

- ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ ʤʝʪʘʣʫ ʤʽʞ ʜʚʦʤʘ ʚʘʣʢʘʤʠ ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʟʘ ʫʤʦʚʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʣʠʩʪʘ ʩʫʪʪʻʚʦ ʚʠʱʝ, ʥʽʞ ʚ ʥʝʨʫʭʦʤʠʭ 

ʘʙʦ ʚ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʭ ʱʦ ʛʦʡʜʘʶʪʴʩʷ; 

-  ʦʪʨʠʤʘʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʦʶ ʣʽʢʚʘʮʽʻʶ 

ʟʘʚʜʷʢʠ ʤʘʣʦʛʦ ï ʙʽʣʷ 0,5 ʩʝʢ -  ʯʘʩʫ  ʥʘʩʢʨʽʟʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʤʝʪʘʣʫ [19,26]. 

ʊʝʧʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʣʠʪʪʷ. ɼʣʷ ʫʩʽʭ  ʩʭʝʤ ʙʝʟʟʣʠʚʢʦʚʦʛʦ ʣʠʪʪʷ ʫʤʦʚʠ 

ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʟʥʘʯʘʶʪʴ: ʪʦʚʱʠʥʫ ʚʽʜʣʠʚʢʠ, ʭʘʨʘʢʪʝʨ ʾʾ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ, ʩʪʽʡʢʽʩʪʴ ʧʨʦʮʝʩʫ ʣʠʪʪʷ. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʣʠʚʢʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʚ ʟʦʥʫ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʣʠʚʢʠ ʊʟʘʣ ) ʜʣʷ ʨʽʟʥʠʭ ʩʭʝʤ ʣʠʪʪʷ ʨʽʟʥʘ. ʇʨʠ ʣʠʪʪʽ ʧʦ ʩʭʝʤʽ 

ʙʝʟʟʣʠʚʢʦʚʦʾ ʧʨʦʢʘʪʢʠ ʟʘʣʠʚʢʫ ʧʨʦʚʦʜʷʪʴ ʟ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʝʨʝʛʨʽʚʫ (ȹʊʧʝʨ). ʊʝʤʧʝʨʘʪʫʨʫ ʨʦʟʧʣʘʚʫ ʚ ʧʝʯʽ ʧʽʜʙʠʨʘʶʪʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʥʘ ʰʣʷʭʫ ʡʦʛʦ ʨʫʭʫ ʜʦ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʚʘʣʢʽʚ ʚ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʣʠʪʪʷ ʧʽʜʪʨʠʤʫʶʪʴ ʚ 

ʜʽʘʧʘʟʦʥʽ  ʊʚ = 60é120
ʦ
ʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ, ʢʦʪʨʘ 

ʧʦʜʘʻʪʴʩʷ ʚ ʚʘʣʢʠ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʠ ʧʦʚʠʥʥʘ ʙʫʪʠ  10é20
ʦ
ʉ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʤʫʛʠ ʧʨʠ ʚʽʜʙʦʨʫ ʟ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 

2/3 ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʊʢʨ) ʥʘ ʦʜʠʥ ʚʘʣʦʢ ʪʘ ʧʦ ʩʭʝʤʽ ʙʝʟʟʣʠʚʢʦʚʦʾ 

ʧʨʦʢʘʪʢʠ. ɼʣʷ ʣʠʪʪʷ ʚ ʚʘʣʢʦʚʠʡ ʢʨʠʩʪʘʣʽʟʘʪʦʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʫʛʠ ʧʨʘʢʪʠʯʥʦ 

ʩʧʽʚʧʘʜʘʻ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʦʣʽʜʫʩʘ. 

ʗʢʽʩʪʴ ʩʤʫʛʠ.   ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʩʤʫʛʠ ʟʥʘʯʥʦ ʣʽʧʰʝ ʥʽʞ ʫ ʟʣʠʚʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʚ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ ʢʦʚʟʘʥʥʷ, ʪʘ ʤʘʣʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʨʫʢʪʫʨʠ 

ʟʦʚʥʽʰʥʽʭ ʰʘʨʽʚ ʟʣʠʚʢʘ, ʦʪʨʠʤʘʥʠʭ ʣʠʪʪʷʤ ʚ  ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨ. ʈʦʟʤʽʨ ʜʝʥʜʨʠʪʥʦʾ ʢʦʤʽʨʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ  

ʧʨʦʮʝʩʫ ʪʘ ʪʦʚʱʠʥʠ ʚʽʜʣʠʚʢʠ ʩʢʣʘʜʘʻ: 5é30ʤʢʤ. 

           ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʣʠʪʠʭ ʟʘʛʦʪʦʚʦʢ ʚʠʱʝ, ʥʽʞ ʫ ʟʣʠʚʢʽʚ ʟ ʪʠʭ 

ʩʘʤʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʧʨʠ ʣʠʪʪʽ ʟ ʦʙʪʠʩʢʘʥʥʷʤ ʥʘʙʣʠʞʫʶʪʴʩʷ ʜʦ ʛʘʨʷʯʝʢʘʪʘʥʠʭ 

ʩʤʫʛ. 

           ʗʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʩʤʫʛʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʾʭ ʦʪʨʠʤʘʥʥʷ. 

ʇʨʠ ʥʘʤʝʨʟʘʥʥʽ ʥʘ ʦʜʠʥ ʚʘʣʦʢ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʩʤʫʛʠ, ʩʬʦʨʤʦʚʘʥʦʾ ʥʘ 

ʢʦʥʪʘʢʪʽ ʟ ʥʠʤ, ʤʝʥʰ, ʥʽʞ ʫ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ  (RZ ʧʨʠʙʣʠʟʥʦ  

ʚ 2 ʨʘʟʠ  ʤʝʥʰʝ). ɺʽʣʴʥʘ ʧʦʚʝʨʭʥʷ ʬʦʨʤʫʻʪʴʩʷ ʙʽʣʴʰ ʰʦʨʩʪʢʦʶ. ʇʘʨʘʤʝʪʨ 

ʰʦʨʩʪʢʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʪʦʪʠ ʤʝʪʘʣʫ,  ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʠʚʢʠ, ʥʘʷʚʥʦʩʪʽ 

ʤʦʜʠʬʽʢʘʪʦʨʘ, ʰʚʠʜʢʦʩʪʽ ʣʠʪʪʷ, ʚʠʩʦʪʠ ʚʘʥʥʠ ʪʘ ʪ.ʧ. ɺ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʪʨʠʤʘʥʥʷ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʩʤʫʛʠ ʟ ʘʣʶʤʽʥʽʶ ʪʘ ʩʚʠʥʮʶ 

ʪʝʭʥʽʯʥʦʾ ʯʠʩʪʦʪʠ ʟ ʧʘʨʘʤʝʪʨʦʤ ʰʦʨʩʪʢʦʩʪʽ  RZ = 15é30 ʤʢʤ. ʉʤʫʛʠ ʟʽ 

ʩʧʣʘʚʽʚ ʟ ʙʦʢʫ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʟʦʥʫ ʧʦʨʠʩʪʦʩʪʽ. 
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           ɺ ʫʤʦʚʘʭ ʣʠʪʪʷ ʤʝʪʦʜʦʤ ʜʚʦʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ-ʧʨʦʢʘʪʢʠ, ʰʦʨʩʪʢʽʩʪʴ 

ʧʦʚʝʨʭʥʽ ʩʤʫʛ ʚʽʜʧʦʚʽʜʘʻ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʘʣʢʽʚ. ʉʤʫʛʠ, ʚʽʜʣʠʪʽ ʟʘ 

ʩʭʝʤʦʶ ʚ ʥʘ ʤʘʣʶʥʢʫ 1.1., ʤʘʶʪʴ ʙʽʣʴʰ ʰʦʨʩʪʢʫ ʧʦʚʝʨʭʥʶ, ʥʽʞ ʚʘʣʢʠ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ  RZ ʩʤʫʛ ʪʘ ʰʣʽʬʦʚʘʥʠʭ ʚʘʣʢʽʚ ʩʢʣʘʜʘʻ  2é4 ʧʨʠ 

ʣʠʪʪʽ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ; 10é30 ʧʨʠ ʣʠʪʪʽ ʩʦʣʝʡ. 

         ʇʨʦʙʣʝʤʘ ʨʽʟʥʦʪʦʚʱʠʥʥʦʩʪʽ ʩʤʫʛ ʭʘʨʘʢʪʝʨʥʘ ʫʩʽʤ ʩʭʝʤʘʤ ʣʠʪʪʷ. ʇʨʠ 

ʣʠʪʪʽ ʙʝʟʟʣʠʚʢʦʚʦʶ   ʧʨʦʢʘʪʢʦʶ  ʚʦʥʘ ʜʝʢʽʣʴʢʘ ʚʠʱʘ ʨʽʟʥʦʪʦʚʱʠʥʥʦʩʪʽ ʧʨʠ 

ʛʘʨʷʯʽʡ ʧʨʦʢʘʪʮʽ. ʇʨʠ ʣʠʪʪʽ ʫ ʚʘʣʢʠ ʙʝʟ ʦʙʪʠʩʢʫ ʨʽʟʥʦʪʦʚʱʠʥʥʽʩʪʴ ʩʤʫʛ ʟ 

ʤʽʜʥʠʭ ʧʨʠʧʦʾʚ ʜʦʩʷʛʘʻ   20é50 % ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʧʣʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʘʣʢʽʚ ʪʘ 

ʥʝʜʦʩʪʘʪʥʴʦʾ ʩʪʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʣʠʚʢʠ. 

        ɼʝʬʝʢʪʘʤʠ ʩʤʫʛ ʻ: ʨʽʟʥʦʪʦʚʱʠʥʥʽʩʪʴ ʟʘ ʰʠʨʠʥʦʶ ʪʘ ʜʦʚʞʠʥʦʶ ʩʤʫʛʠ, 

ʪʨʽʱʠʥʠ, ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʦʨʠʩʪʽʩʪʴ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʾʭ 

ʚʠʥʠʢʥʝʥʥʷ ʻ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʣʠʚʢʠ ʧʦ ʜʦʚʞʝʥʥʽ ʚʘʣʢʘ, 

ʢʦʪʨʘ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʫʤʦʚ ʧʦʜʘʯʽ ʨʦʟʧʣʘʚʫ ʜʦ ʚʘʣʢʽʚ, 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʥʘʥʝʩʝʥʥʷ  ʟʤʘʟʢʠ ʥʘ ʚʘʣʦʢ, ʧʨʠʣʠʧʘʥʥʷ ʜʦ ʚʘʣʢʽʚ ʯʘʩʪʠʥʦʢ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜʣʠʚʢʠ, ʟʘʪʽʢʘʥʥʷ ʨʦʟʧʣʘʚʫ ʚ ʧʨʦʤʽʞʦʢ ʤʽʞ ʥʘʩʘʜʢʦʶ ʪʘ ʚʘʣʢʦʤ, 

ʧʦʨʫʰʝʥʥʷ ʨʝʞʠʤʫ ʦʭʦʣʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ  ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʜʦʚʞʠʥʘ 

ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʩʪʫʧʝʥʴ ʦʙʪʠʩʢʫ ʟʘʪʚʝʨʜʽʣʦʛʦ ʤʝʪʘʣʫ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ. ɰʭ 

ʟʨʦʩʪʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʦʪʦʚʱʠʥʥʦʩʪʽ, ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʨʠʣʠʧʘʥʥʶ 

ʤʝʪʘʣʫ ʥʘ ʽʥʩʪʨʫʤʝʥʪ,  ʜʦ ʚʠʢʨʠʚʣʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ  

ʧʦʛʽʨʰʝʥʥʶ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʩʤʫʛʠ (ʣʠʩʪʘ). ɼʝ̫ʢʽ ʘʚʪʦʨʠ ʚʠʩʣʦʚʣʶʶʪʴ 

ʧʨʦʧʦʟʠʮʽʾ ʟ ʦʙʤʝʞʝʥʥʶ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʜʚʦʚʘʣʢʦʚʦʤʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ 

ʤʽʥʽʤʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʪʘʢ, ʱʦʙ ʥʘʩʢʨʽʟʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʩʤʫʛʠ ʧʨʦʭʦʜʠʣʘ ʚ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʧʝʨʝʪʠʥʫ ʚʠʭʦʜʫ ʤʝʪʘʣʫ ʟ ʚʘʣʢʽʚ [27, 28  ʪʘ ʽʥ.]. ɿ 

ʜʨʫʛʦʛʦ ʙʦʢʫ, ʚ ʜʝʷʢʠʭ ʧʨʘʮʷʭ ʟ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʘ ʬʦʨʤʦʟʤʽʥʘ ʧʦʣʽʧʰʫʻ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʫ ʟʘ ʨʘʭʫʥʦʢ 

ʟʚʘʨʶʚʘʥʥʷ ʧʦʨ ʫ ʤʘʪʝʨʽʘʣʽ, ʜʨʽʙʥʝʥʥʷ ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʠʭ ʟʝʨʝʥ [17, 28, 29 ʪʘ ʽʥ.].  
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           ɺ ʨʦʙʦʪʽ ʄ.ʗ. ɹʨʦʚʤʘʥʘ ʪʘ ʽʥ. [30] ʚʢʘʟʘʥʦ, ʱʦ ʩʪʫʧʝʥʴ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʜʦʙʨʫ ʷʢʽʩʪʴ ʤʝʪʘʣʫ, ʧʨʠ  ʙʝʟʟʣʠʚʢʦʚʽʡ ʧʨʦʢʘʪʮʽ ʩʪʘʣʽ ʧʦʚʠʥʥʘ 

ʩʢʣʘʜʘʪʠ ʥʝ ʤʝʥʰ ʥʽʞ 15%. ɼʣʷ ʘʣʶʤʽʥʽʶ ʪʘ ʡʦʛʦ ʩʧʣʘʚʽʚ ʟʛʽʜʥʦ ʜʘʥʠʭ ʄ. 

ʌʝʨʨʽ ʟʘʪʚʝʨʜʽʣʫ ʩʤʫʛʫ ʚ ʜʚʦʚʘʣʢʦʚʦʤʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ ʥʝʦʙʭʽʜʥʦ ʧʽʜʜʘʚʘʪʠ 

ʤ̔ ʥʽʤʘʣʴʥʦʤʫ ʦʙʪʠʩʢʫ ʥʘ ʨʽʚʥʽ 20...30% [17]. ɺ ʧʨʘʢʪʠʮʽ ʙʝʟʟʣʠʚʢʦʚʘ ʧʨʦʢʘʪʢʘ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʤʫʛ ʜʣʷ ʬʦʣʴʛʠ ʟ ʧʦʜʘʚʘʥʥʷʤ ʨʦʟʧʣʘʚʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʚʠʩʦʢʠʤʠ ʩʪʫʧʝʥʷʤʠ ʦʙʪʠʩʢʫ 

ʤʘʪʝʨʽʘʣʫ [17, 31]. 

           ɿ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʦʚʞʠʥʫ ʜʽʣ̫ʥʢʠ 

ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʽʡ ʚʘʣʢʦʚʽʡ ʨʦʟʣʠʚʮʽ-ʧʨʦʢʘʪʮʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ 

ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ, ʚʠʟʥʘʯʘʶʯʠ  ʙʣʠʟʴʢʽʩʪʴ ʦʙʨʘʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʫʩʪʘʥʦʚʢʠ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ. ʈʦʟʫʤʽʥʥʷ 

ʚʘʞʣʠʚʦʩʪʽ ʜʘʥʦʛʦ ʬʘʢʪʦʨʫ ʻ ʦʩʥʦʚʥʦʶ ʣʽʥʽʻʶ ʷʢʘ ʧʨʦʭʦʜʝ  ʢʨʽʟʴ ʙʘʛʘʪʦ ʨʦʙʽʪ 

ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʚʯʝʥʥʶ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʩʤʫʛ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʧʣʘʚʫ ʚ 

ʫʩʪʘʥʦʚʢʘʭ ʩ ʜʚʦʚʘʣʢʦʚʠʤ ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ.  

            

          1.4 ʊʝʭʥʦʣʦʛʽʷ ʜʚʦʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ-ʧʨʦʢʘʪʫʚʘʥʥʷ  ʤʝʪʘʣʝʚʠʭ ʩʤʫʛ 

(ʣʠʩʪʽʚ) , ʧʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʪʘ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

          ʇʝʨʰʘ ʨʝʘʣʽʟʘʮʽʷ ʽʜʝʾ ʧʨʷʤʦʛʦ ʦʪʨʠʤʘʥʥʷ ʩʪʨʽʯʢʠ (ʣʠʩʪʘ) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʚʦʚʘʣʢʦʚʦʾ  ʣʠʚʘʨʥʦʾ  ʤʘʰʠʥʠ,  ʷʢʘ ʙʫʣʘ  ʚʪʽʣʝʥʘ ɻ.ɹʝʩʝʤʝʨʦʤ [32-34],  

ʚʠʟʥʘʯʠʣʘ ʪʨʠ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʽ ʪʨʫʜʥʦʱʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʘ ʩʘʤʝ: 

ʧʽʜʚʽʜ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʤʽʞʚʘʣʢʦʚʫ ʟʦʥʫ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ; ʙʦʢʦʚʽ 

ʦʙʤʝʞʫʚʘʯʽ ʟʦʥʠ ʨʦʟʣʠʚʢʠ;  ʷʢʽʩʪʴ ʩʤʫʛʠ. ɹʝʩʝʤʝʨ ʟʫʧʠʥʠʚ ʨʦʟʨʦʙʢʫ 

ʪʝʭʥʦʣʦʛʽʾ ʣʠʪʪʷ ʧʦʣʦʩʠ ʜʣʷ ʩʪʘʣʽ, ʘʣʝ ʟʘʣʠʰʠʚʩʷ ʚʧʝʚʥʝʥʠʤ, ʱʦ ʯʘʩ 

ʜʚʦʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ (TRC)   ʦʙʦʚôʷʟʢʦʚʦ ʧʨʠʡʜʝ. ʅʘʩʪʫʧʥʠʡ ʚʘʛʦʤʠʡ ʢʨʦʢ ʫ 

ʨʦʟʚʠʪʢʫ ʧʨʷʤʦʛʦ ʣʠʪʪʷ ʩʤʫʛʠ (ʣʠʩʪʘ) ʚʽʜʙʫʚʩʷ ʫ 1890 ʨʦʮʽ, ʢʦʣʠ 

ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʤʝʪʘʣʫʨʛ, ɽʜʚʽʥ ʅʦʨʪʦʥ , ʧʨʦʚʦʜʠʚ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ 

ʜʚʦʚʘʣʢʦʚʽʡ ʄɹʃɿ. ɺʽʥ ʟ ʫʩʧʽʭʦʤ ʚʠʛʦʪʦʚʠʚ ʩʪʘʣʴʥʽ ʩʤʫʛʠ ʪʦʚʱʠʥʦʶ 3ʤʤ 

[21,35-37]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʫʩʧʽʰʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʪʝʭʥʽʯʥʽ ʪʨʫʜʥʦʱʽ ʪʘ 
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ʨʘʧʪʦʚʘ ʧʦʞʝʞʘ ʚ ʤʘʡʩʪʝʨʥʽ ʅʦʨʪʦʥʘ ʩʧʦʥʫʢʘʣʠ ʧʨʠʧʠʥʠʪʠ ʽʥʚʝʩʪʠʮʽʾ ʚ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʝʢʪʫ[21]. ʊʨʠʜʮʷʪʴ ʨʦʢʽʚ ʧʦʪʦʤʫ ʫ 20-ʭ ʨʦʢʘʭ ʍʍ ʩʪ. 

ʽʥʪʝʨʝʩ ʜʦ ʽʜʝʾ ɹʝʩʝʤʝʨʘ ʟʥʦʚʫ ʙʫʚ ʚʽʜʨʦʜʞʝʥʠʡ ʪʘ ʧʦʯʘʣʠ ʟôʷʚʣʷʪʠʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʨʦʝʢʪʠ ʷʢ ʥʘ ɿʘʭʦʜʽ ʪʘʢ ʽ ʫ ʪʦʜʽʰʥʴʦʤʫ ʉʈʉʈ. ʅʘʡʙʽʣʴʰ 

ʚʽʜʦʤʠʡ ʙʫʚ ʧʨʦʝʢʪ ʚʽʜ Clarence W. Hazelett [38]. ʇʨʦʤʠʩʣʦʚʘ ʜʚʦʚʘʣʢʦʚʘ 

ʫʩʪʘʥʦʚʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʘʣʶʤʽʥʽʻʚʠʭ, ʩʚʠʥʮʝʚʠʭ ʪʘ ʣʘʪʫʥʥʠʭ ʩʤʫʛ 

ʧʦʙʫʜʦʚʘʥʘ ʢʦʤʧʘʥʽʻʶ Hazelett ʧʨʦʡʰʣʘ ʫʩʧʽʰʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʜʦʙʨʝ ʩʝʙʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʘ. ʆʜʥʘʢ ʧʨʠ ʩʧʨʦʙʽ ʣʠʪʪʷ ʩʪʘʣʝʚʠʭ ʩʤʫʛ ʢʦʤʧʘʥʽʷ Hazelett 

ʟʽʪʢʥʫʣʘʩʷ ʟ ʙʘʛʘʪʴʤʘ ʧʨʦʙʣʝʤʘʤʠ, ʧʝʨʰ ʟʘ ʚʩʝ ʮʝ ʷʢʽʩʪʴ ʣʠʪʦʾ ʩʤʫʛʠ ʪʘ 

ʤʘʪʝʨʽʘʣ ʚʘʣʢʽʚ. ʉʧʨʦʙʠ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʜʥʦʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ ʧʨʠʟʚʦʜʠʣʠ ʜʦ ʧʦʷʚʠ ʥʦʚʠʭ ʪʨʫʜʥʦʱʽʚ ʧʦʚôʷʟʘʥʠʭ ʟ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʩʤʫʛʠ ʟʘ ʪʦʚʱʠʥʦʶ, ʷʢʽʩʪʶ ʩʤʫʛʠ ʪʘ ʙʦʢʦʚʠʭ ʦʙʤʝʞʫʚʘʯʽʚ. 

ʗʢ ʥʘʩʣʽʜʦʢ  Hazelett ʚ̔ ʜʤʦʚʠʣʘʩʴ ʚʽʜ ʨʦʟʨʦʙʢʠ ʦʜʥʦ- ʪʘ ʜʚʦʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ 

ʩʤʫʛʠ ʫ 1940-ʭ ʨʦʢʘʭ ʪʘ ʟʦʩʝʨʝʜʠʣʘʩʴ ʥʘ ʨʦʟʨʦʙʮʽ ʜʚʦʩʪʨʽʯʢʦʚʦʛʦ 

ʣʠʪʪʷ[21,38]. ʅʦʚʝ ʥʘʧʨʘʚʣʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʘʣʦ ʚʝʣʠʢʽʡ ʫʩʧʽʭ, ʥʘʩʪʽʣʴʢʠ, ʱʦ 

ʩʫʯʘʩʥʽ ʜʚʦʩʪʨʽʯʢʦʚʽ ʤʘʰʠʥʠ ʰʠʨʦʢʦ ʚʽʜʦʤʽ ʷʢ ʤʘʰʠʥʠ  Hazelett ʪʘ ʜʦʩʪʫʧʥʽ 

ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ  ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʨʽʯʦʢ (ʣʠʩʪʽʚ) ʟ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʦʢʨʽʤ ʩʪʘʣʽ. 

ʋ 1930-ʭ ʨʦʢʘʭ ʚʽʜʙʫʣʦʩʷ ʧʝʨʰʝ ʧʨʦʤʠʩʣʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʷʤʦʛʦ 

ʣʠʪʪʷ ʩʤʫʛʠ ʟ ʜʨʽʙʥʦʩʝʨʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʤʝʪʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ 

ʧʨʦʩʪʽ  ʣʠʚʘʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʯʘʚʫʥ. ʋ 1934-1950 ʨʦʢʘʭ ʮʝʡ ʤʝʪʦʜ, 

ʥʘʧʨʠʢʣʘʜ, ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʉʈʉʈ ʧʨʠ ʣʠʪʪʽ ʯʘʚʫʥʥʠʭ ʣʠʩʪʽʚ ʜʣʷ 

ʧʦʢʨʽʚʣʽ ʜʘʭʽʚ. [19,21]. ʋ 1940-ʭ ʨʦʢʘʭ, ʚʥʘʩʣʽʜʦʢ ʪʝʭʥʽʯʥʠʭ ʧʝʨʝʰʢʦʜ, ʪʘʢʠʭ 

ʷʢ ʟʥʦʩ ʚʘʣʢʽʚ, ʥʠʟʴʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʥʠʟʴʢʘ ʷʢʽʩʪʴ ʚʠʣʠʚʦʢ, ʟʤʽʥʥʘ 

ʩʪʨʫʢʪʫʨʘ ʪʚʝʨʜʽʥʥʷ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ 

ʜʚʦʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ ʩʪʘʣʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʙʫʣʠ ʧʨʠʧʠʥʝʥʽ. ʇʽʩʣʷ ɼʨʫʛʦʾ 

ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ ʩʚʽʪʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʦʩʴ ʟ 113,1 ʤʣʥ. ʪʦʥ 

ʫ 1945 ʨʦʮʽ ʜʦ 645,4 ʤʣʥ. ʪʦʥ ʫ 1975 ʨʦʮʽ. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʦʧʠʪʫ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ  ʟʘʜʦʚʦʣʴʥʷʣʦʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʢʦʤʙʽʥʘʪʽʚ, ʷʢʽ ʚʨʦʙʣʷʣʠ ʙʽʣʴʰ ʥʽʞ 5 ʤʣʥ. ʪ / ʨʽʢ [39,40]. ɺʝʣʠʢʠʡ ʧʦʧʠʪ ʥʘ 

ʩʪʘʣʝʚʫ ʧʨʦʜʫʢʮʽʶ ʜʣʷ ʧʽʩʣʷʚʦʻʥʥʦʾ ʨʦʟʙʫʜʦʚʠ ʟʤʽʩʪʠʚ ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ ʫ ʙʽʢ 
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ʧʝʨʝʚʘʞʘʶʯʠʭ ʧʨʦʧʦʟʠʮʽʡ. ʇʨʦʮʝʩ ʟʚʠʯʘʡʥʦʛʦ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ (ɹʃɿ) 

ʙʫʣʦ ʚʪʽʣʝʥʦ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʚ 1952 ʨʦʮʽ  ʢʦʤʧʘʥʽʻʶ Mannesmann, ʪʘ 

ʟʘʧʨʦʚʘʜʞʝʥʦ ʫ ʩʚʽʪʦʚʦʤʫ ʤʘʩʰʪʘʙʽ  ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚ 1970-

ʭ ʨʦʢʘʭ.  ʇʨʦʮʝʩ ʜʫʞʝ  ʰʚʠʜʢʦ ʙʫʚ ʧʨʠʡʥʷʪʠʡ, ʚʨʘʭʦʚʫʶʯʠ 10% ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʭʦʜʫ ʩʪʘʣʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʝʭʥʦʣʦʛʽʻʶ ʣʠʪʪʷ ʟʘʛʦʪʦʚʦʢ [21,32].  

       ɽʬʝʢʪʠʚʥʽʩʪʴ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ (ɹʃɿ) ʟʤʝʥʰʠʣʘ ʙʘʞʘʥʥʷ ʤʝʪʘʣʫʨʛʽʚ 

ʽʥʚʝʩʪʫʚʘʪʠ ʚ ʨʦʟʨʦʙʢʫ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʩʤʫʛʠ (ʣʠʩʪʘ) ʜʣʷ ʩʪʘʣʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʧʣʘʚʫ. ʆʜʥʘʢ ʜʣʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ 

ʦʪʨʠʤʘʥʥʷ ʩʤʫʛʠ (ʣʠʩʪʘ) ʟ ʨʦʟʧʣʘʚʫ ʧʨʦʜʦʚʞʫʚʘʚʩʷ (ʜʠʚ. ʧ.1.2).  ɼʦʩʷʛʥʝʥʥʷ 

ʚ ʨʦʟʨʦʙʮʽ ʚʘʣʢʦʚʠʭ ʣʠʚʘʨʥʠʭ ʤʘʰʠʥ ʜʣʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʟ 50-ʭ ʨʦʢʽʚ ʻ 

ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʚ ʮʽʣʦʤʫ ʪʝʭʥʦʣʦʛʽʾ ʣʠʪʪʷ ʟʘʛʦʪʦʚʦʢ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʧʣʘʚʫ.     

      ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ ʨʦʙʣʷʪʴ ʣʠʪʪʷ ʩʤʫʛʠ (ʣʠʩʪʘ) ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ. ʊʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʯʝʟʥʽ ʟʫʩʠʣʣʷ ʜʦʩʣʽʜʥʠʢʽʚ, 

ʣʠʪʪʷ ʩʪʘʣʝʚʦʾ ʰʪʘʙʠ ʩʪʘʣʦ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʚ ʥʘʰʽ ʜʥʽ [18,41,42,43]. 

          ʅʘʜ ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʧʨʘʮʶʚʘʣʦ ʢʽʣʴʢʘ ʛʨʫʧ ʬʘʭʽʚʮʽʚ ʫ ʙʘʛʘʪʴʦʭ 

ʢʨʘʾʥʘʭ (ʅʽʤʝʯʯʠʥʘ, ʌʨʘʥʮʽʷ, ɯʪʘʣʽʷ, ɸʚʩʪʨʽʷ, ʗʧʦʥʽʷ, ɸʚʩʪʨʘʣʽʷ, ʐʚʝʮʽʷ, 

ʈʦʩʽʷ ʪʘ ʽʥ). ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʙʣʠʟʴʢʦ 20 ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʂʦʥʩʪʨʫʢʮʽʾ 

ʫʩʪʘʥʦʚʦʢ ʩʫʪʪʻʚʦ ʨʽʟʥʠʣʠʩʷ. ʉʝʨʝʜ ʥʠʭ ʙʫʣʠ ʜʚʦʭʚʘʣʢʦʚʽ ʟ ʚʘʣʢʘʤʠ 

ʦʜʥʘʢʦʚʦʛʦ ʽ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʽʚ, ʦʜʥʦʚʘʣʢʦʚʽ ʽ ʩʪʨʽʯʢʦʚʽ. ʆʜʥʘʢ ʣʠʰʝ 

ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʦʙʥʠʢʽʚ ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʦ ʮʝ ʙʽʣʴʰ-ʤʝʥʰ ʚʧʝʚʥʝʥʦ ʩʪʘʣʠ ʛʦʚʦʨʠʪʠ ʧʽʩʣʷ 1999 ʨʦʢʫ, ʢʦʣʠ ʙʫʣʠ 

ʟʘʚʝʨʰʝʥʽ ʜʦʩʣʽʜʥʽ ʪʘ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʽ ʨʦʙʦʪʠ ʚ ɸʚʩʪʨʘʣʽʾ, ɭʚʨʦʧʽ ʽ 

ʗʧʦʥʽʾ. ʅʠʞʯʝ ʨʦʟʛʣʷʥʫʪʽ ʥʘʡʙʽʣʴʰ ʫʩʧʽʰʥʽ ʨʦʙʦʪʠ, ʷʢʽ ʚʽʜʢʨʠʚʘʣʠ ʥʦʚʠʡ 

ʝʪʘʧ ʫ ʨʦʟʚʠʪʢʫ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ [21]. 

         ʋ 1986 ʨ ʬʽʨʤʘ Krupp Stahl (ʅʽʤʝʯʯʠʥʘ) ʩʧʽʣʴʥʦ ʟ ʬʽʨʤʦʶ Nippon Metal 

Industries (ʗʧʦʥʽʷ) ʧʨʦʚʝʣʠ ʧʝʨʰʽ ʜʦʩʣʽʜʠ ʧʦ ʨʦʟʣʠʚʘʥʥʶ ʩʪʘʣʽ ʚ ʩʤʫʛʫ ʥʘ 

ʜʚʦʚʘʣʢʦʚʽʡ ʤʘʰʠʥʽ. ʋ 1986 ʨ ʬʽʨʤʠ AST ʽ CSM (ɯʪʘʣʽʷ) ʩʪʚʦʨʠʣʠ ʚ ʊʝʨʥʽ 

ʜʦʩʣʽʜʥʫ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʠʭ ʩʤʫʛ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʦʜʘʯʝʶ 

ʩʪʘʣʽ [44-47]. 
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        ʋ 1986 ʨ ʬʽʨʤʘ Usinor ʚ ɯʩʙʝʨʛʝ (ʌʨʘʥʮʽʷ) ʽ ʬʽʨʤʠ Tissen Edelstahl Werke 

ʽ Tissen Stahl (ʅʽʤʝʯʯʠʥʘ) ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ Myosotis ʩʪʚʦʨʠʣʠ ʜʦʩʣʽʜʥʫ 

ʫʩʪʘʥʦʚʢʫ ʧʦ ʨʦʟʣʠʚʘʥʥʶ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʽ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ. ɿ 1986 ʨ 

ʬʽʨʤʘ VAI (ɸʚʩʪʨʽʷ) ʪʘʢʦʞ ʚʠʨʽʰʠʣʘ ʧʨʦʙʣʝʤʫ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʠʭ ʩʤʫʛ ʟ 

ʨʽʜʢʦʾ ʩʪʘʣʽ [21,48-50]. 

         ʊʘʢʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʥʘʜ ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ ʽʟʦʣʴʦʚʘʥʦ ʧʨʘʮʶʚʘʣʘ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʬʽʨʤ, ʧʨʠʚʝʣʘ ʜʦ ʨʦʟʤʠʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʊʦʤʫ ʧʽʩʣʷ 1990 ʨʦʢʫ ʥʘʤʽʪʠʣʘʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʨʝʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʽʪ. ʋ 

1995 ʨ ʬʽʨʤʘ VAI ʙʫʣʘ ʟʘʣʫʯʝʥʘ ʜʦ ʨʦʙʦʪʠ ʥʘʜ ʚʩʪʘʥʦʚʣʝʥʥʷʤ, ʨʦʟʪʘʰʦʚʘʥʦʾ 

ʥʘ ʟʘʚʦʜʽ ʬʽʨʤʠ AST ʚ ʊʝʨʥʽ. ɺ ʢʽʥʮʽ 1998 ʨ ʬʽʨʤʠ KTN (ʅʽʤʝʯʯʠʥʘ), VAI ʽ 

AST ʧʨʠʡʥʷʣʠ ʨʽʰʝʥʥʷ ʧʨʦ ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʦʾ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʚ ʂʨʝʬʝʣʴʜʽ (ʅʽʤʝʯʯʠʥʘ) ʜʣʷ ʨʦʟʣʠʚʘʥʥʷ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʩʪʘʣʝʡ. 

ʅʘ ʫʩʪʘʥʦʚʮʽ ʚ ʊʝʨʥʽ ʚʽʜʧʨʘʮʴʦʚʫʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʣʠʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʪʘ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʪʘʣʝʡ [21,44,51].    

             ʉʪʘʥʦʤ ʥʘ 2009ï2010 ʨʦʢʠ  ʯʦʪʠʨʠ ʧʨʦʮʝʩʘ TRC ʜʦʩʷʛʣʠ ʧʨʦʤʠʩʣʦʚʦʾ 

ʩʪʘʜʽʾ (Castrip, Eurostrip, Nippon Steel / MHI , Hikari ʠ poStrip), ʘ ʱʝ ʦʜʠʥ ʚ 

ʩʪʘʜʽʾ ʧʦʚʥʦʛʦ ʪʝʩʪʫʚʘʥʥ ̫ ʥʘ Baosteel. ɿ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ Castrip 

ʟʦʩʝʨʝʜʠʚʩʷ ʥʘ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʢʘʪʢʠ ʟ 

ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪ  ʁʪʝʧʣʦʧʝʨʝʤʽʱʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʦʾ  BHP ʚ 1990-ʭ ʨʦʢʘʭ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ  ʚʠʨʦʙʣʷʪʠ ʫʣʴʪʨʘʪʦʥʢʽ ʛʘʨʷʯʽ ʩʤʫʛʠ (ʣʠʩʪʠ). ʗʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʴ, 

ʥʘ ʘʛʨʝʛʘʪʽ  CASTRIP ʬʽʨʤʠ çNucor Steelè (ʉʐɸ)  ʩʴʦʛʦʜʥʽ ʫʩʧʽʰʥʦ 

ʚʠʨʦʙʣʷʶʪʴ ʥʘʡʙʽʣʴʰ ʪʦʥʢʫ ʢʘʪʘʥʫ ʩʤʫʛʫ 0,9é1,5 ʤʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʘʣʢʠ 

ʜʽʘʤʝʪʨʦʤ 0,5 ʤ, ʬʽʨʤʘ  Nippon ï 1,2 ʤ, ʘ ʬʽʨʤʘ Eurostrip ʜʦ 1,5ʤ. [21,52]. 

ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʚʘʣʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʘʥʥʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʤʽʞ ʚʘʣʢʘʤʠ, ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʨʦʟʰʠʨʝʥʥʷ 

ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ ʟʘʛʦʪʦʚʢʠ. ɺ ʩʫʢʫʧʥʦʩʪʽ ʟ ʩʧʨʦʤʦʞʥʽʩʪʶ ʚʽʜʚʝʜʝʥʥʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʄɹʃɿ, ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʣʠʪʪʷ. ʆʜʥʘʢ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʽʘʤʝʪʨʫ ʚʘʣʢʽʚ ʟʨʦʩʪʘʶʪʴ 

ʚʠʪʨʘʪʠ ʢʦʰʪʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʦʢʦʚʠʭ ʦʙʤʝʞʫʚʘʯʽʚ, 

ʥʘʥʝʩʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʚʘʣʢʽʚ, ʘ ʪʘʢʦʞ ʥʘ 



48 
 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʘʤʠʭ ʚʘʣʢʽʚ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ [53]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʟʤʝʥʰʝʥʥʷ 

ʜʽʘʤʝʪʨʫ ʚʘʣʢʽʚ, ʟʤʝʥʰʫʻ ʤʘʩʫ ʫʩʴʦʛʦ ʘʛʨʝʛʘʪʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʚʘʨʪʽʩʪʴ, 

ʧʦʣʝʛʰʫʻ ʧʨʦʮʝʩ ʧʽʜʚʝʜʝʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʟʘʟʦʨ ʤʽʞ ʚʘʣʢʘʤʠ.        

        ɺʠʙʽʨ ʤʝʥʰʠʭ ʟʘ ʜʽʘʤʝʪʨʦʤ  ʣʠʚʘʨʥʠʭ ʚʘʣʢʽʚ ʜʘʚ  ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ 

ʽʥʰʠʤʠ ʢʦʥʢʫʨʫʶʯʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚ ʢʦʥʪʝʢʩʪʽ ʟʥʠʞʝʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ 

ʚʠʪʨʘʪ, ʱʦ ʙʫʣʦ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʨʠʯʠʥ ʪʦʛʦ, ʱʦ ʧʨʦʮʝʩ Castrip  

ʙʫʚ ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʨʘʥʽʰʝ  ʽʥʰʠʭ ʩʫʯʘʩʥʠʭ ʧʨʦʝʢʪʽʚ, 

ʪʘʢʠʭ ʷʢ Nippon Steel ʠ Eurostrip. 

          ʇʨʦʮʝʩ Castrip ʙʫʣʦ ʫʧʝʨʰʝ  ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʟʘʚʦʜʽ Nucor ʚ 

ʂʨʦʫʬʦʨʜʩʚʽʣʣʻ, ʰʪʘʪ ɯʥʜʽʘʥʘ ʚ 1989 ʨʦʮʽ ʷʢ ʧʝʨʰʠʡ ʫ ʩʚʽʪʽ ʤʽʢʨʦ-ʟʘʚʦʜ  ʥʘ 

ʙʘʟʽ TRC. ɼʨʫʛʘ ʫʩʪʘʥʦʚʢʘ Castrip ʟʘʧʫʱʝʥʘ  ʫ ʩʽʯʥʽ 2009 ʛ.   ʚ ɹʣʘʡʪʚʽʣʣ̒, 

ʰʪʘʪ ɸʨʢʘʥʟʘʩ [53,54] .  

        ʅʘ ʨʠʩʫʥʢʫ 1.8 ʟʦʙʨʘʞʝʥʦ ʧʨʠʥʮʠʧʽʘʣʴʥʫ ʩʭʝʤʫ ʜʚʦʚʘʣʢʦʚʦʾ  

ʫʩʪʘʥʦʚʢʠ Castrip (TRC) ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʝʚʦʾ ʩʤʫʛʠ 

(ʣʠʩʪʘ). ʋʩʪʘʥʦʚʢʘ Castrip, ʷʢ ʦʜʠʥ ʟ ʥʝʙʘʛʘʪʴʦʭ ʧʨʦʝʢʪʽʚ ʧʦʯʘʪʠʭ ʫ 80-ʭ 

ʨʦʢʘʭ, ʪʘ ʱʦ ʜʽʡʰʣʠ ʜʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʪʽʣʝʥʥʷ, ʧʦʨʷʜ ʟ ʧʨʦʝʢʪʘʤʠ ʚʽʜ Nippon 

Steel ʪʘ Eurostrip,  ʷʢʽ ʪʘʢʦʞ ʜʦʩʷʛʣʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʪʽʣʝʥʥʷ ʘʣʝ ʙʫʣʠ ʥʘʨʘʟʽ 

ʟʘʢʨʠʪʽ, ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʧʨʠʢʣʘʜʦʤ ʚʘʞʣʠʚʠʭ ʪʠʧʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ.  

      ɿʚʠʯʘʡʥʠʡ  110-ʪʦʥʥʠʡ ʢʽʚʰ ʫʪʨʠʤʫʻʪʴʩʷ ʥʘ ʤʽʩʪʽ ʤʦʩʪʦʚʠʤ 

ʢʨʘʥʦʤ. ʇʽʜ ʯʘʩ ʨʦʟʣʠʚʢʠ ʨʦʟʧʣʘʚʣʝʥʘ ʩʪʘʣʴ ʚ ʢʦʚʰʽ  ʪʝʯʝ ʢʨʽʟʴ ʩʦʧʣʦ ʚ 

ʨʦʟʣʠʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʘ ʧʦʪʽʤ ʢʨʽʟʴ ʚʦʛʥʝʪʨʠʚʢʽʡ ʢʦʞʫʭ / ʪʨʫʙʫ ʚ 

ʨʦʟʧʦʜʽʣʶʚʘʯ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ [55,
 
56]. ʈʦʟʧʦʜʽʣʶʚʘʯ ʤʘʻ ʬʦʨʤʫ 

ʰʠʨʦʢʦʾ ʢʦʨʦʙʢʠ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʚʦʛʥʝʪʨʠʚʫ, ʪʘʢʦʛʦ ʷʢ ʦʢʩʠʜ ʤʘʛʥʽʶ, ʪʘ ʤʘʻ 

ʨʷʜ ʧʦʟʜʦʚʞʥʴʦ ʨʦʟʥʝʩʝʥʠʭ ʚʠʧʫʩʢʥʠʭ ʦʪʚʦʨʽʚ ʜʣʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʥʘ ʡʦʛʦ 

ʥʠʞʥʽʡ ʧʦʚʝʨʭʥʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʧʦʪʽʢ ʨʦʟʧʣʘʚʫ ʚ  ʩʦʧʣʦ ʱʦ 

ʧʦʜʘʻ ʨʦʟʪʘʰʦʚʘʥʝ ʥʠʞʯʝ [53,56,57]. 

       ʉʦʧʣʦ, ʱʦ ʧʦʜʘʻ ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʚʦʛʥʝʪʨʠʚʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ 

ʛʣʠʥʦʟʝʤʠʩʪʠʡ ʛʨʘʬʽʪ, ʪʘ ʷʢ ʚʽʜʦʤʦ ʤʘʻ ʧʦʜʦʚʞʝʥʫ ʬʦʨʤʫ ʟ ʢʦʥʽʯʥʦʶ  
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 ʈʠʩ. 1.8.  ʉʭʝʤʘ ʧʨʦʮʝʩʫ CASTRIP TRC [53,58].  

 

ʥʠʞʥʴʦʶ ʯʘʩʪʠʥʦʶ, ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʷ ʧʦʪʦʢʫ ʤʝʪʘʣʫ ʤʽʞ ʚʘʣʢʘʤʠ, ʱʦʙ 

ʫʪʚʦʨʶʚʘʪʠ ʟʘʣʠʚʥʫ ʚʘʥʥʫ. ʌʦʨʩʫʥʢʘ ʱʦ ʧʦʜʘʻ ʨʽʜʢʫ ʩʪʘʣʴ, ʤʦʞʝ ʤʘʪʠ ʨʷʜ 

ʧʦʟʜʦʚʞʥʴʦ ʨʦʟʥʝʩʝʥʠʭ, ʧʨʦʪʦʯʥʠʭ ʢʘʥʘʣʽʚ ʱʦ ʧʨʦʭʦʜʷʪʴ ʚʝʨʪʠʢʘʣʴʥʦ, ʘʙʦ  

ʙʝʟʧʝʨʝʨʚʥʽ ʧʨʦʨʽʟʠ, ʱʦʙ ʜʦʟʚʦʣʠʪʠ ʨʦʟʧʣʘʚʫ ʪʝʢʪʠ ʫʥʠʟ ʟ ʜʦʩʪʘʪʥʴʦ  

ʧʦʚʽʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚ ʥʘʧʨʘʚʣʝʥʽ ʚʘʣʢʦʚʦʛʦ ʟʘʟʦʨʫ, ʥʝ ʟʰʪʦʚʭʫʶʯʠʩʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʣʠʚʥʠʤʠ ʚʘʣʢʘʤʠ. ʉʦʧʣʦ ʟʘʟʚʠʯʘʡ ʟʘʥʫʨʶʶʪʴ ʚ 

ʨʦʟʧʣʘʚʣʝʥʫ ʚʘʥʥʫ ʟʽ ʩʪʘʣʽ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʜ ʟʘʟʦʨʦʤ ʚʘʣʢʘ [53,56,57].  

    ɼʣʷ ʫʪʨʠʤʘʥʥʷ ʚʘʥʥʠ ʨʦʟʧʣʘʚʫ ʥʘ ʪʦʨʮʷʭ ʚʘʣʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʨʫ 

ʙʽʯʥʠʭ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʧʣʘʩʪʠʥ, ʚʠʢʦʥʘʥʠʭ ʟ ʚʦʛʥʝʪʨʠʚʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ 

ʷʢ ʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʪʘ ʥʽʪʨʠʜ ʙʦʨʘ. ʇʣʘʩʪʠʥʠ ʥʘ ʙʽʯʥʠʭ 

ʢʨʦʤʢʘʭ ʤʘʶʪʴ ʟʫʙʯʘʪʫ ʬʦʨʤʫ, ʱʦʙ ʚʽʜʧʦʚʽʜʘʪʠ ʢʨʠʚʠʟʥʽ ʩʪʫʧʽʥʯʘʪʠʭ ʢʽʥʮʽʚ 

ʚʘʣʢʽʚ ʪʘ ʫʪʨʠʤʫʚʘʪʠʩʷ ʥʘ ʢʽʥʮʷʭ ʚʘʣʢʽʚ, ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ 

ʚʠʪʦʢʫ. ʆʭʦʣʦʜʞʝʥʥʷ ʚʘʣʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʩʝʨʝʜʠʥʠ ʚʦʜʦʶ, ʷʢʘ ʪʝʯʝ ʢʨʽʟʴ 

ʨʷʜ ʢʘʥʘʣʽʚ ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʫ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʘʚʣʝʥʽ ʦʢʨʫʞʥʠʭ 

ʢʘʥʘʣʽʚ. ɺʘʣʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʧʨʦʮʝʩʽ CASTRIP, ʤʘʶʪʴ ʜʽʘʤʝʪʨ ~ 500 

ʤʤ ʪʘ ʜʦʚʞʠʥʫ ʜʦ 2000 ʤʤ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʣʴʥʠʭ ʩʤʫʛ ʟʘʚʰʠʨʰʢʠ ʜʦ 2 

ʤ. ɺ ʽʥʰʠʭ ʩʫʯʘʩʥʠʭ ʚʘʣʢʦʚʠʭ ʤʘʰʠʥʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʘʣʢʠ ʩ ʙʽʣʴʰ 

ʚʝʣʠʢʠʤʠ ʜʽʘʤʝʪʨʘʤʠ (~ 1 ʤ) ʪʘ ʤʝʥʰʦʶ ʰʠʨʠʥʦʶ [53]. ʇʨʦʮʝʩ CASTRIP, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʢʘʪʥʠʭ ʩʤʫʛ  ʪʦʚʱʠʥʦʶ 1,8 

ʤʤ ʘʙʦ ʤʝʥʴh ʝ, ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ 60ï100 ʤ / ʭʚ. [53,55].  
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     ʇʽʩʣʷ ʚʠʭʦʜʫ ʟ ʚʘʣʢʽʚ, ʩʤʫʛʘ ʚʭʦʜʠʪʴ ʚ ʜʨʫʛʫ ʢʘʤʝʨʫ, ʷʢʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʥʠʞʯʝ [59] . ʎʷ ʢʘʤʝʨʘ ʤʦʞʝ ʙʫʪʠ ʥʘʧʦʚʥʝʥʘ ʛʘʟʦʤ ʱʦ ʥʝ ʦʢʠʩʣʶʻʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ 99,99% ʘʟʦʪʫ ʘʙʦ ʘʨʛʦʥʫ, ʘʙʦ ʩʣʘʙʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʶ 

ʘʪʤʦʩʬʝʨʦʶ, ʪʘʢʦʶ ʷʢ ʘʟʦʪ, ʩ 2ï10% ʚʦʜʥʶ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʫʥʠʢʥʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʦʢʠʩʣʝʥʥʷ ʛʘʨʷʯʠʭ ʣʠʪʠʭ ʩʤʫʛ (1300ï1400 Á C) ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʥʘʢʠʧʠ. ʉʘʤʘ ʢʘʤʝʨʘ  ʪʘʢʦʞ ʧʦʩʪʽʡʥʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ [57,59] . ʉʤʫʛʘ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚ ʧʦʩʣʽʜʫʶʯʠʭ ʢʘʤʝʨʘʭ,  ʾʾ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʜʝʨʞʫʻʪʴʩʷ ʥʘ 

ʨʽʚʥʽ 950ï1200 Á C ʥʘ ʚʠʭʦʜʽ, ʱʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʛʘʨʷʯʦʾ  ʧʨʦʢʘʪʢʠ ʚ ʧʦʪʦʮʽ. 

ɼʚʦʚʘʣʢʦʚʘ ʫʩʪʘʥʦʚʢʘ  CASTRIP ʜʫʞʝ ʝʬʝʢʪʠʚʥʘ, ʷʢʱʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʤʽʩʪ 

ʢʠʩʥʶ ʚ ʢʘʤʝʨʽ ʨʦʟʣʠʚʢʠ ʥʠʞʯʝ 100 ppm. [53,59].  

      ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʢʨʽʟʴ ʨʷʜʥʽ ʣʽʥʽʾ ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ ʪʘ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʥʘ 10ï50% , ʛʘʨʷʯʘ  ʩʤʫʛʘ ʧʨʦʭʦʜʠʪʴ ʥʘ ʚʠʭʽʜʥʠʡ ʩʪʽʣ, 

ʜʝ ʰʚʠʜʢʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʧʠʣʝʥʥʷ ʚʦʜʷʥʠʭ ʩʪʨʫʤʝʥʽʚ ʪʘ 

ʧʦʩʣʽʜʫʶʯʦʛʦ ʥʘʤʦʪʫʚʘʥʥʷ.
 
ɿʛʦʜʦʤ ʩʤʫʛʠ(ʣʠʩʪʠ) ʤʦʞʥʘ ʨʦʟʤʦʪʫʚʘʪʠ, 

ʧʽʜʜʘʚʘʪʠ ʭʦʣʦʜʥʽʡ ʧʨʦʢʘʪʮʽ ʪʘ ʚʽʜʧʘʣʫ, ʱʦʙ ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰ ʙʘʞʘʥʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʢʨʘʱʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʊʦʚʱʠʥʘ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ 

ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻ 0,9ï1,5 ʤʤ.[53,55,60].  

         ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʧʨʷʤʦʛʦ ʦʪʨʠʤʘʥʥʷ ʩʤʫʛʠ (ʣʠʩʪʘ) ʦʜʥʦʚʘʣʢʦʚʠʤ 

(SRC), ʜʚʦʚʘʣʢʦʚʠʤ (TRC) ʪʘ ʩʪʨʽʯʢʦʚʠʤ ʤʝʪʦʜʦʤ (HSBC), ʧʨʦʡʰʦʚ ʜʦʚʛʠʡ 

ʰʣʷʭ ʧʦʯʠʥʘʶʯʠ ʟ 80-ʭ ʨʦʢʽʚ. ɿʘ ʮʝʡ ʯʘʩ ʪʨʘʧʠʣʦʩʴ ʩʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʧʨʷʤʦʛʦ 

ʣʠʪʪʷ ʩʪʘʣʝʚʠʭ ʩʤʫʛ. ʎʝ ʪʨʘʧʠʣʦʩʴ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤ ʨʦʟʨʦʙʢʠ, ʘ ʚ ʜʝʷʢʠʭ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʝʨʮʽʡʥʦʛʦ ʪʘ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʣʠʪʪʷ ʧʽʜʧʨʠʻʤʩʪʚ  ʘʙʦ ʧʦʛʣʠʥʘʥʥʷ. ʎʝ ʚʽʜʦʙʨʘʞʘʻ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʬʽʥʘʥʩʦʚʠʭ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʟʨʦʙʦʢ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʫʩʧʽʰʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʨʷʤʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʨʦʢʘʪʫ ʟ 

ʨʦʟʧʣʘʚʫ ʤʝʪʘʣʘ. ʅʘ ʨʠʩʫʥʢʫ 1.9 ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʽʩʪʦʨʽʶ ʨʦʟʚʠʪʢʫ 

ʧʨʦʝʢʪʽʚ ʨʽʟʥʠʭ ʩʚʽʪʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʧʦʯʠʥʘʶʯʠ ʟ 1982ʨʦʢʫ, ʧʦ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʷʤʦʛʦ ʦʪʨʠʤʘʥʥʷ ʩʤʫʛʠ ʟ ʨʦʟʧʣʘʚʫ [21,35].  
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         1.5. ʇʨʦʙʣʝʤʠ ʷʢʦʩʪʽ ʩʪʘʣʝʚʠʭ ʩʤʫʛ, ʦʪʨʠʤʘʥʠʭ ʥʘ  ʜʚʦʚʘʣʢʦʚʠʭ 

ʣʠʚʘʨʥʠʭ ʤʘʰʠʥʘʭ  

 

           ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʠʪʫʚʘʥʥʷ 8 ʷʧʦʥʩʴʢʠʭ ʚʝʜʫʯʠʭ ʬʽʨʤ ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ 

ʨʦʟʨʦʙʢʦʶ ʧʨʦʮʝʩʫ ʧʨʷʤʦʛʦ ʦʪʨʠʤʘʥʥʷ ʩʤʫʛʠ ʟ ʨʦʟʧʣʘʚʫ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʚʦʚʘʣʢʦʚʠʭ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ,  ʧʨʦʚʝʜʝʥʦʛʦ ʂʦʤʽʪʝʪʦʤ ʟ ʰʚʠʜʢʦʛʦ ʪʚʝʨʜʽʥʥʷ 

ʧʨʠ ʽʥʩʪʠʪʫʪʽ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʗʧʦʥʽʾ, ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ 

ʧʨʦʙʣʝʤʠ, ʟ ʢʦʪʨʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʮʽ ʬʽʨʤʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʟʣʠʚʢʠ ʚ ʜʚʦʚʘʣʢʦʚʽ ʢʨʠʩʪʘʣʽʟʘʪʦʨʠ [61]:  

-   ʨʽʟʥʦʪʦʚʱʠʥʥʽʩʪʴ  ʩʤʫʛʠ; 

-   ̫ ʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʣʠʪʦʾ ʩʤʫʛʠ; 

-   ʧʽʜʙʦʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʦʢʦʚʠʭ 

     ʦʙʤʝʞʫʚʘʯʽʚ. 

ʆʩʪʘʥʥʶ ʧʨʦʙʣʝʤʫ ʙʽʣʴʰʽʩʪʴ ʬʽʨʤ ʥʝ ʚʚʘʞʘʶʪʴ ʜʫʞʝ ʩʢʣʘʜʥʦʶ. ʊʘʢ, ʟ 

ʧʦʯʘʪʢʫ ʥʘ ʫʩʪʘʥʦʚʮʽ Castrip ʚʠʪʨʘʪʠ ʙʦʢʦʚʠʭ ʦʙʤʝʞʫʚʘʯʽʚ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʩʢʣʘʜʘʣʠ 0,5 ʪʘ 1,3 ʤʤ ʥʘ 1 ʢʤ ʩʤʫʛʠ ʧʨʠ ʚʽʜʣʠʚʮʽ ʚʽʜʧʦʚʽʜʥʦ 

ʪʦʥʢʦʾ (2,8 ʤʤ) ʪʘ ʪʦʚʩʪʦʾ (4,2 ʤʤ) ʩʪʘʣʝʚʦʾ ʟʘʛʦʪʦʚʢʠ. ɿʘ ʦʩʪʘʥʥʽʤʠ ʜʘʥʠʤʠ 

ʩʝʨʽʷ ʟ ʯʦʪʠʨʴʦʭ ʧʣʘʚʦʢ ʤʘʩʦʶ 110 ʪ ʻ ʩʪʘʥʜʘʨʪʥʦʶ ʜʣʷ ʦʙʨʘʥʠʭ ʙʦʢʦʚʠʭ 

ʦʙʤʝʞʫʚʘʯʽʚ [61]. 

ɺʠʥʠʢʘʶʯʽ ʩʢʣʘʜʥʦʱʽ ʟ ʦʪʨʠʤʘʥʥʷʤ ʩʤʫʛʠ  ʧʦʩʪʽʡʥʦʾ ʪʦʚʱʠʥʠ  

ʧʦʚôʷʟʘʥʽ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʟ ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʝʭʥʦʣʦʛʽʾ ʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ 

- ʚʠʩʦʢʦʶ ʜʠʥʘʤʽʢʦʶ ʧʨʦʮʝʩʫ  ʚ ʟʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ ʩʪʘʣʽ. ʇʨʦʮʝʩ ʣʠʪʪʷ ʚ ʚʘʣʢʦʚʠʡ ʢʨʠʩʪʘʣʽʟʘʪʦʨ ʜʫʞʝ 

ʯʫʪʣʠʚʠʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʦʩʢʽʣʴʢʠ ʬʦʨʤʫʚʘʥʥʷ 

ʟʘʛʦʪʦʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʣʽ ʩʝʢʫʥʜʠ, ʮʽʣʢʦʤ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʨʦʤʠʩʣʦʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥ ʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ (ɸʉʂ) [62]. 

ʆʩʥʦʚʥʠʤʠ  ʨʝʛʫʣʶʶʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʠʚʘʨʥʦ-ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʫ ʻ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʚʘʥʥʷ ʨʦʟʧʣʘʚʫ, ʦʢʨʫʞʥʘ ʰʚʠʜʢʽʩʪʴ ʚʘʣʢʽʚ ʪʘ 

ʟʘʟʦʨ ʤʽʞ ʥʠʤʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʚʘʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ 
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ʚ ʩʝʨʝʜʠʥʽ ʚʘʣʢʽʚ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʙʦʪʠ ɸʉʂ, ʢʦʪʨʘ  ʟʘʙʝʟʧʝʯʫʚʘʣʘ  ʙ  

ʢʦʥʪʨʦʣʴ ʪʘ ʘʚʪʦʤʘʪʠʯʥʝ ʢʦʨʝʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʧʦʪʨʽʙʝʥ ʘʣʛʦʨʠʪʤ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʫʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʩʪʘʪʠʯʥʠʭ (ʜʽʘʤʝʪʨ ʚʘʣʢʽʚ, ʰʠʨʠʥʘ 

ʤʽʞʚʘʣʢʦʚʦʛʦ ʟʘʟʦʨʫ), ʪʘʢ ʽ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʥʠʭ (ʰʚʠʜʢʽʩʪʴ ʚʘʣʢʽʚ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʚʘʥʥʷ ʤʝʪʘʣʫ ʚ ʟʘʟʦʨ ʪʘ ʽʥʰ.). ʈʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʧʦʚʝʜʽʥʢʠ ʨʦʟʧʣʘʚʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʧʦʯʠʥʘʶʯʠ ʟ ʡʦʛʦ ʧʦʜʘʯʽ ʚ ʤʽʞʚʘʣʢʦʚʠʡ 

ʟʘʟʦʨ ʪʘ ʥʘʩʪʫʧʥʽʡ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʤʝʭʘʥʽʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ.  

ʅʘʞʘʣʴ, ʜʝʷʢʽ ʝʪʘʧʠ ʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ ʟ ʦʛʣʷʜʫ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʥʝʜʦʩʷʞʥʽ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʎʝ ʥʘ ʩʘʤ 

ʧʝʨʝʜ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦʚʝʜʽʥʢʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʟʘʟʦʨʽ, 

ʬʦʨʤʫʚʘʥʥʽ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ-ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʨʦʟʧʦʜʽʣʫ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨ 

ʟʘ ʰʠʨʠʥʦʶ ʚʘʣʢʘ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʦʟʚʦʣʠʪʴ ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʫʚʘʪʠ  ʘʣʛʦʨʠʪʤ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʫʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʫ ʧʨʦʩʪʦʨʽ ʤʽʞ ʚʘʣʢʘʤʠ.                    

ɺʘʞʣʠʚʠʤ ʦʙôʻʢʪʦʤ ʫʚʘʛʠ ʻ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʦʪʨʠʤʘʥʦʛʦ ʣʠʩʪʘ ʪʘ 

ʥʘʷʚʥʽʩʪʴ ʫ ʥʴʦʤʫ ʪʨʽʱʠʥ. ɺ ʦʪʨʠʤʘʥʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʨʦʟʣʠʚʢʠ ʪʦʥʢʦʤʫ ʣʠʩʪʽ ʧʨʠʩʫʪʥʽ ʧʝʨʝʚʘʞʥʦ ʧʦʧʝʨʝʯʥʽ ʪʨʽʱʠʥʠ [4, 8, 63]. 

ʊʨʽʱʠʥʘ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʪʦʜʽ, ʢʦʣʠ ʚʥʫʪʨʽʰʥʷ ʥʘʧʨʫʛʘ ʫ ʪʚʝʨʜʽʡ ʢʦʨʮʽ 

ʧʝʨʝʚʠʱʫʻ ʣʦʢʘʣʴʥʫ ʛʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɼʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʚ ʩʤʫʟʽ 

ʧʨʠ ʨʦʟʣʠʚʮʽ ʥʘ ʜʚʦʚʘʣʢʦʚʽʡ ʄɹʃɿ ʥʘʧʝʚʥʦ ʤʦʞʣʠʚʦ ʟʚôʷʟʘʪʠ ʟ ʤʝʭʘʥʽʟʤʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʘ ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ. ʋ ʪʦʯʮʽ ʟʽʤʢʥʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʽʨʦʢ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʮʽʣʽʩʥʦʛʦ ʣʠʩʪʘ ʚʠʥʠʢʘʶʪʴ ʚʥʫʪʨʽʰʥʽ ʪʝʨʤʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʟʦʚʥʽʰʥʽʭ ʰʘʨʽʚ ʤʝʪʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʽʜʚʦʜʫ ʜʦ ʚʘʣʢʽʚ. 

ʆʢʨʽʤ ʪʦʛʦ, ʥʘ ʮʽʡ ʞʝ ʜʽʣʷʥʮʽ ʚʠʥʠʢʘʻ ʝʬʝʢʪ çʧʨʦʢʘʪʢʠè ʣʠʩʪʘ, ʢʦʪʨʠʡ 

ʧʦʨʦʜʞʫʻ ʜʦʜʘʪʢʦʚʽ ʧʦʚʟʜʦʚʞʥʽ ʨʦʟʪʷʛʫʶʯʠ ʥʘʧʨʫʞʝʥʥʷ  ʪʘ ʜʝʬʦʨʤʘʮʽʶ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʩʤʫʛʠ. ʇʽʩʣʷ ʚʠʭʦʜʫ ʟʘʛʦʪʦʚʢʠ ʟ ʚʘʣʢʽʚ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʾʾ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʝ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ. ʄʽʞ ʪʠʤ, 

ʨʦʟʰʠʨʝʥʥʷ ʚ ʮʝʡ ʯʘʩ ʚʠʥʠʢʘʻ ʚ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʤʽʨʽ (ʪʦʙʪʦ, ʜʦʩʪʘʪʥʴʦ ʤʘʣʦ - 

ʡʤʦʚʽʨʥʦ ʧʦʧʝʨʝʯʥʝ ʨʦʟʢʨʠʪʪʷ ʧʦʚʟʜʦʚʞʥʽʭ ʪʨʽʱʠʥ). ɺʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ 
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ʪʘʢʦʞ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʛʠʥʘʥʥʽ ʩʤʫʛʠ , ʘʣʝ ʞ ʮʝʡ ʬʘʢʪʦʨ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʣʦ 

ʚʘʛʦʤʠʡ ʪʦʤʫ ʱʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʥʠʮʽ ʚ ʭʘʨʘʢʪʝʨʽ ʨʦʟʪʨʽʩʢʫʚʘʥʴ 

ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ  ʧʦʚʝʨʭʥʽ ʩʤʫʛʠ [4,8]. 

           ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʪʨʽʱʠʥ  ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʶ ʩʪʘʙʽʣʴʥʦʾ 

ʪʦʚʱʠʥʠ ʣʠʩʪʘ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʣʽʩʪʴ ʨʽʚʥʷ ʨʽʜʢʦʾ ʩʪʘʣʽ ʚ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ ʟ ʪʦʯʥʽʩʪʶ Ñ2 ʤʤ ʪʘ ʧʦʧʝʨʝʜʠʪʠ ʭʚʠʣʽ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʧʣʘʚʫ. 

ʈʦʟʨʦʙʣʷʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʽʜʚʦʜʫ ʨʽʜʢʦʾ ʩʪʘʣʽ ʚ ʤʽʞʚʘʣʢʦʚʠʡ 

ʧʨʦʩʪʽʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʦʩʢʦʛʦ ʩʦʧʣʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʦʤʽʨʥʝ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʨʦʟʧʣʘʚʫ ʟʘ ʰʠʨʠʥʦʶ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʧʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ 

ʥʝʚʝʣʠʢʫ ʰʚʠʜʢʽʩʪʴ ʤʝʪʘʣʫ ʱʦ ʧʦʩʪʫʧʘʻ ʚ ʟʘʟʦʨ ʤʽʞ ʚʘʣʢʘʤʠ [64,65]. ʋ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʥʫʨʝʥʽ ʩʪʘʢʘʥʠ. 

ɿʤʝʥʰʝʥʥʶ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ ʩʧʨʠʷʶʪʴ ʫʩʽ ʟʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ 

ʥʘ ʚʠʨʽʚʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʚʘʣʢʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʘʤʽʯʥʦʛʦ 

(ʦʢʩʠʜ ʮʠʨʢʦʥʽʶ) ʧʦʢʨʠʪʪʷ [4,8]. 

ʆʩʥʦʚʥʽ ʧʦʙʦʶʚʘʥʥʷ ʜʝʷʢʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʘʣʢʦʚʠʭ 

ʘʛʨʝʛʘʪʽʚ ʙʫʣʠ ʧʦʚôʷʟʘʥʽ ʟ ʥʝʤʦʞʣʠʚʽʩʪʶ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʩʪʘʣʽ, 

ʧʦʚôʷʟʘʥʠʭ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ ʚ ʚʘʣʢʘʭ ʪʘ 

ʥʝʟʥʘʯʥʦʶ ʧʣʘʩʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ ʧʨʠ ʧʦʜʘʣʴʰʠʡ ʛʘʨʷʯʽʡ ʧʨʦʢʘʪʮʽ.       

ʋ ʧʨʘʮʷʭ [66,67,68,69] ʚʠʢʦʥʘʥʘ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʩʢʦʨʝʥʦʾ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʚ  ʣʠʚʘʨʥʠʭ ʤʘʰʠʥʘʭ ʟʽ ʰʚʠʜʢʽʩʪʶ 10é10
3
 ʉ̄/ʩ, 

ʢʦʣʠ ʜʠʩʧʝʨʩʥʽʩʪʴ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʩʪʘʣʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ 2é5 ʨʘʟʽʚ, ʘ 

ʪʘʢʦʞ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ ʚʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʣʠʚʘʨʥʠʭ ʤʘʰʠʥ. ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ [66, 67, 70] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʣʠʚʢʘ 

ʩʪʘʣʽ ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ   600é1000 ʉ̄/ʩ ʪʘ ʙʽʣʴʰʝ, 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʫ ʯʠʩʪʦʪʫ ʧʦʚʝʨʭʥʽ ʪʘ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʨʽʜʥʦʾ ʬʽʢʩʘʮʽʾ ʫ ʪʚʝʨʜʦʤʫ 

ʨʦʟʯʠʥʽ ʜʦʤʽʰʦʢ, ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʫʛʣʝʮʶ, ʘ ʪʘʢʦʞ ʫʪʚʦʨʝʥʥʷ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ.  

ɺ ʥʠʟʮʽ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʣʠʪʘ ʩʤʫʛʘ ʟ 

ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʟ ʟʤʽʩʪʦʤ  ʚʫʛʣʝʮʶ  0,7%  ʤʦʞʝ ʙʫʪʠ ʙʝʟ ʙʫʜʴ ʷʢʦʛʦ ʚʽʜʧʘʣʫ 
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ʧʽʜʜʘʥʘ ʭʦʣʦʜʥʽʡ ʧʨʦʢʘʪʮʽ ʜʦ ʪʦʚʱʠʥʠ 0,5 ʤʤ [71]. ʋ ʧʝʨʰʠʭ ʧʨʦʭʦʜʘʭ ʧʨʠ 

ʭʦʣʦʜʥʽʡ ʧʨʦʢʘʪʮʽ ʜʝʬʦʨʤʫʻʪʴʩʷ ʤôʷʢʠʡ ʤʘʪʝʨʽʘʣ, ʘʥʘʣʦʛʽʯʥʠʡ 

ʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʽʡ ʪʘ ʟʥʝʤʽʮʥʝʥʽʡ ʛʘʨʷʯʝʢʘʪʘʥʽʡ ʩʤʫʛʠ.      

ʄʘʨʢʠ ʩʪʘʣʽ ʟ ʰʠʨʦʢʠʤ ʽʥʪʝʨʚʘʣʦʤ ʪʚʝʨʜʽʥʥʷ (ʥʘʧʨʠʢʣʘʜ ʚʠʩʦʢʦ- 

ʚʫʛʣʝʮʝʚʘ ʩʪʘʣʴ) ʦʩʦʙʣʠʚʦ ʩʭʠʣʴʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʧʦʨ. ʋ 

ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʭʨʦʤʦʥʽʢʝʣʝʚʠʭ ʩʪʘʣʝʡ ʨʦʟʤʽʨ ʧʦʨ ʚ ʣʠʪʦʤʫ ʩʪʘʥʽ   ʟʥʘʯʥʦ 

ʤʝʥhʠʡ ʥʽʞ ʫ ʥʝʣʝʛʦʚʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ. ɿʘ ʦʜʠʥ ʧʨʦʭʽʜ ʛʘʨʷʯʦʾ 

ʧʨʦʢʘʪʢʠ ʧʦʨʠ ʟʤʠʢʘʶʪʴʩʷ, ʘ ʧʽʩʣʷ ʭʦʣʦʜʥʦʾ  ʧʨʦʢʘʪʢʠ ʟ ʚʽʜʥʦʩʥʠʤ ʦʙʪʠʩʢʦʤ  

ʧʦ ʪʦʚʱʠʥʽ ʙʽʣʴʰ 60% ʪʘ ʥʘʩʪʫʧʥʠʤ ʚʽʜʧʘʣʶʚʘʥʥʷʤ ʥʽʷʢʠʭ ʧʦʨ ʥʝ ʟʥʘʭʦʜʷʪʴ 

[72].    

ʑʝ ʦʜʥʽʻʶ ʤʦʞʣʠʚʽʩʪʶ ʚʧʣʠʚʘʪʠ ʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʩʤʫʛʠ ʻ ʛʘʨʷʯʘ 

ʜʝʬʦʨʤʘʮʽʷ ʚ ʧʦʪʦʮʽ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʚʝʜʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʜʦʜʘʪʢʦʚʝ ʢʦʨʝʛʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ. ʎʝ  ʧʦʣʽʧʰʫʻ ʟʜʽʙʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʜʦ  ʭʦʣʦʜʥʽʡ ʜʝʬʦʨʤʘʮʽʾ, 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʪʠʭ ʤʘʨʦʢ ʩʪʘʣʝʡ, ʢʦʪʨʽ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ  ʩʭʠʣʴʥʽ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʚʘʞʢʦ ʜʝʬʦʨʤʫʶʯʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʥʘʧʨʠʢʣʘʜ, ʙʝʡʥʽʪʫ 

ʘʙʦ ʤʘʨʪʝʥʩʠʪʫ. ʊʦʪʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʽʜʦʤʽ ʽ ʥʘ ʽʥʰʠʭ ʘʛʨʝʛʘʪʘʭ [63].     

ɿʨʝʰʪʦʶ, ʧʨʠ ʚʠʧʣʘʚʮʽ ʚ ʝʣʝʢʪʨʦʧʝʯʘʭ ʩʪʘʣʝʡ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʥʘʩʪʫʧʥʦʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʨʦʟʣʠʚʢʠ ʚ ʣʠʩʪ ʧʨʝʜôʷʚʣʷʶʪʴ ʤʝʥʰ ʞʦʨʩʪʢʽ 

ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʩʪʘʣʝʚʦʛʦ ʣʦʤʫ. ʊʘʢ, ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʪʨʽʱʠʥ ʧʨʠ 

ʣʠʪʪʽ ʪʦʥʢʠʭ ʩʣʷʙʽʚ, ʩʪʘʣʝʚʠʡ ʣʦʤ ʥʝ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʙʽʣʴʰ 0,15% ʤʽʜʽ ʪʘ 

ʙʽʣʴʰ 0,015% ʦʣʦʚʘ [73], ʪʦʜʽ ʷʢ ʧʨʠ ʣʠʪʪʽ ʪʦʥʢʦʾ ʩʤʫʛʠ ʥʘ ʜʚʦʚʘʣʢʦʚʦʤʫ 

ʃʇɸ ʜʦʧʫʩʢʘʶʪʴ ʚ 3,5 ʨʘʟʠ ʙʽʣʴʰʝ ʚʤʽʩʪʫ ʤʽʜʽ ʚ ʣʦʤʽ (ʜʦ 0,55%) ʪʘ ʚ10 ʨʘʟʽʚ 

ʙʣ̔ʴʰʝ (ʜʦ 0,16%) ʚʤʽʩʪʫ ʦʣʦʚʘ [70,74].    

ɹʽʣʴʰʽʩʪʴ ʨʦʙʽʪ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʚʘʣʢʦʚʦʾ 

ʨʦʟʣʠʚʢʠ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʫʤʦʚʥʠʭ ʛʨʫʧʠ. ɼʦ 

ʧʝʨʰʦʾ ʟ ʥʠʭ [75,76 ʪʘ ʽʥ.] ʚʽʜʥʦʩʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽʥʩʪʨʫʤʝʥʪʫ 

ʪʘ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚ ʜʨʫʛʽʡ  ʯʠʩʣʝʥʥʽʡ ʛʨʫʧʽ [77,78 ʪʘ ʽʥ.] ʧʨʘʮʴ 

ʦʮʽʥʶʶʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʤʫʛ ʱʦ ʬʦʨʤʫʶʪʴʩʷ.  

ʊʨʝʪʷ ʛʨʫʧʘ ʧʨʘʮʴ  [31,79] ʜʦʥʝʜʘʚʥʘ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʝʭʥʽʯʥʽʡ 
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ʣʽʪʝʨʘʪʫʨʽ ʫʩʴʦʛʦ ʦʜʥʽʻʶ ʩʪʘʪʪʝʶ ʧʨʠʩʚʷʯʝʥʽʡ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʜʦʚʞʠʥʫ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʜʝʬʦʨʤʘʮʽʾ, ʢʦʪʨʽʡ ʧʽʜʜʘʻʪʴʩʷ 

ʤʝʪʘʣ ʧʽʩʣʷ ʡʦʛʦ ʪʚʝʨʜʽʥʥʷ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ.   

 

1.6 ɼʦʩʣʽʜʞʝʥʥʷ  ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ ʤʝʪʘʣʽʚ ʚ ʋʢʨʘʾʥʽ  

 

ʆʜʝʩʴʢʠʤ ʎʝʥʪʨʘʣʴʥʠʤ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʙʶʨʦ (ʎʂʊɹ)  

ʄʽʥʽʩʪʝʨʩʪʚʘ ʩʪʘʥʢʦʙʫʜʽʚʥʦʾ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʽʟʥʽʰ 

ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʣʠʪʪʷ 

(ʅɼɯʉʃ)  ʫ 1955 ʨ. ʙʳʣʦ ʨʦʟʨʦʙʣʝʥʦ ʟʘʩ̔ʙ ʪʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʣʠʪʪ̫  ʪʦʥʢʠʭ ʣʠʩʪʚ̔ ʟ ʯʘʚʫʥʫ ʚ ʜʚʦʚʘʣʢʦʚʠʡ ʢʨʠʩʪʘʣʽʟʘʪʦʨ ʟ ʧʽʜʚʝʜʝʥʥʷʤ 

ʤʝʪʘʣʫ ʟ ʚʝʨʭʫ (ʨʠʩʫʥʦʢ 1.10) [3]. 

ʈʠʩ. 1.10. ʉʭʝʤʘ ʜʚʦʚʘʣʢʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʅɼɯʉʃ ʜʣʷ ʣʠʪʪ̫  ʣʠʩʪʚ̔ 

ʟ ʯʘʚʫʥʫ [3]: 

1 - ʟʘʣʠʚʥʠʡ ʧʨʠʩʪʨʽʡ ʟ ʢʦʚʰʝʤ; 2 - ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʦʜʘʯʠ ʤʝʪʘʣʫ ʥʘ 

ʚʘʣʢʠ; 3 - ʚʫʟʝʣ ʚʘʣʢʽʚ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ; 4 - ʩʤʫʛʦʟʥʽʤʘʯ; 5 - ʙʘʨʘʙʘʥ ʣʝʪʫʯʠʭ  

ʥʦʞʠʮʽʚ; 6 - ʪʨʘʥʩʧʦʨʪʝʨ; 7 - ʣʠʩʪʦʩʢʣʘʜʘʣʴʥʠʢ; 8 - ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ. 

 

ɺʠʛʦʪʦʚʣʝʥʠʡ ʣʠʩʪ ʤʘʚ ʪʦʚʱʠʥʫ ʚʽʜ 0,7 ʜʦ 2,5 ʤʤ, ʰʠʨʠʥʫ 640é1250 

ʤʤ ʪʘ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʷʢʦʩʪʽ ʜʘʭʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʷʢʦʛʦ ʚ 

ʧʽʩʣʷʚʦʻʥʥʽ ʨʦʢʠ ʙʫʣʘ ʜʫʞʝ ʚʝʣʠʢʘ. ɿʘʛʘʣʦʤ ʥʘ ʚʽʪʯʠʟʥʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʙʽʣʴʰ ʥʽʞ 40 ʪʘʢʠʭ ʘʛʨʝʛʘʪʽʚ, ʘ ʦʙôʻʤ ʚʠʨʦʙʥʠʮʪʚʘ 
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ʯʘʚʫʥʥʦʛʦ ʣʠʩʪʘ ʜʦʩʷʛʘʚ 200ʪʠʩ. ʪʦʥʥ ʚ ʨʽʢ. ʉʧʝʮʽʘʣʽʩʪʘʤʠ ʅɼɯʉʃ ʙʫʣʠ 

ʫʩʧʽʰʥʦ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʤʫʛ ʚ ʚʘʣʢʦʚʠʭ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʭ ʜʣʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʯʘʚʫʥʫ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʪʘʣʝʡ, 

ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʪʘ ʧʨʠʧʦʾʚ. ʆʜʥʘʢ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʘʤʘ ʪʝʭʥʦʣʦʛʽʷ ʙʫʣʠ 

ʥʝʜʦʩʢʦʥʘʣʽ, ʤʘʣʠ ʥʠʟʴʢʠʡ ʚʠʭʽʜ ʧʨʠʜʘʪʥʦʛʦ ʤʝʪʘʣʫ, ʚʠʤʘʛʘʣʠ ʟʥʘʯʥʠʭ 

ʝʥʝʨʛʦ- ʪʘ  ʨʝʩʫʨʩʦʚʠʪʨʘʪ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʚʠʷʚʠʣʦʩʴ 

ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ (ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ï ʟ ʨʦʩʪʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʰʠʬʝʨʫ 

ʜʣʷ ʜʘʭʽʚ), ʮʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʫʧʠʥʢʠ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʽʚ  ʪʘ ʧʨʠʧʠʥʝʥʥʷ ʚʠʧʫʩʢʫ 

ʯʘʚʫʥʥʦʛʦ ʣʠʩʪʘ ʫ 1974 ʨʦʮʽ.   

ʇʠʪʘʥʥʷʤʠ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦʛʦ ʣʠʩʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʧʣʘʚʫ 

ʟʘʡʤʘʣʠʩʴ ʪʘʢʦʞ ʚ ʅʘʮʽʦʥʘʣʴʥʽʡ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ [3,80-82]. ɺ 

ʧʨʘʮʽ ʚʯʝʥʠʭ ɼʦʥʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ [83] ʦʧʠʩʘʥʘ 

ʤʘʣʘ ʣʘʙʦʨʘʪʦʨʥʘ ʤʘʰʠʥʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚ ʜʚʦʚʘʣʢʦʚʦʤʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ 

ʩʤʫʛ ʟʘʚʪʦʚʰʢʠ ʚʽʜ 1 ʤʤ ʜʦ 3,75 ʤʤ ʟ ʧʘʨʘʬʽʥʫ ʪʘ ʩʚʠʥʮʶ.  

ɺ ʌʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ (ʌʊɯʄʉ) ʅɸʅ 

ʋʢʨʘʾʥʠ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʜʣʷ ʣʠʪʪʷ 

ʩʤʫʛʠ (ʨʠʩ. 1.11) [84]. 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.11. ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʌʊɯʄʉ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ 

ʩʤʫʛʠ [84]: 

1 - ʬʫʪʝʨʦʚʢʘ ʤʝʪʘʣʦʧʨʦʚʦʜʫ; 2 - ʧʦʨʠʩʪʘ ʧʨʦʙʢʘ; 3 - ʧʨʠʡʤʘʣʴʥʷ ʚʦʨʦʥʢʘ; 

4 - ʧʣʘʟʤʦʪʨʦʥ; 5 - ʟʘʭʠʩʥʠʡ ʰʣʘʢ; 6 - ʨʽʜʢʠʡ ʤʝʪʘʣ; 7 - ʧʝʨʝʛʦʨʦʜʢʘ (ʬʽʣʴʪʨ); 
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8 - ʧʨʠʪʠʩʢʥʠʡ ʚʘʣʦʢ (ʚʝʨʭʥʽʡ);  9 - ʩʤʫʛʘ; 10 - ʦʩʥʦʚʥʠʡ ʚʘʣʦʢ; 

11 - ʚʦʜʥʦ-ʧʦʚʽʪʨʷʥʘ ʩʫʤʽʰ; 12 - ʦʭʦʣʦʜʞʫʶʯʘ ʚʦʜʘ; 13 - ʬʦʨʩʫʥʢʘ; 

14 - ʫʱʽʣʴʥʶʚʘʯ; 15 - ʱʽʪʢʘ; 16 - ʥ̔ ʞ ʜʣʷ ʟʥʷʪʪʷ ʩʤʫʛʠ; 17 ï ʣʦʧʦʪʽ. 

ɺ ʦʩʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʛʨʝʛʘʪʫ ʌʊɯʄʉ ʻ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ  

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʘʣʢʽʚ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ ʟʽ ʟʤʽʱʝʥʠʤʠ ʚʽʜʥʦʩʥʦ 

ʦʜʠʥ ʦʜʥʦʛʦ ʦʩʷʤʠ, ʧʨʠ ʮʴʦʤʫ ʚʘʣʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʩʪʽʡʥʦʤʫ ʢʦʥʪʘʢʪʽ ʟ 

ʨʦʟʧʣʘʚʦʤ ʤʝʪʘʣʫ. ɺʘʣʦʢ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʫ ʻ ʦʩʥʦʚʥʠʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʤʝʪʘʣʝʚʦʛʦ ʣʠʩʪʘ ʟ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʘ ʤʘʣʠʡ ʚʘʣʦʢ ʚʠʩʪʫʧʘʻ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʷʢ ʧʨʠʪʠʩʢʥʠʡ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʚʘʣʢʽʚ ʬʦʨʤʫʻʪʴʩʷ ʣʠʩʪ (ʩʤʫʛʘ). ʂʦʥʩʪʨʫʢʮʽʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʛʨʝʛʘʪʫ ʧʝʨʝʜʙʘʯʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʽʜʚʝʜʝʥʥʷ ʨʦʟʧʣʘʚʫ.    

ɼʚʘ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʠ ʪʘʢʦʾ ʩʭʝʤʠ ï ʥʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ ʚʘʣʢʽʚ ʩʧʨʠʯʠʥʝʥʘ 

ʧʦʩʪʽʡʥʠʤ ʢʦʥʪʘʢʪʦʤ ʟ ʨʦʟʧʣʘʚʦʤ ʤʝʪʘʣʫ ʪʘ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʦʚʦʛʦ ʚʠʨʦʙʫ ʫ ʟʚôʷʟʢʫ ʟ ʨʽʟʥʽʩʪʶ ʜʽʘʤʝʪʨʽʚ 

ʚʘʣʢʽʚ, ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʾʭ ʦʩʝʡ ʚ ʨʽʟʥʠʭ ʧʣʦʱʠʥʘʭ ʪʘ ʨʽʟʥʠʮʽ ʚ ʜʠʥʘʤʽʮʽ.     

ɺʽʪʯʠʟʥʷʥʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʤʘʰʠʥʠ, 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʝ ʨʦʟʣʠʚʘʥʥʷ  ʣʠʩʪʘ ʟ ʨʦʟʤʽʨʘʤʠ, 

ʙʣʠʟʴʢʠʤʠ ʜʦ ʢʽʥʮʝʚʦʛʦ ʧʨʦʢʘʪʫ [70,85]. ʆʩʦʙʣʠʚʽʩʪʴ ʽʜʝʾ ʧʦʣʷʛʘʻ ʫ ʥʦʚʽʡ 

ʢʦʤʧʦʥʦʚʮʽ ʧʦʨʦʞʥʠʥʠ ʚ ʢʦʪʨʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ. ʂʦʥʩʪʨʫʢʮʽʷ 

ʤʘʰʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʝʨʪʘʶʯʠʤ ʚʘʣʢʦʤ ʪʘ ʧʽʜʢʣʘʜʢʦʶ ʱʦ ʛʦʡʜʘʻʪʴʩʷ, 

ʧʨʦʬʽʣʴ, ʷʢʠʡ ʧʦʚʪʦʨʶʻ ʜʫʛʫ ʦʢʨʫʞʥʦʩʪʽ (ʨʠʩʫʥʦʢ 1.12).   

 

 

 

 

 

 

 

ʈʠʩ. 1.12. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʦʜʥʦʚʘʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ 

 ʟ  ʧʽʜʢʣʘʜʢʦʶ ʱʦ ʛʦʡʜʘʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʥʢʦʛʦ ʣʠʩʪʘ [85] 
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ʋ ʩʧʽʣʴʥʠʭ ʧʨʘʮʷʭ ʅʘʮʽʦʥʘʣʴʥʦʾ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ ʪʘ 

ɻʘʥʥʦʚʝʨʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ʃʝʡʙʥʽʮʘ, (ʅʽʤʝʯʯʠʥʘ) ʦʧʠʩʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ  ʪʘ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʚʣʘʩʥʦʾ ʨʦʟʨʦʙʢʠ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʩʤʫʛ ʪʦʚʱʠʥʦʶ 1é5 ʤʤ ʪʘ ʰʠʨʠʥʦʶ ʜʦ 200 ʤʤ (ʨʠʩ. 1.13).  

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.13. ʃʘʙʦʨʘʪʦʨʥʘ ʤʘʰʠʥʘ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ  

ʅʘʮʽʦʥʘʣʴʥʦʾ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ ʪʘ ɻʘʥʥʦʚʝʨʩʴʢʦʛʦ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ʤ̔. ʃʝʡʙʥʠʮ ̫[29]. 

 

ʂʦʣʝʢʪʠʚʦʤ ʚʯʝʥʠʭ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʦʙôʻʤʥʠʡ ʮʠʢʣ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʩʤʫʛ ʟ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʪʘʣʝʡ   [79,86-90]. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʦʪʨʠʤʘʥʽ 

ʫʢʨʘʾʥʩʴʢʠʤʠ ʚʯʝʥʠʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʜʣʷ 

ʨʦʟʨʦʙʦʢ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʠʨʦʙʥʠʮʪʚʘ  ʣʠʩʪʘ ʟ ʯʘʚʫʥʫ ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ 

(ʘʣʶʤʽʥʽʡ, ʣʘʪʫʥʴ) ʪʘ ʙʫʜʫʪʴ ʢʦʨʠʩʥʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʘʥʦʾ ʨʦʙʦʪʠ. ʆʜʥʘʢ ʧʨʦ 

ʩʪʘʙʽʣʴʥʝ ʣʠʪʪʷ ʩʪʘʣʝʚʦʾ ʣʠʩʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʋʢʨʘʾʥʽ, ʭʦʯʘ ʙ ʥʘ ʦʧʠʪʥʦ-

ʧʨʦʤʠʩʣʦʚʦʤʫ ʨʽʚʥʽ  ʧʦʢʠ ʤʦʚʠ  ʥʝʤʘʻ. 
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      1.7 ʌʽʟʠʯʥʝ ʪʘ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ 

 

      ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ ʥʝ ʜʦʟʚʦʣʷʻ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʽʡ 

ʥʘʚʽʪʴ ʚʽʟʫʘʣʴʥʠʡ ʢʦʥʪʘʢʪ ʟ ʤʝʪʘʣʦʤ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʚʘʣʢʘʤʠ.  ɺ 

ʣʽʪʝʨʘʪʫʨʽ ʚʢʨʘʡ ʥʝʜʦʩʪʘʪʥʴʦ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʨʦʟʧʣʘʚʫ ʫ ʟʦʥʽ ʤʽʞ ʚʘʣʢʘʤʠ. ɺʽʜʦʤʘ ʣʠʰʝ ʨʦʙʦʪʘ [91], ʘʚʪʦʨʘʤʠ 

ʷʢʦʾ ʥʘ ʛʽʜʨʘʚʣʽʯʥʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʝʥʽ ʨʽʟʥʽ ʩʭʝʤʠ ʧʽʜʚʝʜʝʥʥʷ ʤʝʪʘʣʫ ʚ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʠ ʜʦʩʣʽʜʥʦʾ ʜʚʦʚʘʣʢʦʚʦʾ ʋʅʈʉ. ʇʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ 

ʧʨʦʟʦʨʠʭ ʤʦʜʝʣʷʭ. ɿʦʙʨʘʞʝʥʥʷ ʧʦʰʠʨʝʥʥʷ ʧʽʜʬʘʨʙʦʚʘʥʦʛʦ ʦʙ'ʻʤʫ ʨʽʜʠʥʠ ʽ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʽʤʽʪʫʶʪʴ ʜʦʤʽʰʢʠ, ʚʠʟʥʘʯʘʣʠ ʚʽʟʫʘʣʴʥʦ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʝʦʢʘʤʝʨʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʩʥʦ ʩʧʦʢʽʡʥʠʡ ʤʝʥʽʩʢ ʽ ʥʝʚʝʣʠʢʫ 

çʩʪʦʷʯʫè ʭʚʠʣʶ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʝʜʝʥʥʷ ʤʝʪʘʣʫ ʯʝʨʝʟ ʩʪʘʢʘʥ ʟ ʦʚʘʣʴʥʠʤ 

ʤʝʪʘʣʦʧʨʦʚʽʜʦʤ. ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʽʜʟʥʘʯʝʥʠʡ ʝʬʝʢʪ ʦʙʝʨʪʘʥʥʷ ʤʝʪʘʣʫ ʚ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ.  

         ɭʜʠʥʦʶ ʤʦʞʣʠʚʽʩʪʶ ʟʘʛʣʷʥʫʪʠ ʫ ʚʥʫʪʨʽʰʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʟʦʥʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ-ʜʝʬʦʨʤʘʮʽʾ, ʻ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

          ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʝʥʥʠʭ 

ʧʽʜʭʦʜʽʚ ʦʪʨʠʤʘʣʠ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʽ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʆʩʪʘʥʥʽʡ ʟ ʜʚʦʭ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʻ ʙʽʣʴʰ ʧʦʪʫʞʥʠʤ, ʪʘʢ ʷʢ 

ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʦʧʠʩʫʚʘʪʠ ʦʙʣʘʩʪʽ, ʱʦ ʦʙʤʝʞʝʥʽ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ.  

            ʊʘʢ ʥʘ ʢʘʬʝʜʨʽ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ ʅʄʝʪɸʋ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʜʚʦʤʽʨʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ 

ʪʝʧʣʦʚʠʡ ʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʤʝʪʘʣʫ, ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ [92]. ɸʣʝ 

ʢʦʨʠʩʪʫʶʯʠʩʴ ʘʨʛʫʤʝʥʪʘʤʠ ʝʢʦʥʦʤʽʾ ʯʘʩʫ ʽ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʙʽʣʴʰ 

ʚʠʩʦʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʢʦʤʝʨʮʽʡʥʽ ʧʨʦʛʨʘʤʠ, 

ʙʫʣʘ  ʦʙʨʘʥʘ ʚʽʜʦʤʘ ʢʦʤʝʨʮʽʡʥʘ ʧʨʦʛʨʘʤʘ ANSYS [93], ʚ ʷʢʽʡ ʻ ʩʪʘʥʜʘʨʪʥʠʡ 

ʤʦʜʫʣʴ ʜʣʷ ʘʥʘʣʽʟʫ ʧʝʨʝʙʽʛʫ ʨʽʜʢʠʭ ʨʝʯʦʚʠʥ ʟʽ ʟʤʽʥʥʦʶ ʛʫʩʪʠʥʦʶ, ʘ ʪʘʢʦʞ 
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ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʤʝʪʘʣʫ, ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ, ʽ 

ʙʘʥʜʘʞʘ ʚʘʣʢʽʚ. 

           ʐʘʥʭʘʡʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽ ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʬʽʨʤʠ Baoshon Iron 

&Steel (ʂʅʈ) ʚʠʢʦʥʘʣʠ ʨʦʙʦʪʠ [94] ʧʦ ʤʦʜʝʣʶʚʘʥʥʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʧʨʦʮʝʩʫ ʚʽʜʣʠʚʘʥʥʷ ʩʤʫʛʠ ʥʘ ʜʚʦʚʘʣʢʦʚʦʾ ʋʅʈʉ 

ʜʣʷ ʘʥʘʣʽʟʫ ʧʝʨʝʙʽʛʫ ʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚ ʜʚʦʬʘʟʥʦʾ ʟʦʥʽ. ɺʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ 

ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ. ɺ ʨʦʙʦʪʽ ʪʘʢʦʞ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʚ ʢʦʥʪʘʢʪʽ ʤʝʪʘʣ-ʚʘʣʦʢ, ʥʘ ʧʝʨʝʙʽʛ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʨʦʟʧʣʘʚʫ.  

ʉʝʨʝʜ ʢʦʤʧʣʝʢʩʥʠʭ ʦʙôʻʤʥʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʨʦʟʨʦʙʢʠ ʀ.ʃ. 

ɻʫʪʨʠ ʠ ʈ.ʇ. ʊʘʚʘʨʝʩʘ [91, 95], ʢʦʪʨʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʛʣʷʜʘʪʠ ʭʘʨʘʢʪʝʨ ʪʘ 

ʚʧʣʠʚ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʚ ʟʦʥʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ-ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʤʝʪʘʣʫ ʪʘ ʧʦʣʦʞʝʥʥʷ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɰʭ ʤʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʪʘ 

ʘʣʶʤʽʥʽʶ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ. 

 ʇʨʦʛʥʦʟʫʚʘʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʩʪʘʣʽ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ ʤʽʞ ʚʘʣʢʘʤʠ ʱʦ 

ʦʙʝʨʪʘʶʪʴʩʷ ʧʨʠʩʚʷʯʝʥʘ ʧʨʘʮʷ  ɾʘʥʛʘ [27]. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʚ ʨʦʙʦʪʽ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ʥʘ 

ʢʽʥʝʪʠʢʫ ʚʠʧʘʜʘʥʥʷ ʚʢʣʶʯʝʥʴ ʤʽʞ ʜʝʥʜʨʠʪʘʤʠ ʟʘʪʚʝʨʜʽʣʦʾ ʩʪʘʣʽ. 

          ʉʝʨʝʜ ʝʤʧʽʨʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ ʚ 

ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʟʥʘʣʘ 

çʬʫʥʢʮʽʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʝʥʶè - ʟʘʣʝʞʥʽʩʪʴ ʪʦʚʱʠʥʠ ʟʘʪʚʝʨʜʽʣʦʾ ʢʦʨʢʠ 

ʤʝʪʘʣʫ ʚʽʜ ʢʦʨʝʥʶ ʯʘʩʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ  [30]  ʰʣʷʭʦʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʤʧʽʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʚʞʠʥʠ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʢʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ - 

ʜʝʬʦʨʤʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʢʘʟʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ 

ʘʚʪʦʨʘʤʠ ʥʝ ʷʢ ʟ ʘʙʩʦʣʶʪʥʦ ʣʽʥʽʡʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʘ  ʨʦʟʤʽʨʦʤ ʢʫʪʘ ʢʦʥʪʘʢʪʫ 

ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʦʛʦ ʤʝʪʘʣʫ ʟ ʚʘʣʢʦʤ (g) ʪʘ ʧʦʚʥʦʛʦ ʢʫʪʘ ʢʦʥʪʘʢʪʫ 

ʤʝʪʘʣʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 
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          1.8   ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 

             ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʦʢʨʝʤʽ ʟʘʜʘʯʽ: ʘʥʘʣʽʟʫ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʫ ʚʘʥʥʽ ʨʦʟʧʣʘʚʫ ʤʝʪʘʣʫ; ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʚʱʠʥʠ ʟʘʪʚʝʨʜʽʣʦʾ ʢʽʨʢʠ ʥʘ ʚʘʣʢʫ (ʢʨʠʩʪʘʣʽʟʘʮʽʾ); ʨʦʟʨʘʭʫʥʦʢ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʦʙʨʦʙʣʶʚʘʣʴʥʦʤʫ ʤʝʪʘʣʽ; ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ 

ʧʣʘʩʪʠʯʥʦʾ ʪʝʯʽʾ ʤʝʪʘʣʫ ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ; ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʧʽʩʣʷ ʪʚʝʨʜʽʥʥʷ ʪʘ ʦʙʪʠʩʢʫ. ɰʭ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʦʟʚʦʣʠʪʴ ʧʨʦʩʫʥʫʪʠ 

ʪʝʭʥʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ ʩʤʫʛ ʤʝʪʦʜʦʤ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʥʘ ʥʦʚʠʡ 

ʨʽʚʝʥʴ. 

ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʧʨʦʙʣʝʤʠ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦʾ ʩʪʘʣʴʥʦʾ 

ʩʤʫʛʠ ʥʘ ʜʚʦʚʘʣʢʦʚʠʭ ʣʠʚʘʨʥʦ-ʧʨʦʢʘʪʥʠʭ ʘʛʨʝʛʘʪʘʭ, ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ   ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʥʘʫʢʦʚʽ ʟʘʚʜʘʥʥʷ: 

        - ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ 

ʨʦʟʧʣʘʚʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʠ ʨʽʟʥʠʭ ʡʦʛʦ ʧʘʨʘʤʝʪʨʘʭ; 

         - ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʟʘʪʚʝʨʜʽʣʦʾ ʢʦʨʢʠ ʥʘ ʚʘʣʢʘʭ-

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʭ ʜʣʷ ʨʽʟʥʠʭ ʩʧʣʘʚʽʚ; 

        - ʚʠʚʯʠʪʠ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʪʚʝʨʜʽʣʦʛʦ ʤʝʪʘʣʫ ʚ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ çʩʦʣʽʜʫʩ-ʣʽʢʚʽʜʫʩè; 

- ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʪʚʝʨʜʽʥʥʷ ʪʘ ʥʘʩʪʫʧʥʦʾ ʛʘʨʷʯʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʪʘʣʽ; 

- ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʜʽʘʤʝʪʨ ʪʘ ʜʦʚʞʠʥʘ 

ʚʘʣʢʽʚ) ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ (ʚʠʩʦʪʘ ʚʘʥʥʠ ʨʽʜʢʦʛʦ 

ʤʝʪʘʣʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ, ʩʪʫʧʝʥʴ ʦʙʪʠʩʢʫ ʪʘ ʽʥʰ.) ʥʘ ʪʚʝʨʜʽʥʥʷ ʢʦʨʢʠ, 

ʧʨʦʪʷʞʥʽʩʪʴ ʟʦʥ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʜʝʬʦʨʤʘʮʽʾ, ʪʘ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ 

ʩʪʘʣʴʥʠʭ ʩʤʫʛ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ; 

- ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʩʧʦʩʦʙʫ ʧʦʜʘʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʚ ʤʽʞʚʘʣʢʦʚʠʡ ʧʨʦʩʪʽʨ ʥʘ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʚʝʨʜʽʥʥʷ ʩʤʫʛʠ ʟʘ ʾʾ ʰʠʨʠʥʦʶ ʥʘ ʚʠʭʦʜʽ ʟ ʚʘʣʢʽʚ. 
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ʈʆɿɼɯʃ 2 

 ɼʆʉʃɯɼɾɽʅʅʗ ɻɯɼʈʆɼʀʅɸʄɯʂʀ ʈʆɿʇʃɸɺʋ ɺ ʄɯɾɺɸʃʂʆɺʆʄʋ 

ʇʈʆʉʊʆʈɯ. 

 
         2.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʾ ʤʦʜʝʣʴʥʦʾ ʩʝʨʝʜʠ ʚ 

ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

 

        ʆʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʜʚʦʚʘʣʢʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. ʌʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʚʦʚʘʣʢʦʚʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ ʨʦʟʣʠʚʢʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ 

ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ, ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.1 [96]. ʇʘʨʘʤʝʪʨʠ 

ʫʩʪʘʥʦʚʢʠ ʥʘʚʝʜʝʥʥʽ ʚ ʪʘʙʣʠʮʽ 2.1 

 

                         ʘ)                                                                           ʙ) 

ʈʠʩ. 2.1.   ɽʩʢʽʟʥʘ ʩʭʝʤʘ (ʘ) ʪʘ ʨʝʘʣʴʥʘ ʜʚʦʚʘʣʢʦʚʘ ʫʩʪʘʥʦʚʢʘ (ʙ) 

                                                                                                         ʊʘʙʣʠʮʷ 2.1 

ʇʘʨʘʤʝʪʨʠ ʜʦʩʣʽʜʥʦʾ ʜʚʦʚʘʣʢʦʚʦʾ ʫʩʪʘʥʦʚʢʠ 

 

ɼʣʷ ʩʪʽʡʢʦʾ ʬʽʢʩʘʮʽʾ ʨʽʜʠʥʠ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʟʘʟʦʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʧʨʦʟʦʨʘ ʧʨʠʟʤʘ, ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʦʨʛʩʢʣʘ (ʨʠʩʫʥʦʢ 2.2). 

 

ʊʝʭʥʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʈʦʟʤʽʨʠ  ʚʘʣʢʘ, ʤʤ 

      - ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ 

- ʰʠʨʠʥʘ ʙʦʯʢʠ 

 

300 

200 

ʄʘʪʝʨʽʘʣ ʚʘʣʢʘ ʉʪʘʣʴ 

ʂʫʪ ʢʦʥʪʘʢʪʫ ʨʽʜʠʥʠ  ʟ ʚʘʣʢʦʤ, ʛʨʘʜ 10, 20, 30, 40 

ɺʳʩʦʪʘ ʥʘʣʠʚʫ ʨʽʜʠʥʠ, ʤʤ 27, 53, 80, 110 

ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʤ/ʭʚ (ʤ/ʩ) 15,6 (0,26) 
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                            ʘ)                                                                       ʙ) 

ʈʠʩ.  2.2.  ʇʨʠʟʤʘ  ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʨʽʜʠʥʠ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʟʘʟʦʨʽ: 

 ʨʝʘʣʴʥʘ (ʘ) ʪʘ  ʘʢʩʦʥʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ (ʙ) 

 

       ʉʪʽʥʢʠ ʧʨʠʟʤʠ ʧʦʚʪʦʨʶʚʘʣʠ ʛʝʦʤʝʪʨʽʶ ʙʦʯʢʠ ʚʘʣʢʽʚ. ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʴʥʦʾ 

ʨʽʜʠʥʠ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʚʦʜʘ. ʌʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʣʴʥʦʾ ʪʘ ʤʦʜʝʣʴʥʦʾ 

ʨʽʜʠʥʠ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.2. 

                ʊʘʙʣʠʮʷ 2.2 

ʌʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʣʴʥʦʾ ʪʘ ʤʦʜʝʣʴʥʦʾ ʨʽʜʠʥʠ                

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘ 

ʈʝʘʣʴʥʘ ʨʽʜʠʥʘ ʄʦʜʝʣʴʥʘ ʨʽʜʠʥʘ  

ʉʪʘʣʴ ɺʦʜʘ 

ʑʽʣʴʥʽʩʪʴ, ʢʛ/ʤ
3 

7000 1000 

ʇʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ, 

ʅ/ʤ 
1,2 0,2 

ɼʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, 

ʇʘĿʩ 
0,005é0,0085 0,00089 

ʂʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ, 

ʤ
2
/ʩ 

6,3Ŀ10
-7 

9,0Ŀ10
-7 

 

       ɺʽʟʫʘʣʽʟʘʮʽʶ ʧʦʪʦʢʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʚʘʥʥʷ ʫ ʚʦʜʫ 

ʧʦʣʽʩʪʠʨʦʣʦʚʠʭ ʢʫʣʴʦʢ (ʪʨʘʩʝʨʽʚ) ʜʽʘʤʝʪʨʦʤ 0,8é1,0ʤʤ, ʤʘʶʯʠʭ ʥʫʣʴʦʚʫ 

ʧʣʘʚʫʯʽʩʪʴ. ʅʘʧʨʷʤ ʪʘ ʰʚʠʜʢʦʩʪʽ ʬʽʢʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʢʘʤʝʨʠ 

(ʨʠʩʫʥʦʢ 2.3), ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʪʦʬʽʢʩʘʮʽʾ:  8,0ʄʧʩ,  2048ʭ1536 

ʢʨʘʧʦʢ, ʘ ʪʘʢʦʞ ʚʽʜʝʦʬʽʢʩʘʮʽʾ: 2048ʭ1536 /15fps. ɿʘʧʠʩ  ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ  

ʩʪʘʥʫ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʢʦʤʧôʶʪʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ USB ʽʥʪʝʨʬʝʡʩʫ. 
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ʈʠʩ. 2.3. ʂʘʤʝʨʘ ʬʽʢʩʘʮʽʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʪʦʢʽʚ ʤʦʜʝʣʶʶʯʦʾ ʨʽʜʠʥʠ. 

      ʆʙʣʘʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʤʦʜʝʣʽ ʧʨʦʟʦʨʦʛʦ 

ʙʫʥʢʝʨʫ ʦʪʨʠʤʫʚʘʣʠ ʦʙʪʶʨʠʨʦʚʘʥʠʤ ʧʫʯʢʦʤ ʩʚʽʪʣʘ. ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ ʚʠʟʥʘʯʘʣʠ ʨʦʟʨʘʭʫʥʢʦʤ ʚʽʜʥʦʰʝʥʥʷ ʚʠʤʽʨʷʥʠʭ 

ʟʥʘʯʝʥʴ ʜʦʚʞʠʥʠ ʪʨʝʢʽʚ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʘ ʜʦ ʯʘʩʫ ʝʢʩʧʦʟʠʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ.  

       ʋ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʢʽʣʴʢʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʠ ʟ ʨʽʟʥʦʶ ʱʽʣʴʥʽʩʪʶ ʪʨʘʩʝʨʽʚ.  ʅʘʡʢʨʘʱʽʡ ʨʝʟʫʣʴʪʘʪ ʜʘʣʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʟ ʱʽʣʴʥʽʩʪʶ ʪʨʘʩʝʨʽʚ 200ʰ/ʣʽʪʨ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʪʨʝʢʽʚ, ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʧʦʣʝ ʨʫʭʫ ʪʨʘʩʝʨʽʚ (ʨʠʩʫʥʦʢ 2.4). ʅʘ 

ʦʩʥʦʚʽ ʟʘʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʪʨʘʩʝʨʽʚ ʚ ʬʽʟʠʯʥʽʡ ʤʦʜʝʣʽ, ʧʦʙʫʜʦʚʘʥʦ 

ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ (ʨʠʩʫʥʦʢ 2.5), ʥʘ ʷʢʦʤʫ ʤʦʞʣʠʚʦ ʯʽʪʢʦ ʧʨʦʩʪʝʞʠʪʠ 

ʫʪʚʦʨʝʥʥʷ ʜʚʦʭ ʟʦʥ ʮʠʨʢʫʣʷʮʽʾ.   

          ʅʘʡʙʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ 

ʚʘʣʢʽʚ, ʢʦʪʨʽ ʥʘʛʥʽʪʘʶʪʴ ʨʽʜʠʥʫ ʚ ʤʽʞʚʘʣʢʦʚʠʡ ʟʘʟʦʨ. ɿʚʦʨʦʪʥʽʡ ʧʦʪʽʢ, ʷʢʠʡ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʪʦʯʮʽ ʟʫʩʪʨʽʯʽ ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʪʦʢʽʚ ʪʘ ʧʨʦʭʦʜʠʪʴ ʚʟʜʦʚʞ 

ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ ʤʽʞʚʘʣʢʦʚʦʛʦ  ʧʨʦʩʪʦʨʫ ʤʘʻ ʟʥʘʯʥʦ ʤʝʥʰʫ ʰʚʠʜʢʽʩʪʴ.    
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                      ʘ)                                                                                ʙ) 

ʈʠʩ. 2.4. ʌʦʪʦʟʥʽʤʦʢ ʪʨʝʢʽʚ ʯʘʩʪʠʥʦʢ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʤʦʜʝʣʽ (ʘ) ʪʘ   

ʦʪʨʠʤʘʥʝ ʧʦʣʝ ʨʫʭʫ (ʙ) 

             

 

 

 

 

 

 

 

 

                        ʘ)                                                                       ʙ) 

ʈʠʩ. 2.5.  ɺʝʢʪʦʨʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ ʪʨʘʩʝʨʽʚ: (ʘ) ʬʽʟʠʯʥʘ, (ʙ) ʢʦʤʧôʶʪʝʨʥʘ 

ʤʦʜʝʣʴ 
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        2.2. ʏʠʩʣʦʚʘ ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʤʦʜʝʣʴʥʦʛʦ 

ʨʦʟʧʣʘʚʫ ʚ ʫʤʦʚʘʭ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ  

      ʗʢ ʚʞʝ  ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʨʘʥʽʰʝ, ʪʝʭʥʦʣʦʛʽʷ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-

ʧʨʦʢʘʪʢʠ ʥʝ ʜʦʟʚʦʣʷʻ  ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʪʫʨʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʦʤʫ, ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʚʦʚʘʣʢʦʚʠʭ ʣʠʚʘʨʥʠʭ ʤʘʰʠʥ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʣʠʩʪʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ 

ʢʦʥʢʫʨʝʥʪʥʫ ʧʝʨʝʚʘʛʫ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ  ʪʦʯʥʫ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʝʨʝʜʠʥʽ ʤʽʞʚʘʣʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʪʘ  ʧʘʨʘʤʝʪʨʠ 

ʪʘʢʠʭ ʤʘʰʠʥ [97,98]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʩʥʦʚʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ 

ʤʝʪʘʣʫ ʪʘ ʷʢʽʩʪʴ ʣʠʩʪʘ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʧʽʜʪʚʝʨʜʠʪʠ ʩʚʦʶ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ.          

        ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʜʦʧʫʱʝʥʥʷ: 

-  ʚʘʣʢʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, ʥʝ ʜʝʬʦʨʤʫʶʪʴʩʷ;  

-  ʨʦʟʧʣʘʚ ʻ ʥʴʶʪʦʥʽʚʩʴʢʦʶ ʚôʷʟʢʦʶ ʥʝʩʪʠʩʣʠʚʦʶ ʨʽʜʠʥʦʶ; 

- ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʰʠʨʠʥʠ ʩʤʫʛʠ ʤʝʪʘʣʫ ʜʦ ʡʦʛʦ ʪʦʚʱʠʥʠ 

ʚʝʣʠʢʝ, ʨʦʟʛʣʷʜʘʣʠ  ʟʘʜʘʯʫ ʚ ʜʚʦʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʚ ʧʣʦʱʠʥʽ ʧʦʧʝʨʝʢʦʚʦʛʦ 

ʧʝʨʝʪʠʥʫ; 

- ʚ ʥʘʩʣʽʜʦʢ  ʩʠʤʝʪʨʽʾ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘʣʴʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʤʽʞ 

ʚʘʣʢʘʤʠ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ İ ʯʘʩʪʠʥʘ ʦʙôʻʤʫ ʨʽʜʠʥʠ; 

- ʧʨʦʮʝʩʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʤʘʣʦʛʦ ʟʘ ʯʘʩʦʤ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ. 

       ɿ ʦʮʽʥʢʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʪʝʯʽʾ ʨʽʜʠʥʠ (ʚʦʜʠ) ʫ ʢʘʥʘʣʽ ʜʦʩʣʽʜʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʚʠʧʣʠʚʘʻ, ʱʦ  n/Re ul= =0,26Ŀ0,1/10
ï6 
=26Ŀ10

3
 ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʭ ʟʘ ʢʨʠʪʠʯʥʦʛʦ (2000Re =ʢʨ ).  
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ʆʪʞʝ, ʪʝʯʽʷ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʽ ʫʩʪʘʥʦʚʢʠ ʻ ʪʫʨʙʫʣʝʥʪʥʦʶ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʚ ʷʢʦʩʪʽ ʭʘʨʘʢʪʝʨʥʦʾ ʜʦʚʞʠʥʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʚʘʣʢʘʤʠ ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ, ʷʢʝ ʜʦʨʽʚʥʶʻ 0,1 ʤ, ʘ ʚ ʷʢʦʩʪʽ 

ʭʘʨʘʢʪʝʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʚʘʣʢʽʚ (0,26 ʤ/ʩʝʢ). 

ʂʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʚ ʫʩʪʘʥʦʚʮʽ ʚʦʜʠ ʜʦʨʽʚʥʶʻ  

610=n  ʤ
2
/ʩʝʢ. 

        ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʾ ʪʝʯʽʾ ʨʽʜʠʥʠ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʫʩʪʘʥʦʚʢʠ ʚ 

ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʾ ʤʦʜʝʣʽ   ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʣʝʛ  ɯʥʩʪʠʪʫʪʫ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ e-k  ʤʦʜʝʣʴ  ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʶ Comsol [99], ʚ ʷʢʦʤʫ ʦʩʥʦʚʫ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ 

ʪʫʨʙʫʣʝʥʪʥʦʾ ʪʝʯʽʾ ʩʢʣʘʜʘʻ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ  ʅʘʚôʻ ï ʉʪʦʢʩʘ [100ï102]: 

]))(3/2())(([)( IuuuIuu ÖÐ-ÖÐ+Ð+-ÖÐ=ÐÖ hhr T
effp  ,                    (2.1) 

0=ÖÐu ,                                                            (2.2) 

ʚ ʢʦʪʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʘ ʜʠʥʘʤʽʯʥʘ ʪʫʨʙʫʣʝʥʪʥʘ ʚôʷʟʢʽʩʪʴ 

ʨʽʜʠʥʠ, ʷʢʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʇʨʘʥʜʪʣʷ [103,104] : 

                                         
)/(2 yulc

eff
µµ=rh ,                                            (2.3) 

ʜʝ  u  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʤʝʪʘʣʣʘ; p  ï ʜʘʚʣʝʥʠʝ. ʇʨʠʥʷʪʳ ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

h ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ; r ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʣʘʚʘ; I  ï ʝʜʠʥʠʯʥʳʡ ʪʝʥʟʦʨ; 

ʩʦʩʪʘʚʣʷʶʱʘʷ Iuuu ))(3/2())(( ÖÐ-ÖÐ+Ð hh T  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʥʟʦʨ 

ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ (ʇʘ);  ʩ ï ʝʤʧʽʨʠʯʥʘ ʢʦʥʩʪʘʥʪʘ; l ï ʭʘʨʘʢʪʝʨʥʠʡ ʤʘʩʰʪʘʙ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ.  

         ɼʣʷ ʦʮʽʥʢʠ ʚôʷʟʢʦʩʪʽ ʚʦʜʠ Лʝff  ʫ (2.44) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ: =r 10
3
 ʢʛ/ʤ

3
, k  =0,41

2
=0,17, =l 0,1/4 ʤ. 

          ɺʨʘʭʦʚʘʥʘ ʰʠʨʠʥʘ ʢʘʥʘʣʫ ʥʘ ʨʽʚʥʽ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʟʘ ʚʠʩʦʪʦʶ 

ʥʘʣʠʚʫ 110 ʤʤ, ʷʢʘ ʜʦʨʽʚʥʶʻ 0,1 ʤ. 

         ɿʥʘʯʝʥʥʷ ʧʦʭʽʜʥʦʾ Öu/Öl = 0,26/0,05 =5,2 ʩ
-1
. ʊʦʜʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʚôʷʟʢʦʩʪʽ ʦʪʨʠʤʘʻʤʦ Лʝff = 1,1 ʇʘĀʩʝʢ. 
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           ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʟʘʜʘʯʽ ʥʘʩʪʫʧʥʽ. ʅʘ ʧʦʚʝʨʭʥʽ ʩʠʤʝʪʨʽʾ 

ʟʘʚʜʘʶʪʴʩʷ ʫʤʦʚʠ ʩʠʤʝʪʨʽʾ; ʥʘ ʚʭʦʜʽ ï ʰʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʤʝʪʘʣʫ ʟ ʱʽʣʠʥʠ; 

ʥʘ ʚʠʭʦʜʽ ï ʰʚʠʜʢʽʩʪʴ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʚʠʪʨʘʪ; ʥʘ ʛʨʘʥʠʮʽ ʟ 

ʚʘʣʢʦʤ ï ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ; ʥʘ ʛʨʘʥʠʯʥʽʡ ʢʨʘʡʦʚʽʡ ʧʦʚʝʨʭʥʽ ʟʘ 

ʰʠʨʠʥʦʶ ʩʤʫʛʠ ï ʫʤʦʚʠ ʪʚʝʨʜʦʾ ʩʪʽʥʢʠ.          

              ʅʘ ʨʠʩʫʥʢʫ 2.6  ʟʦʙʨʘʞʝʥʽ ʽʟʦʣʽʥʽʾ ʤʦʜʫʣʷ ʰʚʠʜʢʦʩʪʽ (ʤʤ/ʩʝʢ), 

ʨʦʟʨʘʭʦʚʘʥʽ  ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʪʘ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʩʝʨʽʚ . ʊʦʯʢʘʤʠ ʚʢʘʟʘʥʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʩʝʨʽʚ, 

ʚʠʤʽʨʷʥʽ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʤʦʜʝʣʽ ʟ ʚʠʩʦʪʦʶ ʥʘʣʠʚʫ ʨʽʜʠʥʠ 110 ʤʤ ʪʘ 

ʣʽʥʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʚʘʣʢʽʚ  0,26 ʤ/ʩʝʢ. ʈʝʟʫʣʴʪʘʪʠ  ʯʠʩʣʦʚʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʙʨʝ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʱʦ ʥʘʜʘʣʦ  

ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ  ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʚ 

ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ.  

           ɸʣʝ ʟʛʽʜʥʦ ʜʦʩʚʽʜʫ ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʶʚʘʥʴ, ʨʦʟʨʘʭʫʥʢʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʨʫʭʫ ʨʽʜʠʥʠ ʥʘ ʦʩʥʦʚʽ ʪʫʨʙʫʣʝʥʪʥʦʾ  k  - e ʤʦʜʝʣʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʚʝʣʠʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʪʨʠʚʠʤʽʨʥʠʭ ʟʘʜʘʯ.  ɼʣʷ ʩʧʨʦʱʝʥʥʷ  ʨʦʟʨʘʭʫʥʢʽʚ  ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʰʣʷʭʦʤ  

ʚʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ (2.1) ï (2.3) ʟʘʧʨʦʧʦʥʦʚʘʥʦ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ 

ʜʝʷʢʦʾ ʧʦʩʪʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚôʷʟʢʦʩʪʽ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʧʦ ʫʩʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʦʙʣʘʩʪʽ ʟ ʧʦʜʘʣʴʰʠʤ  ʧʦʨʽʚʥʷʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʫʪʦʯʥʝʥʦʶ  k  - e ʤʦʜʝʣʣʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 

           ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʝʬʝʢʪʠʚʥʦʾ ʜʠʥʘʤʽʯʥʦʾ 

ʚôʷʟʢʦʩʪʽ  Лʝff = 0,001; 0,01; ʪʘ 0,1 ʇʘĀʩʝʢ.  ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʥʠʭ ʧʦʣʽʚ ʪʘ ʽʟʦʣʽʥʽʾ ʤʦʜʫʣʷ ʰʚʠʜʢʦʩʪʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.7.   

         ʅʘ ʦʩʥʦʚʽ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʢʘʨʪʠʥʠ ʪʝʯʽʾ ʨʽʜʠʥʠ ʚ ʨʦʟʛʣʷʥʫʪʦʾ ʫʩʪʘʥʦʚʮʽ, 

ʝʬʝʢʪʠʚʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ  ʤʦʣʝʢʫʣʷʨʥʫ ʚôʷʟʢʽʩʪʴ 

 ( ʷʢʘ ʜʦʨʽʚʥʶʻ ʜʣʷ ʚʦʜʠ 10
-3
 ʇʘĀʩʝʢ)  ʙʽʣʴʰ, ʥʽʞ ʚ 100 ʨʘʟʽʚ. ʊʨʝʙʘ ʚʽʜʤʽʪʠʪʠ, 

ʱʦ ʮʽ ʜʘʥʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʦʮʽʥʢʦʶ ʚʝʣʠʯʠʥʠ  Лʝff  ʟʘ ʬʦʨʤʫʣʦʶ (2.44) (Лʝff = 1,1 

ʇʘĀʩʝʢ).        
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ʈʠʩ. 2.6. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

            ɹʽʣʴʰ ʥʘʛʣʷʜʥʦ ʮʷ ʦʙʩʪʘʚʠʥʘ ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʧʶʨ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʽʚ, 

ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 2.8. 

        ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ:    

1. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʪʘ ʟʜʽʡʩʥʝʥʦ ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʤʦʜʝʣʴʥʦʾ 

ʨʽʜʠʥʠ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʚʦʚʘʣʢʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʚʘʣʢʽʚ. 

2. ʈʦʟʨʦʙʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ 

ʪʫʨʙʫʣʝʥʪʥʫ ʪʝʯʽʶ ʨʽʜʠʥʠ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ 

ʢʦʤʧôʶʪʝʨʥʘ ʨʝʘʣʽʟʘʮʽʷ ʦʜʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʚ ʧʨʦʛʨʘʤʽ Comsol. 

3. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʯʽʾ ʨʽʜʠʥʠ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚʠʤʽʨʷʥʠʤʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʪʘ ʦʪʨʠʤʘʥʦ 

ʜʦʙʨʠʡ ʷʢʽʩʥʠʡ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʟʙʽʛ.  

4. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʫʨʙʫʣʝʥʪʥʦʾ ʪʝʯʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʧʨʦʱʝʥʫ (ʣʘʤʽʥʘʨʥʫ) ʤʦʜʝʣʴ ʟ ʝʬʝʢʪʠʚʥʦʶ ʚôʷʟʢʽʩʪʶ, ʨʦʟʨʘʭʦʚʘʥʦʶ ʟʘ 

ʬʦʨʤʫʣʦʶ ʇʨʘʥʜʝʣʷ, ʚ ʢʦʪʨʽʡ  ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʽʡ  ʚôʷʟʢʦʩʪʽ ʟʘʜʘʻʪʴʩʷ ʚ 100 

ʪʘ ʙʽʣʴʰʝ ʨʘʟ  ʾʾ ʤʦʣʝʢʫʣʷʨʥʽʡ ʚôʷʟʢʦʩʪʽ.    
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ʈʠʩ. 2.7. ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʤʦʜʫʣʷ ʚʝʢʪʦʨʫ ʰʚʠʜʢʦʩʪʽ ʚ ʢʦʣʴʦʨʽ (ʘ), 

ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʣʦʢ (ʙ) ʪʘ ʫ ʚʠʛʣʷʜʽ ʽʟʦʣʽʥʽʡ 

ʰʚʠʜʢʦʩʪʽ (ʚ) ʫ ʤʽʞʚʘʣʢʦʚʦʤʫ ʟʘʟʦʨʽ, ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʝʬʝʢʪʠʚʥʽʡ ʚôʷʟʢʦʩʪʽ: 0,001 ʇʘĀʩ; 0,01 ʇʘĀʩ; 0,1 ʇʘĀʩ 
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ʈʠʩ. 2.8. ï ʈʦʟʧʦʜʽʣ ʤʦʜʫʣʷ ʚʝʢʪʦʨʫ ʰʚʠʜʢʦʩʪʽ ʚ ʢʦʣʴʦʨʽ (ʟʚʝʨʭʫ ʟʣʽʚʘ) ʪʘ 

ʟʤʽʥʘ ʧʦʚʟʜʦʚʞʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʚʟʜʦʚʞ ʩʝʤʠ ʧʦʢʘʟʘʥʠʭ ʧʝʨʝʪʠʥʽʚ 

ʢʘʥʘʣʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦ e-k  ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ  (ʘ); ʧʦ ʤʦʜʝʣʽ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʇʨʘʥʜʪʣʷ ʧʨʠ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚôʷʟʢʦʩʪʽ: 0,1 ʇʘĀʩ (ʙ); 

0,01 ʇʘĀʩ (ʚ); 0,001 ʇʘĀʩ (ʛ) 
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     uy, ʤ/c 

     uy, ʤ/c      uy, ʤ/c 

ʙ ï =heff  0,1 ʇʘĀʩ ʚ ï =heff  0,01 ʇʘĀʩ 

                                                                                           

                        

         1     2      3         4            5        6     7            

 

                                      x, ʤ 

     uy, ʤ/c 

ʛ ï =heff 0,001 ʇʘĀʩ 
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         2.3 ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʦʥʠ ʨʦʟʣʠʚʢʠ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ 

         ɺ ʭʦʜʽ ʨʦʟʣʠʚʢʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʜʚʦʚʘʣʢʦʚʦʛʦ 

ʣʠʪʪʷ, ʢʨʠʩʪʘʣʽʟʘʮʽʷ  ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜ ʤʝʥʽʩʢʘ,  ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ  ʦʙʦʭ 

ʚʘʣʢʽʚ ʬʦʨʤʫʶʪʴʩʷ ʜʚʽ ʪʚʝʨʜʽ ʢʦʨʢʠ ʤʝʪʘʣʫ (Ŭʢʨ), ʢʦʪʨʽ ʟʘ ʧʝʚʥʠʤ ʢʫʪʦʤ 

ʟʤʠʢʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ (Ŭʦʙ ), ʘ ʜʘʣʽ ʧʽʜʜʘʶʪʴʩʷ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ 

(ʨʠʩʫʥʦʢ 2.9).    

          

          

 

 

 

 

 

 

ʈʠʩ. 2.9. ʉʭʝʤʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʜʚʦʚʘʣʢʦʚʦʾ 

ʨʦʟʣʠʚʢʠ - ʧʨʦʢʘʪʢʠ: 

Ŭ - ʢʫʪ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʫ ʟ ʚʘʣʢʦʤ; Ŭʢʨ ï ʢʫʪ ʦʙʣʘʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ; 

Ŭʦʙ ï ʢʫʪ ʦʙʣʘʩʪʽ ʜʝʬʦʨʤʘʮʽʾ (ʜʽʣʷʥʢʘ ʧʨʦʢʘʪʢʠ); hʧ- ʰʠʨʠʥʘ ʩʤʫʛʠ; R-ʨʘʜʽʫʩ 

ʚʘʣʢʘ; 

 

          ɹʫʣʦ ʧʨʠʧʫʱʝʥʦ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʨʦʟʣʠʚʘʥʥʷ ʤʝʪʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʚʦʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʢʘʨʪʠʥʫ ʪʝʯʽʾ ʤʝʪʘʣʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʚʠʟʥʘʯʘʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʜʽʘʤʝʪʨ ʚʘʣʢʽʚ ʪʘ ʚʠʩʦʪʘ ʥʘʣʠʚʫ ʘʙʦ ʽʥʘʢʰʝ 

ʢʫʪ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʘ ʟ ʚʘʣʢʦʤ. 

         ɼʣʷ ʛʝʦʤʝʪʨʠʯʥʦ ʧʦʜʽʙʥʠʭ çʢʦʤʽʣʴ ï ʟʦʥè ʧʦʣʦʞʝʥʥʷ ʤʝʥʽʩʢʫ ʨʽʜʢʦʛʦ 

ʤʝʪʘʣʫ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʚʽʩʴ ʚʘʣʢʽʚ, ʚʠʟʥʘʯʘʻ ʢʫʪ Ŭ 

(ʨʠʩʫʥʦʢ 2.9).  

V͍  

V͍  
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          ɼʣʷ ʛʝʦʤʝʪʨʠʯʥʦ ʧʦʜʽʙʥʠʭ çʢʦʤʽʣʴ ï ʟʦʥè ʢʘʨʪʠʥʫ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ 

ʚʠʟʥʘʯʘʶʪʴ, ʟʘʛʘʣʦʤ, ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʢʫʪ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʫ ʟ ʚʘʣʢʦʤ Ŭ;  

ʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʤʫʛʠ ʥʘ ʚʠʭʦʜʽ ʟ ʚʘʣʢʽʚ  hʧ ʪʘ ʨʘʜʽʫʩʘ ʚʘʣʢʘ R. ɺ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʝʯʽʶ ʤʝʪʘʣʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʟʘʟʦʨʽ 

ʧʨʠ ʚʘʣʢʦʚʽʡ ʨʦʟʣʠʚʮʽ ï ʧʨʦʢʘʪʮʽ  ʩʪʘʣʝʚʦʾ ʩʤʫʛʠ ʪʦʚʱʠʥʦʶ 3 ʤʤ  ʫ ʚʘʣʢʘʭ 

ʜʽʘʤʝʪʨʦʤ 500, 1000, 1500 ʤʤ. ʇʘʨʘʤʝʪʨʠ ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ [105] ʪʘ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 2.3.  

ʊʘʙʣʠʮʷ 2.3   

  ʇʘʨʘʤʝʪʨʠ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʩʪʘʣʝʚʦʾ  ʩʤʫʛʠ ʪʦʚʱʠʥʦʶ 3ʤʤ   ʧʨʠ  

ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʘʭ ʚʘʣʢʽʚ ʪʘ ʢʫʪʘʭ ʤʝʥʽʩʢʫ Ŭ 

ɼʽʘʤʝʪʨ 

ʚʘʣʢʽʚ, ʤʤ 

ʂʫʪ 

ʤʝʥʽʩʢʘ, 

Ŭ, ʛʨʘʜ 

ʐʚʠʜʢʽʩʪʴ 

ʣʠʪʪʷ, 

ʤʤ/ʩʝʢ 

ʂʫʪ 

ʢʨʠʩʪʘʣ. 

Ŭʢʨ , ʛʨʘʜ 

ʂʫʪ 

ʜʝʬʦʨʤ. 

Ŭʦʙ, ʛʨʘʜ 

ɺʠʩʦʪʘ 

ʥʘʣʠʚʫ, 

ǎ, ʤʤ 

ʐʠʨʠʥʘ 

ʚʘʥʥʠ, 

hʨ, ʤʤ 

ɺʽʜʥʦʩʥ 

ʦʙʪʠʩʢ, 

Ů,% 

500 

10 240 7,6 2,4 45 11 14 

20 550 17,1 2,9 90 34 19 

30 850 27,1 2,9 135 71 19 

1000 

10 500 8,3 1,7 90 19 18 

20 1150 18,3 1,7 180 66 17 

30 1750 28,6 1,4 270 139 10 

1500 

10 850 8,6 1,4 135 27 15 

20 1750 18,3 1,7 270 97 24 

30 2600 28,6 1,4 400 203 14 

 

            ɿʘ ʜʘʥʠʤʠ ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 2.3, ʧʝʨʰ ʟʘ ʚʩʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ  

ʜʽʘʤʝʪʨ ʚʘʣʢʽʚ ʪʘ ʢʫʪ ʤʝʥʽʩʢʫ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ. 

ɺʦʥʘ ʧʨʘʢʪʠʯʥʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʠʭ. 

           ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.4. 

          ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʣʠʚʢʠ ʫ ʚʘʣʢʠ 

ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʠ ʜʽʘʤʝʪʨʦʤ 500 ʤʤ ï ʟʘ ʚʠʩʦʪʦʶ ʥʘʣʠʚʫ ʨʦʟʧʣʘʚʣʝʥʦʛʦ 

ʤʝʪʘʣʫ l = 45, 90, 135 ʤʤ (ʜʠʚ. ʪʘʙʣ. 2.3) ʥʘʚʝʜʝʥʽ ʥʘ ʤʘʣʶʥʢʫ 2.10 ʪʘ 2.11. 

          ʇʨʦʧʦʨʮʽʾ ʜʝʷʢʠʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʙʽʣʴʰʦʾ ʥʘʦʯʥʦʩʪʽ ʥʘ ʤʘʣʶʥʢʫ 2.10 ʥʝ 

ʟʙʝʨʽʛʘʣʠʩʷ.  
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  ʊʘʙʣʠʮʷ 2.4 

ɼʘʥʽ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʠʭ  ʨʦʟʨʘʭʫʥʢʽʚ 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ, ʧʘʨʘʤʝʪʨʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʆʧʠʩ, ʟʥʘʯʝʥʥʷ 
ʧʘʨʘʤʝʪʨʽʚ  

ʇʦʩʪʘʥʦʚʢʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ  
ʜʚʦʤʽʨʥʘ, 

ʚʽʩʽʩʠʤʝʪʨʠʯʥʘ 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ  1/2 ʤʽʞʚʘʣʢʦʚʦʛʦ ʢʘʥʘʣʫ 

ʈʝʞʠʤ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ  ʣʘʤʽʥʘʨʥʠʡ 

ʈʘʜʽʫʩ ʚʘʣʢʘ, R, ʤʤ  250  

ɼʦʚʞʠʥʘ ʚʘʣʢʘ, ʤʤ 200 

ʂʫʪ / ʚʠʩʦʪʠ ʤʝʥʽʩʢʘ, 
0
 / l , ʤʤ ʪʘʙʣ. 2.3 

ʊʦʚʱʠʥʘ ʩʤʫʛʠ ʤʝʪʘʣʫ, ʤʤ 3 

ʐʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ (ʚʘʣʢʘ), ʧv , ʤ/ʩ ʪʘʙʣ. 2.3 

ʐʠʨʠʥʘ ʱʽʣʠʥʠ ʜʣʷ ʧʦʜʘʚʘʥʥʷ ʨʦʟʧʣʘʚʫ D, ʤʤ  10 

ʐʚʠʜʢʽʩʪʴ ʚʠʪʨʘʪ ʨʦʟʧʣʘʚʫ, 0v , ʤ/ʩ ʨʦʟʨʘʭʫʥʦʢ 

ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʣʘʚʫ, r, ʢʛ/ʤ
3
 7000 

ɼʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ, h, ʇʘ/ʩ 0,062 

ɿʘʜʘʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ  10
ï6

 

ʂʽʣʴʢʽʩʪʴ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʽʪʯʘʩʪʦʛʦ ʨʦʟʙʠʪʪʷ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʚʘʨʽʘʥʪʽʚ 1 / 2 / 3 (ʥʘ 

ʛʨʘʥʠʮʽ ʟ ʚʘʣʢʦʤ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʽʥʮʝʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʨʦʛʨʘʤʥʦ ʦʙʤʝʞʫʚʘʚʩʷ 0,1ʤʤ, ʫ ʚʩʽʡ  

ʦʙʣʘʩʪʽ ʱʦ ʟʘʣʠʰʠʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ 

ʩʽʪʯʘʩʪʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 1 ʤʤ). 

142292 / 79570 / 34400 

 

     ɸʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ ʥʘ ʟʥʘʯʥʫ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʪʝʯʽʾ ʚ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʪʠʥʘʭ ʤʽʞʚʘʣʢʦʚʦʛʦ ʟʘʟʦʨʫ 

(ʄɺɿ). ɺ ʰʘʨʘʭ ʤʝʪʘʣʫ, ʧʨʠʣʝʛʣʦʤʫ ʜʦ ʚʘʣʢʘ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʽ 

ʛʨʘʜʽʻʥʪʠ ʧʦʚʟʜʦʚʞʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʪʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʚʠʭʦʨʫ 

(ʟʘʚʠʭʨʝʥʥʷ).   
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ʈʠʩ. 2.10. ï ʈʦʟʧʦʜʽʣ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡ ʧʦʪʦʢʫ ʪʘ ʩʪʨʽʣʢʘʤʠ ʜʣʷ 

ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʚʠʩʦʪʠ ʤʝʥʽʩʢʘ 

 

     ɺʘʨʠʘʥʪ 1 

ʧʦʜʘʯʘ ʨʘʩʧʣʘʚʘ 
ȹ=10 ʤʤ 

     ɺʘʨʠʘʥʪ 2 

ȹ=10 ʤʤ 

ɺʘʨʠʘʥʪ 3 

ȹ=10 ʤʤ 
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ʈʠʩ. 2.11. ï ɿʤʽʥʝʥʥʷ y - ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʟʜʦʚʞ ʩʝʤʠ ʧʦʢʘʟʘʥʠʭ ʟʣʽʚʘ 

ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʪʠʥʽʚ 1/2 ʤʽʞʚʘʣʢʦʚʦʛʦ ʢʘʥʘʣʫ ʜʣʷ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʚʠʩʦʪʠ 

ʤʝʥʽʩʢʘ 

ˤ͊ͪ͊ͤͭ͜ м 

ˤ͊ͪ͊ͤͭ͜ н 

ˤ͊ͪ͊ͤͭ͜ о 



78 
 

           ʈʽʜʢʠʡ  ʤʝʪʘʣ  ʮʝʥʪʨʘʣʴʥʦʾ  ʯʘʩʪʠʥʠ ʚʝʨʭʥʴʦʾ ʧʦʣʦʚʠʥʠ ʄɺɿ ʚʽʜʩʪʘʻ 

ʚʽʜ ʦʢʨʫʞʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʘʣʢʘ ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʙʣʠʟʴʢʦʤʫ ʜʦ 

ʟʘʩʪʽʡʥʦʛʦ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʘ ҙ ʙʽʣʴʰ ʥʽʞ 20
ʦ
 ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʥʽʩʢʫ 

ʟôʷʚʣʷʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʚʦʨʦʪʥʦʾ ʪʝʯʽʾ ʤʝʪʘʣʫ ʟ ʤʽʞʚʘʣʢʦʚʦʛʦ ʟʘʟʦʨʫ, ʱʦ 

ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʟʙʫʨʝʥʥʷ ʤʝʪʘʣʫ ʪʘ ʚʠʢʠʜ ʡʦʛʦ ʯʘʩʪʠʥʦʢ  ʟ ʄɺɿ. ɿʘ ʘ = 30
ʦ
 

ʰʚʠʜʢʽʩʪʴ ʟʚʦʨʦʪʥʦʾ ʪʝʯʽʾ  ʤʝʪʘʣʫ ʤʘʻ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ 20% 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʘʣʢʘ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ, ʪʦʙʪʦ 170 ʤʤ/ʩ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʜʽʘʤʝʪʨʫ ʚʘʣʢʽʚ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ ʭʘʨʘʢʪʝʨ ʪʝʯʽʾ ʤʝʪʘʣʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ʆʜʥʘʢ, ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ (ʪʘʙʣʠʮʷ 2.3) ʘʙʩʦʣʶʪʥʽ 

ʰʚʠʜʢʦʩʪʽ ʟʚʦʨʦʪʥʦʾ ʪʝʯʽʾ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʶʪʴ ʪʘ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʜʫʞʝ 

ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ( ʜʦ 520 ʤʤ/ʩ) ʚ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʣʢʽʚ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ 

(1500 ʤʤ).  ʊʘʢʘ ʽʥʪʝʥʩʠʚʥʘ ʟʚʦʨʦʪʥʘ ʪʝʯʽʷ ʨʦʟʧʣʘʚʫ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʥʽʩʢʫ 

ʄɺɿ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʟʙʫʨʝʥʥʷ ʪʘ ʚʠʢʠʜʠ ʨʦʟʧʣʘʚʫ ʟ ʤʽʞʚʘʣʢʦʚʦʛʦ ʟʘʟʦʨʫ, 

ʱʦ ʥʝ ʪʝʭʥʦʣʦʛʽʯʥʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʾ ʩʤʫʛʠ. ʄʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʜʽʘʤʝʪʨʫ ʚʘʣʢʘ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʪʘ ʢʦʞʥʦʾ 

ʪʦʚʱʠʥʠ ʩʤʫʛʠ ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ, ʽʩʥʫʻ ʜʝʷʢʠʡ (ʢʨʠʪʠʯʥʠʡ) ʢʫʪ ʤʝʥʽʩʢʫ, 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʷʢʠʡ ʥʝ ʩʣʽʜ. ʇʨʠʯʦʤʫ, ʯʽʤ ʙʽʣʴʰʝ ʜʽʘʤʝʪʨ ʚʘʣʢʽʚ, ʪʠʤ ʤʝʥʰ 

çʢʨʠʪʠʯʥʠʡè ʢʫʪ ʤʝʥʽʩʢʫ. 

 

          2.4.  ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʨʦʟʧʣʘʚʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ 

          ʇʨʦʮʝʩʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʢʦʥʚʝʢʮʽʾ ʪʝʧʣʘ, ʟʚôʷʟʘʥʽ ʟ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [106]: 

 ,                                            (2.4) 

ʜʝ      ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ; 

          ɚ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ; 

          ʉʨ ï ʪʝʧʣʦʻʤʥʽʩʪʴ, ʚʠʟʥʘʯʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʷʢʠʡ 

          ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʚʝʨʜʽʥʥʽ ʤʝʪʘʣʫ;  

)( TTCp ÐÖÐ=ÐÖ lr u
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          ɺ ʧʨʦʮʝʩʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʜʽʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʩʭʦʚʘʥʦʛʦ ʪʝʧʣʘ. ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ ʨʦʟʧʣʘʚʫ ʧʨʠ 

ʡʦʛʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʘʚʜʘʻʪʴʩʷ ʟʤʽʥʦʶ ʝʥʪʘʣʴʧʽʾ . ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʜʣʷ ʚʽʜʦʤʦʾ ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʻʤʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ  ʚ 

ʽʟʦʙʘʨʠʯʥʦʤʫ ʧʨʦʮʝʩʽ (p = const) ʧʨʠ ʥʘʛʨʽʚʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʊ1 ʜʦ ʊ2 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʛʽʜʥʦ ʪʝʨʤʦʭʽʤʽʯʥʦʤʫ ʟʘʢʦʥʫ ʂʽʨʭʛʦʬʘ: 

                                             

            ɿʤʽʥʘ ʚ ʫʜʽʣʴʥʽʡ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʠ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʽ ʤʦʞʝ ʙʫʪʠ 

ʧʨʠʙʣʠʟʥʦ ʚʠʟʥʘʯʝʥʦ ʷʢ: 

                                                             

            ɺ ʤʦʜʝʣʽ ʜʣʷ ʫʨʘʭʫʚʘʥʥʷ ʩʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ ʧʨʠ 

ʨʦʟʣʠʚʢʠ, ʟʘʜʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʷʢʝ ʜʦʨʽʚʥʶʻ , ʜʝ 

ʜʝʣʴʪʘ ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ ŭ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʧʨʦʛʨʘʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʤʽʥʶʶʯʠʩʴ ʟʘ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ɻʘʫʩʘ: 

  , 

; ; 

             ʜʝ  ʊs ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʽʜʫʩʫ; 

                   ʊL ï ʪʝʤʧʝʨʘʪʫʨʘ ʣʽʢʚʽʜʫʩʫ. 

ʆʩʢʽʣʴʢʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʊsÒTÒTL ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʘʟʥʘʻ 

ʩʢʘʯʦʢ, ʧʨʠ ʾʾ ʨʦʟʨʘʭʫʥʢʫ ʚ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʘ 

ʩʪʫʧʽʥʯʘʩʪʘ ʬʫʥʢʮʽʷ ʟʛʣʘʜʞʫʚʘʥʥʷ ʍʝʚʽʩʘʡʜʘ ʟ ʙʝʟʧʝʨʝʨʚʥʦʶ ʜʨʫʛʦʶ 

ʧʦʭʽʜʥʦʶ ï ʬʫʥʢʮʽʷ flc2hs [99].  

            ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʨʦʟʣʠʚʮʽ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʴ ʪʚʝʨʜʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ ʜʣʷ ʥʘʭʦʜʞʝʥʥʷ 
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ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʧʣʘʚʫ. ʆʙôʻʤʥʘ ʜʦʣʷ ʨʽʜʢʦʾ ʬʘʟʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʰʣʷʭʦʤ: 

 

      (2.5) 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ  (2.4) ʜʦʧʦʚʥʶʻʪʴʩʷ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ: 

- ʫʤʦʚʘ ʩʠʤʝʪʨʽʾ ʥʘ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʽ; 

- ʫʤʦʚʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʫ ʥʘ  ʚʠʭʦʜʽ; 

- ʥʘ ʚʭʦʜʽ ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ ʱʦ ʧʦʜʘʻʪʴʩʷ ʊ0;  

- ʥʘ ʽʥʰʠʭ ʛʨʘʥʠʮʷʭ, ʚʢʣʶʯʥʦ ʟ ʧʦʚʝʨʭʥʝʶ ʚʘʣʢʘ ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ: 

                          

ʜʝ  ʘ ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʪʝʧʣʦʚʠʭ ʫʤʦʚ ʜʣʷ ʛʨʘʥʠʯʥʦʾ ʧʦʚʝʨʭʥʽ; 

ʊʥʘʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

n ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʪʝʧʣʦʚʽʜʜʘʶʯʦʾ  ʧʦʚʝʨʭʥʽ; 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ ʚʠʟʥʘʯʘʣʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ [107,108]:  

 

, ɺʪ/(ʤ
2
Āʂ).                                         (2.6) 

 

ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.  

        ɺ ʷʢʦʩʪʽ ʤʝʪʘʣʫ ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ ʦʙʨʘʣʠ ʩʪʘʣʴ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʚʦʚʘʣʢʦʚʦʾ ʩʠʩʪʝʤʠ ʨʦʟʣʠʚʢʠ ʪʘ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.5. 

       ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.12, 2.13 ʪʘ 2.14 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ  = 0,085; 0,4; 0,85 ʤ/ʩ. 
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 ʊʘʙʣʠʮʷ 2.5 

ɼʘʥʽ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ 

ʈʘʜʽʫʩ ʚʘʣʢʘ, ʤʤ 210 

ɼʦʚʞʠʥʘ ʚʘʣʢʘ (ʰʠʨʠʥʘ ʩʤʫʛʠ), ʤʤ 600 

ɺʠʩʦʪʘ ʤʝʥʽʩʢʘ, ʤʤ 70 

ʊʦʚʱʠʥʘ ʩʤʫʛʠ ʤʝʪʘʣʫ, ʤʤ 1 

ʃʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ, , ʤ/ʩ 0,085 / 0,4 / 0,85 

ʐʠʨʠʥʘ ʱʽʣʠʥʠ ʜʣʷ ʧʦʜʘʯʽ ʨʦʟʧʣʘʚʫ, ʤʤ 8 

ʑʽʣʴʥʽʩʪʴ  ʤʝʪʘʣʫ ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ, , ʢʛ/ʤ
3
 7000 

ɽʬʝʢʪʠʚʥʘ ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ, , ʇʘ/ʩ. 0,062 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʨʦʟʧʣʘʚʣʝʥʦʾ ʩʪʘʣʽ, , ɺʪ/(ʤĀʂ) 29 

ʇʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʠ, , ɼʞ/ʢʛ 272000 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʦʣʽʜʫʩʘ ʩʪʘʣʠ, TS, 
0
ʉ 1460 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ ʥʘ ʚʭʦʜʽ, , 
0
ʉ 1500 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʾ ʩʝʨʝʜʠ, , 
0
ʉ 27 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ, , 

ɺʪ/(ʤ
2
Āʂ) 

3485 / 9536 / 

15566 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟ ʚʽʜʢʨʠʪʠʭ ʧʦʚʝʨʭʦʥʴ 

ʨʦʟʧʣʘʚʫ, , ɺʪ/(ʤ
2
Āʂ) 
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             ʘ-  0v  = 0,085 ʤ/ʩ;             ʙ-  0v  = 0,4 ʤ/ʩ;                  ʚ -  0v  = 0,85 ʤ/ʩ.  

ʈʠʩ. 2.12. ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʚ ʨʦʟʧʣʘʚʽ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡ ʧʦʪʦʢʫ 

(ʟʣʽʚʘ) ʪʘ ʚʝʢʪʦʨʘʤʠ (ʩʧʨʘʚʘ) ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʚʘʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʧʨʠ 

ʨʽʟʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʘʣʢʘ 

ʇʦʪʦʚʱʝʥʦʶ ʣʽʥʽʻʶ ʧʦʢʘʟʘʥʘ ʽʟʦʣʽʥʽʷ  ʪʝʤʧʝʨʘʪʫʨʠ ʩʦʣʽʜʫʩ TS = 1460
0
ʉ. 
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           ʘ- 0v  = 0,085 ʤ/ʩ;            ʙ - 0v  = 0,4 ʤ/ʩ;             ʚ- 0v  = 0,85 ʤ/ʩ. 

ʈʠʩ. 2.13. ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʚʝʜʝʥʝ ʚ ʢʦʣʴʦʨʽ (ʟʣʽʚʘ) ʪʘ 

ʽʟʦʣʽʥʽʷʤʠ (ʩʧʨʘʚʘ) ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʚʘʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʧʨʠ ʨʽʟʥʽʡ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʘʣʢʘ 

 

 

                            ʘ                                                            ʙ 

ʈʠʩ.  2.14. ï ʈʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʣʴʦʨʽ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ 

ʜʚʦʚʘʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʟʧʣʘʚʫ ʥʘ ʚʭʦʜʽ Tʚʭ = 1500
0
ʉ. 
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       ɹʽʣʠʤ ʢʦʣʴʦʨʦʤ ʥʘ ʦʩʥʦʚʥʽʡ ʢʘʨʪʠʥʽ ʪʘ ʥʘ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʘʭ ʥʘ 

ʚʩʪʘʚʢʘʭ ʧʦʢʘʟʘʥʽ ʽʟʦʣʽʥʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʦʣʽʜʫʩʫ 1440
ʦ
ʉ ʪʘ ʣʽʢʚʽʜʫʩʫ 1470

ʦ
ʉ ï 

(ʘ). ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʣʽ ʥʘ ʚʠʭʦʜʽ ʟ ʤʽʞʚʘʣʢʦʚʦʛʦ ʢʘʥʘʣʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ 

(ʚʟʜʦʚʞ ʚʽʜʤʽʯʝʥʦʾ ʣʽʥʽʾ ɸɺ) ï (ʙ). 

          ɿ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʇʨʠ ʤʘʣʽʡ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ (0,085 ʤ/ʩ) ʯʝʨʝʟ ʚʝʣʠʢʠʡ ʯʘʩ ʥʘʭʦʜʞʝʥʥʷ 

ʤʝʪʘʣʫ ʚ ʢʘʥʘʣʽ ʤʽʞ ʚʘʣʢʘʤʠ ʛʣʠʙʠʥʘ ʨʦʟʧʣʘʚʣʝʥʦʾ ʣʫʥʢʠ h ʤʘʣʘ ï ʟʘʡʤʘʻ 

ʧʨʠʙʣʠʟʥʦ ʪʨʝʪʠʥʫ ʚʠʩʦʪʠ ʢʘʥʘʣʫ (ʜʠʚ. ʨʠʩʫʥʦʢ 2.12,ʘ). ʇʨʠ ʮʴʦʤʫ ʚ 

ʧʦʣʦʚʠʥʽ ʢʘʥʘʣʫ ʚʠʥʠʢʘʻ ʦʜʥʘ ʚʠʭʨʦʚʘ ʩʪʨʫʢʪʫʨʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ ʥʘ 

ʚʠʭʦʜʽ ʟ ʚʘʣʢʽʚ ʜʦʨʽʚʥʶʻ 823
ʦ
ʉ (ʜʠʚ. ʨʠʩʫʥʦʢ 2.13, ʘ). 

2.  ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ  ʨʫʭʫ ʚʘʣʢʽʚ ʜʦ 0,4 ʤ/ʩ (ʨʠʩʫʥʦʢ 2.12, ʙ ʪʘ 2,13, 

ʙ) ʛʣʠʙʠʥʘ ʣʫʥʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʱʦ 

ʟʘʜʘʻʪʴʩʷ ʟʛʽʜʥʦ ʚʠʨʘʟʫ  (2.6) ʟʨʦʩʪʘʻ. ʈʘʟʦʤ ʟ ʮʠʤ ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ 

ʥʘʭʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ ʤʽʞ ʚʘʣʢʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ 

ʣʫʥʢʠ. ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ ʥʘ ʚʠʭʦʜʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 

1128
ʦ
ʉ (ʨʠʩʫʥʦʢ 2.13, ʙ) 

3.  ɿʘ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʘʣʢʽʚ ʜʦ 0,85 ʤ/ʩ (ʨʠʩʫʥʦʢ 2.12, 

ʚ ʪʘ 2.13, ʚ) ʛʣʠʙʠʥʘ ʣʫʥʢʠ ʱʝ ʙʽʣʴʰ ʟʨʦʩʪʘʻ. ʇʦʙʣʠʟʫ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʪʝʯʽʾ 

ʨʦʟʧʣʘʚʫ ʟôʷʚʣʷʻʪʴʩʷ ʥʝʚʝʣʠʢʘ ʜʦʜʘʪʢʦʚʦ ʚʠʭʨʦʚʘ ʩʪʨʫʢʪʫʨʘ. ʊʚʝʨʜʽʥʥʷ 

ʤʝʪʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʙʣʠʟʫ ʧʦʚʝʨʭʥʽ ʚʘʣʢʽʚ ʟʘ ʚʩʽʻʶ ʚʠʩʦʪʦʶ ʢʘʥʘʣʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʜʦʩʷʛʘʻ 1205
ʦ
ʉ (ʨʠʩʫʥʦʢ 2.12, ʚ). 

4. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʪʦʚʱʠʥʦʶ ʩʤʫʛʠ ʥʘ ʚʠʭʦʜʽ ʟ ʚʘʣʢʽʚ ï 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ ʣʽʥʽʡʥʠʡ. 

 

 

 

 

 

 



85 
 

ʈʆɿɼɯʃ 3 

ʊɺɽʈɼɯʅʅʗ ʄɽʊɸʃʋ ʇʈʀ ɼɺʆɺɸʃʂʆɺʆʄʋ ʈʆɿʃʀɺɸʅʅɯ 

 

         3.1 ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʜʚʦʚʘʣʢʦʚʦʤʫ 

ʨʦʟʣʠʚʘʥʥʽ 

 

          ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʜʚʦʚʘʣʢʦʚʠʭ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ ʻ ʩʫʤʽʱʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʪʚʝʨʜʽʥʥʷ ʤʝʪʘʣʫ ʪʘ ʡʦʛʦ ʧʦʜʘʣʴʰʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʧʨʦʩʪʦʨʽ ʤʽʞ 

ʜʚʦʤʘ ʚʘʣʢʘʤʠ ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘ ʟʫʩʪʨʽʯ ʦʜʠʥ ʦʜʥʦʤʫ. ʄʝʪʘʣ, ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʢʨʽʟʴ 

ʦʙʣʘʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʜʝʬʦʨʤʘʮʽʾ (ʨʠʩʫʥʦʢ 3.1). 

  

  

 

 

 

 

 

 

 

ʈʠʩ. 3.1. ï  ʉʭʝʤʘ ʧʝʨʝʪʠʥʫ ʤʽʞʚʘʣʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʨʽʜʢʦʛʦ 

ʤʝʪʘʣʫ ʚ ʧʨʦʮʝʩʽ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ - ʧʨʦʢʘʪʢʠ ʧʦ ʂʣʦʩʫ [109] 

 

        ʋ ʟʦʥʽ ɯ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʘ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʚʽʜ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʜʦ 

ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʚʘʣʢʽʚ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ. ʇʨʠ ʚʭʦʜʽ ʚʘʣʢʽʚ ʚ ʚʘʥʥʫ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʦʭʦʣʦʜʞʝʥʠʡ ʚʘʣʦʢ ʢʦʥʪʘʢʪʫʻ ʟ ʨʦʟʧʣʘʚʦʤ, ʧʝʨʝʛʨʽʪʠʤ ʚʠʱʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩ. ʎʷ ʧʽʜʦʙʣʘʩʪʴ  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ  ʥʝʟʥʘʯʥʦʶ 

ʧʨʦʪʷʞʥʽʩʪʶ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʘ ʜʦʚʞʠʥʦʶ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʥʘʯʝʥʥʷʤʠ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ. 
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         ʋ ʟʦʥʽ ɯɯ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ ʩʫʮʽʣʴʥʦʾ ʢʽʨʢʠ ʟʘʪʚʝʨʜʽʣʦʛʦ   

ʤʝʪʘʣʫ, ʧʦʯʠʥʘʻʪʴʩʷ ʜʽʣʷʥʢʘ, ʥʘ ʢʦʪʨʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʩʪ ʤʝʪʘʣʝʚʦʾ ʢʽʨʢʠ ʥʘ 

ʦʙʦʭ ʚʘʣʢʘʭ. ɼʣʷ ʮʽʻʾ ʧʽʜʦʙʣʘʩʪʽ ʭʘʨʘʢʪʝʨʥʦ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʥʘ ʛʨʘʥʠʮʽ çʤʝʪʘʣ ï ʚʘʣʦʢè. ɺ ʜʨʫʛʽʡ ʟʦʥʽ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜʦʙʣʘʩʪʴ, ʚ 

ʢʦʪʨʽʡ ʤʝʪʘʣ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʚʝʨʜʦ ï ʨʽʜʢʦʤʫ ʩʪʘʥʽ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ ʥʘ 

ʮʽʡ ʜʽʣʷʥʮʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʣʽʢʚʽʜʫʩ ʪʘ ʩʦʣʽʜʫʩ. 

         ʋ ʟʦʥʽ ɯɯɯ ʨʽʜʢʘ ʬʘʟʘ  ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʷ. ʊʫʪ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʧʨʦʮʝʩʦʤ 

ʛʘʨʷʯʦʾ ʧʨʦʢʘʪʢʠ ʣʠʩʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʤʝʪʘʣʫ ʤʽʞ 

ʚʘʣʢʘʤʠ ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ. 

          ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʩʤʫʛʠ ʚ ʚʘʣʢʦʚʦʤʫ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ ʻ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʢʽʥʮʷ ʪʚʝʨʜʽʥʥʷ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʚʽʩʽ 

ʚʘʣʢʽʚ (ʪʦʯʢʘ çSè), ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʾ ʘʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ, ʷʢʘ ʦʧʠʩʘʥʘ ʫ ʧʨʘʮʽ [110]. ʗʢʱʦ ʪʦʯʢʘ çSè ʟʥʘʯʥʦ ʚʠʱʝ ʧʣʦʱʠʥʠ 

ʚʽʩʽ ʚʘʣʢʽʚ, ʪʦ ʟʫʩʠʣʣʷ ʥʘ ʚʘʣʢʠ, ʨʽʟʢʦ ʟʨʦʩʪʘʻ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʙʽʣʴʰ 

ʚʠʩʦʢʫ ʚʩʪʘʥʦʚʣʝʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʪʘ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ. ʅʘʚʧʘʢʠ, ʷʢʱʦ ʬʨʦʥʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ (ʪʦʯʢʘ çSè), ʥʠʞʯʝ 

ʧʣʦʱʠʥʠ ʚʽʩʽ ʚʘʣʢʽʚ, ʪʦʜʽ ʦʪʨʠʤʫʻʤʦ ʥʘ ʚʠʭʦʜʽ ʩʤʫʛʫ ʟ ʨʽʜʢʦʶ ʩʝʨʮʝʚʠʥʦʶ. 

         ɺʘʞʣʠʚʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʦʚʞʠʥʫ ʜʽʣʷʥʢʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʻ ʢʣʶʯʦʚʦʶ 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʣʠʩʪʘ ʚ ʜʚʦʚʘʣʢʦʚʦʤʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ, 

ʦʜʥʘʢ ʩʢʣʘʜʥʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ  ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʠʮʴ 

ʤʽʞ ʜʚʦʤʘ ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʙʣʘʩʪʷʤʠ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ï ʜʝʬʦʨʤʘʮʽʾ ʟʤʫʰʫʻ 

ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

        ɿʨʦʩʪʘʥʥʷ ʪʦʚʱʠʥʠ ʤʝʪʘʣʝʚʦʾ ʢʽʨʢʠ ʧʨʠʡʥʷʪʦ ʦʧʠʩʫʚʘʪʠ ʬʫʥʢʮʽʻʶ ʚʽʜ 

ʯʘʩʫ: 

  td k= ,                                                  (3.1)  

ʜʝ     k ï ʢʦʝʬʽʮʽʻʥʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʤʤ/ʩ
0,5 

;  

t ï ʯʘʩ, ʩ. 
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ʄ.ʗ. ɹʨʦʚʤʘʥ ʫ ʧʨʘʮʽ [30] ʥʘʚʦʜʠʪʴ ʥʘʩʪʫʧʥʽ ʜʘʥʽ ʧʨʦ ʚʝʣʠʯʠʥʫ 

ʢʦʝʬʽʮʽʻʥʪʘ  k ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʽʚ ʫ ʟʣʠʚʢʘʭ (ʪʘʙʣʠʮʷ 3.1). 

  ʊʘʙʣʠʮʷ 3.1 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ k ʜʣʷ ʜʝʷʢʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ [30] 

ʄʝʪʘʣ 

 

k, ʤ/ʩ
0,5 
ʭ 10

ï3
 

ɺʫʛʣʝʮʝʚʽ ʩʪʘʣ ̔ ʦʪ 2,7 ʜʦ 3,6 

ʅʢ̔ʝʣʴ ʦʪ 3,7 ʜʦ 3,8 

ʎʠʥʢ ʦʪ 4,0 ʜʦ 5,0 

ʃʘʪʫʥʽ (ʪʠʧʘ ʃ63) ʦʪ 6,0 ʜʦ 6,5 

ɸʣʶʤʽʥʽʡ ʦʪ 6,2 ʜʦ 6,7 

ʄʘʛʥʽʡ ʦʪ 6,8 ʜʦ 7,0 

ʄʜ̔ ɹ ʦʪ 7,2 ʜʦ 7,4 

 

ʊʨʝʙʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʧʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʨʦʟʧʣʘʚʽʚ ʧʨʠ ʚʘʣʢʦʚʦʤʫ 

ʨʦʟʣʠʚʘʥʥʽ ʜʫʞʝ ʤʘʣʦ. ʆʜʥʽʻʶ ʟ ʥʠʭ ʻ ʨʦʙʦʪʘ ʬʨʘʥʮʫʟʴʢʦʛʦ ʜʦʩʣʽʜʥʠʢʘ, 

ʧʨʘʮʽʚʥʠʢʘ ʬʽʨʤʠ Pechiney ʉ. ɹʝʨʢʦʚʠʯʽ [31]. ɺʢʘʟʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ 

ʚʠʟʥʘʯʝʥʥʶ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʥʦʚʢʠ ʟ ʜʚʦʚʘʣʢʦʚʠʤ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ Jumbo 3C ʥʘ ʧʨʠʢʣʘʜʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ 

ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ ʤʘʨʢʠ ɸɸ1050. 

ɿʫʧʠʥʠʤʦʩʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʥʘ ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʦʙʦʪʽ 

[31]. ʄʝʪʦʜʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʪʷʞʥʦʩʪʽ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ  ʩʪʘʣʦ 

ʚʚʝʜʝʥʥʷ ʚ ʭʦʜʽ ʨʦʟʣʠʚʢʠ ʫʪʨʠʤʫʚʘʥʠʭ ʪʝʨʤʦʧʘʨ ʪʘ ʪʦʥʢʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʰʪʠʬʪʽʚ ʜʦ ʤʦʤʝʥʪʫ ʟʤʠʢʘʥʥʷ ʬʨʦʥʪʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ.  
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʜʚʦʭ ʟʥʘʯʝʥʴ ʪʦʚʱʠʥʠ ʚʠʭʽʜʥʦʾ ʩʤʫʛʠ ï 6 ʪʘ 10 

ʤʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚʘʣʢʠ ʜʚʦʭ ʜʽʘʤʝʪʨʽʚ ï 620 ʪʘ 960 ʤʤ. ʈʝʟʫʣʴʪʘʪ 

ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚ 6 ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ 

ʠhʨʠʥʦʶ ʩʤʫʛʠ, ʷʢʘ ʜʦʨʽʚʥʶʻ 1100 ʤʤ. ɹʽʣʴʰʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʧʨʦʚʦʜʠʣʘʩʴ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ʜʦ ʤʦʤʝʥʪʫ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ (ʧʨʠʣʠʧʘʥʥʷ ʜʦ 

ʚʘʣʢʽʚ, ʜʝʬʝʢʪʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ) ʥʘ ʚʠʭʦʜʽ ʟ ʚʘʣʢʽʚ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ ʩʤʫʛʠ. ɿʘ 

ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʉ. ɹʝʨʢʦʚʠʯʽ ʙʫʣʠ 

ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʪʷʞʥʦʩʪʽ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʣʠʚʢʠ (ʨʠʩʫʥʦʢ 3.2). 

 

 

 

 

 

 

              

 

 

 

ʈʠʩ. 3.2. ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʉ.ɹʝʨʢʦʚʠʯʽ [31] 

 

         ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʦʚʱʠʥʠ ʢʽʨʢʠ ʤʝʪʘʣʫ ŭʝʢʩʧ ʟʘ ʦʪʨʠʤʘʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʉ.ɹʝʨʢʦʚʠʯʽ [31] ʧʨʦʪʷʞʥʦʩʪʽ ʟʦʥʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ǎʢʨ ʘʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʡ ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ. 

         ʉʧʦʯʘʪʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʰʠʨʠʥʘ ʚʘʥʥʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ (ʨʠʩʫʥʦʢ 2.9):  

                                                
RLRhh np 22 22 -++=  ,                                       (3.2) 

ʜʝ hp ï ʰʠʨʠʥʘ ʚʘʥʥʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ; 

R ï ʨʘʜʽʫʩ ʚʘʣʢʽʚ;  
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L ï ʚʠʩʦʪʘ ʥʘʣʠʚʫ ʨʦʟʧʣʘʚʫ;  

hʧ ï ʢʽʥʮʝʚʘ ʪʦʚʱʠʥʘ ʩʤʫʛʠ. 

ʇʦʪʽʤ ʚʠʟʥʘʯʘʻʤʦ ʟʘʛʘʣʴʥʠʡ ʢʫʪ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʫ ʟ ʚʘʣʢʦʤ: 

                                
)/)(

2

1
arcsin(2 Rhh np-=a   .                                 (3.3)  

ɿʥʘʶʯʠ ʚʠʩʦʪʫ ʥʘʣʠʚʫ ʤʝʪʘʣʘ ʚ ʤʽʞʚʘʣʢʦʚʠʡ ʧʨʦʩʪʽʨ, ʘ ʪʘʢʦʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʘʡʜʝʥʫ ʜʦʚʞʠʥʫ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʤʦʞʝʤʦ ʟʥʘʡʪʠ 

ʜʦʚʞʠʥʫ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ (ʧʨʦʢʘʪʢʠ): 

ʢʨʦʙ lLl -=
,                                          

(3.4)  

ʜʝ lʢʨ ï ʜʦʚʞʠʥʘ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ.  

         ʎʝʥʪʨʘʣʴʥʠʡ ʢʫʪ, ʚʽʜʧʦʚʽʜʥʠʡ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ (ʦʙʪʠʩʢʫ) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

                                                   
)/arcsin(ʦʙʦʙ Rl=a

.                                  (3.5)
  

          ɼʘʣʽ ʚʠʟʥʘʯʘʻʤʦ ʪʦʚʱʠʥʫ ʩʤʫʛʠ ʧʨʠ ʟʤʠʢʘʥʥʽ ʟʘʪʚʝʨʜʽʣʠʭ ʥʘ ʚʘʣʢʘʭ 

ʢʽʨʦʢ ʤʝʪʘʣʫ h0 : 

Rhh n

2

ʦʙ0 a+=  ,                                       (3.6) 

ʜʝ        hʧ  - ʪʦʚʱʠʥʘ ʩʤʫʛʠ ʥʘ ʚʠʭʦʜʽ ʟ ʚʘʣʢʽʚ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ; 

           Ŭʦʙ ï ʢʫʪ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ; 

           ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʟʘʪʚʝʨʜʽʣʦʾ ʢʦʨʢʠ ŭʝʢʩʧ ʚ ʤʦʤʝʥʪ 

ʟʤʠʢʘʥʥʷ  ʟʫʩʪʨʽʯʥʠʭ ʬʨʦʥʪʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

                                                 
R

h
R -+= )cos(/)

2
( ʦʙ

0
ʵʢʩʧ ad .                                (3.7)
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           ʊʝʦʨʝʪʠʯʥʘ ʚʝʣʠʯʠʥʘ ʪʦʚʱʠʥʠ ʟʘʪʚʝʨʜʽʣʦʾ ʢʽʨʢʠ ŭ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʬʦʨʤʫʣʦʶ (3.1), ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ Ű ʢʦʥʪʘʢʪʫ ʨʦʟʧʣʘʚʫ ʟ ʧʦʚʝʨʭʥʝʶ ʚʘʣʢʘ, 

ʢʦʪʨʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

ws /ʢʨ1
=t    ,                                         (3.8)   

ʜʝ sʢʨ ï ʜʦʚʞʠʥʘ ʜʫʛʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ; 

w ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ  ʚʘʣʢʘ.  

ʢʨʢʨ aÖ=Rs ;              ʦʙʢʨ aaa -=  . 

           ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʦʚʱʠʥʠ ʢʽʨʢʠ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʣʠʚʢʠ ï 

ʧʨʦʢʘʪʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʟʘʪʚʝʨʜʽʣʦʾ ʢʽʨʢʠ 

ʙʣʠʞʯʝ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʠ ʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʘ k = 7,4. 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʪʦʚʱʠʥʠ ʢʽʨʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʦʨʽʚʥʶʻ  0,81. 

           ʇʦ ʦʪʨʠʤʘʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ  ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʪʘ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʪʦʚʱʠʥʠ ʢʽʨʢʠ ʚ ʧʣʦʱʠʥʽ ʟʤʠʢʘʥʥʷ ʬʨʦʥʪʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

(ʨʠʩʫʥʦʢ 3.3). 

          ɯʥʰʦʶ ʥʘʫʢʦʚʦʶ ʨʦʙʦʪʦʶ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʥʘʭʦʜʞʝʥʥʷ 

ʜʦʚʞʠʥʠ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʚʘʣʢʦʚʽʡ ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʨʦʚʝʜʝʥʝ ʆ.ʖ. ɻʨʠʜʽʥʠʤ ʚ ɯʥʩʪʠʪʫʪʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ɻʘʥʦʚʝʨʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ʃʝʡʙʥʽʮʘ  [79]. ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʉ.ɹʝʨʢʦʚʠʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʦʟʣʠʚʮʽ ʪʝʭʥʽʯʥʦ ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ  ʟ ʚʤʽʩʪʦʤ ʦʩʪʘʥʥʴʦʛʦ 

99,7%. ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʫ [79] ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.2. 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʤʝʪʦʜʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ 

ʟʘʣʠʰʠʚʩʷ ʤʽʞ ʚʘʣʢʘʤʠ ʧʽʩʣʷ ʾʭ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʟʫʧʠʥʢʠ ʧʽʜ ʯʘʩ ʨʦʟʣʠʚʫ. 

ʊʠʧʦʚʠʡ ʧʨʠʢʣʘʜ çʟʣʽʧʢʘè ʘʣʶʤʽʥʽʶ, ʷʢʠʡ ʟʘʢʨʠʩʪʘʣʽʟʫʚʘʚʩʷ  ʤʽʞ ʙʘʥʜʘʞʘʤʠ 

ʧʽʜ ʯʘʩ ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.4. ʅʘʦʯʥʦ ʚʠʜʥʽ ʟʦʥʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʜʝʬʦʨʤʘʮʽʾ.     
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ʈʠʩ. 3.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ [31] ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʢʽʨʢʠ (ŭʝʢʩ) 

ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʦʛʦ ʘʣʶʤʽʥʽʶ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʟ ʨʽʟʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

 

ʊʦʯʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʧʦʯʘʪʢʫ ʜʽʣʷʥʢʠ ʧʣʘʩʪʠʯʥʦʾ 

ʬʦʨʤʦʟʤʽʥʠ ʧʨʦʚʝʜʝʥʦ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʤ ʘʥʘʣʽʟʦʤ ʤʘʪʝʨʽʘʣʫ  ʥʘ 

ʧʦʧʝʨʝʢʦʚʦʤʫ ʧʝʨʝʪʠʥʽ çʟʣʽʧʢʘè. ɼʣʷ ʯʦʛʦ ʟ ʩʝʨʝʜʥʴʦʾ ʟʘ ʰʠʨʠʥʦʶ ʯʘʩʪʠʥʠ 

ʟʣʠʚʢʘ ʚʠʪʷʛʥʫʪʦʛʦ ʟ ʤʽʞʚʘʣʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʙʫʣʦ ʚʠʨʽʟʘʥʦ ʟʨʘʟʦʢ, ʢʦʪʨʠʡ 

ʜʝʤʦʥʩʪʨʫʻ ʟʤʽʥʠ ʦʨʽʻʥʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʦ 

ʜʝʬʦʨʤʘʮʽʾ (ʨʠʩʫʥʦʢ 3.5). 

          ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʚʝʣʠʯʠʥʘ 

ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ, ʢʦʪʨʘ ʩʢʣʘʣʘ 34,2 ʤʤ. ɸʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʨʘʭʦʚʘʥʦ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 3.2, ʱʦ ʪʦʚʱʠʥʘ ʢʽʨʢʠ ʥʘ ʦʜʥʦʤʫ 

ʚʘʣʢʫ ʚ ʪʦʯʮʽ ʟʤʠʢʘʥʥʷ ʩʢʣʘʜʘʣʘ 5,54 ʤʤ. ʊʘʢʽ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʢʽʨʢʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ k = 7,4, ʱʦ ʩʧʽʚʧʘʣʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ɹʝʨʢʦʚʠʯʽ. 
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ʊʘʙʣʠʮʷ 3.2  

 ʇʘʨʘʤʝʪʨʠ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ  ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʆ.ʖ. ɻʨʠʜʽʥʘ 

ʇʘʨʘʤʝʪʨʠ ɿʥʘʯʝʥʥ ̫

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʣʠʚʢʠ, 
0
ʉ 680 

ʐʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ, ʤ/ʭʚ 2,7 

ɺʠʩʦʪʘ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ - ʜʝʬʦʨʤʘʮʽʾ, ʤʤ 60 

ʊʦʚʱʠʥʘ ʛʦʪʦʚʦʾ ʩʤʫʛʠ, ʤʤ 4,25 

ɺʠʪʨʘʪʠ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ, ʣ/ʭʚ 112 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ, 
0
ʉ 16 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.4. ï ʄʘʪʝʨʽʘʣ, ʚʠʪʷʛʥʫʪʠʡ ʟ ʤʽʞʚʘʣʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 

ʧʽʩʣʷ ʟʫʧʠʥʢʠ ʙʘʥʜʘʞʽʚ ʚ ʭʦʜʽ ʦʜʥʽʻʾ ʟ ʨʦʟʣʠʚʦʢ [79] 

 

ʈʠʩ. 3.5. ï ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʜʝʬʦʨʤʘʮʽʾ ʟʨʘʟʢʘ ʟ ʪʝʭʥʽʯʥʦ ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ, ʦʪʨʠʤʘʥʦʛʦ ʤʝʪʦʜʦʤ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʟʫʧʠʥʢʠ ʚʘʣʢʽʚ [79] 
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          ɼʚʦʚʘʣʢʦʚʘ ʨʦʟʣʠʚʢʘ ʩʪʘʣʽ. ɺ ʚʠʧʘʜʢʫ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ ï 

ʧʨʦʢʘʪʢʠ ʩʪʘʣʴʥʦʾ ʩʤʫʛʠ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʰʚʠʜʢʦʩʪʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʚʠʢʦʨʠʩʪʘʣʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʊ. ʄʽʟʦʛʫʯʠ ʪʘ 

ʂ. ʄʽʷʟʘʚʘ [77,78]. ʉʫʪʥʽʩʪʴ ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʣʷʛʘʣʘ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʩʪʘʣʝʚʦʾ ʩʤʫʛʠ (ʥʘ ʧʨʠʢʣʘʜʽ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ) ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʫ ʟ ʚʘʣʢʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʢʫ ʥʘ ʨʠʩʫʥʢʫ 3.6. 

    

 

     

 

 

 

 

 

 

 

 

ʈʠʩ. 3.6. ï ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʦʚʧʯʘʩʪʠʭ ʪʘ ʨʽʚʥʦʚʽʩʥʠʭ ʟʦʥ 

ʧʦ ʧʝʨʝʪʠʥʫ ʩʪʘʣʝʚʦʾ ʩʤʫʛʠ ʚʽʜ ʯʘʩʫ ʪʚʝʨʜʽʥʥʷ [78] 

 

          ʇʦʨʽʚʥʷʣʴʥʽ ʛʨʘʬʽʢʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʪʦʚʱʠʥʠ ʩʤʫʛʠ, ʦʪʨʠʤʘʥʽ 

ʟʘ ʨʽʟʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʜʽʘʧʘʟʦʥʫ ʚʝʣʠʯʠʥ ʜʣʷ ʩʪʘʣʝʚʠʭ 

ʟʣʠʚʢʽʚ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʾ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.7. 

ɿ ʨʠʩʫʥʢʘ 3.7 ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʪʦʚʱʠʥʠ ʟʘʪʚʝʨʜʽʣʦʾ ʢʽʨʢʠ ʩʪʘʣʽ, ʨʦʟʨʘʭʦʚʘʥʽ  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʫ k = 4,2ʤʤ/ʩʝʢ
0,5

. 
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ʈʠʩ. 3.7. ï ʇʦʨʽʚʥʷʣʴʥʽ ʛʨʘʬʽʢʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʪʦʚʱʠʥʠ ʟʘʪʚʝʨʜʽʣʦʾ ʤʝʪʘʣʝʚʦʾ 

ʢʽʨʢʠ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʘʚʪʦʨʽʚ ʨʦʙʦʪʠ [78] 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ ʘʣʶʤʽʥʽʻʚʦʾ 

ʩʤʫʛʠ, ʪʘʢ ʩʘʤʦ ʽ ʫ ʚʠʧʘʜʢʫ ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ ʩʪʘʣʝʚʦʾ ʩʤʫʛʠ, ʢʦʝʬʽʮʽʻʥʪʠ 

ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ k ʟʥʘʭʦʜʷʪʴʩʷ ʚʠʱʝ ʟʥʘʯʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʫʤʦʚʘʭ 

ʪʚʝʨʜʽʥʥʷ ʟʣʠʚʢʽʚ ʪʘ ʩʢʣʘʜʘʶʪʴ 7,4 ʤʤ/ʩʝʢ
0,5

 ʜʣʷ ʘʣʶʤʽʥʽʶ ʪʘ 4,2 ʤʤ/ʩʝʢ
0,5

 ʜʣʷ 

ʩʪʘʣʽ.   

 

          3.2 ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʪʚʝʨʜʽʣʦʾ ʢʽʨʢʠ ʤʝʪʘʣʫ 

 

          ʈʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ  ʻ ʥʝ ʪʽʣʴʢʠ 

ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʯʠʩʣʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʘʣʝ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚ ʥʴʦʤʫ ʜʝʢʽʣʴʢʦʭ 

ʚʝʣʠʯʠʥ, ʟʥʘʯʝʥʥʷ ʢʦʪʨʠʭ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʟʘʜʘʪʠ ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ, ʚʠʭʦʜʠʪʴ 

ʥʘʙʣʠʞʝʥʠʤ. ʊʦʤʫ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʦʙʨʘʥʦ ʰʣʷʭ ʩʧʨʦʱʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ, ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʜʦʙʨʝ ʘʧʨʦʙʦʚʘʥʽ ʝʤʧʽʨʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ. 

           ʇʨʠʧʫʩʪʠʣʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʚʝʨʜʦʾ ʢʽʨʢʠ ʟ ʩʪʦʨʦʥʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʩʦʣʽʜʫʩʘ (ʊs) ʩʪʘʣʽ ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ 
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ʚʨʘʭʦʚʫʚʘʣʠ,ʱʦ ʨʝʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʽʜʫʩʘ ʧʨʠ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʦʭʦʣʦʜʞʝʥʥʷ (ʙʽʣʴʰ 1000ʛʨ/ʩʝʢ), ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ, ʥʠʞʯʝ, 

ʥʽʞ ʾʾ ʨʽʚʥʦʚʘʞʥʝ ʟʥʘʯʝʥʥʷ.  ɿʽ ʩʪʦʨʦʥʠ ʚʘʣʢʘ ʧʨʠʡʥʷʣʠ ʫʤʦʚʠ ʪʝʧʣʦʦʙʤʽʥʫ 

(ʛʨʘʥʠʯʥʽ ʫʤʦʚʘ ʪʨʝʪʴʦʛʦ ʨʦʜʫ): 

                          Q = ï hs                                                   (3.9) 

ʜʝ  hs  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ.  

           ɺʨʘʭʦʚʫʶʯʠ  ʧʨʷʤʠʡ  ʟʚ'ʷʟʦʢ  ʢʦʝʬʽʮʽʻʥʪʫ  hs ʟ ʪʝʧʣʦʚʠʤ ʧʦʪʦʢʦʤ  q 

ʬʦʨʤʫʣʫ (3.9)  ʟʘʧʠʰʝʤʦ  ʫ ʚʠʛʣʷʜʽ : 

TVq DÖÖ= 65.03.17 , ʂɺʪ/ʤ
2  

,
              

                   (3.10) 

ʜʝ  ȹʊ = Tʧ ï ʊʚ ; ʊʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʽʨʢʠ ʥʘ ʢʦʥʪʘʢʪʽ ʟ ʚʘʣʢʦʤ. 

          ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ  TD  ʧʦ ʪʦʚʱʠʥʽ ʟʘʪʚʝʨʜʽʣʦʾ ʢʽʨʢʠ  ʚʠʟʥʘʯʘʣʠ  ʧʦ 

ʟʘʢʦʥʫ ʌʫʨôʻ  [111]: 

 ,)( TTT
n

t
q ʧS D=-=

µ

µ
-=

d

l

d

l
l

                                    
(3.11) 

ʜʝ  l ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʢʽʨʢʠ ʤʝʪʘʣʫ.  

ɿ ʨʽʚʥʷʥʥʷ (3.16) ʦʪʨʠʤʫʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʽʨʢʠ 

ʤʝʪʘʣʫ ʥʘ ʢʦʥʪʘʢʪʽ ʟ ʚʘʣʢʦʤ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ: 

   ,d
l

q
ʊT Sʧ -=                                                   (3.12) 

ʜʝ  TS - ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʽʜʫʩʘ; 

q - ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ. 

          ɸʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʤʫʛʠ ʚ ʟʦʥʽ ʜʝʬʦʨʤʫʚʘʥʥʷ, 

ʟʘʩʥʦʚʘʥʦ ʥʘ ʯʝʨʛʫʚʘʥʥʽ ʨʦʟʨʘʭʫʥʢʫ ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʪʝʤʧʝʨʘʪʫʨ ʩʤʫʛʠ ʚ ʩʝʨʝʜʠʥʽ ʪʘ ʥʘ ʢʦʥʪʘʢʪʽ ʟ ʚʘʣʢʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʬʦʨʤʫʣʠ (3.9) ï (3.12) ʧʨʠ ʤʘʣʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ. ɿ ʧʦʯʘʪʢʫ  

ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ (3.9) ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ qo ʚ ʤʦʤʝʥʪ 

ʢʦʥʪʘʢʪʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟ ʚʘʣʢʦʤ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ. 
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ʇʨʠ  ʮʴʦʤʫ ʚʝʣʠʯʠʥʫ ȹʊ0 ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʚʠʟʥʘʯʘʣʠ ʷʢ 

ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ ʤʝʪʘʣʫ ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ ʤT  ʪʘ ʚʘʣʢʫ ʚT . ʏʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ʮʽʻʾ ʪʦʯʢʠ ʜʦ ʚʠʭʦʜʫ ʟ ʚʘʣʢʽʚ ʨʦʟʙʠʚʘʣʠ ʥʘ n ʚʽʜʨʽʟʢʽʚ. ʏʘʩ 

ʢʦʥʪʘʢʪʫ ʪʦʯʢʠ ʥʘ i-ʤʫ ʢʨʦʮʽ ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ tt DÖ=ii . ʅʘ 

ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʟʘ ʬʦʨʤʫʣʦʶ (3.9) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʪʦʚʱʠʥʫ ʢʽʨʢʠ ‏. ɼʘʣʽ 

ʟʘ ʬʦʨʤʫʣʦʶ (3.12) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʢʽʨʢʠ ʥʘ ʢʦʥʪʘʢʪʽ ʟ 

ʚʘʣʢʦʤ ʊʧ1= TS ï ld/10q .  ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ  ʟʘ ʬʦʨʤʫʣʦʶ (3.14), 

ʧʽʜʩʪʘʚʣʷʶʯʠ ʚ ʥʝʾ ʟʥʘʯʝʥʥʷ  ‏ ʠ ʊʧ1, ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ q1. 

ʅʘ 2-ʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ ʟʘ ʬʦʨʤʫʣʦʶ (3.1) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ŭ2, ʘ ʟʘ 

ʬʦʨʤʫʣʦʶ (3.12) ʟʽ ʟʥʘʯʝʥʥʷʤʠ q1 ʠ ‏ ʚʠʟʥʘʯʘʻʤʦ ʊʧ2. ʉʭʝʤʫ ʘʣʛʦʨʠʪʤʫ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.8. ʅʘ ʨʠʩʫʥʢʫ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʟʤʽʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʪʚʝʨʜʽʣʦʛʦ ʤʝʪʘʣʫ ʟʘ 

ʜʦʚʞʠʥʦʶ çʢʦʤʽʣʴ ï ʟʦʥʠè, ʢʦʪʨʽ ʚʠʢʦʥʘʥʽ ʜʣʷ ʚʠʧʘʜʢʫ ʨʦʟʣʠʚʢʠ ʩʤʫʛʠ 

ʪʦʚʱʠʥʦʶ 3 ʤʤ ʟʽ ʩʪʘʣʽ 3ʩʧ ʫ ʚʘʣʢʘʭ ʜʽʘʤʝʪʨʦʤ 500ʤʤ ʟʽ ʰʚʠʜʢʽʩʪʶ 0,55 

ʤ/ʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʣʠʚʢʠ ʦʙʨʘʥʘ 1560
ʦ
ʉ, ʨʦʟʨʘʭʫʥʢʦʚʽ (ʥʝ ʨʽʚʥʦʚʘʞʥʽ) 

ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ (ʊL) ʪʘ ʩʦʣʽʜʫʩʫ (ʊS) ʩʢʣʘʣʠ 1470
ʦ
ʉ ʪʘ 1440

ʦ
ʉ 

ʚʽʜʧʦʚʽʜʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʣʢʘ ï 50
ʦ
ʉ, ʢʫʪ ʤʝʥʽʩʢʫ Ŭ = 30Ü, ʚʠʩʦʪʘ ʥʘʣʠʚʫ 

ï 135 ʤʤ, ʰʚʠʜʢʽʩʪʴ ʣʠʪʪʷ ï 550 ʤʤ/ʩʝʢ. 

         ɿ ʥʘʚʝʜʝʥʠʭ ʥʘ ʤʘʣʶʥʢʫ 3.9 ʢʨʠʚʠʭ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʝʣʠʯʠʥʘ q  ʧʦ 

ʜʦʚʞʠʥʽ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʫ ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ ʟ ʚʘʣʢʦʤ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 17,6 ʜʦ 9,3 ʄɺʪ/ʤ
2
. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ ʥʘ ʢʦʥʪʘʢʪʽ ʟ 

ʚʘʣʢʦʤ ʥʘ ʚʠʭʦʜʽ ʟ ʤʽʞʚʘʣʢʦʚʦʛʦ ʟʘʟʦʨʫ ʩʢʣʘʜʘʻ 852
ʦ
ʉ, ʘ ʚ ʮʝʥʪʨʽ ʩʤʫʛʠ 

ï 1331
ʦ
ʉ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʪʦʚʱʠʥʽ ʪʦʥʢʦʾ ʩʤʫʛʠ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ (ʱʦ ʧʦʢʘʟʘʣʦ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘ ʢʽʥʮʝʚʦ-ʨʽʟʥʠʮʝʚʠʤ ʤʝʪʦʜʦʤ), ʪʦ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʫʛʠ ʥʘ 

ʚʠʭʦʜʽ ʟ ʚʘʣʢʽʚ ʩʢʣʘʜʘʻ 1092
ʦ
ʉ. ɿʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʚʦʛʦ q ʟʘ 

ʜʦʚʞʠʥʦʶ ʢʦʥʪʘʢʪʫ ʟʚôʷʟʘʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ȹʊ ʤʽʞ 

ʤʝʪʘʣʦʤ ʪʘ ʚʘʣʢʦʤ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ. 
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ʈʠʩ. 3.8. ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʪʚʝʨʜʽʣʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʚʘʣʢʦʚʽʡ 

ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.  3.9. ï ɿʤʽʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q ʠ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʊ ʥʘ ʢʦʥʪʘʢʪʽ ʟ 

ʚʘʣʢʦʤ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ 
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ʈʦʟʨʘʭʫʥʢʠ ʧʦ ʨʦʟʨʦʙʣʝʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʦʙʯʠʩʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʤʫʛʠ ʚ 

ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʚ ʮʝʥʪʨʽ ʩʤʫʛʠ ʪʘ ʥʘ ʛʨʘʥʠʮʽ ʢʦʥʪʘʢʪʫ ʩʤʫʛʠ ʟ ʚʘʣʢʦʤ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ ʜʦʚʞʠʥʦʶ çʢʦʤʽʣʴ ï ʟʦʥʠè 

ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʪʠʩʢʫ ʤʽʞ 

ʤʝʪʘʣʦʤ ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ ʪʘ ʚʘʣʢʦʤ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ. 

         3.3 ʈʝʦʣʦʛʽʷ ʩʪʘʣʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ 

         ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʤʝʪʘʣʫ ʧʨʠ ʚʘʣʢʦʚʽʡ 

ʨʦʟʣʠʚʮʽ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʨʝʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʛʘʨʷʯʦʛʦ ʤʝʪʘʣʫ ʚ ʨʽʜʢʦʤʫ, 

ʨʽʜʢʦ ï ʪʚʝʨʜʦʤʫ ʪʘ ʪʚʝʨʜʦʤʫ ʩʪʘʥʘʭ. 

          ʇʨʠ  ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʯʽʾ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ (ʨʦʟʜʽʣʠ 2.2, 3.2) ʤʠ ʤʘʣʠ 

ʩʧʨʘʚʫ ʟ ʚôʷʟʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʟʩʫʚʫ Ű ʚ ʢʦʪʨʽʡ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ‎, ʘ ʢʦʥʩʪʘʥʪʦʶ ʧʨʦʧʦʨʮʽʦʥʘʣʴʥʦʩʪʽ ʻ 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ Ẽ: 

                                                          t=ɖĿ‎Ȣ                                                      (3.13) 

        ɼʦʩʣʽʜʞʝʥʥʶ ʚôʷʟʢʦʩʪʽ ʨʽʜʢʠʭ ʤʝʪʘʣʽʚ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʪʘʪʥʴʦ ʙʘʛʘʪʦ 

ʧʨʘʮʴ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʫ ʢʥʠʟʽ [112]. ɺʽʜʤʽʯʝʥʦ ʟʚʦʨʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ: 

                                   ln ɖ=11.429-45.51Ŀ10
3 
/T+48.96Ŀ10

6 
/T

2
 .                   (3.14) 

ʂʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1470-1580
ʦ
ʉ 

ʟʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [113] ʟʥʠʞʫʻʪʴʩʷ ʚʽʜ  6,0ï8,3Ŀ10
ï7

 ʜʦ 5,2ï6,6Ŀ10
ï7 
ʤ

2
/ʩ. ʇʨʠ 

ʱʽʣʴʥʦʩʪʽ ʨʽʜʢʦʾ ʩʪʘʣʽ 7200ʢʛ/ʤ
3
 ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʢʠʭ ʩʪʘʣʝʡ ʙʫʜʝ 

ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,043-0,06 ʜʦ 0,037-0,048 ʇʘĀʩ. 

           ɼʣʷ ʦʧʠʩʫ ʪʝʯʽʾ ʨʽʜʢʦ-ʪʚʝʨʜʦʛʦ ʤʝʪʘʣʫ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ 

ʚôʷʟʢʦʧʣʘʩʪʠʯʥʦʾ  ʩʝʨʝʜʠ (ʪʽʣʦ ɹʽʥʛʘʤʘ) [114]: 

                                                    † – ‎ ,                                         (3.15) 

ʘʙʦ 

                                                    † –ǰ‎,                                              (3.16) 
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ʜʝ  
1

0' 2

g

t
hh +=  ï ʝʬʝʢʪʠʚʥʘ ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ. 

         ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʛʘʨʷʯʦʾ ʜʝʬʦʨʤʘʮʽʾ ʦʧʽʨ ʜʝʬʦʨʤʘʮʽʾ 

ʚʠʟʥʘʯʘʶʪʴ ʧʨʠ ʚʠʧʨʦʙʦʚʫʚʘʥʽ ʟʨʘʟʢʽʚ ʥʘ ʨʦʟʪʷʛʫʚʘʥʥʷ ʘʙʦ ʩʪʠʩʥʝʥʥʷ ʧʨʠ 

ʧʘʨʘʤʝʪʨʘʭ, ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʣʴʥʠʤ ʧʨʦʮʝʩʘʤ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ. ɺʝʣʠʯʠʥʘ 

ʯʠʩʪʦʛʦ ʟʩʫʚʫ  ʟʚôʷʟʘʥʘ ʟ ʦʧʦʨʦʤ ʜʝʬʦʨʤʘʮʽʾ ʤʝʪʘʣʫ, ʚʠʤʽʨʷʥʠʤ ʧʨʠ 

ʨʦʟʪʷʛʥʝʥʥʽ ʘʙʦ ʦʩʘʜʫ, ʟʘ ʬʦʨʤʫʣʦʶ: 

0t= ůʊ  / , 3Ŀ                                          (3.17) 

ʜʝ  0t  ï ʚʝʣʠʯʠʥʘ ʯʠʩʪʦʛʦ ʟʩʫʚʫ; 

  ůʊ ï ʦʧʽʨ ʜʝʬʦʨʤʘʮʽʾ ʤʝʪʘʣʫ. 

          ʃ.ɺ. ɸʥʜʨʠʶʢʦʤ ʪʘ ʩʧʽʚʘʚʪʦʨʘʤʠ  [115] ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʝʣʠʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ: 

  ůʊ =Sůʦʜ
ʘ(10Ů)b(T/1000)

ʩ  
,
               

                      (3.18) 

ʜʝ: Sůʦʜ, ʘ, b, ʩ ï ʯʠʩʣʘ, ʚʠʟʥʘʯʝʥʽ  ʜʣʷ ʢʦʞʥʦʾ ʤʘʨʢʠ ʩʪʘʣʠ ʟʘ ʾʾ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ. 

           ʇʘʨʘʤʝʪʨʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʦʨʫ ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʽ 

(3.18) ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ‐ = 0,01 õ 150 ʩï1
;
 
Ů = 0,05 õ 0,3; T = 800 õ 

1300
ʦ
ʉ. 

           ɼʘʥʽ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʙʣʠʟʫ ʩʦʣʽʜʫʩʫ ʪʘ ʚʠʱʝ 

(ʚ ʜʚʦʬʘʟʥʽʡ ʪʚʝʨʜʦ ï ʨʽʜʢʦʾ ʟʦʥʠ) ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʽ ʥʘʚʦʜʷʪʴʩʷ ʣʠʰʝ ʚ 

ʦʢʨʝʤʠʭ ʨʦʙʦʪʘʭ. ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚ ʌʽʟʠʢʦ ï ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ 

ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʅɸʅ ʋʢʨʘʾʥʠ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʖ.ʗ. ʉʢʦʢʘ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʭʘʨʘʢʪʝʨʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ (ɸʨʤʢʦ), ʚʫʛʣʝʮʝʚʠʭ (ʩʪʘʣʴ 45), ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ (09ɻ2ʉ), 

ʩʝʨʝʜʥʴʦʣʝʛʦʚʘʥʠʭ (22ʍ3ʄ, 12ʍʅ3ɸ), ʪʘ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ (08ʍ18ʅ10ʊ) 

ʩʪʘʣʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʥʷ (ʣʽʢʚʽʜʫʩʫ) 

[116]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʥʘ ʫʩʪʘʥʦʚʮʽ ɯʄɸʐ20-78. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨ ʣʽʢʚʽʜʫʩʫ ʪʘ ʩʦʣʽʜʫʩʫ ʢʦʞʥʦʾ ʚʠʧʨʦʙʫʚʘʥʦʾ ʩʪʘʣʽ ʚʠʢʦʨʠʩʪʘʥʠʡ 
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ʤʝʪʦʜ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʽ Q1500D. 

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ů0,2 , ůʚ , ŭ, ɣ) ʚʠʟʥʘʯʘʣʠ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʨʦʟʨʠʚ 

ʟʨʘʟʢʽʚ ʢʚʘʜʨʘʪʥʦʛʦ ʧʝʨʝʪʠʥʫ 5ʭ5 ʤʤ. ʐʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ (e ʩʢʣʘʣʘ 4Ŀ10
ï2 

ʩ
ï1

). ʅʘʛʨʽʚ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʩʪʠʯʥʦʛʦ ʤʦʣʽʙʜʝʥʦʚʦʛʦ 

ʥʘʛʨʽʚʘʯʘ, ʥʘ ʢʦʪʨʦʤʫ ʨʦʟʪʘʰʦʚʫʚʘʚʩʷ ʟʨʘʟʦʢ ʚʠʧʨʦʙʫʚʘʥʦʾ ʩʪʘʣʽ. ʍʽʤʽʯʥʠʡ 

ʩʢʣʘʜ ʩʪʘʣʝʡ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.4. 

         ʆʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ [116] ʜʘʥʽ ʥʝ ʙʫʣʠ ʤʘʪʝʤʘʪʠʯʥʦ ʦʙʨʦʙʣʝʥʥʽ, ʱʦ ʥʝ 

ʜʦʟʚʦʣʷʻ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʚʘʣʢʦʚʦʛʦ ʪʘ 

ʜʨʫʛʠʭ ʧʨʦʮʝʩʽʚ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ. 

                  ʊʘʙʣʠʮʷ 3.3 

 ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ 

ʄʘʨʢʘ ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ, % 

ʩʪʘʣʠ ʉ Si Mn Ni 

ɸʨʤʢʦ 0,02 0,02 0,13 0,01 

17ɻʉʃ 0,17 0,54 1,4 0,01 

20ɻʉʅ 0,21 0,78 1,15 0,58 

17ɻ2ɸʌʃ 0,18 0,46 1,56 0,01 

09ɻ2ʉ 0,085 0,64 1,45 0,01 

22ʍɿʄ 0,22 0,28 1,45 0,01 

45ʍʅʄʌʃ 0,46 0,29 0,66 0,96 

20ʃ 0,17 0,36 0,54 0,01 

55ʃ 0,55 0,35 0,5 0,01 

ʐʍ15 1,03 0,3 0,31 0,01 

12ʍʅɿɸ 0,13 0,34 0,57 2,91 

10ɻʅ2ʄʌɸ 0,1 0,28 0,86 2,16 

15ʍ1ʄ1ʌʃ 0,16 0,32 0,78 0,01 

9ʍ2ʄʌ 0,9 0,32 0,3 0,01 

ʍ28ʃ 0,05 0,72 0,63 0,01 

09ʍ16ʅʏ 0,1 0,55 0,46 4,23 

ʍ18ʅ10ʊʃ 0,07 0,86 1,3 10,23 

 

            ɻʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ 

ʜʝʢʽʣʴʢʦʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʚ ʢʦʪʨʠʭ ʟʤʽʥʶʻʪʴʩʷ ʛʨʘʜʽʻʥʪ ʟʥʠʞʝʥʥʷ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʬʘʟʦʚʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʚ ʩʪʘʣʽ. ʇʝʨʰʠʤ 

ʬʘʟʦʚʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʨʠ ʥʘʛʨʽʚʽ ʚʠʱʝ 1000
ʦ
ʉ ʻ ʧʝʨʝʭʽʜ ʘʫʩʪʝʥʽʪʫ ʚ ʬʝʨʠʪ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1375
ʦ
ʉ ʜʦ 1400

ʦ
ʉ (ʨʠʩʫʥʦʢ 3.10, ʘ).  
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 ɺ ʭʦʜʽ ʮʴʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ. ʇʨʠ 

ʥʘʩʪʫʧʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʩʦʣʽʜʫʩ 

(1515
ʦ
ʉ) ʟʥʠʞʝʥʥʷ ʤʝʞʠ ʪʝʢʫʯʦʩʪʽ ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 

ʩʦʣʽʜʫʩʘ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʨʽʟʢʦ ʧʘʜʘʻ ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʨʽʜʢʦʾ ʬʘʟʠ ʚ 

ʚʠʧʨʦʙʫʚʘʥʽʡ ʩʪʘʣʽ. 

          ɼʣʷ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʪʘ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ (09ɻ2ʉ) ʟ ʚʤʽʩʪʦʤ 

ʚʫʛʣʝʮʶ Ò 0,10%  ʪʘʢʦʞ ʤʘʶʪʴ ʤʽʩʪʦ ʜʚʘ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʚ ʬʝʨʠʪ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 1440
ʦ
ʉ ʜʦ 1485

ʦ
ʉ 

ʪʘ ʫʪʚʦʨʝʥʥʶ ʨʽʜʢʦʾ ʬʘʟʠ ʧʨʠ  > 1485Áʉ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.10. ï ɿʘʣʝʞʥʽʩʪʴ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 
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           ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʦʟʨʠʚ ʚ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʫʞʝ 

ʤʘʣʠʡ ʘʙʦ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ ʪʘ ʦʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʝʭʦʜʝ ʚ ʽʥʰʝ, 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʦʜʠʥ ʥʘ ʦʜʥʝ (ʜʠʚ. ʨʠʩʫʥʦʢ 3.10, ʙ). 

          ʄʝʞʘ ʪʝʢʫʯʦʩʪʽ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ  ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʽʚ 

(09ʍ16ʅ4ɹ, ʍ28,08ʍ18ʅ10ʊ) ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʩʦʣʽʜʫʩ ʤʦʥʦʪʦʥʥʦ ʟʥʠʞʫʻʪʴʩʷ 

ʟ ʥʝʚʝʣʠʢʠʤ ʛʨʘʜʽʻʥʪʦʤ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ ʊS ï ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ (ʜʠʚ. 

ʤʘʣʶʥʦʢ 3.10, ʙ). ʊʝʤʧʝʨʘʪʫʨʘ ʩʦʣʽʜʫʩ ʧʦ ʤʽʨʽ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʶ ʣʝʛʫʚʘʥʥʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ 1419 ʜʦ 1350
ʦ
ʉ. ɸʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʤʘʶʪʴ 

ʟʘʣʝʞʥʦʩʪʽ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʩʝʨʝʜʥʴʦ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ. 

           ʄʝʞʘ ʪʝʢʫʯʦʩʪʽ ʚʠʩʦʢʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ (9ʍ2ʄʌ, ʐʍ15) ʚ ʥʘʩʣʽʜʦʢ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʦʣʽʜʫʩʘ (1300 ʪʘ 1250
ʦ
ʉ ʚʽʜʧʦʚʽʜʥʦ) ʨʽʟʢʦ ʧʘʜʘʻ ʧʨʠ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

           ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʽʜʤʽʯʝʥʽ ʚʠʱʝ ʟʘʣʝʞʥʦʩʪʽ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ, ʢʨʽʤ ɸʨʤʢʦ ï ʟʘʣʽʟʘ, ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ ʧʝʨʝʚʠʱʫʶʯʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʣʽʜʫʩʫ ʊS, ʤʦʞʝ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʴ ʟʘ ʬʦʨʤʫʣʦʶ (3.23), ʦʩʢʽʣʴʢʠ ʽʥʪʝʨʧʦʣʷʮʽʷ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʟʘ ʤʝʞʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 1200 ʜʦ 1300
ʦ
ʉ ʜʦʧʫʩʪʠʤʘ ʚ ʥʘʩʣʽʜʦʢ ʛʣʘʜʢʦʩʪʽ 

ʢʨʠʚʠʭ  ůïʊ ʚ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʦʧʦʨʫ 

ʜʝʬʦʨʤʘʮʽʾ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʬʦʨʤʫʣʦʶ (3.23) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ Sůʦʜ, ʘ, b, ʩ [115] ʧʨʠ ʟʥʘʯʝʥʥʷʭ ‐ = 

0,04 ʩ
ï1

;
 
Ů = 0,002 (ʫʤʦʚʘ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʫʩʪʘʥʦʚʮʽ ɯʄɸʐ20-78) 

ʧʦʢʘʟʘʣʠ, ʱʦ ʤʘʻ ʤʽʩʪʦ ʧʝʚʥʠʡ ʟʙʽʛ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʨʷʜʫ ʩʪʘʣʝʡ, ʤʘʶʯʠʭ 

ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʜʝʬʦʨʤʘʮʽʾ. ʆʜʥʘʢ, ʜʣʷ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ 

ʩʪʘʣʝʡ ʬʦʨʤʫʣʘ (3.23) ʜʘʚʘʣʘ ʟʘʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʩʪʘʣʽ 

ʍ18ʅ10ʊ ʚ 2 ʨʘʟʠ. 

           ʊʘʢʫ ʨʦʟʙʽʞʥʽʩʪʴ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʤʽʥʽʤʘʣʴʥʘ ʩʪʫʧʽʥʴ 

ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʧʣʘʩʪʦʤʝʪʨʽ ʚ ʨʦʙʦʪʽ 

[115] ʧʨʠʡʤʘʣʘʩʷ ʨʽʚʥʦʶ 5%, ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ 

ʨʦʟʪʷʛʫʚʘʥʥʷ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟʫʩʠʣʣʷ ʨʦʟʪʷʛʫʚʘʥʥʷ 

ʧʨʠ ʩʪʫʧʝʥʽ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 0,02%.  
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         ɽʢʩʪʨʘʧʦʣʷʮʽʷ ʬʦʨʤʫʣʠ (3.18) ʚ ʜʽʘʧʘʟʦʥ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʝʣʠʢʠʭ ʧʦʭʠʙʦʢ, ʽ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʚʠʱʝ ʜʝʬʦʨʤʘʮʽʷ ʩʪʘʣʽ. 

ʎʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ  ʩʪʘʣʝʡ, ʤʘʶʯʠʭ ʚʠʩʦʢʠʡ ʩʢʣʘʜ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

         ʅʘ ʨʠʩʫʥʢʫ 3.17 ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ (ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ) ʢʨʠʚʽ ů(Ů) ʚ 

ʽʥʪʝʨʚʘʣʽ ʜʝʬʦʨʤʘʮʽʡ ʚʽʜ 0,02% ʜʦ 25% ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ 1200
ʦ
ʉ ʜʣʷ ʩʪʘʣʝʡ 

09ɻ2ʉ ʪʘ ʍ18ʅ10ʊ. ɺʽʜʨʽʟʢʠ ʢʨʠʚʠʭ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,02% ʜʦ 5%, ʚʽʜʦʙʨʘʞʝʥʽ 

ʧʫʥʢʪʠʨʦʤ, ʟô̒ʜʥʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʝʞʠ ʪʝʢʫʯʦʩʪʽ ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʨʦʟʪʷʛʥʝʥʥʷ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʦʧʦʨʫ ʜʝʬʦʨʤʘʮʽʾ 

ʧʨʠ Ů = 5%.  

                

ʘ                                                          ʙ 

ʘ ï ʩʪʘʣʴ 09ɻ2ʉ;     ʙ ï ʩʪʘʣʴ ʍ18ʅ10ʊ 

ʈʠʩ. 3.11. ï ɿʤʽʥʠ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʪʘʣʽ ʚʽʜ ʩʪʫʧʝʥʶ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1200Áʉ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ‐ = 0,04 ʩï1 
 

          ʉʫʮʽʣʴʥʘ ʣʽʥʽʷ ï ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʬʦʨʤʫʣʦʶ (3.18) , ʧʫʥʢʪʠʨʥʘ ï ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [116]. 

           ɸʥʘʣʽʟ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʤʘʣʶʥʢʫ 3.19, ʧʦʢʘʟʫʻ, ʱʦ ʬʦʨʤʫʣʘ (3.18) ʥʝ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʽʡʩʥʦʾ (ʧʨʠ Ů = 0,02%, ‐=0,04 ʩ-1
)  ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ 

ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʘʣʽ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ. ɼʣʷ ʚʠʥʘʭʦʜʫ 

ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ ʜʽʡʩʥʦʾ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʦʙʨʦʙʠʣʠ ʤʝʪʦʜʦʤ ʯʠʩʣʦʚʦʛʦ 

ʢʦʨʝʣʷʮʽʡʥʦ -  ʨʝʛʨʝʩʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʨʦʙʦʪʠ [116] ʪʘ 

ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ: 

 

ʈʦʟʨʘʭʫʥʦʢ 

ɽʢʩʧʝʨʠʤʝʥʪ 

 

ʈʦʟʨʘʭʫʥʦʢ 

ɽʢʩʧʝʨʠʤʝʥʪ 
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ůT = 94,3 ï 0,0627ĿT ï 4,4ĿC ï 44,5ĿSi
3 
ĿMn

3 
ï 13,2ĿSi

3 
ĿMn

2 
+ 

+27,0Ŀ Si
3 
ĿMn + 2,9ĿSi

3 
+9,5ĿSi

2 
ĿMn

3 
ï 0,6ĿSi

2 
ĿMn

2 
ï 5,8ĿSi

2 
ĿMn + 

+ 0,6ĿSi
2 
+ 30,2ĿSiĿMn

3 
+ 0,9ĿSiĿMn

2 
ï 18,3ĿSiĿMn

 
+1,4ĿSi +3,2ĿMn

3
 + 

                     +0,1ĿMn
2  
ï 1,9Ŀ Mn ï 10,5ĿNi

2
 + 7,9ĿNi ,                               (3.19) 

ʜʝ      ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ęʉ;  

          C, Si
 
, Mn, Ni ï ʚʤʽʩʪ ʫ ʩʪʘʣʽ ʚʫʛʣʝʮʶ, ʢʨʝʤʥʽʶ, ʤʘʨʛʘʥʮʶ, ʥʽʢʝʣʶ. 

ʄʝʞʘ ʪʝʢʫʯʦʩʪʽ ʩʪʘʣʽ ʧʨʠ ʾʾ ʧʝʨʝʭʦʜʽ ʚ ʪʚʝʨʜʦ ï ʨʽʜʢʠʡ ʩʪʘʥ (ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʠʱʝ ʊS) ʧʦʯʠʥʘʻ ʨʽʟʢʦ ʫʙʠʚʘʪʠ, ʪʘ ʬʦʨʤʫʣʠ (3.18) ï (3.19) 

ʩʪʘʶʪʴ ʥʝʧʨʠʜʘʪʥʽ. ʊʘʢ, ʫ ʨʦʙʦʪʽ  [117] ʚʩʪʘʥʦʚʣʝʥʦ (ʜʣʷ ʩʪʘʣʝʡ 45), ʱʦ 

ʧʦʢʘʟʥʠʢ ʘ  ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ‐  ʫ ʬʦʨʤʫʣʽ (3.18) ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʊS , ʧʦʯʠʥʘʻ ʨʽʟʢʦ ʟʨʦʩʪʘʪʠ (ʨʠʩʫʥʦʢ 3.18), ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʘʚʪʦʨʘʤʠ ʟʙʽʣʴʰʝʥʥʷʤ ʚôʷʟʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ ʚ ʟʚôʷʟʢʫ ʟ ʧʦʷʚʦʶ ʚ ʩʪʘʣʽ 

ʨʽʜʢʦʾ ʬʘʟʠ. 

  

 

   

 

 

 

 

 

 

ʈʠʩ. 3.12. ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʘ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʣʽ 45 [117] 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʽ ʤʝʞʠ ʪʝʢʫʯʦʩʪʽ )( STs  ʩʪʘʣʽ, ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

TS  Ò  T Ò TL, ʘʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʙʫʣʘ ʚʚʝʜʝʥʘ ʙʝʟʨʦʟʤʽʨʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ   Ὕ =   , ʢʦʪʨʘ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 1. ɿʘ ʚʽʜʦʤʦʶ 

ʛʽʧʦʪʝʟʦʶ [118] ʟʥʘʯʝʥʥʷ T  ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʣʽ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʩʪʘʣʽ ʧʨʠ 

ʟʘʚʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʝʪʘʣʫ.  
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ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʨʠʩʫʥʦʢ 3.13) ʧʦʢʘʟʘʚ, ʱʦ ʚ ʷʢʦʩʪʽ 

ʟʘʣʝʞʥʦʩʪʽ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʚʽʜ T  ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʩʪʫʧʝʥʝʚʫ ʬʫʥʢʮʽʶ: 

Ts¡= )( STs n
,                                                 (3.20) 

ʜʝ        )( STs  ï ʦʧʽʨ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʩʦʣʽʜʫʩ ST . 

 

 

 

 

 

 

 

 

 

 

 

 

          Å ˈ ʝʢʩʧʝʨʠʤʝʥʪ;          ï ï ï  ïï ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʬʦʨʤʫʣʦʶ (3.20). 

ʈʠʩ. 3.13. ï ɿʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʥʷ )(/ ST Tss¡  ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ T .  

 

            ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ 16 ʤʘʨʦʢ ʩʪʘʣʝʡ 

ʧʦʢʘʟʘʣʘ, ʱʦ ʧʨʠ n = 4 ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʬʦʨʤʫʣʠ (3.20) ʩʢʣʘʜʘʻ 1,09 

ʅ/ʤʤ
2
. ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ Ts¡ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ TS Ò T Ò TL 

ʧʦʙʫʜʦʚʘʥʘ ʥʘʩʪʫʧʥʘ ʨʝʛʨʝʩʠʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ: 

 ůʊ = 4,40+4.75Ŀʍ1+3,83ĿZ3 ï 3,20ĿU2+1,45ĿX1 ĿZ4 + 

  + 0,14ĿU3+3,69ĿU1 ĿX4 ï0,35ĿZ4ĿV6+1,13ĿZ1ĿU2 +                    (3.21) 

+1,76ĿX5+2,40ĿZ1ï6,41ĿV2+1,55ĿZ1ĿZ4+1,23ĿZ4 ï 

ï1,34ĿZ1ĿU3ï8,33ĿV2ĿX4ï2,05ĿV1ĿZ4+3,52ĿZ1ĿX2 ï 0,83ĿV4, 
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ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ X1, X2, X3, X4, X5, X6, U1, U2, U3, V1, V2, V4, V6, Z1, Z3, Z4 

ʚʠʟʥʘʯʘʶʪʴʩʷ  ʟʘ  ʚʠʨʘʟʦʤ: 

X1 = 2,58 (T ï 0,78); 

Z1 = 1,59 (X1
2 
+ 0,16ĿX1ï 0,21); 

U1 = 3,22 (X1
3 
+ 0,34ĿX1

2 
ï 0,39ĿX1 ï 0,04); 

V1 = 9,21 (X1
4 
+ 0,70ĿX1

3 
ï 0,41ĿX1

2
 ï 0,20ĿX1 + 0,01); 

X2 = 1,32 (C ï 0,27); 

U2 = 16,0 (X2
3
 ï 0,97ĿX2

2 
ï 0,02ĿX2 + 0,05); 

V2 = 22,58 (X2
4 
ï 1,18ĿX2

3 
+ 0,10ĿX2

2 
+ 0,11ĿX2); 

X3 = 2,76Ŀ(Si ï 0,50); 

Z3 = 2,56Ŀ(X3
2 
ï 0,29ĿX3 ï 0,32); 

U3 = 7,10 (X3
3
 ï 0,57ĿX3

2
 ï 0,38ĿX3 + 0,09); 

X4 = 1,35 (Mn ï 0,82); 

Z4 = 2,48 (X4
2 
ï 0,26ĿX4  ï 0,33); 

V4 = 10,73 (X4
4
 ï 0,51ĿX4

3 
ï 0,67ĿX4

2 
+ 0,19ĿX4 + 0,08); 

X5 = 0,04 (Cr ï 3,93); 

X6= 0,12 (Ni ï 1,53); 

V6 = 216,28 (X6
4
 ï 1,13ĿX6

3 
+ 0,09ĿX6

2 
+ 0,04ĿX6 ï 0,01). 

         ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ 16 ʤʘʨʦʢ ʩʪʘʣʝʡ 

ʧʦʢʘʟʘʣʘ, ʱʦ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʬʦʨʤʫʣʠ (3.21) ʩʢʣʘʜʘʻ 0,875 ʅ/ʤʤ
2
. 

         ʅʘ ʨʠʩʫʥʢʫ 3.14 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʟʘ ʜʦʚʞʠʥʦʶ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ, ʢʦʪʨʽ ʚʠʢʦʥʘʥʽ ʜʣʷ ʚʠʧʘʜʢʫ ʨʦʟʣʠʚʢʠ ʩʤʫʛʠ 

ʪʦʚʱʠʥʦʶ 3 ʤʤ ʟʽ ʩʪʘʣʽ 3ʩʧ ʫ ʚʘʣʢʘʭ ʜʽʘʤʝʪʨʦʤ 500 ʤʤ ʟʽ ʰʚʠʜʢʽʩʪʶ 0,55 ʤ/ʩ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʣʠʚʢʠ ʦʙʨʘʥʘ 1560
ʦ
ʉ, ʨʦʟʨʘʭʫʥʢʦʚʽ (ʥʝ ʨʽʚʥʦʚʘʞʥʽ) 

ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ (TL) ʪʘ ʩʦʣʽʜʫʩʫ (TS)  ʩʢʣʘʣʠ 1470 ʪʘ 1440
ʦ
ʉ  

ʚʽʜʧʦʚʽʜʥʦ, ʘ = 30
ʦ
 , ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʙʣʠʮʽ 3.5. 

         ɺ ʪʘʙʣʠʮʽ 3.5 ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʧʦ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʦ ï ʜʝʬʦʨʤʘʮʽʡʥʽ ʪʘ 

ʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʜʣʷ ʦʙʨʘʥʦʛʦ ʚʠʧʘʜʢʫ. 
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        ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʚʽʜʯʫʶʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʣʠʚʢʠ ʥʘ ʝʥʝʨʛʦʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ, ʱʦ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʩʪʚʦʨʝʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʜʚʦʚʘʣʢʦʚʠʭ ʤʘʰʠʥ. 

    

 

 

 

 

 

 

 

ʈʠʩ.  3.14. ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʝʧʶʨʘ ʥʦʨʤʘʣʴʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʽ 

ʜʝʬʦʨʤʘʮʽʾ 

 

 

 

ʊʘʙʣʠʮʷ 3.4 

ʊʝʤʧʝʨʘʪʫʨʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʽ ʪʘ ʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ 

ʩʤʫʛʠ ʨʦʟʤʽʨʦʤ 3ʭ1000 ʤʤ ʟ̔  ʩʪʘʣʠ 3ʩʧ ʧʨʠ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʣʠʚʢʠ 

 

 

ʐʚʠʜʢʽʩʪʴ 

ʣʠʪʪʷ, 

ʤʤ/ʩ 

ʂʫʪ 

ʤʝʥʽʩʢʫ, 

Ŭ, ʛʨʘʜ 

ʂʫʪ 

ʜʝʬʦʨ. 

Ŭʦʙ, 

ʛʨʘʜ 

ʆʙʪʠʩʢ 

Ů,% 

ʊʝʤ-ʨʘ  ʫ 

ʮʝʥʪʨʽ 

ʩʤʫʛʠ, Üʉ 

ʊʝʤ-ʨʘ 

ʩʤʫʛʠ ʥʘ 

ʢʦʥʪʘʢʪʽ ʟ 

ʚʘʣʢʦʤ, Üʉ 

ɿʫʩʠʣʣʷ 

ʧʨʦʢʘʪʢʠ, 

ʄʅ 

ʆʙʝʨ.ʤʦ

ʤʝʥʪ ʥʘ 

ʚʘʣʢʫ, 

ʄʅʤ 

700 30,0 1,5 5,5 1420 957 0,177 0,066 

550 30,0 2,9 19,0 1335 945 2,360 1,066 

400 30,0 4,5 34,4 1234 926 13,530 8,740 

ʊʚʝʨʜʘ 

ʬʘʟʘ 

ʈʽʜʢʦ - 

ʪʚʝʨʜʘ 

ʬʘʟʘ

 

ʈʽʜʢʘ 

ʬʘʟʘ

 

ʅ
ʘ
ʧ
ʨ
ʫ
ʞ
ʝ
ʥ
ʥ
ʷ
 
ʜ
ʝ
ʬ
ʦ
ʨ
ʤ
ʘ
ʮ
ʽ
ʾ
 
ů

ɖ
,
 
ʅ
/
ʤ
ʤ

2
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        3.4  ɺʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʚʘʣʢʦʚʦʾ ʣʠʚʘʨʥʦʾ ʤʘʰʠʥʠ 

ʣʠʪʪʷ-ʧʨʦʢʘʪʫʚʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʭʽʜʥʦʾ ʟʘʛʦʪʦʚʢʠ (ʣʠʩʪʘ) ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ 

 

          ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʪʝʭʥʦʣʦʛʽʾ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ, 

ʚʠʟʥʘʯʘʶʯʠʤ ʷʢʽʩʪʴ ʩʤʫʛʠ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʻ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʢʽʚ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ. ʃʽʪʝʨʘʪʫʨʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʜʦʩʷʛʥʫʪʠʭ ʪʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ ʜʦʩʠʪʴ ʩʫʧʝʨʝʯʣʠʚʽ. ʊʘʢ, ʚ ʨʦʙʦʪʽ [119] ʚʽʜʤʽʯʝʥʦ, 

ʱʦ ʚ ʘʣʶʤʽʥʽʻʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʚʦʚʘʣʢʦʚʽ ʤʘʰʠʥʠ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ 

ʰʚʠʜʢʦʩʪʷʭ ʚ 40-60 ʨʘʟʽʚ ʤʝʥʰʽ, ʥʽʞ ʪʝʦʨʝʪʠʯʥʦ ʧʝʨʝʜʙʘʯʝʥʦ. ʉʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʜʦʩʷʛʥʫʪʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʦʟʣʠʚʢʠ ʩʪʘʣʴʥʠʭ ʩʤʫʛ [120]. 

         ɺʽʜʤʽʯʝʥʽ ʬʘʢʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʩʤʫʛʠ ʚ 

ʚʘʣʢʦʚʦʤʫ ʣʠʚʘʨʥʦ ï ʧʨʦʢʘʪʥʦʤʫ ʘʛʨʝʛʘʪʽ ʻ ʩʚʦʻʨʽʜʥʠʤ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʦʪʨʠʤʘʥʥʽ ʩʤʫʛʠ ʪʦʚʱʠʥʦʶ 10 ʤʤ ʟ ʘʣʶʤʽʥʽʶ [31] ʧʨʦʪʷʞʥʽʩʪʴ ʟʦʥʠ 

ʜʝʬʦʨʤʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʟʘʥʠʞʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʣʠʚʢʠ ʩʢʣʘʜʘʻ 0,6 ï 0,8 

ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʤʽʞʚʘʣʢʦʚʦʛʦ ʟʘʟʦʨʫ. ʆʙʪʠʩʢ ʩʤʫʛʠ ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ 

ʮʴʦʤʫ ʜʦʩʷʛʘʻ ʚʽʜ 40 ʜʦ 60%. ʋ ʚʠʧʘʜʢʫ ʪʘʢʦʛʦ ʨʦʟʣʠʚʫ ʩʪʘʣʝʚʠʭ ʩʤʫʛ ʚʘʣʢʠ 

ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʠ ʥʝ ʚ ʟʤʦʟʽ ʟʘʙʝʟʧʝʯʠʪʠ ʚʝʣʠʢʦʛʦ ʩʪʫʧʝʥʶ ʦʙʪʠʩʢʫ ʯʝʨʝʟ 

ʥʝʜʦʩʪʘʪʥʶ ʤʽʮʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʙʘʥʜʘʞʝʤ. ʊʦʤʫ ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ 

ʩʪʘʣʝʚʠʭ ʩʤʫʛ ʥʘ ʧʨʘʢʪʠʮʽ ʥʘʙʘʛʘʪʦ ʚʠʱʝ, ʥʽʞ ʫ ʘʣʶʤʽʥʽʻʚʠʭ. ʇʽʜʚʠʱʝʥʽ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ʩʪʘʣʝʚʠʭ ʩʤʫʛ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ 

ʧʨʦʪʷʞʥʦʩʪʽ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ ʜʦ 10%, ʘ ʦʙʪʠʩʢ ʩʤʫʛʠ ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 15%. 

           ɺ ʨʦʙʦʪʽ [30] ʚʢʘʟʘʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʛʘʨʥʫ 

ʷʢʽʩʪʴ ʤʝʪʘʣʫ ʧʨʠ ʦʙʨʦʙʮʽ ʩʪʘʣʽ, ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ ʥʝ ʤʝʥʰ 15%. ɼʣʷ 

ʘʣʶʤʽʥʽʶ ʪʘ ʡʦʛʦ ʩʧʣʘʚʽʚ ʟʛʽʜʥʦ ʜʘʥʠʭ [24] ʟʘʪʚʝʨʜʽʣʫ ʩʤʫʛʫ ʫ ʚʘʣʢʦʚʦʤʫ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ ʥʝʦʙʭʽʜʥʦ ʦʙʪʠʩʥʫʪʠ ʷʢ ʤʽʥʽʤʫʤ ʚʽʜ 20 ʜʦ 30% . 

           ʅʘ ʨʠʩʫʥʢʫ 3.15 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʣʠʚʢʠ 

ʩʪʘʣʝʚʠʭ ʪʘ ʘʣʶʤʽʥʽʻʚʠʭ ʩʤʫʛ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ ʚʽʜ 1 ʜʦ 5 ʤʤ ʟ ʦʙʪʠʩʢʦʤ 15 ʪʘ 

30% ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʘʭ ʚʘʣʢʽʚ. ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʧʣʠʚʘʻ, ʱʦ 
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ʨʦʟʣʠʚʢʘ ʧʦʣʦʩʠ ʟ ʾʾ ʧʦʜʘʣʴʰʠʤ ʦʙʪʠʩʢʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ  ʧʦʤʽʪʥʦʛʦ  

ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ. ʊʘʢ, ʜʣʷ ʘʣʶʤʽʥʽʻʚʦʾ ʩʤʫʛʠ ʟʘʚʪʦʚʰʢʠ 1 ʤʤ 

ʧʨʠ ʦʙʪʠʩʢʫ 30% ʫ ʚʘʣʢʘʭ ʜʽʘʤʝʪʨʦʤ 500 ʤʤ ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ ʟʥʠʞʫʻʪʴʩʷ 

ʟ 1125 ʜʦ 484 ʤ/ʭʚ.; ʘ ʜʣʷ ʩʪʘʣʝʚʦʾ ʩʤʫʛʠ ʪʦʚʱʠʥʦʶ 2 ʤʤ ʧʨʠ ʦʙʪʠʩʢʫ 15% ʚʽʜ 

164 ʜʦ 52 ʤ/ʭʚ. 

         ʅʘ ʨʠʩʫʥʢʫ 3.16 ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ʩʪʘʣʝʚʠʭ 

ʩʤʫʛ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ (hʧ)  ʫ ʚʘʣʢʘʭ - ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʭ ʨʘʜʽʫʩʦʤ 500 ʤʤ ʧʨʠ 

ʟʤʽʥʽ ʢʫʪʘ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʘ ʟ ʚʘʣʢʦʤ a=10, 20 ʪʘ  30Ü ʙʝʟ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʟ 

ʜʝʬʦʨʤʘʮʽʻʶ 15%. ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʢʦʥʪʘʢʪʫ 

ʤʝʪʘʣʫ ʟ ʚʘʣʢʦʤ a  (ʨʽʚʝʥʴ ʥʘʣʠʚʫ ʤʝʪʘʣʫ)ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ïʧʨʦʢʘʪʢʠ. ɼʣʷ ʩʤʫʛʠ ʟʘʚʪʦʚʰʢʠ 1 ʤʤ, ʦʪʨʠʤʘʥʦʾ ʙʝʟ 

ʦʙʪʠʩʢʫ ʪʘ ʟ ʦʙʪʠʩʢʦʤ 15%, ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ï ʜʝʬʦʨʤʘʮʽʾ ʥʘ 

10
ʦ
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ʚ ʜʚʘ ʨʘʟʠ.  

         ʅʘ ʨʠʩʫʥʢʫ 3.17 ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʤʫʛ ʜʣʷ ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʦʧʠʩʘʥʦʾ ʚ ʨʦʙʦʪʽ [79]. ɿ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʨʦʟʣʠʚʢʠ ʩʤʫʛʠ ʪʦʚʱʠʥʦʶ 4 ʤʤ ʧʨʠ 

ʟʙʽʣʴʰʝʥʽ ʦʙʪʠʩʢʫ ʚʽʜ 0 ʜʦ 80% ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ ʧʦʚʠʥʥʘ ʟʥʠʞʫʚʘʪʠʩʴ ʚʽʜ 

48,9 ʜʦ 0,17 ʤ/ʭʚ.  

           ʉʣʽʜ ʚʽʜʤʽʪʠʪʴ, ʱʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ ʜʣʷ ʩʪʘʣʝʚʠʭ ʩʤʫʛ ʢʽʣʴʢʽʩʥʦ ʙʣʠʟʴʢʽ ʜʦ ʧʦʢʘʟʥʠʢʽʚ 

ʽʩʥʫʶʯʦʾ ʢʦʤʝʨʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ Castrip  ʢʦʤʧʘʥʽʾ  Nucor. ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, 

ʱʦ ʜʽʘʤʝʪʨ ʚʘʣʢʽʚ ʜʘʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʩʢʣʘʜʘʻ 500 ʤʤ, ʪʦʚʱʠʥʘ ʩʤʫʛʠ 1,6 ʤʤ, 

ʦʩʥʦʚʥʘ ʨʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ 80 ʤ/ʤʠʥ, ʪʦ ʧʦ ʨʦʟʨʘʭʫʥʢʘʤ ʤʦʞʣʠʚʦ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʣʠʪʪʷ ʩʤʫʛʠ ʚʽʜʙʫʚʘʣʦʩʴ, ʧʨʠʙʣʠʟʥʦ ʟ 15%-ʤ ʦʙʪʠʩʢʦʤ. 

            ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ ï ʧʨʦʢʘʪʢʠ ʤʝʪʘʣʝʚʠʭ ʩʤʫʛ, 

ʥʘʡʙʽʣʴʰ ʩʫʪʪʝʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ  ʩʤʫʛ ʱʦ ʨʦʟʣʠʚʘʶʪʴʩʷ, ʨʽʚʥʷ 

ʟʘʣʠʚʢʠ ʤʝʪʘʣʫ, ʜʽʘʤʝʪʨʫ ʚʘʣʢʽʚ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ, ʚʝʣʠʯʠʥʠ ʦʙʪʠʩʢʫ 

ʟʘʪʚʝʨʜʽʣʦʛʦ ʤʝʪʘʣʫ. 
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ʈʠʩ. 3.15.  ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ʤʝʪʘʣʫ ʚʽʜ ʪʦʚʱʠʥʠ ʚʠʭʽʜʥʦʾ ʩʤʫʛʠ ʜʣʷ ʨʽʟʥʠʭ 

ʜʘ̔ʤʝʪʨʽʚ ʚʘʣʢʽʚ :  ʘ - ʟ ʦʙʪʠʩʢʦʤ;  ʙ ï ʙʝʟ ʦʙʪʠʩʢʫ
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ʊʦʚʱʠʥʘ ʩʤʫʛʠ ʥʘ ʚʠʭʦʜʽ, ʤʤ 
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ʊʦʚʱʠʥʘ ʩʤʫʛʠ ʥʘ ʚʠʭʦʜʽ, ʤʤ 

           ɸʣʶʤʠʥʠʡ 

R=750ʤʤ 

R=500ʤʤ 

R=250ʤʤ 

R=185ʤʤ 

0 

200 

400 

600 

800 

1000 

1200 

1 2 3 4 5 

ʐ
ʚ
ʠ
ʜ
ʢ
ʽ
ʩ
ʪ
ʴ
ʪ
ʴ
 
 
ʨ
ʦ
ʟ
ʣ
ʠ
ʚ
ʢ
ʠ
,
 
ʤ
/
ʭ
ʚ
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ʈʠʩ. 3.16. ï ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʪʘʣʝʚʠʭ 

ʩʤʫʛ (K=4ʤʤ/) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ (hʧ) ʚʽʜ ʢʫʪʘ ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ï 

ʜʝʬʦʨʤʘʮʽʾ a, ʜʣʷ ʨʘʜʽʫʩʘ ʚʘʣʢʽʚ R=500ʤʤ ʪʘ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʜʝʬʦʨʤʘʮʽʾ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.17.  ɿʘʣʝʞʥʽʩʪʴ  ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʘʣʶʤʽʥʽʻʚʠʭ 

ʩʤʫʛ (K=7,4ʤʤ/) ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ (hʧ)  ʚʽʜ ʚʝʣʠʯʠʥʠ ʦʙʪʠʩʢʫ ʚ ʟʦʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ [79] 
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 ɼʝʬʦʨʤʘʮʽʷ, e 
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                                   ʘ)                                                                ʙ) 

ʈʠʩ. 3.18.  ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ (ʘ) ʪʘ  ʦʙʪʠʩʢʫ ʩʤʫʛʠ (ʙ)  

ʚʽʜ ʚʠʩʦʪʠ ʥʘʣʠʚʫ ʤʝʪʘʣʫ 

 

           ʅʘ ʨʠʩʫʥʢʫ 3.18 ʟʦʙʨʘʞʝʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʨʦʟʣʠʚʢʠ ʤʝʪʘʣʫ (ʪʦʯʢʘ ʟʤʠʢʘʥʥʷ ʬʨʦʥʪʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʩʽ ʚʘʣʢʽʚ) ʚʽʜ ʚʠʩʦʪʠ ʨʽʚʥʷ ʥʘʣʠʚʫ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ (ʨʠʩʫʥʦʢ 

3.18, ʘ), ʪʘ ʩʪʫʧʝʥʶ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʚʠʩʦʪʠ ʥʘʣʠʚʫ (ʨʠʩʫʥʦʢ 3,18, ʙ). 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʜʣʷ ʩʤʫʛʠ ʪʦʚʱʠʥʦʶ hʧ = 2 ʤʤ ʪʘ ʨʘʜʽʫʩʦʤ ʚʘʣʢʽʚ R = 

250 ʤʤ. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ, ʰʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʮʽ ʟʤʠʢʘʥʥʷ ʢʽʨʦʢ ʤʝʪʘʣʫ ʧʦʚʠʥʥʘ ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʧʨʦʧʦʨʮʽʡʥʦ 

ʟʙʽʣʴʰʝʥʥʶ ʚʠʩʦʪʠ ʥʘʣʠʚʫ. ɿʨʦʩʪʘʥʥʷ ʚʠʩʦʪʠ ʥʘʣʠʚʫ ʧʨʠ ʩʪʘʣʽʡ ʰʚʠʜʢʦʩʪʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʶ ʜʝʬʦʨʤʘʮʽʾ ʢʦʪʨʘ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 

ʢʨʠʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ 15% ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʪʨʽʱʠʥ ʥʘ 

ʧʦʚʝʨʭʥʽ. ʊʦʤʫ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʫʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʨʽʚʝʥʴ ʨʽʜʢʦʛʦ 

ʤʝʪʘʣʫ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʟʤʠʢʘʥʥʷ ʬʨʦʥʪʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ.    
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          3.5  ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ ʪʘ ʚʘʣʢʽʚ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʤʫʛʠ 

          ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʢʦʾ ʩʪʘʣʽ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ  ʩʤʫʛʠ ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʠ  ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʨʦʟʜʽʣʽ 2 ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ 

ʯʠʩʣʦʚʠʭ  ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʚôʷʟʘʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʤʝʪʘʣʽ ʱʦ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ, ʪʘ ʩʧʨʦʱʝʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʘʪʚʝʨʜʽʣʦʾ ʢʽʨʢʠ (ʨʦʟʜʽʣ 3.2). ʋʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ  ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.5. ɼʦʩʣʽʜʞʫʚʘʣʠ ʨʦʟʣʠʚʢʫ ʩʪʘʣʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 1500, 1550, 1600
ʦ
ʉ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʤʫʛʠ ʪʦʚʱʠʥʦʶ 3 ʤʤ. 

 

ʊʘʙʣʠʮʷ 3.5 

ɼʘʥʽ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʣʽ ʨʦʟʣʠʚʘʻʪʴʩʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ 

ʈʘʜʽʫʩ ʚʘʣʢʫ, ʤʤ 250 

ɼʦʚʞʠʥʘ ʚʘʣʢʘ, ʤʤ 600 

ʂʫʪ /ʚʠʩʦʪʘ ʤʝʥʽʩʢʘ, 
0
 / ʤʤ 30 / 135 

ʊʦʚʱʠʥʘ ʩʤʫʛʠ, ʤʤ 3 

ʐʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ (ʚʘʣʢʘ), ʧv , ʤ/ʩ 0,85 

ʐʠʨʠʥʘ ʱʽʣʠʥʠ, ʯʝʨʝʟ ʢʦʪʨʫ ʧʦʜʘʻʪʴʩʷ ʨʦʟʧʣʘʚ, ʤʤ 10 

ʐʚʠʜʢʽʩʪʴ ʚʠʪʽʢʘʥʥʷ ʨʦʟʧʣʘʚʫ, 0v , ʤ/ʩ 0,255 

ʑʽʣʴʥʽʩʪʴ  ʤʝʪʘʣʫ ʱʦ ʨʦʟʣʠʚʘʻʪʴʩʷ, r, ʢʛ/ʤ
3
 7000 

ɼʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, h, ʇʘ/ʩ. 6,2Ā10
ï1

 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, l,ɺʪ/(ʤĀʂ) 29 

ʇʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, pC , ɼʞ/(ʢʛĀʂ) 670 

ʉʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, HD , ɼʞ/ʢʛ 272000 

ʊʝʤʧʝʨʘʪʫʨʘ ʣʽʢʚʽʜʫʩʫ, LT , 
0
ʉ 1470 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʦʣʽʜʫʩʫ, ST , 
0
ʉ 1440 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ ʥʘ ʚʭʦʜʝ, 0T , 
0
ʉ 1500;1550;1600 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʢʨT , 
0
ʉ 27 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʩ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ, a, ɺʪ/(ʤ
2
Āʂ) 15565,69 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟ ʚʽʜʢʨʠʪʠʭ ʧʦʚʝʨʭʦʥʴ, a, 

ɺʪ/(ʤ
2
Āʂ) 

100 
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           ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.19-3.21. ʅʘ ʨʠʩʫʥʢʫ 

3.19 ʧʦʢʘʟʘʥʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʦʟʧʣʘʚʽ, ʽʟʦʣʽʥʽʾ ʪʝʤʧʝʨʘʪʫʨ 

çʣʽʢʚʽʜʫʩè ʪʘ çʩʦʣʽʜʫʩè (ʘ) ʪʘ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʣʽ ʥʘ ʚʠʭʦʜʽ ʟ 

ʤʽʞʚʘʣʢʦʚʦʛʦ ʢʘʥʘʣʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ( ʚʟʜʦʚʞ ʚʽʜʤʽʯʝʥʦʾ ʣʽʥʽʾ ɸɺ) ï (ʙ). ʅʘ 

ʤʘʣʶʥʢʫ 3.20 ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ 

ʜʚʦʚʘʣʢʦʚʦʛʦ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʟ ʱʽʣʠʥʥʠʤ ʞʠʚʠʣʴʥʠʢʦʤ ʧʨʠ ʨʽʟʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʟʧʣʘʚʫ ʥʘ ʚʠʭʦʜʽ: Tʚʭ = 1500
0
ʉ (ʘ); Tʚʭ = 1550

0
ʉ (ʙ); Tʚʭ = 

1600
0
ʉ (ʚ).  

 

    

ʈʠʩ.  3.19.  ʈʦʟʧʦʜʽʣʝʥʥʷ  ʪʝʤʧʝʨʘʪʫʨʠ  ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʜʚʦʚʘʣʢʦʚʦʛʦ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʟʧʣʘʚʫ ʥʘ ʚʭʦʜʽ Tʚʭ = 1500
0
ʉ 

          ɹʽʣʠʤ ʢʦʣʴʦʨʦʤ ʥʘ ʦʩʥʦʚʥʦʤʫ ʤʘʣʶʥʢʫ ʽ ʥʘ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʘʭ ʥʘ 

ʚʩʪʘʚʢʘʭ ʧʦʢʘʟʘʥʽ ʽʟʦʣʽʥʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʦʣʽʜʫʩʫ 1440
ʦ
ʉ ʪʘ ʣʽʢʚʽʜʫʩʫ 1470

ʦ
ʉ ï 

(ʘ). ɿʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʣʽ ʥʘ ʚʠʭʦʜʽ ʟ ʤʽʞʚʘʣʢʦʚʦʛʦ ʢʘʥʘʣʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ 

(ʚʟʜʦʚʞ ʚʽʜʤʽʯʝʥʦʾ ʣʽʥʽʾ ɸɺ) ï (ʙ). ɼʘʥʽ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ, ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 5.1. 

         ʅʘ ʨʠʩʫʥʢʫ 3.21 ʟʦʙʨʘʞʝʥʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʣʽ ʥʘ ʚʠʭʦʜʽ ʟ 

ʤʽʞʚʘʣʢʦʚʦʛʦ ʢʘʥʘʣʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ. 
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Tʚʭ = 1500
0
ʉ (ʘ);                     Tʚʭ = 1550

0
ʉ (ʙ);                     Tʚʭ = 1600

0
ʉ (ʚ).  

ʈʠʩ. 3.20.  ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʣʴʦʨʽ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʜʚʦʚʘʣʢʦʚʦʛʦ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʟʧʣʘʚʫ ʥʘ ʚʭʦʜʽ ʚ ʤʽʞʚʘʣʢʦʚʠʡ 

ʧʨʦʩʪʽʨ 

 

 

 

 

 

 

 

 

1 ï Tʚʭ = 1500
0
ʉ;   2 ï Tʚʭ = 1550

0
ʉ;   3 ï Tʚʭ = 1600

0
ʉ. 

ʈʠʩ. 3.21.  ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʾ ʟʘ ʪʦʚʱʠʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʩʤʫʛʠ ʥʘ ʚʠʭʦʜʽ ʟ 

ʤʽʞʚʘʣʢʦʚʦʛʦ ʢʘʥʘʣʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ (ʚʟʜʦʚʞ ʣʽʥʽʾ ɸɺ, ʚʽʜʤʽʯʝʥʦʾ ʥʘ ʨʠʩʫʥʢʫ 

3.19 ʪʘ 3.20) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʟʧʣʘʚʫ ʥʘ ʚʭʦʜʽ ʜʦ ʢʘʥʘʣʫ. 
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          ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʤʫʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʪʚʝʨʜʽʣʦʛʦ ʤʝʪʘʣʫ ʟʘ 

ʜʦʚʞʠʥʦʶ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʘ ʟ ʚʘʣʢʦʤ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʜʣʷ ʚʠʧʘʜʢʫ 

ʨʦʟʣʠʚʢʠ ʩʤʫʛʠ ʪʦʚʱʠʥʦʶ 3 ʤʤ ʟʽ ʩʪʘʣʽ 3ʩʧ ʚ ʚʘʣʢʘʭ ʜʽʘʤʝʪʨʦʤ 500 ʤʤ. 

ʊʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ (ʊL) ʪʘ ʩʦʣʽʜʫʩʫ (ʊS) ʧʨʠʡʥʷʣʠ 1470
ʦ
ʉ ʪʘ 1440

ʦ
ʉ 

ʚʽʜʧʦʚʽʜʥʦ, ʢʫʪ ʤʝʥʽʩʢʫ  ҙ = 30
ʦ
 (ʚʠʩʦʪʘ ʥʘʣʠʚʫ ï 135 ʤʤ). ɿʤʝʥʰʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q ʧʦ ʜʦʚʞʽʥʽ ʢʦʥʪʘʢʪʫ ʟʚôʷʟʘʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ȹʊ ʤʽʞ ʤʝʪʘʣʦʤ ʪʘ ʚʘʣʢʦʤ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ. ʅʘ ʨʠʩʫʥʢʫ 

3.22 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʤʫʛʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ, 

ʢʦʪʨʘ ʧʨʠ ʨʦʟʣʠʚʮʽ ʩʪʘʣʽ ʟʛʽʜʥʦ ʜʘʥʠʭ ʨʦʙʦʪʠ [11] ʤʦʞʝ ʜʦʩʷʛʘʪʴ 350
ʦ
ʉ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ ï 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʚʽʜ 50 ʜʦ 350
ʦ
ʉ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ  ʩʤʫʛʠ ʥʘ ʢʦʥʪʘʢʪʽ ʟ 

ʚʘʣʢʦʤ, ʟʨʦʩʪʘʻ  ʥʘ 130
ʦ
ʉ, ʘ ʫ ʮʝʥʪʨʽ ʩʤʫʛʠ ï ʥʘ 25

ʦ
ʉ, ʪʦʙʪʦ ʜʦʜʘʪʦʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʩʤʫʛʠ  ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʪʘʢʪʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʤʝʥʰʝ ʚ 2,3 ʨʘʟʠ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʜʦʜʘʪʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʮʝʥʪʨʘ ʩʤʫʛʠ ï ʚ 12 ʨʘʟʽʚ. 

     

  

 

 

 

 

 

 

 

 

ʈʠʩ.  3.22.  ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʘʣʢʘ - ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ  

ʩʤʫʛʠ 
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          3.6 ɺʧʣʠʚ ʩʧʦʩʦʙʫ ʧʦʜʘʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʚ ʚʘʣʢʠ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʠ 

 

          ɼʦʩʣʽʜʞʫʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʜʘʚʘʥʥʷ ʨʽʜʢʦʛʦ  ʤʝʪʘʣʫ ʚ ʜʚʦʚʘʣʢʦʚʠʡ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨ ʤʽʩʪʠʪʴ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦ ʮʝʥʪʨʫ ʱʽʣʠʥʥʠʡ ʞʠʚʠʪʝʣʴ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ. ʂʦʤʧôʶʪʝʨʥʽ 

ʨʦʟʨʘʭʫʥʢʠ  ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʚʠʭʽʜʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 3.6. 

 

ʊʘʙʣʠʮʷ 3.6 

ɼʘʥʽ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ 

ʈʘʜʽʫʩ ʚʘʣʢʽʚ, ʤʤ 210 

ɼʦʚʞʠʥʘ ʚʘʣʢʘ (ʰʠʨʠʥʘ ʧʦʣʦʩʠ), ʤʤ 600 

ɺʠʩʦʪʘ ʤʝʥʽʩʢʫ, ʤʤ 70 

ʊʦʚʱʠʥʘ ʧʦʣʦʩʠ ʤʝʪʘʣʫ, ʤʤ 1 

ʐʚʠʜʢʽʩʪʴ ʨʦʟʣʠʚʢʠ (ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘ ʚʘʣʢʘʭ), 0v , ʤ/ʩ  1 

ʐʠʨʠʥʘ ʱʽʣʠʥʥʦʛʦ ʞʠʚʠʣʴʥʠʢʘ, ʤʤ 8 

ɼʦʚʞʠʥʘ ʱʽʣʠʥʥʦʛʦ ʞʠʚʠʣʴʥʠʢʘ, ʤʤ 
180, 360, 

600 

ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʣʘʚʫ, r, ʢʛ/ʤ
3
 7000 

ɽʬʝʢʪʠʚʥʘ ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʦʟʧʣʘʚʫ, h, ʇʘ/ʩ. 6,2Ā10
ï3

 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, l,ɺʪ/(ʤĀʂ) 20 

ʊʝʧʣʦʻʤʥʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ SpC _ , ɼʞ/(ʢʛĀʂ) 670 

ʇʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, HD , ɼʞ/ʢʛ 272000 

ʊʝʤʧʝʨʘʪʫʨʠ ʣʽʢʚʽʜʫʩʫ, LT /ʩʦʣʽʜʫʩʫ, ST  ,
0
ʉ 1460/1400 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ, 0T , 
0
ʉ 1500 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʢʨT , 
0
ʉ 27 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ, a, ɺʪ/(ʤ
2
Āʂ) 

ʚʳʨʘʞʝʥʠʝ 

(9) 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟ ʚʽʜʢʨʠʪʦʶ ʙʦʢʦʚʦʶ ʧʦʚʝʨʭʥʶ 

ʨʦʟʧʣʘʚʫ, a, ɺʪ/(ʤ
2
Āʂ) 

100 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟ ʚʝʨʭʥʴʦʶ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʶ 

ʨʦʟʧʣʘʚʫ, a, ɺʪ/(ʤ
2
Āʂ) 

70 
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ʈʠʩ. 3.23.  ʍʘʨʘʢʪʝʨʥʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʨʽʟʥʽʡ ʜʦʚʞʠʥʽ 

ʱʽʣʠʥʥʦʛʦ ʞʠʚʠʣʴʥʠʢʘ  D2 :180 ʤʤ (ʘ); 360 ʤʤ (ʙ); 600 ʤʤ (ʚ).  ʃʽʥʽʡʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʘʣʢʽʚ ï 1 ʤ/ʩ. 

          ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦ- 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʜʚʦʚʘʣʢʦʚʦʤʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʜʦʚʞʠʥʠ 

ʱʽʣʠʥʥʦʛʦ ʞʠʚʠʣʴʥʠʢʘ ʥʘʩʪʫʧʥʽ. ʇʨʠ ʟʘʚʜʘʥʽʡ  ʣʽʥʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʚʘʣʢʽʚ 1 ʤ/ʩ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʱʽʣʠʥʥʦʛʦ ʞʠʚʠʣʴʥʠʢʘ ʚʽʜ 180 ʤʤ ʜʦ 

600 ʤʤ : 

- ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʚʩʝ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ 

ʤʽʞʚʘʣʢʦʚʦʤʫ ʢʘʥʘʣʽ (ʨʠʩʫʥʦʢ 3.23); 

 -  ʧʨʠ ʤʘʣʽʡ ʜʦʚʞʠʥʽ (360 ʤʤ) ʞʠʚʠʣʴʥʠʢʘ, ʪʝʯʽʷ ʨʦʟʧʣʘʚʫ ʤʘʻ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʡ ʥʝʦʜʥʦʨʽʜʥʠʡ ʭʘʨʘʢʪʝʨ: ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʢʘʥʘʣʫ ʚʠʥʠʢʘʶʪʴ 

ʚʠʭʨʦʚʽ ʩʪʨʫʢʪʫʨʠ, ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʚ ʨʽʟʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʪʠʥʘʭ, 

ʘʢʪʠʚʥʘ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʨʽʡ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʠʭʨʦʚʘ ʪʝʯʽʷ ʨʦʟʧʣʘʚʫ, ʩʢʣʘʜʘʻ 

ʧʨʠʙʣʠʟʥʦ Ĳ ʚʠʩʦʪʠ ʢʘʥʘʣʫ;       
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- ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʽ ʚʠʭʨʦʚʽ ʩʪʨʫʢʪʫʨʠ ʚ ʨʦʟʧʦʜʽʣʽ ʰʚʠʜʢʦʩʪʽ ʫ ʧʦʟʜʦʚʞʥʽʭ 

ʧʝʨʝʪʠʥʘʭ ʢʘʥʘʣʫ ʟʤʽʱʝʥʽ ʚ ʟʦʥʫ ʢʽʥʮʷ ʞʠʚʠʪʝʣʷ, ʘ ʫ ʚʠʧʘʜʢʫ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʞʠʚʠʪʝʣʷ ʟʘ ʚʩʽʻʶ ʜʦʚʞʠʥʦʶ ʚʘʣʢʽʚ (ʧʨʠ D2  = 600 ʤʤ) ʨʦʟʧʦʜʽʣʝʥʥʷ ʚʝʢʪʦʨʫ 

ʰʚʠʜʢʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʝ ʚ ʫʩʽʭ ʧʝʨʝʪʠʥʘʭ (ʟʦʙʨʘʞʝʥʥʷ ʚʝʢʪʦʨʫ 

ʰʚʠʜʢʦʩʪʽ ʥʘ ʨʠʩʫʥʢʫ 3.23 ʟʚʝʨʭʫ); 

- ʟʘʩʪʽʡʥʽ ʟʦʥʠ ʚ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʚʝʨʪʠʢʘʣʴʥʽʡ ʚʽʩʽ ʩʠʤʝʪʨʽʾ 

ʤʽʞʚʘʣʢʦʚʦʛʦ ʢʘʥʘʣʫ ʚʩʝ ʤʝʥʰ ʚʠʨʘʞʝʥʽ ʽ ʾʭ ʚʠʩʦʪʘ ʟʤʝʥʰʫʻʪʴʩʷ hʟ (ʜʠʚʠʩʴ 

ʨʠʩʫʥʦʢ 3.23 ʟʥʠʟʫ); 

- ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ ʚ ʦʙôʻʤʽ ʢʘʥʘʣʫ ʩʪʘʻ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʤ 

(ʨʠʩʫʥʦʢ 3.24); ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʰʠʨʠʥʦʶ ʩʤʫʛʠ ʥʘ ʚʠʭʦʜʽ ʟ ʚʘʣʢʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 80 ʜʦ 10
ʦ
ʉ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.24.  ʈʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʰʠʨʠʥʦʶ ʟʣʠʚʢʘ ʥʘ ʚʠʭʦʜʽ ʟ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ (ʚʟʜʦʚʞ ʣʽʥʽʾ ɸɺ) ʧʨʠ ʨʽʟʥʽʡ ʜʦʚʞʠʥʽ ʱʽʣʠʥʥʦʛʦ ʞʠʚʠʣʴʥʠʢʘ: 

1 ï 90 ʤʤ; 2 ï 180 ʤʤ; 3 ï 300 ʤʤ.  ʃʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʚʘʣʢʽʚ ʩʢʣʘʜʘʻ 1 ʤ/ʩ. 
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        ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʚʝʨʜʦʾ 

ʬʘʟʠ ʟʘ ʜʦʚʞʠʥʦʶ ʚʘʣʢʽʚ ʚʪʽʣʶʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʱʽʣʠʥʥʦʛʦ ʞʠʚʠʣʴʥʠʢʘ, 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʟʘ ʚʩʽʻʶ ʜʦʚʞʠʥʦʶ ʚʘʣʢʽʚ (D2  = 600 ʤʤ). 

         ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʘʣʢʦʚʽʡ ʨʦʟʣʠʚʮʽ ï ʧʨʦʢʘʪʮʽ ʤʝʪʘʣʝʚʦʾ ʩʤʫʛʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʙʽʣʴʰʝ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʣʷ 

ʚʠʧʘʜʢʫ ʪʚʝʨʜʽʥʥʷ ʤʝʪʘʣʫ ʚ ʟʣʠʚʢʘʭ ʪʘ ʩʢʣʘʜʘʶʪʴ  7,4 ʤʤ/ʩʝʢ
0,5

 ʜʣʷ ʘʣʶʤʠʥʽʶ 

ʪʘ 4,2 ʤʤ/ʩʝʢ
0,5

 ʜʣʷ ʩʪʘʣʠ.  

2. ʈʦʟʨʘʭʫʥʢʠ ʧʦ ʨʦʟʨʦʙʣʝʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʦʙʯʠʩʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʤʫʛʠ 

ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʫ ʮʝʥʪʨʽ ʩʤʫʛʠ ʪʘ ʥʘ ʛʨʘʥʠʮʽ ʢʦʥʪʘʢʪʫ ʩʤʫʛʠ ʟ ʚʘʣʢʦʤ 

ʧʦʢʘʟʘʣʠ, ʱʦ: 

- ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ ʜʦʚʞʠʥʦʶ  ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʫ ʤʽʞ ʤʝʪʘʣʦʤ ʱʦ 

ʨʦʟʣʠʚʘʻʪʴʩʷ ʪʘ ʚʘʣʢʦʤ ï ʢʨʠʩʪʘʣʽʟʘʪʦʨʦʤ; 

- ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʪʘʢʪʥʦʾ ʧʦʚʝʨʭʥʽ ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʦʛʦ ʚʘʣʢʘ ï 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ  ʤʘʣʦ ʚʧʣʠʚʘʻ  ʥʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʩʤʫʛʠ; 

- ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʦʣʽʜʫʩʫ ʤʝʪʘʣʫ ʟ 1450 ʜʦ 1250
ʦ
ʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʩʤʫʛʠ ʥʘ ʢʦʥʪʘʢʪʽ ʟ ʚʘʣʢʦʤ ʥʘ 114
ʦ
ʉ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʮʝʥʪʨʫ ʩʤʫʛʠ ʥʘ 153
ʦ
ʉ. 

3. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ ʚ ʨʽʜʢʦʤʫ, ʨʽʜʢʦ ï ʪʚʝʨʜʦʤʫ ʪʘ 

ʪʚʝʨʜʦʤʫ ʩʪʘʥʘʭ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʽʡ ʨʦʟʣʠʚʮʽ. ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ ʤʘʪʝʤʘʪʠʯʥʦ ʦʙʨʦʙʣʝʥʽ ʽ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʜʣʷ ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʚ ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʭ 

ʽʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ ï ʚʠʱʝ 0,8ʊʧʣ, ʚʢʣʶʯʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʣʽʜʫʩ. ʈʘʟʦʤ ʟ 

ʚʽʜʦʤʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚôʷʟʢʦʩʪʽ ʨʽʜʢʦʾ ʩʪʘʣʽ, ʦʧʦʨʫ ʜʝʬʦʨʤʘʮʽʾ ʪʚʝʨʜʦʛʦ 

ʤʝʪʘʣʫ, ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ ʦʧʠʩʫʶʪʴ  ʨʝʦʣʦʛʽʶ ʩʪʘʣʝʡ 

ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʮʝʩʫ 

ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ.   
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ʈʆɿɼɯʃ 4 

 ɺʇʃʀɺ ʇɸʈɸʄɽʊʈɯɺ ʊɺɽʈɼɯʅʅʗ ʊɸ ɻɸʈʗʏʆɰ ɼɽʌʆʈʄɸʎɯɰ ʅɸ 

ʉʊʈʋʂʊʋʈʆʋʊɺʆʈɽʅʅʗ ʉʊɸʃɽɺʀʍ ʉʄʋɻ ʇʈʀ ɼɺʆɺɸʃʂʆɺɯʁ 

ʈʆɿʃʀɺʂʀ ï ʇʈʆʂɸʊʂʀ 

 

        ʗʢʽʩʪʴ ʩʤʫʛʠ, ʷʢʫ ʦʪʨʠʤʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʧʣʘʚʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʚʦʚʘʣʢʦʚʦʛʦ ʣʠʪʪʷ, ʻ ʢʣʶʯʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʦʮʝʩʫ. ʆʩʥʦʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  ʣʠʪʦʛʦ ʤʝʪʘʣʫ ʻ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

- ʩʪʨʫʢʪʫʨʘ  ʤʝʪʘʣʫ; 

- ʤʽʞʜʝʥʜʨʠʪʥʽ ʚʽʜʩʪʘʥʽ; 

- ʨʦʟʤʽʨ ʟʝʨʥʘ; 

- ʣʽʢʚʘʮʽʷ; 

- ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʩʤʫʛʠ; 

        ʉʪʨʫʢʪʫʨʘ ʣʠʪʦʾ ʩʤʫʛʠ [121] ʧʨʠ ʜʚʦʚʘʣʢʦʚʦʤʫ ʣʠʪʪʽ ʧʝʨʝʚʘʞʥʦ 

ʩʢʣʘʜʘʻʪʴʩʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʄʅʃɿ,  ʟ ʜʚʦʭ ʟʦʥ: ʩʪʦʚʧʯʘʩʪʦʾ ʪʘ 

ʨʽʚʥʦʚʽʩʥʦʾ. ɸʙʩʦʣʶʪʥʘ ʪʘ ʚʽʜʥʦʩʥʘ ʪʦʚʱʠʥʘ ʮʠʭ ʟʦʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʭ 

ʬʘʢʪʦʨʽʚ. ʉʪʦʚʧʯʘʩʪʽ ʜʝʥʜʨʠʪʠ ʟʨʦʩʪʘʶʪʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʩʤʫʛʠ ʜʦ ʾʾ ʮʝʥʪʨʫ, 

ʪʦʙʪʦ ʚ ʥʘʧʨʷʤʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʚʽʜʣʠʚʢʠ. ʎʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʩʤʫʛʠ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʨʽʙʥʦʾ ʨʽʚʥʦʚʽʩʥʦʾ ʟʦʥʠ ʷʢʘ ʤʘʣʦ ʟʘʣʝʞʠʪʴ ʚʽʜ  ʪʦʚʱʠʥʠ ʩʤʫʛʠ, 

ʘʣʝ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʧʝʨʝʛʨʽʚʫ ʨʦʟʧʣʘʚʫ ʤʝʪʘʣʫ, ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʚ ʤʽʞʚʘʣʢʦʚʠʡ ʧʨʦʩʪʽʨ [121]. ɺ ʨʝʟʫʣʴʪʘʪʘʭ  ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ 

ʄʽʟʦʛʫʯʽ ʪʘ ʄʽʷʜʟʘʚʘ [77,78], ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

ʩʤʫʛʠ ʧʨʠ ʚʘʣʢʦʚʦʤʫ ʨʦʟʣʠʚʘʥʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʠ 

ʫʪʚʦʨʝʥʥʷ ʨʽʚʥʦʚʽʩʥʦʾ ʟʦʥʠ ʫ ʮʝʥʪʨʽ ʩʤʫʛʠ: 

1. ʆʩʘʜ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʣʴʥʠʭ ʢʨʠʩʪʘʣʽʚ ʟ ʨʦʟʧʣʘʚʫ ʚ ʨʽʜʢʦʤʫ ʰʘʨʽ ʙʽʣʷ 

ʮʝʥʪʨʫ, ʪʘ ʨʽʩʪ ʥʘʢʦʧʠʯʝʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

2. ʇʦʜʘʚʣʝʥʥʷ ʨʦʩʪʫ ʩʪʦʚʧʯʘʩʪʦʛʦ ʬʨʦʥʪʫ ʪʘ ʧʝʨʝʚʘʞʥʠʡ ʨʽʩʪ ʚʽʣʴʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʚ ʨʽʜʢʦʤʫ ʰʘʨʽ ʙʽʣʷ ʮʝʥʪʨʫ ʩʤʫʛʠ, ʟʘʚʜʷʢʠ ʨʽʟʢʦʤʫ ʟʥʠʞʝʥʥʶ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʩʣʷ ʚʠʭʦʜʫ ʩʤʫʛʠ ʟ ʚʘʣʢʽʚ. 

         ɿʚʘʞʘʶʯʠ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʢʘʨʪʠʥʫ ʧʦʚʝʜʽʥʢʠ ʨʦʟʧʣʘʚʫ ʤʝʪʘʣʘ ʚ 

ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʨʦʟʛʣʷʥʫʪʦʾ ʚ 2-ʤʫ ʨʦʟʜʽʣʽ, ʘ ʩʘʤʝ ʥʘʷʚʥʦʩʪʽ  
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ʟʚʦʨʦʪʥʦʾ ʪʝʯʽʾ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʟʦʥʽ, ʦʩʘʜ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʣʴʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʤʘʣʦʡʤʦʚʽʨʥʝ. ɿʚʦʨʦʪʥʘ ʪʝʯʽʷ ʨʦʟʥʦʩʠʪʴ ʚʽʣʴʥʽ ʢʨʠʩʪʘʣʠ ʚ ʟʦʥʠ ʟ ʙʽʣʴʰ 

ʚʠʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʜʝ ʚʦʥʠ ʨʦʟʧʣʘʚʣʷʶʪʴʩʷ. ɺ ʨʦʙʦʪʘʭ [77,78] ʪʘʢʦʞ 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʪʚʦʨʝʥʥʷ ʨʽʚʥʦʚʽʩʥʠʭ ʪʘ 

ʩʪʦʚʧʯʘʩʪʠʭ ʟʦʥ: 

- ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʢʦʥʪʘʢʪʫ  ʤʝʪʘʣʫ ʱʦ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʟ ʚʘʣʢʘʤʠ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʦʚʧʯʘʩʪʦʾ ʟʦʥʠ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʪʦʚʱʠʥʘ ʨʽʚʥʦʚʽʩʥʦʾ ʟʦʥʠ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ; 

- ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʝʛʨʽʚʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʤʫʛʠ, 

ʩʪʦʚʧʯʘʩʪʠʭ ʪʘ ʨʽʚʥʦʚʽʩʥʠʭ ʟʦʥ; 

- ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʪʠʩʢʫ ʚ ʚʘʣʢʘʭ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʨʽʥʦʚʽʩʥʦʾ ʟʦʥʠ; 

         ɹʫʣʦ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ  ʚ ʪʠʭ ʦʙʣʘʩʪʷʭ ʜʝ ʪʚʝʨʜʽʥʥʷ 

ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ ʽʟ ʟʘ ʥʠʟʴʢʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʞ ʚʘʣʢʦʤ ʪʘ 

ʤʝʪʘʣʦʤ, ʩʪʦʚʧʯʘʩʪʽ ʟʦʥʠ ʙʽʣʴʰ ʪʦʥʢʽ, ʘ ʨʽʚʥʦʚʽʩʥʽ ʥʘʚʧʘʢʠ ʙʽʣʴʰ ʪʦʚʩʪʽ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʥʘʷʚʥʽʩʪʶ ʨʽʜʢʦʾ ʬʘʟʠ ʫ ʮʝʥʪʨʽ ʩʤʫʛʠ [121]. 

         ʊʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ 

ʜʚʦʚʘʣʢʦʚʘʤʫ ʣʠʪʪʽ  ʟʘʙʝʟʧʝʯʫʻ ʧʨʘʢʪʠʯʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʤʘʢʨʦʣʽʢʚʘʮʽʾ ʚ ʩʤʫʟʽ 

ʪʘ ʧʦʜʨʽʙʥʝʥʥʷ   ʥʝʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ ʟʘʚʜʷʢʠ ʤʘʣʦʤʫ ʯʘʩʫ ʾʭ ʫʪʚʦʨʝʥʥʷ. 

          ɿ ʫʩʴʦʛʦ ʚʠʱʝʟʛʘʜʘʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʩʥʦʚʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʣʠʪʦʾ ʩʤʫʛʠ 

ʧʨʠ ʜʚʦʚʘʣʢʦʚʽʡ ʨʦʟʣʠʚʢʠ-ʧʨʦʢʘʪʢʠ ʻ: 

- ʛʽʜʨʦʜʠʥʘʤʽʢʘ ʨʦʟʧʣʘʚʫ ʤʝʪʘʣʫ ʚ ʤʽʞʚʘʣʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ; 

- ʰʚʠʜʢʽʩʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʾ; 

- ʩʪʫʧʝʥʴ ʜʝʬʦʨʤʘʮʽʾ ʤʝʪʘʣʝʚʦʾ ʩʤʫʛʠ ʱʦ ʪʚʝʨʜʽʻ; 

        ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ  ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʜʚʦʚʘʣʢʦʚʦʾ ʨʦʟʣʠʚʢʠ - ʧʨʦʢʘʪʢʠ, ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ  ʪʘ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʘʟʢʽʚ ʟ ʨʽʟʥʠʭ ʤʘʨʦʢ ʩʪʘʣʽ.     
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       4.1 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʘ ʣʠʪʫ ʩʪʨʫʢʪʫʨʫ 

ʩʪʘʣʝʡ 

         ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʛʘʨʷʯʦʾ ʜʝʬʦʨʤʘʮʽʾ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʣʠʪʦʾ ʪʘ ʢʽʥʮʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ ï ʥʠʟʴʢʦ ʚʫʛʣʝʮʝʚʦʾ 20ʍʅ2, 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʕ21 ʪʘ ʥʝʨʞʘʚʽʶʯʦʾ 20ʍʅ22ʅ13 (ʪʘʙʣʠʮʷ 4.1). 

ʊʘʙʣʠʮʷ 4.1 

 ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ 

ʄʘʨʢʘ 

ʩʪʘʣʠ 

ʄʘʩʦʚʘ ʜʦʣʷ ʝʣʝʤʝʥʪʽʚ, % . 

C Si Mn Cr Ni 

20ʍʅ2 0,23 0,47 0,61 1,26 1,66 

ʕ21 0,09 2,22 0,24 0,22 0,34 

20ʍ22ʅ13 0,11 0,45 1,20 22,20 13,5 

 

          ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʩʷʛʘʣʦʩʴ ʟʘ ʨʘʭʫʥʦʢ 

ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʦ ï ʯʘʩʦʚʠʭ ʫʤʦʚ ʪʚʝʨʜʽʥʥʷ ʨʦʟʧʣʘʚʫ ʚ ʣʠʚʘʨʥʠʭ ʬʦʨʤʘʭ ʟ 

ʨʽʟʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʦʶ ʟʜʽʙʥʽʩʪʶ ï ʧʽʱʘʥʦʶ (Vʦʭ=5
ʦ
ʉ/ʩ), ʤʽʜʥʦʶ ʚʦʜʦ 

ʦʭʦʣʦʜʞʫʚʘʥʦʶ (Vox = 350 
Ü
ʉ/ʩ), ʪʘ ʧʨʠ ʚʘʢʫʫʤʥʦʤʫ ʚʠʪʷʛʫʚʘʥʥʽ ʨʦʟʧʣʘʚʫ ʚ 

ʢʚʘʨʮʦʚʽ ʪʨʫʙʢʠ ʜʽʘʤʝʪʨʦʤ 6-8 ʤʤ (Vox  =  650 
Ü
ʉ /ʩ). 

         ʄʝʪʘʣʦʛʨʘʬʽʯʥʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʽʜʚʦʜʫ 

ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʣʘʚʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʠʤ 

ʧʦʜʨʽʙʥʝʥʥʷʤ ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʤʽʥʦʶ ʾʾ ʤʦʨʬʦʣʦʛʽʾ (ʤʘʣʶʥʦʢ 4.1). 

        ʈʦʟʤʽʨ ʟʝʨʥʘ ʩʪʘʣʽ ʧʨʠ ʮʴʦʤʫ (ʪʘʙʣʠʮʷ 4.2) ʚ ʫʢʘʟʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ  (Vox ) ʟʤʝʥʰʫʻʪʴʩʷ, ʟʛʽʜʥʦ ɻʆʉʊ 5639-

82, ʚʽʜ  ʥʦʤʝʨʫ 2 ״ ʜʦ 3 (ʩʪʘʣʴ 20ʍʅ2ʃ). ɺʽʜ ʥʦʤʝʨʫ 3 ״ ʜʦ 1 (ʩʪʘʣʴ ʕ21ʃ) ʪʘ 

ʚʽʜ ʥʦʤʝʨʫ 1 ״ ʜʦ 2 (ʩʪʘʣʴ 20ʍ22ʅ13ʃ). 

        ʇʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʶʪʴʩʷ ʽ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʝʥʜʨʠʪʥʦʾ ʧʦʙʫʜʦʚʠ ʣʠʪʠʭ ʩʪʘʣʝʡ ï ʜʠʩʧʝʨʩʥʦʩʪʽ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ 

(ɼɼʉ) ʪʘ ʱʽʣʴʥʦʩʪʽ (ʑɼʉ). ɼʠʩʧʝʨʩʥʽʩʪʴ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢ ʩʫʤʘ ʢʽʣʴʢʦʩʪʽ ʦʩʝʡ ʜʝʥʜʨʠʪʽʚ ʪʘ ʤʽʞʦʩʴʦʚʠʭ ʜʽʣʷʥʦʢ ʥʘ ʦʜʠʥʠʮʶ 
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ʜʦʚʞʠʥʠ. ʑʽʣʴʥʽʩʪʴ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʮʽʥʶʻʪʴʩʷ ʙʝʟʨʦʟʤʽʨʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ï ʚʽʜʥʦʰʝʥʥʷʤ ʧʣʦʱʽ, ʟʘʡʥʷʪʠʭ ʦʩʷʤʠ ʜʝʥʜʨʠʪʽʚ ʜʦ ʤʽʞʦʩʴʦʚʠʭ 

ʜʽʣʷʥʦʢ ʩʪʨʫʢʪʫʨʠ [122]. 

       ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʨʦʟʧʣʘʚʫ ʩʪʘʣʽ ʱʦ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ, ʟʘʢʦʥʦʤʽʨʥʦ ʧʽʜʚʠʱʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ 20ʍʅ2ʃ ʫ 3 ʨʘʟʠ, ʩʪʘʣʽ ʕ21ʃ ʚ 3,5 

ʨʘʟʠ, ʩʪʘʣʽ 20ʍ22ʅ13ʃ ʚ 5 ʨʘʟʽʚ (ʤʘʣʶʥʦʢ 4.2 ʘ).  

  

 20ʍʅ2ʃ ʕ21ʃ 20ʍ22ʅ13ʃ 
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ʈʠʩ. 4.1. ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ (Vʦʭ) ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ.      Ĭ 100 
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         ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ ʟʤʽʥʶʶʪʴʩʷ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʱʽʣʴʥʦʩʪʽ ʜʝʥʜʨʠʪʥʦʾ 

ʩʪʨʫʢʪʫʨʠ (ʨʠʩʫʥʦʢ 4.2, ʙ) ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ Vox  

= 5 
Ü
ʉ /ʩ ʜʦ Vox  =  650 

Ü
ʉ/ʩ. ʑɼʉ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ ʧʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʻ ʚʽʜ 

0,75 ʜʦ 1,5 (ʩʪʘʣʴ 20ʍʅ2ʃ), ʚʽʜ 0,83 ʜʦ 1,42(ʩʪʘʣʴ ʕ21ʃ), ʚʽʜ 0,92 ʜʦ 1,5(ʩʪʘʣʴ 

20ʍʅ22ʅ13ʃ). 

        ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ  ʧʨʦ ʜʦʤʽʥʫʶʯʦʤʫ ʚʧʣʠʚʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʝʧʣʦʚʽʜʚʦʜʫ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʝʡ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʣʠʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟʧʝʨʝʨʚʥʦ 

ʣʠʪʦʾ ʩʤʫʛʠ. 

ʊʘʙʣʠʮʷ 4.2 

 ʈʦʟʤʽʨ ʟʝʨʥʘ (ʙʘʣ/ʫʤʦʚʥʠʡ ʜʽʘʤʝʪʨ, ʤʤ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʝʡ 

ʄʘʨʢʘ 

ʩʪʘʣʠ 
Vʦʭ = 5 Áʉ/ʩ Vʦʭ = 350 Áʉ/ʩ Vʦʭ = 650 Áʉ/ʩ 

20ʍʅ2ʃ -2/0,707 1/0,250 3/0,125 

ʕ21ʃ -3/1,000 0/0,354 1/0,250 

20ʍ22ʅ13ʃ -1/0,500 1/0,250 2/0,177 

 

         ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʣʠʪʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʠʬʽʢʫʶʯʦʛʦ ʚʧʣʠʚʫ ʜʦʜʘʪʢʽʚ ʧʦʚʝʨʭʥʝʚʦ 

ʘʢʪʠʚʥʠʭ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʊʘʙʣʠʮʷ 4.3 

ʈʦʟʤʽʨ ʟʝʨʥʘ (ʙʘʣ/ʫʤʦʚʥʠʡ ʜʽʘʤʝʪʨ, ʤʤ) ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʪʘʣʝʡ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥ ̫ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʄʘʨʢʘ 

ʩʪʘʣ ̔
Vʦʭ = 5 Áʉ/ʩ Vʦʭ = 350 Áʉ/ʩ Vʦʭ = 650 Áʉ/ʩ 

20ʍʅ2 1/0,250 3/0,125 5/0,063 

ʕ21 -1/0,500 1/0,250 2/0,177 

20ʍ22ʅ13 1/0,250 2/0,177 3/0,125 
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     ʘ ï ɼɼʉ,                                       ʙ ï ʇɼʉ; 

1 ï Vʦʭ = 5 Áʉ/ʩ; 2 ï Vʦʭ = 350 Áʉ/ʩ; Vʦʭ = 650 Áʉ/ʩ. 

ʈʠʩ. 4.2.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ (Vʦʭ) ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʝʡ 

       ʄʝʪʘʣʦʛʨʘʬʽʯʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʉʀʀʊʄʠʰ-3 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ ʧʨʠ ʚʢʘʟʘʥʠʭ ʨʝʞʠʤʘʭ ʪʝʧʣʦʚʽʜʚʦʜʫ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʟʘʢʦʥʦʤʽʨʥʠʤ ʧʦʜʨʽʙʥʝʥʥʷʤ ʟʝʨʥʘ ʥʘ 2-3 ʥʦʤʝʨʘ ʚ ʟʨʽʚʥʷʥʥʽ ʟ ʨʦʟʤʽʨʦʤ ʟʝʨʥʘ 

ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʪʘʣʝʡ (ʪʘʙʣʠʮʷ 4.3). ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʝʚʥʽ 

ʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ  ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ ï ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦʩʪʽ 

ʜʝʥʜʨʠʪʥʦʛʦ ʫʩʪʨʦʶ ʪʘ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɼɼʉ, ʐɼʉ) 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ (ʨʠʩʫʥʦʢ 4.3, 4.4). 

 

     

 

 

 

 

 

 

ʘ ï ɼɼʉ, ʙ ï ʇɼʉ; 1 - Vʦʭ = 5 Áʉ/ʩ; 2 - Vʦʭ = 350 Á ʉ/ʩ; 3 - Vʦʭ = 650 ʉ/ʩ.Á  

ʈʠʩ. 4.3.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʉʠʠʊʄʠʰ-3 ʩʪʘʣʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ (Vʦʭ) ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ 
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ʘ, ʚ ï ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʘ ʩʪʘʣʴ;  ʙ,  ʛ ï ʤʦʜʠʬʽʢʦʚʘʥʘ     Ĭ 100 

 

ʈʠʩ. 4.4.  ɺʧʣʠʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʉʠʠʊʄʠʰ-3 ʥʘ ʣʠʪʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ 

ʬʦʨʤʫʻʪʴʩʷ ʧ̔ ʩʣʷ ʨʽʟʥʠʭ ʩʢʦʨʦʩʪʝʡ ʦʭʦʣʦʜʞʝʥʥʷ (Vʦʭ) ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 
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    ʊʘʢʠʤ ʯʠʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʽʜʚʦʜʫ ʫ ʚʢʘʟʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥ ʰʚʠʜʢʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ (Vox=5é650Üʉ/ʩ) ʪʘ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʱʦ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʽ ʧʝʨʝʜʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ 

ʦʜʥʦʨʽʜʥʦʾ ʪʘ ʜʠʩʧʝʨʩʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʝʟʧʝʨʝʨʚʥʦʣʠʪʦʾ ʩʤʫʛʠ ʧʽʩʣʷ ʦʩʪʘʪʦʯʥʦʾ 

ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ. 

 

        4.2 ɺʧʣʠʚ ʛʘʨʷʯʦʾ ʜʝʬʦʨʤʘʮʽʾ ʣʠʪʦʾ ʩʪʘʣʽ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʤʫʛʠ 

 

         ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʟʧʝʨʝʨʚʥʦʣʠʪʦʾ ʩʤʫʛʠ 

ʩʫʪʪʻʚʘ ʨʦʣʴ ʚʽʜʚʦʜʠʪʴʩʷ, ʨʘʟʦʤ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜʝʬʦʨʤʘʮʽʾ  ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʜʝʬʦʨʤʦʚʘʥʽʡ ʣʠʪʽʡ ʟʘʛʦʪʦʚʮʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʾʾ ʧʦʯʘʪʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʩʬʦʨʤʦʚʘʥʦʾ ʥʘ ʝʪʘʧʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʦʯʘʪʢʦʚʦʾ ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ (ʩʪʘʣʴʥʦʾ ʩʤʫʛʠ) ʧʽʩʣʷ ʛʘʨʷʯʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ 950
ʦ
ʉ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʦʙʪʠʩʢʫ (Ů) ï 34 ʪʘ 55%. 

         ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʣʠʪʽ ʟʘʛʦʪʦʚʢʠ ʩʪʘʣʝʡ 

20ʍʅ2,ʕ21 ʪʘ 20ʍ22ʅ13 ʧʽʩʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʫʤʦʚʘʭ ʥʦʨʤʘʣʴʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ (Vox=5Üʉ/ʩ) ʚ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ 

ʉʠʠʊʄʠʰ-3 ʩʪʘʥʘʭ, ʘ ʪʘʢʦʞ ʧʨʠʩʢʦʨʝʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ Vox = 350 Ü ʉ/ʩ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨ ʚʢʘʟʘʥʠʭ ʩʪʘʣʝʡ ʥʘʚʝʜʝʥʽ ʫ ʨʦʟʜʽʣʽ 4.1. 

          ʄʝʪʘʣʦʛʨʘʬʽʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʩʪʫʧʝʥʷ ʦʙʪʠʩʢʫ 

ʟʘʢʦʥʦʤʽʨʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʠʩʧʝʨʩʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʧʨʦʢʘʪʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ, ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʦʶ ʜʣʷ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ 

ʧʨʠʩʢʦʨʝʥʠʤ ʪʝʧʣʦʚʽʜʚʦʜʦʤ, ʘ ʪʘʢʦʞ ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ (ʤʘʣʶʥʦʢ 4.5 ʪʘ 

4.6). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʛʦʪʦʚʦʢ ʥʦʨʤʘʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʦʩʪʘʥʥʽʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰ ʟʥʘʯʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʚʩʽʭ 

ʩʪʫʧʝʥʷʭ ʦʙʪʠʩʢʫ. 
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ʘ, ʚ ï Ĭ 100;          ʙ, ʛ ï Ĭ 400 

ʈʠʩ. 4.5.  ɺʧʣʠʚ ʫʤʦʚ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʪʘʣʝʡ ʥʦʨʤʘʣʴʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥ ̫ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

 


