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ʊ38 

ʈ ʝ ʮ ʝ ʥ ʟ ʝ ʥ ʪ ʳ: 

 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʉʪʘʥʢʠʥè ɺ.ʇ.ɺʦʨʦʥʝʥʢʦ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  ɹʝʣʛʦʨʦʜʩʢʦʡ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʠʤ. ɺ.ʗ.ɻʦʨʠʥʘ ɸ.ɻ.ʇʘʩʪʫʭʦʚ  

 

ɸ ʚ ʪ ʦ ʨ ʳ:  ʀ.ɺ. ʐʨʫʙʯʝʥʢʦ, ʊ.ɸ. ɼʫʶʥ 

 

  ʊ38   ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ. ʫʯʝʙ. ʧʦʩʦʙʠʝ/ ʀ.ɺ. ʐʨʫʙʯʝʥʢʦ, 

ʊ.ɸ.ɼʫʶʥ, - ɹʝʣʛʦʨʦʜ: ʀʟʜ-ʚʦ ɹɻʊʋ, 2012. - 181 ʩ. 

 

 

ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥ ʠ ʤʝʪʦʜʳ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʝʜʠʥʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʨʘʟʜʝʣʝ çʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥ ʧʨʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʠè ʨʘʩʩʤʦʪʨʝʥʳ: ʢʘʯʝʩʪʚʦ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʪʘʣʠ; ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʯʫʛʫʥʘ; ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝ-

ʩʪʚʘ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʠʭ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʨʫʛʠʭ ʥʝʦʙʭʦʜʠʤʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʩʩʤʦʪʨʝʥʦ ʪʘʢ-

ʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʪʣʠʚʦʢ, ʟʘʛʦʪʦʚʦʢ ʧʦʣʫʯʘʝʤʳʭ ʦʙʨʘʙʦʪʢʦʡ ʜʘʚʣʝʥʠʝʤ, 

ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʢʘ-

ʯʝʩʪʚʘ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʥʘʥʝʩʝʥʠʝʤ ʧʦ-

ʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʠ ʩʙʦʨʢʝ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʇʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʦʙʫʯʘʶ-

ʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ ʤʘʛʠʩʪʨʦʚ ñʂʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚò. 

 

ʊʘʙʣ.  81. ʀʣ. 77.  ɹʠʙʣʠʦʛʨ.: 23 ʥʘʟʚ. 
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1. ʇʆʂɸɿɸʊɽʃʀ ʂɸʏɽʉʊɺɸ ʄɸʐʀʅ 

ʇʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥʳ ð ʵʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʜʥʦʛʦ ʠʣʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʝʝ ʩʚʦʡʩʪʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʩʦʟʜʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʡ ʤʘʰʠʥʳ (ɻʆʉʊ 15467ð79). ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥ ʧʨʠʤʝʥʷʶʪ ʝʜʠ-

ʥʠʯʥʳʝ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʦʣʫʯʠʣʠ ʝʜʠʥʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ 

ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ [21]. ʂ ʛʨʫʧʧʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʭ ʦʪʥʦʩʷʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʥʘʟʥʘʯʝʥʠʷ, ʥʘʜʝʞʥʦʩʪʠ, ʵʨʛʦʥʦʤʠʢʠ ʠ ʵʩʪʝʪʠʢʠ. 

ʇʦʢʘʟʘʪʝʣʠ ʥʘʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʘʰʠʥʳ ʝʝ ʮʝʣʝʚʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶ ð ʤʦʱʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʪ.ʜ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʙʦʙʱʘʶʱʠʭ ʩʚʦʡʩʪʚ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ. 

ʅʘʜʝʞʥʦʩʪʴ ð ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦʭʨʘʥʷʪʴ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʪʨʝ-

ʙʫʝʤʳʝ ʬʫʥʢʮʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. ʂ ʧʘʨʘʤʝʪʨʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʪʨʝ-

ʙʫʝʤʳʝ ʬʫʥʢʮʠʠ, ʦʪʥʦʩʷʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʘʨʘʤʝʪʨʳ ʧʨʦʯʥʦʩʪʠ, 

ʪʦʯʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʪ. ʧ. 

ʗʚʣʷʷʩʴ ʢʦʤʧʣʝʢʩʥʳʤ ʩʚʦʡʩʪʚʦʤ, ʥʘʜʝʞʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʦʙʲʝʢʪʘ ʠ 

ʫʩʣʦʚʠʡ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʙʝʟʦʪʢʘʟʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ 

ʩʦʭʨʘʥʷʝʤʦʩʪʴ ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʯʝʪʘʥʠʷ ʵʪʠʭ ʩʚʦʡʩʪʚ. 

ɹʝʟʦʪʢʘʟʥʦʩʪʴ ð ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʥʝʧʨʝʨʳʚʥʦ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ 

ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʠʣʠ ʥʘʨʘʙʦʪʢʠ. 

ʇʦʢʘʟʘʪʝʣʷʤʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʩʨʝʜʥʷʷ ʥʘʨʘ-

ʙʦʪʢʘ ʜʦ ʦʪʢʘʟʘ, ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ, ʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʘʷ ʥʘʨʘ-

ʙʦʪʢʘ ʜʦ ʦʪʢʘʟʘ ʠ ʜʨ. ʇʦʢʘʟʘʪʝʣʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʤʦʛʫʪ ʚʚʦʜʠʪʴʩʷ ʢʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʤ 

ʚʦʟʤʦʞʥʳʤ ʦʪʢʘʟʘʤ ʦʙʲʝʢʪʘ, ʪʘʢ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʦʜʥʦʤʫ ʪʠʧʫ ʦʪʢʘʟʘ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ð ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦ ʥʘʩʪʫʧʣʝ-

ʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. 

ʇʦʢʘʟʘʪʝʣʷʤʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʨʝʩʫʨʩ, ʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʳʡ ʨʝʩʫʨʩ, ʩʨʝʜʥʠʡ ʩʨʦʢ 

ʩʣʫʞʙʳ, ʩʨʦʢ ʩʣʫʞʙʳ ʜʦ ʧʝʨʚʦʛʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ, ʤʝʞʨʝʤʦʥʪʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ, ʩʨʦʢ 

ʩʣʫʞʙʳ ʜʦ ʩʧʠʩʘʥʠʷ. 

ʈʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ð ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʜʝʨ-

ʞʠʚʘʪʴ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʫʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝ-

ʤʦʥʪʘ. 

ʂ ʧʦʢʘʟʘʪʝʣʷʤ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʦʪʥʦʩʷʪ ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ, ʫʜʝʣʴʥʫʶ ʠ ʩʨʝʜʥʶʶ ʪʨʫʜʦʝʤʢʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʠ ʜʨ.  

ʉʦʭʨʘʥʷʝʤʦʩʪʴðʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦʭʨʘʥʷʪʴ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʝʢʪʘ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʫʝʤʳʝ ʬʫʥʢʮʠʠ ʚ ʪʝʯʝʥʠʝ ʠ ʧʦʩʣʝ ʭʨʘ-

ʥʝʥʠʷ ʠ (ʠʣʠ) ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʪʝʣʷʤʠ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʳʡ 

ʩʨʦʢ ʩʦʭʨʘʥʷʝʤʦʩʪʠ, ʩʨʝʜʥʠʡ ʩʨʦʢ ʩʦʭʨʘʥʷʝʤʦʩʪʠ ʠ ʜʨ. 

ʕʨʛʦʥʦʤʠʯʝʩʢʠʝ  ʧʦʢʘʟʘʪʝʣʠ  ʭʘʨʘʢʪʝʨʠʟʫʶʪ  ʤʘʰʠʥʫ ʚ ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢ - ʤʘʰʠʥʘ, ʠ   

ʫʯʠʪʳʚʘʶʪ ʝ ʧʨʠʩʧʦʩʦʙʣʷʝʤʦʩʪʴ ʢ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʤ, ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʤ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʠʥʞʝʥʝʨʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʯʝʣʦʚʝʢʘ, ʧʨʦʷʚʣʷʶʱʠʤʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦ-

ʮʝʩʩʘʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʘʰʠʥʳ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʡ ʵʩʪʝʪʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ: 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʮʝʣʦʩʪʥʦʩʪʴʶ ʬʦʨʤʳ (ʚʥʝʰʥʷʷ ʛʘʨʤʦʥʠʷ ʬʦʨʤʳ, ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʤʧʦ-

ʟʠʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʦʤʫ ʩʪʠʣʶ, ʢʨʘʩʦʪʘ ʮʚʝʪʦʚʳʭ ʩʦʯʝʪʘʥʠʡ); 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ ʬʦʨʤʳ (ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʦʨʤʳ ʠʟʜʝʣʠʷ ʠ ʝʛʦ ʦʪʜʝʣʴ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʢʨʝʪʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʠ ʭʘʨʘʢʪʝʨʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʬʦʨ-

ʤʳ ʢ ʚʳʧʦʣʥʷʝʤʦʡ ʬʫʥʢʮʠʠ ʠ ʝʝ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ); 
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ʢʘʯʝʩʪʚʦʤ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʩʪʳʢʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʯ-

ʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ), ʢʘʯʝʩʪʚʦʤ ʚʥʫʪʨʝʥʥʝʡ ʦʪʜʝʣʢʠ, ʢʘʯʝʩʪʚʦʤ ʥʘʜʧʠʩʝʡ 

ʠ ʦʙʦʟʥʘʯʝʥʠʡ (ʛʨʘʬʠʯʝʩʢʠʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʯʝʪʢʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ, ʩʦʨʘʟʤʝʨʥʦʩʪʴ ʥʘʜʧʠʩʝʡ, ʫʢʘ-

ʟʘʪʝʣʝʡ, ʬʠʨʤʝʥʥʳʭ ʟʥʘʢʦʚ, ʩʠʤʚʦʣʦʚ ʠ ʪ.ʧ.). 

ʈʘʩʭʦʜʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʘʰʠʥʳ ʷʚʣʷʶʪʩʷ ʝʜʠʥʦʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʠʢʦʚ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʮʝʥʫ ʤʘʰʠʥʳ, ʘ ʪʘʢʞʝ ʠʟʜʝʨʞʢʠ ʥʘ ʝʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʢ ʤʝʩʪʫ 

ʫʩʪʘʥʦʚʢʠ, ʤʦʥʪʘʞ ʠ ʥʘʣʘʜʢʫ. 

ɿʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʝʤʦʡ ʩ ʧʦ-

ʤʦʱʴʶ ʜʘʥʥʦʡ ʤʘʰʠʥʳ, ʷʚʣʷʶʪʩʷ ʩʫʤʤʦʡ ʠʟʜʝʨʞʝʢ (ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʧʝʨʩʦʥʘʣʘ, ʟʘʥʠʤʘʶʱʝ-

ʛʦʩʷ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʤʘʰʠʥʳ, ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʫʤʤʘ ʘʤʤʦʨʪʠʟʘʮʠʦʥʥʳʭ ʦʪʯʠʩʣʝ-

ʥʠʡ ʠ ʜʨʫʛʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ), ʦʪʥʝʩʝʥʥʳʭ ʢ ʝʜʠʥʠʮʝ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʨʘʙʦʪʳ. 

ʇʨʦʯʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʥʦʚʦʡ ʤʘʰʠʥʝ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥ̫ ʶʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʥʝʜʨʝʥʠʷ ʤʘʰʠʥʳ. ʕʪʠ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʩʫʤʤʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʠʢʦʚ ʠ ʩʝ-

ʙʝʩʪʦʠʤʦʩʪʠ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʨʘʙʦʪʳ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʟʘʪʨʘʪʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʫʜʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ (ʤʘʰʠʥʳ, ʧʨʠʙʦʨʳ ʠ ʪ.ʧ.) ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʝ-

ʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʰʠʥʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʝʝ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʤʘʩʰʪʘʙʝ ʚʳʧʫʩʢʘ ʠʟʜʝʣʠʡ. 

ʂ ʧʦʢʘʟʘʪʝʣʷʤ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ, ʵʥʝʨʛʦʝʤ-

ʢʦʩʪʴ, ʙʣʦʯʥʦʩʪʴ (ʩʙʦʨʥʦʩʪʴ), ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʫʥʠʬʠʢʘʮʠʠ [19]. 

ʊʨʫʜʦʝʤʢʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʜʘ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʝʜʠʥʠʮʳ 

ʧʨʦʜʫʢʮʠʠ (ʠʣʠ ʚʳʧʦʣʥʝʥʠʝ ʝʜʠʥʠʮʳ ʨʘʙʦʪʳ). ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʣʠʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦ-

ʩʪʠ ʪʨʫʜʦʝʤʢʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʠʣʠ ʘʥʘʣʠʟʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʥʦʚʳʭ ʠʟʜʝʣʠʡ: ʦʙʱʫʶ, ʩʪʨʫʢʪʫʨʥʫʶ, ʫʜʝʣʴʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ. 

ʆʙʱʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʝʜʠʥʠʮʳ 

ʧʨʦʜʫʢʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʧʦ ʧʨʦʬʝʩʩʠʷʤ 

ʠʣʠ ʧʦ ʮʝʭʘʤ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʧʨʠʤʝʨ, ʪʦʢʘʨʝʡ, ʣʠʪʝʡʱʠʢʦʚ, ʩʚʘʨʱʠʢʦʚ ʠ ʪ.ʜ. ʋʜʝʣʴʥʫʶ ʪʨʫʜʦ-

ʝʤʢʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʱʝʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʢ ʦʜʥʦʤʫ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʟʥʘʯʝ-

ʥʠʷ ʤʘʰʠʥʳ, ʥʘʧʨʠʤʝʨ, ʢ ʤʘʩʩʝ, ʢ ʚʤʝʩʪʠʤʦʩʪʠ ʢʦʚʰʘ ʵʢʩʢʘʚʘʪʦʨʘ, ʜʣʠʥʝ ʣʝʥʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝ-

ʨʘ ʠ ʪ.ʜ. ʆʪʥʦʩʠʪʝʣʴʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʦʪʥʦʰʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝ-

ʤʦʛʦ ʠʟʜʝʣʠʷ ʢ ʧʨʠʥʷʪʦʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ. 

ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʦʙʱʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʚʳʧʫʩʢʘ ʤʘʰʠʥʳ ʨʘʥʝʝ ʩʦʩʪʘʚʣʷʣʘ 1000 ʯ ʠ ʵʪʦ 

ʙʳʣʦ ʥʘʠʣʫʯʰʠʤ ʜʦʩʪʠʞʝʥʠʝʤ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ, ʘ ʚʥʦʚʴ ʦʩʚʘʠʚʘʝʤʘʷ ʤʘʰʠʥʘ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʤʝʝʪ ʧʨʦʝʢʪʥʫʶ (ʠʣʠ ʬʘʢʪʠʯʝʩʢʫʶ) ʪʨʫʜʦʝʤʢʦʩʪʴ 800 ʯ, ʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʨʫ-

ʜʦʝʤʢʦʩʪʴ ʙʫʜʝʪ ʨʘʚʥʘ 800:1000=0,8. 

ʉ ʧʦʤʦʱʴʶ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʟʜʝʣʠʷ ʩ ʫʯʝʪʦʤ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʧʨʦʷʚʣʷʝʤʳʭ ʚ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ [19]. 

ʂʘʢ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: ʦʙʱʫʶ 

ʩʪʨʫʢʪʫʨʥʫʶ, ʫʜʝʣʴʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ. ʆʙʱʘʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʭʘʨʘʢʪʸʨʠʟʫʝʪ ʩʫʤʤʘʨʥʫʶ 

ʟʘʪʨʘʪʫ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʟʜʝʣʠʝ, ʧʨʠʯʝʤ ʝʝ ʥʘʭʦʜʷʪ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʦ ʦʙʱʝʡ ʤʘʩʩʝ ʤʘʰʠʥʳ 

(ʟʘ ʚʳʯʝʪʦʤ ʤʘʩʩʳ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠʟʜʝʣʠʡ) ʠ ʧʦ ʤʘʩʩʝ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʭ ʥʘ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ, ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʨʝʤʦʥʪ ʤʘʰʠʥʳ, ʚʢʣʶʯʘʷ ʚʩʝ ʚʠʜʳ ʦʪʭʦʜʦʚ ʠ ʧʦʪʝʨʴ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʪʨʘʪʳ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʤʘʪʝʨʠʘʣʦʚ, 

ʫʜʝʣʴʥʘʷ ð ʟʘʪʨʘʪʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʜʠʥ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʟʥʘʯʝʥʠʷ ʤʘʰʠʥʳ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ð 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʥʘʣʦʛʠʯʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ, ʧʨʠʥʷʪʦʤʫ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ, ʚʳʨʘʞʝʥʥʳʝ ʚ 

ʢʠʣʦʚʘʪʪ-ʯʘʩʘʭ, ʢʠʣʦʛʨʘʤʤʘʭ ʧʘʨʘ ʠʣʠ ʚ ʜʨʫʛʠʭ ʝʜʠʥʠʮʘʭ. ʇʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʪʘʢʞʝ 

ʠʤʝʶʪ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʢʘʢ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ. ʆʜʥʘʢʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʠ-
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ʪʝʣʴʥʦ ʨʝʞʝ ð ʪʦʣʴʢʦ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʠ ʘʥʘʣʠʟʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʚ ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘʭ. 

ɹʣʦʯʥʦʩʪʴ (ʩʙʦʨʥʦʩʪʴ) ʠʟʜʝʣʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʝʝ ʤʦʥʪʘʞʘ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʙʣʦʯʥʦʩʪʠ 

 

k=Nʩʙ.ʩ/Nʩʙ.ʦ = 1 ð Nʩʙ.ʥ/Nʩʙ.ʦ,     (1.1) 

 

ʛʜʝ Nʩʙ.ʩ ʠ Nʩʙ.ʥ ð ʯʠʩʣʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʥʝʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʥʳʭ 

ʯʘʩʪʝʡ ʠʟʜʝʣʠʷ, Nʩʙ.ʦ=Nʩʙ.ʩ + Nʩʙ.ʥ; Nʩʙ.ʦ ðʦʙʱʝʝ ʯʠʩʣʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠʟʜʝʣʠʷ. 

ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʶʪ Nʩʙ.ʩðʯʠʩʣʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʟʘʧʠʩʘʥʥʳʭ ʚ 

ʨʘʟʜʝʣʘʭ ʩʧʝʮʠʬʠʢʘʮʠʠ çʂʦʤʧʣʝʢʩʳè, çʉʙʦʨʦʯʥʳʝ ʝʜʠʥʠʮʳè, çʉʪʘʥʜʘʨʪʥʳʝ ʠʟʜʝʣʠʷè, çʂʦʤ-

ʧʣʝʢʪʳè. ɿʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪ Nʩʙ.ʥ ʧʦ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʚ çɼʝʪʘʣʠè, çʉʪʘʥʜʘʨʪʥʳʝ ʠʟʜʝʣʠʷè ʠ 

ʜʨ. ʂʦʵʬʬʠʮʠʝʥʪ ʙʣʦʯʥʦʩʪʠ ʤʘʰʠʥ ʪʘʢʞʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʤʘʩʩʝ ʠʣʠ ʩʪʦʠʤʦʩʪʠ ʝʝ ʵʣʝ-

ʤʝʥʪʦʚ. 

ʇʦʢʘʟʘʪʝʣʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʫʥʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʦʛʦ ʝʜʠʥʦʦʙʨʘʟʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʠʣʠ ʠʟʛʦʪʦʚʣʷʝʤʦʡ ʤʘʰʠʥʳ, ʧʨʠʙʦʨʘ ʠʣʠ ʜʨʫʛʦʛʦ ʠʟʜʝʣʠʷ; 

ʦʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʩʠʣʠʷʭ ʠʣʠ ʜʦʩʪʠʞʝʥʠʷʭ ʢʦʥʩʪʨʫʢʪʦʨʘ " ʚ ʧʨʠʤʝʥʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʠʧʦʨʘʟʤʝʨʦʚ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠʟʜʝʣʠʷ (ʜʝʪʘʣʝʡ, ʢʦʤʧʣʝʢʩʦʚ, ʢʦʤ-

ʧʣʝʢʪʦʚ ʠ ʪ.ʜ.) ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʫʥʠʬʠʢʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥ-

ʪʳ ʧʨʠʤʝʥʷʝʤʦʩʪʠ, ʧʦʚʪʦʨʷʝʤʦʩʪʠ, ʥʘʩʳʱʝʥʥʦʩʪʠ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʫʥʠʬʠʢʘʮʠʠ ʛʨʫʧʧʳ ʠʟʜʝ-

ʣʠʡ.  

 

ʂʦɻ ʬʬʠʮʠʝʥʪ ʧʨʠʤʝʥʷʝʤʦʩʪʠ 

 

Ὧʧʨ .      (1.2) 

 

ʛʜʝ n ð ʦʙʱʝʝ ʯʠʩʣʦ ʪʠʧʦʨʘʟʤʝʨʦʚ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠʟʜʝʣʠʷ; n0ð ʯʠʩʣʦ ʦʨʠʛʠʥʘʣʴʥʳʭ ʪʠʧʦ-

ʨʘʟʤʝʨʦʚ. 

ʂ ʦʨʠʛʠʥʘʣʴʥʳʤ ʦʪʥʦʩʷʪʩʷ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʠʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʚʧʝʨʚʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʠʟʜʝʣʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʚʪʦʨʷʝʤʦʩʪʠ kʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʧʨʠʭʦ-

ʜʷʱʝʝʩʷ ʥʘ ʦʜʠʥ ʪʠʧʦʨʘʟʤʝʨ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ kʧ = N/n, ʛʜʝ N ð ʦʙʱʝʝ ʯʠʩʣʦ ʩʦ-

ʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʜʘʥʥʦʝ ʠʟʜʝʣʠʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ. ʅʘʩʳʱʝʥʥʦʩʪʠ  ʠʟʜʝʣʠʷ  ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ  ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ  kʥ ʚr -

ʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

Ὧʥ ,      (1.3) 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʥʠʬʠʢʘʮʠʠ ʛʨʫʧʧʳ ʠʟʜʝʣʠʡ kʫ.ʛ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ὯʫȢʛ
В ʧʨ

В
,      (1.4) 

 

ʛʜʝ m ð ʯʠʩʣʦ ʠʟʜʝʣʠʡ ʚ ʛʨʫʧʧʝ; kʧʨi ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʤʝʥʷʝʤʦʩʪʠ ʜʣʷ i-ʛʦ ʠʟʜʝʣʠʷ; Di ð 

ʛʦʜʦʚʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ i-ʛʦ ʠʟʜʝʣʠʷ; Si ð ʦʧʪʦʚʘʷ ʮʝʥʘ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʝʙʝʩʪʦʠʤʦʩʪʴ i-

ʛʦ ʠʟʜʝʣʠʷ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʦ ʮʝʥʝ ʠʣʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʥʠʬʠʢʘʮʠʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʦʜʥʦʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʫʧʨʦʱʝʥʥʳʭ ʬʦʨʤʫʣ: 

ὯʫȢʛ
В ʧʨ

В
,    ὯʫȢʛ

В ʧʨ
     (1.5) 
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ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʫʥʠʬʠʢʘʮʠʠ ʥʝʦʙ-

ʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʵʪʠʭ ʨʘʩʯʝʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʜʣʷ ʜʝʪʘʣʝʡ 

ʠʣʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʳ ʥʝ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʜʣʷ ʧʨʦʩʪʳʭ ʜʝʪʘʣʝʡ (ʙʦʣʪʳ, 

ʚʠʥʪʳ, ʰʫʨʫʧʳ, ʰʧʠʣʴʢʠ, ʰʧʣʠʥʪʳ ʠ ʜʨʫʛʠʝ ʢʨʝʧʝʞʥʳʝ ʜʝʪʘʣʠ, ʰʧʦʥʢʠ, ʤʫʬʪʳ, ʥʘʢʠʜʥʳʝ 

ʛʘʡʢʠ, ʧʨʦʢʣʘʜʢʠ ʠ ʪ.ʧ.). 

 

1.1. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʝʜʠʥʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥʳ: 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ, ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ, ʨʘʩʯʝʪʥʳʡ, ʦʨʛʘʥʦʣʝʧʪʠʯʝ-

ʩʢʠʡ, ʵʢʩʧʝʨʪʥʳʡ, ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʝʜʠʥʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥʳ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʨʠʤʝʥʷʶʪ ʦʧʠʩʘʥʥʳʝ ʥʠʞʝ ʤʝ-

ʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. ɹʘʟʠ-

ʨʫʝʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʠ ʢʦʥʪʨʦʣʷ. ʉ ʧʦʤʦ-

ʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʷ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʤʘʩʩʘ ʠʟʜʝ-

ʣʠʷ, ʩʠʣʘ ʪʦʢʘ, ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʜʨ. 

ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʧʦʜʩʯʝʪʘ ʯʠʩʣʘ ʦʧʨʝ-

ʜʝʣʝʥʥʳʭ ʩʦʙʳʪʠʡ, ʧʨʝʜʤʝʪʦʚ ʠʣʠ ʟʘʪʨʘʪ, ʥʘʧʨʠʤʝʨ, ʧʦʜʩʯʝʪʘ ʦʪʢʘʟʦʚ ʠʟʜʝʣʠʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ, 

ʯʠʩʣʘ ʜʝʬʝʢʪʥʳʭ ʠʟʜʝʣʠʡ ʚ ʧʘʨʪʠʠ ʠ ʜʨ. 

ʈʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ (ʠʣʠ) ʵʤʧʠ-

ʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥʳ ʦʪ ʝʝ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚ-

ʥʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʜʫʢʮʠʠ. ʇʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʦʪʜʝʣʴ-

ʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ. ʉʣʫʞʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʠʟʜʝʣʠʷ, ʧʦʢʘʟʘʪʝʣʝʡ ʝʛʦ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʩʪʘʥʢʘ ʧʦ ʩʢʦʨʦ-

ʩʪʠ ʠ ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʘʯʝ ʠ ʜʨ. 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʦʩʧʨʠʷʪʠʡ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʢʦʥʪʨʦʣʝ ʦʢʨʘʩʢʠ ʤʘʰʠʥʳ, ʧʨʠ ʧʨʦʚʝʨʢʝ ʦʪʩʫʪʩʪʚʠʷ ʨʠʩʦʢ ʠ ʮʘʨʘʧʠʥ ʠʣʠ ʜʨʫʛʠʭ 

ʜʝʬʝʢʪʦʚ ʥʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ. ʇʨʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʣʫʧʘ, ʤʠʢʨʦʩʢʦʧ ʠ ʪ.ʧ.), ʧʦʚʳʰʘʶʱʠʭ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʠ ʨʘʟʨʝʰʘʶʱʠʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ. 

ʕʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʦʛʦ ʵʢʩʧʝʨʪʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʮʝʥʢʝ ʵʩʪʝʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʰʠʥʳ ʠʣʠ ʧʨʠʙʦʨʘ. 

ʉʦʮʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʤʥʝʥʠʡ ʬʘʢʪʠʯʝʩʢʠʭ 

ʠʣʠ ʚʦʟʤʦʞʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʦʜʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʚʳʧʫʱʝʥʥʦʡ ʩʝʨʠʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʪʝʣʝʚʠʟʦʨʦʚ ʠ ʪ.ʜ. 

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʣʶʙʦʛʦ ʠʟʜʝʣʠʷ ʧʨʠʤʝʥʷʶʪ ʦʙʳʯʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʥʝʩʢʦʣʴʢʦ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʆʥʠ ʩʣʫʞʘʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʦʮʝʥʢʠ ʥʝ ʪʦʣʴʢʦ ʫʨʦʚʥʷ-ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢ-

ʮʠʠ, ʥʦ ʪʘʢʞʝ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʇʨʠ ʦʮʝʥʢʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʧʦ ʙʘʣʣʴʥʦʡ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, 

ʥʘʧʨʠʤʝʨ, ʯʝʪʳʨʝ ʙʘʣʣʘ: 5 (çʦʪʣʠʯʥʦè), 4 (çʭʦʨʦʰʦè), 3 (çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè) ʠ 0 (çʧʣʦʭʦè). 

ɺʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʙʘʣʣʴʥʳʝ ʩʠʩʪʝʤʳ. 

ɹʘʣʣʳ ʧʨʠʩʚʘʠʚʘʶʪ ʠʟʜʝʣʠʶ, ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʥʫʞʥʦ ʦʮʝʥʠʪʴ, ʠ ʘʥʘʣʦʛʫ. 

/ʆʪʥʦʩʠʪʝʣʴʥʳʤ ʝʜʠʥʠʯʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʚ ʩʣʫʯʘʝ ʙʘʣʣʴʥʦʡ ʦʮʝʥʢʠ ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝ-

ʥʠʝ ʙʘʣʣʦʚ ʦʮʝʥʠʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʢ ʙʘʣʣʘʤ ʘʥʘʣʦʛʘ. 

ɹʘʣʣʴʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʵʢʩʧʝʨʪʥʳʤ ʤʝʪʦʜʦʤ. 

ʕʢʩʧʝʨʪʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʦʩʫʝɦʩʪʚʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʦʡ, ʩʦ-

ʩʪʦʷʱʝʡ ʠʟ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʢʦʤʧʝ-

ʪʝʥʪʥʦʩʪʠ. ʕʢʩʧʝʨʪʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʩʝʤʠ ʯʝʣʦʚʝʢ (ʧʨʠ ʤʝʥʴʰʝʤ ʠʭ ʯʠʩʣʝ ʚʝʣʠʢʘ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʛʨʫʧʧʦʡ ʩʣʫʯʘʡʥʳʭ ʨʝʰʝʥʠʡ).  
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ʇʨʠ ʛʦʣʦʩʦʚʘʥʠʠ ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʘ ʥʝʛʦ ʧʦʜʘʥʦ ʥʝ ʤʝ-

ʥʝʝ 2/3 ʛʦʣʦʩʦʚ ʯʣʝʥʦʚ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʳ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʪʝʧʝʥʠ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʦʢ 

ʦʧʨʦʩ ʵʢʩʧʝʨʪʦʚ ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ. ʉʥʘʯʘʣʘ ʦʮʝʥʢʠ ʧʨʦʩʪʘʚʣʷʶʪʩʷ 

ʵʢʩʧʝʨʪʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ; ʟʘʪʝʤ ʧʦʩʣʝ ʢʦʨʦʪʢʦʛʦ ʧʫʙʣʠʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʩʪʘʚ-

ʣʝʥʥʳʭ ʦʮʝʥʦʢ ʧʨʦʚʦʜʠʪʩʷ ʚʪʦʨʦʡ ʪʫʨ ʛʦʣʦʩʦʚʘʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʵʢʩʧʝʨʪʳ ʚʥʦʚʴ, ʥʝʟʘʚʠʩʠ-

ʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʦʚʳʝ ʦʮʝʥʢʠ. ɾʝʣʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʜʚʘ-ʪʨʠ ʪʫʨʘ ʧʨʦʩʪʘʚʣʝ-

ʥʠʷ ʦʮʝʥʦʢ. 

ʇʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʦʮʝ-

ʥʦʢ, ʧʨʦʩʪʘʚʣʝʥʥʳʭ ʢʘʞʜʳʤ ʵʢʩʧʝʨʪʦʤ: 

 

ὖ В ὴ
ὔ ,     (1.6) 

 

ʛʜʝ ʨiðʟʥʘʯʝʥʠʝ  ʧʦʢʘʟʘʪʝʣʷ  ʢʘʯʝʩʪʚʘ,  ʧʨʦʩʪʘʚʣʝʥʥʦʝ j-ʤ  ʵʢʩʧʝʨʪʦʤ;  N ð ʯʠʩʣʦ ʵʢʩʧʝʨʪʦʚ. 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʦʮʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʢʘʞʜʦʤ ʪʫʨʝ ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ: 

 

ὖ В ὴ
άʠ  ,     (1.7) 

ʛʜʝ pið ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʢʘʞʜʦʤ ʪʫʨʝ; mð ʯʠʩʣʦ ʪʫʨʦʚ ʦʧʨʦʩʘ.  

ʂʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʪʁ ʢʘʯʝʩʪʚʦ ʤʘʰʠʥʳ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʝʝ ʥʝʩʢʦʣʴ-

ʢʠʭ ʧʨʦʩʪʳʭ ʩʚʦʡʩʪʚ ʠʣʠ ʦʜʥʦʤʫ ʩʣʦʞʥʦʤʫ ʩʚʦʡʩʪʚʫ, ʩʦʩʪʦʷʱʝʤʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʳʭ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʪ ʤʝʪʦʜʦʤ ʩʨʝʜʥʝʛʦ ʚʟʚʝʰʝʥʥʦʛʦ (ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʪ.ʜ.). 

ʇʨʠʤʝʨʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʨʝʜʥʝʛʦ ʚʟʚʝʰʝʥʥʦʛʦ 

(ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ), ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʢʘʟʘʪʝʣʴ 

 

ή В ήὧ,     (1.8) 

ʛʜʝ qi ðʧʦʢʘʟʘʪʝʣʴ i-ʛʦ ʩʚʦʡʩʪʚʘ ʦʮʝʥʠʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ; ʩi ð ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʩʦʤʦʩʪʠ ʧʦʢʘ-

ʟʘʪʝʣʷ qi. 

ɺ ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ qi ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʨʫʛʘʷ ʬʦʨʤʫʣʘ (ʩʨʝʜʥʝ-

ʚʟʚʝʰʝʥʥʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ):  

 

ή Б ή ,     (1.9) 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʥʘʟrʚʘʶʪ ʧʦʢʘʟʘʪʝʣʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʮʝʥʠʚʘʶʪ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʦʥ ʧʦ ʬʦʨʤʫʣʘʤ (1.8) ʠ (1.9), ʥʦ ʧʨʠ ʵʪʦʤ qi ʭʘʨʘʢʪʝʨʠʟʫʝʪ qk ʩʨʝʜʥʠʝ  ʨʝʟʫʣʴʪʘʪʳ 

ʦʮʝʥʢʠ i-ʛʦ ʩʚʦʡʩʪʚʘ (ʦʮʝʥʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʘʝʪʩʷ ʵʢʩʧʝʨʪʘʤʠ ʩ ʧʦʤʦʱʴʶ ʙʘʣʣʴʥʦʛʦ ʤʝʪʦʜʘ). ɺ 

ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ, ʦʥ ʥʘʟʳʚʘʝʪʩʷ ʦʙʦʙʱʝʥ-

ʥʳʤ. ɽʩʣʠ ʭʦʪʷ ʙʳ ʦʜʠʥ ʝʜʠʥʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ, ʪʦ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘ-

ʪʝʣʴ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʳʤ ʥʫʣʶ, ʪ.ʝ. ʢʘʯʝʩʪʚʦ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ. 

ʀʥʪʝʛʨʘʣʴʥʳʤ ʨʠʥ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʤʘʰʠʥʳ. ɽʛʦ ʨʘʩʩʯʠʪʳʚʘʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʣʠʙʦ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ 

ʧʦʣʝʟʥʦʛʦ ʵʬʬʝʢʪʘ (ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ) ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʳ ʢ ʟʘʪʨʘʪʘʤ ʥʘ ʝʝ ʩʦ-

ʟʜʘʥʠʝ ʠ ʨʘʙʦʪʫ ʟʘ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ: 

ʨʠʥ = W/(ʂʦ+S),      (1.10) 

ʣʠʙʦ ʢʘʢ ʦʙʨʘʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʟʘʪʨʘʪ ʢ ʧʦʣʝʟʥʦʤʫ ʵʬʬʝʢʪʫ: 

ʨʠʥ = (ʂʦ+S)/W,      (1.11) 

ʛʜʝ W ð ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʚʳʧʦʣʥʝʥʥʦʡ ʤʘʰʠʥʦʡ ʨʘʙʦʪʳ ʟʘ ʚʝʩʴ ʩʨʦʢ ʝʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʯʠʩʣʦ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʟʘʛʦʪʦʚʦʢ, ʜʝʪʘʣʝʡ, ʪʦʥʥ ʠʣʠ ʢʠʣʦʛʨʘʤʤʦʚ ʧʨʦʜʫʢ-

ʮʠʠ ʠ ʪ.ʜ.; ʂʦ ð ʥʘʯʘʣʴʥʳʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʤʘʰʠʥʫ, ʚʢʣʶʯʘʶʱʠʝ ʝʝ ʦʧʪʦʚʫʶ ʮʝʥʫ, 

9ɸ9ʪʘʚʢʫ, ʤʦʥʪʘʞ ʠ ʥʘʣʘʜʢʫ; S ð ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ ʤʘʰʠʥʳ, 

ʚʢʣʶʯʘʷ ʨʘʩʭʦʜʳ ʥʘ ʝʝ ʨʝʤʦʥʪ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. 
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ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʙʦʪʦʡ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ 1 

ʨʫʙ. ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ; ʚʦ ʚʪʦʨʦʤ ð ʩʫʤʤʦʡ ʵʪʠʭ ʟʘʪʨʘʪ ʚ ʨʫʙʣʷʭ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʝʜʠʥʠʮʫ 

ʨʘʙʦʪʳ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʧʨʠʛʦʜʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʟʜʝʣʠʡ ʩʦ 

ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʜʦ ʦʜʥʦʛʦ ʛʦʜʘ. ʇʨʠ ʙʦʣʴʰʠʭ ʩʨʦʢʘʭ ʩʣʫʞʙʳ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʧʦʧʨʘʚʢʫ ʚ 

ʩʫʤʤʫ ʢʘʧʠʪʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ (ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʨʘʩʭʦʜʳ ʧʨʦʠʟʚʦ-

ʜʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ) . 

ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʧʦʧʨʘʚʢʠ ʢʘʧʠʪʘʣʴʥʳʝ ʨʘʩʭʦʜʳ ʧʨʠʚʦʜʷʪʩʷ ʢ ʥʘʯʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʠʣʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʰʠʥʳ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʛʦʜʦʚʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦ-

ʜʘʭ S ʚ ʪʝʯʝʥʠʝ ʊ ʣʝʪ ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ὴʠʥ
ὡ

Ὧ ρ Ὁʥʊ Ὓ
 

ʛʜʝ ɽʥ ðʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʠʥʠʤʘʶʪ ɽʥ=0,15. 

 

 

2. ʆɹɽʉʇɽʏɽʅʀɽ ʂɸʏɽʉʊɺɸ ʄɸʐʀʅ ʇʈʀ ʀɿɻʆʊʆɺʃɽʅʀʀ 

2.1. ʂɸʏɽʉʊɺʆ ʄɸʐʀʅʆʉʊʈʆʀʊɽʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 
 

ʂʘʯʝʩʪʚʦ ʤʘʰʠʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ 

ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʙʦʨ-

ʢʦʡ. 

ʂʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ð ʵʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘʜʝʞʥʫʶ ʝʛʦ ʨʘʙʦʪʫ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ. ɺ ʥʝʝ ʚʭʦʜʷʪ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʄʘʪʝʨʠʘʣ 

ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʜʘʥʥʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴ-

ʢʦ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʥʦ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝʤ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ, ʘ ʯʘʩʪʦ ʠ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ůʚ, ůʦ,2, ŭ, ű, ʂʉ, ʪʚʝʨʜʦʩʪʴ) ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞ-

ʥʫʶ ʨʘʙʦʪʫ ʜʝʪʘʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ (ʯʪʦ ʦʮʝʥʠʚʘʝʪʩʷ ʯʘʩʪʦ ʚʝʣʠʯʠʥʦʡ ů-

1), ʢʦʥʪʘʢʪʥʦʡ ʫʩʪʘʣʦʩʪʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʥʘʰʠʚʘʥʠʶ ʠ ʪ.ʜ. 

ʄʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷʤ ʤʠʥʠʤʘʣʴʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʭʦʨʦʰʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʨʝʟʘʥʠʝʤ ʠ ʜʘʚʣʝʥʠʝʤ, ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʜʨʫʛʠʭ ʚʠʜʘʭ ʦʙʨʘʙʦʪʢʠ. 

ɺʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʄʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʠʥʠ-

ʤʫʤ ʨʘʩʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ. ʕʪʠ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʪʝ-

ʨʠʘʣʘʤ ʯʘʩʪʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʥʘʧʨʠʤʝʨ, ʙʦʣʝʝ ʧʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʝʥʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳ. ʂʦʥ-

ʢʨʝʪʥʳʝ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʦʙʳʯʥʦ ʢʦʤʧʨʦʤʠʩʩʥʳ. ɺ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ 

10ɸh ʠʥʦʩʪʨʦʝʥʠʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʫʧʨʦʱʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʜʝʪʘʣʝʡ. ɺ ʩʧʝʮʠʘʣʴʥʳʭ ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʩʭʦʜʷʪ ʠʟ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʝ ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʠʟʣʠʰʥʝ ʚʳʩʦʢʦʡ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚʩʝʡ ʤʘʰʠʥʳ. 

ʂ ʪʠʧʦʚʳʤ ʬʘʢʪʦʨʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʜʝʪʘʣʝʡ ʦʪʥʦʩʷʪʩʷ: ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ; ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ; ʩʧʦʩʦʙʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʪʘʜʠʠ ʠʭ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ; ʩʧʦʩʦʙʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ ʚ ʠʟ-

ʜʝʣʠʷʭ. 

ʂʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ 

(ʩʪʨʫʢʪʫʨʦʡ). ʅʘ ʩʪʨʫʢʪʫʨʫ ʚʣʠʷʶʪ ʢʘʢ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ. ʇʦʵʪʦʤʫ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʘʪʝʨʠʘʣ, ʥʦ ʧʦ-ʨʘʟʥʦʤʫ ʦʙʨʘʙʦʪʘʥʥʳʡ, ʦʙʣʘʜʘʝʪ 

ʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʝʛʦ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʪʨʫʢʪʫʨʥʳʡ 

ʢʦʥʪʨʦʣʴ, ʥʘʨʷʜʫ ʩ ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʪʘ-

ʜʠʝʡ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. 
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2.1.1. ʆʙʝʩʧʝʯʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʪʘʣʠ 
 

ʉʨʝʜʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʪʘʣʠ ʠ ʯʫʛʫʥʳ. 

ʂʘʯʝʩʪʚʦ ʩʪʘʣʠ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʣʘʚʢʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʫʩʣʦʚʠʡ ʧʝʨʝʧʣʘʚʘ ʩʣʠʪʢʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ 

ʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ ů0.2, ʧʣʘʩʪʠʯʥʦʩʪʠ (ʢʦʪʦʨʘʷ ʦʮʝʥʠʚʘʝʪʩʷ ʟʥʘ-

ʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ŭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʞʝʥʠʷ ű ʦʙʨʘʟʮʦʚ), ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ (ʂʉV, ʂʉʊ, ʂ1ʩ) ʠ ʧʦʨʦʛʫ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ t50. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ 

ʠʟʜʝʣʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʠ (ů-1), ʠʟʥʘʰʠʚʘʥʠʶ ʠ ʢʦʨʨʦʟʠʠ. 

ʇʨʦʯʥʦʩʪʴ ʩʪʘʣʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʝʩʢʦʣʴʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʦʯʥʝʥʠʷ: ʪʚʝʨʜʦʨʘʩ-

ʪʚʦʨʥʦʛʦ (ȹůʪʨ), ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ (ȹůʜ), ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ (ȹůʜ.ʫ), ʟʝʨʥʦʛʨʘʥʠʪʥʦʛʦ (ȹůʟ), ʩʫʙ-

ʩʪʨʫʢʪʫʨʥʦʛʦ (ȹůc) ʠ ʧʝʨʣʠʪʥʦʛʦ (ȹůʧ). ʆʙʱʘʷ ʧʨʦʯʥʦʩʪʴ ʩʪʘʣʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩʫʤʤʠ-

ʨʦʚʘʥʠʝʤ ʵʪʠʭ ʟʥʘʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ: 

ʛʜʝ  

ů0.2=ů0+ ȹůʪʨ+ ȹůʜ.ʫ + ȹůʟ+ ȹůʜ+ȹůc + ȹůʧ , 

ʛʜʝ  ů0=2*10
4
 G; G ð ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʞʝʣʝʟʘ. 

ʊʘʙʣʠʮʘ 1 

ʄʝʭʘʥʠʟʤʳ ʫʧʨʦʯʥʝʥʠʷ ʩʪʘʣʠ 

ʄʝʭʘʥʠʟʤ 

ʫʧʨʦʯʥʝʥʠʷ 

 

ʉʪʨʫʢʪʫʨʘ 

 

ʂʦʤʧʦʥʝʥʪʳ ʤʝʭʘʥʠʟʤʘ 

ʫʧʨʦʯʥʝʥʠʷ 

 

ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ 

 

ʊʚʝʨʜʦʨʘʩʪʚʦʨ-                 

ʥʳʡ 

 

ʌʝʨʨʠʪ+ʧʝʨʣʠʪ 

ʄʘʨʪʝʥʩʠʪ 

ʃʝʛʠʨʦʚʘʥʠʝ ʬʝʨʨʠʪʘ 

ʃʝʛʠʨʦʚʘʥʠʝ ʤʘʨʪʝʥʩʠʪʘ 

ȹůʪʨ=Ɇ ʂiʉi 

ɼʠʩʣʦʢʘʮʠʦʥʥʳʡ ʌʝʨʨʠʪ+ʧʝʨʣʠʪ 

ʄʘʨʪʝʥʩʠʪ 

ɼʠʩʣʦʢʘʮʠʠ ʚ ʬʝʨʨʠʪʝ 

(ɓ=10
7
..10

8
 ʩʤ

-2
 ) 

ɼʠʩʣʦʢʘʮʠʠ ʚ ʤʘʨʪʝʥʩʠʪʝ 

(ɓ=10
10

...10
12
ʩʤ

-2
) 

ȹůʜ=űʄ0Gbɓ
1/2 

ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʌʝʨʨʠʪ+ʧʝʨʣʠʪ 

ʄʘʨʪʝʥʩʠʪ 

ʇʝʨʣʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ɼʠʩʧʝʨʩʥʳʝ ʢʘʨʙʦʥʠʪʨʠʜʳ 

ȹůʜ.ʫ=0,84ʄ0[Gb/2ʇ]Ŀkʜln(ɚ/2ʚ) 

ɿʝʨʥʦʛʨʘʥʠʯʥʳʡ ʌʝʨʨʠʪ+ʧʝʨʣʠʪ 

ʄʘʨʪʝʥʩʠʪ 

ʈʘʟʤʝʨ ʟʝʨʝʥ ʠ ʩʫʙʟʝʨʝʥ 

ʬʝʨʨʠʪʘ 

ʈʘʟʤʝʨ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʘʢʝ-

ʪʦʚ, ʜʚʦʡʥʠʢʦʚ, ʩʫʙʟʝʨʝʥ 

 

ȹůʟ=ʢʫd
-1/2 

ȹůc=kcl
-m

 

ʛʜʝ m=0.5é1.0 

 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: G ð ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʞʝʣʝʟʘ (G~84000 ʄʇʘ); ʂi ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʦʯʥʝʥʠʷ i-ʤ 

ʵʣʝʤʝʥʪʦʤ; ʉi ð ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʛʦ ʵʣʝʤʝʥʪʘ ʚ Ŭð Fʝ; ʄ0 ð ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʜʣʷ ŬðFʝ ʄ0=2.75; ʚ ð 

ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ, ʚ=0,25 ʥʤ; kʜ ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ; ʂʜ ð ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʪʠʧ ʜʠʩʣʦʢʘ-

ʮʠʡ, ʂʜ=1,25; ʇ ð ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʣʠʪʘ ʚ ʩʪʨʫʢʪʫʨʝ, %; ʬ ð ʢʦʵʬʬʠʮʠʝʥʪ, ʌ=0,5; ɓ ð ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ; ʂʫ 

ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʦʯʥʝʥʠʷ, ʂʫ=20 ʅ/ʤʤ
3/2

); d ð ʨʘʟʤʝʨ ʟʝʨʥʘ, ʤʤ; ʂʩ ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʪʨʦʝʥʠʝ 

ʩʫʙʩʪʨʫʢʪʫʨʳ, ʂʩ=0,13 ʅ/ʤʤ ʧʨʠ m=1; l ð ʨʘʟʤʝʨ ʩʫʙʟʝʨʥʘ, ʤʤ. 

 

ɺ ʪʘʙʣ.1 ʧʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʦʯʥʝʥʠʷ ʩʪʘ-

ʣʠ. ʅʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʙʦʨʦʤ ʩʦʩʪʘʚʘ ʩʪʘʣʠ, 

ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʡ, ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ, ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘ-

ʙʦʪʦʢ. ɺ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʳʭ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ʧʦʚʳʰʝʥʠʝ ʘʦ,2 ʚ ʦʩʥʦʚʥʦʤ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʫʧʨʦʯʥʝʥʠʝʤ ʬʝʨʨʠʪʘ ʟʘ ʩʯʝʪ ȹůʪʨ, ȹůʜ.ʫ ʠ ȹůʟ, ʘ ʨʦʣʴ ȹůʜ, ȹůc ʠ ȹůʧ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝ-

ʚʝʣʠʢʘ. ɺ ʩʪʘʣʷʭ, ʟʘʢʘʣʝʥʥʳʭ ʥʘ ʤʘʨʪʝʥʩʠʪ, ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʚʝʣʠʯʠʥʳ ȹůʜ ʠ ȹůc, ʟʘʚʠʩʷ-

ʱʠʝ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ. 

ʇʦʨʦʛ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʲ ʦʧʨʝʜʝʣʝʥ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ 
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ɓt50=lnɓð lnʉ ð lnd-
1/2

; 

ʛʜʝ ɓ ʠ ʉ ð ʧʦʩʪʦʷʥʥʳʝ; dð ʜʠʘʤʝʪʨ ʟʝʨʥʘ. 

ɼʣʷ ʩʪʘʣʝʡ ʩ ʤʘʣʦʡ ʪʚʝʨʜʦʩʪʴʶ t50 ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ  d
1/2

 [26]. 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ ʠ 

ʧʦʚʳʰʝʥʠʝʤ ʧʦʨʦʛʘ ʭʣʘʜʦʣʦʤʢʦʩʪʠ. ʊʦʣʴʢʦ ʠʟʤʝʣʴʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʠ ʧʦʥʠʞʝʥʠʶ ʧʦʨʦʛʘ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ (ʨʠʩ. 1), ʫʚʝʣʠʯʠʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʟʘʧʘʩ ʚʷʟʢʦʩʪʠ. 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʬʝʨʨʠʪʘ ʥʘ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ  (1)  ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ ʚ ʭʨʫʧʢʦʝ ʩʦʩʪʦʷ-

ʥʠʝ (2) ʚ ʩʪʘʣʠ, ʩʦʜʝʨʞʘʱʝʡ 0,1% ʫʛʣʝʨʦʜʘ 

 

ʅʘʨʷʜʫ ʩ ʟʝʨʥʦʛʨʘʥʠʯʥʳʤ ʬʘʢʪʦʨʦʤ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʦʢʘʟʳʚʘʝʪ ʭʠ-

ʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɼʣʷ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʤʷʛʢʠʭ ʩʪʘʣʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ: 

ů02=15.4(3.5+2.1Mn+5.4Si+23Ѝὔ+1.13d
1/2

 

t50=ð19+44S1+700Ѝὔ+2,2ʇð 11,5d
1/2

, 

 

ʛʜʝ N ð ʩʦʜʝʨʞʘʥʠʝ ʥʝʩʚʷʟʥʦʛʦ ʘʟʦʪʘ, % ʧʦ ʤʘʩʩʝ; ʇð ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʣʠʪʘ, % ʧʦ ʤʘʩʩʝ. 

ʇʝʨʣʠʪ ʠ ʥʝʩʚʷʟʘʥʥʳʡ ʘʟʦʪ ʦʯʝʥʴ ʚʨʝʜʥʳ ʚ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʪʘʣʷʭ, ʪʘʢ ʢʘʢ ʧʦʚʳʰʘʶʪ 

ʭʨʫʧʢʦʩʪʴ ʩʪʘʣʠ. ɺ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ʧʝʨʣʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʝʜʝʣ ʪʝʢʫʯʝ-

ʩʛʠ. ʇʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʤʘʨʛʘʥʝʮ, ʧʦʚʳʰʘʷ ůʦ,2 ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʷ ʥʘ t5ʦ. ʇʦʵʪʦʤʫ ʚ ʢʘ-

ʯʝʩʪʚʝ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʤʘʨʛʘʥʮʝʚʳʝ ʩʪʘʣʠ (ʥʘʧʨʠʤʝʨ, 

09ɻ2), ʦʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʜʦʣʞʥʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ (ʯʝʤ ʚʳʰʝ 

ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʪʝʤ ʤʝʥʴʰʝ ʤʘʨʛʘʥʮʘ) ʠ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 2%. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠʛʦʣʴʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʚʨʝʜʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʚʷʟʢʦʩʪʴ. 

ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ 1% ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ [40] 

ʃʝʛʠʨʫʶʱʠʡ 

ʵʣʝʤʝʥʪ 

ȹů0,2, 

ʄʇʘ 

ȹůʚ, 

ʄʇʘ 
ȹt50,хʉ  ʃʝʛʠʨʫʶʱʠʡ ʵʣʝ-

ʤʝʥʪ 

ȹů0,2, 

ʄʇʘ 

ȹůʚ, 

ʄʇʘ 
ȹt50,хʉ 

ʉ +4600 +6800 -  Mn +32 +28 0 

N +4600 +6800 +700  Mo +11 +45 - 

P +670 +670 +400  Ni 0 +9 - 

Sn +140 - +150  Cr -30 -28 - 

Si +85 +85 +44  Al  0 0 +75 

Cu +35 +9 -      

 

ɺ ʪʘʙʣ.2 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʭʨʫʧʯʠʚʘʥʠʷ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 % (ʧʦ ʤʘʩʩʝ) ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ȹt5ʦ ʥʘ ʢʘʞʜʳʝ 15 ʄʇʘ ʫʚʝʣʠʯʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3. 

ʀʟ ʘʥʘʣʠʟʘ ʵʪʠʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʘʷ 

ʤʘʨʛʘʥʮʝʚʘʷ ʩʪʘʣʴ ʩ ʟʝʨʥʦʤ, ʠʟʤʝʣʴʯʝʥʥʳʤ ʧʨʠʩʘʜʢʦʡ ʘʣʶʤʠʥʠʷ (ʨʠʩ. 2). 
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ʊʘʙʣʠʮʘ 3 

ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʥʘ ȹt50 ʧʨʠ ȹůʪ=15ʄʇʘ [40] 

ʇʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 

ʩʦʩʪʘʚʘ 

 

ȹt5ʦ, Áʉ 

 

 

 

ʇʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 

ʩʦʩʪʘʚʘ 

 

ȹt5ʦ, Áʉ 

 

ʇʝʨʣʠʪ 

ɼʠʩʣʦʢʘʮʠʠ 

ɺʳʜʝʣʝʥʠʷ 

ʏʠʩʪʦʪʘ ʛʨʘʥʠʮ 

ʌʦʩʬʦʨ 

ɸʟʦʪ 

ˈ* 

+6 

+4 

ð10 

+53 

+30 

 

 

ʆʣʦʚʦ 

ʋʛʣʝʨʦʜ 

ʂʨʝʤʥʠʡ 

ʄʘʨʛʘʥʝʮ 

ɸʣʶʤʠʥʠʡ 

 

+ 17 

+ 10 

+8 

ð5 

ð27 

 

* ɺ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ů0,2 ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ; ʧʨʠ 20% ʧʝʨʣʠʪʘ 

ȹt50=+44Áʉ. 

 
ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʘʣʶʤʠʥʠʷ (ʘ) ʠ ʘʟʦʪʘ (ʙ) ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʦʭʨʫʧʯʠʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥ-

ʥʳʭ ʩʪʘʣʝʡ ʩ ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ɼʣʷ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʳʭ ʩʪʘʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʠʩʘʥʥʦʡ ʠ ʩʫʱʝʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦ-

ʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʠʣʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʣʠʪʘ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨ-

ʣʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʥʘ ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʠʟʤʝʥʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦ-

ʩʪʠ. ɼʣʷ ʩʪʘʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʣʠʪʘ (ʚʧʣʦʪʴ ʜʦ ʵʚʪʝʢʪʦʠʜʥʦʛʦ ʩʦʩʪʘʚʘ), 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

ůʦ,2=15,4 [Ŭ
1/3
(2,3+3,8ʄn + 1,13d

-1/2
) + (1-Ŭ

1/3
) (11,6+0,

25Sʦ-1/2
) +4,15Si+27,6Ѝὔ], 

ʛʜʝ Ŭ ð ʜʦʣʷ ʬʝʨʨʠʪʘ ʧʦ ʦʙʲʝʤʫ; d ð ʨʘʟʤʝʨ ʟʝʨʥʘ ʬʝʨʨʠʪʘ; Sʦ ð ʤʝʞʧʣʘʩʪʠʥʦʯʥʦʝ ʨʘʩʩʪʦʷ-

ʥʠʝ ʚ ʧʝʨʣʠʪʝ, ʤʤ. 

ɸʥʘʣʠʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ (ʨʠʩ. 3); ůʦ,2 ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʬʝʨʨʠʪʥʦʛʦ ʟʝʨʥʘ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʧʝʨʣʠʪʘ. ʇʨʠ ʵʚʪʝʢʪʦʠʜʥʦʤ ʩʦʩʪʘʚʝ (100% ʧʝʨʣʠʪʘ) ʦʧʨʝʜʝʣʷʶʱʠʤ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʧʝʨ-

ʣʠʪʘ ʠ ʤʝʞʧʣʘʩʪʠʥʦʯʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʥʝʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚʣʠʷʥʠʝ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

 
ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʧʝʨʣʠʪʘ ʥʘ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝʥʠʶ ʧʨʝ-

ʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʩʪʘʣʝʡ: 1 ð ʧʝʨʣʠʪ; 2 ð ʚʝʣʠʯʠʥʘ ʬʝʨʨʠʪʥʦʛʦ ʟʝʨʥʘ; 3 ð ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ; 4 ð ʩʦʜʝʨʞʘʥʠʝ 

ʢʨʝʤʥʠʷ ʠ ʘʟʦʪʘ 
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ʊʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ 

ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʳʭ ʩʪʘʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 27 ɼʞ/ʩʤ
2
, [40]. 

t= Ŭ(ð 46ð 11,5d
1/2

) + (1 ð Ŭ) (-335+5,6Sʦ
-1/2 

- 13.3p
-1/2

+3,48*10
6
ʘ) +48,751+762Ѝὔ 

ʛʜʝ ʨð ʨʘʟʤʝʨ ʧʝʨʣʠʪʥʦʛʦ ʟʝʨʥʘ, ʤʢʤ; ʘ ð ʪʦʣʱʠʥʘ ʮʝʤʝʥʪʠʪʥʦʡ ʧʣʘʩʪʠʥʢʠ ʚ ʧʝʨʣʠʪʝ, ʤʤ. 

ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ ʚ ʭʨʫʧʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʫʜʘʨʥʫʶ 

ʚʷʟʢʦʩʪʴ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʩʪʘʣʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʧʦ-

ʥʠʞʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʩʪʘʣʠ ʠ ʚʦʟʨʘʩʪʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʄʦʨʬʦʣʦʛʠʷ ʧʝʨʣʠʪʘ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 5). ʋʤʝʥʴʰʝʥʠʝ 

Sʦ ʫʭʫʜʰʘʝʪ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʩʪʘʣʠ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʪʦʥʝʥʠʝ ʮʝʤʝʥʪʠʪʥʳʭ ʧʣʘʩʪʠʥ 

(ʫʤʝʥʴʰʝʥʠʝ ʘ) ʚʣʠʷʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʦʙʨʘʟʦʤ. ʂʦʛʜʘ ʦʙʘ ʵʪʠ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʥʦ ʫʨʘʚʥʦʚʝ-

ʰʠʚʘʶʪʩʷ, ʩʫʤʤʘʨʥʦʝ ʚʣʠʷʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʝʨʣʠʪʘ ʥʸ ʧʨʦʷʚʣʷʝʪʩʷ. ʆʧʪʠʤʘʣʴʥʦʝ ʤʝʞʧʣʘʩʪʠ-

ʥʦʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʧʝʨʣʠʪʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʩʪʘʣʠ: 

Sʦʧʪ = 6,7.   10-
6
 [0,8(1ðʘ)/%ʉð0,12]

2/3
. 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʩʪʘʣʠ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ Sʦʧʪ ʥʫʞʥʦ ʜʦʙʠʚʘʪʴʩʷ ʠʟʤʝʣʴʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʕʪʦʪ ʚʳʚʦʜ ʩʧʨʘʚʝʜʣʠʚ ʪʘʢʞʝ ʠ ʜʣʷ ʵʚ-

ʪʝʢʪʦʠʜʥʦʡ ʩʪʘʣʠ. 

 
ʈʠʩ. 4. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʘ ʚ ʚʷʟʢʦ-ʭʨʫʧʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʫʜʘʨʥʫʶ ʚʷʟ-

ʢʦʩʪʴ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʩʪʘʣʠ: 1 ð 0,11% ʉ; 2 ð 0,20% ʉ; 5 ð 0,31% ʉ; 4 ð 0,41% ʉ; 5 ð 0,49% ʉ; 6 ð 0,60% ʉ; 

7 ð 0,69% ʉ; 8 ð 0,80% ʉ 

 
ʈʠʩ. 5. ɺʣʠʷʥʠʝ ʤʝʞʧʣʘʩʪʠʥʦʯʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ So ʠ ʪʦʣʱʠʥʳ ʘ ʮʝʤʝʥʪʠʪʥʳʭ ʧʣʘʩʪʠʥ ʥʘ ʠʭ ʚʢʣʘʜ ʚ ʪʝʤʧʝ-

ʨʘʪʫʨʫ ʚʷʟʢʦʛʦ ʧʝʨʝʭʦʜʘ: 1ð ʦʙʱʠʡ ʵʬʬʝʢʪ; 2 ð ʚʢʣʘʜ 5; 3 ð ʚʢʣʘʜ ʘ; 4 ð ʦʧʪʠʤʘʣʴʥʦʝ ʤʝʞʧʣʘʩʪʠʥʦʯʥʦʝ ʨʘʩʩʪʦ-

ʷʥʠʝ 

ʍʦʨʦʰʠʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ ʦʙʣʘʜʘʶʪ ʪʝʨʤʦʫʣʫʯʰʝʥʥʳʝ ʩʪʘʣʠ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʩʨʝʜ-

ʥʝʫʛʣʝʨʦʜʠʩʪʳʝ (0,3ð0,5 % ʉ), ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ. ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʪʠʭ ʩʪʘʣʝʡ: ʧʦʚʳʰʝʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ (ʜʣʷ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ů0,2 = 700...850 

ʄʇʘ, ůʚ=900...1100 ʄʇʘ), ʤʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʥʮʝʥʪʨʘ-ʪʦʨʘʤ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʩʦʢʠʡ 

ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʳʡ ʟʘʧʘʩ ʚʷʟʢʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʩʪʘʣʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʭʦ-

ʨʦʰʝʡ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʴʶ ʠ ʤʘʣʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʦʪʧʫʩʢʥʦʡ ʭʨʫʧʢʦʩʪʠ. ɼʣʷ ʪʝʨʤʦʫʣʫʯ-

ʰʝʥʥʳʭ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ k1ʩ~250 ʄʇʘ- ʤ'
/2
, ʘ ʜʣʷ ʩʪʘʣʝʡ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʥʠʢʝʣʝʤ ʠ ʤʦʣʠʙ-

ʜʝʥʦʤ, ʂ1ʩ=300...350ʄʇʘ.  ʤ
1/2

. 
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ɺ ʪʘʙʣ. 4 ʧʨʠʚʝʜʝʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʫʛʣʝʨʦʜʘ ʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʫʣʫʯʰʘʝʤʳʭ ʩʪʘʣʝʡ. 

ʊʘʙʣʠʮʘ 4 

ɺʣʠʷʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʥʝʢʦʪʦʨʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 

ʉʚʦʡʩʪʚʘ ʩʪʘʣʠ 

 

ʕʣʝʤʝʥʪ 

ʄn 

 

Si Cr Ni W, 

Mo 

B ʜʦ 

0,005% 

V, Ti, 

Nb <0.2% 

V>0.3

% 

C 

ʇʨʦʯʥʦʩʪ ɹ ŷ ŷ ŷ ŷ ŷŷ ŷ ŷ ŷŷ ŷ 

ʍʣʘʜʦʩʪʦʡʢʦʩʪʴ ˈ Ź Ź ŷ ŷ Źŷ ŷ Ź Ź 

ʇʨʦʢʘʣʠʚʘʝʤʦʩʪʴ ŷ ŷ ŷ ŷ ŷŷ ŷŷ ˈ ŷ ŷ 

ʉʢʣʦʥʥʦʩʪʴ ʢ ʧʝʨʝʛʨʝʚʫ ŷ Ź ˈ ˈ Ź Ź ŹŹ ŹŹ  

ʉʢʣʦʥʥʦʩʪʴ ʢ ʦʙʝʟʫʛʣʝ-

ʨʦʞʠʚʘʥʠʶ 

 

Ź ŷŷ ŹŹ ŷ Ź ˈ ˈ ŹŹ ŷ 

ʉʢʣʦʥʥʦʩʪʴ ʢ ʛʨʘʬʠʪʠʟʘ-

ʮʠʠ 

 

Ź 

 

ŷŷ ŹŹ ŷ Ź ˈ ˈ ŹŹ ŷŷ 

 
 ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ŷ ð ʧʦʚʳʰʘʝʪ; ŷŷ ð ʩʠʣʴʥʦ ʧʦʚʳʰʘʝʪ; Źðʧʦʥʠʞʘʝʪ; ŹŹ ð ʩʠʣʴʥʦ ʧʦʥʠʞʘʝʪ; ŷŹ 

ʜʚʦʡʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ. 

 

ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʣʝʛʠʨʦʚʘʥʠʝ ʭʨʦʤʦʤ, ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʴ ʠ 

ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ. ʅʦ ʭʨʦʤʠʩʪʳʝ ʩʪʘʣʠ ʩʢʣʦʥʥʳ ʢ ʦʪʧʫʩʢʥʦʡ ʭʨʫʧʢʦʩʪʠ, ʧʦʵʪʦʤʫ ʧʦ-

ʩʣʝ ʦʪʧʫʩʢʘ ʠʭ ʙʳʩʪʨʦ ʦʭʣʘʞʜʘʶʪ (ʚ ʚʦʜʝ ʠʣʠ ʤʘʩʣʝ). ɺʚʝʜʝʥʠʝ 0,1ð0,2% -V (ʥʘʧʨʠʤʝʨ, ʚ 

ʩʪʘʣʴ 40ʍʌɸ) ʧʦʚʳʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʨʦʤʠʩʪʳʭ ʩʪʘʣʝʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʫʜʘʨʥʫʶ 

ʚʷʟʢʦʩʪʴ. ɺʚʝʜʝʥʠʝ ʙʦʨʘ ʚ ʵʪʠ ʩʪʘʣʠ (0,002ð0,005 %) ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʴ, ʥʦ ʧʦʚʳ-

ʰʘʝʪ ʧʦʨʦʛ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ. 

ʉʦʚʤʝʩʪʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʭʨʦʤʦʤ (ʥʘʧʨʠʤʝʨ, ʩʪʘʣʠ 40ʍɻ) (0,9ð1,2%) ʠ ʤʘʨʛʘʥʮʝʤ (0,9ð

1,2%) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʠ. ʆʜʥʘʢʦ, ʪʘʢʠʝ ʩʪʘʣʠ 

ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ ʠ ʧʦʚʳʰʝʥʥʳʡ ʧʦʨʦʛ ʭʨʫʧʢʦʩʪʠ, ʩʢʣʦʥʥʳ ʢ ʦʪʧʫʩʢʥʦʡ ʭʨʫʧʢʦʩʪʠ ʠ 

ʫʢʨʫʧʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʊʠʪʘʥ ʚ ʵʪʠʭ" ʩʪʘʣʷʭ ʫʤʝʥʴʰʘʝʪ ʩʢʣʦʥ-

ʥʦʩʪʴ ʢ ʧʝʨʝʛʨʝʚʫ, ʘ ʙʦʨ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʴ. 

ʏʘʩʪʦ ʪʝʨʤʦʫʣʫʯʰʘʝʤʳʝ ʩʪʘʣʠ ʣʝʛʠʨʫʶʪ ʢʦʤʧʣʝʢʩʦʤ ʉr+Si+ʄn (ʪʘʢʠʝ ʩʪʘʣʠ ʥʘʟʳʚʘʶʪ 

ʭʨʦʤʘʥʩʠʣʘʤʠ). ʕʪʠ ʩʪʘʣʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʭʦʨʦʰʝʡ ʩʚʘʨʠʚʘʝʤʦʩʪʴʶ, ʥʦ 

ʩʢʣʦʥʥʳ ʢ ʦʪʧʫʩʢʥʦʡ ʭʨʫʧʢʦʩʪʠ ʠ ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʶ ʧʨʠ ʥʘʛʨʝʚʝ. ɺʳʩʦʢʠʝ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʴ 

ʠ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʭʨʦʤʘʥʩʠʣʦʚ (ʥʘʧʨʠʤʝʨ, ʩʪʘʣʴ ɿʆʍɻʉʅɸ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʣʝʛʠʨʦʚʘʥʠʝ 1,4ð1,8% Ni. 

ɺʳʩʦʢʦʡ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴʶ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ ʦʙʣʘʜʘʶʪ ʭʨʦʤʦʥʠʢʝʣʝʚʳʝ ʩʪʘʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ 3% Ni. ʉʢʣʦʥʥʦʩʪʴ 

ʵʪʠʭ ʩʪʘʣʝʡ ʢ ʦʙʨʘʪʠʤʦʡ ʦʪʧʫʩʢʥʦʡ ʭʨʫʧʢʦʩʪʠ ʫʩʪʨʘʥʷʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ ʤʦ-

ʣʠʙʜʝʥʦʤ ʠʣʠ ʚʦʣʴʬʨʘʤʦʤ (ʥʘʧʨʠʤʝʨ, ʩʪʘʣʴ 40ʍʅ2ʄɸ). ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʥʦ-ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘ-

ʣʠ ʷʚʣʷʶʪʩʷ ʚʦʟʜʫʰʥʦ-ʟʘʢʘʣʠʚʘʝʤʳʤʠ. ɽʱʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʩʪʘʣʝʡ, ʦʩʦʙʝʥʥʦ 

ʧʨʦʯʥʦʩʪʴ ʠ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʚʘʥʘʜʠʝʤ (ʥʘʧʨʠʤʝʨ, ʩʪʘʣʴ 36ʍ2ʅ2ʄʌɸ). ʊʘʢʠʝ ʩʪʘʣʠ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥ-

ʥʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400ð450Áʉ. ʀʭ ʧʨʠʤʝʥʷʶʪ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʪʫʨʙʠʥ ʠ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʰʠʥ. 

ʂʘʯʝʩʪʚʦ ʩʪʘʣʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ. ɺʨʝʜʥʳ-

ʤʠ ʧʨʠʤʝʩʷʤʠ ʷʚʣʷʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʝʨʘ, ʬʦʩʬʦʨ, ʤʳʰʴʷʢ, ʢʠʩʣʦʨʦʜ, ʘʟʦʪ ʠ ʚʦʜʦʨʦʜ. ʉʦ-

ʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʨʠʤʝʩʝʡ ʚ ʩʪʘʣʷʭ ʨʘʟʥʳʭ ʧʦ ʢʘʯʝʩʪʚʫ ʛʨʫʧʧ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5. 
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ʉʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʩʪʘʣʷʭ 
 

ɻʨʫʧʧʘ ʩʪʘʣʠ ʧʦ 

ʢʘʯʝʩʪʚʫ 

 

ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ, %, ʥʝ ʙʦʣʝʝ 

 

 

 

S 

 

P 

 

ɸs 

 

N 

 

O 

 

ʆʙʳʢʥʦʚʝʥʥʦʛʦ 

ʢʘʯʝʩʪʚʘ 

ʂʘʯʝʩʪʚʝʥʥʳʝ 

 

ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ 

0,06 

 

0,04 

 

0,025 

 

0,08 

 

0,04 

 

0,025 

 

0,08 

 

0,08 

 

ˈ 

0,010 

 

0,020 

 

0,020 

 

0,006+ 

0,040++ 

0.006+ 

0,040++ 

0,003 

+ ʚ ʩʧʦʢʦʡʥʳʭ ʩʪʘʣʷʭ, ++- ʚ ʢʠʧʷʱʠʭ ʩʪʘʣʷʭ. 

ʂʠʩʣʦʨʦʜ ʠ ʩʝʨʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʪʘʣʠ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ 

(ʦʢʩʠʜʦʚ, ʩʫʣʴʬʠʜʦʚ ʠ ʦʢʩʠʩʫʣʴʬʠʜʦʚ). ʌʦʩʬʦʨ ʠ ʤʳʰʴʷʢ ʥʘʭʦʜʷʪʩʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ, ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʩʠʣʠʚʘʷ ʭʣʘʜʥʦʣʦʤʢʦʩʪʴ ʩʪʘʣʠ. ɺʦʜʦʨʦʜ ʨʘʩʪʚʦʨʝʥ ʚ ʪʚʝʨʜʳʭ ʬʘʟʘʭ ʩʪʘʣʠ, ʘʟʦʪ ʯʘ-

ʩʪʠʯʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʯʘʩʪʠʯʥʦ ʩʚʷʟʘʥ ʚ ʥʠʪʨʠʜʳ. 

ʅʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ (ʦʢʩʠʜʳ, ʩʫʣʴʬʠʜʳ, ʥʠʪʨʠʜʳ) ʩʥʠʞʘʶʪ ʧʨʦʯʥʦʩʪʴ, ʢʦʥ-

ʪʘʢʪʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʠ, ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ, 

ʝʩʣʠ ʨʘʟʤʝʨʳ ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ20 ʤʢʤ ʠ ʙʦʣʝʝ. ʉʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ (ʤʝʥʝʝ 1 

ʤʢʤ), ʢ ʢʦʪʦʨʳʤ ʚ ʦʩʥʦʚʥʦʤ ʦʪʥʦʩʷʪʩʷ ʜʠʩʧʝʨʩʥʳʝ ʥʠʪʨʠʜʳ, ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʩʚʦʡʩʪʚʘ, ʘ ʜʘʞʝ ʥʘʦʙʦʨʦʪ ʧʦʚʳʰʘʶʪ ʧʨʦʯʥʦʩʪʴ ʩʪʘʣʠ (ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ).  

ʉʫʣʴʬʠʜʳ, ʦʢʩʠʜʳ, ʦʢʩʠʩʫʣʴʬʠʜʳ, ʩʠʣʠʢʘʪʳ ʟʘʤʝʪʥʦ ʩʥʠʞʘʶʪ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʫʜʘʨʥʫʶ 

ʚʷʟʢʦʩʪʴ ʩʪʘʣʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʪʢʠ. 

ʕʪʠ ʚʢʣʶʯʝʥʠʷ ʧʨʠ ʧʨʦʢʘʪʢʝ ʚʳʪʷʛʠʚʘʶʪʩʷ ʚ ʚʦʣʦʢʥʘ ʠ ʧʦʣʦʩʢʠ, ʜʦʣʷ ʤʝʪʘʣʣ ʘʥʠʟʦʪʨʦʧʥʳʤ. 

ʊʘʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʥʝ ʫʩʪʨʘʥʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʵʪʦʤʫ ʝʜʠʥ-

ʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʤʝʪʘʣʣʝ ʷʚʣʷʝʪ-

ʩʷ ʝʛʦ ʛʣʫʙʦʢʘʷ ʦʯʠʩʪʢʘ ʦʪ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʢʠ, ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɺʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʘʟʦʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ 

ʩʪʘʣʠ ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʩʪʘʨʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʩʪʘʣʷʭ ʩʦʩʪʘʚʣʷʝʪ 0,005ð0,020%; ʦʥʦ ʚʳʰʝ ʚ 

ʩʪʘʣʷʭ, ʚʳʧʣʘʚʣʝʥʥʳʭ ʚ ʜʫʛʦʚʳʭ ʵʣʝʢʪʨʦʧʝʯʘʭ. ɸʟʦʪ ʫʩʠʣʠʚʘʝʪ ʵʬʬʝʢʪʳ ʩʪʘʨʝʥʠʷ ʠ ʫʤʝʥʴʰʘʝʪ 

ʩʨʦʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʦʜʥʦʩʪʠ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ ʠ ʣʝʥʪʳ ʜʣʷ ʦʧʝʨʘʮʠʡ ʭʦʣʦʜʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʚʣʝʥʠʝʤ. ʇʝʨʝʚʦʜ ʘʟʦʪʘ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʥʠʪʨʠʜʳ ʠʣʠ ʢʘʨʙʦʥʠʪʨʠʜʳ ʜʝʣʘʝʪ ʩʪʘʣʴ ʥʝʩʪʘʨʝʶʱʝʡ. 

ʂʨʦʤʝ ʘʣʶʤʠʥʠʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʥʝʙʦʣʴʰʠʝ ʜʦʙʘʚʢʠ ʚʘʥʘʜʠʷ, ʪʠʪʘʥʘ ʠʣʠ ʥʠ-

ʦʙʠʷ (ʥʘʧʨʠʤʝʨ, ʩʪʘʣʴ 08ʌʢʧ). ʕʪʠ ʵʣʝʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ, ʥʦ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʩʪʘʣʠ. 

ɺʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʚʦʜʦʨʦʜʘ ʦʩʦʙʝʥʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʷʭ ʠ ʩʦʩʪʦʠʪ ʚ 

ʫʩʠʣʝʥʠʠ ʩʢʣʦʥʥʦʩʪʠ ʩʪʘʣʠ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʪʘʣʷʭ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 1,5ð2,8 ʩʤ
3
, ʘ ʚ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ʜʦʧʫʩʢʘʝʪʩʷ ʜʦ 3ð4 ʩʤ

3
 ʥʘ 

100 ʛ ʩʪʘʣʠ [26]. ɽʩʣʠ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʙʦʣʴʰʝ, ʪʦ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʬʣʦʢʝʥʦʚ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʪʨʝʱʠʥʳ ʪʦʣʱʠʥʦʡ 0,01 ð 0,1 ʤʤ, ʟʘʧʦʣʥʝʥʥʳʝ ʚʦʜʦʨʦʜʦʤ. ɼʣʷ ʧʨʝʜʫʧʨʝ-

ʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʬʣʦʢʝʥʦʚ ʥʫʞʥʦ ʫʜʘʣʷʪʴ ʛʘʟʳ ʠʟ ʞʠʜʢʦʡ ʩʪʘʣʠ ʠʣʠ ʧʨʦʚʦʜʠʪʴ ʜʠʬʬʫʟʠʦʥ-

ʥʳʡ ʦʪʞʠʛ ʟʘʛʦʪʦʚʦʢ ʩ ʦʯʝʥʴ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʨʝʞʠʤʫ. 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠʟ ʞʠʜʢʦʡ ʩʪʘʣʠ ʧʨʦʚʦʜʷʪ ʝʝ ʨʘʩʢʠʩʣʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʯ-

ʥʦʩʪʴ ʠ ʧʨʝʜʫʧʨʝʞʜʘʷ ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʛʦʨʷʯʝʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ. ʇʦ ʩʪʝʧʝʥʠ ʨʘʩʢʠʩ-

ʣʝʥʠʷ ʨʘʟʣʠʯʘʶʪ ʩʧʦʢʦʡʥʳʝ (ʩʧ), ʧʦʣʫʩʧʦʢʦʡʥʳʝ (ʧʩ) ʠ ʢʠʧʷʱʠʝ (ʢʧ) ʩʪʘʣʠ. ɺ ʩʧʦʢʦʡʥʳʭ ʩʪʘ-

ʣʷʭ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,005ð0,006% (ʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʩʪʘʣʷʭ ʜʘʞʝ ʜʦ 

0,002ð0,003 % [26]) ʧʫʪʝʤ ʨʘʩʢʠʩʣʝʥʠʷ ʤʘʨʛʘʥʮʝʤ, ʢʨʝʤʥʠʝʤ ʠ ʘʣʶʤʠʥʠʝʤ. ʂʠʧʷʱʠʝ ʩʪʘʣʠ 
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ʨʘʩʢʠʩʣʷʶʪ ʤʘʨʛʘʥʮʝʤ ʜʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ 0,02ð0,04 %, ʘ ʧʦʣʫʩʧʦʢʦʡʥʳʝ ðʤʘʨʛʘʥʮʝʤ 

ʠ ʘʣʶʤʠʥʠʝʤ ʜʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʠʤʝʨʥʦ 0,02% [7, 12]. 

ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʪʘʣʝʡ ʚʳʧʫʩʢʘʶʪ ʪʦʣʴʢʦ ʩʧʦʢʦʡʥʳ-

ʤʠ. ʉʪʘʣʠ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʪʘʣʠ ʚʳʧʣʘʚʣʷʶʪ ʩʧʦ-

ʢʦʡʥʳʤʠ, ʧʦʣʫʩʧʦʢʦʡʥʳʤʠ ʠ ʢʠʧʷʱʠʤʠ. ʂʠʧʷʱʠʝ ʩʪʘʣʠ ʜʝʰʝʚʣʝ ʩʧʦʢʦʡʥʳʭ ʠ ʦʙʣʘʜʘʶʪ ʧʦ-

ʚʳʰʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʪ ʦʯʝʥʴ ʤʘʣʦ ʢʨʝʤʥʠʷ (ʜʦ 0,07%), 

ʥʦ ʦʥʠ ʤʝʥʝʝ ʧʨʦʯʥʳ, ʙʦʣʝʝ ʩʢʣʦʥʥʳ ʢ ʩʪʘʨʝʥʠʶ ʠ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʨʦʛ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ, ʯʪʦ 

ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʝʪʘʣʝʡ, ʧʦ-

ʣʫʯʘʝʤʳʭ ʛʣʫʙʦʢʦʡ ʚʳʪʷʞʢʦʡ). ʇʣʘʩʪʠʯʥʦʩʪʴ ʢʠʧʷʱʠʭ ʩʪʘʣʝʡ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴʩʷ ʥʝ ʤʝʥʝʝ 6 

ʤʝʩ. ʭʨʘʥʝʥʠʷ [12]. 

ʇʦʣʫʩʧʦʢʦʡʥʘʷ ʩʪʘʣʴ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʡ ʚʳʭʦʜ ʛʦʜʥʦʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʦʢʦʡʥʦʡ ʠ 

ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʧʷʱʝʡ ʩʪʘʣʴʶ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʚʳʭʦʜ ʛʦʜʥʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 

95ð98% ʠ ʢʠʧʷʱʘʷ ʩʪʘʣʴ ʪʝʨʷʝʪ ʩʚʦʝ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ (ʧʦ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ 

ʚʳʭʦʜʘ ʛʦʜʥʦʛʦ). ʇʦʵʪʦʤʫ ʚ ʙʫʜʫʱʝʤ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʚʳ-

ʧʫʩʢʘ ʢʠʧʷʱʠʭ ʠ ʧʦʣʫʩʧʦʢʦʡʥʳʭ ʩʪʘʣʝʡ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʪʘʣʠ ʧʨʠʤʝʥʷʶʪ ʚʥʝʧʝʯʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝ 

ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʠ ʧʝʨʝʧʣʘʚ ʩʣʠʪʢʦʚ. ɺʥʝʧʝʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʮʝʩʩʳ ʚʘʢʫʫʤʠ-

ʨʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʰʣʘʢʦʤ, ʧʨʦʜʫʚʢʠ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʘʢ-

ʪʠʚʥʳʤʠ ʜʦʙʘʚʢʘʤʠ (ʢʘʣʴʮʠʝʤ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʜʨ.). ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 6. 

ʄʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝ ð ʵʪʦ ʜʦʙʘʚʢʠ ʚ ʩʪʘʣʴ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ (ʜʦ 0,2%) ʘʢʪʠʚʥʳʭ ʣʝ-

ʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (V, Nb, ʊi) ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʠ ʭʣʘʜʥʦʩʪʦʡʢʦʩʪʠ. ʄʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʦʢʘʪʢʦʡ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ [40]. 

ʄʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝ ʙʦʨʦʤ (ʜʦ 0,003%) ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʢ ʠʟʤʝʣʴʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ 

ʩʠʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʯʥʦʩʪ-

ʥʳʭ ʩʚʦʡʩʪʚ ʪʝʨʤʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʪʘʣʝʡ. ʆʜʥʘʢʦ ʩʪʘʣʠ ʩ ʙʦʨʦʤ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʝʨʝʭʦʜʘ ʚ ʭʨʫʧʢʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʊʘʙʣʠʮʘ 6 

ʉʧʦʩʦʙʳ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ [19, 26] 

ʉʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʈʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ 

ɺʘʢʫʫʤʠʨʦʚʘʥʠʝ (ʚ ʢʦʚʰʝ ʠʣʠ ʧʨʠ ʧʝʨʝʣʠʚʝ 

ʠʟ ʢʦʚʰʘ ʚ ʢʦʚʰ) 

ʇʦʚʳʰʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʪʘʣʠ, ʚʳʭʦʜʘ 

ʛʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʩʦʢʨʘʱʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʪʠʚʦʬʣʦʢʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʇʨʦʜʫʚʢʘ ʠʥʝʨʪʥʳʤʠ ʛʘʟʘʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʘʨʛʦʥʦʤ), ʨʘʟʣʠʚʢʘ ʚ ʩʨʝʜʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ 

ʇʦʚʳʰʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʪʘʣʠ ʠ ʫʣʫʯʰʝ-

ʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʢʘʪʘ 

ʆʙʨʘʙʦʪʢʘ ʚ ʢʦʚʰʝ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʰʣʘʢʦʤ ʇʦʚʳʰʝʥʠʝ ʠʟʦʪʨʦʧʥʦʩʪʠ ʩʚʦʡʩʪʚ ʠ ʚʳʭʦʜʘ 

ʛʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʧʝʯʠ 

ʈʘʟʣʠʚʢʘ ʧʦʜ ʞʠʜʢʠʤʠ ʰʣʘʢʘʤʠ ʇʦʚʳʰʝʥʠʝ ʚʳʭʦʜʘ ʛʦʜʥʦʛʦ, ʫʣʫʯʰʝʥʠʝ ʢʘ-

ʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʇʨʦʜʫʚʢʘ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʆʯʠʩʪʢʘ ʦʪ ʛʘʟʦʚ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶ-

ʯʝʥʠʡ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ, ʧʦʚʳ-

ʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʩʪʘʣʠ, ʧʦʚʳʰʝ-ʥʠʝ ʚʳʭʦʜʘ ʛʦʜʥʦʛʦ 

ɺʘʢʫʫʤʠʨʦʚʘʥʠʝ ʩ ʦʙʨʘʙʦʪʢʦʡ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʤ ʰʣʘʢʦʤ 

ʉʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʣʘʚʢʠ ʠ 

ʧʨʦʪʠʚʦʬʣʦʢʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʚʳʰʝʥʠʝ 

ʩʚʦʡʩʪʚ ʩʪʘʣʠ ʠ ʚʳʭʦʜʘ ʛʦʜʥʦʛʦ 
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ʇʝʨʝʧʣʘʚ ʩʪʘʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚ ʦʩʦʙʦ ʯʠʩʪʦʤ ʤʝʪʘʣʣʝ, 

ʦʪʣʠʯʘʶʱʝʤʩʷ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [65]. ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʩʦʙʦʚ 

ʧʝʨʝʧʣʘʚʘ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 7. 

ʊʘʙʣʠʮʘ 7 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʧʦʩʦʙʦʚ ʧʝʨʝʧʣʘʚʘ [26 ] 

ʇʦʢʘʟʘʪʝʣʴ ʇʝʨʝʧʣʘʚ 

 

 

ʚʘʢʫʫʤʥʳʡ ʠʥ-

ʜʫʢʮʠʦʥʥʳʡ 

ʚʘʢʫʫʤʥʳʡ 

ʜʫʛʦʚʦʡ 

ʵʣʝʢʪʨʦʰʣʘʢʦ-

ʚʳʡ 

ʵʣʝʢʪʨʦʥʥʦ-

ʣʫʯʝʚʦʡ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʘ 

ʩʣʠʪʢʘ, ʪ 

50 

 

50 

 

50 

 

20 

 

ʐʠʭʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ 

 

ʉʢʨʘʧ, ʬʝʨʨʦ-

ʩʧʣʘʚʳ, ʤʝʪʘʣʣ ʚ 

ʢʫʩʢʘʭ ʧʨʦʠʟ-

ʚʦʣʴʥʦʡ ʬʦʨʤʳ 

ʉʧʝʮʠʘʣʴʥʳʝ 

ʵʣʝʢʪʨʦʜʳ 

 

ʉʧʝʮʠʘʣʴʥʳʝ 

ʵʣʝʢʪʨʦʜʳ 

 

ʃʠʪʳʝ ʵʣʝʢʪʨʦ-

ʜʳ ʠʣʠ ʧʨʝʩʩʦ-

ʚʘʥʥʳʝ ʙʣʦʢʠ 

 

ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ, ʇʘ 10
-1

 ð 10
-2
 Ó1 10

5 
10

-2
-10

-3 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʛʨʘʥʠʯʝʥʘ ʩʪʦʡ-

ʢʦʩʪʴʶ ʦʛʥʝʫʧʦ-

ʨʦʚ, ʭʦʨʦʰʘʷ ʨʝ-

ʛʫʣʠʨʦʚʢʘ ʨʝʞʠ-

ʤʘ, 

ʥʫʞʥʘʷ ʚʳʜʝʨʞʢʘ 

ɺʳʩʦʢʘʷ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʜʫ-

ʛʠ, ʚʳʜʝʨʞʢʘ 

ʥʝʚʦʟʤʦʞʥʘ 

ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʳʜʝʨʞʢʘ ʥʝ-

ʚʦʟʤʦʞʥʘ 

ʃʶʙʘʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʚʦʟʤʦʞʥʳ 

ʧʝʨʝʛʨʝʚ ʠ ʚr-

ʜʝʨʞʢʘ 

ʀʩʪʦʯʥʠʢ ʪʝʧʣʦʪʳ ʀʥʜʫʮʠʨʫʝʤʳʡ 

ʪʦʢ 

ʕʣʝʢʪʨʠʯʝ-

ʩʢʘʷ ʜʫʛʘ 

ʇʨʦʭʦʞʜʝʥʠʝ 

ʪʦʢʘ ʯʝʨʝʟ ʰʣʘʢ 

ʇʦʪʦʢ ʵʣʝʢʪʨʦ-

ʥʦʚ 

ʂʘʯʝʩʪʚʦ ʩʣʠʪʢʘ ʆʙʳʯʥʦʝ, ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʯʠʩʪʘʷ 

ɺʳʩʦʢʦʝ, ʪʨʝ-

ʙʫʝʪʩʷ ʦʙʜʠʨ-

ʢʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ 

ɺʳʩʦʢʦʝ, ʦʯʝʥʴ 

ʭʦʨʦʰʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ 

ɺʳʩʦʢʦʝ, ʪʨʝʙʫ-

ʝʪʩʷ ʦʙʜʠʨʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʆʩʥʦʚʥʦʡ ʵʬʬʝʢʪ 

ʦʯʠʩʪʢʠ 

ʍʦʨʦʰʦ ʫʜʘʣʷ-

ʶʪʩʷ ʛʘʟʳ, 

ʫʤʝʥʴʰʝʥʠʝ ʦʢ-

ʩʠʜʦʚ; ʚʦʟʤʦʞʥʳ 

ʧʦʪʝʨʠ ʤʘʨʛʘʥʮʘ 

ʠ ʭʨʦʤʘ ʠʟ-ʟʘ ʠʩ-

ʧʘʨʝʥʠʷ 

ʇʦʩʨʝʜʩʪʚʝʥ-

ʥʘʷ ʦʯʠʩʪʢʘ 

ʦʪ ʛʘʟʦʚ; 

ʫʤʝʥʴʰʝʥʠʝ 

ʦʢʩʠʜʦʚ 

ʆʪʣʠʯʥʘʷ 

ʦʯʠʩʪʢʘ ʦʪ 

ʩʫʣʴʬʠʜʦʚ ʠ 

ʦʢʩʠʜʦʚ; 

ʩʣʘʙʦʝ ʫʜʘʣʝʥʠʝ 

ʛʘʟʦʚ 

ʇʦʣʥʦʝ ʫʜʘʣʝ-

ʥʠʝ ʛʘʟʦʚ, ʩʥʠ-

ʞʝʥʠʝ ʩʦʜʝʨʞʘ-

ʥʠʷ ʦʢʩʠʜʦʚ, 

ʫʜʘʣʝʥʠʝ ʣʝʛʢʦ-

ʧʣʘʚʢʠʭ ʧʨʠʤʝ-

ʩʝʡ; ʧʦʪʝʨʠ ʵʣʝ-

ʤʝʥʪʦʚ ʠʟ-ʟʘ ʠʩ-

ʧʘʨʝʥʠʷ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʪ/ʯ 

0,3 ð 5 ɼʦ 2 1,2-2 ɼʦ 1,2 

ʈʘʩʭʦʜ ʵʥʝʨʛʠʠ, ʢɺʪ*  

ʯ/ʢʛ 

4 1 1 1 

ʅʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʪʘʣʠ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʣʠʚʦʢ ʠʟ ʘʨ-

ʤʠʨʦʚʘʥʥʦʡ ʢʚʘʟʠʤʦʥʦʣʠʪʥʦʡ ʩʪʘʣʠ ɸʂʄ. ɸʨʤʠʨʫʶʱʠʝ ʚʢʣʘʜʳʰʠ ʚ ʩʣʠʪʢʘʭ ʫʤʝʥʴʰʘʶʪ ʣʠʢ-

ʚʘʮʠʶ ʧʨʠʤʝʩʝʡ ʠ ʧʦ ʢʘʯʝʩʪʚʫ ʜʝʣʘʶʪ ʪʘʢʫʶ ʩʪʘʣʴ ʙʣʠʟʢʦʡ ʢ ʩʪʘʣʠ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʧʝʨʝʧʣʘ-

ʚʘ, ʥʦ ʜʝʰʝʚʣʝ ʝʝ. ɼʘʣʴʥʝʡʰʠʤ ʨʝʟʝʨʚʦʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʪʘʣʠ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʪʘʣʠ ʠʟ ʤʝʪʘʣʣʠʟʦʚʘʥʥʳʭ ʦʢʘʪʳʰʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ 

(S, ʈ, ʛʘʟʳ) [60]. 
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2.1.2. ʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʯʫʛʫʥʘ 
ʏʫʛʫʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʣʠʪʳʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʥʘ ʜʦ-

ʣʶ ʯʫʛʫʥʥʳʭ ʦʪʣʠʚʦʢ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 75% ʚʩʝʡ ʤʘʩʩʳ ʣʠʪʴʷ [5]. ʂʘʯʝʩʪʚʦ ʯʫʛʫʥʘ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʚʳʙʦʨʦʤ ʰʠʭʪʳ, ʦʧʪʠʤʠʟʘʮʠʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʫʩʣʦʚʠʡ ʧʣʘʚʢʠ ʠ ʨʘʟʣʠʚʢʠ ʠ ʢʦʤ-

ʧʣʝʢʩʦʤ ʤʝʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʉʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʚʦʡʩʪʚʘ ʯʫʛʫʥʘ. ʇʦ ʩʪʨʫʢʪʫʨʝ 

ʯʫʛʫʥʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʛʨʘʬʠʪʠʟʦʚʘʥʥʳʝ (ʩʝʨʳʝ, ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʠ ʢʦʚʢʠʝ), ʙʝʣʳʝ ʠ ʧʦʣʦʚʠʥ-

ʯʘʪʳʝ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʭʦʨʦʰʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ (ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʨʝʟʘʥʠʝʤ) ʠ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʤʥʦʛʠʭ ʤʘʣʦ- ʠ 

ʩʨʝʜʥʝʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʧʣʘʩʪʠʥ-

ʯʘʪʦʛʦ ʛʨʘʬʠʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʧʦʚʳʰʝʥʥʳʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʜʝʤʧʬʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ɻʨʘʬʠʪʥʳʝ ʚʢʣʶʯʝʥʠʷ ʜʝʣʘʶʪ ʯʫʛʫʥ ʤʘʣʦʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳʤ ʢ ʨʘʟʣʠʯʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤ ʥʘʧʨʷʞʝʥʠʡ (ʜʝʬʝʢʪʘʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʜʨʝʟʘʤ, ʚʳʪʦʯ-

ʢʘʤ ʠ ʪ.ʜ.). ʇʦʵʪʦʤʫ ʩʝʨʳʡ ʯʫʛʫʥ ʷʚʣʷʝʪʩʷ ʠʟʦʪʨʦʧʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʥʝʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʢʘʯʝʩʪʚʫ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ. ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʝʨʦʛʦ ʯʫʛʫʥʘ: ʧʦʥʠʞʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʅʘʠʤʝʥʴʰʫʶ ʧʨʦʯʥʦʩʪʴ (100ð180 ʄʇʘ) ʠʤʝʶʪ 

ʩʝʨʳʝ ʯʫʛʫʥʳ ʩ ʬʝʨʨʠʪʥʦʡ ʦʩʥʦʚʦʡ, ʚ ʧʝʨʣʠʪʥʳʭ ʯʫʛʫʥʘʭ ʧʨʦʯʥʦʩʪʴ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʚʳʰʝ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʠ ʢʨʝʤʥʠʷ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ 

ʦʪʣʠʚʦʢ. ʇʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨʥʳʭ ʜʠʘʛʨʘʤʤ ʯʫʛʫʥʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʘʨʘʤʝʪʨʳ, 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 6. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʛʨʘʬʠʪʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʯʫʛʫʥʘ ʨʘʟʣʠʯʘʶʪ ʙʝ-

ʣʳʡ ʯʫʛʫʥ (ʦʙʣʘʩʪʴ I), ʚ ʢʦʪʦʨʦʤ ʚʝʩʴ ʫʛʣʝʨʦʜ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʮʝʤʝʥʪʠʪʘ; ʧʦʣʦʚʠʥʯʘʪʳʡ ʯʫʛʫʥ 

(ʦʙʣʘʩʪʴ II), ʚ ʢʦʪʦʨʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʫʛʣʝʨʦʜʘ (ʙʦʣʝʝ 0,8%) ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʮʝʤʝʥʪʠʪʘ, ʪ.ʝ. 

ʩʪʨʫʢʪʫʨʘ ʯʫʛʫʥʘ ʛʨʘʬʠʪʠʟʦʚʘʥʘ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ; ʧʝʨʣʠʪʥʳʡ ʩʝʨʳʡ ʯʫʛʫʥ (ʦʙʣʘʩʪʴ III), ʚ ʢʦʪʦ-

ʨʦʤ 0,7ð0,8% ʉ ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ʵʚʪʝʢʪʦʠʜʥʦʛʦ ʮʝʤʝʥʪʠʪʘ, ʘ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʫʛʣʝʨʦʜʘ ðʚ ʚʠ-

ʜʝ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʛʨʘʬʠʪʘ; ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʳʡ ʩʝʨʳʡ ʯʫʛʫʥ (ʦʙʣʘʩʪʴ IV), ʚ ʢʦʪʦʨʦʤ ʪʦʣʴʢʦ 

ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʫʛʣʝʨʦʜʘ (ʦʙʳʯʥʦ 0,1ð0,6%) ʩʚʷʟʘʥʘ ʚ ʚʠʜʝ ʮʝʤʝʥʪʠʪʘ; ʬʝʨʨʠʪʥʳʡ ʩʝʨʳʡ ʯʫ-

ʛʫʥ (ʦʙʣʘʩʪʴ V), ʚ ʢʦʪʦʨʦʤ ʚʝʩʴ ʫʛʣʝʨʦʜ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʪʘ. 

 
ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʯʫʛʫʥʦʚ  [6]: 

ʘð ʚʣʠʷʥʠʝ ʉ ʠ Si; ʙ ð ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ (ʪʦʣʱʠʥʳ h ʩʪʝʥʢʠ ʦʪʣʠʚʢʠ) ʠ (ʉ+ Si) ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʯʫʛʫʥʘ; I ð ʙʝʣʳʝ ʯʫʛʫʥʳ; 11 ð ʧʦʣʦʚʠʥʯʘʪʳʝ ʯʫʛʫʥʳ; IIIðVðʩʝʨʳʝ ʯʫʛʫʥʳ 

ʅʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʣʠʪʥʳʝ ʩʝʨʳʝ ʯʫʛʫʥʳ ʩ ʠʟʤʝʣʴʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʧʝʨʣʠʪʘ ʠ ʛʨʘʬʠʪʘ. ʆʙʣʘʩʪʴ ʵʪʠʭ ʯʫʛʫʥʦʚ ʧʦʢʘʟʘʥʘ ʟʘʰʪʨʠʭʦʚʘʥʥʳʤ ʫʯʘʩʪʢʦʤ ʥʘ ʨʠʩ. 6, ʘ. ɼʣ̫ 

ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʯʫʛʫʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʚʷʟʳʚʘʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ. ɺ 

ʦʪʣʠʚʢʘʭ ʥʝʙʦʣʴʰʦʛʦ ʩʝʯʝʥʠʷ, ʦʭʣʘʞʜʘʶʱʠʭʩʷ ʫʩʢʦʨʝʥʥʦ, ʠʣʠ ʚ ʯʫʛʫʥʘʭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʫʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʩʝʨʳʭ ʯʫʛʫʥʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,25ð1,40%. ʄʘʨʛʘʥʝʮ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʧʝʨʣʠʪʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʟʘʪʨʫʜʥʷʝʪ ʛʨʘʬʠʪʠʟʘʮʠʶ ʯʫʛʫʥʘ. ɺʨʝʜʥʦʡ ʧʨʠʤʝʩʴʶ ʚ ʯʫ-

ʛʫʥʝ ʷʚʣʷʝʪʩʷ ʩʝʨʘ. ʆʥʘ ʫʭʫʜʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ ʯʫʛʫʥʘ. ʇʦʵʪʦʤʫ ʝʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʦʙʳʯʥʦ 0,1%. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʩʝʨʦʤ ʯʫʛʫʥʝ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 
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ʜʦ 0,2%, ʥʦ ʠʥʦʛʜʘ ʜʦʧʫʩʢʘʝʪʩʷ ʜʘʞʝ ʜʦ 0,4ð0,5%. ʌʦʩʬʦʨ ʦʙʨʘʟʫʝʪ ʬʦʩʬʠʜʥʫʶ ʵʚʪʝʢʪʠʢʫ, 

ʢʦʪʦʨʘʷ ʫʣʫʯʰʘʝʪ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ ʯʫʛʫʥʘ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʣʠʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʠ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʧʨʦʯʥʦ-

ʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠʤʝʥʷʶʪ ʝʛʦ ʣʝʛʠʨʦʚʘʥʠʝ ʥʝʙʦʣʴʰʠʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʭʨʦʤʘ, ʤʘʨʛʘʥʮʘ, ʥʠʢʝʣʷ, ʤʝʜʠ, ʚʘʥʘʜʠʷ, ʤʦʣʠʙʜʝʥʘ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7 [47]. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʣʝʛʠʨʦʚʘʥʠʝ 

ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʯʫʛʫʥʦʚ ʚʳʩʦʢʠʭ ʤʘʨʦʢ ʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʝʨʳʭ ʯʫʛʫʥʦʚ. 

ʉ ʮʝʣʴʶ ʠʟʤʝʣʴʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʝʨʳʭ ʯʫʛʫʥʦʚ, ʫʩʪʨʘʥʝʥʠʷ ʦʧʘʩʥʦʩʪʠ ʯʘʩʪʠʯʥʦʛʦ ʦʪʙʝ-

ʣʘ (ʪ.ʝ. ʠʩʢʣʶʯʝʥʠʷ ʫʯʘʩʪʢʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʙʝʣʦʛʦ ʠ ʧʦʣʦʚʠʥʯʘʪʦʛʦ ʯʫʛʫʥʦʚ) ʠ ʧʦʚʳʰʝʥʠʷ 

ʩʚʦʡʩʪʚ (ʧʨʦʯʥʦʩʪʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ) ʧʨʠʤʝʥʷʶʪ 

 

 
ʈʠʩ. 7 ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ȹůʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 

ʄʦʜʠʬʠʢʘʪʦʨʳ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʩʦʩʪʘʚʫ ʦʜʥʘʢʦ ʪʦʯʥʳʭ ʜʘʥʥʳʭ ʦʙ 

ʠʭ ɻʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʪ. ʅʝʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʸʥʠʝ ʦ ʚʣʠʷʥʠʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʧʘʨʘʤʝʪʨ ʢʘʯʝ-

ʩʪʚʘ ʯʫʛʫʥʘ ʜʘʝʪ ʨʠʩ.8 [57] ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (Ce, Y), ʢʦʪʦʨʳʝ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ (0,03-0,1%) ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʛʨʘʬʠʪʠʟʘʮʠʠ, ʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,15-0,25% ʩʬʝʨʦʠʜʠʟʠʨʫʶʪ ʠ ʨʝʟʢʦ ʧʦʚʳʰʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʯʫʛʫʥʘ. 

 
ʈʠʩ. 8 ɺʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʯʫʛʫʥʘ ʩʦ ʩʪʝʧʝʥʴʶ ʵʚʪʝʢʪʠʯʥʦʩʪʠ (Sɻ =0,77) [8]: 

ɸ ï ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ; ʙ ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ; ʚ ï ʙʝʟ ʧʝʨʝʛʨʝʚʘ; ʆʧ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ; ʆʪ 

ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʚʝʨʜʦʩʪʴ; n ï ʯʠʩʣʦ ʚʢʣʶʯʝʥʠʡ ʛʨʘʬʠʪʘ ʥʘ 1 ʩʠ
2
 ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʠʚʢʠ; ʇʂ ï ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ 

(ʇʂ=ʆʇ/ʆʊ) 

 ʉ ʧʦʤʦʱʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʣʝʛʠʨʦʚʘʥʠʝʤ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳ-

ʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʩʝʨʳʭ ʯʫʛʫʥʦʚ (ʜʦ 0ʚ=450 ʄʇʘ). ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʦʣʫʯʝʥʠʷ ʪʘ-

ʢʠʭ ʯʫʛʫʥʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʵʣʝʢʪʨʦʧʣʘʚʢʘ (ʚʟʘʤʝʥ ʚʘʛʨʘʥʦʯʥʦʡ) ʠʣʠ ʧʨʠʤʝʥʝʥʠʝ ʜʫʧʣʝʢʩ-

ʧʨʦʮʝʩʩʘ ʚʘʛʨʘʥʢʠ ð ʵʣʝʢʪʨʦʧʝʯʴ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 
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ʩʦʩʪʘʚ ʯʫʛʫʥʘ ʠ ʚʦʟʤʦʞʥʘ ʚʳʧʣʘʚʢʘ ʯʫʛʫʥʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ (ʦʢʦʣʦ 0,02%) ʠ ʫʛʣʝ-

ʨʦʜʘ (2,2ð2,5%). 

ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʯʫʛʫʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ ʛʨʘʬʠʪʘ ʢ ʰʘʨʦʚʠʜʥʦʡ ʠʣʠ ʚʝʨʤʠʢʫʣʷʨʥʦʡ (ʧʝʨʝʭʦʜʥʦʡ). ɺʳʩʦʢʦʧʨʦʯ-

ʥʳʡ ʯʫʛʫʥ ʩ ʰʘʨʦʚʠʜʥʳʤ (ɺʏʐɻ) ʠʣʠ ʚʝʨʤʠʢʫʣʷʨʥʳʤ (ɺʏɺɻ) ʛʨʘʬʠʪʦʤ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʤʦ-

ʜʠʬʠʮʠʨʦʚʘʥʠʷ ʞʠʜʢʦʛʦ ʯʫʛʫʥʘ ʤʘʛʥʠʝʤ, ʮʝʨʠʝʤ ʠʣʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʧʨʠʩʘʜʢʘʤʠ, ʩʦʜʝʨʞʘʱʠ-

ʤʠ ʝɦʣʦʯʥʦʟʝʤʝʣʴʥʳʝ (ʑɿʄ) ʠ ʨʝʜʢʦʟʝʤʝʣɹʥʳʝ (ʈɿʄ) ʤʝʪʘʣʣʳ. ɺ ʢʘʯʝʩʪʚʝ ʑɿʄ ʠʩʧʦʣʴʟʫʶʪ 

ʤʘʛʥʠʡ ʠ ʢʘʣʴʮʠʡ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʈɿʄ ð ʯʘʱʝ ʚʩʝʛʦ ʮʝʨʠʡ ʠʣʠ ʠʪʪʨʠʡ. ʉʦʩʪʘʚʳ ʧʨʠʤʝʥʷʝʤʳʭ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʠ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʯʫʛʫʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8. 

ʊʘʙʣʠʮʘ 8 

4.8. ʄʦʜʠʬʠʢʘʪʦʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʯʫʛʫʥʘ [57] 

 

ʄʦʜʠʬʠʢʘʪʦʨ 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, % 

 

 

ʄʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʯʫʛʫʥʘ 

ʄg ʉʘ ʈɿʄ 

Mg 100 - - ʇʦʜ ʜʘʚʣʝʥʠʝʤ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʚ-

ʰʘʭ ʠ ʘʚʪʦʢʣʘʚʘʭ 

Ni-Mg 

Ni-Fe-Mg 

Ni-Cu-Mg 

5-20 - - ɺ ʢʦʚʰʘʭ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ 

Fe-Si-Mg 

Fe-Si-Ca-Mg 

Fe-Si-Ca-Mg-ʈɿʄ 

5-15 

5-8 

3-12 

- 

2-20 

3-15 

- 

- 

1,5-12 

ɺ ʙʘʨʘʙʘʥʥʳʭ, ʢʦʥʚʝʨʪʝʨʥʳʭ ʠʣʠ 

ʜʨʫʛʠʭ ʦʪʢʨʳʪʳʭ ʢʦʚʰʘʭ ʩ ʚʚʝʜʝʥʠ-

ʝʤ ʧʨʠʩʘʜʦʢ ʚ ʢʦʣʦʢʦʣʘʭ, ʢʘʨʤʘʥʘʭ 

ʢʦʚʰʝʡ ʠʣʠ ʧʨʠʛʨʫʞʝʥʠʝʤ ʚ ʢʦʚʰʘʭ 

ʈɿʄ 

Fe-Si-Al -ʈɿʄ 

ɼʦ 7 

- 

- 

- 

80-90 

10-30 

ɺ ʦʪʢʨʳʪʳʭ ʢʦʚʰʘʭ ʠʣʠ ʚ ʣʠʪʥʠʢʦ-

ʚʫʶ ʯʘʰʫ 

 

ʈʘʟʣʠʯʠʝ ʚ ʧʦʣʫʯʝʥʠʠ ɺʏɺɻ ʠ ɺʏʐɻ ʩʦʩʪʦʠʪ ʣʠʰʴ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʛʣʦʙʫʣʷʨʠʟʠ-

ʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʚʦʜʠʤʳʭ ʚ ʨʘʩʧʣʘʚ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ (ʚ ʩʣʫʯʘʝ ɺʏɺɻ). ɺʏʐɻ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʩʝʨʳʡ ʯʫʛʫʥ ʧʦ ʧʨʦʯʥʦʩʪʠ, ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʆʥ ʦʪʣʠʯʘʝʪ-

ʩʷ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʛʝʨʤʝʪʠʯʥʦʧʴʶ ʠ ʧʨʠʛʦʜʝʥ ʜʣʷ ʜʝʪʘʣʝʡ ʛʠʜʨʦʘʧʧʘʨʘʪʫʨʳ, ʨʘ-

ʙʦʪʘʶʱʠʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʦ 40 ʄʇʘ ɺʏʐɻ ʠ ɺʏɺɻ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʠʭ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʟʘʪʨʫʜʥʝʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʩʤʘʟʳʚʘʥʠʷ. ɺʏɺɻ ʫʩʪʫʧʘʝʪ ɺʏʐɻ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʥʦ ʦʙʣʘʜʘʝʪ 

ʤʝʥʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʠʟʤʝʥʝʥʠʶ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʦʪʣʠʚʢʠ ʠ ʧʦʵʪʦʤʫ ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʤʘʩʩʠʚʥʳʭ ʦʪʣʠʚʦʢ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʩʠ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ ʩʚʦʡ-

ʩʪʚʘ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʯʫʛʫʥʦʚ. ʇʦʵʪʦʤʫ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ (0,009% ʈb; 

0,13% Sn; 0,026% Sb; 0,04% ʊi; 0,08% ɸs; 0,3% ɸl). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʫʛʫʥʘ ʚʳʩʦʢʠʭ ʤʘʨʦʢ ʠʩʧʦʣʴʟʫʶʪ ʣʝʛʠʨʦʚʘʥʠʝ ʥʝʙʦʣʴʰʠʤʠ ʢʦʣʠʯʝ-

ʩʪʚʘʤʠ Ni, ʉr, ʉu, ʄʦ. ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ɺʏʐɻ ʩʦʜʝʨʞʘʥʠʝ ʄn ʚ 

ʥʝʤ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 0,04%, ʯʪʦ ʩʦʢʨʘʱʘʝʪ, ʘ ʠʥʦʛʜʘ ʠ ʚʦʚʩʝ ʠʩʢʣʶʯʘʝʪ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙ-

ʨʘʙʦʪʢʫ. 

ʉʦʜʝʨʞʘʥʠʷ ʉ ʠ Si ʚ ɺʏʐɻ ʜʦʣʞʥʳ ʙʳʪʴ ʚʟʘʠʤʥʦ ʩʦʛʣʘʩʦʚʘʥʳ (ʨʠʩ. 9), ʘ ʠʭ ʩʦʯʝʪʘʥʠʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʦʪʣʠʚʢʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʫʤʝʥʴʰʘʶʪ ʩʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʉ ʠ Si. 

ʂʦʚʢʠʡ ʯʫʛʫʥ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʛʨʘʬʠʪʠʟʠʨʫʶʱʝʛʦ ʦʪʞʠʛʘ. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʚʢʦʤ ʯʫʛʫʥʝ (2,3ð3% ʉ; 0,8ð1,4% 51; 0,3ð0,7% ʄʧ; ʜʦ 0,18% 5) ʨʘʩʩʯʠʪʘʥʦ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʦʩʣʝ ʦʪʞʠʛʘ. ʉʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʪ-

ʞʠʛʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʞʠʜʢʦʛʦ ʯʫʛʫʥʘ) ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ 

ʣʠʪʴʷ [5]. 
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ʈʠʩ. 9. ʈʝʢʦʤʝʥʜʫʝʤʦʝ ʜʣʷ ɺʏʐɻ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʢʨʝʤʥʠʷ [8]: 

Iðʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʳʭ ʫʩʘʜʦʯʥʳʭ ʨʘʢʦʚʠʥ; IIðʦʙʣʘʩʪʴ ʩʦʩʪʘʚʦʚ ʩ ʪʝʥʜʝʥʮʠʝʡ ʚ ʦʪʙʝʣʫ; III  ð ʦʙʣʘʩʪʴ 

ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ; IV ðʦʙʣʘʩʪʴ ʩʦʩʪʘʚʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʬʣʦʪʘʮʠʷ ʛʨʘʬʠʪʘ 

 

ʂʦʚʢʠʝ ʯʫʛʫʥʳ ʧʨʠʤʝʥʷʶʪ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʣʢʠʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʦʪʣʠʚʦʢ, ʥʦ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʪʠ ʦʪʣʠʚʢʠ ʧʦʣʫʯʘʶʪ ʯʘʩʪʦ ʠʟ ɺʏʐɻ ʠ ɺʏɺɻ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʘʣʶʤʠʥʠʝʚʳʡ ʯʫʛʫʥ ʩ ʧʣʘ-

ʩʪʠʥʯʘʪʳʤ ʛʨʘʬʠʪʦʤ [57]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʩʝʨʳʤ ʯʫʛʫʥʦʤ ʚ ʥʝʤ ʫʤʝʥʴʰʝʥʦ ʩʦʜʝʨʞʘ-

ʥʠʝ Si (ʜʦ 1ð1,5%) ʠ ʚʚʝʜʝʥ ɸl (ʜʦ 2,5ð3,0%). ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʯʝʪʘʥʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʨʦʯʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʥʝʤ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ Si ʜʦ 1% ʠ ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʠʠ ʩʠʣʠʢʦʢʘʣʴʮʠʝʤ. ʆʪʣʠʚʢʠ ʠʟ ʪʘʢʦʛʦ ʯʫʛʫʥʘ ʧʦʜʚʝʨʛʘʶʪ ʦʪʞʠʛʫ ʜʣʷ ʩʥʷʪʠʷ 

ʥʘʧʨʷʞʝʥʠʡ. 

ʈʝʟʝʨʚʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʯʫʛʫʥʥʳʭ ʦʪʣʠʚʦʢ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʦʪʣʠʚʦʢ ʠʟ ʣʝʛʠʨʦʚʘʥʥʳʭ ʯʫʛʫʥʦʚ. 

 

2.1.3. ʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
 

ʂ ʚʳʩʦʢʦʧʨʦʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪ ʩʪʘʣʠ ʩ ůʚ>1600 ʄʇʘ (ʠʣʠ ůʦ,2>1400 ʄʇʘ) [7, 21], 

ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʧʨʠ ůʚ>800 ʄʇʘ ʠ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʧʨʠ ůʚ>450 ʄʇʘ [21]. ʇʦʣʫʯʝʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʚʝʜʝʪ ʢ ʧʦʥʠʞʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʠ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. 

ʇʦʵʪʦʤʫ ʥʘʜʝʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʨʦʯ-

ʥʦʩʪʴʶ, ʪ.ʝ. ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʦʨʨʝʣʷʮʠʠ ʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ ʠʟʜʝʣʠʷ. ʂʨʠʪʝʨʠʷʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ (ůʚ, ůʦ,2ʠ ʪ.ʜ.) ʠ ʢʨʠʪʝʨʠʡ ʀʨʚʠʥʘ ʂ1ʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘ-

ʣʘ ʪʦʨʤʦʟʠʪʴ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥ. ʂʨʠʪʝʨʠʡ ʀʨʚʠʥʘ ʩʚʷʟʘʥ ʩ ʜʣʠʥʦʡ ʪʨʝʱʠʥʳ, ʩʧʦʩʦʙʥʦʡ ʚʳʟʚʘʪʴ 

ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

ʂ1ʩ=Ŭůʩʨʇὰʢʨ 

ʛʜʝ Ŭ ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʬʦʨʤʫ ʪʨʝʱʠʥʳ; ůʩʨ ð ʩʨʝʜʥʝʝ ʨʘʩʯʝʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ; lʢʈ 

ð ʢʨʠʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʪʨʝʱʠʥʳ. 

ɺʝʣʠʯʠʥʫ ʂ1c ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʜʝʪʘʣʝʡ ʥʘ ʧʨʦʯʥʦʩʪʴ. ʅʘ ʨʠʩ. 10 ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ ʠ ʩʧʦʩʦʙʦʚ ʫʧʨʦʯʥʝʥʠʷ [2]. ʐʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ ʥʘ ʜʠʘʛʨʘʤʤʝ ʦʪʤʝʯʝʥʦ ʟʥʘʯʝʥʠʝ 

ůʦ,2=1400 ʄʇʘ, ʷʚʣʷʶʱʝʝʩʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʜʣʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ. 

ʉʦʯʝʪʘʥʠʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ůʦ,2 ʠ ʂ1ʩ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʧʨʠʤʝʥʝʥʠʠ ʤʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʝʶʱʠʭ (ʄʉʉ) #ʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ 

(ʄɸʉ, ʉʄɿ) ʩʪʘʣʝʡ. ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʩʪʘʣʠ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺʦ-

ʧʝʨʚʳʭ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʵʪʦʤʫ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʥʷʪʳ ʤʝʨʳ ʧʦ ʠʭ ʫʤʝʥʴʰʝʥʠʶ, ʘ ʪʘʢʞʝ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʦʜʦʨʦʜʥʦʡ ʭʨʫʧʢʦ-

ʩʪʠ, ʢʦʨʨʦʟʠʠ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ, ʩʢʣʦʥʥʦʩʪʠ ʢ ʟʘʤʝʜʣʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ɺʩʝ ʵʪʠ ʚʠʜʳ ʭʨʫʧ-

ʢʦʩʪʠ ʫʩʠʣʠʚʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʝʡ. ʇʦʵʪʦʤʫ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʧʨʦʯ-

ʥʦʩʪʴ ʦʙʳʯʥʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʦʯʥʦʩʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʩʪʘʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʪʨʝʙʫʝʪʩʷ ʟʘʱʠʪʘ ʩʪʘʣʝʡ ʦʪ ʢʦʨʨʦʟʠʠ. ʇʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʯʠʩʪʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʜʨʦʙʝ- ʠʣʠ 

ʧʝʩʢʦʩʪʨʫʡʥʦʡ, ʦʙʨʘʙʦʪʢʘ ʚ ʪʨʘʚʠʣʴʥʳʭ ʚʘʥʥʘʭ ʥʝʜʦʧʫʩʪʠʤʘ. 

 
ʈʠʩ. 10. ɼʠʘʛʨʘʤʤʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʝʡ: 

ʄʃʉðʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʘʫʩʪʝʥʠʪʥʳʝ ʩʪʘʣʠ; ʉʄɿðʩʪʘʣʠ ʩʦ ʩʚʝʨʭʤʝʣʢʠʤ ʟʝʨʥʦʤ; ʊʄʆ ð ʩʪʘʣʠ ʧʦʩʣʝ ʪʝʨ-

ʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ; ʄʉʉð ʤʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʝʶʱʠʝ ʩʪʘʣʠ; ʉʋʉ ʠ ɺʋʉð ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʝ 

ʩʪʘʣʠ; ʅʋʉðʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ; ʇʇ ð ʵʚʪʝʢʪʦʠʜʥʳʝ ʩʪʘʣʠ ʩ ʧʣʘʩʪʠʥʯʘʪʳʤ ʧʝʨʣʠʪʦʤ; 

Iðʦʙʣʘʩʪʴ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ; II  ð ʦʙʣʘʩʪʴ ʪʨʘʥʩʢʨʠʩʪʘʣʣʠʪʥʦʛʦ ʩʢʦʣʘ; IIIðʦʙʣʘʩʪʴ ʠʥʪʝʨʢʨʠʩʪʘʣʣʠʪʥʦʛʦ ʩʢʦʣʘ; 

IV ð ʦʙʣʘʩʪʴ ʢʚʘʟʠʩʢʦʣʘ 

ʐʣʠʬʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘ-

ʥʠʝʤ. 

ɺʪʦʨʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʨʝʜʝʣʘ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ (ʨʠʩ. 11). ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘ-

ʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. 

 
ʈʠʩ. 11. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ů-1/ůʚ ʦʪ ůʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʣʝʡ 

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʩʨʝʜʥʝʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʩʦʜʝʨʞʘʪ ʜʦ 0,4% ʉ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 0ɺ ʜʦ 

2100 ʄʇʘ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʥʝʜʦ-

ʧʫʩʪʠʤʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤ ʥʘʧʨʷʞʝʥʠʡ. 

ʄʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʝʶʱʠʝ ʩʪʘʣʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʩʪʘʣʝʡ ʤʝʥʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤ ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʝʥʴʰʝʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ 

ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ. ʆʥʠ ʪʘʢʞʝ ʤʝʥʝʝ ʩʢʣʦʥʥʳ ʢ ʚʦʜʦʨʦʜʥʦʡ 

ʭʨʫʧʢʦʩʪʠ. ʇʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʵʪʠʭ ʩʪʘʣʝʡ ʵʬʬʝʢʪʠʚʥʦ ʧʦʚʳʰʘʝʪʩʷ ʥʘʢʘʪʢʦʡ ʨʦʣʠʢʦʤ ʠ ʘʟʦ-

ʪʠʨʦʚʘʥʠʝʤ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʠʭ ʩʪʘʣʝʡ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʢʘʣʠʚʘʝ-

ʤʦʩʪʴ, ʤʘʣʘʷ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ, ʭʦʨʦʰʘʷ ʩʚʘʨʠʚʘʝʤʦʩʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʝ-

ʤʦʩʪʴ ʨʝʟʘʥʠʝʤ ʠ ʜʘʚʣʝʥʠʝʤ. ʆʩʥʦʚʥʘʷ ʫʧʨʦʯʥʷʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʵʪʠʭ ʩʪʘʣʝʡ ʩʦʩʪʦʠʪ ʠʟ ʟʘʢʘʣʢʠ 

ʠ ʩʪʘʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʩʪʘʣʝʡ ʦʢʘʟʳʚʘʶʪ ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥ-

ʪʳ (ʨʠʩ. 12). ʆʙʳʯʥʦ ʩʪʘʨʝʥʠʝ ʧʨʦʚʦʜʷʪ ʧʨʠ 480ð520Áʉ. ʆʜʥʘʢʦ ʜʣʠʪʝʣʴʥʦʝ ʩʪʘʨʝʥʠʝ (ʜʦ 50 ʯ) 

ʧʨʠ425ð450Áʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʙʝʟ ʩʥʠʞʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ [38]. ɺʝʩʴ 

ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʄʉʉ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [33]. 
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ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʘʫʩʪʝʥʠʪʥʳʝ ʩʪʘʣʠ (ʪʨʠʧ-ʩʪʘʣʠ) ʦʙʣʘʜʘʶʪ ʥʝʦʙʳʯʥʦ 

ʚʳʩʦʢʠʤʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʫʜʣʠʥʝʥʠʝ ʜʦ 100%) ʚʦ ʚʨʝʤʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʦʧʨʦ-

ʚʦʞʜʘʶʱʝʛʦʩʷ ʧʨʝʚʨʘʱʝʥʠʝʤ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʚ ʤʘʨʪʝʥʩʠʪ. 

 
ʈʠʩ. 12. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʦʚʳʰʝʥʠʝ ʦʦ,2 ʞʝʣʝʟʦʥʠʢʸ- 

ʣʝʚʦʛʦ ʘʫʩʪʝʥʠʪʘ (18% ʂʛ)  ʧʨʠ ʩʪʘʨʝʥʠʠ  [11]:  1 ð ʊi; 2ð ɺʝ; 3 ð ɸl; 4ð ʄn; 5ð ʄb; 6ð  51; 7ð ʄʦ 20 

 

ʆʙʳʯʥʦ ʵʪʠ ʩʪʘʣʠ ʩʦʜʝʨʞʘʪ 0,2ð0,5% ʉ, 9ð13% ʉr, 8ð9% Ni, 3ð9% ʄʦ, ʦʢʦʣʦ 2% Si, 

1ð2% ʄn. ʆʩʥʦʚʥʘʷ ʫʧʨʦʯʥʷʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʟʘʢʘʣʢʠ ʜʣʷ ʧʦʣʥʦʡ ʘʫʩʪʝʥʠʟʘʮʠʠ ʠ 

ʪʝʧʣʦʛʦ ʥʘʢʣʝʧʘ ʧʨʠ 400ð600Áʉ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʨʠʧ-ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʚʦʜʦʨʦʜʥʦʡ 

ʭʨʫʧʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʚʘʢʫʫʤʥʳʤ ʦʪʞʠʛʦʤ ʠʣʠ ʦʙʳʯʥʳʤ ʦʪʞʠʛʦʤ ʩ ʤʝʜ-

ʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʚʝʨʭʤʝʣ-

ʢʦʟʝʨʥʠʩʪʳʭ ʩʪʘʣʝʡ (ʉʄɿ) ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʜʦ 10 ʤʢʤ. ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʪʦ ʩʚʝʨʭʩʢʦʨʦʩʪʥʳʤ 

ʥʘʛʨʝʚʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʥʝʤʥʦʛʦ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʠʭ, ʠ ʦʯʝʥʴ ʢʦʨʦʪʢʠʤʠ ʚʳʜʝʨʞʢʘʤʠ. ɼʦʩʪʦ-

ʠʥʩʪʚʦʤ ʉʄɿ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʨʦʯʥʦʩʪʠ, ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʢʨʠʪʝʨʠʷ 

ʂ1ʩ. ʕʪʠ ʩʪʘʣʠ ʠʤʝʶʪ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝ-

ʥʠʷ ʉʄɿ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞ-ʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʚʝʨʭʤʝʣʢʦʛʦ ʟʝʨʥʘ ʚ ʙʦʣʴʰʠʭ ʩʝʯʝʥʠʷʭ. ɼʨʫʛʦʡ 

ʥʝʜʦʩʪʘʪʦʢ ʉʄɿ ð ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʧʨʠ ʥʘʛʨʝʚʝ. 

 

2.1.4. ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʠʭ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
 

ʂ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʝʩʩʦʨʥʦ-ʧʨʫʞʠʥʥʳʝ ʩʧʣʘʚʳ, ʦʪʥʦʩʷʪʩʷ 

ʚʳʩʦʢʠʡ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ, ʚʳʩʦʢʘʷ ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝ ʫʧʨʫʛʦʩʪʠ (ʩʪʘʪʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʫʧʨʫʛʦʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ, ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ). ʄʝʞʜʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʘʣʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ (ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ) ʠ ʧʨʝʜʝʣʦʤ ʚʳʥʦʩʣʠʚʦ-

ʩʪʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ. 

ʂ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʘʤ ʫʧʨʦʯʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʠʝ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʦʪʥʦ-

ʩʷʪʩʷ: 

ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʦʪʧʫʩʢ (ʩʪʘʨʝʥʠʝ); 

ʟʘʢʘʣʢʘ ʩʪʘʣʝʡ ʥʘ ʤʘʨʪʝʥʩʠʪ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʧʫʩʢʦʤ (ʠʥʦʛʜʘ ʟʘʢʘʣʢʘ ʩʦʚʤʝʱʘʝʪʩʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ); 

ʟʘʢʘʣʢʘ ʥʘ ʧʝʨʝʩʳʱʝʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʪʘʨʝʥʠʝʤ (ʠʥʦʛʜʘ ʠ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ). 

ʇʦ ʧʝʨʚʦʤʫ ʩʧʦʩʦʙʫ ʫʧʨʦʯʥʷʶʪ ʫʛʣʝʨʦʜʠʩʪʳʝ ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʧʝʨʣʠʪʥʦʛʦ ʢʣʘʩʩʘ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ (0,4ð1,0%), ʘ ʪʘʢʞʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ ʘʫʩʪʝʥʠʪ-

ʥʦʛʦ ʢʣʘʩʩʘ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʩʧʣʘʚʳ ʤʝʜʠ (ʦʜʥʦʬʘʟʥʳʝ ʣʘʪʫʥʠ, ʙʨʦʥʟʳ), ʤʦʣʠʙ-

ʜʝʥʘ ʠ ʨʝʥʠʷ, ʥʠʦʙʠʷ ʠ ʜʨ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʧʣʘʚʦʚ ʵʪʦʡ ʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ ʘʥʠʟʦʪʨʦʧʠʷ ʩʚʦʡʩʪʚ, 

ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʘʷ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʫʤʝʥʴʰʘʶʱʘʷʩʷ ʧʦʩʣʝ ʦʪʧʫʩʢʘ. 

ʇʦ ʚʪʦʨʦʤʫ ʩʧʦʩʦʙʫ ʫʧʨʦʯʥʷʶʪ ʫʛʣʝʨʦʜʠʩʪʳʝ ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛ-

ʣʝʨʦʜʘ 0,5ð0,7%. ʋʧʨʦʯʥʝʥʠʝ ʚ ʵʪʠʭ ʩʪʘʣʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʘʨʪʝʥʩʠʪʥʦʤʫ ʪʠʧʫ, ʥʦ ʧʨʠ ʦʪʧʫʩ-

ʢʝ ʩʥʠʤʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʩʧʝʨʩʥʘʷ ʪʨʦʦʩʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʘʷ ʠʣʠ ʪʨʦʦʩʪʠʪʥʘʷ 

ʩʪʨʫʢʪʫʨʘ. ɺʘʞʥʦ ʧʨʠ ʵʪʦʤ, ʯʪʦʙʳ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣ ʦʙʝʟʫʛʣʝʨʦʞʝʥʥʳʡ ʩʣʦʡ. 
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ʇʦ ʪʨʝʪʴʝʤʫ ʩʧʦʩʦʙʫ ʫʧʨʦʯʥʷʶʪ ʤʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʝʶʱʠʝ ʩʪʘʣʠ, ʙʝʨʠʣʣʠʝʚʳʝ ʙʨʦʥʟʳ ʠ 

ʜʨ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʠʟʙʳʪʦʯʥʳʭ ʬʘʟ ʠʟ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʧʦʩʣʝ ʟʘʢʘʣ-

ʢʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʩʪʘʨʝʥʠʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʵʪʠʭ ʩʧʣʘʚʦʚ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʝ: ʟʘʢʘʣʢʘ, ʭʦʣʦʜʥʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ, ʩʪʘʨʝʥʠʝ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʩʦʟʜʘʥʠʷ, ʥʦʚʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ, 

ʧʨʫʞʠʥʥʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝ ʚ ʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʦʯʥʝ-

ʥʠ.̫ ʉʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʚʦʡʩʪʚ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʪʧʫʩʢʘ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ (ʜʠ-

ʥʘʤʠʯʝʩʢʦʝ ʩʪʘʨʝʥʠʝ). ʅʘ ʩʪʘʣʷʭ 65ɻ ʠ 60ʉ2 ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʪʘʨʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʝʥʠʝ 

ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ ʥʘ ʫʨʦʚʥʸ 2000ð2100 ʄʇʘ, ʯʪʦ ʥʘ 30% ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʦʙʳʯʥʦʤ ʤʝʪʦʜʝ 

ʫʧʨʦʯʥʝʥʠʷ [21]. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʦʣʦʜʥʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ, ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʨʫʞʠʥʥʦʡ ʧʨʦ-

ʚʦʣʦʢʠ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ ʩ 0,4ð1,0% ʉ, ʨʝʞʝ ʩʪʘʣʴ 65ɻ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʩʪʘʣʠ 50ʍʌɸ, 70ʉ2ʍɸ, ʜʦ ʭʦʣʦʜʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʚʝʨʛʥʫʪʳʝ 

ʧʘʪʝʥʪʠʨʦʚʘʥʠʶ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʘʪʝʥʪʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʫʧʨʦʯʥʝʥʠʝ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ 

ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʛʦʪʦʚʳʝ ʧʨʫʞʠʥʳ ʧʦʩʣʝ ʥʘʚʠʚʢʠ ʠʣʠ ʛʠʙʢʠ 

ʧʦʜʚʝʨʛʘʶʪ ʦʪʧʫʩʢʫ ʧʨʠ 200ð350Áʉ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʚ 2 ʨʘʟʘ, ʭʦ-

ʪʷ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʚʦʟʨʘʩʪʘʶʪ ʣʠʰʴ ʥʘ 5ð10%. 

ʇʨʠ ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʘʭ ʧʨʦʚʦʣʦʢʠ ʥʝ ʫʜʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʦʙʞʘʪʠʷ. 

ʆʜʥʘʢʦ ʧʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʤʝʥʴʰʝʡ ʩʢʣʦʥʥʦʩʪʠ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʨʫʞʠ-

ʥʳ ʠʟ ʧʘʪʝʥʪʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʧʨʝʚʦʩʭʦʜʷʪ ʫʧʨʦʯʥʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʩʪʘʣʠ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʟʘʢʘʣʢʝ ʠ ʦʪʧʫʩʢʫ, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ ʠ 

ʙʦʣʴʰʫʶ ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʠ 20Áʉ. 

ʊʚʝʨʜʦʩʪʴ ʧʨʫʞʠʥ ʧʦʩʣʝ ʦʙʳʯʥʦʡ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ HRʉ 42ð

48. ʇʨʠ ʙʦʣʴʰʝʡ ʪʚʝʨʜʦʩʪʠ ʧʨʫʞʠʥʳ ʩʢʣʦʥʥʳ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. 

ʇʨʫʞʠʥʳ ʠ ʨʝʩʩʦʨʳ ʙʦʣʴʰʠʭ ʩʝʯʝʥʠʡ, ʦʪ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʨʝʣʘʢʩʘʮʠʦʥ-

ʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟʛʦʪʦʚʣʷʪʴ ʠʟ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ (ʢʨʝʤʥʠʩʪʳʭ, ʭʨʦʤʦʤʘʨʛʘʥ-

ʮʝʚʳʭ, ʢʨʝʤʥʝʭʨʦʤʠʩʪʳʭ, ʭʨʦʤʦʚʘʥʘʜʠʝʚʳʭ ʠ ʜʨ.). ʂʘʯʝʩʪʚʦ ʧʨʫʞʠʥʥʳʭ ʩʪʘʣʝʡ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ 

ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢ ʠ ʦʪ ʨʝʞʠʤʘ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʪʘʙʣ. 9 ʧʨʠʚʝʜʝʥʳ ʩʚʦʡʩʪʚʘ 

ʠ ʨʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʨʫʞʠʥʥʳʭ ʩʪʘʣʝʡ, ʘ ʚ ʪʘʙʣ. 

10 ð ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʧʫʩʢʘ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʪʘʣʝʡ 60ʉ2, 60ʉ2ɸ, 65ʉ2ɺɸ, 50ʍʌɸ) ʧʨʠʤʝʥʷʶʪ ʠʟʦ-

ʪʝʨʤʠʯʝʩʢʫʶ ʟʘʢʘʣʢʫ ʥʘ ʥʠʞʥʠʡ ʙʝʡʥʠʪ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʠ ʫʤʝʥʴʰʘʝʪ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʧʫʩʢ ʠʟʦʪʝʨʤʠʯʝʩʢʠ ʟʘʢʘʣʝʥʥʳʭ ʩʪʘ-

ʣʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ, ʧʦʚʳʰʘʝʪ ʠʭ ʧʨʝʜʝʣ 

ʫʧʨʫʛʦʩʪʠ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ (ʪʘʙʣ. 11). 

ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʧʨʫʞʠʥʥʳʝ ʩʧʣʘʚʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʢʦʨʨʦʟʠ-

ʦʥʥʦʩʪʦʡʢʠʝ, ʥʝʤʘʛʥʠʪʥʳʝ, ʩ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ, ʚʳʩʦ-

ʢʦʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʝ). ɺʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʫʞʠʥʥʳʭ ʩʪʘʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ 

ʚʳʩʦʢʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʭʨʦʤʦʤ (ʩʪʘʣʠ 30X13, 40X13), ʘ ʪʘʢʞʝ ʪʱʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʰʣʠʬʦʚʘʥʠʝʤ ʠ ʧʦʣʠʨʦʚʘʥʠʝʤ). ʀʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʭʨʦʤʦʥʠʢʝʣʝʚʳʝ ʩʪʘʣʠ ʘʫʩʪʝʥʠʪʥʦʛʦ ʢʣʘʩ-

ʩʘ (ʥʘʧʨʠʤʝʨ, 09ʍ15ʅ8ʖ, ʆɿʍ12ʅʖɼ2ʊɺ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ ʠ ʥʝʤʘʛ-

ʥʠʪʥʳʤʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʣʝʡ 08X18ʅ9ʊ ʠ 08X18ʅʖʊ ʧʨʫʞʠʥʳ ʧʦʩʣʝ ʥʘʚʠʚʢʠ ʧʦʜʚʝʨ-

ʛʘʶʪ ʦʪʧʫʩʢʫ ʧʨʠ 450ð500Áʉ. ʂʦʛʜʘ ʥʫʞʥʘ ʧʦʣʥʘʷ ʥʝʤʘʛʥʠʪʥʦʩʪʴ, ʧʨʠʤʝʥʷʶʪ ʩʪʘʣʠ 17ʍ18ʅ9 

ʠ 37ʍ12ʅ8ɻ8ʄʌɹ ʚ ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʳʩʦʢʦʡ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʩʧʣʘʚʳ ʥʘ ʥʠʢʝʣʴʭʨʦʤʦʚʦʡ ʦʩʥʦʚʝ [21]. ʉʚʦʡʩʪʚʘ 

ʩʧʣʘʚʦʚ ʩ ʧʦʩʪʦʷʥʥʳʤ ʠ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 12. 

ʂ ʚʳʩʦʢʦʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʤ ʧʨʫʞʠʥʥʳʤ ʩʧʣʘʚʘʤ ʦʪʥʦʩʷʪʩʷ ʙʝʨʠʣʣʠʝʚʳʝ ʠ ʬʦʩʬʦ-

ʨʠʩʪʳʝ ʙʨʦʥʟʳ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʧʣʘʚʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ. ʉʚʦʡʩʪʚʘ 

ʙʝʨʠʣʣʠʝʚʳʭ ʙʨʦʥʟ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 13. 
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ʆʩʦʙʳʡ ʭʘʨʘʢʪʝʨ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ, ʥʘʟʚʘʥʥʦʛʦ çʧʘʤʷʪʴʶ ʬʦʨ-

ʤʳè. ʕʪʦʪ ʵʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʬʦʨʤʳ ʜʝʪʘʣʠ, ʠʟʤʝʥʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʧʣʘ-

ʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʛʨʝʚʝ ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦʪ ʵʬ-

ʬʝʢʪ ʪʝʨʤʦʫʧʨʫʛʠʤ ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ, ʦʪʢʨʳʪʳʤ ɻ.ɺ. ʂʫʨʜʶʤʦʚʳʤ ʠ ʃ.ɻ. ʍʘʥʜʨʦ-

ʩʦʤ ʚ 1949 ʛ. ʕʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ ʦʙʥʘʨʫʞʝʥ ʫ ʩʧʣʘʚʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ (ʊiðNi, FʝðNi, 

ʉuðɸl, ʉuðʄn, Niðɸl, Niðʄn ʠ ʜʨ.). ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʩʧʣʘʚ ʥʠʪʠʥʦʣ 

(ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʩʪʘʚʫ NiTi ). 

ʉʧʣʘʚʳ ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ ʦʙʣʘʜʘʶʪ ʩʚʝʨʭʫʧʨʫʛʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷ-ʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʦʙʨʘʟʝʮ ʧʨʝʪʝʨʧʝʚʘʝʪ ʦʙʨʘʪʠʤʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʘ ʦʜʠʥ-ʜʚʘ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʜʝʬʦʨʤʘʮʠʷ 'ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ. ʊʘʢʠʝ ʩʧʣʘʚʳ ʠʩ-

ʧʦʣʴʟʫʶʪ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʠʩʪʝʤ ʩʣʝʞʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ, ʧʦʜʣʝʞʘʱʠʭ ʩʘʤʦʩʦʦʨʫʞʝʥʠʶ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʠʭ ʩʧʣʘʚʘʭ 

ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʘʭ [21,60]. 

ʊʘʙʣʠʮʘ 9 

ʉʚʦʡʩʪʚʘ ʠ ʨʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʫʞʠʥʥʳʭ ʩʪʘʣʝʡ [21] 

ʉʪʘʣʴ ʂʨʠʪʠʯʝ-

ʩʢʠʝ ʪʦʯʢʠ 

ʈʝʞʠʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʦʨʠʝʥ-

ʪʠʨʦʚʦʯʥʳʡ) 

ů0,2, 

ʄʇʘ 

ůʚ, 

ʄʇʘ 

ŭ, 

% 

ū, 

% 

ɸʩ1 ɸʩ2 ʊʝʤʧʝʨʘʪʫʨʘ 

ʟʘʢʘʣʢʠ, хʉ 

ɿʘʢʘʣʦʯʥʘʷ 

ʩʨʝʜʘ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ ʦʪ-

ʧʫʩʢʘ, хʉ 

65 727 752 830 ʄʘʩʣʦ 470 785 980 10 35 

70 730 743 830 ˈò̍  470 835 1030 9 30 

75 730 ˈ 820 ˈò̍  470 885 1080 9 30 

80 730 ˈ 820 ˈò̍  470 930 1080 8 30 

85 730 ˈ 820 ˈò̍  470 980 1130 8 30 

ʋ9ɸ* 730 ˈ 760-790* ʄʘʩʣʦ ʠʣʠ 

ʚʦʜʘ 

33-420 ˈ ˈ ˈ ˈ 

ʋ10ɸ-

ʋ12ɸ* 

730 ˈ 770-810* ʊʦ ʞʝ 300-420 ˈ ˈ ˈ ˈ 

60ɻ ˈ ˈ 830 ʄʘʩʣʦ 470 785 980 8 30 

65ɻ ˈ ˈ 830 ˈò̍  470 785 980 8 30 

70ɻ ˈ ˈ 830 ˈò̍  470 835 1030 7 25 

55ʉ2 775 840 870 ʄʘʩʣʦ ʠʣʠ 

ʚʦʜʘ 

470 1175 1270 6 30 

55ʉ2ɸ 

60ʉ2 750 820 870 ʄʘʩʣʦ 470 1175 1270 6 25 

70ʉ3ɸ ˈ ˈ 850 ˈò̍  470 1470 1470 6 25 

60ʉ2ɻ ˈ ˈ 870 ˈò̍  470 1325 1470 6 25 

50ʍɻ 750 775 850 ˈò̍  470 1175 1270 7 35 

50ʍɻɸ 750 775 850 ˈò̍  470 1175 1270 7 35 

55ʍɻʈ 750 790 850 ˈò̍  470 1175 1270 7 35 

60ʉ2ɸ 750 820 870 ˈò̍  420 1375 1570 6 20 

50ʍʌɸ ˈ ˈ 850 ˈò̍  470 1080 1270 8 35 

50ʍɻʌɸ ˈ ˈ 850 ˈò̍  470 1325 1420 6 35 

55ʉ2ɻʌ ˈ ˈ 870 ˈò̍  470 1375 1570 6 25 

60ʉ2ʍɸ ˈ ˈ 870 ˈò̍  470 1325 14270 6 25 

60ʉ2ʍʌ

ɸ 

ˈ ˈ 870 ˈò̍  470 1470 1670 6 25 

65ʉ2ɺɸ ˈ ˈ 850 ˈò̍  420 165 1860 5 20 

60ʉ2ʅ2ɸ ˈ ˈ 870 ˈò̍  470 1325 1470 8 20 

 
*ʇʨʠ ʟʘʢʘʣʢʝ ʚ ʚʦʜʝ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʢʘʣʢʠ ʧʨʠʥʠʤʘʶʪ ʧʦ ʥʠʞʥʝʤʫ ʧʨʝʜʝʣʫ, ʘ ʧʨʠ ʟʘʢʘʣʢʝ ʚ ʤʘʩʣʝ ï ʧʦ ʚʝʨʭʥʝʤʫ  
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ʊʘʙʣʠʮʘ 10 

ʇʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ ů0,005, ʄʇʘ, ʧʨʫʞʠʥʥʳʭ ʩʪʘʣʝʡ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ (ʯʠʩʣʠ-

ʪʝʣʴ) ʠ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ (ʟʥʘʤʝʥʘʪʝʣʴ) 

ʉʪʘʣʴ ʊʝʤʧʝʨʘʪʫʨʘ ʦʪʧʫʩʢʘ (ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ), хʉ 

200 

 

250 300 350 400 450 

65 1050/1600 1220/1600 910/1300 850/1250 820/1170 730/1030 

65ɻ 1100/2100 1200/2100 1350/2050 1500/1850 1350/1650 1200/1400 

60ʉ2ɸ 110/1940 1450/2050 1490/2020 1450/1900 1210/1620 1180/1300 

60ʉ2ʍɸ 1220/1700 1500/1900 1520/1920 1620/1900 1500/1800 1300/1060 

65ʉ2ɹɸ 1220/1680 1400/1890 1580/1950 1690/1910 1590/1850 1420/1660 

50ʍ 950/1510 1000/1550 1150/1550 1160/1500 1200/1400 1050/1259 

50ʍɻɸ 940/1500 1050/1600 1200/1560 1260/1520 1200/1400 1050/1220 

50ʍɻʌɸ 950/1500 1230/1600 1250/1580 1300/1550 1250/1500 1170/1220 

50ʍʌɸ 1050/1500 1200/1600 1200/1580 1270/1580 1200/1550 1150/1400 

40ʍʌɸ 900/1370 930/1450 1050/1420 1100/1400 900/1380 850/1290 

 

ʊʘʙʣʠʮʘ 11 

ɺʣʠʷʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 60ʉ2ɸ 

ʆʙʨʘʙʦʪʢʘ 

 

ůʚ , 

ʄʇʘ 

ů0,2, 

ʄʇʘ 

ůʧʮ , 

ʄʇʘ 

ŭ, % ű, % ʂʉV, 

ʢɼʞ/ʤ
2
 

ʀʟʦʪʝʨʤʠʯʝʩʢʘʷ ʟʘʢʘʣ-

ʢʘ ʩ ʚʳʜʝʨʞʢʦʡ ʧʨʠ 290Áʉ 

2050 1715 1499 11 11 489 

ʊʦ ʞʝ, ʦʪʧʫʩʢ 1 ʯ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ: 

      

150 1980 1765 1567 12 46 568 

290 1930 1812 1648 12,5 50 489 

400 1773 1715 1568 13,5 40 372 

ɿʘʢʘʣʢʘ ʠ ʦʪʧʫʩʢ 

ʧʨʠ 420Áʉ 

1765 1648 1529 11 48 353 

ʊʘʙʣʠʮʘ 12 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʩ ʧʦʩʪʦʷʥʥʳʤ ʠ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʤ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 

ʉʪʘʣʴ 

ʈʝʢʦʤʝʥʜʫʝʤʳʡ 

ʨʝʞʠʤ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʊʦʣʱʠʥʘ 

ʣʝʥʪʳ, ʤʤ 

ůʚ, 

ʄʇʘ 

ů0,2, 

ʄʇʘ 
ŭ, % ʅRC 

ů0,005 

ʄʇʘ 

42ʅʍʊʖ 

 

ɿʘʢʘʣʢʘ ʧʨʠ 

910Ñ10Áʉ, ʦʭʣʘ-

ʞʜʝʥʠʝ ʚʦʜʦʡ 

0,1ð0,9 980 _ 5 

 

ð 600ð700 

 1,0ð2,0 1080 735 8 

 

30  

44ʅʍʊʖ 

 

ʉʪʘʨʝʥʠʝ ʧʨʠ 

690ÑʖÁʉ, ʚ ʪʝʯʝ-

ʥʠʝ 3 ʯ 

0,1ð0,9 1030 ð 5 

 

ð 600ð650 

 1,0ð2,0 1080 685 8 

 

30  

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʪʦʣʱʠʥʝ ʣʝʥʪʳ 0,3 ʤʤ ʜʣʷ ʩʪʘʣʠ 42ʅʍʊʖ ůʦ,ʦʦ5 = 700 ʄʇʘ, ʜʣʷ ʩʪʘʣʠ 44 ʅʍʊʖ  

ůʦ,ʦʦ5=650 ʄʇʘ. 
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2.1.5. ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ 
ɺʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʧʣʘʚʦʚ, ʧʦʜʚʝʨʛʘʝʤʳʭ ʭʦʣʦʜ-

ʥʦʤʫ ʧʣʘʩʪʠʯʝʩʢʦʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʭʦʣʦʜʥʦʡ ʰʪʘʤʧʦʚʢʠ. ʂʨʠʪʝʨʠʝʤ ʚʳʩʦ-

ʢʦʡ ʰʪʘʤʧʫʝʤʦʩʪʠ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ůʦ,2/ůʚ=0,50..065, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʫʞʝʥʠʠ 

ʦʙʨʘʟʮʘ ű ʥʝ ʤʝʥʝʝ 40%. 

ʉʪʘʣʠ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʥʝʩʪʘʨʝʶ-

ʱʠʝ ʭʦʣʦʜʥʦʢʘʪʘʥʳʝ ʠ ʜʚʫʭʬʘʟʥʳʝ. ʅʝʩʪʘʨʝʶʱʠʝ ʩʪʘʣʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʧʨʠʤʝʩʝʡ (ʉ, N, ʄn, Si, ʉʛ, Ni, S, ʈ ʠ ʜʨ ). ʏʪʦʙʳ ʩʪʘʣʴ ʙʳʣʘ ʥʝʩʪʘʨʝʶʱʝʡ, ʚʳ-

ʚʦʜʷʪ ʘʟʦʪ ʠʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʚʷʟʳʚʘʷ ʝʛʦ ʥʠʪʨʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ɸl, V, Ti, ʉr, 

ɺ). ɺʘʞʥʦ ʪʘʢʞʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʪʘʣʠ ʢʨʝʤʥʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʭʦʣʦʜʥʦʡ ʰʪʘʤʧʦʚʢʠ ʰʠʨʦ-

ʢʦ ʠʩʧʦʣʴʟʫʶʪ ʢʠʧʷʱʠʝ ʩʪʘʣʠ (0,8ʢʧ, 0,8ʌʢʧ) ʠ ʩʪʘʣʠ ʩ 0,02ð0,07% ɸl (0,8ʖ). 

ʊʘʙʣʠʮʘ 13 

ʉʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʙʝʨʠʣʣʠʝʚʳʭ ʙʨʦʥʟ [21] 

ʆʙʨʘʙʦʪʢʘ (ʩʦ-

ʩʪʦʷʥʠʝ) 

ʊʦʣʱʠʥʘ 

ʧʦʣʦʩʳ, 

ʤʤ 

ůʚ, ʄʧʘ ů*0,002, 

ʄʇʘ 

ɽ*, ɻʇʘ ŭ, % HV ɛ**, ʤʤ 

ʥʝ ʤʝ-

ʥʝʝ 

ɹʨʦʥʟʘ ɹʨɹ2 

ɿʘʢʘʣʢʘ(ʤʷʛʢʦʝ) 0,15-0,25 

>0.25 

400-600 

ˈ 

120-150 

ˈ 

110-120 

ˈ 

Ó20 

Ó30 

Ò130 8 

ˈ 

ɿʘʢʘʣʢʘ ʠ ʩʪʘʨʝ-

ʥʠʝ 

0,15-0,25 

 

>0.25 

1100-

1500 

1150-

1500 

580-600 

 

ˈ 

ˈ 

 

ˈ 

ˈ 

 

Ó2.0 

 

Ó330 

 

ˈ 

 

ˈ 

 

ˈ 

ɼʝʬʦʨʤʘʮʠʷ 30-

40% (ʪʚʝʨʜʦʝ) 

0,15-0,25 

>0.25 

600-900 

650-950 

440-500 

ˈ 

ˈ 

ˈ 

ˈ 

Ó2.5 

Ó170 

ˈ 

3 

ˈ 

ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠ ʩʪʘʨʝʥʠʝ 

0,15-0,25 

 

>0.25 

1150-

1600 

1200-

1600 

ˈ ˈ Ó1,5 ˈ ˈ 

ɹʨʦʥʟʘ ɹʨɹʅʊ1,7 

ɼʝʬʦʨʤʘʮʠʷ 30-

40% (ʪʚʝʨʜʦʝ) 

0,15-0,25 

>0.25 

650-950 

ˈ 

380-400 

ˈ 

110-120 ˈ 

Ó2.5 

Ò150 3 

ˈ 

ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠ ʩʪʘʨʝʥʠʝ 

0,15-0,25 

 

1100-

1500 

 

600-650 120-130 Ó2.0 

 

Ó340 

 

ˈ 

ɹʨʦʥʟʘ ɹʨɹʅʊ1,9 

ɿʘʢʘʣʢʘ (ʤʷʛʢʦʝ) 0,15-0,25 400-600 120-150 120 Ó20 Ò120 8 

ɿʘʢʘʣʢʘ ʠ ʩʪʘʨʝ-

ʥʠʝ 

0,15-0,25 

 

>0.25 

1100-

1500 

1150-

1500 

620-650 

 

ˈ 

 

120-130 

 

ˈ 

 

ˈ 

 

Ó2.0 

Ó330 

 

ˈ 

 

ˈ 

 

ˈ 

 

ɼʝʬʦʨʤʘʮʠʷ 30-

40% (ʪʚʝʨʜʦʝ) 

0,15-0,25 

>0.25 

600-900 

650-950 

450-500 

ˈ 

 

110-120 

ˈ 

 

ˈ 

Ó2.5 

Ó160 

ˈ 

 

3 

ˈ 

 

ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠ ʩʪʘʨʝʥʠʝ 

0,15-0,25 

 

>0.25 

1150-

1600 

1200-

1600 

900-950 

 

ˈ 

120-130 

 

ˈ 

ˈ 

 

Ó1.5 

Ó360 

 

ˈ 

 

ˈ 

 

ˈ 

 
*ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ ů0,002 ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʝ ʧʨʠʚʝʜʝʥʳ  ʜʣʷ ʧʦʣʦʩ ʪʦʣʱʠʥʦʡ 0,3 ʤʤ. 

**ʚʳʪʷʞʢʘ ʧʦ ʕʨʠʢʩʝʥʫ ʜʣʷ ʧʦʣʦʩ ʠ ʣʝʥʪ ʪʦʣʱʠʥʦʡ 0,10-0,25 ʤʤ. 
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ʐʪʘʤʧʫʝʤʦʩʪʴ ʟʘʚʠʩʠʪ ʠ ʦʪ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʬʝʨʨʠʪʘ. ʉʣʠʰʢʦʤ ʤʝʣʢʦʝ ʟʝʨʥʦ ʧʨʠʚʦʜʠʪ ʢ 

çʧʨʫʞʠʥʷʱʝʤʫè ʵʬʬʝʢʪʫ, ʫʚʝʣʠʯʠʚʘʶʱʝʤʫ ʠʟʥʘʰʠʚʘʝʤʦʩʪʴ ʰʪʘʤʧʦʚ. ʂʨʫʧʥʦʝ ʟʝʨʥʦ ʥʝ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʨʘʟʨʳʚʳ. ʇʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʪʘʣʴ ʩ 

ʙʘʣʣʦʤ ʟʝʨʥʘ 6ð8. 

ɼʣʷ ʰʪʘʤʧʦʚʘʥʥʳʭ ʜʝʪʘʣʝʡ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘ-

ʣʠ ʩ ʬʝʨʨʠʪʥʦʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʤʘʨʪʝʥʩʠʪʘ 20ð30%). ʊʘʢʫʶ ʩʪʨʫʢʪʫ-

ʨʫ ʧʦʣʫʯʘʶʪ ʚ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ (0,06ð0,12 ʉ) ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʷʭ (09ɻ2ʉ, 09ɻ2, 

16ɻʌʈ, ʖɻ2ʌ, 12ʍʄ ʠ ʜʨ.) ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʚ ʚʦʜʝ ʠʟ ʤʝʞʢʨʠʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ 

(ɸʩ1 ð ɸʩʟ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʣʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʥʠʟʢʠʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ (ʘʦ,2 

ʜʦ 450 ʄʇʘ) ʠ ʚʳʩʦʢʠʡ ʧʨʝʜʝʣ ʧʨʘʯʥʦʩʪʠ (ůʚ>700 ʄʇʘ) ʧʨʠ ůʦ,2/ůʚ~0,5. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ 

ʰʪʘʤʧʦʚʢʠ ůʚ ʠ ůʦ,2  ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʠ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʦʪʥʦʰʝʥʠʷ ůʦ,2/ůʚ 

ʜʦ 0,85ð0,88, ʭʦʪʷ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʥʦʰʝʥʠʝ ůʦ,2/ůʚ ʦʩʪʘʝʪʩʷ ʥʠʞʝ, ʯʝʤ ʫ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʳʭ 

ʩʪʘʣʝʡ (0,94ð0,96).  

ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʭʬʘʟʥʳʭ ʬʝʨʨʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʳʭ ʩʪʘʣʝʡ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʪʦʣʱʠʥʫ 

ʣʠʩʪʦʚ ʜʣʷ ʰʪʘʤʧʦʚʢʠ ʜʝʪʘʣʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʤʝʪʘʣʣʘ. 

ɺʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʝ ʧʨʠ ʧʨʦʢʘʪʢʝ, ʢʦʚʢʝ, ʧʨʝʩʩʦʚʘʥʠʠ, ʚʦʣʦʯʝʥʠʠ, ʛʠʙʢʝ, ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʝ. ɼʝʬʦʨʤʠʨʫʝ-

ʤʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʫʧʨʦʯʥʷʝʤʳʝ ʠ ʥʝ ʫʧʨʦʯʥʷʝʤʳʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʦʡ. 

ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ ɸlðʄn ʠ ɸlðʄg (ɸʄʮ, ɸʄʛ2, ɸʄʛʙ ʠ ʜʨ.) ʥʝ ʫʧʨʦʯʥʷʶʪʩʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ ɸ1ðʉʠðʄg 

(ʜʫʨʘʣʶʤʠʥʳ ɼ1, ɼ16, ɼ18 ʠ ʜʨ.) ʫʧʨʦʯʥʷʶʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠ ʠʤʝʶʪ ʭʦʨʦʰʝʝ ʩʦ-

ʯʝʪʘʥʠʸ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʂʦʚʦʯʥʳʝ (ʜʝʬʦʨʤʠʨʫʝʤʳʝ) ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ ɸlðʄgðSið

ʉu (ɸʂ6, ɸʂ8) ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʩʪʦʡʢʦʩʪʴʶ ʧʨʦʪʠʚ ʪʨʝʱʠʥ ʧʨʠ ʛʦʨʷʯʝʤ 

ʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ. ʉʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4.14. 

ɺ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʈʝ, Ni, ʊi, Zr, W, ʉʦ, ʉd, ɺi, ʈʔ, Sn, Zn, ɸl ʦʙʥʘʨʫʞʝʥʦ 

ʷʚʣʝʥʠʝ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ [9,18,38]. ʉʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ ð ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘ-

ʚʦʚ ʢ ʨʘʚʥʦʤʝʨʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʜʦʩʪʠʛʘʶʱʝʡ ʩʦʪʝʥ ʠ ʪʳʩʷʯ ʧʨʦʮʝʥʪʦʚ (ʙʝʟ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʡ ʟʦʥʳ ʣʦʢʘʣʠʟʘʮʠʠ) ʧʨʠ ʥʠʟʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ.  

ʉʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ 1 ð 10 ʄʇʘ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ 

ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ: ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝ-

ʥʠʡ; ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʧʦʣʠʤʦʨʬʥʳʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʤʥʦʛʦʬʘʟʥʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ (0,5ð0,8) ʊʧʣ, ʛʜʝ ʊʧʣ ð ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʇʝʨʚʳʡ ʚʠʜ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʩʪʘʣʝʡ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ (0,2ð1,0%) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 540ð580Áʉ (ʜʝʬʦʨʤʘʮʠʷ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ ŭ=500...700%). ʉʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ, ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʚ ʪʨʠʧ-ʩʪʘʣʷʭ. 

ɺʪʦʨʦʡ ʚʠʜ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩ ʦʯʝʥʴ ʤʝʣʢʠʤ ʟʝʨʥʦʤ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (Ó0,5 ʊʧʣ) ʠ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ  (Ů=10
-3

...10
-5
ʩ

-1
) 

[18,38]. ɼʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʝʥ. 

ʕʪʦʪ ʚʠʜ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʭʘʨʘʢʪʝʨʝʥ ʠ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʳʯʥʦ ʩʯʠʪʘʶʱʠʭʩʷ ʭʨʫʧʢʠʤʠ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʙʝʣʳʭ ʯʫʛʫʥʦʚ.  

ʅʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʬʘʟ 1:1, 

ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʝʣʦʛʦ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʯʫʛʫʥʘ. ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʥʫʪʳ ʥʘ ʤʝʣʢʦ-

ʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʩ ʨʘʟʤʝʨʦʤ
 
ʟʝʨʝʥ 0,5ð1 ʤʢʤ), ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʤʝ-

ʪʘʣʣʫʨʛʠʠ.. 

ɺʳʩʦʢʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʬʝʨʨʠʪʦ-ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʷʭ (ʤʠʢ-

ʨʦʜʫʧʣʝʢʩ-ʩʪʨʫʢʪʫʨʘ). ʊʘʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʘʶʪ ʟʘʢʘʣʢʦʡ ʩʧʣʘʚʦʚ FʝðʉrðNi ʩ ʧʦʩʣʝʜʫʶ-

ʱʠʤʠ ʦʧʝʨʘʮʠʷʤʠ ʭʦʣʦʜʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʪʦʨʠʯʥʦʛʦ ʥʘʛʨʝʚʘ. 
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ʉʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ [3, 9, 21, 45, 64] 

 

 

2.1.6. ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ 
ʇʦʜ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʦʥʠʤʘʶʪ ʟʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʪʥʦʩʪʠ ʨ ʠʣʠ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ɔ=ʨg ʤʘʪʝʨʠʘʣʘ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ ůʚ/p ʠʣʠ ůʚ/ ʨg ʨʘʟʤʝʨʥʦʩʪʴ ʦʪ-

ʥʦʰʝʥʠʷ ůʚ/ ʨg ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪ ʚ ʢʤ. 

ʀʟ ʤʘʪʝʨʠʘʣʦʚ ʵʪʦʡ ʛʨʫʧʧʳ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʘʣʶʤʠʥʠʝʚʳʝ, ʤʘʛ-

ʥʠʝʚʳʝ, ʪʠʪʘʥʦʚʳʝ, ʙʝʨʠʣʣʠʝʚʳʝ ʩʧʣʘʚʳ, ʧʦʣʠʤʝʨʥʳʝ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʣʦʪ-

ʥʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ, ʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 4,5 ʛ/ʩʤ . 

ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʚʳʛʦʜʥʦʤʫ ʩʦ-

ʯʝʪʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦ-

ʩʪʠ ʠ ʙʦʣʴʰʠʤ ʩʳʨʴʝʚʳʤ ʨʝʩʫʨʩʘʤ. ʋ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʦʪʥʦʰʝʥʠʝ ůʚ/ ʨg 

ʩʦʩʪʘʚʣʷʝʪ 11 ð 23 ʢʤ ʧʨʠ ʧʣʦʪʥʦʩʪʠ 2,6 ð 2,8 ʛ/ʩʤ
3
. 

ʇʦʚʳʰʝʥʠʝ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝ-

ʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘ-

ʥʠʷ, ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʫʧʨʦʯʥʷʶ-

ʱʝʡ ʦʙʨʘʙʦʪʢʠ. 

ɺʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ ʩʠʩʪʝʤ ɸl ð ʉu ð 

ʄg(ʜʫʨʘʣʶʤʠʥʳ ɼ1, ɼ16, ɼ18, ɼ19, ɺɼ17), ɸlð ʄgð Sið ʉu (ʢʦʚʦʯʥʳʝ ʩʧʣʘʚʳ ɸʂ6, ɸʂ8), 

ɸlð Znð -ʄgð ʉu (ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ ɺ95, ɺ93, ɺ96ʎ1), ɸlð ʄgð Li  (ʩʧʣʘʚʳ 1420 ʠ 

ʉʧʣʘʚ ʇʦʣʫʬʘʙʨʠʢʘʪ ʉʦʩʪʦʷʥʠʝ ʊʦʣʱʠʥʘ, 

ʤʤ 

ʉʚʦʡʩʪʚʘ 

ůʚ, 

ʄʇʘ 

ů0,2, 

ʄʇʘ 

ŭ, % KCU, 

ʢɼʞ/ʤ
2 

ɸʄʮ ʧʨʫʪʦʢ ɹʝʟ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ 

20 170 110 18 ˈ 

ɸʄʛ2 ʃʠʩʪ 

ʇʨʫʪʦʢ 

ʆʪʦʞʞʝʥʥʳʡ 2 

20 

190 

190 

100 

80 

23 

25 

ˈ 

0,9 

ɸʄʛ5 ʃʠʩʪ ñ 2,5 300 150 20 0,3 

ɸʄʛ6 ʃʠʩʪ ʧʣʘʢʠʨʦ-

ʚʘʥʥʳʡ ʧʨʦ-

ʬʠʣʴ ʛʦʨʷʯʝʢʘ-

ʪʘʥʥʳʡ 

ñ 2 

6 

340 

345 

170 

170 

20 

20,5 

ˈ 

0,2 

ɼ1 ʧʨʦʬʠʣʴ ʧʨʝʩ-

ʩʦʚʘʥʥʳʡ 

ɿʘʢʘʣʝʥʥʳʡ 

ʠ ʝʩʪʝʩʪʚʝʥ-

ʥʦ ʩʦʩʪʘʨʝʥ-

ʥʳʡ 

ɼʦ10 360 220 12 ˈ 

ɼ16 ʣʠʩʪ ʪʦ ʞʝ 2-4 450 320 19 0,2 

ɸɼ31 ʇʦʣʦʩʘ  20-100 250 210 13 ˈ 

ɸɺ ʇʨʦʬʠʣʴ ɿʘʢʘʣʝʥʥʳʡ 

ʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦ ʩʦ-

ʩʪʘʨʝʥʥʳʡ 

20 350 290 13 ˈ 

ɸʂ6 ʐʪʘʤʧʦʚʢʘ 

ʤʘʩʩʦʡ ʙʦʣʝʝ 30 

ʢʛ 

ʊʦ ʞʝ ˈ 427-

447 

367-

378 

11,2-

12,5 

0,14-

0,19 

ɺ95 ʧʨʦʬʠʣʴ ʧʨʝʩ-

ʩʦʚʘʥʥʳʡ 

ñ ˈ 600 50 12 ˈ 
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01429). ɺʩʝ ʵʪʠ ʩʧʣʘʚʳ ʫʧʨʦʯʥʷʶʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʟʘʢʘʣʢʠ ʠ ʩʪʘʨʝ-

ʥʠʷ. ʈʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʩʧʣʘʚʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.15. 

ʋʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʦʚ ɺ95 ʠ ɺ93 ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝʤ ʠʭ ʯʠʩʪʦʪʳ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʩʪʘʨʝʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ 

ʞʘʨʦʧʨʦʯʥʦʩʪʠ, ʧʦʣʫʯʝʥʠʝ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʫʧʨʫʛʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʣʝʛʠʨʦʚʘʥʠʷ 

ʩʧʣʘʚʦʚ ʣʠʪʠʝʤ. ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ 1420 ʠ ɺɸɼ23, ʣʝʛʠʨʦʚʘʥʥʳʝ ʣʠʪʠʝʤ, ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. 

ʊʘʙʣʠʮʘ 15 

ʉʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʩʧʣʘʚʦʚ [21, 33, 45] 

ʉʧʣʘʚ 

 

ʆʙʨʘʙʦʪʢʘ 

 

ůʚ, ʄʇʘ 

 

ů0,2,ʄʇʘ 

 

ŭ, % 

 

ůʚ/ʨg, ʢʤ 

 

1420 ɿʘʢʘʣʢʘ (ʚʦʟʜʫʭ), ʩʪʘʨʝʥʠʝ 

ʧʨʠ 120Áʉ, 12ð24 ʯ 

450 

 

280 

 

12 

 

 

01429 ɿʘʢʘʣʢʘ, ʩʪʘʨʝʥʠʝ ʧʨʠ 

120Áʉ, 12 ʯ 

460 340 12.5 18.9 

ɺɸɼ23 ɿʘʢʘʣʢʘ, ʩʪʘʨʝʥʠʝ ʧʨʠ 

140Áʉ, 24 ʯ 

550 440 12 20.6 

ɺ95 ɿʘʢʘʣʢʘ, ʩʪʘʨʝʥʠʝ ʧʨʠ 

115ð128Áʉ, 15ð17 ʯ 

600 500 9 21.4 

 

ɿʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʨʦʮʝʩʩʳ ʛʦʨʷʯʝʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (ɻʀʇ) ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʘʟʦʩʪʘʪʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ɺɻʆ). ɻʀʇ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʰʢʦʚʳʭ ʠʟʜʝʣʠʡ, ʣʠʢ-

ʚʠʜʘʮʠʠ ʜʝʬʝʢʪʦʚ ʚ ʦʪʣʠʚʢʘʭ, ʫʣʫʯʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʧʦʚʳʰʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ 

ʧʨʦʯʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʩʚʦʡʩʪʚ. ɺɻʆ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʣʠʪʝʡʥʳʝ ʜʝ-

ʬʝʢʪʳ, ʧʦʚʳʩʠʪʴ ʩʚʦʡʩʪʚʘ ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʜʝʪʘʣʝʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʪʘʢʞʝ ʥʦ-

ʚʳʝ ʤʝʪʦʜʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʤʝʥʴʰʠʪʴ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ, ʠʟʤʝʣʴʯʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ [45]. 

ʊʘʙʣʠʮʘ 16 

ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʄgðY-ʩʧʣʘʚʦʚ 

ʄʘʨʢʘ 

ʩʧʣʘʚʘ 

 

ʃʝʛʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ, % 

 

ʆʩʪʘʣʴʥʦʝ 

 

Y ʄn ʉd 

ʀʄɺ6 7,8ð9,0 0,4ð0,6 0,2ð0,5 0,5ð 0,15 ʉʝ 

ʀʄɺ7 3,0ð5,0 0,4ð0,8 7,0ð10,0  

ʀʄɺ8 7,5ð8,5 ð ð 0,7ð1,1  Zn 

0,2ð0,5 Nb 

0,3ð0,8 Zr 

 

ʋ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʛʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʦʪʥʦʰʝʥʠʝ ůʚ/ ʨg = 11...20 ʢʤ ʧʨʠ ʧʣʦʪʥʦʩʪʠ 1,6ð

1,9 ʛ/ʩʤ . ɼʣʷ ʵʪʠʭ ʩʧʣʘʚʦʚ ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʠ ʭʦʨʦʰʠʝ ʜʝʤʧʬʠ-

ʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ; ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʠ ʚ 100 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʠ 

ʜʫʨʘʣʶʤʠʥʘ; ʦʥʠ ʤʦʛʫʪ ʜʣʠʪʝʣʴʥʦ ʨʘʙʦʪʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Áʉ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʧʨʠ 

400Áʉ. ʄʘʛʥʠʝʚʳʝ ʩʧʣʘʚʳ ʣʝʛʢʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʟʘʥʠʝʤ, ʭʦʨʦʰʦ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʠ ʩʚʘʨʠʚʘ-

ʶʪʩʷ. ʆʩʥʦʚʥʦʡ ʠʭ ʥʝʜʦʩʪʘʪʦʢð ʥʠʟʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʦʚʳʰʘʶʪ ʧʫʪʝʤ 

ʨʘʬʠʥʠʨʦʚʘʥʠʷ, ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʘʱʠʪʦʡ ʜʝʪʘʣʝʡ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠʤʝʶʪ ʤʘʛʥʠʝʚʳʝ ʩʧʣʘʚʳ, ʣʝʛʠʨʦʚʘʥ-

ʥʳʝ ʠʪʪʨʠʝʤ, ʠʥʦʛʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʈɿʄ, ʘ ʪʘʢʞʝ ʮʠʥʢʦʤ, ʤʘʨʛʘʥʮʝʤ, ʢʘʜʤʠʝʤ. ʂ ʵʪʦʡ 
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ʛʨʫʧʧʝ ʦʪʥʦʩʷʪ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʩʧʣʘʚʳ ɺʄɼ10, ʀʄɺ6, ʀʄɺ7, ʀʄɺ8 (ʪʘʙʣ. 16, 17). ʍʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʣʝʛʠʨʦʚʘʥʠʝ ʤʘʛʥʠʷ ʩʘʤʘʨʠʝʤ [83], ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʪʪʨʠʝʤ ʠ ʩʢʘʥʜʠʝʤ [47]. 

ʅʘʠʙʦʣʝʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ ʤʘʛʥʠʷ ʩ ʣʠʪʠʝʤ (ʨ= 1,3...1,6 ʛ/ʩʤ
3
). ʀʟ 

ʵʪʠʭ ʩʧʣʘʚʦʚ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ ʄɸ21 ʠ ʄɸ18. ʉʦʧʦʩʪʘʚʣʝ-

ʥʠʝ ʩʚʦʡʩʪʚ ʵʪʠʭ ʩʧʣʘʚʦʚ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʩʧʣʘʚʦʚ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦʩʪʠ ʄɸ8 ʠ ʄɸ2-1, ʘ ʪʘʢʞʝ 

ʩʧʣʘʚʘ Lɸ14lɸ (ʉʐɸ) ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 18. ɺ ʉʐɸ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʣʠʪʝʡʥʳʭ ʚʳʩʦʢʦ-

ʧʨʦʯʥʳʭ ʄgð11-ʩʧʣʘʚʦʚ (ʪʘʙʣ.19). 

 

ʊʘʙʣʠʮʘ 17 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ʄgðY ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʦ ʩʧʣʘʚʦʤ ɼ16 [47,60] 

ʄʘʨʢʘ ʩʧʣʘʚʘ 

 

ůʚ,ʄʇʘ 

 

ů0,2,ʄʇʘ 

 

ŭ, % 

 

p ʪ/ʤ
3
 

 

ůʚ/ʨg, ʢʤ 

 

ɼ16 440ð520 290ð380 14 2,78 18 

ɺʄɼ10 270ð310 190ð210 14ð12 1,89 16 

ʀʄɺ7 400ð460 360ð390 6ð9 1,90 20 

 

ʄʘʨʢʘ ʩʧʣʘʚʘ 

 

 

ůʚ,ʄʇʘ 

 

ů0,2,ʄʇʘ 

 

ŭ, % 

 

ůʚ,ʄʇʘ 

 

ů0,2,ʄʇʘ 

 

ŭ, % 

 

ʧʨʠ 250Áʉ 

 

ʧʨʠ 300Áʉ 

 

ɼ16 250 200 12 170 120 12 

ɺʄɼ10 250ð270 180ð220 18ð24 140ð200 100ð130 44ð45 

ʀʄɺ7 290ð360 260ð300 18ð24 190ð210 160ð170 50ð66 

 

ʊʘʙʣʠʮʘ 18 

ʉʚʦʡʩʪʚʘ ʤʘʛʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʣʠʪʠʝʤ [31] 

ʄʘʨʢʘ ʩʧʣʘʚʘ 

 

ʨ, ʪ/ʤ
3 

ůʚ,ʄʇʘ ů0,2,ʄʇʘ ŭ, % KCU 

ʢɼʞ/ʤ
2
 

ɽ, 

ɻʇʘ 

 

ʄɸ21 1,6 200ð280 130ð250 8ð25 50ð150 44ð48 

ʄɸ18 1,48 150ð220 100ð180 15ð40 150ð450 44-48 

ɸ141ɸ* 1,35 120ð180 80ð150 10ð40 150ð450 39ð45 

ʄɸ8 1,77 100ð250 100ð160 2ð15 80ð140 41ð44 

ʄɸ2-1 1,8 250ð300 140ð200 6ð10 80ð120 41ð44 

* ʉʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ 13 ð 15% 

ʉʧʣʘʚʳ ʪʠʪʘʥʘ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦʤ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ: ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ 

(ůʚ/ʨg=16...30 ʢʤ), ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʧʦʚʳʰʝʥʥʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ, ʥʝʤʘʛ-

ʥʠʪʥʦʩʪʴʶ, ʤʘʣʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ ʠ 

ʜʨ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʠʭ ʩʧʣʘʚʦʚ ʦʪʥʦʩʷʪ ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʘʟʘʤʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʠʟʢʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʣʦʭʫʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʨʝʟʘʥʠʝʤ. ʅʝʢʦ-

ʪʦʨʳʝ ʠʟ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʫʤʝʥʴʰʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ, ʪʝʨʤʠʯʝʩʢʦʡ ʠʣʠ ʭʠʤʠ-

ʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. 
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ɺʩʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʩʦʜʝʨʞʘʪ ʘʣʶʤʠʥʠʡ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʠʭ ʧʣʦʪʥʦʩʪʴ, ʧʦ-

ʚʳʰʘʝʪ ʫʜʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʞʘʨʦʧʨʦʯʥʦʩʪʴ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ, ʘ 

ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʚʦʜʦʨʦʜʥʦʡ ʭʨʫʧʢʦʩʪʠ. ʉʚʦʡʩʪʚʘ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʦʚʳ-

ʰʘʶʪ ʪʝʨʤʠʯʝʩʢʦʡ, ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. 

ʊʘʙʣʠʮʘ 19 

ʉʦʩʪʘʚʳ ʠ ʩʚʦʡʩʪʚʘ ʣʠʪʝʡʥʳʭ ʄg ð Li -ʩʧʣʘʚʦʚ (ʉʐɸ)  [31] 

ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫ-

ʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, % 

ʇʣʦʪʥʦʩʪʴ, 

ʪ/ʤ
3
 

 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʧʦʩʣʝ ʣʠʪʴʷ 

ʚ ʢʦʢʠʣʴ) 

ůʚ, ʄʇʘ 

 

ŭ. % 

14 Li 1,31 ɹʝʟ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʉʪʘʙʠʣʠʟʠʨʫʶ-

ʱʠʡ ʦʪʞʠʛ 

(75Áʉ, 80 ʩʫʪ.) 

100 

100 

30,0 

30,0 

 

14 Li ; 0,5 Si 1,33 ɹʝʟ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʉʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʦʪʞʠʛ 

138 

136 

23,0 

25,0 

14 Li ; 5 Zn; ɿɸg 1,48 ɹʝʟ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ɿʘʢʘʣʢʘ, ʩʪʘʨʝʥʠʝ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ 

ʦʪʞʠʛ 

240 

170 

1,0 

15, 0 

 

14Li ;5Zn;ɿɸg;2Si 1,51 

 

ɹʝʟ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ɿʘʢʘʣʢʘ, ʩʪʘʨʝʥʠʝ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ 

ʦʪʞʠʛ 

265 

203 

1,0 

5,0 

 

 

ʊʘʙʣʠʮʘ 20 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ʄʘʨʢʘ 

ʩʧʣʘʚʘ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, * % ʉʪʨʫʢʪʫʨʘ 

 

ůʚ, ʄʇʘ 

ʄʇʘ 

 

ůʦ,2, 

 

ŭ, % 

 

 
ɸl 

 

V ʄʦ 

 

ʄn 

 

ʇʨʦʯʠʝ 

 

ɺʊ5 

 

ɺʊ5-1 

4,3ð6,2  

 

4,5ð6,0 

ð 

 

ˈ 

ð 

 

ˈ 

 

ð 

 

ˈ 

 

ˈ 

 

2ð3 Sn 

 

Ŭ-ʩʧʣʘʚʳ 700ð

950 

750ð

950 

650ð

850 

650ð

850 

12ð

25 

12-25 

ʆʊ4-1 1,0ð2,5 ˈ ˈ 0,7ð

2,0 

ˈ 

 

ʇʩʝʚʜʦ Ŭ- 

ʩʧʣʘʚʳ 

600ð

750 

460ð

650 

20ð

40 

ʆʊ4 3,5ð5,0 ˈ ˈ 

 

0,8ð

2,0 

ˈ 

 

700ð

900 

550ð

650 

12ð

20 

ɺʊ20 6,0ð7,5 0,8ð7,5 0,5ð

2,0 

ˈ 

 

1,4-2,5 

Zr 

950ð

1150 

850ð

1000 

8 

 

ɺʊ6** 5,3ð6,8 3,5ð5,5 ˈ 

 

ð ˈ (ʘ+ɓ)- 

ʩʧʣʘʚʳ 

1100ð

1150 

1000ð

1050 

14ð

16 

ɺʊ14** 4,5ð6,3 0,9ð1,9 2,5ð

3,8 

ˈ 

 

ˈ 1150ð

1400 

1100ð

1300 

6ð

10 

ɺʊɿ-1**  5,5ð7,0 ˈ 2,0ð

3,0 

ˈ 

 

1,0-2,5 

Cr 

1100ð

1200 

950ð

1100 

10ð

15 

ɺʊ16** 1,6ð3,0 4,0ð5,0 4,5ð

5,5 

ˈ 

 

ˈ 1250ð

1450 

1000ð

1200 

4ð6 

 

ɺʊ15** 2,3ð3,6 ð 6,8ð

8,0 

ð 9,5-1 1 

ʉʛ 

ɓ-ʩʧʣʘʚʳ 1300ð

1500 

1200ð

1300 

6 

 
 

* ʆʩʪʘʣʴʥʦʝ ʪʠʪʘʥ  

** ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʩʪʘʨʝʥʠʷ, ʦʩʪʘʣʴʥʳʝ ʩʧʣʘʚʳ ð ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
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ʊʘʙʣʠʮʘ 21 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ɺʝðɸ1ðʄʜ 

ʉʦʜʝʨʞʘʥʠʝ ʣʝ-

ʛʠʨʫʶʱʠʭ ʵʣʝ-

ʤʝʥʪʦʚ, % 

ʉʧʣʘʚ ʵʢʩʪʨʫʜʠʨʦʚʘʥ-

ʥʳʡ 

ʉʧʣʘʚ, ʦʪʦʞʞʝʥʥʳʡ ʧʨʠ 425Áʉ ʚ ʪʝʯʝʥʠʝ 

 

 

ůʚ, 

ʄʇʘ 

 

ů00,2, 

ʇʘ 

ŭ, % 

 

ɽ, 

ɻʇʘ 

 

2 ʯ 10 ʯ 100 ʯ 

     ůʚ, 

ʇʘ 

ů00,2, 

ʄʇʘ 

ŭ,% ůʚ, 

ʇʘ 

ů00,2, 

ʇʘ 

ŭ,% 

 

ůʚ, 

ʇʘ 

ů00,2, 

ʇʘ 

ŭ,% 

 

38 ɸl 

38 ɸl; 3 ʄg 

47 ɸl 

57 ɸl; 3 ʄg 

524 

670 

315 

525 

479 

566 

268 

396 

3,7 

4,3 

10,2 

12,0 

186 

186 

152 

152 

486 

638 

ˈ 

473* 

470 

538 

ˈ 

321* 

4,3 

4,7 

ð 

21,1* 

468 

625 

ˈ 

ˈ 

 

428 

516 

ˈ 

ˈ 

 

3,8 

6,1 

ˈ

ˈ 

448

572 

ˈ 

ˈ 

401 

481 

ˈ 

ˈ 

 

6,5

3,9 

ˈ 

ˈ 

* ʇʦʩʣʝ ʦʪʞʠʛʘ ʚ ʪʝʯʝʥʠʝ 24 ʯ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʧʣʘʚʦʚ ʪʠʪʘʥʘ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʵʪʠ ʩʧʣʘʚʳ ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ. ʆʩʥʦʚʥʳʤʠ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʦʢʘ ʦʩʪʘʶʪʩʷ ʘʚʠʘʮʠʦʥʥʘʷ ʠ ʢʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ. ʍʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ ʥʝʢʦʪʦʨʳʭ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 20. ɹʦʣʝʝ ʧʦʣʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʧʣʘʚʘʭ ʪʠʪʘʥʘ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʘʭ [21,60]. 

ɹʝʨʠʣʣʠʡ ʠ ʩʧʣʘʚʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʦ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʧʨʝʚʦʩʭʦʜʷʪ ʚʩʝ 

ʜʨʫʛʠʝ ʣʝʛʢʠʝ ʩʧʣʘʚʳ, ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʭʦʨʦʰʦ ʩʦʧʨʦʪʠʚʣʷʶʪʩʷ ʠʟʥʘʰʠʚʘ-

ʥʠʶ ʠ ʧʦʣʟʫʯʝʩʪʠ, ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʦʙ-

ʣʘʜʘʶʪ ʨʘʟʤʝʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʕʪʠ ʩʧʣʘʚʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ, ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʙʝʨʠʣʣʠʝʚʳʭ ʩʧʣʘʚʦʚ: ʥʝʚʳʩʦ-

ʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʥʠʟʢʘʷ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʘʥʠʟʦʪʨʦʧʠʷ ʩʚʦʡʩʪʚ, ʧʣʦʭʘʷ ʩʚʘʨʠʚʘʝʤʦʩʪʴ, ʪʦʢ-

ʩʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʦʚ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʩʧʣʘʚ ʙʝʨʠʣʣʠʷ ʩ 38% ɸl (ʣʦʢʘʣ-

ʣʦʡ). ʆʥ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ. ʉʧʣʘʚ ʭʦʨʦʰʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠ 

ʩʚʘʨʠʚʘʝʪʩʷ. ʉʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ ɺʝðɸl ʧʦʚʳʰʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ ʤʘʛʥʠʝʤ 

(ʪʘʙʣ. 21). 

ʊʘʙʣʠʮʘ 22 

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʣʘʩʪʤʘʩʩ 

   ʊʝʤʧʝʨʘʪʫʨʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ  

(ʙʝʟ ʥʘʛʨʫʟʢʠ), 

Áʉ 

ʄʘʪʝʨʠʘʣ ůʚ, ʄʇʘ 

 

ŭ, % 

 

   

ʇʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 10ð18 300ð1000 65ð75 

 

ʇʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 20ð30 100ð600 70ð80 

ʇʦʣʠʩʪʠʨʦʣ 40ð60 3-4 50ð70 

ʇʦʣʠʚʠʥʣʭʣʦʨʠʜ (ʞʝʩʪʢʠʡ) 50ð65 20ð50 60ð80 

ʇʦʣʠʚʠʥʠʣʭʣʦʨʠʜ (ʧʣʘʩʪʠʢʘʪ) 10ð40 50ð300 50ð55 

ʌʪʦʨʦʧʣʘʩʪ-3 35ð45 160ð190 100ð150 

ʌʪʦʨʦʧʣʘʩʪ-4 20ð40 250ð500 200ð250 

ʇʦʣʠʢʘʨʙʦʥʘʪ 60ð65 80ð120 120ð135 

ʂʘʧʨʦʥ 75ð95 50ð130 80ð100 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ 70ð90 5ð6 65ð90 

ʕʧʦʢʩʠʜʥʦ-ʜʠʘʥʦʚʳʝ ʩʤʦʣʳ 65ð90 3ð4 ð 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʣʘʩʪʠʯʝʩʢʠʝ ʤʘʩʩʳ) ʠʤʝʶʪ ʤʘʣʫʶ ʧʣʦʪʥʦʩʪʴ, ʥʦ 

ʧʦ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ. ʀʭ ʦʪʣʠʯʠʪʝʣʴ-
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ʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʚʳʩʦʢʘʷ ʘʜʛʝʟʠ-

ʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʭʦʨʦʰʠʝ ʜʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. 

ʀʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʣʘʩʪʤʘʩʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ 

ʧʦʣʠʩʪʠʨʦʣ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ (ʞʝʩʪʢʠʡ), ʬʪʦʨʦʧʣʘʩʪ-3, ʧʦʣʠʢʘʨʙʦʥʘʪ, ʢʘʧʨʦʥ, ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʩʪʝʢʣʦ (ʪʘʙʣ. 22). ʉʚʦʡʩʪʚʘ ʪʝʨʤʦʧʣʘʩʪʦʚ ʧʳʪʘʶʪʩʷ ʧʦʚʳʩʠʪʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʭ 

ʤʦʣʝʢʫʣ. ʅʘʧʨʠʤʝʨ, ʚ ʉʐɸ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩ ʚʳʪʷʥʫʪʦʡ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʮʝʧʴʶ. ɺʦʣʦʢʥʘ ʪʘʢʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠʤʝʶʪ ůʚ=420 ʄʇʘ, ɽ =421000 

ʄʇʘ ʧʨʠ ʨ= 1,6 ʛ/ʩʤ
3
. ɹʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʨʤʦʧʣʘ-

ʩʪʘʤʠ) ʦʙʣʘʜʘʶʪ ʥʘʧʦʣʥʝʥʥʳʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʧʣʘʩʪʤʘʩʩʳ (ʨʝʘʢʪʦʧʣʘʩʪʳ). ʆʩʦʙʝʥʥʦ ʵʪʦ ʦʪ-

ʥʦʩʠʪʩʷ ʢ ʨʝʘʢʪʦʧʣʘʩʪʘʤ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ (ʚʦʣʦʢʥʠʪʳ) ʠ ʩʣʦʠʩʪʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ 

(ʪʝʢʩʪʦʣʠʪʳ, ʛʝʪʠʥʘʢʩʳ, ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʳ) (ʪʘʙʣ. 23). ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʣʦʞʥʳʝ ʧʣʘʩʪʠʢʠ ʘʥʠ-

ʟʦʪʨʦʧʥʳ. 

ʊʝʢʩʪʦʣʠʪ ʠʤʝʝʪ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʧʘʨʝ ʩʦ ʩʪʘʣʴʶ. ɽʛʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʙʝʩʰʫʤʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʧʘʥʝʣʝʡ, ʱʠʪʦʚ ʠ ʧʨʦʢʣʘʜʦʢ. 

ɻʝʪʠʥʘʢʩ ʠʩʧʦʣʴʟʫʶʪ ʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʝ. 

ʊʘʙʣʠʮʘ 23 

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʧʣʘʩʪʤʘʩʩ 

ʄʘʪʝʨʠʘʣ 

 

ůʚ, ʄʇʘ 

 

ŭ, % 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ (ʙʝʟ ʥʘʛʨʫʟʢʠ), Áʉ 

ʊʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʧʦʣʠʤʝʨʳ ʙʝʟ 

ʥʘʧʦʣʥʠʪʝʣʝʡ: 

   

ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ 15ð35 1ð5 200 

ʧʦʣʠʵʬʠʨʥʳʝ 42ð70 2 95ð120 

ʵʧʦʢʩʠʜʥʳʝ 26ð70 3ð6 80ð130 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ 20ð40 5ð10 300ð350 

ʇʦʨʦʰʢʦʚʳʝ ʨʝʘʢʪʦʧʣʘʩʪʳ 30ð60 1ð3 100ð200 

ɺʦʣʦʢʥʠʪʳ 30ð90 1ð3 120ð140 

ɻʝʪʠʥʘʢʩʳ 60ð70 ð 125 

ʊʝʢʩʪʦʣʠʪʳ 65ð110 1ð3 90ð100 

ʉʪʝʢʣʦʪʝʢʩʪʦʣʠʪʳ 200ð600 1ð3 200ð400 

ʂʦʤʧʘʫʥʜʳ ʕʇ 40ð45 ð 60ð140 

ʂ ʚʳʩʦʢʦʧʨʦʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʳ. ʆʥʠ ʠʤʝʶʪ ʤʘʣʫʶ ʧʣʦʪʥʦʩʪʴ 

(p=1,6...1,9 ʛ/ʩʤ
2
) ʧʨʠ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ (ůʚ/ʨg =12...32 ʢʤ) ʠ ʞʝʩʪʢʦʩʪʠ. ɼʘʣʴʥʝʡʰʝʝ 

ʧʦʚʳʰʝʥʠʝ ʩʚʦʡʩʪʚ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʚʠʜʦʚ ʪʝʨʤʦʨʝʘʢʪʠʚ-

ʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʤʝʪʦʜʦʚ ʧʣʝʪʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʥʘʧʦʣʥʠʪʝʣʷ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʸʨʠʘʣʳ (ʂʄ) ʦʙʣʘʜʘʶʪ ʪʘʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʡ ʥʝ ʜʦ-

ʩʪʠʞʠʤ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʞʝʩʪʢʦ-

ʩʪʴʶ, ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʫʩʪʘʣʦʩʪʠ, ʨʘʟʣʠʯʥʳʤʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʂʄ ʦʙʳʯʥʦ ʩʦʚʤʝʱʘʶʪ ʩ ʧʨʦʮʝʩʩʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʠʣʠ ʜʝʪʘʣʝʡ. ʆʩʥʦʚʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʂʄ ʷʚʣʷʶʪʩʷ ʚʦʣʦʢʥʠʩʪʳʝ, ʜʠʩʧʝʨʩʠʦʥʥʦ-ʫʧʨʦʯʥʝʥʥʳʝ ʠ ʩʣʦʠʩʪʳʝ. ʂ ʂʄ ʦʪʥʦʩʷʪʩʷ 

ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʥʳʝ ʵʚʪʝʢʪʠʢʠ ʠ ʧʩʝʚʜʦʩʧʣʘʚʳ. 

ʉʚʦʡʩʪʚʘ ʂʄ ʟʘʚʠʩʷʪ ʦʪ ʩʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ, ʩʚʦʡʩʪʚ ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʚʦʡʩʪʚ 

ʤʘʪʨʠʮʳ, ʘ ʪʘʢʞʝ ʦʪ ʩʦʧʨʷʞʝʥʠʷ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʤʘʪʨʠʮʝʡ. ʉʚʦʡʩʪʚʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷ-

ʝʤʳʭ ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 24. ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʠʩʧʦʣʴʟʫʶʪ ʚʦʣʦʢʥʘ ʙʦʨʘ ʠ ʫʛʣʝʨʦʜʘ, ʜʝʰʝʚʳʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʘʮʠʦ-

ʥʘʣʴʥʳʤ ʫʧʨʦʯʥʠʪʝʣʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʣʦʢʠ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʭ 

ʩʪʘʣʝʡ ʠ ʙʝʨʠʣʣʠʝʚʘʷ ʧʨʦʚʦʣʦʢʘ, ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ (çʫʩʦʚè). ɼʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ 

ʩʪʝʢʣʦʚʦʣʦʢʥʦ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ, ʥʘʧʨʠʤʝʨ, ʩʫʣʴʬʦʥ-ʊ, ʬʝʥʠʣʦʥ, ʥʦʤʝʢʩ (ʉʐɸ), ʢʝʚʣʘʨ 

(ʌʨʘʥʮʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʂʄ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ 
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ʣʝʛʢʠʝ ʤʝʪʘʣʣʳ (ɸl, ʄg, ʊi) ʠ ʠʭ ʩʧʣʘʚʳ, ʧʨʠʤʝʥʷʷ ʨʘʟʣʠʯʥʳʝ ʪʚʝʨʜʦʬʘʟʥʳʝ ʠ ʞʠʜʢʦʬʘʟʥʳʝ 

ʤʝʪʦʜʳ ʩʦʝʜʠʥʝʥʠʷ ʠʭ ʩ ʫʧʨʦʯʥʠʪʝʣʝʤ (ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʧʨʦʢʘʪʢʘ, ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ, ʥʝʧʨʝ-

ʨʳʚʥʦʝ ʣʠʪʴʝ, ʚʘʢʫʫʤʥʦʝ ʚʩʘʩʳʚʘʥʠʝ, ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʠ ʜʨ.). ʉʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʂʄ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 25. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʠʤʝʨʥʳʭ ʂʄ ʠʩʧʦʣʴʟʫʶʪ ʤʘʪ-

ʨʠʮʫ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʠ ʧʦʣʠʘʤʠʜʥʳʭ ʩʚʷʟʫʶʱʠʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʥʘʧʦʣʥʠʪʝʣʷ 

(ʫʧʨʦʯʥʠʪʝʣʷ) ʨʘʟʣʠʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʧʦʣʠʤʝʨʥʳʭ ʂʄ. ʉʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣ.26. 

ʊʘʙʣʠʮʘ 24 

ʉʚʦʡʩʪʚʘ ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ [23] 

ʄʘʪʝʨʠʘʣ ʨ, ʪ/ʤ
3
 ůʚ, ʄʇʘ ɽ, ɻʇʘ ůʚ/ʨg, ʢʤ ɽ/ʨg Ŀ10

-3
, ʢʤ 

ɺʦʣʦʢʥʦ:      

ʙʦʨ 2,63 2500ð3800 380ð448 95ð144 14,4ð17,0 

ʫʛʣʝʨʦʜ 1,6 2500ð3500 250ð300 156ð218 15,6ð18,7 

ʫʛʣʝʨʦʜ 2,0 2000ð2500 400ð500 100ð125 20,0ð25,0 

ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ 3,96 2100ð2600 500 52ð65 12,6 

ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ 3,21 2000ð4000 400ð500 62ð124 12,4ð15,5 

ʉʪʝʢʣʦ: 2,5 4200 82 170 3,2 

ʦʨʛʘʥʠʯʝʩʢʦʝ 1,5 1400ð1700 77ð90 93ð113 5,1ð6,0 

ʘʨʘʤʠʜʥʦʝ (ʪʘʧʘ çʂʝʚʣʘʨ-

49è) 

1,45 2800ð3500 130ð170 193ð242 9,2ð11,7 

ʇʨʦʚʦʣʦʢʘ: 

ʙʝʨʠʣʣʠʝʚʘʷ 1,8 1400ð1800 230 76ð100 13,9 

ʩʪʘʣʴʥʘʷ 7,8 3600ð4000 200 45ð51 2,6 

ʅʠʪʝʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ: 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 3,96 28000 500 710 12,6 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 3,21 37000 580 1150 18,0 

ʊʘʙʣʠʮʘ 25 

ʉʚʦʡʩʪʚʘ ʦʜʥʦʦʩʥʦ-ʘʨʤʠʨʦʚʘʥʥʳʭ ʂʄ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ 

ʄʘʪʝʨʠʘʣ ʨ, 

ʪ/ʤ
3
 

 

ůʚ, 

ʄʇʘ 

ɽ, 

ʄʇʘ 

ůʚ/ʨg, 

ʢʤ 

ɽ

ʨ֗

,ʢʤ 

ů-1, 

ʄ

ʄʇʘ 
„

, 

ʄʇʘ 

ʊʠʧ ʄʘʪ-

ʨʠʮʘ 

ɺʦʣʦʢʥʦ 

ɺʂɸ-1 ɸɼ1 

 

ɹʦʨʥʦʝ ůʚ=2500 

ʄʇʘ, 

Vʚ=50% 

2,65 

 

1000ð

1200 

250ð

240 

41ð45 9,4ð9,6 600 600 

ɺʂɸ-1 ɸɼɿɿ ɹʦʨʥʦʝ, ůʚ=3500 

ʄʇʘ, Vʚ=50% 

2,65 1500 230 67 8,7 1000 950 

ɺʂʋ-1 ɸɼ1 ʋʛʣʝʨʦʜʥʦʝ, ɽ=450 

ɻʇʘ 

2,4 1150ð

1200 

270 49ð51 11,5 450 650 

ʂɸʉ-1 ɸɼ1 ʉʪʘʣʴ ɺʅʉ-9, 4,62 1300ð 110 29ð33 2,4 300 400 
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ůʚ=3600 ʄʇʘ, 

Vʚ=35% 

1450 

ʂɸʉ-1 ɸɼ1 ʉʪʘʣʴ ɺʅʉ-9, ůʚ 

=4000.. .4200 ʄʇʘ, 

Vʚ=40% 

4,84 1600ð

1750 

120 34ð37 2,5 ð 400ð

450 

ɺʂʄ-1 ʄg ɹʦʨʥʦʝ, Vʚ=50% 2,15 1000ð

1200 

220 47ð55 10,2 600 650 

ʇʨʠʤʝʯʘʥʠʝ: Vʚ ð ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʚʦʣʦʢʦʥ. 

 

ʊʘʙʣʠʮʘ 26 

ʉʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʦʜʥʦʦʩʥʦ-ʘʨʤʠʨʦʚʘʥʥʳʭ ʂʄ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ [24] 

ʄʘʪʝ-

ʨʠʘʣ 

ʉʚʷʟʫʶʱʝʝ ʅʘʧʦʣʥʠʪʝʣʴ ʨ, 

ʪ/ʤ
3 
ůʚ, 

ʄʇʘ 

ůʩʞ, 

ʄʇʘ 

ɽ, 

ɻʇʘ 

ů-1, 

ʄʧ

ʘ 

ůʚ/ʨ

g, 

ʢʤ 

 

ɽ ֗

ʨ

, 

ʢʤ 

ʋʛʣʝʧʣʘʩʪʠʢʠ 

ʂʄʋ-1ʣ ʇʦʣʠʘʤʠʜʥʦʝ ʃʝʥʪʘ ʃʋ-2 1,4 650 300 120 300 46 8,6 

ʂʄʋ-2ʫ ˈò  ̍ ɾʛʫʪ ɺʄʅ-4 1,4 900 400 140 400 64 10,0 

ʂʄʋ-1ʫ ʕʧʦʢʩʠʪʨʠ-

ʬʝʥʦʣʴʥʦʝ 

ɾʛʫʪ ɺʄʅ-4 1,5 1020 400 180 500 68 12 

ʂʄʋ-1ʚ ˈ ɾʛʫʪ ɺʄʅ-4 

ʚʠʩʢʝʨʠʟʦ-

ʚʘʥʥʳʡ 

1.55 1000 540 180 500 65 11,6 

ʂʄʋ-3ʣ ʕʧʦʢʩʠʬʝ-

ʥʦʣʴʥʦʝ 

ʃʝʥʪʘ ʃʋ-2 1,4 650 400 120 300 46 8,6 

ʂʄʫ-3 ˈ ɾʛʫʪ ɺʄʅ-4 1,45 1000 450 180 400 69 12,4 

ɹʦʨʦʧʣʘʩʪʠʢʠ 

ʂʄɹ-1ʤ ʕʧʦʢʩʠʜʥʦʝ ɺʦʣʦʢʥʦ ʙʦʨ-

ʥʦʝ (1-ʡ ʩʦʨʪ) 

2,0 1200 1160 270 400 60 13,5 

ʂʄɹ-3 ʕʧʦʢʩʠʜʥʦʝ ʅʠʪʴ ʂɹʉʅ-4 2,0 1200 1500 255 500 60 12,7 

ʂʄɹ-2ʢ ʇʦʣʠʘʤʠʜʥʦʝ ʅʠʪʴ ʂɹʉʅ-4 2,0 1000 1250 250 400 50 12,5 

ʆʨʛʘʥʦ-

ʧʣʘʩʪʠʢ 

ʕʧʦʢʩʠʜʥʦʝ ɸʨʘʤʠʜʥʦʝ 

ʚʦʣʦʢʥʦ 

(çʂʝʚʣʘʨ-49è) 

1,38 1400 280 77 ˈ 101 5,6 

ʉʪʝʢʣʦ-

ʧʣʘʩʪʠʢ 

ʕʧʦʢʩʠʜʥʦʝ ʉʪʝʢʣʷʥʥʦʝ 

ʚʦʣʦʢʥʦ 

1,38 1250 770 45 ˈ 68 2,54 

ʉʪʝʢʣʦ-

ʧʣʘʩʪʠʢ 

ˈò  ̍ ʊʦ ʞʝ ˈ 1625 1150 73 ˈ ˈ ˈ 

 

 

2.1.7. ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ 
ʂ ʞʘʨʦʩʪʦʡʢʠʤ (ʦʢʘʣʠʥʦʩʪʦʡʢʠʤ) ʦʪʥʦʩʷʪ ʩʧʣʘʚʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʛʘʟʦʚʦʡ ʢʦʨʨʦʟʠʠ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʩʚʳʰʝ 550Áʉ). ʇʦʚʳʰʝʥʠʝ ʦʢʘʣʠʥʦʩʪʦʡʢʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʱʠʪʥʳʝ ʧʣʝʥʢʠ, ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʥʦʚʥʳʤ 

ʤʝʪʘʣʣʦʤ. ʊʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʪʘʣʷʭ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʭʨʦʤ, ʘʣʶʤʠʥʠʡ ʠ ʢʨʝʤʥʠʡ, ʦʙʨʘ-

ʟʫʶʱʠʝ ʟʘʱʠʪʥʳʝ ʦʢʩʠʜʥʳʝ ʧʣʝʥʢʠ ʪʠʧʘ (ʄ, Fe)2ʆ3, ʛʜʝ ʄ ð ʣʝʛʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ. ɺʣʠʷʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʘ ʠ ʘʣʶʤʠʥʠʷ ʥʘ ʦʢʘʣʠʥʦʩʪʦʡʢʦʩʪʴ ʩʪʘʣʠ ʜʘʥʦ ʚ ʪʘʙʣ. 27. 

ʊʘʙʣʠʮʘ 27 

ɺʣʠʷʥʠʝ ʉr ʠ ɸl ʥʘ ʦʢʘʣʠʥʦʩʪʦʡʢʦʩʪʴ ʩʪʘʣʠ 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, % 

 

ʆʢʘʣʠʥʦʩʪʦʡʢʦʩʪʴ, Áʉ 
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ʉʛ 

 

 

 

ɸl 

 

5ð8 

15ð17 

25 

25 

 ð 

ð 

ˈ 

5 

700ð750 

950ð1000 

1100 

1300 

ʉʪʘʣʠ ʠ ʩʧʣʘʚʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ, ʥʘʟʳʚʘʶʪ ʢʦʨʨʦʟʠʦʥʥʦ-

ʩʪʦʡʢʠʤʠ. ʀʭ ʨʘʟʜʝʣʷʶʪ ʥʘ ʭʨʦʤʠʩʪʳʝ (ʩ ʬʝʨʨʠʪʥʦʡ ʠʣʠ ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ) ʠ ʭʨʦʤʦʥʠ-

ʢʝʣʝʚʳʝ (ʩ ʘʫʩʪʝʥʠʪʥʦʡ ʠʣʠ ʘʫʩʪʝʥʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ). ɺ ʪʘʙʣ. 28 ʧʨʠʚʝʜʝʥʳ ʩʚʦʡ-

ʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʭ ʩʪʘʣʝʡ. 

ʊʘʙʣʠʮʘ 28 

ʉʚʦʡʩʪʚʘ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʚʦ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠ ʤʦʨʩʢʦʡ ʚʦʜʝ [61] 

ʄʘʨʢʘ ʩʪʘʣʠ ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʌʘʟʳ ůʚ, 

ʄʇʘ 

ŭ, 

% 

 ɹʘʣʣ ʢʦʨʨʦʟʠʠ 

 

 

ʥʘ ʚʦʟʜʫ-

ʭʝ 

ʚ ʤʦʨʩʢʦʡ 

ʚʦʜʝ 

08X13 ɿʘʢʘʣʢʘ + ʦʪʧʫʩʢ ʌ + ʂ 600 20  4 4 

20X13 ɿʘʢʘʣʢʘ + ʦʪʧʫʩʢ ʌ + ʂ 650 10  4 4 

08ʍ18ʅ10ʊ ɿʘʢʘʣʢʘ ɸ 520 45  3 3 

12X1 8ʅ10ʊ ˈò̍  ɸ 520 40  3 3 

10ʍ17ʅ13ʄ2ʊ ˈò̍  ɸ 520 40  1 2 

10ʍ14ɻ14ʅ4ʊ ˈò̍  ɸ 650 35  1 8 

12ʍ17ɻ9ɸʅ4 ˈò̍  ɸ 700 40  1 8 

08ʍ22ʅ6ʊ ˈò̍  ɸ + ʌ 680 40  1 2 

08ʍ17ʅ5ʄɿ ʅʦʨʤʘʣʠʟʘʮʠʷ + ʦʙʨʘʙʦʪʢʘ ʭʦ-

ʣʦʜʦʤ + ʩʪʘʨʝʥʠʝ 

ɸ + ʄ 1200 8  1 1 

 

ʇʨʠʤʝʯʘʥʠʝ:  ʌ ð ʬʝʨʨʠʪ; ʂ ð ʢʘʨʙʠʜ; ɸ ð ʘʫʩʪʝʥʠʪ; ʄ ð ʤʘʨʪʝʥʩʠʪ. 

 

ɺʨʝʜʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʚ ʵʪʠʭ ʩʪʘʣʷʭ ʷʚʣʷʶʪʩʷ ʬʦʩʬʦʨ ʠ ʩʝʨʘ (ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʙʦʣʝʝ 

0,01%). ʉʫʣʴʬʠʜʳ ʠ ʦʢʩʠʜʳ ʷʚʣʷʶʪʩʷ ʟʘʨʦʜʳʰʘʤʠ ʨʘʟʚʠʪʠʷ ʪʦʯʝʯʥʦʡ ʢʦʨʨʦʟʠʠ. ʇʨʠʤʝʩʠ ʄ, 

ʄʦ, ɸs, ʈ, ɺi ʚ ʢʦʣʠʯʝʩʪʚʝ 0,01% ʚʳʟʳʚʘʶʪ ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ. ʇʦʚʳʰʝʥʥʦʡ ʢʦʨʨʦ-

ʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʤʝʜʴ, ʥʠʢʝʣʴ ʠ ʩʧʣʘʚʳ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣ-

ʣʳ (ɸg, ɸu, ʈt, ʈd). ʄʝʜʴ ʫʩʪʦʡʯʠʚʘ ʧʨʦʪʠʚ ʢʦʨʨʦʟʠʠ ʥʘ ʚʦʟʜʫʭʝ, ʚ ʚʦʜʝ, ʨʘʩʪʚʦʨʘʭ ʩʝʨʥʦʡ, ʫʢ-

ʩʫʩʥʦʡ, ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪ, ʚ ʩʫʣʴʬʘʪʥʳʭ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ. ʀʟ ʢʦʨ-

ʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʭ ʩʧʣʘʚʦʚ ʤʝʜʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ çʘʜʤʠʨʘʣʪʝʡʩʢʘʷè ʣʘ-

ʪʫʥʴ (70% ʉu, 29% Zn, 1% Sn) ʠ ʘʣʶʤʠʥʠʝʚʘʷ ʣʘʪʫʥʴ (75% ʉu, 23% Zn, 2% ɸl). ʍʦʨʦʰʝʡ ʢʦʨ-

ʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʪʘʢʞʝ ʦʣʦʚʷʥʥʳʝ (8ð10% 5ʧ), ʘʣʶʤʠʥʠʝʚʳʝ (9ð10% ɸl) ʠ 

ʢʨʝʤʥʠʩʪʳʝ (ʜʦ 15% Si) ʙʨʦʥʟʳ. ʅʠʢʝʣʴ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʘʪʤʦ-

ʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʝʦʢʠʩʣʷʶʱʠʭ ʢʠʩʣʦʪʘʭ, ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ, ʤʦʨʩʢʦʡ ʚʦʜʝ. ʆʙʳʯʥʦ ʠʩʧʦʣʴ-

ʟʫʶʪ ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤ Niðʄʦ, Niðʉʛðʄʦ, Niðʉu. 

ɹʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʦʛʨʘʥʠʯʝʥʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ 

ʧʦʩʫʜʳ, ʥʝʦʢʠʩʣʷʶʱʠʭʩʷ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʦʚ, ʬʠʣʴʪʨʦʚ, ʚ ʶʚʝʣʠʨʥʦʤ ʜʝʣʝ ʠ ʪ.ʜ. 

ʇʦʚʳʰʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʦ-

ʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʧʦʣʫʯʝʥʠʝʤ ʙʝʟʜʝʬʝʢʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʣʘʚʦʚ ʚ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʩʣʝʜʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ. ʇʨʠʤʝʨʦʤ 

ʘʤʦʨʬʥʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʭʨʦʤʦʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʚʠʜʝ ʣʝʥʪʳ, ʟʘʢʘʣʠʚʘʝʤʦʡ ʠʟ 

ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 



39 
 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘ-

ʣʝʡ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ [29], ʧʦʜʨʘʟʜʝʣʷ-ʝʤʳʭ ʥʘ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʝ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʦʜʥʳʭ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʝʝ ʵʣʝʢʪʨʦʧʦʣʦ-

ʞʠʪʝʣʴʥʳʝ ʤʝʪʘʣʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʱʠʱʘʝʤʳʤ, ʯʘʱʝ ʚʩʝʛʦ ʦʣʦʚʦ ʠʣʠ ʩʚʠʥʝʮ. ʇʦʢʨʳʪʠʷ 

ʥʘʥʦʩʷʪ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʨʘʩʧʳʣʝʥʠʝʤ ʤʝʪʘʣʣʘ ʠʣʠ ʦʢʫʥʘʥʠʝʤ ʚ ʞʠʜʢʠʡ ʤʝʪʘʣʣ. 

ʐʘʩʩʠʚʠʨʫʶʱʠʝ ʢʘʪʦʜʥʳʝ ʧʦʢʨʳʪʠʷ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʭʨʦʤʠʨʦʚʘʥʠʷ ʠ ʥʠʢʝʣʠʨʦʚʘ-ʥʠʷ 

ʩʪʘʣʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʤʝʪʦʜ ʧʣʘʢʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʦʡ ʧʦʣʫʯʘʶʪ ʜʚʫʭ-

ʩʣʦʡʥʳʡ ʤʝʪʘʣʣ (ʥʘʧʨʠʤʝʨ, ʣʠʩʪʦʚʦʡ ʧʨʦʢʘʪ ʉʪɿ ɻ2ʍ18ʅʖʊ). 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʩ ʙʦʣʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʥʘʟʳʚʘʶʪ ʘʥʦʜʥʳ-

ʤʠ. ʆʥʠ ʤʝʥʝʝ ʜʦʣʛʦʚʝʯʥʳ, ʯʝʤ ʢʘʪʦʜʥʳʝ. ʉʪʘʣʠ ʧʦʢʨʳʚʘʶʪ ʮʠʥʢʦʚʳʤʠ, ʢʘʜʤʠʝʚʳʤʠ, ʘʣʶʤʠ-

ʥʠʝʚʳʤʠ ʧʦʢʨʳʪʠʷʤʠ. ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʣʫʞʝʥʠʝ. 

ʅʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʧʦʩʦʙʘʤ ʥʘʥʝʩʝʥʠʷ. 

ʆʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ ʧʦʚʳʰʘʶʪ ʩʪʦʡʢʦʩʪʴ ʩʪʘʣʝʡ, ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʤʘʛʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚʦ 

ʚʣʘʞʥʦʡ ʩʨʝʜʝ ʠ ʚ ʚʦʜʝ. ʀʭ ʥʘʥʦʩʷʪ ʪʝʨʤʠʯʝʩʢʠʤ, ʭʠʤʠʯʝʩʢʠʤ ʠ ʵʣʝʢʪʨʦʭʠ-ʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘ-

ʤʠ. 

ʇʦʢʨʳʪʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚʳʧʦʣʥʷʶʪ ʤʝʪʦʜʘʤʠ ʦʢʫʥʘʥʠʷ, ʧʦʣʠʚʘ ʠʣʠ 

ʨʘʩʧʳʣʝʥʠʷ ʢʨʘʩʷʱʝʛʦ ʨʘʩʪʚʦʨʘ (ʠʣʠ ʩʫʩʧʝʥʟʠʠ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡ-

ʢʦʩʪʠ ʚʦ ʚʣʘʞʥʦʡ ʩʨʝʜʝ ʠʩʧʦʣʴʟʫʶʪ ʣʘʢʠ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʤʦʣʝʢʫ-ʣʷʨʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʵʧʦʢʩʠʜ-

ʥʳʝ, ʧʦʣʠʵʬʠʨʥʳʝ, ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʬʪʦʨʦʧʣʘʩʪʳ. 

ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʠ ʪʨʫʙ ʚʦ ʚʣʘʞʥʳʭ ʚʦʟʜʫʭʝ ʠ ʧʦʯʚʝ ʧʨʠʤʝ-

ʥʷʶʪ ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ, ʧʦʣʠʘʤʠʜ). 

 

2.1.8. ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ 
ʂ ʞʘʨʦʧʨʦʯʥʳʤ ʦʪʥʦʩʷʪ ʩʪʘʣʠ ʠ ʩʧʣʘʚʳ, ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʠ ʚʳ-

ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʙʦʣʝʝ 0,45 ʊʧʣ). ɾʘʨʦʧʨʦʯʥʦʩʪʴ ʩʪʘʣʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʝʛʠʨʦʚʘʥʠʝʤ ʠ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʃʝʛʠʨʦʚʘʥʠʝ ʟʘʜʝʨʞʠʚʘʝʪ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʠ, ʧʦʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʫʧʨʦʯʥʷʶ-

ʱʠʭ ʢʘʨʙʠʜʥʳʭ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʯʘʩʪʠʮ, ʢʦʛʝʨʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʪʨʠʮʝʡ. ʕʪʠ ʯʘʩʪʠʮʳ 

ʟʘʪʨʫʜʥʷʶʪ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʨʦʩʪ ʟʝʨʥʘ ʧʨʠ ʧʦʚʳ-

ʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʊʘʙʣʠʮʘ 29 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʘʨʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  [32] 

ʄʘʨʢʘ ʤʘʪʝʨʠʘʣʘ ʈʝʢʦʤʝʥʜʫʝʤʘʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʠʤʝʥʝʥʠʷ, Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʪʝʥ-

ʩʠʚʥʦʛʦ ʦʢʘʣʠʥʦʦʙʨʘ-

ʟʦʚʘʥʠʷ, Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʠʩʧʳʪʘʥʠʷ, 

Áʉ 

ů10000, 

ʄʇʘ 

ů1/100000, 

ʄʇʘ 

23ʍ1ʄʌ 570ð585 600 560 140 84 

25ʍ2ʄʌ 520ð550 600 550 160ð220 70 

15ʍ5ʄ 600 650 540 100 40 

40ʍ10ʉ2ʄ 650 850 550 100 40 

15ʍ11ʄʌ 550ð580 750 550 200 90 

11ʍ11ʅ2ɺ2ʄʌ 600 750 550 400* 
1
 ð 

12ʍ18ʅ10ʊ 600 850 660 80ð100 30ð40 

45ʍ14ʅ14ɺ2ʄ 650 850 650 130 40 

10ʍ11ʅ20ʊɿʈ 700 850 700 400* 
2
 - 

ʍʅ77ʊʖʈ 750 1050 750 110ð200 200* 
4
 

ʍʅ55ɺʄ4ʂʖ 950 1050 900 150*
3
 130*

4
 

ɾʉ6ʂ 1050 1050 950 100*
3
 ð 

 



40 
 
 

*
!
 ʇʨʝʜʝʣ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ů100 

*
2
 ʇʨʝʜʝʣ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ů50. 

*
3
ʇʨʝʜʝʣ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ů1000.  

*
4
 ʇʨʝʜʝʣ ʧʦʣʟʫʯʝʩʪʠ ů1/1000. 

ʊʘʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʘʣʢʠ ʩ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʩʪʘʨʝʥʠʷ. 

ɾʘʨʦʧʨʦʯʥʳʝ ʩʪʘʣʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 500ð750Áʉ. ɺ ʢʘʯʝʩʪʚʝ ʦʩ-

ʥʦʚʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʵʪʠʭ ʩʪʘʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʭʨʦʤ, ʥʠʢʝʣʴ, ʤʦʣʠʙʜʝʥ, ʢʨʝʤʥʠʡ, 

ʚʘʥʘʜʠʡ, ʪʠʪʘʥ, ʥʠʦʙʠʡ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700ð1050Áʉ ʠʩʧʦʣʴʟʫʶʪ ʞʘʨʦʧʨʦʯʥʳʝ ʥʠʢʝʣʝʚʳʝ 

ʩʧʣʘʚʳ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000ð1050Áʉ ʧʨʠʤʝʥʷʶʪ ʪʫʛʦʧʣʘʚʢʠʝ ʩʧʣʘʚʳ ʠ ʞʘʨʦʧʨʦʯʥʫʶ ʢʝʨʘ-

ʤʠʢʫ (ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ Siʉ ʠ Si3N4). ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʦʣʴʟʫʶʪ ʚʦʣʴ-

ʬʨʘʤ ʠ ʝʛʦ ʩʧʣʘʚʳ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʪ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 29, ʘ ʩʚʦʡʩʪʚʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʝʨʘʤʠʢʠ ð ʚ ʪʘʙʣ. 30. 

ʊʘʙʣʠʮʘ 30 

ʉʚʦʡʩʪʚʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʝʨʘʤʠʢʠ [4] 

ɺʠʜ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ 

ʨ, ʪ/ʤ
3 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ɺʪ/(ʤĀхʉ) 
ɽ, ɻʇʘ ůʠ, ʄʇʘ ʧʨʠ 

25хʉ 1200хʉ 

SiC*
1 

3.20 80 450 840 620 

SiC*
2 

3.15 48 420 600 550 

SiC*
3 

3.10 200 420 530 530 

Si3N4*
1 

3.25 30 320 1000 800 

Si3N4*
2 

3.15 20 310 700 500 

Si3N4*
3 

2.60 17 220 300 300 

Al 2O3*
2 

3.90 18 390 400 300 

ZRO2*
1 

6.0 3.2 150 1200 200 

2MGOĀ2Al2O3Ā5CiO*
2 

2.0 1.9 20 20 15 

Al 2O3ĀTiO2 3.0 1.2 5 20 30 

 

 
*

1
 ɻʦʨʷʯʝʧʨʝʩʩʦʚʘʥʥʳʡ. 

*
2
 ʉʧʝʯʝʥʥʳʡ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ (ʘʪʤʦʩʬʝʨʥʦʤ) ʜʘʚʣʝʥʠʠ. 

*
3
 ʈʝʘʢʮʠʦʥʥʦ-ʩʧʝʯʝʥʥʳʡ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝ ʫʜʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʞʘʨʦʧʨʦʯʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠʟ-ʟʘ ʠʭ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʞʘʨʦʩʪʦʡʢʦʩʪʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ (ʥʘʧʨʠʤʝʨ, 

ʥʠʢʝʣʴ ʣʝʛʠʨʫʶʪ ʭʨʦʤʦʤ) ʠʣʠ ʞʘʨʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ (ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ ʧʦʜʚʝʨʛʘʶʪ ʘʣʠʪʠʨʦ-

ʚʘʥʠʶ ʠʣʠ ʭʨʦʤʦʘʣʠʪʠʨʦʚʘʥʠʶ, ʤʦʣʠʙʜʝʥ ð ʘʣʶʤʦʩʠʣʠʮʠʨʦʚʘʥʠʶ ʠʣʠ ʭʨʦʤʦʩʠʣʠʮʠʨʦʚʘ-

ʥʠʶ). 

 

2.1.9. ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ 
 

ʀʟʥʦʩʦʩʪʦʡʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟ-

ʥʘʰʠʚʘʥʠʶ, ʫʩʪʘʣʦʩʪʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ, ʢ ʠʟʥʘʰʠʚʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʡ ʠ 

ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʢ ʠʟʥʘʰʠʚʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ (ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʠ ʬʨʠʢʮʠʦʥʥʳʝ). 

ʄʘʪʝʨʠʘʣʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʧʨʠʯʝʤ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʚʳʩʦʢʦ-

ʧʨʦʯʥʦʡ ʤʘʪʨʠʮʳ, ʘʨʤʠʨʦʚʘʥʚʦʡ ʚʢʣʶʯʝʥʠʷʤʠ ʪʚʝʨʜʦʡ (ʢʘʨʙʠʜʥʦʡ ʠʣʠ ʢʘʨʙʦʥʠʪʨʠʜʥʦʡ) ʬʘʟʳ 

[15,60]. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʶʪ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʩʪʘʣʠ, ʯʫʛʫʥʳ ʠ ʢʘʨʙʠʜʥʳʝ ʩʧʣʘʚʳ, ʧʦʨʦʰ-

ʢʦʚʳʝ ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ, ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʥʘʧʣʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʠʟʥʦ-

ʩʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʣʦʠ. 



41 
 

ʀʟʥʦʩʦʩʪʦʡʢʠʝ ʩʪʘʣʠ ʠ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʝ ʯʫʛʫʥʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʠʭ 

ʫʩʣʦʚʠʡ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠ ʛʨʘʥʠʯʥʦʡ ʩʤʘʟʢʝ (ʛʠʣʴʟʳ ʮʠʣʠʥʜʨʦʚ, ʢʫʣʘʯʢʦʚʳʝ ʠ ʢʦʣʝʥʯʘʪʳʝ ʚʘ-

ʣʳ, ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ ʠ ʪ.ʜ.). ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦʤʠʤʦ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ, ʥʘʙʣʶʜʘʶʪʩʷ ʠ 

ʜʨʫʛʠʝ ʚʠʜʳ ʠʟʥʘʰʠʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʪʘʣʠ 

ʧʦʜʚʝʨʛʘʶʪ ʮʝʤʝʥʪʘʮʠʠ (ʩʪʘʣʠ 15ʍ, 15ʍɸ, 20ʍ, 15ʍʌ, 20ʍʌ, 18ʍʈ, ʖʍʅɿɸ, 18ʍɻʊ ʠ ʜʨ.), 

ʘʟʦʪʠʨʦʚʘʥʠʶ (ʩʪʘʣʠ 38ʍ2ʖ, 38ʍ2ʄʖɸ), ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʠ (ʩʪʘʣʠ 20ʍʅʈ, 27ʍɻʈ ʠ ʜʨ.), ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʟʘʢʘʣʢʝ ʊɺʏ (ʩʪʘʣʠ 40, 45, 40ʍ, 40ʍʅ, 47ɻʊ, 55ʇʇ ʠ ʜʨ.), ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʣʘʟʝʨʥʦʡ 

ʟʘʢʘʣʢʝ (ʩʪʘʣʠ ʋ8, ʋ10, ʐʍ15 ʠ ʜʨ.). 

ɺʳʩʦʢʦʠʟʥʦʩʦʩʪʦʡʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʝʪʩʷ ʣʝʛʠʨʦʚʘʥʥʳʡ ʙʝʣʳʡ ʯʫʛʫʥ [15,66]. ʐʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪ ʭʨʦʤʠʩʪʳʝ ʙʝʣʳʝ ʯʫʛʫʥʳ, ʘ ʪʘʢʞʝ ʯʫʛʫʥʳ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʘʤʠ ʉʛ+Ni, ʉʛ + 

Ni+ ʄʦ, ʉʛ+ʄn. ʉʦʩʪʘʚʳ ʪʘʢʠʭ ʯʫʛʫʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 31. ʆʪʣʠʚʢʠ ʠʟ ʵʪʠʭ ʯʫʛʫʥʦʚ ʧʦʜʚʝʨ-

ʛʘʶʪ ʦʪʧʫʩʢʫ ʜʣʷ ʩʥʷʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʚʦʟʜʫʰʥʦʡ ʟʘʢʘʣʢʝ ʥʘ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ 

(ʅɺ 500ð600). ʍʨʦʤʠʩʪʳʝ ʯʫʛʫʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʧʨʠ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʤ ʠʟʥʘ-

ʰʠʚʘʥʠʠ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʦʡʢʦʩʪʴ 5,2ð14,5, ʵʪʘʣʦʥ ð ʉʏ15). ɿʘ ʨʫʙʝʞʦʤ ʧʨʠʤʝʥʷʶʪ ʩʧʣʘʚ, 

ʩʦʜʝʨʞʘʱʠʡ 2,5ð3,5% ʉ, 2,8ð4,2% Si, 25ð31% ʉʛ, 3ð5% Ni, ʜʦ 1,5% ʄn, ʠʤʝʶʱʠʡ ʪʚʝʨ-

ʜʦʩʪʴ ʦʢʦʣʦ ʅRʉʵ 50 ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʚ ʘʙʨʘʟʠʚʥʳʭ ʩʨʝʜʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʣʷ ʫʩʣʦʚʠʡ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ, ʫʜʘʨʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʠʟʥʘʰʠʚʘ-

ʥʠʷ ʩ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʦ-ʣʝʛʠʨʦʚʘʥʥʳʝ ʙʝʣʳʝ ʯʫʛʫ-

ʥʳ ʩ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ. ʉʪʨʫʢʪʫʨʳ ʯʫʛʫʥʦʚ ʩ ʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ ʥʘ 

ʙʘʟʝ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʨʙʠʜʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʯʝʪʘʥʠʝ ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ: ʧʦʚʳʰʝʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ ʠ ʫʜʘʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʩʦʭʨʘ-

ʥʝʥʠʠ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʂʦʤʧʦʟʠʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʚ ʪʘʢʠʭ ʯʫʛʫʥʘʭ 

ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ. ʍʠʤʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʯʫʛʫʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 32. 

ʂʘʨʙʠʜʥʳʝ ʩʧʣʘʚʳ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʚ ʚʠʜʝ ʣʠʪʳʭ ʠʟ-

ʜʝʣʠʡ ʠ ʥʘʧʣʘʚʦʢ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ 

(ʜʦ 4%) ʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʉʛ, W, ʊi ʠ ʜʨ.). ʂʦʣʠʯʝʩʪʚʦ ʢʘʨʙʠʜʦʚ ʚ ʪʘʢʠʭ ʩʧʣʘʚʘʭ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 50%. 

ʇʦʨʦʰʢʦʚʳʝ ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʘʢ ʠ ʜʣʷ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠ ʩʨʝʜʥʠʭ ʥʘʛʨʫʟʢʘʭ. ʕʪʠ ʩʧʣʘʚʳ ʩʦ-

ʩʪʦʷʪ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʨʙʠʜʦʚ (Wʉ, ʊiʉ, ʊʘʉ), ʩʚʷʟʘʥʥʳʭ ʢʦʙʘʣʴʪʦʤ (ʩʧʣʘʚʳ ʪʠʧʘ ɺʂ, ʊʂ ʠ 

ʊʊʂ). ʄʝʪʦʜʦʤ ʩʧʝʢʘʥʠʷ ʠʟ ʧʦʨʦʰʢʦʚ ʧʦʣʫʯʘʶʪ ʤʘʪʝʨʠʘʣʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʩʪʘʣʷʤ XI2, XI2ʄ, 

ʈ16, ʈ6ʄ5 ʩ ʤʘʨʪʝʥʩʠʪʥʦʡ ʤʘʪʨʠʮʝʡ ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ ʢʘʨʙʠʜʘʤʠ. 

ʊʘʙʣʠʮʘ 31 

ʉʦʩʪʘʚ ʍʨʦʤʠʩʪʳʭ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʯʫʛʫʥʦʚ [57] 

ʄʘʨʢʘ ʯʫʛʫʥʘ ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ, % 

C Si Mn Cr Ni Mo ʇʨʦʯʠʝ 

 

ʀʏʍʅ4 3,0ð3,4 2,0ð2,8 1,0 0,8ð1,2 3,5ð5,0 ˈ ˈ 

ʀʏʍ2ʅ4 2,7ð3,6 0,5ð0,9 0,8 1,6ð2,6 3,8ð5,0 ˈ ˈ 

ʀʏʍɿɻɼ 2,6ð3,6 0,7ð1,5 1,0 2ð3 0,5 ˈ 0,5ð

0,8 ʉu 

ʀʏʍ4ɻ7ɼ 3,0ð3,8 1,4ð1,8 6,0ð8,0 3ð5 0,5 ˈ 0,7 ʉu 

300ʍ13ɻɿʉ2ʄ 2,7ð3,0 1,3ð2,5 2,0ð4,0 12ð14 ˈ 1,0 ˈ 

ʀʏʍ13ɻɿʄ 2,7ð3,0 0,5ð0,7 3,4ð3,9 11 ð 18 ˈ 0,8 ˈ 

ʀʏʍ12ɻ5 2,6ð3,0 0,7 4,5ð5,2 12ð14 ˈ ˈ ˈ 

ʀʏʍ15ʄ2 2,8ð3,6 0,5ð0,8 1,0 12ð18 ˈ 2,0ð3,0 ˈ 

ʀʏʍ28ʅ2 2,7ð3,0 0,7ð1,4 0,8 28ð30 1,5ð3,0 ˈ ˈ 

ʀʏʍ28ʅ2ʄ2 2,6ð3,0 0,4ð0,8 1,0 28ð30 1,5ð3,0 1,8ð2,2 ˈ 
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ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: Ů, Ůʫʜ, Ůʩ.ʘ ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʙʝʟ ʫʜʘʨʘ ʧʦ ʟʘʢʨʝʧʣʝʥʥʦʤʫ ʘʙʨʘʟʠʚʫ, ʩ ʫʜʘʨʦʤ ʧʦ ʟʘʢʨʝʧʣʝʥʥʦʤʫ ʘʙʨʘʟʠʚʫ ʠ ʚ 

ʩʚʦʙʦʜʥʦʤ ʘʙʨʘʟʠʚʫ (ʤʝʣʢʦʜʨʦʙʣʝʥʳʡ ʛʨʘʥʠʪ), ʵʪʘʣʦʥ ð ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʩʪʘʣʴ 45. 

ʀʟ ʧʦʨʦʰʢʦʚʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʠʟʛʦʪʦʚʣʷʪʁ ʛʦʨʥʦʙʫʨʦʚʦʡ ʠ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʠʥ-

ʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ, ʙʳʩʪʨʦʠʟʥʘʰʠʚʘʶʱʠʝʩʷ ʜʝʪʘʣʠ ʤʘʰʠʥ ʠ ʧʨʠʩʧʦ-

ʩʦʙʣʝʥʠʡ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 33. 

 

ʊʘʙʣʠʮʘ 32 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʥʦ-ʣʝʛʠʨʦʚʘʥʥʳʭ ʙʝʣʳʭ ʯʫʛʫʥʦʚ [15] 
ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ, % ʊʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ 

HRC ůʚ, 

ʄʇʘ 

Ů Ůʫʜ Ůʩ.ʘ 

C Si Mn V Cr ʇʨʦʯʠʝ 

2,7ð

3,8 

0,5ð

1,5 

3,0ð

4,5 

6ð9 7ð11 ð ɹʝʟ ʪʝʨʤʠʯʝ-

ʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ 

50ð

55 

600ð

650 

ð ð ð 

2,7ð

3,8 

0,5ð

1,5 

3,0ð

4,5 

6ð9 7ð11 ð ɿʘʢʘʣʢʘ 800-

850Áʉ 

ʥʘ ʚʦʟʜʫʭʝ 

55ð

65 

600ð

700 

4ð6 4,5ð

6,5 

10ð

25 

2,2ð

2,6 

0,5-

1,5 

4,5ð

20 

5ð7 7ð11 ð ɹʝʟ ʪʝʨʤʠʯʝ-

ʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ 

40ð

50 

600ð

700 

ð ð ð 

2,2ð

2,6 

0,5ð

1,5 

4,5ð

20 

5ð7 7ð11 ð ɿʘʢʘʣʢʘ ʦʪ 

800Áʉ 

ʥʘ ʚʦʟʜʫʭʝ 

45ð

57 

650ð

800 

3ð5 6ð8 15ð

28 

3,5ð

3,9 

ɼʦ 

1,0 

0,6,ð

0,8 

6ð8 17ð

18 

ð ʆʪʞʠʛ ʧʨʠ 

400Áʉ, 3 ʯ 

60ð

63 

ð ð ð ð 

3,5ð

3,9 

ɼʦ 

1,0 

0,6ð

0,8 

6ð8 17ð

18 

ð ɿʘʢʘʣʢʘ ʦʪ 

900ð 

1050Áʉ 

66ð

70 

ð ð ð ð 

2,9ð

4,06 

0,69-

0,75 

0,72-

0,80 

2.8ð

8.8 

5.8ð

15.3 

0.8ð6.0 

Ni 

ɹʝʟ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

50ð

56 

ɼʦ 

910 

ð ð ð 

2,9ð

4,06 

0,69-

0,75 

0,72-

0,8 

2.8ð

8.8 

5.8ð

15.3 

0.8ð6.0 

Ni 

ʆʪʞʠʛ ʧʨʠ 

1000Áʉ, 

62ð

63 

ð ð ð ð 

2,9ð

4,06 

0,69-

0,75 

0,72-

0,8 

2.8ð

8.8 

5.8ð

15.3 

0.8ð6.0 

Ni 

ɿʘʢʘʣʢʘ ʦʪ 950-

1000Áʉ, ʦʪʧʫʩʢ 

ʧʨʠ 

575Áʉ, 1 ʯ 

50 ɼʦ 

1100 

ð ð ð 

2,2ð  

2, 6 

ɼʦ 

0,6 

0,5ð 

0,8 

ð 7ð12 1,5ð3 

Ti 

ɿʘʢʘʣʢʘ 800-

850Áʉ 

ʥʘ ʚʦʟʜʫʭʝ 

45ð

62 

500ð

700 

3ð6 ð ð 

2,0 2.0 1.0 4ð5 21ð

25 

ð ð ð ð ð ð ð 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: Ů, Ůʫʜ, Ůʩ.ʘð ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʝʟ 

ʫʜʘʨʘ ʧʦ ʟʘʢʨʝʧʣʝʥʥʦʤʫ ʘʙʨʘʟʠʚʫ, ʩ ʫʜʘʨʦʤ ʧʦ ʟʘʢʨʝʧʣʝʥʥʦʤʫ ʘʙʨʘʟʠʚʫ ʠ ʧʦ ʩʚʦʙʦʜʥʦʤʫ ʘʙʨʘʟʠʚʫ (ʤʝʣʢʦʜʨʦʙʣʝ-

ʥʳʡ ʛʨʘʥʠʪ), ʵʪʘʣʦʥ ð ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʩʪʘʣʴ 45. 

ʊʘʙʣʠʮʘ 33 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʠ ʩ ʘʙʨʘʟʠʚʥʦʡ ʧʨʦʩʣʦʡʢʦʡ 

ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ [66] 

ʉʧʣʘʚ 

 

ʊʚʝʨʜʦʩʪʴ 

ʅRɸ 

(ʥʝ ʤʝʥʝʝ) 

ʀʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʴ, 

ʢʤ/ʤʤ 

ʉʧʣʘʚ 

 

ʊʚʝʨʜʦʩʪʴ 

ʅRɸ 

(ʥʝ ʤʝ-

ʥʝʝ) 

ʀʟʥʦʩʦ-

ʩʪʦʡ-

ʢʦʩʪʴ, 

ʢʤ/ʤʤ 

ɺʂ3 89,5 1,2 ʊ30ʂ4 92,0 0,6 

ɹʂ3-ʄ 91,0 2,0 ʊ15ʂ6 90,0 1,7 

ɺʂ4 89,5 1,3 ʊ14ʂ8 89,5 1,1 

ɺʂ6 88,5 1,7 ʊ5ʂ10 88,5 1,1 

ɺʂ6-ʄ 90,0 3,3 ʊ5ʂ12 87,0 0,8 
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ɺʂ6-

ʆʄ 

90,5 10,0 ʊʊ7ʂ12 87,0 0,9 

ɺʂ8 87,5 1,4 ʊʊ8ʂ6 90,5 3,3 

ɺʂ10 87,0 1,1 ʊʊ20ʂ9 89,0 1,7 

ɺʂ15 86,0 0,8 ʊʅ-20 90,0 0,3 

ɺʂ20 84,0 0,6 ʂʅʊ16 89,0 0,3 

ɺʂ25 82,0 0,4 ʂʍʅ-15 85,0 0,2 

 

ʀʟʥʦʩʦʩʪʦʡʢʠʝ ʥʘʧʣʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʤʝʥʷʶʪ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʜʦʚ, ʧʨʦʚʦʣʦʢʠ, ʧʦ-

ʨʦʰʢʦʚ. ʅʘʧʣʘʚʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 34. 

ʊʘʙʣʠʮʘ 34 

ʅʘʧʣʘʚʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ [68] 

ɻʨʫʧʧʘ ʊʠʧ ʄʘʨʢʘ ʇʨʠʤʝʥʝʥʠʝ 

I  ʕ-10ɻ2ðʕ-10ɻ5 ʆɿʅ-250ʋð 

ʆɿʅ-400ʋ 

ɼʝʪʘʣʠ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʫʜʘʨ-

ʥʦ-ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ 

II  ʕ-30ɺ8ʍɿ 

 ʕ-35ʍ12ɺ30ʌ 

ʎʐ-1, ʀʅ-1, ʎ-16 ʐʪʘʤʧʳ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

III  ʕ-37ʍ9ʉ2  

ʕ-70ʍ3ʉʄʊ 

ʆɿʐ-3, ʕʅ-60ʄ ʐʪʘʤʧʳ ʭʦʣʦʜʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

IV  ʕ-65ʍ11ʅɿ 

ʕ-65ʍ25ʇɿʅɿ 

ʆʄɻ-ʅ 

ʎʅʀʀʅ-4 

ʀʟʥʘʰʠʚʘʝʤʳʝ ʜʝʪʘʣʠ ʠʟ ʩʪʘʣʠ 

110ɻ13ʃ 

V ʕ-90ɺ10ʍ5ʌ2 

ʕ-105ɺ6ʍ5ʄ3ʌ3  

ʕ-08ʂ15ɺ7ʄ5ʍ30ʌ 

ʎʅ-2ʋ 

ʀ-1 

ʆɿʀ-4 

ʄʝʪʘʣʣʦʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʰʪʘʤʧʳ 

VI ʕ-95ʍ7ɻ5ʉ  

ʕ-30ʍ5ɺ2ɻʉʄ 

12ɸʅ/ʃʀɺʊ  

ʊʂɿ-ʅ 

ɼʝʪʘʣʠ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʫʜʘʨʥʦ- 

ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ 

VII  ʕ-300ʍ28ʅ2404  

ʕ-110ʍ14ɺ13ʌ2 

ʎʉ-1  

ɺʉʅ-6 

ɼʝʪʘʣʠ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ 

VIII  ʕ-320ʍ23ʉ2ɻʊʈ  

ʕ-320ʍ25ʉ2ɻʈ 

ʊ-620 

 ʊ-590 

ɼʝʪʘʣʠ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥ- 

ʥʦ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ 

IX  ʕ-08ʍ17ʅ8ʉ6ɻ 

ʕ-13ʍ16ʅ8ʄ5ʉ5ɻ4ɹ 

ʕ-190ʂ61ʍ29ɺ5ʉ2 

ʎʅ-6ʄ 

ʎʅ-6ʃ, ʎʅ-12ʄ  

ʎʅ-12ʃ, ʎʅ-2 

ʋʧʣʦʪʥʠʪʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦ- 

ʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ ʜʣʷ ʵʥʝʨʛʝʪʠʢʠ 

ʠ ʥʝʬʪʝʘʧʧʘʨʘʪʫʨʳ 

 

ɼʣʷ ʥʘʧʣʘʚʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥ-

ʪʦʚ ʧʨʠʤʝʥʷʶʪ ʧʨʦʚʦʣʦʢʠ ʠ ʣʝʥʪʳ ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʥʘʧʣʘʚʢʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʠ ʞʘʨʦʩʪʦʡʢʠʭ ʩʣʦʝʚ ʛʘʟʦʧʣʘʤʝʥʥʳʤ ʠ ʜʫʛʦʚʳʤ (ʥʝʧʣʘʚʷ-

ʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ) ʩʧʦʩʦʙʘʤʠ ʧʨʠʤʝʥʷʶʪ ʣʠʪʳʝ ʧʨʠʩʘʜʦʯʥʳʝ ʧʨʫʪʢʠ ʠʟ ʩʦʨʤʘʡʪʘ, ʩʪʝʣʣʠʪʘ ʠ 

ʨʵʣʠʪʘ. ʉʦʨʤʘʡʪʳ ð ʩʧʣʘʚʳ, ʙʣʠʟʢʠʝ ʧʦ ʩʦʩʪʘʚʘʤ ʢ ʚʳʩʦʢʦʭʨʦ-ʤʠʩʪʳʤ ʯʫʛʫʥʘʤ, ʩʪʝʣʣʠʪʳ ð 

ʭʨʦʤʦʚʦʣʴʬʨʘʤʦʢʦʙʘʣʴʪʦʚʳʝ ʥʘʧʣʘʚʦʯʥʳʝ ʩʧʣʘʚʳ (ɺ2ʂ, ɺɿʂ, ɺɿʂ-ʈ), ʨʵʣʠʪ ð ʵʚʪʝʢʪʠʯʝʩʢʘʷ 

ʩʤʝʩʴ ʢʘʨʙʠʜʦʚ ʚʦʣʴʬʨʘʤʘ (Wʉ ʠ W2ʉ), ʩʦʜʝʨʞʘʱʘʷ 95ð96% W ʠ 3,6ð4,0% ʉ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʣʘʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ (ʧʨʠ 

ʧʣʘʟʤʝʥʥʦʡ, ʛʘʟʦʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʝ ʠʣʠ ʥʘʧʣʘʚʢʝ ʊɺʏ). ɺʳʧʫʩʢʘʶʪ ʧʦʨʦʰʢʠ ʥʘ ʞʝʣʝʟʥʦʡ ʠ 

ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʥʘʧʣʘʚʦʯʥʳʝ ʩʤʝʩʠ ʉ-2ʄ, ɹʍ, ʂɹʍ, ʌɹʍ6-2 (ɻʆʉʊ 21448ð75). 

ɺʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ (ʥʘ ʦʩʥʦʚʝ 

ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ, ʙʝʨʠʣʣʠʷ, ʮʠʨʢʦʥʠʷ, ʭʨʦʤʘ ʠ ʜʨ.). ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣ ʦʢʩʠʜ 

ʘʣʶʤʠʥʠʷ (ʢʦʨʫʥʜ). ʂʦʨʫʥʜʦʚʫʶ ʢʝʨʘʤʠʢʫ ʧʨʠʤʝʥʷʶʪ ʚ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʝ (ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʦʢ), 

ʚ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʥʘʩʘʜʢʠ), ʚ ʪʢʘʮʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ (ʥʠʪʝʚʦʜʠʪʝ-
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ʣʠ), ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʮʝʤʝʥʪʘʮʠʶ ʠ ʘʟʦʪʠʨʦʚʘʥʠʝ). ʇʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝ-

ʥʠʷ, ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʥʘʧʳʣʝʥʠʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʥʝʩʝ-

ʥʠʷ ʩʣʦʝʚ ʤʝʪʦʜʦʤ ʢʦʥʪʘʢʪʥʦʛʦ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʣʘʚʣʝʥʠʷ. ʀʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

 

 

2.2. ʂɸʏɽʉʊɺʆ ʆʊʃʀɺʆʂ 

2.2.1. ʉʪʨʫʢʪʫʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʧʦʟʠʮʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʪʣʠʚʦʢ 
 

ʇʦʣʫʯʝʥʠʝ ʣʠʪʦʡ ʟʘʛʦʪʦʚʢʠ ð ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʡ, ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ʂʘʯʝʩʪʚʦ ʦʪ-

ʣʠʚʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʥʦʛʠʭ ʟʘʛʦʪʦʚʦʢ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʧʨʠ ʵʪʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʦʪʣʠʚʢʠ ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦ ʠʟʛʦʪʦʚʠʪʴ ʥʝʩʢʦʣʴʢʦ 

çʧʦʢʦʣʝʥʠʡè ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʊʘʢ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʪʣʠʚʢʠ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ 

ʤʦʜʝʣʷʤ ʥʝʦʙʭʦʜʠʤʦ ʠʟʛʦʪʦʚʠʪʴ ʠʥʩʪʨʫʤʝʥʪ ð ʨʘʟʦʚʫʶ ʢʝʨʘʤʠʯʝʩʢʫʶ ʬʦʨʤʫ. ɼʣʷ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʵʪʦʡ ʬʦʨʤʳ ʥʝʦʙʭʦʜʠʤʦ ʠʟʛʦʪʦʚʠʪʴ ʠʥʩʪʨʫʤʝʥʪ ð ʨʘʟʦʚʫʶ ʚʳʧʣʘʚʣʷʝʤʫʶ ʤʦʜʝʣʴ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʧʣʘʚʣʷʝʤʦʡ ʤʦʜʝʣʠ ʥʫʞʝʥ ʠʥʩʪʨʫʤʝʥʪ ð ʧʨʝʩʩ-ʬʦʨʤʘ, ʢʦʪʦʨʘʷ 

ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʥʦ ʪʦʞʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʦʚʦʡ, ʥʘʧʨʠʤʝʨ, ʛʠʧʩʦʚʘʷ ʧʨʝʩʩ-ʬʦʨʤʘ ʚ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ ʣʠʪʴʝ. 

ʉʣʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ ʫʩʫʛʫʙʣʷʝʪʩʷ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʦ ʦʧʝʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʦʣʴʥʦ, ʦʧʨʝʜʝ-

ʣʝʥʳ ʠʤʝʶʱʠʤʠʩʷ ʧʣʦʱʘʜʷʤʠ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʴʶ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʧʨʠʥʷʪʦʡ ʨʘʩʩʪʘʥʦʚʢʦʡ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʟʘʚʦʜʩʢʠʤʠ ʪʨʘʜʠʮʠʷʤʠ. ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʣʠʚʢʠ ʢʘʢ ʠʟʜʝʣʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟ-

ʥʝʩʝʥ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʮʝʭʦʚ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚ (ʧʣʘʚʢʠ, ʟʘʣʠʚʢʠ ð ʚʳʙʠʚʢʠ ʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʬʦʨʤ, ʷʚʣʷʶʱʠʭʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʪʣʠʚʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʩʦʚʤʝʱʝʥʦ ʚ ʦʜʥʦʤ ʮʝʭʝ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʦʪʣʠʚʦʢ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʘʙʦʨ ʝʝ 

ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ, ʤʝʪʦʜʦʣʦʛʠʶ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʯʪʦ ʚ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʦʨʠʶ ʵʪʠʭ ʩʠʩʪʝʤ. ʉ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚ ʣʠʪʝʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʟʨʘʙʦʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ, ʨʘʟʨʘʙʦʪʢʦʡ ʠ 

ʚʥʝʜʨʝʥʠʝʤ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʪʣʠʚʦʢ. 

ɹʦʣʝʝ ʚʩʝʛʦ ʮʝʣʷʤ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʪʣʠʚʦʢ 

ʦʪʚʝʯʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʜʝʥʜʨʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ ʠ ʘʥʘʣʠʟʘ ʟʘʪʨʘʪ. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ 

ʚʠʜʝ ʜʝʥʜʨʠʪʘ, ʧʦ ʦʩʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩʣʝʜʫʶʪ ʧʨʝʜʝʣʳ ʦʪ ʤʘʪʝʨʠʘʣʘ (ʰʠʭʪʳ) ʜʦ ʠʟʜʝʣʠʷ (ʦʪ-

ʣʠʚʢʠ), ʥʘ ʦʩʷʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʝʜʝʣʳ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ (ʨʘʟʨʫʰʝʥʠʶ) ʠʥʩʪʨʫ-

ʤʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ) ʠ ʧʦʜʛʦʪʦʚʢʝ (ʧʝʨʝʨʘʙʦʪʢʝ) ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʜʫʱʠʭ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʣʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. ʇʦ ʦʩʷʤ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ð 

ʪʦʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʳʧʣʘʚʣʷʝʤʳʭ ʤʦʜʝʣʝʡ ʢʘʢ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʦʨʤ) ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠ ʪ.ʜ. ɽʩʣʠ ʦʩʥʦʚʥʘʷ ʧʨʦʜʫʢʮʠʷ ð ʦʪʣʠʚʢʘ, ʪʦ ʧʦ ʦʩʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ʨʠʩ. 13) ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʄ1.1ðʧʦʜʛʦʪʦʚʢʠ ʰʠʭʪʳ; ʄ1.2ð ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ; ʄ1.3 - 

ʨʘʟʣʠʚʢʠ ʤʝʪʘʣʣʘ; ʄ1.4ðʟʘʣʠʚʢʠ ʬʦʨʤ; ʄ1.5 ð ʦʭʣʘʞʜʝʥʠʷ ʦʪʣʠʚʦʢ; ʄ1.6 ð ʚʳʙʠʚʢʠ ʦʪʣʠ-

ʚʦʢ ʠʟ ʬʦʨʤ; ʄ1.7 ð ʦʯʠʩʪʢʠ ʦʪʣʠʚʦʢ; ʄ1.8ðʦʪʜʝʣʝʥʠʷ ʣʠʪʥʠʢʦʚʦ-ʧʠʪʘʶʱʠʭ ʩʠʩʪʝʤ, ʦʙʨʫʙʢʠ 

ʦʪʣʠʚʦʢ ʤ ʠʩʧʨʘʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ; ʄ1.9 ð ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʧʝʨʝʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪʣʠʚʦʢ. 

ʇʨʠ ʵʪʦʤ ʤʘʪʝʨʠʘʣʳ (ʄ2) ʠ ʠʥʩʪʨʫʤʝʥʪʳ (ʀ2), ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ, ʧʨʦʰʣʠ ʚʩʝ ʛʨʫʧʧʳ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦ ʦʩʷʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠ ʢ ʤʦʤʝʥʪʫ ʨʘʙʦʪʳ ʩ ʥʠʤʠ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʥʦʡ ʛʦʪʦʚʥʦʩʪʠ, ʘ ʤʘʪʝʨʠʘʣʳ (ðʄ2) ʠ ʠʥʩʪʨʫ-

ʤʝʥʪʳ (ðʀ2), ʫʭʦʜʷʱʠʝ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʝ ʧʨʦʰʣʠ ʥʠʢʘʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʢʨʦʤʝ ʨʘʟʜʝʣʝʥʠʷ ʩ 
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ʦʩʥʦʚʥʳʤ ʠʟʜʝʣʠʝʤ, ʠ ʚʩʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ 

ʦʩʷʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʀʟ ʧʨʦʠʟʚʦʜʩʪʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʩʷʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʩ ʧʦʟʠʮʠʠ 

ʢʘʯʝʩʪʚʘ ʦʪʣʠʚʦʢ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʦʨʤ ʄ1.4, ʀ2 (ʨʠʩ. 14). ʇʨʠʥʠʤʘʝʤ, ʯʪʦ 

ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʠ ʬʦʨʤʳ: ʀ2.1 ð ʧʦʜʛʦʪʦʚʢʠ ʬʦʨʤʦ-ʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʀ2.2ðʬʦʨʤʦʚʦʯʥʦʡ ʩʤʝʩʠ; 

ʀ2.3 ð ʧʦʜʘʯʠ ʬʦʨʤʦʚʦʯʥʦʡ ʩʤʝʩʠ; ʀ2.4ðʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ; ʀ2.5ðʩʫʰʢʠ (ʦʪʚʝʨʞʜʝʥʠʷ) 

ʬʦʨʤ; ʀ2.6ðʨʘʟʜʝʣʝʥʠʝ ʤʦʜʝʣʠ ʠ ʬʦʨʤʳ; ʀ2.7 ðʦʪʜʝʣʢʠ ʬʦʨʤ; ʀ2.8 ð ʩʙʦʨʢʠ ʬʦʨʤ; ʀ2.9 ð 

ʧʦʜʛʦʪʦʚʢʠ ʬʦʨʤ ʢ ʟʘʣʠʚʢʝ. 
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