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ɼʀʉɽʈʊɸʎɯʗ 

ɯʅʆʂʋʃʖɺɸʅʅʗ ʃʀɺɸʈʅʀʍ ʉʇʃɸɺɯɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ɼʀʉʇɽʈʉʅʆ-ʅɸʇʆɺʅɽʅʆɰ ʄʆɼɽʃɯ, ʑʆ ɻɸɿʀʌɯʂʋɭʊʔʉʗ 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ: 05.16.04 ï ʃʠʚʘʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

_______________ ɯ.ɸ. ʅʝʙʦʞʘʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʐʠʥʩʴʢʠʡ ʆʣʝʛ ʁʦʩʠʧʦʚʠʯ 
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ɸʅʆʊɸʎɯʗ 

ʅʝʙʦʞʘʢ ɯ.ɸ. ɯʥʦʢʫʣʶʚʘʥʥʷ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ ʩʧʝʮʽ-

ʘʣʴʥʽʩʪʶ: 05.16.04 çʃʠʚʘʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦè. ï ʌʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʤʝʪʘ-

ʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʥʾʠ, ʤ. ʂʠʾʚ, 2024 ʨ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʽʥʦʢʫʣʶʚʘʥʥʶ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʫ çʧʦ-

ʨʦʞʥʠʥʽè ʣʠʚʘʨʥʦʾ ʬʦʨʤʠ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʟʨʘʟʢʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ 

ʤʘʨʦʢ ʉʏ200, ʉʏ250 ʪʘ ʉʏ300, ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ɺʏ500-7, ʞʘʨʦʩʪʽʡʢʦʛʦ 

Cr-ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ1, ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʶʪʴʩʷ, ʙʫʣʠ ʥʘʧʦʚʥʝʥʽ ʢʦʥʦʧʘʪʢʦʚʠʤ ʩʪʘ-

ʙʽʣʽʟʦʚʘʥʠʤ Cu-ʧʦʨʦʰʢʦʤ ʤʘʨʢʠ ʇʄʉ-ʂ, ʜʠʩʧʝʨʩʥʠʤʠ ʬʝʨʦʩʠʣʽʮʽʻʤ ʤʘʨʢʠ ʌʉ75, 

ʢʦʤʧʣʝʢʩʥʠʤ ʩʬʝʨʦʽʜʠʟʫʶʯʠʤ ʤʦʜʠʬʽʢʘʪʦʨʦʤ ʤʘʨʢʠ ʌʉʄʛ7 ʪʘ ʬʝʨʦʭʨʦʤʦʤ ʤʘʨʢʠ 

ʌʍ650ɸ, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʦʜʝʨʞʘʥʥʽ ʟʥʦʩʦʩʪʽʡʢʦʾ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 

75ʍʌʊʃ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʟʥʦʩʦʩʪʽʡʢʦʾ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 70ʍʃ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʠʩʧʝʨʩʥʠʭ ʬʝʨʦʚʘʥʘʜʽʶ ʡ ʬʝʨʦʪʠʪʘʥʫ ʤʘʨʦʢ ʌɺʜ40ʋ0,75 ʡ ʌʊʠ70ʉ1, 

ʚʽʜʧʦʚʽʜʥʦ, ʫ ʪʦʡ ʯʘʩ ʢʦʣʠ ʥʫʣʴʤʽʨʥʽ ʣʠʪʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʩʠʩʪʝʤ Al-FeCr ʪʘ 

Cu-FeCr ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘʚʜʷʢʠ ʘʨʤʫʚʘʥʥʶ ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ 

ɸʂ12ʄ2ʄʛʅ, ɸʂ12 ʪʘ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4, ʚʽʜʧʦʚʽʜʥʦ, ʜʠʩʧʝʨʩʥʠʤ 

ʥ̔ʪʝʨʤʝʪʘʣʽʜʦʤ FeCr (ů-ʬʘʟʦʶ). ʑʦʙ ʦʜʝʨʞʘʪʠ ʣʠʪʫ ʘʨʤʦʚʘʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʩʠʩʪʝʤʠ 

ʉʏ300-ʉʪ3-ʏʍ3 ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʫ ʛʘʟʤʦʜʝʣʴ ʜʚʦʰʘʨʦʚʦʛʦ ʚʠʣʠʚʢʘ ʘʨʤʫʚʘʣʠ 

ʣʠʩʪʦʚʦʶ ʩʪʘʣʣʶ ʤʘʨʢʠ ʉʪ3. 

ɿʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʣʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʟʨʦʙʣʝʥʦ 

ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʪʨʘʢʪʘʪʽʚ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ. ʎʝ ʜʦʟʚʦ-

ʣʠʣʦ ʡʦʤʫ ʚʠʟʥʘʯʠʪʠʩʷ ʟ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʧʨʦ-

ʚʦʜʠʣʠ ʟʘ ʦʨʠʛʽʥʘʣʴʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʜʠʩʝʨʪʘʥʪʦʤ ʦʩʦʙʠʩʪʦ. ɺʠ-

ʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ ʧʨʦʚʦ-

ʜʠʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʤʦʜʝʣʽ 

çʄ22ʄè. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʫʣʴʤʽʨʥʦʛʦ 
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ʣʠʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ Al-FeCr ʪʘʢʦʞ ʥʘʣʝʞʠʪʴ ʟʜʦʙʫʚʘʯʫ. 

ʂʨʠʪʝʨʽʷʤʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʦʢʫʣʶʚʘʥʥʷ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʙʫʣʠ ʧʦʢʘʟ-

ʥʠʢʠ ʟʘʩʚʦʻʥʥʷ ʜʠʩʧʝʨʩʥʦʛʦ ʽʥʦʢʫʣʷʪʦʨʘ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʩʪʨʫʢʪʫʨʘ ʡ ʚʣʘʩʪʠ-

ʚʦʩʪʽ ʧʽʜʜʦʩʣʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʫʜʠʪʠ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪɹ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʦʙʨʦʙʢʠ ʨʽʜ-

ʢʦʛʦ ʤʝʪʘʣʫ ʜʠʩʧʝʨʩʥʠʤ ʽʥʦʢʫʣʷʪʦʨʦʤ ʤʦʞʥʘ ʪʘʢʦʞ ʟʘ ʩʣʫʞʙʦʚʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘ-

ʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʝʣʠ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ Si ʚ ʩ̔ʨʦʤʫ ʯʘʚʫʥʽ 

ʤʘʨʢʠ ʉʏ300 ʡ ʢʦʝʬʽʮʽʻʥʪ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʽʜʜʦʩʣʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʪʚʝʨʜʽʩʪʴ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʟʤʽʥʶʶʪʴʩʷ ʫ ʾʭ 

ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥ.̔ ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʡ ʤʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʣʠ ʟôʷʩʫʚʘʪʠ, ʱʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300, 

ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʤʽʩʮʷ ʧʽʜʚʝʜʝʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʜʦ 

çʧʦʨʦʞʥʠʥʠè ʣʠʚʘʨʥʦʾ ʬʦʨʤʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ Si ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ, ʫ ʩʚʦʶ 

ʯʝʨʛʫ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʚʝʨʜʽʩʪʴ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ. ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘ-

ʪʽʚ ʧʦʚʥʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʘʚ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʬʝʨʦʩʠʣʽʮʽʶ ʤʘ-

ʨʢʠ ʌʉ75 ʫ çʪʽʣʽè ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʦʾ ʛʘʟʤʦʜʝʣʽ, ʟʙʽʣʴʰʝʥʥʷ ʛʫʩʪʠʥʠ ʤʦʜʝʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʧʨʠʨʽʩʪ ʰʚʠʜʢʦʩʪʽ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ ʡ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʠʚʘʥʥʷ ʩʧʨʠʷʶʪʴ 

ʟʨʦʩʪʘʥʥʶ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʟʙʽʣʴʰʝʥʥ ʁʢʽʣʴʢʦʩʪʝʡ 

ʧʝʨʣʽʪʫ, ʬʝʨʠʪʫ, ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ ʪʘ ʜʦʚʞʠʥʠ ʡʦʛʦ ʚʢʣʶʯʝʥʴ, ʘ ʪʘʢʦʞ ʧʨʠʟ-

ʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ Fe3C, ʘ ʚʽʜʪʘʢ ʽ ʪʚʝʨʜʽʩʪʴ ʣʠʪʠʭ 

ʟʨʘʟʢʽʚ, ʩʫʪʪʻʚʦ ʟʥʠʞʫʶʪʴʩʷ. ʊʘʢʦʞ ʚʜʘʣʦʩʷ ʟôʷʩʫʚʘʪʠ, ʱʦ ʟʘ ʮʽʻʶ ʞ ʪʝʭʥʦʣʦʛʽʻʶ 

ʤʦʞʣʠʚʝ ʽʥʦʢʫʣʶʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ Cu-ʧʦʨʦʰʢʦʤ ʤʘʨʢʠ ʇʄʉ-ʂ, ʬʝʨʦʭ-

ʨʦʤʦʤ ʤʘʨʢʠ ʌʍ650ɸ, ʬʝʨʦʚʘʥʘʜʽʻʤ ʪʘ ʬʝʨʦʪʠʪʘʥʦʤ ʤʘʨʦʢ ʌɺʜ40ʋ0,75 ʪʘ 

ʌʊʠ70ʉ1, ʚʽʜʧʦʚʽʜʥʦ. ʈʝʟʫʣʴʪʘʪʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʽʨʠʭ ʯʘʚʫʥʽʚ ʤʘʨʦʢ 

ʉʏ250 ʡ ʉʏ200, ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ɺʏ500-7, ʞʘʨʦʩʪʽʡʢʦʛʦ Cr-ʯʘʚʫʥʫ ʤʘ-

ʨʢʠ ʏʍ1, ʟʥʦʩʦʩʪʽʡʢʦʾ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 75ʍʌʊʃ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʡ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʦʢʘ-

ʟʘʣʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʦʧʪʠʤʘʣʴʥʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʘ ʚʠʩʦʢʽ ʤʝʭʘ-

ʥʽʯʥʽ ʡ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʪʘʢʦʞ ʟʨʘʟʦʢ ʜʚʦʤʽʨʥʦʛʦ ʣʠʪʦʛʦ ʢʦʤ-
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ʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3 ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ ʡ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʽʩʣʷ ʨʦʟʨʽʟʘʥʥʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ ʥʘ ʪʝʤʧʣʝʪʠ ʚʽʟʫʘʣʴ-

ʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʽʘʬʨʘʛʤʘ ʽʟ ʧʦʮʠʥʢʦʚʘʥʦʾ ʙʣʷʭʠ ʟʘʚʪʦʚʰʢʠ 1 ʤʤ ʭʦʯ ʽ ʪʨʦʭʠ 

ʩʢʦʨʦʙʠʣʘʩʴ, ʧʨʦʪʝ ʮʽʣʢʦʤ ʟʙʝʨʝʛʣʘʩʴ. ʈʝʟʫʣʴʪʘʪʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʤʝ-

ʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʣʠʪʠʡ ʟʨʘʟʦʢ ʤʘʻ ʦʧʪʠʤʘʣʴʥʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʡ 

ʥʦʤʽʥʘʣʴʥʫ ʪʚʝʨʜʽʩʪʴ ʩʚʦʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ. ʅʘʷʚʥʽʩʪʴ ʦʙʘʙʽʯ ʜʽʘʬʨʘʛʤʠ ʽʟ 

ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3, ʧʦʢʨʠʪʦʾ ʰʘʨʦʤ Zn ʪʦʚʱʠʥʦʶ 6é10 ʤʢʤ, ʨʦʟʤʠʪʠʭ ʤʝʞ 

ʨʦʟʜʽʣʫ ʩʫʤʽʞʥʠʭ ʬʘʟ ʪʘ ʧʝʨʝʭʽʜʥʠʭ ʟʦʥ ʤʽʞ ʜʦʪʠʯʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʰʘʨʘʤʠ 

ʪʦʚʱʠʥʦʶ 0,15é0,18 ʤʤ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʫ ʩʠʩʪʝʤʽ ʉʏ300-ʉʪ3-ʏʍ3 ʽʩʥʫʻ ʜʠ-

ʬʫʟʽʡʥʠʡ ʟʚôʷʟʦʢ, ʘ ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦ-

ʟʚʦʣʠʣʘ ʟôʷʩʫʚʘʪʠ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ ʣʠʪʦʾ ʘʨʤʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3 ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʢʦʤʧʦʟʠʮʽʡʥʝ ʟʤʽʮʥʝʥʥʷ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ 

ʤʘʨʢʠ ʃʎ16ʂ4, ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʾʾ ʟʘ-

ʣʠʚʘʥʥʷ ʜʦ çʧʦʨʦʞʥʠʥʠè ʣʠʚʘʨʥʦʾ ʬʦʨʤʠ ů-ʬʘʟʘ ʜʠʩʦʮʽʶʻ ʥʘ Fe ʪʘ Cr, ʷʢʽ ʥʝʛʘʪʠʚ-

ʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ Cu. ʇʨʦʪʝ, ʷʢ ʫ ʧʦʜʘʣʴʰʦʤʫ ʟôʷʩʫʚʘʣʦ-

ʩʷ, ʘʨʤʫʚʘʥʥʷ ʣʘʪʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ʚʩʝ ʞ ʪʘʢʠ ʧʦʣʽʧʰʫʻ ʾʭ ʤʝʭʘʥʽʯʥʽ ʡ ʪʨʠʙʦʪʝʭʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʚʝʨ-

ʜʽʩʪʴ ʥʫʣʴʤʽʨʥʦʛʦ ʣʠʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ Cu-FeCr, ʷʢʘ ʙʫʣʘ ʚʠ-

ʟʥʘʯʝʥʘ ʟʘ ʰʢʘʣʦʶ ɹʨʽʥʝʣʣʷ, ʥʘ 18,3 % ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʣʠʚʘ-

ʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4. ɺʠʧʨʦʙʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʽʚ 

ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ ʜʦʟʚʦʣʠʣʦ ʟôʷʩʫʚʘʪʠ, ʱʦ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʥʫʣʴʤʽʨʥʦʛʦ ʣʠʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ Cu-FeCr ʻ ʟʥʘʯʥʦ 

ʢʨʘʱʠʤʠ, ʯʠʤ ʫ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4, ʘ ʩʘʤʝ ʥʘ, %: ʟʥʦʰʫʚʘʥʥʷ ʤʘʪʝʨ̔-

ʘʣʫ ʟʨʘʟʢʘ ï 62,0; ʩʧʨʘʮʶʚʘʥʥʷ ʥʠʟʴʢʦʣʝʛʦʚʘʥʦʾ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 40ʍ ï 183,9; ʰʚʠʜ-

ʢʽʩʪʴ ʟʥʦʩʫ ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʘ ï 62,0; ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʧʘʨʠ ï 33,3. ʈʝʟʫʣʴʪʘ-

ʪʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12ʄ2ʄʛʅ ʧʽʩʣʷ ʘʨʤʫ-

ʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ ʤʘʶʪʴ ʤʽʩʮʝ ʦʙʦʩʦʙʣʝʥʽ ʚʢʣʶʯʝʥʥʷ ů-ʬʘʟʠ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʫʣʴʤʽʨʥʦʛʦ ʣʠʪʦʛʦ ʢʦʤʧʦʟʠ-

ʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ Al-FeCr, ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʧʦʨʰʥʝʚʦʛʦ Al-ʩʧʣʘʚʫ ʤʘ-
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ʨʢʠ ɸʂ12ʄ2ʄʛʅ, ʪʘ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʩʦʙʦʶ ʜʦʟʚʦʣʠʣʦ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʽʥʪʝʨ-

ʤʝʪʘʣʽʜʥʘ ʘʨʤʫʶʯʘ ʬʘʟʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4, ʽʩʥʫʻ ʚ 

ʩʪʨʫʢʪʫʨʽ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ ʷʢ ʩʘʤʦʩʪʽʡʥʘ ʬʘʟʘ, ʷʢʘ ʥʝ ʚʪʨʘʪʠʣʘ ʩʚʦʾʭ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ ʥʫʣʴʤʽʨʥʦ-

ʛʦ ʣʠʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ Al-FeCr ʪʘ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ 

ɸʂ12ʄ2ʄʛʅ ʜʦ ʘʨʤʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ů-ʬʘʟʘ ʡ ʤʝʪʘʣʽʯʥʘ ʤʘʪʨʠʮʷ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʚʠʣʠʚʢʘ ʚ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʦʙʦʶ ʥʝ ʚʩʪʫʧʘʶʪʴ, ʘ ʟʚôʷʟʦʢ ʤʽʞ ʥʠʤʠ ʥʦʩʠʪʴ, 

ʦʯʝʚʠʜʥʦ, ʘʜʛʝʟʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʫʩʝ ʪʝ, ʱʦ ʙʫʣʦ ʩʢʘʟʘʥʝ ʚʠʱʝ, ʧʦʩʪʘʚʠʣʠ ʪʘʢʦʞ ʩʝʨʽʶ ʝʢ-

ʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʤʘʣʠ ʥʘ ʤʝʪ ̔ʢʦʤʧʦʟʠʮʽʡʥʝ ʟʤʽʮʥʝʥʥʷ ʩʠʣʫʤʽʥʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘ-

ʜʫ ʤʘʨʢʠ ɸʂ12. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ 

ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʚʠʟʥʘʯʝʥʦ ʾʭ ʤʝʭʘʥʽʯʥʽ ʡ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʝʪʘ-

ʣʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʫʣʴʤʽʨʥʦʛʦ ʣʠʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ Al-

FeCr, ʦʜʝʨʞʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʩʠʣʫʤʽʥʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ ʤʘʨʢʠ ɸʂ12, ʧʦʢʘʟʘʣʠ, 

ʱʦ ʪʦʧʦʛʨʘʬʽʷ ʝʚʪʝʢʪʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʠʜʽʣʝʥʴ ʽ ʚʢʣʶʯʝʥʴ ʻ ʦʜʥʘʢʦʚʦʶ ʧʦ ʚʠʩʦʪʽ ʣʠ-

ʪʦʛʦ ʟʨʘʟʢʘ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʩʝʨʝʜʥʷ ʜʠʩʧʝʨʩʥʽʩʪʴ ʡ ʧʠʪʦʤʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʦʢ ʽʥʪʝʨʤʝʪʘ-

ʣʽʜʥʦʾ ʘʨʤʫʶʯʦʾ ʬʘʟʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʩʦʪʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʤʽʞ ʩʝʨʝʜʥʴʦʶ ʜʠʩʧʝʨʩʥʽʩʪʶ ʪʘ ʧʠʪʦʤʦʶ ʢʽʣʴ-

ʢʽʩʪʶ ʚʢʣʶʯʝʥʴ ů-ʬʘʟʠ ʽʩʥʫʻ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ. ɿʦʢʨʝʤʘ, 

ʚʜʘʣʦʩʷ ʟôʷʩʫʚʘʪʠ, ʱʦ ʧʦ ʤʽʨʽ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʯʘʩʪʦʢ ʽʥʪʝʨʤʝʪʘʣʽ-

ʜʫ FeCr, ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ʚʠʩʦʪʽ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ, ʾʭ ʧʠʪʦʤʘ ʢʽʣʴʢʽʩʪʴ, ʫ ʨʝ-

ʟʫʣʴʪʘʪʽ, ʟʙʽʣʴʰʫʻʪʴʩʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʷʢ ʽʥʪʝʨʤʝ-

ʪʘʣʽʜʥʦʾ ʘʨʤʫʶʯʦʾ ʬʘʟʠ, ʪʘʢ ʽ ʤʝʪʘʣʽʯʥʦʾ ʤʘʪʨʠʮʽ ʥʫʣʴʤʽʨʥʦʛʦ ʣʠʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦ-

ʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ Al-FeCr, ʘ ʪʘʢʦʞ ʦʩʥʦʚʠ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12 ʟʤʽ-

ʥʶʶʪʴʩʷ ʧʦ ʚʠʩʦʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ. ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʨʝʟʫʣʴʪʘ-

ʪʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ ʥʫʣʴʤʽʨʥʦʛʦ ʣʠʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽ-

ʘʣʫ ʩʠʩʪʝʤʠ Al-FeCr ʪʘ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12 ʜʦ ʘʨʤʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ů-ʬʘʟʘ ʡ ʤʝʪʘʣʽʯʥʘ ʤʘʪʨʠʮʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ ʚ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʦʙʦʶ 

ʥʝ ʚʩʪʫʧʘʶʪʴ, ʘ ʟʚôʷʟʦʢ ʤʽʞ ʥʠʤʠ ʪʘʢʦʞ ʥʦʩʠʪʴ ʘʜʛʝʟʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. ʉʝʨʽʷ ʝʢʩʧʝʨʠ-

ʤʝʥʪʽʚ, ʧʦʩʪʘʚʣʝʥʠʭ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ, ʜʦʟʚʦʣʠʣʘ ʟôʷʩʫʚʘʪʠ, ɦ ʦ ʤʝʭʘ-
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ʥʽʯʥʽ ʡ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʪʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʽʚ ʟʘʣʝ-

ʞʘʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʾʭ ʚʠʩʦʪʠ, ʘʣʝ ʡ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʫʣʴʤʽʨʥʦʛʦ ʣʠʪʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ Al-FeCr ʪʘ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12. 

ʄʝʭʘʥʽʟʤ ʧʨʦʮʝʩʫ ʽʥʦʢʫʣʶʚʘʥʥʷ Fe-C-ʩʧʣʘʚʽʚ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʢʨʠʻʪʴʩʷ ʫ ʪʝʧ-

ʣʦʬʽʟʠʯʥʽʡ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽʡ ʚʟʘʻʤʦʜʽʾ ʤʘʪʝʨʽʘʣʫ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʦʾ ʛʘʟʤʦʜʝʣʽ ʟ 

ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ. ɺʥʘʩʣʽʜʦʢ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʪʚʝʨʜʽ ʯʘʩʪʢʠ ʜʠʩʧʝʨʩʥʦʛʦ ʽʥʦʢʫ-

ʣʷʪʦʨʘ ʧʦʧʘʜʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʟ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʢ̔ʫʻʪʴʩʷ, 

ʜʦ ʨʦʟʧʣʘʚʫ ʩʪʘʣʽ ʘʙʦ ʯʘʚʫʥʫ. ʂʨʽʤ ʪʦʛʦ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫ ʩʠʩʪʝʤʽ Fe-C-ʨʦʟʧʣʘʚ ï ɻʘʟʤʦʜʝʣʴ ï ɼʠʩʧʝʨʩʥʠʡ ʽʥʦʢʫʣʷʪʦʨ ï ʃʠʚʘʨʥʘ ʬʦʨʤʘ, ʤʦ-

ʞʥʘ ʧʦʷʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʃɻʄ-ʧʨʦʮʝʩʫ ʟ ʧʦʧʨʘʚʢʦʶ ʥʘ ʜʠʩʧʝʨʩ-

ʥʦ-ʥʘʧʦʚʥʝʥʫ ʛʘʟʤʦʜʝʣʴ, ʷʢʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʫ ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ. ʗʢ ʽ ʚ ʧʦʧʝʨʝʜ-

ʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʤʝʭʘʥʽʟʤ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʡ ʘʨʤʫʚʘʥʥʷ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ 

ʤʘʨʢʠ ʃʎ16ʂ4 ʪʘ ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ12ʄ2ʄʛʅ ʡ ɸʂ12, ʘ ʪʘʢʦʞ ʬʦʨʤʫ-

ʚʘʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʽ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟ ʧʦʟʠʮʽʾ ʧʨʠʢʣʘ-

ʜʥʠʭ ʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ. 

ʑʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʦʮʝʩʫ ʽʥʦʢʫʣʶʚʘʥʥʷ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʘʨʘʣʝʣʴ ʤʽʞ ʃɻʄ-ʧʨʦʮʝʩʦʤ ʪʘ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʣʠʪʪʷ. ʇʦʪʽʤ ʧʦʨʽʚʥʷʣʠ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʽʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʡ ʣʝʛʫʚʘʥʥʷ ʨʦʟʧʣʘʚʽʚ ʯʘʚʫʥʫ ʫ çʧʦ-

ʨʦʞʥʠʥè̔ ʣʠʚʘʨʥʦʾ ʬʦʨʤʠ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ ʪʘ ʘʨʤʫʚʘʥʥʷ Al-ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʦʾ ʛʘʟʤʦʜʝʣʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʟʜʽʡʩ-

ʥʶʶʪʴ ʟʘ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʆʩʥʦʚʥʠʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʫ ʜʘ-

ʥʦʤʫ ʚʠʧʘʜʢʫ, ʙʫʣʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʠʜʘʪʥʦʛʦ ʣʠʪʚʘ (ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300, ʞʘ-

ʨʦʩʪʽʡʢʦʛʦ Cr-ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ1, ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʯʘʚʫʥʫ ʟ ʢʫʣʷʩʪʠʤ ʛʨʘʬʽʪʦʤ ʤʘʨʢʠ 

ɺʏ500-7, ʥʫʣʴʤʽʨʥʦʛʦ ʣʠʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ Al-FeCr, ʜʚʦʤʽʨʥʦ-

ʛʦ ʣʠʪʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3, ʪʦʱʦ). ʎʠʬʨʠ, ʷʢʽ 

ʥʘʚʝʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʟʨʘʟʢʠ ʩʽʨʦʛʦ ʯʘ-

ʚʫʥʫ ʤʘʨʢʠ ʉʏ300, ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ɺʏ500-7, ʞʘʨʦʩʪʽʡʢʦʛʦ Cr-ʯʘʚʫʥʫ 

ʤʘʨʢʠ ʏʍ1, ʘ ʪʘʢʦʞ ʞʘʨʦ-, ʟʥʦʩʦʩʪʽʡʢʦʛʦ Cr-ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ3 ʚʽʜʣʠʣʠ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʧʠʣʦʚʠʜʥʠʭ ʚʽʜʭʦʜʽʚ ʬʝʨʦʩʧʣʘʚʽʚ ʤʘʨʦʢ, ʚʽʜʧʦʚʽʜʥʦ, ʌʉ75, ʌʉʄʛ7 ʡ 
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ʌʍ650ɸ. ʉʦʙʽʚʘʨʪʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʣʝʛʫʚʘʥʥʷ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ200 Cu-

ʧʦʨʦʰʢʦʤ ʤʘʨʢʠ ʇʄʉ-ʂ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʟ ʧʦʧʨʘʚʢʦʶ ʥʘ ʪʝ, ʱʦ ʚʘʨʪʽʩʪʴ ʪʘʢʦʛʦ 

ʧʦʨʦʰʢʫ ʥʘ 20 % ʙʽʣʴʰʘ ʚʘʨʪʦʩʪʽ ʢʫʩʢʦʚʦʾ Cu. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʨʤʫʚʘʥʥʷ; ʽʥʦʢʫʣʶʚʘʥʥʷ; ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʘ ʤʦʜʝʣʴ, ʱʦ 

ʛʘʟʠʬʽʢʫʻʪʴʩʷ; ʢʦʤʧʦʟʠʮʽʡʥʝ ʟʤʽʮʥʝʥʥʷ; ʃɻʄ-ʧʨʦʮʝʩ; ʣʝʛʫʚʘʥʥʷ; ʣʠʚʘʨʥʠʡ ʩʧʣʘʚ; 

ʤʘʪʨʠʯʥʠʡ ʨʦʟʧʣʘʚ; ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ; ʤʦʜʠʬʽʢʫʚʘʥʥʷ; çʧʦʨʦʞʥʠʥʘè ʣʠʚʘʨʥʦʾ ʬʦʨʤʠ. 

ABSTRACT  

Nebozhak I.A. Inoculation of cast alloys using a dispersed-filled, gasifying mod-

el. ï Qualifying scientific work on manuscript rights.  

Dissertation for the degree of candidate of technical sciences in specialty: 05.16.04 

çFoundry productionè. ï Physical and Technological Institute of Metals and Alloys of the 

National Academy of Sciences of Ukraine, Kyiv, 2024. 

The dissertation is devoted to the inoculation of the matrix melt in the çvolumeè of 

the casting mold according to the LFC-process. In order to obtain samples of gray cast iron 

of the ʉʏ200, ʉʏ250 and ʉʏ300 types, high-strength cast iron of the ɺʏ500-7 type, heat-

resistant Cr-cast iron of the ʏʍ1 type, gasifying models were filled with caulk stabilized 

Cu-powder of the ʇʄʉ-K type, dispersed ferrosilicon of the ʌʉ75 type, complex sphe-

roidizing modifier of the ʌʉʄʛ7 type and ferrochrome of the ʌʍ650A type, respectively. 

In the production of wear-resistant complex alloy steel of the 75ʍʌʊʃ type, microalloy-

ing of the melt of the wear-resistant Cr-steel of the 70ʍʃ type was carried out with the 

application of dispersed ferrovanadium and ferrotitanium of the ʌɺʜ40ʋ0,75 and 

ʌʊʠ70ʉ1 types, respectively, while the zero-dimensional cast composite materials of the 

systems Al-FeCr and Cu-FeCr were obtained due to the reinforcement of cast Al-alloys of 

AK12M2Mʛʅ, AK12 and cast brass of ʃʎ16K4, respectively, with dispersed intermetal-

lic FeCr (ů-phase). In order to obtain a cast reinforced structure of the system ʉʏ300-

ʉʪ3-ʏʍ3, the dispersion-filled gasmodel of a two-layer casting was reinforced with sheet 

steel of the ʉʪ3 grade. 

The applicant conducted a literature review on the topic of this dissertation and 

made an in-depth analysis of scientific treatises by Ukrainian and foreign researchers. This 
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allowed him to decide on the main directions of research. 

The study of the chemical composition, structure and properties of the cast samples 

was carried out according to the original methodology proposed by the doctoral candidate 

personally. Testing of the studied material for wear under dry friction conditions was car-

ried out according to the methodology, which involves the use of a laboratory unit of the 

çM22Mè model. The method of determining the nature of the connection between the 

components of the zero-dimensional cast composite material of the system Al-FeCr also 

belongs to the acquirer. 

The criteria for evaluating the effectiveness of the inoculation of foundry alloys 

were the absorption indicators of the dispersed inoculator by the matrix melt, the structure 

and properties of the test materials. The efficiency of metallurgical processing of liquid 

metal with a dispersed inoculator can also be judged by the service and operational charac-

teristics of the studied castings. 

The results of the research proved that the concentration of Si in gray cast iron of the 

ʉʏ300 type and its absorption coefficient by the matrix melt, as well as the parameters of 

the microstructure of the test material and the hardness of the cast samples change in their 

control plane. Graphical interpretation and mathematical processing of experimental data 

made it possible to find out that the microstructure of gray cast iron of the ʉʏ300 type, 

which depends on the geometry of the cast samples, the place of introduction of the matrix 

melt into the çvolumeè of the casting mold, and the absorption coefficient of Si by the liq-

uid metal, in turn, significantly affects hardness of iron castings. The regression analysis of 

the results of the full-factor experiment showed that an increase in the content of ʌʉ75 

ferrosilicon in the çbodyè of the dispersion-filled gas model, an increase in the density of 

the model material, an increase in the speed of mold filling and pouring temperature con-

tribute to an increase in Si absorption by the matrix melt, an increase in the amount of 

pearlite, ferrite, lamellar graphite and the length of its inclusions, and also lead to the fact 

that the amount of structurally free Fe3C, and therefore the hardness of the cast samples, is 

significantly reduced. It was also found out that using the same technology, it is possible 

to inoculate the matrix melt with ʇʄʉ-K Cu-powder, ʌʍ650A ferrochrome, 

ʌɺʜ40ʋ0,75 and ʌʊʠ70ʉ1 ferrovanadium and ferrotitanium, respectively. The results of 
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the metallographic analysis of gray cast iron grades ʉʏ250 and ʉʏ200, high-strength cast 

iron ɺʏ500-7 type, heat-resistant Cr-cast iron ʏʍ1 type, wear-resistant complex alloy 

steel 75ʍʌʊʃ type before and after heat treatment, as well as their mechanical and wear 

resistance tests showed that the studied materials have optimal microstructure and high 

mechanical and tribotechnical characteristics, respectively. 

A sample of a two-dimensional cast composite material of the system ʉʏ300-ʉʪ3-

ʏʍ3 was also obtained at the PTIMA of the NAS of Ukraine and its structure and mechan-

ical properties were investigated. After cutting the composite casting into templates, it was 

visually established that the diaphragm made of a 1 mm thick galvanized sheet shrank a 

little, but was completely preserved. The results of metallographic analysis and mechani-

cal tests showed that the cast sample has an optimal microstructure and nominal hardness 

of its functional layers. The presence of both sides of the diaphragm made of sheet steel of 

the ʉʪ3 type, covered with a layer of Zn with a thickness of 6...10 ɛm, blurred boundaries 

between adjacent phases and transition zones between functional layers with a thickness of 

0,15...0,18 mm indicates that in the system ʉʏ300-ʉʪ3-ʏʍ3 there is a diffusion connec-

tion, and the graphical interpretation of the results of the conducted research made it pos-

sible to find out that the hardness of the functional layers of the cast reinforced structure of 

the system ʉʏ300-ʉʪ3-ʏʍ3 depends on the height of the composite casting. 

It has been experimentally proven that, at first glance, composite strengthening of 

cast brass of the ʃʎ16K4 type is ineffective, because at the temperature of its pouring into 

the çvolumeè of the casting mold, the ů-phase dissociates into Fe and Cr, which negative-

ly affect the structure of alloys based on Cu. However, as it turned out later, the rein-

forcement of brass castings improves their mechanical and tribotechnical properties. The 

results of mechanical tests of cast samples showed that the hardness of the zero-

dimensional cast composite material of the system Cu-FeCr, which was determined ac-

cording to the Brinell scale, is 18,3 % higher than the similar characteristic of cast brass of 

the ʃʎ16K4 type. The testing of composite and control castings for wear under dry fric-

tion conditions made it possible to find out that the tribotechnical characteristics of the ze-

ro-dimensional cast composite material of the system Cu-FeCr are significantly better than 

those of cast brass of the ʃʎ16K4 type, namely by %: wear of the sample material ï 62,0; 
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activation of low-alloyed Cr-steel 40X ï 183,9 type; the wear rate of the sample material 

is 62,0; the friction coefficient of steam sliding is 33,3. The results of the metallographic 

analysis of the AK12M2Mʛʅ cast Al-alloy after reinforcement showed that its structure 

contains isolated ů-phase inclusions. Measurement of the microhardness of the structural 

components of the zero-dimensional cast composite material of the system Al-FeCr, ob-

tained on basis of the AK12M2Mʛʅ piston alloy, and their comparison with each other al-

lowed us to conclude that the intermetallic reinforcing phase, in contrast to the ʃʎ16K4 

cast brass, exists in the structure of the composite casting as an independent phase that has 

not lost its physical and chemical properties. The results of the X-ray spectral microanaly-

sis of the zero-dimensional cast composite material of the system Al-FeCr and the cast Al-

alloy of the AK12M2Mʛʅ type before reinforcement showed that the ů-phase and the 

metal matrix of the composite casting do not enter into chemical interaction with each oth-

er, but the connection between them is obvious, adhesive nature. 

Taking into account all that was said above, a series of experiments was also per-

formed, which were aimed at the compositional strengthening of silumin of the eutectic 

composition of the AK12 type. To achieve the goal, the microstructure of the cast samples 

was investigated, and their mechanical and tribotechnical properties were determined. The 

results of the metallographic analysis of the zero-dimensional cast composite material of 

the system Al-FeCr, obtained on the basis of silumin of eutectic composition of the AK12 

type, showed that the topography of eutectic and other allocations and inclusions is the 

same in the height of the cast sample. However, the average dispersion and the specific 

number of particles of the intermetallic reinforcing phase depend on the height of the 

composite casting. The analysis of the research results showed that there is a pronounced 

functional dependence between the average dispersion and the specific number of ů-phase 

inclusions. In particular, it was found that as the average dispersion of FeCr intermetalide 

particles, distributed along the height of the composite casting, increases, their specific 

quantity increases. It has been experimentally proven that the microhardness of both the 

intermetallic reinforcing phase and the metal matrix of the zero-dimensional cast compo-

site material of the system Al-FeCr, as well as the base of the cast Al-alloy of the AK12 

type, vary with the height of the studied casting. As in the previous case, the results of the 
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X-ray spectral microanalysis of the zero-dimensional cast composite material of the sys-

tem Al-FeCr and cast Al-alloy of the AK12 type before reinforcement showed that the ů-

phase and the metal matrix of the composite casting do not chemically interact with each 

other, but rather the bond between them is also adhesive in nature. A series of experiments 

carried out in the course of this work made it possible to find out that the mechanical and 

tribotechnical characteristics of composite and control castings depend not only on their 

height, but also on the parameters of the microstructure of the zero-dimensional cast com-

posite material of the system Al-FeCr and cast Al-alloy AK12 type. 

The mechanism of the process of inoculation of Fe-C-alloys, first of all, lies in the 

thermophysical and physico-chemical interaction of the material of the dispersed-filled 

gasmodel with the matrix melt. As a result of this interaction, the solid particles of the dis-

persed inoculator fall directly from the dispersed-filled, gasifying model to the molten 

steel or cast iron. In addition, the physico-chemical interaction that occurs in the system 

Fe-C-melt ï Gasmodel ï Disperse inoculator ï Foundry mold can be explained using the 

physical model of the LFC-process with an amendment to the dispersed-filled gas model 

that was created at PTIMA of the NAS of Ukraine. As in the previous case, the mechanism 

of composite strengthening and reinforcement of cast brass of the ʃʎ16K4 type and cast 

Al-alloys of the AK12M2Mʛʅ and AK12 types, as well as the formation of their mechani-

cal and tribotechnical characteristics, is substantiated from the standpoint of applied and 

fundamental disciplines. 

In order to calculate the economic effect of the process of inoculation of cast alloys 

using a dispersion-filled, gasifying model, a parallel was drawn between the LFC-process 

and other methods of casting. Then we compared the technical and economic indicators of 

the processes of modification and alloying of cast iron melts in the çvolumeè of the cast-

ing mold according to the LFC-process and the reinforcement of the Al-matrix melt using 

a dispersed-filled gas model with similar processes carried out using other technologies. 

The main technical and economic indicator, in this case, was the cost of a suitable casting 

(gray cast iron of the ʉʏ300 type, heat-resistant Cr-cast iron of the ʏʍ1 type, high-

strength cast iron with spheroidal graphite of the ɺʏ500-7 type, zero-dimensional cast 

composite material of the system Al-FeCr, two-dimensional cast composite material of the 
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system ʉʏ300-ʉʪ3-ʏʍ3, etc.). The figures given in the dissertation were obtained due to 

the fact that samples of gray cast iron of the ʉʏ300 type, high-strength cast iron of the 

ɺʏ500-7 type, heat-resistant Cr-cast iron of the ʏʍ1 type, as well as heat- and wear-

resistant Cr-cast iron of the ʏʍ3 type were cast using dust-like waste of ferroalloys of the 

ʌʉ75, ʌʉʄʛ7 and ʌʍ650A types, respectively. The cost of additional alloying of gray 

cast iron of the ʉʏ200 type with Cu-powder of the ʇʄʉ-K type was calculated with the 

correction that the cost of such powder is 20 % higher than the cost of lump copper. 

Keywords: reinforcement; inoculation; dispersed-filled, gasifying model; composite 

strengthening; LFC-process; alloying; foundry alloy; matrix melt; microalloying; modifi-

cation; çvolumeè of the casting mold. 
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ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ, ʋʄʆɺʅʀʍ ʇʆɿʅɸʂ, 

ʆɼʀʅʀʎʔ ɯ ʊɽʈʄɯʅɯɺ 

aɺ ï ʜʦʚʞʠʥʘ ʚʠʣʠʚʢʘ, ʤʤ; 

aʊ ï ʜʦʚʞʠʥʘ ʪʝʤʧʣʝʪʘ, ʤʤ; 

bɺ ï ʰʠʨʠʥʘ (ʪʦʚʱʠʥʘ) ʚʠʣʠʚʢʘ, ʤʤ; 

bʊ ï ʰʠʨʠʥʘ (ʪʦʚʱʠʥʘ) ʪʝʤʧʣʝʪʘ, ʤʤ; 

cMe ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʤʝʪʘʣʽʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, ɼʞ/(ʢʛĿʂ); 

cɼɯ ï ʪʝʧʣʦʻʤʢʽʩʪʴ ʜʠʩʧʝʨʩʥʦʛʦ ʽʥʦʢʫʣʷʪʦʨʘ, ɼʞ/(ʢʛĿʂ); 

C
ɻʄ

FeCr
 ï ʢʽʣʴʢʽʩʪʴ ʜʠʩʧʝʨʩʥʦʛʦ ʽʥʪʝʨʤʝʪʘʣʽʜʫ FeCr, ʽʤʧʣʘʥʪʦʚʘʥʦʛʦ ʜʦ ʤʦʜʝʣʽ, 

ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, % (ʤʘʩ. ʯʘʩʪʢʘ); 

C
ɻʄ

ʋʌɺʜ 75,040
 ï ʢʽʣʴʢʽʩʪʴ ʜʠʩʧʝʨʩʥʦʛʦ ʬʝʨʦʚʘʥʘʜʽʶ ʤʘʨʢʠ ʌɺʜ40ʋ0,75, ʽʤʧʣʘʥʪʦʚʘ-

ʥʦʛʦ ʜʦ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, % (ʤʘʩ. ʯʘʩʪʢʘ); 

C
ɻʄ

ʌʉ75
 ï ʢʽʣʴʢʽʩʪʴ ʜʠʩʧʝʨʩʥʦʛʦ ʬʝʨʦʩʠʣʽʮʽʶ ʤʘʨʢʠ ʌʉ75, ʽʤʧʣʘʥʪʦʚʘʥʦʛʦ ʜʦ 

ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, % (ʤʘʩ. ʯʘʩʪʢʘ); 

C
ɻʄ

ʌʉʄʛ7
 ï ʢʽʣʴʢʽʩʪʴ ʜʠʩʧʝʨʩʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʬʝʨʦʽʜʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ 

ʤʘʨʢʠ ʌʉʄʛ7, ʽʤʧʣʘʥʪʦʚʘʥʦʛʦ ʜʦ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, % (ʤʘʩ. ʯʘʩʪʢʘ); 

C
ɻʄ

ɸʌʍ650
 ï ʢʽʣʴʢʽʩʪʴ ʜʠʩʧʝʨʩʥʦʛʦ ʬʝʨʦʭʨʦʤʫ ʤʘʨʢʠ ʌʍ650ɸ, ʽʤʧʣʘʥʪʦʚʘʥʦʛʦ ʜʦ 

ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, % (ʦʙ. ʯʘʩʪʢʘ); 

D ï ʩʝʨʝʜʥʷ ʜʠʩʧʝʨʩʥʽʩʪʴ ʚʢʣʶʯʝʥʴ ů-ʬʘʟʠ, ʤʢʤ; 

dFeCr ï ʜʠʩʧʝʨʩʥʽʩʪʴ ʯʘʩʪʦʢ ʽʥʪʝʨʤʝʪʘʣʽʜʫ FeCr, ʤʢʤ; 

dʌɺʜ40ʋ0,75 ï ʜʠʩʧʝʨʩʥʽʩʪʴ ʯʘʩʪʦʢ ʬʝʨʦʚʘʥʘʜʽʶ ʤʘʨʢʠ ʌɺʜ40ʋ0,75, ʤʢʤ; 

dʌʉ75 ï ʜʠʩʧʝʨʩʥʽʩʪʴ ʯʘʩʪʦʢ ʬʝʨʦʩʠʣʽʮʽʶ ʤʘʨʢʠ ʌʉ75, ʤʢʤ; 

dʌʉʄʛ7 ï ʜʠʩʧʝʨʩʥʽʩʪʴ ʯʘʩʪʦʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʬʝʨʦʽʜʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ 

ʤʘʨʢʠ ʌʉʄʛ7, ʤʢʤ; 

dʌʍ650ɸ ï ʜʠʩʧʝʨʩʥʽʩʪʴ ʯʘʩʪʦʢ ʬʝʨʦʭʨʦʤʫ ʤʘʨʢʠ ʌʍ650ɸ, ʤʢʤ; 

dɻʄ

0  ï ʚʠʭʽʜʥʠʡ (ʧʝʨʰʦʧʦʯʘʪʢʦʚʠʡ) ʨʦʟʤʽʨ ʛʨʘʥʫʣ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʤ; 

[Fe3C] ï ʢʽʣʴʢʽʩʪʴ ʮʝʤʝʥʪʠʪʫ, % (ʟʘ ʧʣʦʱʝʶ); 
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[ ]
f

ʍ

FeCrAl

40

-
 ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʧʘʨʠ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ï ʉʪʘʣʴ 40ʍ; 

f
ʍ

ɸʂ

40

12
 ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʧʘʨʠ Cʧʣʘʚ ɸʂ12 ï ʉʪʘʣʴ 40ʍ; 

HB ï ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ), ʢʛʩ/ʤʤ
2
; 

HB[AlïFeCr] ï ʪʚʝʨʜʽʩʪʴ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, ʢʛʩ/ʤʤ
2
; 

HBɸʂ12 ï ʪʚʝʨʜʽʩʪʴ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12, ʢʛʩ/ʤʤ
2
; 

Hɺ ï ʚʠʩʦʪʘ ʚʠʣʠʚʢʘ, ʤʤ; 

( )H
FeCrAl

Al

][ -

m
 ï ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʤʘʪʨʠʮʽ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, ɻʇʘ; 

( )H
FeCrAl

FeCr

][ -

m
 ï ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ů-ʬʘʟʠ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, ɻʇʘ; 

( )H
ɸʂ

Al

12

m
 ï ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʦʩʥʦʚʠ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12, ɻʇʘ; 

( )H
ʄʛʅʄɸʂ

Al

212

m
 ï ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʦʩʥʦʚʠ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12ʄ2ʄʛʅ, ɻʇʘ; 

hʊ ï ʚʠʩʦʪʘ ʪʝʤʧʣʝʪʘ, ʤʤ; 

I
ʍ

FeCrAlq

40

][ -
 ï ʟʥʦʰʫʚʘʥʥʷ (ʟʥʦʩ) ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, ʷʢʠʡ ʧʨʘʮʶʻ 

ʫ ʧʘʨʽ ʟ Cr-ʩʪʘʣʣʶ ʤʘʨʢʠ 40ʍ, ʤʛ/(ʩʤ
2
Öʢʤ); 

( )I
ʍ

ɸʂq

40

12
 ï ʟʥʦʰʫʚʘʥʥʷ (ʟʥʦʩ) ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12, ʱʦ ʧʨʘʮʶʻ ʫ ʧʘʨʽ 

ʟ Cr-ʩʪʘʣʣʶ ʤʘʨʢʠ 40ʍ, ʤʛ/(ʩʤ
2
Öʢʤ); 

( )I
FeCrAl

ʍʂʊ

][

40

-  ï ʩʧʨʘʮʶʚʘʥʥʷ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 40ʍ, ʷʢʘ ʧʨʘʮʶʻ ʫ ʧʘʨʽ ʟ ʥʫʣʴʤʽʨʥʠʤ 

ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, ʤʛ/(ʩʤ
2
Öʢʤ); 

( )I
ɸʂ

ʍʂʊ

12

40
 ï ʩʧʨʘʮʶʚʘʥʥʷ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 40ʍ, ʱʦ ʧʨʘʮʶʻ ʫ ʧʘʨʽ ʟ ʣʠʚʘʨʥʠʤ Al-

ʩʧʣʘʚʦʤ ʤʘʨʢʠ ɸʂ12, ʤʛ/(ʩʤ
2
Öʢʤ); 

k[Si] ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ; 

lʇɻ ï ʜʦʚʞʠʥʘ ʚʢʣʶʯʝʥʴ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ, ʤʢʤ; 

n ï ʧʠʪʦʤʘ ʢʽʣʴʢʽʩʪʴ ʚʢʣʶʯʝʥʴ ů-ʬʘʟʠ, ʤʤ-2
; 

[Si]ʤ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʤʥʽʶ ʫ ʯʘʚʫʥʽ ʧʽʩʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, % (ʤʘʩ. ʯʘʩʪʢʘ); 

Tʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʜʽʣʝʥʥʷ ů-ʬʘʟʠ ʟʽ ʩʧʣʘʚʫ ʩʠʩʪʝʤʠ Fe-Cr, ʂ; 

Tʟʘʣ ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʠʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʜʦ çʧʦʨʦʞʥʠʥʠè ʣʠʚʘʨʥʦʾ ʬʦʨʤʠ, ʂ; 

Tʢʠʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ, ʂ; 
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Tʥ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʘʥʥʷ, ʂ; 

Tʧʣ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ, ʂ; 

T
Me

L
 ï ʪʝʤʧʝʨʘʪʫʨʘ ʣʽʢʚʽʜʫʩ ʤʘʪʨʠʯʥʦʛʦ ʩʧʣʘʚʫ, ʂ; 

T
ɼɯ

L
 ï ʪʝʤʧʝʨʘʪʫʨʘ ʣʽʢʚʽʜʫʩ ʤʘʪʝʨʽʘʣʫ ʜʠʩʧʝʨʩʥʦʛʦ ʽʥʦʢʫʣʷʪʦʨʘ, ʂ; 

TMe

0

 ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʫ ʧʽʜ ʯʘʩ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ, ʂ; 

T
ɺʇɸ

Me
 ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʽʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʥʘ ʤʦʤʝʥʪ ʡʦʛʦ ʚʠʧʫʩʢʫ ʽʟ ʧʣʘʚʠʣʴ-

ʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʂ; 

T
Me

S
 ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʽʜʫʩ ʤʝʪʘʣʽʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, ʂ; 

v
ʃʌ

Me
 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʫ çʧʦʨʦʞʥʠʥʽè 

ʣʠʚʘʨʥʦʾ ʬʦʨʤʠ, ʤʤ/ʩ; 

Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ɺʪ/ʤ2
; 

ȹɺ ï ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʚʠʣʠʚʢʘ, ʤʤ; 

ȹɻʄ ï ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, ʤʤ; 

d5 ï ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ), %; 

[ ]
d

FeCrAl-

5
 ï ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, %; 

d
12

5

ɸʂ  ï ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12, %; 

ɟ ï ʛʫʩʪʠʥʘ (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ), ʢʛ/ʤ3
; 

ɟɻʄ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, ʢʛ/ʤ
3
; 

ůʚ ï ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʨʦʟʨʠʚʫ (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ), ʄʇʘ; 

ůʠ ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʚʠʛʠʥʽ, ʄʇʘ; 

ůʩ ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʘʥʥʽ, ʄʇʘ; 

[ ]
s

FeCrAl

ʚ

-  ï ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʨʦʟʨʠʚʫ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, ʄʇʘ; 

s
12ɸʂ

ʚ  ï ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʨʦʟʨʠʚʫ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12, ʄʇʘ; 

Űɯɺ ï ʯʘʩ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ, ʩ; 

Űʩ ï ʯʘʩ ʩʧʽʢʘʥʥʷ, ʩ; 

ɸ ï ʘʫʩʪʝʥʽʪ; 

ɸʌ ï ʘʨʤʫʶʯʘ ʬʘʟʘ; 
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ɹʏ ï ʙʽʣʠʡ ʯʘʚʫʥ; 

ɺɸʂ ï ʚʠʱʘ ʘʪʝʩʪʘʮʽʡʥʘ ʢʦʤʽʩʽʷ; 

ɺɼʉɺ ï ʚʠʣʠʚʦʢ (ʚʠʨʽʙ) ̔ ʟ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʤʠ ʡ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

ɺʉʉ ï ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʩʠʥʪʝʟ, ʱʦ ʩʘʤʦʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ; 

ɺʏ ï ʚʠʩʦʢʦʤʽʮʥʠʡ ʯʘʚʫʥ; 

ɻʄ ï ʤʦʜʝʣʴ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ; 

ɻʌ ï ʛʘʟʦʚʘ ʬʘʟʘ; 

ɼɯ ï ʜʠʩʧʝʨʩʥʠʡ ʽʥʦʢʫʣʷʪʦʨ; 

ɼɺɿ ï ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ; 

ɼʅɻʄ ï ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʘ ʤʦʜʝʣʴ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ; 

ɼʈ ï ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ (ʜʠʩʝʨʪʘʮʽʷ); 

ɽʄ ï ʝʣʝʤʝʥʪ-ʤʦʜʠʬʽʢʘʪʦʨ; 

ʂ ï ʢʦʥʪʨʦʣʴʥ (ʘ, ʝ, ʽ) ʠʡ; 

ʂɺ ï ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʚʠʣʠʚʦʢ, ʢʦʥʫʩʥʘ ʚʦʨʦʥʢʘ; 

ʂɺʄ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʫ; 

ʂʃ ï ʢʦʤʧʦʟʠʮʽʡʥʝ ʣʠʪʪʷ; 

ʂʄ ï ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ; 

ʃ ï ʣʝʜʝʙʫʨʠʪ; 

ʃɸʂ ï ʣʠʪʘ ʘʨʤʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ; 

ʃɻʄ-ʧʨʦʮʝʩ ï ʧʨʦʮʝʩ ʣʠʪʪʷ ʟʘ ʤʦʜʝʣʷʤʠ, ʱʦ ʛʘʟʠʬʽʢʫʶʪʴʩʷ; 

ʃɽ ï ʣʝʛʫʶʯʠʡ ʝʣʝʤʝʥʪ; 

ʃʂʄ ï ʣʠʪʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ; 

ʃʉ ï ʣʠʚʥʠʢʦʚʘ ʩʠʩʪʝʤʘ; 

ʃʌ ï ʣʠʚʘʨʥʘ ʬʦʨʤʘ; 

ʄ ï ʤʘʪʨʠʮʷ; 

ʄɻɸ ï ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ; 

ʄɼ ï ʤʘʣʘ ʜʦʤʽʰʢʘ; 

ʄʍ ï ʤʽʢʨʦʭʦʣʦʜʠʣʴʥʠʢ; 

ʅɺ ï ʥʝʤʝʪʘʣʽʯʥʝ ʚʢʣʶʯʝʥʥʷ; 

ʅɼʈ ï ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ; 
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[ʇ] ï ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, % (ʟʘ ʧʣʦʱʝʶ); 

[ʇɻ] ï ʢʽʣʴʢʽʩʪʴ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ, % (ʟʘ ʧʣʦʱʝʶ); 

ʇ ï ʧʝʨʣʽʪ; 

ʇɸʈ ï ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ; 

ʇɻ ï ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʛʨʘʬʽʪ; 

ʇɻʌ ï ʧʘʨʦʛʘʟʦʚʘ ʬʘʟʘ, ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʘ ʬʦʨʤʘ; 

ʇʄ ï ʧʦʨʦʰʢʦʚʘ ʤʝʪʘʣʫʨʛʽʷ; 

ʇʌ ï ʧʨʝʩ-ʬʦʨʤʘ, ʧʘʨʦʚʘ ʬʘʟʘ; 

ʈɿʄ ï ʨʽʜʢʦʟʝʤʝʣʴʥʠʡ ʤʝʪʘʣ; 

ʈʂ ï ʨʝʘʢʮʽʡʥʘ ʢʘʤʝʨʘ; 

ʈʉʄɸ ï ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʤʽʢʨʦʘʥʘʣʽʟ; 

ʈʉʉ ï ʨʽʜʢʦʧʣʠʥʥʘ ʩʘʤʦʪʚʝʨʜʥʫʯʘ ʩʫʤʽʰ; 

ʈʌ ï ʨʽʜʢʘ ʬʘʟʘ; 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʘʥʘʣʽʟ; 

ʉɺʏ ï ʩʪʨʫʤ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ; 

ʉʂ ï ʩʪʘʙʽʣʴʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ; 

ʉʉʃ ï ʩʧʝʮʽʘʣʴʥʽ ʩʧʦʩʦʙʠ ʣʠʪʪʷ; 

ʉʏ ï ʩʽʨʠʡ ʯʘʚʫʥ; 

ʊɽʇ ï ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ; 

ʊʆ ï ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ; 

ʊʌ ï ʪʚʝʨʜʘ ʬʘʟʘ; 

ʊʎʆ ï ʪʝʨʤʦʮʠʢʣʽʯʥʘ ʦʙʨʦʙʢʘ; 

[ʌ] ï ʢʽʣʴʢʽʩʪʴ ʬʝʨʠʪʫ, % (ʟʘ ʧʣʦʱʝʶ); 

ʌ ï ʬʝʨʠʪ; 

ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ ï ʌʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʅʘ-

ʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ; 

ʍʊʆ ï ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ; 

ʎ ï ʮʝʤʝʥʪʠʪ; 

ʏɺɻ ï ʯʘʚʫʥ ʽʟ ʚʝʨʤʠʢʫʣʷʨʥʠʤ ʛʨʘʬʽʪʦʤ; 

ʏʂɻ ï ʯʘʚʫʥ ʽʟ ʢʫʣʷʩʪʠʤ ʛʨʘʬʽʪʦʤ. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʋ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʯ̔ʥʠʭ ʧʨʦʮʝʩʽʚ ʯʘʩʪʦ ʧʦʪʨʽʙʥʽ ʣʠʪʽ ʚʠʨʦʙʠ ʽʟ ʤʝʪʘʣʫ, ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʙʫʣʠ ʙ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʧʦ ʧʦʚʝʨʭʥʽ ʯʠ 

ʦʙôʻʤʫ. ʎʝ ʟʫʤʦʚʣʝʥʦ, ʧʝʨʰ ʟʘ ʚʩʝ, ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʦʾ ʜʝʪʘʣʽ, ʾʾ ʩʦʙʽʚʘʨʪʽʩ-

ʪʶ ʪʘ ʜʝʷʢʠʤʠ ʽʥʰʠʤʠ ʯʠʥʥʠʢʘʤʠ. ʊʘʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ, ʘ ʥ̔ʦʜʽ ʡ ʧʦʣ̫-

ʨʥʦ ʧʨʦʪʠʣʝʞʥʠʭ ʚʠʤʦʛ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʣʠʰʝ ɺɼʉɺ, ʦʩʢʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ ʫʩʽ ʮʽ ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʥʝ ʤʦʞʝ ʤʘʪʠ ʞʦʜʥʘ ʤʦʥʦʣʽʪʥʘ ʜʝʪʘʣʴ. ʇʨʦʪʝ, ʚʠʛʦʪʦʚʣʝʥʥʷ ɺɼʉɺ ʪʨʘʜʠ-

ʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ï ʫ ʮʽʣʦʤʫ ʧʨʦʮʝʩ ʪʨʠʚʘʣʠʡ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʥʝʝʬʝʢʪʠʚʥʠʡ. 

ɺʠʨʦʙʥʠʮʪʚʦ ɺɼʉɺ ʣʠʪʪʷʤ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʚʢʘʟʘʥʠʭ ʥʝʜʦʣʽʢʽʚ. ʅʘʡʧʝʨʩ-

ʧʝʢʪʠʚʥʽʰʠʤ ʤʝʪʦʜʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ɺɼʉɺ ʻ ʃɻʄ-ʧʨʦʮʝʩ, ʦʩʢʽʣʴʢʠ ʛʦʣʦʚʥʘ ʦʩʦʙʣʠ-

ʚʽʩʪʴ, ʘ ʚʽʜʪʘʢ ʽ ʧʝʨʝʚʘʛʘ ʡʦʛʦ ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ (ɻʄ), ʷʢʘ ʥʝ ʚʠʡʤʘʻʪʴʩʷ ʧʝʨʝʜ 

ʟʘʧʦʚʥʝʥʥʷʤ ʃʌ ʤʝʪʘʣʦʤ, ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʮʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʣʠʪʪʷ. ʂʨʽʤ ʪʦʛʦ, ɻʄ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʫ ʧʦʨʦʞ-

ʥʠʥʽ ʇʌ ʽʟ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʧʽʥʦʧʦʣʽʩ-

ʪʠʨʦʣʫ. ʎʽ ʦʙʩʪʘʚʠʥʠ ʜʦʟʚʦʣʠʣʠ ʚʚʦʜʠʪʠ ʜʦ ʩʢʣʘʜʫ ɻʄ ʜʠʩʧʝʨʩʥʽ ʧʨʠʩʘʜʢʠ, ʽ ʪʠʤ 

ʩʘʤʠʤ ʚʠʨʽʰʠʪʠ ʜʚʦʻʜʠʥʫ ʟʘʜʘʯʫ ï ʟʜʽʡʩʥʶʚʘʪʠ ʽʥʦʢʫʣʶʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ 

ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʪʘ ʧʨʦʚʦʜʠʪʠ ʫʪʠʣʽʟʘʮʽʶ ʧʠʣʦʧʦʜʽʙʥʠʭ ʚʽʜʭʦʜʽʚ ʬʝʨʦʩʧʣʘʚʥʦʾ 

ʛʘʣʫʟʽ. ɯʤʧʣʘʥʪʫʚʘʥʥʷ ʽʥʦʢʫʣʷʪʦʨʽʚ ʫ çʪʽʣʦè ɻʄ ʥʘ ʧʨʘʢʪʠʮʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʭʦʣʦʜʥʦʛʦ 

ʧʣʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʛʨʘʥʫʣ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʠʩʧʝʨʩʥʠʤʠ ʬʝʨʦʩʧʣʘʚʘʤʠ ʧʝ-

ʨʝʜ ʾʭ (ʛʨʘʥʫʣ) ʟʘʜʫʚʘʥʥʷʤ ʘʙʦ ʟʘʩʠʧʘʥʥʷʤ ʜʦ ʧʦʨʦʞʥʠʥʠ ʇʌ. 

ʎʝʡ ʩʧʦʩʽʙ ʣʠʪʪʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʥʦʚʠʡ ʥʘʧʨʷʤʦʢ ʦʪʨʠʤʘʥʥʷ ʤʦʥʦ- ʪʘ ʙʘʛʘ-

ʪʦʰʘʨʦʚʠʭ ɺɼʉɺ ʟʘʚʜʷʢʠ ʚʚʝʜʝʥʥʶ ɼɯ ʫ çʪʽʣʦè ɻʄ ʟ ʥʘʩʪʫʧʥʠʤ ʾʭ ʧʝʨʝʥʝʩʝʥʥʷʤ ʜʦ 

ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʘʥʦ-

ʛʦ ʥʘʧʨʷʤʢʫ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʣʠʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʘʚʪʦʪʨʘʢʪʦʨʥʦʾ ʡ ʚʽʡʩʴʢʦʚʦʾ 

ʪʝʭʥʽʢʠ, ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʡ ʥʘʬʪʦʭʽʤʽʯʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʽ ʩʧʦʞʠʚʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʦʚʠʨʦʙʽʚ, ʦʪʨʠʤʘʥʠʭ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʠʙʣʠʟʥʦ ʫ 2...10 ʨʘʟʽʚ. 

ʋʥʽʢʘʣʴʥʠʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʽʟ ʛʘʨʥʠʤʠ ʣʠʚʘʨʥʠʤʠ ʡ ʪʝʭʥʦʣʦʛʽʯ-

ʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʠʡ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥ ̫
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ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʻ ʩʽʨʠʡ ʯʘ-

ʚʫʥ. ʗʢ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ, ʟ ʝʢʦʥʦʤʽʯʥʠʭ ʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʫ ʜʘʥʡ̔ 

ɼʈ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʩʽʨʠʡ ʯʘʚʫʥ ʤʘʨʢʠ ʉʏ300. 

ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʡʦʛʦ ʧʽʜʚʠʱʝʥʘ ʩʭʠ-

ʣʴʥʽʩʪʴ ʜʦ ʚʽʜʙʽʣʶʚʘʥʥʷ, ʷʢʝ ʧʨʠʜʘʻ ʢʨʠʭʢʦʩʪʽ ʯʘʚʫʥʥʠʤ ʚʠʣʠʚʢʘʤ, ʟʙʽʣʴʰʫʻ ʾʭ ʪʚʝ-

ʨʜʽʩʪʴ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʧʦʛʽʨʰʫʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʦʙʨʦʙʣʷʪʠʩʷ ʨʽʟʘʥʥʷʤ. ʋ ʣʠʚʘʨʥʠʭ 

ʮʝʭʘʭ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʥʘʩʘʤʧʝʨʝʜ, ʚʜʘʶʪʴʩʷ ʜʦ ʛʨʘʬʽʪʠʟʫʶʯʦʛʦ ʚʽʜ-

ʧʘʣʶʚʘʥʥʷ ʯʘʚʫʥʫ ʫ ʪʝʨʤʽʯʥʠʭ ʧʝʯʘʭ ʡ ʛʨʘʬʽʪʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝ-

ʪʘʣʫ ʧʝʨʝʜ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷʤ ʫ ʢʦʚʰʽ, ʱʦ, ʚʽʜʧʦʚʽʜʥʦ, ʫʩʫʚʘʻ ʚʽʜʙʽʣʶʚʘʥʥʷ ʩʪʨʫʢ-

ʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʽ ʟʘʧʦʙʽʛʘʻ ʡʦʛʦ ʧʦʷʚʽ. ʇʨʦʪʝ, ʊʆ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ï ʧʨʦʮʝʩ ʜʦ-

ʚʛʦʪʨʠʚʘʣʠʡ ʪʘ ʥʝʝʢʦʥʦʤʽʯʥʠʡ, ʷʢʠʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʠʜʘ-

ʪʥʦʛʦ ʣʠʪʚʘ. ɻʨʘʬʽʪʠʟʫʶʯʝ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦ-

ʙʦʤ ʫ ʢʦʚʰʽ ʪʘʢʦʞ ʻ ʤʘʣʦʝʢʦʥʦʤʽʯʥʠʤ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʜʨʽʙʥʝ ʣʠʪʚʦ, ʜʝ 

ʂɺʄ ï ʥʝʚʝʣʠʢʠʡ. ʎʝ ʧʦʚôʷʟʘʥʦ ʽʟ ʥʝʙʘʞʘʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʘ ʝʣʝʤʝʥ-

ʪʠ ʃʉ. ɼʨʫʛʠʤ ʩʝʨʡʦʟʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ çʞʠʚʫʯʽʩʪʴè 

ɽʄ, ʱʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʦʙʨʦʙʮʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. 

ʑʦʙ ʫʥʠʢʥʫʪʠ ʮʠʭ ʥʝʜʦʣʽʢʽʚ, ʫ ʣʠʚʘʨʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʘʢʪʠʢʫʶʪʴ ʤʦʜʠʬʽ-

ʢʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʫ ʧʦʨʦʞʥʠʥʽ ʃʌ. ʇʨʦʪʝ, ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʪʘʢʠʭ 

ʝʣʝʤʝʥʪʽʚ ʷʢ ʈʂ ʘʙʦ ʂɺ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʃʉ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʾʾ ʚʘʨʪʽʩʪʴ, ʱʦ, ʫ ʢʽʥʮʝʚʦ-

ʤʫ ʨʝʟʫʣʴʪʘʪʽ, ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʠʜʘʪʥʦʛʦ ʣʠʪʚʘ. 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʫʩʝ ʪʝ, ʱʦ ʙʫʣʦ ʩʢʘʟʘʥʝ ʨʘʥʽʰʝ, ʛʨʘʬʽʪʠʟʫʶʯʝ ʤʦʜʠʬʽʢʫ-

ʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʟʜʽʡʩʥʶʚʘʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ɼʅɻʄ. ʗʢ ʤʦʜʠʬʽʢʘʪʦʨ ʫ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʠʣʦʧʦʜʽʙʥʽ ʚʽʜʭʦʜʠ ʪʘʢʦʛʦ ʢʦʤʝ-

ʨʮʽʡʥʦ ʜʦʩʪʫʧʥʦʛʦ ʬʝʨʦʩʧʣʘʚʫ ʷʢ ʬʝʨʦʩʠʣʽʮʽʡ ʤʘʨʢʠ ʌʉ75. 

ʃʠʚʘʨʥʽ Al-ʩʧʣʘʚʠ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʛʘʣʫ-

ʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘ ʚ ʘʚʽʘʮʽʾ ʪʘ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʽ ʮʽ ʩʧʣʘʚʠ ʚʽʜʽʛʨʘʶʪʴ ʚʠ-

ʢʣʶʯʥʦ ʚʘʞʣʠʚʫ ʨʦʣʴ. ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʚʜʘʣʦʤʫ ʧʦʻʜʥʘʥʥʶ ʚʠʩʦʢʦʾ ʧʠ-

ʪʦʤʦʾ ʤʽʮʥʦʩʪʽ ʮʠʭ ʩʧʣʘʚʽʚ ʽʟ ʛʘʨʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʡ ʣʠʚʘʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʤ̫ʠ. 

ʇʨʦʪʝ, ʥʠʟʴʢʽ ʪʚʝʨʜʽʩʪʴ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ Al-ʩʧʣʘʚʽʚ ʦʙʤʝʞʫʶʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʪʝ-

ʭʥʽʮʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʚʫʟʣʘʭ ʪʝʨʪʷ ʪʘ 

ʫʤʦʚʘʭ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. 
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʦʤʘ ʥʠʟʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʽ ʧʨʠʡʦʤʽʚ ʧʦʢʨʘ-

ʱʝʥʥʷ Al-ʩʧʣʘʚʽʚ, ʟʦʢʨʝʤʘ ʣʠʚʘʨʥʠʭ, ʩʝʨʝʜ ʷʢʠʭ ʮʝʥʪʨʘʣʴʥʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʾʭ ʢʦʤʧʦ-

ʟʠʮʽʡʥʝ ʟʤʽʮʥʝʥʥʷ. ʂʦʤʧʦʟʠʪʥʽ ʚʠʣʠʚʢʠ, ʦʜʝʨʞʘʥʽ ʥʘ ʙʘʟʽ ʮʠʭ ʩʧʣʘʚʽʚ, ʤʘʶʪʴ ʦʧʪʠ-

ʤʘʣʴʥʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʦʞ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʽ ʪʚʝʨʜʽʩʪʴ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. 

ʆʩʢʽʣʴʢʠ, ʩʠʣʫʤʽʥ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ ʤʘʨʢʠ ɸʂ12 ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʠʤʠ 

ʣʠʚʘʨʥʠʤʠ ʡ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʦ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʢʦʤʝʨʮʽʡʥʦ-

ʜʦʩʪʫʧʥʦʛʦ ʩʧʣʘʚʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr. ʗʢ ɸʌ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ Al-ʩʧʣʘʚʫ ʫ ʮʽʡ ʨʦʙʦʪʽ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʠʩʧʝʨʩʥʠʡ ʽʥʪʝʨʤʝʪʘʣʽʜ 

FeCr, ʙʽʣʴʰ ʚʽʜʦʤʠʡ ʫ ʩʧʣʘʚʘʭ ʙʽʥʘʨʥʦʾ ʩʠʩʪʝʤʠ Fe-Cr ʷʢ ů-ʬʘʟʘ. 

ʇʨʦʪʝ, ʽʥʦʢʫʣʶʚʘʥʥʷ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ 

ʮʠʤ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ. ʇʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʩʬʝʨʦʽʜʠʟʫʶʯʝ ʤʦʜʠʬʽʢʫʚʘʥ-

ʥʷ ʩʪʨʫʢʪʫʨʠ ʯʘʚʫʥʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɼʅɻʄ, ʘ ʪʘʢʦʞ ʣʝʛʫʚʘʥʥʷ Fe-C-ʩʧʣʘʚʽʚ Cu, 

Cr, V ʪʘ ʽʥʰʠʤʠ ʃɽ ʡ ɽʄ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ, ʧʨʠ ʮʴʦʤʫ, ʟʘʩʣʫʛʦʚʫʶʪʴ ʢʦʤʧʦʟʠʪʥʽ 

ʚʠʣʠʚʢʠ ʽʥʰʠʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʢʣʘʜ, ʥʫʣʴʤʽʨʥʠʡ ʃʂʄ ʩʠʩʪʝʤʠ Cu-FeCr ʪʘ ʙʘʛʘʪʦʰʘ-

ʨʦʚʽ ʃɸʂ. ʊʠʧʦʚʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʪʘʢʦʾ ʃɸʂ ʤʦʞʝ ʙʫʪʠ ʜʚʦʤʽʨʥʠʡ ʃʂʄ ʩʠʩʪʝʤʠ 

ʉʏ300-ʉʪ3-ʏʍ3, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʷʪʴ 2 ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʠ, ʟôʻʜʥʘʥʠʭ ʤʽʞ 

ʩʦʙʦʶ ʪʦʥʢʦʶ ʜʽʘʬʨʘʛʤʦʶ ʽʟ ʧʦʮʠʥʢʦʚʘʥʦʾ ʙʣʷʭʠ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ, ʛʨʘʥʪʘʤʠ. ɼʈ 

ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ ʧʨʦʚʝʜʝʥʥʷ ʅɼʈ ʫ ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾ-

ʥʠ, ʘ ʩʘʤʝ: ˉ 1.6.5.480 çʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʩʪʨʫʢ-

ʪʫʨʦʫʪʚʦʨʝʥʥʷ ʽ ʷʢʽʩʪʶ ʚʠʣʠʚʢʽʚ ʥʘ ʙʘʟʽ ʤʝʪʦʜʽʚ ʽʤʧʣʘʥʪʘʮʽʾ ʤʦʜʠʬʽʢʫʶʯʠʭ, ʣʝʛʫʶ-

ʯʠʭ ʪʘ ʘʨʤʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʬʦʨʤʽ ʟ ʛʘʟʠʬʽʢʦʚʘʥʦʶ ʧʽʥʦʤʦʜʝʣʣʶè, 2001é2004 

ʨ.ʨ. (ˉ ɼʈ 0205U004497); ˉ ɯɯɯ-4-02.501 çʉʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʽ ʪʝʭʥʦʣʦ-

ʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʦʙôʻʤʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʪʠʭ ʚʠʨʦʙʽʚ ʟ 

ʯʦʨʥʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʩʧʣʘʚʽʚè, 2002é2006 ʨ.ʨ. (ˉ ɼʈ 0207U006017); ˉ ɯɯɯ-17.04.536 

çʈʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʦʜʝʨʞʘʥʥʷ ʚʠʣʠʚʢʽʚ ʟ ʢʝʨʦʚʘʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫ ʣʠʚʘʨʥʠʭ ʬʦʨʤʘʭ ʟ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʤʠ ʪʝʧʣʦʬʽʟʠʯ-

ʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠè, 2004é2008 ʨ.ʨ. (ˉ ɼʈ 0209U008369); ˉ III-32-07.568 

çʊʝʦʨʝʪʠʯʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʦʜʝʨʞʘʥʥʷ ʦʜʥʦ- ʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʣʠʪʠʭ ʘʨʤʦʚʘ-

ʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʟ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ, ʚʠʩʦʢʦʤʽʮʥʠʭ, ʣʝʛʦʚʘʥʠʭ 
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ʯʘʚʫʥʽʚ ʽ ʩʪʘʣʝʡ ʜʣʷ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʧʝʨʝʚʝʟʝʥʥʷ ʽ ʟʘʭʦʨʦʥʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚ-

ʥʠʭ ʚʽʜʭʦʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʫ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʏʦʨʥʦʙʠʣʴ-

ʩʴʢʦʾ ɸɽʉè, 2007é2009 ʨ.ʨ. (ˉ ɼʈ 0212U005040); ˉ ɯɯɯ-19-18-683 çʅʘʫʢʦʚʽ ʪʘ ʪʝʭ-

ʥʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʣʠʚʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʦʜʝʨʞʘʥʥʷ ʣʠ-

ʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ̔ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʩʧʣʘʚʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʣʠ-

ʚʘʨʥʠʭ ʨʦʪʦʨʥʦ-ʢʦʥʚʝʻʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚè, 2018é2020 ʨ.ʨ. (ˉ ɼʈ 0118U003787). 

ʄʝʪʘ ̔  ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥɹ. ʄʝʪʦʶ ʮʽʻʾ ɼʈ ̒  ̔ ʥʦʢʫʣʶʚʘʥʥʷ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʚ̔ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼʅɻʄ ʪʘ ʦʪʨʠʤʘʥʥʷ ɺɼʉɺ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʦʪʨʽʙ-

ʥʦ ʚʠʨʽʰʠʪʠ ʥʠʟʢʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ̔  ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ, ̫ ʢʽ ʧʦʣʷʛʘʣʠ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ, ʨʦʟʢʨʠʪʠ ʩʪʘʥ ʧʠ-

ʪʘʥʥʷ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʘ ʚʠʙʨʘʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ. 

2. ʈʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʽʜʨʦ-, ʛʘʟʦʜʠʥʘʤʽʢʠ ʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʃɻʄ-ʧʨʦʮʝʩʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʟʘʩʚʦʻʥʥʷ ɼɯ (ɽʄ, ʃɽ, ʄʍ, 

ɸʌ) ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ, ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ. 

3. ɿôʷʩʫʚʘʪʠ ʚʧʣʠʚ ʛʽʜʨʦ-, ʛʘʟʦʜʠʥʘʤʽʢʠ ʃɻʄ-ʧʨʦʮʝʩʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʟʘʩʚʦʻʥʥʷ 

Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʽ ʪʚʝʨʜʽʩʪʴ 

ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʧʽʜʜʦʩʣʽʜʥʠʭ ʚʠʣʠʚʢʽʚ. 

4. ɼʦʚʝʩʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ Si ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʚʽʜ ʡʦʛʦ ʢʦʥ-

ʮʝʥʪʨʘʮʽʾ ʫ ʩʽʨʦʤʫ ʯʘʚʫʥʽ ʤʘʨʢʠ ʉʏ300 ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʫ-

ʚʘʥʥʷ ʪʘ ʚʤʽʩʪʫ ʜʠʩʧʝʨʩʥʦʛʦ ʬʝʨʦʩʠʣʽʮʽʶ ʤʘʨʢʠ ʌʉ75 ʫ çʪʽʣʽè ɻʄ. 

5. ʆʙˇʨʫʥʪʫʚʘʪʠ ʚʧʣʠʚ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʥʘ ʧʘʨʘ-

ʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300. 

6. ɺʠʷʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ 

Si ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʽ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300. 

7. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʚʥʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝ-

ʨʠʤʝʥʪʫ ʟôʷʩʫʚʘʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʃɻʄ-ʧʨʦʮʝʩʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʟʘ-

ʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ 

ʉʏ300 ʪʘ ʡʦʛʦ ʪʚʝʨʜʽʩʪʴ, ʚʠʟʥʘʯʝʥʫ ʟʘ ʰʢʘʣʦʶ ɹʨʽʥʝʣʣʷ. 

8. ʐʣʷʭʦʤ ʩʬʝʨʦʽʜʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʯʘʚʫʥʫ, ʘ ʪʘʢʦʞ ʽʥʦ-

ʢʫʣʶʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʜʠʩʧʝʨʩʥʠʤ ʬʝʨʦʭʨʦʤʦʤ ʤʘʨʢʠ ʌʍ650ɸ, ʧʦʨʦʰʢʘʤʠ 

Cu ʪʘ ʬʝʨʦʩʠʣʽʮʽʶ ʤʘʨʦʢ ʇʄʉ-ʂ ʪʘ ʌʉ75, ʚʽʜʧʦʚʽʜʥʦ, ʜʠʩʧʝʨʩʥʠʤʠ ʬʝʨʦʪʠʪʘʥʦʤ 
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ʤʘʨʢʠ ʌʊʠ70ʉ1 ʡ ʬʝʨʦʚʘʥʘʜʽʻʤ ʤʘʨʢʠ ʌɺʜ40ʋ0,75 ʦʜʝʨʞʘʪʠ ʟʨʘʟʢʠ ʚʠʩʦʢʦʤʽʮʥʦ-

ʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ɺʏ500-7, ʘ ʪʘʢʦʞ ʞʘʨʦʩʪʽʡʢʦʛʦ Cr-ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ1, ʩʽʨʦʛʦ ʯʘ-

ʚʫʥʫ ʤʘʨʦʢ ʉʏ200 ʪʘ ʉʏ250, ʡ ʟʥʦʩʦʩʪʽʡʢʦʾ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʤʘʨʢʠ 

75ʍʌʊʃ, ʚʽʜʧʦʚʜ̔ʥʦ. 

9. ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɼʅɻʄ ʪʘ ʜʽʘʬʨʘʛʤʠ ʟ ʧʦʮʠʥʢʦʚʘʥʦʾ ʙʣʷʭʠ ʽʟ ʢʦʥʩʪʨʫʢ-

ʮʽʡʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3, ʚʢʣʝʻʥʦʾ ʤʽʞ ʥʠʤʠ, ʦʪʨʠʤʘʪʠ ʜʦʩʣʽʜʥʦ-ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʡ ʚʟʽʨʝʮʴ ʜʚʦʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3 ʪʘ ʚʠʚʯʠʪʠ ʤʘʢʨʦ-, 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʡ ʪʚʝʨʜʽʩʪʴ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ. 

10. ʐʣʷʭʦʤ ʘʨʤʫʚʘʥʥʷ ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ12ʄ2ʄʛʅ ʪʘ ɸʂ12 ʫ çʧʦ-

ʨʦʞʥʠʥʽè ʃʌ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ ʦʜʝʨʞʘʪʠ ʟʨʘʟʢʠ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, 

ʘ ʧʦʪʽʤ ʜʦʩʣʽʜʠʪʠ ʾ ʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʤʝʭʘʥʽʯʥʽ ʡ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

11. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɻʄ, ʥʘʧʦʚʥʝʥʦʾ ʜʠʩʧʝʨʩʥʦʶ ů-ʬʘʟʦʶ, ʦʪʨʠʤʘʪʠ ʚʟʽʨʮʽ 

ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Cu-FeCr ʪʘ ʜʦʚʝʩʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʨʤʫʚʘʥʥʷ ʣʠʚʘʨʥʦʾ Si-

ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4 ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ. 

12. ʇʨʦʚʝʩʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʚʠʚʝʩʪʠ ʝʤʧʽ-

ʨʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʙ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʫʚʘʣʠ ʪʽ ʯʠ ʽʥʰʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʽʥ-

ʪʝʨʧʨʝʪʦʚʘʥʽ ʫ ʛʨʘʬʽʯʥʽʡ ʬʦʨʤʽ, ʘ ʪʘʢʦʞ ʨʦʟʢʨʠʪʠ ʤʝʭʘʥʽʟʤ ʧʨʦʮʝʩʫ ʽʥʦʢʫʣʶʚʘʥʥʷ 

ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼʅɻʄ. 

13. ɿʘʜʘʪʠʩʴ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʣʠʚʘʨʥʠʭ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʪʘ 

ʚʠʟʥʘʯʠʪʠʩʴ ʟ ʪʝʭʥʦʣʦʛʽʻʶ ʧʨʦʮʝʩʫ ʾʭ ʧʨʠʛʦʪʫʚʘʥʥʷ. 

14. ʈʦʟʨʘʭʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʽʥʦʢʫʣʶʚʘʥʥʷ ʨʦʟʧʣʘʚʽʚ 

ʩʪʘʣʽ, ʯʘʚʫʥʫ ʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ. 

15. ɺʽʜʣʠʪʠ ʜʦʩʣʽʜʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʘʨʪʽʶ ʟʘʛʦʪʦʚʦʢ ʨʝʘʣʴʥʠʭ ʜʝʪʘʣʝʡ 

ʜʣʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʮʝʩʠ ʽʥʦʢʫʣʶʚʘʥʥʷ Fe-C-ʩʧʣʘʚʽʚ ʽ ʩʧʣʘʚʽʚ ʢʦʣʴʦʨʦ-

ʚʠʭ Me ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼʅɻʄ, ʘ ʩʘʤʝ: ʛʨʘʬʽʪʠʟʫʶʯʝ ʪʘ ʩʬʝʨʦʽʜʠʟʫʶʯʝ ʤʦʜʠʬʽʢʫ-

ʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʯʘʚʫʥʽʚ ʬʝʨʦʩʠʣʽʮʽʻʤ ʤʘʨʢʠ ʌʉ75 ʪʘ ʢʦʤʧʣʝʢʩʥʠʤ ʩʬʝʨʦʽʜʠʟʫʶ-

ʯʠʤ ʤʦʜʠʬʽʢʘʪʦʨʦʤ ʤʘʨʢʠ ʌʉʄʛ7, ʚʽʜʧʦʚʽʜʥʦ; ʣʝʛʫʚʘʥʥʷ ʩʪʘʣʽ ʡ ʯʘʚʫʥʽʚ ʬʝʨʦʪʠʪʘ-

ʥʦʤ ʤʘʨʢʠ ʌʊʠ70ʉ1, ʬʝʨʦʚʘʥʘʜʽʻʤ ʤʘʨʢʠ ʌɺʜ40ʋ0,75 ʡ ʬʝʨʦʭʨʦʤʦʤ ʤʘʨʢʠ 

ʌʍ650ɸ, Cu-ʧʦʨʦʰʢʦʤ ʤʘʨʢʠ ʇʄʉ-ʂ, ʚʽʜʧʦʚʽʜʥʦ; ʘʨʤʫʚʘʥʥʷ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʪʘ 
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ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʽʥʪʝʨʤʝʪʘʣʽʜʦʤ FeCr. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ɼɯ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, 

ʩʪʨʫʢʪʫʨʘ, ʤʝʭʘʥʽʯʥʽ ʡ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʽʨʠʭ ʯʘʚʫʥʽʚ ʤʘʨʦʢ ʉʏ200, 

ʉʏ250, ʉʏ300; Cr-ʯʘʚʫʥʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʨʦʢ ʏʍ1, ʏʍ3; ʚʠʩʦʢʦ-

ʤʽʮʥʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ɺʏ500-7; ʟʥʦʩʦʩʪʽʡʢʠʭ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 70ʍʃ, 

75ʍʌʊʃ; ʜʚʦʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3, ʥʫʣʴʤʽʨʥʠʭ ʃʂʄ ʩʠʩʪʝʤ Al-

FeCr ʪʘ Cu-FeCr, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ɼʅɻʄ; ʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʣʠʚʢ̔ʚ 

Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ12ʄ2ʄʛʅ, ɸʂ12 ʡ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥɹ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ɼʈ ʙʫʣʘ ʟʘʙʝʟʧʝʯʝʥʘ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘ ʦʨʠʛʽʥʘʣʴʥʠʭ ʤʝʪʦʜʠʢ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʟʘʚʜʷ-

ʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʫʯʘʩʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, 

ʄɻɸ ʚʠʣʠʚʢʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ çNeofotè (ʌʈʅ). ɺʠ-

ʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ɸʌ ʡ ʄʝ-ʤʘʪʨʠʮʽ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʪʘ ʦʩʥʦʚʠ ʙʘʟʦ-

ʚʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ12ʄ2ʄʛʅ ʡ ɸʂ12 ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ, 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʶ ɻʆʉʊ 9450-76. ʗʢ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʢ-

ʨʦʪʚʝʨʜʦʤʽʨ ʤʦʜʝʣʽ çʇʄʊ-3è. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ɸʌ ʪʘ ʄʝ-ʤʘʪʨʠʮʽ 

ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʜʦ ʽ ʧʽʩʣʷ ʩʧʦʣʫʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʽʞ ʩʦʙʦʶ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʈʉʄɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʫʣʴʤʽʨʥʠʭ 

ʃʂʄ ʩʠʩʪʝʤ Cu-FeCr, Al-FeCr ʪʘ ʩʧʣʘʚʽʚ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʚʦʥʠ ʙʫʣʠ ʦʪʨʠʤʘʥ,̔ ʟʜʽʡʩ-

ʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʩʪʨʦʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ-ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʘ çʈʕ-

ʄʄɸ-102è (ʈʌ). ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʚʠʟʥʘʯʘʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʈʌɸ 

ʟʛʽʜʥʦ ɼʉʊʋ 4784:1997 (ɻʆʉʊ 28033-89). ʗʢ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ, ʧʨʠ ʮʴʦʤʫ, ʙʫ-

ʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ʤʦʜʝʣʽ çVRA-20è (ʌʈʅ). ɺʠ-

ʧʨʦʙʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʤʘʰʠʥʠ ʪʝʨʪʷ) ʤʦʜʝʣʽ çʄ22ʄè, ʘ ʟʤʽʥʫ ʤʘʩʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʢʦʥʪʨʦʣʶʚʘʣʠ ʰʣʷʭʦʤ ʾʭ ʟʚʘʞʫʚʘʥʥʷ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʨʝʟʘʭ 

ʤʦʜʝʣʽ çRadwag XAS 100/Cè. ʄʘʪʝʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ ʤʘʩʠʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘ-

ʥʠʭ ʡ ʛʨʘʬʽʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʩʪʘʚʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ 

ʟʘ ʩʧʨʠʷʥʥʷ ʧʨʦʚʽʜʥʠʭ ʬʘʭʽʚʮʽʚ ʚʽʜʜʽʣʫ ʄʄɼɯʂʊ ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʥʾʠ, ʽ ʥʝ ʪʽʣʴʢʠ. 

ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʚʜʘʣʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥ:ʁ çChemCADè, çGrapherè, 

çMathCADè, çMatLabè, çMicrosoft Excelè, çMicrosoft Wordè, çOriginPROè, çPaintè, 
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çSurferè ʪʘ ʽʥʰʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʜʦʙʫʚʘʯʝʤ ʤʝʪʠ 

ʮʽʻʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʥʠʤ ʦʩʦʙʠʩʪʦ ʦʜʝʨʞʘʥʦ 

ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʟʥʘʯʝʥʥʷ: 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʽʜʨʦ-, ʛʘʟʦʜʠ-

ʥʘʤʽʢʠ ʃɻʄ-ʧʨʦʮʝʩʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʟʘʩʚʦʻʥʥʷ Si ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ, ʜʦʚʝʜʝʥʦ ʟʤʽʥʫ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʪʘ ʡʦʛʦ ʪʚʝʨʜʦʩʪʽ ʫ ʢʦʥʪ-

ʨʦʣʴʥʽʡ ʧʣʦʠɦʥʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ɦ ʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦ̒ ʥʥʷ Si 

ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʤʝʥʰʠʡ ʟʘ ʙʽʣʴʰʦʛʦ ʚʤʽʩʪʫ ʜʠʩʧʝʨʩʥʦʛʦ ʬʝʨʦʩʠʣʽʮʽʶ ʤʘ-

ʨʢʠ ʌʉ75 ʫ çʪʽʣʽè ɻʄ, ɦ ʦ ʥʽʚʝʣʶʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʶ ̔ ʩʥʫʚʘʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ. 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʣʝʛʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ (ʃɽ) ʪʘ ʝʣʝʤʝʥʪʘ-ʤʦʜʠʬʽʢʘʪʦʨʘ (ɽʄ), ʫ ʪʦ-

ʤʫ ʯʠʩʣʽ Si, ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ 3-ʭ ʛʦʨʠʟʦʥʪʘʭ ʫ 6-ʪʠ ʪʦʯʢʘʭ (ʟ ʣʽʚʦʛʦ ʙʦʢʫ ʪʘ 

ʧʦ ʮʝʥʪʨʫ ʚʠʣʠʚʢʘ), ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʃɽ ʪʘ ɽʄ ʟ ʧʨʘʚʦʛʦ ʙʦʢʫ ʚʚʘʞʘʣʘʩʴ ʫʤʦʚʥʦ ʪʘ-

ʢʦʶ ʷʢ ʽ ʟ ʣʽʚʦʛʦ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʣʦ ʜʽʡʩʥʦʩʪʽ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʮʝʥʪ-

ʨʘʮʽʶ Si ʙʫʣʦ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʥʘ 3-ʭ ʛʦʨʠʟʦʥʪʘʭ, ʘʣʝ ʫ 9-ʪʠ ʪʦʯʢʘʭ (ʟ ʣʽʚʦʛʦ ʙʦʢʫ, 

ʧʦ ʮʝʥʪʨʫ ʪʘ ʟ ʧʨʘʚʦʛʦ ʙʦʢʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ). ʋ 9-ʪʠ ʪʦʯʢʘʭ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʽ ʤʽʢʨʦ-

ʩʪʨʫʢʪʫʨʫ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300, ʘ ʥʝ ʣʠʰʝ ʚ ʮʝʥʪʨʽ ʚʠʣʠʚʢʘ ʷʢ ʮʝ ʨʦʙʠʣʠ ʨʘ-

ʥʽhʝ. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ Si ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʚʽʜ ʚʤʽʩʪʫ ʬʝʨʦʩʠʣʽʮʽʶ 

ʤʘʨʢʠ ʌʉ75 ʫ çʪʽʣʽè ɼʅɻʄ ʨʘʥʽʰʝ ʥʝ ʚʩʪʘʥʦʚʣʝʥʘ. 

2. ʇʨʦʚʝʜʝʥʦ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʚʥʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝ-

ʥʪʫ, ʥʘ ʦʩʥʦʚʽ ̫ ʢʦʛʦ ʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚôʷʟʦʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʃɻʄ-ʧʨʦʮʝʩʫ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʪʘ ʡʦʛʦ ʪʚʝʨʜʽʩʪʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʨʘʥʽʰʝ, ʥʦʩʠʣʠ ʚʠʢʣʶʯʥʦ 

ʧʦʰʫʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʽ ʟʚʦʜʠʣʠʩʷ ʣʠʰʝ ʜʦ ʚʠʚʯʝʥʥʷ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʧʦʣʷ Si 

ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ. ɺʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʃɻʄ-ʧʨʦʮʝ-

ʩʫ ʥʘ [Si]ʤ, k[Si], [ʇ], [ʌ], [Fe3C], [ʇɻ], lʇɻ ʪʘ HB ʤʘʪʝʨʽʘʣʫ ʜʦ ʮʴʦʛʦ ʥʝ ʜʦʩʣʽʜʞʫʚʘʣʠ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʮʝʩʽʚ ʛʨʘʬʽʪʠʟʫʶʯʦʛʦ ʡ ʩʬʝʨʦʽʜʠʟʫʶʯʦʛʦ ʤʦ-

ʜʠʬʽʢʫʚʘʥʥʷ ʯʘʚʫʥʫ, ʣʝʛʫʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʜʠʩʧʝʨʩʥʠʤ ʬʝʨʦʭʨʦʤʦʤ 

ʤʘʨʢʠ ʌʍ650ɸ, ʧʦʨʦʰʢʘʤʠ ʤʽʜʽ ʤʘʨʢʠ ʇʄʉ-ʂ, ʬʝʨʦʚʘʥʘʜʽʶ ʤʘʨʢʠ ʌɺʜ40ʋ0,75 

ʪʘ ʬʝʨʦʪʠʪʘʥʫ ʤʘʨʢʠ ʌʊʠ70ʉ1, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʟʰʠʨʠʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʩʦʙʣʠ-
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ʚʦʩʪʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʩʽʨʦʛʦ ʡ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʯʘʚʫʥʽʚ ʤʘʨʦʢ ʉʏ250 ʡ ɺʏ500-

7, ʚʽʜʣʠʪʠ ʞʘʨʦʩʪʽʡʢʠʡ Cr-ʯʘʚʫʥ ʤʘʨʢʠ ʏʍ1, ʩʽʨʠʡ ʯʘʚʫʥ ʤʘʨʢʠ ʉʏ200 ʟ ʧʝʨʣʽʪ-

ʥʦ-ʬʝʨʠʪʥʦʶ ʦʩʥʦʚʦʶ ʪʘ ʟʥʦʩʦʩʪʽʡʢʫ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʫ ʩʪʘʣʴ ʤʘʨʢʠ 75ʍʌʊʃ, ʚ̔ -

ʜʧʦʚʽʜʥʦ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʾ ʭ ʤʝʭʘʥʽʯʥʽ ʡ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʋ ʧʦʨʦʞʥʠʥʫ ʧʨʝʩ-ʬʦʨʤʠ ʨʘʥʽʰʝ ʟʘʜʫʚʘʣʠ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ, ʟʤʽʰʘʥʠʡ ʟ ʜʠʩʧʝ-

ʨʩʥʦʶ ʧʨʠʩʘʜʢʦʶ, ʱʦ ʙʫʣʦ ʧʨʠʯʠʥʦʶ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʦʩʪʘʥʥʴʦʾ ʚ ʦʙôʻʤʽ 

ɼʅɻʄ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʛʨʘʥʫʣʠ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʙʫʣʠ ʧʣʘʢʦʚʘʥʽ ɼɯ. 

4. ɺʠʷʚʣʝʥʦ ʧʝʨʝʭʽʜʥʫ ʟʦʥʫ ʪʦʚʱʠʥʦʶ 0,15é0,18 ʤʤ ʤʽʞ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʰʘʨʘʤʠ ʜʚʦʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3, ʚʩʪʘʥʦʚʣʝʥʦ ʨʘʥʽʰʝ ʥʝʚʽʜʦʤ ̔

ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʨʦ-, ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ  ̔ʪʚʝʨʜʦʩʪʽ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ ʚʽʜ ʛ̔ʜʨʦ-, 

ʛʘʟʦʜʠʥʘʤʽʢʠ ʃɻʄ-ʧʨʦʮʝʩʫ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʢʦʥʩʪʘʪʫʚʘʪʠ ʜʠʬʫʟʽʡʥʠʡ ʭʘʨʘʢʪʝʨ 

ʟʚôʷʟʢʫ ʤʽʞ ɸʌ ʡ Fe-ʤʘʪʨʠʮʝʶ, ʦʙˇʨʫʥʪʫʚʘʪʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɼʦ ʮʴʦʛʦ ʣʠʪʽ ʘʨʤʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʃʂʄ ʩʠʩʪʝʤʠ Me-ɸʌ ʟʘ ʪʘʢʦʶ ʤʝʪʦʜʠ-

ʢʦʶ ʥʝ ʦʪʨʠʤʫʚʘʣʠ. ɺʠʣʠʚʢʠ ʧʦʜʽʙʥʦʛʦ ʢʣʘʩʫ, ʟʘʟʚʠʯʘʡ, ʦʜʝʨʞʫʚʘʣʠ ʫ ʧʽʱʘʥʦ-

ʛʣʠʥʠʩʪʠʭ ʬʦʨʤʘʭ, ʬʦʨʤʘʭ ʽʟ ʨʽʜʢʦʧʣʠʥʥʠʭ ʩʘʤʦʪʚʝʨʜʥʫʯʠʭ ʩʫʤʽʰʝʡ, ʪʦʱʦ. 

5. ɺʧʝʨʰʝ ʨʦʟʢʨʠʪʦ ʤʝʭʘʥʽʟʤ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʧʦʨhʥʝʚʦʛʦ Al-ʩʧ-

ʣʘʚʫ ʤʘʨʢʠ ɸʂ12ʄ2ʄʛʅ ʪʘ ʩʠʣʫʤʽʥʫ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ ʤʘʨʢʠ ɸʂ12 ʜʠʩʧʝʨ-

ʩʥʠʤ ̔ ʥʪʝʨʤʝʪʘʣʽʜʦʤ FeCr, ̫ ʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʜʛʝʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʦʤʫ ʪʠʧʽ ʟʚôʷʟʢʫ 

ɸʌ ʟ Al-ʤʘʪʨʠʮʝʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʪʘ ʚʠʩʦʢʽ ʤʝʭʘʥʽ-

ʯʥʽ ʡ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr. 

ʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʦʪʨʠʤʫʚʘʣʠ ʨʘʥʽʰʝ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ 

ʷʢ: ʧʦʨʦʰʢʦʚʘ ʤʝʪʘʣʫʨʛʽʷ, ʧʨʦʩʦʯʝʥʥʷ, ʝʢʩʪʨʫʟʽʷ, ʦʩʘʜʞʝʥʥʷ ʪʘ ʽʥʰʽ. ɿ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ɼʅɻʄ ʥʫʣʴʤʽʨʥʽ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʜʦ ʮʴʦʛʦ ʥʝ ʦʜʝʨʞʫʚʘʣʠ. 

6. ɼʦʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʘʨʤʫʚʘʥʥʷ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4 ʜʠ-

ʩʧʝʨʩʥʠʤ ʽʥʪʝʨʤʝʪʘʣʽʜʦʤ FeCr, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʧʝʨʰʝ ʦʪʨʠʤʘʪʠ ʥʫʣʴʤʽʨʥʠʡ 

ʃʂʄ ʩʠʩʪʝʤʠ Cu-FeCr, ʷʢʠʡ ʤʘʻ ʦʧʪʠʤʘʣʴʥʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʥʦʤʽʥʘʣʴʥʫ ʪʚʝ-

ʨʜʽʩʪʴ ʪʘ ʚʠʱʽ ʯʠʤ ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʘ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʤʧʦʟʠʪʽʚ ʪʠʧʫ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Cu-FeCr ʟʘʩʪʦ-

ʩʦʚʫʶʪʴʩʷ ʪʽ ʞ ʩʘʤʽ ʤʝʪʦʜʠ, ʱʦ ʽ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʨʘʥʽʰʝ ʚʠʧʘʜʢʫ. ɸʨʤʫʚʘʥʥʷ Cu-

ʩʧʣʘʚʽʚ ʜʠʩʧʝʨʩʥʠʤ ʽʥʪʝʨʤʝʪʘʣʽʜʦʤ FeCr ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ ʱʝ ʥʝ ʟʜʽʡʩʥʶʚʘʣʠ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʚʠʢʣʘʜʝʥʽ ʫ ʜʘʥʽʡ 
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ɼʈ [1ï32 (ʘʥʦʪ., ʜʦʜʘʪ. ɼ)], ʪʘ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʷʢ  ̔ʚʠʩʥʦʚʢʠ, ʷʢʠʭ 

ʜʽʡʰʦʚ ʟʜʦʙʫʚʘʯ, ʥʘʣʝʞʘʪʴ ʡʦʤʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʘ ʧʦʣ̫-

ʛʘʻ ʪʘʢʦʞ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ̔ ʥʦʢʫʣʶʚʘʥʥʷ ʣʠʚʘʨʥʠʭ 

ʩʧʣʘʚʽʚ [1ï16 (ʘʥʦʪ., ʜʦʜʘʪ. ɼ)], ʪʦʙʪʦ ʚʧʣʠʚʫ ʛʽʜʨʦ-, ʛʘʟʦʜʠʥʘʤʽʢʠ ʃɻʄ-ʧʨʦʮʝʩʫ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʟʘʩʚʦʻʥʥʷ ɼɯ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠ-

ʚʦʩʪʽ ʧʽʜʜʦʩʣʽʜʥʠʭ ʚʠʣʠʚʢʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʚôʷʟʢʫ ɸʌ ʟ 

ʄʝ-ʤʘʪʨʠʮʝʶ ʚ ʩʪʨʫʢʪʫʨʽ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr. ɸʚʪʦʨʫ ɼʈ ʥʘʣʝʞʠʪʴ 

ʽʜʝʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʚʠʚʝʜʝʥʥʷ ʥʠʤ ʝʤʧʽʨʠʯʥʠʭ 

ʨʽʚʥʷʥʴ [4ï6 (ʘʥʦʪ., ʜʦʜʘʪ. ɼ), 8ï11 (ʘʥʦʪ., ʜʦʜʘʪ. ɼ), 14ï16 (ʘʥʦʪ., ʜʦʜʘʪ. ɼ)]. 

ɺ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ [1ï32 (ʘʥʦʪ., ʜʦʜʘʪ. ɼ)] ʟʜʦ-

ʙʫʚʘʯʝʤ ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʝʪʘ ɼʈ  ̔ʢʦʨʝʢʪʥʽʩʪʴ ʧʦʩʪʘʚʣʝʥʦʾ ʢʝʨʽʚʥʠʢʦʤ ʟʘʜʘʯʽ, ʘ ʪʘʢʦʞ 

ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʽ ʤʝʪʦʜʠ ʾʾ ʚʠʨʽʰʝʥʥʷ. ʋ ʮʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʫʟʘʛʘʣʴʥʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʽ ʜʘʥʽ ʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʯʥʽ ̔ ʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʜ̔ʞʝʥʴ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, 

ʱʦ ʤʝʭʘʥʽʯʥʽ ʡ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʩʫʪʪʻ-

ʚʦ ʚʽʜʨʽʟʥʷʪʁʴʩʷ ʚʽʜ ʘʥʘʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, 

ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ ʥʘ 15é20 % ʧʝʨʝʚʠʱʫʁʪ ɹʪʽ ʞ ʩʘ-

ʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ12ʄ2ʄʛʅ ʪʘ ɸʂ12. 

ʇʨʠ ʽʥʦʢʫʣʶʚʘʥʥʽ Fe-C- ʪʘ Al-ʩʧʣʘʚʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼʅɻʄ ʚʠʪʨʘʪʠ ɽʄ, ʃɽ 

ʪʘ ɸʌ ʟʤʝʥʰʫʶʪʴʩʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ, ʥʘ 25é30 % ʫ ʧʦʨʽʚʥʷʥʥʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟ ʤʦʜʠʬʽ-

ʢʫʚʘʥʥʷʤ ʽ ʣʝʛʫʚʘʥʥʷʤ ʯʘʚʫʥʥʦʛʦ ʨʦʟʧʣʘʚʫ ʫ ʢʦʚʰʽ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʟʤʮ̔ʥʝʥʽ Al-

ʩʧʣʘʚʽʚ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ɸʌ ʥʘ ʩʪʨʫʤʽʥʴ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʧʽʜ ʯʘʩ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ. ʅʘ 

ʚʠʧʘʜʦʢ ʽʥʦʢʫʣʶʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʯʘʚʫʥʫ ʪʘ ʘʨʤʫʚʘʥʥʷ Al-ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʫ 

çʧʦʨʦʞʥʠʥʽè ʃʌ ̫ʢ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢ ʽ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ, ʚʠʪʨʘʪʠ ɼɯ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ɼʅɻʄ, ʧʨʠʙʣʠʟʥʦ, ʥʘ 10é20 % ʤʝʥʰ̔, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʚʽʜʧʦʚʽ-

ʜʥʦ, ʈʂ ʪʘ ʂɺ. ʆʪʨʠʤʘʥʥʷ ʜʚʦʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3 ʽʟ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷʤ ɼʅɻʄ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʠ ʬʝʨʦʭʨʦʤʫ ʤʘʨʢʠ ʌʍ650ɸ, ʚ ʩʝʨʝʜ-

ʥʴʦʤʫ, ʥʘ 80 % ʫ ʧʦʨ̔ʚʥʷʥʥʽ ʟ ʪʠʤ, ʱʦ ʙʫʚ ʚʽʜʣʠʪʠʡ ʫ ʇɻʌ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʈʂ. ʎʝ 

ʤʘʻ ʤʽʩʮʝ ʟʘ ʫʤʦʚʠ, ʱʦ ʪʦʚʱʠʥʘ ʰʘʨʫ ʽʟ ʞʘʨʦ-, ʟʥʦʩʦʩʪʽʡʢʦʛʦ Cr-ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ3 

ʩʪʘʥʦʚʠʪʴ 0,2 ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ. 

ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʡ ʣʝʛʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʯʘʚʫʥʫ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʟʘ ʃɻʄ-ʧʨʦ-
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ʮʝʩʦʤ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʠʣʦʧʦʜ̔ ʙʥ ̔ʚʽʜʭʦʜʠ ʬʝʨʦʩʧʣʘʚʥʦʾ ʛʘʣʫʟʽ, ʱʦ ʜʘʻ 

ʜʦʜʘʪʢʦʚʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. ɺʠʨʦʙʥʠʮʪʚʦ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɼʅɻʄ ʟʙʽʣʴʰʫʻ ʂɺʄ ʱʦʥʘʡʤʝʥʰʝ ʥʘ 20 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯ-

ʥʠʤ ʢʦʤʧʦʟʠʪʥʠʤ ʚʠʣʠʚʢʦʤ, ʦʪʨʠʤʘʥʠʤ ʤʝʪʦʜʦʤ ʧʨʦʩʦʯʫʚʘʥʥʷ, ʱʦ ʪʘʢʦʞ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʘʨʤʫʚʘʥʥʷ Al-ʨʦʟʧʣʘʚʫ. 

ʆʪʨʠʤʘʥʽ ʣʠʚʘʨʥʽ ʩʧʣʘʚʠ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. ʆʙʣʘʩʪʴ ʾʭ ʤʦʞʣʠʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥ ̫ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ: 

1. Cʏ300 + ʌʉ75, Cʏ250 + ʌʉ75: ʜʝʪʘʣʽ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟ-

ʥʘʯʝʥʥʷ (ʢʦʨʧʫʩʥʽ ʜʝʪʘʣʽ); ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʝ ʡ ʭʫʜʦʞʥʻ ʣʠʪʚʦ. 

2. Cʏ200 + ʇʄʉ-ʂ: ʝʣʝʤʝʥʪʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ (ʢʦʨʧʫʩʠ ʥʘʩʦʩʽʚ, ʢʣʘʧʘʥʽʚ, ʛʽʜʨʦʨʦʟʧʦʜʽʣʶʚʘʯʽʚ, ʛʽʜʨʦʟʘʤʢʽʚ); 

ʜʝʪʘʣʽ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷʭ (ʢʘʥʘʪʥʽ ʙʣʦʢʠ, ʥʘʤʦʪʦʯʥʽ ʙʘʨʘʙʘʥʠ, ʰʢʽʚʠ, ʰʝʩʪʝʨʥʽ, ʟʨ̔ʦʯʢʠ). 

3. ʏʍ1 ɼʉʊʋ 8851:2019: ʫ ʪʝʧʣʦʪʝʭʥʽʮʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʽʯʥʦʾ 

ʘʧʘʨʘʪʫʨʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʜʚʝʨʮʷʪʘ ʪʚʝʨʜʦ-

ʧʘʣʠʚʥʠʭ ʢʦʪʣʽʚ, ʢʦʣʦʩʥʠʢʦʚʽ ʨʝʰʽʪʢʠ, ʬʫʪʝʨʦʚʢʘ ʢʘʤʝʨ ʟʛʦʨʘʥʥʷ). 

4. ɺʏ500-7 ɼʉʊʋ 3925:1999: ʜʝʪʘʣʽ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦ-

ʚʘʭ ʚʠʩʦʢʠʭ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʢʦʨʧʫʩʠ ʧʽʜʰʠʧʥʠʢʽʚ, ʢʦʣʽʥʯʘʪʽ ʚʘʣʠ, ʰʘʪʫʥʠ, 

ʰʪʦʢʠ ɼɺɿ ʡ ʧʦʨʰʥʝʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ). 

5. 75ʍʌʊʃ ʊʋ 4112-78269737-001-2005: ʟʥʦʩʦʩʪʽʡʢʽ ʝʣʝʤʝʥʪʠ ʙʝʪʦʥʦʟʤʽʰʫʚʘ-

ʯʽʚ, ʤʣʠʥʽʚ, ʜʨʦʙʘʨʦʢ (ʣʦʧʘʪʢʠ, ʩʢʨʝʙʢʠ, ʬʫʪʝʨʚ̔ʢʘ, ʨʦʟʤʝʣʴʥʽ ʪʽʣʘ, ʙʨʦʥʝʧʣʠʪʠ). 

6. ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr: ʜʝʪʘʣʽ ʤʘʰʠʥ ʡ ʤʝʭʘʥʽʟʤʽʚ, ̫ ʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʘʙ-

ʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʡ ʩʫʭʦʛʦ ʪʝʨʪʷ (ʢʦʨʧʫʩʠ ̔  ʨʦʙʦʯʽ ʢʦʣʝʩʘ ʥʘʩʦʩʽʚ ʪʘ ʚʝʥʪʠʣʪ̫ʦʨʽʚ 

ʜʣʷ, ʚʽʜʧʦʚʽʜʥʦ, ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʡ ʚʝʥʪʠʣʷʮʽʾ ʘʙʨʘʟʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʚʫʟʣʠ ʪʝʨʪʷ; ʟʘ-

ʭʠʩʥʽ ʧʦʢʨʠʪʪʷ ̔ ʟ ʧʽʜʚʠʱʝʥʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ; ʚʝʜʫʯʽ ̔  ʚʝʜʝʥʽ ʢʦʣʝʩʘ ʩʪʨʽʯʢʦʚʠʭ ʧʠʣʦ-

ʨʘʤ), ʘ ʪʘʢʦʞ ʚʠʩʦʢʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʟʽʨʦʯʢʠ ʣʘʥʮʶʛʦʚʠʭ ʧʝʨʝʜʘʯ, ʰʝʩʪʝ-

ʨʥʽ h ʝʩʪʝʨʥʠʭ ʥʘʩʦʩʽʚ ʡ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ, ʧʦʨʰʥʽ ɼɺɿ ̔  ʢʦʤʧʨʝʩʦʨʽʚ). 

7. ʃʂʄ ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3: ʜʝʪʘʣʽ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʫ ʷʢʠʭ ʚ ʫʤʦ-

ʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ ʡ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʧʨʘʮʶʻ ʣʠʰʝ ʦʜʥʘ ʧʦʚʝʨʭʥʷ (ʬʦʨʤʠ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʝʛʣʠ, ʮʠʣʽʥʜʨʠ ɼɺɿ ʽ ʢʦʤʧʨʝʩʦʨʽʚ, ʙʦʨʦʰʥʦʤʝʣʴʥʽ ʚʘʣʢʠ). 

ʅʘ ʟʘʤʦʚʣʝʥʥʷ ʊʆɺ çʅɺʂ çɸʛʨʦʧʨʦʤʜʝʪʘʣʴè ʚʽʜʧʨʘʮʴʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʽʥʦ-
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ʢʫʣʶʚʘʥʥʷ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʽ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʧʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʜʦʩʣʽʜʥʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʘʨʪʽʶ ʨʝʘʣʴʥʠʭ ʚʠʣʠʚʢʽʚ ʽʟ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ɼʉʊʋ 

8833:2019, ʞʘʨʦ-, ʟʥʦʩʦʩʪʽʡʢʦʛʦ Cr-ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ3 ɼʉʊʋ 8851:2019, ʘ ʪʘʢʦʞ ʥʫ-

ʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr. ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʧʨʠʜʘʪʥʦʛʦ ʣʠʪʚʘ ʪʘ ʚʠʨʦʙʥʠʯʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʛʦʪʦʚʠʭ ʜʝʪʘʣʝʡ ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʥʘ ʧʦʪʫʞʥʦʩʪʷʭ ʇʇ çʅʊʇ çʂʚʘʨʮè, 

ʷʢʽ ʧʦʪʽʤ ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʊʆɺ çʋʢʨʘʾʥʩʴʢʘ ʩʧʝʮʢʦʤʧʘʥʽʷè. ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ɼʈ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ (ʜʦʜʘʪ. ɻ). 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʦʾ ɼʈ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ / 

ʘʙʦ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʜʦʙʫʚʘʯʝʤ ʥʘ [17ï28 (ʘʥʦʪ., ʜʦʜʘʪ. ɼ)]: ʄʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫ-

ʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʢʦʥʛʨʝʩʽ çʃʠʪʝʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʥʦʚʦʤ ʚʝʢʝ ï ʢʘʢ ʧʦʙʝʜʠʪʴ ʚ ʢʦʥ-

ʢʫʨʝʥʮʠʠè. ʂʠʾʚ, 2002; ʄʞ̔ʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʢʦʥʛʨʝʩʽ çʃʠʪʝʡʥʦʝ ʧʨʦʠ-

ʟʚʦʜʩʪʚʦ: ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʪʣʠʚʢʠ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡè. ʂʠʾʚ, 

2004; ɯɯɯ ʄʽʞʥʘʨʦʜʥʦʤʫ ʢʦʥʛʨʝʩʽ ʧʦ ʪʨʠʙʦʣʦʛʽʾ çWTC-2005è. ɺʘʰʠʥʛʪʦʥ, 2005; ʄʞ̔-

ʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʢʦʥʛʨʝʩʽ çʕʢʦʥʦʤʠʯʝʩʢʠʡ ʧʫʪʴ ʢ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥ-

ʥʦʤʫ ʣʠʪʴʶè. ʂʠʾʚ, 2005; XII  ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʠʪʴʸ-

2016è. ɿʘʧʦʨʽʞʞʷ, 2016; XIV  ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʠʪʚʦ. 

ʄʝʪʘʣʫʨʛʽʷ. 2018è. ɿʘʧʦʨʽʞʞʷ, 2018; XVII  ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝ-

ʨʝʥʮʽʾ çʃʠʪʚʦ. ʄʝʪʘʣʫʨʛʽʷ. 2021è. ɿʘʧʦʨʽʞʞʷ, 2021; XV ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭ-

ʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ̔  ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè. ʂʠʾʚ, 2023; XIX  

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʠʪʚʦ. ʄʝʪʘʣʫʨʛʽʷ. 2023è. ʍʘʨʢʽʚ, 

2023; XII  ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʤʽʞʥʘʨʦʜʥʦ ʁ ʫʯʘʩʪʶ 

çʇʨʦʮʝʩʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʚʝʨʩʪʘʪʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪè. ɾʠʪʦʤʠʨ, 2023; XX ʄʽʞʥʘ-

ʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʠʪʚʦ. ʄʝʪʘʣʫʨʛʽʷ. 2024è. ʍʘʨʢʽʚ, 2024. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 16 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʠ-

ʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʪʘ ʟʘʨʫʙʽʞʞʷ, 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ, 15 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʫ 

ʟʙʽʨʥʠʢʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ̔  ʢʦʥʛʨʝʩʽʚ ʨʽʟʥʦʛʦ ʨʚ̔ʥʷ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, 5 ʨʦʟʜʣ̔ʽʚ, 

ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (614 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 46 ʩʪʦʨʽʥʢʘʭ), 5 ʜʦʜʘʪ-

ʢʽʚ (ʥʘ 39 ʩʪʦʨʽʥʢʘʭ), ʤʽʩʪʠʪʴ 56 ʪʘʙʣʠʮʴ (ʥʘ 33 ʩʪʦʨʽʥʢʘʭ), 48 ʨʠʩʫʥʢʽʚ (ʥʘ 52 ʩʪʦʨʽ-

ʥʢʘʭ). ʆʩʥʦʚʥʠʡ ʪʝʢʩʪ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʥʘ 143 ʩʪʦʨʽʥʢʘʭ. ɿʘʛʘʣʥɹʠʡ 

ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 303 ʩʪʦʨʥ̔ʢʠ. 
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ʈʆɿɼɯʃ 1 

ʉʋʏɸʉʅɯ ʊɽʍʅʆʃʆɻɯɰ ʆɼɽʈɾɸʅʅʗ ɺʀʃʀɺʂɯɺ ɯɿ 

ɼʀʌɽʈɽʅʎɯʁʆɺɸʅʀʄʀ ʁ ʉʇɽʎɯɸʃʔʅʀʄʀ ɺʃɸʉʊʀɺʆʉʊʗʄʀ 

ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ɺɼʉɺ [1ï301] ʪʘ ʙʘʛʘʪʦh ʘʨʦʚʠʭ ʃɸʂ [2, 14, 17ï20, 23, 28, 30, 34ï

36, 48ï50, 52ï54, 62, 69, 70, 78, 84, 86, 87, 93, 106, 139], ̫ ʢʽ ʜʘʣʠ ʙ ʤʦʞʣʠʚʽʩʪʴ ʩʠʥʪʝʟʫ-

ʚʘʪʠ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʚʠʣʠʚʢʘ ʽʟ ʤʘʪʝʨʽʘʣʽʚ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1, 2, 

125ï127, 251ï253, 288ï291, 299ï301], ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʫʚʘʪʠ ʣʠʪʽ ʟʘʛʦʪʦʚʢʠ, ʤʘʢʩʠʤʘ-

ʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʛʦʪʦʚʠʭ ʜʝʪʘʣʝʡ, ʟ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʭ ʦʙôʻʤʫ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ [1, 2]. ʇʨʠ ʟʘʪʚʝʨʜʽʚʘʥʥʽ ʪʘʢʠʭ ʚʠʣʠʚʢʽʚ ʤʽʞ ʮʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʠʥʠ-

ʢʘʶʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ [252] ̔  ʢʦʥʪʘʢʪʥʘ ʟʦʥʘ, ʪʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʻʪʴʩʷ ʚʥʘʩʣʽ-

ʜʦʢ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʢʦʥʘʥʥʷ ʥʝʩʫʤʽʩʥʠʭ ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ 

ʪʘ ʥʘʜʽʡʥʦʩʪʽ [19, 20, 34, 35]. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [1ï301] 

ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʜʦʟʚʦ-

ʣʠʪʴ, ʫ ʨʝʟʫʣʴʪʘʪʽ, ʟʙʽʣʴʰʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʤʘʰʠʥ ̔  ʤʝʭʘʥʽʟʤʽʚ. 

1.1 ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʡ ʪʝʭʥʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʧʨʦʮʝʩʽʚ ʣʝʛʫʚʘʥʥʷ, ʤʽʢʨʦʣʝʛʫ-

ʚʘʥʥʷ ʪʘ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʯʦʨʥʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʂʦʤʧʣʝʢʩ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʠʚʘʨʥʠʭ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ [22, 24, 

31, 33, 119ï121, 147ï149, 151ï153, 157, 160ï164, 166, 173, 178, 185, 186, 203, 231, 

296ï298, 302ï306], ʥʘ ʜʫʤʢʫ ɺ.ɸ. ɭʬʽʤʦʚʘ, ɸ.ɼ. ʐʝʨʤʘʥʘ, ʅ.ʄ. ɻʘʣʜʠʥʘ ʪʘ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ [24, 29, 37, 147ï149, 164, 178, 296ï298], ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢ-

ʪʝʨʦʤ ʩʪʨʫʢʪʫʨʠ Me-ʤʘʪʨʠʮʽ ʪʘ ʤʽʨʦʶ ʜʠʩʧʝʨʩʥʦʩʪʽ ʾʾ ʩʢʣʘʜʦʚʠʭ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘ-

ʪʘʥʦʾ ʡ ʢʦʚʘʥʦʾ, ʣʠʪʘ ʩʪʘʣʴ, ï ʚʚʘʞʘʻ ʖ.ɸ. ʐʫʣʴʪʝ [24], ï ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʧʨʫ-

ʞʝʥʦʶ ʪʘ ʛʨʫʙʦʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʪʘʢ ʟʚʘʥʦʶ ʚʽʜʤʘʥʰʪʝʪʪʦʚʦʶ ʙʫʜʦʚʦʶ 

Me-ʤʘʪʨʠʮʽ. ʎʝ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʪʦʩʫ̒ ʪʴʩʷ ʪʘʢʦʞ ʯʘʚʫʥʽʚ [21, 22, 25ï30, 123, 147ï

149, 152, 153, 166, 168, 179, 180, 182ï184, 188, 193, 218, 225, 247, 250, 257, 258, 270, 

283, 286, 293, 294, 296, 297, 300ï303, 307ï327] ʪʘ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ Al, Cu, Mg, Zn, Ti, 

ʪʦʱʦ [37ï42, 44ï47, 123, 147ï149, 164, 169, 171ï175, 177, 178, 181, 281, 282, 296ï

298, 328ï338]. ʄʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʣʠʪʦʤʫ ʩʪʘʥʽ ï ʜʦʩʠʪʴ ʥʠʟʴʢʽ 

[24]. ʄʽʢʨʦʣʝʛʫʚʘʥʥʷ ʡ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʠʣʠʚʢʽʚ ʽʟ Fe-C-ʩʧʣʘʚʽʚ [24ï
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31, 33, 147ï163, 166, 179, 185, 293, 294, 300ï304, 307ï318, 339ï418] ʪʘ ʩʧʣʘʚʽʚ ʢʦ-

ʣʴʦʨʦʚʠʭ Me [21, 27, 37, 39ï42, 44ï47, 169, 170ï177, 355, 360, 362, 417, 419ï459], ʷʢ ʽ 

ʊʆ, ʊʎʆ ʡ ʍʊʆ [150, 167, 440, 450, 460, 461ï463], ʧʦʢʨʘʱʫʶʪʴ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, ʦʩʢʽ-

ʣʢɹʠ ʟʥʽʤʘʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʽ ʜʦʩʷʛʘʻʪʴʩʷ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʥʘ ʤʽʢʨʦ-

ʩʪʨʫʢʪʫʨʘ, ʷʢʽ ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ [24, 25, 29, 31, 37, 39ï43, 47, 147ï151, 163ï165, 173, 

175ï177, 337, 355, 371], ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʡ ʩʣʫʞʙʦʚʠʭ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʽʜ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ 

ʟʘʣʝʞʘʪʴ ʡ ʽʥʰʽ ʚʘʞʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʠʣʫʤʥ̔ʽʚ 

[428, 429], ʜʝʤʧʬʽʨʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ʏɺɻ [313], ʛʘʟʦʚʠʡ ʩʢʣʘʜ ʨʽʜʢʦʛʦ ʯʘʚʫʥʫ [356], 

ʡʦʛʦ ʣʽʥʽʡʥʘ ʫʩʘʜʢʘ [357] ʽ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ [321], ʣʠʚʘʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ [31, 304] 

ʪʘ ʾʭ ʧʨʦʛʘʨʪʦʚʫʚʘʥʽʩʪʴ [159], ʘ ʪʘʢʦʞ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʣʠʚʢʽʚ ʽʟ ʞʘʨʦʩʪʽʡʢʦʾ 

ʩʪʘʣʽ [322, 374]. ʋ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ [192, 464] ʻ, ʚʽʜʧʦʚʽʜʥʦ, ʽʥʬʦʨʤʘʮʽʷ ʡ ʧʨʦ 

ʪʝ, ʱʦ ɽʄ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʪʘ ʚôʷʟʢʽʩʪʴ Me-ʨʦʟʧʣʘʚʽʚ ʽ ʩʪʨʫ-

ʢʪʫʨʫ ʟʚʘʨʶʚʘʣʴʥʠʭ ʰʚʽʚ. ɺʽʜ ʄɼ ʟʘʣʝʞʘʪʴ ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʘ ʡ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʥʝʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʫ çʯʠʩʪʦʤʫè ʚʠʛʣʷʜʽ Me ʪʘ ʾʭ ʩʧʣʘʚʽʚ [169ï174, 328ï336, 

376, 377, 382, 453], ʧʨʦ ʱʦ ʜʦʢʣʘʜʥʽʰʝ ʡʪʠʤʝʪʴʩʷ ʜʘʣʽ. 

ʇʨʦʪʝ, ɹ.ɸ. ʄʦʚʯʘʥ [302] ʚʚʘʞʘʻ, ʱʦ ʥʝ ʽʩʥʫʻ ʯʽʪʢʦʾ ʤʝʞʽ ʤʽʞ ʧʦʥʷʪʪʷʤ çʤʢ̔-

ʨʦʣʝʛʫʚʘʥʥʷè ʪʘ ʟʚʠʯʘʡʥʝ çʣʝʛʫʚʘʥʥʷè. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʧʦʥʷʪʪʷ ʦʙôʻʜʥʫʻ ʯʠʩʝʣʴʥʽ ʬʽ-

ʟʠʢʦ-ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʜʽʻʶ, ʪʘʢ ʟʚʘʥʠʭ, ʄɼ ʫ ʈʌ ʪʘ 

ʊʌ, ʡ ʦʧʠʩʘʥʽ, ʟʦʢʨʝʤʘ, ʫ ʨʦʙʦʪʘʭ [358, 359, 375]. ɼʝʷʢʽ ʟ̔ ʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ, ʽʥʰʠʤ ʜʘʥʝ ʧʦʷʩʥʝʥʥʷ ʙʝʟ ʜʦʩʪʘʪʥʴʦ ʩʪʨʦʛʦʛʦ ʦʙ̌ ʨʫʥʪʫʚʘʥʥʷ. 

ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʣʴʦʨʦʚʠʭ ʩʧʣʘʚʽʚ ʨʦʙʦʪʠ, ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʦʰʫʢ ʄɼ ʟ ʤʝʪʦʶ 

ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʥʘ, ʦʜʥʠʤ ʽʟ ʧʝʨʰʠʭ ʧʦʯʘʚ ʧʨʦʚʦʜʠʪʠ ʄ.ɺ. ʄʘʣʴʮʝʚ [335, 355] ʱʝ ʫ 

ʢʽʥʮʽ 40-ʭéʧʦʯʘʪʢʫ 50-ʭ ʨʦʢʽʚ XX ʩʪʦʨʽʯʯʷ. ɯʟ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʘʨʪʦ ʚʽʜʟʥʘ-

ʯʠʪʠ ʥʘʧʨʘʮʶʚʘʥʥʷ ɸ. ʉʽʙʫʣʠ [465, 466]. ʇʽʟʥʽʰʝ ʟôʷʚʠʣʦʩʷ ʜʝʢʽʣʴʢʘ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

[178, 296, 299, 467ï470], ʧʨʠʩʚʷʯʝʥʠʭ ʚʧʣʠʚʫ ʄɼ ʥʘ Cu-ʩʧʣʘʚʠ. ɿ 1953 ʨʦʢʫ ɺ.ʇ. 

ʏʫʨʩʽʥ ʚʠʚʯʘʻ ʚʧʣʠʚ ʄɼ ʜʝʷʢʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ɽʄ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʚʘ-

ʨʥʠʭ Cu-ʩʧʣʘʚʽʚ [32, 44ï46, 297, 471, 472]. ʇʦʜʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʧʨʦʚʦʜʠʚ 

ʪʘʢʦʞ ʡ ɹ.ɸ. ʄʦʚʯʘʥ [302] ʟ ʢʦʣʝʛʘʤʠ. 

ʎʷ ʪʝʤʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʡ ʩʴʦʛʦʜʥʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦ 
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ʱʦ ʟʛʘʜʫʚʘʣʦʩʷ ʚʠʱʝ, ʻʜʠʥʦʾ ʪʝʦʨʽʾ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ Me ʪʘ ʩʧʣʘʚʽʚ ʪʘʢ ʽ ʥʝ 

ʩʪʚʦʨʝʥʦ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʫʷʚʣʝʥʴ ʧʨʦ ʤʝʭʘʥʽʟʤ ʤʦʜʠʬʽʢʫʚʘʥʥʷ. ɹʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʘʜʩʦʨʙʮʽʡʥʘ ʪʝʦʨʽʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʷʢʘ ʟʘʟʥʘʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʨʦʙʦʪʘʭ ʚʽʪ-

ʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʮʽʚ ʃ.ɸ. ʂʫʥʽʥʘ ʡ ɺ.ʂ. ʉʝʤʝʥʯʝʥʢʘ [473, 474]. ɿʛʽʜʥʦ ʪʝʦʨʽʾ ʇ.ɸ. ʈʝ-

ʙʽʥʜʝʨʘ ʪʘ ɽ.ʉ. ʃʧ̔ʤʘʥʘ [360], Me ʽ ʩʧʣʘʚʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʚôʷʟʘʥʦ-ʜʠʩʧʝʨʩʥʽ 

ʩʠʩʪʝʤʠ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʤʦʣʝʢʫʣʷʨʥʠʡ ʤʝʭʘʥʽʟʤ ʮʴʦʛʦ ʷʚʠʱʘ ʧʦʣʷʛʘʻ ʫ ʚʠʙʽʨ-

ʢʦʚʽʡ ʘʜʩʦʨʙʮʽʾ ʇɸʈ ʥʘ ʛʨʘʥʷʭ ʢʨʠʩʪʘʣʽʚ, ʱʦ ʨʦʩʪʫʪʴ [302], ʡ ʧʽʜʚʠʱʝʥʥʽ ʝʥʝʨʛʽʾ ʘʢ-

ʪʠʚʘʮʽʾ ʦʙʤʽʥʫ ʘʪʦʤʘʤʠ ʤʽʞ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʽ ʢʨʠʩʪʘʣʦʤ ʟʛʽʜʥʦ ʨʽʚʥʷʥʥʶ ʘʜ-

ʩʦʨʙʮʽʾ ɻʽʙʙʩʘ [363], ʷʢʝ ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ [475]: 
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ʜʝ g ï ʚʽʣʴʥʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ ʈʦʟʧʣʘʚ ï ʂʨʠʩʪʘʣ, ɼʞ; ɻ1, ɻ2 ï 

ʘʜʩʦʨʙʮʽʷ, ʚʽʜʧʦʚʽʜʥʦ, Me-ʨʦʟʧʣʘʚʫ ʡ ʄɼ, ʤʦʣʴ/ʤ
2
; [E] ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʄɼ ʫ ʤʘʪʨʠ-

ʯʥʦʤʫ ʨʦʟʧʣʘʚʽ, ʤʦʣʴ/ʤ
3
; m2 ï ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʄɼ, ɼʞ/ʢʛ. 

ɸʜʩʦʨʙʮʽʡʥʠʡ ʰʘʨ ʇɸʈ, ʱʦ ʫʪʚʦʨʠʚʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʫ, ʧʨʠʟʚʝʜʝ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʨʦʩʪʫ, ʪʦʙʪʦ [476, 477]: 
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ʜʝ K2 ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʱʦ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ ʯʠʩʣʫ ʘʪʦʤʽʚ ʥʘ ʧʦʚʝʨʭ-

ʥ,̔ ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ (ʜʣʷ ʦʜʥʦʛʦ ʤʦʣʷ K2 º 10
16

); c ï çʛʨʘʥʠʯʥʠʡè ʥʘʪʷʛ Me-ʨʦʟʧʣʘ-

ʚʫ ʥʘ ʧʝʨʠʬʝʨʽʾ ʜʚʦʤʽʨʥʦʛʦ ʟʘʨʦʜʢʘ, ʅ/ʤ; T ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʩʪʝʤʠ, ʂ; DTʦʭ ï ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, ʂ; E ï ʩʪʘʣʘ Me-ʨʦʟʧʣʘʚʫ, ʷʢʘ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʡʦʛʦ ʧʨʠʨʦʜʠ, ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ [476]: 

 3
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-º sc BE , (1.3) 

ʜʝ s2ï3 ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʛʨʘʥʠʯʥʠʭ ʬʘʟ 

ʈʦʟʧʣʘʚ ï ʂʨʠʩʪʘʣ, ʅ/ʤ; B ï ʩʪʘʣʘ, ʘʥʘʣʦʛʽʯʥʘ ʟʘ ʩʫʪʪʶ ʚʝʣʠʯʠʥʽ E, [476, 477]: 
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ʜʝ M ï ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʨʝʯʦʚʠʥʠ ʢʨʠʩʪʘʣʘ; T0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʈʌ ʡ ʊʌ, ʂ; k ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ, k = 1,380662Ö10
-23

 ɼʞ/ʂ [478, 479]; ɟMe ï ʛʫʩʪʠʥʘ Me-

ʨʦʟʧʣʘʚʫ, ʢʛ/ʤ
3
; LMe ï ʧʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, ɼʞ/ʢʛ. 

ʏʝʨʝʟ ʮʝ, ʥʘʚʽʪʴ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʰʚʠʜʢʦʩʪʽ ʟʘʨʦʜʞʝʥʥʷ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, 

ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʫ ʚʠʛʣʷʜʽ [477]: 
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ʜʝ K1 ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ ʯʠʩʣʫ ʘʪʦʤʽʚ ʚ ʦʙôʻʤʽ 

ʨʦʟʧʣʘʚʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ; ʜʣʷ 1 ʤʦʣʷ K1 å 10
23

 [480], 

ʚʚʝʜʝʥʥʷ ʇɸʈ, ʷʢ ʚʚʘʞʘʻ ʘʚʪʦʨ ʨʦʙʦʪʠ [302], ʤʘʻ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ ʧʦʜʨʽʙʥʝʥʥʷʤ 

ʧʝʨʚʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʡʦʛʦ ʘʜʩʦʨʙʮʽʡʥʠʭ ʫʷʚʣʝʥʴ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʨʦ-

ʷʚʣʷʪ̒ɹʩ̫ ʥʝ ʣʠʰʝ ʫ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ, ʘʣʝ ʡ ʫ ʟʤʽʥʽ ʾʭ ʬʦʨʤʠ. ʈʽʟʥʽ ʢʨʠ-

ʩʪʘʣʦʛʨʘʬʽʯʥʽ ʛʨʘʥʽ ʤʘʶʪʴ ʥʝʦʜʥʘʢʦʚʫ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ, ï ʧʨʦʜʦʚʞʫʻ ʩʚʦʶ ʜʫ-

ʤʢʫ ɹ.ɸ. ʄʦʚʯʘʥ [302], ï  ̔ʨʦʟʚʠʚʘʪʠʤʫʪʩɹ ̫ʪʽ ʛʨʘʥʽ, ʷʢʽ ʨʦʩʪʫʪʴ ʧʦʚʽʣʴʥʦ ʡ ʧʦʢʨʠʪʽ 

ʘʜʩʦʨʙʮʽʡʥʠʤ ʰʘʨʦʤ. ʅʝʧʦʢʨʠʪʽ ʪʘʢʠʤʠ ʰʘʨʦʤ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʛʨʘʥʽ ʙʫʜʫʪʴ ʨʦʩʪʠ 

ʰʚʠʜʢʦ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʣʠʥʶʚʘʪʠʩʴ. ʇɸʈ, ʧʨʦ ʷʢʽ ʡʜʝʪʴʩʷ ʫ ʮʽʡ ʨʦʙʦʪ,̔ ʫ ʙʘʛʘʪʴʦʭ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ [24ï27, 29, 31, 37, 38, 47, 169ï174, 180, 302, 307, 308, 329ï

336, 339, 342, 346, 355, 358, 359, 363, 476, 477, 481] ʙʽʣʴʰ ʚʽʜʦʤʽ ʷʢ ɽʄ 1-ʛʦ ʨʦʜʫ. 

ʍʘʨʘʢʪʝʨ ʘʜʩʦʨʙʮʽʾ (ʧʦʟʠʪʠʚʥʦʾ ʯʠ ʥʝʛʘʪʠʚʥʦʾ) ɽʄ ʥʘ ʛʨʘʥʷʭ ʟʘʨʦʜʢʘ [24] ʚʠ-

ʟʥʘʯʘʻ ʾʭ ʚʧʣʠʚ ʥʘ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ ɻʘʟ ï ʈʦʟʧʣʘʚ: 
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ʜʝ FS, FV ï ʚʽʣʴʥʽ ʝʥʝʨʛʽʾ ʤʦʣʝʢʫʣ Me-ʨʦʟʧʣʘʚʫ, ʚʽʜʧʦʚʽʜʥʦ, ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʪʘ 

ʦʙôʻʤʥʠʭ ʯʘʩʪʢʘʭ ʩʠʩʪʝʤʠ, ɼʞ; S1ï2 ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ ɻʘʟ ï ʈʦʟʧʣʘʚ, ʤ
2
. 

ʏʝʨʝʟ ʮʝ ʤʦʜʠʬʽʢʫʶʯʘ ʜʽʷ ʄɼ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʟʤʽʥʦʶ s1ï2. ɿʤʝʥʰʝʥʥʷ 

s1ï2 ʧʦʣʝʛʰʫʻ ʟʘʨʦʜʞʝʥʥʷ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ̔  ʩʧʨʠʷʻ ʧʦʜʨʽʙʥʝʥʥʶ ʩʪʨʫʢʪʫʨʠ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʩʪʫʧʝʥʷ ʧʝʨʝʛʨʽʚʘʥʥʷ ʤʝʪʘʣʫ, ʟʤʝʥʰʫʻʪʴʩ ̫ʪʘʢʦʞ s1ï2 ʨʦʟʧʣʘʚʫ [24]: 
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2121 ss , (1.7) 

ʜʝ 
0

21-s  ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ ɻʘʟ ï ʈʦʟʧʣʘʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʣʽʢ-
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ʚʽʜʫʩ ʩʧʣʘʚʫ, ʅ/ʤ; a ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, 

ʅ/(ʤÖʂ); DTʧʝʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʛʨʽʚʘʥʥʷ Me-ʨʦʟʧʣʘʚʫ, ʂ. 

ʁʤʦʚʽʨʥʽʰʝ ʚʩʴʦʛʦ, ï ʧʨʠʧʫʩʢʘʶʪʴ ʘʚʪʦʨʠ [323, 361, 482], ʱʦ, ʩʪʦʩʦʚʥʦ Fe-C-

ʩʧʣʘʚʽʚ, ʨʦʟʛʣʷʥʫʪʠʡ ʤʝʭʘʥʽʟʤ ʜʽʻ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʏʂɻ. ʇʨʠʢʣʘʜʠ ʟʤʽʥʠ ʧʝʨʚʠʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ Sn ʟ ʜʦʤʽʰʢʘʤʠ Na, ʘ ʪʘʢʦʞ ʩʪʘʣʽ ʤʘʨʢʠ ʍ15ʅ25, ʣʝʛʦʚʘ-

ʥʦʾ ɺ, ʥʘʚʝʜʝʥʽ ʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ [473, 474] ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʻ ʥʝ ʟʦʚʩʽʤ ʧʝʨʝʢʦʥʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʥʝʚʽʜʦʤʦ ʯʠ ʟʥʠʞʫʁ ʪʴ Na ʚ Sn-

ʩʧʣʘʚʘʭ ʡ B ʫ ʩʪʘʣʽ ʍ15ʅ25 ʷʢ s1ï2, ʪʘʢ ʽ s2ï3, ʘʙʦ ʣʠʰʝ s1ï2. ʅʝ ʟʨʦʟʫʤʣ̔ʦ, ʯʦʤʫ ʚ Sn-

ʩʧʣʘʚʘʭ, ʱʦ ʤʽʩʪʷʪʴ B, s1ï2 ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʫʩʴʦʤʫ ʜʦʩʣʽʜʥʦʤʫ ʽʥʪʝʨʚʘʣʽ [B] ¢ 0,8 % 

(ʤʘʩ. ʯʘʩʪʢʘ) [473], ʘ ʨʦʟʤʽʨ ʤʘʢʨʦʟʝʨʥʘ ʩʧʦʯʘʪʢʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʜʦʩʷʛʘʶʯʠ ʤʽʥʽʤʘʣʴ-

ʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ [B] = 0,095...0,120 % (ʤʘʩ. ʯʘʩʪʢʘ) [473], ʧʦʪʽʤ ʧʦʯʠʥʘʻ ʟʙʽʣʴʫh-

ʚʘʪʠʩʴ, ʜʦʩʷʛʘʶʯʠ ʧʝʨʰʦʧʦʯʘʪʢʦʚʠʭ ʨʦʟʤʽʨʽʚ? ʂʨʽʤ ʪʦʛʦ, ʚʠʜʽʣʝʥʥʷ ʜʨʫʛʦʾ ʬʘʟʠ ʫ 

ʧʨʠʛʨʘʥʠʯʥʠʭ ʟʦʥʘʭ ʢʦʤʽʨʦʢ ʩʪʦʚʧʯʘʩʪʠʭ ʢʨʠʩʪʘʣʽʚ ʘʙʦ ʤʽʞʦʩʥʠʭ ʧʨʦʩʪʦʨʘʭ ʜʝʥʜ-

ʨʠʪʽʚ ʚʥʦʩʠʪʴ ʟʥʘʯʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʨʠ ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʤʽʢʨʦ- ʪʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ 

ʦʜʥʦʬʘʟʥʦʾ ʦʩʥʦʚʠ ʽ ʙʘʛʘʪʦʬʘʟʥʦʛʦ ʩʧʣʘʚʫ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʄɼ [474]. 

ʊʝʦʨʽʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʧʣʘʚʽʚ ʢʦʣʴʦʨʦʚʠʭ Me ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʘ ʫ ʤʦʥʦʛ-

ʨʘʬʾ̔ [355], ʜʝ ʥʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ 

ʢʽʥʮʝʚʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ 3-ʭ ʚʠʜʽʚ: 

ʘ) ʟʤʽʥʘ ʨʦʟʤʽʨʽʚ ʧʝʨʚʠʥʥʠʭ ʟʝʨʝʥ-ʜʝʥʜʨʠʪʽʚ ʪʘ ʽʥʰʠʭ ʧʨʦʜʫʢʪʽʚ ʧʝʨʚʠʥʥʦʾ 

ʢʨʠʩʪʘʣʟ̔ʘʮʽʾ (ʧʦʜʨʽʙʥʝʥʥʷ ʤʽʢʨʦʟʝʨʥʘ); 

ʙ) ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʧʝʨʚʠʥʥʠʭ ʟʝʨʝʥ-ʜʝʥʜʨʠʪʽʚ (ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʧʦʪʦ-

ʥʰʝʥʥʷ ʛʽʣʦʢ ʜʝʥʜʨʠʪʽʚ ʡ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʜʚʦʭ ʬʘʟ); 

ʚ) ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʝʚʪʝʢʪʠʢʠ. 

ɺ ʦʩʥʦʚʽ ʢʦʞʥʦʛʦ ʚʠʜʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʣʝʞʘʪʴ ʩʚʦʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, 

ʧʨʦʪʝ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʠʭ ʩʘʤʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʤʦʞʥʘ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʷʚʠʱʘ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ [359], ʟʤʽʥʠʪʠ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ ʧʝʨʚʠʥʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʤʦʞʥʘ ʪʘʢʠʤ ʯʠʥʦʤ: 

ʘ) ʚʚʝʜʝʥʥʷʤ ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʪʫʛʦʧʣʘʚʢʠʭ ʯʘʩʪʦʢ (çʟʘʪʨʘʚʦʢè), ʰʪʫ-

ʯʥʦ ʟʙʽʣʴʰʫʶʯʠ ʯʠʩʣʦ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ; 

ʙ) ʧʨʠʩʘʜʢʦʶ ʣʝʛʢʦʧʣʘʚʢʠʭ Me, ʱʦ ʫʪʚʦʨʶʶʪʴ ʘʜʩʦʨʙʮʽʡʥʽ ʧʣʽʚʢʠ ʥʘ ʧʦʚʝʨ-
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ʭʥʽ ʢʨʠʩʪʘʣʽʚ, ʪʘ ʩʧʦʚʽʣʴʥʶʶʪʴ ʾʭ ʨʽʩʪ; 

ʚ) ʧʨʠʩʘʜʢʘʤʠ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʧʝʨʚʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʽ, ʷʢ ʥʘʩʣʽ-

ʜʦʢ ʪʦʛʦ, ʫʤʦʚʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʡ ʬʦʨʤʫ ʚʠʜʽʣʝʥʴ. 

ʄ.ɺ. ʄʘʣʴʮʝʚ [355] ʚʚʘʞʘʻ, ɦ ʦ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʄɼ, ̫ ʢʽ ʚʚʦʜʷʪʴʩʷ ʜʦ ʨʦʟʧ-

ʣʘʚʫ, ̔  ʭʘʨʘʢʪʝʨʫ ʾ ʭ ʚʟʘʻʤʦʜʽʾ ʟ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʧʣʘʚʫ ʡ ʜʦʤʽʰʢʘʤʠ ʤʦʞʣʠ-

ʚʘ ʪʘ ʯʠ ʽʥʰʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ. ʅʘ ʜʫʤʢʫ ɺ.ʄ. ʏʫʨʩʽʥʘ [38] ʚʘʨʪʦ, ʚ ʦʩ-

ʥʦʚʥʦʤʫ, ʟ̔ ʮʠʤ ʤʽʨʢʫʚʘʥʥʷʤ ʧʦʛʦʜʠʪʠʩʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʨʘʭʦʚʫʻ ʚʩʶ 

ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ɦ ʦ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʨʦʟʧʣʘʚʽʚ. 

ʇʨʦ ʩʢʣʘʜʥʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʚʧʣʠʚʫ ʄɼ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʣʘʪʫʥʝʡ ʡʜʝʪʴʩʷ ʽ ʚ ʨʦʙʦ-

ʪʽ [47], ʘʚʪʦʨʠ ʷʢʦʾ ʚʚʘʞʘʶʪʴ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʄɼ ʣʠʰʝ ʷʢ ʟʘʩʦʙʠ, ʱʦ ʧʦ-

ʜʨʽʙʥʶʶʪʴ ʩʪʨʫʢʪʫʨʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʚʣʘʩʪʠʚʦʩʪʽ 

ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʩʪʘʥʦʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʪʘ ʧʨʦʮʝ-

ʩʘʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʥʽʡ, ʘ ʥʝ ʚʝʣʠʯʠʥʦʶ ʟʝʨʥʘ [47]. 

ʋ ʮʽʡ ʩʘʤʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʜʘʥʽ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ 

ʜʽʶ ʄɼ ʥʘ ʫʩʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʢʠʭ ʽ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʨʘʟʦʤ. ɿʦʢʨʝʤʘ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ, 

ʱʦ ʚʚʝʜʝʥʥʷ ʈɿʄ ʜʦ ʣʘʪʫʥʝʡ ʧʦʛʽʨʰʫʻ ʾʭ ʣʠʚʘʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʫʩʢʣʘʜʥʶʻ ʪʝʭʥʦ-

ʣʦʛʽʶ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢʽʩʥʠʭ ʟʣʠʚʢʽʚ, ʭʦʯ ʽ ʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʚʝʨʜʦʛʦ 

ʤʝʪʘʣʫ. ʎʝ ʞ ʩʘʤʝ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʴ ʨʘʥʽʰʝ [46, 297], ʤʘʻ ʤʽʩʮʝ ʽ ʚ ʽʥʰʠʭ Cu-ʩʧʣʘʚʘʭ. 

ʏʝʨʝʟ ʮʝ ʤʦʞʥʘ ʧʦʚʥʽʩʪʶ ʧʦʛʦʜʠʪʠʩʷ ʽʟ ʪʚʝʨʜʞʝʥʥʷʤ ʘʚʪʦʨʘ ʧʫʙʣʽʢʘʮʽʾ [47], 

ʱʦ, ʚʠʟʥʘʶʯʠ ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʚʥʘʩʣʽʜʦʢ ʚʚʝʜʝʥʥʷ ʜʦ 

ʾʭ ʨʦʟʧʣʘʚʫ ʄɼ, ʥʝʦʙʭʽʜʥʦ ʦʩʪʝʨʽʛʘʪʠʩʴ ʦʜʥʦʙʦʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʜʽʾ ʄɼ. 

ʋ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ [47] ʚʠʩʣʦʚʣʝʥʘ ʜʫʤʢʘ, ʱʦ ʤʦʜʠʬʽʢʫʶʯʘ ʜʽʷ ʄɼ, ʷʢʘ ʚʽʜʦʙʨʘʞʘ-

ʻʪʴʩʷ ʣʠʰʝ ʫ ʟʙʽʣʴʰʝʥʥʽ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʘʙʦ ʩʫʪʦ ʤʝʭʘʥʽʯʥʦʤʫ ʚʧʣʠʚʽ ɽʄ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ, ʥʝ ʤʦʞʝ ʧʦʷʩʥʠʪʠ ʫʩʽʻʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʚʧʣʠʚʫ ʄɼ. ʎʽʢʘʚʠʡ ʧʽ-

ʜʭʽʜ ʱʦʜʦ ʧʦʷʩʥʝʥʥʷ ʤʦʜʠʬʽʢʫʶʯʦʾ ʜʽʾ ʄɼ ʫ Me ʽ ʩʧʣʘʚʘʭ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟʨʦʙʣʝʥʠʡ 

ɻ.ɺ. ʉʘʤʩʦʥʦʚʠʤ [483] ʪʘ ʄ.ɹ. ɸʣʴʪʤʘʥʦʤ [181], ʷʢʽ ʪʘʢʫ ʧʦʚʝʜʽʥʢʫ ɽʄ ʧʦʚôʷʟʫʶʪʴ 

ʽʟ ʝʣʝʤʝʥʪʘʨʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʾʭ ʟ Me-ʨʦʟʯʠʥʥʠʢʦʤ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʜʦ ʨʦʟʧʣʘʚʫ ʽʥʦʨʦʜʥʠʭ ʘʪʦʤʽʚ, ï ʚʚʘʞʘʶʪʴ ʚʦʥʠ [181, 483], ï 

ʤʦʞʣʠʚʽ 2 ʚʘʨʽʘʥʪʠ ʾʭ ʚʟʘʻʤʦʜʽʾ. ʗʢʱʦ ʘʪʦʤʠ ʨʽʜʢʦʛʦ Me ʻ ʘʢʮʝʧʪʦʨʘʤʠ ʝʣʝʢʪʨʦʥʽʚ, ʘ 

ʘʪʦʤʠ ʄɼ ï ʜʦʥʦʨʘʤʠ (ʘʙʦ ʥʘʚʧʘʢʠ), ʪʦ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʝʣʝʢʪʨʦʥʥʽ ʧʝʨʝʭʦʜʠ, 
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ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʤʘʩʠ ʘʪʦʤʽʚ ʝʥʝʨʛʝʪʠʯʥʦ ʉʂ ʟ̔ ʣʦʢʘʣʽʟʦʚʘ-

ʥʠʤʠ ʚʘʣʝʥʪʥʠʤʠ ʝʣʝʢʪʨʦʥʘʤʠ ʦʙʦʭ ʚʠʜʽʚ ʘʪʦʤʽʚ ʘʙʦ ʞ, ʧʨʠʥʘʡʤʥʽ, ʦʜʥʦʛʦ ʽʟ ʥʠʭ 

[483]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʤʽʢʨʦʦʙʣʘʩʪʝʡ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʤʘʩʦʶ ʉʂ, ʷʢʽ ʻ, ʧʦ ʩʫ-

ʪʽ, ʩʠʙʦʪʘʢʩʠʩʥʠʤʠ ʛʨʫʧʘʤʠ ʡ ʧʝʨʰʠʤʠ ʫʧʦʨʷʜʢʫʚʘʥʥʷʤʠ ʘʪʦʤʽʚ ʥʘ ʤʦʤʝʥʪ ʾʭ ʧʝʨʝ-

ʭʦʜʫ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʜʦ ʪʚʝʨʜʦʛʦ [181]. ʇʦʜʘʣʴʰʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʾʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ çʟʘʨʦʜʢʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾè [181, 483]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʙʽʨ ʘʪʦʤʽʚ ʄɼ ʜʦ 

ʦʩʥʦʚʥʦʛʦ Me ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʉʂ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʟʝʨʥʘ [181]. 

ɯʥʰʦʶ ʫʤʦʚʦʶ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʥʘ ʜʫʤʢʫ [483], ʤʦʞʝ ʙʫʪʠ ʚʚʝʜʝʥʥʷ ʜʦ ʤʘʪʨʠ-

ʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʨʘʥʽʰʝ ʩʪʚʦʨʝʥʠʭ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʮʝʥʪʨʽʚ ʢʨʠʩ-

ʪʘʣʽʟʘʮʽʾ, ʜʦ ʪʦʛʦ ʞ ɦʝ ʡ ʽʟ ʚʠʩʦʢʦʶ ʩʪʘʪʠʯʥʦʶ ʤʘʩʦʶ ʉʂ. ʍʦʯ ʮʷ ʫʤʦʚʘ ʤʝʥʰ ʟʨʦ-

ʟʫʤʽʣʘ, ʚʩʝ ʞ ʪʘʢʠ ʩʧʨʦʙʘ ʧʦʷʩʥʠʪʠ ʤʦʜʠʬʽʢʫʶʯʠʡ ʚʧʣʠʚ ʤʽʞʘʪʦʤʥʠʤʠ ʩʠʣʘʤʠ, ʟʤʽ-

ʥʦʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʫ ʮʽʣʦʤʫ ,̒ ʦʯʝʚʠʜʥʦ, ʥʘʡʧʣʦʜʦʪʚʦʨʥʽh ʦʶ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʻ ʪʝʦʨʽʷ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʘ ʫʞʝ 

ʛʦʪʦʚʠʭ ʧʦʚʝʨʭʥʷʭ ʨʦʟʜʽʣʫ, ʪʦʙʪʦ ʪʚʝʨʜʠʭ ʯʘʩʪʢʘʭ-ʤʦʜʠʬʽʢʘʪʦʨʘʭ II-ʛʦ ʨʦʜʫ, ʷʢʽ 

ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽ ʫ Me-ʨʦʟʧʣʘʚʽ. ɺ.ɼ. ʂʫʟʥʻʮʦʚ [484], ʫʟʘʛʘʣʴʥʶʶʯʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʢʨʝʤʠʭ ʚʯʝʥʠʭ ʧʨʦ ʧʨʠʨʦʜʫ ʟʘʪʨʘʚʢʠ ʜʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʚʽʜʟʥʘʯʘʻ, ʱʦ ʥʘʡʢʨʘʱʦʶ 

ʟʘʪʨʘʚʢʦʁ ʚʘʨʪʦ ʚʚʘʞʘʪʠ ʪʚʝʨʜʫ ʢʨʠʩʪʘʣʽʯʥʫ ʯʘʩʪʠʥʢʫ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʥʘʙʣʠʞʘʻʪʴʩʷ 

ʜʦ ʩʪʨʫʢʪʫʨʠ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʘʙʦ ʯʘʩʪʠʥʢʫ, ʧʦʚʝʨʭʥʷ ʷʢʦʾ ʟʜʘʪʥʘ ʘʜʩʦʨʙʫʚʘʪʠ 

ʤʦʣʝʢʫʣʠ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥ. ʉʪʽʥʢʠ ʧʦʩʫʜʠʥ (ʃʌ, ʚʠʣʠʚʥʠʮʴ, ʪʦʱʦ), ʜʝ ʟʜʽʡʩʥʶ-

ʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ, ʻ ʪʠʤʠ ʧʨʠʛʨʘʥʠʯʥʠʤʠ ʰʘʨʘʤʠ, ʫ ʷʢʠʭ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘʡʩʧʨʠʷʪ-

ʣʠʚʽʰʽ ʫʤʦʚʠ ʜʣʷ ʟʘʨʦʜʞʝʥʥʷ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʟ̔ʘʮʽʾ. 

ʏʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʝʨʦʟʯʠʥʥʠʭ ʄɼ ʥʘ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ 

ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʨʝʛʨʽʚʘʥʥʷ ʽ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʈʌ ʚʠʢʣʘʜʝʥʽ 

ʫ ʨʦʙʦʪʽ ɺ.ɯ. ɼʘʥʠʣʦʚʘ [451]. ʄʦʜʠʬʽʢʘʪʦʨʘʤʠ II-ʛʦ ʨʦʜʫ, ʥʘ ʡʦʛʦ ʜʫʤʢʫ, ʤʦʞʫʪʴ ʙʫ-

ʪʠ ʚʽʜʥʦʩʥʦ ʪʫʛʦʧʣʘʚʢʽ Me ʘʙʦ ʾʭ ʩʧʦʣʫʢʠ (MenOm, MenNm, MenMe'm, ʪʦʱʦ), ʷʢʽ ʚʚʦ-

ʜʷʪʴʩʷ ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʯʠ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʥʴʦʤʫ. 

ɼʦʢʣʘʜʥʦ ʚʧʣʠʚ Ti, Zr, Ta, V ʪʘ ʽʥʰʠʭ ɽʄ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʽʥʪʝʨʤʝʪʘʣʽʜʠ ʚ Al-, 

Cu-ʩʧʣʘʚʘʭ, ʚʠʚʯʝʥʠʡ ʄ.ɺ. ʄʘʣʴʮʝʚʠʤ [335, 355]. ɼʦʚʝʜʝʥʦ [453], ʱʦ ʥʘʡʝʬʝʢʪʠʚʥʽ-

ʰʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ II -ʛʦ ʨʦʜʫ  ̒ʪʫʛʦʧʣʘʚʢʽ ɽʄ, ʷʢʽ ʧʦʛʘʥʦ ʨʦʟʯʠʥʷʶʪʴʩʷ ʫ Me ʯʠ 

ʦʩʥʦʚʽ ʩʧʣʘʚʫ ʡ ʫʪʚʦʨʶʶʪʴ ̔ʟ ʥʠʤ ʧʝʨʠʪʝʢʪʠʯʥʽ ʯʠ ʝʚʪʝʢʪʠʯʥʽ ʩʠʩʪʝʤʠ. ʃʽʢʚʽʜʫʩ ʭʽʤ̔-
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ʯʥʦʾ ʩʧʦʣʫʢʠ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʩʠʣʴʥʦ ʟʤʽʱʝʥʠʡ ʫ ʙʽʢ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʏʝʨʝʟ ʮʝ 

ʜʦʩʠʪʴ ʜʦʜʘʪʠ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʢʘʟʘʥʠʭ ɽʄ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ [ɽ], ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʝʚ-

ʪʝʢʪʠʯʥʽʡ ̔  ʧʝʨʠʪʝʢʪʠʯʥʽʡ ʪʦʯʢʘʤ, ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʰʦʧʦʯʘʪʢʦʚʝ ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʾ 

ʩʧʦʣʫʢʠ, ʥʘʧʨʠʢʣʘʜ [302], ʪʠʧʫ MenAlm. ʄɻɸ ʟʘʪʚʝʨʜʽʣʦʛʦ ʩʧʣʘʚʫ, ï ʧʦʚʽʜʦʤʣʷʻ ɹ.ɸ. 

ʄʦʚʯʘʥ [302], ï ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʫ ʧʦʜʽʙʥʠʭ ʩʧʣʘʚʘʭ ʪʚʝʨʜʽ ʯʘʩʪʢʠ MenMe'm ʤʦʞʫʪʴ 

ʩʣʫʞʠʪʠ ʟʘʨʦʜʢʘʤʠ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʦʩʥʦʚʠ ʪʘʢʦʛʦ ʩʧʣʘʚʫ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ [302], ʫ 

ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʠ Al-Ti ʧʨʠ [Ti] ¢ 0,15...0,19 % (ʤʘʩ. ʯʘʩʪʢʘ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʤʝʥ-

ʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʤʘʢʨʦʟʝʨʝʥ ʥʘ ʤʽʢʨʦʣhʽʬʘʭ ʣʠʪʠʭ ʟʨʘʟʢʽʚ [453, 467]. 

ɺʠʚʯʘʶʯʠ ʚʧʣʠʚ ʄɼ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ Cu-ʩʧʣʘʚʽʚ, ɺ.ʄ. ʏʫʨʩʽʥ [38] 

ʜʦʚʽʚ, ʱʦ ʪʫʛʦʧʣʘʚʢʽ ʟʘʪʨʘʚʢʠ ï Zr, B, Ti, ʪʦʱʦ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʦʜʨʽʙʥʶʶʪʴ 

ʚʝʣʠʯʠʥʫ ʣʠʪʦʛʦ ʟʝʨʥʘ ʡ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʠʱʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ. 

ɸʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʡ [32, 38, 44ï46, 297, 471] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʢʨʦ-

ʩʪʨʫʢʪʫʨʠ ʣʠʪʠʭ ʣʘʪʫʥʝʡ ʽ ʙʨʦʥʟ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʡ ʦʜ-

ʥʦʯʘʩʥʠʤ ʧʦʜʨʽʙʥʝʥʥʷʤ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʧʣʘʚʽʚ. ɼʣʷ ʦʢʨʝʤʠʭ Cu-ʩʧʣʘʚʽʚ ʚʠʷʚʠʣʦ-

ʩʷ, ʱʦ ʾʭ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʜʝʷʢʠʭ ʄɼ ʧʽʜʚʠʱʫʚʘʣʠʩʴ, ʥʝʟʚʘʞʘ-

ʶʯʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʣʠʪʦʛʦ ʟʝʨʥʘ [38]. 

ʗʢ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʫ ʨʦʙʦʪʽ [363], ʂ.ʅ. ɭʨʤʦʣʘʻʚ, ʘ ʪʘʢʦʞ ɺ.ʉ. ʏʝʨʥʦʚ ʡ ʌ.ɯ. 

ɹʫʩʦʣ ʧʦʷʩʥʷʶʪʴ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ ʨʽʟʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ ɽʄ ʫ ʊʌ ʪʘ ʈʌ, 

ʡ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʤ ʫʱʽʣʴʥʝʥʥʷʤ ʾʭ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʘʣʴʤʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ 

ʢʨʠʩʪʘʣʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɿʘ ɺ.ɸ. ʊʽʣʣʝʨʦʤ, ï ʧʨʦʜʦʚʞʫ-

ʶʪʴ ʘʚʪʦʨʠ ʮʽʻʾ ʞ ʥʘʫʢʦʚʦʾ ʧʨʘʮʽ, ï ʢʦʥʮʝʥʪʨʘʮʽʷ ɽʄ ʫ Me-ʨʦʟʧʣʘʚʽ ʥʘ ʚʽʜʩʪʘʥʽ x ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʱʦ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘ-

ʚʣʝʥʘ ʫ ʚʠʛʣʜ̫ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ [363]: 
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ʜʝ ɽC0
 ï ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ɽʄ ʚ ʨʦʟʧʣʘʚʽ, ʢʛ/ʤ

3
; K0 ï ʨ̔ʚʥʦʚʘʞʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʨʦʟʧʦʜʽʣʫ ɽʄ; Wl ï ʰʚʠʜʢʽʩʪʴ ʧʨʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʧʣʘʚʫ, ʤ/ʩ; E

LD  ï 

ʢʦʝʬʽʮʽʻʥʪ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ ɽʄ, ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʤʘʪʨʠʯʥʦʤʫ ʨʦʟʧʣʘʚʽ, ʤ
2
/ʩ. 

ɿʘ ʦʬʽʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ɯ. ʂʽʪʘʫʨʘ ʡ ʍ. ʊʘʥʘʢʘ, ʥʘʚʝʜʝʥʠʤʠ ʫ ʩʚʦʾʡ ʥʘʫʢʦʚʡ̔ 

ʧʨʘʮʽ, ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʚʠʥʝʩʝʥʦʾ ʢʦʥʚʝʢʪʠʚʥʠʤ ʧʦʪʦʢʦʤ ʟ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ 
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ʢʨʠʩʪʘʣʘ ʢʫʣʝʧʦʜʽʙʥʦʾ ʬʦʨʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦ  ʁ[363]: 

 ( )ɽLɽ

Sfɽ CCKN -= , (1.9) 

ʜʝ ɽ
SC  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ɽʄ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ, ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʘ, ʢʛ/ʤ

3
; Kf ï ʢʦʥʚʝ-

ʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʤʘʩʦʧʝʨʝʥʦʩʫ ɽʄ ʫ ʤʘʪʨʠʯʥʦʤʫ ʨʦʟʧʣʘʚʽ, ʤ/ʩ [363]: 
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ʜʝ vf ï ʰʚʠʜʢʽʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʫ, ʤ/ʩ; ɽ

fD  ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ 

ɽʄ ʫ ʤʘʪʨʠʯʥʦʤʫ ʨʦʟʧʣʘʚʽ, ʤ
2
/ʩ; d ï ʜ̔ ʘʤʝʪʨ ʢʨʠʩʪʘʣʘ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, ʤ; vMe ï ʢ̔ -

ʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʤʝʪʘʣʽʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, ʤ
2
/ʩ. 

ɺ.ɸ. ɭʬʽʤʦʚ ʪʘ ʖ.ʗ. ʉʢʦʢ ʨʝʢʦʤʝʥʜʫʶʪʴ [363], ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ K0, ʢ̫ 

ʢʨʠʪʝʨʽʡ ʜʣʷ ʚʠʙʦʨʫ ɽʄ I-ʛʦ ʨʦʜʫ. ʈʘʟʦʤ ʽʟ ʮʠʤ, ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ, ï ʥʘ ʾʭ ʜʫʤʢʫ, 

ï ʪʘʢʠʤ ʢʨʠʪʝʨʽʻʤ ʙʫʜʝ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ, ʧʨʦ ʱʦ ʤʦʚʘ ʧʽʜʝ ʜʘʣʽ. 

ʇʨʦʪʝ, ɸ. ʆʥʦ [481] ʧʨʦʧʦʥʫʻ ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ɽʄ ʥʘ ʩʪʨʫʢʪʫʨʫ ʡ 

ʚʣʘʩʪʠʚʦʩʪʽ Me ʽ ʩʧʣʘʚʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʣʠʯʠʥʠ (1 ï K0), ʷʢʫ ʚʽʥ ʥʘʟʚʘʚ ʣʽʢʚʘʮʽʡʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ. ʊʘʢʦʾ ʞ ʩʘʤʦʾ ʜʫʤʢʠ ʧʨʠʪʨʠʤʫʶʪʴʩʷ ʫ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ɺ.ɸ. ʂʝʯʽʥ [174] 

ʪʘ ɺ.ɸ. ɭʬʽʤʦʚ [185]. ɿʦʢʨʝʤʘ ʘʚʪʦʨ ʤʦʥʦʛʨʘʬʽʾ [481] ʚʚʘʞʘʻ, ʱʦ ʨʦʟʯʠʥʝʥʠʡ ʫ ʤʘʪ-

ʨʠʯʥʦʤʫ ʨʦʟʧʣʘʚʽ ɽʄ ʟ̔ ʙʽʣʴʰʦʶ ʚʝʣʠʯʠʥʦʶ (1 ï K0) ʻ ʝʬʝʢʪʠʚʥʽʰʠʤ ʷʢ ʧʦʜʨʽʙʥʶ-

ʚʘʯ ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ. ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ (1 ï K0) ʜʣʷ ɽʄ ʨʽʟʥʠʭ ʩʧʣʘʚʽʚ ʥʘʚʝ-

ʜʝʥʽ ʫ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ [29, 169, 170, 172, 174, 185, 481]. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʚʪʦʨ [38], 

ʷʢʠʡ ʚʠʚʯʘʚ ʣʘʪʫʥʽ ʽ ʙʨʦʥʟʠ, ʜʽʡʰʦʚ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʝ ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʦ ʚʧʣʠʚ ɽʄ ʥʘ 

ʣʠʚʘʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ Cu-ʩʧʣʘʚʽʚ ʣʠʰʝ ʟʘ ʬʘʢʪʦʤ ʧʦʜʨʽʙʥʝʥʥʷ ʚʝʣʠʯʠʥʠ ʣʠʪʦʛʦ ʟʝʨʥʘ, 

ʷʢʠʤ ʙʠ ʝʬʝʢʪʠʚʥʠʤ ʚʦʥʦ ʥʝ ʙʫʣʦ. ʏʝʨʝʟ ʮʝ, ʦʯʝʚʠʜʥʦ, ʤʘʶʪʴ ʨʘʮʽʶ ʪʽ ʘʚʪʦʨʠ [47, 

469, 470], ʷʢʽ ʧʽʜ ʚʚʝʜʝʥʥʷʤ ʄɼ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʥʝ ʧʨʦʩʪʫ ʚʠʜʦʟʤʽʥʫ (ʤʦʜʠʬʽʢʫʚʘʥ-

ʥʷ) ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ, ʘ ʨʦʟʛʣʷʜʘʶʪʴ ʚʚʝʜʝʥʽ ʄɼ ʷʢ ʤʽʢʨʦʣʝʛʫʶʯʽ ʢʦʤʧʦʥʝʥʪʠ. ʄʽʢ-

ʨʦʣʝʛʫʚʘʥʥʷ ʩʪʘʣʝʡ ʡ ʯʘʚʫʥʽʚ, ʥʘ ʜʫʤʢʫ ʮʠʭ ʘʚʪʦʨʽʚ, ʦʟʥʘʯʘʻ ʥʝ ʧʨʦʩʪʫ ʷʢʽʩʥʫ ʚʠʜʦ-

ʟʤʽʥʫ ʣʠʪʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʣʘʚʫ, ʘ ʧʨʠʜʘʥʥʷ ʡʦʤʫ ʥʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʌʘʢʪʠʯʥʦ ʽʟ 

ʚʚʝʜʝʥʥʷʤ ʄɼ ʩʠʥʪʝʟʫʻʪʴʩʷ ʥʦʚʠʡ ʩʧʣʘʚ, ʱʦ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʶʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ ʡʦʛʦ ʧʣʘʚʣʝʥʥʷ ʪʘ ʣʠʪʪʷ [47, 469, 470]. 
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ʄʽʢʨʦʣʝʛʫʚʘʥʥʷ ʣʠʚʘʨʥʠʭ ʩʪʘʣʝʡ ̔  ʩʧʣʘʚʽʚ, ï ʚʚʘʞʘʻ ɹ.ɸ. ʄʦʚʯʘʥ [302], ï ʥʝ ʦʙ-

ʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʚʧʣʠʚʦʤ ʥʘ ʾʭ ʧʝʨʚʠʥʥʫ ʩʪʨʫʢʪʫʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʄ. ɺʚʝʜʝʥʥʷ ʜʦ 

ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʘʢʪʠʚʥʠʭ ʄɼ, ʟʜʘʪʥʠʭ ʨʝʘʛʫʚʘʪʠ ʟ [O], [N], [S], [As] ʪʘ ʽʥʰʠʤʠ 

ʜʦʤʽʰʢʘʤʠ ʡ ʫʪʚʦʨʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʧʦʣʫʢʠ, ʜʦʟʚʦʣʷʻ ʧʦʩʣʘʙʠʪʠ ʘʙʦ ʧʦʚʥʽʩʪʶ ʥʝʡʪ-

ʨʘʣʽʟʫʚʘʪʠ ʾʭ ʜʽʶ. ʍʘʨʘʢʪʝʨʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʄɼ ʤʦʞʫʪʴ ʙʫʪʠ ʈɿʄ, ʷʢʽ ʫʪʚʦ-

ʨʶʶʪʴ ʪʝʨʤʽʯʥʦ ʩʪʽʡʢʽ MenOm ʪʘ MenSm. ʋ ʪʘʙʣ. ɸ.1 ʩʧʽʚʧʦʩʪʘʚʣʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚ-

ʣʝʥʥʷ ̔  ʪʝʧʣʦʪʠ ʫʪʚʦʨʝʥʥʷ MenSm ʡ MenOm ʜʝʷʢʠʭ ɽʄ ʪʘ ʃɽ. ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʚʝ-

ʣʠʯʠʥ, ʟʦʢʨʝʤʘ MenOm, ʤʘʣʦ ʯʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʨʦʙʦʪʽ [485]. 

ɺʠʩʦʪʘ Tʧʣ ʦʢʩʠʜʽʚ ʽ ʩʫʣʴʬʽʜʽʚ ʈɿʄ ï ʪʘʢʠʭ ʷʢ: La2O3, La2S3 ʪʘ Ce2O3, CeO, 

Ce2S3, CeS ʜʦʟʚʦʣʷʻ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʘ ʧʫʙʣʽʢʘʮʽʾ [302], ʟʚôʷʟʘʪʠ [O] ʡ [S] ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʧʝʚʥʦʾ ʾʭ ʢʽʣʴʢʦʩʪʽ ʜʦ ʙʽʣʴʰʦʩʪʽ Me ʽ ʩʧʣʘʚʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʠʪʨʠʤʢʠ 

Me-ʨʦʟʧʣʘʚʫ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ La ʡ Ce ʪʘ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʯʘʩʪʢʠ ʪʫʛʦʧʣʘʚʢʠʭ 

MenOm ʡ MenSm ʤʦʞʫʪʴ ʩʧʣʠʚʘʪʠ ʥʘ ʧʦʚʝʨʭʥʶ ʤʝʪʘʣʫ ʟ̔ ʧʝʚʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʷʢʘ, ʟʛʽ-

ʜʥʦ ʟʘʢʦʥʫ ʉʪʦʢʩʘ [486], ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦ :ʁ 
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ʜʝ g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, g = 9,80665 ʤ/ʩ
2
 [478, 479]; rʅɺ ï ʨʘʜʽʫʩ ʯʘʩʪʢʠ 

ʥʝʤʝʪʘʣʽʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ, ³10
-2
 ʤ; rʅɺ ï ʛʫʩʪʠʥʘ ʥʝʤʝʪʘʣʯ̔ʥʦʛʦ ʚʢʣʶʯʝʥʥʷ (MenOm, 

MenSm), ³10
3
 ʢʛ/ʤ

3
; hMe ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ³10

-1
 ʇʘÖʩ, 

ʘʙʦ ʟʘʣʠʰʘʪʠʩʷ ʫ ʤʘʪʨʠʯʥʦʤʫ ʨʦʟʧʣʘʚʽ [302], ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʯʠ ʷʢ ɽʄ II-ʛʦ ʨʦ-

ʜʫ, ʯʠ ʷʢ ʅɺ ̔ʟ ʩʧʨʠʷʪʣʠʚʽʰʠʤʠ ʬʦʨʤʘʤʠ ʪʘ ʨʦʟʤʽʨʘʤʠ. ʅʘʧʨʠʢʣʘʜ [302], ʫʪʚʦʨʝʥʥʷ 

ʜʨʽʙʥʠʭ ʩʬʝʨʠʯʥʠʭ Ce2S ʡ CeS ʫ ʤʽʞʢʨʠʩʪʘʣʽʯʥʠʭ ʟʦʥʘʭ ʟʘʤʽʩʪʴ ʛʨʫʙʠʭ ʚʠʜʽʣʝʥʴ 

MenSm ʦʩʥʦʚʠ ʩʧʣʘʚʫ, ʱʦ ʽʩʥʫʚʘʣʠ ʨʘʥʽʰʝ. ʗʢ ʧʦʚʽʜʦʤʣʷʪ̒ʩɹ ̫ʫ ʨʦʙʦʪ ̔[328], ʈɿʄ 

ʪʘʢʦʞ ʟʤʝʥʰʫʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ [N] ʪʘ [H] ʫ ʩʪʘʣʷʭ, ʘ ʄɼ ʚʪʽʣʝʥʥʷ ï ʫ ʪʫʛʦʧʣʘ-

ʚʢʠʭ Me ʽ ʩʧʣʘʚʘʭ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɼʝʷʢʽ ʟ ʈɿʄ ʫʪʚʦʨʶʶʪʴ ʜʦʩʠʪʴ ʪʫʛʦʧʣʘʚʢʽ ʩʧʦʣʫʢʠ, 

ʪʘʢʽ ʷʢ [328]: MenSnm, MenPbm, MenBim. 

ʋ ʥʠʟʮʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ [362] ʻ ʽʥʬʦʨʤʘʮʽʷ ʽ ʧʨʦ ʪʝ, ʱʦ ʤʽʢʨʦʣʝʛʫʚʘʥ-

ʥʷ ʩʧʣʘʚʽʚ ʽʥʢʦʣʠ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʄɼ, ʷʢʽ ʻ ʰʢʽʜʣʠʚʠʤʠ ʜʣʷ ʦʩʥʦʚʠ ʩʧʣʘʚʫ. ʊʘ-

ʢʦʁ ʄɼ, ʥʘ ʜʫʤʢʫ ɼ.ɯ. ɼʦʨʥʘ ʡ ʉ.ɼ. ʉʪʘʨʨʘ, ʤʦʞʝ ʙʫʪʠ [O] ʫ Cu-ʩʧʣʘʚʘʭ. 
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ʅʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʟʚʦʜʠʣʠʩʴ ʜʦ ʚʧʣʠʚʫ ʥʘ ʤʘʪʨʠʯʥʠʡ ʨʦʟʧ-

ʣʘʚ ʘʙʦ ʧʨʦʮʝʩ ʡʦʛʦ ʧʝʨʚʠʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʇʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʞʢʨʠʩʪʘʣ̔ -

ʯʥʽ ʷʚʠɦ ʘ ʪʘʢʦʞ ʄɼ, ʱʦ ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ ʦʩʥʦʚʽ ʩʧʣʘʚʫ, ï ʧʦʚʽʜʦʤʣʷʻ ɹ.ɸ. ʄʦʚʯʘʥ 

[302]. ɺ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ [376, 377, 487] ʻ ʜʘʥʽ ʧʨʦ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʄɼ ʥʘ ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʩʘʤʦʜʠʬʫʟʽʶ, ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ, ʪʚʝʨʜʽʩʪʴ ʪʘ 

ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʤʝʥʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʣʠʪʦʛʦ Mo ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʝʷʢʠʭ ʄɼ ʧʦʢʘʟʘʥʝ 

ʫ ʨʦʙʦʪʽ [377]. ʇʦʜʽʙʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʚʝʨʜʦʩʪʽ ʡ ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʪʘʢʠʭ 

Me ʷʢ, ʥʘʧʨʠʢʣʘʜ [302], W, Cr ʪʘ Ni. 

ɹ.ɸ. ʄʦʚʯʘʥ ʩʪʚʝʨʜʞʫʻ [302], ʱʦ ʟʤʽʥʦʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʊʌ ʧʨʠ ʤʽʢʨʦʣʝʛʫʚʘʥʥʽ 

ʩʪʨʫʢʪʫʨʠ Me ʪʘ ʾʭ ʩʧʣʘʚʽʚ ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ ʥʘ ʤʽʞʢʨʠʩʪʘʣʽʯʥʽ ʷʚʠʱʘ, ʷʢʽ ʧʦʚôʷʟʘʥʽ 

ʽʟ ʚʪʦʨʠʥʥʦʶ ʤʝʞʝʶ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ ʪʘʢʦʞ [186], ʱʦ ʧʦʜʽʙʥʫ ʜʽʶ ʥʘ ʚʠʜʣ̔ʝʥʥʷ 

MenSm ʫ ʣʠʪʠʭ ʩʪʘʣʷʭ ʟʜʽʡʩʥʶʶʪʴ ʄɼ Al, ʟʘ ʫʤʦʚʠ ʱʦ ʾʭ ʚʤʽʩʪ ʧʝʨʝʙʽʣʴʰʫʻ ʜʝʷʢʫ 

ʢʨʠʪʠʯʥʫ ʜʦʟʫ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʩʧʦʣʫʯʝʥʥʷ ʟ [O]. ʇʨʠʧʫʩʢʘʻʪʴʩʷ ʪʘʢʦʞ [377, 487], ʱʦ 

ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʨʦʛʫ ʢʨʠʭʢʦʩʪʽ Mo, W ʪʘ ʾʭ ʩʧʣʘʚʽʚ ʧʨʠ ʚʚʝ-

ʜʝʥʥʽ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʷʢʠʭ ʃɽ ʧʦʚôʷʟʘʥʝ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʨʽʚʥʦ-

ʚʘʞʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʠʭ ʄɼ ʚʪʽʣʝʥʥʷ. ʃʝʛʫʶʯʽ ʄɼ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʧʘ-

ʨʘʤʝʪʨ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ, ʘ ʪʘʢʦʞ ʨʽʚʝʥʴ ʩʧʦʪʚʦʨʝʥʴ ʧʨʫʞʥʦʾ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘʻ-

ʤʦʜʽʾ, ʩʧʨʠʯʠʥʝʥʦʾ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʨʦʙʦʪʠ [302], ʥʘʷʚʥʽʩʪʶ ʘʪʦʤʽʚ ʄɼ ʫ ʪʚʝʨʜʦʤʫ 

ʨʦʟʯʠʥʽ. ʎʝ ʧʨʠʟʚʝʜʝ, ʥʘʩʘʤʧʝʨʝʜ, ʜʦ ʟʤʽʥʠ ʟʜʘʪʥʦʩʪʽ ʘʪʦʤʽʚ ʄɼ ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʫ 

ʧʨʠʛʨʘʥʠʯʥʠʭ ʟʦʥʘʭ ʚʪʦʨʠʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʧʣʘʚʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫ-

ʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʄʘʢ ʃʽʥʘ [488]: 
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ʜʝ ɽ
ʩʧC  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʪʦʤʽʚ ʃɽ ʫ ʩʧʦʪʚʦʨʝʥʠʭ ʦʙʣʘʩʪʷʭ (ʧʨʠʛʨʘʥʠʯʥʠʭ ʟʦʥʘʭ), 

ʢʛ/ʤ
3
; Cɽ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʪʦʤʽʚ ʃɽ ʫ ʥʝʩʧʦʪʚʦʨʝʥʠʭ ʦʙʣʘʩʪʷʭ (ʚʥʫʪʨʽʰʥʽʭ ʦʙôʻʤʘʭ 

ʢʨʠʩʪʘʣʽʚ), ʢʛ/ʤ
3
; U ï ʨʽʟʥʠʮʷ ʝʥʝʨʛʽʡ ʩʧʦʪʚʦʨʝʥʴ, ɼʞ; R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, 

R = 8,31441 ɼʞ/(ʤʦʣʴÖʂ) [478, 479]. 

ʂʦʣʠ ʞ Cɽ << 1, ʪʦ ʩʧʽʚʚʽʜʥʦʰ. 1.12 ʤʘʪʠʤʝ ʪʘʢʠʡ ʚʠʛʣʷʜ [488]: 
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ʄʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʪʘʢ ʟʚʘʥʽ [302] çʢʦʥʢʫʨʫʶʯʽè ʫʤʦʚʠ, ʢʦʣʠ ʧʨʠʛʨʘʥʠʯʥʽ ʟʦ-

ʥʠ ʙʫʜʫʪʴ ʟʙʘʛʘʯʫʚʘʪʠʩʴ ʘʪʦʤʘʤʠ ʃɽ, ʫʥʠʢʘʶʯʠ ʨʘʥʽʰʝ ʽʩʥʫʶʯʦʛʦ ʫ ʮʠʭ ʟʦʥʘʭ ʥʘ-

ʢʦʧʠʯʝʥʥʷ ʘʪʦʤʽʚ ʩʫʧʫʪʥʽʭ ʜʦʤʽʰʦʢ. ʋ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʧʣʘʚʘʭ, ï ʧʦʚʽʜʦʤʣʷʶʪʴ ʘʚʪʦ-

ʨʠ ʨʦʙʽʪ [467, 489], ï ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʝʷʢʽ ʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʷʚʠʱ, ʟʦʢʨʝʤʘ, ʤʦ-

ʜʠʬʽʢʫʶʯʘ ʜʽʷ ʄɼ. ʅʘ ʾʭ ʜʫʤʢʫ, ʧʨʠ ʙʘʛʘʪʦʬʘʟʥʽʡ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʃɽ ʤʦʞʫʪʴ ʚʠʙʽʨʢʦ-

ʚʦ ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʚ ʦʜʥʽʡ ʽʟ ʬʘʟ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ, ʟʤʽʥʶʶʯʠ ʬʦʨʤʫ ʡ ʨʦʟʤʽʨʠ ʚʠ-

ʜʽʣʝʥʴ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʫ ʾʭ ʢʽʣʴʢʽʩʪʴ. ɹ.ɸ. ʄʦʚʯʘʥ [302] ʚʽʜʟʥʘʯʘʻ, ʱʦ ʄɼ, ʫ ʟʘʣʝʞ-

ʥʦʩʪʽ ʚʽʜ ʾʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʢʽʣʴʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʨʠʨʦʜʠ ʩʧʣʘʚʫ, ʷʢʠʡ 

ʧʦʢʨʘʱʫ̒ ʪʴʩʷ, ʤʦʞʝ ʧʨʦʷʚʠʪʠ ʢʦʤʧʣʝʢʩʥʫ ʜʽʶ. 

ʄʽʢʨʦʣʝʛʫʚʘʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʝʡ  ̔

ʩʧʣʘʚʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʚ ʣʠʪʦʤʫ ʩʪʘʥʽ [186, 378]. ʍʘʨʘʢʪʝʨʥʠʤ ʧʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʄɼ, 

ʷʢʽ ʚʚʦʜʷʪʴʩʷ ʫ ʩʪʘʣʴ, ʻ Al. ʂʽʣʴʢʽʩʪʴ Al, ʱʦ ʚʚʦʜʠʪʴʩʷ, ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʡ ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʣʠʪʦʾ ʩʪʘʣʽ. ʋ ʨʦʙʦʪʽ [378] ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ Al ʫ 

ʩʪʘʣʽ ʧʦʥʘʜ 0,02...0,05 % (ʤʘʩ. ʯʘʩʪʢʘ) ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʦʧʪʠʤʘʣʥɹʠʡ 

ʨʦʟʧʦʜʽʣ ʚʢʣʶʯʝʥʴ ʪʘ ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʃʦʢʘʣʽʟʘʮʽʷ ʬʘʟ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʚʚʝʜʝʥʥʷʤ Al, ʦʧʠʩʘʥʘ ʫ ʤʦʥʦʛʨʘʬʽʾ [186]. ʋ ʮʽʡ ʨʦʙʦʪʽ ʦʧʠʩʘʥʽ ʫʤʦʚʠ ʣʽʢʚʽʜʘʮʽʾ ʫ 

ʩʪʘʣʷʭ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʟʫʤʦʚʣʝʥʦʛʦ ʚʠʜʽʣʝʥʥʷʤ MenSm. 

ʐʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ ʥʘʙʫʣʠ ʄɼ ʈɿʄ ʡ 

ʜʝʷʢʽ ʾʭ ʩʧʣʘʚʠ (ʤʽʰʤʝʪʘʣ, ʣʘʥʮʝʨʘʤʧ, ʬʝʨʦʮʝʨʽʡ), ï ʧʦʚʽʜʦʤʣʷʻ ɹ.ɸ. ʄʦʚʯʘʥ [302] ʫ 

ʩʚʦʾʡ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ. ɰʭ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʟʫʤʦʚʣʝʥʠʡ ʢʦʤʧʣʝʢʩʥʦʶ ʜʽʻʶ ʫ ʈʌ ʪʘ, 

ʦʯʝʚʠʜʥʦ [302], ʫ ʊʌ. ʈɿʄ, ʥʘ ʡʦʛʦ ʜʫʤʢʫ, ʟʚôʷʟʫʶʪʴ [O], [S], [N] ʡ [H] ʫ ʚʽʜʧʦʚʽʜʥʽ 

ʩʧʦʣʫʢʠ ʽ ʩʧʨʠʷʶʪʴ ʾʭ ʚʠʚʝʜʝʥʥʶ ʽʟ ʨʽʜʢʦʾ ʩʪʘʣʽ; ʥʝʡʪʨʘʣʽʟʫʶʪʴ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ Bi, 

Pb, Sn, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʽʜʚʠʱʫʶʪʴ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʦʙʨʦʙʣʶʚʘʥʽʩʪʴ, ʦʧʽʨ ʢʨʠʭʢʦʤʫ 

ʤʽʞʢʨʠʩʪʘʣʽʯʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ, ʟʚʘʨʶʚʘʥʽʩʪʴ, ʞʘʨʦʤʽʮʥʽʩʪʴ. ʍʘʨʘʢʪʝʨʥʦ [302], ʱʦ 

ʟʘʣʝʞʥʽʩʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʄɼ ʈɿʄ, ʱʦ ʚʚʦ-

ʜʷʪʴʩʷ, ʤʘʻ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʤʘʢʩʠʤʫʤ ï ʧʦʢʨʘʱʝʥʥʷ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʜʦ ʧʝʚʥʦʛʦ ʚʤʽʩʪʫ, ʧʽʩʣʷ ʷʢʦʛʦ ʚʦʥʠ ʟʥʠʞʫʶʪʴʩʷ. 
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ʂʨʽʤ ʜʝʩʫʣʴʬʫʨʘʮʽʾ ʄɼ ʈɿʄ ʧʨʦʷʚʣʷʶʪʴ ʤʦʜʠʬʽʢʫʶʯʫ ʜʽʶ [352, 403]. ʊʫʛʦʧ-

ʣʘʚʢʽ Ce2S3 ʡ CeS, ʩʧʣʠʚʘʶʯʠ ʫ ʰʣʘʢ ʘʙʦ ʨʦʟʧʦʜʽʣʷʶʯʠʩʴ ʫ ʤʽʞʦʩʥʠʭ ʧʨʦʩʪʦʨʘʭ, ʟʘ-

ʧʦʙʽʛʘʶʪʴ ʟʙʘʛʘʯʝʥʥʶ S ʚʪʦʨʠʥʥʠʭ ʤʝʞ ï çʤʝʞ ʢʦʣʠʰʥʽʭ ʘʫʩʪʝʥʽʪʥʠʭ ʟʝʨʝʥè [328]. 

ɼʦʩʚʽʜ ʧʨʦʤʠʩʣʦʚʦʾ ʦʙʨʦʙʢʠ ʨʦʟʧʣʘʚʫ ʈɿʄ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʭʨʦʤʦʥʽʢʝʣʴʤʦʣʽʙʜʝ-

ʥʦʚʦʾ ʩʪʘʣʽ ʧʽʜʪʚʝʨʜʠʚ ʤʦʞʣʠʚʽʩʪʴ ʫʩʫʥʝʥʥʷ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʤʽʞʢʨʠʩʪʘʣʽʯʥʦʛʦ ʨʫʡʥʫ-

ʚʘʥʥʷ ʧʦ ʚʪʦʨʠʥʥʠʭ ʤʝʞʘʭ [328]. ʋ ʥʘʫʢʦʚ̔ʡ ʩʪʘʪʪʽ [379] ʜʝʪʘʣʴʥʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ 

ʤʽʰʤʝʪʘʣʫ ʥʘ ʟʜʘʪʥʽʩʪʴ ʜʝʬʦʨʤʫʚʘʪʠʩʷ ʧʨʠ ʢʫʚʘʥʥʽ ʜʝʷʢʠʭ ʤʘʨʦʢ ʘʫʩʪʝʥʽʪʥʠʭ ʪʘ ʘʫ-

ʩʪʝʥʽʪʥʦʬʝʨʠʪʥʠʭ ʤʘʨʦʢ ʥʝʽʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ. 

ɸʚʪʦʨʠ ʧʫʙʣʽʢʘʮʽʾ [379] ʚʚʘʞʘʶʪʴ, ʱʦ ʫʩʫʥʝʥʥʷ ʯʝʨʚʦʥʦʣʘʤʢʦʩʪʽ ʥʝ ʤʦʞʥʘ 

ʧʦʚô̫ ʟʫʚʘʪʠ ʣʠʰʝ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʚʤʽʩʪʫ [O], [S], [N] ʪʘ [H]. ʆʩʥʦʚʥʘ ʧʨʠʯʠʥʘ, ʟʘ ʾʭ 

ʧʨʠʧʫʱʝʥʥʷʤ, ʧʦʣʷʛʘʻ ʫ ʨʽʟʢʦʤʫ ʟʤʝʥʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʜʠʬʫʟʽʾ [O] ʫ ʨʽʜʢʽʡ ʩʪʘʣʽ 

ʚʥʘʩʣʽʜʦʢ ʢʽʣʴʢʦʩʪʽ La, Ce, ʨʦʟʯʠʥʝʥʠʭ ʚ ʦʩʥʦʚʽ ʩʧʣʘʚʫ, ʪʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʰʢʽʜʣʠʚʦʛʦ 

ʚʧʣʠʚʫ ʪʘʢʠʭ ʜʦʤʽʰʦʢ, ʷʢ Pb, Sn, Bi, ʪʦɦ ʦ. 

ʋ ʨʦʙʦʪʽ [380] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʘʢʦʞ ʚʧʣʠʚ ʚʤʽʩʪʫ La ʡ Ce ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 

3530394 ³ 10
2
 ʇʘ ʥʘ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʽ ʪʨʠʚʘʣʫ ʤʽʮʥʽʩʪʴ ʩʧʣʘʚʫ ʤʘʨʢʠ ʕʀ437. 

ʉʭʠʣʴʥʽʩʪʴ ʩʪʘʣʽ, ʱʦ ʤʩ̔ʪʠʪʴ, % (ʤʘʩ. ʯʘʩʪʢʘ): 0,25...0,35 C ʡ 20,00...22,00 Cr, ʜʦ 

ʪʨʽʱʠʥ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ Ce ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʾ [381] ʥʘ ʪʝʭʥʦʣʦ-

ʛʽʯʥʠʭ ʧʨʦʙʘʭ ʟʘ ʧʣʦʱʝʶ ʨʦʟʢʨʠʪʪʷ ʮʠʭ ʪʨʽɦ ʠʥ. 

ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʪʘʢʠʤʠ ʄɼ ʷʢ ʉʘ, ʈɿʄ ʪʘ ̔ ʥʰʠʭ ʃɽ ʥʘ ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʣʠʪʠʭ Me ̔  ʩʧʣʘʚʽʚ ʨʦʟʛʣʷʥʫʪʠʡ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ, ʟʦʢʨʝʤʘ ʘʚʪʦʨʘʤʠ ʨʦ-

ʙʽʪ [419, 420, 328, 378, 382ï384]. ʇʨʠʢʣʘʜʦʤ ʚʧʣʠʚʫ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʥʘ ʤʽʞʢʨʠʩʪʘʣʽʯ-

ʥ ̫̔ ʚʠʱʘ ʡ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʪʠʭ Al-ʩʧʣʘʚʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʣʘʚʠ ɸʄʮ ʡ ɼ16 ̔ʟ ʄɼ ʪʘʢʦʛʦ 

Me ̫ ʢ Ti [169, 170, 181, 337]. ʇʨʠʯʦʤʫ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ Ti ʥʘ ʩʪʨʫʢʪʫʨʫ ʡ ʚʣʘʩʪʠʚʦʩʪʽ 

Al-ʩʧʣʘʚʽʚ ʥʝ ʟʥʠʞʫʻʪʴʩʷ ʥʘʚʽʪʴ ʧʽʩʣʷ ʧʦʚʪʦʨʥʦʛʦ ʧʝʨʝʧʣʘʚʫ, ɦ ʦ ʜʫʞʝ ʚʘʞʣʠʚʦ, ʥʘ ʜʫ-

ʤʢʫ ʄ.ɺ. ʄʘʣʴʮʝʚʘ [335, 355], ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʭʦʜʽʚ. ɸʚʪʦʨʦʤ ʤʦʥʦʛʨʘʬʽ ʾ[337] 

ʚʠʟʥʘʯʝʥʘ ʟʤʽʥʘ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʡ ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʩʧʣʘʚʫ ɸʄʮ ʚʽʜ [ʊ]̔. 

ɿʤʝʥʰʝʥʥʷ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʭ ʪʨʽʱʠʥ ʚ Al-ʩʧʣʘʚʘʭ ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʨʦʟʛʣʷʥʫʪʠʭ ʄɼ ʟʫʤʦʚʣʝʥʝ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʤʝʥʰʝʥʥʷʤ ʧʨʦʪʷʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʛʦ ʽʥʪʝʨʚʘʣʫ ʢʨʠʭʢʦʩʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʧʣʘʩʪʠʯʥʦʩʪʽ ʫ ʡʦʛʦ ʤʝʞʘʭ, ï ʧʦʚʽʜʦʤʣʷʻ ɯ.ɯ. 

ʅʦʚ̔ʢʦʚ [490]. ʇʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʡ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʪʠʭ Al-ʙʨʦʥʟ ʽ ʣʘ-
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ʪʫʥʝʡ, ʱʦ ʤʽʩʪʷʪʴ Fe, ʥʘʧʨʠʢʣʘʜ [38, 46, 282] ʙʨʦʥʟʠ ʤʘʨʢʠ ɹʨɸ10ɾ3ʄʮ1,5; ʄɼ 

[0,01é0,05 % (ʤʘʩ. ʯʘʩʪʢʘ)] ʪʘʢʠʭ ʃɽ ʷʢ B, V, Zr, W ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʡ. 

ʅʝʡʪʨʘʣʽʟʘʮʽʶ ʥʝʛʘʪʠʚʥʦʾ ʜʽʾ Bi ʡ Pb ʟʜʽʡʩʥʶʶʪʴ, ʷʢ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʫ ʨʦʙʦʪʘʭ 

[38, 46, 47, 282, 491], ʚʚʝʜʝʥʥʷʤ ʜʦ ʨʦʟʧʣʘʚʫ ʣʘʪʫʥʝʡ ʽ ʙʨʦʥʟ ʄɼ, ʷʢʽ ʧʦʛʘʥʦ ʨʦʟʯʠ-

ʥʷʶʪʴʩʷ ʫ Cu ʯʠ ʦʩʥʦʚʽ ʩʧʣʘʚʫ, ʥʝ ʫʪʚʦʨʶʶʪʴ ʟ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ Cu-ʩʧʣʘʚʫ 

ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʘʣʝ ʜʦʙʨʝ ʚʟʘʻʤʦʜʽʶʪʴ ʟ̔ Pb ʡ Bi ʪʘ ʤʦʞʫʪʴ ʟʚôʷʟʫʚʘʪʠ ʾʭ ʫ ʜʦʩʠʪʴ 

ʪʫʛʦʧʣʘʚʢʽ ʽʥʪʝʨʤʝʪʘʣʽʜʠ. ʇʨʠʢʣʘʜʠ ʪʘʢʠʭ ʩʧʦʣʫʢ (ʪʘʙʣ. ɸ.2) ʥʘʚʝʜʝʥʽ ʫ ʜʦʜʘʪʢʘʭ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʽʥʬʦʨʤʘʮʽʷ [298, 328] ʧʨʦ ʪʝ, ʱʦ ʄɼ ʈɿʄ ʧʦʢʨʘʱʫʶʪʴ 

ʧʣʘʩʪʠʯʥʽʩʪʴ ʣʠʪʠʭ ʪʫʛʦʧʣʘʚʢʠʭ Me ʡ ʜʝʷʢʠʭ ʩʧʣʘʚʽʚ. ʄɼ Ce ʪʘ La ʫ ʨʦʟʧʣʘʚʽ Nb ʘʙʦ 

V ʪʝʭʥʽʯʥʦʾ ʯʠʩʪʦʪʠ ʽ ʚʽʜʧʦʚʽʜʥʘ ʚʠʪʨʠʤʢʘ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʩʧʣʠʚʘʥʥʷ MenOm, ʧʨʦʷʚ-

ʣʷʶʪʴ ʨʘʬʽʥʫʶʯʫ ʜʽʶ [333, 335], ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʪʚʝʨʜʦʩʪʽ ʡ ʧʦʢ-

ʨʘʱʝʥʥʷʤ ʦʙʨʦʙʣʶʚʘʥʦʩʪʽ ʟʣʠʚʢʽʚ. ʄɼ [0,05é0,15 % (ʤʘʩ. ʯʘʩʪʢʘ)] ʤʽʰʤʝʪʘʣʫ, La, 

Ce, Zr ʪʘ Nd ʟʥʠʞʫʶʪʴ ʪʚʝʨʜʽʩʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʫ ʫ ʢʨʠʭʢʠʡ ʩʪʘʥ ʣʠʪʦʛʦ Mo 

ʪʝʭʥʽʯʥʦʾ ʯʠʩʪʦʪʠ [334]. ʎʝʡ ʝʬʝʢʪ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʘ ʤʦʥʦʛʨʘʬʽʾ [302], ʪʘʢʦʞ ʧʦʚôʷ-

ʟʫʶʪʴ ʟ̔ ʨʘʬʽʥʫʶʯʦʶ ʜʽʻʶ ʈɿʄ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʦʤʽʰʦʢ ʚʪʣ̔ʝʥʥʷ. 

ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ [328, 298] ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʝ, ʱʦ ʄɼ La, Ce ʪʘ ʦʩʦʙʣʠʚʦ 

Y ʟʙʽʣʴʰʫʶʪʴ ʧʣʘʩʪʠʯʥʽʩʪʴ Cr ʪʝʭʥʽʯʥʦʾ ʯʠʩʪʦʪʠ, ʟʤʽʱʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʫ ʽʟ 

ʢʨʠʭʢʦʛʦ ʩʪʘʥʫ ʫ ʧʣʘʩʪʠʯʥʠʡ ʥʘ 100...200 ʂ. ʄʘʶʪʴ ʤʽʩʮʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ 

ʪʝ, ʱʦ ʫ Cr ʧʽʜʚʠʱʝʥʦʾ ʯʠʩʪʦʪʠ [ʩʫʤʘʨʥʠʡ ʚʤʽʩʪ ʜʦʤʽʰʦʢ ï ʜʦ 0,01 % (ʤʘʩ. ʯʘʩʪʢʘ)] 

ʄɼ Y ʪʘ ʈɿʄ, ʥʘʚʧʘʢʠ, ʧʽʜʚʠʱʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʭʦʜʫ [385]. ʇʦʜʽʙʥʫ ʜʽʶ ʄɼ, 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ, ɹ.ɸ. ʄʦʚʯʘʥ [302] ʧʦʷʩʥʶʻ ʫʪʚʦʨʝʥʥʷʤ ʯʘʩʪʦʢ ʽʥʰʦʾ ʬʘʟʠ, ʷʢʽ, ʥʘ 

ʡʦʛʦ ʜʫʤʢʫ, ʻ ʟʘʨʦʜʢʘʤʠ ʜʣʷ ʪʨʽʱʠʥ. 

ɿʘʟʥʘʯʝʥʝ ʧʨʦʪʠʨʽʯʯʷ ʥʝ ̒ ʜʠʥʝ ʡ, ʦʯʝʚʠʜʥʦ, ʟʫʤʦʚʣʝʥʝ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʤʽʢʨʦʣʝʛʫʚʘʥʥʽ [336]. ɺʧʣʠʚ ʄɼ ʥʘ ʟʤʽʥʫ ʜʝ-

ʷʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ Me  ̔ʩʧʣʘʚʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʃɽ ʡ 

ʜʦʤʽʰʦʢ, ʚʝʣʠʯʠʥʠ ʧʝʨʝʛʨʽʚʫ ʡ ʪʨʠʚʘʣʦʩʪʽ ʚʠʪʨʠʤʢʠ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ, ʧʦʧʝʨʝʜʥʴʦʾ ʦʙ-

ʨʦʙʢʠ ʨʦʟʧʣʘʚʫ, ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʪʦʱʦ, ï ʚʚʘʞʘʻ ʘʚʪʦʨ [302]. ʏʝʨʝʟ ʮʝ ʯʘʩʪʦ ʚʧʣʠʚ 

ʧʝʚʥʠʭ ʄɼ ʥʘ Me  ̔ʩʧʣʘʚʠ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʾ ʯʠʩʪʦʪʠ ʥʝ ʪʦʪʦʞʥʽʡ [336]. ʅʝʩʫʤʽʩ-

ʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘ ʜʫʤʢʫ ʮʴʦʛʦ ʘʚʪʦʨʘ, ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʧʦʚôʷʟʘʥʘ ʟ ʨʽʟʥʠʤʠ ʤʝʪʦ-

ʜʘʤʠ ʪʘ ʫʤʦʚʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ [302], ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝ-
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ʭʦʜʫ. ʏʝʨʝʟ ʮʝ ʧʨʠ ʚʠʚʯʝʥʥʽ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʽ ʩʪʨʦʛʠʡ ʘʥʘʣʽʟ ʡ ʫʨʘʭʫʚʘʥʥ ̫

ʫʩʽʭ ʬʘʢʪʦʨʽʚ, ʟʜʘʪʥʠʭ ʚʧʣʠʥʫʪʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ̔  ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ. 

ɼʦ ʣʝʛʫʚʘʥʥʷ, ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʪʘ ʤʦʜʠʬʽʢʫʚʘʥʥʷ Me ʽ ʩʧʣʘʚʽʚ ʥʝ ʟʛʘʩ ʽʥʪʝʨʝʩ ʡ 

ʧʦ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ [168, 305, 324, 325, 386ï393, 455-459]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ɸ.ɯ. 

ʊʨʦʮʘʥ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ [386] ʧʦʢʘʟʘʚ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ Ca ʥʘ ʩʪʘʥ ʤʝʞ ʟʝʨʝʥ ʪʘ ʚʣʘʩ-

ʪʠʚʦʩʪʽ ʫ ʩʪʘʣʽ ʯʝʨʝʟ ʷʚʠʱʘ ʢʦʥʢʫʨʝʥʮʽʾ ʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʰʣʷʭʠ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. ɸʚʪʦ-

ʨʠ ʨʦʙʦʪʠ [387] ʚʠʚʯʠʣʠ ʚʧʣʠʚ ʣʝʛʫʚʘʥʥʷ Ni ʪʘ Cr ʽ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ Al, Ti ʪʘ ʈɿʄ (Y  ̔

ʤʽʰʤʝʪʘʣʦʤ) ʥʘ ʞʘʨʦʩʪʽʡʢʽʩʪʴ ʭʨʦʤʦʥʽʢʝʣʝʚʦʾ ʩʪʘʣʽ. ʅʠʤʠ ʜʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ ʨʘʮʽʦ-

ʥʘʣʴʥʦʤʫ ʤʽʢʨʦʣʝʛʫʚʘʥʥʽ Al ʡ ʈɿʄ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʞʘʨʦʩʪʽʡʢ̔ʩʪʴ ʟʘʟʥʘʯʝʥʠʭ ʩʪʘ-

ʣʝʡ ʫ 1,5...2,0 ʨʘʟʠ. ʄʽʢʨʦʣʝʛʫʚʘʥʥʷ ʩʪʘʣʽ 45ʍ26ʅ2ʉʃ Ti, ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʫ ʩʪʘʪʪʽ 

[298], ʩʣʘʙʦ ʚʧʣʠʚʘʻ ʥʘ ʾʾ ʞʘʨʦʩʪʽʡʢʽʩʪʴ. ʋ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʩʪʘʣʽ 

45ʍ26ʅ2ʉʃ Al ʡ ʈɿʄ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʞʘʨʦʩʪʽʡʢʦʩʪʽ ʜʦ ʨʽʚʥʷ ʞʘʨʦ-

ʩʪʽʡʢʦʩʪʽ ʩʪʘʣʽ 40ʍ24ʅ12ʉʃ ʽ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦʾ ʝʢʦʥʦʤʽʾ ʜʦʨʦʛʦʛʦ ʪʘ 

ʜʝʬʽʮʠʪʥʦʛʦ Ni [327]. ɺ.ɺ. ɸʬʪʘʥʜʽʣʷʥʮ [385], ʚʠʨʽʰʫʶʯʠ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦ-

ʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʣʠʪʠʭ ʘʫʩʪʝʥʽʪʥʠʭ ʩʪʘʣʝʡ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷʤ  ̔ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ, ʚʠ-

ʟʥʘʯʠʚ ʢʽʣʴʢʽʩʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʫʢʪʫʨʠ ʥʘ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ 

ʩʪʘʣʝʡ ʪʠʧʫ 12ʍ18ʅ9ʊʃ ʡ 12ʍ18ʅʄ3ʊʃ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʤʝʭʘʥʽʟʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʧʣʠʚʫ Ce, B, V ʪʘ Cu. ʋ ʨʦʙʦʪʽ [386] ʜʦʩʣʽʜʞʝʥʘ ʢʽʥʝʪʠʢʘ ʛʨʘʬʽʪʠʟʘʮʽʡ ɹʏ, ʤʦʜʠʬʽ-

ʢʦʚʘʥʦʛʦ Ba. ɯʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʄɻɸ [492], ʘ ʪʘʢʦʞ ʚʠʤʽʨʁʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʟʨʘʟʢʽʚ 

ʧʨʠ ʛʨʘʬʽʪʠʟʘʮʽʾ ʯʘʚʫʥʫ, ʘʚʪʦʨʠ [386] ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ɺʘ ʚʧʣʠʚʘʻ ʥʘ ʪʨʠʚʘʣʽʩʪʴ 1-ʾ 

ʩʪʘʜʽʾ ʛʨʘʬʽʪʠʟʘʮʽʾ ɹʏ ʪʘ ʬʦʨʤʫ ʚʢʣʶʯʝʥʴ C ʚʽʜʧʘʣʁ ʚʘʥʥʷ. 

ʋ ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ ʚʠʚʯʝʥʦ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʄɼ ʟ̔ 

ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʯʘʚʫʥʫ [339]. ɼʦʩʣʽʜʞʝʥʦ ʪʘʢʦʞ 

ʚʧʣʠʚ ʧʨʠʩʘʜʢʠ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʈɿʄ (ʨʠʩ. 1.1), ʥʘ ʧʠʪʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʛʨʘʬʽʪʦʚʠʭ ʚʢʣʶʯʝʥʴ, ʧʣʦʱʫ ʛʨʘʬʽʪʫ ʪʘ ʛʣʠʙʠʥʫ ʚʽʜʙʽʣʶʚʘʥʥʷ ʯʘʚʫʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ï ʚʚʘʞʘʻ ɹ.ɸ. ʄʦʚʯʘʥ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ [302], ï ʢʦʞʥʘ ʢʦʥʢʨʝʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʽʢʨʦʣʝʛʫ-

ʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʜʙʘʯʘʻ ʩʪʘʣʽʩʪʴ ʫʩʽʭ ʫʤʦʚ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʤʝʪʦʜʫ ʚʚʝʜʝʥʥʷ ʄɼ 

ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʡ ʟʘʢʽʥʯʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʙʨʦʙʢʠ ʣʠʪʠʭ Me ̔  ʩʧʣʘʚʽʚ. 

ʇʨʦʪʝ, ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʣʝʛʫʚʘʥʥʷ, ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʪʘ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʣʠʚʘʨʥʠʭ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ, ʷʢ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ [21, 24ï31, 33, 37ï
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43, 47, 166, 169ï177, 179, 182ï185, 218, 293, 294, 300, 301, 307ï318, 326, 329ï337, 

339ï354, 363ï371, 374, 394ï414, 419ï421, 423ï432, 436, 437, 441, 442, 445, 448, 493ï

496], ʻ ʧʦʟʘʧʽʯʥʘ ʦʙʨʦʙʢʘ Me-ʨʦʟʧʣʘʚʫ ʫ ʩʪʨʫʤʝʥʽ, ʥʘ ʞʦʣʦʙʽ ʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ 

ʯʠ ʫ ʢʦʚʰʽ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʰʣʘʢʦʚʘ ʦʙʨʦʙʢʘ ʨʽʜʢʠʭ ʤʝʪʘʣʽʚ. ʋ ʧʨʘʢʪʠʮʽ ʣʠʚʘʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʡ ʽʥʰʽ ï ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ Me-ʨʦʟʧʣʘʚʽʚ, ʷʢʽ, 

ʟʘ ʄ.ɻ. ɻʽʨʰʦʚʠʯʦʤ [25], ʦʙôʻʜʥʫʶʪʴ ʫ 2 (ʜʚʽ) ʛʨʫʧʠ: 

ʘ) ʛʘʟʦʤʝʪʘʣʫʨʛʽʡʥʽ ʪʘ ʬʽʟʠʯʥʽ; 

ʙ) ʬʽʟʠʢʦ-ʤʝʪʘʣʫʨʛʽʡʥʽ. 

ʋʩʽ ʮʽ ʤʝʪʦʜʠ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʪʨʫʜʦ- ʪʘ ʝʥʝʨʛʦʟʘʪʨʘʪ, ʽ ʻ ʥʝʝʢʦʥʦʤʽʯʥʠʤʠ. 

ʇʦʟʘʧʽʯʥʘ ʦʙʨʦʙʢʘ Me-ʨʦʟʧʣʘʚʫ ʫ ʮʽʣʦʤʫ ï ʧʨʦʤʽʞʥʘ ʦʧʝʨʘʮʽʷ ʤʽʞ ʚʠʧʫʩʢʦʤ ʡʦʛʦ ʽʟ 

ʪʠʛʣʷ ʧʝʯʽ ʪʘ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷʤ, ʡ ʚʠʩʪʫʧʘʻ ʣʽʤʽʪʫʶʯʦʶ ʣʘʥʢʦʶ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙ-

ʥʠʮʪʚʘ ʚʠʣʠʚʢʽʚ, ʧʝʨʝʜʙʘʯʘʶʯʠ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: 

ʢʘʤʝʨ-ʘʚʪʦʢʣʘʚʽʚ, ʤʽʢʩʝʨʽʚ, ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʢʦʚʰʽʚ, ʰʣʶʟʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʞʦʣʦʙʘʭ 

ʚʘʛʨʘʥʦʯʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʪʘ ʽʥʰʠʭ ʟʘʩʦʙʽʚ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʫʩʢʣʘʜʥʶʻ ʪʝʭʥʦ-

ʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʨʦʙʠʪʴ ʡʦʛʦ ʪʨʠʚʘʣʽʰʠʤ ʡ ʜʦʨʦʞʯʠʤ. ʑʝ ʦʜʥʠʤ ʩʝʨʡʦʟʥʠʤ ʥʝʜʦ-

ʣʽʢʦʤ ʧʦʟʘʧʽʯʥʦʾ ʦʙʨʦʙʢʠ Me-ʨʦʟʧʣʘʚʽʚ ʻ çʞʠʚʫʯʽʩʪʴè ɽʄ. ɿʘ ʜʘʥʠʤʠ [21, 22, 24ï27, 

29, 31, 33, 37ï43, 180ï186, 223, 257, 258, 290, 294, 300, 301, 306ï309, 313, 323, 326, 

342, 358, 371, 378, 394, 397, 398, 486], ʤʦʜʠʬʽʢʫʶʯʘ ʜʽʷ ɽʄ, ʟʘʟʚʠʯʘʡ, ʧʦʚʥʽʩʪʶ ʟʥʠ-

ʢʘʻ ʧʨʦʪʷʛʦʤ 10é25 ʭʚʠʣʠʥ. ɿʙʝʨʝʞʝʥʥʷ ʮʽʻʾ ʜʽʾ, ʧʝʨʝʜʫʩʽʤ, ʚʘʞʣʠʚʦ ʜʣʷ ʤʘʩʠʚʥʦʛʦ 

ʣʠʪʚʘ, ʜʝ ʪʨʠʚʘʣʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ ʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʫ ʜʦ-

ʩʠʪʴ ʚʝʣʠʢʽ, ʘ ʚʽʜʪʘʢ çʞʠʚʫʯʦʩʪʽè ɽʄ ʤʦʞʝ ʥʝ ʚʠʩʪʘʯʠʪʠ [22, 25, 29, 31, 37], ʪʦʙʪʦ: 
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ɽ

ʞʠʚ ŰŰŰŰ ++² , (1.14) 

ʜʝ 
ʄʝ

ʪʨŰ , 
ʄʝ

ʟʘʣŰ , 
ʄʝ

ʢʨŰ  ï ʚʽʜʧʦʚʽʜʥʦ, ʪʨʠʚʘʣʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ ʡ ʢʨʠ-

ʩʪʘʣʽʟʘʮʽʾ ʤʝʪʘʣʽʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, ³60 ʩ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʪʦʛʦ, ʱʦ ʙʫʣʦ ʩʢʘʟʘʥʝ ʨʘʥʽʰʝ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʩʫʥʝʥʥʷ ʚʢʘ-

ʟʘʥʠʭ ʥʝʜʦʣʽʢʽʚ ʧʦʟʘʧʽʯʥʦʾ ʦʙʨʦʙʢʠ Me-ʨʦʟʧʣʘʚʫ ʤʦʞʣʠʚʝ ʟʘ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ɽʄ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʣʝʛʫʚʘʥʥʷ, ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʡ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

Me ʽ ʩʧʣʘʚʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 

ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ ʡ ʢʨʠʩʪʘʣʽʟʘʮʽʾ Me-ʨʦʟʧʣʘʚʫ. 
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ʈʠʩʫʥʦʢ 1.1 ï ɿʘʣʝʞʥʽʩʪʴ [416] ʧʠʪʦʤʦ ʾʢʽʣʴʢʦʩʪ̔ ʛʨʘʬʽʪʦʚʠʭ ʚʢʣʶʯʝʥʴ ʫ ʩʪʨʫʢʪʫʨʽ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʯʘʚʫʥʫ (ʘ), ʧʣʦʱ ̔

ʛʨʘʬʽʪʫ (ʙ) ʪʘ ʛʣʠʙʠʥʠ ʚʽʜʙʽʣʶʚʘʥʥʷ (ʚ) ʚʽʜ ʧʨʠʩʘʜʢʠ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʊ,̔ Zr, ʉʝ, ɺ) 
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1.2 ʂʦʤʧʦʟʠʮʽʡʥʝ ʟʤʽʮʥʝʥʥʷ ʣʠʚʘʨʥʠʭ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʘʨʤʦʚʘʥʠʭ ʚʠʣʠʚʢʽʚ 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʂʄ, ʟʦʢʨʝʤʘ, ʃʂʄ 

[2, 20, 48ï65, 67ï75, 81ï84, 89ï91, 99, 114, 117, 122, 125ï127, 216, 217, 497, 498], ʷʢʽ 

ʦʪʨʠʤʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ ʨʽʜʢʦʬʘʟʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ Me-

ʤʘʪʨʠʮʽ ʟ̔ ʚʠʩʦʢʦʤʽʮʥʠʤ (ʚʠʩʦʢʦʤʦʜʫʣʴʥʠʤ) ʘʨʤʫʶʯʠʤ ʤʘʪʝʨʽʘʣʦʤ [ʥʫʣʴʤʽʨʥʽ ʢʦʤ-

ʧʦʥʝʥʪʠ - ʚʽʜ ʤʘʢʨʦʯʘʩʪʦʢ (ʰʨʦʪʫ) ʜʦ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʫ; ʦʜʥʦʤʽʨʥʽ - 

ʩʪʨʠʞʥʽ, ʜʨʽʪ, ʚʦʣʦʢʥʘ; ʜʚʦʤʽʨʥʽ - ʣʠʩʪʠ, ʬʦʣʴʛʘ, ʩʽʪʢʠ] [49, 56, 70, 81ï84, 99]. ɼʝʪʘ-

ʣʴʥʽʰʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʂʄ, ʚʟʘʛʘʣʽ, ʪʘ ʃʂʄ, ʟʦʢʨʝʤʘ, ʙʫʜʝ ʚʠʢʣʘʜʝʥʘ ʜʘʣʽ. 

ʋʩʽ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʂʄ ʘʚʪʦʨʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ [49, 56, 68] ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʪʚʝʨʜʦʬʘʟʥʽ, ʨʽʜʢʦʬʘʟʥʽ ʪʘ ʦʩʘʜʞʝʥʥʷ. ɺʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʦʩʥʦʚʥʽ ʪʝ-

ʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʂʄ ʟʘʟʥʘʯʝʥʠʭ ʛʨʫʧ. 

ʊʚʝʨʜʦʬʘʟʥʽ ʩʧʦʩʦʙʠ ʧʦʣʷʛʘʶʪʴ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʦʙôʻʜʥʘʥʥʽ ʛʝʪʝʨʦʛʝʥʥʦʾ ɸʌ 

ʡ Me-ʤʘʪʨʠʮʽ ʪʘ ʾʭ ʥʘʩʪʫʧʥʦʤʫ ʢʦʤʧʘʢʪʫʚʘʥʥʽ ʫ ʚʠʨʦʙʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʨʷʯʦʛʦ ʧʨʝ-

ʩʫʚʘʥʥʷ, ʢʫʚʘʥʥʷ, ʧʨʦʢʘʪʢʠ, ʜʠʬʫʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ, ʝʢʩʪʨʫʟʽʾ [6, 8, 11ï13, 15, 16, 

49, 65ï68, 82ï85, 99, 112], ʪʦʱʦ. ɺ̔ʜʦʤʽ ʡ ʽʥʰʽ ʪʚʝʨʜʦʬʘʟʥʽ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʂʄ 

[20, 66, 77ï88, 94, 99, 124, 129, 141ï146, 295]. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʂʄ, ʘʨʤʦʚʘʥʠʭ ʚʠʩʦʢʦʤʽʮʥʠʤʠ ʯʘʩʪʢʘʤʠ, ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʡ 

ʢʦʨʦʪʢʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʘ ʪʘʢʦʞ ʤʘʪʘʤʠ ʪʘ ʩʽʪʢʘʤʠ ʽʟ ʚʦʣʦʢʦʥ, ʥʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷ ʟʥʘʭʦʜʷʪʴ ʪʚʝʨʜʦʬʘʟʥʽ ʤʝʪʦʜʠ ʇʄ, ï ʧʦʚʽʜʦʤʣʷʶʪʴ ʷʢ ʟʘʨʫʙʽʞʥʽ [85, 86, 94, 295, 

499ï532], ʪʘʢ ʽ ʚʽʪʯʠʟʥʷʥʽ [49, 66, 77ï85, 88, 190, 200, 201, 210, 216, 291] ʘʚʪʦʨʠ. ɼʘ-

ʥʠʡ ʤʝʪʦʜ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʪʝʭʥʦʣʦʛʽʷʤʠ ʣʠʪʪ̫, ʤʘʻ ʰʠʨʰʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦ ʩʪʚʦʨʝʥʥʶ 

ʚʘʨʽʘʮʽʡ ʂʄ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ̔ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʡ 

ʩʧʝʮʽʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢ ʚʚʘʞʘʶʪʴ ʘʚʪʦʨʠ ʧʫʙʣʽʢʘʮʽʾ [85], ʦʩʢʽʣʴʢʠ, ʥʘ ʾʭ ʜʫʤ-

ʢʫ, ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ ʦʙʤʝʞʝʥʴ ʟʘ ʢʽʣʴʢʽʩʪʶ, ʤʦʨʬʦʣʦʛʽʻʶ, ʜʠʩʧʝʨʩʥʽʩʪʶ  ̔ʤʘʪʝʨʽʘ-

ʣʦʤ ɸʌ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʇʄ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʪʨʫʜʥʦʱʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ɸʌ ʚ 

ʦʙôʻʤʽ Me-ʤʘʪʨʠʮʽ ʫ ʭʦʜʽ ʧʽʜʛʦʪʦʚʢʠ ʰʠʭʪʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʧʦʰʢʦʜʞʝʥʥʷ ʢʨʠ-

ʭʢʦʾ ʘʨʤʘʪʫʨʠ ʚʦʣʦʢʦʥ ʧʨʠ ʢʦʤʧʘʢʪʫʚʘʥʥ ̔[66, 77, 79, 81ï84, 210]. 

ʅʘʡʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʟʥʘʻ ʟʚʘʨʶʚʘʥʥʷ ʚʠʙʫʭʦʤ ï ʦʩʥʦʚʥʠʡ ʩʧʦʩʽʙ 

ʦʪʨʠʤʘʥʥʷ ʰʘʨʫʚʘʪʠʭ ʂʄ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟôʻʜʥʘʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʊʌ [533]. 
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ XX ʩʪʦʨʽʯʯʷ ʟʘʟʥʘʣʠ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʂʄ ʥʘʥʝʩʝʥʥʷʤ 

ʥʘ ʧʽʜʢʣʘʜʢʫ, ʧʦ ʯʝʨʟʽ, ʰʘʨʽʚ Me-ʤʘʪʨʠʮʽ ʪʘ ɸʌ, ʪʦʙʪʦ ʤʝʪʦʜʘʤʠ ʦʩʘʜʞʝʥʥʷ, ï ʧʦʚ̔ -

ʜʦʤʣʷʶʪʴ ʘʚʪʦʨʠ ʤʦʥʦʛʨʘʬʽʾ [49]. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʂʄ ʥʘʥʝʩʝʥ-

ʥʷʤ ʧʦʢʨʠʪʪʽʚ [87, 94ï97, 534ï542]: ʧʣʘʟʤʦʚʠʤ ʥʘʧʠʣʝʥʥʷʤ, ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʤ ʦʩʘ-

ʜʞʝʥʥʷʤ, ʦʩʘʜʞʝʥʥʷʤ ʽʟ ɻʌ, ʚʘʢʫʫʤʥʠʤ, ʝʤʽʩʽʡʥʠʤ ʪʘ ʽʥʠhʤʠ ʤʝʪʦʜʘʤʠ. 

ʈʽʜʢʦʬʘʟʥʽ ʤʝʪʦʜʠ, ʥʘ ʜʫʤʢʫ [49], ʤʘʶʪʴ ʥʠʟʢʫ ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ, ʩʝʨʝʜ ʷʢʠʭ 

ʛʦʣʦʚʥʽ: ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ ʽʟ ʂʄ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʥʘʩʪʫʧʥʦʶ ʤʝʭʘʥʽʯ-

ʥʦʶ ʦʙʨʦʙʢʦʶ ʘʙʦ ʚʟʘʛʘʣʽ ʙʝʟ ʥʝʾ; ʦʙʤʝʞʝʥʠʡ ʩʠʣʦʚʠʡ ʚʧʣʠʚ ʥʘ ʢʨʠʭʢʽ ʢʦʤʧʦʥʝʥʪʠ; 

ʰʠʨʦʢʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʂʄ; ʩʧʨʦ-

ʱʝʥʝ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ; ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; ʤʦʞʣʠʚʽʩʪʴ ʤʝʭʘʥʽʟʘʮʽʾ, ʘʚʪʦ-

ʤʘʪʠʟʘʮʽʾ ʡ ʨʝʘʣʽʟʘʮʽʾ ʙʝʟʧʝʨʝʨʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʂʨʽʤ ʪʦʛʦ [49, 56], ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʜʢʦʬʘʟʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʠʛʦʪʦʚʣʷʪʠ ʪʘʢʽ ʂʄ, ʷʢʽ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 

ʚʠʛʦʪʦʚʠʪʠ ʘʙʦ ʥʝʤʦʞʣʠʚʦ, ʘʙʦ ʥʝʨʘʮʽʦʥʘʣʴʥʦ. 

ʗʢ ʧʦʚʽʜʦʤʣʷʶʪʴ ʘʚʪʦʨʠ ʤʦʥʦʛʨʘʬʽʾ [49], ʃʂʄ ʦʪʨʠʤʫʶʪʴ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: 

ʩʧʦʣʫʯʝʥʥʷʤ ʊʌ ʽʟ ʈʌ, ʘ ʪʘʢʦʞ ʨʽʜʢʦʬʘʟʥʠʤ ʩʧʦʣʫʯʝʥʥʷʤ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʽʞ 

ʩʦʙʦʶ. ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʦʪʨʠʤʘʥʥʷ ʃʂʄ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʧʫʙʣʽʢʘʮʽʷʭ [49, 

87],  ̔ʥʝ ʪʽʣʴʢʠ. ʉʫʪʴ ʢʦʞʥʦʾ ʩʭʝʤʠ, ʾʾ ʦʩʦʙʣʠʚʦʩʪʽ, ʥʝʜʦʣʽʢʠ ʪʘ ʧʝʨʝʚʘʛʠ, ʘ ʪʘʢʦʞ 

ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʩʧʦʣʫʯʝʥʥʷʤ ɸʌ ʡ Me-ʤʘʪʨʠʮʽ ʚʜ̔ʦʙʨʘʞʝʥ̔ ʫ ʨʦʙʦʪʘʭ ʙʘʛʘ-

ʪʴʦʭ ʘʚʪʦʨʽʚ [16, 34ï36, 69ï71, 83, 84, 87, 89ï121 193, 526ï571]. 

ʅʠʥ,̔ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ Me-ʤʘʪʨʠʮʽ ʪʘ ɸʌ, ʚʽʜʦʤʦ ʯʠʤʘʣʦ ʪʠʧʽʚ ʃʂʄ, 

ʦʪʨʠʤʘʥʠʭ ʨʽʜʢʦʬʘʟʥʠʤʠ ʤʝʪʦʜʘʤʠ [82]. ɼʦ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝ ʚʪʨʘʪʠʣʠ ʩʚʽʡ ʽʥʪʝʨʝʩ 

ʩʧʝʮʽʘʣʽʩʪʠ ʧʨʦʚʽʜʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʡ ʟʘʨʫʙʽʞʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚ. 

ɺ ʨʦʙʦʪ̔ [122] ʧʨʦʧʦʥʫʶʪʴ ʃʂʄ ̔ ʟ Me-ʤʘʪʨʠʮʝʶ ʟ̔ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ Al, Cu ʘʙʦ 

Zn, ʘʨʤʦʚʘʥʠʡ ʧʫʩʪʦʪʽʣʠʤʠ ʩʢʣʷʥʠʤʠ ʤʽʢʨʦʩʬʝʨʘʤʠ, ̔  ʩʧʦʩʽʙ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ, ̫ ʢʠʡ 

ʧʦʣʷʛʘʻ ʫ ʨʦʟʤʽʱʝʥʥʽ ʮʠʭ ʩʢʣʦʩʬʝʨ ʫ ʇʌ, ʥʘʛʨʽʚʘʥʥʽ ʮʽʻʾ ʇʌ ʜʦ ʧʦʪʨʽʙʥʦʾ ʪʝʤʧʝʨʘʪʫ-

ʨʠ ʡ ʟʘʧʦʚʥʝʥʥʽ ʾ ʾ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʧʽʜ ʪʠʩʢʦʤ. ɸʚʪʦʨʠ ʮʴʦʛʦ ʧʘʪʝʥʪʫ [122] ʥʘʚʦ-

ʜʷʪʴ ʧʨʠʢʣʘʜ ʦʪʨʠʤʘʥʥʷ ʃʂʄ ʟ Al-ʤʘʪʨʠʮʝʶ: ʇʌ ̔ʟ ʨʦʟʤʽʨʘʤʠ (³10
-3
 ʤ) 200 ³ 400 ³ 10 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʩʢʣʦʩʬʝʨʘʤʠ, ʧʨʦʩʦʯʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ T = 1073 ʂ ʪʘ P = 2 ʄʇʘ. 

ʆʪʨʠʤʘʥʠʡ ʃʂʄ ʤʘʻ [482]: sʚ = 16,5 ʄʇʘ, sʩ = 49,8 ʄʇʘ, sʠ = 1,7 ʄʇʘ; r º 1100 ʢʛ/ʤ
3
. 

ʋ ʧʫʙʣ̔ʢʘʮʽʾ [498] ʚʠʚʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʝʚʪʝʢʪʠʯʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʩʦʢʦʤʽʜʠʩ-
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ʪʠʭ ʯʘʚʫʥʽʚ, ʷʢ ʃʂʄ ʩʠʩʪʝʤʠ Fe-Cu. ɸʚʪʦʨʠ ʮʽʻʾ ʨʦʙʦʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʦʮʝʩ ʬʦʨ-

ʤʫʚʘʥʥʷ ʝʚʪʝʢʪʠʯʥʠʭ ʩʫʤʽʰʝʡ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʨʬʦʣʦʛʽʾ ʚʠʜʽʣʝʥʥʷ ʚʠʩʦʢʦʤʽ-

ʜʠʩʪʦʾ e-ʬʘʟʠ. ʃʂʄ ʩʠʩʪʝʤʠ Fe-Cu ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʘʢʦʞ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ [251]. 

ʄʘʪʝʨʽʘʣ ʦʜʝʨʞʘʣʠ ʰʣʷʭʦʤ ʘʨʤʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʉʏ ʜʠʩʧʝʨʩʥʦʶ ʉu. ɸʨʤʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ɻʄ, ʫ çʪʽʣʦè ʷʢʦʾ ʙʫʣʦ ʽʤʧʣʘʥʪʦʚʘʥʦ ɸʌ. 

ɺʽʜʥʦʩʥʦ ʥʦʚʠʤ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʣʘʩʦʤ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʧʦʚʽʜʦʤ-

ʣʷʻʪʴʩʷ ʫ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ [85], ʻ ʤʝʪʘʣʽʯʥʽ ʃʂʄ ʥʘ ʦʩʥʦʚʽ ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ, ʘʨʤʦ-

ʚʘʥʠʭ ʢʝʨʘʤʽʯʥʠʤʠ ʤʘʢʨʦʯʘʩʪʢʘʤʠ. ɺʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ ʢʦʥʩʪʨʫʢ-

ʪʦʨʽʚ ʽ ʚʚʘʞʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʮʽʻʾ ʨʦʙʦʪʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʣʦʾ ʚʘʛʠ ʜʝʪʘʣʝʡ ʫ ʧʦʻʜʥʘʥʥʽ ʟ̔ ʚʠʩʦʢʦʶ ʞʦʨʩʪʢʽʩʪʶ ʡ ʤʽʮʥʽʩʪʶ, ʜʦʙʨʠʤ ʦʧʦʨʦʤ 

ʟʥʦʩʫ ʪʘ ʚʠʩʦʢʦʶ ʨʦʟʤʽʨʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ. ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚ-

ʣʝʥʥʷ ʪʘʢʠʭ ʃʂʄ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʨʦʮʝʩʽʚ (ʇʄ, ʉʉʃ ʪʘ ʽʥʰʠʭ), ʘ ʪʘʢʦʞ 

ʥʝʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʧʨʦʤʠʩʣʦʚʽ Al-ʩʧʣʘʚʠ ʽ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫ-

ʧʥʽ ʢʝʨʘʤʯ̔ʥʽ ʧʦʨʦʰʢʠ) ʨʦʙʣʷʪʴ ʾʭ ʩʝʨʡʦʟʥʠʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʣʘʚʘʤ 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʤʘh ʠʥʦʙʫʜʫʚʘʥʥʽ [85]. 

ʗʢ ɸʌ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʃʂʄ ʥʘ ʦʩʥʦʚʽ Al ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʚʝʨʜʫ ʽ ʟʥʦʩʦ-

ʩʪʽʡʢʫ ʭ̔ʤʽʯʥʫ ʩʧʦʣʫʢʫ SiC ʫ ʚʠʛʣʷʜʽ ʥʠʪʢʦʚʠʜʥʠʭ ʢʨʠʩʪʘʣʽʚ ʘʙʦ ʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʦʢ 

[77, 85, 87, 89ï91]. ɭ ʪʘʢʦʞ ʨʦʟʨʦʙʢʠ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʢʨʦʯʘʩʪʢʠ ʽʟ Al2O3, 

B4C, TiC ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ [122, 498, 570ï573]. 

ʈʘʟʦʤ ʟ̔ ʪʠʤ, ʫ ʨʦʙʦʪʽ [87] ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʝ, ʱʦ ʚ ʃʂʄ ʩʠʩʪʝʤʠ Al-SiC ʟʘ 

ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʡ ʪʨʠʚʘʣʦʩʪʽ ʢʦʥʪʘʢʪʫ ʤʽʞ Me-ʤʘʪʨʠʮʝʶ ʪʘ ɸʌ ʧʨʦʪʽʢʘʻ ʭʽʤʯ̔ʥʘ 

ʨʝʘʢʮʽʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʘʨʙʽʜʫ (ʤʝʪʘʥʽʜʫ) ʘʣʶʤʽʥʽʶ: 

 [] []Si3CAlSiC3Al4 34 +­+ , (1.15) 

ʷʢʠʡ ʨʫʡʥʫʻ ɸʌ ʽ ʟʙʽʣʴʰʫʻ ʦʙôʻʤʥʫ ʯʘʩʪʢʫ ʪʚʝʨʜʠʭ ʤʘʢʨʦʯʘʩʪʦʢ. 

ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʧʨʦʩʦʯʫʚʘʥʥʷ, ʪʘʢ 

ʟʚʘʥʠʭ [415] ʧʩʝʚʜʦʩʧʣʘʚʘʭ. ʊʘʢʠʤʠ ʩʧʣʘʚʘʤʠ ʻ ʃʂʄ ʩʠʩʪʝʤʠ Al-Fe, ʜʝ ʤʽʞ ɸʌ ʡ 

Me-ʤʘʪʨʠʮʝʶ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʧʨʦʪʽʢʘʻ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ [212] ʟ ʫʪʚʦʨʝʥʥʷʤ ʮʽʣʦ ʾʥʠʟ-

ʢʠ ʽʥʪʝʨʤʝʪʘʣʽʯʥʠʭ ʩʧʦʣʫʢ, ʪʘʢʠʭ ʷʢ: 

 [] [] [ ][ ]522 AlFeFeAlAl7Fe3 +­+ . (1.16) 

ʃʂʄ ʩʠʩʪʝʤʠ Cu-Fe, ʨʦʟʨʦʙʣʝʥʽ ʫ ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ, ʤʘʶʪʴ ʦʧʪʠʤʘʣʴʥʫ 
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ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʚʝʨʜʠʭ ʩʪʘʣʝʚʠʭ ʛʨʘʥʫʣ, ʱʦ ʘʨʤʫʶʪʴ ʧʣʘʩʪʠʯʥʫ 

Me-ʤʘʪʨʠʮʶ ʽʟ Cu-ʩʧʣʘʚʽʚ [72] - ʷʢ ʧʨʘʚʠʣʦ ʟ ̔Sn-ʙʨʦʥʟʠ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʽ ʚʠʩʦʢʫ ʥʝ-

ʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʮʠʭ ʃʂʄ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘʙʝʟʧʝʯʫʻ 

ɸʌ, ʘ ʧʣʘʩʪʠʯʥʘ Me-ʤʘʪʨʠʮʷ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʥʘ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʥʷʭ ʪʨʠʙʦʩʠʩ-

ʪʝʤʠ ʨʦʟʜʽʣʶʚʘʣʴʥʠʭ ʧʣʚ̔ʦʢ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʨʦʙʦʪʫ ʪʝʨʪʷ [73, 88]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʜʦʣʽʢʠ ʃʂʄ ʩʠʩʪʝʤʠ Al-SiC, ʷʢʽ ʙʫʣʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ, ʜʦ 

ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʽ ʜʦ ʚʩʽʭ Al-ʤʘʪʨʠʯʥʠʭ ʃʂʄ, ʥʝ ʟʛʘʩ ʽʥʪʝʨʝʩ ʡ ʧʦ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ [327], ʫ ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʩʪʨʫʢʪʫʨʘ ʽ ʚʣʘ-

ʩʪʠʚʦʩʪʽ ʃʂʄ ʩʠʩʪʝʤ Al-Al2O3, Al-SiC, Al-C. ɺʠʷʚʣʝʥʦ ʝʬʝʢʪ ʤʦʜʠʬʽʢʫʚʘʥʥʷ Al-ʩʧʣʘ-

ʚʫ ʧʨʠ ʚʚʝʜʝʥʥʽ ɼɯ. ɺʠʚʯʝʥʦ ʚʧʣʠʚ ʧʨʠʨʦʜʠ ɸʌ, ʾʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʡ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʃʂʄ [327]. ʈʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢ-

ʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʨʠʩ. 1.2) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʠʞʯʝ. 

ʋ ʨʦʙʦʪʽ [74] ʧʦʢʘʟʘʥʦ ʧʨʝʚʘʣʶʶʯʠʡ ʚʧʣʠʚ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦ-

ʪʽʢʘʶʪʴ ʫ ʧʦʨʦʞʥʠʥʽ ʃʌ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʃʂʄ ʩʠʩʪʝʤ Cu-ɸʌ, Al-ɸʌ. ɰʾ ʘʚʪʦʨʠ ʧʨʦʚʝʣʠ 

ʛʽʜʨʦʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʧʨʦʟʦʨʠʭ ʨʽʜʠʥʘʭ ʧʨʦʮʝʩʽʚ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨʠʩʪʦʛʦ ʘʨʤʫʯʁʦʛʦ 

ʢʘʨʢʘʩʫ. ʋ ʧʫʙʣʽʢʘʮʽʾ [74] ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘʢʦʛʦ ʪʠʧʫ ʘʨ-

ʤʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʥʘ ʧʽʜʩʪʘʚʽ ̫ ʢʠʭ ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʠ ʚʠ-

ʨʦʙʥʠʮʪʚ ̔ʟʘʛʦʪʦʚʦʢ ̔ ʟ ʂʄ, ̫ ʢʽ ʦʜʝʨʞʫʶʪʴ ʨʽʜʢʦʬʘʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʠʧʽʚ ʃʂʄ ʧʨʦʚʦʜʷʪʴʩʷ ʪʘʢʦʞ ʽ ʚ 

ʽʥʰʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚʘʭ ʥʘʰʦʾ ʜʝʨʞʘʚʠ. ɿʦʢʨʝʤʘ, ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʧʨʦʟʦʨʠʭ ʤʦʜʝʣʷʭ ʘʚʪʦʨʘʤʠ ʥʘʫʢʦʚʦʾ ʩʪʘʪʪʽ [75] ʚʠʷʚʣʝʥʽ ʜʝʷʢʽ ʦʩʦ-

ʙʣʠʚʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʨʫʭʫ ʨʦʟʧʣʘʚʫ ʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʚʦʰʘʨʦʚʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʟʣʠʚʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʩʭʝʤʦʶ ʈ̔ ʜʠʥʘ ï ʈ̔ ʜʠʥʘ (ʟʣʠʚʦʢ ʟ ʜʦʣʠʚʘʥʥʷʤ ʨʦʟʧʣʘʚʫ ʽʥʰʦ-

ʛʦ ʩʢʣʘʜʫ) ʡ ʈ̔ ʜʠʥʘ ï ʊʚʝʨʜʘ ʚʩʪʘʚʢʘ. ʅʠʤʠ [75] ʚʠʟʥʘʯʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥ ̔ʩʧʦʩʦʙʽʚ, ɦ ʦ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʨʘʥʽʰʝ. 

ʅʫʣʴʤʽʨʥʽ ʃʂʄ ʮʝ, ʷʢ ʧʨʘʚʠʣʦ, ʟʥʦʩʦʩʪʽʡʢʽ ʤʘʪʝʨʽʘʣʠ [49, 72, 78, 85, 87, 89, 

125ï127], ʜʣʷ ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʐʘʨʧʽ [148, 293] ï ʫ ʤôʷʢʽʡ Me-ʤʘʪʨʠʮʽ 

ʪʚʝʨʜʽ ʚʢʣʶʯʝʥʥʷ ɸʌ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʚôʷʟʢʽʩʪʴ ʩʧʣʘʚʫ ʡ ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʨʦʟʨʠʚʫ, 

ʧʨʠʜʘʶʪʴ ʡʦʤʫ ʪʚʝʨʜʽʩʪʴ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʄʽʞʬʘʟʥʘ ʚʟʘʻʤʦʜʽʷ ʡ ʟôʻʜʥʘʥʥʷ ʢʦʤʧʦ-

ʥʝʥʪʽʚ ʫ ʮʽʡ ʩʠʩʪʝʤʽ ʥʦʩʠʪʴ ʘʜʛʝʟʽʡʥʠʡ (ʙʝʟʜʠʬʫʟʽʡʥʠʡ) ʭʘʨʘʢʪʝʨ [2, 6, 13, 19ï21, 34, 
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35, 48ï75, 77ï79, 81ï84, 106ï140, 295], ʧʨʦ ʱʦ ʚʞʝ ʟʛʘʜʫʚʘʣʦʩʷ ʨʘʥʽh ʝ [56]. 

ʆʩʢʽʣʴʢʠ, Mʝ-Aʌ ʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʚ ʷʢʽʡ ʚʝʣʠʯʠʥʘ ʤʽʞʬʘʟʥʦʾ 

ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ʭʽʤʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʽ ʚ ʯʘʩʽ ʾʭ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʨʦʪ̔ -

ʢʘʻ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ, ʪʦ ʥʘ ʧʝʚʥʦʤʫ ʚʽʜʨʽʟʢʫ ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ 

ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ, ï ʚʚʘʞʘʶʪʴ ʘʚʪʦʨʠ ʤʦʥʦʛʨʘʬʽʾ [49], ï ̔  ʜʣʷ ʮʴʦʛʦ ʚʽʜʨʽʟʢʫ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʪʠ ʟʘʢʦʥ ʖʥʛʘ ï ɼʶʧʨʝ, ̫ ʢʠʡ ʫ ʥʘhʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ [169, 574]: 

 ( )][][][ cos1 ɸʌʄʝɸʌʄʝ

ʘ

ɸʌMeW --- += qs , (1.17) 

ʜʝ ʘ ɸʌMeW ][ -  ï ʨʦʙʦʪʘ ʘʜʛʝʟʽʾ ʪʚʝʨʜʠʭ ʚʢʣʶʯʝʥʴ ɸʌ ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, ɼʞ/ʤ
2
; 

][ ɸʌʄʝ-s  ï ʤʽʞʬʘʟʥʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʜʦʪʠʯʥʠʭ ʬʘʟ Me-ʤʘʪʨʠʮʷ ï ɸʌ, ʅ/ʤ; 

][ ɸʌʄʝ-q  ï ʢʨʘʻʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʢʣʶʯʝʥʴ ɸʌ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʨʘʜ. 

ʅʘ ʜʫʤʢʫ ʆ.ʁ. ʐʠʥʩʴʢʦʛʦ ʟ ʢʦʣʝʛʘʤʠ [253], ʥʫʣʴʤʽʨʥʠʡ ʃʂʄ ʩʠʩʪʝʤʠ Me-

ɸʌ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʷʚʣʷʻ ʩʦʙʦʶ ʛʨʫʙʦʜʠʩʧʝʨʩʥʫ ʩʠʩʪʝʤʫ (ʟʘʚʠʩʴ), ʜʝ ʪʚʝʨʜʽ ʯʘʩʪʢʠ 

ɸʌ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤʘʪʨʠʯʥʦʤʫ ʨʦʟʧʣʘʚʽ ʚ ʟʘʚʠʩʣʦʤʫ ʩʪʘʥʽ. ɺʦʥʠ ʫ ʙʨʦʫʥʽʚʩʴʢʦʤʫ 

ʨʫʩʽ ʫʯʘʩʪʽ ʥʝ ʧʨʠʡʤʘʶʪʴ, ʘ ʚʽʜʪʘʢ ʜʦ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ ʥʝ ʩʭʠʣʴʥʽ. ɺʽʜʥʦʰʝʥ-

ʥ ̫ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ Me-ʨʦʟʧʣʘʚʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʭʫ ʤʘʢʨʦʯʘʩʪʦʢ ɸʌ ʜʦ ʜʽʾ 

ʩʠʣʠ ʪʷʞʽʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʨʠʪʝʨʽʻʤ ʚʠʪʘʥʥ ̫[575]: 

 
( )ɸʌʄʝɸʌ

ɸʌ

gr
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-
=

2

0
0 , (1.18) 

ʜʝ x ï ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ; rɸʌ ï ʛʫʩʪʠʥʘ ʤʘ-

ʪʝʨʽʘʣʫ ɸʌ, ʢʛ/ʤ
3
; u0 ï ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʯʘʩʪʦʢ ɸʌ ʫ Me-ʨʦʟʧʣʘʚʽ, ʤ/ʩ; rɸʌ 

ï ʩʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʯʘʩʪʦʢ ɸʌ, ʤ. 

ɿʤʽʰʫʚʘʥʥʷ ɸʌ ʟ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʥʘ ʜʫʤʢʫ ɺ.ʉ. ʐʫʣʷʢʘ [254], ʟʜʽʡʩ-

ʥʶʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʢʦʥʚʝʢʪʠʚʥʠʭ ʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʨʽʜʢʦʤʫ 

ʤʝʪʘʣʽ ʧʽʜ ʯʘʩ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ. ʇʦʪʝʥʮʽʡʥʦ ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʧʨʠ ʚʠʛʦ-

ʪʦʚʣʝʥʥʽ ʢʦʤʧʦʟʠʪʥʠʭ ʚʠʣʠʚʢʽʚ ʽ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʧʨʠʷʣʠ ʪʦʤʫ, ʱʦ 

ʟʫʩʠʣʣʷ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʫʣʠ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦ-

ʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ï ʧʦʚʽʜʦʤʣʷ-

ʶʪʴ ʘʚʪʦʨʠ ʧʫʙʣʽʢʘʮʽʾ [85]. ʇʨʦʪʝ, ʱʦʙ ʜʦʩʷʛʪʠ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ 3 ʦʩ-

ʥʦʚʥʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʻ ʧʨʠʯʠʥʦʶ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʃʂʄ ʩʠʩʪʝʤʠ Me-ɸʌ: 
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 ʘ ʙ ʚ ʛ 

   

 ʜ ʝ  ̒ ʞ 

ʈʠʩʫʥʦʢ 1.2 ï ɺʧʣʠʚ ʜʠʩʧʝʨʩʥʦʩʪʽ ɸʌ (ʘ, ʙ, ʚ) ʪʘ ʾʾ ʚʤʽʩʪʫ (ʜ, ʝ, ̒ ) ʥʘ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʠʣʫʤʽʥʫ Al ï 15 % (ʤʘʩ. ʯʘʩʪʢʘ) 

Si, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʡʦʛʦ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʛ, ʞ) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ɸʌ [65]: 1 ï Al2O3, 2 ï SiC, 3 ï C 
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ʘ) ʧʦʛʘʥʘ ʟʤʦʯʫʚʘʥʽʩʪʴ Me-ʨʦʟʧʣʘʚʦʤ ʢʝʨʘʤʽʯʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʘʨʤʫʶʯʠʭ ʝʣʝ-

ʤʝʥʪʽʚ [543], ʱʦ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʷʢ ʧʨʦʮʝʩ ʾʭ ʚʚʝʜʝʥʥʷ ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʪʘ 

ʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʡʦʛʦ ʦʙôʻʤʽ, ʪʘʢ ʽ ʫʪʚʦʨʝʥʥʷ ʜʦʩʠʪʴ ʤʽʮʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʤʝʞʽ 

ʨʦʟʜʽʣʫ ʩʫʤʽʞʥʠʭ ʬʘʟ ʄe-ʤʘʪʨʠʮʷ ï ɸʌ; 

ʙ) ʫ ʚʠʧʘʜʢʫ ʛʘʨʥʦʛʦ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʢʦʥʪʘʢʪʽ ʘʨʤʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʤʘʪ-

ʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ ʤʦʞʫʪʴ ʧʨʦʪʽʢʘʪʠ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ, ʷʢʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ɸʌ ʘʙʦ ʧʦʩʣʘʙʣʝʥʥʷ ʾʾ ʟʚôʷʟʢʫ ʟ̔ ʄʝ-ʤʘʪʨʠʮʝʶ, ʘ ʪʘʢʦʞ 

ʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʣʠʚʘʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃʂʄ [101]. 

ʚ) ʪʝʥʜʝʥʮʽʷ ʜʦ ʘʛʣʦʤʝʨʘʮʽʾ ɸʌ ʫ Me-ʨʦʟʧʣʘʚʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨ-

ʥʦʛʦ ʾʾ ʨʦʟʧʦʜʽʣʫ ʚ ʦʙôʻʤʽ ʃʂʄ ʩʠʩʪʝʤʠ Me-ɸʌ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʨʰʦʾ ʧʨʦʙʣʝʤʠ, ʟʦʢʨʝʤʘ ʩʪʦʩʦʚʥʦ ʃʂʄ ʥʘ ʙʘʟʽ Al-ʩʧʣʘʚʽʚ, 

ʘʚʪʦʨʠ [98, 100, 544ï548] ʨʘʜʷʪʴ ʚʞʠʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʰʪʫʯʥʽ ʟʘʭʦʜʠ ʜʣʷ ʧʦʢʨʘʱʝʥ-

ʥʷ ʟʤʦʯʫʚʘʥʥʷ ɸʌ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ: 

ʘ) ʦʯʠʩʪʢʫ ʯʘʩʪʦʢ ɸʌ ʚʽʜ ʧʦʚʝʨʭʥʝʚʠʭ ʟʘʙʨʫʜʥʝʥʴ ʫ ʨʦʟʯʠʥʘʭ ʢʠʩʣʦʪ (ʫʣʴʪʨʘʟ-

ʚʫʢʦʤ, ʪʝʧʣʦʚʦʶ ʦʙʨʦʙʢʦʶ, ʪʦʱʦ); 

ʙ) ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ɸʌ (Ni, Cu, ʬʪʦʨʠʩʪʠʭ ʩʧʦʣʫʢ, ʪʦʱʦ); 

ʚ) ʣʝʛʫʚʘʥʥʷ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ (Li, Cu, Mg ʪʘ ʽʥʰʠʤʠ ʃɽ) ʧʝʨʝʜ ʘʙʦ ʧʽʜ ʯʘʩ 

ʚʚʝʜʝʥʥʷ ɸʌ ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ; 

ʛ) ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʫ ʚʘʢʫʫʤʽ ʯʠ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ. 

ɼʨʫʛʘ ʧʨʦʙʣʝʤʘ, ʥʘ ʜʫʤʢʫ [85], ʤʦʞʝ ʙʫʪʠ ʣʽʢʚʽʜʦʚʘʥʘ (ʘʙʦ ʟʤʝʥʰʝʥʘ) ʟʘ ʨʘ-

ʭʫʥʦʢ ʨʝʪʝʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʢʣʘʜʫ ʄʝ-

ʤʘʪʨʠʮʽ, ʧʽʜʙʦʨʫ ʧʘʨ ʄ-ɸʌ, ʘ ʪʘʢʦʞ ʧʦʧʝʨʝʜʥʴʦʶ ʦʙʨʦʙʢʦʶ ɸʌ. 

ʊʨʝʪʷ ʧʨʦʙʣʝʤʘ ʚʠʨʽʰʫʻʪʴʩʷ ʚʚʝʜʝʥʥʷʤ ɸʌ ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʪʘ ʩʧʦʩʦ-

ʙʦʤ ʾ ʾʟʘʤʽʰʫʚʘʥʥʷ. ʎʝ ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʦ ʫ ʨʦʙʦʪʘʭ [102, 103, 549ï552]. 

1.3 ʆʙôʻʤʥʝ ʣʝʛʫʚʘʥʥʷ, ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ ʘʨʤʫʚʘʥʥʷ ʤʝ-

ʪʘʣʫ ʫ çʧʦʨʦʞʥʠʥʽè ʣʠʚʘʨʥʦʾ ʬʦʨʤʠ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ 

ʃɻʄ-ʧʨʦʮʝʩ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʥʦʚʽʰʠʭ ʩʧʦʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʣʠʚʢʽʚ, ʱʦ 

ʟôʷʚʠʣʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʨʝʚʦʣʶʮʽʾ ʫ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʍʍ ʩʪʦʨʽʯʯʷ 

ʧʦʨʷʜ ʟ ʪʘʢʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢ ʚʘʢʫʫʤ-ʧʣʽʚʦʯʥʝ ʬʦʨʤʫʚʘʥʥʷ, ʙʝʟʧʝ-

ʨʝʨʚʥʝ ʣʠʪʪʷ, ʣʠʪʪʷ ʧʽʜ ʥʠʟʴʢʠʤ ʪʠʩʢʦʤ, ʽʤʧʫʣʴʩʥʝ ʬʦʨʤʫʚʘʥʥʷ, ʪʦɦʦ [255]. ʇʨʦʪʝ, 
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ʥʘʡʙʽʣʴh ʠʡ ʽʥʪʝʨʝʩ ʩʝʨʝʜ ʣʠʚʘʨʥʠʢʽʚ ʚʠʢʣʠʢʘʣʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦɦʜʦ ʩʧʦʩʦʙʫ ʣʠʪʪʷ 

ʟʘ ʤʦʜʝʣʷʤʠ, ʷʢʽ ʥʝ ʚʠʣʫʯʘʶʪʴʩʷ ʽʟ ʃʌ, ʘ ʟʘʣʠʰʘʶʪʴʩʷ ʫ ʥʽʡ ʽ ʛʘʟʠʬʽʢʫʶʪʴʩʷ ʧʽʜ ʜʽʻʾ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ Me-ʨʦʟʧʣʘʚʫ, ʱʦ ʟʘʣʠʚʘʻʪʴʩʷ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ [221, 223, 256, 

285]. ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʥʘʜʘʣʽ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çʃʠʪʪʷ ʟʘ ʛʘʟʠʬʽʢʦʚʘʥʠʤʠ ʤʦʜʝʣʷ-

ʤʠè (ʨʠʩ. 1.3), ʚʠʨʽʰʫʚʘʣʘ ʥʘʡʚʘʞʣʠʚʽʰʫ ʟʘʜʘʯʫ ʣʠʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ï ʧʽʜʚʠ-

ʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʣʠʚʢʽʚ ʜʦ ʨʽʚʥʷ ʣʠʪʪʷ ʟʘ ʚʠʪʦʧʣʶʚʘʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʧʨʠ ʟʘʪʨʘʪʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʣʠʪʚʘ, ʷʢʽ ʧʨʠʨʽʚʥʶʚʘʣʠʩʴ ʜʦ ʣʠʪʪʷ ʫ ʨʘʟʦʚʫ ʇɻʌ [221, 223, 255, 290]. 

ɼʦ ʪʦʛʦ ʷʢ ʃɻʄ-ʧʨʦʮʝʩ ʟʘʧʨʦʚʘʜʠʣʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ, ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʥʘʯʥʠʡ 

ʦʙôʻʤ ʅɼʈ ʪʘ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ [65, 251, 252, 257ï275], ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʠʭ ʩʪʚʦʨʠʣʠ ʩʧʝʮʽʘʣʴʥʽ ʤʦʜʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʡ ʧʨʦʪʠʧʨʠʛʘʨʥʽ ʧʦʢʨʠʪʪʷ, ʧʨʦʛʨʝʩʠʚ-

ʥʫ ʪʝʭʥʦʣʦʛʽʶ ʪʘ ʩʫʯʘʩʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ɻʄ, ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʃʌ ʪʘ ʇʌ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʃɻʄ-ʧʨʦʮʝʩ ʚ ʫʩʽʭ ʩʚʦʾʭ ʨʽʟʥʦʚʠʜʘʭ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʟʤʽʮ-

ʥʶʻ ʩʚʦʾ ʧʦʟʠʮʽʾ. ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ, ʥʘʩʘʤʧʝʨʝʜ, ʯʝʨʝʟ ʚʠʩʦʢʽ ʊɽʇ ʧʨʦʮʝʩʫ ʣʠʪʪʷ 

[256]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʘʥʠʤʠ ʬʽʨʤʠ çVulcanè (ʉʐɸ) ʫ 1977 ʨʦʮʽ ʟʘ ʃɻʄ-ʧʨʦʮʝ-

ʩʦʤ ʫ ʩʚʽʪʽ ʚʠʨʦʙʣʝʥʦ 460000 ʪ ʚʠʣʠʚʢʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ɭʚʨʦʧʽ ï 125000 ʪ [256]. ʅʘ 

ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʫ ʉʐɸ ʙʽʣʴʰʝ 40 ʣʠʚʘʨʥʠʭ ʬʽʨʤ ʟʘ ʃɻʄ-

ʧʨʦʮʝʩʦʤ ʚʠʛʦʪʦʚʠʣʠ ʧʦʥʘʜ 115000 ʪ ʣʠʪʚʘ, ʘ ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ɯʪʘʣʽʾ, 

ʌʨʘʥʮʽʾ, ʅʽʤʝʯʯʠʥʽ, ʈʦʩʽʾ ʪʘ ʋʢʨʘʾʥʽ, ʙʫʣʦ ʚʠʨʦʙʣʝʥʦ 60000 ʪ ʚʠʣʠʚʢʽʚ ʫ ʨʽʢ, ʥʘ ʉʭʦ-

ʜʽ (ʗʧʦʥʽʾ ʡ ʂʠʪʘʾ) ï 50000 ʪ/ʨʽʢ [274, 275]. 

ʇʝʨʝʚʘʛʠ ʃɻʄ-ʧʨʦʮʝʩʫ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʣʠʪʪʷ, ʪʘ ʡʦ-

ʛʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʘʚʠʣʠ ʬʘʭʽʚʮʽʚ ʟʘʜʫʤʘʪʠʩʷ ʥʘʜ ʤʦʞʣʠʚʽʩʪʶ ʦʙʨʦʙʢʠ Me-ʨʦʟʧʣʘʚʫ 

ɼɯ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʰʣʷʭʦʤ ʽʤʧʣʘʥʪʫʚʘʥʥʷ ʜʠʩʧʝʨʩʥʦʾ ʧʨʠʩʘʜʢʠ ʜʦ ɻʄ. ɯ ʭʦʯ ʧʝ-

ʨʰʽ ʩʧʨʦʙʠ ʙʫʣʠ ʥʝʚʜʘʣʠʤʠ [235], ʧʨʦʪʝ ʧʽʟʥʽʰʝ ʙʫʣʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ɼɯ ʥʘ ʧʨʦʮʝʩ 

ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʤʘʪʝʨʽʘʣʫ ɻʄ [65, 232, 234ï236, 252], ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷ-

ʭʦʤ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʜʠʩʧʝʨʩʥʽʩʪʴ [224, 227] ʡ ʢʦʥʮʝʥʪʨʘʮʽʶ [65, 251] ɼɯ, ʽʤ-

ʧʣʘʥʪʦʚʘʥʦʛʦ ʜʦ ɻʄ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʛʽʜʨʦ-, ʛʘʟʦʜʠʥʘʤʽʢʠ ʃɻʄ-ʧʨʦʮʝʩʫ 

ʥʘ ʨʦʟʧʦʜʽʣ ʃɽ ʚ ʦʙôʤ̒ʽ ʚʠʣʠʚʢʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʩʮʷ ʧʽʜʚʝʜʝʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟ-

ʧʣʘʚʫ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ [251]. ɸʣʝ ʮʴʦʛʦ ʚʠʷʚʠʣʦʩʷ ʥʝʜʦʩʪʘʪʥʴʦ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽʥʦʢʫʣʶʚʘʥʥʷ, ʪʦʙʪʦ ʣʝʛʫʚʘʥʥʷ, ʤʽʢʨʦʣʝ-
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ʈʠʩʫʥʦʢ 1.3 ï ʉʭʝʤʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʣʠʚʢʘ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ [221]: 

ʘ ï ʛʘʟʤʦʜʝʣʴ ʚʠʣʠʚʢʘ; ʙ ï ʃʌ, ʧʽʜʛʦʪʦʚʣʝʥʘ ʜʦ ʟʘʣʠʚʘʥʥʷ; ʚ ï ʟʘʣʠʚʘʥʥʷ ʃʌ, 

ʛʘʟʠʬʢ̔ʘʮʽʷ ʛʘʟʤʦʜʝʣʽ; ʛ ï ʚʠʣʠʚʦʢ ʟ ʝʣʝʤʝʥʪʘʤʠ ʃʉ 
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ʛʫʚʘʥʥʷ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ ʘʨʤʫʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ɼʅɻʄ ̔ ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʾ ʫ ʚʠʨʦʙʥʠʮʪʚʦ, ʥʝʦʙʭʽʜʥʦ ʚʠʚʯʠʪʠ ʢʦʤʧʣʝʢʩ-

ʥʠʡ ʚʧʣʠʚ ʦʩʥʦʚʥʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʡ ʪʝʭʥʦʣʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʪʨʠʯ-

ʥʦʛʦ ʨʦʟʧʣʘʚʫ, ʱʦ ʟʘʣʠʚʘʻʪʴʩʷ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ; ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʧʽʜʡʦʤʫ ʫ çʧʦ-

ʨʦʞʥʠʥʽè ʃʌ; ʛʫʩʪʠʥʠ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʚʠʣʠʚʢʘ; ʢʦʥʮʝʥʪʨʘʮʽʾ 

ɼɯ ʫ çʪʽʣʽè ɻʄ ʪʘ ʡʦʛʦ ʜʠʩʧʝʨʩʥʦʩʪʽ) ʃɻʄ-ʧʨʦʮʝʩʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝ-

ʨʽʘʣʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ. 

ʆʩʥʦʚʠ ʪʝʦʨʽʾ ʡ ʪʝʭʥʦʣʦʛʽʾ ʃɻʄ-ʧʨʦʮʝʩʫ. ɿʘ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʣʠʪʪʷ, ʧʨʦ ʱʦ 

ʚʞʝ ʟʛʘʜʫʚʘʣʦʩʷ ʨʘʥʽʰʝ [220ï223, 255, 256, 293], ɻʄ ʥʝ ʚʠʣʫʯʘʻʪʴʩʷ ̔ʟ ʃʌ (ʨʠʩ. 1.3) ʡ 

ʛʘʟʠʬʽʢʫʻʪʴʩ ̫ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ Me-ʨʦʟʧʣʘʚʫ, ʷʢʠʡ ʟʘʣʠʚʘʻʪʴʩʷ ʜʦ çʧʦʨʦʞʥʠ-

ʥʠè ʃʌ. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʃɻʄ-ʧʨʦʮʝʩʫ ʟ ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʟʘʣʠʚʘʥʥʷʤ ʪʘ ʤʝʭʘʥʽʟʤ ʧʨʦ-

ʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʦʚʦʾ ɻʄ ʟ ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ (ʨʠʩ. 1.4) ʧʦʢʘʟʘʥ ̔ʜʘʣʽ. 

ʇʨʠ ʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʣʠʚʢʽʚ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ ʾʭ ʨʦʟʤʽʨʥʘ ʪʦʯʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʘʻ 12é14 ʢʚʘʣʽʪʝʪʘʤ ʟʘ ʩʪʘʥʜʘʨʪʦʤ ʉʕɺ 145-75, ʘ ʧʨʠ ʦʜʠʥʠʯʥʦʤʫ ï 

14é16. ɻʄ ʽʟ ʧʨʦʪʠʧʨʠʛʘʨʥʠʤ ʧʦʢʨʠʪʪʷʤ ʟʘʙʝʟʧʝʯʫʻ 3é4 ʢʣʘʩʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨ-

ʭʥʽ ʚʠʣʠʚʢʘ, ʤʘʩʘ ʣʠʪʠʭ ʟʘʛʦʪʦʚʦʢ ʟʥʠʞʫʻʪʴʩʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ, ʥʘ 10é20 %, ʘ ʧʨʠʧʫ-

ʩʢʠ ʥʘ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ï ʧʨʠʙʣʠʟʥʦ ʫ 2 ʨʘʟʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʥʠ-

ʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʣʠʚʢʽʚ ï ʧʦʚʽʜʦʤʣʷʶʪʴ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [293]. ʉʧʦʩʽʙ ʚʠʢʦʨʠʩ-

ʪʦʚʫʻʪʴʩʷ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʪʦʥʢʦʩʪʽʥʥʠʭ ʚʠʣʠʚʢʽʚ ʽʟ ʨʦʟʚʠʥʫʪʦʶ ʟʦʚ-

ʥʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ [221, 223, 255, 256, 285, 290]. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ɻʄ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ, 

ʷʢʠʡ ʩ̔ʥʫʻ ʫ 3-ʭ ʩʪʘʥʘʭ [293]: ʩʢʣʦʧʦʜʽʙʥʦʤʫ, ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʤʫ ʽ ʚôʷʟʢʦʪʝʢʫʯʦʤʫ. 

ʇ̔ ʥʦʧʦʣʽʩʪʠʨʦʣ ʦʪʨʠʤʫʶʪʴ ʽʟ ʧʦʣʽʩʪʠʨʦʣʫ [220ï223, 237, 255, 256], ʧʨʦ ʚʠʨʦʙʥʠʮʪʚʦ 

ʷʢʦʛʦ, ʡʦʛʦ ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ ʪʘ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʝ ʤʦʚʘ ʜʘʣ.̔ 

ʇʦʣʽʩʪʠʨʦʣ ʮʝ ʚʫʛʣʝʚʦʜʝʥʴ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ, % (ʤʘʩ. ʯʘʩʪʢʘ) [235]: C ï 92; 

H2 ï 8. ʇʦʣʽʩʪʠʨʦʣ, ʱʦ ʩʧʽʥʶʻʪʴʩʷ (ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ), ʻ ʩʠʥʪʝʪʠʯʥʠʤ ʧʦʣʽʤʝʨʦʤ, ʷʢʠʡ 

ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʩʪʠʨʦʣʫ [221, 223, 237]. ʉʪʠʨʦʣ ï ʘʨʦʤʘʪʠʯʥʘ ʩʧʦ-

ʣʫʢʘ ʟ ʥʝʥʘʩʠʯʝʥʠʤ ʙʽʯʥʠʤ ʟʚôʷʟʢʦʤ [576]. ʅʘ ʚʠʛʣʷʜ ʮʝ ʙʝʟʙʘʨʚʥʘ ʨʽʜʠʥʘ ʟ ʛʫʩʪʠ-

ʥʦʶ ï 905 ʢʛ/ʤ
3
 ʡ ʪʝʤʧʝʨʘʪʫʨʦʶ ʢʠʧʽʥʥʷ ï 418 ʂ [199, 215]; ʪʝʧʣʦʪʦʶ ʚʠʧʘʨʦʚʫʚʘʥ-

ʥʷ ï 363832,92 ɼʞ/ʢʛ; ʪʝʧʣʦʪʦʶ ʧʣʘʚʣʝʥʥʷ ï 106344,72 ɼʞ/ʢʛ; ʪʝʧʣʦʪʦʶ ʧʦʣʽʤʝʨʠ-
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ʟʘʮʽʾ ï 703382,4 ɼʞ/ʢʛ; ʧʠʪʦʤʦʶ ʪʝʧʣʦʻʤʢʽʩʪʶ ʧʨʠ ʊ = 298 ʂ ï 1704,0276 ɼʞ/(ʢʛĿʂ) 

[215]. ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʠʨʦʣʫ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʻ ʢʘʪʘʣʽ-

ʪʠʯʥʝ ʜʝʛʽʜʨʫʚʘʥʥʷ ʝʪʠʣʙʝʥʟʦʣʫ, ʷʢʠʡ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʦʪʨʠʤʫʶʪʴ ʟ ʝʪʠʣʝʥʫ ʪʘ ʙʝʥʟʦ-

ʣʫ [577]. ʍʽʤʽʷ ʧʨʦʮʝʩʫ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʩʪʠʨʦʣʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʥʠʟʢʠ ʭʽʤʽʯʥʠʭ ʬʦʨʤʫʣ, ʱʦ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ: 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʩʪʠʨʦʣʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʥʦʧʦʣʽ-

ʩʪʠʨʦʣʫ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜ ʩʫʩʧʝʥʟʽʡʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ [578]: 
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ʇʦʣʽʩʪʠʨʦʣ ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ (ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ) ʦʪʨʠʤʫʶʪʴ ʪʘʢʦʞ ʰʣʷʭʦʤ ʩʫ-

ʩʧʝʥʟʽʡʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʩʪʠʨʦʣʫ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʦʜʘʶʯʠ ʫ ʨʝʘʢʪʦʨ ʧʦʨʦʫʪ-

ʚʦʨʶʚʘʯ ʧʽʜ ʢʽʥʝʮʴ ʧʨʦʮʝʩʫ [255, 290]. ʋ ʨʝʘʢʪʦʨ ʧʝʨʰʦʧʦʯʘʪʢʦʚʦ ʟʘʚʘʥʪʘʞʫʶʪʴ 

ʩʫʤʽʰ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ, % (ʤʘʩ. ʯʘʩʪʢʘ) [579]: ʩʪʠʨʦʣ ï 100,00; ʧʝʨʦʢʩʠʜ ʙʝʥʟʦʣʫ ï 

0,23; n-ʙʫʪʠʣʧʝʨʙʝʥʟʦʘʪ ï 0,10; ʚʦʜʘ ï 108,00; ʧʽʨʦʬʦʩʬʘʪ ʥʘʪʨʽʶ ï 0,05; ʦʢʩʠʝʪʠʣ-

ʮʝʣʁʣʦʟʘ ï 0,15. ʗʢ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʫ ʧʦʧʝʨʝʜʥʽʡ ʨʦʙʦʪʽ, ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫ ʨʝʘʢʪʦʨʽ ʩʭʽʜʯʘʩʪʦ ʧʨʠ ʊ = 365...388 ʂ ʽ P = 0,44...5,60 ʄʇʘ. ʆʪʨʠʤʘʥʽ ʛʨʘʥʫʣʠ ʧ̔ -

ʥʦʧʦʣʽʩʪʠʨʦʣʫ ʧʨʦʤʠʚʘʶʪʴ ʫ ʧʨʦʪʦʯʥʽʡ ʚʦʜʽ, ʩʫʰʘʪʴ, ʢʣʘʩʠʬʽʢʫʶʪʴ ʪʘ ʟʘʧʘʢʦʚʫʁ ʪʴ 

ʫ ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʤʽʰʢʠ ʘʙʦ ʤʝʪʘʣʝʚʽ ʙʦʯʢʠ [221, 223, 255, 290]. ɿʘ ʜʘʥʠʤʠ ɺ.ɸ. ʇʘʚ-

ʣʦʚʘ [579], ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ ʤʽʩʪʠʪʴ ʥʝ ʙʽʣʴʰʝ, % (ʤʘʩ. ʯʘʩʪʢʘ): ʩʪʠʨʦʣʫ ï 0,20; ʚʦʜʠ ï 

0,32; ʧʦʨʦʫʪʚʦʨʶʚʘʯʘ ï 6,00. 

ʇʦʣʽʩʪʠʨʦʣ ï ʙʝʟʙʘʨʚʥʠʡ ʽ ʧʨʦʟʦʨʠʡ ʧʣʘʩʪʠʢ [220ï223, 255], ʙʝʟ ʟʘʧʘʭʫ ʪʘ ʩʤʘ-
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ʈʠʩʫʥʦʢ 1.4 ï ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ (ʘ) ʃɻʄ-ʧʨʦʮʝʩʫ [223]: 1 ï ʦʧʦʢʘ, 2 ï ɻʄ, 3 ï Me-ʨʦʟʧʣʘʚ, 4 ï ʇɻʌ; ʤʝʭʘʥʽʟʤ ʧʨʦʮʝʩʫ 

ʚʟʘ̒ ʤʦʜʽʾ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʦʚʦʾ ɻʄ (ʙ) ʟ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ [290] 
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ʢʫ. ʋ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʮʝ ʪʚʝʨʜʠʡ ʧʨʫʞʥʠʡ ʤʘʪʝʨʽʘʣ ʟ̔ ʛʫʩʪʠʥʦʶ ʧʦʨʷʜʢʫ 1050 

ʢʛ/ʤ
3
 [221, 255, 290]. ɺʽʥ ʜʦʙʨʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʘʨʦʤʘʪʠʯʥʠʭ ʽ ʭʣʦʨʦʚʘʥʠʭ ʚʫʛʣʝʚʦʜ-

ʥʷʭ, ʩʢʣʘʜʥʠʭ ʝʬʽʨʘʭ, ʢʝʪʦʥʘʭ, ʩʽʨʢʦʚʫʛʣʝʮʽ, ʘʣʝ ʥʝ ʨʦʟʯʠʥʷʻʪʴʩ ̫ʚ ʦʜʥʦʘʪʦʤʥʠʭ 

ʩʧʠʨʪʘʭ, ʙʝʥʟʠʥʽ, ʘ ʪʘʢʦʞ ʧʨʦʩʪʠʭ ʝʬʨ̔ʘʭ [223]. 

ɿ ʭʽʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʦʣʽʩʪʠʨʦʣ ʻ ʛʨʘʥʠʯʥʠʤ ʚʫʛʣʝʚʦʜʥʝʤ ʚʠʩʦʢʦʾ ʤʦʣʝʢʫʣʷ-

ʨʥʦʾ ʤʘʩʠ, ʩʪʫʧʽʥʴ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʷʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 500 ʜʦ 2000 [290]. ʇʨʠ ʥʘʛʨʽ-

ʚʘʥʥʽ ʜʦ 353...355 ʂ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʦʚʘʥʥʷ) ʧʦʣʽʩʪʠʨʦʣ ʧʝʨʝʭʦʜʠʪʴ ʫ ʚʠʩʦʢʦʝʣʘʩ-

ʪʠʯʥʠʡ (ʢʘʫʯʫʢʦʧʦʜʽʙʥʠʡ) ʩʪʘʥ, ʷʢʠʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

(ʜʦ 423 ʂ, ʘ ʪʦ ʡ ʚʠʱʝ) [223]. 

ʇʦʣʽʩʪʠʨʦʣ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʽʥʦʧʣʘʩʪʽʚ, ʟʦʢʨʝʤʘ ʧʽʥʦʧʦʣʽʩʪʠ-

ʨʦʣʫ [255, 290], ʧʨʦ ʱʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʟʛʘʜʫʚʘʣʦʩʴ ʨʘʥʽʰʝ. ʎʽ ʧʽʥʦʧʣʘʩʪʠ ʩʢʣʘʜʘʶʪʴ-

ʩʷ ʽʟ ʟʘʤʢʥʝʥʠʭ ʢʦʤʽʨʦʢ, ʥʘʧʦʚʥʝʥʠʭ ʛʘʟʦʤ ʘʙʦ ʧʦʚʽʪʨʷʤ [221, 223, 237, 255, 290]. 

ʊʘʢʠʤ ʛʘʟʦʤ ʻ ʥʠʟʴʢʦʢʠʧʣʷʯʽ ʛʨʘʥʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ ʽʟ ʛʦʤʦʣʦʛʽʯʥʦʛʦ ʨʷʜʫ ʤʝʪʘʥʫ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝʩʪʽʡʢʽʩʪʶ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ, ʥʘʧʨʠʢʣʘʜ [221, 223, 255], ʧʝʥʪʘʥ (ʊʢʠʧ 

= 309,7 ʂ) ʯʠ ʽʟʦʧʝʥʪʘʥ (ʊʢʠʧ = 300,9 ʂ). ʎʽ ʩʧʦʣʫʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʧʦʨʦʫʪʚʦ-

ʨʶʚʘʯʽ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ [255, 290], ʧʨʦ ʱʦ ʪʘʢʦʞ ʟʛʘʜʫʚʘʣʦʩʴ ʚʠ-

ʱʝ. ɰʭ ʚʚʦʜʷʪʴ ʫ ʧʣʘʩʪʠʢ ʨʘʟʦʤ ʟ ʛʽʜʨʘʪʦʚʘʥʠʤʠ ʩʦʣʷʤʠ ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʠʩʦʮʽʘʮʽʾ 

ʙʣʠʟʴʢʦʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤôʷʛʯʝʥʥʷ ʧʦʣʽʩʪʠʨʦʣʦʚʦʾ ʦʩʥʦʚʠ, ʷʢʽ (ʩʦʣʽ) ʽʥʢʦʣʠ ʟʘ-

ʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʢʨʘɦ ʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʛʨʘʥʫʣ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ [580, 581]. 

ʇ̔ ʥʦʧʦʣʽʩʪʠʨʦʣ ï ʫʥʽʢʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ɻʄ. ɺʽʥ ʤʘʻ ʥʝʚʝʣʠ-

ʢʫ ʛʫʩʪʠʥʫ ï 20...200 ʢʛ/ʤ
3
; ʤʘʣʫ ʪʝʧʣʦʻʤʢʽʩʪʴ ï 2093 ɼʞ/(ʢʛĿʂ) ʡ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ï 

(3,26...4,65)Ŀ10
-2
 ɺʪ/(ʤĿʂ) [244]. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ ʟʜʘʪʥʠʡ ʜʦ ʪʝʨʤʽʯʥʦʾ 

ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʾ ï ʪʝʧʣʦʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ (4,44...9,17)Ŀ10
4
 

ɼʞ/ʤʦʣʴ; ʧʨʠ ʊ = 437 ʂ ʚʽʥ ʧʣʘʚʠʪʴʩʷ; ʧʨʠ ʊ = 589 ʂ ï ʯʘʩʪʢʦʚʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʩʧʦʣʫʢʠ ʥʝʣʝʪʢʽ; ʧʨʠ ʊ = 849 ʂ ï ʛʦʨʠʪʴ [244]. ʇʨʦʪʝ, ʮʽ 

ʜʘʥʽ ʜʝʱʦ ʧʨʦʪʠʨʝʯʠʚʽ [221ï223, 255, 290]. ʄʝʭʘʥʽʟʤ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʤʘʪʝʨʽʘʣʫ 

ɻʄ ʟ Me-ʨʦʟʧʣʘʚʦʤ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.4. ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʧʽʥʦ-

ʧʦʣʽʩʪʠʨʦʣʫ (ʪʘʙʣ. ɸ.4), ʷʢ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʘʚʝʜʝʥ ̔ʥʠʞʯʝ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ, ʧʨʘʢʪʠʢʘ ʜʦʚʝʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʢʨʘʱʝʥʥʷ ʥʠʟʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ [237]: ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 
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ʪʘ ʛʘʟʠʬʽʢʘʮʽʾ ʧʨʠ ʟʘʧʦʚʥʝʥʥʽ çʧʦʨʦʞʥʠʥʠè ʃʌ Me-ʨʦʟʧʣʘʚʦʤ, ʟʤʝʥʰʝʥʥʷ ʩʘʞʦʚʠ-

ʜʽʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʥʘ ʷʢʠʭ ʘʚʪʦʨʠ [237] ʘʢʮʝʥʪʫʶʪʴ ʩʚʦʶ ʫʚʘʛʫ, ʜʝʪʘʣʴʥʦ ʚʠʢʣʘʜʝʥʘ ʥʝ ʣʠʰʝ ʫ ʮʽʡ ʨʦ-

ʙʦʪʽ, ʘ ʡ ʚ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʽ ʧʘʪʝʥʪʘʭ [221, 223, 245, 255, 276ï280, 290]. 

ʇʨʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ, ʦʜʠʥʠʯʥʦʤʫ ʡ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʣʠʪʚʘ ɻʄ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʙʣʦʯʥʦʛʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ. ʇʽʥʦʧʦʣʽʩʪʠʨʦʣ ʫ ʧʣʠʪʘʭ ʘʙʦ ʙʣʦʢʘʭ (ʊʋ 

50-64) ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʜʦʚʞʠʥʦʶ 500é1000 ʤʤ, ʰʠʨʠʥʦʶ 400é700 ʤʤ ʽ ʪʦʚʱʠʥʦʶ 

25, 35, 50, 70 ʪʘ 100 ʤʤ [225, 290]. ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʫ ʧʣʠʪʘʭ 

(ʪʘʙʣ. ɸ.3) ʥʘʚʝʜʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʦʜʘʪʢʫ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʠʛʦʪʦʚʠʪʠ ɻʄ ʽ ʧʣʠʪʠ, ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ ʫ ʛʨʘʥʫʣʘʭ ʧʽʜʜʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʽʡ ʧʝʨʝʨʦʙʮʽ [221, 223, 255]: ʨʦʟʩʽʚʘʥʥʶ, ʧʽʜʩʧʽʥʶʚʘʥʥʶ, ʩʫʰʽʥʥʶ ʽ ʚʠʪʨʠʤ-

ʮʽ (ʜʦʟʨʽʚʘʥʥʶ ʯʠ ʘʢʪʠʚʘʮʽʾ). ʈʦʟʩʽʚʘʥʥʷ ʛʨʘʥʫʣ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʬʨʘʢʮʽʷʤʠ ʥʘ ʩʠʪʘʭ 

ʟʘ ɼʉʊ 3584-73. ʈʦʟʤʽʨ ʬʨʘʢʮʽʡ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʱʦ ʚʠʙʠʨʘʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ɻʄ (ʪʘʙʣ. ɸ.5), ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʠʞʯʝ. 

ʇʽʜʩʧʽʥʶʚʘʥʥʷ ʛʨʘʥʫʣ ʧʦʣʽʩʪʠʨʦʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 368é383 ʂ ʫ 

ʚʦʜʽ ʯʠ ʚʦʜʷʥʽʡ ʧʘʨʽ ï ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʘʙʦ ʢʽʥʝʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʥʘʛʨʽʚʘʥʥʷ [222]. ʋ 

1-ʤʫ ʚʠʧʘʜʢʫ ʛʨʘʥʫʣʠ ʧʦʣʽʩʪʠʨʦʣʫ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʩʠʪʘʭ ʟʘʥʫʨʶʶʪʴ ʚ ʪʝʧʣʦʥʦʩʽʡ, ʘ 

ʚ 2-ʤʫ ʧʽʜʩʧʽʥʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʨʦʪʠʧʦʪʦʢʘʭ ʛʨʘʥʫʣ ʽ ʚʦʜʥ̫ʦʾ ʧʘʨʠ [224]. ɿʘ 2-

ʤ ʧʨʠʥʮʠʧʦʤ ʧʨʘʮʶʶʪʴ ʚʩʽ ʘʚʪʦʤʘʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ [281]. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʛʨʘʥʫʣ ʚʠ-

ʱʝ 353 ʂ ʧʦʣʽʩʪʠʨʦʣ ʧʝʨʝʭʦʜʠʪʴ ʚ ʝʣʘʩʪʠʯʥʠʡ ʩʪʘʥ ʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʣʝʪ-

ʢʦʛʦ ʽʟʦʧʝʥʪʘʥʫ (ʊʢʠʧ º 301 ʂ) ʨʦʟʙʫʭʘ.̒ ʇʽʜʩʧʽʥʶʚʘʥʥʷ ʛʨʘʥʫʣ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘ-

ʣʫ ʧʨʦʚʦʜʠʪʴʩʷ ʜʦ ʥʘʩʠʧʥʦʾ ʛʫʩʪʠʥʠ 16é20 ʢʛ/ʤ
3
 [221, 223, 255], ʧʨʠʯʦʤʫ ʪʨʠʚʘ-

ʣʽʩʪʴ ʧʨʦʮʝʩʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʛʨʘʬʽʢʘʤʠ (ʨʠʩ. 1.5), ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʠʞʯʝ. ʇʽʩʣʷ 

ʧʽʜʩʧʥ̔ʶʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʚʦʜʽ, ʛʨʘʥʫʣʠ ʩʫʰʘʪʴʩʷ ʚ ʧʦʪʦʮʽ ʧʦʚʽʪʨʷ ʧʨʠ ʊ º 301 ʂ 

[220ï223, 255, 290]. ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʛʨʘʥʫʣ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʽʟʦʧʝʥʪʘʥ ʢʦʥʜʝʥʩʫ-

ʻʪʴʩʷ ʫ ʧʦʨʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚʘʢʫʫʤ, ʷʢʠʡ ʟʘʧʦʚʥʶʻʪʴʩʷ ʧʦʚʽʪʨʷʤ ʟʘ 

ʨʘʭʫʥʦʢ ʡʦʛʦ ʜʠʬʫʟʽʾ ʯʝʨʝʟ ʩʪʽʥʢʠ ʛʨʘʥʫʣ [256]. ʏʘʩ ʟʘʧʦʚʥʝʥʥʷ ʚʘʢʫʫʤʫ ʚʽʜʧʦʚʽʜʘʻ 

ʧʝʨʽʦʜʫ ʜʦʟʨʽʚʘʥʥʷ ʛʨʘʥʫʣ, ʱʦ ʩʪʘʥʦʚʠʪʴ 24é36 ʛʦʜ. [223]. 

ʌʦʨʤʫʚʘʥʥʷ ɻʄ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ [221]: ʟʘʧʦʚʥʝʥʥʷ 

ʛʨʘʥʫʣ ʫ ʇʌ, ʥʘʛʨʽʚʘʥʥʷ ʡ ʦʭʦʣʦʜʞʝʥʥʷ ʇʌ, ʚʠʣʫʯʝʥʥʷ ɻʄ ʽʟ ʇʌ, ʩʫʰʽʥʥʷ ʽ ʚʠʪʨʠ-
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ʤʢʘ ɻʄ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʾʭʥʽʭ ʨʦʟʤʽʨʽʚ ʧʨʦʪʷʛʦʤ 2é3 ʜʽʙ. ʌʦʨʤʫʚʘʥʥʷ ɻʄ ʽʟ ʛʨʘʥʫʣ ʫ 

ʇʌ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ [223]: ʚʘʥʥʠʤ ʯʠ ʘʚʪʦʢʣʘʚʥʠʤ ʩʧʦʩʦʙʘʤʠ, ʚʥʫʪʨʽʰʥʽʤ ʘʙʦ 

ʟʦʚʥʽʰʥʽʤ ʪʝʧʣʦʚʠʤʠ ʫʜʘʨʘʤʠ, ʘ ʪʘʢʦʞ ʧʽʜ ʜʽʻʶ ʉɺʏ. 

ʇʨʠ ʚʘʥʥʦʤʫ ʩʧʦʩʦʙʽ ʇʌ, ʟʘʧʦʚʥʝʥʘ ʛʨʘʥʫʣʘʤʠ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʨʦʟʪʘʰʦʚʫ-

ʻʪʴʩʷ ʫ ʢʠʧʣʷʯʽʡ ʚʦʜʽ [223]. ʏʘʩ ʩʧʽʢʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ɻʄ [221]. 

ʄʘʪʝʨʽʘʣ ɻʄ ʤʘʻ, ʧʨʠ ʮʴʦʤʫ, ʫʜʘʚʘʥʫ ʛʫʩʪʠʥʫ 25é30 ʢʛ/ʤ
3
 [255]. ʇʨʠ ʘʚʪʦʢʣʘʚʥʦʤʫ 

ʩʧʦʩʦʙʽ ʇʌ ʟ ʛʨʘʥʫʣʘʤʠ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʘʚʪʦʢʣʘʚʽ, ʢʫʜʠ ʧʦʜʘʻʪʴ-

ʩʷ ʧʝʨʝʛʨʽʪʘ ʚʦʜʷʥʘ ʧʘʨʘ ʧʽʜ ʪʠʩʢʦʤ (lé2)Ā10
5
 ʇʘ [223]. ʏʘʩ ʩʧʽʢʘʥʥʷ ɻʄ ʚ ʘʚʪʦʢʣʘʚʽ 

ʚʠʙʠʨʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʇʌ [222] (ʨʠʩ. 1.5). ʎʝʡ ʩʧʦʩʽʙ ʫ 

10é15 ʨʘʟʽʚ ʰʚʠʜʰʝ ʚʘʥʥʦʛʦ ʽ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ɻʄ ʟ ʧʦʪʨʽʙʥʦʶ ʫʜʘʚʘʥʦʶ ʛʫʩ-

ʪʠʥʦʶ 16é20 ʢʛ/ʤ
3
 [223]. ɿʘ ʩʧʦʩʦʙʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʫ (ʨʠʩ. 1.6) ʚʦʜ̫-

ʥʘ ʧʘʨʘ ʧʽʜ ʪʠʩʢʦʤ (0,8é1,5)Ŀ10
5
 ʇʘ ʧʦʜʘʻʪʴʩʷ ʜʦ ʧʦʨʦʞʥʠʥʠ ʇʌ ʢʨʽʟʴ ʽʥôʻʢʪʦʨʠ, 

ʧʩ̔ʣʷ ʯʦʛʦ ʚʠʭʦʜʠʪʴ ʢʨʽʟʴ ʧʝʨʬʦʨʦʚʘʥʽ ʩʪʽʥʢʠ ʇʌ [255]. ɼʽʘʤʝʪʨ ʽʥôʻʢʪʦʨʘ ï 20é25 

ʤʤ; ʧʦ ʡʦʛʦ ʢʦʣʫ  ̒ʦʪʚʦʨʠ ʜʽʘʤʝʪʨʦʤ 1é2 ʤʤ, ï ʧʨʦʜʦʚʞʫʶʪʴ ʘʚʪʦʨʠ ʮʽ̒ ʾ ʞ ʨʦʙʦʪʠ. 

ɯʥôʻʢʪʦʨʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 80é100 ʤʤ ʚʽʜ ʩʪʽʥʦʢ ʇʌ ʽ ʥʘ ʚʽʜʩʪʘʥʽ 

180é250 ʤʤ ʦʜʠʥ, ʧʦ ʢʦʣʫ, ʚʽʜ ʦʜʥʦʛʦ [223, 255]. ɼʘʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʪʦʚʩʪʦʩʪʽʥʥʽ ɻʄ [256]. ʏʘʩ ʩʧʽʢʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʯʘʩʪʢʠ ʭʚʠʣʠʥʠ ʽ ʩʘʤʦʨʝʛʫʣʶʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʝʨʝʢʨʠʪʪʷ ʦʪʚʦʨʽʚ ʽʥôʻʢʪʦʨʽʚ ʛʨʘʥʫʣʘʤʠ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʱʦ ʩʧʝʢʣʠʩʷ ʤʽʞ 

ʩʦʙʦʶ [224]. ʉʧʦʩʽʙ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʫ (ʨʠʩ. 1.6), ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ 

ʘʚʪʦʤʘʪʘʭ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʧʝʨʝʛʨʽʪʦʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʧʽʜ ʪʠʩʢʦʤ ʜʦ 2,5 ³ 

10
5
 ʇʘ ʫ ʧʘʨʦʚʫ ʩʦʨʦʯʢʫ, ʨʦʟʪʘʰʦʚʘʥʫ ʥʘʚʢʦʣʦ ʇʌ [579]. ʇʨʠ ʩʧʦʩʦʙʽ ʬʦʨʤʫʚʘʥʥʷ 

ɻʄ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɺʏ ʛʨʘʥʫʣʠ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʟʤʦʯʫʶʪʴʩʷ ʚʦʜʦʶ, ʟʘʩʠʧʘʁ ʪʴʩʷ ʫ 

ʇʌ, ʚʠʛʦʪʦʚʣʝʥʫ ʽʟ ʜʽʝʣʝʢʪʨʠʢʘ (ʧʣʘʩʪʤʘʩʠ), ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥ-

ʜʝʥʩʘʪʦʨʘ [221, 255]. ɼʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ  ̒ʣʘʤʧʦʚʠʡ ʛʝʥʝʨʘʪʦʨ ʧʦʪʫʞʥʽʩʪʶ 5é40 ʢɺʪ, 

ʱʦ ʧʨʘʮʶʻ ʥʘ ʯʘʩʪʦʪʘʭ 5é70 ʄɻʮ; ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʩʢʣʘʜʘʻ 

500é1000 ɺ/ʩʤ, ï ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʚ ʦʩʪʘʥʥʽʡ ʥʘʫʢʦʚʽʡ ʧʨʘʮ̔. 

ʏʘʩ ʩʧʽʢʘʥʥʷ ɻʄ ʩʪʘʥʦʚʠʪʴ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 10é60 ʩ [223]. ʉʧʦʩʽʙ ʟʘʩʪʦʩʦʚʫ-

ʻʪʴʩʷ ʜʣʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʦʚʠʭ ɻʄ [579]. ʆʭʦʣʦʜʞʝʥʥʷ ʇʌ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʧʨʦʪʦʯʥʽʡ ʚʦʜʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 288é293 ʂ [255]. ʏʘʩ ʦʭʦʣʦ-

ʜʞʝʥʥʷ ʇʌ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʤʧʽʨʠʯʥʦʾ ʬʦʨʤʫʣʠ [223]: 
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ʈʠʩʫʥʦʢ 1.5 ï ɿʘʣʝʞʥʽʩʪʴ [220] ʪʨʠʚʘʣʦʩʪʽ ʧʽʜʩʧʽʥʶʚʘʥʥʷ ʛʨʘʥʫʣ ʚʽʜ ʥʘʩʠʧʥʦʾ 

ʤʘʩʠ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʜʣʷ ʨʽʟʥʦʛʦ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʫ ʚʦʜʽ (T = 373 ʂ) (ʘ) ʪʘ 

ʚʦʜ̫ʥʽʡ ʧʘʨʽ (T = 371é373 ʂ) (ʙ): 1 ï ʬʨʘʢʮʽʾ 0,5é1,0 ʤʤ, 2 ï ʬʨʘʢʮʽʾ 1,0é1,6 ʤʤ, 

3 ï ʬʨʘʢʮʽʾ 1,6é2,5 ʤʤ, 4 ï ʬʨʘʢʮʽʾ 2,5é5,0 ʤʤ, 5 ï ʙʝʟ ʨʦʟʩʽʚʘʥʥʷ; ʪʨʠʚʘʣʩ̔ʪɹ 

ʩʧʽʢʘʥʥʷ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ (ʚ) ʬʨʘʢʮʽʡ 1,0é1,6 ʤʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʚ ʘʚʪʦʢʣʘʚʽ 

ʜʣʷ ɻʄ ʽʟ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ [255]: 1 ï 10 ʤʤ, 2 ï 20 ʤʤ, 3 ï 40 ʤʤ, 4 ï 80 ʤʤ; ʚʧʣʠʚ 

ʰʚʠʜʢʦʩʪʽ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ (ʛ) ʥʘ ʧʦʢʘʟʥʠʢʠ ʛʘʟʠʬʽʢʘʮʽʾ ɻʄ [224]; ʢʽʥʝʪʠʯʥʘ 

ʜʽʘʛʨʘʤʘ (ʜ) ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ɻʄ [222]: 1 ï ʈʌ, 2 ï ʊʌ, 3 ï ɻʌ, 4 ï ʇʌ, ʪʭ ï ʤʘʩʦʚʘ 

ʯʘʩʪʢʘ ʧʨʦʜʫʢʪʽʚ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ɻʄ, ʛ, m0 ï ʚʠʭʽʜʥʘ ʤʘʩʘ ɻʄ, ʛ, tx ï ʪʨʠʚʘʣʽʩʪʴ 

ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ, ʩ, t0 ï ʯʘʩ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ɻʄ, ʩ 
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 321,0 D=
ɻʄʦʭt , (1.22) 

ʜʝ ȹɻʄ ï ʩʝʨʝʜʥʷ ʘʨʠʬʤʝʪʠʯʥʘ ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ɻʄ, ʤʤ. 

ʉʫʰʽʥʥʷ ɻʄ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʥʘ ʧʦʚʽʪʨʽ ʘʙʦ ʫ ʩʫʰʠʣʘʭ ʧʨʠ ʊ = 323é333 ʂ 

[222]. ʏʘʩ ʩʫʰʽʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʩʪʘʥʦʚʠʪʴ 24é48 ʛʦʜ., ʘ ʚ ʩʫʰʠʣʘʭ ï 4é6 ʛʦʜ. [223]. 

ɺʠʪʨʠʤʢʘ ɻʄ ʥʘ ʧʦʚʽʪʨʽ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʦʟʤʽʨʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 3 ʜʽʙ; ʫʩʘ-

ʜʢʘ ɻʄ ʽʟ ʧʥ̔ʦʧʦʣʽʩʪʠʨʦʣʫ ʩʢʣʘʜʘʻ 0,1 % (ʦʙ. ʯʘʩʪʢʘ) [255]. 

ʇʌ ʚʠʛʦʪʦʚʣʷʶʪʴ ʪʘʢʦʞ ʽʟ ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ7ʯ ɼʉʊʋ 2839:1994, 

ɸʂ12 ɼʉʊʋ 2839:1994 [256] ʪʘ ʽʥʰʠʭ. ʊʦʚʱʠʥʘ ʾʭ ʩʪʽʥʦʢ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʽʚʥʦʤʽʨ-

ʥʦʶ, ʽ ʩʪʘʥʦʚʠʪʠ, ʚ ʩʝʨʝʜʥɹʦʤʫ, 6é12 ʤʤ, ʰʦʨʩʪʢʽʩʪʴ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ï ʥʝ ʥʠʞʯʝ 5 

ʢʣʘʩʫ, ʘ ʨʦʟʤʽʨʥʘ ʪʦʯʥʽʩʪʴ ï 10é11 ʢʚʘʣʪ̔ʝʪ [225]. 

ʇʌ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʩʧʽʢʘʥʥʷ ɻʄ ʚʦʜʷʥʦʶ ʧʘʨʦʶ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʝʨ-

ʬʦʦʪʚʦʨʠ [222] ʜʽʘʤʝʪʨʦʤ 0,5é1,0 ʤʤ ʽʟ ʢʨʦʢʦʤ 30é40 ʤʤ ʘʙʦ ʞ ʱʽʣʠʥʥʽ ʚʝʥʪʠ ʟ̔ 

ʢʨʦʢʦʤ 40é60 ʤʤ. ʂʨʦʢ ʧʨʦʨʽʟʽʚ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʤʝʥʰʠʤ 1,5 ʤʤ [255]. ʅʦʨʤʘʣʴ-

ʥʠʡ ʨʷʜ ʚʝʥʪ (ʪʘʙʣ. ɸ.6) ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʘʭ. ɼʣʷ ʚʠʙʦʨʫ ʦʢʨʝʤʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʇʌ ʥʘ ʧʨʘʢʪʠʮʽ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠʩʴ ʪʘʢʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʷʢ: 

ʈʊʄ 10-60 çʇʨʝʩʩ-ʬʦʨʤʳ ʜʣʷ ʣʠʪʴʷ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤè, ʘ ʪʘʢʦʞ ʄʅ 4300-

62, ɀȼ 4342-62 çʌʦʨʤʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʧʣʘʚʣʷʝʤʳʭ ʤʦʜʝʣʝʡè [224]. 

ʏʘʩ ʧʦʚʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʤʘʪʝʨʽʘʣʫ ɻʄ (ʥʘʜʧʠʩ ʜʦ ʨʠʩ. 1.5) ʤʦʞʝ ʙʫʪʠ ʧʽʜʨʘʭʦʚʘ-

ʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʘʚʪʦʨʘʤʠ ʪʘʢʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʷʢ [221, 223]: 

 
v

H ɻʄ

0

0
=t , (1.23) 

ʜʝ Hɻʄ ï ʚʠʩʦʪʘ ɻʄ, ʩʤ; ɜ0 ï ʰʚʠʜʢʽʩʪʴ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ɜ0 = 

0,5 ʩʤ/ʩ [ʜʣʷ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʟ̔ ʛʫʩʪʠʥʦʶ 0,020...0,025 ʛ/ʩʤ
3
 (20...25 ʢʛ/ʤ

3
)]. 

ɿʘ ʦʜʠʥʠʯʥʦʛʦ ʪʘ ̔ʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ɻʄ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʚʠʛʦ-

ʪʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʥʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʙʣʦʯʥʦʛʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʪʦʙ-

ʪʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʦʚʠʭ ʧʣʠʪ, ʽ ʥʘʩʪʫʧʥʦʛʦ ʾʭ ʩʢʣʝʶʚʘʥʥʷ [256] ʤʽʞ ʩʦʙʦʶ. ʈʝʞʠʤʠ 

ʨʽʟʘʥʥʷ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʪʘʙʣ. ɸ.7, ɸ.8) ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʠʞʯʝ. 

ɼʦʩʠʪʴ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʡ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʫ ̫ ʢʠʭ ʨʽʞʫ-

ʯʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʠʩʪʫʧʘʻ ʥʽʭʨʦʤʦʚʘ ʥʠʪʢʘ ʜʽʘʤʝʪʨʦʤ 0,3é1,0 ʤʤ [255]. ʊʝʤʧʝʨʘ-



 70 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ (ʘ) ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʫ [221]: 1 ï ʇʌ, 

2 ï ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ, 3 ï ʽʥôʻʢʪʦʨʠ, 4 ï ʦʪʚʦʨʠ ʜʣʷ ʚʠʭʦʜʫ ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ ʚʦʜʷʥʦʾ 

ʧʘʨʠ; ʇʌ (ʙ) ʤʦʜʝʣʴʥʦʛʦ ʘʚʪʦʤʘʪʘ [255]: 1 ï ʚʠʭʽʜ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʚʦʜʠ ʽ ʧʦʚʽʪʨʷ, 

2 ï ɻʄ, 3 ï ʬʦʨʩʫʥʢʠ ʜʣʷ ʧʦʜʘʯʽ ʚʦʜʠ, 4 ï ʦʪʚʦʨʠ ʜʣʷ ʟʘʜʫʚʘʥʥʷ ʛʨʘʥʫʣ 

ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, 5 ï ʚʝʨʭʥʷ ʧʘʨʦʚʘ ʢʘʤʝʨʘ, 6 ï ʥʝʨʫʭʦʤʘ ʯʘʩʪʠʥʘ ʇʌ, 7 ï ʧʦʜʘʯʘ 

ʚʦʜʷʥʦʾ ʧʘʨʠ, 8 ï ʨʫʭʦʤʘ ʯʘʩʪʠʥʘ ʇʌ, 9 ï ʥʠʞʥʷ ʧʘʨʦʚʘ ʢʘʤʝʨʘ 
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ʪʫʨʘ ʜʨʦʪʫ ʧʦʚʠʥʥʘ ʙʫʪʠ 523é673 ʂ, ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ 3é5 ʩʤ/ʩ [221]. ɼʣʷ ʩʢʣʝʶ-

ʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ [223]: ʢʣʝʡ ̄  61, ʨʦʟʯʠʥʝʥʠʡ ʫ ʙʝʥʟʠʥʽ; ʩʤʦʣʘ çʄʌ-

17è (ʄʈʊʋ MXʇ-6-05-l00-66) ʟ̔ ʟʘʪʚʝʨʜʞʫʚʘʯʝʤ ï ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʶ ʱʘʚʣʝʚʦʶ ʢʠʩ-

ʣʦʪʦʶ (ɼʉʊ 5973-69); ʢʣʝʡ çɺʀɸʄ-ɹè; ʧʦʣʽʚʽʥʽʣ-ʘʮʝʪʘʪʥʘ ʝʤʫʣʴʩʽʷ; ʢʣʝʡ çɹʌ-2è. 

ʅʝʨʽʚʥʦʩʪʽ, ʚʠʙʦʾʥʠ, ʚʤôʷʪʠʥʠ, ʰʚʠ ʪʘ ʥ̔ʰʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʬʝʢʪʠ ʡ ʫʰʢʦʜ-

ʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ɻʄ, ʟʘʰʧʘʨʦʚʫʶʪʴʩʷ, ʟʘʟʚʠʯʘʡ, ʰʧʘʢʣʽʚʢʦʶ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ, % (ʤʘʩ. ʯʘʩʪʢʘ) [224]: ʧʘʨʘʬʽʥʫ ï 12,5; ʩʪʝʘʨʠʥʫ ï 12,5; ʦʣʽʬʠ çʆʢ-

ʩʦʣʴè ï 25,0; ʜʝʢʩʪʨʠʥʫ ï 50,0. ʐʚʠ ʤʦʞʥʘ ʟʘʢʣʝʶʚʘʪʠ ʪʘʢʦʞ  ̔ʢʣʝʡʦʚʠʤ ʧʘʧʝʨʦʤ 

ʘʙʦ ʧʦʣʽʭʣʦʨʚʽʥʽʣʦʚʦʶ ʧʣ̔ʚʢʦʶ [255]. 

ɼʨʽʙʥʽ ʛʘʣʪʝʣ ̔ʚʠʢʦʥʫʶʪʴʩʷ h ʧʘʢʣʽʚʢʦʶ ʘʙʦ ʧʦʣʽʭʣʦʨʚʽʥʽʣʦʚʦ ʁʧʣʽʚʢʦʶ, ʚʝʣʠʢʽ 

ï ʚʠʨʽʟʘʶʪʴ ʽʟ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʪʘ ʚʢʣʝʶʶʪʴ [225]. ɻʘʣʪʝʣ ̔ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʪʘ-

ʢʦʞ ʧʘʣʴʮʝʚʠʤʠ ʬʨʝʟʘʤʠ [220ï223, 255, 290]. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʠʣʠʚʢʽʚ ɻʄ 

ʽʟ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʬʘʨʙʫʁ ʪʴ ʧʨʦʪʠʧʨʠʛʘʨʥʠʤ ʧʦʢʨʠʪʪʷʤ (ʪʘʙʣ. ɸ.9) ʫ 2...3 h ʘʨʠ. 

ʇʨʠ ʟʘʧʦʚʥʝʥʥʽ ʃʌ ʤʝʪʘʣʦʤ, ɻʄ ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʨʦʟʧʣʘʚʫ ʜʝʩʪʨʫʛʫʻ 

ʟ ʫʪʚʦʨʝʥʥʷʤ ʇɻʌ, ʈʌ, ʊʌ [255]. ʄʘʩʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʣʘʚʣʝʥʥʷ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ 

(ʫʪʚʦʨʝʥʥʷ ʈʌ) ʚʧʣʠʚʘʻ ʥʘ ʧʦʷʚʫ ʫ ʚʠʣʠʚʢʘʭ ʜʝʬʝʢʪʽʚ ʧʦʚʝʨʭʥʽ ʪʘ ʦʙôʻʤʫ, ʯʝʨʝʟ ʮʝ 

ʚʦʥʘ (ʰʚʠʜʢʽʩʪʴ)  ̒ʪʘʢʦʞ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʃɻʄ-ʧʨʦʮʝʩʫ [223]. ʈʌ ʥʘʢʦ-

ʧʠʯʫʻʪʴʩʷ ʜʦ ʢʽʥʮʷ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ ʥʘ ʤʝʞʽ Me ï ʃʌ ʽ ʧʽʜʜʘʻʪʴʩʷ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ 

ʚʜʨʫʛʝ [221, 290]. ʉʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʧʝʨʚʠʥʥʦʾ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ (ʨʠʩ. 

1.5) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘ̔ʛʨʘʤʠ, ʧʦʢʘʟʘʥʦʾ ʚʠʱʝ. 

ʄʘʩʦʚʽ ʯʘʩʪʢʠ ʧʨʦʜʫʢʪʽʚ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ɻʄ, ʟʘ ʫʤʦʚʠ ʧʦʚʥʦʛʦ ʨʦʟʢʣʘʜʫ ʈʌ ʽ 

ʟʘʣʠʚʘʥʥʷ ʤʝʪʘʣʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1573...1623 ʂ, ʩʢʣʘʜʘʁ ʪʴ [223], %: ʧʘʨʦʧʦʜʽʙʥʽ 

(C6H6 ï 2,35; C7H8 ï 1,60; C8H8 ï 11,85); ʛʘʟʦʧʦʜʽʙʥʽ (H2 ï 0,75; CO ï 1,89; CO2 ï 4,67; 

CH4 ï 1,34; C2H4 ï 1,79; C2H6 ï 2,30; C2H2 ï 0,07; C3H6 ï 0,25; C3H2 ï 0,04; C5H12 ï 

2,30); ʪʚʝʨʜʽ (ʩʘʞʘ ï 68,80). ɺʽʜʥʦʩʥʘ ʛʘʟʦʪʚʦʨʥʽʩʪʴ, ʷʢʘ, ʧʨʘʢʪʠʯʥʦ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽ-

ʣʴʢʽʩʪʶ ʇɻʌ ʧʝʨʚʠʥʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ɻʄ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʙʩʦʣʶʪʥʦʾ ʛʘʟʦʪʚʦʨʥʦʩʪʽ ï 

ʇɻʌ ʧʦʚʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʦʚʦʾ ɻʄ (220 ʩʤ
3
/ʛ), ʪʦʙʪʦ [255]: 

 QnQq )1( e-== , (1.24) 

ʜʝ n ï ʩʪʫʧʽʥʴ ʛʘʟʠʬʽʢʘʮʽʾ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ; e ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʈʌ; Q ï ʘʙ-

ʩʦʣʶʪʥʘ ʛʘʟʦʪʚʦʨʥʽʩʪʴ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʩʤ
3
/ʛ. 
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ʇʨʠʯʦʤʫ ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ n ʪʘ e (ʨʠʩ. 1.5) ʟʘʣʝʞʘʪʴ ʣʠʰʝ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʧʽʜʡʦʤʫ Me-ʨʦʟʧʣʘʚʫ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ [221ï223, 255]. ɺʽʜʥʦʩʥʘ ʛʘʟʦʪʚʦʨʥʽʩʪʴ ʬʦ-

ʨʤʫʻ ʚ ʟʘʟʦʨʽ d (ʨʠʩ. 1.4) ʛʘʟʦʚʠʡ ʪʠʩʢ [222]: 
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ʜʝ 
Mev  ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ, ʩʤ/ʩ; 

ɖɻ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ ʚ ʟʘʟʦʨʽ ŭ, ʱʦ ʜʦʨʽʚʥʶʻ 0,01 ʩʇʟ (10
-5
 ʇʘĿʩ); ʌT  ï ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʃʌ, ʂ; l ï ʰʣʷʭ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ, ʩʤ; ʌF  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʃʌ ʚ 

ʟʦʥʽ ʚʟʘʻʤʦʜʽʾ ɻʄ ʟ ʤʝʪʘʣʦʤ, ʩʤ
2
; ʇɻ  ï ʩʪʘʥʜʘʨʪʥʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʃʌ (ʛʘʟʦʧʨʦʥʠ-

ʢʥʽʩʪʴ ʟʘ ɼʘʨʩʽ ʜʦʨʽʚʥʶʻ ɻʇ/3,2); ʇ ï ʧʝʨʠʤʝʪʨ ɻʄ ʚ ʟʦʥʽ ʚʟʘʻʤʦʜʽʾ ʟ̔ Me-ʨʦʟʧʣʘʚʦʤ, 

ʩʤ; 0P  ï ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ, ʢʛʩ/ʩʤ
2
 (10

5
 ʇʘ); ɻMr  ï ʫʜʘʚʘʥʘ ʛʫʩʪʠʥʘ ɻʄ, ʛ/ʩʤ

3
; d ï 

ʟʘʟʦʨ (ʨʠʩ. 1.4), ʱʦ ʜʦʨʚ̔ʥʶʻ 0,5...1,0 ʩʤ. 

ʅʘ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʶ ɻʄ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʚʠʪʨʘʯʘʻʪʴʩʷ 2400 ʢʢʘʣ/ʢʛ (10
7
 

ɼʞ/ʢʛ) ʪʝʧʣʘ [223]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʥʘ 308 ʂ [223]. 

ɺ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦ ʾʃʌ ʤʘʻ ʤʽʩʮʝ ʦʜʥʦʤʽʨʥʘ ʧʘʨʘʣʝʣʴʥʘ ʣʘʤʽʥʘʨʥʘ ʬʽʣʴʪʨʘʮʽʷ 

ʛʘʟʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʷʢʘ ʥʘʧʨʘʚʣʝʥʘ 

ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʩʪʽʥʢʠ ʃʌ [221] ï ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ Y (ʨʠʩ. 1.4). ʋʤʦʚʠ ʧʝʨʝʤʽʱʝʥʥʷ ʛʘ-

ʟʽʚ ʫ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʠʤ ʻ ʃʌ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ ʬʽʣʴʪ-

ʨʘʮʽʾ ɼʘʨʩʽ, ʟʛʽʜʥʦ ʷʢʦʛʦ ʧʦʪʽʢ ʛʘʟʫ ʧʨʦʧʦʨʮʽʡʥʠʡ ʛʨʘʜʽ̒ ʥʪʫ ʾʭ ʪʠʩʢʫ [223, 290]: 

 t
g

d
dy

dPS
DdV
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i
ʌiä

=-= 1 , (1.26) 

ʜʝ dV ï ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ ʛʘʟʫ, ʧʨʦʬʽʣʴʪʨʦʚʘʥʠʡ ʯʝʨʝʟ ʪʦʚʱʫ ʬʦʨʤʫʚʘʣʴʥʦʛʦ ʤʘ-

ʪʝʨʽʘʣʫ ʟʘ ʯʘʩ dŰ ʧʽʜ ʜʽʻʶ ʛʨʘʜʽʻʥʪʫ ʪʠʩʢʫ dPʌ/dy, ʤ3
; D ï ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ɼʘ-

ʨʩʽ, ʤ
2
/ʩ; ä

=

n

i
iS

1

 ï ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ (ʚʢʣʶ-

ʯʘʶʯʠ ʧʝʨʝʨʽʟ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ), ʤ
2
; ɔ ï ʧʠʪʦʤʘ ʚʘʛʘ ʬʽʣʴʪʨʘʪʫ, ʅ/ʤ3

. 

ʋ ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ [255], ʟ ʧʦʩʠʣʘʥʥʷʤ ʥʘ ʖ.ɸ. ʉʪʝʧʘʥʦʚʘ ʡ ɺ.ɻ. ʄʦʩʢʘʣʴʦʚʘ 
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[283], ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʚʝʣʠʯʠʥʫ ʟʘʟʦʨʫ, ʷʢʠʡ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 
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ʜʝ b ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʩʤ/ʩ [221]: 

 ab 25,0= , (1.28) 

ʜʝ a ï ʧʠʪʦʤʠʡ ʢʦʝʬʽʮʽʻʥʪ ʛʘʟʦʚʠʜʽʣʝʥʥʷ, ʩʤ/ʩ; Űʟʘʣ ï ʪʨʠʚʘʣʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ ʃʌ 

ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʩ [223]: 

 

v
H
ʦʧ

Me

ɻʄ

ʟʘʣ
=t , (1.29) 

ʜʝ Hɻʄ ï ʚʠʩʦʪʘ ɻʄ, ʩʤ; v
ʦʧ

Me  ï ʦʧʪʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ Me-ʨʦʟʧʣʘʚʫ ʫ çʧʦ-

ʨʦʞʥʠʥʽè ʃʌ, ʩʤ/ʩ; ʟʘʣʝʞʥʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʽʜʡʦʤʫ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘ-

ʚʫ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʚʽʜ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ (ʪʘʙʣ. ɸ.10); ʮ̫  ʟʘʣʝʞʥʽʩʪʴ 

ʻ ʝʤʧʽʨʠʯʥʦʶ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; m ï ʚʽʜʥʦʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʛʘʟʦʚʠʜʽʣʝʥʥʷ; ɛ ï ʢʦʝʬʽʮʽ-

ʻʥʪ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʃʉ, ɛ = 0,5...0,6 ʢʛ/(ʩĿʩʤ2); Fɾ ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʞʠʚʠʣʴʥʠʢʘ, ʩʤ
2
; Hʨ ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʥʘʧʽʨ ʤʝʪʘʣʫ, ʩʤ [222]: 

 
2

minmax HH
H p

+
= , (1.30) 

ʜʝ Hmax, Hmin ï ʚʽʜʧʦʚʽʜʥʦ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʽ ʤʽʥʽʤʘʣʴʥʠʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʥʘʧʦʨʠ ʨʦ-

ʟʧʣʘʚʫ ʤʝʪʘʣʫ ʧʨʠ ʩʠʬʦʥʥʦʤʫ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʽ, ʩʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ [221, 222, 224] ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ a ʪʘ m ʤʘʶʪʴ ʩʢʣʘʜʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ ʟʘ ʩʪʘʣʠʭ ʟʥʘʯʝʥɹ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʠʚʘʥ-

ʥ ̫ʡ ʛʫʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ ɻʄ. ʊʝʭʥʦʣʦʛʽʷ ʃʌ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʦʩʦʙʦʤ ʣʠʪʪʷ [255]. ʅʝ-

ʦʙʭʽʜʥʦ ʧʨʘʛʥʫʪʠ ʜʦ ʧʦʚʥʦʾ ʣʽʢʚʽʜʘʮʽʾ ʩʪʨʠʞʥʽʚ ʽ ʚʠʛʦʪʦʚʣʷʪʠ ʃʌ ʥʝʨʦʟôʻʤʥʠʤʠ 

[223]. ʗʢ ʤʘʪʝʨʽʘʣ ʃʌ ʚʠʙʠʨʘʶʪʴʩʷ ʚʠʩʦʢʦʛʘʟʦʧʨʦʥʠʢʥ̔ ʈʉʉ; ʬʫʨʘʥʦʚʽ ʩʫʤʽʰʽ; ʩʫ-

ʤʽʰʽ, ʦʪʨʠʤʘʥʽ ʟʘ CO2-ʧʨʦʮʝʩʦʤ, ʥʘ ʦʩʥʦʚʽ ʢʚʘʨʮʦʚʠʭ, ʮʠʨʢʦʥʦʚʠʭ, ʤʝʪʘʣʝʚʠʭ ʪʘ ʥ̔-



 74 

ʰʠʭ ʧʽʩʢʽʚ [220ï223, 225, 255, 284]. ɻʄ ʫ ʃʌ ʨʦʟʪʘʰʦʚʫʶʪʴ ʪʘʢ, ʱʦʙ ʚʽʜʥʦʰʝʥʥʷ 

ʧʣʦʱʽ ʾʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʱʦʜʦ ʥʘʧʨʷʤʢʫ ʧʽʜʡʦʤʫ ʤʝʪʘʣʫ ʫ ʃʌ) ʜʦ ʧʝʨʠʤʝʪʨʘ 

ʮʴʦʛʦ ʧʝʨʝʨʽʟʫ ʙʫʣʦ ʤʽʥʽʤʘʣʴʥʠʤ, ʪʦʙʪʦ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʾʾ ʥʝʦʙʭʽʜʥʦ ʚʝʨʪʠʢʘʣʴʥʦ ʘʙʦ 

ʧʦʭʠʣʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʣʦʱʠʥʠ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ [220ï223, 255]. ɻʄ ʟʘʩʪʦʩʦ-

ʚʫʶʪʴʩʷ ʷʢ ʧʨʠ ʦʜʠʥʠʯʥʦʤʫ, ʪʘʢ ʽ ʩʝʨʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʣʠʪʚʘ [221ï223]. 

ɸʚʪʦʨ ʨʦʙʦʪʠ [293] ʥʘʧʦʣʷʛʘʻ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʽʣʴʢʠ çʥʠʞʥʴʦʾè ʃʉ ʟ ʞʠʚʠʣʴ-

ʥʠʢʘʤʠ, ʨʦʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʨʽʚʥʦʤʽʨʥʦ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʝʣʝʤʝ-

ʥʪʘʤʠ ʃʉ ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʘʢʠʤʠ ʞ, ʷʢ ʽ ʧʨʠ ʣʠʪʪʽ ʫ ʇɻʌ [220ï223, 255]. ɺʠʧʦʨʠ ʡ 

ʥʘʜʣʠʚʠ ï ʪʽʣʴʢʠ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ [221]. ʈʦʟʨʘʭʫʥʦʢ ʩʫʤʘʨʥʦʾ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝ-

ʨʝʨʽʟʫ ʞʠʚʠʣʴʥʠʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦ  ʁ[255]: 
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ʜʝ mɺ ï ʤʘʩʘ ʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ, ʢʛ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʜʝʨʞʘʪʠ ʚʠʣʠʚʦʢ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, ʫ ʇɻʌ ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʝʛʪʠ ʨʽ-

ʚʥʦʚʘʛʫ ʩʠʩʪʝʤʠ Me-ʨʦʟʧʣʘʚ ï ʇ̔ ʩʦʢ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ̔ ʥʝʨʽʚʥʦʩʪʽ [221]: 
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ʜʝ ɟʇ ï ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʧʽʩʢʫ, ʛ/ʩʤ
3
; z ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʣʠʪʦʾ 

ʟʘʛʦʪʦʚʢʠ ʜʦ ʚʝʨʭʫ ʃʌ, ʩʤ; ű ï ʢʫʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʥʘʧʦʚʥʶʚʘʯʘ, ʨʘʜ; K ï ʢʦʝ-

ʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʝʨʝʭʽʜ ʣʘʤʽʥʘʨʥʦʾ ʪʝʯʽʾ ʛʘʟʫ ʚ ʃʌ ʫ ʪʫʨʙʫʣʝʥʪʥʫ (ʜʣʷ ʛʘʟʦʧ-

ʨʦʥʠʢʥʠʭ ʩʪʽʥʦʢ ʢʦʥʪʝʡʥʝʨʘ ʚʽʥ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ K = 0,25...0,30; ʘ ʜʣʷ ʛʘʟʦʥʝʧʨʦ-

ʥʠʢʥʠʭ ï K = 0,30...0,50). 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʚʘʨʮʦʚʠʭ ʧʽʩʢʽʚ 

ʚʠʟʥʘʯʘʶʪʴʩʷ, ʟʘʟʚʠʯʘʡ, ʬʦʨʤʦʶ ʟʝʨʥʘ ʽ ʤʘʣʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ ʨʦʟʤʽʨʫ [223]. ɼʣʷ ʧʽʩ-

ʢʽʚ ʤʘʨʢʠ ʂ020ɸ ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʘʥʠʤʠ (ʪʘʙʣ. ɸ.11), ʥʘʚʝʜʝʥʠʤʠ ʥʠʞʯʝ. 

ʏʘʩ ʫʱʽʣʴʥʝʥʥʷ ʃʌ ʚʽʙʨʘʮʽʻʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʡ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ 

ʚʽʙʨʦʩʪʦʣʘ ʽ, ʚ ʩʝʨʝʜʥʴʦʤʫ, ʚʽʥ ʩʪʘʥʦʚʠʪ ɹ30...40 c [221]: 
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ʜʝ ɤ ï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʧʣʘʪʬʦʨʤʠ ʚʙ̔ʨʦʩʪʦʣʘ, ɻʮ. 

ʇʽʥʦʧʦʣʽʩʪʠʨʦʣʦʚʽ ɻʄ ʫ ʚʠʛʣʜ̫ ̔ʨʝʙʝʨ, ʙʦʙʠʰʦʢ, ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʟʘʩʪʦʩʦʚʫ-

ʶʪʴʩʷ ʽʥʦʜʽ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʜʝʨʝʚôʷʥʠʤʠ [221]. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞ-

ʥʦ ʜʣʷ ʧʨʦʩʪʠʭ ʪʦʚʩʪʦʩʪʽʥʥʠʭ (ȹɺ = 100 ʤʤ) ʚʠʣʠʚʢʽʚ, ʧʨʠʯʦʤʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʃʌ ʥʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʩʧʦʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ, ï ʧʦʚʽʜʦʤʣʷʻ ʘʚʪʦʨ ʮʽʻʾ ʞ ʨʦʙʦ-

ʪʠ. ʇʨʠ ʚʠʣʫʯʝʥʥʽ ɻʄ ʟ̔ ʃʌ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʦʚʽ ʯʘʩʪʠʥʠ ʟʘʣʠʰʘʶʪʴʩʷ, ʽ ʧʦʪʽʤ ʛʘʟʠ-

ʬʽʢʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʤʝʪʘʣʫ [222]. ɼʣʷ ʚʠʣʠʚʢʽʚ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʧʨʠ-

ʟʥʘʯʝʥʥʷ ʨʦʙʣʷʪʴ ʧʦʧʝʨʝʜʥʻ ʚʠʧʘʣʶʚʘʥʥʷ ɻʄ ʽʟ ʃʌ ʢʠʩʥʝʤ ʘʙʦ ʩʫʤʽʰʰʶ ʘʮʝʪʠʣʝ-

ʥʫ ʟ ʢʠʩʥʝʤ ʫ ʩʫʰʠʣʘʭ ʧʨʠ T = 673 ʂ ʪʘ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ [220ï225, 255, 256]. 

ʆʜʝʨʞʘʥʥʷ ʚʝʣʠʢʠʭ ʦʜʠʥʠʯʥʠʭ ʚʠʣʠʚʢʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʚʝʣʠʢʦ ʾ

ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʤʘʪʝʨʽʘʣʫ ɻʄ ʧʽʜ ʯʘʩ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ, 

ʪʦʤʫ ʃʌ ʧʦʚʠʥʥʽ ʤʘʪʠ ʜʦʩʪʘʪʥʶ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʡ ʧʦʩʠʣʝʥʫ ʚʝʥʪʠʣʷʮʽʶ [221]. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʠʜʽʣʝʥʥʷ ʩʘʞʽ ʽ ʜʠʤʫ ʜʣʷ ʜʫʞʝ ʚʝʣʠʢʠʭ ʚʠʣʠʚʢʽʚ ʫ ʟʦʥʫ ʚʟʘʻʤʦʜʽʾ ʤʝʪʘ-

ʣʫ ̔ʟ ɻʄ (ʟʘʟʦʨ ŭ), ʫ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʨʦʙʣʝʥʽ ʥʘʩʢʨʽʟʥʽ ʢʘʥʘʣʠ ʯʝʨʝʟ ʃʌ ʪʘ ɻʄ, ʧʦʜʘ-

ʻʪʴʩʷ CO2 [290]. ɺʠʪʨʘʪʘ ʛʘʟʫ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ 0,9...1,5 ʤ
3
 ʽʟ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 ʢʛ ʤʘ-

ʩʠ ɻʄ [221]. ʊʠʩʢ ʥʘ ʚʠʭʽʜʥʦʤʫ ʚʝʥʪʠʣʽ ʨʝʜʫʢʪʦʨʘ ʧʦʚʠʥʝʥ ʙʫʪʠ 0,5...0,6 ʢʛʩ/ʩʤ
2
 

[(0,5é0,6)Ŀ10
5
 ʇʘ] [221, 223, 290]. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʦʜʠʥʠʯʥʠʭ ʚʠʣʠʚʢʽʚ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ ʥʘʡ-

ʨʝʥʪʘʙʝʣʴʥʽʠhʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʡʦʛʦ ʜʣʷ ʃʌ ʽʟ ʈʉʉ, ï ʚʚʘʞʘʻ ʄ.ɻ. ɻʽʨʰʦʚʠʯ [25]. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ, ʥʘ ʡʦʛʦ ʜʫʤʢʫ, ʟʨʦʩʪʘʻ, ʧʨʠ ʮʴʦʤʫ, ʫ 3é4 ʨʘʟʠ. ʇʨʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʧʣʘʩʪʠʯʥʠʭ ʬʦʨʤʫʚʘʣʴʥʠʭ ʩʫʤʽʰʝʡ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶ̒ ʪʴʩʷ ʫ 

ʪ̔ ʡ ʩʘʤʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʡ ʧʨʠ ʟʚʠʯʘʡʥʠʭ ʤʝʪʦʜʘʭ ʣʠʪʪʷ [221]. ʅʘʚʘʥʪʘʞʝʥʥʷ ʃʌ 

ʧʽʜ ʯʘʩ ʟʘʣʠʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʘʟʦʚʦʛʦ ʪʠʩʢʫ ʚ ʟʘ-

ʟʦʨʽ ʤʽʞ ʜʟʝʨʢʘʣʦʤ ʤʝʪʘʣʫ ʽ ɻʄ, ʪʦʙʪʦ ʫ ʟʘʟʦʨʽ ŭ [222, 255]: 

 mSSHFPm ʆʌʌʌʈMeʌʌɻ
--

¡
+= sr , (1.34) 

ʜʝ mɻ ï ʤʘʩʘ ʚʘʥʪʘʞʫ, ʢʛ; S'ʌ ï ʧʣʦʱʘ ʃʌ, ʥʘ ʷʢʫ ʜʽʻ ʧʽʜʥʽʤʘʣʥɹʘ ʩʠʣʘ Me-ʨʦʟʧʣʘʚʫ, 

ʩʤ
2
; ůʌ ï ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʨʦʟʨʠʚʫ ʤʘʪʝʨʽʘʣʫ ʃʌ, ʢʛʩ/ʤʤ

2
; Sʌ ï çʞʠʚʠʡè ʧʝʨʝʨʽʟ 

ʃʌ, ʩʤ
2
; ʪʆ ï ʤʘʩʘ ʚʝʨʭʥʽʭ ʦʧʦʢ, ʢʛ. 
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ʍʘʨʘʢʪʝʨʥʽ ʜʝʬʝʢʪʠ ʚʠʣʠʚʢʽʚ ʽ ʧʨʠʯʠʥʠ ʾʭ ʫʪʚʦʨʝʥʥʷ, ʟʘ ɺ.ʉ. ʐʫʣʷʢʦʤ [221, 

222, 255, 290], ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

ʘ) çh ʠʬʝʨʥʠʡ ʥʘʙʽʨè ï ʭʚʠʣʷʩʪʽʩʪʴ ʧʦʚʝʨʭʥʽ ʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ; ʚʠʩʦʪʘ ʛʨʝʙʽʥʮʷ 

ʜʦʩ̫ʛʘʻ 3 ʤʤ; ʧʦʚʝʨʭʥʷ ʧʦʢʨʠʪʘ ʧʣʽʚʢʘʤʠ ʧʽʨʦʚʫʛʣʝʮʶ. ʇʨʠʯʠʥʠ ʫʪʚʦʨʝʥʥʷ: ʥʠʟʴʢʘ 

ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʃʌ (~10 ʦʜ.); ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ; ʚʝʣʠʢʘ ʫʜʘʚʘʥʘ 

ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ɻʄ; ʥʝʧʨʘʚʠʣʴʥʝ ʧʽʜʚʝʜʝʥʥʷ ʤʝʪʘʣʫ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ; 

ʙ) ʚʫʛʣʝʮʝʚʽ ʨʘʢʦʚʠʥʠ ï ʛʣʠʙʦʢʽ ʨʘʢʦʚʠʥʠ ʽ ʩʢʣʘʜʢʠ, ʣʦʢʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʚʝʨʭʥʽʡ, ʽʥʦʜ ̔ï ʙʽʯʥʠʭ ʧʦʚʝʨʭʥʷʭ ʚʠʣʠʚʢʘ; ʟʘʧʦʚʥʝʥʽ ʩʘʞʠʩʪʠʤ ʚʫʛʣʝʮʝʤ. ʇʨʠʯʠʥʠ 

ʫʪʚʦʨʝʥʥʷ: ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ ʃʌ, ʚʝʣʠʢʘ ʫʜʘʚʘʥʘ ʛʫʩʪʠʥʘ ɻʄ; ʥʝʚʽʨʥʦ 

ʨʦʟʨʘʭʦʚʘʥʘ ʃʉ; ʥʝʧʨʘʚʠʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ɻʄ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ; 

ʚ) ʚʫʛʣʝʮʝʚʽ ʧʣʚ̔ʠ ï ʧʦʚʝʨʭʥʷ ʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ ʧʦʢʨʠʪʘ ʪʦʚʩʪʠʤʠ ʧʣʽʚʘʤʠ ʧʽʨʦ-

ʚʫʛʣʝʮ ;ʁ ʧʽʜ ʧʣʽʚʘʤʠ ï ʟʥʘʯʥʘ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʚʠʣʠʚʢʘ. ʇʨʠʯʠʥʘ ʫʪʚʦʨʝʥʥʷ ï 

ʦʜʥʦʙʽʯʥʝ ʧʜ̔ʚʝʜʝʥʥʷ ʨʦʟʧʣʘʚʫ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ; 

ʛ) ʛʣʠʙʦʢʽ ʥʘʧʽʚʟʘʢʨʠʪʽ ʘʙʦ ʟʘʢʨʠʪʽ ʛʘʟʦʚʽ ʨʘʢʦʚʠʥʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʝʨʭʥʽʡ ʯʘ-

ʩʪʠʥʽ ʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ. ʇʨʠʯʠʥʘ ï ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ ʃʌ ʤʝʪʘʣʦʤ; 

ʜ) ʛʨʫʙʘ ʬʦʨʤʘ ʛʨʘʬʽʪʫ (ʚʠʷʚʣʷʻʪʴʩʷ ʥʘ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʤʫ ʰʣʽʬʽ). ʇʨʠʯʠʥʘ 

ʫʪʚʦʨʝʥʥʷ ï ʥʠʟʴʢʘ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʃʌ ̔ ʧʨʦʪʠʧʨʠʛʘʨʥʦʛʦ ʧʦʢʨʠʪʪʷ. 

ʊʝʨʤʦʜʝʩʪʨʫʢʮʽʷ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʶʪʴʩʷ, ʟ ʽʤʧʣʘʥʪʦʚʘʥʠʤʠ ʜʠʩʧʝʨʩ-

ʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ. ɺʠʛʦʪʦʚʣʝʥʥʷ ɻʄ ʽʟ ʧʦʧʝʨʝʜʥʴʦ ʩʧʽʥʝʥʠʭ ʛʨʘʥʫʣ ʧʽʥʦʧʦʣʽʩʪʠ-

ʨʦʣʫ ʜʦʟʚʦʣʷʻ ʚʚʦʜʠʪʠ ʜʦ ʾʭ ʩʢʣʘʜʫ ʧʦʨʦʰʢʦʧʦʜʽʙʥʽ ʧʨʠʩʘʜʢʠ [233, 245], ʪʦʙʪʦ ʨʽʟ-

ʥʦʤʘʥʽʪʥʽ, ʟʘ ʩʚʦʾʤ ʩʢʣʘʜʦʤ, ɼɯ. ɺʧʣʠʚ ɼɯ ʥʘ ʧʨʦʮʝʩ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʤʘʪʝʨʽʘʣʫ 

ɻʄ, ʥʘʨʘʟʽ, ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ. ɻʄ ʟ̔ ɼɯ ʧʨʠʩʚʷʯʝʥʦ ʜʝʢʽʣʴʢʘ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

[227, 232, 234ï236, 291], ʘʣʝ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʶ ʪʘʢʠʭ ɻʄ ʜʦʩʣʽʜʠʣʠ ʪʘ ʦʧʠʩʘʣʠ ʫ ʩʚʦ-

ʾʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʣʠʰʝ ʘʚʪʦʨʠ [232, 234]. 

ʊʝʧʣʦ ʚʽʜ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʜʦ ɻʄ, ʥʘ ʜʘʤʢʫ ʘʚʪʦʨʘ ʨʦʙʽʪ [232, 234ï236], 

ʧʝʨʝʜʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʯʝʨʝʟ ʟʘʟʦʨ ŭ, ʷʢʠʡ ʟʘʧʦʚʥʝʥʠʡ ʧʨʦʜʫ-

ʢʪʘʤʠ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ. ʅʝ ʚʨʘʭʦʚʫʶʯʠ ʘʪʤʦʩʬʝʨʠ ʟʘʟʦʨʫ ʤʽʞ 

ʜʟʝʨʢʘʣʦʤ ʤʝʪʘʣʫ ʡ ɼʅɻʄ, ʃ.ʇ. ɸʥʥʝʥʢʦ [234] ʟʨʦʙʠʣʘ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʝʨʝʜʘʯʫ 

ʪʝʧʣʘ ʚʽʜ ʧʦʚʝʨʭʥʽ Me-ʨʦʟʧʣʘʚʫ ʜʦ ɻʄ, ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʤʦʞʥʘ ʨʦʟʛʣʜ̫ʘʪʠ ʷʢ 

ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʤʽʞ ʜʚʦʤʘ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ. 
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ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚʽʜ ʦʜʥʽʻʾ ʧʣʘʩʪʠʥʠ ʜʦ ʜʨʫʛʦʾ, 

ʨʦʟʪʘh ʦʚʘʥʦʾ ʧʘʨʘʣʝʣʴʥʦ ʧʝʨʰʽʡ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ [582, 583]: 
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ʜʝ E0,1, E0,2 ï ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʚʽʜʧʦʚʽʜʥʦ, 1-  ʾʪʘ 2-  ʾʧʣʘʩʪʠʥ, ɺʪ/ʤ
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; A1, A2 

ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʛʣʠʥʘʥʥʷ ʮʠʭ ʧʣʘʩʪʠʥ. 

ɿʛʽʜʥʦ ʟʘʢʦʥʫ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ [478, 479, 582, 583]: 
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ʜʝ C0 ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ, C0 = 5,5664 ɺʪ/(ʤ
2Ŀʂ4

) 

[478, 479]; T1, T2 ï ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʩʪʠʥ, ʂ. 

ʃ.ʇ. ɸʥʥʝʥʢʦ ʫ ʨʦʙʦʪʽ [234] ʟʘʜʘʣʘʩʴ ʥʘʩʪʫʧʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʚʠʨʘʟʦʤ [583]: 
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ʜʝ Aʇ ï ʧʨʠʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʘʩʪʠʥ, ɺʪ/(ʤ
2Ŀʂ4

). 

ɸ ʚʽʜʪʘʢ, ʬʦʨʤ. 1.35 ʙʫʣʘ ʧʝʨʝʧʠʩʘʥʘ ʥʝʶ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ [234]: 
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ʅʘ ʧʽʜʩʪʘʚʽ ʟʘʢʦʥʫ ʂʽʨʭʛʦʬʘ [478, 479], ʧʨʠʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʙʫ-

ʣʦ ʟʘʤʽʥʝʥʦ ʧʨʠʚʝʜʝʥʦʶ ʤʽʨʦʶ ʯʦʨʥʦʪʠ [582, 583]. ʎʷ ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʙʫʪʠ 

ʦʙʯʠʩʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʣʝʞʥʦʩʪʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʾʘʚʪʦʨʦʤ ʮʽʻʾ ʞ ʨʦʙʦʪʠ: 
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ʜʝ e1, e2  ï ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ, ʚʽʜʧʦʚʽʜʥʦ, 1-ʾ ʪʘ 2-ʾ ʧʣʘʩʪʠʥ. 

ʊʦʜʽ, ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʦʛʦ ʚʽʜ ʦʜʥʽʻʾ ʧʣʘʩʪʠʥʠ ʜʦ ʽʥʰʦʾ, ʤʦʞʝ ʙʫʪʠ ʦʧʠ-

ʩʘʥʘ ʤʘʪʝʤʘʪʠʯʥʠʤ ʚʠʨʘʟʦʤ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ [582, 583]: 
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ɼɯ, ʚʚʝʜʝʥʽ ʜʦ ɻʄ, ʧʦʢʨʠʚʘʶʯʠ ʧʦʚʝʨʭʥʶ ʢʦʞʥʦʾ ʛʨʘʥʫʣʠ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦ-

ʜʽʣʝʥʽ ʚ ʦʙôʻʤʽ ɻʄ, ʧʨʦ ʱʦ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʫ ʨʦʙʦʪʘʭ [234]. ʇʨʠ ʮʴʦʤʫ, ʥʘ ʜʫʤʢʫ 

ʃ.ʇ. ɸʥʥʝʥʢʦ, ʟʤʽʥʶʻʪʴʩʷ ʤʽʨʘ ʯʦʨʥʦʪʠ ɻʄ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʾʾ ʤʘʪʝʨʽʘʣʫ ʧʦʛ-

ʣʠʥʘʪʠ ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʥ̔ʶʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ɻʄ ʟ ɼɯ ʘʚʪʦʨʦʤ ʮʽʻʾ ʞ ʥʘʫʢʦʚʦʾ ʧʨʘʮʽ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʫʩʘʜʢʠ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʧʽʜ ʜʽʻʶ ʩʪʘʣʦʛʦ ʩʚʽʪʣʦ-

ʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿʘ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ 3-ʭ ʟʘʤʽʨʽʚ ʃ.ʇ. ɸʥʥʝʥʢʦ [234] ʙʫʣʘ 

ʧʦʙʫʜʦʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʦʾ ʫʩʘʜʢʠ ʮʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʚʤʽʩʪʫ ɼɯ. ɼʣʷ ʧʦ-

ʨʽʚʥʷʥʥʷ ʫ ʮʽʡ ʩʘʤʽʡ ʨʦʙʦʪʽ ʽ ʟʘ ʪʠʭ ʩʘʤʠʭ ʫʤʦʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʫʩʘʜʢʫ ʜʦʩʣʽʜʞʫʚʘ-

ʥʠʭ ʟʨʘʟʢʽʚ ʽʟ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʙʝʟ ʧʨʠʩʘʜʢʠ. ɺʽʜʥʦʩʥʘ ʫʩʘʜʢʘ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʩʢʣʘʜʘʻ ʧʦʨʷʜʢʫ 0,85 % (ʦʙ. ʯʘʩʪʢʘ) [234]. 

ʆʪʞʝ [234, 291], ʚʚʝʜʝʥʥʷ ʜʦ ɻʄ ɼɯ ʩʧʨʠʷʻ ʨʽʟʥʦʤʫ ʟʙʽʣʴʰʝʥʥʶ ʫʩʘʜʢʠ ʧʽʥʦ-

ʧʦʣʽʩʪʠʨʦʣʫ ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʧʨʠʩʢʦʨʝʥʥʶ ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ, ʱʦ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʮʽʻʾ ʞ ʨʦʙʦʪʠ, ʧʦʚôʷʟʘʥʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʛ-

ʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ɻʄ. ɼʦʩʣʽʜʥʠʢʠ [125ï127, 227, 232, 234ï236, 245, 251, 

252, 288, 289, 291] ʚʚʘʞʘʶʪʴ, ʱʦ ʧʨʦʮʝʩ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʟʘ ʟʘʢʦʥʘ-

ʤʠ ʪʝʧʣʦʦʙʤʽʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ  ̔ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ɻʄ (ʪʝʧʣʦʻʤʢʦʩʪʽ, ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʡ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦ-

ʩʪʽ), ̫ ʢʽ ʚʠʟʥʘʯʘʶʪʴ h ʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ̔  ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʧʣʘ ʚ ʦʙôʻʤʽ ɻʄ. 

ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʥʘʚʝʜʝʥʽ ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

[221, 222, 285]. ʇʨʦʪʝ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʨʦʙʦʪʠ [232], ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʽʥʦʧʦʣʽʩʪʠ-

ʨʦʣʦʚʠʭ ɻʄ ʟ̔ ɼɯ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʣʝʛʫʚʘʥʥʷ ʘʙʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʤʝʪʘʣʫ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ, ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʥʶʶʪʴʩʷ. 

ɺʚʝʜʝʥʥʷ ʜʦ ɻʄ ɼɯ, ʟʦʢʨʝʤʘ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʘʣʦʧʦʤʽʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦ-

ʧʨʦʚʜ̔ʥʦʩʪʽ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʷʢʘ, ʥʘ ʜʫʤʢʫ ʃ.ʇ. ɸʥʥʝʥʢʦ [234], ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ʘ) ʧʝʨʝʜʘʯʝʶ ʪʝʧʣʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʚʽʜ ʦʜʥʽʻʾ ʤʝʪʘʣʽʯʥʦʾ ʯʘʩʪʢʠ ʜʦ ʽʥʰʦʾ; 

ʙ) ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʫ ʩʝʨʝʜʠʥʽ ʤʝʪʘʣʽʯʥʦʾ ʯʘʩʪʢʠ; 

ʚ) ʪʝʧʣʦʧʝʨʝʜʘʯʝʶ ʚʽʜ ʤʝʪʘʣʽʯʥʦʾ ʯʘʩʪʢʠ ʜʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ; 
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ʛ) ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ. 

ʋ ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ ʥʘ ʧʨʠʣʘʜʽ ʢʦʥʩʪʨʫʢʮʽʾ ɯʥʩʪʠʪʫʪʫ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽ-

ʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʽ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʫ ʨʦʙʦʪʽ [232], ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽ-

ʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɼʅɻʄ. ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ɻʄ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, 

ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ [232, 234]: 
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D

D
=l , (1.42) 

ʜʝ q ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʦʾ ʜʦ ɼʅɻʄ, ɼʞ; ȹT ï ʨʽʟʥʠʮʷ ʤʽʞ ʢʽʥʮʝʚʦʶ ʽ 

ʧʝʨh ʦʧʦʯʘʪʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ɻʄ, ʂ. 

ʆʩʢʽʣʴʢʠ ʜʘʥʘ ʤʝʪʦʜʠʢʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʱʽʣɹ-

ʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʡ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ, ʪʦ ʘʚʪʦʨʠ ʥʘʫʢʦʚʦʾ ʧʨʘʮ̔ [232] ʩʢʦ-

ʨʠʩʪʘʣʠʩʷ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʥʠʞʯʝ: 
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ʜʝ eɼ ï ʩʠʛʥʘʣ ʚʽʜ ʜʘʪʯʠʢʘ, ɺ; ȹeʊ ï ʩʠʛʥʘʣ ʜʠʬʝʨʝʥʮʽʘʣʥɹʦʾ ʪʝʨʤʦʧʘʨʠ, ʷʢʘ ʨʝʛʽʩʪ-

ʨʫʻ ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʛʨʘʥʷʭ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, ɺ; kɼ, kʊ ï ʢʦʝʬʽʮʽʻʥʪʠ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ, ɸ/ʤ
2
, ɺ/ʂ. 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (1.44) ʪʘ (1.43) ʚ (1.42) ʙʫʣʘ ʚʠʚʝʜʝʥʘ ʨʦʙʦʯʘ ʬʦʨʤʫʣʘ: 
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ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʘʚʪʦʨʘʤ ʨʦʙʦʪʠ [232] ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʜ̔ʥʦʩʪʽ. 

ʂʦʝʬʽʮʽʻʥʪ kʊ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʨʘʜʫʶʚʘʥʥʷʤ ʰʢʘʣʠ ʪʝʨʤʦʧʘʨʠ ʜʦ ʫʩʪʘʥʦʚʣʝʥʥʷ 

ʟʨʘʟʢʘ ʥʘ ʧʽʜʣʦʞʢʫ, ï ʧʦʚʽʜʦʤʣʷʶʪʴ ʘʚʪʦʨʠ ʮʽʻʾ ʞ ʨʦʙʦʪʠ. ɻʨʘʜʫʶʚʘʥʥʷ ʥʘ ʩʧʝʮʽʘʣʴ-

ʥʦʤʫ ʩʪʝʥʜʽ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʚʝʣʠʯʠʥʫ kɼ, ʽ ʨʦʙʠʪʴ ʜʘʥʠʡ ʤʝʪʦʜ ʘʙʩʦʣʶʪʥʠʤ. 

ʉʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ̔ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʠʨʘʟʫ [234]: 
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ʜʝ Tɻʇ ʡ Tʍʇ ï ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ, ʚʽʜʧʦʚʽʜʥʦ, ʛʘʨʷʯʦʾ ʪʘ ʭʦʣʦʜʥʦʾ ʧʦʚʝʨʭʥʝʡ ʜʦʩ-

ʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʂ; eɻʇ ʡ eʍʇ ï ʝʣʝʢʪʨʦʨʫʭʘʶʯʘ ʩʠʣʘ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʨʤʦʧʘʨ, ɺ. 
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ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘʚʪʦʨʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ [232, 234] 

ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ɼɯ ʫ çʪʽʣʽè ɻʄ ʟʥʘʯʝʥʥʷ ɚɻʄ ʟʙʽʣʴʰʫ-

ʻʪʴʩʷ ʷʢ ʧʨʠ ʚʚʝʜʝʥʥʽ ʟʘʣʽʟʥʦʛʦ ʧʦʨʦʰʢʫ, ʪʘʢ ʽ ʧʦʨʦʰʢʫ ʬʝʨʦʤʘʨʛʘʥʮʶ. ʈʘʟʦʤ ʟ̔ 

ʪʠʤ, ʫ ʨʦʙʦʪʽ [232] ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʦ ɻʄ ʧʨʠʩʘʜʢʠ ʃɽ ʯʠ ɽʄ, 

ʫʪʚʦʨʶʻʪʴʩʷ ʜʠʩʧʝʨʩʥʘ ʩʠʩʪʝʤʘ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʾ ʤʘʣʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʧʣʦʧʨʦ-

ʚʽʜʥʦʩʪʽ ʚʚʝʜʝʥʠʭ ɼɯ, ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʤʘʪʨʠʯʥʦʛʦ ʩʝ-

ʨʝʜʦʚʠʱʘ [582, 583]. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʻ ʤʦʜʝʣʴʥʠʡ ʤʘʪʝʨʽʘʣ, 

ʪʦʙʪʦ ʧ̔ʥʦʧʦʣʽʩʪʠʨʦʣ, ʘ ʦʩʢʽʣʴʢʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʡʦʛʦ ʥʝʟʥʘʯʥʘ [ɚɻʄ = 32,6...46,5 

ɺʪ/(ʤĿʂ)] [222], ʪʦ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʷ ʤʘʪʝʨʽʘʣʫ ɻʄ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʘʨʦʚʦ ʫ ʟʦʥʽ ʾʾ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʟ Me-ʨʦʟʧʣʘʚʦʤ. 

ʋ ʨʦʙʦʪʽ [232] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʡ ʜʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʱʦ ʜʠʩʧʝʨʩ-

ʥʽʩʪʴ ʤʝʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʚʝʜʝʥʠʭ ʜʦ ɻʄ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ɚɻʄ. ʇʨʠ ʦʜʥʘʢʦʚʦʤʫ 

ʢʽʣʴʢʽʩʥʦʤʫ ʚʤʽʩʪʽ ɼɯ, ï ʨʦʟʚʠʚʘʶʪʴ ʩʚʦʶ ʜʫʤʢʫ ʘʚʪʦʨʠ ʮʽʻʾ ʞ ʨʦʙʦʪʠ, ï ʟ̔ ʧʽʜʚʠ-

ʱʝʥʥʷʤ ʾʭ ʜʠʩʧʝʨʩʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ɚɻʄ, ʱʦ ʧʦʚôʷʟʘʥʦ, ʦʯʝʚʠʜʥʦ, ʟ̔ ʧʽʜ-

ʚʠʱʝʥʥʷʤ ʩʪʫʧʝʥʷ ʯʦʨʥʦʪʠ ʤʘʪʝʨʽʘʣʫ ɻʄ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʫ ʧʦ ʧʦʚʝʨʭʥʽ ʛʨʘʥʫʣ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʪʘ ʧʦʢʨʠʪʪʷ ʥʠʤ 

ʪʠʤ ʙʽʣʴʰʦʾ ʧʦʚʝʨʭʥʽ, ʯʠʤ ʚʠʱʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʧʦʨʦʰʢʫ, ʚʚʝʜʝʥʦʛʦ ʜʦ ɻʄ. 

ɸʚʪʦʨʠ ʥʘʫʢʦʚʦʾ ʧʨʘʮʽ [291] ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʨʦʮʝʩ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʧʽʥʦ-

ʧʦʣʽʩʪʠʨʦʣʦʚʠʭ ɻʄ, ʥʘʧʦʚʥʝʥʠʭ ʟʘʤʽʰʘʥʠʤ ʧʦʨʦʰʢʦʤ ʤʝʪʘʣʽʯʥʦʛʦ Si, ʬʝʨʦʩʧʣʘʚʽʚ 

Fe-Si, Fe-Si-Mg ʪʘ Fe-Si-Ca, ʧʨʠ ʣʠʪʪʽ ʯʘʚʫʥʫ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ. ʅʠʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚ-

ʣʝʥʦ, ʱʦ ʧʨʠ ʛʘʟʠʬʽʢʘʮʽʾ ʤʘʪʝʨʽʘʣʫ ɼʅɻʄ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʽʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʧʽʜ-

ʚʠʱʫʻʪʴʩʷ, ʘ ʧʨʦʮʝʩ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʧʨʠʩʢʦʨʶʻʪʴʩʷ. ʇʨʠ ʮʴʦ-

ʤʫ ʦʙôʻʤ  ̔ʪʠʩʢ ʛʘʟʽʚ ʚ ʟʘʟʦʨʽ ŭ ʟʙ̔ʣʴʰʫʶʪʴʩʷ [291], ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʘʚʪʦʨʠ ʮʽʻʾ ʧʫʙʣʽʢʘʮʽʾ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʪʦ-

ʤʫ, ʱʦ ʪʘʢʽ ɻʄ ʥʝ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʩʧʝʮʠʬʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠ-

ʣʠʚʢʘʭ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʚʧʣʠʚ ʜʦʙʘʚʦʢ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʯʘʚʫʥʫ ʪʘ ʡʦʛʦ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʜʦʩʣʽʜʞʫʚʘʣʠ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʩʢʘʟʘʥʦʛʦ ʚʠʱʝ, ʥʘʧʨʦʰʫʻʪʴʩʷ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʦ ɻʄ ʧʨʠ-

ʩʘʜʢʠ ɼɯ ʧʨʠʟʚʦʜʠʪʴ, ʧʝʨʝʜʫʩʽʤ, ʜʦ ʟʤʽʥʠ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʥʦʧʦʣʽʩ-

ʪʠʨʦʣʫ [232, 234, 291] ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʧʨʠʩʢʦʨʶʻ ʪʝʨʤʽʯʥʫ ʜʝʩʪʨʫʢʮʽʶ ʤʘʪʝʨʽʘʣʫ 
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ɻʄ ʪʘ ʚʧʣʠʚʘʻ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʚʠʣʠʚʢʽʚ. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʜʠʩʧʝʨʩʥʠʭ ʽʥʦʢʫʣʷʪʦʨʽʚ ʟ̔ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘ-

ʚʦʤ. ʅʘʷʚʥʽʩʪʴ ɻʄ, ʥʘʧʦʚʥʝʥʦʾ ɼɯ ʫ ʧʝʨʽʦʜ ʟʘʧʦʚʥʝʥʥʷ ʃʌ Me-ʨʦʟʧʣʘʚʦʤ, ʥʘ ʜʫʤʢʫ 

ʆ.ʁ. ʐʠʥʩʴʢʦʛʦ ʟ ʢʦʣʝʛʘʤʠ [253], ʚʧʣʠʚʘ ̒ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ ʬʦʨʤʦʟʘʧʦʚʥʝʥ-

ʥ,̫ ʘ ʪʘʢʦʞ ʪʝʧʣʦ-, ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʃɻʄ-ʧʨʦʮʝʩʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʯʝ (ʨʠʩ. 1.7), ʡ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʘʚʪʦʨʘʤʠ ʮʽʻʾ ʞ ʧʫʙʣʽʢʘʮʽʾ. 

ʅʘ ʥʘʛʨʽʚʘʥʥʷ  ̔ʧʣʘʚʣʝʥʥʷ ɼɯ, ʷʢʠʡ ʚʚʦʜʷʪʴ ʜʦ ɻʄ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʪʝʧʣʦ Me-

ʨʦʟʧʣʘʚʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʜʘʻ [235]. ɺʝʣʠʯʠʥʘ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʝʪʘʣʫ, ʷʢ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʫ ʟʘʟʥʘʯʝʥʽʡ ʥʘʫʢʦʚʡ̔ ʧʨʘʮʽ, ʟʘʣʝʞʠʪʴ, ʧʝʨʝʜʫʩʽʤ, ʚʽʜ ʪʝʧ-

ʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɼɯ ʪʘ ʡʦʛʦ ʢʽʣʴʢʦʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʢʽʣʴʢʽʩʪʴ ɼɯ, 

ʷʢʘ ʧʦʚʥʽʩʪʶ ʟʥʽʤʘʻ ʧʝʨʝʛʨʽʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʽʟ ʨʚ̔-

ʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢʝ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʘʚʪʦ-

ʨʘʤʠ ʧʫʙʣʽʢʘʮʽʾ [235]. ʇʨʦʪʝ, ʮʝ ʨʽʚʥʷʥʥʷ ʥʝ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚʫ ɻʄ ʡ ʃʌ ʥʘ ʧʨʦʮʝʩʠ 

ʬ̔ʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ɼɯ ʟ Me-ʨʦʟʧʣʘʚʦʤ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ Me ï ɻʄ ï ɼɯ ï ʃʌ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ ʚʠʛʣʷʜʽ [253]: 
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ʜʝ ȹVʌ ï ʟʤʽʥʘ ʦʙôʻʤʫ ʃʌ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʟ Me-ʨʦʟʧʣʘʚʦʤ, ʤ
3
; ɟɼɯ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽ-

ʘʣʫ ɼɯ, ʢʛ/ʤ
3
; Vɼɯ ï ʦʙôʻʤ ɼɯ, ʤ

3
; Lɻʄ ï ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ʧʽʥʦʧʦʣʽʩʪʠ-

ʨʦʣʫ, ɼʞ/ʢʛ; bʌ ï ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʘ ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʃʌ, ɺʪĀʩ0,5
/(ʤ

2Āʂ); ȹFʌ ï 

ʟʤʽʥʘ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʃʌ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʟ Me-ʨʦʟʧʣʘʚʦʤ, ʤ
2
. 

ʇʨʠ ʚʚʝʜʝʥʥʽ ɼɯ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ ʘʚʪʦʨʠ ʥʘʫʢʦʚʦʾ ʧʨʘʮʽ [235] ʨʘʜʷʪʴ ʚʨʘ-

ʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʽ ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ. ʎʷ ʪʦʚʱʠʥʘ ʚʠʟʥʘʯʘʻ, 

ʥʘʩʘʤʧʝʨʝʜ, ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ. 

ɺʟʘʻʤʦʜʽʷ ʯʘʩʪʦʢ ɼɯ ʽʟ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʻ ʩʢʣʘʜʥʠʤ ʪʝʧʣʦʬʽʟʠʯʥʠʤ ʧʨʦ-

ʮʝʩʦʤ, ʟʘ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʦʯʘʪʢʫ ʥʘʛʨʽʚʘʥʥʷ ɼɯ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ, ʘ 

ʧʦʪʽʤ ʡʦʛʦ ʧʣʘʚʣʝʥʥʷ ʡ ʧʝʨʝʛʨʽʚʘʥʥʷ Me-ʨʦʟʧʣʘʚʫ [27, 161, 165, 353, 417]. ʅʘ ʮʽ 

ʧʨʦʮʝʩʠ ʥʘʢʣʘʜʘʶʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʨʦʟʯʠʥʝʥʥʷ ʃɽ ʯʠ ɽʄ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ɼɯ, ʪʘ ʾʭ ʨʦʟʧʦʜʽʣ ʫ ʨʽʜʢʦʤʫ ʤʝʪʘʣʽ, ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʽʟ ʩʢʣʘʜʦʚʠʤʠ 
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ʈʠʩʫʥʦʢ 1.7 ï ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʽʟ 

ʛʘʟʤʦʜʝʣʣʶ, ʡ ʽʤʧʣʘʥʪʦʚʘʥʠʤ ʜʦ ʥʝʾ ʜʠʩʧʝʨʩʥʠʤ ʽʥʦʢʫʣʷʪʦʨʦʤ ʧʨʠ ʥʠʞʥʴʦʤʫ 

(ʣʽʚʦʨʫʯ) ʽ ʚʝʨʭʥʴʦʤʫ (ʧʨʘʚʦʨʫʯ) ʧʽʜʚʝʜʝʥʥʽ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ 

[253]: 1 - ʬʦʨʤʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ; 2 - ʧʨʦʪʠʧʨʠʛʘʨʥʝ ʧʦʢʨʠʪʪʷ; 3 - ʛʘʟʤʦʜʝʣʴ; 

4 - ʜʠʩʧʝʨʩʥʠʡ ʽʥʦʢʫʣʷʪʦʨ; 5 - ʤʘʪʨʠʯʥʠʡ ʨʦʟʧʣʘʚ; 6 - ʣʠʚʘʨʥʘ ʢʽʨʢʘ; 

7 - ʢʦʥʚʝʢʪʠʚʥʽ ʧʦʪʦʢʠ; W1, W2 - ʰʚʠʜʢʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ, ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ 

ʡ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ʛʘʟʤʦʜʝʣʽ; Q - ʝʥʝʨʛʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ; 

q - ʧʠʪʦʤʘ ʪʝʧʣʦʪʘ ʪʝʨʤʦʜʝʩʪʨʫʢʮʽʾ ʤʘʪʝʨʽʘʣʫ ʛʘʟʤʦʜʝʣʽ; ʇɻʌ - ʧʘʨʦʛʘʟʦʚʘ ʬʘʟʘ; 

ʈʌ - ʨʽʜʢʘ ʬʘʟʘ; PMe - ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʥʘʧʽʨ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 
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ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, ʱʦ ʟʘʣʠʚʘʻʪʴʩʷ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ [192, 235, 292, 294, 322, 

464]. ʇʦʚʥʝ ʟʘʩʚʦʻʥʥʷ ɼɯ ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʝ ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʘʣʴ-

ʥʠʭ ʚʠʪʨʘʪ ʪʝʧʣʦʪʠ ʥʘ ʡʦʛʦ ʧʣʘʚʣʝʥʥʷ ʡ ʟʘʚʝʨʰʝʥʥʷ ʫʩʽʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʟʘ-

ʩʚʦʻʥʥʷʤ ɼɯ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ [235]. 

ɸʚʪʦʨʠ ʩʪʘʪʪʽ [417] ʜʦʩʣʽʜʠʣʠ ʜʠʥʘʤʽʢʫ ʧʣʘʚʣʝʥʥʷ ʯʘʩʪʢʠ ɼɯ, ʷʢ ʪʦʥʢʦʛʦ ʪʽʣʘ 

(dɼɯ Ò 5Ŀ10
-4
 ʤ; Bi Ò 0,25), ʚ ʦʙôʻʤʽ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʪʘ ʚʠʚʝʣʠ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʘʥʘ-

ʣʽʪʠʯʥʦ ʦʧʠʩʫʻ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʚʝʨʜʦʾ ʯʘʩʪʢʠ: 
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ʜʝ T
Me

S  ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ, ʂ; r0 ï ʧʝʨʰʦʧʦʯʘʪʢʦʚʠʡ 

ʨʘʜʽʫʩ ʤʘʢʨʦʯʘʩʪʢʠ ɼɯ, Ĭ10
-3
 ʤ; Ű, ŰL ï ʯʘʩ, ʚʽʜʧʦʚʽʜʥʦ, ʪʝʢʫʯʠʡ ʽ ʧʨʦʛʨʽʚʘʥʥʷ ʤʘʢʨʦ-

ʯʘʩʪʢʠ ɼɯ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʡʦʛʦ ʧʣʘʚʣʝʥʥʷ, ʩ, 

ʘ ʪʘʢʦʞ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ Me-ʨʦʟʧʣʘʚ ï ɼɯ, ʱʦ ʦʧʠʩʫʻ ʧʣʘʚʣʝʥʥʷ 

ʛʘʨʥʽʩʘʞʫ ʥʘ ʧʦʚʝʨʭʥʽ ʮʽʻʾ ʯʘʩʪʢʠ ʚ ʦʙôʻʤʽ ʤʝʪʘʣʽʯʥʦʾ ʚʘʥʥʠ [417]: 

 ( ) drLdTT ɼɯMe

Me

S

Me

L rta -=- , (1.49) 

ʜʝ dŰ, dr ï ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʽ ʧʨʠʨʦʩʪʠ ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ ʡ ʨʘʜʽʫʩʘ ʤʘʢʨʦʯʘʩʪʢʠ ɼɯ, 

ʚʽʜʧʦʚʽʜʥʦ, ʩ, Ĭ10
-3
 ʤ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʚôʷʟʢʫ ʨʽʚʥ. 1.48 ɺ.ɸ. ɭʬʽʤʦʚʠʤ ʟ ʢʦʣʝʛʘʤʠ [417] ʙʫʣʘ ʧʦʙʫʜʦ-

ʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʨʠʚʘʣʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʯʘʩʪʢʠ ɼɯ ʚʽʜ ʡʦʛʦ ʢʽʣʴʢʦʩʪʽ ʡ ʪʝʤʧʝʨʘʪʫʨʠ 

Me-ʨʦʟʧʣʘʚʫ, ʷʢʘ (ʟʘʣʝʞʥʽʩʪʴ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʨʦʙʦʪʽ. ɼʣʷ ʚʠʣʠʚʢʽʚ, ʫ ʷʢʠʭ ʪʦʚɦ ʠʥʘ 

ʩʪʽʥʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 40 ʤʤ, ʘʚʪʦʨʠ ʨʦʙʦʪʠ [232] ʨʝʢʦʤʝʥʜʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɼɯ 

ʜʠʩʧʝʨʩʥʽʩʪʶ ʜʦ 0,2 ʤʤ. ʇʦʨʦʰʢʠ ʪʘʢʠʭ ʬʨʘʢʮʽʡ, ʥʘ ʾʭ ʜʫʤʢʫ, ʜʦʙʨʝ ʟʘʪʨʠʤʫʶʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʽ ʛʨʘʥʫʣ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ɻʄ ʡ ʧʦʚʥʽʩʪʶ ʟʘʩʚʦʶʶʪʴʩʷ 

ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʚ ʧʨʦʮʝʩʽ ʟʘʧʦʚʥʝʥʥʷ ʃʌ. 

ɼɯ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ ʟʘ ʜʦʧʦʤʦʛʦʶ ɻʄ, ʥʝ ʧʦʚʠʥʥʽ [234]: 

ʘ) ʫʪʚʦʨʶʚʘʪʠ ʟ̔ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʧʣʘʚʫ ʰʣʘʢʠ; 

ʙ) ʙʫʪʠ ʛʽʛʨʦʩʢʦʧʽʯʥʠʤʠ; 

ʚ) ʪʘ ʛʘʟʦʪʚʽʨʥʠʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʧʦʚʠʥʥʽ ʜʦʙʨʝ ʟʘʩʚʦʶʚʘʪʠʩʴ Me-ʨʦʟʧʣʘʚʦʤ [232], ʧʨʦ ʱʦ ʟʛʘʜʫʚʘ-
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ʣʦʩʴ ʚʠʱʝ, ʡ ʜʘʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʝʬʝʢʪ ʧʨʠ ʾʭ ʤʽʥʽʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ [232, 234], ʩʧʨʦʙʘ ʦʪʨʠʤʘʪʠ ɺʏ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʤʘʪ-

ʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʟ̔ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɼʅɻʄ ʟʘʢʽʥʯʠʣʘʩʷ ʥʝʚʜʘʣʦ, ʦʩʢʽʣʴʢʠ ʙʽʯʥʘ ʧʦʚʝ-

ʨʭʥʷ ʚʠʣʠʚʢʽʚ ʙʫʣʘ ʩʠʣʴʥʦ ʫʰʢʦʜʞʝʥʘ ʛʘʟʦʚʠʤʠ ʨʘʢʦʚʠʥʘʤʠ, ʧʦʢʨʠʪʠʤʠ ʙʽʣʠʤ ʧʦ-

ʨʦʰʢʦʤ MgO. ʊʘʢʠʤ ʯʠʥʦʤ, ʃɽ ʯʠ ɽʄ, ʜʣʷ ʷʢʠʭ ʩʧʨʘʚʝʜʣʠʚʘ ʥʝʨʽʚʥʽʩʪʴ 1.50, ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʘʙʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʫ çʧʦʨʦʞʥʠʥè̔ ʃʌ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ [234]: 

 TT ʟʘʣ

E

ʢʠʧ
< ,  (1.50) 

ʜʝ T
E

ʢʠʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ ɽʄ ʘʙʦ ʃɽ, ʂ 

ɻʘʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [257] ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʯʘʚʫʥ-

ʥʠʭ ʚʠʣʠʚʢʽʚ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ ʤʝʪʘʣʽʯʥʦʶ Sb, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʚʽʜʙʫʣʦʩʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʧʝʨʝʨʽʟʽ ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʚʠʣʠʚʢʽʚ 

ʡ ʧʝʨʣʽʪʠʟʘʮʽʷ Me-ʤʘʪʨʠʮʽ. ʇʝʨʣʽʪ ʩʪʘʚ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤ, ʟʙʽʣʴʰʠʣʘʩʴ ʡʦʛʦ ʪʚʝʨ-

ʜʽʩʪʴ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʚʠʣʠʚʢʽʚ [257]. 

ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʮʽʥʥʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʦʾʭ ʧʦʧʝʨʝʜʥʠʢʽʚ ʪʘ 

ʚʣʘʩʥʽ ʟʜʦʙʫʪʢʠ [122, 125ï127, 233, 241, 245, 280, 288ï291, 294, 584ï589], ʟʜʦʙʫʚʘ-

ʯʝʤ ʨʦʟʢʨʠʪʦ ʤʝʭʘʥʽʟʤ ʧʨʦʮʝʩʫ ʽʥʦʢʫʣʶʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʫ çʧʦʨʦʞʥʠʥè̔ 

ʃʌ ̔ʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ɼʅɻʄ ʡ ʦʧʠʩʘʥʦ ʜʘʣʽ. ʇʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʙôʻʤʽ ʤʝʪʘ-

ʣʽʯʥʦʾ ʚʘʥʥʠ ʽ ʥʝ ʪʽʣʴʢʠ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟ ʧʦʟʠʮʽʾ ʪʘʢʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʪʘ ʧʨʠʢ-

ʣʘʜʥʠʭ ʥʘʫʢ ʷʢ [3ï5, 7ï10, 14, 22, 24ï26, 29, 31, 33, 37ï44, 46, 47, 49, 67, 68, 70, 71, 

79, 81ï84, 99, 123, 147ï150, 163ï165, 177, 178, 180ï186, 290, 298, 302, 306, 307, 309, 

323, 326, 342, 358, 360, 371, 373, 378, 394, 397, 398, 418, 473ï481, 484ï486, 490ï492, 

496, 574ï579, 582, 583, 590, 592]: ʤʝʪʘʣʫʨʛʽʷ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ, ʬʽʟʠʢʦ-ʭʽʤʽʷ ʤʝʪʘʣʫʨ-

ʛʽʡʥʠʭ ʪʘ ʣʠʚʘʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʝʦʨʽʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʬʽʟʠʯʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ ʡ ʤʝ-

ʪʘʣʦʟʥʘʚʩʪʚʦ ʪʘ ʽʥʰʽ ʩʧʦʨʽʜʥʝʥʽ ʡ ʧʨʠʨʦʜʥʠʯʽ ʜʠʩʮʠʧʣʽʥʠ. 

1.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 ʪʘ ʚʠʙʽʨ ʥʘʧʨʷʤʫ ʜʦʩʣʽʜʞʝʥ ɹ

ʇʨʦʚʝʜʝʥʠʡ ʟʜʦʙʫʚʘʯʝʤ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʝʨʰʦʜʞʝʨʝʣ ʟʘ ʪʝʤʦʶ 

ʮʽʻʾ ɼʈ, ʧʨʠʩʚʷʯʝʥʠʭ ʩʪʚʦʨʝʥʥʶ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ, ʚʽʜʧʨʘʮʶʚʘʥʥʶ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ ʨʝʘʣʴʥʠʭ ɺɼʉɺ, ʘ ʪʘʢʦʞ ʤʦʥʦ-, ʙʘʛʘʪʦʰʘʨʦʚʠʭ 
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ʡ ʘʨʤʦʚʘʥʠʭ ʚʠʣʠʚʢʽʚ ʽʟ ʩʧʣʘʚʽʚ ʯʦʨʥʠʭ ʪʘ ʢʦʣʴʦʨʦʚʠʭ Me ʟʘ ʃɻʄ-ʧʨʦʮʝʩʦʤ ʫ ʧʨʦ-

ʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ, ʜʦʟʚʦʣʠʚ ʡʦʤʫ ʜʽʡʪʠ ʥʘʩʪʫʧʥʠʭ ʚʠʩʥʦʚʢ̔ ʚ: 

1. ʊʨʘʜʠʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʘʨʤʦʚʘʥʠʭ ʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʢʣʘʜʥʠʭ ʚʠ-

ʣʠʚʢʽʚ ʽʟ Fe-C-ʩʧʣʘʚʽʚ ʪʘ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʣʴʦʨʦʚʠʭ Me ʤʘʶʪʴ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʠʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ 

ʃɸʂ ʪʘ ɺɼʉɺ, ʘ ʪʘʢʦʞ ʚʠʣʠʚʢʽʚ ʟ̔ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʰʘʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʜʝʪʘʣʽ 

ʥʘ ʙʘʟʽ ʪʘʢʠʭ ʟʘʛʦʪʦʚʦʢ ʜʦʟʚʦʣʷʪʴ ʨʘʜʠʢʘʣʴʥʦ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʡ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʮʽʣʦʤʫ. 

2. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ɺɼʉɺ ʪʘ ʃɸʂ (ʃʂʄ ʩʠʩʪʝʤʠ Me-ɸʌ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʥʝʨ-

ʛʦ-, ʤʘʪʝʨʽʘʣʦʻʤʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʦʜʝʨʞʘʥʥʷ ʨʝʘʣʴʥʠʭ ʚʠʣʠʚʢ̔ ʚ 

ʚʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʥʠʟʴʢʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ. 

3. ɺ̔ ʜʩʫʪʥʽ ʫʥʽʚʝʨʩʘʣʴʥʦ ʪʦʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʃɻʄ-ʧʨʦʮʝʩʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʃɸʂ ʪʘ ɺɼʉɺ, ʦʩʢʽʣʴʢʠ ʩʪʚʦʨʝʥ ̔ʥʘ ʩʴʦʛʦ-

ʜʥʽʰʥʽʡ ʜʝʥʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʪʝʧʣʦʬʽʟʠʢʠ ʥʦʩʷʪʴ ʚʠʢʣʶʯʥʦ ʝʤ-

ʧʽʨʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟ̔ ʜʦʩʠʪʴ ʚʫʟʴʢʠʤʠ ʤʝʞʘʤʠ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

4. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʧʦʣʽʧʰʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Fe-C-ʩʧʣʘʚʽʚ ʪʘ 

ʩʧʣʘʚʽʚ ʢʦʣʴʦʨʦʚʠʭ Me (ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʣʝʛʫʚʘʥʥʷ ʪʘ ʘʨʤʫʚʘʥʥʷ, ʪʝʨʤʦʤʝʭʘʥʽʯʥʘ 

ʦʙʨʦʙʢʘ, ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʚʠʙʨ̔ʢʦʚʦʛʦ ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ, ʪʦʱʦ) ʙʘʛʘʪʦ ʫ ʯʦʤʫ ʩʝ-

ʙʝ ʚʠʯʝʨʧʘʣʠ, ʻ ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʘʙʦ ʞ ʥʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʥʦʚʦʛʦ ʧʦ-

ʢʦʣʽʥʥʷ ʩʢʣʘʜʥʠʭ ʣʠʪʠʭ ʚʠʨʦʙʽʚ ʜʣʷ ʚʫʟʣʽʚ ʪʝʨʪʷ, ʘ ʪʘʢʦʞ ʪʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʷʢ ʘʙʨʘʟʠʚʥʦʛʦ, ʪʘʢ ʽ ʛʽʜʨʦʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦh ʫʚʘʥʥʷ. 

5. ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʤʝʪʦʜʦʤ ʨʘʜʠʢʘʣʴʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʚʠʣʠʚʢʽʚ ʟ Al-, Cu-, ʪʘ ʽʥʰʠʭ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʭ ʩʧʣʘʚʽʚ ʢʦʣʴʦʨʦʚʠʭ 

Me, ʚʠʭʦʜʷʯʠ ʟ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʻ ʘʨʤʫʚʘʥʥʷ ʣʠ-

ʪʠʭ ʟʘʛʦʪʦʚʦʢ ʚʠʩʦʢʦʤʦʜʫʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʝ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʚʘʨʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʨʽʜʢʦʬʘʟʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ. 

6. ʋ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʝʤʘʻ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʽ ʩʠʩʪʝʤʥʦʛʦ ʚʠʚʯʝʥʥʷ ʛʽʜ-

ʨʦʜʠʥʘʤʽʯʥʠʭ ʡ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʩʧʦʣʫʯʝʥʥʽ ʤʘʪʨʠʯʥʦʛʦ 

ʨʦʟʧʣʘʚʫ ʟ ɸʌ ʪʘ ʟʘʪʚʝʨʜʽʥʥʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʧʨʦʮʝʩʽ ʦʜʝʨ-

ʞʘʥʥʷ ʃɸʂ ʟ ʥʫʣʴʤʽʨʥʠʭ ʃʂʄ ʩʠʩʪʝʤ Al-FeCr ʡ Cu-FeCr. 
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7. ʗʢʽʩʪʴ ʘʨʤʦʚʘʥʠʭ ʣʠʪʠʭ ʟʘʛʦʪʦʚʦʢ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʪʝʤʧʝʨʘʪʫʨʥʦ-ʯʘʩʦʚʠʭ, ʚʧʣʠʚ ʷʢʠʭ ʥʘ ʬʦʨ-

ʤʦʫʪʚʦʨʝʥʥʷ, ʩʪʨʫʢʪʫʨʫ, ʘ ʦʪʞʝ ʡ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʃɸʂ ʷʢ ʜʚʦ-

ʤʽʨʥʠʡ ʃʂʄ ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3 ʜʦʩʪʘʪʥʴʦʁ ʤʽʨʦʶ ʥʝ ʚʠʚʯʝʥʦ. 

8. ʇʦʟʘʧʽʯʥʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣʫ ʚ ʮʽʣʦʤʫ ï ʧʨʦʤʽʞʥʘ ʦʧʝʨʘʮʽʷ ʤʽʞ ʚʠʧʫʩʢʦʤ ʤʘʪ-

ʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʽʟ ʪʠʛʣʷ ʧʣʘʚʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʪʘ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷʤ, ʽ ʚʠʩʪʫʧʘʻ 

ʣʽʤʽʪʫʶʯʦʶ ʣʘʥʢʦʶ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʣʠʚʢʽʚ, ʧʝʨʝʜʙʘʯʘʶʯʠ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩ-

ʧʣʫʘʪʘʮʽʶ ʜʦʜʘʪʢʦʚʦʛʦ ʦʩʥʘʱʝʥʥʷ ʡ ʽʥʰʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ, ʨʦʙʠʪʴ ʡʦʛʦ ʜʦʚʛʦʪʨʠʚʘʣʠʤ ʪʘ ʥʝʝʢʦʥʦʤʽʯʥʠʤ. 

9. ɼʦ ʪʦʛʦ ʞ, ʱʝ ʦʜʥʠʤ ʩʝʨʡʦʟʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʾ ʦʙʨʦʙʢʠ Me-ʨʦʟʧʣʘʚʽʚ ʻ 

çʞʠʚʫʯʽʩʪʴè ʝʬʝʢʪʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʾʭ ʩʪʨʫʢʪʫʨʠ, ʷʢʠʡ (ʝʬʝʢʪ ʤʦʜʠʬʽʢʫʚʘʥʥʷ), ʷʢ 

ʧʨʘʚʠʣʦ, ʮʽʣʢʦʤ ʽ ʧʦʚʥʩ̔ʪʶ ʟʥʠʢʘʻ ʧʨʦʪʷʛʦʤ 10...25 ʭʚʠʣʠʥ. 

10. ʉʫʯʘʩʥʽ ʩʧʦʩʦʙʠ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʪʘ ʘʨʤʦʚʘʥʠʭ ʣʠʪʠʭ ʟʘʛʦʪʦʚʦʢ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʌ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʪʚʝʨʜʦʬʘʟʥʽ, ʨʽʜʢʦʬʘʟʥʽ ʡ ʦʩʘʜʞʝʥʥʷ, ʘʣʝ 

ʨʽʜʢʦʬʘʟʥʝ ʦʪʨʠʤʘʥʥʷ ʩʢʣʘʜʥʠʭ ʚʠʣʠʚʢʽʚ ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʘʤʠ ʣʠʪʪʷ, ʫ ʪʦʡ ʯʘʩ ʢʦʣʠ 

ʽʥʰʠʤʠ ʚʠʛʦʪʦʚʠʪʠ ʾʭ ʥʝʤʦʞʣʠʚʦ ʘʙʦ ʞ ʥʝʨʘʮʽʦʥʘʣʴʥʦ, ʤʘʶʪʴ ʥʠʟʢʫ ʽʩʪʦʪʥʠʭ ʧʝʨʝ-

ʚʘʛ, ʩʝʨʝʜ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʷʢ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʟ̔ ʚʠʩʦʢʠʤ 

ʂɺʄ, ʤʽʥʽʤʘʣʴʥʠʤ ʪʝʧʣʦʩʠʣʦʚʠʤ ʚʧʣʠʚʦʤ ʥʘ ʢʨʠʭʢʽ ʢʦʤʧʦʥʝʥʪʠ, ʥʝʦʙʤʝʞʝʥʦʶ ʥʦ-

ʤʝʥʢʣʘʪʫʨʦʶ ʚʠʙʦʨʫ ʜʝʰʝʚʠʭ ɸʌ ʪʘ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʨʘʮʽ. 

11. ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘʢʽ ʣʠ-

ʚʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢ ʦʜʝʨʞʘʥʥʷ ʙʽʤʝʪʘʣʽʯʥʠʭ ʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʚʠʣʠʚʢʽʚ ʰʣʷʭʦʤ ʧʣʘ-

ʢʫʚʘʥʥʷ Me-ʨʦʟʧʣʘʚʦʤ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ ʘʙʦ ʚʩʪʘʚʢʠ, ʪʘ ʦʜʥʦʯʘʩʥʝ ʟʘʧʦʚʥʝʥʥʷ ʃʌ 

ʜʚʦʤʘ ʨʽʟʥʦʡʤʝʥʥʠʭ ʩʧʣʘʚʘʤʠ, ʘʣʝ ʢʦʥʬʽʛʫʨʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʣʠʪʠʭ ʟʘʛʦʪʦʚʦʢ ʧʨʠ 

ʮʴʦʤʫ ï ʧʨʦʩʪʘ, ʂɺʄ ï ʥʝʚʠʩʦʢʠʡ, ʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ï ʚʠʱʝ ʨʘʮʽʦʥʘʣʥɹʦʾ. 

12. ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥ ̔ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʌʊɯʄʉ ʅɸʅ ʋʢʨʘʾʥʠ, ʧʦ-

ʢʘʟʘʣʠ ʷʚʥʽ ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʃɻʄ-ʧʨʦʮʝʩʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʪʦʯʥʠʭ ʚʠʣʠʚʢʽʚ 

ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʣʝʛʫʚʘʥʥʷ ʡ ʘʨʤʫʚʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼʅɻʄ; ʧʨʦʪʝ, ʜʦʪʝʧʝʨ, ʥʝ ʜʦʩʣʽʜʞʝʥʽ ʫʤʦʚʠ 

ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʃɸʂ ʪʘ ɺɼʉɺ ʽʟ ʢʦʣʴʦʨʦʚʠʭ ʩʧʣʘʚʽʚ, ʩʪʘʣʝʡ ʽ ʯʘʚʫʥʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʢʨʦʛʝʪʝʨʦʛʝʥʥʠʭ ʯʘʩʪʦʢ ɸʌ ʪʘ ɼɯ, ʽʤʧʣʘʥʪʦʚʘʥʠʭ ʜʦ ɻʄ. 
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʀʂɸ ɼʆʉʃɯɼɾɽʅʔ 

2.1 ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʽʥʦʢʫʣʷʪʦʨʽʚ 

ɼʣʷ ʽʥʦʢʫʣʶʚʘʥʥʷ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʤʘʣʦ ʤʽʩʮʝ ʫ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ 

ɼʈ, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʦʨʦʰʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʬʝʨʦʽʜʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʤʘʨʢʠ 

ʌʉʄʛ7 ɼʉʊʋ 3362:1996 (ʊʋ 14-5-14-134-86), ʬʝʨʦʩʠʣʽʮʽʶ ʤʘʨʢʠ ʌʉ75 ɼʉʊʋ 

4127:2002, ʬʝʨʦʭʨʦʤʫ ʤʘʨʢʠ ʌʍ650ɸ ɼʉʊʋ ISO 4552-1:2010, ʬʝʨʦʚʘʥʘʜʽʶ ʤʘʨʢʠ 

ʌɺʜ40ʋ0,75 ɼʉʊʋ ISO 4552-2:2010, ʬʝʨʦʪʠʪʘʥʫ ʤʘʨʢʠ ʌʊʠ70ʉ1 ɼʉʊʋ 4761:2009, 

ʽʥʪʝʨʤʝʪʘʣʽʜʫ FeCr ʪʘ ʢʦʥʦʧʘʪʢʦʚʠʡ ʩʪʘʙʽʣʽʟʦʚʘʥʠʡ Cu-ʧʦʨʦʰʦʢ ʤʘʨʢʠ ʇʄʉ-ʂ 

ɻʆʉʊ 4960:2017. ʋʩʽ ʧʦʨʦʰʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʦʢʨʽʤ ʇʄʉ-ʂ ɻʆʉʊ 4960:2017, ʙʫʣʠ ʦʪ-

ʨʠʤʘʥʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. ʄʝʪʦʜʠʢʘ ʧʽʜʛʦʪʦʚʢʠ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠʛʦʪʫ-

ʚʘʥʥʷ ʧʦʨʦʰʢʽʚ ʪʘ ʾʭ ʢʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʜʫʪʴ ʪʝʟʽʩʥʦ ʦʧʠʩʘʥ ̔ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ. 

ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ʘʨʤʫʶʯʦʾ ʬʘʟʠ. ɼʠʩʧʝʨʩʥʠʡ ʥ̔ʪʝ-

ʨʤʝʪʘʣʽʜ FeCr ʦʪʨʠʤʘʣʠ ʽʟ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʚʠʩʦʢʦʭʨʦʤʠʩʪʦʛʦ ʩʧʣʘʚʫ ʥʘ ʦʩʥʦʚʽ Fe. 

ɼʣʷ ʮʴʦʛʦ ʢʫʩʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʙʫʚ ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʧʘʣʝʥʠʡ ʫ ʣʘʙʦʨʘʪʦʨʥʽʡ ʤʫʬʝʣʴ-

ʥʽʡ ʧʝʯʽ ʤʦʜʝʣʽ çʉʅʆ-2,5.5.2,5/13,6 ʀ1è ʥʘ ʧʨʝʜʤʝʪ ʫʪʚʦʨʝʥʥʷ ʡ ʚʠʜʽʣʝʥʥʷ ů-ʬʘʟʠ 

ʽʟ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Cr ʚ Fe, ʧʦʜʨʽʙʥʝʥʦ ʫ ʣʘʙʦʨʘʪʦʨʥʽʡ ʱʦʢʦʚʽʡ ʜʨʦʙʘʨʮʽ ʤʦʜʝʣʽ 

çɺʽʙʨʦʪʝʭʥʽʢ ʑɼ-10 6411-00013è ʪʘ ʧʨʦʩʽʷʥʦ ʯʝʨʝʟ ʩʠʪʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʌ: ʪʝ-

ʤʧʝʨʘʪʫʨʘ ʚʽʜʧʘʣʶʚʘʥʥʷ ï 1073 ʂ, ʯʘʩ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ï 3600 ʩ; ʜʠʩʧʝʨʩ-

ʥʽʩʪʴ ï 20é100 ʤʢʤ, ʬʦʨʤʘ ʯʘʩʪʠʥʦʢ ï ʩʢʘʣʢʦʚʘ, ʬʘʢʪʦʨ ʥʝʨʽʚʥʦʩʪʽ ï 2é5. ʍʽʤʽʯ-

ʥʠʡ ʩʢʣʘʜ ɸʌ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ (ʨʦʟʜ. 4, 5) ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. 

ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʬʝʨʦʩʧʣʘʚʽʚ. ʂʦʤʧʣʝʢʩʥʠʡ ʩʬʝʨʦʽʜʠ-

ʟʫʶʯʠʡ ʤʦʜʠʬʽʢʘʪʦʨ ʤʘʨʢʠ ʌʉʄʛ7, ʬʝʨʦʩʠʣʽʮʽʡ ʤʘʨʢʠ ʌʉ75, ʬʝʨʦʭʨʦʤ ʤʘʨʢʠ 

ʌʍ650ɸ, ʬʝʨʦʪʠʪʘʥ ʤʘʨʢʠ ʌʊʠ70ʉ1 ʪʘ ʬʝʨʦʚʘʥʘʜʽʡ ʤʘʨʢʠ ʌɺʜ40ʋ0,75 ʚʠʨʦʙʣ̫ʶʪʴ 

ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʥʘ ʬʝʨʦʩʧʣʘʚʥʠʭ ʟʘʚʦʜʘʭ. ɰʭ ʧʦʩʪʘʯʘʥʥʷ ʢʽʥʮʝʚʦʤʫ ʩʧʦʞʠ-

ʚʘʯʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʯʝʨʝʟ ʛʫʨʪʦʚʫ, ʪʘʢ  ̔ʨʦʟʜʨʽʙʥʫ ʪʦʨʛʦʚʫ ʤʝʨʝʞʫ, ʫ ʚʠʛʣʷʜʽ ʢʫʩʢʽʚ 

ʘʙʦ ʞ ʛʨʘʥʫʣ ʜʽʘʤʝʪʨʦʤ, ʟʘʟʚʠʯʘʡ, ʚʽʜ 5 ʜʦ 50 ʤʤ. ʗʢ ̔  ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʬʝʨʦʩ-

ʧʣʘʚʠ ʙʫʣʦ ʧʦʜʨʽʙʥʝʥʦ ʫ ʣʘʙʦʨʘʪʦʨʥʽʡ ɦ ʦʢʦʚʽʡ ʜʨʦʙʘʨʮʽ ʤʦʜʝʣʽ çɺʽʙʨʦʪʝʭʥʽʢ ʑɼ-10 

6411-00013è ʪʘ ʧʨʦʩʽʷʥʦ ʯʝʨʝʟ ʩʠʪʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʨʠʤʘʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ ɼɯ ʜʦ-

ʢʣʘʜʥʦ ʦʧʠʩʘʥʘ ʪʘ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ (ʨʦʟʜ. 5) ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ, 
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ʘ ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʾ ʤʽʜʽ. ʂʦʥʦʧʘʪʢʦʚʠʡ ʩʪʘʙʽʣʽʟʦʚʘ-

ʥʠʡ Cu-ʧʦʨʦʰʦʢ ʤʘʨʢʠ ʇʄʉ-ʂ ʚʠʨʦʙʣʷʶʪʴ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʤʝʪʦʜʦʤ ʝʣʝ-

ʢʪʨʦʣʽʪʠʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ [77, 287], ʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʧʦʩʪʘʯʘʶʪʴ ʢʽʥʮʝʚʦʤʫ ʩʧʦʞʠ-

ʚʘʯʫ. ʄʘʨʢʘ ʧʦʨʦʰʢʫ, ʡʦʛʦ ʭʽʤʽʯʥʠʡ ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ, ʘ ʪʘʢʦʞ ʬʦʨʤʘ ʧʦ-

ʩʪʘʚʢʠ ʡ ʟʘʚʦʜʩʴʢʘ ʫʧʘʢʦʚʢʘ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ɻʆʉʊ 4960:2017. 

ɽʣʝʤʝʥʪʠ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ. ʇʦʨʦʰʦʢ ʟʘʜʘʥʦʾ ʜʠʩʧʝʨʩʥʦʩʪʽ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ 

ʟʘʚʜʷʢʠ ʩʠʪʦʚʦʤʫ ʘʥʘʣʽʟʫ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʙʽʨ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʠʪ ʟ ʧʣʝ-

ʪʝʥʦʾ ʜʨʦʪʷʥʦʾ ʪʢʘʥʠʥʠ, ʱʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ ɼʉʊʋ EN 233-2:201_ (EN 233-2:1995, 

IDT). ʉʝʨʝʜʥʶ ʜʠʩʧʝʨʩʥʽʩʪʴ ʯʘʩʪʦʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʬʝʨʦʽʜʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʘʪʦʨʘ ʤʘ-

ʨʢʠ ʌʉʄʛ7, ʬʝʨʦʩʠʣʽʮʽʶ ʤʘʨʢʠ ʌʉ75, ʬʝʨʦʭʨʦʤʫ ʤʘʨʢʠ ʌʍ650ɸ, ʬʝʨʦʪʠʪʘʥʫ ʤʘʨʢʠ 

ʌʊʠ70ʉ1, ʬʝʨʦʚʘʥʘʜʽʶ ʤʘʨʢʠ ʌɺʜ40ʋ0,75 ʪʘ ů-ʬʘʟʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ [76]: 
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ʜʝ mi ï ʤʘʩʘ i-ʪʦʾ ʬʨʘʢʮʽʾ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʾ ů-ʬʘʟʠ, ʢʛ; di ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ů-ʬʘʟʠ ʚ i-ʪ̔ ʡ ʬʨʘʢʮʽʾ, Ĭ10
-6
 ʤ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʽʚ ʯʘʩʪʦʢ ʧʦʨʦʰʢ̔ ʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʬʝʨʦʽʜʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽ-

ʢʘʪʦʨʘ ʤʘʨʢʠ ʌʉʄʛ7, ʬʝʨʦʩʠʣʽʮʽʶ ʤʘʨʢʠ ʌʉ75, ʬʝʨʦʭʨʦʤʫ ʤʘʨʢʠ ʌʍ650ɸ, ʬʝʨʦʪʠ-

ʪʘʥʫ ʤʘʨʢʠ ʌʊʠ70ʉ1, ʬʝʨʦʚʘʥʘʜʽʶ ʤʘʨʢʠ ʌɺʜ40ʋ0,75 ʡ ̔ ʥʪʝʨʤʝʪʘʣʽʜʫ FeCr, ʫ ʥʘʦh-

ʤʫ ʚʠʧʘʜʢʫ, ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʽʰ ʧʦʨʦʰʢʽʚ 2-ʭ ʥʝʧʦʚʥʠʭ ʛʨʫʧ [76]. ʊʘʢʠʤʠ ʛʨʫʧʘʤʠ  ̒

ʪʦʥʢʠʡ ʧʦʨʦʰʦʢ (10é40 ʤʢʤ) ʪʘ ʧʦʨʦʰʦʢ ʩʝʨʝʜʥʴʦʾ ʢʨʫʧʥʦʩʪʽ (40é250 ʤʢʤ). 

2.2 ʄʝʪʦʜʠʢʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʝʡ, ʱʦ ʛʘʟʠʬʽʢʫʶʪʴʩʷ, ʡ ʪʝʭʥʦʣʦʛʽʷ 

ʣʠʪʪʷ ʩʧʣʘʚʽʚ ʯʦʨʥʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ 

ɻʘʟʤʦʜʝʣ ̔ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʣʠʚʢʽʚ. ɻʄ ʤʘʡʙʫʪʥʽʭ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʽʟ Fe-C-

ʩʧʣʘʚʽʚ ʽ ʩʧʣʘʚʽʚ ʢʦʣʴʦʨʦʚʠʭ Me ʙʝʟ ʧʨʠʩʘʜʢʠ [ʨʠʩ. ɺ.1 (ʘ)] ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʘʚʪʦʢ-

ʣʘʚʥʠʤ ʤʝʪʦʜʦʤ. ʎʝʡ ʤʝʪʦʜ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʠʡ ʪʘ ʽʣʶʩʪʨʦʚʘʥʠʡ ʫ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʷʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʘʚʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ [223]. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ɻʄ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ, ʷʢʠʡ [579], ʫ ʩʚʦʶ 

ʯʝʨʛʫ, ʦʪʨʠʤʘʣʠ ʽʟ ʣʠʚʘʨʥʦʛʦ ʧʦʣʽʩʪʠʨʦʣʫ [ʨʘʮʽʦʥʘʣʴʥʘ ʬʦʨʤʫʣʘ: (C8H8)n; ʛʫʩʪʠʥʘ ï 
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1069é1125 ʢʛ/ʤ
3
] ʤʘʨʢʠ çSTMMA-FDè (Castchem, ʂʅʈ). ɼʘʥʠʡ ʧʦʣʽʩʪʠʨʦʣ ʙʫʚ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ çLost Foamè (ʃɻʄ-ʧʨʦʮʝʩʫ), ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʤʘʨʢʠ ʜʠʩʧʝʨʩʥʽʩʪʴ ʡʦʛʦ ʛʨʘʥʫʣ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʟʥʘʭʦʜʠʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʜ̔-

ʘʧʘʟʦʥʽ ʚʽʜ 250 ʜʦ 900 ʤʢʤ. ʇʦʩʪʘʚʣʷʻʪʴʩʷ ʢʽʥʮʝʚʦʤʫ ʩʧʦʞʠʚʘʯʫ ʫ ʤʝʪʘʣʝʚʽʡ ʪʘʨʽ ï 

ʟʘʟʚʠʯʘʡ ʩʪʘʣʝʚʠʭ ʙʦʯʢʘʭ ʤʘʩʦʶ ʥʝʪʪʦ ʧʦ 125 ʢʛ, ʽʥʦʜʽ ʫ ʙʘʨʘʙʘʥʘʭ ʘʙʦ ʤʽʰʢʘʭ ʤʘ-

ʩʦʶ ʥʝʪʪʦ ʧʦ 25 ʢʛ. ʌʦʨʤʘ ɻʄ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ï ʧʣʠʪʘ (ʧʣʘʩʪʠʥʘ), ʘ ʾʭ ʨʦʟʤʽʨʠ ʥʘʚʝ-

ʜʝʥʽ ʫ ʨʦʟʜ. 3é5, ʽ ʜʣʷ ʢʦʞʥʦʾ ʤʘʨʢʠ ʩʧʣʘʚʫ, ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʤʽʨʢʫ-

ʚʘʥʴ, ʙʫʣʠ ʥʝʦʜʥʘʢʦʚʠʤʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʙʫʣʦ ʚʠʢʦʨʠ-

ʩʪʘʥʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʘʥʦʾ ɼʈ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʡ ʊɽʇ ʧʨʦʮʝʩʫ ʚʠʨʦ-

ʙʥʠʮʪʚʘ ɻʄ ʙʝʟ ʧʨʠʩʘʜʢʠ (ʨʦʟʜ. 3é5) ʥʘʚʝʜʝʥʽ ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ. 

ɼʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʽ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʶʪʴʩʷ. ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘ-

ʜʢʫ, ɼʅɻʄ [ʨʠʩ. ɺ.1 (ʙ)] ʙʫʣʠ ʪʘʢʦʞ ʚʠʛʦʪʦʚʣʝʥʽ ʘʚʪʦʢʣʘʚʥʠʤ ʤʝʪʦʜʦʤ [290] ʟ ʧʽʥʦ-

ʧʦʣʽʩʪʠʨʦʣʫ [579] ʜʣʷ ʩʧʽʥʶʚʘʥʥʷ ʪʽʻʾ ʞ ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ. ʇʨʦʪʝ ʪʘʢʽ ɻʄ ʥʘʧʦʚʥʝʥʽ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ (ɽʄ, ʃɽ, ɸʌ, ʄʍ), ʘ ʚʽʜʪʘʢ ʩʘʤʝ ʮʠʤ ʚʦʥʠ ʚʽʜʨʽʟ-

ʥʷʶʪʴʩʷ ʚʽʜ ɻʄ ʙʝʟ ʧʨʠʩʘʜʦʢ. ʄʝʪʦʜʠʢʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ɻʄ ʟ ʽʤʧʣʘʥʪʦʚʘʥʠʤʠ ʜʠʩ-

ʧʝʨʩʥʠʤʠ ʬʝʨʦʩʧʣʘʚʘʤʠ (ʌʉ75, ʌʍ650ɸ, ʌʉʄʛ7, ʌɺʜ40ʋ0,75, ʌʊʠ70ʉ1), Cu-

ʧʦʨʦʰʢʦʤ ʤʘʨʢʠ ʇʄʉ-ʂ ʡ ʜʠʩʧʝʨʩʥʠʤ ʽʥʪʝʨʤʝʪʘʣʽʜʦʤ FeCr ʻ ʘʥʘʣʦʛʽʯʥʦʶ ʪʽʡ, ʷʢʘ 

ʦʧʠʩʘʥʘ ʫ ʨʦʙʦʪʘʭ [230, 233, 245]. ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʽ ʬʦʨʤʘ ɼʅɻʄ, ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʘ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʦʛʦ ʚʦʥʠ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ, ʡ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʾʭ 

(ɼʅɻʄ) ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʫ ʨʦʟʜ. 3é5 ʜʘʥʦʾ ɼʈ. 

ɼʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʘ ʤʦʜʝʣʴ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, ʜʚʦʤʽʨʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦ-

ʛʦ ʚʠʣʠʚʢʘ. ɼʅɻʄ ʜʚʦʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3 ʤʘʻ ʬʦʨʤʫ ʧʣʠʪʠ 

[ʨʠʩ. ɺ.1 (ʚ)], ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 3-ʭ ʦʢʨʝʤʦ ʚʠʛʦʪʦʚʣʝʥʠʭ ʯʘʩʪʠʥ ï 2-ʭ ɼʅɻʄ, ʩʢʣʝ̒ ʥʠʭ 

ʤʽʞ ʩʦʙʦʶ ʜʽʘʬʨʘʛʤʦʶ ʽʟ ʙʣʷʭʠ. ʇʝʨʰʘ ɼʅɻʄ ʷʚʣʷʻ ʩʦʙʦʶ ɻʄ, ʥʘʧʦʚʥʝʥʫ ʜʠʩʧʝʨ-

ʩʥʠʤ ʬʝʨʦʩʠʣʽʮʽʻʤ ʤʘʨʢʠ ʌʉ75, ʜʨʫʛʘ ï ʜʠʩʧʝʨʩʥʠʤ ʬʝʨʦʭʨʦʤʦʤ ʤʘʨʢʠ ʌʍ650ɸ. 

ɹʣʷʭʘ ʚʠʛʦʪʦʚʣʝʥʘ ʽʟ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3 ɼʉʊʋ 2651:2005, 

ʧʦʢʨʠʪʦʾ ʰʘʨʦʤ Zn ʪʦʚʱʠʥʦʶ 6é10 ʤʢʤ. ɼʣʷ ʩʢʣʝʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ɼʅɻʄ ʤʽʞ 

ʩʦʙʦʶ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʚʦʜʦ-, ʤʦʨʦʟʦʩʪʽʡʢʠʡ ʢʣʝʡ çɽʣʽʪ-ɼʨʘʢʦʥè 

(ʇʇ çɼʠʚʦʮʚʽʪè, ʋʢʨʘʾʥʘ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɼʅɻʄ ʪʘ ʾʾ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ 

ʤʦʜʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʨʦʟʜ. 3, 5) ʥʘʚʝʜʝʥʽ ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ. 
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ɺʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʢʦʤʧʣʝʢʪʽʚ, ʾʭ ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʬʦʨʤʦʚʢʠ ʪʘ ʟʘʣʠ-

ʚʢʠ, ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʮʝʩʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ. ʄʝʪʦʜʠʢʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʃʉ, 

ʩʢʣʘʜʘʥʥʷ ʤʦʜʝʣʴʥʠʭ ʢʦʤʧʣʝʢʪʽʚ  ̔ʥʘʥʝʩʝʥʥʷ ʥʘ ʾʭ ʧʦʚʝʨʭʥʶ ʧʨʦʪʠʧʨʠʛʘʨʥʦʛʦ ʧʦʢ-

ʨʠʪʪʷ, ʘ ʪʘʢʦʞ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʡ ʧʽʜʛʦʪʦʚʢʘ ʃʌ ʜʦ ʾʾ ʟʘʧʦʚʥʝʥʥʷ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧ-

ʣʘʚʦʤ ʥʝ ʻ ʦʨʠʛʽʥʘʣʴʥʦʶ ʤʝʪʦʜʠʢʦʁ [223, 290]. ɿ ʤʝʪʦʶ ʟʘʭʠʩʪʫ ʤʘʡʙʫʪʥʽʭ ʚʠʣʠʚʢʽʚ 

ʚʽʜ ʧʨʠʛʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʟʘʟʚʠʯʘʡ, ʧʨʦʪʠʧʨʠʛʘʨʥʫ ʬʘʨʙʫ ʥʘʩʪʫʧʥʦʛʦ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ [608], % (ʦʙ. ʯʘʩʪʢʘ): ʧʽʨʦʬʽʣʽʪ {ʭʽʤʽʯʥʘ ʬʦʨʤʫʣʘ: Al2[Si4O10](OH)2} ʘʙʦ ʜʠʩ-

ʪʝʥ-ʩʠʣʽʤʘʥʽʪ {ʭʽʤʽʯʥʘ ʬʦʨʤʫʣʘ: Al2[SiO4]O}  ï 30,0é50,0; ʙʝʥʪʦʥʽʪ {ʦʩʥʦʚʥʠʡ ʢʦʤ-

ʧʦʥʝʥʪ ʙʝʥʪʦʥʽʪʫ [60,0é70,0 % (ʤʘʩ. ʯʘʩʪʢʘ)] ï ʤʦʥʪʤʦʨʠʣʦʥʽʪ, ʭʽʤʽʯʥʘ ʬʦʨʤʫʣʘ: 

Al2[Si4O10](OH)2ĿnH2O}  ï 10,0é20,0; ʜʝʢʩʪʨʠʥ ʢʠʩʣʦʪʥʠʡ [ʨʘʮʽʦʥʘʣʴʥʘ ʬʦʨʤʫʣʘ: 

(C6H10O5)n] ï 10,0é20,0; ʚʦʜʘ ʪʝʭʥʽʯʥʘ (ʭʽʤʽʯʥʘ ʬʦʨʤʫʣʘ: H2O) ï ʨʝʰʪʘ. ʑʦʙ ʟʘʧʦʙʽ-

ʛʪʠ ʧʨʦʮʝʩʫ ʙʨʦʜʽʥʥʷ ʫ ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ ʜʦ ʩʢʣʘʜʫ ʧʨʦʪʠʧʨʠʛʘʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʚʚʦ-

ʜʷʪʴ ʜʦʜʘʪʢʦʚʦ ʘʣʴʛʽʥʘʪ ʥʘʪʨʽʶ (ʨʘʮʽʦʥʘʣʴʥʘ ʬʦʨʤʫʣʘ: C6H7O6Na) ʫ ʢʽʣʴʢʦʩʪʽ 

0,3é4,0 % ʚʽʜ ʤʘʩʠ ʛʦʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ. ʂʦʦʨʜʠʥʘʪʠ ʤʽʩʮʷ ʧʽʜʚʝʜʝʥʥʷ ʨʽʜʢʦʛʦ Me ʜʦ 

çʧʦʨʦʞʥʠʥʠè ʃʌ ʟʘʟʥʘʯʝʥʽ ʫ ʨʦʟʜ. 5 ʜʘʥʦʾ ɼʈ. ʇʽʜʛʦʪʦʚʣʝʥʘ ʜʦ ʟʘʧʦʚʥʝʥʥʷ ʤʘʪʨʠʯ-

ʥʠʤ ʨʦʟʧʣʘʚʦʤ ʃʌ ʫ ʚʠʛʣʷʜʽ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʃɻʄ-ʧʨʦʮʝʩʫ ʟ ʧʦʧʨʘʚʢʦʶ ʥʘ ɼʅɻʄ 

[253] ʙʫʣʘ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʨʦʟʜ. 1 ʚʠʢʦʥʘʥʦʾ ɼʈ. ʊʝʭʥʦʣʦʛʽʷ ʃɻʄ-ʧʨʦʮʝ-

ʩʫ ʩʪʠʩʣʦ ʪʘ ʚ ʜʦʩʪʫʧʥʽʡ ʬʦʨʤʽ ʦʧʠʩʘʥʘ ʪʘʢʦʞ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [609]. 

2.3 ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʡʦʛʦ ʧʦʩʪʘʥʦʚʢʘ 

ɺʧʣʠʚ ʽʥʦʢʫʣʶʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʜʦʩʣʽʜʞʫ-

ʚʘʣʠ ʟʘ ʦʨʠʛʽʥʘʣʥɹʦʶ ʤʝʪʦʜʠʢʦ,ʁ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʌʊɯʄʉ ʅɸʅ ʋʢ-

ʨʘʾʥʠ. ɼʣʷ ʮʴʦʛʦ ʧʽʜʜʦʩʣʽʜʥʽ ʚʠʣʠʚʢʠ ʙʫʣʠ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʤʽʯʝʥʽ ʡ ʧʦʨʽʟʘʥʽ ʥʘ ʪʝʤʧ-

ʣʝʪʠ, ʽʟ ʷʢʠʭ ʧʦʪʽʤ ʚʠʨʽʟʘʣʠ ʰʣʽʬʠ ʜʣʷ ʄɻɸ, ʧʨʦʙʠ ʜʣʷ ʈʉʄɸ ʪʘ ʈʌɸ, ʘ ʪʘʢʦʞ ʟʨʘ-

ʟʢʠ ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨ-

ʪʷ, ʱʦ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ. ʈʦʟʤʽʨʠ ʚʠʣʠʚʢʽʚ ʥʘʚʝʜʝʥʽ ʫ ʨʦʟʜ. 3é5 ʮʽʻʾ ɼʈ. 

ʄʝʪʦʜʠʢʘ ʧʣʘʥʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʤʦʜʠʬʽʢʫʚʘʥʥʽ 

ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʬʝʨʦʩʠʣʽʮʽʻʤ ʤʘʨʢʠ ʌʉ75. ɿʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ 

ʧʦʣʷ Si ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʩʪʨʫ-

ʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʽ ʪʚʝʨʜʦʩʪʽ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʧʦ ʚʠʩʦʪʽ ʡ ʜʦʚʞʠʥʽ ʚʠʣʠʚʢʘ ʜʦʩʣʽʜʞʫ-

ʚʘʣʠ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʥʘʜ ʥʠʤ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʩʝʨʽʶ ʥʝʟʘʣʝʞʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 
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ʇʦʢʘʟʥʠʢʠ ʟʥʽʤʘʣʠ ʚ ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ ʦʙôʻʤʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʫ ʡʦʛʦ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʩʭʝʤʦʶ, ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘ-

ʚʣʝʥʦʶ ʥʘ ʨʠʩ. 2.1. ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ɼʈ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʜʦʜʘʪʢʦʚʦ ʪʘʢ ʟʚʘʥʽ 

ʧʝʨʝʭʨʝʩʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ɺ ʦʩʥʦʚʫ ʪʘʢʠʭ ʬʫʥʢʮʽʦʥʘ-

ʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʪʦʯʮʽ ʚ 

ʦʙôʻʤʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ, ʘʙʦ ʞ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʣʠʪʽʡ ʟʘʛʦʪʦ-

ʚʮʽ. ʎʝʡ ʧʨʠʥʮʠʧ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʦʜʥʽ ʡ ʪʽ ʞ ʩʘʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦʢʘʟʥʠʢʠ 

ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ 

ʉʏ300 ɼʉʊʋ 8833:2019 ʪʘ ʡʦʛʦ ʪʚʝʨʜʽʩʪʴ) ʟʥʽʤʘʶʪʴʩʷ ʧʦ ʯʝʨʟʽ ʽʟ ʢʦʞʥʦʛʦ ʪʝʤʧʣʝʪʘ, 

ʚʠʨʽʟʘʥʦʛʦ ʟ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ, ʘ ʧʦʪʽʤ ʧʦ ʪʦʯʢʘʭ çʙʫ-

ʜʫʶʪʴʩʷè ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʾʭ ʙʘʞʘʥʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ. 

ʇʨʠ ʛʨʘʬʽʪʫʟʫʶʯʦʤʫ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʜʠʩʧʝʨʩʥʠʤ ʬʝ-

ʨʦʩʠʣʽʮʽʻʤ ʤʘʨʢʠ ʌʉ75 ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʦʞ ʦʨʪʦʛʦʥʘʣʴʥʠʡ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ 

1-ʛʦ ʧʦʨʷʜʢʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʦʤ ʧʦʚʥʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʂʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʢʦʞʥʽʡ ʩʝʨʽʾ ʜʣʷ 4-ʭ ʥʝʟʘʣʝʞʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʘ ʫ 

ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʩʪʘʥʦʚʠʣʘ 16, ʧʽʜʨʘʭʦʚʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ [593]: 

 2
n

k = , (2.2) 

ʜʝ n - ʯʠʩʣʦ ʥʝʟʘʣʝʞʥʠʭ ʬʘʢʪʦʨʽʚ (ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʃɻʄ-ʧʨʦʮʝʩʫ), n = 4. 

ʊʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʪʘʙʣ. ɸ.12) ʙʫʣʠ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʃɻʄ-ʧʨʦʮʝ-
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. ɺʘʨʽʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ (ʜʠʚ. ʪʘʙʣ. ɸ.12) ʟʜʽʡʩʥʶʚʘ-

ʣʦʩʴ ʥʘ 2-ʭ ʨʽʚʥʷʭ. ʈʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ [593] ʜʣʷ 4-ʭ ʥʝʟʘʣʝʞʥʠʭ ʬʘʢʪʦʨʽʚ ʤʘʻ ʚʠʛʣʷʜ: 
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, (2.3) 

ʜʝ a0 , a1 , a2 , a3 , a4 , a 2,1 , a 3,1 , a 4,1 , a 3,2 , a 4,2 , a 4,3 , a 3,2,1 , a 4,2,1 , a 4,3,1 , a 5,3,2 , a 4,3,2,1  - ʢʦʝʬʽ-

ʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ; x0  - ʬʽʢʪʠʚʥʠʡ ʬʘʢʪʦʨ, x0  = 1. 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣ. ɸ.15), ʷʢʘ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʧʨʠ ʛʨʘ-

ʬʽʪʠʟʫʶʯʦʤʫ ʤʦʜʠʬʽʢʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʜʠʩʧʝʨʩʥʠʤ 
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ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʨʦʟʤʽʪʢʠ ʪʘ ʧʦʨʽʟʢʠ ʜʦʩʣʽʜʥʠʭ (ʘ, ʚ) ʡ ʢʦʥʪʨʦʣʴʥʠʭ (ʙ, ʛ) ʚʠʣʠʚʢʚ̔ 

ʥʘ ʪʝʤʧʣʝʪʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ Si  ̔ʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ 

ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ (n-1...n-9), ʘ ʪʘʢʦʞ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (I, II , n-1...n-9) ʤʘʪʝʨʽʘʣʫ ʚʠʣʠʚʢʽʚ 
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ʬʝʨʦʩʠʣʽʮʽʻʤ ʤʘʨʢʠ ʌʉ75, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʯʝ. ʂʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ ʦʪʨʠʤʘʣʠ ʚʥʘ-

ʩʣʽʜʦʢ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ 16-ʪʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ. ʂʦʞʥʝ ʨʽʚʥʷʥʥʷ ʤʘʣʦ ʧʦ 16 ʥʝʚʽ-

ʜʦʤʠʭ, ʷʢʠʤʠ ʽ ʙʫʣʠ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ. ʎʷ ʤʘʪʝʤʘʪʠʯʥʘ ʟʘʜʘʯʘ ʙʫʣʘ ʚʠʨʽʰʝʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ. ɺ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʢʫ ʦʪʨʠʤʘʥʦʾ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʙʫʚ ʟʘʢʣʘʜʝʥʠʡ ʚʽʜʦʤʠʡ ʫ ʤʘʪʝʤʘʪʠʮʽ ʤʝʪʦʜ ɻʘʫʩʘ [593]. 

ɽʢʩʧʝʨʠʤʝʥʪʠ (ʪʘʙʣ. ɸ.15, 3.5), ʚʢʘʟʘʥʽ ʚʠʱʝ, ʩʪʘʚʠʣʠʩʴ ʥʘ 16-ʠ ʜʦʩʣʽʜʥʠʭ ʡ 1-

ʤʫ ʢʦʥʪʨʦʣʴʥʦʤʫ ʚʠʣʠʚʢʘʭ, ʧʦʤʽʯʝʥʠʤʠ ʥʘʪʫʨʘʣʴʥʠʤʠ ʯʠʩʣʘʤʠ ʚʽʜ ç1è ʜʦ ç16è ʪʘ 

ʣʽʪʝʨʦʶ çʂè (ʧʽʜʨʦʟʜ. 3.1), ʚʽʜʧʦʚʽʜʥʦ. ʂʦʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʽʘʣʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ 

ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʨʝʟʫʣʴʪʘʪʽʚ ʾʾ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʜʝʢʽʣʴʢʦʭ ʪʦʯ-

ʢʘʭ ʦʙôʻʤʫ ʮʴʦʛʦ ʟʨʘʟʢʘ. ʄɻɸ ʧʽʜʜʘʚʘʣʠ ʧʦ ʦʜʥʦʤʫ ʪʝʤʧʣʝʪʫ, ʚʠʨʽʟʘʥʦʤʫ ʽʟ ʩʝʨʝʜ-

ʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʞʥʦʛʦ ʧʽʜʜʦʩʣʽʜʥʦʛʦ ʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʽʚ (ʟʘ ʚʠʥʷʪʢʦʤ ʚʠʟʥʘ-

ʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʚ ʦʙôʻʤʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ), 

ʪʚʝʨʜʽʩʪʴ ʷʢʠʭ ʙʫʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʦʶ ʜʦ ʩʝʨʝʜʥʴʦʾ ʘʨʠʬʤʝʪʠʯʥʦʾ. ʆʩʢʽʣʴʢʠ 

ʪʦʚʱʠʥʘ ʫʩʽʭ ʚʠʣʠʚʢʽʚ ʜʦʨʽʚʥʶʚʘʣʘ 5 ʤʤ, ʪʦ ůʚ ʡ ůʠ ʥʝ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ. 

ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʡʦʛʦ ʧʦʩʪʘʥʦʚʢʘ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʞʘʨʦʩʪʽʡʢʦʛʦ Cr-

ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ1 ʰʣʷʭʦʤ ʣʝʛʫʚʘʥʥʷ ʯʘʚʫʥʥʦʛʦ ʨʦʟʧʣʘʚʫ ʬʝʨʦʭʨʦʤʦʤ ʤʘʨʢʠ 

ʌʍ650ɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʧʦʣʷ Cr, ʢʦʝʬʽʮʽʻʥʪʘ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ, 

ʨʦʟʧʦʜʣ̔ʫ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʡ ʪʚʝʨʜʦʩʪʽ ʞʘʨʦʩʪʽʡʢʦʛʦ Cr-ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ1 

ɼʉʊʋ 8851:2019 ʚ ʦʙôʻʤʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ, ʘ ʪʘʢʦʞ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞ-

ʥʦʩʪʝʡ ʧʦʢʘʟʥʠʢʽʚ, ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ, ʤʽʞ ʩʦʙʦʶ, ʪʦʙʪʦ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ Cr ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ, ʟʘʣʝʞʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʽ ʪʚʝʨʜʦʩʪʽ ʞʘʨʦʩʪʽʡ-

ʢʦʛʦ Cr-ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ1, ʚʠʟʥʘʯʝʥʦʾ ʟʘ ʰʢʘʣʦʶ ɹʨʽʥʝʣʣʷ, ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Cr ʡ ʢʦʝʬʽʮʽʻʥʪʘ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ, ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʪʚʝʨʜʽʩʪʴ ʞʘʨʦʩʪʽʡʢʦʛʦ Cr-ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ1 ʙʫʣʦ ʩʧʣʘʥʦʚʘʥʦ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʘʥʘʣʦʛʽʯʥʦʶ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʫʥʢʪʫ. ɿʘ ʩʭʝʤʦʶ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʦʶ ʥʘ ʨʠʩ. 2.2, ʩʪʘʚʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʷʢʽ ʙʫʣʠ ʟʛʘʜʘʥʽ ʨʘʥʽh ʝ. 

ɿʘʟʥʘʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 5-ʠ ʚʠʣʠʚʢʘʭ ̔ ʟ ʜʦʩʣʽʜʥʦʛʦ ʩʧʣʘʚʫ ʪʘ ʦʜ-

ʥʦʤʫ ̔ ʟ ʢʦʥʪʨʦʣʴʥʦʛʦ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʥʘʩʣʽʜʦʢ ʤʘʪʝʤʘʪʠ-

ʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʟʥʷʪʠʭ ̔ ʟ ʢʦʞʥʦʛʦ ʣʠʪʦʛʦ ʟʨʘʟʢʘ - ̫ ʢ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ. ʄɻɸ ʧʽʜʜʘʚʘʣʠʩʴ ʚʠʣʠʚʢʠ ̫ ʢ ̔ ʟ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʧʣʘʚʫ, ʪʘʢ ̔  ʜʦʩʣʜ̔ʥʦʛʦ, ʫ 
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ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʨʦʟʤʽʪʢʠ ʡ ʧʦʨʽʟʢʠ ʚʠʣʠʚʢʽʚ ʥʘ ʪʝʤʧʣʝʪʠ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ (1-ɸ...6-ɸ), ʚʠʟʥʘʯʝʥʥʷ [Cr]ʣ (1-ɸ...6-ɸ, 

1-ɹ...6-ɹ) ʡ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʾʭ ʨʦʟʧʦʜʽʣʫ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʣʠʪʠʭ ʟʨʘʟʢʽʚ: ʘ, ʚ ï (ʉʏ + ʌʍ650ɸ); ʙ, ʛ ï ʉʏ (ʂ) 
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ʷʢʦʛʦ ʪʚʝʨʜʽʩʪʴ ʙʫʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʦʶ ʜʦ ʩʝʨʝʜʥʴʦʾ ʘʨʠʬʤʝʪʠʯʥʦʾ. 

ʄʝʪʦʜʠʢʘ ʧʣʘʥʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʣʝʛʫʚʘʥʥʽ ʟʥʦʩʦ-

ʩʪʽʡʢʦʾ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 70ʍʃ ʬʝʨʦʚʘʥʘʜʽʻʤ ʤʘʨʢʠ ʌɺʜ40ʋ0,75 ʪʘ ʬʝʨʦʪʠʪʘʥʦʤ 

ʤʘʨʢʠ ʌʊʠ70ʉ1 ʦʜʥʦʯʘʩʥʦ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʟʤʽʥ ʢʦʥʮʝʥʪʨʘʮʽʡ V ʡ Ti ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʾʭ ʟʘʩʚʦʻʥʥʷ ʨʦʟʧʣʘʚʦʤ ʟʥʦʩʦʩʪʽʡʢʦʾ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 70ʍʃ ʊʋ 4112-78269737-001-

2005, ʨʦʟʧʦʜʽʣʫ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ (ʢʽʣʴʢʦʩʪʝʡ ʇ ʡ ʌ, ʜʠʩʧʝʨʩʥʦʩʪʽ ʇ ʪʘ ʚʝʣʠ-

ʯʠʥʠ ʟʝʨʥʘ) ʡ ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ, ʚʽʜʥʦʩʥʦʛʦ ʚʠ-

ʜʦʚʞʝʥʥʷ, ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʨʦʟʨʠʚʫ ʽ ʪʚʝʨʜʦʩʪʽ) ʟʥʦʩʦʩʪʽʡʢʦʾ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʦʾ 

ʩʪʘʣʽ ʤʘʨʢʠ 75ʍʌʊʃ ʊʋ 4112-78269737-001-2005 ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʠʣʠʚʢʽʚ, ʘ 

ʪʘʢʦʞ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʽʞ ʩʦʙʦʶ - ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘ-

ʮʽʡ V ʡ Ti ʫ ʟʨʘʟʢʘʭ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ ʾʭ ʟʘʩʚʦʻʥʥʷ, ʟʘʣʝʞʥʦʩʪʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘ-

ʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʘʣʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʡ V ʡ Ti ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʾʭ ʟʘʩʚʦʻʥʥʷ, ʚʧʣʠʚʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʽʻʾ ʩʪʘʣʽ ʙʫʣʦ ʩʧʣʘ-

ʥʦʚʘʥʦ ʡ ʧʨʦʚʝʜʝʥʦ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʘʥʘʣʦʛʽʯʥʦʶ ʦʧʠʩʘʥʽʡ ʫ ʧʦʧʝʨʝʜʥʽʭ 2-ʭ ʧʫʥʢʪʘʭ. 

ɼʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʪʘʚʠʣʠ ʟʘ ʩʭʝʤʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʥʘ ʨʠʩ. 2.3 ʚʠʢʦʥʘʥʦʾ ɼʈ. 

ʎ ̔ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 5-ʠ ʚʠʣʠʚʢʘʭ ʽʟ ʜʦʩʣʽʜʥʦʛʦ ʩʧʣʘʚʫ  ̔ʦʜʥʦʤʫ ʽʟ 

ʢʦʥʪʨʦʣʴʥʦʛʦ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʥʘʩʣʽʜʦʢ ʤʘʪʝʤʘ-

ʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʟʥʷʪʠʭ ̔ ʟ ʢʦʞʥʦʛʦ ʣʠʪʦʛʦ ʟʨʘʟʢʘ - ̫ ʢ ʩʝʨʝ-

ʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ. ʄɻɸ ʧʽʜʜʘʚʘʣʠʩ ɹʚʠʣʠʚʦʢ ʽʟ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʧʣʘʚʫ (ʩʪʘʣʽ ʤʘʨʢʠ 

70ʍʃ) ̔  ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ (ʩʪʘʣʴ ʤʘʨʢʠ 75ʍʌʊʃ), ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ̫ ʢʦʛʦ, ʟʘ ʩʚʦ-

ʾʤ ʟʥʘʯʝʥʥʷʤ, ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʘʣʠʩʴ ʜʦ ʚʝʣʠʯʠʥʠ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ. 

ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʡʦʛʦ ʧʦʩʪʘʥʦʚʢʘ ʧʨʠ ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʟʤʽʮʥʝʥʥʽ ʣʠʚʘʨ-

ʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12ʄ2ʄʛʅ ʜʠʩʧʝʨʩʥʠʤ ʽʥʪʝʨʤʝʪʘʣʽʜʦʤ FeCr. ʑʦʙ ʜʦʩʣʽʜʠ-

ʪʠ ʤʦʞʣʠʚʽʩʪʴ ʘʨʤʫʚʘʥʥʷ ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʨʰʥʝʚʦʛʦ Al-ʩʧʣʘʚʫ 

ʤʘʨʢʠ ɸʂ12ʄ2ʄʛʅ ɼʉʊʋ 2839:1994 ʜʠʩʧʝʨʩʥʠʤ ʽʥʪʝʨʤʝʪʘʣʽʜʦʤ FeCr ʫ ʮʽʡ ɼʈ ʙʫ-

ʣʦ ʧʦʩʪʘʚʣʝʥʦ ʩʝʨʽʶ ʪʘʢʠʭ ʥʝʟʘʣʝʞʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʷʢ: ʄɻɸ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪ-

ʥʦʛʦ ʪʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʽʚ ʧʦ ʾʭ ʚʠʩʦʪʽ; ʚʠʚʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ 

ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʽ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʫ ʚʽʜ ʚʠ-

ʩʦʪʠ ʣʠʪʠʭ ʟʨʘʟʢʽʚ; ʚʠʟʥʘʯʝʥʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ɸʌ ʡ Me-ʤʘʪʨʠʮʽ ʣʠ-

ʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12ʄ2ʄʛʅ, ʢʦʤʧʦʟʠʮʽʡʥʦ ʟʤʽʮʥʝʥʦʛʦ ʜʠʩʧʝʨʩʥʠʤ ʽʥ-
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ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʨʦʟʤʽʪʢʠ ʪʘ ʧʦʨʽʟʢʠ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʥʘ ʪʝʤʧʣʝʪʠ 

ʜʣʷ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ (1-ɸ, 2-ɹ, 3-ɸ, 4-ɹ, 5-ɸ, 6-ɹ), ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʨʦʟʧʦʜʽʣʫ [V]ʣ 

(1-ɸé6-ɸ, 1-ɹé6-ɹ) ʫ ʾʭ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ: 1-ɸ, 2-ɹ, 3-ɸ, 4-ɹ, 5-ɸ, 6-ɹ ï aʥ; 

1-ɹ, 2-ɸ, 3-ɹ, 4-ɸ, 5-ɹ, 6-ɸ ï ůʚ, ŭ5; ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ HB ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

HB = f (aɺ, Hɺ): ʘ, ʚ ï 75ʍʌʊʃ; ʙ, ʛ ï 70ʍʃ (ʂ) 
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ʪʝʨʤʝʪʘʣʽʜʦʤ FeCr, ʜʦ ʽ ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʡʦʛʦ ʘʨʤʫʚʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ (ʄɻɸ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ) ʥʫʣʴʤʽʨ-

ʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʡ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12ʄ2ʄʛʅ ʟʜʽʡʩʥʶʚʘ-

ʣʦʩʴ ʥʘ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʘʭ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʪʝʤʧʣʝʪʽʚ, ʷʢʽ ʙʫʣʠ ʚʠʨʽʟʘʥʽ ʽʟ ʜʦ-

ʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ ʟʘ ʩʭʝʤʦʶ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ (ʨʠʩ. 2.4) ʥʠʞʯʝ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ɸʌ ʡ ʄʝ-ʤʘʪʨʠʮʽ ʟʨʘʟʢʽʚ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʙʫʣʦ 

ʚʠʚʯʝʥʦ ʟʘ ʦʨʠʛʽʥʘʣʴʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʷʢʘ ʦʧʠʩʘʥʘ ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ, ʚʢʘʟʘʥʽ ʚʠʱʝ, ʩʪʘʚʠʣʠʩʴ ʥʘ 3-ʭ ʜʦʩʣʽʜʥʠʭ ʪʘ ʦʜʥʦʤʫ ʢʦʥʪʨʦʣʴ-

ʥʦʤʫ ʚʠʣʠʚʢʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʥʘʩʣʽʜʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙ-

ʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʟʥʷʪʠʭ ʽʟ ʢʦʞʥʦʛʦ ʚʠʣʠʚʢʘ - ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠ-

ʯʥʝ. ʄɻɸ ʧʽʜʜʘʚʘʚʩʷ ʣʠʪʠʡ ʟʨʘʟʦʢ ʽʟ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʧʣʘʚʫ ʽ ʜʦʩʣʽʜʥʠʡ ʚʠʣʠʚʦʢ, ʚʣʘ-

ʩʪʠʚʦʩʪʽ ʷʢʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʘʣʠʩʴ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ. 

ʋ ʜʘʥ̔ʡ ɼʈ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʚʦʤʽʨʥʠʭ ʃʂʄ ʩʠ-

ʩʪʝʤʠ ɸʂ12ʄ2ʄʛʅ ï Al-FeCr. ɼʣʷ ʮʴʦʛʦ, ʟʘ ʤʝʪʦʜʠʢʦʶ, ʘʥʘʣʦʛʽʯʥʦʶ ʦʧʠʩʘʥ̔ ʡ ʫ ʧʽʜ-

ʨʦʟʜ. 2.2, ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʪʘ ʩʢʣʝʻʥʦ ʤʽʞ ʩʦʙʦʶ ɻʄ ʙʝʟ ʧʨʠʩʘʜʢʠ ʪʘ ɼʅɻʄ. ʊʘʢʘ 

ɻʄ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʽʻʾ, ʱʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. ɺ.1 (ʚ), ʙʫʣʘ ʙʝʟ ʜʽʘʬʨʘʛʤʠ. ɻʄ ʪʘʢʦʞ 

ʤʘʣʘ ʬʦʨʤʫ ʧʣʠʪʠ ʜʦʚʞʠʥʦʶ 100 ʤʤ, ʰʠʨʠʥʦʶ 40 ʤʤ ʡ ʚʠʩʦʪʦʶ 300 ʤʤ. ʐʘʨ ɻʄ, 

ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʠʡ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʶ ɸʌ, ʤʘʚ ʰʠʨʠʥʫ 10 ʤʤ. 

ʄʝʪʦʜʠʢʘ ʧʣʘʥʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʥʫʣʴʤʽʨ-

ʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʥʘ ʙʘʟʽ ʝʚʪʝʢʪʠʯʥʦʛʦ ʩʠʣʫʤʽʥʫ ʤʘʨʢʠ ɸʂ12 ɼʉʊʋ 

2839:1994. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʥʘ ʙʘʟʽ ʣʠʚʘʨʥʦʛʦ Al-

ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12 ʙʫʣʦ ʩʧʣʘʥʦʚʘʥʦ ʪʘ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʥʝʟʘʣʝʞʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, 

ʷʢʽ ʟʚʦʜʠʣʠʩ ̫ʜʦ ʥʘʩʪʫʧʥʦʛʦ: ʄɻɸ ʩʪʨʫʢʪʫʨʠ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʡ 

ʢʦʥʪʨʦʣʴʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12; ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ (ʧʠʪʦʤʦʾ 

ʢʽʣɹʢʦʩʪʽ  ̔ʜʠʩʧʝʨʩʥʦʩʪʽ ʚʢʣʶʯʝʥʴ ʽʥʪʝʨʤʝʪʘʣʽʜʫ FeCr) ʧʦ ʚʠʩʦʪʽ ʚʠʣʠʚʢʘ; ʚʠʚʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʫ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʾ ʢʽʣʴʢʦʩʪʽ ʚʢʣʶʯʝʥʴ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ɸʌ ʚ ʩʪʨʫʢʪʫʨʽ 

ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʚʽʜ ʾʾ ʜʠʩʧʝʨʩʥʦʩʪʽ; ʚʠʚʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʢʨʦʪ-

ʚʝʨʜʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ (Me-ʤʘʪʨʠʮʽ ʡ ů-ʬʘʟʠ) ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ 

Al-FeCr ʪʘ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12 (Al-ʤʘʪʨʠʮʽ) ʚʽʜ ʚʠʩʦʪʠ ʣʠʪʦʛʦ ʟʨʘʟʢʘ; 

ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʚôʷʟʢʫ ʤʽʞ Me-ʤʘʪʨʠʮʝʶ ʪʘ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʶ ɸʌ ʚ ʩʠʩʪʝʤʽ 
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ʈʠʩʫʥʦʢ 2.4 ï ʉʭʝʤʘ ʨʦʟʤʽʪʢʠ ʡ ʧʦʨʽʟʢʠ ʚʠʣʠʚʢʽʚ ʥʘ ʪʝʤʧʣʝʪʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ (1-ɸé6-ɸ) ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ (1-ɹé6-ɹ) ʤʘʪʝʨʽʘʣʫ ʧʦ ʾʭ 

ʚʠʩʦʪʽ: ʘ ï ʥʫʣʴʤʽʨʥʠʡ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, ʙ ï ɸʂ12ʄ2ʄʛʅ ʪʘ /ʘʙʦ ɸʂ12; ʧʨʦʙʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ɸʌ ʡ Al-ʤʘʪʨʠʮʽ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr 

ʜʦ (ʛ, ʜ) ʽ ʧʽʩʣʷ (ʚ) ʧʨʦʮʝʩʫ ʘʨʤʫʚʘʥʥ ̫ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ: ʚ ï ʥʫʣʴʤʽʨʥʠʡ ʃʂʄ 

ʩʠʩʪʝʤʠ Al-FeCr, ʛ ï ɸʂ12ʄ2ʄʛʅ (ɸʂ12) + FeCr, ʜ ï ɸʂ12ʄ2ʄʛʅ ʪʘ / ʘʙʦ ɸʂ12, 

1 ï ʥʫʣʴʤʽʨʥʠʡ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr (FeCr), 2 ï ɸʂ12ʄ2ʄʛʅ ʪʘ / ʘʙʦ ɸʂ12 
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Al-FeCr; ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʫʣʴʤʨ̔ʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-

FeCr ʽ ʙʘʟʦʚʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12 ʧʦ ʚʠʩʦʪʽ ʚʠʣʠʚʢʘ; ʚʠʚʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʝ-

ʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʚʽʜ ʧʠʪʦʤʦʾ ʢʽʣʴʢʦʩʪʽ ʡ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʚʢʣʶʯʝʥʴ ʽʥʪʝʨʤʝʪʘʣʽʜʫ FeCr; ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʘʣʝʞʥʦʩʪʽ ʤʝ-

ʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʽ ʢʦʥʪʨʦʣʥɹʦʛʦ Al-ʩʧʣʘʚʫ 

ʤʘʨʢʠ ɸʂ12 ʚʽʜ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ; ʚʠʚʯʝʥʥʷ ʟʤʽʥʠ ʪʨʠʙʦʪʝʭʥʽ-

ʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ (ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʡ ʢʦʥʪʨʪʽʣʘ) ʧʦ ʚʠʩʦʪʽ ʚʠʣʠʚʢʘ (ʟʥʦʩʫ 

ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr  ̔ʙʘʟʦʚʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12; ʩʧʨʘʮʶʚʘʥʥ ̫

ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 40ʍ; ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʧʘʨ: ʃʂʄ ʩʠʩʪʝʤʠ 

Al-FeCr - ʉʪʘʣʴ 40ʍ, ʉʧʣʘʚ ɸʂ12 - ʉʪʘʣʴ 40ʍ); ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʽʢʨʦʩʪʨʫʢʪʫ-

ʨʠ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʥʘ ʟʥʦʩ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʧʨʘʮʶʚʘʥʥʷ ʤʘʪʝʨʽ-

ʘʣʫ ʢʦʥʪʨʪʽʣʘ, ʱʦ ʧʨʘʮʶʻ ʟ ʥʠʤ ʫ ʧʘʨʽ, ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʧʘʨʠ ʃʂʄ ʩʠ-

ʩʪʝʤʠ Al-FeCr - ʉʪʘʣʴ 40ʍ; ʚʠʚʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘ-

ʪʝʨ̔ʘʣʽʚ, ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ, ʚʽʜ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʫʣʴʤʽʨʥʦʛʦ 

ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr  ̔ʢʦʥʪʨʦʣʴʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12; ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦ-

ʩʪʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʪʘ ʙʘʟʦʚʦʛʦ Al-

ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12 ʚʽʜ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʘʨ ʪʝʨʪʷ ʢʦ-

ʚʟʘʥʥʷ, ʚʢʘʟʘʥʠʭ ʚʠʱʝ. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʘʥʘʣʦʛʽʯʥʦʶ ʪʽʡ, 

ʱʦ ʦʧʠʩʘʥʘ ʚʠʱʝ, ʡ ʟʛʽʜʥʦ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 2.4. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʪʘʚʠʣʠʩʴ ʥʘ 5-ʠ ʜʦʩʣʽʜʥʠʭ ʪʘ 1-ʤʫ ʢʦʥʪʨʦʣʴʥʦʤʫ ʚʠʣʠʚʢʘʭ. ʈʝ-

ʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʚʥʘʩʣʽʜʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʪʦʙʪʦ 

ʚʜ̔ʧʦʚʽʜʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʟʘʜʘʥʠʭ ʫ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ, ʷʢʽ ʙʫʣʠ ʟʥʷʪʽ 

ʽʟ ʢʦʞʥʦʛʦ ʚʠʣʠʚʢʘ (ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ). ʄɻɸ ʧʽʜʜʘʚʘʚʩʷ ʟʨʘʟʦʢ ʙʘʟʦʚʦʛʦ Al-

ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12 ʡ ʢʦʤʧʦʟʠʪʥʠʡ ʚʠʣʠʚʦʢ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʙʫʣʠ ʤʘʢʩʠʤʘʣʴ-

ʥʦ ʥʘʙʣʠʞʝʥʠʤʠ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ. 

ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʡʦʛʦ ʧʦʩʪʘʥʦʚʢʘ ʧʨʠ ʽʥʦʢʫʣʶʚʘʥʥʽ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ 

ʃʎ16ʂ4 ʽʥʪʝʨʤʝʪʘʣʽʜʦʤ FeCr. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʦʢʫʣʶʚʘʥʥʷ ʨʦʟʧʣʘ-

ʚʫ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4 ɻʆʉʊ 17711-93 ʽʥʪʝʨʤʝʪʘʣʽʜʦʤ FeCr ʙʫʣʦ 

ʩʧʣʘʥʦʚʘʥʦ ʽ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʥʝʟʘʣʝʞʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʧʦʣʷʛʘʣʠ ʫ ʥʘʩʪʫʧʥʦ-

ʤʫ: ʄɻɸ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʥʦʛʦ [ʃʎ16ʂ4 + 7 % (ʦʙ. ʯʘʩʪʢʘ) FeCr] ʪʘ ʢʦʥʪʨʦ-

ʣʥɹʦʛʦ (ʣʠʚʘʨʥʘ Si-ʣʘʪʫʥʴ ʤʘʨʢʠ ʃʎ16ʂ4) ʩʧʣʘʚʽʚ; ʚʠʚʯʝʥʥʽ ʟʤʽʥʠ ʧʨʦʜʫʢʪʽʚ ʪʝʨʤʽ-
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ʯʥʦʾ  ʜʠʩʦʮʽʘʮʽʾ ɼɯ, ʪʦʙʪʦ Fe ʡ Cr ʧʦ ʚʠʩʦʪʽ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ; ʚʠʟʥʘʯʝʥʥʽ ʭʘʨʘʢ-

ʪʝʨʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʦʜʫʢʪʽʚ ʪʝʨʤʦʜʠʩʦʮʽʘʮʽʾ ů-ʬʘʟʠ, ʚʢʘ-

ʟʘʥʠʭ ʚʠʱʝ, ʤʽʞ ʩʦʙʦʶ ʚ ʣʦʢʘʣʴʥʦʤʫ ʦʙôʻʤʽ ʣʠʪʦʛʦ ʤʝʪʘʣʫ; ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʚʠ-

ʩʦʪʠ ʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʥʦʛʦ ʩʧʣʘʚʫ ʽ ʢʦʥʪʨʦʣʴʥʦʛʦ; ʚʠ-

ʚʯʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4, ʽʥʦ-

ʢʫʣʴʦʚʘʥʦʾ ʽʥʪʝʨʤʝʪʘʣʽʜʦʤ FeCr, ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʪʘ Cr ʫ ʣʠʪʠʭ ʟʨʘʟʢʘʭ; ʜʦʩʣʽʜ-

ʞʝʥʥʽ ʟʤʽʥʠ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʚʠʣʠʚʢʽʚ ʽ ʢʦʥʪʨʪʽʣ ï ʟʥʦʩʫ ʜʦʩ-

ʣʽʜʥʦʛʦ ʪʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʧʣʘʚʽʚ, ʩʧʨʘʮʶʚʘʥʥʷ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 40ʍ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝ-

ʨʪʷ ʧʘʨ: [ʃʎ16ʂ4 + 7 % (ʦʙ. ʯʘʩʪʢʘ) FeCr] ï ʉʪʘʣʴ 40ʍ, ʃʎ16ʂ4 ï ʉʪʘʣʴ 40ʍ, ʚʽʜ ʚʠ-

ʩʦʪʠ ʣʠʪʦʛʦ ʟʨʘʟʢʘ; ʚʠʚʯʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʥʦʛʦ 

ʩʧʣʘʚʫ ʽ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 40ʍ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʨʘʟʦʤ ʧʘʨʫ ʪʝʨʪʷ, ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Fe ʪʘ 

Cr ʫ ʣʠʪʠʭ ʟʨʘʟʢʘʭ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʩʪʘʚʣʝʥʽ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʘʥʘʣʦʛʽʯʥʦʶ ʦʧʠʩʘʥʽʡ ʫ 

ʧʦʧʝʨʝʜʥʽʭ ʧʫʥʢʪʘʭ,  ̔ʟʘ ʩʭʝʤʦʶ, ʧʦʢʘʟʘʥʦʶ ʥʘ ʨʠʩ. ɺ.2 ʚʠʢʦʥʘʥʦʾ ɼʈ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 5-ʪʠ ʚʠʣʠʚʢʘʭ ʽʟ ʜʦʩʣʽʜʥʦʛʦ ʩʧʣʘʚʫ [ʣʠʚʘʨʥʦʾ Si-

ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4, ʽʥʦʢʫʣʴʦʚʘʥʦʾ 7 % (ʦʙ. ʯʘʩʪʢʘ) ʜʠʩʧʝʨʩʥʦʛʦ ʽʥʪʝʨʤʝʪʘʣʽʜʫ 

FeCr] ʪʘ 1-ʤʫ ʽʟ ʢʦʥʪʨʦʣʴʥʦʛʦ (ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4 ʙʝʟ ʧʨʠʩʘʜʢʠ). ʈʝ-

ʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʥʘʩʣʽʜʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʥʷʪʠʭ ʽʟ ʢʦʞʥʦʛʦ ʚʠʣʠʚʢʘ ï ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ. ʄɻɸ ʧʽʜʜʘʚʘʚ-

ʩʷ ʣʠʪʠʡ ʟʨʘʟʦʢ ʽʟ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʧʣʘʚʫ (ʃʎ16ʂ4) ʡ ʜʦʩʣʽʜʥʠʡ ʚʠʣʠʚʦʢ (ʃʎ16ʂ4 + 

FeCr), ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʘʣʠʩʴ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ. 

2.4 ʄʝʪʦʜʠʢʘ ʚʠʚʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʨʠʩʘʜʢʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʾʾ ʟʘʩʚʦʻʥʥʷ ʫ 

ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʦʛʦ ʟʨʘʟʢʘ 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʨʠʩʘʜʢʠ (ɽʄ, ʃɽ, ɸʌ, ʄʍ, ʪʦʱʦ) ʧʦ ʚʠʩʦʪʽ ʡ ʜʦʚʞʠ-

ʥʽ ʚʠʣʠʚʢʘ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʫ ʪʘʢ ʟʚʘʥʽʡ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʧʨʦ ʱʦ ʥʝʦʜʥʦʨʘʟʦʚʦ 

ʟʛʘʜʫʚʘʣʦʩʴ ʨʘʥʽʰʝ, ʪʦʙʪʦ ʧʣʦʱʠʥʽ, ʷʢʘ ʜʽʣʠʪʴ ʣʠʪʫ ʟʘʛʦʪʦʚʢʫ ʥʘʚʧʽʣ ʧʦ ʪʦʚʱʠʥʽ. 

ɼʣʷ ʮʴʦʛʦ, ʦʯʠʱʝʥʠʡ ʧʽʩʢʦʩʪʨʫʡʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʚʠʣʠʚʦʢ ʨʦʟʤʽʯʘʚʩʷ 

ʧʽʜ ʣʽʥʽʡʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʝʨʘ, ʧʦʧʝʨʝʜʥʴʦ ʤʘʨʢʫʚʘʚʩʷ ʪʘ ʨʦʟʨʽʟʘʚʩʷ ʥʘ ʪʝʤʧʣʝ-

ʪʠ. ʊʝʤʧʣʝʪʠ ʚʠʨʽʟʘʣʠʩʴ ʨʽʚʥʦʤʽʨʥʦ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʦʛʦ ʟʨʘʟʢʘ, ʽ ʚ ʟʘʣʝʞ-

ʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʡ ʤʘʨʢʠ ʤʘʪʝʨʽʘʣʫ, ʥʘ 3-ʭ ʡ 6-ʠ ʨʽʚʥʷʭ ʧʦ ʚʠʩʦʪʽ ʪʘ ʚ 1...3 ʨʷʜʠ ʧʦ 

ʜʦʚʞʠʥʽ. ʉʭʝʤʠ ʨʦʟʤʪ̔ʢʠ ʡ ʧʦʨʽʟʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ ʥʘ ʪʝʤʧʣʝʪʠ ʽ ʟʘʛʦʪʦʚʢʠ 
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(ʨʠʩ. 2.1é2.4, ɺ.2), ʧʨʦ ʱʦ ʜʝʪʘʣʴʥʽʰʝ ʡʪʠʤʝʪʴʩʷ ʜʘʣʽ, ʙʫʣʠ ʧʦʢʘʟʘʥʽ ʨʘʥʽʰʝ. ʇʦʨʽʟ-

ʢʘ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʥʘ ʪʝʤʧʣʝʪʠ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʯʥʦʾ ʢʫʪʦʚʦʾ ʝʣʝʢʪʨʦh -

ʣʽʬʫʚʘʣʴʥʦʾ ʤʘʰʠʥʢʠ ʬʽʨʤʠ çBoshè (ʌʈʅ), ʦʩʥʘʱʝʥʦʾ ʦʙʨʽʟʥʠʤ ʜʠʩʢʦʤ. 

ʊʝʤʧʣʝʪʠ ʧʽʜʜʘʚʘʣʠʩʴ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʣʦʩʢʦʤʫ ʰʣʽʬʫʚʘʥʥʶ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 

0,5 ʤʤ ʤʘʢʩʠʤʫʤ, ʘ ʟ ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ ʢʦʞʥʠʡ ʪʝʤʧʣʝʪ ʬʨʝʟʝʨʫʚʘʚʩʷ, ʘ ʚ ʧʦʜʘʣɹ-

ʰʦʤʫ ʰʣʽʬʫʚʘʚʩʷ. ɻʣʠʙʠʥʘ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʧʽʜʜʦʩʣʽʜʥʦʛʦ 

ʚʠʣʠʚʢʘ, ʩʪʘʥʦʚʠʣʘ ʜʣʷ, ʤʤ: ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 - 2,0; ʞʘʨʦʩʪʽʡʢʦʛʦ Cr-

ʯʘʚʫʥʫ ʤʘʨʢʠ ʏʍ1, ʟʥʦʩʦʩʪʽʡʢʠʭ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 70ʍʃ ʪʘ 75ʍʌʊʃ - 

3,5; ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ12ʄ2ʄʛʅ ʡ ɸʂ12, ʘ ʪʘʢʦʞ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘ-

ʨʢʠ ʃʎ16ʂ4 - 4,5. ʐʦʨʩʪʢʽʩʪʴ ʚʽʜʬʨʝʟʝʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘ-

ʜʢʫ, ʟʥʠʞʫʚʘʣʠ ʰʣʷʭʦʤ ʾʾ ʰʣʽʬʫʚʘʥʥʷ. ʊʦʚʱʠʥʘ ʰʘʨʫ ʤʝʪʘʣʫ, ʱʦ ʟʥʽʤʘʚʩʷ ʟ ʧʦʚʝʨ-

ʭʥʽ ʢʦʞʥʦʛʦ ʪʝʤʧʣʝʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʩʪʘʥʦʚʠʣʘ ʤʘʢʩʠ-

ʤʫʤ 0,5 ʤʤ, ʧʨʦ ʱʦ ʚʞʝ ʟʛʘʜʫʚʘʣʦʩʷ ʨʘʥʽʰʝ. 

ɻʦʪʦʚʽ ʪʝʤʧʣʝʪʠ ʤʘʨʢʫʚʘʣʠ ʫʜʘʨʥʠʤ ʩʧʦʩʦʙʦʤ. ʇʦʚʝʨʭʥʶ ʪʝʤʧʣʝʪʽʚ ʟʥʝʞʠ-

ʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʘʙʦ ʪʝʭʥʽʯʥʦʛʦ ʘʮʝʪʦʥʫ. ʇʦʪʽʤ ʪʝʤʧʣʝʪʠ 

ʧʨʦʩʫʰʫʚʘʣʠ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ ʘʙʦ ʧʽʜ ʚʠʪʷʞʢʦʶ, ʚʽʜʧʦʚʜ̔ʥʦ. 

ɺʤʽʩʪ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʧʨʠʩʘʜʢʠ ʫ ʢʦʞʥʦʤʫ ʪʝʤʧʣʝʪʽ ʚʠʟʥʘʯʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʈʌɸ - ʫ ʚʠʧʘʜʢʫ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʦʙʨʦʙʢʠ Fe-C-ʩʧʣʘʚʽʚ ʣʝʛʫʶʯʠʤʠ ʘʙʦ ʤʦʜʠʬʽʢʫʶ-

ʯʠʤʠ ʜʦʤʽʰʢʘʤʠ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ɸʌ ʫ ʪʝʤʧʣʝʪʘʭ, ʚʠʨʽʟʘʥʠʭ ʽʟ ʣʠʚʘ-

ʨʥʠʭ Al-ʩʧʣʘʚʽʚ, ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʄɻɸ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʽʟ ʪʝʤʧ-

ʣʝʪʽʚ ʚʠʛʦʪʦʚʠʣʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʰʣʽʬʠ. ʂʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ɸʌ ʫ ʪʝʤʧ-

ʣʝʪʘʭ ʧʦʩʣʫʞʠʣʘ ʧʠʪʦʤʘ ʢʽʣʴʢʽʩʪʴ ʚʢʣʶʯʝʥʴ FeCr, ʷʢʘ ʙʫʣʘ ʧʽʜʨʘʭʦʚʘʥʘ ʟʘ ʤʝʪʦʜʠ-

ʢʦʶ, ʘʥʘʣʦʛʽʯʥʦʶ ʦʧʠʩʘʥʽʡ ʫ ʨʦʙʦʪʽ [594], ʽ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽʡ ɻʆʉʊ 1778-70. ʆʩʢ̔ʣɹ-

ʢʠ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʧʦʣʷ ʃɽ ʯʠ ɽʄ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʜʦʩʣʜ̔ʞʫʚʘʥʦʛʦ 

ʚʠʣʠʚʢʘ ʻ ʘʙʩʦʣʶʪʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʥʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʣʝʛʫʚʘʥʥʷ ʘʙʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ, ʪʦ ʜʦʮʽʣʴʥʦ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜ-

ʢʫ, ʧʨʦʚʝʩʪʠ, ʧʘʨʘʣʝʣʴʥʦ ʟ ʨʦʟʧʦʜʽʣʦʤ ʢʦʥʮʝʥʪʨʘʮʽʡ ʝʣʝʤʝʥʪʽʚ, ʟʛʘʜʘʥʠʭ ʚʠʱʝ, ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʾʭ ʟʘʩʚʦʻʥʥʷ ʚ ʦʙôʻʤʽ ʚʠʣʠʚʢʘ. 

ʈʦʟʧʦʜʽʣ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʚʯʘʚʩʷ ʪʘʢʦʞ ʫ ʢʦ-

ʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʽ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʘʥʘʣʦʛʽʯʥʦʶ ʤʝʪʦʜʠʮʽ ʜʦʩʣʽʜʞʝʥ-

ʥʷ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʧʦʣʷ ʃɽ ʯʠ ɽʄ ʚ ʦʙôʻʤʽ ʚʠʣʠʚʢʘ. ɺʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽ̒ ʥʪʘ 
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ʟʘʩʚʦʻʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ (Si, Cr, Mg, Cu, V, ʪʦʱʦ) ʫ ʩʪʘʣʷʭ ʽ ʯʘʚʫʥʘʭ ʙʫʣʘ 

ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ, ʷʢʘ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ [251]: 
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[] []
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0
-

= , (2.4) 

ʜʝ [E]ʤ(ʣ), [E]0 ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʘ ʫ ʯʘʚʫʥʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʽʩʣʷ ʡ ʜʦ ʤʦʜʠʬʽʢʫʚʘʥ-

ʥʷ (ʣʝʛʫʚʘʥʥʷ), % (ʤʘʩ. ʯʘʩʪʢʘ); C
ɻʄ

E  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʘ (ʚʽʜ ʤʘʩʠ ʣʠʪʦʛʦ ʟʨʘʟ-

ʢʘ) ʫ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫ̒ ʪʴʩʷ, % (ʤʘʩ. ʯʘʩʪʢʘ). 

ɿʥʘʯʝʥʥʷ [E]ʤ(ʣ) ʪʘ [E]0 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʈʉʄɸ ʪʘ / ʘʙʦ ʈʌɸ 

ʪʝʤʧʣʝʪʽʚ, ʚʠʨʽʟʘʥʠʭ, ʚʽʜʧʦʚʽʜʥʦ, ʽʟ ʜʦʩʣʽʜʥʠʭ ʽ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʣʠʚʢʽʚ, ʧʨʦ ʱʦ ʫʞʝ 

ʟʛʘʜʫʚʘʣʦʩʴ ʚʠʱʝ, ʘ C
ɻʄ

E  ï ʥʝʟʘʣʝʞʥʠʡ ʬʘʢʪʦʨ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʘʜʘʥʝ, ʘ ʡʦʛʦ ʚʝʣʠ-

ʯʠʥʘ, ʚ ʨʘʤʢʘʭ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ï ʩʪʘʣʘ. 

2.5 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʚʠʣʠʚʢʘ ʥʘ ʤʽ-

ʢʨʦʩʪʨʫʢʪʫʨʫ ʡʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ (ʧ̔ ʜʨʦʟʜ. 2.4), ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʘ-

ʪʝʨʽʘʣʫ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʫʣʴʤʽʨ-

ʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, ʪʦʙʪʦ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ɸʌ ʡ ʄʝ-ʤʘʪʨʠʮʽ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʠ 

ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ12ʄ2ʄʛʅ ʪʘ ɸʂ12, ʥʘ ʙʘʟʽ ʷʢʠʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʃʂʄ, 

ʟʘʟʥʘʯʝʥʠʡ ʚʠʱʝ) ʧʦ ʚʠʩʦʪʽ ʽ ʜʦʚʞʠʥʽ ʚʠʣʠʚʢʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦ-

ʱʠʥʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ. ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ ʚʠ-

ʚʯʘʣʠ ʟʘ ʩʭʝʤʘʤʠ, ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʘ ʨʠʩ. 2.1é2.4, ɺ.2. 

ɼʣʷ ʮʴʦʛʦ, ʽʟ ʪʝʤʧʣʝʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʧ̔ ʜʨʦʟʜ̔ʣʽ ʚʠʢʦʥʘʥʦʾ ɼʈ, ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʰʣʽʬʠ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʮʠʭ 

ʰʣʽʬʽʚ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʪʘ ʦʧʠʩʘʥʦʶ ʫ 

ʨʦʙʦʪʽ [595]. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʰʣʽʬʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʪʝʨʽʘʣʫ 

ʣʠʪʦʛʦ ʟʨʘʟʢʘ, ʪʨʘʚʠʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʠʩʣʦʪʥʦ-ʩʦʣʷʥʠʭ ʨʦʟʯʠʥʽʚ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʷʢʠʭ ʧʦʢʘʟʘʥʦ ʫ ʪʘʙʣ. ɸ.13, ʥʘʚʝʜʝʥʽʡ ʫ ʜʦʜʘʪʢʘʭ. 

ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʥʠʭ ʡ ʢʦʥʪʨʦʣʴʥʠʭ ʣʠʚʘʨʥʠʭ 

ʩʧʣʘʚʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʤʝʪʦʜʠʢʘʤʠ, ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤʠ ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ ʥʦʨʤʘ-

ʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʡ ʘʢʪʘʤʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ: 

ʘ) ʩʽʨʠʡ ʯʘʚʫʥ ʤʘʨʢʠ ʉʏ300 ɼʉʊʋ 8833:2019 - ɻʆʉʊ 3443-87; 
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ʙ) ʞʘʨʦʩʪʽʡʢʠʡ Cr-ʯʘʚʫʥ ʤʘʨʢʠ ʏʍ1 ɼʉʊʋ 8851:2019 - ɻʆʉʊ 3443-87; 

ʚ) ʟʥʦʩʦʩʪʽʡʢʘ Cr-ʩʪʘʣʴ ʤʘʨʢʠ 70ʍʃ ʊʋ 4112-78269737-001-2005 - ʤʝʪʦʜʠʢʘ 

[596], ɻʆʉʊ 8233-56, ɻʆʉʊ 5639-82; 

ʛ) ʟʥʦʩʦʩʪʽʡʢʘ ʩʢʣʘʜʥʦʣʝʛʦʚʘʥʘ ʩʪʘʣʴ ʤʘʨʢʠ 75ʍʌʊʃ ʊʋ 4112-78269737-001-

2005 - ʤʝʪʦʜʠʢʘ [306], ɻʆʉʊ 8233-56, ɻʆʉʊ 5639-82; 

ʜ) ʣʠʚʘʨʥʠʡ Al-ʩʧʣʘʚ II ʛʨʫʧʠ ʤʘʨʢʠ ɸʂ12ʄ2ʄʛʅ ɼʉʊʋ 2839:1994 - ʤʝʪʦʜʠ-

ʢʘ, ʦʧʠʩʘʥʘ ʌ.ɯ. ʄʘʩʣʻʥʥʽʢʦʚʠʤ [595]; 

ʝ) ʣʠʚʘʨʥʠʡ Al-ʩʧʣʘʚ I ʛʨʫʧʠ ʤʘʨʢʠ ɸʂ12 ɼʉʊʋ 2839:1994 - ʤʝʪʦʜʠʢʘ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʨʦʙʦʪʽ [594], ʘ ʪʘʢʦʞ ɻʆʉʊ 1778-70; 

)̒ ʣʠʚʘʨʥʘ Si-ʣʘʪʫʥʴ ʤʘʨʢʠ ʃʎ16ʂ4 ɻʆʉʊ 17711-93 - ʤʝʪʦʜʠʢʘ [492]. 

2.6 ʄʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʫʣʴʤʽʨʥʦʛʦ 

ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʪʘ ʦʩʥʦʚʠ ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ12ʄ2ʄʛʅ ʡ ɸʂ12 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ (ů-ʬʘʟʠ ʡ Me-ʤʘʪʨʠʮʽ) ʥʫʣʴʤʽʨʥʦʛʦ 

ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʪʘ ʦʩʥʦʚʠ ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ12 ʡ ɸʂ12ʄ2ʄʛʅ 

ʚʠʤ̔ʨʶʚʘʣʘʩʴ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦʩʣʽʜʥʦʛʦ ʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʣʠʪʠʭ 

ʟʨʘʟʢʽʚ. ɼʣʷ ʮʴʦʛʦ, ʨʽʚʥʦʤʽʨʥʦ, ʥʘ 6-ʠ ʛʦʨʠʟʦʥʪʘʭ ʟʘʟʥʘʯʝʥʠʭ ʚʠʣʠʚʢʽʚ ʙʫʣʠ ʚʠʨʽʟʘʥʽ 

ʪʝʤʧʣʝʪʠ (ʨʠʩ. 2.4), ʽʟ ʷʢʠʭ ʧʦʪʽʤ ʚʠʛʦʪʦʚʠʣʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʰʣʽʬʠ (ʧʜ̔ʨʦʟʜ. 2.3). 

ɺʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ɸʌ ʡ Me-ʤʘʪʨʠʮʽ ʥʫʣʴʤʽʨʥʦʛʦ 

ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʪʘ ʦʩʥʦʚʠ ʙʘʟʦʚʠʭ Al-ʩʧʣʘʚʽʚ ʤʘʨʦʢ ɸʂ12 ʡ ɸʂʄ2ʄʛʅ ʟʜʽʡʩ-

ʥʶʚʘʣʦʩʴ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʶ ɻʆʉʊ 9450-76. ʗʢ ʚʠʤʽʨʶ-

ʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨ ʤʦʜʝʣʽ çʇʄʊ-3è. 

2.7 ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʪʘ ʭʘʨʘʢʪʝ-

ʨʫ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʣʠʚʘʨʥʠʭ ʩʧʣʘʚʽʚ ʫ ɼʈ ʚʠʟʥʘʯʘʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʈʌɸ ʟʛʽʜʥʦ 

ɼʉʊʋ 4784:1997 (ɻʆʉʊ 28033-89). ʗʢ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ, ʧʨʠ ʮʴʦʤʫ, ʙʫʣʦ ʚʠ-

ʢʦʨʠʩʪʘʥʦ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ʤʦʜʝʣʽ çVRA-20è (ʌʈʅ). 

ʍʘʨʘʢʪʝʨ ʟʚôʷʟʢʫ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦ ʾɸʌ ʟ Me-ʤʘʪʨʠʮʝʶ ʚ ʩʪʨʫʢʪʫʨʽ ʥʫʣʴʤʽʨʥʦʛʦ 

ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ʚʠʟʥʘʯʘʣʠ ʾʭ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʜʦ ̔ ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʘʨʤʫʚʘʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ, ʽʟ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʪʦʚʦʾ ʰʣʽʬʫʚʘʣʴʥʦʾ ʤʘʰʠʥʢʠ 
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ʙʫʣʦ ʚʠʨʽʟʘʥʦ 1 (ʦʜʠʥ), ʘ ʟ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʘ ï 2 (ʜʚʘ) ʪʝʤʧʣʝʪʠ. ɯʟ ʮʠʭ ʪʝʤʧʣʝ-

ʪʽʚ ʧʦʪʽʤ ʥʘ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʦʤʫ ʚʝʨʩʪʘʪʽ ʤʦʜʝʣʽ ç16ʂ20è ʙʫʣʠ ʚʠʪʦʯʝʥʽ ʧʨʦʙʠ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 2.4), ʥʘ ʪʦʨʮʴʦʚʫ ʧʦʚʝʨʭʥʶ ʦʜʥʽʻʾ ʽʟ ʷʢʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʢʣʝʶ ʙʫʣʦ ʥʘʥʝʩʝʥʦ ʰʘʨ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ɸʌ ʪʦʚʱʠʥʦʶ 1...2 ʤʤ. 

ʊʘʢʽ ʧʨʦʙʠ ʤʘʣʠ ʬʦʨʤʫ ʮʠʣʽʥʜʨʘ ʟ ʨʦʟʤʽʨʘʤʠ, ʤʤ: ʚʠʩʦʪʘ ï 10; ʜʽʘʤʝʪʨ ï 15. ɽʣʝʢʪ-

ʨʦʧʨʦʚʽʜʥʠʡ ʢʣʝʡ ʙʫʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʢʣʝʶ çʇɺɸ-3ʄè, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ 

ʜʦʙʘʚʠʣʠ ʡ ʟʘʤʽʰʘʣʠ ʧʦʨʷʜʢʫ 5 % (ʤʘʩ. ʯʘʩʪʢʘ) ʧʠʣʦʧʦʜʽʙʥʦʛʦ ʛʨʘʬʽʪʫ. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʾ ɸʌ ʡ Me-ʤʘʪʨʠʮʽ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ 

Al-FeCr ʜʦ ʽ ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʩʧʦʣʫʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ ʚʠʟʥʘʯʘ-

ʣʠ ʟʘʚʜʷʢʠ ʈʉʄɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʚʠʣʠʚʢʘ ʪʘ ʦʩʥʦʚʠ 

ʩʧʣʘʚʽʚ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʚʽʥ ʙʫʚ ʦʪʨʠʤʘʥʠʡ, ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʩʪʨʦʚʦʛʦ ʝʣʝ-

ʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ-ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʘ ʤʦʜʝʣʽ çʈʕʄʄɸ-102è (ʈʌ). 

2.8 ʄʝʪʦʜʠʢʘ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʤʘʪʝʨʽʘʣʫ ʣʠʪʠʭ ʟʨʘʟʢʽʚ 

ʄʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʪʘ 

ʤʘʨʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʧʣʘʚʫ, ʟʚʦʜʠʣʠʩʴ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʪʘʙʣ. ɸ.16), ʥʘʚʝʜʝʥʠʭ ʥʠʞʯʝ. ɼʣʷ ʮʴʦʛʦ, ʫ ʧʝʚʥʠʭ ʪʦʯʢʘʭ ʦʙôʻʤʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʚʠʣʠʚʢʘ (ʨʠʩ. 2.1...2.4, ɺ.2) ʚʠʨʽʟʘʣʠ ʟʘʛʦʪʦʚʢʠ, ʽʟ ʷʢʠʭ ʧʦʪʽʤ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʥʝʦʙ-

ʭʽʜʥʽ ʜʣʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʟʨʘʟʢʠ. ʄʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʙʫʣʠ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʦʜʠʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤʠ ɻʆʉʊ 1497-84, ɻʆʉʊ 9012-59, ʘ ʪʘʢʦʞ ɻʆʉʊ 25.503-97. 

2.9 ʄʝʪʦʜʠʢʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʚʠʣʠʚʢʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟʦ-

ʚʠʭ ʩʧʣʘʚʽʚ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʦʤʧʦʟʠʪʥʠʭ ʚʠʣʠʚʢʽʚ, ʘ ʪʘʢʦʞ ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ 

ʤʘʨʢʠ ɸʂ12 ʡ ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4 ʥʘ ʟʥʦʰʫʚʘʥʥʷ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʧʘ-

ʨʽ ʟ ʢʦʥʪʨʪʽʣʦʤ, ʚʠʛʦʪʦʚʣʝʥʠʤ ʽʟ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 40ʍ, ʧʨʦʚʦʜʠʣʠ ʚ 

ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ ʟʘ ʩʭʝʤʦʶ ɿʨʘʟʦʢ (ʚʢʣʘʜʠʰ) - ʂʦʥʪʨʪʽʣʦ (ʚʘʣ). ʄʝʪʦʜʠʢʘ ʚʠ-

ʧʨʦʙʫʚʘʥʴ ʙʫʣʘ ʘʥʘʣʦʛʽʯʥʦ  ʁʦʧʠʩʘʥ̔ ʡ ʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ [597ï600]. 

ʎʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʚʦʜʠʣʠʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥ ̫ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩ-

ʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨ ʪʝʨʪʷ. ʊʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ ʟʥʦʩ 

ʥʫʣʴʤʽʨʥʠʭ ʃʂʄ ʩʠʩʪʝʤ Al-FeCr ʡ Cu-FeCr, ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12 
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ʡ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4, ʘ ʪʘʢʦʞ ʩʧʨʘʮʶʚʘʥʥʷ ʢʦʥʪʨʪʽʣʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ʢʦʚ-

ʟʘʥʥʷ ʧʘʨ: ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr ï ʉʪʘʣʴ 40ʍ, ʃʂʄ ʩʠʩʪʝʤʠ Cu-FeCr ï ʉʪʘʣʴ 40ʍ, 

Al-ʩʧʣʘʚ ʤʘʨʢʠ ɸʂ12 ï ʉʪʘʣʴ 40ʍ, ʃʘʪʫʥʴ ʃʎ16ʂ4 ï ʉʪʘʣʴ 40ʍ. 

ɼʣʷ ʮʴʦʛʦ, ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʚʠʩʦʪʽ ʢʦʤʧʦʟʠʪʥʠʭ  ̔ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʣʠʚʢʽʚ ʥʘ 6-ʠ 

ʛʦʨʠʟʦʥʪʘʭ (ʨʠʩ. 2.4, ɺ.2), ʙʫʣʠ ʚʠʨʽʟʘʥʽ ʟʘʛʦʪʦʚʢʠ. ɯʟ ʮʠʭ ʟʘʛʦʪʦʚʦʢ ʚʠʛʦʪʦʚʠʣʠ ʧʦ-

ʪʽʤ ʧʨʠʟʤʘʪʠʯʥʽ ʟʨʘʟʢʠ (ʪʘʙʣ. ɸ.14), ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘ-

ʪʝʨ̔ʘʣ̔ʚ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ, ʪʦʙʪʦ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʩʪʠʣʘ. 

ʃʠʪʽ ʟʨʘʟʢʠ ʧʨʘʮʶʚʘʣʠ ʫ ʧʘʨʽ ʟ ʢʦʥʪʨʪʽʣʦʤ, ʷʢʝ ʤʘʣʦ ʬʦʨʤʫ ʧʫʩʪʦʪʣ̔ʦʾ ʰʘʡʙʠ. 

ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʢʦʥʪʨʪʽʣʘ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. ɸ.14. ʄʘʪʝʨʽʘʣ ʢʦʥʪʨʪʽʣʘ ï ʢʦʥʩʪʨʫ-

ʢʮʽʡʥʘ Cr-ʩʪʘʣʴ ʤʘʨʢʠ 40ʍ ɼʉʊʋ 4738:2007; ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʩʪʘʥʦʚʠʪʴ 52...54 

HRC. ɺʠʧʨʦʙʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʚʠʣʠʚʢʽʚ, ʘ ʪʘʢʦʞ ʣʠʚʘʨʥʠʭ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12 

ʡ Si-ʣʘʪʫʥ ̔ʤʘʨʢʠ ʃʎ16ʂ4 ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʤʘʰʠʥʠ ʪʝʨʪʷ) ʤʦʜʝʣʽ çʄ22ʄè, ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʫ ʨʦʙʦʪʽ [604]. ɿʤʽʥʫ ʤʘʩʠ ʢʦʥʪʨʪʽʣʘ ʡ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʢʦʥʪʨʦʣʁʚʘʣʠ 

ʟʚʘʞʫʚʘʥʥʷʤ ʾʭ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʨʝʟʘʭ ʤʦʜʝʣʽ çRadwag XAS 100/Cè. 

ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣ̔ ʜʥʠʭ ʚʠʣʠʚʢʽʚ ʪʘ ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʨʪʽʣʘ, ʘ ʪʘʢʦʞ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʤʘʩʠʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʧʦʢʣʘʜʝʥʠʡ ʚ ʦʩ-

ʥʦʚʫ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

[597ï605], ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʯʝ. ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʧʘʨ: ʃʂʄ ʩʠʩʪʝʤʠ Al-

FeCr - ʉʪʘʣʴ 40ʍ, ʃʂʄ ʩʠʩʪʝʤʠ Cu-FeCr - ʉʪʘʣʴ 40ʍ, ʉʧʣʘʚ ɸʂ12 - ʉʪʘʣʴ 40ʍ ʡ 

ʃʘʪʫʥʴ ʃʎ16ʂ4 - ʉʪʘʣʴ 40ʍ, ʟʛʽʜʥʦ ʟʘʢʦʥʫ ʂʫʣʦʥʘ ï ɸʤʦʥʪʦʥʘ, ʙʫʣʠ ʚʠʯʠʩʣʝʥʽ ʽʟ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʛʣʷʜʫ [597, 601, 602, 604]: 

 

N

F
f f
= , (2.5) 

ʜʝ Ff  ï ʩʠʣʘ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ, ʅ; N - ʩʠʣʘ ʥʦʨʤʘʣʴʥʦ ʾʨʝʘʢʮʽʾ ʦʧʦʨʠ (ʥʘʚʘʥʪʘʞʝʥʥ)̫, ʅ. 

ɺʝʣʠʯʠʥʘ ʟʥʦʩʫ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr, ʣʠʚʘʨʥʦʛʦ Al-ʩʧʣʘʚʫ ʤʘʨʢʠ ɸʂ12, 

ʃʂʄ ʩʠʩʪʝʤʠ Cu-FeCr, ʣʠʚʘʨʥʦʾ Si-ʣʘʪʫʥʽ ʤʘʨʢʠ ʃʎ16ʂ4 ʪʘ ʩʧʨʘʮʶʚʘʥʥʷ ʢʦʥʩʪʨʫ-

ʢʮʽʡʥʦʾ Cr-ʩʪʘʣʽ ʤʘʨʢʠ 40ʍ, ʽʟ ʷʢʦʾ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʢʦʥʪʨʪʽʣʦ, ʚʠʟʥʘʯʘʣʘʩʴ ʷʢ ʚʽʜ-

ʥʦʝhʥʥʷ ʚʪʨʘʪʠ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʡ ʢʦʥʪʨʪʽʣʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʜʦʙʫʪʢʫ 

ʥʦʤʽʥʘʣʴʥʦʾ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʧʘʨʠ ɿʨʘʟʦʢ - ʂʦʥʪʨʪʽʣʦ ʪʘ ʰʣʷʭʫ ʪʝʨʪʷ. ɿʛ̔ʜʥʦ ʮʽʻʾ 
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ʤʝʪʦʜʠʢʠ ʘʚʪʦʨʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ [599, 603, 604] ʧʨʦʧʦʥʫʶʪʴ ʬʦʨʤʫʣʫ: 

 

lS

m
I q

D
= , (2.6) 

ʜʝ ȹm - ʚʪʨʘʪʘ ʤʘʩʠ ʣʠʪʠʤ ʟʨʘʟʢʦʤ ʡ ʢʦʥʪʨʪʽʣʦʤ, ʤʛ; S - ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʧʘʨʠ ɿʨʘ-

ʟʦʢ - ʂʦʥʪʨʪʽʣʦ, ʩʤ
2
; l - ʰʣʷʭ ʪʝʨʪʷ, ʢʤ. 

ɺʪʨʘʪʘ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ ʷʢ ʣʠʪʠʤ ʟʨʘʟʢʦʤ, ʪʘʢ ʽ ʢʦʥʪʨʪʽʣʦʤ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʙʫʣʘ 

ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʤʧʽʨʠʯʥʦʛʦ ʚʠʨʘʟʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʠʞʯʝ [597, 601ï603]: 

 mmm 21
-=D , (2.7) 

ʜʝ m1, m2 ï ʤʘʩʠ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʪʘ ʢʦʥʪʨʪʽʣʘ ʜʦ ʽ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʤʛ. 

ʄʝʪʦʜʠʢʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʣʠʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨ-

ʪ ̫ʥʝ ̒ ʩʪʘʥʜʘʨʪʥʦʶ, ʡ ʜʝʪʘʣʴʥʽʰʝ ʚʠʢʣʘʜʝʥʘ ʫ ʨʦʙʦʪʘʭ ʚʽʪʯʠʟʥʷʥʠʭ ʘʚʪʦʨʽʚ [597ï

605]. ʎʷ ʤʝʪʦʜʠʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨ ʪʝʨʪʷ ʥʘ ʙʘʟʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʘʣʽʯʥʠʭ ʩʠʩʪʝʤ. 

2.10 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

ʇʨʠ ʚʠʢʦʥʘʥʥ ̔ʮʽʻʾ ɼʈ ʫʚʘʛʘ ʟʜʦʙʫʚʘʯʘ ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ, ʧʝʨʰ ʟʘ ʚʩʝ, ʥʘ ʚʠ-

ʢʦʨʠʩʪʘʥ ̔ʩʪʘʥʜʘʨʪʥʠʭ ʪʘ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʭ ʤʝʪʦʜʠʢ. ʈʘʟʦʤ ʟ̔ ʪʠʤ, ʥʠʟʢʫ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʌʊɯʄʉ 

ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ʜʠʩʝʨʪʘʥʪʦʤ ʦʩʦʙʠʩʪʦ. ɼʦ ʪʘʢʠʭ ʤʝʪʦʜʠʢ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: 

1. ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ ɼɯ (ɽʄ, ʃɽ, ɸʌ, ʄʍ, ʪʦʱʦ) ʤʘʪ-

ʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʘʙʦ ʧʦ ʚʠʩʦʪʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʘ ʪʘʢʦʞ ʾʭ 

(ʧʦʢʘʟʥʠʢʽʚ) ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʩʮʷ ʧʽʜʚʝʜʝʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ. 

2. ɺʠ̫ʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʩʪʘʣʽ, ʯʘʚʫʥʫ ʽ ʩʧʣʘʚʽʚ ʢʦʣʴʦ-

ʨʦʚʠʭ ʤʝʪʘʣʽʚ ʚ ʦʙôʻʤʽ (ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ) ʧʽʜʜʦʩʣʽʜʥʠʭ ʚʠʣʠʚʢʽʚ. 

3. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ (ʜʦʚʞʠʥʠ ʽ, ʥʘʩʘʤʧʝʨʝʜ, ʚʠʩʦ-

ʪʠ) ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʥʘ ʾʭ ʤʝʭʘʥʽʯʥʽ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

4 ɺʠʚʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ ʚʽʜ 

ʛʽʜʨʦ-, ʛʘʟʦʜʠʥʘʤʽʢʠ ʃɻʄ-ʧʨʦʮʝʩʫ. 

5 ʇʦʧʝʨʝʜʥ ̒ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʚôʷʟʢʫ ʤʽʞ ʽʥʪʝʨʤʝʪʘʣʽʜʥʦʶ ɸʌ ʪʘ Me-

ʤʘʪʨʠʮʝʶ ʚ ʩʪʨʫʢʪʫʨʽ ʥʫʣʴʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ Al-FeCr. 

6. ʆʪʨʠʤʘʥʥʷ ʜʚʦʤʽʨʥʦʛʦ ʃʂʄ ʩʠʩʪʝʤʠ ʉʏ300-ʉʪ3-ʏʍ3. 
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ʈʆɿɼɯʃ 3 

ɼʆʉʃɯɼɾɽʅʅʗ ɿɸʂʆʅʆʄɯʈʅʆʉʊɽʁ ʈʆɿʇʆɼɯʃʋ ɽʃɽʄɽʅʊɯɺ-

ʄʆɼʀʌɯʂɸʊʆʈɯɺ ʊɸ ʃɽɻʋʖʏʀʍ ɽʃɽʄɽʅʊɯɺ ʋ ʈɯɼʂʀʍ ɯ ʊɺɽʈɼɯʖ-

ʏʀʍ ɿɸʃɯɿʆɺʋɻʃɽʎɽɺʀʍ ʉʇʃɸɺɸʍ ʊɸ ɰʍ ɺʇʃʀɺ ʅɸ ʉʊʈʋʂʊʋʈʋ, 

ʄɽʍɸʅɯʏʅɯ ʁ ʉʇɽʎɯɸʃʔʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɺʀʃʀɺʂɯɺ 

3.1 ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪ̔ ʛʨʘʬʽʪʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʜʠʩʧʝʨʩʥʠʤ ʬʝʨʦʩʠʣʽʮʽʻʤ 

ʅʘ ʧʨʘʢʪʠʮʽ ʜʦʚʝʜʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʫ-

ʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʜʠʩʧʝʨʩʥʠʤ ʬʝʨʦʩʠʣʽʮʽʻʤ ʤʘʨʢʠ ʌʉ75, 

ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʠʟʢʦʶ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ ʷʢ: 

ʘ) ʢʦʥʮʝʥʪʨʘʮʽʷ Si ʚ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʘʭ; 

ʙ) ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ; 

ʚ) ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300; 

ʛ) ʪʚʝʨʜʽʩʪʴ ʣʠʪʠʭ ʟʨʘʟʢʽʚ. 

ɼʘʥ̔ ʧʦʢʘʟʥʠʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʱʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ ʫ ʜʘʥ̔ʡ ɼʈ, ʽ ʧʨʦ ʱʦ ʤʦʚʘ ʧʽʜʝ ʜʘʣʽ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴ 

ʩʣʫʞʙʦʚʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʫʧʝʥʷ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ ʨʦʟʧʣʘʚʦʤ ʩʽʨʦʛʦ ʯʘʚʫʥʫ. ʆʩʥʦʚ-

ʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʨʘʬʽʪʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩ̔ -

ʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʻ ʧʦʢʘʟʥʠʢʠ ʟʘʩʚʦʻʥʥʷ Si ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ, ʪʦʙʪʦ ʢʦʥʮʝʥʪ-

ʨʘʮʽʷ ʮʴʦʛʦ ɽʄ ʚ ʦʙôʻʤʽ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ, ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʤʘʪ-

ʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ. ʆʩʢʽʣʴʢʠ, ʟôʷʩʫʚʘʪʠ ʟʤʥ̔ʫ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʦʙôʻʤʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ 

ʜʫʞʝ ʩʢʣʘʜʥʦ, ʘ ʚʠʢʦʥʘʪʠ ʛʨʘʬʽʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠ-

ʛʣʷʜʫ [Si]ʤ = F (aɺ, bɺ, Hɺ) ʪʘ k[Si] = ū (aɺ, bɺ, Hɺ) ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ, ʪʦ ʫ ʧʨʦʮʝʩʽ 

ʚʠʢʦʥʘʥʥ ̫ʮʽʻʾ ɼʈ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Si ʚ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʘʭ 

ʡ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ ʮʴʦʛʦ ɽʄ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʚʽʜ ʚʠʩʦʪʠ ʪʘ ʜʦʚʞʠʥʠ ʜʦʩ-

ʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ, ʪʦʙʪʦ ʢʦʣʠʚʘʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʠʭ 

ʟʨʘʟʢʽʚ, ʧʨʦ ʱʦ ʡʰʣʦʩ ̫ʫ ʨʦʟʜ. 2 ʚʠʢʦʥʘʥʦʾ ɼʈ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʜ̔ʞʝʥʴ ʫ 

ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʟʘʜʘʥʠʭ ʚ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ, ʪʘ ʾʭ ʛʨʘʬʽʯʥʘ ʽʥ-

ʪʝʨʧʨʝʪʘʮʽʷ ʙʫʜʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʡ ʜʦʢʣʘʜʥʦ çʦʙʛʦʚʦʨʝʥʽè ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ. 
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ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʧʦ ʚʠʩʦʪ ̔ʡ ʜʦʚ-

ʞʠʥʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʧʦʣʷ Si ʪʘ ʢʦʝ-

ʬʽʮʽʻʥʪʠ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʟʤʽʥʶʶʪʴʩʷ ʫ ʢʦʥʪʨʦʣʥɹʽʡ ʧʣʦʱʠʥʽ 

ʧʽʜʜʦʩʣʽʜʥʠʭ ʚʠʣʠʚʢʽʚ, ̔ ʥʘʢʰʝ ʢʘʞʫʯʠ, ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ̔  ʚʠʩʦʪʠ ʣʠʪʠʭ ʟʨʘ-

ʟʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʩʪʘʚʣʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʚʝʜʝʥʽ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣ. 3.1. 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʨʠʩ. 3.1) ʪʘʢʦʞ ʧʦʢʘʟʘʣʘ, 

ʱʦ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ ʧʦʣʝ Si ʚʧʣʠʚʘʶʪʴ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʚʠʣʠʚʢʘ, ʪʦʙʪʦ ʜʦʚʞʠ-

ʥʘ ʪʘ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʡʦʛʦ ʚʠʩʦʪʘ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ, ʥʘʩʘʤʧʝʨʝʜ, ʫ ʪʦʤʫ, ʱʦ [Si]ʤ 

ʧʣʘʚʥʦ ʟʨʦʩʪʘʻ ʟʘ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʧʦ ʤʽʨʽ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʣʠʪʦʛʦ ʟʨʘʟʢʘ 

ʊʘʙʣʠʮʷ 3.1 ï ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʤʥʽʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʫ ʢʦʥʪʨʦ-

ʣʴʥʽʡ ʧʣʦʠɦʥ ̔ʚʠʣʠʚʢʽʚ ʽʟ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 

ɯʥʜʝʢʩ ʂʦʦʨʜʠʥʘʪʠ, ʤʤ ʇʦʢʘʟʥʠʢʠ 

ʚ
ʠ
ʣ
ʠ
ʚ
ʢ
ʘ

 

ʪʝ
ʤ
ʧ
ʣʝʪ
ʘ 

ʞʠʚʠʣʴʥʠʢʘ ʢʦʥʪʨʦʣʴʥʦʾ ʪʦʯʢʠ 
[Si]ʤ, % 

(ʤʘʩ. ʯʘʩʪʢʘ) 
k[Si] 

Hɺ aɺ Hɺ aɺ 

1 2 3 4 5 6 7 8 

09 

09-1 

000 050 

290 10 1,313 0,42 

09-2 290 50 1,321 0,47 

09-3 290 90 1,339 0,59 

09-4 150 10 1,381 0,87 

09-5 150 50 1,304 0,36 

09-6 150 90 1,400 1,00 

09-7 010 10 1,276 0,17 

09-8 010 50 1,288 0,25 

09-9 010 90 1,301 0,34 
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ʂʽʥʝʮ ɹʪʘʙʣʠʮʽ 3.1 

1 2 3 4 5 6 7 8 

14 

14-1 

000 

100 

100 

000 

290 10 1,618 0,49 

14-2 290 50 1,528 0,37 

14-3 290 90 1,588 0,45 

14-4 150 10 1,370 0,16 

14-5 150 50 1,910 0,88 

14-6 150 90 1,393 0,19 

14-7 010 10 1,363 0,15 

14-8 010 50 1,250 0,00 

14-9 010 90 1,333 0,11 

ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ï ʷʢ ʜʣʷ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʟ ʽʥʜʝʢʩʦʤ ç9è, ʪʘʢ ʽ ç14è. ʋ ʧʦʧʝʨʝʯʥʠʢʫ ʣʠ-

ʪʠʭ ʟʨʘʟʢʽʚ [Si]ʤ ʫ Me-ʨʦʟʧʣʘʚʽ ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ʧʦʣ̔ʥʦʤʘ 2-ʛʦ ʧʦʨʷʜʢʫ 

ʧʦ ʫʩʽʡ ʾʭ ʚʠʩʦʪʽ. ʇʨʠʯʦʤʫ, ʫ 1-ʤʫ ʚʠʧʘʜʢʫ ʧʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ̒ ʫʚʛ̔ʥʫʪʦ ,ʁ ʘ ʾʾ ʪʚʽʨʥʘ 

ï ʘʩʠʤʝʪʨʠʯʥʦ  ʁʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʚʠʣʠʚʢʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ 2-ʤʫ ï ʚʦʥʘ ʚʠʧʫʢʣʘ 

ʡ ʩʠʤʝʪʨʠʯʥʘ ʫ ʧʦʧʝʨʝʯʥʠʢʫ ʥʘ ʚʩʽʡ ʜʦʚʞʠʥʽ ʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ. ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

[Si]ʤ ʜʣʷ ʦʙʦʭ ʚʠʣʠʚʢʽʚ ʟʤʽʱʝʥʝ ʫ ʙʽʢ ʞʠʚʠʣʴʥʠʢʘ, ʧʨʠʯʦʤʫ ʣʠʪʠʡ ʟʨʘʟʦʢ ʟ ̔ʥʜʝʢʩʦʤ 

ç14è ʤʘʻ 2 ʤʽʥʽʤʫʤʠ ï ʫ ʪʦʯʢʘʭ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʤʤ: ʚʠʩʦʪʘ ï 0; ʜʦʚʞʠʥʘ ï 0 ʪʘ 100, 

ʚʽʜʧʦʚʽʜʥʦ, ʘ ʫ ʚʠʣʠʚʢʘ ʟ ʽʥʜʝʢʩʦʤ ç9è ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ ʧʦʣʝ Si ʥʘʙʫʚʘʻ ʤʥ̔ʤ̔ʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʫ ʪʦʯʮʽ, ʷʢʘ ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ, ʤʤ: ʚʠʩʦʪʘ ï 0; ʜʦʚʞʠʥʘ ï 40. ɼʣʷ ʣʠʪʦʛʦ ʟʨʘ-

ʟʢʘ ʟ ʽʥʜʝʢʩʦʤ ç9è ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ Si ʟʦʩʝʨʝʜʞʝʥʘ ʫ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ, 

ʤʤ: ʚʠʩʦʪʘ ï 200; ʜʦʚʞʠʥʘ ï 100. ʄʘʢʩʠʤʫʤ [Si]ʤ ʜʣʷ ʜʦʩʣʽʜʥʦʛʦ ʚʠʣʠʚʢʘ ʟ ʽʥʜʝʢʩʦʤ 

ç14è ʧʨʠʧʘʜʘʻ ʥʘ ʪʦʯʢʫ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʤʤ: ʚʠʩʦʪʘ ï 250; ʜʦʚʞʠʥʘ ï 50. 

ɺʥʘʩʣʽʜʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʪʦʙʪʦ ʘʧʨʦʢʩʠʤʘ-

ʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʛʣʷʜʫ [Si]ʤ = f1 (aɺ, Hɺ) ʪʘ [Si]ʤ = f2 (aɺ, Hɺ), ʟʘʜʘ-
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ʙ 

ʈʠʩʫʥʦʢ 3.1 ï ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʧʦʣʷ ʢʨʝʤʥʽʶ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʯʘʚʫʥʥʠʭ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʟ ʽʥʜʝʢʩʘʤʠ: ʘ ï ç9è; ʙ ï ç14è 
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ʥʠʭ ʫ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ, ʙʫʣʠ ʦʪʨʠʤʘʥ ̔ʝʤʧʽʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʝʡ ʚʽʜʛʫʢʫ [(ɹ.9), 

(ɹ.10)], ʷʢʽ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʫʶʪʴ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʧʦʣʽʚ Si ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦ-

ʱʠʥʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʟ ̔ ʥʜʝʢʩʘʤʠ ç9è (R
2
 = 0,937106) ʪʘ ç14è (R

2
 = 0,937433), ʚʽʜʧʦʚʽʜʥʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ ʧʦʣʝ Si ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʚʠʣʠʚʢʘ ʟ ʽʥʜʝʢʩʦʤ ç9è ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1,276 % (ʤʘʩ. ʯʘʩʪʢʘ) ʜʦ 1,400 % (ʤʘʩ. ʯʘʩʪ-

ʢʘ). ʈʘʟʦʤ ʽʟ ʪʠʤ, ʜʣʷ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʟ ʽʥʜʝʢʩʦʤ ç14è ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘ-

ʧʘʟʦʥʽ ʚʽʜ 1,250 % (ʤʘʩ. ʯʘʩʪʢʘ) ʜʦ 1,910 % (ʤʘʩ. ʯʘʩʪʢʘ). 

ʊʘʢʠʡ ʧʝʨʝʧʘʜ [Si]ʤ ʧʦ ʜʦʚʞʠʥʽ ʡ ʚʠʩʦʪʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʟʫʤʦʚʣʝʥʠʡ, ʫ ʧʝʨʰʫ 

ʯʝʨʛʫ, ʛʽʜʨʦ-, ʛʘʟʦʜʠʥʘʤʽʢʦʶ ʃɻʄ-ʧʨʦʮʝʩʫ. ʉʫʪʴ ʩʢʘʟʘʥʦʛʦ ʟʚʦʜʠʪʴʩʷ, ʥʘʩʘʤʧʝʨʝʜ, 

ʜʦ ʪʦʛʦ, ʱʦ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʤʘʶʪʴ ʤʽʩʮʝ ʮʠʨʢʫʣʷʮʽʡʥʽ, ʪʦʙʪʦ ʢʦʥʚʝʢʪʠʚʥʽ ʪʘ ʛʜ̔-

ʨʦʜʠʥʘʤʽʯʥʽ ʧʦʪʦʢʠ. ʎʽ ʧʦʪʦʢʠ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʜʽʻʶ grad T ï ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʡ ʛʽʜʨʦ-

ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ ʟʘʧʦʚʥʝʥʥʷ ʃʌ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ï ʟ ʽʥʰʦʛʦ. ɽʥʝʨʛʽʷ ʮʠʨʢʫ-

ʣʷʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ï ʥʝʟʥʘʯʥʘ, ʪʦʤʫ ʚʦʥʠ ʟʜʘʪʥʽ ʚʠʢʣʠʢʘʪʠ ʧʝʨʝʧʘʜ [Si]ʤ, ʷʢʠʡ ʟʘ ʧʦ-

ʨʷʜʢʦʤ ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʜʦ ʧʝʨʝʧʘʜʫ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʦ ʰʠʨʠʥʽ ʚʠʣʠʚʢʽʚ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʦʪʦʢʠ Me-ʨʦʟʧʣʘʚʫ ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨ-

ʛʽʶ, ʷʢʘ çʜʝʬʦʨʤʫʻè ʢʦʥʮʝʥʪʨʘʮʽʡʥʝ ʧʦʣʝ Si ʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʨʦʟʧʣʘʚʫ ʉʏ300, ʪʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʧʘʜʫ [Si]ʤ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ. ɿ ʨʦʩʪʦʤ ʚʠʩʦʪʠ 

ʚʠʣʠʚʢʽʚ ʝʥʝʨʛʽʷ ʮʠʭ ʧʦʪʦʢʽʚ ʧʦʩʪʫʧʦʚʦ ʧʘʜʘʻ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʢʦʥʮʝʥʪ-

ʨʘʮʽʡʥʝ ʧʦʣʝ Si ʚʠʨʽʚʥʶʻʪʴʩʷ, ʽ ʥʘʚʽʪʴ ʜʝʱʦ ʧʦʩʣʘʙʣʶʻʪʩɹ.̫ 

ʆʩʢʽʣʴʢʠ, ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʷʢ ʚʽ-

ʜʥʦʰʝʥʥʷ ʨʽʟʥʠʮʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Si ʫ ʩʽʨʦʤʫ ʯʘʚʫʥ ̔ʧʽʩʣʷ ʡ ʜʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʠ ʜʠʩʧʝʨʩʥʠʤ ʬʝʨʦʩʠʣʽʮʽʻʤ ʤʘʨʢʠ ʌʉ75 ʜʦ ʚʤʽʩʪʫ ʮʴʦʛʦ ɽʄ ʫ ɼʅɻʄ, ʷʢʝ, 

ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʠʨʘʟʫ [252]: 

 
[]

[][]
C

SiSi
k ɻʄ

Si

ʤ

Si

0
-

= , (3.1) 

ʜʝ [Si]ʤ, [Si]0 ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ ʫ ʤʘʪʨʠʯʥʦʤʫ ʨʦʟʧʣʘʚʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʽʩʣʷ ʪʘ ʜʦ 

ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʌʉ75, % (ʤʘʩ. ʯʘʩʪʢʘ); C
ɻʄ

Si  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʤʥʽʶ (ʚʽʜ ʤʘʩʠ 

ʣʠʪʦʛʦ ʟʨʘʟʢʘ) ʫ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʚʥʝʥʽʡ ʤʦʜʝʣʽ, ʱʦ ʛʘʟʠʬʽʢʫʻʪʴʩʷ, % (ʤʘʩ. ʯʘʩʪʢʘ), 

ʢ̫ʠʡ (3.2, 3.3) ʜʣ̫ ʚʠʣʠʚʢʽʚ, ʧʦʟʥʘʯʝʥʠʭ ʽʥʜʝʢʩʘʤʠ ç9è ʡ ç14è, ʟʘ ʫʤʦʚʠ, ʱʦ [Si]0 = 

1,25 = const, ʘ 15,0=C
ɻʄ

Si  ʡ 75,0 , ʚʽʜʧʦʚʽʜʥʦ, ʪʨʘʥʩʬʦʨʤʫʚʘʚʩ̫  ʫ ʚʠʨʘʟʠ: 
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; (3.2) 

 
[]

[]
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Si
k ʤ

Si

, (3.3) 

ʪʦ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ Si ʫ ʢʦʥʪʨʦʣʥɹʽʡ 

ʧʣʦʱʠʥʽ ʮʠʭ ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʽʜʝʥʪʠʯʥʽ ʧʦʚʝʨʭʥʷʤ ʚʽʜʛʫʢʫ, ʦʧʠʩʘʥʠʤ ʚʠɦʝ, ʘ ʾʭ ʛʨʘʬʽ-

ʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ (ʨʠʩ. 3.2) ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ ʥʝ ʧʦʪʨʝʙʫʻ. 

ɺʥʘʩʣʽʜʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʦʙʪʦ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʬʫʥʢʮʽʡ k[Si] = ű1 (aɺ, Hɺ) ʪʘ k[Si] = ű2 (aɺ, Hɺ), ʟʘʜʘʥʠʭ ʫ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʝʡ ʚʽʜʛʫʢʫ [(ɹ.11), (ɹ.12)], ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʦʟʧʦʜʽʣ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦ-

ʻʥʥʷ Si ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʠʣʠʚʢʽʚ ʟ ̔ ʥʜʝʢʩʘʤʠ ç9è ʪʘ ç14è, ʚʽʜʧʦʚʽʜʥʦ. 

ʆʪʞʝ, ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ Si ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ ʟ 

ʽʥʜʝʢʩʦʤ ç9è ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,17 ʜʦ 1,00, ʫ ʪʦʡ ʯʘʩ ʢʦʣʠ ʜʣʷ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʟ ʽʥʜʝʢʩʦʤ 

ç14è, ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,00 ʜʦ 0,88. ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʪʝ, 

ʱʦ ʫʞʝ ʙʫʣʦ ʩʢʘʟʘʥʝ ʨʘʥʽʰʝ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ɦ ʦ ʧʦʚʝʨʭʥʽ ʚʽʜʢʣʠʢʫ, ̫ ʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ Si ʚʽʜ ʜʦʚʞʠʥʠ ʪʘ ʚʠʩʦʪʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ ʟ 

ʽʥʜʝʢʩʦʤ ç9è (R
2
 = 0,935574) ʡ ç14è (R

2
 = 0,937066) ʪʘʢʦʞ çʬʦʨʤʫʶʪʴʩʷè ʧʽʜ ʜʽʻʶ ʪʠʭ 

ʩʘʤʠʭ ʬʘʢʪʦʨʽʚ, ʦɦ ʡ ʧʦʚʝʨʭʥʽ ʚʽʜʢʣʠʢʫ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʢʦʣʠʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ 

ʧʦʣʽʚ Si ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʨʦʟʛʣʷʥʫʪʠʭ ʚʠɦ ʝ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ ʫ ʯʘʚʫʥʽ ʪʘ ʚʤʽʩʪʫ ʜʠʩʧʝʨʩʥʦʛʦ 

ʬʝʨʦʩʠʣʽʮʽʶ ʫ ʛʘʟʤʦʜʝʣʽ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝ-

ʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʪʘʙʣ. 3.2) ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘ-

ʚʦʤ ʚʽʜ ʚʤʽʩʪʫ ʬʝʨʦʩʠʣʽʮʽʶ ʤʘʨʢʠ ʌʉ75 ʫ çʪʽʣʽè ɼʅɻʄ, ʧʨʘʢʪʠʯʥʦ, ʥʝ ʟʘʣʝʞʠʪʴ. ʅʘ 

ʮʝʡ ʧʦʢʘʟʥʠʢ ʚʧʣʠʚʘʻ ʣʠʰʝ ʢʦʥʮʝʥʪʨʘʮʽʷ Si ʚ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʘʭ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 3.3, ʢ̫ʠʡ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʥʘʩʪʫʧʥʽʡ ʩʪʦʨʽʥʮʽ ʚʠʢʦʥʘʥʦʾ ɼʈ. 

ɼʣʷ ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʧʦʤʽʯʝʥʠʭ ʽʥʜʝʢʩʘʤʠ ç1è, ç3è, ç5è, ç7è, ç9è, ç11è, ç13è, 

ç15è, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ [] []( )CSik
ɻʄ

SiʤSi
,f=  ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ, 

ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥ. 3.2, ʘ ʜʣʷ ʚʠʣʠʚʢʽʚ ʟ ʽʥʜʝʢʩʘʤʠ ç2è, ç4è, ç6è, ç8è, ç10è, ç12è, 

ç14è, ç16è ï ʤʘʪʝʤʘʪʠʯʥʠʤ ʚʠʨʘʟʦʤ 3.3. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʩʪʘʚ-

ʣʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣ. 3.2), ʷʢʘ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.3, ʧʦʢʘʟʘʣʘ, ʱʦ 
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ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 3.2 ï ʈʦʟʧʦʜʽʣ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ʟ ʽʥʜʝʢʩʘʤʠ: ʘ ï ç9è; ʙ ï ç14è 
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ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ [C
ɻʄ

ʌʉ75 = 0,2 % (ʤʘʩ. ʯʘʩʪʢʘ); C
ɻʄ

ʌʉ75 = 1,0 % (ʤʘʩ. ʯʘʩʪʢʘ)] ʬʫʥʢʮʽʦʥʘʣʴ-

ʥʘ ʟʘʣʝʞʥʽʩʪʴ [] []( )CSik
ɻʄ

SiʤSi
,f=  ʥʦʩʠʪʴ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. ʂʨʽʤ ʪʦʛʦ, ʤʘʪʝʤʘʪʠʯʥʘ ʦʙ-

ʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʪʘʙʣ. 3.2) ʜʦʟʚʦʣʠʣʘ ʚʠʚʝʩʪʠ ʝʤʧʽʨʠʯʥʽ ʨʽʚʥ. ɹ.13, 

ɹ.14 ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʚʝʣʠʯʠʥʦʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ (R
2
 = 0,9999; 

R
2
 = 1,0000; ʚʽʜʧʦʚʽʜʥʦ), ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ ʪʝʦʨʽʻʶ ʽ ʧʨʘʢ-

ʪʠʢʦʶ. ʎʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ k[Si] ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ 

ʚʽʜ ʡʦʛʦ [Si]ʤ ʚ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʘʭ, ʧʦʢʘʟʘʥʽ ʥʠʞʯʝ. 

ɿʤʽʥʘ [Si]ʤ ʚʽʜ 1,262 % (ʤʘʩ. ʯʘʩʪʢʘ) ʜʦ 1,366 % (ʤʘʩ. ʯʘʩʪʢʘ), ʜʣʷ ʜʦʩʣʽʜʞʫʚʘ-

ʥʠʭ ʚʠʣʠʚʢʽʚ ʟ ʽʥʜʝʢʩʘʤʠ ç1è, ç3è, ç5è, ç7è, ç9è, ç11è, ç13è, ç15è, ʩʧʨʠ̫̒, ʚʽʜʧʦʚʽʜ-

ʥʦ, ʟʙʽʣʴʰʝʥʥ ʁʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ Si ʚʽʜ 0,08 ʜʦ 0,77. ɼʣʷ ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʧʦʤʽʯʝ-

ʥʠʭ ʽʥʜʝʢʩʘʤʠ ç2è, ç4è, ç6è, ç8è, ç10è, ç12è, ç14è, ç16è ʟʙʽʣʴʰʝʥʥʷ [Si]ʤ ʥʘ ʽʥʪʝʨʚʘ-

ʣʽ ʚʽʜ 1,385 % (ʤʘʩ. ʯʘʩʪʢʘ) ʜʦ 1,820 % (ʤʘʩ. ʯʘʩʪʢʘ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʢʦʝʬʽʮʽ-

ʻʥʪ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʪʘʢʦʞ ʟʙʽʣʴʰʫ̒ ʪʴʩʷ ï ʚʽʜ 0,18 ʜʦ 0,76. 

ɿʘʢʦʥʦʤʽʨʥʦʩʪ ̔ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʣʠʪʠʭ ʟʨʘʟʢʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʧʽʜʜʦʩʣʽʜʥʠʭ 

ʚʠʣʠʚʢʽʚ ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʧʝʚʥ̔ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʣʠʪʠʭ ʟʨʘʟʢʽʚ. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʫ ʤʽʩʮʷʭ ʟ ʧʦʥʠʞʝʥʦʶ [Si]ʤ (ʧʽʜʨʦʟʜ. 3.1) ʧʝʨʝʚʘʞʘʻ 

ʚʽʜʙʣ̔ʝʥʘ ʡ ʧʦʣʦʚʠʥʯʘʩʪʘ ʩʪʨʫʢʪʫʨʘ ʯʘʚʫʥʫ, ʫ ʪʦʡ ʯʘʩ ʢʦʣʠ ʯʘʩʪʠʥʠ ʦʙôʻʤʫ ʚʠʣʠʚʢʘ, 

ʟʙʘʛʘʯʝʥʽ Si, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʩʽʨʦʛʦ ʯʘʚʫʥʫ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʰʠʨʠʥʦʶ 5 ʤʤ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ ʰʠʨʠʥʦʶ 15 

ʤʤ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ ʾʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, 

ʘʣʝ ʡ ʚʽʜ ʤʽʩʮʷ ʧʽʜʚʝʜʝʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ. ʊʘʢʝ ʧʨʠʧʫ-

ʱʝʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʚʧʣʠʚʦʤ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘ-

ʚʦʤ, ʷʢʽ ʟʘʣʝʞʘʪʴ (ʧ̔ʜʨʦʟʜ. 3.1) ʚʽʜ ʛʽʜʨʦ-, ʛʘʟʦʜʠʥʘʤʽʢʠ ʃɻʄ-ʧʨʦʮʝʩʫ. 

ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ. ʄɻɸ ʩʪʨʫʢ-

ʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʜʠʩʧʝʨʩʥʠʤ ʬʝʨʦʩʠʣʽʮʽʻʤ ʤʘʨʢʠ ʌʉ75, ʥʘ ʧʨʠ-

ʢʣʘʜʽ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʟ ʽʥʜʝʢʩʦʤ ç9è ʧʦʢʘʟʘʚ, ʱʦ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʮʴʦʛʦ ʚʠʣʠʚ-

ʢʘ ʧʝʨʝʚʘʞʘʻ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʧʝʨʣʽʪʥʦʛʦ ʢʣʘʩʫ (ʨʠʩ. 3.4), ʷʢʠʡ ʚʽʜʧʦ-

ʚʽʜʘʻ ʤʘʨʮʽ ʉʏ300. ʂʽʣʴʢʽʩʪʴ ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ Fe3C ʡ ʇɻ ʧʨʠ ʮʴʦʤʫ, ʟʘ ʚʠʥʷʪʢʦʤ 
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ʊʘʙʣʠʮʷ 3.2 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘ-

ʚʦʤ ʚʽʜ ʚʤʽʩʪʫ ʬʝʨʦʩʠʣʽʮʽʶ ʫ ʛʘʟʤʦʜʝʣʽ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ ʫ ʯʘʚʫʥʽ 

ɯʥʜʝʢʩ 

ʚʠʣʠʚʢʘ 

ʂʦʥʮʝʥʪʨʘʮʽʷ, % (ʤʘʩ. ʯʘʩʪʢʘ) 

[]k Si
 

[Si]ʤ [Si]0 C
ɻʄ

Si
 

01 1,262 

1,250 

0,150 0,08 

02 1,460 0,750 0,28 

03 1,285 0,150 0,23 

04 1,385 0,750 0,18 

05 1,298 0,150 0,32 

06 1,745 0,750 0,66 

07 1,321 0,150 0,47 

08 1,715 0,750 0,62 

09 1,304 0,150 0,36 

10 1,438 0,750 0,25 

11 1,267 0,150 0,11 

12 1,475 0,750 0,30 

13 1,366 0,150 0,77 

14 1,820 0,750 0,76 

15 1,279 0,150 0,19 

16 1,648 0,750 0,53 
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0,0

0,2

0,4

0,6

0,8

1,26 1,28 1,30 1,32 1,34 1,36 1,38

ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʤʥʽʶ, % (ʤʘʩ. ʯʘʩʪʢʘ)

ʂ
ʦ
ʝ
ʬ
ʽ
ʮ
ʽ
ʻ
ʥ
ʪ
 
ʟ
ʘ
ʩ
ʚ
ʦ
ʻ
ʥ
ʥ
ʷ
 
ʢ
ʨ
ʝ
ʤ
ʥ
ʽ
ʶ

 

ʘ 

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

1,35 1,45 1,55 1,65 1,75 1,85

ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʤʥʽʶ, % (ʤʘʩ. ʯʘʩʪʢʘ)

ʂ
ʦ
ʝ
ʬ
ʽ
ʮ
ʽ
ʻ
ʥ
ʪ
 
ʟ
ʘ
ʩ
ʚ
ʦ
ʻ
ʥ
ʥ
ʷ
 
ʢ
ʨ
ʝ
ʤ
ʥ
ʽ
ʶ

 

ʙ 

ʈʠʩʫʥʦʢ 3.3 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʚʜ̔ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ ʫ ʯʘʚʫʥʽ ʪʘ ʚʤʽʩʪʫ ʬʝʨʦʩʠʣʽʮʽʶ ʤʘʨʢʠ ʌʉ75 ʫ çʪʽʣʽè ɼʅɻʄ: 

ʘ ï 0,2 % (ʤʘʩ. ʯʘʩʪʢʘ); ʙ ï 1,0 % (ʤʘʩ. ʯʘʩʪʢʘ) 



 117 

ʧʨʠʣʝʛʣʦʾ ʜʦ ʤʽʩʮʷ ʧʽʜʚʝʜʝʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ ʟʦʥʠ, ʩʪʘ-

ʥʦʚʠʪʴ, ʚʽʜʧʦʚʽʜʥʦ, 2...4 % ʪʘ 2...6 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʘʣʦʛʨʘʬʽʯ-

ʥʠʭ ʰʣʽʬʽʚ, ʘ ʜʦʚʞʠʥʘ ʚʢʣʶʯʝʥʴ ʇɻ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 15 ʤʢʤ ʜʦ 45 ʤʢʤ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʤʘʪʝʨʽʘʣʫ ʜʝʷʢʠʭ ʪʝʤʧʣʝʪʽʚ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʝʟʥʘʯʥʘ ʢʽ-

ʣʢɹʽʩʪʴ ʌ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 1...2 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʰʣʬ̔ʽʚ. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʦɦʜʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʥʦʛʦ ʯʘʚʫʥʫ ʫ ʢʦʥʪʨʦ-

ʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʦʛʦ ʟʨʘʟʢʘ, ʟʛʽʜʥʦ ISO 945-1:2019 (E), ʷʢʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʤʝʪʦʜʦʤ 

ʄɻɸ, ʧʦʢʘʟʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʝʤʧʣʝʪʽʚ, ʧʦʟʥʘʯʝʥʠʭ ʽʥʜʝʢʩʘʤʠ: 

ʘ) ʪʝʤʧʣʝʪ ç9-1è: ɯɯ; A, E; Size 6; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦ-

ʛʦ ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ ʩʪʘʥʦʚʠʪʴ 94 %, 4 % ʪʘ 2 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘ-

ʣʦʛʨʘʬʯ̔ʥʦʛʦ ʰʣʽʬʘ, ʚʽʜʧʦʚʽʜʥʦ; 

ʙ) ʪʝʤʧʣʝʪ ç9-2è: II; ɺ, E; Size 6; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʬʝʨʠʪʫ, ʩʪʨʫʢʪʫʨ-

ʥʦ ʚʽʣʴʥʦʛʦ ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ 91 %, 1 %, 2 

% ʪʘ 6 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ; 

ʚ) ʪʝʤʧʣʝʪ ç9-3è: ɯɯ; A, E; Size 6; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦ-

ʛʦ ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ ʩʪʘʥʦʚʠʪʴ 94 %, 4 % ʪʘ 2 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘ-

ʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ, ʚʽʜʧʦʚʽʜʥʦ; 

ʛ) ʪʝʤʧʣʝʪ ç9-4è: II; ɺ, E; Size 6; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʬʝʨʠʪʫ, ʩʪʨʫʢʪʫʨʥʦ 

ʚʽʣʴʥʦʛʦ ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ 90 %, 2 %, 4 % 

ʪʘ 4 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ; 

ʜ) ʪʝʤʧʣʝʪ ç9-5è: ɯɯ; ɺ, E; Size 6; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʬʝʨʠʪʫ, ʩʪʨʫʢʪʫʨ-

ʥʦ ʚʽʣʴʥʦʛʦ ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ ʩʪʘʥʦʚʠʪʴ 84 %, 1 %, 10 % ʪʘ 5 % 

ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ, ʚʽʜʧʦʚʽʜʥʦ; 

ʝ) ʪʝʤʧʣʝʪ ç9-6è: ɯɯ; ɺ, E; Size 6; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʬʝʨʠʪʫ, ʩʪʨʫʢʪʫʨʥʦ 

ʚʽʣʴʥʦʛʦ ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ 90 %, 2 %, 4 % 

ʪʘ 4 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ; 

ʻ) ʪʝʤʧʣʝʪ ç9-7è: ɯɯ; E; Size 8; ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ ï ʛʨʘʬʽʪʦ-ʧʝʨʣʽʪʥʽ ʢʦʣʦʥʽʾ, ʨʝhʪʘ ï 

ʧʝʨʣʽʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ 

ʛʨʘʬʽʪʫ ʩʪʘʥʦʚʠʪʴ 70 %, 25 % ʪʘ 5 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ h ʣʽʬʘ, ʚʽʜʧʦʚʜ̔ʥʦ; 

ʞ) ʪʝʤʧʣʝʪ ç9-8è: ɯɯ; E; Size 8, Size 6; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʩʪʨʫʢʪʫʨʥʦ 
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 ʘ ʙ 

  

 ʚ ʛ 

  

 ʜ ʝ 

ʈʠʩʫʥʦʢ 3.4 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (³100) ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʫ ʢʦʥʪʨʦʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ: ʘéʝ - ʪʝʤʧʣʝʪʠ ʟ ʽʥʜʝʢʩʘʤʠ: 

ç9-1è, ç9-2è, ç9-4è, ç9-5è, ç9-7è, ç9-8è, ʚʽʜʧʦʚʽʜʥʦ 
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ʚʽʣʴʥʦʛʦ ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ 56 %, 40 % ʪʘ 4 

% ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ; 

ʟ) ʪʝʤʧʣʝʪ ç9-9è: ɯɯ; E; Size 8; ʧʦ ʤʝʞʘʭ ʟʝʨʝʥ ï ʛʨʘʬʽʪʦ-ʧʝʨʣʽʪʥʽ ʢʦʣʦʥʽʾ, ʨʝhʪʘ ï 

ʧʝʨʣʽʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ 

ʛʨʘʬʽʪʫ ʩʪʘʥʦʚʠʪʴ 70 %, 25 % ʪʘ 5 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ h ʣʽʬʘ, ʚʽʜʧʦʚʜ̔ʥʦ. 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤ̔ ʢʨʦʩʪʨʫʢʪʫʨʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʘ (ʨʠʩ. 3.5), 

ʪʦʙʪʦ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʟ ʽʥʜʝʢʩʦʤ çʂè, ʦʪʨʠʤʘʥʦʛʦ ʽʟ ʚʠʭʽʜʥʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300, 

ʧʦʢʘʟʘʣʘ, ʱʦ ʤʦʨʬʦʣʦʛʽʷ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠ-

ʟʥʘʯʝʥʘ ʟʛʽʜʥʦ ISO 945-1:2019 (E), ʚ ʫʩʽʭ ʪʝʤʧʣʝʪʘʭ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ: 

ʘ) ʪʝʤʧʣʝʪ çʂ-1è: ʧʝʨʝʚʘʞʥʦ ï ʣʝʜʝʙʫʨʠʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ ʡ ʮʝʤʝʥ-

ʪʠʪʫ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ 3 % ʪʘ 97 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ; 

ʙ) ʪʝʤʧʣʝʪ çʂ-2è: ɯɯ; E; Size 8; ʛʨʘʬʽʪʦ-ʧʝʨʣʽʪʥʽ ʢʦʣʦʥʽʾ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʜʢʦ, 

ʨʝʰʪʘ ï ʣʝʜʝʙʫʨʠʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ 

ʩʪʘʥʦʚʠʪʴ 3 %, 96 % ʪʘ 1 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ, ʚʽʜʧʦʚʽʜʥʦ; 

ʚ) ʪʝʤʧʣʝʪ çʂ-3è: ʧʝʨʝʚʘʞʥʦ ï ʣʝʜʝʙʫʨʠʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ ʡ ʮʝʤʝʥ-

ʪʠʪʫ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ 3 % ʪʘ 97 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ; 

ʛ) ʪʝʤʧʣʝʪ çʂ-4è: ɯɯ; E; Size 8; ʛʨʘʬʽʪʦ-ʧʝʨʣʽʪʥʽ ʢʦʣʦʥʽʾ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʜʢʦ, 

ʨʝʰʪʘ ï ʣʝʜʝʙʫʨʠʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ 

ʩʪʘʥʦʚʠʪʴ 4 %, 95 % ʪʘ 1 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ, ʚʽʜʧʦʚʽʜʥʦ; 

ʜ) ʪʝʤʧʣʝʪ çʂ-5è: ɯɯ; E; Size 8; ʛʨʘʬʽʪʦ-ʧʝʨʣʽʪʥʽ ʢʦʣʦʥʽʾ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʜʢʦ, 

ʨʝʰʪʘ ï ʣʝʜʝʙʫʨʠʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ, 

ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ 2 %, 97 % ʪʘ 1 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ; 

ʝ) ʪʝʤʧʣʝʪ çʂ-6è: ɯɯ; E; Size 8; ʛʨʘʬʽʪʦ-ʧʝʨʣʽʪʥʽ ʢʦʣʦʥʽʾ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʜʢʦ, 

ʨʝʰʪʘ ï ʣʝʜʝʙʫʨʠʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ 

ʩʪʘʥʦʚʠʪʴ 4 %, 95 % ʪʘ 1 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ, ʚʽʜʧʦʚʽʜʥʦ; 

ʻ) ʪʝʤʧʣʝʪ çʂ-7è: ɯɯ; E; Size 8; ʛʨʘʬʽʪʦ-ʧʝʨʣʽʪʥʽ ʢʦʣʦʥʽʾ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʜʢʦ, 

ʨʝʰʪʘ ï ʣʝʜʝʙʫʨʠʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ, 

ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ 8 %, 91 % ʪʘ 1 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ; 

ʞ) ʪʝʤʧʣʝʪ çʂ-8è: ɯɯ; E; Size 8; ʛʨʘʬʽʪʦ-ʧʝʨʣʽʪʥʽ ʢʦʣʦʥʽʾ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʜʢʦ, 

ʨʝʰʪʘ ï ʣʝʜʝʙʫʨʠʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ 



 120 

  

 ʘ ʙ 
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 ʜ ʝ 

ʈʠʩʫʥʦʢ 3.5 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (³100) ʙʽʣʦʛʦ ʯʘʚʫʥʫ ʫ ʢʦʥʪʨʦʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ: ʘéʝ - ʪʝʤʧʣʝʪʠ, ʧʦʤʽʯʝʥʽ ʽʥʜʝʢʩʘʤʠ: 

çʂ-1è, çʂ-2è, çʂ-4è, çʂ-5è, çʂ-7è, çʂ-8è, ʚʽʜʧʦʚʽʜʥʦ 
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ʩʪʘʥʦʚʠʪʴ 2 %, 97 % ʪʘ 1 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ, ʚʽʜʧʦʚʽʜʥʦ; 

ʟ) ʪʝʤʧʣʝʪ çʂ-9è: ɯɯ; E; Size 8; ʛʨʘʬʽʪʦ-ʧʝʨʣʽʪʥʽ ʢʦʣʦʥʽʾ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʜʢʦ, 

ʨʝʰʪʘ ï ʣʝʜʝʙʫʨʠʪ; ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʣʽʪʫ, ʮʝʤʝʥʪʠʪʫ ʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ, 

ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ 8 %, 91 % ʪʘ 1 % ʚʽʜ ʧʣʦʱʽ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʰʣʽʬʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʄɻɸ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʞʠ-

ʚʠʣʴʥʠʢʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʥʘʙʫʚʘʻ ʦʟʥʘʢ ʤʽ-

ʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300, ʫ ʪʦʡ ʯʘʩ ʢʦʣʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʥʪʨʦʣɹ-

ʥʦʛʦ ʚʠʣʠʚʢʘ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ɹʏ. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦ ʜʦʚʝʣʠ, ʱʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Si ʫ ʯʘʚʫʥʽ 

ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʥʘ ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʘʢʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʮʠʨʢʫʣʷʮʽʡʥʽ (ʟʫʤʦʚʣʝʥʽ ʛʽʜʨʦʜʠʥʘʤʽʢʦʶ ʃɻʄ-ʧʨʦʮʝʩʫ ʪʫʨʙʫʣʝʥʪʥʽ ʡ 

ʚʠʢʣʠʢʘʥʽ grad T ʢʦʥʚʝʢʪʠʚʥʽ) ʧʦʪʦʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʦʙôʻʤʽ ʤʝʪʘʣʽʯʥʦʾ ʚʘʥʥʠ ʧʽʜ 

ʯʘʩ ʬʦʨʤʦʟʘʧʦʚʥʝʥʥʷ, ʪʘ ʚ ʧʨʦʮʝʩʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ. ʄʘʩʦʧʝʨʝʥʝ-

ʩʝʥʥʷ, ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ çʧʦʨʦʞʥʠʥʽè ʃʌ ʟʘʧʦʚʥʝʥʦʾ ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ, ʤʦʞʥʘ ʦʧʠ-

ʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʪʫʨʙʫʣʝʥʪʥʦʾ ʡ ʢʦʥʚʝʢ-

ʪʠʚʥʦʾ ʜʠʬʫʟʽʡ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦ ʱʦ ʡʪʠʤʝʪʴʩʷ ʜʘʣʽ. ʆʪʞʝ, ʟʨʦʙʣʝʥʝ ʟʜʦʙʫʚʘʯʝʤ ʨʘ-

ʥʽʰʝ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ʻ ʚʨ̔ʥʠʤ. 

ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʘʣʝʞʥʦʩʪʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚ-

ʢʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ. ʇʘʨʘʤʝʪʨʠ ʤʽʢʨʦ-

ʩʪʨʫʢʪʫʨʠ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʽʟ ʩʽʨʦʛʦ ʡ ɹʏ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʛʨʫʧʫ ʬʘʢʪʦʨʽʚ (ʧʜ̔ʨʦʟʜ. 3.1) 

ʚʽʜ ʷʢʠʭ, ʥʘʩʘʤʧʝʨʝʜ, ʟʘʣʝʞʘʪʴ ʤʝʭʘʥʽʯʥʽ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʣʠʚʢʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʥʘʚʯʠʪʠʩʴ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʯʘʚʫʥʽʚ, ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ, 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʷʢ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʪʽ ʯʠ ʽʥʰʽ ʤʝʪʘʣʫʨ-

ʛʽʡʥʽ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʃɻʄ-ʧʨʦʮʝʩʫ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ 

ʤʘʨʢʠ ʉʏ300 ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ Si ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ ʟ ʽʥʜʝʢʩʦʤ ç14è ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝ-

ʜʝʥʦ (ʪʘʙʣ. 3.3), ʱʦ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʟʥʘʯʝʥʥʶ ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʾ Si ʫ ʩʽʨʦʤʫ ʯʘ-

ʚʫʥʽ, ʪʘʢ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʩʚʦʻ ʢʦʥʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʇ, ʌ, Fe3C, ʇɻ, ʘ ʪʘʢʦʞ ʜʦʚʞʠʥʘ ʚʢʣʶʯʝʥʴ ʇɻ. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʘʨʘʤʝʪʨʠ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300, ʱʦ ʟʛʘʜʘʥʽ ʚʠʱʝ, ʟʘʣʝʞʘʪʴ, ʥʘʩʘʤʧʝʨʝʜ, 
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ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ, ʪʦʙʪʦ [Si]ʤ ʪʘ k[Si]. 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ [ʨʠʩ. 3.6 (ʘʨʢʫʰ 1)] ʧʦʢʘʟʘ-

ʣʘ, ʱʦ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʪʘ ʡʦʛʦ [Si]ʤ ʚ 

ʦʙôʻʤʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ ʽʩʥʫʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥ̔ ʟʘʣʝʞʥʦʩʪ̔, ʷʢ ̔ʥʦʩ̫ʪ ɹʧʦʣ̔-

ʥʦʤʽʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ɿʦʢʨʝʤʘ, ʧʦ ʤʽʨʽ ʟʨʦʩʪʘʥʥʷ [Si]ʤ ʚʽʜ 1,25 % (ʤʘʩ. ʯʘʩʪʢʘ) ʜʦ 

1,91 % (ʤʘʩ. ʯʘʩʪʢʘ) ʢʽʣʴʢʽʩʪʴ ʇ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʁʦʛʦ ʤʽʥʽʤʫʤ ʥʘʙʫʚʘʻ ʟʥʘ-

ʯʝʥʥʷ 59 % (ʟʘ ʧʣʦʱʝʶ), ʫ ʪʦʡ ʯʘʩ ʢʦʣʠ ʤʘʢʩʠʤʫʤ ʮʽʻʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʘʪʝʨʽ-

ʘʣʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʩʪʘʥʦʚʠʪʴ 90 % (ʟʘ ʧʣʦɦ ʝʶ). ʅʘ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 1,25 % (ʤʘʩ. ʯʘʩʪʢʘ) 

Si ʜʦ 1,91 % (ʤʘʩ. ʯʘʩʪʢʘ) Si ʢʽʣʴʢʽʩʪʴ ʌ ʫ ʩʪʨʫʢʪʫʨʽ ʉʏ300 ʪʘʢʦʞ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩ-

ʪʘʻ. ʇʨʠ 1,25 % (ʤʘʩ. ʯʘʩʪʢʘ) Si ʡʦʛʦ ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 0 % (ʟʘ ʧʣʦʱʝʶ). ʇʦʜʘʣʴʰʝ 

ʟʙʽʣʴh ʝʥʥʷ [Si]ʤ ʚ ʦʙôʻʤʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʠ 1,91 

% (ʤʘʩ. ʯʘʩʪʢʘ) ʢʽʣʴʢʽʩʪʴ ʌ ʜʦʩʷʛʘʻ 4 % (ʟʘ ʧʣʦɦ ʝʶ). ʂʽʣʴʢʽʩʪʴ Fe3C ʚ ʜʽʘʧʘʟʦʥʽ [Si]ʤ 

ʚʽʜ 1,25 % (ʤʘʩ. ʯʘʩʪʢʘ) ʜʦ 1,91 % (ʤʘʩ. ʯʘʩʪʢʘ) ʥʝ ʻ ʩʪʘʣʦʶ. ɺ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘ-

ʮʽʡ Si, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʢʽʣʴʢʽʩʪʴ ʮʽʻʾ ʚʘʞʣʠʚʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʽʨʦʛʦ ʯʘʚʫʥʫ 

ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 40 % (ʟʘ ʧʣʦʱʝʶ) ʜʦ 1 % (ʟʘ ʧʣʦɦ ʝʶ). ɿʙʽʣʴʰʝʥʥʷ [Si]ʤ 

ʚʽʜ 1,25 % (ʤʘʩ. ʯʘʩʪʢʘ) ʜʦ 1,91 % (ʤʘʩ. ʯʘʩʪʢʘ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʪʘʢʽ ʧʘʨʘʤʝʪ-

ʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʷʢ ʇɻ ʪʘ lʇɻ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʶʪʴ ʚʽʜ 1 

% (ʟʘ ʧʣʦʱʝʶ) ʡ 15 ʤʢʤ ʜʦ 5 % (ʟʘ ʧʣʦʱʝʶ) ʡ 45 ʤʢʤ, ʚʽʜʧʦʚʜ̔ʥʦ. 

ɺʥʘʩʣʽʜʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʪʘʙʣ. 3.3), ʪʦʙʪʦ 

ʘʧʨʦʢʩʠʤʘʮʽʾ (R
2
 = 0,947; R

2
 = 0,9615; R

2
 = 0,9505; R

2
 = 0,9615; R

2
 = 0,9696; ʚʽʜʧʦʚʽʜ-

ʥʦ) ʪʘʙʣʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʦʪʨʠʤʘʣʠ ʧʦʣʽʥʦʤʠ 2-ʛʦ ʡ 3-ʛʦ ʧʦʨʷʜʢ̔ ʚ [(ɹ.15)é(ɹ.19)], ʷʢʽ 

ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʫʶʪʴ ʚʧʣʠʚ [Si]ʤ ʥʘ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ 

ʉʏ300 ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʧʽʜʜʦʩʣʽʜʥʦʛʦ ʚʠʣʠʚʢʘ. 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [ʨʠʩ. 3.6 (ʘʨʢʫʰ 

2)] ʜʦʟʚʦʣʠʣʘ ʪʘʢʦʞ ʟôʷʩʫʚʘʪʠ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦ-

ʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʚʽʜ k[Si]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʘ k[Si] ʚʽʜ 0,00 ʜʦ 0,88 ʧʨʠʟʚʦ-

ʜʠʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʇ ʚʽʜ 59 % (ʟʘ ʧʣʦʱʝʶ) ʜʦ 90 % (ʟʘ ʧʣʦ-

ʱʝʶ). ʂʽʣʴʢʽʩʪʴ ʌ ʥʘ ʮʴʦʤʫ ʞ ʽʥʪʝʨʚʘʣʽ ʪʘʢʦʞ ʧʣʘʚʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʙʝʟ ʝʢʩʪʨʝʤʫʤʫ 

ʚʽʜ 0 % (ʟʘ ʧʣʦʱʝʶ) ʜʦ 4 % (ʟʘ ʧʣʦʱʝʶ), ʫ ʪʦʡ ʯʘʩ ʷʢ ʢʽʣʴʢʽʩʪʴ Fe3C ʚ ʜʽʘʧʘʟʦʥʽ k[Si] = 

0,00é0,88 ʤʦʥʦʪʦʥʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 40 % (ʟʘ ʧʣʦʱʝʶ) ʜʦ 1 % (ʟʘ ʧʣʦʱʝʶ). ʑʦ 
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ʜ 

ʈʠʩʫʥʦʢ 3.6, ʘʨʢʫʰ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʧʘ-

ʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ 

ʤʘʨʢʠ ʉʏ300 ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦ̒ ʥʥʷ 

ʢʨʝʤʥʽʶ {ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ ʚ ʯʘʚʫʥ-

ʥʠʭ ʚʠʣʠʚʢʘʭ ([Si]ʤ)}: ʘ ï ʢʽʣʴʢʦʩʪʽ ʧʝʨ-

ʣʽʪʫ (ʇ), ʙ ï ʢʽʣʴʢʦʩʪʽ ʬʝʨʠʪʫ (ʌ), ʚ ï ʢ̔ -

ʣʴʢʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦ ʚʣ̔ʴʥʦʛʦ ʮʝʤʝʥʪʠʪʫ 

(Fe3C), ʛ ï ʢʽʣʴʢʦʩʪʽ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘ-

ʬʽʪʫ (ʇɻ), ʜ ï ʜʦʚʞʠʥʠ ʚʢʣʶʯʝʥʴ ʧʣʘʩ-

ʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ (lʇɻ) 
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ʊʘʙʣʠʮʷ 3.3 ï ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʡ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ 

ʤʘʨʢʠ ʉʏ300 ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʦʛʦ ʟʨʘʟʢʘ 

ɯʥʜʝʢʩ ʂʦʦʨʜʠʥʘʪʠ, ʤʤ 
ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ 

ʇʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʚ
ʠ
ʣ
ʠ
ʚ
ʢ
ʘ

 

ʪʝ
ʤ
ʧ
ʣʝʪ
ʘ 

ʞʠʚʠʣʴʥʠʢʘ 
ʢʦʥʪʨʦʣʥɹʦʾ 

ʪʦʯʢʠ 
ʢʽʣʴʢʽʩʪʴ, % (ʟʘ ʧʣʦʱʝʶ) 

lʇɻ, 
ʤʢʤ 

Hɺ aɺ Hɺ aɺ 
[Si]ʤ,  % 

(ʤʘʩ. ʯʘʩʪʢʘ) 
k[ Si]  ʇ ʌ Fe3C ʇɻ 

14 

14-1 

000 

100 

100 

000 

290 10 1,618 0,49 90 4,0 01 5,0 45 

14-2 290 50 1,528 0,37 88 3,5 04 4,5 35 

14-3 290 90 1,588 0,45 86 3,0 07 4,0 30 

14-4 150 10 1,370 0,16 84 2,5 10 3,5 30 

14-5 150 50 1,910 0,88 80 2,0 15 3,0 25 

14-6 150 90 1,393 0,19 75 1,5 21 2,5 25 

14-7 010 10 1,363 0,15 70 1,0 27 2,0 20 

14-8 010 50 1,250 0,00 65 0,5 33 1,5 20 

14-9 010 90 1,333 0,11 59 0,0 40 1,0 15 



 125 

55

65

75

85

95

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

ʂʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 
ʧ
ʝ
ʨ
ʣ
ʽ
ʪ
ʫ
,
 
%
 
(
ʟ
ʘ
 
ʧ
ʣ
ʦ
ʱ
ʝ
ʶ
)

 

ʘ 

0

1

2

3

4

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

ʂʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 
ʬ
ʝ
ʨ
ʠ
ʪ
ʫ
,
 
%
 
(
ʟ
ʘ
 
ʧ
ʣ
ʦ
ʱ
ʝ
ʶ
)

 

ʙ 

0

10

20

30

40

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

ʂʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 
F
e

3
C
,
 
%
 
(
ʟ
ʘ
 
ʧ
ʣ
ʦ
ʱ
ʝ
ʶ
)

 

ʚ 

1

2

3

4

5

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

ʂʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 
ʧ
ʣ
ʘ
ʩ
ʪ
ʠ
ʥ
ʯ
ʘ
ʩ
ʪ
ʦ
ʛ
ʦ
 
ʛ
ʨ
ʘ
ʬ
ʽ
ʪ
ʫ
,
 

%
 
(
ʟ
ʘ
 
ʧ
ʣ
ʦ
ʱ
ʝ
ʶ
)

 

ʛ 

15

20

25

30

35

40

45

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

ʂʦʝʬʽʮʽʻʥʪ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ

ɼ
ʦ
ʚ
ʞ
ʠ
ʥ
ʘ
 
ʚ
ʢ
ʣ
ʶ
ʯ
ʝ
ʥ
ʴ
 

ʧ
ʣ
ʘ
ʩ
ʪ
ʠ
ʥ
ʯ
ʘ
ʩ
ʪ
ʦ
ʛ
ʦ
 
ʛ
ʨ
ʘ
ʬ
ʽ
ʪ
ʫ
,
 
ʤ
ʢ
ʤ
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ʈʠʩʫʥʦʢ 3.6, ʘʨʢʫʰ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘ-

ʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘ-

ʨʢʠ ʉʏ300 ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ ʢʨʝ-

ʤʥʽʶ {ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ 

ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ (k[Si])} : ʘ ï ʢʽʣʴʢʦ-

ʩʪʽ ʧʝʨʣʽʪʫ (ʇ), ʙ ï ʢʽʣʴʢʦʩʪʽ ʬʝʨʠʪʫ (ʌ), 

ʚ ï ʢʽʣʴʢʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ ʮʝʤʝʥ-

ʪʠʪʫ (Fe3C), ʛ ï ʢʽʣʴʢʦʩʪʽ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ 

ʛʨʘʬʽʪʫ (ʇɻ), ʜ ï ʜʦʚʞʠʥʠ ʚʢʣʶʯʝʥʴ ʧʣʘ-

ʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʪ̔ʫ (lʇɻ) 
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ʩʪʦʩʫʻʪʴʩʷ ʢʽʣʴʢʦʩʪʽ ʇɻ ʡ lʇɻ, ʪʦ ʚ ʽʥʪʝʨʚʘʣʽ k[Si], ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʮʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢ-

ʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʟʨʦʩʪʘʶʪʴ ʚʽʜ 1 % (ʟʘ ʧʣʦʱʝʶ) ʡ 15 ʤʢʤ ʜʦ 

5 % (ʟʘ ʧʣʦʱʝʶ) ʡ 45 ʤʢʤ, ʚʽʜʧʦʚʽʜʥʦ. ʈʦʟʛʣʷʥʫʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢ ʽ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʻ ʧʦʣʽʥʦʤʘʤʠ 2-ʛʦ ʪʘ 3-ʛʦ ʧʦʨʷʜʢʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʩʪʘʚʣʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣ. 3.3) ʜʦ-

ʟʚʦʣʠʣʘ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʝʡ ʇ, ʌ, Fe3C ʡ ʇɻ, ʘ ʪʘʢʦʞ lʇɻ ʚ 

ʩʪʨʫʢʪʫʨʽ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʚʽʜ k[Si]. ɽʤʧʽʨʠʯʥʽ ʨʽʚʥ. ɹ.20éɹ.24, ʷʢʽ ʙʫʣʠ 

ʚʠʚʝʜʝʥʽ ʫ ʨʝʟʫʣʴʪʘʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ (R
2
 = 0,9474; R

2
 = 0,9617; R

2
 = 0,9509; R

2
 = 0,9617; 

R
2
 = 0,9698; ʚʽʜʧʦʚʽʜʥʦ) ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʟʘʜʘʥʠʭ ʫ ʪʘʙʣʠʯʥʽʡ ʬʦʨ-

ʤʽ, ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʜʦʜʘʪʢʫ. 

ʆʪʞʝ, ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʷʢ ʡʦʛʦ [Si]ʤ ʪʘ k[Si], 

ʱʦ ʻ ʢʨʠʪʝʨʽʷʤʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʨʘʬʽʪʠʟʫʶʯʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʯʘ-

ʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ 

ʉʏ300. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ Si, ʙʫʜʫʯʠ ɻɽ, ʧʦʧʘʜʘʻ ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʨʦʟʧʣʘʚʫ ʽʟ 

ʬʝʨʦʩʠʣʽʮʽʶ ʤʘʨʢʠ ʌʉ75 ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ 

Fe3C ʚ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʫ ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʻ ʛʨʘʬʽʪʠʟʘʮʽʾ ʡʦʛʦ Me-ʤʘʪʨʠʮʽ. 

ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ, ʨʦʟʤʽʨʽʚ ʪʘ ʤʽʢʨʦ-

ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ ʥʘ ʾʭ ʪʚʝʨʜʽʩʪʴ. ʊʚʝʨʜʽʩʪʴ ï ʦʜʥʘ ʟ ʥʘʡʚʘʞʣʠ-

ʚʽʰʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʚʫʥʥʦʛʦ ʣʠʪʚʘ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʜ-

ʥʦʯʘʩʥʦ ʥʘʣʝʞʠʪʴ ʽ ʜʦ ʩʧʝʮʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʩʢʽʣʴʢʠ ʜʦʩʠʪʴ ʯʘʩʪʦ ʪʚʝʨʜʽʩʪʴ ʪʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ʊʚʝʨʜʽʩʪʴ ʣʠʪʠʭ ʟʘʛʦʪʦ-

ʚʦʢ ʽʟ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʚʠʟʥʘʯʘʻ ʾʭ ʩʣʫʞʙʦʚʽ ʡ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʮʠʭ ʪʘ ʽʥʰʠʭ ʤʽʨʢʫʚʘʥʴ ʥʝʦʙʭʽʜʥʦ ʥʘʚʯʠʪʠʩʴ ʚʧʣʠʚʘʪʠ ʥʘ ʪʚʝʨ-

ʜʽʩʪʴ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʙʫʣʠ, ʫ ʧʝʨʰʫ 

ʯʝʨʛʫ, ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʪʘ ʧʦʢʘʟʥʠʢʠ ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟ-

ʧʣʘʚʦʤ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300. ʆʙʛʦʚʦʨʝʥ-

ʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʣʘʜʝʥʦ ʜʘʣʽ, ʪʦʙʪʦ ʟʘ ʪʝʢʩʪʦʤ ʜʘʥʦʾ ɼʈ. 

ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʚʽʜ ʚʠʩʦʪʠ ʽ ʜʦʚʞʠʥʠ ʣʠʪʠʭ ʟʨʘʟʢʽʚ. 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [ʨʠʩ. 3.7 (ʘ)], ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 

3.4, ʜʦʟʚʦʣʠʣʘ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʤʽʞ ʪʚʝʨʜʽʩʪʶ ʯʘʚʫʥʫ, ʚʠʩʦʪʦʶ ʪʘ ʜʦʚʞʠʥʦʶ ʣʠʪʦʛʦ 
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ʊʘʙʣʠʮʷ 3.4 ï ʊʚʝʨʜʽʩʪʴ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ 

ɯʥʜʝʢʩ ʂʦʦʨʜʠʥʘʪʠ, ʤʤ 
ʊʚʝʨʜʽʩʪʴ 

ʟʘ ɹʨʽʥʝʣʣʝʤ, 

ʢʛʩ/ʤʤ
2
 ʚʠʣʠʚʢʘ ʪʝʤʧʣʝʪʘ 

ʞʠʚʠʣʴʥʠʢʘ ʢʦʥʪʨʦʣʴʥʦʾ ʪʦʯʢʠ 

Hɺ aɺ Hɺ aɺ 

14 

14-1 

000 

100 

100 

000 

290 10 235 

14-2 290 50 255 

14-3 290 90 248 

14-4 150 10 262 

14-5 150 50 229 

14-6 150 90 241 

14-7 010 10 302 

14-8 010 50 321 

14-9 010 90 311 

ʂ 

ʂ-1 

150 100 

290 10 415 

ʂ-2 290 50 429 

ʂ-3 290 90 444 

ʂ-4 150 10 429 

ʂ-5 150 50 415 

ʂ-6 150 90 429 

ʂ-7 010 10 415 

ʂ-8 010 50 444 

ʂ-9 010 90 461 
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ʟʨʘʟʢʘ ʽʩʥʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚôʷʟʦʢ. ɿʦʢʨʝʤʘ, ʜʣʷ ʚʠʣʠʚʢʘ ʟ ʽʥʜʝʢʩʦʤ ç14è ʭʘʨʘʢʪʝ-

ʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʧʽʜʚʠʱʝʥʘ ʪʚʝʨʜʽʩʪʴ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʫ ʥʠʞʥʽʡ ʡʦʛʦ 

ʯʘʩʪʠʥʽ. ʇʦ ʤʽʨʽ ʟʨʦʩʪʘʥʥʷ ʚʠʩʦʪʠ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʪʝʦʨʝʪʠʯʥʘ ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʩʧʦ-

ʯʘʪʢʫ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʧʦʪʽʤ, ʧʦʯʠʥʘʶʯʠ ʟ 220 ʤʤ, ʤʘʣʦʧʦʤʽʪʥʦ ʟʨʦʩʪʘʻ. ʄʘʢʩʠʤʘʣʴʥʘ 

ʪʚʝʨʜʽʩʪʴ ʯʘʚʫʥʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʦʯʮʽ ʧʽʜʚʝʜʝʥʥʷ ʨʦʟʧʣʘʚʫ ʜʦ çʧʦʨʦʞʥʠʥʠè ʃʌ, ʽ 

ʩʪʘʥʦʚʠʪʴ 321 ʢʛʩ/ʤʤ
2
. ʋ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ ʮʝʡ ʧʦʢʘʟʥʠʢ 

ʟʥʠʞʫʻʪʴʩʷ ʜʦ 262 ʢʛʩ/ʤʤ
2
, ʘ ʟ ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ ʚʽʜ ʞʠʚʠʣʴʥʠʢʘ ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽ-

ʘʣʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʜʦʩʷʛʘʻ 255 ʢʛʩ/ʤʤ
2
. ɿ ʣʽʚʦʛʦ ʢʨʘʶ ʚʽʜ ʞʠʚʠʣʴʥʠʢʘ ʥʘ ʚʠʩʦʪʽ 0 ʤʤ, 

150 ʤʤ ʡ 300 ʤʤ ʩʽʨʠʡ ʯʘʚʫʥ ʤʘʻ 302 ʢʛʩ/ʤʤ
2
, 241 ʢʛʩ/ʤʤ

2
 ʪʘ 235 ʢʛʩ/ʤʤ

2
, ʚʽʜʧʦʚʽʜʥʦ, 

ʫ ʪʦʡ ʯʘʩ ʢʦʣʠ ʪʚʝʨʜʽʩʪʴ ʧʨʘʚʦʛʦ ʢʨʘʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ ʥʘ ʪʽʡ ʩʘʤʽʡ ʚʠʩʦʪʽ 

ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʴ 311 ʢʛʩ/ʤʤ
2
, 229 ʢʛʩ/ʤʤ

2
 ʡ 248 ʢʛʩ/ʤʤ

2
. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʩ̔ -

ʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300, ʚʠʟʥʘʯʝʥʘ ʟʘ ʰʢʘʣʦʶ ɹʨʽʥʝʣʣʷ, ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʽ ʚʽʜ ʜʦʚ-

ʞʠʥʠ ʣʠʪʦʛʦ ʟʨʘʟʢʘ, ʧʨʠʯʦʤʫ ʟʘʣʝʞʥʽʩʪʴ ʥʦʩʠʪʴ ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣ. 3.4) ʟ ʜʦʩʪʘʪʥʴʦʶ ʚʝ-

ʣʠʯʠʥʦʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ (R
2
 = 0,93634) ʜʦʟʚʦʣʠʣʘ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʪʠ 

ʚʧʣʠʚ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʜʦʩʣʽʜʥʦʛʦ ʚʠʣʠʚʢʘ ʥʘ ʡʦʛʦ ʪʚʝʨʜʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ ʚʩʪʘʥʦ-

ʚʣʝʥʦ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʉʏ300 ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦɦʠʥʽ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘ-

ʢʦʥʦʤ ʧʦʣʽʥʦʤʘ 2-ʛʦ ʧʦʨʷʜʢʫ. ʈʽʚʥ. ɹ.25 ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʠʞʯʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʘ ʧʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ʟʘ ʩʚʦʻʶ ʬʦʨʤʦ ʁʻ ʤʘʡʞʝ ʜʟʝʨʢʘʣʴ-

ʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʧʦʚʝʨʭʦʥʴ ʚʽʜʛʫʢʫ, ʷʢ ̔ʥʘʛʣʷʜʥʦ ʽʣʶʩʪʨʫʶʪʴ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ 

ʟʘʩʚʦʻʥʥʷ Si ʤʘʪʨʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʜʦʩʣʽʜʥʦʛʦ ʚʠʣʠʚʢʘ (ʧʽʜ-

ʨʦʟʜ. 3.1). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ, ʥʘ ʷʢʫ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʣʠʚʘʶʪʴ [Si]ʤ ʪʘ k[Si], ʘ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝ-

ʟʫʣʴʪʘʪʽ  ̔ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʣʠʪʦʛʦ ʟʨʘʟʢʘ, ʱʦ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʨʘʥʽʰʝ. 

ɺʥʘʩʣʽʜʦʢ ʛʨʘʬʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ [ʨʠʩ. 3.7 (ʙ)] ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʩʪʘʚʣʝʥʦʛʦ ʝʢʩ-

ʧʝʨʠʤʝʥʪʫ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 3.4, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʚʝʨʜʽʩʪʴ ɹʏ ʪʘʢʦʞ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʽ ʚʠʩʦʪʠ ʜʦʩʣʽʜʥʦʛʦ ʚʠʣʠʚʢʘ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʚʝʨʜʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʘ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʜʦʚʞʠʥʠ, ʧʨʦʪʝ ʜʦʚ-

ʞʠʥʘ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʚʝʨʜʽʩʪʴ ɹʏ. ɿʨʦʩʪʘʥʥʷ ʚʠʩʦʪʠ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʚʠʣʠʚʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʩʧʦʯʘʪʢʫ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴ-

ʩʷ, ʜʦʩʷʛʘʶʯʠ ʤʽʥʽʤʘʣʴʥʦ ʟʥʘʯʝʥʥʷ ʥʘ ʚʠʩʦʪʽ 150 ʤʤ, ʘ ʧʦʪʽʤ ʟʥʦʚʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. 
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ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 3.7 ï ɿʤʽʥʘ ʪʚʝʨʜʦʩʪʽ ʩʽʨʦʛʦ (ʘ) ʪʘ ʙʽʣʦʛʦ (ʙ) ʯʘʚʫʥʽʚ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʠɦʥ ̔

ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ, ʟ ʽʥʜʝʢʩʘʤʠ: ʘ ï ç9è; ʙ ï çʂè 
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ɿʙʣ̔ʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʘ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʪʚʝʨʜʦʩʪʽ ɹʏ 

ʥʘ ʫʩʽʡ ʚʠʩʦʪʽ ʣʠʪʦʛʦ ʟʨʘʟʢʘ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʦʯʢʘʭ ʟ ʜʦʚʞʠʥʦ  ʁ0 ʤʤ, 50 ʤʤ ʡ 100 

ʤʤ ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʘ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʘʥʦʚʠʪʴ: 415 ʢʛʩ/ʤʤ
2
, 

444 ʢʛʩ/ʤʤ
2
 ʪʘ 461 ʢʛʩ/ʤʤ

2
 ï ʥʘ ʚʠʩʦʪʽ 0 ʤʤ; 429 ʢʛʩ/ʤʤ

2
, 415 ʢʛʩ/ʤʤ

2
 ʡ 429 ʢʛʩ/ʤʤ

2
 ï 

ʥʘ ʚʠʩʦʪʽ 150 ʤʤ; 415 ʢʛʩ/ʤʤ
2
, 429 ʢʛʩ/ʤʤ

2
 ʪʘ 444 ʢʛʩ/ʤʤ

2
 ï ʥʘ ʚʠʩʦʪʽ 300 ʤʤ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʪʘʙʣ. 3.4), ʷʢʘ ʟʚʦʜʠʣʘʩ ̫ʜʦ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʟʘʜʘʥʦʾ ʫ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ, ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʪʠ ʚʧʣʠʚ ʚʠʩʦʪʠ  ̔ʜʦʚʞʠʥʠ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʽʟ ɹʏ ʥʘ ʡʦʛʦ ʪʚʝʨʜʽʩʪ ɹʪʘ 

ʦʪʨʠʤʘʪʠ ʝʤʧʽʨʠʯʥʝ ʨʽʚʥ. ɹ.26 ʜʘʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. ʗʢ ̔  ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʚʠ-

ʚʝʜʝʥʝ ʨʽʚʥʷʥʥʷ (R
2
 = 0,9372495) ʪʘʢʦʞ ʤʘʻ ʚʠʛʣʷʜ ʧʦʣʽʥʦʤʘ 2-ʛʦ ʧʦʨʷʜʢʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʣʠʚʢʘ ʟ ʽʥʜʝʢʩʦʤ ç14è, ʪʚʝʨʜʽʩʪʴ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠ-

ʚʥʦʩʪʽ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚ ʦʙôʻʤʽ ʤʝʪʘʣʽʯʥʦʾ ʚʘʥʥʠ, ʟʤʽʥʘ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʫ 

ʢʦʥʪʨʦʣʴʥʽʡ ʧʣʦʱʠʥʽ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʟ ʽʥʜʝʢʩʦʤ çʂè ʥʦʩʠʪʴ, ʟʘʟʚʠʯʘʡ, ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʊʚʝʨʜʽʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʠʣʠʚʢʘ, ʩʪʨʫʢʪʫʨʘ ʷʢʦʛʦ ʤʘʡʞʝ ʥʘ 100 % (ʟʘ ʧʣʦ-

ʱʝʶ) ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʃ, ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʽ ʚʽʜ ʫʤʦʚ ʡʦʛʦ (ʚʠʣʠʚʢʘ) ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʍʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʝʤʥʽʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ ʥʘ 

ʪʚʝʨʜʩ̔ʪɹ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

(ʪʘʙʣ. 3.3, 3.4) ʪʘʢʦʞ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʣʠʪʠʭ ʟʨʘʟʢʽʚ, ʫ ʧʝʨh ʫ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ [Si]ʤ 

ʪʘ k[Si]. ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 3.8) ʧʦʢʘʟʘ-

ʣʘ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʉʏ300, ʚʠʟʥʘʯʝʥʘ ʟʘ ʰʢʘʣʦʶ ɹʨʽʥʝʣʣʷ, ʥʘ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 1,25 % (ʤʘʩ. 

ʯʘʩʪʢʘ) ʜʦ 1,91 % (ʤʘʩ. ʯʘʩʪʢʘ) Si çʧʘʜʘʻè ʚʽʜ 321 ʢʛʩ/ʤʤ
2
 ʜʦ 229 ʢʛʩ/ʤʤ

2
. ʇʦʜʽʙʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʽʩʥʫʻ ʪʘʢʦʞ ʽ ʤʽʞ k[Si] ʡ ʪʚʝʨʜʽʩʪʶ ʣʠʪʠʭ ʟʨʘʟʢʽʚ. ɿʦʢʨʝʤʘ, ʟʙʽʣʴh ʝʥʥʷ k[Si] 

ʚʽʜ 0,00 ʜʦ 0,88 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʣʘʚʥʦʛʦ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʯʘʚʫʥʥʦʛʦ 

ʚʠʣʠʚʢʘ ʚʽʜ 321 ʢʛʩ/ʤʤ
2
 ʜʦ 229 ʢʛʩ/ʤʤ

2
. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʣʽʥʽʾ ʪʨʝʥʜʘ (R

2
 = 0,8515; R

2
 

= 0,8524; ʚʽʜʧʦʚʽʜʥʦ) ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʷʢʽ ʙʫʣʠ ʟʚʝʜʝʥʽ ʫ ʬʦʨʤʽ 

ʪʘʙʣʠʮʴ, ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʣʽʥʦʤʠ 3-ʛʦ ʧʦʨʷʜʢʫ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʘ ʘʥʘʣʽʪʠ-

ʯʥʦ ʦʧʠʩʘʪʠ ʚʧʣʠʚ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ ʷʢ [Si]ʤ ʪʘ k[Si] ʥʘ ʦʜʥʫ ʟ ʥʘʡ- 

ʚʘʞʣʠʚʽʰʠʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ, ʘ ʩʘʤʝ ʾʭ HB. ɽʤʧʨ̔ʠʯʥʽ 

ʨʚ̔ʥ. ɹ.27, ɹ.28 ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘʚʝʜʝʥʽ ʫ ʜʦʜʘʪʢʘʭ. 
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ʙ 

ʈʠʩʫʥʦʢ 3.8 ï ɺʧʣʠʚ ʧʦʢʘʟʥʠʢʽʚ ʟʘʩʚʦʻʥʥʷ ʢʨʝʤʥʽʶ ʥʘ ʪʚʝʨʜʽʩʪʴ ʩʽʨʦʛʦ ʯʘʚʫʥʫ 

ʤʘʨʢʠ ʉʏ300: ʘ ï [Si]ʤ, ʙ ï k[Si] 
 

ʍʘʨʘʢʪʝʨ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ Si, ʙʫʜʫʯʠ ɻɽ, ʥʘʚʽʪʴ ʫ ʥʝʟʥʘ-

ʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʚʤʽʩʪ ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ Fe3C ʫ ʯʘʚʫʥʽ, ʽ ʪʠʤ ʩʘ-

ʤʠʤ ʟʤʝʥʰʫʻ ʢʨʠʭʢʽʩʪʴ ʡ ʪʚʝʨʜʽʩʪʴ ʣʠʪʦʛʦ ʟʨʘʟʢʘ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ [Si]ʤ, ʷʢʠʡ 

ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300, ʩʧʨʠʷʻ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʇ 

ʪʘ ʫʪʚʦʨʝʥʥʶ ʌ ʚ ʩʪʨʫʢʪʫʨʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʚʠʛʠʥʫ ʡ ʧʣʘʩʪʠʯʥʦʩʪʽ. 

ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ 

ʯʘʚʫʥʫ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʪʘʙʣ. 3.3, 3.4, ʧʦʢʘʟʘʚ, 

ʱʦ ʪʚʝʨʜʽʩʪʴ ʯʘʚʫʥʥʦʛʦ ʚʠʣʠʚʢʘ ʟʤʽʥʶʻʪʴʩʷ, ʥʘʩʘʤʧʝʨʝʜ, ʚ̔ ʜ ʡʦʛʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ. 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ (ʨʠʩ. 3.9) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʽʜʪʚʝʨʜʞʫʻ ʪʘ ʥʘʛʣʷʜʥʦ 

ʽʣʶʩʪʨʫʻ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʥʘ ʪʚʝʨʜʽʩʪʴ 

ʣʠʪʠʭ ʟʨʘʟʢʽʚ. ɿʦʢʨʝʤʘ, ʟʙʽʣʴh ʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʇ ʫ ʩʪʨʫʢʪʫʨʽ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ʚʽʜ 59 

% (ʟʘ ʧʣʦɦ ʝʶ) ʜʦ 90 % (ʟʘ ʧʣʦʱʝʶ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʾʭ ʪʚʝʨʜʦʩʪʽ ʚʽʜ 321 

ʢʛʩ/ʤʤ
2
 ʜʦ 229 ʢʛʩ/ʤʤ

2
, ʚʽʜʧʦʚʽʜʥʦ. ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʽʥʦ-

ʤʘ 3-ʛʦ ʧʦʨʷʜʢʫ ʟ ʜʦʩʪʘʪʥʴʦʶ (R
2
 = 0,9725) ʚʝʣʠʯʠʥʦʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

ɺʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʌ ʚʽʜ 0 % (ʟʘ ʧʣʦʱʝʶ) ʜʦ 4 % (ʟʘ ʧʣʦʱʝʶ) ʪʚʝʨʜʽʩʪʴ 

ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʟʤʝʥʰʠʣʘʩʴ ʚʽʜ 321 ʢʛʩ/ʤʤ
2
 ʜʦ 229 ʢʛʩ/ʤʤ

2
, ʚʽʜʧʦʚʽʜʥʦ. ɺʧʣʠʚ ʜʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʥʘ ʡʦʛʦ ʪʚʝʨʜʽʩʪʴ ʥʦʩʠʪʴ ʧʦʣʽʥʦ-

ʤʽʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ (R
2
 = 0,9613), ʧʨʦ ʱʦ ʪʘʢʦʞ ʡʪʠʤʝʪʴʩʷ ʜʘʣʽ. ʇʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ Fe3C ʚʽʜ 1 % (ʟʘ ʧʣʦʱʝʶ) ʜʦ 40 % (ʟʘ ʧʣʦʱʝʶ) ʧʨʠʟʚʝʣʦ ʜʦ ʟʨʦ-

ʩʪʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʚʠʣʠʚʢʽʚ ʽʟ ʉʏ300 ʚʽʜ 229 ʢʛʩ/ʤʤ
2
 ʥʘ ʧʦʯʘʪʢʫ ʽʥʪʝʨʚʘʣʫ 
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ʈʠʩʫʥʦʢ 3.9 ï ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʜʦʩ-

ʣʽʜʞʫʚʘʥʠʭ ʚʠʣʠʚʢʽʚ, ʚʠʟʥʘʯʝʥʦʾ ʟʘ ʰʢʘ-

ʣʦʶ ɹʨʽʥʝʣʣʷ (HB), ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦ-

ʩʪʨʫʢʪʫʨʠ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 

ɼʉʊʋ 8833:2019: ʘ ï ʢʽʣʴʢʦʩʪʽ ʧʝʨʣʽʪʫ 

(ʇ), ʙ ï ʢʽʣʴʢʦʩʪʽ ʬʝʨʠʪʫ (ʌ), ʚ ï ʢʽʣʴʢʦʩ-

ʪʽ ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ ʮʝʤʝʥʪʠʪʫ (Fe3C), 

ʛ ï ʢʽʣʴʢʦʩʪʽ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʛʨʘʬʽʪʫ 

(ʇɻ), ʜ ï ʜʦʚʞʠʥʠ ʚʢʣʶʯʝʥʴ ʧʣʘʩʪʠʥʯʘʩ-

ʪʦʛʦ ʛʨʘʬʽʪʫ (lʇɻ) 
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ʜʦ 321 ʢʛʩ/ʤʤ
2
 ʫ ʡʦʛʦ ʢʽʥʮʽ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ʡ ʢʽʣʴʢʦʩ-

ʪʽ ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ Fe3C, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ (R
2
 = 0,9716) ʤʘʩʠʚʫ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʤʘʻ ʚʠʛʣʷʜ ʧʦʣʽʥʦʤʘ 3-ʛʦ ʧʦʨʷʜʢʫ. ɺʤʽʩʪ ʇɻ ʪʘʢʦʞ ʚʧʣʠʚʘʻ 

ʥʘ ʪʚʝʨʜʽʩʪʴ ʣʠʪʠʭ ʟʨʘʟʢʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʇɻ ʚʽʜ 1 % (ʟʘ ʧʣʦʱʝʶ) ʜʦ 5 % (ʟʘ 

ʧʣʦʱʝʶ) ʚʠʢʣʠʢʘʣʦ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʯʘʚʫʥʫ ʚʽʜ 321 ʢʛʩ/ʤʤ
2
 ʜʦ 229 ʢʛʩ/ʤʤ

2
, ʚʽʜ-

ʧʦʚ̔ʜʥʦ. ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʣʠʪʦʛʦ ʟʨʘʟʢʘ ʚʽʜ lʇɻ, ʷʢ ʽ ʥʘ 

ʚʠʧʘʜʦʢ ʢʽʣʴʢʦʩʪʝʡ ʌ ʪʘ ʇɻ, ʻ ʧʦʣʽʥʦʤʦʤ 2-ʛʦ ʧʦʨʷʜʢʫ, ʜʝ R
2
 = 0,9613; R

2
 = 0,9392; 

ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʇɻ ʡ lʇɻ, ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢ, ʧʨʠ 15 ʤʢʤ ʪʚʝʨʜʽʩʪʴ ʉʏ300  ̒ʤʘʢʩʠʤʘʣʴ-

ʥʦ ,ʁ ʽ ʩʪʘʥʦʚʠʪʴ 321 ʢʛʩ/ʤʤ
2
. ʇʦ ʤʽʨʽ ʟʨʦʩʪʘʥʥʷ lʇɻ ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚʠʣʠʚʢʘ ʟʤʝ-

ʥʰʫʻʪʴʩʷ, ʽ ʧʨʠ 45 ʤʢʤ ʚʦʥʘ ʜʦʩʷʛʘʻ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ 229 ʢʛʩ/ʤʤ
2
. 

ʄʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʪʘʙʣ. 3.3, 3.4), ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʭ ʫ ʪʘʙʣʠʯʥ̔ʡ ʬʦʨʤʽ, ʜʦʟʚʦʣʠʣʘ ʚʠʚʝʩʪʠ ʝʤʧʽʨʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠ-

ʩʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ HB ʧʽʜʜʦʩʣʽʜʥʠʭ ʣʠʪʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʽ-

ʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300. ʈʽʚʥ. ɹ.29éɹ.33 ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʜʦʜʘʪʢʘʭ. 

ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʣʠʚʢʘ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʡʦʛʦ ʤʽʢʨʦ-

ʩʪʨʫʢʪʫʨʠ ʧʦʷʩʥʶʻʪʴʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʪʠʤ, ʱʦ ʢʦʞʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʢʣʘʜʦʚʘ ʭʘʨʘʢʪʝʨʠ-

ʟʫʻʪʴʩʷ ʧʝʚʥʦʶ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ, ʷʢʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʾ ʢʽʣʴʢʦʩʪʽ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠ-

ʟʥʘʯʘʻ ̔ʥʪʝʛʨʘʣʥɹʫ ʪʚʝʨʜʽʩʪʴ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300. ɿʦʢʨʝʤʘ, ʧʝʨʣʽʪʠʟʘʮʽʷ Me-

ʤʘʪʨʠʮʽ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥhʝʥʥʷ ʾʭ ʪʚʝʨʜʦʩʪʽ. ɿʙʽʣʴʰʝʥʥʷ ʢ̔ʣɹ -

ʢʦʩʪ̔ ʩʪʨʫʢʪʫʨʥʦ ʚʽʣʴʥʦʛʦ Fe3C, ʷʢ ʥʘʡʪʚʝʨʜʽʰʦʾ ʩʢʣʘʜʦʚʦʾ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ 

ʏʉ300, ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʪʚʝʨʜʦʩʪʽ ʣʠʪʦʛʦ ʟʨʘʟʢʘ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʇɻ ʩʫʪʪʻʚʦ 

ʟʤʽʮʥʶʻ Me-ʤʘʪʨʠʮʶ, ʽ ʪʠʤ ʩʘʤʠʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʯʘʚʫʥʥʠʭ ʚʠ-

ʣʠʚʢʽʚ. ʈʘʟʦʤ ʟ̔ ʪʠʤ, ʧʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʽʻʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʷʢʫ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʦʥʮʝʥʪʨʘʪʦʨ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

Me-ʤʘʪʨʠʮʷ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʩʣʘʙʣʶʻʪʴʩʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ 

ʪʦʛʦ, ʟʤʝʥʰʫʻʪʴʩʷ ʤʽʮʥʽʩʪʴ ʣʠʪʦʛʦ ʟʨʘʟʢʘ. ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʧʽʜʜʦʩʣʽʜʥʦʛʦ ʚʠʣʠ-

ʚʢʘ ʚʽʜ lʇɻ ʧʦʷʩʥʶ̒ ʪʴʩʷ ʪʠʤ, ʱʦ ʮʝʡ ʧʦʢʘʟʥʠʢ ʧʝʚʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʥʘ ʞʦʨʩʪʢʽʩʪʴ 

Me-ʤʘʪʨʠʮʽ ʯʘʚʫʥʥʠʭ ʚʠʣʠʚʢʽʚ. ʆʩʪʘʥʥʷ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻ ʢʽʥʮʝʚʫ ʪʚʝʨʜʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʣʠʪʦʛʦ ʟʨʘʟʢʘ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ lʇɻ ʤʦʞʝ ʪʘʢ ʩʘʤʦ ʚʧʣʠʚʘʪʠ 

ʥʘ ʪʚʝʨʜʽʩʪʴ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʤʘʨʢʠ ʉʏ300 ʷʢ ʽ ʢʽʣʴʢʽʩʪʴ ʇɻ, ʦʩʢʽʣʴʢʠ ʮʽ ʧʘʨʘʤʝʪʨʠ ʤ̔-




