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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʘʪʦʤʥʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ. ʂ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʦʪʥʦʩʠʪʩʷ ʰʠʨʦʢʘʷ ʛʨʫʧʧʘ ʩʣʦʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʉʄʂʄ) ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʠʤʝʥʥʳʭ ʠ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʣʘʤʠʥʠʨʦʚʘʥʥʦʡ ʠ ʩʵʥʜʚʠʯ-ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʚ ʥʠʭ ʢʦʤʧʣʝʢʩ ʪʨʫʜʥʦʩʦʯʝʪʘʝʤʳʭ ʩʚʦʡʩʪʚ: ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ, ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ 

ʧʨʠ ʥʠʟʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʪʝʧʣʦ- ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʉʄʂʄ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦ ʩʣʦʷʤʠ ʠʟ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ Al ʠ ʫʧʨʦʯʥʷʶʱʠʭ ʯʘʩʪʠʮ Al2O3, SiC ʠ B4C, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ 

ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʳʩʦʢʦʡ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʪʦʤʥʦʡ ʠʣʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚ r ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʟʘʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʖ.ʇ. ʊʨʳʢʦʚʘ, ɺ.ʀ. ʃʳʩʘʢʘ, ʉ.ɺ. ʂʫʟʴʤʠʥʘ, ʉ.ɸ. 

ɻʦʣʦʚʘʥʝʥʢʦ, ʄ.ʀ. ʂʘʨʧʦʚʘ, ɸ.ɻ. ʂʦʣʝʩʥʠʢʦʚʘ, ɸ.ʀ. ʇʣʦʭʠʭ, ʊ.ʀ. ʊʘʙʘʪʯʠʢʦʚʦʡ, ɸ.ɻ. ʂʦʙʝʣʝʚʘ, 

ɸ.ɸ. ɹʘʪʘʝʚʘ, ɺ.ʀ. ʄʘʣʠ, ɺ.ʉ. ʃʦʞʢʠʥʘ, ɹ.ɸ. ɻʨʠʥʙʝʨʛ, ɸ.ʄ. ʇʘʮʝʣʦʚʘ, ʄ.ʕʰʙʠ, ʄ. ɸʣʠʟʘʜʝ, 

ʄ.ʇʝʡʜʘʨʘ, ʈ. ʈʘʤʘʘʪʠ, ʄ. ɺʦʜʩʚʦʨʪʘ, ʈ. ʈʠʪʯʠ ʠ ʜʨʫʛʠʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦ 

ʚʣʠʷʥʠ ʁʩʦʩʪʘʚʘ, ʪʦʣʱʠʥʳ ʠ ʭʘʨʘʢʪʝʨʘ ʯʝʨʝʜʦʚʘʥʠʷ ʤʘʢʨʦ-, ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʣʦʝʚ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ, ʥʘ ʩʪʨʦʝʥʠʝ ʤʝʞʩʣʦʡʥʳʭ 

ʛʨʘʥʠʮ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʉʄʂʄ. ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʧʨʝʜʣʦʞʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʥʦʚʳʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʉʄʂʄ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠ.̫ ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʢʦʧʠʪʝʣʴʥʫʶ ʧʘʢʝʪʥʫʶ ʧʨʦʢʘʪʢʫ ʩ ʩʦʝʜʠʥʝʥʠʝʤ ʩʣʦʝʚ 

(ARB ï accumulative roll bonding). ʆʜʥʘʢʦ ʥʘʠʙʦʣʴʰʝʝ ʪʝʭʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʠ ʛʦʨʷʯʝʡ ʧʘʢʝʪʥʦʡ 

ʧʨʦʢʘʪʢʦʡ. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʪʝʢʘʶʱʠʤʠ ʥʘ ʛʨʘʥʠʮʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʚ ʩʣʦʷʭ ʢʦʤʧʦʟʠʪʘ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ, ʩʪʨʫʢʪʫʨʘ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʠ 

ʩʚʦʡʩʪʚʘ ʨʷʜʘ ʩʦʩʪʘʚʦʚ ʉʄʂʄ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ, ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ 

ʩʧʣʘʚʦʚ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɼʣʷ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʦʝʚ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ ʠ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʣʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ 

ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʩʪʘʣʴʥʳʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʠ ʛʦʨʷʯʝʡ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ. 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʜʥʦʛʦ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʝʣʴʥʦʛʦ ʉʄʂʄ. ʅʝʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʜʘʥʥʳʝ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʤ ʚʣʠʷʥʠʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʩʣʦʝʚ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ, ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ ʪʨʝʱʠʥ ʠ 

ʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʉʄʂʄ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʜʠʘʛʨʘʤʤ 

ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʫʜʘʨʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʦʮʝʥʢʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʳʭ ʘʣʶʤʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʛʠʙʨʠʜʥʦʛʦ ʪʠʧʘ çɸʄʛ3-Al/B4C-AMʛ3è 

(ʙʦʨʘʣʝʡ) ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʦʡ ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʘʪʦʤʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʚʳʰʝ ʚʦʧʨʦʩʦʚ ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʤʘʢʨʦ-, ʤʝʟʦ- ʠ ʤʠʢʨʦʫʨʦʚʥʷʭ ʠ ʦʧʨʝʜʝʣʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠʟʫʯʝʥʥʳʭ ʉʄʂʄ ʠ ʠʭ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ, 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʧʨʝʮʠʟʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʟʘʤʝʨʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʠ 

ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ ʉʄʂʄ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ, ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ 

ʠ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ Al ʠ ɺ4ʉ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʩʩʣʝʜʦʚʘʪʴ ʩʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ ʩʣʦʠʩʪʳʭ 

ʤʝʜʥʦʩʪʘʣʴʥʳʭ, ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʠ ʩʪʘʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʳ ʠʭ ʦʪʜʝʣʴʥʳʭ 

ʩʣʦʝʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤʠ ʠ ʤʦʜʝʣʴʥʳʤʠ ʤʦʥʦʣʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 
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2.  ɺʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʟʫʯʝʥʥʳʭ ʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʦʣʫʯʝʥʠʷ ʤʝʪʦʜʘʤʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʠ ʧʘʢʝʪʥʦʡ 

ʧʨʦʢʘʪʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. 

3.  ʆʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚʳ, ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʩʪʘʣʴʥʳʭ ʠ 

ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʦʩʥʦʚʳ. 

4. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ 

ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤʳ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʠ ʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʫʰʝʥʠʷ ʩʚʘʨʥʳʭ ʠ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʩʪʘʣʝʡ 09ɻ2ʉ ʠ ʕʇ678. 

5. ʀʟʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʛʠʙʨʠʜʥʦʛʦ ʪʠʧʘ ʜʣʷ ʘʪʦʤʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʩ ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʦʡ ʧʨʦʩʣʦʡʢʦʡ 

ʠʟ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ Al ʠ B4C ʠ ʧʣʘʢʠʨʫʶʱʠʤʠ ʩʣʦʷʤʠ ʠʟ Al-ʩʧʣʘʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʦʚʳʤʠ 

ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘ ʦʩʥʦʚʝ ʛʦʨʷʯʝʡ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʩʣʦʡʥʳʝ ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʛʨʘʥʠʮʳ ʚ ʩʚʘʨʥʦʤ ʢʦʤʧʦʟʠʪʝ çʤʝʜʴ 

ʄ1-ʩʪʘʣʴ 20-ʤʝʜʴ ʄ1è, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʫʟʢʦʡ ʦʙʣʘʩʪʴʶ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ 

Cu-Fe, ʩʦʜʝʨʞʘʪ ʫʯʘʩʪʢʠ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʤʝʜʠ ʩ ʛʝʪʝʨʦʬʘʟʥʦʡ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʨʘʟʥʦʨʘʟʤʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʩʪʘʣʠ 20.  

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʩʪʠʞʝʥʠʝ ʧʦʚʳʰʝʥʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 7-, 11- ʠ 27-

ʩʣʦʡʥʳʭ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʠ ʩʪʘʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʣʠʪʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʚʷʟʘʥʦ ʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʩʣʦʝʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʦʣʫʯʝʥʠʷ  

ʤʝʪʦʜʦʤ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 520 ʠ 600 Áʉ, ʘ ʪʘʢʞʝ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʩʦʩʪʘʚ 

5-ʩʣʦʡʥʳʭ ʩʚʘʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ç09ɻ2ʉ-ʕʇ678è ʩʣʦʝʚ ʩʪʘʣʠ ʕʇ678 ʩ 

ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

3. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ 

ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʘ ʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ 

ʠʟʫʯʝʥʥʳʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʣʦʷʭ ʢʦʤʧʦʟʠʪʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʨʘʩʩʣʦʝʥʠʡ ʥʘ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʝʡ 09ɻ2ʉ ʠ ʕʇ678 ʩʦʭʨʘʥʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ï60 Áʉ, ʘ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʝ ï ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ 

ʘʟʦʪʘ. 

4. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʦʚ Al ʠ ɺ4ʉ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʳʭ ʙʦʨʦʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʧʣʘʢʠʨʫʶʱʠʤʠ 

ʩʣʦʷʤʠ ʠʟ Al-ʩʧʣʘʚʦʚ. ɺʳʷʚʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʧʦʨʦʰʢʘ B4C 
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ʚ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʧʨʦʩʣʦʡʢʝ Al/B4C ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʰʢʦʤ B4C ʤʠʢʨʦʬʨʘʢʮʠʠ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʦʛʦ ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʦʛʦ ʢʦʤʧʦʟʠʪʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ 

ʥʘʫʯʥʦʡ ʦʩʥʦʚʦʡ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʦʡ ʠ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ, ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʠ 

ʤʝʭʘʥʠʟʤʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʉʄʂʄ ʥʘ 

ʦʩʥʦʚʝ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʨʦʰʢʦʚʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

1. ʇʨʝʜʣʦʞʝʥʳ ʩʦʩʪʘʚʳ, ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʩʚʘʨʥʳʭ ʠ ʛʦʨʷʯʝʢʘʪʘʥʳʭ 

ʩʪʘʣʴʥʳʭ, ʤʝʜʥʦʩʪʘʣʴʥʳʭ ʠ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʣʠʪʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

2. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ç09ɻ2ʉ-ʕʇ678è ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʣʦʷʭ ʩʪʘʣʠ ʕʇ678 ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ ʠ ʋɿʄ 

ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʢʘʟʳʚʘʶʱʝʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʧʨʦʯʥʷʶʱʝʝ ʠ ʨʘʟʫʧʨʦʯʥʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʣʦʠ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ. 

3. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʳ ʟʘʱʠʱʝʥʥʳʝ ʧʘʪʝʥʪʘʤʠ ʈʌ 

ˉ2465094 ʠ ˉ2528926 ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʳʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ 

çAʄʛ3-Al/B4C-ɸʄʛ3è ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʪʦʤʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʊʋʂ 

ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʠ ʭʨʘʥʝʥʠʷ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ.   

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʡ, 

ʵʣʝʢʪʨʦʥʥʦʡ ʨʘʩʪʨʦʚʦʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʨʠʤʝʥʷʣʠʩʴ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʠ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʉʄʂʄ ʠ ʠʭ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ, ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʦʝʚ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʠ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʦʡ 

ʤʝʜʥʦʩʪʘʣʴʥʳʭ, ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʠ ʩʪʘʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʠʩʭʦʜʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ.  

2. ɼʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ, ʚʳʷʚʣʝʥʥʘʷ 

ʩʪʘʜʠʡʥʦʩʪʴ ʠ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʠʟʫʯʝʥʥʳʭ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʠ ʩʪʘʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʷ. 
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3. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʨʦʩʣʦʡʢʦʡ ʠʟ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ Al/20-25%ɺ4ʉ ʠ ʧʣʘʢʠʨʫʶʱʠʤʠ ʩʣʦʷʤʠ ʠʟ Al-ʩʧʣʘʚʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʦʚʳʤʠ ʟʘʱʠʱʝʥʥʳʤʠ ʧʘʪʝʥʪʘʤʠ ʈʌ ʩʧʦʩʦʙʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʷʯʝʡ 

ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʧʦʚʝʨʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʤʝʪʦʜʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʦʧʪʠʯʝʩʢʘʷ, ʨʘʩʪʨʦʚʘʷ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ), ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʉʄʂʄ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: IV ʠ VII  

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʰʢʦʣʘʭ-ʢʦʥʬʝʨʝʥʮʠʷʭ çʌʠʟʠʯʝʩʢʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè (ʛ. ʊʦʣʴʷʪʪʠ, 2009, 

2016); XX ʠ XXIII  ʋʨʘʣʴʩʢʠʭ ʰʢʦʣʘʭ ʤʝʪʘʣʣʦʚʝʜʦʚ-ʪʝʨʤʠʩʪʦʚ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʦʚʝʜʝʥʠʷ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚè (ʛ. ʇʝʨʤʴ, 2010; ʛ. ʊʦʣʴʷʪʪʠ, 2016); V, VI ʠ VIII  

ɽʚʨʘʟʠʡʩʢʠʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʇʨʦʯʥʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨè 

(ʛ.ʄʦʩʢʚʘ, 2010, 2012 ʠ 2016, 2018); XIX  ʇʝʪʝʨʙʫʨʛʩʢʠʭ ʯʪʝʥʠʷʭ ʧʦ ʧʨʦʙʣʝʤʘʤ ʧʨʦʯʥʦʩʪʠ 

(ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2010); 52-ʠ 53-ʡ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠè (ʛ. ʋʬʘ, 2012; ɹʝʣʘʨʫʩʴ, ʛ. ɺʠʪʝʙʩʢ, 2012); VI ʠ VII  ʈʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʄʝʭʘʥʠʢʘ ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʨʫʰʝʥʠʝè 

(ʛ.ɽʢʘʪʝʨʠʥʙʫʨʛ, 2010, 2012); II ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʤʝʪʘʣʣʦʚʝʜʝʥʠʷè (ʛ. ʇʠʮʫʥʜʘ, 2011); XI ʠ XII  ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʤʦʣʦʜʝʞʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ çJunior Euromatè (ʐʚʝʡʮʘʨʠʷ, ʛ. ʃʦʟʘʥʥʘ, 2012, 2014); 10-ʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ 

ʋʨʘʣʴʩʢʦʤ ʉʝʤʠʥʘʨʝ çʈʘʜʠʘʮʠʦʥʥʘʷ ʬʠʟʠʢʘ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚè (ʛ. ʂʳʰʪʳʤ, 2013); XIII  

ɽʚʨʦʧʝʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ ʧʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʧʨʦʮʝʩʩʘʤ çEuromat 2013è (ʀʩʧʘʥʠʷ, 

ʛ. ʉʝʚʠʣʴʷ, 2013); ʅʘʫʯʥʳʭ ʩʝʩʩʠʷʭ ʅʀʗʋ ʄʀʌʀ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʷʜʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

(ʛ.ʉʥʝʞʠʥʩʢ, 2015, 2016); V, IX, XI ʠ XII  ʈʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ 

çʄʝʭʘʥʠʢʘ, ʨʝʩʫʨʩ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡè (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, 2011, 2015 ʠ 

2017, 2018).  

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʚʳʧʦʣʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʝ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ ʨʘʤʢʘʭ 

ʛʦʩʙʶʜʞʝʪʥʳʭ ʪʝʤ ˉ01201354598, ˉ01201375904, ʧʨʦʝʢʪʦʚ ʋʨʆ ʈɸʅ ʆʌʀ ˉ13-1-017-ʗʎ,  

ˉ15-15-1-52, ʈʌʌʀ-ʋʨʘʣ ˉ10-02-96041, ʈʌʌʀ-ʋʨʘʣ ˉ07-02-96049, ʈʌʌʀ ˉ12-03-31374 

ʤʦʣ_ʘ, ʈʌʌʀ ˉ14-08-31673 ʤʦʣ_ʘ, ʈʌʌʀ ˉ16-38-00712 ʤʦʣ_ʘ. 
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ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʫ 1 çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʷʟʝʡ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡè, ʧʫʥʢʪʫ 3 çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡè ʠ ʧʫʥʢʪʫ 5 çʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʨʘʟʨʫʰʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

05.16.09 ï ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ (ʧʦ ʦʪʨʘʩʣʷʤ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʫʯʘʩʪʠʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ ʉʄʂʄ ʠ ʠʭ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʧʨʦʚʝʜʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ EBSD-ʘʥʘʣʠʟʘ, ʟʘʤʝʨʘʭ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, 

ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʜʘʥʥʳʭ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺʦʰʝʜʰʠʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʫʶ 

ʨʘʙʦʪʫ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʧʫʙʣʠʢʘʮʠʡ.  

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 17 ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʠʟ ʥʠʭ 10 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ, ʧʦʣʫʯʝʥʦ 2 ʧʘʪʝʥʪʘ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʪʨʝʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 197 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ 

ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ï 145 ʩʪʨʘʥʠʮ.r ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ 80 ʨʠʩʫʥʢʦʚ ʠ 20 ʪʘʙʣʠʮ. 
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1. ʉʃʆʀʉʊʓɽ ʄɽʊɸʃʃʀʏɽʉʂʀɽ ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ: 

ʇʆʃʋʏɽʅʀɽ, ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ (ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ)  

1.1 ʉʄʂʄ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʉʄʂʄ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʪʘʢʠʤ 

ʧʨʠʟʥʘʢʘʤ ʢʘʢ ʪʠʧ ʠ ʧʨʠʨʦʜʘ ʤʘʪʨʠʮʳ (ʤʝʪʘʣʣʳ, ʩʧʣʘʚʳ, ʢʝʨʘʤʠʢʘ, ʧʦʣʠʤʝʨʳ, ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ) 

ʠ ʥʘʧʦʣʥʠʪʝʣʷ (ʩʣʦʠ, ʚʦʣʦʢʥʘ, ʥʠʪʝʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ), ʛʝʦʤʝʪʨʠʷ ʠ ʩʭʝʤʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʤʘʪʨʠʮʝ, ʤʝʭʘʥʠʟʤʳ ʫʧʨʦʯʥʝʥʠʷ, ʧʦ ʪʘʢʞʝ ʧʦ ʩʧʦʩʦʙʘʤ 

ʧʦʣʫʯʝʥʠʷ [1-7]. ɸʚʪʦʨ ʨʘʙʦʪʳ [1] ʜʝʣʠʪ ʚʩʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʢʦʤʧʦʟʠʪʳ 

ʤʘʪʨʠʯʥʦʛʦ ʠ ʩʣʦʠʩʪʦʛʦ ʪʠʧʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʩʣʝʜʥʠʭ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.1ʘ. 

ɺ ʨʘʙʦʪʝ [8] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʉʄʂʄ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʪʦʣʱʠʥʝ ʩʣʦʝʚ 5-20 ʤʢʤ. ʉʯʠʪʘʝʪʩʷ [9], ʯʪʦ ʩʣʦʠ ʚ 

ʉʄʂʄ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʥʳʝ ʠ 

ʧʣʘʢʠʨʫʶʱʠʝ. ʆʩʥʦʚʥʦʡ ʩʣʦʡ ʦʪʚʝʯʘʶʪ ʟʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ, ʘ 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 1.1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʠʧʫ ʛʝʦʤʝʪʨʠʠ ʠ 

ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʦʝʚ (ʘ) [1] ʠ ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʝʚ (ʙ) [7]: 

1 ï ʙʠʤʝʪʘʣʣ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʠ ʧʣʘʢʠʨʫʶʱʝʛʦ ʩʣʦʷ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʠʣʠ ʮʚʝʪʥʳʭ 

ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ; 2 ï ʪʦ ʞʝ, ʯʪʦ ʠ 1, ʥʦ ʩ ʧʨʦʩʣʦʡʢʦʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʜʚʘ ʩʣʦʷ ʠʣʠ ʙʘʨʴʝʨʥʦʡ; 3 

ï ʚʳʩʦʢʦʧʨʦʯʥʘʷ ʩʪʘʣʴ ʩ ʚʷʟʢʦʡ ʧʣʘʢʠʨʦʚʢʦʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʥʘʜʨʝʟʫ; 4 ï 

ʚʷʟʢʠʡ ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʩ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʧʣʘʢʠʨʦʚʢʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ; 

5 ï ʚʳʩʦʢʦʧʨʦʯʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ʤʝʞʜʫ ʜʚʫʤʷ ʚʷʟʢʠʤʠ ʩʣʦʷʤʠ; 6 ï ʤʥʦʛʦʩʣʦʡʥʘʷ 

ʢʦʤʧʦʟʠʮʠʠ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʚʷʟʢʠʭ ʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʣʦʝʚ. 
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ʧʣʘʢʠʨʫʶʱʠʝ ʩʣʦʠ ʧʨʠʜʘʶʪ ʉʄʂʄ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʝʤʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ.  

ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʦ ʚʨʝʤʝʥ ɼʨʝʚʥʝʛʦ ɽʛʠʧʪʘ ʠ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [10], ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʳʝ ʠʟʚʝʩʪʥʳʝ 

ʩʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʨʠ ʨʘʩʢʦʧʢʘʭ ʝʛʠʧʝʪʩʢʠʭ ʧʠʨʘʤʠʜ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʠʦʜʫ 

ʦʢʦʣʦ 2700 ʣʝʪ ʜʦ ʥ.ʵ. ʇʦʟʜʥʝʝ ʢʦʥʮʝʧʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʘʤʘʩʩʢʦʡ ʩʪʘʣʠ, ʩʦʜʝʨʞʘʱʝʡ ʯʝʨʝʜʫʶʱʠʝʩʷ ʚʳʩʦʢʦ- ʠ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʴʥʳʝ ʧʨʦʩʣʦʡʢʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʉʄʂʄ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʠʤʝʥʥʳʭ ʠ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ Ti-Al , 

Cu-Al, Mg-Al , Mg-Al -Ti ʠ ʜʨ. [3, 11-13]. ʉʯʠʪʘʝʪʩʷ [3, 14], ʯʪʦ ʜʣʷ ʉʄʂʄ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʪʝʢʘʥʠʝ ʥʘ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮʘʭ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ, ʦʭʨʫʧʯʠʚʘʶʱʝʡ ʩʦʝʜʠʥʝʥʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʤʝʪʦʜʦʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʳ ʠ ʚʩʝʩʪʦʨʦʥʥʝ ʠʩʩʣʝʜʦʚʘʥʳ ʥʦʚʝr 

ʩʣʦʠʩʪʳʝ ʤʝʪʘʣʣʦʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʢʦʤʧʦʟʠʪʳ ʪʠʧʘ Al-Ni, Al -Fe, Al -Ti ʩ ʫʥʠʢʘʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ [15-17]. ʂ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʧʦ 

ʘʨʭʠʪʝʢʪʫʨʝ ʉʄʂʄ ʦʪʥʦʩʷʪʩʷ ʩʣʦʠʩʪʳʝ ʛʠʙʨʠʜʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʨʘʟʣʠʯʥʳʭ ʘʨʤʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʘ [18]. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ 

ʉʄʂʄ, ʚ ʢʦʪʦʨʳʭ ʩʣʦʠ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʘʣʶʤʠʥʠʡ, ʪʠʪʘʥ ʠ ʜʨ.) ʯʝʨʝʜʫʶʪʩʷ ʩʦ 

ʩʣʦʷʤʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʚ ʦʙʣʘʩʪʠ 

ʩʣʦʠʩʪʳʭ ʛʠʙʨʠʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʶʪʩʷ ʘʣʶʤʦʩʪʝʢʣʦʧʣʘʩʪʠʢʠ ʉʀɸʃ [19]. ɿʘʨʫʙʝʞʥʳʤ 

ʘʥʘʣʦʛʦʤ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ GLARE [20, 21], ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ 

ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ ʠ ʥʝʧʨʝʨʳʚʥʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʝʢʣʷʥʥʳʭ 

ʚʦʣʦʢʦʥ, ʧʨʦʧʠʪʘʥʥʳʭ ʢʣʝʝʤ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣ.r 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʝ (MMC ï metal 

matrix composites) ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʣʶʤʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʘʨʤʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʘʤʠ 

ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ, ʢʨʝʤʥʠʷ ʠ ʢʘʨʙʠʜʦʚ ʙʦʨʘ [7, 22, 23]. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʝʜʣʦʞʝʥʳ ʣʘʤʠʥʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʨʦʩʣʦʝʢ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʘʢ ʥʘ ʚʥʝʰʥʝʡ, ʪʘʢ ʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ [24].  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʣʫʯʠʣʠ ʉʄʂʄ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʥʘʙʦʨʘ ʯʝʨʝʜʫʶʱʠʭʩʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʣʠʩʪʦʚʳʭ, ʧʣʘʩʪʠʥʯʘʪʳʭ ʠ ʬʦʣʴʛʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [9]. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʉʄʂʄ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʦʪʥʦʩʷʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʠʢʣʠʯʝʩʢʠʤ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ 
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ʥʘʛʨʫʟʢʘʤ ʟʘ ʩʯʝʪ ʪʦʨʤʦʟʷʱʝʛʦ ʚʣʠʷʥʠʷ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ ʥʘ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥʳ [25]. 

ʉʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ (ʤʘʢʨʦʣʘʤʠʥʘʪʳ), ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ 

ʤʘʪʨʠʮʳ ʠ ʥʘʧʦʣʥʠʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʢ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʩʪʨʦʝʥʠʝ, ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ, ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ, ʧʨʦʪʠʚʦʙʘʣʣʠʩʪʠʯʝʩʢʠʭ, ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʠ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [5, 7, 12, 22, 23, 26]. ʇʨʦʚʦʜʥʠʢʦʚʳʝ ʠ ʢʦʥʪʘʢʪʥʳʝ 

ʤʠʢʨʦʢʦʤʧʦʟʠʪʳ (ʩʪʘʣʴ-ʤʝʜʴ, ʩʪʘʣʴ-ʘʣʶʤʠʥʠʡ, ʤʝʜʴ-ʘʣʶʤʠʥʠʡ) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ [4, 27]. ʇʦʣʫʯʝʥʥʳʝ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ [27] 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʪʨʫʙʳ ʠ ʣʠʩʪʳ ʠʟ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ, ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʨʝʧʝʞʥʳʭ 

ʵʣʝʤʝʥʪʘʭ, ʪʦʢʦʧʦʜʚʦʜʘʭ, ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʝʤʢʦʩʪʝʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʨʠʦʛʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, 

ʪʦʧʣʠʚʥʳʭ ʠ ʘʥʪʠʦʙʣʝʜʝʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʘʭ ʠ ʩʫʜʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ.  

1.2 ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʧʦʣʫʯʝʥʠʷ ʥʝʨʘʟʲʝʤʥʳʡ ʩʦʝʜʠʥʝʥʠʡ ʉʄʂʄ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʚ ʨʘʙʦʪʝ [28] ʨʘʟʜʝʣʷʶʪ 

ʥʘ ʪʨʠ ʩʪʘʜʠʠ: ʦʙʨʘʟʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʘʢʪʠʚʘʮʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʨʘʟʚʠʪʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʦʙʲʝʤʝ ʟʦʥ ʢʦʥʪʘʢʪʘ. ʈʷʜʦʤ ʘʚʪʦʨʦʚ [2, 29, 30] ʚ ʨʘʙʦʪʘʭ, 

ʦʪʥʦʩʷʱʠʭʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʢ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʥʘʯʠʥʘʷ ʩ 50-60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ, ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ ʠ ʪʝʦʨʠʡ, ʦʙʲʷʩʥʷʶʱʠʭ ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʧʦʣʫʯʝʥʠʷ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

ʆʜʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘ ̫ ʛʠʧʦʪʝʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʨʦʯʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʠʭ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʟʝʨʝʥ ʥʘ ʛʨʘʥʠʮʝ 

ʩʣʦʝʚ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʣʦʢʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ. ʆʜʥʘʢʦ, ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [4] ʵʪʘ ʛʠʧʦʪʝʟʘ ʥʝ ʦʙʲʷʩʥʷʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʩʢʣʶʯʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ɼʠʬʬʫʟʠʦʥʥʘʷ ʛʠʧʦʪʝʟʘ ʦʙʲʷʩʥʷʝʪ ʩʦʝʜʠʥʝʥʠʝ ʤʝʪʘʣʣʦʚ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʟʦʥʝ ʢʦʥʪʘʢʪʘ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʠ ʚʳʟʳʚʘʝʤʘʷ ʠʤ 

ʪʝʧʣʦʪʘ.  

ɼʠʩʣʦʢʘʮʠʦʥʥʘ ̫ ʪʝʦʨʠ ̫ ʩʚʷʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʪʘʣʣʦʚ ʩ ʠʭ ʧʣʘʩʪʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ, ʚʳʟʚʘʥʥʳʤ 

ʜʝʬʦʨʤʘʮʠʝʡ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ, ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠ ʜʚʠʞʝʥʠʝʤ ʜʠʩʣʦʢʘʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʝʡ.  

ʇʣʝʥʦʯʥʘʷ ʪʝʦʨʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʩʙʣʠʞʝʥʠʝ ʯʠʩʪʳʭ (ʶʚʝʥʠʣʴʥʳʭ) ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʝʜʠʥʷʝʤʳʭ ʤʝʪʘʣʣʦʚ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  
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ʕʥʝʨʛʝʪʠʯʝʩʢʘ ̫ʛʠʧʦʪʝʟʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 

ʧʦʤʠʤʦ ʩʙʣʠʞʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʥʴʰʝ ʤʝʞʘʪʦʤʥʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʵʥʝʨʛʠʷ ʘʪʦʤʦʚ ʜʦʩʪʠʛʣʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʦʨʦʛʘ ʩʭʚʘʪʳʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʨʫʰʘʶʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ.  

ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʛʠʧʦʪʝʟʳ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʳ ʠ ʠʤʝʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʜʦʢʘʟʘʪʝʣʴʥʫʶ ʙʘʟʫ. ʆʜʥʘʢʦ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ 

ʪʨʘʢʪʦʚʢʘ ʜʘʥʥʳʭ ʪʝʦʨʠʡ ʠ ʛʠʧʦʪʝʟ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʝʜʠʥʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʢʦʡ 

ʚʟʨʳʚʦʤ [4]. ʊʘʢ, ʚ ʨʘʙʦʪʝ [31] ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʝʭʘʥʠʟʤʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʩʮʝʧʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʥ ʣʦʢʘʣʴʥʦʛʦ 

ʨʘʩʧʣʘʚʣʝʥʠʷ ʠ ʚʳʩʪʫʧʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ. 

1.3 ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ 

ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [4], ʦʩʥʦʚʥʳʝ ʤʝʪʦʜ rʧʦʣʫʯʝʥʠʷ ʉʄʂʄ ʧʦ 

ʩʦʯʝʪʘʥʠʶ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʝʣʪ̫ʩʷ ʥʘ 

ʪʚʝʨʜʦʬʘʟʥʳʝ (ʦʙʨʘʙʦʪʢʘ ʜʘʚʣʝʥʠʝʤ), ʞʠʜʢʦ-ʪʚʝʨʜʦʬʘʟʥʳʝ (ʧʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ), 

ʞʠʜʢʦʬʘʟʥʳʝ ( ʤʝʪʦʜʳ ʧʨʦʧʠʪʢʠ,  ʵʢʩʪʨʫʟʠʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ,  ʧʦʩʣʦʡʥʦʛʦ ʣʠʪʴʷ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ), ʛʘʟʦʬʘʟʥʳʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ (ʤʝʪʦʜʳ ʦʩʘʞʜʝʥʠ-̫ʥʘʧʳʣʝʥʠʷ). ɺ ʨʘʙʦʪʘʭ  

[4, 9, 32] ʢ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʪʥʦʩʷʪ: ʣʠʪʝʡʥʦʝ 

ʧʣʘʢʠʨʦʚʘʥʠʝ, ʛʦʨʷʯʝʝ ʠ ʭʦʣʦʜʥʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ (ʧʨʦʢʘʪʢʘ, ʧʨʝʩʩʦʚʘʥʠʝ, 

ʚʦʣʦʯʝʥʠʝ, ʚʠʥʪʦʚʘʷ ʵʢʩʪʨʫʟʠʷ), ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ, ʵʣʝʢʪʨʦʰʣʘʢʦʚʘ ̫ʥʘʧʣʘʚʢʘ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʩʧʦʩʦʙʳ (ʣʠʪʴʝ + ʧʨʦʢʘʪʢʘ, ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ + ʧʨʦʢʘʪʢʘ ʠ ʪ.ʜ.), ʥʘʢʦʧʠʪʝʣʴʥʘʷ ʧʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ 

ʩ ʩʦʝʜʠʥʝʥʠʝʤ ʩʣʦʝʚ (ARB-ʧʨʦʮʝʩʩ) ʠ ʨʘʚʥʦʢʘʥʘʣʴʥʦʝ ʫʛʣʦʚʦʝ ʧʨʝʩʩʦʚʘʥʠʝ (ʈʂʋʇ). ʇʦʩʣʝʜʥʠʝ 

ʜʚʘ ʩʧʦʩʦʙʘ ʩʦʛʣʘʩʥʦ [32] ʦʪʥʦʩʪ̫ʩʷ ʢ ʧʨʦʮʝʩʩʘʤ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

(severe plastic deformation) ʠʣʠ ʤʝʛʘʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ ɸ.ʄ. ɻʣʝʟʝʨʘ 

[33], ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ ʚ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ ʦʙʲʝʤʥʳʭ ʩʫʙʤʠʢʨʦ- ʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ.  

ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʉʄʂʄ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ ʚʦʟʤʦʞʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʨʘʙʦʪʝ [34] ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (ʤʝʪʘʣʣʳ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʣʠ ʧʦʣʥʦʡ 

ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʜʨʫʛ ʩ ʜʨʫʛʦʤ; ʤʝʪʘʣʣʳ ʩ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʤʝʪʘʣʣʳ, ʦʙʨʘʟʫʶʱʠʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ), ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. 

ʇʦ ʜʘʥʥʳʤ [9] ʧʨʠʤʝʥʝʥʠʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʩʣʦʝʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʝʚ 

(ůʩʮ=300-500 ʅ/ʤʤ2) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʦʡ (ůʩʮ=150-330 ʅ/ʤʤ2) ʠ ʣʠʪʝʡʥʳʤ 
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ʧʣʘʢʠʨʦʚʘʥʠʝʤ (ůʩʮ=150-310 ʅ/ʤʤ2). ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ [35], ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʤʝʞʜʫ 

ʦʜʥʦʨʦʜʥʳʤʠ ʠ ʨʘʟʥʦʨʦʜʥʳʤʠ ʩʣʦʷʤʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 0,4-0,6 ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʦʟʠʪʘ. 

ʉʚʘʨʢʘ ʚʟʨʳʚʦʤ 

ɺ ʨʘʙʦʪʝ [36] ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʷʚʣʝʥʠʷʤʠ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʫʤʫʣʷʮʠʠ ʠ ʩʭʚʘʪʳʚʘʥʠʷ ʪʝʣ ʠ 

ʧʦ ʩʚʦʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩʨʘʚʥʠʤʘ ʩ ʧʨʦʮʝʩʩʘʤʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʀʇɼ), 

ʨʝʘʣʠʟʫʶʱʠʤʠʩʷ ʚ ʫʟʢʦʡ ʧʨʠʢʦʥʪʘʢʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚʝʜʫʱʠʝ ʢ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʪʨʫʢʪʫʨʳ. 

ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʫʪʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʩʦʫʜʘʨʝʥʠʷ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʪʘʢʞʝ ʚ ʨʘʙʦʪʘʭ [37-39] ʠ ʜʨ.  

ʉʚʘʨʢʘ ʚʟʨʳʚʦʤ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [36, 40] ʠ ʜʨ. ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʤʝʪʦʜʘʤ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ 

ʥʘʟʥʘʯʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʙʳʩʪʨʦʪʝʯʥʦʩʪʠ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʘʢʪʠʚʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʦʥʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʚʥʦʧʨʦʯʥʳʝ 

ʢʦʤʧʦʟʠʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟ ʣʶʙʳʭ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʨʘʙʦʪʘʭ [31, 41] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ ʥʝʟʘʤʝʥʠʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʣʶʤʠʥʠʡ-ʩʪʘʣʴ, ʘʣʶʤʠʥʠʡ-ʤʝʜʴ, ʘʣʶʤʠʥʠʡ-ʪʠʪʘʥ, ʪʠʪʘʥ-ʩʪʘʣʴ, 

ʮʠʨʢʦʥʠʡ-ʩʪʘʣʴ ʠ ʜʨʫʛʠʭ, ʢʦʪʦʨʳʝ ʩʢʣʦʥʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʭʨʫʧʢʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʨʝʟʢʦ 

ʩʥʠʞʘʶʱʠʭ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪ [42-45], ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʉʄʂʄ ʩ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʩʣʦ̫ʤʠ, ʢʦʣʠʯʝʩʪʚʦ 

ʩʣʦʝʚ ʚ ʧʘʢʝʪʝ ʟʘ ʦʜʥʦ ʚʟʨʳʚʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʩʚʘʨʢʠ 

ʚʟʨʳʚʦʤ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ, ʦʪʥʦʩʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʠʩʭʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʣʦʝʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʘ. ɺ ʭʦʜʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʉʄʂʄ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ 

ʚʟʨʳʚʦʤ ʧʦʤʠʤʦ ʩʦʟʜʘʥʠʷ ʧʨʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʣʦʝʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʵʬʬʝʢʪʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʫʧʨʦʯʥʝʥʠʝ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʘ, ʚʳʟʚʘʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʫʜʘʨʥʳʭ ʚʦʣʥ ʚ ʦʙʲʝʤʝ 

ʤʝʪʘʣʣʘ [39, 46]. ɼʦʩʪʠʛʥʫʪʦʝ ʫʧʨʦʯʥʝʥʠʝ ʦʪʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ 

ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʝʧʝʥʥʳʤ ʝʛʦ ʩʥʠʞʝʥʠʠ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ 

ʰʚʘ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʤʝʪʘʣʣʘ, ʚʳʟʚʘʥʥʦʝ ʝʛʦ ʨʘʟʦʛʨʝʚʦʤ ʚʩʣʝʜʩʪʚʠʝ 

ʫʚʝʣʠʯʝʥʠ ̫ʪʝʧʣʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ. 

ɼʠʬʬʫʟʠʦʥʥʫ  ʁ ʩʚʘʨʢʫ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʉʄʂʄ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʩʚʘʨʠʚʘʝʤʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʜʘʚʣʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʢʦʥʪʘʢʪʥʳʭ ʩʣʦʝʚ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʩʦʝʜʠʥʷʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [5, 47]. 

ʇʨʝʩʩʦʚʘʥʠʝ ʉʄʂʄ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʘʨʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʛʦʪʦʚʢʫ ʩʦʝʜʠʥʷʝʤʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʛʨʝʚ, ʧʨʠʣʦʞʝʥʠʝ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ, ʠʟʦʪʝʨʤʠʯʝʩʢʫ  ʁ ʚʳʜʝʨʞʢʫ ʠ 
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ʦʭʣʘʞʜʝʥʠʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʯʥʦʛʦ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʉʄʂʄ ʜʠʬʬʫʟʠʦʥʥʫʶ ʩʚʘʨʢʫ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʚ ʟʘʱʠʪʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʘʪʤʦʩʬʝʨʘʭ [13, 48].  

ʇʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ  

ʆʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ ʠ ʪʝʧʣʦʡ ʧʘʢʝʪʥʦʡ 

ʧʨʦʢʘʪʢʠ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ [1]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʠʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʞʘʪʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ ʠʤʝʝʪ ʠ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ 

ʫʧʦʤʠʥʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ [14, 49, 50]. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʘʢʝʪʘ ʧʝʨʝʜ 

ʦʙʞʘʪʠʝʤ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ, ʥʝʦʜʥʦʨʦʜʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʦʢʠʩʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ. 

ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʉʄʂʄ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʧʨʦʢʘʪʢʦʡ ʩ ʚʳʩʦʢʠʤʠ 

ʩʪʝʧʝʥʷʤʠ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʟʪʠ ʢ ʦʭʨʫʧʯʠʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ, ʨʝʟʢʦʤʫ ʠʩʯʝʨʧʘʥʠʶ 

ʨʝʩʫʨʩʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʩʣʦʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʢʘʢ ʧʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʣʦʝʚ, ʪʘʢ ʠ ʧʦ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʦʛʦ ʩʣʦʷ [14, 51].  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ [12] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʧʫʪʝʤ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʩʣʦʝʚ ʞʝʣʝʟʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʦʥʦʟʘʛʦʪʦʚʢʠ ʙʝʟ ʚʠʜʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʣʘʤʠʥʘʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʉʄʂʄ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʝʛʦ ʩʣʦʠʩʪʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʥʫʞʥʦ ʫʯʝʩʪʴ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ. ɺ ʨʘʙʦʪʝ ɸ.ɻ. ʂʦʣʝʩʥʠʢʦʚʘ, ɸ.ʀ. ʇʣʦʭʠʭ ʠ ʜʨ. 

[52] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʭʨʘʥʝʥʠʝ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʟʘʛʦʪʦʚʢʝ ʚʦʟʤʦʞʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ 

ʠʩʭʦʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʫʯʘʩʪʚʦʚʘʣʠ ʩʪʘʣʠ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʦʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

(ʆʎʂ- ʠ ɻʎʂ-ʨʝʰʝʪʢʠ). ɼʣʠʪʝʣʴʥʘʷ ʚʳʜʝʨʞʢʘ ʧʘʢʝʪʘ ʠ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ 

ʩʚʳhʝ 1050 Áʉ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʝʡ 40ʍ13 ʠ 

08ʍ18ʅ10, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʠ ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʠ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʣʘʤʠʥʘʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ, ʠ ʧʦʥʷʪʠʝ 

ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʝʨʷʝʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. 

ɺ ʨʘʙʦʪʘʭ [53, 54] ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʦʤʫ ʬʘʢʪʫ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʦʢʘʪʢʦʡ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʉʄʂʄ ʚʦʟʤʦʞʥʦ ʣʦʢʘʣʴʥʦʝ ʫʪʦʥʝʥʠʝ ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʳʭ 

ʩʣʦʝʚ, ʠ ʜʘʣʴʥʝʡʰʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʣʦʝʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʘʨʫʰʝʥʠʶ ʣʘʤʠʥʘʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʧʝʨʝʭʦʜʫ ʢʦʤʧʦʟʠʪʘ ʠʟ ʩʣʦʠʩʪʦʛʦ ʪʠʧʘ ʚ ʤʘʪʨʠʯʥʳʡ. 

ʇʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʵʪʘʧʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ (ʜʠʬʬʫʟʠʦʥʥʘʷ ʩʚʘʨʢʘ + ʧʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ; ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ + 

ʧʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ) [47, 13].  
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ʄʝʪʦʜʳ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʄʝʪʦʜ ʀʇɼ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʩ ʙʦʣʴʰʠʤʠ ʩʪʝʧʝʥʷʤʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (0,3é0,4ʊʧʣ) ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʧʨʠʣʦʞʝʥʥʳʭ ʜʘʚʣʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʦʙʲʝʤʥʳʭ ʙʝʩʧʦʨʠʩʪʥʳʭ ʥʘʥʦ- ʠ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ [32]. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʀʇɼ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ ʚ 

ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

¶ ʈʂʋʇ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʵʪʦʛʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʤʝʪʦʜʘ ʀʇɼ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʘʚʪʦʨʘʤʠ [55], ʘ ʟʘʪʝʤ ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʚ ʙʦʣʝʝ 

ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ [56, 57]. ʆʜʥʘʢʦ ʪʝʭʥʦʣʦʛʠʷ ʈʂʋʇ ʥʝ ʧʦʣʫʯʠʣʘ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʨʘʟʤʝʨʘʭ ʠ ʬʦʨʤʝ 

ʧʦʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

¶ ʅʘʢʦʧʠʪʝʣʴʥʘʷ ʧʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ ʩ ʩʦʝʜʠʥʝʥʠʝʤ ʩʣʦʝʚ (accumulative roll bonding (ARB) 

process). ARB-ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʁ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʘʚʪʦʨʘʤʠ [58], ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʧʨʦʢʘʪʢʠ, ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ 

ʢʦʪʦʨʦʡ ʣʠʩʪʦʚʘʷ ʟʘʛʦʪʦʚʢʘ ʦʙʞʠʤʘʝʪʩʷ ʥʘ 50 %, ʘ ʟʘʪʝʤ ʨʘʟʨʝʟʘʝʪʩʷ ʠ ʩʦʙʠʨʘʝʪʩʷ ʚ ʧʘʢʝʪ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʭʦʜʘ. ʇʨʠ ʵʪʦʤ ʠʩʭʦʜʥʘʷ ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʧʨʦʭʦʜʦʚ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʘ ʩʫʤʤʘʨʥʘʷ ʩʪʝʧʝʥʴ ʦʙʞʘʪʠʷ ʧʦʩʣʝ n ʮʠʢʣʦʚ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 1.1: 

                                              Ὡ
Ѝ
ὰὲ ὲ πȟψὲ,                                                      (1.1) 

ʛʜʝ e - ʥʘʢʦʧʣʝʥʥʘʷ ʠʩʪʠʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, n - ʯʠʩʣʦ ʮʠʢʣʦʚ. 

ʆʪʥʦʩʷʱʠʡʩʷ ʢ ʤʝʪʦʜʘʤ ʀʇɼ ARB-ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʚ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ ʩʫʙʤʠʢʨʦ- ʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

[59, 60]. 

ɺ ʨʘʙʦʪʝ [61] ARB-ʧʨʦʮʝʩʩ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʣʠʩʪʦʚʦʛʦ ʘʣʶʤʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʫʧʨʦʯʥʷʝʤʦʛʦ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Al 2O3 ʠ B4C. 

ʈʘʟʥʦʚʠʜʥʦʩʪʴʶ ARB-ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ CRARB-ʧʨʦʮʝʩʩ (cross-roll accumulative roll bonding 

process), ʦʩʦʙʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʣʠʩʪʦʚ ʥʘ 90 ̄ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛ ʜʨʫʛʫ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʮʠʢʣʘʤʠ ʧʨʦʢʘʪʢʠ (ʈʠʩʫʥʦʢ 1.2). ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʉʄʂʄ ʠʟ ʠʩʭʦʜʥʦʛʦ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ 

ʘʣʶʤʠʥʠʷ ʠ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ SiC, B4C [62, 63]. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ARB-ʧʨʦʮʝʩʩʦʤ, ʦʜʥʘʢʦ 

ʪʦʣʱʠʥʘ ʧʦʣʫʯʝʥʥʳʭ ʣʠʩʪʦʚʳʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʤʤ. 
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ʈʠʩʫʥʦʢ 1.2 ï Cross-roll accumulative roll bonding process [62]  

 

ʉʦʚʤʝʱʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ 

ʉʄʂʄ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʣʠʩʪʦʚʳʭ ʤʦʥʦʣʠʪʥʳʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʦʠʩʪʳʤ ʛʠʙʨʠʜʥʳʤ ʤʘʪʝʨʠʘʣʘʤ (FML ï fiber metal laminates) ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [22] ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ çʢʦʤʧʦʟʠʪ ʚ ʢʦʤʧʦʟʠʪʝè, ʛʜʝ 

ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʝ ʧʨʦʩʣʦʡʢʠ ʩ ʯʝʨʝʜʫʶʱʝʡʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʁ ʩʦʚʤʝʩʪʥʦ ʩ 

ʤʦʥʦʣʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʦʨʛʘʥʠʟʦʚʳʚʘʶʪ ʩʪʨʫʢʪʫʨʫ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʥʘʫʢʝ ʠ ʟʘ ʨʫʙʝʞʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʚ 

ʦʩʥʦʚʥʦʤ, ʧʨʠʤʝʥʷʶʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʣʠʪʴʷ ʠ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʣʠʪʥʦʛʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʙʦʨʦʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʈ. ɺʠʥʪʠʣʘ ʠ 

ʜʨ. [64] ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʦʞʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʢʨʠʦʛʝʥʥʦʛʦ ʨʘʟʤʦʣʘ ʧʦʨʦʰʢʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ. ɺ ʨʘʙʦʪʘʭ ɺ.ʅ. ɻʫʣʴʙʠʥʘ [65], ɺ.ɻ. ʀʚʘʥʦʚʘ ʠ ʜʨ. [66] ʠʟʫʯʝʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʠʩʪʝʤʳ ʙʦʨ-ʘʣʶʤʠʥʠʡ ʢʘʢ ʠʥʬʠʣʴʪʨʘʮʠ ̫

ʨʘʩʧʣʘʚʘ ʘʣʶʤʠʥʠʷ ʯʝʨʝʟ ʧʦʨʠʩʪʳʡ ʢʘʨʢʘʩ ʠʟ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʙʦʨʘ; ʧʦʣʫʯʝʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʨʦʰʢʘ ʤʝʪʦʜʦʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ (ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ) 

ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝʤ ʝʛʦ ʥʘ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʳʭ ʧʨʝʩʩʘʭ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ; ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʩʧʣʘʚʝ ʤʘʪʝʨʠʘʣʘ çin situè. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʩʧʦʩʦʙ rʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʢʘʪʢʠ ʧʦʨʦʰʢʦʚ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [67]. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠ ̫

[68] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʙʝʩʧʦʨʠʩʪʳʭ ʩʣʦʝʚ ʧʨʠ ʧʨʦʢʘʪʢʝ ʧʦʨʦʰʢʠ ʜʦʣʞʥ rʥʘʭʦʜʠʪʩʷ 

ʚ ʞʠʜʢʦ-ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʧʦʨʦʰʢʦʚʳʭ ʯʘʩʪʠʮʘʭ ʧʦ 

ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 35-60 %. ɸʚʪʦʨʘʤʠ [69] ʚʧʝʨʚʳʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ 

ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʙʦʨʘʣʠ) ʥʘ ʦʩʥʦʚʝ ʚʥʝʰʥʠʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʣʦʝʚ ʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʩʣʦʡʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʘʣʶʤʠʥʠʷ ʠ ʢʘʨʙʠʜʘ ʙʦʨʘ. 
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ɼʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʦʨʦʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʧʨʦʢʘʪʢʝ ʧʘʢʝʪʘ ʟʘʤʢʥʫʪʦʡ ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʠ [70]. ʉʪʘʣʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʛʦ ʟʘʱʠʪʥʦʛʦ ʢʘʨʢʘʩʘ, ʢʦʪʦʨʳʡ ʫʜʘʣʷʝʪʩʷ ʧʦ ʦʢʦʥʯʘʥʠʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʠʤʝʶʱʠʤʩʷ ʚ ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʤ, 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ 

ʙʦʨʦʘʣʶʤʠʥʠʝʚʳʭ ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ.  

1.5 ʆʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʉʄʂʄ ʧʨʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʉʄʂʄ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠ ̫ ʛʦʨʷʯʝʡ, ʪʝʧʣʦʡ ʠ 

ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʦʡ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʘʨʢʦʡ  

ʚʟʨʳʚʦʤ, ʪʦ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʨʘʙʦʪʳ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʦʩʥʦʚʳ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ. ɸ.ɸ. ɼʝʨʠʙʘʩ ʠ ɸ.ɺ. ʂʨʫʧʠʥ [37, 39] ʧʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ʦʪʤʝʯʘʶʪ ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʚʳʰʝʥʠ ̫ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʩʦʝʜʠʥʷʝʤʳʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʵʪʠʤ ʤʝʪʦʜʦʤ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ. ɺ 

ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ [71], ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʥʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʨʝʩʩʦʚʘʥʠ ̫ (ɼʂʋʇ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ 

ʪʚʝʨʜʦʩʪʠ ʤʝʜʠ ʄ1 ʚ 2-2,5 ʨʘʟʘ, ʧʨʦʯʥʦʩʪʠ ï ʚ 1,5 ʨʘʟʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʭʦʨʦʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ʅʘʛʨʫʞʝʥʠʝ ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʚ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ ʩʣʦʞʥʳʭ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʠʩʪʝʤ ʤʠʢʨʦʜʚʦʡʥʠʢʦʚ ʠ ʜʠʩʧʝʨʩʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʮʝʥʪʨʦʚ ʟʘʨʦʞʜʝʥʠʷ. ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ, ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʠ ʨʝʘʣʠʟʫʶʱʫʶʩʷ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʤʦʜʫ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʠʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʧʫʪʝʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʜʚʦʡʥʠʢʦʚʘʥʠʷ [72]. 

ɺ ʨʘʙʦʪʝ [73] ʚ ʦʙʨʘʟʮʘʭ Cu, ʧʦʜʚʝʨʛʥʫʪʦʡ ʀʇɼ ʢʨʫʯʝʥʠʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʧʦʣʫʯʝʥʘ ʋʄɿ ʩʪʨʫʢʪʫʨʘ ʩ ʚʳʩʦʢʦʫʛʣʦʚʳʤʠ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘʤʠ ʛʨʘʥʠʮ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʙʳʣʠ 

ʥʘʯʘʪʳ ʚ 60-70-ʭ ʛʦʜʘʭ XX ʚʝʢʘ [74-76]. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʳʩʦʢʦ ʨʘʟʨʝʰʝʥʠʷ ʜʦʩʪʠʛʥʫʪʳ ʙʦʣʴʰʠʝ ʫʩʧʝʭʠ ʚ 

ʠʟʫʯʝʥʠʠ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʤʝʪʦʜʘʤʠ ʀʇɼ [32, 77-79].  

ʄʝʭʘʥʠʟʤʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʭʦʣʦʜʥʦʡ, ʪʝʧʣʦʡ ʠ ʛʦʨʷʯʝʡ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʷʭ ʦʧʠʩʘʥʳ ʧʦʜʨʦʙʥʦ ʚ ʨʘʙʦʪʘʭ ɺ.ɺ. ʈʳʙʠʥʘ, ʉ.ʉ. ɻʦʨʝʣʠʢʘ, ʉ.ɺ. ɼʦʙʘʪʢʠʥʘ, ʅ.ɸ. 

ʂʦʥʝʚʦʡ, ʕ.ɺ. ʂʦʟʣʦʚʘ, ɸ.ʅ. ɹʝʣʷʢʦʚʘ ʠ ʜʨ. [77, 80-82], ʛʜʝ ʠʟʤʝʥʝʥʠʝ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʧʨʦʮʝʩʩʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ (ɼʈ). ɺ 

ʨʘʙʦʪʘʭ [83-85] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʘʯʘʣʘ ɼʈ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʛʥʫʪʴ ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.3 ʛʨʘʬʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʯʘʣʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [82], ʚʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʘʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʥʘʯʘʣʘ ɼʈ ʩʥʠʞʘʝʪʩʷ.  

 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʊʝʤʧʝʨʘʪʫʨʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʯʘʣʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: tʜ.ʨ. - ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [82]  

ʈʘʟʤʝʨ ʜʠʥʘʤʠʯʝʩʢʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʟʝʨʥʘ D ʩ ʚʳʩʦʢʦʫʛʣʦʚʳʤʠ ʛʨʘʥʠʮʘʤʠ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʭʦʜʝ ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʠ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ 1 ʤʢʤ. ʇʨʠ ʪʝʧʣʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʝʨʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ 100 ʥʤ < D <1 ʤʢʤ.  

ɺ ʨʘʙʦʪʝ ʉ.ɺ. ɼʦʙʘʪʢʠʥʘ ʠ ʜʨ. [82] ʜʘʝʪʩʷ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ɼʈ, ʢʦʪʦʨʘʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʭʘʥʠʟʤʘ ʧʨʦʪʝʢʘʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʧʨʝʨʳʚʠʩʪʫ  ʁ ʠ ʥʝʧʨʝʨʳʚʥʫʶ. ʇʨʠ 

ʧʨʝʨʳʚʠʩʪʦʡ ɼʈ, ʨʝʘʣʠʟʫʝʤʦʡ ʧʦ ʤʝʭʘʥʠʟʤʫ ɹʝʡʣʠ-ʍʠʨʰʘ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʟʝʨʝʥ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʨʘʥʠʮʝ ʠʩʭʦʜʥʳʭ ʟʝʨʝʥ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʥʝʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ [85,86]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʟʝʨʝʥ ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦʡ ɼʈ, ʨʝʘʣʠʟʫʝʤʦʡ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʂʘʥʘ-ɹʨʶʛʝʨʩʘ, ʠ ʧʦʣʫʯʠʚʰʝʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʝʨʤʠʥ çʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ in situè, 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʩʫʙʟʝʨʝʥ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʜʝʬʦʨʤʘʮʠʠ [77, 78]. 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ [87, 88] ʧʨʠ ʛʦʨʷʯʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ 
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ʩʪʨʫʢʪʫʨʳ ʚ ʤʝʪʘʣʣʘʭ ʩ ʥʠʟʢʦʡ ʕɼʋ (ɔ-Fe, Cu) ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʨʝʨʳʚʠʩʪʦʡ ɼʈ, ʘ ʚ 

ʤʝʪʘʣʣʘʭ ʩ ʚʳʩʦʢʦʡ ʕɼʋ (a-Fe, Al ) ï ʧʦ ʤʝʭʘʥʠʟʤʫ ʥʝʧʨʝʨʳʚʥʦʡ ɼʈ ʩ ʨʘʟʚʠʪʠʝʤ ʚ ʠʩʭʦʜʥʳʭ 

ʟʝʨʥʘʭ ʫʩʪʦʡʯʠʚʦʡ ʩʫʙʩʪʨʫʢʪʫʨʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʘʭ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʟʝʨʝʥʥʦ-ʩʫʙʟʝʨʝʥʥʘʷ, ʩʤʝʰʘʥʥʘʷ ʷʯʝʠʩʪʦ-

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ, ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ [77, 89].  

1.5.1 ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʉʄʂʄ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʣʦʝʚ ʠ ʚ ʦʢʦʣʦʰʦʚʥʦʡ 

ʟʦʥʝ ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʥʦʨʦʜʥʳʭ ʠ ʨʘʟʥʦʠʤʝʥʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʚ ʦʩʥʦʚʥʦʤ ʚʳʷʚʣʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [38, 46, 90]. 

ʆʜʥʘʢʦ ʵʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʞʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʠ ʥʘ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʢʦʤʧʦʟʠʪʳ. ɺ ʭʦʜʝ ʚʟʨʳʚʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ 

ʧʨʦʪʝʢʘʶʪ ʪʘʢʠʝ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʢʘʢ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʩʠʣʴʥʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʡ, ʟʦʥ ʦʧʣʘʚʣʝʥʠʷ ʩ ʣʠʪʦʡ ʠʣʠ ʋʄɿ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʟʦʥ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʜʥʦʨʦʜʥʳʤʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʠ ʩʠʣʴʥʦʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʟʝʨʥʘʤʠ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ 

ʨʘʙʦʪʘʭ [4, 31, 38, 91]. ɻʨʘʥʠʮʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ, ʯʘʱʝ ʚʩʝʛʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʧʨʷʤʳʝ ʩʚʘʨʥʳʝ ʰʚʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ [38, 92], ʯʪʦ ʜʣʠʥʘ ʠ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥ ʟʘʚʠʩʷʪ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ (ʫʛʦʣ ʠ ʩʢʦʨʦʩʪʴ ʩʦʫʜʘʨʝʥʠʝ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʝʪʘʝʤʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʠ ʪ.ʜ.), 

ʛʝʦʤʝʪʨʠʠ ʩʦʝʜʠʥʷʝʤʳʭ ʧʣʘʩʪʠʥ, ʘ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ [93] ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʟʝʨʝʥ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʠʭ ʧʦʩʪʨʦʝʥʠʠ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ ʚʠʭʨʝʚʳʭ ʟʦʥ ʠ ʦʢʦʣʦʰʦʚʥʳʭ ʟʦʥ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ ʨʘʟʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ [94-96]. ɺ ʨʘʙʦʪʝ [96] ʚ ʟʦʥʘʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʪʘʣʠ ʠ ʪʠʪʘʥʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʤʠʢʨʦʦʙʲʝʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʘʤʦʨʬʥʳʤ ʩʪʨʦʝʥʠʝʤ. ɹ.ɸ. ɻʨʠʥʙʝʨʛ ʠ ʜʨ. 

[31] ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʢʦʡ 

ʚʟʨʳʚʦʤ, ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʬʨʘʛʤʝʥʪʘʮʠʠ ʪʠʧʘ ʜʨʦʙʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʨʘʟʜʝʣʝʥʠʝ ʠʣʠ ʩʤʳʢʘʥʠʝ ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʛʨʘʥʠʮʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʟʨʳʚʥʦʡ 

ʚʦʣʥʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʥʦʛʦ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʉʄʂʄ ʥʘ ʦʩʥʦʚʝ 

ʩʧʣʘʚʦʚ ʆʊ-4, ɼ16 ʠ ʩʪʘʣʠ ɿʀ90-ɺʀ [97] ʙʳʣ ʚʳʷʚʣʝʥ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʚʠʜ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

ʩʣʦʝʚ ʠ ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʝʡ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʝʠhʚʘʥʠʷ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʧʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʢʘʢ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʘʢ ʠ ʚʜʦʣʴ ʧʨʦʬʠʣʷ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʥʘʛʨʝʚʘ, ʦʭʣʘʞʜʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚʦ ʚʨʝʤʷ ʚʟʨʳʚʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ ʩʚʘʨʢʝ 
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ʚʟʨʳʚʦʤ ʚʦʣʥʳ ʩ ʚʳʩʦʢʠʤ ʧʨʦʬʠʣʝʤ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʣʦʢʘʣʴʥʦʤʫ ʫʪʦʥʝʥʠʶ ʩʦʩʝʜʥʠʭ ʩʣʦʝʚ 

ʢʦʤʧʦʟʠʪʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [98], ʠ ʜʘʞʝ ʢ ʠʭ ʯʘʩʪʠʯʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʝʞʰʦʚʥʳʭ ʪʨʝʱʠʥ [99]. ʇʦ ʜʘʥʥʳʤ [98] ʚ ʫʩʣʦʚʠʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʠ ʚʟʨʳʚʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʦʙʨʘʟʫʝʪʩʷ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʘʷ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʘ ʮʝʥʪʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʚʠʭʨʝʡ ʚ ʭʦʜʝ 

ʚʟʨʳʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɼʝʪʘʣʠ ʪʦʥʢʦʛʦ ʩʪʨʦʝʥʠʷ ʚʠʭʨʝʡ ʠ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠ ̫ʩʪʘʣʴʥʳʭ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ [100, 101]. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʦʧʨʦʩʳ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʩʣʦʝʚ, ʫʜʘʣʝʥʥʦʡ ʦʪ ʛʨʘʥʠʮʳ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʨʘʙʦʪʳ [96, 98, 102], ʚ ʢʦʪʦʨʳʭ ʥʘ 

ʧʨʠʤʝʨʝ ʩʣʦʠʩʪʳʭ ʩʚʘʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʝʡ 20, 08ʢʧ, 45ʍʅʄ, 12ʍ18ʅ10ʊ, 5ʍɺ2ʉ 

ʠ ʅ18ʂ9ʄ5ʊ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (70-150 ʤʢʤ) ʚʳʷʚʣʝʥʦ 

ʥʝʩʢʦʣʴʢʠʭ ʟʦʥ, ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʣʦʩ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʣʦʝʚ 08ʢʧ ʦʩʥʦʚʥʳʤ 

ʧʨʠʟʥʘʢʦʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʩʪʘʣʴʥʳʭ ʩʣʦʝʚ ʩʣʫʞʘʪ ʜʚʦʡʥʠʢʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

1.5.2 ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʉʄʂʄ ʚ ʧʨʦʮʝʩʩʝ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ  

ʉʜʚʠʛʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʳʪʷʥʫʪʦʡ 

ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʉʄʂʄ. ʇʦʣʥʦʪʘ ʧʨʦʪʝʢʘʥʠʷ ɼʈ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʦʚʳʭ 

ʟʝʨʝʥ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʘʮʠʠ ʩʣʦʝʚ ʉʄʂʄ. ɺ ʨʘʙʦʪʘʭ, 

ʧʦʩʚʷʱʝʥʥʳʭ ARB-ʧʨʦʢʘʪʢʝ ʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ 6-8 ʮʠʢʣʦʚ (e=4,8-6,4), ʚ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʟʘʛʦʪʦʚʢʝ ʦʪʤʝʯʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʋʄɿ ʩʪʨʫʢʪʫʨʳ [103-105]. ɺ ʨʘʙʦʪʘʭ [103, 

104] ʢ ʢʘʪʝʛʦʨʠʠ ʋʄɿ ʩʪʨʫʢʪʫʨ ʦʪʥʦʩʠʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʠʤʝʝʪ 

ʨʘʟʤʝʨʳ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʥʝʝ 1 ʤʢʤ, ʧʨʠ ʵʪʦʤ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʟʝʨʥʘ ʚ ʜʨʫʛʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ. ʆʙʱʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ 

ʥʘʙʣʶʜʝʥʠʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʠ ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʢʘʪʢʠ (RD) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʝʨʝʥ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 1 ʤʢʤ ʩ 

ʯʠʩʪʳʤʠ, ʥʦ ʠʟʚʠʣʠʩʪʳʤʠ ʛʨʘʥʠʮʘʤʠ. ɺ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʢʘʪʠ (TD) ʜʣʷ ʚʩʝʭ 

ʤʘʪʝʨʠʘʣʦʚ ʭʘʨʘʢʪʝʨʥʘ ʚʳʪʷʥʫʪʘʷ ʤʦʨʬʦʣʦʛʠʷ ʟʝʨʝʥ, ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʥʦʩʷʪ ʥʘʟʚʘʥʠʷ çpancake 

UFGè, ʝʩʣʠ ʟʝʨʥʦ ʫʤʝʨʝʥʥʦ ʚʳʪʷʥʫʪʦʝ, ʠ çlamellar boundary structureè, ʝʩʣʠ ʟʝʨʥʦ ʩʠʣʴʥʦ 

ʚʳʪʷʥʫʪʦʝ.  

ɽʩʣʠ ʚ ʩʣʫʯʘʝ ʭʦʣʦʜʥʦʡ ʠ ʪʝʧʣʦʡ ʧʨʦʢʘʪʢʠ ʉʄʂʄ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʩʣʦʷʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ, ʪʦ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʉʄʂʄ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʙʫʜʫʪ ʠʤʝʥʥʦ 
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ʫʩʣʦʚʠʷ ʦʭʣʘʞʜʝʥʠʷ. ʇʨʦʪʝʢʘʥʠʝ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʢʘʪʢʠ 

ʫʩʪʨʘʥʷʝʪ ʚʝʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʵʬʬʝʢʪ, ʜʦʩʪʠʛʘʝʤʳʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ [106]. ʆʜʥʘʢʦ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚʦʧʨʦʩ r ʵʚʦʣʶʮʠʠ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʘʢʝʪʘ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. 

ɸʚʪʦʨʘʤʠ [52] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʨʷʯʘʷ ʧʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ ʠʩʭʦʜʥʦʡ ʩʙʦʨʢʠ ʠʟ 100 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʩʪʘʣʝʡ ʋ8 ʠ 08ʍ18ʅ10 ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʤʥʦʛʦʩʣʦʡʥʳʡ ʢʦʤʧʦʟʠʪ ʩʦ 

ʩʣʦʷʤʠ ʪʦʣʱʠʥʦʡ ʩʣʦʝʚ ʦʪ 90 ʜʦ 2000 ʤʢʤ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʚʳʩʦʢʦʫʛʣʦʚʳʤʠ ʛʨʘʥʠʮʘʤʠ ʩ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʦʡ ʥʝ ʤʝʥʝʝ 15Á. ʇʦʣʫʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʵʪʦʤ ʚ 

ʨʘʙʦʪʝ ʊ.ʀ. ʊʘʙʘʪʯʠʢʦʚʦʡ ʠ ʜʨ. [107] ʤʥʦʛʦʧʨʦʭʦʜʥʘʷ ʧʨʦʢʘʪʢʘ ʢʦʤʧʦʟʠʪʥʳʭ ʟʘʛʦʪʦʚʦʢ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʥʘ ʦʩʥʦʚʝ ʆʎʂ- ʠ ɻʎʂ-ʨʝʰʝʪʦʢ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʣʠʩʪʦʚʦʤ ʤʘʪʝʨʠʘʣʝ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʦʝʚ ʬʝʨʨʠʪʘ ʠ ʤʘʨʪʝʥʩʠʪʘ, ʘ ʪʘʢʞʝ ʙʝʩʢʘʨʙʠʜʥʦʛʦ ʤʘʨʪʝʥʩʠʪʘ ʩ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʜʣʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʩʚʘʨʝʥʥʳʭ ʚʟʨʳʚʦʤ ʤʝʜʥʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʩʣʦʷʭ ʤʝʜʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʤʠʢʨʦʧʦʣʦʩʳ ʪʦʣʱʠʥʦʡ 0,1-0,3 ʤʢʤ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ [82].  

1.5.3 ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʉʄʂʄ ʩ ʧʦʨʦʰʢʦʚʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ 

ɺʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʧʦʨ, ʚʝʣʠʯʠʥʘ ʟʝʨʥʘ ʠ ʩʪʝʧʝʥʴ ʦʜʥʦʨʦʜʥʦʩʪʠ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʋʧʨʘʚʣʝʥʠʝ ʵʪʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʨʝʜʘ, 

ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʠ ʚʳʜʝʨʞʢʘ), ʟʥʘʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʨʦʰʢʦʚʦʡ 

ʩʤʝʩʠ [82]. ʊʝʭʥʦʣʦʛʠʷ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʩʦʟʜʘʥʠʷ ʤʦʥʦʣʠʪʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʶʯʘʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʪʘʧʳ 

ʫʧʣʦʪʥʝʥʠʷ ʠ ʩʧʝʢʘʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʯʘʩʪʠʮ. ʇʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʦʨʦʰʢʦʚʳʭ 

ʪʝʣʘʭ ʧʨʠ ʧʨʦʢʘʪʢʝ ʥʦʩʷʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ rʚ ʨʘʙʦʪʝ [108]. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʠʟʫʯʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʤʘʪʨʠʮʝ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʦʮʝʥʢʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʠʟʫʯʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʠ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʯʘʩʪʠʮ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ [64, 109-114]. ɸʚʪʦʨʘʤʠ [115] 

ʤʝʪʦʜʦʤ ʇʕʄ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʶʤʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩ ʜʦʙʘʚʢʘʤʠ 

ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʩ 10 % B4C ʨʝʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ 350 Áʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʟʮʳ ʩ 25 % B4C ʩʦʭʨʘʥʷʶʪ ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʠ ʥʝ 

ʨʝʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʦʪʞʠʛʘ 550 Áʉ.  

ɺ ʨʘʙʦʪʝ [110] ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʦʟʠʪʘ Al /Al 2O3/B4C, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ARB-

ʧʨʦʮʝʩʩʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʇʕʄ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʥʘʥʦʯʘʩʪʠʮ 1,3 ʚʝʩ. % Al 2O3 ʠ B4C ʚ ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʮʝ ʚʝʜʝʪ ʢ ʠʟʤʝʣʴʯʝʥʠʶ ʟʝʨʥʘ ʤʘʪʨʠʮʳ 

ʠ ʧʦʚʳʰʝʥʠʶ ʚ ʥʝʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʥʢʠʭ 

ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʩʣʦʝʢ ʠʟ B4C ʚ ʩʦʩʪʘʚʝ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʦʤ 

ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ, ʧʨʠʚʦʜʠʪ ʢ ʚʥʝʜʨʝʥʠʶ ʧʦʨʦʰʢʦʚʳʭ ʯʘʩʪʠʮ ʚ ʤʦʥʦʣʠʪʥʳʝ 

ʘʣʶʤʠʥʠʝʚʳʝ ʣʠʩʪʳ ʙʝʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʣʦʝʚ [62, 116]. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʨʝʟʫʣʴʪʘʪʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [112] ʧʦʣʫʯʝʥʥʳʭ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʦʡ ʘʣʶʤʦʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʩ ʫʧʨʦʯʥʷʶʱʠʤʠ ʯʘʩʪʠʮʘʤʠ B4C ʚ ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ. 

1.6 ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉʄʂʄ 

ʀʟʚʝʩʪʥʦ [117-119], ʯʪʦ ʟʘ ʩʯʝʪ ʩʦʯʝʪʘʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʠ ʨʘʟʥʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʘʢʝʪʘ, ʥʘʣʠʯʠʷ ʩʣʦʠʩʪʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʫʧʨʦʯʥʷʶʱʠʭ 

ʤʝʪʦʜʦʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʉʄʂʄ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʫʥʠʢʘʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

1.6.1 ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉʄʂʄ 

ʉʦʛʣʘʩʥʦ [3, 5] ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʉʄʂʄ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ. ʌʘʢʪʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʝʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʧʨʘʚʠʣʫ ʩʤʝʩʝʡ 

(ʧʨʘʚʠʣʫ ʘʜʜʠʪʠʚʥʦʩʪʠ) [120]. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [121] ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʫʨʦʚʝʥʴ ʧʨʦʯʥʦʩʪʠ 

ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ, ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ 

ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʧʨʘʚʠʣʫ ʩʤʝʩʝʡ, ʚ 1,26 ʨʘʟʘ ʠ 2,32 ʨʘʟʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ ʧʨʘʚʠʣʦ ʩʤʝʩʝʡ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʚ ʩʠʩʪʝʤʝ ʭʨʫʧʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ [14]. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʦʢʘʟʳʚʘʝʪ ʢʘʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʷ ʩʣʦʝʚ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʩʦʝʜʠʥʷʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʩʦʩʪʦʷʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ [122]. ʇʨʦʯʥʦʩʪʴ 

ʩʮʝʧʣʝʥʠʷ ʩʣʦʝʚ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʠʞʝ ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʦʚ ʠ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʨʝʟ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 10885-85 ʠʣʠ ʥʘ ʦʪʨʳʚ. 

ʇʨʠʯʠʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʉʄʂʄ, ʧʦʣʫʯʝʥʥʳʭ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʦʡ, 

ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʘʷ ʦʭʨʫʧʯʠʚʘʶʱʘʷ ʬʘʟʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʥʘ ʛʨʘʥʠʮʝ ʩʦʝʜʠʥʷʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʵʪʘʧʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ [3, 14], ʧʨʠʩʫʪʩʪʚʠʝ ʦʢʠʩʠ 
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ʞʝʣʝʟʘ, ʧʦʨ ʠ ʥʝʩʧʦʰʥʦʩʪʝʡ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [96] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ23 ʠ ʩʪʘʣʠ 08ʢʧ ʚ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ 

ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʠʪʳ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʩʣʦʝʢ, 

ʟʘʱʠʱʘʶʱʠʭ ʛʨʘʥʠʮʳ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʨʫʧʢʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [45] ʥʘ ʧʨʠʤʝʨʝ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ Ti/Ta/Cu/Ni, ʧʦʣʫʯʝʥʥʦʛʦ ʩʚʘʨʢʦʡ 

ʚʟʨʳʚʦʤ. ʇʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ ʩ 

ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ ʰʚʘ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʠ 

ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʤʝʪʘʣʣʘ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʨʘʟʦʛʨʝʚʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ. 

ʇʨʠʜʘʥʠʝ ʉʄʂʄ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʀʇɼ ʚ ʭʦʜʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʘ [123]. ʆʜʥʘʢʦ ʥʝ 

ʚʩʝʛʜʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ ʚʝʜʫʪ ʢ ʨʦʩʪʫ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [105], ʛʜʝ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʉʄʂʄ ʩ ʢʘʞʜʳʤ ʥʦʚʳʤ ʮʠʢʣʦʤ ʧʨʦʢʘʪʢʠ ʦʪʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʚʨʘʪʘ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʠ ʩʪʘʣʴʥʳʭ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʭ 

ʧʦʣʫʯʝʥʠʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʘ ʩ ʫʯʝʪʦʤ 

ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ  ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʠʭ ʦʙʲʝʤʥʫʶ ʜʦʣʶ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʨʝʭʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʧʣʘʚʦʤ ɸʎʄʛ ʧʨʦʩʣʦʝʢ 

ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʝʶʱʠʭ ʩʪʘʣʝʡ ʍ15ʅ5 ʠ ʅ18ʂ8ʄ5ʊ ʧʨʠ ʦʙʲʝʤʥʦʡ ʜʦʣʝ 

ʩʪʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 54-77 % ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʪʨʳʚʫ ʜʦ ʫʨʦʚʥʷ 1230 ʠ 940 ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [27]. ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʯʥʦʩʪʠ 

(ůɺ=1510-1810 ʄʇʘ) ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ ʚ 2- ʠ 13-ʩʣʦʡʥʳʭ ʩʚʘʨʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ 

ʤʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʝʶʱʝʡ ʩʪʘʣʠ ʅ18ʂ9ʄ5ʊ, ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʠ ʩʪʘʣʠ 20 ʧʦʩʣʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 490 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ [124]. ʇʦ ʜʘʥʥʳʤ [107] ʚ 

ʤʥʦʛʦʩʣʦʡʥʦʤ ʢʦʤʧʦʟʠʪʝ (ʜʦ 2000 ʩʣʦʝʚ) ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʝʡ 08ʍ18ʅ10 ʠ 08ʍ18 ʩʦ ʩʨʝʜʥʝʡ 

ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 1 ʤʢʤ ʜʦʩʪʠʛʘʶʪʩʷ ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʨʳʚʫ ůB=800 ʄʇʘ, ʯʪʦ ʚ 1,6-

1,7 ʨʘʟʘ ʚʳʰʝ ʧʨʦʯʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʘ.  

ɼʘʥʥʳʝ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ Al/B4C-ʢʦʤʧʦʟʠʪʦʚ [62, 111, 

125] ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ (ůɺ=69-470 ʄʇʘ), ʩʚʷʟʘʥʥʳʡ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʤʘʨʢʦʡ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ. ɸʚʪʦʨʘʤʠ [111] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

Al/B4C-ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ Al6061, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 



26 

ʩʦʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʙʦʨʘ ʩʚʳʰʝ 30 % ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ (ʈʠʩʫʥʦʢ 1.4). 

 

ʈʠʩʫʥʦʢ 1.4 ï ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ 6061 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ɺ4ʉ [111] 

ʇʨʦʚʝʜʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʭʘʥʠʟʤʝ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʫʰʝʥʠʷ ʤʦʥʦʣʠʪʥʳʭ [126, 127], ʘ ʪʘʢʞʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʉʄʂʄ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʦʨʠʝʥʪʘʮʠʠ ʣʠʥʠʠ ʥʘʜʨʝʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʨʘʟʜʝʣʘ ʩʣʦʝʚ. ɺ ʨʘʙʦʪʘʭ [128-130] 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʝʜʠʥʝʥʠʷ ʚ ʉʄʂʄ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʜʝʣʝʥʠʝ ʬʨʦʥʪʘ ʪʨʝʱʠʥʳ (crack-divider), ʝʝ ʪʦʨʤʦʞʝʥʠʝ (crack-arrester), ʠ 

ʧʨʦʭʦʞʜʝʥʠʝ ʩʢʚʦʟʥʦʡ ʪʨʝʱʠʥʳ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ (ʈʠʩʫʥʦʢ 1.5). 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʜʘʨʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘʛʨʫʟʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʧʣʘʩʪʠʥ, ʪ.ʝ. ʚ ʩʣʫʯʘʝ 

ʪʦʨʤʦʟʷʱʝʛʦ ʪʨʝʱʠʥʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʣʦʝʚ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [93, 131].  

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʪ.ʝ. ʧʦʚʳʰʝʥʠʝ çʩʪʝʧʝʥʠ ʤʦʥʦʣʠʪʥʦʩʪʠè 

ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʚ ʩʣʫʯʘʝ ʦʨʠʝʥʪʘʮʠʠ 

ʪʨʝʱʠʥʳ ʧʦ ʪʦʨʤʦʟʷʱʝʤʫ ʪʠʧʫ. ʀ, ʥʘʦʙʦʨʦʪ, ʥʘʣʠʯʠʝ ʦʩʣʘʙʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʚ 

ʩʦʩʪʘʚʥʦʤ ʩʣʦʠʩʪʦʤ ʤʘʪʝʨʠʘʣʝ, ʢʘʢ ʚ ʨʘʙʦʪʝ [132], ʧʦʚʳʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʜʘʨʥʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʤʘʪʝʨʠʘʣʘ. 
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ʈʠʩʫʥʦʢ 1.5 ï ɺʠʜ ʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʣʦʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʥʘʜʨʝʟʘ: ʩ ʨʘʟʚʝʪʚʣʷʶʱʠʤ ʪʨʝʱʠʥʫ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʣʦʝʚ ï crack-divider (ʘ), ʩ ʪʦʨʤʦʟʷʱʠʤ ʪʨʝʱʠʥʫ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʣʦʝʚ ï 

crack-arrester (ʙ) ʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʣʦʝʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʭʦʞʜʝʥʠʝ ʪʨʝʱʠʥʳ ʚʜʦʣʴ 

ʦʜʥʦʡ ʠʟ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ (ʚ) [128] 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [133] ʜʠʘʛʨʘʤʤʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ 70-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʝʡ ʧʨʠ ʪʦʨʤʦʟʷʱʝʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘʜʨʝʟʘ (ʈʠʩʫʥʦʢ 1.6 ʘ) 

ʚʢʣʶʯʘʝʪ ʯʝʨʝʜʫʶʱʠʝʩʷ ʫʯʘʩʪʢʠ ʧʨʦʜʚʠʞʝʥʠʷ ʪʨʝʱʠʥʳ (crack propagation) ʠ ʝʝ ʨʘʩʩʣʦʝʥʠʷ 

(delamination). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʦʣʦʛʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʜʠʘʛʨʘʤʤʝ, ʪʝʤ 

ʚʳʰʝ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ ʢʦʤʧʦʟʠʪʘ. 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 1.6 ï ɼʠʘʛʨʘʤʤʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʩʣʦʝʚ ʧʦ ʪʦʨʤʦʟʷʱʝʤʫ ʪʠʧʫ ʜʣʷ 70-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ 

ʩʪʘʣʝʡ [133] ʠ 5-ʩʣʦʡʥʦʛʦ ʪʠʪʘʥʦʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ [134]  

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʘʤʠ [134] ʥʘ 5-ʩʣʦʡʥʦʤ ʪʠʪʘʥʦʘʣʶʤʠʥʠʝʚʦʤ 

ʢʦʤʧʦʟʠʪʝ (ʈʠʩʫʥʦʢ 1.6 ʙ). ʇʨʠ ʵʪʦʤ ʥʘ ʜʠʘʛʨʘʤʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʨʘʞʝʥʥʳʝ ʤʘʢʩʠʤʫʤʳ 

ʥʘʛʨʫʟʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʨʦʞʜʝʥʠʶ ʪʨʝʱʠʥʳ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʩʣʦʝ, ʟʘ ʢʦʪʦʨʳʤʠ ʩʣʝʜʫʶʪ 
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ʚʳʟʚʘʥʥʳʝ ʨʦʩʪʦʤ ʪʨʝʱʠʥʳ ʩʧʘʜʳ ʥʘʛʨʫʟʢʠ. ɺ ʮʝʣʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ [93, 131, 133, 135] 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ ʪʨʝʱʠʥ 

ʚ ʩʣʦʠʩʪʦʤ ʢʦʤʧʦʟʠʪʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʨʦʚʥʝʤ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʪʦʣʱʠʥʦʡ ʠ ʭʘʨʘʢʪʝʨʦʤ ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʦʝʚ, ʘ ʪʘʢʞʝ ʙʣʠʟʦʩʪʴʶ ʣʠʥʠʠ ʥʘʜʨʝʟʘ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʩʣʦʝʚ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʙʣʠʟʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʥʘʜʨʝʟʘ ʢ ʧʦʩʣʝʜʫʶʱʝʤʫ ʩʣʦʶ ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʘʠʙʦʣʴʰʘʷ ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʫʜʘʨʥʦʤ ʠ ʩʪʘʪʠʯʝʩʢʦʤ ʠʟʛʠʙʝ. ʆʪʩʫʪʩʪʚʠʝ 

ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʫʜʘʨʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʡ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʠʠ 

ʨʘʟʨʫʰʝʥʠʠ ʧʨʠ ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ç08ʍ18-08ʍ18ʅ10è 

ʦʪʤʝʯʘʝʪʩʷ ʘʚʪʦʨʘʤʠ [107].  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʷʪʩʷ ʜʠʘʛʨʘʤʤʳ 

ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʫʜʘʨʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʉʄʂʄ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʜʠʪʴ ʦ ʩʪʘʜʠʡʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʙʦʪʝ [136] ʥʘ ʧʨʠʤʝʨʝ 7-ʩʣʦʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ 

ʩʧʣʘʚʘ ɺʊ6 ʚʳʷʚʣʝʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʘʨʥʦʡ 

ʚʷʟʢʦʩʪʠ ʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʠʘʛʨʘʤʤ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ ʚ ʩʣʦʠʩʪʦʤ ʦʙʨʘʟʮʝ.  

ʇʦʚʝʜʝʥʠʝ ʚʳʩʦʢʦ-, ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʠ 12-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩ 

ʦʨʠʝʥʪʘʮʠʝʡ ʥʘʜʨʝʟʘ ʧʦ ʪʦʨʤʦʟʷʱʝʤʫ ʪʠʧʫ ʧʨʠ ʫʜʘʨʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ ï200 

ʜʦ +200 Áʉ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʷ ʫʜʘʨʥʳʭ 

ʦʙʨʘʟʮʦʚ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʈʠʩʫʥʦʢ 1.7) [10].  

 

ʈʠʩʫʥʦʢ 1.7 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʷ ʚʳʩʦʢʦ-, ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ 

ʩʪʘʣʝʡ ʠ ʉʄʂʄ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʠ ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʦʪ ï200 ʜʦ +200 Áʉ [135]  

ɺʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʜʘʨʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʩʣʦʠʩʪʳʡ ʢʦʤʧʦʟʠʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï150 ʜʦ +20 Áʉ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʩʩʣʦʝʥʠʡ ʚʜʦʣʴ ʛʨʘʥʠʮʳ 

ʩʣʦʝʚ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʪʨʝʱʠʥʳ. ʇʦʚʳʰʝʥʠʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʩʤʝʱʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʣʦʠʩʪʳʭ 
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ʢʦʤʧʦʟʠʪʘʭ ʦʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ [134]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʧʦʥʠʞʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʉʄʂʄ ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʦ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʨʘʥʝʝ 

ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɺ ʨʘʙʦʪʝ [137] ʦʧʨʝʜʝʣʝʥʘ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ Al/B4C-ʢʦʤʧʦʟʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝ 

ʧʦʨʦʰʢʘ ɺ4ʉ 5; 10; 15 ʠ 20 ʚʝʩ. %, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʫʜʘʨʥʦʡ 

ʚʷʟʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʠʜʘ ʙʦʨʘ ʠ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʩʩʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʫʜʠʪʴ ʦ ʩʪʘʜʠʡʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʛʠʙʨʠʜʥʳʭ Al /B4C-ʢʦʤʧʦʟʠʪʦʚ, ʚ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʨʠʚʦʜʪ̫ʩʷ.  

1.6.2 ʌʠʟʠʯʝʩʢʠʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʉʄʂʄ 

Cʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ [117-119], ʤʥʦʛʦʩʣʦʡʥʦʝ ʩʪʨʦʝʥʠʝ, ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʢʨʦʤʝ ʧʦʚʳʰʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʭʨʫʧʢʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ, ʧʨʠʜʘʝʪ ʢʦʤʧʦʟʠʪʫ ʦʩʦʙʳʝ ʤʘʛʥʠʪʥʳʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʨʘʟʣʠʯʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [138-140] ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪ ɹʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ, ʦʩʪʘʪʦʯʥʘʷ ʠʥʜʫʢʮʠʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ. ɺ ʨʘʙʦʪʘʭ [141, 142] ʚr ʷʚʣʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʚ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʷʭ, 

ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ çʘʫʩʪʝʥʠʪʥʘʷ ʩʪʘʣʴ-ʬʝʨʨʠʪʥʘʷ (ʬʝʨʨʠʪʦ-

ʧʝʨʣʠʪʥʘʷ) ʩʪʘʣʴè, ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʤʘʛʥʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʘʢ ʚʩʝʛʦ ʢʦʤʧʦʟʠʪʘ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʧʨʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʦʪʥʦʩʷʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢ ʙʠʤʝʪʘʣʣʘʤ ʠʣʠ ʢ ʩʣʦʠʩʪʳʤ ʤʘʪʝʨʠʘʣʘʤ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʝʚ ʥʝ 

ʙʦʣʴʰʝ 3. 

ʊʘʢʦʝ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʉʄʂʄ ʢʘʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ ʦʙʳʯʥʦ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʉʄʂʄ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʦʥʳ 

ʫʧʨʦʯʥʝʥʠʷ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩʦʝʜʠʥʝʥʠʷ ʠ ʚ ʦʙʲʝʤʝ ʩʣʦʝʚ, ʥʘʣʠʯʠʝ ʦʪʜʝʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʧʦʨ, 
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ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʩʣʦʝʢ ʥʘ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʥʘʛʨʝʚʘʭ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ [143]. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʥʠʞʝʥʠʝ ʪʝʧʣʦ- ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʉʄʂʄ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʠ ʘʣʶʤʠʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʦʡ 

ʚʟʨʳʚʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʢʘʪʢʦʡ, ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʠ ʨʦʩʪʦʤ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʧʨʦʩʣʦʝʢ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʯʝʤ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʉʄʂʄ. 

ɼʣʷ ʩʣʦʠʩʪʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʬʫʥʢʮʠʝʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʩʦʛʣʘʩʥʦ [65, 

66] ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, ʪʝʧʣʦ- ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʧʦʢʘʟʘʪʝʣʴ ʥʝʡʪʨʦʥʥʦʡ 

ʧʝʨʝʜʘʯʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ), ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʳʭ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ 

ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ, ʘ ʪʘʢʞʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ. ɼʘʥʥʳʝ ʧʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʳʭ 

ʙʦʨʦʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʘʨʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [65] ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ ʵʢʩʪʨʫʟʠʠ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ɸʄʛ6/BN/W; ɺ95/BN/W; ɸʄʛ6/B4C/W ʠ ɺ95/B4C/W 

ʚʳʷʚʠʣʠ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʦʩʣʘʙʣʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 2,2-3,0. ʀʟʚʝʩʪʥʦ [111], ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ 

ʙʦʨʦʘʣʶʤʠʥʠʝʚʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ 

ʙʦʨʘ ʥʝʣʠʥʝʡʥʘ ʠ ʠʤʝʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1.8. 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʝʤ ʥʝʡʪʨʦʥʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʪʦʣʱʠʥʦʡ ʢʦʤʧʦʟʠʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ɺ4ʉ [111] 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.8, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʘʣʶʤʦʤʘʪʨʠʯʥʦʤ ʢʦʤʧʦʟʠʪʝ B4C ι 25 % 

ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʫʞʝ ʧʨʠ ʪʦʣʱʠʥʝ ʣʠʩʪʦʚʦʛʦ ʢʦʤʧʦʟʠʪʘ 

ʩʚʳʰʝ 2,5 ʤʤ. ʇʦʢʘʟʘʥʦ [65], ʯʪʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ɺ95/B4C/W ʧʨʠʤʝʨʥʦ 

ʚ 8 ʨʘʟ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʠʜʘ ʙʦʨʘ ʦʪ 10 ʜʦ 60 %, ʘ ʩ ʧʦʚʳʰʝʥʠʝʤ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 300 Áʉ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ. ɸʥʘʣʦʛʠʯʥʦʝ ʩʥʠʞʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ ʦʪ 14,8 ʜʦ 8,03 ɺʪ/(ʤĿʂ) ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʙʦʨʘ ʚ 

ʚʦʣʦʢʥʠʩʪʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩʠʩʪʝʤʳ ʙʦʨ-ʘʣʶʤʠʥʠʡ ʩ 14 ʜʦ 40 % ʦʪʤʝʯʘʝʪʩʷ 

ʘʚʪʦʨʘʤʠ [66]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʫʨʦʚʝʥʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʳʭ 

ʙʦʨʦʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ɚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʚʦʜʘ ʪʝʧʣʘ ʚ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʦʩʪʳʚʘʥʠʷ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 1,2 ɺʪ/(ʤĿʂ). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

[144, 145] ʚʳʩʦʢʠʤʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʘʣʶʤʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ, 

ʫʧʨʦʯʥʝʥʥʳʝ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ Al2O3, SiC, TiC, TiO2, B4C, TiB2, WC. ʕʬʬʝʢʪʠʚʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʠʩʪʳʭ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʟʜʝʣʠʡ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʤʝʯʘʝʪʩʷ ʘʚʪʦʨʘʤʠ [146, 147]. 

1.8 ɺʳʚʦʜʳ 

1. ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʘʪʠʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʉʄʂʄ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʦʪʣʠʯʥʳʭ ʦʪ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʭʨʫʧʢʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɼʘʣʴʥʝʡʰʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ, ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʧʦʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ ʩʚʦʡʩʪʚ ʉʄʂʄ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. 

2. ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ, ʚʢʣʶʯʘʷ ʈʂʋʇ, ARB- ʠ CRARB-ʧʨʦʮʝʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʩʪʘʶʪʩʷ ʩʚʘʨʢʘ 

ʚʟʨʳʚʦʤ ʠ ʧʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

3. ʄʘʣʦʠʟʫʯʝʥʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʉʄʂʄ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ 

ʩʪʘʣʝʡ, ʤʝʜʠ, ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʩʪʨʫʢʪʫʨʥʳʝ  

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʝ ʚʦ ʚʥʝʰʥʠʭ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʩʣʦʷʭ ʢʦʤʧʦʟʠʪʘ, ʧʦ ʚʳʩʦʪʝ  ʩʣʦʝʚ ʥʘ 

ʨʘʟʣʠʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚ ʧʨʦʮʝʩʩ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

4. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʶ ʉʄʂʄ ʧʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ ʠ ʧʘʢʝʪʥʦʡ 

ʧʨʦʢʘʪʢʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ ʠ ʙʣʠʟʣʝʞʘʱʠʭ 

ʫʯʘʩʪʢʦʚ. ɼʣʷ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ 
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ʨʘʟʨʦʟʥʝʥʳ, ʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʝʡ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʧʦʩʣʝ 

ʠʜʝʥʪʠʯʥʳʭ ʨʝʞʠʤʦʚ ʧʨʦʢʘʪʢʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ ʠ ʤʦʥʦʣʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. 

5. ʅʝʦʜʥʦʢʨʘʪʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʩʣʦʝʚ ʉʄʂʄ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢʦ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʉʄʂʄ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʚʳ̫ʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ ʪʨʝʱʠʥ ʠ ʩʪʘʜʠʡʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 

ʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

6. ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʣʫʯʘʝʤʳʭ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ 

ʢʦʤʧʦʟʠʪʘʭ ʩʣʦʝʚ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʝʶʱʠʭ ʩʪʘʣʝʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʣʦʝʚ ʩ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʥʘ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ.  

7. ʅʝ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʩʪʘʣʴʥʳʭ ʉʄʂʄ ʟʘ ʩʯʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ, ʦʢʘʟʳʚʘʶʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʧʨʦʯʥʷʶʱʝʝ ʠ ʨʘʟʫʧʨʦʯʥʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʣʦʠ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʩʚʝʜʝʥʠʡ ʧʦ ʩʨʘʚʥʠʪʝʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʥʦ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ ʠ ʧʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ). 

8. ɺʘʞʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʘʣʶʤʦʤʘʪʨʠʯʥʳʭ ʉʄʂʄ ʛʠʙʨʠʜʥʦʛʦ ʪʠʧʘ, ʚʢʣʶʯʘʶʱʠʭ ʩʣʦʠ ʠʟ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ ʩʤʝʩʝʡ 

ʧʦʨʦʰʢʦʚ ʘʣʶʤʠʥʠʷ ʠ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ Al 2ʆ3, SiC ʠ B4C c ʧʣʘʢʠʨʫʶʱʠʤʠ ʩʣʦʷʤ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʉʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪʳ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʩ ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʳʤʠ 

ʧʨʦʩʣʦʡʢʘʤʠ Al/B4C ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʩʚʝʜʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʦʣʫʯʝʥʠʷ ʚ ʝʜʠʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʜʘʥʥʳʝ ʧʦ 

ʩʪʨʫʢʪʫʨʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʥʦʩʷʪ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ.  
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2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

2.1 ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʣʠʩʪʦʚʳʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ (ʩʪʘʣʴ 20, IF(001ʖʊ), 09ɻ2ʉ, ʕʇ678), ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʘʷ 

ʤʝʜʴ (ʄ1), ʘʣʶʤʠʥʠʡ (ɸɼ0), ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ (ɸʄʛ3, ɸʄʮ, ɸɺ), ʘ ʪʘʢʞʝ ʧʦʨʦʰʢʠ 

ʘʣʶʤʠʥʠʷ (ɸʇɺ-86, ʇɸ-4) ʠ ʢʘʨʙʠʜʘ ʙʦʨʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʬʨʘʢʮʠʠ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʘʥʥʳʭ 

ʩʪʘʣʝʡ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ ʧʨʠʙʦʨʝ SPEKTROMAXx, ʫʢʘʟʘʥ ʚ ʪʘʙʣʠʮʘʭ 

2.1 ʠ 2.2, ʘ ʜʣʷ ʤʝʜʠ ʤʘʨʢʠ ʄ1 ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 2.3. 

ʊʘʙʣʠʮʘ 2.1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʝʡ 

ʄʘʪʝʨʠʘʣ 
ʕʣʝʤʝʥʪʳ, ʤʘʩʩ. % 

ʉ Si Mn Cr Ni P S Al  Ti Cu ɼʨ. ʵʣ.  

001ʖʊ 0,0056 0,023 0,123 - - 0,006 0,004 0,053 0,044  0,055Nb 

20 0,12 0,8 2,0 18 0,035 5 8 -  - 0,02 0,3 As 

09ɻ2ʉ 0,131 0,680 1,11 0,068 0,065 0,022 0,011 0,037 - 0,122  

ʕʇ678 0,026 0,16 0,082  10,65  9,35  0,004 0,004 0,093  0,9  0,1  
1,97 Mo 
0,093Nb 

ʊʘʙʣʠʮʘ 2.2 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ 

ʄʘʪʝʨʠʘʣ 
ʕʣʝʤʝʥʪʳ, ʤʘʩʩ. % 

Si Cu Fe Mn Mg Cr Zn Ti Al  

ɸɼ0 0,090 0,006 0,156 0,001 0,010 0,001 0,07 0,038 99,7 

ɸʄʮ 0,290 0,001 0,351 1,140 0,015 0,010 - 0,044 98,1  

ɸʄʛ3 0,5-0,8 0,5 0,1 0,3-0,6 3,2-3,8 0,05 0,2 0,1 ¢ 93,85 

ɸɺ 0,5-1,2 0,5 0,1-0,5 0,15-0,35 0,45-0,90 0,25 0,2 0,15 ¢95,95 

ʊʘʙʣʠʮʘ 2.3 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʜʠ ʄ1 (ɻʆʉʊ 859-2001) 

ʕʣʝʤʝʥʪʳ, ʤʘʩʩ. % 

Cu+Ag Bi Fe Ni Zn Sn Sb As Pb S O 

² 99,9 0,001 0,005 0,002 0,004 0,002 0,002 0,002 0,005 0,004 0,05 

ʉʚʝʨʭʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ ʤʘʨʢʠ IF (Interstitial Free Steel) ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ 

ʦʩʚʦʝʥʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʬʦʨʤʦʠʟʤʝʥʝʥʠʶ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ. 

ʋʣʫʯʰʝʥʥʘʷ ʰʪʘʤʧʫʝʤʦʩʪʴ ʩʪʘʣʝʡ IF ʜʦʩʪʠʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʚʥʝʜʨʝʥʠʷ (ʉ+N Ò 0,006 %) ʠ ʤʠʢʨʦʣʝʛʠʨʦʚʘʥʠʝʤ ʪʠʪʘʥʦʤ ʠ ʥʠʦʙʠʝʤ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʘʣʠ ʩʚʷʟʳʚʘʶʪ ʦʩʪʘʪʦʯʥʳʝ ʘʟʦʪ ʠ ʫʛʣʝʨʦʜ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ 

ʩʚʝʨʭʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʫʶ ʩʪʘʣʴ ʤʘʨʢʠ 006/IF (001ʖʊ) ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
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ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ 

ʚ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʘʭ. 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʤʘʨʪʝʥʩʠʪʥʦ-ʩʪʘʨʝʶʱʝʡ ʩʪʘʣʠ (ʄʉʉ) ʕʇ678 ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʘʭ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʦʤ ʥʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ ʚʣʠʷʥʠʶ ʩʠʩʪʝʤʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ Mo (1,55-2,14 %), Ti (0,35-1,47 %), Al (0,09-

1,07 %) ʠ Cu (0,09-2,48 %) ʥʘ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʷ ʄʉʉ ʜʘʥʥʦʛʦ ʪʠʧʘ [148]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʝʙʫʝʤʦʝ ʩʦʯʝʪʘʥʠʝ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʝʡ ʪʠʧʘ ʕʇ678 ʠ ʪʘʢʦʡ ʚʘʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʘʣʝʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ Cu ~2,0 ʤʘʩʩ. % ʠ Nb ~0,1 ʤʘʩʩ. % ʧʨʠ ʩʫʤʤʘʨʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

×(Ti+Al ) å1 ʤʘʩʩ. %. 

ʅʝʢʦʪʦʨʳʝ ʤʘʪʝʨʠʘʣʳ ʧʝʨʝʜ ʩʙʦʨʢʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʘʢʝʪʦʚ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠʣʠ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ: ʧʦʣʦʩʳ ʠʟ 09ɻ2ʉ ï ʥʦʨʤʘʣʠʟʘʮʠʠ; ʧʦʣʦʩʳ ʠʟ 

ʕʇ678 ï ʟʘʢʘʣʢʝ ʦʪ 920 ʉ̄ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ ʠʣʠ ʦʙʨʘʙʦʪʢʝ çʥʘ 

ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫè ʧʨʠ 700 ʉ̄; ʣʠʩʪʳ ʠʟ ʩʪʘʣʠ IF(001ʖʊ) ï ʦʪʞʠʛʫ ʚ ʚʘʢʫʫʤʝ 

ʧʨʠ 720 ʉ̄ ʩ ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʝʯʠ. ʄʝʜʴ ʄ1, ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ɸʄʛ3, ɸʄʮ ʠ ɸɺ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʧʘʢʝʪʝ ʢʦʤʧʦʟʠʪʦʚ ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ɸɼ0 ï ʚ ʠʩʭʦʜʥʦʤ ʟʘʢʘʣʝʥʥʦʤ ʠ 

ʝʩʪʝʩʪʚʝʥʥʦ ʩʦʩʪʘʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ, ʩʪʘʣʴ 20 ï ʚ ʛʦʨʷʯʝʢʘʪʘʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʩʦʯʝʪʘʥʠʷ ʩʪʘʣʝʡ, ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ, ʘ ʪʘʢʞʝ ʩʢʦʤʧʘʢʪʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚ Al ʠ 

B4C: ʩʪʘʣʴ-ʤʝʜʴ, ʩʪʘʣʴ-ʘʣʶʤʠʥʠʡ, ʩʪʘʣʴ-ʩʪʘʣʴ, ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ-ʧʦʨʦʰʢʦʚʳʡ Al/B4ʉ-

ʢʦʤʧʦʟʠʪ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʙʦʨʦʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʩʪʦʚʳʝ ʠ 

ʧʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʧʣʘʢʠʨʫʶʱʠʭ ʩʣʦʝʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʶʤʠʥʠʝʚʳʝ 

ʩʧʣʘʚʳ ɸʄʛ3 (ʩʠʩʪʝʤʳ Al-Mg) ʠ ɸɺ (ʩʠʩʪʝʤʳ Al-Zn-Mg-Cu). ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʚ 

ʩʣʦʠʩʪʳʭ Al/B4C-ʢʦʤʧʦʟʠʪʘ ʧʨʠʤʝʥʷʣʠ ʘʣʶʤʠʥʠʝʚʳʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ ʤʘʨʢʠ ɸʇɺ-

86 (ʊʋ 48-5-152-78) ʠ ʇɸ-4 (ɻʆʉʊ 6058-73). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ ɸʇɺ-86 ʚʢʣʶʯʘʝʪ 

86% Al, ʘ ʪʘʢʞʝ Cu, Zn, Si ʠ Mg ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʞʜʦʛʦ ʦʪ 1 ʜʦ 3 %. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʦʨʦʰʢʦʚ ʤʘʨʢʠ ʇɸ-4 ʩʦʩʪʦʠʪ ʠʟ 98 % Al, 0,35 % Fe, 0,4 % Si, 0,02 % Cu. ɺ ʢʘʯʝʩʪʚʝ 

ʫʧʨʦʯʥʷʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʪʨʠʯʥʦʡ ʦʩʥʦʚʳ ʢʦʤʧʦʟʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʦʨʦʰʢʠ ɺ4ʉ ʤʠʢʨʦ- ʠ ʥʘʥʦʬʨʘʢʮʠʠ. ʇʦʨʦʰʢʠ ʢʘʨʙʠʜʘ ʙʦʨʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʆɸʆ 

çʋʅʀʍʀʄ ʩ ʆɿè (ʩʦʩʪʘʚ 1) ʠ ʚ ʈʌʗʎ-ɺʅʀʀʊʌ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɽ.ʀ. ɿʘʙʘʙʘʭʠʥʘ (ʩʦʩʪʘʚ 2). 

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ʩʝʨʪʠʬʠʢʘʪʘʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ʤʦʢʨʦʡ ʭʠʤʠʠ. ʈʝʟʫʣʴʪʘʪʳ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʰʢʝ ʢʘʨʙʠʜʘ ʙʦʨʘ ʩʦʩʪʘʚʦʚ 1 ʠ 2 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʊʘʙʣʠʮʝ 2.4. 

ʊʘʙʣʠʮʘ 2.4 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʙʦʨʘ ʩʦʩʪʘʚʘ 1 ʠ 2  

 

B4C 
ʕʣʝʤʝʥʪʳ, ʤʘʩʩ. % 

B C Si Fe × (B2O3, W, Co) 

ʉʦʩʪʘʚ 1 68,5 20,4 1,3 0,1 9,7 

ʉʦʩʪʘʚ 2 66,9 27,1 2,0 0,3 3,7 

2.2 ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʧʘʨʳ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʢ ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ ʠ ʧʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ 

(ʭʦʣʦʜʥʘʷ, ʪʝʧʣʘʷ, ʛʦʨʷʯʘʷ), ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. ʉʚʘʨʢʘ ʚʟʨʳʚʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʝʨʘʟʲʸʤʥʳʭ ʩʣʦʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ çʤʝʜʴ-ʩʪʘʣʴè ʠ çʩʪʘʣʴ-ʩʪʘʣʴè ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʋʨʘʣʪʝʭʥʦʧʨʦʝʢʪè (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ) ʠ ʚ ʀʥʩʪʠʪʫʪʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠʤ. 

ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʘ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʬ-ʤ.ʥ. ɺ.ʀ. ʄʘʣʠ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʠʧʘ çʩʪʘʣʴ-ʘʣʶʤʠʥʠʡè, çʩʪʘʣʴ-ʩʪʘʣʴè ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʥʦʣʠʪʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʧʨʦʢʘʪʢʠ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʎʂʇ 

çʇʣʘʩʪʦʤʝʪʨʠʷè ʀʄɸʐ ʋʨʆ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ɼʫʦ ʩ ʜʠʘʤʝʪʨʦʤ 

ʚʘʣʢʦʤ 255 ʤʤ.  

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʇʨʦʢʘʪʥʳʡ ʩʪʘʥ ɼʫʦ/ʂʚʘʨʪʦ  
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ʉʢʦʨʦʩʪʴ ʧʨʦʢʘʪʢʠ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,01 ʜʦ 0,30 ʤ/ʩ. ʇʝʨʝʜ ʢʘʞʜʳʤ 

ʧʨʦʭʦʜʦʤ ʧʨʦʢʘʪʢʠ ʧʘʢʝʪ ʥʘʛʨʝʚʘʣʠ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʢʘʪʢʠ 

ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 520-1050 ̄ ʉ, ʘ ʩʫʤʤʘʨʥʘʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 42-70 % ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʢʦʤʧʦʟʠʪʦʚ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʡ 

ʧʨʦʢʘʪʢʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝʜʝʣʴʥʳʝ ʩʪʝʧʝʥʠ ʦʙʞʘʪʠʷ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʫʪʝʤ [149] ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʩʣʦʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ [51, 150]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʯʥʦʛʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʨʘʩʩʣʦʝʥʠʡ ʥʘ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮʘʭ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ ʪʠʧʘ çʤʝʜʴ-ʩʪʘʣʴè ʠ çʩʪʘʣʴ-ʩʪʘʣʴè 

ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʞʘʪʠʷ ʟʘʛʦʪʦʚʢʠ ʩʦ ʩʪʝʧʝʥʴʶ 

ʥʝ ʙʦʣʝʝ 50 %. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ-ʩʪʘʣʴè ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ ʩʚʘʨʢʠ 

ʚʟʨʳʚʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʦʡ ʢʦʤʧʦʟʠʪʘ ʩ ʦʙʞʘʪʠʝʤ 50 %. ʇʘʢʝʪʥʘʷ ʧʨʦʢʘʪʢʘ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ çʩʪʘʣʴ-ʘʣʶʤʠʥʠʡè ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 520-600 Áʉ ʩ 

ʩʫʤʤʘʨʥʳʤ ʦʙʞʘʪʠʝʤ 45-70 %. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʦʟʠʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʝʬʦʨʤʘʮʠʠ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʝʧʣʦʡ ʧʨʦʢʘʪʢʠ, ʘ ʜʣʷ ʜʨʫʛʦʛʦ - ʛʦʨʷʯʝʡ. 

ʉʣʦʠʩʪʳʝ ʢʦʤʧʦʟʠʪ ʩʠʩʪʝʤʳ çʩʪʘʣʴ-ʩʪʘʣʴè ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʧʦ ʜʚʫʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ï ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ ʠʣʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050 ʉ̄ ʩ ʩʫʤʤʘʨʥʳʤ 

ʦʙʞʘʪʠʝʤ 42%. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʘʣʴʥʳʭ ʩʚʘʨʥʳʭ ʠ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. ʉʚʘʨʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘʛʨʝʚʘʣʠʩʴ ʜʦ 500 Áʉ ʩ 

ʚʳʜʝʨʞʢʦʡ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ, ʘ ʛʦʨʷʯʝʢʘʪʘʥʳʝ - ʟʘʢʘʣʠʚʘʣʠʩʴ ʧʨʠ 920 Áʉ ʚ ʚʦʜʫ, ʘ ʟʘʪʝʤ 

ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ. ɹʦʨʦʘʣʶʤʠʥʠʝʚʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʫʯʘʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘʤʠ ʩʧʦʩʦʙʦʤ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʮʝʩʩ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʘʣʶʤʠʥʠʷ ʠ ʢʘʨʙʠʜʘ ʙʦʨʘ ʨʘʟʣʠʯʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ ʩ 

ʧʣʘʢʠʨʦʚʘʥʠʝʤ ʣʠʩʪʦʚʳʤʠ ʘʣʶʤʠʥʠʝʚʳʤʠ ʩʧʣʘʚʘʤʠ (ʧʘʪʝʥʪʳ ˉ2465094 ʠ ˉ2528926). 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

(ʮʝʥʪʨʘʣʴʥʘʷ ʧʨʦʩʣʦʡʢʘ ʧʦʨʦʰʢʦʚʦʛʦ Al/B4C-ʢʦʤʧʦʟʠʪʘ ʩ ʚʥʝʰʥʠʤʠ ʩʣʦʷʤʠ ʩʧʣʘʚʘ ɸʄʛ3) 

ʧʦʜʨʦʙʥʦ ʧʨʠʚʝʜʝʥʳ ʚ ɻʣʘʚʝ 6 ʠ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ. 

2.3 ʄʝʪʦʜʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʣʠʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʆʄ), ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʈʕʄ) ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ). ʇʨʠʤʝʥʝʥʠʝ ʪʨʝʭ ʤʝʪʦʜʠʢ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʧʦ 
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ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʤʘʪʝʨʠʘʣʘ. ʆʄ ʜʘʝʪ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ, ʠʭ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ɸʥʘʣʠʟ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (EBSD-ʘʥʘʣʠʟ), ʢʦʪʦʨʳʡ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʙʘʟʝ ʈʕʄ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʚʳʙʦʨʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ  

ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ï ʙʦʣʴʰʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʦʙʥʳʤʠ. ɸʥʘʣʠʟ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʉʄʂʄ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʰʣʠʬʘʭ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʦʢʘʪʢʠ TD (transverses direction) (ʈʠʩʫʥʦʢ 2.2) ʠ ʪʦʥʢʠʭ ʬʦʣʴʛʘʭ ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʪʘʣʴʥʳʭ ʩʣʦʝʚ 

ʢʦʤʧʦʟʠʪʦʚ.  

2.3.1 ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʙʳʣʘ ʦʮʝʥʝʥʘ 

ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʢʦʤʧʦʟʠʪʘ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʧʨʦʪʝʢʘʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʨʘʟʥʦʨʦʜʥʳʭ ʩʣʦʝʚ. ʉʪʨʫʢʪʫʨʫ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʣʦʝʚ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʠʭ ʤʠʢʨʦʩʢʦʧʦʚ NEOPHOT-21 ʠ MEIJI TECHNO. ɼʠʘʧʘʟʦʥ ʫʚʝʣʠʯʝʥʠʡ 

ʩʦʩʪʘʚʣʷʣ ³8é³1000 ʢʨʘʪ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʰʣʠʬʳ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. 

 ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʰʣʠʬʦʚ, ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʧʝʨʘʮʠʠ: 

1) ʤʝʭʘʥʠʯʝʩʢʘʷ ʰʣʠʬʦʚʢʘ ʦʙʨʘʟʮʦʚ ʥʘ ʘʙʨʘʟʠʚʥʳʭ ʰʢʫʨʢʘʭ ʨʘʟʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

(ʤʘʨʢʠʨʦʚʢʘ ʈ150-ʈ2500 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ISO-6344); 

2) ʧʦʣʠʨʦʚʘʥʠʝ ʥʘ ʘʣʤʘʟʥʳʭ ʧʘʩʪʘʭ ʟʝʨʥʠʩʪʦʩʪʴʶ 14/10, 10/7; 

3) ʧʦʣʠʨʦʚʘʥʠʝ ʥʘ ʚʦʡʣʦʢʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʫʩʧʝʥʟʠʝʡ Struers OP-AN Suspension ʥʘ 

ʦʩʥʦʚʝ Al 2O3 ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,02 ʤʢʤ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʆʨʠʝʥʪʘʮʠʠ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʪʢʠ 



38 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʝʭʧʨʦʮʝʥʪʥʳʡ ʨʘʩʪʚʦʨ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ (3 % HNO3), ʨʝʘʢʪʠʚ ʄʘʨʙʣʝ (20 ʛ CuSO4, 100 ʤʣ HCl, 100 

ʤʣ H2O), ʢʦʪʦʨʳʝ ʥʘʥʦʩʠʣʠ ʚʘʪʥʳʤ ʪʘʤʧʦʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʰʣʠʬʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʮʝʥʢʘ ʠʭ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ 

ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 8233, 5639 ʤʝʪʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʩ ʵʪʘʣʦʥʥʳʤʠ ʰʢʘʣʘʤʠ.  

ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʚʳʷʚʣʝʥʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʣʴʥʦʜʝʬʦʨʤʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ 

ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʫʜʘʣʦʩʴ ʠʟʫʯʠʪʴ ʥʝ ʚʩʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʙʨʘʟʮʳ.  

2.3.2 ʈʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʉ ʧʦʤʦʱʴʶ ʈʕʄ ʙʳʣʠ ʨʝʰʝʥʳ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ 

ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʠ 

ʤʝʪʦʜʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʘʨʪʠʥ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (EBSD-

ʘʥʘʣʠʟ) ʥʘ ʤʠʢʨʦʩʢʦʧʘʭ TESCAN MIRA 3 LMH ʠ TESCAN MIRA 3 LMU, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʄʝʪʦʜ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ (ʆʌʂ) ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʟʝʨʝʥʥʦ-ʩʫʙʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦ 

ʪʦʣʱʠʥʝ ʚʠʜʠʤʳʭ ʛʨʘʥʠʮ: ʙʦʣʝʝ ʪʦʣʩʪʳʝ ʛʨʘʥʠʮʳ ʧʨʠʥʘʜʣʝʞʘʪ ʟʝʨʥʘʤ, ʘ ʙʦʣʝʝ ʪʦʥʢʠʝ ï 

ʩʫʙʟʝʨʥʘʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʥʦʩʠʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʪʪʝʩʪʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʝʝʪ ʤʝʩʪʦ ʩʫʙʲʝʢʪʠʚʥʳʡ ʦʮʝʥʦʯʥʳʡ ʬʘʢʪʦʨ 

ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʪʘ ʢ ʟʝʨʥʫ ʠʣʠ ʩʫʙʟʝʨʥʫ.  

ʄʝʪʦʜ EBSD-ʘʥʘʣʠʟʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ, ʦʮʝʥʢʠ ʜʦʣʠ ʤʘʣʦ- ʠ ʚʳʩʦʢʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ, ʜʦʣʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ, 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʟʝʨʝʥ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʨʘʟʥʦʡ ʮʚʝʪʦʚʦʡ ʧʘʣʠʪʨʝ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʜʝʢʩʘʮʠʝʡ ʠ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ. ʇʦʜʩʯʝʪ ʜʦʣʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʛʨʘʥʠʮ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ ʚʳʧʦʣʥʷʣʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ Tango. ɿʘ ʤʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ ʧʨʠʥʠʤʘʣʠʩʴ ʛʨʘʥʠʮʳ ʩ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʦʡ 2-15̄ , ʘ ʟʘ ʚʳʩʦʢʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ ï ʩ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʦʡ ʙʦʣʴʰʝ 15.̄ 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʚʳʧʦʣʥʷʣʩʷ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʜʠʘʤʝʪʨʘ ʢʨʫʛʘ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʧʣʦʱʘʜʠ ʟʝʨʥʘ, ʘ ʥʝ ʧʨʠʚʳʯʥʘʷ ʠʟ 

ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʜʣʠʥʘ ʩʣʫʯʘʡʥʦʡ ʩʝʢʫʱʝʡ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʜʣʷ EBSD-ʘʥʘʣʠʟʘ 

ʧʦʜʛʦʪʘʚʣʠʚʘʣʘʩʴ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʰʣʠʬʦʚʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ 

ʧʦʣʠʨʦʚʢʦʡ ʚ ʨʘʩʪʚʦʨʝ 20 % HCl + 80 % CH3COOH. ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 30 ʢɺ ʩ ʰʘʛʦʤ 0,35 ʤʢʤ. 
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ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʟʦʥ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʛʨʘʥʠʮʘʤ ʨʘʟʜʝʣʘ, ʜʣʷ ʦʮʝʥʢʠ 

ʛʣʫʙʠʥʳ ʧʨʦʪʝʢʘʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʧʦʣʥʷʣʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ TESCAN VEGA II XMU ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ INCA Energy 

450XT ʠ ʚʦʣʥʦʜʠʩʧʝʨʩʠʦʥʥʦʡ INCA Wave 700 ʧʨʠʩʪʘʚʢʘʤʠ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ 

ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ, ʦʪʨʘʞʘʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʨʘʟʥʦʨʦʜʥʳʭ ʩʣʦʝʚ ʠ ʦʧʨʝʜʝʣʝʥʘ ʰʠʨʠʥʘ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʳ. 

2.3.3 ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ, ʠʭ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ 

ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʦʚ JEM-2000 ɽX ʚ ʀʇʉʄ ʈɸʅ 

(ʛ. ʋʬʘ) ʠ JEM-200 ʉX ʚ ʀʌʄ ʠʤ ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʆ ʈɸʅ. 

ʇʦʜʛʦʪʦʚʢʘ ʪʦʥʢʠʭ ʬʦʣʴʛ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ ʚʳʨʝʟʢʫ ʦʜʥʦʛʦ ʠʟ ʩʣʦʝʚ 

ʢʦʤʧʦʟʠʪʘ ʥʘ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʫʩʪʘʥʦʚʢʝ FANUC, ʟʘʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʪʦʥʝʥʠʝ ʩʣʦʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʙʨʘʟʠʚʥʦʡ ʙʫʤʘʛʠ ʈ90, ʈ180, ʈ360, ʈ1000 ʜʦ ʧʦʣʫʯʝʥʠʷ ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ 

100-150 ʤʢʤ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʦʥʥʦʝ ʫʪʦʥʝʥʠʝ ʥʘ ʫʩʪʘʥʦʚʢʝ Fishione 1010 Ionmill. ʇʨʦʮʝʩʩ 

ʠʦʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʟʘʢʘʥʯʠʚʘʣʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʢʦʛʜʘ ʦʙʨʘʟʝʮ ʧʨʦʪʨʘʚʣʠʚʘʣʩʷ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʦʪʚʝʨʩʪʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ [151]. ɼʣʷ ʩʪʘʣʴʥʳʭ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʣʦʝʚ 

ʧʦʜʙʠʨʘʣʠʩʴ ʨʝʞʠʤʳ ʠʦʥʥʦʛʦ ʫʪʦʥʝʥʠʷ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʫʛʦʣ ʧʘʜʝʥʠʷ Ŭ 

ʠʦʥʦʚ, ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ U ʠ ʩʠʣʘ ʪʦʢʘ I ʠʦʥʥʦʛʦ ʧʫʯʢʘ. 

2.3.4 ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ɼʣʷ ʘʥʘʣʠʟʘ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʝʞʜʫ 

ʨʘʟʥʦʨʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʚ ʭʦʜʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʪʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Shimadzu XRD-7000 ʚ Crʂa-ʠʟʣʫʯʝʥʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʜʚʦʡʥʳʭ ʫʛʣʦʚ ʜʠʬʨʘʢʮʠʠ a 

30é162 ̄(ʜʠʘʧʘʟʦʥ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ï ʦʪ 4,42 ¡ ʜʦ 1,16 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʳʡ ʧʨʝʮʠʟʠʦʥʥʳʡ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ STADI-P ʚ 

ʉuKa-ʠʟʣʫʯʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ,r ʚʢʣʶʯʘʶʱʝʡ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʩ ʜʘʥʥʳʤʠ ʢʘʨʪʦʪʝʢʠ JCPDS-JCDD PDF2. ʄʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ d/n 

ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʮʝʥʪʨʫ ʪʷʞʝʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ, ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʣʠʥʠʷʤ hkl ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ, ʧʨʠ ʵʪʦʤ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ °0,002 ɸ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʨʝʰʝʪʢʠ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,3 ¡. 
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2.3.5 ʀʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʠʟʣʦʤʦʚ ʠ ʠʟʫʯʝʥʠʝ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʤʝʭʘʥʠʟʤʦʚ ʨʘʟʨʫʰʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʭ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ ʧʦʩʣʝ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ʄɹʉ-10 (Ĭ5...Ĭ20) ʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ TESCAN 

VEGA II XMU  (Ĭ50éĬ5000) ʧʨʠ ʚʝʣʠʯʠʥʝ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 30 ʢɺ, ʘ ʪʘʢʞʝ ʥʘ 

ʦʧʪʠʯʝʩʢʦʤ ʧʨʦʬʠʣʦʤʝʪʨʝ Wyko NT1100. ʄʠʢʨʦʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʣʦʝʚ ʠʜʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʝ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʪʨʝʱʠʥʳ. 

2.4 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʉʄʂʄ, ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʠʩʭʦʜʥʦʤ ʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ 

ʨʘʩʪʷʞʝʥʠʝ, ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ, ʠʟʤʝʨʝʥʳ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʘ ʧʦʨʠʩʪʦʩʪʴ ʧʦʨʦʰʢʦʚʳʭ ʉʄʂʄ. 

2.4.1 ʀʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ɻʆʉʊ 1497-84 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ Instron-

8801. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠʟ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʚʘʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚʳʨʝʟʘʣʠ ʦʜʠʥʘʢʦʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʢʘʪʢʠ ʧʣʦʩʢʠʝ 

ʦʙʨʘʟʮʳ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʣʠ ʤʠʥʠʤʘʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ 

ʚʥʝʰʥʠʭ ʩʣʦʝʚ. ʊʠʧʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ: ʧʷʪʠʢʨʘʪʥʳʝ ʢʨʫʛʣʳʝ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʝ. 

ʈʘʟʙʨʦʩ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʣʷʣ ʥʝ ʙʦʣʝʝ 5 %.  

2.4.2 ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ 

ʋʜʘʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ 

ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʧʨʦʚʦʜʠʣʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʦʤ ʢʦʧʨʝ Tinius Olsen IT542M 

(ʈʠʩʫʥʦʢ 2.3) ʩ ʟʘʧʠʩʴʶ ʜʠʘʛʨʘʤʤʳ ʫʜʘʨʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʫʩʠʣʠʝ-ʧʝʨʝʤʝʱʝʥʠʝè 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʩʧʳʪʘʥʠʡ 20, ï40, ʠ ï196 ̄ ʉ. ʀʩʧʳʪʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï60 Áʉ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʤʝʩʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʠ ʙʝʥʟʠʥʘ ʂʘʣʦʰʘ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï196 Áʉ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʘ ʚ ʩʨʝʜʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʜʘʨʥʳʝ 

ʦʙʨʘʟʮʳ ʩ  V-ʦʙʨʘʟʥʳʤʠ ʥʘʜʨʝʟʘʤʠ ʧʦ ɻʆʉʊ 9454 (ʈʠʩʫʥʦʢ 2.4), ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 
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ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʣʦʝʚ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʨʘʝʢʪʦʨʠʝʡ ʨʘʟʚʠʪʠʠ ʪʨʝʱʠʥʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʨʘʟʚʝʪʚʣʷʶʱʠʡ (crack-divider) ʠ 

ʪʦʨʤʦʟʷʱʠʡ ʪʠʧ (crack-arrester). ʇʦʛʨʝʰʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʤʘʷʪʥʠʢʦʚʦʛʦ ʢʦʧʨʘ Tinius Olsen IT542M) ʥʝ ʧʨʝʚʳʰʘʣʘ 1,5 % ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʧʘʩʝʥʥʦʡ 

ʵʥʝʨʛʠʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʫʩʨʝʜʥʷʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʝ ʤʝʥʝʝ 3 

ʠʜʝʥʪʠʯʥʳʭ ʦʙʨʘʟʮʦʚ. ʈʘʟʙʨʦʩ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣ 5 %. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʚʝʨʝʥʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʊʅ-8ʄ.  

 

ʈʠʩʫʥʦʢ 2.3 ï ʀʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʳʡ ʤʘʷʪʥʠʢʦʚʳʡ ʢʦʧʝʨ Tinius Olsen IT542M 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʋʜʘʨʥʳʝ ʦʙʨʘʟʮʳ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʥʘʜʨʝʟʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʩʣʦʝʚ:  

ʘ - ʨʘʟʚʝʪʚʣʷʶʱʝʤ (crack-divider); ʙ - ʪʦʨʤʦʟʷʱʝʤ (crack-arrester) 

ʈʘʟʜʝʣʝʥʠʝ ʦʙʱʝʡ ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʷ ɸ ʫʜʘʨʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ï ʨʘʙʦʪʫ 

ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ ɸɿ ʠ ʨʘʙʦʪʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ ɸʈ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʠʘʛʨʘʤʤ ʫʜʘʨʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ɻʆʉʊ 

22848-77 [152] (ʈʠʩʫʥʦʢ 2.5). 

 

 
 

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʨʘʟʜʝʣʝʥʠʝ ʦʙʱʝʡ ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʠ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʠ 

ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʧʦ ɻʆʉʊ 22848-77. 

ɸ - ʦʙʱʘʷ ʨʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ; ɸʟ - ʨʘʙʦʪʘ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥʳ; ɸʨ - ʨʘʙʦʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʪʨʝʱʠʥʳ 

2.4.3 ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʦʪʧʝʯʘʪʢʘʤ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʢʠ ɺʠʢʢʝʨʩʘ ʧʦ 

ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʢʦʤʧʦʟʠʪʘ ʥʘ ʧʨʠʙʦʨʘʭ Leica VMTH AUTO ʠ Shimadzu HMV-G21DT ʧʨʠ 

ʥʘʛʨʫʟʢʝ 490,3 ʤʅ (0,05 ʢʛc) ʠ ʚʳʜʝʨʞʢʝ 15 ʩʝʢʫʥʜ ʩ ʰʘʛʦʤ 25-50 ʤʢʤ. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʜʘʥʥʳʤ ʟʘʤʝʨʦʚ ʩ ʪʨʝʭ ʪʨʘʩʩ, ʯʪʦ ʜʘʝʪ ʪʦʯʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʣʦʷ, ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʠ ʚ 

ʮʝʣʦʤ ʢʦʤʧʦʟʠʪʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʩʣʦʷʭ ʢʦʤʧʦʟʠʪʦʚ.  

2.4.4 ʆʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ  

ɼʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʜʠʣʘʪʦʤʝʪʨʝ Linseis L75VS5LT ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 20-600 Áʉ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʊʂʃʈ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ 2.1 ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ: 

                                                                    ‌
ʥ

ʥ

ʥ
,                                                                               (2.1), 

ʛʜʝ a ï ʩʨʝʜʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ;  

                   l t ʠ lʥ ï ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʪʝʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ t ʠ 20 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 



43 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘʤʝʨʷʣʠʩʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 100-600 ʉ̄ ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ ʣʘʟʝʨʥʦʡ ʚʩʧʳʰʢʠ Netzch LFA 457 ʠ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

Netzch STA 449C ʚ ʎʂʇ çʋʅʀʂʋʄè ʋʨʌʋ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ ʩ 

ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ° 5 % ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ° 3 %.  

2.4.5 ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ (ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ Hc, ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Õʤʘʢʩ, ʦʩʪʘʪʦʯʥʫʶ ʤʘʛʥʠʪʥʫʶ ʠʥʜʫʢʮʠʶ Br ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ Ms) ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʨʠʣʦʞʝʥʥʦʤ ʧʦʣʝ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʜʦʩʪʠʛʘʣʘ 60 ʢɸ/ʤ, ʚ ʟʘʤʢʥʫʪʦʡ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʧʦ ʩʭʝʤʝ ʧʝʨʤʝʘʤʝʪʨʘ ʥʘ ʤʘʛʥʠʪʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ Remagraph C-500. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠʢʣʘʜʳʚʘʣʠ ʩʪʨʦʛʦ ʚʜʦʣʴ 

ʜʣʠʥʥʦʡ ʦʩʠ ʦʙʨʘʟʮʘ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷ ʠ ʠʥʜʫʢʮʠʠ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʨʠʣʦʞʝʥʥʦʤ 

ʧʦʣʝ ʠ ʚ ʩʨʝʜʥʠʭ ʧʦʣʷʭ ʥʝ ʧʨʝʚʳʰʘʣʘ 3 %. ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʭ ʠʩʭʦʜʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʟʤʝʨʷʣʠ ʥʘ ʤʠʢʨʦʦʤʤʝʪʨʝ ɹʉɿ.  

2.4.6 ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʩʧʝʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʩʧʝʯʝʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʩʣʦʡʢʠ ʚ Al /B4C-

ʢʦʤʧʦʟʠʪʝ ʚʳʧʦʣʥʷʣʠ ʤʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 18898-89 [153], 

ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʣʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʤʘʩʩʳ ʠʟʜʝʣʠʷ ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʦʨ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʚʦʜʝ. ʈʘʩʯʝʪ ʧʣʦʪʥʦʩʪʠ ɟ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ 2.2: 

”
ẗɺ ,                                                                      (2.2) 

ʛʜʝ m1 ï ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ, ʥʝ ʧʨʦʧʠʪʘʥʥʦʛʦ ʚʦʜʦʡ, ʛ; 

        m2 ï ʤʘʩʩʘ ʧʦʜʚʝʩʘ ʠ ʧʨʦʧʠʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʚʦʟʜʫʭʝ, ʛ; 

        m3 ï ʤʘʩʩʘ ʧʦʜʚʝʩʘ ʠ ʧʨʦʧʠʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʚʦʜʝ, ʛ; 

        ɟɺ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʟʚʝʰʠʚʘʥʠʷ, ʛ/ʩʤ3. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ Q ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 2.3: 

ὗ
ʂ
ẗρππ,                                                                     (2.3) 

ʛʜʝ ɟʂ ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʘ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʛ/ʩʤ3. 
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2.5 ɺʳʚʦʜʳ  

1.  ʆʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʠ ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʦʚ. 

2.  ʆʧʨʝʜʝʣʝʥʳ ʨʝʞʠʤʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

3. ɺʳʙʨʘʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʤʝʪʦʜʦʤ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʥʝʨʘʟʲʸʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʤʧʦʥʝʥʪ 

ʉʄʂʄ ʠ ʧʦʚʳʰʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

4. ɺʳʙʨʘʥ r ʤʝʪʦʜʠʢʠ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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3. ʉʊʈʋʂʊʋʈɸ ʀ ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʉʃʆʀʉʊʓʍ ʂʆʄʇʆɿʀʊʆɺ ʅɸ 

ʆʉʅʆɺɽ ʄɽɼʀ ʄ1 ʀ ʉʊɸʃʀ 20, ʇʆʃʋʏɽʅʅʓʍ ʉɺɸʈʂʆʁ ɺɿʈʓɺʆʄ  

ɺ ʛʨʫʧʧʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ [3, 31, 154], ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʠʤ ʛʨʘʜʠʝʥʪʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡcʪʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠ̫ ʦʩʥʦʚʥʳʭ 

ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʧʧʘʨʘʪʦʚ ʜʣʷ 

ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʙʳʩʪʨʳʡ ʠ 

ʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [155, 156]. ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʝʜʠ ʟʘʥʠʤʘʝʪ ʩʦʝʜʠʥʝʥʠʝ çʤʝʜʴ-ʩʪʘʣʴè, ʚ ʢʦʪʦʨʦʤ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʝʜʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʩʪʘʣʠ ʧʨʠʜʘʶʪ ʫʥʠʢʘʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʣʦʠʩʪʦʤʫ ʤʘʪʝʨʠʘʣʫ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

çʤʝʜʴ-ʞʝʣʝʟʦè, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ, 

ʧʦʩʚʷʱʝʥʦ ʨʷʜ ʨʘʙʦʪ [157-159]. ʆʜʥʘʢʦ, ʚʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʚʟʨʳʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʪʘʣʝʤʝʜʥʳʭ ʩʚʘʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ ʠ ʪʨʝʙʫʶʪ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʪʨʝʭʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ 

ʚʟʨʳʚʦʤ ʠʟ ʤʝʜʠ ʤʘʨʢʠ ʄ1 ʠ ʩʪʘʣʠ 20 ʚ ʚʠʜʝ ʦʪʦʞʞʝʥʥʳʭ ʠ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ 

ʪʦʣʱʠʥʦʡ 2 ʤʤ. ɺʟʨʳʚʥʦʝ ʧʣʘʢʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʋʨʘʣʪʝʭʥʦʧʨʦʝʢʪè (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ) ʧʦ 

ʫʛʣʦʚʦʡ ʩʭʝʤʝ. ʉʚʘʨʥʳʝ ʢʦʤʧʦʟʠʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʝ ʩʦ 

ʩʪʝʧʝʥʴ  ʁʦʙʞʘʪʠʷ 50 %. 

3.1 ʄʠʢʨʦʩʪʨʦʝʥʠʝ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʥʠʮʘ, 

ʠʤʝʶʱʘʷ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʚʠʜ (ʈʠʩʫʥʦʢ 3.1). ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ ʧʦʚʳʰʘʝʪ 

ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩʣʦʝʚ ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [37]. ʅʘʙʣʶʜʘʝʤʘʷ ʘʩʠʤʤʝʪʨʠʷ ʚʦʣʥ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʧʣʦʪʥʦʩʪʷʭ ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [38]. ʇʦʩʣʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʚʦʣʥʦʚʦʡ ʧʨʦʬʠʣʴ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʝ: 

ʚʦʣʥʳ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʨʳʚʠʩʪʳʤʠ ʠ ʥʝʨʝʛʫʣʷʨʥʳʤʠ ʧʦ ʜʣʠʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ. ɺʦʣʥʦʦʙʨʘʟʥʘʷ 
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ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʳʡ ʚʠʜ. ʅʘ ʨʠʩʫʥʢʝ 3.1 ʚʳʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ɸ ʠ ɺ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.3. 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʦʜʦʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʙʳʣʠ ʚʳʷʚʣʝʥʘ ʦʙʣʘʩʪʴ ʨʝʟʢʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʚʩʝʡ ʛʨʘʥʠʮʝ ʩʚʘʨʥʦʛʦ ʰʚʘ 

(ʈʠʩʫʥʦʢ 3.2 ʘ). ʆʜʥʘʢʦ, ʥʘ ʛʨʘʥʠʮʝ ʠʟʫʯʘʝʤʦʛʦ ʢʦʤʧʦʟʠʪʘ ʦʙʥʘʨʫʞʝʥʳ ʣʦʢʘʣʴʥʳʝ 

ʜʠʬʬʫʟʠʦʥʥʳʝ ʟʦʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʝʜʴ ʚ ʩʪʘʣʴ ʠ ʞʝʣʝʟʘ ʚ ʤʝʜʴ ʰʠʨʠʥʦʡ ʜʦ 20 ʤʢʤ (ʈʠʩʫʥʦʢ 

3.2 ʙ). ʉʪʨʫʢʪʫʨʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ ʟʦʥʳ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ (ʈʠʩʫʥʦʢ 3.2 ʚ), 

ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʦʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʨʘʙʦʪʳ [160] ʠ 

ʜʨ., ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʘʨʥʦʛʦ ʰʚʘ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʙʣʠʟʠ ʛʨʝʙʥʝʡ ʠ 

ʚʧʘʜʠʥ ʚʠʭʨʝʚʳʭ ʟʦʥ. ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʥʘʛʨʝʚʘʝʪʩʷ ʠʤʝʥʥʦ 

ʟʜʝʩʴ. ʊʝʧʣʘ, ʚʳʜʝʣʷʝʤʦʛʦ ʚ ʚʠʭʨʷʭ, ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥʳ ʣʦʢʘʣʴʥʦʛʦ 

ʨʘʩʧʣʘʚʣʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦ ʚʳʜʝʣʷʶʱʝʝʩʷ ʪʝʧʣʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʚ ʤʘʣʳʭ ʦʙʲʝʤʘʭ, ʢʦʪʦʨʳʝ 

ʦʢʨʫʞʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʤ ʤʝʪʘʣʣʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʫʩʢʦʨʝʥʥʡr ʪʝʧʣʦʦʪʚʦʜ.  

ɺ ʨʘʙʦʪʝ [158, 159] ʦʪʩʫʪʩʪʚʠʝ ʟʦʥ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Fe-ʉu, ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʤʝʜʠ: ʤʝʜʴ ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʛʣʦʱʘʝʪ ʪʝʧʣʦ, ʚʳʜʝʣʷʝʤʦʝ ʧʨʠ ʚʟʨʳʚʥʦʤ ʥʘʛʨʫʞʝʥʠʠ, ʥʝ ʚʳʟʳʚʘʷ ʧʨʠ ʵʪʦʤ ʨʘʩʧʣʘʚʣʝʥʠʷ 

ʤʝʪʘʣʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦʪ ʬʘʢʪ, ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʦʟʠʪʝ çʤʝʜʴ 

ʄ1-ʩʪʘʣʴ 20è ʚʙʣʠʟʠ ʚʦʣʥʦʦʙʨʘʟʥʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʦ ʩʪʦʨʦʥʳ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʳ ʠʤʝʶʪʩʷ 

ʟʦʥʳ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ, ʠʭ ʩʪʨʦʝʥʠʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝ ʨʝʛʫʣʷʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʦʣʥʦʦʙʨʘʟʥʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ.  
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ʈʠʩʫʥʦʢ 3.1 ï ɿʦʥʘ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ 20 ʠ ʤʝʜʠ ʄ1 ʧʦʩʣʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ (ʘ) ʠ ʧʦʩʣʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʩ ʦʙʞʘʪʠʝʤ 50 % (ʙ) 

ʉʪʘʣʴ 20 ʉʪʘʣʴ 20 

ʄʝʜʴ ʄ1 ʄʝʜʴ ʄ1 

 

ɸ 
 

ɺ 
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ʈʠʩʫʥʦʢ 3.2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ Fe ʠ ʉu ʥʘ ʚʦʣʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʦ ʣʠʥʠʠ 1 (ʘ), ʣʠʥʠʠ 2 

(ʙ) ʠ ʚ ʟʦʥʝ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʧʦ ʣʠʥʠʠ 3 (ʚ) 

ɿʦʥʳ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʩʤʝʩʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʜʠ ʚ Ŭ-ʞʝʣʝʟʝ ʠ 

ʞʝʣʝʟʘ ʚ ʤʝʜʠ (Ů), ʘ ʪʘʢʞʝ ʯʘʩʪʠʮ ʩʪʘʣʠ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʛʤʝʥʪʘʮʠʠ ʪʠʧʘ 

ʜʨʦʙʣʝʥʠʷ (ʈʠʩʫʥʦʢ 3.3 ʘ). ʕʪʦʪ ʪʠʧ ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥ ʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʘʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [31]. ʌʨʘʛʤʝʥʪʘʮʠʷ ʪʠʧʘ 

ʜʨʦʙʣʝʥʠʝ, ʥʘʙʣʶʜʘʝʤʘʷ ʧʨʠ ʩʚʘʨʢʝ ʚʟʨʳʚʦʤ, ʟʘʢʣʶʯʘʪʩʷ ʚ ʨʘʟʙʠʝʥʠʠ (ʜʨʦʙʣʝʥʠʠ) ʤʘʪʝʨʠʘʣʘ 

ʥʘ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʝ ʤʠʢʨʦʦʙʲʝʤʳ ʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʚʟʨʳʚʘ. ʅʘ ʨʠʩʫʥʢʝ 3.3 ʘ 

ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʩʪʘʣʠ ʚ ʟʦʥʫ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ. ʈʘʟʤʝʨʳ 

ʬʨʘʛʤʝʥʪʦʚ ʩʪʘʣʠ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 0,5 ʤʢʤ ʜʦ 20 ʤʢʤ. ɺ ʵʪʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʪʁʩʷ ʪʘʢʞʝ 

ʤʠʢʨʦʧʦʨʳ, ʚʦʟʥʠʢʰʠʝ, ʚʝʨʦʷʪʥʦ, ʧʨʠ ʫʩʘʜʢʝ ʚ ʭʦʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ. ʉʪʨʫʢʪʫʨʘ ʟʦʥʳ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʚʦʧʨʝʢʠ ʦʞʠʜʘʥʠʷʤ, ʥʝ ʣʠʪʘʷ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʜʝʥʜʨʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ 

ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ Ò 1 ʤʢʤ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʫʯʘʩʪʢʘʭ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ (ʈʠʩʫʥʦʢ 3.3 ʙ-ʛ). ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩ 

ʄʝʜʴ ʄ1 

ʉʪʘʣʴ 20 
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ʫʣʴʪʨʘʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʪʝʢʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ 

ʚʟʨʳʚʦʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝʚʘ ʠ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʜʠ. ʅʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʟʦʥʳ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʚʙʣʠʟʠ 

ʛʨʘʥʠʮʳ ʩʚʘʨʥʦʛʦ ʰʚʘ ʪʠʪʘʥʘ ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʜʘ ʪʠʪʘʥʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚ 

ʨʘʙʦʪʝ [161]. ʂʘʢ ʩʯʠʪʘʶʪ ʘʚʪʦʨʳ [162], ʬʨʘʛʤʝʥʪʘʮʠʷ ʪʠʧʘ ʜʨʦʙʣʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʧʣʘʚʣʝʥʠʝʤ ʤʝʥʝʝ ʧʨʦʯʥʦʛʦ ʠ 

ʤʝʥʝʝ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʚʘʨʠʚʘʝʤʦʡ ʧʘʨʳ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ 

ʪʝʧʣʘ ʚʳʟʳʚʘʝʪ ʣʦʢʘʣʴʥʦʝ ʨʘʩʧʣʘʚʣʝʥʠʝ ʤʝʜʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʚʠʜʝ ʯʘʩʪʠʮ ʩʪʘʣʠ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ.  
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(ʘ-ʙ) ʠ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʩ ʦʙʞʘʪʠʝʤ 50 % (ʚ-ʛ)  
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3.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.4 ʘ, ʤʝʜʴ ʤʘʨʢʠ ʄ1 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʜʝʨʞʠʪ ʟʝʨʥʘ Ŭ-ʬʘʟʳ 

ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʳ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ~6 ʤʢʤ ʧʨʠ ʩʨʝʜʥʝʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʦʨʤʳ ʟʝʨʥʘ R=0,6. 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ R ʩʦʛʣʘʩʥʦ [163] ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʤ EBSD-ʘʥʘʣʠʟʘ ʧʫʪʝʤ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʝʨʥʘ ʵʣʣʠʧʩʦʤ ʠ ʠʟʤʝʨʝʥʠʷ ʘʩʧʝʢʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʵʣʣʠʧʩʘ (ʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ 

ʤʘʣʦʡ ʦʩʠ ʵʣʣʠʧʩʘ ʢ ʜʣʠʥʝ ʙʦʣʴʰʦʡ ʦʩʠ) ʠ ʯʠʩʣʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʳʪʷʥʫʪʦʩʪʴ ʟʝʨʥʘ. ɺʥʫʪʨʠ 

ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʠ ʧʝʨʝʩʝʢʘʶʱʠʭ ʠʭ ʥʘʩʢʚʦʟʴ 

ʜʚʦʡʥʠʢʠ ʦʪʞʠʛʘ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʠʢ ~60̄  ʥʘ ʛʠʩʪʦʛʨʘʤʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʛʨʘʥʠʮ ʟʝʨʝʥ. (ʈʠʩʫʥʦʢ 3.4 ʙ). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʩʦʩʪʘʚʣʷʝʪ ~6 ʤʢʤ ʧʨʠ 

ʩʨʝʜʥʝʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʦʨʤʳ R=0,4. ɼʦʣʷ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʩʦʩʪʘʚʣʷʝʪ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʟʦʥʝ ʚʩʝʛʦ ~7 %, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʪʦʞʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʘ. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʤʧʦʟʠʪʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʜʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʣʦʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ʉʣʘʙʦʝ ʠʩʢʘʞʝʥʠʝ ʛʨʘʥʠʮ ʜʚʦʡʥʠʢʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʩʚʘʨʢʝ 

ʚʟʨʳʚʦʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥ ʠʩʧʳʪʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʘʩʪʠʯʝʩʢʫʶ 

ʜʝʬʦʨʤʘʮʠʶ (ʈʠʩʫʥʦʢ 3.4 ʜ). ʆʜʥʘʢʦ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʩ 7 % ʜʦ 23 % ʚ 

ʭʦʜʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʤʘʣʦʫʛʣʦʚʳʤʠ 

ʨʘʟʦʦʨʠʥʪʠʨʦʚʢʘʤʠ ʛʨʘʥʠʮ ʷʯʝʝʢ. ʇʦʩʣʝʜʫʶʱʘʷ ʭʦʣʦʜʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ (ʍʇɼ) 

ʧʨʦʢʘʪʢʦʡ ʩ ʦʙʞʘʪʠʝʤ 50 % ʩʠʣʴʥʦ ʚʠʜʦʠʟʤʝʥʷʝʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʣʦʝʚ ʤʝʜʠ. ɿʝʨʥʘ ʪʝʨʷʶʪ 

ʩʚʦʶ ʨʘʚʥʦʦʩʪʥʦʩʪʴ ʠ ʚʳʪʷʛʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʢʘʪʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʜʚʠʛʦʚʦʡ 

ʜʝʬʦʨʤʘʮʠʠ (ʈʠʩʫʥʦʢ 3.4 ʠ). ʀʩʭʦʜʥʳʝ ʟʝʨʥʘ ʚ ʭʦʜʝ ʧʨʦʢʘʪʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʨʘʟʤʝʨ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 3-5 ʤʢʤ ʠ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦ 20 ʤʢʤ. ɼʦʣʷ ʤʘʣʦʫʛʣʦʚʳʭ 

ʛʨʘʥʠʮ ʩʦʩʪʘʚʣʷʝʪ ~62 %. ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʜʠ ʠʜʝʪ ʨʘʟʚʠʪʠʝ 

ʷʯʝʠʩʪʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʠʢʨʦʦʙʲʝʤʳ ʨʘʟʜʝʣʝʥʥʳʤʠ 

ʩʫʙʛʨʘʥʠʮʘʤʠ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʫʛʣʦʚʘʷ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘ ʛʨʘʥʠʮ ʩʫʙʟʝʨʝʥ ʠ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʠ ʙʦʣʝʝ 15Á ʛʨʘʥʠʮʳ 

ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʚʳʩʦʢʦʫʛʣʦʚʳʤʠ, ʘ ʪʘʢʠʝ ʩʫʙʟʝʨʥʘ ï ʟʝʨʥʘʤʠ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʚ ʤʝʜʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ~3,3 ʤʢʤ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʦʨʤʳ R=0,27 ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʟʝʨʝʥ 

ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʢʤ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦ ʚ ʦʙʲʝʤʝ ʤʝʪʘʣʣʘ: 

ʩʪʨʫʢʪʫʨʘ ʤʝʜʠ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚʳʪʷʥʫʪʳʭ 

ʟʝʨʝʥ, ʘ ʪʘʢʞʝ ʘʥʩʘʤʙʣʝʡ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ, ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʪʠʚʰʠʭ ʠʩʭʦʜʥʳʝ ʟʝʨʥʘ.  
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ʈʠʩʫʥʦʢ 3.4 ï EBSD-ʢʘʨʪʳ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʤʝʜʠ ʄ1 ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʠ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʘ-ʛ), ʚ ʩʦʩʪʘʚʝ ʩʚʘʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʜ-

ʟ), ʚ ʩʦʩʪʘʚʝ ʩʚʘʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʧʦʩʣʝ ʍʇɼ 50 % (ʠ-ʤ). ʏʝʨʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ 

ʚʳʩʦʢʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ (15̄  ¢ q), ʩʝʨʳʤ ʮʚʝʪʦʤ ï ʤʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ (2 ¢̄ q<15̄ ), ʢʨʘʩʥʳʤ ï 

ʜʚʦʡʥʠʢʦʚʳʝ ʛʨʘʥʠʮʳ 
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ʈʘʟʥʘʷ ʮʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʥʘ EBSD-ʢʘʨʪʘʭ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʟʝʨʝʥ, 

ʢʦʪʦʨʘʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʷʚʣʷʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ ʧʦ ʤʝʨʝ ʥʘʢʘʧʣʠʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʠ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʜʣʷ ʤʝʜʠ ʄ1 ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʦʷʥʠʷʭ ʧʨʠʚʝʜʝʥʳ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤ ʥʘ ʨʠʩʫʥʢʝ 3.4. 

ʉʪʘʣʴ 20 ʚ ʢʘʯʝʩʪʚʝ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʘʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʛʦʨʷʯʝʢʘʪʘʥʳʡ ʣʠʩʪʦʚʦʡ ʤʘʪʝʨʠʘʣ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ 20 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʦʷʣʘ ʠʟ 

ʬʝʨʨʠʪʘ ʠ ʤʝʣʢʦʧʣʘʩʪʠʥʯʘʪʦʛʦ ʧʝʨʣʠʪʘ ʧʨʠ ʩʨʝʜʥʝʤ ʨʘʟʤʝʨʝ ʟʝʨʥʘ ʬʝʨʨʠʪʘ ~5,3 ʤʢʤ ʠ ʩʨʝʜʥʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʦʨʤʳ R=0,6 (ʈʠʩʫʥʦʢ 3.5 ʘ). ɼʦʣʷ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʦʥʝ ~75 %. ʇʦʩʣʝ ʚʟʨʳʚʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ ʚ ʦʢʦʣʦʰʦʚʥʦʡ 

ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʝʥ ʬʝʨʨʠʪʘ ʜʦ ~4,2 ʤʢʤ ʧʨʠ ʩʨʝʜʥʝʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʦʨʤʳ 

R=0,7 (ʈʠʩʫʥʦʢ 3.5 ʜ). ʅʝʩʤʦʪʨʷ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʧʦʩʣʝ ʚʟʨʳʚʥʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ ʚʩʝʛʦ ʥʘ ~1 ʤʢʤ, ʥʘ EBSD-ʢʘʨʪʝ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʠ ʥʘ ʛʨʘʬʠʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʪʘʣʣʘ. ɼʦʣʷ 

ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʩʦʭʨʘʥ̫ʝʪʩʷ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ ~75 %. ʇʦʩʣʝ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ 

ʢʦʤʧʦʟʠʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚʳʪʷʛʠʚʘʥʠʝ ʟʝʨʝʥ ʬʝʨʨʠʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʢʘʪʢʠ 

(ʈʠʩʫʥʦʢ 3.5 ʠ). ʇʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʠʩʭʦʜʥʳʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʩʦʩʪʘʚʣʷʝʪ ~2 ʤʢʤ, ʘ 

ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʤʝʨ ʜʦ 15 ʤʢʤ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʬʝʨʨʠʪʘ ʩʦʩʪʘʚʠʣ ~2,5 ʤʢʤ ʧʨʠ ʩʨʝʜʥʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʦʨʤʳ R=0,27. ʊʘʢʦʝ ʩʠʣʴʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʢʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʟʝʨʝʥ 

ʧʨʦʪʝʢʘʝʪ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʤʝʞʜʫ ʩʫʙʟʝʨʥʘʤʠ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʤʘʣʦʫʛʣʦʚʳʭ 

ʛʨʘʥʠʮ ʦʪ 75 ʜʦ 50 % ʠ ʨʦʩʪʦʤ ʜʦʣʠ ʚʳʩʦʢʦʫʛʣʦʚʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 3.5 ʚ, ʞ, ʣ). ʊʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʛʨʘʥʠʮ ʟʝʨʝʥ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʥʝʧʨʝʨʳʚʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  
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ʈʠʩʫʥʦʢ 3.5 ï EBSD-ʢʘʨʪʳ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʩʪʘʣʠ 20 ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʠ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʟʝʨʝʥ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʘ-ʛ), ʚ ʩʚʘʨʥʦʤ ʢʦʤʧʦʟʠʪʝ (ʜ-ʟ), ʚ ʩʚʘʨʥʦʤ 

ʢʦʤʧʦʟʠʪʝ ʧʦʩʣʝ ʍʇɼ 50 % (ʠ-ʤ). ʏʝʨʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʚʳʩʦʢʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ (15̄  ¢ q), 

ʘ ʩʝʨʳʤ ʮʚʝʪʦʤ ï ʤʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ (2 ¢̄ q<15̄ ) 
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1ɺʳʧʦʣʥʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʪ.ʥ. ɺʠʯʫʞʘʥʠʥʳʤ ɼ.ʀ. 

 

3.3 ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è ʠ ʝʛʦ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ ʢʦʤʧʦʟʠʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 

3.6, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ HV ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʤʝʜʠ ʄ1 ʠ ʩʪʘʣʠ 20 ʩʦʩʪʘʚʣʷʪʁ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ HV 0,05 125 ʠ HV 0,05 171. ʇʦʩʣʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʤʝʜʠ ʥʝ 

ʠʟʤʝʥʠʣʘʩʴ, ʘ ʩʪʘʣʠ ï ʧʦʚʳʩʠʣʘʩʴ ʥʘ 25 %. ɼʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ, 

ʦʮʝʥʠʚʘʝʤʦʝ ʧʦ ʧʨʠʨʦʩʪʫ ʚʝʣʠʯʠʥʳ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʣʦʷ ʩʪʘʣʠ 20 ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ (30 %), ʯʝʤ ʜʣʷ ʤʝʜʠ (17 %). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ ʫʩʢʦʨʝʥʥʦʤ ʠʩʯʝʨʧʘʥʠʠ ʨʝʩʫʨʩʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʪʘʣʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʜʴʶ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ. 

    

ʘ 
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ʈʠʩʫʥʦʢ 3.6 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è 

ʧʦʩʣʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ (ʘ) ʠ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʩ ʦʙʞʘʪʠʝʤ 50 % (ʙ) 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ1 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʪʨʝʭʩʣʦʡʥʦʛʦ ʩʚʘʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʙʣʠʟʢʠ ʢ ʩʚʦʡʩʪʚʘʤ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʩʣʦʷ ʩʪʘʣʠ 20 (ʊʘʙʣʠʮʘ 3.1). ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʨʳʚʫ 

ʩʚʘʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʧʨʘʚʠʣʫ ʘʜʜʠʪʠʚʥʦʩʪʠ (1.1) ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʦʙʲʝʤʥʘʷ 

ʜʦʣʷ ʤʝʜʠ ʚ ʢʦʤʧʦʟʠʪʝ ʩʦʩʪʘʚʣʷʝʪ 67 %, ʘ ʩʪʘʣʠ - 33 % [164]. ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʨʳʚʫ ʚ 1,4 ʨʘʟʘ ʥʠʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʧʨʦʯʥʝʥʠʠ ʩʣʦʝʚ ʚ ʭʦʜʝ ʚʟʨʳʚʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. 

                                                 ff ɺɺ

ʈ

ɺ 2111
Ö+Ö= sss                                                                   (3.1) 

ʛʜʝ  sɺ1 ʠ  sɺ2  ï ʧʨʝʜʝʣ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 1 ʠ 2-ʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʘ; 

f1 ʠ f2 ï ʦʙʲʝʤʥʳʝ ʜʦʣʷ 1 ʠ 2-ʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʪʘ. 

 

    ʉʪʘʣʴ 20 ʠ ʄ1 ʧʦʩʣʝ ʍʇɼ 50 % 

    ʉʪʘʣʴ 20 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

Ĭ ʄ1 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

    ʉʪʘʣʴ 20 ʠ ʄ1 ʧʦʩʣʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ 

    ʉʪʘʣʴ 20 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

Ĭ ʄ1 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 
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1 ɺʳʧʦʣʥʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʪ.ʥ. ɹʦʨʦʜʠʥʳʤ ɽ.ʄ. 

ʊʘʙʣʠʮʘ 3.1 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 20 ʠ ʤʝʜʠ ʄ1 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʢʦʤʧʦʟʠʪʘ 

ʧʦʩʣʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʠ ʧʨʦʢʘʪʢʠ 50 %  

ʄʘʪʝʨʠʘʣ ʉʦʩʪʦʷʥʠʝ ůɺ, ʄʇʘ ů0,2, ʄʇʘ ŭ, % ɣ, % 

ʤʝʜʴ ʄ1 ʠʩʭʦʜʥʦʝ 240 110 56 68 

ʩʪʘʣʴ 20 ʠʩʭʦʜʥʦʝ 495 360 35 49 

ʉʄʂʄ  

çʤʝʜʴ ʄ1-ʉʪʘʣʴ 20è 

ʉʚʘʨʢʘ ʚʟʨʳʚʦʤ 440/323* 385 42 49 

ʉʚʘʨʢʘ ʚʟʨʳʚʦʤ + 

ʧʨʦʢʘʪʢʘ 50 % 
530 500 7 57 

* ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʨʳʚʫ ʢʦʤʧʦʟʠʪʘ, ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʧʨʘʚʠʣʫ 

ʘʜʜʠʪʠʚʥʦʩʪʠ 

ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʙʣʠʟʢʠ ʧʦ ʚʝʣʠʯʠʥʝ ʙʦʣʝʝ ʧʨʦʯʥʦʤʫ 

ʠʩʭʦʜʥʦʤʫ ʤʘʪʝʨʠʘʣʫ (ʩʪʘʣʠ), ʘ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ. ʍʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ ʩʚʘʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩ ʦʙʞʘʪʠʝʤ 50 % ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʨʦʩʪʫ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʜʦ ʫʨʦʚʥʷ (ůɺ=530 ʄʇʘ, ů0,2=500 ʄʇʘ) ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʥʠʞʝʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ŭ ʩ 42 % ʜʦ 7 %. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʞʝʥʠʷ ɣ, 

ʥʘʦʙʦʨʦʪ, ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 49 % ʜʦ 57 %. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʢʦʤʧʦʟʠʪ ʦʙʣʘʜʘʝʪ ʫʣʫʯʰʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʠʜ ʢʨʠʚʳʭ 

ʨʘʩʪʷʞʝʥʠʷ ʩʪʘʣʠ 20, ʤʝʜʠ ʄ1 ʠ ʢʦʤʧʦʟʠʪʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʢʘʢ ʧʦʩʣʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ, ʪʘʢ ʠ ʧʦʩʣʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ (ʈʠʩʫʥʦʢ 3.7).  

ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʥʘʯʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʢʦʤʧʦʟʠʪʘ1 ʧʨʠ 

ʦʨʠʝʥʪʘʮʠʠ ʣʠʥʠʠ ʥʘʜʨʝʟʘ ʧʦ ʪʦʨʤʦʟʷʱʝʤʫ ʪʠʧʫ ʚʳʰʝ ʟʥʘʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʪʘʣʠ 20 

(ʊʘʙʣʠʮʘ 3.2), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʦʨʤʦʞʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʪʨʝʱʠʥʳ ʥʘ ʤʝʞʩʣʦʡʥʦʡ 

 

ʈʠʩʫʥʦʢ 3.7 ï ʂʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è ʠ ʝʛʦ ʠʩʭʦʜʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ 

ů, ʄʇʘ 

Ů, % 
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ʛʨʘʥʠʮʝ ʠ ʝʝ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʨʦʩʪʘ ʧʨʠ 

ʚʭʦʞʜʝʥʠʠ ʪʨʝʱʠʥʳ ʚ ʥʦʚʳʡ ʩʣʦʡ. ʕʪʠ ʜʘʥʥʳʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʨʘʙʦʪʘʭ [165, 166], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʥʘʠʙʦʣʴʰʝʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ 

ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʦʨʠʝʥʪʘʮʠʠ ʥʘʜʨʝʟʘ ʧʦ ʪʦʨʤʦʟʷʱʝʤʫ ʪʠʧʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ 

ʩʦʧʨʷʞʝʥʠʷ ʧʣʘʩʪʠʥ. ʇʦʢʘʟʘʪʝʣʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʩʚʘʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʥʠʞʘʶʪʩʷ ʚ 2 ʨʘʟʘ ʧʨʠ 

ʩʤʝʥʝ ʦʨʠʝʥʪʘʮʠʠ ʥʘʜʨʝʟʘ ʦʪ ʪʦʨʤʦʟʷʱʝʛʦ (KCV=1,09 ʄɼʞ/ʤ2) ʢ ʨʘʟʚʝʪʚʣʷʶʱʝʤʫ ʪʠʧʫ 

(KCV=0,42 ʄɼʞ/ʤ2).  

ʊʘʙʣʠʮʘ 3.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è ʠ ʝʛʦ ʠʩʭʦʜʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +20 Áʉ 

ʄʘʪʝʨʠʘʣ 

ʊʠʧ 

ʦʨʠʝʥʪʘʮʠʠ 

ʥʘʜʨʝʟʘ 

ʈʘʙʦʪʘ 

ʨʘʟʨʫʰʝʥʠʷ 

ɸ, ɼʞ 

ʈʘʙʦʪʘ 

ʟʘʨʦʞʜʝʥʠʷ 

ʪʨʝʱʠʥʳ 

ɸɿ, ɼʞ 

ʈʘʙʦʪʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʪʨʝʱʠʥʳ, 

ɸʈ, ɼʞ 

ʋʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ, 

ʂʉV, 

ʄɼʞ/ʤ2 

ʉʪʘʣʴ 20 ï 68 31 37 0,85 

ʄʝʜʴ ʄ1 ï 102 29 73 1,3 

ʉʄʂʄ 

çʤʝʜʴ ʄ1-ʩʪʘʣʴ 

20è 

ʪʦʨʤʦʟʷʱʠʡ 54,5 22 32,5 1,09 

ʉʄʂʄ  

çʤʝʜʴ ʄ1-ʩʪʘʣʴ 

20è 

ʨʘʟʚʝʪʚʣʷʶʱʠʡ 17,8 5,1 12,7 0,42 

ɸʥʘʣʠʟ ʜʠʘʛʨʘʤʤ ʫʜʘʨʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʟʘʨʦʞʜʝʥʠʷ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ ʚ ʯʠʩʪʦʡ ʤʝʜʠ ʤʘʨʢʠ ʄ1 ʠ ʚ ʢʦʤʧʦʟʠʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʅʘ 

ʫʜʘʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʢʦʤʧʦʟʠʪʘ ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʮʠʣʣʷʮʠʷ (ʩʢʘʯʢʠ ʥʘʛʨʫʟʢʠ), ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʪʨʝʱʠʥʳ ʧʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʣʦʝʚ.  

ʌʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʩʪʘʣʴʥʦʛʦ ʠ ʤʝʜʥʳʭ ʩʣʦʝʚ ʚ ʩʚʘʨʥʦʤ 

ʢʦʤʧʦʟʠʪʝ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʚ ʭʦʣʦʜʥʦʢʘʪʘʥʦʤ ʩʚʘʨʥʦʤ ʢʦʤʧʦʟʠʪʝ ʧʦʩʣʝ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʨʠʩʫʥʢʝ 3.9. 

ʆʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ɸ ʠ ɺ, ʚʳʜʝʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3.9, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠ ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʥʘ ʨʠʩʫʥʢʝ 3.10. ʄʠʢʨʦʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʩʚʘʨʥʦʤ 

ʢʦʤʧʦʟʠʪʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʪʨʳʚʘ ʬʦʨʤʠʨʫʝʪ ʚ ʤʝʜʥʦʤ ʩʧʣʘʚʝ ʧʦʯʪʠ ʙʝʩʩʪʨʫʢʪʫʨʥʳʝ 

ʫʯʘʩʪʢʠ ʨʝʣʴʝʬʘ, ʥʦ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚʷʟʢʠʤʠ ʷʤʢʘʤʠ (ʈʠʩʫʥʦʢ 3.10 ʘ). ɿʘʤʝʪʥʦʝ 

ʩʢʦʧʣʝʥʠʝ ʷʤʦʢ ʚ ʤʝʜʥʦʤ ʩʣʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ (ʈʠʩʫʥʦʢ 3.10 ʙ). ʈʘʟʨʫʰʝʥʠʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʩʣʦʷ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʳʩʦʢʦʵʥʝʨʛʦʝʤʢʦʤʫ ʚʷʟʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʷʤʦʯʥʦʛʦ ʨʝʣʴʝʬʘ. ʇʨʦʜʦʣʴʥʳʝ ʫʯʘʩʪʢʠ ʤʠʢʨʦʨʘʩʩʣʦʝʥʠʷ ʚ ʩʪʘʣʴʥʦʤ ʩʣʦʝ, 
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ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʣʠʩʪʘ ʩʪʘʣʠ 20 ʤʝʪʦʜʦʤ ʧʨʦʢʘʪʢʠ, ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʠʢʨʦʬʨʘʢʪʦʛʨʘʤʤʳ (ʈʠʩʫʥʦʢ 3.10 ʙ).  

 

ʘ 

 

ʙ 

ʚ 

 

ʛ 

ʈʠʩʫʥʦʢ 3.8 ï ɼʠʘʛʨʘʤʤʳ ʫʜʘʨʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è ʠ ʝʝ ʠʩʭʦʜʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: ʘ) ʤʝʜʴ ʄ1; ʙ) ʩʪʘʣʴ 20; ʚ) ʢʦʤʧʦʟʠʪ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘʜʨʝʟʘ ʧʦ ʪʦʨʤʦʟʷʱʝʤʫ 

ʪʠʧʫ; ʛ) ʢʦʤʧʦʟʠʪ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘʜʨʝʟʘ ʧʦ ʨʘʟʚʝʪʚʣʷʶʱʝʤʫ ʪʠʧʫ  

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.9 ï ʄʘʢʨʦʬʨʘʢʪʦʛʨʘʤʤʳ ʠʟʣʦʤʘ ʨʘʟʨʳʚʥʦʛʦ ʦʙʨʘʟʮʘ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è, 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʚʘʨʢʦʡ ʚʟʨʳʚʦʤ 

ɸ 

ɺ 
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ʘ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.10 ï ʄʠʢʨʦʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʩʣʦʝʚ 

 ʚ ʨʘʟʨʳʚʥʦʤ ʩʚʘʨʥʦʤ (ʘ-ʙ) ʠ ʫʜʘʨʥʦʤ ʭʦʣʦʜʥʦʢʘʪʘʥʦʤ (ʚ) ʢʦʤʧʦʟʠʪʝ:  

 ʘ) ʤʝʜʴ ʄ1; ʙ) ʟʦʥʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʩʣʦʝʚ ʤʝʜʠ ʄ1 ʠ ʩʪʘʣʠ 20; ʚ) ʩʪʘʣ ɹ20 

ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʢʨʦʩʪʨʦʝʥʠʷ ʠʟʣʦʤʘ ʫʜʘʨʥʦʛʦ ʦʙʨʘʟʮʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ, 

ʯʪʦ ʧʦʩʣʝʜʫʶʱʘʷ ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ ʩʦ ʩʪʝʧʝʥʴʶ ʦʙʞʘʪʠʷ 50 % ʫʩʠʣʠʚʘʝʪ ʨʘʟʚʠʪʠʝ 

ʤʠʢʨʦʨʘʩʩʣʦʝʥʠʷ ʚ ʩʪʘʣʴʥʦʤ ʩʣʦʝ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʤʝʣʢʠʭ 

ʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʧʨʦʬʠʣʦʛʨʘʤʤʘʭ 

ʢʦʤʧʦʟʠʪʘ (ʈʠʩʫʥʢʠ 3.10 ʚ, 3.11). ʕʚʦʣʶʮʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʚ ʩʣʦʝ ʩʪʘʣʠ 20 ʧʦʩʣʝ 

ʧʨʦʢʘʪʢʠ ʢʦʤʧʦʟʠʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʩʪʝʧʝʥʥʦʤ ʠʩʯʝʨʧʘʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢ 

ʜʘʣʴʥʝʡʰʝʤʫ ʧʣʘʩʪʠʯʝʩʢʦʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ.  

 
 

ʈʠʩʫʥʦʢ 3.11 ï ʇʨʦʬʠʣʦʛʨʘʤʤʘ ʩʪʘʣʴʥʦʛʦ ʩʣʦʷ ʚ ʢʦʤʧʦʟʠʪʝ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è ʧʦʩʣʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʩ ʦʙʞʘʪʠʝʤ 50 % 

 

 

 

    

ʄʝʜʴ ʄ1 

ʉʪʘʣʴ 20 ɸ ɺ 
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3.4 ɺr ʚʦʜʳ 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è ʬʦʨʤʠʨʫʶʪʩʷ 

ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʤʝʞʩʣʦʡʥʳʝ ʛʨʘʥʠʮʳ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʩʦ 

ʩʪʝʧʝʥʴʶ ʦʙʞʘʪʠʷ 50 % ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʳʡ ʚʠʜ, ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʨʳʚʠʩʪʳʤʠ ʠ 

ʥʝʨʝʛʫʣʷʨʥʳʤʠ ʧʦ ʜʣʠʥʝ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʩʚʘʨʢʝ 

ʚʟʨʳʚʦʤ ʥʘ ʛʨʘʥʠʮʝ ʩʦʧʨʷʞʝʥʠʷ ʩʣʦʝʚ ʤʝʜʠ ʄ1 ʠ ʩʪʘʣʠ 20 ʦʙʨʘʟʫʶʪʩʷ ʟʦʥʳ ʨʝʟʢʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʜʠʬʬʫʟʠʦʥʥʳʝ ʟʦʥʳ ʠ ʟʦʥʳ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʩ 

ʛʝʪʝʨʦʬʘʟʥʦʡ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ Ò 1 ʤʢʤ. ʇʦʩʣʝʜʥʠʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʥʝʜʨʝʥʥʳʝ ʚ ʩʤʝʩʴ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (Ŭ + Ů) 

ʨʘʟʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʩʪʘʣʠ 20, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʛʤʝʥʪʘʮʠʠ ʪʠʧʘ ʜʨʦʙʣʝʥʠʷ. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʦʷʭ ʤʝʜʠ ʄ1, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʠʩʭʦʜʥʦʤ ʦʪʦʞʞʸʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʩʚʘʨʢʘ ʚʟʨʳʚʦʤ ʠʥʠʮʠʠʨʫʝʪ ʧʦʣʠʛʦʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʜʦʣʠ 

ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ. ɺ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʩʣʦ̫ʭ ʩʪʘʣʠ 20 ʚʟʨʳʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʟʳʚʘʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʧʨʦʪʝʢʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʠʛʦʥʠʟʘʮʠʠ ʠ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘʢʪʠʚʠʟʠʨʫʶʱʠʭʩʷ ʙʣʘʛʦʜʘʨʷ ʥʘʢʦʧʣʝʥʥʦʡ ʨʘʥʝʝ ʚ ʠʩʭʦʜʥʦʤ ʛʦʨʷʯʝʢʘʪʘʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʩʪʘʣʠ ʨʘʟʚʠʪʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

3. ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʷ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʠ ʩ ʦʙʞʘʪʠʝʤ 50 % ʥʘ ʵʚʦʣʶʮʠʶ ʩʪʨʫʢʪʫʨʳ ʚ 

ʩʪʘʣʴʥʳʭ ʠ ʤʝʜʥʳʭ ʩʣʦʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ ʢʦʤʧʦʟʠʪʘ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20è ʩ 

ʦʙʞʘʪʠʝʤ 50 % ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʜʥʳʭ ʩʣʦʝʚ ʚ 2 ʨʘʟʘ, ʘ 

ʩʪʘʣʴʥʳʭ ʩʣʦʝʚ - ʚ 3,2 ʨʘʟʘ ʚ ʫʩʣʦʚʠʠʠ ʵʚʦʣʶʮʠʠ ʩʫʙʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʟʝʨʥʘ ʚ ʩʪʘʣʴʥʳʭ ʠ ʤʝʜʥʳʭ ʩʣʦʷʭ ʢʦʤʧʦʟʠʪʘ ʧʦʩʣʝ ʟʘʚʝʨʰʘʶʱʝʡ 

ʭʦʣʦʜʥʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʤʝʶʪ ʙʣʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ R=0,26, 

ʷʚʣʷʶʱʠʡʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʠʣʴʥʦʡ ʚʳʪʷʥʫʪʦʩʪʠ ʟʝʨʝʥ.  

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʝʭʩʣʦʡʥʳʡ ʢʦʤʧʦʟʠʪ çʤʝʜʴ ʄ1-ʩʪʘʣʴ 20-ʤʝʜʴ ʄ1è ʩ ʦʙʲʝʤʥʦʡ 

ʜʦʣʝʡ ʤʝʜʠ 67 %, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ, ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ (ůɺ=440 ʄʇʘ, ů0,2=385 ʄʇʘ), ʚ 1,8-3,5 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʝʛʦ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ 

ʤʝʜʴ ʄ1 (ůɺ=240 ʄʇʘ, ů0,2=110 ʄʇʘ), ʠ ʧʨʝʚʳʰʘʶʱʝʝ ʚ 1,35 ʨʘʟʘ ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʣʷ ʢʦʤʧʦʟʠʪʘ 

ʧʦ ʧʨʘʚʠʣʫ ʩʤʝʩʝʡ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʭʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ 

ʩʚʘʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʦ ʩʪʝʧʝʥʴʶ ʦʙʞʘʪʠʷ 50 % ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʜʦ ʫʨʦʚʥʷ ů0,2=500 ʄʇʘ ʠ ůɺ=530 ʄʇʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʣʦʷ ʩʪʘʣʠ 20. 

5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʭʨʫʧʢʦʤʫ 

ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʘ ʪʦʨʤʦʞʝʥʠʷ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ ʧʨʠ 
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ʧʨʦʭʦʞʜʝʥʠʠ ʪʨʝʱʠʥʳ ʯʝʨʝʟ ʩʣʦʠ ʚ ʩʣʫʯʘʝ ʦʨʠʝʥʪʘʮʠʠ ʥʘʜʨʝʟʘ ʧʦ ʪʦʨʤʦʟʷʱʝʤʫ ʪʠʧʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʧʣʘʩʪʠʥ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʢʦʤʧʦʟʠʪʘ (KCV=1,09 ʄɼʞ/ʤ2) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʙʦʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ɸʨ) ʠ 

ʟʘʨʦʞʜʝʥʠʷ (ɸʟ) ʪʨʝʱʠʥʳ (ɸʨ/ɸʟ=1,48) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 1,28 ʠ ʚ 1,25 ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʤʝʪʘʣʣʘ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʘ ʠʟ ʩʪʘʣʠ 20.  

 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʛʣʘʚʳ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʙʦʪʘʭ çʇʨʦʯʥʦʩʪʴ ʠ ʨʘʟʨʫʰʝʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʄ1 ʠ ʩʪʘʣʠ 20è / ʉ.ɺ. ɻʣʘʜʢʦʚʩʢʠʡ, ʊ.ɸ. ʊʨʫʥʠʥʘ, 

ɽ.ɸ. ʂʦʢʦʚʠʭʠʥ, ʉ.ɺ. ʉʤʠʨʥʦʚʘ (ʂʫʪʝʥʝʚʘ), ɼ.ʀ. ɺʠʯʫʞʘʥʠʥ // ʀʟʚʝʩʪʠʷ ʉʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʮʝʥʪʨʘ ʈɸʅ. ï 2010. ï ʊ.12. ï ˉ1(2). ï ʉ. 321-325 ʠ çʉʪʨʫʢʪʫʨʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʣʦʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʚʘʨʢʠ ʚʟʨʳʚʦʤ ʠ ʧʘʢʝʪʥʦʡ 

ʧʨʦʢʘʪʢʠè / ʕ.ʉ. ɻʦʨʢʫʥʦʚ, ʉ.ɺ. ɻʣʘʜʢʦʚʩʢʠʡ, ɽ.ɸ. ʂʦʢʦʚʠʭʠʥ, ʊ.ɸ. ʊʨʫʥʠʥʘ, ʉ.ɺ. ʉʤʠʨʥʦʚʘ 

(ʂʫʪʝʥʝʚʘ) // ʅʘʫʯʥʠ ʠʟʚʝʩʪʠʷ ʥʘ ʅʊʉʄ. 2010. ï XVII . ï̄ 5(115). ï ʉ.46-51. 
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4. ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ ʉʃʆʀʉʊʓʍ ʉʊɸʃɽɸʃʖʄʀʅʀɽɺʓʍ ʂʆʄʇʆɿʀʊʆɺ, 

ʇʆʃʋʏɽʅʅʓʍ ʇɸʂɽʊʅʆʁ ʇʈʆʂɸʊʂʆʁ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʣʦʠʩʪʳʭ 

ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭ- ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ 09ɻ2ʉ ʠ 

IF(001ʖʊ), ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ ɸɼ0 ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʮ, 

ʧʦʣʫʯʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ ʰʠʨʦʢʦʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʤʝʪʦʜʦʤ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ. ʄʥʦʛʦʩʣʦʡʥʳʝ ʢʦʤʧʦʟʠʪʳ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʦʜʥʦʤ 

ʤʘʪʝʨʠʘʣʝ ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʩʪʘʣʴʥʳʭ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʣʦʝʚ [3, 99]. 

ʇʨʠ ʵʪʦʤ ʩʪʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ, ʘ ʧʨʦʩʣʦʡʢʠ ʠʟ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ 

ʩʧʣʘʚʦʚ ʧʨʠʜʘʶʪ ʝʤʫ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʝ ʢʦʤʧʦʟʠʪʳ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʫʜʦʚʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʚʘʛʦʥʦ- ʠ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ [167].  

ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʥʝʨʘʟʲʝʤʥʳʭ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʠʟ-ʟʘ ʪʨʫʜʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʘʣʶʤʠʥʠʷ ʩʦ ʩʪʘʣʴʶ, 

ʚʳʟʚʘʥʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʭʨʫʧʢʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ ʪʠʧʘ 

FeʭAl y [3, 168]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʟʘʜʘʯʫ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʠʣʘ ʨʘʟʨʘʙʦʪʢʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʦʣʫʯʝʥʠʷ ʉʄʂʄ ʤʝʪʦʜʦʤ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʝʡ 

IF(001ʖʊ) ʠ 09ɻ2ʉ ʩ ʧʣʘʩʪʠʯʥʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ ʠʟ ɸɼ0 ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʮ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʚʳʰʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ.  

4.1 ʉʪʨʫʢʪʫʨʘ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉʄʂʄ ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʠ IF(001ʖʊ) ʠ 

ʘʣʶʤʠʥʠʷ ɸɼ0 

4.1.1 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʠ ʩʪʨʦʝʥʠʝ 7- ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

çIF(001ʖʊ)-ɸɼ0è 

ʉʪʘʣʝʘʣʶʤʠʥʠʝʚʳʝ 7- ʠ 27-ʩʣʦʡʥʳʝ ʢʦʤʧʦʟʠʪʳ çIF(001ʖʊ)-ɸɼ0è ʥʘ ʦʩʥʦʚʝ 

ʩʚʝʨʭʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ IF(001ʖʊ) ʠ ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɸɼ0 ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ 

ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ. ʍʦʣʦʜʥʦʢʘʪʘʥʳʝ ʣʠʩʪʳ ʩʪʘʣʠ IF(001ʖʊ) ʧʝʨʝʜ ʧʘʢʝʪʥʦʡ 

ʧʨʦʢʘʪʢʦʡ ʧʦʜʚʝʨʛʘʣʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤʫ ʦʪʞʠʛʫ ʩ ʥʘʛʨʝʚʦʤ ʚ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʦ 

720̄ ʉ ʩ ʚʳʜʝʨʞʢʦʡ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʠ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʧʝʯʠ. ɿʘʛʦʪʦʚʠʪʝʣʴʥʳʡ ʧʘʢʝʪ ʠʟ 4 ʩʣʦʝʚ 

ʩʪʘʣʠ IF(001ʖʊ) ʪʦʣʱʠʥʦʡ 0,74 ʤʤ ʠ 3 ʩʣʦʝʚ ʘʣʶʤʠʥʠʷ ɸɼ0 ʪʦʣʱʠʥʦʡ 0,05 ʤʤ ʧʝʨʝʜ 

ʧʨʦʢʘʪʢʦʡ ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 520 ʉ̄, ʘ ʟʘʪʝʤ ʧʨʦʢʘʪʳʚʘʣʠ ʩ ʩʫʤʤʘʨʥʳʤ ʦʙʞʘʪʠʝʤ 50%. 

ʇʦʣʫʯʝʥʠʝ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ ʧʫʪʝʤ ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʧʨʦʢʘʪʢʠ 
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ʨʘʟʨʝʟʘʥʥʦʛʦ ʥʘ ʜʚʝ ʯʘʩʪʠ 13-ʩʣʦʡʥʦʛʦ ʧʘʢʝʪʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʠʥʘʣʴʥʳʤ ʮʠʢʣʦʤ ARB-

ʧʨʦʢʘʪʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʤʝʞʜʫ ʧʨʦʭʦʜʘʤʠ ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ 520 ʉ̄, ʘ ʩʫʤʤʘʨʥʘʷ 

ʩʪʝʧʝʥʴ ʦʙʞʘʪʠʷ ï 70 %. ʉʪʨʦʝʥʠʝ 7- ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.1.  

 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 4.1 ï ʉʪʨʦʝʥʠʝ 7-ʩʣʦʡʥʦʛʦ (ʘ) ʠ 27-ʩʣʦʡʥʦʛʦ (ʙ) ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʠ 

IF(001ʖʊ) ʠ ʘʣʶʤʠʥʠʷ ɸɼ0 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʩʪʘʣʠ IF(001ʖʊ) ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʦʥʦʣʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʚ ʩʦʩʪʘʚʝ ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʝʧʣʘʷ ʧʨʦʢʘʪʢʘ ʜʘʥʥʦʡ ʩʪʘʣʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ ʧʦʣʫʯʝʥʠʷ 7-

ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ çIF(001ʖʊ)-ɸɼ0è. ʊʝʧʣʫʶ ʧʨʦʢʘʪʢʫ ʩʪʘʣʴʥʳʭ ʟʘʛʦʪʦʚʦʢ ʧʨʦʚʦʜʠʣʠ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʠ ʦʙʞʘʪʠʷ 50 % ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʧʝʨʝʜ ʢʘʞʜʳʤ 

ʧʨʦʭʦʜʦʤ ʜʦ 520 ʉ̄.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʦʝʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ çIF(001ʖʊ)-ɸɼ0è ʥʘ ʛʨʘʥʠʮʘʭ 

ʨʘʟʥʦʨʦʜʥʳʭ ʩʣʦʝʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʩʣʦʡʢʠ. ʊʠʧʠʯʥʦʝ ʩʪʨʦʝʥʠʝ 

ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʛʨʘʥʠʮʝ ʩʣʦʝʚ ʥʘ ʧʨʠʤʝʨʝ 27-

ʩʣʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.2. ʄʝʪʦʜʦʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 7- ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʜʠʬʬʫʟʠʷ ʧʨʦʪʝʢʘʝʪ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 5 ʠ 10 

ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 4.2, ʙ). ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʧʦ ʰʠʨʠʥʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʟʦʥ ʚ 

ʢʦʤʧʦʟʠʪʘʭ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʭ 

ʧʦʣʫʯʝʥʠ.̫  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ Fe-Al  [169] ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʣʦʝʚ ʩʪʘʣʠ ʠ 

ʘʣʶʤʠʥʠʷ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤʠ ʪʠʧʘ Fe2Al 5 (h) ʠ 

FeAl. 
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ʈʠʩʫʥʦʢ 4.2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe ʠ Al ʧʦ ʛʨʘʥʠʮʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ IF(001ʖʊ) ʠ 

ʘʣʶʤʠʥʠʷ ɸɼ0 ʚ 27-ʩʣʦʡʥʦʤ ʢʦʤʧʦʟʠʪʝ 

4.1.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ 7- ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ çIF(001ʖʊ)-ɸɼ0è ʠ ʠʭ ʩʪʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʠʩʭʦʜʥʦʤ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʤʦʥʦʣʠʪʥʳʭ ʦʙʨʘʟʮʘʭ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʠʩʭʦʜʥʦʤ 

ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʪʝʧʣʦʡ ʧʨʦʢʘʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 520 ʉ̄ ʩ ʦʙʞʘʪʠʝʤ 50 %.  

ɺ ʠʩʭʦʜʥʦʤ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ ʩʦʩʪʦʠʪ ʠʟ ʟʝʨʝʥ ʬʝʨʨʠʪʘ 

ʨʘʚʥʦʦʩʥʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ~10 ʤʢʤ (ʈʠʩʫʥʦʢ 4.3). ʊʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʟʝʨʥʘ 

ʨʘʟʤʝʨʦʤ ʩʚʳʰʝ 20 ʤʢʤ.  

 

ʘ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 4.3 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʣʫʯʝʥʥʘʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʆʄ (ʘ), ʈʕʄ (ʙ) ʠ ʇʕʄ (ʚ) 

ʇʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʦʪʦʞʞʝʥʥʦʡ ʩʪʘʣʠ 

IF(001ʖʊ) ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʟʛʠʙʥʳʝ ʢʦʥʪʫʨʘ ʵʢʩʪʠʥʢʮʠʠ, ʚʳʟʚʘʥʥʳʝ 

Fe
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ʜʝʬʦʨʤʘʮʠʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʬʝʨʨʠʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʧʨʷʞʝʥʠʡ, ʚʥʦʩʠʤʳʭ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʜʠʩʣʦʢʘʮʠʷʤʠ (ʈʠʩʫʥʦʢ 4.3 ʚ). ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʪʠʧʠʯʥʘ ʜʣʷ 

ʦʪʦʞʞʝʥʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʥʝʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʩʪʘʪʦʯʥʳʭ 

ʜʠʩʣʦʢʘʮʠʡ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʚʠʜʥʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʨʝʜʠ 

ʟʝʨʝʥ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ 

ʢʘʨʙʠʜʳ ʞʝʣʝʟʘ Fe3C.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ EBSD-ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʩʪʘʣʴʥʳʭ ʩʣʦʷʭ 7- ʠ 27-

ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʘʷ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʟʝʨʝʥʦ-

ʩʫʙʟʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʈʠʩʫʥʦʢ 4.4, ʙ,ʚ).  

 

 

ʘ 

 

ʙ 

 

ʚ 

 

ʛ 

ʈʠʩʫʥʦʢ 4.4 ï EBSD-ʢʘʨʪʳ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʩʪʘʣʠ IF(001ʖʊ): ʘ) ʚ ʦʪʦʞʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ; ʙ) ʚ ʩʦʩʪʘʚʝ 7-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ; ʚ) ʚ ʩʦʩʪʘʚʝ 27-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ; ʛ) 

ʧʦʩʣʝ ʪʝʧʣʦʡ ʧʨʦʢʘʪʢʠ 50 %. ʏʝʨʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʚʳʩʦʢʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ 

(15̄¢q), ʘ ʩʝʨʳʤ ʮʚʝʪʦʤ ï ʤʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ (2 ¢̄ q<15̄ ) 

ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʩʭʦʜʥʳʝ ʟʝʨʥʘ, ʠʤʝʶʱʠʝ 

ʭʘʨʘʢʪʝʨʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʪʢʠ, ʩ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʩʫʙʟʝʨʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʥʦʚʳʤʠ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʟʝʨʥʘʤʠ ʥʘ ʛʨʘʥʠʮʘʭ ʠʩʭʦʜʥʳʭ 
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ʟʝʨʝʥ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʫʙʟʝʨʝʥ ʩʦʩʪʘʚʣʷʝʪ ~0,5 ʤʢʤ. ɼʦʣʷ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʚ ʦʙʦʠʭ 

ʢʦʤʧʦʟʠʪʘʭ ʜʦʩʪʠʛʘʝʪ ~80 %. ʇʨʦʮʝʩʩ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʩ 

ʟʘʨʦʞʜʝʥʠʝʤ ʥʦʚʳʭ ʟʝʨʝʥ ʧʦ ʤʝʭʘʥʠʟʤʫ ʂʘʥʘ-ɹʨʶʛʝʨʩʘ (ʥʝʧʨʝʨʳʚʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ), ʧʨʠ ʢʦʪʦʨʦʤ ʨʦʩʪ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʩʫʙʟʝʨʝʥ ʧʦʚʦʜʠʪ ʢ ʬʨʘʛʤʝʥʪʘʮʠʠ ʟʝʨʝʥ, 

ʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ɹʝʡʣʠ-ʍʠʨʰʘ (ʧʨʝʨʳʚʠʩʪʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ), ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʦ ʚʨʝʤʷ ʜʝʬʦʨʤʘʮʠʠ çʚʳʩʪʫʧʦʚè ʠʣʠ çʷʟʳʢʦʚè ʥʘ ʛʨʘʥʠʮʝ ʟʝʨʝʥ, 

ʚʳʟʚʘʥʥʳʭ ʛʨʘʜʠʝʥʪʦʤ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʠ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʛʨʘʥʠʮʳ ʟʝʨʝʥ [82].  

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʚ 7- ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ (~1,4 ʠ ~1,15 

ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʭʦʪʷ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʩʪʝʧʝʥʷʭ ʦʙʞʘʪʠʷ ʢʦʤʧʦʟʠʪʦʚ ʟʝʨʥʘ ʙʦʣʝʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʳ ʚ 27-ʩʣʦʡʥʦʤ ʢʦʤʧʦʟʠʪʝ, ʯʝʤ ʚ 7-ʩʣʦʡʥʦʤ ʢʦʤʧʦʟʠʪʝ. ɼʦʣʷ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ, ʨʘʟʤʝʨ ʢʦʪʦʨʭr ʥʝ ʧʨʝʚʳʰʘʝʪ 0,5 ʤʢʤ, ʘ ʪʘʢʞʝ ʤʘʣʦʫʛʣʦʚʳʭ 

ʛʨʘʥʠʮ ʩ ʧʦʚʳʰʝʥʠʝʤ ʦʙʞʘʪʠʷ ʦʪ 50 % ʚ 7-ʩʣʦʡʥʦʤ ʜʦ 70 % ʚ 27-ʩʣʦʡʥʦʤ ʢʦʤʧʦʟʠʪʝ ʚʦʟʨʘʩʪʘʝʪ 

ʦʪ 4 ʜʦ 11 % ʠ ʦʪ 65 ʜʦ 78 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ, ʧʦʚʳʰʝʥʠʝ ʜʦʣʠ ʤʝʣʢʠʭ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʟʝʨʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʚ 

27-ʩʣʦʡʥʦʤ ʢʦʤʧʦʟʠʪʝ. 

ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʧʦ ʜʚʫʤ ʚʠʜʘʤ ʛʨʘʥʠʮ ʟʝʨʝʥ: 

ʣʘʤʠʥʘʨʥʳʭ (ʧʘʨʘʣʣʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʢʘʪʢʠ) ʠ ʧʦʧʝʨʝʯʥʳʭ (ʧʦʧʝʨʝʢ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʦʢʘʪʢʠ), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [104], ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 7-ʩʣʦʡʥʦʤ ʢʦʤʧʦʟʠʪʝ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʣʘʤʠʥʘʨʥʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʦʧʝʨʯʝʥʥʳʭ 

ʛʨʘʥʠʮ ʟʝʨʝʥ, ʘ ʚ 27-ʩʣʦʡʥʦʤ ʢʦʤʧʦʟʠʪʝ ʚ 8 ʨʘʟ ʙʦʣʴʰʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʟʝʨʝʥ ʜʣʷ 7-

ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʦʩʪʘʚʣʷʝʪ R=0,25, ʘ ʜʣʷ 27-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ 2 ʨʘʟʘ ʥʠʞʝ R=0,125, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʝʨʥʘ ʚ 27-ʩʣʦʡʥʦʤ ʢʦʤʧʦʟʠʪʝ ʢʘʢ ʙʦʣʝʝ ʚʳʪʷʥʫʪʳʝ, ʯʝʤ ʚ 7-ʩʣʦʡʥʦʤ. 

ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʩʦʩʪʘʚʝ 7- ʠ 27-ʩʣʦʡʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʚʳʧʦʣʥʝʥʥʦʝ ʤʝʪʦʜʦʤ ʇʕʄ (ʈʠʩʫʥʦʢ 4.5 ʘ, ʙ), ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʪʘʣʴʥʳʭ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʦʚ ʨʘʟʣʠʯʘʶʪʩʷ 

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʫʙʩʪʨʫʢʪʫʨʳ ʚʩʝʭ ʪʨʝʭ ʪʠʧʦʚ: ʩʝʪʯʘʪʦʡ, ʷʯʝʠʩʪʦʡ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠ 

ʥʝʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠ ʧʦʣʦʩʦʚʦʡ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ. ʇʨʠʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʫʙʩʪʨʫʢʪʫʨ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʟʝʨʥʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʝʪʘʣʣʘ ʚ ʦʙʲʝʤʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʤʥʦʛʦʵʪʘʧʥʦʡ ʧʨʦʢʘʪʢʠ 7- 

ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʋʄɿ ʩʪʨʫʢʪʫʨʳ ʚ ʩʪʘʣʴʥʳʭ ʩʣʦʷʭ 

IF(001ʖʊ). ɺ ʨʘʙʦʪʝ [103] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʦʩʣʝ 7 ʮʠʢʣʦʚ ARB ʧʨʦʢʘʪʢʠ ʩʪʘʣʠ IF (ʩʫʤʤʘʨʥʘʷ 

ʩʪʝʧʝʥʴ ʦʙʞʘʪʠʷ ~99 %) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 ʉ̄ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʋʄɿ ʩʪʨʫʢʪʫʨʳ, 
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ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʪʷʥʫʪʳʤʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʢʘʪʢʠ çpancake-shapedè ʟʝʨʥʘʤʠ ʪʦʣʱʠʥʦʡ 

~0,2 ʤʢʤ. ɼʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠ ʵʪʦʤ ʚ ʪʝʣʝ ʟʝʨʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ.  

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʘ ʠ 

ʤʦʥʦʣʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʥʦʛʦʵʪʘʧʥʘʷ ʧʨʦʢʘʪʢʘ ʣʠʩʪʘ ʩʪʘʣʠ IF(001ʖʊ) ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʦʚ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 7-ʩʣʦʡʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʥʦʣʠʪʥʦʛʦ ʦʙʨʘʟʮʘ ʩʪʘʣʠ 

IF(001ʖʊ) ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ 

ʤʦʥʦʣʠʪʥʦʤ ʦʙʨʘʟʮʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʪʦʤ. ʄʦʥʦʣʠʪʥʳʡ ʦʙʨʘʟʝʮ ʠʟ ʩʪʘʣʠ IF(001ʖʊ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʙʠʤʦʜʘʣʴʥʦʛʦ ʪʠʧʘ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʨʠʩʪʘʣʣʠʪʦʚ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʤʢʤ 

ʜʦ 20 ʤʢʤ, ʠʤʝʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʦʩʥʫʶ ʬʦʨʤʫ ʙʝʟ ʚʳʨʘʞʝʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

(ʈʠʩʫʥʦʢ 4.4 ʛ). ɺ ʤʦʥʦʣʠʪʥʦʤ ʦʙʨʘʟʮʝ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘ ʛʨʘʥʠʮ ʟʝʨʝʥ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʢʘʨʪʠʥʝ 

ʤʠʢʨʦʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʩʦʢʦʫʛʣʦʚʦʡ. ʉʪʨʫʢʪʫʨʘ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ ʚ ʪʝʣʝ ʟʝʨʝʥ (ʈʠʩʫʥʦʢ 4.5 ʚ). ʇʨʠ ʵʪʦʤ 

ʤʝʣʢʠʝ ʟʝʨʥʘ ʨʘʟʤʝʱʝʥʳ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʦ ʩʨʝʜʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʟʝʨʝʥ, ʯʪʦ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ 

ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʦʙʲʝʤʝ ʥʝʢʦʪʦʨʳʭ 

ʠʩʭʦʜʥʳʭ ʟʝʨʝʥ. ʅʘʣʠʯʠʝ ʨʘʚʥʦʦʩʥʳʭ ʢʨʫʧʥʳʝ ʟʝʨʝʥ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʧʨʦʮʝʩʩʘ 

ʩʪʘʪʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʢʘʪʢʠ. 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ IF(001ʖʊ) (ʇʕʄ): ʘ) ʚ ʩʦʩʪʘʚʝ 7-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ; ʙ) ʚ 

ʩʦʩʪʘʚʝ 27-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ; ʚ) ʚ ʤʦʥʦʣʠʪʥʦʤ ʦʙʨʘʟʮʝ ʧʦʩʣʝ ʪʝʧʣʦʡ ʧʨʦʢʘʪʢʠ; ʛ) ʢʘʨʪʠʥʘ 

ʤʠʢʨʦʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʥʦʣʠʪʥʦʤ ʦʙʨʘʟʮʝ ʧʦʩʣʝ ʪʝʧʣʦʡ ʧʨʦʢʘʪʢʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ EBSD-ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʥʦʣʠʪʥʦʤ ʦʙʨʘʟʮʝ ʧʦʩʣʝ ʪʝʧʣʦʡ ʧʨʦʢʘʪʢʠ ʩʦʩʪʘʚʣʷʝʪ ~3,7 ʤʢʤ. ɺ ʩʪʨʫʢʪʫʨʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 10 ʥʤ. ʇʨʠ ʨʘʩʰʠʬʨʦʚʢʝ ʪʦʯʝʯʥʦʡ 
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ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʳ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʯʘʩʪʠʮʳ ʷʚʣʷʶʪʩʷ ʢʘʨʙʠʜʘʤʠ ʞʝʣʝʟʘ Fe3C 

(ʈʠʩʫʥʦʢ 4.5 ʛ). 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘʙʣʶʜʘʝʤʳʝ ʦʪʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʤʦʥʦʣʠʪʥʦʤ 

ʦʙʨʘʟʮʝ ʠ ʚ ʩʦʩʪʘʚʝ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʚʷʟʘʥ r ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʜʦʩʪʠʛʥʫʪʦʡ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʘʢʝʪʘ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʣʦʷʭ ʢʦʤʧʦʟʠʪʘ [3]. 

4.1.3 ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 7- ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ çIF(001ʖʊ)-ɸɼ0è ʠ ʠʭ 

ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ɼʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʘ ʚʦʟʤʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʠʢʨʦʦʙʲʝʤʦʚ 

ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ 

ʩʝʯʝʥʠʶ 27-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ çIF(001ʖʊ)-ɸɼ0è. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.6, ʨʘʟʣʠʯʠʝ ʚ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʩʪʘʣʴʥʳʭ ʩʣʦʝʚ ʠ ʧʣʘʩʪʠʯʥʳʭ ʩʣʦʝʚ ʘʣʶʤʠʥʠʷ ɸɼ0 ʜʦʩʪʠʛʘʝʪ 

ʟʥʘʯʝʥʠʡ ȹHV ~110-120. ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʩʣʝ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʦʟʠʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʮʝʥʠʚʘʝʤʦʝ ʧʦ ʧʨʠʨʦʩʪʫ 

ʚʝʣʠʯʠʥʳ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ȹHV ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʘʣʶʤʠʥʠʷ ɸɼ0 ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʚ 

ʩʠʩʪʝʤʝ 7- ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ȹHV 17, ʘ ʩʪʘʣʠ IF(001ʖʊ) ȹHV ~70-80. 

ɼʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʩʪʘʣʠ IF(001ʖʊ) ʧʦʩʣʝ ʪʝʧʣʦʡ ʧʨʦʢʘʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʣʠʪʥʦʛʦ 

ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʦ ȹHV ~50.  

 

ʈʠʩʫʥʦʢ 4.6 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ 27-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ çIF(001ʖʊ)-

ɸɼ0è 
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1 ɺʳʧʦʣʥʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʂʘʤʘʥʮʝʚʳʤ ʀ.ʉ. 

ʊʘʙʣʠʮʘ 4.1 ï ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʪʘʣʠ IF(001ʖʊ) ʠ ʘʣʶʤʠʥʠʷ ɸɼ0 ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʄʘʪʝʨʠʘʣ 

ɸɼ0 001ʖʊ 

ʠʩʭʦʜʥʦʝ 

ʩʦʩʪʦʷʥʠʝ 
ʚ 7-ʉʄʂʄ ʚ 27- ʉʄʂʄ 

ʠʩʭʦʜʥʦʝ 

ʩʦʩʪʦʷʥʠʝ 
ʚ 7-ʉʄʂʄ ʚ 27-ʉʄʂʄ 

ʧʦʩʣʝ 

ʊʇ*  

HV 0,05 48 65 65 106 175 185 155 

*  ʊʇ ï ʪʝʧʣʘʷ ʧʨʦʢʘʪʢʘ ʊ=520 Áʉ, Ů=50 % 

ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.7 ʢʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ1 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ c 

ʢʦʤʧʦʟʠʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʩʪʘʣʴʶ IF(001ʖʊ) ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ.  

 
  

ʈʠʩʫʥʦʢ 4.7 ï ʂʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʠʩʭʦʜʥʦʤ ʦʪʦʞʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (1), ʜʣʷ 7-ʩʣʦʡʥʦʛʦ (2) ʠ 27-ʩʣʦʡʥʦʛʦ (3) ʢʦʤʧʦʟʠʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ 7- ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 4.2, ʧʦʢʘʟʘʣʠ, ʯʪʦ 7- ʠ 27-ʩʣʦʡʥʳʝ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʝ ʢʦʤʧʦʟʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 1,6 ʠ 1,1 ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʨʳʚʫ 

ůɺ ʠ ʚ 1,3 ʠ 1,2 ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ů0,2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʠʩʭʦʜʥʦʤ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʫʩʪʫʧʘʪʁ ʧʦ 

ʦʩʥʦʚʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʫʜʣʠʥʝʥʠʶ ŭ ʚ 3,6 ʠ 3,9 ʨʘʟʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʜʘʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 08ʢʧ ʠ ʘʣʶʤʠʥʠʷ ɸɼ0, ʧʦʣʫʯʝʥʥʳʤʠ 

ʥʘʤʠ ʚ ʨʘʙʦʪʝ [170]. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʚʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ ů0,2/ůɺ ʜʣʷ ʩʪʘʣʠ IF(001ʖʊ) 

ʩʦʩʪʘʚʣʷʝʪ 0,44, ʘ ʜʣʷ ʘʣʶʤʠʥʠʷ ɸɼ0 ï 0,5, ʪʦ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʦʥʘ ʨʘʚʥʘ 0,9, ʯʪʦ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ

ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 7-ʩʣʦʡʥʦʛʦ ʧʘʢʝʪʘ ʢ 27-ʩʣʦʡʥʦʤʫ (ʊʘʙʣʠʮʘ 4.2), 

ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʩʪʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʦʟʚʨʘʪʘ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʫʩʠʣʠʚʘʶʱʠʭʩʷ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ. ʊʘʢʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ IF ʩʪʘʣʠ ʦʪ 2 ʜʦ 32 ʩʣʦʝʚ ʚ 

ʨʘʙʦʪʝ [105]. 

ʊʘʙʣʠʮʘ 4.2 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ çIF(001ʖʊ)-ɸɼ0è ʠ ʤʦʥʦʣʠʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ɺʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʨʳʚʫ ʠ ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 7-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ 

1,2-1,3 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʣʠʪʥʦʡ ʩʪʘʣʠ IF(001ʖʊ) 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʩʣʦʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ 

(ʪʝʧʣʘʷ ʧʨʦʢʘʪʢʘ ʧʨʠ 520 Áʉ ʩ ʦʙʞʘʪʠʝʤ 50 %). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʴʥʳʭ ʩʣʦʝʚ ʧʨʠ ʠʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʮʝʩʩʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʥʦʣʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʌʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʟʨʳʚʥʦʛʦ ʦʙʨʘʟʮʘ 7-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʈʠʩʫʥʦʢ 4.8) 

ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘʨʦʞʜʝʥʠʝ ʪʨʝʱʠʥ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʨʘʥʠʮʝ ʩʣʦʝʚ, ʥʦ ʨʘʩʩʣʦʝʥʠʡ ʚ ʭʦʜʝ ʨʘʟʨʳʚʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦʡ ʟʦʥʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ 

IF(001ʖʊ) ʠ ʘʣʶʤʠʥʠʷ ɸɼ0. ʈʘʟʨʫʰʝʥʠʝ ʩʪʘʣʴʥʳʭ ʩʣʦʝʚ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʫʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʜʚʫʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʥʷʶʱʠʤʩʷ ʤʝʭʘʥʠʟʤʘʤ: ʩʢʦʣʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʬʘʩʝʪʢʠ 

ʩʢʦʣʘ ʥʘ ʙʦʢʦʚʳʭ ʩʢʦʩʘʭ ʩʪʘʣʴʥʳʭ ʩʣʦʝʚ, ʘ ʟʘʪʝʤ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʪʨʳʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦʩʷ ʥʘ 

ʚʝʨʰʠʥʝ ʩʣʦʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʥʦʛʦ ʷʤʦʯʥʦʛʦ ʩʪʨʦʝʥʠ.̫ ɸʣʶʤʠʥʠʝʚʘʷ ʧʨʦʩʣʦʡʢʘ 

ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚʳʪʷʥʫʪʳʝ ʠʟʦʛʥʫʪʳʝ ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʝ 

ʩʣʝʜʳ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʚʠʜʝ ʩʪʫʧʝʥʝʢ ʩʢʦʣʴʞʝʥʠʷ. 

ʄʘʪʝʨʠʘʣ ʊʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ s0,2, ʄʇʘ sɺ, ʄʇʘ d, % 

ʉʪʘʣʴ IF(001ʖʊ) 
ʦʪʞʠʛ ʊ=720 ʉ̄, 2 ʯ, 

ʚʘʢʫʫʤ 
140 330 43 

ɸʣʶʤʠʥʠʡ ɸɼ0 
ʦʪʦʞʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʦʩʪʘʚʢʠ 
40 80 20 

ʉʪʘʣʴ IF(001ʖʊ) ʧʨʦʢʘʪʢʘ ʊ=520 ʉ̄, 

e=50%  

380 450 13 

7-ʩʣʦʡʥʳʡ ʢʦʤʧʦʟʠʪ IF(001ʖʊ)-ɸɼ0  495 520 12 

27-ʩʣʦʡʥʳʡ ʢʦʤʧʦʟʠʪ IF(001ʖʊ)-ɸɼ0 
ʧʨʦʢʘʪʢʘ ʊ=520 ʉ̄, 

e=70% 
452 492 11 
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1 ɺʳʧʦʣʥʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʬ-ʤ.ʥ. ɿʘʜʚʦʨʢʠʥʳʤ ʉ.ʄ. ʠ ɻʦʨʫʣʝʚʦʡ ʃ.ʉ. 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 4.8 ï ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʨʘʟʨʳʚʥʦʛʦ ʦʙʨʘʟʮʘ 7-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ çIF(001ʖʊ)-ɸɼ0è ʠ ʝʛʦ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ï ʩʪʘʣʠ IF(001ʖʊ) ʚ ʦʪʦʞʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ1, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 4.9-4.11 ʠ 

ʚ ʪʘʙʣʠʮʝ 4.3, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʪʘʢʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʦʩʪʘʪʦʯʥʘʷ ʠʥʜʫʢʮʠʷ Br ʠ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ m0Mʤʘʢʩ ʚ 7- ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʩʪʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʧʦʟʠʪʦʚ. 

 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʠʩʭʦʜʥʦʤ ʦʪʦʞʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ

IF(001ʖʊ) 

ɸɼ0 

ɸɼ0 

 ɸ 

ɸ 
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ʈʠʩʫʥʦʢ 4.10 ï ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʩʠʩʪʝʤʝ 7-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ 

 

 

 

ʈʠʩʫʥʦʢ 4.11 ï ʇʝʪʣʷ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʩʠʩʪʝʤʝ 27-ʩʣʦʡʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ 

 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʘʣʶʤʠʥʠʡ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʘ, ʷʚʣʷʝʪʩʷ 

ʥʝʤʘʛʥʠʪʥʦʡ ʬʘʟʦʡ ʠ ʟʘʤʝʪʥʦ ʫʭʫʜʰʘʝʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʩʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʦ ʧʦʩʢʦʣʴʢʫ 

ʜʦʣʷ ʘʣʶʤʠʥʠʷ ɸɼ0 ʚ 7- ʠ 27-ʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʩʦʩʪʘʚʣʷʝʪ 4 ʠ 9 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʮʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʝ ʪʘʢ ʟʥʘʯʠʪʝʣʴʥʦ. ʆʜʥʘʢʦ, ʢʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ Hc ʜʣʷ ʩʪʘʣʠ IF(001ʖʊ) ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 161 ɸ/ʤ, ʚ 7- ʠ 27-ʩʣʦʡʥʳʭ 

ʢʦʤʧʦʟʠʪʘʭ ʚʦʟʨʘʩʪʘʝʪ ʚ 2,5 ʠ 3 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (418 ʠ 468 ɸ/ʤ).  
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ʊʘʙʣʠʮʘ 4.3 ï ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ IF(001ʖʊ), ɸɼ0 ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʄʘʪʝʨʠʘʣ Hc , ɸ/ʤ Br , ʊʣ m0Mʤʘʢʩ , ʊʣ r, ʤʢʆʤĿʤʤ 

ʉʪʘʣʴ IF(001ʖʊ), ʦʪʞʠʛ 720 ʉ̄, ʚʘʢʫʫʤ 161 1,38 2,11 129 

ʂʦʤʧʦʟʠʪ çIF(001ʖʊ)-ɸɼ0è, 7 ʩʣʦʝʚ 418 0,89 2,03 260 

ʂʦʤʧʦʟʠʪ çIF(001ʖʊ)-ɸɼ0è, 27 ʩʣʦʝʚ 468 0,89 1,86 250 

ɸʣʶʤʠʥʠʡ ɸɼ0 - - - 28 

Hc, ï ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ; 

Br, ï ʦʩʪʘʪʦʯʥʘʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ; 

m0Mʤʘʢʩ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠʣʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ï ʦʧʨʝʜʝʣʷʝʪ ʦʙʲʝʤ 

ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ. 

ɿʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠ ̫ r ʩʪʘʣʠ IF(001ʖʊ) ʠ ʘʣʶʤʠʥʠʷ ɸɼ0 ʚ ʠʩʭʦʜʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 129 ʠ 28 ʤʢʆʤĿʤʤ, ʦʜʥʘʢʦ ʚ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʘʭ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 100 ʤʢʆʤĿʤʤ, ʧʨʝʚʳʰʘ ̫ʩʫʤʤʫ ʚʤʝʩʪʝ ʚʟʷʪʳʭ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʪʘʣʠ IF(001ʖʊ) ʠ ʘʣʶʤʠʥʠʷ ɸɼ0. ʕʪʦʪ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʬʝʢʪʦʚ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʠʩʧʝʨʩʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʦʟʠʪʦʚ ʧʦʩʣʝ ʧʘʢʝʪʥʦʡ ʧʨʦʢʘʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉʄʂʄ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʪʘʣʴʥʳʭ ʩʣʦʷʭ ʢʦʤʧʦʟʠʪʘ çIF(001ʖʊ)-ɸɼ0è.  

4.2 ʉʪʨʫʢʪʫʨʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʄʂʄ ʥʘ ʦʩʥʦʚʝ ʩʪʘʣʠ 09ɻ2ʉ ʠ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄʮ 

4.2.1 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʠ ʩʪʨʦʝʥʠʝ 11-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ç09ɻ2ʉ-ɸʄʮè 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʪʘʣʝʘʣʶʤʠʥʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʪʚʝʯʘʚʰʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ï ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʇʦʵʪʦʤʫ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʫʶ ʩʪʘʣʴ 09ɻ2ʉ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʱʫʶʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʣʘʩʪʠʯʥʳʭ ʧʨʦʩʣʦʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ɸʄʮ. ʊʝʭʥʦʣʦʛʠʷ 

ʧʦʣʫʯʝʥʠʷ 11-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ç09ɻ2ʉ-ɸʄʮè ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʜʛʦʪʦʚʢʠ ʧʘʢʝʪʥʳʭ 

ʟʘʛʦʪʦʚʦʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ 6 ʩʣʦʝʚ ʩʪʘʣʠ 09ɻ2ʉ ʠ 5 ʩʣʦʝʚ ɸʄʮ, ʥʘʛʨʝʚʘ ʠʭ ʜʦ 600 ʉ̄ ʠ ʧʨʦʢʘʪʢʠ ʚ 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʭʦʜʦʚ ʩ ʦʙʱʠʤ ʩʫʤʤʘʨʥʳʤ ʦʙʞʘʪʠʝʤ ʥʘ ʚʳʭʦʜʝ 45 % (ʈʠʩʫʥʦʢ 4.12). ɿʘʛʦʪʦʚʢʠ 

ʠʟ ʩʪʘʣʠ 09ɻ2ʉ ʪʦʣʱʠʥʦʡ 2,4 ʤʤ ʧʝʨʝʜ ʩʙʦʨʢʦʡ ʧʘʢʝʪʘ ʧʦʜʚʝʨʛʣʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ï ʥʘʛʨʝʚʫ ʜʦ 

920 ʉ̄ ʠ ʦʭʣʘʞʜʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ. ʊʦʣʱʠʥʘ ʘʣʶʤʠʥʠʝʚʳʭ ʣʠʩʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 0,71 ʤʤ. 



72 

 

ʄʥʦʛʦʵʪʘʧʥʘʷ ʧʨʦʢʘʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʦ ʧʦʣʫʯʝʥʠʷ ʪʦʣʱʠʥʳ ʠʟʜʝʣʠʷ 10 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʪʘʥʜʘʨʪʥʦʡ ʪʦʣʱʠʥʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʫʜʘʨʥʳʭ ʠʩʧʳʪʘʥʠʡ.  

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʩʪʘʣʠ 09ɻ2ʉ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʦʥʦʣʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʚ ʩʦʩʪʘʚʝ ʩʣʦʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʳ ʪʝʧʣʘʷ ʧʨʦʢʘʪʢʘ ʜʘʥʥʦʡ ʩʪʘʣʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ ʧʦʣʫʯʝʥʠʷ 11-ʩʣʦʡʥʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ç09ɻ2ʉ-ɸʄʮè. ʊʝʧʣʫʶ ʧʨʦʢʘʪʢʫ ʩʪʘʣʴʥʳʭ ʟʘʛʦʪʦʚʦʢ ʧʨʦʚʦʜʠʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʠ ʦʙʞʘʪʠʷ 45 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 ʉ̄.  

 

ʈʠʩʫʥʦʢ 4.12 ï ʉʪʨʦʝʥʠʝ 11-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ç09ɻ2ʉ-ɸʄʮè  

ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʦʟʠʪʘ, ʧʨʦʚʝʜʝʥʥʳʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʩʣʦʝʢ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʩʣʦʝʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩʪʘʣʠ 

09ɻ2ʉ ʠ ʩʧʣʘʚʘ ɸʄʮ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʢʘʪʢʠ ʜʠʬʬʫʟʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʘʟʥʦʨʦʜʥʳʭ ʩʣʦʝʚ ʧʨʦʪʝʢʘʝʪ ʦʯʝʥʴ ʩʣʘʙʦ ʠ ʪʦʣʴʢʦ ʥʘ ʚʥʝʰʥʠʭ ʤʝʞʩʣʦʡʥʳʭ ʛʨʘʥʠʮʘʭ 

ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʘʷ ʧʨʦʩʣʦʡʢʘ, ʜʦʩʪʠʛʘʶʱʘʷ ʪʦʣʱʠʥʳ ~10 ʤʢʤ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ 

ʛʨʘʥʠʮʳ ʠ ~3 ʤʢʤ ʩ ʚʥʫʪʨʝʥʥʝʡ.  

4.2.2 ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ 11-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ç09ɻ2ʉ-ɸʄʮè ʚ ʝʛʦ ʩʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʚ ʠʩʭʦʜʥʦʤ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ 

ʇʨʦʚʝʜʝʥʥʳʡ EBSD-ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʣʦʠ ʩʪʘʣʠ 09ɻ2ʉ ʚ ʠʩʭʦʜʥʦʤ ʦʪʦʞʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʤʝʶʪ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʬʝʨʨʠʪʘ 80 % ʠ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʝ ʝʛʦ ʟʝʨʥʘ ʧʦʨʷʜʢʘ ~5 ʤʢʤ (ʈʠʩʫʥʦʢ 4.13 ʘ). ʋʛʣʦʚʘʷ ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘ ʙʦʣʴʰʠʥʩʪʚʘ 

ʬʝʨʨʠʪʥʳʭ ʟʝʨʝʥ ʧʨʝʚʳʰʘʝʪ 15,̄ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʩʦʢʦʫʛʣʦʚʳʭ 

ʛʨʘʥʠʮ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ~95 %. ɺ ʭʦʜʝ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʤʝʪʦʜʦʤ ʧʨʦʢʘʪʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 600 C̄ ʧʨʦʠʩʭʦʜʠʪ ʚʳʪʷʛʠʚʘʥʠʝ ʟʝʨʝʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʬʦʨʤʘʮʠʠ. ɿʥʘʯʠʪʝʣʴʥʳʡ 

ʨʦʩʪ ʜʦʣʠ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʜʦ ~80 % ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʘʣʠʟʘʮʠʠ ʩʪʘʜʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʣʠʛʦʥʠʟʘʮʠʠ. ʋʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʥʘ ʜʦ ~3,5 ʤʢʤ (ʈʠʩʫʥʦʢ 4.13 ʙ) ʟʘ ʩʯʝʪ 
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ʧʨʦʪʝʢʘʥʠʷ ʯʘʩʪʠʯʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʤʦʥʦʣʠʪʥʦʤ ʦʙʨʘʟʮʝ ʩʪʘʣʠ 09ɻ2ʉ, 

ʧʨʦʢʘʪʘʥʥʦʤ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 11-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ç09ɻ2ʉ-ɸʄʮè, ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʟʝʨʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ~4,5 ʤʢʤ ʠ ʟʝʨʥʘ ʧʨʠʦʙʨʝʪʘʶʪ ʚʳʪʷʥʫʪʫʶ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʦʢʘʪʢʠ ʬʦʨʤʫ. ɼʦʣʷ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʩʦʩʪʘʚʣʷʝʪ ~60 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʘʣʴʥʳʭ ʩʣʦʷʭ 

ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʯʝʤ ʧʨʠ 

ʠʜʝʥʪʠʯʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʢʘʪʢʠ ʤʦʥʦʣʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

ʘ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 4.13 ï EBSD-ʢʘʨʪʳ ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʩʪʘʣʠ 09ɻ2ʉ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʘ), ʚ 

ʩʦʩʪʘʚʝ 11-ʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʙ) ʠ ʤʦʥʦʣʠʪʥʦʤ ʦʙʨʘʟʮʝ ʧʦʩʣʝ ʪʝʧʣʦʡ ʧʨʦʢʘʪʢʠ (ʚ) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ, ʨʝʘʣʠʟʫʝʤʦʝ ʚ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ʧʨʠ 

ʪʝʧʣʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʭʦʣʦʜʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ [80] ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʚʨʘʪʘ ʠ ʧʦʣʠʛʦʥʠʟʘʮʠʠ, 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʧʨʠ ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʠ [82]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʙʠʥʘʮʠʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʧʨʦʢʘʪʢʝ ʩʪʘʣʠ 09ɻ2ʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 Áʉ ʧʦ ʜʘʥʥʳʤ ʇʕʄ ʦʙʨʘʟʫʝʪʩʷ ʷʯʝʠʩʪʦ-

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ ʩʫʙʩʪʨʫʢʪʫʨʘ ʚ ʧʨʝʜʝʣʘʭ ʠʩʭʦʜʥʳʭ ʟʝʨʝʥ (ʈʠʩʫʥʦʢ 4.14 ʘ). ɺ ʫʩʣʦʚʠʷʭ 

ʩʣʦʞʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʪʘʣʴʥʳʭ ʩʣʦʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘ ʩʚʝʪʣʦʧʦʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʫʯʘʩʪʢʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʷʯʝʠʩʪʦʡ ʥʝʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʫʙʩʪʨʫʢʪʨʳ, ʦʜʥʘʢʦ ʤʝʩʪʘʤʠ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʘʩʴ ʩʝʪʯʘʪʘʷ ʩʫʙʩʪʨʫʢʪʫʨʘ. ʇʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʦʟʚʨʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʪʝʣʝ ʩʫʙʟʝʨʝʥ ʟʘ ʩʯʝʪ ʠʭ ʩʪʦʢʘ ʥʘ ʛʨʘʥʠʮʳ. ʆʜʥʘʢʦ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʘʜ ʧʨʦʮʝʩʩʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʚʨʘʪʘ ʠ ʘʢʪʠʚʥʳʤ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʤ ʩʢʦʣʴʞʝʥʠʝʤ ʚ ʟʝʨʥʘʭ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʧʨʝʜʝʣʘʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ. ʌʨʘʛʤʝʥʪʳ ʠʤʝʶʪ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʦʢʦʣʦ 0,5 ʤʢʤ, ʙʦʣʝʝ ʧʣʦʪʥʳʝ ʠ ʪʦʥʢʠʝ ʚʳʩʦʢʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ, ʯʝʤʫ ʫ ʷʯʝʝʢ. ʈʘʟʤʝʨ ʷʯʝʝʢ 

ʩʦʩʪʘʚʣʷʝʪ ~0,5 ʤʢʤ ʠ ʙʦʣʝʝ ʠ ʦʪʣʠʯʘʶʪʩʷ ʨʳʭʣʳʤʠ ʠ ʰʠʨʦʢʠʤʠ ʛʨʘʥʠʮʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʤʠ ʩʢʦʧʣʝʥʠʷʤʠ, ʠ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ ʚʥʫʪʨʠ ʷʯʝʝʢ. ʄʝʩʪʘʤʠ 

ʥʘ ʪʨʦʡʥʳʭ ʩʪʳʢʘʭ ʟʝʨʝʥ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ 


















































































































































