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X-ray diffraction analysis, EBSD technique, and transmission electron microscopy are used 

to reveal the features of phase and microstructural transformations developing in plastic strain and 

fracture zones of the 05G20S2 metastable steel (Fe-20Mn-2Si). The dependence of the phase com-

position of the steel on the fatigue fracture surface on the value range of the stress intensity coeffi-

cient at the fatigue crack tip is determined. 

Keywords: microstructure, austenite, phase composition, strain-induces martensite, fatigue crack, 

plastic zone, cyclic fracture toughness, fracture microstructure.  
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ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʩʪʘʣʠ 05ɻ20ʉ2. ʆʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʪʘʣʠ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʣʦʤʘ ʦʪ ʨʘʟʤʘʭʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʝʨ-

ʰʠʥʝ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ. 
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1. ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ [1ï3], ʯʪʦ ʨʘʟʚʠʪʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ Fe-Mn, 

Fe-Mn-Cr ʠ Fe-Mn-Ni-Cr ʩʪʘʣʷʭ ʩ ʤʝʪʘʩʪʘʙʠʣʴʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ ʘʫʩʪʝʥʠʪʦʤ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʨʦʩʪʫ ʪʨʝʱʠʥ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʮʠʢ-

ʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʝʢ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʦʭʣʘʞʜʝʥʠʷ 

(ʄs) ʠ ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ (ʄd) ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʤʦʜʝʣʴʥʳʭ Fe-Ni 

ʩʪʘʣʝʡ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʨʘʟʤʘʭʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ (ȹK) ʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʠʞʝ, ʯʝʤ ʚ ʩʧʣʘʚʘʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʪʘʙʠʣʴʥʦʛʦ ʘʫʩʪʝʥʠʪʘ [4]. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʮʠʢʣʠʯʝʩʢʘʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ (ʄɸʉ) 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʚʳʰʝʥʠʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʄɸʉ ʩʯʠʪʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʲʝʤʥʦʛʦ 

ʵʬʬʝʢʪʘ ʦʙʨʘʟʦʚʘʥʠʷ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʠ-

ʢʦʚʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʝʨʰʠʥʝ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ. ɼʣʷ ʄɸʉ ʩʠʩʪʝʤʳ Fe-

30Mn-(2-6)Al -(4-6)Si ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦ-

ʚʳʰʝʥʠʝ ʮʠʢʣʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʨʘʟʚʠʪʠʝʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-

ʛʦ ɔŸŮ ʧʨʝʚʨʘʱʝʥʠʷ. ʊʘʢ, ʜʣʷ ʩʪʘʣʝʡ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʥʘʠʙʦʣʴʰʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʣʦʮʠʢʣʦ-

ʚʦʡ ʫʩʪʘʣʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʪʘʣʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 4 % Si ʠ 2 % Al  [3], ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ Ů-ʤʘʨʪʝʥʩʠʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʫʤʝʥʴʰʝʥʠʶ ʣʦʢʘʣʠʟʘʮʠʠ 
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ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʦʪʢʣʦʥʝʥʠʶ ʪʨʝʱʠʥʳ ʦʪ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʝʝ ʚʝʨʰʠʥʝ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʪʝʥʩʠʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ 

ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ Ŭ'- ʠ Ů-ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʪʘʣʷʭ ʠ ʩʧʣʘʚʘʭ ʪʠʧʘ ɻ20 ʩ ʥʠʟʢʦʡ 

ʵʥʝʨʛʠʝʡ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ (ʕɼʋ) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [1, 5ï10]. ʆʩʥʦʚʥʳʝ ʢʨʠ-

ʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʘʨʪʝʥʩʠʪʥʳʭ ʬʘʟ ʦʭʣʘʞʜʝʥʠʷ ʩʦʭʨʘʥʷ-

ʶʪʩʷ ʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʤʘʨʪʝʥʩʠʪ ʜʝʬʦʨʤʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʠʩʧʝʨʩʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʨʪʝʥʩʠʪʦʤ ʦʭʣʘʞʜʝʥʠʷ. ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨ-

ʤʘʮʠʷ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Fe-Mn ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʘʫʩʪʝʥʠʪʘ ʨʘʟʣʠʯʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳ-

ʟʳʚʘʝʪ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʜʚʦʡʥʠʢʦʚʘʥʠʷ [11], ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʟʠ-

ʨʫʶʪʩʷ  

ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ [12]. ɸʚʪʦʨʳ [13] ʩʯʠʪʘʶʪ, ʯʪʦ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʨʪʝʥʩʠʪ-

ʥʳʭ ʬʘʟ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʚ ʩʣʫʯʘʝ ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʫʩʪʝʥʠʪʘ ï ʨʘʟʚʠʚʘʪʴʩʷ ʩʘʤʦʩʪʦ-

ʷʪʝʣʴʥʦ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [1, 5, 10, 14] ʚ Fe-Mn ʠ Fe-Cr-Mn ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʪʘʣʷʭ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʩʣʦʚʠʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʜʚʦʡʥʠʢʠ 

ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʚ ʘʫʩʪʝʥʠʪʝ, ʪʘʢ ʠ ʚ ɻʇʋ Ů-ʬʘʟʝ. ʕʚʦʣʶʮʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʪʘʣʝʡ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʷʯʝʠ-

ʩʪʦʡ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʘʫʩʪʝʥʠʪʝŸʧʦʷʚʣʝʥʠʝ ʚ ʘʫʩʪʝʥʠʪʝ ʧʘʢʝʪʦʚ 

ɼʋŸʦʙʨʘʟʦʚʘʥʠʝ ʚʥʫʪʨʠ ʧʘʢʝʪʦʚ ɼʋ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʜʚʦʡʥʠʢʦʚ ʠ Ů-ʬʘʟʳŸʦʙʨʘʟʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ. ʆʙʨʘʟʦʚʘʥʠʝ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʘʢʪʠʚʥʝʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʩʪʘʣʷʭ ʩ ʜʚʫʭʬʘʟʥʦʡ (ɔ+Ů)-ʩʪʨʫʢʪʫʨʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ  

ʩ ʘʫʩʪʝʥʠʪʥʳʤʠ ʩʪʘʣʷʤʠ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [15], ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʚʝʨʰʠʥʝ ʨʘʟʚʠʚʘʶʱʝʡʩʷ 

ʪʨʝʱʠʥʳ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 12ʍ18ʅ9ʊ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ 

ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʜʝʬʦʨʤʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʳʪʘʥʠʡ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ. ʇʨʠ 

ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ Ŭ'-ʬʘʟʳ ʥʘ ʩʪʘʜʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʥʘ 10ï20 % ʥʠʞʝ, ʯʝʤ ʥʘ ʩʪʘ-

ʜʠʠ ʝʝ ʫʩʢʦʨʝʥʥʦʛʦ ʨʦʩʪʘ. ɹʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʪʨʝʱʠʥʳ (dl/dN) ʩ ʨʦʩʪʦʤ ʢʦ-

ʣʠʯʝʩʪʚʘ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʚ ʝʝ ʚʝʨʰʠʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ dl/dN ʚ ʤʘʨʪʝʥʩʠʪʝ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʘʫʩʪʝʥʠʪʝ [16]. ɼʣʷ ʩʪʘʣʝʡ ʩʠʩʪʝʤʳ Fe-Mn-Cr ʘʚʪʦʨʘʤʠ [2, 17] ʤʝʪʦʜʦʤ ʨʝʥʪʛʝ-

ʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʠ ʚʝʣʠʯʠʥʦʡ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ ʨʘʟʤʘʭʘ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ (æʂ). ʊʘʢ, ʜʣʷ ʩʪʘʣʠ 03ʍ13ɸɻ19 ʩ ʨʦʩʪʦʤ æʂ ʩʦʜʝʨʞʘʥʠʝ  

Ŭǋ-ʬʘʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʣʦʤʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 45 %, ʘ ʢʦʣʠʯʝʩʪʚʦ Ů-ʤʘʨʪʝʥʩʠʪʘ  

ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ æʂ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ (ʦʢʦʣʦ 20 %), ʘ ʚ ʩʪʘʣʠ  

ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʘʫʩʪʝʥʠʪʘ 07ʍ13ʅ4ɸɻ20 Ŭǋ-ʤʘʨʪʝʥʩʠʪ ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʦʙʨʘʟʫʝʪ-

ʩʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ Ů-ʬʘʟʳ ʩ ʨʦʩʪʦʤ æʂ ʜʦʩʪʠʛʘʝʪ 15ï18 %. ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʬʘʟʦ-

ʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʠ ʄɸʉ ʩʚʷʟʘʥʳ ʩ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʝʪʦʜʦʚ ʈʕʄ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ EDSD-ʘʥʘʣʠʟʘ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ (in-situ) [19ï23]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ EBSD-ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ Ŭ'- ʠ Ů-ʤʘʨʪʝʥʩʠʪʘ, ʦʙʨʘ-

ʟʫʶʱʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʦʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʩʪʘʣʠ Fe-16Cr-6Mn-6Ni ʧʨʠ 

ʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ ʜʦ N = 500 [22]. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ 

ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ ʜʣʷ ʰʠʨʦʢʦʡ ʛʨʫʧʧʳ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʪʘʣʝʡ ʪʠʧʘ ɻ20 ʦʩʪʘʶʪʩʷ ʤʘʣʦ-

ʠʟʫʯʝʥʥʳʤʠ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʤʝ-

ʪʘʩʪʘʙʠʣʴʥʦʡ ʩʪʘʣʠ 05ɻ20ʉ2 ʚ ʣʦʢʘʣʴʥʳʭ ʟʦʥʘʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʮʠʢʣʠʯʝʩʢʫʶ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ. 
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2. ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʚʫʭʬʘʟʥʘʷ (ɔ+Ů)-

ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʩʪʘʣʴ 05ɻ20ʉ2 ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 1050 Áʉ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʚʦʜʝ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ ʧʨʠʙʦʨʝ SPECTROMAXx, ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ 05ɻ20ʉ2 

ʕʣʝʤʝʥʪ C Mn Si Ni Cu Al  Fe 

ʉʦʜʝʨʞʘʥʠʝ, ʤʘʩ. % 0,06 19,70 1,48 0,06 0,072 0,032 ʆʩʥ. 

 

ɸʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʩʪʘʣʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʣʫ-

ʯʝʥʥʳʭ ʠʟʣʦʤʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3 ʚ ʢʦʙʘʣʴʪʦʚʦʤ  

KŬ-ʠʟʣʫʯʝʥʠʠ. 

ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʦʨʠʝʥʪʘ-

ʮʠʦʥʥʦ-ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʠʩʧʦʣʴʟʫʷ ʥʘ ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ TESCAN 

MIRA 3 LMH  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʚ ʟʦʥʝ ʮʠʢʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʧʨʦʩʚʝʯʠ-

ʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʕɺʄ-100ʃ. ɺʳʨʝʟʢʘ ʟʘʛʦʪʦʚʦʢ ʪʦʥʢʠʭ ʬʦʣʴʛ ʜʣʷ ʇʕʄ ʠʟ 

ʥʝʨʘʟʨʫʰʝʥʥʦʛʦ ʢʦʤʧʘʢʪʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʦʡ ʠ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʮʠʢʣʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʦʣʦʤʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʘ,  

ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʮʠʢʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʝʨʰʠʥʝ ʫʩʪʘ-

ʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ (ʧʣʦʩʢʦʩʪʴ 1) ʠ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʥʝʝ 0,5 ʤʤ (ʧʣʦʩʢʦʩʪʴ 2), ʘ ʪʘʢʞʝ ʟʦʥʳ ʧʦʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʟʣʦʤʘ (0,5 ʤʤ) ʥʘ ʫʯʘʩʪʢʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʪʨʝʱʠʥʳ 

(ʧʣʦʩʢʦʩʪʴ 3). ʇʦʜʛʦʪʦʚʢʘ ʪʦʥʢʠʭ ʬʦʣʴʛ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ ʚʳʨʝʟʢʫ ʩʣʦʝʚ ʤʝʪʘʣʣʘ 

ʥʘ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʫʩʪʘʥʦʚʢʝ FANUC, ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʪʦʥʝʥʠʝ ʩʣʦʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʙʨʘ-

ʟʠʚʥʦʡ ʙʫʤʘʛʠ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʦʥʥʦʝ ʫʪʦʥʝʥʠʝ ʥʘ ʫʩʪʘʥʦʚʢʝ Fishione 1010 Ionmill. 

 

 

ʘ ʙ 

ʈʠʩ. 1. ʉʭʝʤʘ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ: ʘ ï ʬʦʣʴʛʠ ʜʣʷ ʇʕʄ (ʧʣʦʩʢʦʩʪʠ 1, 2, 3); ʙ ï ʦʙʨʘʟʮʳ  

ʜʣʷ EBSD (1 ʠ 2 ï ʫʯʘʩʪʢʠ ʜʣʷ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ) 

ʀʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠʟʣʦʤʘ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 05ɻ20ʉ2 ʠ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢ-

ʨʦʩʢʦʧʘ TESCAN VEGA II  XMU ʧʨʠ ʚʝʣʠʯʠʥʝ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 30 ʢɺ. ɼʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʢʘʨʪʠʥ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʪʥʦʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (EBSD) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ Aztec ʩ ʧʨʠʩʪʘʚʢʦʡ Oxford NKLNordlysF+. ʉʭʝʤʘ ʚʳʨʝʟʢʠ ʦʙʨʘʟʮʦʚ ʠʟ ʢʦʤʧʘʢʪʥʦ-
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Martensitic transformations in plastic and fracture zones of the 05G20S2 metastable steel during cyclic tests / S. V. Gladkovsky,  

I. S. Kamantsev, V. E. Veselova, and Yu. V. Khudorozhkova // Diagnostics, Resource and Mechanics of materials and struc-

tures. ï 2022. ï Iss. 1. ï P. 25ï37. ï DOI: 10.17804/2410-9908.2022.1.025-037. 

 

ʛʦ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʣʦʤʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ EBSD-ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 ʙ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ INSTRON8801 ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 5-ʢʨʘʪʥʳʭ ʦʙʨʘʟ-

ʮʘʭ (ʪʠʧ III  ʧʦ ɻʆʉʊ 1497-84 ʜʠʘʤʝʪʨʦʤ 5 ʤʤ). ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʟʘʭʚʘʪʘ 1 ʤʤ/ʤʠʥ. ɿʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʫʩʨʝʜʥʷʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʠʜʝʥʪʠʯʥʳʭ ʦʙʨʘʟʮʦʚ. ʀʩʧʳʪʘ-

ʥʠʷ ʥʘ ʮʠʢʣʠʯʝʩʢʫʶ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʭʝʤʝ ʚʥʝʮʝʥʪʨʝʥʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ 

ʧʨʠ t = 20 ÁC ʥʘ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʘʭ ʪʦʣʱʠʥʦʡ 2,8 ʤʤ (ʪʠʧ 4 ʧʦ ɻʆʉʊ 25.506-85) ʧʦ ʤʝʪʦ-

ʜʠʢʝ ʩʦʛʣʘʩʥʦ ʈɼ 50345-82 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ 

ʤʘʰʠʥʳ MIKROTRON (20 ʢʅ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʚ ʜʚʦʡʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦ-

ʦʨʜʠʥʘʪʘʭ ʩʪʨʦʠʣʠ ʢʠʥʝʪʠʯʝʩʢʫ  ʁʜʠʘʛʨʘʤʤʫ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ʂɼʋʈ) ʚ ʢʦʦʨʜʠʥʘ-

ʪʘʭ çʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ï ʨʘʟʤʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝ-

ʥʠʡè (dl/dN ï ȹʂ). ʏʘʩʪʦʪʘ ʥʘʛʨʫʞʝʥʠʷ cʦʩʪʘʚʣʷʣʘ 100 ɻʮ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ ʮʠʢʣʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʚʝʣʠʯʠʥʝ R = 0,1. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʂʇ çʇʣʘʩʪʦʤʝʪʨʠʷè 

ʀʄɸʐ ʋʨʆ ʈɸʅ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɿʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ 05ɻ20ʉ2, ʚʳʷʚʣʝʥʥʘʷ ʤʝʪʦʜʦʤ ʦʨʠʝʥʪʘʮʠʦʥʥʦ-

ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2 ʘ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ SIAMS-700 ʧʦʟʚʦʣʠʣʘ ʦʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʘ-

ʤʝʪʨʘ ʘʫʩʪʝʥʠʪʥʦʛʦ ʟʝʨʥʘ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʟʥʘʯʝʥʠʷʤ d = 25ï55 ʤʢʤ 

(ʨʠʩ. 2 ʙ). 

 

 

ʘ ʙ 

ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ 05ɻ20ʉ2 ʚ ʠʩʭʦʜʥʦʤ ʟʘʢʘʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ:  

ʘ ï ʠʟʦʙʨʘʞʝʥʠʝ; ʙ ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʪʘʣʠ 05ɻ20ʉ2 ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟ-

ʣʦʤʘ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ ʩʦʜʝʨʞʘʣʦʩʴ 55 % Ů-ʤʘʨʪʝʥʩʠʪʘ ʩ ɻʇʋ-

ʨʝʰʝʪʢʦʡ ʠ 45% ɔ-ʘʫʩʪʝʥʠʪʘ (ʪʘʙʣ. 2). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʚ ʟʦʥʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʪʨʝʱʠ-

ʥʳ ʦʙʨʘʟʫʝʪʩʷ 37 % Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʩʦʜʝʨʞʘʥʠʝ Ů-ʤʘʨʪʝʥʩʠʪʘ ʠ ʘʫʩʪʝʥʠʪʘ ʩʥʠʞʘʝʪ-

ʩʷ ʩ 55 ʜʦ 48 % ʠ ʩ 45 ʜʦ 15 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʙʣʶʜʘʝʤʦʝ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʪʘʣʠ 

05ɻ20ʉ2 ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʠʟʣʦʤʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʤʘʨʪʝʥʩʠʪʥʳʭ 

ɔŸŮŸŬ'-ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʘ ʩ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʦʡ. 
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ʊʘʙʣʠʮʘ 2 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 05ɻ20ʉ2 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ
*
 ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʌʘʟʘ ɔ Ů Ŭ' ů0,2, ʄʇʘ ůɺ, ʄʇʘ ŭ, % ɣ, % 

ʂʦʣʠʯʝʩʪʚʦ, % 45/15 55/48 0/37 430 810 40 48 

*
ɺ ʯʠʩʣʠʪʝʣʝ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝ ʟʘʢʘʣʢʠ, ʘ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ 

ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʮʠʢʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʨʦʛʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʠʟʫʯʝʥʥʦʡ ʩʪʘʣʠ ʩʦʩʪʘʚʣʷʝʪ Kth = 18 ʄʇʘĬʤ
1/2 
(ʨʠʩ. 3). ʇʨʠ ʜʦ-

ʩʪʠʞʝʥʠʠ ʚʪʦʨʦʛʦ ʫʯʘʩʪʢʘ ʇʘʨʠʩʘ ʥʘ ʂɼʋʈ ʚ ʦʙʣʘʩʪʠ ȹʂ > 20 ʄʇʘĬʤ
1/2

 ʟʘʚʠʩʠʤʦʩʪʴ (dl/dN ï 

ȹK) ʧʨʠʦʙʨʝʪʘʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʪʦʨʦʡ ʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʂɼʋʈ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʇʘʨʠʩʘ [24]. ɼʣʷ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʇʘʨʠʩʘ (1) 

dl/dN = ʉ (ȹʂ)
m
 (1) 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʟʥʘʯʝʥʠʷʤ C = 6Ĭ10
ï9
; m = 3,1. ʇʨʠ ʵʪʦʤ ʩ ʧʦʚʳʰʝʥʠʝʤ ʨʘʟʤʘʭʘ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʜʦ ȹʂ = 50 ʄʇʘĬʤ
1/2 
ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ dl/dN =1Ĭ10
ï3

 ʤʤ/ʮʠʢʣ. 

 

 

ʈʠʩ. 3. ʂʠʥʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ  

ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʚ ʩʪʘʣʠ 

05ɻ20ʉ2 

ʈʠʩ. 4. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʪʘʣʠ 05ɻ20ʉ2  

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʣʦʤʘ:  

1 ï Ů-ʤʘʨʪʝʥʩʠʪ ʩ ɻʇʋ ʨʝʰʝʪʢʦʡ;  

2 ï Ŭ'-ʤʘʨʪʝʥʩʠʪ ʜʝʬʦʨʤʘʮʠʠ;  

3 ï ɔ-ʘʫʩʪʝʥʠʪ 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʮʠʢʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʟʦʥʳ ʧʝʨʝʜ ʨʘʩʪʫ-

ʱʝʡ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʦʡ ʧʦ ʬʦʨʤʫʣʝ (2) [4]:  

r = 1/8ˊ (ȹK/ů0,2)
2
 (2) 

ʛʜʝ ȹK ï ʨʘʟʤʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ů0,2 ï ʫʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝ-

ʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʝ ʨʘʟʤʝʨ ʩ ʨʦʩʪʦʤ ʪʨʝʱʠʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ r = 0,125ï0,560 ʤʤ 

(ʨʠʩ. 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʝʟʘʥʥʳʝ ʜʣʷ ʇʕʄ ʬʦʣʴʛʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʮʠʢʣʠʯʝ-

ʩʢʦʡ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ 
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ʩʪʨʫʢʪʫʨʝ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ 05ɻ20ʉ2 ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʣʦʤʘ ʩ ʨʦ-

ʩʪʦʤ ʨʘʟʤʘʭʘ ȹʂ ʚ ʧʨʝʜʝʣʘʭ 20ï50 ʄʇʘĬʤ
1/2 
ʧʨʦʠʩʭʦʜʠʪ ʤʦʥʦʪʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠ-

ʯʝʩʪʚʘ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʘʫʩʪʝʥʠʪʘ ʠ Ů-

ʤʘʨʪʝʥʩʠʪʘ (ʨʠʩ. 4). ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʠʟʣʦʤʝ ʥʘ ʢʦʥʝʯ-

ʥʦʤ ʫʯʘʩʪʢʝ ʨʦʩʪʘ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʚ ʦʙʣʘʩʪʠ ȹʂ = 45ï50 ʄʇʘĬʤ
1/2

 ʜʦʩʪʠʛʣʦ 39 %, 

ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʥʥʦʡ ʬʘʟʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʨʦʩʪʘ ʪʨʝʱʠʥʳ (37 %). 

 

 

ʘ ʙ 

 

ʚ ʛ 

ʈʠʩ. 5. ʄʠʢʨʦʩʪʨʦʝʥʠʝ ʠʟʣʦʤʘ ʩʪʘʣʠ 05ɻ20ʉ2: ʘ ï ʚ ʟʦʥʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ  

(ȹʂ = 18,5 ʄʇʘĬʤ
1/2

); ʙ ï ʚ ʟʦʥʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ȹʂ = 30 ʄʇʘĬʤ
1/2

); ʚ ï ʚ ʟʦʥʝ  

ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ȹʂ = 43 ʄʇʘĬʤ
1/2

); ʛ ï ʚ ʟʦʥʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 5 ʘ ʠʟʦʙʨʘʞʝʥʠʡ ʤʠʢʨʦʩʪʨʦʝʥʠʷ ʠʟʣʦʤʦʚ ʩʪʘʣʠ 

05ɻ20ʉ2 ʥʘ ʫʯʘʩʪʢʝ ʨʦʩʪʘ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ æʂ = 18,5 ʄʇʘĬʤ
1/2

, 

ʫʩʪʘʣʦʩʪʥʳʝ ʙʦʨʦʟʜʢʠ ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠ ʥʝ ʠʤʝʶʪ ʨʝʛʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʇʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ æʂ = 30 ʄʇʘĬʤ
1/2

 ʚ ʠʟʣʦʤʝ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʩʪʫʧʝʥʴʢʘʤʠ ʠ ʚʪʦ-

ʨʠʯʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʧʦʷʚʣʷʶʪʩʷ ʚʳʨʘʞʝʥʥʳʝ ʫʩʪʘʣʦʩʪʥʳʝ ʙʦʨʦʟʜʢʠ (ʨʠʩ. 5 ʙ). ʅʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʠʟʣʦʤʘ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʛʣʘʜʢʠʝ ʬʘʩʝʪʢʠ ʢʚʘʟʠʩʢʦʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠ ʵʣʝʤʝʥʪʳ 
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ʛʨʝʙʝʥʯʘʪʦʛʦ ʨʝʣʴʝʬʘ, ʦʧʠʩʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ [16]. ʅʘ ʫʯʘʩʪʢʝ ʠʟʣʦʤʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʧʦ-

ʚʳʰʝʥʥʳʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ æʂ = 43 ʄʇʘĬʤ
1/2
, ʥʘʨʷʜʫ ʩ ʨʘʟʚʠʪʳʤʠ ʫʩʪʘʣʦʩʪʥʳʤʠ ʙʦʨʦʟʜ-

ʢʘʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʪʠʧʠʯʥʳʝ ʚʷʟʢʠʝ ʷʤʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʚ 

ʧʣʘʩʪʠʯʥʳʭ ʩʪʘʣʷʭ (ʨʠʩ. 5 ʚ).  

ʅʘʣʠʯʠʝ ʚʷʟʢʠʭ ʷʤʦʢ ʥʘ ʫʯʘʩʪʢʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʚʢʣʘʜ ʩʪʘʪʠʯʝʩʢʦʡ ʤʦʜʳ ʨʘʟʨʫʰʝʥʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʣʦʤʘ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʘʟʤʘʭʘ æʂ [18]. ʋʯʘʩʪʦʢ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʪʨʝʱʠʥʳ (ʟʦʥʘ ʜʦ-

ʣʦʤʘ) ʠʤʝʝʪ ʪʠʧʠʯʥʦʝ ʚʷʟʢʦʝ ʷʤʦʯʥʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 5 ʛ). ʇʨʠʯʝʤ ʥʘ ʜʥʝ ʦʪʜʝʣʴʥʳʭ ʚʷʟʢʠʭ 

ʷʤʦʢ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʯʘʩʪʠʮʳ ʥʝʨʘʩʪʚʦʨʠʚʰʠʭʩʷ ʧʨʠ ʟʘʢʘʣʢʝ ʧʝʨʚʠʯʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʪʠʧʘ Fe2(Mn, Ti) [1, 9]. 

ʇʨʠ ʵʪʦʤ ʢʦʣʴʮʝʚʘʷ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʚʫʭʬʘʟʥʳʡ (Ů+ɔ) ʩʦʩʪʘʚ ʠʩʭʦʜ-

ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ 05ɻ20ʉ2 (ʨʠʩ. 6 ʘ). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʇʕʄ (ʨʠʩ. 6 ʘ) ʠʩʭʦʜʥʘʷ ʩʪʨʫʢʪʫ-

ʨʘ ʜʚʫʭʬʘʟʥʦʡ (Ů+ɔ)-ʩʪʘʣʠ 05ɻ20ʉ2 ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʩʦʜʝʨʞʠʪ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʣʘʩʪʠʥʳ ɻʇʋ 

Ů-ʬʘʟʳ ʩ ʛʘʙʠʪʫʩʦʤ, ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʣʦʩʢʦʩʪʷʤ {111} ɔ-ʬʘʟʳ. ʐʠʨʦʢʠʝ ʧʣʘʩʪʠʥʳ  

Ů-ʤʘʨʪʝʥʩʠʪʘ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʝʝ ʫʟʢʠʭ ʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ. ʈʘʟʤʝʨ 

ʧʣʘʩʪʠʥ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,1ï0,9 ʤʢʤ. ʇʣʘʩʪʠʥʳ ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʠʤʝʶʪ ʜʠ-

ʬʨʘʢʮʠʦʥʥʳʡ ʢʦʥʪʨʘʩʪ ʨʘʚʥʦʤʝʨʥʳʡ ʧʦ ʚʩʝʡ ʧʣʘʩʪʠʥʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʜʥʦʨʦʜʥʦʤ 

ʩʪʨʦʝʥʠʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ Ů-ʬʘʟʳ.  

ʇʦ ʘʥʘʣʦʛʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʠ ʦʙʲʝʤʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʩʪʘʣʝʡ ʪʠʧʘ ɻ20 [1, 5, 8, 9] ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʮʠʢʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʟʦʥʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 05ɻ20ʉ2 ʥʘʙʣʶʜʘʶʪʩʷ ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ɔ-ʬʘʟʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩʣʦʢʘʮʠʡ, ʥʘʨʫʰʘʝʪʩʷ ʠʩʭʦʜ-

ʥʘʷ ʦʨʠʝʥʪʠʨʦʚʢʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʜʨʦʙʣʝʥʠʝ ʧʣʘʩʪʠʥ Ů-ʤʘʨʪʝʥʩʠʪʘ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ 

ʩʨʝʣʘʢʩʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ ʜʚʦʡʥʠʢʦʚ ʠ ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ (ʨʠʩ. 6 ʙ, ʚ). ɺ ʧʣʘʩʪʠʥʘʭ  

Ů-ʤʘʨʪʝʥʩʠʪʘ, ʠʤʝʶʱʠʭ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʚ ʤʝʩʪʘʭ ʧʝʨʝʩʝ-

ʯʝʥʠʷ ʦʜʥʠʭ ʧʣʘʩʪʠʥ ʩ ʜʨʫʛʠʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʣʠʥʟʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʤʦʨʬʦʣʦʛʠ-

ʯʝʩʢʠ ʧʦʜʦʙʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʜʚʦʡʥʠʢʘʤ Ů-ʬʘʟʳ, ʢʦʪʦʨʳʝ, ʩʦʛʣʘʩʥʦ ʨʘʩʰʠʬʨʦʚʢʝ ʢʘʨʪʠʥ 

ʤʠʢʨʦʜʠʬʨʘʢʮʠʠ, ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʮʘʤʠ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ. 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ 0,5ʤʤ ʦʪ ʚʝʨʰʠʥʳ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ-

ʚʳʰʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ɼʋ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʜʚʦʡʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʜʠʩʣʦʢʘʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ 

(001) Ů-ʧʣʘʩʪʠʥ (ʨʠʩ. 6 ʛ). ʇʨʠ ʵʪʦʤ ʣʠʥʟʦʚʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʤʝʪʦʜʦʤ ʇʕʄ ʥʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ.  

ʅʘʙʣʶʜʘʝʤʦʝ ʨʘʟʣʠʯʠʝ ʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ ʫ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʠ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ 0,5 ʤʤ ʦʪ ʥʝʝ ʩʚʷʟʘʥʦ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʩʘʤʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʟʦʥʳ ʜʝʬʦʨʤʘ-

ʮʠʠ ʠ ʥʘʣʠʯʠʝʤ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʙʦʣʝʝ ʪʷʞʝʣʦ ʥʘʛʨʫʞʝʥʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʟʦʥʳ, ʧʨʠʤʳ-

ʢʘʶʱʝʡ ʢ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʥʦʪʦʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʟʦʥʳ [2]. 

ɺ ʧʣʦʩʢʦʩʪʠ 3, ʧʦʜ ʠʟʣʦʤʦʤ ʚ ʟʦʥʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ ʨʘʩʰʠʬ-

ʨʦʚʢʘ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤʳ (ʨʠʩ. 6 ʜ) ʧʦʜʪʚʝʨʜʠʣʘ ʪʨʝʭʬʘʟʥʳʡ (ɔ+Ů+Ŭ)-ʩʦʩʪʘʚ ʩʪʘʣʠ. ʃʠʥʟʦʚʠʜ-

ʥr ʝ Ŭ'-ʢʨʠʩʪʘʣʣʳ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ Ů-ʧʣʘʩʪʠʥʘʭ, ʠʥʦʛʜʘ ʚʢʣʠʥʠʚʘʶʪʩʷ ʚ ʘʫʩʪʝʥʠʪʥʫʶ 

ʤʘʪʨʠʮʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ 

ʥʘʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ EBSD-ʘʥʘʣʠʟʘ ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʜʣʷ 

ʚʳʙʨʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʢʣʠʯʝʩʢʠ ʥʘʛʨʫʞʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʟʘʢʘʣʝʥ-

ʥʦʡ ʩʪʘʣʠ 05ɻ20ʉ2, ʥʘ ʫʯʘʩʪʢʝ 1 (ʨʠʩ. 1 ʙ) ʚʙʣʠʟʠ ʣʠʥʠʠ ʨʦʩʪʘ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʟʦʥʳ ʢʨʠʩʪʘʣʣʦʚ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʜʝ-

ʬʦʨʤʘʮʠʠ (ʨʠʩ. 7 ʘ). 
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ʈʠʩ. 6. ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʘʣʠ 05ɻ20ʉ2: ʘ ï ʠʩʭʦʜʥʦʝ; ʙ ï ʟʦʥʘ ʧʣʦʩʢʦʩʪʠ 1 (ʨʠʩ. 1 ʘ)  

(ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ); ʚ ï ʟʦʥʘ ʧʣʦʩʢʦʩʪʠ 1 (ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ);  

ʛ ï ʟʦʥʘ ʧʣʦʩʢʦʩʪʠ 2; ʜ ï ʟʦʥʘ ʧʣʦʩʢʦʩʪʠ 3 (ʫʯʘʩʪʦʢ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ);  

ʝ ï ʟʦʥʘ ʧʣʦʩʢʦʩʪʠ 3 (ʫʯʘʩʪʦʢ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ) 
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ʈʠʩ. 7. ʂʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ (ƴ ï Ŭ', ƴ ï ɔ, ƴ ï Ů):  

ʘ ï ʫʯʘʩʪʦʢ 1; ʙ ï ʫʯʘʩʪʦʢ 2 (ʨʠʩ. 1 ʙ) 
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ʈʘʟʤʝʨ ʟʦʥʳ, ʚ ʢʦʪʦʨʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʬʘʟʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʘ, 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 150 ʤʢʤ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʨʘʩʯʝʪʥʳʡ ʨʘʟʤʝʨ ʃɿʇɼ ʧʨʠ ʜʘʥʥʦʤ 

ʫʨʦʚʥʝ ʂʀʅ (r å 0,216 ʤʤ). ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʣʦʩʢʦʩʪʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʣʦʤʘ ʢʦʣʠʯʝʩʪʚʦ 

ʫʯʘʩʪʢʦʚ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʉʨʘʚʥʝʥʠʝ ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʘʟ ʧʦʢʘ-

ʟʘʣʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʚ ʟʦʥʝ ʧʦʜ ʩʪʘʪʠʯʝʩʢʠʤ ʜʦʣʦʤʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʦʥʦʡ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʫʯʘʩʪʢʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ  

(ʨʠʩ. 7 ʘ, ʙ). 

4. ɺʳʚʦʜʳ 

1. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʣʦʤʘ ʢʦʤʧʘʢʪʥʳʭ ʦʙʨʘʟʮʦʚ ʜʚʫʭʬʘʟʥʦʡ (ɔ+Ů)-

ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʩʪʘʣʠ 05ɻ20ʉ2 ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘ-

ʥʠʝ ʢʦʪʦʨʦʛʦ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʡ ȹʂ = 20ï50 ʄʇʘĬʤ
1/2 
ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʮʠʢʣʠʯʝʩʢʫʶ ʪʨʝ-

ʱʠʥʦʩʪʦʡʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 21 ʜʦ 39 %. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ɔ-ʠ Ů-ʬʘʟ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝ-

ʥʠʡ ȹʂ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 45 ʜʦ 15 % ʠ ʩ 55 ʜʦ 48 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

2. ʇʨʝʜʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ Ŭ'-ʬʘʟʳ ʚ ʫʩʪʘʣʦʩʪʥʦʤ ʠʟʣʦʤʝ (39 %) ʤʝʪʘʩʪʘ-

ʙʠʣʴʥʦʡ ʩʪʘʣʠ 05ɻ20ʉ2 ʩʦʠʟʤʝʨʠʤʦ ʩ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʟʦʥʝ ʜʦʣʦʤʘ (37 %).  

3. ʆʧʨʝʜʝʣʝʥʳ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʳ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ 
ʫʯʘʩʪʢʘʭ ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʣʦʤʘ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʨʦʟʜʯʘʪʦʛʦ ʠ ʛʨʝʙʝʥʯʘʪʦʛʦ 

ʨʝʣʴʝʬʘ, ʘ ʪʘʢʞʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʤʝʰʘʥʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʠ ʩʪʘʪʠʯʝʩʢʦʡ ʤʦʜʳ ʨʘʟʨʫʰʝʥʠʷ ʩʪʘ-

ʣʠ ʧʨʠ ʚʳʩʦʢʦʤ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ʨʘʟʤʘʭʘ ȹʂ = 43 ʄʇʘĬʤ
1/2
. 

4.  ʄʝʪʦʜʦʤ ʇʕʄ ʚ ʟʦʥʝ ʮʠʢʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʝʨ-

ʰʠʥʝ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʚʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ 

05ɻ20ʉ2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʡ ʚ ʘʫʩʪʝʥʠʪʝ ʠ ɼʋ ʚ ʧʣʘʩʪʠʥʘʭ Ů-ʬʘʟʳ, ʘ ʪʘʢʞʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʣʠʥʟʦʚʠʜʥʳʭ ʢʨʠ-

ʩʪʘʣʣʦʚ Ŭ'-ʤʘʨʪʝʥʩʠʪʘ ʜʝʬʦʨʤʘʮʠʠ. 

5.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʇʕʄ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ʚ ʟʦʥʘʭ ʮʠʢʣʠʯʝ-

ʩʢʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ EBSD-

ʘʥʘʣʠʟʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʘʢʪʥʦʛʦ ʦʙʨʘʟʮʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʄɸʐ ʋʨʆ ʈɸʅ ʧʦ ʪʝʤʝ  

ˉ ɸɸɸɸ-ɸ18-118020790148-1. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢ.ʪ.ʥ. ʍʘʜʳʝʚʫ ʄ. ʉ., ʢ.ʬ.-ʤ.ʥ. ʇʘʮʝʣʦʚʫ ɸ. ʉ.  

ʠ ʉʝʨʛʝʝʚʫ ʉ. ʅ. ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ.  

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘʚ. ʢʘʬʝʜʨʦʡ ʄʊʆ ʇʅʀʇʋ ʧʨʦʬ., ʜ.ʪ.ʥ. ʉʠʤʦ-

ʥʦʚʫ ʖ.ʅ. ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʮʝʥʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

SIAMS-700 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 
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