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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʠ ʩʪʝʧʝʥʴ ʝʸ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ 

ʄʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʦʥ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷʤʠ) 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʥʝ ʚʧʦʣʥʝ ʷʩʝʥ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʨʦʜʳ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ (ʀʉ), ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʟʦʥʘʭ ʩʞʘʪʠʷ, ʘ ʤʘʛʥʝʪʠʪʦʚʘʷ ʩʝʨʠʷ (ʄʉ), ʢʨʠʩʪʘʣʣʠʟʫʶʱʘʷʩʷ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ - ʚ ʟʦʥʘʭ ʨʘʩʪʷʞʝʥʠʷ [ʇʝʯʝʨʩʢʠʡ, 1964], ʭʦʪʷ 

ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ [Guo et al., 2022]. ʉ ʠʣʴʤʝʥʠʪʦʚʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʯʘʱʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʣʦʚʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʘ ʩ 

ʤʘʛʥʝʪʠʪʦʚʳʤʠ - ʤʝʜʠ ʠ ʟʦʣʦʪʘ, ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ ʠ 

ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʫʜʥʫʶ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʕʪʦ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʭʝʤʘ 

ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ (ʉɸʆʇ) 

[ʂʦʥʦʚʘʣʦʚʘ ʠ ʜʨ., 2023; Konovalova et al., 2023] (ʨʠʩʫʥʦʢ 1.1.1). ʇʦ ʤʥʝʥʠʶ ʐ. 

ʀʰʠʭʘʨʘ [Ichihara, 1977], ʥʝʤʘʛʥʠʪʥʳʝ ʛʨʘʥʠʪʦʠʜʳ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ, ʯʘʱʝ 

ʚʩʝʛʦ S-ʪʠʧʘ, ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʘʭ ʟʘ ʩʯʝʪ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʢʠ ʠʟ 

ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʫʶ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʛʠʦʥʘʣʴʥʫʶ 

ʟʦʥʘʣʴʥʦʩʪʴ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʪʦʚ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʠ ʥʝ 

ʚʩʝʛʜʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʜʦʙʥʳʤ ʤʝʭʘʥʠʟʤʦʤ (ʨʠʩʫʥʦʢ 1.1.2). 

ʅʝ ʷʩʥʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʤʦʱʥʦʡ ʤʘʛʥʝʪʠʪʦʚʦʡ 

ʟʦʥʳ ʚ ʦʨʦʛʝʥʘʭ ʂʦʨʜʠʣʴʝʨ ʠ ɸʥʜ, ʛʜʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʘʢʢʨʝʮʠʦʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʵʬʬʫʟʠʚʥʳʝ ʘʥʘʣʦʛʠ ʛʨʘʥʠʪʦʠʜʦʚ ʪʘʢʞʝ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʠʣʴʤʝʥʠʪʦʚʫʶ ʠ ʤʘʛʥʝʪʠʪʦʚʫʶ ʩʝʨʠʠ [ʄʠʰʠʥ ʠ ʜʨ., 2003; ʊʘʣʪʳʢʠʥ 

ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024]. ɺʣʠʷʥʠʝ ʦʩʘʜʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚʝʩʴʤʘ ʩʧʦʨʥʦ. ʇʦʵʪʦʤʫ, ʧʝʨʝʜ ʥʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʉɸʆʇ ʩʪʦʷʣʘ ʟʘʜʘʯʘ 

ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʪʦʚ ʧʨʠ 
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ʦʙʨʘʟʦʚʘʥʠʠ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʦʣʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʝʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʘʩʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ 

ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ 

ʩʝʨʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʉɸʆʇ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ  ʨʝʰʝʥʳ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ: 

- ʦʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʜʝʣʝʥʠʷ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ 

ʩʝʨʠʡ ʥʘ ʦʩʥʦʚʝ ʨʷʜʘ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ; 

- ʧʦʩʪʨʦʝʥʘ  ʩʭʝʤʘ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʉʠʭʦʪʵ-

ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʝʸ ʩʚʷʟʠ ʩ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ, ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʦʤ, ʛʣʫʙʠʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʚʦʟʨʘʩʪʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ; 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʝʛʘʟʘʮʠʠ ʤʘʥʪʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʚ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʦʛʨʫʞʘʶʱʝʡʩʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʧʨʠ ʩʫʙʜʫʢʮʠʠ ʥʘ ʨʝʜʦʢʩ-

ʫʩʣʦʚʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ; 

- ʠʩʩʣʝʜʦʚʘʥʳ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʠʪʦʠʜʦʚ 

ʉɸʆʇ ʚ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʝ ʚʨʝʤʷ. 

 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ 

ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʪʠʭ ʧʦʨʦʜ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʥʠʢʰʘʷ ʧʨʠ ʦʨʦʛʝʥʝʟʝ ʟʦʥʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 
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ʚ ʜʘʣʴʥʝʡʰʝʤ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʛʨʘʥʠʪʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʤ ʩʣʦʝ ʥʦʚʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʡʢʘʭ ʚ ʉɸʆʇ 

ʵʪʘ ʟʦʥʘʣʴʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʩ ʥʝʡ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ 

ʧʨʦʚʠʥʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʨʝʜʦʢʩ-ʟʦʥ ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʘʛʤʘʪʠʟʤʘ ʚ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʝ ʚʨʝʤʷ ʚ ʉɸʆʇ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʇʨʝʜʣʦʞʝʥ ʠʥʦʡ, ʯʝʤ ʫ ʐ. ʀʰʠʭʘʨʘ [Ishihara, 1977], ʤʝʭʘʥʠʟʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʨʠ ʩʫʙʜʫʢʮʠʠ. ʆʥ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʦʢʩ-

ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʝ (ʠ ʚ ʉɸʆʇ ʚ ʯʘʩʪʥʦʩʪʠ). ʇʨʘʢʪʠʯʝʩʢʠ, ʟʥʘʥʠʝ 

ʩʝʨʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʫʯʘʩʪʢʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʪʠʧ ʦʨʫʜʝʥʝʥʠ.̫ ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝ 

ʚʩʝʛʜʘ ʠʟʚʝʩʪʥʦ, ʢ ʢʘʢʦʡ ʩʝʨʠʠ (ʀʉ ʠʣʠ ʄʉ) ʦʪʥʦʩʷʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʣʦʱʘʜʥʦʝ 

ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (MS) ʤʘʛʤʘʪʠʪʦʚ. ʊʘʢʞʝ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʧʨʦʰʣʦʛʦ. 

 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠ  ̫

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

 

1. ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʠʣʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ. ɺ ʵʪʠʭ ʟʦʥʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʠʜʝʥʪʠʯʥʳʝ ʧʦ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʩʪʝʧʝʥʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʪʠʧʫ, ʛʣʫʙʠʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʚʦʟʨʘʩʪʫ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. 
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2. ʀʣʴʤʝʥʠʪʦʚʳʝ ʧʦʨʦʜʳ I ʵʪʘʧʘ ʤʘʛʤʘʪʠʟʤʘ (133-120 ʤʣʥ ʣʝʪ) ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʦʣʣʠʟʠʦʥʥʳʤ, ʘ ʤʘʛʥʝʪʠʪʦʚʳʝ ʧʦʨʦʜʳ V ʵʪʘʧʘ (ʤʦʣʦʞʝ 52 ʤʣʥ ʣʝʪ) ʢ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʤ. ʆʩʪʘʣʴʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ II  - IV  ʵʪʘʧʦʚ 

ʦʪʥʦʩʷʪʩʷ ʢ çʩʤʝʰʘʥʥʳʤ ʩʝʨʠʷʤè. 

3. ʆʙʨʘʟʦʚʘʚʰʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʨʦʛʝʥʝʟʘ ʥʦʚʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ ʚ 

ʧʨʝʜʝʣʘʭ ʉɸʆʇ ʩʦʭʨʘʥʠʣʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʚ 

ʣʠʪʦʩʬʝʨʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʥʠʪʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚ ʘʣʴʙ-

ʩʝʥʦʤʘʥʩʢʦʝ ʚʨʝʤʷ. 

 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 

ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʚʳʰʝ 500 ʦʙʨʘʟʮʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ (ʊʘʙʣʠʮʘ ˉ1), ʩʦʙʨʘʥʥʳʝ ʢʦʣʣʝʢʪʠʚʦʤ 

(ʃ.ʌ. ʄʠʰʠʥ, ɽ.ɸ. ʂʦʥʦʚʘʣʦʚʘ ʠ ʖ.ɺ. ʊʘʣʪʳʢʠʥ ï ʩ 2016 ʛ.) ʚ ʧʝʨʠʦʜ 2012-2020 

ʛ.ʛ. ʠ ʢʦʣʣʝʢʪʠʚʦʤ (ɽ.ɸ. ʂʦʥʦʚʘʣʦʚʘ ʠ ʖ.ɺ. ʊʘʣʪʳʢʠʥ) ʚ ʧʝʨʠʦʜ 2021-2024 ʛ.ʛ. ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʧʦ ʩʝʨʠʠ 

ʧʨʦʬʠʣʝʡ (ʨʠʩʫʥʢʠ 2.7.2 - 2.7.4). ʀʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʧʨʦʬʠʣʴʥʳʤ 

ʟʘʤʝʨʘʤ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʩ 2018 ʛ.) ʚ ʢʦʨʝʥʥʳʭ ʚʳʭʦʜʘʭ ʧʦʨʦʜ (ʩ 

ʰʘʛʦʤ 2-20 ʤʝʪʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʥʘʞʝʥʥʦʩʪʠ ʤʝʩʪʥʦʩʪʠ), ʘ ʪʘʢʞʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʘʤʝʨʳ MS (ʩʚʳʰʝ 600 ʟʘʤʝʨʦʚ), ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʧʦʛʨʘʥʠʯʥʳʭ 

ʤʘʩʩʠʚʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʦʨʦʜʘʤʠ ʀʉ ʠ ʄʉ, ʚʦ ʚʨʝʤʷ ʜʝʪʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ 

(ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 65 ʢʤ).  ʇʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʦʚ ʠʣʴʤʝʥʠʪʦʚʳʭ 

ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʦʙʨʘʟʮʦʚ 2 ʤʘʩʩʠʚʦʚ (ʇʨʠʠʩʢʦʚʳʡ ʠ ʖʞʥʳʡ ʉʠʜʠʤʠʡʩʢʠʡ). ɺ 

ʊʘʙʣʠʮʝ ˉ2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʉɸʆʇ U-Pb ʤʝʪʦʜʦʤ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ 2016 ʛ. ʧʦ 2022 ʛ. ʧʨʦʚʦʜʠʣʘʩʴ ʘʚʪʦʨʦʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʜ.ʛ.-ʤ.ʥ. ʃ.ʌ. ʄʠʰʠʥʘ, ʟʘʪʝʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʛ.-ʤ.ʥ., 

ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʅ. ɼʠʜʝʥʢʦ. ɺʩʝ ʵʪʠ ʛʦʜʳ ʘʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʦʪʙʦʨʝ ʦʙʨʘʟʮʦʚ (430 ʦʙʨʘʟʮʦʚ ʠʟ 507, 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ ˉ1, ʧʦʣʫʯʝʥʳ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʚ 

2016-2024 ʛʛ.) ʠ ʧʨʦʚʝʜʝʥʠʠ ʯʘʩʪʠ (ʧʦʨʷʜʢʘ 80%) ʤʘʨʰʨʫʪʥʳʭ ʩʲʝʤʦʢ MS ʥʘ 

ɸʢʩʘʢʠʥʩʢʦʤ, ʖʞʥʦʤ ʉʠʜʠʤʠʡʩʢʦʤ ʠ ʇʨʠʠʩʢʦʚʦʤ ʤʘʩʩʠʚʘʭ. ʊʘʢʞʝ ʘʚʪʦʨ 

ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʨʪ ʠ ʩʭʝʤ ʟʦʥʘʣʴʥʦʩʪʠ 

ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʉɸʆʇ. ɸʚʪʦʨ ʣʠʯʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʤʘʪʝʨʠʘʣʳ (ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʪʘʢ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ) ʧʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʣʠʪʦʩʬʝʨʳ ʚ ʟʦʥʘʭ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʦʢʨʘʠʥ ʠ ʧʨʝʜʣʦʞʠʣ ʩʚʦʶ ʤʦʜʝʣʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʵʪʠʭ ʟʦʥ ʚ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʝ. 

ɺʦ ʚʩʝʭ ʩʪʘʪʴʷʭ (1-11), ʥʘʧʠʩʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʘʚʪʦʨ ʣʠʯʥʦ ʧʨʠʥʠʤʘʣ 

ʫʯʘʩʪʠʝ ʚ ʩʙʦʨʝ ʧʦʣʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʚʤʝʩʪʝ ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʫʯʘʩʪʚʦʚʘʣ ʚ ʦʙʨʘʙʦʪʢʝ ʧʦʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ, ʚ 

ʦʙʦʙʱʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ. ɺʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʩʦʩʪʦʠʪ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʙʣʝʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʨʝʜʦʢʩ-ʟʦʥ, ʠʭ ʤʝʪʘʣʣʦʛʝʥʠʠ ʠ ʩʚʷʟʠ ʩ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʝ ʚʨʝʤʷ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʭʝʤʳ 

ʟʦʥʘʣʴʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʉʠʭʦʪʵ-ɸʣʠʥʷ, ʧʦʩʪʨʦʝʥʥʦʡ: ʘ) ʧʦ ʦʩʨʝʜʥʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ [ʄʠʰʠʥ ʠ ʜʨ., 

2003; ʄʝʨʢʫʣʦʚʘ, ʄʠʰʠʥ, 2015] ʠ ʙ) ʧʦ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʉɸʆʇ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʦʙʝ ʩʭʝʤʳ ʚʧʦʣʥʝ ʩʦʧʦʩʪʘʚʠʤʳ, ʥʦ MS ʜʘʸʪ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

ʂʨʦʤʝ ʠʟʤʝʨʝʥʠʡ MS ʦʙʨʘʟʮʦʚ ʠ ʟʘʤʝʨʦʚ ʚ ʦʢʨʝʩʥʦʩʪʷʭ ʪʦʯʢʠ ʦʪʙʦʨʘ, ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
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ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʊʠɻ ɼɺʆ ʈɸʅ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʨʘʟʮʦʚ (385) 

ʚʳʧʦʣʥʝʥʳ ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʠ ʘʥʘʣʠʟʳ (441) ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ʄʉ), ʠʟʫʯʝʥʳ ʰʣʠʬʳ 

(ʦʢʦʣʦ 200), ʠʟʤʝʨʝʥ ʚʝʩ (ʚ ʧʨʦʮʝʥʪʘʭ ʤʘʩʩʳ) ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ (259) ʠ 

ʦʧʨʝʜʝʣʝʥʘ ʞʝʣʝʟʠʩʪʦʩʪʴ (ʚ ʜʦʣʷʭ ʦʪ ʚʝʩʘ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ) ʪʝʤʥʦʮʚʝʪʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (155). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʘʙʦʪ ʙʳʣʘ ʚʳʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʜ ʀʉ ʠ ʄʉ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʟʥʘʢʦʚ [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin 

et al., 2020].  

ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʪʘʢʞʝ ʧʦʩʪʨʦʠʪʴ ʨʷʜ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʨʘʬʠʢ ʩʚʷʟʠ MS ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ  

ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ ʚ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜʘʭ ʉɸʆʇ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; 

Taltykin et al., 2024]. 

  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʲʝʤʦʤ ʚʳʙʦʨʢʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʨʘʟʮʦʚ ʩʜʝʣʘʥʳ ʈʌɸ (385) ʠ 

ʀʉʇ-ʄʉ (441) ʘʥʘʣʠʟʳ, ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʰʣʠʬʳ (~200), ʠʟʤʝʨʝʥ ʚʝʩ ʤʘʛʥʠʪʥʦʡ 

ʬʨʘʢʮʠʠ (259) ʠ ʦʧʨʝʜʝʣʝʥʘ ʞʝʣʝʟʠʩʪʦʩʪʴ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ (155)). ʉʭʝʤʘ 

ʨʝʜʦʢʩ-ʟʦʥ ʧʦ MS ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʭʦʜʠʪʩʷ ʩ ʟʦʥʘʣʴʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ [ʄʠʰʠʥ ʠ ʜʨ., 2003]. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʳ ʜʘʥʥʳʭ RSCI ʠ 

Scopus. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʙʳʣʦ ʩʜʝʣʘʥʦ 27 ʜʦʢʣʘʜʦʚ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

III ʢʦʥʬʝʨʝʥʮʠ ̫ çɺ ʂʀʃʔɺɸʊɽʈɽ ɹʆʃʔʐʆɻʆ ʂʆʈɸɹʃʗ..è 

(ʏʝʨʥʦʛʦʣʦʚʢʘ, 2018); 

X, XȽ, XII  ʂʦʩʳʛʠʥʩʢʠʝ ʯʪʝʥʠʷ (ʍʘʙʘʨʦʚʩʢ, 2019, 2021, 2024); 
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ʍʍ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ..è (ʄʦʩʢʚʘ, ʀɻɽʄ ʈɸʅ, 2019); 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘ ̫120-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ɼ.ʉ. 

ʂʦʨʞʠʥʩʢʦʛʦ (ʄʦʩʢʚʘ, ʀɻɽʄ ʈɸʅ, 2019); 

LII , LIII ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʩʦʚʝʱʘʥʠ ̫(ʄʦʩʢʚʘ, ɻɽʆʉ, 2020, 2022); 

XI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʗʢʫʪʩʢ, 2021); 

VIII , Iʍ, ʍ ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʥʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ (ɹʠʨʦʙʠʜʞʘʥ, 2021, 2022, 

2024); 

XIII ɺʩʝʨʦʩʩʠʡʩʢʦʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʩʦʚʝʱʘʥʠʝ (ʀʨʢʫʪʩʢ, 2021); 

ʍʍ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʀʨʢʫʪʩʢ, 2022); 

V, VI  ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ (ɺʣʘʜʠʚʦʩʪʦʢ, 2021, 2023); 

16-ʝ ʜʚʫʭʛʦʜʠʯʥʦʝ ʩʦʙʨʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʆʙʱʝʩʪʚʘ 

(SGA) (ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ, 2022). 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 6 ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ: 

- ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʛʝʦʣʦʛʠʷ (2020, 2023, 2024), 

- ɺʝʩʪʥʠʢ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ (2020), 

- ʇʝʪʨʦʣʦʛʠʷ (2022), 

- ɻʝʦʣʦʛʠʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (2023), 

ʠʟ ʥʠʭ 1 ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ ʚ ʠʟʜʘʥʠʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʧʠʩʢʘ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ ʠʟ ʧʝʨʝʯʥʷ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʚ ʢʦʪʦʨʦʤ 

ʤʦʛʫʪ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ: 

- ɺʝʩʪʥʠʢ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ (2020), 

ʠ 5 ʩʪʘʪʝʡ ʚ ʠʥʳʭ ʞʫʨʥʘʣʘʭ: 

ʈʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ: 2021 ʛ. ï 2 ʩʪʘʪʴʠ; 2022 ʛ. - 1 ʩʪʘʪʴʷ; 2024 ʛ. ï 2 

ʩʪʘʪʴʠ. 
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʢʪʦʥʠʢʠ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʀʥʩʪʠʪʫʪʘ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʩʪʘʨʰʝʤʫ ʪʦʚʘʨʠʱʫ, ʢʦʣʣʝʛʝ ʠ ʧʝʨʚʦʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʛ.-ʤ.ʥ. ʃ.ʌ. ʄʠʰʠʥʫ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʧʨʠ 

ʥʘʧʠʩʘʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʀʩʢʨʝʥʥʷʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʘʤ ʣʘʙʦʨʘʪʦʨʠʡ 

ʪʝʢʪʦʥʠʢʠ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʛ.-ʤ.ʥ. ɽ.ʇ. ʈʘʟʚʦʟʞʘʝʚʦʡ ʠ 

ʪʝʢʪʦʥʠʢʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʛ.-ʤ.ʥ. ʂʫʜʳʤʦʚʘ ɸ.ɺ. ʟʘ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʦʙʩʫʞʜʝʥʠʠ ʧʨʦʙʣʝʤ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʟʤʘ ʚ ʉɸʆʇ, ʘ ʪʘʢʞʝ ʧʦʤʦʱʴ 

ʚʦ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʦʙʘʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʤʦʝʡ ʢʦʣʣʝʛʝ ʠ ʩʦʘʚʪʦʨʫ 

ɽ.ɸ. ʂʦʥʦʚʘʣʦʚʦʡ ʟʘ ʩʦʚʤʝʩʪʥʫʶ ʧʣʦʜʦʪʚʦʨʥʫʶ ʨʘʙʦʪʫ ʠ ʚʝʜ.ʥ.ʩ. ɺ.ɻ. ʅʝʚʩʪʨʫʝʚʫ 

ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ ʢʦʥʩʫʣʴʪʘʮʠʠ ʚ ʭʦʜʝ ʥʘʧʠʩʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ. ɹʦʣʴʰʘʷ 

ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʤʦʝʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʛ.-ʤ.ʥ., ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʅ. ɼʠʜʝʥʢʦ ʟʘ 

ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʊʘʢʞʝ ʘʚʪʦʨ ʠʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʝʥ 

ʜʦʢʪʦʨʫ ʛʝʦʣ.-ʤʠʥ. ʥʘʫʢ ʘʢʘʜʝʤʠʢʫ ʈɸʅ ɸʣʝʢʩʘʥʜʨʫ ʀʚʘʥʦʚʠʯʫ ʍʘʥʯʫʢʫ ʟʘ 

ʦʙʩʫʞʜʝʥʠʷ, ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ ʟʘʤʝʯʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʨʘʙʦʪ. 
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ɻʃɸɺɸ 1. ʀʃʔʄɽʅʀʊʆɺʓɽ ʀ ʄɸɻʅɽʊʀʊʆɺʓɽ ɻʈɸʅʀʊʆʀɼʓ, 

ʇʈʆʀʉʍʆɾɼɽʅʀɽ ʀ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ɺ ʉʀʍʆʊʕ-ɸʃʀʅʔʉʂʆʄ 

ʆʈʆɻɽʅʅʆʄ ʇʆʗʉɽ
1
 

1.1 ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ 

ʛʨʘʥʠʪʦʠʜʦʚ 

__________________________________ 

1 
ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʘʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ 

ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʄʠʰʠʥ ʃ.ʌ., ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ., ʊʘʣʪʳʢʠʥ ʖ.ɺ., ʂʨʫʪʠʢʦʚʘ ɺ.ʆ., ɼʦʙʢʠʥ ʉ.ʅ., 

ʖʨʯʝʥʢʦ ʖ.ʖ., ʐʪʘʨʝʚʘ ɸ.ɺ. ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤʠ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʠ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ 

ʧʦʷʩʘ // ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʛʝʦʣʦʛʠʷ. 2020. ʊ. 39. ˉ 3. ʉ. 51-67 (2,08 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ï 35%). 

DOI: 10.30911/0207-4028-2020-39-3-51-67. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ ʈʀʅʎ: 1,189. 

Mishin L.F., Konovalova E.A., Taltykin Yu.V. , Krutikova V.O., Dobkin S.N., Yurchenko Yu.Yu., 

Shtareva A.V. Redox Conditions and Related Geochemical and Metallogenic Zonation of Magmatic 

Rocks of the Sikhote Alin Orogenic Belt // Russian Journal of Pacific Geology. 2020. Vol. 14. ˉ 3. 

P.241ï256. DOI: 10.1134/S1819714020030057. (1,96 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ï 35%). SJR: 0,352. 

2. ʊʘʣʪʳʢʠʥ ʖ.ɺ., ʄʠʰʠʥ ʃ.ʌ., ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʬʦʥ 

ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʪʦʚ ʤʝʣ-

ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ: ʩʚʷʟʴ ʩ ʛʝʦʜʠʥʘʤʠʢʦʡ // ɺʝʩʪʥʠʢ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ. 2020. ˉ 4. ʉ. 24-38. (1,74 ʧ.ʣ., 

ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ï 80%). DOI: 10.34078/1814-0998-2020-4-24-38. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ ʈʀʅʎ: 0,229. 

3. ʄʠʰʠʥ ʃ.ʌ., ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ., ʊʘʣʪʳʢʠʥ ʖ.ɺ. ɺʣʠʷʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ 

ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʤʝʟʦʟʦʡʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʷʩʦʚ ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ // ʇʝʪʨʦʣʦʛʠʷ. 2022. ʊ. 30. ˉ 3. ʉ. 260-280. (2,57 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ 

ʚʢʣʘʜ ï 35%). DOI: 10.31857/S0869590322030050. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ ʈʀʅʎ: 1,933. 

Mishin L.F., Konovalova E.A., Taltykin Yu.V . Effects of Redox Conditions on Geochemical and 

Metallogenic Zoning: An Example of Mesozoic Magmatic Belts in Eastern Yakutia // Petrology. 2022. 

Vol. 30. ˉ 3. P. 258ï277. DOI: 10.1134/S0869591122030055. (2,45 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ï 35%). 

SJR: 0,463. 

4. ʊʘʣʪʳʢʠʥ ʖ.ɺ., ʄʠʰʠʥ ʃ.ʌ., ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ. ʄʦʜʝʣʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʦʥʘʣʴʥʦʩʪʠ 

ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʪʦʚ ʚ ʘʢʢʨʝʮʠʦʥʥʳʭ ʠ ʢʦʣʣʠʟʠʦʥʥʳʭ ʦʨʦʛʝʥʘʭ ʚ 

ʤʝʟʦʟʦʝ: ʩʚʷʟʴ ʩ ʛʝʦʜʠʥʘʤʠʢʦʡ (ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʤ ʦʨʦʛʝʥʥʦʤ 

ʧʦʷʩʝ) // ʊʝʢʪʦʥʠʢʘ ʠ ʛʝʦʜʠʥʘʤʠʢʘ ɿʝʤʥʦʡ ʢʦʨʳ ʠ ʤʘʥʪʠʠ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ-2022. 

ʄʘʪʝʨʠʘʣʳ LIII  ʊʝʢʪʦʥʠʯ. ʩʦʚʝʱʘʥʠʷ. ʊ. 2. ʄ.: ɻɽʆʉ. 2022. ʉ. 231-235. 

5. Taltykin Yu ., Mishin L., Kepezhinskas P., Konovalova E. Cretaceous to Paleogene 

magmatism and mineralization in the Sikhote-Alin Range (Russian Far East): implications for the 

redox-driven metallogenic zonation of Circum-Pacific orogens. In: Christie AB (ed.) Proceedings of 

the 16th SGA Biennial Meeting, 28-31 March 2022. 2022. Vol. 1. P. 376-379. 

6. ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ., ʄʠʰʠʥ ʃ.ʌ., ʊʘʣʪʳʢʠʥ ʖ.ɺ. ʀʣʴʤʝʥʠʪʦʚʳʝ ʠ ʤʘʛʥʝʪʠʪʦʚʳʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. // ʈʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ. 2022. ʊ. 25. ˉ 3. ʉ. 66-68. 
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7. ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ., ʊʘʣʪʳʢʠʥ ʖ.ɺ., ʖʨʯʝʥʢʦ ʖ.ʖ., ʄʠʰʠʥ ʃ.ʌ. ʆʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜ ʇʨʠʠʩʢʦʚʦʛʦ ʤʘʩʩʠʚʘ ʠ ʝʛʦ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ 

ʩʣʝʜʩʪʚʠʷ (ʖʞʥʳʡ ʉʠʭʦʪʵ-ɸʣʠʥʴ, ʇʨʠʤʦʨʴʝ, ʈʦʩʩʠʷ) // ɻʝʦʣʦʛʠʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

2023. ʊ. 65. ˉ 3. ʉ. 254-269. (1,96 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ï 30%). DOI: 

10.31857/S0016777023030012. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ ʈʀʅʎ: 1,145. 

Konovalova E.A., Taltykin Yu.V., Yurchenko Yu.Yu., Mishin L.F. Redox Conditions of Formation 

of Rocks of the Priiskovy Massif and Their Metallogenic Consequences (South SikhoteïAlin, 

Primorye) // Geology of Ore Deposits. 2023. Vol. 65. ˉ 3. P. 240ï254. DOI: 

10.1134/S1075701523030017. (1,84 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ - 30%). SJR: 0,276. 

 

ɺʦʧʨʦʩ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʚ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʝ ʠ ʚ ʉɸʆʇ ʚ ʯʘʩʪʥʦʩʪʠ ʦʙʩʫʞʜʘʝʪʩʷ ʝʱʝ ʩʦ 

ʩʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [ʉʤʠʨʥʦʚ, 1946]. ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ  

ʠʛʨʘʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ (ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷ) 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ [ʈʦʤʘʥʦʚʩʢʠʡ, 1987; Ishihara, 1998]. 

ɺʩʝ ʦʩʥʦʚʥʳʝ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʉɸʆʇ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʩʚʷʟʘʥʳ ʩ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʨʠʩʫʥʦʢ 1.1.1) [ʂʦʥʦʚʘʣʦʚʘ 

ʠ ʜʨ., 2023; Konovalova et al., 2023]. ʀ, ʭʦʪʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʥʷʪʠʝʤ, ʘ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʣʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʨʷʜ ʪʝʥʜʝʥʮʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʫʜʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʊʘʢ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [ʇʝʯʝʨʩʢʠʡ, 1964] ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ [Linnen et al., 1995, 1996] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʣʦʚʦ (Sn) 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʪʦ ʝʩʪʴ ʦʥʦ ʩʚʷʟʘʥʦ ʩ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʝʡ ʠʥʪʨʫʟʠʚʦʚ. ʉ ʦʣʦʚʦʤ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦʣʴʬʨʘʤ ʠ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʷʜ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ ʠ ʤʝʜʥʦ-

ʧʦʨʬʠʨʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʢʠʩʣʝʥʥʳʤ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ 

(ʤʘʛʥʝʪʠʪʦʚʘʷ ʩʝʨʠʷ). ɿʦʣʦʪʦ-ʤʝʜʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʙʝʠʭ ʩʝʨʠʷʭ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ 

ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʪʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ 

ʪʝʢʪʦʥʠʢʦʡ ʠ ʛʝʦʜʠʥʘʤʠʢʦʡ ʨʝʛʠʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʧʳʪʘʪʴʩʷ ʥʘʡʪʠ ʩʚʷʟʴ 
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ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʪʦʚ ʩ ʛʣʫʙʠʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʣʠʪʦʩʬʝʨʝ ʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʟʦʥʘʤʠ ʤʘʛʤʘʪʠʟʤʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʘ ʪʘʢʞʝ ʚ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʵʧʦʭʠ ʙʳʣʠ ʘʢʪʠʚʥʳʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʢʨʘʠʥʳ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʨʘʱʠʚʘʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ. ʉʘʤʦʡ ʦʙʰʠʨʥʦʡ ʠ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʚ 

ʤʝʟʦʟʦʡ-ʢʘʡʥʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʘʢʪʠʚʥʘʷ ʦʢʨʘʠʥʘ. 
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ʈʠʩʫʥʦʢ 1.1.1 ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʤʘʛʥʝʪʠʪʦʚʦʡ ʠ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʡ ʚ ʉɸʆʇ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʝʪʘʣʣʦʛʝʥʠʠ [ʂʦʥʦʚʘʣʦʚʘ ʠ ʜʨ., 2023; 

Konovalova et al., 2023] ʩ ʫʧʨʦʱʝʥʠʷʤʠ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʀʉ; 2 ï ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʄʉ; 3 ï ʦʙʣʘʩʪʴ ʩ 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ; 4 ïʧʨʦʷʚʣʝʥʠʷ (ʘ) ʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʙ)  Sn  ʠ  Sn ï W; 5 ï (ʤʦʣʠʙʜʝʥ)-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ ʧʨʦʷʚʣʝʥʠʷ 

(ʘ), ʄʘʣʤʳʞʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʙ); 6 - ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʘ. 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʘʚʪʦʨʦʚ, ʚʳʷʚʠʚʰʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʚʥʫʪʨʝʥʥʶʶ (ʩʝʨʝʙʨʷʥʦ-ʤʝʜʥʫʶ) ʠ ʚʥʝʰʥʶʶ (ʦʣʦʚʦ-

ʚʦʣʴʬʨʘʤʦʚʫʶ) ʟʦʥʳ, ʙʳʣ ʉ.ʉ. ʉʤʠʨʥʦʚ [ʉʤʠʨʥʦʚ, 1946]. ʈʘʟʣʠʯʠʷ ʚ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʦʥ ʦʙʲʷʩʥʷʣ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʤʘʛʤʘʪʠʪʦʚ 

ʦʪ ʦʩʥʦʚʥʦʛʦ (ʚʙʣʠʟʠ ʦʢʝʘʥʘ) ʜʦ ʢʠʩʣʦʛʦ (ʚʛʣʫʙʴ ʤʘʪʝʨʠʢʘ) (ʨʠʩʫʥʦʢ 1.1.2). ʊʦʛʜʘ 

ʞʝ ʦʥ ʦʪʤʝʪʠʣ ʨʘʟʥʠʮʫ ʚ ʨʫʜʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʚʦʩʪʦʯʥʦʛʦ ʠ ʟʘʧʘʜʥʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. 

ɺ 1964 ʛ. ɼ.ʄ. ʇʝʯʝʨʩʢʠʡ ʦʧʫʙʣʠʢʦʚʘʣ ʨʘʙʦʪʫ [ʇʝʯʝʨʩʢʠʡ, 1964], 

ʧʦʩʚʷʱʝʥʥʫʶ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʛʨʘʥʠʪʦʠʜʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʉʉʈ. ɺ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʨʘʥʠʪʦʠʜʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʤʘʛʥʠʪʥʳʝ ʠ 

ʥʝʤʘʛʥʠʪʥʳʝ. ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʢ ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʉʉʈ, ʪʘʢ ʠ ʧʦ ʜʨʫʛʠʤ ʨʝʛʠʦʥʘʤ ʩʪʨʘʥʳ, ʪʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʥʠʪʦʠʜʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʳ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʬʫʛʠʪʠʚʥʦʩʪʴʶ 

ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʜʘʚʣʝʥʠʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʦʯʘʛʝ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʠʥʪʨʫʟʠʚʦʚ, ʠʭ ʚʦʟʨʘʩʪ ʠ ʩʦʩʪʘʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʩʣʘʙʦ ʚʣʠʷʶʪ ʥʘ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʛʨʘʥʠʪʦʠʜʦʚ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʠʣʴʥʝʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 1.1.2 ʉʭʝʤʳ ʟʦʥʘʣʴʥʦʩʪʠ ʧʦʷʩʦʚ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʠ ʩ 

ʫʧʨʦʱʝʥʠʷʤʠ: 1 - ʦʣʦʚʦ, 2 - ʩʝʨʝʙʨʦ-ʤʝʜʴ ʧʦ [ʉʤʠʨʥʦʚ, 1946]; 1 - ʠʣʴʤʝʥʠʪʦʚʳʡ, 

2 - ʤʘʛʥʝʪʠʪʦʚʳʡ ʧʦ [Ishihara, 1977] ʠ 1 - ʠʣʴʤʝʥʠʪʦʚʳʡ, 2 - ʤʘʛʥʝʪʠʪʦʚʳʡ, 3 - 

ʜʨʝʚʥʠʝ ʱʠʪʳ ʧʦ [Ishihara, 1998; Wendt et al., 2013]. 

 

ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ɹ.ʋ. ʏʘʧʧʝʣʣʦʤ ʠ ɸ.ɼʞ.ʈ. ʋʘʡʪʦʤ ʚ 1974 ʛ. S- ʠ I - ʪʠʧʦʚ 

ʛʨʘʥʠʪʦʠʜʦʚ [Chappell, White, 1974,2001], ʐ. ʀʰʠʭʘʨʘ ʚ 1977 ʛ. [Ishihara, 1977], 

ʠʟʫʯʘʷ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʗʧʦʥʠʠ, ʚʚʦʜʠʪ ʧʦʥʷʪʠʝ ʠʣʴʤʝʥʠʪʦʚʦʡ 
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(ʥʝʤʘʛʥʠʪʥʦʡ) ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ (ʤʘʛʥʠʪʥʦʡ) ʩʝʨʠʡ ʛʨʘʥʠʪʦʠʜʦʚ. ʄʘʛʥʝʪʠʪʦʚʘʷ 

ʩʝʨʠʷ ʩʦʜʝʨʞʠʪ ʜʦ 3% ʩʠʣʴʥʦʤʘʛʥʠʪʥʦʛʦ ʤʠʥʝʨʘʣʘ ʤʘʛʥʝʪʠʪʘ, ʦʥʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ. ɺ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦ 0,1 % ʥʝʤʘʛʥʠʪʥʦʛʦ ʤʠʥʝʨʘʣʘ ʠʣʴʤʝʥʠʪʘ, ʬʫʛʠʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʳʣʘ ʥʠʟʢʦʡ. ʇʦ ʤʥʝʥʠʶ ʐ. ʀʰʠʭʘʨʘ, ʛʨʘʥʠʮʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʜʚʝ 

ʩʝʨʠʠ, ʚʝʨʦʷʪʥʦ, ʧʨʦʭʦʜʠʪ ʨʷʜʦʤ ʩ ʙʫʬʝʨʦʤ Ni-NiO. ʇʨʠ ʵʪʦʤ ʛʨʘʥʠʪʦʠʜʳ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ (ʵʪʦ ʯʘʱʝ I -ʪʠʧ) ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʥʘ ʛʣʫʙʦʢʦʤ ʫʨʦʚʥʝ 

(ʚʝʨʭʥʷʷ ʤʘʥʪʠʷ) ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʦʩʘʜʦʯʥʳʤʠ 

(ʘʢʢʨʝʮʠʦʥʥʳʤʠ) ʢʦʤʧʣʝʢʩʘʤʠ; ʪʦʛʜʘ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʛʨʘʥʠʪʦʠʜʦʚ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ (ʦʙʳʯʥʦ S-ʪʠʧʘ) ʚʦʟʥʠʢʣʦ ʚ ʩʝʨʝʜʠʥʝ ʥʠʞʥʝʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ʄʘʛʤʳ ʩʤʝʰʠʚʘʣʠʩʴ ʩ ʫʛʣʝʨʦʜʦʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʩʚʦʝʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ. ʕʪʘ ʩʚʷʟʴ 

ʧʨʦʷʚʣʷʣʘʩʴ ʜʣʷ ʠʣʴʤʝʥʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʚ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʠʟʦʪʦʧʘ ʢʠʩʣʦʨʦʜʘ 

ŭ
18
O, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʦʩʘʜʢʦʚ [Ishihara, 2007]. ʐ. ʀʰʠʭʘʨʘ 

ʫʢʘʟʘʣ ʥʘ ʩʚʷʟʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʣʦʚʘ-ʚʦʣʴʬʨʘʤʘ ʠʤʝʥʥʦ ʩ ʠʣʴʤʝʥʠʪʦʚʳʤʠ 

ʛʨʘʥʠʪʦʠʜʘʤʠ, ʘ ʤʝʜʠ ʠ ʟʦʣʦʪʘ - ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʤʘʛʥʝʪʠʪʦʚʳʤʠ (ʨʠʩʫʥʢʠ 

1.1.2, 1.2.3.1). ʐ. ʀʰʠʭʘʨʘ ʚʩʣʝʜ ʟʘ ɼ.ʄ. ʇʝʯʝʨʩʢʠʤ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʣ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (MS) ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʝʨʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ [Ishihara, 1979]. 

ɺ ʢʦʥʮʝ ʍʍ - ʥʘʯʘʣʝ ʍʍI ʚʝʢʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʪʦʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ʐ.ʀʰʠʭʘʨʘ ʩ ʢʦʣʣʝʛʘʤʠ ʧʦ 

ʠʟʫʯʝʥʠʶ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʛʨʘʥʠʪʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʛʠʦʥʘʭ ʤʠʨʘ: ʗʧʦʥʠʷ, ʏʠʣʠ, ʇʝʨʫ, ʖ. ɸʬʨʠʢʘ, ɺʦʩʪʦʯʥʘʷ ɸʟʠʷ ʠ ʜʨ. [Ishihara, 

1977,2004,2007; Ishihara, Ulriksen,1980; Ishihara et al.,2000, 2002], ʦʜʥʠʤ ʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʪʦʨʦʛʦ ʷʚʠʣʘʩʴ ʩʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʚ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʝ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ [Ishihara, 

1998]. ʆʥʘ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ ʚ 2013 ʛ. ɸ. ɺʝʥʜʪʦʤ ʩ ʢʦʣʣʝʛʘʤʠ ʧʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ɸʥʪʘʨʢʪʠʜʝ [Wendt et al., 2013] (ʨʠʩʫʥʦʢ 1.1.2). ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠ ʜʨʫʛʠʤʠ ʫʯʝʥʳʤʠ ʚ ʂʘʣʠʬʦʨʥʠʠ [Gastil, 1990], ɹʨʘʟʠʣʠʠ 
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[Dall'Agnol, Oliveira, 2007], ʇʦʨʪʫʛʘʣʠʠ [SantôOvaia et al., 2013], ʀʥʜʠʠ [Pandit et 

al., 2014; Anettsungla et al., 2018], ʀʥʜʦʥʝʟʠʠ [Maulana et al., 2013]. ɼʣʷ ʥʘʩ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʘ ʨʘʙʦʪʘ ʂ.ɼʞ.ʈ. ʍʘʨʪʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [Hart et al., 2004] ʧʦ 

ʉʝʚʝʨʥʦʡ ʂʦʨʜʠʣʴʝʨʝ ʥʘ ɸʣʷʩʢʝ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʨʘʩʪʦʤ ʛʨʘʥʠʪʦʠʜʦʚ (ʚ 

ʨʘʤʢʘʭ ʨʘʥʥʝʛʦ ʤʝʣʘ), ʘ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʦʞʝʥʠʷ ʤʘʩʩʠʚʦʚ ʥʘ ʥʘʯʘʣʦ 

ʧʦʟʜʥʝʛʦ ʤʝʣʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʢʝʘʥʠʯʝʩʢʦʤʫ ʧʦʙʝʨʝʞʴʶ 

ʟʦʥʳ: ʤʘʛʥʝʪʠʪʦʚʫʶ ʠ ʟʘ ʥʝʡ ʚʛʣʫʙʴ ʢʦʥʪʠʥʝʥʪʘ ʠʣʴʤʝʥʠʪʦʚʫʶ. ʊʘʢʞʝ ʵʪʠ 

ʤʘʪʝʨʠʘʣʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʚʳʚʦʜʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʉʠʭʦʪʵ-

ɸʣʠʥʴʩʢʦʤ ʦʨʦʛʝʥʥʦʤ ʧʦʷʩʝ (ʉɸʆʇ) ʠ ʗʢʫʪʠʠ [ʄʠʰʠʥ ʠ ʜʨ., 2020, 2022; Mishin 

et al., 2020, 2022] ʦ ʪʦʤ, ʯʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ 

ʩʝʨʠʷʤʠ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ ʟʥʘʯʝʥʠʡ MS 0,5-0,6 *10
-3 
ʝʜ. ʉʀ, ʘ 

ʥʝ 3*10
-3 
ʝʜ. ʉʀ, ʢʘʢ ʧʨʝʜʧʦʣʦʞʠʣ ʐ. ʀʰʠʭʘʨʘ [Ishihara et al.,2002]. 

ʊ.ʊʘʢʘʛʠ ʥʘ ʧʨʠʤʝʨʝ ʗʧʦʥʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʝʨʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʠʟʦʪʦʧʦʚ 

ʩʪʨʦʥʮʠʷ ʠ ʥʝʦʜʠʤʘ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʠʣʴʤʝʥʠʪʦʚʳʝ ʩʝʨʠʠ ʩʚʷʟʘʥʳ ʩ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 15 ʧʨʦʮʝʥʪʦʚ ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ [Takagi, 2004]. ɸ ʎ. ʉʶʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [Xu et al., 2022] ʜʦʧʫʩʢʘʝʪ 

ʧʦʷʚʣʝʥʠʝ S-ʛʨʘʥʠʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʪʷʞʝʥʠʷ ʠ ʜʝʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ʧʨʠ ʦʪʢʘʪʝ ʩʣʵʙʘ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʘʩʧʝʢʪʘʤ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʞʝʣʝʟʘ ʚ ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʬʫʛʠʪʠʚʥʦʩʪʴʶ ʢʠʩʣʦʨʦʜʘ, ʜʘʚʣʝʥʠʝʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

ʨʘʩʧʣʘʚʘ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʙʘʣʘʥʩʝ ʤʦʛʫʪ ʠʛʨʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʩʝʨʘ, ʭʣʦʨ, ʬʪʦʨ ʠ ʪ.ʧ.  [ɹʦʨʠʩʦʚ, ʐʘʧʢʠʥ, 1989; 

ʇʫʪʠʥʮʝʚ, ɻʨʠʛʦʨʴʝʚ 1993; Wilke, 2005; ʈʷʙʯʠʢʦʚ, ʂʦʛʘʨʢʦ, 2010; ʂʠʛʘʡ, 2011; 

Borisov et al., 2015, 2017; Losq et al., 2020; Liu et al., 2022]. 
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ʅʘ ʶʛʝ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʉʉʉʈ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʛʨʘʥʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʧʨʦʚʦʜʠʣʠʩʴ 

ʝʱʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ. ʊʘʢ, ʕ.ʗ. ɼʫʙʠʥʯʠʢʦʤ ʠ ɺ.ʂ. ʇʫʪʠʥʮʝʚʳʤ 

[ɼʫʙʠʥʯʠʢ, ʇʫʪʠʥʮʝʚ, 1971] ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʠ MS ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ 5 ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʛʨʫʧʧ ʛʨʘʥʠʪʦʠʜʦʚ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ʇʨʠ ʵʪʦʤ 

ʧʦʨʦʜʳ ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʤʘʩʩʠʚʦʚ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʛʣʠ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ 

ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ. 

ɺ ʀʥʩʪʠʪʫʪʝ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʢʘʢ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʝʪʨʦʬʠʟʠʢʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʅ.ʇ. ʈʦʤʘʥʦʚʩʢʦʛʦ [ʈʦʤʘʥʦʚʩʢʠʡ, 1987; ʌʠʟʠʯʝʩʢʠʝ.., 1987], ʪʘʢ ʠ ʢʦʣʣʝʢʪʠʚʦʤ 

ʘʚʪʦʨʦʚ [ʄʠʰʠʥ ʠ ʜʨ., 1988; ʄʠʰʠʥ, ʇʝʪʫʭʦʚʘ, 1990; ʄʠʰʠʥ, ʈʦʤʘʥʦʚʩʢʠʡ, 

1992]. ɺ 2001 ʚʳʰʣʘ ʈʦʩʩʠʡʩʢʦ-ʂʠʪʘʡʩʢʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʢʘʨʪʘ ʦʙʣʘʩʪʠ 

ʩʦʯʣʝʥʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʠ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʷʩʦʚ ʤʘʩʰʪʘʙʘ 1:1 500 

000 (ʛʣ. ʨʝʜ. ʃ.ʇ. ʂʘʨʩʘʢʦʚ, ʏʞʘʦ ʏʫʥʴʮʟʠʥ) ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʶʛʘ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ ʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ [ʊʝʢʪʦʥʠʢʘ.., 2005]. ʅʘ ʥʝʡ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʨʘʧʦʤ ʚʩʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 3 

ʛʨʫʧʧʳ: ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ, ʦʢʠʩʣʝʥʥʳʝ ʠ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ. ʈʘʙʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʃ.ʌ. ʄʠʰʠʥʳʤ. ʆʥ ʦʙʦʙʱʠʣ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʜʝʣʴʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʢʠʩʥʦʛʦ ʠ ʦʢʠʩʥʦʛʦ ʞʝʣʝʟʘ ʚ ʦʙʨʘʟʮʘʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʲʝʤʢʘʭ ʤʘʩʰʪʘʙʘ 1:100 000 ʠ 1:200 000. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ 

ʛʨʘʥʠʪʦʠʜʳ, ʥʦ ʠ ʠʭ ʵʬʬʫʟʠʚʥʳʝ ʘʥʘʣʦʛʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʢʠʩʣʝʥʥʳʝ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʩʝʨʠʠ [ʄʠʰʠʥ ʠ ʜʨ., 2003]. ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ ʷʚʣʷʝʪʩʷ ʝʚʨʦʧʠʝʚʳʡ (Eu) ʤʠʥʠʤʫʤ ʚ ʩʧʝʢʪʨʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ). ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʤʠʥʠʤʫʤʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ, ʛʣʫʙʠʥʳ ʠʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʱʝʣʦʯʥʦʩʪʠ ʠ ʪ.ʧ. ɺ ʧʦʨʦʜʘʭ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ, ʝʚʨʦʧʠʡ  ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʝʭʚʘʣʝʥʪʥʦʡ 

ʬʦʨʤʝ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʚ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ) ʠ ʚʝʜʝʪ ʩʝʙʷ 

ʠʜʝʥʪʠʯʥʦ ʩ ʜʨʫʛʠʤʠ ʈɿʕ [ʄʠʰʠʥ, 2010]. 
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ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʂʘʨʪʫ ʢʘʢ ʙʘʟʦʚʳʡ ʤʘʪʝʨʠʘʣ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʩʭʝʤʘ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ [ʄʝʨʢʫʣʦʚʘ, 

ʄʠʰʠʥ, 2015]. ɸ ʧʦ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʢʠʩʣʝʥʥʦʩʪʠ [ʄʠʰʠʥ ʠ ʜʨ., 2003] ʩʦʩʪʘʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʢʘʨʪʳ ʟʘʧʘʜʥʦʛʦ 

ʩʝʢʪʦʨʘ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ [ʄʠʰʠʥ ʠ ʜʨ., 2019] ʠ ʤʝʟʦʟʦʡʩʢʠʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʷʩʦʚ ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ [ʄʠʰʠʥ ʠ ʜʨ., 2022; Mishin et al., 2022]. 

ʋʯʠʪʳʚʘʷ ʩʣʦʞʥʦʩʪʴ ʨʘʟʜʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ FeO ʠ Fe2O3  ʚ ʦʙʨʘʟʮʘʭ (ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʶʪ ʩʫʤʤʘʨʥʦʝ (total) ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʦʚ 

ʞʝʣʝʟʘ FeO
T
), ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʚʷʟʠ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʢʠʩʣʝʥʥʦʩʪʠ, ʠʟʫʯʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʠ ʧʨʝʜʣʦʞʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʤʝʪʦʜʠʢʘ ʚʳʷʚʣʝʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʅʘ 

ʵʪʦʡ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʘ ʫʪʦʯʥʝʥʥʘʷ ʩʭʝʤʘ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʫʩʣʦʚʠʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʪʦʚ ʉɸʆʇ [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 2020]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʠʣʴʤʝʥʠʪʦʚʳʭ 

ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤʠ ʦʣʦʚʦʥʦʩʥʦʩʪʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʈʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʵʪʦʛʦ ʪʠʧʘ ʧʦʩʚʷʱʝʥ ʨʷʜ 

ʢʨʫʧʥʳʭ ʨʘʙʦʪ [ʈʦʤʘʥʦʚʩʢʠʡ, 1987; ɻʦʥʝʚʯʫʢ, 2002; ʈʦʜʠʦʥʦʚ, 2005]. ʂʨʦʤʝ 

ʪʦʛʦ ʚ ʨʘʙʦʪʘʭ [ɻʦʥʝʚʯʫʢ, 2002; ʈʦʜʠʦʥʦʚ, 2005; ʌʘʪʴʷʥʦʚ, ʍʦʤʠʯ, 2010; ʍʦʤʠʯ, 

ɹʦʨʠʩʢʠʥʘ, 2017, 2019] ʫʢʘʟʳʚʘʣʦʩʴ ʥʘ ʩʚʷʟʴ ʛʨʘʥʠʪʦʠʜʦʚ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʬʣʶʠʜʘʤʠ ʚ ʦʙʣʘʩʪʷʭ ʩʫʙʜʫʢʮʠʠ ʠ ʢʦʣʣʠʟʠʠ. ɹʳʣʠ ʠʟʫʯʝʥʳ 

ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʣʦʚʦʥʦʩʥʳʭ ʠ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʫʜʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʳʷʚʣʝʥʘ ʩʚʷʟʴ ʤʠʥʝʨʘʛʝʥʠʠ ʠ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʟʘʩʪʦʡʥʦʡ ʯʘʩʪʴʶ ʩʣʵʙʘ ʚ ʪʨʘʥʟʠʪʥʦʡ ʤʘʥʪʠʡʥʦʡ ʟʦʥʝ, ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʛʘʣʦʛʝʥʦʚ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʣʫʙʠʥʥʦʛʦ ʬʣʶʠʜʘ. 

ʇʦ ʤʥʝʥʠʶ ɻ.ɸ. ɺʘʣʫʡ [ɺʘʣʫʡ ʠ ʜʨ., 2005; ɺʘʣʫʡ, 2014], ʚ ʉɸʆʇ ʚʩʝ 

ʛʨʘʥʠʪʥʳʝ ʠʥʪʨʫʟʠʚʳ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʧʦ ʭʘʨʘʢʪʝʨʫ ʫʯʘʩʪʠʷ 

ʬʣʶʠʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: (a) ï 

ʠʣʴʤʝʥʠʪʩʦʜʝʨʞʘʱʠʝ, ʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʝʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦʡ ʧʦʪʝʨʝʡ ʬʣʶʠʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ (ʙ) ï 
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ʤʘʛʥʝʪʠʪʩʦʜʝʨʞʘʱʠʝ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʬʣʶʠʜʦʚ ʦʪ ʥʘʯʘʣʴʥʳʭ ʜʦ ʟʘʚʝʨʰʘʶʱʠʭ ʩʪʘʜʠʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ: ʚ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʝ 

ʧʦ ʢʨʘʷʤ ʢʦʥʪʠʥʝʥʪʦʚ ʚʳʜʝʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʝʟʦʟʦʡʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ. ʆʥʠ 

ʚʳʪʷʥʫʪʳ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʠ ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʦʪ ʪʳʩʷʯʠ ʠ ʙʦʣʝʝ ʢʤ 

ʚ ʜʣʠʥʫ ʠ ʰʠʨʠʥʫ ʚ ʩʦʪʥʠ ʢʤ. ʇʨʠ ʵʪʦʤ ʤʘʛʥʝʪʠʪʦʚʘʷ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚʜʦʣʴ 

ʧʦʙʝʨʝʞʴʷ ʦʢʝʘʥʘ, ʘ ʠʣʴʤʝʥʠʪʦʚʘʷ - ʟʘ ʥʝʡ. ɺʥʫʪʨʠ ʟʦʥʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʤʘʛʤʘʪʠʪʦʚ, ʠʭ ʚʦʟʨʘʩʪ ʠ ʛʣʫʙʠʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʘʱʝ ʚʩʝʛʦ, ʥʝ ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʟʦʥ ʷʚʣʷʝʪʩʷ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʠʡ ʦʨʦʛʝʥʥʳʡ ʧʦʷʩ. 

ʆʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ ʛʨʘʥʠʪʦʠʜʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʐ.ʀʰʠʭʘʨʘ ʦ ʚʣʠʷʥʠʠ ʦʩʘʜʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʢʠʩʣʝʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʳ. ʆʜʥʘʢʦ ʦʥʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʨʷʜ ʬʘʢʪʦʚ. ʊʘʢ, ʩʨʝʜʠ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ 

ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʪʠʧʳ ʛʨʘʥʠʪʦʠʜʦʚ [Jiang X. 

et al., 2018a, 2018b]. ʂʨʦʤʝ ʪʦʛʦ, ʠʭ ʵʬʬʫʟʠʚʥʳʝ ʘʥʘʣʦʛʠ ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʠʣʴʤʝʥʠʪʦʚʫʶ ʠ ʤʘʛʥʝʪʠʪʦʚʫʶ ʩʝʨʠʠ [ʄʠʰʠʥ ʠ ʜʨ., 2003]. ɺʣʠʷʥʠʝ 

ʦʩʘʜʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʘʥʜʝʟʠʪʳ, ʘ ʪʝʤ ʙʦʣʝʝ ʥʘ ʙʘʟʘʣʴʪʳ, 

ʚʝʩʴʤʘ ʩʦʤʥʠʪʝʣʴʥʦ. ʊʘʢʞʝ ʩʣʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ 

ʰʠʨʦʢʫʶ ʤʘʛʥʝʪʠʪʦʚʫʶ ʟʦʥʫ ʚ ʦʨʦʛʝʥʘʭ ʂʦʨʜʠʣʴʝʨ ʠ ɸʥʜ, ʛʜʝ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʤʦʱʥʦʩʪʠ ʘʢʢʨʝʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʝʚʝʨʥʦʡ ʂʦʨʜʠʣʴʝʨʝ 

[Hart et al., 2004] ʰʠʨʠʥʘ ʤʘʛʥʝʪʠʪʦʚʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 300-350 ʢʤ, ʘ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʚʩʣʝʜ ʥʘ ʥʝʡ ʜʦ 300 ʢʤ. 

ʇʦʵʪʦʤʫ, ʧʝʨʝʜ ʥʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʉɸʆʇ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʪʦʚ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʉɸʆʇ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2020]. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʦʣʝʝ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʝʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 
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ʜʘʩʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ 

ʨʝʛʠʦʥʘ. 

 

1.2 ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʠʡ ʦʨʦʛʝʥʥʳʡ ʧʦʷʩ ʢʘʢ ʯʘʩʪʴ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ (ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʠ) 

1.2.1 ʄʝʟʦʟʦʡʩʢʘʷ ʛʝʦʜʠʥʘʤʠʢʘ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʷʩʘ 

ʉʦʛʣʘʩʥʦ ʛʣʦʙʘʣʴʥʳʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚʩʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʝʛʤʝʥʪʘ: ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʠ 

ʀʥʜʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʡ. ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʩʝʛʤʝʥʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʊʠʭʠʡ ʦʢʝʘʥ ʠ ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʧʦʷʩ [ʇʫʱʘʨʦʚʩʢʠʡ, 2000]. ʆʢʝʘʥ 

ʇʘʥʪʘʣʘʩʩʘ (ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʧʨʠ ʨʘʩʧʘʜʝ ʈʦʜʠʥʠʠ) ʟʘʥʠʤʘʣ ʧʦʯʪʠ 

ʧʦʣʦʚʠʥʫ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩ ʧʦʟʜʥʝʛʦ ʜʦʢʝʤʙʨʠʷ. 

ʀ, ʭʦʪʷ ʚʦʟʨʘʩʪ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 200 ʤʣʥ ʣʝʪ 

(ʚʨʝʤʷ ʨʘʩʧʘʜʘ ʇʘʥʛʝʠ), ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʨʝʛʠʦʥʳ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʠʩʧʳʪʳʚʘʶʪ ʜʣʠʪʝʣʴʥʫʶ ʩʫʙʜʫʢʮʠʶ ʩʦ ʚʨʝʤʝʥ ʜʦʢʝʤʙʨʠʷ [Frisch et al., 2011]. 

ɿʦʥʘ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʷʩʘ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʘʢ 

ʧʦ ʚʦʟʨʘʩʪʫ, ʪʘʢ ʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʤʝʱʝʥʠʡ. ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʧʣʠʪʘʤʠ ʤʦʛʫʪ 

ʙʳʪʴ ʜʠʚʝʨʛʝʥʪʥʳʤʠ (ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʝ ʭʨʝʙʪʳ ʠ ʨʠʬʪʦʚʳʝ ʟʦʥʳ), 

ʪʨʘʥʩʬʦʨʤʥʳʤʠ (ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʢʦʣʴʞʝʥʠʝ ʧʣʠʪ) ʠ ʢʦʥʚʝʨʛʝʥʪʥʳʤʠ 

(ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʨʫʞʝʥʠʝ ʦʜʥʦʡ ʧʣʠʪʳ ʧʦʜ ʜʨʫʛʫʶ). 

ʉʫʙʜʫʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʢʦʨʳ. ɸʢʢʨʝʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʨʦʛʝʥʝʟ, ʤʘʛʤʘʪʠʟʤ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʝʚʨʘʱʘʶʪ ʦʢʝʘʥʠʯʝʩʢʫʶ ʢʦʨʫ ʚ ʢʦʨʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʪʠʧʘ 

[ɻʝʦʣʦʛʠʯʝʩʢʘʷé, 2021]. 

ʄʝʟʦʟʦʡʩʢʘʷ ʵʧʦʭʘ ʩʢʣʘʜʯʘʪʦʩʪʠ ʦʙʲʝʜʠʥʷʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʘʟʳ ʠ ʵʧʦʭʠ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʥʘ ʧʨʦʷʚʠʣʘʩʴ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʝʜʝʣʘʭ 

ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ. ʈʘʟʥʳʝ ʘʚʪʦʨʳ ʚʳʜʝʣʷʶʪ ʨʘʟʣʠʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʘʟ ʩʢʣʘʜʯʘʪʦʩʪʠ. ʆʩʥʦʚʥʳʤʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʠʤʤʝʨʠʡʩʢʫʶ (ʧʦʟʜʥʷʷ 

ʶʨʘ - ʨʘʥʥʠʡ ʤʝʣ) ʠ ʣʘʨʘʤʠʡʩʢʫʶ (ʧʦʟʜʥʠʡ ʤʝʣ ï ʨʘʥʥʠʡ ʧʘʣʝʦʛʝʥ). ʄʦʜʝʣʴ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʦʣʦʩʦʚʳʭ 
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ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʷʭ ʠ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʄ. ʉʝʪʦʥ ʩ 

ʢʦʣʣʝʛʘʤʠ. ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʧʣʠʪ, ʥʘʯʠʥʘʷ ʩ 200 ʤʣʥ ʣʝʪ [Seton 

et al., 2012]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʙʘʩʩʝʡʥʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʚʳʜʝʣʷʶʪ ʧʷʪʴ ʢʨʫʧʥʳʭ 

(ʊʠʭʦʦʢʝʘʥʩʢʘʷ, ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ, ʅʘʩʢʘ, ʂʦʢʦʩ ʠ ʍʫʘʥ ɼʝ ʌʫʢʘ), ʘ ʪʘʢʞʝ ʯʝʪʳʨʝ 

ʙʦʣʝʝ ʤʝʣʢʠʭ (ʈʠʚʝʨʘ, ɻʘʣʘʧʘʛʦʩʩʢʘʷ, ʇʘʩʭʘʣʴʥʘʷ ʠ ʍʫʘʥ-ʌʝʨʥʘʥʜʝʩʘ) 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʠʪ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʠ ʧʨʦʪʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʙʘʩʩʝʡʥʘʭ (ʇʘʥʪʘʣʘʩʩʘ) 

ʥʝʩʢʦʣʴʢʦ ʫʞʝ ʠʩʯʝʟʥʫʚʰʠʭ ʧʣʠʪ (ʌʘʨʘʣʣʦʥ, ʌʠʥʠʢʩ, ʀʟʘʥʘʛʠ, ʂʫʣʘ, ɸʣʫʢ ʠ 

ɹʘʫʵʨ) [Seton et al., 2012]. 

ʈʘʟʚʠʪʠʝ ɺʦʩʪʦʯʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ ʤʝʟʦʟʦʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ 

ʜʚʠʞʝʥʠʝʤ ʧʣʠʪʳ ʀʟʘʥʘʛʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʝʝ ʩʫʙʜʫʢʮʠʷ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʡ 

ɸʟʠʠ ʥʘʯʘʣʘʩʴ ʤʝʞʜʫ 200 ʠ 180 ʤʣʥ ʣʝʪ, ʠ ʙʳʣʘ ʧʨʝʢʨʘʱʝʥʘ ʧʨʠʤʝʨʥʦ 55-50 ʤʣʥ 

ʣʝʪ, ʘ 40 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʧʨʦʠʟʦʰʣʦ ʧʦʣʥʦʝ ʦʪʤʠʨʘʥʠʝ ʧʣʠʪʳ ʀʟʘʥʘʛʠ [Seton et al., 

2012]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʨʘʟʚʠʪʠʷ ʉʠʭʦʪʝ-ɸʣʠʥʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʠʪʘʷ ʚ ʶʨʩʢʦ-

ʤʝʣʦʚʦʝ ʚʨʝʤʷ. 

ʇʦ ʤʥʝʥʠʶ ʊ. ɺʘʥʴ ʚ ʧʝʨʠʦʜ ʷʥʰʘʥʩʢʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ (200 ï 

135 ʤʣʥ ʣʝʪ) ʧʣʠʪʘ ʀʟʘʥʘʛʠ ʩʫʙʜʫʮʠʨʦʚʘʣʘ ʧʦʜ ʢʦʥʪʠʥʝʥʪ ʚ ɿʉɿ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ 

ʵʪʦ ʚʨʝʤʷ ʪʦʣʱʠʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʜʣʷ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʥʝʩʢʦʣʴʢʦ 

ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 4-8 ʢʤ [Wan, 2020]. ʆʩʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʣʘʜʦʢ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʷʥʰʘʥʩʢʠʡ ʧʝʨʠʦʜ ʦʨʠʝʥʪʘʮʠʷ ʙʣʠʟʢʦʛʦ ʢ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʣʘʚʥʦʛʦ ʩʞʠʤʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʣʘʩʴ 

ʧʦʩʪʝʧʝʥʥʦ, ʪ. ʝ. ʦʪ ʉʉɿ ʚ ʨʘʥʥʶʶ ʵʧʦʭʫ ʯʝʨʝʟ ʉɿ ʚ ʩʨʝʜʥʶʶ ʵʧʦʭʫ ʠ ʢ ɿʉɿ ʚ 

ʧʦʟʜʥʶʶ ʵʧʦʭʫ. ʇʦʟʞʝ, ʚ ʛʦʪʝʨʠʚ-ʧʘʣʝʦʮʝʥʦʚʦʝ ʚʨʝʤʷ (135-56 ʤʣʥ ʣʝʪ), ʚ ʩʚʷʟʠ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ ʦʢʝʘʥʘ ʊʝʪʠʩ ʥʘ ʩʝʚʝʨ, ʤʠʛʨʘʮʠʝʡ ʥʘ ʩʝʚʝʨ ʀʥʜʠʡʩʢʦʡ ʠ 

ɸʚʩʪʨʘʣʠʡʩʢʦʡ ʧʣʠʪ ʚʦʩʪʦʢ ɸʟʠʘʪʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʥʘʭʦʜʠʣʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʉʉɺ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʞʘʪʠʷ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦ ʨʷʜ ʟʦʥ ʩʜʚʠʛʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʉʉɺ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʞʠʤʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʝʣʦʚʦʡ ʩʠʩʪʝʤʝ ʢʠʪʘʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʠʟʤʝʥʠʣʦʩʴ ʩ ʉʉɺ ʚ 

ʨʘʥʥʝʤ ʤʝʣʫ ʥʘ ʉɺ ʚ ʩʨʝʜʥʝʤ ʤʝʣʫ ʠ ʥʘ ɺʉɺ ʚ ʧʦʟʜʥʝʤ ʤʝʣʫ. ʂʦʛʜʘ ʧʦʟʞʝ 
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ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʧʣʠʪʘ ʧʦʚʝʨʥʫʣʘʩʴ ʢ ɿʉɿ, ʤʝʞʜʫ ɺʦʩʪʦʯʥʦʘʟʠʘʪʩʢʦʡ ʧʣʠʪʦʡ ʠ 

ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʧʣʠʪʦʡ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ ʠ ʨʷʜ ʪʨʘʥʰʝʡʥʦïʦʩʪʨʦʚʥʳʭ 

ʜʫʛ [Wan, 2020]. 

ʀʟʫʯʝʥʠʝʤ ʛʝʦʜʠʥʘʤʠʢʠ ʚʦʩʪʦʢʘ ʈʌ, ʚ ʪʦʤ ʯʠʩʣʝ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʠ ʟʦʥʳ 

ʧʝʨʝʭʦʜʘ çʦʢʝʘʥ-ʢʦʥʪʠʥʝʥʪè, ʟʘʥʠʤʘʣʠʩʴ ʫʯʝʥʳʝ ʠ ʩʧʝʮʠʘʣʠʩʪʳ ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʭ, 

ʪʘʢ ʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʅʀʀ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʆʪʤʝʪʠʤ ʨʘʙʦʪʳ ʖ.ʀ. 

ɹʘʢʫʣʠʥʘ, ɺ.ɺ. ɻʦʣʦʟʫʙʦʚʘ, ɸ.ʅ. ɼʠʜʝʥʢʦ, ʀ.ɺ. ʂʝʤʢʠʥʘ, ʖ.ɸ. ʂʦʩʳʛʠʥʘ, ɹ.ɸ. 

ʅʘʪʘʣʴʠʥʘ, ʃ.ʄ. ʇʘʨʬʝʥʦʚʘ, ɸ.ʀ. ʍʘʥʯʫʢʘ ʠ ʜʨ. 

ɹ.ɸ. ʅʘʪʘʣʴʠʥ [ʅʘʪʘʣʴʠʥ, 1991] ʨʘʩʩʤʦʪʨʝʣ ʚʦʧʨʦʩʳ ʢʦʣʣʠʟʠʦʥʥʦʡ ʠ 

ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʪʝʢʪʦʥʠʢʠ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ʆʥ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ 

ʉʠʭʦʪʵ-ɸʣʠʥʝ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠʛʨʘʣʘ 

ʩʜʚʠʛʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʧʦ ʩʫʪʠ, ʚʳʧʦʣʥʷʶʱʘʷ ʨʦʣʴ ʢʦʣʣʠʟʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ). 

ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʧʦʣʥʦ ʚʦʧʨʦʩʳ ʤʝʟʦʟʦʡʩʢʦʡ ʛʝʦʜʠʥʘʤʠʢʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ  ʦʙʨʘʤʣʝʥʠʷ  ʊʠʭʦʛʦ  ʦʢʝʘʥʘ ʦʩʚʝʱʝʥʳ ɺ.ɺ. ɻʦʣʦʟʫʙʦʚʳʤ ʩ ʢʦʣʣʝʛʘʤʠ 

[ɻʦʣʦʟʫʙʦʚ, 2006; ɻʦʣʦʟʫʙʦʚ ʠ ʜʨ., 2006]. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘ ʚ ʶʨʩʢʦ-ʤʝʣʦʚʦʝ ʚʨʝʤʷ, ʷʚʠʣʦʩʴ ʜʚʠʞʝʥʠʝ ʧʣʠʪʳ ʀʟʘʥʘʛʠ 

(ʨʠʩʫʥʦʢ 1.2.1.1). ɼʣʷ ʶʨʩʢʦʛʦ ʵʪʘʧʘ ʩʪʘʥʦʚʣʝʥʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ 

ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʭʘʨʘʢʪʝʨʥʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʩʫʙʜʫʢʮʠʠ ɸʥʜʠʡʩʢʦʛʦ ʪʠʧʘ, 

ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʪʨʘʥʩʬʦʨʤʥʫʶ ʦʢʨʘʠʥʫ. ʊʘʢ, ʚʜʦʣʴ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʫʯʘʩʪʢʘ 

ʦʢʨʘʠʥʳ ʩʫʙʜʫʢʮʠʷ, ʚʦʟʤʦʞʥʦ, ʧʨʦʠʩʭʦʜʠʣʘ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ ʢ ʢʨʘʶ 

ʢʦʥʪʠʥʝʥʪʘ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. 

ɼʣʷ ʥʘʩ ʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʤʘʛʤʘʪʠʟʤ ʉɸʆʇ. ʉ ʶʨʳ ʥʘʯʠʥʘʶʪ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʘʢʢʨʝʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʧʨʠ ʬʨʦʥʪʘʣʴʥʦʡ ʩʫʙʜʫʢʮʠʠ, ʪʘʢ, 

ʚʦʟʤʦʞʥʦ, ʠ ʧʨʠ ʢʦʩʦʡ ʩʫʙʜʫʢʮʠʠ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ. ʊʨʘʥʩʬʦʨʤʥʳʝ ʦʙʩʪʘʥʦʚʢʠ 

ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ ʚ ʙʘʩʩʝʡʥʘʭ ʚ ʨʝʞʠʤʝ ʨʘʩʪʷʞʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ ʧʨʦʠʩʭʦʜʷʪ ʧʝʨʝʤʝʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʚʜʦʣʴ 

ʪʨʘʥʩʬʦʨʤʥʳʭ ʨʘʟʣʦʤʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʠʜʝʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʦ ʛʦʪʝʨʠʚʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʤʘʛʤʘʪʠʟʤʘ: I) ʛʦʪʝʨʠʚ-

ʨʘʥʥʝʘʧʪʩʢʠʡ (133-120 ʤʣʥ ʣʝʪ); II) ʧʦʟʜʥʠʡ ʘʧʪ-ʘʣʴʙ-ʩʝʥʦʤʘʥʩʢʠʡ (120-94 ʤʣʥ 
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ʣʝʪ); III ) ʪʫʨʦʥ-ʨʘʥʥʝʧʘʣʝʦʮʝʥʦʚʳʡ (94-~60 ʤʣʥ ʣʝʪ); IV ) ʧʦʟʜʥʝʧʘʣʝʦʮʝʥ-

ʨʘʥʥʝʵʦʮʝʥʦʚʳʡ (~60-53 ʤʣʥ ʣʝʪ) ʠ V) ʧʦʟʜʥʝʵʦʮʝʥ-ʨʘʥʥʝʯʝʪʚʝʨʪʠʯʥʳʡ (ʦʪ 53 

ʤʣʥ ʣʝʪ) [ʂʨʫʢ ʠ ʜʨ., 2014, 2019; ʍʘʥʯʫʢ ʠ ʜʨ., 2019; Grebennikov et al., 2016, 2021; 

Jahn et al., 2015; Kemkin et al., 2016, 2021; Martynov et al., 2017; Wu et al., 2022 ʠ 

ʜʨ.].  

 

 

 

ʈʠʩʫʥʦʢ 1.2.1.1 ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʰʢʘʣʘ ʠ ʚʝʢʪʦʨ ʜʚʠʞʝʥʠʷ ʧʣʠʪʳ 

ʀʟʘʥʘʛʠ ʜʦ ʧʘʣʝʦʮʝʥʘ ʠ ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʧʣʠʪʳ ʧʦʩʣʝ ʧʘʣʝʦʮʝʥʘ [ɻʨʝʙʝʥʥʠʢʦʚ, 

ʄʘʢʩʠʤʦʚ, 2021]. ʇʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʝ 

ʜʘʥʥʳʝ [Engebretson et al., 1985]. 

 

ɺ ʛʦʪʝʨʠʚʝ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʡ ʧʦ ʩʠʩʪʝʤʝ ʨʘʟʣʦʤʦʚ ʊʘʥ-ʃʫ ʥʘ ʟʘʧʘʜʝ ʨʝʛʠʦʥʘ 

ʧʨʦʠʩʭʦʜʷʪ ʧʝʨʚʳʝ ʦʨʦʛʝʥʥʳʝ ʩʦʙʳʪʠʷ, ʦʪʤʝʯʝʥʥʳʝ ʚʥʝʜʨʝʥʠʷʤʠ ʍʫʥʛʘʨʠʡʩʢʠʭ 

ʛʨʘʥʠʪʦʚ S ï ʪʠʧʘ [ʂʨʫʢ ʠ ʜʨ., 2014; Grebennikov et al., 2016]. ɺ ʜʘʣʴʥʝʡʰʝʤ 
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ʦʩʥʦʚʥʦʡ II  ʵʪʘʧ ʤʘʛʤʘʪʠʟʤʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʣʴʙ-ʩʝʥʦʤʘʥʩʢʦʝ ʚʨʝʤʷ. ʉʦʛʣʘʩʥʦ 

[ʍʘʥʯʫʢ ʠ ʜʨ., 2019; Grebennikov et al., 2016] ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʪʠʭ ʤʘʛʤʘʪʠʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ  ʛʨʘʥʠʪʦʠʜʘʤʠ S- ʠ I -ʪʠʧʘ, ʠ ʪʦʣʴʢʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʉɸʆʇ ʵʪʦ 

ʛʨʘʥʠʪʦʠʜʳ A-ʪʠʧʘ (ʨʠʩʫʥʦʢ 3.2.1) ɼʦʩʪʘʪʦʯʥʦ ʣʦʢʘʣʴʥʳʡ ʘʨʝʘʣ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʡ ʩʚʷʟʠ ʠʭ ʩ ʣʦʢʘʣʴʥʳʤ ʨʘʟʨʳʚʦʤ ʚ ʧʣʠʪʝ. 

ʇʦʟʜʥʝʤʝʣʦʚʦʡ ʤʘʛʤʘʪʠʟʤ III  ʵʪʘʧʘ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʧʦʩʣʝ ʨʷʜʘ ʢʨʫʧʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʝʛʠʦʥʘ. ʕʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʟʦʰʣʠ ʚʠʜʠʤʦ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʂʠʩʝʣʝʚʩʢʦ-ʄʘʥʦʤʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ. ʉʦʛʣʘʩʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɸ.ʅ. ɼʠʜʝʥʢʦ ʩ ʢʦʣʣʝʛʘʤ [ɼʠʜʝʥʢʦ ʠ ʜʨ., 2014, 2017; Khanchuk et 

al., 2015] ʧʨʠʩʦʝʜʠʥʝʥʠʝ  ʂʠʩʝʣʝʚʩʢʦ-ʄʘʥʦʤʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʤʦʛʣʦ ʧʨʦʠʟʦʡʪʠ ʚ 

ʢʦʥʮʝ ʧʦʟʜʥʝʛʦ ʤʝʣʘ (70Ñ5 ʤʣʥ ʣʝʪ). ʈʘʥʥʝʧʘʣʝʦʮʝʥʦʚʳʡ ʤʘʛʤʘʪʠʟʤ IV  ʵʪʘʧʘ, 

ʢʦʪʦʨʳʡ ʦʪʤʝʯʘʝʪʩʷ ʗʢʫʪʠʥʩʢʠʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ɸ-ʪʠʧʘ, ʘ ʪʘʢʞʝ ʤʘʛʤʘʪʠʪʘʤʠ ʚ 

ʟʦʥʝ ɺʦʩʪʦʯʥʦ-ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ, ʧʨʦʭʦʜʠʣ ʚ ʦʙʩʪʘʥʦʚʢʝ 

ʪʨʘʥʩʬʦʨʤʥʦʡ ʦʢʨʘʠʥʳ. ʉɸʆʇ ʫʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʤʝʣ ʪʫ ʞʝ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʯʪʦ ʠ 

ʩʝʡʯʘʩ [Grebennikov et al., 2016]. V ʵʪʘʧ ʪʘʢʞʝ ʦʪʤʝʯʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʢʠʩʣʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ. 

 

1.2.2 ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʉɸʆʇ ʠ ʧʨʠʪʠʭʦʦʢʝʘʥʩʢʠʭ ʦʨʦʛʝʥʦʚ 

ʀʣʴʤʝʥʠʪʦʚʳʤ ʟʦʥʘʤ ʤʥʦʛʠʭ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ ʉʠʭʦʪʵ-ɸʣʠʥʷ, ʗʧʦʥʠʠ, 

ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ, ʂʘʣʠʬʦʨʥʠʠ ʠ ʪ.ʧ. ʦʙʳʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ ʩʠʣʳ ʪʷʞʝʩʪʠ. ɺ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʦʙʣʘʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ ʦʙʦʟʥʘʯʝʥʳ ʣʠʰʴ ʮʝʧʦʯʢʘʤʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʠʥʠʤʫʤʦʚ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʘ ʧʨʠʚʦʜʠʪ ʨʷʜ ʘʚʪʦʨʦʚ 

[ʂʫʣʠʥʠʯ,1969; ʈʦʤʘʥʦʚʩʢʠʡ, ʈʝʡʥʣʠʙ, 1984; ɹʨʷʥʩʢʠʡ, 1984; ʈʦʤʘʥʦʚʩʢʠʡ ʠ ʜʨ., 

1992] ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʥʘʣʠʯʠʝ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʚ ʵʪʠʭ ʟʦʥʘʭ ʜʦ ʛʣʫʙʠʥ 40-60 ʢʤ 

ʠ ʙʦʣʝʝ. ʊʘʢʞʝ ʟʜʝʩʴ ʫʚʝʣʠʯʝʥʘ ʤʦʱʥʦʩʪʴ ʟʝʤʥʦʡ ʢʦʨʳ, ʥʘʙʣʶʜʘʶʪʩʷ ʫʯʘʩʪʢʠ 

ʧʦʥʠʞʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦ ʜʘʥʥʳʤ ɻʉɿ [ɸʨʛʝʥʪʦʚ ʠ ʜʨ., 1976] ʠ 

ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʝ ʦʙʣʘʩʪʠ ʚ ʣʠʪʦʩʬʝʨʝ [ʂʘʧʣʫʥ, ɹʨʦʥʥʠʢʦʚ, 2017]. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʘ 573 
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ʩʪʘʥʮʠʷʭ [Wang et al., 2017] ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʧʦʜʲʝʤʝ ʘʩʪʝʥʦʩʬʝʨʳ ʩ 90 ʜʦ 60 ʢʤ 

ʥʘ ʶʛʝ ʉʠʭʦʪʵ-ɸʣʠʥʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʜʝʣʘʤʠʥʘʮʠʝʡ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʣʠʪʦʩʬʝʨʳ ʥʘ ʧʨʦʜʚʠʥʫʪʦʡ ʩʪʘʜʠʠ ʦʨʦʛʝʥʝʟʘ [ʈʘʩʩʢʘʟʦʚ, 2017], ʪʘʢ ʠ ʩ 

ʢʘʡʥʦʟʦʡʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʝʡ ʚ ʵʪʦʡ ʟʦʥʝ ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʧʣʠʪʳ. 

ʆʛʨʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʠ ʦʙʦʙʱʝʥʠʶ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʗʧʦʥʦʤʦʨʩʢʦʛʦ ʩʝʢʪʦʨʘ ʟʦʥʳ ʧʝʨʝʭʦʜʘ ʦʪ 

ʢʦʥʪʠʥʝʥʪʘ ʢ ʊʠʭʦʤʫ ʦʢʝʘʥʫ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ɸ.ʅ. ʉʦʢʘʨʝʚʳʤ, ʈ.ɻ. ʂʫʣʠʥʠʯʝʤ ʠ 

ɿ.ʅ. ʇʨʦʰʢʠʥʦʡ [ʉʦʢʘʨʝʚ ʠ ʜʨ., 2010; ʉʦʢʘʨʝʚ, ʂʫʣʠʥʠʯ, 2012]. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʣʦʪʥʦʩʪʥʳʭ, ʤʘʛʥʠʪʥʳʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʠ ʨʷʜʘ ʦʩʪʨʦʚʦʚ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ, ʥʘʯʠʥʘʷ ʩ 1955 

ʛʦʜʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ ʠ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ 

ʜʘʥʥʳʝ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ. 

ʅ.ʇ. ʈʦʤʘʥʦʚʩʢʠʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [ʈʦʤʘʥʦʚʩʢʠʡ, ʈʝʡʥʣʠʙ, 1984; 

ʈʦʤʘʥʦʚʩʢʠʡ, 1987; ʈʦʤʘʥʦʚʩʢʠʡ ʠ ʜʨ., 1992] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʙʦʣʝʝ 30 ʪʳʩʷʯ 

ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʛʨʘʥʠʪʦʠʜʦʚ ɺʦʩʪʦʢʘ ʉʉʉʈ, 

ʧʨʦʚʝʣʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʨʦʝʥʠʷ ʛʨʘʥʠʪʥʳʭ ʨʫʜʥʦʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʉʉʉʈ ʠ ʚʩʝʛʦ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ. ɸʚʪʦʨʳ 

ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ ʦ ʩʭʦʞʝʩʪʠ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʂʦʨʜʠʣʴʝʨ ʠ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʧʦ 

ʢʦʤʧʣʝʢʩʫ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩʯʠʪʘʶʪ, ʯʪʦ 

ʘʤʝʨʠʢʘʥʩʢʘʷ ʚʝʪʚʴ ʧʨʠʪʠʭʦʦʢʝʘʥʩʢʠʭ ʦʨʦʛʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʘʟʠʘʪʩʢʘʷ, ʦʙʷʟʘʥʘ ʩʚʦʠʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʝʜʠʥʳʤ ʧʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʫʪʠ 

ʛʣʫʙʠʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʧʦʟʜʥʝʬʘʥʝʨʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 

[ʈʦʤʘʥʦʚʩʢʠʡ, ʈʝʡʥʣʠʙ, 1984]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʘʨʝʘʣʦʚ 

ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʘʛʤʘʪʠʪʘʤ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʦʜʦʙʥʳʝ 

ʟʦʥʳ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʠ ʛʨʘʥʠʪʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʵʥʜʦʛʝʥʥʦʡ ʤʝʪʘʣʣʦʛʝʥʠʠ [ʈʦʤʘʥʦʚʩʢʠʡ  ʠ ʜʨ., 1992]. 

ʉ ʪʘʢʠʤʠ ʟʦʥʘʤʠ ʥʝʨʝʜʢʦ ʩʚʷʟʳʚʘʶʪ [ʊʠʤʫʨʟʠʝʚ, 2004] ʧʨʦʮʝʩʩʳ 

ʥʘʩʳʱʝʥʠʷ ʣʠʪʦʩʬʝʨʳ ʦʙʣʝʛʯʝʥʥʳʤʠ ʤʘʥʪʠʡʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʪʘʤʠ ʟʘ ʩʯʝʪ 
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ʛʣʫʙʠʥʥʦʡ ʜʝʛʘʟʘʮʠʠ ɿʝʤʣʠ. ʊʘʢʞʝ ʟʜʝʩʴ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʦʚʳʰʝʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʣʶʠʜʦʚ. ɼʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʳ çʬʦʥʦʚʳʝè ʟʥʘʯʝʥʠʷ 

[ʉʝʤʘʰʢʦ, 2011] ʩʦʩʪʘʚʣʷʶʪ 5-6 ʤʤ/ʛʦʜ (ʵʪʦ 5 ʢʤ/ʤʣʥ ʣʝʪ), ʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʘ ʪʝʤ ʙʦʣʝʝ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʥʘʜʢʨʠʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʜʣʷ ʛʘʟʦʚ ʠ ʠʭ ʨʘʩʪʚʦʨʦʚ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʬʣʶʠʜʦʚ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʠ [Ablesimov et al., 1988]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʤʥʝʥʠʶ ʌ.ɸ. 

ʃʝʪʥʠʢʦʚʘ [ʃʝʪʥʠʢʦʚ, 2006], ʠʤʝʥʥʦ ʟʘʢʨʠʪʠʯʝʩʢʠʝ ʬʣʶʠʜʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ 

ʢ ʵʢʩʪʨʘʢʮʠʠ ʠʟ ʪʚʝʨʜʳʭ, ʨʘʩʧʣʘʚʥʳʭ ʠ ʞʠʜʢʠʭ ʬʘʟ ʠ ʢ ʧʦʩʣʝʜʫʶʱʝʤʫ ʧʝʨʝʥʦʩʫ 

ʛʨʦʤʘʜʥʳʭ ʢʦʣʠʯʝʩʪʚ ʚʝʱʝʩʪʚʘ, ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤ ʚ ʜʦʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦ ʤʥʝʥʠʶ 

ʅ.ʃ. ɼʦʙʨʝʮʦʚʘ [ɼʦʙʨʝʮʦʚ ʠ ʜʨ., 2015] ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʣʵʙʘ ʠʜʝʪ ʚ ʜʦʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʩʪʨʦʝʥʠʠ ʊʠʭʦʦʢʝʘʥʩʢʠʭ 

ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʦʚ ʙʣʠʟʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʘʢʢʨʝʮʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʠʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʷʚʣʝʥʦ [ʉʤʠʨʥʦʚ, 1946; Ishihara, 

1998], ʯʪʦ ʤʘʛʥʝʪʠʪʦʚʳʝ ʠ ʠʣʴʤʝʥʠʪʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ ʥʝʦʜʥʦʨʦʜʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʊʠʭʦʛʦ ʦʢʝʘʥʘ (ʨʠʩʫʥʦʢ 1.1.2). ɻʨʘʥʠʪʦʠʜʳ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ 

ʜʦʤʠʥʠʨʫʶʪ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʨʘʥʠʪʦʠʜʳ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ɺʦʩʪʦʯʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʦʨʦʛʝʥʥʦʤ ʧʦʷʩʝ, 

ʪ.ʝ. ʨʘʟʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʪʦʚ. 

 

1.2.3 ʉʚʷʟʴ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ ʩ ʤʝʪʘʣʣʦʛʝʥʠʝʡ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.1.2 ʩʭʝʤʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ 

ʟʦʥ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʠ ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʤʠʥʠʤʫʤ ʩ 1946 ʛ. [ʉʤʠʨʥʦʚ, 1946]. 

ʆʩʥʦʚʥʘʷ ʩʭʝʤʘ ʚʳʧʦʣʥʝʥʘ ʐ. ʀʰʠʭʘʨʘ [Ishihara, 1998] (ʨʠʩʫʥʦʢ 1.2.3.1) ʠ 

ʜʦʧʦʣʥʝʥʘ ɸ. ɺʝʥʜʪʦʤ ʩ ʢʦʣʣʝʛʘʤʠ [Wendt et al., 2013] ʧʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ɸʥʪʘʨʢʪʠʜʝ. 
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ʈʠʩʫʥʦʢ 1.2.3.1 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʤʘʛʥʝʪʠʪʦʚʳʭ ʠ 

ʠʣʴʤʝʥʠʪʦʚʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʧʦʨʬʠʨʦʚʳʭ ʦʪʣʦʞʝʥʠʡ Cu-Mo ʠ ʛʨʝʡʟʝʥ-ʞʠʣ Sn-W 

ʚ ʎʠʨʢʫʤ-ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʧʦʷʩʝ ʧʦ [Ishihara, 1998] ʩ ʠʟʤʝʥʝʥʠʷʤʠ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʤʘʛʥʝʪʠʪʦʚʘʷ (ʯʝʨʥʘʷ) ʠ ʠʣʴʤʝʥʠʪʦʚʘʷ (ʙʝʣʘʷ) ʩʝʨʠʠ, 2 

ï ʤʘʛʥʝʪʠʪʦʚʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʷʩʘ, 3 ï ʠʣʴʤʝʥʠʪʦʚʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʷʩʘ, 4 ï 

ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʠʝ ʦʨʦʛʝʥʳ, 5 ï ʱʠʪʳ. 

 

ʂʘʢ ʚʠʜʥʦ, ʚʩʷ ʟʦʥʘʣʴʥʦʩʪʴ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʧʦʩʪʨʦʝʥʘ ʧʦ ʤʝʪʘʣʣʦʛʝʥʠʠ, ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʪʘʤ 

ʥʝ ʙʳʣʦ. ʆʜʥʘʢʦ ʥʘʰ ʦʧʳʪ ʢʘʨʪʠʨʦʚʘʥʠʷ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ 

ʚʦʩʪʦʢʘ ʈʌ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʦʢʠʩʣʝʥʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

[ʄʠʰʠʥ ʠ ʜʨ., 2019, 2020, 2022; Mishin et al., 2020, 2022] (ʨʠʩʫʥʦʢ 1.2.3.2) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ: 
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ʈʠʩʫʥʦʢ 1.2.3.2 ʈʘʩʧʦʣʦʞʝʥʠʝ ʟʦʥ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʚ 

ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʝ ʧʦ ʤʘʪʝʨʠʘʣʘʤ [Wendt et al., 2013]. ʅʘ ʚʨʝʟʢʘʭ ʜʘʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʝʪʠʪʦʚʳʭ ʠ ʠʣʴʤʝʥʠʪʦʚʳʭ ʟʦʥ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʠ ʉʠʭʦʪʵ-

ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʦʚ, ʘ ʪʘʢʞʝ ɺʝʨʭʦʷʥʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʦʛʦ 

ʧʦʷʩʘ [ʂʦʥʦʚʘʣʦʚʘ ʠ ʜʨ., 2022; ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2022; Taltykin et al., 2022]. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ʠʣʴʤʝʥʠʪʦʚʘʷ ʟʦʥʘ, 2 ï ʤʘʛʥʝʪʠʪʦʚʘʷ ʟʦʥʘ. 

 

- ʥʝ ʚʩʝ ʠʣʴʤʝʥʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʚ ʩʠʣʫ ʩʚʦʝʛʦ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʚ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʚʷʟʘʥʳ ʩ ʦʣʦʚʦʨʫʜʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ɻʣʘʚʥʳʡ 

ɹʘʪʦʣʠʪʦʚʳʡ ʧʦʷʩ ʚ ʗʢʫʪʠʠ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɼʝʧʫʪʘʪʩʢʦʝ ʥʘ 

ʩʝʚʝʨʝ ʠʤʝʝʪ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʦʣʦʚʘ, ʘ ʛʨʘʥʠʪʥʳʡ ʧʣʫʪʦʥ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 

ʦʢʦʣʦ 300 ʤ [ʄʠʰʠʥ ʠ ʜʨ., 2022; Mishin et al., 2022]; 
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- ʟʦʣʦʪʦ-ʤʝʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʤʘʛʤʘʪʠʪʘʤʠ ʀʉ ʠ 

ʄʉ, ʭʦʪʷ ʩ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʯʘʱʝ. ʄʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʚʷʟʘʥʳ ʢ ʄʉ. 

ʆʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʜʘʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ (ʥʘ ʢʦʪʦʨʫʶ ʝʱʝ ʚ 1946 ʛ. ʫʢʘʟʘʣ 

ʉ.ʉ. ʉʤʠʨʥʦʚ) ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʢ ʦʢʝʘʥʫ ʟʦʥʘ ʤʘʛʥʝʪʠʪʦʚʳʭ ʧʦʨʦʜ ʠ ʚʥʝʰʥʷʷ 

ï ʠʣʴʤʝʥʠʪʦʚʳʭ. ɺ ʨʘʙʦʪʝ ʂ. ʍʘʨʪʘ ʩ ʢʦʣʣʝʛʘʤʠ [Hart et al., 2004] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʪʦʠʜʥʳʭ ʙʣʦʢʦʚ ʟʝʤʥʦʡ 

ʢʦʨʳ ʩ ʫʯʝʪʦʤ ʨʘʟʣʦʤʥʦʡ ʪʝʢʪʦʥʠʢʠ ʩʦʟʜʘʜʫʪ ʵʪʫ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. 
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ɻʃɸɺɸ 2. ʆʂʀʉʃɽʅʅʓɽ ʀ ɺʆʉʉʊɸʅʆɺʃɽʅʅʓɽ ʄɸɻʄɸʊʀʏɽʉʂʀɽ 

ʇʆʈʆɼʓ ʉʀʍʆʊʕ-ɸʃʀʅʔʉʂʆɻʆ ʆʈʆɻɽʅʅʆɻʆ ʇʆʗʉɸ ɺ ʂɸʏɽʉʊɺɽ 

ʆɹʒɽʂʊɸ ʀɿʋʏɽʅʀʗ. ʄɽʊʆɼʀʂɸ ʀʉʉʃɽɼʆɺɸʅʀʁ ʄɸɻʄɸʊʀʊʆɺ
2
 

___________________________________ 

2 
ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʘʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ 

ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʄʠʰʠʥ ʃ.ʌ., ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ., ʊʘʣʪʳʢʠʥ ʖ.ɺ., ʂʨʫʪʠʢʦʚʘ ɺ.ʆ., ɼʦʙʢʠʥ ʉ.ʅ., 

ʖʨʯʝʥʢʦ ʖ.ʖ., ʐʪʘʨʝʚʘ ɸ.ɺ. ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤʠ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʠ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ 

ʧʦʷʩʘ // ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʛʝʦʣʦʛʠʷ.  2020. ʊ. 39. ˉ 3. ʉ. 51-67 (2,08 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ï 35%). 

DOI: 10.30911/0207-4028-2020-39-3-51-67. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ ʈʀʅʎ: 1,189. 

Mishin L.F., Konovalova E.A., Taltykin Yu.V. , Krutikova V.O., Dobkin S.N.,  Yurchenko Yu.Yu., 

Shtareva A.V. Redox Conditions and Related Geochemical and Metallogenic Zonation of Magmatic 

Rocks of the Sikhote Alin Orogenic Belt // Russian Journal of Pacific Geology. 2020. Vol. 14. ˉ 3. P. 

241ï256. DOI: 10.1134/S1819714020030057. (1,96 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ï 35%). SJR: 0,352. 

2. ʊʘʣʪʳʢʠʥ ʖ.ɺ., ʄʠʰʠʥ ʃ.ʌ., ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʬʦʥ 

ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʪʦʚ ʤʝʣ-

ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ: ʩʚʷʟʴ ʩ ʛʝʦʜʠʥʘʤʠʢʦʡ // ɺʝʩʪʥʠʢ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ. 2020. ˉ 4. ʉ. 24-38. (1,74 ʧ.ʣ., 

ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ï 80%). DOI: 10.34078/1814-0998-2020-4-24-38. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ ʈʀʅʎ: 0,229. 

3. ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ., ʄʠʰʠʥ ʃ.ʌ., ʊʘʣʪʳʢʠʥ ʖ.ɺ. ʈʝʛʠʦʥʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ (ʥʘ ʧʨʠʤʝʨʝ 

ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʩʩʠʚʦʚ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ: ɸʢʩʘʢʠʥʩʢʠʡ, ʖʞʥʳʡ 

ʉʠʜʠʤʠʡʩʢʠʡ, ʇʨʠʠʩʢʦʚʳʡ) // ʇʝʪʨʦʣʦʛʠʷ ʠ ʛʝʦʜʠʥʘʤʠʢʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʄʘʪʝʨʠʘʣʳ 

XIII ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʚʝʱʘʥʠʷ (ʩ ʫʯʘʩʪʠʝʤ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ). 06 13 

ʩʝʥʪʷʙʨʷ 2021 ʛ. ʀʨʢʫʪʩʢ., ʀʟʜ-ʚʦ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʠʤ. ɺ.ɹ.ʉʦʯʘʚʳ ʉʆ ʈɸʅ. ɺ 3-ʭ ʪʦʤʘʭ. 

2021ʘ. ʊ. 2. ʉ. 35-38. 

4. ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ., ʄʠʰʠʥ ʃ.ʌ., ʊʘʣʪʳʢʠʥ ʖ.ɺ. ʄʘʛʤʘʪʠʟʤ ʟʦʥʳ ʧʝʨʝʭʦʜʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʧʨʠʤʝʨʝ ɸʢʩʘʢʠʥʩʢʦʛʦ ʠ ʶʞʥʦʛʦ ʉʠʜʠʤʠʡʩʢʦʛʦ 
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2.1 ɻʝʦʭʠʤʠ ̫ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ɺʘʣʝʥʪʥʦʩʪʴ - ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ. 

ʅʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʣʘʜʘʶʪ ʧʦʣʠʚʘʣʝʥʪʥʦʩʪʴʶ, ʪ.ʝ. ʤʝʥʷʶʪ 

ʩʚʦʶ ʚʘʣʝʥʪʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʇʨʠ ʵʪʦʤ ʠʭ ʚʘʣʝʥʪʥʳʝ ʬʦʨʤʳ ʧʦ-ʨʘʟʥʦʤʫ ʫʯʘʩʪʚʫʶʪ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. 

ʊʘʢ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʘʭ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʦʣʦʚʘ ʥʘ ʧʦʨʷʜʦʢ 

ʚʳʰʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʦʡ ʬʦʨʤʳ [Linnen et al., 1995, 1996]. ʇʝʨʝʭʦʜ 

ʠʟ ʦʜʥʦʛʦ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ (ʨʵʜʦʢʩ-ʨʝʘʢʮʠʷ) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ ʟʘʚʠʩʠʪ ʦʪ ʨʵʜʦʢʩ-ʧʘʨʳ, ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ ʠ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʦʪ ʣʝʪʫʯʝʩʪʠ ʢʠʩʣʦʨʦʜʘ fO2. 

https://doi.org/10.31433/2618-9593-2024-27-3-48-50
https://doi.org/10.31433/2618-9593-2024-27-3-45-47
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ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʣʝʪʫʯʝʩʪʠ ʢʠʩʣʦʨʦʜʘ 

ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʦʢʠʩʥʦʡ ʠ ʟʘʢʠʩʥʦʡ ʚʘʣʝʥʪʥʳʭ ʬʦʨʤ ʞʝʣʝʟʘ ʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ. 

ʈʵʜʦʢʩ-ʨʝʘʢʮʠʷ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʠ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʫʣʦʡ (I): 

  

lg(Fe
3+

/Fe
2+

) =  h/T + k lg(fO2) + S               (I) 

 

ʛʜʝ fO2 ï ʬʫʛʠʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ, h, k ʠ S ï ʢʦʥʩʪʘʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʦʩʪʘʚʘ 

ʨʘʩʧʣʘʚʘ, T - ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʣʘʚʘ (K) [ɹʦʨʠʩʦʚ ʠ ʜʨ., 1991]. ʇʦ ʤʥʝʥʠʶ ʄ.ɺ. 

ɺʦʣʦʚʝʮʢʦʛʦ ʩ ʢʦʣʣʝʛʘʤʠ [ɺʦʣʦʚʝʮʢʠʡ ʠ ʜʨ., 2012] ʵʪʦ ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ʣʫʯʰʝ ʦʧʠʩʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʛʨʘʥʠʪʥʳʤʠ ʨʘʩʧʣʘʚʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ h 

ʠ k, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʦʙʦʙʱʝʥʠʠ ʜʘʥʥʳʭ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʨʦʜʥʳʭ 

ʨʘʩʧʣʘʚʦʚ ʦʪ ʦʩʥʦʚʥʳʭ ʜʦ ʢʠʩʣʳʭ. 

ʉʦʦʪʥʦʰʝʥʠʝ Fe
3+

/Fʝ
2+ 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʳ ʠ ʩʣʘʙʦ ʩʚʷʟʘʥʦ ʩʦ ʱʝʣʦʯʥʦʩʪʴʶ ʧʦʨʦʜ. ʆʪʤʝʯʘʝʪʩʷ ʣʠʰʴ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʪʨʝʥʜ ʚʦʟʨʘʩʪʘʥʠʷ ʦʢʠʩʣʝʥʥʦʩʪʠ ʦʪ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʢ ʢʠʩʣʳʤ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ, ʧʨʠʚʝʜʝʥʥʦʝ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜʘʭ SiO2, ʨʘʚʥʦʤʫ 76% (II ) [ʄʠʰʠʥ, 1994]: 

 

f '  = Fe2O3/(Fe2O3 + FeO) + 0.38 ï (SiO2/200)          (II) 

 

ʂʦʵʬʬʠʮʠʝʥʪ f '  ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʝʜʠʥʠʮʘʭ ʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ 

ʢʨʝʤʥʝʟʝʤʘ ʠ ʛʣʫʙʠʥʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ 

ʧʨʠʝʤʣʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʧʦ 

ʫʧʨʦʱʝʥʥʦʡ ʬʦʨʤʫʣʝ (ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ) (III ): 

 

f '  = Fe2O3/(Fe2O3 + FeO)                                            (III)  
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ɼʣʷ ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʟʘʣʴʪʦʚ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [Fudali, 1965; 

ʃʝʙʝʜʝʚʘ ʠ ʜʨ., 2001] ʦʪʤʝʯʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ lgfO2 

ʦʪ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ f '  (ʨʠʩʫʥʦʢ 2.1.1). 

ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʚ ʨʘʙʦʪʘʭ ʄ.ɺ. ɺʦʣʦʚʝʮʢʦʛʦ ʠ ʆ.ɸ. 

ʃʫʢʘʥʠʥʘ ʩ ʢʦʣʣʝʛʘʤʠ [ɺʦʣʦʚʝʮʢʠʡ ʠ ʜʨ., 2012; ʃʫʢʘʥʠʥ ʠ ʜʨ., 2012], ʭʦʪʷ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʝʰʝʥʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʝʱʝ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ 

[ɹʦʨʠʩʦʚ, 2010]. ʆʮʝʥʢʠ fʆ2 ʧʨʠʨʦʜʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʠʚʦʜʠʤʳʝ ʀ.ɼ. 

ʈʷʙʯʠʢʦʚʳʤ ʠ ʃ.ʅ. ʂʦʛʘʨʢʦ [ʈʷʙʯʠʢʦʚ, ʂʦʛʘʨʢʦ, 2016], ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʫ 

ʟʘʚʠʩʠʤʦʩʪʴ. 

 

 

 

ʈʠʩʫʥʦʢ 2.1.1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ f '  ʦʪ ʟʥʘʯʝʥʠʡ -lgfO2 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʟʘʣʴʪʦʚ [ʄʠʰʠʥ ʠ ʜʨ., 2022; Mishin et al., 2022]. ʀʩʧʦʣʴʟʦʚʘʥʳ 

ʜʘʥʥʳʝ: 1 ï Fudali, 1965; 2 ï ʃʝʙʝʜʝʚʘ ʠ ʜʨ., 2001. 

 

2.2 ʂʦʵʬʬʠʮʠʝʥʪ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ 
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ʀʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ f'  ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʭʝʤʘʪʠʯʝʩʢʠʝ ʢʘʨʪʳ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʧʦʷʩʘʭ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ 

ʧʦʷʩʘ [ʄʠʰʠʥ ʠ ʜʨ., 2003]. ʂʘʨʪʳ ʩʪʨʦʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʟʘʧʠʩʢʘʭ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʘʨʪʘʤ 

ʤʘʩʰʪʘʙʘ 1: 50000, 100000, 200000. ʕʪʘ ʤʝʪʦʜʠʢʘ ʜʘʝʪ ʩʛʣʘʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʢʠʩʣʝʥʥʦʩʪʠ ʠ ʪʨʝʙʫʝʪ ʟʘʚʝʨʢʠ ʢʦʤʧʣʝʢʩʦʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʣʝʪʥʠʭ 

ʨʘʙʦʪ ʙʳʣʦ ʧʨʠʥʷʪʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ f '  = 0.3-0,35 ʚ 

ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʠ ʦʢʠʩʣʝʥʥʳʤʠ ʤʘʛʤʘʪʠʪʘʤʠ 

[ʄʠʰʠʥ ʠ ʜʨ., 2022; Mishin et al., 2022]. 

ʈʝʜʦʢʩ-ʫʩʣʦʚʠʷ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤʠ ʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʞʝʣʝʟʘ ʦʧʨʝʜʝʣʷʶʪ 

ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 2020]. ʇʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʞʝʣʝʟʦ ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʤʝʥʝʝ ʧʦʜʚʠʞʥʦʡ ʪʨʝʭʚʘʣʝʥʪʥʦʡ ʬʦʨʤʝ ʠ ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʦʙʨʘʟʫʝʪ 

ʩʠʣʴʥʦʤʘʛʥʠʪʥʳʡ ʤʠʥʝʨʘʣ ʤʘʛʥʝʪʠʪ, ʦʩʪʘʪʦʯʥʳʡ ʨʘʩʧʣʘʚ ʧʨʠ ʵʪʦʤ ʦʙʝʜʥʷʝʪʩʷ 

ʞʝʣʝʟʦʤ. ɽʩʣʠ ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʥʝʪʠʪʘ ʝʱʝ ʦʩʪʘʝʪʩʷ ʩʚʦʙʦʜʥʦʝ ʞʝʣʝʟʦ 

ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʛʝʤʘʪʠʪ, ʥʦ ʫʞʝ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɽʛʦ ʤʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʞʝʣʝʟʦ ʚ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʬʦʨʤʝ ʩʚʷʟʳʚʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʪʝʤʥʦʮʚʝʪʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ (ʙʠʦʪʠʪ, ʘʤʬʠʙʦʣ), ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʬʦʨʤʠʨʫʶʪ ʠʣʴʤʝʥʠʪ 

[Ishihara, 1977; ʄʠʰʠʥ, ʈʦʤʘʥʦʚʩʢʠʡ, 1992; ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 

2020]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʤʝʪʦʜʳ (ʠʟʤʝʨʝʥʠʝ MS) ʜʣʷ 

ʵʢʩʧʨʝʩʩ-ʨʘʟʜʝʣʝʥʠʷ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ. 

 

2.3 ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ (MS) - ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ (ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ) 

ʚʝʱʝʩʪʚʘ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʵʪʦʤ ʚʝʱʝʩʪʚʝ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ 
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ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʝʜʠʥʠʮʳ ʦʙʲʸʤʘ ʚʝʱʝʩʪʚʘ ʢ ʥʘʧʨʷʞʸʥʥʦʩʪʠ  ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦ ʩʚʦʝʤʫ ʩʤʳʩʣʫ MS ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʙʝʟʨʘʟʤʝʨʥʦʡ. 

ɽʱʝ ʚ 1964 ʛ. ɼ.ʄ. ʇʝʯʝʨʩʢʠʡ [ʇʝʯʝʨʩʢʠʡ, 1964] ʥʘ ʦʩʥʦʚʝ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ CCCP ʫʩʪʘʥʦʚʠʣ ʩʚʷʟʴ 

ʦʣʦʚʷʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠʤʝʥʥʦ ʩ ʥʝʤʘʛʥʠʪʥʳʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ. ʇʦʟʞʝ ʐ. 

ʀʰʠʭʘʨʘ (ʚʩʣʝʜ ʟʘ ɼ.ʄ. ʇʝʯʝʨʩʢʠʤ) ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʠʪʥʫʶ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʋʞʝ ʚ ʢʦʥʮʝ 70 ʛʦʜʦʚ ʍʍ ʩʪʦʣʝʪʠʷ ʧʨʠ ʧʦʣʝʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʗʧʦʥʠʠ ʦʥ ʧʨʠʤʝʥʠʣ ʢʘʧʧʘʤʝʪʨ ʂʊ-3 

[Ishihara, 1979]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʝʨʝʥʦʩʥʳʭ 

ʢʘʧʧʘʤʝʪʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʦʙʨʘʟʮʘʭ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʧʧʘʤʝʪʨ KT-5. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʩʚʷʟʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ [ʂʦʥʦʚʘʣʦʚʘ ʠ ʜʨ., 2021ʘ; 

ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024] (ʨʠʩʫʥʦʢ 2.3.1). ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʢʘʨʪʠʨʦʚʘʥʠʝ ʟʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʐ. ʀʰʠʭʘʨʘ, ʟʥʘʯʝʥʠʝ MS ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ ʙʳʣʦ 

ʧʨʠʥʷʪʦ 0,5*10
-3
 ʝʜ. ʉʀ, ʘ ʥʝ 3*10

-3
 ʝʜ. ʉʀ [ʄʠʰʠʥ ʠ ʜʨ., 2020,2022; Mishin et al., 

2020, 2022] (ʨʠʩʫʥʦʢ 2.3.2). ɸʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʂ. ʍʘʨʪʦʤ 

ʥʘ ɸʣʷʩʢʝ [Hart et al., 2004]. ɼʣʷ ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʵʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʪʘʢʞʝ 

ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ, ʭʦʪʷ ʠ ʥʝ ʪʘʢ ʯʝʪʢʦ (ʨʠʩʫʥʦʢ 2.3.3). ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʧʨʠ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʤʳ ʚʳʜʝʣʠʤ ʧʝʨʝʭʦʜʥʫʶ ʟʦʥʫ ʤʝʞʜʫ ʄʉ ʠ ʀʉ ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʐ. ʀʰʠʭʘʨʘ [Ishihara, 1979]. 

ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʨʦʜ ʜʦʧʦʣʥʷʶʪʩʷ ʩʨʘʚʥʝʥʠʷʤʠ ʩ 

ʢʘʨʪʘʤʠ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʨʘʡʦʥʘʭ. ʇʨʠ ʵʪʦʤ ʠʥʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʣʝʜʠʪʴ ʛʨʘʥʠʮʫ ʧʝʨʝʭʦʜʘ 

ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʦ ʧʦʣʝʚʳʤ ʠʟʤʝʨʝʥʠʷʤ MS, ʠʩʧʦʣʴʟʫʷ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ [ʂʦʥʦʚʘʣʦʚʘ ʠ ʜʨ., 2023; Konovalova et al., 2023]. 

 

https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%87%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D1%91%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D0%BE%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D1%91%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BF%D0%BE%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%B7%D1%80%D0%B0%D0%B7%D0%BC%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
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ʈʠʩʫʥʦʢ 2.3.1 ʉʚʷʟʴ MS ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ  ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ ʚ 

ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜʘʭ ʉɸʆʇ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024] 
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ʈʠʩʫʥʦʢ 2.3.2  ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ 

ʠʥʪʨʫʟʠʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʉʆɸʇ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et 

al., 2024]. ʇʦʣʥʘʷ ʚʳʙʦʨʢʘ MS ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ (ɸ), 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ (ɹ) ʠ ʠʥʪʝʨʚʘʣʴʥʘʷ (ɺ): ʠʥʪʝʨʚʘʣ 0ï2. ʀʉ - ʢʨʘʩʥʘʷ ʠ ʄʉ ï 

ʩʠʥʷʷ. 

 

 

 

ʈʠʩʫʥʦʢ 2.3.3 ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ 

ʵʬʬʫʟʠʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʉʆɸʇ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 

2024]. ʇʦʣʥʘʷ ʚʳʙʦʨʢʘ MS ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ (ɸ), 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ (ɹ) ʠ ʠʥʪʝʨʚʘʣʴʥʘʷ (ɺ): ʠʥʪʝʨʚʘʣ  0ï2. ʀʉ - ʢʨʘʩʥʘʷ ʠ ʄʉ 

ï ʩʠʥʷʷ. 

 

2.4 ʉʠʣʠʢʘʪʥʳʡ ʘʥʘʣʠʟ 
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ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ ʈʌɸ ʥʘ ʧʨʠʙʦʨʝ S4 Pioneer 

ʬʠʨʤʳ Bruker, ɻʝʨʤʘʥʠʷ (ʘʥʘʣʠʪʠʢ ʃ.ʄ. ʀʣʴʠʥ). ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʞʝʣʝʟʦ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʫʤʤʘʨʥʦʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʛʨʘʥʠʪʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʮʝʣʷʭ ʢʦʥʪʨʦʣʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʩʦʜʝʨʞʘʥʠʷ ʦʢʠʩʥʦʛʦ ʠ ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ: Fe
3+

 ʦʧʨʝʜʝʣʷʣʦʩʴ ʪʨʠʣʦʥʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ, Fe
2+

  - ʙʠʭʨʦʤʘʪʥʳʤ ʤʝʪʦʜʦʤ (ʘʥʘʣʠʪʠʢ ɺ.ɽ. ɿʘʟʫʣʠʥʘ). ʈʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʦʚ ʩʣʫʞʘʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ SiO2 ʚ ʧʦʨʦʜʝ, ʘ 

ʪʘʢʞʝ ʱʝʣʦʯʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

2.5 ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʪʦʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʫʯʘʣʠʩʴ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʠ 

ʞʝʣʝʟʠʩʪʦʩʪʴ  ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʙʠʦʪʠʪʘ, ʘʤʬʠʙʦʣʘ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 2020], ʯʪʦ ʚʝʩ 

ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʧʨʷʤʦ ʩʚʷʟʘʥ ʩ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʧʦʨʦʜ (ʨʠʩʫʥʦʢ 

2.5.1). 
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ʈʠʩʫʥʦʢ 2.5.1 ʂʦʨʨʝʣʷʮʠʷ ʚʝʩʘ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʚ ʦʙʨʘʟʮʘʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʉɸʆʇ ʠ ʟʘʤʝʨʦʚ ʠʭ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

 

ɿʥʘʯʝʥʠʶ MS = 0,5*10
-3
 ʝʜ. ʉʀ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʩ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ 

ʧʦʨʷʜʢʘ 0,4 - 0,5 %, ʞʝʣʝʟʠʩʪʦʩʪʴ ʪʝʤʥʦʮʚʝʪʦʚ ʧʨʠ ʵʪʦʤ ʧʨʝʚʳʰʘʝʪ 0,6 (ʨʠʩʫʥʦʢ 

2.5.2). ɼʣʷ ʦʩʥʦʚʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʨʘʥʠʪʦʠʜʦʚ ʉɸʆʇ ʟʥʘʯʝʥʠʷ ʚʝʩʘ ʤʘʛʥʠʪʥʦʡ 

ʬʨʘʢʮʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʝʨʚʳʭ ʧʨʦʮʝʥʪʦʚ, ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʚʷʟʘʥʳ, 

ʦʙʳʯʥʦ, ʩ ʦʢʠʩʣʝʥʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ. 

 

 

 

ʈʠʩʫʥʦʢ 2.5.2 ʂʦʨʨʝʣʷʮʠʷ ʚʝʩʘ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʠ ʞʝʣʝʟʠʩʪʦʩʪʠ 

ʘʤʬʠʙʦʣʦʚ (ʘ) ʠ ʙʠʦʪʠʪʦʚ (ʙ) ʜʣʷ ʉɸʆʇ. 1- ʀʉ, 2 ï ʄʉ. 

 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʐ. ʀʰʠʭʘʨʘ ʨʘʟʜʝʣʝʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ  ʥʘ 

ʠʣʴʤʝʥʠʪʦʚʫʶ ʠ ʤʘʛʥʝʪʠʪʦʚʫʶ ʩʝʨʠʠ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ 

ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʚ ʢʨʘʡʥʝʤ ʩʣʫʯʘʝ, ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʘʢʮʝʩʩʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ. ɺ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ ʜʦ 0,1% ʠʣʴʤʝʥʠʪʘ ʠ ʧʠʨʨʦʪʠʥ, ʛʨʘʬʠʪ, 

ʤʫʩʢʦʚʠʪ, ʚ ʤʘʛʥʝʪʠʪʦʚʦʡ ï ʦʪ 0,1 ʜʦ 3% ʤʘʛʥʝʪʠʪʘ, ʘ ʪʘʢʞʝ ʠʣʴʤʝʥʠʪ, ʛʝʤʘʪʠʪ, 

ʧʠʨʠʪ, ʩʬʝʥ, ʵʧʠʜʦʪ [Ichihara, 1977]. 
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ʀʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʛʨʘʥʠʪʦʠʜʦʚ ʉɸʆʇ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʤʘʛʥʝʪʠʪ ʠ ʠʣʴʤʝʥʠʪ, ʠʥʦʛʜʘ ʚʶʩʪʠʪ, ʛʝʤʘʪʠʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʚ ʨʘʤʢʘʭ ʵʪʠʭ ʨʘʙʦʪ ʩʧʝʮʠʘʣʴʥʦ 

ʥʝ ʠʟʫʯʘʣʠʩʴ. 

ʈʫʜʥʳʡ ʤʠʥʝʨʘʣ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ 

ʧʦʷʩʘ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ ʦʪ ʯʠʩʪʦʛʦ ʤʘʛʥʝʪʠʪʘ ʜʦ ʠʣʴʤʝʥʠʪʘ (ʙʣʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ). ʆʜʥʘʢʦ ʧʦ ʞʝʣʝʟʠʩʪʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʶ ʪʠʪʘʥʘ ʵʪʦʪ 

ʨʷʜ ʠʤʝʝʪ ʯʝʪʢʦʝ ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʨʘʟʨʳʚʦʤ ʚ ʠʥʪʝʨʚʘʣʝ 0.61ï0.74 

FeO*/(FeO*+TiO2) (ʨʠʩʫʥʦʢ 2.5.3). 

 

 
 

ʈʠʩʫʥʦʢ 2.5.3 ɹʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʠʩʪʦʩʪʠ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 2020]. 

 

ʕʪʦʪ ʤʠʥʠʤʫʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʲʝʢʪʠʚʥʳʡ ʢʨʠʪʝʨʠʡ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʤʘʛʥʝʪʠʪ ʠ ʠʣʴʤʝʥʠʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ. ʅʘ 

ʤʘʛʥʝʪʠʪʦʚʳʡ ʤʘʢʩʠʤʫʤ (ʞʝʣʝʟʠʩʪʦʩʪʴ 0.9ï1) ʧʨʠʭʦʜʠʪʩʷ 54.8 % ʟʘʤʝʨʦʚ, ʘ ʥʘ 

ʠʣʴʤʝʥʠʪʦʚʳʡ (ʞʝʣʝʟʠʩʪʦʩʪʴ 0.35ï0.48) ï 61.5 %. 
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ɹʠʦʪʠʪʳ ʠ ʨʦʛʦʚʳʝ ʦʙʤʘʥʢʠ ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʢʦʨʨʝʣʷʮʠʝʡ FeO* ʠ MgO, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʞʝʣʝʟʠʩʪʦʩʪʠ ʵʪʠʭ 

ʤʠʥʝʨʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ F = FeO*/(FeO* + MgO). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʟʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ: 

- ʞʝʣʝʟʠʩʪʦʩʪʴ ʙʠʦʪʠʪʦʚ ʠ ʨʦʛʦʚʳʭ ʦʙʤʘʥʦʢ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ; 

- ʤʘʢʩʠʤʘʣʴʥʦʡ ʞʝʣʝʟʠʩʪʦʩʪʴʶ ʦʪʣʠʯʘʶʪʩʷ ʙʠʦʪʠʪʳ ʠ ʘʤʬʠʙʦʣʳ ʧʦʨʦʜ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ. 

ʇʦʜʦʙʥʦʡ ʞʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʞʝʣʝʟʠʩʪʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʪʝʤʥʦʮʚʝʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ MS ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

 

2.6 ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʦʣʦʚʘ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉɸʆʇ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 2020] 

(ʨʠʩʫʥʦʢ 2.6.1). ʅʘ ʥʝʝ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʦʣʦʚʘ (ʘ 

ʪʘʢʞʝ Sn-W). ɸʨʝʘʣ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʥʪʫʨʘʤʠ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʟʦʥʳ. ʇʣʦʪʥʦʩʪʴ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʧʦʵʪʦʤʫ 

ʛʨʘʥʠʮʘ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʚʝʨʝʥʥʦ, ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ 

ʧʨʦʷʚʣʝʥʠʷ ʣʠʪʦʬʠʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʣʥʦʩʪʴʶ. ʉ ʧʦʨʦʜʘʤʠ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ, ʦʙʨʘʤʣʷʶʱʠʭ ʩ ʚʦʩʪʦʢʘ ʠ ʟʘʧʘʜʘ ʟʦʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ ʩ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ 

ʚʦ ʚʨʝʤʝʥʠ ʩʦʧʨʷʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʧʨʦʷʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ, ʧʦʣʠʤʝʪʘʣʣʦʚ, ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʧʨʦʷʚʣʝʥʠʷ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ ʪʠʧʘ [ʄʠʥʠʥʘ ʠ ʜʨ., 2019]. ʆʢʠʩʣʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʢʦʥʪʨʦʣʠʨʫʶʪ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʧʣʦʱʘʜʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʧʦʨʦʜ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʳʭʦʜʳ ʚ ʉʠʭʦʪʵ-ɸʣʠʥʝ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ 

ʚʪʦʨʠʯʥʳʭ ʢʚʘʨʮʠʪʦʚ ï ʪʘʢʞʝ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʦʨʦʜ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ [ʄʠʰʠʥ, ɹʝʨʜʥʠʢʦʚ, 2010]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʶʛʝ ɹʫʨʝʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

(ɽʚʨʝʡʩʢʘʷ ʘʚʪʦʥʦʤʥʘʷ ʦʙʣʘʩʪʴ) [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʘ]. ʆʣʦʚʦʨʫʜʥʳʝ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʙʣʫʯʴʷ ʠ ʍʠʥʛʘʥʘ ʩʚʷʟʘʥʳ ʩ ʘʣʴʙʩʢʠʤʠ ʨʠʦʣʠʪʘʤʠ 

ʦʙʤʘʥʠʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʄʝʟʦʟʦʡʩʢʠʡ ʤʘʛʤʘʪʠʟʤ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʥʘʣʦʞʝʥ ʥʘ 

ʙʦʣʝʝ ʜʨʝʚʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ (ʥʘʯʠʥʘʷ ʩ ʜʦʢʝʤʙʨʠʷ). ʀʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʧʣʘʥʝ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʪʦʚ. 
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ʈʠʩʫʥʦʢ 2.6.1 ɿʦʥʘʣʴʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʤʝʪʘʣʣʦʛʝʥʠʠ ʉʠʭʦʪʵ-

ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 2020] ʩ 

ʜʦʙʘʚʣʝʥʠʷʤʠ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʙʣʘʩʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ (ʘ) ʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ (ʙ) Sn ʠ Sn-W; 2 ï ʦʙʣʘʩʪʴ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ (?) ʩ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʤʠ ʠ Au-Ag ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤʠ; 3 

ï ʦʙʣʘʩʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘ Au-Ag ʵʧʠʪʝʨʤʘʣʴʥʳʝ ʠ Cu (Mo) ʧʦʨʬʠʨʦʚʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ; 4 ï ʤʘʨʰʨʫʪʳ ʦʧʨʦʙʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ; 5 

ï ʛʨʘʥʠʮʘ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ (ʘ) ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ (ʙ); 6 ï ʟʘʣʝʞʠ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʚʪʦʨʠʯʥʳʭ ʢʚʘʨʮʠʪʦʚ; 7 -  

(ʤʦʣʠʙʜʝʥ)-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ ʧʨʦʷʚʣʝʥʠʷ; 8 ï ʄʘʣʤʳʞʩʢʦʝ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ (7 ʠ 8 ʧʦ [ʄʠʥʠʥʘ ʠ ʜʨ., 2019]). 

 

2.7 ʇʦʩʪʨʦʝʥʠʝ ʩʭʝʤʳ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʪʦʚ ʉɸʆʇ. 

ʇʦʛʨʘʥʠʯʥʳʝ ʤʘʩʩʠʚʳ 

ʃ.ʌ. ʄʠʰʠʥ ʩ ʩʦʘʚʪʦʨʘʤʠ [ʄʠʰʠʥ ʠ ʜʨ., 2003] ʦʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ, ʠʟʫʯʘʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʧʦʷʩʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʚʦʩʪʦʢʘ ɸʟʠʠ ʤʝʟʦʟʦʡ-

ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʩʪʨʦʠʣʠ ʩʭʝʤʫ ʟʦʥʘʣʴʥʦʩʪʠ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʘ 

(ʨʠʩʫʥʦʢ 2.7.1). ʅʘ ʥʝʡ ʧʦʢʘʟʘʥʳ 3 ʩʠʩʪʝʤʳ: ʋʜʩʢʦ-ɹʦʣʴʰʝʭʠʥʛʘʥʩʢʘʷ (J3-K1), 

ʆʭʦʪʩʢʦ-ʉʫʥʛʘʨʠʡʩʢʘʷ (ʂ1-K2), ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʘʷ (ʂ2 - ʈ). 

ʕʪʘ ʩʭʝʤʘ ʙʝʟ ʦʩʦʙʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʩʫʱʝʩʪʚʦʚʘʣʘ ʜʦ 2015 ʛ [ʄʝʨʢʫʣʦʚʘ, 

ʄʠʰʠʥ, 2015] (ʨʠʩʫʥʦʢ 2.7.2). ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʜʦʢʩ-

ʟʦʥʘʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘ ʩ ʤʘʛʥʠʪʥʳʤ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʷʤʠ, ʘ ʪʘʢʞʝ ʩʦ ʩʭʝʤʦʡ 

ʪʝʨʨʝʡʥʦʚ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ [ɻʝʦʜʠʥʘʤʠʢʘé  2006]. 

ɺ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʝʛʠʦʥʘ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʟʥʘʢʦʚ (ʩʤ. ʚʳʰʝ), ʚ 

ʢʦʪʦʨʳʭ ʘʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʩʨʝʜʥʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʥʢʨʝʪʥʳʝ 
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ʟʘʤʝʨʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ (ʦʢʦʣʦ 500 

ʧʫʥʢʪʦʚ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ) ʧʨʠʚʝʜʝʥʳ ʚ (ʊʘʙʣʠʮʝ ˉ1) [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; 

Taltykin et al., 2024] (ʨʠʩʫʥʦʢ 2.7.2). ɺ ʨʘʡʦʥʝ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 10-

20 ʟʘʤʝʨʦʚ MS, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʦʬʠʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ MS ʥʘ ʨʷʜʝ ʤʘʩʩʠʚʦʚ (ʨʠʩʫʥʦʢ 2.7.7). 

 

 

 

ʈʠʩʫʥʦʢ 2.7.1 ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ɼɺ ʈʌ ʧʦ [ʄʠʰʠʥ ʠ ʜʨ., 2003]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1-3 ʚʫʣʢʘʥʦ-

ʧʣʫʪʦʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ: ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʘʷ (1). ʆʭʦʪʩʢʦ-ʉʫʥʛʘʨʠʡʩʢʘʷ (2) ʠ 

ʋʜʩʢʦ-ɹʦʣʴʰʝʭʠʥʛʘʥʩʢʘʷ (3): 4 ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʰʪʨʠʭʦʚʢʘ ʫ ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ 

(ʙ) ʠ ʝʝ ʦʪʩʫʪʩʪʚʠʝ ʫ ʠʣʴʤʝʥʠʪʦʚʳʭ (ʘ): 5 - ʛʨʘʥʠʮʳ ʩʠʩʪʝʤ (ʘ) ʠ ʟʦʥ (ʙ), 6 - 

ʤʝʩʪʦʨʦʞʜʝʠʠʷ ʘʣʫʥʠʪʘ (ʭʘʨʘʢʪʝʨʥʳʡ ʧʨʠʟʥʘʢ ʧʦʨʦʜ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ).  
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ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ 

(ʨʠʩʫʥʦʢ 2.7.3) [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 2020]. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʠʚʝʜʝʥ 

ʛʨʘʬʠʢ ʟʥʘʯʝʥʠʡ MS ʧʦ ʧʨʦʬʠʣʶ ʃʠʜʦʛʘ - ɺʘʥʠʥʦ (ʨʠʩʫʥʦʢ 2.7.4). ʊʘʢʞʝ ʥʘ 

ʨʠʩʫʥʢʝ 2.7.7 ʧʦʢʘʟʘʥʳ ʧʦʛʨʘʥʠʯʥʳʝ ʤʘʩʩʠʚʳ, ʧʦʨʦʜʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʤʘʛʥʝʪʠʪʦʚʦʡ, ʪʘʢ ʠ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʝʡ. 
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ʈʠʩʫʥʦʢ 2.7.2 ʇʫʥʢʪʳ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ (507 ʪʦʯʝʢ). ʉʭʝʤʘ ʨʝʜʦʢʩ-

ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʉɸʆʇ ʧʦ [ʄʝʨʢʫʣʦʚʘ, ʄʠʰʠʥ, 2015] ʠ ʪʝʨʨʝʡʥʳ ʧʦ [Khanchuk et 

al.,2016] ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024]. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 1 - ʪʝʨʨʝʡʥ ʛʦʪʝʨʠʚ-ʨʘʥʥʝʘʣʴʙʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ (Km ï 

ʂʠʩʝʣʝʚʩʢʦ-ʄʘʥʦʤʠʥʩʢʠʡ); 2 - ʪʝʨʨʝʡʥ ʛʦʪʝʨʠʚ-ʨʘʥʥʝʘʣʴʙʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ 

(Ke-ʂʝʤʩʢʠʡ); 3 - ʪʝʨʨʝʡʥ ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʪʫʨʙʠʜʠʪʦʚʦʛʦ ʙʘʩʩʝʡʥʘ (Zr-A - 

ɾʫʨʘʚʣʝʚʩʢʦ-ɸʤʫʨʩʢʠʡ); 4 - ʪʝʨʨʝʡʥ ʨʘʥʥʝʤʝʣʦʚʦʡ (ʥʝʦʢʦʤ) ʘʢʢʨʝʮʠʦʥʥʦʡ 

ʧʨʠʟʤʳ (Tu - ʊʘʫʭʠʥʩʢʠʡ); 5 - ʪʝʨʨʝʡʥʳ ʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ (Sm - 

ʉʘʤʘʨʢʠʥʩʢʠʡ, Nb - ʅʘʜʘʥʴʭʘʜʘ-ɹʠʢʠʥʩʢʠʡ, Bd - ɹʘʜʞʘʣʴʩʢʠʡ, Kh - 

ʍʘʙʘʨʦʚʩʢʠʡ); 6 - ʪʝʨʨʝʡʥʳ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ (Dk - ɼʞʘʛʜʳ-

ʂʝʨʙʠʥʩʢʠʡ, Nl - ʅʠʣʘʥʩʢʠʡ, Ul - ʋʣʴʙʘʥʩʢʠʡ); 7 - ʪʝʨʨʝʡʥʳ ʧʘʣʝʦʟʦʡʩʢʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ, ʥʘʜʚʠʥʫʪʳʝ ʥʘ ʶʨʩʢʫʶ ʘʢʢʨʝʮʠʦʥʥʫʶ ʧʨʠʟʤʫ (Sr - 

ʉʝʨʛʝʝʚʩʢʠʡ, Sr(h) - ʍʦʨʩʢʠʡ); 8 - ʧʨʝʜʤʝʟʦʟʦʡʩʢʠʝ ʢʦʥʪʠʥʝʥʪʳ: ɹʫʨʝʠʥʩʢʦ (Bu) - 

ʎʟʷʤʫʩʳ (Jm) - ʍʘʥʢʘʡʩʢʠʡ (Kha) ʩʫʧʝʨʪʝʨʨʝʡʥ ʠ ʉʠʙʠʨʩʢʠʡ ʢʨʘʪʦʥ (Sb); 9 - 

ʩʜʚʠʛʠ (ʘ), ʥʘʜʚʠʛʠ (ʙ); 10 - ʛʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ, 

ʚʳʜʝʣʝʥʥʘʷ   ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ Fe2O3/(Fe2O3+FeO) (ʙ) [ʄʠʰʠʥ ʠ ʜʨ., 2003; 

ʄʝʨʢʫʣʦʚʘ, ʄʠʰʠʥ, 2015], 11- 12 - ʧʫʥʢʪʳ (472) ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ: 11 ï 

ʠʥʪʨʫʟʠʚʥʳʭ  (ʘ-ʀʉ, ʙ-ʄʉ), 12ï ʵʬʬʫʟʠʚʥʳʭ (ʘ-ʀʉ, ʙ-ʄʉ). 

 

ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ɸʢʩʘʢʠʥʩʢʠʡ ʤʘʩʩʠʚ, ʛʜʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ MS [ʂʦʥʦʚʘʣʦʚʘ ʠ ʜʨ., 2021ʘ,ʙ,ʚ] ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʦʬʠʣʷʤ (ʨʠʩʫʥʢʠ 

2.7.5, 2.7.7). ɺʦʟʨʘʩʪ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ (ʦʙʨʘʟʝʮ X16-77 71,6+0,8 ʤʣʥ ʣʝʪ) ʠ 

ʤʘʛʥʝʪʠʪʦʚʦʡ (ʦʙʨʘʟʝʮ X16-76 73,3+0,8 ʤʣʥ ʣʝʪ) ʩʝʨʠʡ ʜʣʷ ʵʪʦʛʦ ʤʘʩʩʠʚʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ [Wu et. al., 2022], ʚʦʟʨʘʩʪʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʖʞʥʦ-ʉʠʜʠʤʠʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʨʘʟʣʠʯʘʶʪʩʷ (ʠʣʴʤʝʥʠʪʦʚʘʷ ʩʝʨʠʷ (ɽʂ-2155) 

119,10+0,88 ʤʣʥ ʣʝʪ, ʤʘʛʥʝʪʠʪʦʚʘʷ ï (ɽʂ-2153) ï 115,19+0,45 ʤʣʥ ʣʝʪ) [ʊʘʣʪʳʢʠʥ 

ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024]. ɼʣʷ ʧʦʛʨʘʥʠʯʥʳʭ ʤʘʩʩʠʚʦʚ ʵʪʦ ʜʦʧʫʩʪʠʤʦ, ʪ.ʢ. 

ʛʨʘʥʠʮʘ ʚʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʶʞʥʦʡ  

ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʡ ʯʘʩʪʠ ʇʨʠʠʩʢʦʚʦʛʦ ʤʘʩʩʠʚʘ ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ ʀʉ ʠ ʄʉ 

ʦʜʠʥʘʢʦʚʳ ((ɽʂ-2157) 96,5+1,2 ʤʣʥ ʣʝʪ, (ɽʂ-2159) 96,91+0,88 ʤʣʥ ʣʝʪ) 
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[ʂʦʥʦʚʘʣʦʚʘ ʠ ʜʨ., 2023; Konovalova et al., 2023], ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʧʝʪʨʦʣʦʛʠʝʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ, ʪʘʢ ʢʘʢ ʩʣʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʚʝ ʨʘʟʥʳʝ ʧʦ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷʤ ʯʘʩʪʠ 

ʤʘʛʤʳ ʦʜʥʦʛʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʰʣʠʩʴ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʚ ʦʜʥʦ ʚʨʝʤʷ. 
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ʈʠʩʫʥʦʢ 2.7.3  ʉʭʝʤʘ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʉɸʆʇ, ʚʦʟʨʘʩʪ ʠ ʪʠʧ 

ʤʘʛʤʘʪʠʪʦʚ [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 2020] ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 

1- ʈʘʥʥʠʝ ʧʘʣʝʦʟʦʡʩʢʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʙʣʦʢʠ: BR - ɹʫʨʝʠʥʩʢʠʡ, KHN - 

ʍʘʥʢʘʡʩʢʠʡ; 2 -ʇʘʣʝʦʟʦʡʩʢʠʝ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʪʝʨʨʝʡʥʳ, ʥʘʜʚʠʥʫʪʳʝ 

ʥʘ ʶʨʩʢʠʝ ʘʢʢʨʝʮʠʦʥʥʳʝ ʧʨʠʟʤʳ; 3 ïʪʝʨʨʝʡʥʳ ʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ ʧʘʣʝʦʟʦʡʩʢʠʭ ʦʬʠʦʣʠʪʦʚ, ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ 

ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʪʨʠʘʩʦʚʳʭ ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ: SM - ʉʘʤʘʨʢʠʥʩʢʠʡ, NB - 

ʅʘʜʘʥʴʭʘʜʘ-ɹʠʢʠʥʩʢʠʡ, KHB -ʍʘʙʘʨʦʚʩʢʠʡ; 4 -ʪʝʨʨʝʡʥ ʩʨʝʜʥʝʤʝʣʦʚʦʡ 

ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ, ʩʦʜʝʨʞʘʱʠʡ ʬʨʘʛʤʝʥʪʳ ʶʨʩʢʠʭ  ʙʘʟʘʣʴʪʦʚ, ʢʨʝʤʥʠʩʪʳʭ 

ʩʣʘʥʮʝʚ ʠ ʧʦʨʦʜ ʨʘʥʥʝʤʝʣʦʚʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ; 5 - ʪʝʨʨʝʡʥ ʨʘʥʥʝʤʝʣʦʚʦʡ 

(ʥʝʦʢʦʤ) ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ, ʩʦʜʝʨʞʘʱʠʡ ʬʨʘʛʤʝʥʪʳ ʜʝʚʦʥʩʢʦ -ʪʨʠʘʩʦʚʳʭ 

ʠʟʚʝʩʪʥʷʢʦʚ, ʙʘʟʘʣʴʪʦʚ ʠ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʠ ʪʨʠʘʩʦʚʦ-ʶʨʩʢʠʭ ʢʨʝʤʥʠʩʪʳʭ 

ʩʣʘʥʮʝʚ ʠ ʘʨʛʠʣʣʠʪʦʚ: TU - ʊʘʫʭʠʥʩʢʠʡ; 6 - ʪʝʨʨʝʡʥ ʨʘʥʥʝʤʝʣʦʚʦʛʦ 

ʪʫʨʙʠʜʠʪʦʚʦʛʦ ʙʘʩʩʝʡʥʘ: ZH - ɾʫʨʘʚʣʝʚʩʢʦ-ɸʤʫʨʩʢʠʡ; 7 - ʨʘʥʥʝʤʝʣʦʚʘʷ 

ʦʩʪʨʦʚʥʘʷ ʜʫʛʘ: KM - ʂʝʤʩʢʘʷ; 8 - ʧʘʣʝʦʛʝʥʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ (ʘ) ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ (ʙ); 9 - ʧʦʟʜʥʠʝ ʘʣʴʙ-ʨʘʥʥʝʩʝʥʦʤʘʥʩʢʠʝ ʛʨʘʥʠʪʦʠʜʳ (ʘ) ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ (ʙ); 10 - ʧʦʟʜʥʝʘʣʴʙʩʢʠʝ ʛʘʙʙʨʦ-ʤʦʥʮʦ-ʛʨʘʥʠʪʳ ʠ ʩʠʝʥʠʪʳ; 11 - 

ʧʦʟʜʥʝʤʝʣʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ (ʘ) ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (ʙ); 12 - ʛʦʪʝʨʠʚ-ʘʧʪʩʢʠʝ 

ʛʨʘʥʠʪʦʠʜʳ; 13 - ʎʝʥʪʨʘʣʴʥʳʡ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʠʡ ʨʘʟʣʦʤ; 14 - ʣʠʥʠʠ 

ʦʧʨʦʙʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ; 15 - ʛʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ 

ʤʘʛʥʝʪʠʪʦʚʦʡ (ʄʉ) ʠ ʠʣʴʤʝʥʠʪʦʚʦʡ (ʀʉ) ʩʝʨʠʡ, ʚʳʜʝʣʝʥʥʘʷ ʧʦ ʢʦʤʧʣʝʢʩʫ 

ʧʨʠʟʥʘʢʦʚ (ʘ) ʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ Fe2O3/(Fe2O3+FeO) (ʙ); 16 - ʠʥʪʨʫʟʠʚʳ, ʥʘ 

ʢʦʪʦʨʳʭ  ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʘ ʟʦʥʘ ʧʝʨʝʭʦʜʘ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ ʢ ʤʘʛʥʝʪʠʪʦʚʦʡ; 

17 -ɸʢʩʘʢʠʥʩʢʠʡ ʤʘʩʩʠʚ; 18 ï ʇʨʠʠʩʢʦʚʳʡ ʤʘʩʩʠʚ. 

 

ʊʝʨʨʝʡʥʳ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ [Khanchuk  et. al.,2016] 

(ʨʠʩʫʥʦʢ 2.7.6) ʟʘʥʠʤʘʶʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʝʤ ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʥʘʤʠ [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 2020] ʚ ʚʠʜʝ ʦʩʥʦʚʳ ʢʘʨʪʘ ʠʟ ʨʘʙʦʪʳ ɸ.ɺ. 

ɻʨʝʙʝʥʥʠʢʦʚʘ ʩ ʢʦʣʣʝʛʘʤʠ [Grebennikov et al.,2016].  
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ʈʠʩʫʥʦʢ 2.7.4 ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ MS ʧʦ ʧʨʦʬʠʣʶ ʃʠʜʦʛʘ-ʉʦʚ.ɻʘʚʘʥʴ 1-

ʠʣʴʤʝʥʠʪʦʚʘʷ ʩʝʨʠʷ, 2-ʤʘʛʥʝʪʠʪʦʚʘʷ ʩʝʨʠʷ [ʄʠʰʠʥ ʠ ʜʨ., 2020; Mishin et al., 

2020]. 

 

  

 

ʈʠʩʫʥʦʢ 2.7.5 ɸʢʩʘʢʠʥʩʢʠʡ ʤʘʩʩʠʚ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ɸʢʩʘʢʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ (ʘ) - 1 - ʠʣʴʤʝʥʠʪʦʚʘʷ ʩʝʨʠʷ, 2 - ʤʘʛʥʝʪʠʪʦʚʘʷ ʩʝʨʠʷ; ʇʨʦʬʠʣʴ ʠʟʤʝʨʝʥʠʡ 

MS ʦʪ ɸʢʩʘʢʠʥʩʢʦʛʦ ʧʝʨʝʚʘʣʘ ʜʦ ʟʘʧʘʜʥʦʛʦ ʢʦʥʪʘʢʪʘ ɸʢʩʘʢʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ (ʙ) [ʂʦʥʦʚʘʣʦʚʘ ʠ ʜʨ., 2021ʙ]. 
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ʈʠʩʫʥʦʢ 2.7.6 ʉʭʝʤʘ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʉɸʆʇ ʠ ʪʝʨʨʝʡʥʳ [Khanchuk et 

al.,2016] ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 - 9 ʥʘ ʨʠʩʫʥʢʝ 2.7.2, 10 - 

ʛʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ, ʚʳʜʝʣʝʥʥʘʷ ʧʦ ʢʦʤʧʣʝʢʩʫ 

ʧʨʠʟʥʘʢʦʚ (ʘ) ʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ Fe2O3/(Fe2O3+FeO) (ʙ). 

 

ʅʘ ʨʠʩʫʥʢʝ 2.7.7 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʉɸʆʇ. ɿʜʝʩʴ ʚʠʜʥʦ, ʯʪʦ ʧʦʨʦʜʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʚʦʟʨʘʩʪʦʚ ʤʦʛʫʪ 
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ʧʦʧʘʜʘʪʴ ʚ ʟʦʥʳ ʠ ʀʉ, ʠ ʄʉ. ʅʘ ʩʭʝʤʝ ʚʠʜʥʦ, ʯʪʦ ʛʨʘʥʠʮʳ ʨʝʜʦʢʩ-ʟʦʥ ʩʝʢʫʪ 

ʛʨʘʥʠʮʳ ʘʢʢʨʝʮʠʦʥʥʳʭ ʙʣʦʢʦʚ ʠ ʪʫʨʙʠʜʠʪʦʚʳʭ ʙʘʩʩʝʡʥʦʚ, ʪ.ʝ. ʢʦʨʨʝʣʷʮʠʷ 

ʠʣʴʤʝʥʠʪʦʚʳʭ ʟʦʥ ʩ ʘʢʢʨʝʮʠʦʥʥʳʤʠ ʪʝʨʨʝʡʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʨʛʘʥʠʢʫ, ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʣ ʐ. ʀʰʠʭʘʨʘ [Ishihara, 1977], ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ. ʅʘ ʧʦʜʦʙʥʦʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʝʱʝ ʚ 1990 ʛ ʫʢʘʟʳʚʘʣ ʈ. ɻʘʩʪʠʣ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ 

ʤʘʛʥʝʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʂʘʣʠʬʦʨʥʠʠ [Gastil, 1990]. 

ʊʘʢʞʝ ʥʘ ʨʠʩʫʥʢʝ 2.7.7 ʧʦʢʘʟʘʥʳ ʧʦʛʨʘʥʠʯʥʳʝ ʤʘʩʩʠʚʳ, ʧʦʨʦʜʳ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʤʘʛʥʝʪʠʪʦʚʦʡ, ʪʘʢ ʠ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʝʡ ʠ ʇʨʠʠʩʢʦʚʳʡ 

ʤʘʩʩʠʚ. ɼʣʷ ʀʉ ʠ ʄʉ ʵʪʠʭ ʤʘʩʩʠʚʦʚ ʦʧʨʝʜʝʣʝʥʳ ʚʦʟʨʘʩʪʳ U-Pb ʤʝʪʦʜʦʤ, ʦʥʠ ʚ 

ʦʜʥʦʤ ʤʘʩʩʠʚʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʦʜʠʥʘʢʦʚʳʤʠ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʜʝʪ ʠʟʫʯʝʥʠʝ ʠ ʜʨʫʛʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʤʘʩʩʠʚʦʚ, ʪʘʢʠʭ ʢʘʢ ʄʘʛʣʦʡʩʢʠʡ ʠ 

ɸʥʘʜʞʘʢʘʥʩʢʠʡ [ʂʦʥʦʚʘʣʦʚʘ ʠ ʜʨ., 2024]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʳ ʤʦʞʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʦʥ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʪʦʚ ʜʣʷ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ: 

- ʚʳʪʷʥʫʪʘʷ ʣʠʥʝʡʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ʦʢʝʘʥʘ. 

ʇʨʠ ʵʪʦʤ ʙʣʠʞʥʷʷ ʢ ʦʢʝʘʥʫ ʟʦʥʘ ʙʫʜʝʪ ʯʘʱʝ ʚʩʝʛʦ ʤʘʛʥʝʪʠʪʦʚʦʡ; 

- ʨʘʟʤʝʨʳ ʟʦʥ ï ʜʦ ʪʳʩʷʯʠ ʢʤ ʚ ʜʣʠʥʫ ʠ ʩʦʪʥʠ ʚ ʰʠʨʠʥʫ;  

- ʤʘʛʤʘʪʠʟʤ ʦʪ ʠʥʪʨʫʟʠʚʦʚ ʜʦ ʵʬʬʫʟʠʚʦʚ ʠ ʦʪ ʢʠʩʣʳʭ ʜʦ ʦʩʥʦʚʥʳʭ 

ʨʘʟʥʦʩʪʝʡ; 

- ʥʘʣʠʯʠʝ ʤʘʛʤʘʪʠʪʦʚ ʰʠʨʦʢʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ - ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ 

ʣʝʪ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʙʲʷʩʥʠʪʴ  ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʦʥ ʤʦʞʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʬʦʥʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʠʯʥʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʨʝʛʠʦʥʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
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ʈʠʩʫʥʦʢ 2.7.7 ɸ - ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʜ ʀʉ ʠ ʄʉ ʚ ʉɸʆʇ [ʊʘʣʪʳʢʠʥ 

ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024], ɹ, ɺ, ɻ - ʉʭʝʤr ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʀʉ ʠ ʄʉ ʚ ʛʨʘʥʠʮʘʭ ɸʢʩʘʢʠʥʩʢʦʛʦ (ɹ), ʖʞʥʦʛʦ ʉʠʜʠʤʠʡʩʢʦʛʦ (ɺ) ʠ 

ʇʨʠʠʩʢʦʚʦʛʦ ʤʘʩʩʠʚʦʚ (ɻ). 

ʋʩʣʦʚʥʳʝ  ʦʙʦʟʥʘʯʝʥʠʷ: 1-4 - ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. 1- ʧʣʠʦʮʝʥ: 

ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʧʣʘʪʦʙʘʟʘʣʴʪʳ; 2 ï ʧʘʣʝʦʮʝʥ-ʤʠʦʮʝʥ: ʨʠʦʣʠʪʳ, ʙʠʤʦʜʘʣʴʥʳʝ 

ʚʫʣʢʘʥʠʪʳ, ʙʘʟʘʣʴʪʳ ʠ ʛʘʙʙʨʦ-ʛʨʘʥʠʪʳ ʪʨʘʥʩʬʦʨʤʥʦʡ ʦʢʨʘʠʥʳ; 3 - ʚʝʨʭʥʠʡ ʤʝʣ: 

ʘʥʜʝʟʠʪʳ-ʨʠʦʣʠʪʳ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʡ ʦʢʨʘʠʥʳ; 4 - ʘʣʴʙ-ʥʠʞʥʠʡ ʩʝʥʦʤʘʥ: 

ʙʘʟʘʣʴʪʳ, ʘʥʜʝʟʠʪʳ, ʨʠʦʣʠʪʳ ʪʨʘʥʩʬʦʨʤʥʦʡ ʦʢʨʘʠʥʳ; 5 - 8 - ʛʨʘʥʠʪʦʜʳ: 5- 

ʧʘʣʝʦʛʝʥʦʚʳʝ, 6 - ʧʦʟʜʥʝʤʝʣʦʚʳʝ, 7-ï ʘʣʴʙ-ʩʝʥʦʤʘʥʩʢʠʝ, 8 - ʛʦʪʝʨʠʚ-ʙʘʨʨʝʤʩʢʠʝ; 

9-10 - ʘʣʴʙ-ʩʝʥʦʤʘʥʩʢʠʝ ʠʥʪʨʫʟʠʚʳ ʤʦʥʮʦʛʘʙʙʨʦ (9), ʱʝʣʦʯʥʳʭ ʙʘʟʠʪʦʚ ʠ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚ (10).  11 - ʛʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ, 

ʚʳʜʝʣʝʥʥʘʷ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʟʥʘʢʦʚ [ʄʠʰʠʥ ʠ ʜʨ., 2020] (ʘ) ʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

Fe2O3/(Fe2O3+FeO) (ʙ) [ʄʠʰʠʥ ʠ ʜʨ., 2003;ʄʝʨʢʫʣʦʚʘ, ʄʠʰʠʥ, 2015], 12 ï 

ʤʘʩʩʠʚʳ: ʧʦʛʨʘʥʠʯʥʳʝ (ʘ) 1- ɸʢʩʘʢʠʥʩʢʠʡ (ɹ), 2 ï ʖʞʥʳʡ ʉʠʜʠʤʠʡʩʢʠʡ (ɺ);  ʩ 

ʣʦʢʘʣʴʥʦʡ MS (ʙ) - ʇʨʠʠʩʢʦʚʳʡ (ɻ);  13 - ʧʫʥʢʪʳ ʠʟʤʝʨʝʥʠʷ MS;  ʘ - MS < 0,5*10
-

3
 ʝʜ. ʉʀ, ʙ - MS > 0,5*10

-3
 ʝʜ. ʉʀ. ʂʨʦʤʝ ʠʟʤʝʨʝʥʠʡ MS ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʨʪʳ 

ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʄ 1 : 200 000. 

ʅʘ ʚʨʝʟʢʝ. ʊʝʨʨʝʡʥʳ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ: BD - 

ɹʘʜʞʘʣʴʩʢʠʡʠ NB - ʅʘʜʘʥʴʭʘʜʘ-ɹʠʢʠʥʩʢʠʡ; SM - ʉʘʤʘʨʢʠʥʩʢʠʡ ʠ KHB - 

ʍʘʙʘʨʦʚʩʢʠʡ; ʧʦʟʜʥʝʪʠʪʦʥ-ʚʘʣʘʥʞʠʥʩʢʦʡ: ʊʍ - ʊʘʫʭʠʥʩʢʠʡ; ʙʘʨʨʝʤ-

ʨʘʥʥʝʘʣʴʙʩʢʦʡ: KM - ʂʠʩʝʣʝʚʩʢʦ-ʄʘʥʦʤʠʥʩʢʠʡ; ʙʘʨʨʝʤ-ʨʘʥʥʝʘʣʴʙʩʢʦʡ 

ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ: KE - ʂʝʤʩʢʠʡ; ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʪʫʨʙʠʜʠʪʦʚʦʛʦ ʙʘʩʩʝʡʥʘ: Zr-A - 

ɾʫʨʘʚʣʝʚʩʢʦ-ɸʤʫʨʩʢʠʡ. SR - ʉʝʨʛʝʝʚʩʢʠʡ ʪʝʨʨʝʡʥ ʧʘʣʝʦʟʦʡʩʢʠʭ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʘʣʣʦʭʪʦʥʦʚ ʥʘ ʪʝʨʨʝʡʥʝ ʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ. KHA - 

ɹʘʜʞʘʣʦ-ʎʟʷʤʫʩʠ-ʍʘʥʢʘʡʩʢʠʡ ʩʫʧʝʨʪʝʨʨʝʡʥ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ, ʃɻ - ʃʘʦʝʣʠʥ-

ɻʨʦʜʝʢʦʚʩʢʠʡ 

 

ʆʩʥʦʚʥʳʤ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʉɸʆʇ, ʢʘʢ ʚʦ ʚʩʝʡ ʎʠʨʢʫʤ-

ʇʘʮʠʬʠʢʝ ʚ ʤʝʟʦʟʦʝ ʷʚʣʷʝʪʩʷ ʩʫʙʜʫʢʮʠʷ (ʚʢʣʶʯʘʷ ʪʨʘʥʩʬʦʨʤʥʳʝ ʦʙʩʪʘʥʦʚʢʠ). 
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ɽʩʪʴ ʝʱʝ ʦʜʠʥ ʨʝʛʠʦʥʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ï ʧʣʶʤʳ, ʥʦ ʤʳ ʧʦʢʘ ʥʝ ʥʘʰʣʠ ʩʚʷʟʠ 

ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʧʣʶʤʘʤʠ, ʭʦʪʷ ʨʷʜ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʭ ʚʳʜʝʣʷʶʪ ʚ ʟʦʥʝ ʉɸʆʇ [ʇʝʪʨʠʱʝʚʩʢʠʡ  ʠ ʜʨ., 2021; 

ʇʝʪʨʠʱʝʚʩʢʠʡ, ʖʰʤʘʥʦʚ, 2021; ʀʟʦʩʦʚ ʠ ʜʨ., 2020]. ʕʪʦ ʩʚʷʟʘʥʦ, ʚʦʟʤʦʞʥʦ, ʩ 

ʪʝʤ, ʯʪʦ ʭʦʪʷ ʧʣʶʤʳ ʠ ʩʯʠʪʘʶʪʩʷ ʙʦʣʝʝ ʦʢʠʩʣʝʥʥʳʤʠ, ʯʝʤ ʧʦʨʦʜʳ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ [Moussallam et al., 2019], ʦʥʠ ʚʩʝ ʨʘʚʥʦ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʫʬʝʨʘ ʬʘʷʣʠʪ-ʢʚʘʨʮ-ʤʘʛʥʝʪʠʪ (FQM). ʀʥʘʯʝ, ʠʤʝʣʠʩʴ ʙʳ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʢʦʣʴʮʝʚʳʝ ʘʥʦʤʘʣʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʄʉ. 

ʇʦʵʪʦʤʫ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʩʫʙʜʫʢʮʠʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʫʶ 

ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʣʠʪʦʩʬʝʨʝ 

ʘʢʢʨʝʮʠʦʥʥʳʭ ʦʨʦʛʝʥʦʚ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2020, 2021ʙ, 2022]. 

 

2.8 ʈʝʜʦʢʩ-ʬʦʥ 

ʂʘʢ ʠʟʚʝʩʪʥʦ [ʇʝʯʝʨʩʢʠʡ, 1964; Ichihara, 1977], ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʚʣʠʷʶʱʠʤ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠʣʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʷʚʣʷʝʪʩʷ ʬʫʛʠʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ. 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ɼ. ʄ.ʇʝʯʝʨʩʢʦʛʦ [ʇʝʯʝʨʩʢʠʡ, ʉʦʢʦʣʦʚ, 2010]: 

çʃɽʊʋʏɽʉʊʔ (ʌʋɻʀʊʀɺʅʆʉʊʔ) ʂʀʉʃʆʈʆɼɸ (fO2) ʠʣʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ 

ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ ʝʩʪʴ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʤʝʣ ʙʳ ʛʘʟ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʝʩʣʠ ʙʳ ʝʛʦ ʤʦʞʥʦ ʙʳʣʦ ʩʯʠʪʘʪʴ 

ʠʜʝʘʣʴʥʳʤ. éʃʝʪʫʯʝʩʪʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ 

ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ. éʃʝʪʫʯʝʩʪʴ ʢʠʩʣʦʨʦʜʘ ï ʚʘʞʥʝʡʰʠʡ ʬʘʢʪʦʨ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤ, ʚ ʧʨʦʮʝʩʩʘʭ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ɿʝʤʣʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ï ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚè. 

ʆʩʥʦʚʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ. 

ʃʝʪʫʯʝʩʪʴ ʢʠʩʣʦʨʦʜʘ (fO2) ï ʤʝʨʘ ʦʢʠʩʣʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʧʨʠʩʫʪʩʪʚʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʚ ʥʠx ʛʘʟʦʚʦʡ ʬʘʟʳ, ʩʦʜʝʨʞʘʱʝʡ ʩʚʦʙʦʜʥʳʡ ʢʠʩʣʦʨʦʜ 

[ʈʷʙʯʠʢʦʚ, ʂʦʛʘʨʢʦ, 2010]. ɺʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʬʦʨʤʳ 

ʣʝʪʫʯʠʭ ʚ ʛʣʫʙʠʥʥʳʭ ʟʦʥʘʭ, ʷʚʣʷʝʪʩʷ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣ ʩʨʝʜʳ ɽh [ʈʷʙʯʠʢʦʚ, 
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2003]. ʌʫʛʠʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʣʠʪʦʩʬʝʨʳ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ 

ʪʝʥʟʦʨʦʤ, ʪ.ʝ. ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ. ʅʘʩ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʣʥʫʝʪ ʪʦʣʴʢʦ ʜʚʘ ʩʦʩʪʦʷʥʠʷ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ: ʦʢʠʩʣʝʥʥʦʝ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ (ʤʳ ʧʨʝʥʝʙʨʝʛʘʝʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʦʡ ʚ 1 - 2 

ʝʜʠʥʠʮʳ ʣʦʛʘʨʠʬʤʘ ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ). ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʧʦʣʝʤ (ʩʫʱʝʩʪʚʫʶʱʠʤ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ), ʠʤʝʶʱʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʬʦʥ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ) ʤʳ ʚʚʦʜʠʤ ʧʦʥʷʪʠʝ 

ʨʝʜʦʢʩ-ʬʦʥʘ. ʈʝʜʦʢʩ-ʬʦʥ ʤʦʞʝʪ ʙʳʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʫʬʝʨʘ FQM). ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [ʇʝʯʝʨʩʢʠʡ, 1964; Ishihara, 

1977], ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷ (ʢʘʢ ʤʠʥʠʤʫʤ ʨʝʛʠʦʥʘʣʴʥʳʝ) ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʝʪʨʦʣʦʛʠʠ ʠ 

ʛʣʫʙʠʥʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʳ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʝʜʦʢʩ-ʬʦʥʘ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2021ʘ,ʙ] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʘʩʰʪʘʙʦʚ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɻʣʦʙʘʣʴʥʳʡ ʨʝʜʦʢʩ-ʬʦʥ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʤʠ, ʧʦ ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ, 

ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ, ʥʘʯʠʥʘʷ ʩ ʘʨʭʝʷ [ʂʘʜʠʢ, ʃʫʢʘʥʠʥ,1986]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʳ ʩʫʙʜʫʢʮʠʠ ʦʢʠʩʣʝʥʥʳʭ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ [ʂʘʜʠʢ, 2003] 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʳʰʝʥʠʷ ʬʫʛʠʪʠʚʥʦʩʪʠ 

ʢʠʩʣʦʨʦʜʘ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʧʨʠ ʵʪʦʤ ʧʨʝʦʙʣʘʜʘʥʠʝ ʉʅ4 ʠ ʅ2 ʚʦ ʬʣʶʠʜʘʭ ʤʦʛʣʦ 

ʙʳʪʴ ʭʘʨʘʢʪʝʨʥʳʤ ʢʘʢ ʜʣʷ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʥʪʠʠ, ʪʘʢ ʠ ʜʣʷ 

ʛʣʫʙʠʥʥʳʭ ʩʣʦʝʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʦʪ ʛʣʫʙʠʥʳ ʣʠʪʦʩʬʝʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ ʖ.ɸ. ɹʘʣʘʰʦʚʘ ʠ ɽ.ɺ. ʄʘʨʪʳʥʦʚʘ [Balashov, Martynov, 

2012]. ɸʥʘʣʠʟʠʨʫʷ ʚʘʨʠʘʮʠʠ ʮʝʨʠʷ ʠ ʝʚʨʦʧʠʷ ʚ ʮʠʨʢʦʥʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʨʝʟʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʠʥʝʥʪʦʚ, ʘʚʪʦʨʳ ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ ʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʣʠʪʦʩʬʝʨʳ ʧʦ ʢʠʩʣʦʨʦʜʫ, ʦʪʨʘʞʘʶʱʝʡ ʧʝʨʝʭʦʜ ʦʪ 

ʦʢʠʩʣʝʥʥʳʭ ʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʨʝʞʠʤʘʤ ʛʝʥʝʨʘʮʠʠ ʧʦʨʦʜ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʛʣʫʙʠʥʳ. 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʨʝʜʦʢʩ-ʬʦʥ. ɺ ʟʦʥʘʭ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʦʢʨʘʠʥ ʥʘʯʠʥʘʶʪ 

ʨʘʙʦʪʘʪʴ ʧʨʦʮʝʩʩʳ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʦʛʨʫʞʘʶʱʠʭʩʷ ʩʣʵʙʦʚ [ʂʘʜʠʢ, 2003]. ʌʦʥ ʟʜʝʩʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʠ 
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ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪ, ʪ.ʝ. ʥʘʢʣʦʥʦʤ ʧʣʠʪʳ ʠ ʦʪʜʝʣʴʥʳʭ ʝʝ ʫʯʘʩʪʢʦʚ, ʧʣʦʩʢʦʡ, 

ʚʦʛʥʫʪʦʡ ʠʣʠ ʚʳʛʥʫʪʦʡ ʬʦʨʤʦʡ, ʥʘʣʠʯʠʝʤ ʟʘʩʪʦʡʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʪ.ʧ. [ʊʘʣʪʳʢʠʥ 

ʠ ʜʨ., 2020]. ʇʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʣʠʪʦʩʬʝʨʝ ʟʦʥ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʝʜʦʢʩ-

ʫʩʣʦʚʠʷʤʠ ʩʫʱʝʩʪʚʫʝʪ ʚʩʝʛʜʘ. ʄʘʛʤʘʪʠʟʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚʝʨʦʷʪʥʦ, 

ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʃʦʢʘʣʴʥʳʡ ʨʝʜʦʢʩ-ʬʦʥ. ɺ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʩ ʦʜʥʠʤʠ ʨʝʜʦʢʩ-

ʫʩʣʦʚʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʠʣʴʤʝʥʠʪʦʚʳʤʠ) ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ ʜʨʫʛʦʡ ʩʝʨʠʠ (ʤʘʛʥʝʪʠʪʦʚʳʝ). ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ 

ʇʨʠʠʩʢʦʚʳʡ ʤʘʩʩʠʚ ʚ ʠʣʴʤʝʥʠʪʦʚʦʡ ʟʦʥʝ ʉɸʆʇ, ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʠʩʫʥʢʠ 2.7.3, 2.7.7. ɽʩʪʴ ʝʱʝ ʨʷʜ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʠʣʴʤʝʥʠʪʦʚʦʡ ʟʦʥʝ. ʆʥʠ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ. ɺ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʟʦʥʝ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʧʣʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʣʠʙʦ ʦʙʨʘʟʦʚʘʥʠʷ ɸ-

ʪʠʧʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʣʵʙ-ʦʢʦʥ. ɺ ʠʣʴʤʝʥʠʪʦʚʦʡ ʟʦʥʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʢʦʨʝ 

ʫʯʘʩʪʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʠʣʠ ʛʘʣʦʛʝʥʦʚ ʤʦʞʝʪ ʜʘʪʴ ʣʦʢʘʣʴʥʫʶ 

ʤʘʛʥʠʪʥʫʶ ʘʥʦʤʘʣʠʶ. ʕʪʦ ʥʘʜʦ ʚʳʷʩʥʷʪʴ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ, 

ʚʦʟʤʦʞʥʦ, ʩʫʱʝʩʪʚʫʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʟʤʝʱʝʥʠʠ ʪʘʢʠʭ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ. 

ʄʠʢʨʦʣʦʢʘʣʴʥʳʡ ʨʝʜʦʢʩ-ʬʦʥ. ʊʘʢʞʝ ʙʳʣʦ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ (ʜʦ 0,5 ʤ ʚ ʜʠʘʤʝʪʨʝ) 

ʤʘʛʥʝʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʚ ʠʣʴʤʝʥʠʪʦʚʦʤ ʤʘʩʩʠʚʝ. ʕʪʦ ʤʠʢʨʦʣʦʢʘʣʴʥʳʡ ʫʨʦʚʝʥʴ. 

ɽʛʦ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ. ʆʜʥʘʢʦ ʵʪʦʪ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʠ ʦʪʙʦʨʝ ʦʙʨʘʟʮʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʨʝʥʠʡ ʢʘʧʧʘʤʝʪʨʦʤ, 

ʯʪʦʙʳ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤʠ, ʯʪʦ ʦʙʨʘʟʝʮ ʦʪʨʘʞʘʝʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ. 
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ɻʃɸɺɸ 3. ʆʂʀʉʃʀʊɽʃʔʅʆ-ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʓɽ ʇʈʆʎɽʉʉʓ ʇʈʀ 

ʉʋɹɼʋʂʎʀʀ
3
 

 

ʇʦʩʢʦʣʴʢʫ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʣʴʤʝʥʠʪʦʚʳʭ ʟʦʥ ʚ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʝ ʠ ʚ ʉɸʆʇ ʚ ʯʘʩʪʥʦʩʪʠ [Ishihara, 1977] 

ʧʝʨʝʨʘʙʦʪʢʦʡ ʦʢʠʩʣʝʥʥʳʤʠ ʤʘʛʤʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʘʢʢʨʝʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʚ ʣʠʪʦʩʬʝʨʝ ʚ ʟʦʥʘʭ ʪʨʘʥʩʬʦʨʤʥʳʭ ʦʢʨʘʠʥ. 

 

3.1 ɼʝʛʘʟʘʮʠʷ ʤʘʥʪʠʠ ɿʝʤʣʠ 

ɺʳʷʩʥʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʬʣʶʠʜʦʚ ʟʝʤʥʦʡ 

ʢʦʨʳ ʠ ʤʘʥʪʠʠ ʧʦʩʚʷʱʝʥʦ ʥʝʤʘʣʦ ʧʫʙʣʠʢʘʮʠʡ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʨʷʜʫ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[ʂʘʜʠʢ, ʃʫʢʘʥʠʥ, 1986; ʂʘʜʠʢ, 2003; ʃʝʪʥʠʢʦʚ, 2006], ʧʨʠ ʜʝʛʘʟʘʮʠʠ ɿʝʤʣʠ 

ʬʣʶʠʜʥʳʡ ʧʦʪʦʢ ʠʟ ʤʘʥʪʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ. ʅʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ fO2 ʠ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʝʪʘʥʘ ʠ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ 

ʨʘʥʥʠʝ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʥʪʠʠ, ʪʘʢ ʠ ʛʣʫʙʠʥʥʳʝ ʩʣʦʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

___________________________________ 

3 
ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʘʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ 

ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʊʘʣʪʳʢʠʥ ʖ.ɺ., ʄʠʰʠʥ ʃ.ʌ., ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʬʦʥ 

ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʪʦʚ ʤʝʣ-

ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ: ʩʚʷʟʴ ʩ ʛʝʦʜʠʥʘʤʠʢʦʡ // ɺʝʩʪʥʠʢ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ. 2020. ˉ 4. ʉ. 24-38. (1,74 ʧ.ʣ., 

ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ï 80%). DOI: 10.34078/1814-0998-2020-4-24-38. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ ʈʀʅʎ: 0,229. 

2. ʊʘʣʪʳʢʠʥ ʖ.ɺ., ʄʠʰʠʥ ʃ.ʌ., ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ. ʈʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʴ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ 

ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ, ʩʚʷʟʴ ʩ ʛʝʦʜʠʥʘʤʠʢʦʡ // ʈʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ. 2021ʙ. ʊ. 24. ˉ 2ï3. ʉ. 81ï

84. (0,49 ʧ.ʣ., ʘʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ï 80%) DOI: 10.31433/2618-9593-2021-24-2-3-81-84. ʀʤʧʘʢʪ-

ʬʘʢʪʦʨ ʈʀʅʎ: 0,266 

3. ʊʘʣʪʳʢʠʥ ʖ.ɺ., ʄʠʰʠʥ ʃ.ʌ., ʂʦʥʦʚʘʣʦʚʘ ɽ.ɸ. ʄʦʜʝʣʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʦʥʘʣʴʥʦʩʪʠ 

ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʪʦʚ ʚ ʘʢʢʨʝʮʠʦʥʥʳʭ ʠ ʢʦʣʣʠʟʠʦʥʥʳʭ ʦʨʦʛʝʥʘʭ ʚ 

ʤʝʟʦʟʦʝ: ʩʚʷʟʴ ʩ ʛʝʦʜʠʥʘʤʠʢʦʡ (ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʤ ʦʨʦʛʝʥʥʦʤ 

ʧʦʷʩʝ) // ʊʝʢʪʦʥʠʢʘ ʠ ʛʝʦʜʠʥʘʤʠʢʘ ɿʝʤʥʦʡ ʢʦʨʳ ʠ ʤʘʥʪʠʠ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ-2022. 

ʄʘʪʝʨʠʘʣʳ 53 (LIII) ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʦʚʝʱʘʥʠʷ. ʊ. 2. ʄ., ɻɽʆʉ. 2022. ʉ. 231-235. 
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ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʝʜʦʢʩ-ʬʦʥ ʦʩʥʦʚʥʦʡ 

ʯʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʤʘʥʪʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʬʫʛʠʪʠʚʥʦʩʪʴʶ ʢʠʩʣʦʨʦʜʘ fO2 ʥʘ ʥʝʩʢʦʣʴʢʦ ʝʜʠʥʠʮ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʥʠʞʝ 

ʙʫʬʝʨʘ FQM  [Wang et al., 2020; Li et al., 2020; Hong et al., 2020]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʫʯʝʥʠʝ ʛʨʘʥʘʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʩ ʧʦʤʦʱʴʶ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʟʚʦʣʠʣʦ ʢʦʣʣʝʢʪʠʚʫ ʘʚʪʦʨʦʚ [Kiseeva et al., 

2018] ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʩ ʛʣʫʙʠʥʦʡ. ʆʪʥʦʰʝʥʠʝ 

Fe
3+

/(Fe
3+

+ Fe
2+
) ʚ ʛʨʘʥʘʪʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 0,08 ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 240 ʢʤ ʜʦ 0,30 

ʥʘ ʛʣʫʙʠʥʘʭ ʧʦʨʷʜʢʘ 500 ʢʤ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʫʛʣʝʨʦʜ-ʢʘʨʙʦʥʘʪʥʦʤʫ ʨʘʚʥʦʚʝʩʠʶ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʢʘʨʙʦʥʘʪ ʙʳʣ ʦʢʠʩʣʠʪʝʣʝʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

Fe
3+ 
ʚ ʵʪʠʭ ʤʘʥʪʠʡʥʳʭ ʛʨʘʥʘʪʘʭ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʶʪ, ʯʪʦ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣ 

ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʧʦʜ ʦʢʝʘʥʘʤʠ ʙʣʠʟʦʢ ʢ ʥʝʡʪʨʘʣʴʥʦʤʫ ʠʣʠ ʩʣʘʙʦʦʢʠʩʣʝʥʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ [Hong et al., 2020]. ʕʪʫ ʪʝʥʜʝʥʮʠʶ ʩʚʷʟʳʚʘʶʪ ʩ ʢʦʥʚʝʢʪʠʚʥʳʤʠ 

ʧʦʪʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʷʪ ʚ ʤʘʥʪʠʶ ʚʦʜʫ, ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʪʫʜʘ ʞʝ 

ʚʳʥʦʩʷʪʩʷ ʠ ʢʘʨʙʦʥʘʪʳ [ɼʦʙʨʝʮʦʚ ʠ ʜʨ., 2015; ʉʦʙʦʣʝʚ ʠ ʜʨ., 2015]. 

ɺ ʮʝʣʦʤ ʦʪʤʝʪʠʤ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʡ ʬʣʶʠʜʥʳʡ ʧʦʪʦʢ, ʠʜʫʱʠʡ ʠʟ ʷʜʨʘ ʠ 

ʥʠʞʥʝʡ ʤʘʥʪʠʠ, ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ, ʦʢʠʩʣʝʥʥʳʝ ʟʦʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʚʦʟʥʠʢʘʶʪ ʚ ʣʠʪʦʩʬʝʨʥʦʡ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʠ ʷʚʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʤʠ [Foley, 

2011] (ʨʠʩʫʥʦʢ 3.4.1). 

 

3.2 ɼʝʛʠʜʨʘʪʘʮʠʷ ʧʦʛʨʫʞʘʶʱʝʛʦʩʷ ʩʣʵʙʘ 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʳ (ʚ ʩʨʝʜʥʝʤ ʜʦ 5-25%) ʚ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʡ ʣʠʪʦʩʬʝʨʝ ʷʚʣʷʝʪʩʷ ʜʝʛʠʜʨʘʪʘʮʠʷ ʩʣʵʙʘ (ʨʠʩʫʥʢʠ 3.2.1, 3.2.2) 

[ɼʦʙʨʝʮʦʚ ʠ ʜʨ., 2017;Evans et al., 2017; Malaspina et al., 2017]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʦʜ ʵʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʫʛʦʚʳʭ ʠ ʜʫʛʦʚʳʭ 

ʨʘʡʦʥʘʭ ʄʘʨʠʘʥʩʢʦʡ ʚʧʘʜʠʥʳ, ʧʦ ʤʥʝʥʠʶ ʄ. ɹʨʘʫʥʩʘ ʩ ʢʦʣʣʝʛʘʤʠ [Brounce et al., 
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2021], ʫʙʝʜʠʪʝʣʴʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʚʷʟʴ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʣʵʙʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʢʠʩʣʝʥʥʳʭ ʣʘʚ. ʉʦʛʣʘʩʥʦ [Deschamps et al., 2013; Merkulova et al., 2017], 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʦʜʳ ʪʝʨʷʝʪʩʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʦʡ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 120-170 ʢʤ ʟʘ 

ʩʯʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʝʨʧʝʥʪʠʥʠʪʦʚ, ʅ.ʃ. ɼʦʙʨʝʮʦʚ [ɼʦʙʨʝʮʦʚ ʠ ʜʨ., 2015] 

ʜʦʧʫʩʢʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʠʣʠʢʘʪʥʦʛʦ ʥʘʜʢʨʠʪʠʯʝʩʢʦʛʦ ʬʣʶʠʜ-ʨʘʩʧʣʘʚʘ ʥʘ 

ʛʣʫʙʠʥʘʭ ʜʦ 150-200 ʢʤ. ʇʦ ʦʮʝʥʢʘʤ ʆ. ɺ. ʋʩʝʥʢʦ [ʋʩʝʥʢʦ, 2018], ʩʤʝʥʘ 

ʛʣʫʙʠʥʥʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʣʶʠʜʦʚ ʦʢʠʩʣʝʥʥʳʤʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʣʫʙʠʥʝ 200 - 

220 ʢʤ. ʇʦ ʜʘʥʥʳʤ ɼʞ. ʕʛʫʯʠ ʠ ʈ. ɼʘʩʛʫʧʪʘ [Eguchi, Dasgupta, 2018] 

ʢʦʥʚʝʢʪʠʚʥʘʷ ʚʝʨʭʥʷʷ ʤʘʥʪʠʷ ʙʦʣʝʝ ʦʢʠʩʣʝʥʘ, ʯʝʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʣʠʪʦʩʬʝʨʥʘʷ 

ʤʘʥʪʠʷ. A. ʈʝʡʣʠ [Rielli et al., 2018] ʪʘʢʞʝ ʧʦʣʘʛʘʝʪ, ʯʪʦ ʠʟʤʝʥʝʥʥʘʷ 

ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʞʠʜʢʦʩʪʠ ʜʣʷ ʩʫʙʜʫʛʦʚʦʡ 

ʤʘʥʪʠʠ, ʪʦʛʜʘ ʢʘʢ ʣʠʪʦʩʬʝʨʥʘʷ ʤʘʥʪʠʷ ʚʥʦʩʠʪ ʟʜʝʩʴ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ. 

 

 

 

ʈʠʩʫʥʦʢ. 3.2.1 ʈʝʟʫʣʴʪʘʪʳ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʦʥ 

ʩʫʙʜʫʢʮʠʠ [ɼʦʙʨʝʮʦʚ ʠ ʜʨ., 2017] ʧʦ S-ʚʦʣʥʘʤ. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʚʝʜʝʥʦ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʮʝʩʩʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ [ʥʘʧʨʠʤʝʨ, Duan et al., 

2022]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʠʟʘʮʠʠ ʚʦʜʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ Deep-Earth-Water ʚ Perple_X 

[Connolly, Galvez, 2018], ʚʢʣʶʯʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʩʦʩʪʘʚ ʬʣʶʠʜʦʚ ʠ ʬʘʟʦʚʳʝ 

ʨʘʚʥʦʚʝʩʠʷ ʚʦ ʚʨʝʤʷ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚ ʩʝʨʧʝʥʪʠʥʠʪʝ ʚ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʝ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʫʜʘʣʝʥʠʷ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʝʨʧʝʥʪʠʥʠʪʘ ʢʘʢ ʧʦ ʧʫʪʠ ʢʘʢ ʪʝʧʣʦʡ, ʪʘʢ ʠ ʭʦʣʦʜʥʦʡ ʩʫʙʜʫʢʮʠʠ ʚ ʦʪʢʨʳʪʦʡ 

ʩʠʩʪʝʤʝ. ʆʙʩʫʞʜʘʝʪʩʷ ʣʝʪʫʯʝʩʪʴ ʢʠʩʣʦʨʦʜʘ ʬʣʶʠʜʦʚ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʠ ʚʣʠʷʥʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʆʮʝʥʝʥ ʚʢʣʘʜ 

ʵʪʠʭ ʬʣʶʠʜʦʚ ʚ ʦʢʠʩʣʝʥʥʳʡ ʤʘʥʪʠʡʥʳʡ ʢʣʠʥ (ʨʠʩʫʥʦʢ 3.2.3). 

 

 

 

ʈʠʩʫʥʦʢ 3.2.2 ʈʝʜʦʢʩ-ʫʩʣʦʚʠʷ ʚ ʣʠʪʦʩʬʝʨʝ ʧʨʠ ʩʫʙʜʫʢʮʠʠ ʩʣʵʙʘ [ʊʘʣʪʳʢʠʥ 

ʠ ʜʨ., 2020]. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʧʦʛʨʫʞʘʶʱʠʡʩʷ ʩʣʵʙ; 2 ï ʫʯʘʩʪʦʢ 

ʟʘʩʪʦʡʥʦʛʦ ʩʣʵʙʘ ʚ ʤʘʥʪʠʡʥʦʡ ʪʨʘʥʟʠʪʥʦʡ ʟʦʥʝ; 3 ï ʫʯʘʩʪʦʢ ʩʣʵʙʘ, ʧʨʦʭʦʜʷʱʠʡ 

ʟʦʥʫ ʄʊZ; 4 ï ʬʣʶʠʜʥʳʡ ʧʦʪʦʢ: ʘ ï ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ, ʙ ï ʦʢʠʩʣʝʥʥʳʡ, ʚ ï 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʩʪʦʡʥʦʡ ʯʘʩʪʠ ʩʣʵʙʘ; 5 ï ʦʢʠʩʣʝʥʥʳʝ (Iʦ) ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ (IIʥ) ʦʙʣʘʩʪʠ ʚ ʣʠʪʦʩʬʝʨʝ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʦʩʥʦʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʚʦʜʳ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʘʥʪʠʛʦʨʠʪʘ ʠʜʝʪ ʥʘ ʩʪʘʜʠʷʭ ʜʝʛʠʜʨʘʪʘʮʠʠ  ç2è ʠ ç3è ʜʦ ʛʣʫʙʠʥ 120 - 150 ʢʤ, ʧʨʠ 

ʵʪʦʤ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷ ʚ ʣʠʪʦʩʬʝʨʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʠʩʣʝʥʥʳʝ, ʠ ʪʦʣʴʢʦ ʚ ʩʘʤʦʤ 

ʚʝʨʭʫ ʤʘʥʪʠʠ ʫ ʛʨʘʥʠʮʳ ʄʦʭʦ ʦʥʠ ʥʝʡʪʨʘʣʴʥʳʝ ʠʣʠ ʩʣʘʙʦʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ (ʜʦ 

ȹFQM -0,5), ʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʟʜʝʩʴ ʥʝʚʝʣʠʢʘ. 

ʀʟʫʯʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʩʫʙʜʫʢʮʠʠ ʧʦ 

ʤʳʰʴʷʢʫ ʚ ʩʝʨʧʝʥʪʠʥʠʪʝ [Pokrovski et al., 2022] ʜʘʝʪ ʟʥʘʯʝʥʠʷ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ 

ʝʱʝ ʥʘ 5 ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʚʳʰʝ, ʯʝʤ ȹHM +0,95, ʪ.ʝ. ʧʨʠʤʝʨʥʦ FQM+10. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʤʳ ʤʦʞʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʣʠʪʦʩʬʝʨʘ ʠ 

ʚʝʨʭʥʷʷ ʤʘʥʪʠʷ ʥʘʜ ʧʦʛʨʫʞʘʶʱʠʤʩʷ ʩʣʵʙʦʤ ʙʫʜʝʪ ʦʢʠʩʣʝʥʥʦʡ ʜʦ ʛʣʫʙʠʥʳ 

ʧʦʛʨʫʞʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʦʢʦʣʦ 200 ʢʤ (ʨʠʩʫʥʦʢ 3.2.2). 
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ʈʠʩʫʥʦʢ 3.2.3 ʉʦʩʪʘʚʳ ʬʣʶʠʜʦʚ C-O-H-S, ʚʳʜʝʣʷʶʱʠʭʩʷ ʠʟ ʩʝʨʧʝʥʪʠʥʠʪʘ 

ʧʦ ʨʘʟʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʘʤ ʩʫʙʜʫʢʮʠʠ ʧʦ [Duan et al., 2022] ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʢʝʘʥ, 2 ï ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ, 3 ï 

ʦʢʝʘʥʠʯʝʩʢʠʝ ʩʝʨʧʝʥʪʠʥʠʪʳ, 4 ï ʣʠʪʦʩʬʝʨʥʘʷ ʤʘʥʪʠʷ, 5 ï ʚʝʨʭʥʷʷ ʤʘʥʪʠʷ, 6 ï 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ / ʦʩʪʨʦʚʥʳʝ ʜʫʛʠ. ʈʘʟʤʝʨ ʟʚʝʟʜʦʯʝʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, ʚʳʩʚʦʙʦʞʜʘʝʤʦʡ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. 

 

3.3 ɼʝʛʠʜʨʘʪʘʮʠʷ ʟʘʩʪʦʡʥʦʡ ʯʘʩʪʠ ʩʣʵʙʘ 

ʉʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʜʦ 1-2% ʚʦʜʳ  ʚ ʟʘʩʪʦʡʥʦʡ ʟʦʥʝ ʩʣʵʙʘ 

(ʤʘʥʪʠʡʥʘʷ ʪʨʘʥʟʠʪʥʘʷ ʟʦʥʘ çʄʊZè 410 - 660 ʢʤ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ 

ʜʝʛʠʜʨʘʪʘʮʠʠ. ʅʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʫʢʘʟʳʚʘʝʪ ʨʷʜ ʘʚʪʦʨʦʚ [Lei et al., 

2013; Wang et al., 2018; Kaminsky, 2018] (ʨʠʩʫʥʦʢ 3.2.2). ʊʘʢ ʊ. ʂʫʨʠʪʘʥʠ ʩ 

ʢʦʣʣʝʛʘʤʠ [Kuritani et al., 2019] ʩʯʠʪʘʶʪ, ʯʪʦ ʤʘʛʤʘʪʠʟʤ ʚ ʢʨʫʧʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʷʭ (LIP), ʪʘʢʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʚʫʣʢʘʥ ʏʘʥʙʘʡʰʘʥʴ ʤʦʛ 

ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʲʝʤʘ ʰʣʝʡʬʘ ʚʦʜʥʦʡ ʤʘʥʪʠʠ ʠʟ ʟʦʥʳ ʄʊZ (ʨʠʩʫʥʦʢ 

3.3.1). 
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ʈʠʩʫʥʦʢ 3.3.1 ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ 

ʧʣʶʤʘ ʠʟ ʟʦʥʳ ʧʝʨʝʭʦʜʘ ʚʦʜʥʦʡ ʤʘʥʪʠʠ ʧʦʜ ʚʥʫʪʨʠʧʣʠʪʥʳʤ ʚʫʣʢʘʥʦʤ 

ʏʘʥʙʘʡʰʘʥʴ ʧʦ [Kuritani et al., 2019] ʩ ʫʧʨʦʱʝʥʠʷʤʠ. 

 

ʕʪʦʪ ʚʫʣʢʘʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʛʨʘʥʠʮʝ ʂʠʪʘʷ ʠ ʉʝʚʝʨʥʦʡ ʂʦʨʝʠ, ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʚʥʫʪʨʠʧʣʠʪʥʳʤ ʚʫʣʢʘʥʦʤ. ʀʟʚʝʨʞʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʪʝʯʝʥʠʝ 

ʙʦʣʝʝ 20 ʤʣʥ ʣʝʪ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʘʟʘʣʴʪʦʚʦʛʦ ʣʘʚʦʚʦʛʦ ʧʣʘʪʦ, 

ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʦʢʦʣʦ 12 000 ʢʤ
2
. ʊʨʫʜʥʦ ʠʩʢʣʶʯʠʪʴ ʠ ʥʘʣʠʯʠʝ ʠʥʪʨʫʟʠʡ ʵʪʦʛʦ 

ʚʦʟʨʘʩʪʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʄʊɿ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ 

ʦʙʥʘʨʫʞʝʥʳ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʯʘʛʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʦʪ 3 ʜʦ 60 ʢʤ [Yang et 

al., 2021]. ʉʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʙʜʫʢʮʠʦʥʥʘʷ 

ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʧʣʠʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʩʪʦʝ ʚ ʄʊZ ʧʦʜ ʚʩʝʡ ʧʣʦʱʘʜʴʶ ɺʦʩʪʦʯʥʦʛʦ 

ʂʠʪʘʷ. ɿʦʥʘ ʄʊZ ʟʜʝʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʦʙʚʦʜʥʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʦʙʘʣʴʥʦ ʩʫʭʦʡ ʄʊZ. ɸʚʪʦʨʳ, 

ʠʩʧʦʣʴʟʫʶ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʙʘʟʘʣʴʪʘʭ, 

ʦʮʝʥʠʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʤʘʛʤʝ ʚ 1,5 - 2,2 ʤʘʩ. % [Kuritani et al ., 2019]. 

ʅʝ ʤʝʥʝʝ ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚʫʣʢʘʥʘ ʠʟʚʝʨʛʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʩʦʩʪʘʚʦʚ ʤʘʛʤʳ ï ʦʪ 

ʙʘʟʘʣʴʪʘ ʜʦ ʨʠʦʣʠʪʘ (SiO2 = 45ï75 %; [Zhang et al., 2018]), ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ 

ʩʫʙʜʫʢʮʠʝʡ ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʧʣʠʪʳ. ʇʨʠ ʵʪʦʤ ʠʟʚʝʨʛʘʚʰʠʝʩʷ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ, ʭʦʪʷ ʠ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʠʟ ʦʙʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʤʘʛʤʳ [Liu et al., 2024]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʘʩʪʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʠ ʣʠʪʦʩʬʝʨʳ ʥʘʜ ʩʣʵʙʦʤ ʜʦ 

ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʧʣʠʪʳ 150 - 200 ʢʤ ʠ ʥʠʞʝ 400 ʢʤ ʜʦ 650 ʢʤ (ʨʠʩʫʥʦʢ 3.2.2, 

ʟʦʥʘ Io ʠ IIo) ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʢʠʩʣʝʥʥʳʤʠ. 

 

3.4 ɼʝʛʘʟʘʮʠʷ çʩʫʭʦʡè ʯʘʩʪʠ ʩʣʵʙʘ ʠ çʩʣʵʙ-ʚʠʥʜʦʫè 

ɿʦʥʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʦʥʘ 

ʟʘʥʠʤʘʶʪʩʷ ʤʝʥʴʰʝ, ʭʦʪʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʪʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ ʚ 

ʢʦʣʣʠʟʠʦʥʥʳʭ ʦʨʦʛʝʥʘʭ ʷʚʣʷʝʪʩʷ ʠʣʴʤʝʥʠʪʦʚʳʤʠ (ʨʠʩʫʥʦʢ 3.4.1). 
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ʈʠʩʫʥʦʢ 3.4.1 ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʠ ʩʫʙʜʫʢʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ ʣʠʪʦʩʬʝʨʳ [Foley, 

2011] c ʠʟʤʝʥʝʥʠʷʤʠ. ʎʠʬʨʳ ʚ ʢʨʫʞʢʘʭ: 1- ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ MORB ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ FMQ ï 1; 2 - ʥʠʞʥʷʷ ʣʠʪʦʩʬʝʨʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʘ, 

ʯʝʤ ʙʘʟʘʣʴʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ; 3 - ʯʘʩʪʴ ʚʦʜʳ ʚʳʜʝʣʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʩʫʙʜʫʢʮʠʠ; 4 - 

ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʡ ʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ Na ʠ K, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʦʯʴ 

ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʣʠʜʫʩʘ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ; 5 - ʩʫʙʜʫʮʠʨʦʚʘʥʥʘʷ 

ʣʠʪʦʩʬʝʨʘ ʥʘ ʛʣʫʙʠʥʘʭ 150-350 ʢʤ ʩʦʜʝʨʞʠʪ ʧʦʨʦʜʳ ʩʦ ʩʤʝʩʴʶ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʦʢʠʩʣʝʥʘ, ʯʝʤ ʦʢʨʫʞʘʶʱʘʷ 

ʤʘʥʪʠʷ (ʦʪ IW ʜʦ IW + 1); 6 - ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ ʙʣʦʢʠ ʚ ʤʘʥʪʠʠ ʥʘ 250-400 ʢʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʣʠʙʦ ʧʫʪʝʤ ʦʪʩʣʘʠʚʘʥʠʷ ʦʪ ʥʠʞʥʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ, ʣʠʙʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ; 7 - ʤʥʦʛʠʝ "ʧʣʶʤʳ" ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʚʦʩʭʦʜʷʱʝʝ ʜʚʠʞʝʥʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʨʘʩʧʣʘʚʦʚ ʠ ʬʣʶʠʜʦʚ, 

ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʣʘʚʣʝʥʠʝ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʧʦʜ ʦʢʝʘʥʠʯʝʩʢʠʤʠ 

ʦʩʪʨʦʚʘʤʠ [Foley. 2011]. 

 

ɿʦʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʣʶʠʜʘ ʧʨʠ ʩʫʙʜʫʢʮʠʠ, ʚʝʨʦʷʪʥʦ, ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʨʘʟʥʳʤʠ ʧʫʪʷʤʠ: 
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- ʬʣʶʠʜʳ ʚ ʣʠʪʦʩʬʝʨʝ ʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʥʘʜ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʝʟʚʦʞʝʥʥʦʡ 

ʯʘʩʪʴʶ ʩʣʵʙʘ (200 ï 400-500 ʢʤ) ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

(ʨʠʩʫʥʦʢ 3.2.2, ʟʦʥʘ Iʥ). ɽʱʝ ʚ 1990 ʛ. ʈ. ɻʘʩʪʠʣ ʩ ʩʦʘʚʪʦʨʘʤʠ [Gastil et al., 1990] 

ʧʨʝʜʧʦʣʦʞʠʣʠ ʩʭʦʞʠʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ ʚ 

ʂʘʣʠʬʦʨʥʠʠ. ʕʪʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚʦʟʤʦʞʥʦ ʦʩʥʦʚʥʘʷ ʟʦʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ 

ʠʣʴʤʝʥʠʪʦʚʦʛʦ ʨʷʜʘ; 

  - ʚ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʦʡ ʟʘʩʪʦʡʥʦʡ ʯʘʩʪʠ ʧʣʠʪʳ ʚ ʪʨʘʥʟʠʪʥʦʡ 

ʤʘʥʪʠʡʥʦʡ ʟʦʥʝ (ʢʘʢ ʫ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʩʣʵʙʘ), ʙʫʜʝʪ ʧʦʷʚʣʷʪʴʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ 

ʟʦʥʘ IIʥ (ʨʠʩʫʥʦʢ 3.2.2, ʟʦʥʘ IIʥ) ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʚʦʜʳ ʠʟ ʟʘʩʪʦʡʥʦʡ ʯʘʩʪʠ ʩʣʵʙʘ; 

 - ʧʨʠ ʨʘʟʨʳʚʝ ʩʣʵʙʘ ʚ ʧʨʦʮʝʩʩʝ ʩʤʝʥʳ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 

(ʦʙʨʘʟʦʚʘʥʠʝ çʩʣʵʙ-ʦʢʦʥè) ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʞʠʤʘ ʪʨʘʥʩʧʨʝʩʩʠʠ [Khanchuk et 

al., 2016; Grebennikov et al., 2016] ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʬʣʶʠʜʥʳʡ ʧʦʪʦʢ ʤʦʞʝʪ 

ʧʦʜʥʠʤʘʪʴʩʷ ʠʟ  ʧʦʜʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʦʙʳʯʥʦ ʛʨʘʥʠʪʳ 

ɸ-ʪʠʧʘ; 

 - ʦʢʠʩʣʝʥʥʳʡ ʬʣʶʠʜʥʳʡ ʧʦʪʦʢ, ʠʜʫʱʠʡ ʠʟ ʟʦʥʳ ʟʘʩʪʦʡʥʦʡ ʧʣʠʪʳ (ʠʣʠ 

ʫʯʘʩʪʢʘ ʟʘʭʦʨʦʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʣʵʙʦʚ [Wang et al., 2018], ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ 

ʦʙʝʟʚʦʞʝʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʵʙʘ ʠʣʠ ʙʣʦʢʘʤʠ ʥʠʟʦʚ ʢʨʘʪʦʥʥʦʡ 

ʣʠʪʦʩʬʝʨʳ ʤʦʞʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ. ʇʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʘʭ 

[Lei, 2012; Lei et al., 2013], ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʵʢʨʘʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ 

ʦʩʪʘʪʦʯʥʦʡ ʣʠʪʦʩʬʝʨʳ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʂʠʪʘʝ. ʉʘʤʘ ʧʘʣʝʦʣʠʪʦʩʬʝʨʘ ʤʦʞʝʪ ʩʦ 

ʚʨʝʤʝʥʝʤ ʨʘʟʨʫʰʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʜʝʩʫʢʘʮʠʠ (ʪ.ʝ. ʟʘʭʚʘʪʘ ʚʦʜʳ) ʠ 

ʜʘʣʴʥʝʡʰʠʡ ʬʣʶʠʜʥʳʡ ʧʦʪʦʢ ʙʫʜʝʪ ʤʝʥʝʝ ʦʢʠʩʣʝʥʥʳʤ [Wang et al., 2018]. 

ɼʚʘ ʧʦʩʣʝʜʥʠʭ ʧʫʥʢʪʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʫʜʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʧʨʦʷʚʣʝʥʠʶ 

ʣʦʢʘʣʴʥʦʛʦ ʨʝʜʦʢʩ-ʬʦʥʘ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2020]. ʆʜʥʘʢʦ ʧʨʠ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ 

ʨʘʟʨʳʚʘ ʩʣʵʙʘ ʤʳ ʧʦʣʫʯʘʝʤ ʪʨʘʥʩʬʦʨʤʥʫʶ ʦʙʩʪʘʥʦʚʢʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʵʙ ʯʝʨʝʟ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ (ʧʦʢʘ ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ) ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ 

ʤʘʥʪʠʠ. ɺ ʣʠʪʦʩʬʝʨʝ ʪʨʘʥʩʬʦʨʤʥʳʭ ʦʢʨʘʠʥ ʧʦ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʠ [Meer et 

al.,2018] ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʛʨʫʞʘʶʱʠʝʩʷ ʩʣʵʙʳ, ʧʦʵʪʦʤʫ ʨʝʜʦʢʩ-ʬʦʥ ʚ ʵʪʠʭ ʟʦʥʘʭ, 

ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ (ʨʠʩʫʥʦʢ 3.4.2). 
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ʆʪʤʝʪʠʤ ʝʱʝ ʦʜʥʫ ʦʩʦʙʝʥʥʦʩʪʴ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʧʨʠ ʩʫʙʜʫʢʮʠʠ. ʄʳ ʚʠʜʠʤ, 

ʯʪʦ ʟʦʥʘ ʦʢʠʩʣʝʥʥʦʛʦ ʬʣʶʠʜʘ ʩʫʱʝʩʪʚʫʝʪ ʜʦ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʩʣʵʙʘ ʦʢʦʣʦ 

200 ʢʤ. ʅʦ ʩʘʤʘ ʬʦʨʤʘ ʧʦʛʨʫʞʘʶʱʝʡʩʷ ʧʣʠʪʳ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʘ. ʉʫʱʝʩʪʚʫʶʪ 

ʢʘʢ ʫʯʘʩʪʢʠ ʩ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʧʦʛʨʫʞʝʥʠʷ, ʪʘʢ ʠ ʟʦʥʳ ʩ ʧʦʣʦʛʦʡ ʩʫʙʜʫʢʮʠʝʡ 

(ʪ.ʝ. ʧʣʠʪʘ ʜʚʠʞʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ) [Yan et al., 

2020] (ʨʠʩʫʥʦʢ 3.4.3). ʕʪʦ ʤʦʞʝʪ ʦʙʫʩʣʦʚʣʠʚʘʪʴ ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʶ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ ʚ ʣʠʪʦʩʬʝʨʝ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʠ 

ʠ ʚ ʉɸʆʇ ʚ ʯʘʩʪʥʦʩʪʠ (ʚʳʛʥʫʪʘʷ ʧʣʠʪʘ). ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʥʳʝ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʝʱʝ ʩʠʣʴʥʝʡ ʙʫʜʫʪ ʠʩʢʘʞʘʪʴ ʠ ʪʘʢ ʩʣʦʞʥʫʶ ʧʝʨʚʠʯʥʫʶ 

ʟʦʥʘʣʴʥʦʩʪʴ.  

 

 

 

ʈʠʩʫʥʦʢ 3.4.2 ɸ - ʉʪʘʥʜʘʨʪʥʳʝ ʫʯʘʩʪʢʠ ʪʨʘʥʩʬʦʨʤʥʳʭ ʠ ʢʦʥʚʝʨʛʝʥʪʥʳʭ 

ʛʨʘʥʠʮ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ [ɻʨʝʙʝʥʥʠʢʦʚ, ʍʘʥʯʫʢ, 2021] ʩ 

ʜʦʧʦʣʥʝʥʠʷʤʠ. ʂʨʘʩʥʘʷ ʯʝʨʪʘ ʦʪ ʂʘʣʠʬʦʨʥʠʠ ʜʦ ʊʝʭʘʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʬʠʣʶ 

ʥʘ ʨʠʩ. ɹ. ɹ - ɸʥʦʤʘʣʠʷ ɺʠʯʠʪʳ [Meer et al., 2018]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷ ʚ ʣʠʪʦʩʬʝʨʝ ʟʦʥ 

ʩʫʙʜʫʢʮʠʠ ʙʫʜʫʪ ʠʤʝʪʴ ʥʝʢʦʪʦʨʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʦʣʦʞʝʥʠʝʤ, 

ʥʘʢʣʦʥʦʤ ʠ ʬʦʨʤʦʡ ʧʦʛʨʫʞʘʶʱʝʛʦʩʷ ʩʣʵʙʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʘʛʥʝʪʠʪʦʚʦʡ ʟʦʥʳ, 

ʢʦʪʦʨʘʷ ʠʜʝʪ ʧʝʨʚʘʷ ʦʪ ʦʢʝʘʥʘ, ʪʫʪ ʧʦʯʪʠ ʥʝʪ ʩʦʤʥʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ 

ʧʦʩʚʷʱʝʥʦ ʠʤʝʥʥʦ ʧʨʦʮʝʩʩʫ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʣʵʙʘ ʠ ʦʢʠʩʣʝʥʠʶ ʤʘʥʪʠʡʥʦʛʦ ʢʣʠʥʘ. 

 

 

 

ʈʠʩʫʥʦʢ 3.4.3 ʊʝʢʫʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʩʢʦʡ ʩʫʙʜʫʢʮʠʠ [Yan et al., 2020] ʩ 

ʫʧʨʦʱʝʥʠʷʤʠ. ʌʠʦʣʝʪʦʚʳʝ ʪʦʯʢʠ - ʛʠʧʦʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʦʥ 

ʠʣʴʤʝʥʠʪʦʚʳʭ ʧʦʨʦʜ. ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʦʢʠʩʣʝʥʥʳʭ ʤʘʛʤ ʟʘ 

ʩʯʝʪ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ (ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ [ɹʘʭʘʨʝʚ, ʠ ʜʨ., 2005]) 

ʫʛʣʝʨʦʜʘ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʷʩʥʦ ʥʝʩʢʦʣʴʢʦ ʚʦʧʨʦʩʦʚ: 
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1. ʇʦʯʝʤʫ ʚ ʉʝʚʝʨʥʦʡ ʂʦʨʜʠʣʴʝʨʝ [Hard et al., 2004] ʝʩʪʴ ʤʘʛʥʝʪʠʪʦʚʘʷ 

ʟʦʥʘ (ʰʠʨʠʥʦʡ 300-350 ʢʤ) ʠ ʟʘ ʥʝʡ ʠʣʴʤʝʥʠʪʦʚʘʷ (~ 300 ʢʤ), ʘ ʚ ɸʥʜʘʭ ʠ 

ʂʦʨʜʠʣʴʝʨʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʘʛʥʝʪʠʪʦʚʦʝ ʥʘ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ ʚʛʣʫʙʴ 

ʢʦʥʪʠʥʝʥʪʘ. 

2. ʂʘʢ ʦʩʘʜʦʯʥʳʡ ʫʛʣʝʨʦʜ ʚʣʠʷʝʪ ʥʘ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʥʜʝʟʠʪʦʚ ʠ ʙʘʟʘʣʴʪʦʚ. 

3. ʂʘʢ ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʨʘʥʠʪʥʳʭ ʤʘʩʩʠʚʦʚ, ʠʤʝʶʱʠʭ 

ʦʜʥʦʚʦʟʨʘʩʪʥʫʶ ʠʣʴʤʝʥʠʪʦʚʫʶ ʠ ʤʘʛʥʝʪʠʪʦʚʫʶ ʯʘʩʪʠ.  

ʇʨʠ ʦʙʲʷʩʥʝʥʠʠ ʨʝʜʦʢʩ-ʟʦʥʘʣʴʥʦʩʪʠ ʚʣʠʷʥʠʝʤ ʛʣʫʙʠʥʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʪʦʞʝ ʥʝ ʩʦʚʩʝʤ ʷʩʥʦ: 

1. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʠʩʣʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘʜ ʟʦʥʦʡ 

ʧʦʛʨʫʞʝʥʠʷ ʩʣʵʙʘ ʙʦʣʝʝ 200 ʢʤ. 

2. ʀ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʷʚʣʝʥʠʝ ʧʦʨʦʜ ʄʉ ʟʘ ʟʦʥʦʡ ʀʉ, ʭʦʪʷ ʦʧʠʩʘʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʚ ʟʦʥʘʭ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʚʫʣʢʘʥʦʚ [Zhang et al., 

2018]. 

ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʦʙʘ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʯʝʚʠʜʥʦ, 

ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʠ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʚʳʷʩʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ (ʪʦʯʥʝʝ ʝʛʦ ʠʟʦʪʦʧʦʚ) ʚ ʧʦʨʦʜʘʭ ʀʉ ʠ 

ʄʉ. 
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ɻʃɸɺɸ 4. ʉɺʆʁʉʊɺɸ ʄɸɻʄɸʊʀʏɽʉʂʀʍ ʇʆʈʆɼ ʀʃʔʄɽʅʀʊʆɺʆʁ ʀ 

ʄɸɻʅɽʊʀʊʆɺʆʁ ʉɽʈʀʁ ʉʀʍʆʊʕ-ɸʃʀʅʔʉʂʆɻʆ ʆʈʆɻɽʅʅʆɻʆ 

ʇʆʗʉɸ
4
 

 

ʉʦʛʣʘʩʥʦ ʚʟʛʣʷʜʘʤ ɼ.ʄ. ʇʝʯʝʨʩʢʦʛʦ [ʇʝʯʝʨʩʢʠʡ, 1964] ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʬʫʛʠʪʠʚʥʦʩʪʴʶ ʢʠʩʣʦʨʦʜʘ ʚ ʦʯʘʛʝ ʤʘʛʤʘʪʠʟʤʘ. ʐ. ʀʰʠʭʘʨʘ [Ishihara,1977] 

ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ ʠʣʴʤʝʥʠʪʦʚʳʝ ʧʦʨʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʤʘʛʥʝʪʠʪʦʚʳʭ ʤʘʛʤ ʟʘ ʩʯʝʪ  

 

_________________________________ 
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ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʘʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ 

ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ 
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ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʷʜ ʛʝʦʣʦʛʦʚ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʦʧʠʩʘʥʠʡ ʢ ʣʠʩʪʘʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ, ʩʚʷʟʳʚʘʶʪ 

ʧʦʨʦʜʳ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠʣʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠʣʠ ʚʦʟʨʘʩʪʥʳʤʠ 

ʠʥʪʝʨʚʘʣʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʉɸʆʇ. 

 

ʇʝʨʚʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ: 

 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʠʣʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ. ɺ ʵʪʠʭ ʟʦʥʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʠʜʝʥʪʠʯʥʳʝ ʧʦ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʩʪʝʧʝʥʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʪʠʧʫ, ʛʣʫʙʠʥʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʚʦʟʨʘʩʪʫ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʵʪʦ ʥʘ ʛʨʘʬʠʢʘʭ. ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʨʫʟʠʚʥʳʭ (ɸ) ʠ ʵʬʬʫʟʠʚʥʳʭ (ɹ) ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ɼʣʷ ʵʬʬʫʟʠʚʦʚ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʢʠʩʣʝʥʥʦʩʪʠ ʧʦʨʦʜ ʦʪ ʨʠʦʣʠʪʦʚ ʢ 

ʙʘʟʘʣʴʪʘʤ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʙʘʟʘʣʴʪʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʛʝʥʦʚʳʭ) ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʘ ʤʦʨʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʠ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ɸʤʫʨ. 

ʂʨʦʤʝ ʪʦʛʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʢ ʀʉ 

ʠʣʠ ʄʉ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 4.2ɸ) ʠ 

ʠʭ ʪʠʧʘ (ʨʠʩʫʥʦʢ 4.2ɹ) (A, I  ʠʣʠ S). ɸʥʘʣʦʛʠʯʥʫʶ ʢʘʨʪʠʥʫ ʜʘʝʪ ʠ ʜʠʘʛʨʘʤʤʘ 

ʨʘʟʜʝʣʝʥʠʷ ʧʦʨʦʜ ʥʘ S ʠ I - ʪʠʧʳ ɹ. ʏʘʧʧʝʣʣʘ ʠ ɸ. ɺʘʡʪʘ [Chappell, White, 1974]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʷʤ ʤʦʛʫʪ 

ʦʪʥʦʩʠʪʴʩʷ ʚʩʝ ʪʠʧʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ (ʦʪ ʢʠʩʣʦʛʦ ʜʦ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ) 

(ʨʠʩʫʥʦʢ 4.2) , ʥʦ ʥʘʤ ʥʝʠʟʚʝʩʪʥʳ (ʠ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʪʦʞʝ) 

ʦʢʠʩʣʝʥʥʳʝ ʛʨʘʥʠʪʦʠʜʳ S-ʪʠʧʘ, ʭʦʪʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦ 
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ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʥʦʩʪʠ, ʥʦ ʵʪʦ ʚʩʝ ʚ ʨʘʤʢʘʭ ʀʉ [ɻʫʩʝʚ, 2014]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʛʨʘʥʠʪʦʠʜʳ S-ʪʠʧʘ, ʧʦ ʤʥʝʥʠʶ ɸ.ɻ. ɹʘʭʘʨʝʚʘ ʩ ʢʦʣʣʝʛʘʤʠ [ɹʘʭʘʨʝʚ ʠ ʜʨ., 2005], 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠ ʙʝʟ ʦʨʛʘʥʠʢʠ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʜʥʘʢʦ ʧʦ 

ʬʦʨʤʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ S-ʛʨʘʥʠʪʳ ʧʦʧʘʜʘʶʪ ʚ ʦʙʝ ʩʝʨʠʠ (ʀʉ ʠ ʄʉ) (ʨʠʩʫʥʦʢ 

4.2ɹ). 
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ʈʠʩʫʥʦʢ 4.1 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʜ ʄʉ (ʩʠʥʠʝ) ʠ ʀʉ (ʢʨʘʩʥʳʝ) ʚ ʉɸʆʇ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʘʤ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 

2024], ɸ ï ʠʥʪʨʫʟʠʚʳ (ʛʨʘʥʠʮʳ ʠ ʥʘʟʚʘʥʠʷ ʧʦ [Middlemost, 1994]), ɹ ï ʵʬʬʫʟʠʚʳ 

(ʥʘ ʦʩʥʦʚʝ [Le Maitre et al, 2002]). 

 

 

 

ʈʠʩʫʥʦʢ 4.2 ɼʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʨʦʜ ʀʉ 

(ʢʨʘʩʥʳʝ) ʠ ʄʉ (ʩʠʥʠʝ) ʦʪ ʪʠʧʘ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024]: ʘ ï 

ʠʥʪʨʫʟʠʚʳ, ʙ ï ʵʬʬʫʟʠʚʳ. ɸ - ʆʩʥʦʚʘ [Walen et al., 1987], FG ï 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, OGT ï ʥʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ I - ʠ S-

ʪʠʧʘ. ɹ ï ʦʩʥʦʚʘ [Maeda, 1990], A, I , S ï ʪʠʧʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. 
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ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ 

ʩʝʨʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʉɸʆʇ ʦʪ ʚʦʟʨʘʩʪʘ. ʇʦʩʢʦʣʴʢʫ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ 

ʚʦʟʨʘʩʪ ʚʝʱʴ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʘʷ, ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʦʟʨʘʩʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʣʷ ʉɸʆʇ U-Pb ʤʝʪʦʜʦʤ (ʊʘʙʣʠʮʘ ˉ2, ʨʠʩʫʥʦʢ 4.3). 
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ʈʠʩʫʥʦʢ 4.3 ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʚʦʟʨʘʩʪʦʚ 

(U-Pb) (283 ʪʦʯʢʠ, ʊʘʙʣʠʮʘ ˉ2) [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024]. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1-10 ʥʘ ʨʠʩʫʥʢʝ 2.7.2, 11 ï 15 ï ʚʦʟʨʘʩʪ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ: 11 ï 133-120 ʤʣʥ ʣʝʪ, 12 ï 120-94 ʤʣʥ ʣʝʪ, 13 ï 94-60 ʤʣʥ ʣʝʪ, 14 ï 60-53 

ʤʣʥ ʣʝʪ, 15 ï 53 ~ 37 ʤʣʥ ʣʝʪ, (ʘ-ʀʉ, ʙ-ʄʉ, ʚ-ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ʅʉ). 

 

ɺ ʉɸʆʇ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʤʘʛʤʘʪʠʟʤʘ (ʨʠʩʫʥʦʢ 4.4): I ) 

ʢʦʣʣʠʟʠʦʥʥʳʡ (ʩʫʙʜʫʢʮʠʦʥʥʳʡ) ʛʦʪʝʨʠʚ-ʨʘʥʥʝʘʧʪʩʢʠʡ (133-120 ʤʣʥ ʣʝʪ); II ) 

ʦʨʦʛʝʥʥʳʡ (ʪʨʘʥʩʬʦʨʤʥʳʡ) ʧʦʟʜʥʠʡ ʘʧʪ-ʘʣʴʙ-ʩʝʥʦʤʘʥʩʢʠʡ (120-94 ʤʣʥ ʣʝʪ); III ) 

ʧʦʩʪʦʨʦʛʝʥʥʳʡ (ʩʫʙʜʫʢʮʠʦʥʥʳʡ) ʪʫʨʦʥ-ʨʘʥʥʝʧʘʣʝʦʮʝʥʦʚʳʡ (94-~60 ʤʣʥ ʣʝʪ); IV ) 

ʧʦʩʪʦʨʦʛʝʥʥʳʡ (ʪʨʘʥʩʬʦʨʤʥʳʡ) ʧʦʟʜʥʝʧʘʣʝʦʮʝʥ-ʨʘʥʥʝʵʦʮʝʥʦʚʳʡ (~60-53 ʤʣʥ 

ʣʝʪ) ʠ V) ʩʫʙʜʫʢʮʠʦʥʥʳʡ ʧʦʟʜʥʝʵʦʮʝʥ-ʨʘʥʥʝʯʝʪʚʝʨʪʠʯʥʳʡ (ʦʪ 53-37 ʤʣʥ ʣʝʪ) 

[ɻʝʦʜʠʥʘʤʠʢʘé, 2006]. 

ʇʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʉɸʆʇ ʩ ʚʦʟʨʘʩʪʦʤ (U-Pb ʤʝʪʦʜʦʤ) ʥʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ (ʨʠʩʫʥʦʢ 4.4). 

ʂ.ɼʞ.ʈ. ʍʘʨʪ ʩ ʢʦʣʣʝʛʘʤʠ [Hart et al., 2004] ʥʝ ʥʘʰʝʣ ʩʚʷʟʠ ʚʦʟʨʘʩʪʘ ʩ 

ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʷʤʠ ʨʘʥʥʝʤʝʣʦʚʳʭ ʠʥʪʨʫʟʠʚʦʚ ʥʘ ɸʣʷʩʢʝ, ʘ ʊ. 

ʊʘʢʘʛʠ ʥʝ ʚʳʷʚʠʣ ʝʸ ʜʣʷ ʤʝʣʦʚʳʭ ʠ ʧʘʣʝʦʛʝʥ-ʥʝʦʛʝʥʦʚʳʭ ʠʥʪʨʫʟʠʚʦʚ ʗʧʦʥʠʠ 

[Takagi, 2004]. 

ʄʘʛʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʉɸʆʇ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩ ʘʣʴʙʘ ʜʦ 

ʢʦʥʮʘ ʧʘʣʝʦʮʝʥʘ (ʨʠʩʫʥʦʢ 4.4), ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʨʦʜʘʤ ʠ ʄʉ, ʠ ʀʉ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜʳ ʀ.ɺ. ʂʝʤʢʠʥʘ ʠ ɸ.ɺ. ɻʨʝʙʝʥʥʠʢʦʚʘ [ʂʝʤʢʠʥ, ɻʨʝʙʝʥʥʠʢʦʚ, 

2023] ʦʙ ʘʢʪʠʚʥʦʤ ʧʦʟʜʥʝʤʝʣʦʚʦʤ ʤʘʛʤʘʪʠʟʤʝ ʥʘ ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʝ ʧʘʣʝʦ-

ɸʟʠʘʪʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩ ʦʤʦʣʦʞʝʥʠʝʤ ʚʦʟʨʘʩʪʘ ʦʪ 

ʛʦʪʝʨʠʚʘ ʢ ʦʣʠʛʦʮʝʥʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʦʜ ʄʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʀʉ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʛʝʦʜʠʥʘʤʠʢʠ ʠ ʪʝʢʪʦʥʠʢʠ ʩ 

ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʠʣʴʤʝʥʠʪʦʚʦʛʦ ʠ ʤʘʛʥʝʪʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʦʢ 4.5. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜʳ 

[ɼʠʜʝʥʢʦ, ʍʘʥʯʫʢ, 2019] ʦ ʪʦʤ, ʯʪʦ ʩʤʝʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʩ 

ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʥʘ ʪʨʘʥʩʬʦʨʤʥʳʡ ʧʨʦʠʟʦʰʣʘ 115-110 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. ʊʘʢʞʝ 
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ʚʳʜʝʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʣʠʪʳ ʀʟʘʥʘʛʠ (85, 74, 56 

ʤʣʥ ʣʝʪ) [ʂʝʤʢʠʥ, ɻʨʝʙʝʥʥʠʢʦʚ, 2023] ʭʦʨʦʰʦ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʢʪʠʚʠʟʘʮʠʝʡ 

ʤʘʛʤʘʪʠʟʤʘ ʚ ʉɸʆʇ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʚʷʟʴ ʚʦʟʨʘʩʪʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʪʠʧʘʤʠ ʤʘʛʤʘʪʠʟʤʘ [ʉʠʤʘʥʝʥʢʦ ʠ ʜʨ., 2002, 2006; ʈʷʟʘʥʮʝʚʘ ʠ ʜʨ., 1998]. ɻʦʪʝʨʠʚ-

ʘʧʪʩʢʦʤʫ ʚʦʟʨʘʩʪʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠʪʦʠʜʳ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʪʠʧʘ (ʦʙʩʪʘʥʦʚʢʠ 

ʩʞʘʪʠʷ), ʭʦʪʷ ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [Guo et al., 2022] ʩʝʥʦʤʘʥʩʢʠʝ ʦʣʦʚʦʥʦʩʥʳʝ 

ʛʨʘʥʠʪʳ S-ʪʠʧʘ ʚ ʖʞʥʦ-ʂʠʪʘʡʩʢʦʤ ʢʨʘʪʦʥʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʦʙʩʪʘʥʦʚʢʝ 

ʨʘʩʪʷʞʝʥʠʷ. V-ʤʫ ʵʪʘʧʫ ʤʘʛʤʘʪʠʟʤʘ (ʪʦʯʥʝʝ, ʧʦʩʣʝ 52 ʤʣʥ ʣʝʪ) ï ʩʫʙʜʫʢʮʠʦʥʥʳʝ. 

ʆʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ ʧʦʧʘʜʘʶʪ ʚ ʤʘʛʤʘʪʠʟʤ ʚʥʫʪʨʠʧʣʠʪʥʳʭ çʩʤʝʰʘʥʥʳʭ ʩʝʨʠʡè. 

  

  

 

ʈʠʩʫʥʦʢ 4.4 ɺʦʟʨʘʩʪʳ  ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ 

ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʠ ʩʝʨʠʠ (1 - ʠʣʴʤʝʥʠʪʦʚʘʷ ʀʉ; 2 - ʤʘʛʥʝʪʠʪʦʚʘʷ ʄʉ; 3 - ʅʉ), 

ʚʥʠʟʫ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʘʷ ʰʢʘʣʘ ʠ ʵʪʘʧʳ ʤʘʛʤʘʪʠʟʤʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʚ ʊʘʙʣʠʮʘ ˉ2 [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʪʦʨʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ: 

 

ʀʣʴʤʝʥʠʪʦʚʳʝ ʧʦʨʦʜʳ I ʵʪʘʧʘ ʤʘʛʤʘʪʠʟʤʘ (133-120 ʤʣʥ ʣʝʪ) 

ʦʪʥʦʩ̫ʪʩ ̫ ʢ ʢʦʣʣʠʟʠʦʥʥʳʤ, ʘ ʤʘʛʥʝʪʠʪʦʚʳʝ ʧʦʨʦʜʳ V ʵʪʘʧʘ 

(ʤʦʣʦʞʝ 52 ʤʣʥ ʣʝʪ) ʢ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʤ. ʆʩʪʘʣʴʥʳʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ II  ï IV  ʵʪʘʧʦʚ ʦʪʥʦʩ̫ ʪʩʷ ʢ çʩʤʝʰʘʥʥʳʤ 

ʩʝʨʠʷʤè  
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ʈʠʩʫʥʦʢ 4.5 ɸ - ɺʦʟʨʘʩʪʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ 

ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ, ʩʝʨʠʠ (1 - ʄʉ; 2 - ʀʉ), ʚʥʠʟʫ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʘʷ ʰʢʘʣʘ, ɻ ʪʘʧʳ 

ʤʘʛʤʘʪʠʟʤʘ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʉ ï ʩʫʙʜʫʢʮʠʷ, ʊ ï ʪʨʘʥʩʬʦʨʤʥʘʷ 

ʦʢʨʘʠʥʘ [ɻʝʦʜʠʥʘʤʠʢʘé, 2006]), ɹ - ʚʝʢʪʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʧʣʠʪʳ [ʂʝʤʢʠʥ, ɻʨʝʙʝʥʥʠʢʦʚ, 2023] ʠ U-Pb ʚʦʟʨʘʩʪʘ ʛʨʘʥʠʪʦʠʜʦʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʉʠʭʦʪʵ-ɸʣʠʥʷ. 

 

ɿʦʥʘʣʴʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʤ ʦʨʦʛʝʥʥʦʤ ʧʦʷʩʝ ʠʤʝʝʪ ʨʝʛʠʦʥʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʆʩʥʦʚʥʳʤʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʉɸʆʇ ʚ ʤʝʟʦʟʦʡ-

ʢʘʡʥʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʷʚʣʷʣʠʩʴ ʧʨʦʮʝʩʩʳ ʩʫʙʜʫʢʮʠʠ (ʠ ʩʢʦʣʴʞʝʥʠʷ). ɼʣʷ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʚʩʝʭ 5 ʵʪʘʧʦʚ, ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʥʘʰʠ ʦʙʨʘʟʮʳ ʠʟ ʤʘʩʩʠʚʦʚ, ʠʤʝʶʱʠʭ U-Pb 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʠ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʨʫʟʠʡ ʩʨʝʜʥʝʛʦ-ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʦʚ 

ʀʉ ʠ ʄʉ. ɼʠʘʛʨʘʤʤʳ ʜʣʷ ʉɸʆʇ ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʦʣʣʠʟʠʦʥʥʳʭ 

ʦʙʩʪʘʥʦʚʦʢ ʚ ʨʘʟʚʠʪʠʝ ʦʨʦʛʝʥʘ. ʉʪʦʠʪ ʩʨʘʟʫ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʨʘʥʠʪʦʠʜʳ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʙʘʟʘʣʴʪʦʚ ʤʝʥʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ 

[ɺʝʣʠʢʦʩʣʘʚʠʥʩʢʠʡ, 2003]. ʅʘ ʨʠʩʫʥʦʢ 4.6 ʧʦʢʘʟʘʥʳ ʜʠʘʛʨʘʤʤʳ [Maeda, 1990; 

Pearce et al., 1984; ɺʝʣʠʢʦʩʣʘʚʠʥʩʢʦʛʦ ʉ.ɼ., 2003] ʜʣʷ 221 ʦʙʨʘʟʮʘ ʛʨʘʥʠʪʦʠʜʦʚ 

ʉɸʆʇ. 
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ʈʠʩʫʥʦʢ  4.6 ɼʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ Maeda, 1990(ʘ); Pearce et al., 

1984(ʙ); ɺʝʣʠʢʦʩʣʘʚʠʥʩʢʦʛʦ ʉ.ɼ., 2003(ʚ). ʆʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʨʘʥʠʪʦʠʜʦʚ: ɺʇɻ(A) - ʚʥʫʪʨʠʧʣʠʪʥʳʝ, ʂʆʃɻ(S) - ʢʦʣʣʠʟʠʦʥʥʳʝ, ʆɼɻ(I) - 

ʦʩʪʨʦʚʦʜʫʞʥʳʝ (ʩʫʙʜʫʢʮʠʦʥʥʳʝ ʠ ʦʙʩʪʘʥʦʚʢʠ ʘʢʪʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʦʢʨʘʠʥ). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 - ʛʨʘʥʠʪʦʠʜʳ ʀʉ (ʘ), ʄʉ (ʙ), 

 f1(F(i-w)2, F(c-w)3, F(i-c)6) =196.203SiO2+753.953TiO2+481.96Al2O3+92.664FeO*  

+521.5MgO+374.766CaO+7.571Na2O-584.778K2O-0.379Ba-0.339Sr-0.733Rb-

0.429La-3.33Ce-5.242Nd+0.565Sm-19823.8; 

f2( F(i-w)2, F(c-w)3, F(i-c)6)=1292.962SiO2+4002.667TiO2+1002.231Al2O3 +1297.136FeO* 

+262.067MgO+1250.48CaO+1923.417Na2O+1009.287K2O+0.3634Ba -0.325Sr-

0.701Rb+0.8015La+3.347Ce+2.68Nd+10.11Sm-126860. 

 

ʆʨʦʛʝʥʥʳʡ ʧʦʷʩ ʠ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʘʣʴʙ-ʩʝʥʦʤʘʥʩʢʘʷ ʧʨʦʚʠʥʮʠʷ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʩʠʥʩʜʚʠʛʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ ʪʨʘʥʩʬʦʨʤʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʦʢʨʘʠʥʳ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 110ï95 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, c ʧʠʢʦʤ ʦʨʦʛʝʥʝʟʘ ʠ 

ʤʘʛʤʘʪʠʟʤʘ 103ï97 ʤʣʥ ʣʝʪ [ʍʘʥʯʫʢ ʠ ʜʨ., 2019]. ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ 4.7ʘ), 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʘʛʤʘʪʠʪʦʚ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ (ʥʦ ʥʝ ʚʩʝ) ʧʦʧʘʜʘʶʪ ʚ ʠʣʴʤʝʥʠʪʦʚʫʶ 

ʟʦʥʫ (ʊʘʙʣʠʮʘ ˉ2). ɽʩʣʠ ʩʜʝʣʘʪ ɹʥʝʙʦʣʴʰʫʶ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʶ, ʦʩʥʦʚʳʚʘʷʩʴ 

ʥʘ ʨʘʙʦʪʘʭ ɸ.ɺ. ɸʙʨʘʞʝʚʠʯ, ɺ.ɺ. ɻʦʣʦʟʫʙʦʚʘ, ɸ.ʅ. ɼʠʜʝʥʢʦ, ɸ.ʀ. ʍʘʥʯʫʢʘ ʩ 

ʢʦʣʣʝʛʘʤʠ [ɻʦʣʦʟʫʙʦʚ, 2006; ɼʠʜʝʥʢʦ ʠ ʜʨ., 2017, 2023; Didenko et al., 2023; 

Abrajevitch et al., 2012; Khanchuk et al.,2016] (ʨʠʩʫʥʦʢ 4.7ʙ), ʪʦ ʚʠʜʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʀʉ ʠ ʄʉ ʥʘ ʥʘʯʘʣʦ ʧʦʟʜʥʝʛʦ ʤʝʣʘ. ʇʨʠ ʵʪʦʤ ʧʦʨʦʜʳ ʛʦʪʝʨʠʚ-

ʨʘʥʥʝʘʧʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (7 ʪʦʯʝʢ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚ ʠʣʴʤʝʥʠʪʦʚʦʡ ʟʦʥʝ. ɺ 

ʧʦʟʜʥʝʤ ʘʧʪʝ ʚʳʜʝʣʷʶʪʩʷ 2 ʪʦʯʢʠ ʚ ʖʞʥʦʤ ʉʠʜʠʤʠʡʩʢʦʤ ʤʘʩʩʠʚʝ (ʠʣʴʤʝʥʠʪʦʚʘʷ 

ʠ ʤʘʛʥʝʪʠʪʦʚʘʷ) ʠ 2 ʦʙʨʘʟʮʘ ʧʝʨʚʦʤʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʤʘʛʥʝʪʠʪʦʚʦʡ ʩʝʨʠʠ [ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷé, 2020] (ʨʠʩʫʥʦʢ 4.8). ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʠʝ 

ʧʦʨʦʜʳ ʂʝʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ (2 ʪʦʯʢʠ ï 94 ʤʣʥ ʣʝʪ) ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʥʮʫ ʩʝʥʦʤʘʥʘ. 

ʊ.ʝ. ʟʦʥʘʣʴʥʦʩʪʴ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʙʳʣʘ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʘʣʴʙ-ʩʝʥʦʤʘʥʩʢʦʝ ʚʨʝʤʷ (ʥʘʯʠʥʘʷ ʩ 

ʛʦʪʝʨʠʚʘ). ɺʦʟʤʦʞʥʦ,  ʂʝʤʩʢʠʡ  ʪʝʨʨʝʡʥ  ʙʳʣ  ʥʘʜʚʠʥʫʪ ʥʘ ʉɸʆʇ ʚ  ʩʘʤʦʤ  ʢʦʥʮʝ 
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ʈʠʩʫʥʦʢ 4.7 ʇʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʟʘʤʝʨʘ ʚʦʟʨʘʩʪʦʚ I  (133-120 ʤʣʥ ʣʝʪ ï 7 

ʪʦʯʝʢ) ʠ II  (120-94 ʤʣʥ ʣʝʪ ï 76 ʪʦʯʝʢ) ʵʪʘʧʦʚ ʤʘʛʤʘʪʠʟʤʘ ʩʨʝʜʠ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ 

ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ ʚ ʉɸʆʇ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024] (ʘ), 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ ʥʘ ʩʝʥʦʤʘʥ 

(ʙ). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 1-9 ʥʘ ʨʠʩʫʥʢʝ 2.7.2; 10 - ʛʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʨʦʜ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʝʨʠʠ, ʚʳʜʝʣʝʥʥʘʷ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʟʥʘʢʦʚ [ʄʠʰʠʥ ʠ ʜʨ., 

2020; Mishin et al., 2020] (ʘ) ʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ Fe2O3/(Fe2O3+FeO) [ʄʠʰʠʥ ʠ ʜʨ., 

2003;ʄʝʨʢʫʣʦʚʘ, ʄʠʰʠʥ, 2015] (ʙ); 11 ï ʧʣʫʪʦʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ II  ʵʪʘʧʘ (ʘ-ʀʉ, ʙ-

ʄʉ); 12 ï ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ II  ʵʪʘʧʘ (ʘ-ʀʉ, ʙ-ʄʉ); 13 ï ʧʣʫʪʦʥʠʯʝʩʢʠʝ  

ʧʦʨʦʜʳ I  ʵʪʘʧʘ ʠʣʴʤʝʥʠʪʦʚʳʝ. 
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ʩʝʥʦʤʘʥʘ. ʄʘʛʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʥʝʤ ʚ ʧʦʩʪʩʝʥʦʤʘʥʩʢʦʝ ʚʨʝʤʷ ʘʥʘʣʦʛʠʯʥʘ 

ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʯʘʩʪʴ ʦʢʠʩʣʝʥʥʳʭ 

ʘʣʴʙ-ʩʝʥʦʤʘʥʩʢʠʭ ʤʘʛʤʘʪʠʪʦʚ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʂʝʤʩʢʠʤ ʪʝʨʨʝʡʥʦʤ. 

 

 

 

ʈʠʩʫʥʦʢ 4.8 ʇʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʟʘʤʝʨʘ ʚʦʟʨʘʩʪʦʚ I  (133-120 ʤʣʥ ʣʝʪ ï 7 

ʪʦʯʝʢ) (ʘ), II  (120-110 ʤʣʥ ʣʝʪ ï 5 ʪʦʯʝʢ) (ʙ) ʠ II  (110-94 ʤʣʥ ʣʝʪ ï 71 ʪʦʯʢʘ) 

ʵʪʘʧʦʚ ʤʘʛʤʘʪʠʟʤʘ ʩʨʝʜʠ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ ʚ ʉɸʆʇ. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʀʣʴʤʝʥʠʪʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ I ʵʪʘʧʘ, 2 ï ʧʣʫʪʦʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ II  

ʵʪʘʧʘ (ʘ - ʀʉ, ʙ - ʄʉ), 3 ï ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ II  ʵʪʘʧʘ (ʘ - ʀʉ, ʙ - ʄʉ). 

 

ʅʘ ʨʠʩʫʥʢʝ 4.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ I  ʠ II  

ʵʪʘʧʦʚ ʤʘʛʤʘʪʠʟʤʘ ʚ ʉɸʆʇ. I  ʵʪʘʧ (ʢʦʣʣʠʟʠʦʥʥʳʡ). 3 ʪʦʯʢʠ ʠʟ ʤʘʩʩʠʚʘ 

ɻʦʨʙʫʥʩʢʠʡ (131 ʤʣʥ ʣʝʪ) ʥʘ ʜʠʘʛʨʘʤʤʘʭ Maeda ʠ ɺʝʣʠʢʦʩʣʘʚʠʥʩʢʦʛʦ ʧʦʧʘʜʘʶʪ ʚ 

ʟʦʥʫ ʢʦʣʣʠʟʠʦʥʥʳʭ ʧʦʨʦʜ, ʘ ʥʘ ʜʠʘʛʨʘʤʤʝ Pearce ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ 
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ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʪʦʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʣʣʠʟʠʦʥʥʳʤ ʦʙʩʪʘʥʦʚʢʘʤ ʠʣʠ 

ʦʙʩʪʘʥʦʚʢʘʤ ʘʢʪʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ. II  ʵʪʘʧ (ʦʨʦʛʝʥʥʳʡ). 27 ʪʦʯʝʢ ʠʟ 

10 ʤʘʩʩʠʚʦʚ. ɺʝʜʪy ʩʝʙʷ ʘʥʘʣʦʛʠʯʥʦ I. ʈʘʟʥʠʮʳ ʤʝʞʜʫ ʧʦʨʦʜʘʤʠ ʀʉ ʠ ʄʉ ʚʦ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

 

 

 

ʈʠʩʫʥʦʢ 4.9 ɼʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ Maeda, 1990(ʘ); Pearce et al., 

1984(ʙ); ɺʝʣʠʢʦʩʣʘʚʠʥʩʢʦʛʦ ʉ.ɼ., 2003(ʚ). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 - ʛʨʘʥʠʪʦʠʜʳ 

ʀʉ (ʘ) ʠ ʄʉ (ʙ) II  ʵʪʘʧʘ, 2 - ʛʨʘʥʠʪʦʠʜʳ ʀʉ I  ʵʪʘʧʘ, ʦʩʪʘʣʴʥʳʝ ʫʩʣʦʚʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 4.6. 

 

ʉ ʯʝʤ ʩʚʷʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʀʉ ʠ ʄʉ ʚ ʉɸʆʇ, ʧʦʢʘ ʩʣʦʞʥʦ ʩʢʘʟʘʪʴ 

ʦʜʥʦʟʥʘʯʥʦ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝ ʩ ʚʣʠʷʥʠʝʤ ʩʝʨʳ ʚ ʥʘʜʩʣʵʙʦʚʦʡ ʟʦʥʝ  [Muth, 

Wallace, 2022; Li  et al., 2022]. ʅʘʰʠ ʜʘʥʥʳʝ ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ 

(ʨʠʩʫʥʦʢ 4.10) ʜʣʷ ʉɸʆʇ. ʍʦʪʷ ʥʝʚʦʟʤʦʞʥʦ ʦʪʨʠʮʘʪʴ ʨʦʣʴ ʩʝʨʳ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʫʣʴʬʠʜʥʳʭ ʠ ʧʦʩʪʩʫʣʴʬʠʜʥʳʭ ʦʢʩʠʜʥʳʭ ʨʫʜ [Malyshev, 

Malysheva, 2022].  
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ʈʠʩʫʥʦʢ 4.10 ʉʦʦʪʥʦʰʝʥʠʝ MS ʠ ʩʝʨʳ (S) ʜʣʷ ʠʥʪʨʫʟʠʚʥʳʭ (ɸ) ʠ 

ʵʬʬʫʟʠʚʥʳʭ (ɹ) ʧʦʨʦʜ ʉɸʆʇ [ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024] 

(ʢʨʘʩʥʳʤ ʧʦʢʘʟʘʥʘ ʠʣʴʤʝʥʠʪʦʚʘʷ ʩʝʨʠʷ, ʩʠʥʠʤ ï ʤʘʛʥʝʪʠʪʦʚʘʷ). 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʤʘʛʤʘʪʠʟʤʘ (ʧʦʩʪʦʨʦʛʝʥʥʳʤ) ʷʚʣʷʝʪʩʷ ʧʦʟʜʥʝʤʝʣʦʚʦʡ 

(III  ʵʪʘʧ). ʇʦʨʦʜʳ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʜʦʣʴ ʩʦʚʨʝʤʝʥʥʦʡ 

ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ʉɸʆʇ (ʭʦʪʷ ʝʩʪʴ ʚʳʭʦʜʳ ʤʘʛʤʘʪʠʪʦʚ ʠ ʚ ʄʘʛʣʦʡʩʢʦʤ 

ʤʘʩʩʠʚʝ, ʥʦ ʵʪʦ ʛʨʘʥʠʮʘ ʩʝʥʦʤʘʥʘ ʠ ʪʫʨʦʥʘ), ʧʨʠ ʵʪʦʤ ʦʥʠ ʚ ʨʝʜʦʢʩ-ʧʣʘʥʝ 

ʥʘʩʣʝʜʫʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚʦʟʥʠʢʰʠʝ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ (ʨʠʩʫʥʦʢ 4.11ʘ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʤʝʥʥʦ ʩ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʂʝʤʩʢʦʤ 

ʪʝʨʨʝʡʥʝ. 

ʇʘʣʝʦʮʝʥʦʚʳʡ (ʧʦʩʪʦʨʦʛʝʥʥʳʡ) ʤʘʛʤʘʪʠʟʤ (IV  ʵʪʘʧ) ʥʘ ʶʛʝ ʨʝʛʠʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʥʠʪʦʠʜʘʤʠ ɸ-ʪʠʧʘ ʗʢʫʪʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʝʛʦ ʵʬʬʫʟʠʚʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʤʘʥʪʠʡʥʳʤʠ ʨʘʩʧʣʘʚʘʤʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʩʫʙʜʫʮʠʨʫʶʱʝʡ ʧʣʠʪʳ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʥʘ ʩʣʵʙʘ [Grebennikov et al., 2016; ɻʨʝʙʝʥʥʠʢʦʚ, ʄʘʢʩʠʤʦʚ, 2021]. 

ʅʘʠʙʦʣʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʵʪʘʧʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʤʘʛʥʝʪʠʪʦʚʦʡ ʟʦʥʝ 

(ʨʠʩʫʥʦʢ 4.12ʘ). 
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ʈʠʩʫʥʦʢ 4.11 ʇʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʟʘʤʝʨʘ ʚʦʟʨʘʩʪʦʚ III  (94-60 ʤʣʥ ʣʝʪ ï 144 

ʪʦʯʢʠ) ʵʪʘʧʘ ʤʘʛʤʘʪʠʟʤʘ ʩʨʝʜʠ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʟʦʥ ʚ ʉɸʆʇ 

[ʊʘʣʪʳʢʠʥ ʠ ʜʨ., 2024ʙ; Taltykin et al., 2024] (ʘ), ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʟʘʤʝʨʘ 

ʚʦʟʨʘʩʪʘ 67-71 ʤʣʥ ʣʝʪ (11 ʪʦʯʝʢ) ʚ ʤʘʛʥʝʪʠʪʦʚʦʡ ʟʦʥʝ (ʙ). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 

1-12 ʥʘ ʨʠʩʫʥʢʝ 4.7. 

 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ V ʵʪʘʧʘ (ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ) ʷʚʣʷʶʪʩʷ 

ʦʣʠʛʦʮʝʥʦʚʳʤʠ (53-37 ʤʣʥ ʣʝʪ ï 17 ʪʦʯʝʢ), ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʤʘʛʥʝʪʠʪʦʚʦʡ 

ʩʝʨʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʤʘʛʥʝʪʠʪʦʚʦʡ ʟʦʥʝ (ʨʠʩʫʥʦʢ 4.12ʙ), ʪʘʢʞʝ ʢʘʢ ʠ ʧʦʨʦʜʳ 

III  ʵʪʘʧʘ ʚʦʟʨʘʩʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 65 ï 72 ʤʣʥ ʣʝʪ (ʨʠʩʫʥʦʢ 4.11ʙ). 

 


