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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʙʣʝʤʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʛʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʝʪʨʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ [2, 6, 9, 10, 38, 39, 42, 46, 55, 67, 72, 91-

93, 109, 150, 196]. ʇʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʠʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʫʪʝʡ ʵʚʦʣʶʮʠʠ ʜʘʝʪ ʙʝʩʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʝʰʝʥʠʷ 

ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʥʘʯʠʥʘʷ ʦʪ ʩʘʤʳʭ ʛʣʦʙʘʣʴʥʳʭ (ʩʪʘʥʦʚʣʝʥʠʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) ʠ ʟʘʢʘʥʯʠʚʘʷ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʠ 

ʧʨʠʢʣʘʜʥʳʤʠ, ʚʢʣʶʯʘʷ ʚʦʧʨʦʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [29, 47, 

99, 136, 164]. 

ɸʣʪʘʡʩʢʠʡ ʨʝʛʠʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʛʨʘʥʠʪʦʚ, ʪʠʧʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʥʝ ʠʤʝʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʰʝʥʠʷ [18, 19, 24, 26, 45, 66, 116]. 

ʇʦʷʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʣʦʢʘʣʴʥʳʭ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʨʝʰʝʥʠʠ 

ʧʨʦʙʣʝʤ ʚʦʟʨʘʩʪʘ, ʧʝʪʨʦʛʝʥʝʟʠʩʘ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʛʨʘʥʠʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʪʘʶʱʝʛʦʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ ʤʥʦʛʦʬʘʟʥʦʛʦ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʝʪʨʦʪʠʧʦʤ ʘʥʦʨʦʛʝʥʥʳʭ ʠ ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʧʝʪʨʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʩʩʠʚʦʚ 

ʙʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ɻʦʨʥʦʛʦ ɸʣʪʘʷ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ɹʝʣʦʢʫʨʠʭʠʥʩʢʠʡ 

ʤʘʩʩʠʚ, ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤʠ ʦʨʫʜʝʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʥʝʩʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅ.ʅ. 

ɸʤʰʠʥʩʢʦʛʦ, ʅ.ɸ. ɹʝʨʟʠʥʘ, ɸ.ɻ. ɺʣʘʜʠʤʠʨʦʚʘ, ɽ.ɺ. ɺʦʣʙʝʥʢʦ, ʆ.ɸ. ɻʘʚʨʶʰʢʠʥʦʡ, ɸ.ʀ. ɻʫʩʝʚʘ, 

ʅ.ʀ. ɻʫʩʝʚʘ, ʀ.ʉ. ɼʫʙʠʥʠʥʘ, ʅ.ʀ. ɼʫʨʤʘʥʦʚʦʡ, ʖ.ɺ. ɽʤʝʣʴʷʥʦʚʦʡ, ʀ.ʀ. ɿʘʙʦʣʦʪʥʠʢʦʚʦʡ, ɸ.ʅ. 

ʃʝʦʥʪʴʝʚʘ, ʀ.ʇ. ʂʦʤʘʨʦʚʘ, ɺ.ʅ. ʂʦʨʞʥʝʚʘ, ɺ.ɸ. ʂʨʠʚʯʠʢʦʚʘ, ʅ.ʅ. ʂʨʫʢʘ, ɺ.ʀ. ʂʨʫʧʯʘʪʥʠʢʦʚʘ, 

ɸ.ʇ. ʇʦʥʦʤʘʨʸʚʦʡ, ɽ.ʄ. ʊʘʙʘʢʘʝʚʦʡ, ʄ.ɸ. ʋʩʦʚʘ, ʉ.ʇ. ʐʦʢʘʣʴʩʢʦʛʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʙʦʣʝʝ ʯʝʤ ʧʦʣʫʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʨʷʜ ʚʦʧʨʦʩʦʚ, 

ʢʘʩʘʶʱʠʭʩʷ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʠʪʦʠʜʦʚ ʤʘʩʩʠʚʘ, ʦʩʪʘʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʤʝʪʦʜʦʚ (SIMS, ID-TIMS, SEM-

EDS, EPMA) ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʨʘʩʪ ʠ ʫʩʣʦʚʠʷ ʧʝʪʨʦʛʝʥʝʟʠʩʘ, ʚʳʷʚʠʪʴ ʥʦʚʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ (REE) ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʤʠʥʝʨʘʣʴʥʦʤ ʠ ʧʦʨʦʜʥʦʤ ʫʨʦʚʥʷʭ. 
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʪʦʠʜʳ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʠʭ ʤʠʥʝʨʘʣʳ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʨʘʩʪʘ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ ʘʢʮʝʩʩʦʨʥʳʭ (ʮʠʨʢʦʥʘ, 

ʪʠʪʘʥʠʪʘ) ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʋʩʪʘʥʦʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʧʦ ʛʣʘʚʥʳʤ, ʨʝʜʢʠʤ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ) ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. 

2. ɼʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʘ ʠ ʪʠʪʘʥʠʪʘ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ U-Pb ʤʝʪʦʜʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʠʭ ʤʠʥʝʨʘʣʘʭ.  

3. ʇʨʦʚʝʜʝʥʠʝ Rb-Sr ʠ Sm-Nd ʠʟʦʪʦʧʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʮʝʥʢʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʈ-ʊ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʠʪʦʠʜʦʚ. 

5. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʦʠʜʦʚ ʤʘʩʩʠʚʘ ʥʘ ʦʩʥʦʚʝ 

ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ:  

1. ʋʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʪ ʨʘʥʥʝʡ ʢ ʧʦʟʜʥʝʡ ʬʘʟʝ ʩʦʩʪʘʚʘ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʷʜʘ ʤʠʥʝʨʘʣʦʚ (ʮʠʨʢʦʥ, 

ʙʠʦʪʠʪ, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʠ ʧʣʘʛʠʦʢʣʘʟʳ), ʘ ʪʘʢʞʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʨʦʮʝʩʩʘʤʠ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

2. ɺʧʝʨʚʳʝ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ ʤʘʩʩʠʚʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʈ-ʊ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʜʠʘʧʘʟʦʥ ʠʭ ʠʟʤʝʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʥʝʟʘʚʠʩʠʤʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʛʝʦʪʝʨʤʦʤʝʪʨʦʚ ʠ 

ʙʘʨʦʤʝʪʨʦʚ.  

3. ɺʧʝʨʚʳʝ ʣʦʢʘʣʴʥʳʤ U-Pb ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʫ (SHRIMP-II) ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ ʪʨʝʭ ʬʘʟ 

ʤʘʩʩʠʚʘ ʦʧʨʝʜʝʣʝʥ ʚʦʟʨʘʩʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ʚ ʧʨʝʜʝʣʘʭ 255-245 ʤʣʥ ʣʝʪ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.6.4. 

ʄʠʥʝʨʘʣʦʛʠʷ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. ɻʝʦʭʠʤʠʷ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʧʦ ʧʫʥʢʪʘʤ 2, 3, 13, 15 ʠ 18. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʦʩʠʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ 

ʤʘʛʤʘʪʠʟʤʘ ʠ ʛʝʥʝʟʠʩʘ ʛʨʘʥʠʪʦʠʜʦʚ, ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʦʪʯʝʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʅʀʈ ʀɻɻɼ ʈɸʅ çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʟʦʪʦʧʥʳʭ ʤʝʪʦʜʦʚ ʜʘʪʠʨʦʚʘʥʠʷ 

ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʦʚ-ʛʝʦʭʨʦʥʦʤʝʪʨʦʚè (ˉ FMUW-2022-0005), ʯʪʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʘʢʪʝ ʚʥʝʜʨʝʥʠʷ ʦʪ 13 

ʤʘʷ 2024 ʛ (ʇʨʠʣʦʞʝʥʠʝ ɽ). 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʘʥʦʚʢʝ ʨʘʙʦʪ ʧʦ ʜʘʪʠʨʦʚʘʥʠʶ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ ʮʝʣʷʭ ʚ 

ʫʯʝʙʥʳʭ ʢʫʨʩʘʭ çʆʙʱʘʷ ʛʝʦʭʠʤʠʷè ʠ çʀʟʦʪʦʧʥʘʷ ʛʝʦʭʠʤʠʷè. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʦʩʥʦʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʣʝʞʠʪ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʪʦʙʨʘʥʥʳʡ ʘʚʪʦʨʦʤ ʚ 

ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 2019-2021 ʛ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʛʨʘʥʠʪʦʚ (3 

ʦʙʨʘʟʮʘ), ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ɸ.ʀ. ɻʫʩʝʚʳʤ ʠ ʅ.ʀ. ɻʫʩʝʚʳʤ. 

ʀʟʫʯʝʥʥʘʷ ʦʧʦʨʥʘʷ ʢʦʣʣʝʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 35 ʦʙʨʘʟʮʦʚ ʛʨʘʥʠʪʦʠʜʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ʤʘʩʩʠʚʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʧʦ ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʦʧʨʝʜʝʣʸʥ ʤʝʪʦʜʦʤ 

XRF (ARL-9800, ɺʉɽɻɽʀ), ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʤʝʪʦʜʦʤ ICP-MS 

(ELAN-DRC-6100, ɺʉɽɻɽʀ) ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ (35 ʘʥʘʣʠʟʘ). ʀʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʧʦʨʦʜ 

ʠ ʪʠʪʘʥʠʪʘ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ID-TIMS ʚ ʀɻɻɼ ʈɸʅ ʥʘ ʤʥʦʛʦʢʦʣʣʝʢʪʦʨʥʦʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ TRITON TI (Rb-Sr ʩʠʩʪʝʤʘ ï 9 ʧʨʦʙ (ʧʦʨʦʜʘ ʚ ʮʝʣʦʤ ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ 

ʤʠʥʝʨʘʣʳ), Sm-Nd ʩʠʩʪʝʤʘ ï 9 ʧʨʦʙ (ʧʦʨʦʜʘ ʚ ʮʝʣʦʤ), U-Pb ʩʠʩʪʝʤʘ ï 2 ʧʨʦʙʳ ʪʠʪʘʥʠʪʘ).  

ʉʦʩʪʘʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʧʨʝʜʝʣʸʥ ʤʝʪʦʜʦʤ SEM-EDS ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEOL-JSM-6510LA ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ 

JED-2200 (ʧʨʠʤʝʨʥʦ 340 ʪʦʯʝʢ ʚ 94 ʟʝʨʥʘʭ ʚ 8 ʦʙʨʘʟʮʘʭ). ʂʨʦʤʝ ʪʦʛʦ, ʩʦʩʪʘʚ ʮʠʨʢʦʥʘ ʙʳʣ 

ʠʟʫʯʝʥ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ JEOL-JXA-8230 ʩ ʪʨʝʤʷ 

ʚʦʣʥʦʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘʤ. ɸʥʘʣʠʟ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ (ʧʣʘʛʠʦʢʣʘʟʦʚ, ʢʘʣʠʝʚʦʛʦ 

ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʙʠʦʪʠʪʘ, ʤʫʩʢʦʚʠʪʘ, ʢʚʘʨʮʘ) ʠ ʘʢʮʝʩʩʦʨʥʳʭ (ʮʠʨʢʦʥʘ, ʪʠʪʘʥʠʪʘ ʠ ʛʨʘʥʘʪʘ) 

ʤʠʥʝʨʘʣʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʧʨʠʤʝʨʥʦ 140 ʪʦʯʝʢ ʚ 70 ʟʝʨʥʘʭ 

ʚ 8 ʦʙʨʘʟʮʘʭ) ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ (SIMS) ʥʘ ʠʦʥʥʦʤ 

ʤʠʢʨʦʟʦʥʜʝ Cameca IMS-4f ʚ ʗʌ ʌʊʀɸʅ ʈɸʅ. ʃʦʢʘʣʴʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʘ UïPb ʤʝʪʦʜʦʤ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʠʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ SHRIMP-II ʚ ʎʝʥʪʨʝ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʉɽɻɽʀ (4 

ʧʨʦʙʳ, 59 ʪʦʯʝʢ). ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʮʠʨʢʦʥʝ ʦʧʨʝʜʝʣʸʥ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ 
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ʛʝʦʬʠʟʠʢʠ ʂʠʪʘʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʥʘ ʠʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ Cameca IMS-1280 (2 ʧʨʦʙʳ, 27 

ʪʦʯʝʢ). ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1. ʃʝʡʢʦʛʨʘʥʠʪʳ ʪʨʝʪʴʝʡ ʬʘʟʳ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʥʦʩʷʪʩʷ ʢ 

ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʛʨʘʥʠʪʘʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʨʘʥʠʪʦʠʜʘʤʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟ, ʧʦʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʨʷʜʘ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ (REE, Sr, 

Ba, V, Zn, Zr, Hf) ʠ ʠʥʜʠʢʘʪʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ (Zr/Hf, Nb/Ta, Sr/Rb) ʠ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

Rb.  

2. U-Pb ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʠʟ ʪʨʝʭ ʬʘʟ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚʦʟʨʘʩʪ 

ʪʠʪʘʥʠʪʘ ʠʟ ʧʝʨʚʦʡ ʬʘʟʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʨʘʥʠʪʦʠʜʳ ʤʘʩʩʠʚʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 255-

245 ʤʣʥ ʣʝʪ. 

3. ʂʨʘʝʚʳʝ ʟʦʥʳ ʮʠʨʢʦʥʘ ʠʟ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ ʛʨʘʥʠʪʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʦʙʦʛʘʱʘʶʪʩʷ LREE, Th, U, Hf ʠ Li ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦ ʧʨʠʯʠʥʝ ʦʙʦʛʘʱʝʥʠʷ 

ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʣʘʚʘ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɸʥʦʤʘʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʮʠʨʢʦʥʘ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ (REE ʜʦ 38000 ppm, Y ʜʦ 

50000 ppm, U ʜʦ 24000 ppm, ʚʦʜʘ ʜʦ 3.5 ʤʘʩ.%). 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʢʨʝʧʣʝʥʘ ʦʧʨʦʙʦʚʘʥʠʝʤ 

ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴʶ ʢʘʤʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ; ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ; ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʩʝʤʠʥʘʨʘʭ ʠ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʦʣʦʜʸʞʥʘ ̫ ʥʘʫʯʥʘ ̫ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠ,̫ ʧʦʩʚʷʱʸʥʥʘ ̫ ʧʘʤʷʪʠ ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ɸʅ ʉʉʉʈ ʂ.ʆ. ʂʨʘʪʮʘ ʠ ʘʢʘʜʝʤʠʢʘ ʈɸʅ ʌ.ʇ. ʄʠʪʨʦʬʘʥʦʚʘ çɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠè (2020 ʠ 2023 ʛʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ; 2022 ʛ., 

ɸʧʘʪʠʪʳ); Geological International Student Summit (2021 ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ); ɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʬʦʨʫʤ-ʢʦʥʢʫʨʩ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷè (2021 

ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ); ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʤʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ çʃʦʤʦʥʦʩʦʚè (2021 ʛ., 

ʄʦʩʢʚʘ); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 110-ʣʝʪʠʶ ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ɸʅ ʉʉʉʈ ʄ.ʄ. ʆʜʠʥʮʦʚʘ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè (2021 ʛ., 

ʀʨʢʫʪʩʢ); ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʠʟʦʪʦʧʥʦʡ ʛʝʦʭʨʦʥʦʣʦʛʠʠ çɺʦʟʨʘʩʪ ʠ ʢʦʨʨʝʣʷʮʠʷ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ, ʦʩʘʜʦʯʥʳʭ ʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚè (2022 ʛ., ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ); ɻʦʜʠʯʥʦʝ ʩʦʙʨʘʥʠʝ ʈʦʩʩʠʡʩʢʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʌʸʜʦʨʦʚʩʢʘʷ 
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ʩʝʩʩʠʷ (2023 ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ); XI ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʄʦʣʦʜʳʝ 

ï ʅʘʫʢʘʤ ʦ ɿʝʤʣʝè (2024 ʛ., ʄʦʩʢʚʘ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʚʩʝʭ ʵʪʘʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʦʩʪʘʥʦʚʢʝ 

ʮʝʣʠ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʜʘʯ; ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʦʪʙʦʨʝ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ; ʚ ʘʥʘʣʠʟʝ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

ʦʙʨʘʙʦʪʢʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʚʝʱʝʥʳ ʚ 10 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ (ʧʫʥʢʪʳ 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ˉ 48-54, 63, 64, 144), ʚ ʪʦʤ ʯʠʩʣʝ ʚ 1 ʩʪʘʪʴʝ ï ʚ ʠʟʜʘʥʠʷʭ ʠʟ ʧʝʨʝʯʥʷ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ 

ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ (ʜʘʣʝʝ ï ʇʝʨʝʯʝʥʴ ɺɸʂ), ʚ 2 ʩʪʘʪʴʷʭ ï ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʫ ʮʠʪʠʨʦʚʘʥʠʷ Scopus.   

ʉʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʦʛʣʘʚʣʝʥʠʷ, ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ ʩ ʚʳʚʦʜʘʤʠ ʧʦ ʢʘʞʜʦʡ ʠʟ ʥʠʭ, 

ʟʘʢʣʶʯʝʥʠʷ, ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 208 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʠ ʧʨʠʣʦʞʝʥʠʡ. 

ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 178 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 75 ʨʠʩʫʥʢʦʚ, 21 ʪʘʙʣʠʮʫ ʠ 

6 ʧʨʠʣʦʞʝʥʠʡ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʉ.ɻ. ʉʢʫʙʣʦʚʫ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ, ʯʫʪʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʧʨʦʷʚʣʝʥʥʦʝ ʪʝʨʧʝʥʠʝ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʟʘ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɸ.ʀ. ɻʫʩʝʚʫ, ʅ.ʀ. ɻʫʩʝʚʫ ʠ ɸ.ɺ. ɹʝʨʝʟʠʥʫ.  

ɿʘ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʘʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʆ.ʃ. ɻʘʣʘʥʢʠʥʦʡ, ɽ.ʉ. 

ɹʦʛʦʤʦʣʦʚʫ, ʅ.ɻ. ʈʠʟʚʘʥʦʚʦʡ, ʅ.ɸ. ʉʝʨʛʝʝʚʦʡ (ʀɻɻɼ ʈɸʅ), ʉ.ɻ. ʉʠʤʘʢʠʥʫ, ɽ.ɺ. ʇʦʪʘʧʦʚʫ (ʗʌ 

ʌʊʀɸʅ ʈɸʅ), ʏ.-ʃ. ʃʠ, ʉ.-ʍ. ʃʠ (IGG CAS). 
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ɻʃɸɺɸ 1 ʉʆʉʊʆʗʅʀɽ ʇʈʆɹʃɽʄʓ ʀ ɻɽʆʃʆɻʀʏɽʉʂʆɽ ʉʊʈʆɽʅʀɽ 

1.1 ʉʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ 

ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʘʞʥʝʡʰʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ, 

ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴʶ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʯʝʤ ʧʦʣʚʝʢʘ ʟʘʥʠʤʘʣʠʩʴ ʜʝʩʷʪʢʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʅʠʞʝ ʙʫʜʫʪ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʨʘʙʦʪʳ, ʧʦʚʣʠʷʚʰʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʦʤ ʜʘʥʥʳʭ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ ʃ.ɺ. ʊʘʫʩʦʥʘ çɻʝʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʨʫʜʦʥʦʩʥʦʩʪʴ 

ʛʨʘʥʠʪʦʠʜʦʚè [67] ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʝʥʝʟʠʩ ʛʨʘʥʠʪʦʠʜʦʚ, ʬʘʮʠʘʣʴʥʳʝ ʪʠʧʳ ʵʪʠʭ 

ʧʦʨʦʜ ʚ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴʶ. ɺ 

ʨʘʙʦʪʝ ʜʘʥʘ ʩʪʨʦʛʘʷ ʩ ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʛʨʘʥʠʪʦʠʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʘʤ. ʅʘ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʫʞʝ 

ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʥʪʠʡʥʳʭ, ʙʘʟʘʣʴʪʦʚʳʭ ʠ 

ʘʥʜʝʟʠʪʦʚʳʭ ʤʘʛʤ, ʠʟ ʢʦʪʦʨʦʡ ʚʳʪʝʢʘʶʪ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʥʠʭ 

ʛʨʘʥʠʪʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʥʘʩʣʝʜʫʶʪ ʨʝʜʢʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʤʘʛʤ. ɺ ʧʨʝʜʝʣʘʭ ʛʝʥʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ 

ʛʨʘʥʠʪʦʠʜʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʦʪ ʙʘʟʘʣʴʪʦʚʳʭ ʠ ʘʥʜʝʟʠʪʦʚʳʭ ʤʘʛʤ, ʃ.ɺ. ʊʘʫʩʦʥ ʚʳʜʝʣʷʝʪ ʯʝʪʳʨʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʘ: ʧʣʘʛʠʦʛʨʘʥʠʪʦʠʜʳ ʪʦʣʝʠʪʦʚʦʛʦ ʨʷʜʘ, ʛʨʘʥʠʪʦʠʜʳ ʘʥʜʝʟʠʪʦʚʦʛʦ ʠ 

ʣʘʪʠʪʦʚʦʛʦ ʨʷʜʦʚ, ʘʛʧʘʠʪʦʚʳʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʳ. ʇʘʣʠʥʛʝʥʥʳʝ ʢʦʨʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ 

ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʯʝʪʳʨʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʘ, ʨʘʟʣʠʯʠʷ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʫʙʩʪʨʘʪʘ, ʩ ʜʨʫʛʦʡ, ʧʨʦʮʝʩʩʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʥʳʭ ʤʘʛʤ. ɹʳʣʠ 

ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ: ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʦʠʜʳ, ʛʨʘʥʠʪʦʠʜʳ ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ, 

ʪʠʧ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʣʶʤʘʟʠʪʦʚʳʭ ʠ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ʠ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʛʨʘʥʠʪʦʠʜʳ. ɺ ʨʘʙʦʪʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʦʚʝʜʝʥʠʶ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʛʤ. ʆʩʥʦʚʥʦʡ ʚʳʚʦʜ ʚ ʨʘʙʦʪʘʭ ʃ.ɺ. 

ʊʘʫʩʦʥʘ ʩ ʢʦʣʣʝʛʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʨʫʜʦʥʦʩʥʦʩʪʴ ʣʶʙʦʛʦ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ [68]. 

ɺ ʧʦʩʣʝʜʩʪʚʠʝ, ʚ ʨʫʩʣʝ ʤʠʨʦʚʦʛʦ ʪʨʝʥʜʘ ʨʘʟʚʠʪʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʧʝʪʨʦʣʦʛʠʠ ʠ ʛʝʦʜʠʥʘʤʠʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʢʦʤʧʣʝʢʩʝ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʜʠʘʛʨʘʤʤ ʠ ʠʥʜʠʢʘʪʦʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʦʪʥʦʰʝʥʠʡ ʛʝʦʭʠʤʠʯʝʩʢʠ ʨʦʜʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʠ ʨʷʜʝ ʜʨʫʛʠʭ ʧʨʠʟʥʘʢʦʚ), ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʩʣʝʜʫʶʱʠʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʨʘʥʠʪʦʠʜʦʚ. 
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ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʛʨʘʥʠʪʦʠʜʦʚ ʷʚʣʷʝʪʩʷ 

çʘʣʬʘʚʠʪʥʘʷè ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɹ. ʏʘʧʧʝʣʦʤ ʠ ɸ. ʋʘʡʪʦʤ [92]. ɸʚʪʦʨʳ ʚʳʜʝʣʠʣʠ 

ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʛʨʘʥʠʪʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʛʨʘʥʠʪʳ S-ʪʠʧʘ (ʦʩʘʜʦʯʥʳʝ) ʠ I-ʪʠʧʘ 

(ʠʟʚʝʨʞʝʥʥʳʝ). ɻʨʘʥʠʪʦʠʜʳ S-ʪʠʧʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʧʣʘʚʣʝʥʠʷ ʦʩʘʜʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʠʩʪʦʯʥʠʢʦʤ ʛʨʘʥʠʪʦʠʜʦʚ I-ʪʠʧʘ ʷʚʣʷʶʪʩʷ (ʤʝʪʘ)ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ. ʅʝʩʢʦʣʴʢʦ 

ʧʦʟʜʥʝʝ ʙʳʣ ʚʳʜʝʣʝʥ ʪʨʝʪʠʡ ʪʠʧ ʛʨʘʥʠʪʦʠʜʦʚ ï ʛʨʘʥʠʪʳ ʄ-ʪʠʧʘ (ʤʘʥʪʠʡʥʳʝ), ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʩʫʙʜʫʮʠʨʫʝʤʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠʣʠ 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʤʘʥʪʠʡʥʦʛʦ ʢʣʠʥʘ. ʏʝʪʚʝʨʪʳʡ ʪʠʧ ʛʨʘʥʠʪʦʠʜʦʚ ï ʛʨʘʥʠʪʳ ɸ-ʪʠʧʘ 

(ʠʥʜʝʢʩ ɸ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢʘʢ ʘʥʦʨʦʛʝʥʥʳʡ, ʨʝʞʝ ï ʙʝʟʚʦʜʥʳʡ ʠ ʱʝʣʦʯʥʦʡ), 

ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [149], ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʚ ʯʘʩʪʠ ʝʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʛʨʘʥʠʪʦʠʜʦʚ ɸ-ʪʠʧʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʨʦʜʳ ʥʠʞʥʝʡ 

ʢʦʨʳ, ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʤʝʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʠ ʢʠʩʣʳʭ ʤʘʛʤ, ʠʣʠ ʨʝʟʫʣʴʪʘʪ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʘʟʘʣʴʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ. ʈʦʣʴ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʘʥʦʨʦʛʝʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʙʦʪʘʭ ʅ.ʃ. ɼʦʙʨʝʮʦʚʘ [27, 28]. ɻʣʫʙʠʥʥʳʝ ʬʣʶʠʜʥʳʝ 

ʧʦʪʦʢʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʨʘʥʠʪʦʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ ʌ. 

ɸ. ʃʝʪʥʠʢʦʚʘ [46, 47]. ʇʨʦʮʝʩʩʳ ʛʣʫʙʦʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ ɺ.ʉ. ɸʥʪʠʧʠʥʘ ʩ ʢʦʣʣʝʛʘʤʠ [4]. 

ʏʝʪʳʨʝ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʪʠʧʘ ʛʨʘʥʠʪʦʠʜʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʪʠʧʦʚ ʠʤʝʝʪ ʩʚʦʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʝʪʨʦ- ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʨʘʥʠʪʦʠʜʦʚ, ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʤʥʦʞʝʩʪʚʝ ʨʘʙʦʪ, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ [78, 79, 85, 87, 93, 

109]. ʍʦʪʷ ʛʨʘʥʠʪʳ ʨʘʧʘʢʠʚʠ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʥʦ ʥʝʣʴʟʷ ʥʝ 

ʦʪʤʝʪʠʪʴ ʦʙʦʙʱʘʶʱʫʶ ʤʦʥʦʛʨʘʬʠʶ ɸ.ʄ. ʃʘʨʠʥʘ [43], ʩʦʜʝʨʞʘʱʫʶ ʤʥʦʛʦ ʩʦʚʨʝʤʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʝʪʨʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʵʪʠʭ ʧʦʨʦʜ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ɸ-ʛʨʘʥʠʪʦʚ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʙʣʝʤʘʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʦʛʝʥʥʦ-ʩʢʣʘʜʯʘʪʳʭ ʩʦʦʨʫʞʝʥʠʡ ʬʘʥʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʨʦʛʝʥʝʟʘ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʭʦʜʠʪ ʧʨʦʙʣʝʤʘ ʟʘʨʦʞʜʝʥʠʷ, ʧʦʜʲʝʤʘ, 

ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʚʳʚʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʠʪʦʠʜʥʳʭ ʙʘʪʦʣʠʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤʠ 

ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʩʢʫʯʠʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʩʪʷʞʝʥʠʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʳ. ʀʟʫʯʝʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʙʘʪʦʣʠʪʦʚ ʠ 

ʠʭ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʠʣʦ ʥʦʚʦʝ ʨʘʟʚʠʪʠʝ ʚ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʩʦʩʪʘʚʘ ʧʨʦʪʦʣʠʪʦʚ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʨʘʥʠʪʦʦʙʨʘʟʦʚʘʥʠʷ [21, 22, 35, 69, 73]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʤʘʩʰʪʘʙʥʦʝ ʛʨʘʥʠʪʦʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʜ ʦʨʦʛʝʥʥʳʤ ʛʦʨʥʦ-ʩʢʣʘʜʯʘʪʳʤ 

ʩʦʦʨʫʞʝʥʠʝʤ [17]. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʙʘʪʦʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʚʳʩʪʫʧʘʝʪ ʧʘʩʩʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʛʤ 

ʧʨʠ ʩʜʚʠʛʦʚʦ-ʨʘʟʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʷʭ ʚ ʣʠʪʦʩʬʝʨʝ (çʤʷʛʢʘʷè ʢʦʣʣʠʟʠʷ), ʧʨʠ ʵʪʦʤ 

ʪʝʨʤʦʭʨʦʥʦʣʦʛʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʙʘʪʦʣʠʪʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣ 10-30 ʤʣʥ ʣʝʪ. 

ɺʘʞʥʝʡʰʝʝ ʤʝʩʪʦ ʩʨʝʜʠ ʛʨʘʥʠʪʦʠʜʦʚ, ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʥʝʟʠʩʘ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʟʥʘʯʠʤʦʩʪʠ, ʟʘʥʠʤʘʶʪ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʦʠʜʳ. ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʘʢʮʝʩʩʦʨʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʥʝʢʦʪʦʨʳʝ 

ʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ çʘʧʦʛʨʘʥʠʪʘʤè (ʥʘʧʨʠʤʝʨ, [11]).  

ʈʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʳ ʚʭʦʜʷʪ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʚ ʙʦʣʝʝ ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ 

ʨʫʜʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ï ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʪʝʢʩʪʫʨ ʠ ʩʪʨʫʢʪʫʨ, ʩ ʯʝʤ ʪʘʢ 

ʠʣʠ ʠʥʘʯʝ ʩʚʷʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [57]. ʈʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʦʚʳʝ 

ʬʦʨʤʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ ʉ.ʄ. ɹʝʩʢʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [6]. 

ɺ ʤʦʥʦʛʨʘʬʠʠ ɺ.ʀ. ʂʦʚʘʣʝʥʢʦ [38] ʩʚʝʜʝʥʳ ʠʟʚʝʩʪʥʳʝ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʘʥʥʳʝ ʧʦ 

ʛʝʦʣʦʛʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ, ʧʝʪʨʦ- ʠ ʛʝʦʭʠʤʠʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʠʭ ʚʫʣʢʘʥʦʛʝʥʥʳʭ 

ʘʥʘʣʦʛʦʚ. ɼʣʷ ʠʭ ʢʘʞʜʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʩʝʨʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ, ʪʠʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʫʩʪʘʥʦʚʣʝʥʘ ʵʚʦʣʶʮʠʷ ʩʦʩʪʘʚʘ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʨʘʩʧʣʘʚʘʤʠ ʠ ʤʠʥʝʨʘʣʘʤʠ, ʨʫʜʥʘʷ 

ʥʘʛʨʫʟʢʘ ʠ ʜʨʫʛʠʝ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʣʘʚʳ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʭ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ʤʦʛʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʘʣʷʩʢʠʪʦʚʦʡ ʤʘʛʤʳ, 

ʥʘʩʳʱʝʥʥʦʡ F, ʘ ʤʘʛʤʳ ʘʛʧʘʠʪʦʚʳʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ï ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ 

ʱʝʣʦʯʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʧʨʦʷʚʣʝʥʠʷ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʪʷʛʦʪʝʶʱʠʝ ʢ ʟʦʥʘʤ (ʧʘʣʝʦ)ʩʫʙʜʫʢʮʠʠ ʠ 

ʨʠʬʪʦʚʳʤ ʩʠʩʪʝʤʘʤ. 

ʇʦʟʜʥʝʝ, ʚ ʨʘʙʦʪʘʭ ɺ.ʀ. ʂʦʚʘʣʝʥʢʦ ʩ ʩʦʘʚʪʦʨʘʤʠ [33, 34, 36, 37] ʨʘʩʩʤʦʪʨʝʥʘ 

ʧʨʦʙʣʝʤʘʪʠʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʨʫʜʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʛʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï 

ʜʣʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ, ʧʫʪʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʡ 

ʩʦʦʪʥʦʰʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʘʚʪʦʨʘʤʠ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʠʟʦʪʦʧʥʳʝ ʤʝʪʦʜʳ, 

ʚ ʯʘʩʪʥʦʩʪʠ, Sr-Nd ʠʟʦʪʦʧʥʘʷ ʩʠʩʪʝʤʘʪʠʢʘ. 

ɺ ʨʘʙʦʪʝ ʖ.ɹ. ʄʘʨʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [55] ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʨʝʭ ʪʠʧʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 
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ʭʠʤʠʯʝʩʢʦʤʫ ʠ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. ʅʘ 

ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʝʜʝʥ 

ʫʩʨʝʜʥʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʠʟ ʵʪʘʣʦʥʥʳʭ ʤʘʩʩʠʚʦʚ ʢʘʞʜʦʛʦ ʪʠʧʘ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʱʝʣʦʯʥʳʭ 

ʛʨʘʥʠʪʦʚ. 

ʇʨʠʤʝʨʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʘʙʦʪʳ 

ɺ.ʀ. ɸʣʝʢʩʝʝʚʘ [1, 2], ʚ ʢʦʪʦʨʳʭ ʦʙʦʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʛʝʦʣʦʛʠʠ, ʧʝʪʨʦʛʨʘʬʠʠ, 

ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʭ ʛʨʘʥʠʪʦʚ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ. ɸʚʪʦʨʦʤ, ʥʘ ʦʩʥʦʚʝ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʧʦʷʩʘ ʣʠʪʠʡ-

ʬʪʦʨʠʩʪʳʭ ʛʨʘʥʠʪʦʚ, ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚʦʣʴʬʨʘʤ-ʦʣʦʚʦʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʷʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʦʩʩʠʡʩʢʦʛʦ ʩʝʢʪʦʨʘ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʷʩʘ ʩ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ ʛʨʘʥʠʪʘʤʠ. 

ʈʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʳ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʦʛʦ ʪʠʧʘ ʚ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʤ ʩʢʣʘʜʯʘʪʦʤ 

ʧʦʷʩʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ ɺ.ʉ. ɸʥʪʠʧʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [5]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ Li-F ʛʨʘʥʠʪʳ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʘʨʝʘʣʘʭ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʦʙʨʘʟʫʶʪ ʢʨʫʧʥʳʝ 

ʤʥʦʛʦʬʘʟʥʳʝ ʤʘʩʩʠʚʳ ʠ ʤʘʣʳʝ ʠʥʪʨʫʟʠʠ, ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʩʚʦʠʤ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʦʙʦʛʘʱʝʥʳ Sn, W, Li, Rb, Ta, Nb ʠ ʷʚʣʷʶʪʩʷ ʨʫʜʦʥʦʩʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʦʤ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʷʭ ʵʚʦʣʶʮʠʠ ʛʨʘʥʠʪʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ. ʇʨʠ ʵʚʦʣʶʮʠʠ Li-F ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚʘʞʥʘʷ ʨʦʣʴ ʧʨʠʜʘʝʪʩʷ ʛʣʫʙʠʥʥʳʤ 

ʬʣʶʠʜʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʧʨʦʮʝʩʩʘʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʳ ʚ ʢʦʨʦʚʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʘʤʝʨʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʘʩʩʦʮʠʠʨʫʶʱʝʡ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʉ.ʄ. ɹʝʩʢʠʥʳʤ ʠ ʖ.ɹ. ʄʘʨʠʥʳʤ [7] ʧʨʝʜʣʦʞʝʥʘ ʤʘʪʨʠʯʥʘʷ ʩʠʩʪʝʤʘʪʠʢʘ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʛʨʘʥʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ɸʚʪʦʨʘʤʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʚʨʝʤʝʥʠ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʚ ʠʩʪʦʨʠʠ 

ɿʝʤʣʠ. 

ʇʨʦʙʣʝʤʳ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʛʨʘʥʠʪʥʳʤʠ ʧʝʛʤʘʪʠʪʘʤʠ, 

ʦʙʲʝʜʠʥʷʝʤʳʤʠ ʩ ʛʨʘʥʠʪʘʤʠ ʚ ʧʝʛʤʘʪʠʪʦʥʦʩʥʳʝ ʛʨʘʥʠʪʦʚʳʝ ʩʠʩʪʝʤʳ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ 

ʉ.ʄ. ɹʝʩʢʠʥʘ ʠ ʖ.ɹ. ʄʘʨʠʥʘ ʫʪʦʯʥʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʩ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ ʧʝʛʤʘʪʠʪʘʤʠ; ʧʨʝʜʣʦʞʝʥʦ ʚʳʜʝʣʷʪʴ ʰʝʩʪʴ ʨʘʟʥʦʪʠʧʥʳʭ ʧʝʛʤʘʪʠʪʦʥʦʩʥʳʭ 

ʛʨʘʥʠʪʦʚʳʭ ʩʠʩʪʝʤ [8-10]. 

ʈʦʣʴ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʘʢʪʠʚʥʦ 

ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʤʦʞʥʦ ʣʠ ʵʬʬʝʢʪʠʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʛʨʘʥʠʪʥʫʶ ʤʘʛʤʫ ʧʫʪʝʤ 
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ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [98, 196, 204]. ʍʦʪʷ ʛʨʘʥʠʪʥʘʷ ʤʘʛʤʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ ʠʟ-

ʟʘ ʩʦʜʝʨʞʘʥʠʷ SiO2, ʫʩʪʘʥʦʚʣʝʥʦ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʛʨʘʥʠʪʦʚ ʠ ʚʘʨʠʘʮʠʷʭ 

ʠʭ ʩʦʩʪʘʚʘ, ʯʪʦ ʤʘʛʤʘ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʕʪʠ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʦʩʘʞʜʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ, ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʦʚ. ʅʘʧʨʦʪʠʚ, ʨʘʟʜʝʣʝʥʠʝ ʨʘʩʧʣʘʚʦʚ 

ʠʣʠ ʠʭ çʩʦʨʪʠʨʦʚʢʘè (ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʤʝʭʘʥʠʟʤʘ ʬʠʣʴʪʨ-ʧʨʝʩʩʠʥʛʘ [169]) ʚ ʧʨʦʮʝʩʩʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʩʪʝʧʝʥʠ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ, ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʣʘʙʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʠ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ) ʠ ʛʨʘʥʠʪʳ ʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ [196]. ɺʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʥʳʝ ʤʘʛʤʳ ʦʙʳʯʥʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʥʘʯʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠʣʠ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʙʦʣʝʝ 

ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʨʘʢʮʠʦʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ çʦʙʳʯʥʦʛʦè ʛʨʘʥʠʪʥʦʛʦ ʨʘʩʧʣʘʚʘ. 

ɺʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʛʨʘʥʠʪʥʘʷ ʤʘʛʤʘ ʣʝʛʢʦ ʢʦʥʪʘʤʠʥʠʨʫʝʪʩʷ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʧʨʠʟʥʘʢʦʤ ʟʨʝʣʦʩʪʠ ʩʦʩʪʘʚʘ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʩ ʥʠʤʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʨʝʜʢʦʤʝʪʘʣʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ (W, Sn, Nb, Ta, 

Li, Be, Rb, Cs, REE ʠ ʜʨ. [32]). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ʬʨʘʢʮʠʦʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʤʘʛʤʳ ʧʦʩʣʝ ʝʝ ʚʥʝʜʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʚʳʟʳʚʘʶʱʠʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʛʨʘʥʠʪʦʚ [81, 195]. 

ʂʦʥʮʝʧʮʠʷ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʠʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ) 

ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ɻ.ʌ. ɹʝʢʢʝʨʦʤ [83]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʵʪʦʛʦ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʦʪʜʝʣʝʥʠʝ 

(ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ). ʇʦʩʣʝ ʙʦʣʝʝ ʯʝʤ ʩʪʦʣʝʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʙʲʷʩʥʝʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠ ʨʘʩʧʣʘʚʘ, ʚʢʣʶʯʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʦʩʘʞʜʝʥʠʝ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʧʦʪʦʢʘ ʨʘʩʧʣʘʚʘ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʦʨʪʠʨʦʚʢʫ, ʪʝʨʤʠʯʝʩʢʫʶ 

ʜʠʬʬʫʟʠʶ ʠʣʠ ʢʦʥʚʝʢʪʠʚʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʦʩʥʦʚʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʤʘʛʤʝ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʡʩʷ ʚ ʚʠʜʝ 

ʢʦʤʧʣʝʢʩʦʚ ʛʘʙʙʨʦʠʜʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʳ ʧʫʪʝʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʦʩʪʘʚʘʣʘʩʴ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩʦʤ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ 

ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʭʘʥʠʟʤ çʬʠʣʴʪʨ-ʧʨʝʩʩʠʥʛʘè [76, 115, 198]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ. ɺʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʡ 

(ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʚʰʠʡ) ʛʨʘʥʠʪ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʪʠʧ ʛʨʘʥʠʪʘ. 

ɺ ʮʝʣʦʤ, ʛʨʘʥʠʪʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʝʪʝʨʧʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʦʛʨʘʥʠʯʝʥʥʫʶ ʩʪʝʧʝʥʴ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʩʣʘʙʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʳ. ʃʝʡʢʦʛʨʘʥʠʪʳ ʠʣʠ ʘʣʷʩʢʠʪʳ ʩʦʜʝʨʞʘʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʦʩʥʦʚʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʠʣʴʥʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʳ. ʅʝʢʦʪʦʨʳʝ ʛʨʘʥʠʪʳ, 

ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʩʦʙʦʤʫ ʫʣʴʪʨʘ-ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʤʫ ʪʠʧʫ [89, 91]. ɺʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʛʨʘʥʠʪʥʳʝ ʘʧʣʠʪʳ ʠʣʠ ʧʝʛʤʘʪʠʪʳ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ 

ʚʳʩʪʫʧʘʶʪ ʚʘʞʥʳʤʠ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ [103, 150].  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʥʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʠʣʠ ʩʣʘʙʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ 

ʛʨʘʥʠʪʘʤʠ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʚ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚ 

ʦʩʥʦʚʥʦʤ ʤʠʢʨʦʢʣʠʥ ʠʣʠ ʜʘʞʝ ʘʤʘʟʦʥʠʪ (ʙʦʛʘʪʳʡ Rb ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ), ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʧʣʘʛʠʦʢʣʘʟʘ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʚ ʩʪʦʨʦʥʫ ʘʣʴʙʠʪʘ. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʘʤʬʠʙʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʛʘʱʝʥʠʶ ʨʘʩʧʣʘʚʦʚ Al ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʜʝʢʩʘ ʥʘʩʳʱʝʥʠʷ ʘʣʶʤʠʥʠʝʤ 

(ASI) ʠ ʧʦʷʚʣʝʥʠʶ ʤʫʩʢʦʚʠʪʘ ʠ Mn-ʛʨʘʥʘʪʘ (ʩʧʝʩʩʘʨʪʠʥʘ). ʂʨʦʤʝ ʪʦʛʦ, ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʦʩʪʘʪʦʯʥʦʤ ʨʘʩʧʣʘʚʝ, ʪʘʢʠʝ ʢʘʢ ʚʦʜʘ, Li, F, B, Cl ʠ P, ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ, ʯʪʦ 

ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʝʧʠʜʦʣʠʪʘ, ʩʧʦʜʫʤʝʥʘ, ʧʝʪʘʣʠʪʘ, ʬʣʶʦʨʠʪʘ, ʪʦʧʘʟʘ, 

ʪʫʨʤʘʣʠʥʘ, ʘʧʘʪʠʪʘ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ [208].  

ɺʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʳ ʦʪʣʠʯʘʪʁʩʷ ʦʪ ʜʨʫʛʠʭ ʛʨʘʥʠʪʦʚ ʢʘʢ ʤʠʥʝʨʘʣʴʥʳʤ 

ʧʘʨʘʛʝʥʝʟʠʩʦʤ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ. ɸʚʪʦʢʨʠʩʪʳ ʮʠʨʢʦʥʘ ʠʟ 

ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Hf ʠ P, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʚʘʞʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ɼʣʷ 

ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ ʢʘʢ ʚʘʣʦʚʘʷ ʧʦʨʦʜʘ, ʪʘʢ ʠ ʮʠʨʢʦʥ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʥʠʟʢʠʝ ʦʪʥʦʰʝʥʠʷ Zr/Hf, ʯʝʤ ʜʣʷ çʦʙʳʯʥʳʭè ʛʨʘʥʠʪʦʚ [32, 82, 102]. ɹʨʝʡʪʝʨ ʩ ʩʦʘʚʪʦʨʘʤʠ 

[88] ʧʨʝʜʣʦʞʠʣʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʘʥʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʦʪʥʦʰʝʥʠʷ Zr/Hf ʚ ʧʦʨʦʜʝ ï 

ʦʙʳʯʥʳʡ ʛʨʘʥʠʪ (Zr/Hf > 55), ʫʤʝʨʝʥʥʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʛʨʘʥʠʪ (25 < Zr/Hf < 55) ʠ 

ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʛʨʘʥʠʪ (Zr/Hf < 25). ʇʦʤʠʤʦ Hf, ʩʦʜʝʨʞʘʥʠʝ U ʠ Th ʪʘʢʞʝ ʚʳʰʝ ʚ 

ʮʠʨʢʦʥʝ ʠʟ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʛʨʘʥʠʪʘ, ʢʘʢ ʠ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʮʠʨʢʦʥʝ [183].  

ɺ ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʝ, ʧʦ ʤʝʨʝ ʵʚʦʣʶʮʠʠ, ʦʙʳʯʥʦ ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ Zr ʟʘ ʩʯʝʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʠʨʢʦʥʘ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʤʦʥʘʮʠʪʘ ʠ ʢʩʝʥʦʪʠʤʘ [172]. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʨʠʣʣ ʠ ʢʦʣʫʤʙʠʪ-ʪʘʥʪʘʣʠʪ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʘʭ [96, 155]. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʛʨʘʥʠʪʘ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʷʜʦʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʛʨʘʥʠʪ ʠʤʝʝʪ ʩʚʦʠ ʷʨʢʦ ʧʨʦʷʚʣʝʥʥʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʪʣʠʯʠʪʴ ʝʛʦ 

ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʩʠʣʝʥʠʷ ʵʪʠʭ 
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ʢʨʠʪʝʨʠʝʚ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ 

ʛʨʘʥʠʪʦʚ ʷʚʣʷʶʪʩʷ ʛʣʠʥʦʟʝʤʠʩʪʳʤʠ (ʧʝʨʛʣʠʥʦʟʝʤʠʩʪʳʤʠ ʧʦ ʟʘʨʫʙʝʞʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ), ʯʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʘʪʘ ʠ ʤʫʩʢʦʚʠʪʘ, ʣʠʙʦ ʥʠʟʢʦʛʣʠʥʦʟʝʤʠʩʪʳʤʠ 

ʱʝʣʦʯʥʳʤʠ ʛʨʘʥʠʪʘʤʠ. 

ɺ ʭʦʜʝ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʝ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ 

ʩʦʜʝʨʞʘʥʠʝ Cr, Ni, Co, Sr, Ba, Zr ʠ ʜʨʫʛʠʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ Li, Rb, Cs ʠ ʜʨ. 

(ʥʘʧʨʠʤʝʨ, [118, 143]). ʆʪʥʦʰʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʰʝʥʠʷ Rb/Sr, Rb/Ba ʠ K/Rb [125]. ɼʣʷ ʦʙʳʯʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʪʥʦʰʝʥʠʷ K/Rb, Zr/Hf, Nb/Ta ʠ Y/Ho ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚ ʭʦʜʝ 

ʵʚʦʣʶʮʠʠ (ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ/ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ), ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʵʣʝʤʝʥʪʳ 

ʛʝʦʭʠʤʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ, ʦʙʨʘʟʥʦ ʛʦʚʦʨʷ, ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ-çʙʣʠʟʥʝʮʘʤʠè [122]. ʆʜʥʘʢʦ 

ʵʪʠ ʦʪʥʦʰʝʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʘʛʤʳ [32, 77, 82, 97]. ɹʳʣʦ 

ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʮʠʨʢʦʥʦʤ, ʦʪʥʦʰʝʥʠʝ Zr/Hf ʠ Nb/Ta ʚ ʧʦʨʦʜʝ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʠʟʥʘʢ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʳ [32, 77, 167]. 

ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʦʪʥʦʰʝʥʠʷ Zr/Hf = 26 ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʛʨʘʥʠʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [82]. ʆʪʥʦʰʝʥʠʝ Nb/Ta ʦʢʦʣʦ 5 ʚ 

ʧʝʨʘʣʶʤʠʥʠʝʚʳʭ ʛʨʘʥʠʪʘʭ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʧʝʨʦʤ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʦʡ 

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʠ ʤʘʛʤʘʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ [77]. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʘ ʚʝʣʠʯʠʥʘ, ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʝʪ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʠ çʯʨʝʟʚʳʯʘʡʥʦè ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʛʨʘʥʠʪʘʤʠ, ʭʦʪʷ 

ʧʦʩʣʝʜʥʠʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ (ʦʙʟʦʨ 

ʣʠʪʝʨʘʪʫʨʳ ʚ [196]).  

ʄʘʛʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʝʪ ʩʚʦʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʭʦʜʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʠ 

ʧʦʵʪʦʤʫ ʩʦʜʝʨʞʘʥʠʝ Zr ʚ ʨʘʩʧʣʘʚʝ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʛʨʘʥʠʪʘ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʉʦʜʝʨʞʘʥʠʝ REE ʧʨʦʛʨʝʩʩʠʚʥʦ ʩʥʠʞʘʝʪʩʷ ʚ 

ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʘʭ, ʘ ʩʦʦʪʥʦʰʝʥʠʝ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ REE ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʨʠ ʙʦʣʝʝ ʧʨʦʷʚʣʝʥʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ Eu-ʘʥʦʤʘʣʠʷʭ [118, 145, 156, 157].  

ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʘ, ʤʦʥʘʮʠʪʘ, ʘʣʣʘʥʠʪʘ, 

ʢʩʝʥʦʪʠʤʘ, ʛʨʘʥʘʪʘ ʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʨʘʩʧʣʘʚʘ. ʊʘʢʞʝ ʚ 

ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʘʭ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʪʨʘʜʥʳʡ ʵʬʬʝʢʪ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

REE. ɼʣʷ çʦʙʳʯʥʳʭè ʧʦʨʦʜ ʩʧʝʢʪʨʳ REE ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʚʥʫʶ ʢʨʠʚʫʶ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʠ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʠʥʪʝʥʩʠʚʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʩʪʘʪʦʯʥʳʡ ʨʘʩʧʣʘʚ ʙʫʜʝʪ ʦʙʦʛʘʱʝʥ ʬʣʶʠʜʦʤ, ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʤʝʥʠʪ 

ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE [82, 133, 152, 161].  
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ʀʟʦʪʦʧʥʳʝ ʩʠʩʪʝʤʳ Sr, Nd, Hf ʠ Pb, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʥʬʦʨʤʘʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ 

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʳʯʥʦ ʦʪʨʘʞʘʶʪ ʭʘʨʘʢʪʝʨ ʠʩʪʦʯʥʠʢʘ, ʝʩʣʠ 

ʛʨʘʥʠʪʥʘʷ ʤʘʛʤʘ ʥʝ ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʘ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʠʣʠ ʜʨʫʛʠʤʠ ʨʘʩʧʣʘʚʘʤʠ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʧʨʦʙʣʝʤʳ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʨʘʢʮʠʦʥʥʘʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʳ [196]. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʛʨʘʥʠʪʘ ʪʝʩʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʩʧʣʘʚʘ ʠ ʝʛʦ ʦʙʦʛʘʱʝʥʠʝʤ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɺʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʳ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʳ ʩ ʧʦʩʪʦʨʦʛʝʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʨʘʩʪʷʞʝʥʠʷ. ʉ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʯʘʩʪʦ 

ʩʚʷʟʘʥʘ ʨʝʜʢʦʤʝʪʘʣʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ (W, Sn, Nb, Ta, Li, Be, REE ʠ ʜʨ.), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʳ ʷʚʣʷʪʁʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ 

ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ [196]. ɺʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʳ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʟʨʝʣʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ. 

1.2 ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɻʦʨʥʦʛʦ ɸʣʪʘʷ 

ɻʦʨʥʳʡ ɸʣʪʘʡ ʟʘʥʠʤʘʝʪ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ 

(ɸʉʉʆ). ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ɻʦʨʥʳʡ ɸʣʪʘʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʝʢʪʦʨʦʚ 

ʢʨʫʧʥʝʡʰʝʛʦ ʚ ʤʠʨʝ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʚ, ʬʨʘʛʤʝʥʪʦʚ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ [20]. ʆʙʱʝʡ ʯʝʨʪʦʡ 

ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʟʚʠʪʠʝ ʛʨʘʥʠʪʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʦʙʲʝʤʫ ʚ ʜʝʩʷʪʢʠ 

ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʪ ʙʘʟʠʪ-ʫʣʴʪʨʘʙʘʟʠʪʳ ʢʨʫʧʥʳʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʨʦʚʠʥʮʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ 

ʧʨʝʜʝʣʘʭ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ. ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʛʨʘʥʠʪʦʠʜʦʚ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ï ʦʥʠ ʥʝʩʫʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ ʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʬʨʦʚʘʪʴ 

ʩʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ ʣʠʪʦʩʬʝʨʳ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ [3, 20, 42]. 

ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ɸʣʪʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʵʚʦʣʶʮʠʝʡ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ 

ʦʢʝʘʥʘ ʠ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: 

-  ʇʝʨʚʳʡ ʵʪʘʧ (ʨʠʬʝʡ ï ʨʘʥʥʠʡ ʢʝʤʙʨʠʡ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʦʚ, ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʦʜʥʷʪʠʡ ʠ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʩ ʧʨʝʜ- ʠ ʟʘʜʫʛʦʚʳʤʠ 

ʙʘʩʩʝʡʥʘʤʠ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʜʚʦʜʥʳʭ ʛʦʨ, ʧʝʨʝʢʨʳʪʳʭ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ; 

-  ɺʪʦʨʦʡ ʵʪʘʧ (ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʠʡ ï ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʠʡ) ʙʳʣ ʚʨʝʤʝʥʝʤ ʘʢʪʠʚʥʦʛʦ 

ʨʦʩʪʘ ʟʝʤʥʦʡ ʢʦʨʳ ɸʣʪʘʷ, ʢʦʛʜʘ ʦʢʨʘʠʥʥʦʤʦʨʩʢʠʝ ʠ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ɻʦʥʜʚʘʥʘ, 

ʧʨʠʩʦʝʜʠʥʷʣʠʩʴ ʢ ʉʠʙʠʨʩʢʦʤʫ ʢʦʥʪʠʥʝʥʪʫ. ɸʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʝ ʩʦʙʳʪʠʷ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʜʝʬʦʨʤʘʮʠʝʡ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʣʘʫʢʘʬʘʥʦʚʳʭ ʧʦʷʩʦʚ, 

ʙʘʟʠʪʦʚʳʤ ʠ ʛʨʘʥʠʪʦʠʜʥʳʤ ʤʘʛʤʘʪʠʟʤʦʤ [18]. ʀʥʪʝʥʩʠʚʥʘʷ ʵʨʦʟʠʷ ʤʦʣʦʜʳʭ ʦʨʦʛʝʥʥʳʭ 
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ʩʪʨʫʢʪʫʨ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʪʫʨʙʠʜʠʪʦʚʳʭ ʙʘʩʩʝʡʥʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʘ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʝ; 

-  ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ (ʩʨʝʜʥʠʡ ʦʨʜʦʚʠʢ ï ʨʘʥʥʠʡ ʜʝʚʦʥ) ɻʦʨʥʳʡ ɸʣʪʘʡ ʧʝʨʝʞʠʚʘʣ 

ʪʝʢʪʦʥʦʤʘʛʤʘʪʠʯʝʩʢʦʝ ʟʘʪʠʰʴʝ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ. ʆʙʳʯʥʦ ʵʪʦʪ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ɸʣʪʘʷ ʩʚʷʟʳʚʘʶʪ ʩ ʦʙʩʪʘʥʦʚʢʦʡ ʧʘʩʩʠʚʥʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. ʇʨʠ ʵʪʦʤ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [13], ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʦʢʨʘʠʥʘ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʠʤʝʣʘ ʪʨʘʥʩʬʦʨʤʥʳʡ ʭʘʨʘʢʪʝʨ; 

-  ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ (ʜʝʚʦʥ ï ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʨʦʞʜʝʥʠʝʤ ʠ 

ʵʚʦʣʶʮʠʝʡ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. ɺ ʨʘʥʥʝʤ ʜʝʚʦʥʝ ʣʠʪʦʩʬʝʨʘ ʆʙʴ-ɿʘʡʩʘʥʩʢʦʛʦ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʙʳʣʘ ʩʫʙʜʫʮʠʨʦʚʘʥʘ ʧʦʜ ʢʨʘʡ ʉʠʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʜʝʩʴ ʚʦʟʥʠʢʣʘ ʘʢʪʠʚʥʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʦʢʨʘʠʥʘ ʘʥʜʩʢʦʛʦ ʪʠʧʘ. ʅʘʯʘʣʦ 

ʘʢʪʠʚʥʦʡ ʛʨʘʥʠʮʳ ʩʦʚʧʘʣʦ ʩ ʩʦʙʳʪʠʝʤ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ɸʉʉʆ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʫʙʜʫʢʮʠʠ ʚʦʟʥʠʢʣʘ ʩʠʩʪʝʤʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʷʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʈʫʜʥʦ-ɸʣʪʘʡʩʢʘʷ 

ʧʘʣʝʦʦʩʪʨʘʚʥʘʷ ʜʫʛʘ. ɺ ʧʦʟʜʥʝʤ ʜʝʚʦʥʝ ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʤʝʥʠʣʘʩʴ ʤʘʛʤʘʪʠʟʤʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʫʧʥʳʭ ʛʨʘʥʠʪʥʳʭ ʙʘʪʦʣʠʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʦʩʪʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʢʦʨʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʷ [18, 41]; 

-  ʇʷʪʳʡ ʵʪʘʧ (ʛʨʘʥʠʮʘ ʨʘʥʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʨʠʦʜʘ) ʩʚʷʟʘʥ ʩ 

ʦʢʦʥʯʘʥʠʝʤ ʢʦʣʣʠʟʠʠ ʉʠʙʠʨʩʢʦʛʦ ʠ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʦʚ ʠ ʟʘʢʨʳʪʠʝʤ ʆʙʴ-

ɿʘʡʩʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʘ ʪʘʢʞʝ ʦʢʦʥʯʘʥʠʝʤ ʵʚʦʣʶʮʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. ɿʘʚʝʨʰʝʥʠʝ 

ʢʦʣʣʠʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦʚʧʘʣʦ ʩ ʧʠʢʦʤ ʘʢʪʠʚʥʦʩʪʠ ʊʘʨʠʤʩʢʦʛʦ ʧʣʶʤʘ ʥʘ ʛʨʘʥʠʮʝ ʢʘʨʙʦʥʘ-

ʧʝʨʤʠ. ʅʘʯʠʥʘʷ ʩ ʵʪʦʛʦ ʵʪʘʧʘ, ʪʝʨʨʠʪʦʨʠʷ ɸʣʪʘʷ ʨʘʟʚʠʚʘʣʘʩʴ ʚʦ ʚʥʫʪʨʠʧʣʠʪʥʦʤ (ʘʥʦʨʦʛʝʥʥʦʤ) 

ʨʝʞʠʤʝ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʚ ʨʝʛʠʦʥʝ ʧʨʦʠʟʦʰʣʠ ʥʘ ʛʨʘʥʠʮʝ 

ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ ʠ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʘʢʪʠʚʥʦʩʪʴʶ ʉʠʙʠʨʩʢʦʛʦ ʩʫʧʝʨʧʣʶʤʘ [18, 41]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ɸʣʪʘʷ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʵʪʘʧʥʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ, ʛʜʝ ʘʢʢʨʝʮʠʦʥʥʳʝ ʠ ʢʦʣʣʠʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʤʝʥʷʣʠʩʴ ʵʧʠʟʦʜʘʤʠ 

ʠʥʪʝʥʩʠʚʥʳʭ ʩʜʚʠʛʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʙʣʦʢʦʚ ʧʦ ʛʣʫʙʠʥʥʳʤ ʨʘʟʣʦʤʘʤ ʠ ʚʩʧʳʰʢʘʤ 

ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ɸʉʉʆ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʝʜʠʥʘʷ ʚʝʥʜ-ʧʘʣʝʦʟʦʡʩʢʘʷ 

ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʘʷ ʟʦʥʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʦʢʨʘʠʥʝ ʉʠʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʪʘʣʴʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʥʦʚʳʭ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [13, 20, 41, 70] ʚ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʤ 

ʩʢʣʘʜʯʘʪʦʤ ʧʦʷʩʝ ʚ ʮʝʣʦʤ ʠ ʚ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʨʠʩʫʥʦʢ 1.1): 
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ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ 

(ʧʦ [14]). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ī ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʢʨʘʪʦʥʳ; 2 ī ʧʘʣʝʦʟʦʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʩʩʠʚʥʦʡ 

ʦʢʨʘʠʥʳ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʨʘʪʦʥʘ; 3 ī ʚʝʥʜ-ʧʘʣʝʦʟʦʡʩʢʠʝ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʉʠʙʠʨʩʢʦʛʦ (ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ) ʢʨʘʪʦʥʘ; 4-7 ī ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʠʡ 

ʩʦʩʪʘʚʥʦʡ ʢʦʥʪʠʥʝʥʪ: 4 ī ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʝ ʟʦʥʳ c ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ 

ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘʤʠ ʛʦʥʜʚʘʥʩʢʦʡ ʛʨʫʧʧʳ, 5, 6 ī ʚʝʥʜ-ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʘʷ ʂʘʟʘʭʩʪʘʥʩʢʦ-ʊʫʚʠʥʦ-

ʄʦʥʛʦʣʴʩʢʘʷ ʦʩʪʨʦʚʥʘʷ ʜʫʛʘ: 5 ī ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, 6 ī ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʢʢʨʝʮʠʦʥʥʳʭ ʧʨʠʟʤ ʠ ʧʨʝʜʜʫʛʦʚʳʭ ʧʨʦʛʠʙʦʚ; 7 ī ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʠʡ ʘʢʢʨʝʮʠʦʥʥʦ-

ʢʦʣʣʠʟʠʦʥʥʳʡ ʧʦʷʩ, ʩʦʜʝʨʞʘʱʠʡ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʳ ʠ ʢʦʥʪʠʥʝʥʪʳ ʛʦʥʜʚʘʥʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ; 8 ī ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʘʷ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʘʷ ʩʫʪʫʨʥʦ-ʩʜʚʠʛʦʚʘʷ ʟʦʥʘ; 9 ī 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʡ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʡ ʧʦʷʩ; 10 ī ʦʛʨʘʥʠʯʝʥʠʷ ʂʘʟʘʭʩʪʘʥʩʢʦ-

ɹʘʡʢʘʣʴʩʢʦʛʦ ʩʦʩʪʘʚʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘ; 11 ī ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʨʘʟʣʦʤʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ; 12 ī 

ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʠ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʠʝ ʩʜʚʠʛʠ (ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʩʤʝʱʝʥʠʡ), 

13 ī ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʠ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʠʝ ʥʘʜʚʠʛʠ. 

1. ɺʝʥʜ-ʧʘʣʝʦʟʦʡʩʢʠʝ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʉʠʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ (ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ), ʩʦʩʪʦʷʱʠʝ ʠʟ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʦʡ 

ʂʫʟʥʝʮʢʦ-ɸʣʪʘʡʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ, ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ ʦʨʜʦʚʠʢʩʢʦ-ʨʘʥʥʝʜʝʚʦʥʩʢʦʡ ʧʘʩʩʠʚʥʦʡ 

ʦʢʨʘʠʥʳ ʠ ʜʝʚʦʥʩʢʦ-ʨʘʥʥʝʢʘʨʙʦʥʦʚʦʡ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʳ. ɺ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʣʠʥʴʷʭ ʦʩʪʨʦʚʥʦʡ 

ʜʫʛʠ, ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʚʝʥʜʩʢʦ-ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ.  

2. ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʠʡ ʩʦʩʪʘʚʥʦʡ ʢʦʥʪʠʥʝʥʪ. ʉʫʙʜʫʢʮʠʷ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʣʣʠʟʠʷ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʚ ʠ ʪʝʨʨʝʡʥʦʚ ʛʦʥʜʚʘʥʩʢʦʡ ʛʨʫʧʧʳ ʩ ʂʘʟʘʭʩʪʘʥʦ-

ʊʫʚʠʥʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʦʡ ʧʨʠʚʝʣʠ ʢ ʢʦʥʩʦʣʠʜʘʮʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ 
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ʬʫʥʜʘʤʝʥʪʘ ʩʦʩʪʘʚʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʚ ʚʝʥʜʝ-ʢʝʤʙʨʠʠ. ɺ ʨʘʥʥʝʤ-ʩʨʝʜʥʝʤ ʧʘʣʝʦʟʦʝ ʂʘʟʘʭʩʪʘʥʩʢʦ-

ɹʘʡʢʘʣʴʩʢʠʡ ʢʦʥʪʠʥʝʥʪ ʙʳʣ ʦʪʜʝʣʝʥ ʦʪ ʉʠʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʆʙʴ-ɿʘʡʩʘʥʩʢʠʤ ʦʢʝʘʥʠʯʝʩʢʠʤ 

ʙʘʩʩʝʡʥʦʤ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʉʉʆ ʚ ʧʨʝʜʝʣʘʭ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʠʡ 

ʩʦʩʪʘʚʥʦʡ ʢʦʥʪʠʥʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ɸʣʪʘʝ-ʄʦʥʛʦʣʴʩʢʠʤ ʪʝʨʨʝʡʥʦʤ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʰʠʨʦʢʦ 

ʨʘʟʚʠʪʳ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʪʫʨʙʠʜʠʪʳ.  

3. ʉʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʘʷ ʏʘʨʳʰʩʢʦ-ʊʝʨʝʢʪʠʥʩʢʦ-ʋʣʘʛʘʥʩʢʦ-ʉʘʷʥʩʢʘʷ ʩʫʪʫʨʥʦ-ʩʜʚʠʛʦʚʘʷ 

ʟʦʥʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʉʠʙʠʨʩʢʦʛʦ ʠ ʂʘʟʘʭʩʪʘʥʩʢʦ-

ɹʘʡʢʘʣʴʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʦʚ. ɺ ʝʝ ʩʪʨʦʝʥʠʠ ʚ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʤ ʨʝʛʠʦʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʬʨʘʛʤʝʥʪʳ ʧʦʟʜʥʝʚʝʥʜʩʢʦ-ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʦʡ ʢʦʨʳ ʆʙʴ-ɿʘʡʩʘʥʩʢʦʛʦ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, 

ʦʨʜʦʚʠʢʩʢʠʝ ʛʦʣʫʙʳʝ ʩʣʘʥʮʳ, ʢʝʤʙʨʠʡ-ʦʨʜʦʚʠʢʩʢʠʝ ʪʫʨʙʠʜʠʪʳ, ʘ ʪʘʢʞʝ ʦʨʜʦʚʠʢʩʢʦ-

ʩʠʣʫʨʠʡʩʢʠʝ ʢʦʣʣʠʟʠʦʥʥʳʝ ʛʨʘʥʠʪʳ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʟʦʥ ʩʤʷʪʠʡ, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɸʣʪʘʝ-ʄʦʥʛʦʣʴʩʢʦʛʦ ʪʝʨʨʝʡʥʘ.  

4. ʇʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʧʦʢʨʦʚʥʦ-ʩʜʚʠʛʦʚʳʝ ʠ ʩʜʚʠʛʦʚʳʝ ʟʦʥʳ ʬʦʨʤʠʨʫʶʪ ʢʦʣʣʘʞ 

ʪʝʨʨʝʡʥʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʧʦʟʜʥʝʤ ʜʝʚʦʥʝ ī ʨʘʥʥʝʤ ʢʘʨʙʦʥʝ ʧʨʠ ʪʨʘʥʩʬʦʨʤʥʦʡ ʘʢʢʨʝʮʠʠ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʣʣʠʟʠʝʡ ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʩʦʩʪʘʚʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʩ ʉʠʙʠʨʩʢʠʤ 

ʢʦʥʪʠʥʝʥʪʦʤ, ʩʦʟʜʘʚʰʠʭ ʝʜʠʥʳʡ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʠʡ ʢʦʥʪʠʥʝʥʪ, ʠ ʚ ʧʦʟʜʥʝʤ ʢʘʨʙʦʥʝ ī ʧʝʨʤʠ 

ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ ʩ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʠʤ ʢʦʥʪʠʥʝʥʪʦʤ. 

ʇʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʷʚʣʝʥʥʳʝ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʠʜʝ ʧʦʧʝʨʝʯʥʳʭ ʢ ʧʨʦʩʪʠʨʘʥʠʶ 

ʧʘʣʝʦʟʦʡʩʢʠʭ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʭ ʟʦʥ ʢʨʫʧʥʦ-ʘʤʧʣʠʪʫʜʥʳʭ ʩʜʚʠʛʦʚ, ʩʠʣʴʥʦ ʦʩʣʦʞʥʠʣʠ 

ʩʪʨʫʢʪʫʨʫ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ, ʧʨʠʜʘʚ ʝʡ ʦʙʣʠʢ ʤʦʟʘʠʯʥʦ-ʙʣʦʢʦʚʦʛʦ 

ʩʪʨʦʝʥʠʷ [13].  

ɼʣʷ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʭʘʨʘʢʪʝʨʥʦ ʤʥʦʛʦʵʪʘʧʥʦʝ ʨʘʟʚʠʪʠʝ ʨʘʡʦʥʘ ʠ ʩʣʦʞʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ (ʨʠʩʫʥʦʢ 1.2). ɺ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:  

-  ʆʩʪʨʦʚʦʜʫʞʥʳʡ ʵʪʘʧ (V-O1). ɼʣʷ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʭʘʨʘʢʪʝʨʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʂʫʟʥʝʮʢʦ-ɸʣʪʘʡʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ, ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʣʠʥʘ ʠ ʧʨʝʜʜʫʛʦʚʦʛʦ ʧʨʦʛʠʙʘ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʙʘʟʘʣʴʥʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ; 

-  ʕʪʘʧ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʳ (O-D1). ʕʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʦʪʣʦʞʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦʡ ʬʦʨʤʘʮʠʷʤʠ; 

-  ʕʪʘʧ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʳ (D). ʕʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʣʦʞʝʥʠʝʤ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ 

ʚʜʦʣʴ ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʳ ʉʠʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʠ 

ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʢʦʥʛʣʦʤʝʨʘʪʳ, ʧʝʩʯʘʥʠʢʠ, ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʝ ʠʟʚʝʩʪʥʷʢʠ, 

ʘʣʝʚʨʦʣʠʪʳ); 

-  ʕʪʘʧ ʢʦʣʣʠʟʠʠ ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʠ ʉʠʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ (D3-C1). 

ʉʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ɻʦʨʥʦʤ ɸʣʪʘʝ ʬʘʟʳ ʩʢʣʘʜʯʘʪʦʩʪʠ, ʩʜʚʠʛʦʚ ʠ ʤʦʣʘʩʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʢʦʣʣʠʟʠʠ. ʄʦʣʘʩʩʘ (ʢʦʥʛʣʦʤʝʨʘʪʳ, ʧʝʩʯʘʥʠʢʠ, ʦʛʨʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʝ ʠʟʚʝʩʪʥʷʢʠ) 

ʤʦʱʥʦʩʪʴʶ ʜʦ 700 ʤ ʟʘʣʝʛʘʝʪ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤ ʥʝʩʦʛʣʘʩʠʝʤ ʥʘ ʧʦʨʦʜʘʭ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʭʦʜʝ 

ʵʪʘʧʘ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʳ; 

-  ʕʪʘʧ ʢʦʣʣʠʟʠʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʩ ʉʝʚʝʨʦ-ɽʚʨʦʘʟʠʘʪʩʢʠʤ 

ʢʦʥʪʠʥʝʥʪʦʤ (C3-P). ɼʣʷ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʭʘʨʘʢʪʝʨʥʦ ʟʘʣʦʞʝʥʠʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ʟʦʥʳ ʩʤʷʪʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʙʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʩʜʚʠʛʦʚʦ-ʥʘʜʚʠʛʦʚʳʭ 

ʟʦʥʘʭ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʦʩʘʜʦʯʥʳʡ ʙʘʩʩʝʡʥ, ʩʣʦʞʝʥʥʳʡ ʧʦʟʜʥʝʢʘʨʙʦʥʦʚʦʡ ʫʛʣʝʥʦʩʥʦʡ ʤʦʣʘʩʩʦʡ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 1 ʢʤ; 

-  ʇʣʶʤʦʚʳʡ ʵʪʘʧ (P3-T1). ɼʘʥʥʳʡ ʵʪʘʧ ʧʨʦʷʚʠʣʩʷ ʚ ʠʥʪʨʫʟʠʚʥʦʤ ʤʘʛʤʘʪʠʟʤʝ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ, ɸʡʩʢʦʛʦ, ɸʪʫʨʢʦʣʴʩʢʦʛʦ ʤʘʩʩʠʚʦʚ. ʇʦʨʦʜʳ ʤʘʩʩʠʚʦʚ 

(ʛʨʘʥʦʜʠʦʨʠʪʳ, ʛʨʘʥʠʪʳ, ʣʝʡʢʦʛʨʘʥʠʪʳ) ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʟʘʣʝʛʘʶʪ ʩʨʝʜʠ 

ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʩʜʚʠʛʦʚʦ-ʥʘʜʚʠʛʦʚʦʡ ʩʪʨʫʢʪʫʨʳ [13].  

 

ʈʠʩʫʥʦʢ 1.2 ï ɻʝʦʣʦʛʦ-ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ɻʦʨʥʦʛʦ ɸʣʪʘʷ (ʧʦ [13]). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ:1 ï ɹʠʡʩʢʦ-ɹʘʨʥʘʫʣʴʩʢʘʷ ʢʘʡʥʦʟʦʡʩʢʘʷ ʚʧʘʜʠʥʘ; 2 ï ʧʦʟʜʥʝʜʝʚʦʥʩʢʦ-

ʨʘʥʥʝʢʘʨʙʦʥʦʚʘʷ ʤʦʣʘʩʩʘ; 3, 4 ï ʨʘʥʥʝʩʨʝʜʥʝʜʝʚʦʥʩʢʠʝ ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʧʦʨʦʜ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʳ; 5 ï ʨʘʥʥʝʩʨʝʜʥʝʜʝʚʦʥʩʢʠʝ ʨʠʦʣʠʪ-ʙʘʟʘʣʴʪʦʚʳʝ ʧʦʨʦʜʳ ʟʘʜʫʛʦʚʦʛʦ 

ʙʘʩʩʝʡʥʘ; 6, 7 ï ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʳ; 8 ï ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʘʷ 

ʤʦʣʘʩʩʘ; 9ï13 ï ʚʝʥʜʩʢʦ-ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʡ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ; 14ï17 ï 

ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʘʷ ʂʫʟʥʝʮʢʦ-ɸʣʪʘʡʩʢʘʷ ʦʩʪʨʦʚʥʘʷ ʜʫʛʘ; 18 ï ʧʦʟʜʥʝʜʝʚʦʥʩʢʦ-ʨʘʥʥʝʢʘʨʙʦʥʦʚʳʝ 

ʢʦʣʣʠʟʠʦʥʥʳʝ ʛʨʘʥʠʪʳ; 19 ï ʧʦʟʜʥʝʧʝʨʤʩʢʦ-ʨʘʥʥʝʪʨʠʘʩʦʚʳʝ ʧʣʶʤʦʚʳʝ ʛʨʘʥʠʪʳ; 20, 21 ï 
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ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ: 20 ïʩʦʛʣʘʩʥʳʝ, 21 ï ʥʝʩʦʛʣʘʩʥʳʝ; 22 ï ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʩʜʚʠʛʠ; 

23 ï ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʥʘʜʚʠʛʠ; 24 ï ʧʦʟʜʥʝʚʝʥʜʩʢʦ-ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʝ ʥʘʜʚʠʛʠ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʠʤʝʶʪ ʚʦʟʨʘʩʪ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦ-

ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ, ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʡ, ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦ-ʤʝʟʦʟʦʡʩʢʠʡ. ʂ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦ-

ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʤ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʦʪʥʦʩʷʪʩʷ ʯʘʛʘʥʫʟʫʥʩʢʠʡ ʠ ʘʢʪʦʚʨʘʢʩʢʠʡ 

ʢʦʤʧʣʝʢʩʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ ʬʦʨʤʘʮʠʝʡ, ʤʝʰʪʫʝʨʳʢʩʢʠʡ ʠ 

ʩʘʨʘʢʦʢʰʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩʳ (ʛʘʙʙʨʦ-ʧʣʘʛʦʛʨʘʥʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ), ʙʘʨʘʥʛʦʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ 

(ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ), ʩʘʜʨʠʥʩʢʠʡ ʠ ʪʘʜʞʠʣʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩʳ (ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-

ʛʨʘʥʦʜʠʦʨʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ). ʉʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʙʦʣʴʰʝʧʦʨʦʞʩʢʠʤ, ʢʘʪʘʥʜʠʥʩʢʠʤ, ʶʛʘʣʠʥʩʢʠʤ, ʢʘʨʘʢʫʜʶʨʩʢʠʤ, ʢʦʟʝʨʩʢʠʤ, ʫʩʪʴ-ʙʝʣʦʚʩʢʠʤ 

ʢʦʤʧʣʝʢʩʘʤʠ (ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ), ʜʞʦʡʩʢʠʤ, ʨʘʭʤʘʥʦʚʩʢʠʤ, 

ʢʫʙʘʜʨʠʥʩʢʠʤ, ʙʦʨʦʚʣʷʥʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤʠ (ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ), 

ʪʫʨʦʯʘʢʩʢʠʤ, ʪʦʧʦʣʴʥʠʥʩʢʠʤ, ʢʳʟʳʣʪʘʰʢʠʤ, ʶʩʪʳʜʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤʠ (ʛʨʘʥʦʩʠʝʥʠʪ-ʛʨʘʥʠʪ-

ʣʝʡʢʦʛʨʘʥʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ) ʤʘʡʦʨʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ (ʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ), 

ʭʘʨʣʦʚʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ (ʩʠʝʥʠʪ-ʛʘʙʙʨʦʚʘʷ ʬʦʨʤʘʮʠʷ), ʫʨʩʫʣʴʩʢʠʤ, ʩʫʤʫʣʴʪʠʥʩʢʠʤ, 

ʚʝʨʭʥʝʘʙʘʢʘʥʩʢʠʤ, ʢʦʢʦʨʠʥʩʢʠʤ, ʢʘʨʘʦʶʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤʠ (ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ). 

ʇʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦ-ʤʝʟʦʟʦʡʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ɻʦʨʥʦʤ ɸʣʪʘʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʰʠʙʝʣʠʢʩʢʠʤ ʢʦʤʧʣʝʩʢʦʤ (ʱʝʣʦʯʥʦʛʨʘʥʠʪʥʘʷ ʬʦʨʤʘʮʠʷ), ʪʝʨʝʭʪʠʥʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ (ʛʘʙʙʨʦ-

ʜʦʣʝʨʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ), ʙʝʣʦʢʫʨʠʭʠʥʩʢʠʤ, ʩʠʥʶʰʠʥʩʢʠʤ, ʘʪʫʨʩʢʦʣʴʩʢʠʤ, ʯʠʥʜʘʛʘʪʫʡʩʢʠʤ 

ʢʦʤʧʣʝʢʩʘʤʠ (ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ), ʘʡʩʢʠʤ, ʪʝʨʘʥʜʞʠʢʩʢʠʤ, ʪʘʨʘʭʪʠʩʢʠʤ 

ʢʦʤʧʣʝʢʩʘʤʠ (ʛʨʘʥʦʩʠʝʥʠʪ-ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ), ʘʣʘʭʠʥʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ 

(ʘʣʷʩʢʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ), ʯʫʡʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ (ʣʘʤʧʨʦʬʠʨʦʚʘʷ ʬʦʨʤʘʮʠʷ), ʧʨʠʪʝʣʝʮʢʠʤ 

ʢʦʤʧʣʝʢʩʦʤ (ʬʦʨʤʘʮʠʷ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ) [70].  

1.3 ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦ ʧʦʚʦʜʫ ʦʙʲʝʤʘ ʠ ʩʦʩʪʘʚʘ ʙʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʭʦʜʝ ʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʣʠʩɹ, ʧʦ ʧʨʠʯʠʥʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ ʨʝʛʠʦʥʘ ʠ ʧʦʣʦʞʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ɸʣʪʘʷ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʚ 

ʩʦʩʪʘʚʝ ʙʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʣʦʞʝʥʦ ʙʳʣʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ɹʝʣʦʢʫʨʠʭʠʥʩʢʠʡ, 

ɸʡʩʢʠʡ, ɸʪʫʨʢʦʣʴʩʢʠʡ, ʊʝʨʘʥʜʞʠʢʩʢʠʡ, ʊʘʨʭʘʪʠʥʩʢʠʡ, ʊʘʜʞʠʣʠʥʩʢʠʡ ʠ ʂʘʨʘʛʫ ʤʘʩʩʠʚʳ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʭ ʙʣʠʟʢʠʭ ʚʦʟʨʘʩʪʥʳʭ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ [66]. 

ʇʦʟʞʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʦʩʪʘʚʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʈʌ ʤʘʩʰʪʘʙʘ 1:1000000 (ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ) ʣʠʩʪ ʄ-45-ɻʦʨʥʦ-ɸʣʪʘʡʩʢ ʚ 

ʩʦʩʪʘʚʝ ʙʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ: ɹʝʣʦʢʫʨʠʭʠʥʩʢʠʡ, 

ʆʩʦʢʠʥʩʢʠʡ, ʑʝʙʝʪʠʥʩʢʠʡ, ɺʝʨʭʥʝʪʘʣʠʮʢʠʡ ʠ ʂʘʨʘʢʦʣʴʩʢʠʡ ʤʘʩʩʠʚʳ [70]. ɻʨʘʥʠʪʦʠʜʳ 
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ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʨʠʩʫʥʦʢ 1.3) ʨʘʟʚʠʪʳ ʚ ʤʝʞʜʫʨʝʯʴʝ ɸʥʫʡ ʠ ʇʝʩʯʘʥʘʷ [26]. ɺ 

ʩʦʩʪʘʚʝ ʙʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʧʷʪʴ ʬʘʟ ʚʥʝʜʨʝʥʠʷ: 1 ï 

ʛʘʙʙʨʦʠʜʳ; 2 ï ʜʠʦʨʠʪʦʠʜʳ ʠ ʩʠʝʥʠʪʳ; 3 ï ʛʨʘʥʦʩʠʝʥʠʪʳ ʠ ʛʨʘʥʦʜʠʦʨʠʪʳ; 4 ï ʛʨʘʥʠʪʳ; 5 ï 

ʣʝʡʢʦʛʨʘʥʠʪʳ [26]. ɺ ʩʦʩʪʘʚʝ ʙʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʧʦ ʜʘʥʥʳʤ ʝʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʬʘʟʳ ʛʨʘʥʠʪʦʠʜʦʚ: 1 ï ʛʨʘʥʦʜʠʦʨʠʪʳ; 2 ï ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ; 3 ï 

ʣʝʡʢʦʛʨʘʥʠʪʳ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʤʘʩʩʠʚ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦ-ʤʝʟʦʟʦʡʩʢʠʤ ʤʘʛʤʘʪʠʯʝʩʢʠʤ 

ʦʙʨʘʟʦʚʘʥʠʷʤ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʠ ʟʘʨʦʜʠʣʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʨʦʛʝʥʝʟʘ [41]. 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʠʡ ʤʘʩʩʠʚ ʧʨʦʨʳʚʘʝʪ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʢʝʤʙʨʠʡ-

ʦʨʜʦʚʠʢʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʪʝʨʨʠʛʝʥʥʳʝ ʨʘʥʥʝʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ.  

 

ʈʠʩʫʥʦʢ 1.3 ï ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʛʨʘʥʠʪʦʚ 

(ʧʦ [45] ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ ʘʚʪʦʨʘ) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ; 2 ï ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʜʝʚʦʥʘ; 3 ï 

ʦʪʣʦʞʝʥʠʷ ʢʝʤʙʨʠʷ ʠ ʦʨʜʦʚʠʢʘ; 4 ïʛʨʘʥʦʜʠʦʨʠʪʳ ʧʝʨʚʦʡ ʬʘʟʳ; 5 ï ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʚʪʦʨʦʡ 

ʬʘʟʳ; 6 ï ʣʝʡʢʦʛʨʘʥʠʪʳ ʪʨʝʪʴʝʡ ʬʘʟʳ; 7 ï ʧʝʛʤʘʪʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʠʡ ʤʘʩʩʠʚ ʛʨʘʥʠʪʦʠʜʦʚ, ʷʚʣʷʶʱʠʡʩ ̫ ʧʝʪʨʦʪʠʧʠʯʝʩʢʠʤ, ʧʨʠʫʨʦʯʝʥ ʢ 

ʦʜʥʦʠʤʝʥʥʦʤʫ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʤʫ ʘʣʣʦʭʪʦʥʥʦʤʫ ʙʣʦʢʫ, ʩʣʦʞʝʥʥʦʤʫ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʦʨʳʚʘʝʪ ʪʝʢʪʦʥʠʯʝʩʢʠ ʩʦʧʨʷʞʝʥʥʳʝ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʂʘʤʝʥʩʢʦʛʦ ʘʣʣʦʭʪʦʥʘ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʏʘʨʳʰʩʢʦ-ʏʫʡʩʢʦʡ ʉʌɿ. ɺ ʩʦʩʪʘʚʝ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ 
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ʬʘʟʳ: ʚ ʧʝʨʚʫʶ ʬʘʟʫ ʚʢʣʶʯʘʶʪʩʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʟʚʠʪʳʝ ʙʠʦʪʠʪʦʚʳʝ ʠ ʘʤʬʠʙʦʣ-

ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʤʝʣʘʥʦʛʨʘʥʠʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʦ 10% (ʩʦʛʣʘʩʥʦ ʫʩʪʥʦʤʫ 

ʩʦʦʙʱʝʥʠʶ ɸ.ʀ. ɻʫʩʝʚʘ) ʦʪ ʦʙʲʝʤʘ ʚʩʝʭ ʧʨʦʷʚʣʝʥʠʡ ʢʦʤʧʣʝʢʩʘ; ʚʪʦʨʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʙʠʦʪʠʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ (ʦʢʦʣʦ 70%); ʪʨʝʪʴʷ ʬʘʟʘ ʦʙʲʝʜʠʥʷʝʪ 

ʤʫʩʢʦʚʠʪʦʚʳʝ ʠ ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʝ ʣʝʡʢʦʛʨʘʥʠʪʳ ʠ ʩʫʙʱʝʣʦʯʥʳʝ ʣʝʡʢʦʛʨʘʥʠʪʳ (15-25%), ʚ 

ʦʩʥʦʚʥʦʤ ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʰʪʦʢʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʠʟʦʤʝʪʨʠʯʥʫʶ, ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʚ 

ʜʠʘʤʝʪʨʝ ʜʦ 2.5 ʢʤ [26]. ɾʠʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʜʢʠʤʠ ʜʘʡʢʘʤʠ ʛʨʘʥʦʬʠʨʦʚ, 

ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ, ʘʧʣʠʪʦʚʠʜʥʳʭ ʤʠʢʨʦʛʨʘʥʠʪʦʚ, ʞʠʣʘʤʠ ʘʧʣʠʪʦʚ ʠ ʧʝʛʤʘʪʠʪʦʚ [70]. ɺ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʛʨʘʥʠʪʦʠʜʳ ʦʢʦʥʪʫʨʠʚʘʶʪʩʷ ʜʚʫʤʷ ʘʥʦʤʘʣʴʥʳʤʠ ʟʦʥʘʤʠ ï ɿʘʧʘʜʥʦ-

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʡ ʠ ɺʦʩʪʦʯʥʦ-ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʡ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2ï

3 ʠ 6ï10 ʤʕ/ʢʤ. ʆʙʱʝʝ ʛʨʘʜʠʝʥʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʫʩʣʦʚʣʝʥʦ 

ʤʘʛʥʝʪʠʪʩʦʜʝʨʞʘʱʠʤʠ ʛʨʘʥʠʪʘʤʠ ʤʘʩʩʠʚʘ, ʘ ʣʠʥʝʡʥʳʝ ʘʥʦʤʘʣʠʠ, ʪʷʛʦʪʝʶʱʠʝ ʢ ʵʢʟʦʢʦʥʪʘʢʪʫ ï 

ʣʠʥʝʡʥʳʤʠ ʟʦʥʘʤʠ ʦʨʦʛʦʚʠʢʦʚʘʥʠʷ. ʄʘʩʩʠʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʪʝʤʥʳʤ ʬʦʪʦʪʦʥʦʤ 

ʚʳʟʚʘʥʥʳʤ ʟʘʣʝʩʝʥʥʦʩʪʴʶ, ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʣʴʝʬʦʤ [70]. ɺ ʙʘʩʩʝʡʥʘʭ ʨ. ʏʝʨʥʦʚʦʡ ʠ ɹʦʣ. 

ʉʳʯʝʚʢʠ ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ ʧʨʦʨʳʚʘʶʪʩʷ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ ʪʨʝʪʴʝʡ ʬʘʟʳ 

ʚʥʝʜʨʝʥʠʷ. ɺ ʧʨʝʜʝʣʘʭ ʂʫʨʘʥʦʚʩʢʦʛʦ ʰʪʦʢʘ (ʚʝʨʭʦʚʴʝ ʨ. ʏʝʨʥʦʚʦʡ) ʦʥʠ ʦʙʨʘʟʫʶʪ ʩʝʨʠʶ 

ʨʘʟʥʦʦʙʨʘʟʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʝʣ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ, ʠʥʦʛʜʘ ʙʦʣʝʝ 50 ʤ, ʧʨʦʨʳʚʘʶʱʠʭ 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʛʨʘʥʠʪʳ. ʌʦʨʤʘ ʪʝʣʘ ʣʘʢʢʦʣʠʪʦʦʙʨʘʟʥʘʷ (ʠʣʠ ʧʣʘʩʪʠʥʦʦʙʨʘʟʥʘʷ); ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʝʛʦ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 3.5ï4 ʢʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ 

(ʚʦʜʦʨʘʟʜʝʣ ʨʝʢ ʉʦʩʥʦʚʢʘ ʠ ɹʝʣʦʢʫʨʠʭʘ), ʛʜʝ ʦʥʘ ʧʨʝʚʳʰʘʝʪ 10 ʢʤ. ʂʦʥʪʘʢʪʳ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʢʝʤʙʨʦ-ʦʨʜʦʚʠʢʘ ʠ 

ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʤʠ ʜʝʚʦʥʘ ʠʟʚʠʣʠʩʪʳʝ [70]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʛʤʘʪʠʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʕʪʠ ʧʦʨʦʜʳ 

ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʝʟʦʚʘʥʳ ʚ ʨʘʙʦʪʝ ʊʘʙʘʢʘʝʚʦʡ [65].  

ʉ ɹʝʣʦʢʫʨʠʭʠʥʩʢʠʤ ʤʘʩʩʠʚʦʤ ʩʚʷʟʘʥʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʝʛʤʘʪʠʪʦʚʳʝ ʧʨʦʷʚʣʝʥʠʷ. 

ʇʝʛʤʘʪʠʪʳ ʦʙʨʘʟʫʶʪ ʜʚʝ çʧʦʣʦʩʳè, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʩʝʚʝʨʝ ʠ ʶʛʝ ʤʘʩʩʠʚʘ, ʚ ʢʦʪʦʨʳʭ 

ʩʦʩʩʨʝʜʦʪʦʯʝʥʳ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʥʘʭʦʜʷʪʩʷ ʧʨʦʷʚʣʝʥʠʷ 

ʪʘʥʪʘʣʘ ʠ ʥʠʦʙʠʷ (ʨʫʯʝʡ ʂʨʫʪʝʥʴʢʠʡ, ʢʣʶʯ ʉʣʝʧʦʡ), ʠʥʦʛʜʘ ʙʝʨʠʣʣʠʷ (ʛʦʨʘ ʊʝʧʣʫʭʘ), 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʝʛʤʘʪʠʪʘʭ. ɺ ʖʞʥʦʡ ʧʦʣʦʩʝ ʩ ʧʝʛʤʘʪʠʪʘʤʠ ʩʚʷʟʘʥʳ ʧʨʦʷʚʣʝʥʠʷ ʙʝʨʠʣʣʠʷ 

(ʂʫʨʘʥʦʚʩʢʦʝ, ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʠʤʝʥʥʦʛʦ ʰʪʦʢʘ, ʠ ʌʝʜʦʨʦʚʩʢʦʝ). ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʚ 

ʧʨʝʜʝʣʘʭ ʨʝʢʠ ɼʘʥʠʣʦʚʢʠ, ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʆʩʦʢʠʥʩʢʠʤ ʰʪʦʢʦʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʞʠʣʦʦʙʨʘʟʥʳʝ ʪʝʣʘ 

ʘʣʴʙʠʪ-ʤʠʢʨʦʢʣʠʥ-ʢʚʘʨʮʝʚʳʭ ʧʝʛʤʘʪʠʪʦʚ ʩ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʁʤʦʥʘʮʠʪʘ, ʘʣʣʘʥʠʪʘ ʠ ʪʦʨʪʚʝʡʪʠʪʘ. 

ʊʘʢʞʝ ʜʣʷ ʧʦʨʦʜ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʘʥʥʳʝ ʪʝʣʘ, ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʘʥʪʘʣʘ, 

ʫʨʘʥʘ, ʪʦʨʠʷ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʟʥʘʯʠʤʦʩʪʴ ʦʪʤʝʯʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʚʘʨʴʠʨʫʝʪ [65]. 
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ʌʦʨʤʘʮʠʦʥʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʣʠʯʘʝʪʩʷ ʧʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʉʫʱʝʩʪʚʫʝʪ ʪʦʯʢʘ ʟʨʝʥʠʷ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʤʘʩʩʠʚʘ ʢ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʡ ʬʦʨʤʘʮʠʠ [31], ʧʦ ʜʨʫʛʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʤʘʩʩʠʚ ʦʪʥʦʩʠʪʩʷ ʢ 

ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ [24, 70].  

ɸ.ʀ. ɻʫʩʝʚ ʩ ʢʦʣʣʝʛʘʤʠ [26] ʚʧʝʨʚʳʝ ʦʪʥʝʩʣʠ ʛʨʘʥʠʪʦʠʜʳ ʙʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ 

ʛʨʘʥʠʪʘʤ ʰʦʰʦʥʠʪʦʚʦʛʦ ʪʠʧʘ (SH-type) ʧʦ ʘʣʬʘʚʠʪʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʆ.ɸ. ɻʘʚʨʶʰʢʠʥʘ [24] 

ʧʨʝʜʧʦʣʦʞʠʣʘ, ʯʪʦ ʧʦʨʦʜʳ ʤʘʩʩʠʚʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʟʘ ʩʯʸʪ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʢʦʨʳ ʧʨʠ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʦʤ ʚʢʣʘʜʝ ʤʘʥʪʠʡʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʠʣʴʥʦʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʤ ʛʨʘʥʠʪʘʤ S- ʠ/ʠʣʠ I-ʪʠʧʘ ʧʦ ʘʣʬʘʚʠʪʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʈʷʜ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʶʪ, ʯʪʦ ʛʨʘʥʠʪʦʠʜʳ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʶʪʩʷ 

ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʳʤʠ ʠ ʘʥʘʨʦʛʝʥʥʳʤʠ [26]. ɺ ʠʪʦʛʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʘʮʠʦʥʥʘʷ ʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʥʝʟʠʩʘ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʡ, 

ʯʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʠʭ ʜʝʪʘʣʴʥʦʛʦ ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʪʠʨʦʚʘʥʠʷ ʛʨʘʥʠʪʦʠʜʦʚ ʤʘʩʩʠʚʘ ʧʦ U-Pb ʤʝʪʦʜʫ ʜʣʷ ʥʘʚʝʩʢʠ ʟʝʨʝʥ 

ʮʠʨʢʦʥʘ ʠʟ ʧʦʨʬʠʨʦʚʠʜʥʳʭ (ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʠʶ ʘʚʪʦʨʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ) ʛʨʘʥʠʪʦʚ (ʩʢʦʨʝʝ ʚʩʝʛʦ 

ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ ʚʪʦʨʦʡ ʬʘʟʳ) ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪ 232 Ñ 4.7 ʤʣʥ ʣʝʪ, Rb-Sr ʤʝʪʦʜʦʤ ʧʦ 

ʧʦʨʬʠʨʦʚʠʜʥʳʤ ʙʠʦʪʠʪʦʚʳʤ ʛʨʘʥʠʪʘʤ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʜʨʝʚʥʠʡ ʚʦʟʨʘʩʪ 244 Ñ 2 

ʤʣʥ ʣʝʪ [19]. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʘʣ ʧʦʣʫʯʝʥ ʚʦʟʨʘʩʪ ʜʣʷ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ 

ʛʨʘʥʠʪʦʠʜʦʚ ʤʘʩʩʠʚʘ ʧʦ ʩʣʶʜʘʤ Ar-Ar ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 250 ʤʣʥ ʣʝʪ [116] 

1.4 ɺʳʚʦʜ rʧʦ ʛʣʘʚʝ 1 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʦʠʩʭʦʜʠʣʘ ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ʄʘʩʩʠʚ ʧʨʦʨʳʚʘʝʪ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʢʝʤʙʨʠʡ-ʦʨʜʦʚʠʢʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʪʝʨʨʠʛʝʥʥʳʝ ʨʘʥʥʝʜʝʚʦʥʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ. ʀʩʩʣʝʜʫʝʤʳʡ ʤʘʩʩʠʚ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ: ʛʨʘʥʦʜʠʦʨʠʪ,r ʙʠʦʪʠʪʦʚʳʝ 

ʛʨʘʥʠʪʳ ʠ ʣʝʡʢʦʛʨʘʥʠʪʳ. ʉ ʧʦʨʦʜʘʤʠ ʤʘʩʩʠʚʘ ʩʚʷʟʘʥʳ ʧʨʦʷʚʣʝʥʠʷ ʙʝʨʠʣʣʠʷ, ʫʨʘʥʘ, ʪʘʥʪʘʣʘ ʠ 

ʥʠʦʙʠʷ, ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ [26].  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʟʥʦʯʪʝʥʠʷ ʧʦ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʤʘʩʩʠʚʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʜʠʮʠʦʥʥʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ ʚʦʟʨʘʩʪʘ ʧʦ ʮʠʨʢʦʥʫ (ʚʢʣʶʯʘʷ ʚʦʟʨʘʩʪ ʧʝʨʚʦʡ ʬʘʟʳ) ʦʩʪʘʚʣʷʪʁ ʚʦʧʨʦʩ ʦ ʚʦʟʨʘʩʪʝ 

ʛʨʘʥʠʪʦʠʜʦʚ ʦʪʢʨʳʪʳʤ. 
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ɻʃɸɺɸ 2 ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 2019-2021 ʛʛ. ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 32 ʦʧʦʨʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʦʙʨʘʟʮʳ ʠʟ ʣʠʯʥʦʡ ʢʦʣʣʝʢʮʠʠ ɸ.ʀ. ɻʫʩʝʚʘ ʠ ʅ.ʀ. ɻʫʩʝʚʘ (3 ʦʙʨʘʟʮʘ), ʦʪʦʙʨʘʥʥʳʝ ʠʟ 

ʊʦʯʠʣʴʥʦʛʦ ʠ ʏʝʨʥʦʚʦʛʦ ʰʪʦʢʦʚ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʘʚʪʦʨʫ. ʆʧʠʩʴ ʦʙʨʘʟʮʦʚ ʠ ʢʦʦʨʜʠʥʘʪʳ ʠʭ 

ʦʪʙʦʨʘ ʧʨʠʚʝʜʝʥʳ ʚ (ʇʨʠʣʦʞʝʥʠʝ ɸ.1). 

2.1 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʧʦʨʦʜ 

ʉʦʜʝʨʞʘʥʠʝ ʧʝʪʨʦʛʝʥʥʳʭ (ʛʣʘʚʥʳʭ) ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ XRF 

(ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʝʪʦʜ) ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ARL-9800 ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʪʦʜʠʢʝ (ɺʉɽɻɽʀ). ɼʣʷ ʦʢʩʠʜʦʚ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 0.01-0.05 ʤʘʩ.%.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʚʘʣʦʚʳʡ 

ʘʥʘʣʠʟ ʧʨʦʙ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ICP-MS) ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ (ɺʉɽɻɽʀ). ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 5-10%. ʅʠʞʥʠʝ ʧʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0.01% ʜʣʷ ʛʣʘʚʥʳʭ ʠ 

0.005-0.01 ppm ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʧʦʨʦʜ, ʚ ʩʣʫʯʘʝ ʥʠʞʝ ʧʦʨʦʛʘ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʟʘʤʝʥʷʣʦʩʴ ʥʘ ʧʦʣʦʚʠʥʫ ʚʝʣʠʯʠʥʳ ʧʦʨʦʛʘ. 

ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʘʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚʠʟʫʘʣʴʥʦ ʥʘ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʚ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʘʭ. 

2.2 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʣʦʩʢʦ-ʧʦʣʠʨʦʚʘʥʥʳʝ 

ʰʣʠʬʳ. ɿʸʨʥʘ ʪʠʪʘʥʠʪʘ ʠ ʮʠʨʢʦʥʘ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠʟ ʚʤʝʱʘʶʱʠʭ ʠʭ ʧʦʨʦʜ ʧʨʠ ʧʦʤʦʱʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʠ ʪʷʞʝʣʳʭ ʞʠʜʢʦʩʪʝʡ ʚ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀɻɻɼ ʈɸʅ. ɿʝʨʥʘ ʪʠʪʘʥʠʪʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʘʪʠʨʦʚʘʥʠʷ 

ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʬʨʘʢʮʠʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʨʘʟʤʝʨʫ: <70 ʤʢʤ (3.42 ʤʛ) ʠ >150 ʤʢʤ (2.71 

ʤʛ) ʠ ʜʦʯʠʱʝʥʳ ʚʨʫʯʥʫʶ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ.  

ɿʝʨʥʘ ʮʠʨʢʦʥʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʣʦʢʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʰʘʡʙʫ, 

ʠʟʛʦʪʦʚʣʝʥʥʫ  ʁʠʟ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ, ʢʫʜʘ ʪʘʢʞʝ ʧʦʤʝʩʪʠʣʠ ʟʝʨʥʘ çʮʠʨʢʦʥʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚè 

TEMORA-2 [84] ʠ 91500 [192]. ɼʘʣʝʝ ʰʘʡʙʳ ʩ ʮʠʨʢʦʥʘʤʠ ʙʳʣʠ ʧʨʠʧʦʣʠʨʦʚʘʥʳ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʧʦʣʦʚʠʥʫ ʪʦʣʱʠʥʳ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ. 

ʉʦʩʪʘʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ (ʧʣʘʛʠʦʢʣʘʟ,r ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʙʠʦʪʠʪ, ʤʫʩʢʦʚʠʪ) ʠ 

ʘʢʮʝʩʩʦʨʥʳʭ (ʮʠʨʢʦʥ, ʪʠʪʘʥʠʪ ʠ ʛʨʘʥʘʪ) ʤʠʥʝʨʘʣʦʚ ʧʦ ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʙʳʣ ʦʧʨʝʜʝʣʸʥ 

ʤʝʪʦʜʦʤ SEM-EDS ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEOL JSM-6510LA ʩ 
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ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ JED-2200 ʚ ʀɻɻɼ ʈɸʅ. ʋʩʣʦʚʠʷ ʩʲʝʤʢʠ: ʫʩʢʦʨʷʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʢʘʪʦʜʘ 20 ʢɺ, ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 10 ʤʤ; ʜʠʘʤʝʪʨ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ 3-5 ʤʢʤ. 

ʇʦʤʠʤʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʭ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ (BSE). 

ʀʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʣʘʚʥʳʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʠʙʦʣʝʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʟʝʨʥʘʭ 

ʮʠʨʢʦʥʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 

ʀɻɻɼ ʈɸʅ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ JEOL-JXA-8230 ʩ ʪʨʝʤʷ 

ʚʦʣʥʦʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ. ɸʥʘʣʠʟʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 

20ʢɺ, ʪʦʢʝ ʟʦʥʜʘ ʥʘ ʮʠʣʠʥʜʨʝ ʌʘʨʘʜʝʷ 20ʥɸ, ʩ ʜʠʘʤʝʪʨʦʤ ʟʦʥʜʘ 3 ʤʢʤ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʧʨʘʚʦʢ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ZAF ʠʟ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ JEOL. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʮʠʨʢʦʥ (ZrLŬ, SiKŬ) ʠ ʛʘʬʥʦʥ (HfMŬ), ʘ ʪʘʢʞʝ ʯʠʩʪʳʝ 

ʤʝʪʘʣʣʳ ʠ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Minal 3.0, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɼ.ɺ. ɼʦʣʠʚʦ-ɼʦʙʨʦʚʦʣʴʩʢʠʤ (ʀɻɻɼ 

ʈɸʅ), ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʘʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ 

ʚʪʦʨʠʯʥʦ-ʠʦʥʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (SIMS) ʥʘ ʠʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ Cameca IMS-4f ʚ 

ʗʨʦʩʣʘʚʩʢʦʤ ʌʠʣʠʘʣʝ ʌʠʟʠʢʦ-ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʈɸʅ. ʀʟʤʝʨʝʥʠʷ ʚ ʮʠʨʢʦʥʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʭ ʞʝ ʪʦʯʢʘʭ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʘʪʠʨʦʚʘʥʠʝ U-Pb ʤʝʪʦʜʦʤ, ʚ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ ï ʚ ʪʝʭ ʞʝ ʪʦʯʢʘʭ, ʛʜʝ ʨʘʥʝʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʤʝʪʦʜʦʤ 

SEM-EDS. ʈʘʟʤʝʨ ʧʦʣʝʚʦʡ ʜʠʘʬʨʘʛʤʳ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ 16ʆ2
ï ʠʦʥʦʚ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 20 ʤʢʤ. 

ʊʦʢ ʦʢʦʣʦ 5ï7 ʥɸ. ʋʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ï 15 ʢʵɺ. ʂʘʞʜʦʝ ʠʟʤʝʨʝʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ 3 

ʮʠʢʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʦʮʝʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ɼʘʣʝʝ ʢʘʞʜʳʡ ʘʥʘʣʠʟ 

ʙʳʣ ʫʩʨʝʜʥʸʥ ʧʦ ʵʪʠʤ ʮʠʢʣʘʤ ʠʟʤʝʨʝʥʠʡ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʠʟ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʢ ʤʘʪʨʠʯʥʦʤʫ ʠʦʥʫ 30Si+ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʥʘʙʦʨʫ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʸʢʦʣ. 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʣʘ ʜʦ 10% ʠ 20% ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʦʣʝʝ 1 ppm 

ʠ ʦʪ 0.1 ʜʦ 1 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʨʦʛ ʦʙʥʘʨʫʞʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 5ï

10 ppb. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʩʦʩʪʘʚ ʮʠʨʢʦʥʘ ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʦʚ ʙʳʣ ʥʦʨʤʠʨʦʚʘʥ ʢ ʩʦʩʪʘʚʫ ʭʦʥʜʨʠʪʘ CI ʧʦ [154]. 

2.3 ʄʝʪʦʜʳ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ 

ʃʦʢʘʣʴʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʘ UïPb ʤʝʪʦʜʦʤ ʧʨʦʚʝʜʝʥʦ ʥʘ ʠʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ 

SHRIMP-II ʚ ʎʝʥʪʨʝ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ɺʉɽɻɽʀ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʸʥʥʦʡ ʚ 

ʨʘʙʦʪʝ [193]. ɼʠʘʤʝʪʨ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʘʪʝʨʘ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 20 ʤʢʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. 
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SQUID. ʆʪʥʦʰʝʥʠʷ U/Pb ʙʳʣʠ 

ʥʦʨʤʠʨʦʚʘʥʳ ʢ ʟʥʘʯʝʥʠʶ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʮʠʨʢʦʥʘ TEMORA, ʨʘʚʥʦʤʫ 0.0668, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʨʘʩʪʫ 416.75 ʤʣʥ ʣʝʪ [84]. ʇʦʛʨʝʰʥʦʩʪʠ ʝʜʠʥʠʯʥʳʭ ʘʥʘʣʠʟʦʚ (ʩʦʦʪʥʦʰʝʥʠʷ 

U/Pb ʠ ʚʦʟʨʘʩʪ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʫʨʦʚʥʝ Ñ 1ů, ʘ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʥʦʛʦ ʢʦʥʢʦʨʜʘʥʪʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʠ ʚʦʟʨʘʩʪʘ ʧʝʨʝʩʝʯʝʥʠʡ ʜʠʩʢʦʨʜʠʠ ï ʥʘ ʫʨʦʚʥʝ 2ů. ʇʦʛʨʝʰʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʠʥʪʝʨʚʘʣʝ 0.32-0.41%. ɻʨʘʬʠʢʠ ʩ ʢʦʥʢʦʨʜʠʝʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ISOPLOT/EX. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚ ʎʀʀ ɺʉɽɻɽʀ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʲʝʤʢʘ ʮʠʨʢʦʥʘ ʚ ʨʝʞʠʤʝ 

ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (CL) ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ CamScan MX2500S ʩ 

CL-ʜʝʪʝʢʪʦʨʦʤ CLI/QUA. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʮʠʨʢʦʥʝ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ 

ʛʝʦʬʠʟʠʢʠ ʂʠʪʘʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʥʘ ʠʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ Cameca IMS-1280. ɸʥʘʣʠʪʠʯʝʩʢʠʝ 

ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʦʛʠʯʥʳ ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [146]. ʇʝʨʚʠʯʥʳʡ ʢʨʘʪʝʨ ʧʫʯʢʘ Cs+ ʠʤʝʣ ʨʘʟʤʝʨ ʜʦ 

~15 ʤʢʤ. ʀʟʤʝʨʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 18O/16O ʙʳʣʠ ʥʦʨʤʠʨʦʚʘʥʳ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ VSMOW 

(18O/16O = 0.0020052). ʀʟʤʝʨʝʥʠʷ ʠʟʦʪʦʧʦʚ ʢʠʩʣʦʨʦʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʦʯʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʷʜʦʤ ʩ ʢʨʘʪʝʨʘʤʠ ʧʦʩʣʝ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ U-Pb ʤʝʪʦʜʦʤ. ʇʝʨʝʜ 

ʠʟʤʝʨʝʥʠʝʤ ʦʙʨʘʟʝʮ ʙʳʣ ʧʦʚʪʦʨʥʦ ʦʪʧʦʣʠʨʦʚʘʥ, ʯʪʦʙʳ ʫʜʘʣʠʪʴ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʨʘʪʝʨʳ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʘʥʘʣʠʟʦʚ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʤʘʩʩ-ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ (IMF) ʙʳʣʦ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ ʮʠʨʢʦʥʘ TEMORA-2.  

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Pb ʠ U ʚ ʪʠʪʘʥʠʪʝ ʚʳʧʦʣʥʷʣʩʷ ʤʝʪʦʜʦʤ ID-TIMS ʚ ʀɻɻɼ ʈɸʅ. 

ɺʳʜʝʣʝʥʠʝ Pb ʠ U ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʝ BioRad AG 1-X8 100-200 mesh ʚ HBr-

ʬʦʨʤʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʦʯʠʩʪʢʦʡ U ʚ ʘʟʦʪʥʦʢʠʩʣʦʡ ʩʨʝʜʝ ʥʘ ʩʤʦʣʝ UTEVA. ɼʣʷ ʠʟʦʪʦʧʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʘʩʩʝʨ 235U-208Pb. ʀʟʤʝʨʝʥʠʷ ʠʟʦʪʦʧʦʚ Pb ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʀɻɻɼ 

ʈɸʅ ʥʘ ʤʥʦʛʦʢʦʣʣʝʢʪʦʨʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ TRITON TI. ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʢʨʘʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʩʪʘʥʜʘʨʪʘ SRM-981 ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ 206Pb/204Pb, 207Pb/204Pb ʠ 

208Pb/204Pb ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ 0.10, 0.15 ʠ 0.20% (2 ů). ʃʘʙʦʨʘʪʦʨʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʧʨʝʚʳʰʘʣʦ 0.025 ʥʛ Pb ʠ 0.005 ʥʛ U.  

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Rb, Sr, Sm, Nd ʠʩʩʣʝʜʦʚʘʣʩʷ ʥʘ ʤʫʣʴʪʠʢʦʣʣʝʢʪʦʨʥʦʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ TRITON ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʂʦʨʨʝʢʮʠʷ ʥʘ ʠʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʪʨʦʥʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ 

88Sr/86Sr = 8.37521. ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʧʨʠʚʦʜʠʣʠʩʴ ʢ ʟʥʘʯʝʥʠʶ 87Sr/86Sr = 0.71025 ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʠʟʦʪʦʧʥʦʤ ʩʪʘʥʜʘʨʪʝ NBS-987. ʂʦʨʨʝʢʮʠʷ ʥʘ ʠʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʥʝʦʜʠʤʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ 

146Nd/144Nd = 0.7219. ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʧʨʠʚʦʜʠʣʠʩʴ ʢ ʟʥʘʯʝʥʠʶ 143Nd/144Nd = 
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0.511860 ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʠʟʦʪʦʧʥʦʤ ʩʪʘʥʜʘʨʪʝ La Jolla. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ï 0.5%. ʇʦʩʪʨʦʝʥʠʝ ʠʟʦʭʨʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʚʳʯʠʩʣʝʥʠʝ ʚʦʟʨʘʩʪʘ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʧʝʨʚʠʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ (87Sr/86Sr)0 ʠ ʧʘʨʘʤʝʪʨʘ ắNd 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʧʨʦʛʨʘʤʤʝ ISOPLOT ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ: 

ɚ87Rb= 1.42* 10-11 ʛʦʜ-1, ɚ147Sm= 6.54*10-12 ʛʦʜ-1, (143Nd/144NdCHUR)o= 0.512638, 

(147Sm/144NdCHUR)o= 0.1967 [134]. ʇʨʠ ʨʘʩʯʸʪʘʭ ʚʚʦʜʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ Rb-Sr ʠ Sm-Nd ʜʘʥʥʳʭ: 0.5% ï ʜʣʷ ʦʪʥʦʰʝʥʠʷ 87Rb/86Sr, 0.5% ï ʜʣʷ 

ʦʪʥʦʰʝʥʠʷ 147Sm/144Nd, 0.01% ï ʜʣʷ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr, 0.003% ï ʜʣʷ ʦʪʥʦʰʝʥʠʷ 143Nd/144Nd. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ắNd ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʪʦʯʥʦʩʪʴʶ Ñ0.5. 

2.4 ɺʳʚʦʜ rʧʦ ʛʣʘʚʝ 2 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʘ ʪʘʢʞʝ ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ (ʧʦ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤ ʠ ʘʢʮʝʩʩʦʨʥʳʤ ʤʠʥʝʨʘʣʘʤ) ʠ ʘʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʚ 

ʮʠʨʢʦʥʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʦʩʣʫʞʠʚʰʠʝ ʦʩʥʦʚʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠ ̫ ʠ ʚʦʟʨʘʩʪʘ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 
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ɻʃɸɺɸ 3 ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʉʆʉʊɸɺɸ ʇʆʈʆɼ ʀ ʇʆʈʆɼʆʆɹʈɸɿʋʖʑʀʍ 

ʄʀʅɽʈɸʃʆɺ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʪʨʦ- ʠ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʧʝʨʠʦʜ ʩ 2019-

2021 ʛʛ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 35 ʦʧʦʨʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ, ʠʟ ʥʠʭ 5 ï ʛʨʘʥʦʜʠʦʨʠʪʘ 

ʧʝʨʚʦʡ ʬʘʟʳ, 19 - ʙʠʦʪʠʪʦʚʦʛʦ ʛʨʘʥʠʪʘ ʚʪʦʨʦʡ ʬʘʟʳ ʠ 11 ï ʣʝʡʢʦʛʨʘʥʠʪʘ ʪʨʝʪʴʝʡ ʬʘʟʳ. 

3.1 ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʧʦʨʦʜ. 

ʂ ʧʝʨʚʦʡ ʬʘʟʝ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʥʦʩʷʪʩʷ ʛʨʘʥʦʜʠʦʨʠʪʳ. ɺʳʭʦʜʳ ʧʦʨʦʜ 

ʜʘʥʥʦʡ ʬʘʟr ʟʘʥʠʤʘʪʁ ʧʨʠʤʝʨʥʦ 10% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʤʘʩʩʠʚʘ. ɹ·ʣʴʰʘʷ ʯʘʩʪʴ ʧʝʨʚʦʡ ʬʘʟʳ 

ʩʢʨʳʪʘ ʧʦʜ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ɹʠʡʩʢʦ-ɹʘʨʥʘʫʣʴʩʢʦʡ ʚʧʘʜʠʥʳ. ʇʝʨʚʘʷ ʬʘʟʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʳ ʎʝʨʢʦʚʢʘ (ʛʦʨʦʜ 

ɹʝʣʦʢʫʨʠʭʘ) ʠ ʧʨʦʨʳʚʘʝʪ ʛʨʘʥʠʪʦʠʜʳ ʫʩʪʴ-ʙʝʣʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʚ 

ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʨʫʯʴʷ ʉʧʠʨʠʥʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʬʘʟʳ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 5 ʦʙʨʘʟʮʦʚ 

(202013, 202014, ʄ2101, ʄ2102, ʄ2103, ʇʨʠʣʦʞʝʥʠʝ ɸ.1).  

ɻʨʘʥʠʪʦʠʜʳ ʧʝʨʚʦʡ ʬʘʟʳ ï ʵʪʦ ʢʨʫʧʥʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜ rʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʚ 

ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʢʨʫʧʥʳʝ ʪʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ 

ʰʧʘʪʘ, ʜʦʩʪʠʛʘʶʱʠʝ ʧʦ ʫʜʣʠʥʝʥʠʶ 2-5 ʩʤ (ʨʠʩʫʥʦʢ 3.1ʘ). ʇʦʨʦʜʘ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ (ʪʘʙʣʠʮʘ 3.1). ʊʝʤʥʦʮʚʝʪʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʠʦʪʠʪʦʤ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ. ɺ 

ʧʦʨʦʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʣʢʠʝ (<1 ʤʤ) ʙʣʝʜʥʦ-ʨʦʟʦʚʳʝ ʢʣʠʥʦʚʠʜʥʳʝ ʟʝʨʥʘ ʪʠʪʘʥʠʪʘ. ʊʝʢʩʪʫʨʘ 

ʧʦʨʦʜʳ ʤʘʩʩʠʚʥʘʷ. 

 

ʈʠʩʫʥʦʢ 3.1 ï ʄʘʢʨʦʬʦʪʦʛʨʘʬʠʷ (ʘ) ʠ ʬʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ (ʙ) ʛʨʘʥʦʜʠʦʨʠʪʘ ʧʝʨʚʦʡ ʬʘʟʳ (ʦʙʨ. 

202013): Pl ïʧʣʘʛʠʦʢʣʘʟ; Kfs ï ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ; Qz ï ʢʚʘʨʮ; Bt ï ʙʠʦʪʠʪ; Ttn ï ʪʠʪʘʥʠʪ; 

Hbl ï ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ 
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ʊʘʙʣʠʮʘ 3.1 ï ʋʩʨʝʜʥʝʥʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʚ 

ʦʙ.%) 

ʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ 

ʤʠʥʝʨʘʣʳ: 

ʇʝʨʚʘʷ 

ʬʘʟʘ 

(5 ʦʙʨ.)  

ɺʪʦʨʘʷ 

ʬʘʟʘ 

(19 ʦʙʨ.)  

ʊʨʝʪʴʷ 

ʬʘʟʘ  

(11 ʦʙʨ.) 

ʇʣʘʛʠʦʢʣʘʟ 30-35 25-30 20 

ʂʚʘʨʮ 20-30 25-30 35-40 

ʂʇʐ 10-15 20-25 30-35 

ɹʠʦʪʠʪ 10 5-10 ʝʜ.ʟʥ. 

ʈʦʛʦʚʘʷ ʦʙʤʘʥʢʘ 5-10 - - 

ʄʫʩʢʦʚʠʪ - 1-5 5-10 

ɸʢʮʝʩʩʦʨʥʳʝ: 

ʊʠʪʘʥʠʪ 1-5 - - 

ʎʠʨʢʦʥ ʝʜ.ʟʥ. ʝʜ.ʟʥ. ʝʜ.ʟʥ. 

ɸʧʘʪʠʪ 5  1-5 1 

ɻʨʘʥʘʪ (ʩʧʝʩʩʘʨʪʠʥ) - - ʝʜ.ʟʥ. 

ʌʣʶʦʨʠʪ - - ʝʜ.ʟʥ. 

ʊʦʧʘʟ  - - ʝʜ.ʟʥ. 

ʈʫʜʥʳʡ ʤʠʥʝʨʘʣ  ʝʜ.ʟʥ. 1-5 ʝʜ.ʟʥ. 

ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ: 

ʕʧʠʜʦʪ ʝʜ.ʟʥ. ʝʜ.ʟʥ. ʝʜ.ʟʥ. 

ʍʣʦʨʠʪ ʝʜ.ʟʥ. 1-5 ʝʜ.ʟʥ. 

ʉʝʨʠʮʠʪ ʝʜ.ʟʥ. ʝʜ.ʟʥ. ʝʜ.ʟʥ. 

ɼʣʷ ʜʘʥʥʦʡ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʥʘ ʧʦʨʬʠʨʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩʫʥʦʢ 3.1ʙ). 

ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʤʠʥʝʨʘʣʦʤ ʚ ʜʘʥʥʦʡ ʧʦʨʦʜʝ ʷʚʣʷʝʪʩʷ ʧʣʘʛʠʦʢʣʘʟ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʦʣʠʛʦʢʣʘʟ-

ʘʥʜʝʟʠʥʦʤ (An29-34). ɼʣʷ ʧʣʘʛʠʦʢʣʘʟʘ ʭʘʨʘʢʪʝʨʥʳ ʢʨʫʧʥʳʝ ʠ ʩʨʝʜʥʠʝ (5-1.25 ʤʤ) 

ʛʠʧʠʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ. ɺʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ ʩ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʜʚʦʡʥʠʢʘʤʠ. ʂʘʣʠʝʚʳʡ 

ʧʦʣʝʚʦʡ ʰʧʘʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʩʝʨʦ-ʙʝʣʳʭ ʛʠʧʠʜʠʦʤʦʨʬʥʳʭ ʠ ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʝʨʝʥ 

ʩʨʝʜʥʝʛʦ ʠ ʤʝʣʢʦʛʦ ʨʘʟʤʝʨʘ (2.0-0.5 ʤʤ). ʈʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ ʩ ʤʠʢʨʦʢʣʠʥʦʚʦʡ ʨʝʰʝʪʢʦʡ. 

ʂʚʘʨʮ ʚ ʜʘʥʥʦʡ ʧʦʨʦʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʩʝʥʦʤʦʨʬʥʳʤʠ ʟʝʨʥʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʝʞʜʫ ʜʨʫʛʠʤʠ, ʙʦʣʝʝ ʠʜʠʦʤʦʨʬʥʳʤʠ ʟʝʨʥʘʤʠ. ʈʘʟʤʝʨ ʚʘʨʴʠʨʫʝʪʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ (1.35-

0.05 ʤʤ). ɹʣʝʜʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʙʠʦʪʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʠʜʠʦʤʦʨʬʥʳʭ ʠ ʛʠʧʠʜʠʦʤʦʨʬʥʳʭ 

ʩʨʝʜʥʠʭ ʠ ʤʝʣʢʠʭ (2.7-0.7 ʤʤ) ʟʝʨʝʥ. ɺ ʙʠʦʪʠʪʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʤʝʣʢʠʭ (0.05-0.01 ʤʤ) 

ʪʘʙʣʠʪʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʟʝʨʥʘ ʮʠʨʢʦʥʘ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʧʣʝʦʭʨʦʠʯʥʳʝ ʜʚʦʨʠʢʠ. ʉʨʝʜʠ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʦʤʠʤʦ ʙʠʦʪʠʪʘ, ʪʘʢʞʝ ʦʪʤʝʯʝʥʘ 

ʨʦʛʦʚʘ ̫ʦʙʤʘʥʢʘ. ɿʝʨʥʘ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʠʜʠʦʤʦʨʬʥʳʝ ʠ ʥʝʙʦʣʴʰʦʛʦ (0.25-0.05 ʤʤ) ʨʘʟʤʝʨʘ. 

ʉʨʝʜʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʳʜʝʣʝʥʳ ʤʘʛʥʝʪʠʪ, ʮʠʨʢʦʥ, ʘʧʘʪʠʪ ʠ ʪʠʪʘʥʠʪ. ɼʣʷ ʘʧʘʪʠʪʘ 

ʭʘʨʘʢʪʝʨʥʦ ʥʘʭʦʞʜʝʥʠʝ ʚ ʚʠʜʝ ʛʠʧʠʜʠʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʤʝʣʢʦʛʦ ʜʦ ʪʦʥʢʦʛʦ (>0.01 ʤʤ) ʨʘʟʤʝʨʘ. 
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ʄʠʥʝʨʘʣ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʙʠʦʪʠʪʝ ʠ ʧʦʣʝʚʦʤ ʰʧʘʪʝ ʚ ʚʠʜʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ. ɹʫʨʦ-ʢʦʨʠʯʥʝʚʳʡ 

ʪʠʪʘʥʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʝʜʥʠʤʠ ʠ ʤʝʣʢʠʤʠ (1.75-0.25 ʤʤ) ʠʜʠʦʤʦʨʥʳʤʠ ʟʝʨʥʘʤʠ. ʅʘʙʣʶʜʘʶʪʩʷ, 

ʢʘʢ ʢʦʥʚʝʨʪʦʦʙʨʘʟʥʳʝ, ʪʘʢ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ-ʢʣʠʥʦʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺ ʟʝʨʥʘʭ ʪʠʪʘʥʠʪʘ 

ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʘʧʘʪʠʪʘ. ɺ ʮʝʣʦʤ ʧʦʨʦʜʘ ʫʤʝʨʝʥʥʦ ʟʘʪʨʦʥʫʪʘ 

ʚʪʦʨʠʯʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ: ʧʦ ʙʠʦʪʠʪʫ ʨʘʟʚʠʚʘʝʪʩʷ ʭʣʦʨʠʪ ʠ ʵʧʠʜʦʪ, ʧʦ ʧʣʘʛʠʦʢʣʘʟʫ ï ʩʝʨʠʮʠʪ, 

ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʧʦʜʚʝʨʞʝʥ ʧʨʦʮʝʩʩʘʤ ʧʝʣʠʪʠʟʘʮʠʠ.  

ʂʦ ʚʪʦʨʦʡ ʬʘʟʝ (ʛʣʘʚʥʦʡ) ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʥʦʩʷʪʩʷ ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ. 

ʆʥʠ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʦʡ ʬʘʟʦʡ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʟʘʥʠʤʘʶʪ ʧʦʨʷʜʢʘ 70% ʦʪ ʦʙʱʝʡ 

ʧʣʦʱʘʜʠ ʤʘʩʩʠʚʘ. ʂ ʦʙʨʘʟʮʘʤ ʜʘʥʥʦʡ ʬʘʟʳ ʦʪʥʦʩʷʪʩʷ: 20201, 20202-1, 20202-2, 20203-1, 20204, 

20206, 20207, 20208, 20209-1, 20209-2, 202011-2, 202012-1, 202016, 202017, ʊʅ1-2, ʊʅ2-1, ʊʅ3-

2, ʊʅ5, 2423. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʢʦʥʪʘʢʪ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟʳ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʠʟ-ʟʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʢʨʳʚʘʝʪ ʦʙʥʘʞʝʥʠʷ ʛʨʘʥʠʪʦʚ. ʂʦʥʪʘʢʪʦʚʘʷ ʟʦʥʘ ʚʪʦʨʦʡ ʠ 

ʪʨʝʪʴʝʡ ʬʘʟʳ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʏʝʨʥʦʚʩʢʦʛʦ ʰʪʦʢʘ (ʨʠʩʫʥʦʢ 3.2). ʂʦʥʪʘʢʪ ʤʝʞʜʫ ʬʘʟʘʤʠ 

ʨʝʟʢʠʡ, ʦʪʤʝʯʝʥʦ ʯʝʪʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʦʨʦʜʘʤʠ, ʢʘʢ ʥʘ ʚʠʟʫʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʠ ʥʘ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ɹʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʝʪʣʦ-ʩʝʨʳʤ ʮʚʝʪʦʤ, 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ (ʨʠʩʫʥʦʢ 3.3ʘ). ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟ r ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢʠʤʠ-ʣʠʙʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ (ʪʘʙʣʠʮʘ 3.1) ʀʟ 

ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʠʦʪʠʪ.  

 

ʈʠʩʫʥʦʢ 3.2 ï ʇʨʠʤʝʨ ʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʳ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ ʛʨʘʥʠʪʦʚ  

ɼʣʷ ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ ʦʧʨʝʜʝʣʝʥʘ ʛʨʘʥʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ. ɺ ʧʦʨʦʜʝ 

ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʠ ʧʣʘʛʠʦʢʣʘʟ ʩʦʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ. ʇʣʘʛʠʦʢʣʘʟ ʚ 
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ʜʘʥʥʦʡ ʬʘʟʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʣʠʛʦʢʣʘʟʦʤ (An17-27). ɿʝʨʥʘ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʛʠʧʠʜʠʦʤʦʨʬʥʳʝ ʠ 

ʠʤʝʶʪ ʩʨʝʜʥʠʡ ʠ ʤʝʣʢʠʡ ʨʘʟʤʝʨ (1.25-0.5 ʤʤ). ɿʝʨʥʘ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ 

ʛʠʧʠʜʠʦʤʦʨʬʥʳʝ ʩʨʝʜʥʠʝ ʧʦ ʨʘʟʤʝʨʫ (3.0-1.5 ʤʤ) (ʨʠʩʫʥʦʢ 3.3ʙ). ɺ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʣʢʠʝ 

ʚʢʣʶʯʝʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ, ʢʚʘʨʮʘ, ʙʠʦʪʠʪʘ ʠ ʤʫʩʢʦʚʠʪʘ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ 

ʚʩʪʨʝʯʘʝʪʩʷ ʤʠʢʨʦʢʣʠʥʦʚʘʷ ʨʝʰʝʪʢʘ. ɺʢʣʶʯʝʥʠʷ ʢʚʘʨʮʘ ʚʩʪʨʝʯʘʪʁʩʷ ʚ ʚʠʜʝ ʢʩʝʥʦʤʦʨʬʥʳʭ 

ʟʝʨʝʥ ʤʝʣʢʦʛʦ ʠ ʪʦʥʢʦʛʦ ʨʘʟʤʝʨʘ (0.1-0.01 ʤʤ). ɺ ʦʩʥʦʚʥʦʤ ʢʚʘʨʮ ʟʘʧʦʣʥʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʝʞʜʫ ʧʣʘʛʠʦʢʣʘʟʦʤ ʠ ʢʘʣʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ. ɹʠʦʪʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʠʜʠʦʤʦʨʬʥʳʤʠ ʠ 

ʛʠʧʠʜʠʦʤʦʨʬʥʳʤʠ ʩʨʝʜʥʠʤʠ ʠ ʤʝʣʢʠʤʠ (1.5-0.1 ʤʤ) ʟʝʨʥʘʤʠ ʙʫʨʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ʙʠʦʪʠʪʘ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ ʮʠʨʢʦʥʘ, ʥʘ ʢʦʥʪʘʢʪʝ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʣʝʦʭʨʦʠʯʥʳʝ ʜʚʦʨʠʢʠ, ʚʢʣʶʯʝʥʠʷ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʘʧʘʪʠʪʘ ʠ 

ʧʣʘʛʠʦʢʣʘʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛʨʘʥʠʪʘʭ ʚʪʦʨʦʡ ʬʘʟʳ ʥʘʙʣʶʜʘʝʪʩʷ ʤʫʩʢʦʚʠʪ ʚ ʚʠʜʝ 

ʤʝʣʢʦʯʝʰʫʡʯʘʪʳʭ ʘʛʨʝʛʘʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʚʢʣʁʯʝʥʠ ̫ ʚ ʢʘʣʠʝʚʦʤ ʧʦʣʝʚʦʤ ʰʧʘʪʝ. 

ɻʠʧʠʜʠʦʤʦʨʬʥʳʝ ʩʨʝʜʥʠʝ ʧʦ ʨʘʟʤʝʨʫ ʟʝʨʥʘ ʤʫʩʢʦʚʠʪʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʨʘʩʪʘʥʠʠ ʩ 

ʙʠʦʪʠʪʦʤ. ʉʨʝʜʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʤʝʣʢʠʝ (0.5-0.1 ʤʤ) ʟʝʨʥʘ 

ʠʜʠʦʤʦʨʬʥʦʛʦ ʘʧʘʪʠʪʘ (ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʤʝʣʢʠʝ ʟʝʨʥʘ ʚ ʧʦʨʦʜʝ, ʪʘʢ ʠ ʚʦ ʚʢʣʶʯʝʥʠʠ ʚ 

ʙʠʦʪʠʪʝ ʠ ʧʦʣʝʚʦʤ ʰʧʘʪʝ). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʦʪʤʝʯʝʥʳʝ ʤʝʣʢʠʝ (0.5-0.1 ʤʤ) ʟʝʨʥʘ ʤʘʛʥʝʪʠʪʘ ʠ 

ʠʣʴʤʝʥʠʪʘ. ʇʦʨʦʜʘ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʪʨʦʥʫʪʘ ʚʪʦʨʠʯʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʇʦ ʙʠʦʪʠʪʫ 

ʨʘʟʚʠʚʘʝʪʩʷ ʭʣʦʨʠʪ ʠ ʵʧʠʜʦʪ, ʤʝʩʪʘʤʠ ʤʫʩʢʦʚʠʪ, ʧʦ ʧʣʘʛʠʦʢʣʘʟʫ ï ʩʝʨʠʮʠʪ; ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ 

ʰʧʘʪ ʧʦʜʚʝʨʞʝʥ ʧʨʦʮʝʩʩʘʤ ʧʝʣʠʪʠʟʘʮʠʠ.  

 

ʈʠʩʫʥʦʢ 3.3 ï ʄʘʢʨʦ- (ʘ) ʠ ʬʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ (ʙ) ʛʨʘʥʠʪʘ (ʦʙʨ. 202016) ʚʪʦʨʦʡ ʬʘʟʳ: Pl ï 

ʧʣʘʛʠʦʢʣʘʟ; Kfs ï ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ; Qz ï ʢʚʘʨʮ; Bt ï ʙʠʦʪʠʪ; Ms ï ʤʫʩʢʦʚʠʪ 

ʊʨʝʪʴʷ ʬʘʟʘ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ, ʦʥʠ ʟʘʥʠʤʘʶʪ 15-25% ʦʪ ʦʙʱʝʡ 

ʧʣʦʱʘʜʠ ʤʘʩʩʠʚʘ. ɼʘʥʥʳʝ ʧʦʨʦʜʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʏʝʨʥʦʚʩʢʦʛʦ ʠ ʊʦʯʠʣʴʥʦʛʦ ʰʪʦʢʦʚ, ʘ 

ʪʘʢʞʝ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʪʝʣ (ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ), 
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ʢʦʪʦʨʳʝ ʩʝʢʫʪ ʧʦʨʦʜ rʛʣʘʚʥʦʡ (ʚʪʦʨʦʡ) ʬʘʟ.r ʃʝʡʢʦʛʨʘʥʠʪʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ʏʝʨʥʦʚʩʢʦʛʦ 

(ʦʙʨʘʟʮʳ 20203-2, 202010, 202011, 202012-2, 202015, 2424, 2425) ʠ ʊʦʯʠʣʴʥʦʛʦ (2016-5) ʰʪʦʢʦʚ. 

ʀʟ ʤʝʣʢʠʭ ʪʝʣ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʥʝʩʪʠ ʠʭ ʚ ʤʘʩʰʪʘʙʝ ʥʘ ʩʭʝʤʫ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ, ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʊʅ3-1, 20205, 202018, 202019. ʃʝʡʢʦʛʨʘʥʠʪʳ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʦʜʘʤʠ ʦʪ ʙʣʝʜʥʦ-ʨʦʟʦʚʦ-ʩʝʨʦʛʦ ʜʦ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ 

ʮʚʝʪʘ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ ʩʨʝʜʥʝʟʝʨʥʠʩʪʘʷ, ʪʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ (ʨʠʩʫʥʦʢ 3.4a). ɻʣʘʚʥʳʤʠ 

ʤʠʥʝʨʘʣʦʤʠ ʚ ʧʦʨʦʜʘʭ ʪʨʝʪʴʝʡ ʬʘʟʳ ʷʚʣʷʶʪʩʷ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʢʚʘʨʮ, ʧʣʘʛʠʦʢʣʘʟ ʠ 

ʤʫʩʢʦʚʠʪ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʪʁ ʛʨʘʥʘʪ, ʬʣʶʦʨʠʪ ʠ 

ʪʦʧʘʟ.  

 

ʈʠʩʫʥʦʢ 3.4 ï ʄʘʢʨʦ- (ʘ) ʠ ʬʦʪʦʛʨʘʬʠʷ ʰʣʠʬʘ (ʙ) ʣʝʡʢʦʛʨʘʥʠʪʘ (ʦʙʨ. 202015) ʪʨʝʪʴʝʡ ʬʘʟʳ: Pl ï 

ʧʣʘʛʠʦʢʣʘʟ; Kfs ï ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ; Qz ï ʢʚʘʨʮ; Ms ï ʤʫʩʢʦʚʠʪ.  

 ɼʣʷ ʣʝʡʢʦʛʨʘʥʠʪʘ ʦʧʨʝʜʝʣʝʥʘ ʛʨʘʥʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʩʩʠʚʥʘʷ ʪʝʢʩʪʫʨʘ (ʨʠʩʫʥʦʢ 3.4ʙ). 

ɺ ʩʦʩʪʘʚʝ ʧʦʨʦʜ ʠʟ ʪʨʝʪʴʝʡ ʬʘʟʳ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʣʘʛʠʦʢʣʘʟʘ (ʪʘʙʣʠʮʘ 

3.1). ʉʚʝʪʣʦ-ʩʝʨʳʝ ʟʝʨʥʘ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʛʠʧʠʜʠʦʤʦʨʬʥʳʝ ʠ ʤʝʩʪʘʤʠ ʢʩʝʥʦʤʦʨʬʥʳʝ, 

ʠʤʝʶʪ ʨʘʟʤʝʨ ʦʪ ʢʨʫʧʥʦʛʦ ʜʦ ʤʝʣʢʦʛʦ (2-0.1 ʤʤ). ʅʘʙʣʶʜʘʶʪʩʷ ʤʝʣʢʠʝ (0.75-0.5 ʤʤ) 

ʛʠʧʠʜʠʦʤʦʨʬʥʳʝ ʠ ʪʦʥʢʠʝ (0.25-0.01 ʤʤ) ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʧʣʘʛʠʦʢʣʘʟʘ. ʇʣʘʛʠʦʢʣʘʟ 

ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʴʙʠʪʦʤ-ʦʣʠʛʦʢʣʘʟʦʤ (An9-14). ʂʚʘʨʮ ʟʘʥʠʤʘʝʪ ʯʫʪʴ ʤʝʥʴʰʝ ʤʝʩʪʘ, ʯʝʤ ʧʦʣʝʚʦʡ 

ʰʧʘʪ. ʄʠʥʝʨʘʣ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʠ ʤʝʣʢʠʭ (2.5-0.25 ʤʤ) ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʝʨʝʥ. 

ʄʫʩʢʦʚʠʪ ʚ ʧʦʨʦʜʘʭ ʪʨʝʪʴʝʡ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʠ ʤʝʣʢʠʭ (1.5-0.05 ʤʤ) 

ʛʠʧʠʜʠʦʤʦʨʬʥʳʭ ʟʝʨʝʥ. ʄʫʩʢʦʚʠʪ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʦʙʨʘʟʫʝʪ ʫʜʣʠʥʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ 

ʢʨʠʩʪʘʣʣʳ. ʄʝʣʢʦʯʝʰʫʡʯʘʪʳʡ ʤʫʩʢʦʚʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʦʣʝʚʳʭ ʰʧʘʪʘʭ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʪʝʤʥʦ-ʙʫʨʳʡ ʙʠʦʪʠʪ ʚ ʚʠʜʝ ʨʝʜʢʠʭ ʛʠʧʠʜʠʦʤʦʨʬʥʳʭ ʤʝʣʢʠʭ 

(0.5-0.25 ʤʤ) ʟʝʨʝʥ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʠ ʪʦʥʢʠʝ ʟʝʨʥʘ (0.1-0.05 ʤʤ) ʪʦʧʘʟʘ, 

ʘʧʘʪʠʪʘ, ʤʘʛʥʝʪʠʪʘ, ʩʨʝʜʥʠʝ ʠ ʤʝʣʢʠʝ ʟʝʨʥʘ ʛʨʘʥʘʪʘ (1.25-0.25 ʤʤ) ʠ ʝʜʠʥʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ 
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ʪʦʥʢʦʛʦ (>0.01 ʤʤ) ʬʣʶʦʨʠʪʘ. ɺʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʧʣʘʛʠʦʢʣʘʟʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʙʨʘʟʫʝʪʩʷ ʩʝʨʠʮʠʪ. ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʧʦʜʚʝʨʞʝʥ 

ʧʝʣʠʪʠʟʘʮʠʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʚʳʚʦʜʳ. ɼʣʷ ʦʪʦʙʨʘʥʥʳʭ ʚ ʧʦʣʝ ʦʙʨʘʟʮʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ, ʢʦʪʦʨʳʡ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʬʘʟʘʤ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʅʘʰʠ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʦʚʝʜʝʥʥʳʤʠ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦ ʚʳʜʝʣʝʥʠʶ ʬʘʟ ʛʨʘʥʠʪʦʠʜʦʚ 

[26, 41, 45]. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʤʝʥʘ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ ʚ 

ʚʠʜʝ ʫʤʝʥʴʰʝʥʠʷ/ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʷʜʘ ʤʠʥʝʨʘʣʦʚ (ʪʘʙʣʠʮʘ 3.1). ʊʘʢ, ʜʣʷ ʧʝʨʚʦʡ ʬʘʟʳ 

ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʘʤʬʠʙʦʣʘ ʠ ʪʠʪʘʥʠʪʘ, ʘ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʣʘʛʠʦʢʣʘʟʘ ʥʘʜ 

ʢʘʣʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ. ɼʣʷ ʚʪʦʨʦʡ ʬʘʟʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʪʠʪʘʥʠʪʘ ʠ ʘʤʬʠʙʦʣʘ. ɺ ʪʨʝʪʴʝʡ ʬʘʟʝ ʦʪʤʝʯʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ, 

ʠ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʚʘʨʮʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʪʨʝʪʴʝʡ ʬʘʟʳ ʦʪʤʝʯʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

3.2 ʉʦʩʪʘʚ ʧʦʨʦʜ ʧʦ ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʘʤ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʪʨʦ- ʠ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 

35 ʧʨʦʙ, ʠʟ ʥʠʭ 5 ï ʛʨʘʥʦʜʠʦʨʠʪʳ ʧʝʨʚʦʡ ʬʘʟʳ, 19 ï ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ ʠ 11 ʧʨʦʙ 

ï ʣʝʡʢʦʛʨʘʥʠʪʳ ʪʨʝʪʴʝʡ ʬʘʟʳ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʨʦʜ ʤʝʪʦʜʘʤʠ XRF ʠ ICP-MS ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ ɹ.1 (ʇʨʠʣʦʞʝʥʠʝ ɹ). 

ʇʦʨʦʜʳ ʧʝʨʚʦʡ ʬʘʟʳ. ʆʙʨʘʟʮʳ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʧʝʨʚʦʡ ʬʘʟʝ, ʥʘ TAS-ʜʠʘʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 

3.5) ʧʦʧʘʣʠ ʚ ʧʦʣʝ ʛʨʘʥʦʜʠʦʨʠʪʦʚ (3 ʪʦʯʢʠ) ʠ ʛʨʘʥʦʩʠʝʥʠʪʦʚ (2 ʪʦʯʢʠ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ SiO2 ʦʪ 64 

ʤʘʩ.% ʜʦ 69 ʤʘʩ.%. ʅʘ ʜʠʘʛʨʘʤʤʘʭ çʷʱʠʢ ʩ ʫʩʘʤʠè ʠ ʍʘʨʢʝʨʘ (ʨʠʩʫʥʦʢ 3.6 ʠ 3.7) ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: TiO2 ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.67 ʜʦ 1.26 ʤʘʩ.%. ɼʣʷ Al 2O3 ʭʘʨʘʢʪʝʨʥʦ 

ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʪ 14.2 ʜʦ 16.1 ʤʘʩ.%. ʉʦʜʝʨʞʘʥʠʝ FeO ʚʘʨʴʠʨʫʝʪ ʦʪ 3.83 ʜʦ 5.83 ʤʘʩ.%, 

MgO ï ʦʪ 0.45 ʜʦ 1.18 ʤʘʩ.%, CaO ï ʦʪ 2.49 ʜʦ 3.65 ʤʘʩ.%, Na2O ï ʦʪ 2.37 ʜʦ 3.09 ʤʘʩ.%. ɼʣʷ 

P2O5 ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.16 ʜʦ 0.35 ʤʘʩ.%, K2O ï ʦʪ 3.96 ʜʦ 5.2 ʤʘʩ.%. 
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ʈʠʩʫʥʦʢ 3.5 ï TAS-ʜʠʘʛʨʘʤʤʘ (ʧʦ [71]) ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ  

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʦʢʩʠʜʦʚ ʱʝʣʦʯʝʡ ʧʦʨʦʜʳ ʧʝʨʚʦʡ ʬʘʟʳ ʦʪʥʝʩʝʥʳ ʢ ʧʦʨʦʜʘʤ ʩ 

ʥʦʨʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ (Na2O+K2O ï 5-8 ʤʘʩ.%). ʆʙʨʘʟʮʳ ʧʦʨʦʜʳ ʧʝʨʚʦʡ ʬʘʟʳ ʦʪʥʝʩʝʥʳ ʢ 

ʚʳʩʦʢʦ-ʢʘʣʠʝʚʦʡ ʩʝʨʠʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʦʨʦʜʳ K2O ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3.8 ʜʦ 

5.5% (ʨʠʩʫʥʦʢ 3.8). ʅʘ ʜʠʘʛʨʘʤʤʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʱʝʣʦʯʥʦ-ʠʟʚʝʩʪʢʦʚʦʛʦ 

ʠʥʜʝʢʩʘ ʠ ʞʝʣʝʟʠʩʪʦʩʪʠ ʛʨʘʥʠʪʦʚ, ʧʦʨʦʜʳ ʧʝʨʚʦʡ ʬʘʟʳ ʧʦʧʘʣʠ ʚ ʧʦʣʝ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ 

ʩʝʨʠʠ (ʨʠʩʫʥʦʢ 3.9ʘ) ʠ ʦʪʥʝʩʝʥʳ ʢ ʞʝʣʝʟʠʩʪʳʤ ʧʦʨʦʜʘʤ (ʨʠʩʫʥʦʢ 3.9ʙ). ʇʦ ʠʥʜʝʢʩʫ ʥʘʩʳʱʝʥʠʷ 

ʛʣʠʥʦʟʝʤʦʤ (ASI ʠʣʠ A/CNK, ʠʥʜʝʢʩ ʐʝʥʜʘ) ʛʨʘʥʠʪʳ ʧʝʨʚʦʡ ʬʘʟʳ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʨʘʟʜʝʣʝʥʳ ʤʝʞʜʫ ʧʦʣʷʤʠ ʤʝʪʘʘʣʶʤʠʥʠʝʚrʭ ʠ ʫʤʝʨʝʥʥʦ ʧʝʨʘʣʶʤʠʥʠʝʚʳʭ ʛʨʘʥʠʪʦʚ, A/CNK < 

1.1 (ʨʠʩʫʥʦʢ 3.10). ɼʣʷ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Ca, ʜʘʥʥʳʡ 

ʵʣʝʤʝʥʪ çʥʘʢʘʧʣʠʚʘʝʪʩʷè ʚ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʝ ʠ ʧʣʘʛʠʦʢʣʘʟʝ. 



36 

 

 

 

3
6 

3

6 

 

ʈʠʩʫʥʦʢ 3.6 ï ɼʠʘʛʨʘʤʤʳ ʍʘʨʢʝʨʘ [126] ʜʣʷ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ 

ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ  
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ʈʠʩʫʥʦʢ 3.7 ï ɼʠʘʛʨʘʤʤʳ çʷʱʠʢ ʩ ʫʩʘʤʠè ʜʣʷ ʧʦʨʦʜ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʉʠʥʠʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ, ʢʨʘʩʥʳʤ ï ʜʣʷ ʚʪʦʨʦʡ ʬʘʟʳ ʠ ʟʝʣʝʥʳʤ 

ï ʪʨʝʪʴʷ ʬʘʟʘʉʦʜʝʨʞʘʥʠʝ ʧʨʠʚʝʜʝʥʦ ʚ ʤʘʩ.%. ʇʨʷʤʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʤʝʜʠʘʥʘ, çʷʱʠʢè 

ʦʪʚʝʯʘʝʪ ʤʝʞʢʚʘʨʪʠʣʴʥʦʤʫ ʨʘʟʤʘʭʫ (IQR), çʫʩʳè ï ʤʠʥʠʤʫʤ-ʤʘʢʩʠʤʫʤ ʙʝʟ ʫʯʝʪʘ ʚʳʙʨʦʩʦʚ 

(non-outlier range, Q1 - 1.5ĬIQR ʠ Q3 + 1.5ĬIQR) 
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ʈʠʩʫʥʦʢ 3.8 ï SiO2-K2O ʜʠʘʛʨʘʤʤʘ [142] ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ  

 

ʈʠʩʫʥʦʢ 3.9 ï ɼʠʘʛʨʘʤʤʘ ʱʝʣʦʯʥʦ-ʠʟʚʝʩʪʢʦʚʦʛʦ ʠʥʜʝʢʩʘ (ʘ) ʠ ʞʝʣʝʟʠʩʪʦʩʪʠ (ʙ) [109] ʩ 

ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ  

 

ʈʠʩʫʥʦʢ 3.10 ï ɼʠʘʛʨʘʤʤʘ A/NK - A/CNK (ʠʥʜʝʢʩ ʥʘʩʳʱʝʥʠʷ ʛʣʠʥʦʟʝʤʦʤ/ʠʥʜʝʢʩ ʐʝʥʜʘ [111] 

ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʇʦʨʦʜʳ ʚʪʦʨʦʡ ʬʘʟʳ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʚʪʦʨʦʡ (ʛʣʘʚʥʦʡ) ʬʘʟʳ ʥʘ TAS-ʜʠʘʛʨʘʤʤʝ 

(ʨʠʩʫʥʦʢ 3.5) ʧʦʧʘʣʠ ʚ ʧʦʣʝ ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ʠ ʥʘ ʛʨʘʥʠʮʝ ʛʨʘʥʠʪʦʚ ʠ 

ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ SiO2 ʦʪ 71 ʤʘʩ.% ʜʦ 74 ʤʘʩ.%. ʅʘ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩʫʥʦʢ 3.6 ʠ 3.7) 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: TiO2 ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.01 ʜʦ 0.3 ʤʘʩ.%. ɼʣʷ Al 2O3 
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ʭʘʨʘʢʪʝʨʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠ ̫ʦʪ 13.8 ʜʦ 15.2 ʤʘʩ.%. ʉʦʜʝʨʞʘʥʠʝ FeO ʚʘʨʴʠʨʫʝʪ ʦʪ 0.26 ʜʦ 

2.03 ʤʘʩ.%. MgO ï ʦʪ 0.05 ʜʦ 0.26 ʤʘʩ.%. CaO ï ʦʪ 0.15 ʜʦ 1.27 ʤʘʩ.%. Na2O ï ʦʪ 1.88 ʜʦ 2.86 

ʤʘʩ.%. ɼʣʷ P2O5 ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.03 ʜʦ 0.11 ʤʘʩ.%. K2O ï ʦʪ 5.04 ʜʦ 7.05 ʤʘʩ.%. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʦʢʩʠʜʦʚ ʱʝʣʦʯʝʡ ʛʨʘʥʠʪʳ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʩ ʥʦʨʤʘʣʴʥʦʡ 

ʱʝʣʦʯʥʦʩʪʴʶ ʠ (Na2O+K2O ï 5-8 ʤʘʩ.%) ʠ ʫʤʝʨʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ (Na2O+K2O ï 8-10 ʤʘʩ.%). 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʩʦʩʪʘʚʝ ʧʦʨʦʜʳ K2O (4.5-6.8 ʤʘʩ.%) ʛʨʘʥʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ ʦʪʥʝʩʝʥʳ ʢ ʚʳʩʦʢʦ-

ʢʘʣʠʝʚʦʡ ʩʝʨʠʠ (ʨʠʩʫʥʦʢ 3.8). ʅʘ ʜʠʘʛʨʘʤʤʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʱʝʣʦʯʥʦ-ʠʟʚʝʩʪʢʦʚʦʛʦ ʥʦʤʝʨʘ 

ʛʨʘʥʠʪʳ ʠʟ ʚʪʦʨʦʡ ʬʘʟʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʩʝʨʠʠ: ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ ʠ ʱʝʣʦʯʥʦ-

ʠʟʚʝʩʪʢʦʚʳʝ (ʨʠʩʫʥʦʢ 3.9ʘ). ɾʝʣʝʟʠʩʪʳʡ ʥʦʤʝʨ ʚ ʛʨʘʥʠʪʘʭ ʨʘʩʪʝʪ ʦʪ 0.75 ʜʦ 0.96 (ʨʠʩʫʥʦʢ 3.9ʙ). 

ɺ ʜʘʥʥʦʡ ʬʘʟʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ ʥʦʤʝʨ ʞʝʣʝʟʠʩʪʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʬʘʟ, ʜʘʥʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ ʧʦʨʦʜ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʝʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ) ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʪʠʪʘ ʠ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ. ʇʦ ʠʥʜʝʢʩʫ ʥʘʩʳʱʝʥʠʷ 

ʛʣʠʥʦʟʝʤʦʤ (ASI ʠʣʠ A/CNK) ʛʨʘʥʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.9 ʜʦ 1.2, 

ʟʘʥʠʤʘʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʤʝʪʘʘʣʶʤʠʥʠʝʚʳʤʠ ʠ ʧʝʨʘʣʶʤʠʥʠʝʚʳʤʠ ʦʙʣʘʩʪʷʤʠ 

(ʨʠʩʫʥʦʢ 3.10). 

ʇʦʨʦʜʳ ʪʨʝʪʴʝʡ ʬʘʟʳ. ʅʘ TAS-ʜʠʘʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 3.5) ʧʦʨʦʜʳ ʪʨʝʪʴʝʡ ʬʘʟʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʣʝ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ SiO2 ʦʪ 75 ʤʘʩ.% ʜʦ 79 ʤʘʩ.% (ʦʙʨʘʟʝʮ 

20203-2 ʩ ʩʦʜʝʨʞʘʥʠʝʤ SiO2 81.8 ʤʘʩ.% ʥʘ ʜʠʘʛʨʘʤʤʫ ʥʝ ʚʳʥʦʩʠʣʩʷ). ʅʘ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩʫʥʦʢ 

3.6 ʠ 3.7), ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: TiO2 ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.005 ʜʦ 0.13 ʤʘʩ.%. 

ɼʣʷ Al 2O3 ʭʘʨʘʢʪʝʨʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 9.96 ʜʦ 14.8 ʤʘʩ.%. ʉʦʜʝʨʞʘʥʠʝ FeO ʚʘʨʴʠʨʫʝʪ 

ʦʪ 0.68 ʜʦ 1.03 ʤʘʩ.%. ɿʥʘʯʝʥʠʷ MgO ï ʥʠʞʝ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ. CaO ï ʦʪ 0.28 ʜʦ 1.17 ʤʘʩ.%. 

Na2O ï ʦʪ 1.34 ʜʦ 3.81 ʤʘʩ.%. ɼʣʷ P2O5 ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.03 ʜʦ 0.13 ʤʘʩ.%. K2O ï ʦʪ 

3.82 ʜʦ 5.95 ʤʘʩ.%.  

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʦʢʩʠʜʦʚ ʱʝʣʦʯʝʡ ʧʦʨʦʜʳ ʦʪʥʝʩʝʥʳ ʢ ʛʨʫʧʧʝ ʩ ʥʦʨʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ 

(Na2O+K2O ï 5-8 ʤʘʩ.%). ʇʦʨʦʜʳ ʪʨʝʪʴʝʡ ʬʘʟʳ ʤʘʩʩʠʚʘ ʦʪʥʝʩʝʥʳ ʢ ʚʳʩʦʢʦ-ʢʘʣʠʝʚʦʡ ʩʝʨʠʠ 

(K2O ʦʪ 3.8 ʤʘʩ.% ʜʦ 6.2 ʤʘʩ.%) (ʨʠʩʫʥʦʢ 3.8). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʘ ʥʘʩʳʱʝʥʠʷ 

ʛʣʠʥʦʟʝʤʦʤ (ʨʠʩʫʥʦʢ 3.10), ʱʝʣʦʯʥʦ-ʠʟʚʝʩʪʢʦʚʠʩʪʦʛʦ ʠʥʜʝʢʩʘ ʠ ʞʝʣʝʟʠʩʪʦʩʪʠ ʣʝʡʢʦʛʨʘʥʠʪʦʚ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʩʩʠʚʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʠʘʛʨʘʤʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 3.9ʘ ʠ 3.9ʙ. 

ʇʦʨʦʜʳ ʪʨʝʪʴʝʡ ʬʘʟʳ ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. ʇʦ ʚʝʣʠʯʠʥʝ 

ʞʝʣʝʟʠʩʪʦʛʦ ʥʦʤʝʨʘ (#Fe) ʧʦʨʦʜʳ ʦʪʥʝʩʝʥʳ ʢ ʞʝʣʝʟʠʩʪʳʤ. ʀʥʜʝʢʩ ʥʘʩʳʱʝʥʠʷ ʛʣʠʥʦʟʝʤʦʤ (ASI 

ʠʣʠ A/CNK, ʠʥʜʝʢʩ ʐʝʥʜʘ) ʜʣʷ ʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ ʦʪʚʝʯʘʝʪ ʜʠʘʧʘʟʦʥʫ ʦʪ 0.95 ʜʦ 1.3, ʧʨʠ 

ʵʪʦʤ ʧʦʨʦʜʳ ʧʦʧʘʜʘʶʪ ʚ ʦʙʘ ʧʦʣʷ ï ʤʝʪʘʘʣʶʤʠʥʠʝʚʦʝ ʠ ʧʝʨʘʣʶʤʠʥʠʝʚʦʝ (ʨʠʩʫʥʦʢ 3.10). ʇʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʜʝʢʩʦʚ A/CNK ʠ A/CNK ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʛʨʘʥʠʪʦʚ ʧʝʨʚʦʡ ʬʘʟʳ ʣʝʞʘʪ 
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ʚʳʰʝ ʩʦʩʪʘʚʦʚ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ. ʇʦʜʚʦʜʷ ʠʪʦʛ ʦʙʩʫʞʜʝʥʠʶ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʧʦ 

ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʝʝ:  

-ʇʦʨʦʜʳ ʤʘʩʩʠʚʘ ʨʘʟʜʝʣʠʣʠʩʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʩʦʩʪʘʚʝ SiO2 ʥʘ ʪʨʠ ʪʠʧʘ: ʛʨʘʥʦʜʠʦʨʠʪʳ, 

ʛʨʘʥʠʪʳ ʠ ʣʝʡʢʦʛʨʘʥʠʪʳ; 

-ɼʣʷ ʧʦʨʦʜ ʚʩʝʭ ʬʘʟ ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʢʩʠʜʘ ʢʘʣʠʷ ʥʘʜ ʦʢʩʠʜʦʤ ʥʘʪʨʠʷ; 

-ɺʳʩʦʢʠʡ ʞʝʣʝʟʠʩʪʳʡ ʥʦʤʝʨ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʬʘʟ ʛʨʘʥʠʪʦʠʜʦʚ ʩʚʷʟʘʥ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʚ ʧʦʨʦʜʘʭ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʙʠʦʪʠʪʝ ʠ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʘʭ (ʤʘʛʥʝʪʠʪʝ ʠ ʠʣʴʤʝʥʠʪʝ); 

-ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʛʣʠʥʦʟʝʤʘ ʛʨʘʥʠʪʳ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ ʠʤʝʶʪ ʠʥʜʝʢʩ ʥʘʩʳʱʝʥʠʷ 

ʛʣʠʥʦʟʝʤʦʤ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.9 ʜʦ 1.1, ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʧʦʨʦʜ ʥʘ 

ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 

ʤʝʪʘʘʣʶʤʠʥʠʝʚʳʤʠ ʠ ʧʝʨʘʣʶʤʠʥʠʝʚʳʤʠ. ʊʘʢʦʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʥʘʩʳʱʝʥʠʷ 

ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʠ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ [111].  

ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʍʘʨʢʝʨʘ (ʨʠʩʫʥʦʢ 3.6) ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʚʩʝʭ ʪʨʝʭ ʬʘʟ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ Ti, 

Fe, Mg ʠ P ʨʝʟʢʦ ʧʦʥʠʞʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʝʨʚʦʡ ʬʘʟʳ ʢʦ ʚʪʦʨʦʡ, ʜʘʣʝʝ, ʦʪ ʚʪʦʨʦʡ ʢ ʪʨʝʪʴʝʡ 

ʬʘʟʝ, ʧʦʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʢʩʠʜʘ ʠʤʝʝʪ ʙʦʣʝʝ ʧʣʘʚʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʦʟʝʤʘ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦ. ʇʦʚʝʜʝʥʠʝ ʦʢʩʠʜʦʚ K ʠ Na ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʂ 

ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʝʨʚʦʡ ʢʦ ʚʪʦʨʦʡ ʬʘʟʝ, ʠ ʜʘʣʝʝ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ, 

ʥʝʩʢʦʣʴʢʦ ʧʦʥʠʞʘʝʪʩʷ (ʪ.ʢ. ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʙʠʦʪʠʪ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʢʚʘʨʮʘ ʚ ʧʦʨʦʜʝ). ʆʜʥʘʢʦ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʂ2ʆ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ, ʚ 

ʧʨʝʜʝʣʘʭ 4-7 ʤʘʩ.%. ʇʦʚʝʜʝʥʠʝ Na2ʆ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʪʝʤ, ʯʪʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʦʪ ʧʝʨʚʦʡ ʢʦ ʚʪʦʨʦʡ ʬʘʟʝ, ʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ ʧʦʚʳʰʘʝʪʩʷ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʍʘʨʢʝʨʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʦʙʱʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʥʦʛʦ ʨʘʩʧʣʘʚʘ (ʧʦʚʳʰʝʥʠʝ ʢʨʝʤʥʝʢʠʩʣʦʪʥʦʩʪʠ ʠ 

ʧʦʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʘʥʠʡ), ʧʨʦʷʚʣʝʥʥʳʭ ʚʦ ʤʥʦʛʠʭ ʛʨʘʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ. 

3.3 ʉʦʩʪʘʚ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ 

ɼʘʥʥʝr ʧʦ REE ʙʳʣʠ ʥʦʨʤʠʨʦʚʘʥ rʥʘ ʩʦʩʪʘʚ ʭʦʥʜʨʠʪʘ CI [154]. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʧʦʚʝʜʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʬʘʟʳ. 

ʇʦʨʦʜʳ ʧʝʨʚʦʡ ʬʘʟʳ. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʨʦʜ 

ʧʝʨʚʦʡ ʬʘʟʳ ʠʤʝʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ (ʦʪʥʦʰʝʥʠʝ LaN/LuN ʚ ʧʨʝʜʝʣʘʭ 10.2-20.5, ʚ 

ʩʨʝʜʥʝʤ 12.6) (ʨʠʩʫʥʦʢ 3.11). ɺ ʧʦʨʦʜʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ LREE ʥʘʜ HREE (ʚ ʩʨʝʜʥʝʤ 

240 ppm ʠ 22.2 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʫʤʤʘ REE ʜʣ̫ ʧʝʨʚʦʡ ʬʘʟʳ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 
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135 ʜʦ 439 ppm, ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʚʥʦʩʷʪ LREE. ɼʣʷ ʦʙʨʘʟʮʦʚ 

ʧʝʨʚʦʡ ʬʘʟʳ Eu-ʘʥʦʤʘʣʠʷ ʩʣʘʙʦ ʧʨʦʷʚʣʝʥʘ (ʚ ʩʨʝʜʥʝʤ Eu/Eu* = 0.61).  

 

ʈʠʩʫʥʦʢ 3.11 ï ʉʧʝʢʪʨ rʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʘʥʠʪʦʠʜʘʭ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʩʦʩʪʘʚ ʭʦʥʜʨʠʪʘ CI [154] 

ʇʦʨʦʜʳ ʚʪʦʨʦʡ ʬʘʟʳ. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʨʦʜ 

ʚʪʦʨʦʡ (ʛʣʘʚʥʦʡ) ʬʘʟʳ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʧʦʨʦʜ ʧʝʨʚʦʡ ʠ 

ʪʨʝʪʴʝʡ ʬʘʟ.r ɼʣʷ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ ʭʘʨʘʢʪʝʨʝʥ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʦʪʥʦʰʝʥʠʝ LaN/LuN ʚ ʧʨʝʜʝʣʘʭ 2.79-48, ʚ ʩʨʝʜʥʝʤ 

21.5) (ʨʠʩʫʥʦʢ 3.11). ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ LREE ʥʘʜ HREE (ʚ ʩʨʝʜʥʝʤ 178 ppm ʠ 

10.8 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʜʣʷ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ ʚʘʨʴʠʨʫʝʪ ʦʪ 

114 ppm ʜʦ 254 ppm. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʦʩʷʪ LREE, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ HREE. ɼʣʷ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ 

ʫʩʪʘʥʦʚʣʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ (ʚ ʩʨʝʜʥʝʤ Eu/Eu* = 0.41). ɼʣʷ ʚʪʦʨʦʡ ʬʘʟʳ Eu-

ʘʥʦʤʘʣʠʷ ʙʦʣʝʝ ʛʣʫʙʦʢʘʷ, ʯʝʤ ʜʣʷ ʧʝʨʚʦʡ ʬʘʟʳ.  

ʇʦʨʦʜʳ ʪʨʝʪʴʝʡ ʬʘʟʳ. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʥʠʤʘʶʪ 

ʥʠʞʥʝʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟ.r ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʨʦʜ ʪʨʝʪʴʝʡ ʬʘʟʳ ʠʤʝʶʪ ʤʝʥʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ 

ʭʘʨʘʢʪʝʨ (ʦʪʥʦʰʝʥʠʝ LaN/LuN ʚ ʧʨʝʜʝʣʘʭ 1.43-26.4, ʚ ʩʨʝʜʥʝʤ 2.43) (ʨʠʩʫʥʦʢ 3.11). ɼʣʷ 

ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ ʩʪʝʧʝʥʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʧʝʢʪʨʦʚ REE ʩʣʘʙʝʝ, ʯʝʤ ʜʣʷ 

ʛʨʘʥʠʪʦʠʜʦʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟʳ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ 

ʪʨʝʪʴʝʡ ʬʘʟʳ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 11.5 ʜʦ 97.5 ppm (ʚ ʩʨʝʜʥʝʤ 44.3 ppm), ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ 

ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʚʥʦʩʷʪ LREE, ʢʦʪʦʨʳʝ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ HREE (ʚ ʩʨʝʜʥʝʤ 36.7 ppm 

ʠ 7.64 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʣʷ ʪʨʝʪʴʝʡ ʬʘʟʳ ʭʘʨʘʢʪʝʨʥʦ ʧʦʥʠʞʝʥʠʝ ʢʘʢ ʩʫʤʤʘʨʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ REE, ʪʘʢ ʠ LREE, HREE ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʥʠʷ ʛʨʫʧʧ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʛʨʘʥʠʪʦʠʜʘʭ ʚʪʦʨʦʡ ʠ ʧʝʨʚʦʡ ʬʘʟʳ. ɺ ʧʦʨʦʜʘʭ ʪʨʝʪʴʝʡ ʬʘʟʳ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ 

ʧʨʦʷʚʣʝʥʘ ʩʠʣʴʥʝʝ ʚʩʝʛʦ (ʚ ʩʨʝʜʥʝʤ Eu/Eu* = 0.16).  
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ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʠʣ ʠʭ ʚʘʨʠʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ 

ʛʨʘʥʠʪʦʠʜʦʚ (ʇʨʠʣʦʞʝʥʠʝ ɹ).  

ʇʦʨʦʜʳ ʧʝʨʚʦʡ ʬʘʟʳ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʦʪʤʝʯʝʥʦ ʜʣʷ Sr, 

Zr, V, Zn, Ba (ʨʠʩʫʥʦʢ 3.12 ʠ 3.13). ʉʦʜʝʨʞʘʥʠʝ Sr ʠʟʤʝʥʷʝʪʩʷ ʦʪ 297 ppm ʜʦ 364 ppm. 

ʉʦʜʝʨʞʘʥʠʝ Zr ʚʘʨʴʠʨʫʝʪ ʦʪ 196 ʜʦ 361 ppm. V ï ʦʪ 38.5 ʜʦ 94.2 ppm. Zn ï ʦʪ 49.3 ʜʦ 70.4 ppm. 

Ba ï ʦʪ 453 ʜʦ 571 ppm. ʉʦʜʝʨʞʘʥʠʝ Rb ʠʟʤʝʥʷʝʪʩʷ ʦʪ 133 ʜʦ 155 ppm. ɼʣʷ Th ʭʘʨʘʢʪʝʨʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʦʪ 10.6 ʜʦ 24.6 ppm.  

ʇʦʨʦʜʳ ʚʪʦʨʦʡ ʬʘʟʳ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʛʨʘʥʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʜʝʨʞʘʥʳ (ʨʠʩʫʥʦʢ 3.12 ʠ 3.13). ʉʦʜʝʨʞʘʥʠʝ Sr ʠʟʤʝʥʷʝʪʩʷ ʦʪ 37.3 ppm ʜʦ 193 

ppm. ʉʦʜʝʨʞʘʥʠʝ Zr ʚʘʨʴʠʨʫʝʪ ʦʪ 19.5 ʜʦ 221 ppm. V ï ʦʪ 4.28 ʜʦ 17.2 ppm. Zn ï ʦʪ 10.6 ʜʦ 58.9 

ppm. Ba ï ʦʪ 66.7 ʜʦ 449 ppm. ʉʦʜʝʨʞʘʥʠʝ Rb ʠʟʤʝʥʷʝʪʩʷ ʦʪ 206 ʜʦ 350 ppm. ɼʣʷ Th ʭʘʨʘʢʪʝʨʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʦʪ 3.83 ʜʦ 33.4 ppm.  

ʇʦʨʦʜʳ ʪʨʝʪʴʝʡ ʬʘʟʳ. ʉʦʜʝʨʞʘʥʠʝ ʨʷʜʘ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʦʨʦʜʘʭ 

ʪʨʝʪʴʝʡ ʬʘʟʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟʘʤʠ (ʨʠʩʫʥʦʢ 3.12 ʠ 3.13). ʉʦʜʝʨʞʘʥʠʝ Sr 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 3.45 ppm ʜʦ 102 ppm. ʉʦʜʝʨʞʘʥʠʝ Zr ʚʘʨʴʠʨʫʝʪ ʦʪ 11.8 ʜʦ 86.5 ppm. V ï ʦʪ 1.25 

ʜʦ 6.18 ppm. Zn ï ʦʪ 10.6 ʜʦ 27.2 ppm. Ba ï ʦʪ 1.50 ʜʦ 244 ppm. ʉʦʜʝʨʞʘʥʠʝ Rb ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

150 ʜʦ 356 ppm. ɼʣʷ Th ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 2.60 ʜʦ 12.4 ppm. ɼʣʷ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʠʟ 

ʏʝʨʥʦʚʩʢʦʛʦ ʰʪʦʢʘ (ʦʙʨ. 202011, 202012-2, 202015) ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Nb ʦʪ 33 

ppm ʜʦ 50 ppm.  

ɼʣʷ ʨʷʜʘ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʠʭ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʠʭ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʘʟ (ʧʝʨʚʘʷïʚʪʦʨʘʷïʪʨʝʪʴʷ) ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʈʦʩʪ 

ʩʦʜʝʨʞʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ Rb (ʦʪ 150 ʜʦ 290 ppm), ʧʦʥʠʞʝʥʠʝ ï ʜʣʷ Sr (ʦʪ 345 ʜʦ 30 ppm), Zn 

(ʦʪ 54 ʜʦ 20 ppm), Zr (ʦʪ 330 ʜʦ 20 ppm), Hf (ʦʪ 7 ʜʦ 2 ppm), Ba (ʦʪ 480 ʜʦ 20 ppm), V (ʦʪ 50 ʜʦ 1 

ppm) ʠ Th (ʦʪ 14 ʜʦ 5 ppm) [50]. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʩʦʜʝʨʞʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ 

ʬʘʟʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʩʦʩʪʘʚʘ ʢʘʞʜʦʡ ʬʘʟʳ ʠ ʩ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʤʘʪʝʨʠʥʩʢʦʛʦ ʨʘʩʧʣʘʚʘ. ɺ ʭʦʜʝ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ʩʦʩʪʘʚʝ 

ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʳ ʧʨʠ ʝʝ ʵʚʦʣʶʮʠʠ ʦʪ ʨʘʥʥʠʭ ʢ ʧʦʟʜʥʠʤ ʬʘʟʘʤ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Rb, ʠ ʫʤʝʥʴʰʝʥʠʝ ï Sr, Ba, Zr ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ [118, 143].  

ʅʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʣʦʞʝʥʠʝ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʛʨʘʥʠʪʦʠʜʦʚ ʤʘʩʩʠʚʘ ʥʘ 

ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤʘʭ.  

ʅʘ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʥʦʰʝʥʠʷ 10000ĬGa/Al ʠ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʦʚ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʨʠʩʫʥʦʢ 3.14) ʩʦʩʪʘʚʳ ʛʨʘʥʠʪʦʠʜʦʚ ʧʝʨʚʦʡ ʬʘʟʳ ʚ ʦʩʥʦʚʥʦʤ ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʧʝʨʝʩʝʯʝʥʠʷ 

ʩʦʩʪʘʚʦʚ ʛʨʘʥʠʪʦʚ I- ʠ S-ʪʠʧʘ, ʘ ʪʘʢʞʝ ʄ-ʪʠʧʘ. ʉʦʩʪʘʚʳ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ 

ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʶ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ. 
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ʈʠʩʫʥʦʢ 3.12 ï ɼʠʘʛʨʘʤʤʳ ʍʘʨʢʝʨʘ [126] ʜʣʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ 

ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 
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ʈʠʩʫʥʦʢ 3.13 ï ɼʠʘʛʨʘʤʤʳ çʷʱʠʢ ʩ ʫʩʘʤʠè ʜʣʷ ʧʦʨʦʜ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʉʠʥʠʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ, ʢʨʘʩʥʳʤ ï ʜʣʷ ʚʪʦʨʦʡ ʬʘʟʳ ʠ ʟʝʣʝʥʳʤ 

ï ʪʨʝʪʴʷ ʬʘʟʘ. ɼʣʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʚʝʜʝʥʦ ʚ ppm. ʇʨʷʤʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ 

ʤʝʜʠʘʥʘ, çʷʱʠʢè ʦʪʚʝʯʘʝʪ ʤʝʞʢʚʘʨʪʠʣʴʥʦʤʫ ʨʘʟʤʘʭʫ (IQR), çʫʩʳè ï ʤʠʥʠʤʫʤ-ʤʘʢʩʠʤʫʤ ʙʝʟ 

ʫʯʝʪʘ ʚʳʙʨʦʩʦʚ (non-outlier range, Q1 - 1.5ĬIQR ʠ Q3 + 1.5ĬIQR) 

 



45 

 

 

 

4
5 

4

5 

 

ʈʠʩʫʥʦʢ 3.14 ï ʉʦʦʪʥʦʰʝʥʠʝ 10000*Ga/Al  ʠ K2O+Na2O (a), (K2O+Na2O)/CaO (ʙ), K2O/MgO (ʚ) ʠ 

FeO*/MgO (ʛ) (ʧʦ [165, 190]) ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ 

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʢʨʝʤʥʝʟʝʤʘ ʠ ʦʢʩʠʜʘ ʬʦʩʬʦʨʘ (ʨʠʩʫʥʦʢ 3.15) ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ 

ʛʨʘʥʠʪʦʠʜʦʚ ʤʘʩʩʠʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʝ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ, ʦʜʥʘʢʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʧʝʨʝʩʝʯʝʥʠʝ ʩ ʧʦʣʷʤʠ ʛʨʘʥʠʪʦʚ I- ʠ S-ʪʠʧʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʠ Th 

(ʨʠʩʫʥʦʢ 3.16) ʛʨʘʥʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ ʠ, ʯʘʩʪʠʯʥʦ, ʛʨʘʥʠʪʳ ʧʝʨʚʦʡ ʠ ʪʨʝʪʠʡ ʬʘʟʳ ʧʦʧʘʜʘʶʪ ʚ 

ʧʦʣʝ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ, ʧʝʨʝʩʝʢʘʷʩʴ ʩ ʧʦʣʷʤʠ ʛʨʘʥʠʪʦʚ I- ʠ S-ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʛʨʘʥʠʪʦʚ 

ʧʝʨʚʦʡ ʬʘʟʳ ʦʪʥʦʩʷʪʩʷ ʪʦʣʴʢʦ ʢ I-ʪʠʧʫ, ʘ ʯʘʩʪʴ ʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ ï ʢ S-ʪʠʧʫ.  

 

ʈʠʩʫʥʦʢ 3.15 ï ɼʠʘʛʨʘʤʤʘ SiO2ïP2O5 c ʧʦʣʷʤʠ ʜʣʷ ʛʨʘʥʠʪʦʚ ɸ-, S- ʠ I-ʪʠʧʘ [199] ʩ 

ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 
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ʈʠʩʫʥʦʢ 3.16 ï ɼʠʘʛʨʘʤʤʘ SiO2ïTh c ʧʦʣʷʤʠ ʜʣʷ ʛʨʘʥʠʪʦʚ ɸ-, S- ʠ I-ʪʠʧʘ [199] ʩ 

ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ 10000ĬGa/Al ʠ Zr (ʨʠʩʫʥʦʢ 3.17) ʛʨʘʥʠʪʳ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʝ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ, ʧʝʨʝʩʝʢʘʷʩʴ ʩ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʛʨʘʥʠʪʦʚ I- ʠ 

S-ʪʠʧʘ. ɻʨʘʥʠʪʳ ʪʨʝʪʴʝʡ ʬʘʟʳ ï ʚ ʧʦʣʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʛʨʘʥʠʪʦʚ I- ʠ S-ʪʠʧʘ ʠ ʚʥʝ 

ʝʛʦ, ʚ ʦʙʣʘʩʪʠ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Zr, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ʧʨʠ ʵʚʦʣʶʮʠʠ ʨʘʩʧʣʘʚʘ (ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʥʠʞʝ, ʚ ʧʷʪʦʡ ʛʣʘʚʝ ʨʘʙʦʪʳ).  

 

ʈʠʩʫʥʦʢ 3.17 ï ɼʠʘʛʨʘʤʤʘ 10000*Ga/AlïZr c ʧʦʣʷʤʠ ʜʣʷ ʛʨʘʥʠʪʦʚ ɸ-, S- ʠ I-ʪʠʧʘ [196] ʩ 

ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʢʨʝʤʥʝʟʝʤʘ ʠ Zr ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ï ʚʩʝ ʪʦʯʢʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʛʨʘʥʠʮʝ ʧʦʣʝʡ ʛʨʘʥʠʪʦʚ A- ʠ I-ʪʠʧʘ (ʨʠʩʫʥʦʢ 3.18), ʧʨʠ ʵʪʦʤ ʪʨʝʥʜ ʵʚʦʣʶʮʠʠ 

ʩʦʩʪʘʚʦʚ ʛʨʘʥʠʪʦʚ ʦʪ ʨʘʥʥʝʡ ʢ ʧʦʟʜʥʝʡ ʬʘʟʝ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʤʝʞʜʫ ʪʨʝʥʜʦʤ ʜʣʷ ɸ-

ʛʨʘʥʠʪʦʚ ʠ ʜʣʷ I- ʠ S-ʛʨʘʥʠʪʦʚ.  
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ʈʠʩʫʥʦʢ 3.18 ï ɼʠʘʛʨʘʤʤʘ SiO2ïZr c ʧʦʣʷʤʠ ʜʣʷ ʛʨʘʥʠʪʦʚ ɸ-, S- ʠ I-ʪʠʧʘ [199] ʠ ʪʨʝʥʜʘʤʠ 

ʵʚʦʣʶʮʠʠ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ [141] ʠ S- ʠ I-ʪʠʧʘ [175] ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʫʤʤʳ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (Zr+Nb+Ce+Y) ʠ 

ʦʪʥʦʰʝʥʠʷ 10000ĬGa/Al (ʨʠʩʫʥʦʢ 3.19) ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʛʨʘʥʠʪʦʚ ʧʝʨʚʦʡ ʬʘʟʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʣʝ ʥʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ, ʪʦʯʢʠ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ 

ʬʘʟʳ ï ʚ ʦʙʱʝʤ ʧʦʣʝ ʜʣʷ ʥʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ I- ʠ S-ʪʠʧʘ ʠ ʥʝʢʦʪʦʨʳʝ ʪʦʯʢʠ 

ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ I-, S-, ʠ ɸ-ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʬʠʛʫʨʘʪʠʚʥʳʝ 

ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʚʦʣʶʮʠʦʥʥʦʤʫ ʪʨʝʥʜʫ, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʜʣʷ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ [141].  

 

ʈʠʩʫʥʦʢ 3.19 ï ɼʠʘʛʨʘʤʤʘ (Zr+Nb+Ce+Y)ï1000*Ga/Al  c ʧʦʣʷʤʠ ʜʣʷ ʛʨʘʥʠʪʦʚ ɸ-, S- ʠ I-ʪʠʧʘ 

[199] ʠ ʪʨʝʥʜʘʤʠ ʵʚʦʣʶʮʠʠ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ [141] ʠ S- ʠ I-ʪʠʧʘ [175] ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ 

ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 
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ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ Y/Nb ʠ Ce/Nb ʚʩʝ ʪʦʯʢʠ ʛʨʘʥʠʪʦʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟʳ ʧʦʧʘʜʘʪʁ ʧʦʣʝ 

ʛʨʘʥʠʪʦʚ ɸ1-ʪʠʧʘ (ʨʠʩʫʥʦʢ 3.20ʘ). ʇʦʣʦʚʠʥʘ ʪʦʯʝʢ ʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʵʪʦʤʫ ʧʦʣʶ, ʦʜʥʘ ʪʦʯʢʘ ï ʢ ʧʦʣʶ ɸ2, ʪʨʠ ï ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʝ ʬʠʛʫʨʘʪʠʚʥʳʭ ʧʦʣʝʡ. ʅʘ ʩʭʦʜʥʦʡ 

ʜʠʘʛʨʘʤʤʝ Y/NbïYb/Ta (ʨʠʩʫʥʦʢ 3.20ʙ) ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ï ʧʦʯʪʠ ʚʩʝ 

ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʛʨʘʥʠʪʦʠʜʦʚ ʚʩʝʭ ʬʘʟ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʶ ʛʨʘʥʠʪʦʚ ɸ1-ʪʠʧʘ. ʇʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʳ ʛʨʘʥʠʪʦʠʜʦʚ ʧʝʨʚʦʡ ʬʘʟʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʵʪʦʛʦ ʧʦʣʷ, ʪʷʛʦʪʝʷ ʢ ʧʦʣʶ 

ʛʨʘʥʠʪʦʚ ɸ2-ʪʠʧʘ. 

 

ʈʠʩʫʥʦʢ 3.20 ï ɼʠʘʛʨʘʤʤʘ Y/NbïCe/Nb(ʘ) ʠ Y/NbïYb/Ta (ʙ) [106, 165] ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ 

ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʅʘ ʪʨʝʫʛʦʣʴʥʦʡ ʜʠʘʛʨʘʤʤʝ YïCeïNb (ʨʠʩʫʥʦʢ 3.21) ʪʦʯʢʠ ʛʨʘʥʠʪʦʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʬʘʟʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʧʦʣʷʤʠ ɸ1 ʠ ɸ2. ʇʨʠ ʵʪʦʤ ʩʦʩʪʘʚʳ ʧʝʨʚʦʡ ʬʘʟʳ 

ʧʝʨʝʭʦʜʷʪ ʚ ʧʦʣʝ ɸ2, ʚʪʦʨʦʡ ʬʘʟʳ ï ʚ ʧʦʣʝ ɸ1. ɹ·ʣʴʰʘʷ ʯʘʩʪʴ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʚʫʭ ʪʦʯʝʢ, 

ʩʦʩʪʘʚʦʚ ʪʨʝʪʠʡ ʬʘʟʳ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʦʣʝ ɸ1. ɺ ʨʘʙʦʪʝ [105] ʘʚʪʦʨ ʦʪʥʝʩ ʛʨʘʥʠʪʦʠʜʳ ʛʨʫʧʧʳ ɸ1 

ʢ ʛʨʫʧʧʝ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʨʥʠʪʦʠʜʦʚ ʠʟ ʛʦʨʷʯʠʭ ʪʦʯʝʢ, ʧʣʶʤʘʤʦʚ ʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʠʬʪʦʚʳʭ ʟʦʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʦʨʦʛʝʥʥʳʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ. ɸ ʛʨʫʧʧʘ, 

ʦʪʥʝʩʝʥʥʘʷ ʢ ʛʨʘʥʠʪʦʠʜʘʤ ɸ2 ʪʠʧʘ ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ, ʚʢʣʶʯʘʷ ʠ 

ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʫʶ ʠ, ʚʦʟʤʦʞʥʦ, ʘʥʦʨʦʛʝʥʥʫʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʨʘʥʠʪʦʚ ʨʘʧʘʢʠʚʠ 

[105]. 

ʇʦʣʝʟʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʦʚ ʤʠʥʝʨʘʣʦʚ. ʊʘʢ, ʥʘ ʪʨʦʡʥʦʡ ʜʠʘʛʨʘʤʤʝ FeO-Al 2O3-MgO ʜʣʷ ʙʠʦʪʠʪʦʚ 

(ʨʠʩʫʥʦʢ 3.22), ʚʩʝ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʙʠʦʪʠʪʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʜʣʷ ɸ-ʪʠʧʘ 

[119]. ʉʦʩʪʘʚʳ ʙʠʦʪʠʪʦʚ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ʧʝʨʚʦʡ ʬʘʟʳ ʧʨʠʙʣʠʞʝʥʳ ʢ ʛʨʘʥʠʮʝ ʧʦʣʷ ʩ I-ʪʠʧʦʤ. ʇʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʬ.ʢ. Al ʠ ʞʝʣʝʟʠʩʪʦʛʦ ʥʦʤʝʨʘ (ʜʦʣʠ ʤʠʥʘʣʘ ʘʥʥʠʪʘ) ʩʦʩʪʘʚʳ ʙʠʦʪʠʪʦʚ ʠʟ ʚʩʝʭ ʬʘʟ 

ʦʪʥʦʩʷʪʩʷ ʚ ʧʦʣʝ ʜʣʷ ɸ-ʪʠʧʘ (ʨʠʩʫʥʦʢ 3.23). 
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ʈʠʩʫʥʦʢ 3.21 ï ʇʝʪʨʦʛʝʥʝʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ [105] ʩ 

ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

 

 

ʈʠʩʫʥʦʢ 3.22 ï ʊʨʦʡʥʘʷ ʜʠʘʛʨʘʤʤʘ FeOïAl 2O3ïMgO ʜʣʷ ʙʠʦʪʠʪʦʚ ʩ ʧʦʣʷʤʠ ʜʣʷ ʛʨʘʥʠʪʦʚ A-, S- 

ʠ I-ʪʠʧʘ [74, 119] ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 
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ʈʠʩʫʥʦʢ 3.23 ï ɼʠʘʛʨʘʤʤʘ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʱʝʛʦ ʘʣʶʤʠʥʠʷ ʠ ʜʦʣʠ ʘʥʥʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʙʠʦʪʠʪʝ ʩ ʧʦʣʷʤʠ ʜʣʷ ʛʨʘʥʠʪʦʚ A-, S- ʠ I-ʪʠʧʘ [119] ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʮʠʨʢʦʥʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Th/UïNb/Hf [127] 

ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʮʝʣʠʢʦʤ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ ʜʣʷ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ 

(ʨʠʩʫʥʦʢ 3.24). 

 

ʈʠʩʫʥʦʢ 3.24 ï ɼʠʘʛʨʘʤʤʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʚ ɸ- ʠ I-ʪʠʧʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

Th/UïNb/Hf [127] ʩ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʦʙʩʫʞʜʝʥʠʶ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʦʣʦʞʠʣʠʩʴ 

ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʨʷʜʝ ʜʠʘʛʨʘʤʤ (ʥʘʧʨʠʤʝʨ, Zr+Nb+Ce+Y ï

10000ĬGa/Al) ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʜʣʷ ʚʩʝʭ ʬʘʟ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʚʦʣʶʮʠʦʥʥʦʤʫ ʪʨʝʥʜʫ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʜʣʷ ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ. ʇʨʦʮʝʩʩʳ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʘʪʨʫʜʥʷʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʜʠʘʛʨʘʤʤ, ʧʦ ʧʨʠʯʠʥʝ ʧʝʨʝʢʨʳʪʠʷ (ʩʙʣʠʞʝʥʠʷ) ʩʦʩʪʘʚʦʚ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʘʛʨʘʤʤ ʜʣʷ 
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ʛʨʘʥʠʪʦʚ ɸ-ʪʠʧʘ ʧʦʟʚʦʣʷʝʪ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʠʭ ʧʦʜʪʠʧ. ʊʘʢ, ʛʨʘʥʠʪʦʠʜʳ ʤʘʩʩʠʚʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʚ ʧʦʣʝ ʛʨʘʥʠʪʦʚ ʧʦʜʪʠʧʘ ɸ1 (ʨʠʩʫʥʦʢ 3.21), ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʪʦʤ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʨʦʜʳ ʚʦʟʥʠʢʣʠ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʘʛʤʳ ʩ ʥʝʢʦʪʦʨʳʤ ʜʦʙʘʚʣʝʥʠʝʤ 

ʢʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ [105]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʜʣʷ 

ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʟʥʘʯʥʳʤ ʚʳʚʦʜʘʤ ʦʙ 

ʠʭ ʪʠʧʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʦʪʥʝʩʝʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ ʢ ɸ-ʪʠʧʫ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʥʘʠʤʝʥʝʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʧʝʨʚʦʡ ʬʘʟʳ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʤ, ʯʝʤ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʘʨʠʘʥʪʳ, ʥʘʧʨʠʤʝʨ, ʩʦʦʪʚʝʪʩʪʚʠʝ S-ʪʠʧʫ [24]. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʤʠʥʝʨʘʣʦʚ 

(ʙʠʦʪʠʪʘ, ʮʠʨʢʦʥʘ, ʛʨʘʥʘʪʦʚ) ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʦʜʥʦʟʥʘʯʥʦ ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ 

ʛʨʘʥʠʪʦʠʜʦʚ ɸ-ʪʠʧʘ. 

3.4 ʉʦʩʪʘʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

3.4.1 ɹʠʦʪʠʪ 

ɹʠʦʪʠʪ ʠʟ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ. ɼʣʷ ʙʠʦʪʠʪʘ ʠʟ ʛʨʘʥʦʜʠʦʨʠʪʘ ʧʝʨʚʦʡ ʬʘʟʳ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ, ʘ ʠʤʝʥʥʦ: ʵʪʠ ʙʠʦʪʠʪʳ ʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʝ (ʍMg = 

0.49-0.55) (ʨʠʩʫʥʦʢ 3.25), ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʬʘʟ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

2.33 ʜʦ 3.13 ʤʘʩ.%. ʉʦʜʝʨʞʘʥʠʝ Al2O3 ʚ ʙʠʦʪʠʪʝ ʥʝ ʠʤʝʝʪ ʩʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ (13-14 ʤʘʩ.%) 

(ʧʨʠʣʦʞʝʥʠʝ ɹ, ʪʘʙʣʠʮʘ ɹ.2). 

 

ʈʠʩʫʥʦʢ 3.25 ï ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʙʠʦʪʠʪʘ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ 

ɹʠʦʪʠʪ ʠʟ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ. ɹʠʦʪʠʪ ʠʟ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ ʠʤʝʝʪ ʨʷʜ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩʫʥʦʢ 3.25 ʠ 3.26) ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 
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ʧʦʣʝ ʘʥʥʠʪʘ ʠ ʞʝʣʝʟʠʩʪʦʛʦ ʙʠʦʪʠʪʘ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʠʦʪʠʪ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʤ, ʯʝʤ 

ʚ ʧʝʨʚʦʡ ʬʘʟʝ (ʍMg = 0.31-0.38). ʉʦʜʝʨʞʘʥʠʝ Al 2O3 ʚ ʙʠʦʪʠʪʝ ʚʘʨʴʠʨʫʝʪ ʦʪ 15 ʜʦ 19 ʤʘʩ.%. ɼʣʷ 

TiO2 ʭʘʨʘʢʪʝʨʥʦ ʢʦʣʝʙʘʥʠʝ ʦʪ 2.03 ʜʦ 2.84 ʤʘʩ.%.  

 

ʈʠʩʫʥʦʢ 3.26 ï ʊʨʦʡʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʜʠʛʨʘʤʤʘ ʜʣʷ ʩʣʶʜ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ɹʠʦʪʠʪ ʠʟ ʧʦʨʦʜ ʪʨʝʪʴʝʡ ʬʘʟʳ. ɹʠʦʪʠʪ ʠʟ ʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ ʠʤʝʝʪ ʨʷʜ 

ʦʩʦʙʝʥʥʦʩʪʝʡ: ʤʝʥʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʡ, ʢʘʢ ʠ ʙʠʦʪʠʪ ʠʟ ʚʪʦʨʦʳʡ ʬʘʟʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʦʪʠʪʦʤ 

ʠʟ ʧʝʨʚʦʡ ʬʘʟʳ (ʍMg = 0.34-0.38). ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʙʠʦʪʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʁ 

ʘʥʥʠʪʘ ʠ ʞʝʣʝʟʠʩʪʦʛʦ ʙʠʦʪʠʪʘ, ʪʘʢ ʞʝ ʢʘʢ ʙʠʦʪʠʪ ʠʟ ʚʪʦʨʦʡ ʬʘʟʳ (ʨʠʩʫʥʦʢ 3.25 ʠ 3.26). 

ʉʦʜʝʨʞʘʥʠʝ TiO2 ʚʘʨʴʠʨʫʝʪ ʦʪ 2.07 ʜʦ 2.66 ʤʘʩ.%. ʉʦʜʝʨʞʘʥʠʝ Al 2O3 ʚ ʙʠʦʪʠʪʝ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 15-18.3 ʤʘʩ.%. 

ʇʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʪʦʛʦ, ʯʪʦ ʚ ʧʦʨʦʜʘʭ ʥʘʭʦʜʠʪʩʷ ʧʝʨʚʠʯʥʳʡ ʙʠʦʪʠʪ, ʘ ʥʝ ʠʟʤʝʥʝʥʥʳʡ 

ʬʣʶʠʜʦʤ, ʧʦ ʩʦʜʝʨʞʘʥʠ ʁ TiO2, ʪʘʢ ʢʘʢ ʜʣʷ ʧʝʨʚʠʯʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʙʠʦʪʠʪʘ ʚ ʛʨʘʥʠʪʘʭ 

ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ TiO2 ʦʪ 1.76% ʜʦ 4.55% [163]. ɺʝʩʴ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʥʘʤʠ ʙʠʦʪʠʪ ʠʟ 

ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦʧʘʜʘʝʪ ʚ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʠ ʠʤʝʝʪ ʧʝʨʚʠʯʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʇʦ ʩʦʜʝʨʞʘʥʠ ʁ Al2ʆ3 ʚ ʙʠʦʪʠʪʝ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢ 

ʢʘʢʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ ʨʘʩʧʣʘʚ [177]. ɺ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʝ Al 2O3 ʚ ʙʠʦʪʠʪʝ ʜʣʷ ʧʦʨʦʜ ʧʝʨʚʦʡ, 

ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ ʚʘʨʴʠʨʫʝʪ ʦʪ 13 ʜʦ 19 ʤʘʩ.%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʁ ʧʦʚʳʰʝʥʥʦʡ 

ʱʝʣʦʯʥʦʩʪʠ (ʨʠʩʫʥʦʢ 3.27). ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [74], ʯʪʦ ʙʠʦʪʠʪ ʘʥʦʨʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʠʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʙʠʦʪʠʪʘ ʠʟ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 
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ʈʠʩʫʥʦʢ 3.27 ï ɼʠʘʛʨʘʤʤʘ AlïMg (apfu, [177]) ʜʣʷ ʙʠʦʪʠʪʦʚ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ  

ʉʦʩʪʘʚ ʧʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ. 

ɹʠʦʪʠʪ ʠʟ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟ.r ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2.7 ʜʦ 17.1 ppm. ɹʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ REE ʚʥʦʩʷʪ 

LREE (ʚ ʩʨʝʜʥʝʤ 8 ppm), ʯʝʤ HREE (ʚ ʩʨʝʜʥʝʤ 0.75 ppm). ʆʪʤʝʯʘʝʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʘʷ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ LREE (LaN/SmN=8.5) ʠ ʩʣʘʙʦ ʧʨʦʷʚʣʝʥʥʘʷ ʫ HREE (LuN/GdN = 0.14). ʅʘ 

ʩʧʝʢʪʨʘʭ ʉʝ-ʘʥʦʤʘʣʠʷ ʩʣʘʙʦ ʧʨʦʷʚʣʝʥʘ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʡ (Ce/Ce* = 1.5), ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ (Ce/Ce* = 0.46) ʟʥʘʢ (ʨʠʩʫʥʦʢ 3.28). 

 

ʈʠʩʫʥʦʢ 3.28 ï ʉʧʝʢʪʨ rʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʪʠʪʝ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ CI [154] 

ɹʠʦʪʠʪ ʠʟ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3.7 ʜʦ 21.8 ppm. LREE (ʚ ʩʨʝʜʥʝʤ 11 ppm) ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ HREE (ʚ 

ʩʨʝʜʥʝʤ 1.4 ppm). ʉʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ LREE (LaN/SmN=2.7) ʠ HREE (LuN/GdN=0.32). ɺ ʮʝʣʦʤ ʩʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʙʠʦʪʠʪʦʚ ʠʟ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ ʠʤʝʝʪ ʧʦʣʦʛʠʡ ʥʘʢʣʦʥ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʦʪ ʣʝʛʢʠʭ ʢ ʪʷʞʝʣʳʤ REE. Ce-ʘʥʦʤʘʣʠʷ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʘ, ʢʘʢ ʠ ʜʣʷ ʙʠʦʪʠʪʦʚ ʠʟ 

ʧʝʨʚʦʡ ʬʘʟʳ. ɸʥʦʤʘʣʠʷ ʠʤʝʝʪ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʡ (ʚ ʩʨʝʜʥʝʤ Ce/Ce* = 0.69), ʪʘʢ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ (ʚ ʩʨʝʜʥʝʤ Ce/Ce* = 1.16) ʟʥʘʢ (ʨʠʩʫʥʦʢ 3.28). 

ɹʠʦʪʠʪ ʠʟ ʧʦʨʦʜ ʪʨʝʪʴʝʡ ʬʘʟʳ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3.9 ʜʦ 6.8 ppm. ʊʘʢʞʝ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʬʘʟʘʭ, ʙ·ʣʴʰʫʶ ʯʘʩʪʴ ʚ 

ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʦʩʷʪ LREE (ʚ ʩʨʝʜʥʝʤ 4.9 ppm) ʠ 

ʤʝʥʴʰʫʶ HREE (ʚ ʩʨʝʜʥʝʤ 1 ppm). ʉʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ 

ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ LREE (LaN/SmN=1.9) ʠ HREE (LuN/GdN=0.9). Ce-ʘʥʦʤʘʣʠʷ 

ʭʦʨʦʰʦ ʧʨʦʷʚʣʝʥʘ ʠ ʠʤʝʝʪ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ (Ce/Ce* = 0.36), ʪʘʢ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

(Ce/Ce* = 2.8) (ʨʠʩʫʥʦʢ 3.28).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʪʠʪʝ ʠʟ 

ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʙʠʦʪʠʪʘ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ [58, 59].  

ʉʦʩʪʘʚ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ. 

ɹʠʦʪʠʪ ʠʟ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ. Cʦʜʝʨʞʘʥʠʝ V ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 295 ʜʦ 352 ppm 

(ʧʨʠʣʦʞʝʥʠʝ ɹ, ʪʘʙʣʠʮʘ ɹ.3). ʉʦʜʝʨʞʘʥʠʝ Li ʚʘʨʴʠʨʫʝʪ ʦʪ 413 ʜʦ 447 ppm. ʉʦʜʝʨʞʘʥʠʝ Cr 

ʚʘʨʴʠʨʫʝʪ ʦʪ 146 ʜʦ 169 ppm. ɼʣʷ Rb ʭʘʨʘʢʪʝʨʥʦ ʠʟʤʝʥʝʥʠʝ ʦʪ 615 ʜʦ 756 ppm. ʉʦʜʝʨʞʘʥʠʝ Ba 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 353 ʜʦ 532 ppm. ʉʦʜʝʨʞʘʥʠʝ Nb ʚʘʨʴʠʨʫʝʪ ʦʪ 14 ʜʦ 17 ppm. ʉʦʜʝʨʞʘʥʠʝ Zr 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0.8 ʜʦ 2.2 ppm. 

ɹʠʦʪʠʪ ʠʟ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ. ʉʦʜʝʨʞʘʥʠʝ V ʢʦʣʝʙʣʝʪʩʷ ʦʪ 167 ʜʦ 194 ppm. 

ʉʦʜʝʨʞʘʥʠʝ Li ʚʘʨʴʠʨʫʝʪ ʦʪ 2437 ʜʦ 2830 ppm. ɼʣʷ Cr ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 64 ʜʦ 143 ppm. 

Rb ʚʘʨʴʠʨʫʝʪ ʦʪ 996 ʜʦ 1404 ppm. Ba ï ʦʪ 87 ʜʦ 541 ppm. Nb ïʦʪ 184 ʜʦ 241 ppm. ʉʦʜʝʨʞʘʥʠʝ Zr 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1 ʜʦ 30 ppm. 

ɹʠʦʪʠʪ ʠʟ ʧʦʨʦʜ ʪʨʝʪʴʝʡ ʬʘʟʳ. ɼʣʷ V ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 180 ʜʦ 224 ppm. 

ʉʦʜʝʨʞʘʥʠʝ Li ʚʘʨʴʠʨʫʝʪ ʦʪ 2184 ʜʦ 2462 ppm. Cr ï ʦʪ 90 ʜʦ 171 ppm. Rb ï ʦʪ 764 ʜʦ 1791 ppm. 

Ba ïʦʪ 112 ʜʦ 407 ppm. Nb ï ʦʪ 222 ʜʦ 302 ppm. ʉʦʜʝʨʞʘʥʠʝ Zr ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0.7 ʜʦ 4 ppm. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʷ ʨʷʜʘ ʨʝʜʢʠʭ, ʩʦʚʤʝʩʪʠʤʳʭ ʜʣʷ ʙʠʦʪʠʪʘ, ʵʣʝʤʝʥʪʦʚ (Ti, V, 

Cr ʠ Ba) ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʧʦʥʠʞʝʥʠʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʙʠʦʪʠʪʝ ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ 

ʬʘʟʝ. ɼʣʷ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʠʭ, ʢʘʢ Rb, Nb, Zr, ʠ ʩʦʚʤʝʩʪʠʤʦʛʦ ʵʣʝʤʝʥʪʘ ï Li , 

ʦʪʤʝʯʝʥ ʨʦʩʪ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʦʩʪʘʚʦʚ ʙʠʦʪʠʪʘ ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ [53]. ʊʘʢʦʝ 

ʟʘʢʦʥʦʤʝʨʥʦʝ ʧʦʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʚʤʝʩʪʠʤʳʭ ʠ ʨʦʩʪ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʪʠʪʝ 

ʦʪʨʘʞʘʝʪ ʬʨʘʢʮʠʦʥʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʝʜʠʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ [205]. 

3.4.2 ʄʫʩʢʦʚʠʪ 

ʄʫʩʢʦʚʠʪ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʪʦʣʴʢʦ ʚ ʛʨʘʥʠʪʘʭ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ. 
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ʄʫʩʢʦʚʠʪ ʠʟ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ. ɺ ʤʫʩʢʦʚʠʪʝ ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Al2O3 

(ʚ ʩʨʝʜʥʝʤ 31 ʤʘʩ.%) ʠ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʩʣʶʜ, ʠʩʩʣʝʜʫʝʤʳʝ ʪʦʯʢʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʤʫʩʢʦʚʠʪʘ (ʨʠʩʫʥʦʢ 3.27). MgO ʦʪ 0.26 ʜʦ 2.88 ʤʘʩ.%. ʉʦʜʝʨʞʘʥʠʝ Feʆ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1.49 ʜʦ 6.45 ʤʘʩ.% (ʨʠʩʫʥʦʢ 3.31b). ʉʦʜʝʨʞʘʥʠʝ TiO2 ʚʘʨʴʠʨʫʝʪ ʦʪ 0.22 ʜʦ 1.08 

ʤʘʩ.%. 

ʄʫʩʢʦʚʠʪ ʠʟ ʧʦʨʦʜ ʪʨʝʪʴʝʡ ʬʘʟʳ. ɼʣʷ ʤʫʩʢʦʚʠʪʘ ʠʟ ʪʨʝʪʴʝʡ ʬʘʟʳ ʛʨʘʥʠʪʦʚ ʦʪʤʝʯʝʥʦ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Al2O3 (ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 31 ʤʘʩ.%). ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 0.05 ʜʦ 0.57 ʤʘʩ.% (ʨʠʩʫʥʦʢ 3.29a). ʉʦʜʝʨʞʘʥʠʝ FeO ʚ ʤʫʩʢʦʚʠʪʝ ʠʟ ʛʨʘʥʠʪʦʚ 

ʪʨʝʪʴʝʡ ʬʘʟʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.82 ʜʦ 5.71 ʤʘʩ.%. MgO ʦʪ 0.14 ʜʦ 2.28 ʤʘʩ.% (ʨʠʩʫʥʦʢ 3.29ʙ).  

 

ʈʠʩʫʥʦʢ 3.29 ï ɼʠʘʛʨʘʤʤʘ MgOïTiO2 (ʘ) ʠ MgOïFeO (ʙ) ʜʣʷ ʤʫʩʢʦʚʠʪʘ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʚ ʦʙʚʝʜʝʥʥʦʤ ʧʦʣʝ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ, ʧʦʧʘʚʰʠʝ ʚ ʧʦʣʝ 

ʚʪʦʨʠʯʥʦʛʦ ʤʫʩʢʦʚʠʪʘ ʥʘ ʨʠʩʫʥʢʝ 3.32)  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʄʫʩʢʦʚʠʪ 

ʠʟ ʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ ʦʪʣʠʯʘʝʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ FeO ʠ MgO, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʫʩʢʦʚʠʪʦʤ ʠʟ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ (ʨʠʩʫʥʦʢ 3.29ʙ). ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʥʠʞʝʥʠʝʤ ʚ ʩʦʩʪʘʚʝ ʤʫʩʢʦʚʠʪʘ ʩʦʜʝʨʞʘʥʠʷ FeO ʠ MgO, ʧʦʢʘʟʳʚʘʝʪ 

ʧʦʥʠʞʝʥʠʝ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʠʪʦʚ [60]. ɸʥʘʣʦʛʠʯʥʦ, 

ʩʦʜʝʨʞʘʥʠʝ TiO2 ʧʦʥʠʞʘʝʪʩʷ ʦʪ ʚʪʦʨʦʡ ʬʘʟʳ ʢ ʪʨʝʪʴʝʡ (ʨʠʩʫʥʦʢ 3.29ʘ). ʈʘʥʝʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʫʩʢʦʚʠʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ TiO2 ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.80 ʜʦ 1.20 ʤʘʩ.% 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʘʨʘʛʝʥʝʟʠʩʝ ʩ ʙʠʦʪʠʪʦʤ, ʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ TiO2 ʦʪ 0.10 ʜʦ 0.50 ʤʘʩ.% ï ʚ 
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ʦʪʩʫʪʩʪʚʠʠ ʙʠʦʪʠʪʘ [58]. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʟʘʢʦʥʦʥʤʝʨʥʦʩʪʴ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʚʦʣʶʮʠʝʡ ʩʦʩʪʘʚʘ 

ʤʫʩʢʦʚʠʪʘ ʠʟ ʛʨʘʥʠʪʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Si, Ti, 

Al, Mg, Na ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ï ʷʚʣʷʝʪʩʷ ʣʠ ʤʫʩʢʦʚʠʪ ʚʪʦʨʠʯʥʳʤ ʠʣʠ ʧʝʨʚʠʯʥʳʤ. ʊʘʢ, ʜʣʷ 

ʧʝʨʚʠʯʥʳʭ ʤʫʩʢʦʚʠʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Ti, Al, Na ʠ ʧʦʥʠʞʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Mg ʠ Si [158]. ʅʘ ʨʠʩʫʥʦʢ 3.30 ʥʝʢʦʪʦʨʳʝ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʤʫʩʢʦʚʠʪʘ ʠʟ 

ʛʨʘʥʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ ʧʦʧʘʣʠ ʚ ʧʦʣʝ ʚʪʦʨʠʯʥʳʭ ʩʣʶʜ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʟʘʤʝʱʝʥʠʠ 

ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʙʠʦʪʠʪʘ. 

 

ʈʠʩʫʥʦʢ 3.30 ï ʊʨʦʡʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʜʠʛʨʘʤʤʘ [158] ʜʣʷ ʤʫʩʢʦʚʠʪʘ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʉʦʩʪʘʚ ʧʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ. 

ʄʫʩʢʦʚʠʪ ʠʟ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0.57-1.09 ppm. ʂʘʢ ʠ ʚ ʙʠʦʪʠʪʘʭ, ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ ʩʦʜʝʨʞʘʥʠʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʦʩʷʪ LREE (ʚ ʩʨʝʜʥʝʤ 0.33 ppm), ʤʝʥʴʰʠʡ ï HREE (ʚ ʩʨʝʜʥʝʤ 

0.16 ppm). ʉʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʡ ʥʘʢʣʦʥ 

(ʨʠʩʫʥʦʢ 3.31) ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ LREE (LaN/SmN = 1.2) ʠ HREE (LuN/DyN = 3.5). Ce-ʘʥʦʤʘʣʠʷ 

ʭʦʨʦʰʦ ʧʨʦʷʚʣʝʥʘ ʜʣʷ ʤʫʩʢʦʚʠʪʦʚ ʠʟ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ ʠ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ (ʚ 

ʩʨʝʜʥʝʤ Ce/Ce* = 0.25).  

ʄʫʩʢʦʚʠʪ ʠʟ ʧʦʨʦʜ ʪʨʝʪʴʝʡ ʬʘʟʳ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.68 ʜʦ 4.76 ppm. ʊʘʢʞʝ, ʢʘʢ ʠ ʚʦ ʚʪʦʨʦʡ ʬʘʟʝ, ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚ 

ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʦʩʷʪ LREE (ʚ ʩʨʝʜʥʝʤ 1.60 ppm) ʠ 

ʤʝʥʴʰʫʶ HREE (ʚ ʩʨʝʜʥʝʤ 0.22 ppm). ʉʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ 

ʙʦʣʝʝ ʢʨʫʪʦʡ ʥʘʢʣʦʥ, ʯʝʤ ʦʥ ʫ ʤʫʩʢʦʚʠʪʦʚ ʠʟ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ (ʨʠʩʫʥʦʢ 3.31). ʉʧʝʢʪʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ LREE 
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(LaN/SmN = 7.36) ʠ HREE (LuN/GdN = 11.24). ɺ ʤʫʩʢʦʚʠʪʘʭ ʦʪʤʝʯʝʥʘ Ce-ʘʥʦʤʘʣʠʷ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ (Ce/Ce* = 0.61).  

 

ʈʠʩʫʥʦʢ 3.31 ï ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʫʩʢʦʚʠʪʝ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ CI [154] 

ɼʣʷ ʤʫʩʢʦʚʠʪʘ ʠʟ ʛʨʘʥʠʪʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʫʩʪʘʥʦʚʣʝʥ ʨʦʩʪ ʩʫʤʤʘʨʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʚʪʦʨʦʡ ʬʘʟʳ ʢ ʪʨʝʪʴʝʡ. ʄʫʩʢʦʚʠʪ ʠʟ ʛʨʘʥʠʪʦʚ 

ʪʨʝʪʴʝʡ ʬʘʟʳ ʙʦʛʘʯʝ LREE (1.6 ppm), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʦʡ ʬʘʟʦʡ (0.33 ppm). 

ʉʦʩʪʘʚ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ. 

ʄʫʩʢʦʚʠʪ ʠʟ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ. ɼʣʷ ʤʫʩʢʦʚʠʪʘ ʦʧʨʝʜʝʣʝʥʳ ʪʘʢʠʝ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ 

Li, Ti, V, Cr, Rb, Sr, Zr, Nb, Ba (ʧʨʠʣʦʞʝʥʠʝ ɹ, ʪʘʙʣʠʮʘ ɹ.5). ʉʦʜʝʨʞʘʥʠʝ Ti ʠʟʤʝʥʷʝʪʩʷ ʦʪ 721 

ʜʦ 6347 ppm. ɼʣʷ V ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 121 ʜʦ 206 ppm. ʉʦʜʝʨʞʘʥʠʝ Li ʚʘʨʴʠʨʫʝʪ ʦʪ 847 

ʜʦ 1940 ppm. Cr ï ʦʪ 22 ʜʦ 54 ppm. Rb ï ʦʪ 551 ʜʦ 943 ppm. Ba ï ʦʪ 118 ʜʦ 571 ppm. Nb ï ʦʪ 13 

ʜʦ 179 ppm. ɼʣʷ Zr ʫʩʪʘʥʦʚʣʝʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.26 ʜʦ 3.64 ppm.  

ʄʫʩʢʦʚʠʪ ʠʟ ʧʦʨʦʜ ʪʨʝʪʴʝʡ ʬʘʟʳ. ɼʣʷ Ti ʦʪʤʝʯʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ 

ʩʦʜʝʨʞʘʥʠʠ ï 1785-2016 ppm. ɼʣʷ V ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 6.15 ʜʦ 7.95 ppm. ʉʦʜʝʨʞʘʥʠʝ Li 

ʚʘʨʴʠʨʫʝʪ ʦʪ 543 ʜʦ 895 ppm. ɼʣʷ Cr ʭʘʨʘʢʪʝʨʥʦ ʠʟʤʝʥʝʥʠʝ ʚ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 33 ʜʦ 69 ppm. Rb ï 

ʦʪ 892 ppm ʜʦ 955 ppm. Ba ï ʦʪ 15 ppm ʜʦ 59 ppm. Nb ï ʦʪ 212 ʜʦ 348 ppm. Zr ï 4.33 ppm ʜʦ 5.05 

ppm. 

ɼʣʷ ʤʫʩʢʦʚʠʪʘ ʠʟ ʛʨʘʥʠʪʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʤʝʯʝʥʦ ʩʣʝʜʫʶʱʝʝ: ʧʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʦʩʪʘʚʘ ʤʫʩʢʦʚʠʪʘ ʠʟ ʧʦʨʦʜ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʩʪʘʥʦʚʣʝʥ 

ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Rb, Sr, Zr, Nb ʠ ʧʦʥʠʞʝʥʠʝ ï Ti, Li, V, Ba. ʆʩʦʙʝʥʥʦ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʚ ʩʦʜʝʨʞʘʥʠʠ Nb.  
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3.4.3 ʇʣʘʛʠʦʢʣʘʟ r

ʇʣʘʛʠʦʢʣʘʟ r ʠʟ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ. ɼʣʷ ʛʨʘʥʠʪʦʚ ʧʝʨʚʦʡ ʬʘʟʳ ʭʘʨʘʢʪʝʨʥ r ʙʦʣʝʝ 

ʩʨʝʜʥʠʝ ʧʣʘʛʠʦʢʣʘʟ r ï ʘʥʜʝʟʠʥ ʠ ʦʣʠʛʦʢʣʘʟ (ʨʠʩʫʥʦʢ 3.32). ɺʳʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʣʘʛʠʦʢʣʘʟʘʭ ʠʟ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ ʧʦʟʚʦʣʠʣʦ 

ʫʩʪʘʥʦʚʠʪʴ ʨʷʜ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 4.7 ʜʦ 21 ppm. ɹʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ REE 

ʚʥʦʩʷʪ LREE (ʚ ʩʨʝʜʥʝʤ 10 ppm), ʯʝʤ HREE (ʚ ʩʨʝʜʥʝʤ 0.14 ppm). ʆʪʤʝʯʘʝʪʩʷ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ LREE (LaN/SmN = 39) ʠ HREE (LuN/GdN = 0.46). Eu-ʘʥʦʤʘʣʠʷ 

ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ (Eu/Eu* = 8) (ʨʠʩʫʥʦʢ 3.33). ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ Ti ʠʟʤʝʥʷʝʪʩʷ ʦʪ 17 ʜʦ 34 ppm (ʧʨʠʣʦʞʝʥʠʝ ɹ, ʪʘʙʣʠʮʘ ɹ.6). ɼʣʷ V 

ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 7.7 ʜʦ 9.5 ppm. ʉʦʜʝʨʞʘʥʠʝ ʉr ʚʘʨʴʠʨʫʝʪ ʦʪ 4.4 ʜʦ 9.9 ppm. Rb ï ʦʪ 

0.4 ʜʦ 7.8 ppm. Ba ï ʦʪ 20 ʜʦ 44 ppm. Sr ï ʦʪ 467 ʜʦ 611 ppm. ɼʣʷ Zr ʫʩʪʘʥʦʚʣʝʥʦ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʟʤʝʥʷʝʪʩʷ 

ʦʪ 0.5 ʜʦ 1.2 ppm.  

 

 

ʈʠʩʫʥʦʢ 3.32 ï ʊʨʦʡʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʜʠʛʨʘʤʤʘ ʜʣʷ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 
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ʈʠʩʫʥʦʢ 3.33 ï ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʣʘʛʠʦʢʣʘʟʘʭ ʠʟ 

ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ CI [154] 

ʇʣʘʛʠʦʢʣʘʟ rʠʟ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ. ɺ ʛʨʘʥʠʪʘʭ ʚʪʦʨʦʡ ʬʘʟʳ ʧʣʘʛʠʦʢʣʘʟ rʧʨʝʜʩʪʘʚʣʝʥ r

ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʣʠʛʦʢʣʘʟʦʤ (ʨʠʩʫʥʦʢ 3.32). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.72 ʜʦ 27 ppm. ɹ·ʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

REE ʚʥʦʩʷʪ LREE (ʚ ʩʨʝʜʥʝʤ 4.8 ppm), ʯʝʤ HREE (ʚ ʩʨʝʜʥʝʤ 0.23 ppm). ɼʣʷ ʧʣʘʛʠʦʢʣʘʟʦʚ ʠʟ 

ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ ʦʪʤʝʯʝʥʘ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ LREE (LaN/SmN = 13) ʠ 

HREE (LuN/GdN = 0.4). ɼʣʷ ʧʣʘʛʠʦʢʣʘʟʦʚ ʭʘʨʘʢʪʝʨʥʘ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ Eu-

ʘʥʦʤʘʣʠʷ (Eu/Eu* = 12.8). ʉʦʜʝʨʞʘʥʠʝ Ti ʠʟʤʝʥʷʝʪʩʷ ʦʪ 8.8 ʜʦ 30 ppm. ɼʣʷ V ʭʘʨʘʢʪʝʨʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʦʪ 11.4 ʜʦ 13.1 ppm. ʉʦʜʝʨʞʘʥʠʝ ʉr ʚʘʨʴʠʨʫʝʪ ʦʪ 4.7 ʜʦ 14 ppm. Rb ï ʦʪ 0.9 ʜʦ 8.8 

ppm. Ba ï ʦʪ 3.1 ʜʦ 22 ppm. Sr ï ʦʪ 47 ʜʦ 257 ppm. ɼʣʷ Zr ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.1 ʜʦ 5.7 

ppm. 

ʇʣʘʛʠʦʢʣʘʟ rʠʟ ʧʦʨʦʜ ʪʨʝʪʴʝʡ ʬʘʟʳ. ʇʣʘʛʠʦʢʣʘʟ rʚ ʧʦʨʦʜʘʭ ʪʨʝʪʴʝʡ ʬʘʟʳ ʤʘʩʩʠʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥ rʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʘʣʴʙʠʪʦʤ, ʦʜʥʘʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ ʦʣʠʛʦʢʣʘʟʘ (ʨʠʩʫʥʦʢ 

3.34). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2.63 ʜʦ 12 

ppm. ɹʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ REE ʚʥʦʩʷʪ LREE (ʚ ʩʨʝʜʥʝʤ 7 ppm), ʯʝʤ HREE 

(ʚ ʩʨʝʜʥʝʤ 0.25 ppm). ʅʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ LREE (LaN/SmN=13) ʠ 

HREE (LuN/GdN=0.1). ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʬʘʟʘʭ, ʜʣʷ ʧʣʘʛʠʦʢʣʘʟʦʚ ʭʘʨʘʢʪʝʨʥʘ ʩʠʣʴʥʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ (Eu/Eu*=14). ʉʦʜʝʨʞʘʥʠʝ Ti ʠʟʤʝʥʷʝʪʩʷ ʦʪ 6.7 ʜʦ 25 ppm. ɼʣʷ V 

ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 10.4 ʜʦ 13 ppm. ʉʦʜʝʨʞʘʥʠʝ ʉr ʚʘʨʴʠʨʫʝʪ ʦʪ 6.6 ʜʦ 139 ppm. Rb ï ʦʪ 

4.1 ʜʦ 13.7 ppm. Ba ï ʦʪ 6 ʜʦ 38 ppm. Sr ï ʦʪ 94 ʜʦ 325 ppm. ɼʣʷ Zr ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

0.1 ʜʦ 1.3 ppm.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʣʘʛʠʦʢʣʘʟʦʚ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʤʝʯʘʝʪʩʷ 

ʧʦʥʠʞʝʥʠʝ ʘʥʦʨʪʠʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʧʣʘʛʠʦʢʣʘʟʦʚ ʦʪ ʩʨʝʜʥʠʭ ʜʦ ʢʠʩʣʳʭ 
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ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʜʝʪ ʧʦʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʘʤʧʣʠʪʫʜʳ ʧʦʣʦʞʠʪʝʣʴʥʦʡ Eu-ʘʥʦʤʘʣʠʠ ʦʪ ʧʝʨʚʦʡ 

ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ 

ʚ ʛʨʘʥʠʪʘʭ ʪʨʝʪʴʝʡ ʬʘʟʳ ʚ ʧʨʦʮʝʩʩʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʣʘʛʠʦʢʣʘʟ, ʷʚʣʷʷʩʴ 

ʛʣʘʚʥʳʤ ʤʠʥʝʨʘʣʦʤ-ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ Eu, çʚʙʠʨʘʝʪè ʚ ʩʝʙʷ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ. ɼʣʷ ʧʣʘʛʠʦʢʣʘʟʦʚ ʠʟ ʛʨʘʥʠʪʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ 

ʠʜʝʪ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Rb, V, Cr ʠ ʧʦʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ, Sr, Ba, Ti.  

3.4.4 ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ 

ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʠʟ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ. ɺʳʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʣʠʝʚʦʧ ʧʦʣʝʚʦʤ ʰʧʘʪʝ ʠʟ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ ʧʦʟʚʦʣʠʣʦ 

ʫʩʪʘʥʦʚʠʪʴ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 3.34). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2.2 ʜʦ 7.8 ppm. ɹʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ REE 

ʚʥʦʩʷʪ LREE (ʚ ʩʨʝʜʥʝʤ 2.41 ppm), ʯʝʤ HREE (ʚ ʩʨʝʜʥʝʤ 1.06 ppm). ʉʦʜʝʨʞʘʥʠʝ Ti ʠʟʤʝʥʷʝʪʩʷ 

ʦʪ 58 ʜʦ 109 ppm (ʧʨʠʣʦʞʝʥʠʝ ɹ, ʪʘʙʣʠʮʘ ɹ.7). ɼʣʷ V ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 0.68 ʜʦ 3.57 

ppm. ʉʦʜʝʨʞʘʥʠʝ ʉr ʚʘʨʴʠʨʫʝʪ ʦʪ 1.92 ʜʦ 7.53 ppm. Rb ï ʦʪ 243 ʜʦ 318 ppm. Ba ï ʦʪ 2007 ʜʦ 

3440 ppm. Sr ï ʦʪ 381 ʜʦ 634 ppm. ɼʣʷ Zr ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.05 ʜʦ 0.42 ppm. Li  ï ʦʪ 

0.38 ʜʦ 1.98 ppm. 

 

ʈʠʩʫʥʦʢ 3.34 ï ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʣʠʝʚʦʤ ʧʦʣʝʚʦʤ ʰʧʘʪʝ 

ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ CI [147] 

ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʠʟ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2.37 ʜʦ 4.21 ppm. ɹʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

REE ʚʥʦʩʷʪ LREE (ʚ ʩʨʝʜʥʝʤ 3 ppm), ʯʝʤ HREE (ʚ ʩʨʝʜʥʝʤ 0.5 ppm) (ʨʠʩʫʥʦʢ 3.34). 

ʉʦʜʝʨʞʘʥʠʝ Ti ʠʟʤʝʥʷʝʪʩʷ ʦʪ 42 ʜʦ 72 ppm. ɼʣʷ V ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 1.21 ʜʦ 3.03 ppm. 
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ʉʦʜʝʨʞʘʥʠʝ ʉr ʚʘʨʴʠʨʫʝʪ ʦʪ 6.51 ʜʦ 30.7 ppm. Rb ï ʦʪ 434 ʜʦ 484 ppm. Ba ï ʦʪ 478 ʜʦ 2110 ppm. 

Sr ï ʦʪ 109 ʜʦ 276 ppm. ɼʣʷ Zr ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.41 ʜʦ 0.65 ppm. Li  ï ʦʪ 23 ʜʦ 42 ppm. 

ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʠʟ ʧʦʨʦʜ ʪʨʝʪʴʝʡ ʬʘʟʳ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.57 ʜʦ 2.41 ppm. ɹʦʣʴʰʠʡ ʚʢʣʘʜ ʚ 

ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ REE ʚʥʦʩʷʪ LREE (ʚ ʩʨʝʜʥʝʤ 1 ppm), ʯʝʤ HREE (ʚ ʩʨʝʜʥʝʤ 0.13 ppm) 

(ʨʠʩʫʥʦʢ 3.34). ʉʦʜʝʨʞʘʥʠʝ Ti ʠʟʤʝʥʷʝʪʩʷ ʦʪ 16 ʜʦ 28 ppm. ɼʣʷ V ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʪ 

0.73 ʜʦ 1.67 ppm. ʉʦʜʝʨʞʘʥʠʝ ʉr ʚʘʨʴʠʨʫʝʪ ʦʪ 21 ʜʦ 72 ppm. Rb ï ʦʪ 629 ʜʦ 997 ppm. Ba ï ʦʪ 

3.12 ʜʦ 216 ppm. Sr ï ʦʪ 3.81 ʜʦ 167 ppm. ɼʣʷ Zr ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.23 ʜʦ 1.37 ppm. Li  

ï ʦʪ 14 ʜʦ 31 ppm. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʣʠʝʚʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʦʪʤʝʯʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ: ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ ʚ ʢʘʣʠʝʚʦʤ ʧʦʣʝʚʦʤ ʰʧʘʪʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Rb, Cr, Zr ʠ ʧʦʥʠʞʝʥʠʝ ïSr, Ba, Ti, Hf.  

3.5 ɺʳʚʦʜ rʧʦ ʛʣʘʚʝ 3 

ɻʨʘʥʠʪʦʠʜʳ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʞʝʣʝʟʠʩʪʳʤ ʧʦʨʦʜʘʤ, ʧʦ ʠʥʜʝʢʩʫ 

ʥʘʩʳʱʝʥʠʷ ʛʣʠʥʦʟʝʤʦʤ ʦʥʠ ʨʘʟʜʝʣʝʥʳ ʤʝʞʜʫ ʧʦʣʷʤʠ ʤʝʪʘʘʣʶʤʠʥʠʝʚʳʭ ʠ ʫʤʝʨʝʥʥʦ 

ʧʝʨʘʣʶʤʠʥʠʝʚʳʭ ʛʨʘʥʠʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʍʘʨʢʝʨʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦʙ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʥʦʛʦ ʨʘʩʧʣʘʚʘ (ʧʦʚʳʰʝʥʠʝ 

ʢʨʝʤʥʝʢʠʩʣʦʪʥʦʩʪʠ ʠ ʧʦʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʘʥʠʡ; ʧʨʠ ʵʪʦʤ ʜʣʷ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʷʚʣʝʥʳ ʤʝʥʝʝ ʥʘʛʣʷʜʥʦ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ 

ʜʠʘʛʨʘʤʤ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʜʥʦʟʥʘʯʥʳʤ ʚʳʚʦʜʘʤ ʦʙ ʠʭ ʪʠʧʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʦʪʥʝʩʝʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ ʢ ɸ-ʪʠʧʫ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʥʘʠʤʝʥʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʧʝʨʚʦʡ ʬʘʟʳ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ, ʯʝʤ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʘʨʠʘʥʪʳ, ʥʘʧʨʠʤʝʨ, ʩʦʦʪʚʝʪʩʪʚʠʝ S-ʪʠʧʫ [24]. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʤʠʥʝʨʘʣʦʚ 

(ʙʠʦʪʠʪʘ, ʮʠʨʢʦʥʘ, ʛʨʘʥʘʪʦʚ) ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʦʜʥʦʟʥʘʯʥʦ ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ 

ʛʨʘʥʠʪʦʠʜʦʚ ɸ-ʪʠʧʘ. 

ʆʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʟʘʢʦʥʦʤʝʨʥʦ ʧʦʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ REE 

(ʟʜʝʩʴ ʠ ʥʠʞʝ ʚ ʩʨʝʜʥʝʤ, 260ï180ï40 ppm), ʛʣʫʙʠʥʘ Eu-ʘʥʦʤʘʣʠʠ ʚʦʟʨʘʩʪʘʝʪ (Eu/Eu* ʩʦʩʪʘʚʣʷʝʪ 

0.61 ï 0.41 ï 0.16). ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ ʨʷʜʘ 

ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ (ʦʪ ʧʝʨʚʦʡ ʢ ʪʨʝʪʴʝʡ ʬʘʟʝ) ʜʣʷ Rb (ʦʪ 150 ʜʦ 290 ppm), 

ʧʦʥʠʞʝʥʠʝ ï ʜʣʷ Sr (ʦʪ 345 ʜʦ 30 ppm), Ba (ʦʪ 480 ʜʦ 20 ppm), Zr (ʦʪ 330 ʜʦ 20 ppm), Hf (ʦʪ 7 ʜʦ 

2 ppm), Zn (ʦʪ 54 ʜʦ 20 ppm), V (ʦʪ 50 ʜʦ 1 ppm) ʠ Th (ʦʪ 14 ʜʦ 5 ppm) [50]. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚ 



62 

 

 

 

6
2 

6

2 

ʩʦʜʝʨʞʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʩʦʩʪʘʚʘ ʢʘʞʜʦʡ ʬʘʟʳ ʠ ʩ 

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʤʘʪʝʨʠʥʩʢʦʛʦ ʨʘʩʧʣʘʚʘ.  

ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʷʚʣʝʥʦ ʠ ʥʘ ʤʠʥʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʆʪ ʨʘʥʥʝʡ ʢ 

ʧʦʟʜʥʝʡ ʬʘʟʝ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʙʠʦʪʠʪ ʠ ʤʫʩʢʦʚʠʪ ʦʙʦʛʘʱʘʶʪʩʷ Rb; ʧʣʘʛʠʦʢʣʘʟ ʠ 

ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʦʙʝʜʥʷʶʪʩʷ Sr ʠ ɺʘ; ʙʠʦʪʠʪ ʠ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʦʙʦʛʘʱʘʶʪʩʷ Li; 

ʙʠʦʪʠʪ ʦʙʝʜʥʷʝʪʩʷ V [52, 53].  
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ɻʃɸɺɸ 4 ʀɿʆʊʆʇʅʆ-ɻɽʆʍʀʄʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʀ ɺʆɿʈɸʉʊ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʫʜʫʪ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʤʠʥʝʨʘʣʘ-ʛʝʦʭʨʦʥʦʤʝʪʨʘ ï ʮʠʨʢʦʥ ʠ 

ʪʠʪʘʥʠʪ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʟʫʯʝʥʠʠ ʩʦʩʪʘʚʘ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʮʠʨʢʦʥʘ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʮʝʩʩʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʥ 

ʟʘʢʣʶʯʝʥ [130]. ʉʧʦʩʦʙʥʦʩʪʴ ʮʠʨʢʦʥʘ ʩʦʭʨʘʥʷʪʴ ʠʟʦʪʦʧʥʳʡ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʜʝʣʘʝʪ ʝʛʦ 

ʛʣʘʚʥʝʡʰʠʤ ʤʠʥʝʨʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ (ʥʘʧʨʠʤʝʨ, [95, 

160, 179]). 

ʊʘʢʞʝ ʦʜʥʠʤ ʠʟ ʤʠʥʝʨʘʣʦʚ-ʛʝʦʭʨʦʥʦʤʝʪʨʦʚ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʪʠʪʘʥʠʪ, ʚ ʢʦʪʦʨʦʤ U 

ʤʦʞʝʪ ʠʟʦʤʦʨʬʥʦ ʚʭʦʜʠʪʴ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ ʤʠʥʝʨʘʣʘ [107, 110]. ɼʣʷ ʪʠʪʘʥʠʪʘ 

ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʢʨʳʪʠʷ U-Pb ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 700Üʉ [94, 110].  

4.1 ɼʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʘ ʠ ʝʛʦ ʩʦʩʪʘʚ 

4.1.1 ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʮʠʨʢʦʥʘ 

ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ 1 ʬʘʟʳ (ʦʙʨ. 202013). ʎʠʨʢʦʥ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥ 

ʠʜʠʦʤʦʨʬʥʳʤʠ ʟʝʨʥʘʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ ʧʦ ʫʜʣʠʥʝʥʠʶ 350 ʤʢʤ, ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï 

150 ʤʢʤ (ʨʠʩʫʥʦʢ 4.1). ʂʦʵʬʬʠʮʠʝʥʪ ʫʜʣʠʥʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ 1:2.5ï1:3. 

ɹʦʣʴʰʠʥʩʪʚʦ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʝʪʝʨʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ï ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ (ʷʜʨʘ) 

ʠʤʝʶʪ ʪʦʥʢʦʧʦʣʦʩʯʘʪʫʶ ʨʦʩʪʦʚʫʶ ʦʩʮʠʣʣʷʮʠʦʥʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʪʦʥʘʭ ʚ CL-

ʠʟʦʙʨʘʞʝʥʠʠ, ʢʨʘʝʚʳʝ ʟʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʦʟʘʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʩ ʭʘʦʪʠʯʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ 

ʨʘʟʥʦʨʘʟʤʝʨʥʳʭ ʪʝʤʥʦ-ʩʝʨʳʭ, ʚʧʣʦʪʴ ʜʦ ʯʝʨʥʦʛʦ ʦʪʪʝʥʢʘ, ʫʯʘʩʪʢʦʚ ʚ ʩʝʨʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ 

(ʥʘʧʨʠʤʝʨ, ʢʨʘʝʚʘʷ ʟʦʥʘ ʩ ʪʦʯʢʦʡ 2 ʥʘ ʨʠʩʫʥʦʢ 4.1). ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ (ʢʨʘʝʚʘʷ ʟʦʥʘ ʩ ʪʦʯʢʦʡ 9) 

ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ ʮʠʨʢʦʥʘ ʦʙʨʘʟʫʶʪ ʩʦʛʣʘʩʥʳʝ ʪʦʥʢʠʝ ʧʦʣʦʩʳ, ʯʝʨʝʜʫʶʱʠʝʩʷ ʩ 

ʩʝʨʳʤʠ ʧʦʣʦʩʘʤʠ. ɺʤʝʩʪʝ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʧʦʣʦʩʯʘʪʦʩʪʴ, ʩʦʛʣʘʩʥʫʶ ʩ ʟʦʥʘʣʴʥʦʩʪʴʶ ʷʜʨʘ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ʢʨʘʝʚʳʝ ʟʦʥʳ çʩʨʝʟʘʶʪè ʪʦʥʢʦʧʦʣʦʩʯʘʪʫʶ ʨʦʩʪʦʚʫʶ 

ʟʦʥʘʣʴʥʦʩʪʴ, ʧʨʦʷʚʣʝʥʥʫʶ ʚ ʷʜʨʘʭ (ʥʘʧʨʠʤʝʨ, ʟʝʨʥʦ ʩ ʪʦʯʢʘʤʠ 3 ʠ 4). ɿʝʨʥʘ ʮʠʨʢʦʥʘ ʩ ʪʦʯʢʘʤʠ 

5 ʠ 6 ʠʤʝʶʪ ʠʟʦʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ, ʚʝʨʦʷʪʥʦ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʯʝʥʠʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʫʜʣʠʥʝʥʠʷ ʧʨʠʟʤʳ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʟʝʨʥʝ ʩ ʪʦʯʢʦʡ 6 ʷʜʨʦ ʩ 

ʭʘʨʘʢʪʝʨʥʦʡ ʩʝʨʦʡ ʦʢʨʘʩʢʦʡ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʚ ʟʝʨʥʝ ʩ ʪʦʯʢʦʡ 5 ʧʣʦʱʘʜʴ, 

ʟʘʥʠʤʘʝʤʘʷ ʷʜʨʦʤ ʚ ʜʘʥʥʦʤ ʩʝʯʝʥʠʠ, ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 10% ʦʪ ʚʩʝʡ ʧʣʦʱʘʜʠ. ɺ ʜʨʫʛʠʭ 

ʟʝʨʥʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʷʜʨʘ ʠ ʢʨʘʝʚʳʭ ʟʦʥ ʤʦʞʝʪ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ï ʦʪ 

ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʛʦ (ʟʝʨʥʦ ʩ ʪʦʯʢʘʤʠ 1 ʠ 2), ʜʦ ʨʝʟʢʦ ʧʦʜʯʠʥʝʥʥʦʛʦ ʚ ʦʪʥʦʰʝʥʠʠ ʢʨʘʝʚʳʭ ʟʦʥ 

(ʟʝʨʥʦ ʩ ʪʦʯʢʘʤʠ 10 ʠ 11). ɺ ʨʷʜʝ ʟʝʨʝʥ ʢʨʘʝʚʘʷ ʟʦʥʘ ʦʪʩʫʪʩʪʚʫʝʪ (ʥʘʧʨʠʤʝʨ, ʟʝʨʥʦ ʩ ʪʦʯʢʘʤʠ 14 

ʠ 15), ʧʨʠ ʵʪʦʤ ʚ ʪʘʢʠʭ ʟʝʨʥʘʭ ʨʦʩʪʦʚʘʷ ʦʩʮʠʣʣʷʮʠʦʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʧʨʦʷʚʣʝʥʘ. 
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ʈʠʩʫʥʦʢ 4.1 ï CL ʠʟʦʙʨʘʞʝʥʠʷ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ʧʝʨʚʦʡ ʬʘʟʳ (ʦʙʨ. 202013) 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩ ʫʢʘʟʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʨʘʪʝʨʦʚ (ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

20 ʤʢʤ) 

ʎʠʨʢʦʥ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʝʡ ʟʝʨʝʥ (ʪʦʯʢʠ ʘʥʘʣʠʟʘ 1, 3, 10, 15, 14, 8, 7), 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE c ʨʦʩʪʦʤ ʦʪ ʣʝʛʢʠʭ ʢ 

ʪʷʞʝʣʳʤ REE (ʨʠʩʫʥʦʢ 4.2ʘ). LuN/LaN ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 951 (ʧʨʠʣʦʞʝʥʠʝ ɺ, 

ʪʘʙʣʠʮʘ ɺ.1). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ 1737 ppm, ʧʨʠ ʵʪʦʤ ʪʷʞʝʣʳʝ REE 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʣʝʛʢʠʤʠ REE (ʚ ʩʨʝʜʥʝʤ 1541 ʠ 175 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʩʝ 

ʩʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʦʪʣʠʯʘʶʪʩʷ ʭʦʨʦʰʦ ʧʨʦʷʚʣʝʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

Eu-ʘʥʦʤʘʣʠʝʡ (ʚ ʩʨʝʜʥʝʤ Eu/Eu* = 0.27) ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʉʝ-ʘʥʦʤʘʣʠʝʡ (ʚ ʩʨʝʜʥʝʤ ʉʝ/ʉʝ* = 

11.3). Th/U ʦʪʥʦʰʝʥʠʝ (ʧʦ ʜʘʥʥʳʤ ʤʝʪʦʜʘ SIMS) ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.51. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʮʠʨʢʦʥʘ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ 

[131]. ʉʦʜʝʨʞʘʥʠʝ Y ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʪʷʞʝʣʳʭ REE ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 2164 

ppm. ʉʦʜʝʨʞʘʥʠʝ Hf ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 12061 ppm, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʮʠʨʢʦʥʘ 

ʠʟ ʛʨʘʥʠʪʦʚ [184].  

ɺ ʮʠʨʢʦʥʝ ʠʟ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʪʦʯʝʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʦʨʤʫʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ, ʉʘ (ʚ ʩʨʝʜʥʝʤ 278 ppm), Nb (ʚ ʩʨʝʜʥʝʤ 102 ppm). ʉʦʜʝʨʞʘʥʠʝ Ti 

ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 20.5 ʜʦ 152 ppm. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ Ti ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʧʨʠʚʥʦʩʦʤ ʵʪʦʛʦ ʥʝʬʦʨʤʫʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʥʘʣʦʞʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʮʠʨʢʦʥʘ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʠʨʢʦʥʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʚ ʮʠʨʢʦʥʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 20 ppm [112]. ʇʦʵʪʦʤʫ ʜʣʷ 

ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ Ti-ʚ ʮʠʨʢʦʥʝ ʪʝʨʤʦʤʝʪʨʫ [187] ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʪʨʠ ʪʦʯʢʠ (7, 

10 ʠ 15), ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ Ti ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ (ʦʪ 20.5 ʜʦ 26.1 

ppm). ʆʪʩʫʪʩʪʚʠʝ ʥʘʣʦʞʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʵʪʠʭ ʟʝʨʥʘʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʯʝʪʢʦʡ ʠ 
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ʥʝʥʘʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʦʩʪʦʚʦʡ ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, (ʚ ʟʝʨʥʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Ti, ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʤʥʳʝ ʢʨʘʝʚʳʝ ʟʦʥʳ ʙʝʟ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʦʡ ʦʩʮʠʣʷʮʠʦʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ), ʤʠʥʠʤʘʣʴʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʢʘʡʤ, ʘ 

ʪʘʢʞʝ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ 

ʥʘʨʫʰʝʥʥʦʩʪʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʨʢʦʥʘ [117]. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʠʨʢʦʥʘ ʧʦ ʚʳʙʨʘʥʥʳʤ ʪʦʯʢʘʤ ʩʦʩʪʘʚʠʣʦ 820Áʉ. 

 

ʈʠʩʫʥʦʢ 4.2 ï ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʠʨʢʦʥʝ ʠʟ ʛʨʘʥʦʜʠʦʨʠʪʘ 

ʧʝʨʚʦʡ ʬʘʟʳ (ʦʙʨ. 202013), ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ CI [154] 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʜʣʷ ʮʠʨʢʦʥʘ ʩ ʪʦʯʢʘʤʠ ʘʥʘʣʠʟʘ ï 2, 13, 4, 12, 6, 5 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ (ʨʠʩʫʥʦʢ 4.2ʙ). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1608 

ppm, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʷʩʴ ʦʪ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʦʡ ʛʨʫʧʧʳ. ʅʘ ʧʦʣʧʦʨʷʜʢʘ ʚʳʰʝ 

ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ REE (ʚ ʩʨʝʜʥʝʤ 753 ppm), ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ REE ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ 

ʥʠʞʝ (ʚ ʩʨʝʜʥʝʤ 770 ppm), ʢʘʢ ʠ ʩʦʜʝʨʞʘʥʠʝ Y (ʚ ʩʨʝʜʥʝʤ 936 ppm). ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ 

ʩʦʦʪʥʦʰʝʥʠʶ ʩʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʧʨʠʦʙʨʝʪʘʶʪ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ (ʚ 

ʩʨʝʜʥʝʤ LuN/LaN = 21.2). ʇʨʠ ʵʪʦʤ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ ʧʨʦʷʚʣʝʥʘ ʤʝʥʝʝ ʢʦʥʪʨʘʩʪʥʦ (ʚ 

ʩʨʝʜʥʝʤ Eu/Eu* = 0.39), ʉʝ-ʘʥʦʤʘʣʠʷ ʨʝʜʫʮʠʨʦʚʘʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ (ʉʝ/ʉʝ* = 2.15). 

ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʮʠʨʢʦʥʘ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ [130, 131]. Th/U ʦʪʥʦʰʝʥʠʝ ʧʦʥʠʞʝʥʦ (ʚ ʩʨʝʜʥʝʤ 

0.25), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʨʢʦʥʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ. ʉʦʜʝʨʞʘʥʠʝ Hf ʦʩʪʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʥʦ 

ʪʦʤ ʞʝ ʫʨʦʚʥʝ (ʚ ʩʨʝʜʥʝʤ 13040 ppm), ʩʦʜʝʨʞʘʥʠʝ ʉʘ ï ʚʳʰʝ, ʯʝʤ ʚ ʮʝʥʪʘʨʣʴʥʳʭ ʯʘʩʪʷʭ ʟʝʨʝʥ 

ʮʠʨʢʦʥʘ (ʚ ʩʨʝʜʥʝʤ 368 ppm). ʉʦʜʝʨʞʘʥʠʝ Ti ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʮʠʨʢʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, 

ʚʘʨʴʠʨʫʝʪ ʦʪ 43.8 ʜʦ 222 ppm, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 133 ppm, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʤʝʪʨʘ.  

ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʚ 2 ʬʘʟʳ (ʦʙʨ. ʊʅ1-2). ʎʠʨʢʦʥ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥ 

ʠʜʠʦʤʦʨʬʥʳʤʠ ʟʝʨʥʘʤʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʧʦ ʫʜʣʠʥʝʥʠʶ ʩʦʩʪʘʚʣʷʝʪ 150-250 ʤʢʤ (ʨʝʜʢʦ ʜʦ 350 
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ʤʢʤ), ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦʩʪʠʛʘʝʪ 100-150 ʤʢʤ (ʨʠʩʫʥʦʢ 4.3). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʣʠʥʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 1:2ï1:3, ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʷ 1:4 

(ʥʘʧʨʠʤʝʨ, ʟʝʨʥʦ ʩ ʪʦʯʢʘʤʠ 3.1 ʠ 3.2). ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʟʝʨʥʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʦ 80-90% ʦʪ 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ, ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʥʢʦʧʦʣʦʩʯʘʪʦʡ ʨʦʩʪʦʚʦʡ ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʴʶ ʚ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʪʦʥʘʭ. ɺ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʧʦʜʦʙʠʝ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʫʯʘʩʪʢʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʢʨʘʩʢʦʡ ʚ CL (ʥʘʧʨʠʤʝʨ, 

ʟʝʨʥʘ ʩ ʪʦʯʢʘʤʠ 2.1 ʠ 5.1). ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʟʝʨʥʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʨʘʝʚʘʷ ʟʦʥʘ, ʦʪʣʠʯʘʶʱʘʷʩʷ 

ʯʝʨʥʦʡ ʦʢʨʘʩʢʦʡ ʚ CL. ʄʦʱʥʦʩʪʴ ʵʪʦʡ ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚ ʚʝʨʰʠʥʘʭ ʚʳʪʷʥʫʪʳʭ ʟʝʨʝʥ 

(ʫʯʘʩʪʢʠ ʨʦʩʪʘ ʜʠʧʠʨʘʤʠʜʳ), ʛʜʝ ʜʦʩʪʠʛʘʝʪ 40 ʤʢʤ. ɺʜʦʣʴ ʛʨʘʥʠʮ ʧʨʠʟʤʳ ʤʦʱʥʦʩʪʴ ʵʪʦʡ ʟʦʥʳ 

ʧʘʜʘʝʪ ʜʦ ʧʝʨʚʳʭ ʤʠʢʨʦʥ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʨʥʘʷ ʚ CL ʢʨʘʝʚʘʷ ʟʦʥʘ ʢʘʢ ʙʳ ʦʙʣʝʢʘʝʪ 

ʮʝʣʠʢʦʤ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʟʝʨʥʘ, ʘ ʝʝ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʛʨʘʥʠʮʳ ʢʦʥʬʦʨʤʥʳ 

ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʧʨʦʷʚʣʝʥʥʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪ ʝʝ 

ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ. ʇʦʵʪʦʤʫ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʮʝʥʪʨʘʣʴʥʳʝ ʠ ʢʨʘʝʚʳʝ ʟʦʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʷʜʝʨ ʠ ʦʪʦʨʦʯʝʢ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʮʠʨʢʦʥʦʤ ʠʟ ʛʨʘʥʠʪʦʚ 1 ʬʘʟʳ. 

 

ʈʠʩʫʥʦʢ 4.3 ï CL ʠʟʦʙʨʘʞʝʥʠʷ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ʚʪʦʨʦʡ ʬʘʟʳ (ʦʙʨ. ʊʅ2-1) 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩ ʫʢʘʟʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʨʘʪʝʨʦʚ (ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

20 ʤʢʤ) 

ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʚ ʮʠʨʢʦʥʝ, ʧʦʤʠʤʦ 

ʪʦʯʝʢ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʦʟʨʘʩʪʘ, ʝʱʝ ʚ ʧʷʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʦʯʢʘʭ, ʚ ʯʝʨʥʳʭ ʚ CL-

ʠʟʦʙʨʘʞʝʥʠʠ ʢʨʘʝʚʳʭ ʟʦʥʘʭ (ʧʨʠʣʦʞʝʥʠʝ ɺ, ʪʘʙʣʠʮʘ ɺ.1). ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʦʪʣʠʯʘʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʨʦʩʪʦʤ ʦʪ 

ʣʝʛʢʠʭ ʢ ʪʷʞʝʣʳʤ REE (ʨʠʩʫʥʦʢ 4.4ʘ). LuN/LaN ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 2646. 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ 1516 ppm, ʧʨʠ ʵʪʦʤ ʪʷʞʝʣʳʝ REE ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʣʝʛʢʠʤʠ REE (ʚ ʩʨʝʜʥʝʤ 1421 ʠ 79.9 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʩʝ ʩʧʝʢʪʨʳ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʧʦʜʦʙʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʷʩʴ ʫʨʦʚʥʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʢʠʭ REE (ʨʠʩʫʥʦʢ 4.4ʘ). ʇʨʦʷʚʣʝʥʳ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ (ʚ ʩʨʝʜʥʝʤ 

Eu/Eu* = 0.29) ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ (ʚ ʩʨʝʜʥʝʤ ʉʝ/ʉʝ* = 26.7). ʉʦʜʝʨʞʘʥʠʝ U 

ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 218 ʜʦ 1036 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 560 ppm. 

ʉʦʜʝʨʞʘʥʠʝ Th ï ʦʪ 128 ʜʦ 565 ppm, ʚ ʩʨʝʜʥʝʤ 319 ppm. Th/U ʦʪʥʦʰʝʥʠʝ (ʧʦ ʜʘʥʥʳʤ ʤʝʪʦʜʘ 

SIMS) ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.58. ʂʘʢ ʠ ʜʣʷ ʷʜʝʨ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʚ 1 ʬʘʟʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʝʡ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʚ 2 ʬʘʟʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʮʠʨʢʦʥʘ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ [131]. ʉʦʜʝʨʞʘʥʠʝ Y 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 2044 ppm, ʩʦʜʝʨʞʘʥʠʝ Hf ï ʚ ʩʨʝʜʥʝʤ 11343 ppm. ʉʦʜʝʨʞʘʥʠʝ ʉʘ ʚ ʵʪʦʡ 

ʛʨʫʧʧʝ ʮʠʨʢʦʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ï ʚ ʪʨʝʭ ʪʦʯʢʘʭ ʦʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 3 ppm, ʚ ʪʨʝʭ ʜʨʫʛʠʭ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 21.4 ʜʦ 594 ppm. ɺ ʪʦʯʢʝ 4.1 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʩʦʜʝʨʞʘʥʠʝ U ʠ ʣʝʛʢʠʭ REE, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʮʠʨʢʦʥʘ, 

ʠʩʧʳʪʘʚʰʝʛʦ ʬʣʶʠʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʧʨʠʚʥʦʩʦʤ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʦʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʦʤ ʵʪʘʧʝ ʩʪʘʥʦʚʣʝʥʠʷ ʤʘʩʩʠʚʘ [40]. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ 

ʜʨʫʛʠʭ ʥʝʬʦʨʤʫʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ Ba ʠ Sr ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʮʠʨʢʦʥʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʧʨʠʚʥʦʩʦʤ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. ʉʦʜʝʨʞʘʥʠʝ Ti ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 11.5 ʜʦ 47.8 ppm, 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʉʘ ï ʠʥʜʠʢʘʪʦʨʦʤ ʥʘʣʦʞʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʮʠʨʢʦʥʘ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ Ti-ʚ ʮʠʨʢʦʥʝ ʪʝʨʤʦʤʝʪʨʫ [185] ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ 

ʯʝʪʳʨʝ ʪʦʯʢʠ (1.1, 3.1, 5.1 ʠ 6.1), ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ Ti ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʚʘʨʴʠʨʫʝʪ (ʦʪ 11.5 ʜʦ 24.5 ppm). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʠʨʢʦʥʘ ʧʦ 

ʚʳʙʨʘʥʥʳʤ ʪʦʯʢʘʤ ʩʦʩʪʘʚʣʷʝʪ 800Áʉ. 

ʏʝʨʥʳʝ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʢʨʘʝʚʳʝ ʟʦʥʳ ʮʠʨʢʦʥʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ 11 ʪʦʯʢʘʭ. 

ʆʙʱʠʤ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʯʘʩʪʷʤʠ ʟʝʨʝʥ, 

ʩʦʜʝʨʞʘʥʠʝ U (ʦʪ 1085 ʜʦ 7481 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 4251 ppm). ʉʦʜʝʨʞʘʥʠʝ Th ʪʘʢʞʝ 

ʚʳʰʝ, ʯʝʤ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ, ʥʦ ʝʛʦ ʨʦʩʪ ʤʝʥʝʝ ʤʘʩʰʪʘʙʝʥ ï ʦʪ 282 ʜʦ 1926 ppm, ʚ ʩʨʝʜʥʝʤ 

1199 ppm. Th/U ʦʪʥʦʰʝʥʠʝ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʟʝʨʝʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.30. ʊʘʢʞʝ ʢʨʘʝʚʳʝ ʟʦʥʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Li (ʚ ʩʨʝʜʥʝʤ 54.1 ppm), ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʟʝʨʝʥ ʦʥʦ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ 

ʥʠʞʝ (ʚ ʩʨʝʜʥʝʤ 4.39 ppm). 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʩʧʝʢʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʨʘʝʚʳʝ ʟʦʥʳ ʚʦʟʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʧʦ ʛʝoʭʠʤʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ. ɺ ʧʝʨʚʫʶ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʜʚʝ ʪʦʯʢʠ ï 

4.2 ʠ 11 (ʨʠʩʫʥʦʢ 4.4ʚ), ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ REE ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʟʝʨʝʥ. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʚ ʥʠʭ ʠʤʝʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ 
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ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʨʦʩʪʦʤ ʦʪ ʣʝʛʢʠʭ ʢ ʪʷʞʝʣʳʤ REE (LuN/LaN ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʷʝʪʩʷ ʚ 

ʩʨʝʜʥʝʤ 2928). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1226 ppm. ʂʘʢ ʠ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʟʝʨʝʥ, ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʭʦʨʦʰʦ ʧʨʦʷʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ 

(Ce/Ce* ʚ ʩʨʝʜʥʝʤ 39.0) ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ (Eu/Eu* ʚ ʩʨʝʜʥʝʤ 0.17). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʩʦʜʝʨʞʘʥʠʝʤ U ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ï ʨʘʟʙʨʦʩ ʚ 

ʩʦʜʝʨʞʘʥʠʠ U ʟʥʘʯʠʪʝʣʴʥʳʡ (ʦʪ 1085 ppm ʜʣʷ ʪʦʯʢʠ 11 ʜʦ 5761 ppm ʜʣʷ ʪʦʯʢʠ 4.2). ʊʘʢʦʡ ʞʝ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ Hf ï 12699 ʠ 17279 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʝʨʞʘʥʠʝ 

ʉʘ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʥʝʬʦʨʤʫʣʴʥʳʭ ʜʣʷ ʮʠʨʢʦʥʘ ʵʣʝʤʝʥʪʦʚ Sr ʠ Ba, ʥʠʟʢʦʝ, ʥʘ ʫʨʦʚʥʝ ʥʝ ʙʦʣʝʝ 

ʧʝʨʚʳʭ ppm. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ Ti-ʚ ʮʠʨʢʦʥʝ 

ʪʝʨʤʦʤʝʪʨʫ ʧʦ ʪʦʯʢʘʤ 4.2 ʠ 11 ʩʦʩʪʘʚʣʷʝʪ 750Áʉ [63]. 

 

ʈʠʩʫʥʦʢ 4.4 ï ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʠʨʢʦʥʝ ʠʟ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ 

ʬʘʟʳ (ʦʙʨ. ʊʅ2-1), ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ CI [154] 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʪʦʯʝʢ ʩʘʤʘʷ ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ, ʚ ʥʝʝ ʚʭʦʜʷʪ ʪʦʯʢʠ 1.2, 3.2, 5.2, 6.2, 7, 8, 9 ʠ 

10. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʜʣʷ ʥʠʭ ʧʦʜʦʙʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʦʪʣʠʯʘʷʩʴ ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʣʝʛʢʠʭ REE, ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʪʷʞʝʣʳʭ REE (ʨʠʩʫʥʦʢ 4.4ʙ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʧʦʣʦʞʝʥʥʦʩʪʴ (LuN/LaN ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 190), ʚ ʧʝʨʚʫʶ 
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ʦʯʝʨʝʜʴ, ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʢʠʭ REE. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ LREE 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 247 ppm, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʪʦʯʢʘʭ 4.2 ʠ 11 (54.9 ppm). 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ REE ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʝ ï ʚ ʩʨʝʜʥʝʤ 2144 ppm. ʍʦʨʦʰʦ 

ʧʨʦʷʚʣʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ (ʚ ʩʨʝʜʥʝʤ Eu/Eu* = 0.22). ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ, 

ʥʘʧʨʦʪʠʚ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʝʜʫʮʠʨʦʚʘʥʘ (ʚ ʩʨʝʜʥʝʤ ʉʝ/ʉʝ* = 3.54). ʉʦʜʝʨʞʘʥʠʝ Hf 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ï ʚ ʩʨʝʜʥʝʤ 16085 ppm. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʪʦʯʢʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʬʦʨʤʫʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ï Ca, Sr, Ba, Ti. ɺ ʪʦʯʢʝ 

1.2 ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉʘ ʠ ʈ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʧʘʜʘʥʠʝʤ 

ʚ ʦʙʣʘʩʪʴ ʘʥʘʣʠʟʘ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʘʧʘʪʠʪʘ. ʅʦ, ʜʘʞʝ ʙʝʟ ʫʯʝʪʘ ʪʦʯʢʠ 1.2, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʉʘ ʩʦʩʪʘʚʣʷʝʪ 112 ppm, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʘʝʚʳʭ ʟʦʥ ʮʠʨʢʦʥʘ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʬʣʶʠʜʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉʦʜʝʨʞʘʥʠʝ Ti ʚʘʨʴʠʨʫʝʪ ʦʪ 

20.5 ʜʦ 270 ppm, ʯʪʦ ʪʘʢʞʝ ʦʪʨʘʞʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʬʣʶʠʜʘ [129]. ɿʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦ Ti-ʚ ʮʠʨʢʦʥʝ ʪʝʨʤʦʤʝʪʨʫ ʜʣʷ ʪʦʯʢʠ 3.2 ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ti ʚ 

20.5 ppm ʩʦʩʪʘʚʣʷʝʪ 810Áʉ. 

ʊʦʯʢʘ 2.2 ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʛʨʫʧʧ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE (ʨʠʩʫʥʦʢ 

4.4ʚ). ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ REE ʚ ʥʝʡ ʩʦʩʪʘʚʣʷʝʪ 7158 ppm, ʧʨʠ ʵʪʦʤ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʧʝʢʪʨʘ ʚ 

ʦʙʣʘʩʪʠ LREE ʷʚʣʷʝʪʩʷ ʥʝʪʠʧʠʯʥʳʤ ʜʣʷ ʮʠʨʢʦʥʘ ï çʦʪʨʠʮʘʪʝʣʴʥʳʤè, ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢ ʭʦʥʜʨʠʪʫ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ LREE. 

ʅʘʢʣʦʥ ʠ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ REE ʜʣʷ ʪʦʯʢʠ 2.2 ʩʦʚʧʘʜʘʝʪ ʩ ʪʘʢʦʚʳʤ ʫ ʜʨʫʛʠʭ ʪʦʯʝʢ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʯʝʨʥʳʤ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʚʳʩʦʢʦʫʨʘʥʦʚʳʤ ʢʨʘʝʚʳʤ ʟʦʥʘʤ ʮʠʨʢʦʥʘ. ɺ ʠʪʦʛʝ 

ʩʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʜʣʷ ʵʪʦʡ ʪʦʯʢʠ ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʫ çʢʨʳʣʴʝʚ ʧʪʠʮʳè. ʅʝʣʴʟʷ 

ʠʩʢʣʶʯʘʪʴ, ʯʪʦ ʪʘʢʘʷ ʬʦʨʤʘ ʩʧʝʢʪʨʘ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʪʝʪʨʘʜʥʦʛʦ ʵʬʬʝʢʪʘ 

ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ REE, ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʜʣʷ ʮʠʨʢʦʥʘ ʬʠʢʩʠʨʦʚʘʣʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɺ ʪʦʯʢʝ 2.2 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʈ, ʨʘʚʥʦʝ 1448 ppm, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ, ʯʪʦʙʳ 

ʩʚʷʟʘʪʴ ʦʙʦʛʘʱʝʥʠʝ ʮʠʨʢʦʥʘ ʣʝʛʢʠʤʠ REE ʩ ʟʘʭʚʘʪʦʤ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʘʧʘʪʠʪʘ ʠ/ʠʣʠ ʤʦʥʘʮʠʪʘ. 

ɿʘʭʚʘʪʫ ʘʧʘʪʠʪʘ ʪʘʢʞʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʦʚʳʰʝʥʥʦʝ, ʥʦ ʥʝ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ, ʩʦʜʝʨʞʘʥʠʝ ʉʘ, 

ʨʘʚʥʦʝ 275 ppm. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʜʫʮʠʨʦʚʘʥʥʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ (ʉʝ/ʉʝ* = 1.75), ʥʝ ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʫ ʘʧʘʪʠʪʘ ʠ ʤʦʥʘʮʠʪʘ. ɽʩʣʠ ʙʳ 

çʚʩʧʣʝʩʢè ʣʝʛʢʠʭ REE ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʟʘʭʚʘʪʦʤ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ, ʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ ʚ ʪʦʯʢʝ 2.2 ʷʚʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ (Eu/Eu* = 0.09) ʩʨʝʜʠ ʚʩʝʡ ʚʳʙʦʨʢʠ ʮʠʨʢʦʥʘ ʠʟ ʦʙʨʘʟʮʘ ʊʅ1-2. ʉʦʜʝʨʞʘʥʠʝ 

ʜʨʫʛʠʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʯʢʝ 2.2 ʥʘʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʜʣʷ 

ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ ʪʦʯʝʢ ʠʭ ʯʝʨʥʳʭ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʢʨʘʝʚʳʭ ʟʦʥ. ʉʦʜʝʨʞʘʥʠʝ U ʩʦʩʪʘʚʣʷʝʪ 
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2746 ppm, ʯʪʦ ʜʘʞʝ ʤʝʥʴʰʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʨʘʝʚʳʭ ʟʦʥ. Th/U ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʷʝʪʩʷ 

0.45.  

ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʚ 3 ʬʘʟʳ (ʦʙʨ. 2424). ʎʠʨʢʦʥ ʠʟ ʦʙʨʘʟʮʘ ʣʝʡʢʦʛʨʘʥʠʪʦʚ 2424 ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʟʝʨʥʘʤʠ ʩʦ ʩʣʦʞʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʩʣʘʙʦ ʫʜʣʠʥʝʥʥʦʡ ʬʦʨʤʳ, 

ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ 200 ʤʢʤ ʧʦ ʫʜʣʠʥʝʥʠʶ (ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʣʠʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1:1.5-2.0). 

ʅʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʟʝʨʥʦ ʩ ʪʦʯʢʘʤʠ 14, 15 ʠ 16 (ʨʠʩʫʥʦʢ 4.5) ʨʘʟʤʝʨʦʤ 

ʧʨʠʤʝʨʥʦ 100Ĭ200 ʤʢʤ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʝʨʥʘ (ʪʦʯʢʘ 14) ʚ ʨʝʞʠʤʝ CL ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʦʩʦʙʣʝʥʥʳʡ ʜʦʤʝʥ, ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 30Ĭ50 ʤʢʤ, ʩ ʪʦʥʢʦʧʦʣʦʩʯʘʪʦʡ ʨʦʩʪʦʚʦʡ ʦʩʮʠʣʷʮʠʦʥʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʴʶ ʚ ʪʝʤʥʦ-ʩʝʨʳʭ ʪʦʥʘʭ. ʆʩʥʦʚʥʘ ̫ʯʘʩʪʴ ʟʝʨʥʘ, ʢʦʪʦʨʘʷ ʦʢʨʫʞʘʝʪ ʵʪʦʪ ʜʦʤʝʥ, ʠʤʝʝʪ 

ʭʘʨʘʢʪʝʨʥʫʶ ʪʦʥʦʢʦʧʦʣʦʩʯʘʪʫʶ ʨʦʩʪʦʚʫʶ ʦʩʮʠʣʣʷʮʠʦʥʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʪʦʥʘʭ 

(ʪʦʯʢʘ 15). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʟʝʨʥʘ ʦʢʘʡʤʣʷʝʪ ʪʝʤʥʦ-ʩʝʨʘʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʯʝʨʥʘʷ ʚ 

CL-ʠʟʦʙʨʘʞʝʥʠʠ, ʦʪʦʨʦʯʢʘ, ʜʦʩʪʠʛʘʶʱʘʷ ʪʦʣʱʠʥʳ ʦʢʦʣʦ 30 ʤʢʤ ʥʘ ʚʝʨʰʠʥʘʭ ʟʝʨʥʘ 

(ʜʠʧʠʨʘʤʠʜʝ, ʪʦʯʢʘ 16) ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʶʱʘʷ ʥʘ ʛʨʘʥʷʭ ʧʨʠʟʤʳ. ɿʝʨʥʘ ʮʠʨʢʦʥʘ ʩ ʪʦʯʢʘʤʠ 

9-10-11 ʠ 19-20 ʠʤʝʶʪ ʩʭʦʜʥʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʟʝʨʥʘʭ ʩ ʪʦʯʢʘʤʠ 12-13 ʠ 17-18 ʷʜʨʦ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʟʘʪʦ ʤʦʱʥʦʩʪʴ ʪʝʤʥʦ-ʩʝʨʦʡ ʢʨʘʝʚʦʡ ʟʦʥʳ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʠ ʜʦʩʪʠʛʘʝʪ 50 ʤʢʤ. ɿʝʨʥʘ ʩ 

ʪʦʯʢʘʤʠ 3-4, 5-6 ʠ 7-8 ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʬʦʨʤʝ, ʦʪ ʧʦʯʪʠ ʠʟʦʤʝʪʨʠʯʥʦʛʦ ʦʙʣʠʢʘ ʜʦ 

ʩʣʘʙʦʫʜʣʠʥʝʥʥʦʛʦ ʠʜʠʦʤʦʨʬʥʦʛʦ. ɺʦ ʚʩʝʭ ʪʨʝʭ ʟʝʨʥʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʷʜʨʦ, ʜʦʩʪʠʛʘʶʱʝʝ 50-70 

ʤʢʤ ʚ ʧʦʧʝʨʝʯʝʥʠʢʝ ʠ ʠʤʝʶʱʝʝ ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʮʳ (ʪʦʯʢʠ 3, 5 ʠ 7). ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʟʝʨʥʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʝʨʝʥ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʟʦʥʘʣʴʥʦʡ ʪʝʤʥʦ-ʩʝʨʦʡ ʚ CL 

ʤʘʩʩʦʡ (ʪʦʯʢʘ 6) ʩ ʫʯʘʩʪʢʘʤʠ ʩ ʯʝʨʥʦʡ ʦʢʨʘʩʢʦʡ ʚ ʬʦʨʤʝ ʥʝʧʨʘʚʠʣʴʥʳʭ ʟʘʪʝʢʦʚ ʠ ʩʣʝʜʦʚ 

ʨʘʩʪʚʦʨʝʥʠʷ (ʟʝʨʥʘ ʩ ʪʦʯʢʘʤʠ 3-4 ʠ 5-6), ʣʠʙʦ ʯʝʨʝʜʦʚʘʥʠʝʤ ʯʝʨʥʳʭ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʧʦʣʦʩ 

ʪʦʣʱʠʥʦʡ ʜʦ 20-30 ʤʢʤ ʩ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʫʯʘʩʪʢʘʤʠ ʩ ʨʝʣʠʢʪʘʤʠ ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ 

(ʟʝʨʥʦ ʩ ʪʦʯʢʘʤʠ 7 -8). ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚ ʟʝʨʥʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʯʝʨʥʘʷ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ 

ʚʥʝʰʥʷʷ ʟʦʥʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʜʝʨʞʘʥʥʘʷ ʧʦ ʪʦʣʱʠʥʝ, ʜʦʩʪʠʛʘʶʱʘʷ 20 ʤʢʤ (ʪʦʯʢʠ 4 ʠ 8). 

ɿʝʨʥʦ ʩ ʪʦʯʢʘʤʠ 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʦʤʦʢ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ (ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʣʠʥʝʥʠʷ 

ʥʝ ʤʝʥʝʝ 1:3) ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʨʘʥʝʡ ʧʨʠʟʤʳ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʟʝʨʥʘ ʠʤʝʝʪ ʩʨʝʜʥʝʧʦʣʦʩʯʘʪʫʶ 

ʨʦʩʪʦʚʫʶ ʦʩʮʠʣʣʷʮʠʦʥʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʩ ʧʝʨʝʭʦʜʘʤʠ ʦʪ ʩʚʝʪʣʦ-ʩʝʨʳʭ (ʪʦʯʢʘ 1) ʜʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʯʝʨʥʳʭ ʪʦʥʦʚ. ʕʪʦ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʨʝʟʢʦ ʩʤʝʥʷʝʪʩʷ çʦʙʨʘʩʪʘʥʠʝʤè ʚ ʪʝʤʥʦ-ʩʝʨʳʭ ʪʦʥʘʭ ʠ 

ʩ ʧʷʪʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ. ʊʦʣʱʠʥʘ ʦʙʨʘʩʪʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ ʚʝʨʰʠʥʝ ʟʝʨʥʘ (ʜʦ 30-40 ʤʢʤ, 

ʪʦʯʢʘ 2) ʠ ʤʠʥʠʤʘʣʴʥʘ ʚʜʦʣʴ ʛʨʘʥʝʡ ʧʨʠʟʤʳ (ʥʝ ʙʦʣʝʝ 20 ʤʢʤ). ʇʦ ʩʚʦʝʤʫ ʚʥʫʪʨʝʥʥʝʤʫ 

ʩʪʨʦʝʥʠʶ çʦʙʨʘʩʪʘʥʠʝè ʥʘʧʦʤʠʥʘʝʪ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʩ ʪʦʯʢʘʤʠ 3-4 ʠ 5-6. 

ɺʥʝʰʥʷʷ ʢʨʘʝʚʘʷ ʟʦʥʘ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʚ ʵʪʦʤ ʟʝʨʥʝ ʦʪʩʫʪʩʪʚʫʝʪ [54]. 
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ʈʠʩʫʥʦʢ 4.5 ï CL ʠʟʦʙʨʘʞʝʥʠʷ ʮʠʨʢʦʥʘ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ (ʦʙʨ. 2424) 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩ ʫʢʘʟʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʨʘʪʝʨʦʚ (ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

20 ʤʢʤ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 20 ʪʦʯʝʢ ʮʠʨʢʦʥʘ ʤʦʛʫʪ ʙʳʪʴ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ. ʅʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʤʠ ʧʦ ʚʥʝʰʥʝʤʫ ʦʙʣʠʢʫ (ʩʚʝʪʣʦ-ʩʝʨʘʷ ʦʢʨʘʩʢʘ ʚ CL c 

ʨʦʩʪʦʚʦʡ ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ), ʠ ʦʪʚʝʯʘʶʱʠʝ ʧʦʧʫʣʷʮʠʠ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ, ʷʚʣʷʶʪʩʷ ʪʦʯʢʠ 1, 10, 12, 15 ʠ 17. ɼʨʫʛʘʷ ʛʨʫʧʧʫ ʦʙʨʘʟʫʶʪ ʷʜʨʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʝʨʝʥ, ʟʘʯʘʩʪʫʶ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʣʝʜʫ ʠʟʤʝʥʝʥʠʡ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ 

ʦʢʨʘʩʢʦʡ ʚ CL ʚ ʪʝʤʥʳʭ ʪʦʥʘʭ ï ʪʦʯʢʠ 3, 5, 7, 9, 14 ʠ 19. ʇʦ ʦʢʨʘʩʢʝ ʚ CL ʢ ʥʠʤ ʙʣʠʟʢʠ ʪʦʯʢʠ 1 

ʠ 6, ʦʪʚʝʯʘʶʱʠʝ ʢʨʘʝʚʦʡ ʟʦʥʝ ʟʝʨʥʘ. ʆʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʯʝʨʥʳʝ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ 

ʚʥʝʰʥʠʝ ʟʦʥʳ, ï ʪʦʯʢʠ 4, 8, 11, 13, 16, 18 ʠ 20 [54]. 

ʇʦ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʮʠʨʢʦʥ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ, 

ʩʦʛʣʘʩʫʷʩʴ ʩ ʚʳʧʦʣʥʝʥʳʤ ʨʘʥʝʝ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʪʨʠ ʛʨʫʧʧʳ (ʧʨʠʣʦʞʝʥʠʝ ɺ, ʪʘʙʣʠʮʘ ɺ.1). 

ʇʝʨʚʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʪʦʯʢʠ 1, 10, 12, 15 ʠ 17, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʝʨʝʥ ʩʦ 

ʩʚʝʪʣʦ-ʩʝʨʦʡ ʦʢʨʘʩʢʦʡ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʠ ʪʦʥʢʦ-ʧʦʣʦʩʯʘʪʦʡ ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʚʘʨʴʠʨʫʝʪ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪ 338 ʜʦ 890 ppm, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 

573 ppm. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ (ʨʠʩʫʥʦʢ 4.6ʘ) ʩ ʟʘʤʝʪʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʪ ʣʝʛʢʠʭ ʢ ʪʷʞʝʣʳʤ REE (LuN/LaN ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1164). 

ʆʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ (ʉʝ/ʉʝ* ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 28.2) ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ (Eu/Eu* ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.27). ʉʦʜʝʨʞʘʥʠʝ U ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 374 ppm, ʩʦʜʝʨʞʘʥʠʝ Th ï 111 ppm, Th/U ʦʪʥʦʰʝʥʠʝ, ʧʦ ʜʘʥʥʳʤ SIMS, ʨʘʚʥʷʝʪʩʷ ʚ 

ʩʨʝʜʥʝʤ 0.36. ʉʦʜʝʨʞʘʥʠʝ Li ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʦʪʥʦʩʷʱʝʤʩʷ ʢ 

ʜʠʘʧʘʟʦʥʫ ʜʣʷ ʮʠʨʢʦʥʘ ʠʟ ʧʦʨʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ (ʚ ʩʨʝʜʥʝʤ 6.04 ppm). ʉʦʜʝʨʞʘʥʠʝ ʈ 
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ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 173 ppm, ʩʦʜʝʨʞʘʥʠʝ ʉʘ (ʚ ʩʨʝʜʥʝʤ 21.5 ppm) ʠ ʜʨʫʛʠʭ ʥʝʬʦʨʤʫʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ï Ba, Sr ʥʝʚʝʣʠʢʦ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʬʣʶʠʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʘʥʥʫʶ 

ʛʨʫʧʧʫ ʮʠʨʢʦʥʘ. ʉʦʜʝʨʞʘʥʠʝ Hf ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 11759 ppm. ʉʦʜʝʨʞʘʥʠʝ Ti ʤʠʥʠʤʘʣʴʥʦʝ 

ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ (ʦʪ 5.3 ʜʦ 26.6 ppm). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʮʠʨʢʦʥʘ ʧʦ ʚʳʙʨʘʥʥʳʤ ʪʦʯʢʘʤ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 770Áʉ 

 

ʈʠʩʫʥʦʢ 4.6 ï ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʠʨʢʦʥʝ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ 

ʪʨʝʪʴʝʡ ʬʘʟʳ (ʦʙʨ. 2424), ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ CI [154] 

ɺʦ ʚʪʦʨʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʛʨʫʧʧʫ ʦʪʥʦʩʷʪʩʷ ʪʦʯʢʠ 2, 3, 5, 6, 7, 9, 14 ʠ 19 (ʧʨʠʣʦʞʝʥʠʝ ɺ, 

ʪʘʙʣʠʮʘ ɺ.1), ʦʪʥʦʩʷʱʠʝʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʠʟʤʝʥʝʥʥʳʤ ʷʜʨʘʤ, ʘ ʪʘʢʞʝ ʢ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʟʝʨʝʥ ʩʦ 

ʩʣʝʜʘʤʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʪʝʤʥʦ-ʩʝʨʳʝ ʢʨʘʝʚʳʝ ʯʘʩʪʠ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʚ CL) (ʪʦʯʢʠ 2 ʠ 6). 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ (ʚ ʩʨʝʜʥʝʤ 1578 ppm), ʯʝʤ ʜʣʷ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ. ʉʧʝʢʪʨʳ REE ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʧʦʣʦʞʝʥʳ (LuN/LaN ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ʚ ʩʨʝʜʥʝʤ 137; ʨʠʩʫʥʦʢ 4.6ʙ). ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʨʝʜʫʮʠʨʦʚʘʥʘ (ʉʝ/ʉʝ* ʚ ʩʨʝʜʥʝʤ 3.56), ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ ʠʤʝʝʪ ʧʨʠʤʝʨʥʦ ʪʘʢʫʶ ʞʝ 

ʘʤʧʣʠʪʫʜʫ (Eu/Eu* ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.25). ʊʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ Y (ʚ ʩʨʝʜʥʝʤ 

2063 ppm, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 742 ppm ʜʣʷ ʧʨʝʜʳʜʫʱʝʡ ʛʨʫʧʧʳ). ʉʦʜʝʨʞʘʥʠʝ U ʠ Th ʟʘʤʝʪʥʦ ʚʳʰʝ 

ʠ ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ U ʚ ʩʨʝʜʥʝʤ 1595 ppm, Th ï 811 ppm, Th/U ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 
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0.53. ʉʦʜʝʨʞʘʥʠʝ Li ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʨʫʧʧʝ ï ʚ ʩʨʝʜʥʝʤ 21.3 ppm. 

ʉʦʜʝʨʞʘʥʠʝ ʈ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 289 ppm, ʩʦʜʝʨʞʘʥʠʝ ʉʘ ʨʘʩʪʝʪ (ʚ 

ʩʨʝʜʥʝʤ 75.1 ppm). ʉʦʜʝʨʞʘʥʠʝ Hf ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ï ʚ ʩʨʝʜʥʝʤ 12989 ppm. ɼʣʷ ʜʘʥʥʳʭ 

ʪʦʯʝʢ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Ti ʨʘʚʥʦʝ 30.2 ppm, ʯʪʦ ʦʪʚʝʯʘʝʪ ʫʩʨʝʜʥʝʥʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ 840Áʉ [54].   

ɺ ʪʨʝʪʴʶ ʛʨʫʧʧʫ ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʦʫʨʘʥʦʚʳʝ, ʯʝʨʥʳʝ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ, ʪʦʥʢʠʝ ʚʥʝʰʥʠʝ 

ʟʦʥʳ, ï ʪʦʯʢʠ 4, 8, 11, 13, 16, 18 ʠ 20 (ʧʨʠʣʦʞʝʥʠʝ ɺ, ʪʘʙʣʠʮʘ ɺ.1). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE 

ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʤʘʢʩʠʤʘʣʴʥʦʝ (ʚ ʩʨʝʜʥʝʤ 2085 ppm), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚʳʰʝ. 

ʉʧʝʢʪʨʳ REE ʚʳʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʣʝʛʢʠʭ REE (LuN/LaN ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 

147; ʨʠʩʫʥʦʢ 4.6ʚ). ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʝʜʫʮʠʨʦʚʘʥʘ (ʉʝ/ʉʝ* 

ʚ ʩʨʝʜʥʝʤ 1.90), ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʛʨʫʧʧʘʭ ʜʣʷ ʜʘʥʥʦʡ ʧʨʦʙʳ 

(Eu/Eu* ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.26). ʉʦʜʝʨʞʘʥʠʝ U ʠ Th ʚʳʩʦʢʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ U ʚ ʩʨʝʜʥʝʤ 

5447 ppm, Th ï 802 ppm, Th/U ʦʪʥʦʰʝʥʠʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ ʧʦʥʠʞʝʥʥʦʝ, ʠ 

ʨʘʚʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 0.15. ʉʦʜʝʨʞʘʥʠʝ Li ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʠʭ ʛʨʫʧʧʘʭ ï ʚ ʩʨʝʜʥʝʤ 

73.0 ppm. ʉʦʜʝʨʞʘʥʠʝ ʈ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 607 ppm, ʩʦʜʝʨʞʘʥʠʝ ʉʘ 

ʧʨʠʤʝʨʥʦ, ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʨʫʧʧʝ (ʚ ʩʨʝʜʥʝʤ 79.2 ppm). ʉʦʜʝʨʞʘʥʠʝ Hf, ʥʘʧʨʦʪʠʚ, ʟʘʤʝʪʥʦ 

ʚʳʰʝ ï ʚ ʩʨʝʜʥʝʤ 19343 ppm. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Ti, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʜʣʷ ʜʘʥʦʡ ʛʨʫʧʧʳ, 

ʩʦʩʪʘʚʣʷʝʪ 32.5 ppm, ʯʪʦ ʦʪʚʝʯʘʝʪ ʫʩʨʝʜʥʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ 830Áʉ [63]. 

ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʚ 3 ʬʘʟʳ (ʦʙʨ. ʊʅ3-1). ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟ ʛʨʘʥʠʪʦʚ 3 ʬʘʟʳ 

(ʣʝʡʢʦʛʨʘʥʠʪʦʚ) ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʦʢʦʣʦ 30 ʟʝʨʝʥ ʮʠʨʢʦʥʘ, ʧʦʤʝʱʝʥʥʳʭ ʚ ʰʘʡʙʫ ʄ-2974. 

ʇʨʠʤʝʨʥʦ ʪʨʝʪʴ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʩʝʥʦʤʦʨʬʥʳʤʠ ʟʝʨʥʘʤʠ ʠʣʠ ʠʭ 

ʦʙʣʦʤʢʘʤʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ ʚ ʧʦʧʝʨʝʯʥʠʢʝ 100 ʤʢʤ (ʨʠʩʫʥʦʢ 4.1ʚ). ɺ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʦʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʪʝʤʥʦ-ʩʝʨʳʤ, ʜʦʭʦʜʷʱʠʤ ʜʦ ʯʝʨʥʦʛʦ, ʦʪʪʝʥʢʦʤ ʠ ʧʷʪʥʠʩʪʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʩʪʨʦʝʥʠʝʤ, ʠʥʦʛʜʘ ʧʦʨʠʩʪʳʤ. ʇʦ ʜʘʥʥʳʤ SEM-EDS ʚ ʵʪʠʭ ʟʝʨʥʘʭ ʮʠʨʢʦʥʘ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ: ʢʩʝʥʦʪʠʤ, F-

ʘʧʘʪʠʪ, ʫʨʘʥʠʥʠʪ, ʘʣʴʙʠʪ. ʈʘʟʤʝʨ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʤʢʤ, ʣʠʰʴ 

ʚʢʣʶʯʝʥʠʝ ʢʩʝʥʦʪʠʤʘ ʚ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʮʠʨʢʦʥʘ ʜʦʩʪʠʛʘʝʪ 70 ʤʢʤ [144]. ɺʪʦʨʘʷ ʧʦʧʫʣʷʮʠʷ 

ʮʠʨʢʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʘʙʦ ʫʜʣʠʥʝʥʥʳʤʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʣʠʥʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

1:2ï1:3) ʦʢʘʪʘʥʥʳʤʠ ʟʝʨʥʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ ʧʦ ʫʜʣʠʥʝʥʠʶ 100 ʤʢʤ. ɼʣʷ ʥʠʭ 

ʭʘʨʘʢʪʝʨʥʘ ʪʦʥʢʦʧʦʣʦʩʯʘʪʘʷ ʨʦʩʪʦʚʘʷ ʦʩʮʠʣʣʷʮʠʦʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʩʝʨʳʭ ʠ ʪʝʤʥʦ-ʩʝʨʳʭ 

ʪʦʥʘʭ. ɺ ʨʷʜʝ ʟʝʨʝʥ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʨʘʝʚʳʝ ʟʦʥ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʚ CL ʩ çʨʘʟʤʳʪʦʡè 

ʟʦʥʘʣʴʥʦʩʪʴʶ ʠʣʠ ʝʝ ʦʪʩʫʪʩʪʚʠʝʤ, ʜʦʩʪʠʛʘʶʱʠʝ ʧʦ ʦʙʲʝʤʫ ʜʦ ʧʦʣʦʚʠʥʳ ʟʝʨʥʘ. ʇʦ ʧʨʠʯʠʥʝ 

ʣʠʤʠʪʠʨʦʚʘʥʥʦʛʦ ʥʘʣʠʯʠʷ ʟʝʨʝʥ ʩ ʦʞʠʜʘʝʤʳʤ ʚʦʟʨʘʩʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʠʪʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʢʦʣʦ 250 ʤʣʥ ʣʝʪ ʚʳʜʝʣʝʥʠʝ ʮʠʨʢʦʥʘ ʠʟ ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ 
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ʣʝʡʢʦʛʨʘʥʠʪʘ ʊʅ3-1 ʙʳʣʦ ʧʦʚʪʦʨʝʥʦ. ʉʨʝʜʠ ʧʨʠʤʝʨʥʦ 40 ʟʝʨʝʥ ʮʠʨʢʦʥʘ, ʟʘʥʦʚʦ ʚʳʜʝʣʝʥʥʳʭ ʠ 

ʧʦʤʝʱʝʥʥʳʭ ʚ ʰʘʡʙʫ ʄ-3066, ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʦʢʘʟʘʣʠʩʴ ʫʜʣʠʥʝʥʥʳʝ ʟʝʨʥʘ ʜʠʧʠʨʘʤʠʜʘʣʴʥʦ-

ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ, ʜʦʩʪʠʛʘʶʱʠʝ 100-250 ʤʢʤ ʧʦ ʫʜʣʠʥʝʥʠʶ (ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʣʠʥʝʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 1:2ï1:3). ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʷʚʣʷʝʪʩʷ ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʟʝʨʝʥ ʩʦ 

ʩʚʝʪʣʦ-ʩʝʨʦʡ ʠʣʠ ʩʝʨʦʡ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʩ ʪʦʥʢʦʧʦʣʦʩʯʘʪʦʡ ʨʦʩʪʦʚʦʡ 

ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʠ ʯʝʨʥʦʡ ʢʨʘʝʚʦʡ ʟʦʥʦʡ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ 

ʚʝʨʰʠʥʘʭ ʟʝʨʝʥ, ʛʜʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 30 ʤʢʤ (ʨʠʩʫʥʦʢ 4.7). 

 

ʈʠʩʫʥʦʢ 4.7 ï CL ʠʟʦʙʨʘʞʝʥʠʷ ʮʠʨʢʦʥʘ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ (ʦʙʨ. ʊʅ3-1) 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩ ʫʢʘʟʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʨʘʪʝʨʦʚ (ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

20 ʤʢʤ) 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʩʧʝʢʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʮʠʨʢʦʥ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʘ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. ɺ ʧʝʨʚʫʶ ʧʦʧʘʜʘʶʪ ʜʚʝ ʪʦʯʢʠ ï 7.1 ʠ 6 ʩ ʰʘʡʙʳ ʄ-3066 (ʨʠʩʫʥʦʢ 

4.8ʘ), ʜʣʷ ʢʦʪʦʨʳʭ ʩʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʠʤʝʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʨʦʩʪʦʤ ʦʪ ʣʝʛʢʠʭ ʢ ʪʷʞʝʣʳʤ REE (LuN/LaN ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 

2232). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1039 ppm. ɺ ʵʪʠʭ ʪʦʯʢʘʭ ʭʦʨʦʰʦ 

ʧʨʦʷʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ (Ce/Ce* ʚ ʩʨʝʜʥʝʤ 50.3) ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ 

(Eu/Eu* ʚ ʩʨʝʜʥʝʤ 0.27). ʆʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʮʠʨʢʦʥʘ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ [131]. ʉʦʜʝʨʞʘʥʠʝ U ʠ Hf, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʦʯʢʘʤʠ ʜʘʥʥʦʡ 

ʧʨʦʙʳ, ʤʠʥʠʤʘʣʴʥʦʝ ï ʚ ʩʨʝʜʥʝʤ 878 ʠ 10979 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʝʨʞʘʥʠʝ P ʠ Li ʚ 

ʩʨʝʜʥʝʤ ʪʘʢʞʝ ʥʠʞʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʛʨʫʧʧʘʭ ʮʠʨʢʦʥʘ ï 257 ʠ 16.3 ppm. ʉʦʜʝʨʞʘʥʠʝ ʉʘ ʚ ʪʦʯʢʘʭ 

7.1 ʠ 6 ʩʦʩʪʘʚʣʷʝʪ 5.39 ʠ 86.1 ppm. ɼʨʫʛʠʝ ʥʝʬʦʨʤʫʣʴʥʳʝ ʜʣʷ ʮʠʨʢʦʥʘ ʵʣʝʤʝʥʪʳ Sr ʠ Ba 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ (Sr ï ʤʝʥʝʝ 1 ppm, Ba ï ʥʝ ʙʦʣʝʝ ʧʝʨʚʳʭ ppm). ʉʨʝʜʥʝʝ 



75 

 

 

 

7
5 

7

5 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ Ti-ʚ ʮʠʨʢʦʥʝ ʪʝʨʤʦʤʝʪʨʫ ʧʦ ʪʦʯʢʘʤ 

7.1 ʠ 6 ʩʦʩʪʘʚʣʷʝʪ 808Áʉ. 

 

ʈʠʩʫʥʦʢ 4.8 ï ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʠʨʢʦʥʝ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ 

ʪʨʝʪʴʝʡ ʬʘʟʳ (ʦʙʨ. ʊʅ3-1), ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ CI [154] 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʩʦʩʪʦʠʪ ʠʟ 8 ʪʦʯʝʢ (1.1, 3, 4, 5, 8 ʩ ʰʘʡʙʳ ʄ-3066 ʠ 1ʭ, 3ʭ, 10ʭ ʩ ʰʘʡʙʳ ʄ-

2974). ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʜʣʷ ʥʠʭ ʧʦʜʦʙʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʦʪʣʠʯʘʷʩʴ ʫʨʦʚʥʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʢʠʭ REE, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʠ ʪʷʞʝʣʳʭ REE Er-Lu (ʨʠʩʫʥʦʢ 

4.8ʙ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʧʦʣʦʞʝʥʥʦʩʪʴ (LuN/LaN ʦʪʥʦʰʝʥʠʝ 

ʨʘʚʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 221), ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʢʠʭ REE. ʉʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ LREE ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 258 ppm, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʪʦʯʢʘʭ 7.1 ʠ 6 

(99.9 ppm). ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ REE ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʝ ï ʚ ʩʨʝʜʥʝʤ 3027 ppm. ʆʪʨʠʮʘʪʝʣʴʥʘʷ 

Eu-ʘʥʦʤʘʣʠʷ ʭʦʨʦʰʦ ʧʨʦʷʚʣʝʥʘ (ʚ ʩʨʝʜʥʝʤ Eu/Eu* = 0.24). ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʝʜʫʮʠʨʦʚʘʥʘ (ʚ ʩʨʝʜʥʝʤ ʉʝ/ʉʝ* = 2.41). ʉʦʜʝʨʞʘʥʠʝ U ʚʘʨʴʠʨʫʝʪ ʦʪ 

3638 ʜʦ 14196 ppm, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 6912 ppm. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Li ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 90.3 ppm. ʊʘʢʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Li ʥʝʪʠʧʠʯʥʦ ʜʣʷ ʮʠʨʢʦʥʘ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ [86], ʝʛʦ ʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʣʶʠʜʘ ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʢʦʨʦʚʦʡ ʢʦʤʧʦʥʝʥʪʦʡ. ʉʦʜʝʨʞʘʥʠʝ ʈ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʮʠʨʢʦʥʘ ʚʳʰʝ (1040 ppm), ʯʝʤ ʜʣʷ ʮʠʨʢʦʥʘ 

ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩ ʧʨʦʷʚʣʝʥʥʳʤʠ ʉʝ- ʠ Eu-ʘʥʦʤʘʣʠʷʤʠ. ʉʦʜʝʨʞʘʥʠʝ P ʠ Y ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠʟʦʤʦʨʬʠʟʤʦʤ ʢʩʝʥʦʪʠʤʦʚʦʛʦ ʪʠʧʘ: Si4+ + 

Zr4+ = P5+ + Y3+ [108]. ʉʦʜʝʨʞʘʥʠʝ Hf ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ï ʚ ʩʨʝʜʥʝʤ 21897 ppm. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʪʨʝʭ ʪʝʤʥʳʭ ʟʝʨʥʘʭ ʙʝʟ ʟʦʥʘʣʴʥʦʩʪʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʰʘʡʙʝ ʄ-

2974, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Hf ʛʦʨʘʟʜʦ ʚʳʰʝ ï 31129 ppm, ʯʝʤ ʚ ʢʨʘʝʚʳʭ ʟʦʥʘʭ ʮʠʨʢʦʥʘ ʠʟ 

ʰʘʡʙʳ ʄ-3066. ʊʦʯʢʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʬʦʨʤʫʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ï Ca (ʚ ʩʨʝʜʥʝʤ 357 ppm), Sr (5.73 ppm), Ba (9.69 ppm) ʠ Ti (183 ppm). ɺ ʜʚʫʭ ʪʦʯʢʘʭ 

ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ (ʪʦʯʢʠ 4 ʠ 10ʭ) ʩʦʜʝʨʞʘʥʠʝ Ti ʥʝ ʚʳʛʣʷʜʠʪ ʟʘʚʳʰʝʥʥʳʤ ʟʘ ʩʯʝʪ ʬʣʶʠʜʥʦʛʦ 
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ʚʦʟʜʝʡʩʪʚʠʷ, ʩʦʩʪʘʚʣʷʷ 21.5 ʠ 14.6 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʦ Ti-ʚ ʮʠʨʢʦʥʝ ʪʝʨʤʦʤʝʪʨʫ ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʪʦʯʝʢ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 800Áʉ. 

ʊʦʯʢʘ 2 ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʛʨʫʧʧ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE (ʨʠʩʫʥʦʢ 

4.8ʘ). ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ REE ʚ ʥʝʡ ʩʦʩʪʘʚʣʷʝʪ 16867 ppm, ʧʨʠ ʵʪʦʤ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʧʝʢʪʨʘ ʚ 

ʦʙʣʘʩʪʠ LREE ʷʚʣʷʝʪʩʷ çʦʪʨʠʮʘʪʝʣʴʥʳʤè, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢ ʭʦʥʜʨʠʪʫ 

ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ LREE. ʉʧʝʢʪʨ ʚ ʦʙʣʘʩʪʠ ʪʷʞʝʣʳʭ REE, 

ʥʘʯʠʥʘʷ ʩ Dy, ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʧʝʢʪʨʘʤʠ ʜʨʫʛʠʭ ʪʦʯʝʢ ʠʟ ʵʪʦʡ ʧʨʦʙʳ. ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʠ ʜʣʷ 

ʦʜʥʦʛʦ ʟʝʨʥʘ ʮʠʨʢʦʥʘ ʠʟ 2 ʬʘʟʳ (ʪʦʯʢʘ 2.2), ʩʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʜʣʷ ʵʪʦʡ ʪʦʯʢʠ ʠʟ 3 

ʬʘʟʳ ʪʘʢʞʝ ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʫ çʢʨʳʣʴʝʚ ʧʪʠʮʳè. ɺ ʪʦʯʢʝ 2 ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʈ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʟʝʨʝʥ (3008 ppm), ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ, ʯʪʦʙʳ 

ʧʨʠʯʠʥʦʡ ʦʙʦʛʘʱʝʥʠʷ ʮʠʨʢʦʥʘ ʣʝʛʢʠʤʠ REE ʚʳʩʪʫʧʘʣ ʟʘʭʚʘʪ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʘʧʘʪʠʪʘ ʠ/ʠʣʠ 

ʤʦʥʘʮʠʪʘ. ʇʦʧʘʜʘʥʠʶ ʚ ʦʙʣʘʩʪʴ ʘʥʘʣʠʟʘ ʘʧʘʪʠʪʘ ʪʘʢʞʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʳʰʝʥʥʦʝ, ʥʦ ʥʝ 

ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ, ʩʦʜʝʨʞʘʥʠʝ ʉʘ, ʨʘʚʥʦʝ 369 ppm. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʜʫʮʠʨʦʚʘʥʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ (ʉʝ/ʉʝ* = 1.28), ʭʘʨʘʢʪʝʨʥʘʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʮʠʨʢʦʥʘ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ ʚ ʪʦʯʢʝ 2 ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

(Eu/Eu* = 0.05) ʩʨʝʜʠ ʚʩʝʡ ʚʳʙʦʨʢʠ ʮʠʨʢʦʥʘ ʠʟ ʦʙʨʘʟʮʘ ʣʝʡʢʦʛʨʘʥʠʪʘ. ʉʦʜʝʨʞʘʥʠʝ U 

ʩʦʩʪʘʚʣʷʝʪ 7320 ppm, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʛʨʫʧʧʳ ʮʠʨʢʦʥʘ. Th/U 

ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʷʝʪʩʷ 0.30.  

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʧʦʨʠʩʪʳʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʟʦʥʘʣʴʥʳʡ ʮʠʨʢʦʥ 2974-21, ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʝ ʢʩʝʥʦʪʠʤʘ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 70 ʤʢʤ 

(ʨʠʩʫʥʦʢ 4.9). ʎʝʥʪʨʘʣʴʥʘʷ, ʥʘʠʙʦʣʝʝ ʛʝʪʝʨʦʛʝʥʥʘʷ, ʯʘʩʪʴ ʮʠʨʢʦʥʘ ʠʤʝʝʪ ʧʦʥʠʞʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ SiO2 ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ï 23.1-23.6 ʤʘʩ.%, ʘ ʪʘʢʞʝ ʢʨʘʡʥʝ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ZrO2 ï 32.5-35.5 ʤʘʩ.% . ɺ ʥʝʡ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Y2O3 (2.98-

4.39 ʤʘʩ.%) ʠ ʈ2ʆ5 (ʦʪ 1.73 ʜʦ 2.29 ʤʘʩ.%). ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʝʬʦʨʤʫʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Fe, Al, ʉʘ (ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ 2.19 ʤʘʩ.% ï FeO, 1.55 

ʤʘʩ.% ï Al 2O3, 1.41 ʤʘʩ.% ï ʉʘO). ʉʦʜʝʨʞʘʥʠʝ ThO2 ʠ UO2 (0.69 ʠ 0.54 ʤʘʩ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʦʜʝʨʞʘʥʠʝ HfO2 ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1.89 ʤʘʩ.%. ʉʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʤʝʪʦʜʦʤ EPMA ʦʢʩʠʜʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʣʠʰʴ 72.1-72.8 ʤʘʩ.%, ʯʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʚʦʜʫ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʧʦ ʜʘʥʥʳʤ SIMS ʜʦʩʪʠʛʘʝʪ 1.3 ʤʘʩ.%, F ï 3900, Cl ï 770 ppm, ʘ ʪʘʢʞʝ 

ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ Be ʠ B. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʮʠʨʢʦʥʘ ʧʦ ʜʘʥʥʳʤ SIMS ʦʪʣʠʯʘʝʪʩʷ ʢʨʘʡʥʝ 

ʚʳʩʦʢʠʤ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʦʪ 10000 ʜʦ 38800 ppm) 

(ʪʘʙʣʠʮʘ 4.1). ɺ ʮʝʣʦʤ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʠʨʢʦʥʝ ʧʦ ʜʘʥʥʳʤ SIMS ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʟʫʣʴʪʘʪʘʤ EPMA [144]. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ Y ʧʦ ʜʘʥʥʳʤ SIMS ʩʦʩʪʘʚʣʷʝʪ ʦʪ 15000 ʜʦ 50700 
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ppm, P ï ʦʪ 3500 ʜʦ 7900 ppm, Ca ï ʦʪ 2200 ʜʦ 7200 ppm, U ï 4900-10800 ppm, Thï 1900-6700, Ti 

ï 300-1900 ppm. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Y, P ʠ Ca ʟʘ ʩʯʝʪ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʢʩʝʥʦʪʠʤʘ ʠʣʠ ʠʥʳʭ ʬʦʩʬʘʪʦʚ, ʥʝ ʬʠʢʩʠʨʫʝʤʳʭ ʧʨʠ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʥʘʤʠ ʠʩʢʣʶʯʘʝʪʩʷ, ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ P ʧʨʠ ʘʥʦʤʘʣʴʥʦʤ ʨʦʩʪʝ ʩʦʜʝʨʞʘʥʠʷ REE ʠ Y. ʉʦʜʝʨʞʘʥʠʝ P ʚ ʮʝʣʦʤ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Y ʠ Ca ʠ ʪʦʞʝ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ Y ʠ Ca (50700 ʠ 7200 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʮʠʨʢʦʥʝ ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʩʝʛʦ 7900 ppm ʬʦʩʬʦʨʘ. ʊʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʠʩʢʣʶʯʘʝʪ ʟʘʭʚʘʪ ʚ ʧʦʣʝ ʘʥʘʣʠʟʘ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʬʦʩʬʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʭʝʤʘ 

ʠʟʦʤʦʨʬʠʟʤʘ ʢʩʝʥʦʪʠʤʦʚʦʛʦ ʪʠʧʘ ʠʤʝʝʪ ʧʦʜʯʠʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʷʚʣʷʝʪʩʷ 

ʠʟʦʤʦʨʬʠʟʤ ʧʦ ʩʭʝʤʝ: H+ + (REE, Y)3+ = Zr4 

 

ʈʠʩʫʥʦʢ 4.9 ï ʉʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʠʨʢʦʥʝ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ 

ʪʨʝʪʴʝʡ ʬʘʟʳ (ʦʙʨ. ʊʅ3-1), ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ CI [154], ʠ CL ʠʟʦʙʨʘʞʝʥʠʝ ʮʠʨʢʦʥʘ ʩ 

ʫʢʘʟʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʨʘʪʝʨʦʚ (ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 20 ʤʢʤ) 

ɺ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʜʘʥʥʦʛʦ ʮʠʨʢʦʥʘ ʩʦʦʪʥʦʰʝʥʠʝ SiO2 ʠ ZrO2 ʙʣʠʟʢʦ ʢ ʠʜʝʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ ʮʠʨʢʦʥʘ (ʚ ʩʨʝʜʥʝʤ 32.7 ʠ 63.8 ʤʘʩ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠʟ 

ʟʥʘʯʠʤʳʭ ʧʨʠʤʝʩʝʡ (ʧʦ ʜʘʥʥʳʤ EPMA) ʦʪʤʝʯʘʝʪʩʷ HfO2 ï 3.94 ʤʘʩ.%, UO2 ï 0.41 ʤʘʩ.%, Y2O3 ï 

0.27 ʤʘʩ.%. ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ, ʘ ʪʘʢʞʝ ʣʝʛʢʠʭ ʠ ʣʝʪʫʯʠʭ ʵʣʝʤʝʥʪʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟʘ), ʯʝʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʮʠʨʢʦʥʘ. ʅʘʧʨʠʤʝʨ, 

ʩʦʜʝʨʞʘʥʠʝ Y ʠ REE ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 7600-8100 ʠ 6800-8000 ppm, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʚ 2-6 ʨʘʟʘ. ʉʦʜʝʨʞʘʥʠʝ Th ʚ ʢʨʘʝʚʦʡ 

ʯʘʩʪʠ ʤʝʥʴʰʝ ʚ 3-10 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 600 ppm; ʩʦʜʝʨʞʘʥʠʝ 

P ʠ Caï ʤʝʥʴʰʝ ʚ 2-4 ʨʘʟʘ, ʩʦʩʪʘʚʣʷʷ ʦʢʦʣʦ 2000 ppm ʜʣʷ P ʠ 1000-2000 ppm ï ʜʣʷ Ca. 
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ʉʦʜʝʨʞʘʥʠʝ U, F ʠ ʚʦʜʳ ʦʩʪʘʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʇʦ ʦʩʪʘʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʩʦʩʪʘʚ ʢʨʘʝʚʦʡ 

ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʝʡ ʟʝʨʥʘ ʦʪʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʊʘʙʣʠʮʘ 4.1 ï ɸʥʦʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʮʠʨʢʦʥʘ (ppm) ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ (ʦʙʨ. ʊʅ3-1)  

  21Dre 21D2 21D3 21 21D4 21D5 

La 563 295 356 99.1 112 128 

Ce 2351 1374 879 518 522 630 

Pr 404 199 132 65.4 70.7 85.0 

Nd 2367 1230 717 366 394 491 

Sm 1799 888 658 245 249 327 

Eu 187 90.1 62.0 25.5 27.2 36.6 

Gd 3188 1668 1340 438 437 807 

Dy 7629 3794 2784 1098 1054 1952 

Er 7179 3670 2639 1285 1085 1813 

Yb 11752 5752 4579 3324 2471 3566 

Lu 1409 730 649 519 381 542 

Li  53.7 39.9 109 121 87.7 94.8 

P 7913 3547 7388 2154 2072 5774 

Ca 7174 3146 2515 1032 1733 2183 

Ti 1886 856 315 207 366 366 

Sr 93.1 47.0 57.6 14.8 23.4 37.9 

Y 50698 24695 20000 8067 7628 15076 

Nb 2368 1136 311 282 367 371 

Ba 141 77.4 55.2 18.7 39.6 44.1 

Hf 31816 22052 44926 32699 32498 36081 

Th 6719 3114 3138 620 603 1863 

U 6721 4900 10748 13432 8071 10656 

Be n.d. n.d. n.d. n.d. 18.7 32.2 

B n.d. n.d. n.d. n.d. 9.51 16.9 

H2O n.d. n.d. n.d. n.d. 11866 13046 

F n.d. n.d. n.d. n.d. 1651 3915 

Cl n.d. n.d. n.d. n.d. 362 777 

Th/U 1.00 0.64 0.29 0.05 0.07 0.17 

Eu/Eu* 0.24 0.23 0.20 0.24 0.25 0.22 

Ce/Ce* 1.19 1.37 0.98 1.56 1.42 1.46 

ɆREE 38828 19690 14795 7982 6802 10376 

ɆLREE 5685 3097 2084 1048 1099 1333 

ɆHREE 31156 15614 11991 6663 5427 8680 

LuN/LaN 24.1 23.9 17.5 50.4 32.8 41.0 

LuN/GdN 3.57 3.54 3.91 9.58 7.04 5.44 

SmN/LaN 5.11 4.83 2.96 3.95 3.56 4.10 

T(Ti), C 1587 1462 1175 1103 1205 1205 
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ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʢʨʠʩʪʘʣʣʝ ʮʠʨʢʦʥʘ, ʢʘʢ ʚ ʮʝʥʪʨʘʣʴʥʦʡ, ʪʘʢ ʠ 

ʚ ʢʨʘʝʚʦʡ ʝʛʦ ʯʘʩʪʠ ʧʦʜʦʙʥʳ ʜʨʫʛ ʜʨʫʛʫ (ʨʠʩʫʥʦʢ 4.9), ʦʜʥʘʢʦ ʦʪʣʠʯʘʶʪʩʷ ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ, 

ʦʪʨʘʞʘʷ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʪʦʯʝʢ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢ ʪʦʯʢʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʛʨʘʬʠʢʦʤ ʦʪ ʣʝʛʢʠʭ ʢ ʪʷʞʝʣʳʤ REE ʩ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ Eu-ʘʥʦʤʘʣʠʝʡ (Eu/Eu* = ʦʪ 0.20 ʜʦ 0.25) ʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

Ce-ʘʥʦʤʘʣʠʝʡ, ʢʦʪʦʨʘʷ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʘʥʘʣʠʟʘ ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʫʝʪ (Ce/Ce* = ʦʪ 0.98 ʜʦ 

1.56). ɺ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʮʠʨʢʦʥʘ ʩʪʝʧʝʥʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ REE ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ (LuN/LaN = ʚ 

ʧʨʝʜʝʣʘʭ 32.8-50.4 ï ʜʣʷ ʢʨʘʝʚʳʭ ʠ 17.5-41.0 ï ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ) [144]. 

ʎʠʨʢʦʥ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ 3 ʬʘʟʳ (ʦʙʨ. 2016-5 ʠʟ ʊʦʯʠʣʴʥʦʛʦ ʰʪʦʢʘ). ʎʠʨʢʦʥ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥ ʫʜʣʠʥʝʥʥʳʤʠ ʠʜʠʦʤʦʨʬʥʳʤʠ ʟʝʨʥʘʤʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʧʦ ʫʜʣʠʥʝʥʠʶ ʩʦʩʪʘʚʣʷʝʪ 

200-350 ʤʢʤ (ʨʝʜʢʦ ʜʦ 450 ʤʢʤ), ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʣʠʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1:2 ï 1:3, ʚ ʝʜʠʥʠʯʥʳʭ 

ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʷ 1:6 (ʥʘʧʨʠʤʝʨ, ʟʝʨʥʦ ʩ ʪʦʯʢʦʡ 8, ʨʠʩʫʥʦʢ 4.10). ʉʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʟʝʨʝʥ 

ʠʤʝʝʪ ʛʝʪʝʨʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʩʦ ʩʚʝʪʣʦ-ʩʝʨʦʡ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʠʜʠʦʤʦʨʬʥʳʡ ʦʙʣʠʢ, ʩ ʛʨʘʥʠʮʘʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʚʥʝʰʥʠʤ ʛʨʘʥʠʮʘʤ ʟʝʨʥʘ (ʥʘʧʨʠʤʝʨ, ʟʝʨʥʦ ʩ ʪʦʯʢʦʡ 5). ʂʨʘʝʚʘʷ ʯʘʩʪʴ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʪʝʤʥʦ-

ʩʝʨʦʡ ʦʢʨʘʩʢʦʡ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ, ʦʙʣʝʢʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʧʦʣʥʦʩʪʴʶ, ʠʤʝʷ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ (ʜʦ 40-90 ʤʢʤ) ʚ ʨʘʡʦʥʝ ʚʝʨʰʠʥ ʜʠʧʠʨʘʤʠʜʳ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʢʨʘʝʚʦʡ ʟʦʥʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʥʢʦʧʦʣʦʩʯʘʪʘʷ ʨʦʩʪʦʚʘʷ ʦʩʮʠʣʣʷʮʠʦʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʦʨʠʝʥʪʠʨʦʚʢʘ ʢʦʪʦʨʦʡ 

ʧʘʨʘʣʣʝʣʴʥʘ ʢʘʢ ʤʝʞʜʫ ʟʦʥʘʤʠ, ʪʘʢ ʩ ʚʥʝʰʥʠʤʠ ʛʨʘʥʠʮʘʤʠ ʟʝʨʥʘ. ʇʦʵʪʦʤʫ ʪʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʟʦʥʘʤʠ ʚʥʫʪʨʠ ʟʝʨʥʘ ʥʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʤʙʠʥʘʮʠʶ ʷʜʨʦ-ʢʘʡʤʘ, 

ʦʪʨʘʞʘʶʱʫʶ ʜʚʘ ʜʠʩʢʨʝʪʥʳʭ ʩʦʙʳʪʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʘʛʤʘʪʠʯʝʩʢʦʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʷʜʨʫ 

ʮʠʨʢʦʥʘ, ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʝ ʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʡʤʳ. ʉʢʦʨʝʝ 

ʚʩʝʛʦ, ʥʘʣʠʯʠʝ ʪʝʤʥʳʭ ʠ ʯʝʨʥʳʭ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʢʨʘʝʚʳʭ ʟʦʥ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʦʙʦʛʘʱʝʥʠʷ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢ ʠʟʤʝʥʝʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʮʠʨʢʦʥʘ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʠʟ 

ʵʪʦʛʦ ʨʘʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʥʫʶ ʦʢʨʘʩʢʫ ʢʨʘʝʚʳʭ 

ʟʦʥ ʮʠʨʢʦʥʘ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʙʳʣ ʦʪʤʝʯʝʥ ʜʣʷ ʮʠʨʢʦʥʘ, ʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʝʛʦʩʷ 

ʠʟ ʩʠʣʴʥʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʛʨʘʥʠʪʥʦʛʦ ʨʘʩʧʣʘʚʘ [206]. 

ɻʝʦʭʠʤʠʷ ʮʠʨʢʦʥʘ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʊʦʯʠʣʴʥʦʛʦ ʰʪʦʢʘ ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʫʯʝʥʘ 

ʝʱʝ ʚ 6 ʪʦʯʢʘʭ (ʨʠʩʫʥʦʢ 4.10, ʧʨʠʣʦʞʝʥʠʝ ɺ, ʪʘʙʣʠʮʘ ɺ1). ʊʦʯʢʠ 11, 14 ʠ 15 ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʯʝʨʥʳʭ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ ʜʦʤʝʥʘʭ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ 

ʟʝʨʝʥ. ʊʦʯʢʠ 12 ʠ 16 ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʤʥʦ-ʩʝʨʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʪʦʯʢʘ 13 ï ʚ ʯʝʨʥʦʡ ʢʨʘʝʚʦʡ 

ʟʦʥʝ.  
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ʈʠʩʫʥʦʢ 4.10 ï CL ʠʟʦʙʨʘʞʝʥʠʷ ʮʠʨʢʦʥʘ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ (ʦʙʨ. 2016-5) 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩ ʫʢʘʟʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʨʘʪʝʨʦʚ (ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

20 ʤʢʤ) 

ʇʦ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ, ʠʟʫʯʝʥʥʳʡ ʮʠʨʢʦʥ ʠʟ ʦʙʨ. 2016-5 ʤʦʞʝʪ ʙʳʪʴ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʝʥ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʧʨʦʷʚʣʝʥʦ ʚ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE. 

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʪʦʯʢʠ 1, 8, 10 ʠ 16. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʜʣʷ ʥʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ (ʨʠʩʫʥʦʢ 4.11ʘ) ʠ ʠʤʝʶʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʨʦʩʪʦʤ ʦʪ ʣʝʛʢʠʭ ʢ ʪʷʞʝʣʳʤ REE (LuN/LaN ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʷʝʪʩʷ ʚ 

ʩʨʝʜʥʝʤ 8056). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 965 ppm. ɺ ʵʪʠʭ ʪʦʯʢʘʭ 

ʭʦʨʦʰʦ ʧʨʦʷʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ-ʘʥʦʤʘʣʠʷ (Ce/Ce* ʚ ʩʨʝʜʥʝʤ 63.7) ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-

ʘʥʦʤʘʣʠʷ (Eu/Eu* ʚ ʩʨʝʜʥʝʤ 0.16). Cʦʜʝʨʞʘʥʠʝ U ʠ Th, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʦʯʢʘʤʠ ʵʪʦʡ 

ʧʨʦʙʳ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ï ʚ ʩʨʝʜʥʝʤ 567 ʠ 160 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʦʨʤʫʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʉʘ, Sr ʠ Ba ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ - ʦʢʦʣʦ 1 ppm ʠ ʥʠʞʝ. ʉʦʜʝʨʞʘʥʠʝ Ti 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʘʨʴʠʨʫʝʪ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 7.95 ppm. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ 720Áʉ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʝʩʝʥʳ ʪʦʯʢʠ 2, 6 ʠ 9, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʚʦʡ ʙʦʣʝʝ ʧʦʣʦʛʠʤʠ 

ʩʧʝʢʪʨʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʚ ʦʙʣʘʩʪʠ ʣʝʛʢʠʭ REE (LuN/LaN ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 

681, ʨʠʩʫʥʦʢ 4.11ʘ). ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 967 ppm. ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ REE ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʡ ʛʨʫʧʧʦʡ (29.0 ʠ 39.1 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɿʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʉʝ-ʘʥʦʤʘʣʠʠ (ʉʝ/ʉʝ* ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʷʝʪʩʷ 7.28), ʘʤʧʣʠʪʫʜʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ Eu-

ʘʥʦʤʘʣʠʠ ʦʩʪʘʝʪʩʷ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ (Eu/Eu* ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.10). ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

U ʚʦʟʨʘʩʪʘʝʪ ʜʦ 1340 ppm, Th ï ʜʦ 329 ppm. ɿʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Ca ï ʜʦ 
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25.6 ppm. Sr ʠ ɺʘ ʦʩʪʘʶʪʩʷ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ. ʉʦʜʝʨʞʘʥʠʝ Ti ʚʘʨʴʠʨʫʝʪ ʦʪ 4.02 ʜʦ 19.2 ppm, 

ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 11.9 ppm, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 750Áʉ. 

 

ʈʠʩʫʥʦʢ 4.11 ï ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʠʨʢʦʥʝ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ 

ʪʨʝʪʴʝʡ ʬʘʟʳ (ʦʙʨ. 2016-5), ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʭʦʥʜʨʠʪ CI [154] 

ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʪʦʯʝʢ ʩʘʤʘʷ ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ ï ʢ ʥʝʡ ʦʪʥʦʩʷʪʩʷ ʪʦʯʢʠ 3, 4, 5, 7, 11, 12 ʠ 14 

(ʨʠʩʫʥʦʢ 4.11ʙ). ʆʪ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧ ʩʧʝʢʪʨʳ REE ʦʪʣʠʯʘʶʪʩʷ ʝʱʝ ʙʦʣʝʝ ʚʳʧʦʣʦʞʝʥʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (LuN/LaN ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 101). ɹʦʣʝʝ ʟʘʤʝʪʝʥ ʨʦʩʪ 

ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ REE (ʚ ʩʨʝʜʥʝʤ 1521 ppm) ʠ ʣʝʛʢʠʭ REE (ʚ ʩʨʝʜʥʝʤ 136 ppm). 

ʂʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ REE ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʦʡ ʛʨʫʧʧʦʡ (1357 ʠ 923 

ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ U ʚʦʟʨʘʩʪʘʝʪ ʜʦ 1988 ppm, Th ï ʜʦ 565 ppm. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ Ca ʚʦʟʨʘʩʪʘʝʪ ʜʦ 57.9 ppm. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Sr ʠ ɺʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦ 

ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʦʢʦʣʦ 2 ppm. ʉʦʜʝʨʞʘʥʠʝ Ti ʚʘʨʴʠʨʫʝʪ ʫʞʝ ʦʪ 19.2 ʜʦ 128 ppm, ʩʦʩʪʘʚʣʷʷ ʚ 

ʩʨʝʜʥʝʤ 47.3 ppm.  ɿʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦ Ti-ʚ ʮʠʨʢʦʥʝ ʪʝʨʤʦʤʝʪʨʫ ʜʣʷ ʜʚʫʭ 

ʪʦʯʝʢ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ti ʦʢʦʣʦ 20 ppm ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 800Áʉ.  

ɺ ʯʝʪʚʝʨʪʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʪʦʣʴʢʦ ʜʚʝ ʪʦʯʢʠ ï 13 ʠ 15, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʯʝʨʥʳʤ ʚ CL-

ʠʟʦʙʨʘʞʝʥʠʠ ʫʯʘʩʪʢʘʤ ʮʠʨʢʦʥʘ. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʜʣʷ ʥʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʧʝʢʪʨʦʚ ʜʣʷ ʪʨʝʭ ʜʨʫʛʠʭ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʚʩʝʭ REE (7410 ʠ 25087 ppm), ʠ ʦʩʦʙʝʥʥʦ ï ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʠʭ REE (2335 ʠ 8593 

ppm). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʪʨʠ ʜʨʫʛʠʝ ʛʨʫʧʧʳ ʠʤʝʶʪ ʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ REE, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʷʩʴ ʧʦ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʢʠʭ REE. ʉʝ-

ʘʥʦʤʘʣʠʷ ʚ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʝ ʨʝʜʫʮʠʨʦʚʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ (ʉʝ/ʉʝ* ʚ ʩʨʝʜʥʝʤ 

ʨʘʚʥʷʝʪʩʷ 1.18). ɺʝʣʠʯʠʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ Eu-ʘʥʦʤʘʣʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʨʫʛʠʤ ʛʨʫʧʧʘʤ (Eu/Eu* 

= 0.13). ʊʘʢʞʝ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʨʷʜʘ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ï U 

(4789 ʠ 10264 ppm), Th (1236 ʠ 2000 ppm), Ca (22974 ʠ 4255 ppm). ʉʦʜʝʨʞʘʥʠʝ Sr ʚʦʟʨʘʩʪʘʝʪ ʚ 

ʩʨʝʜʥʝʤ ʜʦ 59.6 ppm, Ba ï ʜʦ 65.9 ppm. ʉʦʜʝʨʞʘʥʠʝ Ti ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʜʣʷ ʮʠʨʢʦʥʘ (599 ʠ 
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2002 ppm) ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɸʥʦʤʘʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ Nb ï ʚ ʪʨʝʭ ʜʨʫʛʠʭ ʛʨʫʧʧʘʭ ʥʘʠʙʦʣʴʰʝʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 

61.8 ppm, ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʩʦʜʝʨʞʘʥʠʝ Nb ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ 213 ʠ 1060 ppm. ɼʣʷ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʳ 

ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Yï 5718 ppm ʜʣʷ ʪʦʯʢʠ 13, 15787 ppm ï ʜʣʷ 

ʪʦʯʢʠ 15. ɺ ʜʨʫʛʠʭ ʛʨʫʧʧʘʭ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Y ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʦʥʦ ʩʦʚʧʘʜʘʝʪ ʚ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʛʨʫʧʧʘʭ ʦʢʦʣʦ 1200 ppm, ʚ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 1914 ppm. ʉʦʜʝʨʞʘʥʠʝ Hf 

ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʦʪ ʧʝʨʚʦʡ ʢ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʝ (ʚ ʩʨʝʜʥʝʤ 13062 ʠ 16843 ppm). 

ɺʦ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧʘʭ ʩʦʜʝʨʞʘʥʠʝ Hf ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ. ʉʦʜʝʨʞʘʥʠʝ 

ʈ ʤʠʥʠʤʘʣʴʥʦʝ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʘʭ (ʚ ʩʨʝʜʥʝʤ 198 ʠ 184 ppm), ʚ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʦʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 284 ppm, ʚ ʯʝʪʚʝʨʪʦʡ ï ʜʦ 8977 ppm. ʉʦʜʝʨʞʘʥʠʝ Li ʚ ʮʝʣʦʤ 

ʚʳʜʝʨʞʘʥʥʦʝ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ ʮʠʨʢʦʥʘ (ʦʪ 0.72 ʜʦ 8.16 ppm), ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. Th/U ʦʪʥʦʰʝʥʠʝ ʤʘʣʦ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʡ ʚʳʙʦʨʢʠ, 

ʦʩʪʘʚʘʷʩʴ ʥʘ ʫʨʦʚʥʝ 0.2-0.3 [63]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʨʢʦʥʘ ʠ ʚʤʝʱʘʶʱʠʭ ʠʭ 

ʧʦʨʦʜ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʜʘʥʥʳʭ ʧʦ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ (ʥʘʧʨʠʤʝʨ, [79, 116, 120, 123]). 

ɼʠʘʛʨʘʤʤʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ La ï SmN/LaN (ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʣʝʛʢʠʭ REE) 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʷʪʴ ʮʠʨʢʦʥ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʠ çʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡè 

ʮʠʨʢʦʥ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʬʠʛʫʨʘʪʠʚʥʦʝ ʧʦʣʝ çʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦè ʮʠʨʢʦʥʘ ʪʘʢʞʝ ʧʦʧʘʜʘʝʪ ʠʟʤʝʥʝʥʥʳʡ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʮʠʨʢʦʥ, 

ʧʦʜʚʝʨʛʰʠʡʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʬʣʶʠʜʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʧʦʟʜʥʝ- ʠʣʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʜʠʠ (ʥʘʧʨʠʤʝʨ, [144]). ʇʦʟʜʥʝʝ ʚ ʵʪʫ ʜʠʘʛʨʘʤʤʫ ʙʳʣʦ ʚʢʣʶʯʝʥʦ ʧʦʣʝ çʧʦʨʠʩʪʦʛʦè ʮʠʨʢʦʥʘ, 

ʪʘʢʞʝ ʠʩʧʳʪʘʚʰʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʬʣʶʠʜʦʚ ʠ ʠʤʝʶʱʝʛʦ ʭʘʨʘʢʪʝʨʥʦʝ ʧʦʨʠʩʪʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʩʪʨʦʝʥʠʝ [86]. ɼʠʘʛʨʘʤʤʘ ʚ Th/UïNb/Hf ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʮʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʚ A-ʪʠʧʘ ʠ I-

ʪʠʧʘ [127]. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʘ ʜʠʘʛʨʘʤʤʝ La ï SmN/LaN ʚʩʝʭ ʪʦʯʝʢ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʢʨʦʤʝ ʧʦʧʫʣʷʮʠʠ ʢʘʡʤ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʚ 1 ʬʘʟʳ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʤʦʣʦʜʳʤ ʚʦʟʨʘʩʪʦʤ), ʨʘʟʜʝʣʝʥʥʳʭ ʧʦ ʬʘʟʘʤ ʚʥʝʜʨʝʥʠʷ (ʨʠʩʫʥʦʢ 4.12), ʟʘʤʝʪʥʦ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʧʝʨʝʢʨʳʪʠʝ ʠʭ ʩʦʩʪʘʚʦʚ. ɺ ʢʘʞʜʦʡ ʬʘʟʝ ʛʨʘʥʠʪʦʚ ʝʩʪʴ ʪʠʧʠʯʥʳʡ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʮʠʨʢʦʥ ʠ 

ʠʟʤʝʥʝʥʥʳʡ ʮʠʨʢʦʥ, ʠʤʝʶʱʠʡ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʯʝʨʪʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ 

ʮʠʨʢʦʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ REE ʠ ʚʳʧʦʣʦʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ (1 ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʠʧʦʚʦʤʫ çʥʝʠʟʤʝʥʝʥʥʳʡ ʤʘʛʤʘʪʠʯʝʩʢʦʤʫ 

ʮʠʨʢʦʥʫè ʧʦ ʫʨʦʚʥʶ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʠ ʭʘʨʘʢʪʝʨʫ ʩʧʝʢʪʨʘ REE; 2 ï ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ 
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ʬʣʶʠʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ: ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʧʦʣʦʞʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ REE ʚ ʦʙʣʘʩʪʠ ʣʝʛʢʠʭ REE ʩ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʉʝ-ʘʥʦʤʘʣʠʝʡ; 3 ï ʩ 

ʘʥʦʤʘʣʴʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʷʜʘ 

ʥʝʬʦʨʤʫʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʪʠʧʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ REE) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʠʨʢʦʥ 1 ʪʠʧʘ 

ʧʦʧʘʜʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʦʣʝ çʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʮʠʨʢʦʥʘè ʠ, ʯʘʩʪʠʯʥʦ, ʚ ʦʙʣʘʩʪʴ çʧʦʨʠʩʪʦʛʦè 

ʮʠʨʢʦʥʘ (ʨʠʩʫʥʦʢ 4.12). ʎʠʨʢʦʥ 2 ʪʠʧʘ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ çʧʦʨʠʩʪʦʛʦè ʠ 

çʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦè ʮʠʨʢʦʥʘ. ʎʠʨʢʦʥ 3 ʪʠʧʘ (ʪʦʯʢʠ 2.2 ʠʟ ʦʙʨ. ʊʅ1-2, 2 ʠʟ 

ʊʅ3-1, 13 ʠ 15 ʠʟ 2016-5) ʨʘʩʧʦʣʦʞʝʥ ʦʙʦʩʦʙʣʝʥʥʦ, ʪʷʛʦʪʝʷ ʢ ʧʦʣʶ ʮʠʨʢʦʥʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʅʘ ʨʠʩʫʥʢʝ 4.12 ʠ 4.13 ʧʦʢʘʟʘʥ ʮʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ: 1 (ʧʦʣʳʝ ʢʨʫʞʢʠ) ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʝʠʟʤʝʥʝʥʥʳʡ 

ʤʘʛʤʘʪʠʯʝʩʢʦʤʫ ʮʠʨʢʦʥʫ; 2 (ʟʘʣʠʪʳʝ ʢʨʫʞʢʠ) ï ʠʩʧʳʪʘʚʰʠʡ ʬʣʶʠʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ; 3 

(ʪʨʝʫʛʦʣʴʥʠʢʠ) ï ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ REE ʠ Y (ʨʠʩʫʥʦʢ 4.13ʘ) ʮʠʨʢʦʥ 1 ʠ 

2 ʪʠʧʦʚ ʦʙʨʘʟʫʝʪ ʙʝʟ ʠʩʢʣʶʯʝʥʠʡ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʩ ʩʠʣʴʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ REE ʠ Y ʚ ʩʦʩʪʘʚʝ ʮʠʨʢʦʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʬʣʶʠʜʦʚ. ʏʝʪʳʨʝ ʪʦʯʢʠ ʮʠʨʢʦʥʘ 3 ʪʠʧʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʝ ʵʪʦʛʦ ʪʨʝʥʜʘ. ɼʚʝ ʪʦʯʢʠ 3 ʪʠʧʘ ʩ 

ʘʥʦʤʘʣʴʥʦ ʦʙʦʛʘʱʝʥʥʳʤʠ REE ʩʧʝʢʪʨʘʤʠ ʩ ʧʣʦʩʢʠʤ ʧʨʦʬʠʣʝʤ (ʪʦʯʢʠ 13 ʠ 15 ʠʟ 2016-5), ʚ 

ʧʨʠʥʮʠʧʝ, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ ʪʨʝʥʜʘ ʩʦʩʪʘʚʦʚ 1 ʠ 2 ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʜʚʝ ʜʨʫʛʠʝ ʪʦʯʢʠ 

3 ʪʠʧʘ (ʪʦʯʢʠ 2.2 ʠʟ ʊʅ1-2 ʠ 2 ʠʟ ʊʅ3-1), ʩ ʧʨʦʬʠʣʝʤ ʩʧʝʢʪʨʘ REE çʢʨʳʣʴʷ ʧʪʠʮʳè ʥʘʭʦʜʷʪʩʷ 

ʚʥʝ ʪʨʝʥʜʘ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ REE ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Y 

 

ʈʠʩʫʥʦʢ 4.12 ï ɼʠʩʢʨʠʤʠʥʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ Laï(Sm/La)N ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʟʠʩʘ ʮʠʨʢʦʥʘ. 

ʇʦʣʷ ʩʦʩʪʘʚʦʚ ʧʨʠʚʝʜʝʥʳ ʧʦ [86, 123, 131] 
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ʈʠʩʫʥʦʢ 4.13 ï ʉʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ (ppm) ʚ ʮʠʨʢʦʥʝ: REEïY (ʘ), LREEïHREE 

(ʙ), ThïU (ʚ), CaïTi (ʛ) 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʥʦʰʝʥʠʷ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ REE (ʨʠʩʫʥʦʢ 4.13ʙ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʦʩʪʘʚʦʚ ʮʠʨʢʦʥʘ 1 ʠ 2 ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʮʠʨʢʦʥ 2 ʪʠʧʘ ʚ ʮʝʣʦʤ ʙʦʣʝʝ 

ʦʙʦʛʘʱʝʥ LREE ʠ HREE, ʯʝʤ ʮʠʨʢʦʥ 1 ʪʠʧʘ. ʎʠʨʢʦʥ 3 ʪʠʧʘ ʦʪʣʠʯʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʢʠʭ REE. ʋʨʦʚʝʥʴ ʪʷʞʝʣʳʭ REE ʚ ʥʝʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʥʜʫ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʘ ʧʨʠ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʣʝʛʢʠʭ REE.  

ʎʠʨʢʦʥ 2 ʠ 3 ʪʠʧʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʮʠʨʢʦʥʘ 1 ʪʠʧʘ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Th ʠ U 

(ʨʠʩʫʥʦʢ 4.13ʚ). ʇʨʠ ʵʪʦʤ ʫ ʮʠʨʢʦʥʘ 1 ʪʠʧʘ Th/U ʦʪʥʦʰʝʥʠʝ ʚʳʰʝ, ʘ ʩʘʤʠ ʪʦʯʢʠ ʦʙʨʘʟʫʶʪ 

ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ. ʎʠʨʢʦʥ 2 ʪʠʧʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʘʨʴʠʨʫʶʱʝʝ ʩʦʜʝʨʞʘʥʠʝ Th ʧʨʠ ʚʩʝʛʜʘ 

ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ U. ʎʠʨʢʦʥ 3 ʪʠʧʘ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Th ʠ U. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʥʦʰʝʥʠʷ ʉʘ ʠ Ti ʮʠʨʢʦʥ 1 ʪʠʧʘ ʦʙʨʘʟʫʝʪ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʩ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʨʦʩʪʦʤ Ti ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʉʘ (ʨʠʩʫʥʦʢ 4.13ʛ). ʊʨʝʥʜ ʜʣʷ ʮʠʨʢʦʥʘ 

2 ʪʠʧʘ, ʥʘʧʨʦʪʠʚ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʉʘ (ʵʣʝʤʝʥʪʘ-ʠʥʜʠʢʘʪʦʨʘ ʬʣʶʠʜʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ [117] ʧʨʠ ʙʦʣʝʝ ʧʣʘʚʥʦʤ ʨʦʩʪʝ ʩʦʜʝʨʞʘʥʠʷ Ti. ʎʠʨʢʦʥ 3 ʪʠʧʘ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʥʝʬʦʨʤʫʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [63]. 
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ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʚʝʯʘʝʪ ʪʠʧʠʯʥʦʤʫ ʤʘʛʤʘʪʠʯʝʩʢʦʤʫ 

ʮʠʨʢʦʥʫ ʠ ʠʟʤʝʥʝʥʥʦʤʫ ʮʠʨʢʦʥʫ, ʠʤʝʶʱʝʤʫ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʯʝʨʪʳ çʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦè ʮʠʨʢʦʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ REE ʠ 

ʚʳʧʦʣʦʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʮʠʨʢʦʥ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʘ: 1) ʦʪʚʝʯʘʶʱʠʡ ʥʝʠʟʤʝʥʝʥʥʦʤʫ ʤʘʛʤʘʪʠʯʝʩʢʦʤʫ ʮʠʨʢʦʥʫ ʧʦ ʫʨʦʚʥʶ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʠ ʭʘʨʘʢʪʝʨʫ ʩʧʝʢʪʨʘ REE; 2) ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʬʣʶʠʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

(ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʧʦʣʦʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ REE ʚ 

ʦʙʣʘʩʪʠ ʣʝʛʢʠʭ REE ʩ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʉʝ-ʘʥʦʤʘʣʠʝʡ); 3) ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʷʜʘ ʥʝʬʦʨʤʫʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʪʠʧʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ REE).  

 ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʬʘʟʝ ʛʨʘʥʠʪʦʠʜʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʧʫʣʷʮʠʷ 

ʪʠʧʠʯʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʮʠʨʢʦʥʘ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʯʝʨʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʨʦʩʪʦʚʘʷ  

ʢʦʥʪʨʘʩʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʩ ʟʘʢʦʥʦʤʝʨʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʧʝʢʪʨʦʚ ʦʪ ʣʝʛʢʠʭ ʢ ʪʷʞʝʣʳʤ REE, 

ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʉʝ-ʘʥʦʤʘʣʠʝʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ Eu-ʘʥʦʤʘʣʠʝʡ, ʟʥʘʯʝʥʠʷʤʠ 

Th/U ʦʪʥʦʰʝʥʠʷ ʙʦʣʝʝ 0.1-0.2, ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ [99, 130]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʶʪ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʟʝʨʝʥ ʮʠʨʢʦʥʘ. ʆʧʳʪ 

ʜʘʪʠʨʦʚʘʥʠʷ ʮʠʨʢʦʥʘ (ʩʝʨʠʷ ʧʫʙʣʠʢʘʮʠʡ ʉ.ɻ. ʉʢʫʙʣʦʚʘ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʢʦʨʨʝʢʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚʦʟʨʘʩʪʘ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʪʦʣʴʢʦ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʨʦʝʥʠʷ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʠ ʝʛʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʥʦʛʦ 

ʮʠʨʢʦʥʘ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʥʦʤʫ ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ (ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʚ BSE-ʠʟʦʙʨʘʞʝʥʠʠ, ʩʣʝʜʳ ʨʘʩʪʚʦʨʝʥʠʷ, çʧʷʪʥʠʩʪʦʩʪʴè, ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ) ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ çʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦè ʛʝʦʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʕʪʠ 

ʯʝʨʪʳ ʧʨʠʦʙʨʝʪʘʶʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʧʨʠ ʬʣʶʠʜʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʳʩʦʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʣʝʛʢʠʭ REE ʠ ʚʳʧʦʣʦʞʝʥʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʩʧʝʢʪʨʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ; ʧʦʚʳʰʝʥʥʦʤ, 

ʚʧʣʦʪʴ ʜʦ ʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʩʦʜʝʨʞʘʥʠʠ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʢʘʞʜʦʡ ʧʨʦʙʝ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʦʜʝʨʞʠʪʩʷ 

ʮʠʨʢʦʥ ʦʙʦʠʭ ʪʠʧʦʚ ï ʥʝʠʟʤʝʥʝʥʥʳʡ ʤʘʛʤʘʪʠʯʝʩʢʠʡ, ʠ ʠʟʤʝʥʝʥʥʳʡ çʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦè ʛʝʦʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ. ɺ ʛʨʘʥʠʪʦʠʜʘʭ ʧʝʨʚʦʡ ʬʘʟʳ ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʤʝʥʝʥʥʦʛʦ ʮʠʨʢʦʥʘ ʤʠʥʠʤʘʣʴʥʦʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʟʜʥʠʤʠ ʬʘʟʘʤʠ, ʘ ʚ ʣʝʡʢʦʛʨʘʥʠʪʘʭ 

ʪʨʝʪʴʝʡ ʬʘʟʳ ï ʤʘʢʩʠʤʘʣʴʥʦʝ. ʇʦʵʪʦʤʫ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʜʘʪʠʨʦʚʘʥʠʠ ʮʠʨʢʦʥʘ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʨʘʙʦʪʳ, ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ 

ʩʝʣʝʢʮʠʠ ʪʦʯʝʢ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʢʦʨʜʘʥʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘ, ʩ ʫʯʝʪʦʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʨʢʦʥʘ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʦʨʨʝʢʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʟʨʘʩʪʘ.  
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4.1.2 ɼʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʘ 

ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ 1 ʬʘʟʳ (ʦʙʨ. 202013). ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʚ ʧʝʨʚʦʡ ʬʘʟʳ ʙʳʣ 

ʧʨʦʜʘʪʠʨʦʚʘʥ U-Pb ʤʝʪʦʜʦʤ ʚ 15 ʪʦʯʢʘʭ ʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʷʜʨʘʤʠ ʠ 

ʢʨʘʝʚʳʤʠ ʟʦʥʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʨʢʦʥʘ ʧʨʠʚʝʜʝʥʳ ʚ 

ʧʨʠʣʦʞʝʥʠʝ ɺ, ʪʘʙʣʠʮʘ ɺ.2. ʇʨʦʜʘʪʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ ʮʠʨʢʦʥʘ ʦʙʨʘʟʫʶʪ ʜʚʘ ʢʣʘʩʪʝʨʘ. ɺʝʨʭʥʠʡ 

ʢʣʘʩʪʝʨ ʩʦʩʪʦʠʪ ʠʟ ʩʝʤʠ ʪʦʯʝʢ ï 1, 3, 10, 15, 14, 8, 7, ʩʦ ʟʥʘʯʝʥʠʷʤʠ 206Pb/238U-ʚʦʟʨʘʩʪʘ ʦʪ 230 ʜʦ 

252 ʤʣʥ ʣʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʨʠʣʦʞʝʥʠʝ ɺ, ʪʘʙʣʠʮʘ ɺ.2., ʨʠʩʫʥʦʢ 4.14ʘ). ʆʙʱʠʤ ʜʣʷ ʵʪʠʭ 

ʪʦʯʝʢ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʜʦʤʝʥʘʤ ʮʠʨʢʦʥʘ ʩ ʨʦʩʪʦʚʦʡ ʧʦʣʦʩʯʘʪʦʡ 

ʦʩʮʠʣʣʷʮʠʦʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ï ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ ʷʜʝʨ ʠʣʠ ʦʜʥʦʨʦʜʥʳʭ ʟʝʨʝʥ (ʪʦʯʢʠ 10, 

14 ʠ 7), ʢ ʢʨʘʝʚʳʤ ʫʯʘʩʪʢʘʤ ʷʜʝʨ (ʪʦʯʢʠ 1 ʠ 3), ʢ ʢʨʘʷʤ ʟʝʨʝʥ ʙʝʟ ʢʘʡʤ (ʪʦʯʢʠ 15 ʠ 8). 

ʉʦʜʝʨʞʘʥʠʝ U (ʧʦ ʜʘʥʥʳʤ SHRIMP-II) ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 124 ʜʦ 

1101 ppm, Th ï ʦʪ 96.0 ʜʦ 805 ppm. Th/U ʦʪʥʦʰʝʥʠʝ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.41 ʜʦ 

1.30 ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 0.75, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʮʠʨʢʦʥʘ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʛʝʥʝʟʠʩʘ [131, 138]. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʣʘʩʪʝʨ ʠʟ 7 ʪʦʯʝʢ ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʘʢʪʥʳʤ, ʜʠʘʧʘʟʦʥ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 206Pb/238U-ʚʦʟʨʘʩʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20 ʤʣʥ 

ʣʝʪ. ʋʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʫʶ ʧʦʪʝʨʶ ʨʘʜʠʦʛʝʥʥʦʛʦ ʩʚʠʥʮʘ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʝʡ ʟʝʨʝʥ ʮʠʨʢʦʥʘ 

ʧʨʠ ʥʘʣʦʞʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʷʚʠʚʰʠʭʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʡʤ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʟʥʘʯʝʥʠʶ U-Pb ʚʦʟʨʘʩʪʘ, ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʙʳʣ 

ʨʘʩʩʯʠʪʘʥ ʜʣʷ ʪʨʝʭ ʪʦʯʝʢ, ʢʦʤʧʘʢʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʣʘʩʪʝʨʘ (ʪʦʯʢʠ 14, 8 ʠ 7).  

ʂʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ ʵʪʠʭ ʪʨʝʭ ʪʦʯʝʢ, ʩʦʩʪʘʚʠʣ 249 Ñ 3 ʤʣʥ ʣʝʪ 

(MSWD = 0.15, ʨʠʩʫʥʦʢ 4.14ʙ). ʅʠʞʝ ʢʦʥʢʦʨʜʘʥʪʥʦʛʦ ʢʣʘʩʪʝʨʘ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 250 ʤʣʥ ʣʝʪ 

ʨʘʩʧʦʣʦʞʝʥʘ ʪʦʯʢʘ 9 ʩʦ ʟʥʘʯʝʥʠʝʤ 206Pb/238U-ʚʦʟʨʘʩʪʘ ʦʢʦʣʦ 204 ʤʣʥ ʣʝʪ. ʕʪʘ ʪʦʯʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ U ʠ Th ʠʟ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ (2908 ʠ 1479 ppm, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʘ CL-ʠʟʦʙʨʘʞʝʥʠʠ (ʨʠʩʫʥʦʢ 4.1) ʚʠʜʥʦ, ʯʪʦ ʵʪʘ ʪʦʯʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʢʘʡʤʝ ʩ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʪʝʤʥʳʤʠ ʧʦʣʦʩʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʧʦʜʦʙʠʝ ʨʦʩʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. ʉ ʫʯʝʪʦʤ 

ʚʦʟʨʘʩʪʘ ʮʠʨʢʦʥʘ ʠʟ ʪʦʯʢʠ 9, ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ ʚʦʟʨʘʩʪʫ ʷʜʝʨ ʮʠʨʢʦʥʘ, ʝʩʪʴ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʵʪʫ ʢʘʡʤʫ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʷʜʨʘ ʮʠʨʢʦʥʘ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʥʘʣʦʞʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʛʦ ʧʨʠʚʥʦʩʦʤ U, Th ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʠʞʥʠʡ ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʢʣʘʩʪʝʨ ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʪʦʯʝʢ ï 2, 13, 4, 12, 6, 5, ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ 206Pb/238U -ʚʦʟʨʘʩʪʘ ʦʪ 109 ʜʦ 128 ʤʣʥ ʣʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʨʠʦʞʝʥʠʝ ɺ, ʪʘʙʣʠʮʘ 

ɺ.2). ɺʩʝ ʵʪʠ ʪʦʯʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʨʘʜʠʦʛʝʥʥʦʛʦ 206Pb ï ʦʪ 

3.84 ʜʦ 28.54%. ʉʦʜʝʨʞʘʥʠʝ U ʚ ʥʠʭ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʪʦʯʢʘʭ ʠʟ ʚʝʨʭʥʝʛʦ 

ʢʣʘʩʪʝʨʘ, ʦʪ 518 ʜʦ 2125 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 484 ppm. ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Th ʤʘʣʦ 

ʦʪʣʠʯʘʝʪʩʷ ï ʦʪ 93.0 ʜʦ 700 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 239 ppm. Th/U ʦʪʥʦʰʝʥʠʝ ʚʘʨʴʠʨʫʝʪ ʦʪ 
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0.15 ʜʦ 0.52. ʊʘʢʦʡ ʫʨʦʚʝʥʴ Th/U ʦʪʥʦʰʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʮʠʨʢʦʥʘ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ [131]. ʂʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ ʵʪʠʭ ʰʝʩʪʠ ʪʦʯʝʢ, 

ʩʦʩʪʘʚʠʣ 117 Ñ 4 ʤʣʥ ʣʝʪ (MSWD = 0.063). ʊʦʯʢʘ 11, ʪʘʢʞʝ ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʢʘʡʤʝ ʮʠʨʢʦʥʘ, ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ 206Pb/238U -ʚʦʟʨʘʩʪʘ ʦʢʦʣʦ 39 ʤʣʥ ʣʝʪ. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʨʘʜʠʦʛʝʥʥʦʛʦ 

206Pb ʚ ʵʪʦʡ ʪʦʯʢʝ, ʩʦʩʪʘʚʣʷʶʱʝʝ 34.30%, ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʜʘʥʥʳʡ ʝʜʠʥʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ [48, 51, 63]. 

 

ʈʠʩʫʥʦʢ 4.14 ï ɼʠʘʛʨʘʤʤʘ ʩ ʢʦʥʢʦʨʜʠʝʡ ʜʣʷ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʧʝʨʚʦʡ ʬʘʟʳ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʦʙʨ. 202013)  

ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʚ 2 ʬʘʟʳ (ʦʙʨ. ʊʅ1-2). ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ ʙʳʣ 

ʧʨʦʜʘʪʠʨʦʚʘʥ U-Pb ʤʝʪʦʜʦʤ ʚ 12 ʪʦʯʢʘʭ ʚ 6 ʟʝʨʥʘʭ. ɺ ʢʘʞʜʦʤ ʟʝʨʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ 

ʮʝʥʪʨʘʣʴʥʘʷ ʠ ʢʨʘʝʚʘʷ ʯʘʩʪʠ, ʢʦʥʪʨʘʩʪʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʦʢʨʘʩʢʝ ʚ CL-ʠʟʦʙʨʘʞʝʥʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʨʢʦʥʘ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ɺ, 

ʪʘʙʣʠʮʘ ɺ.2. ʉʝʤʴ ʪʦʯʝʢ ʦʙʨʘʟʫʶʪ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩ ʢʦʥʢʦʨʜʠʝʡ ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʢʣʘʩʪʝʨ ʩʦ 

ʟʥʘʯʝʥʠʝʤ ʢʦʥʢʦʨʜʘʥʪʥʦʛʦ ʚʦʟʨʘʩʪʘ 247 Ñ 2 ʤʣʥ ʣʝʪ (MSWD = 1.12, ʨʠʩʫʥʦʢ 4.15). ʂ ʵʪʠʤ 

ʪʦʯʢʘʤ ʦʪʥʦʩʷʪʩʷ ʚʩʝ ʰʝʩʪʴ ʪʦʯʝʢ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʝʨʝʥ ʠ ʪʦʯʢʘ 3.2, ʥʘʭʦʜʷʱʘʷʩʷ ʚ 

ʢʨʘʝʚʦʡ ʟʦʥʝ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 206Pb/238U-ʚʦʟʨʘʩʪʘ ʜʣʷ ʪʦʯʝʢ ʠʟ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ 244-251 ʤʣʥ ʣʝʪ ʧʨʠ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ 247 ʤʣʥ ʣʝʪ, ʩʦʚʧʘʜʘʶʱʠʤ ʩʦ ʟʥʘʯʝʥʠʝʤ ʢʦʥʢʦʨʜʘʥʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ 

ʪʦʯʝʢ. ʇʷʪʴ ʪʦʯʝʢ (ʢʨʦʤʝ ʪʦʯʢʠ 3.2), ʦʪʚʝʯʘʶʱʠʭ ʢʨʘʝʚʦʡ ʟʦʥʝ, ʠʤʝʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʨʘʟʙʨʦʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 206Pb/238U-ʚʦʟʨʘʩʪʘ ï ʦʪ 235 ʜʦ 280 ʤʣʥ ʣʝʪ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʪʦʯʝʢ 1.2 ʠ 

6.2 ʩʦ ʟʥʘʯʝʥʠʷʤʠ 206Pb/238U-ʚʦʟʨʘʩʪʘ 235 ʠ 236 ʤʣʥ ʣʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʢʦʝ çʦʤʦʣʦʞʝʥʠʝè 

ʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʪʝʨʝʡ ʨʘʜʠʦʛʝʥʥʦʛʦ ʩʚʠʥʮʘ ʠʟ ʜʦʤʝʥʦʚ ʮʠʨʢʦʥʘ ʩ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ 

ʤʝʪʘʤʠʢʪʥʦʩʪʠ. ʅʘʧʨʦʪʠʚ, ʜʣʷ ʪʦʯʝʢ 2.2, 5.2 ʠ 4.2 ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 206Pb/238U-ʚʦʟʨʘʩʪʘ 
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ʙʦʣʝʝ çʜʨʝʚʥʠʝè ï ʦʢʦʣʦ 259, 273 ʠ 281 ʤʣʥ ʣʝʪ, ʧʨʠ ʙʦʣʝʝ ʤʦʣʦʜʦʤ ʢʦʥʢʦʨʜʘʥʪʥʦʤ U-Pb 

ʚʦʟʨʘʩʪʝ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʝʡ ʚ ʵʪʠʭ ʞʝ ʟʝʨʥʘʭ ʮʠʨʢʦʥʘ. ɺ ʪʦʯʢʘʭ 5.2 ʠ 4.2 ʫʩʪʘʥʦʚʣʝʥʦ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ U (3303 ʠ 3444 ppm) ʠ ʨʘʜʠʦʛʝʥʥʦʛʦ 206Pb (123 ʠ 132 ppm), ʯʝʤ ʚ 

ʜʨʫʛʠʭ ʪʦʯʢʘʭ. ʊʦʯʢʘ 2.2 ʦʪʣʠʯʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʱʝʛʦ 

(ʥʝʨʘʜʠʦʛʝʥʥʦʛʦ) 206Pb ï 10.65%. ʇʦʵʪʦʤʫ ʙʦʣʝʝ çʜʨʝʚʥʠʝè ʟʥʘʯʝʥʠʷ 206Pb/238U-ʚʦʟʨʘʩʪʘ ʜʣʷ 

ʵʪʠʭ ʪʨʝʭ ʪʦʯʝʢ ʠʟ ʢʨʘʝʚʳʭ ʟʦʥ ʥʝ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʚʦʟʨʘʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʯʘʩʪʷʤʠ ʵʪʠʭ ʞʝ ʟʝʨʝʥ. 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʟʥʘʯʝʥʠʡ 206Pb/238U-ʚʦʟʨʘʩʪʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʨʘʥʝʝ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʨʢʦʥʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʠʦʥʥʦʤ ʟʦʥʜʝ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʧʨʠʙʦʨʦʚ SHRIMP ʠ Cameca), ʘ ʩʘʤ ʮʠʨʢʦʥ ʦʪʣʠʯʘʣʩʷ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ ʚ ʪʦʯʢʝ ʘʥʘʣʠʟʘ, ʙʦʣʝʝ 1000-2500 ppm [147, 191, 194].  

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ (ʙʦʣʝʝ 1000 ppm; Li et al., 2015) ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʨʝʞʜʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʮʠʨʢʦʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ, ʧʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʘ ʠʦʥʥʦʤ ʟʦʥʜʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʵʤʠʩʩʠʷ ʠʦʥʦʚ ʩʚʠʥʮʘ 

ʫʩʠʣʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʤʠʩʩʠʝʡ ʠʦʥʦʚ ʫʨʘʥʘ ʠ ʦʢʩʠʜʦʚ ʫʨʘʥʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʟʘʚʳʰʝʥʠʝ ʚʦʟʨʘʩʪʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 3% ʥʘ 1000 ppm ʫʨʘʥʘ [191]. ʅʘ 

ʧʨʠʤʝʨʝ ʮʠʨʢʦʥʘ ʠʟ ʫʨʘʥʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ ʖʞʥʦʛʦ ʂʠʪʘʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [206], ʯʪʦ 

ʦʙʦʛʘʱʝʥʥʳʝ ʫʨʘʥʦʤ ʢʨʘʝʚʳʝ ʯʘʩʪʠ ʮʠʨʢʦʥʘ ʦʢʘʟʘʣʠʩʴ ʧʦ ʟʥʘʯʝʥʠʶ 206Pb/238U-ʚʦʟʨʘʩʪʘ ʜʨʝʚʥʝʝ 

ʥʘ 40 ʤʣʥ ʣʝʪ, ʯʝʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʮʠʨʢʦʥʘ ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ (268 ʠ 228 ʤʣʥ ʣʝʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [51, 63]. 

  

ʈʠʩʫʥʦʢ 4.15 ï ɼʠʘʛʨʘʤʤʘ ʩ ʢʦʥʢʦʨʜʠʝʡ ʜʣʷ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʦʙʨ. ʊʅ2-1)  

ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ (ʦʙʨ. 2424). ʅʘ ʜʠʘʛʨʘʤʤʝ ʩ ʢʦʥʢʦʨʜʠʝʡ (ʨʠʩʫʥʦʢ 

4.16ʘ) ʚʩʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʮʠʨʢʦʥʘ ʢʦʥʢʦʨʜʘʥʪʥʳ ʣʠʙʦ ʩʫʙʢʦʥʢʦʨʜʘʥʪʥʳ ʠ ʟʘʥʠʤʘʶʪ 
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ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 225 ʜʦ 280 ʤʣʥ ʣʝʪ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʨʘʩʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʠʨʢʦʥʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʩʝʣʝʢʮʠʶ ʪʦʯʝʢ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ. 

ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʠʤ 206Pb/238U-ʚʦʟʨʘʩʪʦʤ (260 ʤʣʥ ʣʝʪ ʠ ʙʦʣʝʝ) ʦʙʣʘʜʘʶʪ ʚʥʝʰʥʠʝ ʯʝʨʥʳʝ ʚ CL-

ʠʟʦʙʨʘʞʝʥʠʠ ʢʨʘʝʚʳʝ ʟʦʥʳ (ʪʦʯʢʠ 4, 8, 11, 13, 18 ʠ 20), ʘ ʪʘʢʞʝ ʷʜʨʦ ʩʦ ʩʣʝʜʘʤʠ ʠʟʤʝʥʝʥʠʷ 

(ʪʦʯʢʘ 7). ʆʙʱʠʤ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ U (ʙʦʣʝʝ ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ ʚ 1500 

ppm, ʧʨʠʣʦʞʝʥʠʝ ɺ, ʪʘʙʣʠʮʘ ɺ.1). ʋʯʠʪʳʚʘʷ ʠʟʚʝʩʪʥʳʡ ʵʬʬʝʢʪ ʫʜʨʝʚʥʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʦʟʨʘʩʪʘ ʜʣʷ ʚʳʩʦʢʦʫʨʘʥʦʚʳʭ ʜʦʤʝʥʦʚ ʮʠʨʢʦʥʘ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʚ ʪʝʢʩʪʝ, ʘ 

ʪʘʢʞʝ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʚʥʝʰʥʠʝ ʟʦʥʳ ʮʠʨʢʦʥʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʤʠ 

çʜʨʝʚʥʠʤʠè, ʚʩʝ ʚʥʝʰʥʠʝ ʚʳʩʦʢʦʫʨʘʥʦʚʳʝ ʟʦʥʳ ʠ ʪʦʯʢʘ 7 ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʚʦʟʨʘʩʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʠʨʢʦʥʘ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ 11 ʪʦʯʝʢ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʢʠ 14 ʩ 

ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Th (2295 ppm) ʠ ʧʦʚʳʰʝʥʥʳʤ ʧʨʦʮʝʥʪʦʤ ʥʝʨʘʜʠʦʛʝʥʥʦʛʦ 

206Pb (4.49%), ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʥʢʦʨʜʘʥʪʥʦʛʦ ʚʦʟʨʘʩʪʘ 245 Ñ 3 ʤʣʥ ʣʝʪ (MSWD = 

0.013, ʨʠʩʫʥʦʢ 4.16ʙ). ʕʪʦʪ ʚʦʟʨʘʩʪ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʠʨʢʦʥʘ ʠʟ 

ʣʝʡʢʦʛʨʘʥʠʪʦʚ 3 ʬʘʟʳ ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʦʙʨ. 2424). Th/U ʦʪʥʦʰʝʥʠʝ ʜʣʷ 10 ʪʦʯʝʢ 

ʜʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʢʠ 5), ʠʟʤʝʨʝʥʥʦʝ ʧʨʠ ʜʘʪʠʨʦʚʘʥʠʠ, ʚʘʨʴʠʨʫʝʪ ʦʪ 0.27 

ʜʦ 0.52, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ ʟʥʘʯʝʥʠʡ ʜʣʷ ʪʠʧʠʯʥʦʛʦ ʮʠʨʢʦʥʘ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʛʝʥʝʟʠʩʘ. 

 

ʈʠʩʫʥʦʢ 4.16 ï ɼʠʘʛʨʘʤʤʘ ʩ ʢʦʥʢʦʨʜʠʝʡ ʜʣʷ ʮʠʨʢʦʥʘ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʘ ʪʨʝʪʴʝʡ ʬʘʟʳ 

ɹʝʣʦʢʫʨʠʭʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʦʙʨ. 2424)  

ʎʠʨʢʦʥ ʠʟ ʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ (ʦʙʨ. ʊʅ3-1). ʀʟ ʰʘʡʙʳ ʄ-2974 ʜʘʪʠʨʦʚʘʥʠʝ ʚʦʩʴʤʠ 

ʟʝʨʝʥ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ (ʩʣʘʙʦ ʫʜʣʠʥʸʥʥʳʝ ʠ ʦʢʘʪʘʥʥʳʝ ʟʝʨʥʘ) ʧʦʢʘʟʘʣʦ ʰʠʨʦʢʠʡ ʨʘʟʙʨʦʩ 

ʟʥʘʯʝʥʠʡ 207Pb/206Pb-ʚʦʟʨʘʩʪʘ ʚ ʠʥʪʝʨʚʘʣʝ 965-1928 ʤʣʥ ʣʝʪ, ʧʨʠ ʵʪʦʤ ʪʨʠ ʪʦʯʢʠ ʠʤʝʶʪ ʙʣʠʟʢʠʡ 

ʚʦʟʨʘʩʪ ʦʢʦʣʦ 1600 ʤʣʥ ʣʝʪ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʜʥʦʡ ʪʦʯʢʠ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʣʝʞʘʪ ʥʘ ʢʦʥʢʦʨʜʠʠ. 

ʉʦʜʝʨʞʘʥʠʝ U ʚ ʵʪʦʤ çʜʨʝʚʥʝʤè ʮʠʨʢʦʥʝ ʚʘʨʴʠʨʫʝʪ ʦʪ 117 ʜʦ 708 ppm, Th ï ʦʪ 71 ʜʦ 294 ppm. 




















































































































































































