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ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʈʝʟʢʦ ʚʦʟʨʦʩʰʘʷ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʟʥʳʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʦʙʫʩʣʦʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʪʠʧʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʪʠʧʦʚ ʷʚʣʷʶʪʩʷ 

Fe-F-REE ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ ʨʘʡʦʥʦʤ ʨʘʟʚʠʪʠʷ 

ʪʘʢʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʩʧʫʙʣʠʢʘ ʊʫʚʘ, ʛʜʝ ʚʳʜʝʣʝʥ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʠʡ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʧʦʷʩ ʩ ʫʥʠʢʘʣʴʥʳʤ ʧʦ ʩʦʩʪʘʚʫ ʨʫʜ ʠ ʤʘʩʰʪʘʙʫ Fe-F-REE 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʂʘʨʘʩʫʛ (ʉʤʝʣʷʥʩʢʘʷ ʠ ʜʨ., 1950; ʄʠʪʨʦʧʦʣʴʩʢʠʡ ʠ 

ʜʨ., 1955, 1958, 1975; ʆʥʪʦʝʚ, 1984, 1988; ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 2006; ʃʝʙʝʜʝʚ ɺ.ʀ. ʠ ʜʨ., 

2004, 2006, 2009; ɹʦʣʦʥʠʥ, 1999, 2007, 2009; ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005, 2006; ʃʝʙʝʜʝʚ 

ʅ.ʀ., 2012 ʠ ʤʥ. ʜʨ.) ʠ ʜʨ. ʧʨʦʷʚʣʝʥʠʷʤʠ. ʋʥʠʢʘʣʴʥʦʩʪʴ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʚʳʨʘʞʘʝʪʩʷ ʪʘʢʞʝ ʚ ʪʦʤ, ʯʪʦ ʚʤʝʱʘʶʱʘʷ ʦʨʫʜʝʥʝʥʠʝ ʧʦʨʦʜʘ ï ʢʘʨʙʦʥʘʪʠʪ, ʩʣʦʞʝʥʘ 

ʩʠʜʝʨʠʪʦʤ ʠ ʩʘʤʘ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʥʦʡ ʨʫʜʦʡ.  ɺ ʥʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʬʣʶʦʨʠʪ, ʙʘʨʠʪ, REE, U ʠ ʜʨ. ʵʣʝʤʝʥʪʳ. ʈʘʙʦʪʘʤʠ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʦʣʫʯʝʥʳ ʦʙʰʠʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʛʝʦʣʦʛʠʠ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠ 

ʛʝʦʭʠʤʠʠ ʨʫʜ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠ ʚʨʝʤʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʤʘʛʤʘʪʠʟʤʦʤ. ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʛʝʥʝʟʠʩʘ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʩʧʦʨʥʳʤʠ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʠʭ ʨʝʰʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʠ ʘʢʪʫʘʣʴʥʳʤʠ. 

 

ʉʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ 

ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ Fe-F-REE 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʧʨʠʚʝʣʠ ʢ ʚʳʚʦʜʫ ʦ ʥʠʟʢʦ-

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤ ʛʝʥʝʟʠʩʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ 

(ʂʦʨʦʩʪʠʥ, 1957; ʄʠʪʨʦʧʦʣʴʩʢʠʡ, 1959; ʍʦʤʷʢʦʚ, ʉʝʤʝʥʦʚ, 1971; ʆʥʪʦʝʚ, 1963, 1966). 

ʇʦʟʞʝ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʳʚʘʣʠ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ-ʨʘʩʩʦʣʘʤʠ (ʆʥʪʦʝʚ ʠ ʜʨ., 1979; ʆʥʪʦʝʚ, ʂʘʥʜʠʥʦʚ, 1980; ʆʥʪʦʝʚ, 1984, 

1988; ɹʨʝʜʠʭʠʥʘ, ʄʝʣʴʛʫʥʦʚ, 1989). ʄʦʜʝʣʴ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ Fe-F-REE 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʦʙʦʩʥʦʚʳʚʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ (ʇʫʟʘʥʦʚ, 1975, 1978; 

ʇʫʟʘʥʦʚ, ʂʘʥʜʠʥʦʚ, 1975; ʇʫʟʘʥʦʚ ʠ ʜʨ., 1978; ɹʦʣʦʥʠʥ ʠ ʜʨ., 1984; ɹʦʣʦʥʠʥ, 1999, 

2002; ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005, 2006; ʃʝʙʝʜʝʚ ʠ ʜʨ., 2004, 2009 ʠ ʜʨ.). ʍʦʪʷ ʚʦʧʨʦʩ 

ʛʝʥʝʟʠʩʘ ʵʪʠʭ ʧʦʨʦʜ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ, ʤʳ ʚʩʣʝʜ ʟʘ ɸ.ɺ. ʅʠʢʠʬʦʨʦʚʳʤ, 
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ɸ.ɺ. ɹʦʣʦʥʠʥʳʤ, ɺ.ʀ. ʃʝʙʝʜʝʚʳʤ ʠ ʜʨ. ʥʘʟʳʚʘʝʤ ʠʭ ʢʘʨʙʦʥʘʪʠʪʘʤʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʚʫʤʷ ʤʠʥʝʨʘʣʴʥʳʤʠ ʪʠʧʘʤʠ: ʨʘʥʥʠʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʝ 

ʨʫʜʦʥʦʩʥʳʝ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʝ (ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). ɺʦʧʨʦʩʳ ʠʭ 

ʛʝʥʝʟʠʩʘ, ʦʩʦʙʝʥʥʦ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʩʚʷʟʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʘʩʩʦʮʠʠʨʫʶʱʠʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʶʪʩʷ 

ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ.  

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʠʜʝʨʠʪ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ: ʚ ʩʦʩʪʘʚʝ ʣʘʤʧʨʦʬʠʨʦʚʳʭ ʜʘʝʢ 

(Ulrich et al., 1993; Vichi et al., 2005), ʱʝʣʦʯʥʳʭ ʩʠʝʥʠʪʦʚ (Andersen et al., 2012) ʠ 

ʦʣʠʚʠʥʦʚʳʭ ʙʘʟʘʣʴʪʦʚ (Xue, Zhu, 2007), ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʘʤʠʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʦʚ (Buckley, Wooley, 1990), ʥʦ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʚʝʣʠʢʦ. C ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʩʠʣʠʢʘʪ-ʢʘʨʙʦʥʘʪ (Harlow, 1997; Lee, Wyllie, Lee, 1998; 

Matveev et al., 1998) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʩʤʝʰʠʚʘʶʱʘʷʩʷ 

ʢʘʨʙʦʥʘʪʥʘʷ ʞʠʜʢʦʩʪʴ ʤʦʞʝʪ ʦʪʜʝʣʷʪʴʩʷ ʦʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ 

ʨʘʩʧʣʘʚʘ, ʦʭʣʘʞʜʘʪʴʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʩʠʣʠʢʘʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʣʴʮʠʪʦʚʳʝ ʠʣʠ 

ʜʦʣʦʤʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, ʥʦ ʧʦʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʜʝʨʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʢʘʢ ʪʘʢʦʚʦʛʦ 

ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʥʝ ʦʪʤʝʯʘʣʦʩʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʦʙʦʩʥʦʚʘʥʠʷ ʛʝʥʝʟʠʩʘ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʜʦʩʪʘʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʝ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʅʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʦʙʦʩʥʦʚʘʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʛʝʥʝʟʠʩ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ, ʫʩʪʘʥʦʚʠʪʴ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʦʩʪʘʚ ʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʴ ʨʘʩʧʣʘʚʦʚ 

ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʧʨʝʜʝʣʠʚʰʠʭ ʩʧʝʮʠʬʠʢʫ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʛʝʦʭʠʤʠʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʠ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʠ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ: 

ʨʫʜʥʦʝ ʧʦʣʝ ʂʘʨʘʩʫʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʥʳʡ ʫʟʝʣ ʋʣʘʪʘʡ-ʏʦʟ, ʚʢʣʶʯʘʶʱʠʡ 

ʨʫʜʥʳʝ ʧʦʣʷ ʋʣʘʪʘʡʩʢʦʝ, ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʝ, ʉʝʚʝʨʦ-ʏʦʟʩʢʦʝ ʠ ʖʞʥʦ-ʏʦʟʩʢʦʝ, ʘ 

ʪʘʢʞʝ ʚʳʷʚʣʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ Fe-Ba-Sr-REE ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, 
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ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʭʨ. ʎʘʛʘʥ-ʐʠʙʝʪʫ ʚ ʚʝʨʭʦʚʴʝ ʨ. ɹʘʨʣʳʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖɿ ʊʫʚʳ ʠ ʨʯ. 

ɹʦʨʦʰʠʚʝʠʥ-ɹʫʣʘʢ ʉɿ ʄʦʥʛʦʣʠʠ. 

 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ Fe-F-REE ʢʘʨʙʦʥʘʪʠʪʳ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ 

ʧʦʷʩʘ, ʘ ʪʘʢʞʝ ʨʘʩʧʣʘʚʥʳʝ ʠ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʤʘʪʝʨʠʥʩʢʠʭ ʩʨʝʜ ʚ ʤʠʥʝʨʘʣʘʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ. 

 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʘʟʮʳ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ 

ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʂʘʨʘʩʫʛʩʢʦʛʦ ʠ ʋʣʘʪʘʡ-ʏʦʟʩʢʦʛʦ ʨʫʜʥʳʭ ʫʟʣʦʚ, 

ʦʪʦʙʨʘʥʥʳʝ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʚ 2009 - 2013 ʛʛ., ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʊʀʂʆʇʈ ʉʆ ʈɸʅ: ɺ.ʀ. ʃʝʙʝʜʝʚʳʤ ʠ ɸ.ʄ. 

ʉʫʛʦʨʘʢʦʚʦʡ. ʆʙʨʘʟʮʳ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʨʘʡʦʥʝ ʭʨ. ʎʘʛʘʥ-ʐʠʙʝʪʫ (ʨ. 

ɹʘʨʣʳʢ, ʖɿ ʊʫʚʘ ʠ ʨ. ɹʦʨʦʰʠʚʝʡʥ-ɹʫʣʘʢ, ʉɿ ʄʦʥʛʦʣʠʷ), ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʀɻʄ ʉʆ ʈɸʅ: ɸ.ʕ. ʀʟʦʭ, ɸ.ɺ. ɺʠʰʥʝʚʩʢʠʤ ʠ ɸ.ʉ. ɹʦʨʠʩʝʥʢʦ. 

 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ɸʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʦʨʫʜʝʥʝʥʠʷ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. 

2. ɺʳʷʩʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʩʨʝʜ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ. 

3. ɸʥʘʣʠʟ PT-ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

4. ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʨʘʩʧʣʘʚʦʚ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ,  

ʠʭ ʵʚʦʣʶʮʠʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

5. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʨʘʩʧʣʘʚʦʚ ʠ ʬʣʶʠʜʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʦʚ.   

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʧʣʘʚʥʳʭ ʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʠ: 

¶ ʀʟʫʯʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Olympus BX51 ʩ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʦʡ ColorView III.  
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¶ ʊʝʨʤʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 

ʚʢʣʶʯʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʢʣʶʯʝʥʠʡ. ɼʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʠʢʨʦʪʝʨʤʦʢʘʤʝʨʘ THMSG-600 ʬʠʨʤʳ Linkam ʩ 

ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʡ ï196é+600Áʉ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʊʂ-1500 ʚ ʜʠʘʧʘʟʦʥʝ +20é+1350Áʉ. 

¶ ʄʝʪʦʜʦʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ) ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʠ  ʪʚʝʨʜʳʭ ʩʦʣʝʚʳʭ ʬʘʟ ʚʢʣʶʯʝʥʠʡ: ʩʧʝʢʪʨʦʤʝʪʨ Ramanor U-

1000 ʠ ʜʝʪʝʢʪʦʨ Horiba DU420E-OE-323 ʬʠʨʤʳ Jobin Yvon, ʣʘʟʝʨ Millennia Pro 

ʬʠʨʤʳ Spectra-Physics; Confocal Raman Microscope alpha300 R  ʬʠʨʤʳ WITec. 

¶ ʄʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ-ʘʥʘʣʠʟ) 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʩʦʩʪʘʚ ʪʚʝʨʜʳʭ ʬʘʟ ʚʦ ʚʩʢʨʳʪʳʭ ʚʘʢʫʦʣʷʭ ʚʢʣʁʯʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʩʪʘʚ ʥʦʚʦʚʳʷʚʣʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʩʢʘʥʠʨʫʶʱʠʡ ʤʠʢʨʦʩʢʦʧ LEO 

1430VP.  

¶ ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ (ʤʠʢʨʦʟʦʥʜʦʚʳʡ) ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʩ Si (Li) 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ ʬʠʨʤʳ ñOXFORDò. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʠʟʫʯʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʙʨʘʟʮʝ. 

¶ ʄʝʪʦʜ LA-ICP-MS (ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʠ 

ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʷʭ. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ - XSERIES2 ICP-MS ʢʦʤʧʘʥʠʠ 

ThermoScientific. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʦʙʲʝʜʠʥʝʥ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʣʘʟʝʨʥʦʛʦ 

ʧʨʦʙʦʦʪʙʦʨʘ NewWaveResearch, Nd:YAG ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʣʘʟʝʨ. ɼʣʷ 

ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʪʘʥʜʘʨʪʳ NIST-612 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʀʥʩʪʠʪʫʪʘ ʉʪʘʥʜʘʨʪʦʚ ʠ ʊʝʭʥʦʣʦʛʠʠ (ʉʐɸ). 

2. ʀʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ Ar-Ar ʜʘʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ ʠ ʦʨʫʜʝʥʝʥʠʷ. 

3. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ICP-MS ʘʥʘʣʠʟʳ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ. 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʘʟʝ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ ʎʝʥʪʨʘ ʀɻʄ ʉʆ ʈɸʅ.  
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ʆʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ʉʚʦʝʦʙʨʘʟʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ, ʬʦʨʤʠʨʦʚʘʚʰʠʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʠ Fe-

F-REE ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʦʙʦʛʘʱʝʥʥʦʩʪʠ ʠʭ F, SO4
2-

 ʠ ʦʩʦʙʝʥʥʦ Cl, ʭʣʦʨʠʜʥʦ-ʢʘʨʙʦʥʘʪʥʦʤ ʠʣʠ ʩʫʣʴʬʘʪʥʦ-

ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʦʤ ʩʦʩʪʘʚʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʢʘʣʴʮʠʪʦʚʳʭ ʠ 

ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʱʝʣʦʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʚ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʘʭ.  

2.  ɸʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʠ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʠʟ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ c ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Cl, SO4
2-

, 

Ca ʠ Fe, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ ʨʘʟʥʳʝ ʪʨʝʥʜʳ ʠʭ ʵʚʦʣʶʮʠʠ ʠ ʛʝʥʝʨʘʮʠ ʁʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ: 

1) ɸʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ: ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʨʘʩʧʣʘʚ Ą ʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʳʡ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚ (87-95 ʤʘʩ.%, H2O<15ʤʘʩ.%) Ą ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ 

ʨʘʩʪʚʦʨ (60-40 ʤʘʩ.% NaCl-ʵʢʚ.) Ą ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʨʘʩʪʚʦʨ (30-15 

ʤʘʩ.% NaCl-ʵʢʚ.) Ą ʭʣʦʨʠʜʥʳʡ ʨʘʩʪʚʦʨ (<15 ʤʘʩ.% NaCl-ʵʢʚ.). 

2) ʉʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ: ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʨʘʩʧʣʘʚ Ą ʩʫʣʴʬʘʪʥʦ-

ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚ (87-92 ʤʘʩ.%, H2O<15ʤʘʩ.%) Ą 

ʫʛʣʝʢʠʩʣʦʪʥʦ-ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʨʘʩʪʚʦʨ (60-30 ʤʘʩ.% NaCl-ʵʢʚ.) Ą 

ʫʛʣʝʢʠʩʣʦʪʥʳʡ ʭʣʦʨʠʜʥʳʡ ʨʘʩʪʚʦʨ (<30 ʤʘʩ.% NaCl-ʵʢʚ.). 

3. ʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʳ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʪʣʠʯʘʣʠʩʴ ʦʪ 

ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʦʚ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Fe, 

Co, Cu, Ag, As, Sb, Mo, La, Ce, Nd. ʉʦʜʝʨʞʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (Co, 

As, Sb, Mo, La, Ce, Nd, U, Mn, Ba, Sr, Cs ʠ ʜʨ.) ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʘʭ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʧʨʘʚʣʝʥʥʦʤ 

ʧʦʚʳʰʝʥʠʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʧʣʘʚʦʚ ʚ ʭʦʜʝ ʠʭ ʵʚʦʣʶʮʠʠ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ  

1) ɺʧʝʨʚʳʝ ʜʣʷ ʩʠʜʝʨʠʪʦʚʳʭ ʠ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦ-

ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʣʘʚʥʳʭ ʠ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ (LA-ICP-MS, ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʉʕʄ, ʤʠʢʨʦʟʦʥʜ) 

ʜʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ ʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʚʦʝʦʙʨʘʟʥʳʭ ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʭ ʠ 

ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ-ʨʘʩʩʦʣʦʚ.  



8 

 

2) ʇʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ Fe-F-REE ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʊʫʚʳ, ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʨʘʩʧʣʘʚʦʚ ʠ ʬʣʶʠʜʦʚ 

ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʠʟʫʯʝʥʳ ʩʚʷʟʠ ʧʨʦʮʝʩʩʦʚ 

ʩʪʘʥʦʚʣʝʥʠʷ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʊʫʚʳ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʩʠʥʭʨʦʥʥʦʛʦ ʱʝʣʦʯʥʦʛʦ ʩʠʝʥʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʘʨʝʘʣʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ, ʚʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ Fe-F-REE 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʩʦʠʩʢʘʪʝʣʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʦʜʝʣʴ 

ʛʝʥʝʟʠʩʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʧʦʨʦʜ ʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʤ ʨʝʛʠʦʥʝ, ʧʨʝʜʣʦʞʝʥʘ 

ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʯʥʘʷ ʛʠʧʦʪʝʟʘ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʠ ʣʠʢʚʘʮʠʠ ʥʘ ʩʠʣʠʢʘʪʥʳʡ ʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʨʘʩʧʣʘʚ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʤʝʩʠʤʦʩʪʠ ʬʨʘʢʮʠʦʥʠʨʫʝʪ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʘʨʙʦʥʘʪʥʳʡ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʣʝʚʦʡ ʨʘʩʧʣʘʚʳ. ɼʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʠʟʤʝʥʝʥʠʠ PTX-ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠ ʝʝ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʚ 

ʧʨʦʮʝʩʩʘʭ ʵʚʦʣʶʮʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʨʘʩʪʚʦʨʘʤ. 

ɺʚʝʜʝʥʳ ʥʦʚʳʝ ʧʦʥʷʪʠʷ ʦ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʘʭ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʮʝʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʩʦʠʩʢʘʪʝʣʷ 

ʇʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ Fe-F-REE ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦ-

ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ ʧʦʟʚʦʣʷʶʪ ʫʪʦʯʥʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʭ ʛʝʥʝʟʠʩʝ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʧʦʨʦʜ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʨʘʟʙʨʘʢʦʚʢʠ 

ʨʫʜʥʳʭ ʠ ʥʝʨʫʜʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʥʝ ʪʦʣʴʢʦ ʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʤ ʨʝʛʠʦʥʝ, ʥʦ ʠ ʚ 

ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʚ ʩʭʦʜʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʫʯʝʥʠʶ ʚʳʷʚʣʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʩ Fe-Ba-Sr-

REE ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚ ʎʘʛʘʥʰʠʙʝʪʠʥʩʢʦʤ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʤ ʧʦʷʩʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʖɿ ʊʫʚʳ ʠ ʉɿ ʄʦʥʛʦʣʠʠ ʠ ʦʙʦʩʥʦʚʘʥʠʶ ʧʝʨʩʧʝʢʪʠʚ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʠ ʦʙʲʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʩʦʩʪʦʠʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚ ʦʪʙʦʨʝ ʦʙʨʘʟʮʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʧʦʨʦʜ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ ʚ 2010-2013 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖɿ 

ʊʫʚʳ ʠ ʖɺ ʄʦʥʛʦʣʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʜʘʣʴʥʝʡʰʝʤ 

ʠʟʫʯʝʥʠʠ ʙʦʣʝʝ 500 ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥʦʢ ʠ 200 ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ 
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ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʠʩʢʘʪʝʣʝʤ ʧʨʦʚʝʜʝʥʦ ʠ ʦʙʨʘʙʦʪʘʥʦ ʩʚʳʰʝ 

100 ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʙʦʣʝʝ 200 ʂʈ- ʠ ʉʕʄ-ʘʥʘʣʠʟʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʪʚʝʨʜʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʠ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʦʢʦʣʦ 50 ʤʠʢʨʦʟʦʥʜʦʚʳʭ 

ʘʥʘʣʠʟʦʚ ʠ ʙʦʣʝʝ 80 LA-ICP-MS ʘʥʘʣʠʟʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ.  

 

ɸʧʨʦʙʘʮʠʠ ʠ ʧʫʙʣʠʢʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʘʚʪʦʨʦʤ ʚ ʚʠʜʝ ʫʩʪʥʳʭ 

ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʂʦʥʬʝʨʝʥʮʠʠ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ACROFI IV ʚ ʨʘʤʢʘʭ 34-ʛʦ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʂʦʥʛʨʝʩʩʘ (34th IGC) 

(ɹʨʠʩʙʝʥ, ɸʚʩʪʨʘʣʠʷ, 2012), 11-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʨʫʜʥʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ SGA (ɸʥʪʦʬʘʛʘʩʪʘ, ʏʠʣʠ, 2011), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʂʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʬʣʶʠʜʥʳʤ ʚʢʣʶʯʝʥʠʷʤ ʠ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʠ ACROFI III ʠ TBG XIV (ʅʦʚʦʩʠʙʠʨʩʢ, 

2010), ʉʠʙʠʨʩʢʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2008, 2010), 2-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ɸ.ʇ. ʂʘʨʧʠʥʩʢʦʛʦ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2010), XIV 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʋʩʦʚʘ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

(ʊʦʤʩʢ, 2010), ʅʘʫʯʥʳʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʰʢʦʣʘʭ: çʄʝʪʘʣʣʦʛʝʥʠʷ ʜʨʝʚʥʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʦʢʝʘʥʦʚè (ʄʠʘʩʩ, 2008, 2009).                       

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʘʚʪʦʨʦʤ ʩ ʢʦʣʣʝʢʪʠʚʦʤ 

ʩʦʩʪʘʚʣʝʥʦ ʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʠʟʜʘʥʠʡ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ 2 ʩʪʘʪʴʠ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʨʦʩʩʠʡʩʢʠʭ ʞʫʨʥʘʣʘʭ.  

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʪʠʪʫʣʴʥʦʛʦ ʣʠʩʪʘ, ʦʛʣʘʚʣʝʥʠʷ, ʚʚʝʜʝʥʠʷ, 4 

ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʙʱʠʡ ʦʙʲʝʤ 152 ʩʪʨʘʥʠʮ.r ɺ 

ʨʘʙʦʪʝ ʩʦʜʝʨʞʠʪʩʷ 59 ʨʠʩʫʥʢʦʚ ʠ 12 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 263 

ʠʩʪʦʯʥʠʢʘ.  

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʩʪʠ:  

ʅʘʫʯʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʌʦʨʤʫʣʝ ʠ ʆʙʣʘʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʫʥʢʪ 1. ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ) ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.11 çʛʝʦʣʦʛʠʷ, ʧʦʠʩʢʠ ʠ ʨʘʟʚʝʜʢʘ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʤʠʥʝʨʘʛʝʥʠʷè, ʧʦʩʢʦʣʴʢʫ ʚ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʛʝʥʝʟʠʩʘ (ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ) Fe-F-REE ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

http://teacode.com/online/vak/p25-00-11.html
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ʠʟʫʯʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʥʘʫʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʧʦʤʦʱʴ ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜ.ʛ.-ʤ.ʥ. ɻ.ɻ. ʇʘʚʣʦʚʦʡ, ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢ.ʛ.-ʤ.ʥ. ɸ.ɸ. ɹʦʨʦʚʠʢʦʚʫ ʠ ʟʘʚʝʜʫʶʱʝʤʫ ʣʘʙʦʨʘʪʦʨʠʝʡ 214 ʀɻʄ ʉʆ ʈɸʅ ʜ.ʛ.-ʤ.ʥ. ɸ.ʉ. 

ɹʦʨʠʩʝʥʢʦ, ʘ ʪʘʢʞʝ ʟʘ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ: 

ʢ.ʛ.-ʤ.ʥ. ʀ.ɻ. ʊʨʝʪʴʷʢʦʚʫ, ʢ.ʛ.-ʤ.ʥ. ɽ.ɸ. ʅʘʫʤʦʚʘ,  ʢ.ʛ.-ʤ.ʥ. ɻ.ʉ. ʌʝʜʦʩʝʝʚʘ, ʢ.ʛ.-ʤ.ʥ. ʉ.ɿ. 

ʉʤʠʨʥʦʚʘ, ʢ.ʛ.-ʤ.ʥ. ʃ.ʀ. ʇʘʥʠʥʫ, ʢ.ʛ.-ʤ.ʥ. ɸʥʜʨʝʝʚʫ ʀ.ɸ. (ʀɻɽʄ ʈɸʅ). ɿʘ ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʟʘ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʩʦʪʨʫʜʥʠʢʦʚ ʊʀʂʆʇʈ 

ʉʆ ʈɸʅ: ɺ.ʀ. ʃʝʙʝʜʝʚʘ, ɸ.ʄ. ʉʫʛʦʨʘʢʦʚʫ, ʈ.ɺ. ʂʫʞʫʛʝʪ, ɸ.ɸ. ʄʦʥʛʫʰ. ɸʚʪʦʨ ʪʘʢʞʝ 

ʙʣʘʛʦʜʘʨʠʪ ʩʦʪʨʫʜʥʠʢʦʚ ʣʘʙʦʨʘʪʦʨʠʠ ˉ 211 ʀɻʄ ʉʆ ʈɸʅ: ɸ.ʕ. ʀʟʦʭ, ɸ.ɺ. 

ɺʠʰʥʝʚʩʢʦʛʦ, ʈ.ɸ. ʐʝʣʝʧʘʝʚʘ, ɺ.ʄ. ʂʘʣʫʛʠʥʘ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ, ʮʝʥʥʳʝ 

ʩʦʚʝʪʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ɸʎ ʀɻʄ ʉʆ 

ʈɸʅ ʘʥʘʣʠʪʠʢʘʤ ʀ.ɺ. ɸʙʦʨʥʝʚʦʡ, ɸ.ʊ. ʊʠʪʦʚʫ, ʄ.ɺ. ʍʣʝʩʪʦʚʫ, ɸ.ɺ. ʊʨʘʚʠʥʫ, ʀ.ɺ. 

ʅʠʢʦʣʘʝʚʦʡ, ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ɸ.ʃ. 

ʈʘʛʦʟʠʥʘ ʠ ʉ.ʖ. ʉʢʫʟʦʚʘʪʦʚʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ (ʛʨʘʥʪ 27.2), 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪʳ: 11ï05ï00662, 13-05-

00662), ʘ ʪʘʢʞʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʩʦʛʣʘʰʝʥʠʝ 14.ɺ 37.21.0879) 
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ɻʃɸɺɸ 1. ʂɸʈɹʆʅɸʊʀʊʓ: ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʀ 

ɺʆʇʈʆʉʓ ʇʈʆʀʉʍʆɾɼɽʅʀʗ 

 

1.1. ʆʧʨʝʜʝʣʝʥʠʝ, ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʂʘʨʙʦʥʘʪʠʪʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (ʠʥʪʨʫʟʠʚʥʳʝ ʠ ʵʬʬʫʟʠʚʥʳʝ) ʩ 

ʧʝʨʚʠʯʥʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (>50%), ʩʦʜʝʨʞʘʱʠʝ <20% SiO2 

(ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʜʝʢʩ ʈʦʩʩʠʠ, 2009), ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʉʦʚʝʪʘ ʧʦ ʅʘʫʢʘʤ ʦ ɿʝʤʣʝ (IUGS) (Le Maitre, 2002). ʍʘʨʘʢʪʝʨʥʳʤʠ ʠ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ 

ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʘʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʳ: ʢʘʣʴʮʠʪ, ʘʥʢʝʨʠʪ, ʜʦʣʦʤʠʪ, 

ʩʠʜʝʨʠʪ. ʍʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʤʠ ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʡ 

ʛʝʥʝʟʠʩ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ: ʬʣʦʛʦʧʠʪ, ʘʧʘʪʠʪ, ʦʣʠʚʠʥ 

(ʬʦʨʩʪʝʨʠʪ), ʤʦʥʘʮʠʪ, ʦʢʩʠʜʳ Fe, Ti ʠ Zr (ʠʣʴʤʝʥʠʪ, ʤʘʛʥʝʪʠʪ, ʧʠʨʦʬʘʥʠʪ, ʙʘʜʜʝʣʝʠʪ ʠ 

ʜʨ.), ʜʠʦʧʩʠʜ, ʵʛʠʨʠʥ-ʘʚʛʠʪ, ʤʝʣʠʣʠʪ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʧʝʨʦʚʩʢʠʪʘ (ʧʝʨʦʚʩʢʠʪ, 

ʪʘʫʩʦʥʠʪ), ʧʠʨʦʭʣʦʨ, ʩʠʣʠʢʘʪʳ ʛʨʫʧʧʳ ʛʫʤʠʪʘ, ʥʝʬʝʣʠʥ, ʘʤʬʠʙʦʣʳ (ʢʘʪʦʬʦʨʠʪ, 

ʨʠʭʪʝʨʠʪ, ʘʨʬʚʝʜʩʦʥʠʪ ʠ ʜʨ.), ʛʨʘʥʘʪʳ (Ti-ʘʥʜʨʘʜʠʪ, ʰʦʨʣʦʤʠʪ), ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʳ ʠ 

ʜʨʫʛʠʝ ʙʦʣʝʝ ʨʝʜʢʠʝ ʤʠʥʝʨʘʣʳ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʤʠʥʝʨʘʣʦʤ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʝʪʩʷ ʬʣʶʦʨʠʪ. ʂ ʨʝʜʢʠʤ ʢʘʨʙʦʥʘʪʘʤ Na, Ca, Ba, Sr ʠ REE ʦʪʥʦʩʷʪʩʷ 

ʰʦʨʪʠʪ, ʥʴʝʨʝʨʝʠʪ, ʙʝʥʩʪʦʥʠʪ, ʙʫʨʙʘʥʢʠʪ, ʘʣʴʩʪʦʥʠʪ, ʙʘʩʪʥʝʟʠʪ, ʧʘʨʠʟʠʪ, ʘʥʢʠʣʠʪ. 

ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʢʘʨʙʦʥʘʪʦʚ ʚr ʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ ʢʘʨʙʦʥʘʪʠʪʦʚ (Woolley & Kempe, 1989, Le Maitre, 2002, 

http://wiki.web.ru/):  

¶ ʢʘʣʴʮʠʪʦʚʳʝ (ʘʣʴʚʠʢʠʪ ï ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ ʢʘʨʙʦʥʘʪʠʪ, ʩʸʚʠʪ ï 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʢʘʨʙʦʥʘʪʠʪ) 

¶ ʜʦʣʦʤʠʪʦʚʳʝ  

¶ ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʝ (50-10% ʢʘʣʴʮʠʪʘ)  

¶ ʘʥʢʝʨʠʪʦʚʳʝ  

¶ ʩʠʜʝʨʠʪʦʚʳʝ  

 

ɹʦʣʴʰʠʥʩʪʚʦ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ ʚ ʤʠʨʝ (ʦʢʦʣʦ 500) ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʘʣʴʮʠʪʦʚʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ. ʀʥʦʛʜʘ ʥʘʟʚʘʥʠʷ ʜʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤ 

ʢʘʨʙʦʥʘʪʥʳʤ ʠ ʩʠʣʠʢʘʪʥʳʤ ʤʠʥʝʨʘʣʘʤ, ʥʘʧʨʠʤʝʨ: ʬʣʦʛʦʧʠʪ-ʜʦʣʦʤʠʪʦʚʳʡ ʠʣʠ ʙʠʦʪʠʪ-

ʜʦʣʦʤʠʪʦʚʳʡ ʢʘʨʙʦʥʘʪʠʪ (ʙʝʬʦʨʩʠʪ).  

 

 

http://wiki.web.ru/
http://wiki.web.ru/wiki/%D0%9A%D0%B0%D1%80%D0%B1%D0%BE%D0%BD%D0%B0%D1%82%D0%B8%D1%82_%D0%BA%D0%B0%D0%BB%D1%8C%D1%86%D0%B8%D1%82%D0%BE%D0%B2%D1%8B%D0%B9


12 

 

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʨʝʜʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ:   

¶ ʢʘʣʴʮʠʦʢʘʨʙʦʥʘʪʠʪ (CaO/(CaO+FeO+MgO)>0.80) 

¶ ʜʦʣʦʤʠʪʦʚʳʡ ʢʘʨʙʦʥʘʪʠʪ (Ca, Mg) 

¶ ʬʝʨʨʦʢʘʨʙʦʥʘʪʠʪ ((FeO
T
+MnO)>MgO) 

¶ ʤʘʛʥʝʟʠʦʢʘʨʙʦʥʘʪʠʪ (MgO>(FeO+MnO)) 

¶ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʢʘʨʙʦʥʘʪʠʪ (RE2O3>1 ʤʘʩ.%) 

¶ ʥʘʪʨʦʢʘʨʙʦʥʘʪʠʪ ((Na2O+K2O)>(CaO+MgO+FeO)) 

ʇʨʠʤʝʯʘʥʠʝ: FeO
T
 ï ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ Fe, RE2O3 ï ʩʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ). 

 

ɺ ʭʠʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʚʳʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʬʦʨʤʘʣʴʥʦʛʦ ʨʫʜʦʥʦʩʥʦʛʦ ʧʨʠʟʥʘʢʘ ʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʚʘʨʠʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʡ Ca, Mg ʠ 

Fe ʚ ʩʦʩʪʘʚʝ.  

ʉʚʦʡʩʪʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʩʠʩʪʝʤ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʦʩʦʙʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ, ʪʝʢʫʯʝʩʪʴ ʠ 

ʧʦʜʚʠʞʥʦʩʪʴ, ʦʥʠ ʙʳʩʪʨʦ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ, ʥʝ ʦʙʨʘʟʫʷ ʩʪʝʢʣʘ, ʠ ʥʝ ʧʦʣʠʤʝʨʠʟʫʶʪʩʷ 

(Treiman, Schedl, 1983; Dawson et al., 1990; Dobson et al., 1996; Jones et al., 2013). ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʩʧʣʘʚ ʱʝʣʦʯʝʡ ʠ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ ʠ 

ʩʦʣʠʜʫʩʘ ʩʥʠʞʘʶʪʩʷ (Wyllie, Tuttle, 1960; Cooper, Paterson, 2008). ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʜʳ ʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʤ ʨʘʩʧʣʘʚʝ ʜʦʩʪʠʛʘʝʪ ʧʦʯʪʠ 10 ʤʘʩ.% ʪʦʣʴʢʦ ʧʨʠ ʜʘʚʣʝʥʠʠ 100 ʄʇʘ, ʯʪʦ 

ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʦʙʲʝʤ, ʥʘʙʣʶʜʘʝʤʳʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ 

ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ (Keppler et al., 

2003). ɺʳʩʦʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʞʝʣʝʟʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʞʠʜʢʦʡ ʬʘʟʝ 

ʨʘʩʧʣʘʚʘ, ʦʙʦʛʘʱʝʥʥʦʡ ʩʦʣʷʤʠ, ʱʝʣʦʯʘʤʠ ʠ ʫʛʣʝʢʠʩʣʦʪʦʡ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʞʠʜʢʘʷ ʬʘʟʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ ʯʝʤ ʊʈ-ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚ, ʦʩʪʘʶʱʠʡʩʷ ʞʠʜʢʠʤ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʧʨʠ ʊ 650Üʉ ʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ 100 ʄʇʘ. Fe-ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ 

ʨʘʩʧʣʘʚʳ ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ ʚʷʟʢʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʨʘʩʧʣʘʚʘʤʠ 

ʤʘʛʥʝʟʠʪʦʚʦʛʦ ʠ ʢʘʣʴʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʦʚ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 80 ɻʇʘ. Fe-Mg ʢʘʨʙʦʥʘʪʥʳʝ 

ʨʘʩʧʣʘʚʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʷʤ. ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʷʤ 

http://wiki.web.ru/wiki/%D0%9D%D0%B0%D1%82%D1%80%D0%BE%D0%BA%D0%B0%D1%80%D0%B1%D0%BE%D0%BD%D0%B0%D1%82%D0%B8%D1%82
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(Genge et al., 1995) ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʨʙʦʥʘʪʦʚ, ʦʩʦʙʝʥʥʦ ʤʘʛʥʝʟʠʪʘ, ʠʟʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʫ 

ʧʨʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ (ʪʦʣʴʢʦ ʧʦʩʪʤʘʛʥʝʟʠʪʦʚʘʷ ʬʘʟʘ ʙʣʠʟʢʘʷ ʢ ʩʪʨʫʢʪʫʨʝ 

ʧʝʨʦʚʩʢʠʪʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʠ ʈ>2 ɻʇʘ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙ·ʣʴʰʫʶ ʩʞʠʤʘʝʤʦʩʪʴ 

ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʩʠʣʠʢʘʪʥʳʭ. ɺʷʟʢʦʩʪʴ 

ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ >100 ɻʇʘ ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʩʨʘʚʥʠʤʦʡ ʩ ʚʷʟʢʦʩʪʴʶ ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʧʦʵʪʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʥʠʞʥʝʡ ʤʘʥʪʠʠ 

ʢʘʨʙʦʥʘʪʥʳʡ ʨʘʩʧʣʘʚ ʚʳʩʦʢʦʚʷʟʢʠʡ ʠ ʥʝ ʪʘʢʦʡ ʤʦʙʠʣʴʥʳʡ, ʠ ʧʦ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʩʨʘʚʥʠʤ ʩ ʩʠʣʠʢʘʪʥʳʤ ʨʘʩʧʣʘʚʦʤ.  

ʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʧʨʦʷʚʣʝʥʠʷ. ʇʝʨʚʳʝ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʧʨʦʷʚʣʝʥʠʷ ʙʳʣʠ ʥʘʡʜʝʥʳ 

ʠ ʦʧʠʩʘʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʌʝʥʦ-ʉʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ ʚ 1890-ʭ ʛʛ. ï ʢʦʤʧʣʝʢʩʳ ɸʣʴʥʦ ʚ 

ʐʚʝʮʠʠ (Hºgbom, 1895) ʠ ʌʝʥ ʚ ʅʦʨʚʝʛʠʠ (Brºgger, 1920). ʂ ʢʦʥʮʫ 1990-ʭ ʛʛ. ʚ ʤʠʨʝ 

ʙʳʣʦ ʠʟʚʝʩʪʥʦ ʧʦʨʷʜʢʘ 56 ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (Le Bas, 1987). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʠʭ ʯʠʩʣʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 527 (Woolley and Kjarsgaard, 2008), ʧʨʠ ʵʪʦʤ ʪʦʣʴʢʦ 

ʦʢʦʣʦ 49 ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢ ʚʫʣʢʘʥʠʯʝʩʢʠʤ (Woolley and Church, 2005). ɹʦʣʴʰʠʥʩʪʚʦ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ: ʥʝʬʝʣʠʥʦʚʳʤʠ ʩʠʝʥʠʪʘʤʠ, 

ʤʝʣʠʣʠʪʠʪʘʤʠ, ʙʘʟʠʪʘʤʠ, ʩʠʝʥʠʪʘʤʠ, ʣʘʤʧʨʦʬʠʨʘʤʠ, ʢʠʤʙʝʨʣʠʪʘʤʠ ʠ ʜʨ. (Woolley, 

1987, 2001, ʈʠʧʧ ʠ ʜʨ., 2002, ʌʨʦʣʦʚ, 2003, ɺʣʘʜʳʢʠʥ, 2009, ɼʦʨʦʰʢʝʚʠʯ ʠ ʜʨ., 2012ʘ,ʙ, 

ʠ ʜʨ.), ʦʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʠʤʝʨʦʚ ʦʪʩʫʪʩʪʚʠʷ ʥʘʭʦʜʦʢ ʘʩʩʦʮʠʠʨʫʶʱʠʭ 

ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʚ ʧʦʣʝ ʢʘʨʙʦʥʘʪʠʪʦʚ (Bailey, 1990, Woolley, Kjarsgaard, 2008 ʠ ʜʨ.). 

ɺʦʟʨʘʩʪʥʦʡ ʜʠʘʧʘʟʦʥ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚʝʩʴʤʘ ʰʠʨʦʢ. ʉʘʤʳʝ ʜʨʝʚʥʠʝ ʜʘʪʠʨʦʚʢʠ 

ʠʤʝʶʪʩʷ ʜʣʷ ʘʨʭʝʡʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʉʠʠʣʠʥʴʷʨʚʠ ʚ ʌʠʥʣʷʥʜʠʠ (U-Pb, ʮʠʨʢʦʥ, 

2580Ñ200 ʤʣʥ.ʣ., Patchett et al., 1981), ɻʨʝʡ ɹʝʡ ʠ ɼʦʣʦʜʘʫ ʚ ʧʨʦʚʠʥʮʠʷʭ ʆʥʪʘʨʠʦ ʠ 

ʂʚʝʙʝʢ/ʂʘʥʘʜʘ (2 600-2 500 ʤʣʥ.ʣ.) (Villeneuve, Relf, 1998; B®dard, Chown, 1992), ʜʣʷ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʇʘʣʘʙʦʨʘ (Phalaborwa) ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ (2063-

2013 ʤʣʥ.ʣ., Masaki et al., 2003), ʂʘʨʛʠʣʣ, ɹʦʨʜʝʥ, ʉʧʵʥʠʰ ʈʠʚʝʨ ʚ ʂʘʥʘʜʝ ʦʢʦʣʦ 

ʉʝʜʙʝʨʠ (~1900 ʤʣʥ.ʣ.) (Sage, 1988; Bell et al., 1989), ʤʝʟʦʧʨʦʪʝʨʦʟʦʡcʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ɻʘʨʜʘʨ ʚ ɻʨʝʥʣʘʥʜʠʠ (1250-1150 ʤʣʥ.ʣ., Andersen, 2008) ʠ ʉʧʠʪʢʦʧ ʚ ɸʬʨʠʢʝ (1400-

1200 ʤʣʥ.ʣ., Harmer, 1999) ʠ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ (730-

630 ʤʣʥ.ʣ., Vrublevskii et al., 2011; Vernikovskaya et al., 2013), ʂʘʥʘʜʳ (610-565 ʤʣʥ.ʣ, 

Tappe et al., 2008), ʐʚʝʮʠʠ (ɸʣʴʥʦ) ʠ ʅʦʨʚʝʛʠʠ (ʌʝʥ) (580 ʤʣʥ.ʣ., Meert et al., 2007), 

ɸʨʛʝʥʪʠʥʳ (580-560 ʤʣʥ.ʣ., ʉasquet et al., 2008) ʠ ʜʨ. ʇʘʣʝʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ʫʩʪʘʥʦʚʣʝʥ 

ʜʣʷ ʜʝʚʦʥʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʦʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ (ʉʠʪʥʠʢʦʚʘ, 2004 ʠ ʜʨ.), ʋʨʘʣʘ 

(ʃʝʚʠʥ ʠ ʜʨ., 1997, ʀʚʘʥʦʚ, 2011) ʠ ʂʘʥʘʜʩʢʠʭ ʂʦʨʜʠʣʴʝʨ (McLeish et al., 2010 ʠ ʜʨ.). 

ʀʟʚʝʩʪʥʳ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʠʝ ʢʘʨʙʦʥʘʪʠʪʳ ʊʘʡʤʳʨʘ ʠ ʄʘʡʤʝʯʘ-ʂʦʪʫʡʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 
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(ɻʫʣʠʥʩʢʦʝ ʠ ʜʨ.) (ʂʦʛʘʨʢʦ, ɿʘʨʪʤʘʥ, 2001; ʇʝʪʨʦʚ, ʇʨʦʩʢʫʨʥʠʥ, 2010; ʇʨʦʩʢʫʨʥʠʥ ʠ 

ʜʨ., 2010), ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʝ ʢʘʨʙʦʥʘʪʠʪʳ ɿʘʙʘʡʢʘʣʴʷ (130-120 ʤʣʥ.ʣ., ɼʦʨʦʰʢʝʚʠʯ, 

2012 ʘ, ʙ), ʤʝʣʦʚʳʝ ʠ ʧʘʣʝʦʛʝʥʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʚ ɹʨʘʟʠʣʠʠ ʠ ʇʘʨʘʛʚʘʝ (~130-120 

ʤʣʥ.ʣ., 90-50 ʤʣʥ.ʣ., ʗʢʫʧʠʨʘʥʛʘ, ɸʨʘʢʩʘ, ʠ ʜʨ.) (Gaspar, Wyllie, 1983; Rodrigues, Lima, 

1984; Travers et al., 2001), ʚ ɸʬʨʠʢʝ (116-0 ʤʣʥ.ʣ., Bell, Tilton. 2001), ʢʦʤʧʣʝʢʩ ʆʢʘ ʚ 

ʂʚʝʙʝʢʝ/ʂʘʥʘʜʘ (120 ʤʣʥ.ʣ.), ɹʠʚʝʨ ʃʦʜʞ ʚ ʰʪʘʪʝ ɺʘʡʦʤʠʥʛ/ʉʐɸ (50 ʤʣʥ.ʣ., Andersen 

et al., 2013) ʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʪʫʬʳ ʚ ʇʨʠʤʦʨʴʝ (25 ʤʣʥ.ʣ., Popov et al., 2007). ʂ 

ʩʦʚʨʝʤʝʥʥʳʤ ʢʘʨʙʦʥʘʪʠʪʘʤ ʦʪʥʦʩʷʪʩʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʣʘʚʳ ʚʫʣʢʘʥʘ ʆʣʴʜʦʥʠʦ ʃʝʥʛʘʠ 

(Oldoinyo Lengai) ʚ ɺʦʩʪʦʯʥʦʡ ɸʬʨʠʢʝ. 

ʇʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʨʘʟʥʳʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʪʝʣ, ʚʢʣʶʯʘʷ 

ʤʦʨʬʦʣʦʛʠʶ, ʛʝʦʭʠʤʠ,ʁ ʤʠʥʝʨʘʣʦʛʠ,ʁ ʤʝʭʘʥʠʟʤ rʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʂʘʨʙʦʥʘʪʠʪʳ, 1969, 

Tuttle and Gittins, 1966, Bell, Blenkinsop, 1989, Bell et al., 1989 Bell, 1998, Woolley, 

Kempe, 1989, Kogarko et al., 1995, ʈʘʩʩ, 1998, Jones et al., 2000, Woolley, 2001, Mitchell, 

2005, Woolley and Church, 2005, Woolley, Kjarsgaard, 2008, Downes et al, 2012 ʠ ʜʨ.).  

ɸ.ɸ. ʌʨʦʣʦʚ ʩ ʩʦʘʚʪʦʨʘʤʠ (2003) ʚ ʢʥʠʛʝ çʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʈʦʩʩʠʠè ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ, 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʨʙʦʥʘʪʠʪʦʚ. ɺ ʝʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʚʜrʝʣʷʝʪʩʷ ʯʝʪʳʨʝ ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʠʧʘ: ʢʘʨʙʦʥʘʪʠʪʳ ʱʝʣʦʯʥʦ-ʫʣɹʪʨʘʦʩʥʦʚʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ, ʢʘʨʙʦʥʘʪʠʪʳ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ 

ʣʠʥʝʡʥʦ-ʪʨʝʱʠʥʥʦʛʦ ʪʠʧʘ, ʢʘʨʙʦʥʘʪʠʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ K-ʱʝʣʦʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʘ 

ʪʘʢʞʝ ʢʘʨʙʦʥʘʪʠʪʳ ʦʪʜʝʣʴʥʦʛʦ ʪʠʧʘ ʇʘʣʘʙʦʨʘ.  

ʅ.ɺ. ɺʣʘʜʳʢʠʥ (2009) ʧʨʝʜʣʦʞʠʣ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦ ʪʠʧʫ 

ʱʝʣʦʯʥʦʩʪʠ ʠ ʩʚʷʟʠ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ: 

1) ʂ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʤʘʛʤʳ;  

2) ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ-ʱʝʣʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘʪʨʠʝʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ; 

3) ɦ ʝʣʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʘʣʠʝʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ; 

ʈ.ʍ. ʄʠʪʯʝʣʣ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ (Mitchell , 2005), ʦʙʦʙʱʘʷ ʩʚʝʜʝʥʠʷ ʧʦ ʢʘʨʙʦʥʘʪʠʪʘʤ, 

ʠ ʨʘʟʜʝʣʷʝʪ ʠʭ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʧʝʨʚʠʯʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʘʨʙʦʥʘʪʠʪʳ ʠ ʦʩʪʘʪʦʯʥʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ çcarbothermal residuaè. ʉʦʛʣʘʩʥʦ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʢ ʦʩʪʘʪʦʯʥʳʤ 

ʢʘʨʙʦʥʘʪʠʪʘʤ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʦʙʦʛʘʱʝʥʥʳʝ REE ʢʘʨʙʦʥʘʪʠʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʢʘʣʠʝʚʳʤʠ ʧʣʫʪʦʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʩ ʥʘʪʨʦʚʳʤʠ ʱʝʣʦʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʠ 

ʢʘʨʙʦʥʘʪʠʪʳ, ʧʨʦʷʚʣʝʥʥʳʝ ʙʝʟ ʚʠʜʠʤʦʡ ʩʚʷʟʠ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ.  
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ɺ ʨʘʙʦʪʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʨʙʦʥʘʪʠʪʳ ʧʦ ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ ʜʝʣʠʣʠʩʴ 

ʥʘ çʨʘʥʥʠʝè ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ çʧʦʟʜʥʠʝè ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ. ʇʦʩʣʝʜʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʠʜʝʨʠʪʦʚʳʤʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʩ ʬʣʶʦʨʠʪʦʤ, ʩʫʣʴʬʠʜʥʦʡ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʥʝ ʦʪʥʦʩʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʢ ʢʘʨʙʦʥʘʪʠʪʘʤ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ (ɽʛʦʨʦʚ, 1990 ʘ, ʙ, ʉʘʤʦʡʣʦʚ, 1984, ɹʘʛʜʘʩʘʨʦʚ, 1992, ʆʥʪʦʝʚ, 

1984). ʊʘʢʠʝ ʢʘʨʙʦʥʘʪʠʪʳ ʚ ɸʬʨʠʢʝ, ʥʘ ʊʘʡʤʳʨʝ, ʚ ʂʠʪʘʝ ʠ ʊʫʚʝ (ʚʢʣʶʯʘʷ ʢʘʨʙʦʥʘʪʠʪʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʢ) ʦʪʥʦʩʠʣʠ ʢ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʬʦʨʤʘʮʠʠ ʢʘʨʙʦʥʘʪ-ʩʦʜʝʨʞʘʱʠʭ 

F-Ba-Sr-Fe-TR-ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʍʦʤʷʢʦʚ, ʉʝʤʝʥʦʚ, 1971, ʆʥʪʦʝʚ, 1984 ʠ ʜʨ.). ʆʩʥʦʚʥʘʷ 

ʨʦʣʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ çʧʦʟʜʥʠʭè ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʦʪʚʦʜʠʣʘʩʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ (ʇʦʞʘʨʠʮʢʘʷ ʃ.ʂ., 1962, ɻʠʥʟʙʫʨʛ, ʕʧʰʪʝʡʥ, 1968; 

Cʠʪʥʠʢʦʚʘ, 2004). ʅʝʢʦʪʦʨʳʤʠ ʘʚʪʦʨʘʤʠ ʪʘʢʠʝ ʢʘʨʙʦʥʘʪʠʪʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ 

çʚʪʦʨʠʯʥʳʝè, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʣʦʤʠʪʦʚʳʭ ʠ ʘʥʢʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʬʣʶʠʜʘʤʠ (ʉʠʪʥʠʢʦʚʘ ʠ ʜʨ., 2000). 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʪ ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʪʜʝʣʷʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʧʩʝʚʜʦʢʘʨʙʦʥʘʪʠʪʳè, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʣʠ: ʘ) ʢʘʨʙʦʥʘʪ-ʩʦʜʝʨʞʘʱʠʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʩʝʨʧʝʥʪʠʥ-ʭʣʦʨʠʪ-

ʢʘʣʴʮʠʪʦʚʦʛʦ ʠ ʩʝʨʧʝʥʪʠʥ-ʮʝʦʣʠʪ-ʢʘʣʴʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʙ) çʨʘʜʠʢʘʣʴʥʦ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʝéʱʝʣʦʯʥʳʝ ʧʦʨʦʜʳè ï ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʝ ʣʘʤʧʨʦʬʠʨʳ, 

ʢʠʤʙʝʨʣʠʪʳ ʠ ʜʨ., ʚ) çʠʥʲʝʢʪʠʚʥʳʝè ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʘʨʙʦʥʘʪʥʳʝ ʪʝʣʘ ʧʝʨʚʠʯʥʦ 

ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ɸʣʜʘʥ, ʊʘʡʤʳʨ, ʊʫʨʮʠʷ) (ʉʘʤʦʡʣʦʚ, 1984, ɽʛʦʨʦʚ, 1990 ʙ). 

ʊʘʢʞʝ ʚʝʣʠʩʴ ʘʢʪʠʚʥʳʝ ʜʠʩʢʫʩʩʠʠ ʧʦ ʧʦʚʦʜʫ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʫʧʦʪʨʝʙʣʝʥʠʷ 

ʪʝʨʤʠʥʦʚ çʣʘʤʧʨʦʬʠʨʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳè, çʩʠʣʠʢʦʢʘʨʙʦʥʘʪʠʪʳè, çʢʠʤʙʝʨʣʠʪʦʚʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʠʤʙʝʨʣʠʪʳè - ʞʠʣʴʥʦ-ʜʘʡʢʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ 

(ʂʘʧʫʩʪʠʥ ʖ.ʃ., 1991). 

ɺ ʩʝʨʝʜʠʥʝ XIX  ʚ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ ʢ ʢʘʨʙʦʥʘʪʠʪʘʤ ʦʪʥʦʩʠʣʠ 

ʧʦʣʠʬʦʨʤʘʮʠʦʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʦʨʦʜʘʤʠ ʤʘʩʩʠʚʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʪʠʧʘ ʫʣʴʨʘʦʩʥʦʚʥʦʡ-ʱʝʣʦʯʥʦʡ, ʱʝʣʦʯʥʦ-ʛʘʙʙʨʦʠʜʥʦʡ ʠ ʥʝʬʝʣʠʥ-ʩʠʝʥʠʪʦʚʦʡ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʬʦʨʤʘʮʠʡ (ɹʦʨʦʜʠʥ, 1965, ɽʛʦʨʦʚ, 1990 ʘ, ʙ, ɹʘʛʜʘʩʘʨʦʚ, 1992 ʠ ʜʨ.). ɺ 

ʣʠʥʝʡʥʦ-ʪʨʝʱʠʥʥʳʡ ʬʦʨʤʘʮʠʦʥʥʳʡ ʪʠʧ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʋʨʘʣʘ 

ʠ ʇʨʠʘʟʦʚʴʷ (ɹʘʛʜʘʩʘʨʦʚ, 1979, ʃʝʚʠʥ ʠ ʜʨ., 1978, 1997, ɻʣʝʚʘʩʩʢʠʡ, ʂʨʠʚʜʠʢ, 1981, 

ɻʠʥʩʙʫʨʛ, ʉʘʤʦʡʣʦʚ, 1983, ʃʘʧʠʥ ʠ ʜʨ., 1987, ɽʬʠʤʦʚ ʠ ʜʨ., 1989). 

ɺ ʈʦʩʩʠʠ ʢʘʨʙʦʥʘʪʠʪʳ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠʩʩʣʝʜʦʚʘʣʠ c 1920ʭ ʛʛ.: ɼ.ʉ. 

ɹʝʣʷʥʢʠʥ, ɺ.ʀ. ɺʣʦʜʘʚʝʮ, ʅ.ɸ. ɺʦʣʦʪʦʚʩʢʘ,̫ ɸ.ʀ. ɻʠʥʩʙʫʨʛ, ɽ.ʄ. ʕʧʰʪʝʡʥ, ʃ.ʉ. 

ɹʦʨʦʜʠʥ, ɸ.ɸ. ʂʫʭʘʨʝʥʢʦ, ʆ.ʄ. ʈʠʤʩʢʘʷ-ʂʦʨʩʘʢʦʚʘ, ʃ.ʅ. ʂʦʛʘʨʢʦ, ʆ.ɹ. ɼʫʜʢʠʥʘ, ʖ.ʃ. 

ʂʘʧʫʩʪʠʥʘ, ɸ.ɺ. ʃʘʧʠʥ, ɸ.ɸ. ɸʨʟʘʤʘʩʮʝʚ, ɸ.ɻ. ɹʫʣʘʭ, ɺ.ɺ. ɺʝʢʩʣʝʨ, ɸ.ɺ. ɺʦʣʦʰʠʥ, 

ɸ.ʅ. ɿʘʡʮʝʚ, ɺ.ɺ. ʀʚʘʥʠʢʦʚ, ʅ.ʀ. ʂʨʘʩʥʦʚʘ, ʈ.ɺ. ʃʠʬʝʨʦʚʠʯ, ʀ.ɺ. ʇʝʩʢʦʚ, ʅ.ʉ. 
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ʈʫʜʘʰʝʚʩʢʠʡ, ɸ.ʉ. ʈʫʭʣʦʚ, ʉ.ɺ. ʉʦʢʦʣʦʚ, ɺ.ɺ. ʉʫʙʙʦʪʠʥ, ʄ.ɸ. ʉʠʪʥʠʢʦʚʘ, ɸ.ʈ. 

ʐʘʭʤʫʨʘʜʷʥ ʠ ʤʥʦʛʠʝ ʜʨ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʨʘʣʘ (ʂ.ʂ. ɿʦʣʦʝʚ, ɹ.ʄ. ʈʦʥʝʥʩʦʥ, ɺ.ʗ. ʃʝʚʠʥ, 

ɺ.ʉ. ʉʘʤʢʦʚ, ʀ.ɸ. ʃʝʚʠʥʘ, ʅ.ʉ. ʉʝʨʛʝʝʚ, ɸ.ʇ. ʂʠʩʝʣʝʚ, ɹ.ɸ. ʇʦʧʦʚ, ʃ.ʂ. ʇʦʞʘʨʠʮʢʘʷ, 

ʃ.ʃ. ʌʝʩʶʪʠʥʘ, ɽ.ʄ. ɽʩʴʢʦʚʘ, ɸ.ʌ. ɽʬʠʤʦʚ, ɺ.ɸ. ʋʪʝʥʢʦʚ, ʊ.ʖ. ɼʦʣʞʘʥʩʢʘʷ, ɻ.ʇ. 

ʂʫʟʥʝʮʦʚ, ɺ.ʀ. ʇʝʪʨʦʚ, ɸ.ɻ. ɹʘʞʝʥʦʚ, ɸ.ʅ. ɿʘʚʘʨʠʮʢʠʡ, ʂ.ʉ. ʀʚʘʥʦʚ, ʀ.ʃ. ʅʝʜʦʩʝʢʦʚʘ, 

ɸ.ɻ. ɾʘʙʠʥ ʠ ʜʨ.) ʧʦʢʘʟʘʣʠ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʥʝʬʝʣʠʥʦʚʳʤʠ 

ʩʠʝʥʠʪʘʤʠ ʤʠʘʩʢʠʪʦʚʦʛʦ ʨʷʜʘ. ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʘ ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ï (1) ʠʥʪʨʫʟʠʚʥʳʝ ʤʘʥʪʠʡʥʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʠ (2) ʧʨʦʠʟʚʦʜʥʳʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠʘʩʢʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʠʥʪʨʫʟʠʚʥʦʡ ʢʘʤʝʨʝ ʧʨʠ ʫʯʘʩʪʠʠ 

ʤʘʥʪʠʡʥʦʛʦ ʬʣʶʠʜʘ (ʃʝʚʠʥ ʠ ʜʨ., 1997). ʀʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ, 

ʧʦʢʘʟʘʣʠ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʨʘʣʘ ʜʚʫʭ 

ʠʩʪʦʯʥʠʢʦʚ: ʫʤʝʨʝʥʥʦ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ ʠ ʦʙʦʛʘʱʝʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʟʫʯʘʣʠ ʢʘʨʙʦʥʘʪʠʪʳ ʉʠʙʠʨʠ, ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ ʠ ʄʦʥʛʦʣʠʠ 

ɺ.ʀ. ʂʦʚʘʣʝʥʢʦ, ʀ.ɸ. ɸʥʜʨʝʝʚʘ, ɺ.ɹ. ʅʘʫʤʦʚ, ʀ.ʊ. ʈʘʩʩ (ʀɻɽʄ ʈɸʅ, ʄʦʩʢʚʘ), ʅ.ʅ. 

ʂʦʥʦʥʢʦʚʘ (ɻɽʆʍʀ, ʄʦʩʢʚʘ), ʉ.ɺ. ʉʦʢʦʣʦʚ (ɺʀʄʉ, ʄʦʩʢʚʘ), ʅ.ɺ. ɺʣʘʜʳʢʠʥ 

(ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ, ʀʨʢʫʪʩʢ) ʠ ʜʨ. ɺ ʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ 

ʱʝʣʦʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʘʩʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʜʝʧʣʝʪʠʨʦʚʘʥʥʘʷ ʤʘʥʪʠʷ, ʧʨʠ ʵʪʦʤ ʧʦʜʯʝʨʢʠʚʘʣʘʩʴ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʦ-ʨʘʟʥʦʤʫ 

ʤʝʪʘʩʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʟ ʣʶʙʦʛʦ ʚʦʟʤʦʞʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʨʘʩʧʣʘʚʘ. 

ʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɿʘʙʘʡʢʘʣʴʷ ʠʩʩʣʝʜʦʚʘʣʠ ɻ.ʉ. ʈʠʧʧ, ʇ.ʖ. 

ʍʦʜʘʥʦʚʠʯ, ɸ.ɻ. ɼʦʨʦʰʢʝʚʠʯ, ʂ.ɹ. ɹʫʣʥʘʝʚ (ɻʀʅ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ), ʉ.ɺ. ʈʘʩʩʢʘʟʦʚ 

(ʀɿʂ ʉʆ ʈɸʅ) ʠ ʜʨ., ʠʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʦʟʨʘʩʪʫ ʠ 

ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʘʨʙʦʥʘʪʠʪʦʚ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʘ ʩ 

ʢʦʤʧʣʝʢʩʘʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʥʘʪʨʦʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ 

ʨʘʙʦʪ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ, ʘ ʪʘʢʞʝ ʥʘ ɸʣʜʘʥʝ ʠ ʚ ʖʞʥʦʡ ʄʦʥʛʦʣʠʠ (ʄʫʨʫʥ, 

ʄʫʰʫʛʘʡ-ʍʫʜʫʢ) ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʚʳʩʦʢʦʤ ʢʠʩʣʦʨʦʜʥʦʤ ʧʦʪʝʥʮʠʘʣʝ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʠ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʩʫʣʴʬʘʪʥʦʡ ʩʝʨʳ ʚ ʥʝʤ.  

ɺ.ɺ. ɺʨʫʙʣʝʚʩʢʠʡ (ʊɻʋ) ʩʚʷʟʳʚʘʣ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ɻʦʨʥʦʛʦ 

ɸʣʪʘʷ, ʖʞʥʦʡ ʄʦʥʛʦʣʠʠ, ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʠ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʩ ʢʘʣʠʝʚʳʤʠ ʠ 

ʩʫʙʢʘʣʠʝʚʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, 

ʩʚʷʟʘʥʦ ʩ ʨʠʬʪʦʛʝʥʥʦʡ ʜʝʩʪʨʫʢʮʠʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʳ (ɺʨʫʙʣʝʚʩʢʠʡ, 2003).  

http://geo.stbur.ru/index.php?pg=pbsearch&ver=0&pid=830&yr1=1998&yr2=2011&austr=%D0%E8%EF%EF
http://geo.stbur.ru/index.php?pg=pbsearch&ver=0&pid=966&yr1=1998&yr2=2011&austr=%D5%EE%E4%E0%ED%EE%E2%E8%F7
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ɺ ʨʘʙʦʪʘʭ ʃ.ʀ. ʇʘʥʠʥʦʡ, ʀ.ɺ. ʄʦʪʦʨʠʥʦʡ (ʀɻʄ ʉʆ ʈɸʅ), ʀ.ʇ. ʉʦʣʦʚʦʚʦʡ, ɸ.ɺ. 

ɻʠʨʥʠʩ, ɺ.ɹ. ʅʘʫʤʦʚʘ (ʀɻɽʄ ʈɸʅ) ʧʦ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʘʞʥʳʝ ʚʳʚʦʜʳ ʦ ʥʝʩʤʝʩʠʤʦʩʪʠ ʩʠʣʠʢʘʪʥʦʛʦ ʠ 

ʢʘʨʙʦʥʘʪʥʦ-ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ  ʦʪ  1200 ʜʦ 

800ï600Áʉ ʠ ʦ ʝʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʘ ʱʝʣʦʯʥʦ-ʩʫʣʴʬʘʪʥʫʶ, ʱʝʣʦʯʥʦ-ʬʦʩʬʘʪʥʫʶ, 

ʱʝʣʦʯʥʦ-ʬʪʦʨʠʜʥʫʶ, ʱʝʣʦʯʥʦ-ʭʣʦʨʠʜʥʫʶ ʠ Fe, Mg, Ca-ʢʘʨʙʦʥʘʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

ɸ.ɺ. ʅʠʢʠʬʦʨʦʚ, ɸ.ɺ. ɹʦʣʦʥʠʥ (ʀɻɽʄ ʈɸʅ), ɺ.ʀ. ʃʝʙʝʜʝʚ, ɸ.ʄ. ʉʫʛʦʨʘʢʦʚʘ 

(ʊʀʂʆʇʈ ʉʆ ʈɸʅ, ʂʳʟʳʣ) ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʶʪ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʝ. ɸʚʪʦʨʳ ʚʳʜʝʣʷʶʪ ʨʘʥʥʠʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʝ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʘ 

ʦʩʥʦʚʥʘʷ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ (ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005, 2006). ʂʘʨʘʩʫʛʩʢʘʷ ʛʨʫʧʧʘ Fe-

F-REE ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʪʤʝʯʘʣʘʩʴ ʢʘʢ ʨʝʜʢʦʝ ʠ ʫʥʠʢʘʣʴʥʦʝ ʧʦ ʤʘʩʰʪʘʙʘʤ ʧʨʦʷʚʣʝʥʠʝ 

ʨʫʜʦʥʦʩʥʳʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʆʜʥʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʠʭ ʛʝʥʝʟʠʩ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤ (ʇʫʟʘʥʦʚ, 1975, 1978, ɹʦʣʦʥʠʥ ʠ ʜʨ., 1984, ɹʦʣʦʥʠʥ, 1999, ʅʠʢʠʬʦʨʦʚ ʠ 

ʜʨ., 2006 ʠ ʜʨ.), ʜʨʫʛʠʝ ʧʦʣʘʛʘʣʠ, ʯʪʦ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɹʨʝʜʠʭʠʥʘ, ʄʝʣʴʛʫʥʦʚ, 1989, ʆʥʪʦʝʚ, 1963, 1984, 

ʍʦʤʷʢʦʚ, ʉʝʤʝʥʦʚ, 1971, ʂʫʣʠʢ, ʄʝʣʴʛʫʥʦʚ, 1992, 1995). 

ʕʚʦʣʶʮʠʷ ʱʝʣʦʯʥʦʛʦ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʯʝʨʝʟ ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʫʶ ʩʪʘʜʠʠ ʦʙʩʫʞʜʘʣʘʩʴ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ (ʄʠʥʘʢʦʚ ʠ 

ʜʨ., 1981; ɹʫʣʘʭ, ʀʚʘʥʥʠʢʦʚ, 1984; Zaitsev et al., 1998; ʈʠʧʧ ʠ ʜʨ., 2000; ʅʠʢʠʬʦʨʦʚ ʠ 

ʜʨ., 2000; Doroshkevich et al., 2008). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ:  

(1) ʠʩʭʦʜʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʠʣʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʨʘʩʧʣʘʚʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ 

ʤʘʥʪʠʠ (Le Bas, 1977, Wallace, Green, 1988, Dalton, Wood, 1993, Harmer, 

Gittins, 1998, Gittins, Harmer, 2003, Wyllie, Lee, 1998; Gibson et al., 2000); 

(2) ʦʩʪʘʪʦʯʥʳʝ ʨʘʩʧʣʘʚʳ ʜʣʠʪʝʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʱʝʣʦʯʥʦʡ ʤʘʛʤʳ (Gittins, 1989, Gittins, Jago, 1998, ʃʝʚʠʥ ʠ ʜʨ., 1997);  

(3) ʧʨʦʜʫʢʪʳ ʞʠʜʢʦʩʪʥʦʡ ʥʝʩʤʝʩʠʤʦʩʪʠ ʱʝʣʦʯʥʦʡ ʤʘʛʤʳ (Rankin, Le Bas, 1974, 

Kjarsgaard, Hamilton, 1988, 1989, Kogarko, 1995, Kjarsgaard, 1998, Brooker, 

1998, Lee, Wyllie, 1998, Halama et al., 2005; Veksler et al., 2012 ʠ ʜʨ.); 

(4)  ʧʦʷʚʣʝʥʠʝ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʩʚʷʟʠ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʣʶʤʘ ʠ ʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʦʨʦʜʳ ʣʠʪʦʩʬʝʨʳ (ɸʨʟʘʤʘʩʮʝʚ ʠ ʜʨ., 2001). 

ɺ ʧʦʜʜʝʨʞʢʫ ʪʝʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʤʘʥʪʠʠ ʩʣʫʞʘʪ 

ʥʘʭʦʜʢʠ ʩʠʣʠʢʘʪʥʦ-ʩʦʣʝʚʳʭ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ 
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ʢʠʤʙʝʨʣʠʪʦʚ (ɻʦʣʦʚʠʥ ʠ ʜʨ., 2003, Kamenetsky et al., 2004, Maas et al., 2005). 

ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ 

SiO2-ʥʝʜʦʩʳʱʝʥʥʳʭ ʤʘʛʤʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʣʴʮʠʝʚʳʝ ʨʘʩʧʣʘʚʳ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʠ ʤʘʥʪʠʡʥʳʭ ʧʘʨʘʤʝʪʨʘʭ (ʂʦʛʘʨʢʦ, ɻʨʠʥ, 1998), ʠ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʤʝʣʠʣʠʪ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ 

ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ɻʫʣʠ, ɹʝʣʘʷ ɿʠʤʘ, ʂʨʝʩʪʦʚʩʢʦʝ (ʈʦʩʩʠʷ) ʠ 

ʂʘʡʟʝʨʰʪʫʣʴ (ɻʝʨʤʘʥʠʷ) (ʈʘʩʩ, ʇʣʝʯʦʚ, 2000; ɸʥʜʨʝʝʚʘ ʠ ʜʨ., 2007; Panina, 2005; 

ʉʦʣʦʚʦʚʘ ʠ ʜʨ., 2005). ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ ʧʦʢʘʟʳʚʘʣʠ, ʯʪʦ 

ʣʘʪʝʨʘʣʴʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʤʘʥʪʠʠ ʧʨʦʷʚʣʷʶʪʩʷ ʢʘʢ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʡ ʚ ʩʦʩʪʘʚʝ 

ʩʫʙʩʪʨʘʪʘ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ K/Na-ʦʪʥʦʰʝʥʠʷ ʚ ʤʘʛʤʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʈʘʩʩ, 1998), ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʵʪʦ ʬʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʘʤʬʠʙʦʣʘ ʠ 

ʬʣʦʛʦʧʠʪʘ ʚ ʠʩʪʦʯʥʠʢʝ (Klemme et al., 1995; Sweeney et al., 1995; Dalton, Wood, 1993; 

Dasgupta et al., 2009). ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ ʤʘʥʪʠʠ, ʤʦʛʫʪ 

ʧʦʨʦʞʜʘʪʴ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʚ ʩʦʩʪʘʚʝ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʘ ʪʝʦʨʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ 

ʧʝʨʠʜʦʪʘ. ɺ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʟʘʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʤʝʩʠʤʦʩʪʠ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʩʦʣʝʚʦʡ ʬʘʟ (Panina, 

2005, ʇʘʥʠʥʘ, ʄʦʪʦʨʠʥʘ, 2008, ʉʦʣʦʚʦʚʘ ʠ ʜʨ., 2008 ʠ ʜʨ.). 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʠ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʘʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʧʨʦʙʣʝʤʘ ʠʩʪʦʯʥʠʢʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʚʦʧʨʦʩʫ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

 

1.2. ʉʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ: ʠʟʚʝʩʪʥʳʝ ʬʘʢʪʳ ʠ ʚʦʧʨʦʩʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʠʜʝʨʠʪʦʚʳʭ ʠ ʜʨʫʛʠʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʠʭ ʚʦʟʨʘʩʪʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʦʣʦʞʝʥʠʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚ ʩʭʝʤʘʭ ʟʦʥʘʣʴʥʦʩʪʠ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʦʪʤʝʯʘʝʪʩʷ ʚʳʜʝʨʞʘʥʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟʣʠʯʥʳʭ ʬʘʟ 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ.  
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ʉʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʯʘʩʪʦ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʦ 

ʦʙʳʯʥʦ ʠʭ ʜʦʣʷ ʩʨʝʜʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʦʚ ʥʝʚʝʣʠʢʘ. ʅʘʧʨʠʤʝʨ, ʚ ʊʦʤʪʦʨʩʢʦʤ 

ʤʘʩʩʠʚʝ (ʗʢʫʪʠʷ) ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʚʳʜʝʣʷʶʪʩʷ ʢʘʣʴʮʠʪʦʚʳʝ, ʜʦʣʦʤʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ, ʜʦʣʦʤʠʪʦʚʳʝ, ʢʘʣʴʮʠʪ-ʘʥʢʝʨʠʪʦʚʳʝ, ʘʥʢʝʨʠʪʦʚʳʝ ʠ ʩʠʜʝʨʠʪʦʚʳʝ 

ʢʘʨʙʦʥʘʪʠʪ.r ʇʨʠ ʵʪʦʤ ʧʦʟʜʥʠʝ ʘʥʢʝʨʠʪʦʚʳʝ ʠ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʨʫʜʦʥʦʩʥʳʤʠ (ɺʣʘʜʳʢʠʥ ʠ ʜʨ., 2005; Vladykin, 2010).  

ʄʠʥʝʨʘʣʘʤʠ ʨʷʜʘ ʤʘʛʥʝʟʠʪ-ʩʠʜʝʨʠʪ ʯʘʩʪʦ ʩʣʦʞʝʥʳ ʞʠʣʳ ʚ ɦʝʣʦʯʥʳʭ ʤʘʩʩʠʚʘʭ 

ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ (ɺʫʦʨʠʷʨʚʠ, ʂʦʚʜʦʟʝʨʦ, ʂʘʥʜʘʛʫʙʘ) ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ 

(ʃʫʝʰ/ɿʘʠʨ, ʂʘʥʛʘʥʢʫʥʜʝ, ʏʠʣʚʘ ɸʡʣʘʥʜ/ʄʘʣʘʚʠ, ʂʘʨʛʠʣʣ ʠ ʏʠʧʤʘʥ ʃʝʡʢ/ʂʘʥʘʜʘ, 

ʅʝʚʘʥʠʷ/ʀʥʜʠʷ). ʉʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʚ ʚʠʜʝ ʞʠʣ ʠ ʣʠʥʟʦʦʙʨʘʟʥʳʭ ʪʝʣ ʩʝʢʫʪ 

ʨʘʥʥʠʝ ʢʘʣʴʮʠʪʦʚʳʝ ʠʣʠ ʜʦʣʦʤʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʪʨʫʙʦ- ʠ 

ʣʠʥʟʦʦʙʨʘʟʥʳʝ ʪʝʣ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʦ ʧʝʨʠʬʝʨʠʠ ʤʘʩʩʠʚʦʚ, ʠʟʚʝʩʪʥʳ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʢʨʫʧʥʳʝ ʪʝʣʘ ʪʘʢʠʝ ʢʘʢ ʤʘʩʩʠʚ ʉʘʣʣʘʥʣʘʪʚʘ ʚ ʂʘʨʝʣʠʠ (Guilbert, Park, 1985; Sage, 1988; 

Erdosh, 1989; Buckley, Wooley, 1990; Sitnikova et al., 2001; Cʠʪʥʠʢʦʚʘ, 2004; 

Doroshkevich et al., 2010b). 

ɺ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪʩʷ ʢ 

ʦʙʨʘʟʦʚʘʥʠʷʤ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ. ʂʘʨʙʦʥʘʪʠʪʦʚʘʷ ʧʨʦʚʠʥʮʠʷ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟʚʠʪʠʝʤ ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʜʦʣʦʤʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ, ʥʦ ʢʨʦʤʝ ʪʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʟʣʠʯʘʣʠ ʢʘʣʴʮʠʪ-ʤʘʛʥʝʪʠʪʦʚʳʝ ʠ 

ʜʦʣʦʤʠʪ-ʤʘʛʥʝʪʠʪʦʚʳʝ ʨʫʜʳ ʢʘʢ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʵʪʘʧʦʚ 

(ɺʣʘʜʳʢʠʥ, 2009). ʂ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ ʙʳʣʠ 

ʦʪʥʝʩʝʥʳ ʢʘʣʴʮʠʪ-ʤʘʛʥʝʪʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, ʪʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʂʦʚʜʦʨʩʢʦʝ ʞʝʣʝʟʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʇʨʦʢʦʬʴʝʚ ʠ ʜʨ., 2005). ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʙʦʣʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʘʣʴʮʠʪʦʚʳʝ (ʢʘʣʴʮʠʪ-ʬʣʶʦʨʠʪʦʚʳʝ) 

ʢʘʨʙʦʥʘʪʠʪʳ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʨʘʩʧʣʘʚ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Fe-ʜʦʣʦʤʠʪʦʚʳʭ ʠ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʂ 

ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʦʪʥʝʩʝʥʳ ʢʘʣʴʮʠʪʦʚʳʝ ʠ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, ʪʘʢʞʝ ʢʘʢ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʄʘʫʥʪʠʥ-ʇʘʩʩ/ʉʐɸ, ɹʘʷʥ-ʆʙʦ/ʂʠʪʘʡ, ʄʫʰʫʛʘʡ-ʍʫʜʫʢ/ʄʦʥʛʦʣʠʷ ʠ 

ʜʨ.. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʧʦʚʳʰʝʥʥʳʭ ʠ ʯʘʩʪʦ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ Fe, F, Ba, Sr, U, Th, REE ʚ ʧʦʟʜʥʠʭ ʢʘʨʙʦʥʘʪʠʪʘʭ. 

ɾʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʧʦʨʦʜʳ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʧʦʷʩʘ ʥʘ 

ʧʦʣʫʦʩʪʨʦʚʝ ʊʘʡʤʳʨ ʩʦʩʪʦʷʪ ʠʟ Sb-ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʣʴʮʠʪʘ, ʩʠʜʝʨʠʪʘ, Fe-Ca ʢʘʨʙʦʥʘʪʦʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʵʧʠʜʦʪʘ, ʛʝʤʘʪʠʪʘ, ʭʣʦʨʠʪʘ, ʱʝʣʦʯʥʦʛʦ ʘʤʬʠʙʦʣʘ, ʘʢʩʠʥʠʪʘ, ʚ 

ʢʘʣʴʮʠʪʝ ʦʪʤʝʯʘʝʪʩʷ Sr-ʩʦʜʝʨʞʘʱʠʡ ʙʘʨʠʪ. ʉʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʠʨʠʪʦʤ, ʧʠʨʨʦʪʠʥʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʛʝʤʘʪʠʪʦʤ, ʛʝʪʠʪʦʤ, ʤʘʛʛʝʤʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, 
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ʛʘʣʝʥʠʪʦʤ, ʰʝʝʣʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʢʣʝʡʦʬʘʥʦʤ, ʘʨʩʝʥʦʧʠʨʠʪʦʤ, 

ʛʝʨʩʜʦʨʬʠʪʦʤ, ʢʠʥʦʚʘʨʴʶ, ʙʦʨʥʠʪʦʤ, ʢʦʚʝʣʣʠʥʦʤ, ʛʠʜʨʦʮʠʥʢʠʪʦʤ, ʤʠʥʨʝʢʦʨʜʠʪʦʤ, 

ʚʶʨʪʮʠʪʦʤ, ʩʪʘʥʥʠʥʦʤ, ʮʠʥʢʠʪʦʤ (ʇʨʦʩʢʫʨʠʥ ʠ ʜʨ., 2010). Fe-Ca ʢʘʨʙʦʥʘʪʠʪʳ ʩ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʡ ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʠʪʦʚʦʡ, ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪʦʚʦʡ, ʛʝʤʘʪʠʪ-

ʩʠʜʝʨʠʪʦʚʦʡ ʠ ʬʣʶʦʨʠʪ-ʙʘʨʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʦʩʣʝ ʩʠʝʥʠʪʦʚ ʠ ʚ 

ʩʭʝʤʝ ʟʦʥʘʣʴʥʦʩʪʠ ʃ.ʉ. ɽʛʦʨʦʚʘ (1991) ʟʘʥʠʤʘʶʪ ʩʘʤʦʝ ʚʝʨʭʥʝʝ ʧʦʣʦʞʝʥʠʝ. 

ʀʤʝʶʪʩʷ ʪʘʢʞʝ ʧʨʠʤʝʨʳ ʧʨʠʩʫʪʩʪʚʠʷ ʩʠʜʝʨʠʪʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʚ ʩʠʜʝʨʠʪ-ʢʨʠʦʣʠʪʦʚʦʡ ʧʦʨʦʜʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʀʚʠʛʪʫʪ (ɻʨʝʥʣʘʥʜʠʷ), 

ʩʦʜʝʨʞʘʱʝʡ ʜʦ 10-20% ʩʠʜʝʨʠʪʘ. ʊʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʡ ʧʦʨʦʜʳ ʩʦʩʪʘʚʣʷʶʪ 

510-590Áʉ, ʘ ʛʝʥʝʟʠʩ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʩ 

ʘʢʢʫʤʫʣʷʮʠʝʡ ʦʩʪʘʪʦʯʥʳʭ ʬʣʶʠʜʦʚ ʠ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ 

ʢʫʧʦʣʦʦʙʨʘʟʥʦʛʦ ʰʪʦʢʘ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ʀʚʠʛʪʫʪ (ʇʨʦʢʦʬʴʝʚ ʠ ʜʨ., 1990, Pauly, 

Bailey, 1999), ʜʨʫʛʠʝ ʘʚʪʦʨʳ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʝʛʦ ʩʚʷʟʳʚʘʶʪ ʩ ʢʦʨʦʚʦʡ ʢʦʥʪʘʤʠʥʘʮʠʝʡ 

ʤʘʥʪʠʡʥʦʛʦ ʨʘʩʧʣʘʚʘ (Goodenough et al., 2000). 

ʉʠʜʝʨʠʪ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʨʠʦʣʠʪʦʤ ʠ ʥʝʢʦʪʦʨʳʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʥʘ ʩʪʘʜʠʷʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʘʣʴʙʠʪʠʟʘʮʠʠ ʠ 

ʦʢʚʘʨʮʝʚʘʥʠʷ ʥʘ ʨʝʜʢʦʟʝʤʝʪʘʣʴʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʋʣʫʛ-ʊʘʥʟʝʢ (ɻʨʝʯʠʱʝʚ ʠ ʜʨ., 

2010). 

ʂʘʨʙʦʥʘʪʠʪ r ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʷʚʣʷʪʁʩʷ ʫʥʠʢʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʩ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʨʫʜʦʥʦʩʥʳʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʡ ʉʠʙʠʨʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʛʝʥʝʟʠʩʘ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʀʭ ʫʥʠʢʘʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʨʫʜʝʥʝʥʠʝ ʥʦʩʠʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʢʨʦʤʝ ʩʠʜʝʨʠʪʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʥʦʡ ʨʫʜʦʡ, 

ʟʜʝʩ ɹʩʦʩʨʝʜʦʪʦʯʝʥʳ ʢʨʫʧʥʳʝ ʟʘʧʘʩʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʙʘʨʠʪʘ ʠ ʬʣʶʦʨʠʪʘ. 

ʈʘʡʦʥ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʷʚʣʷʝʪʩʷ ʟʘʧʘʜʥʳʤ ʬʣʘʥʛʦʤ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʦʪʤʝʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʦʣʦʜʳʝ ʢʘʨʙʦʥʘʪʠʪ rʚ 

ʉʠʙʠʨʠ. ʂʘʨʙʦʥʘʪʠʪʳ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ, 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ: ʨʘʥʥʠʤʠ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʤʠ ʠ ʙʦʣʝʝ 

ʧʦʟʜʥʠʤʠ ʩʠʜʝʨʠʪʦʚʳʤʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʩ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ 

ʦʨʫʜʝʥʝʥʠʝʤ. ɺʦʧʨʦʩʳ ʠʭ ʛʝʥʝʟʠʩʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ ʩ 

ʘʩʩʦʮʠʠʨʫʶʱʠʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ. ɼ.ʆ. ʆʥʪʦʝʚ 

(1984) ʩʯʠʪʘʣ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʊʫʚʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʥʦ 

ʧʦʟʜʥʝʝ ʠʭ ʦʪʥʦʩʠʣʠ ʢ ʢʘʨʙʦʥʘʪʠʪʘʤ (ɹʦʣʦʥʠʥ, 2002, 2009, ʌʨʦʣʦʚ ʠ ʜʨ., 2003, 

ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005, 2006). 
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ʏʪʦʙʳ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʛʝʥʝʟʠʩʘ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʙʳʣʘ ʦʙʦʙʱʝʥʘ 

ʠʤʝʶʱʘʷʩʷ ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

1) ʝʩʪʴ ʣʠ ʚ ʧʨʠʨʦʜʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʠʜʝʨʠʪ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ;  

2) ʢʘʢʦʚʳ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʩʠʜʝʨʠʪʦʚʳʤʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ; 

3) ʤʦʛʣʠ ʣʠ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʦʙʨʘʟʦʚʘʪʴʩʷ ʠʟ ʨʘʩʧʣʘʚʘ, ʠ ʠʟ ʨʘʩʧʣʘʚʘ 

ʢʘʢʦʛʦ ʩʦʩʪʘʚʘ ʦʥʠ ʤʦʛʣʠ ʙʳ ʦʙʨʘʟʦʚʘʪʴʩʷ. 

ɼʦʩʪʦʚʝʨʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʩʠʜʝʨʠʪ ʦʪʤʝʯʘʣʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʩʦʩʪʘʚʝ 

ʦʣʠʚʠʥʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʚ ʧʦʟʜʥʝʡ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ Px + Pl + ʩʠʜʝʨʠʪ + 

ʠʣʴʤʝʥʠʪ + FeO-ʦʙʦʛʘʱʝʥʥʦʝ ʩʪʝʢʣʦ (Xue, Zhu, 2007), ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʠʜʝʨʠʪ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʘʛʤʳ 

ʚʚʝʨʭ, ʧʨʠʯʝʤ ʝʛʦ ʩʦʩʪʘʚ ʤʝʥʷʣʩʷ ʦʪ ʜʦʣʦʤʠʪ-ʩʠʜʝʨʠʪʘ ʜʦ ʩʠʜʝʨʠʪʘ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ CaO ʚ ʤʘʛʤʝ ʟʘ ʩʯʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʣʘʛʠʦʢʣʘʟʘ. ʉʠʜʝʨʠʪ ʪʘʢʞʝ ʦʧʠʩʘʥ ʚ 

ʩʦʩʪʘʚʝ ʱʝʣʦʯʥʳʭ ʤʠʢʨʦʩʠʝʥʠʪʦʚ ʚ ʘʩʩʦʮʠʘʮʠʠ: ʱʝʣ. ʇʐ + CPx + ʱʝʣ. Amf + ʩʠʜʝʨʠʪ 

(Andersen et al., 2012). ʉʠʜʝʨʠʪ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʪʤʝʯʘʣʩʷ ʠ ʚ 

ʢʘʨʙʦʥʘʪʠʪʘʭ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʟʘʤʝʱʘʶʱʠʭʩʷ ʘʥʢʝʨʠʪʦʤ ʠ ʢʘʣʴʮʠʪʦʤ ʠʣʠ 

ʤʘʛʥʝʟʠʪʦʤ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʤʘʩʩʠʚʦʚ ʂʘʥʘʜʳ ʠ ʀʥʜʠʠ (Buckley, Wooley, 1990), ʥʦ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʥʝʚʝʣʠʢʦ. 

ʂʘʨʙʦʥʘʪʳ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʦʩʪʘʚʝ 

ʣʘʤʧʨʦʬʠʨʦʚʳʭ ʜʘʝʢ ɹʦʛʝʤʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚ ʏʝʭʠʠ (Ulrich et al., 1993), Fe-ʜʦʣʦʤʠʪ ʠ 

ʩʠʜʝʨʠʪ ʚ ʣʘʤʧʨʦʬʠʨʘʭ ʥʝʩʢʦʣʴʢʠʭ ʨʘʡʦʥʦʚ ʀʪʘʣʠʠ (Vichi et al., 2005). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚ ʧʨʠʥʮʠʧʝ ʩʠʜʝʨʠʪ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʩʦʩʪʘʚʝ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

Cʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʦʪʤʝʯʘʣʠʩʴ ʚ ʩʦʩʪʘʚʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʢ Na-ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ (ʍʠʙʠʥʳ, ʋʨʘʣ, ʉʠʙʠʨʴ, ʗʢʫʪʠʷ, 

ʖɸʈ, ɹʨʘʟʠʣʠʷ) ʠ Na-K (ɿʘʙʘʡʢʘʣʴʝ) ʩʦʩʪʘʚʘ, ʪʘʢ ʠ ʚ ʩʚʷʟʠ ʩ ʂ-ʱʝʣʦʯʥʳʤʠ ʠ ʠʥʦʛʜʘ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ (ɸʣʜʘʥʩʢʠʡ ʱʠʪ, ʂʠʪʘʡ ʠ ʄʦʥʛʦʣʠʷ, ʄʦʨʦʢʢʦ, ʅʦʚʘʷ 

ɿʝʣʘʥʜʠʷ, ɻʨʝʥʣʘʥʜʠʷ), ʣʘʤʧʨʦʬʠʨʘʤʠ, ʩʠʝʥʠʪʘʤʠ ʠ ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ (ʂʘʨʘʩʫʛ). 

ʀʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʦʣʠʛʦʮʝʥ-ʤʠʦʮʝʥʦʚʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʅʦʚʦʡ 

ɿʝʣʘʥʜʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʠʪʦʡ ʜʘʝʢ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʣʘʤʧʨʦʬʠʨʦʚ, ʪʠʥʛʫʘʠʪʘʤʠ, 

ʪʨʘʭʠʪʘʤʠ ʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ (Cooper, Paterson, 2008).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ 

ʩʠʩʪʝʤʘʭ ʩʠʣʠʢʘʪ-ʢʘʨʙʦʥʘʪ (Harlow, 1997; Lee, Wyllie, 1998; Matveev et al., 1998) 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʩʤʝʰʠʚʘʶʱʘʷʩʷ ʢʘʨʙʦʥʘʪʥʘʷ ʞʠʜʢʦʩʪʴ 
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ʤʦʞʝʪ ʦʪʜʝʣʷʪʩɹʷ ʦʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʦʭʣʘʞʜʘʪʩɹʷ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʩʠʣʠʢʘʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʪɹ ʢʘʣʴʮʠʪʦʚʳʝ ʠʣʠ ʜʦʣʦʤʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, ʥʦ 

ʧʦʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʜʝʨʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʢʘʢ ʪʘʢʦʚʦʛʦ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʥʝ ʦʪʤʝʯʘʣʦʩʴ. 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʪʦʛʜʘ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʣʠ ʩʠʜʝʨʠʪ ʢʘʨʙʦʥʘʪʠʪʦʚ? 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʦʧʨʦʩ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʜʦ 

ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, ʧʝʨʝʜ ʥʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʠ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʢʘʢʦʚʘ ʙʳʣʘ ʩʨʝʜʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ: ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʨʘʩʧʣʘʚ ʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ 

ʨʘʩʪʚʦʨ. 

 

1.3. ʈʫʜʦʥʦʩʥʦʩʪʴ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɺʥʠʤʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ 

ʧʨʠʢʦʚʘʥʦ ʢ ʥʘʭʦʜʢʘʤ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʮʝʥʢʝ ʩʦʜʝʨʞʘʥʠʡ ʧʦʣʝʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʠʭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʘʨʙʦʥʘʪʠʪʳ ʥʝʩʫʪ ʢʦʤʧʣʝʢʩ ʧʦʣʝʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ Fe, F, Ba, Sr, Zr, Nb, Th, U, REE, Cu, ʬʣʦʛʦʧʠʪ, ʚʝʨʤʠʢʫʣʠʪ, 

ʬʣʶʦʨʠʪ, ʘʧʘʪʠʪ, ʮʝʤʝʥʪʥʦʝ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʦʝ ʩʳʨʴʝ ʠ ʪ.ʜ.  

ʍʘʨʘʢʪʝʨʠʟʫʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʪ ʥʘʟʚʘʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʛʣʘʩʥʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʨʫʜʥʦʤʫ ʤʠʥʝʨʘʣʫ:  

1) ʤʘʛʥʝʪʠʪʦʚʳʝ (ʤʘʛʥʝʪʠʪ-ʦʣʠʚʠʥ-ʘʧʘʪʠʪ), ʚ ʢʦʪʦʨʳʭ Fe>P>Nb 

2) ʬʣʦʛʦʧʠʪʦʚʳʝ (ʬʣʦʛʦʧʠʪ-ʘʧʘʪʠʪ-ʧʠʨʦʭʣʦʨ) Nb>P>Fe 

3) ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ (Nb, Ta, Ce, Sc, Y, La)  

4) ʬʣʶʦʨʠʪ-ʙʘʩʪʥʝʟʠʪʦʚʳʝ (F, Ce) 

5) ʢʨʠʦʣʠʪ-ʩʠʜʝʨʠʪʦʚʳʝ (F, Fe) 

ʂʨʫʧʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ ʷʚʣʷʶʪʩʷ ʂʦʚʜʦʨ ʥʘ ʂʦʣʴʩʢʦʤ ʧ-

ʚʝ; ʇʘʣʘʙʦʨʘ ʚ ʖɸʈ, ʧʦʧʫʪʥʦ ʥʘ ʂʦʚʜʦʨʝ ʜʦʙʳʚʘʶʪ ʩʣʶʜʫ ʬʣʦʛʦʧʠʪ ʠ ʚʝʨʤʠʢʫʣʠʪ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʩʣʶʜʳ ʪʘʢʞʝ ʥʘʡʜʝʥʳ ʚ ɻʫʣʠʥʩʢʦʤ ʤʘʩʩʠʚʝ (ʇʦʣʷʨʥʘʷ 

ʉʠʙʠʨʴ),  ʬʦʩʬʦʨʘ, ʮʠʨʢʦʥʠʷ ʠ ʤʝʜʠ - ʇʘʣʘʙʦʨʘ ʚ ʖɸʈ, ʬʦʩʬʦʨʘ - ʉʫʢʫʣʫ ʚ ʋʛʘʥʜʝ. 

ɹʦʛʘʪʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʘʥʪʘʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ɿʘʤʙʠʠ (ʅʢʦʤʙʚʘ), ʬʣʶʦʨʠʪʘ - ʊʘʛʥʘ 

(ʈʦʩʩʠʷ), ʆʢʦʨʫʩʫ (ʅʘʤʠʙʠʷ), ʮʝʤʝʥʪʥʦʛʦ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʦʛʦ ʩʳʨʴʷ - ʊʦʨʦʨʦ ʠ ʉʫʢʫʣʫ 

(ʋʛʘʥʜʘ). ɺʦʟʤʦʞʥʦ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʘʨʠʪʘ ʠ ʩʪʨʦʥʮʠʘʥʠʪʘ. 

ɺ ʛʠʧʝʨʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʢʘʨʙʦʥʘʪʠʪʘʤ, ʩʦʜʝʨʞʘʥʠʝ 

ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʪʦʨʦʡ (ʘʧʘʪʠʪʘ, ʧʠʨʦʭʣʦʨʘ, ʙʘʩʪʥʝʟʠʪʘ ʠ ʜʨ.) ʧʦʚʳʰʘʝʪʩʷ ʚ 

3-5 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ.  

ʆʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʢ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʭ 

ʨʦʣʴ ʚ ʜʦʙʳʯʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) ʠ ʥʠʦʙʠʷ ʠʟ ʨʫʜ ʠ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ 

http://wiki.web.ru/wiki/%D0%A4%D0%BB%D0%BE%D0%B3%D0%BE%D0%BF%D0%B8%D1%82
http://wiki.web.ru/wiki/%D0%92%D0%B5%D1%80%D0%BC%D0%B8%D0%BA%D1%83%D0%BB%D0%B8%D1%82
http://wiki.web.ru/wiki/%D0%A4%D0%BB%D1%8E%D0%BE%D1%80%D0%B8%D1%82
http://wiki.web.ru/wiki/%D0%91%D0%B0%D1%80%D0%B8%D1%82
http://wiki.web.ru/wiki/%D0%A1%D1%82%D1%80%D0%BE%D0%BD%D1%86%D0%B8%D0%B0%D0%BD%D0%B8%D1%82
http://wiki.web.ru/wiki/%D0%9A%D0%BE%D1%80%D0%B0_%D0%B2%D1%8B%D0%B2%D0%B5%D1%82%D1%80%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
http://wiki.web.ru/wiki/%D0%90%D0%BF%D0%B0%D1%82%D0%B8%D1%82
http://wiki.web.ru/wiki/%D0%9F%D0%B8%D1%80%D0%BE%D1%85%D0%BB%D0%BE%D1%80
http://wiki.web.ru/wiki/%D0%91%D0%B0%D1%81%D1%82%D0%BD%D0%B5%D0%B7%D0%B8%D1%82
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ʩʪʘʣʘ ʚʝʜʫʱʝʡ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ. ʂʨʫʧʥʳʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʧʦ 

ʟʘʧʘʩʘʤ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʚ ʤʠʨʝ ʷʚʣʷʶʪʩʷ ʄʘʫʥʪʠʥ-ʇʘʩʩ (Mountain Pass) ʠ ɸʡʨʦʥ ʍʠʣʣ 

(Iron Hill) ʚ ʉʐɸ, ɹʘʷʥ-ʆʙʦ (Bayan-Obo) ʚ ʂʠʪʘʝ, ʆʢʦʨʫʩʫ (Okorusu) ʚ ʅʘʤʠʙʠʠ, ɸʤʙʘ 

ɼʦʥʞʝʨ (Amba Dongar) ʚ ʀʥʜʠʠ, Barra do Itapirapu« ʚ ɹʨʘʟʠʣʠʠ. ʂʨʫʧʥʳʝ ʟʘʧʘʩʳ 

ʥʠʦʙʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ɹʨʘʟʠʣʠʠ ï ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ɸʨʘʰʘ, ɿʘʠʨʝ ï ʃʫʵʰ, 

ʂʘʥʘʜʝ ï ʆʢʘ. 

ɸʢʪʠʚʥʳʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʨʝʜʢʠʝ ʟʝʤʣʠ ʚʝʜʫʪ ʘʚʩʪʨʘʣʠʡʩʢʠʝ ʠ 

ʢʘʥʘʜʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʢʘʢ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʪʘʢ ʠ ʚ ɸʬʨʠʢʝ: ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʝʢʪʘ ʄʘʫʥʪ-ʋʵʣʜ (Mount Weld), ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʅʦʣʘʥʩ-ɹʦʨ (Nolans 

Bore), ʧʨʦʝʢʪ ʗʥʜʞʠʙʘʥʘ (Yangibana) ʚ ɸʚʩʪʨʘʣʠʠ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɿʘʥʜʢʦʧʩʜʨʠʬʪ 

(Zandkopsdrift) ʚ ʖɸʈ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʄʨʠʤʘ-ʍʠʣʣ (Mrima Hill) ʚ ʂʝʥʠʠ, 

ʃʦʬʜʘʣʴʩʢʠʡ (Lofdal) ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʚ ʅʘʤʠʙʠʠ (http://www.usgs.gov). 

ʆʜʥʘʢʦ ʙʝʩʩʧʦʨʥʳʤ ʣʠʜʝʨʦʤ ʧʦ ʜʦʙʳʯʝ ʠ ʵʢʩʧʦʨʪʫ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʥʘ ʤʠʨʦʚʦʡ ʨʳʥʦʢ 

ʷʚʣʷʝʪʩʷ ʂʠʪʘʡ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʦʥʦʧʦʣʠʩʪʦʤ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʢʦʣʦ 97% ʧʦʩʪʘʚʦʢ 

ʧʨʠ ʦʮʝʥʝʥʥʳʭ ʟʘʧʘʩʘʭ ʈɿʕ ʚ 36 ʤʣʥ. ʪ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʧʦ ʟʘʧʘʩʘʤ ʈɿʕ ʚʪʦʨʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʶʪ ʩʪʨʘʥʳ ʉʅɻ ï 19 ʤʣʥ. ʪ, ʥʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʉʐɸ ï 13 ʤʣʥ. ʪ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʠʰʴ ʦʢʦʣʦ 2 ʪʳʩʷʯ ʠʟ 140 ʪʳʩʷʯ ʪ, ʜʦʙʳʚʘʝʤʳʭ ʚ ʤʠʨʝ 

(ʜʘʥʥʳʝ 2010 ʛ., USGS, http://www.usgs.gov). 

ɺ ʈʦʩʩʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤʠ ʨʝʩʫʨʩʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʘ 

ʈɿʕ ʷʚʣʷʶʪʩʷ ʘʧʘʪʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʠʙʠʥʩʢʦʡ ʛʨʫʧʧʳ (ʂʦʣʴʩʢʠʡ ʧ-ʦʚ), 

ʧʝʛʤʘʪʠʪʳ ʃʦʚʦʟʝʨʩʢʦʛʦ (ʃʦʧʘʨʠʪ) ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʝ Fe-F-REE ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʊʦʤʪʦʨ ʥʘ ʩʝʚʝʨʝ ʗʢʫʪʠʠ, ʄʦʥʘʮʠʪ 

(ʂʨʘʩʥʦʫʬʠʤʩʢ), ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʏʫʢʪʫʢʦʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

(ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ) ʠ ʪʘʢʦʡ ʠʩʪʦʯʥʠʢ ʢʘʢ ʫʪʠʣʠʟʘʮʠʷ ʬʦʩʬʦʛʠʧʩʘ. ʂʘʨʙʦʥʘʪʠʪʦʚʳʝ 

Fe-F-(Ba)-(Sr)-REE ʦʙʲʝʢʪʳ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʦʜʠʥ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʦʙʳʯʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʳʨʴʷ ʚ ʈʦʩʩʠʠ (ɹʦʣʦʥʠʥ, 2007). 

ʋʥʠʢʘʣʴʥʳʝ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʫʚʳ, ʩ ʟʘʧʘʩʘʤʠ 110 ʠ 376 ʤʣʥ. ʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʚʝʜʘʥʥʦʛʦ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʞʝʣʝʟʘ, 7.5 ʠ 46 ʤʣʥ. ʪ SrO, 35 ʠ 125 

ʤʣʥ. ʪ ʬʣʶʦʨʠʪʘ, 62 ʠ 187 ʤʣʥ. ʪ ʙʘʨʠʪʘ ʠ ʙʦʣʝʝ 10 ʤʣʥ. ʪ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠ ̫(ʅ.ʀ.ʃʝʙʝʜʝʚ, 2013). 

http://www.usgs.gov/
http://www.usgs.gov/
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ɻʃɸɺɸ 2. ɻɽʆʃʆɻʀʏɽʉʂʆɽ ʉʊʈʆɽʅʀɽ, ʄʀʅɽʈɸʃʔʅʓʁ ʉʆʉʊɸɺ 

ʀ ɺʆɿʈɸʉʊ ʂɸʈɹʆʅɸʊʀʊʆɺ ʎɽʅʊʈɸʃʔʅʆʁ ʊʋɺʓ 
 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ʊʫʚʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠʟʫʯʘʣʠʩʴ ɸ.ʉ. ʄʠʪʨʦʧʦʣʴʩʢʠʤ, ɼ.ʆ. ʆʥʪʦʝʚʳʤ, ɸ.ʇ. ʍʦʤʷʢʦʚʳʤ, 

ɽ.ʀ. ʉʝʤʝʥʦʚʳʤ, ɺ.ɺ. ʐʫʨʫʧʦʚʳʤ, ʇ.ɺ. ʂʦʨʦʩʪʠʥʳʤ, ɼ.ɺ. ɺʦʟʥʝʩʝʥʩʢʠʤ, ɸ.ɸ. 

ɼʦʜʠʥʳʤ, ɸ.ʌ. ɻʦʣʦʚʘʯʝʚʳʤ, ʉ.ɺ. ʄʝʣʴʛʫʥʦʚʳʤ, ʅ.ɸ. ʂʫʣʠʢ, ʄ.ʅ. ʂʘʥʜʠʥʦʚʳʤ, ɸ.ɺ. 

ʅʠʢʠʬʦʨʦʚʳʤ, ɸ.ɺ. ɹʦʣʦʥʠʥʳʤ, ɸ.ʄ. ʉʫʛʦʨʘʢʦʚʦʡ, ɺ.ɸ. ʇʦʧʦʚʳʤ, ʅ.ʉ. 

ɸʥʘʩʪʘʩʠʝʚʳʤ, ɼ.ɸ. ʃʳʭʠʥʳʤ ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (ʂʦʨʦʩʪʠʥ, 1957, ʆʥʪʦʝʚ, 

1963, 1966, 1984, 1988, ɹʦʣʦʥʠʥ ʠ ʜʨ., 1984, 1987, 1999, 2002, 2004, ʂʫʣʠʢ, ʄʝʣʴʛʫʥʦʚ, 

1992, 1995, ʄʠʪʨʦʧʦʣʴʩʢʠʡ, 1959, 1962, ʍʦʤʷʢʦʚ, 1964, ʍʦʤʷʢʦʚ, ʉʝʤʝʥʦʚ, 1971, 

ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005 ʠ ʜʨ.). ʀʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʫʜʥʳʭ ʧʦʣʝʡ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ 

ɺʉɽɻɽʀ, ɻʦʨʥʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ʚ 1946-1959 ʛʛ., ɹʝʨʝʟʦʚʩʢʠʤ ʇɻʆ ʚ 1980-1989 ʛʛ. ʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʧʦ ʛʝʦʣʦʛʠʠ 

ʨʘʡʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʝ, ʧʦʢʘʟʘʥʦ 

ʩʪʨʦʝʥʠʝ ʨʫʜʥʳʭ ʧʦʣʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʠ ʨʫʜ, ʚʦʟʨʘʩʪʥʳʝ 

ʜʘʪʠʨʦʚʢʠ ʧʦ ʢʘʨʙʦʥʘʪʠʪʘʤ ʊʫʚʳ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʤ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ. ɺ ʛʣʘʚʝ 

ʟʘʪʨʦʥʫʪʳ ʚʦʧʨʦʩʳ ʧʨʦʷʚʣʝʥʠʷ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʡ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʡ ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ ʠ ʦʙʦʙʱʝʥʳ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʧʦ ʤʝʟʦʟʦʡʩʢʦʤʫ ʤʘʛʤʘʪʠʟʤʫ ʠ ʩʚʷʟʘʥʥʦʤʫ ʩ ʥʠʤ ʦʨʫʜʝʥʝʥʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ (ɸʉʉʆ). ʈʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʪʦʯʥʠʣʠ ʚʦʟʨʘʩʪ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ (Ar-Ar ʜʘʥʥʳʝ), ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖɿ ʊʫʚʳ ʠ ʉɿ ʄʦʥʛʦʣʠʠ ʧʦʟʚʦʣʠʣʦ 

ʚʳʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʤʝʪʘʣʣʦʥʦʩʥʫʶ ʦʙʣʘʩʪʴ ʩ ʢʦʤʧʣʝʢʩʥʳʤ Cu-Co-As, Ni-Co-As ʠ 

Fe-Ba-Sr-REE ʦʨʫʜʝʥʝʥʠʝʤ (ʜʘʥʥʳʝ Ar-Ar ʜʘʪʠʨʦʚʘʥʠʷ, ʉʕʄ, ʤʠʢʨʦʟʦʥʜ, ICP-MS, 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ). 

 

2.1. ʄʝʟʦʟʦʡʩʢʠʡ ʤʘʛʤʘʪʠʟʤ ʠ ʦʨʫʜʝʥʝʥʠʝ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ 

ʂ ʢʦʥʮʫ ʩʠʣʫʨʘ - ʥʘʯʘʣʫ ʜʝʚʦʥʘ ɸʣʪʘʝ-ʉʘʷʥʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʦʙʣʘʩʪʴ, ʍʘʢʘʩʠʷ ʠ 

ʊʫʚʘ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʢʦʣʣʘʞ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʪʝʨʨʝʡʥʦʚ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʢʨʝʮʠʠ ɿʘʧʘʜʥʦ-ʉʘʷʥʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʩ ʊʫʚʠʥʩʢʠʤ ʠ 

ʄʦʥʛʦʣʴʩʢʠʤ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ, ʠ ʧʦʩʣʝʜʫʶɦ ʝʡ ʘʢʢʨʝʮʠʠ ʩ 

ʉʠʙʠʨʩʢʠʤ ʢʦʥʪʠʥʝʥʪʦʤ. ɺ ʨʘʥʥʝʤ ʜʝʚʦʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʢʦʣʣʠʟʠʥʥʦʛʦ 



25 

 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʠʥʛʘ ʟʜʝʩʴ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʛʨʘʙʝʥʳ, ʪʘʢʠʝ ʢʘʢ 

ʄʠʥʫʩʠʥʩʢʠʡ, ʊʫʚʠʥʩʢʠʡ, ɼʝʣʶʥʦ-ʖʩʪʳʜʩʢʠʡ ʠ ʜʨ., ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʣʠʩʴ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʘʨʝʘʣʳ ʙʘʟʠʪʦʚʦʛʦ, ʱʝʣʦʯʥʦ-

ʙʘʟʠʪʦʚʦʛʦ, ʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʘ ʪʘʢʞʝ ʙʠʤʦʜʘʣʴʥʦʛʦ ʙʘʟʘʣʴʪ-

ʪʨʘʭʠʪʦʚʦʛʦ-ʨʠʦʣʠʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʩʦʧʨʦʚʦʞʜʘʣʠ ʜʝʚʦʥʩʢʠʡ ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʵʪʘʧʳ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ: ʜʝʚʦʥʩʢʠʡ (405-350 ʤʣʥ. ʣʝʪ), P-T (250-

234 ʤʣʥ. ʣʝʪ), ʠ Mz (J-K). ʇʦʛʨʘʥʠʯʥʳʝ ʩʫʪʫʨʥʳʝ (ʰʦʚʥʳʝ) ʟʦʥʳ ʦʙʨʘʟʦʚʘʣʠ 

ʤʦʙʠʣʴʥʫʶ ʠ ʧʨʦʥʠʮʘʝʤʫʶ ʨʠʬʪʦʛʝʥʥʫʶ ʟʦʥʫ, ʩʢʚʦʟʴ ʢʦʪʦʨʫʶ ʥʠʟʢʦʚʷʟʢʠʝ ʱʝʣʦʯʥʦ-

ʙʘʟʠʪʦʚʳʝ ʨʘʩʧʣʘʚʳ ʧʦʩʪʫʧʘʣʠ ʚ ʧʦʨʦʜʳ ʢʦʨʳ ʚ ʚʠʜʝ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ (ʜʘʝʢ) ʠʣʠ 

ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʪʝʯʝʥʠʝ ʜʝʚʦʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʠ 

ʧʦʟʜʥʝʝ ʧʨʠ ʧʦʜʥʦʚʣʝʥʠʠ ʵʪʠʭ ʨʘʟʣʦʤʦʚ. 

ʇʨʦʷʚʣʝʥʥʳʡ ʚ ʪʝʯʝʥʠʝ ʜʝʚʦʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʤʝʣʢʦʚʦʜʥʳʭ 

ʰʝʣʴʬʦʚʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʠʥʪʨʫʟʠʚʥʳʡ ʛʘʙʙʨʦ-ʛʨʘʥʠʪʳʡ/ʩʠʝʥʠʪʦʚʳʡ ʤʘʛʤʘʪʠʟʤ ʠʣʠ 

ʙʘʟʘʣʴʪ-ʨʠʦʣʠʪʦʚʳʡ ʚʫʣʢʘʥʠʟʤ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʙʘʣʴʪʦʚʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʚ ʍʦʚʫʘʢʩʠʥʩʢʦʤ ʠ ɸʙʘʢʘʥʩʢʦʤ ʨʫʜʥʳʭ ʫʟʣʘʭ. ʂʨʫʧʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ Co-

Ni-As ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʍʦʚʫ-ɸʢʩʳ ʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʧʨʠʫʨʦʯʝʥʦ ʢ ʨʝʛʠʦʥʘʣʴʥʦʤʫ 

ʨʘʟʣʦʤʫ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʳ ʊʫʚʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ɸʙʘʢʘʥ, 

ɹʫʪʨʘʭʪʘ ʠ ʍʘʨʘʜʞʫʣʴ ʥʘʭʦʜʷʪʩʷ ʚ ɿʘʧʘʜʥʦʤ ʉʘʷʥʝ ʥʘ ʛʨʘʥʠʮʝ ʄʠʥʫʩʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ 

ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ. Ni-Co-As ʦʨʫʜʝʥʝʥʠʝ ɸʙʘʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʫʨʦʯʝʥʦ ʢ 

ʨʘʟʣʦʤʫ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʤʫ ʩʪʨʫʢʪʫʨʫ ʛʨʘʙʝʥʘ. 

ʄʝʟʦʟʦʡʩʢʠʡ ʵʪʘʧ ʚ ɸʟʠʠ, ʤʘʩʰʪʘʙʥʦ ʧʨʦʷʚʣʝʥʥʳʡ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦ-

ɸʟʠʘʪʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʘʨʝʘʣʦʚ, ʟʥʘʤʝʥʦʚʘʣʩʷ ʟʘʢʨʳʪʠʝʤ 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ (ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ) ʦʢʝʘʥʘ (ɿʦʥʝʥʰʘʡʥ ʠ ʜʨ., 1990; ɹʝʨʟʠʥ ʠ ʜʨ., 

1994; Kravchinsky et al., 2002). ʕʪʦʪ ʵʪʘʧ ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʄʦʥʛʦʣʠʠ, 

ɿʘʙʘʡʢʘʣʴʝ, ʚʜʦʣʴ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʩʫʪʫʨʳ, ʠ ʣʠʰʴ ʦʪʜʝʣʴʥʳʤʠ ʦʯʘʛʘʤʠ ʥʘ ʟʘʧʘʜʥʦʡ 

ʧʝʨʠʬʝʨʠʠ ʚ ʊʫʚʝ ʠ ʍʘʢʘʩʠʠ.  

ʈʘʥʥʝʤʝʟʦʟʦʡʩʢʠʡ ʛʨʘʥʠʪʦʠʜʥʳʡ ʠ ʙʠʤʦʜʘʣʴʥʳʡ ʤʘʛʤʘʪʠʟʤ ʧʨʦʷʚʣʝʥ ʚ ʘʨʝʘʣʘʭ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʶʛʫ ʠ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚ ɿʘʙʘʡʢʘʣʴʝ, ʚ ʩʝʚʝʨʥʦʡ 

ʄʦʥʛʦʣʠʠ ʠ ʩʝʚʝʨʥʦʤ ʂʠʪʘʝ ʚ ʦʙʩʪʘʥʦʚʢʝ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ Cu-Mo, Mo-W ʠ Be ʦʨʫʜʝʥʝʥʠʝʤ (ʕʨʜʝʥʝʪʫʠʥ-ʆʙʦ, ʆʨʦʪʩʢʦʝ, 

ɽʨʤʘʢʦʚʩʢʦʝ, ʃʘʦʜʞʠʘʛʦʫ, ɹʦʛʜʦ-ʋʫʣ ʠ ʜʨ. ʤʝʩʪʦʨʦʞʜʝʥʠʷ) (Donskaya et al., 2013; 

Romanovsky et al., 2009; Ouyang et al., 2013). ʈʘʥʥʝʤʝʟʦʟʦʡʩʢʠʡ ʤʘʛʤʘʪʠʟʤ ʩʚʷʟʳʚʘʶʪ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʩʫʙʜʫʢʮʠʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʧʦʜ ʉʠʙʠʨʩʢʠʡ 

ʢʦʥʪʠʥʝʥʪ. ʈʘʥʥʝʤʝʟʦʟʦʡʩʢʠʡ ʤʘʛʤʘʪʠʟʤ ʚ ʩʝʚʝʨʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ʄʦʥʛʦʣʠʠ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʩʝʨʠʡ ʧʝʩʪʨʦʛʦ ʩʦʩʪʘʚʘ 

(ʉʘʣʪʳʢʦʚʩʢʠʡ, ʆʨʦʣʤʘʘ, 1977).  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʘʜʥʦʡ ʊʫʚʳ ʠʟʚʝʩʪʥʦ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʝ Ni-Co-As ʦʨʫʜʝʥʝʥʠʝ 

(ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʩʭʘʪʠʠʥ-ʛʦʣ, ɹʘʡʪʘʡʛʘ). ɺ ʟʘʧʘʜʥʦʡ ʊʫʚʝ ʠ ɻʦʨʥʦʤ ɸʣʪʘʝ ʤʘʛʤʘʪʠʟʤ 

ʵʪʦʛʦ ʵʪʘʧʘ ʚʢʣʶʯʘʝʪ ʜʦʣʝʨʠʪʳ ʪʝʨʝʢʪʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʱʝʣʦʯʥʳʝ ʙʘʟʠʪʳ 

(ʣʘʤʧʨʦʬʠʨʳ ʠ ʩʠʝʥʠʪʳ) ʯʫʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʛʨʘʥʦʩʠʝʥʠʪʳ (ɹʦʨʠʩʝʥʢʦ 

ʠ ʜʨ., 2010, ʇʘʚʣʦʚʘ ʠ ʜʨ., 2008; ʊʨʝʪʴʷʢʦʚʘ ʠ ʜʨ., 2010).  

ʉʨʝʜʥʝ- ʠ ʧʦʟʜʥʝʶʨʩʢʠʡ ʤʘʛʤʘʪʠʟʤ (178-150 ʤʣʥ. ʣʝʪ) ʚ ʶʞʥʦʤ ɿʘʙʘʡʢʘʣʴʝ, ʚ 

ʩʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʠ ʂʠʪʘʝ ʧʨʝʜʩʪʘʚʣʝʥ ʱʝʣʦʯʥʳʤʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ ʛʨʘʥʠʪʘʤʠ, 

ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ ʠ ʙʠʤʦʜʘʣʴʥʳʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʩʝʨʠʷʤʠ. Mo-W ʠ Sn-W ʦʨʫʜʝʥʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʤʘʛʤʘʪʠʟʤʦʤ ʶʨʩʢʦʛʦ ʧʝʨʠʦʜʘ, ʠʟʚʝʩʪʥʦ ʚ ɿʘʙʘʡʢʘʣʴʝ, ʩʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ 

ʠ ʂʠʪʘʝ (ɼʞʠʜʘ, ʆʨʝʢʠʪʢʘʥ, ʐʘʭʪʘʤʘ, ʎʘʛʘʥ-ɼʘʙʘ, ʎʘʛʘʥ ʏʫʣʫʪ, ɺʫʥʫʛʝʪʫʰʘʥʴ). ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʢʦʣʣʠʟʠʠ ʥʘʣʦʞʝʥʥʳʝ ʚʧʘʜʠʥʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʜʦʣʴ ʐʘʧʰʘʣʴʩʢʦʡ 

ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ ʠ ʚ ʟʘʧʘʜʥʦʡ ʊʫʚʝ, ʘ ʪʘʢʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ.  

ɺ ʠʟʫʯʘʝʤʦʤ ʨʝʛʠʦʥʝ ʩʦ ʩʨʝʜʥʝʡ ʶʨʳ ʦʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʄʠʥʫʩʠʥʩʢʘʷ, ʊʫʚʠʥʩʢʘʷ ʚʧʘʜʠʥʳ ʠ ʂʫʟʥʝʮʢʠʡ ʧʨʦʛʠʙ ʚ 

ʵʪʦ ʚʨʝʤʷ ʚʳʧʦʣʥʷʣʠʩʴ ʫʛʣʝʥʦʩʥʳʤʠ ʪʦʣʱʘʤʠ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʂ ʢʦʥʮʫ ʶʨʩʢʦʛʦ 

ʧʝʨʠʦʜʘ ʊʫʚʘ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʯʘʩʪʠ ʉɿ ʄʦʥʛʦʣʠʠ ʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʷʚʣʷʶʪʩʷ 

ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʧʦʷʩʘ, ʥʘ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʢʦʪʦʨʦʛʦ 

ʬʦʨʤʠʨʫʶʪʩʷ ʨʠʬʪʦʛʝʥʥʳʝ ʚʧʘʜʠʥʳ, ʟʘʧʦʣʥʝʥʥʳʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʦʙʣʦʤʦʯʥʳʤʠ, ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʫʛʣʝʥʦʩʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʨʭʥʝʡ ʶʨʳ (ʂʘʨʛʠʥʩʢʠʡ ʛʨʘʙʝʥ) ʠ ʥʠʞʥʝʛʦ 

ʤʝʣʘ. ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʢʦʨʳ ʚ ʊʫʚʠʥʩʢʦʤ ʩʝʢʪʦʨʝ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ 

ʧʦʷʩʘ ʚ ʥʘʯʘʣʝ ʧʦʟʜʥʝʡ ʶʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʚʥʫʪʨʠʧʣʠʪʥʳʤʠ ʩʜʚʠʛʦʚʳʤʠ ʩʤʝʱʝʥʠʷʤʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʟʘʢʨʳʪʠʷ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʦʢʝʘʥʘ (ʄʝʪʝʣʢʠʥ ʠ ʜʨ., 

2009).  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʶʨʩʢʦ-ʤʝʣʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠ ʥʦʩʠʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʡ (ʤʝʣʦʚʦʡ) ʵʪʘʧ ʚ ɸʟʠʠ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʡ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʡ ʧʦʷʩ ʚ ɿʘʙʘʡʢʘʣʴʝ, 

ʟʘʧʘʜʥʳʡ ʬʣʘʥʛ ʢʦʪʦʨʦʛʦ ʩʣʦʞʝʥ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʤʦʥʮʦʥʠʪ-ʩʠʝʥʠʪʦʚʦʡ 

ʩʝʨʠʠ. ʄʝʣʦʚʦʡ ʤʘʛʤʘʪʠʟʤ ʏʘʨʘ-ɸʣʜʘʥʩʢʦʛʦ ʙʣʦʢʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʨʦʜʘʤʠ 

ʤʦʥʮʦʥʠʪ-ʩʠʝʥʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʇʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʡ ʤʝʣʦʚʦʡ ʤʘʛʤʘʪʠʟʤ ʚ ʩʝʚʝʨʥʦʡ 

ʠ ʎʝʥʪʨʘʣʴʥʦʡ ʄʦʥʛʦʣʠʠ ʠ ʚ ɿʘʙʘʡʢʘʣʴʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʦʙʰʠʨʥʳʤʠ ʘʨʝʘʣʘʤʠ 

ʙʘʟʘʣʴʪ-ʨʠʦʣʠʪʦʚʦʛʦ ʠ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚʦʛʦ ʠ ʪʨʘʭʠʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, 

ʷʚʥʦ ʦʪʣʠʯʘʣʩʷ ʧʦ ʩʦʩʪʘʚʫ ʦʪ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʠ ʙʳʣ ʩʚʷʟʘʥ ʩ ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʳʤʠ 

ʨʘʩʧʣʘʚʘʤʠ (ʉʘʣʪʳʢʦʚʩʢʠʡ, ʆʨʦʣʤʘʘ, 1977). ʉ ʩʫʙʱʝʣʦʯʥʳʤ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʤ ʠ 
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ʂ-ʱʝʣʦʯʥʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʩʝʚʝʨʥʦʤ ʂʠʪʘʝ ʩʚʷʟʳʚʘʶʪ Cu-Au 

ʦʨʫʜʝʥʝʥʠʝ. ɸʨʝʘʣʳ ʤʝʣʦʚʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʩ Fe-F-Ba-Sr-REE ʦʨʫʜʝʥʝʥʠʝʤ 

ʠʟʚʝʩʪʥʳ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚ ɿʘʙʘʡʢʘʣʴʝ ʚʜʦʣʴ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʩʫʪʫʨʳ (170-130 

ʤʣʥ. ʣʝʪ, ʂʦʥʝʚ ʠ ʜʨ., 1975, 1982), ʥʘ ɸʣʜʘʥʝ (ʄʫʨʫʥʩʢʠʡ ʤʘʩʩʠʚ 140 ʤʣʥ. ʣʝʪ) (ʂʦʥʝʚ ʠ 

ʜʨ., 1996), ʚ ʄʦʥʛʦʣʠʠ (135-149 ʤʣʥ. ʣʝʪ, ʉʘʤʦʡʣʦʚ, ʂʦʚʘʣʝʥʢʦ, 1983), ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ʊʫʚʝ (ʂʘʨʘʩʫʛ) (120 ʤʣʥ. ʣʝʪ, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2006). ʂʨʦʤʝ ʪʦʛʦ, ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʳʡ 

ʤʘʛʤʘʪʠʟʤ ʶʨʩʢʦ-ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʫʩʪʘʥʦʚʣʝʥ ʚ ʂʠʪʘʝ: ʦʢʦʣʦ 160 ʤʣʥ. ʣʝʪ (Li et al., 

2004) ʠ 121-114 ʤʣʥ. ʣʝʪ (Mao et al., 2008). ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʁʨʩʢʦ-ʤʝʣʦʚʦʛʦ 

ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʣʦʜʳʭ ʪʨʫʙʦʢ ʚʟʨʳʚʘ ʥʘ 

ʜʘʣʴʥʝʡ ʧʝʨʠʬʝʨʠʠ ʚ ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʦʤ ʧʨʦʛʠʙʝ (78 ʤʣʥ. ʣʝʪ ʠ ʤʦʣʦʞʝ) (Izokh et al., 

2007).  

ʄʝʣʦʚʦʡ ʤʘʛʤʘʪʠʟʤ ʩʝʚʝʨʥʦʛʦ ʂʠʪʘʷ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʧʦ ʤʥʝʥʠʶ (ʍʘʥʯʫʢ, 

2000; Ouyang et al., 2013) ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʘ ʩʫʙʜʫʢʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʝ ʠ ʍʘʢʘʩʠʠ ʤʝʣʦʚʦʡ ʵʪʘʧ ʟʥʘʤʝʥʦʚʘʣʩʷ ʣʠʰʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ 

ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʧʦʜʥʦʚʣʝʥʠʝʤ ʜʝʚʦʥʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʧʦʷʚʣʝʥʠʝʤ ʨʠʬʪʦʛʝʥʥʳʭ 

ʚʧʘʜʠʥ, ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʤʘʛʤʘʪʠʟʤʦʤ - ʚʥʝʜʨʝʥʠʝʤ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʙʘʟʘʣʴʪʦʠʜʥʦʛʦ, 

ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʦʛʦ ʠ ʩʠʝʥʠʪ-ʛʨʘʥʦʩʠʝʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʪʠʤ 

ʤʘʛʤʘʪʠʟʤʦʤ ʦʨʫʜʝʥʝʥʠʷ. 

 

2.2. ʇʦʟʜʥʝʤʝʟʦʟʦʡʩʢʘʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʘʷ ʢʘʨʙʦʥʘʪʠʪʦʚʘʷ ʧʨʦʚʠʥʮʠʷ 

ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʠʡ ʨʝʛʠʦʥ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʡ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʡ ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ 

(ʌʨʦʣʦʚ ʠ ʜʨ., 2003, ʅʠʢʠʬʦʨʦʚ, ʗʨʤʦʣʶʢ, 2004, ʗʨʤʦʣʶʢ ʠ ʜʨ., 2004, ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 

2006, ʃʝʙʝʜʝʚ ʠ ʜʨ., 2007, ʅʠʢʠʬʦʨʦʚ, 2011 ʠ ʜʨ.) (ʨʠʩʫʥʦʢ 1).  

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʘʷ ʧʨʦʚʠʥʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʢʪʠʚʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ 

ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪ-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ: ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʛʦ, 

ɿʘʧʘʜʥʦ-ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ, ʖʞʥʦ-ʍʘʥʛʘʡʩʢʦʛʦ, ɺʦʩʪʦʯʥʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ. ʇʨʠʤʝʨʘʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʦʚʠʥʮʠʠ ʷʚʣʷʶʪʩʷ: ʄʘʣʦʤʫʨʫʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʥʘ ɸʣʜʘʥʝ, ʍʘʣʶʪʠʥʩʢʠʡ, 

ʆʰʫʨʢʦʚʩʢʠʡ, ʊʦʨʝʡʩʢʠʡ, ʖʞʥʳʡ ʠ ʆʰʘʥʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʛʦ 

ɿʘʙʘʡʢʘʣʴʷ, ʄʫʰʫʛʘʡʩʢʠʡ, ʍʦʪʦʛʦʨʩʢʠʡ, ʋʣʫʛʝʡʩʢʠʡ ʠ ʜʨ. ʢʦʤʧʣʝʢʩʳ ʚ ʖʞʥʦʡ 

ʄʦʥʛʦʣʠʠ, ʂʘʨʘʩʫʛʩʢʠʡ, ʋʣʘʪʘʡ-ʏʝʟʩʢʠʡ ʠ ʏʘʘ-ʍʦʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩʳ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ʊʫʚʝ. 
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ʇʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʝ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ï ʚ ʧʝʨʠʦʜ 120-150 ʤʣʥ. ʣʝʪ: ʜʘʪʠʨʦʚʢʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʩʦʩʪʘʚʣʷʶʪ 119-127 ʤʣʥ. ʣʝʪ (Rb-Sr, K-Ar, 

ɹʫʣʥʘʝʚ, 2002, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2000, ʈʠʧʧ ʠ ʜʨ., 2000), ʚʦʟʨʘʩʪ ʄʘʣʦʤʫʨʫʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʥʘ ɸʣʜʘʥʝ ï 127-145 ʤʣʥ. ʣʝʪ (Rb-Sr, ʂʦʥʝʚ ʠ ʜʨ., 1996), ʚʦʟʨʘʩʪ ʖʞʥʦ-

ʍʘʥʛʘʡʩʢʦʛʦ ʘʨʝʘʣʘ ʚ ʄʦʥʛʦʣʠʠ ï 135-149 ʤʣʥ. ʣʝʪ (K-Ar, ʉʘʤʦʡʣʦʚ, ʂʦʚʘʣʝʥʢʦ, 1983), 

ʚʦʟʨʘʩʪ ʢʦʤʧʣʝʢʩʘ ʄʫʰʫʛʘʡ ʍʫʜʫʢ ï 150-120 ʤʣʥ. ʣʝʪ (ɺʣʘʜʳʢʠʥ, 2010, 2013), 

ʢʘʨʙʦʥʘʪʠʪʳ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ 150-114 ʤʣʥ. ʣʝʪ (K-Ar, ʐʫʨʫʧʦʚ, 1966, Rb-Sr, 

ʉʫʛʦʨʘʢʦʚʘ ʠ ʜʨ., 2004, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2006, U-Pb, SmïNd, ʉʘʣʴʥʠʢʦʚʘ ʠ ʜʨ., 2010, 

Ar-Ar, ʇʨʦʢʦʧʴʝʚ ʠ ʜʨ., 2014).  

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʡ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʡ ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ 

ʧʨʦʚʠʥʮʠʠ (ʚʟʷʪʘ ʠʟ ʦʪʯʝʪʦʚ ʊʀʂʆʇʈ ʉʆ ʈɸʅ, ʃʝʙʝʜʝʚ ʠ ʜʨ., 2006, 2007). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʦʙʣʘʩʪʠ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦʤʘʛʤʘʪʠʟʤʘ; 2 

ï ʘʨʝʘʣʳ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ: ʎʊ ï ʎʝʥʪʨʘʣʴʥʦ-

ʊʫʚʠʥʩʢʠʡ, ʎɸ ï ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʠʡ, ɿɿ ï ɿʘʧʘʜʥʦ-ɿʘʙʘʡʢʘʣʴʩʢʠʡ, ʖʍ ï ʖʞʥʦ-

ʍʘʥʛʘʡʩʢʠʡ, ɺʄ ï ɺʦʩʪʦʯʥʦ-ʄʦʥʛʦʣʴʩʢʠʡ. 
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ɼʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʭʘʨʘʢʪʝʨʥʘ ʠʭ 

ʘʩʩʦʮʠʘʮʠʷ ʩ ʢʘʣʠʝʚʳʤ ʱʝʣʦʯʥʳʤ ʤʘʛʤʘʪʠʟʤʦʤ (ɺʣʘʜʳʢʠʥ, 2009). ʈʘʡʦʥ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʙʣʠʟʢʦʚʦʟʨʘʩʪʥʳʭ ʢʘʨʙʦʥʘʪʠʪʘʤ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ: ʱʝʣʦʯʥʳʭ ʠ 

ʩʫʙʱʝʣʦʯʥʳʭ ʛʘʙʙʨʦʠʜʦʚ ʠ ʩʠʝʥʠʪʦʚ, ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʠ ʛʨʘʥʠʪʦʠʜʦʚ. 

ʉʣʝʜʫʶʱʝʡ ʚʘʞʥʦʡ ʯʝʨʪʦʡ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʧʝʨʩʧʝʢʪʠʚʥʘʷ ʨʫʜʦʥʦʩʥʦʩʪʴ, ʙʦʣʴʰʠʥʩʪʚʦ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʦʪʥʦʩʠʪʩʷ ʢ ʬʦʨʤʘʮʠʦʥʥʦʤʫ ʪʠʧʫ Fe-F-Ba-Sr-REE ʨʫʜ (ɺʣʘʜʳʢʠʥ, 1997, Vladykin et al., 

2010). 

ʂʘʨʙʦʥʘʪʠʪʳ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩʦ ʱʝʣʦʯʥʳʤʠ ʠ 

ʩʫʙʱʝʣʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʰʦʥʢʠʥʠʪʘʤʠ, ʪʝʰʝʥʠʪʘʤʠ, ʱʝʣʦʯʥʳʤʠ ʛʘʙʙʨʦ, ʩʠʝʥʠʪʘʤʠ ʠ 

ʬʦʥʦʣʠʪʘʤʠ (ʈʠʧʧ ʠ ʜʨ., 2000, Doroshkevich et al., 2010ʘ). ʇʨʦʷʚʣʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʟʘʥʠʤʘʶʪ ʧʣʦʱʘʜʠ ʚ ʩʦʪʥʠ ʢʚ. ʤʝʪʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʠʟʚʦʜʥʳʝ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʧʦʢʨʦʚʳ, ʜʘʡʢʠ, ʞʠʣʴʥʳʝ ʪʝʣʘ. ʇʦ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʘʨʙʦʥʘʪʠʪʳ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ ʜʚʘ ʪʠʧʘ: ʬʦʩʬʦʨ-ʙʘʨʠʡ-ʩʪʨʦʥʮʠʝʚʳʝ (ʍʘʣʶʪʠʥʩʢʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, 

ʆʰʫʨʢʦʚʩʢʦʝ ʠ ʊʦʨʝʡʩʢʦʝ ʧʨʦʷʚʣʝʥʠʷ) ʠ ʬʪʦʨ-ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʙʘʨʠʡ ʩʪʨʦʥʮʠʝʚʳʝ 

(ɸʨʰʘʥʩʢʦʝ ʠ ʖʞʥʦʝ ʧʨʦʷʚʣʝʥʠʷ). ɼʣʷ ʄʫʨʫʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʴ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʰʦʥʢʠʥʠʪʘʤʠ, ʩʠʝʥʠʪʘʤʠ ʠ ʱʝʣʦʯʥʳʤʠ ʛʨʘʥʠʪʘʤʠ (ɹʦʨʠʩʦʚ, 1985, 

ʂʦʥʝʚ, 1982, ʇʘʥʠʥʘ, ɺʣʘʜʳʢʠʥ, 1994, Vladykin, 2000, ɺʣʘʜʳʢʠʥ, 1996, 2009, 2010 ʠ 

ʜʨ.). 

ɺ ʩʪʨʦʝʥʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʖʞʥʦʡ ʄʦʥʛʦʣʠʠ ʫʯʘʩʪʚʫʶʪ 

ʤʝʣʘʥʝʬʝʣʠʥʠʪʳ, ʰʦʥʢʠʥʠʪʳ ʠ ʩʠʝʥʠʪʳ (ɺʣʘʜʳʢʠʥ, 2012). ɺʫʣʢʘʥʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ 

ʄʫʰʫʛʘʡ - ʍʫʜʫʢ ʚ ʄʦʥʛʦʣʠʠ ʩʣʦʞʝʥʘ ʧʦʪʦʢʘʤʠ ʣʝʡʮʠʪʦʚʳʭ ʤʝʣʘʥʝʬʝʣʝʥʠʪʦʚ, 

ʪʨʘʭʠʪʦʚ, ʬʦʥʦʣʠʪʦʚ, ʥʝʙʦʣʴʰʠʤʠ ʰʪʦʢʘʤʠ ʱʝʣʦʯʥʳʭ ʠ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʦʨʳʚʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʘʣʦʤʦʱʥʳʤʠ ʜʘʡʢʘʤʠ ʤʝʣʢʦ-

ʤʠʢʨʦʟʝʨʥʠʩʪʳʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʢʘʣʴʮʠʪ-ʬʣʶʦʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦʯʪʠ ʥʝ ʩʦʜʝʨʞʘʱʠʭ REE. ɺ ʨʘʡʦʥʝ ʢʦʤʧʣʝʢʩʘ ʥʝʩʢʦʣʴʢʦ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʞʝʨʣ, ʟʘʧʦʣʥʝʥʥʳʭ ʙʨʝʢʯʠʝʡ ʢʘʣʠʰʧʘʪʦʚʳʭ ʧʦʨʦʜ, ʨʘʩʩʝʯʝʥʥʳʭ 

ʰʪʦʢʚʝʨʢʦʤ ʢʚʘʨʮïʢʘʣʴʮʠʪ-ʬʣʶʦʨʠʪʦʚʳʭ ʧʨʦʞʠʣʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦ 3 % REE. ɹʦʣʝʝ 

ʨʘʥʥʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʨʙʦʥʘʪʠʪʘʤ ʷʚʣʷʶʪʩʷ ʟʘʢʘʣʝʥʥʳʝ ʧʦʯʪʠ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ 

ʪʨʘʭʠʪʦʠʜʥʳʝ ʘʧʘʪʠʪʦʚʳʝ ʧʦʨʦʜʳ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʞʝʨʣʘ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ 15% REE, 

ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥʘ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʤʘʛʥʝʪʠʪʦʚʳʤʠ ʨʫʜʘʤʠ ʩ 

ʬʣʦʛʦʧʠʪʦʤ. 
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ʂʘʨʙʦʥʘʪʠʪʳ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʩʦʩʪʘʚʫ ʠ 

ʤʥʦʛʦʬʘʟʥʳ. ʂʘʨʙʦʥʘʪʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʣʴʮʠʪʦʚʳʤʠ, ʘʥʢʝʨʠʪʦʚʳʤʠ, ʩʠʜʝʨʠʪʦʚʳʤʠ, 

ʜʦʣʦʤʠʪʦʚʳʤʠ ʠ ʜʨ. ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʦʛʣʘʩʥʦ ʤʠʥʝʨʘʣʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠʭ ʝʜʠʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʘ 

ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʫʣʴʬʘʪʳ ʠ ʢʘʨʙʦʥʘʪʳ Ba ʠ Sr, 

ʬʣʶʦʨʠʪ, ʘʧʘʪʠʪ, ʬʦʩʬʘʪʳ ʠ ʢʘʨʙʦʥʘʪʳ ʨʝʜʢʠʭ ʟʝʤʝʣʴ. ɺ ʩʪʨʦʝʥʠʠ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ 

ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʘ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʠ ʩʦʧʫʪʩʪʚʫʶʱʘʷ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʳʨʘʞʘʝʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Sr, Ba, LREE, P, S ʠ ʥʠʟʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Nb ʠ Ta ʚ ʧʦʨʦʜʝ. ʂʦʤʧʣʝʢʩʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ (O, C, S, Sr, Nd) ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ (ʌʨʦʣʦʚ ʠ ʜʨ., 2003).  

ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʙʳʣʦ ʩʦʧʨʷʞʝʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʨʠʬʪʦʛʝʥʝʟʘ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʣʠʪʦʩʬʝʨʫ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ ʠʣʠ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʤʘʥʪʠʠ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʝ ʛʦʨʷʯʝʝ ʧʦʣʝ ʤʘʥʪʠʠ ʠʣʠ ʛʠʛʘʥʪʩʢʠʡ ʩʫʧʝʨʧʣʶʤ (ʗʨʤʦʣʶʢ, 

ʀʚʘʥʦʚ, 2000, ʗʨʤʦʣʶʢ, ʂʦʚʘʣʝʥʢʦ, 2003, ʅʠʢʠʬʦʨʦʚ, ʗʨʤʦʣʶʢ, 2004). 

ʉʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʬʘʥʝʨʦʟʦʷ ʦʥʠ ʩʯʠʪʘʶʪ ʧʨʦʷʚʣʝʥʠʝ 

ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ, ʊʫʚʳ, ɿʘʙʘʡʢʘʣʴʷ ʠ ɿʘʧʘʜʥʦʛʦ 

ɸʣʜʘʥʘ. ʉʧʝʮʠʬʠʢʘ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʛʦʨʷʯʝʛʦ ʧʦʣʷ ʚ ʧʦʟʜʥʝʤ ʤʝʟʦʟʦʝ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, 

ʯʪʦ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʙʣʠʟʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʷʚʠʣʩʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʤʘʛʤʘʪʠʟʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʘʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚʘʷ ʧʨʦʚʠʥʮʠʷ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʦʛʦʤʘʛʤʘʪʠʟʤʘ 

(ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 2006). 

 

2.3. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʨʙʦʥʪʠʪʦʚʦʛʦ ʨʘʡʦʥʘ ʚ ʊʫʚʝ 

ʂʘʨʙʦʥʘʪʠʪʳ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʶʛʝ ɸʉʉʆ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʛʣʫʙʠʥʥʦʡ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʟʦʥʝ, ʧʝʨʝʩʝʢʘʶʱʝʡ ʂʫʨʪʫʰʠʙʠʥʩʢʠʡ ʦʬʠʦʣʠʪʦʚʳʡ 

ʧʦʷʩ (ʥʠʞʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ, ʆʥʪʦʝʚ, 1984), ʍʝʤʯʠʢʩʢʦ-ʉʳʩʪʳʛʭʝʤʩʢʠʡ 

ʩʠʥʢʣʠʥʦʨʠʡ (ʩʨʝʜʥʠʡ ʵʪʘʞ) ʠ ʊʫʚʠʥʩʢʠʡ ʧʨʦʛʠʙ (ʚʝʨʭʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ) 

(ʨʠʩʫʥʦʢ 1, 2). 

ʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʪʨʝʭ ʨʫʜʥʳʭ ʫʟʣʘʭ (ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ): 

ʏʘʡʣʶʭʝʤʩʢʠʡ (ʏʘʡʣʶʭʝʤʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ), ʂʘʨʘʩʫʛʩʢʠʡ (ʂʘʨʘʩʫʛʦʝ ʠ ʏʘʘʭʦʣʴʩʢʦʝ 

ʨʫʜʥʳʝ ʧʦʣʷ) ʠ ʋʣʘʪʘʡ-ʏʦʟʩʢʠʡ (ʉʝʚʝʨʦ-ʏʦʟʩʢʦʝ, ʖʞʥʦ-ʏʦʟʩʢʦʝ, ʋʣʘʪʘʡʩʢʦʝ ʠ ʊʵʵʣʠ-

ʆʨʛʫʜʳʜʩʢʦʝ ʨʫʜʥʳʝ ʧʦʣʷ) (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʨʘʡʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ʊʫʚʝ (ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʊʫʚʠʥʩʢʦʡ ɸʉʉʈ 1:500000 ʧʦʜ 

ʨʝʜʘʢʮʠʝʡ ɸ.ɸ. ʇʦʜʢʘʤʝʥʥʦʛʦ ʠ ʄ.ʃ. ʐʝʨʤʘʥʘ, 1983, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005, ʃʝʙʝʜʝʚ 

ʠ ʜʨ., 2009). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ (N-Q); 2 ï ʩʝʨʦʮʚʝʪʥʳʝ ʧʝʩʯʘʥʠʢʠ, 

ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ, ʫʛʣʠ (J); 3 ï ʵʬʬʫʟʠʚʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʊʫʚʠʥʩʢʦʛʦ 

ʧʨʦʛʠʙʘ: ʧʝʩʯʘʥʠʢʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʪʫʬʦʧʝʩʯʘʥʠʢʠ, ʬʝʣʴʟʠʪʳ, ʧʦʨʬʠʨʠʪʳ, ʪʫʬʦ-

ʙʨʝʢʯʠʠ (D-C); 4 ï ʍʝʤʯʠʢʩʢʦ-ʉʳʩʪʳʛʭʝʤʩʢʠʡ ʧʨʦʛʠʙ: ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, 

ʛʨʘʚʝʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ (ʚ ʪ.ʯ. ɿʘʧʘʜʥʦ-ʉʘʷʥʩʢʠʡ ʙʣʦʢ: ʧʝʩʯʘʥʠʢʠ, ʘʨʛʠʣʣʠʪʳ, 

ʠʟʚʝʩʪʥʷʢʠ) (O-S); 5 ï ʂʫʨʪʫʰʠʙʠʥʩʢʠʡ ʦʬʠʦʣʠʪʦʚʳʡ ʧʦʷʩ: ʩʣʘʥʮʳ, ʢʚʘʨʮʠʪʳ, 

ʤʝʪʘʙʘʟʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ (PR3-ɭ1); 6 ï ʨʘʟʣʦʤʳ; 7 ï ʛʨʘʥʠʪʦʠʜʳ ʩʶʪʭʦʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(D1); 8 ï ʙʘʟʠʪʳ ʪʦʨʛʘʣʳʢʩʢʦʛʦ (D3-C1) ʠ ʛʨʘʥʠʪʦʠʜʳ ʙʘʷʥʢʦʣʴʩʢʦʛʦ (D1) ʢʦʤʧʣʝʢʩʘ (I), 

ʚ ʪ.ʯ. ʚʥʝ ʤʘʩʰʪʘʙʘ ʢʘʨʪʳ (II); 9 ï ʨʫʜʥʳʝ ʧʦʣʷ (Ba)-(Sr)-Fe-F-REE ʢʘʨʙʦʥʘʪʠʪʦʚ: 

ʂʘʨʘʩʫʛʩʢʦʝ (1), ʏʘʘʭʦʣʴʩʢʦʝ (2), ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʝ (3), ʋʣʘʪʘʡʩʢʦʝ (4), ʖʞʥʦ-

ʏʦʟʩʢʦʝ (5), ʉʝʚʝʨʦ-ʏʦʟʩʢʦʝ (6), ʏʘʡʣʶʭʝʤʩʢʦʝ (7); 10 ï ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʟʦʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

 

ʂʫʨʪʫʰʠʙʠʥʩʢʠʡ ʦʬʠʦʣʠʪʦʚʳʡ ʧʦʷʩ ʥʘ ʩʝʚʝʨʥʦʤ ʫʯʘʩʪʢʝ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʧʦʷʩʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʪʘʪʢʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʩ ʚʥʫʪʨʠʧʣʠʪʥʳʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ 

ʧʦʜʥʷʪʠʷʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʤʝʩʪʘʤʠ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʯʝʭʣʳ. 

ʇʦʨʦʜʳ ʂʫʨʪʫʰʠʙʠʥʩʢʠʭ ʦʬʠʦʣʠʪʦʚ ʠʤʝʶʪ ʩʫʙʩʣʦʠʩʪʦʝ ʪʨʝʭʯʣʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ 



32 

 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʧʝʨʙʘʟʠʪʘʤʠ, ʛʘʙʙʨʦʠʜʘʤʠ, ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʤʠ, ʙʘʟʘʣʴʪʘʤʠ ʠ ʦʩʘʜʦʯʥʦ-

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ - ʩʣʘʥʮʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, ʢʚʘʨʮʠʪʘʤʠ, ʤʝʪʘʙʘʟʠʪʘʤʠ, 

ʠʟʚʝʩʪʥʷʢʘʤʠ. ɺʦʟʨʘʩʪ ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦʟʜʥʠʡ ʚʝʥʜ ï ʨʘʥʥʠʡ ʢʝʤʙʨʠʡ. 

ʅʠʞʥʝʢʝʤʙʨʠʡʩʢʘʷ ʪʦʣʱʘ ʩʤʷʪʘ ʚ ʣʠʥʝʡʥʳʝ ʩʢʣʘʜʢʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ (ɼʦʙʨʝʮʦʚ ʠ ʜʨ., 1977, ɽʨʝʤʝʝʚ, ʉʠʙʠʣʝʚ, 1974, ɹʫʭʘʨʦʚ, 1983, 

ʆʥʪʦʝʚ 1984, ɹʘʙʠʥ ʠ ʜʨ., 2003, ɺʦʣʢʦʚʘ ʠ ʜʨ., 2008). 

ʍʝʤʯʠʢʩʢʦ-ʉʳʩʪʳʛʭʝʤʩʢʠʡ ʧʨʦʛʠʙ, ʚ ʪʦʤ ʯʠʩʣʝ ɿʘʧʘʜʥʦ-ʉʘʷʥʩʢʠʡ ʙʣʦʢ (ʥʘ 

ʩʝʚʝʨʝ, ʨʠʩʫʥʦʢ 2), ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʨʨʠʛʝʥʥʦʡ ʬʣʠʰʦʠʜʥʦʡ ʪʦʣʱʝʡ ʧʦʨʦʜ ʦʨʜʦʚʠʢʘ ʠ 

ʩʠʣʫʨʘ: ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ,ʛʨʘʚʝʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ, ʩʣʘʥʮʳ, 

ʢʦʥʛʣʦʤʝʨʘʪʳ. ʉʨʝʜʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ ʟʘʣʝʛʘʝʪ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ ʩ ʨʝʟʢʠʤ ʫʛʣʦʚʳʤ 

ʥʝʩʦʛʣʘʩʠʝʤ ʥʘ ʢʝʤʙʨʠʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ. ʂ ʥʘʯʘʣʫ ʜʝʚʦʥʘ ʩʠʣʫʨʠʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ 

ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ ʧʦʣʦʛʠʝ ʩʢʣʘʜʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʚ ʨʘʡʦʥʝ ʢʨʫʧʥʳʡ ʘʥʪʠʢʣʠʥʦʨʠʡ 

ʩʫʙʰʠʨʦʪʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʡ. ɺʩʷ ʪʦʣʱʘ ʧʨʦʨʚʘʥʘ ʠʥʪʨʫʟʠʷʤʠ 

ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚ, ʜʠʦʨʠʪʦʚ ʠ ʛʨʘʥʠʪʦʚ (ʆʥʪʦʝʚ, 1984, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005, ʃʝʙʝʜʝʚ ʠ 

ʜʨ., 2009). 

ʊʫʚʠʥʩʢʠʡ ʧʨʦʛʠʙ ʚʳʧʦʣʥʝʥ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʵʬʬʫʟʠʚʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʠ 

ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʜʝʚʦʥʘ - ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ, ʧʨʦʨʚʘʥʥʳʤʠ ʛʨʘʥʠʪʥʳʤʠ ʠ 

ʙʘʟʠʪʦʚʳʤʠ ʠʥʪʨʫʟʠʷʤʠ. ʇʝʩʪʨʦʮʚʝʪʥʘʷ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʘʷ ʪʦʣʱʘ ʩʣʦʞʝʥʘ 

ʧʦʣʠʤʠʢʪʦʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʪʫʬʦʧʝʩʯʘʥʠʢʘʤʠ ʠ 

ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʬʝʣʴʟʠʪʘʤʠ, ʬʝʣʴʟʠʪ-ʧʦʨʬʠʨʘʤʠ, ʢʚʘʨʮʝʚʳʤʠ ʧʦʨʬʠʨʘʤʠ, 

ʘʥʜʝʟʠʪ-ʜʘʮʠʪʦʚʳʤʠ ʧʦʨʬʠʨʘʤʠ, ʧʦʨʬʠʨʠʪʘʤʠ, ʠʭ ʪʫʬʘʤʠ, ʪʫʬʦʙʨʝʢʯʠʷʤʠ ʠ ʜʨʫʛʠʤʠ 

ʧʠʨʦʢʣʘʩʪʘʤʠ (ʆʥʪʦʝʚ, 1984). ʇʨʦʛʠʙ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʣʳʙʦʚʦ-ʩʢʣʘʜʯʘʪʳʤ ʩʪʨʦʝʥʠʝʤ 

ʧʨʠ ʜʦʤʠʥʠʨʫʶʱʝʤ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʧʨʦʩʪʠʨʘʥʠʠ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʆʥʪʦʝʚ, ʂʘʥʜʠʥʦʚ, 1980, ʆʥʪʦʝʚ 1984). ʉ ʩʝʚʝʨʘ ʧʨʦʛʠʙ ʦʛʨʘʥʠʯʝʥ ʢʨʫʧʥʳʤ 

ʨʝʛʠʦʥʘʣʴʥʳʤ ʍʝʤʯʠʢʩʢʦ-ʂʫʨʪʫʰʠʙʠʥʩʢʠʤ ʨʘʟʣʦʤʦʤ ʩ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʉɿ 

ʧʘʜʝʥʠʝʤ ʧʣʦʩʢʦʩʪʠ ʩʤʝʩʪʠʪʝʣʷ. ʆʩʥʦʚʥʳʝ ʥʘʜʚʠʛʠ ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʦ ʧʝʨʚʳʭ 

ʢʠʣʦʤʝʪʨʦʚ ʬʠʢʩʠʨʫʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʂʘʨʘʩʫʛʩʢʠʡ ʠ ʂʘʨʛʠʥʩʢʠʡ ʨʘʟʣʦʤʳ (ʐʘʧʦʰʥʠʢʦʚ, ʉʪʨʝʣʴʥʠʢʦʚ, 1981). ɿʦʥʳ 

ʩʤʷʪʠʷ ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ çʩʢʨʳʪʳʭ ʨʘʟʣʦʤʦʚè, ʢʦʪʦʨʳʝ, ʪʘʢ ʞʝ 

ʢʘʢ ʐʘʧʰʘʣʴʩʢʠʡ ʠ ʂʘʨʘʩʫʛʩʢʠʡ ʨʘʟʣʦʤʳ, ʧʦ ʦʮʝʥʢʘʤ ɻ.ʅ. ʃʫʢʘʰʝʚʘ, ɻ.ʅ. 

ʐʘʧʦʰʥʠʢʦʚʘ ʠ ʉ.ʀ. ʉʪʨʝʣʴʥʠʢʦʚʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 39 ʢʤ. 

ɼʣʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʛʠʙʘ ʭʘʨʘʢʪʝʨʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʨʘʟʣʦʤʦʚ, 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʨʫʧʥʳʭ ʩʠʥʢʣʠʥʘʣʝʡ ʥʘʜ ʘʥʪʠʢʣʠʥʘʣʷʤʠ. ʉʠʥʢʣʠʥʘʣʠ, ʢʘʨʪʠʨʫʝʤʳʝ ʧʦ 

ʦʪʣʦʞʝʥʠʷʤ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ï ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ, ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʝ 

ʙʨʘʭʠʬʦʨʤʥʦʝ ʩʪʨʦʝʥʠʝ. ʀʭ ʨʘʟʜʝʣʷʶʪ ʙʦʣʝʝ ʫʟʢʠʝ ʘʥʪʠʢʣʠʥʘʣʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʨʦʜʳ 
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ʥʠʞʥʝʛʦ ï ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ ʩʣʦʞʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥʳ ʠ ʨʘʟʙʠʪʳ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ 

ʨʘʟʣʦʤʘʤʠ ʥʘ ʤʝʣʢʠʝ ʙʣʦʢʠ. ɺ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʝʨʭʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ 

ʵʪʘʞ ʧʨʦʨʚʘʥ ʠʥʪʨʫʟʠʷʤʠ ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚ ʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚ (ʆʥʪʦʝʚ, 1984). 

ɺ ʶʨʩʢʠʡ ʧʝʨʠʦʜ ʚ ʨʝʛʠʦʥʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʫʛʣʝʥʦʩʥʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʤʫʣʴʜʘʭ: ʩʝʨʦʮʚʝʪʥʳʝ ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, 

ʘʨʛʠʣʣʠʪʳ, ʫʛʣʠ. ɺ ʥʝʦʛʝʥ ï ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ ʧʨʦʠʟʦʰʝʣ ʨʦʩʪ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʊʫʚʳ ʠ ʥʘʢʦʧʣʝʥʠʝ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʠ ʦʟʝʨ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʚ ʢʨʫʧʥʦʡ ʋʙʩʫʥʫʨʩʢʦʡ ʦʟʝʨʥʦʡ ʢʦʪʣʦʚʠʥʝ, ʟʘʤʳʢʘʶʱʝʡ ʨʘʡʦʥ ʩ ʶʛʘ (ʄʠʪʨʦʧʦʣʴʩʢʠʡ, 

1959, 1962, ʆʥʪʦʝʚ, ʂʘʥʜʠʥʦʚ, 1980, ʆʥʪʦʝʚ 1984, ʄʝʣʴʛʫʥʦʚ ʠ ʜʨ., 1988, ʂʫʣʠʢ, 

ʄʝʣʴʛʫʥʦʚ, 1992, 1995, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005, ʃʝʙʝʜʝʚ ʠ ʜʨ., 2008). 

ʇʦ ʚʩʝʤʫ ʨʘʡʦʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʨʘʟʚʠʪʳ ʤʘʣʳʝ 

ʠʥʪʨʫʟʠʚʥʳʝ ʪʝʣʘ ʦʩʥʦʚʥʳʭ ʠ ʢʠʩʣʳʭ ʧʦʨʦʜ: ʛʨʘʥʠʪʦʠʜʳ ʩʶʪʭʦʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (D1), 

ʙʘʟʠʪʳ ʪʦʨʛʘʣʳʢʩʢʦʛʦ (D3-C1) ʠ ʛʨʘʥʠʪʦʠʜʳ ʙʘʷʥʢʦʣʴʩʢʦʛʦ (D1) ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩʫʥʦʢ 

2). 

ʉʶʪʭʦʣʴʩʢʠʡ ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʳʡ ʠʥʪʨʫʟʠʚʥʳʡ ʢʦʤʧʣʝʢʩ (D1) ʩʣʦʞʝʥ 

ʛʨʘʥʠʪʘʤʠ, ʛʨʘʥʠʪ-ʧʦʨʬʠʨʘʤʠ, ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ 

(ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʣʠʩʪʘ M-46). ɹʘʪʦʣʠʪʦʚʳʝ ʠʥʪʨʫʟʠʠ ʩʶʪʭʦʣʴʩʢʠʭ ʛʨʘʥʠʪʦʚ 

ʦʢʘʟʳʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʥʘ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʘʣʦʤʦʱʥʳʭ ʟʦʥ ʨʦʛʦʚʠʢʦʚ ʧʦ ʵʬʬʫʟʠʚʘʤ ʠ ʪʝʨʨʠʛʝʥʥʳʤ ʦʩʘʜʢʘʤ ʠ ʩʢʘʨʥʦʚ ʧʦ 

ʠʟʚʝʩʪʥʷʢʘʤ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤ ʧʦʨʦʜʘʤ. 

ɹʘʷʥʢʦʣʴʩʢʠʝ ʛʨʘʥʠʪʦʠʜʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʙʘʷʥʢʦʣʴʩʢʦʛʦ ʛʘʙʙʨʦ ï ʤʦʥʮʦʜʠʦʨʠʪ-

ʛʨʘʥʦʩʠʝʥʠʪïʛʨʘʥʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʂʘʟʘʢʦʚ ʠ ʜʨ., 1999, ʀʟʦʭ ʠ ʜʨ., 2001). ʂʦʤʧʣʝʢʩ 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʬʘʟ (ʦʪ ʨʘʥʥʠʭ ʢ ʧʦʟʜʥʠʤ): ʛʘʙʙʨʦʠʜʳ, ʤʦʥʮʦʜʠʦʨʠʪʳ, 

ʛʨʘʥʦʩʠʝʥʠʪʳ, ʛʨʘʥʠʪʳ, ʣʝʡʢʦʛʨʘʥʠʪʳ ʠ ʘʧʣʠʪʳ.  

ɹʘʟʠʪʳ ʪʦʨʛʘʣʳʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (D3-C1) ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪʘʤʠ 

ʠ ʜʦʣʝʨʠʪʘʤʠ (ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʣʠʩʪʘ M-46). ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʙʘʟʠʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʙʦʣʴʰʠʤʠ ʰʪʦʢʘʤʠ ʠ ʙʘʪʦʣʠʪʘʤʠ, ʚʩʪʨʝʯʘʶʪʩʷ ʜʘʡʢʠ ʜʦʣʝʨʠʪʦʚ. 

ʊʦʨʛʘʣʳʢʩʢʠʡ ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʙʠʤʦʜʘʣʴʥʳʤ. ɺʪʦʨʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʛʨʘʥʠʪʦʠʜʳ - ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ ʠ ʛʨʘʥʦʬʠʨʳ ʩ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʦʛʦ 

ʰʧʘʪʘ. ɻʨʘʥʠʪʦʠʜʳ ʦʙʨʘʟʫʶʪ ʰʪʦʢʠ, ʥʝʢʢʠ ʠ ʙʘʪʦʣʠʪʳ.  

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʤʝʱʝʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ ʠ ʵʥʜʦʛʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʠʛʨʘʶʪ 

ʨʘʟʣʦʤʳ ʨʘʟʥʦʛʦ ʧʦʨʷʜʢʘ. ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʰʠʨʦʪʥʳʝ ʨʘʟʣʦʤʳ ʰʠʨʦʢʠʤʠ 

(ʩʦʪʥʠ ʤʝʪʨʦʚ) ʟʦʥʘʤʠ ʧʦʚʳʰʝʥʥʦ ʪʨʝʱʠʥʦʚʘʪʳʭ ʠ ʧʦʜʨʦʙʣʝʥʥʳʭ ʧʦʨʦʜ (ʆʥʪʦʝʚ, 

ʂʘʥʜʠʥʦʚ, 1980, ʆʥʪʦʝʚ 1984, ʄʝʣʴʛʫʥʦʚ ʠ ʜʨ., 1988, ʂʫʣʠʢ, ʄʝʣʴʛʫʥʦʚ, 1992, 1995, 
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ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). ʊʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ 

ʠʟʤʝʥʝʥʳ (ʦʢʚʘʨʮʝʚʘʥʠʝ, ʘʨʛʠʣʣʠʟʘʮʠʷ, ʩʝʨʠʮʠʪʠʟʘʮʠʷ). ɻʠʧʝʨʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ: 

ʢʘʦʣʠʥʠʪʠʟʘʮʠʷ, ʣʠʤʦʥʠʪʠʟʠʘʮʠʷ. 

 

2.4. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʫʜʥʳʭ ʧʦʣʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ʂʘʨʘʩʫʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʦ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʧʨʠ ʤʘʩʰʪʘʙʥʳʭ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪʘʭ ʚ 1947-1954 ʠ 1979-

1984 ʛʛ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʂʘʨʘʩʫʛʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʨʘʟʥʳʝ ʛʦʜʳ 

ʚʥʝʩʣʠ: ɼ.ʆ. ʆʥʪʦʝʚ, ɸ.ʉ. ʄʠʪʨʦʧʦʣʴʩʢʠʡ, ʄ.ɺ. ʃʶʙʠʤʦʚ, ɺ.ʗ. ʃʠʧʘʛʠʥʘ, ʉ.ɺ. 

ʄʝʣʴʛʫʥʦʚ, ʅ.ɸ. ʂʫʣʠʢ, ɸ.ʇ. ʍʦʤʷʢʦʚ, ʃ.ʅ. ɾʫʨʘʚʣʝʚʘ, ʄ.ʅ. ʂʘʥʜʠʥʦʚ, ʃ.ʉ. ʇʫʟʘʥʦʚ, 

ɻ.ʄ. ʂʦʤʘʨʠʮʢʠʡ, ɺ.ʂ. ʄʘʢʩʠʤʦʚ, ɺ.ɸ. ʊʘʨʘʥʝʥʢʦ, ʅ.ʇ. ʊʝʨʝʱʘʪʦʚ, ɸ.ɺ. ɹʦʣʦʥʠʥ, ɸ.ɺ. 

ʅʠʢʠʬʦʨʦʚ, ɺ.ʀ. ʃʝʙʝʜʝʚ, ɸ.ʄ. ʉʫʛʦʨʘʢʦʚʘ ʠ ʜʨ. 

ʂʘʨʘʩʫʛʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ, ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 20 ʢʤ
2
, ʩʦʜʝʨʞʠʪ ʚʦʩʝʤʴ ʨʘʟʦʙʱʝʥʥʳʭ ʠ 

ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʨʫʜʦʥʦʩʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʪʝʣ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʩʨʝʜʠ 

ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʦʨʜʦʚʠʢʘ-ʩʠʣʫʨʘ ʠ ʜʨʝʚʥʠʭ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ 

ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ (ʨʠʩʫʥʦʢ 3). ʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʪʝʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʨʝʱʠʥʦʚʘʪʳʭ 

ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ ʙʨʝʢʯʠʨʦʚʘʥʥʳʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ 

ʧʦʨʦʜ (ʨʠʩʫʥʦʢ 3). ɺ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʚʳʜʝʣʷʶʪ ʜʚʘ ʢʨʫʧʥʳʭ ʪʨʫʙʦʦʙʨʘʟʥʳʭ ʨʫʜʥʳʭ 

ʪʝʣʘ ʢʘʨʙʦʥʘʪʠʪʦʚ ʟʦʥʘʣʴʥʦ-ʢʦʣʴʮʝʚʦʛʦ ʩʪʨʦʝʥʠʷ, ʨʘʟʤʝʨʘʤʠ 400ʭ500 ʠ 670ʭ750 ʤ ʚ 

ʧʣʘʥʝ (ɹʦʣʦʥʠʥ, 2002, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). ʆʩʪʘʣʴʥʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʘʡʢʦʦʙʨʘʟʥʳʤʠ ʪʝʣʘʤʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ 300 ʜʦ 1300 ʤ ʠ ʤʦʱʥʦʩʪʴʶ 100-160 ʤ. 

ɻʣʘʚʥʫʶ ʨʦʣʴ ʚ ʣʦʢʘʣʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʪʝʣ ʠʛʨʘʶʪ ʨʘʟʣʦʤʳ ʰʠʨʦʪʥʦʡ ʠ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʢʘʨʙʦʥʘʪʠʪʦʚ: ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ ʠ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʝ. ɸʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ 

ʧʝʨʚʦʡ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʫʟʣʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ, ʨʫʜʦʥʦʩʥʳʝ 

ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʝ  (ʩʦʢʨʘʱʝʥʥʦ ʩʠʜʝʨʠʪʦʚʳʝ) ʢʘʨʙʦʥʘʪʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ 

ʚʥʝʜʨʷʣʠʩʴ ʚʜʦʣʴ ʰʪʦʢʦʚ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʚ ʚʠʜʝ ʩʝʢʫʱʠʭ ʜʘʝʢ ʠʣʠ 

ʦʙʨʘʟʫʷ ʦʙʦʩʦʙʣʝʥʥʳʝ ʪʝʣʘ. ʉʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʠʤʝʶʪ ʙʨʝʢʯʠʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʩʦʜʝʨʞʘʪ ʦʙʣʦʤʢʠ ʚʤʝʱʘʶʱʠʭ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʜʦʢʝʤʙʨʠʷ, ʘ ʪʘʢʞʝ ʦʙʣʦʤʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʛʨʝʡʟʝʥʠʟʠʨʦʚʘʥʥʳʭ ʠ ʘʨʛʠʣʣʠʟʠʨʦʚʘʥʥʳʭ. ɺ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʚʩʪʨʝʯʘʶʪʩʷ 

ʪʘʢʞʝ ʦʙʣʦʤʢʠ ʨʘʥʝʝ ʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʭʩʷ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

(ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). ʉ ʚʤʝʱʘʶʱʠʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʢʘʨʙʦʥʘʪʠʪʳ ʠʤʝʶʪ 

ʨʝʟʢʠʝ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʢʦʥʪʘʢʪʳ.  
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ʈʠʩʫʥʦʢ 3. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʘ); ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʧʝʨʚʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʯʝʨʝʟ ʥʝʛʦ (ʙ); ʜʦʢʫʤʝʥʪʘʮʠʷ ʛʦʨʥʦʡ 

ʚʳʨʘʙʦʪʢʠ (ʨʫʜʥʦʝ ʪʝʣʦ 2, ʰʪʦʣʴʥʷ 6, ʨʘʩʩʝʯʢʘ 4) (ʚ) (ʄʠʪʨʦʧʦʣʴʩʢʠʡ, 1959, ɹʦʣʦʥʠʥ, 

2002, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 - ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ, ʪʫʬʳ (D); 2 - ʧʝʩʯʘʥʠʢʠ, 

ʘʣʝʚʨʦʣʠʪʳ (S); 3 - ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʢʦʥʛʣʦʤʝʨʘʪʳ (O); 4 - ʩʣʘʥʮʳ, ʧʝʩʯʘʥʠʢʠ, 

ʠʟʚʝʩʪʥʷʢʠ (ɭ); 5 ï ʢʚʘʨʮʝʚʳʝ ʩʠʝʥʠʪʳ; 6 ï ʟʦʥʳ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ; 7 - ʨʫʜʥʳʝ ʪʝʣʘ 

ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ; 8 - ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ; 9 ï 

ʨʘʟʣʦʤʳ.  
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ʂʨʦʤʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ D3-C1 (ʪʦʨʛʘʣʳʢʩʢʠʡ, 

ʙʘʷʥʢʦʣʴʩʢʠʡ ʠ ʩʶʪʭʦʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩʳ), ʚ ʧʨʝʜʝʣʘʭ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦ ʜʘʥʥʳʤ ɼ.ʆ. ʆʥʪʦʝʚʘ (1984) ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʟʦʟʦʡʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ: çʥʝʙʦʣʴʰʠʝ ʪʨʝʱʠʥʥʳʝ ʤʘʩʩʠʚʳ ʠ ʰʪʦʢʠ ʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ, 

ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʠ ʙʠʦʪʠʪʦʚʳʭ ʩʠʝʥʠʪʦʚ ʠ ʛʨʘʥʦʩʠʝʥʠʪʦʚ, ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ, ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʧʦʨʬʠʨʦʚ, ʘ ʪʘʢʞʝ ʜʘʡʢʠ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, ʜʠʦʨʠʪʦʚʳʭ 

ʧʦʨʬʠʨʠʪʦʚ ʠ ʣʘʤʧʨʦʬʠʨʦʚ. éʈʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ ʩʠʝʥʠʪ-

ʧʦʨʬʠʨʦʚ ʩ ʞʝʨʣʦʚʦʡ ʬʘʮʠʝʡ ʧʠʨʦʢʣʘʩʪʦʚ (ʪʫʬʦʚ ʠ ʙʨʝʢʯʠʡ)è. ʀʤʝʥʥʦ ʩ ʤʝʟʦʟʦʡʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʨʦʜ ʱʝʣʦʯʥʦ-

ʙʘʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʪʦʨ ʩʚʷʟʳʚʘʣ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʊʫʚʝ. 

ʆʪʥʝʩʝʥʠʝ ʵʪʠʭ ʧʦʨʦʜ ʢ ʤʝʟʦʟʦʡʩʢʦʤʫ ʵʪʘʧʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʤʝʟʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ʙʠʦʪʠʪʦʚʳʭ 

ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʐʫʨʫʧʦʚ, 1966, ɹʦʣʦʥʠʥ ʠ ʜʨ., 2009, 

ʃʝʙʝʜʝʚ ʠ ʜʨ., 2008). ʀʥʪʨʫʟʠʚʥʳʝ ʪʝʣʘ ʤʝʟʦʟʦʡʩʢʠʭ ʩʠʝʥʠʪ- ʠ ʛʨʘʥʦʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ 

ʧʨʦʨʳʚʘʶʪ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʧʦʟʜʥʝʛʦ ʩʠʣʫʨʘ. ʀʭ ʦʙʣʦʤʢʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ 

ʢʩʝʥʦʣʠʪʦʚ ʚ ʤʘʪʨʠʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʨʠʩʫʥʦʢ 3). 

ʉʨʝʜʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʭ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʷʚʣʝʥʳ 

ʚʪʦʨʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʛʨʝʡʟʝʥʠʟʘʮʠʠ, ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʠ ʨʝʜʢʦ ʤʠʢʨʦʢʣʠʥʠʟʘʮʠʠ 

(ʆʥʪʦʝʚ, 1984). ʇʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʝ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʳ (ʢʚʘʨʮʝʚʳʝ ʩʠʝʥʠʪʳ ʠʣʠ 

ʛʨʘʥʦʩʠʝʥʠʪʳ) ʂʘʨʘʩʫʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʱʝʣʦʯʝʡ ʠ ʦʙʦʛʘʱʝʥʳ ʢʘʣʠʝʤ (ʜʦ 10%) (ɹʦʣʦʥʠʥ ʠ ʜʨ., 2009).  

ɼʘʡʢʠ ʣʘʤʧʨʦʬʠʨʦʚ (ʢʝʨʩʘʥʪʠʪʳ, ʩʧʝʩʩʘʨʪʠʪʳ) ʦʧʠʩʘʥʳ ʚ ʢʝʨʥʝ ʩʢʚʘʞʠʥ 

ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ çéʚ ʚʠʜʝ ʤʘʣʦʤʦʱʥʳʭ (1-3 ʤ) ʪʝʣ ʩʨʝʜʠ 

ʛʨʝʡʟʝʥʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʦʩʠʝʥʠʪʦʚ, ʘ ʪʘʢʞʝ ʩʨʝʜʠ ʦʢʠʩʣʝʥʥʳʭ ʠ ʧʝʨʚʠʯʥʳʭ ʬʣʶʦʨʠʪ-

ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʭ ʨʫʜè (ʆʥʪʦʝʚ, 1984). ɼʘʡʢʠ ʠʟʤʝʥʝʥʳ: ʛʨʝʡʟʝʥʠʟʠʨʦʚʘʥʳ, 

ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʤʠʥʝʨʘʣʳ ʢʘʢ ʘʣʴʙʠʪ, ʩʢʘʧʦʣʠʪ, ʣʫʯʠʩʪʳʝ 

ʘʛʨʝʛʘʪʳ ʧʦʟʜʥʝʛʦ ʘʤʬʠʙʦʣʘ. çɺʦʟʨʘʩʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʘʝʢ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʦʩʣʝʛʨʘʥʦʩʠʝʥʠʪʦʚʦʝ ʠ ʧʦʩʣʝʛʨʝʡʟʝʥʦʚʦʝ, ʥʦ ʜʦʨʫʜʥʦʝ. ɺʦʟʤʦʞʥʦ, 

ʯʘʩʪʴ ʜʘʝʢ ʠʤʝʝʪ ʧʦʩʣʝʨʫʜʥʳʡ ʚʦʟʨʘʩʪè (ʆʥʪʦʝʚ, 1984). ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʦʪʥʦʩʠʣʠ ʜʘʡʢʠ 

ʣʘʤʧʨʦʬʠʨʦʚ ʢ ʤʝʣʦʚʦʤʫ ʵʪʘʧʫ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʬʠʢʩʠʨʫʷ ʧʨʦʷʚʣʝʥʠʝ 

ʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʚ ʟʘʧʘʜʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʊʫʚʝ 

(ɻʦʣʦʚʘʯʝʚ, 1955; ʐʘʧʦʰʥʠʢʦʚ, ʉʪʨʝʣʴʥʠʢʦʚ, 1981). ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ 

ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʶ ʜʘʝʢ ʣʘʤʧʨʦʬʠʨʦʚ. 

 



37 

 

ɺ ʧʨʝʜʝʣʘʭ ʋʣʘʪʘʡ-ʏʦʟʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʨʫʜʥʳʭ ʧʦʣʷ: 

ʋʣʘʪʘʡʩʢʦʝ, ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʝ, ʉʝʚʝʨʦ-ʏʦʟʩʢʦʝ ʠ ʖʞʥʦ-ʏʦʟʩʢʦʝ (ʨʠʩʫʥʦʢ 4). ɺ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʋʣʘʪʘʡ-ʏʦʟʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʜʝʚʦʥʘ, ʢʦʪʦʨʳʝ ʧʨʦʨʚʘʥʳ ʜʘʡʢʘʤʠ 

ʛʨʘʥʠʪʦʠʜʦʚ ʪʦʨʛʘʣʳʢʩʢʦʛʦ (D3-C1) ʠʣʠ ʙʘʷʥʢʦʣʴʩʢʦʛʦ (D1-2) ʢʦʤʧʣʝʢʩʦʚ, ʤʝʣʢʠʤʠ 

ʰʪʦʢʘʤʠ ʛʘʙʙʨʦʠʜʦʚ ʠ ʜʘʡʢʘʤʠ ʜʦʣʝʨʠʪʦʚ ʪʦʨʛʘʣʳʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (D3-C1), ʰʪʦʢʘʤʠ 

ʛʨʘʥʠʪʦʚ ʠ ʨʝʞʝ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ ʩʶʪʭʦʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (D1). ɺʳʭʦʜʳ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʪʝʣ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʘʤ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦʨʦʜ ʠ 

ʰʪʦʢʘʤ ʛʨʘʥʦʩʠʝʥʠʪʦʚ (ʆʥʪʦʝʚ, 1984). 

ʖʞʥʦ-ʏʦʟʩʢʦʝ ʢʘʨʙʦʥʘʪʠʪʦʚʦʝ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʜʥʠʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʤ 

(375 ʭ 500ʤ) ʤʥʦʛʦʬʘʟʥʳʤ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ ʤʘʩʩʠʚʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʥʠʞʥʝʤ 

ʪʝʯʝʥʠʠ ʨ. ʏʦʟʘ (ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʩʪʨʦʝʥʠʝ ʤʘʩʩʠʚʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʩʫʙʰʠʨʦʪʥʳʭ ʣʠʥʝʡʥʳʭ ʪʝʣ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʘʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʨʝʢʯʠʡ ʧʦ 

ʚʤʝʱʘʶʱʠʤ ʧʝʩʯʘʥʠʢʘʤ. ʂʘʨʙʦʥʘʪʠʪʳ ʖʞʥʦ-ʏʦʟʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʣʦʢʘʣʴʥʦʡ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʩʣʦʞʝʥʥʦʡ ʟʝʣʝʥʦ-ʩʝʨʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ 

ʟʘʣʝʛʘʶʱʠʤʠ ʥʘ ʥʠʭ ʩ ʫʛʣʦʚʳʤ ʥʝʩʦʛʣʘʩʠʝʤ ʢʠʩʣʳʤʠ ʵʬʬʫʟʠʚʘʤʠ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ 

(ʨʠʩʫʥʦʢ 4). ɺʩʷ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʩʝʯʝʥʘ ʩʝʨʠʝʡ ʩʫʙʰʠʨʦʪʥʳʭ ʨʘʟʣʦʤʦʚ ʩ ʫʯʘʩʪʢʘʤʠ 

ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʠ ʦʩʚʝʪʣʝʥʠʷ ʧʦʨʦʜ. ʕʪʠ ʨʘʟʣʦʤʳ ʩʦʩʪʘʚʣʷʶʪ ʟʦʥʫ ʢʨʫʧʥʦʛʦ ʰʠʨʦʪʥʦʛʦ 

ʨʘʟʣʦʤʘ, ʢʦʪʦʨʳʡ ʚ 12 ʢʤ ʢ ʟʘʧʘʜʫ ʢʦʥʪʨʦʣʠʨʫʝʪ ʢʘʨʙʦʥʘʪʠʪʳ ʋʣʘʪʘʡʩʢʦʛʦ ʧʦʣʷ 

(ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). ʊʝʣʘ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚʩʢʨʳʪʳ ʢʘʥʘʚʘʤʠ ʠ ʰʫʨʬʘʤʠ, 

ʧʨʦʡʜʝʥʥʳʤʠ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʵʢʩʧʝʜʠʮʠʝʡ ɺʉɽɻɽʀ ʠ ɹʝʨʝʟʦʚʩʢʠʤ ʇɻʆ. 

ʋʣʘʪʘʡʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʣʦʱʘʜʠ ʦʢʦʣʦ 20 ʢʤ
2
 ʚ 

ʤʝʞʜʫʨʝʯʴʝ ʨʝʢ ʋʣʘʪʘʡ ʠ ʊʵʵʣʠ (ʨʠʩʫʥʦʢ 4). ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʚʩʝ ʚʳʭʦʜʳ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʨʫʧʥʦʤʫ ʢʣʠʥʦʚʠʜʥʦʤʫ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʚʳʩʪʫʧʫ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʩʝʨʠʝʡ ʩʫʙʰʠʨʦʪʥʳʭ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʨʘʟʣʦʤʦʚ (ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 

2005). ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʝʛʦ ʯʘʩʪʠ ʦʙʥʘʞʝʥʳ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʚʘʨʮ-

ʩʝʨʠʮʠʪʦʚʳʤʠ, ʜʚʫʩʣʶʜʷʥʳʤʠ ʠ ʘʤʬʠʙʦʣʦʚʳʤʠ ʩʣʘʥʮʘʤʠ. ʀʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʚ 

ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʘʙʙʨʦʠʜʘʤʠ ʪʦʨʛʘʣʳʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (D3-C1), 

ʥʘ ʩʝʚʝʨʝ ʠʤʝʝʪʩʷ ʮʝʧʴ ʚʳʭʦʜʦʚ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ, ʫʚʷʟʳʚʘʶʱʘʷʩʷ 

ʚ ʩʫʙʰʠʨʦʪʥʦʝ ʜʘʡʢʦʚʦʝ ʪʝʣʦ, ʩʝʢʫʱʝʝ ʛʘʙʙʨʦʠʜʥʳʝ ʧʦʨʦʜʳ. ɺ ʧʨʝʜʝʣʘʭ ʋʣʘʪʘʡʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʚʳʭʦʜʳ ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʦʩʠʝʥʠʪʦʚ 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (114 Ñ 5 ʤʣʥ. ʣʝʪ, Sm-Nd, ʃʝʙʝʜʝʚ ɺ.ʀ., ʉʫʛʦʨʘʢʦʚʘ 

ɸ.ʄ., ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ). 



 

ʈʠʩʫʥʦʢ 4. ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʡʦʥʘ ʋʣʘʪʘʡ-ʏʦʟʩʢʦʡ ʛʨʫʧʧʳ ʧʦʣʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʧʦ ʜʘʥʥʳʤ ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). 

 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʪʝʣʘ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʢʦʤʧʣʝʢʩʥʳʭ ʨʫʜ) (ʘ), ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʙ); 2 ï 

ʢʦʙʘʣʴʪʦʚʦʝ (ʘ) ʠ ʫʨʘʥʦʚʦʝ (ʙ) ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ; 3 ï ʢʨʫʧʥʳʝ ʘʨʝʘʣʳ ʧʨʠʨʘʟʣʦʤʥʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʦʩʚʝʪʣʝʥʠʷ ʠ ʣʠʤʦʥʠʪʠʟʘʮʠʠ ʧʦʨʦʜ; 4 ï 

ʜʘʡʢʠ ʛʨʘʥʠʪʦʠʜʦʚ; 5 ï ʪʝʣʘ ʛʘʙʙʨʦʠʜʦʚ; 6 ï ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ; 7 ï ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ; 8 ï 

ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ; 9 ï ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ; 10 ï ʢʠʩʣʳʝ ʵʬʬʫʟʠʚʳ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ; 11 ï ʨʘʟʣʦʤʳ; 12 ï 

ʨʝʢʠ ʠ ʨʫʯʴʠ; 13 ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʨʘʥʠʮʘ ʈʌ ʩ ʄʦʥʛʦʣʠʝʡ. ʇʦʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚ: ʋʃ ï ʋʣʘʪʘʡʩʢʦʝ, ʊ-ʆ ï ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʝ, ʉ-ʏ ï 

ʉʝʚʝʨʦ-ʏʦʟʩʢʦʝ, ʖ-ʏ ï ʖʞʥʦ-ʏʦʟʩʢʦʝ. 



ʇʨʦʷʚʣʝʥʠʷ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ 

ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ʝʛʦ ʶʞʥʦʡ ʧʦʣʦʚʠʥʝ (ʨʠʩʫʥʦʢ 4). ɸʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ 

ʦʙʨʘʟʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʞʠʣʳ ʤʦʱʥʦʩʪʴʶ ʦʪ 0.2 ʜʦ 5 ʤ ʠ ʜʘʡʢʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 10 ʜʦ 

25 ʤ (ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). ʂʨʫʧʥʳʤ ʪʝʣʦʤ ʦʢʠʩʣʝʥʥʳʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʥʘ ʶʛʝ ʫʯʘʩʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʋʣʘʪʘʡʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʈʫʜʦʥʦʩʥʳʝ ʩʠʜʝʨʠʪʦʚʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ ʦʙʨʘʟʫʶʪ ʜʘʡʢʦʦʙʨʘʟʥʦʝ ʚʳʪʷʥʫʪʦʝ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʣʦ, 

ʨʘʟʤʝʨʦʤ 150ʭ1400 ʤ. ʋʣʘʪʘʡʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʚʝʜʘʥʦ ʩʝʨʠʝʡ ʢʘʥʘʚ ʠ ʰʫʨʬʦʚ ʧʦ 

ʣʠʥʠʷʤ ʯʝʨʝʟ 25 ʤ ʠ ʰʪʦʣʴʥʝʚʳʤ ʛʦʨʠʟʦʥʪʦʤ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 75 ʤ, ʚʩʢʨʳʚʰʠʤ ʪʦʣʴʢʦ 

ʦʢʠʩʣʝʥʥʳʝ ʨʫʜʳ (ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). ɺ 1985-198 ʛʛ. ɹʝʨʝʟʦʚʩʢʠʤ ʇɻʆ ʥʘ 

ʧʣʦʱʘʜʠ ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ ʨʘʙʦʪʳ ʩ 

ʙʫʨʝʥʠʝʤ ʩʢʚʘʞʠʥ ʛʣʫʙʠʥʦʡ ʦʪ 100 ʜʦ 500 ʤ.  

ʂʨʦʤʝ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʚ ʋʣʘʪʘʡʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʧʨʦʷʚʣʝʥʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ 

ʩʝʨʝʙʨʦ-ʩʦʜʝʨʞʘʱʘʷ Cu-Co ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʧʨʦʞʠʣʢʘʤʠ ʠ ʞʠʣʘʤʠ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 20 ʩʤ ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʩʢʫʪʪʝʨʫʜʠʪ, ʩʘʬʬʣʦʨʠʪ, ʙʣʝʢʣʳʝ ʨʫʜʳ, ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʙʦʨʥʠʪ, ʩʝʨʝʙʨʦ ʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʤʠʥʝʨʘʣʳ (ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). ʇʨʦʞʠʣʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʠʤʤʝʪʨʠʯʥʦ-ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʦʙʨʘʟʫʶʪ ʰʪʦʢʚʝʨʢʦʚʳʝ ʟʦʥʳ, ʦʥʠ ʯʘʩʪʦ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʝʣʘʤ ʛʘʙʙʨʦʠʜʦʚ (ʨʠʩʫʥʦʢ 4). ʋʢʘʟʘʥʥʳʝ ʧʨʦʞʠʣʢʠ ʧʝʨʝʩʝʢʘʶʪʩʷ 

ʞʠʣʘʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʚʝʨʦʷʪʥʦ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʙʦʣʝʝ ʨʘʥʥʝʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʘʨʩʝʥʠʜʥʦ-ʢʦʙʘʣʴʪʦʚʦʛʦ ʪʠʧʘ (ʄʠʪʨʦʧʦʣʴʩʢʠʡ, 

ʂʫʣʠʢ, 1975, ʃʝʙʝʜʝʚ, 1998).  

ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚʳʭʦʜʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʪʝʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʋʣʘʪʘʡ (ʨʫʯ. ʆʨʛʫʜʳʜ) ï 

ʆʨʛʫʜʳʜʩʢʠʡ ʫʯʘʩʪʦʢ, ʠ ʠʩʪʦʢʦʚ ʨ. ʊʵʵʣʠ ï ʊʵʵʣʠ-ʉʘʨʳʛʭʦʣʴʩʢʠʡ ʫʯʘʩʪʦʢ. ʊʝʣʘ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ ʙʨʝʢʯʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʚʳʩʪʫʧʫ, ʚ ʢʦʪʦʨʦʤ ʦʙʥʘʞʝʥʳ ʜʝʚʦʥʩʢʠʝ ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʧʨʦʨʚʘʥʥʳʝ ʜʘʡʢʦʦʙʨʘʟʥʳʤʠ ʪʝʣʘʤʠ ʛʘʙʙʨʦʠʜʦʚ, ʪʘʢʞʝ ʚ ʨʘʡʦʥʝ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʚʩʪʨʝʯʘʶʪʩʷ ʛʣʳʙʳ ʙʠʦʪʠʪʦʚʳʭ ʜʚʫʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʛʨʘʥʠʪʦʚ (ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). 

ʐʫʨʬʘʤʠ ʠ ʢʘʥʘʚʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʚʩʢʨʳʪʳ ʥʝʩʢʦʣʴʢʦ ʞʝʣʝʟʦʨʫʜʥʳʭ 

ʟʘʣʝʞʝʡ ʨʘʟʤʝʨʦʤ ʜʦ 75 ʭ 300 ʤ. ɿʘʣʝʞʠ ʩʦʩʪʦʷʪ ʠʟ ʩʝʨʠʠ ʣʠʥʟʦʚʠʜʥʳʭ ʪʝʣ ʨʘʟʤʝʨʦʤ 3 

ʭ 30 ʤ, ʩʣʦʞʝʥʥʳʤʠ ʞʝʣʝʟʦʛʠʜʨʦʢʩʠʜʥʳʤʠ ʨʫʜʘʤʠ. 

ʉʝʚʝʨʦ-ʏʦʟʩʢʦʝ ʧʦʣʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ï ʎʝʥʪʨʘʣʴʥʳʡ ʠ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʥʝʛʦ ʇʝʨʝʚʘʣʴʥʳʡ 

(ʨʠʩʫʥʦʢ 4). ʊʝʣʘ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʠʣʴʥʦʜʠʩʣʦʮʠʨʦʚʘʥʥʦʡ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ 
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ʩʪʨʫʢʪʫʨʝ, ʩʣʦʞʝʥʥʦʡ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʥʠʞʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ, 

ʧʨʦʨʚʘʥʥʳʤʠ ʜʘʡʢʦʦʙʨʘʟʥʳʤ ʪʝʣʦʤ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʨʘʥʦʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ 

(ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005). ʄʦʨʬʦʣʦʛʠʷ ʪʝʣ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʉʝʚʝʨʦ-

ʏʦʟʩʢʦʛʦ ʧʦʣʷ ʘʥʘʣʦʛʠʯʝʥ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ ʨʫʜʥʳʤ ʧʦʣʷʤ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʅʘ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ɹʝʨʝʟʦʚʩʢʠʤ ʇɻʆ ʢʘʥʘʚʘʤʠ ʚʩʢʨʳʪʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʫʨʘʥʦʚʦʝ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ɺʳʩʦʢʦʝ. 

ʏʘʘʭʦʣʴʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ ʏʘʘʭʦʣʴ, ʚ 15 ʢʤ ʢ ʶʛʦ-

ʚʦʩʪʦʢʫ ʦʪ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʨʠʩʫʥʦʢ 2). ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʝʩʪʨʦʮʚʝʪʥʳʤʠ  ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ. ɺ ʧʨʦʜʝʣʘʭ 

ʫʯʘʩʪʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʜʘʡʢʠ ʛʘʙʙʨʦʠʜʦʚ ʪʦʨʛʘʣʳʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 

2005). ɺʳʭʦʜʳ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʪʝʣ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʟʦʥʝ ʢʨʫʧʥʦʛʦ ʰʠʨʦʪʥʦʛʦ ʨʘʟʣʦʤʘ. 

ʂʘʨʙʦʥʘʪʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʪʝʥʩʠʚʥʦ ʦʢʠʩʣʝʥʥʳʤʠ ʨʫʜʦʥʦʩʥʳʤʠ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-

ʩʠʜʝʨʠʪʦʚʳʤʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʠʤʠ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. 

ʉʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʦʙʨʘʟʫʶʪ ʜʘʡʢʦʦʙʨʘʟʥʳʝ ʩʝʢʫʱʠʝ ʪʝʣʘ, ʘ ʪʘʢʞʝ 

ʮʝʤʝʥʪʠʨʫʶʪ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʨʝʢʯʠʡ. ɺ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʫʩʪʘʥʦʚʣʝʥʦ ʧʷʪʴ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ, ʨʘʟʚʝʜʘʥʥʳʭ ʢʘʥʘʚʘʤʠ ʠ ʰʫʨʬʘʤʠ, ʥʘ ʂʘʨʘʦʨʛʠʥʩʢʦʤ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʠ ʧʨʦʙʫʨʝʥʦ ʰʝʩʪʴ ʩʢʚʘʞʠʥ ʛʣʫʙʠʥʦʡ ʜʦ 200 ʤ. 

ʏʘʡʣʶʭʝʤʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʂʫʨʪʫʰʫʙʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʟʦʥʝ, ʚ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʝ ʢʨʫʧʥʦʛʦ ʩʫʙʰʠʨʦʪʥʦʛʦ ʨʘʟʣʦʤʘ (ɹʦʣʦʥʠʥ ʠ ʜʨ., 2009). 

ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʬʣʠʰʦʠʜʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʩʶʪʭʦʣʴʩʢʦʡ ʩʚʠʪʳ ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʢʝʤʙʨʠʷ. ɺ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʨʦʨʚʘʥʳ ʠʥʪʨʫʟʠʠʷʤʠ ʢʚʘʨʮʝʚʳʭ ʩʠʝʥʠʪʦʚ ʠ ʘʣʷʩʢʠʪʦʚ. 

ʌʣʶʦʨʠʪ-ʙʘʨʠʪ-ʩʪʨʦʥʮʠʡ-ʨʝʜʢʦʟʝʤʝʣʴʥʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʦʷʚʣʝʥʘ ʚ 

ʚʠʜʝ ʞʠʣʴʥʳʭ ʪʝʣ ʠ ʮʝʤʝʥʪʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʨʝʢʯʠʡ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʨʘʩʩʝʷʥʥʦʡ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ. ʂʘʨʙʦʥʘʪʠʪʳ ʩʣʦʞʝʥʳ 

ʢʘʣʴʮʠʪʦʤ, ʘʥʢʝʨʠʪʦʤ, ʩʪʨʦʥʮʠʘʥʠʪʦʤ, ʩʫʣʴʬʘʪʘʤʠ Ba ʠ Sr, ʢʚʘʨʮʝʤ, ʙʘʩʪʥʝʟʠʪʦʤ, 

ʧʘʨʠʟʠʪʦʤ, ʩʠʥʭʠʟʠʪʦʤ, ʫʨʘʥʠʥʠʪʦʤ ʠ ʨʝʜʢʠʤʠ ʩʫʣʴʬʠʜʘʤʠ. ʉ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝ ʧʦʨʦʜʳ 

ʠ ʨʫʜʳ ʏʘʡʣʶʭʝʤʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʮʝʩʩʘʤ ʛʠʧʝʨʛʝʥʝʟʘ ï 

ʦʢʠʩʣʝʥʠʶ, ʚʳʱʝʣʘʯʠʚʘʥʠʶ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʶ ʢʘʨʙʦʥʘʪʦʚ. 

 

2.5. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ.  

ʇʦʣʝʚʳʝ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʚʳʜʝʨʞʘʥʥʳʡ 

ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʥʝʠʟʤʝʥʝʥʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, 

ʢʘʨʙʦʥʘʪʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʤʠʥʝʨʘʣʴʥʳʤʠ ʪʠʧʘʤʠ: ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʤʠ 
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(ʧʝʨʚʘʷ ʬʘʟʘ ʚʥʝʜʨʝʥʠʷ) ʠ ʩʠʜʝʨʠʪʦʚʳʤʠ (ʚʪʦʨʘʷ ʬʘʟʘ). ʆʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 

 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ (ʧʦ ʜʘʥʥʳʤ ʆʥʪʦʝʚ, 1984, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 

2005)                                                                                                                        ʊʘʙʣʠʮʘ 2.1 

ʄʠʥʝʨʘʣʳ ɻʠʧʦʛʝʥʥʳʝ ɻʠʧʝʨʛʝʥʥʳʝ 

ʊʠʧ ʢʘʨʙʦʥʘʪʠʪʦʚ ɸʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ 
ʉʠʜʝʨʠʪʦʚʳʝ ɸʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ, 

ʩʠʜʝʨʠʪʦʚʳʝ 
ɻʣʘʚʥʳʝ ʂʘʣʴʮʠʪ 

ɸʥʢʝʨʠʪ 

ʂʚʘʨʮ 

ʌʣʦʛʦʧʠʪ 

ɸʧʘʪʠʪ 

ʄʘʛʥʝʪʠʪ 

ʄʫʩʢʦʚʠʪ 

ʂʘʣʠʰʧʘʪ 

ʉʠʜʝʨʠʪ 

ʌʣʶʦʨʠʪ 

ʂʚʘʨʮ 

ɹʘʨʠʪ 

ɹʘʨʠʪʦʮʝʣʝʩʪʠʥ 

ʎʝʣʝʩʪʠʥ 

ɹʘʩʪʥʝʟʠʪ 

ɸʧʘʪʠʪ 

ʄʫʩʢʦʚʠʪ 

ʄʘʛʥʝʪʠʪ 

ɻʝʪʠʪ, ʛʠʜʨʦʛʝʪʠʪ, 

ʛʠʜʨʦʛʝʤʘʪʠʪ, ʣʠʤʦʥʠʪ 

ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ɻʝʤʘʪʠʪ 

ʄʦʥʘʮʠʪ  

ʇʘʨʠʟʠʪ 

ɹʘʩʪʥʝʟʠʪ 

ʂʚʘʨʮ 

ɻʝʤʘʪʠʪ 

ʂʘʣʴʮʠʪ 

ɹʘʨʠʪ 

ʎʝʣʝʩʪʠʥ 

ʉʪʨʦʥʮʠʘʥʠʪ 

ʉʝʨʠʮʠʪ 

ʂʚʘʨʮ 

ɸʥʢʠʣʠʪ-ʉʝ*, 

ʌʝʨʨʠʢʦʧʠʘʧʠʪ, 

ɻʝʡʣʶʩʩʠʪ, 

ʊʝʥʘʨʜʠʪ 

ɻʘʣʣʫʘʟʠʪ, ʛʠʧʩ, ʧʠʨʦʣʶʟʠʪ, 

ʦʧʘʣ, ʤʘʣʘʭʠʪ, ʘʟʫʨʠʪ, ʷʨʦʟʠʪ, 

ʩʪʨʦʥʮʠʘʥʠʪ, ʤʘʨʢʘʟʠʪ 

ʉʫʣʴʬʠʜʳ: ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʤʦʣʠʙʜʝʥʠʪ,  

ɸʢʮʝʩʩʦʨʥʳʝ ʉʬʝʥ, ʨʫʪʠʣ, ʩʢʘʧʦʣʠʪ, ʪʫʨʤʘʣʠʥ, 

ʮʝʣʝʩʪʠʥ, ʪʦʨʠʪ, ʤʦʥʘʮʠʪ, ʩʠʥʭʠʟʠʪ, 

ʱʝʣʦʯʥʦʡ ʘʤʬʠʙʦʣ 

ɻʝʘʨʢʩʫʪʠʪ, ʬʣʶʦʨʠʪ, 

ʮʝʨʠʘʥʠʪ, ʨʘʙʜʦʬʘʥʠʪ, 

ʪʠʭʦʥʝʥʢʦʚʠʪ, ʚʫʣʴʬʝʥʠʪ, 

ʩʤʠʪʩʦʥʠʪ 

ʇʨʠʤʝʯʘʥʠʝ: ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʛʣʘʚʥʳʝ ʤʠʥʝʨʘʣʳ,  

* - ʤʠʥʝʨʘʣʳ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʘʚʪʦʨʦʤ ʚ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ. 
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ɻʣʘʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʝʨʚʠʯʥʳʭ ʥʝʦʢʠʩʣʝʥʥʳʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʶʪʩʷ: ʢʘʣʴʮʠʪ, ʘʥʢʝʨʠʪ, ʢʚʘʨʮ, ʬʣʦʛʦʧʠʪ, ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ, ʤʫʩʢʦʚʠʪ. 

ɻʣʘʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʶʪʩʷ: ʩʠʜʝʨʠʪ, ʬʣʶʦʨʠʪ, ʢʚʘʨʮ, 

ʙʘʨʠʪ, ʙʘʨʠʪʦʮʝʣʝʩʪʠʥ, ʮʝʣʝʩʪʠʥ, ʙʘʩʪʥʝʟʠʪ, ʘʧʘʪʠʪ, ʞʝʣʝʟʠʩʪʳʡ ʤʫʩʢʦʚʠʪ, ʤʘʛʥʝʪʠʪ.  

ɺʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʶʪʩʷ: 

ʛʝʤʘʪʠʪ, ʤʦʥʘʮʠʪ, ʧʘʨʠʟʠʪ, ʙʘʩʪʥʝʟʠʪ, ʢʚʘʨʮ. ʉʨʝʜʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚʳʜʝʣʷʶʪ: ʛʝʤʘʪʠʪ, ʢʘʣʴʮʠʪ, ʙʘʨʠʪ, ʮʝʣʝʩʪʠʥ, ʩʪʨʦʥʮʠʘʥʠʪ, 

ʩʝʨʠʮʠʪ, ʢʚʘʨʮ. ʂ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ ʤʠʥʝʨʘʣʘʤ ʢʘʨʙʦʥʘʪʠʪʦʚ ʪʘʢʞʝ ʦʪʥʦʩʷʪ ʩʫʣʴʬʠʜʥʳʝ 

ʤʠʥʝʨʘʣʳ: ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʤʦʣʠʙʜʝʥʠʪ. 

ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʩʬʝʥʦʤ, ʨʫʪʠʣʦʤ, 

ʩʢʘʧʦʣʠʪʦʤ, ʪʫʨʤʘʣʠʥʦʤ, ʮʝʣʝʩʪʠʥʦʤ, ʪʦʨʠʪʦʤ, ʤʦʥʘʮʠʪʦʤ, ʩʠʥʭʠʟʠʪʦʤ, ʱʝʣʦʯʥʳʤ 

ʘʤʬʠʙʦʣʦʤ. ʉʨʝʜʠ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ ʧʦʣʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʫʩʪʘʥʦʚʣʝʥʳ: ʛʝʪʠʪ, ʛʠʜʨʦʛʝʪʠʪ, ʛʠʜʨʦʛʝʤʘʪʠʪ, ʣʠʤʦʥʠʪ, ʛʘʣʣʫʘʟʠʪ, ʛʠʧʩ, ʧʠʨʦʣʶʟʠʪ, 

ʦʧʘʣ, ʤʘʣʘʭʠʪ, ʘʟʫʨʠʪ, ʷʨʦʟʠʪ, ʩʪʨʦʥʮʠʘʥʠʪ, ʤʘʨʢʘʟʠʪ, ʛʝʘʨʢʩʫʪʠʪ, ʛʠʧʝʨʛʝʥʥʳʡ 

ʬʣʶʦʨʠʪ, ʨʘʙʜʦʬʘʥʠʪ, ʮʝʨʠʘʥʠʪ, ʪʠʭʦʥʝʥʢʦʚʠʪ, ʚʫʣʴʬʝʥʠʪ, ʩʤʠʪʩʦʥʠʪ.  

ɸʚʪʦʨʦʤ ʚʧʝʨʚʳʝ ʚ ʨʫʜʦʥʦʩʥʳʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʊʫʚʳ ʫʩʪʘʥʦʚʣʝʥʳ 

ʨʝʜʢʠʝ ʤʠʥʝʨʘʣʳ: ʘʥʢʠʣʠʪ-ʉʝ, ʬʝʨʨʠʢʦʧʠʘʧʠʪ, ʛʝʡʣʶʩʩʠʪ ʠ ʪʝʥʘʨʜʠʪ.  

ɺ ʨʘʙʦʪʝ ɼ.ʆ. ʆʥʪʦʝʚʘ (1984) ʧʨʠʚʦʜʠʪʩʷ ʩʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ (ʨʠʩʫʥʦʢ 

5). ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 5 ʧʨʦʮʝʩʩʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʊʫʚʳ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʩʪʘʜʠʷ ʛʨʝʡʟʝʥʠʟʘʮʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ (ʩʪʘʜʠʷ 1). ʉʪʘʜʠʷ 

ʨʘʥʥʝʡ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ (2) ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʮʝʩʩʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ (ʧʝʨʚʦʡ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ). ɺ ʨʫʜʥʫʶ ʙʘʨʠʪ-

ʮʝʣʝʩʪʠʥ-ʬʣʶʦʨʠʪ-ʙʘʩʪʥʝʟʠʪ-ʩʠʜʝʨʠʪʦʚʫʶ ʩʪʘʜʠʶ (3 ʘ) ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. ɼʘʣʝʝ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ ʧʦʣʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ï ʩʪʘʜʠʷ ʣʦʢʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʛʝʤʘʪʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ (3 ʙ) ʠ ʢʘʣʴʮʠʪðʮʝʣʝʩʪʠʥ-ʩʪʨʦʥʮʠʘʥʠʪʦʚʘʷ ʩʪʘʜʠʷ (4), 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʤʝʥʷʪʴʩʷ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʥʳʭ ʧʦʣʝʡ - ʩʪʘʜʠʝʡ 

ʛʠʧʝʨʛʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ. ɿʦʥʘ ʦʢʠʩʣʝʥʠʷ çʞʝʣʝʟʥʘʷ ʰʣʷʧʘè ʚ ʧʨʝʜʝʣʘʭ 

ʨʫʜʥʳʭ ʧʦʣʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʤʝʝʪ ʩʨʝʜʥʶʶ ʤʦʱʥʦʩʪʴ 100-300 ʤ. 
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ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ (ʆʥʪʦʝʚ, 1984). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ. ʉʪʘʜʠʠ: 1 ï ʛʨʝʡʟʝʥʦʚʘʷ; 2 ï ʨʘʥʥʝʡ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ; 3 ï ʨʫʜʥʘʷ 

ʙʘʨʠʪ-ʮʝʣʝʩʪʠʥ-ʬʣʶʦʨʠʪ-ʙʘʩʪʥʝʟʠʪ-ʩʠʜʝʨʠʪʦʚʘʷ: ʘʩʩʦʮʠʘʮʠʷ (ʘ), ʣʦʢʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʛʝʤʘʪʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ (ʙ); 4 ï ʧʦʟʜʥʷʷ ʢʘʣʴʮʠʪðʮʝʣʝʩʪʠʥ-ʩʪʨʦʥʮʠʘʥʠʪʦʚʘʷ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ: 1 ï ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʱʠʝ; 2 ï ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ; 3 ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ; 4 ï ʤʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ; 5 ï ʨʝʜʢʠʝ. 
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2.6. ʅʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʧʨʦʷʚʣʝʥʠʷ ʖɿ ʊʫʚʳ ʠ ʉɿ ʄʦʥʛʦʣʠʠ 

ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʬʘʢʪ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  ʶʨʩʢʦ-ʤʝʣʦʚʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠ ʧʦʟʚʦʣʠʣ ʥʘʤ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʫʜʦʥʦʩʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʘʨʝʘʣʦʚ ʨʘʟʚʠʪʠʷ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ 

ʧʨʦʷʚʣʝʥʠʷ ʚ ʨʘʡʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ (ʨʠʩʫʥʦʢ 6): 

1). ɺ ʚʝʨʭʦʚʴʷʭ ʨ. ɹʦʨʦʰʠʚʝʠʥ-ɹʫʣʘʢ (ʭʨ. ʎʘʛʘʥ-ʐʠʙʝʪʫ, ʉɿ ʄʦʥʛʦʣʠʷ) ʩʨʝʜʠ 

ʩʣʘʥʮʝʚ ʪʘʰʘʥʪʠʥʩʢʦʡ ʩʚʠʪʳ (D2-3) ʫʩʪʘʥʦʚʣʝʥʘ ʞʠʣʘ, ʩʣʦʞʝʥʥʘʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ 

ʘʛʨʝʛʘʪʦʤ ʘʥʢʝʨʠʪ-ʩʠʜʝʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Ce (3000 ʛ/ʪ), La 

(3000 ʛ/ʪ), Y, Zr , Co (100 ʛ/ʪ), Ba, Sr (1000 ʛ/ʪ) (ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ).  

2). ɺ ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ ɹʘʨʣʳʢ (ʩʝʚʝʨʥʳʡ ʩʢʣʦʥ ʭʨ. ʎʘʛʘʥ-ʐʠʙʝʪʫ, ʖɿ ʊʫʚʘ) 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ 211 ʀɻʄ ʉʆ ʈɸʅ ɸ.ʕ. ʀʟʦʭ ʠ ɸ.ɺ. ɺʠʰʥʝʚʩʢʠʤ ʩʨʝʜʠ 

ʩʣʘʥʮʝʚ ʪʘʰʘʥʪʠʥʩʢʦʡ ʩʚʠʪʳ (D2-3) ʫʩʪʘʥʦʚʣʝʥr ʞʠʣʦʧʦʜʦʙʥʳʝ ʪʝʣʘ ʩʣʦʞʝʥʥʳʝ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʘʥʢʝʨʠʪʦʤ, ʙʘʨʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʘʧʘʪʠʪʦʤ (ʨʠʩʫʥʦʢ 6) ʩ ʚʳʩʦʢʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ Ce (300 ʛ/ʪ), La (200 ʛ/ʪ), ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ɺʘ, ʈ, 

Y, Zr, Co (0.1-0.01 ʤʘʩ.%)  (ʨʝʟʫʣʴʪʘʪ rʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ). ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘʤʠ 

ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʜʘʥʥʳʤ ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʥʦʚʦʚʳʷʚʣʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʪʘʙʣʠʮʝ 2.2.  

 

ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ 

 ʧʦ ʜʘʥʥʳʤ ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ   

                                                                                                                                 ʊʘʙʣʠʮʘ 2.2 

ʆʙʨʘʟʝʮ Rb Sr Y Zr Nb Cs Ba La Ce Pr Nd Sm Eu 

ʂʆʏ01-13  75 1 092  37  278  27 14  444  27  52  6,6  24  5,0  3,1 

ɹɸʈ-1  75  181  79  103  27  2,7 7034  146  208  22  63 10  7,8 

ʆʙʨʘʟʝʮ Gd Tb Dy Ho Er Tm Yb Lu Hf Ta Th U   

ʂʆʏ01-13  4,9  0,84  4,9 1,0  3,1  0,49  3,3  0,52  7,1 1,3 11  3,5   

ɹɸʈ-1  9,7 1,7 11  2,2  6,3  0,90  5,4  0,80  2,6  1,54  5,3  3,9   

 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʳ ʥʘʭʦʜʢʠ ʘʥʢʝʨʠʪʦʚʳʭ ʧʦʨʦʜ ʩ Fe-Ba-Sr-REE 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʧʨʦʜʦʣʞʝʥʠʠ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ Fe-F-

REE ʢʘʨʙʦʥʘʪʠʪʦʚ (ʩʤ. ʫʯʘʩʪʦʢ ʚʳʜʝʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 6 ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ). 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʥʦʚʦʚʳʷʚʣʝʥʥʳʭ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ 

ʘʥʢʝʨʠʪʦʤ, ʩʫʣʴʬʘʪʘʤʠ Ba ʠ Sr, ʛʝʤʘʪʠʪʦʤ, ʘʧʘʪʠʪʦʤ, ʢʚʘʨʮʝʤ. ɺ ʵʪʦʤ ʫʯʘʩʪʢʝ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʘʡʢʠ ʩʣʶʜʷʥʳʭ ʣʘʤʧʨʦʬʠʨʦʚ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ Ni-Co-As ʠ Cu-

Co-As ʦʨʫʜʝʥʝʥʠʝ (ɻʦʚʝʨʜʦʚʩʢʠʡ, ʊʨʝʪʴʷʢʦʚʘ, 2011), ʙʘʨʠʪʦʚʳʝ ʠ ʙʘʨʠʪ-ʢʘʨʙʦʥʘʪʥʳʝ 
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ʞʠʣʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʶʨʩʢʠʭ (J1-2) ʠ ʜʝʚʦʥʩʢʠʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʥʘʡʜʝʥʥʳʭ ʚ ʨʘʡʦʥʝ ʭʨ. 

ʎʘʛʘʥ-ʐʠʙʝʪʫ (ʨ. ɹʘʨʣʳʢ) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 

 

ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʤʝʟʦʟʦʡʩʢʦʛʦ Fe-F-(Ba)-(Sr)-REE ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʠ Cu-

Ni-Co-As ʦʨʫʜʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ɸʉʉʆ (ʧʦ ʜʘʥʥʳʤ ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 2006, ʃʝʙʝʜʝʚ ʠ 

ʜʨ., 2009, Vorontsov et al., 2011, ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ ʘʚʪʦʨʘ).  

 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï  ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʧʦʨʦʜʳ; 2 ï ʩʨʝʜʥʝ-ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʝ 

ʵʬʬʫʟʠʚʥʦ-ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ (D2-3); 3 ï ʵʬʬʫʟʠʚʳ ʨʘʥʥʝʛʦ ʜʝʚʦʥʘ (D1); 4 ï 

ʢʘʡʥʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ (N-Q); 5 ï ʨʘʟʣʦʤʳ; 6 ï ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ; 7 ï Fe-F-(Ba)-(Sr)-

REE ʢʘʨʙʦʥʘʪʠʪʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ; 8 ï ʛʨʘʥʠʮʳ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʧʦʷʩʘ; 9 - ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʝ Cu-Ni-Co-As ʦʨʫʜʝʥʝʥʠʝ ʚ ʖɿ ʊʫʚʝ. 

 

 

 



46 

 

 

ʈʠʩʫʥʦʢ 7. ʈʝʟʫʣʴʪʘʪʳ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʨʙʦʥʘʪʥʳʭ 

ʞʠʣʴʥʳʭ ʧʦʨʦʜ, ʥʘʡʜʝʥʥʳʭ ʚ ʨʘʡʦʥʝ ʭʨ. ʎʘʛʘʥ-ʐʠʙʝʪʫ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ, ʙ - 

ʉʕʄ-ʬʦʪʦ ʦʙʨʘʟʮʘ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ, ʚ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ 

ʤʠʥʝʨʘʣʦʚ: 1 ï ʘʥʢʝʨʠʪ, 2 ï ʛʝʤʘʪʠʪ, 3 ï ʢʚʘʨʮ, 4 ï ʘʧʘʪʠʪ. 

 

2.7. ʂʦʙʘʣʴʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʘʨʝʘʣʝ ʧʨʦʷʚʣʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ɺ ʟʘʧʘʜʥʦʡ ʊʫʚʝ ʚ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʝʥʥʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʝʪʘʣʣʦʥʦʩʥʦʡ ʦʙʣʘʩʪʠ 

(ʨʠʩʫʥʦʢ 6) ʢ ʤʝʣʦʚʦʤʫ ʵʪʘʧʫ ʦʪʥʦʩʠʪʩʷ ʢʦʙʘʣʴʪ-ʥʠʢʝʣʝʚʘʷ ʘʨʩʝʥʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʚ ʚʠʜʝ ʞʠʣ ʢʚʘʨʮ-ʜʦʣʦʤʠʪ-ʢʘʣʴʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʘʪʠʬʦʨʤʥʘʷ ʤʝʜʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʩʫʣʴʬʠʜʥʦ-ʩʫʣʴʬʦʩʦʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩ ʙʣʝʢʣʦʡ ʨʫʜʦʡ ʚ ʢʚʘʨʮ-

ʩʠʜʝʨʠʪ-ʙʘʨʠʪʦʚʳʭ ʞʠʣʘʭ, ʧʨʦʷʚʣʝʥʥʘʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʄʦʛʝʥʙʫʨʝʥʴ, ʂʳʟʳʣ-ʆʶʢ, 

ʂʘʘʪʪʘʡʛʘ ʠ ʇʨʘʚʦʫʟʫʥʭʝʤʩʢʦʝ. ʆʥʠ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʂʘʨʛʠʥʩʢʦʤ ʛʨʘʙʝʥʝ ʚʜʦʣʴ 

ʐʘʧʰʘʣʴʩʢʦʡ ʥʘʜʚʠʛʦʚʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ. ɺ ʨʫʜʥʳʭ ʧʦʣʷʭ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ 

ʙʦʣʝʝ ʨʘʥʥʶʶ ʉo-Ni-ʘʨʩʝʥʠʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʞʠʣʳ ʩʫʣʴʬʠʜʥʦ-

ʩʫʣʴʬʦʩʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʋʩʪʘʥʦʚʣʝʥ ʤʝʟʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ Cu-Co-As ʄʦʛʝʥʙʫʨʝʥʴʩʢʦʛʦ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ 175.3 Ñ 2 ʤʣʥ. ʣʝʪ (ʩʝʨʠʮʠʪ, Ar-Ar, ʊʨʝʪʴʷʢʦʚʘ ʠ ʜʨ., 2010).  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʳʟʳʣ-ʆʶʢ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʫʯʘʩʪʢʦʚ. ɺʜʦʣʴ ʨʘʟʣʦʤʘ 

ʢʝʤʙʨʠʡʩʢʠʝ ʙʘʟʘʣʴʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ ʥʘʜʚʠʥʫʪʳ ʥʘ ʶʨʩʢʫʶ ʪʝʨʨʠʛʝʥʥʫʶ ʪʦʣʱʫ, ʠ 

ʨʫʜʥʳʝ ʞʠʣʳ ʩ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʤ ʠ ʛʥʝʟʜʦʚʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʣʦʢʘʣʠʟʫʶʪʩʷ ʢʘʢ 

ʚ ʢʝʤʙʨʠʡʩʢʠʭ, ʪʘʢ ʠ ʚ ʶʨʩʢʠʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ. ɿʘʣʴʙʘʥʜʳ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʞʠʣ ʩʣʦʞʝʥʳ ʢʚʘʨʮʝʤ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʨʘʩʪʘʶʪ ʟʦʥʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʦʣʦʤʠʪʘ ʠ 

ʢʘʣʴʮʠʪʘ, ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʞʠʣ ʚʳʧʦʣʥʝʥʳ ʘʨʩʝʥʠʜʘʤʠ ʠ ʩʫʣʴʬʦʘʨʩʝʥʠʜʘʤʠ, ʩʨʝʜʠ 
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ʢʦʪʦʨʳʭ ʛʣʘʚʥʳʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ Co-Ni-ʩʢʫʪʪʝʨʫʜʠʪ, ʜʞʫʣʫʢʫʣʠʪ (Ni-

ʢʦʙʘʣʴʪʠʥ) ʠ ʩʘʬʬʣʦʨʠʪ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʤʠʥʝʨʘʣʳ: ʨʘʤʤʝʣʴʩʙʝʨʛʠʪ, ʢʦʙʘʣʴʪʠʥ, 

ʛʣʘʫʢʦʜʦʪ, ʵʥʘʨʛʠʪ, ʛʝʤʘʪʠʪ. ʉʫʣʴʬʠʜʥʦ-ʩʫʣʴʬʦʩʦʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʢʚʘʨʮ-

ʩʠʜʝʨʠʪ-ʙʘʨʠʪʦʚʳʭ ʞʠʣʘʭ ʦʪʣʠʯʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʥʘʙʦʨʦʤ ʤʠʥʝʨʘʣʦʚ: ʭʘʣʴʢʦʧʠʨʠʪ, 

ʪʝʥʥʘʥʪʠʪ, ʢʦʙʘʣʴʪʠʥ, ʩʘʤʦʨʦʜʥʳʝ ʩʝʨʝʙʨʦ ʠ ʚʠʩʤʫʪ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚʳʨʘʞʝʥʳ ʢʘʨʙʦʥʘʪʠʟʘʮʠʝʡ, ʭʣʦʨʠʪʠʟʘʮʠʝʡ ʠ ʦʢʚʘʨʮʝʚʘʥʠʝʤ.  

ʇʨʘʚʦʫʟʫʥʭʝʤʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʂʘʘʪʪʘʡʛʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪʦʤ ʂʘʨʛʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ. ʂʚʘʨʮ-

ʢʘʣʴʮʠʪ-ʙʘʨʠʪʦʚʳʝ ʞʠʣʳ ʠ ʧʨʦʞʠʣʢʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 0.5 ʤ ʩ ʘʨʩʝʥʠʜʥʦʡ ʠ ʩʫʣʴʬʠʜʥʦ-

ʩʫʣʴʬʦʩʦʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʶʨʩʢʠʭ ʫʛʣʝʥʦʩʥʳʭ ʤʦʣʘʩʩʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ. ʇʨʝʦʙʣʘʜʘʶʱʝʡ ʷʚʣʷʝʪʩʷ ʘʨʩʝʥʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʦʙʘʣʴʪʠʥʦʤ, 

ʩʢʫʪʪʝʨʫʜʠʪʦʤ, ʩʘʬʬʣʦʨʠʪʦʤ, ʨʘʤʤʝʣʴʩʙʝʨʛʠʪʦʤ ʠ ʛʣʘʫʢʦʜʦʪʦʤ. 

ʈʫʜʦʧʨʦʷʚʣʝʥʠʝ ʂʘʘʪʪʘʡʛʘ ʧʨʠʫʨʦʯʝʥʦ ʢ ʰʠʨʦʪʥʦʡ ʟʦʥʝ ʨʘʟʣʦʤʘ ʥʘ ʟʘʧʘʜʥʦʤ 

ʬʣʘʥʛʝ ʂʘʪʪʘʡʛʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʚʘʨʮ-ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʤʠ ʞʠʣʘʤʠ ʠ 

ʧʨʦʞʠʣʢʘʤʠ ʩ ʩʫʣʴʬʠʜʥʦ-ʩʫʣʴʬʦʩʦʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʩʝʢʫʱʠʤʠ ʯʝʨʥʳʝ ʫʛʣʠʩʪʳʝ 

ʘʣʝʚʨʦʣʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʞʠʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʠʩʤʫʪ-ʢʦʙʘʣʴʪ-ʩʝʨʝʙʨʦ-ʩʦʜʝʨʞʘʱʝʡ ʙʣʝʢʣʦʡ ʨʫʜʳ, ʩʫʣʴʬʠʜʦʚ ʤʝʜʠ, 

ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ, ʭʦʪʷ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪʤʝʯʘʝʪʩʷ ʘʨʩʝʥʦʧʠʨʠʪ ʠ ʢʦʙʘʣʴʪʠʥ, 

ʧʠʨʠʪ ʠ ʛʝʤʘʪʠʪ, ʢʘʣʴʮʠʪ.  

ʀʟʫʯʝʥʳ ʦʜʥʦʬʘʟʥʳʝ, 2ʭ- ʠ 3ʭ-ʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ, ʢʘʣʴʮʠʪʝ ʠ ʙʘʨʠʪʝ 

ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 

240Üʉ ʚ ʤʠʥʝʨʘʣʘʭ ʠʟ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʘʘʪʪʘʡʛʘ ʠ ʇʨʘʚʦʫʟʫʥʭʝʤʩʢʦʝ ʠ ʙʦʣʝʝ 

ʥʠʟʢʠʝ 165-100Üʉ ʚ ʤʠʥʝʨʘʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʳʟʳʣ-ʆʶʢ. ʆʙʱʠʡ ʠʥʪʝʨʚʘʣ 

ʪʝʤʧʝʨʘʪʫʨ ʩʦʩʪʘʚʣʷʝʪ 240-90Üʉ. ɿʥʘʯʝʥʠʷ ʦʮʝʥʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 900 ʠ 650 

ʙʘʨ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʄʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʝ ʨʘʩʪʚʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʩʦʣʝʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʳʟʳʣ-ʆʶʢ (35-18 ʤʘʩ.% NaCl-ʵʢʚ.) ʠ ʂʘʘʪʪʘʡʛʘ (38-0.5 ʤʘʩ% 

NaCl-ʵʢʚ.), ʩʥʠʞʘʶʱʠʤʠʩʷ ʧʦʯʪʠ ʜʦ ʥʫʣʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʙʘʚʣʝʥʠʠ 

ʧʝʨʚʠʯʥʦʛʦ ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ ʬʣʶʠʜʘ. ʂʨʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʭʬʘʟʦʚʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʧʦʢʘʟʘʣʠ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʚʪʝʢʪʠʢʠ -76-70Üʉ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ -57-62Üʉ, ʯʪʦ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʝ NaCl-FeCl2-MgCl2-CaCl2. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʙʥʘʨʫʞʝʥʳ ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʵʚʪʝʢʪʠʢʠ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ -28-32Üʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ -18Üʉ, ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ NaCl ʠ MgCl2, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 2 ʠ 15 ʤʘʩ.% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  



48 

 

ʇʦʩʢʦʣʴʢʫ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚ ʨʫʜʥʳʭ ʧʦʣʷʭ Cu-Co-As ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʥʝ 

ʙʳʣʠ ʥʘʡʜʝʥʳ, ʠ ʚʦʟʨʘʩʪ ʦʨʫʜʝʥʝʥʠʷ ʙʳʣ ʥʝʠʟʚʝʩʪʝʥ, ʦʩʪʘʚʘʣʦʩʴ ʥʝʧʦʥʷʪʥʳʤ ʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʪʘʢʠʭ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ, ʥʝʷʩʥʦ 

ʢʘʢʠʝ ʠʩʪʦʯʥʠʢʠ ʛʝʥʝʨʠʨʦʚʘʣʠ ʵʪʠ ʬʣʶʠʜʳ, ʠ ʩ ʢʘʢʠʤ ʪʠʧʦʤ ʤʘʛʤʘʪʠʟʤʘ ʤʦʛʣʦ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʤʝʜʥʦ-ʢʦʙʘʣʴʪʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ.  

 

2.8. ɺʦʧʨʦʩʳ ʠʟʫʯʝʥʠ ̫ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʠ ʠʭ ʩʚʷʟʠ ʩ ʤʘʛʤʘʪʠʟʤʦʤ 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʠʨʝ ʚ ʘʨʝʘʣʝ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʩʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʘʷ ʩʚʷʟʴ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʘʩʩʦʮʠʠʨʫʶʱʠʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʩʠʣʠʢʘʪʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʛʣʘʚʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʡʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʚʩʪʨʝʯʘʶʪʩʷ ʪʝʣʘ ʦʩʥʦʚʥʳʭ ʠ ʢʠʩʣʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʧʦʟʜʥʝʛʦ ʧʘʣʝʦʟʦʷ (ʛʨʘʥʠʪʦʠʜʳ ʩʶʪʭʦʣʴʩʢʦʛʦ ʠ ʙʘʷʥʢʦʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʙʘʟʠʪʳ 

ʪʦʨʛʘʣʳʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, D3-C1). ʆʙʣʦʤʢʠ ʵʪʠʭ ʧʦʨʦʜ ʦʪʤʝʯʘʶʪʩʷ ʚ ʩʠʜʝʨʠʪʦʚʦʤ 

ʮʝʤʝʥʪʝ ʪʨʫʙʦʢ ʚʟʨʳʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʙʨʝʢʯʠʡ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʘʡʦʥʘ ʟʘʧʘʜʥʦʡ ʊʫʚʳ, ʦʧʠʩʘʥ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚ, ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, 

ʥʦ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ ʦʩʪʘʣʠʩʴ ʥʝʠʟʫʯʝʥʥʳʤʠ.  

1). ɼʦ ʩʠʭ ʧʦʨ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥ ʚʦʧʨʦʩ ʚʦʟʨʘʩʪʘ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʇʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

ʩʦʚʝʨʰʝʥʥʦ ʦʪʯʝʪʣʠʚʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʧʦʟʜʥʝʝ ʘʥʢʝʨʠʪʦʚʳʭ, ʥʦ ʧʦʩʣʝʜʥʠʝ ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦ 

ʙʘʩʪʥʝʟʠʪʫ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ, ʧʦʣʫʯʝʥʥʳʝ UïPb ʠ SmïNd ʤʝʪʦʜʘʤʠ, 118 Ñ 1 

ʤʣʥ. ʣʝʪ (ʉʘʣʴʥʠʢʦʚʘ ʠ ʜʨ., 2010) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʜʘʥʥʳʤ RbïSr ʚʦʟʨʘʩʪʘ ʧʦ 

ʤʠʥʝʨʘʣʘʤ ʠʟ ʦʙʦʠʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ 118 Ñ 9 ʤʣʥ. ʣʝʪ (ʉʫʛʦʨʘʢʦʚʘ ʠ ʜʨ., 2004, 

ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2006).  

ʇʝʨʚʳʝ ʜʘʪʠʨʦʚʢʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʧʦʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ K-Ar ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʠ ʚʦʟʨʘʩʪʘ (ʚ ʤʣʥ. ʣʝʪ): ʧʦ ʙʠʦʪʠʪʫ ʠʟ 

ʛʨʘʥʦʩʠʝʥʠʪʦʚ ï 151 Ñ 6; ʧʦ ʙʠʦʪʠʪʫ ʠʟ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʩʣʶʜʠʪʦʚ ï 132Ñ5; ʧʦ 

ʤʫʩʢʦʚʠʪʫ ʠʟ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʚʳʭ ʛʨʝʡʟʝʥʦʚ ï 124 Ñ 5; ʚʦʟʨʘʩʪ ʛʨʝʡʟʝʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʥʦʩʠʝʥʠʪʘ (ʚʘʣʦʚʘʷ ʧʨʦʙʘ) ï 122 Ñ 5 (ʐʫʨʫʧʦʚ, 1966). ʇʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʙʠʦʪʠʪʦʚʳʭ ʢʚʘʨʮʝʚʳʭ ʩʠʝʥʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʧʦʣʷ U-Pb 

ʤʝʪʦʜʦʤ ʧʦ ʘʢʮʝʩʩʦʨʥʦʤʫ ʮʠʨʢʦʥʫ (ʘʥʘʣʠʪʠʢ ï ʉʘʣʴʥʠʢʦʚʘ ɽ.ɹ., ʀɻɼɼ ʈɸʅ) ʧʦʢʘʟʘʣʠ 
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ʟʥʘʯʝʥʠʝ 119 Ñ 2 ʤʣʥ. ʣʝʪ (ɹʦʣʦʥʠʥ ʠ ʜʨ., 2009). Sm-Nd ʚʦʟʨʘʩʪ ʙʠʦʪʠʪʦʚʳʭ 

ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʋʣʘʪʘʡʩʢʦʛʦ ʨʘʡʦʥʘ (ʤʠʥʝʨʘʣʴʥʘʷ ʠʟʦʭʨʦʥʘ, ʢʩʝʥʦʪʠʤ, ʤʦʥʘʮʠʪ, ʩʬʝʥ) 

ʩʦʩʪʘʚʣʷʝʪ 114 Ñ 5 ʤʣʥ. ʣʝʪ (ʃʝʙʝʜʝʚ ɺ.ʀ., ʉʫʛʦʨʘʢʦʚʘ ɸ.ʄ., ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʜʘʥʥʳʝ), ʯʪʦ ʙʣʠʟʢʦ ʢ ʚʦʟʨʘʩʪʫ ʢʚʘʨʮʝʚʳʭ ʩʠʝʥʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʥʪʝʨʚʘʣ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʦʟʨʘʩʪʘ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ 

ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʩʠʝʥʠʪʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʝʥ 150-110 ʤʣʥ. ʣʝʪ.  

2). ɺʦʧʨʦʩ ʦʙ ʠʩʪʦʯʥʠʢʝ ʠʣʠ ʠʩʪʦʯʥʠʢʘʭ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʛʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʘʥʢʝʨʠʪʦʚʳʝ ʠ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʊʫʚʳ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ. ʆʜʥʠ ʘʚʪʦʨʳ 

ʧʨʝʜʧʦʣʘʛʘʣʠ ʩʚʷʟʴ ʩ ʛʨʘʥʠʪʦʠʜʥʳʤ ʤʘʛʤʘʪʠʟʤʦʤ (ɹʦʣʦʥʠʥ ʠ ʜʨ., 2009). ʅʦ 

ʩʫʱʝʩʪʚʦʚʘʣʘ ʠ ʜʨʫʛʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʩ ʘʩʩʦʮʠʠʨʫʶʱʠʤʠ ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ 

ʧʦʨʦʜʘʤʠ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʆʥʪʦʝʚ, 1984). ɼ.ʆ. ʆʥʪʦʝʚ ʦʪʤʝʯʘʣ, ʯʪʦ ʤʝʟʦʟʦʡʩʢʠʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ ʧʦʣʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ çʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʝʙʦʣʴʰʠʤʠ ʪʨʝʱʠʥʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʠ ʰʪʦʢʘʤʠ ʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ, 

ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʠ ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʠ ʩʠʝʥʠʪʦʚ, ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ, ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʧʦʨʬʠʨʦʚ, ʘ ʪʘʢʞʝ ʜʘʡʢʘʤʠ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, ʜʠʦʨʠʪʦʚʳʭ 

ʧʦʨʬʠʨʠʪʦʚ ʠ ʣʘʤʧʨʦʬʠʨʦʚè. 

3). ʅʝʧʦʥʷʪʥʳʤ ʦʩʪʘʚʘʣʩʷ ʠ ʚʦʧʨʦʩ ʦ ʩʨʝʜʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʦʞʠʣʢʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʛʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ 

ʛʝʥʝʟʠʩʝ ʢʘʨʙʦʥʘʪʦʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʣʠʯʠʝ ʪʨʫʙʦʢ ʚʟʨʳʚʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʧʨʝʜʧʦʣʘʛʘʣʠ ʩʚʷʟʴ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ. ɺ ʟʘʜʘʯʫ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʭʦʜʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʨʘʩʪʚʦʨʘ ʠʣʠ ʠʟ 

ʨʘʩʧʣʘʚʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʤʠʥʝʨʘʣʳ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

 

2.9. ʅʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʠ Cu-Ni-Co-As ʧʨʦʷʚʣʝʥʠʡ  

1. ɺ ʘʨʝʘʣʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʎʝʥʪʨʘʣʴʥʦ-

ʊʫʚʠʥʩʢʦʤ ʨʝʛʠʦʥʝ ʧʦ ʥʘʭʦʜʢʘʤ ʨʫʜʦʥʦʩʥʳʭ ʙʨʝʢʯʠʡ ʘʥʢʝʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʨʘʡʦʥʝ 

ʭʨ. ʎʘʛʘʥ-ʐʠʙʝʪʫ (ʖɿ ʊʫʚʘ ʠ ʉɿ ʄʦʥʛʦʣʠʷ) ʫʩʪʘʥʦʚʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ 

ʤʝʪʘʣʣʦʥʦʩʥʘʷ ʦʙʣʘʩʪʴ ʩ ʢʦʤʧʣʝʢʩʥʳʤ Fe-Ba-Sr-REE ʠ Cu-Ni-Co-As ʦʨʫʜʝʥʝʥʠʝʤ 

(ʨʠʩʫʥʦʢ 6). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʢʝʨʠʪʦʚʳʝ ʞʠʣʳ ʚ ʨʘʡʦʥʝ ʭʨ. ʎʘʛʘʥ-ʐʠʙʝʪʫ ʩʦʜʝʨʞʘʪ 

ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Ba, Sr, P ʠ REE ʵʣʝʤʝʥʪʦʚ. ɺ ʨʘʡʦʥʝ ʥʘʡʜʝʥʥʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ ʰʠʨʦʢʦ ʨʘʟʚʠʪʦ Ni-Co-As ʠ Cu-Co-As ʦʨʫʜʝʥʝʥʠʝ 

(ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʄʦʛʝʥʙʫʨʝʥʴ, ʂʘʘʪ-ʊʘʡʛʘ ʠ ʜʨ.), ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʩʨʝʜʠ ʶʨʩʢʠʭ (J1-2) ʠ 

ʜʝʚʦʥʩʢʠʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʂʘʨʛʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ. ɺʦʟʨʘʩʪ Cu-Co-As ʦʨʫʜʝʥʝʥʠʷ 



50 

 

ʄʦʛʝʥʙʫʨʝʥʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 175.3 Ñ 2 ʤʣʥ. ʣʝʪ (ʩʝʨʠʮʠʪ, Ar-Ar ʤʝʪʦʜ, 

ʊʨʝʪʴʷʢʦʚʘ, 2011). ʆʧʨʝʜʝʣʝʥ ʚʦʟʨʘʩʪ ʨʫʜʥʳʭ ʞʠʣ ʂʘʘʪ-ʊʘʡʛʠʥʩʢʦʛʦ Cu-Co-As 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʧʦ ʜʘʥʥʳʤ Ar-Ar ʜʘʪʠʨʦʚʘʥʠʷ ʧʦ ʩʝʨʠʮʠʪʫ 155.1Ñ5.8 ʤʣʥ. ʣʝʪ 

(ʨʠʩʫʥʦʢ 8). ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥ ʚʘʞʥʳʡ ʬʘʢʪ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʝʪʘʣʣʦʥʦʩʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʘʡʢʠ ʩʣʶʜʷʥʳʭ ʣʘʤʧʨʦʬʠʨʦʚ, ʘ ʪʘʢʞʝ ʙʘʨʠʪʦʚʳʝ ʠ 

ʢʘʨʙʦʥʘʪʥʳʝ ʞʠʣʳ. 

2. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʠ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (117-118 ʤʣʥ. ʣʝʪ) ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ (114-119 ʤʣʥ. ʣʝʪ) ʱʝʣʦʯʥʦʛʦ ʩʠʝʥʠʪ-ʛʨʘʥʦʩʠʝʥʠʪʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʙʦʙʱʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʧʦ ʚʦʟʨʘʩʪʫ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʨʘʩʪʘ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ 
40

Ar/
39
Ar ʜʘʪʠʨʦʚʘʥʠʷ ʧʦ ʤʫʩʢʦʚʠʪʫ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʟʨʘʩʪ ʨʫʜʦʥʦʩʥʳʭ 

Fe-F-REE ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ ʩʦʩʪʘʚʣʷʝʪ 117.2 Ñ 

1.3 ʤʣʥ. ʣʝʪ (ʇʨʦʢʦʧʴʝʚ ʠ ʜʨ., 2014) (ʨʠʩʫʥʦʢ 9). ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ 

ʠʩʪʠʥʥʦʤʫ ʷʚʣʷʝʪʩʷ U-Pb ʚʦʟʨʘʩʪ ʛʨʘʥʦʩʠʝʥʠʪʦʚ 119 Ñ 2 ʤʣʥ. ʣʝʪ (ɹʦʣʦʥʠʥ ʠ ʜʨ., 2009). 

ɼʣʷ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʝʘʣʴʥʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʦʟʨʘʩʪ 118 Ñ 9 ʤʣʥ. 

ʣʝʪ (ʉʫʛʦʨʘʢʦʚʘ ʠ ʜʨ., 2004, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2006), ʪʦʛʜʘ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʩʠʜʝʨʠʪʦʚʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 117.2 Ñ 1.3 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ, ʠ ʵʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʙʲʷʩʥʷʝʪ ʥʘʣʠʯʠʝ ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʝʚʳʭ ʩʠʝʥʠʪʦʚ ʠ 

ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʩʠʜʝʨʠʪʦʚʦʤ ʮʝʤʝʥʪʝ ʪʨʫʙʦʢ ʚʟʨʳʚʘ.  

3. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʘ ʭʨʦʥʦʣʦʛʠʯʝʩʢʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʤʘʛʤʘʪʠʟʤʘ ʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʉʉʆ (ʖɿ ʊʫʚʘ, ʉɿ ʄʦʥʛʦʣʠʷ), ʛʜʝ ʧʨʦʷʚʣʝʥ ʘʨʝʘʣ 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ (155-115 ʤʣʥ. ʣ.) ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ c ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ: Ni-Co-As, Cu-Co-As ʠ ʙʘʨʠʪʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ (155 

ʤʣʥ. ʣʝʪ, Ar-Ar) Ÿ ʩʠʝʥʠʪʳ, ʛʨʘʥʦʩʠʝʥʠʪʳ (119 ʤʣʥ. ʣʝʪ, U-Pb) Ÿ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ (118 ʤʣʥ. ʣʝʪ, U-Pb) Ÿ ʣʘʤʧʨʦʬʠʨʳ ­ ʩʠʜʝʨʠʪʦʚʳʝ 

Fe-F-REE ʢʘʨʙʦʥʘʪʠʪʳ (117 ʤʣʥ. ʣʝʪ, Ar-Ar) Ÿ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-ʢʘʨʙʦʥʘʪʥʳʝ 

ʞʠʣʳ.  

 



 

 

 

ʈʠʩʫʥʦʢ 8. 
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Ar ʚʦʟʨʘʩʪ ʩʝʨʠʮʠʪʘ ʠʟ ʨʫʜʥʳʭ ʞʠʣ ʂʘʘʪ-ʊʘʡʛʠʥʩʢʦʛʦ Cu-Co-As ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʚ 

ʂʘʨʛʠʥʩʢʦʤ ʛʨʘʙʝʥʝ (J1-2) (ʭʨ. ʎʘʛʘʥ-ʐʠʙʝʪʫ, ʖɿ ʊʫʚʘ) 
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ʈʠʩʫʥʦʢ 9. 
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Ar ʚʦʟʨʘʩʪ ʤʫʩʢʦʚʠʪʘ ʠʟ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʦʛʦ ʢʘʨʙʦʥʘʪʠʪʘ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 
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2.10. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʢʨʠʪʝʨʠʠ ʩʚʷʟʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ 

ʩ ʤʘʛʤʘʪʠʟʤʦʤ 

ʋʩʪʘʥʦʚʣʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (117-118 ʤʣʥ. ʣʝʪ) ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ (119 ʤʣʥ. ʣʝʪ) ʚ ʎʝʥʪʨʘʣʴʥʦ-

ʊʫʚʠʥʩʢʦʤ ʨʝʛʠʦʥʝ: 

1. ɺʨʝʤʝʥʥʘʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʣʘʤʧʨʦʬʠʨʦʚ, ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ ʠ 

ʢʚʘʨʮʝʚʳʭ ʩʠʝʥʠʪʦʚ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚ ʤʝʣʦʚʦʝ ʚʨʝʤʷ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʣʩʷ ʠʩʪʦʯʥʠʢʦʤ ʨʘʩʧʣʘʚʦʚ ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ. 

2. ʀʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ 
87

Sr/
86

Sr (ɹʣʦʭ, ɼʘʛʘʝʚʘ, 1987, ʅʠʢʠʬʦʨʦʚ  ʜʨ., 2006) ʚ 

ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ (0.7042-0.7048) ʠ ʩʠʜʝʨʠʪʦʚʳʭ (0.7039-0.7045) 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʝʜʠʥʳʡ ʠʩʪʦʯʥʠʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʪʚʝʯʘʶʪ ʤʘʥʪʠʡʥʳʤ 

ʟʥʘʯʝʥʠʷʤ, ʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʢʚʘʨʮʘ ʠ ʢʘʨʙʦʥʘʪʦʚ (ŭ
18
ʆ=+8.8é+14.7ă) 

(ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2006) ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʘʛʤʘʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʦʙʦʠʭ ʪʠʧʦʚ. 

2. ʄʦʨʬʦʣʦʛʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʪʝʣ: ʥʘʣʠʯʠʝ ʪʨʫʙʦʢ ʚʟʨʳʚʘ ʠ ʜʘʝʢ.  

3. ʂʘʢ ʘʥʢʝʨʠʪʦʚʳʝ, ʪʘʢ ʠ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʦʙʨʘʟʫʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʪʝʣʘ ʚ 

ʚʠʜʝ ʪʨʫʙʦʢ ʚʟʨʳʚʘ ʠ ʜʘʝʢ. 

4. ʅʘʣʠʯʠʝ ʜʚʫʭ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʣʦ ʩʪʘʜʠʡʥʦ, ʨʘʟʜʝʣʝʥʦ ʚʨʝʤʝʥʥʳʤ ʧʝʨʝʨʳʚʦʤ (ʥʘʣʠʯʠʝ ʩʪʨʫʢʪʫʨ ʜʨʦʙʣʝʥʠʷ 

ʨʘʥʥʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʮʝʤʝʥʪʘʮʠʠ ʠʭ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʜʚʫʤ ʬʘʟʘʤ ʚʥʝʜʨʝʥʠʷ ʢʚʘʨʮʝʚʳʭ ʩʠʝʥʠʪʦʚ ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʣʘʤʧʨʦʬʠʨʦʚ. 

5. ʆʙʲʝʤ ʪʝʣ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʫʥʠʢʘʣʴʥʦʤ ʧʦ ʤʘʩʰʪʘʙʫ ʠ 

ʝʜʠʥʩʪʚʝʥʥʦʤ ʚ ʤʠʨʝ ʧʨʦʷʚʣʝʥʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʝ ʧʨʝʚʳʰʘʝʪ 

ʨʘʟʤʝʨʳ ʟʦʥ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

6. ʇʦʩʣʝʜʥʠʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʛʠʧʦʪʝʟʳ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 

ʘʥʢʝʨʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ ʠ ʠʭ ʩʚʷʟʠ ʩ 

ʱʝʣʦʯʥʦ-ʙʘʟʠʪʦʚʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʩʪʘʥʝʪ ʠʟʫʯʝʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ ʠ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ: 

ʚʥʫʪʨʠʧʣʠʪʥʳʡ ʨʠʬʪʦʛʝʥʝʟ ʩʦʩʪʘʚʥʦʛʦ ʪʝʨʨʝʡʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʦʨʦʛʝʥʥʦʤ ʧʦʷʩʝ ʚ 

ʦʙʨʘʤʣʝʥʠʠ ʢʨʘʪʦʥʘ.  
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ɻʃɸɺɸ 3. ʀʉʉʃɽɼʆɺɸʅʀʗ ɺʂʃʖʏɽʅʀʁ ɺ ʄʀʅɽʈɸʃɸʍ 

ʂɸʈɹʆʅɸʊʀʊʆɺ ʊʋɺʓ 

 

ʇʨʝʜʰʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

çʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜè ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʦʮʝʥʢʝ PT-ʧʘʨʘʤʝʪʨʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʨʫʜʦʥʦʩʥʳʭ Fe-F-REE-ʩʠʜʝʨʠʪʦʚʳʭ ʧʦʨʦʜ ʊʫʚʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦ-ʢʨʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ ʛʠʧʦʪʝʟʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ʊʫʚʝ: ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʘʷ ʠ ʤʘʛʤʘʪʠʯʝʩʢʘʷ. ʉʪʦʨʦʥʥʠʢʠ ʧʝʨʚʦʡ 

ʛʠʧʦʪʝʟʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʫʜʦʥʦʩʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʊʫʚʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʠʟ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ-ʨʘʩʩʦʣʦʚ (ʆʥʪʦʝʚ ʠ ʜʨ., 1979, 

ʆʥʪʦʝʚ, ʂʘʥʜʠʥʦʚ, 1980, ʆʥʪʦʝʚ, 1984, 1988, ɹʨʝʜʠʭʠʥʘ, ʄʝʣʴʛʫʥʦʚ, 1989, ʂʫʣʠʢ, 

ʄʝʣʴʛʫʥʦʚ, 1995). ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʚʪʦʨʦʡ ʛʠʧʦʪʝʟʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʘʛʤʘʪʠʯʝʩʢʫʶ 

ʢʘʨʙʦʥʘʪʠʪʦʚʫʶ ʧʨʠʨʦʜʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʦʥʦʩʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʊʫʚʳ 

(ʇʫʟʘʥʦʚ, 1975, 1978, ʇʫʟʘʥʦʚ, ʂʘʥʜʠʥʦʚ, 1975, ʇʫʟʘʥʦʚ ʠ ʜʨ., 1978, ɹʦʣʦʥʠʥ ʠ ʜʨ., 

1984, ɹʦʣʦʥʠʥ, 1999, 2002, ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2005, 2006, ʃʝʙʝʜʝʚ ʠ ʜʨ., 2004, 2005, 2009 

ʠ ʜʨ.).  

ʇʨʦʙʣʝʤʘ ʦʙʦʩʥʦʚʘʥʠʷ ʛʝʥʝʟʠʩʘ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʢʘʢ ʚ ʥʝʜʦʩʪʘʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟʫʯʝʥʠʷ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʤʠʥʝʨʘʣʘʭ, ʪʘʢ ʠ ʚ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʪʨʘʢʪʦʚʢʝ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʬʘʢʪʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʠ ʤʝʪʦʜʳ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʠ ʧʦʚʳʩʠʣʠ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ  

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʩʨʝʜ (ʤʝʪʦʜʳ ʂʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, LA-ICP-MS, ʉʕʄ-ʘʥʘʣʠʟʘ ʠ ʜʨ.). ʀʟʫʯʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʨʦʚʝʜʝʥʦ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ 

ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

 

3.1. ʆʧʠʩʘʥʠʝ ʠ ʪʠʧʠʟʘʮʠʷ ʚʢʣʶʯʝʥʠʡ 

ʀʟʫʯʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʬʣʶʦʨʠʪ-

ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʨʝʛʠʦʥʘ: ʂʘʨʘʩʫʛʩʢʦʛʦ, 

ʋʣʘʪʘʡʩʢʦʛʦ, ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ, ʉʝʚʝʨʦ-ʏʦʟʩʢʦʛʦ ʠ ʖʞʥʦ-ʏʦʟʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ.  
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ʅʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ ʤʘʪʝʨʠʥʩʢʠʭ ʩʨʝʜ ʚ 

ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʭ ʪʠʧʳ (ʨʠʩʫʥʦʢ 10): 

1. ʈʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ: ʧʝʨʚʠʯʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ 

ʚʦ ʬʣʦʛʦʧʠʪʝ ʠ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʧʝʨʚʠʯʥʳʝ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʧʘʪʠʪʝ, ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ ʦʙʦʠʭ ʪʠʧʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚ.  

2. ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ: ʧʝʨʚʠʯʥʳʝ ʠ ʧʩʝʚʜʦʚʪʦʨʠʯʥʳʝ ʤʥʦʛʦʬʘʟʥʳʝ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʝ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ (ʠʣʠ ʩʦʢʨʘʱʝʥʥʦ, ʩʦʣʝʚʳʝ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ), ʧʝʨʚʠʯʥʳʝ ʠ 

ʚʪʦʨʠʯʥʳʝ ʤʥʦʛʦʬʘʟʥʳʝ ʠ ʜʚʫʭʬʘʟʥʳʝ ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ ʚʳʩʦʢʦʡ, 

ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʟʦʚʳʝ ʚ ʢʚʘʨʮʝ, 

ʬʣʶʦʨʠʪʝ, ʤʦʥʘʮʠʪʝ, ʘʧʘʪʠʪʝ, ʢʘʣʴʮʠʪʝ ʠ ʙʘʨʠʪʝ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

ʈʘʩʧʣʘʚʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʠʜʠʦʤʦʨʬʥʳʭ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʧʨʦʟʨʘʯʥʦʛʦ ʢʚʘʨʮʘ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʨʠʩʫʥʦʢ 10 ʘ). ɺʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʠʣʠ 

ʵʣʣʠʧʩʦʠʜʥʫʶ ʬʦʨʤʫ ʚʘʢʫʦʣʠ, ʩʦʩʪʦʷʪ ʠʟ ʦʢʨʫʛʣʳʭ, çʢʘʧʣʝʚʠʜʥʳʭè ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʨʙʦʥʘʪʥʳʭ ʬʘʟ ʠʣʠ ʤʠʢʨʦʟʝʨʥʠʩʪʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʬʣʶʠʜʥʦʡ ʬʘʟʳ 1-2 

ʦʙʲʝʤ.%. ʈʘʩʧʣʘʚʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʚʢʣʶʯʝʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʜʠʥʦʯʥʦ ʠʣʠ ʛʨʫʧʧʘʤʠ 

ʧʦ 2-3 ʚʢʣʶʯʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ, ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʚʠʯʥʦ 

ʟʘʭʚʘʯʝʥʥʳʤ. ʈʘʟʤʝʨ ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 10-20 ʤʢʤ. 

ʇʝʨʚʠʯʥʳʝ ʨʘʩʧʣʘʚʥʳʝ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʚʢʣʶʯʝʥʠʷ ʥʘʡʜʝʥʳ ʚʦ 

ʬʣʦʛʦʧʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʫʜʥʦʛʦ ʧʦʣʷ ʂʘʨʘʩʫʛ (ʨʠʩʫʥʦʢ 10 ʙ). 

ɺʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʵʣʣʠʧʩʦʠʜʥʫʶ ʬʦʨʤʫ ʚʘʢʫʦʣʠ, ʧʦʯʪʠ ʚʝʩʴ ʠʭ ʦʙʲʝʤ ʟʘʧʦʣʥʝʥ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʘʛʨʝʛʘʪʦʤ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʘʟʦʚʦʡ ʬʘʟʳ, 

ʧʦʩʣʝʜʥʷ ̫ ʟʘʥʠʤʘʝʪ 1-3 % ʦʙʲʝʤʘ ʚʢʣʶʯʝʥʠʷ. ʉʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥʳ ʛʨʫʧʧʘʤʠ ʧʦ 3-4 ʚʢʣʶʯʝʥʠʷ ʣʠʙʦ ʦʜʠʥʦʯʥʦ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ 

ʢʨʠʩʪʘʣʣʦʚ ʬʣʦʛʦʧʠʪʘ. ʈʘʟʤʝʨʳ ʚʢʣʶʯʝʥʠʡ 20-40 ʤʢʤ. 

ʈʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʚ ʘʧʘʪʠʪʝ, ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ 

ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ (ʨʠʩʫʥʦʢ 10 ʚ - ʣ). ʈʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʚʠʯʥʳʤ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʠʜʝ çʨʦʷè ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ ʤʠʥʝʨʘʣʦʚ ʠ ʪʨʘʩʩʠʨʫʶʪ ʟʦʥr ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʚʝʨʜʳʝ ʩʦʣʝʚʳʝ ʬʘʟʳ, ʯʠʩʣʦ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 5-7, ʟʘʥʠʤʘʶʪ ʧʦʯʪʠ ʚʝʩʴ ʦʙʲʝʤ ʚʘʢʫʦʣʠ ʚʢʣʶʯʝʥʠʡ ʜʦ 87-

95 ʤʘʩ.%. ʆʩʪʘʚʰʠʡʩʷ ʦʙʲʸʤ ʚʘʢʫʦʣʝʡ ʟʘʥʠʤʘʝʪ ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ ʠ ʛʘʟ ʚ ʚʠʜʝ 
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ʥʝʙʦʣʴʰʦʛʦ ʧʫʟʳʨʴʢʘ. ʈʘʟʤʝʨʳ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʨʝʜʥʝʤ ʦʪ 

15 ʜʦ 80 ʤʢʤ (ʨʠʩʫʥʦʢ 10 ʚ - ʣ). 

 

ʈʠʩʫʥʦʢ 10. ʈʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ: 

ʢʘʨʙʦʥʘʪʥʦʝ ʨʘʩʧʣʘʚʥʦʝ ʚʢʣʶʯʝʥʠʝ ʚ ʢʚʘʨʮʝ (ʘ), ʨʘʩʧʣʘʚʥʦʝ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦʝ 

ʚʢʣʶʯʝʥʠʝ ʚʦ ʬʣʦʛʦʧʠʪʝ (ʙ) ʠ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʧʘʪʠʪʝ (ʚ - ʜ) ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ; ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ (ʝ - ʟ) ʠ ʩʠʜʝʨʠʪʦʚʳʭ (ʠ) ʢʘʨʙʦʥʘʪʠʪʦʚ, ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ (ʢ) ʠ 

ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ (ʣ) ʢʘʨʙʦʥʘʪʠʪʦʚ. 
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ɺ ʘʧʘʪʠʪʝ ʋʣʘʪʘʡ-ʏʦʟʩʢʠʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʬʦʨʤʫ ʚʘʢʫʦʣʠ ʧʨʠʙʣʠʞʝʥʥʫʶ ʢ ʩʬʝʨʝ ʠʣʠ ʵʣʣʠʧʩʫ, 

ʣʠʙʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʫ (ʨʠʩʫʥʦʢ 10 ʚ - ʜ). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 10-20 ʤʢʤ. ɺʢʣʶʯʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʪʚʝʨʜʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʣʠ ʚʳʪʷʥʫʪʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʭʣʦʨʠʜʘʤʠ ʠ ʢʘʨʙʦʥʘʪʘʤʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʠʣʠʢʘʪʘʤʠ ʠ ʬʘʟʘʤʠ 

ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ.  

ɺ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʢʚʘʨʮʘ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ, ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʥʫʶ, ʨʝʞʝ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ ʚʘʢʫʦʣʠ 

(ʨʠʩʫʥʦʢ 10 ʝ - ʟ). ʈʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʚ ʢʚʘʨʮʝ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ, ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʠ ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ. 

ɺ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʜʳʤʯʘʪʦʛʦ ʢʚʘʨʮʘ (ʠʣʠ ʤʦʨʠʦʥʘ) ʠʟ ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʝʨʚʠʯʥʳʝ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪ ʢʨʫʧʥʳʡ ʢʫʙʠʯʝʩʢʠʡ ʠʟʦʪʨʦʧʥʳʡ ʢʨʠʩʪʘʣʣ ʛʘʣʠʪʘ ʬʠʦʣʝʪʦʚʦʛʦ ʦʪʪʝʥʢʘ, 

ʥʝʙʦʣʴʰʦʡ ʠʟʦʪʨʦʧʥʳʡ ʢʨʠʩʪʘʣʣʠʢ ʩʠʣʴʚʠʥʘ, ʥʝʩʢʦʣʴʢʦ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ, ʤʝʣʢʠʝ ʥʝʧʨʦʟʨʘʯʥʳʝ ʨʫʜʥʳʝ ʬʘʟʳ, ʘ ʪʘʢʞʝ ʞʠʜʢʠʡ ʩʦʣʝʚʦʡ 

ʨʘʩʪʚʦʨ ʠ ʛʘʟʦʚʫʶ ʬʘʟʫ ʩ ʞʠʜʢʦʡ ʫʛʣʝʢʠʩʣʦʪʦʡ (ʨʠʩʫʥʦʢ 10 ʠ).  

ʇʝʨʚʠʯʥʳʝ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠ ̫ʚʦ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʠ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʣʘʪʘʡʩʢʦʛʦ ʠ ʂʘʨʘʩʫʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʤʝʶʪ ʬʦʨʤʫ 

ʙʣʠʟʢʫʶ ʢ ʠʟʦʤʝʪʨʠʯʥʦʡ ʠʣʠ ʢʫʙʠʯʝʩʢʦʡ (ʨʠʩʫʥʦʢ 10 ʢ, ʣ). ɺ ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʟʝʣʝʥʦʛʦ ʠ ʪʝʤʥʦ ʬʠʦʣʝʪʦʚʦʛʦ ʬʣʶʦʨʠʪʘ ʵʪʠ ʚʢʣʶʯʝʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʝ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʦ ʟʦʥʘʤ ʨʦʩʪʘ. ʈʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ ʪʚʝʨʜʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟ,r ʞʠʜʢʠʡ ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ ʠ ʬʣʶʠʜʥʫʶ ʬʘʟʫ ʩ ʞʠʜʢʦʡ 

ʫʛʣʝʢʠʩʣʦʪʦʡ. ʉʨʝʜʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʦʪʤʝʯʘʶʪʩʷ ʢʫʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʛʘʣʠʪʘ ʠ 

ʩʠʣʴʚʠʥʘ, ʟʘʥʠʤʘʶʱʠʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʙʲʝʤʘ ʚʘʢʫʦʣʠ ʚʢʣʶʯʝʥʠʡ, 2-3 ʘʥʠʟʦʪʨʦʧʥʳʝ 

ʪʚʝʨʜʳʝ ʬʘʟʳ ʠʟʦʤʝʪʨʠʯʥʦʡ, ʨʝʞʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʨʫʜʥʘʷ 

ʬʘʟʘ (ʥʘʧʨʠʤʝʨ, ʛʝʤʘʪʠʪ, ʨʠʩʫʥʦʢ 10 ʟ).  

ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʛʦʬʘʟʥʳʤʠ 

ʩʦʣʝʚʳʤʠ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ (ʨʠʩʫʥʦʢ 11, 12 ʘ), ʘ ʪʘʢʞʝ ʪʨʝʭ- ʠ 

ʜʚʫʭʬʘʟʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʚʳʩʦʢʦʡ, ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʚʘʨʮʝ, 

ʬʣʶʦʨʠʪʝ, ʤʦʥʘʮʠʪʝ, ʘʧʘʪʠʪʝ, ʙʘʨʠʪʝ ʠ ʢʘʣʴʮʠʪʝ (ʨʠʩʫʥʦʢ 12 ʙ - ʝ). ʌʣʶʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʠʤʝʶʪ ʪʘʢʦʡ ʞʝ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʯʪʦ ʠ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʝ, ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʦʙʲʸʤʝ ʚʢʣʶʯʝʥʠʡ ʛʘʣʠʪʘ, ʩʠʣʴʚʠʥʘ, 
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ʛʘʟʘ ʠ ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʙʲʸʤʘ 

ʚʘʢʫʦʣʠ ʚʢʣʶʯʝʥʠʡ.  

ʄʥʦʛʦʬʘʟʥʳʝ ʩʦʣʝʚʳʝ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ  ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʢʚʘʨʮʘ (ʥʝʨʝʜʢʦ ʜʳʤʯʘʪʦʛʦ) ʠ ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʬʠʦʣʝʪʦʚʦʛʦ ʠ ʟʝʣʝʥʦʛʦ ʬʣʶʦʨʠʪʘ. ʉʨʝʜʠ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʧʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʚʠʜʝ ñʦʙʣʘʯʥʳʭò 

ʩʢʦʧʣʝʥʠʡ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʤʠʥʝʨʘʣʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʣʠ ʧʦ ʟʦʥʘʤ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ. ʌʦʨʤʘ ʚʘʢʫʦʣʠ ʧʝʨʚʠʯʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʶʦʨʠʪʝ ʠ ʢʚʘʨʮʝ ʵʣʣʠʧʩʦʠʜʥʘʷ 

(ʨʠʩʫʥʦʢ 12 ʘ). ɿʘʣʝʯʝʥʥʳʝ ʪʨʝʱʠʥʳ ʠ ʧʣʦʩʢʦʩʪʠ ʩʧʘʡʥʦʩʪʠ ʚ ʤʠʥʝʨʘʣʘʭ ʪʨʘʩʩʠʨʫʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʩʝʚʜʦʚʪʦʨʠʯʥʳʤʠ (ʨʠʩʫʥʦʢ 11) ʠ ʚʪʦʨʠʯʥʳʤʠ ʬʣʶʠʜʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ. ɺʪʦʨʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫ  ʁ ʬʦʨʤʫ ʚʘʢʫʦʣʠ, ʯʘʩʪʦ 

ʨʘʩʰʥʫʨʦʚʘʥʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʦʙʲʸʤʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʘʟ.  

 

 

ʈʠʩʫʥʦʢ. 11. ʇʩʝʚʜʦʚʪʦʨʠʯʥʳʝ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʝ ʢʨʠʩʪʘʣʣʦ-

ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. 
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ʈʠʩʫʥʦʢ 12. ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ: 

ʧʝʨʚʠʯʥʳʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʝ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚʦ ʬʣʶʦʨʠʪʝ (ʘ), ʛʘʟʦʚʦ-

ʞʠʜʢʠʝ ʪʨʝʭ-, ʜʚʫʭʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ (ʙ, ʛ, ʜ) ʠ ʘʧʘʪʠʪʝ (ʚ, ʝ). 

 

ɺʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʝ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ 

ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʘʪ ʦʜʠʥ ʠʣʠ ʜʚʘ ʢʨʠʩʪʘʣʣʘ ʛʘʣʠʪʘ ʠʣʠ ʩʠʣʴʚʠʥʘ, 

ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚ ʦʙʲʸʤʝ, ʥʝʩʢʦʣʴʢʦ ʘʥʠʟʦʪʨʦʧʥʳʭ ʪʚʝʨʜʳʭ ʬʘʟ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʣʠ 

ʙʣʠʟʢʦʡ ʢ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʯʘʩʪʠʮʳ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʘ ʪʘʢʞʝ ʞʠʜʢʠʡ ʩʦʣʝʚʦʡ 

ʨʘʩʪʚʦʨ ʠ ʬʣʶʠʜʥʫʶ ʬʘʟʫ ʩ ʞʠʜʢʦʡ ʫʛʣʝʢʠʩʣʦʪʦʡ (ʨʠʩʫʥʦʢ 11). ɺ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʛʘʣʠʪ ʠʤʝʝʪ ʦʪʯʝʪʣʠʚʳʡ ʬʠʦʣʝʪʦʚʳʡ ʦʪʪʝʥʦʢ. 

ɺʦ ʚʪʦʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʧʦʟʜʥʠʭ ʛʝʥʝʨʘʮʠʡ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʟʘʣʝʯʝʥʥʳʭ ʪʨʝʱʠʥʘʭ, ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʬʘʟ, ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ ʛʘʣʠʪ ʠ ʩʠʣʴʚʠʥ, ʦʪ 1 ʜʦ 3 ʘʥʠʟʦʪʨʦʧʥʳʭ ʪʚʝʨʜʳʭ ʩʦʣʝʚʳʭ 

ʬʘʟ, ʬʣʶʠʜʥʫʶ ʬʘʟʫ ʠ ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ. ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʩʦʩʪʘʚʣʷʶʪ 15-40 ʤʢʤ. 

ʌʣʶʠʜʥʳʝ ʤʥʦʛʦʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʨʠʩʫʥʦʢ 12 ʙ ï ʝ, 13) ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʢʚʘʨʮʝ, ʬʣʶʦʨʠʪʝ, ʤʦʥʘʮʠʪʝ, ʘʧʘʪʠʪʝ, ʙʘʨʠʪʝ, ʮʝʣʝʩʪʠʥʝ ʠ ʢʘʣʴʮʠʪʝ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫʶ, ʠʥʦʛʜʘ ʙʣʠʟʢʫʶ ʢ 

ʠʟʦʤʝʪʨʠʯʥʦʡ ʬʦʨʤʫ ʚʘʢʫʦʣʠ. ʇʝʨʚʠʯʥʳʝ ʤʥʦʛʦʬʘʟʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥʳ ʦʜʠʥʦʯʥʦ ʠʣʠ ʛʨʫʧʧʘʤʠ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʤʠʥʝʨʘʣʦʚ ʠ ʧʦ ʟʦʥʘʤ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩʫʥʦʢ 12 ʙ, ʚ, ʜ, ʝ). ɺʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʫʧʥʳʡ ʠʟʦʪʨʦʧʥʳʡ ʢʫʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ ʛʘʣʠʪʘ (Ñ ʤʘʣʝʥʴʢʠʡ ʢʨʠʩʪʘʣʣʠʢ ʩʠʣʴʚʠʥʘ ʠ 
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ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ), ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ ʠ ʛʘʟʦʚʫʶ ʬʘʟʫ. ɺʪʦʨʠʯʥʳʝ ʠ 

ʧʩʝʚʜʦʚʪʦʨʠʯʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʪʨʘʩʩʠʨʫʶʪ ʟʘʣʝʯʝʥʥʳʝ ʪʨʝʱʠʥʳ ʚ ʤʠʥʝʨʘʣʘʭ 

ʠ ʦʙʳʯʥʦ ʨʘʩʰʥʫʨʦʚʘʥʳ (ʨʠʩʫʥʦʢ 11).   

ɼʚʫʭʬʘʟʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ ʧʦʟʜʥʠʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʢʘʨʙʦʥʘʪʠʪʦʚ. ɺʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʘʪ ʚʦʜʥʦ-

ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ ʠ ʛʘʟʦʚʫʶ ʬʘʟʫ (Ñ ʞʠʜʢʘʷ CO2). ɼʚʫʭʬʘʟʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚʪʦʨʠʯʥʳʝ ʠ ʵʬʬʝʢʪ çʨʘʩʰʥʫʨʦʚʢʠè ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʟʘʣʝʯʝʥʥʳʭ 

ʪʨʝʱʠʥʘʭ ʪʨʝʭʬʘʟʥʳʭ ʠ ʛʘʟʦʚʳʭ ʚʪʦʨʠʯʥʳʭ ʚʢʣʶʯʝʥʠʡ ʪʦʡ ʞʝ ʛʝʥʝʨʘʮʠʠ (ʨʠʩʫʥʦʢ 13). 

ʈʘʟʤʝʨʳ ʧʦʜʦʙʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʶʪ 5-10 ʤʢʤ. 

 

 

ʈʠʩʫʥʦʢ 13. ʊʨʝʭʬʘʟʥʳʝ ʠ ʜʚʫʭʬʘʟʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ ʧʦʟʜʥʠʭ 

ʛʝʥʝʨʘʮʠʡ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ. 

 

3.2. ʊʝʨʤʦ-ʢʨʠʦ-ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʝʥʠʡ 

ʊʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʣʘʚʥʳʭ, ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʚʘʨʮʝ, ʘʧʘʪʠʪʝ, ʬʣʶʦʨʠʪʝ, ʢʘʣʴʮʠʪʝ ʠ ʙʘʨʠʪʝ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ, ʋʣʘʪʘʡʩʢʦʛʦ, 

ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ, ʉʝʚʝʨʦ- ʠ ʖʞʥʦ-ʏʦʟʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ.  

 

ʈʘʩʧʣʘʚʥʳʝ ʠ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʊʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʣʘʚʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ 

ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʯʘʣʦ 

ʧʣʘʚʣʝʥʠʷ ʪʚʝʨʜʳʭ ʩʦʣʝʚʳʭ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 270-290Áʉ, ʧʦʣʥʦʝ 

ʨʘʩʪʚʦʨʝʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʬʘʟ ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʚʢʣʶʯʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 790-820Áʉ 

(ʨʠʩʫʥʦʢ 14).  

 



61 

 

 

ʈʠʩʫʥʦʢ 14. ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. 

 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʡ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʘʨʙʦʥʘʪʥʳʝ ʬʘʟʳ ʚʦ 

ʚʢʣʶʯʝʥʠʷʭ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ, ʘ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. ɼʦ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʫʜʘʣʦʩʴ 

ʜʦʚʝʩʪʠ ʥʝ ʚʩʝ ʚʢʣʶʯʝʥʠʷ, ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʤʝʣʢʠʝ (ʤʝʥʝʝ 10 ʤʢʤ), ʧʦʩʢʦʣʴʢʫ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʢʣʶʯʝʥʠʡ ʜʝʢʨʠʧʠʪʠʨʫʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʦʣʝʝ 600Áʉ, ʚʩʣʝʜʩʪʚʠʝ 

ʚʳʩʦʢʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ. ʉʭʦʞʠʝ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʫʞʝ ʦʧʠʩʘʥʳ ʧʨʠ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʬʦʨʩʪʝʨʠʪʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ɸʧʘʪʠʪ-

ʤʘʛʥʝʪʠʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʦʚʜʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʇʨʦʢʦʬʴʝʚ ʠ ʜʨ.,  2005). 

ʆʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʝʥʠʡ ʚ 

ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʧʨʠʚʝʜʝʥʳ ʚ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝ 3.1. 
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ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ.                                      

ʊʘʙʣʠʮʘ 3.1 

ʈʫʜʥʦʝ 

ʧʦʣʝ 

ʊʠʧ 

ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʄʠʥʝʨʘʣ-

ʭʦʟʷʠʥ 

ʊʠʧ/ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ 

ʚʢʣʶʯʝʥʠʷ 

ʊʧʣ. 

NaCl, 

Áʉ 

ʊʧʣ. 

KCl, Áʉ 

ʊʛʦʤ. 

ʚʢʣ.,Áʉ 

P, ʢʙʘʨ ʆʙʱʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʘʩ.% 

ʉʦʩʪʘʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʬʘʟ* 

ʂʘʨʘʩʫʛ 

 

ɸʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ 

ʂʚʘʨʮ ʈʘʩʧʣʘʚʥʳʝ 

ʢʘʨʙʦʥʘʪʥʳʝ 

--- --- 

790-820 

--- 

97 - 99 ɸʥʢʝʨʠʪ 

 

ʌʣʦʛʦʧʠʪ 

ʈʘʩʧʣʘʚʥʳʝ 

ʩʠʣʠʢʘʪʥʦ-

ʢʘʨʙʦʥʘʪʥʳʝ 

>> 500 

ɸʣʶʤʦʩʠʣʠʢʘʪʥʘʷ 

ʬʘʟʘ - 50-70 

ʦʙʲʝʤ.%. 

ʂʘʨʙʦʥʘʪʥʘʷ ï 

30-50 ʦʙʲʝʤ.% 

ɸʣʶʤʦʩʠʣʠʢʘʪʥʘʷ 

ʬʘʟʘ ʩʦʩʪʘʚʘ: 

Si, Al , Ca, Na, K, 

Fe, Mg, Ti, O, Cl  

ʂʘʨʙʦʥʘʪʥʘʷ ʬʘʟʘ 

(ʘʥʢʝʨʠʪ): 

Ca, Fe, Mg, CO2 

 

ʂʚʘʨʮ 
ʈʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʝ: 

NaCl-KCl + 1-5 

ʢʨ.ʬ.- ɾ-ɻ-CO2ʞ 

450-

480 
340-360 620-640 

 

3.4 ï     

     3.5 

 

~ 87.5-95 

ʂʘʨʙʦʥʘʪʳ ï 

10-50 

ʍʣʦʨʠʜʳ - 

40-75 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ʂʘʣʴʮʠʪ 

ɸʥʢʝʨʠʪ 

 

ʋʣʘʪʘʡ 

 

 

 

ɸʧʘʪʠʪ ʈʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʝ: 

5-8 ʢʨ.ʬ + ʬʣ. 

--- --- 610-650 --- > 80 

ɸʣʶʤʦʩʠʣʠʢʘʪʳ, 

ʢʘʨʙʦʥʘʪʳ, 

ʭʣʦʨʠʜʳ, ʬʪʦʨʠʜʳ  

Ca, Na, K, Mg, Fe  

REE-ʬʘʟʳ 

(ʙʘʩʪʥʝʟʠʪ) 
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ʊʵʵʣʠ-

ʆʨʛʫʜʳʜ 

ɸʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ 

ʂʚʘʨʮ ʈʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʝ: 

NaCl-KCl + 1-4 

ʢʨ.ʬ.- ɾ-ɻ-CO2ʞ 

460-

490 
330-370 580-610 3.4 ï 3.5 

75 - 80 

NaCl 

38-40 

KCl 

37-35 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ʂʘʣʴʮʠʪ 

ʌʣʶʦʨʠʪ 
450-

490 
330-360 570-620 3.4 ï 3.5 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ʂʘʨʙʦʥʘʪ 

ʂʘʨʘʩʫʛ 

ʉʠʜʝʨʠʪʦʚʳʝ 

ʂʚʘʨʮ 

ʈʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʝ: 

NaCl-KCl + 2-5 

ʢʨ.ʬ.- ɾ-ɻ-CO2ʞ 

400-

450 
300-350 550-600 2.9 ï 3.3 

87 - 92 

NaCl 

45-48 

KCl 

32-30 

ʉʠʜʝʨʠʪ 10-15 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ʉʠʜʝʨʠʪ 

ɸʥʛʠʜʨʠʪ 

Fe-ʢʦʧʠʘʧʠʪ 

ɸʥʢʠʣʠʪ-ʉʝ  

ʌʣʶʦʨʠʪ 
450-

470 
250-300 >> 500 3.2 ï 3.5 

75 ï 77 

NaCl 

42-47 

KCl 

28-30 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ʉʠʜʝʨʠʪ 

ɹʘʩʪʥʝʟʠʪ 

ɸʣʶʤʦʩʠʣʠʢʘʪ 

ɹʘʨʠʪʦ-ʮʝʣʝʩʪʠʥ 

ɻʘʣʝʥʠʪ 

ʋʣʘʪʘʡ 

 

ʌʣʶʦʨʠʪ 

460-

480 
260-300 580-650 3.2 ï 3.6 

73 ï 85 

NaCl 

43-45 

KCl 

30-40 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ʉʠʜʝʨʠʪ 

ɹʘʩʪʥʝʟʠʪ 

ɹʘʨʠʪʦ-ʮʝʣʝʩʪʠʥ 

ɻʝʤʘʪʠʪ 

ɻʘʣʝʥʠʪ 
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ʂʘʨʘʩʫʛ 

ɸʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ 

ʂʚʘʨʮ 

ʂʨʠʩʪʘʣʣʦ-

ʬʣʶʠʜʥʳʝ ʚʦʜʥʦ-

ʩʦʣʝʚʳʝ: 

KCl-NaCl + 2-3 

ʢʨ.ʬ.-ɾ-ɻ-CO2ʞ  

380-

400 
100-120 470-490 2.2 ï 2.8 

48 - 60 

NaCl 

33-35 

KCl 

15-25 

ʂʘʨʙʦʥʘʪ  

2-5 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ʂʘʣʴʮʠʪ 

ʊʵʵʣʠ-

ʆʨʛʫʜʳʜ 
ʌʣʶʦʨʠʪ 

390-

410 
110-120 430-480 2.1 ï 2.7 

40 - 60 

NaCl 

30-45 

KCl 

15-10 

ʂʘʨʙʦʥʘʪ  

5-10 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ʂʘʨʙʦʥʘʪ 

ʂʘʨʘʩʫʛ 

ʉʠʜʝʨʠʪʦʚʳʝ 

ʂʚʘʨʮ 
240-

250 
220-250 420-480 2-2.5 

40 ï 60 

KCl 

30-45 

NaCl 

10-15 

ʉʫʣʴʬʘʪʳ 

2-5 

 

 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ɸʥʛʠʜʨʠʪ 

ɹʘʨʠʪ- 

ʎʝʣʝʩʪʠʥ  

ʊʝʥʘʨʜʠʪ 

ɹʘʩʪʥʝʟʠʪ ʋʣʘʪʘʡ ʌʣʶʦʨʠʪ 
230-

260 
220-240 440-470 2.2-2.7 
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ʋʣʘʪʘʡ ʉʠʜʝʨʠʪʦʚʳʝ ʌʣʶʦʨʠʪ 

ʂʨʠʩʪʘʣʣʦ-

ʬʣʶʠʜʥʳʝ ʚʦʜʥʦ-

ʩʦʣʝʚʳʝ: 

KCl-NaCl+1-3 

ʢʨ.ʬ.-ɾ-CO2ʞ 

200-

220 
200 300-380 1.8 ï 2.3 

30 ï 40 

NaCl 

10-25 

KCl 

30-15 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ɸʥʛʠʜʨʠʪ 

ʊʝʥʘʨʜʠʪ 

ʎʝʣʝʩʪʠʥ 

ɹʘʨʠʪ 

ʊʵʵʣʠ-

ʆʨʛʫʜʳʜ 

ɸʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ 
ʂʚʘʨʮ 

ʂʨʠʩʪʘʣʣʦ-

ʬʣʶʠʜʥʳʝ ʚʦʜʥʦ-

ʩʦʣʝʚʳʝ: 

KCl / NaCl + 1-3 

ʢʨ.ʬ.-ɾ-(CO2-N2) 

220-

230 
210-240 300-380 2 ï 2.3 

30 ï 40 

NaCl 

10-25 

KCl 

30-15 

ʂʘʨʙʦʥʘʪʳ  

1-5 ʤʘʩ.% 

ɻʘʣʠʪ 

ʉʠʣʴʚʠʥ 

ʂʘʨʙʦʥʘʪ 

ʊʵʵʣʠ-

ʆʨʛʫʜʳʜ 

ɸʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ 
ʂʚʘʨʮ ʌʣʶʠʜʥʳʝ ʛʘʟʦʚʦ-

ʞʠʜʢʠʝ 

ɾ- NaCl / KCl -

ʉʆ2ʛ/ʞ 

100-

150 
--- 250-300 

0.5 ï 

0.75 
15 - 30 

NaCl ʵʢʚ. 

ɻʘʣʠʪ  

ʋʣʘʪʘʡ ʉʠʜʝʨʠʪʦʚʳʝ ʌʣʶʦʨʠʪ --- 120-150 280-300 
0.5 ï 

0.75 

ʉʠʣʴʚʠʥ  

ɻʝʡʣʶʩʩʠʪ 

ʂʘʨʘʩʫʛ, 

ʋʣʘʪʘʡ, 

ʊʵʵʣʠ-

ʆʨʛʫʜʳʜ 

ʉʝʢʫʱʠʝ 

ʧʨʦʞʠʣʢʠ 

 ʧʦʟʜʥʠʭ 

ʤʠʥʝʨʘʣʦʚ 

ʂʚʘʨʮ 

ʂʘʣʴʮʠʪ 

ʌʣʶʦʨʠʪ 

ɹʘʨʠʪ 

ɾ-ʉʆ2ʛ Ñ NaCl  180-

200 
--- 150-250 

<< 0.5 

15 - 5 

 

ɻʘʣʠʪ 

ʉʫʱʝʩʪʚʝʥʥʦ 

ʛʘʟʦʚʳʝ - ʉʆ2ʛ 
--- --- 

100-150 
<< 1  

ʇʨʠʤʝʯʘʥʠʝ:  ʊʧʣ. ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʦʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʊʛʦʤ. ʚʢʣ. ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʢʣʶʯʝʥʠʷ,  ʢʨ.ʬ. ï ʩʦʢʨʘʱʝʥʠʝ ʦʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʤʘʩ.% - ʤʘʩʩʦʚʳʝ ʧʨʦʮʝʥʪʳ,  ç---è  -  ʧʘʨʘʤʝʪʨ ʥʝ ʦʧʨʝʜʝʣʝʥ, * - ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʫʢʘʟʘʥ ʥʘ ʦʩʥʦʚʝ 

ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʪʦʜʘʤʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʉʕʄ- ʘʥʘʣʠʟʦʚ. 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠ ʁ ʪʝʤʧʝʨʘʪʫʨ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʜʣʷ ʩʠʣʠʢʘʪʥʦ-

ʢʘʨʙʦʥʘʪʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʦʛʦʧʠʪʝ (ʨʠʩʫʥʦʢ 10 ʙ) ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 500ÜC 

ʧʣʘʚʠʪʩʷ ʧʦʨʷʜʢʘ 70% ʦʙʲʝʤʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʜʝʢʨʠʧʠʪʘʮʠʷ ʚʢʣʶʯʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʠ ʬʣʦʛʦʧʠʪʘ 

ʧʦ ʩʧʘʡʥʦʩʪʠ (ʦʪʤʝʯʝʥʦ ʚ ʪʘʙʣʠʮʝ 3.1).  

ʊʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʭ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʧʘʪʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʚʦʨʝʥʠʝ ʩʦʣʝʚʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 150-180ÜC (ʨʠʩʫʥʦʢ 15). ʇʣʘʚʣʝʥʠʝ 

ʩʦʣʝʡ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʥʠʭ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʧʦʷʚʣʝʥʠʶ ʦʢʨʫʛʣʦʛʦ ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʴʢʘ. ʇʦʣʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 350-550Üʉ, ʘ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʚʢʣʶʯʝʥʠʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 610-650Üʉ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʠʩʪʝʤʳ ʜʦ ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʡ ʩʦʣʝʚʳʝ 

ʬʘʟʳ ʚʦ ʚʢʣʶʯʝʥʠʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʨʠʩʫʥʦʢ 15). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚʦ ʚʢʣʶʯʝʥʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 80 ʤʘʩ.% (ʪʘʙʣʠʮʘ 3.1). 

 

 

ʈʠʩʫʥʦʢ 15. ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ  ʘʧʘʪʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʥʝʙʦʣʴʰʠʭ ʧʦ ʨʘʟʤʝʨʘʤ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 620-640ÜC (ʦʪʤʝʯʝʥʦ ʚ 

ʪʘʙʣʠʮʝ 3.1).  

ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ CO2 ʚ ʞʠʜʢʫʶ ʬʘʟʫ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ 

ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 

+10é+11Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʸ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 0.85-0.86 ʛ/ʩʤ
3
. ʀʩʧʦʣʴʟʫʷ 

ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ CO2 ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʢʣʶʯʝʥʠʡ 

ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʭʚʘʪʘ ʚʢʣʶʯʝʥʠʡ 340-350 ʄʇʘ (ʜʘʥʥʳʝ 

ʧʨʦʛʨʘʤʤʳ FLINCOR).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʠ 

ʬʣʶʦʨʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

(ʨʠʩʫʥʦʢ 10 ʞ - ʟ, ʣ) ʧʦʢʘʟʘʣʠ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚʦ ʚʢʣʶʯʝʥʠʝʷʭ ʭʣʦʨʠʜʦʚ Na ʠ K ï ʛʘʣʠʪʘ 

ʠ ʩʠʣʴʚʠʥʘ (ʜʦ 80 ʦʙʲʝʤ.%), ʦʙʨʘʟʫʶʱʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ 

ʩ ʦʢʨʫʛʣʥyʥʳʤʠ ʚʝʨʰʠʥʘʤʠ. ʅʘʛʨʝʚʘʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ (40-30 ʤʢʤ) 

ʚʢʣʶʯʝʥʠʡ ʵʪʦʛʦ ʪʠʧʘ ʧʨʠʚʦʜʠʪ ʢ ʧʣʘʚʣʝʥʠ ʁʩʠʣʴʚʠʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 330-370Áʉ ʠ 

ʛʘʣʠʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 460-490Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʣʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʥʝʙʦʣʴʰʠʭ ʧʦ 

ʨʘʟʤʝʨʘʤ ʚʢʣʶʯʝʥʠʡ (5-10 ʤʢʤ) ʨʘʚʥʘ 580-610Áʉ (ʨʠʩʫʥʦʢ 15, 16, ʪʘʙʣʠʮʘ 3.1). 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʞʠʜʢʫʶ ʬʘʟʫ ʩʦʩʪʘʚʣʷʝʪ +9.8é+11Áʉ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʸ ʧʣʦʪʥʦʩʪʠ 0.85-0.86 ʛ/ʩʤ
3
 ʠ ʦʪʚʝʯʘʝʪ ʤʠʥʠʤʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ 340-350 

ʄʇʘ ʚ ʤʦʤʝʥʪ ʟʘʭʚʘʪʘ ʚʢʣʶʯʝʥʠʡ.   

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʣʘʚʣʝʥʠʷ ʛʘʣʠʪʘ ʠ 

ʩʠʣʴʚʠʥʘ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʵʵʣʠ-

ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ 

ʚʦ ʚʢʣʶʯʝʥʠʷʭ. ʉʦʛʣʘʩʥʦ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʩʠʩʪʝʤʳ NaCl-KCl-H2O (ʈʝʜʜʝʨ, 1987), 

ʢʦʥʮʝʥʪʨʘʮʠʷ NaCl ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʚ ʚʝʣʠʯʠʥʫ ~ 40- 38ʤʘʩ.%, ʘ 

KCl ~  37-35 ʤʘʩ.%, ʧʨʠ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʙʦʣʝʝ 77 ʤʘʩ. %.  

ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʘʚʘ ʜʦʯʝʨʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʦ ʚʩʢʨʳʪʳʭ 

ʚʘʢʫʦʣʷʭ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦʢʘʟʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʬʘʟ ʢʘʣʴʮʠʪʘ ʠ ʘʥʢʝʨʠʪʘ ʚ ʠʭ ʩʦʩʪʘʚʝ 

(ʨʝʟʫʣʪɹʘʪʳ ʉʕʄ ʠ ʂʈ-ʠʩʩʣʝʜʦʚʘʥʠʡ). ɺʦʣʶʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʣʷ 

ʢʘʨʙʦʥʘʪʦʚ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10-50 ʤʘʩ.%, ʭʣʦʨʠʜʦʚ 40-75 ʤʘʩ.%, 

ʫʛʣʝʢʠʩʣʦʪʘ ʟʘʥʠʤʘʝʪ 2-3 % ʦʙʲʝʤʘ ʚʢʣʶʯʝʥʠʡ. ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚʦ 

ʚʢʣʶʯʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʥʝ ʤʝʥʝʝ 87.5-95 ʤʘʩ.% (ʪʘʙʣʠʮʘ 3.1). 
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ʈʠʩʫʥʦʢ 16. ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʧʦʣʷ.  

ʇʨʠʤʝʯʘʥʠʝ: ʊʧʣ. ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʊʛʦʤ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 

ʚʢʣʶʯʝʥʠʡ. 

 

ʊʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʨʠʩʫʥʦʢ 

10 ʠ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʨʫʧʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʚʢʣʶʯʝʥʠʷʭ (ʙʦʣʝʝ 30 ʤʢʤ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʰʝ 500Áʉ ʨʘʩʪʚʦʨʷʝʪʩʷ ʪʦʣʴʢʦ 90% ʛʘʣʠʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʜʝʢʨʠʧʠʪʘʮʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʡ 

- ʭʣʦʨʠʜʦʚ Na ʠ K, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ (5-10 ʤʢʤ).  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʧʣʘʚʣʝʥʠʷ ʩʦʣʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 17. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʘʛʨʘʤʤʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 17, ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 450-650Áʉ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʨʦʚ ʬʠʢʩʠʨʫʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʢʣʶʯʝʥʠʡ 550-600Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʠʣʴʚʠʥʘ ʚʦ ʚʢʣʶʯʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 300-350Áʉ, ʛʘʣʠʪʘ 450-500Áʉ. 
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ʈʠʩʫʥʦʢ 17. ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ.  

ʇʨʠʤʝʯʘʥʠʝ: ʊʧʣ. ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʊʛʦʤ. ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 

ʚʢʣʶʯʝʥʠʡ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʣʘʚʣʝʥʠʷ ʭʣʦʨʠʜʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʨʠʩʫʥʦʢ 17) ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʩʥʦʚʥʳʭ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʢʣʶʯʝʥʠʡ. ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ NaCl-

KCl-H2O, ʢʦʥʮʝʥʪʨʘʮʠʷ NaCl ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 48-45 ʤʘʩ.%, ʘ KCl ï  32-30 

ʤʘʩ.%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʪʠʭ ʭʣʦʨʠʜʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ 

ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʢʘʢ ʚʝʣʠʯʠʥʫ ʥʝ ʤʝʥʝʝ 75-80 ʤʘʩ.%.  

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʪʚʝʨʜʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʤʝʪʦʜʦʤ ʂʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʠʣʠ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʢʚʘʨʮʝ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʠʩʫʪʩʪʚʠʝ ʛʘʣʠʪʘ, ʩʠʣʴʚʠʥʘ, ʘ 

ʪʘʢ ʞʝ ʩʫʣʴʬʘʪʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʘʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩ ʫʯʝʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʘʪʦʚ, ʢʘʨʙʦʥʘʪʦʚ ʠ ʭʣʦʨʠʜʦʚ ʚʦ 

ʚʢʣʶʯʝʥʠʷʭ. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʚ ʦʙʲʝʤʥʦʤ ʦʪʥʦʰʝʥʠʠ ʩʦʣʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʦʩʣʝ ʭʣʦʨʠʜʦʚ ʚ 

ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʝʪʩʷ ʩʠʜʝʨʠʪ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʦʮʝʥʝʥʦ ʢʘʢ ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʜʩʯʝʪʘʤʠ, ʪʘʢ ʠ ʧʝʨʝʩʯʠʪʘʥʦ ʠʟ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ LA-ICP-MS ʢʦʥʮʝʥʪʨʘʮʠʠ Fe ʚʦ ʚʢʣʶʯʝʥʠʷʭ (ʩ ʫʯʝʪʦʤ 
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ʪʦʛʦ, ʯʪʦ Fe ʢʨʦʤʝ ʩʠʜʝʨʠʪʘ ʝʱʝ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ ʩʫʣʴʬʘʪʥʫʶ ʬʘʟʫ ʬʝʨʨʠʢʦʧʠʘʧʠʪʘ ʠ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 1-3 ʦʙʲʝʤ.% ʚʢʣʶʯʝʥʠʷ). 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʩʠʜʝʨʠʪʘ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 10-15 ʤʘʩ.%. 

ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʪʘʣʴʥʳʭ ʩʦʣʝʡ ʩʫʣʴʬʘʪʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ ʚ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ, ʩʦʛʣʘʩʥʦ ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʤ ʦʮʝʥʢʘʤ ʠ ʜʠʘʛʥʦʩʪʠʢʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʥʝʥʪʦʚ (ʘʥʢʠʣʠʪʘ, ʮʝʣʝʩʪʠʥʘ ʠ ʜʨ.), ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 1-3 

ʤʘʩ.%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ 

ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 

87-92 ʤʘʩ.% (ʪʘʙʣʠʮʘ 3.1). 

ʊʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʶʦʨʠʪʝ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʨʠʩʫʥʦʢ 10 ʢ) ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʧʦ 

ʨʘʟʤʝʨʘʤ ʚʢʣʶʯʝʥʠʡ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 500ÜC ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʠʩʭʦʜʠʪ ʜʝʢʨʠʧʠʪʘʮʠʷ ʚʢʣʶʯʝʥʠʡ 

ʚʩʣʝʜʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʠ ʬʣʶʦʨʠʪʘ ʧʦ ʩʧʘʡʥʦʩʪʠ. ʊʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ 580-650ÁC. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʛʘʣʠʪʘ 

(ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʩʦʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʦ ʚʢʣʶʯʝʥʠʷʭ) ʨʘʚʥʘ 460-480ÁC, ʩʠʣʴʚʠʥ ʚʦ 

ʚʢʣʶʯʝʥʠʷʭ ʨʘʩʪʚʦʨʷʝʪʩʷ ʧʨʠ 260-300ÁC. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠ ̫NaCl ʚ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚʦ ʬʣʶʦʨʠʪʝ ʦʮʝʥʝʥʘ ʢʘʢ 42-43 ʤʘʩ.%, KCl - 28-30 ʤʘʩ.% 

(ʪʘʙʣʠʮʘ 3.1).  

ɻʦʤʦʛʝʥʠʟʘʮʠ ̫CO2 ʚ ʞʠʜʢʫʶ ʬʘʟʫ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ +10é+12Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʪʥʦʩʪʠ 

0.847-0.860 ʛ/ʩʤ
3
 ʠ, ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʢʣʶʯʝʥʠʡ, 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʜʣʷ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ 290-330 ʄʇʘ, ʜʣʷ 

ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʶʦʨʠʪʝ 320-360 ʄʇʘ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʫʯʝʥʥʳʤ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ FLINCOR).  

 

ʂʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ ʠ ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʊʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ 

ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ, ʤʥʦʛʦʬʘʟʥʳʭ ʠ ʜʚʫʭʬʘʟʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʚʘʨʮʝ, ʬʣʶʦʨʠʪʝ, ʘʧʘʪʠʪʝ ʠ ʢʘʣʴʮʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʬʣʶʦʨʠʪ-

ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ, ʋʣʘʪʘʡʩʢʦʛʦ ʠ ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ 

ʨʫʜʥʳʭ ʧʦʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦ-ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʚʝʜʝʥʳ 
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ʥʘ ʨʠʩʫʥʢʝ 18. ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ ʥʘ ʨʠʩʫʥʢʝ 18, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʜʠʘʧʘʟʦʥʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʢʣʶʯʝʥʠʡ: 420-490 ʠ 310-380 Üʉ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʚʢʣʶʯʝʥʠʡ 

ʨʘʟʥʳʭ ʛʝʥʝʨʘʮʠʡ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʦʣʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ - ʭʣʦʨʠʜʦʚ Na ʠ K ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ. 
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ʢʘʨʙʦʥʘʪʠʪʳ

 

ʈʠʩʫʥʦʢ 18. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ 

ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ. 

 

ʊʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʠ ʊʵʵʣʠ-

ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 470-490Üʉ, ʊʧʣ. NaCl - 380-400Üʉ, ʊʧʣ. KCl - 

100-120Üʉ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʩʦʣʝʡ: NaCl = 33-35 ʤʘʩ.%, KCl = 15-25 ʤʘʩ.%, 

ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 48-60 ʤʘʩ.%. 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʠ ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʳʭ 

ʧʦʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 420-480 Üʉ. ɺʦ ʚʢʣʶʯʝʥʠʷʭ ʚʦ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʩʦʜʝʨʞʘʥʠʝ ʩʠʣʴʚʠʥʘ (ʧʦ ʤʘʩ. ʠ ʦʙʲʝʤ. %) ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ 

ʛʘʣʠʪʦʤ (ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ LA-ICP-MS). ʊʝʤʧʝʨʘʪʫʨ r ʧʣʘʚʣʝʥʠʷ ʭʣʦʨʠʜʦʚ 

ʩʦʩʪʘʚʣʷʶʪ: NaCl - 230-260, KCl - 220-240 Üʉ. ʉʦʜʝʨʞʘʥʠʝ ʩʠʣʴʚʠʥʘ ʚʦ ʚʢʣʶʯʝʥʠʷʭ 

ʦʮʝʥʝʥʦ ʢʘʢ 30-45 ʤʘʩ.%, ʛʘʣʠʪʘ ~ 10-15 ʤʘʩ.%. ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 40 ʜʦ 60 ʤʘʩ.%. 
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ɻʦʤʦʛʝʥʠʟʘʮʠ ̫ CO2 ʚ ʞʠʜʢʫʶ ʬʘʟʫ ʚ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ +10é+12Üʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʝʸ ʧʣʦʪʥʦʩʪʠ 0.847-0.860 ʛ/ʩʤ
3
 ʠ ʤʠʥʠʤʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ ʚʦ ʚʨʝʤʷ ʟʘʭʚʘʪʘ ʚʢʣʶʯʝʥʠʡ  

220ï280 ʄʇʘ (ʪʘʙʣʠʮʘ 3.1). 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʛʝʥʝʨʘʮʠʡ. ʊʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʪʘʢʠʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʫʜʥʦʛʦ ʧʦʣʷ ʋʣʘʪʘʡ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣ 300-380 Üʉ, ʊʧʣ. NaCl = 200-220 Üʉ, ʊʧʣ. KCl = 200 Üʉ, ʯʪʦ ʦʪʚʝʯʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʩʦʣʝʡ: NaCl = 10-25 ʤʘʩ.%, KCl = 30-15 ʤʘʩ.%, ʩʫʤʤʘʨʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 30-40 ʤʘʩ.%. ʊʝʤʧʝʨʘʪʫʨʘ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ CO2 ʚ ʞʠʜʢʫʶ ʬʘʟʫ ʜʣʷ ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ +8é+10Üʉ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʸ ʧʣʦʪʥʦʩʪʠ 0.87-0.86 ʛ/ʩʤ
3
 ʠ ʤʠʥʠʤʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ ʟʘʭʚʘʪʘ 

ʚʢʣʶʯʝʥʠʡ 180ï230 ʄʇʘ (ʪʘʙʣʠʮʘ 3.1). 

ʅʘ ʨʠʩʫʥʢʝ 19 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʪʨʝʭ- ʠ ʜʚʫʭʬʘʟʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ. 
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ʈʠʩʫʥʦʢ 19. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ. 
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ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʨʝʭʬʘʟʥʳʝ ʚʳʩʦʢʦ- ʠ 

ʩʨʝʜʥʝʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 250-300Üʉ, ʊʧʣ. NaCl 

ʩʦʩʪʘʚʣʷʝʪ 100-150Üʉ, ʊʧʣ. KCl 120-150Üʉ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚʦ ʚʢʣʶʯʝʥʠʷʭ 

ʩʦʩʪʘʚʣʷʝʪ 15-30 ʤʘʩ.%.  

ɺ ʩʝʢʫʱʠʭ ʢʘʨʙʦʥʘʪʠʪʳ ʧʦʟʜʥʠʭ ʧʨʦʞʠʣʢʘʭ ʢʚʘʨʮʘ, ʬʣʶʦʨʠʪʘ, ʢʘʣʴʮʠʪʘ, ʙʘʨʠʪʘ ʠ 

ʜʨ. ʤʠʥʝʨʘʣʘʤʠ, ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʭʬʘʟʥʳʤʠ 

ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ  ʬʣʶʠʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʩ ʊʛʦʤ. = 150-250 Üʉ ʠ ʦʙʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʝʡ 1-15 ʤʘʩ.% (NaCl-ʵʢʚ.), ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʟʦʚʳʤʠ 

ʬʣʶʠʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 100-150Üʉ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʩʦʣʝʡ ʤʝʥʝʝ 1 ʤʘʩ. % (NaCl-ʵʢʚ.). 

ʄʠʥʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʟʘʭʚʘʪʘ ʚʳʩʦʢʦ- ʠ ʩʨʝʜʥʝʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʧʦ ʢʨʠʦʤʝʪʨʠʯʝʩʢʠʤ ʦʮʝʥʢʘʤ ʩʦʩʪʘʚʣʷʝʪ 50 ï 75 ʄʇʘ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʜʘʥʥʳʤʠ (ɹʨʝʜʠʭʠʥʘ, 1991). ɼʣʷ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʭʚʘʪʘ ʨʘʚʥʳ 

ʤʝʥʝʝ 50 ʄʇʘ (ʪʘʙʣʠʮʘ 3.1).  

 

3.3. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʬʘʟ ʚʢʣʯʁʝʥʠʡ ʤʝʪʦʜʦʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʄʝʪʦʜʦʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʚʝʨʜʳʭ ʬʘʟ ʚ ʨʘʩʧʣʘʚʥʳʭ ʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʢʚʘʨʮʝ ʠ 

ʬʣʶʦʨʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʂʘʨʘʩʫʛʩʢʦʛʦ, ʊʵɻʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʠ ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ.  

 

ʈʘʩʧʣʘʚʥʳʝ ʠ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʫʜʥʦʛʦ ʧʦʣʷ ʂʘʨʘʩʫʛ ʤʝʪʦʜʦʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʬʝʨʠʯʝʩʢʠʝ ʘʥʠʟʦʪʨʦʧʥʝr ʬʘʟr ʠ ʫʩʪʘʥʦʚʠʪʴ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʤʠʢʨʦʟʝʨʥʠʩʪʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʘʛʨʝʛʘʪʘ ʚʢʣʶʯʝʥʠʡ (ʨʠʩʫʥʦʢ 20). 



74 

 

 

ʈʠʩʫʥʦʢ 20. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʦʤ ʂʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʡ; ʙ ï ʩʧʝʢʪʨʳ ʤʠʥʝʨʘʣʦʚ: 1 ï ʩʧʝʢʪʨ 

ʘʥʢʝʨʠʪʘ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʛʨʘʤʤʳ CrystalSleuth; 2-4 ï ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʟ ʚʦ 

ʚʢʣʶʯʝʥʠʠ; 5 ï ʩʧʝʢʪʨ ʢʚʘʨʮʝʚʦʡ ʤʘʪʨʠʮʳ ʚʢʣʶʯʝʥʠʷ. 

 

 

ʅʘ ʨʠʩʫʥʢʝ 20 (ʘ) ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʢʣʶʯʝʥʠʡ, ʥʘ ʨʠʩʫʥʢʝ (ʙ) 

ʧʦʢʘʟʘʥʳ ʂʈ-ʩʧʝʢʪʨʳ ʤʠʥʝʨʘʣʘ-ʤʘʪʨʠʮʳ ʚʢʣʶʯʝʥʠʡ ï ʢʚʘʨʮʘ (ʩʧʝʢʪʨ 5), ʘ ʪʘʢʞʝ 

ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ (ʩʧʝʢʪʨʳ 2-4), ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʠʢʠ 

ʢʦʪʦʨʳʭ ʚ ʜʠʘʧʘʟʦʥʝ 721 ʠ 1092 ʩʤ
-1

 ʩʦʚʧʘʜʘʶʪ ʩ ʧʠʢʘʤʠ ʩʧʝʢʪʨʘ ʘʥʢʝʨʠʪʘ (ʩʧʝʢʪʨ 1), 

ʚʟʷʪʦʛʦ ʠʟ Raman ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʛʨʘʤʤʳ CrystalSleuth.  

ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ 

ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥ r ʥʘ 

ʨʠʩʫʥʢʘʭ 21 ʠ 22. 
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ʈʠʩʫʥʦʢ 21. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ ʤʝʪʦʜʘʤʠ ʈʘʤʘʥ- ʠ 

ʂʈ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʷ, ʙ ï ʩʧʝʢʪʨ ʬʣʶʠʜʥʦʡ ʬʘʟʳ ï ʞʠʜʢʦʡ 

ʫʛʣʝʢʠʩʣʦʪʳ, ʚ ï ʩʧʝʢʪʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ: 1 ï ʢʘʣʴʮʠʪ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʛʨʘʤʤʳ 

CrystalSleuth; 2-3 ï ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʦ ʚʢʣʶʯʝʥʠʠ; 4 ï 

ʩʧʝʢʪʨ ʢʚʘʨʮʝʚʦʡ ʤʘʪʨʠʮʳ ʚʢʣʶʯʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 22. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʣʘʪʘʡ-ʏʦʟʩʢʦʡ ʛʨʫʧʧʳ ʤʝʪʦʜʘʤʠ ʈʘʤʘʥ- ʠ 

ʂʈ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʷ, ʙ ï ʩʧʝʢʪʨ ʬʣʶʠʜʥʦʡ ʬʘʟʳ ï ʞʠʜʢʦʡ 

ʫʛʣʝʢʠʩʣʦʪʳ, ʚ ï ʩʧʝʢʪʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ: 1 ï ʘʥʢʝʨʠʪ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʛʨʘʤʤʳ 

CrystalSleuth; 2 - ʩʧʝʢʪʨ ʠʩʩʣʝʜʫʝʤʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚʢʣʶʯʝʥʠʷ - ʘʥʢʝʨʠʪʘ. 

 

 

ʇʦ ʜʘʥʥʳʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʢʠ 20 ʠ 21), ʚʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʠʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ CO2 ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʠʤʝʩʠ ʜʨʫʛʠʭ ʛʘʟʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʦʣʷ ʢʘʨʙʦʥʘʪʦʚ ʚ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10-50 

ʤʘʩ.%, ʭʣʦʨʠʜʦʚ 40-75 ʤʘʩ.%, ʫʛʣʝʢʠʩʣʦʪʘ ʟʘʥʠʤʘʝʪ 2-3 % ʦʙʲʝʤʘ ʚʢʣʶʯʝʥʠʡ. 

ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚʦ ʚʢʣʶʯʝʥʠʠ ʦʮʝʥʝʥʘ ʢʘʢ  87.5-95 ʤʘʩ.% (ʪʘʙʣʠʮʘ 3.1). 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ (ʤʦʨʠʦʥʝ) 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʫʩʪʘʥʦʚʠʣʦ, ʯʪʦ ʘʥʠʟʦʪʨʦʧʥʳʝ 

ʪʚʝʨʜʳʝ ʬʘʟʳ ʚ ʵʪʠʭ ʚʢʣʶʯʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʜʝʨʠʪʦʤ FeCO3, ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʤ ï 

Ce-ʘʥʢʠʣʠʪʦʤ Sr(Ce,Ca,La)[CO3]2(OH)ÅH2O, ʘʥʛʠʜʨʠʪʦʤ CaSO4 ʠ Fe-ʢʦʧʠʘʧʠʪʦʤ 

Fe5(SO4)6(OH)2Å20H2O. ɺʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘʭʦʜʠʪʩʷ ʞʠʜʢʘʷ ʫʛʣʝʢʠʩʣʦʪʘ (ʨʠʩʫʥʦʢ 23). 

  

 

ʈʠʩʫʥʦʢ 23. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʪʚʝʨʜʳʭ ʬʘʟ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ: ʘ, ʙ ï ʬʦʪʦʛʨʘʬʠʠ 

ʚʢʣʶʯʝʥʠʡ, ʚ ï ʈʘʤʘʥ-ʩʧʝʢʪʨ ʬʣʶʠʜʥʦʡ ʬʘʟʳ ï ʞʠʜʢʦʡ ʫʛʣʝʢʠʩʣʦʪʳ, ʛ ï ʂʈ-ʩʧʝʢʪʨʳ 

ʜʦʯʝʨʥʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ: 1 - ʘʥʢʠʣʠʪ-Ce, 2 ï Fe-ʢʦʧʠʘʧʠʪ, 3 ï ʘʥʛʠʜʨʠʪ, 4 ï ʩʠʜʝʨʠʪ, 

5 ï ʤʠʥʝʨʘʣ-ʤʘʪʨʠʮʘ ï ʢʚʘʨʮ. 

 

ɺʦʣʫʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ LA-ICP-MS ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʩʠʜʝʨʠʪʘ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10-15 ʤʘʩ.%. 

ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʪʘʣʴʥʳʭ ʩʦʣʝʡ ʩʫʣʴʬʘʪʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

1-3 ʤʘʩ.%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ 

ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʩʪʘʚʣʷʝʪ 87-92 ʤʘʩ.% (ʦʪʤʝʯʝʥʦ 

ʚ ʪʘʙʣʠʮʝ 3.1). 
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ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ɺʦ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʤʝʪʦʜʘʤʠ ʂʈ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

ʪʚʝʨʜʳʝ ʬʘʟʳ ʠ ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʬʣʶʠʜʥʦʡ ʬʘʟʳ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚʢʣʶʯʝʥʠʡ ʚ 

ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʠ ʋʣʘʪʘʡ-ʏʦʟʩʢʦʛʦ ʨʫʜʥʳʭ ʫʟʣʦʚ. 

ʄʝʪʦʜʘʤʠ ʂʈ- ʠ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥ ʩʦʩʪʘʚ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

(48-60 ʤʘʩ.%) ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʝ ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ 

ʢʫʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʛʘʣʠʪʘ NaCl ʠ ʩʠʣʴʚʠʥʘ KCl, 2-3 ʘʥʠʟʦʪʨʦʧʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʬʘʟr. ɼʠʘʛʥʦʩʪʠʢʘ ʘʥʠʟʦʪʨʦʧʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʢʣʶʯʝʥʠʡ ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ 

ʢʘʣʴʮʠʪʘ CaCO3 ʚ ʩʦʩʪʘʚʝ ʚʢʣʶʯʝʥʠʡ. ɺ ʩʦʩʪʘʚʝ ʬʣʶʠʜʥʦʡ ʬʘʟʳ ʧʨʠʩʫʪʩʪʚʫʝʪ CO2  

(ʨʠʩʫʥʦʢ 24).  

 

ʈʠʩʫʥʦʢ 24. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʪʚʝʨʜʳʭ ʬʘʟ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʦ-

ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʷ, ʙ ï ʩʧʝʢʪʨ ʛʘʟʦʚʦʡ 

ʬʘʟʳ, ʚ - ʩʧʝʢʪʨ ʜʦʯʝʨʥʝʡ ʬʘʟʳ ʢʘʣʴʮʠʪʘ. 

 

ɺ ʠʜʠʦʤʦʨʬʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʚʘʨʮʘ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʂʘʨʘʩʫʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ (~40-55 ʤʘʩ.%) ʢʨʠʩʪʘʣʣʦ-

ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʧʦ ʤʘʩʩʝ ʠ ʦʙʲʝʤʫ ʢʨʠʩʪʘʣʣʳ ʛʘʣʠʪʘ ʠ 

ʩʠʣʴʚʠʥʘ, ʘ ʪʘʢʞʝ 2-3 ʘʥʠʟʦʪʨʦʧʥʳʝ ʢʨʠʪʩʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʢʘʣʴʮʠʪʘ (~2-5 ʤʘʩ.%). ɺʦ 

ʬʣʶʠʜʥʦʡ ʬʘʟʝ ʧʦ ʜʘʥʥʳʤ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ CO2 , ʜʨʫʛʠʝ ʛʘʟʳ ʥʝ 

ʦʙʥʘʨʫʞʝʥʳ (ʨʠʩʫʥʦʢ 25).  
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ʈʠʩʫʥʦʢ 25. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʷ, ʙ ï ʩʧʝʢʪʨ ʛʘʟʦʚʦʡ 

ʬʘʟʳ ï CO2, ʚ ï ʩʧʝʢʪʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ: 1 ï ʢʘʣʴʮʠʪ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʛʨʘʤʤʳ 

CrystalSleuth; 2 ï ʩʧʝʢʪʨ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʦ ʚʢʣʶʯʝʥʠʠ - ʢʘʣʴʮʠʪʘ; 3 

ï ʩʧʝʢʪʨ ʢʚʘʨʮʝʚʦʡ ʤʘʪʨʠʮʳ ʚʢʣʶʯʝʥʠʷ. 

 

ɺ ʩʦʩʪʘʚʝ ʚʪʦʨʠʯʥʳʭ ʠ ʧʩʝʚʜʦʚʪʦʨʠʯʥʳʭ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ (40-60 

ʤʘʩ.%) ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʚ ʦʙʲʝʤʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʛʘʣʠʪ ʠ/ʠʣʠ ʩʠʣʴʚʠʥ. ʈʝʟʫʣʴʪʘʪʳ 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʜʦʯʝʨʥʠʭ ʪʚʝʨʜʳʭ 

http://rruff.info/
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ʩʫʣʴʬʘʪʥʳʭ ʬʘʟ ï ʪʝʥʘʨʜʠʪʘ Na2SO4 ʠ ʘʥʛʠʜʨʠʪʘ CaSO4. ʀʟʫʯʝʥʠʝ ʬʣʶʠʜʥʦʡ ʬʘʟʳ 

ʚʢʣʶʯʝʥʠʡ ʫʩʪʘʥʦʚʠʣʦ ʥʘʣʠʯʠʝ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʝʝ ʩʦʩʪʘʚʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʛʘʟʦʚ 

(ʨʠʩʫʥʦʢ 26). 

 

 

ʈʠʩʫʥʦʢ 26. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʩʝʚʜʦʚʪʦʨʠʯʥʳʭ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ: ʘ, ʙ ï ʬʦʪʦʛʨʘʬʠʠ ʚʢʣʶʯʝʥʠʡ, ʚ ï ʂʈ-ʩʧʝʢʪʨʳ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ: 1 ï ʪʝʥʘʨʜʠʪʘ Na2SO4, 2 ï ʘʥʛʠʜʨʠʪʘ CaSO4, 3 ï ʤʠʥʝʨʘʣ-ʤʘʪʨʠʮʘ: 

ʢʚʘʨʮ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ (30-40 ʤʘʩ.%) ʚʦʜʥʦ-

ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʧʦʟʜʥʠʭ ʛʝʥʝʨʘʮʠʡ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʤʝʪʦʜʘʤʠ ʈʘʤʘʥ- ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʢʘʟʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘʨʷʜʫ ʩ ʛʘʣʠʪʦʤ ʠ ʩʠʣʴʚʠʥʦʤ ʜʦʯʝʨʥʠʭ ʪʚʝʨʜʳʭ ʬʘʟ 
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ʩʫʣʴʬʘʪʥʦʛʦ ʩʦʩʪʘʚʘ - ʘʥʛʠʜʨʠʪʘ CaSO4, ʮʝʣʝʩʪʠʥʘ SrSO4, ʙʘʨʠʪʘ BaSO4, ʪʝʥʘʨʜʠʪʘ 

Na2SO4. ɺ ʩʦʩʪʘʚ ʬʣʶʠʜʥʦʡ ʬʘʟʳ ʚʭʦʜʠʪ ʞʠʜʢʘ ̫CO2 (ʨʠʩʫʥʦʢ 27). 

 

 

ʈʠʩʫʥʦʢ 27. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ (30-40 

ʤʘʩ.%) ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʤʝʪʦʜʘʤʠ ʈʘʤʘʥ- ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ: ʘ - ʬʦʪʦʛʨʘʬʠʷ 

ʚʢʣʶʯʝʥʠʷ; ʙ, ʚ -  ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʷ ʚ ʦʜʥʦʤ ʠʟ ʧʨʦʜʦʣʴʥʳʭ  ʨʘʟʨʝʟʦʚ ʧʨʠ 

ʧʣʦʱʘʜʥʦʤ ʂʈ-ʩʢʘʥʠʨʦʚʘʥʠʠ; ʛ - ʂʈ-ʩʧʝʢʪʨ ʛʘʟʦʚʦʡ ʬʘʟʳ ï ʞʠʜʢʦʡ CO2;  ʜ, ʝ -  ʂʈ-

ʩʧʝʢʪʨʳ ʪʚʝʨʜʳʭ ʜʦʯʝʨʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʦ ʚʢʣʶʯʝʥʠʠ: (1) - ʘʥʛʠʜʨʠʪʘ CaSO4, 

(2) - ʮʝʣʝʩʪʠʥʘ SrSO4. 
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ɺʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ (30-40 ʤʘʩ.%) ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʧʦʟʜʥʠʭ ʛʝʥʝʨʘʮʠʡ ʚʦ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʣʘʪʘʡʩʢʦʛʦ ʠ ʊʵʵʣʠ-

ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ ʩʦʜʝʨʞʘʪ ʢʨʠʩʪʘʣʣʳ ʛʘʣʠʪʘ ʠʣʠ ʩʠʣʴʚʠʥʘ, ʪʝʥʘʨʜʠʪ 

Na2SO4, ʠ ʫʛʣʝʢʠʩʣʦʪʫ ʚʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ (ʨʠʩʫʥʦʢ 28).  

 

 

ʈʠʩʫʥʦʢ 28. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦʯʝʨʥʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ (30-40 ʤʘʩ.%) ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʦʤ ʚʢʣʶʯʝʥʠʠ ʚʦ 

ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ 

ʚʢʣʶʯʝʥʠʷ, ʙ ï ʂʈ-ʩʧʝʢʪʨʳ ʤʠʥʝʨʘʣʦʚ: 1 ï ʪʝʥʘʨʜʠʪ Na2SO4, 2 ï ʤʠʥʝʨʘʣ-ʤʘʪʨʠʮʘ: 

ʬʣʶʦʨʠʪ. 

 

 

ɺ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ (30-40 ʤʘʩ.%) ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʦʟʜʥʠʭ 

ʛʝʥʝʨʘʮʠʡ ʩʦʩʪʦʷʪ ʠʟ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʧʦ ʦʙʲʝʤʫ ʦʢʨʫʛʣʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ 

ʭʣʦʨʠʜʦʚ Na ʠ K ï ʛʘʣʠʪʘ ʠ ʩʠʣʴʚʠʥʘ, ʚʢʣʶʯʝʥʠʷ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ 1-2 ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʢʘʨʙʦʥʘʪʥʳʝ ʬʘʟʳ (ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʠʢ 1085 ʩʤ
-1

), ʚʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ ʚʢʣʶʯʝʥʠʡ 

ʧʨʠʩʫʪʩʪʚʶʪ CO2 ʠ N2 (ʨʠʩʫʥʦʢ 29). ʉʦʜʝʨʞʘʥʠʝ CO2 ʚʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ ʦʮʝʥʝʥʦ ʚ 70-

13 ʤʦʣʴʥʳʭ %, ʩʦʜʝʨʞʘʥʠʝ N2 30-87 ʤʦʣʴʥʳʭ %. 

ɺʳʩʦʢʦ- ʠ ʩʨʝʜʥʝʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ (15-30 ʤʘʩ.%) ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʜʚʫʭ- ʠ 

ʪʨʝʭʬʘʟʥʳʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʧʨʦʞʠʣʢʘʭ ʬʠʦʣʝʪʦʚʦʛʦ ʬʣʶʦʨʠʪʘ 

ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʠ ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʂʈ-ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʪ ʢʨʦʤʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʛʘʣʠʪʘ 

ʢʨʠʩʪʘʣʣʳ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ Na ʠ Ca ï ʛʝʡʣʶʩʩʠʪ Na2Ca(CO3)2Ŀ5H2O (ʨʠʩʫʥʦʢ 30). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʬʣʶʠʜʥʘʷ ʬʘʟʘ ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʡ ʩʦʜʝʨʞʠʪ CO2. 
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ʈʠʩʫʥʦʢ 29. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʬʣʶʠʜʥʦʡ ʠ ʜʦʯʝʨʥʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ (30-40 ʤʘʩ.%) ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʧʦʟʜʥʠʭ 

ʛʝʥʝʨʘʮʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʧʦʣʷ ʤʝʪʦʜʘʤʠ ʈʘʤʘʥ- ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʡ, ʙ ï ʩʧʝʢʪʨʳ 

ʩʦʩʪʘʚʘ ʬʣʶʠʜʥʦʡ ʬʘʟʳ, ʚ ï ʂʈ-ʩʧʝʢʪʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ - ʢʘʨʙʦʥʘʪʘ. 

 

 

ʈʠʩʫʥʦʢ 30. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʥʦʛʦʬʘʟʥʦʛʦ ʛʘʟʦʚʦ-ʞʠʜʢʦʛʦ 

ʬʣʶʠʜʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚʦ ʬʣʶʦʨʠʪʝ ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ 

ʚʢʣʶʯʝʥʠʷ, ʙ ï ʂʈ-ʩʧʝʢʪʨʳ ʤʠʥʝʨʘʣʦʚ: 1 ï ʛʝʡʣʶʩʩʠʪ, 2 ï ʤʠʥʝʨʘʣ-ʤʘʪʨʠʮʘ: ʬʣʶʦʨʠʪ. 
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ʄʥʦʛʦʬʘʟʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʣʘʪʘʡʩʢʦʛʦ ʠ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ ʩʦʜʝʨʞʘʪ ʢʫʙʠʯʝʩʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʛʘʣʠʪʘ ʠʣʠ ʩʠʣʴʚʠʥʘ, ʚʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ ʥʘʭʦʜʠʪʩʷ ʞʠʜʢʘʷ CO2 (ʨʠʩʫʥʦʢ 31). 

 

 

ʈʠʩʫʥʦʢ 31. ʈʝʟʫʣʴʪʘʪʳ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʥʦʛʦʬʘʟʥʦʛʦ ʬʣʶʠʜʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚʦ 

ʬʣʶʦʨʠʪʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ʋʣʘʪʘʡ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʷ, ʙ ï ʂʈ-ʩʧʝʢʪʨ ʬʣʶʠʜʥʦʡ 

ʬʘʟʳ ï ʞʠʜʢʦʡ CO2. 

 

 

ʂʚʘʨʮ, ʬʣʶʦʨʠʪ, ʢʘʣʴʮʠʪ ʠ ʙʘʨʠʪ ʧʦʟʜʥʠʭ ʧʨʦʞʠʣʢʦʚ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ (~15-1 ʤʘʩ.%) ʜʚʫʭʬʘʟʥʳʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʟʦʚʳʝ 

ʚʢʣʶʯʝʥʠʷ, ʬʣʶʠʜʥʘʷ ʬʘʟʘ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ CO2.  

 

3.4. ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʬʘʟ ʚʢʣʶʯʝʥʠʡ ʤʝʪʦʜʦʤ ʉʕʄ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʦʯʝʨʥʠʭ ʪʚʝʨʜʳʭ ʬʘʟ ʚ ʨʘʩʧʣʘʚʥʳʭ ʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ 

ʚʦ ʬʣʦʛʦʧʠʪʝ, ʘʧʘʪʠʪʝ ʠ ʬʣʶʦʨʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʊʫʚʳ ʙʳʣ ʠʟʫʯʝʥ ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʦʛʦʧʠʪʝ 

ʦʧʨʝʜʝʣʝʥ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʤʠʢʨʦʘʥʘʣʠʟʦʤ. 

ʈʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚʦ ʬʣʦʛʦʧʠʪʝ ʂʘʨʘʩʫʛʩʢʠʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʩʪʦʷʪ ʠʟ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʘʛʨʝʛʘʪʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʠ ʬʣʶʠʜʥʦʡ 

ʬʘʟʳ. ɼʠʘʛʥʦʩʪʠʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚʦ ʚʩʢʨʳʪʳʭ ʚʘʢʫʦʣʷʭ ʚʢʣʶʯʝʥʠʡ (ʨʠʩʫʥʦʢ 32, 33). 
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ʈʠʩʫʥʦʢ 32. ʈʝʟʫʣʴʪʘʪʳ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ 

ʬʣʦʛʦʧʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ 

ʚʢʣʶʯʝʥʠʷ, ʙ ï ʬʦʪʦʛʨʘʬʠʷ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʚʩʢʨʳʪʦʛʦ ʚ ʢʝʨʦʩʠʥʝ ʚʢʣʶʯʝʥʠʷ, 

ʚ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʜʦʯʝʨʥʠʭ ʬʘʟ: 1 ï ʢʘʨʙʦʥʘʪʥʘʷ ʬʘʟʘ, 2 ï ʘʣʶʤʦʩʠʣʠʢʘʪʥʘʷ 

ʬʘʟʘ, 3 ï ʬʣʦʛʦʧʠʪ. 

 

ʈʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚʦ ʬʣʦʛʦʧʠʪʝ ʚʳʚʦʜʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚʩʢʨʳʚʘʣʠʩʴ ʚ 

ʢʝʨʦʩʠʥʝ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʨʝʘʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʜʦʯʝʨʥʠʭ ʬʘʟ 

(ʨʠʩʫʥʦʢ 32). ʂʨʦʤʝ ʪʦʛʦ, ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ, 

ʧʦʪʝʨʷʚʰʠʭ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʪʨʝʱʠʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚʦ ʬʣʦʛʦʧʠʪʝ (ʨʠʩʫʥʦʢ 

33). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʦʛʦʧʠʪʝ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʊʫʚʳ ʫʩʪʘʥʦʚʠʣʠ  ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʢʣʶʯʝʥʠʡ. ʅʘ 

ʨʠʩʫʥʢʝ 33 (ʘ) ʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʩʢʨʳʪʳʭ ʥʘ ʚʦʟʜʫʭʝ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚʦ 

ʬʣʦʛʦʧʠʪʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʘʷ ʬʘʟʘ ʦʢʠʩʣʝʥʘ ʠ ʟʘʤʝʱʝʥʘ ʙʫʨʳʤʠ ʦʢʠʩʣʘʤʠ ʠ 

ʛʠʜʨʦʦʢʠʩʣʘʤʠ Fe, ʢʘʨʙʦʥʘʪʥʘʷ ʬʘʟʘ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʘ ʧʨʦʮʝʩʩʘʤ ʦʢʠʩʣʝʥʠʷ. ʅʘ 

ʨʠʩʫʥʢʝ 33 (ʙ) ʚʠʜʥʳ ʦʯʝʨʪʘʥʠʷ ʜʦʯʝʨʥʠʭ ʬʘʟ ʚʦ ʚʢʣʶʯʝʥʠʠ ʚ ʚʠʜʝ ʢʘʧʝʣʴ ʩʠʣʠʢʘʪʥʦʡ 
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ʬʘʟʳ ʚ ʢʘʨʙʦʥʘʪʥʦʡ. ʊʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦʮʝʩʩʘʭ 

ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʥʝʩʤʝʩʠʤʦʩʪʠ ʨʦʜʦʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʘ ʢʘʨʙʦʥʘʪʠʪʦʚ.  

 

 

ʈʠʩʫʥʦʢ 33. ʈʝʟʫʣʴʪʘʪʳ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ 

ʬʣʦʛʦʧʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʩʫʛ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ 

ʚʩʢʨʳʪʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʙ ï ʬʦʪʦʛʨʘʬʠʷ ʚʩʢʨʳʪʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ, 

ʚ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʜʦʯʝʨʥʠʭ ʬʘʟ ʚʦ ʚʢʣʶʯʝʥʠʠ: 1 ï ʘʣʶʤʦʩʠʣʠʢʘʪʥʘʷ ʬʘʟʘ, 2 ï 

ʢʘʨʙʦʥʘʪʥʘʷ ʬʘʟʘ, 3 ï ʤʠʥʝʨʘʣ-ʤʘʪʨʠʮʘ: ʬʣʦʛʦʧʠʪ. 

 

ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʚʦ ʬʣʦʛʦʧʠʪʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʢʘʨʙʦʥʘʪʥʦʡ ʬʘʟʳ ʚʢʣʶʯʝʥʠʡ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʧʨʝʦʙʣʘʜʘʝʪ CaO 53.8-60.61 ʤʘʩ.%, ʧʨʠʤʝʩʴ FeO 0.66-0.84 ʤʘʩ.%, MgO 0.72-

0.96 ʤʘʩ.%. ɸʣʶʤʦʩʠʣʠʢʘʪʥʘʷ ʬʘʟʘ ʥʝʦʜʥʦʨʦʜʥʘ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʦʜʝʨʞʠʪ: SiO2 66.25-

69.83 ʤʘʩ.%, Al 2O3 0.85-4.7 ʤʘʩ.%, CaO 1.68-2.84 ʤʘʩ.%, Na2O 2.7-3.01, K2O 1.6-2.73 

ʤʘʩ.%, FeO 0.9-1.01, MgO 0.81-1.0 ʤʘʩ.%, Cl 0.5-0.68 ʤʘʩ.%. ʉʦʜʝʨʞʘʥʠʝ TiO2 ʚʦ 

ʬʣʦʛʦʧʠʪʝ ʩʦʩʪʘʚʣʷʝʪ 0.33-0.68 ʤʘʩ.%.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʧʘʪʠʪʝ 

ʋʣʘʪʘʡ-ʏʦʟʩʢʠʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 34 ʠ 35. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ 
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ʚʢʣʶʯʝʥʠʷ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚʩʢʨʳʪʳ ʚ ʢʝʨʦʩʠʥʝ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʤʠʢʨʦʟʝʨʥʠʩʪʦʛʦ ʘʛʨʝʛʘʪʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʢʣʶʯʝʥʠʡ ʚ ʘʧʘʪʠʪʝ ʦʮʝʥʠʚʘʣʩʷ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. 

 

 

 

ʈʠʩʫʥʦʢ 34. ʈʝʟʫʣʴʪʘʪʳ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʘʧʘʪʠʪʝ ʋʣʘʪʘʡ-ʏʦʟʩʢʠʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ 

ʚʢʣʶʯʝʥʠʷ, ʙ, ʚ ï ʬʦʪʦʛʨʘʬʠʠ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʚʩʢʨʳʪʳʭ ʚ ʢʝʨʦʩʠʥʝ 

ʚʢʣʶʯʝʥʠʡ, ʚ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʤʠʥʝʨʘʣʦʚ: 1 ï ʤʠʥʝʨʘʣ-ʤʘʪʨʠʮʘ: 

ʘʧʘʪʠʪ, 2 ï 4 ï ʩʧʝʢʪʨʳ ʜʦʯʝʨʥʠʭ ʬʘʟ ʚʦ ʚʢʣʶʯʝʥʠʠ. 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʯʝʨʥʠʭ ʬʘʟ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ 

ʘʧʘʪʠʪʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʢʣʶʯʝʥʠʡ ʦʪʣʠʯʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ, ʢʘʨʙʦʥʘʪʦʚ, ʬʪʦʨʠʜʦʚ ʠ ʭʣʦʨʠʜʦʚ Ca, Na, K, Mg, Fe ʠ Ti (ʨʠʩʫʥʦʢ 34 

ʛ). ʊʘʢʞʝ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʠʥʝʨʘʣʳ, ʧʦ ʩʦʩʪʘʚʫ ʙʣʠʟʢʠʝ 

ʢ ʙʘʩʪʥʝʟʠʪʫ (ʨʠʩʫʥʦʢ 35).  
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ʈʠʩʫʥʦʢ 35. ʈʝʟʫʣʴʪʘʪʳ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʘʧʘʪʠʪʝ ʋʣʘʪʘʡʩʢʠʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʷ, ʙ 

ï ʬʦʪʦʛʨʘʬʠʷ ʚʩʢʨʳʪʦʛʦ ʚ ʢʝʨʦʩʠʥʝ ʚʢʣʶʯʝʥʠʷ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ, ʚ ï 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨ ʜʦʯʝʨʥʝʛʦ REE-ʤʠʥʝʨʘʣʘ (1) ʚʦ ʚʢʣʶʯʝʥʠʠ. 

 

ɺ ʩʦʩʪʘʚʝ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʶʦʨʠʪʝ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʩʨʝʜʠ ʜʦʯʝʨʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʦ ʚʩʢʨʳʪʳʭ 

ʚʘʢʫʦʣʷʭ ʚʢʣʶʯʝʥʠʡ ʤʝʪʦʜʦʤ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʢʘʨʙʦʥʘʪʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ  ʘʥʢʝʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩʫʥʦʢ 36).  

 

 

ʈʠʩʫʥʦʢ 36. ʈʝʟʫʣʴʪʘʪʳ ʉʕʄ-ʘʥʘʣʠʟʘ ʜʦʯʝʨʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʦ ʚʩʢʨʳʪʳʭ 

ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚʦ ʬʣʶʦʨʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ: ʘ - ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʷ ʚ ʦʪʨʘʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ, ʙ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨ ʜʦʯʝʨʥʝʡ ʢʘʨʙʦʥʘʪʥʦʡ ʬʘʟʳ ʘʥʢʝʨʠʪʘ. 

 

ɼʠʘʛʥʦʩʪʠʢʘ ʜʦʯʝʨʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʦ ʚʩʢʨʳʪʳʭ ʚʘʢʫʦʣʷʭ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʠ 

ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ ʤʝʪʦʜʦʤ ʉʕʄ-ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʠʣʘ ʧʨʠʩʫʪʩʪʚʠʝ 
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ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ: ʢʘʨʙʦʥʘʪʳ (ʩʠʜʝʨʠʪ ʠ ʙʘʩʪʥʝʟʠʪ), ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʬʘʟʳ, ʤʠʥʝʨʘʣ 

ʨʷʜʘ ʙʘʨʠʪ-ʮʝʣʝʩʪʠʥ, ʘ ʪʘʢʞʝ ʛʘʣʝʥʠʪ (ʨʠʩʫʥʦʢ 37). 

 

 

ʈʠʩʫʥʦʢ 37. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦʯʝʨʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʦ ʚʩʢʨʳʪʳʭ 

ʚʘʢʫʦʣʷʭ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʤʝʪʦʜʦʤ ʉʕʄ-ʘʥʘʣʠʟʘ. ʅʘ ʨʠʩʫʥʢʝ (ʘ) ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʠʧʘ 

ʚʢʣʶʯʝʥʠʡ; ʙ ï ʜ - ʬʦʪʦʛʨʘʬʠʠ ʚʩʢʨʳʪʳʭ ʚʘʢʫʦʣʝʡ ʚʢʣʶʯʝʥʠʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʩʧʝʢʪʨʳ ʜʦʯʝʨʥʠʭ ʬʘʟ: ʙ ï REE-ʢʘʨʙʦʥʘʪ ï ʙʘʩʪʥʝʟʠʪ (Ce,La,Y)CO3F,  ʚ - 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʘʷ ʬʘʟʘ, ʩʦʩʪʦʠʪ ʠʟ Ca, K, Fe, Ti, Al , Si, O, ʛ ï ʤʠʥʝʨʘʣ ʨʷʜʘ ʙʘʨʠʪ-

ʮʝʣʝʩʪʠʥ BaSO4 - SrSO4, ʜ ï ʛʘʣʝʥʠʪ PbS. 
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ʉʦʛʣʘʩʥʦ ʉʕʄ-ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚʦ ʚʩʢʨʳʪʳʭ ʚʘʢʫʦʣʷʭ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

(40-60 ʤʘʩ.%) ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʫʜʥʳʭ ʧʦʣʝʡ ʋʣʘʪʘʡ ʠ ʂʘʨʘʩʫʛ ʩʨʝʜʠ ʜʦʯʝʨʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ 

ʫʩʪʘʥʦʚʣʝʥʳ: ʙʘʨʠʪ-ʮʝʣʝʩʪʠʥ (Ba,Sr)SO4, REE-ʢʘʨʙʦʥʘʪʥʘʷ ʬʘʟʘ, ʧʦ ʩʦʩʪʘʚʫ ʙʣʠʟʢʘʷ ʢ 

ʙʘʩʪʥʝʟʠʪʫ (Ce,La,Y)CO3F, ʘ ʪʘʢʞʝ ʩʫʣʴʬʠʜʳ: ʧʠʨʠʪ FeS2 ʠ ʛʘʣʝʥʠʪ PbS (ʨʠʩʫʥʦʢ 38). 

 

 

ʈʠʩʫʥʦʢ 38. ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦʯʝʨʥʠʭ ʬʘʟ ʚʦ ʚʩʢʨʳʪʳʭ ʚʘʢʫʦʣʷʭ ʤʥʦʛʦʬʘʟʥʳʭ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʶʦʨʠʪʝ ʂʘʨʘʩʫʛʩʢʠʭ (ʘ) ʠ ʋʣʘʪʘʡʩʢʠʭ (ʙ) ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʝʪʦʜʦʤ ʉʕʄ-ʘʥʘʣʠʟʘ. ʅʘ ʨʠʩʫʥʢʘʭ ʚ ï ʜ ʬʦʪʦʛʨʘʬʠʠ ʚ ʦʪʨʘʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ ʚʩʢʨʳʪʳʭ ʚʘʢʫʦʣʝʡ ʚʢʣʶʯʝʥʠʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʜʦʯʝʨʥʠʭ ʬʘʟ: ʚ ï 

ʤʠʥʝʨʘʣ ʨʷʜʘ ʙʘʨʠʪ-ʮʝʣʝʩʪʠʥ BaSO4 - SrSO4, ʛ - REE-ʢʘʨʙʦʥʘʪ ï ʙʘʩʪʥʝʟʠʪ 

(Ce,La,Y)CO3F, ʜ ï ʛʘʣʝʥʠʪ PbS. 
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3.5. LA -ICP-MS ʘʥʘʣʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ɺʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ 

ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ (Na, K, Ca, Mg, Rb, Sr, Cs 

ʠ ʜʨ.) ʠ ʨʫʜʥʳʭ (Fe, Co, Cu, Zn, As, Sb, Mo, Ag, Th, U, REE ʠ ʜʨ.) ʵʣʝʤʝʥʪʦʚ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʠ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ (LA-ICP-

MS/LA-ICP-MS).  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʬʣʶʦʨʠʪ-ʙʘʨʠʪ-

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʦʛʦ ʠ ʋʣʘʪʘʡ-ʏʦʟʩʢʦʛʦ ʨʫʜʥʳʭ ʫʟʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʢʣʶʯʝʥʠʡ 

ʛʘʣʠʪʘ (NaCl) ʠ ʩʠʣʴʚʠʥʘ (KCl) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ Na 

ʠ K, ʧʨʠʥʷʪʳʭ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʧʝʨʝʩʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ ʜʨʫʛʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʧʨʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ. 

 

ʈʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʨʘʩʩʦʣʦʚ-ʨʘʩʧʣʘʚʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʋʣʘʪʘʡ-ʏʦʟʩʢʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʠ 

ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ 

ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 39. ʅʘ ʨʠʩʫʥʢʝ 39 (ʘ) ʧʨʠʚʝʜʝʥʘ 

ʬʦʪʦʛʨʘʬʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʥʦʛʦʬʘʟʥʦʛʦ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʥʘ ʨʠʩʫʥʢʝ 39 

(ʙ) ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʷ ʚʦʨʦʥʢʠ ʚʩʢʨʳʪʦʛʦ ʚʢʣʶʯʝʥʠʷ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʘʙʣʷʮʠʠ. ʅʘ 

ʨʠʩʫʥʢʝ 39 (ʚ) ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ LA-ICP-MS ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʦʛʦ. 

ɼʣʷ ʘʥʘʣʠʟʦʚ ʧʦʜʙʠʨʘʣʠʩʴ ʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʦʪ 20 ʜʦ 50 

ʤʢʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ (ʤʝʥʝʝ 5-7 ʤʢʤ) ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʠʥʝʨʘʣʘ-ʭʦʟʷʠʥʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʚʘʨʮʘ). ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʚʢʣʶʯʝʥʠʡ, ʠʟʫʯʝʥʥʳʭ ʨʘʥʝʝ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʦʧʨʝʜʝʣʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩʥʦʚʥʳʭ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ Na ʠ K), ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʤʠ ʂʈ- ʠ ʉʕʄ 

ʘʥʘʣʠʟʦʚ.  

http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B4%D1%83%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE-%D1%81%D0%B2%D1%8F%D0%B7%D0%B0%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BB%D0%B0%D0%B7%D0%BC%D0%B0_%D0%B2_%D0%BC%D0%B0%D1%81%D1%81-%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D0%B8
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ʈʠʩʫʥʦʢ 39. ʉʭʝʤʘ LA-ICP-MS ʘʥʘʣʠʟʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʦʛʦ ʚʢʣʶʯʝʥʠʷ  ʚ ʢʚʘʨʮʝ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʷ, ʙ ï ʢʨʘʪʝʨ ʚʩʢʨʳʪʦʛʦ 

ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʚʢʣʶʯʝʥʠʷ, ʚ ï LA-ICP-MS ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʪ ʚʨʝʤʝʥʠ. 

ʇʨʠʤʝʯʘʥʠʝ: ʘʩʠʥʭʨʦʥʥʦʩʪʴ LA-ICP-MS ʩʠʛʥʘʣʘ ʦʪ ʚʩʢʨʳʪʦʛʦ ʚʢʣʶʯʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ 

ʜʝʢʨʠʧʠʪʘʮʠʝʡ ʚʢʣʶʯʝʥʠ ̫ ʠ ʚʳʪʝʢʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʧʨʠ ʝʛʦ ʚʩʢʨʳʪʠʠ, ʘ ʪʘʢʞʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʘʙʣʷʮʠʝʡ ʪʚʝʨʜʳʭ ʬʘʟ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 39 (ʚ) ʧʨʦʮʝʩʩʫ ʘʙʣʷʮʠʠ (ʫʜʘʣʝʥʠʶ ʩʦʜʝʨʞʠʤʦʛʦ ʚʝʱʝʩʪʚʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ) ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʧʨʦʜʫʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʨʘʙʦʯʠʤ ʛʘʟʦʤ 

(ʧʨʝʜʘʙʣʷʮʠʷ) ʚ ʪʝʯʝʥʠʝ 30 ʩʝʢ., ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʣ ʩʪʘʨʪ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʠ ʠʩʧʘʨʝʥʠʝ 

ʚʝʱʝʩʪʚʘ ʩ ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʥʘʯʘʣʘ ʤʠʥʝʨʘʣʘ-ʭʦʟʷʠʥʘ, ʟʘʪʝʤ ʩʦʜʝʨʞʠʤʦʛʦ 

ʚʢʣʁʯʝʥʠʷ, ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦ ʤʘʩʩʘʤ ʠʭ ʠʟʦʪʦʧʦʚ. ʉʧʠʩʦʢ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʦʪʦʧʦʚ ʵʣʝʤʝʥʪʦʚ 

ʟʘʢʣʘʜʳʚʘʣʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʝ ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʝʪʦʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʙʠʨʘʣʠʩʴ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʝʛʦ 

ʤʦʱʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʣʫʯʘ ʥʘ ʛʣʫʙʠʥʫ. ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ 

ʫʯʠʪʳʚʘʣʠʩʴ ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʤʠʥʝʨʘʣʝ-ʭʦʟʷʠʥʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2, 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʢʦʥʮʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ɸ, ʪʘʙʣʠʮʘ 1.   
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ʈʝʟʫʣʴʪʘʪʳ LA-ICP-MS ʘʥʘʣʠʟʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ                                                                      

ʊʘʙʣʠʮʘ 3.2 

ʈʫʜʥʳʡ ʫʟʝʣ ʋʣʘʪʘʡ-ʏʦʟʘ ʂʘʨʘʩʫʛ ʈʫʜʥʳʡ ʫʟʝʣ ʋʣʘʪʘʡ-ʏʦʟʘ ʂʘʨʘʩʫʛ 

ʂʘʨʙʦʥʘʪʠʪʳ 
ɸʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ 
ʉʠʜʝʨʠʪʦʚʳʝ ʂʘʨʙʦʥʘʪʠʪʳ 

ɸʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ 
ʉʠʜʝʨʠʪʦʚʳʝ 

           ʄʠʥʝʨʘʣ 

ʕʣʝʤʝʥʪ 
ʂʚʘʨʮ ʂʚʘʨʮ ʌʣʶʦʨʠʪ 

           ʄʠʥʝʨʘʣ 

ʕʣʝʤʝʥʪ 
ʂʚʘʨʮ ʂʚʘʨʮ ʌʣʶʦʨʠʪ 

Na* , ʤʘʩ.% 7.5 - 15 17 ï 18 13.4 ï 13.6 Au, ʛ/ʪ ʥ.ʦ. 0.001 ï 0.4 0.3 ï 0.9 

K*  8.1 - 12.2 14 - 15 5.4 ï 7.1 Ag 0.4 0.2 ï 1.5 5 ï 10 

Fe 0.25 - 6 5 - 6 3.6 As 13 - 43 160 - 420 80 ï 200 

Mn 0.13 ï 1.1 0.65 ï 1.1 0.045 ï 0.3 Sb 0.5 ï 7.9 10 ï 150 8 ï 22 

Ca 12.7 ï 15.6 0.01 ï 0.32 0.013 ï 0.1 Mo ʥ.ʦ. 0.3 ï 3 4 ï 25 

Sr --- 0.28 ï 0.7 0.43 ï 2.7 W --- 0.3 ï 2 5 - 15 

Ba --- 0.2 ï 0.8 0.014 ï 1.2 Bi 0.5 - 15 0.4 - 6 0.6 

Rb --- 0.001 ï 0.06 0.017 ï 3.8 La 4 - 5 30 - 60 460 ï 1400 

Cs, ʛ/ʪ --- 10 ï 130 1.4 - 16 Ce 880 - 1100 15 ï 70 2200 - 4700 

Co ʥ.ʦ. 3.3 - 95 --- Nd --- 5 - 30 450 - 4450 

Cu 7.2 - 40 140 - 3200 70 - 140 Y --- 0.15 - 6 --- 

Zn 170 - 2300 270 - 2280 1200 - 2700 Th --- 0.3 - 28 0.2 ï 0.6 

Pb 200 - 760 400 - 750 150 - 200 U --- 2.5 - 35 10 - 35 

ʇʨʠʤʝʯʘʥʠʝ:  * - ʜʘʥʥʳʝ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ç---è - ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʥʝ ʦʧʨʝʜʝʣʷʣʘʩʴ, ʥ.ʦ. ï ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʪʘʙʣʠʮʝ ʦʪ Na ʜʦ Rb ʚʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠʚʝʜʝʥʳ ʚ ʤʘʩ.%, ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʠʞʝ Cs ʚʢʣʶʯʠʪʝʣʴʥʦ 

ʧʨʠʚʝʜʝʥʳ ʚ ʛ/ʪ. 



94 

 

ʀʟ ʪʘʙʣʠʮʳ 3.2 ʚʠʜʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: Na, K, Fe, Mn, Ca, Ba ʠ Sr ʚ ʢʦʣʠʯʝʩʪʚʘʭ (1-0.1)n 

ʤʘʩ.%, ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ: Cu, Zn, Pb (100-

1000)n ʛ/ʪ, As, Sb, Co (1 ï 100)n ʛ/ʪ, Au 0.3-0.9 ʛ/ʪ, Ag 5-10 ʛ/ʪ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ: La, Ce, Nd (10-1000)n ʛ/ʪ,Y, Th, U (0.1-10)n ʛ/ʪ.  

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʨʝʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʬʣʶʦʨʠʪ-

ʙʘʨʠʪ-ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 40.  

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ
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ɸʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ

ʢʘʨʙʦʥʘʪʠʪʳ

ʉʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ

 

ʈʠʩʫʥʦʢ 40. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠ LA-

ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʨʠʩʫʥʢʘ 40 ʚʠʜʥʦ, ʯʪʦ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʢʣʶʯʝʥʠʡ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Na, K, Fe ʠ Mn, ʘ ʪʘʢʞʝ ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Ca. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ Ba ʠ Sr ʦʪ 0.1 ʜʦ 2 ʤʘʩ.%. 
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ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʡ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (Cu, Pb, Zn, 

Co, As, Sb, LREE, Th, U) ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʠʟ ʤʠʥʝʨʘʣʦʚ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ LA-ICP-

MS ʤʝʪʦʜʘ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 41, 42. 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ
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ʈʠʩʫʥʦʢ 41. ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʂʦʥʮʝʥʪʨʘʮʠʷ LREE ʚ
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ʈʠʩʫʥʦʢ 42. ʉʦʜʝʨʞʘʥʠ ̫ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʀʟ ʨʠʩʫʥʢʘ 41 ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Cu, Zn, Co, As 

ʠ Sb ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʘ 

ʩʦʜʝʨʞʘʥʠʝ Pb ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʦʙʦʠʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦʝ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʩʦʜʝʨʞʘʥʠʝ La ʠ Ce ʚ 

ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚʳʰʝ, ʯʝʤ ʚʦ ʚʢʣʶʯʝʥʠʷʭ 

ʠʟ ʤʠʥʝʨʘʣʦʚ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʨʠʩʫʥʦʢ 42). ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Nd, U ʠ Th (ʪʘʙʣʠʮʘ 3.2). 

ʇʨʠʩʫʪʩʪʚʠʝ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚʦ ʚʢʣʶʯʝʥʠʷʭ (ʪʘʙʣʠʮʘ 3.1). ɺ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʦʙʦʠʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ: ʛʘʣʝʥʠʪ, 

ʛʝʤʘʪʠʪ, ʧʠʨʠʪ ʠ ʜʨ., REE ʤʠʥʝʨʘʣ ʙʘʩʪʥʝʟʠʪ, ʧʨʠ ʵʪʦʤ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ 

ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʘʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ (ʬʝʨʨʠʢʦʧʠʘʧʠʪ, Ce-ʘʥʢʠʣʠʪ ʠ ʜʨ.), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʨʫʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʩʧʝʮʠʬʠʢʫ ʠʭ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ. 
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ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ LA-ICP-MS ʘʥʘʣʠʟʘ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ (40-60 ʤʘʩ.%) ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ 

ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʠ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʚʦ ʬʣʶʦʨʠʪʝ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʋʣʘʪʘʡ. ʅʘ ʨʠʩʫʥʢʝ 43 ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ LA-ICP-MS ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʘʥʘʣʠʟʝ 

ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚʦ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʋʣʘʪʘʡʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ. 

 

 

ʈʠʩʫʥʦʢ 43. ʈʝʟʫʣʴʪʘʪ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʚʦʜʥʦ-

ʩʦʣʝʚʦʛʦ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʦʛʦ ʚʢʣʶʯʝʥʠʷ  ʚʦ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʋʣʘʪʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ: ʘ ï ʬʦʪʦʛʨʘʬʠʷ ʚʢʣʶʯʝʥʠʷ, ʙ ï LA-ICP-MS ʩʧʝʢʪʨ. 

 

LA-ICP-MS ʩʠʛʥʘʣ ʤʠʥʝʨʘʣʘ-ʤʘʪʨʠʮʳ ʚʢʣʶʯʝʥʠʷ ʬʣʶʦʨʠʪʘ (ʨʠʩʫʥʦʢ 43 ʙ) ʠʤʝʝʪ 

ʚʳʩʦʢʠʡ ʬʦʥʦʚʳʡ ʜʠʘʧʘʟʦʥ ʧʦ Ca ʠ Y ʠ ʥʝʢʦʪʦʨʳʤ ʜʨʫʛʠʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ 

ʵʣʝʤʝʥʪʘʤ-ʧʨʠʤʝʩʷʤ ʚʦ ʬʣʶʦʨʠʪʝ (La, Ce, Nd), ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʘʪʨʫʜʥʷʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʢʣʶʯʝʥʠʷʭ. 

ʂʦʨʨʝʢʪʠʨʦʚʢʫ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʜʝʣʘʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ LA-ICP-

MS ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʜʥʦʪʠʧʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ 

ʤʝʪʦʜʦʤ LA-ICP-MS ʧʨʠʚʝʜʝʥʳ ʚ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝ 3.3. 
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ʈʝʟʫʣʴʪʘʪʳ LA-ICP-MS ʘʥʘʣʠʟʘ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ                                                                                                                                                             ʊʘʙʣʠʮʘ 3.3 

ʈʫʜʥʦʝ ʧʦʣʝ ʊʵʵʣʠ-ʆʨʛʫʜʳʜ ʂʘʨʘʩʫʛ ʋʣʘʪʘʡ ʈʫʜʥʳʡ ʧʦʣʝ ʊʵʵʣʠ-ʆʨʛʫʜʳʜ ʂʘʨʘʩʫʛ ʋʣʘʪʘʡ 

ʂʘʨʙʦʥʘʪʠʪʳ 
ɸʥʢʝʨʠʪ- 

ʢʘʣʴʮʠʪʦʚʳʝ 
ʉʠʜʝʨʠʪʦʚʳʝ ʂʘʨʙʦʥʘʪʠʪʳ 

ɸʥʢʝʨʠʪ- 

ʢʘʣʴʮʠʪʦʚʳʝ 
ʉʠʜʝʨʠʪʦʚʳʝ 

      ʄʠʥʝʨʘʣ 

ʕʣʝʤʝʥʪ 
ʂʚʘʨʮ ʌʣʶʦʨʠʪ ʂʚʘʨʮ ʌʣʶʦʨʠʪ 

            ʄʠʥʝʨʘʣ 

ʕʣʝʤʝʥʪ 
ʂʚʘʨʮ ʌʣʶʦʨʠʪ ʂʚʘʨʮ ʌʣʶʦʨʠʪ 

Na*, ʤʘʩ.% 9.8 13.6 - 13.8 12.8 ï 13.2 12.8 ï 13.7 Au, ʛ/ʪ 0.001 ï 0.7 0.02-0.05 0.03 - 0.1 0.086 

K*  3.1 6.9 4.8 ï 7.2 4.8 ï 6.4 Ag 0.3 - 4 8-13 3 ï 16 3.4 - 27 

Fe 3.6 - 4.7 2.9 - 4.3 2.6 ï 5.7 2.6 ï 6.7 As 891-1200 312-505 136 - 705 147 ï 872 

Mn 0.9 - 1.9 0.9 - 1.35 0.6 ï 1.9 0.2 ï 2.7 Sb 70 - 190 16.8-23.2 12 ï 24 7.4 ï 160 

Ca 0.3 ï 1.1 0.03 - 0.2 0.026 ï 0.1 ʥ.ʦ. Mo 5.3-10 36-42 27 ï 34 6.1 ï 74.1 

Sr 0.7 ï 1.8 2.6 - 3.1 1.5 - 2.8 0.5 ï 2.88 W 6-30 14-25.3 10 ï 36 2.2 ï 39.3 

Ba 1.3 - 2.7 1.2 - 1.7 0.7 ï 1.4 0.4 ï 2.3 Bi 6.5-10 4.8-7.7 3.7 ï 6.9 1.8 ï 17.8 

Rb 0.1 - 0.3 0.05 - 0.09 0.05 ï 0.085 0.04 ï 0.3 La 383-790 1382-1900 120-1343 716 - 1834 

Cs, ʛ/ʪ 318 ï 437 --- 56 ï 160 46 ï 280 Ce 1344-1700 1955-2663 562 - 2125 964 ï 2761 

Co 347 ï 368 97 - 157 25 ï 155 10.5 - 277 Nd 1308-1702 1275-1502 780 - 1540 902 ï 1709 

Cu 687 ï 845 420 - 630 110 ï 630 110 ï 679 Y 53-90 488-592 140 ï 920 111 - 638 

Zn 1866 ï 2100 1013 - 1432 1270 ï 1500 268 - 2800 Th 2.7-14 6.9-12.2 7 ï 28 2.1 ï 18 

Pb 1715 ï 2200 460 - 609 540 - 912 394 - 1256 U 97-199 99-160 10 - 720 81 ï 274 

ʇʨʠʤʝʯʘʥʠʝ:  * - ʜʘʥʥʳʝ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ç---è - ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʥʝ ʦʧʨʝʜʝʣʷʣʘʩʴ, ʥ.ʦ. ï ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʪʘʙʣʠʮʝ ʦʪ Na ʜʦ Rb ʚʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠʚʝʜʝʥʳ ʚ ʤʘʩ.%, ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʠʞʝ Cs ʚʢʣʶʯʠʪʝʣʴʥʦ 

ʧʨʠʚʝʜʝʥʳ ʚ ʛ/ʪ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʢʦʥʮʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ (ʇʨʠʣʦʞʝʥʠʷ ɹ, ɺ, ʪʘʙʣʠʮʳ 

2, 3). 

ʀʟ ʪʘʙʣʠʮʳ 3.3 ʩʣʝʜʫʝʪ, ʯʪʦ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʝ ʢʨʠʩʪʘʣʣʦ-

ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʩʦʜʝʨʞʘʪ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (0.1-1)n ʤʘʩ.% ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: Na, K, Fe, Ca, Mn, Ba, 

Sr ʠ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ: (100-1000)n ʛ/ʪ Co, Cu, Zn, Pb, As, 

LREE: La, Ce, Nd, (10-100)n ʛ/ʪ Sb, Th, U, Y. 

ʅʘ ʨʠʩʫʥʢʝ 44 ʧʨʠʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʜʝʨʞʘʥʠʡ ʦʩʥʦʚʥʳʭ 

ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ. ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ, ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ 

ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʘʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Na ʠ K, ʘ ʚʦ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ Ca (ʩʭʦʜʥʘʷ ʩʠʪʫʘʮʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ). ɺ ʮʝʣʦʤ ʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ Ba, Sr, Mn ʠ Fe 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʦʜʠʥʘʢʦʚʳʭ ʜʠʘʧʘʟʦʥʘʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ï Mn, Fe, Ba, Sr (ʪʘʙʣʠʮʘ 3.3). 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ
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ʈʠʩʫʥʦʢ 44. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠ LA-ICP-MS 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʝ 46 ʧʦʢʘʟʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʜʝʨʞʘʥʠʷ ʨʫʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ) ʚ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʦʙʦʠʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ
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ʈʠʩʫʥʦʢ 45. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

 

 

ʀʩʭʦʜʷ ʠʟ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩʫʥʢʝ 45 ʚʠʜʥʦ, ʯʪʦ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

Cu, Zn, Pb, As, Sb, Co; ʩʦʜʝʨʞʘʥʠʝ ʞʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (Y, La ʠ Ce) 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʚʦ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʉʨʝʜʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Th, U ʠ Nd ʚʦ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʝ.  

ʅʘ ʨʠʩʫʥʢʘʭ 46 ʠ 47 ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʜʝʨʞʘʥʠʡ ʦʩʥʦʚʥʳʭ 

ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ. 
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ

ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ

Ca

K

Fe Na

Bi
Mn

Ce Zn

Pb

Cu Sb As

La

0,001

0,01

0,1

1

10

100

1

ʉ
ʨ
ʨ
/
ʉ
ʬ
ʣ

 

ʈʠʩʫʥʦʢ 46. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ LA-ICP-MS.  

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ
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ʈʠʩʫʥʦʢ 47. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ LA-ICP-MS.  
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ʇʨʠʤʝʯʘʥʠʝ ʢ ʨʠʩʫʥʢʘʤ 46 ʠ 47: ʧʦ ʦʩʠ Y ʧʨʠʚʝʜʝʥʦ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ (ʉʨʨ) ʢ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʦ-

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ (ʉʬʣ) ʢʘʨʙʦʥʘʪʠʪʦʚ. 

 

ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ ʥʘ ʨʠʩʫʥʢʝ 47, ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ Ca, Na, K ʠ Fe 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʨʫʜʥʳʝ ʵʣʝʤʝʥʪʳ Bi, Mn, Zn, Pb, Cu, Sb, As, La, Ce ʧʨʝʦʙʣʘʜʘʶʪ ʚ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ 

ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ.  

ʉʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʨʠʩʫʥʦʢ 47) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʢʘʢ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ Ca, K, Na, ʪʘʢ ʠ ʨʫʜʥʳʝ Fe, La, 

Ce ʠ Nd. ʉʦʜʝʨʞʘʥʠʷ ʦʩʪʘʣʴʥʳʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Ba, Sr, Mn, Cu, Zn, Pb, Co, As, Sb, 

Mo, Bi, W, Th, U, Y ʚʳʰʝ ʚ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ. 

ʉʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʘʭ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʚ ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʘʭ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ (Ca, K, Na) ʠ ʨʫʜʥʳʝ 

(Fe, La, Ce ʠ Nd) ʵʣʝʤʝʥʪʳ. ʉʦʜʝʨʞʘʥʠʝ ʦʩʪʘʣʴʥʳʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Ba, Sr, Mn, Cu, 

Zn, Pb, Co, As, Sb, Mo, Bi, W, Th, U, Y ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʚʦʜʥʦ-ʩʦʣʝʚʦʤ 

ʨʘʩʪʚʦʨʝ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪ r

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʦ-

ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʨʦʚʝʜʝʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ LA-ICP-MS ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʝʥʳ ʜʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʚʳʙʦʨʢʠ ʜʣʷ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʂʘʨʘʩʫʛ (ʇʨʠʣʦʞʝʥʠʝ ɸ, ʪʘʙʣʠʮʘ 1) ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʬʣʶʠʜʥʳʭ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ 

ʚʢʣʶʯʝʥʠʡ ʂʘʨʘʩʫʛʩʢʦʛʦ, ʋʣʘʪʘʡʩʢʦʛʦ ʠ ʊʵʵʣʠ-ʆʨʛʫʜʳʜʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ 

(ʇʨʠʣʦʞʝʥʠʷ ɹ, ɺ, ʪʘʙʣʠʮʳ 2, 3). 

ɼʣʷ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʥʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʠʞʝ 

ʧʨʝʜʝʣʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʚʳʙʦʨʢʘʭ ʚʟʷʪʳ ʟʥʘʯʝʥʠʷ ʧʦʣʦʚʠʥʳ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʦʩʥʦʚʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ 

ʦʪʨʘʞʝʥʠʶ ʩʚʷʟʠ ʤʝʞʜʫ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʣʝʞʠʪ ʣʦʛʥʦʨʤʘʣʴʥʦʝ 



103 

 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʙʦʨʦʢ ʙʳʣʠ 

ʧʨʦʣʦʛʘʨʠʬʤʠʨʦʚʘʥʳ. ʇʦʩʪʨʦʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʘʪʨʠʮ ʠ ʛʨʘʬʠʢʦʚ ʜʣʷ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Statistica ʠ Microsoft Excel. 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ LA-ICP-MS ʘʥʘʣʠʟʘ 

ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ (ʦʙʲʝʤ ʚʳʙʦʨʢʠ N=15, ʇʨʠʣʦʞʝʥʠʝ ɸ, ʪʘʙʣʠʮʘ 1) ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ 

ʜʚʫʭ ʛʨʫʧʧ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʤʝʨʝʥʥʦʡ ʠ ʪʝʩʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʴʶ (ʧʦ 

ɼʚʦʨʝʮʢʦʤʫ, 2004) ʚ ʧʨʝʜʝʣʘʭ ʛʨʫʧʧ (ʪʘʙʣʠʮʳ 3.4. ʠ 3.5): 

(1) ï Na, K, Fe, Co, Cu, Pb Ñ Sb;  

(2) ï Sr, La, Ce Ñ Nd. 

 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ LA-ICP-MS ʘʥʘʣʠʟʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

     ʊʘʙʣʠʮʘ 3.4 

                     
  Na K Fe Co Cu Pb Sb 

Na 1,00        

K 0,91 1,00       

Fe 0,41 0,64 1,00      

Co 0,91 0,92 0,55 1,00     

Cu 0,51 0,68 0,46 0,53 1,00    

Pb 0,53 0,62 0,41 0,55 0,63 1,00   

Sb 0,60 0,65 0,62 0,66 0,30 0,17 1,00 

 

 

  ʊʘʙʣʠʮʘ 3.5 

  Sr La Ce Nd 

Sr 1,00    

La 0,58 1,00   

Ce 0,66 0,61 1,00  

Nd 0,25 0,36 0,69 1,00 

 

 

ʂʨʦʤʝ ʪʦʛʦ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ LA-ICP-MS 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʫʩʪʘʥʦʚʠʣ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ Ba ʠ K (0.57), Bi ʠ Y ʠʤʝʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 0.5-0.6 ʩ Na ʠ K, ʪʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʫʩʪʘʥʦʚʣʝʥʘ 

ʤʝʞʜʫ U ʠ Th (0.8), U ʠ Ce, Nd (0.5-0.6) (ʨʠʩʫʥʢʠ 48, 49). 
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ʈʠʩʫʥʦʢ 48. ɻʨʘʬʠʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʘʢʪʠʥʦʠʜʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʂʘʨʘʩʫʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 49. ɻʨʘʬʠʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠ ʨʫʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʢʚʘʨʮʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. 

 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ  ʚ 

ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ (ʇʨʠʣʦʞʝʥʠʷ ɹ, ɺ, ʪʘʙʣʠʮʳ 2, 3) ʫʩʪʘʥʦʚʠʣ ʨʷʜ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʦʙʲʝʤ ʚʳʙʦʨʢʠ N=29): 

1. ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʛʨʫʧʧ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʤʝʨʝʥʥʦʡ ʜʦ 

ʦʯʝʥʴ ʪʝʩʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʴʶ ʚ ʧʨʝʜʝʣʘʭ ʛʨʫʧʧ (ʪʘʙʣʠʮʳ 3.6 ʠ 3.7): 

(1) ï Ba, Cu, Zn, Pb, Sb; 

(2) ï Cu, La, Ce, Nd. Y, Th, U; 
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ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ LA-ICP-MS ʘʥʘʣʠʟʘ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʋʣʘʪʘʡ-ʏʦʟʩʢʠʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ 

                                                                                     ʊʘʙʣʠʮʘ 3.6 

 Ba Cu Zn Pb Sb 

Ba 1,00     

Cu 0,60 1,00    

Zn 0,58 0,34 1,00   

Pb 0,50 0,49 0,38 1,00  

Sb 0,41 0,41 0,41 0,73 1,00 

 

                                                                                                          ʊʘʙʣʠʮʘ 3.7 

 Cu La Ce Nd Y Th U 

Cu 1,00       

La 0,40 1,00      

Ce 0,39 0,98 1,00     

Nd 0,40 0,98 0,99 1,00    

Y 0,49 0,63 0,65 0,64 1,00   

Th 0,37 0,43 0,43 0,44 0,80 1,00  

U 0,55 0,53 0,54 0,52 0,71 0,69 1,00 

 

2. ʪʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʚʳʷʚʣʝʥʘ ʤʝʞʜʫ Na ʠ K (0.74); 

3. ʫʤʝʨʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ K ʠ Sr (0.42) (ʨʠʩʫʥʦʢ 50); 

4. ʫʤʝʨʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ Ca ʠ Zn (0.42);  

5. ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ Ca ʠ Sb (0.53); 

6. ʫʤʝʨʝʥʥʘʷ ʩʚʷʟʴ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʞʜʫ As ʠ Sb (0.5); 

7. ʫʤʝʨʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ Sr ʠ Co (0.42); 

8. ʫʩʪʘʥʦʚʣʝʥʘ ʪʘʢʞʝ ʫʤʝʨʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ Co ʠ Th (0.41); 

9. ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ Co ʠ U (0.54) (ʨʠʩʫʥʦʢ 51). 
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ʈʠʩʫʥʦʢ 50. ɻʨʘʬʠʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ. 
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ʈʠʩʫʥʦʢ 51. ɻʨʘʬʠʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʩʦʜʝʨʞʘʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʨʫʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

LA-ICP-MS ʘʥʘʣʠʟʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʂʘʨʘʩʫʛʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ 

ʧʝʪʨʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: Na, K ʠ ʨʫʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: Fe, Ba, Sr, Co, Cu, Pb, Sb, La, 

Ce, Nd. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Fe, Co, Cu, Pb, Sb, 

Bi, Y ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Na ʠ K ʚʦ ʚʢʣʶʯʝʥʠʷʭ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ LREE (La, Ce, ÑNd) 
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ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Sr ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ. ʆʪʤʝʯʘʝʪʩʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (La, Ce, Nd) ʠ ʘʢʪʠʥʦʠʜʘʤʠ (U, Th). 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ LA-ICP-MS ʜʘʥʥʳʭ ʠʟʫʯʝʥʠʷ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʫʩʪʘʥʦʚʠʣ 

ʦʪʩʫʪʩʪʚʠʝ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ Na ʠ K ʠ 

ʨʫʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʦ ʚʢʣʶʯʝʥʠʷʭ. ʉʦʜʝʨʞʘʥʠʝ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Cu, Zn, Pb, Sb 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Ba, ʩʦʜʝʨʞʘʥʠʝ Co ʠ K ʩʚʷʟʘʥʦ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Sr, ʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ Zn ʠ Sb ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Ca ʚʦ ʚʢʣʶʯʝʥʠʷʭ. ʍʦʨʦʰʘʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ 

ʘʢʪʠʥʦʠʜʘʤʠ: ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʛʨʫʧʧʘ La, Ce, Nd, Y, Th, U, ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʪʦʨʦʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Cu ʚʦ ʚʢʣʶʯʝʥʠʷʭ, ʘ Th ʠ U ʠʤʝʶʪ 

ʫʤʝʨʝʥʥʫʶ ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʩ Co. ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʨʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ 

ʦʪʤʝʯʘʝʪʩʷ ʤʝʞʜʫ ʨʫʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ As ʠ Sb. 

 

3.6. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ 

ʊʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ɺʧʝʨʚʳʝ, ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ (ʢʚʘʨʮ, ʬʣʶʦʨʠʪ, ʘʧʘʪʠʪ, 

ʙʠʦʪʠʪ) ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʝʨʚʠʯʥʳʝ 

ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʢʣʶʯʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ (ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ), ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʵʪʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ. ʀʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ ʵʪʠʭ 

ʚʢʣʶʯʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʦʮʝʥʝʥʦ ʜʘʚʣʝʥʠʝ ʠʭ ʟʘʭʚʘʪʘ.  

ʈʘʩʧʣʘʚʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʠʤʝʶʪ ʩʦʩʪʘʚ ʙʣʠʟʢʠʡ ʢ ʘʥʢʝʨʠʪʫ. ʉʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚʦ 

ʬʣʦʛʦʧʠʪʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʩʪʦʷʪ ʠʟ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ, ʘ 

ʢʘʨʙʦʥʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʡ ʧʦ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʢʝʨʠʪʫ. 

ʇʦʣʥʘʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 790-820Áʉ. ɹʣʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʩʧʣʘʚʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʚʢʣʶʯʝʥʠʡ, ʘ ʪʘʢ ʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʠʭ ʚ ʤʠʥʝʨʘʣʘʭ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʷʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʩʠʥʭʨʦʥʥʳʡ ʟʘʭʚʘʪ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 



109 

 

ʧʨʠʟʥʘʢʦʤ ʣʠʢʚʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʥʘ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʫʶ ʠ 

ʢʘʨʙʦʥʘʪʥʫʶ ʬʨʘʢʮʠʠ ʫʞʝ ʥʘ ʩʪʘʜʠʠ ʢʨʠʪʘʣʣʠʟʘʮʠʠ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ. ʂʘʨʙʦʥʘʪʥʘʷ ʬʨʘʢʮʠʷ ʙʣʠʟʢʘ ʧʦ ʩʦʩʪʘʚʫ ʢ ʘʥʢʝʨʠʪʫ ʠ ʩʦʜʝʨʞʠʪ 

ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe ʠ Cl (ʧʦ ʜʘʥʥʳʝ ʉʕʄ), ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʸ ʢʘʢ ʙʫʜʫʱʠʡ ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʞʝʣʝʟʠʩʪʳʭ ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʭ 

ʨʘʩʧʣʘʚʦʚ, ʧʨʠʥʠʤʘʚʰʠʭ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʝ.  

ʈʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʩʦʩʪʘʚ ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʨʫʶʪʩʷ ʧʨʠ 

580-640Áʉ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʦʮʝʥʝʥʘ ʚ 75-95 ʤʘʩ.%, ʦʮʝʥʢʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʭʚʘʪʘ ʚʢʣʶʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 340-350 ʄʇʘ (ʪʘʙʣʠʮʘ 3.1). 

ʈʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʤʝʶʪ 

ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʩʦʩʪʘʚ ʠ ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʧʨʠ 550-650Áʉ. ʆʙʱʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʜʦʩʪʠʛʘʝʪ 70-92 ʤʘʩ.%, ʜʘʚʣʝʥʠʝ ʟʘʭʚʘʪʘ ʚʢʣʶʯʝʥʠʡ ʦʮʝʥʝʥʠʚʘʝʪʩʷ 

ʚ 290-358 ʄʇʘ. ʂʨʦʤʝ ʛʘʣʠʪʘ ʠ ʩʠʣʴʚʠʥʘ ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ ʩʫʣʴʬʘʪr (ʙʘʨʠʪ, 

ʮʝʣʝʩʪʠʥ, ʘʥʛʠʜʨʠʪ, ʬʝʨʨʠʢʦʧʠʘʧʠʪ), REE-ʢʘʨʙʦʥʘʪ r (ʘʥʢʠʣʠʪ-Ce, ʙʘʩʪʥʝʟʠʪ), 

ʩʠʣʠʢʘʪʥʳʝ, ʠ ʨʫʜʥʳʭ ʬʘʟʳ. ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʩʦʩʪʘʚʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʚ ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʦʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʧʝʨʚʳʭ 

ʟʥʘʯʠʤʦʡ ʜʦʣʠ ʩʫʣʴʬʘʪʥʦʛʦ ʢʦʧʤʧʦʥʝʥʪʘ. ʕʪʦ ʪʘʢ ʞʝ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʨʘʟʣʠʯʠʷʭ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ, ʧʨʠʥʠʤʘʚʰʠʭ ʫʯʘʩʪʠʝ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ (1-0.1)n ʤʘʩ.% ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ: Na, K, Fe, Mn, Ca, Ba ʠ Sr, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ: Cu, Zn, Pb (100-1000)n ʛ/ʪ, As, Sb, Co (1 ï 100)n ʛ/ʪ, Au ʜʦ 0.3-0.9 ʛ/ʪ, 

Ag5-10 ʛ/ʪ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʢʪʠʥʦʠʜʦʚ: La, Ce, Nd  (10-1000)n ʛ/ʪ, Y, Th ʠ 

U (0.1-10)n ʛ/ʪ (ʪʘʙʣʠʮʘ 3.2).  

2. ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʦʩʪʘʚ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ, 

ʬʣʶʦʨʠʪʝ ʠ ʘʧʘʪʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʠ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, 

ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʢʣʶʯʝʥʠʡ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʦ-

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʦʮʝʥʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʜʘʥʘ ʦʮʝʥʢʘ 

ʜʘʚʣʝʥʠʶ ʟʘʭʚʘʪʘ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ.  
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ɺʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʧʝʨʚʠʯʥʳʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʝ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʤʝʶʪ ʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʳʡ ʩʦʩʪʘʚ ʠ ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʧʨʠ 470-490Áʉ. ʆʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ 

ʵʪʠʭ ʚʢʣʶʯʝʥʠʷʭ ʜʦʩʪʠʛʘʝʪ 48-60 ʤʘʩ.%. ɺʢʣʶʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʳʭ ʜʦʯʝʨʥʠʭ ʬʘʟ 

ʩʦʜʝʨʞʘʪ ʛʘʣʠʪ, ʩʠʣʴʚʠʥ, ʢʘʣʴʮʠʪ, ʘ ʪʘʢ ʞʝ ʨʫʜʥʳʝ ʬʘʟʳ, ʨʘʩʪʚʦʨ, ʛʘʟ (CO2 ʠ N2) ʠ 

ʯʘʩʪʦ ʞʠʜʢʫʶ CO2. ɺʪʦʨʠʯʥʳʝ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʝʡ (30-40 ʤʘʩ.%) ʠ ʠʤʝʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʪʘʢʦʡ ʞʝ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʢʘʢ 

ʠ ʧʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ. 

ɺʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʧʝʨʚʠʯʥʳʝ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ 

ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʳʤ ʩʦʩʪʘʚʦʤ, ʚʳʩʦʢʫʶ ʦʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʡ 40-60 ʤʘʩ.% ʠ 

ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʧʨʠ 420-480Áʉ. ɺ ʩʦʩʪʘʚʝ ʪʚʝʨʜʳʭ ʜʦʯʝʨʥʠʭ ʬʘʟ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʛʘʣʠʪ ʠ ʩʠʣʴʚʠʥ, ʪʘʢ ʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ 

(1-3 ʤʘʩ.%) ʘʥʛʠʜʨʠʪʘ, ʮʝʣʝʩʪʠʥʘ, ʙʘʨʠʪʘ, ʪʝʥʘʨʜʠʪʘ, ʙʘʩʪʥʝʟʠʪʘ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 

(ʧʠʨʠʪ, ʛʘʣʝʥʠʪ). ɻʘʟʦʚʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ CO2. ʆʮʝʥʢʘ ʜʘʚʣʝʥʠʷ ʟʘʭʚʘʪʘ ʪʘʢʠʭ 

ʚʢʣʶʯʝʥʠʡ ʧʦ ʜʘʥʥʳʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ CO2 ʠ ʪʝʤʧʝʨʘʪʫʨʘʤ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʜʘʝʪ 

ʚʝʣʠʯʠʥʫ 220-280 ʄʇʘ. ɺʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʧʦʟʜʥʠʭ ʛʝʥʝʨʘʮʠʡ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʡ 30-40 ʤʘʩ.% ʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ 310-380Áʉ. ɼʘʚʣʝʥʠʝ ʠʭ ʟʘʭʚʘʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʚʝʣʠʯʠʥʫ 150-200 ʄʇʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʚʦʜʥʦ-

ʩʦʣʝʚʳʝ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʩʦʜʝʨʞʘʪ 

ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (0.1-1)n ʤʘʩ.% ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: Na, K, Fe, Ca, 

Mn, Ba, Sr ʠ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ: (100-1000)n ʛ/ʪ Co, Cu, Zn, 

Pb, As, LREE: La, Ce, Nd, (10-100)n ʛ/ʪ Sb, Th, U, Y (ʪʘʙʣʠʮʘ 3.3). 

ʄʥʦʛʦʬʘʟʥʳʝ ʠ ʜʚʫʭʬʘʟʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʤ ʩʦʩʪʘʚʦʤ. ʄʥʦʛʦʬʘʟʥʳʝ 

ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʳʭ ʬʘʟ ʛʘʣʠʪ, ʩʠʣʴʚʠʥ, ʛʠʜʨʦʢʘʨʙʦʥʘʪ 

Na ʠ Ca (ʛʝʡʣʶʩʩʠʪ). ɻʘʟʦʚʘʷ ʬʘʟʘ ʩʦʩʪʦʠʪ ʠʟ CO2. ʄʥʦʛʦʬʘʟʥʳʝ ʠ ʜʚʫʭʬʘʟʥʳʝ 

ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʘʪ ʢʫʙʠʯʝʩʢʠʝ 

ʢʨʠʩʪʘʣʣʠʢʠ ʛʘʣʠʪʘ, ʩʠʣʴʚʠʥʘ, ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʠʩʫʪʩʪʚʫʝʪ CO2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ 

ʵʪʠʭ ʚʢʣʶʯʝʥʠʷʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 15 ʜʦ 30 ʤʘʩ.%. ɺʪʦʨʠʯʥʳʝ ʜʚʫʭʬʘʟʥʳʝ ʬʣʶʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ (1-15 ʤʘʩ.% NaCl-ʵʢʚ.) ʚ ʩʝʢʫʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʦʞʠʣʢʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ 



111 

 

ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʢʫʙʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ ʛʘʣʠʪʘ ʠʣʠ ʩʠʣʴʚʠʥʘ, ʚʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ 

ʥʘʭʦʜʠʪʩʷ ʛʘʟʦʦʙʨʘʟʥʘʷ CO2.  

ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʤʥʦʛʦʬʘʟʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 250-300Áʉ, ʟʘʭʚʘʪ ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ 50-75 ʄʇʘ. 

ɼʚʫʭʬʘʟʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ  ʚ ʤʠʥʝʨʘʣʘʭ ʩʝʢʫʱʠʭ ʧʨʦʞʠʣʢʦʚ ʢʚʘʨʮ-ʢʘʣʴʮʠʪ-

ʬʣʶʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʧʨʠ ʩʦʩʪʘʚʣʷʶʪ 150-250Áʉ. ʊʝʤʧʝʨʘʪʫʨʳ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʦʟʜʥʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʩʝʢʫʱʠʭ 

ʧʨʦʞʠʣʢʦʚ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 100 ʜʦ 150Áʉ, ʤʠʥʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʟʘʭʚʘʪʘ ʛʘʟʦʚʳʭ 

ʚʢʣʶʯʝʥʠʡ ʤʝʥʴʰʝ 50 ʄʇʘ.  

3. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ LA -ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ 

ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʭ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʞʜʫ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʦʩʪʘʚʘ ʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ. 

LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ Ca ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʳʭ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Na, K, Fe, Ba ʠ Sr ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ ʚ ʩʫʣʴʬʘʪʥʦ-

ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʭ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʥʘʨʫʞʠʚʘʝʪ, ʯʪʦ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʳʝ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Fe, Zn, Cu, Co, As, Sb, 

La, Ce, Nd + Th, U, Y ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʙʦʥʘʪ-ʭʣʦʨʠʜʥʳʤʠ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʠʭ ʚʢʣʶʯʝʥʠʷʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʢʣʶʯʝʥʠʷ ʚ 

ʤʠʥʝʨʘʣʘʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Na ʠ K, ʘ 

ʚʦ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʠʪʩʷ 

ʙʦʣʴʰʝ Ca. ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ Ba, Sr, Mn ʠ Fe ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʦʙʦʠʭ 

ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ  ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʘʪ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cu, Zn, Pb, As, Sb, Co, ʩʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Th, U ʠ Nd ʚʦ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʝ, ʚ ʪʦ 
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ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ Y, La ʠ Ce ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʚʦ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ.  

ʉʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʘʥʢʝʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ Ca, Na, K ʠ Fe 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Bi, Mn, Zn, Pb, Cu, Sb, As, La, Ce ʦʪʤʝʯʘʶʪʩʷ ʚ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ. ɺ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʢʘʢ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ Ca, 

K, Na, ʪʘʢ ʠ ʨʫʜʥʳʝ Fe, La, Ce ʠ Nd. ɼʨʫʛʠʝ ʨʫʜʥʳʝ ʵʣʝʤʝʥʪʳ Ba, Sr, Mn, Cu, Zn, Pb, 

Co, As, Sb, Mo, Bi, W, Th, U, Y ʩʦʜʝʨʞʘʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ. 

4. ʀʟʫʯʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ 

ʩʠʜʝʨʠʪʦʚʳʭ ʠ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ.  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʷʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Na ʠ K ʚʦ ʚʢʣʶʯʝʥʠʷʭ. ʉʦʜʝʨʞʘʥʠʝ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Cu, Zn, Pb, Sb 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Ba, ʩʦʜʝʨʞʘʥʠʝ Co ʩʚʷʟʘʥʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Sr, Th ʠ U, 

ʩʦʜʝʨʞʘʥʠʝ Zn ʠ Sb ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Ca. ʋʤʝʨʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ ʨʫʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ As ʠ Sb. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʘ ʭʦʨʦʰʘʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ La, Ce, Nd, Y, ʘʢʪʠʥʦʠʜʘʤʠ 

Th ʠ U ʠ ʥʝʢʦʪʦʨʳʤʠ ʨʫʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ Cu Ñ Co. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʜʘʥʥʳʭ LA-ICP-MS ʘʥʘʣʠʟʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʠ ʬʣʶʠʜʥʳʭ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ 

ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʨʫʜʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʢʣʶʯʝʥʠʷʭ. ɼʣʷ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʧʝʪʨʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ Na, K, Fe, Ba, Sr ʠ ʨʫʜʥʳʤʠ Co, Cu, Pb, 

Sb, La, Ce, Nd. ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ: Co, Cu, Pb, Sb, Bi, Y ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʜʝʨʞʘʥʠʷ Na, K, ʠ Fe, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ LREE: La, Ce Ñ Nd ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ Sr ʚʦ ʚʢʣʶʯʝʥʠʷʭ. ʊʘʢʞʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʢʪʠʥʦʠʜʦʚ La, Ce, Nd, U, Th ʚ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ. 
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ɻʃɸɺɸ 4. ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʋʉʃʆɺʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʂɸʈɹʆʅɸʊʀʊʆɺ ʊʋɺʓ 

 

4.1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʣʘʚʥʳʭ ʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʜʘʥʥʦʛʦ 

ʨʝʛʠʦʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʚʢʣʶʯʝʥʠʡ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ ʩʦʩʪʘʚʘ ʩʠʣʠʢʘʪʥʦ-ʩʦʣʝʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʜʦ ʚʦʜʥʦ-

ʩʦʣʝʚʳʭ ʬʣʶʠʜʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʩʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʨʘʩʧʣʘʚʦʚ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

ʀʟʫʯʝʥʠʝ ʨʘʩʧʣʘʚʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʠ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʦʛʦʧʠʪʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʊʫʚʳ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʦʣʝʝ 

800Áʉ. ʂʘʨʙʦʥʘʪʠʪʦʚʳʡ ʨʘʩʧʣʘʚ ʦʙʨʘʟʦʚʘʣʩʷ ʚʩʣʝʜʩʪʚʠʝ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʦʡ 

ʥʝʩʤʝʩʠʤʦʩʪʠ ʠ ʣʠʢʚʘʮʠʠ ʝʛʦ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚ. ʉʦʩʪʘʚ ʨʦʜʦʥʘʯʘʣʴʥʦʛʦ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʙʳʣ ʙʣʠʟʦʢ ʢ 

ʘʥʢʝʨʠʪʦʚʦʤʫ (Ca, Mg, Fe + CO2). ɺ ʢʘʨʙʦʥʘʪʥʦʤ ʨʘʩʧʣʘʚʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʢʘʧʣʠ 

ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ (Si, Al , Fe,Mg, Ca, Na, K, ʆ, Cl), ʠʟ ʢʦʪʦʨʦʛʦ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʤʠʥʝʨʘʣʳ: ʬʣʦʛʦʧʠʪ, ʤʫʩʢʦʚʠʪ, ʢʘʣʠʰʧʘʪ ʠ ʜʨ.. ʇʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ SiO2 (66-70 ʤʘʩ.%) ʚ ʩʠʣʠʢʘʪʥʦʡ ʬʘʟʝ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦ ʬʣʦʛʦʧʠʪʝ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʢʚʘʨʮʘ ʚ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʚʷʟʴ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʙʣʠʟʢʦʚʦʟʨʘʩʪʥʳʤʠ ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ ʚ ʧʨʝʜʝʣʘʭ 

ʨʫʜʥʳʭ ʧʦʣʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʣʠʢʘʪʥʘʷ ʯʘʩʪʴ ʨʘʩʧʣʘʚʘ ʦʪʣʠʯʘʣʘʩʴ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʱʝʣʦʯʝʡ (Na2O+K2O=4.3-5.74 ʤʘʩ.%) ʠ ʣʝʪʫʯʠʭ Cl (0.5-

0.68 ʤʘʩ.%). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ, ʬʣʶʦʨʠʪʝ ʠ ʘʧʘʪʠʪʝ 

ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʨʙʦʥʘʪʥʦ-ʩʦʣʝʚʦʡ 

ʥʝʩʤʝʩʠʤʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 650Áʉ ʠ ʜʘʚʣʝʥʠʠ 340-350 ʄʇʘ ʢʘʨʙʦʥʘʪʥʳʡ 

ʨʘʩʧʣʘʚ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣ ʚ ʢʘʨʙʦʥʘʪʥʦ-ʩʦʣʝʚʦʡ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚ. ʉʦʩʪʘʚ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʘ ʦʪʣʠʯʘʣʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʬʘʟ ʠ ʩʦʣʝʡ ʬʪʦʨʠʜʦʚ, ʢʘʨʙʦʥʘʪʦʚ 

ʠ ʭʣʦʨʠʜʦʚ Ca, Na, K, Mg, Fe, ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝʤ ʨʝʜʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ REE-ʬʘʟ 

(ʙʘʩʪʥʝʟʠʪ), ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʬʣʶʠʜʥʦʡ ʬʘʟʳ: H2O + CO2. ɼʦʣʷ ʢʘʨʙʦʥʘʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ (ʢʘʣʴʮʠʪʘ ʠ ʘʥʢʝʨʠʪʘ) ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 50 ʤʘʩ.%, 
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ʭʣʦʨʠʜʦʚ (ʛʘʣʠʪʘ ʠ ʩʠʣʴʚʠʥʘ) 40-75 ʤʘʩ.%, ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʬʘʟ, ʬʪʦʨʠʜʦʚ (Ca, Na, K, 

Mg, Fe, Al , Si, O, F) 1-2 ʤʘʩ.%, ʬʣʶʠʜʥʘʷ ʬʘʟʘ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʦʚ ʟʘʥʠʤʘʝʪ 2-3 ʦʙʲʝʤʥ.% 

ʚʢʣʶʯʝʥʠʡ. ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʝ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʮʝʥʝʥʘ ʚ 87.5-95 ʤʘʩ.%.  

ʈʘʩʩʦʣʳ-ʨʘʩʧʣʘʚʳ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʤʝʶʪ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʳʡ ʩʦʩʪʘʚ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʦʣʷ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʩʠʜʝʨʠʪʘ) ʚ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʝ ʜʦʩʪʠʛʘʝʪ 10-15 ʤʘʩ.%, 

ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʨʫʛʠʭ ʩʦʣʝʡ ï ʩʫʣʴʬʘʪʦʚ Fe, Ca, Ba, Sr (ʙʘʨʠʪ, ʮʝʣʝʩʪʠʥ, 

ʘʥʛʠʜʨʠʪ, ʬʝʨʨʠʢʦʧʠʘʧʠʪ), REE-ʢʘʨʙʦʥʘʪʦʚ (Ce-ʘʥʢʠʣʠʪ, ʙʘʩʪʥʝʟʠʪ), ʩʠʣʠʢʘʪʥʳʭ ʬʘʟ, 

ʬʪʦʨʠʜʦʚ (Ca, K, Fe, Ti, Al , Si, O, F) ʩʦʩʪʘʚʣʷʝʪ 1-2 ʤʘʩ.%, ʚʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ ʥʘʭʦʜʠʪʩʷ 

ʞʠʜʢʘʷ ʫʛʣʝʢʠʩʣʦʪʘ 2-3 ʦʙʲʝʤ.% ʚʢʣʶʯʝʥʠʷ. ʆʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ 

ʩʠʜʝʨʠʪʦʚʳʭ ʨʘʩʩʦʣʘʭ-ʨʘʩʧʣʘʚʘʭ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 87-92 ʤʘʩ.%. ʈʘʩʩʦʣ-ʨʘʩʧʣʘʚʳ 

ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʙʨʘʟʦʚʘʣʠʩʴ ʠʟ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʦʯʘʛʝ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ TP-ʫʩʣʦʚʠʷʭ 650Áʉ ʠ 320-350 ʄʇʘ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʪʦʨʦʡ 

ʠʤʧʫʣʴʩ (ʬʘʟʫ) ʢʘʨʙʦʥʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʣʘʚʥʳʭ ʠ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʧʝʨʚʦʝ 

ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ:  

1. ʉʚʦʝʦʙʨʘʟʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ, ʬʦʨʤʠʨʦʚʘʚʰʠʭ ʘʥʢʝʨʠʪ-

ʢʘʣʮɹʠʪʦʚʳʝ ʠ Fe-F-REE ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʚʠʥʩʢʦʛʦ 

ʧʦʷʩʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʙʦʛʘʱʝʥʥʦʩʪʠ ʠʭ F, SO4
2-

 ʠ ʦʩʦʙʝʥʥʦ Cl, ʭʣʦʨʠʜʥʦ-

ʢʘʨʙʦʥʘʪʥʦʤ ʠʣʠ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʦʤ ʩʦʩʪʘʚʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʱʝʣʦʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ 

(ʢʚʘʨʮʝ, ʬʣʶʦʨʠʪʝ, ʘʧʘʪʠʪʝ, ʢʘʣʴʮʠʪʝ ʠ ʜʨ.) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ ʧʦʣʝʡ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʦʪʝʢʘʣʠ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ, ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʫʶ (ʨʘʥʥʶʶ ʠ ʧʦʟʜʥʶʶ), ʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʜʠʠ.  

ɺ ʚr ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ  ʁ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫ  ʁ ʩʪʘʜʠʶ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ 40-60 ʤʘʩ.% ʚʦʜʥʦ-ʩʦʣʝʚʳʝ ʬʣʶʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ 420-490Üʉ ʠ ʤʠʥʠʤʘʣʴʥʳʤ 

ʜʘʚʣʝʥʠʝʤ 220-280 ʄʇʘ. ɺ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʜʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʥʠʞʘʶʪʩʷ ʜʦ 310-380Üʉ, ʜʘʚʣʝʥʠʝ ʧʘʜʘʝʪ ʜʦ 150-200 ʄʇʘ, 
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ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 30-40 ʤʘʩ.%. ɺ ʧʦʟʜʥʶʶ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʫʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʪʘʜʠʶ ʤʠʥʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ - 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʣʠ 250-300Üʉ ʠ 50-75 ʄʇʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 15 ʜʦ 30% 

NaCl-ʵʢʚ. ʇʦʟʜʥʠʝ ʧʨʦʞʠʣʢʠ ʩ ʢʘʣʴʮʠʪʦʤ, ʬʣʶʦʨʠʪʦʤ, ʙʘʨʠʪʦʤ ʠ ʜʨ. ʤʠʥʝʨʘʣʘʤʠ, 

ʩʝʢʫʱʠʝ ʢʘʨʙʦʥʘʪʠʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʩ 

ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ (1-15% NaCl-ʵʢʚ.) ʨʘʩʪʚʦʨʦʤ ʠ ʛʘʟʦʚʦʡ ʬʘʟʦʡ ʠ ʥʠʟʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 150-250 ʠ 100-150Üʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ 

ʤʠʥʠʤʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ <<50 ʄʇʘ. 

ʀʟʫʯʝʥʠʝ ʩʦʣʝʚʳʭ ʠ ʬʣʶʠʜʥʳʭ ʬʘʟ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʊʫʚʳ ʧʦʢʘʟʘʣʦ ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʦʚ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʚʳʭ ʠ 

ʬʣʶʠʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʵʚʦʣʶʮʠʠ ʨʘʩʧʣʘʚʦʚ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʨʘʩʪʚʦʨ. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ (60-48 ʤʘʩ.% ʩʦʣʝʡ) ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 

ʨʘʩʪʚʦʨʳ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʤʝʶʪ ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʩʦʣʝʚʦʡ 

ʩʦʩʪʘʚ. ɼʦʣʷ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʢʘʣʴʮʠʪʘ) ʚ ʪʘʢʠʭ ʨʘʩʪʚʦʨʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 2 

ʜʦ 5-10 ʤʘʩ.%, ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ʚ ʨʘʩʪʚʦʨʝ (ʛʘʣʠʪʘ ʠ ʩʠʣʴʚʠʥʘ) ʩʦʩʪʘʚʣʷʝʪ 60-30 

ʤʘʩ.%, ʬʣʶʠʜʥʘʷ ʬʘʟʘ ʚʢʣʶʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʞʠʜʢʦʡ ʫʛʣʝʢʠʩʣʦʪʦʡ. ɺ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ (40-30 ʤʘʩ.%) ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʬʘʟ (ʢʘʣʴʮʠʪʘ) ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 1-

5 ʤʘʩ.%, ʨʘʩʪʚʦʨʳ ʩʦʜʝʨʞʘʪ 30-35 ʤʘʩ.% ʭʣʦʨʠʜʥʳʭ ʬʘʟ (ʛʘʣʠʪ ʠ ʩʠʣʴʚʠʥ), ʘ ʬʣʶʠʜʥʘʷ 

ʬʘʟʘ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʚʘʨʠʘʮʠʷʤʠ ʩʦʩʪʘʚʘ CO2-N2(ʛ-ʞ)-CO2(ʛ), ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʱʝʣʦʯʥʦʡ ʭʘʨʘʢʪʝʨ ʪʘʢʠʭ ʨʘʩʪʚʦʨʦʚ.  

ʉʦʣʝʚʦʡ ʩʦʩʪʘʚ ʧʦʟʜʥʠʭ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʳʩʦʢʦ-, 

ʩʨʝʜʥʝʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ (15-30 ʤʘʩ.% NaCl-ʵʢʚ.) ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʭʣʦʨʠʜʥʳʭ ʬʘʟ (ʛʘʣʠʪʘ 

ʠʣʠ ʩʠʣʴʚʠʥʘ) ʠ ʦʪʣʠʯʘʣʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʬʘʟ (ʛʝʡʣʶʩʩʠʪʘ) <1 

ʤʘʩ.%, ʚʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ ʥʘʭʦʜʠʣʘʩʴ ʛʘʟʦʦʙʨʘʟʥʘʷ CO2. ʇʦʟʜʥʠʝ 

ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ (1-15 ʤʘʩ.% NaCl-ʵʢʚ.) ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʣʠ 

ʩʦʣʝʚʫʶ ʭʣʦʨʠʜʥʫʶ ʬʘʟʫ (ʛʘʣʠʪ), ʚʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ ʥʘʭʦʜʠʣʘʩʴ ʛʘʟʦʦʙʨʘʟʥʘʷ CO2. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ (60-30 

ʤʘʩ.%) ʬʣʶʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʜʝʨʞʘʪ ʩʨʝʜʠ ʩʦʣʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʭʣʦʨʠʜʳ Na ʠ K (ʛʘʣʠʪʘ ʠ ʩʠʣʴʚʠʥ) 30-60 ʤʘʩ.%, 2-5 ʤʘʩ.% ʩʫʣʴʬʘʪʦʚ Na, 

Ca, Ba ʠ Sr (ʘʥʛʠʜʨʠʪʘ, ʮʝʣʝʩʪʠʥʘ, ʙʘʨʠʪʘ, ʪʝʥʘʨʜʠʪʘ), ʙʘʩʪʥʝʟʠʪ, ʬʣʶʠʜʥʘʷ ʬʘʟʘ 
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ʨʘʩʪʚʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʞʠʜʢʦʡ ʫʛʣʝʢʠʩʣʦʪʦʡ. ʆʪ ʧʦʟʜʥʠʭ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʨʘʩʪʚʦʨʘʤ ʩʠʜʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʭʣʦʨʠʜʦʚ 

(ʛʘʣʠʪ, ʩʠʣʴʚʠʥ)  ʦʪ 30 ʜʦ 1 ʤʘʩ.% NaCl-ʵʢʚ., ʚʦ ʬʣʶʠʜʥʦʡ ʬʘʟʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʞʠʜʢʘʷ 

CO2. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚʥʳʭ 

ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʧʦʟʚʦʣʷʶʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʪʦʨʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ:  

2. ɸʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʠ ʩʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʎʝʥʪʨʘʣʴʥʦ-

ʊʫʚʠʥʩʢʦʛʦ ʧʦʷʩʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʠʟ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ c ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ Cl, SO4
2-
, Ca ʠ Fe, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ ʨʘʟʥʳʝ ʪʨʝʥʜʳ ʠʭ ʵʚʦʣʶʮʠʠ ʠ 

ʛʝʥʝʨʘʮʠʶ ʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ: 

1) ɸʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ: ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʨʘʩʧʣʘʚ Ą ʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʳʡ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚ (87-95 ʤʘʩ.%, H2O<15ʤʘʩ.%) Ą ʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʳʡ ʨʘʩʪʚʦʨ (60-40 ʤʘʩ.% NaCl-ʵʢʚ.) Ą ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ 

ʨʘʩʪʚʦʨ (30-15 ʤʘʩ.% NaCl-ʵʢʚ.) Ą ʭʣʦʨʠʜʥʳʡ ʨʘʩʪʚʦʨ (<15 ʤʘʩ.% NaCl-ʵʢʚ.). 

2) ʉʠʜʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ: ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʨʘʩʧʣʘʚ Ą 

ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʨʘʩʩʦʣ-ʨʘʩʧʣʘʚ (87-92 ʤʘʩ.%, H2O<15ʤʘʩ.%) 

Ą ʫʛʣʝʢʠʩʣʦʪʥʦ-ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ ʨʘʩʪʚʦʨ (60-30 ʤʘʩ.% NaCl-ʵʢʚ.) Ą 

ʫʛʣʝʢʠʩʣʦʪʥʳʡ ʭʣʦʨʠʜʥʳʡ ʨʘʩʪʚʦʨ (<30 ʤʘʩ.% NaCl-ʵʢʚ.). 

ʊʨʝʥʜ rʵʚʦʣʶʮʠʠ ʨʘʩʧʣʘʚʦʚ ʢ ʨʘʩʪʚʦʨʘʤ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʘ ʩʭʝʤʘʪʠʯʝʩʢʦʤ ʨʠʩʫʥʢʝ 52. 

ʅʝʦʩʧʦʨʠʤʦ ʚʘʞʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ 

ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʦʤ LA-ICP-MS ʘʥʘʣʠʟʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ 

(ʢʚʘʨʮʝ ʠ ʬʣʶʦʨʠʪʝ) ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʨʘʩʩʦʣ-

ʨʘʩʧʣʘʚʳ ʢʘʨʙʦʥʘʪʠʪʦʚ ʊʫʚʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ (1-0.1)n ʤʘʩ.% 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: Na, K, Fe, Mn, Ca, Ba ʠ Sr, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ: Cu, Zn, Pb (100-1000)n ʛ/ʪ, As, Sb, Co (1 ï 100)n ʛ/ʪ, 

Au ʜʦ 0.3-0.9 ʛ/ʪ, Ag 5-10 ʛ/ʪ,: La, Ce, Nd (10-1000)n ʛ/ʪ, Y, Th ʠ U (0.1-10)n ʛ/ʪ.  
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ʈʠʩʫʥʦʢ 52. ʉʭʝʤʘ ʵʚʦʣʶʮʠʠ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʦʚ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʚʦʜʥʦ-ʩʦʣʝʚʳʤ ʨʘʩʪʚʦʨʘʤ ʜʣʷ ʘʥʢʝʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ (ʘ) ʠ 

ʩʠʜʝʨʠʪʦʚʳʭ (ʙ) ʢʘʨʙʦʥʘʪʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ. 


