
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʅ.ʃ.ɼʦʙʨʝʮʦʚʘ ʉʠʙʠʨʩʢʦʛʦ ʆʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

ʍʨʦʤʦʚʘ ɽʣʝʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

 

 

 

ɺʦʟʨʘʩʪ ʠ ʧʝʪʨʦʛʝʥʝʟʠʩ ʧʦʨʦʜ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ) 

 

 

 

1.6.3 ï ʧʝʪʨʦʣʦʛʠʷ, ʚʫʣʢʘʥʦʣʦʛʠʷ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʂʘʥʜʠʜʘʪʘ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ  

ɼʦʨʦʰʢʝʚʠʯ ɸʥʥʘ ɻʝʥʥʘʜʴʝʚʥʘ 

 

 

 

ʋʣʘʥ-ʋʜʵ 2023
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʑʝʣʦʯʥʳʝ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʘʩʰʪʘʙʳ ʠʟʫʯʝʥʥʦʩʪʠ 

ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʫʶʪ ʪʦʣʴʢʦ ʥʠʯʪʦʞʥʦ ʤʘʣʫʶ ʯʘʩʪʴ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʧʨʦʜʦʣʞʘʶʪ ʚʳʟʳʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʠʭ ʧʦʨʦʜ 

ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʧʣʘʚʣʝʥʠʝʤ ʛʣʫʙʠʥʥʳʭ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ɿʝʤʣʠ, 

ʦʙʦʛʘʱʝʥʥʳʭ ʣʝʪʫʯʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʈɿʕ ʠ ʜʨʫʛʠʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʘʢʠʭ ʨʘʩʧʣʘʚʦʚ ʚʦʟʥʠʢʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʩʝʨʠʠ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʠ ʨʘʟʥʦʧʣʘʥʦʚʦʡ ʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 

ʀʟʫʯʝʥʠʝ ʵʪʠʭ ʧʦʨʦʜ ʚʘʞʥʦ, ʢʘʢ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ, 

ʪʘʢ ʠ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʑʝʣʦʯʥʳʝ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʩ ʤʥʦʛʦʦʙʨʘʟʥʦʡ ʠ ʩʣʦʞʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʉ ʥʠʤʠ 

ʩʚʷʟʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʠʦʙʠʷ, ʩʣʶʜʳ, ʞʝʣʝʟʘ, 

ʬʦʩʬʦʨʘ, ʬʣʶʦʨʠʪʘ, ʘ ʪʘʢʞʝ ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ. ʄʥʦʛʠʝ ʠʟ ʵʪʠʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʷʚʣʷʶʪʩʷ ʦʩʪʨʦʜʝʬʠʮʠʪʥʳʤʠ ʢʘʢ ʥʘ ʤʠʨʦʚʦʤ, ʪʘʢ ʠ ʨʦʩʩʠʡʩʢʦʤ 

ʨʳʥʢʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʚʠʪʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʝʜʢʠʭ, 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ, ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ. ɹʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʨʫʜʦʥʦʩʥʳʤ ʱʝʣʦʯʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʦʙʫʩʣʦʚʠʣ 

ʥʘʢʦʧʣʝʥʠʝ ʚ ʥʘʰʠ ʜʥʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʩʪʨʦʝʥʠʠ ʠ ʚʝʱʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʵʪʠʭ ʧʦʨʦʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 

ʛʠʧʝʨʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʪʘʢʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝ 

ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʮʝʩʩʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʚʳʩʦʢʫʶ ʨʫʜʦʥʦʩʥʦʩʪʴ 

ʱʝʣʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʠ ʬʣʶʠʜʦʚ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʩʠʩʪʝʤ. ʂʦʤʧʣʝʢʩʥʳʝ ʤʝʪʦʜʳ (ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ, ʠʟʦʪʦʧʥʳʝ, 

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ) ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʱʝʣʦʯʥʳʭ ʤʘʛʤ, ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʧʦʟʚʦʣʷʶʪ 



4 

 

ʜʦʩʪʠʯʴ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʦʥʦʩʥʳʭ 

ʱʝʣʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɹʝʣʦʟʠʤʠʥʩʢʠʡ ʤʘʩʩʠʚ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʟʥʦʡ ʠʥʪʨʫʟʠʝʡ, ʩʣʦʞʝʥʥʦʡ 

ʱʝʣʦʯʥʳʤʠ ʩʠʣʠʢʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʤʝʣʴʪʝʡʛʠʪʳ, ʠʡʦʣʠʪʳ-ʫʨʪʠʪʳ, 

ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ) ʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ, ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ ʥʠʦʙʠʡ-ʈɿʕ 

ʤʝʩʪʦʨʦʞʜʝʥʠ.ʁ ɽʛʦ ʠʟʫʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʳʤ ʚ ʧʦʥʠʤʘʥʠʠ ʚʦʧʨʦʩʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʧʝʪʨʦʛʝʥʝʟʠʩʘ ʠ ʪʦʛʦ, ʢʘʢʠʝ ʤʝʭʘʥʠʟʤʳ ʷʚʣʷʶʪʩʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈɿʕ ʠ Nb, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʘʨʙʦʥʘʪʠʪʘʤʠ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʪʘʣʴʥʦʤ ʤʠʥʝʨʘʣʦʛʦ-

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ, ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʤ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʧʦʨʦʜ, 

ʩʣʘʛʘʶʱʠʭ ʤʘʩʩʠʚ, ʠʟʫʯʝʥʠʶ ʥʠʦʙʠʝʚʦʛʦ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

- ʇʦʣʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ, ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʱʝʣʦʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ; 

 - ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʥʦʚʥʳʭ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ, ʘʢʮʝʩʩʦʨʥʳʭ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʱʝʣʦʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ 

ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ;  

- ʆʧʨʝʜʝʣʝʥʠʝ Ar-Ar ʚʦʟʨʘʩʪʘ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ Pb/Pb ʠʟʦʭʨʦʥʳ ʧʦ 

ʦʩʥʦʚʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʧʦʨʦʜ; 

 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʪʦʯʥʠʢʦʚ ʚʝʱʝʩʪʚʘ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

 

ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʪʁʩʷ ʧʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ 

ɹʝʣʦʟʠʤʠʥʩʢʠʡ ʤʘʩʩʠʚ.  

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʩʦʩʪʘʚʘ ʧʠʨʦʭʣʦʨʘ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʠʦʙʠʷ. ʀʟʫʯʝʥʳ ʤʠʥʝʨʘʣʳ ʢʦʥʮʝʥʪʨʘʪʦʨʳ 



5 

 

ʈɿʕ, ʦʧʨʝʜʝʣʸʥ ʨʝʜʢʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ʠ ʧʨʦʩʣʝʞʝʥʘ ʵʚʦʣʶʮʠʷ ʠʭ ʩʦʩʪʘʚʘ. ʆʧʨʝʜʝʣʝʥ ʚʦʟʨʘʩʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʧʦʩʪʨʦʝʥʘ Pb-Pb ʛʝʦʭʨʦʥʘ ʧʦ ʦʩʥʦʚʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ 

ʧʦʨʦʜ. ʀʟʫʯʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʠ Lu-Hf ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʮʠʨʢʦʥʦʚ ʠʟ ʧʦʨʦʜ 

ʤʘʩʩʠʚʘ.  

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʚʘʞʥʳʤʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠʟʚʣʝʯʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʠ ʧʦʧʫʪʥʳʭ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʦʪʨʘʙʦʪʢʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʮʝʩʩʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʬʘʢʪʦʨʦʚ ʦʨʫʜʝʥʝʥʠʷ 

ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦʠʩʢʦʚʳʭ ʢʨʠʪʝʨʠʝʚ. 

 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ʂʘʨʙʦʥʘʪʠʪʳ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 645 ʤʣʥ ʣʝʪ ʥʘʟʘʜ 

ʩʠʥʭʨʦʥʥʦ ʩ ʱʝʣʦʯʥʳʤʠ ʩʠʣʠʢʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ.  

2. ʆʙʨʘʟʦʚʘʥʠʝ ʨʷʜʘ ʤʝʣʴʪʝʡʛʠʪïʠʡʦʣʠʪïʥʝʬʝʣʠʥʦʚʳʡ ʩʠʝʥʠʪ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʪʦ 

ʚʳʨʘʞʝʥʦ ʚ ʠʟʤʝʥʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʦʚ ʠ ʩʦʩʪʘʚʘ ʧʦʨʦʜ. 

3. ʕʚʦʣʶʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʧʠʨʦʭʣʦʨʘ ʚ 

ʢʘʨʙʦʥʘʪʠʪʘʭ ʚʳʨʘʟʠʣʘʩʴ ʚ ʩʤʝʥʝ ʨʘʥʥʝʛʦ ʬʣʶʦʨʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨʘ ʥʘ 

ʢʝʥʦʧʠʨʦʭʣʦʨ ʠ ʜʘʣʝʝ ʥʘ ʛʠʜʨʦʧʠʨʦʭʣʦʨ, ʟʘʤʝʱʘʶʱʠʡʩʷ Feïʩʦʜʝʨʞʘʱʠʤ 

ʢʦʣʫʤʙʠʪʦʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʢʘʨʙʦʥʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ 

Nb- ʠ Zr- ʤʠʥʝʨʘʣʦʚ ʦʙʫʩʣʦʚʠʣʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʩʪʘʪʦʯʥʦʡ ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ ʤʘʛʤʝ, ʘ ʦʙʦʛʘʱʝʥʠʝ ʈɿʕ, Ba, U, Fe ʧʨʦʜʦʣʞʠʣʦʩʴ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʟʜʥʝʩʪʘʜʠʡʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ.  
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ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ʂʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʜ.ʛ.-ʤ.ʥ. ɸ.ɻ. ɼʦʨʦʰʢʝʚʠʯ. ʀʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʢʝʨʥʘ ʠʟ 8 

ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʠ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ 

ʥʘ ʥʠʦʙʠʝʚʳʝ ʨʫʜʳ. ʇʨʦʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ 50 ʰʣʠʬʦʚ. ʅʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

ʠ ʤʠʢʨʦʟʦʥʜʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 30 ʘʥʰʣʠʬʦʚ, 10 ʰʘʰʝʢ ʠ ʧʦʣʫʯʝʥʦ ʧʦʨʷʜʢʘ 

3000 ʘʥʘʣʠʟʦʚ ʤʠʥʝʨʘʣʦʚ. ʆʧʨʝʜʝʣʝʥʘ ʨʝʜʢʦʵʣʝʤʝʥʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (LA ICP 

MS) ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʨʦʜ ʤʘʩʩʠʚʘ. ɺ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʦ 20 ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ICP-MS), 10 ʘʥʘʣʠʟʦʚ ʨʘʜʠʦʛʝʥʥʳʭ ʠʟʦʪʦʧʦʚ (Sr, Nd) ʱʝʣʦʯʥʳʭ 

ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ. ɼʘʪʠʨʦʚʘʥʠʝ ʧʦʨʦʜ ʧʨʦʠʟʚʝʜʝʥʦ Ar-Ar (1 

ʧʨʦʙʘ) ʠ Pb-Pb (6 ʧʨʦʙ) ʤʝʪʦʜʘʤʠ. ʆʪʦʙʨʘʥʳ ʠ ʠʟʫʯʝʥʳ ʮʠʨʢʦʥʳ ʠʟ 6 ʦʙʨʘʟʮʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚ. 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʠ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ, ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ: ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ ʩʢʘʥʠʨʫʶʱʠʭ ʤʠʢʨʦʩʢʦʧʘʭ ʩ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ (EDS): LEO-1430 (ʩʠʩʪʝʤʘ ʤʠʢʨʦʘʥʘʣʠʟʘ 

IncaEnergy-300), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ çɻʝʦʩʧʝʢʪʨè ɻʀʅ ʉʆ ʈɸʅ (ʛ. ʋʣʘʥ-ʋʜʵ) ʠ MIRA 3 LMU (ʩʠʩʪʝʤʘ 

ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 450 XMax-80, ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʉʆ 

ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ). ʋʩʣʦʚʠʷ EDS-ʘʥʘʣʠʟʘ: ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ï 20 ʢɺ, ʪʦʢ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ï 1.5 ʥɸ, ʚʨʝʤʷ ʥʘʙʦʨʘ ʩʧʝʢʪʨʦʚ ï 20-40 ʩ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʨʘʟʮʦʚ ʩʨʘʚʥʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʩʪʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʝʪʘʣʣʳ: SiO2 (Si, O), Al2O3 (Al), ʜʠʦʧʩʠʜ (Mg, Ca), 

ʘʣʴʙʠʪ (Na), ʦʨʪʦʢʣʘʟ (K), BaF2 (Ba, F), Ca2P2O7 (P), Ti, Nb, Zr, Fe, Mn, Zn ʠ ʜʨ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ (ʥʦʨʤʠʨʦʚʢʘ ʥʘ ʪʦʢ ʟʦʥʜʘ ʠ ʢʘʣʠʙʨʦʚʢʘ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʦ ʵʥʝʨʛʠʠ) ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ Co. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʠʨʦʭʣʦʨʘʭ. ɺʨʝʤʷ ʥʘʙʦʨʘ 
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ʩʧʝʢʪʨʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʩʦʩʪʘʚʠʣʦ 40-70 ʤʠʥʫʪ (ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʠʤ. ʃ.ʅ. ɼʦʙʨʝʮʦʚʘ). 

ʏʘʩʪʴ ʘʥʘʣʠʟʦʚ ʧʠʨʦʭʣʦʨʘ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʟʦʥʜʘʭ ʚ ʨʝʞʠʤʝ ʚʦʣʥʦʚʦʡ ʜʠʩʧʝʨʩʠʠ (WDS): JEOL 

Hyperprobe JXA-8500F (ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ, 

ʇʦʪʩʜʘʤ, ɻʝʨʤʘʥʠʷ) ʠ JEOL JXA-8100 (ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʉʆ 

ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ). ʋʩʣʦʚʠʷ WDS-ʘʥʘʣʠʟʘ: ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ, ʪʦʢ ï 

20-40 ʥɸ, ʨʘʟʤʝʨ ʧʫʯʢʘ - 2 ɛm. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ: ʛʝʤʘʪʠʪ (Fe), ʜʠʦʧʩʠʜ (Ca, Si, Mg), Mn-ʛʨʘʥʘʪ (Mn), ʘʣʴʙʠʪ (Na, 

Al), ʦʨʪʦʢʣʘʟ (K), ʨʫʪʠʣ (Ti), ʮʠʨʢʦʥ (Zr), LiNbO3 (Nb), ʬʪʦʨʬʣʦʛʦʧʠʪ (F). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʭ ʘʥʘʣʠʟʦʚ (WDS+EDS) ʬʦʨʤʫʣʳ ʤʠʥʝʨʘʣʦʚ 

ʛʨʫʧʧʳ ʧʠʨʦʭʣʦʨʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʢʠʩʣʦʨʦʜʥʦʤʫ ʤʝʪʦʜʫ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʩʫʤʤʘ ʢʘʪʠʦʥʦʚ ʚ ʧʦʟʠʮʠʠ ɺ ʨʘʚʥʘ 2.0 (ɹʫʣʘʭ, 1987; Hogarth, 1977; Atencio et al., 

2010, Christy). ʈʝʥʪʛʝʥ ʠ ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʦʚ: ʙʘʦʪʠʪ, ʢʘʪʘʧʣʝʠʪ, ʮʠʨʢʦʥʦʣʠʪ, ʥʦʨʩʝʪʠʪ ʠ 

ʜʨʫʛʠʝ.  

ɸʥʘʣʠʟ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ LA-ICP-MS ʧʨʦʚʦʜʠʣʩʷ ʚ ʰʣʠʬʘʭ (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʩʝʩʩʫʘʨʘ ʜʣʷ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ESI New Wave UP193FX, 

ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ICP-MS Agilent Technologies 7500i ʚ Friedrich-Alexander-

Universitªt Erlangen-N¿rnberg (ʕʨʣʘʥʛʝʥ, ɻʝʨʤʘʥʠʷ). ICP-MS ʨʘʙʦʪʘʣ ʩ ʤʦʱʥʦʩʪʴʶ 

ʧʣʘʟʤʳ 1350 ɺʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ He (0,65 ʣ / ʤʠʥ.) ʠ Ar (1,10 ʣ / ʤʠʥ.) 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, Ar ʜʝʡʩʪʚʦʚʘʣ ʢʘʢ ʧʣʘʟʤʘ 

(14,9 ʣ / ʤʠʥ) ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʛʘʟ (0,9 ʣ / ʤʠʥ.). ʇʣʦʪʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 2,7 ɼʞ / ʩʤ
2
, ʘ ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 16 ɻʮ. 

ɼʘʥʥʳʝ ʙʳʣʠ ʦʪʢʘʣʠʙʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʷʥʥʦʛʦ ʵʪʘʣʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ NIST SRM 610 ʜʣʷ ʦʢʩʠʜʦʚ, ʩʪʝʢʣʘ; NIST SRM 612 - ʜʣʷ ʩʠʣʠʢʘʪʦʚ ʠ 

ʢʘʨʙʦʥʘʪʦʚ. ɺʥʫʪʨʝʥʥʠʝ ʩʪʘʥʜʘʨʪʳ: SiO2 ʜʣʷ ʩʠʣʠʢʘʪʦʚ, CaO ʜʣʷ ʢʘʨʙʦʥʘʪʦʚ, 

ʧʠʨʦʭʣʦʨʘ, ʧʝʨʦʚʩʢʠʪʘ ʠ ʬʦʩʬʘʪʦʚ, FeO ʜʣʷ ʤʘʛʥʝʪʠʪʘ ʠ ʛʝʤʘʪʠʪʘ, TiO
2
 ʜʣʷ 

ʠʣʴʤʝʥʠʪʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʨʘʟʤʝʨʦʤ ʧʷʪʥʘ 10ï50 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ. 

ʈʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 
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GLITTER ʩʦʟʜʘʥʥʦʡ ʜʣʷ LA ï ICP-MS (Van Achterbergh et al., 2000). ʆʰʠʙʢʘ 1ὐ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʦʜʩʯʝʪʝ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʩʠʛʥʘʣʫ ʠ ʬʦʥʫ, ʩʦʩʪʘʚʣʷʝʪ 10%. 

ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʧʫʪʝʤ ʧʦʚʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʙʨʘʟʮʦʚ NIST SRM 610 ʠ 612. 

ʀʟʤʝʨʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʦʜʠʤʘ ʠ ʩʪʨʦʥʮʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʡ Rb, Sr, 

Sm ʠ Nd ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈɸʅ (ʛ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʘʥʘʣʠʪʠʢ ʉʘʚʘʪʝʥʢʦʚ ɺ.ʄ.) ʥʘ ʤʥʦʛʦʢʦʣʣʝʢʪʦʨʥʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʤ ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʝ Triton. ɼʣʷ ʚʳʜʝʣʝʥʠʷ Sm ʠ Nd ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ (Savatenkov et al, 2004). 

ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ Rb, Sr, Sm ʠ Nd, ʚʳʯʠʩʣʝʥʥʘʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʘʥʘʣʠʟʦʚ ʩʪʘʥʜʘʨʪʘ BCR-1, ʩʦʦʪʚʝʪʩʪʚʫʝʪ Ñ0.5%. 

ɺʝʣʠʯʠʥʘ ʭʦʣʦʩʪʦʛʦ ʦʧʳʪʘ ʩʦʩʪʘʚʣʷʣʘ: 0.05 ʥʛ ʜʣʷ Rb, 0.2 ʥʛ ʜʣʷ Sr, 0.3 ʥʛ ʜʣʷ Sm 

ʠ 0.8 ʥʛ ʜʣʷ Nd. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ BCR-1 (6 ʠʟʤʝʨʝʥʠʡ): 

[Sr]=336.7 ɛg/g, [Rb]=47.46 ɛg/g, [Sm]= 6.47 ɛg/g, [Nd]=28.13 ɛg/g, 

87
Rb/

86
Sr=0.4062, 

87
Sr/

86
Sr=0.705036Ñ22, 

147
Sm/

144
Nd=0.1380, 

143
Nd/

144
Nd=0.512642Ñ14. ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠʟʦʪʦʧʥʳʭ ʘʥʘʣʠʟʦʚ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʦʩʪʘʚʘ ʩʪʘʥʜʘʨʪʦʚ La Jolla ʠ SRM-987. ɿʘ 

ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ Sr ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 
87

Sr/
86

Sr ʚ ʩʪʘʥʜʘʨʪʝ SRM-987 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 0.710241 Ñ 15 (2ů, 10 ʠʟʤʝʨʝʥʠʡ), ʘ ʚʝʣʠʯʠʥʘ 
143

Nd/
144
Nd ʚ 

ʩʪʘʥʜʘʨʪʝ La Jolla ʩʦʩʪʘʚʠʣʘ 0.511847 Ñ 8 (2ʘ, 12 ʠʟʤʝʨʝʥʠʡ). ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Sr 

ʥʦʨʤʘʣʠʟʦʚʘʥ ʧʦ ʚʝʣʠʯʠʥʝ 
88

Sr/
86
Sr = 8.37521, ʘ ʩʦʩʪʘʚ Nd - ʧʦ ʚʝʣʠʯʠʥʝ 

146
Nd / 

144
Nd=0.7219 = 0.7219. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʨʠʚʝʜʝʥ ʢ ʪʘʙʣʠʯʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʩʪʘʥʜʘʨʪʘ La Jolla (
143

Nd/
144

Nd=0,511860). 

Ar/Ar ʚʦʟʨʘʩʪ ʦʧʨʝʜʝʣʝʥ ʧʦ ʬʣʦʛʦʧʠʪʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʪʠʧʦʤʦʨʬʥʳʤ 

ʤʠʥʝʨʘʣʦʤ ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʚ ʀɻʄ ʉʆ 

ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʧʦ ʤʝʪʦʜʠʢʝ (ʊʨʘʚʠʥ ʠ ʜʨ., 2009). ʇʨʠ ʨʘʩʯʝʪʝ 
39

Ar/
40

Ar 

ʚʦʟʨʘʩʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʚʦʟʨʘʩʪʥʦʛʦ ʧʣʘʪʦ (Fleck et al., 1977). ʇʦ ʤʝʪʦʜʫ 

ʧʣʘʪʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʠʡ ʚʟʚʝʰʝʥʥʳʡ ʚʦʟʨʘʩʪ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ (ʥʝ ʤʝʥʝʝ ʪʨʝʭ) ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʪʫʧʝʥʝʡ.  
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ʀʟʤʝʨʝʥʠʷ Pb-ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʳʧʦʣʥʝʥʳ ʚ ʎʀʀ ɺʉɽɻɽʀ (ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ). ʉʚʠʥʝʮ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ TRITON ʚ 

ʦʜʥʦʣʝʥʪʦʯʥʦʤ ʚʘʨʠʘʥʪʝ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʤʥʦʛʦʢʦʣʣʝʢʪʦʨʥʦʤ ʨʝʞʠʤʝ. ʀʟʤʝʨʷʣʠʩʴ 

ʦʪʥʦʰʝʥʠʷ ʠʟʦʪʦʧʦʚ ʩʚʠʥʮʘ 
206

Pb/
204

Pb, 
207

Pb/
204
Pb ʠ 

208
Pb/

204
Pb, ʢʘʞʜʦʝ ʠʟ ʥʠʭ 

ʩʦʩʪʦʷʣʦ ʠʟ 50 ʙʣʦʢʦʚ ʧʦ 10 ʩʢʘʥʦʚ ʧʨʠ ʪʦʢʝ ʥʘ ʠʩʧʘʨʠʪʝʣʝ 2.2ð2.3 ɸ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1300 Áʉ. ʇʝʨʝʜ ʢʘʞʜʦʡ ʧʘʨʪʠʝʡ ʧʨʦʙ ʠʟʤʝʨʷʣʩʷ ʩʪʘʥʜʘʨʪ ð 50 ʥʛ 

NIST 981. ʉʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʦʚ ʩʦʩʪʘʚʠʣʘ 0.05 % (2ů) ʜʣʷ ʦʪʥʦʰʝʥʠʷ 

206
Pb/

204
Pb. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʥʘ ʧʨʠʙʦʨʥʦʝ ʤʘʩʩ-ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʧʦ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʠʟʤʝʨʝʥʠʡ ʩʪʘʥʜʘʨʪʘ NIST 981 (
206

Pb/
204

Pb = 16.9374, 

207
Pb/

204
Pb = 15.4916, 

208
Pb/

204
Pb = 36.7219) ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʟʤʝʨʝʥʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʠʟʦʪʦʧʦʚ ʩʚʠʥʮʘ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠʩʴ ʥʘ ʤʘʩʩ - ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ 0.120 

% ʘ.ʝ.ʤ. ʜʣʷ 
206

Pb/
204

Pb ʠ 
207

Pb/
204
Pb; 0.135 % ʘ.ʝ.ʤ. ʜʣʷ 

208
Pb/

204
Pb. ɹʣʘʥʢ (ʭʦʣʦʩʪʦʡ 

ʦʧʳʪ) ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʦʚ ʥʝ ʧʨʝʚʳʰʘʣ 0.2 ʥʛ ʜʣʷ Pb. ɽʛʦ ʩʦʩʪʘʚ: 

206
Pb/

204
Pb =  18.120, 

207
Pb/

204
Pb = 15.542, 

208
Pb/

204
Pb = 37.354. ʉʦʦʪʥʦʰʝʥʠʝ ʩʚʠʥʮʘ 

ʙʣʘʥʢʘ ʢ ʧʨʦʙʝ ʥʝ ʧʨʝʚʳʰʘʣʦ 1/200000, ʧʦʵʪʦʤʫ ʧʦʧʨʘʚʢʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʭʦʣʦʩʪʦʛʦ ʩʚʠʥʮʘ ʜʣʷ ʠʟʤʝʨʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʥʝ ʚʚʦʜʠʣʘʩʴ.  

ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʮʠʨʢʦʥʦʚ ʠ Lu-Hf ʠʟʦʪʦʧʦʚ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʀʉʇ-ʄʉ NexION 300S (PerkinElmer) ʩ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ Lɸ NWR 

213 (ESI), ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʧʦʤʝʱʝʥʠʠ ʢʣʘʩʩʘ ʯʠʩʪʦʪʳ ʀʉʆ 7 ʚ ʎʂʇ 

çɻʝʦʘʥʘʣʠʪʠʢè (ʀɻɻ ʋʨʆ ʈɸʅ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ). ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ 

ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ (ʑʘʧʦʚʘ ʠ ʜʨ., 2020).  

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʠ çɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ 

ʈʦʩʩʠʠè ʚ 2015 ʛ (ʛ. ʗʢʫʪʩʢ), ʥʘ ɹʘʡʢʘʣʴʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʝ ʚ 2015 ʠ 2019 ʛʛ. (ʛ. ʋʣʘʥ-ʋʜʵ), ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʤʠʥʝʨʘʛʝʥʠʷ ʩʝʚʝʨʥʦʡ ʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè, ʚ 2018 ʛ (ʛ. ʀʨʢʫʪʩʢ), ʥʘ XVIII ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦʤ 

ʩʦʚʝʱʘʥʠʠ çɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʣʠʪʦʩʬʝʨʳ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ 
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ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ: ʦʪ ʦʢʝʘʥʘ ʢ ʢʦʥʪʠʥʝʥʪʫè ʚ 2020 ʛ (ʛ. ʀʨʢʫʪʩʢ), ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʝʪʨʦʣʦʛʠʷ ʠ ʨʫʜʦʥʦʩʥʦʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡè ʚ 

ʅʦʚʦʩʠʙʠʨʩʢʝ (2022) ʠ ʝʞʝʛʦʜʥʳʭ ʥʘʫʯʥʳʭ ʩʝʩʩʠʷʭ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʆ 

ʈɸʅ ʛ. ʋʣʘʥ-ʋʜʵ (2017-2019 ʛʛ). 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 12 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 5 ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ ʧʦ ʩʧʠʩʢʫ ɺɸʂ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʚʪʦʨʫ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʥʘʜʣʝʞʘʪ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʨʘʩʯʝʪ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʤʠʥʝʨʘʣʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʠ 

ʜʨʫʛʠʭ ʜʠʘʛʨʘʤʤ, ʚʢʣʶʯʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʘʥʘʣʠʟ ʠ 

ʦʬʦʨʤʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʧʫʙʣʠʢʘʮʠʡ ʠ ʥʘʫʯʥʳʭ ʜʦʢʣʘʜʦʚ. 

 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ  

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 4 ʛʣʘʚ, ɺʚʝʜʝʥʠʷ, ɿʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ 

ʠ 2 ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʠʤʝʝʪ ʦʙʲʝʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 182 ʤʘʰʠʥʦʧʠʩʥʳʭ ʩʪʨʘʥʠʮ, ʚ 

ʪʦʤ ʯʠʩʣʝ 53 ʨʠʩʫʥʢʘ, 43 ʪʘʙʣʠʮ.r ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 282 

ʥʘʠʤʝʥʦʚʘʥʠ̫. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ, ʜ.ʛ.-ʤ.ʥ. ɸʥʥʝ ɻʝʥʥʘʜʴʝʚʥʝ ɼʦʨʦʰʢʝʚʠʯ, ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ 

ʧʦʜʜʝʨʞʢʫ, ʧʦʤʦʱʴ, ʮʝʥʥʳʝ ʩʦʚʝʪʳ, ʚʥʠʤʘʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠ ʪʝʨʧʝʥʠʝ. 

ʅʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʨʘʙʦʪʳ ʦʢʘʟʘʣ ʢ.ʛ.-ʤ.ʥ ʀʚʘʥ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʀʟʙʨʦʜʠʥ. 

ɸʚʪʦʨ ʛʣʫʙʦʢʦ ʧʨʠʟʥʘʪʝʣʝʥ ʯʣ.- ʢʦʨʨ. ʈɸʅ, ʜ.ʛ.-ʤ.ʥ. ɽʚʛʝʥʠʶ ɺʠʢʪʦʨʦʚʠʯʫ 

ʉʢʣʷʨʦʚʫ ʠ ʜ.ʛ.-ʤ.ʥ. ɸʥʜʨʝʶ ɸʣʝʢʩʘʥʜʨʦʚʠʯʫ ʎʳʛʘʥʢʦʚʫ ʟʘ ʜʦʩʢʦʥʘʣʴʥʦʝ 

ʦʙʩʫʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʢʩʪʘ ʨʘʙʦʪʳ.  
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ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʢ.ʛ.-ʤ.ʥ ɺ.ɺ. ʐʘʨʳʛʠʥʫ ʟʘ ʠʟʫʯʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʚ 

ʤʠʥʝʨʘʣʘʭ,  ʅ.ʅ. ɽʛʦʨʦʚʦʡ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʰʣʠʬʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʘʷ ʧʦʤʦʱʴ ʙʳʣʘ ʦʢʘʟʘʥʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ɻʀʅ ʉʆ ʈɸʅ ʚʦ ʛʣʘʚʝ ʩ 

ʟʘʚʝʜʫʶʱʠʤ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ.ʛ.-ʤ.ʥ. ʉ.ɺ. 

ʂʘʥʘʢʠʥʳʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. ɸʚʪʦʨ ʢʨʘʡʥʝ ʧʨʠʟʥʘʪʝʣʝʥ ʋ. 

ɸʧʧʝʣʴʪ (ʇʦʪʩʜʘʤ, ɻʝʨʤʘʥʠʷ), ʍ. ɹʨʘʪʮ (ʕʨʣʘʥʝʥ, ɻʝʨʤʘʥʠʷ), ʅ.ʉ. ʂʘʨʤʘʥʦʚʫ ʠ 

ɽ.ʅ. ʅʠʛʤʘʪʫʣʠʥʦʡ (ʀɻʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʭ ʠ LA-ICP-MS ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʋʩʣʦʚʥʳʝ ʩʦʢʨʘʱʝʥʠʷ ʥʘʟʚʘʥʠʡ ʤʠʥʝʨʘʣʦʚ ʩʦʛʣʘʩʥʦ ʥʦʤʝʥʢʣʘʪʫʨʝ Warr L.N. 2021 ʛʦʜ. 

  

Ab- ʘʣʴʙʠʪ 

Amp- ʘʤʬʠʙʦʣ 

Adt- ʘʥʜʨʘʜʠʪ  

Anc- ʘʥʢʠʣʠʪ ï (Ce) 

Ank- ʘʥʢʝʨʠʪ 

Ap- ʘʧʘʪʠʪ 

Bdy- ʙʘʜʜʝʣʝʠʪ 

Brt- ʙʘʨʠʪ 

Cal- ʢʘʣʴʮʠʪ 

Ccn- ʢʘʥʢʨʝʥʠʪ 

Clt- ʮʝʣʝʩʪʠʥ 

Clb- ï ʢʦʣʫʤʙʠʪ 

Chl- ʭʣʦʨʠʪ 

Cpx- ʢʣʠʥʦʧʠʨʦʢʩʝʥ  

Ctp- ʢʘʪʘʧʣʝʠʪ 

Dol- ʜʦʣʦʤʠʪ 

Grt- ʛʨʘʥʘʪ 

Ilm- ʠʣʴʤʝʥʠʪ 

Kfs- ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ 

Mag- ʤʘʛʥʝʪʠʪ 

Marf- ʤʘʛʥʝʟʠʦʘʨʬʝʜʩʦʥʠʪ  

Mrbk- ʤʘʛʥʝʟʠʦʨʝʙʝʢʠʪ 

Mnz- ʤʦʥʘʮʠʪ 

Ms- ʤʫʩʢʦʚʠʪ 

Nph- ʥʝʬʝʣʠʥ 

Ol- ʦʣʠʚʠʥ 

Phl- ʬʣʦʛʦʧʠʪ  

Po- ʧʠʨʨʦʪʠʥ. 

Py- ʧʠʨʠʪ 

Pcl - ʧʠʨʦʭʣʦʨ  

Rt- ʨʫʪʠʣ 

Srp- ʩʝʨʧʝʥʪʠʥ 

Ttn - ʪʠʪʘʥʠʪ 

Str- ʩʪʨʦʥʮʠʘʥʠʪ 

Thr- ʪʦʨʠʪ 

Zrn- ʮʠʨʢʦʥ  

Zrc- Nb-ʩʦʜʝʨʞʘʱʠʡ ʤʠʥʝʨʘʣ ʛʨʫʧʧʳ ʮʠʨʢʦʥʦʣʠʪʘ 

Kas- ʢʘʩʩʠʪ 
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ɻʣʘʚʘ 1. ʂɸʈɹʆʅɸʊʀʊʓ ʀ ʉɺʗɿɸʅʅʓɽ ʉ ʅʀʄʀ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ (ʦʙʟʦʨ ʧʨʦʙʣʝʤʳ) 

1.1 ʀʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʂɸʈɹʆʅɸʊʀʊʓ (carbonatites; karbonatite; carbonatites; carbonatitas) ð 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 50% ʠʟ ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʢʘʣʴʮʠʪ, ʜʦʣʦʤʠʪ, ʩʠʜʝʨʠʪ, 

ʘʥʢʝʨʠʪ) ʠ ʩʦʜʝʨʞʘʪ ʥʝ ʙʦʣʝʝ 20 ʤʘʩ. % SiO2 (Le Maitre, 2002). ʉʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʨʙʦʥʘʪʠʪʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʧʨʝʦʙʣʘʜʘʥʠʶ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʠʥʝʨʘʣʘ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: 

ʢʘʣʴʮʠʪʦʚʳʝ, ʜʦʣʦʤʠʪʦʚʳʝ, ʩʠʜʝʨʠʪʦʚʳʝ, ʘʥʢʝʨʠʪʦʚʳʝ (Le Maitre, 2002). ʇʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʳʜʝʣʷʶʪ ʤʘʛʥʝʟʠʦʢʘʨʙʦʥʘʪʠʪʳ, ʢʘʣʴʮʠʦʢʘʨʙʦʥʘʪʠʪʳ, 

ʬʝʨʨʦʢʘʨʙʦʥʘʪʠʪʳ, ʥʘʪʨʦʢʘʨʙʦʥʘʪʠʪʳ. ʇʦʩʣʝʜʥʠʝ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦʩʣʝ 

ʠʟʫʯʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʆʣʜʦʠʥʴʠʦ ʃʝʥʛʘʠ (Oldoinyo Lengai), ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Na2O (ʜʦ 34 ʤʘʩ. %) ʠ K2O (ʜʦ 10 ʤʘʩ. %) (Du 

Bois et al., 1963; Guest, 1963; Dawson, 1962; Keller, Krafft, 1990; Dawson et al., 

1995; Gittins, Harmer, 1997; Simonetti et al., 1997; Woolley, Kempe, 1989; Le Maitre, 

2002; ɿʘʡʮʝʚ, ʇʝʪʨʦʚ, 2008). ʂʘʨʙʦʥʘʪʠʪʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʙʘʨʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʈ.ʍ. ʄʠʪʯʝʣʣ ʧʨʝʜʣʦʞʠʣ ʥʘʟʳʚʘʪʴ 

çʢʘʨʙʦʪʝʨʤʘʣʴʥʳʤʠè (Mitchell, 2005). ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ ʵʪʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʢʦʨʨʝʢʪʥʳʤ, ʪʘʢ ʢʘʢ ʪʘʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦ ʨʘʟʨʳʚʘʝʪ 

ʝʜʠʥʫʶ ʵʚʦʣʶʮʠʶ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʩʠʩʪʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ 

ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ (ʄʠʥʘʢʦʚ ʠ ʜʨ., 1981; 

ɹʫʣʘʭ, ʀʚʘʥʥʠʢʦʚ, 1984; Zaitsev et al., 1996, 1998; ʈʠʧʧ ʠ ʜʨ., 1998, 2000; 

Doroshkevich et al., 2008, 2010).  

ɺ ʢʘʨʙʦʥʘʪʠʪʘʭ ʚ ʯʠʩʣʝ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ʚʩʪʨʝʯʘʶʪʩʷ: ʢʣʠʥʦʧʠʨʦʢʩʝʥ, ʱʝʣʦʯʥʳʝ ʘʤʬʠʙʦʣʳ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʙʠʦʪʠʪʘ, 

ʬʦʨʩʪʝʨʠʪ, ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ, ʪʠʪʘʥʠʪ, ʱʝʣʦʯʥʦʡ ʧʦʣʝʚʦʡ ʰʧʘʪ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʤʠ 

ʠ ʘʢʮʝʩʩʦʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʠʨʦʭʣʦʨ, ʙʘʜʜʝʣʝʠʪ, ʮʠʨʢʦʥ, ʬʪʦʨʘʧʘʪʠʪ, ʮʠʨʢʦʥʦʣʠʪ, 

ʘʥʢʠʣʠʪ-ʉʝ, ʙʘʦʪʠʪ, ʢʘʪʘʧʣʝʠʪ, ʙʝʨʙʘʥʢʠʪ, ʦʣʝʢʤʠʥʩʢʠʪ, ʙʘʨʠʪʦʢʘʣʴʮʠʪ, ʪʦʨʠʪ, 

Nb-ʨʫʪʠʣ, ʛʫʤʠʪ-ʢʣʠʥʦʛʫʤʠʪ, ʬʪʦʨʢʘʨʙʦʥʘʪʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

http://www.mining-enc.ru/a/amfiboly/
http://www.mining-enc.ru/f/forsterit/
http://www.mining-enc.ru/a/quotapatitquot/
http://www.mining-enc.ru/m/magnetit/
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(ʙʘʩʪʥʝʟʠʪ-ʉʝ, ʩʠʥʭʠʟʠʪ-ʉʝ), ʤʦʥʘʮʠʪ-ʉʝ, ʩʫʣʴʬʠʜʳ (ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʩʬʘʣʝʨʠʪ) 

ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʀʩʭʦʜʷ ʠʟ ʥʘʣʠʯʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʢʘʨʙʦʥʘʪʠʪʳ ʤʠʨʘ ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʩʪʘʚʘ - ʦʙʦʛʘʱʝʥʠʝ 

ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʷʚʣʷʶʪʩʷ ʥʠʦʙʠʡ, ʪʘʥʪʘʣ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʮʠʨʢʦʥʠʡ, ʩʪʨʦʥʮʠʡ (Le 

Maitre, 2002), ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʜʦʩʪʠʛʘʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʂʨʫʧʥʝʡʰʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ, ʷʚʣʷʶʪʩʷ: ɸʨʘʰʘ 

(ɹʨʘʟʠʣʠʷ), ɻʫʣʠʥʩʢʦʝ (ʉʠʙʠʨʴ), ʂʦʚʜʦʨ (ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ), ʉʦʢʣʠ 

(ʌʠʥʣʷʥʜʠʷ), ɸʣʴʥʸ (ʐʚʝʮʠʷ), ʇʘʣʘʙʦʨʘ (ʖʞʥʘʷ ɸʬʨʠʢʘ), ɹʝʣʦʟʠʤʠʥʩʢʦʝ 

(ʈʦʩʩʠʷ) ʠ ʜʨʫʛʠʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʷʚʣʷʷʩʴ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʤʠ, 

ʢʘʨʙʦʥʘʪʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʤʠʨʝ 

ʠʟʚʝʩʪʥʦ ʚʩʝʛʦ ʣʠʰʴ 527 ʧʨʦʷʚʣʝʥʠʡ ʢʘʨʙʦʥʘʪʠʪʦʚ (Woolley, Kjarsgaard, 2008). 

ʊʝʨʤʠʥ "ʢʘʨʙʦʥʘʪʠʪʳ" ʚʚʝʣ ʚ ʫʧʦʪʨʝʙʣʝʥʠʝ ʥʦʨʚʝʞʩʢʠʡ ʫʯʝʥʳʡ ɺ.ʂ. 

ɹʨʝʛʛʝʨ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʌʸʥ ʚ ʅʦʨʚʝʛʠʠ (Brßgger, 1920), 

ʦʥ ʚʳʜʚʠʥʫʣ ʛʠʧʦʪʝʟʫ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʫʪʝʤ. ʅ. 

ɹʦʫʵʥ ʨʘʩʢʨʠʪʠʢʦʚʘʣ ʪʦʯʢʫ ʟʨʝʥʠʷ ʦ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

ʆʥ ʧʨʠʰʸʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʠʤʝʶʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ (Bowen, 1924). ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʛʠʧʦʪʝʟʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʥʝʚʤʘʪʦʣʠʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʤʥʦʛʠʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʠ ʩʦʚʝʪʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (ʥʘʧʨʠʤʝʨ: King, 1949; Saether, 1950; Davies, 1952; ʐʝʡʥʤʘʥʥ, 

1955; ɹʦʨʦʜʠʥ, ʅʘʟʘʨʝʥʢʦ, 1957; ʂʫʭʘʨʝʥʢʦ, 1966; ʌʨʦʣʦʚ, 1960). ʅʝʢʦʪʦʨʳʝ 

ʩʦʚʝʪʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʣʠ, ʯʪʦ ɹʝʣʦʟʠʤʠʥʩʢʘʷ ʛʨʫʧʧʘ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʤʘʩʩʠʚʦʚ ʦʙʨʘʟʦʚʘʣʘʩʴ ʠʤʝʥʥʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʧʫʪʝʤ 

(ɻʠʥʟʙʫʨʛ ʠ ʜʨ., 1958; ʉʘʤʦʡʣʦʚ, ɹʘʛʘʩʘʨʦʚ, 1975).  

ɸ.ɻ. ɹʫʣʘʭ ʠ ɺ.ɺ. ʀʚʘʥʠʢʦʚ ʩʯʠʪʘʣʠ, ʯʪʦ ʢʘʨʙʦʥʘʪʠʪʳ ʱʝʣʦʯʥʦ-

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʤʘʩʩʠʚʦʚ ʷʚʣʷʶʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʥʦ ʚ 

ʙʦʛʘʪʦʡ ʬʣʶʠʜʘʤʠ ʩʨʝʜʝ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʣʠʪʝʣʴʥʦʡ, ʯʘʩʪʠʯʥʦʡ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ (ɹʫʣʘʭ, ʀʚʘʥʠʢʦʚ, 1984). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʠ 
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ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʠʥʪʨʫʟʠʚʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʥʘʯʘʣʴʥʦ ʠ ʚʪʦʨʠʯʥʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ. 

ʀʜʝʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʦʚ ʠʟ ʨʘʩʧʣʘʚʘ ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʣʠʢʘʪʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʥʴʰʝ ɸ. ʍʝʛʙʦʤʦʤ (Hºgbom, 1895). 

ʈ.ɸ. ɼʝʣʠ (Daly, 1925) ʦʧʠʩʘʣ ʢʘʨʙʦʥʘʪʥʳʝ ʜʘʡʢʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ɺ 1934 ʛʦʜʫ ʙʳʣ ʠʟʫʯʝʥ ʤʘʩʩʠʚ ʏʠʣʚʘ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʧʝʨʚʳʤ ʠʥʪʨʫʟʠʚʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʬʨʠʢʠ (Dixsy et al., 1937). ʂ ʢʦʥʮʫ 50-ʭ 

ʛʦʜʦʚ ʍ. ʕʢʢʝʨʤʘʥ ʦʧʫʙʣʠʢʦʚʘʣ ʨʘʙʦʪʫ, ʛʜʝ ʥʘʟʳʚʘʣ ʢʘʨʙʦʥʘʪʠʪʳ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʱʝʣʦʯʥʦʡ ʩʠʣʠʢʘʪʥʦʡ 

ʤʘʛʤʳ (Eckerman, 1948). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʣʘʚʣʝʥʠʶ 

ʢʘʣʴʮʠʪʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʩʠʩʪʝʤʝ CaO - CO2 - H2O ʙʳʣʦ ʜʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʘʣʴʮʠʪ ʤʦʞʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʢʘʢ ʣʠʢʚʠʜʫʩʥʘʷ ʬʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʢʦʣʦ 650ÁC ʠ ʜʘʚʣʝʥʠʠ 0.1 ɻʇʘ (Wyllie, Tuttle, 1960). ɺ ʧʦʣʴʟʫ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʠʟ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʳʰʝ 550Áʉ (Keller, 1989; ʉʦʢʦʣʦʚ, 

2006; ɸʥʜʨʝʝʚʘ ʠ ʜʨ. 2004, 2007, 2014). ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʱʝʣʦʯʥʦ-

ʫʛʣʝʢʠʩʣʳʭ, ʢʘʣʴʮʠʝʚʦ-ʫʛʣʝʢʠʩʣʳʭ ʣʘʚ ʚʫʣʢʘʥʘ ʆʣ-ɼʦʠʥɹʦ ʃʝʥʛʘʠ ʚ ʊʘʥʟʘʥʠʠ. 

ʊʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠʟ ʤʘʛʤʳ ʷʚʣʷʝʪʩʷ 

ʬʣʶʠʜʘʣʴʥʘʷ ʪʝʢʩʪʫʨʘ ʥʝʢʦʪʦʨʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ.  

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘʠʙʦʣʴʰʠʡ ʚʩʧʣʝʩʢ ʠʭ ʦʙʩʫʞʜʝʥʠʷ ʥʘʩʪʫʧʠʣ 

ʚ 50-60 ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʢʦʛʜʘ ʚ ʥʠʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʠʭ ʚʘʞʥʦʤ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ. ɺ ʪʦ ʚʨʝʤʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʤʥʦʛʦ ʥʦʚʳʭ ʤʘʩʩʠʚʦʚ ʠ 

ʮʝʣʳʝ ʧʨʦʚʠʥʮʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʟʥʘʥʠʷ ʦ ʢʘʨʙʦʥʘʪʠʪʘʭ ʦʩʥʦʚʘʥʳ ʥʘ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʩʦʚʝʪʩʢʠʭ (ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ 

ʠʟʫʯʝʥʠʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚʥʝʩʣʠ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ɺʀʄʉɸ, ʃɻʋ, ʅʀʀɻɸ, ʀʄɻʈʕ, 

ʀɻʍ ʉʆ ʈɸʅ, ʀɻɽʄ ʠ ʜʨ.), ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʦʰʣʦʛʦ. 

ɺʘʞʥʝʡʰʠʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ: çCarbonatiteséè (Pecora, 1956), çalkaline 



16 

 

rockséè (King, 1960), çLiquid immiscibility éè (Kjarsgaard and Hamilton, 1988), 

çʂʘʣʝʜʦʥʩʢʠʡ ʢʦʤʧʣʝʢʩéè (ʂʫʭʘʨʝʥʢʦ ʠ ʜʨ., 1965), çʂʘʨʙʦʥʘʪʠʪʳè (ʊʘʪʪʣ, 

ɻʠʪʪʠʥʩ, 1969), çʄʠʥʝʨʘʣʦʛʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚè (ʂʘʧʫʩʪʠʥ, 1971), çʇʝʪʨʦʣʦʛʠʷ, 

ʤʠʥʝʨʘʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚéè (ʇʦʞʘʨʠʮʢʘʷ, ʉʘʤʦʡʣʦʚ, 1972), 

çʈʝʜʢʦʤʝʪʘʣʴʥʳʝ ʢʘʤʘʬʦʨʠʪʳéè (ɹʦʨʦʜʠʥ ʠ ʜʨ., 1973), çɼʦʣʦʤʠʪʦʚʳʝ ʠ 

ʘʥʢʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳéè (ʉʦʤʠʥʘ, 1975), çʂʘʨʙʦʥʘʪʠʪʳè (ʉʘʤʦʡʣʦʚ, 1977), 

çʄʠʥʝʨʘʣʳ ʢʘʨʙʦʥʘʪʠʪʦʚéè (ʏʝʨʥʳʰʝʚʘ, 1981), çʇʨʦʙʣʝʤʳ ʤʠʥʝʨʘʣʦʛʠʠ ʠ 

ʧʝʪʨʦʣʦʛʠʠ ʢʘʨʙʦʥʘʪʠʪʦʚè (ɹʫʣʘʭ, ʀʚʘʥʠʢʦʚ, 1984), çéʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʫʜʦʥʦʩʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚè (ɻʠʥʟʙʫʨʛ, ʕʧʰʪʝʡʥ, 1994), 

çʂʘʨʙʦʥʘʪʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʦʩʩʠʠè (ʌʨʦʣʦʚ, 2003) ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ.  

1.2 ʄʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʂʘʨʙʦʥʘʪʠʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʨʷʜʦʤ ʱʝʣʦʯʥʳʭ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ: ʤʝʣʴʪʝʡʛʠʪʘʤʠ, ʠʡʦʣʠʪʘʤʠ, 

ʥʝʬʝʣʠʥʦʚʳʤʠ ʩʠʝʥʠʪʘʤʠ, ʢʠʤʙʝʨʣʠʪʘʤʠ, ʤʝʣʠʣʠʪʠʪʘʤʠ, ʱʝʣʦʯʥʳʤʠ 

ʛʘʙʙʨʦʠʜʘʤʠ (Gittins, 1966; Heinrich, 1966; Woolley, 1987, 2001; Kogarko et al., 

1995; ɺʣʘʜʳʢʠʥ, 2016). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʨʝʜʠ ʥʠʭ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ 

ʷʢʫʧʠʨʘʥʛʠʪ-ʫʨʪʠʪʦʚʦʛʦ ʨʷʜʘ ʠ ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʙʦʣʝʝ 

30 % ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ (ʂʘʨʙʦʥʘʪʠʪʳ, 1969).  

ɺʩʪʨʝʯʘʶʪʩʷ ʢʘʨʙʦʥʘʪʠʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʝ ʚʠʜʠʤʦʡ ʩʚʷʟʠ ʩ ʱʝʣʦʯʥʳʤʠ 

ʩʠʣʠʢʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ (Bailey, 1990; Woolley, 2003; Woolley, Kjarsgaard, 

2008).  

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʠʭ 

ʩʚʷʟʠ ʩ ʱʝʣʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʜʣʷ 

ʢʘʞʜʦʛʦ ʷʚʣʷʝʪʩʷ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʠʣʠʢʘʪʥʳʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ. 

ʇʝʨʚʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʤʘʛʤʳ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʦʡ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʥʘ ʜʚʝ ʥʝʩʤʝʩʠʤʳʝ 
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ʩʠʣʠʢʘʪʥʫʶ ʠ ʢʘʨʙʦʥʘʪʥʫʶ ʞʠʜʢʦʩʪʠ (ʣʠʢʚʘʮʠʷ). ʊʨʝʪʴʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʧʦʨʦʜʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʤʘʛʤ.  

ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʣʘʚʢʠ ʠʟ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʧʝʨʠʜʦʪʠʪʘ ʦʩʥʦʚʘʥ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (Wylhe, Huang, 1975; Wallace, Green, 1988; 

Eggler, 1989; ʈʷʙʯʠʢʦʚ ʠ ʜʨ, 1989; 1993, Thibault et al, 1992; Dalton, Wood, 1993; 

Sweeney, 1994; Yaxley, Green, 1996; Dalton, Presnall, 1998; Lee, Wyllve, 1998, 

2000). ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʨʘʩʧʣʘʚ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʩʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʧʝʨʠʜʦʪʠʪʘ, 

ʠʤʝʝʪ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʡ ʜʦʣʦʤʠʪʦʚʳʡ ʩʦʩʪʘʚ (Sweeney, 1994; Harmer, Gittins, 

1998; Lee, Wyllie, 1998; Wallace, Green, 1988). ʇʨʠʟʥʘʢʘʤʠ ʪʘʢʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʶʪʩʷ ʥʘʣʠʯʠʝ ʰʧʠʥʝʣʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʘ ʠ ʥʠʢʝʣʷ ʚ ʩʦʩʪʘʚʝ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʚ 

ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʱʝʣʦʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ, ʜʦʣʦʤʠʪʦʚʳʡ, 

ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʚʘʨʠʘʮʠʠ SiO2 (ʦʪ ʜʦʣʝʡ ʜʦ 11%) ʠ 

ʜʨʫʛʠʝ (Wallace, Green, 1988; Dalton, Wood, 1993; Sweeney, 1994; Harmer, Gittins, 

1998; Lee, Wyllie, 1998; Harmer, Gittins, 1998; Bell, Rukhlov, 2004; Mitchell, 2005; 

ɼʦʨʦʰʢʝʚʠʯ, 2013). ʂ ʧʨʠʨʦʜʥʳʤ ʧʨʠʤʝʨʘʤ ʵʪʦʛʦ ʪʠʧʘ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʉʘʨʬʘʨʪʦʛ ʚ ɻʨʝʥʣʘʥʜʠʠ (Secher, Larsen, 1980), ʅʝʚʘʥʠʷ ʚ ʀʥʜʠʠ 

(Doroshkevich et al., 2010), ʊʘʤʘʟʝʨʪ ʚ ʄʘʨʦʢʢʦ (Mourtada et al., 1997), ɺʝʩʝʣʦʝ ʠ 

ʇʦʛʨʘʥʠʯʥʦʝ ʚ ʈʦʩʩʠʠ (ɼʦʨʦʰʢʝʚʠʯ, 2013).  

ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʜʝʣʝʥʠʷ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʛʤʳ ʥʘ ʜʚʝ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʞʠʜʢʦʩʪʠ, 

ʢʘʨʙʦʥʘʪʥʫʶ ʠ ʩʠʣʠʢʘʪʥʫʶ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

(Koster van Groos, 1975; Wedlandt, Harrison, 1979; Freestone, Hamilton, 1980; 

Kjarsgaard, Hamilton, 1988; Kjarsgaard, 1998; Brooker, 1998; Wyllie, Lee, 1998; 

Veksler et al., 2012; ʉʫʢ, 2012). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʰʠʨʦʢʦʡ 

ʦʙʣʘʩʪʠ ʥʝʩʤʝʩʠʤʦʩʪʠ ʤʝʞʜʫ ʱʝʣʦʯʥʳʤʠ ʩʠʣʠʢʘʪʥʳʤʠ ʠ ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʨʘʩʧʣʘʚʘʤʠ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʣʠʢʘʪʥʦ-
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ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʩʩʣʘʠʚʘʥʠʷ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʊ=1100 ʠ 1250ʉ ʠ ʈ=2 ʢʙʘʨ, ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ ʨʘʩʱʝʧʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʨʘʩʧʣʘʚʦʚ ʥʘ ʜʚʝ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʞʠʜʢʦʩʪʠ ï ʩʠʣʠʢʘʪʥʫʶ ʠ ʢʘʨʙʦʥʘʪʥʫʶ (ʉʫʢ, 

2001, 2003). ʄʝʞʜʫ ʥʠʤʠ ʦʪʤʝʯʝʥʳ ʬʘʟʦʚʳʝ ʛʨʘʥʠʮʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʝʚ ʠʣʠ 

ʢʘʧʣʝʚʠʜʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʜʨʫʛʦʡ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳʝ 

ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ (ʉʫʢ, 2012). ʇʨʠ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠ̫ (Ò 1000 

ʄʇʘ), ʤʘʣʦʡ ʚʷʟʢʦʩʪʠ (~5 Å 10
-3 
ʇʘ*ʩ), ʧʣʦʪʥʦʩʪʠ (~2.2 ʛ/ʩʤ

3
) ʠ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩʘ (~650 Áʉ), ʛʣʫʙʠʥʳ Ò 30 ʢʤ, ʢʘʨʙʦʥʘʪ-ʩʦʜʝʨʞʘʱʘʷ ʤʘʛʤʘ 

ʚʝʩʴʤʘ ʧʦʜʚʠʞʥʘ ʠ ʟʘʪʚʝʨʜʝʚʘʝʪ ʧʦʟʜʥʝʝ ʩʠʣʠʢʘʪʥʦʡ. ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʩʣʫʞʘʪ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ 

ʧʦʨʦʜ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ɻʫʣʠ, ɹʝʣʘʷ ɿʠʤʘ, ʠ ʂʘʡʟʝʨʰʪʫʣʴ 

(ɻʝʨʤʘʥʠʷ) (Rankin, Le Bas, 1974; ʈʦʤʘʥʯʝʚ, ʉʦʢʦʣʦʚ, 1980; Nielsen et al., 1997; 

Veksler et al., 1998; ʈʘʩʩ, ʇʣʝʯʦʚ, 2000; ɸʥʜʨʝʝʚʘ ʠ ʜʨ., 1998, 2007; B¿hn, Rankin, 

1999; Bell, Rukhlov, 2004; Panina, 2005; ʉʦʣʦʚʦʚʘ ʠ ʜʨ., 2005; ɼʦʨʦʰʢʝʚʠʯ ʠ ʜʨ., 

2004; Doroshkevich et al., 2010; ɼʦʨʦʰʢʝʚʠʯ, 2013). 

ʂʘʨʙʦʥʘʪʠʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ 

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ, ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ʧʦʩʣʝʜʥʠʭ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ 

ʙʣʠʟʦʢ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʩʠʣʠʢʘʪʥʦ-

ʢʘʨʙʦʥʘʪʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʥʝʩʤʝʩʠʤʦʩʪʴʶ ʚ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʷʭ (Rankin, Le 

Bas, 1974; ʈʦʤʘʥʯʝʚ, ʉʦʢʦʣʦʚ, 1980; Kjarsgaard, Hamilton, 1989; Wyllie, 1989; 

Brooker, 1998; Harmer, Gittins, 1998; Lee, Wyllie, 1998; ʈʠʧʧ ʠ ʜʨ., 2000; Gittins, 

Harmer, 2003; ʉʫʢ, 2003; Panina, 2005; Doroshkevich et al., 2010; Veksler et al., 

2012).  

ʆʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (Ferguson, Curre, 1971; ʈʦʤʘʥʯʝʚ, ʉʦʢʦʣʦʚ, 1979; 

Korapʢʦ ʠ ʜʨ, 1992; Le Bas, Aspden, 1981; ʉʦʢʦʣʦʚ, 1993; ʉʦʣʦʚʦʚʘ ʠ ʜʨ, 1996; ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ). ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʱʝʣʦʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʥʠʞʝ ʩʤʝʩʠʤʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʣʴʮʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʨʦʜ. ʇʦʜʦʙʥʳʝ ʨʘʩʧʣʘʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ, 
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ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ, ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʢʫʤʫʣʷʪʠʚʥʫʶ ʧʨʠʨʦʜʫ 

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (Harmcr, Gittms, 1997; Kjarsgaard, 1998). ɽʩʣʠ ʚ 

ʩʠʣʠʢʘʪʥʳʭ ʤʘʛʤʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʩʪʘʪʦʯʥʳʡ ʢʘʨʙʦʥʘʪ, ʬʦʨʤʠʨʫʶʪʩʷ 

çʢʘʨʙʦʪʝʨʤʘʣʴʥʳʝè ʧʦʨʦʜʳ ʠ ʩʠʣʠʢʦʢʘʨʙʦʥʘʪʠʪʳ ʙʝʟ ʘʩʩʦʮʠʠʨʫʶʱʠʭ 

ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ (Mitchell, 2005). ʇʨʠʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʧʨʦʷʚʣʝʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʢʘʢ ʂʘʥʜʘʛʫʙʘ (Pilipiuk et al., 2001), ʂʦʚʜʦʨ (Veksler et al., 1998), 

ʊʫʨʠʡ ʄʳʩ (ɹʫʣʘʭ, ʀʚʘʥʥʠʢʦʚ, 1984), ʆʜʠʭʠʥʯʘ ʠ ʂʫʛʜʘ (ʂʦʥʦʥʦʚʘ, 1976), 

ʏʘʭʳʨʪʦʡʩʢʠʡ ʠ ʏʠʢʩʢʠʡ ʤʘʩʩʠʚʳ (ʂʦʥʦʥʦʚʘ, 1976), ʤʘʩʩʠʚʳ ɺʠʪʠʤʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ (ʂʦʥʝʚ, 1982; ɺʨʫʙʣʝʚʩʢʘʷ, 1992; Doroshkevich et al., 2012).  

ɺ ʢʘʨʙʦʥʘʪʠʪʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ. ʉʦʛʣʘʩʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʨʘʩʧʣʘʚ ʦʙʦʛʘʱʝʥ ʥʠʦʙʠʝʤ, 

ʮʠʨʢʦʥʠʝʤ, ʠ ʈɿʕ ʦʪʥʦʩʠʪʝʣʴʥʦ ʱʝʣʦʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ (Veksler et al., 2014; 

Martin et al., 2014), ʢʘʨʙʦʥʘʪʠʪʳ ʠ ʩʠʣʠʢʘʪʥʳʝ ʧʦʨʦʜʳ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʠʟʦʪʦʧʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʩʪʨʦʥʮʠʷ ʠ ʥʝʦʜʠʤʘ. ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʦʪ 

ʨʘʥʥʠʭ ʢʘʨʙʦʥʘʪʠʪʦʚʦʚ ʢ ʧʦʟʜʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʥʜʫ ʠʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʨʘʩʧʣʘʚʘ (Wyllie, Haas, 1965; Heinrich, 1966; ʂʦʥʦʥʦʚʘ, 1976; Le Bas, 1987; ʂʦʥʝʚ, 

1982; ɺʨʫʙʣʝʚʩʢʘʷ, 1992; Otto, Wyllie, 1993; Lee, Wyllie, 1994, 1998; Veksler et al., 

1998; Pilipiuk et al., 2001; Tappe et al., 2006; Doroshkevich et al., 2012; ɼʦʨʦʰʢʝʚʠʯ, 

2011). 

ʃ.ʅ. ʂʦʛʘʨʢʦ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʚʫʭʩʪʘʜʠʡʥʘʷ ʤʦʜʝʣʴ ʟʘʨʦʞʜʝʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ (Kogarko et al., 1995ʘ, b; 2006, ʂʦʛʘʨʢʦ, 2005). ɼʣʷ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʝʨʣʠʪʘ ʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ (ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ 

ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ), 2Mg2Si2O6 + CaMg(CO3)2 ʨʘʩʧʣʘʚ = CaMgSi2O6 + 2Mg2SiO4 

+ 2Cʆ2 ʬʣʶʠʜ ʠ CaMgSi2O6 +3CaMg(CO3)2 ʨʘʩʧʣʘʚ = 4CaCO3 ʨʘʩʧʣʘʚ + 2Mg2SiO4 

+ 2CO2 ʬʣʶʠʜ, ʠ ʦʙʦʛʘʱʝʥʠʝ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʅʘ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʤʘʥʪʠʡʥʦʛʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ 
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ʱʝʣʦʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ï ʤʝʣʴʪʝʡʛʠʪʦʚ, ʠʡʦʣʠʪʦʚ, ʫʨʪʠʪʦʚ, ʥʝʬʝʣʠʥʦʚʳʭ ʠ 

ʣʝʡʮʠʪʦʚʳʭ ʩʠʝʥʠʪʦʚ.  

1.3 ʂʘʨʙʦʥʘʪʠʪʳ - ʠʩʪʦʯʥʠʢ ʥʠʦʙʠʷ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʉʫʱʝʩʪʚʫʝʪ 6 ʛʣʘʚʥʳʭ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ ʥʠʦʙʠʝʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ: 1) ʨʝʜʢʦʤʝʪʘʣʴʥʦ-ʧʝʛʤʘʪʠʪʦʚʳʡ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʘʢʝʥʥʦʝ ʚ 

ɺʦʩʪʦʯʥʦʤ ʂʘʟʘʭʩʪʘʥʝ, ɻʨʠʥʙʫʰʝʩ ʠ ʋʦʜʞʠʥʘ ʚ ɸʚʩʪʨʘʣʠʠ); 2) ʨʝʜʢʦʤʝʪʘʣʴʥʦ-

ʛʨʘʥʠʪʥʳʡ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʙʫ-ɼʘʙʙʘʙ ʠ ʅʫʚʝʡʙʠ ʚ ɽʛʠʧʪʝ ʠ ʜʨ.); 3) 

ʤʘʛʤʘʪʠʯʝʩʢʠʡ (ʂʘʪʫʛʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ, ʈʦʩʩʠʷ) 

(ʉʢʣʷʨʦʚ ʠ ʜʨ., 2015); 4) ʣʦʧʘʨʠʪʦʚʳʡ ʚ ʨʘʩʩʣʦʝʥʥʳʭ ʘʛʧʘʠʪʦʚʳʭ ʥʝʬʝʣʠʥʦʚʳʭ 

ʩʠʝʥʠʪʘʭ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʃʦʚʦʟʝʨʩʢʦʡ ʛʨʫʧʧʳ, ʈʦʩʩʠʷ); 5) ʘʣʴʙʠʪʠʪʦʚʳʡ 

(ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʠʣʣ-ʃʝʡʢ ʚ ʂʘʥʘʜʝ, ɺʠʰʥʝʚʦʛʦʨʩʢʦʝ, ʈʦʩʩʠʷ); 6) 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʨʘʰʘ ʠ ʜʨʫʛʠʝ ʚ ɹʨʘʟʠʣʠʠ, ʉʝʥʪ-ʆʥʦʨʝ ʚ 

ʂʘʥʘʜʝ, ɹʝʣʦʟʠʤʠʥʩʢʦʝ ʚ ʈʦʩʩʠʠ). 

ʆʩʥʦʚʥʳʤ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʤ ʪʠʧʦʤ ʥʠʦʙʠʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʦ 94% ʤʠʨʦʚʳʭ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʟʘʧʘʩʦʚ ʵʪʦʛʦ ʤʝʪʘʣʣʘ, 

ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʠʪʳ ʠ ʢʦʨʳ ʠʭ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʅʠʦʙʠʡ (Nb) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʣʘʩʪʠʥʯʘʪʳʡ ʪʫʛʦʧʣʘʚʢʠʡ ʪʷʞʝʣʳʡ ʤʝʪʘʣʣ, ʦʯʝʥʴ ʩʪʦʡʢʠʡ ʢ ʢʦʨʨʦʟʠʠ ʠ ʦʙʣʘʜʘʝʪ 

ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʝʪʘʣʣ ʚʢʣʶʯʝʥ ʚ çʇʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷè, ʫʪʚʝʨʞʜʝʥʥʳʡ ʈʘʩʧʦʨʷʞʝʥʠʝʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ50-ʨ ʦʪ 16 ʷʥʚʘʨʷ 1996 ʛ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 100 ʤʠʥʝʨʘʣʦʚ ʥʠʦʙʠʷ. 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʠʨʦʭʣʦʨ, ʢʦʣʫʤʙʠʪ, ʣʦʧʘʨʠʪ, ʨʫʪʠʣ (ʪʘʙʣ. 1.3.1). 

ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʥʠʦʙʠʷ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ 

ʧʦʩʣʝ ɹʨʘʟʠʣʠʠ. ʇʦ ʦʮʝʥʢʝ çʀʥʬʦʤʘʡʥè, ʟʘʧʘʩʳ ʧʷʪʠʦʢʠʩʠ ʥʠʦʙʠʷ ʚ ʈʦʩʩʠʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 3,5 ʤʣʥ ʪ (2,45 ʤʣʥ ʪ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʥʠʦʙʠʡ), (Internet: 

www.infomine.ru). ʅʘʢʦʧʣʝʥʠʝ ʥʠʦʙʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʪʘʭ ʤʥʦʛʦʬʘʟʥʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʆʩʥʦʚʥʳʤ ʤʠʥʝʨʘʣʦʤ ʥʘʢʦʧʠʪʝʣʝʤ 

ʷʚʣʷʶʪʩʷ ʧʠʨʦʭʣʦʨ ʠ ʬʝʨʨʦʢʦʣʫʤʙʠʪ, ʢʦʪʦʨʳʝ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʥʘ 

http://www.infomine.ru/
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ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Mitchell, 2015; 

Chakhmouradain, 2015). 

 

ʊʘʙʣʠʮʘ 1.3.1 ʆʩʥʦʚʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʩʦʜʝʨʞʘʱʠʝ ʥʠʦʙʠʡ 

ʄʠʥʝʨʘʣ ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʉʦʜʝʨʞʘʥʠʝ Nb2O5, % 

ʇʠʨʦʭʣʦʨ (Ca. Na)2 Nb2O6 (OH. F) 40.5ï82.5 

ɹʘʨʠʦʧʠʨʦʭʣʦʨ 

(ʧʘʥʜʘʠʪ) 
(Ba. Sr)2 (Nb. Ta)2 O6 (O. OH) 64ï67 

ʂʦʣʫʤʙʠʪ (Fe. Mn) Nb2O6 57ï73 

ʀʣʴʤʝʥʦʨʫʪʠʣ 

(ʥʠʦʙʠʩʪʳʡ 

ʨʫʪʠʣ) 

(Ti. Nb. Ta. Fe) O2 4.5ï33.5 

ʃʦʧʘʨʠʪ (Na. Ce. Ca) (Ti. Nb) O3 3.5ï12.8 

 

ɹʝʣʦʟʠʤʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʠʦʙʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʨʷʜʫ ʢʨʫʧʥʳʭ, ʩ 

ʟʘʧʘʩʘʤʠ ʧʷʪʠʦʢʠʩʠ ʥʠʦʙʠʷ ʩʚʳʰʝ 50 ʪʳʩ. ʪʦʥʥ (ʀʩʪʦʯʥʠʢ: çɻʠʨʝʜʤʝʪè, 

çʀʥʬʦʤʘʡʥè). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʦ (ʥʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ).  

ʇʦʤʠʤʦ ʥʠʦʙʠʷ, ʪʘʥʪʘʣʘ, ʮʠʨʢʦʥʠʷ, ʩʪʨʦʥʮʠʷ, ʙʘʨʠʷ, ʫʨʘʥʘ, ʪʦʨʠʷ, 

ʢʘʨʙʦʥʘʪʠʪʳ ʪʘʢ ʞʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʦʜʭʦʜʷʱʠʭ 

ʜʣʷ ʠʭ ʜʦʙʳʯʠ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ-ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʈɿʕ 

ʷʚʣʷʶʪʩʷ ʙʘʩʪʥʝʟʠʪ (CeCO3F, 75% ʈɿʕ) ʠ ʤʦʥʘʮʠʪ (ʉePO4, 65% ʈɿʕ). ʅʘ ʜʦʣʶ 

ʙʘʩʪʥʝʟʠʪʦʚʳʭ ʠ ʤʦʥʘʮʠʪ-ʙʘʩʪʥʝʟʠʪʦʚʳʭ ʨʫʜ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 

80% ʚʩʝʭ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʈɿʕ (http://www.mineral.ru; 

http://www.tvc.ru/news/show/id/19411). ʆʢʦʣʦ 50% ʚʩʝʭ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʈɿʕ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʙʘʩʪʥʝʟʠʪʦʚʳʭ ʨʫʜʘʭ ʜʚʫʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï 

ɹʘʷʥ ʆʙʦ (ʂʠʪʘʡ) ʠ ʄʘʫʥʪʠʥ ʇʘʩʩ (ʉʐɸ). ʈʦʩʩʠʷ ʚʣʘʜʝʝʪ ʥʝ ʤʝʥʝʝ 20% ʤʠʨʦʚʳʭ 

ʟʘʧʘʩʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʢʦʣʦ 27,7 ʤʣʥ ʪ. ʆʩʥʦʚʥʘʷ 

http://www.mineral.ru/
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ʯʘʩʪʴ ʟʘʧʘʩʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (40%) ʩʦʜʝʨʞʠʪʩʷ ʚ ʘʧʘʪʠʪ-ʥʝʬʝʣʠʥʦʚʳʭ 

ʨʫʜʘʭ ʍʠʙʠʥʩʢʦʡ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʥʘ ʊʦʤʪʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

(ʗʢʫʪʠʷ), ʩ ʧʨʦʛʥʦʟʥʳʤʠ ʨʝʩʫʨʩʘʤʠ (ʈ1) 1 640,389 ʪʳʩ. ʪʦʥʥ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ.  

ɹʝʣʦʟʠʤʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʟʘʢʣʶʯʘʝʪ ʧʦʯʪʠ 6% 

ʨʦʩʩʠʡʩʢʠʭ ʟʘʧʘʩʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (http://www.mineral.ru; 

http://www.tvc.ru/news/show/id/19411).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ, ʭʦʪʷ ʦʙʳʯʥʦ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʢʘʨʙʦʥʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ (ɹʫʣʘʭ, 1961; 

ʂʘʨʙʦʥʘʪʠʪʳ, 1969; ʂʘʧʫʩʪʠʥ, 1971; ʉʘʤʦʡʣʦʚ, 1977; Mariano, 1989; Ngwenya, 

1994; Wall & Mariano, 1996; Zaitsev, 1996; Zaitsev et el., 1998; ɹʘʛʜʘʩʘʨʦʚ, 2001, 

2005). ɻʣʘʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʈɿʕ ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʷʚʣʷʶʪʩʷ ʧʘʨʠʟʠʪ, ʙʘʩʪʥʝʟʠʪ, 

ʤʦʥʘʮʠʪ (Chakhmouradain, 2012). 
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ɻʣʘʚʘ 2. ɻɽʆʃʆɻʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɿʀʄʀʅʉʂʆɻʆ 

ʈʋɼʅʆɻʆ ʈɸʁʆʅɸ ʀ ɹɽʃʆɿʀʄʀʅʉʂʆɻʆ ʄɸʉʉʀɺɸ 

2.1 ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʠʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ 

ʆʩʥʦʚʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʠʩʪʦʨʠʠ ʠʟʫʯʝʥʥʦʩʪʠ 

ɿʠʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ, ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ɸ.ɸ. ʌʨʦʣʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (1999, 

2003, 2005). 

ɿʠʤʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʳʡ ʦʙʲʝʢʪ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʈʦʩʩʠʠ. ʆʥ ʚʢʣʶʯʘʝʪ ʨʷʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ Nb, Ta, TR, U, Pb, Zn ʠ P, ʦʙʨʘʟʫʶʱʠʭ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʫʶ 

ʧʨʦʚʠʥʮʠʶ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʇʦʞʘʨʠʮʢʘʷ ʠ ʜʨ., 

1972; ʆʚʯʠʥʥʠʢʦʚ ʠ ʜʨ., 1990; ɹʨʳʥʮʝʚ, 1994; ʌʨʦʣʦʚ, ɹʝʣʦʚ, 1999; ɹʘʛʜʘʩʘʨʦʚ, 

2001; ʌʨʦʣʦʚ ʠ ʜʨ., 2003). 

ɿʠʤʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ ʥʘʭʦʜʠʪʩʷ ʚ ɺʦʩʪʦʯʥʦʤ ʉʘʷʥʝ ʠ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ 

ʦʢʦʣʦ 1000 ʢʤ
2
. ʈʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʛʦ ʋʨʠʢʩʢʦï

ʀʡʩʢʦʛʦ ʛʨʘʙʝʥʘ ʩ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʊʘʡʤʳʨʦïɸʥʛʘʨʩʢʠʤ ʧʘʣʝʦʨʠʬʪʦʤ, ʛʜʝ 

ʧʦʚʝʨʭʥʦʩʪʴ ʄʦʭʦ ʧʨʠʧʦʜʥʷʪʘ ʥʘ 4-5 ʢʤ ʠ ʠʤʝʝʪ ʩʪʫʧʝʥʯʘʪʦ-ʙʣʦʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ 

(ʌʨʦʣʦʚ, ɹʝʣʦʚ, 1999). ɻʨʘʙʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʫʶ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʣʠʥʝʡʥʫʶ ʟʦʥʫ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 200 ʢʤ ʠ ʰʠʨʠʥʦʡ 30 ʢʤ 

(ʌʨʦʣʦʚ ʠ ʜʨ., 2003).  

 ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʩʪʨʦʝʥʠʠ ɿʠʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʠʛʨʘʶʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ. ʅʘ ʶʛʦ-ʟʘʧʘʜʝ ʨʘʡʦʥ ʧʨʠʤʳʢʘʝʪ ʢ 

ɻʣʘʚʥʦʤʫ ʉʘʷʥʩʢʦʤʫ ʨʘʟʣʦʤʫ. ʎʝʥʪʨ ɿʠʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʨʘʩʩʝʢʘʝʪ 

ɹʝʣʦʟʠʤʠʥʩʢʠʡ ʨʘʟʣʦʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʨʠʩ. 2.1.1).  

 ɻʨʘʙʝʥ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ 

ʢʘʤʯʘʜʘʣʴʩʢʦʡ ʩʚʠʪʳ (ʤʦʱʥʦʩʪʴ ʩʚʠʪʳ 1000-1500 ʤ), ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʩʣʘʥʮʳ, ʛʥʝʡʩʳ ʠ ʢʚʘʨʮʠʪʳ. ʇʦʨʦʜʳ ʠʥʛʘʰʠʥʩʢʦʡ ʩʚʠʪʳ (ʤʦʱʥʦʩʪʴ 3000-3500 ʤ) 

ʟʘʣʝʛʘʶʪ ʚ ʦʩʥʦʚʘʥʠʠ ʩʨʝʜʥʝ - ʚʝʨʭʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʷʨʫʩʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʣʘʥʮʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, ʢʚʘʨʮʠʪʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʟʘʣʝʛʘʝʪ 

ʫʨʠʢʩʢʘʷ ʩʚʠʪʘ ʩʨʝʜʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ 

ʛʨʘʙʝʥʘ. ʋʨʠʢʩʢʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʩʣʘʥʮʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, ʢʚʘʨʮʠʪʘʤʠ, ʤʦʱʥʦʩʪʴ 
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4000 ʤ. ɽʨʤʦʩʦʭʠʥʩʢʘʷ ʩʚʠʪʘ ʚʝʨʭʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ, ʤʦʱʥʦʩʪʴʶ 800-900 ʤ, 

ʩʣʦʞʝʥʘ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, ʛʨʘʚʝʣʠʪʘʤʠ. ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ ʩʚʠʪʘʤʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ (ʌʨʦʣʦʚ ʠ ʜʨ., 2003).  

ʄʘʩʩʠʚʳ ʦʥʦʪʩʢʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɿʠʤʠʥʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ 

ʠʥʪʨʫʟʠʷʤʠ ʛʨʘʥʠʪʦʚ ʠ ʛʨʘʥʠʪʦʛʥʝʡʩʦʚ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʤ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʨʘʡʦʥʝ. ʇʦʨʦʜʳ ʘʥʛʫʦʣʴʩʢʦʛʦ 

ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʙʘʟʘʤʠ ʠ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʤʠ. 

ʅʘ ʶʛʦ-ʟʘʧʘʜʝ ʨʘʡʦʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʭʦʜʳ ʛʨʘʥʠʪʦʠʜʦʚ ʩʘʷʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʚʝʨʭʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ. ʂʦʤʧʣʝʢʩ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ - ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚ (ʋʑʂ) ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɿʠʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʨʘʡʦʥʘ, ʚ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ɹʝʣʦʟʠʤʠʥʩʢʠʡ, ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʠʡ, ʉʨʝʜʥʝʟʠʤʠʥʩʢʠʡ 

ʤʘʩʩʠʚʳ ʠ ʗʨʤʠʥʩʢʘʷ ʨʫʜʥʘʷ ʟʦʥʘ (ʌʨʦʣʦʚ ʠ ʜʨ., 2003) (ʨʠʩ. 2.1.1), ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʭ ʙʳʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠ ʟʘʥʠʤʘʣʦ ʙʦʣʝʝ 100 ʤʣʥ ʣʝʪ. ʄʘʩʩʠʚʳ ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʘ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʫʨʦʚʥʷʭ: ʦʪ ʛʠʧʘʙʠʩʘʣʴʥʦʛʦ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʜʦ 

ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʦʛʦ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʉʨʝʜʥʝʟʠʤʠʥʩʢʦʛʦ 

ʧʣʫʪʦʥʘ. 
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ʈʠʩ. 2.1.1. ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ɿʠʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʧʦ ʜʘʥʥʳʤ 

ʌʨʦʣʦʚʘ ʠ ʜʨ., 2003. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 - ʩʣʘʥʮʳ, 2 - ʜʦʣʝʨʠʪʳ, 3 - ʛʨʘʥʠʪʳ, 4 ï ʠʡʦʣʠʪʳ 

ʠ ʤʝʣʴʪʝʡʛʠʪʳ, 5 ï ʢʘʨʙʦʥʘʪʠʪʳ, 6 - ʨʘʟʣʦʤʳ. 
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2.2 ʀʩʪʦʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ɹʝʣʦʟʠʤʠʥʩʢʠʡ ʤʘʩʩʠʚ ʙʳʣ ʦʪʢʨʳʪ ʚ ʥʘʯʘʣʝ 50-ʭ ʛʦʜʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʵʢʩʧʝʜʠʮʠʝʡ ʚ ʩʦʩʪʘʚʝ ɺʀʄʉʘ (ɺʩʝʩʦʶʟʥʳʡ ʠʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ). 

ʌʝʨʛʘʥʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ, ʟʘʥʠʤʘʚʰʘʷʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʥʦʚʦʡ ʧʨʦʙʣʝʤʳ ʚʦ ʛʣʘʚʝ ʩ 

ʛʣʘʚʥʳʤ ʛʝʦʣʦʛʦʤ ɸ.ʀ. ʉʫʣʦʝʚʳʤ ʣʝʪʦʤ 1952 ʛ. ʚʳʧʦʣʥʷʣʠ ʘʵʨʦʛʝʦʬʠʟʠʯʝʩʢʫʶ 

ʩʲʝʤʢʫ ʚ ʧʨʝʜʛʦʨʴʷʭ ɺʦʩʪʦʯʥʳʭ ʉʘʷʥ ʚ ʙʘʩʩʝʡʥʝ ʣʝʚʳʭ ʧʨʠʪʦʢʦʚ ʨʝʢʠ ɿʠʤʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʚʳʣʝʪʦʚ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ɹʝʣʘʷ ɿʠʤʘ ʦʧʝʨʘʪʦʨʦʤ ɸ.ɺ. 

ʅʝʬʝʜʦʚʳʤ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʢʨʫʧʥʘʷ ʘʵʨʦʛʘʤʤʘʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʘʥʦʤʘʣʠʷ. ʅʘ 

ʩʣʝʜʫʶʱʝʝ ʣʝʪʦ ʜʣʷ ʥʘʟʝʤʥʦʡ ʧʨʦʚʝʨʢʠ ʘʥʦʤʘʣʠʠ ʩʥʘʨʷʜʠʣʠ ʧʦʠʩʢʦʚʳʡ ʦʪʨʷʜ 

ɺʀʄʉʘ ʧʦʜ ʥʘʯʘʣʦʤ ʅ.ʌ. ʐʘʨʤʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ, ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʘʥʦʤʘʣʠʷ ʠʤʝʝʪ ʨʫʜʥʫʶ ʧʨʠʨʦʜʫ ʠ ʩʚʷʟʘʥʘ ʦʥʘ ʩ 

ʧʨʦʮʝʩʩʦʤ ʩʢʘʨʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱ. ʉʧʫʩʪʷ ʯʝʪʳʨʝ ʛʦʜʘ ɸ.ʀ. ʉʫʣʦʝʚ ʠ 

ʅ.ɽ. ʂʦʩʪʠʥ ʚ 1956 ʛ. ʥʘ ɺʩʝʩʦʶʟʥʦʤ ʩʦʚʝʱʘʥʠʠ ʧʦ ʨʝʜʢʠʤ ʤʝʪʘʣʣʘʤ ʚʳʩʪʫʧʠʣʠ ʩ 

ʧʨʝʜʣʦʞʝʥʠʝʤ ʚʦʟʦʙʥʦʚʠʪʴ ʨʘʙʦʪʳ ʥʘ ɹʝʣʦʟʠʤʠʥʩʢʦʤ ʤʘʩʩʠʚʝ. ʃʝʪʦʤ 1957 ʛʦʜʘ. 

ʩʦʚʤʝʩʪʥʳʡ ʦʪʨʷʜ ɺʀʄʉʘ (ʖ.ɹ. ʃʘʚʨʝʥʝʚ ʠ ʃ.ʂ. ʇʦʞʘʨʠʮʢʘʷ) ʠ ʀʨʢʫʪʩʢʦʛʦ 

ʛʝʦʣʫʧʨʘʚʣʝʥʠʷ (ɹ.ʇ. ʇʦʣʷʥʠʯʢʦ) ʧʨʦʚʝʣ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ɹʝʣʦʟʠʤʠʥʩʢʦʤ ʨʫʜʦʧʨʦʷʚʣʝʥʠʠ. ʀʭ ʛʣʘʚʥʳʡ ʚʳʚʦʜ ʛʣʘʩʠʣ, ʯʪʦ 

ʠʟʫʯʝʥʥʳʡ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʦʙʠʝʚʦʝ (ʧʠʨʦʭʣʦʨʦʚʦʝ) ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʥʦʚʦʛʦ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʪʠʧʘ. ʊʘʢʘʷ ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚ ʢʦʨʥʝ ʤʝʥʷʣʘ 

ʝʛʦ ʦʮʝʥʢʫ, ʦʪʢʨʳʚʘʷ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ, ʧʦʵʪʦʤʫ ʚ 1958 ʛ. ʧʦ 

ʨʘʩʧʦʨʷʞʝʥʠʶ ʥʘʯʘʣʴʥʠʢʘ ʀʨʢʫʪʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʀ. ɸ. ʄʠʥʝʝʚʘ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʚʝʜʢʠ ʠ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ɹʝʣʦʟʠʤʠʥʩʢʘʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʘʷ ʵʢʩʧʝʜʠʮʠʷ. ɸ.ɸ. 

ʌʨʦʣʦʚʳʤ ʥʘʯʘʣʦʩʴ ʧʨʦʚʦʜʠʪʴʩʷ ʜʝʪʘʣʴʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʚ ʨʘʡʦʥʝ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʢʘʨʪʘ ʤʘʩʩʠʚʘ ʤʘʩʰʪʘʙʘ 1:10 000 

ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʠʤ ʩʦʚʤʝʩʪʥʦ ʩ ʠʨʢʫʪʩʢʠʤ ʛʝʦʣʦʛʦʤ ɺ.ɻ. ʂʫʟʥʝʮʦʚʳʤ. ɺ ʭʦʜʝ 

ʵʪʠʭ ʨʘʙʦʪ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ɹʝʣʦʟʠʤʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠʤʝʝʪ ʢʨʫʧʥʳʝ 

ʟʘʧʘʩʳ ʨʝʜʢʦʤʝʪʘʣʴʥʦ-ʬʦʩʬʦʨʥʳʭ ʨʫʜ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ 

ʤʘʩʩʠʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ: ʚʳʩʦʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʥʠʦʙʠʷ, ʈɿʕ, ʬʦʩʬʦʨʘ, ʩʪʨʦʥʮʠʷ ʠ ʮʠʨʢʦʥʠʷ, ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 
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ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʩʪʨʘʥʝ. ɺ ʨʫʜʥʳʭ ʟʦʥʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʩʦʜʝʨʞʠʪʩʷ: 0,1-0,5% Nb2O5, 0,01-0,04% Ta2O5, 0,5-3,0% TR2O3, 3,5-4,5 P2O5. ɿʘʧʘʩʳ 

ʠ ʨʝʩʫʨʩʳ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʮʝʥʝʥʳ ʚ 7,3 ʤʣʥ ʪʦʥʥ ʦʢʩʠʜʘ 

ʥʠʦʙʠʷ, 3,8 ʤʣʥ ʪʦʥʥ ʦʢʩʠʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ, 167 ʤʣʥ ʪʦʥʥ ʦʢʩʠʜʘ 

ʬʦʩʬʦʨʘ ʠ 5 ʪʳʩʷʯ ʪʦʥʥ ʦʢʩʠʜʘ ʪʘʥʪʘʣʘ (ʌʨʦʣʦʚ ʠ ʜʨ., 2003). ɼʘʣʝʝ, ʚ ʭʦʜʝ 

ʠʟʫʯʝʥʠʷ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʘ, ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʝʪʦʜʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʛʝʦʢʘʨʪʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ (ɹʘʛʜʘʩʘʨʦʚ, ɺʦʨʦʥʦʚʩʢʠʡ, 

1980; ʌʨʦʣʦʚ ʠ ʜʨ., 2003). ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʘʣʴʥʦʡ ʨʘʟʚʝʜʢʠ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠ ̫ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʀɻʋ, 

ʎʅʀɻʈʀ, ɻʠʨʝʜʤʝʪ, ɹʨʦʥʥʠʮʢʘʷ ʵʢʩʧʝʜʠʮʠʷ ʀʄɻʈʕ, 1956-1980) ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʤʦʱʥʦʩʪʴ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

40-50 ʤ. ɺ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚʳʜʝʣʝʥʳ ʟʦʥʳ ʜʝʟʠʥʪʝʛʨʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʣʦʤʢʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʨʝʣʠʢʪʦʚʳʤʠ ʟʝʨʥʘʤʠ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢ ʞʝ ʛʣʠʥʠʩʪʦ-ʦʭʨʠʩʪʳʭ ʧʨʦʜʫʢʪʦʚ 

(ʊʝʨʝʭʦʚ, 1992). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʨʘʩʯʣʝʥʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦ ʩʪʘʜʠʷʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʛʝʥʝʟʠʩʝ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ). ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ 

ʧʦʚʝʜʝʥʠʷ ʚʝʜʫʱʠʭ (ʥʘʪʨʠʡ, ʢʘʣʴʮʠʡ, ʢʘʣʠʡ, ʞʝʣʝʟʦ ʠ ʜʨ.) ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʩʪʘʥʦʚʣʝʥʠʷ ʤʘʩʩʠʚʘ (ɻʘʡʜʫʢʦʚʘ, ɿʜʦʨʠʢ, 1962; ʇʦʞʘʨʠʮʢʘʷ, 

1962; ɹʝʨʝʟʠʥʘ, 1972; ʇʦʞʘʨʠʮʢʘʷ, ʉʘʤʦʡʣʦʚ, 1972; ʉʦʤʠʥʘ, 1975). ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʪʠʧʘ ʢʘʨʙʦʥʘʪʠʪʦʚ: ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ 

ʙʝʟʨʫʜʥʳʝ, ʧʝʛʤʘʪʦʠʜʥʳʝ ʢʘʣʴʮʠʪʦʚʳʝ ʩ ʬʦʩʬʦʨʥʦ-ʪʘʥʪʘʣ-ʥʠʦʙʠʝʚʳʤ 

ʦʨʫʜʝʥʝʥʠʝʤ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʦ 

ʘʧʘʪʠʪ - ʧʠʨʦʭʣʦʨʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ ʠ ʘʥʢʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʇʦʞʘʨʠʮʢʘʷ, ʌʨʦʣʦʚ, 1962).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʠʟ ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʠʡʦʣʠʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʧʝʨʚʠʯʥʳʭ ʨʘʩʧʣʘʚʦʚ 

ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʇʘʥʠʥʘ, ʇʦʜʛʦʨʥʳʭ, 1975, 1979; ɸʥʜʨʝʝʚʘ ʠ 

ʜʨ., 2004, 2007; ʐʘʨʳʛʠʥ ʠ ʜʨ., 2016). ɼʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ 
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ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʦʣʦ 1000Áʉ (ɸʥʜʨʝʝʚʘ ʠ ʜʨ., 2004, 2007; 

ɸʥʜʨʝʝʚʘ, 2014). ɹʦʣʝʝ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 

ʚʢʣʶʯʝʥʠʡ ʚ ʩʠʣʠʢʘʪʘʭ ʠ ʘʧʘʪʠʪʝ (990-1260Áʉ) ʧʨʠʚʦʜʠʪʩʷ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ɹʝʣʦʡ ɿʠʤʳ, ʘ ʜʣʷ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ - >730Áʉ (ʇʘʥʠʥʘ, 

ʇʦʜʛʦʨʥʳʭ, 1975, 1979). ʇʦ ʠʟʦʪʦʧʥʳʤ ʪʝʨʤʦʤʝʪʨʘʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʧʘʜʘʶʪ ʚ 

ʠʥʪʝʨʚʘʣ 800Áʉ ʜʣʷ ʢʘʣʴʮʠʪʦʚʳʭ ʠ 570-430Áʉ ʜʣʷ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Doroshkevich et al., 2016). ʋʞʝ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʵʪʘʧʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʚ ʬʦʨʩʪʝʨʠʪʝ ʠʟ 

ʢʘʨʙʦʥʘʪʠʪʦʚ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʝʨʚʠʯʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʧʣʘʚʘ, 

ʫʯʘʩʪʚʦʚʘʚʰʝʛʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʕʪʦʪ ʨʘʩʧʣʘʚ ʠʤʝʝʪ 

ʢʘʨʙʦʥʘʪʥʫʶ ʩʧʝʮʠʬʠʢʫ; ʚ ʥʝʤ ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʝʡ (ʜʦ 17 

ʤʘʩ. %), SrO (ʜʦ 1.3 ʤʘʩ. %), ɺʘʆ (ʜʦ 1 ʤʘʩ. %), ʈ2ʆ5 (ʜʦ 2 ʤʘʩ. %), F (ʜʦ 4 ʤʘʩ. %) 

ʠ ʉl (ʜʦ 1.2 ʤʘʩ. %) (ɸʥʜʨʝʝʚʘ, 2014; Doroshkevich et al., 2016). ʀʟʫʯʝʥʘ ʛʝʦʭʠʤʠʷ 

ʠʟʦʪʦʧʦʚ ʩʪʨʦʥʮʠʷ ʠ ʥʝʦʜʠʤʘ (ɺʣʘʜʳʢʠʥ, 2005, ʃʳʭʠʥ, ʅʠʢʠʬʦʨʦʚ, 2008). 

2.3 ʂʨʘʪʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʩʩʠʚʦʚ ɿʠʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ 

ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʠ ʠʟʫʯʝʥʠʷ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚ ʭʦʜʝ 

ʘʵʨʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠʨʢʫʪʩʢʠʤʠ ʛʝʦʣʦʛʘʤʠ ʙʳʣʦ ʦʪʢʨʳʪʦ ʗʨʤʠʥʩʢʦʝ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ. ɺ 1956 ʛʦʜʫ ɹ.ʇ. ʇʦʣʷʥʠʯʢʦ ʦʪʢʨʳʣ ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʠʡ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʤʘʩʩʠʚ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ 10 ʢʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʚ ʘʧʘʪʠʪ-ʧʠʨʦʭʣʦʨʦʚʳʭ 

ʨʫʜʘʭ ʦʪ 0,3 ʜʦ 8-10%. ɻʦʜʦʤ ʧʦʟʜʥʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ 

ʤʘʩʰʪʘʙʘ 1:200000 ɸ.ɺ. ʂʦʣʝʩʥʠʢʦʚ ʠ ɿ.ʄ. ɸʥʠʩʠʤʦʚʘ ʦʙʥʘʨʫʞʠʣʠ 

ʉʨʝʜʥʝʟʠʤʠʥʩʢʠʡ ʤʘʩʩʠʚ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʩʦʩʪʘʚʣʷʶʪ 0, 1 ï 

6,5% (ʌʨʦʣʦʚ, 2003).  

ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʧʦʨʦʜ ï 

ʤʝʣʴʪʝʡʛʠʪʳŸ ʠʡʦʣʠʪʳŸ ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳŸ ʢʘʣʴʮʠʪʦʚʳʝŸ ʢʘʣʴʮʠʪ - 

ʜʦʣʦʤʠʪʦʚʳʝŸ ʘʥʢʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ. ʅʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ 
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ʨʘʩʧʦʣʦʞʝʥʘ ʩʝʨʠʷ ʨʘʟʥʦʵʨʦʜʠʨʦʚʘʥʥʳʭ ʤʘʩʩʠʚʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʝʪʚʷʤʠ 

ʝʜʠʥʦʡ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ɹʘʛʜʘʩʘʨʦʚ, 2001; ʌʨʦʣʦʚ ʠ ʜʨ., 2003). 

 

2.3.1 ʉʨʝʜʥʝʟʠʤʠʥʩʢʠʡ ʤʘʩʩʠʚ 

ɺ ʠʟʫʯʝʥʠʠ ʤʘʩʩʠʚʘ ʚ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʤʥʦʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ: ɺ.ɻ. ʂʫʟʥʝʮʦʚ, ɸ.ɸ. ʌʨʦʣʦʚ, ʖ.ɸ. ɹʘʛʜʘʩʘʨʦʚ, ɺ.ɸ. ʂʦʥʦʥʦʚʘ, 

ʄ.ʗ. ʉʦʤʠʥʘ, ʃ.ʂ. ʇʦʞʘʨʠʮʢʘʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ (ʇʦʞʘʨʠʮʢʘʷ, 1972; ʉʦʤʠʥʘ, 

1975; ɹʫʣʘʭ, 1984; ʌʨʦʣʦʚ ʠ ʜʨ., 2003; ʌʨʦʣʦʚ ʠ ʜʨ., 2005). ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʤʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʤʘʩʩʠʚʘ ʷʚʣʷʶʪʩʷ ʤʝʣʴʪʝʡʛʠʪʳ, ʢʦʪʦʨʳʝ ʩʣʦʞʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ ʠ ʥʝʬʝʣʠʥʦʤ, ʩ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ ʠ ʘʧʘʪʠʪʦʤ. ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʠʝʡ ʣʠʥʟʦʚʠʜʥʳʭ ʫʜʣʠʥʝʥʥʳʭ ʪʝʣ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʧʦʣʝʚʦʛʦ 

ʰʧʘʪʘ, ʥʝʬʝʣʠʥʘ ʠ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʠ ʙʠʦʪʠʪ). 

ʂʘʨʙʦʥʘʪʠʪʳ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʣʴʮʠʪʦʚʳʤʠ, ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʤʠ ʠ 

ʘʥʢʝʨʠʪʦʚʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. ʂʘʨʙʦʥʘʪʠʪʳ ʯʘʩʪʦ ʧʨʦʨʳʚʘʶʪ ʪʝʣʘ ʩʠʝʥʠʪʦʚ. 

ʂʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʧʨʠʝʤʫʱʝʩʪʚʝʥʥʦ ʞʠʣɹʥʳʝ, ʚ ʠʭ ʩʦʩʪʘʚʝ 

ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʣʦʛʦʧʠʪ, ʩʫʣʴʬʠʜʳ ʠ ʘʧʘʪʠʪ. ʂʘʨʙʦʥʘʪʠʪʳ ʟʘʚʝʨʰʘʶʱʝʡ 

ʩʪʘʜʠʠ - ʜʦʣʦʤʠʪʦʚʳʝ ʨʘʟʥʦʩʪʠ ʩ ʵʛʠʨʠʥʦʤ, ʙʝʨʙʘʥʢʠʪʦʤ, ʢʘʨʙʦʮʝʨʥʘʠʪʦʤ, 

ʧʠʨʠʪʦʤ, ʠʣʴʤʝʥʠʪʦʤ; ʭʣʦʨʠʪ-ʘʥʢʝʨʠʪʦʚʳʤʠ ʩ ʧʠʨʦʭʣʦʨʦʤ, 

ʢʦʣʫʤʙʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʠʨʦʭʣʦʨʦʤ ʠʣʠ ʛʘʪʯʝʪʦʣʠʪʦʤ (ʫʨʘʥʧʠʨʦʭʣʦʨʦʤ), 

ʤʘʛʥʝʪʠʪʦʤ, ʘʧʘʪʠʪʦʤ; ʩʦʙʩʪʚʝʥʥʦ, ʘʥʢʝʨʠʪʦʚʳʤʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʩ 

ʬʪʦʨʢʘʨʙʦʥʘʪʘʤʠ ʈɿʕ, ʩʪʨʦʥʮʠʘʥʠʪʦʤ, ʘʥʢʠʣʠʪʦʤ, ʙʘʨʠʪʦʤ, ʧʠʨʠʪʦʤ (ʌʨʦʣʦʚ ʠ 

ʜʨ., 1969). ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʉʨʝʜʥʝʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʧʨʝʜʝʣʝʥ ʚ ʠʥʪʝʨʚʘʣʝ 625-600 ʤʣʥ ʣʝʪ (ʌʨʦʣʦʚ ʠ ʜʨ., 

2003).  

 

2.3.2 ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʠʡ ʤʘʩʩʠʚ 

ʀʟʫʯʝʥʠʝʤ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʟʘʥʠʤʘʣʘʩʴ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

(ɹʘʛʜʘʩʘʨʦʚ, 1969; ʂʦʨʳʪʦʚ ʠ ʜʨ., 1972; ɹʘʛʜʘʩʘʨʦʚ, 1978; ʌʨʦʣʦʚ ʠ ʜʨ., 2003; 

ɸʥʜʨʝʝʚʘ ʠ ʜʨ, 2006; ʇʦʞʘʨʠʮʢʘʷ, 2006; ʉʦʢʦʣʦʚ, 2008).  
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ʇʦʨʦʜʳ ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʦʨʳʚʘʶʪ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ 

ʧʨʦʪʝʨʦʟʦʷ. ʄʘʩʩʠʚ ʩʣʦʞʝʥ ʠʡʦʣʠʪ-ʤʝʣʴʪʝʡʛʠʪʘʤʠ, ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ 

ʦʙʨʘʟʫʶʪ ʥʝʙʦʣʴʰʠʝ ʜʘʡʢʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʩʨʝʜʠ ʧʦʨʦʜ ʠʡʦʣʠʪ-ʤʝʣʴʪʝʡʛʠʪʦʚʦʛʦ 

ʨʷʜʘ.  

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ. ɻʣʘʚʥʳʝ 

ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʣʴʮʠʪʦʤ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ; ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ - 

ʘʤʬʠʙʦʣ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʙʠʦʪʠʪʘ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʘʧʘʪʠʪ, ʩʫʣʴʬʠʜʳ (ʧʠʨʠʪ, 

ʩʬʘʣʝʨʠʪ ʠ ʜʨ.), ʧʠʨʦʭʣʦʨ. ɺ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʰʪʦʢʘ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ ʬʣʶʦʨʠʪʦʚʳʭ ʧʦʨʦʜ (ʌʨʦʣʦʚ, ɹʘʛʜʘʩʘʨʦʚ, 1967; 

ʌʨʦʣʦʚ ʠ ʜʨ., 2003). ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʤʘʩʩʠʚʘ ʙʫʨʝʥʠʝʤ ʚʩʢʨʳʪʘ ʩʠʩʪʝʤʘ 

ʣʠʥʟʦʚʠʜʥʳʭ ʧʠʨʠʪ-ʛʝʤʘʪʠʪʦʚʳʭ ʧʦʨʦʜ ʤʦʱʥʦʩʪʴʶ ʜʦ 18 ʤ. ɻʝʤʘʪʠʪ ʘʩʩʦʮʠʠʨʫʝʪ 

ʩ ʧʠʨʠʪʦʤ, ʢʚʘʨʮʝʤ, ʤʘʥʛʘʥʘʥʢʝʨʠʪʦʤ ʠ ʢʘʣʴʮʠʪʦʤ, ʩʣʘʛʘʷ ʤʘʣʦʤʦʱʥʳʝ 

ʧʨʦʞʠʣʢʠ, ʢʦʪʦʨʳʝ ʩʝʢʫʪ ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ ʤʘʩʩʠʚʘ.  

ɸ.ɸ. ʌʨʦʣʦʚ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʠ ʰʠʨʦʢʦʤ ʨʘʟʚʠʪʠʠ ʛʝʤʘʪʠʪʠʟʘʮʠʠ ʠ 

ʬʣʶʦʨʠʪʠʟʘʮʠʠ, ʦʪʤʝʯʘʣ, ʯʪʦ ʤʘʩʩʠʚ ʬʦʨʤʠʨʦʚʘʣʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ 

ʛʣʫʙʠʥʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʫʙʦʢʦʵʨʦʜʠʨʦʚʘʥʥʳʤ ɹʝʣʦʟʠʤʠʥʩʢʠʤ ʤʘʩʩʠʚʦʤ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʢʘʨʙʦʥʘʪʠʪʦʚ ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʚʘʣʫ 680-650 ʤʣʥ ʣʝʪ (ʌʨʦʣʦʚ, 

ɹʘʛʜʘʩʘʨʦʚ, 1967; ʉʘʤʦʡʣʦʚ, ɹʘʛʜʘʩʘʨʦʚ, 1975). ʆʧʨʝʜʝʣʝʥ ʚʦʟʨʘʩʪ ʧʦʨʦʜ 

ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʦʛʦ ʠʡʦʣʠʪ-ʩʠʝʥʠʪ-ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʠ ʫʣʴʪʨʘ- 

ʤʘʬʠʪʦʚʳʭ ʜʘʝʢ ʚ ʧʨʝʜʝʣʘʭ ʋʨʠʢʩʢʦ-ʀʡʩʢʦʛʦ ʛʨʘʙʝʥʘ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. 147Smï143Nd-ʤʝʪʦʜʦʤ ʧʦ ʧʦʨʦʜʘʤ ʤʘʩʩʠʚʘ ʧʦʣʫʯʝʥʘ 

ʠʟʦʭʨʦʥʘ ʩ ʚʦʟʨʘʩʪʦʤ 640 Ñ 11 ʤʣʥ ʣʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ 40Ar/39Ar-ʜʘʪʠʨʦʚʘʥʠʷ 

ʬʣʦʛʦʧʠʪʦʚ ʠʟ ʧʦʨʦʜ ʜʘʡʢʦʚʦʡ ʩʝʨʠʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʧʣʘʪʦ ʩ ʚʦʟʨʘʩʪʘʤʠ 644.1 Ñ 8.6 

ʠ 646.1 Ñ 8.6 ʤʣʥ ʣʝʪ (Savelyeva et al., 2022) (ʪʘʙʣʠʮʘ 2.4.1). 

 

2.3.3 ʗʨʤʠʥʩʢʘʷ ʟʦʥʘ 

ʗʨʤʠʥʩʢʘʷ ʟʦʥʘ ʞʠʣʴʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʗʨʤʘ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʫʶ ʟʦʥʫ ʜʨʦʙʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʢʠʣʦʤʝʪʨʦʚ. ʅʘ ʩʝʚʝʨʝ ʵʪʦʡ ʟʦʥʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʨʝʦʣʳ ʧʠʨʦʭʣʦʨʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʅʘ ʶʞʥʦʡ ʯʘʩʪʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʨʫʜʦʥʦʩʥʳʭ ʧʦʣʦʩ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʫʙʧʘʨʘʣʣʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʠʭ ʟʦʥʝ 

ʨʘʟʣʦʤʘ (ɻʠʥʟʙʫʨʛ, ʕʧʰʪʝʡʥ, 1968; ʌʨʦʣʦʚ, 1970; ɻʘʡʜʫʢʦʚʘ, ɿʜʦʨʠʢ, 1962; 

ɹʘʛʜʘʩʘʨʦʚ, 1990; ʌʨʦʣʦʚʠ ʜʨ., 2003).  

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʟʦʥʳ ʩʚʷʟʘʥʘ ʩ ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ, ʢʚʘʨʮʝʚʳʤʠ, 

ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʝʢʫʪ 

ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʝ ʪʦʣʱʠ ʧʨʦʪʝʨʦʟʦʷ. ɺ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ʧʨʦʞʠʣʢʠ ʦʙʨʘʟʫʶʪ 

ʛʫʩʪʫʶ ʩʝʪʴ ʤʦʱʥʦʩʪʴʶ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. ɺʩʷ ʧʨʦʞʠʣʢʦʚʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʘʥʘ 

ʩ ʜʘʡʢʘʤʠ ʧʠʢʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʠ ʙʣʠʟʢʠʭ ʢ ʥʠʤ ʣʘʤʧʨʦʬʠʨʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʗʨʤʠʥʩʢʦʡ ʟʦʥʳ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ 

ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʦʤʫ ʤʘʩʩʠʚʫ (ʌʨʦʣʦʚ ʠ ʜʨ., 2003).  

ɺ ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʧʨʦʞʠʣʢʘʭ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʢʩʝʥʦʪʠʤ, ʪʦʨʠʪ, ʨʘʙʜʦʬʘʥ, ʯʝʨʯʠʪ. ɺ ʢʘʨʙʦʥʘʪʥʳʭ ʞʠʣʘʭ ʠ ʧʨʦʞʠʣʢʘʭ, 

ʩʣʦʞʝʥʥʳʭ ʢʘʣʴʮʠʪʦʤ ʠ ʘʥʢʝʨʠʪʦʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʨʠʪ, ʢʩʝʥʦʪʠʤ, ʤʦʥʘʮʠʪ, 

ʨʘʙʜʦʬʘʥ, ʙʘʩʪʥʝʟʠʪ, ʢʦʣʫʤʙʠʪ. ɺʦʟʨʘʩʪ ʗʨʤʠʥʩʢʦʡ ʟʦʥʳ ʦʮʝʥʝʥ ʢʘʢ ʨʫʙʝʞ 

ʚʝʥʜʘ-ʢʝʤʙʨʠʷ (ʌʨʦʣʦʚ ʠ ʜʨ., 2003).  

2.4 ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ɹʝʣʦʟʠʤʠʥʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ɿʠʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. 

ʄʘʩʩʠʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʣʴʮʝʚʳʤ ʩʪʨʦʝʥʠʝʤ, ʦʩʣʦʞʥʝʥʥʳʤ ʣʠʥʝʡʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ (ʌʨʦʣʦʚ, 1975).  

ʄʘʩʩʠʚ (ʨʠʩ. 2.4.1) ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʟʥʦʡ ʠʥʪʨʫʟʠʝʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ, 

ʟʘʥʠʤʘʶʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʱʘʜʴ ʦʢʦʣʦ 18 ʢʤ
2
. ʄʘʩʩʠʚ ʥʝʩʢʦʣʴʢʦ ʚʳʪʷʥʫʪ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʛʣʘʩʥʦ ʧʨʦʩʪʠʨʘʥʠʶ ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʝʛʦ 

ʨʘʟʣʦʤʘ. ɺʤʝʱʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʡ ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʦʡ 

ʪʦʣʱʠ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ ʩ ʧʣʘʩʪʘʤʠ ʢʚʘʨʮʠʪʦʚ ʠ ʩʦʛʣʘʩʥʳʤʠ ʜʘʡʢʘʤʠ ʜʠʘʙʘʟʦʚ. 

ʎʝʥʪʨ ʤʘʩʩʠʚʘ - ʵʪʦ ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʳʡ ʰʪʦʢ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 10 ʢʤ
2
, 

ʚʳʧʦʣʥʝʥʥʳʡ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʠ ʧʨʦʩʣʝʞʝʥʥʳʡ ʙʫʨʝʥʠʝʤ ʜʦ ʛʣʫʙʠʥʳ 1.5 ʢʤ. 
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ʑʝʣʦʯʥʳʝ ʩʠʣʠʢʘʪʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʴʪʝʡʛʠʪʘʤʠ, ʠʡʦʣʠʪʘʤʠ, 

ʥʝʬʝʣʠʥʦʚʳʤʠ ʩʠʝʥʠʪʘʤʠ, ʦʥʠ ʦʙʨʘʟʫʶʪ ʧʦʣʫʢʦʣʴʮʝʚʦʝ ʪʝʣʦ, ʦʙʨʘʤʣʷʶʱʝʝ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʡ ʰʪʦʢ ʧʦ ʧʝʨʠʬʝʨʠʠ. 

ʄʝʣʴʪʝʡʛʠʪʳ ʠ ʧʦʨʦʜʳ ʠʡʦʣʠʪ-ʫʨʪʠʪʦʚʦʛʦ ʨʷʜʘ ʩʣʦʞʝʥʳ ʚʘʨʴʠʨʫʶʱʠʤʠ 

ʢʦʣʠʯʝʩʪʚʘʤʠ ʥʝʬʝʣʠʥʘ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʩ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ ʧʝʨʦʚʩʢʠʪʦʤ, Ti-

ʛʨʘʥʘʪʦʤ, ʬʣʦʛʦʧʠʪʦʤ, ʪʠʪʘʥʠʪʦʤ ʠ ʘʧʘʪʠʪʦʤ. ʅʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʪ ʠʟ ʥʝʬʝʣʠʥʘ ʜʦ (50%), ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ 

(ʦʨʪʦʢʣʘʟ), ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʠʦʪʠʪʦʤ, 

ʱʝʣʦʯʥʳʤ ʘʤʬʠʙʦʣʦʤ. ʉʨʝʜʠ ʘʢʮʝʩʩʦʨʥʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʮʠʨʢʦʥ, ʪʠʪʘʥʠʪ, 

ʢʘʣʴʮʠʪ, ʘʧʘʪʠʪ, ʧʠʨʦʭʣʦʨ. ʂʦʥʪʘʢʪʳ ʤʝʞʜʫ ʩʠʣʠʢʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ 

ʧʦʩʪʝʧʝʥʥʳʝ. 
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ʈʠʩ. 2.4.1. ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʜʘʥʥʳʤ ʌʨʦʣʦʚʘ 

ʠ ʜʨ. (2003). 

 

 ʂʘʨʙʦʥʘʪʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʣʴʮʠʪʦʚʳʤʠ, ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʤʠ ʠ 

ʘʥʢʝʨʠʪʦʚʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʥʦʩʠʪʝʣʷʤʠ ʚʩʝʡ ʨʘʟʥʦʦʙʨʘʟʥʦʡ 

ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʂʘʨʙʦʥʘʪʠʪʦʚʳʡ ʰʪʦʢ ʥʝʤʥʦʛʦ ʩʤʝʱʝʥ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩʠʚʘ. ʉʨʝʜʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʦʧʠʩʘʥʳ ʦʩʪʘʥʮʳ ʩʠʣʠʢʘʪʥʳʭ 

ʧʦʨʦʜ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʧʝʨʠʬʝʨʠʠ ʰʪʦʢʘ (ʊʦʣʩʪʦʚ, 2003). 
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 ʂʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, ʤʘʩʩʠʚʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʇʦʨʦʜʳ ʩʣʦʞʝʥʳ ʢʘʣʴʮʠʪʦʤ ʩ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ, ʬʣʦʛʦʧʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʦʣʠʚʠʥʦʤ. ʂʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ ï ʵʪʦ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ, ʧʦʨʬʠʨʦʚʠʜʥʳʝ, ʯʘʩʪʦ ʧʦʣʦʩʯʘʪʳʝ ʧʦʨʦʜʳ, 

ʩʦʩʪʦʷʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʜʦʣʦʤʠʪʘ ʠ ʢʘʣʴʮʠʪʘ ʩ ʧʦʜʯʠʥʝʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʶʜʳ, ʨʝʞʝ ʘʤʬʠʙʦʣʘ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ. ɸʥʢʝʨʠʪʦʚʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʘʨʙʦʥʘʪʠʪʦʚ - ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ, ʧʷʪʥʠʩʪʳʝ, ʨʝʞʝ ʧʦʣʦʩʯʘʪʳʝ. 

ɻʣʘʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʘʥʢʝʨʠʪ ʠ ʜʦʣʦʤʠʪ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʠ 

ʘʢʮʝʩʩʦʨʥʳʤʠ - ʙʘʨʠʪ, ʩʫʣʴʬʠʜʳ (ʚ ʦʩʥʦʚʥʦʤ ʧʠʨʠʪ), ʤʦʥʘʮʠʪ-ʉʝ, ʬʪʦʨʢʘʨʙʦʥʘʪʳ 

ʈɿʕ. ɺʦ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʛʠʜʨʦʢʩʠʣ-ʬʪʦʨʘʧʘʪʠʪ, 

ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʧʠʨʦʭʣʦʨʘ. ɸʢʮʝʩʩʦʨʥʳʝ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʥʝʨʘʣʘʤʠ 

ʛʨʫʧʧʳ ʮʠʨʢʦʥʦʣʠʪʘ, ʙʘʦʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ, ʢʦʣʫʤʙʠʪʦʤ, ʨʫʪʠʣʦʤ, ʙʘʜʜʝʣʝʠʪʦʤ, 

ʘʥʢʠʣʠʪʦʤ-(Ce), ʤʠʥʝʨʘʣʘʤʠ ʛʨʫʧʧʳ ʙʫʨʙʘʥʢʠʪʘ, ʢʘʪʘʧʣʝʠʪʦʤ, ʭʠʣʘʨʠʠʪʦʤ, 

ʬʪʦʨʢʘʨʙʦʥʘʪʘʤʠ ʈɿʕ (ʙʘʩʪʥʝʟʠʪ-(Ce), ʩʠʥʭʠʟʠʪ-(Ce)), ʤʦʥʘʮʠʪʦʤ-(Ce), ʪʦʨʠʪʦʤ 

ʠ ʜʨʫʛʠʤʠ (ɻʘʡʜʫʢʦʚʘ, ɿʜʦʨʠʢ, 1962; ɹʦʨʦʜʠʥ, 1965; ʇʦʞʘʨʠʮʢʘʷ, 1972; ʉʦʤʠʥʘ, 

1975; ɹʫʣʘʭ, 1984; ʌʨʦʣʦʚ, 2003; ɹʘʛʜʘʩʘʨʦʚ, 1974; ɼʦʨʦʰʢʝʚʠʯ ʠ ʜʨ., 2012; 

Doroshkevich et al., 2016; ʐʘʨʳʛʠʥ, 2016; Khromova et. al., 2018; ʍʨʦʤʦʚʘ ʠ ʜʨ., 

2020).  

 ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʦʥʘʪʠʪʦʚ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʧʦʣʦʩʯʘʪʦʩʪʴ. ʆʥʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʯʝʨʝʜʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʧʨʦʩʣʦʝʚ ʠ ʧʦʣʦʩ, ʦʙʦʛʘʱʝʥʥʳʭ ʪʝʤʥʦʮʚʝʪʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʘʤʬʠʙʦʣʦʤ, 

ʧʠʨʦʢʩʝʥʦʤ, ʬʣʦʛʦʧʠʪʦʤ, ʦʣʠʚʠʥʦʤ) ʘ ʪʘʢ ʞʝ ʤʘʛʥʝʪʠʪʦʤ, ʘʧʘʪʠʪʦʤ, ʧʠʨʦʭʣʦʨʦʤ 

ʠ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʨʠʩ. 2.4.2). ʇʝʨʚʠʯʥʘʷ ʧʦʣʦʩʯʘʪʦʩʪʴ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʚʦʟʥʠʢʣʘ ʚ ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜʳ. ɺʪʦʨʠʯʥʘʷ ʩʚʷʟʘʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ (ʌʨʦʣʦʚ, 2003). 
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 ʈʠʩ. 2.4.2. ʇʦʣʦʩʯʘʪʳʝ ʢʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ (ʦʙʨ. 2043). (ʌʦʪʦ X2) 

 

 ʇʦʩʪʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʟʘʚʝʨʰʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʜʚʠʛʘʤʠ ʠ ʩʙʨʦʩʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ 

ʟʦʥʳ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʥʘʨʫʰʝʥʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʌʨʦʣʦʚ ʠ ʜʨ., 

2003). 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʩʩʠʚʦʚ, ʩʣʘʛʘʶʱʠʭ ɿʠʤʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ, 

ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2.4.1.  

 

 

 

 



ʊʘʙʣʠʮʘ 2.4.1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʩʩʠʚʦʚ, ʩʣʘʛʘʶʱʠʭ ɿʠʤʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ 

 

ʄʘʩʩʠʚ ʆʪʢʨʳʪ (ʢʦʛʜʘ 

ʠ ʢʝʤ) 

ʇʦʨʦʜʳ, 

ʩʣʘʛʘʶʱʠʝ ʤʘʩʩʠʚ 

ʄʠʥʝʨʘʣʴʥʳʝ ʪʠʧʳ ʨʫʜ ʇʦʣʝʟʥʳʝ 

ʢʦʤʧʦ- 

ʥʝʥʪʳ 

ɺʦʟʨʘʩʪ 

ʉ
ʨ
ʝ
ʜ
ʥ
ʝ
ʟ
ʠ
ʤ
ʠ
ʥ
ʩ
ʢ
ʠ
ʡ

 

1957 ʛ. 

ɸ.ɺ 

ʂʦʣʝʩʥʠʢʦʚʳʤ 

ʠ ɿ.ʄ. 

ɸʥʠʩʠʤʦʚʦʡ 

ʀʡʦʣʠʪʳ, 

ʥʝʬʝʣʠʥʦʚʳʝ 

ʩʠʝʥʠʪʳ, 

ʢʘʨʙʦʥʘʪʠʪʳ 

ʂʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʩ 

ʘʧʘʪʠʪʦʤ. ʕʛʠʨʠʥ-ʢʘʣʴʮʠʪʦʚʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ ʩ ʫʨʘʥʧʠʨʦʭʣʦʨʦʤ. 

ɼʦʣʦʤʠʪʦʚʳʝ ʠ ʘʥʢʝʨʠʪʦʚʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ 

ʢʘʨʙʦʥʘʪʘʤʠ. 

Nb2O5, 

P2O5, 

Ta2O5, 

TR2O3 

ʚʝʥʜ (625-600 ʤʣʥ ʣʝʪ) (ʌʨʦʣʦʚ, 2003)  

 

ɹ
ʦ
ʣ
ʴ
ʰ
ʝ
ʪ
ʘ
ʛ
ʥ
ʠ
ʥ
ʩ
ʢ
ʠ
ʡ

 1957 ʛ. 

ɹ.ʇ.ʇʦʣʷʥʠʯʢʦ 

ʀʡʦʣʠʪʳ, 

ʤʝʣʴʪʝʡʛʠʪʳ, 

ʥʝʬʝʣʠʥʦʚʳʝ 

ʩʠʝʥʠʪʳ, 

ʢʘʨʙʦʥʘʪʠʪʳ 

ʂʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʩ 

ʧʠʨʦʭʣʦʨʦʤ ʠ ʘʧʘʪʠʪʦʤ. ʂʘʣʴʮʠʪ-

ʜʦʣʦʤʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʩ 

ʬʣʶʦʨʠʪʦʤ ʠ ʧʠʨʦʭʣʦʨʦʤ 

Nb2O5, 

P2O5,  

 CaF, 

Fe2O3, 

ʧʦʟʜʥʠʡ ʨʠʬʝʡ-ʚʝʥʜ  

ʃ. ʉ. ɽʛʦʨʦʚ ɸ.ɸ.  

(ʌʨʦʣʦʚ, 2003)  

640Ñ11 ʤʣʥ ʣʝʪ (Savelyeva et al., 2022) 

ʗ
ʨ
ʤ
ʠ
ʥ
ʩ
ʢ
ʘ
ʷ
 

ʟ
ʦ
ʥ
ʘ

 

1958 ʛ. 

ʖ.ʀ. ɹʳʚʰʠʭ 

ʂʘʨʙʦʥʘʪʠʪʳ ɸʥʢʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʩ 

ʧʠʨʦʭʣʦʨʦʤ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ 

ʢʘʨʙʦʥʘʪʘʤʠ ʠ ʩʫʣʴʬʠʜʘʤʠ 

Nb2O5, 

P2O5,  

TR2O3, 

Thʆ2 

ʨʫʙʝʞ ʚʝʥʜʘ-ʢʝʤʙʨʠʷ (ʌʨʦʣʦʚ, 2003)  

ɹ
ʝ
ʣ
ʦ
ʟ
ʠ
ʤ
ʠ
ʥ
ʩ
ʢ
ʠ
ʡ

 

1952 ʛ.  

ʅ.ʌ. ʐʘʨʤʠʥ 

ʀʡʦʣʠʪʳ, 

ʤʝʣʴʪʝʡʛʠʪʳ, 

ʥʝʬʝʣʠʥʦʚʳʝ 

ʩʠʝʥʠʪʳ, 

ʢʘʨʙʦʥʘʪʠʪʳ 

ʂʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʢʘʣʴʮʠʪʦʚʳʝ, 

ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ 

ʩ ʘʧʘʪʠʪʦʤ, ʧʠʨʦʭʣʦʨʦʤ. 

ɸʥʢʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʩ 

ʧʠʨʦʭʣʦʨʦʤ, ʢʦʣʫʤʙʠʪʦʤ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

Nb2O5, 

P2O5, 

Ta2O5, 

TR2O3 

ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ (UïPb) 643 σ 
ʤʣʥ ʣʝʪ (ʗʨʤʦʣʶʢ, 2005), 

ʢʘʨʙʦʥʘʪʠʪʳ (Ar-Ar) - 645Ñ6 ʤʣʥ ʣʝʪ 

(Doroshkevich et al, 2016), ʠʡʦʣʠʪʳ - 

645Ñ6 ʤʣʥ ʣʝʪ (Salnikova et al., 2019), 

Pb-Pb ʠʟʦʭʨʦʥʘ - 631Ñ11 ʤʣʥ ʣʝʪ 

(ʍʨʦʤʦʚʘ ʠ ʜʨ., 2020) 



2.5 ɺʦʟʨʘʩʪ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ɻʨʫʧʧʘ ʤʘʩʩʠʚʦʚ (ɹʝʣʦʟʠʤʠʥʩʢʠʡ, ɹʦʣʴʰʝʪʘʛʥʠʥʩʢʠʡ, ʉʨʝʜʥʝʟʠʤʠʥʩʢʠʡ, 

ʗʨʤʠʥʩʢʘʷ ʨʫʜʥʘʷ ʟʦʥʘ), ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ɿʠʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʠʤʝʝʪ 

ʩʭʦʞʠʝ ʯʝʨʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 80 ʤʣʥ 

ʣʝʪ ʚ ʧʝʨʠʦʜ 680-600 ʤʣʥ ʣʝʪ (ʌʨʦʣʦʚ ʠ ʜʨ., 2003).  

ʀʟʥʘʯʘʣʴʥʦ ʚʦʟʨʘʩʪ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʩʯʠʪʘʣʩʷ ʩʨʝʜʥʝ ʧʘʣʝʦʟʦʡʩʢʠʤ (ʌʨʦʣʦʚ ʠ ʜʨ., 2003). ʈʝʟʫʣʴʪʘʪʳ ʂ-Ar 

ʜʘʪʠʨʦʚʘʥʠʷ ʧʦ ʬʣʦʛʦʧʠʪʫ ʠʟ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʩʦʩʪʘʚʠʣ 543Ñ3 ʤʣʥ ʣʝʪ 

(ɹʘʛʜʘʩʘʨʦʚ, ɺʦʨʦʥʦʚʩʢʠʡ, 1980). ɼʘʪʠʨʦʚʘʥʠʝ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʧʨʦʚʝʜʝʥʦ 

UïPb ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʫ ʠ ʩʦʩʪʘʚʣʷʝʪ 643Ñ3 ʤʣʥ ʣʝʪ (ʗʨʤʦʣʶʢ ʠ ʜʨ., 2005). 

ɺʦʟʨʘʩʪ ʠʡʦʣʠʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʡ UïPb ʤʝʪʦʜʦʤ ʧʦ ʛʨʘʥʘʪʫ, ʨʘʚʝʥ 645Ñ6 ʤʣʥ ʣʝʪ 

(Salnikova et al., 2019). 

ʇʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ Ar-Ar ʤʝʪʦʜʦʤ ʧʦ ʬʣʦʛʦʧʠʪʫ ʠʟ ʢʘʣʴʮʠʪ-

ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (Doroshkevich et al., 2016). ʄʘʪʝʨʠʘʣ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʪʦʙʨʘʥ ʠʟ ʦʙʨʘʟʮʘ ˉ 2096 (ʢʝʨʥ). ʉʧʝʢʪʨʳ ʚʦʟʨʘʩʪʥʦʛʦ ʧʣʘʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ 60% ʦʩʚʦʙʦʞʜʝʥʥʦʛʦ 
39

Ar (ʨʠʩ. 2.5.1, ʪʘʙʣ. 2.5.1). ʇʦʣʫʯʝʥʥʳʡ 

ʚʦʟʨʘʩʪ ʬʣʦʛʦʧʠʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 645Ñ6 ʤʣʥ ʣʝʪ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʟʘ ʚʨʝʤʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ. ʆʥ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ ʱʝʣʦʯʥʳʭ 

ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ (ʗʨʤʦʣʶʢ ʠ ʜʨ., 2005; Salnikova et al., 2019).  

 
  

  
 ʈʠʩ 2.5.1. ɺʦʟʨʘʩʪ ʬʣʦʛʦʧʠʪʘ ʠʟ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʦʙʨʘʟʝʮ 2099), 

ɹʝʣʦʟʠʤʠʥʩʢʠʡ ʤʘʩʩʠʚ. 
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ʅʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 2.5.2) ʦʪʦʙʨʘʞʝʥʳ 
206

Pb/
204
Pb ʠ 

207
Pb/

204
Pb ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʤʝʣʴʪʝʡʛʠʪʦʚ (ʦʙʨ. 01/151), ʠʡʦʣʠʪʦʚ (ʦʙʨ. ʀ-2092/761-763), ʥʝʬʝʣʠʥʦʚʳʭ 

ʩʠʝʥʠʪʦʚ (ʦʙʨ. ʉ-1/135-144), ʢʘʣʴʮʠʪʦʚʳʭ (ʦʙʨ. 2099-75-80), ʢʘʣʴʮʠʪ-

ʜʦʣʦʤʠʪʦʚʳʭ (ʦʙʨ. 2050-119-121) ʠ ʘʥʢʝʨʠʪʦʚʳʭ (ʦʙʨ. 2098) ʢʘʨʙʦʥʘʪʠʪʦʚ 

(ʍʨʦʤʦʚʘ ʠ ʜʨ., 2020). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ Pb-Pb ʠʟʦʪʦʧʥʳʭ ʩʠʩʪʝʤ 

ʦʪʦʙʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.5.2. ɺʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ, ʚʢʣʶʯʘʷ ʢʘʨʙʦʥʘʪʠʪʳ, 

ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ ʣʠʥʠʶ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʱʝʡ 

ʠʟʦʭʨʦʥʳ. ʆʥʘ ʦʪʚʝʯʘʝʪ ʚʦʟʨʘʩʪʫ 631Ñ11 ʤʣʥ ʣʝʪ ʠ ʚ ʮʝʣʦʤ, ʣʦʞʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣ 

ʟʥʘʯʝʥʠʡ ʚʦʟʨʘʩʪʦʚ, ʦʧʨʝʜʝʣʸʥʥʳʭ ʜʣʷ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 

(ʗʨʤʦʣʶʢ ʠ ʜʨ., 2005; Doroshkevich et al., 2016; Salnikova et al., 2019).  

 

 

 

 
ʈʠʩ. 2.5.2. ɼʠʘʛʨʘʤʤʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 
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ʤʘʩʩʠʚʘ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʦʟʨʘʩʪʘ Ar-Ar ʤʝʪʦʜʦʤ ʧʦ ʬʣʦʛʦʧʠʪʫ ʠʟ ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ 

(Doroshkevich et al., 2016) ʠ ʜʣʷ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦ Pb/Pb ʠʟʦʭʨʦʥʝ 

ʧʝʨʝʢʨʳʚʘʪʁʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʪʠʨʦʚʢʘʤʠ ʧʦ ʜʨʫʛʠʤ ʧʦʨʦʜʘʤ ʤʘʩʩʠʚʘ 

(ʗʨʤʦʣʶʢ ʠ ʜʨ., 2005; Salnikova et al., 2019) ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʦ ʠʭ ʩʠʥʭʨʦʥʥʦʩʪʠ 

ʠ ʜʦʚʦʣʴʥʦ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 2.5.3).  

ɺʘʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʧʦʣʫʯʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʱʝʣʦʯʥʳʤʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʤʠ ʤʘʩʩʠʚʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʢʨʘʶ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, 

ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤʠ ʪʠʧʘʤʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ɸʣʜʘʥ-

ʉʪʘʥʦʚʦʡ ʱʠʪ, ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ, ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ), ʣʦʞʘʪʩʷ ʚ ʠʥʪʝʨʚʘʣ 650-630 

ʤʣʥ ʣʝʪ (ʨʠʩ. 2.5.3). ɺ.ɺ. ʗʨʤʦʣʶʢ ʩ ʩʦʘʚʪʦʨʘʤʠ (2005) ʩʚʷʟʳʚʘʝʪ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩ ʨʘʩʧʘʜʦʤ ʣʘʚʨʘʟʠʡʩʢʦʡ ʯʘʩʪʠ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʈʦʜʠʥʠʠ 

(ʗʨʤʦʣʶʢ, 2014).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʧʨʦʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʘʜʘ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ, ʘ 

ʪʘʢʞʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʩʦʙʳʪʠʷ, ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʦʮʝʥʠʚʘʝʪʩʷ 

ʥʝʦʜʥʦʟʥʘʯʥʦ. ʅʘʯʘʣʦ ʨʘʩʢʦʣʘ ʈʦʜʠʥʠʠ ʦʪʥʦʩʷʪ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʢ ʢʦʥʮʫ 

ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ, ʧʨʠʤʝʨʥʦ 1150 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʘ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʘʩʢʦʣ 750-

600 ʤʣʥ ʣʝʪ (ʂʫʟʴʤʠʥ, 2014; ɼʦʙʨʝʮʦʚ, 2011; Li, Zhong, 2009; ʄʝʪʝʣʢʠʥ ʠ ʜʨ., 

2007; Meert, Poweel, 2001, ɻʦʨʜʠʝʥʢʦ, 2019 ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ). ɼʠʥʘʤʠʢʘ ʨʘʩʧʘʜʘ 

ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣʦʤ 800-700 ʤʣʥ ʣʝʪ (Meert, Poweel, 2001). 

ʕʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʤʘʩʰʪʘʙʥʳʤ ʚʥʫʪʨʠʧʣʠʪʥʳʤ 

ʤʘʛʤʘʪʠʟʤʦʤ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʠ ʶʞʥʦʡ ʦʢʨʘʠʥʘʭ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚ ʧʝʨʠʦʜ 

780-725 ʤʣʥ ʣʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʘʡʢʦʚʳʭ ʨʦʝʚ, ʨʘʩʩʣʦʝʥʥʳʭ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ-

ʦʩʥʦʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʛʨʘʥʠʪʦʚ ʠ ʚ ʧʝʨʠʦʜ 650-630 ʤʣʥ ʣʝʪ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ 

ʣʘʤʧʨʦʬʠʨʦʚ (ʥʘʧʨʠʤʝʨ, Pʳʮʢ ʠ ʜp., 2002; Sklyarov et al., 2003; ʗʨʤʦʣʶʢ ʠ ʜʨ., 

2005; Gladkochub et al., 2007, 2010; Ernst et al., 2009; ʅʦʞʢʠʥ ʠ ʜʨ., 2008; Marfin et 

al., 2021; ʂʫʟʴʤʠʥ, ʗʨʤʦʣʶʢ, 2014; Doroshkevich et al., 2016, 2022; Salnikova et al., 
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2019; ʍʨʦʤʦʚʘ ʠ ʜʨ., 2020; ɺʨʫʙʣʝʚʩʢʠʡ ʠ ʜʨ., 2003, 2011; ʉʘʟʦʥʦʚ ʠ ʜʨ. 2007; 

ɺʝʨʥʠʢʦʚʩʢʘʷ ʠ ʜʨ. 2007; ʅʦʞʢʠʥ ʠ ʜʨ. 2008; ʈʠʧʧ ʠ ʜʨ., 2009; ʉʘʚʝʣʴʝʚʘ ʠ ʜʨ., 

2022; ʇʨʦʢʦʧʴʝʚ ʠ ʜʨ, 2022). 

ɺʨʝʤʝʥʥʦʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʝʨʠʦʜ 780-725 ʤʣʥ 

ʣʝʪ ʠ ʱʝʣʦʯʥʦʡ ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ - ʚ 650-630 ʤʣʥ ʣʝʪ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʪʘʧʘʤʠ ʨʘʩʧʘʜʘ ʠ ʵʚʦʣʶʮʠʠ ʈʦʜʠʥʠʠ 

(ʥʘʧʨʠʤʝʨ, Metelkin et al., 2007; Li et al., 2008, ʠ ʩʩʳʣʢʠ ʚ ʥʠʭ). ʅʝʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʘʡʢʦʚʳʭ ʨʦʝʚ ʠ ʨʘʩʩʣʦʝʥʥʳʭ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ-ʦʩʥʦʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚ 

ʧʝʨʠʦʜ 780-725 ʤʣʥ ʣʝʪ, ʪʘʢʞʝ ʢʘʢ ʱʝʣʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʝʨʠʦʜ 657-632 ʤʣʥ 

ʣʝʪ ʙʳʣʦ ʚʳʟʚʘʥʦ ʘʢʪʠʚʥʦʩʪʴʶ ʧʣʶʤʘ (ʗʨʤʦʣʶʢ ʠ ʜʨ., 2005; Ernst et al., 2009; 

ʅʦʞʢʠʥ ʠ ʜʨ., 2008; Marfin et al., 2021). ʂʨʦʤʝ ʪʦʛʦ, ʨʦʠ ʜʘʝʢ ʌʨʘʥʢʣʠʥʘ, 

ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʧʝʨʠʦʜ 727ï721 ʤʣʥ ʣʝʪ, ʚ ʩʝʚʝʨʥʦʡ ʃʘʚʨʝʥʪʠʠ ʤʦʛʫʪ ʪʘʢʞʝ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʧʣʶʤʘ (ʥʘʧʨʠʤʝʨ, Denyszyn et al., 2009; Ernst et al., 

2009). ʉʦʛʣʘʩʥʦ Hoffman (1991), Condie & Rosen (1994), Frost et al., (1998), ʠ 

Rainbird et al., (1998), ʉʠʙʠʨʴ ʠ ʃʘʚʨʝʥʪʠʷ ʙʳʣʠ ʯʘʩʪʷʤʠ ʝʜʠʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʚ 

ʤʝʟʦ- ʠ / ʠʣʠ ʥʝʦʧʨʦʪʝʨʦʟʦʝ. ʀʤʝʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ 

ʪʦʤ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʤʝʟʦ- ʠ ʥʝʦʧʨʦʪʝʨʦʟʦʝ ʦʢʝʘʥʠʯʝʩʢʠʡ ʙʘʩʩʝʡʥ 

ʩʫʱʝʩʪʚʦʚʘʣ ʚʜʦʣʴ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʠ ʶʞʥʦʡ ʦʢʨʘʠʥ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ (Sklyarov 

et al., 2003; ɺʝʨʥʠʢʦʚʩʢʠʡ ʠ ʜʨ., 2008); ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʧʦʟʜʥʝʤ 

ʤʝʟʦʧʨʦʪʝʨʦʟʦʝ ʠ ʥʝʦʧʨʦʪʝʨʦʟʦʝ ʚ ʟʘʧʘʜʥʦʡ ʠ ʶʞʥʦʡ ʦʢʨʘʠʥʥʳʭ ʯʘʩʪʷʭ 

ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʨʘʟʨʳʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, 

ʘ ʚ ʥʝʦʧʨʦʪʝʨʦʟʦʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚʦ ʚʥʫʪʨʠʧʣʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ 

(ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2019; ʃʝʪʥʠʢʦʚʘ ʠ ʜʨ., 2017).  

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ 650ï630 ʤʣʥ ʣʝʪ ʥʘʟʘʜ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʪʦʣʴʢʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʚʥʫʪʨʠʧʣʠʪʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʠʬʪʦʛʝʥʝʟʦʤ ʙʝʟ ʫʯʘʩʪʠʷ ʧʣʶʤʘ, ʧʦʩʢʦʣʴʢʫ ʱʝʣʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʦ ʚʨʝʤʝʥʠ ʦʪʜʝʣʝʥʳ ʦʪ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʵʪʘʧʘ 780-725 ʤʣʥ ʣʝʪ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʣʶʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʣʫʙʠʥʥʳʭ ʱʝʣʦʯʥʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ 
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ʥʝ ʪʨʝʙʫʝʪ ʠʟʙʳʪʦʯʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʪʝʧʣʘ (ʥʘʧʨʠʤʝʨ, Foley et al., 2009). 

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ (ʥʘʧʨʠʤʝʨ, Moore et al., 2008, Jelsma et al., 2009; Chalapathi Rao 

et al., 2013; ʊappe et al., 2006; Tappe et al., 2017) ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʧʣʠʪ 

ʚʦ ʚʨʝʤʷ ʨʘʩʢʦʣʘ ʢʦʥʪʠʥʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ 

ʜʣʷ ʧʦʜʲʝʤʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ, ʣʘʤʧʨʦʬʠʨʦʚʳʭ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʠʟ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʦʣʘ ʠ ʨʠʬʪʦʛʝʥʝʟʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʜʲʝʤ ʘʩʪʝʥʦʩʬʝʨʳ ʥʘ ʥʝʛʣʫʙʦʢʠʝ ʫʨʦʚʥʠ ʧʦʜ ʦʢʨʘʠʥʦʡ ʢʨʘʪʦʥʘ ʩ ʧʝʨʝʭʦʜʦʤ 

ʢʨʘʪʦʥʥʦʡ ʛʝʦʪʝʨʤʳ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʫʨʦʚʝʥʴ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʚ ʉʆ2-ʩʦʜʝʨʞʘʱʠʭ ʫʩʣʦʚʠʷʭ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʠʪʦʧʦʜʦʙʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʧʨʦʜʫʮʠʨʫʶʱʝʛʦ 

ʢʘʨʙʦʥʘʪ-ʬʣʦʛʦʧʠʪʦʚʳʝ ʞʠʣʳ. ʇʨʦʜʦʣʞʘʶʱʝʝʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʢʨʘʪʦʥʥʦʡ 

ʛʝʦʪʝʨʤʳ ʚʚʝʨʭ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʧʣʘʚʠʪʴ ʵʪʠ ʞʠʣʳ, ʘ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʘʣʠʝʚʳʝ 

ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʨʘʩʧʣʘʚʳ ʧʨʦʩʘʯʠʚʘʶʪʩʷ ʚ ʤʘʥʪʠʡʥʳʡ ʧʝʨʠʜʦʪʠʪ, 

ʚʳʟʳʚʘʷ ʝʛʦ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʚʠʯʥʦʛʦ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʱʝʣʦʯʥʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʧʨʦʜʫʮʠʨʫʶʱʝʛʦ 

ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ. 

 

 

ʈʠʩ. 2.5.3. ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʱʝʣʦʯʥʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ, ʨʘʩʧʣʦʞʝʥʥʳʭ ʧʦ ʢʨʘʶ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ (ɸʣʜʘʥ-ʉʪʘʥʦʚʦʡ ʱʠʪ, 

ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ, ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ). ʀʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ:  ʉʦʙʘʯʝʥʢʦ ʠ ʜʨ., 

1986; ʗʨʤʦʣʶʢ ʠ ʜʨ., 2005; ʈʠʧʧ ʠ ʜʨ., 2007, 2009; ɺʨʫʙʣʝʚʩʢʠʡ ʠ ʜʨ., 2011; Doroshkevich et al., 

2016, 2022; Salnikova et al, 2019;, Morikiyo et al., 2000; ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2007; ɺʝʨʥʠʢʦʚʩʢʘʷ ʠ ʜʨ., 
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2007; ʍʨʦʤʦʚʘ ʠ ʜʨ., 2020; ʇʨʦʢʦʧʴʝʚ ʠ ʜʨ., 2022; ʉʘʚʝʣʴʝʚʘ ʠ ʜʨ., 2022; ʐʘʨʳʛʠʥ ʠ ʜʨ., 2022; 

ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʤʘʩʰʪʘʙʘ 1:1000000 



ʊʘʙʣʠʮʘ 4.5.1. ʈʝʟʫʣʴʪʘʪʳ 
40

Ar/
39
Ar ʜʘʪʠʨʦʚʘʥʠʷ ʬʣʦʛʦʧʠʪʘ ʠʟ ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʆʙʨ. 2096). 

T
0
C 

t 

(ʤʠʥ) 
40

Ar(STP) 
40

Ar/
39

Ar Ñ1ů 
38

Ar/
39

Ar Ñ1ů 
37

Ar/
39

Ar Ñ1ů 
36

Ar/
39

Ar Ñ1ů Ca/K 

×
39

Ar 

(%) 

ɺʦʟʨʘʩʪ 
(ʤʣʥ 
ʣʝʪ) 
Ñ1ů Ñ1ů 

ʥʘʚʝʩʢʘ 32,75 ʤʛ, J = 0.003920 Ñ 0.000040*; ʠʥʪʝʛʨ. ʚʦʟʨʘʩʪ = 631.5 Ñ 5.4 ʤʣʥ ʣʝʪ; ʚʦʟʨʘʩʪ ʧʣʘʪʦ (875-1130Üʉ, 97% ʚʳʜʝʣʝʥʥʦʛʦ 39Ar) = 644.7 Ñ 5.6 ʤʣʥ ʣʝʪ 

500 10 1.6*e
-9

 84.5163 5.8339 0.01324 0.03995 0.1953 2.1003 0.00828 0.06900 0.70 0.1 503.2 113.3 

650 10 10.5*e
-9

 103.5615 0.8482 0.04347 0.01056 3.3806 0.3405 0.09720 0.00822 12.17 0.5 464.1 14.3 

725 10 70.3*e
-9

 103.8478 0.0804 0.02610 0.00304 0.7888 0.0782 0.02234 0.00068 2.84 3.5 582.6 5.2 

875 10 259.0*e
-9

 111.9183 0.0649 0.01641 0.00053 0.0576 0.0187 0.00523 0.00049 0.21 13.6 648.6 5.6 

950 10 464.1*e
-9

 109.9595 0.0777 0.01792 0.00028 0.0196 0.0082 0.00110 0.00059 0.07 32.0 645.0 5.6 

1010 10 342.9*e
-9

 109.6029 0.0659 0.01839 0.00070 0.1169 0.0353 0.00181 0.00052 0.42 45.6 642.2 5.6 

1070 10 474.7*e
-9

 109.3882 0.0541 0.01694 0.00035 0.0462 0.0123 0.00044 0.00041 0.17 64.5 643.1 5.6 

1130 10 852.5*e
-9

 104.6496 0.0640 0.01778 0.00026 0.0228 0.0076 0.00315 0.00042 0.08 100.0 615.5 5.4 

 

 

ʊʘʙʣʠʮʘ 4.5.2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ Pb-Pb ʠʟʦʪʦʧʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ ʇʦʨʦʜʘ m, ʤʛ I 
206

Pb mV 
206

Pb/
204

Pb 2 sigma 
207

Pb/
204

Pb 2 sigma 
208

Pb/
204

Pb 2 sigma 

01-151 ʤʝʣʴʪʝʡʛʠʪ 0,18 10711 41,4716 0,0009 16,9759 0,0004 54,4899 0,0014 

2092-761-763 ʠʡʦʣʠʪ 0,18 2984 30,0934 0,0013 16,2799 0,0008 45,5747 0,0024 

2099-75-80 ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʡ ʢʘʨʙʦʥʘʪʠʪ 0,26 3363 151,2387 0,0028 23,6372 0,0004 81,0165 0,0016 

ʉ-1/135-144 ʥʝʬʝʣʠʥʦʚʳʡ ʩʠʝʥʠʪ 0,21 6738 32,0893 0,0007 16,3845 0,0005 41,0004 0,0013 

2050-119-121 ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʡ ʢʘʨʙʦʥʘʪʠʪ 0,19 4280 18,7349 0,0004 15,5977 0,0004 47,3074 0,0013 

2098 ʘʥʢʝʨʠʪʦʚʳʡ ʢʘʨʙʦʥʘʪʠʪ 0,26 5424 25,3672 0,0006 15,9718 0,0005 42,3962 0,0015 
ʇʨʠʤʝʯʘʥʠʝ: ʧʦʧʨʘʚʢʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʦʣʦʩʪʦʛʦ ʩʚʠʥʮʘ ʥʝ ʚʚʦʜʠʣʘʩʴ. 



44 

 

 

ɻʣʘʚʘ 3. ʇɽʊʈʆɻʈɸʌʀʗ ʀ ʄʀʅɽʈɸʃʆɻʀʗ ɹɽʃʆɿʀʄʀʅʉʂʆɻʆ 

ʄɸʉʉʀɺɸ  

 

ʉʦʛʣʘʩʥʦ ɸ.ɸ.ʌʨʦʣʦʚʫ (ʌʨʦʣʦʚ ʠ ʜʨ., 2003) ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʨʦʜ 

ʩʣʘʛʘʶʱʠʭ ɹʝʣʦʟʠʤʠʥʩʢʠʡ ʤʘʩʩʠʚ, ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʤʝʣʴʪʝʡʛʠʪʳ Ÿ ʠʡʦʣʠʪʳ ï ʫʨʪʠʪʳ Ÿ ʥʝʬʝʣʠʥʦʚʳʝ 

ʩʠʝʥʠʪʳ Ÿ ʢʘʣʴʮʠʪʦʚʳʝ Ÿ ʢʘʣʴʮʠʪ ï ʜʦʣʦʤʠʪʦʚʳʝ Ÿ ʘʥʢʝʨʠʪʦʚʳʝ 

ʢʘʨʙʦʥʘʪʠʪʳ. 

3.1 ʄʝʣʴʪʝʡʛʠʪʳ 

ʄʝʣʴʪʝʡʛʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ, ʩʝʨʦ-ʟʝʣʝʥʳʝ 

ʢʨʫʧʥʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ. ʉʪʨʫʢʪʫʨʘ ʚ ʦʩʥʦʚʥʦʤ, 

ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʨʝʞʝ ʧʦʡʢʠʣʠʪʦʚʘʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʠʯʠʝʤ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʘʧʘʪʠʪʘ, ʤʘʛʥʝʪʠʪʘ, ʧʝʨʦʚʩʢʠʪʘ. ʊʝʢʩʪʫʨʘ 

ʤʘʩʩʠʚʥʘʷ (ʨʠʩ. 3.1.1ʘ), ʨʝʜʢʦ ʧʦʣʦʩʯʘʪʘʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʣʠʥʝʡʥʦʡ 

ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʪʝʤʥʦʮʚʝʪʥʳʭ ʠ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ. ʄʝʣʴʪʝʡʛʠʪʳ 

ʩʣʦʞʝʥʳ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ (60-90 %), ʥʝʬʝʣʠʥʦʤ (5-40 %), ʧʝʨʦʚʩʢʠʪʦʤ (5-

15 %) ʠ ʤʘʛʥʝʪʠʪʦʤ (5-10 %) (ʪʘʙʣ. 3.1.1). ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʤʠʥʝʨʘʣʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʣʦʛʦʧʠʪʦʤ, ʘʤʬʠʙʦʣʦʤ, ʘʧʘʪʠʪʦʤ, ʪʠʪʘʥʠʪʦʤ, ʛʨʘʥʘʪʦʤ, 

ʠʣʴʤʝʥʠʪʦʤ, ʢʦʪʦʨʳʝ ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 5 % (ʨʠʩ. 3.1.1ʙ, ʚ, ʛ). ʂ 

ʘʢʮʝʩʩʦʨʥʳʤ ʦʪʥʦʩʷʪʩʷ ʢʘʣʴʮʠʪ, ʨʫʪʠʣ, ʙʘʜʜʝʣʝʠʪ, ʩʫʣʴʬʠʜʳ, ʢʘʩʩʠʪ (ʨʠʩ. 

3.1.1ʛ). ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʫʧʧʘʤʠ ʢʘʥʢʨʠʥʠʪʘ, ʣʠʙʥʝʨʠʪʘ 

ʠ ʭʣʦʨʠʪʘ.  

ʊʘʙʣʠʮʘ 3.1.1 ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʘʭ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

 
ʇʦʨʦʜʘ / ʄʠʥʝʨʘʣ 

(%) 
Nph Cpx Kfs Gt Prv Ttn Cal Ap Pcl 

ʄʝʣʴʪʝʡʛʠʪ 5-40 60-90  - 0-1 5-15 ɽʜ.ʟʥ. 1-2 1-3 - 

ʀʡʦʣʠʪ 50-60 30-40 ɽʜ.ʟʥ. 5-15 ɽʜ.ʟʥ. 2-5 1-2 1-3 - 

ʅʝʬʝʣʠʥʦʚʳʡ 

ʩʠʝʥʠʪ 
20-45 10-20 25-40 - - ɽʜ.ʟʥ. 0-3 2-5 0-1 

ʇʨʠʤʝʯʘʥʠʝ: ʇʨʦʯʝʨʢ ï ʥʝ ʦʙʥʘʨʫʞʝʥʦ; ɽʜ. ʟʥ. ï ʝʜʠʥʠʯʥʳʝ ʟʥʘʢʠ.  
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ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʙʫʨʳʡ, ʢʦʨʠʯʥʝʚʳʡ, ʩʣʘʙʦ 

ʧʣʝʦʭʨʦʠʨʫʝʪ. ʈʘʟʤʝʨʳ ʝʛʦ ʟʝʨʝʥ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 0.01 ʜʦ 3 ʤʤ (ʨʠʩ. 3.1.1ʙ, ʚ). 

ʄʠʥʝʨʘʣ ʧʦ ʢʨʘʷʤ ʟʝʨʝʥ ʟʘʤʝʱʘʝʪʩʷ ʘʤʬʠʙʦʣʦʤ ʠ ʬʣʦʛʦʧʠʪʦʤ (ʨʠʩ. 3.1.1ʚ). 

ɺ ʤʠʥʝʨʘʣʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʢʘʣʴʮʠʪʘ ʠ 

ʬʪʦʨʘʧʘʪʠʪʘ (ʨʠʩ. 3.1.1ʛ). ʅʝʬʝʣʠʥ ʧʨʝʜʩʪʘʚʣʝʥ ʠʟʦʤʝʪʨʠʯʥʳʤʠ ʟʝʨʥʘʤʠ, 

ʨʘʟʤʝʨʦʤ 0.1 - 0.7 ʤʤ, (ʨʠʩ. 3.1.1ʘ), ʘ ʪʘʢ ʞʝ ʚʳʧʦʣʥʷʝʪ ʠʥʪʝʨʩʪʠʮʠʠ ʤʝʞʜʫ 

ʟʝʨʥʘʤʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ (ʨʠʩ. 3.1.1ʚ). ʀʥʦʛʜʘ ʥʝʬʝʣʠʥ ʟʘʤʝʱʘʝʪʩʷ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʘʛʨʝʛʘʪʦʤ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧ ʢʘʥʢʨʠʥʠʪʘ ʠ ʣʠʙʥʝʨʠʪʘ. 

 

 

ʈʠʩ. 3.1.1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʪʝʢʩʪʫʨ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʥʝʨʘʣʦʚ ʚ ʤʝʣʴʪʝʡʛʠʪʘʭ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʘ) ʬʨʘʛʤʝʥʪ ʢʝʨʥʘ, ʤʝʣʴʪʝʡʛʠʪ; ʙ) ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʚʠʜ 

ʤʝʣʴʪʝʡʛʠʪʘ; ʚ) ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʟʘʤʝʱʝʥʥʳʡ ʘʛʨʝʛʘʪʦʤ ʘʤʬʠʙʦʣʘ ʠ ʬʣʦʛʦʧʠʪʘ; ʛ) 

ʚʢʣʶʯʝʥʠʷ ʬʣʦʛʦʧʠʪʘ ʠ ʘʧʘʪʠʪʘ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ.  

  

ɸʤʬʠʙʦʣ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʫ ʧʦ ʧʝʨʠʬʝʨʠʠ ʠ ʪʨʝʱʠʥʢʘʤ 

(ʨʠʩ. 3.1.1ʙ). ʄʠʥʝʨʘʣ, ʩʦʚʤʝʩʪʥʦ ʩ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ, ʤʝʩʪʘʤʠ ʟʘʤʝʱʘʝʪʩʷ 

ʤʝʣʢʦʧʣʘʩʪʠʥʯʘʪʳʤ ʘʛʨʝʛʘʪʦʤ ʬʣʦʛʦʧʠʪʘ, ʨʘʟʤʝʨʳ ʯʝʰʫʝʢ ʢʦʪʦʨʦʛʦ ʦʪ 0.05 

ʜʦ 1.0 ʤʤ. ʌʣʦʛʦʧʠʪ ʚ ʤʝʣʴʪʝʡʛʠʪʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ ʟʝʨʝʥ 

ʘʤʬʠʙʦʣʘ ʠ ʥʝʬʝʣʠʥʘ (ʨʠʩ. 3.1.1ʛ), ʦʙʨʘʟʫʝʪ ʘʛʨʝʛʘʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʝʣʢʠʭ 
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(ʦʪ 0.01 ʜʦ 0.5 ʤʤ) ʯʝʰʫʝʢ, ʯʘʩʪʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʦ ʘʤʬʠʙʦʣʫ ʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʫ. ʄʠʥʝʨʘʣ ʟʘʤʝʱʘʝʪʩʷ ʭʣʦʨʠʪʦʤ ʧʦ ʧʝʨʠʬʝʨʠʠ ʟʝʨʝʥ ʠ 

ʪʨʝʱʠʥʢʘʤ ʩʧʘʷʥʥʦʩʪʠ. ʇʝʨʦʚʩʢʠʪ ʦʙʨʘʟʫʝʪ ʙʫʨʳʝ, ʩ ʢʨʘʩʥʳʤ ʦʪʪʝʥʢʦʤ 

ʟʝʨʥʘ, ʨʘʟʤʝʨʦʤ 0.05 - 2 ʤʤ. ʄʠʥʝʨʘʣ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʤʘʛʥʝʪʠʪʦʤ (ʨʠʩ. 3.1.2ʘ), 

ʦʙʨʘʟʫʷ ʛʥʝʟʜʦʚʠʜʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ, ʦʪʜʝʣʴʥʳʝ ʟʝʨʥʘ ʠʤʝʶʪ ʥʝʦʜʥʦʨʦʜʥʦʝ 

ʩʪʨʦʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʚʘʨʠʘʮʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʈɿʕ ʠ ʥʠʦʙʠʷ (ʨʠʩ. 3.1.2ʙ). 

ʄʘʛʥʝʪʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʢʦʨʦʪʢʦʪʘʙʣʠʪʯʘʪʳʭ, ʥʝʧʨʘʚʠʣʴʥʳʭ ʟʝʨʝʥ 

ʨʘʟʤʝʨʦʤ ʜʦ 1.5 ʤʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʧʦʨʦʜʝ ʧʦʚʩʝʤʝʩʪʥʦ. ɺ ʤʠʥʝʨʘʣʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʣʘʩʪʠʥʯʘʪʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʠʣʴʤʝʥʠʪʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʘʩʧʘʜʘ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (ʨʠʩ. 3.1.2ʚ). ʀʥʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʠʣʴʤʝʥʠʪʘ 

ʢʘʩʩʠʪʦʤ (ʨʠʩ. 3.1.2ʛ). ʇʦ ʢʨʘʷʤ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʤʘʛʥʝʪʠʪʘ ʦʪʤʝʯʘʶʪʩʷ 

ʨʝʘʢʮʠʦʥʥʳʝ ʦʪʦʨʦʯʢʠ ʪʠʪʘʥʠʪʘ (ʨʠʩ. 3.1.2ʘ, ʙ).  

 

ʈʠʩ. 3.1.2. ʘ) ʥʝʦʜʥʦʨʦʜʥʳʡ ʧʝʨʦʚʩʢʠʪ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʘʛʥʝʪʠʪʦʤ; ʙ) ʚʥʫʪʨʝʥʥʝʝ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ ʧʝʨʦʚʩʢʠʪʘ; ʚ) ʩʪʨʫʢʪʫʨʘ ʨʘʩʧʘʜʘ ʚ ʤʘʛʥʠʪʝ; ʛ) ʟʘʤʝʱʝʥʠʝ 

ʠʣʴʤʝʥʠʪʘ ʢʘʩʩʠʪʦʤ. ʀʟʦʙʨʘʞʝʥʠʝ ʚ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 
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ʂʘʣʴʮʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʥʝʧʨʘʚʠʣʴʥʳʭ ʟʝʨʝʥ ʨʘʟʤʝʨʦʤ 0.05-0.5 ʤʤ 

ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ, ʪʘʢ ʞʝ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ (ʨʠʩ. 3.1.1ʛ). 

ɹʝʩʮʚʝʪʥʳʝ ʟʝʨʥʘ ʬʪʦʨʘʧʘʪʠʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ (ʥʝʬʝʣʠʥ, ʢʣʠʥʦʧʠʨʦʢʩʝʥ) ʠ ʘʤʬʠʙʦʣʝ (ʨʠʩ. 

3.1.1ʙ, ʛ), ʨʝʞʝ ʦʪʤʝʯʘʶʪʩʷ ʚ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʈʘʟʤʝʨʳ ʟʝʨʝʥ 

ʜʦʩʪʠʛʘʶʪ 0.3 ʤʤ. ɻʨʘʥʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʦʢʨʫʛʣʳʭ ʟʝʨʝʥ, ʜʦʩʪʠʛʘʶʱʠʭ 

0.3 ʤʤ, ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʬʪʦʨʘʧʘʪʠʪʦʤ. ʈʫʪʠʣ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʤʘʛʥʝʪʠʪʦʤ, 

ʠʣʴʤʝʥʠʪʦʤ ʠ ʪʠʪʘʥʠʪʦʤ, ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ, ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ 

ʨʘʟʤʝʨʦʤ ʜʦ 0.3 ʤʤ. 

3.2 ʀʡʦʣʠʪʳ 

ʇʦʨʦʜʳ ʠʡʦʣʠʪ-ʫʨʪʠʪʦʚʦʛʦ ʨʷʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʩʩʠʚʥʳʝ, 

ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ, ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʦʪ 2 ʜʦ 10 

ʤʤ, ʩ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ, ʠʥʦʛʜʘ ʧʦʡʢʠʣʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʬʪʦʨʘʧʘʪʠʪʘ, ʢʘʣʴʮʠʪʘ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʇʝʨʝʭʦʜ ʤʝʞʜʫ ʤʝʣʴʪʝʡʛʠʪʘʤʠ ʠ ʧʦʨʦʜʘʤʠ ʠʡʦʣʠʪ-ʫʨʪʠʪʦʚʦʛʦ ʨʷʜʘ ʨʝʟʢʠʡ, 

ʦʙʫʩʣʦʚʣʝʥ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʦʪ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ 

ʧʦʨʦʜ ʢ ʣʝʡʢʦʢʨʘʪʦʚʳʤ, ʘ ʪʘʢ ʞʝ ʩʤʝʥʦʡ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʝ 

(ʨʠʩ. 3.2.1ʘ). ʀʡʦʣʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʫʣʴʬʠʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ (ʨʠʩ. 3.2.1ʙ). 

ʇʦʨʦʜʘ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʩʫʙʠʜʠʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʥʝʬʝʣʠʥʘ 

ʩʦʩʪʘʚʣʷʶʱʠʭ 50-60 %, ʢʨʫʧʥʳʭ ʪʘʙʣʠʪʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ 

(30-40 %) (ʨʠʩ. 3.2.1ʚ, ʛ; ʪʘʙʣ. 3.1.1). ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ï ʛʨʘʥʘʪ ʠ 

ʤʘʛʥʝʪʠʪ, ʩʣʶʜʘ, ʢʘʣʴʮʠʪ, ʧʝʨʦʚʩʢʠʪ ʠ ʘʧʘʪʠʪ (ʜʦ 5 %). ʂ ʘʢʮʝʩʩʦʨʥʳʤ 

ʦʪʥʦʩʷʪʩʷ ʙʘʜʜʝʣʝʠʪ, ʠʣʴʤʝʥʠʪ, ʪʠʪʘʥʠʪ, ʨʫʪʠʣ, ʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ. ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʫʧʧʘʤʠ ʢʘʥʢʨʠʥʠʪʘ, 

ʣʠʙʥʝʨʠʪʘ, ʭʣʦʨʠʪʘ, ʤʫʩʢʦʚʠʪʘ. ʂʨʫʧʥʳʝ ʪʘʙʣʠʪʯʘʪʳʝ ʟʝʨʥʘ ʥʝʬʝʣʠʥʘ (2-5 

ʤʤ) ʧʦ ʤʠʢʨʦʪʨʝʱʠʥʢʘʤ ʠ ʧʝʨʠʬʝʨʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʤʝʱʝʥʳ ʚʪʦʨʠʯʥʳʤʠ 
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ʤʠʥʝʨʘʣʘʤʠ (ʜʦ 30 % ʧʣʦʱʘʜʠ) ʛʨʫʧʧ ʣʠʙʥʝʨʠʪʘ, ʢʘʥʢʨʠʥʠʪʘ (ʨʠʩ. 3.2.1ʙ). 

ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʘʙʦ ʧʣʝʦʭʨʦʠʨʫʶʱʠʤʠ ʢʦʨʦʪʢʦʪʘʙʣʠʪʯʘʪʳʤʠ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʠ ʥʝʧʨʘʚʠʣʴʥʦ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʟʝʨʥʘʤʠ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 5-7 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ɺ ʟʝʨʥʘʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʦʚʩʢʠʪʘ, 

ʢʘʣʴʮʠʪʘ ʠ ʩʣʶʜʳ (ʨʠʩ. 3.2.1ʚ, ʛ). 

 

 

ʈʠʩ. 3.2.1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʪʝʢʩʪʫʨ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʥʝʨʘʣʦʚ ʚ ʠʡʦʣʠʪʘʭ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʘ) ʢʦʥʪʘʢʪ ʤʝʣʴʪʝʡʛʠʪʘ ʠ ʠʡʦʣʠʪʘ; ʙ) ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ 

ʧʝʨʦʚʩʢʠʪʘ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ ʢʘʣʴʮʠʪʘ (ʯʝʨʥʦʝ ï ʤʘʛʥʝʪʠʪ ʠ ʩʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ); ʚ) 

ʚʢʣʶʯʝʥʠʷ ʬʪʦʨʘʧʘʪʠʪʘ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ; ʛ) ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ʚ ʧʦʨʦʜʝ. 

 

ʉʣʶʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ, ʘ ʪʘʢʞʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ, ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʭʣʦʨʠʪʦʤ ʠ 

ʤʫʩʢʦʚʠʪʦʤ, ʘ ʘʤʬʠʙʦʣ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʫ. ʇʝʨʦʚʩʢʠʪ 

ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ, ʯʝʤ ʚ ʤʝʣʴʪʝʡʛʠʪʘʭ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʦʨʦʜʝ ʜʦʩʪʠʛʘʝʪ 3% 

(ʪʘʙʣ. 3.1.1). ʄʠʥʝʨʘʣ ʦʙʨʘʩʪʘʝʪ ʪʠʪʘʥʠʪʦʤ, ʦʙʨʘʟʫʷ ʟʝʨʥʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʷʪʥʠʩʪʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ 
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ʚʢʣʶʯʝʥʠʡ ʚ ʛʨʘʥʘʪʝ (ʨʠʩ 3.2.2ʘ, ʙ). ʂʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʛʨʘʥʘʪʘ ʨʘʟʤʝʨʦʤ 

ʜʦ 1.5 ʩʤ ʠʥʦʛʜʘ ʟʘʥʠʤʘʶʪ ʜʦ 15% ʧʣʦʱʘʜʠ ʧʦʨʦʜʳ, ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʚ ʧʦʨʦʜʝ 

ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ ʧʦʨʦʜʘʤʠ (ʪʘʙʣ. 3.1.1). 

ʏʘʩʪʦ ʛʨʘʥʘʪ ʦʙʨʘʩʪʘʝʪ ʟʝʨʥʘ ʧʝʨʦʚʩʢʠʪʘ (ʨʠʩ 3.2.2ʚ). ʂʘʣʴʮʠʪ ʟʘʧʦʣʥʷʝʪ 

ʠʥʪʝʨʩʪʠʮʠʠ ʤʝʞʜʫ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʨʠʩ 3.2.1ʙ), ʠʥʦʛʜʘ ʚ 

ʥʝʤ ʩʦʜʝʨʞʘʪʴʩʷ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ ʤʘʛʥʝʪʠʪʘ ʠ ʩʫʣʴʬʠʜʦʚ (ʨʠʩ 3.2.2ʘ). 

ʌʪʦʨʘʧʘʪʠʪ (ʜʦ 1%) ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʦʚʘʣʴʥʳʭ ʟʝʨʝʥ 

ʨʘʟʤʝʨʦʤ 0.05-0.7 ʤʤ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʩʢʦʧʣʝʥʠʡ ʙʦʣʝʝ ʤʝʣʢʠʭ ʟʝʨʝʥ. ʀʥʦʛʜʘ 

ʟʝʨʥʘ ʦʢʨʫʞʝʥʳ ʘʛʨʝʛʘʪʦʤ ʛʨʘʥʘʪʘ ʠ ʧʝʨʦʚʩʢʠʪʘ (ʨʠʩ. 3.2.3ʙ).  

 

ʈʠʩ. 3.2.2. ʍʘʨʘʢʪʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʠʥʝʨʘʣʦʚ ʚ ʠʡʦʣʠʪʘʭ. ʘ) ʦʪʦʨʦʯʢʘ ʪʠʪʘʥʠʪʘ 

ʧʦ ʧʝʨʦʚʩʢʠʪʫ; ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʘʪʘ ʚ ʧʦʨʦʜʘʭ; ʚ) ʦʪʦʨʦʯʢʘ ʛʨʘʥʘʪʘ ʚʦʢʨʫʛ 

ʧʝʨʦʚʩʢʠʪʘ; ʚ) ʚʢʣʶʯʝʥʠʷ ʤʘʥʛʘʥʠʣʴʤʝʥʠʪʘ ʚ ʤʘʛʥʝʪʠʪʝ. ʀʟʦʙʨʘʞʝʥʠʝ ʚ ʦʙʨʘʪʥʦ-

ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 
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ʄʘʛʥʝʪʠʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʧʦʨʦʜʝ ʚ ʚʠʜʝ ʠʟʦʤʝʪʨʠʯʥʳʭ, ʠʥʦʛʜʘ 

ʪʘʙʣʠʪʯʘʪʳʭ ʟʝʨʝʥ, ʜʦʩʪʠʛʘʶʱʠʭ 5 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ɺ ʤʠʥʝʨʘʣʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʣʘʩʪʠʥʯʘʪʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʠʣʴʤʝʥʠʪʘ ʠ ʤʘʥʛʘʥʦʠʣʴʤʝʥʠʪʘ 

(ʨʠʩ 3.2.2ʛ). ɹʘʜʜʝʣʝʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʨʝʜʢʠʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʟʝʨʝʥ, 

çʚʨʦʩʰʠʭè ʚ ʢʘʣʴʮʠʪʝ, ʣʠʙʦ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʬʪʦʨʘʧʘʪʠʪʦʤ, ʝʛʦ ʨʘʟʤʝʨʳ 

ʜʦʩʪʠʛʘʶʪ 0,1 ʤʤ.  

3.3 ʅʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ 

ʇʦʨʦʜ  r ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ, ʨʦʟʦʚʘʪʳʤʠ, ʪʝʤʥʦ-ʩʝʨʳʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. ʉʪʨʫʢʪʫʨʘ ʛʠʧʠʜʠʦʤʦʬʥʦʟʝʨʥʠʩʪʘʷ, ʪʝʢʩʪʫʨʘ ʪʘʢʩʠʪʦʚʘʷ 

(ʥʝʦʜʥʦʨʦʜʥʘʷ), ʨʘʟʤʝʨ ʟʝʨʝʥ ʤʠʥʝʨʘʣʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0.01 ʜʦ 15 ʤʤ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʘʭ 

ʷʚʣʷʶʪʩʷ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ (25-40 %), ʥʝʬʝʣʠʥ (20-45 %), 

ʢʣʠʥʦʧʠʨʦʢʩʝʥ (ʜʦ 20 %) (ʪʘʙʣ. 3.1.1). ʉʦʦʪʥʦʰʝʥʠʷ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ 

ʥʝʬʝʣʠʥʘ ʢʦʣʝʙʣʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʤʠʥʝʨʘʣʳ - 

ʱʝʣʦʯʥʦʡ ʘʤʬʠʙʦʣ, ʬʣʦʛʦʧʠʪ, ʢʘʣʴʮʠʪ, ʘʧʘʪʠʪ. ʂ ʘʢʮʝʩʩʦʨʥʳʤ ʦʪʥʦʩʷʪʩʷ 

ʧʠʨʦʭʣʦʨ, ʬʪʦʨʘʧʘʪʠʪ, ʪʠʪʘʥʠʪ, ʮʠʨʢʦʥ, ʙʘʜʜʝʣʝʠʪ, ʙʘʨʠʪʦʢʘʣʴʮʠʪ, ʪʦʨʠʘʥʠʪ, 

ʠʣʴʤʝʥʠʪ, ʨʫʪʠʣ. ʆʙʱʠʡ ʚʠʜ ʧʦʨʦʜʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3.3.1ʘ. 

ʊʘʙʣʠʪʯʘʪʳʝ ʟʝʨʥʘ ʥʝʬʝʣʠʥʘ ʨʘʟʤʝʨʦʤ ʜʦ 5 ʤʤ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʳ 

ʢʘʥʢʨʠʥʠʪʦʤ (ʨʠʩ. 3.3.1ʙ). ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʨʦʪʢʦʪʘʙʣʠʪʯʘʪʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʪʝʤʥʦ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʨʘʟʤʝʨʦʤ 0.1-1 ʤʤ, ʠ ʥʝʨʝʜʢʦ ʦʙʨʘʩʪʘʝʪ 

ʢʘʡʤʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʵʛʠʨʠʥʘ (ʨʠʩ. 3.3.1ʚ). ʀʥʦʛʜʘ ʵʛʠʨʠʥ ʬʦʨʤʠʨʫʝʪ 

ʢʨʠʩʪʘʣʣʳ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʘʣʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ, ʢʦʪʦʨʳʝ ʧʦ ʧʝʨʠʬʝʨʠʠ 

ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʪʩʷ ʤʠʥʝʨʘʣʘʤʠ ʛʨʫʧʧ ʭʣʦʨʠʪʘ ʠ ʤʫʩʢʦʚʠʪʘ, ʧʨʠʜʘʚʘʷ 

ʟʝʨʥʘʤ ʥʝʨʦʚʥʳʝ ʦʯʝʨʪʘʥʠʷ (ʨʠʩ. 3.3.2ʘ).  
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ʈʠʩ. 3.3.1. ʍʘʨʘʢʪʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʠʥʝʨʘʣʦʚ ʚ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʘʭ. ʘ) 

ʥʝʬʝʣʠʥʦʚʳʡ ʩʠʝʥʠʪ; ʙ) ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʥʝʬʝʣʠʥʦʚʦʤ 

ʩʠʝʥʠʪʝ ʚ) ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʣʶʜʳ ʠ ʢʘʣʴʮʠʪʘ; ʛ) ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚ 

ʥʝʬʝʣʠʥʦʚʦʤ ʩʠʝʥʠʪʝ. 

 

ʂʘʣʴʮʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʘʭ ï ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ ʠ ʥʝʬʝʣʠʥʝ, (ʨʠʩ. 3.3.2 ʙ, ʚ), ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ 

ʠʥʪʝʨʩʪʠʮʠʠ ʤʝʞʜʫ ʥʠʤʠ. ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʫʧʥʳʤʠ, 

ʜʦ 2 ʩʤ, ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ʟʝʨʥʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ ʟʸʨʝʥ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ ʥʝʬʝʣʠʥʘ (ʨʠʩ. 3.3.1ʘ), ʠʥʦʛʜʘ 

ʤʠʥʝʨʘʣ ʧʦ ʧʝʨʠʬʝʨʠʠ ʟʘʤʝʱʘʝʪʩʷ ʘʣʴʙʠʪʦʤ. ɸʤʬʠʙʦʣ ʟʘʤʝʱʘʝʪ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʧʦ ʧʝʨʠʬʝʨʠʠ, ʘ ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʬʣʦʛʦʧʠʪʦʤ ʠ 

ʵʛʠʨʠʥʦʤ, ʦʙʨʘʟʫʷ ʠʛʦʣʴʯʘʪʦ-ʚʦʣʦʢʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ ʠ ʟʝʨʥʘ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ, ʨʘʟʤʝʨʦʤ ʜʦ 0.1 ʤʤ. ʆʢʨʘʩʢʘ ʟʝʣʝʥʘʷ, ʩʚʝʪʣʦ-ʟʝʣʝʥʘʷ, ʛʦʣʫʙʦʚʘʪʦ-

ʟʝʣʝʥʘʷ ʠ ʛʦʣʫʙʘʷ. 
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ʈʠʩ. 3.3.2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʤʠʥʝʨʘʣʦʚ ʠʟ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ. ʘ) ʛʣʦʤʝʨʦʚʠʜʥʦʝ ʩʢʦʧʣʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʩʨʝʜʠ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʥʝʬʝʣʠʥʘ; ʙ) ʟʝʨʥʦ 

ʧʠʨʦʭʣʦʨʘ, ʢʦʨʨʦʜʠʨʦʚʘʥʥʦʝ ʢʘʣʴʮʠʪʦʤ ʚ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʚ) ʚʢʣʶʯʝʥʠʷ 

ʘʧʘʪʠʪʘ, ʢʘʣʴʮʠʪʘ ʠ ʧʠʨʦʭʣʦʨʘ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ; ʛ) ʦʪʦʨʦʯʢʘ ʮʠʨʢʦʥʘ ʚʦʢʨʫʛ ʟʝʨʝʥ 

ʙʘʜʜʝʣʝʠʪʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʚ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 
 

ʉʣʶʜʘ ʚ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʝ ʨʘʚʥʦʤʝʨʥʦ, 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ, ʜʦ 7 ʤʤ ʯʝʰʫʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʨʝʜʠ ʟʝʨʝʥ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ (ʨʠʩ. 3.3.1ʙ). ʇʦ ʧʝʨʠʬʝʨʠʠ ʦʥʠ ʟʘʤʝʱʘʝʪʩʷ ʭʣʦʨʠʪʦʤ. 

ʌʪʦʨʘʧʘʪʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʘʭ, ʘ ʮʠʨʢʦʥ ʦʙʨʘʩʪʘʝʪ ʤʝʣʢʠʝ ʟʝʨʥʘ ʙʘʜʜʝʣʝʠʪʘ. ɽʜʠʥʠʯʥʳʝ ʟʝʨʥʘ 

ʧʠʨʦʭʣʦʨʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʤ 

0.1-0.3 ʤʤ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ (ʨʠʩ. 3.3.2ʘ, ʚ). ʎʠʨʢʦʥ ʦʙʨʘʩʪʘʝʪ ʙʘʜʜʝʣʝʠʪ ʧʦ 

ʧʝʨʠʬʝʨʠʠ (ʨʠʩ. 3.3.2ʛ).  
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 3.4 ʂʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ 

ʂʘʣʴʮʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ, ʤʘʩʩʠʚʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʥʘ 70 % ʩʣʦʞʝʥʳ 

ʢʘʣʴʮʠʪʦʤ (ʨʠʩ. 3.4.1ʘ). ʇʦʤʠʤʦ ʢʘʨʙʦʥʘʪʘ ʪʠʧʦʤʦʨʬʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ 

ʷʚʣʷʶʪʩʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥ, ʘʤʬʠʙʦʣ, ʦʣʠʚʠʥ, ʬʣʦʛʦʧʠʪ, ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪ, 

ʬʪʦʨʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨ (ʨʠʩ. 3.4.1ʙ), ʬʪʦʨʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ. ɸʢʮʝʩʩʦʨʥʳʝ 

ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʧʘʪʠʪʦʤ ʮʠʨʢʦʥʦʣʠʪʦʤ, ʙʘʦʪʠʪʦʤ, 

ʙʘʨʠʪʦʢʘʣʴʮʠʪʦʤ. ɺʩʪʨʝʯʘʶʪʩʷ ʮʠʨʢʦʥ, ʙʘʨʠʪ, ʪʦʨʠʪ, Nb-ʨʫʪʠʣ, ʩʪʨʦʥʮʠʘʥʠʪ, 

ʩʫʣʴʬʠʜʳ (ʧʠʨʨʦʪʠʥ, ʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ). ɺ ʧʦʨʦʜʝ ʨʝʜʢʦ ʦʪʤʝʯʘʶʪʩʷ ʩʨʦʩʪʢʠ 

ʬʪʦʨʢʘʨʙʦʥʘʪʦʚ ʈɿʕ (ʙʘʩʪʥʝʟʠʪ-ʉʝ, ʩʠʥʭʠʟʠʪ-ʉʝ) ʘ ʪʘʢ ʞʝ ʘʥʢʠʣʠʪʘ-ʉʝ, 

ʤʦʥʘʮʠʪʘ-ʉʝ. ʆʪʤʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʟʝʨʥʘ ʙʫʨʙʘʥʢʠʪʘ, ʠ ʥʝʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʭ 

ʍ-ʤʠʥʝʨʘʣʦʚ ʧʦ-ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʙʣʠʟʢʠʭ ʢ ʣʘʘʭʠʪʫ, ʤʦʛʦʚʠʜʠʪʫ ʠ ʵʚʝʩʣʦʛʠʪʫ. 

 

 
ʈʠʩ. 3.4.1. ʍʘʨʘʢʪʝʨ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʠʥʝʨʘʣʦʚ ʚ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ. ʘ) 

ʬʦʪʦ ʢʝʨʥʘ ʩ ʢʨʫʧʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʧʠʨʦʭʣʦʨʘ; ʙ) ʢʨʠʩʪʘʣʣ ʧʠʨʦʭʣʦʨʘ ʩʨʝʜʠ ʢʘʣʴʮʠʪʘ; 

ʚ) ʬʣʦʛʦʧʠʪ ʩ ʢʘʡʤʦʡ ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪʘ; ʚ) ʟʘʤʝʱʝʥʠʝ ʧʠʨʦʢʩʝʥʘ ʘʛʨʝʛʘʪʦʤ ʩʣʶʜʳ ʠ 

ʘʤʬʠʙʦʣʘ.  
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ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʘʷ, ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʡ ʜʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ, ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ, 

ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ. ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ (ʨʠʩ. 3.4.1ʘ). 

ʂʘʣʴʮʠʪ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 

ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʟʝʨʥʘʤʠ ʨʘʟʤʝʨʦʤ ʦʪ ʜʦʣʝʡ ʜʦ 10 ʤʤ, ʠʥʦʛʜʘ ʜʦ 20 ʤʤ (ʨʠʩ 

3.4.1 ʙ). ʂʘʣʴʮʠʪ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʣʠʚʠʥʘ ʚ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʧʦʨʦʜʳ ʜʦʩʪʠʛʘʝʪ 20 %. ʆʥ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʫʝʪ ʦʢʨʫʛʣʳʝ, ʥʝʧʨʘʚʠʣʴʥʳʝ ʟʝʨʥʘ, ʠ ʠʤʝʝʪ ʩʢʝʣʝʪʥʫʶ 

ʬʦʨʤʫ, ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʚʪʦʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʙʦʫʣʠʥʛʠʪ - 

ʠʜʜʠʥʛʩʠʪ, ʩʝʨʧʝʥʪʠʥ (ʨʠʩ. 3.4.2ʘ). ʈʘʟʤʝʨʳ ʟʝʨʝʥ ʢʦʣʝʙʣʶʪʩʷ ʦʪ ʩʦʪʳʭ ʜʦʣʝʡ 

ʜʦ 7-8 ʤʤ. ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ, ʚ ʚʠʜʝ 

ʠʟʦʤʝʪʨʠʯʥʳʭ, ʯʘʩʪʦ ʫʜʣʠʥʸʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʟʝʨʝʥ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠ 

ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʢʣʶʯʝʥʠʡ ʢʘʨʙʦʥʘʪʦʚ, ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ 

ʧʠʨʦʭʣʦʨʘ (ʨʠʩ 3.4.1ʛ). ɺ ʤʠʥʝʨʘʣʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʢʘʣʴʮʠʪʘ (ʨʠʩ. 

3.4.3ʘ). ʂʨʠʩʪʘʣʣʳ ʧʦ ʧʝʨʠʬʝʨʠʠ ʟʘʤʝʱʘʶʪʩʷ ʘʤʬʠʙʦʣʦʤ. ʎʚʝʪ ʠʟʫʤʨʫʜʥʦ ï 

ʟʝʣʝʥʳʡ, ʩʚʝʪʣʦ-ʟʝʣʝʥʳʡ, ʛʦʣʫʙʦʡ, ʩʠʨʝʥʝʚʳʡ. ʈʘʟʤʝʨʳ ʟʝʨʝʥ ʚʘʨʴʠʨʫʶʪ ʦʪ 

0.01 ʜʦ 5-6 ʤʤ (ʨʠʩ. 3.4.1ʘ).  

ɸʤʬʠʙʦʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʧʦʨʦʜʝ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 3-5 %. ʄʠʥʝʨʘʣ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʩʥʦʧʦʚʠʜʥʳʭ, ʠʛʦʣʴʯʘʪʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʜʣʠʥʦʡ ʜʦ 5 ʤʤ (ʨʠʩ 3.4.3ʙ), ʠʥʦʛʜʘ ʦʙʨʘʟʫʝʪ ʧʦʣʥʳʝ 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʧʠʨʦʢʩʝʥʫ. ʉʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘʧʘʪʠʪʘ ʥʝ ʨʝʜʢʦ 

ʜʦʩʪʠʛʘʝʪ 5-10 % ʧʦʨʦʜʳ, ʨʝʞʝ 20%. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʚʘʣʴʥʳʝ ʟʝʨʥʘ 

ʨʘʟʤʝʨʦʤ ʜʦ 3 ʤʤ. ʏʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʘʭ ʠ ʧʠʨʦʭʣʦʨʝ. ɺ ʦʩʥʦʚʥʦʤ ʤʠʥʝʨʘʣ ʧʨʠʫʨʦʯʝʥ ʢ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ 

ʢʘʣʴʮʠʪʘ, ʦʙʨʘʟʫʷ ʮʝʧʦʯʝʯʥʳʝ ʩʢʦʧʣʝʥʠʷ. ʏʘʩʪʦ ʟʝʨʥʘ ʘʧʘʪʠʪʘ 

ʪʨʝʱʠʥʦʚʘʪʳʝ, ʧʦ ʪʨʝʱʠʥʢʘʤ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʣʴʮʠʪ.  
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ʈʠʩ. 3.4.2. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚ ʢʘʣʴʮʠʪʦʚʦʤ ʢʘʨʙʦʥʘʪʠʪʝ. ʘ) ʦʣʠʚʠʥ 

ʟʘʤʝʱʝʥʥʳʡ (ʪʝʤʥʦʝ) ʧʦ ʪʨʝʱʠʥʘʤ ʙʦʫʣʠʥʛʠʪ-ʠʜʜʠʥʛʩʠʪʦʤ ʠ ʩʝʨʧʝʥʪʠʥʦʤ; ʙ) 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʥʘʪʨʠʷ, ʩʪʨʦʥʮʠʷ, ʙʘʨʠʷ ʠ ʈɿʕ ʚ ʘʧʘʪʠʪʝ; ʚ) 

ʫʜʣʠʥʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʵʚʝʩʣʦʛʠʪʘ (?) ʚ ʧʣʘʩʪʠʥʯʘʪʦʤ ʬʣʦʛʦʧʠʪʝ ʛ) ʨʘʟʚʠʪʠʝ 

ʙʘʨʠʪʦʮʝʣʝʩʪʠʥʘ ʠ ʩʪʨʦʥʮʠʘʥʠʪʘ (ʩʚʝʪʣʦʝ) ʧʦ ʩʧʘʷʥʥʦʩʪʠ ʬʣʦʛʦʧʠʪʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʚ 

ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 

 

 

ʈʠʩ. 3.4.3. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʢʘʣʴʮʠʪʦʚʦʛʦ ʢʘʨʙʦʥʘʪʠʪʘ. ʘ) ʚʢʣʶʯʝʥʠʷ ʢʘʣʴʮʠʪʘ ʚ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ, ʟʝʣʝʥʦʝ - ʵʛʠʨʠʥ; ʙ) ʩʥʦʧʦʚʠʜʥʳʝ, ʠʛʦʣʴʯʘʪʳʝ ʘʛʨʝʛʘʪʳ ʨʠʭʪʝʨʠʪʘ. 
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ʇʠʨʦʭʣʦʨʳ ʚ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʰʠʨʦʢʦ, 

ʟʘʥʠʤʘʷ ʜʦ 3-5 % ʧʣʦʱʘʜʠ ʧʦʨʦʜʳ. ʄʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ ʢʨʫʧʥʳʝ ʨʠʪʤʠʯʥʦ 

ʟʦʥʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʩ ʤʘʣʦʨʘʟʚʠʪʳʤʠ ʛʨʘʥʷʤʠ 

ʢʫʙʘ, ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʢʘʣʴʮʠʪʘ, ʙʘʜʜʝʣʝʠʪʘ ʠ ʬʪʦʨʘʧʘʪʠʪʘ (ʨʠʩ. 3.4.4ʘ). 

ʄʘʛʥʝʪʠʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʧʦʨʦʜʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɽʛʦ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʴʠʨʫʝʪ 

ʦʪ 1 ʜʦ 5-10 %. ʈʘʟʤʝʨʳ ʟʝʨʝʥ ʤʠʥʝʨʘʣʘ ʜʦʩʪʠʛʘʶʪ ʦʪ 4 ʜʦ 10 ʤʤ. ʅʝʨʝʜʢʦ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʤʘʛʥʝʪʠʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʘʧʘʪʠʪʘ, 

ʠʥʦʛʜʘ ʧʠʨʦʭʣʦʨʘ (ʨʠʩ. 3.4.5ʘ, ʙ), ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʠʣʴʤʝʥʠʪʦʚʳʭ ʧʣʘʩʪʠʥ 

(ʨʠʩ. 3.4.5ʙ). ɺʝʨʦʷʪʥʦ, ʜʣʷ ʤʘʛʥʝʪʠʪʘ ʭʘʨʘʢʪʝʨʝʥ ʙʣʠʟ-ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʨʦʩʪ ʩ 

ʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʀʥʦʛʜʘ ʟʝʨʥʘ ʤʘʛʥʝʪʠʪʘ 

ʨʝʟʦʨʙʠʨʦʚʘʥʳ ʧʦ ʢʨʘʷʤ ʠ ʤʘʨʢʠʨʫʶʪʩʷ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʢʨʠʩʪʘʣʣʘʤʠ 

ʪʠʪʘʥʠʪʘ. ʉʣʶʜʘ ʚ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ 

ʯʝʰʫʝʢ (0.03-2 ʤʤ), ʨʘʩʩʝʷʥʥʳʭ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʦʨʦʜʳ.  

 

 

ʈʠʩ 3.4.4. ɿʦʥʘʣʴʥʦʩʪʴ ʠ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʠʨʦʭʣʦʨʘ ʠʟ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʘ ï ʨʠʪʤʠʯʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʢʨʠʩʪʘʣʣʝ ʠʟ ʢʘʣʴʮʠʪʦʚʦʛʦ 

ʢʘʨʙʦʥʘʪʠʪʘ; ʙ ï ʧʷʪʥʠʩʪʘʷ ʟʦʥʘʣʴʥʦʩʪʴïʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴ ʚ ʢʨʠʩʪʘʣʣʝ ʠʟ ʢʘʣʴʮʠʪ-

ʜʦʣʦʤʠʪʦʚʦʛʦ ʢʘʨʙʦʥʘʪʠʪʘ; ʚ - ʠʟʤʝʥʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʠʟ ʘʥʢʝʨʠʪʦʚʦʛʦ ʢʘʨʙʦʥʘʪʠʪʘ (ʧʦ 

ʤʠʥʝʨʘʣʫ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʡʤʘ ʢʦʣʫʤʙʠʪʘ). 1, 7, 8, 11 ï ʫʯʘʩʪʢʠ ʘʥʘʣʠʟʘ. ʀʟʦʙʨʘʞʝʥʠʷ ʚ 

ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 
 

ɺ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʦʪʤʝʯʘʶʪʩʷ ʩʨʦʩʪʢʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʬʪʦʨʢʘʨʙʦʥʘʪʦʚ (ʙʘʩʪʥʝʟʠʪ-ʉʝ, ʩʠʥʭʠʟʠʪ-ʉʝ) ʘ ʪʘʢ ʞʝ ʘʥʢʠʣʠʪ-ʉʝ, ʤʦʥʘʮʠʪ-

ʉʝ. ʎʠʨʢʦʥʦʣʠʪ, ʙʘʦʪʠʪ, ʙʫʨʙʘʥʢʠʪ, ʙʘʨʠʪʦʮʝʣʝʩʪʠʥ, ʍ-1 (ʤʦʛʦʚʠʜʠʪ?), ʍ-3 

(ʣʘʘʭʠʪ?) ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʤʝʣʢʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʚ ʘʧʘʪʠʪʝ 
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(ʨʠʩ. 3.4.2 ʙ). ʍ-2 (ʵʚʝʩʣʦʛʠʪ?), ʩʪʨʦʥʮʠʘʥʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ 

ʩʧʘʷʥʥʦʩʪʠ ʬʣʦʛʦʧʠʪʘ (ʨʠʩ. 3.4.2ʚ, ʛ). 

 
ʈʠʩ. 3.4.5. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʢʘʣʴʮʠʪʦʚʦʤ ʢʘʨʙʦʥʘʪʠʪʝ.  

ʘ) ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʘʧʘʪʠʪʘ ʚ ʤʘʛʥʝʪʠʪʝ; ʙ) ʧʣʘʩʪʠʥʳ ʠʣʴʤʝʥʠʪʘ ʚ 

ʤʘʛʥʝʪʠʪʝ. 

 

3.5 ʂʘʣʴʮʠʪ - ʜʦʣʦʤʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ 

ʂʘʣʴʮʠʪ - ʜʦʣʦʤʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʚ 

ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʜʦ 30% ʜʦʣʦʤʠʪʘ. ʉʪʨʫʢʪʫʨʘ ʢʨʫʧʥʦʟʝʨʥʠʩʪʘʷ, 

ʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʛʝʪʝʨʦʛʨʘʥʦʙʣʘʩʪʦʚʘʷ. ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ (ʨʠʩ. 3.5.1 

ʘ). ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʠ ʩʣʶʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʰʠʨʦʢʦ. ʀʟʦʤʝʪʨʠʯʥʳʝ, ʢʨʫʧʥʳʝ 

(ʜʦ 5 ʤʤ) ʟʝʨʥʘ ʢʘʣʴʮʠʪʘ ʠ ʜʦʣʦʤʠʪʘ ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ ʩʪʨʦʥʮʠʘʥʠʪʘ, 

ʘʥʢʠʣʠʪʘ-(Ce) ʠ ʤʠʥʝʨʘʣʦʚ ʙʫʨʙʘʥʢʠʪʦʚʦʡ ʛʨʫʧʧʳ, ʝʜʠʥʠʯʥʳʝ ʟʥʘʢʠ 

ʙʝʪʘʬʠʪʘ, ʧʠʨʦʭʣʦʨʘ ʠ ʬʪʦʨʘʧʘʪʠʪʘ. ʀʟ ʩʫʣʴʬʠʜʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʧʠʨʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ.  

ʂʘʣʴʮʠʪ ʠ ʜʦʣʦʤʠʪ (ʨʠʩ. 3.5.1ʘ, ʙ, ʚ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʦʨʦʜʝ ʧʨʠʤʝʨʥʦ 

ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʨʠʩ. 3.5.2ʘ) ʠ ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ ʘʢʮʝʩʩʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʘʦʪʠʪ, ʙʘʜʜʝʣʝʠʪ, ʮʠʨʢʦʥ, ʤʦʥʘʮʠʪ- (Ce), ʨʫʪʠʣ, 

ʮʠʨʢʦʥʦʣʠʪ (Doroshkevich et al., 2016, 2017; ʐʘʨʳʛʠʥ, 2017). ʉʣʶʜʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʦʨʦʜʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʚ ʚʠʜʝ ʯʝʰʫʝʢ, 

ʨʘʟʤʝʨʦʤ ʦʪ ʜʦʣʝʡ ʜʦ 2-3 ʤʤ (ʨʠʩ. 3.5.1ʚ). 
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ʈʠʩ. 3.5.1. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚ ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ. ʘ) 

ʬʦʪʦ ʬʨʘʛʤʝʥʪʘ ʢʝʨʥʘ; ʙ) ʦʪʦʨʦʯʢʘ ʵʛʠʨʠʥʘ ʧʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʫ; ʚ) ʩʢʦʧʣʝʥʠʝ ʟʝʨʝʥ 

ʘʧʘʪʠʪʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʨʙʦʥʘʪʦʚ; ʛ) ʦʪʦʨʦʯʢʘ ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪʘ ʧʦ 

ʬʣʦʛʦʧʠʪʫ. 
 

ʇʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʫ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʡʤʘ ʵʛʠʨʠʥʘ (ʨʠʩ. 3.5.2ʙ). 

ʌʪʦʨʘʧʘʪʠʪ ʘʩʩʦʮʠʠʨʫʝʪ ʩʦ ʩʣʶʜʦʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʦʚʘʣʴʥʳʤʠ ʟʝʨʥʘʤʠ, 

ʨʘʟʤʝʨʦʤ 0.4-0.8 ʤʤ, (ʨʠʩ. 3.5.1ʚ). ʄʠʥʝʨʘʣ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ 

ʟʝʨʝʥ ʚ ʧʦʨʦʜʝ, ʪʘʢʞʝ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʠʨʦʭʣʦʨʝ ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʤʠʥʝʨʘʣʘʭ. ʌʪʦʨʘʧʘʪʠʪ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʟʦʥʘʣʴʥʳʭ ʨʦʤʙʦʚʠʜʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʤʬʠʙʦʣʘ (ʨʠʩ. 3.5.2ʙ). ʇʦ ʧʝʨʠʬʝʨʠʠ ʟʝʨʝʥ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ 

ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʡʤʘ ʵʛʠʨʠʥʘ. ʇʠʨʦʭʣʦʨʳ ʠʤʝʶʪ ʥʝʦʜʥʦʨʦʜʥʦʝ, ʧʷʪʥʠʩʪʦʝ 

ʩʪʨʦʝʥʠʝ, ʯʘʩʪʦ ʠʟʦʤʝʪʨʠʯʥʳ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʨʦʜʝ ʜʦʩʪʠʛʘʝʪ 3 %. 

ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʜʦʩʪʠʛʘʶʪ 1.5 ʤʤ, (ʨʠʩ. 3.4.4ʙ), (ʍʨʦʤʦʚʘ ʠ ʜʨ., 2017). 

ʄʠʥʝʨʘʣ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʢʘʣʴʮʠʪʘ, ʮʠʨʢʦʥʦʣʠʪʘ, ʬʪʦʨʘʧʘʪʠʪʘ, 

ʤʦʥʘʮʠʪʘ (ʉʝ), ʬʝʨʛʫʩʦʥʠʪʘ - (ʉʝ). 
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ʈʠʩ. 3.5.2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʢʘʣʴʮʠʪ ï ʜʦʣʦʤʠʪʦʚʦʛʦ ʢʘʨʙʦʥʘʪʠʪʘ. ʘ) ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʘʣʴʮʠʪʘ ʠ ʜʦʣʦʤʠʪʘ ʚ ʢʘʨʙʦʥʘʪʠʪʝ, ʚʢʣʶʯʝʥʠʷ ʚ ʥʠʭ (ʙʝʣʦʝ) ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ; ʙ) 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʘʤʬʠʙʦʣʘ ʧʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʫ; ʚ) ʢʘʡʤʘ ʵʛʠʨʠʥʘ ʧʦ ʜʠʦʧʩʠʜʫ; ʛ) ʩʨʦʩʪʦʢ 

ʟʝʨʝʥ ʮʠʨʢʦʥʦʣʠʪʘ.  
  

ʄʘʛʥʝʪʠʪ ʠ ʠʣʴʤʝʥʠʪ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʄʘʛʥʝʪʠʪ ʠʥʦʛʜʘ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʨʫʪʠʣʘ. ʎʠʨʢʦʥʦʣʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʠʨʦʭʣʦʨʝ ʠ ʘʧʘʪʠʪʝ, ʘ ʪʘʢʞʝ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʚ ʚʠʜʝ 

ʦʜʠʥʦʯʥʳʭ ʫʜʣʠʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʠʭ ʩʨʦʩʪʢʦʚ (ʨʠʩ. 3.5.2ʛ). ɹʘʦʪʠʪ ʚ 

ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʢʘʣʴʮʠʪʝ. 
ʙʝʪʘʬʠʪ 

ʉʨʝʜʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʚ ʬʪʦʨʘʧʘʪʠʪʝ ʠ 

ʧʠʨʦʭʣʦʨʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʘʥʢʠʣʠʪ-Ce, ʬʪʦʨʢʘʨʙʦʥʘʪʳ ʈɿʕ, 

ʤʦʥʘʮʠʪ- Ce, ʢʘʣʴʮʠʦʙʫʨʙʘʥʢʠʪ, ʢʘʣʴʮʠʨʪʠʪ. 
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3.6 ɸʥʢʝʨʠʪʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ 

ʆʩʥʦʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʷʚʣʷʶʪʩʷ ʘʥʢʝʨʠʪ, 

ʜʦʣʦʤʠʪ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʣʴʮʠʪʦʤ, ʙʘʨʠʪʦʤ, 

ʤʦʥʘʮʠʪʦʤ, ʬʪʦʨʢʘʨʙʦʥʘʪʘʤʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ. ɸʢʮʝʩʩʦʨʥʳʝ - ʛʠʜʨʦʧʠʨʦʭʣʦʨ, 

ʬʪʦʨʘʧʘʪʠʪ, ʛʝʤʘʪʠʪ, ʬʝʨʨʠʢʦʣʫʤʙʠʪ, ʩʫʣʴʬʠʜʳ (ʧʠʨʨʦʪʠʥ, ʩʬʘʣʝʨʠʪ), 

ʬʪʦʨʘʧʘʪʠʪ, ʤʠʥʝʨʘʣʳ ʙʫʨʙʘʥʢʠʪʦʚʦʡ ʛʨʫʧʧʳ, ʪʦʨʠʪ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ 

ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʘʷ, ʦʪ ʤʝʣʢʦ- ʜʦ ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʡ, ʛʨʘʥʦʙʣʘʩʪʦʚʘʷ. 

ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʧʷʪʥʠʩʪʘʷ (ʨʠʩ. 3.6.1ʘ).  

ɸʥʢʝʨʠʪ ʠ ʜʦʣʦʤʠʪ ʦʙʨʘʟʫʶʪ ʠʟʦʤʝʪʨʠʯʥʳʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ʦʪ ʜʦʣʝʡ 

ʤʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʤ (ʨʠʩ. 3.6.1ʙ, ʚ, ʛ).  

 

 
ʈʠʩ. 3.6.1. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ 

ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʘ) ʬʦʪʦ ʬʨʘʛʤʝʥʪʘ ʢʝʨʥʘ ʙ) ʩʦʦʪʥʦʰʝʥʠʝ ʘʥʢʝʨʠʪʘ (ʦʢʨʘʰʝʥʦ 

ʛʦʣʫʙʳʤ) ʢʘʣʴʮʠʪʘ ʠ ʜʦʣʦʤʠʪʘ (ʙʦʣʝʝ ʪʝʤʥʦʝ) ʚ ʧʦʨʦʜʘʭ; ʚ, ʛ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʢʘʨʙʦʥʘʪʦʚ ʈɿʕ ʠ ʤʦʥʘʮʠʪʘ ʚ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ. 
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ʇʠʨʦʭʣʦʨ ʠʟ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ 

ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʯʝʤ ʢʝʥʦʧʠʨʦʭʣʦʨ ʠ ʬʪʦʨʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨ (ʨʠʩ. 

3.4.4 ʚ), ʦʯʝʥʴ ʯʘʩʪʦ ʦʢʨʫʞʝʥ ʢʘʡʤʦʡ ʢʦʣʫʤʙʠʪʘ.  

ʂʦʣʠʯʝʩʪʚʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʟʘʥʠʤʘʝʪ ʜʦ 10-15% (ʨʠʩ. 3.6.2ʘ). ʄʦʥʘʮʠʪ-ʉʝ 

ʦʙʨʘʟʫʝʪ ʘʛʨʝʛʘʪʳ ʧʣʘʩʪʠʥʯʘʪʳʭ, ʰʝʩʪʦʚʘʪʳʭ ʟʝʨʝʥ ʠ ʠʭ ʩʢʦʧʣʝʥʠʡ (ʨʠʩ. 

3.6.2ʙ). ʌʪʦʨʢʘʨʙʦʥʘʪʳ ʈɿʕ (ʙʘʩʪʥʝʟʠʪ-ʉʝ, ʧʘʨʠʟʠʪ-ʉʝ ʠ ʩʠʥʭʠʟʠʪ-ʉʝ) 

ʥʘʭʦʜʷʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʦʥʘʮʠʪʦʤ-ʉʝ ʠ ʙʘʨʠʪʦʤ, ʤʠʥʝʨʘʣʳ ʬʦʨʤʠʨʫʶʪ 

ʪʝʩʥʳʝ ʩʨʘʩʪʘʥʠʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʦʩʪʠ, ʠ 

ʦʙʨʘʟʫʶʪ ʩʢʦʧʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ 0.1-0.8 ʤʤ (ʨʠʩ. 3.6.4ʚ, ʛ).  

 

ʈʠʩ. 3.6.4. ʈʝʜʢʦʟʝʤʝʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ. ʘ-ʙ) ʛʥʝʟʜʘ 

ʠ ʧʨʦʞʠʣʢʠ ʤʦʥʘʮʠʪʘ ïCe (ʙʝʣʦʝ); ʚ) ʩʠʥʭʠʟʠʪïCe ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʧʘʨʠʟʠʪʦʤïCe; ʛ) 

ʩʠʥʭʠʟʠʪïCe ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʙʘʩʪʥʝʟʠʪʦʤïCe.  
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ʊʘʙʣʠʮʘ 3.6.1. ʉʧʠʩʦʢ ʤʠʥʝʨʘʣʦʚ, ʩʣʘʛʘʶʱʠʭ ɹʝʣʦʟʠʤʠʥʩʢʠʡ ʤʘʩʩʠʚ.  

ʄʠʥʝʨʘʣʳ ʚ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ 

ʧʦʨʦʜʘʭ 

ʄʠʥʝʨʘʣʳ ʚ ʥʝʬʝʣʠʥʦʚʳʭ 

ʩʠʝʥʠʪʘʭ 
ʄʠʥʝʨʘʣʳ ʚ 

ʢʘʨʙʦʥʘʪʠʪʘʭ 

ɼʠʦʧʩʠʜ ɼʠʦʧʩʠʜ ʂʘʣʴʮʠʪ 

ɸʚʛʠʪ ɸʚʛʠʪ ɼʦʣʦʤʠʪ 

ʅʝʬʝʣʠʥ ʕʛʠʨʠʥ ʉʠʜʝʨʠʪ 

ʆʣʠʚʠʥ ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ɸʥʢʝʨʠʪ 

ʄʘʛʥʝʟʠʦʨʠʙʝʢʠʪ ʅʝʬʝʣʠʥ ʕʛʠʨʠʥ 

ʄʘʛʥʝʟʦʘʨʬʚʝʜʩʦʥʠʪ ʈʠʭʪʝʨʠʪ ɹʫʨʙʘʥʢʠʪ* 

ʄʘʛʥʝʪʠʪ ɹʠʦʪʠʪ ʉʪʨʦʥʮʠʘʥʠʪ 

ʊʠʪʘʥʠʪ ʋʨʘʥʧʠʨʦʭʣʦʨ ʅʦʨʩʝʪʠʪ* 

ʇʝʨʦʚʩʢʠʪ ʂʘʣʴʮʠʪ ʌʪʦʨʢʘʣʴʮʠʦʧʠʨʦʭʣʦʨ* 

ʀʣʴʤʝʥʠʪ ʎʠʨʢʦʥ ʂʝʥʦʧʠʨʦʭʣʦʨ* 

ʌʪʦʨʘʧʘʪʠʪ ɹʘʜʜʝʣʝʠʪ ɻʠʜʨʦʧʠʨʦʭʣʦʨ* 

ʌʣʦʛʦʧʠʪ ɹʘʨʠʪʦʢʘʣʴʮʠʪ ʆʣʝʢʩʤʠʥʩʢʠʪ* 

ʂʘʣʴʮʠʪ ʊʦʨʠʘʥʠʪ ʌʪʦʨʘʧʘʪʠʪ 

ɻʨʘʥʘʪ ʄʘʛʥʝʪʠʪ ʐʦʨʪʠʪ* 

ʊʠʪʘʥʦʤʘʛʥʝʪʠʪ ɸʧʘʪʠʪ ʕʡʪʝʣʠʪ* 

ʂʘʥʢʨʠʥʠʪ ʊʠʪʘʥʠʪ ʉʝ-ʘʥʢʠʣʠʪ 

ʄʫʩʢʦʚʠʪ ʀʣʴʤʝʥʠʪ ɹʘʨʠʪ 

ɹʘʜʜʝʣʝʠʪ ʈʫʪʠʣ ʍʘʥʥʝʰʠʪ 

ʂʘʩʩʠʪ* ʄʫʩʢʦʚʠʪ ʊʦʨʠʪ 

ʈʫʪʠʣ ʂʘʥʢʨʠʥʠʪ ʊʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪ 

ɸʥʥʠʪ ɻʝʪʠʪ ʌʣʦʛʦʧʠʪ 

ʃʠʙʥʝʨʠʪ ʂʘʦʣʠʥʠʪ ʌʨʘʥʢʣʠʥʠʪ* 

ʍʣʦʨʠʪ ʍʣʦʨʠʪ ʇʘʨʠʟʠʪ-(ʉʝ) 

ʇʠʨʠʪ ʉʬʘʣʝʨʠʪ ʉʠʥʭʠʟʠʪ-(ʉʝ) 

ʍʘʣʴʢʦʧʠʨʠʪ ʄʦʣʝʙʜʝʥʠʪ ʄʦʥʘʮʠʪ-(ʉʝ) 

ʉʬʘʣʝʨʠʪ ʇʠʨʠʪ ɹʘʩʪʥʝʟʠʪ-(ʉʝ) 

ɻʘʣʝʥʠʪ ʍʘʣʴʢʦʧʠʨʠʪ ʌʝʨʛʫʩʦʥʠʪ-(ʉʝ) * 

 ɻʘʣʝʥʠʪ ɹʘʨʠʪʦʢʘʣʴʮʠʪ 

 ʂʘʩʩʠʪ ʌʦʨʩʪʝʨʠʪ 

 ʃʠʙʥʝʨʠʪ ʉʝʨʧʝʥʪʠʥ 

  ʎʠʨʢʦʥ 

  ʉʫʣʴʬʠʜʳ 

  ɹʘʦʪʠʪ* 

  ʎʠʨʢʦʥʦʣʠʪ 

  ʄʘʛʥʝʟʠʦʘʨʬʝʜʩʦʥʠʪ 

  ʆʣʠʚʠʥ 

  ʍ-1 (ʤʦʛʦʚʠʜʠʪ ?) * 

  ʍ-2 (ʵʚʝʩʣʦʛʠʪ ?) * 

  ʍ-3 (ʣʘʘʭʠʪ?) ?* 

  ʌʣʶʦʨʠʪ 
ʇʨʠʤʝʯʘʥʠʝ: * - ʤʠʥʝʨʘʣʳ ʦʧʠʩʘʥʥʳʝ ʚʧʝʨʚʳʝ. ʊʘʢʞʝ ʚ ʪʘʙʣʠʮʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ: ɻʘʡʜʫʢʦʚʘ, 

ɿʜʦʨʠʢ. 1962; ʇʦʞʘʨʠʮʢʘʷ, 1962; ɹʝʨʝʟʠʥʘ. 1972; ʇʦʞʘʨʠʮʢʘʷ, ʉʘʤʦʡʣʦʚ, 1972; ʉʦʤʠʥʘ, 1975; ɹʘʛʜʘʩʘʨʦʚ, 

ɺʦʨʦʥʦʚʩʢʠʡ, 1980; ʌʨʦʣʦʚ ʠ ʜʨ., 2003; ɼʦʨʦʰʢʝʚʠʯ, 2016, 2017; ɸʥʜʨʝʝʚʘ, 2017; ʐʘʨʳʛʠʥ, 2017 ʠ ʤʥ. ʜʨ. 
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ʂʨʘʡʥʝ ʨʝʜʢʦ ʚ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʦʪʤʝʯʝʥʳ ʪʘʢʠʝ ʤʠʥʝʨʘʣʳ 

ʢʘʢ ʙʘʨʠʪ, ʙʫʨʙʘʥʢʠʪ, ʢʘʨʙʦʮʝʨʥʘʠʪ. ʂʦʣʫʤʙʠʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ 

ʛʠʜʨʦʧʠʨʦʭʣʦʨʫ, ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʚ ʢʘʨʙʦʥʘʪʘʭ.  

ʇʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ ɹʝʣʦʟʠʤʠʥʩʢʠʡ ʤʘʩʩʠʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ, ʯʪʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʚ ʪʘʙʣʠʮʝ 

3.6.1, 3.6.2, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʪʨʘʞʘʝʪ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʵʚʦʣʶʮʠʶ 

ʢʦʤʧʣʝʢʩʘ. 
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ʊʘʙʣʠʮʘ 3.6.2. ʆʩʥʦʚʥʳʝ ʤʠʥʝʨʘʣʳ ʠʟ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

 

ʇʦʨʦʜʘ. 

ʤʠʥʝʨʘʣ 
ʄʝʣʴʪʝʡʛʠʪʳ ʀʡʦʣʠʪʳ 

ʅʝʬʝʣʠʥʦʚʳʝ 

 ʩʠʝʥʠʪʳ 

ʂʘʨʙʦʥʘʪʠʪʳ 

ʂʘʣʴʮʠʪʦʚʳʝ 
ʂʘʣʴʮʠʪ-

ʜʦʣʦʤʠʪʦʚʳʝ 
ɸʥʢʝʨʠʪʦʚʳʝ 

ʂʣʠʥʦʧʠʨʦʢʩʝʥ + + + + Ñ - 

ɸʤʬʠʙʦʣ + + + + + - 

ʅʝʬʝʣʠʥ + + + Ñ - - 

ʇʦʣʝʚʦʡ ʰʧʘʪ - Ñ + - - - 

ʌʣʦʛʦʧʠʪ + + + + + - 

ʄʘʛʥʝʪʠʪ + + + + + + 

ʌʪʦʨʘʧʘʪʠʪ + + + + + + 

ʂʘʣʴʮʠʪ Ñ Ñ Ñ + + Ñ 

ɼʦʣʦʤʠʪ - - - - + + 

ɸʥʢʝʨʠʪ - - - - Ñ + 

ʇʠʨʦʭʣʦʨ - - Ñ + + Ñ 

ʇʨʠʤʝʯʘʥʠʝ: ʇʨʦʯʝʨʢ ï ʥʝ ʦʙʥʘʨʫʞʝʥʦ 
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3.7 ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʠʟ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ 

ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥ, 

ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʚʩʝʭ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʢʦʤʧʣʝʢʩ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ.  

ɺ ʤʝʣʴʪʝʡʛʠʪʘʭ, ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʦʪʥʦʩʠʪʩʷ ʢ ʜʠʦʧʩʠʜ-ʛʝʜʝʥʙʝʨʛʠʪʫ 

(ʨʠʩ. 3.7.1, ʪʘʙʣ. 3.7.1), ʜʠʦʧʩʠʜʦʚʳʡ ʤʠʥʘʣ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ 

ʛʝʜʝʥʙʝʨʛʠʪʦʚʳʤ ʠ ʵʛʠʨʠʥʦʚʳʤ: 66-68 ʤʦʣ. %; 16-19 ʤʦʣ. %; ʜʦ 5,5 ʤʦʣ. %, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʠʥʝʨʘʣ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʠʟ ʜʨʫʛʠʭ ʪʠʧʦʚ ʧʦʨʦʜ 

ʤʘʩʩʠʚʘ, ʦʙʦʛʘʱʝʥ ʮʠʨʢʦʥʠʝʤ (900-700 ʨʨm) ʠ ʦʙʝʜʥʝʥ ʚʘʥʘʜʠʝʤ (ʜʦ 280 

ʨʨm) (ʪʘʙʣ. 3.7.2). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʈɿʕ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ ʠʟ 

ʤʝʣʴʪʝʡʛʠʪʦʚ ʜʦʩʪʠʛʘʝʪ 42 ppm, ʯʪʦ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚ ʤʠʥʝʨʘʣʝ ʠʟ 

ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ ʤʘʩʩʠʚʘ. ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ ʠʤʝʝʪ 

ʧʦʣʦʛʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʧʝʢʪʨʦʚ ʈɿʕ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʭʦʥʜʨʠʪʫ, ʩ 

La/Yb(CN) ʦʪʥʦʰʝʥʠʝʤ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 2,5 ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʦʛʠʙʦʤ ʚ 

ʧʨʝʜʝʣʘʭ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ (ʨʠʩ. 3.7.2). 

 

 

ʈʠʩ. 3.7.1 ʉʦʩʪʘʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. Aeg ï ʵʛʠʨʠʥ, 

Di ï ʜʠʦʧʩʠʜ, Hed ï ʛʝʜʝʥʙʝʨʛʠʪ.  
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ʄʠʥʝʨʘʣ ʠʟ ʠʡʦʣʠʪ-ʫʨʪʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʠ 

ʚʘʨʴʠʨʫʶʱʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʵʛʠʨʠʥʦʚʦʛʦ ʠ ʛʝʜʝʥʙʝʨʛʠʪʦʚʦʛʦ ʤʠʥʘʣʦʚ, ʯʝʤ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ (ʨʠʩ. 3.7.1, ʪʘʙʣ. 3.7.1). ʉʦʜʝʨʞʘʥʠʝ 

ʮʠʨʢʦʥʠʷ ʚ ʥʝʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 500 ppm, ʢʦʣʠʯʝʩʪʚʦ ʚʘʥʘʜʠʷ ʜʦʩʪʠʛʘʝʪ 340 

ppm (ʪʘʙʣ. 3.7.2). ɺ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ ʠʟ ʠʡʦʣʠʪʦʚ ʩʫʤʤʘ ʈɿʕ ʜʦʩʪʠʛʘʝʪ 25 

ppm, La/Yb(CN) ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʦ 6-14 (ʨʠʩ. 3.7.2, ʪʘʙʣ. 3.7.2). 

ʉʦʩʪʘʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʘ ʤʝʣʴʪʝʡʛʠʪʦʚ ʠ ʡʠʦʣʠʪʦʚ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʵʛʠʨʠʥʦʚʦʛʦ ʤʠʥʘʣʘ (ʨʠʩ. 3.7.1, ʪʘʙʣ. 3.7.1). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʥʝʨʘʣ 

ʦʙʦʛʘʱʝʥ ʚʘʥʘʜʠʝʤ (ʜʦ 1700 ppm) ʠ ʮʠʨʢʦʥʠʝʤ (ʜʦ 4700 ppm) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ ʠ ʠʡʦʣʠʪʦʚ (ʪʘʙʣ. 3.7.2). ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʈɿʕ ʚ ʤʠʥʝʨʘʣʝ ʨʘʚʥʳ 18-28 ppm, ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ 

ʭʦʥʜʨʠʪʫ, ʩʭʦʞʠ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʠʡʦʣʠʪʦʚ (ʨʠʩ. 3.7.2, 

ʪʘʙʣ. 3.7.2). 

 

 

 
ʈʠʩ. 3.7.2. ɻʨʘʬʠʢ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʭʦʥʜʨʠʪʫ (McDonough and Sun, 1995) 

ʩʦʜʝʨʞʘʥʠʡ ʈɿʕ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ ʠʟ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ.  
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ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʝʬʝʣʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 3.7.4. ɺ ʥʝʬʝʣʠʥʝ 

ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʩʠʣʠʪʦʚʦʛʦ 

ʤʠʥʘʣʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʬʝʣʠʥʘʤʠ ʠʟ ʠʡʦʣʠʪʦʚ ʠ ʩʠʝʥʠʪʦʚ (ʨʠʩ. 3.7.3). ɼʣʷ 

ʤʠʥʝʨʘʣʘ ʠʟ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʝʝ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʣʠʷ (5.1 ï 5.9 ʤʘʩ %). ʅʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʢʘʣʴʩʠʣʠʪʦʚʦʛʦ 

ʤʠʥʘʣʘ ʦʪ ʤʝʣʴʪʝʡʛʠʪʦʚ ʢ ʠʡʦʣʠʪʘʤ (ʨʠʩ. 3.7.3). ʂʦʥʮʝʥʪʨʘʮʠʷ ʈɿʕ ʥʠʞʝ 

ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʦʥʮʠʷ ʠ ʮʠʨʢʦʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʤʠʥʝʨʘʣʝ ʠʟ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʠʥʝʨʘʣʦʤ ʤʝʣʴʪʝʡʛʠʪʦʚ (ʪʘʙʣ. 3.7.4).  

 

 

 

ʈʠʩ. 3.7.3. ʉʦʩʪʘʚ ʥʝʬʝʣʠʥʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Ne-SiO2-Ks 

(Hamilton,1961) ʚ ʧʦʨʦʜʘʭ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ.  

 

ʉʦʩʪʘʚ ʘʤʬʠʙʦʣʘ ʠʟ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 3.7.5. ʅʘ ʜʠʘʛʨʘʤʤʘʭ (Leake et al., 1997) ʘʤʬʠʙʦʣ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʛʥʝʟʠʦʧʘʨʛʘʩʠʪʫ (ʨʠʩ. 3.7.5ʘ). 
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ʈʠʩ. 3.7.5. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʘʚʘ ʘʤʬʠʙʦʣʦʚ ʠʟ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (Leake 

et al., 1997).  

 

ɺ ʘʤʬʠʙʦʣʘʭ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʨʝʤʥʠʷ ʠ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʝʨʘʣʦʤ ʠʟ 

ʠʡʦʣʠʪʦʚ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʨʠʩ. 3.7.6). ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʘ ʠʟ ʠʡʦʣʠʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʝʨʨʦʧʘʨʛʘʩʠʪʫ, ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʝ ʠ ʤʘʛʥʝʟʠʦʛʘʩʪʠʥʛʩʠʪʫ (ʨʠʩ. 

3.7.5ʘ). ʉʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʚ ʤʠʥʝʨʘʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʝʨʘʣʦʤ 

ʤʝʣʴʪʝʡʛʠʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ. 3.7.6), ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʪʘʥʘ, ʘʣʶʤʠʥʠʷ ʠ 

ʤʘʛʥʠʷ - ʫʤʝʥʴʰʘʶʪʩʷ (ʪʘʙʣ. 3.7.5). ɸʤʬʠʙʦʣ ʠʟ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ ʠ ʨʠʭʪʝʨʠʪʦʤ, (ʨʠʩ. 3.7.5ʘ, ʙ). 

ʄʠʥʝʨʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ, ʬʪʦʨʘ, ʤʘʛʥʠʷ ʠ 

ʤʝʥʴʰʠʤ ʘʣʶʤʠʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʤʬʠʙʦʣʦʤ ʜʨʫʛʠʭ ʱʝʣʦʯʥʳʭ 
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ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ (ʨʠʩ. 3.7.6, ʪʘʙʣ. 3.7.5). ʄʠʥʝʨʘʣ ʠʟ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʪʨʦʚʦ-ʢʘʣʴʮʠʝʚʦʤʫ ʨʠʭʪʝʨʠʪʫ (ʨʠʩ. 

3.7.5ʙ). ɸʤʬʠʙʦʣʳ ʠʟ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ ʩʦʜʝʨʞʘʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʬʪʦʨʘ. 

 

 

 
ʈʠʩ. 3.7.6. ɻʨʘʬʠʢ ʢʘʣʴʮʠʡ-ʢʨʝʤʥʠʡ ʜʣʷ ʘʤʬʠʙʦʣʦʚ ʠʟ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ.  

 

ʉʣʶʜʘ ʚ ʤʝʣʴʪʝʡʛʠʪʘʭ ʧʦ ʩʦʩʪʘʚʫ (ʪʘʙʣ. 3.7.6) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʣʦʛʦʧʠʪʫ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.7.7.  

ʄʠʥʝʨʘʣ ʩʦʜʝʨʞʠʪ ʥʠʟʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ F, ʘ ʟʥʘʯʝʥʠʝ Fe / (Fe + Mg) ʚ 

ʩʨʝʜʥʝʤ 0.35. ʉʣʶʜʳ ʦʙʦʛʘʱʝʥʳ Ba, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪ 3500 

ppm ʚ ʩʨʝʜʥʝʤ, ʘ ʩʦʜʝʨʞʘʥʠʝ Zr ʠ Nb, Hf ʠ Ta ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʢʘʨʙʦʥʘʪʠʪʘʭ (ʪʘʙʣ. 3.7.6). ʉʦʜʝʨʞʘʥʠʝ ʈɿʕ ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʄʠʥʝʨʘʣ ʠʟ ʠʡʦʣʠʪʦʚ ʠ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʧʦ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʘʥʥʠʪʫ ʠ ʪʝʪʨʘʬʝʨʨʠʘʥʥʠʪʫ, ʯʪʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.7.7. ʊʦʛʜʘ ʢʘʢ ʩʣʶʜʘ ʠʟ 

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʦʚʪʦʨʷʝʪ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʘ ʠʟ ʱʝʣʦʯʥʳʭ 

ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʞʝʣʝʟʠʩʪʦʡ ʠ ʤʝʥʝʝ ʛʣʠʥʦʟʝʤʠʩʪʦʡ, 

ʜʦʩʪʠʛʘʷ ʩʦʩʪʘʚʘ ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪʘ, ʚ ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʭ ʠ 

ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ (ʨʠʩ. 3.7.7). ʄʠʥʝʨʘʣ ʠʟ ʢʘʣʴʮʠʪʦʚʳʭ 
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ʢʘʨʙʦʥʘʪʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʣʶʜʦʡ ʠʟ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ. ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʦʙʠʷ ʠ ʩʢʘʥʜʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʠʥʝʨʘʣʘ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ (ʪʘʙʣ. 3.7.6). ɺ 

ʢʘʣʴʮʠʪ - ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʩʣʶʜʘ ʧʦ ʩʦʩʪʘʚʫ ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪʫ (ʪʘʙʣ. 3.7.7) ʩ ʩʦʭʨʘʥʠʚʰʠʤʩʷ ʬʣʦʛʦʧʠʪʦʚʳʤ ʷʜʨʦʤ. 

ʄʠʥʝʨʘʣ ʦʪʣʠʯʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʩʦʩʪʘʚʝ ʟʥʘʯʠʤʳʭ ʢʦʣʠʯʝʩʪʚ ʪʠʪʘʥʘ, 

ʥʘʠʤʝʥʴʰʝʡ ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʴʶ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʞʝʣʝʟʠʩʪʦʩʪʴʶ, ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʦʙʠʷ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʶʜʘʤʠ ʠʟ ʙʦʣʝʝ ʨʘʥʥʠʭ ʧʦʨʦʜ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʬʪʦʨʘ ʚ ʧʨʝʜʝʣʘʭ 0,5 ʤʘʩ. %. ʂʦʥʝʯʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪʘ ʚ ʘʥʢʝʨʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʦʙʲʷʩʥʷʝʪʩʷ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʟʘʤʝʱʝʥʠʝʤ ʬʣʦʛʦʧʠʪʘ. 

 

 

 

ʈʠʩ. 3.7.7. ʉʦʩʪʘʚ ʩʣʶʜ ʠʟ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ.  

 

ʇʝʨʦʚʩʢʠʪ ʠʤʝʝʪ ʥʝʦʜʥʦʨʦʜʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ ʠ ʥʠʦʙʠʷ (ʪʘʙʣ. 3.7.8). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʈɿʕ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 10000 ppm, ʧʨʠ ʵʪʦʤ ʣʝʛʢʠʝ ʣʘʥʪʘʥʦʠʜʳ 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʪʷʞʸʣʳʤʠ, ʘ La/Yb(CN) ʦʪʥʦʰʝʥʠʝ ʜʦʩʪʠʛʘʝʪ 90 (ʨʠʩ. 3.7.8). 
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ʄʠʥʝʨʘʣ ʠʟ ʠʡʦʣʠʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʦʚʩʢʠʪʘ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʘʨʠʷ, ʙʦʣʝʝ 1 ʤʘʩ. % (ʪʘʙʣ. 3.7.8).  

 

ʈʠʩ. 3.7.8. ɻʨʘʬʠʢʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʭʦʥʜʨʠʪʫ (McDonough and Sun, 1995) 

ʩʦʜʝʨʞʘʥʠʡ ʈɿʕ ʚ ʧʝʨʦʚʩʢʠʪʝ, ʪʠʪʘʥʠʪʝ ʠ ʮʠʨʢʦʥʝ ʠʟ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʘ ʢʨʠʚʘʷ ʜʣʷ ʮʠʨʢʦʥʦʚ ʧʦ ɹʝʣʦʫʩʦʚʦʡ, (Belousova et al., 

2002). 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ TiO2 ʚ ʤʘʛʥʝʪʠʪʝ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ ʜʦʩʪʠʛʘʝʪ 2 ʤʘʩ. %. 

ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʠ ʚʘʥʘʜʠʷ ʚ ʷʜʨʝ ʤʠʥʝʨʘʣʘ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʀʣʴʤʝʥʠʪ ʩʦʜʝʨʞʠʪ ʜʦ 8 ʤʘʩ. % MnO, ʜʦ 1,5 ʤʘʩ. % Nb2O5 

(ʪʘʙʣ. 3.7.9). Fe-Ti ʦʢʩʠʜʳ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘ 

ʛʨʘʬʠʢʝ (ʨʠʩ. 3.7.9) ʣʦʞʘʪʩʷ ʚ ʧʦʣʷ ʤʘʛʥʝʪʠʪʘ ʠ ʠʣʴʤʝʥʠʪʘ. ʅʝʢʦʪʦʨʳʝ ʪʦʯʢʠ 

ʤʠʥʝʨʘʣʘ ʠʟ ʢʘʨʙʦʥʘʪʠʪʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʝ ʬʝʨʨʠʧʩʝʚʜʦʙʨʫʢʠʪʘ. 

ʉʦʩʪʘʚ ʪʘʢʦʛʦ ʤʘʛʥʝʪʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ni, Co, Cr, ʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʠʨʢʦʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʝʨʘʣʦʤ ʠʟ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(Reguir et al. 2008). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʣʴʤʝʥʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 

3.7.9. ʄʘʛʥʝʪʠʪ ʠʥʦʛʜʘ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʨʫʪʠʣʘ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ 

ʥʠʦʙʠʷ ʜʦ 11 ʤʘʩ. %. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʩʪʘʚʘ ʢʘʩʩʠʪʘ, ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʦ 

ʠʣʴʤʝʥʠʪʫ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ Nb2O5 (ʜʦ 4 ʤʘʩ. %), ʠ Ce2O3 (ʚ 

ʩʨʝʜʥʝʤ 1.5 ʤʘʩ. %).  
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ʈʠʩ. 3.7.9. ʕʚʦʣʶʮʠʷ Fe-Ti ʦʢʩʠʜʦʚ ʠʟ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ.  

 

ʂʘʨʙʦʥʘʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʧʦʨʦʜ ʤʘʩʩʠʚʘ. 

ʉʦʩʪʘʚ ʢʘʣʴʮʠʪʘ ʠʟ ʱʝʣʦʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ ʢʦʤʧʣʝʢʩʘ 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʘʭ 3.7.10 ʠ 3.7.11.  

ʉʦʩʪʘʚ ʢʘʣʴʮʠʪʘ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ ʠ ʠʡʦʣʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʦʥʮʠʷ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪ 1000 ppm. ɺ ʢʘʣʴʮʠʪʝ ʠʟ 

ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (4600-5700 ppm) ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 

ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʝʨʘʣʦʤ ʠʟ ʢʘʣʴʮʠʪ-

ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ʜʦ 7400 ppm). ʉʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʜʦʣʦʤʠʪʝ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (1500-3000 ppm).  

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʈɿʕ ʚ ʢʘʣʴʮʠʪʝ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ 20-47 ppm, ʧʨʠ 

ʵʪʦʤ ʣʝʛʢʠʝ ʣʘʥʪʘʥʦʠʜʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʪʷʞʝʣʳʤʠ ʚʦ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ 

ʧʦʨʦʜ, ʩ La/Yb(CN) ʦʪʥʦʰʝʥʠʝʤ 16-58 (ʨʠʩ. 3.7.10). ʄʠʥʝʨʘʣ ʠʟ ʢʘʣʴʮʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʈɿʕ (ʚ ʩʨʝʜʥʝʤ 

900 ppm), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʣʴʮʠʪʦʤ ʠʟ ʠʡʦʣʠʪʦʚ ʠ ʤʝʣʴʪʝʡʛʠʪʦʚ; La/Yb(CN) 

ʦʪʥʦʰʝʥʠʷ ʨʘʚʥʳ 7-39. ɼʦʣʦʤʠʪ ʠ ʘʥʢʝʨʠʪ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤ 
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ʫʨʦʚʥʝʤ ʈɿʕ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʣʴʮʠʪʦʤ ʠʟ ʢʘʨʙʦʥʘʪʠʪʦʚ, ʥʦ ʠʤʝʶʪ ʩʭʦʞʫʶ ʩ 

ʧʦʩʣʝʜʥʠʤ ʢʦʥʬʠʛʫʨʘʮʠʶ ʛʨʘʬʠʢʦʚ, ʩ La/Yb(CN) ʦʪʥʦʰʝʥʠʝʤ ʚ ʩʨʝʜʥʝʤ 8-24 

(ʨʠʩ. 3.7.10). 

 

 
 

ʈʠʩ. 3.7.10. ɻʨʘʬʠʢʠ ʩʦʜʝʨʞʘʥʠʡ ʈɿʕ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʭʦʥʜʨʠʪʫ (McDonough and 

Sun, 1995), ʚ ʢʘʨʙʦʥʘʪʘʭ ʠʟ ʧʦʨʦʜ ɹʝʣʦʟʠʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʪʦʨʘʧʘʪʠʪʘ ʠʟ ɦʝʣʦʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʠ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3.7.12. ʂʦʥʮʝʥʪʨʘʮʠʷ ʬʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚ ʤʠʥʝʨʘʣʝ ʦʪ ʨʘʥʥʠʭ ʧʦʨʦʜ ʢ ʬʪʦʨʘʧʘʪʠʪʫ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʘʥʢʝʨʠʪʦʚʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚ, ʜʦʩʪʠʛʘʷ ʚ ʧʦʩʣʝʜʥʠʭ 4 ʤʘʩ. % ʚ ʩʨʝʜʥʝʤ (ʨʠʩ. 3.7.11). 

ʄʠʥʝʨʘʣ rʩʦʜʝʨʞʘʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʣʦʨʘ (ʜʦ 0.02 ʤʘʩ. %). ɺ 

ʬʪʦʨʘʧʘʪʠʪʝ ʠʟ ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʈɿʕ, ʚ 

ʩʨʝʜʥʝʤ 5000-6000 ppm, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʛʢʠʭ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʜ ʪʷʞʝʣʳʤʠ 

ʩ La/Yb(CN) ʦʪʥʦʰʝʥʠʝʤ ʨʘʚʥʳʤ 40 (ʨʠʩ. 3.7.12).  

 












































































































































































































