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ɸʟʘʨʷʥ ɸ.ʄ.1, 2, ɹʘʜʘʥʠʥʘ ɽ.ɺ.1, ɸʥʠʩʠʤʦʚ ʀ.ʉ.2, ɻʫʩʝʚʘ ʅ.ʉ.2, ʄʫʭʘʤʝʪʞʘʥʦʚ ɸ.ʈ.2, 

ʍʘʨʠʪʦʥʦʚʘ ʄ.ʉ. 2 
1 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, adel-sagitova@yandex.ru 
2 ɸʆ çʇʦʣʠʤʝʪʘʣʣ ʀʥʞʠʥʠʨʠʥʛè 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʫʪʳʥ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʈʦʩʩʠʠ, ʚ 113 ʢʤ ʢ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʫ ʦʪ ʠʟʚʝʩʪʥʦʛʦ ɸʣʙʘʟʠʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʈʫʜʦʥʦʩʥʳʝ ʟʦʥʳ ʵʪʦʛʦ 

ʦʙʲʝʢʪʘ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʵʥʜʦ- ʠ ʵʢʟʦʢʦʥʪʘʢʪʘʭ ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ ɹʠʨʘʥʜʞʠʥʩʢʦʛʦ 

ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʟʘʣʝʛʘʶʱʝʛʦ ʚ ʶʨʩʢʠʭ ʧʝʩʯʘʥʠʢʘʭ. ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ 

ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʩʝʨʠʮʠʪ-ʢʚʘʨʮʝʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʦ ʧʝʩʯʘʥʠʢʘʤ ʠ 

ʛʨʘʥʦʜʠʦʨʠʪʘʤ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʣʦʪʦʢʚʘʨʮʝʚʦʡ ʫʙʦʛʦʩʫʣʴʬʠʜʥʦʡ ʨʫʜʥʦʡ 

ʬʦʨʤʘʮʠʠ (ʄʘʣʳʭ, 2014, 2015). 

ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦ ʦʪʦʙʨʘʥʥʳʝ ʯʘʩʪʥʳʝ ʧʨʦʙʳ ʉʝʜʣʦʚʠʥʥʦʡ ʨʫʜʥʦʡ 

ʟʦʥʳ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 3,9 ʛ/ʪ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʟʫʯʘʣʩʷ ʤʝʪʦʜʘʤʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʨʦʚʝʨʢʦʡ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ (ɸʆ 

çʇʦʣʠʤʝʪʘʣʣ ʀʥʞʠʥʠʨʠʥʛè), ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʚ ʘʥʰʣʠʬʘʭ, 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʤʠʢʨʦʘʥʘʣʠʟʦʤ (ʈʎ ʉʇʙɻʋ çɻʝʦʤʦʜʝʣʴè). 

ʈʫʜʳ ʉʝʜʣʦʚʠʥʥʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪ-ʩʝʨʠʮʠʪʦʚʳʤʠ 

ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ ʧʦ ʧʝʩʯʘʥʠʢʘʤ. ʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʢʚʘʨʮ, ʘʣʴʙʠʪ, 

ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʩʝʨʠʮʠʪ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ï ʢʘʨʙʦʥʘʪʳ, ʭʣʦʨʠʪ, ʘʢʮʝʩʩʦʨʥʳʤʠ ï 

ʪʫʨʤʘʣʠʥ, ʘʧʘʪʠʪ, ʨʫʪʠʣ ʠ ʘʥʘʪʘʟ, ʩʫʣʴʬʠʜʳ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʠʨʠʪ ʠ ʘʨʩʝʥʦʧʠʨʠʪ). 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʘʤʦʨʦʜʥʦʡ 

ʬʦʨʤʦʡ ʧʨʦʙʥʦʩʪʴʶ 680ă, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʢʪʨʫʤʫ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 (ʘ-ʙ), ʟʦʣʦʪʦ 

ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʪʝʪʨʘʵʜʨʠʪʦʤ, Ag-ʪʝʪʨʘʵʜʨʠʪʦʤ. ɼʣʷ ʘʨʩʝʥʦʧʠʨʠʪʘ, 

ʘʩʩʦʮʠʠʨʫʶʱʝʛʦ ʩ ʟʦʣʦʪʦʤ, ʭʘʨʘʢʪʝʨʥʘ ʧʨʠʤʝʩʴ Sb, ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʩʨʝʜʥʝʤ 1,62 ʤʘʩʩ. %, ʚ 

ʝʜʠʥʠʯʥʳʭ ʧʨʦʙʘʭ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʤʝʩʴ Au ï ʜʦ 0,42 ʤʘʩʩ. %. ʏʘʩʪʴ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʙʤʠʢʨʦʥʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʚ ʛʸʪʠʪʝ ʠ Ca-Fe-ʘʨʩʝʥʘʪʝ, ʙʣʠʟʢʦʤ ʧʦ ʩʦʩʪʘʚʫ ʢ 

ʶʢʦʥʠʪʫ (ʨʠʩ. 1 (ʚ-ʛ)). ʆʙʨʘʟʦʚʘʥʠʝ ʘʥʘʣʦʛʠʯʥʦʡ ʩʤʝʩʠ ʚʪʦʨʠʯʥʳʭ ʬʘʟ ʦʧʠʩʘʥʦ ʚ 

ʛʨʘʥʦʜʠʦʨʠʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ɹʠ`ʨ ʊʘʚʠʣʘʭ ʚ ʉʘʫʜʦʚʩʢʦʡ ɸʨʘʚʠʠ (Surour et al., 2012). 

ɺʝʨʦʷʪʥʦ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʧʝʨʚʠʯʥʳʭ ʟʦʣʦʪʦʥʝʩʫʱʠʭ ʤʠʥʝʨʘʣʦʚ (ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ) 

ʨʘʩʩʝʷʥʥʦʝ ʚ ʥʠʭ ʢʦʣʣʦʠʜʥʦʝ ʠ/ʠʣʠ ʠʟʦʤʦʨʬʥʦʝ ʟʦʣʦʪʦ ʚʳʜʝʣʷʝʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʫʶ ʬʘʟʫ. 

ʇʦʤʠʤʦ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʦʪʤʝʯʘʶʪʩʷ ʪʝʣʣʫʨʠʜʳ ʟʦʣʦʪʘ ï ʧʝʪʮʠʪ ʠ ʤʫʪʤʘʥʥʠʪ (ʨʠʩ. 

1 (ʜ-ʝ)), ʢʦʪʦʨʳʝ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʜʨʫʛʠʤʠ ʪʝʣʣʫʨʠʜʘʤʠ (ʘʣʪʘʠʪʦʤ, ʛʝʩʩʠʪʦʤ, ʰʪʶʪʮʠʪʦʤ, 

ʪʝʣʣʫʨʘʥʪʠʤʦʥʦʤ, ʢʦʣʦʨʘʜʦʠʪʦʤ), ʘ ʪʘʢʞʝ ʩ ʘʨʩʝʥʦʧʠʨʠʪʦʤ. ɼʣʷ ʵʪʦʛʦ ʘʨʩʝʥʦʧʠʨʠʪʘ 

ʭʘʨʘʢʪʝʨʥʳ ʬʫʪʣʷʨʦʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʷʜʝʨʥʳʝ ʯʘʩʪʠ ʥʝ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʝʡ, ʘ 

ʚʥʝʰʥʠʝ ʦʙʦʛʘʱʝʥʳ Te. ɺʝʨʦʷʪʥʦ, ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʨʦʩʪʝ ʘʨʩʝʥʦʧʠʨʠʪ ʠ ʪʝʣʣʫʨʠʜʥʘʷ ʬʘʟʘ 

ʨʘʟʜʝʣʷʶʪʩʷ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʙʳʩʪʨʦʤ ʨʦʩʪʝ (ʩʢʝʣʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ) ʪʝʣʣʫʨ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ 

ʘʨʩʝʥʦʧʠʨʠʪʝ. 

ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ï ʩʦʩʪʘʚʘ ʚʳʷʚʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʭʘʨʘʢʪʝʨʘ ʠʭ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʪ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ ʦ ʧʨʦʷʚʣʝʥʠʠ ʚ ʟʦʣʦʪʦʤ ʦʨʫʜʝʥʝʥʠʠ 

ʉʝʜʣʦʚʠʥʥʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʪʳʥ ʪʨʸʭ ʵʪʘʧʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʦʣʦʪʦʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʇʝʨʚʳʡ ʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʚʥʦʩʝ ʠ 

ʦʪʣʦʞʝʥʠʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʩ Sb-ʩʦʜʝʨʞʘʱʠʤ ʘʨʩʝʥʦʧʠʨʠʪʦʤ. ɺʪʦʨʦʡ ʵʪʘʧ, ʨʘʟʚʠʪʳʡ 

ʣʦʢʘʣʴʥʦ, ʩʚʷʟʘʥ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʪʝʣʣʫʨʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʊʨʝʪʠʡ ʵʪʘʧ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ 

ʩʪʘʜʠʠ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠ ʵʪʦʤ ʨʘʥʝʝ ʨʘʩʩʝʷʥʥʦʛʦ ʚ ʥʠʭ ʟʦʣʦʪʘ ʚ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʬʘʟʫ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ. 
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ʈʠʩ. 1. ɿʦʣʦʪʦʥʦʩʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʉʝʜʣʦʚʠʥʥʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʪʳʥ (Au ï ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, 

Sb-Apy ï Sb-ʩʦʜʝʨʞʘʱʠʡ ʘʨʩʝʥʦʧʠʨʠʪ, Ttr ï ʪʝʪʨʘʵʜʨʠʪ, Pz ï ʧʝʪʮʠʪ, Hes ï hessite, Col ï ʢʦʣʦʨʘʜʦʠʪ, Tla ï 

ʪʝʣʣʫʨʘʥʪʠʤʦʥ, St ï ʰʪʶʪʮʠʪ, Qu ï ʢʚʘʨʮ, Fe-Dol ï ʞʝʣʝʟʠʩʪʳʡ ʜʦʣʦʤʠʪ, Gth ï ʛʸʪʠʪ, CFA ï Ca-Fe-ʘʨʩʝʥʘʪ, AFO 

ï As-ʩʦʜʝʨʞʘʱʠʡ ʛʸʪʠʪ; BSE ï ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 
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ɺʚʝʜʝʥʠʝ. ɺ ʧʨʝʜʝʣʘʭ ɹʝʣʦʤʦʨʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʣʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ. ʇʨʦʷʚʣʝʥʠʷ ʟʘʯʘʩʪʫʶ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʢʦʥʪʘʢʪʝ 

ʢʦʥʪʨʘʩʪʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʧʦʨʦʜ: ʢʠʩʣʳʭ (ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʝ ʠ ʢʠʘʥʠʪ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʝ 

ʛʥʝʡʩʳ ʯʫʧʠʥʩʢʦʡ ʪʦʣʱʠ) ʠ ʦʩʥʦʚʥʳʭ (ʤʝʪʘʛʘʙʙʨʦ, ʘʤʬʠʙʦʣʠʪʳ) (ʊʝʨʝʭʦʚ, ʃʝʚʠʮʢʠʡ, 1991).  

ɺʳʜʝʣʷʝʪʩʷ ʜʚʘ ʪʠʧʘ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʚ ɹʇʇ (ʊʝʨʝʭʦʚ, ʃʝʚʠʮʢʠʡ, 1991, 

ʉʝʨʝʙʨʷʢʦʚ, 2004): ʘʧʦʛʥʝʡʩʦʚʳʡ (ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʝ ʧʦʨʦʜʳ ʧʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ 

ʣʠʥʟʦʚʠʜʥʦ-ʧʦʣʦʩʯʘʪʳʤ ʢʠʘʥʠʪ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʤ ʛʥʝʡʩʘʤ) ʠ ʘʧʦʙʘʟʠʪʦʚʳʡ 

(ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʝ ʧʦʨʦʜʳ ʧʦ ʘʤʬʠʙʦʣʠʪʘʤ ʠ ʘʤʬʠʙʦʣʦʚʳʤ ʩʣʘʥʮʘʤ, ʤʝʪʘʫʣʴʪʨʘʙʘʟʠʪʘʤ). 

ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʠʧʦʪʝʟʫ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʧʦʨʦʜ ʩ 

ʢʦʨʫʥʜʦʤ (ʊʝʨʝʭʦʚ, ʃʝʚʠʮʢʠʡ, 1991, ʉʝʨʝʙʨʷʢʦʚ, 2004 ʠ ʪ.ʜ.). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʝ ʧʦʨʦʜʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʳʩʦʢʦʙʘʨʥʦʛʦ (600ï700ÜC, 7ï8 ʢʙʘʨ) ʤʝʪʘʩʦʤʘʪʦʟʘ, ʢʦʪʦʨʳʡ ʚʳʨʘʞʘʣʩʷ ʚ ʜʝʩʠʣʠʢʘʮʠʠ ʧʦʨʦʜ 

ʠ ʧʨʠʚʥʦʩʦʤ Mg ʠ K (ʘʧʦʙʘʟʠʪʦʚʳʡ ʪʠʧ), ʣʠʙʦ Ca ʠ Na (ʘʧʦʛʥʝʡʩʦʚʳʡ ʪʠʧ) (ʉʝʨʝʙʨʷʢʦʚ, 2004). 

ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʘʧʦʛʥʝʡʩʦʚʦʛʦ ʪʠʧʘ (ʉʝʨʝʙʨʷʢʦʚ, 

2004) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʪʘʢʞʝ ʦ ʚʳʥʦʩʝ ʢʘʣʠʷ. 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʤʠʥʝʨʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ (ʉʝʨʝʙʨʷʢʦʚ, 2004), ʚ ʩʣʫʯʘʝ ʤʝʪʘʩʦʤʘʪʠʪʦʚ 

ʘʧʦʛʥʝʡʩʦʚʦʛʦ ʪʠʧʘ ʚ ʧʝʨʚʦʡ ʟʦʥʝ ʚ ʢʠʘʥʠʪ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʘʭ ʠʩʯʝʟʘʝʪ ʢʚʘʨʮ, 

ʧʦʷʚʣʷʝʪʩʷ ʩʪʘʚʨʦʣʠʪ (ʢʠʘʥʠʪ ʟʘʤʝʱʘʝʪʩʷ ʩʪʘʚʨʦʣʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ ʩʠʤʧʣʝʢʪʠʪʘʤʠ), ʚʦ 

ʚʪʦʨʦʡ ʟʦʥʝ ʚʦʟʥʠʢʘʝʪ ʢʘʣʴʮʠʝʚʳʡ ʘʤʬʠʙʦʣ, ʘ ʚ ʪʨʝʪʴʝʡ ï ʥʘʪʨʦʞʝʜʨʠʪ (ʩʪʘʚʨʦʣʠʪ ʟʘʤʝʱʘʝʪʩʷ 

ʢʦʨʫʥʜ-ʥʘʪʨʦʞʝʜʨʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ ʩʠʤʧʣʝʢʪʠʪʘʤʠ) ʠ ʢʦʨʫʥʜ.  

ʄʝʞʜʫ ʪʝʤ, ʧʨʠʟʥʘʢʦʚ ʟʘʤʝʱʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʤʠʥʝʨʘʣʦʚ ʢʘʣʴʮʠʝʚʳʤ ʘʤʬʠʙʦʣʦʤ ʚ 

ʰʣʠʬʘʭ ʥʝ ʦʪʤʝʯʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʠʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʭ ʘʩʩʦʮʠʘʮʠʡ ʚ 

ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʢʘʣʴʮʠʝʚʳʡ ʘʤʬʠʙʦʣ ï ʥʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʡ ʤʠʥʝʨʘʣ, ʘ ʫʞʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʡ ʚ ʠʩʭʦʜʥʦʤ ʩʫʙʩʪʨʘʪʝ, ʝʩʣʠ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʟʘʭʚʘʪʳʚʘʣʠʩʴ ʘʤʬʠʙʦʣʠʪʳ ʠʣʠ ʘʤʬʠʙʦʣʦʚʳʝ ʛʥʝʡʩʳ ʥʘ 

ʢʦʥʪʘʢʪʝ ʩ ʢʠʘʥʠʪ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʤʠ ʛʥʝʡʩʘʤʠ. 

ʄʝʪʦʜʳ. ʆʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʢʘʣʴʮʠʝʚʦʛʦ ʘʤʬʠʙʦʣʘ ʚ ʘʧʦʛʥʝʡʩʦʚʳʭ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ï ʧʦʩʪʨʦʝʥʠʝ ʠ 

ʘʥʘʣʠʟ ʧʩʝʚʜʦʩʝʯʝʥʠʡ. ʇʩʝʚʜʦʩʝʯʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Perple_X (ʚʝʨʩʠʷ Perple_X 6.9.0) (Connolly, 2005) ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʩʨʝʜʥʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʠʘʥʠʪ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʦʛʦ ʛʥʝʡʩʘ (ʄʳʩʢʦʚʘ ʠ ʜʨ., 2000). ʀʩʧʦʣʴʟʦʚʘʥʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ hp02ver.dat. ɼʠʘʛʨʘʤʤʘ ʨʘʩʩʯʠʪʘʥʘ ʧʨʠ T=650ÜC, P=8 ʢʙʘʨ 

(ʉʝʨʝʙʨʷʢʦʚ, 2004) ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʩʫʪʩʪʚʠʷ ʫʛʣʝʢʠʩʣʦʪʥʦ-ʚʦʜʥʦʛʦ ʬʣʶʠʜʘ ʩ X(CO2)=0.3. 

ɺʳʙʨʘʥʳ ʤʦʜʝʣʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ʬʘʡʣ solution_model.dat): ʜʣʷ ʤʦʥʦʢʣʠʥʥʦʛʦ ʘʤʬʠʙʦʣʘ ï 

Amph(DPW), ʜʣʷ ʨʦʤʙʠʯʝʩʢʦʛʦ ʘʤʬʠʙʦʣʘ ï o-Amph, ʜʣʷ ʛʨʘʥʘʪʘ ï Gt(HP), ʜʣʷ ʩʪʘʚʨʦʣʠʪʘ ï 

St(HP), ʜʣʷ ʙʠʦʪʠʪʘ ï Bi(HGP), ʜʣʷ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ï feldspar, ʜʣʷ ʰʧʠʥʝʣʠ ï Sp(HP), ʜʣʷ 

ʦʨʪʦʧʠʨʦʢʩʝʥʘ ï Opx(HP), ʜʣʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ï Cpx(HP). ʍʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ SiO2 ʠ 

Na2O ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʣʴʢʫʣʷʪʦʨʘ 

frendly. 

ʈʝʟʫʣʴʪʘʪʳ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ Õ(SiO2)-Õ(Na2O) ʜʣʷ ʩʦʩʪʘʚʘ 

ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʠʘʥʠʪ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ (ʨʠʩ. 1), ʧʦʣʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʭ ʘʩʩʦʮʠʘʮʠʡ (ʥʘʧʨʠʤʝʨ, Pl+Bt+Grt+Cam+Crn) ʟʜʝʩʴ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ, ʪ.ʝ. 

ʩʠʣʴʥʘʷ ʜʝʩʠʣʠʢʘʮʠʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʠʚʥʦʩʦʤ Na2O ʤʦʛʣʘ ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ 

ʘʩʩʦʮʠʘʮʠʡ ʩ ʘʤʬʠʙʦʣʦʤ ʚ ʛʥʝʡʩʘʭ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʜʠʘʛʨʘʤʤʳ ʟʘʥʠʤʘʶʪ ʧʦʣʷ ʘʩʩʦʮʠʘʮʠʠ ʠʟʤʝʥʝʥʥʳʭ 

ʢʠʘʥʠʪ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ ʯʫʧʠʥʩʢʦʡ ʪʦʣʱʠ (Pl+Bt+Grt+Ky, Pl+Bt+Grt+St), ʘ ʪʘʢʞʝ 
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ʧʦʣʷ ʘʩʩʦʮʠʘʮʠʡ, ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ ʙʝʟʘʤʬʠʙʦʣʦʚʳʭ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜʘʭ ï 

Pl+Bt+Grt+Crn, Pl+Bt+St+Crn.  

ʈʠʩ. 1. Õ(SiO2)-Õ(Na2O) ʧʩʝʚʜʦʩʝʯʝʥʠʝ ʜʣʷ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʠʘʥʠʪ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ ʯʫʧʠʥʩʢʦʡ 

ʪʦʣʱʠ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ Pl+Qz+Bt+Grt+Ky (ʧʦʣʝ ʛʥʝʡʩʦʚ ʚʳʜʝʣʝʥʦ ʩʝʨʳʤ ʮʚʝʪʦʤ). ɼʣʷ ʫʯʸʪʘ ʚʳʥʦʩʘ 

ʢʦʣʠʯʝʩʪʚʦ K2O ʙʳʣʦ ʫʤʝʥʴʰʝʥʦ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʘʚʝ ʜʦ 0.9. ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʘʩʩʦʮʠʘʮʠʠ: 1 ï Pl+Bt+Opx, 2 

ï Pl+Bt+Opx+Cam1+Cam2, 3 ï Pl+Bt+Opx+Cam, 4 ï Pl+Bt+St+Ky, 5 ï Pl+Bt+St+Crn, 6 ï Pl+Bt+Spl+Crn, 7 ï 

Pl+Bt+Spl+Cam+Crn, 8 ï Bt+Spl+Cam1+Cam2+Crn, 9 ï Bt+Spl+Cam+Zo+Crn. 

ʇʨʠʚʥʦʩ CaO ʧʨʠ ʵʪʦʤ, ʚʝʨʦʷʪʥʦ, ʙʳʣ ʦʛʨʘʥʠʯʝʥ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʚʝʣ ʙʳ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʘʩʩʦʮʠʘʮʠʡ ʩʦ ʩʪʘʚʨʦʣʠʪʦʤ (ʨʠʩ. 2) ʠ ʧʦʷʚʣʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ ʚ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ 

ʧʦʨʦʜʘʭ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʳ. ɸʥʘʣʠʟ ʧʩʝʚʜʦʩʝʯʝʥʠʡ ʜʣʷ ʢʠʘʥʠʪ-ʛʨʘʥʘʪ-

ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ ʯʫʧʠʥʩʢʦʡ ʪʦʣʱʠ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʠ ʜʝʩʠʣʠʢʘʮʠʠ ʩ ʧʨʠʚʥʦʩʦʤ 

ʥʘʪʨʠʷ ʤʦʛʫʪ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʘʩʩʦʮʠʘʮʠʠ ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʩ ʢʦʨʫʥʜʦʤ, ʦʩʦʙʝʥʥʦ 

ʚ ʩʣʫʯʘʝ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʥʝʡʩʦʚ. ɺʳʥʦʩ ʢʘʣʠʷ ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʩʰʠʨʝʥʠʶ ʧʦʣʷ ʘʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʭ ʘʩʩʦʮʠʘʮʠʡ.  

ʍʦʪʷ ʥʘ ʧʩʝʚʜʦʩʝʯʝʥʠʷʭ ʧʦʣʷ ʩʪʘʚʨʦʣʠʪʘ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʨʘʟʦʙʱʝʥʳ, ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚ ʘʧʦʛʥʝʡʩʦʚʳʭ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʨʦʛʦʚʘʷ 

ʦʙʤʘʥʢʘ ʩʦʩʫʱʝʩʪʚʫʝʪ ʩʦ ʩʪʘʚʨʦʣʠʪʦʤ. ʕʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʪʝʤ, ʯʪʦ ʩʪʘʚʨʦʣʠʪ ʠ ʨʦʛʦʚʘʷ 

ʦʙʤʘʥʢʘ ʧʨʠ ʤʝʪʘʩʦʤʘʪʦʟʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ, ʠ ʘʩʩʦʮʠʘʮʠʷ Hbl+St ʚ 

ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜʘʭ ʥʝʨʘʚʥʦʚʝʩʥʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʤʦʜʝʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʨʝʜʢʠʝ ʘʩʩʦʮʠʘʮʠʠ Hbl+St, Hbl+Ky, 

ʦʪʤʝʯʘʝʤʳʝ ʚ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜʘʭ ʨʘʟʥʳʭ ʧʨʦʷʚʣʝʥʠʡ (ʉʝʨʝʙʨʷʢʦʚ, 2004), ʥʝ ʤʦʛʫʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʢ ʧʘʨʘʛʝʥʝʟʠʩ ʦʜʥʦʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ. 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 
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ʈʠʩ. 2. Õ(SiO2)-Õ(CaO) ʧʩʝʚʜʦʩʝʯʝʥʠʝ ʜʣʷ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʠʘʥʠʪ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ ʯʫʧʠʥʩʢʦʡ 

ʪʦʣʱʠ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ Pl+Qz+Bt+Grt+Ky (ʧʦʣʝ ʛʥʝʡʩʦʚ ʚʳʜʝʣʝʥʦ ʩʝʨʳʤ ʮʚʝʪʦʤ). ɼʣʷ ʫʯʸʪʘ ʚʳʥʦʩʘ 

ʢʦʣʠʯʝʩʪʚʦ K2O ʙʳʣʦ ʫʤʝʥʴʰʝʥʦ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʘʚʝ ʜʦ 0.9. ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʘʩʩʦʮʠʘʮʠʠ: 1 ï 

Pl+Bt+Grt+Cpx, 2 ï Pl+Bt+Cpx+Cam, 3 ï Pl+Bt+Grt+Cam+Crn, 4 ï Pl+Bt+Spl+Cam+Crn, 5 ï 

Pl+Bt+Cam1+Cam2+Crn, 6 ï Pl+Bt+Cam1+Cam2+Zo. 

 ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʳʩʢʦʚʘ ʊ.ɸ., ʄʠʣʴʢʝʚʠʯ ʈ.ʀ., ʃʴʚʦʚ ɸ.ɹ., ʄʠʣʣʝʨ ʖ.ɺ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʯʫʧʠʥʩʢʠʭ ʛʥʝʡʩʦʚ ɹʝʣʦʤʦʨʴʷ 
ʚ ʩʚʝʪʝ ʥʦʚʳʭ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ //ʃʠʪʦʣ. ʠ ʧʦʣʝʟ, ʠʩʢʦʧ. 2000. ˉ 6. ʉ. 653ð664.  

2. ʉʝʨʝʙʨʷʢʦʚ ʅ.ʉ. ʇʝʪʨʦʣʦʛʠʷ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʯʫʧʠʥʩʢʦʡ ʪʦʣʱʠ ɹʝʣʦʤʦʨʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ 

(ʥʘ ʧʨʠʤʝʨʝ ʏʫʧʠʥʩʢʦʛʦ ʩʝʛʤʝʥʪʘ). ɸʚʪʦʨʝʬʝʨʘʪ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. ʄ., 2004. 30 ʩ. 

3. ʊʝʨʝʭʦʚ ɽ.ʅ., ʃʝʚʠʮʢʠʡ ɺ.ʀ. ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʢʦʨʫʥʜʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ɹʝʣʦʤʦʨʴʝ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ɻʝʦʣʦʛʠʷ ʠ ʨʘʟʚʝʜʢʘ. 1991. ˉ 6. ʉ. 3ï13. 

4. Connolly J.A.D. Computation of phase equilibria by linear programming: A tool for geodynamic modeling and its 

application to subduction zone decarbonation // Earth and Planetary Science Letters. 2005. V. 236. ʈ. 524ï541. 
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ɿʦʥʘʣʴʥʦʩʪʴ ʧʣʘʛʠʦʢʣʘʟʦʚ ʧʠʨʦʢʩʝʥʠʪ-ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʂʘʘʣʘʤʦ 

ʢʘʢ ʦʪʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʤʝʰʝʥʠʷ ʤʘʛʤ 

ɸʥʠʩʠʤʦʚ ʈ.ʃ., ʂʠʨʠʣʣʦʚʘ ʇ.ɸ., ɻʘʣʘʥʢʠʥʘ ʆ.ʃ., ɹʘʣʪʳʙʘʝʚ ʐ.ʂ. 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈɸʅ, romjulleoanis@mail.ru 

ʇʣʘʛʠʦʢʣʘʟ [Na-Ca](AlnSimO8) ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʤʠʥʝʨʘʣʦʚ-ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ ʯʫʪʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʦʩʪʘʚʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʠ ʩʦʩʪʘʚʘ ʤʘʛʤʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʈʊʍ-ʫʩʣʦʚʠʡ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʦʡ ʠʟ ʧʨʠʤʝʯʘʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʣʘʛʠʦʢʣʘʟʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʘʷ ʚ ʥʝʤ ʟʦʥʘʣʴʥʦʩʪʴ, ʢʘʢ ʧʨʦʩʪʘʷ ï ʩ ʤʦʥʦʪʦʥʥʳʤ 

ʧʦʥʠʞʝʥʠʝʤ ʠʣʠ ʧʦʚʳʰʝʥʠʝʤ ʦʩʥʦʚʥʦʩʪʠ (ʫʤʝʥʴʰʝʥʠʝʤ ʠʣʠ ʨʦʩʪʦʤ ʘʥʦʨʪʠʪʦʚʦʡ ʤʦʣʝʢʫʣʳ), 

ʪʘʢ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ï ʩ ʥʝʦʜʥʦʢʨʘʪʥʳʤʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʜʝʨʞʘʥʠʷ 

Na ʠ Ca ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʉʤʝʰʘʥʥʳʡ ʪʠʧ ʟʦʥʘʣʴʥʦʩʪʠ ʧʣʘʛʠʦʢʣʘʟʘ ʚʳʷʚʣʝʥ ʚ ʧʦʨʦʜʘʭ 

ʨʷʜʘ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʠʥʪʨʫʟʠʡ ʛʘʙʙʨʦʠʜʦʚ ʉʝʚʝʨʥʦʛʦ ʇʨʠʣʘʜʦʞʴʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʵʪʠʭ 

ʧʦʨʦʜ. 

ʆʙʲʝʢʪʦʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʘ ʠʟ ʛʘʙʙʨʦʠʜʥʳʭ ʠʥʪʨʫʟʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ɼʦʤʝʥʘ ʇʨʠʣʘʜʦʞʴʷ, ʛʜʝ ʠʥʪʨʫʟʠʠ ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʩʦʩʪʘʚʝ 

ʜʚʫʭ ʢʦʤʧʣʝʢʩʦʚ: ʢʘʘʣʘʤʩʢʦʛʦ ʠ ʚʝʣʠʤʷʢʩʢʦʛʦ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʦʥʦʛʨʘʬʠʠ (ʃʘʜʦʞʩʢʘʷ ʧʨʦʪʝʨʦʟʦʡʩʢʘʷ ʩʪʨʫʢʪʫʨʘé, 2020).  

ʂʘʘʣʘʤʩʢʠʡ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʛʘʙʙʨʦʥʦʨʠʪ-ʜʠʦʨʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ 

ʦʜʥʦʠʤʝʥʥʳʡ ʢʨʫʧʥʳʡ (~80 ʢʤ2) ʤʘʩʩʠʚ ʂʘʘʣʘʤʦ ʠ ʨʷʜ ʙʦʣʝʝ ʤʝʣʢʠʭ (ɸʨʘʤʠʥʣʘʤʧʠ, 

ʀʭʘʣʘʥʚʘʘʨʘ, ʉʫʨʠ-ʉʫʦ, ʂʝʢʢʦʩʝʣʴʢʘ, ɺʠʥʘʦʷ, ʂʘʨʭʦʥʣʘʥʤʷʢʠ ʠ ʜʨ.) ʧʣʦʱʘʜʴʶ ʜʦ ʧʝʨʚʳʭ 

ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ. ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʷʪ ʪʘʢʞʝ ʛʠʧʘʙʠʩʩʘʣʴʥʳʝ ʛʘʙʙʨʦʜʠʦʨʠʪ-

ʪʦʥʘʣʠʪʦʚʳʝ ʠʥʪʨʫʟʠʠ ʫʯʘʩʪʢʘ ɸʣʘʪʪʫ-ʇʷʢʶʣʷ (ʃʘʜʦʞʩʢʘʷ ʧʨʦʪʝʨʦʟʦʡʩʢʘʷé, 2020). 

ʂʘʘʣʘʤʩʢʠʡ ʤʘʩʩʠʚ (ʂʄ) ʚ ʧʣʘʥʝ ʠʤʝʝʪ ʬʦʨʤʫ ʦʚʘʣʘ 12.5ʭ6.5 ʢʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ. ɺʤʝʱʘʶʪ ʠʥʪʨʫʟʠʶ ʤʝʪʘʪʫʨʙʠʜʠʪʳ ʠ ʩʣʘʥʮʳ ʣʘʜʦʞʩʢʦʡ ʩʝʨʠʠ, ʘ ʪʘʢʞʝ 

ʘʤʬʠʙʦʣʠʪʳ ʩʦʨʪʘʚʘʣʴʩʢʦʡ ʩʝʨʠʠ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ. ʂʦʥʪʘʢʪʳ ʤʘʩʩʠʚʘ ʩ ʙʦʢʦʚʳʤʠ 

ʧʦʨʦʜʘʤʠ ʩʝʢʫʱʠʝ, ʠʥʦʛʜʘ ʩʫʙʩʦʛʣʘʩʥʳʝ. ʄʘʩʩʠʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʛʘʙʙʨʦʥʦʨʠʪ-ʜʠʦʨʠʪʦʚʦʝ ʠʥʪʨʫʟʠʚʥʦʝ ʪʝʣʦ, ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʥʘ 

ʨʘʥʥʝʦʨʦʛʝʥʥʦʤ ʵʪʘʧʝ ʩʪʘʥʦʚʣʝʥʠʷ ʩʚʝʢʦʬʝʥʥʠʜ, ʚ ʥʝʩʢʦʣʴʢʦ ʬʘʟ ʠʥʪʨʫʟʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʉʘʨʘʥʯʠʥʘ, 1949). ʆʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʂʘʘʣʘʤʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ 

ʧʣʫʪʦʥʠʯʝʩʢʦʝ ʪʝʣʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʨʦʛʝʥʥʳʡ ʧʝʨʠʦʜ ʧʨʠ 

ʦʜʥʦʘʢʪʥʦʤ ʚʥʝʜʨʝʥʠʠ ʤʘʛʤʳ (ʀʥʪʨʫʟʠʚʥʳʝ ʙʘʟʠʪ-ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʝé, 1976). 

ɺ ʂʄ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʛʨʫʧʧʳ ʧʦʨʦʜ, ʩʦʦʪʥʦʩʷʱʠʝʩʷ ʢʘʢ ʠʥʪʨʫʟʠʚʥʳʝ ʬʘʟʳ 

ʛʦʤʦʜʨʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʂ ʧʝʨʚʦʡ ʬʘʟʝ ʦʪʥʦʩʷʪ ʚʝʨʣʠʪʳ, ʦʣʠʚʠʥʦʚʳʝ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ, ʧʣʘʛʠʦʧʠʨʦʢʩʝʥʠʪʳ ʠ ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ ʛʘʙʙʨʦ; ʚʪʦʨʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʘʙʙʨʦʥʦʨʠʪʘʤʠ, ʛʘʙʙʨʦ, ʤʝʣʘʥʦʜʠʦʨʠʪʘʤʠ; ʪʨʝʪʴʷ ï ʜʠʦʨʠʪʘʤʠ, ʢʚʘʨʮʝʚʳʤʠ ʜʠʦʨʠʪʘʤʠ, 

ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ, ʪʦʥʘʣʠʪʘʤʠ, ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ (ʃʘʜʦʞʩʢʘʷ ʧʨʦʪʝʨʦʟʦʡʩʢʘʷé, 2020). 

ɼʣʷ ʠʥʪʨʫʟʠʠ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 

ʂʩʝʥʦʣʠʪʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʶʜʷʥʳʤʠ ʛʥʝʡʩʘʤʠ ʠ ʩʣʘʥʮʘʤʠ, 

ʘʤʬʠʙʦʣʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʢʘʨʙʦʥʘʪʘʤʠ. ʇʦʨʦʜʳ ʂʄ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʫʧʨʘʢʨʫʩʪʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʦʪ ʚʝʨʭʦʚ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʜʦ ʘʤʬʠʙʦʣʠʪʦʚʦʡ 

ʬʘʮʠʡ (ʉʘʨʘʥʯʠʥʘ, 1949). 

ɺʦʟʨʘʩʪ ʢʘʘʣʘʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʝʥ ʧʦ ʢʚʘʨʮʝʚʳʤ ʜʠʦʨʠʪʘʤ ʤʘʩʩʠʚʘ ʂʘʘʣʘʤʦ U-

Pb ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʫ ʢʘʢ 1888Ñ5 ʤʣʥ ʣʝʪ (ɹʦʛʘʯʝʚ ʠ ʜʨ., 1999), ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ 

ʩʦʚʧʘʜʘʝʪ ʩ UïPb ʚʦʟʨʘʩʪʦʤ ʰʪʦʢʘ ɸʣʘʪʪʫ ï 1885Ñ3 ʤʣʥ ʣʝʪ (ɹʦʛʘʯʝʚ ʠ ʜʨ., 1999). 

ɺ ʧʦʨʦʜʘʭ ʂʄ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʮʠʡ ʧʣʘʛʠʦʢʣʘʟʘ.  

ï ʇʣʘʛʠʦʢʣʘʟ ˉ1 (An80-70). ʉʘʤʘʷ ʨʘʥʥʷʷ ʛʝʥʝʨʘʮʠʷ. ʊʘʢʠʝ ʧʣʘʛʠʦʢʣʘʟʳ ʦʪʨʘʞʘʶʪ 

ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ. ɺʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʪʘʢ ʠ 

ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ, ʦʢʨʫʞʝʥʥʳʝ ʙʦʣʝʝ ʢʠʩʣʳʤ ʧʣʘʛʠʦʢʣʘʟʦʤ. 
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ï ʇʣʘʛʠʦʢʣʘʟ ˉ2 (An55-50). ɺʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʣʘʛʠʦʢʣʘʟʘ 

ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ (ʧʦʟʜʥʷʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʪʘʜʠʷ). ɺʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ 

ʟʝʨʥʘ ʠʣʠ ʢʘʢ ʦʙʨʘʩʪʘʥʠʷ ʧʣʘʛʠʦʢʣʘʟʦʚ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ. 

ï ʇʣʘʛʠʦʢʣʘʟ ˉ3 (ʦʢʦʣʦ An30). ʊʨʝʪʴʷ ʛʝʥʝʨʘʮʠʷ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʧʣʘʛʠʦʢʣʘʟ. ʂʘʢ ʧʨʘʚʠʣʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʷʭ ʟʝʨʝʥ ʧʝʨʚʳʭ ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʦʧʪʠʯʝʩʢʠ ʟʦʥʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʧʣʘʛʠʦʢʣʘʟʘ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ 

ʘʥʦʨʪʠʪʦʚʦʝ ʷʜʨʦ, ʢʦʪʦʨʦʝ ʨʘʩʢʠʩʣʷʝʪʩʷ ʩ ʥʝʙʦʣʴʰʦʡ ʦʩʮʠʣʷʪʦʨʥʦʡ (ʧʠʣʦʦʙʨʘʟʥʦʡ) 

ʟʦʥʘʣʴʥʦʩʪʴʶ ʢ ʢʨʘʝʚʳʤ ʯʘʩʪʷʤ ʟʝʨʥʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʚʳʤ 

ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʧʣʘʛʠʦʢʣʘʟ An80. ɼʘʣʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʦʨʪʠʪʘ ʧʘʜʘʝʪ ʜʦ An60-50 ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʦʞʜʝʥʠʝ ʥʦʚʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ ʩ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ.  

ʈʠʩ.1. ʂʨʠʩʪʘʣʣ ʧʣʘʛʠʦʢʣʘʟʘ, ʠʟʦʙʨʘʞʝʥʠʝ BSE ʠ ʤʠʢʨʦʟʦʥʜʦʚʳʝ ʧʨʦʬʠʣʠ ʩʦʩʪʘʚʦʚ. ʗʜʨʦ ï ʧʝʨʚʘʷ ʛʝʥʝʨʘʮʠʷ 

ʧʣʘʛʠʦʢʣʘʟʘ, ʢʨʘʝʚʳʝ ʦʙʣʘʩʪʠ ï ʚʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ˉ50-60 ʧʣʘʛʠʦʢʣʘʟʦʚ ʥʘʡʜʝʥʳ ʘʥʪʠʧʝʨʪʠʪʳ ʂʇʐ. 

ʈʠʩ. 2. ʂʨʠʩʪʘʣʣʳ ʧʣʘʛʠʦʢʣʘʟʦʚ, ʠʟʦʙʨʘʞʝʥʠʷ BSE ʠ ʤʠʢʨʦʟʦʥʜʦʚʳʝ ʧʨʦʬʠʣʠ ʩʦʩʪʘʚʦʚ. ɺʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ 

ʧʣʘʛʠʦʢʣʘʟʘ. 
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ɺʩʪʨʝʯʘʶʪʩʷ (ʨʠʩ. 2, 3) ʧʣʘʛʠʦʢʣʘʟʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ 

ʘʥʦʨʪʠʪʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʢ ʢʨʘʷʤ. ʇʨʠ ʵʪʦʤ ʦʩʮʠʣʷʪʦʨʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʩ ʘʤʧʣʠʪʫʜʘʤʠ 

ʠʟʤʝʥʝʥʠʷ ʘʥʦʨʪʠʪʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʜʦʭʦʜʠʪ ʜʦ 9%. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʪʦʨʦʥʫ ʚʪʦʨʠʯʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʩʢʘʯʢʠ ʘʥʦʨʪʠʪʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ (ʩʤ. ʧʨʦʬʠʣ ɹC-D). ʉʘʤʘ ʟʦʥʘ 

ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʤ ʨʘʩʢʠʩʣʝʥʠʝʤ ʧʣʘʛʠʦʢʣʘʟʘ. 

ʂʠʩʣʳʡ ʧʣʘʛʠʦʢʣʘʟ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʚʪʦʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʮʦʠʟʠʪ ʠ ʵʧʠʜʦʪ), ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʧʨʦʮʝʩʩʳ ʩʦʩʩʶʨʠʪʠʟʘʮʠʠ ʚ ʵʪʦʡ ʯʘʩʪʠ ʟʝʨʥʘ. 

ʈʠʩ. 3. ʂʨʠʩʪʘʣʣʳ ʧʣʘʛʠʦʢʣʘʟʦʚ, ʠʟʦʙʨʘʞʝʥʠʷ BSE ʠ ʤʠʢʨʦʟʦʥʜʦʚʳʝ ʧʨʦʬʠʣʠ ʩʦʩʪʘʚʦʚ. ɺʪʦʨʘʷ ʠ ʪʨʝʪʴʷ 

ʛʝʥʝʨʘʮʠʠ ʧʣʘʛʠʦʢʣʘʟʘ. 

ʆʩʮʠʣʣʷʪʦʨʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ (ʆɿ) ï ʤʘʣʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʧʣʘʛʠʦʢʣʘʟʘ. 

ɸʤʧʣʠʪʫʜʘ 2 ï 15 %An, ʜʣʠʥʘ ʚʦʣʥʳ 10-100 ʥʤ. ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ, ʩʫʜʷ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ, ʚʘʨʴʠʨʫʝʪ ʦʪ ʤʝʥʝʝ 10 ʜʦ ʙʦʣʝʝ 100. ʏʘʩʪʦ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʝ, 

ʤʝʥʝʝ ʨʝʛʫʣʷʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ. ʂʦʣʝʙʘʥʠʷ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʷʪ ʚ ʛʨʫʧʧʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʘʤʧʣʠʪʫʜʘ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʦʩʪʘʶʪʩʷ ʚʧʦʣʥʝ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ. ʆʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ ʢʦʣʝʙʘʥʠʡ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʨʝʟʢʠʤʠ ʥʝʮʠʢʣʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʩʪʘʚʘ (Bottinga et al., 1966). 

ʅʘʠʙʦʣʝʝ ʫʙʝʜʠʪʝʣʴʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʥʢʦʡ ʨʝʛʫʣʷʨʥʦʡ ʆɿ ʷʚʣʷʝʪʩʷ 

ʪʝʦʨʠʷ ʜʠʬʬʫʟʠʠ-ʧʝʨʝʥʘʩʳʱʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ Harloff (1927) ʝʱʝ ʚ ʧʨʦʰʣʦʤ ʩʪʦʣʝʪʠʠ. 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ Bowen (1913), ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʡʩʷ ʠʟ ʨʘʩʧʣʘʚʘ ʧʣʘʛʠʦʢʣʘʟ ʦʙʦʛʘʱʝʥ Ca ʠ Al 

ʠ ʦʙʝʜʥʝʥ Na ʠ Si ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʣʘʚʘ (Bowen, 1913). ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ Harloff (1927), 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʘʛʠʦʢʣʘʟʘ ʚ ʥʘʯʘʣʝ ʮʠʢʣʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʉʘ ʥʘ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣ-ʨʘʩʧʣʘʚ, ʪʘʢ ʯʪʦ ʧʦʩʣʝʜʫʶʱʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ An ʚ ʧʣʘʛʠʦʢʣʘʟʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ca ʪʘʢʞʝ 

ʩʥʠʞʘʝʪ ʩʪʝʧʝʥʴ ʧʝʨʝʥʘʩʳʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʛʠʦʢʣʘʟʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʉʘ ʢ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ 

ʧʦʧʦʣʥʷʝʪ ʨʘʩʧʣʘʚ ʠ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ (Harloff, 1927). 

ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ʚʝʜʫʱʘʷ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʆɿ ʦʪʚʦʜʠʪʩʷ Al. ɺ ʨʘʙʦʪʝ 

Bottinga et al. (1966) ʧʨʠʚʦʜʷʪʩʷ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʜʘʥʥʫʶ ʛʠʧʦʪʝʟʫ. 

ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʝʩʣʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʠʬʬʫʟʠʝʡ, ʪʦ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ 

ʤʘʛʤʦʡ ʠ ʨʘʩʪʫʱʠʤ ʢʨʠʩʪʘʣʣʦʤ ʜʦʣʞʥʳ ʥʘʙʣʶʜʘʪʴʩʷ ʛʨʘʜʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʠ 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 
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ʪʘʢʠʝ ʛʨʘʜʠʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʢʘʣʝʥʳ ʚ ʩʪʝʢʣʦʚʘʪʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʠ ʧʨʠʚʦʜʷʪ 

ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʟʘʣʴʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʚʢʨʘʧʣʝʥʥʠʢʠ ʙʠʪʦʚʥʠʪʘ ʠ ʩʪʝʢʣʦʚʘʪʫʶ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʡʜʝʥʳ 

ʦʪʢʣʦʥʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ Al, Si, Mg, Fe ʚ ʩʪʝʢʣʝ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʧʣʘʛʠʦʢʣʘʟʘ. 

ʆʪʩʫʪʩʪʚʠʝ ʛʨʘʜʠʝʥʪʘ Na ʠ Ca, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʠʭ ʙʦʣʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ Si ʠ Al, ʘ ʪʘʢʞʝ ʩ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʤʝʞʜʫ ʞʠʜʢʦʩʪʴʶ ʠ 

ʧʣʘʛʠʦʢʣʘʟʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Fe ʠ Mg (Bottinga et al, 1966). 

Haase et al. (1980) ʧʨʝʜʣʘʛʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʨʦʩʪʘ ʧʣʘʛʠʦʢʣʘʟʘ. ʈʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʉʪʝʬʘʥʘ, ʘ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʨʘʩʧʣʘʚʝ ï ʫʨʘʚʥʝʥʠʝʤ 

ʜʠʬʬʫʟʠʠ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ, ʯʪʦ ʨʦʩʪʫ An ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʦʛʘʱʝʥʥʳʝ An, ʘ ʨʦʩʪʫ Ab ï ʦʙʦʛʘʱʝʥʥʳʝ Ab. ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʟʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʦʚ (Haase et al.,1980).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʆɿ ʥʝ ʩʚʷʟʘʥʘ ʩ ʛʣʦʙʘʣʴʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʣʠ ʙʳ, ʥʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩʳ ʩʤʝʰʝʥʠʷ ʤʘʛʤ. 

ʕʪʠ ʧʨʦʮʝʩʩʳ, ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʶʪ ʥʝʮʠʢʣʠʯʝʩʢʠʝ ʠ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʢʘʯʢʠ ʩʦʜʝʨʞʘʥʠʷ 

An ʙʣʘʛʦʜʘʨʷ ʧʨʦʮʝʩʩʘʤ ʥʘ ʛʨʘʥʠʮʝ çʢʨʠʩʪʘʣʣ-ʨʘʩʧʣʘʚè, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʣʘʛʠʦʢʣʘʟʘʭ 

ʂʘʘʣʘʤʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʆʜʥʘʢʦ ʤʦʥʦʪʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʧʣʘʛʠʦʢʣʘʟʘ, ʩʦʯʝʪʘʶʱʝʝʩʷ ʩ 

ʨʝʟʢʠʤ ʧʝʨʝʭʦʜʦʤ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʫʩʪʦʡʯʠʚʦ-ʥʘʙʣʶʜʘʝʤʦʤʫ ʧʦʚʩʝʤʝʩʪʥʦ ʩʦʩʪʘʚʫ 

ʧʣʘʛʠʦʢʣʘʟʘ (ʧʦʷʚʣʝʥʠʝ ʧʣʘʛʠʦʢʣʘʟʘ 2-ʡ ʛʝʥʝʨʘʮʠʠ), ʩʢʦʨʝʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʝʰʝʥʠʠ ʤʘʛʤ 

ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺʳʚʦʜʳ ʠ ʟʘʢʣʶʯʝʥʠʝ. ɼʣʷ ʧʦʨʦʜ ʂʄ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʛʠʦʢʣʘʟʦʚ.  

1) ʀʟ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʤʘʛʤʳ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʣʠʢʚʠʜʫʩʘ 

ʧʣʘʛʠʦʢʣʘʟʘ ʚʳʧʘʣ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʚ ʚʠʜʝ Pl (An80). ɼʘʣʝʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʩʤʝʰʝʥʠʷ ʩʦʩʪʘʚʦʚ ʜʚʫʭ ʤʘʛʤ (ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʡ ʠ ʥʦʚʦʡ ʧʦʨʮʠʠ ʨʘʩʧʣʘʚʦʚ) 

ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʢʠʩʣʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ, ʜʦʭʦʜʷʱʝʛʦ ʜʦ 

An52, ʩ ʆɿ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʶʪ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʧʣʘʛʠʦʢʣʘʟ ˉ1 ʩ ʷʜʨʦʤ An80, ʠ ̄2 

ʩ ʷʜʨʦʤ An50 (ʠʤʝʥʥʦ ʫ ʥʠʭ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʟʝʨʝʥ, ʚ ʨʘʡʦʥʝ An50-55, ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʱʝ 

ʚʩʝʛʦ ʦʩʮʠʣʣʷʪʦʨʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ). 

2) ʅʘʠʙʦʣʝʝ ʧʦʟʜʥʠʝ ʧʣʘʛʠʦʢʣʘʟʳ (ʜʦ An30) ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʣʘʛʠʦʢʣʘʟʦʚ ʠ ʦʪʨʘʞʘʶʪ ʩʪʘʜʠʠ ʧʦʟʜʥʝ- ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʠ ʥʘʣʦʞʝʥʥʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʪʝʤʳ ʅʀʈ ʀɻɻɼ ʈɸʅ 

(  ̄132-2019-0013) ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ. 
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ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʘʣʝʦʘʨʭʝʡʩʢʠʭ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʦʚ (ʤʝʪʘʢʦʤʘʪʠʠʪʦʚ) 

ʇʦʙʫʞʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʋʢʨʘʠʥʩʢʦʛʦ ʱʠʪʘ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʝʚʥʠʤʠ ʢʦʤʘʪʠʠʪʘʤʠ 

ʜʨʫʛʠʭ ʢʨʘʪʦʥʦʚ 

ɸʭʤʝʪʦʚʘ ʅ.ɸ.1, ɽʛʦʨʦʚʘ ʖ.ʉ.2 
1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
2ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, axoxyx2014@gmail.com 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʦʚ. ʇʦʙʫʞʩʢʠʡ ʛʨʘʥʫʣʠʪʦʚʳʡ 

ʢʦʤʧʣʝʢʩ (ʇɻʂ) ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʋʢʨʘʠʥʩʢʦʛʦ ʱʠʪʘ ʥʘ ʶʛʝ ɼʥʝʩʪʨʦʚʩʢʦ-ɹʫʛʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ (ɼɹʇ). 10% ʚʳʭʦʜʦʚ ʛʨʘʥʫʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʶʪ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʤʘʬʠʪʳ, ʫʣʴʪʨʘʤʘʬʠʪʳ ʠ ʤʝʪʘʦʩʘʜʢʠ. ʄʘʬʠʯʝʩʢʠʝ 

ʛʨʘʥʫʣʠʪʳ, ʩʣʘʛʘʶʪ ʥʝʙʦʣʴʰʠʝ ʣʠʥʟʳ ʠ ʜʘʡʢʠ ʚ ʛʥʝʡʩʦʵʥʜʝʨʙʠʪʘʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʪʘʚʰʠʝʩʷ 

90 % ʇɻʂ. ʇʨʦʪʦʣʠʪʦʤ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʦʚ ʷʚʣʷʣʠʩʴ ʚʫʣʢʘʥʠʪʳ ï ʢʦʤʘʪʠʠʪʳ, 

ʢʦʤʘʪʠʠʪʦʚʳʝ ʙʘʟʘʣʴʪʳ ʠ ʙʘʟʘʣʴʪʳ. 

ʄʘʬʠʯʝʩʢʠʝ ʛʨʘʥʫʣʠʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʢʘʨʴʝʨʝ ʆʜʝʩʩʢʠʡ (48Á13Ë ʩ. .h, 29Á59Ë ʚ. ʜ.), 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʖ. ɹʫʛ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʠ ʦʙʱʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʘ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʦʚ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɹʘʣʪʳʙʘʝʚ ʠ ʜʨ., 2014; ʃʦʙʘʯ-ɾʫʯʝʥʢʦ ʠ ʜʨ., 2014ʘ). 

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʢʘʨʴʝʨʘ ʆʜʝʩʩʢʠʡ ʤʘʬʠʯʝʩʢʠʝ ʛʨʘʥʫʣʠʪʳ ʩʣʘʛʘʶʪ ʥʝʙʦʣʴʰʫʶ 

ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʣʠʥʟʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʩʨʝʜʠ ʛʥʝʡʩʦʵʥʜʝʨʙʠʪʦʚ. ɺʢʣʶʯʝʥʠʷ ʤʘʬʠʯʝʩʢʠʭ 

ʛʨʘʥʫʣʠʪʦʚ ʚ ʛʥʝʡʩʦʵʥʜʝʨʙʠʪʘʭ ʠʤʝʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʢʘʨʴʝʨʘ. ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ 

ʨʘʟʨʝʟʦʚ ʩʝʚʝʨʥʦʡ ʣʠʥʟʳ ʚ ʢʘʨʴʝʨʝ ʆʜʝʩʩʢʠʡ ʚ ʛʨʘʥʫʣʠʪʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʩʣʦʠ 

ʤʝʪʘʦʩʘʜʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʢʚʘʨʮʠʪʘʤʠ, ʛʨʘʥʘʪʦʚʳʤʠ, ʛʨʘʥʘʪ-

ʧʠʨʦʢʩʝʥʦʚʳʤʠ ʠ ʤʘʛʥʝʪʠʪ-ʧʠʨʦʢʩʝʥʦʚʳʤʠ ʢʚʘʨʮʠʪʘʤʠ ʠ ʛʥʝʡʩʘʤʠ (ʃʦʙʘʯ-ɾʫʯʝʥʢʦ ʠ 

ʜʨ.,2014ʙ). ʋʯʘʩʪʠʝ ʚ ʩʪʨʦʝʥʠʠ ʨʘʟʨʝʟʘ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʦʩʘʜʢʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʚʝʨʦʷʪʥʳʤ ʧʨʦʪʦʣʠʪʦʤ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʦʚ ʙʳʣʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ. ɸʥʘʣʠʟ U-Pb 

ʚʦʟʨʘʩʪʘ ʮʠʨʢʦʥʘ ʠʟ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʦʚ, ʚʤʝʱʘʶʱʠʭ ʛʥʝʡʩʦʵʥʜʝʨʙʠʪʦʚ ʠ ʧʨʦʩʣʦʝʚ 

ʢʚʘʨʮʠʪʦʚ ʫʩʪʘʥʦʚʠʣ ʧʘʣʝʦʘʨʭʝʡʩʢʠʡ ʚʦʟʨʘʩʪ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ, ʬʨʘʛʤʝʥʪʳ 

ʢʦʪʦʨʦʡ ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʆʜʝʩʩʢʦʤ ʢʘʨʴʝʨʝ (ɹʘʣʪʳʙʘʝʚ ʠ ʜʨ., 2014; ʃʦʙʘʯ-ɾʫʯʝʥʢʦ ʠ ʜʨ., 2019). 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ɺʩʝ ʘʨʭʝʡʩʢʠʝ ʧʦʨʦʜʳ ʇʦʙʫʞʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʋʢʨʘʠʥʩʢʦʛʦ ʱʠʪʘ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ. ɼʣʷ ʧʝʪʨʦ- ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ʦʪʙʠʨʘʣʠʩʴ ʦʙʨʘʟʮʳ ʧʦʨʦʜ ʙʝʟ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚʠʜʠʤʳʭ ʩʣʝʜʦʚ ʤʠʛʤʘʪʠʟʘʮʠʠ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʩʚʦʠʤ ʪʝʢʩʪʫʨʘʤ ʠ ʩʪʨʫʢʪʫʨʘʤ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘʣʠʟʝ 

ʫʯʠʪʳʚʘʣʦʩʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʤʦʙʠʣʴʥʳ ʧʨʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʢʨʫʧʥʦʠʦʥʥʳʝ 

ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ Cs, Rb, K, Na, Ba, Sr ʠ Eu2+, ʘ ʥʘʠʤʝʥʝʝ ʧʦʜʚʠʞʥʳ Mg, Cr, Fe, Mn, Ni, 

Co, Y, Ti, Zr, Nb ʠ ʈɿʕ (Sossi et al., 2016). 

ʄʘʬʠʯʝʩʢʠʝ ʛʨʘʥʫʣʠʪʳ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʶʪ ʙʘʟʘʣʴʪʘʤ, ʙʘʟʘʣʴʪʦʚʳʤ 

ʢʦʤʘʪʠʠʪʘʤ ʠ ʢʦʤʘʪʠʠʪʘʤ (ʪʘʙʣ. 1, ʨʠʩ. 1), ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʫʣʠʪʦʚʦʡ 

ʬʘʮʠʠ. ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʛʝʦʭʠʤʠʠ ʤʝʪʘʢʦʤʘʪʠʠʪʦʚ. 

ʄʝʪʘʢʦʤʘʪʠʠʪʳ ʇɻʂ ʩʦʜʝʨʞʘʪ: MgO 17.3 ï 23.3 ʤʘʩ. %, SiO2 44 ï 49 ʤʘʩ. %, TiO2 <1 ʤʘʩ. 

% (0.34 ï 1 ʤʘʩ. %), ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʫʶ ʱʝʣʦʯʥʦʩʪʴ (Na2ʆ + K2O < 2 ʤʘʩ. %). ʇʨʠ ʵʪʦʤ ʦʥʠ 

ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ 2 ʛʨʫʧʧʳ ʩ MgO > 20 ʤʘʩ. % (ʛʨ. 1) ʠ MgO < 20 ʤʘʩ. % (ʛʨ. 2) (ʪʘʙʣ. 1). 

ʄʝʪʘʢʦʤʘʪʠʠʪʳ 2 ʛʨ ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Al2O3, TiO2, CaO, ʱʝʣʦʯʝʡ, 

P, REE, LILE, HFSE, ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ï SiO2, MgO, FeOt, Cr, Ni, ɸʊʄ ʠ ʠʤʝʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʦʩʪʘʚ ʤʝʞʜʫ ʢʦʤʘʪʠʠʪʘʤʠ ʠ ʢʦʤʘʪʠʠʪʦʚʳʤʠ ʙʘʟʘʣʴʪʘʤʠ (ʪʘʙʣ. 1-3, ʨʠʩ. 1). 

ʕʪʠ ʨʘʟʣʠʯʠʷ ʚʳʨʘʞʘʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʘʤʬʠʙʦʣʠʟʘʮʠʠ ʧʦʨʦʜ 2 ʛʨ. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʝʨʚʠʯʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ (ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ) ʚʥʫʪʨʠ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʧʦʜʯʝʨʢʥʫʪʘ ʚ ʭʦʜʝ ʤʝʪʘʤʦʨʬʠʟʤʘ. 

ʄʘʛʥʝʟʠʘʣʴʥʦʩʪʴ. ɺ ʠʟʫʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ ʨʘʟʥʦʩʪʠ ʢʦʤʘʪʠʠʪʦʚ ʩ MgO > 25 ʤʘʩ. %, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʘʨʭʝʡʩʢʠʭ ʙʘʟʘʣʴʪ-ʢʦʤʘʪʠʠʪʦʚʳʭ ʬʦʨʤʘʮʠʡ ʤʠʨʘ (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ ʢʦʤʘʪʠʠʪʳ 

ʇʦʙʫʞʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ FeOt 

(ʨʠʩ. 1), ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʝʢʩʘ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ ï #mg = 0.69ï
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0.78 ʧʨʦʪʠʚ 0.75ï0.87 ʚ ʢʦʤʘʪʠʠʪʘʭ ʤʠʨʘ (Sossi et al., 2016). ʊʘʢ ʢʘʢ #mg ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʪʝʧʝʥʴʶ ʧʣʘʚʣʝʥʠʷ (F) ʠʩʪʦʯʥʠʢʘ ʢʦʤʘʪʠʠʪʦʚ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʙʫʞʩʢʠʭ 

ʢʦʤʘʪʠʠʪʦʚ ʦʥʘ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ (25-40 % ʧʦ Sossi et al., 2016).  

ʇʦ ʩʦʜʝʨʞʘʥʠʶ FeOt ʢʦʤʘʪʠʠʪʳ ʇɻʂ ʩʭʦʜʥʳ ʩ ʚʳʩʦʢʦʞʝʣʝʟʠʩʪʳʤʠ ʢʦʤʘʪʠʠʪʘʤʠ 

ʋʨʘʛʫʙʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ɿʂʇ ʂʦʣʤʦʟʝʨʦ-ɺʦʨʦʥʴʷ (ʂʦʣʴʩʢʠʡ ʧ-ʚ). ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ FeO ʚ ʢʦʤʘʪʠʠʪʘʭ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʭ ʧʝʨʚʠʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʧʣʶʤʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʈʊ, ʯʝʤ ʚ 

ʜʨʫʛʠʭ ʘʨʭʝʡʩʢʠʭ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʦʷʩʘʭ, ʣʠʙʦ ʩ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʘʨʭʝʡʩʢʦʡ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ (ɺʨʝʚʩʢʠʡ, 2018). 

ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʘʭ ʇɻʂ (ʆʜʝʩʩʢʠʡ ʢʘʨʴʝʨ), 

ʦʪʚʝʯʘʶʱʠʭ ʧʦ ʩʦʩʪʘʚʫ ʤʝʪʘʚʫʣʢʘʥʠʪʘʤ ʢʦʤʘʪʠʠʪ-ʙʘʟʘʣʴʪʦʚʦʡ ʩʝʨʠʠ. 

ʊʘʙʣʠʮʘ 2. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʘʭ ʇɻʂ. 

ʊʘʙʣʠʮʘ 3. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʘʭ ʇɻʂ. 

ʀʥʜʝʢʩ Aʊʄ (Al 2O3/TiO 2). ʇʦ ʦʪʥʦʰʝʥʠʶ Al 2O3/TiO2, ʢʦʤʘʪʠʠʪʳ ʜʝʣʷʪ ʥʘ: Al- 

ʦʙʝʜʥʝʥʥʳʝ (ADK), Al  ï ʥʝ ʦʙʝʜʥʝʥʥʳʝ (AUK) ʠ Al ï ʦʙʦʛʘʱʝʥʥʳʝ (AEK). ʉʨʝʜʠ ʘʨʭʝʡʩʢʠʭ 

ʢʦʤʘʪʠʠʪʦʚ ʚʩʪʨʝʯʝʥʳ ʪʦʣʴʢʦ ʧʝʨʚʳʝ ʜʚʘ ʪʠʧʘ. ADK ʠʤʝʶʪ ʩʫʙʭʦʥʜʨʠʪʦʚʳʡ ɸʊʄ  10 ʠ 

ʩʫʧʝʨʭʦʥʜʨʠʪʦʚʦʝ ʦʪʥʦʰʝʥʠʝ (Gd/Yb)n (ʧʨʠʤʝʨ: ʯʘʩʪʴ ʢʦʤʘʪʠʠʪʦʚ ɿʂʇ ɹʘʨʙʝʨʪʦʥ ʠ ɿʘʧ. 

ʯʘʩʪʠ ʢʨʘʪʦʥʘ ʇʠʣʙʘʨʘ) (ʨʠʩ. 1). ʅʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Al ʠ HREE ʚ ADK ʦʙʲʷʩʥʷʶʪʩʷ 

ʧʣʘʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʧʨʠ P ï 8ï13 ʢɹʘʨ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʨʘʥʘʪʘ, F  30% (Sossi et al., 2016). 

AUK ʦʪʣʠʯʘʝʪ ʭʦʥʜʨʠʪʦʚʳʡ ɸʊʄ  20 ʠ ʥʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ (Gd/Yb)n. ʀʭ 

ʩʦʩʪʘʚ ʦʙʲʷʩʥʷʝʪʩʷ ʧʣʘʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʧʨʠ ʤʝʥʴʰʠʭ ʜʘʚʣʝʥʠʷʭ ʚ ʦʪʩʫʪʩʪʚʠʠ ʛʨʘʥʘʪʘ (Sossi 

et al., 2016). 

ʂʦʤʘʪʠʠʪʳ ʇɻʂ ʦʪʥʦʩʷʪʩʷ ʢ Al- ʥʝʜʝʧʣʝʪʠʨʦʚʘʥʥʦʤʫ ʪʠʧʫ ((Al 2O3/TiO2) = 12ï21; 

CaO/Al2O3 < 1) ʪʘʢʞʝ, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʘʪʠʠʪʦʚ ʤʠʨʘ. 

ʧʦʨʦʜʘ 
 SiO2 TiO2 Al 2O3 FeOt MnO MgO CaO Na2O K2O P2O5 ʩʫʤ. 

ʢʦʤʘʪʠʠʪʳ 1ʛʨ n=5 48.44 0.40 6.85 13.05 0.22 22.17 5.72 0.45 0.13 0.09 97.53 

ʢʦʤʘʪʠʠʪʳ 2ʛʨ n=5 45.46 0.75 10.74 12.73 0.22 18.12 6.91 1.06 0.48 0.13 96.60 

ʢʦʤʘʪʠʠʪʦʚʳʝ 

ʤʝʪʘʙʘʟʘʣʴʪʳ 
n=11 48.05 0.79 12.72 12.02 0.21 11.94 10.98 1.34 0.40 0.07 98.53 

ʪʦʣʝʠʪʦʚʳʝ 

ʤʝʪʘʙʘʟʘʣʴʪʳ 
n=6 49.79 1.36 13.31 12.45 0.20 7.85 9.37 1.83 0.37 0.18 96.70 

ʚʳʩʦʢʦ-Fe 

ʤʝʪʘʙʘʟʘʣʴʪʳ 
n=7 47.76 1.83 13.55 16.0 0.20 6.72 9.48 2.03 0.31 0.21 98.08 

ʧʦʨʦʜʘ 
 Ni Cr Co V Rb Sr Ba Y Zr Hf Nb Ta Th U 

ʢʦʤʘʪʠʠʪʳ 1ʛʨ n=5 724 1832 91 148 2.4 20 26 9 30 0.8 1.6 0.1 1.1 0.1 

ʢʦʤʘʪʠʠʪʳ 2ʛʨ n=5 291 1338 76 211 14 41 89 20 46 1.3 2.7 0.2 0.6 0.1 

ʢʦʤʘʪʠʠʪʦʚʳʝ 

ʤʝʪʘʙʘʟʘʣʴʪʳ 
n=10 195 575 60 270 6 76 159 18 43 1.5 3.3 0.3 0.8 0.2 

ʪʦʣʝʠʪʦʚʳʝ 

ʤʝʪʘʙʘʟʘʣʴʪʳ 
n=2 63 244 44 242 6 250 408 18 60 1.8 10 0.8 0.7 0.2 

ʚʳʩʦʢʦ-Fe 

ʤʝʪʘʙʘʟʘʣʴʪʳ 
n=7 107 216 53 369 4 141 140 40 119 3 7 0.5 0.7 0.2 

ʧʦʨʦʜʘ  La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

ʢʦʤʘʪʠʠʪʳ 1ʛʨ n=4 2.1 4.9 0.7 3.5 1.0 0.3 1.2 0.2 1.5 0.3 1.0 0.1 0.9 0.1 

ʢʦʤʘʪʠʠʪʳ 2ʛʨ n=4 4.9 11.8 1.8 8.0 2.3 0.7 3.1 0.6 3.6 0.8 2.2 0.4 2.1 0.3 

ʢʦʤʘʪʠʠʪʦʚʳʝ 

ʤʝʪʘʙʘʟʘʣʴʪʳ 
n=8 6.3 15.9 2.3 10.4 2.9 0.8 3.3 0.6 3.7 0.7 2.1 0.3 1.9 0.3 

ʪʦʣʝʠʪʦʚʳʝ 

ʤʝʪʘʙʘʟʘʣʴʪʳ 
n=2 7.2 16.8 2.5 11.5 2.9 1.1 3.5 0.6 3.8 0.8 2.2 0.3 2.0 0.3 

ʚʳʩʦʢʦ-Fe 

ʤʝʪʘʙʘʟʘʣʴʪʳ 
n=5 8.1 21.2 3.4 16.8 5.1 1.5 6.0 1.0 6.9 1.5 4.5 0.7 4.2 0.7 
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ʈɿʕ. ʂʦʤʘʪʠʠʪʳ ʇɻʂ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʈɿʕ: 

(La/Yb)n =1.2ï1.9, (La/Sm)n = 1.1ï1.4 (Gd/Yb)n = 1ï1.4 ʠ ʦʪʥʦʩʷʪʩʷ ʢ II ʛʨ (5ʢʣ) ʧʦ (Jahn et al., 

1982). ʂʦʤʘʪʠʠʪʳ 2ʡ ʛʨ ʧʨʠ ʩʭʦʜʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 1ʛʨ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚʩʝʭ ʈɿʕ, ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩ ʪʘʢʦʚʳʤʠ ʚ ʢʦʤʘʪʠʠʪʦʚʳʭ ʠ 

ʪʦʣʝʠʪʦʚʳʭ ʙʘʟʘʣʴʪʘʭ ʠʟʫʯʝʥʥʦʡ ʩʝʨʠʠ (ʨʠʩ. 1, ʪʘʙʣ. 3). ɺ ʩʧʝʢʪʨʘʭ ʤʥʦʛʠʭ ʦʙʨʘʟʮʦʚ 

ʢʦʤʘʪʠʠʪʦʚ ʢʘʢ ʇɻʂ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʧʨʦʚʠʥʮʠʡ ʤʠʨʘ ʚʳʜʝʣʷʝʪʩʷ ʩʣʘʙʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-

ʘʥʦʤʘʣʠʷ, ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʝʡ ʤʦʙʠʣʴʥʦʩʪʴʶ Eu2+ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʈɿʕ ʧʨʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ (Sossi et al., 2016; ɺʨʝʚʩʢʠʡ, 2018). ʂʦʤʘʪʠʠʪʳ ʇɻʂ ʦʪʣʠʯʘʶʪʩʷ 

ʦʙʦʛʘʱʝʥʠʝʤ ʈɿʕ, ʦʩʦʙʝʥʥʦ ʃʈɿʕ, ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʝʢʪʨʘʤʠ ʢʦʤʘʪʠʠʪʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ 

ʧʨʦʚʠʥʮʠʡ ʤʠʨʘ ʠ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ɿʂʇ ɹʘʨʙʝʨʪʦʥ (ʖʞ. ɸʬʨʠʢʘ), ʜʣʷ ʢʦʪʦʨʳʭ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʦʛʘʱʝʥʥʳʡ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ (Sossi et al., 2016).  

ʅʘ ʜʠʘʛʨʘʤʤʝ Zr/Y ï Nb/Y (Condie, 2005) ʢʦʤʘʪʠʠʪʳ ʇɻʂ, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʘʨʭʝʡʩʢʠʭ 

ʢʦʤʘʪʠʠʪʦʚ ʣʝʞʘʪ ʦʢʦʣʦ ʩʦʩʪʘʚʘ PM ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ ʚ ʩʪʦʨʦʥʫ ɽʄ2 (ʨʠʩ. 1), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʧʣʶʤʦʚʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ. 

ʈʠʩ. 1. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʬʠʯʝʩʢʠʭ ʛʨʘʥʫʣʠʪʦʚ ʇɻʂ (ʆʜʝʩʩʢʠʡ ʢʘʨʴʝʨ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʨʭʝʡʩʢʠʤʠ 

ʤʝʪʘʚʫʣʢʘʥʠʪʘʤʠ ʢʦʤʘʪʠʠʪ-ʙʘʟʘʣʴʪʦʚʦʡ ʩʝʨʠʠ ʜʨʝʚʥʠʭ ʢʨʘʪʦʥʦʚ ʧʦ ʜʘʥʥʳʤ (Ardnt et al., 2009; Condie, 2005; Hall, 

1990; ʃʝʩʥʦʚ, 2010; Sossi et al., 2016; ɺʨʝʚʩʢʠʡ, 2018). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1ï5 ʤʘʬʠʯʝʩʢʠʝ ʛʨʘʥʫʣʠʪ r

ʆʜʝʩʩʢʦʛʦ ʢʘʨʴʝʨʘ: 1 ï ʢʦʤʘʪʠʠʪʳ 1 ʛʨ., 2 ï ʢʦʤʘʪʠʠʪʳ 2 ʛʨ., 3 ï ʢʦʤʘʪʠʠʪʦʚʳʝ ʤʝʪʘʙʘʟʘʣʴʪʳ, 4 ï ʪʦʣʝʠʪʦʚʳʝ 

ʤʝʪʘʙʘʟʘʣʴʪʳ, 5 ï Fe-ʤʝʪʘʙʘʟʘʣʴʪʳ; ʋʢ ï ʘʨʭʝʡʩʢʠʝ ʤʘʬʠʯʝʩʢʠʝ ʛʨʘʥʫʣʠʪʳ ʇɻʂ (ʜʘʥʥʳʝ ʃ.ʄ. ʉʪʝʧʘʥʶʢʘ); ʖʞ. 

ɸʬʨʠʢʘ: ʆʚ ï ʧʨʦʚʠʥʮʠʷ ʆʥʚʝʨʚʘʭʪ (3.5 ʤʣʨʜ ʣʝʪ) ʠ ɹʪ ï ʧʨʦʚʠʥʮʠʷ ɹʘʨʙʝʨʪʦʥ (3.45 ʤʣʨʜ ʣʝʪ); ɸʚʩʪʨʘʣʠʷ: ʇʙ ï 

ʢʨʘʪʦʥ ʇʠʣʙʘʨʘ (3.45 ʤʣʨʜ ʣʝʪ) ʠ ʂʘ ï ʧʨʦʚʠʥʮʠʷ ʂʘʤʙʘʣʜʘ, ʢʨʘʪʦʥ ʀʣʛʘʨʥ (2.7 ʤʣʨʜ ʣʝʪ); ʂʘʥʘʜʘ: ɸʙ ï ʄʫʥʨʦ 

ʊʘʫʥʰʠʧ, ʧʦʷʩ ɸʙʠʪʠʙʠ (2.7 ʤʣʨʜ ʣʝʪ); ɹʘʣʪʠʡʩʢʠʡ ʱʠʪ (ɹʑ): ʂʦ ï ʂʦʣʴʩʢʠʡ ʧ-ʚ (2.79 ʤʣʨʜ ʣʝʪ). ʅʘ ʜʠʘʛʨʘʤʤʝ 

Zr/YïNb/Y (Condie, 2005): DEP ï ʛʣʫʙʠʥʥʦ ʜʝʧʣʝʪʠʨʦʚʘʥʥʘʷ ʤʘʥʪʠʷ, UC ï ʚʝʨʭʥʷʷ ʢʦʨʘ, EN ï ʣʠʪʦʩʬʝʨʥʘʷ 

ʤʘʥʪʠʷ (ñʦʙʦʛʘʱʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪò), PM ï ʧʨʠʤʠʪʠʚʥʘʷ ʤʘʥʪʠʷ, DM ï ʜʝʧʣʝʪʠʨʦʚʘʥʥʘʷ ʤʘʥʪʠʷ, EM1, EM2 ï 

ʦʙʦʛʘʱʝʥʥʘʷ ʤʘʥʪʠʷ. 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 
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(Lemnaceae) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ɹʘʨʘʥʦʚʩʢʘʷ ɸ.ʖ., ɹʘʨʘʥʦʚʩʢʘʷ ʅ.ɺ. 
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ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʛʝʦʵʢʦʣʦʛʠʠ ʠ ʵʢʦʛʝʦʭʠʤʠʠ ʷʚʣʷʝʪʩʷ 

ʧʦʠʩʢ ʠʥʜʠʢʘʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ, 

ʦʙʲʝʢʪʠʚʥʦʩʪʴʶ ʠ ʚrʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʨʘʡʦʥʘʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʧʦʠʩʢʫ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʝʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʷʜʫ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʥʝ ʞʠʚʦʡ ʧʨʠʨʦʜʳ, ʘ ʪʘʢʞʝ 

ʦʪʨʘʞʘʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʩʨʝʜʳ ʥʘ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ. 

ʇʦʠʩʢ ʧʦʜʦʙʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʦʩʦʙʝʥʥʦ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʚʳʩʦʢʠʤ ʪʝʭʥʦʛʝʥʥʳʡ ʧʨʝʩʩʠʥʛʦʤ. 

ʈʷʩʢʘ ï ʚʦʜʥʦʝ ʨʘʩʪʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ ʫʞʝ ʚ ʪʝʯʝʥʠʠ 50-ʪʠ ʣʝʪ. ʉʝʤʝʡʩʪʚʦ ʨʷʩʢʦʚʳʝ ʠʤʝʶʪ 

ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʩʪʳʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ (Landolt, 

1987). ʈʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʢʨʦʬʠʪʘ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʨʘʩʪʝʥʠʝ 

ʜʣʷ ʦʪʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ (Favas et al., 2016; Sasmaz et al., 2016; Ekperusi et al., 2019). ɼʘʥʥʳʡ 

ʤʘʢʨʦʬʠʪ ʦʪʣʠʯʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʁ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ɻʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʰʠʨʦʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʟʥʘʯʝʥʠʡ. ʂ ʚʘʞʥʝʡʰʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʘʥʥʦʛʦ ʙʠʦʥʜʠʢʘʪʘʨʘ ʦʪʥʦʩʠʪʩʷ 

ʧʦʚʩʝʤʝʩʪʥʘʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ, ʙʳʩʪʨʳʡ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʨʘʩʪʘʥʠʝ ʥʘ ʢʦʥʪʘʢʪʝ 

ʜʚʫʭ ʩʨʝʜ (ʚʦʜʘ ʠ ʚʦʟʜʫʭ) (Favas et al., 2016; 5. Ceschin S., et al., 2016;). 

ʎʝʣʴ: ʠʟʫʯʝʥʠʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʩʝʤʝʡʩʪʚʘ 

ʨʷʩʢʦʚʳʝ (Lemnaceae) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʡʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʨʷʩʢʠ, ʙʳʣʦ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ 

ʨʷʩʢʦʚʳʭ, ʧʨʦʠʟʨʘʩʪʘʚʰʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 48-ʤʠ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʇʨʦʙʳ 

ʦʪʙʠʨʘʣʠʩʴ ʚʦ ʚʨʝʤʷ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʩʪʝʥʠʷ ʩ 2013 ʧʦ 2018 ʛʛ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ 29 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʤʘʢʨʦʬʠʪʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʊʦʤʩʢʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʀʈʊ-ʊ (ʘʥʘʣʠʪʠʢ ʩ.ʥ.ʩ ɸ.ʌ. ʉʫʜʳʢʦ) ʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʷʜʝʨʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʆʪʜʝʣʝʥʠʷ 

ʛʝʦʣʦʛʠʠ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥ ʩʨʝʜʥʠʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʨʷʩʢʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʘʢʨʦʬʠʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʷʩʢʝ ʦʪʣʠʯʘʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʨʘʩʪʝʥʠʷ ʢ ʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ 

ʦʪʣʠʯʘʝʪʩʷ ʯʘʩʪʦʡ ʩʤʝʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 

ʆʧʨʝʜʝʣʝʥʘ ʚʳʩʦʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʨʷʩʢʠ ʩ ʤʝʩʪʦʤ ʝʝ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʶʪ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʈʦʩʩʠʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʳʩʦʢʦ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʦʛʦ 

ʬʘʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʷʩʢʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʠʥʜʠʢʘʪʦʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʝʥʠʠ. ʊʘʢ ʥʘʧʨʠʤʝʨ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Th/U ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ɺʦʣʛʦʛʨʘʜʘ, ʄʘʛʥʠʪʦʛʦʨʩʢʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʊʦʤʩʢʘ, ʋʨʦʚʩʢʘ ʠ ʂʨʘʩʥʦʷʨʩʢʘ (ʈʠʩ. 1.). ʇʨʠ 

ʵʪʦʤ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʨʷʩʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʛʦʨʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʨʠʝʚʦʡ ʧʨʠʨʦʜʦʡ. 
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ʈʠʩ. 1. Th/U ʚ ʨʷʩʢʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʧʝʮʠʬʠʢʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʨʷʩʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʊʦʤʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠʚʣʝʢ ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ʨʘʡʦʥ 

ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʝʨʝʙʨʘ, ʨʫʙʠʜʠʷ, 

ʟʦʣʦʪʘ ʠ ʫʨʘʥʘ ʚ ʨʷʩʢʝ. ɼʘʥʥʳʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʥʝʬʪʝʛʘʟʘʥʦʩʪʥʦʩʪʴ. ʖʞʥʘʷ ʯʘʩʪʴ, ʘ ʠʤʝʥʥʦ ʊʦʤʩʢʠʡ ʨʘʡʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʝʥʠʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʠ ʠʟʫʯʝʥ rʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʨʷʩʢʠ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʡʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʨʘʩʪʝʥʠʡ 

ʩʝʤʝʡʩʪʚʘ ʨʷʩʢʦʚʳʭ ʥʝʩʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʪʝʭʥʦʛʝʥʥʦʡ ʠ 

ʧʨʠʨʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʲʝʢʪʳ.  
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ʇʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʛʨʘʚʠʨʘʟʚʝʜʢʠ ʚ ʉʝʚʝʨʥʦʤ ʃʝʜʦʚʠʪʦʤ ʦʢʝʘʥʝ:  

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʨʩʢʠʭ ʠ ʘʵʨʦʩʲʸʤʦʢ 

ɹʘʰʝʚ ʀ.ɸ.1, ʏʝʨʥʳʭ ɸ.ɸ.1, ʂʦʨʥʝʚʘ ʄ.ʉ.1 

1 ʌɻɹʋ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʀ. ʉ. ɻʨʘʤʙʝʨʛʘè e-mail: Ignat_Bashev@mail.ru 

ɺʚʝʜʝʥʠʝ. ʀʟʫʯʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚ ɸʨʢʪʠʢʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʨʷʜ 

ʚʘʞʥʳʭ ʟʘʜʘʯ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʉʝʚʝʨʥʦʤ ʃʝʜʦʚʠʪʦʤ ʦʢʝʘʥʝ (ʉʃʆ) ʷʚʣʷʣʠʩʴ 

ʘʚʠʘʜʝʩʘʥʪʥʳʝ ʠ ʥʘʙʦʨʪʥʳʝ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʩʲʸʤʢʠ, ʠʤʝʶʱʠʝ ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʟʢʠʤ ʦʙʲʸʤʦʤ ʧʦʢʨʳʪʠʷ ʪʝʨʨʠʪʦʨʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʈʦʩʩʠʠ ʩʪʘʣʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʠ. ʈʷʜ ʨʘʙʦʪ, 

ʧʨʦʚʝʜʸʥʥʳʭ ʥʘʜ ʘʢʚʘʪʦʨʠʝʡ (ʂʦʥʝʰʦʚ ʠ ʜʨ, 2014; ʄʦʛʠʣʝʚʩʢʠʡ ʠ ʜʨ., 2011), ʧʦʢʘʟʳʚʘʶʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʲʸʤʦʢ. ʆʜʥʘʢʦ, ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʀʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʠʤ ʧʦʢʨʳʪʠʝʤ ʘʢʚʘʪʦʨʠʠ ʉʃʆ 

ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤʠ ʩʲʸʤʢʘʤʠ, ʚʳʙʦʨ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʦʛʨʘʥʠʯʝʥ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʟ ʌɻɹʋ çʈʦʩʛʝʦʣʦʬʦʥʜè ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ, ʥʦʚʝʡʰʠʭ 

ʘʵʨʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʲʸʤʦʢ ʚ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʤ ʤʦʨʝ (ʊʘʨʘʨʫʭʠʥʘ ʠ ʜʨ., 2013-ʌ; ʄʠʣʝʜʠʥ 

ʠ ʜʨ., 2014-ʌ, ʂʦʨʯʘʛʠʥ ʠ ʜʨ., 2015-ʌ, ʃʝʚʠʥ ʠ ʜʨ., 2017-ʌ). ʈʘʥʝʝ ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ ʫʞʝ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʘʚʠʘʜʝʩʘʥʪʥʳʤʠ ʠ ʥʘʙʦʨʪʥʳʤʠ ʩʲʸʤʢʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʅʀʀɻɸ 

ʧʨʦʚʝʜʝʥʳ ʤʘʩʰʪʘʙʥʳʝ ʘʚʠʘʜʝʩʘʥʪʥʳʝ ʨʘʙʦʪʳ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ (ʃʠʪʠʥʩʢʠʡ ʠ ʜʨ., 

1965-ʌ; ɻʘʧʦʥʝʥʢʦ ʠ ʜʨ., 1966-ʌ), ʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɻʋɻʂ ʚʳʧʦʣʥʝʥʳ ʩʲʸʤʢʠ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʳ çʄʠʨʦʚʘʷ ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʉʲʝʤʢʘè (ʃʘʩʪʦʯʢʠʥʘ ʠ ʜʨ., 1990-ʌ; ʂʫʨʠʮʳʥ ʠ ʜʨ., 

1993-ʌ). ʄʦʨʩʢʘʷ ʥʘʙʦʨʪʥʘʷ ʛʨʘʚʠʨʘʟʚʝʜʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ, ʥʘ ʶʛʝ 

ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʤʦʨʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʆɸʆ çɼʄʅɻè (ʇʝʪʨʦʚʩʢʘʷ ʠ ʜʨ., 2012). ʊʘʢ ʞʝ 

ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʘʥʦʤʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ DTU15 (ɸɻʇ), 

ʩʦʟʜʘʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʧʦʢʨʳʚʘʶʱʫʶ 

ʚʩʶ ʘʢʚʘʪʦʨʠʶ ʉʃʆ (Andersen et al., 2010, 2013, 2014). ʇʦʜʦʙʥʘʷ ʨʘʟʥʦʨʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʜʥʦʡ ʧʣʦʱʘʜʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʪʱʘʪʝʣʴʥʳʡ ʠ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʚʩʝʭ ʚʠʜʦʚ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʳʣʠ ʩʦʙʨʘʥʳ ʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʲʸʤʦʢ (ʤʘʩʰʪʘʙ, ʪʦʯʥʦʩʪʴ, ʛʦʜʳ 

ʚʳʧʦʣʥʝʥʠʷ), ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʠʭ ʢʘʯʝʩʪʚʦ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʚʦʩʪʝʧʝʥʥʘ ʧʨʠ ʘʥʘʣʠʟʝ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʲʸʤʦʢ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʢʘʢ ʚ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʷ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ (ʎʄ). 

ʇʨʠ ʧʝʨʚʠʯʥʦʤ ʘʥʘʣʠʟʝ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ɸɻʇ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʤʦʨʩʢʦʡ 

ʥʘʙʦʨʪʥʦʡ ʩʲʝʤʢʠ (ʇʝʪʨʦʚʩʢʘʷ ʠ ʜʨ., 2012). ɺ ʜʘʣʴʥʝʡʰʝʤ, ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʘʥʥʦʡ ʩʲʸʤʢʠ ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʘʵʨʦʜʘʥʥʳʤʠ, ʜʘʥʥʳʤʠ ʎʄ DTU15, ʘ ʪʘʢʞʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʚʠʘʜʝʩʘʥʪʥʳʭ 

ʨʘʙʦʪ. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʥʦʩʪʠ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ (ʉʂʆ) ʤʝʞʜʫ ʘʵʨʦ- ʠ 

ʥʘʙʦʨʪʥʳʤʠ ʜʘʥʥʳʤʠ, ʚʳʧʦʣʥʝʥʘ ʚʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ ʚʩʝʭ ʛʨʘʬʠʢʦʚ ɸɻʇ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ:  

ï ʚʜʦʣʴ ʯʘʩʪʠ ʧʨʦʬʠʣʝʡ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʦʨʪʥʦʡ ʛʨʘʚʠʨʘʟʚʝʜʢʠ ʜʝʪʘʣʴʥʝʝ, ʯʝʤ 

ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ, ʘʚʠʘʜʝʩʘʥʪʥʳʝ ʠ ʎʄ DTU15; 

ï ʟʥʘʯʝʥʠʷ ʉʂʆ ʤʝʞʜʫ ʥʘʙʦʨʪʥʳʤʠ ʠ ʘʵʨʦʩʲʸʤʢʘʤʠ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 0.8-3 ʤɻʘʣ, 

ʦʜʥʘʢʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʜʦ 6 ʤɻʘʣ; 

ï ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʛʨʘʬʠʢʦʚ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʘʤʧʣʠʪʫʜʳ ʥʘʙʦʨʪʥʦʡ ʛʨʘʚʠʤʝʪʨʠʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʚʷʟʘʥʥʳʭ ʤʘʨʰʨʫʪʥʳʭ ʠ 

ʪʦʯʝʯʥʳʭ ʜʘʥʥʳʭ ʠ ʠʪʦʛʦʚʳʭ ʎʄ, ʩʦʟʜʘʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʨʩʢʠʭ (ʥʘʙʦʨʪʥʳʭ ʠ ʘʚʠʘʜʝʩʘʥʪʥʳʭ) ʩʲʸʤʦʢ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʨʘʟʥʳʭ ʎʄ ɸɻʇ. ʉʨʘʚʥʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 
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ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʠʟʫʯʝʥʠʷ ʨʘʟʥʦʩʪʥʦʡ ʎʄ (ʈʠʩ. 1), ʨʘʩʯʸʪʦʤ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʟʥʦʩʪʠ, 

ʉʂʆ ʠ ʧʦʩʪʨʦʝʥʠʝʤ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʘʥʥʦʡ ʎʄ. ɼʣʷ ʝʸ ʩʦʟʜʘʥʠʷ ʎʄ 

ʧʦ ʤʦʨʩʢʠʤ ʜʘʥʥʳʤ ʙʳʣʘ ʧʝʨʝʩʯʠʪʘʥʘ ʥʘ ʚʳʩʦʪʫ ʘʵʨʦʩʲʸʤʦʢ (300 ʤ). 

ʈʠʩ. 1. ʎʄ ʨʘʟʥʦʩʪʠ ʘʵʨʦ- ʠ ʤʦʨʩʢʠʭ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʩʲʸʤʦʢ ʥʘ ʚʳʩʦʪʝ 300 ʤ. 

ɸʥʘʣʠʟ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʨʘʟʥʦʩʪʥʦʡ ʎʄ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʶʪ ʚ ʧʨʝʜʝʣʘʭ -0.88 ʜʦ 2.32 ʤɻʘʣ (~88 % ʦʪ ʚʩʝʭ 

ʟʥʘʯʝʥʠʡ) ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʦʢʦʣʦ 0.89 ʤɻʘʣ. ɿʦʥʳ ʥʘʠʙʦʣʴʰʠʭ ʨʘʩʭʦʞʜʝʥʠʡ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ (ʦʪ -3.8 ʜʦ 6 ʤɻʘʣ) ʠ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ (ʦʪ -3 ʜʦ 8 ʤɻʘʣ). 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʦʙʣʘʩʪʷʤʠ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʭ 

ʘʥʦʤʘʣʠʡ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʪʘʢ ʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʲʸʤʦʢ 

(ʂʦʥʝʰʦʚ ʠ ʜʨ., 2014). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ (ʉʂʆ) ʨʘʟʥʦʩʪʥʳʭ ʎʄ ʧʦ 

829 475 ʪʦʯʢʘʤ ʩʦʩʪʘʚʠʣʘ Ñ1.98 ʤɻʘʣ. 

ʊʘʢ ʞʝ ʘʥʘʣʠʟ ʙʳʣ ʧʨʦʚʝʜʸʥ ʧʦ ʧʣʦʱʘʜʠ ʦʪʜʝʣʴʥʳʭ ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʩʲʸʤʦʢ. ɼʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʎʄ ɸɻʇ ʩ ʨʘʩʯʸʪʦʤ ʩʨʝʜʥʝʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʠ ʉʂʆ 

ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʩʲʸʤʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ɸʚʪʦʨ ʠ ʛʦʜ 

ʘɻ ʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ 

ʩʲʸʤʢʠ 

ʄʘʩʰʪʘʙ ʩʲʸʤʢʠ 
ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ 

ʥʘʙʣʶʜʝʥʠʷ 
ʉʂʆ, ʤɻʘʣ 

ʂʦʨʯʘʛʠʥ ʠ ʜʨ., 2015 1:500 000 92294 1.93 

ʃʝʚʠʥ ʠ ʜʨ., 2017 1:400 000 692905 1.54 

ʊʘʨʘʨʫʭʠʥʘ ʅ.ʄ., 2013 1:200 000 96433 1.46 

ʄʠʣʝʜʠʥ ʠ ʜʨ., 2014 1:200 000 157276 1.79 
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ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʎʄ ʚ ʪʦʯʢʘʭ ʥʘʙʣʶʜʝʥʠʷ ʥʘʙʦʨʪʥʳʭ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʩʲʸʤʦʢ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʩʜʝʣʘʥ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʧʨʦʬʠʣʝʡ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʝʨʝʩʝʢʘʶʱʠʭ ʦʙʣʘʩʪʠ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʪʘʢ 

ʞʝ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʩʯʸʪʝ ʨʘʟʥʦʩʪʠ ʠ ʉʂʆ ʤʝʞʜʫ ʘʵʨʦ- ʠ ʤʦʨʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʧʝʨʝʩʯʠʪʘʥʥʳʤʠ 

ʥʘ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʘʵʨʦʩʲʸʤʦʢ ï 300 ʤ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʠʜʘ ʜʘʥʥʳʭ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʎʄ ɸɻʇ DTU15.  

ɼʝʤʦʥʩʪʨʠʨʫʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʦʜʥʦʤ ʠʟ ʧʨʦʬʠʣʝʡ ʥʘʙʦʨʪʥʦʡ ʩʲʸʤʢʠ (ʈʠʩ. 2), 

ʧʝʨʝʩʝʢʘʶʱʝʤ ʧʣʦʱʘʜʠ ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʩʲʸʤʦʢ ʤʘʩʰʪʘʙʘ 1:200 000, ʚ ʮʝʣʦʤ, 

ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʢʦʨʨʝʣʷʮʠʶ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ, ʨʘʩʭʦʞʜʝʥʠʷ ʜʦ 1.5 ʤɻʘʣ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʧʨʦʬʠʣʷ. ɺ ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʥʘʙʦʨʪʥʳʭ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʢʨʫʧʥʳʝ (>7 ʢʤ) ʘʥʦʤʘʣʠʠ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʥʦ ʩ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʦʡ 

ʘʤʧʣʠʪʫʜʦʡ (ʚʳʰʝ ʥʘ 0.5-0.7 ʤɻʘʣ). ɸʥʦʤʘʣʠʠ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʚ ʘʵʨʦʜʘʥʥʳʭ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʥʝ ʬʠʢʩʠʨʫʶʪʩʷ: ʧʨʠ ʠʭ ʥʘʣʠʯʠʠ, ʦʥʠ ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʤʦʨʩʢʠʤʠ ʜʘʥʥʳʤʠ. 

ʈʘʩʯʸʪʳ ʉʂʆ ʪʘʢ ʞʝ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ Ñ0.54 ʤɻʘʣ. ʕʪʘ 

ʦʮʝʥʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʩʲʸʤʦʢ (Ñ0.65-0.67 ʤɻʘʣ). 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʶʪ 3.08 ʤɻʘʣ.  

ʈʠʩ. 2. ɻʨʘʬʠʢʠ ɸɻʇ ʚ ʩʚʦʙʦʜʥʦʤ ʚʦʟʜʫʭʝ ʧʦ ʤʦʨʩʢʠʤ, ʘʵʨʦ- ʠ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʚʜʦʣʴ ʧʨʦʬʠʣʷ ʥʘʙʦʨʪʥʦʡ 

ʩʲʸʤʢʠ ESZ_30m (ʇʝʪʨʦʚʩʢʘʷ ʠ ʜʨ., 2012). 

ɺ ʮʝʣʦʤ, ʥʘ ʦʩʪʘʣʴʥʳʭ ʧʨʦʬʠʣʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʘʷ ʩʠʪʫʘʮʠʷ: ʉʂʆ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʧʦʛʨʝʰʥʦʩʪʠ ʩʘʤʠʭ ʩʲʸʤʦʢ, ʘ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0.26-2.16 

ʤɻʘʣ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ ʢʨʫʧʥʳʭ ʘʥʦʤʘʣʠʡ (>7 ʢʤ) ʧʦ ʜʘʥʥʳʤ 

ʘʵʨʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʩʲʸʤʦʢ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʬʠʣʝʡ ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ, ʯʝʤ ʧʦ ʜʘʥʥʳʤ 

ʤʦʨʩʢʠʭ ʥʘ 1.2-2 ʤɻʘʣ. ʋʞʝ ʩʠʩʪʝʤʥʦʡ ʚʳʛʣʷʜʠʪ ʧʨʦʙʣʝʤʘ ʜʝʪʘʣʴʥʦʩʪʠ ʘʵʨʦʩʲʸʤʦʢ. 

ɺʳʚʦʜʳ. ɺʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʎʄ ɸɻʇ ʧʦ ʘʵʨʦ- ʠ ʤʦʨʩʢʠʤ ʜʘʥʥʳʤ, ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʥʝʚʳʩʦʢʠ (ʚ ʩʨʝʜʥʝʤ 1-2 ʤɻʘʣ). ʅʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɸɻʇ ʩʣʘʙʦ ʦʪʣʠʯʘʝʪʩʷ ʢʘʢ ʚʠʟʫʘʣʴʥʦ, ʪʘʢ ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʠʟʤʝʥʷʷʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.2 ʜʦ 2.2 ʤɻʘʣ. ʆʜʥʘʢʦ, ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʷʭ, ʨʘʩʭʦʞʜʝʥʠʝ 

ʧʦʣʝʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 8 ʤɻʘʣ. ʕʪʦʪ ʬʘʢʪ ʩʚʷʟʘʥ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ, ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʦʢʨʳʪʠʷ 

ʘʚʠʘʜʝʩʘʥʪʥʳʤʠ ʩʲʸʤʢʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʝʞʧʨʦʬʠʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʘʵʨʦʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʩʲʸʤʦʢ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2 ʜʦ 5 ʢʤ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʥʘʙʣʶʜʝʥʠʷ 

ʘʚʠʘʜʝʩʘʥʪʥʳʭ ʩʲʸʤʦʢ ʩʦʩʪʘʚʣʷʝʪ ~15 ʢʤ. 

ʇʦʩʣʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʨʘʬʠʢʦʚ ɸɻʇ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʘʵʨʦʩʲʸʤʢʘ ʠʤʝʝʪ 

ʚʳʩʦʢʫʶ ʩʭʦʜʠʤʦʩʪʴ ʩ ʤʦʨʩʢʠʤʠ ʩʲʸʤʢʘʤʠ. ʆʜʥʘʢʦ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʤʠʥʠʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʘʥʦʤʘʣʠʡ ʚ ʎʄ ɸɻʇ ʧʦ ʘʵʨʦʜʘʥʥʳʤ, ʧʦʜʪʚʝʨʞʜʘʝʤʳʡ ʜʘʥʥʳʤʠ ʤʦʨʩʢʦʡ ʩʲʸʤʢʠ ʧʦ 

ʤʘʨʰʨʫʪʘʤ ʩʦʩʪʘʚʣʷʝʪ ~5-7 ʢʤ. ɸʥʦʤʘʣʠʠ ʩ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝ ʠʤʝʶʪ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʬʠʣʠ ʥʘʙʦʨʪʥʦʡ ʩʲʸʤʢʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʩʝʪʠ (ʤʝʞʧʨʦʬʠʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ~40 ʢʤ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʘʵʨʦʛʨʘʚʠʤʝʨʪʨʠʯʝʩʢʦʡ ʩʲʸʤʢʦʡ (2-4 ʢʤ).  



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 
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ɺ ʠʪʦʛʝ, ʘʚʪʦʨʘʤʠ ʙʳʣ ʩʜʝʣʘʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʘʵʨʦʜʘʥʥʳʝ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʤʘʩʰʪʘʙʘ 1:1 

000 000 ʠ 1:500 000 ʟʘ ʩʯʸʪ ʧʣʦʪʥʦʩʪʠ ʠ ʨʝʛʫʣʷʨʥʦʩʪʠ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ, ʦʜʥʘʢʦ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʠ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʩʪʨʫʢʪʫʨʝ ʧʦʣʷ ʠʣʠ ʧʦʣʫʯʝʥʠʝ ʣʦʞʥʳʭ ʘʥʦʤʘʣʠʡ, ʥʝ ʠʤʝʶʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʚʳʚʦʜʘ ʪʨʝʙʫʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʨʘʚʥʝʥʠʷ ʤʦʨʩʢʠʭ ʠ ʘʵʨʦʜʘʥʥʳʭ ʚ ʉʃʆ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʟʘʪʨʫʜʥʝʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʘʤʠʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʧʦʷʚʣʝʥʠʷ ʩʪʘʚʨʦʣʠʪʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʧʨʠ ʫʤʝʨʝʥʥʦ-ʥʠʟʢʦʙʘʨʠʯʝʩʢʦʤ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ 

ʤʝʪʘʧʝʣʠʪʦʚ (ʥʘ ʧʨʠʤʝʨʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʝʚʝʨʥʦʛʦ ʇʨʠʣʘʜʦʞʴʷ) 

ɹʦʨʠʩʦʚʘ ɽ.ɹ.1,2, ɹʘʣʪʳʙʘʝʚ ʐ.ʂ.1,2 
1 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈɸʅ, jenyaborisova98@gmail.com  
2 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɾʝʣʝʟʦ-ʤʘʛʥʝʟʠʘʣʴʥʳʡ ʩʪʘʚʨʦʣʠʪ (Fe2+,Mg,Zn)2Al 2[(Si,Al)O4]4O4[OH]2 ʷʚʣʷʝʪʩʷ 

ʪʠʧʠʯʥʳʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ çʠʥʜʝʢʩ-ʤʠʥʝʨʘʣʦʤè ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʧʦʨʦʜ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʝʣʠʪʦʚ, ʠ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʈʊ-ʧʦʣʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥ ʩʪʘʣ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʢʘʨʪʠʨʦʚʘʥʠʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʟʦʥ ʩ ʢʦʥʮʘ XIX ʚʝʢʘ (ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪ.ʥ. çʩʪʘʚʨʦʣʠʪʦʚʦʡ 

ʟʦʥʳ ʤʝʪʘʤʦʨʬʠʟʤʘè ʧʦ Barrow, 1893). 

ʇʨʠʨʦʜʥʳʝ ʜʘʥʥʳʝ (ʂʦʨʠʢʦʚʩʢʠʡ, 1979; Ball¯vre et al., 1989; Chopin et al., 2003 ʠ ʜʨ.), ʘ 

ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʘʣʠʙʨʦʚʢʠ (Comodi et al., 2002 ʠ ʜʨ.) ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʘʚʨʦʣʠʪʩʦʜʝʨʞʘʱʠʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ (ʈ) ʦʪ 1-2 ʜʦ ~32 

ʢʙʘʨ ʠ ʪʝʤʧʝʨʘʪʫʨ (ʊ) ʦʪ 450 ʜʦ ~700Áʉ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʘʚʨʦʣʠʪʘ ʠ ʝʛʦ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʘʷ ʚ ʠʥʪʝʨʚʘʣʝ ʈ ʦʪ 3 ʜʦ 8 ʢʙʘʨ, ʘ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʈ Ó 10-11 ʢʙʘʨ ʦʥʘ ʙʳʩʪʨʦ ʩʫʞʘʝʪʩʷ, ʠ ʝʝ ʩʦʩʪʘʚ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ 

ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʯʣʝʥʘ ʵʪʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʀʟʫʯʝʥʥʳʝ ʥʘʤʠ ʩʪʘʚʨʦʣʠʪʩʦʜʝʨʞʘʱʠʝ ʧʦʨʦʜʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʉʝʚʝʨʥʦʤ 

ʇʨʠʣʘʜʦʞʴʝ (ʶʛʦ-ʚʦʩʪʦʯʥʦʝ ʦʢʦʥʯʘʥʠʝ ʉʚʝʢʦʬʝʥʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ), ʛʜʝ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʤʝʪʘʦʩʘʜʢʦʚ ʣʘʜʦʞʩʢʦʡ ʩʝʨʠʠ. ɺ ʵʪʦʤ 

ʨʘʡʦʥʝ ʦʧʠʩʘʥʘ ʨʝʛʠʦʥʘʣʴʥʘʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʩʦ 

ʩʤʝʥʦʡ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ: ʘʥʜʘʣʫʟʠʪʦʚʳʭ, ʩʠʣʣʠʤʘʥʠʪ-ʤʫʩʢʦʚʠʪʦʚʳʭ, ʩʠʣʣʠʤʘʥʠʪ-

ʢʘʣʠʰʧʘʪʦʚʳʭ, ʢʦʨʜʠʝʨʠʪ-ʢʘʣʠʰʧʘʪʦʚʳʭ ī ʠ ʜʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʥʘʪ-ʢʦʨʜʠʝʨʠʪ-

ʢʘʣʠʰʧʘʪʦʚʳʭ (ɹʘʣʪʳʙʘʝʚ ʠ ʜʨ., 2000). ʇʨʠ ʵʪʦʤ ñʩʪʘʚʨʦʣʠʪʦʚʘʷ ʟʦʥʘò ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʤʠʥʝʨʘʣʴʥʳʤ ʧʘʨʘʛʝʥʝʟʠʩʘʤ ʦʪ ʩʠʣʣʠʤʘʥʠʪ-ʤʫʩʢʦʚʠʪʦʚʳʭ ʜʦ ʢʦʨʜʠʝʨʠʪ-

ʢʘʣʠʰʧʘʪʦʚʳʭ. ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʩʪʘʚʨʦʣʠʪʦʚʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʚ 

ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ T ʠ P, ʥʦ ʠ ʚʘʨʠʘʮʠʷʤʠ 

ʩʦʩʪʘʚʘ ʧʨʦʪʦʣʠʪʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʪʦʣʠʪʘ ʥʘ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʤʠʥʝʨʘʣʴʥʳʡ ʧʘʨʘʛʝʥʝʟʠʩ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ P ʠ T ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ 

ʤʝʪʘʧʝʣʠʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʳ ʉʝʚʝʨʥʦʛʦ ʇʨʠʣʘʜʦʞʴʷ ʠ 

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʧʨʝʜʝʣʠʪʴ ʥʝʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʛʣʘʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ (ñʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡò), ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʚʨʦʣʠʪʘ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ 

ʧʦʨʦʜʝ.  

ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʣʘʜʦʞʩʢʦʡ ʩʝʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʩʘʜʦʯʥʫʶ ʧʨʠʨʦʜʫ 

ʧʨʦʪʦʣʠʪʘ, ʧʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʇʨʠ SiO2 57ï76 ʤʘʩ. % ʧʦʨʦʜʳ ʣʘʜʦʞʩʢʦʡ ʩʝʨʠʠ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ Fe2O3ʦʙʱ (8.37ï2.42 ʤʘʩ. %), MgO (3.41ï1.21 ʤʘʩ. %), TiO2 (1.14ï0.30 ʤʘʩ. %), 

ʧʦʥʠʞʝʥʥʳʝ CaO (2.38ï0.51 ʤʘʩ. %) ʠ Na2O (4.29ï1.44 ʤʘʩ. %) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ MgO ʥʘʜ CaO (MgO/CaO=1ï4) (ʃʘʜʦʞʩʢʘʷ ʧʨʦʪʝʨʦʟʦʡʩʢʘʷé, 2020). ɺʳʙʦʨʢʘ 

ʠʟ 34 ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ ʣʘʜʦʞʩʢʦʡ ʩʝʨʠʠ ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʅ.ʇ. ʉʝʤʝʥʝʥʢʦ (ɽʬʨʝʤʦʚʘ, ʉʪʘʬʝʝʚ, 1985), ʧʨʠʤʝʥʷʝʤʫʶ 

ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʭʠʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

(ʨʠʩ. 1). ʂʦʦʨʜʠʥʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʧʨʦʮʝʥʪʥʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʦʜʝʨʞʘʥʠʠ (ʩʫʤʤʘ A+C+FM ʧʝʨʝʩʯʠʪʘʥʘ ʥʘ 100%): 

¶ ɻʣʠʥʦʟʝʤʠʩʪʦʩʪʠ A=100*Al2O3/(Al2O3+MgO+CaO+2Fe2O3+2FeO) 

¶ ʀʟʚʝʩʪʢʦʚʠʩʪʦʩʪʠ C=100*CaO/(Al2O3+MgO+CaO+2Fe2O3+2FeO) 

¶ ʌʝʨʨʦʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ FM=100*(MgO+Fe2O3+FeO)/(Al2O3+MgO+CaO+2Fe2O3+2FeO) 

mailto:jenyaborisova98@gmail.com


ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 

32 

ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʅ.ʇ. ʉʝʤʝʥʝʥʢʦ (ɽʬʨʝʤʦʚʘ, ʉʪʘʬʝʝʚ, 1985) ʜʣʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʧʦʨʦʜ ʣʘʜʦʞʩʢʦʡ ʩʝʨʠʠ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʢʘʟʘʥ ʨʘʟʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʠ ʮʚʝʪʘʤʠ  

ɹʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʙʩʪʚʝʥʥʦ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤ ʠ ʞʝʣʝʟʠʩʪʦ-

ʤʘʛʥʝʟʠʘʣʴʥʦ-ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤ ʧʦʨʦʜʘʤ, ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʠʨʫʷʩʴ ʥʘ ʛʨʘʥʠʮʝ ʵʪʠʭ ʜʚʫʭ 

ʧʦʣʝʡ. 4 ʦʙʨʘʟʮʘ ʟʘʤʝʪʥʦ ʚʳʙʠʚʘʶʪʩʷ ʠʟ ʦʙʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʙʦʣʝʝ ʠʟʚʝʩʪʢʦʚʳʝ ʠ 

ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʝ) ï ʵʪʦ ʘʤʬʠʙʦʣʦʚʳʝ ʠ ʩʪʘʚʨʦʣʠʪʦʚʳʝ ʩʣʘʥʮʳ. ɺ ʩʣʫʯʘʝ ʩ 

ʘʤʬʠʙʦʣʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʩʢʦʨʝʝ ʚʩʝʛʦ ʧʨʦʪʦʣʠʪ ʩʦʜʝʨʞʘʣ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʙʦʛʘʱʝʥʳ CaO, FeOt, MgO). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʩʪʘʚʨʦʣʠʪʦʚʳʡ 

ʩʣʘʥʝʮ ʠʤʝʝʪ ʩʠʣʴʥʦ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ SiO2 ï 49.84 ʤʘʩ. %, ʧʨʠ Al2O3 ï 16.68 ʤʘʩ. %, 

ʘ ʪʘʢʞʝ ʩʠʣʴʥʦ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ FeOt ï 17.22 ʤʘʩ. % ʠ MgO ï 4.81 ʤʘʩ. %.  

ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʩʨʝʜʥʠʝ ʩʦʩʪʘʚʳ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʦʩʪʘʚ ʜʣʷ 

ʦʙʨʘʟʮʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʧʦʛʨʘʥʠʯʥʫʶ ʦʙʣʘʩʪʴ I ʠ II ʧʦʣʝʡ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʝʥʦ 7 ʩʦʩʪʘʚʦʚ, 

ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʦʨʦʜ ʣʘʜʦʞʩʢʦʡ ʩʝʨʠʠ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʩ ʧʝʨʝʩʯʝʪʦʤ ʥʘ ʘʪʦʤʥʳʝ ʢʦʣʠʯʝʩʪʚʘ (ʪʘʙʣ. 1). 

ɺ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ ʣʘʜʦʞʩʢʦʡ ʩʝʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʙʠʦʪʠʪʦʚʳʤʠ (Bt), ʜʚʫʩʣʶʜʷʥʳʤʠ (Bt-Ms), ʘ ʪʘʢʞʝ ʧʦʨʬʠʨʦʙʣʘʩʪʦʚʳʤʠ Grt-ʩʦʜʝʨʞʘʱʠʤʠ, St-

ʩʦʜʝʨʞʘʱʠʤʠ, Grt-St-ʩʦʜʝʨʞʘʱʠʤʠ ʠ ʘʤʬʠʙʦʣʦʚʳʤʠ (Amf) ʩʣʘʥʮʘʤʠ (ʨʠʩ. 2). 

ʈʠʩ. 2. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʰʣʠʬʳ ʥʝʢʦʪʦʨʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ ʣʘʜʦʞʩʢʦʡ ʩʝʨʠʠ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ: ɸ ï 

Bt ʩʣʘʥʝʮ, ɹ ï Grt-Bt ʩʣʘʥʝʮ, ɺ ï St-Bt ʩʣʘʥʝʮ, ɻ ï Amf ʩʣʘʥʝʮ 
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ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʠʝ ʩʦʩʪʘʚʳ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ ʣʘʜʦʞʩʢʦʡ ʩʝʨʠʠ ʠ ʠʭ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʦʜʫʣʠ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʢʣʶʯʝʚʳʭ ʦʪʥʦʰʝʥʠʡ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʨʷʜ ʟʘʢʣʶʯʝʥʠʡ: 

1) ɹʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʩʪʘʚʨʦʣʠʪʘ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚ ʧʨʦʪʦʣʠʪʘ ʩ ʠʥʜʝʢʩʦʤ 

ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʠ Al/Si=0.50-0.59 ʠ ʚʳʰʝ, ʧʦʚʳʰʝʥʥʦʡ ʞʝʣʝʟʠʩʪʦʩʪʠ: Fe/(Fe+Mg)=0.60-0.64, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ca ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʱʝʣʦʯʝʡ (Na, K) (Ca+Na)/K=0.69-1.58. 

2) ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ Al 2O3 ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʦʤ ʠʥʜʝʢʩʝ 

ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʠ Al/Si=0.34-0.50 ʠ ʩʠʣʴʥʦ ʧʦʚʳʰʝʥʥʦʡ ʠʟʚʝʩʪʢʦʚʠʩʪʦʩʪʠ (Ca+Na)/K=12.16-

27.06 (ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʦʤ K2O) ʨʘʟʚʠʚʘʶʪʩʷ ʘʤʬʠʙʦʣʦʚʳʝ ʩʣʘʥʮʳ. ɼʣʷ ʪʘʢʠʭ ʧʦʨʦʜ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʪʦʣʠʪ, ʙʦʛʘʪʳʡ ʚʫʣʢʘʥʦʛʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʚ ʪʘʢʠʭ ʧʦʨʦʜʘʭ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʩʪʘʚʨʦʣʠʪ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʠʭ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʟʢʠʡ ʈʊ-ʠʥʪʝʨʚʘʣ (450-700Áʉ, 3-8 

ʢʙʘʨ) ʩʫʝɦʩʪʚʦʚʘʥʠʷ ʞʝʣʝʟʦ-ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʩʪʘʚʨʦʣʠʪʘ, ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʝʡ 

ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʠ (Al/Si), ʞʝʣʝʟʠʩʪʦʩʪʠ (Fe/(Fe+Mg)) ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʦʩʪʠ (Ca/(Na+K)) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʠʭ ʩʦʩʪʘʚʦʚ ʤʝʪʘʧʝʣʠʪʦʚ ʠʛʨʘʶʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʧʦʷʚʣʝʥʠʠ ʩʪʘʚʨʦʣʠʪʘ ʚ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʘʧʝʣʠʪʦʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʘʭ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʪʝʤʳ ʅʀʈ ʀɻɻɼ ʈɸʅ 

(  ̄132-2019-0013) ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ. 
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  I  ʤ/ʫ I ʠ II II  III  IV  IX  XI  

ʢʦʣ-ʚʦ ʦʙʨʘʟʮʦʚ 3 3 3 1 1 1 1 

ʤʠʥʝʨʘʣʦʛʠʷ Bt Bt/Bt+Ms Bt/St+Grt St Amf St Amf 

SiO2 61.82 61.70 63.51 61.11 71.91 49.84 49.93 

TiO2 0.50 0.85 1.05 0.95 0.50 2.07 1.25 

Al2O3 21.91 18.29 14.73 17.22 13.65 16.68 14.26 

FeO 5.41 6.85 8.65 7.39 2.88 15.49 13.02 

Fe2O3 0.60 0.76 0.96 0.82 0.32 1.73 1.45 

Fe2O3t 6.02 7.61 9.61 8.21 3.20 17.22 14.47 

MnO 0.06 0.11 0.06 0.04 0.13 0.06 0.22 

MgO 2.10 2.81 3.65 2.72 1.10 4.81 6.90 

CaO 0.54 1.40 0.48 4.35 7.34 4.00 8.37 

Na2O 1.66 2.34 1.41 1.40 0.96 0.44 3.66 

K2O 5.40 3.82 3.07 2.51 0.37 3.42 0.34 

P2O5 0.00 0.14 0.09 0.06 0.12 0.10 0.12 

Al/Si 0.63 0.52 0.41 0.50 0.34 0.59 0.50 

Fe/(Fe+Mg) 0.59 0.58 0.57 0.60 0.59 0.64 0.51 

(Mg+Fe)/Si 0.13 0.17 0.21 0.18 0.06 0.43 0.45 

K/(K+Na)  0.68 0.52 0.59 0.54 0.20 0.84 0.06 

(Ca+Na)/K 0.51 1.08 0.76 1.58 12.16 0.69 27.06 

Al/(Ca+K+Na) 0.81 0.66 0.81 0.64 0.53 0.69 0.34 
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In-situ-ʤʝʪʦʜʦʤ ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ ʮʝʦʣʠʪʦʚ ʚʘʡʨʘʢʠʪʘ ʠ 

ʬʠʣʣʠʧʩʠʪʘ ʧʨʠ ʈ-ʊ ʫʩʣʦʚʠʷʭ çʭʦʣʦʜʥʦʡè ʩʫʙʜʫʢʮʠʠ ʧʣʠʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ 

ʧʦʛʨʫʞʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʠʣʠ ʜʥʫ ʦʢʝʘʥʘ ʚʙʣʠʟʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʌʠʣʣʠʧʩʠʪ, ʩʞʘʪʳʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʩʥʘʯʘʣʘ ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʘ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʈ-ʊ ʧʘʨʘʤʝʪʨʦʚ ʘʤʦʨʬʠʟʫʝʪʩʷ (ʧʨʠ ʊ>400 ÁC, ʈ>2 ɻʇʘ) ʠ ʯʘʩʪʠʯʥʦ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ɺʘʡʨʘʢʠʪ, ʩʞʘʪʳʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʈ-ʊ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʊ=250 ÁC ʠ ʜʘʚʣʝʥʠʷ 

ʈ=0.4 ɻʇʘ. ʇʨʠ 300-450 ÁC ʠ ʈ>0.4 ɻʇʘ ʩʧʝʢʪʨ ʂʈ ʧʦʯʪʠ ʠʩʯʝʟʘʝʪ, ʯʪʦ ʚʳʟʚʘʥʦ ʘʤʦʨʬʠʟʘʮʠʝʡ 

ʚʘʡʨʘʢʠʪʘ. ʇʨʠ ʵʪʦʤ ʮʝʦʣʠʪ ʚʘʡʨʘʢʠʪ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʠ ʜʨʫʛʦʡ ʮʝʦʣʠʪ ʬʠʣʣʠʧʩʠʪ 

ʚʳʨʘʩʪʘʝʪ ʠʟ ʬʣʶʠʜʘ ʧʨʠ 450 ÁC ʠ ʈ=1 ɻʇʘ. ʅʘʙʣʶʜʘʝʤʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʬʠʣʣʠʧʩʠʪʘ ʠʟ 

ʚʘʡʨʘʢʠʪʘ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʰʠʨʦʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʚ ʤʦʨʩʢʠʭ ʦʩʘʜʢʘʭ. 

ʇʦʢʘʟʘʥʘ ʙʦʣʴʰʘʷ ʈ-ʊ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʠʣʣʠʧʩʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʡʨʘʢʠʪʦʤ. 

ɺʚʝʜʝʥʠʝ. ʀʟʫʯʝʥʠʝ in situ-ʤʝʪʦʜʦʤ ʧʦʚʝʜʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʠʭ ʈ-ʊ-

ʧʘʨʘʤʝʪʨʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʦʙʣʘʩʪʷʭ çʭʦʣʦʜʥʦʡè ʩʫʙʜʫʢʮʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ ʧʦʛʨʫʞʝʥʠʷ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʠʣʠ ʜʥʫ ʦʢʝʘʥʘ ʚʙʣʠʟʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (Pawley et al., 2011; 

Schmidt, Poli, 2014; Rupke, 2004). ʎʝʦʣʠʪʳ ʚʘʡʨʘʢʠʪ Ca[Al2Si4O12]Ŀ2H2O ʠ ʬʠʣʣʠʧʩʠʪ 

Ca3[Al 6Si10O32]Ŀ12H2O ï ʚʦʟʤʦʞʥʳʝ ʫʯʘʩʪʥʠʢʠ ʪʘʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ (ʈʘʱʝʥʢʦ ʠ ʜʨ., 2012).  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ in situ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʂʈ ʚʦʟʤʦʞʥʳʭ ʥʝʟʘʢʘʣʠʚʘʝʤʳʭ ʬʘʟ 

ʚʘʡʨʘʢʠʪʘ ʠ ʬʠʣʣʠʧʩʠʪʘ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʠʭ ʈ-ʊ ʚʦʜʥʦʡ 

ʩʨʝʜʳ (ʜʦ ʈ=3 ɻʇʘ ʠ ʊ=450 ÁC). ʇʨʠʯʝʤ, ʚʘʡʨʘʢʠʪ ʧʨʠ ʨʦʩʪʝ ʈ-ʊ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʩʦʛʣʘʩʥʦ 

ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ, ʧʦʣʫʯʝʥʥʦʡ ex-situïʤʝʪʦʜʘʤʠ, ʤʦʞʝʪ ʨʘʟʣʘʛʘʪʴʩʷ ʥʘ ʣʘʚʩʦʥʠʪ ʠ ʢʚʘʨʮ 

(ʈʘʱʝʥʢʦ ʠ ʜʨ., 2012). 

ʄʝʪʦʜʠʢʘ. ɹ ʣrʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʚʘʡʨʘʢʠʪʘ Ca[Al2Si4O12]Ŀ2H2O (ʊʘʫʧʦ, ʅʦʚʘʷ 

ɿʝʣʘʥʜʠʷ) ʠ ʬʠʣʣʠʧʩʠʪʘ (ʂʘʧʦ ʜʠ ɹʦʚʝ, ʀʪʘʣʠʷ). ɺʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʟʜʘʚʘʣʠʩʴ ʨʝʟʠʩʪʠʚʥʦ ʥʘʛʨʝʚʘʝʤʦʤ ʘʧʧʘʨʘʪʦʤ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ HT-DAC (Diaʩell 

ɛScope, EasyLab). ʉʧʝʢʪʨʳ ʂʈ ʚʦʟʙʫʞʜʘʣʠʩʴ ʠʟʣʫʯʝʥʠʝʤ Ar-ʣʘʟʝʨʘ (514.5 ʥʤ) ʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩʧʝʢʪʨʦʤʝʪʨʦʤ T64000 (Horiba Jobin Yvon) ʩ ʨʘʟʨʝʰʝʥʠʝʤ 2 ʩʤï1.  

ʂʈ-ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʚʘʡʨʘʢʠʪʘ ʠ ʬʠʣʣʠʧʩʠʪʘ, ʟʘʧʠʩʘʥʥʳʝ ʥʘ ʚʦʟʜʫʭʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ʈʠʩ. 1. ʂʈ-ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʚʘʡʨʘʢʠʪʘ (ʘ) ʠ ʬʠʣʣʠʧʩʠʪʘ (ʙ) ʧʨʠ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʘ ʙ 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʉʧʝʢʪʨʳ ʂʈ ʚʘʡʨʘʢʠʪʘ, ʟʘʧʠʩʘʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʈ-ʊ- 

ʫʩʣʦʚʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ɺʘʡʨʘʢʠʪ, ʩʞʘʪʳʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʈ-ʊ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʊ=250 ÁC ʠ ʜʘʚʣʝʥʠʷ 

ʈ=0.4 ɻʇʘ. ʇʨʠ 300-450 ÁC ʠ ʈ=1 ɻʇʘ ʩʧʝʢʪʨ ʂʈ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʘʡʨʘʢʠʪʘ ʧʦʯʪʠ ʠʩʯʝʟʘʝʪ, 

ʧʦʷʚʣʷʝʪʩʷ ʩʣʘʙʦʝ ʛʘʣʦ ʚ ʦʙʣʘʩʪʠ ~400-600 ʩʤï1, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʤʦʨʬʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʦʢʘʟʘʣʘʩʴ ʯʘʩʪʠʯʥʦ ʦʙʨʘʪʠʤʦʡ. 

ʂʨʠʩʪʘʣʣʳ ʚʘʡʨʘʢʠʪʘ Ca3[Al 6Si12O36]Ŀ6H2O ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʷʣʠʩʴ (ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʙʣʦʢʦʚ ʥʘ 20-40 % ʟʘ 4 ʯʘʩʘ ʧʨʠ 450 ÁC), ʟʘʪʝʤ ʠʟ ʬʣʶʠʜʘ ʚʳʨʘʩʪʘʣʠ ʢʨʠʩʪʘʣʣʳ ʜʨʫʛʦʛʦ 

ʮʝʦʣʠʪʘ ʬʠʣʣʠʧʩʠʪʘ Ca3[Al6Si10O32]Ŀ12H2O (ʨʠʩ. 1ʘ). ɽʛʦ ʩʧʝʢʪʨ ʧʦʯʪʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʧʝʢʪʨʦʤ 

ʉʘ-ʬʠʣʣʠʧʩʠʪʘ (ʉʘʩʙʘʢ ʥʘ ʈʝʡʥʝ, ɻʝʨʤʘʥʠʷ), ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʠʥʝʨʘʣʘ. 

ʅʘʙʣʶʜʝʥʥʦʝ ʥʘʤʠ ʦʙʨʘʟʦʚʘʥʠʝ ʬʠʣʣʠʧʩʠʪʘ ʚ ʩʠʩʪʝʤʝ ʚʘʡʨʘʢʠʪ-ʚʦʜʘ, ʭʦʪʷ ʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʞʠʜʘʥʥʳʤ (ʪ.ʢ. ʦʞʠʜʘʣʦʩʴ ʧʦʷʚʣʝʥʠʝ ʣʘʚʩʦʥʠʪʘ), ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʪʨʘʣʝʥʠʶ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ, ʛʜʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʮʝʦʣʠʪʳ ʬʠʣʣʠʧʩʠʪ (Ca-Na-ʬʦʨʤʘ) ʠ ʘʥʘʣʴʮʠʤ (Na-

ʬʦʨʤʘ). ʌʠʣʣʠʧʩʠʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʚ ʦʙʣʘʩʪʠ ʚʝʨʭʥʝʡ ʙʘʨʠʯʝʩʢʦʡ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʘʡʨʘʢʠʪʘ, ʯʪʦ ʩʢʦʨʝʝ ʩʚʷʟʘʥʦ ʩ ʙʳʩʪʨʦʡ ʢʠʥʝʪʠʢʦʡ ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ. ɺʝʨʦʷʪʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʨʘʟʣʦʞʝʥʠʷ ʚʘʡʨʘʢʠʪʘ ʥʘ ʣʘʚʩʦʥʠʪ ʠ ʢʚʘʨʮ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʧʦ ʧʨʠʯʠʥʝ ʝʝ ʥʠʟʢʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʈʠʩ. 2. (ʘ) ʂʈ-ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʘ ʚʘʡʨʘʢʠʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ; ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʘʧʧʘʨʘʪʝ 

DAC ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ 0.1-0.6 ɻʇʘ, 20-400 ʦʉ; ʧʨʠ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ; (ʙ). ʂʈ-ʩʧʝʢʪʨʳ 

ʬʠʣʣʠʧʩʠʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʘʧʧʘʨʘʪʝ DAC ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ 0.5-1.7 

ɻʇʘʙ 20-350 ʦʉ. 

ʌʠʣʣʠʧʩʠʪ, ʩʞʘʪʳʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʈ-ʊ ʧʘʨʘʤʝʪʨʦʚ (ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊ~300 ÁC ʠ ʜʘʚʣʝʥʠʷ ʈ~1.43 ɻʇʘ) ʩʥʘʯʘʣʘ ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʨʠʩ. 

2ʙ). ʇʨʠ 350 ÁC ʠ ʈ=1.7 ɻʇʘ ʧʦʣʦʩʳ ʂʈ-ʩʧʝʢʪʨʘ ʥʘʯʠʥʘʶʪ ʫʰʠʨʷʪʴʩʷ, ʘ ʧʨʠ 400 ÁC ʠ ʈ=2 ɻʇʘ 

ʩʧʝʢʪʨ ʂʈ ʧʦʯʪʠ ʠʩʯʝʟʘʝʪ, ʠ ʧʦʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʛʘʣʦ ʚ ʦʙʣʘʩʪʠ ~300-600 ʩʤï1, ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʘʤʦʨʬʠʟʘʮʠʠ ʬʠʣʣʠʧʩʠʪʘ (Goryainov et al., 2020).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʠʣʣʠʧʩʠʪ, ʩʞʘʪʳʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʧʦʣʠʤʦʨʬʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ P-ʊ ʧʘʨʘʤʝʪʨʦʚ ʜʦ ʊ~300 ÁC ʠ ʈ~1.43 ɻʇʘ, ʘ ʧʨʠ ʠʭ ʜʘʣʴʥʝʡʰʝʤ 

ʧʦʚʳʰʝʥʠʠ ʘʤʦʨʬʠʟʫʝʪʩʷ ʠ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ɺʘʡʨʘʢʠʪ, ʩʞʘʪʳʡ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʈ-ʊ ʧʘʨʘʤʝʪʨʦʚ (ʜʦ 0.4 ɻʇʘ, 250 ÁC) ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʧʦʣʠʤʦʨʬʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʈ-ʊ ʩʧʝʢʪʨ ʂʈ ʧʦʯʪʠ ʠʩʯʝʟʘʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʘʤʦʨʬʠʟʘʮʠʠ ʚʘʡʨʘʢʠʪʘ, ʢʦʪʦʨʘʷ ʦʢʘʟʘʣʘʩʴ ʯʘʩʪʠʯʥʦ ʦʙʨʘʪʠʤʦʡ. ʂʨʠʩʪʘʣʣʳ ʚʘʡʨʘʢʠʪʘ 

ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʷʣʠʩʴ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʦʣʠʪʘ ʬʠʣʣʠʧʩʠʪʘ ʠʟ ʬʣʶʠʜʘ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʬʠʣʣʠʧʩʠʪʘ ʠʟ ʚʘʡʨʘʢʠʪʘ ʧʨʠ ʈ-ʊ ʧʘʨʘʤʝʪʨʘʭ ʚ ʦʙʣʘʩʪʠ ʚʝʨʭʥʝʡ 
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ʙʘʨʠʯʝʩʢʦʡ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʘʡʨʘʢʠʪʘ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʰʠʨʦʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 

ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʚ ʤʦʨʩʢʠʭ ʦʩʘʜʢʘʭ. ɺʝʨʦʷʪʥʦ, ʯʪʦ ʬʠʣʣʠʧʩʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʈ-ʊ. ʀʟʫʯʝʥʠʝ ʩʠʩʪʝʤʳ ʬʠʣʣʠʧʩʠʪ-ʚʦʜʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʙʦʣʴʰʫʶ ʈ-ʊ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʠʣʣʠʧʩʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʡʨʘʢʠʪʦʤ. 
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ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʣʘʥʛʙʝʡʥʠʪʘ ʚ ʬʫʤʘʨʦʣʘʭ ʚʫʣʢʘʥʘ ʊʦʣʙʘʯʠʢ, ʂʘʤʯʘʪʢʘ 

ɹʫʣʘʭ ʄ.ʆ.1, ʂʦʰʣʷʢʦʚʘ ʅ.ʅ.1 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, aregon27@mail.ru 

ɺʚʝʜʝʥʠʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʨʫʧʧʘ ʣʘʥʛʙʝʡʥʠʪʘ ʚʢʣʶʯʘʝʪ ʧʷʪʴ ʤʠʥʝʨʘʣʦʚ ï 

ʣʘʥʛʙʝʡʥʠʪ K2Mg2(SO4)3, ʤʘʥʛʘʥʦʣʘʥʛʙʝʡʥʠʪ K2Mn2(SO4)3, ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪ K2Ca2(SO4)3, 

ʝʬʨʝʤʦʚʠʪ (NH4)2Mg2(SO4)3 ʠ ʬʝʨʨʦʝʬʨʝʤʦʚʠʪ (NH4)2Fe2+
2(SO4)3. ɺʩʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʫʙʠʯʝʩʢʠʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʈ213. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʟ ʥʠʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʦʣʴʢʦ ʣʘʥʛʙʝʡʥʠʪ K2Mg2(SO4)3, ʢʦʪʦʨʳʡ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʦʨʩʢʠʭ ʵʚʘʧʦʨʠʪʦʚʳʭ ʪʦʣʱʘʭ. ʆʜʥʘʢʦ ʥʘ ʩʦʣʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʥ 

ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪ ʚ ʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʟʦʤʦʨʬʥʳʭ ʟʘʤʝʱʝʥʠʡ. ɼʨʫʛʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʚ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ ʤʠʥʝʨʘʣʳ ʵʪʦʡ ʛʨʫʧʧʳ ï 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʬʫʤʘʨʦʣʳ. ʊʘʢ, ʣʘʥʛʙʝʡʥʠʪ ʠʟʚʝʩʪʝʥ ʥʘ ʥʝʢʦʪʦʨʳʭ ʚʫʣʢʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦ-

ɸʤʝʨʠʢʘʥʩʢʦʡ ʜʫʛʠ (Stoiber, Rose, 1974) ʠ ʀʩʣʘʥʜʠʠ (Baliĺ-Ģuniĺ et al., 2016), 

ʤʘʥʛʘʥʦʣʘʥʛʙʝʡʥʠʪ ï ʥʘ ɺʝʟʫʚʠʠ (Zambonini, Carobby, 1924), ʝʬʨʝʤʦʚʠʪ ʠ ʬʝʨʨʦʝʬʨʝʤʦʚʠʪ ï 

ʚ ʬʫʤʘʨʦʣʘʭ ʌʣʝʛʨʝʡʩʢʠʭ ʧʦʣʝʡ (Russo et al., 2017; Kasatkin et al., 2019). ʄʝʞʜʫ ʪʝʤ, 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʢʩʛʘʣʷʮʠʦʥʥʳʭ ʩʫʣʴʬʘʪʦʚ ʛʨʫʧʧʳ ʣʘʥʛʙʝʡʥʠʪʘ 

ʜʦʩʪʘʪʦʯʥʦ ʩʢʫʜʥʳ.  

ɺ ʬʫʤʘʨʦʣʘʭ ʊʦʣʙʘʯʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʚʘ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʛʨʫʧʧʳ ï ʣʘʥʛʙʝʡʥʠʪ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʟʜʝʩʴ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʝʱʝ ʚ ʧʝʨʚʳʝ ʛʦʜʳ ʧʦʩʣʝ ɹʦʣʴʰʦʛʦ ʪʨʝʱʠʥʥʦʛʦ 

ʊʦʣʙʘʯʠʥʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ (ʜʘʣʝʝ ï ɹʊʊʀ) 1975 ï 1976 ʛʛ. (ɺʝʨʛʘʩʦʚʘ, ʌʠʣʘʪʦʚ, 1993), ʠ 

ʥʝʜʘʚʥʦ ʦʪʢʨʳʪʳʡ ʚ ʵʢʩʛʘʣʷʮʠʷʭ ʬʫʤʘʨʦʣʳ ʗʜʦʚʠʪʦʡ ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪ (Pekov et al., 2012). 

ʊʦʣʙʘʯʠʢ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʦʤ, ʛʜʝ ʣʘʥʛʙʝʡʥʠʪ ʠ ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʢʘʢ ʦʥʪʦʛʝʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʘʢ ʠ 

ʠʟʦʤʦʨʬʠʟʤ ʤʝʞʜʫ ʵʪʠʤʠ ʤʠʥʝʨʘʣʘʤʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 2013 ï 2018 ʛʛ. ʠʟ 

ʬʫʤʘʨʦʣ ɸʨʩʝʥʘʪʥʘʷ ʠ ʗʜʦʚʠʪʘʷ ʥʘ ɺʪʦʨʦʤ ʢʦʥʫʩʝ ʉʝʚʝʨʥʦʛʦ ʇʨʦʨʳʚʘ ɹʊʊʀ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʪʨʘʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ ʧʦʣʫʯʝʥʳ ʥʘ ʢʘʬʝʜʨʝ ʧʝʪʨʦʣʦʛʠʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çJeolè JSM-6480LV ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ çInca Energy-350è, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʘ 7Ñ0.005 ʥɸ. 

ʈʝʟʫʣʴʪʘʪʳ. ʃʘʥʛʙʝʡʥʠʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʨʘʟʚʠʪʘ ʚ ʟʦʥʘʭ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 180 ï 450. ʉʧʠʩʦʢ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ ʠ 

ʚʢʣʶʯʘʝʪ ʵʢʩʛʘʣʷʮʠʦʥʥʳʝ ʘʨʩʝʥʘʪʳ, As-ʩʦʜʝʨʞʘʱʠʡ ʩʘʥʠʜʠʥ, ʘʬʪʠʪʘʣʠʪ, ʤʝʪʘʪʝʥʘʨʜʠʪ, 

ʘʥʛʠʜʨʠʪ, ʘʨʢʘʥʠʪ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʜʥʳʝ ʩʫʣʴʬʘʪʳ ʠ ʦʢʩʦʩʫʣʴʬʘʪʳ, ʛʝʤʘʪʠʪ, ʪʝʥʦʨʠʪ. 

ʃʘʥʛʙʝʡʥʠʪ ʠ ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ, ʨʦʟʦʚʘʪʳʭ, ʞʝʣʪʦʚʘʪʳʭ, 

ʟʝʣʝʥʦʚʘʪʳʭ ʠʣʠ ʩʝʨʳʭ (ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʡ) ʤʘʩʩʠʚʥʳʭ ʢʦʨʦʢ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ. 

ʆʪʜʝʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ ʠʣʠ ʧʩʝʚʜʦʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʛʘʙʠʪʫʩ (ʨʠʩ. 1ʘ); 

ʚʝʣʠʯʠʥʘ ʨʝʜʢʦ ʜʦʩʪʠʛʘʝʪ 1 ʤʤ. ʇʨʝʦʙʣʘʜʘʶʱʝʝ ʯʠʩʣʦ ʠʥʜʠʚʠʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʪʨʝʱʠʥʦʚʘʪʳʤʠ ʠʣʠ ʢʘʚʝʨʥʦʟʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʛʨʘʥʝʡ, ʦʢʨʫʛʣʳʤʠ, ʩʛʣʘʞʝʥʥʳʤʠ ʨʝʙʨʘʤʠ 

(ʨʠʩ. 1ʙ). ʍʦʨʦʰʦ ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʣʘʥʛʙʝʡʥʠʪʘ ʜʦ 0.2 ʤʤ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʨʦʢ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʛʨʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪʘ (ʨʠʩ. 1ʚ, ʛ).  

ʂʘʢ ʚʠʜʥʦ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 2), ʢʘʣʴʮʠʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʣʘʥʛʙʝʡʥʠʪʘ ʦʛʨʘʥʠʯʝʥʥʦ: ʚ 

ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʢʦʣʠʯʝʩʪʚʦ ʉʘʆ ʥʝ ʧʨʝʚʳʰʘʝʪ 3.5 ʤʘʩ. % (0.26 ʘ.ʬ. ʉʘ). ʇʨʠ ʵʪʦʤ 

ʩʦʜʝʨʞʘʥʠʝ MgO ʚ ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪʝ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 2.7 ï 6.5 ʤʘʩ. % (0.30 ï 0.70 ʘ.ʬ. 

Mg); ʚ ʨʘʙʦʪʝ (Pekov et al., 2012) ʧʨʠʚʦʜʷʪʩʷ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʧʨʠʩʫʪʩʪʚʠʝ Mg ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʤʠʢʨʦʟʦʥʜʦʚʳʤ ʘʥʘʣʠʟʦʤ. ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʝʟʤʘʛʥʠʝʚʳʡ ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪ ʧʨʝʜʩʪʘʚʣʝʥ 

ʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P212121 (ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ 

K2Cd2(SO4)3). ʉʦʛʣʘʩʥʦ (Speer, Salje, 1986), ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʢʫʙʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

K2Cʘ2(SO4)3 ʧʝʨʝʭʦʜʠʪ ʚ ʨʦʤʙʠʯʝʩʢʫʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 184ÜC, ʥʦ ʦʪʢʨʳʪʳʡ ʥʘ ʊʦʣʙʘʯʠʢʝ Mg-

ʩʦʜʝʨʞʘʱʠʡ ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪ ʩʦʭʨʘʥʷʝʪ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʣʠʤʦʨʬʥʦʤʫ ʧʝʨʝʭʦʜʫ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʠʤʝʩʴ Mg ʚ ʩʦʩʪʘʚʝ K2Cʘ2(SO4)3. 

ʈʠʩ. 1. ʘ-ʙ ï ʌʦʨʤʳ ʚʳʜʝʣʝʥʠʷ ʣʘʥʛʙʝʡʥʠʪʘ (Lgb) ʠ ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪʘ (CaLgb) (ʧʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ). ʌʦʪʦ ʚ 

ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 

 

ʈʠʩ. 2. ʉʦʦʪʥʦʰʝʥʠʷ ʢʘʪʠʦʥʦʚ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʚ ʣʘʥʛʙʝʡʥʠʪʝ (Lgb) ʠ ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪʝ (ʉaLgb) ʠʟ 

ʬʫʤʘʨʦʣ ɸʨʩʝʥʘʪʥʘʷ ʠ ʗʜʦʚʠʪʘʷ. 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 

40 

 

ʇʨʦʯʠʝ ʧʨʠʤʝʩʠ ʧʨʝʜʩʪʘʚʣʝʥʳ  Rb2O (ʜʦ 1.3 ʤʘʩ. %), Na2O (ʜʦ 3.0 ʤʘʩ. %), MnO (ʜʦ 0.6 

ʤʘʩ. %), ʘ ʪʘʢʞʝ CuO ʠ ZnO. ʂʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʥʠʭ ʚʘʨʴʠʨʫʝʪ ʠ ʚ ʩʫʤʤʝ ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 2.5 

ʤʘʩ. %, ʦʜʥʘʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʘʭ ʣʘʥʛʙʝʡʥʠʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ZnO ʜʦʩʪʠʛʘʣʘ 9.3 ʤʘʩ. %, ʘ 

CuO ï 5.2 ʤʘʩ. %.  ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʚ ʩʦʩʪʘʚʝ ʦʪʤʝʯʘʶʪʩʷ Al 2O3 ʠ Fe2O3  (ʜʦ 1 ʤʘʩ. %). 

ɺʳʚʦʜʳ. ɺ ʬʫʤʘʨʦʣʘʭ ʊʦʣʙʘʯʠʢʘ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʨʦʤʙʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʢʘʣʴʮʠʦʣʘʥʛʙʝʡʥʠʪʘ, ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʥʝʯʥʦʤʫ ʢʘʣʴʮʠʝʚʦʤʫ 

ʯʣʝʥʫ ʨʷʜʘ K2Mg2(SO4)3 ï K2Cʘ2(SO4)3. ʕʢʩʛʘʣʷʮʠʦʥʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʛʨʫʧʧʳ ʣʘʥʛʙʝʡʥʠʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʥʘʙʦʨʦʤ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʚʢʣʶʯʘʶʱʠʤ ʭʘʣʴʢʦʬʠʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ï Cu ʠ Zn.   

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʀ. ɺ. ʇʝʢʦʚʫ ʟʘ ʨʫʢʦʚʦʜʩʪʚʦ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪ 19-17-00050 

(ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʠ ʛʝʥʝʪʠʯʝʩʢʘʷ ʤʠʥʝʨʘʣʦʛʠʷ ʦʢʩʦʩʦʣʝʡ ʠ ʦʢʩʠʜʦʚ ï ʧʨʦʜʫʢʪʦʚ 

ʧʦʩʪʚʫʣʢʘʥʠʯʝʩʢʦʡ ʬʫʤʘʨʦʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ). 
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ɺʚʝʜʝʥʠʝ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʩʢʚʘʞʠʥʥʦʡ ʛʝʦʬʠʟʠʢʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ 

ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  ʧʦʣʫʯʠʣʦ ʧʨʠʦʨʠʪʝʪ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ 

ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʘʢ ʚ ʤʠʨʝ, ʪʘʢ ʠ ʚ ʈʦʩʩʠʠ. ɺ ʈʦʩʩʠʠ ʩʦʟʜʘʥʘ  ʰʠʨʦʢʘʷ ʩʝʪʴ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʚʝʜʦʤʩʪʚʝʥʥʳʭ ʩʝʨʚʠʩʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʨʝʜʩʪʚʘ ʧʨʦʤʳʩʣʦʚʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ (ʇɻʂ). ɺʳʙʦʨ 

ʢʦʤʧʣʝʢʩʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʇɻʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʦʷʱʝʡ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʩʣʦʚʦʡ ʟʘʜʘʯʝʡ. ɺ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥʘʭ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʜʝʨʥʳʭ 

(ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ), ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʡ 

(ʗʛʘʬʘʨʦʚ ɸ.ʂ ʠ ʜʨ., 2011). 

ʉʦʛʣʘʩʥʦ çʇʨʘʚʠʣʘʤ ʨʘʟʨʘʙʦʪʢʠ ʛʘʟʦʚʳʭ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡè, 

ʢʦʥʪʨʦʣʴ ʟʘ ʚʪʦʨʞʝʥʠʝʤ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʚ ʟʘʣʝʞʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʤʳʩʣʦʚʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʟʘ ʢʦʥʪʫʨʦʤ ʠ ʚʥʫʪʨʠ ʟʘʣʝʞʠ ʙʫʨʷʪ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʩʢʚʘʞʠʥʳ. ɿʘʤʝʨʷʷ ʚ ʥʠʭ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʦʪʙʠʨʘʷ ʛʣʫʙʠʥʥʳʝ ʧʨʦʙʳ 

ʞʠʜʢʦʩʪʠ, ʩʫʜʷʪ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʧʦʣʦʞʝʥʠʷ ʛʘʟʦʚʦʜʷʥʦʛʦ ʢʦʥʪʘʢʪʘ (ɻɺʂ), ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʧʨʦʜʚʠʞʝʥʠʝ ʚʦʜʳ ʚ ʟʘʣʝʞʴ. 

ɸʩʪʨʘʭʘʥʩʢʦʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ɸɻʂʄ) ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʩ 1986 ʛʦʜʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʦ ʤʥʝʥʠʶ 

ʨʷʜʘ ʫʯʝʥʳʭ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʩʚʦʜʘ ʩ ʶʛʘ ʛʣʫʙʠʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʙʦʨʪʦʚʦʡ 

ʯʘʩʪʠ ʚʧʘʜʠʥʳ, ʩ ʶʛʦ-ʟʘʧʘʜʘ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ï ʉʘʨʧʠʥʩʢʠʤ ʤʝʛʘʧʨʦʛʠʙʦʤ, ʩ ʚʦʩʪʦʢʘ ʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʘ ʨʘʟʣʦʤʘʤʠ, ʬʣʝʢʩʫʨʘʤʠ, ʩʙʨʦʩʘʤʠ ɸʢʪʶʙʠʥʩʢʦʡ ʟʦʥʦʡ ʧʦʜʥʷʪʠʡ. ʕʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ ʷʚʣʷʶʪʩʷ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ɸʩʪʨʘʭʘʥʩʢʦʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ  ʚ ʩʦʩʪʘʚʝ ʧʣʘʩʪʦʚʦʛʦ ʬʣʶʠʜʘ ʩʦʜʝʨʞʠʪ 

ʢʠʩʣʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʩʝʨʦʚʦʜʦʨʦʜʘ ʜʦ 30% ʤʦʣ, ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʜʦ 15% ʤʦʣ.  ɸɻʂʄ 

ʧʨʠʫʨʦʯʝʥʦ ʢ ʠʟʚʝʩʪʥʷʢʘʤ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ. ʂʘʨʙʦʥʘʪʥʳʝ ʨʘʟʨʝʟʳ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʪʣʠʯʘʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦʡ ʧʝʩʪʨʦʪʦʡ, ʚ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʛʣʠʥʠʩʪʳʭ ʧʨʦʩʣʦʝʚ ʠ ʦʥʠ  

ʥʝʦʜʥʦʨʦʜʥʳ (ʌʝʜʦʨʦʚʘ ʅ.ʌ. ʠ ʜʨ., 2013). 

ʅʘʠʙʦʣʴʰʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʧʨʠʩʫʱʘ ʧʦʨʦʜʘʤ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʣʠʪʦʬʘʮʠʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʩ ʚʳʩʦʢʦʡ  ʩʪʝʧʝʥʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʧʦʨʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʳʤ ʠ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʪʨʦʝʥʠʝʤ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʪʤʝʯʘʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʨʫʧʥʳʭ ʧʦʨ  ʚ ʧʣʦʪʥʦʡ ʤʠʢʨʦʧʦʨʠʩʪʦʡ ʤʘʪʨʠʮʝ. ʅʠʟʢʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-

ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʵʪʠʭ ʧʦʨʦʜ ʢ ʪʨʝʱʠʥʥʦ-ʧʦʨʦʚʳʤ ʠ ʨʝʞʝ  

ʧʦʨʦʚʳʤ ʢʦʣʣʝʢʪʦʨʘʤ.  

ʐʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʠ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ.  ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʘʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʠ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚʜʦʣʴ ʪʨʝʱʠʥ ʚ ʧʣʦʪʥʦʡ ʤʘʪʨʠʮʝ ʵʪʠʭ ʨʘʟʥʦʩʪʝʡ ʧʦʷʚʣʷʶʪʩʷ ʢʘʚʝʨʥʳ  

(ʂʦʩʘʯʫʢ ɻ.ʇ. , 2004).  

ɺ ʧʦʨʦʜʘʭ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʦʪʤʝʯʘʶʪʩʷ ʜʚʝ ʩʠʩʪʝʤʳ 

ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʠ ʚʝʪʚʷʱʠʭʩʷ ʪʨʝʱʠʥ. ʀʭ ʰʠʨʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,1-0,3 ʤʤ, 

ʧʨʠ ʵʪʦʤ ʩʦʦʙʱʘʝʤʦʩʪʴ ʪʨʝʱʠʥ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʘʷ. (ʌʝʜʦʨʦʚʘ ʅ.ʌ., 2019). ʅʘʨʫʰʝʥʠʷ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʥʘʠʙʦʣʝʝ ʧʨʠʧʦʜʥʷʪʦʡ ʯʘʩʪʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʩʚʦʜʘ ï ɸʢʩʘʨʘʡʩʢʦʤʫ ʚʘʣʫ. 

ʉʚʷʟʴ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʩ ʬʦʨʤʦʡ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜʩʦʣʝʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʪʯʝʪʣʠʚʦ ʚʳʷʚʣʝʥʘ ʚʜʦʣʴ ʩʝʚʝʨʥʦʡ ʧʝʨʠʢʣʠʥʘʣʠ ɸʢʩʘʨʘʡʩʢʦʛʦ ʚʘʣʘ, ʛʜʝ ʧʦ 

ʦʪʨʘʞʘʶʱʝʤʫ ʛʦʨʠʟʦʥʪʫ Iʇ (ʢʨʦʚʣʷ ʙʘʰʢʠʨʩʢʦʛʦ ʷʨʫʩʘ ʉ2)  ʥʘ ʦʪʤʝʪʢʘʭ -4000 -4400 ʤ 

ʠʟʦʛʠʧʩʘ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. ɿʜʝʩʴ ʦʪʜʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ 

ʣʦʢʘʣʴʥʳʭ ʠʟʛʠʙʦʚ, ʦʙʨʘʱʝʥʥʳʭ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚʥʫʪʨʴ ɸʢʩʘʨʘʡʩʢʦʛʦ ʚʘʣʘ, ʘ ʩ ʜʨʫʛʦʡ ï 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʬʣʝʢʩʫʨʦʦʙʨʘʟʥʳʝ ʚʳʩʪʫʧʳ ʚ ʩʝʚʝʨʥʦʤ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. 
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ʀʩʪʠʥʥʳʝ ʫʛʣʳ ʧʘʜʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʦʪ 14 ʜʦ 70Á, ʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʟʥʘʯʝʥʠʷ 30-40Á.  

ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʜʫʢʪʠʚʥʘʷ ʪʦʣʱʘ ʠʤʝʝʪ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʯʪʦ  ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʚʷʟʴ ʚʩʝʛʦ ʨʘʟʨʝʟʘ. ʕʪʦ ʩʣʫʞʠʪ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʩʢʨʳʪʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʝʜʠʥʦʡ ʩʝʪʢʦʡ ʩʢʚʘʞʠʥ. ʇʦ ʤʝʨʝ 

ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʙʣʠʞʝʥʠʷ ʦʙʱʠʭ ʜʝʧʨʝʩʩʠʡ ʚ ʩʢʚʘʞʠʥʘʭ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ 

ʜʝʧʨʝʩʩʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʧʣʘʩʪʦʚ ʧʦʩʪʝʧʝʥʥʦ ʚ ʨʘʙʦʪʫ ʧʦʜʢʣʶʯʘʶʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʣʦʪʥʳʝ 

ʨʘʟʥʦʩʪʠ ʧʦʨʦʜ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʵʬʬʝʢʪʠʚʥʘʷ ʪʦʣʱʠʥʘ ʟʘʣʝʞʠ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʀʤʝʷ ʪʘʢʦʝ ʩʣʦʞʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʪʨʝʙʫʝʪ ʠ ʦʩʦʙʦʛʦ ʢʦʥʪʨʦʣʷ 

ʧʨʠ ʝʛʦ ʨʘʟʨʘʙʦʪʢʝ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʚʚʝʜʝʥʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʧʣʘʩʪʦʚʦʤ 

ʜʘʚʣʝʥʠʠ 61,2 ʄʇʘ ʠ ʧʣʘʩʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 108,0-110,0 Áʉ.  ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʧʣʘʩʪʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʨʝʥʠʨʦʚʘʥʠʝʤ ʦʭʚʘʯʝʥʘ ʚʩʷ ʟʘʣʝʞʴ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʣʦʞʝʥʠʝʤ ɻɺʂ ʠ ʚʝʣʠʯʠʥʘʤʠ ʧʣʘʩʪʦʚʳʭ ʜʘʚʣʝʥʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʩʫʱʝʩʪʚʫʝʪ ʬʦʥʜ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ï  ˉˉ 54, 60, 83-ʅ, 15-ɸ, 102, 623ʅ, 304, 314. 

ʀʟʫʯʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʢʨʳʪʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ʧʦʟʚʦʣʷʝʪ  ʫʩʪʘʥʦʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʞʠʤʘ ʟʘʣʝʞʠ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʫʩʣʦʚʠʷ ʨʘʟʨʘʙʦʪʢʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ɻʂʄ. ʍʘʨʘʢʪʝʨ ʠ ʦʙʲʝʤ ʧʨʠʪʦʢʦʚ  

ʧʣʘʩʪʦʚʳʭ ʚʦʜ  ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʜʨʝʥʠʨʦʚʘʥʠʷ ʧʦʜʦʰʚʝʥʥʳʭ ʚʦʜ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ. ʄʘʩʰʪʘʙʳ ʦʙʚʦʜʥʝʥʠʷ ʟʘʣʝʞʠ ʚʣʠʷʶʪ ʥʘ ʩʠʩʪʝʤʫ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʛʘʟʘ ʠ ʢʦʥʜʝʥʩʘʪʘ. 

ʄʝʭʘʥʠʟʤ ʦʙʚʦʜʥʝʥʠʷ ɸʩʪʨʘʭʘʥʩʢʦʡ ʘʥʠʟʦʪʨʦʧʥʦʡ ʟʘʣʝʞʠ ʩʣʦʞʥʝʝ, ʯʝʤ ʟʘʣʝʞʝʡ 

ʧʣʘʩʪʦʚʦʛʦ ʠʣʠ ʤʘʩʩʠʚʥʦʛʦ ʚʦʜʦʧʣʘʚʘʶʱʝʛʦ ʪʠʧʘ. ɺ ʩʚʷʟʠ ʩ ʨʝʟʢʦʡ ʠ ʧʦʚʩʝʤʝʩʪʥʦʡ 

ʨʘʩʩʣʦʝʥʥʦʩʪʴʶ  ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʫʯʘʩʪʢʘʤʠ ʚʪʦʨʞʝʥʠʝ ʢʨʘʝʚʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜ 

ʚ ʟʘʣʝʞʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦ ʥʘʧʣʘʩʪʦʚʘʥʠʶ ʧʦʨʦʜ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝ ʜʦʣʞʥʦ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ɻɺʂ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʫʧʣʦʪʥʝʥʥʳʝ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ, 

ʠʩʢʣʶʯʘʶʱʠʝ ʘʢʪʠʚʥʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʚʪʦʨʞʝʥʠʝ ʧʦʜʦʰʚʝʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʚ ʟʘʣʝʞʴ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ɻʂʄ ʚʦʜʳ, ʚʳʥʦʩʠʤʳʝ ʠʟ ʩʢʚʘʞʠʥ  ʚ ʩʦʩʪʘʚʝ ʧʣʘʩʪʦʚʦʡ 

ʩʤʝʩʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʚʦʜ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ:  ʩʦʙʩʪʚʝʥʥʦ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʘʷ ʚʦʜʘ, ʥʘʭʦʜʷʱʘʷʩʷ  ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʘʨʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ;  

ʦʩʪʘʪʦʯʥʘʷ (ʧʦʨʦʚʦ-ʢʘʧʠʣʣʷʨʥʘʷ)  ʚʦʜʘ ʚ ʧʫʩʪʦʪʘʭ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʘʩʪʘ;  ʬʠʣʴʪʨʘʪ ʙʫʨʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ;  ʧʨʦʜʫʢʪʳ ʩʦʣʷʥʦ-ʢʠʩʣʦʪʥʳʭ ʦʙʨʘʙʦʪʦʢ ʧʣʘʩʪʘ. 

ɼʠʥʘʤʠʢʫ ʦʙʚʦʜʥʝʥʠʷ ʩʢʚʘʞʠʥ ʧʦʜʦʰʚʝʥʥʳʤʠ ʚʦʜʘʤʠ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʧʦ ʥʝʢʦʪʦʨʳʤ 

ʩʢʚʘʞʠʥʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  ʉʢʚʘʞʠʥʘ 407 ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1996 ʛ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤ 

ʜʝʙʠʪʦʤ 334 ʪʳʩ. ʤ3/ʩʫʪ. ɿʘʪʝʤ ʜʝʙʠʪ ʩʪʘʣ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʪʴʩʷ. ʀ ʫʞʝ ʚ 1998 ʛ. ʚ 

ʩʢʚʘʞʠʥʝ  ʧʦʷʚʠʣʩʷ ɺɻʌ ʚ ʢʦʣʠʯʝʩʪʚʝ 48 ʩʤ3/ʤ3   ʧʨʠ ʈʧʣ = 58,7 ʄʇʘ. 

ɺ ʩʣʝʜʫʶʱʝʤ     1999 ʛ. ʜʝʙʠʪ ʩʦʩʪʘʚʠʣ 196 ʪʳʩ.ʤ3/ʩʫʪ, ʘ ɺɻʌ = 104 ʩʤ3/ʤ3 ʧʨʠ ʧʦʯʪʠ 

ʥʝʠʟʤʝʥʥʦʤ ʜʘʚʣʝʥʠʠ (ʈʧʣ = 58,5 ʄʧ). ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ɺɻʌ ʚ ʩʢʚʘʞʠʥʝ ʥʝʠʟʤʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʣʩʷ: ʚ 2000 ʛ. ɺɻʌ ʙʳʣ ʨʘʚʝʥ  212 ʩʤ3/ʤ3 , ʘ ʚ 2002 ʛ. ɺɻʌ  ʫʞʝ ʩʦʩʪʘʚʣʷʣ  216 ʩʤ3/ʤ3.  

ʉʢʚʘʞʠʥʘ 451 ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1995 ʛ. ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʜʝʙʠʪʦʤ 264 ʪʳʩ. 

ʤ3/ʩʫʪ. ɺɻʌ ʚ ʩʢʚʘʞʠʥʝ ʧʦʷʚʠʣʩʷ ʚ 1998 ʛ. ʚ ʢʦʣʠʯʝʩʪʚʝ 7 ʩʤ3/ʤ3 ʧʨʠ ʜʝʙʠʪʝ 318 ʪʳʩ. ʤ3/ʩʫʪ. ɺ 

ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ɺɻʌ ʩʪʘʣ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 26 ʩʤ3/ʤ3 ʜʦʩʪʠʛ ʚ 2003 ʛ. 

ʧʨʠ ʜʝʙʠʪʝ 306 ʪʳʩ. ʤ3/ʩʫʪ. ɼʘʚʣʝʥʠʝ ʩ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʫʧʘʣʦ ʜʦ 52,7 ʄʧʘ. ɿʘʪʝʤ ʚ ʩʢʚʘʞʠʥʝ 

ʩʪʘʣʦ ʧʘʜʘʪʴ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʘ ʟʥʘʯʝʥʠʷ ɺɻʌ ï ʪʦ ʫʤʝʥʴʰʘʣʠʩʴ, ʪʦ ʫʚʝʣʠʯʠʚʘʣʠʩʴ. 

ʉʢʚʘʞʠʥʘ 253 ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1995 ʛ. ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʜʝʙʠʪʦʤ 130 ʪʳʩ. 

ʤ3/ʩʫʪ. ʀ ʚ ʵʪʦʤ ʞʝ ʛʦʜʫ ɺɻʌ ʚ ʩʢʚʘʞʠʥʝ ʩʦʩʪʘʚʠʣ 15 ʩʤ3/ʤ3. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʡ 

ʩʢʚʘʞʠʥʳ ʜʝʙʠʪʳ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʠ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʣʩʷ ɺɻʌ. ɺ 2001 ʛ. ʦʥ 

ʙʳʣ ʨʘʚʝʥ 60 ʩʤ3/ʤ3, ʚ 2005 ï 133 ʩʤ3/ʤ3, ʘ ʚ 2006 ʛ. ï 102 ʩʤ3/ʤ3. ʇʦ ʥʝʢʦʪʦʨʳʤ ʩʢʚʘʞʠʥʘʤ  

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ  ʦʙʚʦʜʥʝʥʠʝ  ʠʭ ʧʨʦʜʫʢʮʠʠ  ʧʦʜʦʰʚʝʥʥʦʡ 

ʚʦʜʦʡ. ʉʤʝʰʠʚʘʥʠʝ ʚ ʨʘʟʣʠʯʥʦʡ ʧʨʦʧʦʨʮʠʠ ʵʪʠʭ ʚʦʜ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ  ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ  çʪʝʭʥʦʛʝʥʥʦ-ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭè ʚʦʜ. 

ɺ ʩʦʩʪʘʚʝ ʧʣʘʩʪʦʚʦʡ ʩʤʝʩʠ ʨʷʜʘ ʩʢʚʘʞʠʥ ʥʘ ɸɻʂʄ (ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʵʪʦ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʢʚʘʞʠʥ) ʚʳʥʦʩʠʪʩʷ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʦʰʚʝʥʥʦʡ ʚʦʜʳ.  ʂʨʠʪʝʨʠʝʤ ʧʦ ʢʦʪʦʨʦʤʫ ʵʪʫ 
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ʚʦʜʫ ʤʦʞʥʦ  ʦʪʥʝʩʪʠ ʢ ʧʦʜʦʰʚʝʥʥʦʡ, ʷʚʣʷʝʪʩʷ  ʩʭʦʜʩʪʚʦ ʝʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩ ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʚʦʜʳ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʩʢʚʘʞʠʥʳ-ʧʴʝʟʦʤʝʪʨʘ, ʚʩʢʨʳʚʰʝʡ  

ʧʨʦʜʫʢʪʠʚʥʳʡ ʧʣʘʩʪ ʥʘ 112 ʤ ʥʠʞʝ ʛʘʟʦʚʦʜʷʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʘ ʪʘʢʞʝ ʠʟ ʨʘʟʚʝʜʦʯʥʦʡ ʩʢʚʘʞʠʥʳ  

ʐʠʨʷʝʚʩʢʘʷ-1 ʠʟ ʠʥʪʝʨʚʘʣʘ 4180-4158 ʤ. 

ʇʨʠ  ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʫʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʜʦʰʚʝʥʥʦʡ ʚʦʜr ʢ ʩʢʚʘʞʠʥʘʤ ʩʣʝʜʫʶʱʠʝ:  ʚ ʩʢʚʘʞʠʥʘʭ, ʚʩʢʨʳʚʰʠʭ ɻɺʂ, ʧʦʜʲʝʤ 

ʧʦʜʦʰʚʝʥʥʦʡ ʚʦʜʳ ʧʦ ʩʠʩʪʝʤʝ ʪʨʝʱʠʥ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʧʦ ʮʝʤʝʥʪʥʦʤʫ 

ʢʘʤʥʶ ʟʘ ʢʦʣʦʥʥʦʡ;  ʚ ʩʢʚʘʞʠʥʘʭ, ʥʝ ʚʩʢʨʳʚʰʠʭ ɻɺʂ, ʧʦ ʪʨʝʱʠʥʦʚʘʪʳʤ ʫʯʘʩʪʢʘʤ ʧʦʨʦʜ  

ʤʝʞʜʫ ɻɺʂ ʠ ʟʘʙʦʷʤʠ ʩʢʚʘʞʠʥ. 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʜʝʩʫʣʴʬʘʪʠʟʘʮʠʠ ʵʪʠʭ ʚʦʜ ʠ ʦ  ʚʳʧʘʜʝʥʠʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʥʘ ʛʨʘʥʠʮʝ çʚʦʜʘ-ʟʘʣʝʞʴè. ʕʪʦ 

ʧʨʠʚʝʣʦ ʢ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʦʤʫ ʟʘʧʝʯʘʪʳʚʘʥʠʶ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʟʘʣʝʞʠ ʩʥʠʟʫ ʠ ʚʪʦʨʠʯʥʦʤʫ 

ʟʘʣʝʯʠʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʧʦʨ ʚ ʟʦʥʝ ɻɺʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ  ʨʝʟʢʦ ʩʥʠʟʠʣʘʩʴ ʘʢʪʠʚʥʘʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʧʦʜʦʰʚʝʥʥʳʭ ʚʦʜ ʩ ʟʘʣʝʞʴʶ. ɺ ʪʦʞʝ  ʚʨʝʤʷ ʩʝʨʦʚʦʜʦʨʦʜʥʦ-

ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʚʦʙʦʜʥʳʭ ʛʘʟʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʘʨʙʦʥʘʪʘʤʠ 

ʛʘʟʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʛʨʝʩʩʠʚʥʦʤʫ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ 

ʢʦʣʣʝʢʪʦʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʙʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜʳ ʦ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʜ 

ʚ ʟʦʥʝ ɻɺʂ ʠ ʥʠʞʝ. ɺ ʧʨʝʜʝʣʘʭ ʢʦʥʪʫʨʘ ʟʘʣʝʞʠ ʜʝʙʠʪʳ ʧʦʜʦʰʚʝʥʥʳʭ ʚʦʜ ʤʝʥʷʶʪʩʷ ʦʪ 2,2 

ʤ3/ʩʫʪ ʜʦ 4,5-4,8 ʤ3/ʩʫʪ. ɿʘ ʚʥʝʰʥʠʤ ʢʦʥʪʫʨʦʤ ʟʘʣʝʞʠ ʜʝʙʠʪʳ ʢʨʘʝʚʳʭ ʚʦʜ ʜʦʩʪʠʛʘʣʠ 6,4 

ʤ3/ʩʫʪ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʥʘʧʦʨʥʦʛʦ ʨʝʞʠʤʘ ʚ 

ʟʘʣʝʞʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʜʨʝʥʠʨʫʶʪʩʷ ʛʘʟʦʥʦʩʥʳʝ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʝ ʧʣʘʩʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʘʟʨʝʟʘ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʠʟʦʪʨʦʧʥʳʭ ʫʯʘʩʪʢʦʚ ʢʦʣʣʝʢʪʦʨʦʚ ʚʦʟʤʦʞʝʥ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʨʳʚ ʚʦʜʳ 

ʚ ʟʘʣʝʞʴ ʙʣʘʛʦʜʘʨʷ ʚʪʦʨʠʯʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʚ ʚʠʜʝ ʤʠʢʨʦʪʨʝʱʠʥ. ʀʟ-ʟʘ ʨʘʟʚʠʪʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʝʪʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʨʝʱʠʥ ʚʥʫʪʨʠ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ  ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʦʙʚʦʜʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʮʝʥʪʨʘʣʴʥʳʭ. 

ʉʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʦʙʚʦʜʥʝʥʠʝʤ ʩʢʚʘʞʠʥ ʥʘ ɸɻʂʄ ï ʠʭ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʦʩʪʘʥʦʚʢʠ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʘ ʚʦʟʤʦʞʥʦ ʤʠʥʠʤʘʣʴʥʳʭ ʜʝʙʠʪʘʭ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʜʪʷʛʠʚʘʥʠʷ ʧʦʜʦʰʚʝʥʥʦʡ 

ʚʦʜʳ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠʤʝʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʦʙʚʦʜʥʝʥʥʳʭ 

ʩʢʚʘʞʠʥ. ɺ ʦʙʚʦʜʥʝʥʥʳʭ ʩʢʚʘʞʠʥʘʭ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʨʦʚʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʦʮʝʥʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʅʂʊ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʬʠʣʷ ʧʨʠʪʦʢʘ ʧʣʘʩʪʦʚʦʛʦ ʬʣʶʠʜʘ ʚ ʩʢʚʘʞʠʥʫ; ʚʳʷʚʣʝʥʠʝ ʫʯʘʩʪʢʦʚ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ. 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ 

ʩʢʚʘʞʠʥʘʤʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʟʚʝʥʴʝʚ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʠ ʚ ʧʣʘʥʝ ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ï 

ʜʠʘʛʥʦʩʪʠʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʅʂʊ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ. ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʧʨʦʬʠʣʷ ʧʨʠʪʦʢʘ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʪʝʨʤʦʤʝʪʨʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʩʪʘʥʦʚʣʝʥʥʦʡ ʠ 

ʜʝʡʩʪʚʫʶʱʝʡ ʩʢʚʘʞʠʥʝ.  ʊʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠʤʝʶʱʠʭʩʷ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ: ʢʨʠʚʘʷ 

ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʅɻʂ ʠ ɸʂ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʚʝʣʠʯʠʥʘʤʠ ʧʦʨʠʩʪʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʧʦ ʟʘʤʝʨʘʤ ʅʅʂ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ɻʂʄ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʧʣʘʩʪʦʚʳʤ ʚʦʜʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀʟ ʚʩʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʬʦʥʜʘ ʩʢʚʘʞʠʥ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʩʢʚʘʞʠʥʳ: ʨʘʙʦʪʘʶʱʠʝ ʩ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʚʦʜʦʡ; ʩ ʧʨʠʟʥʘʢʘʤʠ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ; ʩ ʧʣʘʩʪʦʚʦʡ 

ʚʦʜʦʡ. ʕʪʠ ʠ ʜʨʫʛʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 
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ɺʘʩʠʣʴʝʚʘ ʅ.ɸ.1, ʗʢʫʙʦʚʠʯ ʆ.ɺ.1,2 

1 ʀʥʩʪʠʪʫʪ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʉʇʙɻʋ, ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʙ. ʜ. 7/9, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 199034, 

nadezda.vasv@gmail.com 
2 ʀɻɻɼ ʈɸʅ, ʥʘʙ. ʄʘʢʘʨʦʚʘ ʜ.2, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 199034 

ɺʚʝʜʝʥʠʝ. ʇʠʨʠʪ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʠʥʝʨʘʣʦʤ ʜʣʷ ʜʘʪʠʨʦʚʘʥʠʷ U-Th-He ʤʝʪʦʜʦʤ 

(Yakubovich et al., 2020). ʉʦʭʨʘʥʥʦʩʪʴ ʛʝʣʠʷ ʚ ʜʨʫʛʠʭ ʠʟʫʯʝʥʥʳʭ ʩʫʣʴʬʠʜʘʭ ʠ ʩʫʣʴʬʦʩʦʣʷʭ: 

ʧʠʨʨʦʪʠʥ, ʙʦʨʥʠʪ, ʪʝʥʥʘʥʪʠʪ, ʩʬʘʣʝʨʠʪ ʠ ʪʝʪʨʘʵʜʨʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (ʗʢʫʙʦʚʠʯ ʠ ʜʨ., 2019). 

ɿʘʜʘʯʘ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʥʷʪʴ ʧʨʠʤʝʥʠʤ ʣʠ ʘʨʩʝʥʦʧʠʨʠʪ ʜʣʷ ʜʘʪʠʨʦʚʘʥʠʷ U-Th-He 

ʤʝʪʦʜʦʤ ʠʟʦʪʦʧʥʦʡ ʛʝʦʭʨʦʥʦʣʦʛʠʠ. ʀʥʪʝʨʝʩ ʢ ʵʪʦʤʫ ʤʠʥʝʨʘʣʫ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʳʤ ʩʧʫʪʥʠʢʦʤ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʠ, ʢʘʢ ʠ ʧʠʨʠʪ ʯʘʩʪʦ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʴ ʫʨʘʥʘ 

(ɹʘʨʘʥʦʚ, ɺʝʨʪʝʧʦʚ, 1966). ɺ ʦʩʥʦʚʝ U-Th-He ʤʝʪʦʜʘ ʣʝʞʠʪ a-ʨʘʩʧʘʜ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʨʘʜʠʦʛʝʥʥʦʛʦ 4ὌὩ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ 238Ὗ, 235Ὗ, 232Ὕh, ʘ ʪʘʢʞʝ ʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʜʦʯʝʨʥʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚ ʮʝʧʠ ʨʘʩʧʘʜʘ (Rutherford, 1907). ɻʝʣʠʡ ï ʦʯʝʥʴ ʧʦʜʚʠʞʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʜʘʞʝ 

ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʠʥʘʝʪ ʧʦʩʪʝʧʝʥʥʦ ʠʣʠ ʨʝʟʢʦ ʚʳʜʝʣʷʪʩʷ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʥʷʪʴ ʧʨʠʤʝʥʠʤ ʣʠ ʘʨʩʝʥʦʧʠʨʠʪ ʜʣʷ ʜʘʪʠʨʦʚʘʥʠʷ U- Th- He 
ʤʝʪʦʜʦʤ. ɿʘʜʘʯʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʠ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʠʛʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʛʝʣʠʷ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ, ʠʟʤʝʨʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʜʠʦʛʝʥʥʦʛʦ ʛʝʣʠʷ, ʩʦʧʦʩʪʘʚʠʪʴ ʠʟʤʝʨʝʥʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʜʠʦʛʝʥʥʦʛʦ ʛʝʣʠʷ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʟʘʭʚʘʯʝʥʥʦʛʦ 

(çʧʝʨʚʠʯʥʦʛʦè) ʛʝʣʠʷ ʚ ʩʫʣʴʬʠʜʘʭ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ 4 ʦʙʨʘʟʮʘ 

ʘʨʩʝʥʦʧʠʨʠʪʘ ʥʘʚʝʩʢʘʤʠ ʦʪ 0,5 ʜʦ 1,2 ʤʛ ʠʟ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʣʠʤʧʠʘʜʘ, 

ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ, ʠ 1 ʦʙʨʘʟʝʮ ʥʘʚʝʩʢʦʡ 2,0 ʤʛ ʠʟ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʪʘʣʢʘ, ʗʥʦ-

ʂʦʣʳʤʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʩʠʩʪʝʤʘ.  

ɸʨʩʝʥʦʧʠʨʠʪ ï ʤʠʥʝʨʘʣ ʩʣʦʞʥʳʭ ʩʫʣʴʬʠʜʦʚ ʛʨʫʧʧʳ ʘʨʩʝʥʦʧʠʨʠʪʘ. ʂʘʞʜʳʡ ʘʪʦʤ Fe 

ʦʢʨʫʞʝʥ ʪʨʝʤʷ ʘʪʦʤʘʤʠ S ʠ ʪʨʝʤʷ ʘʪʦʤʘʤʠ As, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʚʝʨʰʠʥʘʤ ʠʩʢʘʞʝʥʥʦʛʦ 

ʦʢʪʘʵʜʨʘ. ɸʪʦʤʳ As ʦʢʨʫʞʝʥʳ ʧʦ ʚʝʨʰʠʥʘʤ ʠʩʢʘʞʝʥʥʳʭ ʪʝʪʨʘʵʜʨʦʚ ʪʨʝʤʷ Fe ʠ ʦʜʥʠʤ S, 

ʘʪʦʤʳ S ï ʧʦ ʚʝʨʰʠʥʘʤ ʪʝʪʨʘʵʜʨʦʚ ʪʨʝʤʷ Fe ʠ ʦʜʥʠʤ As. S ʠ As ʩʚʷʟʘʥʳ ʚ ʨʘʜʠʢʘʣʳ ʚ ʨʘʜʠʢʘʣʳ 

SïAs ʩ ʚʝʩʴʤʘ ʫʢʦʨʦʯʝʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ S ï As, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʥʠʤʠ (ɹʝʪʝʭʪʠʥ, 2007). 

ɸʨʩʝʥʦʧʠʨʠʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʤʳʰʴʷʢʘ ʚ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ɺ ʪʠʧʠʯʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ, ʞʠʣʴʥʳʭ ʠ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʥ ʚʳʜʝʣʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʩʪʘʜʠʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ (ɹʦʥʰʪʝʜʪ-ʂʫʧʣʝʪʩʢʘʷ, ʏʫʭʨʦʚ, 1960).  

ʋʨʘʥ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ʵʣʝʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʦʡ ʤʠʛʨʘʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʆʢʠʩʣʝʥʥʳʡ ʜʦ ʰʝʩʪʠʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʨʘʥ ʣʝʛʢʦ ʧʝʨʝʭʦʜʠʪ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ. ɺʤʝʩʪʝ ʩ ʫʨʘʥʦʤ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʠʪ ʯʘʩʪʴ 

ʩʫʣʴʬʠʜʦʚ ʤʦʣʠʙʜʝʥʘ, ʞʝʣʝʟʘ, ʟʦʣʦʪʦ ʠ ʢʨʝʤʥʠʝʚʘʷ ʢʠʩʣʦʪʘ ʚ ʚʠʜʝ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ɼʚʠʛʘʷʩʴ ʧʦ ʪʨʝʱʠʥʘʤ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʧʦʩʪʫʧʘʶʪ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʧʦʩʪʝʧʝʥʥʦ ʦʭʣʘʞʜʘʶʪʩʷ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʩʥʠʞʘʶʱʝʛʦʩʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʠʟ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʩʘʞʜʘʶʪʩʷ ʢʚʘʨʮ ï 3É/, ʧʠʨʠʪ ï &Å3, ʘʨʩʝʥʦʧʠʨʠʪ FeAsS, 
ʥʘʩʪʫʨʘʥ x5/ y5/, ʤʦʣʠʙʜʝʥʠʪ ï -Ï3, ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ. ʆʥʠ ʧʦʩʪʝʧʝʥʥʦ ʟʘʧʦʣʥʷʶʪ 
ʪʨʝʱʠʥʳ, ʦʙʨʘʟʫʷ ʞʠʣʳ (ʊʫʨʘʝʚ, ɾʝʨʠʥ, 2005).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʢʨʦʨʘʜʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʦʝ (ʙʦʣʝʝ 

0,01%) ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʚ ʩʫʣʴʬʠʜʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ ʫʨʘʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ 

(ʦʢʠʩʣʦʚ ʫʨʘʥʘ). ɺ ʩʫʣʴʬʠʜʘʭ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ (ʤʝʥʝʝ 0,01%) 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʩʝʷʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʘʥʘ. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʘʜʩʦʨʙʮʠʝʡ ʫʨʘʥʘ ʩʫʣʴʬʠʜʘʤʠ ʚʦ ʚʨʝʤʷ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʥʝ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʫʨʘʥʘ ʚ ʨʝʰʝʪʢʝ ʩʫʣʴʬʠʜʦʚ (ɹʘʨʘʥʦʚ, ɺʝʨʪʝʧʦʚ, 1966). ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʧʨʦʙʝʛʘ a-ʯʘʩʪʠʮʳ ʧʨʠ 

ʨʘʩʧʘʜʝ ʫʨʘʥʘ, ʪʦʨʠʷ ʠ ʯʣʝʥʦʚ ʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʩʝʤʝʡʩʪʚ ʩʦʩʪʘʚʣʷʝʪ ~15 ʤʢʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 
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ʯʪʦ ʚʝʩʴ ʛʝʣʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʷʭ, ʠʤʧʣʘʥʪʠʨʫʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ çʚʤʝʱʘʶʱʝʛʦè ʵʪʦʛʦ ʚʢʣʶʯʝʥʠʝ ʘʨʩʝʥʦʧʠʨʠʪʘ. 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʠʛʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʄʉʋ-ɻ-01-ʄ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ 4ʅʝ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʩʪʫʧʝʥʯʘʪʳʡ ʦʪʞʠʛ. ɽʛʦ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʚʳʜʝʣʷʶʱʝʛʦʩʷ 

ʛʝʣʠʷ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʨʝʤʷ ʦʪʞʠʛʘ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʙʳʣʦ 

ʧʦʩʪʦʷʥʥʳʤ ʠ ʩʦʩʪʘʚʣʷʣʦ 350 ʩʝʢ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʩʯʠʪʳʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ 

ʠʤʧʫʣʴʩʦʚ ʠ ʨʠʩʦʚʘʣʘʩʴ ʜʠʘʛʨʘʤʤʘ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚ. 

ʈʠʩ. 1. ʂʠʥʝʪʠʢʘ ʚʳʜʝʣʝʥʠʷ ʛʝʣʠʷ ʠʟ ʘʨʩʝʥʦʧʠʨʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʆʣʠʤʧʠʘʜʘ (ʦʙʨ. 1, 2) ʠ ʅʘʪʘʣʢʠʥʩʢʦʝ (ʦʙʨ.3). 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʢʠʥʝʪʠʢʠ ʚʳʜʝʣʝʥʠʷ ʨʘʜʠʦʛʝʥʥʦʛʦ ʛʝʣʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ɸʨʨʝʥʠʫʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʪʝ ʩʪʫʧʝʥʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʛʝʣʠʷ ʙʳʣʦ ʥʘʜʝʞʥʦ ʠʟʤʝʨʝʥʦ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʩʪʨʦʠʣʠʩʴ ʢʨʠʚʳʝ ʢʠʥʝʪʠʢʠ ʚʳʜʝʣʝʥʠʷ ʨʘʜʠʦʛʝʥʥʦʛʦ ʛʝʣʠʷ ʠʟ 

ʘʨʩʝʥʦʧʠʨʠʪʘ (ʨʠʩ. 1) ʠ ʛʨʘʬʠʢ ɸʨʨʝʥʠʫʩʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ὰὲὰὲὌὩȾὌὩ ʠ 1/T (ʨʠʩ. 2). 

ʇʝʨʝʭʦʜ ʦʪ ʛʨʘʬʠʢʘ ʪʝʨʤʦʜʝʩʦʨʙʮʠʠ ʢ ʛʨʘʬʠʢʫ ɸʨʨʝʥʠʫʩʘ ʩʦʩʪʦʷʣ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. 

ὰὲὰὲ ὰὲὯ ὰὲὸ , 
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ʛʜʝ k0 ï ʯʘʩʪʦʪʥʳʡ ʬʘʢʪʦʨ, E ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʤʠʛʨʘʮʠʠ, R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʊ ï 

ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʅʝ0 ï ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʛʝʣʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʜʥʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ, ʅʝt ï ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʘʪʦʤʦʚ 

ʛʝʣʠʷ ʠʟ ʜʘʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ, t ʚʨʝʤʷ ʦʪʞʠʛʘ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ (Shukolyukov 

et al., 2009). 

ʕʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʬʦʨʤʫʣʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʙ ʦʜʥʦʩʢʘʯʢʦʚʦʡ ʤʦʜʝʣʠ 

ʤʠʛʨʘʮʠʠ ʛʝʣʠʷ. ɼʦʤʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʛʜʝ ʦʙʨʘʟʫʝʪʩʷ 

ʘʪʦʤ ʨʘʜʠʦʛʝʥʥʦʛʦ ʠʟʦʪʦʧʘ, ʷʚʣʷʝʪʩʷ ʥʘʩʪʦʣʴʢʦ ʜʝʬʝʢʪʥʳʤ, ʯʪʦ ʜʣʷ ʤʠʛʨʠʨʫʶʱʝʛʦ ʘʪʦʤʘ 

ʜʦʩʪʘʪʦʯʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʦʜʠʥ ʧʨʳʞʦʢ, ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʚ ʧʦʜʚʠʞʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʀʟ-ʟʘ ʵʪʦʛʦ 

ʧʦʚʝʜʝʥʠʝ ʤʠʛʨʠʨʫʶʱʝʛʦ ʨʘʜʠʦʛʝʥʥʦʛʦ ʘʪʦʤʘ ʬʦʨʤʘʣʴʥʦ ʘʥʘʣʦʛʠʯʥʦ ʧʦʚʝʜʝʥʠʶ ʘʪʦʤʦʚ ʚʦ 

ʚʨʝʤʷ ʧʨʦʩʪʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ (Shukolyukov et al., 2009). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʦ ʛʨʘʬʠʢʫ ʪʝʨʤʦʜʝʩʦʨʙʮʠʠ (ʨʠʩ. 1) ʚʠʜʥʦ, ʯʪʦ ʧʠʢʠ 

ʦʜʠʥʘʢʦʚʳʭ ʦʪʞʠʛʦʚ ʘʨʩʝʥʦʧʠʨʠʪʘ ʠʟ ʦʙʦʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʛʝʣʠʷ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600-700ᴈ, ʢʦʛʜʘ ʘʨʩʝʥʦʧʠʨʠʪ 
ʥʘʯʠʥʘʝʪ ʨʘʩʧʘʜʘʪʴʩʷ ʥʘ ʧʠʨʨʦʪʠʥ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʳ ʠ ʤʳʰʴʷʢ ʠʣʠ ʥʘ ʧʠʨʠʪ 

ʠ ʣʝʣʣʠʥʛʠʪ (ɹʦʥʰʪʝʜʪ-ʂʫʧʣʝʪʩʢʘʷ, ʏʫʭʨʦʚ, 1960). 

ʄʝʥʴʰʠʝ ʧʠʢʠ (ʨʠʩ. 1), ʚʝʨʦʷʪʥʦ, ʫʢʘʟʳʚʘʶʪ ʣʠʙʦ ʥʘ ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʣʠʙʦ ʥʘ 

ʚʢʣʶʯʝʥʠʷ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʦʙʨʘʟʮʝ, ʥʘʧʨʠʤʝʨ, ʩʪʠʙʥʠʪʘ, ʙʘʨʴʝʨʠʪʘ, ʚʢʣʶʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʦʧʠʩʘʥʳ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʣʠʤʧʠʘʜʘ. ʂʦʩʚʝʥʥʦ ʩʚʷʟʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʠʢʘ ʜʣʷ ʨʷʜʘ ʦʙʨʘʟʮʦʚ ʩ ʛʘʟʦʚʦ-ʞʠʜʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʘʤʝʨʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʢʦʪʦʨʘʷ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʨʦʩʪʝ ʢʦʣʠʯʝʩʪʚʘ 

ʠʦʥʘ HD, ʠʤʝʶʱʠʤ ʤʘʩʩʫ 3. 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʘʜʠʦʛʝʥʥʦʛʦ ʛʝʣʠʷ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʣʠʤʧʠʘʜʘ  ͯ

80 ʢʢʘʣ/ʤʦʣʴ, ʯʘʩʪʦʪʥʳʡ ʬʘʢʪʦʨ  ͯ1,6 ρπ ̒ . ʄʠʛʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʜʠʦʛʝʥʥʦʛʦ 
ʛʝʣʠʷ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʪʘʣʢʘ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ: ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ï 152 ʢʢʘʣ/ʤʦʣʴ, ʯʘʩʪʦʪʥʳʡ ʬʘʢʪʦʨ ï 2,1 ρπ ̒ . ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʛʥʦʟʠʨʫʶʪ ʚʳʩʦʢʫʶ ʩʦʭʨʘʥʥʦʩʪʴ ʨʘʜʠʦʛʝʥʥʦʛʦ ʛʝʣʠʷ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʟʤʝʨʝʥʥʦʛʦ ʨʘʜʠʦʛʝʥʥʦʛʦ ʛʝʣʠʷ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ ʠʟ ʆʣʠʤʧʠʘʜʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʘʨʴʠʨʫʶʪ: (1,2-15,6) ρπ (̒̍ὌὩȾ̄), ʠʟ ʅʘʪʘʣʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: 

0,016 ρπ (̒̍ὌὩȾ̄). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʚʠʯʥʦʛʦ ʛʝʣʠʷ ʚ ʩʫʣʴʬʠʜʘʭ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʯʝʨʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ ρπ ̒ /̍ʛ (Stuart et al., 1994).  ʆʥʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʬʣʶʠʜʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʝʩʪʴ ʛʝʣʠʡ. ʇʦʣʫʯʘʝʪʩʷ, ʚ 

ʘʨʩʝʥʦʧʠʨʠʪʝ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʣʠʤʧʠʘʜʘ ʚ 1000 ʨʘʟ ʨʘʜʠʦʛʝʥʥʦʛʦ ʛʝʣʠʷ ʙʦʣʴʰʝ, ʯʝʤ 

ʟʘʭʚʘʯʝʥʥʦʛʦ (çʧʝʨʚʠʯʥʦʛʦè). ɿʥʘʯʠʪ, ʚʝʨʦʷʪʥʦ, ʚʢʣʘʜʦʤ ʟʘʭʚʘʯʝʥʥʦʛʦ ʛʝʣʠʷ ʚ ʥʝʤ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. 

ɺʳʚʦʜʳ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʦʛʝʥʥʦʛʦ ʛʝʣʠʷ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʥʘʜʝʞʥʦʛʦ 

U-Th-He ʜʘʪʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʩʪʫʧʝʥʯʘʪʦʛʦ ʦʪʞʠʛʘ ʧʨʦʛʥʦʟʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʦʭʨʘʥʥʦʩʪʴ ʛʝʣʠʷ ʚ ʵʪʦʤ ʤʠʥʝʨʘʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʨʩʝʥʦʧʠʨʠʪ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʠʥʝʨʘʣʦʤ ʜʣʷ U-Th-He ʜʘʪʠʨʦʚʘʥʠʷ. 
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ʇʦʟʜʥʷʷ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʄʝʡʝʨʩʢʦʡ ʥʘʜʚʠʛʦʚʦʡ ʟʦʥʳ ʉʝʚʝʨʥʦʛʦ ʇʨʠʣʘʜʦʞʴʷ: 

ʨʝʩʪʘʚʨʘʮʠʷ ʈʊ-ʫʩʣʦʚʠʡ ʧʦ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʠ 

ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʦʡ-(ʤʫʩʢʦʚʠʪ)-ʧʣʘʛʠʦʢʣʘʟ-ʢʚʘʨʮʝʚʦʡ ʛʝʦʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ 

ɺʠʚʜʠʯ ʕ.ʉ.1, ɹʘʣʪʳʙʘʝʚ ʐ.ʂ.2 
1 ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, emily.vivdich@yandex.ru 
2ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈɸʅ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʇʨʠʣʘʜʦʞʴʷ ʦʙʥʘʞʘʶʪʩʷ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʠ 

ʧʣʫʪʦʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ ʨʘʟʨʝʟʳ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʠ ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʪʦʣʱ, 

ʛʜʝ ʧʝʨʚʳʝ, ʢ ʶʛʫ, ʶʛʦ-ʟʘʧʘʜʫ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʉʚʝʢʦʬʝʥʥʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ (ʉʇʇ), ʘ 

ʚʪʦʨʳʝ ï ʚ ʩʪʨʫʢʪʫʨʳ ʂʘʨʝʣʴʩʢʦʛʦ ʢʨʘʪʦʥʘ (ʂʂ), ʟʘʥʠʤʘʶʱʠʝ ʦʙʰʠʨʥʳʝ ʧʣʦʱʘʜʠ ʢ ʩʝʚʝʨʫ ʠ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʩʦʯʣʝʥʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʠ ʘʨʭʝʡ-

ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʪʦʣʱ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʘʜʚʠʛʦʚʘʷ ʟʦʥʘ, ʧʦʣʫʯʠʚʰʘʷ ʥʘʟʚʘʥʠʝ ʄʝʡʝʨʩʢʦʡ 

(ɹʘʣʪʳʙʘʝʚ ʠ ʜʨ., 1996; 2000). ʆʥʘ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʚ ʩʫʙʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 

40 ʢʤ ʧʨʠ ʰʠʨʠʥʝ ʦʢʦʣʦ 20 ʢʤ ʠ ʤʦʱʥʦʩʪʠ 6-8 ʢʤ (ʨʠʩ. 1).  

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʄʝʡʝʨʩʢʦʡ ʟʦʥʳ (ʄɿ), ʚ ʪʦʣʱʘʭ ʘʚʪʦʭʪʦʥʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʘʡʤʣʝʥʥʳʝ 

ʛʥʝʡʩʦʚʳʝ ʢʫʧʦʣʘ (ʍʘʚʫʩ, ɺʫʦʨʠʦ ʠ ʪ.ʧ.), ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʶʞʥʝʝ, ʥʘ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ 

ʉʚʝʢʦʬʝʥʥʩʢʦʛʦ ʧʦʷʩʘ. ʅʘʣʠʯʠʝ ʘʨʭʝʡʩʢʠʭ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚ ʚ ʵʪʠʭ ʢʫʧʦʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʚʳʜʝʣʷʶʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʢʘʨʪʠʨʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʧʨʦʚʝʩʪʠ ʶʛʦ-ʟʘʧʘʜʥʫ  ʁʛʨʘʥʠʮʫ ʂʘʨʝʣʴʩʢʦʛʦ ʢʨʘʪʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦʝ 

ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʄɿ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ 

ʩʦʯʣʝʥʝʥʠʷ ʜʚʫʭ ʢʨʫʧʥʳʭ ʩʪʨʫʢʪʫʨ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ: ʦʢʨʘʠʥʥʳʭ ʟʦʥ ʉʇʇ ʠ ʂʂ.  

ɺ ʢʨʫʛ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʠʣʠ: ʘ) ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʦʨʦʜ (ʛʨʘʥʘʪ-

ʩʣʶʜʠʩʪʳʭ ʛʥʝʡʩʦʚ) ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʙʣʦʢʦʚ ʄɿ, ʙ) ʚʳʙʦʨ çʩʢʚʦʟʥʳʭè 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʧʘʨʘʛʝʥʝʟʠʩʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦ 

ʈʊ-ʨʝʞʠʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ, ʚ) ʚʳʙʦʨ ʪʝʨʤʦʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɺʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʝʩʪʘʚʨʘʮʠʶ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʄʝʡʝʨʩʢʦʡ 

ʥʘʜʚʠʛʦʚʦʡ ʟʦʥʳ, ʠʣʠ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʘ ʚʳʷʩʥʝʥʠʝ ʪʝʢʪʦʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ 

ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ ʉʇʇ ʠ ʂʂ. 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʘʣʣʦʭʪʦʥʥʦʤ ʠ ʘʚʪʦʭʪʦʥʥʦʤ ʙʣʦʢʘʭ 

ʠʟʫʯʝʥʥʦʡ ʄɿ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʡ ʠ ʛʨʘʥʘʪ-ʜʚʫʩʣʶʜʷʥʦʡ ʤʠʥʝʨʘʣʴʥʳʡ 

ʧʘʨʘʛʝʥʝʟʠʩʳ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ (2015 ʛʦʜ) ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʠ ʙʘʨʦʤʝʪʨʠʠ 

ʜʣʷ ʪʘʢʠʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ, ʦʥʠ ʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʨʝʩʪʘʚʨʘʮʠʠ ʈʊ-ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʦʜ 

ʥʘʜʚʠʛʦʚʦʡ ʟʦʥʳ. 

ʄʠʥʝʨʘʣʴʥʳʝ ʪʝʨʤʦʤʝʪʨʳ ʠ ʙʘʨʦʤʝʪʨʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʦʢʦʣʦ 30 

ʚʝʨʩʠʡ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʝʨʩʠʷ Holdaway (2000) ʜʘʝʪ 

ʥʘʠʤʝʥʴʰʫʶ ʘʙʩʦʣʶʪʥʫʶ ʦʰʠʙʢʫ (Ñ25ÁC) ʧʨʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ Ferry, Spear (1978) ʠ Perchuk, Lavrentôeva (1983) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ 550 ʜʦ 950Áʉ.  

ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʛʨʘʥʘʪ-ʘʣʤʁʦʩʠʣʠʢʘʪ-ʧʣʘʛʠʦʢʣʘʟ-ʢʚʘʨʮʝʚʦʛʦ (GASP) 

ʙʘʨʦʤʝʪʨʘ (Holdaway, 2001) ʦʮʝʥʠʚʘʝʪʩʷ ʚ Ñ0.8 ʢʙʘʨ ʧʨʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʮʝʥʝʥʥʳʭ ʜʘʚʣʝʥʠʡ (Hays, 1966; Hariya & Kennedy, 1968; Goldsmith, 1980; Gasparik, 1984; 

Koziol & Newton, 1988).  

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʪʝʨʤʦʤʝʪʨ (Holdaway, 2000) ʠ GASP ʙʘʨʦʤʝʪʨ (Holdaway, 2001) ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥ r ɺʫ ʩ ʢʦʣʣʝʛʘʤʠ (Wu et al., 2004) ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-

ʧʣʘʛʠʦʢʣʘʟ-ʢʚʘʨʮʝʚʦʛʦ (GBPQ) ʠ ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-ʤʫʩʢʦʚʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʦʛʦ (GBMP) (Wu, 

2014) ʙʘʨʦʤʝʪʨʦʚ. 
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ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʘ ʄʝʡʝʨʩʢʦʡ ʥʘʜʚʠʛʦʚʦʡ ʟʦʥʳ (ʚʨʝʟʢʘ) ʠ ʤʝʩʪʘ ʦʪʙʦʨʘ ʤʫʩʢʦʚʠʪʦʚʳʭ ʠ 

ʙʝʟʤʫʩʢʦʚʠʪʦʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ. ʖɼ, ʉɼ ï ʖʞʥʳʡ ʠ ʉʝʚʝʨʥʳʡ ʜʦʤʝʥʳ (ɹʘʣʪʳʙʘʝʚ ʠ ʜʨ., 2000). 1 

ï ʂʘʨʝʣʴʩʢʠʡ ʢʨʘʪʦʥ, 2 ï ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʠʢʨʘʪʦʥʥʦʡ ʟʦʥʳ (ʦʢʨʘʠʥʘ ʂʂ), 3 ï 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʨʦʜʳ ʉʚʝʢʦʬʝʥʥʩʢʦʛʦ ʧʦʷʩʘ, 4 ï ʛʨʘʥʠʪʳ-ʨʘʧʘʢʠʚʠ, 5 ï ʧʦʣʦʞʝʥʠʝ ʰʦʚʥʦʡ ʟʦʥʳ 

(ʩʤʝʩʪʠʪʝʣʷ) ʄʝʡʝʨʩʢʦʛʦ ʥʘʜʚʠʛʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ GBPQ ʠ GBMP ʛʝʦʙʘʨʦʤʝʪʨʳ ʦʩʥʦʚʘʥʳ ʥʘ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʘʢʮʠʷʭ 

ʙʝʟ ʫʯʘʩʪʠʷ ʩʠʣʠʢʘʪʦʚ ʘʣʶʤʠʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʙʘʨʦʤʝʪʨʳ ʧʨʠʤʝʥʷʶʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʚ ʤʝʪʘʧʝʣʠʪʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʩʠʣʠʢʘʪʳ ʘʣʶʤʠʥʠʷ (ʩʠʣʣʠʤʘʥʠʪ, ʘʥʜʘʣʫʟʠʪ ʠʣʠ ʢʠʘʥʠʪ) ʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʛʨʘʥʘʪ-Al-ʩʠʣʠʢʘʪ-ʧʣʘʛʠʦʢʣʘʟ-ʢʚʘʨʮʝʚʳʡ (GASP) ʙʘʨʦʤʝʪʨ 

(Holdaway, 2001) ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ. 

GBPQ ʙʘʨʦʤʝʪʨ ʦʩʥʦʚʘʥ ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʷʭ Mg ʠ Fe ʨʘʚʥʦʚʝʩʠʷ (Hoisch, 1990, 

1991): 

ὓὫὃὰὛὭὕ ςὅὥὃὰὛὭὕ σὑὓὫὃὰὛὭὃὰὕ ὕὌ φὛὭὕ
 φὅὥὃὰὛὭὕ σὑὓὫὃὰὛὭὕ ὕὌ  (1) 

ὊὩὃὰὛὭὕ ςὅὥὃὰὛὭὕ σὑὊὩὃὰὛὭὃὰὕ ὕὌ φὛὭὕ
 φὅὥὃὰὛὭὕ  σὑὊὩὃὰὛὭὕ ὕὌ  (2) 

ɼʣʷ ʙʘʨʦʤʝʪʨʘ GBPQ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴ çʩʨʝʜʥʝʛʦè ʛʨʘʥʘʪʘ (Holdaway, 2000), ʢʦʪʦʨʘʷ 

ʚʳʚʝʜʝʥʘ ʧʦ ʤʦʜʝʣʷʤ ʘʢʪʠʚʥʦʩʪʠ ʛʨʘʥʘʪʘ Berman, Aranovich (1996), Ganguly et al. (1996) ʠ 

Mukhopadhyay et al. (1997). ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ ʛʨʦʩʩʫʣʷʨʘ, ʧʠʨʦʧʘ ʠ ʘʣʴʤʘʥʜʠʥʘ ʚ 

ʛʨʘʥʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʠʨʦʚʢʠ Mukhopadhyay et al. (1993), ʧʨʠʥʷʪʦʡ 

Holdaway (2000, 2001), ʘ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʛʠʦʢʣʘʟʘ ʧʦ (Fuhrman & Lindsley, 1988). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ ʬʣʦʛʦʧʠʪʘ, ʠʩʪʦʥʠʪʘ, ʘʥʥʠʪʘ ʠ ʩʠʜʝʨʦʬʠʣʣʠʪʘ ʚ ʙʠʦʪʠʪʝ ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʦʚ ʄʘʨʛʫʣʝʩʘ ʜʣʷ ʥʝʠʜʝʘʣʴʥʦʛʦ ʩʤʝʰʝʥʠʷ ʚ ʙʠʦʪʠʪʝ, 

ʚʳʚʝʜʝʥʥʳʭ Holdaway (2000) ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ, ʠ ʩʦʛʣʘʩʥʦ 

ʤʦʜʝʣʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʯʝʪʚʝʨʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Mukhopadyay et al. (1993). 

ʋʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʝ-ʩʦʩʪʘʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʙʘʨʦʤʝʪʨʝ GBPQ, ʚʳʛʣʷʜʷʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὖρ ὦὥὶίρ πȢπψρφὊὦ ὓὫὦςὅὥὦ ςττυπȢχ τπȢςσψ Ὕὑ

υωςυφȢςὢ υρχσȢωὢ ὢ φσωσȢτὢ πȢπψρὝὑ Ὑ ὰὲὑ φὊὥ

ὓὫὥςὅὥὥχψψȢχὢ φὊὧὓὫὧςὅὥὧ (3) 
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ὖς ὦὥὶίρ πȢπψρφὊὦ ὊὩὦςὅὥὦ ρωψχρȢπ σπȢχυ Ὕὑ

φφφςςȢυὢ ὢ ρσφσȢρὢ χτχπτȢςὢ πȢπψρὝὑ Ὑ ὰὲὑ φὊὥ

ὊὩὥςὅὥὥψτπȢωὢ υςȢςὢ ψτπȢωὢ ρρρρȢςὢ φὊὧ ὊὩὧςὅὥὧ (4) 

ʛʜʝ Caa, Cab, Cac, Fea, Feb, Fec, Mga, Mgb ʠ Mgc ʷʚʣʷʶʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ 

ʜʣʷ ʢʦʥʝʯʥʳʭ ʯʣʝʥʦʚ ʛʨʘʥʘʪʘ.  

ɹʘʨʦʤʝʪʨ GBPQ ʧʨʠʤʝʥʠʤ ʜʣʷ PT ʫʩʣʦʚʠʡ 1.0 ï11.4 ʢʙʘʨ ʠ 515ï878ÁC ʜʣʷ ʤʝʪʘʧʝʣʠʪʦʚ 

ʩ ʜʠʘʧʘʟʦʥʦʤ ʩʦʩʪʘʚʦʚ ʤʠʥʝʨʘʣʦʚ Xgros> 3% ʚ ʛʨʘʥʘʪʝ, Xan> 17% ʚ ʧʣʘʛʠʦʢʣʘʟʝ ʠ 8 > 3% ʚ 

ʙʠʦʪʠʪʝ.  

ɹʘʨʦʤʝʪʨ GBMP ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʢʮʠʷʭ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʛʨʘʥʘʪʘ, 

ʙʠʦʪʠʪʘ, ʤʫʩʢʦʚʠʪʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ (Hodges & Crowley, 1985; Hoisch, 1990):  

σὅὥὃὰὛὭὕ ὑὊὩὃὰὛὭὕ ὕὌ
ὊὩὃὰὛὭὕ  ὅὥὃὰὛὭὕ  ὑὃὰὃὰὛὭὕ ὕὌ  (5) 

σὅὥὃὰὛὭὕ ὑὓὫ ὃὰὛὭὕ ὕὌ
ὓὫὃὰὛὭὕ  ὅὥὃὰὛὭὕ  ὑὃὰὃὰὛὭὕ ὕὌ  (6) 

 ɺ ʦʩʥʦʚʫ GBMP ʙʘʨʦʤʝʪʨʘ ʧʦʣʦʞʝʥʳ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʩʪʠ ʛʨʘʥʘʪʘ ʠ ʩʣʶʜ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʜʣʷ GBPQ.  
ʋʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʝ-ʩʦʩʪʘʚ P(1) ʠ P(2), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʘʨʦʤʝʪʨʝ 

GBMP, ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὖρ ὦὥὶρ πȢρυρσὊὦ ὊὩὦὅὥὦ Ὕὑ ρχȢχυχπȢρυρὙ ὰὲὑ ὊὩὥ

ὅὥὥσὊὥ ρ ὢ σȢφψὢ ςσψȢυψυὢ σχπȢσωὢ υσωχȢρ ρ ὢ

ὢ ρσςππȢρὢ ρψωψωȢφὢ υρςςπȢσὢ ὢ πȢρυρὊὩὧὅὥὧσὊὧ ρ

ὢ υσσσȢπὢ ςπωψυπȢπὢ σρπωωπȢπὢ  (7) 

ὖς ὦὥὶρ πȢρυψσὊὦ ὓὫὦὅὥὦ Ὕὑ ρψȢρχυπȢρυψὙ ὰὲὑ ὓὫὥ

ὅὥὥσὊὥ σȢφψὢ ρ ὢ ςσψȢυψυὢ ὢ σχπȢσωὢ ὢ ςττȢρ ρ ὢ

ὢ ρσυυυȢςὢ ρτφωσȢσὢ τφτυρȢτὢ ὢ πȢρυψὓὫὧὅὥὧσὊὧ

ςπωψυπȢπὢ ὢ υσσσȢπὢ ρ ὢ σρπωωπȢπὢ ὢ  (8) 

ʛʜʝ Caa, Cab, Cac, Fea, Fb, Feb, Fc, Mga, Mgb ʠ Mgc ʷʚʣʷʶʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ 

ʜʣʷ ʢʦʥʝʯʥʳʭ ʯʣʝʥʦʚ ʛʨʘʥʘʪʘ.  

GBMP ʙʘʨʦʤʝʪʨ ʧʨʠʤʝʥʠʤ ʜʣʷ 1-14 ʢʙʘʨ ʠ 450-840ÜC. ʉʦʜʝʨʞʘʥʠʝ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ 

ʞʝʣʝʟʘ ʚ ʛʨʘʥʘʪʝ, ʙʠʦʪʠʪʝ ʠ ʤʫʩʢʦʚʠʪʝ ʩʦʩʪʘʚʣʷʝʪ 3 ʤʦʣ.%, 11.6 ʤʦʣ.% (Holdaway, 2000) ʠ 0 

ʤʦʣ.% ʦʪ ʦʙʱʝʛʦ ʞʝʣʝʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʛʨʝʰʥʦʩʪʴ ʙʘʨʦʤʝʪʨʘ GBMP ʦʮʝʥʠʚʘʝʪʩʷ ʚ Ñ1.2 

ʢʙʘʨ ʩ ʫʯʝʪʦʤ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʫʯʘʩʪʚʫʶʱʠʭ ʬʘʟ.  

ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ. ʊʝʨʤʦʙʘʨʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʠʣʠ ʚʳʚʠʪʴ 

ʈʊ-ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʠ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ (ʪʘʙʣ. 1). ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʫʩʢʦʚʠʪʩʦʜʝʨʞʘʱʠʝ ʧʘʨʘʛʝʥʝʟʠʩʳ, ʢʨʦʤʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʢ ʥʠʤ ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-ʤʫʩʢʦʚʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʦʛʦ (GBMP) ʙʘʨʦʤʝʪʨʘ (Wu, 2014), 

ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʪʣʠʯʘʶʱʠʝ ʠʭ ʦʪ 

ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʙʝʟ ʤʫʩʢʦʚʠʪʘ. ɼʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ ʜʘʚʣʝʥʠʡ ʵʪʠʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʦʛʨʘʥʠʯʝʥ 

ʠʥʪʝʨʚʘʣʘʤʠ 1.1-2.6 ʢʙʘʨ (GBPQ(a)), 0.9-3.2 ʢʙʘʨ (GBPQ(b)), 0.9-2.6 ʢʙʘʨ (GBMP(a)), 0.8-3.2 

ʢʙʘʨ (GBMP(b)) ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 500 ʜʦ 590Áʉ. ʀʥʳʤ ʦʙʨʘʟʦʤ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ 

ʙʝʟʤʫʩʢʦʚʠʪʦʚʳʤʠ ʧʘʨʘʛʝʥʝʟʠʩʘʤʠ. ʊʘʢ, ʠʥʪʝʨʚʘʣʳ ʜʠʘʧʘʟʦʥʘ ʜʘʚʣʝʥʠʡ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 

1.4-5.5 ʢʙʘʨ (GBPQ(a)) ʠ 1.1-5.8 ʢʙʘʨ (GBPQ(b)) ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 500-625Áʉ. 
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ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ ʧʦʨʦʜ ʄʝʡʝʨʩʢʦʡ ʟʦʥʳ 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ ʥʠʟʢʦʤ ʙʘʨʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (1-2 

ʢʙʘʨ) ʦʙʨʘʟʦʚʘʥʠʷ ʤʫʩʢʦʚʠʪʦʚʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ, ʯʪʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ 

ʥʘʙʣʶʜʝʥʠʷʤʠ: ʤʫʩʢʦʚʠʪ ʯʘʱʝ ʚʩʝʛʦ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʝʙʷ ʢʘʢ ʥʘʣʦʞʝʥʥʳʡ ʤʠʥʝʨʘʣ, 

ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʧʦʩʣʝ ʙʠʦʪʠʪʘ. ɹʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ (ʙʠʦʪʠʪʦʚʳʡ) ʧʘʨʘʛʝʥʝʟʠʩ 

ʛʥʝʡʩʦʚ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ (2-5 ʢʙʘʨ). ɺ ʮʝʣʦʤ, ʩʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʵʚʦʣʶʮʠʷ ʄɿ ʟʦʥʳ ʥʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ 

ʩʧʘʜʦʤ ʜʘʚʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʢʦʣʦ 500-600ʦʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʫʯʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʬʦʥʝ ʧʦʩʪʝʧʝʥʥʦʛʦ 

ʫʤʝʥʴʰʝʥʠʷ ʛʣʫʙʠʥʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪ 10-15 ʢʤ ʜʦ 3-6 ʢʤ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ɼ.ɺ. ɼʦʣʠʚʦ-ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ (ʀɻɻɼ ʈɸʅ) ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʥʘʙʦʨ ʛʝʦʪʝʨʤʦʙʘʨʦʤʝʪʨʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʝʛʦ ʧʨʦʛʨʘʤʤʝ 

PTQuick. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʪʝʤʳ ʅʀʈ ʀɻɻɼ ʈɸʅ (ˉ 132-2019-0013) 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ. 
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ɺʠʭʦʪʴ ɸ.ʅ. 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ, vikhot.anna@mail.ru 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʛʦʨʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ 

ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʆʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʠʙʨʘʮʠʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʝʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪ. ɺʠʙʨʘʮʠʦʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʬʫʥʜʘʤʝʥʪʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʟʳʚʘʝʪ ʜʝʬʦʨʤʘʮʠʠ 

ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʠ ʫʭʫʜʰʘʝʪ ʠʭ ʩʚʦʡʩʪʚʘ. ʊʘʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʝʭʘʥʠʢʝ ʛʨʫʥʪʦʚ ʷʚʣʷʶʪʩʷ 

ʛʣʘʚʥʦʡ ʬʦʨʤʦʡ ʨʘʟʨʫʰʝʥʠʷ. ʈʘʟʣʠʯʘʝʪʩʷ 3 ʬʘʟʳ ʠʟʤʝʥʝʥʠʡ ʛʨʫʥʪʦʚ: ʫʧʣʦʪʥʝʥʠʝ, ʩʜʚʠʛ ʠ 

ʨʘʟʨʫʰʝʥʠʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʉʳʢʪʳʚʢʘʨʘ ʫʧʣʦʪʥʝʥʠʝ ʚ ʛʨʫʥʪʘʭ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʠ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʫʩʢʦʨʝʥʠʷʭ ʚʠʙʨʘʮʠʠ 0,003g, ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ï ʧʨʠ 

0,016g, ʜʣʷ ʛʣʠʥ ʟʥʘʯʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ï 0,02g (ʃʶʪʦʝʚ, ɺʠʭʦʪʴ, 2019). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʛʝʥʝʨʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 

ʛʦʨʦʜʘ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʘʤʠ ʦʪ 2-5 ʜʦ 60-70 ɻʮ, ʠʥʦʛʜʘ ʜʦ 200 ɻʮ. ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʚʠʞʫʱʠʤʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʚ ʛ. ʉʳʢʪʳʚʢʘʨʝ. 

ɺ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʫʙʣʠʢʘʮʠʡ ʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤʘʭ ʠ ʧʨʘʚʠʣʘʭ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʨʤʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʢʦʣʝʙʘʥʠʷ ʛʨʫʥʪʘ. ʆʥʘ ʥʦʨʤʠʨʫʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʦʦʨʫʞʝʥʠʷ, ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʭʘʨʘʢʪʝʨʘ 

ʚʦʟʤʦʞʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʪ.ʜ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʠʙʨʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ 

(ɺʦʟʥʝʩʝʥʩʢʠʡ, 2001; ʂʘʧʫʩʪʠʥ, ʄʦʥʘʭʦʚ 2012). ʊʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ̫ ʚʣʷʶʪʩʷ: ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʚʠʙʨʦʩʢʦʨʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʠʙʨʦʫʩʢʦʨʝʥʠʝ. ɼʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʡ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳ: ʦʪ ʪʳʩʷʯʥʳʭ ʜʦ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʜʣʷ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʠ ʦʪ 

ʪʳʩʷʯʥʳʭ ʜʦʣʝʡ ʜʦ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʙʨʦʩʢʦʨʦʩʪʠ, ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʠʤ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʧʦ ʟʘʢʦʥʫ ɺʝʙʝʨʘ-ʌʝʭʥʝʨʘ: A = 20lg(A/ɸ0); V = 

20lg(V/V0) ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʢʠ ʥʘ ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʚʠʙʨʘʮʠʠ. V0 ʠ ɸ0 ï ʦʧʦʨʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʠ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ, 5*10-8 ʤ/ʩ ʠ 10-6 ʤ/ʩ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʮʠʬʨʦʚʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ 

ZET 048-C. ʉʝʡʩʤʦʧʨʠʝʤʥʠʢ ɺʉ-1313 ʚʩʪʨʦʝʥ ʚ ʩʪʘʥʮʠʶ ʩ ʪʨʝʭʦʩʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʩ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ 0,3 ï 400 ɻʮ ʧʦ ʫʩʢʦʨʝʥʠʶ, 0,048 ï 63,69 ɻʮ ʧʦ ʩʢʦʨʦʩʪʠ ʠ 

0,0076 ï 10,14 ɻʮ ʧʦ ʩʤʝʱʝʥʠʶ. ʅʦʤʠʥʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï 0,5 ɺ/(ʤ/ʩ2), ʤʘʢʩʠʤʘʣʴʥʦ 

ʠʟʤʝʨʷʝʤʦʝ ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ï 5 ʤ/ʩ2, ʠʥʪʝʛʨʘʣʴʥʳʡ ʰʫʤ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ï ʥʝ ʙʦʣʝʝ 

4*10-5 ʤ/ʩ2. 

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʤʝʥʷʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʩʭʝʤʳ ʤʝʪʦʜʦʤ ʠʟʦʣʠʥʠʡ ʧʦ ʪʨʝʤ ʢʦʤʧʦʥʝʥʪʘʤ x, y, z 

(ʨʠʩ. 1). 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʩʦ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʠ 

(46 ï 72 ʜɹ ʧʦ (ʃʦʢʰʠʥ, ʏʝʩʥʦʢʦʚʘ, 1992): ʧʦ ʢʦʤʧʦʥʝʥʪʝ ʭ ï 65% ʪʝʨʨʠʪʦʨʠʠ, ʧʦ ʢʦʤʧʦʥʝʥʪʝ 

ʫ ï 66%, ʧʦ ʢʦʤʧʦʥʝʥʪʝ z ï 86%. ɿʜʝʩʴ ʚʦʟʤʦʞʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʥʝʟʘʪʫʭʘʶʱʠʝ ʦʩʘʜʢʠ 

ʬʫʥʜʘʤʝʥʪʦʚ ʟʜʘʥʠʡ ʚ ʩʣʘʙʳʭ ʛʨʫʥʪʘʭ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʩʘʜʢʠ ʚ ʧʣʦʪʥʳʭ ʛʨʫʥʪʘʭ. ʆʙʣʘʩʪʴ 

ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʛʫʣʷʨʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʣʠ ʦʙʣʘʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʦʛʦ 

ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʟʘʥʠʤʘʝʪ ʦʪ 11 ʜʦ 34%: ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ʫ ʠ z ï 11% ʠ ʧʦ ʢʦʤʧʦʥʝʥʪʝ ʭ ï 34%. 

ʋʩʣʦʚʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡʩʷ ʧʨʠ ʫʨʦʚʥʝ ʚʠʙʨʘʮʠʠ ʙʦʣʝʝ 72 ʜɹ, ʷʚʣʷʶʪʩʷ 

ʫʩʣʦʚʠʷʤʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ. ʅʘʠʙʦʣʝʝ 

ʷʨʢʦ ʚʳʨʘʞʝʥʳ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʢʦʤʧʦʥʝʥʪʝ ʫ ï ʥʘ 23% ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ 5 

ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʩʷ 

ʠʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʩʦ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʠ (31 ï 

mailto:vikhot.anna@mail.ru


XXXI ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʸʥʥʘʷ ʧʘʤʷʪʠ ʯʣ.-ʢʦʨʨ. ɸʅ ʉʉʉʈ ʂ.ʆ. ʂʨʘʪʮʘ 

55 

77 ʜɹ) ʩ ʥʝʢʦʪʦʨʳʤʠ ʫʯʘʩʪʢʘʤʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (ʙʦʣʝʝ 77 ʜɹ): ʧʦ ʢʦʤʧʦʥʝʥʪʝ ʭ ï 20%, ʧʦ 

ʢʦʤʧʦʥʝʥʪʝ ʫ ï 21%, ʧʦ ʢʦʤʧʦʥʝʥʪʝ z ï 43%. 

ʈʠʩ.1. ʉʭʝʤʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʛ. ʉʳʢʪʳʚʢʘʨʘ ʧʦ ʪʨʝʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʜɹ: 

ɸ ï ʚʠʙʨʦʫʩʢʦʨʝʥʠʝ, V ï ʚʠʙʨʦʩʢʦʨʦʩʪʴ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʢʠ ʥʘ ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ ʬʫʥʜʘʤʝʥʪʘʭ ʟʜʘʥʠʡ ʫʨʦʚʥʠ ʚʠʙʨʘʮʠʡ ʚ ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʨʘʟʨʝʟʝ ʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʨʫʥʪʦʚ ʜʝʡʩʪʚʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʚʠʙʨʘʮʠʡ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʜʝʬʦʨʤʘʮʠʡ ʵʪʠʭ ʛʨʫʥʪʦʚ ʠ ʬʫʥʜʘʤʝʥʪʦʚ ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʥʘ ʥʠʭ 

ʥʘʭʦʜʷʪʩʷ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʣʝʜʥʠʢʦʚʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ gIIpļ c ʧʨʦʩʣʦʷʤʠ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ lgIIpļ ʩ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʴʶ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʠ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ II ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ a2IIIbz-p, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʚʦʜʥʝʥʥʳʤʠ ʧʝʩʢʘʤʠ ʠ ʩʫʧʝʩʷʤʠ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ 

ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʦʙʫʩʪʨʦʡʩʪʚʫ ʧʨʦʪʠʚʦʚʠʙʨʘʮʠʦʥʥʳʭ ʵʢʨʘʥʦʚ, ʫʧʨʦʯʥʝʥʠʶ ʛʨʫʥʪʦʚʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʘʚʪʦʜʦʨʦʛʠ ʠ ʬʫʥʜʘʤʝʥʪʦʚ ʟʜʘʥʠʡ ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʦʟʥʝʩʝʥʩʢʠʡ ɽ.ɸ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚ ʜʠʥʘʤʠʢʝ ʛʨʫʥʪʦʚ // ɺʝʩʪʥ. ʄɻʋ. 2001. ʉʝʨ. 4. ̄ 2. ʉ. 76-78. 

2. ʂʘʧʫʩʪʠʥ ɺ.ɺ., ʄʦʥʘʭʦʚ ɺ.ɺ. ʂ ʚʦʧʨʦʩʫ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʥʘʛʨʫʟʦʢ ʥʘ ʛʨʫʥʪʦʚʳʝ ʤʘʩʩʠʚʳ // ɻʝʦʪʝʭʥʠʢʘ. 2012. ˉ3. ʉ. 4-14. 

3. ʃʦʢʰʠʥ ɻ.ʇ., ʏʝʩʥʦʢʦʚʘ ʀ.ɺ. ʊʨʘʥʩʧʦʨʪʥʳʝ ʤʘʛʠʩʪʨʘʣʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ (ʦʮʝʥʢʘ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ). ï ʄ.: ʅʘʫʢʘ, 1992. 112 ʩ. 

4. ʃʶʪʦʝʚ ɺ.ɸ., ɺʠʭʦʪʴ ɸ.ʅ. ɺʣʠʷʥʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʢʨʦʩʝʡʩʤʠʯʥʦʩʪʠ 

ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ ʛʦʨʦʜʘ ʉʳʢʪʳʚʢʘʨʘ. ʉʳʢʪʳʚʢʘʨ, 2019. 84 ʩ. 

  



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 

56 

ʌʦʣʴʙʦʨʪʠʪ Cu3V2O7(OH)2ẗ2H2O 

ɺʣʘʜʠʤʠʨʦʚʘ ɺ.ɸ.1 ʉʠʡʜʨʘ ʆ.ʀ.123 

1 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, vladimirovav.sbk.1998@yandex.ru 
2 ʎʝʥʪʨ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʂʦʣʴʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ, ʛ. ɸʧʘʪʠʪʳ. 
3 ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. 

ʀʟʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʠʥʝʨʘʣʦʚ, ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʦʤʦʛʘʶʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʩʣʝʜʠʪʴ ʭʘʨʘʢʪʝʨ ʠ ʧʨʦʮʝʩʩ ʵʚʦʣʶʮʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʘʚʣʝʥʠʷ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʠʥʝʨʘʣʘ ʬʦʣʴʙʦʨʪʠʪ Cu3V2O7(OH)2ẗ2H2O.  

ʆʙʨʘʟʝʮ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʦʣʴʙʦʨʪʠʪʘ ʙʳʣ ʦʪʦʙʨʘʥ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʶʷ-ʄʫʶʥ, 

ʂʠʨʛʠʟʠʷ. ʌʦʣʴʙʦʨʪʠʪ ʷʚʣʷʝʪʩʷ ʚʦʜʥʳʤ ʜʠʚʘʥʘʜʘʪʦʤ ʤʝʜʠ, ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʚʪʦʨʠʯʥʳʡ 

ʤʠʥʝʨʘʣ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʚʘʥʘʜʠʡ-ʫʨʘʥʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ. ʌʦʨʤʘ ʚʳʜʝʣʝʥʠʷ ʬʦʣʴʙʦʨʪʠʪʘ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʦʧʣʘʩʪʠʥʯʘʪʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʚʝʪʣʦ-

ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʬʦʣʴʙʦʨʪʠʪʘ ʚʝʩʴʤʘ ʭʨʫʧʢʠʝ, ʯʪʦ 

ʟʘʪʨʫʜʥʠʣʦ ʧʨʦʮʝʩʩ ʦʪʙʦʨʘ ʧʨʦʙʳ ʠ ʧʦʜʛʦʪʦʚʢʠ ʰʘʡʙʳ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. 

ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʠʷ ʢʨʠʩʪʘʣʣʦʚ ʬʦʣʴʙʦʨʪʠʪʘ ʜʦ ʥʘʯʘʣʘ ʦʪʙʦʨʘ ʧʨʦʙʳ ʥʘ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

(ʧʦʢʘʟʘʥʳ ʦʙʘ ʫʯʘʩʪʢʘ ʢʨʠʩʪʘʣʣʦʚ, ʤʘʩʰʪʘʙ 2 ʤʤ) 

ʇʨʝʜʩʪʘʚʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʬʦʣʴʙʦʨʪʠʪʘ ʤʦʞʥʦ ʢʘʢ ʯʝʨʝʜʦʚʘʥʠʝ ʮʝʧʦʯʝʢ 

ʠʟ Cu-ʦʢʪʘʵʜʨʦʚ 1 ʠ 2, ʛʜʝ ʮʝʧʦʯʢʘ 2 ʷʚʣʷʝʪʩʷ ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʣʥʝʥʥʦʡ. ʎʝʧʦʯʢʠ ʚʳʪʷʥʫʪʳ 

ʚʜʦʣʴ ʦʩʠ b. 

ʇʦ ʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʦʨʤʫʣʘ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ 

ʬʦʣʴʙʦʨʪʠʪʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʶʷ-ʄʫʶʥ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ: 

Cu3V2O7(OH)2ẗ2H2O. ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ 5 ʢʘʪʠʦʥʘʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʨʠʨʦʜʥʳʡ ʚʦʜʥʳʡ ʜʠʚʘʥʘʜʘʪ ʤʝʜʠ ʙʳʣ 

ʠʟʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʊʘʢ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʬʦʣʴʙʦʨʪʠʪʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ -180ʆʉ ʜʦ +300ʆʉ. ɼʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Rigaku çUltima IVè. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -180ʆʉ ʜʦ +60ʆʉ ʧʠʢʠ ʬʘʟʳ ʬʦʣʴʙʦʨʪʠʪʘ ʥʝ ʤʝʥʷʶʪʩʷ, ʚʳʰʝ +60ʆʉ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʩʣʘʙʳʭ ʧʠʢʦʚ ʜʚʫʭ ʬʘʟ Cu(OH)2ẗH2O ʠ Cu2V2O7, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʬʦʣʴʙʦʨʪʠʪʘ. ɼʦʩʪʠʛʘʷ +300ʆʉ ʧʠʢʠ ʬʦʣʴʙʦʨʪʠʪʘ 

ʩʪʘʥʦʚʷʪʩʷ ʩʨʘʚʥʠʤʳ ʩ ʬʦʥʦʤ. ʌʘʟʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʘʩʧʘʜʘʝʪʩʷ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʬʦʣʴʙʦʨʪʠʪʘ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʈʠʩ. 2. ʇʨʦʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʬʦʣʴʙʦʨʪʠʪʘ ʚʜʦʣʴ ʦʩʠ ʩ. ʎʠʬʨʘʤʠ ʧʦʢʘʟʘʥʳ ʮʝʧʦʯʢʠ ʦʢʪʘʵʜʨʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʫʩʪʦʪ. ʂʦʦʨʜʠʥʘʪʳ ʧʨʠʚʝʜʝʥʳ ʢ Basso R. et al., 1989 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʀʂ ʬʦʣʴʙʦʨʪʠʪʘ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ (Frost et al., 2011; Chukanov, 2014). 

ʈʠʩ. 3. ʀʂ-ʩʧʝʢʪʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʦʣʴʙʦʨʪʠʪʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʶʷ-ʄʫʶʥ, ʂʠʨʛʠʟʠʷ (ʘ), ʬʦʣʴʙʦʨʪʠʪʘ ʉʨʝʜʥʝʛʦ 

ʋʨʘʣʘ ʇʝʨʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʈʦʩʩʠʷ (b) (Frost et al., 2011) ʠ ʬʦʣʴʙʦʨʪʠʪʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʯʢʫʜʫʢ, ʂʳʟʳʣʢʫʤ, 

ʋʟʙʝʢʠʩʪʘʥ (ʩ) (Chukanov, 2014) 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʀʂ-ʩʧʝʢʪʨʘ ʠʟʫʯʘʝʤʦʛʦ ʬʦʣʴʙʦʨʪʠʪʘ Cu3V2O7(OH)2ẗ2H2O 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʦʙʨʘʟʝʮ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʠʥʝʨʘʣʘ ʙʳʣ ʩʤʝʰʘʥ ʩ ʙʝʟʚʦʜʥʳʤ KBr, ʟʘʪʝʤ 

ʠʟʤʝʣʴʯʝʥ ʜʦ ʦʜʥʦʨʦʜʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʤʘʩʩʳ. ʆʙʨʘʟʝʮ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker Vertex 70 FTIR ʚ ʠʥʪʝʨʚʘʣʝ ʚʦʣʥʦʚʳʭ 4000 ï 400 cm-1 ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 4 cm-1 ʥʘʙʦʨʦʤ 32 ʩʢʘʥʦʚ. ʕʪʘʣʦʥʥʳʤ ʦʙʨʘʟʮʦʤ ʙʳʣ ʧʨʠʥʷʪ ʯʠʩʪʳʡ KBr. 

ʇʦʣʫʯʝʥʥʳʡ ʀʂ-ʩʧʝʢʪʨ ʬʦʣʴʙʦʨʪʠʪʘ (ʨʠʩ. 3, a) ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ 

ʠʟ Frost et al., 2011 (ʨʠʩ. 3, b; ʦʙʨʘʟʝʮ ʉʨʝʜʥʠʡ ʋʨʘʣ, ʇʝʨʤʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ), ʠ ʩ ʜʘʥʥʳʤʠ 

ʠʟ Chukanov, 2014 (ʨʠʩ 3, c; ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʋʯʢʫʜʫʢ, ʂʳʟʳʣʢʫʤ, ʋʟʙʝʢʠʩʪʘʥ). ʉʦʧʦʩʪʘʚʣʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʧʦʣʦʩ ʀʂ-ʩʧʝʢʪʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʬʦʣʴʙʦʨʪʠʪʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʠʟ ʩʪʘʪʴʠ Frost et al. (2011). 

ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʀʂ-ʩʧʝʢʪʨʘ ʬʦʣʴʙʦʨʪʠʪʘ (cm-1; s ï strong band, wï weak band, sh ï 

shoulder) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʥʘʯʝʥʠʷ: 3551sh, 3435, 2960sh, 2922w, 2853w [ʚʘʣʝʥʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ɜ (OH)], 1983w, 1467w, 1372w [ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʳ ʩ  ʦʙʝʨʪʦʥʘʤʠ ʠ/ʠʣʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ ʧʦʣʦʩʘʤʠ], 1641sh, 1613s [ʩʚʷʟʘʥʳ ʩ ŭ H2O ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ], 1112w, 1081w, 1025 [ŭ CuïOH ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ], 897s [ɜ1 (VO3) 

ʩʠʤʤʝʪʨʠʯʥʦʝ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ], 845s, 794sh, 744s [ɜ3 (VO3) ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʤʠ 

ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ], 561, 528, 508 [ʩʦʦʪʚʝʪʩʪʚʫʶʪ CuīO ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ], 413 

[ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ OīVīO ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ]. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʣʴʙʦʨʪʠʪʘ, ʠʭ 

ʢʦʨʨʝʣʷʮʠʷ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 16-17-10085 ʠ ʛʨʘʥʪʘ ʈʌʌʀ 19-05-00413. 
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ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʪʨʫʟʠʚʥʦ-ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ 

ʣʷʜʛʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʨʝʙʪʘ ɽʥʛʘʥʝʧʵ (ʇʦʣʷʨʥʳʡ ʋʨʘʣ) 

ɺʦʚʯʠʥʘ ʊ.ɸ. 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ, ʛ. ʉʳʢʪʳʚʢʘʨ, ta_kaneva@mail.ru 

ʍʨʝʙʝʪ ɽʥʛʘʥʝʧʵ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʩʦʧʨʷʞʝʥʠʷ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʠ ʇʝʯʦʨʩʢʦʡ ʧʣʠʪʳ. ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʷʜʨʦ ʢʦʪʦʨʦʡ ʩʣʦʞʝʥʦ 

ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ ʦʩʘʜʦʯʥʳʤʠ, ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ ʨʠʦʣʠʪʦʚ ʠ ʤʝʪʘʜʦʣʝʨʠʪʦʚ. 

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʭʨʝʙʪʘ ɽʥʛʘʥʝʧʵ ʫʩʪʘʥʦʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʣʘ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪ ʢ ʵʢʩʪʨʫʟʠʚʥʦïʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʤʫ ʣʷʜʛʝʡʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ (lV2ld) ʧʦʟʜʥʝʚʝʥʜʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ. 

ʅʘ ʭʨʝʙʪʝ ɽʥʛʘʥʝʧʵ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʥʘʨʫʞʝʥʦ ʜʚʘ ʵʢʩʪʨʫʟʠʚʥʦï

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣʘ ï ʚ ʤʝʞʜʫʨʝʯʴʝ  ʇʨʘʚʳʡ ʠ ʃʝʚʳʡ ʀʟʲʷʚʦʞ (2010 ʛ.) ʠ ʥʘ ʛ. ɼʣʠʥʥʘʷ 

(2017 ʛ.). ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʟʦʥʘʣʴʥʳʭ ʵʢʩʪʨʫʟʠʚʥʦ-ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ 

ʣʷʜʛʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (lV2ld) ʧʦʟʜʥʝʚʝʥʜʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘ ʭʨʝʙʪʝ ɽʥʛʘʥʝʧʵ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʧʨʠʯʠʥ ʟʦʥʘʣʴʥʦʩʪʠ.  

ɺʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʵʢʩʪʨʫʟʠʚʥʦʡ ʬʘʮʠʠ, ʢʦʛʜʘ ʚʷʟʢʘʷ ʣʘʚʘ ʚʳʞʠʤʘʝʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʬʦʨʤʠʨʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʩʪʨʦʡʢʠ, ʠʤʝʥʫʝʤʳʝ ʵʢʩʪʨʫʟʠʚʥʳʤʠ ʢʫʧʦʣʘʤʠ. ʀʭ 

ʦʙʨʘʟʦʚʘʥʠʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʰʝʩʪʚʫʶʪ ʤʦʱʥʳʝ ʠʟʚʝʨʞʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʚʟʨʳʚʘʤʠ ʠ 

ʚʳʙʨʦʩʘʤʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʦʢʣʘʩʪʠʢʠ, ʧʦʵʪʦʤʫ ʵʢʩʪʨʫʟʠʚʥʳʝ ʢʫʧʦʣʘ ʘʩʩʦʮʠʠʨʫʶʪ ʩ 

ʵʢʩʧʣʦʟʠʚʥʦ-ʦʙʣʦʤʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʄʘʣʝʝʚ, 1980). ʆʜʥʘ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʩʪʨʫʟʠʚʥʳʭ ʪʝʣ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʟʘʚʝʨʰʘʶʱʠʝ ʵʪʘʧʳ 

ʚʫʣʢʘʥʠʟʤʘ, ʧʦʩʣʝ ʤʦʱʥʳʭ ʠʟʚʝʨʞʝʥʠʡ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʛʜʘ ʧʘʜʘʝʪ 

ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ. ʂʦʛʜʘ ʛʘʟʳ ʦʪʜʝʣʷʶʪʩʷ ʙʳʩʪʨʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʤʛʥʦʚʝʥʥʦʝ ʚʩʢʠʧʘʥʠʝ ʨʘʩʧʣʘʚʘ ʠ ʤʘʛʤʘ ʨʘʟʨʳʚʘʝʪʩʷ ʨʘʩʰʠʨʷʶʱʠʤʠʩʷ ʛʘʟʦʚʳʤʠ 

ʧʫʟʳʨʴʢʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʤʦʱʥʦʝ ʚʟʨʳʚʥʦʝ ʠʟʚʝʨʞʝʥʠʝ ï ʵʢʩʧʣʦʟʠʶ. ɽʩʣʠ ʤʘʛʤʘ ʚʷʟʢʘʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʝʝ ʥʝʚʳʩʦʢʘ, ʪʦ ʨʘʩʧʣʘʚ ʤʝʜʣʝʥʥʦ ʚʳʞʠʤʘʝʪʩʷ, ʚʳʜʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʧʨʦʠʩʭʦʜʠʪ ʵʢʩʪʨʫʟʠʷ ʤʘʛʤʳ (ʐʘʨʬʤʘʥ, 2001). 

ɺ ʪʝʯʝʥʠʝ ʣʝʪʥʝʛʦ ʧʦʣʝʚʦʛʦ ʩʝʟʦʥʘ 2010 ʛ. ʥʘʤʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʵʢʩʪʨʫʟʠʚʥʦʝ ʪʝʣʦ 

ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʞʜʫʨʝʯʴʝ ʇʨʘʚʳʡ ʠ ʃʝʚʳʡ ʀʟʲʷʚʦʞ (ʂʘʥʝʚʘ, 2011). 

ʆʥʦ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʝʛʦ ʜʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 375 ʤ, ʰʠʨʠʥʘ 200-

150 ʤ, ʘ ʢ ʶʛʫ ʠ ʚʦʚʩʝ ʩʫʞʘʝʪʩʷ ʜʦ 50 ʤ. ɺʳʩʦʪʘ ʦʙʥʘʞʝʥʥʦʡ ʯʘʩʪʠ ʦʢʦʣʦ 30 ʤ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ.  ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʱʝʣʦʯʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ, ʘʥʜʝʟʠʪʘʤʠ 

ʠ ʠʭ ʪʫʬʘʤʠ ʙʝʜʘʤʝʣʴʩʢʦʡ ʩʝʨʠʠ (R3-V2bd), ʢʦʨʝʥʥʳʝ ʚʳʭʦʜʳ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ 

ʟʘʧʘʜʥʦʤ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʧʦʩʪʨʦʡʢʠ. 

ʕʢʩʪʨʫʟʠʚʥʦʝ ʪʝʣʦ ʦʙʨʘʟʦʚʘʥʦ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʳ ʤʘʩʩʠʚʥʳʝ, ʬʣʶʠʜʘʣʴʥʳʝ ʠ ʩʬʝʨʦʣʦʠʜʥʳʝ ʨʠʦʣʠʪʳ, ʢʣʘʩʪʦʣʘʚʳ 

ʨʠʦʣʠʪʦʚʦʛʦ ʠ ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʦʚ.  

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʪʝʣʘ ʩʣʦʞʝʥʘ ʬʣʶʠʜʘʣʴʥʳʤʠ ʨʠʦʣʠʪʘʤʠ. ʇʦʨʦʜʳ 

ʩʚʝʪʣʦ-ʩʝʨʦ-ʟʝʣʝʥʦʚʘʪʦʛʦ ʮʚʝʪʘ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʝʣʳʭ ʧʦʣʦʩ, ʪʦʣʱʠʥʦʶ 1-2 ʤʤ. 

ʌʣʶʠʜʘʣʴʥʦʩʪʴ ʧʦʛʨʫʞʘʝʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ (ʘʟ. ʧʜ. 80Á) ʧʦʜ ʫʛʣʦʤ 85Ü.  

ʌʣʶʠʜʘʣʴʥʳʝ ʨʠʦʣʠʪʳ ʢ ʚʦʩʪʦʢʫ ʩʤʝʥʷʶʪʩʷ ʤʘʩʩʠʚʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ, ʩʚʝʪʣʦ-ʨʦʟʦʚʳʤʠ, ʪʝʤʥʦ-ʩʝʨʳʤʠ ʜʦ ʫʛʦʣʴʥʦʛʦ ʮʚʝʪʘ ʧʦʨʦʜʘʤʠ, 

ʤʘʩʩʠʚʥʳʤʠ, ʧʣʦʪʥʳʤʠ, ʩ ʨʘʢʦʚʠʩʪʳʤ ʩʢʦʣʦʤ, ʦʙʳʯʥʦ ʩ ʨʝʜʢʠʤʠ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʧʦʣʝʚʦʛʦ 

ʰʧʘʪʘ ʠ ʢʚʘʨʮʘ. ɺ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʪʝʣʘ ʥʘʭʦʜʷʪʩʷ 

ʪʨʘʭʠʨʠʦʣʠʪʳ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ. 

ʂʠʩʣʳʝ ʣʘʚʳ ʤʘʩʩʠʚʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʤʝʥʷʶʪʩʷ ʢʣʘʩʪʦʣʘʚʘʤʠ, ʚʳʭʦʜʳ ʢʦʪʦʨʳʭ 

ʩʦʭʨʘʥʠʣʠʩʴ ʣʠʰʴ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʧʦʩʪʨʦʡʢʠ. ʂʣʘʩʪʦʣʘʚʳ ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʣʘʛʘʶʪ 

ʩʝʚʝʨʥʫʶ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʠ ʪʝʣʘ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʧʦʨʦʜʘʤʠ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʚʳʪʷʥʫʪʦʡ ʦʯʢʦʚʠʜʥʦʡ ʬʦʨʤʳ ʜʦ 3 ʤʤ. ʂʣʘʩʪʦʣʘʚʳ 
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ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 

60 

ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʶʞʥʦʡ ʯʘʩʪʠ ʵʢʩʪʨʫʟʠʠ. ʕʪʦ ʧʦʨʦʜʳ ʩʝʨʦ-ʙʦʨʜʦʚʦʛʦ 

ʮʚʝʪʘ ʩ ʯʝʨʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ. 

ʅʘʠʙʦʣʝʝ ʢʨʘʝʚʘʷ ʟʦʥʘ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʪʝʣʘ, ʩʦʭʨʘʥʠʚʰʘʷʩʷ ʪʦʣʴʢʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ, 

ʩʣʦʞʝʥʘ ʩʬʝʨʦʣʦʠʜʥʳʤʠ ʨʠʦʣʠʪʘʤʠ. ʕʪʦ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʧʦʨʦʜʳ ʩ ʭʘʦʪʠʯʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʦʢʨʫʛʣʳʤʠ ʩʬʝʨʦʣʦʠʜʘʤʠ ʙʝʣʦʛʦ ʠ ʢʨʘʩʥʦʚʘʪʦ-ʙʦʨʜʦʚʦʛʦ 

ʮʚʝʪʘ, ʨʘʟʤʝʨʦʤ ʜʦ 10 ʤʤ.  

ʊʝʢʩʪʫʨʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ  ʦʩʦʙʝʥʥʦʩʪʠ ʟʦʥʘʣʴʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʪʝʣʘ. 

ɼʣʷ ʤʘʩʩʠʚʥʳʭ ʨʘʟʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʥʳ ʤʘʩʩʠʚʥʘʷ ʪʝʢʩʪʫʨʘ ʠ ʨʝʜʢʦʧʦʨʬʠʨʦʚʘʷ, 

ʤʠʢʨʦʧʦʡʢʠʣʦʙʣʘʩʪʦʚʘʷ, ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʳ. ʉʪʨʫʢʪʫʨʳ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ: ʬʝʣʴʟʠʪʦʚʘʷ, ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ, ʤʝʪʘʩʬʝʨʦʣʠʪʦʚʘʷ, ʤʠʢʨʦʟʝʨʥʠʩʪʦ-

ʤʝʪʘʩʬʝʨʦʣʠʪʦʚʘʷ.  

ɼʣʷ ʬʣʶʠʜʘʣʴʥʳʭ ʨʘʟʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʥʘ ʣʠʥʟʦʚʠʜʥʦ-ʧʦʣʦʩʯʘʪʘʷ ʪʝʢʩʪʫʨʘ ʠ 

ʨʝʜʢʦʧʦʨʬʠʨʦʚʘʷ ʩʪʨʫʢʪʫʨʘ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʬʝʣʴʟʠʪʦʚʘʷ, ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʟʥʦʩʪʷʭ ʩ 

ʧʦʩʣʦʡʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʛʨʝʙʝʥʯʘʪʦʡ ʠ ʩʬʝʨʦʣʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨ. 

ʉʪʨʫʢʪʫʨʘ ʩʬʝʨʦʣʦʠʜʥʳʭ ʨʘʟʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʩʬʝʨʦʣʠʪʳ 

ʫʪʨʘʪʠʣʠ ʩʚʦʝ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʠ ʦʪ ʥʠʭ ʦʩʪʘʣʦʩʴ ʪʦʣʴʢʦ ʦʙʨʘʤʣʝʥʠʝ. ʆʩʥʦʚʥʘʷ 

ʤʘʩʩʘ ʧʦʨʦʜʳ ʩʦʩʪʦʠʪ ʠʟ ʩʬʝʨʦʣʦʠʜʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʛʨʫʧʧʢʘʤʠ ʠʟ ʜʚʫʭ-

ʪʨʝʭ ʠʥʜʠʚʠʜʦʚ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʬʝʣʴʟʠʪʦʚʳʡ, ʧʝʨʝʭʦʜʥʳʡ ʢ ʤʠʢʨʦʟʝʨʥʠʩʪʦʤʫ, ʢʚʘʨʮ-

ʧʦʣʝʚʦʰʧʘʪʦʚʳʡ ʘʛʨʝʛʘʪ. ʉʬʝʨʦʣʦʠʜʳ ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʜʦ 10 ʤʤ (ʨʠʩ. 1). 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʬʝʨʦʣʦʠʜʥʳʭ ʨʠʦʣʠʪʦʚ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʬʝʣʴʟʠʪʦʚʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʨʦʟʝʨʥʠʩʪʳʤ ʢʚʘʨʮ-

ʧʦʣʝʚʦʰʧʘʪʦʚʳʤ ʘʛʨʝʛʘʪʦʤ. ʉʬʝʨʦʣʦʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʩʬʝʨʦʣʦʠʜʳ ʫʪʨʘʪʠʣʠ 

ʩʚʦʝ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʦʝ ʩʪʨʦʝʥʠʝ. ʄʝʞʩʬʝʨʦʣʦʠʜʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʥʷʪʳ ʣʘʚʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʬʝʣʴʟʠʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʜʝʚʠʪʨʠʬʠʢʘʮʠʠ ʠ ʬʣʶʠʜʘʣʴʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʌʦʪʦ ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ. 

ʂʣʘʩʪʦʣʘʚʘ ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʝʪ ʬʣʶʠʜʘʣʴʥʫʶ ʪʝʢʩʪʫʨʫ ʠ ʨʝʜʢʦʧʦʨʬʠʨʦʚʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʉʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʤʠʢʨʦʬʝʣʴʟʠʪʦʚʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮ ï 

ʧʦʣʝʚʦʰʧʘʪʦʚʳʤ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʤ ʘʛʨʝʛʘʪʦʤ. 

ɼʣʷ ʢʣʘʩʪʦʣʘʚ ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʭʘʨʘʢʪʝʨʥʘ ʣʠʥʟʦʚʠʜʥʦ-ʧʦʣʦʩʯʘʪʘʷ, ʧʨʝʨʳʚʠʩʪʘʷ 

ʪʝʢʩʪʫʨʘ ʠ ʙʨʝʢʯʠʝʚʘʷ ʩʪʨʫʢʪʫʨʘ. 



XXXI ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʸʥʥʘʷ ʧʘʤʷʪʠ ʯʣ.-ʢʦʨʨ. ɸʅ ʉʉʉʈ ʂ.ʆ. ʂʨʘʪʮʘ 
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ɼʣʷ ʪʨʘʭʠʨʠʦʣʠʪʦʚ ʭʘʨʘʢʪʝʨʥʘ ʤʘʩʩʠʚʥʘʷ ʪʝʢʩʪʫʨʘ ʠ ʬʝʣʴʟʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʘ. 

ʂʠʩʣʳʝ ʚʫʣʢʘʥʠʪʳ ʣʷʜʛʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʝʤʝʡʩʪʚʘʤ ʜʘʮʠʪʦʚ, ʪʨʘʭʠʨʠʦʜʘʮʠʪʦʚ, ʨʠʦʣʠʪʦʚ, ʥʠʟʢʦʱʝʣʦʯʥʳʭ ʨʠʦʜʘʮʠʪʦʚ. ʆʥʠ ʷʚʣʷʶʪʩʷ 

ʧʦʨʦʜʘʤʠ ʩʫʙʱʝʣʦʯʥʦʡ ʩʝʨʠʠ ʠ ʩʝʨʠʠ ʥʦʨʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ 

(Na2O/K2O) ï  SiO2 ʢʠʩʣʳʝ ʚʫʣʢʘʥʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʪʨʠʝʚʳʝ ʠ ʙʝʩʢʘʣʠʝʚʳʝ ʧʦʨʦʜʳ. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʩʦʜʝʨʞʘʥʠʷ K2ʆ ʠ SiO2 ʧʦʨʦʜʳ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʫʤʝʨʝʥʥʦ- ʠ 

ʚʳʩʦʢʦʢʘʣʠʝʚʳʤ ʧʦʨʦʜʘʤ. ʂʠʩʣʳʝ ʚʫʣʢʘʥʠʪʳ ʣʷʜʛʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ 

ʥʠʟʢʦʛʣʠʥʦʟʝʤʠʩʪʳʤʠ ʠ ʢʨʘʡʥʝ ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ. 

ʕʢʩʪʨʫʟʠʚʥʦʝ ʪʝʣʦ ʤʝʞʜʫʨʝʯʴʷ ʨʫʯ. ʇʨʘʚʳʡ ʠ ʃʝʚʳʡ ʀʟʲʷʚʦʞ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʘʤ ɽ.ʌ. ʄʘʣʝʝʚʘ (ʄʘʣʝʝʚ, 1980) ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʛʨʠʙʦʦʙʨʘʟʥʳʡ ʢʫʧʦʣ ʩ 

ʧʨʦʩʪʳʤ ʘʩʩʠʤʝʪʨʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ. ɺʝʨʦʷʪʥʦ, ʧʦʨʦʜʳ ʙʝʜʘʤʝʣʴʩʢʦʡ ʩʝʨʠʠ ʚ ʤʦʤʝʥʪ 

ʚʳʞʠʤʘʥʠʷ ʣʘʚ  ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʟʘʣʝʛʘʣʠ ʥʘʢʣʦʥʥʦ, ʯʪʦ ʠ ʦʙʫʩʣʦʚʠʣʦ ʘʩʠʤʤʝʪʨʠʶ ʩʪʨʦʝʥʠʷ 

ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʷʜ ʧʨʠʟʥʘʢʦʚ  ʠʟʫʯʝʥʥʦʛʦ ʥʘʤʠ ʪʝʣʘ: ʚʳʨʘʞʝʥʥʦʩʪʴ ʚ ʨʝʣʴʝʬʝ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʤʝʥʘ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʬʣʶʠʜʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʘʩʩʠʚʥʳʤʠ, ʠ 

ʜʘʣʝʝ ʩʬʝʨʦʣʦʠʜʥʳʤʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʦʚʤʝʱʝʥʠʝ ʣʘʚ ʩ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ 

ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʠʭ ʢ ʵʢʩʪʨʫʟʠʚʥʦʤʫ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʪʠʧʫ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʩʪʘ 

ʥʘʭʦʜʦʢ ʩʬʝʨʦʣʦʠʜʥʳʭ ʨʠʦʣʠʪʦʚ ʥʘ ʭʨʝʙʪʝ ɽʥʘʛʥʝʧʵ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʙʳʚʰʠʭ 

ʢʘʥʘʣʦʚ ʧʦʜʲʝʤʘ ʤʘʛʤʳ.  

ʈʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ çʃʠʪʦʩʬʝʨʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ɽʚʨʦʧʝʡʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʠ ʩʝʚʝʨʘ ʋʨʘʣʘ: ʚʝʱʝʩʪʚʝʥʥʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʵʚʦʣʶʮʠʷ, ʢʦʨʨʝʣʷʮʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ, ʛʝʦʜʠʥʘʤʠʢʘ, ʛʝʦʭʨʦʥʦʣʦʛʠʷè. ɻʈ ˉ AAAA-A17-117121270035-0. 
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ʆʮʝʥʢʘ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr ʚ ʨʝʢʘʭ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʠ ʂʘʚʢʘʟʩʢʦʛʦ ʭʨʝʙʪʘ ʚ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ 

ɻʘʚʨʠʣʦʚʘ ɸ.ɸ., ʂʫʟʥʝʮʦʚ ɸ.ɹ., ʂʨʘʤʯʘʥʠʥʦʚ ɸ.ʖ. 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈɸʅ, gavryusha.dipsi@mail.ru 

ɺʳʷʚʣʝʥʠʝ ʨʘʟʣʠʯʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʪʨʦʥʮʠʷ ʚ ʨʘʟʥʦʪʠʧʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʢʨʫʧʥʳʭ ʧʨʦʚʠʥʮʠʡ ʩ ʙʣʠʟʢʠʤʠ 

ʠʟʦʪʦʧʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. 

ʈʘʟʣʠʯʠʝ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʥʝʦʜʠʥʘʢʦʚʳʤ 

ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ. ɺ ʦʜʥʠʭ ʧʦʨʦʜʘʭ ʤʥʦʛʦ ʉʘ-ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ (ʧʣʘʛʠʦʢʣʘʟʳ, 

ʘʧʘʪʠʪʳ, ʢʘʨʙʦʥʘʪʳ ʢʘʣʴʮʠʷ, ʛʠʧʩʳ ʠ ʘʥʛʠʜʨʠʪʳ), ʘ ʜʨʫʛʠʝ ï ʦʙʦʛʘʱʝʥʳ ʂ-ʤʠʥʝʨʘʣʘʤʠ 

(ʩʣʶʜʳ, ʢʘʣʠʝʚʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʠ ʛʣʠʥʳ). ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢ ʨʘʟʣʠʯʠʝ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ Rb ʠ Sr, ʪʘʢ ʠ ʨʘʟʣʠʯʠʝ ʚ ʦʪʥʦʰʝʥʠʠ Rb/Sr ʠ ʧʝʨʚʠʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 
87Sr/86Sr ʚ ʧʦʨʦʜʘʭ ʠ ʦʩʘʜʢʘʭ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʘʞʜʳʡ ʠʟ ʪʠʧʦʚ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʣʦʢʘʣʴʥʳʝ 

ʦʙʣʘʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ 87Sr/86Sr (ʌʦʨ, 1989). ɺ ʧʨʝʜʝʣʘʭ ʈʫʩʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʳʡ, 

ʢʘʨʙʦʥʘʪʥʳʡ (ʩ ʨʘʟʥʦʡ ʜʦʣʝʡ ʛʣʠʥʠʩʪʦʡ ʠ ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʦʡ ʧʨʠʤʝʩʠ), ʛʘʣʦʛʝʥʥʦ-

ʩʫʣʴʬʘʪʥʳʡ, ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (ʢʠʩʣʳʭ ʠʣʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ), ʠ ʜʦʢʝʤʙʨʠʡʩʢʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

ʋʧʦʤʷʥʫʪʳʝ ʢʦʤʧʣʝʢʩʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟʤʳʚʘʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʬʣʶʚʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʩʪʚʦʨʷʶʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʨʩʪʘ. ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ 

ʩʧʝʮʠʬʠʢʘ ʚ ʢʘʞʜʦʤ ʚʦʜʦʪʦʢʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʟʤʳʚʘʝʤʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɼʘʣʝʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʠʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʦʥʝʯʥʦʤ 

ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪʩʷ ʫʥʠʢʘʣʴʥʘʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʪʨʘʞʘʶʱʘʷ ʩʦʩʪʘʚ ʨʘʟʤʳʚʘʝʤʳʭ ʧʦʨʦʜ ʚʦ ʚʩʝʡ ʚʦʜʦʩʙʦʨʥʦʡ ʦʙʣʘʩʪʠ. ʕʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʚʦʜʦʩʙʦʨʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʠʣʠ ʞʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʤʳʚʫ.  

ʈʝʛʠʩʪʨʘʮʠʷ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr ʚ ʚʦʜʥʦʤ ʙʘʩʩʝʡʥʝ ʠʣʠ ʧʦʪʦʢʝ ʚʦʟʤʦʞʥʘ ʧʫʪʝʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʩʪʨʦʥʮʠʷ ʚ ʢʘʨʙʦʥʘʪʝ ʢʘʣʴʮʠʷ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʬʦʨʤʘʤʠ ʧʨʠʨʦʜʥʳʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʷʚʣʷʶʪʩʷ ʭʝʤʦʛʝʥʥʳʝ 

ʦʩʘʜʢʠ ʠ ʨʘʢʦʚʠʥʳ ʤʦʣʣʶʩʢʦʚ. ʆʥʠ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʦʪʨʘʞʘʶʪ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʫʶ 

ʦʙʩʪʘʥʦʚʢʫ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʚʦʝʡ ʨʘʢʦʚʠʥʳ ʧʫʪʝʤ ʬʠʣʴʪʨʘʮʠʠ ʦʥʠ ʟʘʙʠʨʘʶʪ ʠʟ 

ʚʦʜʳ ʨʘʩʪʚʦʨʝʥʥʳʝ ʚʝʱʝʩʪʚʘ (ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2012; ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2018). 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʥʳʡ ʨʘʩʯʝʪ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʨʘʟʤʳʚʘʝʤʳʭ ʚ ʧʨʝʜʝʣʘʭ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, ʠ ʝʛʦ ʩʨʘʚʥʝʥʠʝ ʩ 

ʘʢʪʫʘʣʴʥʦʡ Sr-ʠʟʦʪʦʧʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʠʦʭʝʤʦʛʝʥʥʳʭ ʦʩʘʜʢʦʚ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Sr ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʧʣʘʥʝ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʦʟʝʨʦʤ ʥʘ 

ɿʝʤʣʝ, ʠ ʝʛʦ ʚʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ ʦʭʚʘʪʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʧʠʪʘʶʱʠʝ ʧʨʦʚʠʥʮʠʠ: ʥʘ ʩʝʚʝʨʝ: 

ʈʫʩʩʢʫʶ ʧʣʘʪʬʦʨʤʫ, ʜʨʝʥʠʨʫʝʤʫʶ ɺʦʣʛʦʡ ʠ ʝʝ ʧʨʠʪʦʢʘʤʠ; ʋʨʘʣʴʩʢʫʶ ʩʢʣʘʜʯʘʪʫʶ ʦʙʣʘʩʪʴ ʥʘ 

ʚʦʩʪʦʢʝ, ʢʦʪʦʨʫʶ ʜʨʝʥʠʨʫʶʪ ʨʝʢʠ: ʋʨʘʣ ʠ ʧʨʠʪʦʢ ɺʦʣʛʠ ï ʂʘʤʘ; ʂʘʚʢʘʟʩʢʠʡ ʭʨʝʙʝʪ ʩ ʟʘʧʘʜʘ, 

ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʦʛʦ ʧʨʦʪʝʢʘʶʪ ʊʝʨʝʢ, ʉʫʣʘʢ, ʂʫʨʘ; ʘ ʪʘʢʞʝ ʭʨʝʙʝʪ ʕʣʴʙʫʨʩ ʚ ʶʞʥʦʡ ʯʘʩʪʠ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʜʨʝʥʠʨʫʝʤʦʡ ʨʝʢʦʡ ʉʝʬʠʜʨʫʜ (ʉʚʠʪʦʯ, 2014). 

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ ʦʩʥʦʚʥʳʭ ʨʝʢ, ʧʠʪʘʶʱʠʭ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ. ɺʦʣʛʘ, ʙʘʩʩʝʡʥ ʢʦʪʦʨʦʡ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40% ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʂʘʩʧʠʷ, ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʠʪʦʢʘ ʢ ʤʦʨʶ, ʜʦʩʪʠʛʘʶʱʫʶ ʦʢʦʣʦ 80% ʦʙʱʝʛʦ ʝʛʦ ʦʙʲʝʤʘ. ʋʨʘʣ, ʊʝʨʝʢ, 

ʂʫʨʘ ʠ ʉʫʣʘʢ ʙʝʨʫʪ ʩʚʦʝ ʥʘʯʘʣʦ ʥʘ ʛʦʨʥʳʭ ʭʨʝʙʪʘʭ ʖʞʥʦʛʦ ʋʨʘʣʘ ʠ ʂʘʚʢʘʟʘ, ʠ ʚʦʜʦʩʙʦʨʥʳʡ 

ʙʘʩʩʝʡʥ ʵʪʠʭ ʨʝʢ ʦʭʚʘʪʳʚʘʝʪ ʦʢʦʣʦ 15% ʧʣʦʱʘʜʠ. ʈʝʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʪʝʧʥʦʡ ʠ 

ʧʫʩʪʳʥʥʦʡ ʟʦʥʘʭ ʉʨʝʜʥʝʡ ɸʟʠʠ ʠ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ ʕʣʴʙʨʫʩ, ʭʦʪʷ ʠ ʟʘʥʠʤʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ, ʥʦ ʚʥʦʩʷʪ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʠʟ-ʟʘ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʝʨʝʩʳʭʘʥʠʷ ʠ ʟʘʙʦʨʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʪʦʢʘ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʫʞʜʳ.  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr 

ʧʦʨʦʜ ʚ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ɽʚʨʦʧʳ 

1:10000000 (1981) ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʢʘʨʪʳ ʉʉʉʈ 1:10000000 (1995) ʙʳʣʘ 

ʩʦʩʪʘʚʣʝʥʘ ʢʘʨʪʘ-ʩʭʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʚʳʜʝʣʝʥʦ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʬʘʮʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: 

ʢʘʨʙʦʥʘʪʥʳʡ (ʙʝʟ ʪʝʨʨʠʛʝʥʥʦʡ ʧʨʠʤʝʩʠ), ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʡ, ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʦ-

ʢʘʨʙʦʥʘʪʥʳʡ, ʪʝʨʨʠʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʡ (ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʡ), ʛʘʣʦʛʝʥʥʦ-ʩʫʣɹʬʘʪʥʳʡ ʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʙʘʟʘʣʴʪʦʚʳʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʦʜʦʩʙʦʨʘ ʙʳʣʠ ʧʦʜʩʯʠʪʘʥʳ ʧʣʦʱʘʜʠ ʨʘʟʤʳʚʘʝʤʳʭ 

ʧʦʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 1).  

ʈʠʩ. 1. ʇʣʦʱʘʜʴ ʨʘʟʤʳʚʘʝʤʳʭ ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨʝʢʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ Sr ʚ ʢʦʥʢʨʝʪʥʦʤ ʚʦʜʦʩʙʦʨʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʥʝʢʦʪʦʨʳʝ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʢʘʢ ʤʦʜʝʣʴʥʳʝ, ʪʘʢ ʠ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ 

ï ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Sr (ʛ/ʪ) ʚ ʧʦʨʦʜʘʭ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ, ʩʨʝʜʥʝʝ ʦʪʥʦʰʝʥʠʝ 87Sr/86Sr ʠ 

ʩʨʝʜʥʷʷ ʜʦʣʷ ʨʘʩʪʚʦʨʠʤʦʛʦ ʣʝʛʢʦʧʦʜʚʠʞʥʦʛʦ Sr (%) ʚ ʧʦʨʦʜʘʭ ʨʘʟʥʦʛʦ ʪʠʧʘ. 

ʀʩʭʦʜʷ ʠʟ ʠʟʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ Sr ʦʪʣʠʯʘʶʪʩʷ ʧʦʨʦʜʳ ʪʝʨʨʠʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (20 ʛ/ʪ), ʘ ʩʦʣʠ ʠ 

ʛʠʧʩʳ (ʛʘʣʦʛʝʥʥʦ-ʩʫʣʴʬʘʪʥʳʡ ʢʦʤʧʣʝʢʩ) ï ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (1500 ʛ/ʪ). ʂʘʨʙʦʥʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʚ ʩʨʝʜʥʝʤ 800 ʛ/ʪ Sr, ʦʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʛʣʠʥʳ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʧʘʜʘʝʪ ʜʦ 150 ʛ/ʪ. ʄʘʛʤʘʪʠʯʝʩʢʠʡ ʙʘʟʘʣʴʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʚ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʠʪ 200 ʛ/ʪ. ʉʨʝʜʥʷʷ 

ʚʝʣʠʯʠʥʘ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr ʧʦʥʠʞʘʝʪʩʷ ʚ ʨʷʜʫ ʪʝʨʨʠʛʝʥʥʳʡ Ÿ ʛʣʠʥʠʩʪʦ-

ʢʘʨʙʦʥʘʪʥʳʡ Ÿ ʢʘʨʙʦʥʘʪʥʳʡ Ÿ ʛʘʣʦʛʝʥʥʦ-ʩʫʣʴʬʘʪʥʳʡ Ÿ ʙʘʟʘʣʴʪʦʚʳʡ ʢʦʤʧʣʝʢʩ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 0,7300Ÿ0,7120Ÿ0,7085Ÿ0,7070Ÿ0,7050. ʅʘʠʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʳʤʠ 

ʧʦʨʦʜʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʨʦʥʮʠʶ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ʛʘʣʦʛʝʥʥʦ-ʩʫʣʴʬʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʤʝʥʝʝ ʨʘʩʪʚʦʨʠʤʳ ï ʢʘʨʙʦʥʘʪʳ, ʘ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʧʦʯʪʠ ʥʝ ʧʦʩʪʘʚʣʷʶʪ Sr ʚʩʣʝʜʩʪʚʠʝ 

ʩʚʦʝʡ ʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. (ʌʦʨ, 1989) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳʯʠʩʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʩʪʨʦʥʮʠʷ ʚ ʦʙʱʝʤ ʩʪʦʢʝ 

ʦʪʜʝʣʴʥʳʭ ʨʝʯʥʳʭ ʚʦʜʦʩʙʦʨʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠ ʦʪʥʦʰʝʥʠʝ 87Sr/86Sr ʚ ʢʘʞʜʦʤ ʧʦʨʦʜʥʦʤ 

ʨʝʟʝʨʚʫʘʨʝ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʦʚ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ɼʦʣʷ Sr ʚ ʧʦʨʦʜʥʦʤ ʨʝʟʝʨʚʫʘʨʝ, %. 

ɺʦʣʞʩʢʠʡ ʙʘʩʩʝʡʥ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʦʪ ʠʩʪʦʢʘ ʜʦ ʆʢʠ, ʟʘʪʝʤ ʜʦ ʂʘʤʳ ʠ ʜʘʣʝʝ ʜʦ 

ʩʘʤʦʛʦ ʫʩʪʴʷ ʚ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ. ʅʘʯʘʣʦ ʨʝʢʘ ʙʝʨʝʪ ʥʘ ɺʘʣʜʘʡʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʩʣʦʞʝʥʘ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʠʟʚʝʩʪʥʷʢʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ, 

ʛʣʠʥʘʤʠ). ɼʘʣʝʝ ʨʝʢʘ ʚʳʪʝʢʘʝʪ ʥʘ ʈʫʩʩʢʫʶ ʨʘʚʥʠʥʫ, ʢʦʪʦʨʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʠʟ 

ʪʝʨʨʠʛʝʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚʳʭ ʧʦʨʦʜ. ɺ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ɺʦʣʛʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʧʦʨʦʜʘʤ ʛʣʠʥʠʩʪʦ-

ʧʝʩʯʘʥʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʦʩʣʝ ʚʧʘʜʝʥʠʷ ʂʘʤʳ ʚʦʣʛʘ ʪʝʯʝʪ 

ʧʦ ʪʝʨʨʠʛʝʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʤʝʟʦʟʦʡ-ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʮʝʣʦʤ, ʥʘ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ 

ʨ. ɺʦʣʛʠ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʨʦʜʳ ʪʝʨʨʠʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ 

ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Sr. ʅʘʠʙʦʣʴʰʠʤ ʧʦʩʪʘʚʱʠʢʦʤ Sr ʷʚʣʷʶʪʩʷ 

ʧʦʨʦʜʳ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠ ʛʘʣʦʛʝʥʥʦ-ʩʫʣʴʬʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʛʠʧʩʘʤʠ ʠ ʩʦʣʷʤʠ (ʅʫʨʛʘʣʠʝʚʘ, 2005). 

ɹʘʩʩʝʡʥ ʨʝʢʠ ʂʫʨʘ. ʀʩʪʦʢ ʨʝʢʘ ʙʝʨʝʪ ʚ ɸʨʤʷʥʩʢʦʤ ʥʘʛʦʨʴʝ, ʩʣʦʞʝʥʥʳʤ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʨʦʜʘʤʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʘ ʂʫʨʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʶʨʩʢʠʤ ʠ 

ʤʝʣʦʚʳʤ ʠʟʚʝʩʪʥʷʢʘʤ, ʘ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ï ʧʦ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ. ɺ ʙʘʩʩʝʡʥʝ ʨ. ʂʫʨʘ 

ʧʨʝʦʙʣʘʜʘʝʪ ʨʘʟʤʳʚ ʧʦʨʦʜ ʪʝʨʨʠʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʦʛʦ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʙʘʟʘʣʴʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʆʩʥʦʚʥʳʤʠ ʞʝ ʧʦʩʪʘʚʱʠʢʘʤʠ Sr ʷʚʣʷʶʪʩʷ 

ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ. 

ʋʨʘʣʴʩʢʠʡ ʙʘʩʩʝʡʥ. ʈʝʢʘ ʋʨʘʣ ʧʦ ʙʦʣʴʰʝʡ ʩʚʦʝʡ ʯʘʩʪʠ ʧʨʦʪʝʢʘʝʪ ʧʦ ʪʝʨʨʠʛʝʥʥʦ-

ʦʙʣʦʤʦʯʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʙʘʩʩʝʡʥʝ ʵʪʦʡ ʨʝʢʠ ʥʘʠʙʦʣʴʰʝʤʫ ʨʘʟʤʳʚʫ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʠ ʦʩʥʦʚʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ Sr.  

ɹʘʩʩʝʡʥ ʨʝʢʠ ʊʝʨʝʢ ʠ ʉʫʣʘʢ. ɺʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ ʨʝʢ ʊʝʨʝʢ ʠ ʉʫʣʘʢ ʩʭʦʞ: ʦʙʘ 

ʧʨʦʪʝʢʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʪʝʨʨʠʛʝʥʥʳʤ, ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʠ ʢʘʨʙʦʥʘʪʥʳʤ 

ʧʦʨʦʜʘʤ ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ ʨ. 

ʊʝʨʝʢ ʠ ʨ. ʉʫʣʘʢ ʧʨʝʦʙʣʘʜʘʝʪ ʨʘʟʤʳʚ ʪʝʨʨʠʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ, ʦʩʥʦʚʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ 

Sr ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɹʘʩʩʝʡʥ ʨʝʢʠ ʉʝʬʠʜʨʫʜ. ɼʣʷ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʉʝʬʠʜʨʫʜ ʥʘʠʙʦʣʴʰʝʤʫ ʨʘʩʪʚʦʨʝʥʠʶ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʝʟʦʟʦʡʩʢʠʝ ʧʦʨʦʜʳ ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 70%. ʅʝʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʨʘʟʤʳʚʘ ʟʘʥʠʤʘʶʪ 

ʧʦʨʦʜʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʙʘʟʘʣʴʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʟʦʟʦʡʩʢʦʛʦ ʠ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʆʜʥʘʢʦ ʥʘʠʙʦʣʴʰʠʤ ʧʦʩʪʘʚʱʠʢʦʤ ʩʪʨʦʥʮʠʷ (76%) ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʨʘʟʤʳʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ. 

ɺʳʯʠʩʣʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʴʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 87Sr/86Sr ʜʣʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʪʦʢʘ ʚ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ ʩʦʩʪʘʚʠʣʦ 0,7083. ʕʪʦ ʟʥʘʯʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʦʯʝʥʴ 
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ʙʣʠʟʢʠʤ ʢ ʚʝʣʠʯʠʥʝ 87Sr/86Sr, ʢʦʪʦʨʦʝ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʚ ʨʘʩʩʦʣʘʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʚʙʣʠʟʠ ʟʘʣʠʚʘ ʂʘʨʘ-ɹʦʛʘʟ-ɻʦʣ ï 0,7082 (Clauer et al., 2009). ʇʦʣʫʯʝʥʥʘʷ 

ʚʝʣʠʯʠʥʘ ʧʦʢʘʟʳʚʘʝʪ ʦʪʣʠʯʠʝ Sr-ʠʟʦʪʦʧʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʘʩʧʠʷ ʦʪ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʳ 

(ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2012), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʦʩʦʙʣʝʥʥʦʩʪʠ ʵʪʦʛʦ ʙʘʩʩʝʡʥʘ.  

ʇʦʤʠʤʦ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʚ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʠ ʫʯʪʝʥʳ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʧʦ 

ʠʟʦʪʦʧʥʳʤ ʦʪʥʦʰʝʥʠʷʤ 87Sr/86Sr ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʪʘʢʞʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʢʦʚʠʥ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʣʣʶʩʢʦʚ ʠʟ ʨʝʢ ɺʦʣʛʘ ʠ ʋʨʘʣ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr. ʉʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ 87Sr/86Sr, 

ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʨʘʩʯʸʪʘ, ʦʯʝʥʴ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʤʧʠʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ.  

ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʴʥʳʡ ʨʘʩʯʝʪ ʚ ʫʩʪʴʝ ɺʦʣʛʠ ʜʘʣ ʟʥʘʯʝʥʠʝ 0,7082, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʫʪʝʤ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦʜʳ ʚ ʵʪʦʡ ʞʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʪʦʯʢʝ 

ï 0,7081-0,7080 (Clauer et al., 2009). ʆʪʥʦʰʝʥʠʝ 87Sr/86Sr ʚ ʨʘʢʦʚʠʥʝ ʜʚʫʩʪʚʦʨʯʘʪʦʛʦ ʤʦʣʣʶʩʢʘ, 

ʦʪʦʙʨʘʥʥʦʛʦ ʚ ʥʠʟʦʚʴʝ ɺʦʣʛʠ (ɸʩʪʨʘʭʘʥʴ) ʨʘʚʥʦ ï 0,7082, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʦʤʫ 

ʟʥʘʯʝʥʠʶ. ɺ ʚʝʨʭʦʚʴʝ ʨʝʢʘ ɺʦʣʛʘ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʧʘʣʝʦʟʦʡʩʢʠʝ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʝ 

ʧʦʨʦʜʳ ʩʦ ʩʨʝʜʥʠʤ ʦʪʥʦʰʝʥʠʝʤ 87Sr/86Sr ʦʢʦʣʦ 0,712, ʠʟʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʨʘʢʦʚʠʥʳ 

ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʤʦʣʣʶʩʢʘ ʧʦʢʘʟʘʣ ʦʯʝʥʴ ʙʣʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ï 0,7119. ɼʣʷ ʫʩʪʴʷ ʨʝʢ ʂʫʨʘ ʠ ʉʫʣʘʢ 

ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ 87Sr/86Sr ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,7076 ʠ 0,7079, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʦʚʧʘʜʘʶʪ 

ʩ ʠʤʝʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ ï 0,7074 ʠ 0,7078 (Clauer et al., 2009; ʐʠʰʣʠʥʘ, 2016).  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʘʭ ʚ 

ʧʨʝʜʝʣʘʭ ʚʦʜʦʩʙʦʨʘ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʨʘʟʤʳʚ ʪʝʨʨʠʛʝʥʥʦ-

ʦʙʣʦʤʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʩʥʦʚʥʳʤ ʧʦʩʪʘʥʦʚʱʠʢʦʤ Sr ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʤʦʨʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ï ʠʟʚʝʩʪʥʷʢʘʤʠ.  

ɺʳʯʠʩʣʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʠʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʯʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʠ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʚʦʜʦʝʤʘ, ʚ ʮʝʣʦʤ, ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʚʦʜʳ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʢʦʚʠʥ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ 

ʨʘʩʯʝʪʘ ʧʨʠʛʦʜʥʳ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʪʦʧʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr ʨʘʟʤʳʚʘʝʤʳʭ 

ʧʦʨʦʜ ʚ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ ʂʘʩʧʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ.  
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ʇʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʜʘʝʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɺʝʪʨʝʥʩʢʦʡ ʧʣʦʱʘʜʠ (ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣʘʩʪʴ) 

ɻʨʠʛʦʨʴʝʚ ɻ.ʂ.1, ɺʦʨʦʙʴʸʚ ʖ.ɺ.2 
1 ʌɻɹʆʋ ɺʆ "ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ", GrigGeoK@gmail.com 
2 ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʇ. ʂʘʨʧʠʥʩʢʦʛʦ (ɺʉɽɻɽʀ) 

ɺ ʩʚʷʟʠ ʩ ʠʩʯʝʨʧʘʥʠʝʤ ʨʝʩʫʨʩʘ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʚ ʄʘʛʘʜʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʧʦʠʩʢʘ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʨʘʤʢʘʭ ʵʪʠʭ ʧʦʠʩʢʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʥʘ ʫʯʘʩʪʢʝ ʄʫʥʯʘʥ. ʋʯʘʩʪʦʢ ʄʫʥʯʘʥ ʦʭʚʘʪʳʚʘʝʪ ʚʝʨʭʦʚʴʷ ʨʫʯ. ʄʫʥʯʘʥ 

(ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. ʍʠʣʛʳʯʘ) ʠ ʚʦʜʦʨʘʟʜʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʨʫʯ. ʃʫʥʥʳʡ ʠ ʄʫʥʯʘʥ. 

ʇʨʦʚʦʜʠʤʳʝ ʨʘʙʦʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʠʩʢʠ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʩʩʳʧʝʡ 

ʟʦʣʦʪʘ ʧʦ ʨʫʯ. ʄʫʥʯʘʥ ʠ ʃʫʥʥʳʡ. 

ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʪʣʦʞʝʥʠʷʤʠ ʩʨʝʜʥʝʛʦ ʪʨʠʘʩʘ: ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, 

ʛʣʠʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʘʣʝʚʨʠʪʦʚʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʤʘʩʩʠʚʥʦʡ ʠ ʥʝʷʩʥʦʪʦʥʢʦʩʣʦʠʩʪʦʡ 

ʪʝʢʩʪʫʨʳ ʠʣʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʩ ʨʝʜʢʠʤʠ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ.  

ʀʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʪʦʢʦʤ ʧʦʟʜʥʝʶʨʩʢʠʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ɹʦʣʴʰʦʡ 

ʏʘʣʙʳʢʘʥ ʥʘ ʩʝʚʝʨʝ ʠ ʢʦʤʧʣʝʢʩʦʤ ʤʝʣʦʚʳʭ ʜʘʝʢ ʜʠʦʨʠʪʦʚ ʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ, ʰʠʨʦʢʦ 

ʨʘʟʚʠʪʳʤ ʧʦ ʚʩʝʤʫ ʫʯʘʩʪʢʫ. ɹʝʨʝʟʠʪʠʟʘʮʠʷ ʠ ʦʢʚʘʨʮʝʚʘʥʠʝ ʨʘʟʚʠʪʳ ʚ ʥʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ 

ʠʟʙʠʨʘʪʝʣʴʥʦ, ʧʦ ʩʠʩʪʝʤʘʤ ʩʝʢʫʱʠʭ ʪʨʝʱʠʥ. ʊʘʢʠʝ ʦʪʥʦʰʝʥʠʷ ʥʘʙʣʶʜʝʥʳ ʥʘʤʠ ʚ ʨʫʩʣʦʚʦʤ 

ʦʙʥʘʞʝʥʠʠ ʨʫʯ. ʄʫʥʯʘʥ. 

ʎʝʣʴʶ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʦʠʩʢ ʢʦʨʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʠ ʩʦʟʜʘʥʠʝ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ʨʫʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʣʠʪʦʭʠʤʠʯʝʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ɺʆʈ ʧʦ ʩʝʪʠ 500x50 ʩ ʮʝʣʴʶ ʦʙʱʝʡ ʦʮʝʥʢʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 

ʫʯʘʩʪʢʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʧʨʦʚʝʜʝʥʳ ʧʣʦʱʘʜʥʳʝ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ: ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʦʤ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʩʨʝʜʠʥʥʳʡ 

ʛʨʘʜʠʝʥʪ) ʠ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʇʃɸ. ʉʪʨʦʝʥʠʝ ʚʳʷʚʣʝʥʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʨʫʜʦʥʦʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʝʨʠʠ ʧʨʦʬʠʣʝʡ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ.  

ʕʪʘʣʦʥʥʳʤ ʦʙʲʝʢʪʦʤ ʧʦʩʣʫʞʠʣʦ 200 ʤ ʨʫʩʣʦʚʦʝ ʦʙʥʘʞʝʥʠʝ ʚ ʨʫʯ. ʄʫʥʯʘʥ. ɼʘʡʢʠ 

ʜʠʦʨʠʪʦʚ ʧʨʦʨʳʚʘʶʪ ʨʘʩʩʣʘʥʮʝʚʘʥʳʝ ʘʣʝʚʨʦʣʠʪʳ ʚ ʨʘʡʦʥʝ ʧʠʢʝʪʦʚ 50 ʠ 75. ʕʪʠ ʫʯʘʩʪʢʠ 

ʚʳʜʝʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʠ ʤʠʥʠʤʫʤʘʤʠ ʥʘ ʛʨʘʬʠʢʘʭ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʢʘʭ (ʨʠʩ.1). ɿʦʥʘ ʘʢʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʘʣʝʚʨʦʣʠʪʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʠʢʝʪʘ 105 ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ 200 ʧʠʢʝʪʝ. ʕʪʦ ʫʯʘʩʪʦʢ ʧʝʨʝʩʝʯʝʥ 

ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ, ʩʫʣʴʬʠʜʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ (ʤʝʣʢʘʷ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ, ʞʠʣʴʥʳʝ ʠ ʣʠʥʟʦʚʠʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ), ʧʦ ʩʦʩʪʘʚʫ ʚʩʪʨʝʯʘʶʪʩʷ: ʘʨʩʝʥʦʧʠʨʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʠʪ, ʛʘʣʝʥʠʪ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʟʦʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʫʛʣʝʨʦʜʠʩʪʳʡ 

ʤʝʪʘʩʦʤʘʪʦʟ, ʚ ʟʦʥʘʭ ʦʢʚʘʨʮʝʚʘʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʛʨʘʬʠʪʘ. ʉʦ ʚʩʝʡ ʟʦʥʳ ʦʪʦʙʨʘʥʳ 

ʦʙʨʘʟʮʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʫʪʦʯʥʝʥʠʷ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʢʘʭ.  
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ʈʝʟʫʣʴʪʘʪʳ ʧʣʦʱʘʜʥʳʭ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʠ 3. ʅʘ 

ʛʨʘʬʠʢʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ʚʳʜʝʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʘʥʦʤʘʣʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʧʨʷʞʝʥʥʘʷ ʩ ʚʳʭʦʜʘʤʠ ʜʠʦʨʠʪʦʚ. ɿʦʥʘ ʧʦʚʳʰʝʥʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʤʣʝʥʘ ʘʥʦʤʘʣʠʷʤʠ ʟʘʨʷʞʘʝʤʦʩʪʠ, ʢʘʨʪʠʨʫʶʱʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʫʜʥʫʶ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ ʧʦ ɺʆʈ, ʟʦʥʫ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ. 

ʇʦ ʠʪʦʛʘʤ ʨʘʙʦʪ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʘ ʛʦʨʥʳʝ ʨʘʙʦʪʳ. ɺ ʩʣʫʯʘʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʜʘʝʢ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʩʤʦʪʨʝʥ, ʢʘʢ ʪʨʘʩʩʠʨʫʶʱʠʡ ʧʫʪʠ ʤʠʛʨʘʮʠʠ 

ʨʫʜʥʳʭ ʬʣʶʠʜʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʦʤʘʨʦʚ ɺ.ɺ. ʕʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʦʤ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʃ. çʅʝʜʨʘè, 1980, 367 ʩ 

2. ʉʦʮʢʘʷ ʆ.ʊ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-

ʚʢʨʘʧʣʝʥʥʦʛʦ ʪʠʧʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʷʥʦ-ʢʦʣʳʤʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʧʦʷʩʘ, ʄʘʛʘʜʘʥ ï 2017 

3. ʅʦʚʦʞʠʣʦʚ ʖ.ʀ., ʐʝʨ ʃ.ʉ. ʆ ʩʘʤʦʨʦʜʥʦʤ ʟʦʣʦʪʝ ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ ɺʝʪʨʝʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ // 

ʄʘʪʝʨʠʘʣʳ ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʉʉʉʈ. ɺʳʧʫʩʢ 21. ʄʘʛʘʜʘʥʩʢʦʝ ʢʥʠʞʥʦʝ 

ʠʟʜ-ʚʦ, 1974. ʉ. 148ï156. 

  

ʘ)  ʙ)   

ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʢʘʞʫʱʝʛʦʩʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʘ) ʠ ʢʘʞʫʱʝʡʩʷ ʟʘʨʷʞʘʝʤʦʩʪʠ (ʙ). 

ʉʦʜʝʨʞʘʥʠʝ Au 

ʧʦ ɺʆʈ, ʛ/ʪ 
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ɻʝʦʭʨʦʥʦʣʦʛʠʷ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʛʦ ʣʘʢʢʦʣʠʪʘ ʛ. ʈʫʜʥʦʡ (ʶʞʥʘʷ ʗʢʫʪʠʷ) 

ɻʫʟʝʚ ɺ.ɽ.1,2, ʊʝʨʝʭʦʚ ɸ.ɺ.1, ʄʦʣʯʘʥʦʚ ɸ.ɺ.1 

1
ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʇ. ʂʘʨʧʠʥʩʢʦʛʦ, 

vladislav_guzev@vsegei.ru 

2ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʟʫʯʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʣʘʢʢʦʣʠʪʘ ʛ. ʈʫʜʥʦʡ ʧʨʠʫʨʦʯʝʥʘ ʢ ʃʝʙʝʜʠʥʩʢʦʤʫ ʟʦʣʦʪʦʨʫʜʥʦʤʫ 

ʫʟʣʫ, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʠʤ ʧʣʦʱʘʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʚ ʧʨʝʜʝʣʘʭ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʠ ʟʘʥʠʤʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʝʛʦ ʶʞʥʫʶ ʠ 

ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʠ. ʃʘʢʢʦʣʠʪ ʨʘʩʧʦʣʦʞʝʥ ʚʙʣʠʟʠ ʧʦʩʝʣʢʘ ʃʝʙʝʜʠʥʳʡ ʠ ʟʘʥʠʤʘʝʪ ʙʘʩʩʝʡʥ 

ʧʨʘʚʳʭ ʧʨʠʪʦʢʦʚ ʨ. ɹʦʣʴʰʦʡ ʂʫʨʘʥʘʭ ï ʨʫʯʴʝʚ ʈʫʜʥʳʡ, ʃʝʥʠʥʩʢʠʡ ʠ ʂʨʫʪʦʡ (ʨʠʩ. 1).  

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʜʝʣʷʶʪ ʤʥʦʛʦʷʨʫʩʥʦʝ 

ʩʪʨʦʝʥʠʝ. ʅʠʞʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ ʩʣʦʞʝʥ ʘʨʭʝʡʩʢʠʤʠ ʠ ʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ɺʝʨʭʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ 

ʵʪʘʞ (ʧʣʘʪʬʦʨʤʝʥʥʳʡ ʯʝʭʦʣ) ʦʙʨʘʟʦʚʘʥ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. ɺʩʝ 

ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʨʦʜ ʧʨʦʨʚʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʝʟʦʟʦʡʩʢʠʤʠ ʜʘʡʢʘʤʠ 

(ʩʠʝʥʠʪ-ʧʦʨʬʠʨʳ, ʙʦʩʪʦʥʠʪʳ, ʣʘʤʧʨʦʠʪʳ, ʚʦʛʝʟʠʪʳ), ʩʠʣʣʘʤʠ ʠ ʠʥʪʨʫʟʠʚʥʳʤʠ ʤʘʩʩʠʚʘʤʠ. 

ʈʠʩ. 1. ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʛ. ʈʫʜʥʦʡ. ʄʘʩʰʪʘʙ 1:10 000. 

1 ï ʩʠʝʥʠʪʳ (ɝK1a2); 2 ï ʛʥʝʡʩʳ, ʧʣʘʛʠʦʛʥʝʡʩʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʬʝʜʦʨʦʚʩʢʦʡ ʩʝʨʠʠ; 3 ï ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ 

ʛʨʘʥʠʪʳ (yPR1); 4 ï ʜʦʣʦʤʠʪʳ ʫʩʪʴ-ʶʜʦʤʩʢʦʡ ʩʚʠʪʳ (V2~ɭ1ujd); 5 ï ʦʪʣʦʞʝʥʠʷ ʨʝʯʥʳʭ ʜʦʣʠʥ: ʘ) ʘʣʣʶʚʠʘʣʴʥʳʝ, 

ʙ) ʪʝʭʥʦʛʝʥʥʳʝ; 6 ï ʟʦʣʦʪʦʨʫʜʥʳʝ ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʞʠʣʳ ʠ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʝʥʪʦʚʠʜʥʳʝ ʠ ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ 

ʟʘʣʝʞʠ; 7 ï ʜʘʡʢʠ ʠ ʩʠʣʣʳ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ (ɝˊK1k); 8 ï ʩʠʣʣʳ ʤʠʥʝʪʪ (mxJ2-3tm); 9 ï ʪʦʯʢʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʜʣʷ 

U-Pb ʜʘʪʠʨʦʚʘʥʠʷ ʮʠʨʢʦʥʦʚ; 10 ï ʨʝʢʠ ʠ ʨʫʯʴʠ.   

ʄʝʟʦʟʦʡʩʢʠʡ ʤʘʛʤʘʪʠʟʤ ʚ ʧʨʝʜʝʣʘʭ ʃʝʙʝʜʠʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʫʟʣʘ ʧʨʦʷʚʠʣʩʷ ʚ 

ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʵʪʘʧʦʚ: 1 ï ʪʨʠʘʩ-ʨʘʥʥʝʶʨʩʢʠʡ (217-186 ʤʣʥ ʣʝʪ), 2 ï ʩʨʝʜʥʝʶʨʩʢʠʡ (176-161 

ʤʣʥ ʣʝʪ), 3 ï ʧʦʟʜʥʝʶʨʩʢʠʡ-ʨʘʥʥʝʤʝʣʦʚʦʡ (162-140 ʤʣʥ ʣʝʪ), 4 ï ʨʘʥʥʝʤʝʣʦʚʦʡ (138-125 ʤʣʥ 

ʣʝʪ) (ʄʘʢʩʠʤʦʚ, 2010; ʄʦʣʯʘʥʦʚ ʠ ʜʨ., 2013; ʇʨʦʢʦʧʴʝʚ ʠ ʜʨ., 2018). ʇʨʠʯʠʥʦʡ ʧʨʦʷʚʣʝʥʠʷ 

ʱʝʣʦʯʥʦʛʦ ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʛʦ ʤʝʟʦʟʦʡʩʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʷʚʣʷʝʪʩʷ ʜʝʛʠʜʨʘʪʘʮʠʷ 

ʩʫʙʜʫʮʠʨʫʶʱʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʨʳʪʠʷ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ. 

ɼʝʬʦʨʤʘʮʠʠ ʚ ʣʠʪʦʩʬʝʨʝ ʧʨʠʚʝʣʠ ʢ ʧʨʦʷʚʣʝʥʠʶ ʠʤʧʫʣʴʩʥʦʛʦ ʤʥʦʛʦʵʪʘʧʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, 

ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʧʝʨʝʥʦʩ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (Au, U, Mo, Cu) ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪʣʦʞʝʥʠʝ 
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ʠʭ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʣʦʤʦʚ ʠ ʨʘʟʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ. ʀʤʝʥʥʦ ʩ ʤʝʟʦʟʦʡʩʢʠʤ ʤʘʛʤʘʪʠʟʤʦʤ 

ʩʚʷʟʳʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʧʠ- ʠ ʤʝʟʦʪʝʨʤʘʣʴʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʦʵʪʦʤʫ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʘʞʥʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ 

ʧʨʦʙʣʝʤʝ ʛʝʥʝʟʠʩʘ ʠ ʚʦʟʨʘʩʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ.  

ʀʟʫʯʘʝʤʳʡ ʣʘʢʢʦʣʠʪ ʩʣʦʞʝʥ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʤʠ ʩʠʝʥʠʪʘʤʠ (ʨʠʩ. 2) ʩ ʧʦʨʬʠʨʦʚʦʡ, 

ʨʝʞʝ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʠʝʥʠʪʦʚ 

ʧʨʝʪʝʨʧʝʣʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ï ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʦʞʝʣʝʟʥʝʥʠʝ.  

ʈʠʩ. 2. ʇʨʠʤʝʨʳ ʦʙʨʘʟʮʦʚ ʠʟʤʝʥʝʥʥʳʭ ʩʠʝʥʠʪʦʚ ʣʘʢʢʦʣʠʪʘ ʛ. ʈʫʜʥʦʡ. 

ɺʦʟʨʘʩʪ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʘʢʢʦʣʠʪʘ ʛ. ʈʫʜʥʦʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ 

ʠʟʦʪʦʧʥʳʝ ʜʘʪʠʨʦʚʢʠ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤ. ʈʘʥʝʝ K-Ar ʤʝʪʦʜʦʤ ʙʳʣ ʦʧʨʝʜʝʣʝʥ 

ʘʙʩʦʣʶʪʥʳʡ ʚʦʟʨʘʩʪ ʢʚʘʨʮʝʚʦʛʦ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʘ ʠʟ ʃʝʙʝʜʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʘʚʠʣ 188 ʤʣʥ ʣʝʪ (ʍʦʪʠʥʘ ʠ ʜʨ., 1987). ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʆ-

51-XVIII  (ɺʦʨʦʙʴʝʚ, ʐʫʤʙʘʩʦʚʘ, 2013), ɻʋɻɻʇ çɸʣʜʘʥʛʝʦʣʦʛʠʷè ʦʪʥʝʩʣʘ ʣʘʢʢʦʣʠʪ ʛ. ʈʫʜʥʦʡ 

ʠ ʙʣʠʟʣʝʞʘʱʠʝ ʠʥʪʨʫʟʠʠ ʢ ʦʨʦʯʝʥʩʢʦʤʫ ʛʠʧʘʙʠʩʩʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ (qɝʊ́3-J1o). ʂʨʦʤʝ ʪʦʛʦ, 

ʚ 2013 ʛʦʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʘ ʤʝʪʘʣʣʦʛʝʥʠʠ ʌɻɹʋ çɺʉɽɻɽʀè ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ɻʂ-1000 

ʣʠʩʪʘ ʆ-51 (ɸʣʜʘʥ) ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʮʠʨʢʦʥʳ (U-Pb ʤʝʪʦʜʦʤ) ʠʟ ʜʘʡʢʠ 

ʩʠʝʥʠʪʦʚ (ʦʙʨ. 5016) ʚʙʣʠʟʠ ʧʦʩ. ʃʝʙʝʜʠʥʳʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʜʠʦʣʦʛʠʯʝʩʢʠʡ 

ʚʦʟʨʘʩʪ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʧʦʨʦʜ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 135.9Ñ1.9 ʤʣʥ ʣʝʪ 

(ʄʦʣʯʘʥʦʚ ʠ ʜʨ., 2013).  

ʅʦʚʳʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʘʢʢʦʣʠʪʘ ʛ. ʈʫʜʥʦʡ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʝ 5 ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʩʠʝʥʠʪʦʚ, ʚʝʩʦʤ 3-6 ʢʛ ʢʘʞʜʳʡ. ɺʦʟʨʘʩʪ 

ʮʠʨʢʦʥʘ ʦʧʨʝʜʝʣʷʣʩʷ ʣʦʢʘʣʴʥʳʤ U-Pb ʤʝʪʦʜʦʤ ʚ ʎʀʀ ʌɻɹʋ çɺʉɽɻɽʀè ʥʘ ʚʪʦʨʠʯʥʦ-ʠʦʥʥʦʤ 

ʤʠʢʨʦʟʦʥʜʝ SIMS SHRIMP-II ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ (Williams, 1998). ʀʟʦʪʦʧʥʦ-

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ (U-Pb) ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʠʣʠ ʚʦʟʨʘʩʪ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʣʘʢʢʦʣʠʪʘ ʛ. ʈʫʜʥʦʡ, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣʦʤ ʚ 130-136 ʤʣʥ ʣʝʪ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʘʪʠʨʦʚʦʢ ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʨʘʩʪ ʩʠʝʥʠʪʦʚ 188 ʤʣʥ ʣʝʪ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 
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ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ. ʅʦʚʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʣʘʢʢʦʣʠʪ ʛ. 

ʈʫʜʥʦʡ ʠ ʙʣʠʟʣʝʞʘʱʠʝ ʠʥʪʨʫʟʠʠ ʢ ʘʣʜʘʥʩʢʦʤʫ ʧʣʫʪʦʥʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ (ɝK1a2), ʘ ʥʝ ʢ 

ʦʨʦʯʝʥʩʢʦʤʫ ʛʠʧʘʙʠʩʩʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ (qɝˊʊ3-J1o), ʢʘʢ ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ. ʉʨʘʚʥʠʚʘʷ 

ʧʦʣʫʯʝʥʥʳʡ ʠʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʩ ʦʙʨ. 5016 (ʄʦʣʯʘʥʦʚ ʠ ʜʨ., 2013), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʚʥʝʜʨʝʥʠʝ ʜʘʝʢ, ʩʠʣʣʦʚ ʠ ʤʠʥʝʪʪ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʠʥʭʨʦʥʥʦ. 
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ʤʘʩʩʠʚʘ (ɸʣʜʘʥʩʢʠʡ ʱʠʪ, ʶʞʥʘʷ ʗʢʫʪʠʷ) // ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʛʝʦʣʦʛʠʷ. 2018. ʊ.3. ˉ1. ʉ. 37-50. 
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ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʧʨʦʰʣʦʤ 

ɼʞʝʚʘʭʘʰʚʠʣʠ ʇ.ʉ.1, ɹʘʨʘʥʩʢʘʷ ɸ.ɺ.2, ʈʦʤʘʥʝʥʢʦ ʌ.ɸ.2 
1 ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ, 

pol-sd@mail.ru 
2 ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʅʀʃ ʛʝʦʵʢʦʣʦʛʠʠ ʉʝʚʝʨʘ 

ʈʝʛʨʝʩʩʠʠ ʠ ʪʨʘʥʩʛʨʝʩʩʠʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ï ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʨʘʟʚʠʪʠʷ ʨʝʣʴʝʬʘ 

ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʰʝʣʴʬʦʚ. ʄʝʥʷʶʱʘʷ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʦʩʪʘʚʣʷʝʪ 

ʧʦʩʣʝ ʩʝʙʷ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʣʝʜʳ: ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʜʳ ʩʦʟʜʘʶʪʩʷ 

ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʠ ʘʙʨʘʟʠʦʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ, ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʱʠʝ ʙʝʨʝʛʦʚʫʶ ʟʦʥʫ. ʀʭ 

ʤʦʨʬʦʣʦʛʠʷ ʠ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʨʘʞʘʶʪ ʠʟʤʝʥʝʥʠʷ 

ʚʳʩʦʪʳ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʚ ʧʨʦʰʣʦʤ, ʘ ʟʥʘʯʠʪ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ 

(ʠʥʜʠʢʘʪʦʨʘʤʠ) ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ. 

ʀʥʜʠʢʘʪʦʨ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ 

ʚʳʩʦʪʫ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʧʨʦʰʣʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ, ʚʳʨʘʞʝʥʥʳʭ ʚ ʨʝʣʴʝʬʝ ʠ 

ʦʪʣʦʞʝʥʠʷʭ (Shennan et al., 2015). ʄʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʠʥʜʠʢʘʪʦʨʳ ʥʘ ʜʚʘ ʪʠʧʘ: 

1) ʀʥʜʠʢʘʪʦʨʳ ʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ: ʜʨʝʚʥʠʝ ʙʝʨʝʛʦʚʳʝ ʣʠʥʠʠ ʠ ʠʥʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʤʘʨʢʠʨʫʶʱʠʝ ʥʝʢʦʪʦʨʳʡ ʜʠʘʧʘʟʦʥ 

ʚʦʟʤʦʞʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʝʥʴ ʤʦʨʷ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

2) ʆʛʨʘʥʠʯʠʚʘʶʱʠʝ ʠʥʜʠʢʘʪʦʨʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʠ ʚʩʝ ʤʦʨʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʠʙʨʝʞʥʳʭ. ʀʭ ʜʘʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʣʩʷ ʠʣʠ ʥʝ ʥʘʭʦʜʠʣʩʷ ʤʦʨʩʢʦʡ ʙʘʩʩʝʡʥ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʥʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʧʨʦʰʣʦʤ 

ʪʦʣʴʢʦ ʩʚʝʨʭʫ (ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ) ʠʣʠ ʩʥʠʟʫ (ʤʦʨʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ). 

ʆʙ ʠʟʤʝʥʝʥʠʷʭ ʫʨʦʚʥʷ ʤʦʨʷ ʟʘ ʤʠʣʣʠʦʥʳ ʠ ʤʠʣʣʠʘʨʜʳ ʣʝʪ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠʥʜʠʢʘʪʦʨʘʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʦʙʳʪʠʷ ʣʠʰʴ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʰʣʦʛʦ 

(ʪʘʙʣ.1). ʃʫʯʰʝ ʚʩʝʛʦ ʦʥʠ ʠʟʫʯʝʥʳ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣʘ ʩʤʝʥʘ ʙʦʣʝʝ 

ʭʦʣʦʜʥʳʭ (ʣʝʜʥʠʢʦʚʳʭ) ʵʧʦʭ ʩ ʥʠʟʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʫʨʦʚʥʷ ʦʢʝʘʥʘ ʠ ʙʦʣʝʝ ʪʝʧʣʳʭ 

(ʤʝʞʣʝʜʥʠʢʦʚʳʭ), ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʨʦʩ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠ ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʨʦʚʥʷ ʠ ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ ʠ 

ʤʝʭʘʥʠʟʤʳ ʝʛʦ ʢʦʣʝʙʘʥʠʡ. 

ʊʘʙʣʠʮʘ 1. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ. 
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ʇʦʜʥʷʪʳʝ 

ʙʝʨʝʛʦʚʳʝ  

ʬʦʨʤʳ 

- ʩʝʨʠʠ ʙʝʨʝʛʦʚʳʭ 

ʚʘʣʦʚ 

- ʣʝʩʪʥʠʮʳ 

ʤʦʨʩʢʠʭ ʪʝʨʨʘʩ 

- ʧʘʣʝʦʣʘʛʫʥʳ 

- ʜʶʥʳ 

- ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

- ʤʦʨʩʢʘʷ ʬʣʦʨʘ ʠ 

ʬʘʫʥʘ 

- ʩʣʝʜʳ ʨʘʙʦʪʳ ʚʦʣʥ 

- ʭʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩ ʜʨʫʛʠʤʠ 

ʙʝʨʝʛʦʚʳʤʠ ʬʦʨʤʘʤʠ  

- ʘʥʘʣʠʟ ʢʦʩʤʦʩʥʠʤʢʦʚ 

- ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ 

- ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʡ 

- ʪʝʬʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʡ 

- ʧʨʷʤʦʝ ʜʘʪʠʨʦʚʘʥʠʝ 

ʤʦʣʣʶʩʢʦʚ ʠ/ʠʣʠ ʪʦʨʬʘ 

(ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʡ, 

ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ) 

- ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ 

- ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ  

PR ï QIV  ʇʦʚʩʝʤʝʩʪʥʦ 

mailto:pol-sd@mail.ru


ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 
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ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʩʝʤʝʩʪʥʦ ʦʜʠʥʘʢʦʚʦ 

ʜʝʪʘʣʴʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʷʜʘ ʠʥʜʠʢʘʪʦʨʦʚ ʧʦ 

ʟʝʤʥʦʤʫ ʰʘʨʫ ʠʤʝʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʵʢʦʩʠʩʪʝʤ: ʤʘʥʛʨʦʚʳʭ ʣʝʩʦʚ, ʢʦʨʘʣʣʦʚ, ʤʘʨʰʝʡ ʠ ʣʘʡʜ. ʇʝʨʚʳʝ 

ʜʚʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʙʝʨʝʞʠʡ ʶʞʥʳʭ ʤʦʨʝʡ, ʧʦʩʣʝʜʥʠʝ ï ʩʝʚʝʨʥʳʭ. ʆʯʝʥʴ ʚʘʞʝʥ ʫʯʝʪ 

ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʧʦʙʝʨʝʞʠʡ: ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʘʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʢʘʢ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʙʘʩʩʝʡʥʳ ʠ ʧʦʜʥʷʪʳʝ ʙʝʨʝʛʦʚʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʩʚʷʟʘʥʦ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʟʝʤʥʦʡ 

ʢʦʨʳ ï ʦʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʠʣʠ ʛʣʷʮʠʦʠʟʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʜʥʷʪʠʠ ʧʦʙʝʨʝʞʴʷ, 

ʭʘʨʘʢʪʝʨʥʦʤ ʣʠʰʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʡʦʥʦʚ. 

ɺ ʨʝʛʠʦʥʘʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʛʣʷʮʠʦʠʟʦʩʪʘʟʠʯʝʩʢʠʤ ʧʦʜʥʷʪʠʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʝ ʚʨʝʤʷ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʙʘʩʩʝʡʥʦʚ, 

ʇʣʷʞʝʚʳʝ 

ʦʪʣʦʞʝʥʠʷ 

- ʩʝʨʠʠ ʙʘʨʦʚ ʥʘ 

ʩʫʰʝ ʠ ʧʦʜ ʚʦʜʦʡ 

- ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

- ʭʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ: 

ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʨʷʜʘʤʠ 

- ʢʦʩʘʷ ʩʣʦʠʩʪʦʩʪʴ 

 

- ʩʪʨʫʢʪʫʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʡ (ʘʥʘʣʠʟ 

ʟʘʣʝʛʘʥʠʷ) 

- ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ 

- ʧʨʷʤʦʝ ʜʘʪʠʨʦʚʘʥʠʝ 

ʤʦʣʣʶʩʢʦʚ ʠ/ʠʣʠ ʪʦʨʬʘ 

(ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʡ, 

ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʠ 

ʆʉʃ) 

- ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ 

MZ ï QIV  ʇʦʚʩʝʤʝʩʪʥʦ 
ʆ
ʛ
ʨ
ʘ
ʥ
ʠ
ʯ
ʠ
ʚ
ʘ
ʶ
ʱ
ʠ
ʡ
 
ʠ
 
ʪ
ʦ
ʯ
ʥ
ʦ
ʛ
ʦ
 
ʧ
ʦ
ʣ
ʦ
ʞ
ʝ
ʥ
ʠ
ʷ

 

ʀʟʦʣʠʨʦ-

ʚʘʥʥʳʝ 

ʙʘʩʩʝʡʥʳ 

- ʦʟʝʨʥʳʝ 

ʢʦʪʣʦʚʠʥʳ ʥʘ 

ʧʦʙʝʨʝʞʴʝ 

- ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

- ʣʝʥʪʦʯʥʳʝ ʛʣʠʥʳ 

- ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ 

- ʜʠʘʪʦʤʦʚʳʡ 

- ʧʘʣʝʦʤʘʛʥʠʪʥʳʡ 

- ʫʨʘʥ-ʪʦʨʠʝʚʳʡ   

- ʧʨʦʪʘʢʪʠʥʠʡ-ʫʨʘʥʦʚʳʡ  

- ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ 

ʜʘʪʠʨʦʚʘʥʠʝ 

- ʚʘʨʚʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʡ 

QI ï QIV  ɺ ʦʙʣʘʩʪʷʭ 

ʧʦʜʥʷʪʠʷ 

(ʧʨʝʠʤʫ-

ʱʝʩʪʚʝʥʥʦ 

ʛʣʷʮʠʦ-

ʠʟʦʩʪʘʪʠ-

ʯʝʩʢʦʛʦ) 

 

ʄʘʨʰʠ ʠ 

ʣʘʡʜʳ 

- ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ 

ʧʨʠʙʨʝʞʥʳʝ 

ʨʘʚʥʠʥʳ 

- ʯʝʨʝʜʦʚʘʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ 

ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

- ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ  

- ʫʨʘʥ-ʪʦʨʠʝʚʳʡ   

- ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ 

- ʜʠʘʪʦʤʦʚʳʡ 

- ʘʥʘʣʠʟ ʙʦʪʘʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʪʦʨʬʘ 

Q I- QIV  ʋʤʝʨʝʥʥʳʝ ʠ 

ʩʫʙʧʦʣʷʨʥʳʝ 

ʰʠʨʦʪʳ 

ʄʘʥʛʨʳ - ʦʩʦʙʳʡ ʪʠʧ 

ʧʦʙʝʨʝʞʠʡ ï 

ʤʘʥʛʨʦʚʳʝ 

 

- ʩʣʦʠʩʪʳʡ ʪʦʨʬ 

(ʤʘʥʛʨʦʚʳʝ ʤʘʪʳ) 

- ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ 

ʜʘʪʠʨʦʚʘʥʠʝ 

- ʘʥʘʣʠʟ ʙʦʪʘʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʪʦʨʬʘ 

ʇʦʩʣʝ-

ʜʥʠʝ 

ʥʝʩʢʦ-

ʣʴʢʦ ʪʳʩ. 

ʣʝʪ 

ʄʝʞʜʫ 25Á ʩ. ʰ. 

ʠ 25Á ʶ. ʰ. 

ʂʦʨʘʣʣʳ - ʢʦʨʘʣʣʦʚʳʝ ʨʠʬʳ 

- ʢʦʨʘʣʣʦʚʳʝ 

ʦʩʪʨʦʚʘ ʠ ʘʪʦʣʣʳ  

- ʢʦʨʘʣʣʦʚʳʝ 

ʪʝʨʨʘʩʳ 

- ʦʙʣʦʤʢʠ ʢʦʨʘʣʣʦʚ 

- ʠʟʚʝʩʪʥʷʢʠ 

- ʧʦʜʩʯʝʪ ʝʞʝʛʦʜʥʳʭ 

ʩʣʦʝʚ ʨʦʩʪʘ 

- ʫʨʘʥ-ʪʦʨʠʝʚʳʡ  

- ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ 

ʜʘʪʠʨʦʚʘʥʠʝ 

MZ ï QIV  ʊʨʦʧʠʯʝʩʢʠʝ 

ʤʦʨʷ 

ʆ
ʛ
ʨ
ʘ
ʥ
ʠ
ʯ
ʠ
ʚ
ʘ
ʶ
ʱ
ʠ
ʡ

 

ʄʦʨʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ 

(ʢʦʣʦʥʢʠ 

ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ï 

ʪʦʯʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ) 

- ʰʝʣʴʬ 

- ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

ʩʢʣʦʥʳ 

- ʤʦʨʩʢʠʝ 

ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ 

ʨʘʚʥʠʥʳ 

 

- ʤʦʨʩʢʘʷ ʬʣʦʨʘ ʠ 

ʬʘʫʥʘ 

- ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

- ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ 

ʤʝʪʦʜ (ʚ ʪ. ʯ. 

ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʷ) 

- ʜʠʘʪʦʤʦʚʳʡ ʘʥʘʣʠʟ 

- ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʢʠʩʣʦʨʦʜʘ 

- ʧʘʣʝʦʤʘʛʥʠʪʥʳʡ 

- ʩʦʜʝʨʞʘʥʠʝ ʙʝʨʠʣʣʠʷ-10 

 

PR ï QIV  ʇʦʚʩʝʤʝʩʪʥʦ 

ʂʦʥʪʠʥʝʥ- 

ʪʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʚ 

ʤʦʨʝ 

- ʤʝʣʢʦʚʦʜʴʝ 

- ʰʝʣʴʬ 

- ʧʨʝʩʥʦʚʦʜʥʳʡ ʪʦʨʬ - ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ 

ʜʘʪʠʨʦʚʘʥʠʝ 

- ʫʨʘʥ-ʪʦʨʠʝʚʳʡ ʤʝʪʦʜ 

- ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ 

ʘʥʘʣʠʟ 

PR ï QIV  ʈʝʜʢʦ, ʚ 

ʦʩʥʦʚʥʦʤ ʚ 

ʩʝʚʝʨʥʳʭ ʤʦʨʷʭ 
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ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ɺ.ɺ. ʂʦʣʴʢʝ (1957-2020) ʩ ʢʦʣʣʝʛʘʤʠ ʫʜʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ʮʝʣʳʡ ʨʷʜ 

ʢʨʠʚʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʦʨʷ ɹʝʣʦʛʦ ʤ ɹʘʨʝʥʮʝʚʘ ʤʦʨʝʡ, ʫʪʦʯʥʠʚ 

ʨʝʟʫʣʴʪʘʪʳ ɹ.ʀ. ʂʦʰʝʯʢʠʥʘ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʧʦʜʪʚʝʨʞʜʝʥʳ ʜʘʥʥʳʤʠ ʜʠʘʪʦʤʦʚʦʛʦ ʠ 

ʤʠʢʨʦʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ, ʘ ʪʘʢʞʝ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ï ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʠ 

ʪʘʢʠʭ ʨʘʙʦʪʘʭ ʤʝʪʦʜʘ.  

ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʠʥʜʠʢʘʪʦʨʦʚ ʥʘ ʧʦʙʝʨʝʞʴʷʭ ʤʦʨʝʡ, 

ʦʤʚrʘʶʱʠʭ ʙʝʨʝʛʘ ʈʦʩʩʠʠ (ʨʠʩ. 1). ʇʦʜʥʷʪʳʝ ʠ ʧʦʛʨʫʞʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʥʘʨʘʚʥʝ ʩ 

ʤʦʨʩʢʠʤʠ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʧʨʦʰʣʦʤ. ʕʪʠ ʠʥʜʠʢʘʪʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʧʦʙʝʨʝʞʴʷʭ ʢʘʢ ʩʝʚʝʨʥʳʭ, ʪʘʢ ʠ ʶʞʥʳʭ ʤʦʨʝʡ. 

ʈʠʩ. 1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʥʘ ʙʝʨʝʛʘʭ ʈʦʩʩʠʠ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʅʘ ʙʝʨʝʛʘʭ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʦʡ ʟʦʥʘʣʴʥʳʡ ʠʥʜʠʢʘʪʦʨ ʢʘʢ ʤʘʨʰʠ ʠ 

ʣʘʡʜʳ ï ʩʝʚʝʨʥʳʡ ʘʥʘʣʦʛ ʤʘʨʰʝʡ. ʉʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʣʘʡʜʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʥʘʣʠʯʠʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʩʣʦʝʚ ʪʦʨʬʘ ʠ ʧʦʛʨʝʙʝʥʥʳʭ ʚʦʜʦʨʦʩʣʝʚʳʭ ʤʘʪʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝʪʘʣʴʥʦʡ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʫʨʦʚʥʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʠʦʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʧʨʠ ʘʥʘʣʠʟʝ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Shennan, I., Long, A. J., Horton, B. P. (Eds.), Handbook of Sea-level Research. John Wiley & Sons, Ltd, New 

York, 2015. ʈ. 536-553. 

  



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 

74 

ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʯʚʦ-ʛʨʫʥʪʦʚ 

ʤʫʩʦʨʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ ʄʇɹʆ-2 (ʗʥʠʥʦ) 

ɼʞʦʨʘʝʚʘ ɸ.ʅ., ʇʘʥʦʚʘ ɽ.ɻ. 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, alinajorayeva@gmail.com 

ʈʦʩʪ ʥʘʩʝʣʝʥʠʷ ʠ ʫʨʙʘʥʠʟʘʮʠʷ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʪʚʝʨʜʳʭ 

ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ (ʊɹʆ). ʇʨʦʙʣʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʣʶʙʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ɺʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʧʨʦʮʝʩʩʳ ʩʙʦʨʘ, ʩʦʨʪʠʨʦʚʢʠ ʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ 

ʠʤʝʶʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ ʚʦ ʤʥʦʛʠʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ (Rumyanseva A., et al., 2017). 

ʄʫʩʦʨʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ ʄʇɹʆ-2 ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ. ɿʘʚʦʜ ʷʚʣʷʝʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ ʙʳʪʦʚʳʤʠ 

ʦʪʭʦʜʘʤʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤ 

ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʘʵʨʦʙʥʦʛʦ 

ʙʠʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ (ʙʠʦʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ) (Zhou H., 2017). ʀʟ-ʟʘ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʨʘʟʜʝʣʴʥʦʛʦ ʩʙʦʨʘ ʤʫʩʦʨʘ ʚ ʛʦʨʦʜʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʣʠʯʠʷ ʚ 

ʦʪʭʦʜʘʭ ʥʝʢʦʤʧʦʩʪʠʨʫʝʤʳʭ ʬʨʘʢʮʠʡ (ʧʣʘʩʪʠʢ, ʩʪʝʢʣʦ, ʤʝʪʘʣʣʳ, ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʫʩʦʨ, ʛʨʷʟʴ, 

ʢʘʤʥʠ, ʤʫʩʦʨ), ʧʦʣʫʯʝʥʥʳʡ ʢʦʤʧʦʩʪ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʮʝʣʷʭ. ʇʨʦʜʫʢʪʳ ʧʦʩʣʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʟʘʚʦʜʝ ʧʦʤʝʱʘʶʪʩʷ ʥʘ ʦʪʢʨʳʪʳʡ 

ʚʦʟʜʫʭ, ʛʜʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ: ʤʝʭʘʥʠʯʝʩʢʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʙʘʣʣʘʩʪʝ, ʤʠʛʨʠʨʫʶʪ ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ. 

ʆʙʨʘʙʦʪʘʥʥʳʡ ʠ ʠʟʤʝʣʴʯʝʥʥʳʡ (ʜʦ ʬʨʘʢʮʠʠ 2 ʤʤ) ʤʘʪʝʨʠʘʣ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʟʘʚʦʜʘ ʠ ʧʦʣʠʛʦʥʘʭ ʊɹʆ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʙʘʣʣʘʩʪʝ ʥʘʯʠʥʘʶʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʧʨʦʮʝʩʩʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʦʤʧʦʥʝʥʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʘʣʣʘʩʪ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʣʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. 

ʄʘʪʝʨʠʘʣ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʪʦʙʨʘʥ ʚ ʢʦʥʮʝ ʦʢʪʷʙʨʷ 2019 ʛʦʜʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʤʫʩʦʨʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ (ʄʇɹʆ ï 2, ʧʦʩ. ʗʥʠʥʦ ï 1, ʛ. ʉʘʥʢʪ ï 

ʇʝʪʝʨʙʫʨʛ). ɺʩʝʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 14 ʦʙʨʘʟʮʦʚ ʧʦʯʚʦ-ʛʨʫʥʪʦʚ. ʇʦʜ ʪʝʨʤʠʥʦʤ çʧʦʯʚʦ ï ʛʨʫʥʪè 

ʇɻ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʣʦʜʳʝ çʧʦʯʚʳè, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʘ ʨʘʟʜʨʦʙʣʝʥʥʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʝ/ʙʘʣʣʘʩʪʝ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʙʝʟʚʨʝʞʝʥʥʳʭ ʦʪ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʊɹʆ). ɿʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʘ 

ʫʯʘʩʪʢʘ: ʉʪʘʨʳʡ ʙʘʣʣʘʩʪ ï ʧʣʦʪʥʳʝ ʧʦʯʚʦ-ʛʨʫʥʪʳ, ʅʦʚʳʡ ï ʨʳʭʣʳʝ ʧʦʯʚʦ-ʛʨʫʥʪʳ. ʇʨʦʙʳ 

ʦʪʙʠʨʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʴʝʬʘ (ʥʠʟʠʥʘ, ʩʢʣʦʥ, ʚʝʨʰʠʥʘ) 

ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʛʣʫʙʠʥʝ 10-15 ʩʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʝʩ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣ ʧʨʠʤʝʨʥʦ 

1000-1500 ʛ. ɺʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʳ (ʮʚʝʪ, ʩʪʨʫʢʪʫʨʘ, ʪʝʢʩʪʫʨʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʝʩʪʦ ʦʪʙʦʨʘ ʧʨʦʙ) ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʧʦʣʝʚʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦ ʠ ʧʦʩʣʝ ʩʫʰʢʠ. ʇʨʠʤʝʨʥʦ 500 ʛ ʢʘʞʜʦʡ ʧʨʦʙʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʤʝʱʘʣʠ ʚ ʛʝʨʤʝʪʠʯʥʳʡ ʧʘʢʝʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʯʚʳ ʧʦʩʣʝ ʦʪʙʦʨʘ ʙʳʣʘ ʚʳʩʫʰʝʥʘ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʧʨʦʙʘʭ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʘʣʠʟʘʪʦʨʘ ʨʪʫʪʠ ʇɸ-915 +, ʧʠʨʦʣʠʟʥʦʡ ʫʩʪʘʥʦʚʢʠ ʇʀʈʆ-915. 

ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʥʘʣʠʟʦʚ ʧʨʠʤʝʥʷʣʘʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʮʚʝʪʫ ʇɻ (ʉʝʨʳʝ, 

ʂʦʨʠʯʥʝʚʳʝ ʠ ʏʸʨʥʳʝ ʧʦʯʚʦ-ʛʨʫʥʪʳ) ʠ ʧʦ ʩʪʝʧʝʥʠ ʣʠʪʠʬʠʢʘʮʠʠ (ʉʪʘʨʳʝ ʠ ʅʦʚʳʝ). ʉʦʛʣʘʩʥʦ 

ʘʥʘʣʠʟʫ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʚ ʧʦʯʚʘʭ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ ʮʚʝʪʫ, ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʠʷ ʚ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ. ɺ ʉʝʨʳʭ ʧʦʯʚʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ (0,05; 0,1 ʤʤ). ɺ 

ʏʸʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʯʪʠ ʨʘʚʥʦʤʝʨʥʦʝ. ɺ ʂʦʨʠʯʥʝʚʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʬʨʘʢʮʠʠ 0,25, 0,5 ʤʤ. 

ɼʣʷ ʚʩʝʭ ʪʠʧʦʚ ʧʦʯʚ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ 2 ʤʤ.  

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʉʪʘʨʳʝ ʧʦʯʚʦ-ʛʨʫʥʪʳ, 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʠʭ ʨʘʟʤʝʱʝʥʠʷ, ʙʦʛʘʪʳ ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʅʦʚʳʝ 

ʦʙʦʛʘʱʝʥʳ ʚʢʣʶʯʝʥʠʷʤʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʣʘʩʪʠʢʦʚ, ʩʪʝʢʣʘ, ʤʝʪʘʣʣʦʚ). ɺʩʝ ʦʙʨʘʟʮʳ 
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XXXI ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʸʥʥʘʷ ʧʘʤʷʪʠ ʯʣ.-ʢʦʨʨ. ɸʅ ʉʉʉʈ ʂ.ʆ. ʂʨʘʪʮʘ 

75 

ʧʦʯʚʦ-ʛʨʫʥʪʦʚ (ʠ ʚʩʝ ʬʨʘʢʮʠʠ) ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ XRF (ʧʦʨʪʘʪʠʚʥʦʛʦ 

ʘʥʘʣʠʟʘʪʦʨʘ) ʠ EDX-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʦʚʳʝ ʧʦʯʚʳ ʦʙʦʛʘʱʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

(ʘʥʘʣʠʟ ʉHN), ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʨʪʫʪʴ, ʩʚʠʥʝʮ, ʮʠʥʢ, ʤʝʜʴ, ʭʨʦʤ). ʉʝʨʳʝ (ʉʪʘʨʳʝ) ʧʦʯʚʳ 

ʙʦʣʝʝ ʛʣʠʥʠʩʪʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʇʦʜʚʦʜʷ 

ʠʪʦʛ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʩʚʝʞʝʛʦ ʙʘʣʣʘʩʪʘ ʧʦʢʠʜʘʶʪ ʩʚʦʡ 

ʧʝʨʚʦʠʩʪʦʯʥʠʢ, ʤʠʛʨʠʨʫʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʤʠʛʨʘʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʳʜʝʣʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ (Hg, Pb, Zn) ʠ ʚʪʦʨʦʛʦ (Cu, Cr). 

ʈʘʩʯʸʪ ʠʥʜʝʢʩʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚʳʷʚʠʣ ʛʣʘʚʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦʯʚʦ-ʛʨʫʥʪʦʚ, 

ʚʳʜʝʣʝʥʥʳʭ ʥʘʤʠ ʧʦ ʩʪʝʧʝʥʠ ʣʠʪʠʬʠʢʘʮʠʠ. ʀʥʜʝʢʩ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʉʪʘʨʳʭ 

ʧʦʯʚʦ-ʛʨʫʥʪʘʭ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʅʦʚʳʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ 

ʬʘʢʪ, ʯʪʦ ʙʦʣʝʝ ʩʣʝʞʘʚʰʠʝʩʷ ʧʦʯʚʦ-ʛʨʫʥʪʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʚʳʚʝʪʨʝʣʳʤʠ, ʘ ʟʥʘʯʠʪ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʚʰʠʤʠʩʷ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ, ʚ 

ʦʩʥʦʚʥʦʤ ʵʪʦ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʤʠʛʨʠʨʫʶʪ ʠʟ ʧʦʯʚʦ-ʛʨʫʥʪʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʭʦʞʝʩʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʜʣʷ ʉʪʘʨʳʭ ʠ ʅʦʚʳʭ ʧʦʯʚʦ-

ʛʨʫʥʪʦʚ. ʉʚʝʞʠʡ ʙʘʣʣʘʩʪ, ʧʦʤʝʱʝʥʥʳʡ ʥʘ ʧʦʣʠʛʦʥʳ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʉʦ ʚʨʝʤʝʥʝʤ, ʢʦʤʧʦʥʝʥʪʳ ʅʦʚʳʭ ʧʦʯʚʦ-ʛʨʫʥʪʦʚ ʧʦʢʠʜʘʶʪ ʩʚʦʡ 

ʧʝʨʚʦʠʩʪʦʯʥʠʢ, ʤʠʛʨʠʨʫʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʦʙʨʘʥʥʳʭ ʯʘʩʪʠʮ ʧʦʯʚʦ-ʛʨʫʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʧʦʯʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʝʭʥʦʛʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʧʣʘʩʪʠʢʦʚ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʦʥʠ ʘʢʢʫʤʫʣʠʨʫʶʪ 

ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʯʢʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢʚʘʨʮʝʚʳʭ ʯʘʩʪʠʮ, ʩʣʶʜ, 

ʧʳʣʝʚʘʪʳʭ ʠ ʜʨ. ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʠʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʠ 

ʧʦʤʦʱʠ ʙʦʣʝʝ ʪʦʯʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʄʷʛʢʠʝ ʧʣʘʩʪʠʢʠ 

(ʧʦʣʠʵʪʠʣʝʥʳ) ʠʤʝʣʠ ʨʘʩʱʝʧʣʝʥʥʳʝ ʢʨʘʷ ʠ ʪʝʩʥʦ ʢʦʥʪʘʢʪʠʨʦʚʘʣʠ ʩ ʬʣʦʨʦʡ ʠ ʬʘʫʥʦʡ, ʦʙʨʘʟʫʷ 

ʘʛʨʝʛʘʪʳ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʵʪʠ ʞʝ ʧʣʘʩʪʠʢʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʦʮʝʩʩʘʤ ʙʠʦʛʝʥʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ, ʩʦ ʚʨʝʤʝʥʝʤ ʨʘʟʨʫʰʘʷʩʴ ʚ ʧʦʯʚʦ-ʛʨʫʥʪʘʭ.  

ʈʘʮʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʙʨʘʙʦʪʢʝ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ, ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʩʦʨʪʠʨʦʚʢʘ ʦʪʭʦʜʦʚ 

ʞʠʪʝʣʷʤʠ, ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʤʦʛʫʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʧʘʜʘʥʠʝ ʨʪʫʪʠ 

ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ. 
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ʍʘʫʪʘʚʘʘʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʂʘʨʝʣʠʷ) 

ɼʤʠʪʨʠʝʚʘ ɸ.ɺ.1, ɻʦʨʜʦʥ ʌ.ɸ.2 

1 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʂʘʨʝʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, dmitrievaa-v@yandex.ru 
2 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈɸʅ 

ʍʘʫʪʘʚʘʘʨʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʶʞʥʦʝ ʦʢʦʥʯʘʥʠʝ ʤʝʟʦʘʨʭʝʡʩʢʦʛʦ 

ɺʝʜʣʦʟʝʨʩʢʦ-ʉʝʛʦʟʝʨʩʢʦʛʦ ʟʝʣʝʥʦʢʘʤʝʥʥʦʛʦ ʧʦʷʩʘ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʜʦʤʝʥʦʚ ï 

ʜʨʝʚʥʝʛʦ ɺʦʜʣʦʟʝʨʩʢʦʛʦ ʩ ʤʝʟʦʘʨʭʝʡʩʢʠʤʠ (3.1-3.2 ʤʣʨʜ ʣ.) ʷʜʨʘʤʠ ʊʊɻ-ʛʥʝʡʩʦʚ ʠ 

ʎʝʥʪʨʘʣʴʥʦ-ʂʘʨʝʣʴʩʢʦʛʦ ʩ ʥʝʦʘʨʭʝʡʩʢʦʡ ʶʚʝʥʠʣʴʥʦʡ ʢʦʨʦʡ. ɻʨʘʥʠʪʦʠʜʥʳʡ ʤʘʛʤʘʪʠʟʤ ʚ 

ʧʨʝʜʝʣʘʭ ʟʝʣʝʥʦʢʘʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʤʘʩʩʠʚʘʤʠ: ʊʊɻ 

ʐʫʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʘʥʫʢʠʪʦʠʜʘʤʠ ʍʘʫʪʘʚʘʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʤʘʩʩʠʚʳ ʍʘʫʪʘʚʘʘʨʩʢʠʡ ʠ 

ʏʘʣʢʠʥʘʢʠʡ) ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʤʠ ʛʨʘʥʠʪʘʤʠ (ʅʷʣʴʤʦʟʝʨʩʢʠʡ ʤʘʩʩʠʚ). ʈʘʥʝʝ ʐʫʡʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʘʥʘʣʦʛ ʊʊɻ-ʤʘʩʩʠʚʦʚ ʚʦʟʨʘʩʪʘ 2.86-2.85 ʤʣʨʜ ʣʝʪ, ʘ 

ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʳ ï K-ʛʨʘʥʠʪʦʚ ʵʪʘʧʘ 2.70 ʤʣʨʜ ʣ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʠʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʪʦʣʴʢʦ ʜʣʷ ʩʘʥʫʢʠʪʦʠʜʦʚ (~2.74 ʤʣʨʜ ʣ.).  

ɺ ʚʦʩʪʦʯʥʦʤ ʙʦʨʪʫ ʍʘʫʪʘʚʘʘʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʐʫʡʩʢʠʡ ʠ 

ʅʷʣʴʤʦʟʝʨʩʢʠʡ ʤʘʩʩʠʚʳ. ʉʘʥʫʢʠʪʦʠʜʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʝʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʍʘʫʪʘʚʘʨʩʢʠʡ 

ʠʥʪʨʫʟʠʚ) ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤʫ ʦʙʨʘʤʣʝʥʠʶ (ʏʘʣʢʠʥʩʢʠʡ ʠʥʪʨʫʟʠʚ).  

ʍʘʫʪʘʚʘʘʨʩʢʠʡ ʤʘʩʩʠʚ ʩʣʦʞʝʥ ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ ʠ ʤʦʥʮʦʛʨʘʥʠʪʘʤʠ II-ʬʘʟʳ. 

ʄʦʥʮʦʛʘʙʙʨʦʜʠʦʨʠʪʳ ʠ ʤʦʥʮʦʜʠʦʨʠʪʳ I-ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʀʥʪʨʫʟʠʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥ ʧʦ ʩʦʩʪʘʚʫ, ʩʦʜʝʨʞʘʥʠʝ SiO2 51.98-70.5 %, ʩʫʤʤʘ ʱʝʣʦʯʝʡ 6.21 

%-9.57 %. ʇʦʨʦʜʳ ʧʨʠʥʘʜʣʝʞʘʪ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʤʫ ʨʷʜʫ (Na2O/K2O < 1), ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ (mg# = 0.60-0.45) ʠ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ (ʚ ppm) Cr (223-

20) ʠ Ni (70-10), ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

REE ((La/Yb)n = 14-21, ễREE 346-128 ppm). ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Ba ʚ ʧʦʨʦʜʘʭ ʨʘʥʥʝʡ 

ʬʘʟʳ ï 2054, ʧʦʟʜʥʝʡ ʬʘʟʳ ï 1081 ppm.   

ʏʘʣʢʠʥʩʢʠʡ ʤʘʩʩʠʚ ʙʳʣ ʠʟʫʯʝʥ ʚ ʶʞʥʦʡ ʝʛʦ ʯʘʩʪʠ. ʆʥ ʩʣʦʞʝʥ ʙʠʦʪʠʪ-

ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʤʠ ʜʠʦʨʠʪʘʤʠ ʠ ʢʚʘʨʮʝʚʳʤʠ ʜʠʦʨʠʪʘʤʠ. ʇʦʨʦʜʳ ʩʦʜʝʨʞʘʪ 59.9-60.96 % 

SiO2, ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʫʶ ʱʝʣʦʯʥʦʩʪʴ ï 6.02-6.45 % (Na2O/K2O > 1). ɺ ʠʟʤʝʥʝʥʥʳʭ ʨʘʟʥʦʩʪʷʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ SiO2 ʜʦ 64.3 % ʠ ʩʫʤʤʘ ʱʝʣʦʯʝʡ ʜʦ 6.89 %. ɼʠʦʨʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪ r

ʠʤʝʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʦʩʪʘʚ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʠ ʢʠʩʣʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʪʘʤʠ 

ʍʘʫʪʘʚʘʘʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ TiO2, Al2O3, FeO*, MgO ʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ CaO ʠ ʤʝʥʴʰʠʤ ï K2O. ʇʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ mg# 

(0.56-0.58), ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ (ʚ ppm) Cr 172-188, Ni 90-99, Ba 634-1459 ʠ Sr 740-889. 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ((La/Yb)n = 11-30, ễREE 160-210 ppm). 

ʐʫʡʩʢʠʡ ʢʦʤʧʣʝʢʩ ʨʘʟʚʠʪ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʦʙʥʘʞʝʥ ʩʣʘʙʦ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤ 

ʫʜʘʣʦʩʴ ʠʟʫʯʠʪʴ ʪʦʣʴʢʦ ʝʛʦ ʛʨʘʥʦʜʠʦʨʠʪʦʚʫʶ ʬʘʟʫ. ɻʨʘʥʦʜʠʦʨʠʪʳ ʩʦʜʝʨʞʘʪ SiO2 67.52-68.96 

% ʧʨʠ ʩʫʤʤʝ ʱʝʣʦʯʝʡ 6.81-8.34 % (Na2O/K2O > 1). ʇʦ ʩʦʜʝʨʞʘʥʠʶ TiO2, Al2O3, FeO*, MgO ʠ 

P2O5 ʧʦʨʦʜʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʢʠʩʣʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʪʘʤʠ ʍʘʫʪʘʚʘʘʨʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʦʪʣʠʯʘʶʪʩʷ 

ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ CaO, ʤʝʥʴʰʠʤ ï K2O ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ mg# (0.52-0.43). ɻʨʘʥʦʜʠʦʨʠʪʳ 

ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ (ʚ ppm) Cr (53-71), Ni (24-45), Ba (460-1270) ʠ Sr (520-750). 

ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ((La/Yb)n = 22-30) ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʤ ʠʭ ʩʫʤʤʘʨʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ï 103-151 ppm.    

ʅʷʣʴʤʦʟʝʨʩʢʠʡ ʤʘʩʩʠʚ ʩʣʦʞʝʥ ʤʦʥʮʦʣʝʡʢʦʛʨʘʥʠʪʘʤʠ. ʇʦʨʦʜʳ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʝ ï 

SiO2 = 73.14-73.47 %, ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʱʝʣʦʯʝʡ ï 8.36-9.05 % (Na2O/K2O > 1). ʆʪ 

ʛʨʘʥʠʪʦʠʜʦʚ ʧʨʝʜʳʜʫʱʠʭ ʪʨʝʭ ʤʘʩʩʠʚʦʚ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ TiO2, MgO ʠ 

P2O5. ɿʥʘʯʝʥʠʷ mg# ʦʙʳʯʥʦ ʥʠʞʝ 0.50. ʄʦʥʮʦʣʝʡʢʦʛʨʘʥʠʪʳ ʦʙʦʛʘʱʝʥʳ Ba (1330-1653) ʠ Sr 

(362-514), ʠʤʝʶʪ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʚ ppm) Cr (20-33), Ni (17-24), Ti, V ʠ ʨʝʟʢʦ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ((La/Yb)n = 36-85) ʧʨʠ ʥʠʟʢʦʤ ʠʭ ʩʫʤʤʘʨʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ (45-99 ppm). ʇʦʨʦʜʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ La/Yb ʠ Sr/Y ʦʪʥʦʰʝʥʠʷʤʠ, ʥʠʟʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Y (1.14-2.88 ppm), ʩʠʣʴʥʦ ʦʙʝʜʥʝʥʳ HREE, ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ 
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ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʛʨʘʥʘʪʘ ʚ ʠʩʪʦʯʥʠʢʝ. ʇʦʜʦʙʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʳ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

U-Pb ʚʦʟʨʘʩʪ ʤʦʥʮʦʜʠʦʨʠʪʦʚ ʍʘʫʪʘʚʘʘʨʩʢʠʡ ʤʘʩʩʠʚ ï 2743Ñ8 ʤʣʥ ʣʝʪ, ʤʦʥʮʦʛʨʘʥʠʪʦʚ ï 

2742Ñ23 ʤʣʥ ʣʝʪ (Bibikova et al., 2005). ʀʟʦʪʦʧʥʦʝ ʠʟʫʯʝʥʠʝ ʧʦʨʦʜ ʏʘʣʢʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʥʢʦʨʜʘʥʪʥʳʡ U-Pb ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʦʚ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 

2739.1Ñ6.9 ʤʣʥ ʣʝʪ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʘʥʝʝ ʟʥʘʯʝʥʠʷʤʠ ï 2745 Ñ 5 ʤʣʥ ʣʝʪ 

(ʆʚʯʠʥʥʠʢʦʚʘ ʠ ʜʨ., 1994). ɼʣʷ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʐʫʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʧʦʣʫʯʝʥ 

ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ 2745Ñ10 ʤʣʥ ʣʝʪ, ʜʣʷ ʤʦʥʮʦʣʝʡʢʦʛʨʘʥʠʪʦʚ ʅʷʣʴʤʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ï 

2737Ñ13 ʤʣʥ ʣʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʛʨʘʥʠʪʦʠʜʥʳʡ ʤʘʛʘʤʘʪʠʟʤ ʍʘʫʪʘʚʘʘʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʧʨʦʷʚʣʝʥ ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 2.74-2.73 ʤʣʨʜ ʣʝʪ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʦʝ ʩʭʦʜʩʪʚʦ ʧʝʪʨʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʘʥʫʢʠʪʦʠʜʦʚ ʠ 

ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʐʫʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʨʦʜʳ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ ʩʘʥʫʢʠʪʦʠʜʦʚ ʍʘʫʪʘʚʘʘʨʩʢʦʛʦ ʠ ʏʘʣʢʠʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʭʘʨʘʢʪʝʨʥʳ ʟʥʘʯʝʥʠʷ 

ὑNd(2.74) ʦʪ + 0.1 ʜʦ + 0.8 (ʪʘʙʣ. 1). ɹʣʠʟʢʘʷ ʢ 0 ʚʝʣʠʯʠʥʘ ὑNd ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʠʭ 

ʨʘʩʧʣʘʚʘ ʤʦʛ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʩʤʝʰʝʥʠʷ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʠ 

ʢʦʨʦʚʦʛʦ ʩʫʙʩʪʨʘʪʦʚ. ɻʨʘʥʦʜʠʦʨʠʪʳ ʐʫʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ὑNd(2.74) = ï 2.8, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʨʦʚʦʤʫ ʠʩʪʦʯʥʠʢʫ ʧʝʨʚʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, TNd(DM) = 3.2 

ʤʣʨʜ ʣ. ʄʦʥʮʦʣʝʡʢʦʛʨʘʥʠʪʳ ʅʷʣʴʤʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ὑNd(2.74) = ï 1.0 ʠ TNd(DM) = 3.1 ʤʣʨʜ ʣ.   

ʊʘʙʣʠʮʘ 1. Sm-Nd ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ ʍʘʫʪʘʚʘʘʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ˉ ʦʙʨ.  
Tzr 

ʤʣʥ ʣʝʪ 
Sm, ppm Nd, ppm 147Sm/144Nd 143Nd/144Nd Ñ ὑNd(T) TNd(DM) 

ʍʘʫʪʘʚʘʘʨʩʢʠʡ ʤʘʩʩʠʚ 

1241 2743 11.03 55.83 0.1183 0.511258 9 0.8 3.00 

1181 2743 9.65 47.9 0.1218 0.511288 10 0.1 3.07 

161 2743 7.32 44.14 0.0994 0.510910 10 0.7 2.97 

ʏʘʣʢʠʥʩʢʠʡ ʤʘʩʩʠʚ 

660 2739 6.93 43.79 0.0957 0.510834 2 0.4 2.97 

ʐʫʡʩʢʠʡ ʤʘʩʩʠʚ 

650ʘ 2745 4.39 24.28 0.1094 0.510913 3 ï 2.8 3.25 

ʅʷʣʴʤʦʟʝʨʩʢʠʡ ʤʘʩʩʠʚ 

676 2737 1.35 8.61 0.0945 0.510744 4 ï 1.0 3.06 

ʇʨʠʤʝʯʘʥʠʝ. Tzr ï ʚʦʟʨʘʩʪ ʧʦ ʜʘʥʥʳʤ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ ʮʠʨʢʦʥʦʚ. ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ: 1 ï Kovalenko et al., 

2005. TNd(DM)  ï ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ (Goldstein, Jacobsen, 1988). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʩʦʩʪʘʚʫ 

ʛʨʘʥʠʪʦʠʜʳ ʍʘʫʪʘʚʘʘʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʟʘʧʘʜʥʘʷ ʦʢʨʘʠʥʘ ʜʨʝʚʥʝʛʦ ɺʦʜʣʦʟʝʨʩʢʦʛʦ ʜʦʤʝʥʘ), 

ʠʤʝʶʱʠʝ ʙʣʠʟʢʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ, ʚʥʝʜʨʷʣʠʩʴ ʩʫʙʩʠʥʭʨʦʥʥʦ, ʯʪʦ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʜʠʩʢʨʝʪʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʜʥʠʭ ʛʨʘʥʠʪʦʠʜʦʚ ʂʘʨʝʣʴʩʢʦʡ ʛʨʘʥʠʪ-ʟʝʣʝʥʦʢʘʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. Sm-Nd 

ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʥʘʨʷʜʫ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʩʩʠʚʳ ʚʦʩʪʦʯʥʦʛʦ ʙʦʨʪʘ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʯʝʪʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʦʚʦʛʦ 

ʩʫʙʩʪʨʘʪʘ (ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ὑNd) ʠ ʜʨʝʚʥʠʡ ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ (> 3 ʤʣʨʜ ʣʝʪ). ʀʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʧʣʘʚʣʝʥʠʝʤ ʨʘʥʥʠʭ ʊʊɻ-ʛʨʘʥʠʪʦʠʜʦʚ ɺʦʜʣʦʟʝʨʩʢʦʛʦ 

ʜʦʤʝʥʘ. ʇʨʠ ʩʪʘʥʦʚʣʝʥʠʠ ʤʘʩʩʠʚʦʚ U-Pb ʩʠʩʪʝʤʘ ʮʠʨʢʦʥʦʚ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʫʨʘʚʥʦʚʝʰʝʥʘ. ʈʘʟʚʠʪʳʝ ʟʘʧʘʜʥʝʝ ʩʘʥʫʢʠʪʦʠʜʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʦʛʘʱʝʥʳ ʢʘʢ 

ʩʦʚʤʝʩʪʠʤʳʤʠ, ʪʘʢ ʠ ʥʝ ʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʝʥʠʷʤʠ ὑNd = + 0.1 ï + 0.8 ʠ 

ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʦʙʦʛʘʱʝʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ.   

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 18-35-00447). 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 
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ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ çʍʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʜʨʘʛʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ 

ʧʦʜʚʦʜʥʳʭ ʚʫʣʢʘʥʦʚ ʂʫʨʠʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠè 

ɼʦʣʛʘʷ ɸ.ɸ. 
ʀʥʩʪʠʪʫʪ ʚʫʣʢʘʥʦʣʦʛʠʠ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ɼɺʆ ʈɸʅ, adolgaya@kscnet.ru 

ɺʚʝʜʝʥʠʝ. ɺ 1977-1991 ʛʛ. ʢʘʤʯʘʪʩʢʠʝ ʚʫʣʢʘʥʦʣʦʛʠ ʩ ʙʦʨʪʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʩʫʜʥʘ (ʅʀʉ) çɺʫʣʢʘʥʦʣʦʛè ʩʦʚʤʝʩʪʥʦ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʠʥʦʩʪʨʘʥʥʳʤʠ ʢʦʣʣʝʛʘʤʠ 

ʧʣʦʜʦʪʚʦʨʥʦ ʠʟʫʯʘʣʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʧʨʦʷʚʣʝʥʠʷ ʧʦʜʚʦʜʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

(ɸʚʜʝʡʢʦ, ʈʘʰʠʜʦʚ, 2006). ɺʦ ʚʨʝʤʷ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ 

ʧʦʜʚʦʜʥʳʝ ʚʫʣʢʘʥʳ ʂʫʨʠʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ (ʂʆɼ), ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʪʢʨʳʪʳ 

ʚ ʨʝʡʩʘʭ ʵʪʦʛʦ ʩʫʜʥʘ (http://www.kscnet.ru/ivs/grant/grant_05/kurily/index.html).  

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʜʠʮʠʷʭ ʩ ʙʦʨʪʘ ʅʀʉ çɺʫʣʢʘʥʦʣʦʛè, ʠ ʩʝʡʯʘʩ, ʩʧʫʩʪʷ 30 ʣʝʪ 

ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʨʝʡʩʘ, ʘʢʪʫʘʣʴʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʥʘʫʯʥʫʶ ʮʝʥʥʦʩʪʴ 

(ɸʥʠʢʠʥ ʠ ʜʨ., 2016, 2017; ɹʣʦʭ ʠ ʜʨ., 2018), ʧʦʵʪʦʤʫ ʥʘʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ (ɼʦʣʛʘʷ ʠ 

ʜʨ., 2017; ɼʦʣʛʘʷ, ʈʘʰʠʜʦʚ, 2019) ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʪʘʥʮʠʡ ʜʨʘʛʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʝʡʩʘʭ ʅʀʉ çɺʫʣʢʘʥʦʣʦʛè. ɼʘʥʥʘʷ 

ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʰʠʨʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ (ɸʉ) ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʧʦʨʦʜ, 

ʜʨʘʛʠʨʦʚʘʥʥʳʭ ʩʦ ʩʢʣʦʥʦʚ ʧʦʜʚʦʜʥʳʭ ʚʫʣʢʘʥʦʚ ʂʆɼ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ 

ʚʫʣʢʘʥʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʰʝʩʪʠ ʨʝʡʩʘʭ ʅʀʉ çɺʫʣʢʘʥʦʣʦʛè, ʙʳʣʦ ʜʘʥʦ ʚ 

ʤʦʥʦʛʨʘʬʠʠ (ʇʦʜʚʦʜʥʳʡ é, 1992). ɺ ʤʦʥʦʛʨʘʬʠʠ, ʧʦʤʠʤʦ ʜʨʫʛʠʭ ʩʚʝʜʝʥʠʡ, ʧʨʠʚʝʜʝʥ ʩʦʩʪʘʚ 

ʧʦʨʦʜ 79 ʚʫʣʢʘʥʦʚ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ ʧʦ ʧʝʪʨʦʛʨʘʬʠʠ, ʧʝʪʨʦʭʠʤʠʠ ʠ ʛʝʦʭʠʤʠʠ. ʕʪʠ ʜʘʥʥʳʝ 

ʚʤʝʩʪʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ ʙʳʣʠ ʦʮʠʬʨʦʚʘʥʳ ʚ ʚʠʜʝ ʙʘʟʳ ʜʘʥʥʳʭ (ɸʚʜʝʡʢʦ ʠ 

ʜʨ., 2006).  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʵʪʠ ʜʘʥʥʳʝ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʫʣʷ 

çʍʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʜʨʘʛʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʧʦʜʚʦʜʥʳʭ ʚʫʣʢʘʥʦʚ ʂʫʨʠʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ 

ʜʫʛʠè. ɼʣʷ ʵʪʦʛʦ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ɸʉ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʪʘʙʣʠʮʳ volcano (ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʧʠʩʢʘ 

ʚʫʣʢʘʥʦʚ), chemVal ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚʘʣʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, chemR ʠ chemRE ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʞʜʘʷ ʩʪʨʦʢʘ 

ʚ ʪʘʙʣʠʮʘʭ ʘʥʘʣʠʟʦʚ ʩʦʜʝʨʞʠʪ ʥʦʤʝʨ ʦʙʨʘʟʮʘ, ʥʦʤʝʨ ʚʫʣʢʘʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʵʪʦʪ ʦʙʨʘʟʝʮ ʙʳʣ 

ʦʪʦʙʨʘʥ, ʣʠʪʝʨʘʪʫʨʥʳʡ ʠʩʪʦʯʥʠʢ, ʚ ʢʦʪʦʨʦʤ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʘʥʥʳʝ ʘʥʘʣʠʟʦʚ, ʤʝʪʦʜ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʠʣʠʢʘʪʥʳʡ (ʤʘʩʩ. %), ʨʝʜʢʦʵʣʝʤʝʥʪʥʳʡ (ppm) ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ 

(ppm) ʩʦʩʪʘʚʳ ʧʦʨʦʜ. ɺ ʪʘʙʣʠʮʘʭ ʧʨʠʚʝʜʝʥʳ ʠʩʯʝʨʧʳʚʘʶʱʠʝ ʧʝʨʝʯʥʠ ʚʦʟʤʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʨʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʦʛʦ-ʪʦ ʧʫʥʢʪʘ ʚ ʘʥʘʣʠʟʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʦʣʝ ʦʩʪʘʝʪʩʷ ʧʫʩʪʳʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʜʦʙʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʤʦʜʫʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦ 

ʧʦʜʚʦʜʥʳʤ ʚʫʣʢʘʥʘʤ ʂʆɼ ʠʟ ʨʘʟʣʠʯʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʙʘʟʝ ʜʘʥʥʳʭ ɸʉ ʙʳʣʦ 

ʨʝʰʝʥʦ ʥʝ ʧʨʠʚʷʟʳʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʢ ʩʪʘʥʮʠʷʤ ʜʨʘʛʠʨʦʚʘʥʠʷ, ʭʨʘʥʷʱʠʤʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʘʙʣʠʮʝ, ʦʙʷʟʘʪʝʣʴʥʘ ʣʠʰʴ ʧʨʠʚʷʟʢʘ ʢ ʚʫʣʢʘʥʫ. ɺ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʩʠʩʪʝʤʳ 

ʜʣʷ ʘʥʘʣʠʟʘ ʜʦʩʪʘʪʦʯʥʦ ʫʢʘʟʘʪʴ ʪʦʣʴʢʦ ʥʦʤʝʨ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʩʪʘʥʮʠʡ ʜʨʘʛʠʨʦʚʘʥʠʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʣʠʯʠʝ ʪʦʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʝʥʠʷ ʜʨʘʛʠʨʦʚʘʥʠʷ, ʜʠʘʧʘʟʦʥ ʛʣʫʙʠʥ. ʕʪʠ ʜʘʥʥʳʝ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʫʢʘʟʳʚʘʶʪʩʷ ʚ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. 

 ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʙʘʟʝ ʩʦʜʝʨʞʠʪʩʷ 612 ʟʘʧʠʩʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʚʘʣʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, 667 ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 144 ʨʝʟʫʣʴʪʘʪʘ ʘʥʘʣʠʟʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ.  

ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ. ʂʘʪʘʣʦʛ ʚʫʣʢʘʥʦʚ ʙʳʣ ʜʦʙʘʚʣʝʥ ʥʘ ʦʩʥʦʚʥʫʶ ʬʦʨʤʫ 

ɸʉ ʚ ʦʪʜʝʣʴʥʫʶ ʚʢʣʘʜʢʫ (ʨʠʩ. 1). ʅʦʤʝʨʘ ʠ ʥʘʟʚʘʥʠʷ ʚʫʣʢʘʥʦʚ ʜʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʤʦʥʦʛʨʘʬʠʝʡ (ʇʦʜʚʦʜʥʳʡ é, 1992), ʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʫʣʢʘʥʘ ʪʘʢʞʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʝʛʦ 

mailto:adolgaya@kscnet.ru
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ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 5ï9 ʦʢʪʷʙʨʷ 2020 ʛ.) 
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ʠʟʚʝʩʪʥʳʝ ʩʠʥʦʥʠʤʳ. ʅʘʫʢʘ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʠ ʩ ʤʦʤʝʥʪʘ ʚʳʭʦʜʘ ʤʦʥʦʛʨʘʬʠʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʢʨʳʪʳ ʥʦʚʳʝ ʚʫʣʢʘʥʳ, ʧʦʵʪʦʤʫ ʚ ɸʉ ʨʝʘʣʠʟʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʢʘʪʘʣʦʛʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ ʯʝʨʝʟ 

ʦʜʥʦʠʤʝʥʥʳʝ ʧʫʥʢʪʳ ʤʝʥʶ. 

ʈʠʩ. 1. ʌʦʨʤʘ ʩʦ ʩʧʠʩʢʦʤ ʚʫʣʢʘʥʦʚ ʠ ʧʝʨʝʭʦʜ ʢ ʤʦʜʫʣʶ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ 

ɼʦʩʪʫʧ ʢ ʤʦʜʫʣʶ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʥʦʧʢʫ ʥʘ ʚʢʣʘʜʢʝ 

çɺʫʣʢʘʥʳè (ʨʠʩ. 1). ʄʦʜʫʣʴ ʦʪʢʨʳʚʘʝʪʩʷ ʚ ʥʦʚʦʤ ʦʢʥʝ (ʨʠʩ. 2) ʠ ʩʦʜʝʨʞʠʪ ʪʨʠ ʚʢʣʘʜʢʠ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʘʣʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘʥʘʣʠʟʘ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʳ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧʝʥ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʩʧʠʩʦʢ ʧʦʜʚʦʜʥʳʭ 

ʚʫʣʢʘʥʦʚ ʂʆɼ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʟʦʥʫ, ʚʫʣʢʘʥ ʠʣʠ ʛʨʫʧʧʫ ʚʫʣʢʘʥʦʚ ʠ ʧʦʩʣʝ 

ʥʘʞʘʪʠʷ ʧʦ ʢʥʦʧʢʝ çʇʦʢʘʟʘʪʴè ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʠʥʪʝʨʝʩʫʶʱʝʤʫ 

ʝʛʦ ʧʝʨʝʯʥʶ ʚʫʣʢʘʥʦʚ. ʇʦʠʩʢ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʚʩʝʭ ʪʨʝʭ ʚʢʣʘʜʢʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ.  



XXXI ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʸʥʥʘʷ ʧʘʤʷʪʠ ʯʣ.-ʢʦʨʨ. ɸʅ ʉʉʉʈ ʂ.ʆ. ʂʨʘʪʮʘ 

81 

ɼʣʷ ʙʳʩʪʨʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʦʙʨʘʞʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʦʨʢʠ ʥʘ ʚʢʣʘʜʢʘʭ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠʣʠ ʩʦʝʜʠʥʝʥʠʷ.  

ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʤʦʜʫʣʝ ʨʝʘʣʠʟʦʚʘʥ 

ʵʢʩʧʦʨʪ ʜʘʥʥʳʭ ʚ ʬʘʡʣ MS Excel. ɺ ʚʳʛʨʫʞʘʝʤʦʤ ʩʧʠʩʢʝ ʤʠʥʠʤʘʣʴʥʦʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʷ ʪʘʢʞʝ ʦʪʦʙʨʘʞʘʶʪʩʷ.  

ɼʦʙʘʚʣʝʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʦʪʜʝʣʴʥʳʝ ʬʦʨʤʳ, 

ʜʦʩʪʫʧʥʳʝ ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʫʥʢʪʳ ʤʝʥʶ. 

ʈʠʩ. 2. ʀʥʪʝʨʬʝʡʩ ʤʦʜʫʣʷ çʍʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳè 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣ ʬʫʥʢʮʠʦʥʘʣ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (ɼʦʣʛʘʷ, ʈʘʰʠʜʦʚ, 2019), ʚʚʝʜʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ 

ʧʨʦʝʢʪʘ ʩʫʱʥʦʩʪʠ çʚʫʣʢʘʥè ʠ çʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟè. ʊʝʧʝʨʴ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʭ ʧʦ ʧʦʜʚʦʜʥʳʤ ʚʫʣʢʘʥʘʤ ʂʆɼ ʥʝ ʥʫʞʥʦ ʙʫʜʝʪ ʦʙʨʘʱʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʠʩʪʦʯʥʠʢʘʤ, 

ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʛʜʝ ʠ ʢʦʛʜʘ ʙʳʣʠ ʚʟʷʪʳ ʦʙʨʘʟʮʳ, ʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʢʦʪʦʨʳʭ ʦʥ ʠʟʫʯʘʝʪ. 

ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚʤʝʩʪʝ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʨʘʟʚʠʪʠʷ ʤʦʜʫʣʷ ʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʝʥʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʩʚʝʜʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ 

ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʪʠʧʦʚʳʭ ʜʠʘʛʨʘʤʤ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʠʜʝʡʥʦʤʫ ʚʜʦʭʥʦʚʠʪʝʣʶ ʧʨʦʝʢʪʘ ɺ.ɸ. ʈʘʰʠʜʦʚʫ ʟʘ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʠ ʢʦʥʩʫʣʴʪʘʮʠʠ, ʧʦʟʚʦʣʠʚʰʠʝ ʫʯʝʩʪʴ ʠʥʪʝʨʝʩʳ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠʣʦʞʝʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 18-05-00410 çʂʦʤʧʣʝʢʩʥʳʝ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʚʦʜʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʝʡ 

ʂʫʨʠʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠè. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʚʜʝʡʢʦ ɻ.ʇ., ʈʘʰʠʜʦʚ ɺ.ɸ. ʂ 30-ʣʝʪʠʶ ʩʧʫʩʢʘ ʥʘ ʚʦʜʫ ʅʀʉ çɺʫʣʢʘʥʦʣʦʛè // ɺʝʩʪʥʠʢ ʂʈɸʋʅʎ. ʅʘʫʢʠ ʦ 

ɿʝʤʣʝ. 2006. ˉ 1. ɺʳʧ. 7. ʉ. 7-9. 










































































































































































































































































































































































































































































































