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ʆ ʨʦʣʠ ʉ.ɺ. ʆʙʨʫʯʝʚʘ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʧʦʷʩʘ ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ 

ʐʧʠʢʝʨʤʘʥ ɺ.ʀ.1,2 
1.ʌɻɹʋ çʀʥʩʪʠʪʫʪ ʂʘʨʧʠʥʩʢʦʛʦè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

2.ʌɻɹʋʅ ʉɺʂʅʀʀ ɼɺʆ ʈɸʅ, ʛ. ʄʘʛʘʜʘʥ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʢʩʧʝʜʠʮʠʷʭ 1926 ʠ 1929 ʛʛ. ʉ.ɺ. ʆʙʨʫʯʝʚʳʤ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʙʘʩʩʝʡʥʦʚ ʚʝʨʭʥʠʭ ʪʝʯʝʥʠʡ ʨʝʢ ʀʥʜʠʛʠʨʢʘ ʠ 

ʂʦʣʳʤʘ. ʀʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʯʝʨʪʳ ʥʝʜʘʚʥʦ ʦʪʢʨʳʪʦʛʦ 

ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ. ʇʨʠ ʚʩʪʨʝʯʝ ʚ ʠʶʣʝ 1929 ʛ. ʉ.ɺ. ʆʙʨʫʯʝʚʘ ʩ ʖ.ɸ. ɹʠʣʠʙʠʥʳʤ 

ʨʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʘʷ ʠʜʝʷ ʦ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʚ 700-

800 ʢʤ ʧʨʠ ʰʠʨʠʥʝ 150-200 ʢʤ. 

 

On the role of S.V. Obruchev in substantiating the gold-bearing belt  

of the Chersky Ridge 
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Abstract. On expeditions in 1926 and 1929. S.V. Obruchev established the fundamental 

gold potential of the basins of the upper reaches of the Indigirka and Kolyma rivers. He 

determined the main geological features of the recently discovered Chersky ridge. At a 

meeting in July 1929, S.V. Obrucheva with Yu.A. Bilibin came up with a joint idea about 

the gold-bearing potential of the Chersky Ridge along its entire length of 700-800 km with 

a width of 150-200 km 

 

ɺʚʝʜʝʥʠʝ. ɺ 2026 ʛ. ʠʩʧʦʣʥʷʝʪʩʷ 135 ʣʝʪ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʚʳʜʘʶʱʝʛʦʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʉʝʚʝʨʦ-

ɺʦʩʪʦʢʘ ɸʟʠʠ ʉʝʨʛʝʷ ɺʣʘʜʠʤʠʨʦʚʠʯʘ ʆʙʨʫʯʝʚʘ, ʠ ʦʪʤʝʯʘʝʪʩʷ ʩʪʦʣʝʪʥʠʡ ʶʙʠʣʝʡ ʀʥʜʠʛʠʨʩʢʦʡ 

1926 ʛ. ʵʢʩʧʝʜʠʮʠʠ ɻʝʦʣʢʦʤʘ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ. ʏʝʨʝʟ 3 ʛʦʜʘ ʠʩʧʦʣʥʠʪʩʷ 100 ʣʝʪ ʂʦʣʳʤʩʢʦʡ 

ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ, ɸʅ ʉʉʉʈ, ʚʦʟʛʣʘʚʣʷʣ ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʉ.ɺ. ʆʙʨʫʯʝʚ 

(1929-1930 ʛʛ.). ʉ ʜʚʫʤʷ ʚʦʩʪʦʯʥʦ-ʷʢʫʪʩʢʠʤʠ ʵʢʩʧʝʜʠʮʠʷʤʠ ʉ.ɺ. ʆʙʨʫʯʝʚʘ ʩʚʷʟʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʦʪʢʨʳʪʠʡ. ʉʘʤʦʝ ʠʟʚʝʩʪʥʦʝ ï ʦʪʢʨʳʪʠʝ ʥʦʚʦʡ ʛʦʨʥʦʡ ʩʪʨʘʥʳ, ʢʦʪʦʨʫʶ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ 

ʉʉʉʈ ʥʘʟʚʘʣʦ ʭʨʝʙʪʦʤ ʏʝʨʩʢʦʛʦ [1]. ʕʪʦ, ʥʘʚʝʨʥʦʝ, ʙʳʣʦ ʧʦʩʣʝʜʥʝʝ ʢʨʫʧʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʦʪʢʨʳʪʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʘʟʠʠ. ʅʝ ʤʝʥʝʝ ʠʟʚʝʩʪʥʦʝ ï ʚʳʯʠʩʣʝʥʠʝ ʧʦʣʶʩʘ ʭʦʣʦʜʘ ʚ ʆʡʤʷʢʦʥʝ. 

ʆʜʥʘʢʦ ʙʳʣʦ ʝʱʸ ʦʜʥʦ ʚʘʞʥʦʝ ʦʪʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ ʢʘʨʜʠʥʘʣʴʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʩʫʜʴʙʫ ʠ ʨʘʟʚʠʪʠʝ 

ʮʝʣʦʛʦ ʨʝʛʠʦʥʘ, ʥʦ ʦʪ ʢʦʪʦʨʦʛʦ ʉ.ɺ. ʆʙʨʫʯʝʚ ʦʩʪʘʣʩʷ ʢʘʢ ʙʳ ʚ ʪʝʥʠ ʜʨʫʛʦʛʦ ʠʤʝʥʠ. ʕʪʦ ʦʪʢʨʳʪʠʝ 

ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʂʦʣʳʤʳ ʠ ʀʥʜʠʛʠʨʢʠ ʚ 

ʧʨʝʜʝʣʘʭ ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ. 

ʂ ʠʩʪʦʨʠʠ ʵʢʩʧʝʜʠʮʠʡ ʉ.ɺ. ʆʙʨʫʯʝʚʘ 1926-1930 ʛʛ. ɺ ʟʘʜʘʯʠ ʀʥʜʠʛʠʨʩʢʦʡ 1926 ʛ. ʵʢʩʧʝʜʠʮʠʠ 

ʚʭʦʜʠʣʦ ʧʝʨʝʩʝʯʝʥʠʝ ɺʝʨʭʦʷʥʩʢʦʛʦ ʭʨʝʙʪʘ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ, ʠʟʫʯʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʣʘʪʠʥʳ ʠ ʧʝʨʝʩʝʯʝʥʠʝ ɺʝʨʭʦʷʥʩʢʦʛʦ ʭʨʝʙʪʘ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʜʨʫʛʦʤ 

ʤʝʩʪʝ. ɺ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʦʚʴ ʦʪʢʨʳʪʦʡ ʛʦʨʥʦʡ 

ʩʪʨʘʥʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʸ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʶʪ ʮʝʧʠ ʛʨʘʥʠʪʥʳʭ ʤʘʩʩʠʚʦʚ, 

ʦʢʨʫʞʸʥʥʳʝ ʧʝʩʯʘʥʠʢʘʤʠ ʪʨʠʘʩʘ. ʅʘ ʀʥʜʠʛʠʨʢʝ ʠ ʝʸ ʧʨʠʪʦʢʘʭ ʦʪʙʠʨʘʣʠʩʴ ʰʣʠʭʦʚʳʝ ʧʨʦʙʳ, ʚ 

ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʟʥʘʢʠ ʟʦʣʦʪʘ. ʕʪʦ ʙʳʣʠ ʧʝʨʚʳʝ ʢʠʨʧʠʯʠʢʠ ʚ ʦʩʥʦʚʘʥʠʝ ʙʫʜʫʱʝʛʦ 

ʢʨʫʧʥʦʛʦ ʦʪʢʨʳʪʠʷ. ʇʦʠʩʢʠ ʧʣʘʪʠʥʳ ʥʘ ʨ. ʏʠʙʘʛʘʣʘʭ ʥʝ ʠʤʝʣʠ ʫʩʧʝʭʘ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʣʘʪʠʥʝ 

ʥʘ ʵʪʦʡ ʨʝʯʢʝ ʦʢʘʟʘʣʘʩʴ ʣʦʞʥʦʡ. ʆʜʥʘʢʦ ʟʦʣʦʪʦ ʚ ʰʣʠʭʦʚʳʭ ʧʨʦʙʘʭ ʙʳʣʦ ʩʦʚʝʨʰʝʥʥʦ ʨʝʘʣʴʥʳʤ. 

ɺ 1929 ʛʦʜʫ ʉ.ɺ. ʆʙʨʫʯʝʚ ʚʦʟʛʣʘʚʠʣ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʦʪʨʷʜ ʢʦʤʧʣʝʢʩʥʦʡ ʗʢʫʪʩʢʦʡ 

ʵʢʩʧʝʜʠʮʠʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ (1929-1930 ʛʛ.). ʅʘ ʵʪʦʪ ʨʘʟ ʚ ʟʘʜʘʯʫ ʵʢʩʧʝʜʠʮʠʠ ʚʭʦʜʠʣʦ 



ʠʟʫʯʝʥʠʝ ʙʘʩʩʝʡʥʘ ʂʦʣʳʤʳ (ʚ ʪʝ ʛʦʜʳ ʙʘʩʩʝʡʥ ʂʦʣʳʤʳ ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ʚʭʦʜʠʣ 

ʚ ʩʦʩʪʘʚ ʗʢʫʪʩʢʦʡ ɸʉʉʈ). ɼʣʷ ʵʪʦʛʦ ʨʝʰʝʥʦ ʙʳʣʦ ʠʟ ʆʡʤʷʢʦʥʘ (ʙʘʩʩʝʡʥ ʨ. ʀʥʜʠʛʠʨʢʠ) 

ʧʝʨʝʚʘʣʠʪʴ ʚ ʚʝʨʭʦʚʴʷ ʂʦʣʳʤʳ ʠ ʩʧʣʘʚʠʪʴʩʷ ʜʦ ʝʸ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ. ɺ ʵʪʦ ʚʨʝʤʷ ʥʘ ʂʦʣʳʤʝ ʫʞʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚʘʞʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ 1926 ʛʦʜʫ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʩʚʝʜʝʥʠʷ ʦ 

ʨʦʩʩʳʧʥʦʤ ʟʦʣʦʪʝ ʚ ʚʝʨʭʦʚʴʷʭ ʂʦʣʳʤʳ ʥʘ ʨʝʢʝ ʉʨʝʜʥʝʢʘʥ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʚʝʜʝʥʠʡ ʦ ʢʦʪʦʨʦʤ ʚ 

1928 ʛʦʜʫ ɻʝʦʣʢʦʤ ʥʘ ʜʝʥʴʛʠ ʪʨʝʩʪʘ çʉʦʶʟʟʦʣʦʪʦè ʦʪʧʨʘʚʠʣ ʤʦʣʦʜʦʛʦ ʛʝʦʣʦʛʘ ʖʨʠʷ ɹʠʣʠʙʠʥʘ. 

ɿʦʣʦʪʦ ʥʘ ʉʨʝʜʥʝʢʘʥʝ ʙʳʣʦ ʚʧʝʨʚʳʝ ʥʘʡʜʝʥʦ ʝʱʸ ʚ 1914 ʛʦʜʫ, ʥʦ ʧʦʣʠʪʠʯʝʩʢʠʝ ʢʘʪʘʢʣʠʟʤʳ, 

ʩʣʫʯʠʚʰʠʝʩʷ ʚ ʈʦʩʩʠʠ, ʦʪʣʦʞʠʣʠ ʧʨʦʮʝʩʩ ʩʪʘʨʘʪʝʣʴʩʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʪʫʜʘ ʙʦʣʝʝ, ʯʝʤ ʥʘ 

ʜʝʩʷʪʦʢ ʣʝʪ. ʂ ʣʝʪʫ 1929 ʛʦʜʘ ʨʘʡʦʥ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʖ. ɹʠʣʠʙʠʥʘ ʧʨʦʩʪʠʨʘʣʩʷ ʥʘ 

ʥʝʙʦʣʴʰʦʤ ʫʯʘʩʪʢʝ ʚʜʦʣʴ ʂʦʣʳʤʳ ʚ ʤʝʞʜʫʨʝʯʴʝ ʝʸ ʧʨʘʚʳʭ ʧʨʠʪʦʢʦʚ ʉʨʝʜʥʝʢʘʥʘ ʠ ʋʪʠʥʢʠ. 

ʇʦ ʧʣʘʥʫ ʵʢʩʧʝʜʠʮʠʠ 1929 ʛ. ʜʦʡʪʠ ʜʦ ʫʩʪʴʷ ʨʝʢʠ ʊʘʩʢʘʥ (ʣʝʚ. ʧʨʠʪʦʢ ʂʦʣʳʤʳ) ʦʪʨʷʜ ʉ.ɺ. 

ʆʙʨʫʯʝʚʘ ʩʦʙʠʨʘʣʩʷ ʝʱʸ ʧʦ ʩʥʝʛʫ, ʟʘʪʝʤ ʧʦʩʪʨʦʠʪʴ ʣʦʜʢʫ ʠ ʜʘʣʝʝ ʩʧʣʘʚʣʷʪʴʩʷ ʧʦ ʨʝʢʝ. ʆʜʥʘʢʦ 

ʩʨʦʢʠ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʵʢʩʧʝʜʠʮʠʠ ʩʜʚʠʥʫʣʠʩʴ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʚʨʝʤʷ, ʠ ʜʦ ʫʩʪʴʷ ʊʘʩʢʘʥʘ 

ʵʢʩʧʝʜʠʮʠʷ ʜʦʙʠʨʘʣʘʩʴ ʩʥʘʯʘʣʘ ʧʦ ʫʞʝ ʚʩʢʨʳʚʰʝʤʫʩʷ ʠʩʪʦʢʫ ʂʦʣʳʤʳ ʨ. ɸʷʥ-ʖʨʷʭ, ʟʘʪʝʤ ʧʦ 

ʩʘʤʦʡ ʂʦʣʳʤʝ. ɼʨʫʛʦʡ ʦʪʨʷʜ ʵʢʩʧʝʜʠʮʠʠ ʜʚʠʛʘʣʩʷ ʚʴʶʯʥʳʤ ʢʘʨʘʚʘʥʦʤ ʩʝʚʝʨʥʝʝ ʧʦ ʨʝʢʘʤ 

ɹʝʨʝʣʸʭ-ʄʳʣʛʘ-ʊʘʩʢʘʥ. ɹʣʘʛʦʜʘʨʷ ʟʘʜʝʨʞʢʝ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʩʪʠ ʰʣʠʭʦʚʦʝ ʦʧʨʦʙʦʚʘʥʠʝ 

ʥʘ ʂʦʣʳʤʝ ʠ ʝʸ ʧʨʠʪʦʢʘʭ. ɺ ʧʨʝʜʝʣʘʭ ʭʨʝʙʪʘ ʊʘʩ-ʂʳʩʪʘʙʳʪ ʚ ʰʣʠʭʦʚʳʭ ʧʨʦʙʘʭ ʥʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʢʦʚ ʟʦʣʦʪʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʷʚʠʣʠʩʴ ʥʘ ʩʝʚʝʨʥʦʤ ʤʘʨʰʨʫʪʝ, 

ʥʘʯʠʥʘʷ ʩ ʨ. ɹʝʨʝʣʝʭ, ʥʘ ʶʞʥʦʤ ʤʘʨʰʨʫʪʝ - ʦʪ ʨ. ʆʨʦʪʫʢ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ 

ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʦʙʦʠʭ ʤʘʨʰʨʫʪʦʚ, ʜʘʚʘʣʘ ʟʥʘʢʠ ʟʦʣʦʪʘ, ʠʥʦʛʜʘ ʦʙʠʣʴʥʳʝ. ʆʙʨʫʯʝʚʫ ʙʳʣʦ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʵʢʩʧʝʜʠʮʠʷ ʚʥʦʚʴ ʧʝʨʝʩʝʢʘʝʪ ʛʦʨʳ ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ 

ʵʪʠ ʛʦʨʳ ʙʳʣʠ ʪʝʤ ʞʝ, ʯʪʦ ʦʥ ʚʠʜʝʣ ʥʘ ʀʥʜʠʛʠʨʢʝ: ʪʝ ʞʝ ʛʨʘʥʠʪʳ ʩʨʝʜʠ ʧʝʩʯʘʥʠʢʦʚ ʪʨʠʘʩʘ. ʈʫʯʴʠ 

ʠ ʨʝʯʢʠ, ʨʘʟʤʳʚʘʶʱʠʝ ʵʪʠ ʛʨʘʥʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ, çʟʦʣʦʪʠʣʠè ʝʱʸ ʙʦʣʴʰʝ, ʯʝʤ ʵʪʦ ʙʳʣʦ ʥʘ 

ʀʥʜʠʛʠʨʢʝ.  

ʅʘʤʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʪʦʯʢʠ ʥʘʭʦʜʦʢ ʚ ʵʢʩʧʝʜʠʮʠʷʭ ʉ.ɺ. ʆʙʨʫʯʝʚʘ ʰʣʠʭʦʚʦʛʦ ʟʦʣʦʪʘ ʚ ʨʝʯʥʳʭ 

ʥʘʥʦʩʘʭ ʦʙʦʠʭ ʙʘʩʩʝʡʥʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʪʫʨʘʤʠ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʦʷʩʦʚ ʠ ʟʦʥ 

ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ (ʈʠʩʫʥʦʢ 1). ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ 1926 ʠ ʚ 

1929 ʛʦʜʘʭ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʙʫʜʫʱʝʛʦ ɻʣʘʚʥʦʛʦ 

ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʧʦʷʩʘ ʂʦʣʳʤʦ-ʀʥʜʠʛʠʨʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ, ʩʣʫʞʠʚʰʝʛʦ ʤʥʦʛʠʝ ʛʦʜʳ ʢʨʫʧʥʝʡʰʠʤ 

ʚʘʣʶʪʥʳʤ ʮʝʭʦʤ ʥʘʰʝʡ ʩʪʨʘʥʳ. 

 
ʈʠʩʫʥʦʢ 1. ʄʘʨʰʨʫʪʳ ʵʢʩʧʝʜʠʮʠʡ ʉ.ɺ. ʆʙʨʫʯʝʚʘ 1926, 1929-30 ʛʦʜʦʚ ʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ 

ʙʘʩʩʝʡʥʦʚ ʨʝʢ ɸʣʜʘʥ, ʀʥʜʠʛʠʨʢʘ, ʂʦʣʳʤʘ. 1 - ʣʠʥʠʠ ʤʘʨʰʨʫʪʦʚ ʵʢʩʧʝʜʠʮʠʡ ʉ.ɺ. ʆʙʨʫʯʝʚʘ; 2 - 

ʪʦʯʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʟʦʣʦʪʘ ʚ ʰʣʠʭʦʚʳʭ ʧʨʦʙʘʭ ʵʢʩʧʝʜʠʮʠʡ ʉ.ɺ. ʆʙʨʫʯʝʚʘ; 3- ʨʘʡʦʥ ʨʘʙʦʪ 

ʵʢʩʧʝʜʠʮʠʠ ʖ.ɸ. ɹʠʣʠʙʠʥʘ 1928-29 ʛʦʜʦʚ; 4 - ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʥʪʫʨʳ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʦʷʩʦʚ ʠ 

ʟʦʥ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ 

28 ʠʶʣʷ 1929 ʛʦʜʘ ʉʝʨʛʝʡ ʆʙʨʫʯʝʚ ʚʩʪʨʝʪʠʣ ʦʪʨʷʜ ʖʨʠʷ ɹʠʣʠʙʠʥʘ. ʅʘ ʨʠʩʫʥʢʝ 2 - ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʘʷ ʬʦʪʦʛʨʘʬʠʷ çɹʠʣʠʙʠʥ ʚ ʰʣʝʧʘʥʮʘʭè, ʘʚʪʦʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʉ.ɺ. ʆʙʨʫʯʝʚ, 



ʩʜʝʣʘʥʥʘʷ ʚʦ ʚʨʝʤʷ ʵʪʦʡ ʚʩʪʨʝʯʠ. ɺʦʪ ʢʘʢ ʩʘʤ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ʦʧʠʩʳʚʘʝʪ ʝʸ ʚ ʩʚʦʝʡ ʢʥʠʛʝ 

çɺ ʥʝʠʟʚʝʜʘʥʥʳʝ ʢʨʘʷè: çʅʘ ʚʪʦʨʦʡ ʜʝʥʴ ʧʫʪʠ ʧʦʩʣʝ ʊʘʩʢʘʥʘ ʧʦ ʧʨʘʚʦʤʫ ʙʝʨʝʛʫ ʨʝʢʠ (ʂʦʣʳʤʳ) 

ʚ ʫʩʪʴʝ ʥʝʙʦʣʴʰʦʡ ʨʝʯʢʠ ʚʥʝʟʘʧʥʦ ʧʦʢʘʟʘʣʘʩʴ ʧʘʣʘʪʢʘ. ɺʳʩʘʜʠʚʰʠʩʴ ʥʘ ʙʝʨʝʛ, ʷ ʚʭʦʞʫ ʚ ʥʝʸ ʠ 

ʚʠʞʫ ʯʝʣʦʚʝʢʘ ʩ ʙʦʣʴʰʦʡ ʙʦʨʦʜʦʡ, ʩʠʜʷʱʝʛʦ ʥʘ ʟʝʤʣʝ, ʧʦʜʞʘʚ ʧʦ-ʪʫʨʝʮʢʠ ʥʦʛʠ ʚ ʰʠʨʦʢʠʭ 

ʯʝʨʥʳʭ ʰʣʸʧʘʥʮʘʭ. ɺ ʥʝʤ ʦʯʝʥʴ ʪʨʫʜʥʦ ʫʟʥʘʪʴ ʛʝʦʣʦʛʘ ʖ. ɹʠʣʠʙʠʥʘ, ʢʦʪʦʨʦʛʦ ʷ ʚʠʜʝʣ ʜʦ ʵʪʦʛʦ 

ʚ ʃʝʥʠʥʛʨʘʜʝ ʚ ʛʦʨʦʜʩʢʦʡ ʦʜʝʞʜʝ ʠ ʪʱʘʪʝʣʴʥʦ ʚʳʙʨʠʪʳʤè [2, ʩʪʨ. 126]. 

 

 
ʈʠʩʫʥʦʢ 2. ʖ.ɸ. ɹʠʣʠʙʠʥ, ʨ. ʂʦʣʳʤʘ, ʠʶʣʴ 1929 ʛ.  

(ʬʦʪʦ ʉ.ɺ. ʆʙʨʫʯʝʚʘ, ʠʟ ʬʦʪʦʘʨʭʠʚʘ ʊ.ʉ. ʆʙʨʫʯʝʚʦʡ) 

 

ʅʘʤ ʜʦʧʦʜʣʠʥʥʦ ʥʝʠʟʚʝʩʪʥʦ, ʦ ʯʸʤ ʙʝʩʝʜʦʚʘʣʠ ʜʚʘ ʤʘʩʪʠʪʳʭ ʛʝʦʣʦʛʘ ʧʨʠ ʚʩʪʨʝʯʝ ʥʘ ʂʦʣʳʤʝ. 

ʅʝʩʦʤʥʝʥʥʦ, ʛʦʚʦʨʠʣʠ ʦʥʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦ ʛʝʦʣʦʛʠʠ, ʜʝʣʠʣʠʩʴ ʩʚʦʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʠ 

ʦʪʢʨʳʪʠʷʤʠ. ʀʥʘʯʝ ʠ ʙʳʪʴ ʥʝ ʤʦʛʣʦ. ʖʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɹʠʣʠʙʠʥ ʩ ʢʦʣʣʝʛʘʤʠ ʨʘʙʦʪʘʣ ʥʘ 

ʠʟʚʝʩʪʥʦʤ ʟʦʣʦʪʦʥʦʩʥʦʤ ʫʯʘʩʪʢʝ, ʛʜʝ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʤʳʣʠ ʟʦʣʦʪʦ ʩʪʘʨʘʪʝʣʠ ʉʦʶʟʟʦʣʦʪʘ. 

ʇʘʨʪʠʷ ɹʠʣʠʙʠʥʘ ʦʪʢʨʳʣʘ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʥʦʚʳʝ ʙʦʛʘʪʳʝ ʨʦʩʩʳʧʠ ʟʦʣʦʪʘ. ʆʜʥʘʢʦ ʵʪʦ ʙʳʣ 

ʩʦʚʩʝʤ ʥʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ʥʘ ʩʘʤʦʤ ʦʢʦʥʯʘʥʠʠ ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ (ʨʠʩʫʥʦʢ 1). ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ 

ʫʯʘʩʪʢʘ ʝʜʚʘ ʨʘʟʤʝʱʘʣʩʷ ʚʩʝʛʦ ʦʜʠʥ ʥʝʙʦʣʴʰʦʡ ʛʨʘʥʠʪʥʳʡ ʤʘʩʩʠʚ. ʇʨʠ ʚʩʤy ʪʘʣʘʥʪʝ ʛʝʦʣʦʛʘ ʖ. 

ɹʠʣʠʙʠʥ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʥʝ ʨʘʩʧʦʣʘʛʘʣ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʥʝʦʙʭʦʜʠʤʳʤ 

ʦʙʲʸʤʦʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʘʪʴ ʦʙʰʠʨʥʳʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʧʨʦʛʥʦʟ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ʉ.ɺ. ʆʙʨʫʯʝʚ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʫʞʝ ʠʟʫʯʠʣ ʛʝʦʣʦʛʠʶ ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ 

ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʩʝʯʝʥʠʷʭ ʵʪʦʡ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʥʘ ʩʝʚʝʨʝ (ʧʦ ʀʥʜʠʛʠʨʢʝ), ʪʘʢ ʠ ʥʘ ʶʛʝ (ʧʦ 

ʂʦʣʳʤʝ ʠ ʝʸ ʧʨʠʪʦʢʘʤ). ʀ ʚʝʟʜʝ ʵʪʘ ʩʪʨʫʢʪʫʨʘ, çʥʘʰʧʠʛʦʚʘʥʥʘʷè ʛʨʘʥʠʪʥʳʤʠ ʤʘʩʩʠʚʘʤʠ, 

ʩʦʜʝʨʞʘʣʘ ʚ ʨʝʯʥʳʭ ʥʘʥʦʩʘʭ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ. ʆʙʨʫʯʝʚ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʜʝʣʠʣʩʷ ʩʚʦʠʤʠ 

ʥʘʙʣʶʜʝʥʠʷʤʠ ʠ ʤʳʩʣʷʤʠ ʩ ɹʠʣʠʙʠʥʳʤ. ʉ ʫʯʸʪʦʤ ʚʝʩʴʤʘ ʫʩʧʝʰʥʦʡ ʨʘʟʚʝʜʢʠ ʟʦʣʦʪʘ, 

ʧʨʦʚʝʜʝʥʥʦʡ ʧʘʨʪʠʝʡ ɹʠʣʠʙʠʥʘ, ʫ ʥʠʭ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠ ʨʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʘʷ ʠʜʝʷ ʦ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʚʩʝʛʦ ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ.  

ʇʦʟʜʥʝʝ ʚ ʨʫʢʦʧʠʩʥʦʤ ʦʪʯʸʪʝ çɻʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʂʦʣʳʤʘ (ʂʨʘʪʢʠʡ ʦʯʝʨʢ) 

ʟʘ1929-1930 ʛʦʜʳè ʉ.ɺ. ʆʙʨʫʯʝʚ ʧʠʩʘʣ: çɺʦ ʚʨʝʤʷ ʤʦʝʡ ʵʢʩʧʝʜʠʮʠʠ 1926 ʛʦʜʘ ʥʘ ʨ. ʀʥʜʠʛʠʨʢʫ 

ʨʘʟʚʝʜʦʯʥʦʡ ʧʘʨʪʠʝʡ ʵʢʩʧʝʜʠʮʠʠ ʧʦʜ ʥʘʯʘʣʴʩʪʚʦʤ ʠʥʞʝʥʝʨʘ ɺ. ʇʨʦʪʦʧʦʧʦʚʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʨʠʟʥʘʢʠ ʟʦʣʦʪʘ ʚ ʢʦʩʘʭ ʨʝʯʝʢ, ʪʝʢʫʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʥʠʪʥʳʭ ʤʘʩʩʠʚʦʚ ʣʝʚʦʛʦ ʙʝʨʝʛʘ. 

ʄʘʩʩʠʚʳ ʵʪʠ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ, ʢʦʪʦʨʳʡ ʀʥʜʠʛʠʨʢʘ, ʧʦʜʦʙʥʦ ʂʦʣʳʤʝ, 

ʧʝʨʝʩʝʢʘʝʪ ʚ ʩʚʦʝʤ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ. ʉʪʨʦʝʥʠʝ ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ ʚ ʠʥʜʠʛʠʨʩʢʦʤ ʧʝʨʝʩʝʯʝʥʠʠ 

ʩʦʚʝʨʰʝʥʥʦ ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʦʤʫ ʜʣʷ ʂʦʣʳʤʳ: ʩʤʷʪʘʷ ʚ ʩʢʣʘʜʢʠ ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʘʷ ʩʚʠʪʘ 

ʪʨʠʘʩʘ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʛʨʘʥʠʪʘ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ 

ʧʦʣʥʦʝ ʦʜʥʦʦʙʨʘʟʠʝ ʵʪʠʭ ʛʨʘʥʠʪʦʚ, ʢʘʢ ʤʘʩʩʠʚʦʚ, ʦʙʥʘʨʫʞʠʚʘʶʱʠʭ ʧʨʠʟʥʘʢʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ, 

ʪʘʢ ʠ ʜʨʫʛʠʭ. ʕʪʦ ʙʠʦʪʠʪʦʚʳʝ, ʨʝʜʢʦ ʜʚʫʩʣʶʜʠʩʪʳʝ ʠʣʠ ʤʫʩʢʦʚʠʪʥʳʝ ʛʨʘʥʠʪʳ, ʯʘʩʪʦ 

ʧʦʨʬʠʨʦʚʠʜʥʳʝ. ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʦʥʠ ʩʦʚʝʨʰʝʥʥʦ ʧʦʭʦʞʠ ʥʘ ʛʨʘʥʠʪʳ ʂʦʣʳʤʳ. <é> ʆʧʠʨʘʷʩʴ 

ʥʘ ʧʦʣʥʦʝ ʦʜʥʦʦʙʨʘʟʠʝ ʩʪʨʦʝʥʠʷ ʭʨʝʙʪʘ ʠ ʩʦʩʪʘʚʘ ʛʨʘʥʠʪʦʚ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ ʦ ʚʦʟʤʦʞʥʦʡ 



ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʭʨʝʙʪʘ. ʅʦ, ʪ.ʢ. ʧʨʠʟʥʘʢʠ ʟʦʣʦʪʘ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ ʥʘ 

ʀʥʜʠʛʠʨʢʝ, ʙʳʣʠ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʪʦ ʧʦʢʘ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʶʛʦ-

ʚʦʩʪʦʯʥʳʡ ʢʦʥʝʮ ʭʨʝʙʪʘ.è <é> ɼʣʠʥʘ ʟʦʣʦʪʦʥʦʩʥʦʡ ʯʘʩʪʠ ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ ʦʪ 700 ʜʦ 800 ʢʤ, 

ʰʠʨʠʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 150 ʜʦ 250 ʢʤ, ʪʘʢ ʯʪʦ ʧʦʜʣʝʞʘʱʘʷ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʧʣʦʱʘʜʴ ʜʦʩʪʠʛʘʝʪ 150.000 ʢʚ. ʢʤ.è1.  

ɺʳʚʦʜʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʥʪʝʨʥʝʪ-ʠʟʜʘʥʠʷʭ, ʧʦʩʚʷʱʸʥʥʳʭ ʢʦʣʳʤʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʉ.ɺ. ʆʙʨʫʯʝʚʘ 

1929-1930 ʛʛ., ʧʠʰʫʪ, ʯʪʦ ʵʪʘ ʵʢʩʧʝʜʠʮʠʷ ʧʦʜʪʚʝʨʜʠʣʘ ʧʨʦʛʥʦʟ ʖ. ɹʠʣʠʙʠʥʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ 

ʙʘʩʩʝʡʥʝ ʂʦʣʳʤʳ ʟʦʣʦʪʦʥʦʩʥʦʡ ʟʦʥʳ (https://kolyma.ru/index.php?newsid=87776). ʇʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʵʪʠ ʫʪʚʝʨʞʜʝʥʠʷ ʩʣʝʜʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʪʦʯʥʠʪʴ. ʄʘʛʘʜʘʥʩʢʠʡ ʠʩʪʦʨʠʢ ɸʣʝʢʩʘʥʜʨ 

ʂʦʟʣʦʚ ʧʨʠʚʦʜʠʪ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʩʝʥʪʷʙʨʷ 1929 ʛ. ʉ.ɺ. ʆʙʨʫʯʝʚ ʠʟ ʧʦʩ. 

ʉʨʝʜʥʝʢʦʣʳʤʩʢ ʦʧʝʨʘʪʠʚʥʦ ʠʥʬʦʨʤʠʨʦʚʘʣ ʧʦ ʪʝʣʝʛʨʘʬʫ ʨʫʢʦʚʦʜʠʪʝʣʷ ʗʢʫʪʩʢʦʡ ʢʦʤʠʩʩʠʠ ɸʅ 

ʉʉʉʈ ʚ ʃʝʥʠʥʛʨʘʜʝ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ʉʦʶʟʟʦʣʦʪʘ ʚ ʄʦʩʢʚʝ ʦ ʩʣʝʜʫʶʱʝʤ: çʦʙʥʘʨʫʞʝʥʘ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʚ ʨʷʜʝ ʧʨʠʪʦʢʦʚ ʂʦʣʳʤʳ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʙʱʝʡ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʚʩʝʛʦ ʉʨʝʜʥʝ-ʏʝʨʩʢʦʛʦ ʥʘʛʦʨʴʷ ʤʝʞʜʫ ʀʥʜʠʛʠʨʢʦʡ ʠ ʂʦʣʳʤʩʢʠʤ ʭʨʝʙʪʦʤ 

ʜʣʠʥʦʡ 700 ʠ ʰʠʨʠʥʦʡ 200 ʢʠʣʦʤʝʪʨʦʚè (https://www.kolyma.ru/magadan/index.php?newsid=93). 

ʕʪʦ ʙʳʣ ʚʝʣʠʢʦʣʝʧʥʳʡ ʧʨʦʛʥʦʟ, ʩʦʚʧʘʚʰʠʡ ʚ ʛʣʘʚʥʦʤ ʩ ʧʨʦʛʥʦʟʦʤ ʨʫʢʦʚʦʜʠʪʝʣʷ ʂʦʣʳʤʩʢʦʡ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ ʵʢʩʧʝʜʠʮʠʠ 1928 - 1929 ʛ.ʛ. ʖ. ɸ. ɹʠʣʠʙʠʥʘ. ʆʜʥʘʢʦ ɹʠʣʠʙʠʥ ʜʘʣ ʩʚʦʠ 

ʧʝʨʚʳʝ ʫʩʪʥʳʝ ʩʦʦʙʱʝʥʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʙʦʪʳ ʚ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘʭ ʉʦʶʟʟʦʣʦʪʘ ʚʦ 

ɺʣʘʜʠʚʦʩʪʦʢʝ ʠ ʀʨʢʫʪʩʢʝ ʪʦʣʴʢʦ ʚ ʦʢʪʷʙʨʝ-ʥʦʷʙʨʝ 1929 ʛ., ʘ ʟʘʪʝʤ ʧʨʝʜʩʝʜʘʪʝʣʶ ʧʨʘʚʣʝʥʠʷ ʵʪʦʛʦ 

ʦʙʱʝʩʪʚʘ ʚ ʄʦʩʢʚʝ. ʊʦ ʝʩʪʴ ʩʦʦʙʱʝʥʠʝ ʉ. ɺ. ʆʙʨʫʯʝʚʘ ʧʦʩʪʫʧʠʣʦ, ʢʘʢ ʤʠʥʠʤʫʤ, ʥʘ ʧʦʣʪʦʨʘ 

ʤʝʩʷʮʘ ʨʘʥʴʰʝ. ʅʦ ʪʦʛʜʘ, ʚ ʥʘʯʘʣʝ ʩʝʥʪʷʙʨʝ 1929 ʛ., ʥʘ ʪʝʣʝʛʨʘʤʤʳ ʆʙʨʫʯʝʚʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʘʣʦ 

ʢʪʦ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ. ʖ.ɸ. ɹʠʣʠʙʠʥ ʙʳʣ ʙʦʣʝʝ ʥʘʩʪʦʡʯʠʚ ʚ ʧʨʦʜʚʠʞʝʥʠʠ ʩʚʦʝʛʦ ʧʨʦʛʥʦʟʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʦʨʠʪʝʪ ʵʪʦʛʦ ʦʪʢʨʳʪʠʷ ʧʦʣʥʦʩʪʴʶ ʧʨʠʟʥʘʪyʩʷ ʟʘ ʖ.ɸ. 

ɹʠʣʠʙʠʥʳʤ. ɸʚʪʦʨ ʩʪʘʪʴʠ ʫʚʝʨʝʥ, ʯʪʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʜʝʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 

ʭʨʝʙʪʘ ʏʝʨʩʢʦʛʦ ʩʳʛʨʘʣʘ ʠʶʣʴʩʢʘʷ 1929 ʛ. ʚʩʪʨʝʯʘ ʉ.ɺ. ʆʙʨʫʯʝʚʘ ʠ ʖ.ɸ. ɹʠʣʠʙʠʥʘ ʥʘ ʂʦʣʳʤʝ. 

ʇʨʠʦʨʠʪʝʪ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ɻʣʘʚʥʦʛʦ ʀʥʜʠʛʠʨʦ-ʂʦʣʳʤʩʢʦʛʦ (ʗʥʦ-ʂʦʣʳʤʩʢʦʛʦ) 

ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʧʦʷʩʘ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʜʝʣʸʥ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ 

ʚʳʜʘʶʱʠʤʠʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ɸʟʠʠ. ʉʯʠʪʘʝʤ, ʯʪʦ ʵʪʦ 

ʢʨʫʧʥʝʡʰʝʝ ʠ ʦʯʝʥʴ ʚʘʞʥʦʝ ʜʣʷ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʦʪʢʨʳʪʠʝ ʉ.ɺ. ʆʙʨʫʯʝʚʘ ʜʦʣʞʥʦ ʙʳʪʴ 

ʠʟʚʝʩʪʥʦ ʰʠʨʦʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʠ ʜʦʩʪʦʡʥʦ ʦʮʝʥʝʥʦ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
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DOI: 

ʋɼʂ 553.411 

ʅʦʚʘʷ ʩʫʨʴʤʷʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʘʚʠʮʝʥʥʠʪʘ (Sb-ʩʦʜʝʨʞʘʱʠʡ ʘʚʠʮʝʥʥʠʪ) ʠʟ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʦʭʦʡ, ɸʣʜʘʥʩʢʠʡ ʱʠʪ, ʈʦʩʩʠʷ 

ɸʥʠʩʠʤʦʚʘ ɻ.ʉ1., ʂʦʥʜʨʘʪʴʝʚʘ ʃ.ɸ.1, ʂʘʨʜʘʰʝʚʩʢʘʷ ɺ.ʅ.1, ʂʘʩʘʪʢʠʥ ɸ.ɺ.2, ɻʫʨʞʠʡ ɺ.ɺ.3 
1 ʌɻɹʋʅ ʀɻɸɹʄ ʉʆ ʈɸʅ, ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

2ʄʠʥʤʫʟʝʡ ʠʤ.ʌʝʨʩʤʘʥʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʀʅɿ ʉʇʙɻʋ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. Sb-ʩʦʜʝʨʞʘʱʠʡ ʘʚʠʮʝʥʥʠʪ (ʧʝʨʚʘʷ ʥʘʭʦʜʢʘ ʚ ʈʦʩʩʠʠ) ʦʙʥʘʨʫʞʝʥ ʥʘ 

ʍʦʭʦʡʩʢʦʤ ʟʦʣʦʪʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ 120 ʢʤ ʢ ʟʘʧʘʜʫ ʦʪ ʛ. ɸʣʜʘʥ, ʈʝʩʧʫʙʣʠʢʘ 

ʉʘʭʘ (ʗʢʫʪʠʷ), ʈʦʩʩʠʷ. ʄʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ ʟʝʨʥʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʜʦ 

0,25 ʤʤ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʤʛʘʠʪʦʤ, ʚʝʡʩʩʙʝʨʛʠʪʦʤ, ʛʝʪʠʪʦʤ, ʟʦʣʦʪʦʤ ʠ 

ʥʝʧʦʠʤʝʥʦʚʘʥʥʳʤʠ Tl-ʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ.  ʇʨʝʦʙʣʘʜʘʶʪ ʘʛʨʝʛʘʪʳ ʢʦʣʣʦʤʦʨʬʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥrʝ ʨʠʪʤʠʯʥʦ-, ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʤʠ, ʧʦʯʢʦʚʠʜ-

ʥʳʤʠ ʠ ʩʬʝʨʦʣʠʪʦʚʳʤʠ ʨʘʟʥʦʩʪʷʤʠ. ʎʚʝʪ ʘʚʠʮʝʥʥʠʪʘ ʯʸʨʥʳʡ, ʙʣʝʩʢ ʤʝʪʘʣʣʠʯʝʩʢʠʡ, 

ʠʟʣʦʤ ʥʝʨʦʚʥʳʡ. ʉʧʘʡʥʦʩʪʴ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʣʦʪʥʦʩʪ ɹʘʚʠʮʝʥʥʠʪʘ - 8.548 ʛ/ʩʤ3. ɺ 

ʦʪʨʘʞʸʥʥʦʤ ʩʚʝʪʝ ʘʚʠʮʝʥʥʠʪ ʩʚʝʪʣʦ-ʩʝʨʳʡ, ʠʟʦʪʨʦʧʥʳʡ. ɺʥʫʪʨʝʥʥʠʝ ʨʝʬʣʝʢʩʳ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʍʦʭʦʡʩʢʦʛʦ ʘʚʠʮʝʥʥʠʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʘʚʠʮʝʥʥʠʪʦʤ ʠʟ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʣʠʥ, ʉʐɸ ʚʳʰʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʟʸʨʝʥ. 

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ n = 2.29 ʧʨʠ ɚ = 546 ʥʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʘʚʠʮʝʥʥʠʪʘ: Tl2O3 ï 85,36, V2O5 ï 0,73, As2O5 ï 0,85, Sb2O5 ï 12,98, ʉʫʤʤʘ ï 99,92. ʆʥ 

ʦʪʚʝʯʘʝʪ ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ (ʨʘʩʯʸʪ ʥʘ 3 ʘʪʦʤʘ ʆ): Tl1.40Sb5+
0.30V5+

0.03As5+
0.03O3. 

ʇʘʨʘʤʝʪʨ rʢʫʙʠʯʝʩʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 10.5190(4), V = 1163.9(1) Å3. 
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Abstract. Sb-rich avicennite (first discovery in Russia) was found at the Khokhoy gold 

deposit, in 120 km west of Aldan, Republic of Sakha (Yakutia), Russia. The mineral forms 

irregularly shaped grains up to 0.25 mm in size, in association with amgaite, weissbergite, 

goethite, gold, and unidentified Tl-bearing phases.  Aggregates of colloform structure 

prevail, represented by rhythmic-, concentric-zonal, kidney-shaped and spherulitic 

varieties. Avicennite is black in color, with metallic luster and uneven fracture. No cleavage 

is observed. The calculated density of avicennite is 8.548 g/cm3. In reflected light, 

avicennite is light gray, isotropic. Internal reþections are absent. The reflectivity of the 

Khokhoi avicennite is higher than that of the avicennite from the Carlin gold deposit in the 

USA.  Its chemical average composition (wt.%): Tl2O3 ï 85.36, V2O5 ï 0.73, As2O5 ï 0.85, 

Sb2O5 ï 12.98, Total ï 99.92; It corresponds to the following empirical formula: 

Tl1.40Sb5+
0.30V5+

0.03As5+
0.03O3. The unit cell parameters are: a = 10.5190(4), V = 1163.9(1) 

¡3.  

 



1. ɺʚʝʜʝʥʠʝ 

ɺ ʭʦʜʝ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʫʜʘʭ ʍʦʭʦʡʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

(ɸʣʜʘʥʩʢʠʡ ʱʠʪ) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʢʩʠʜʳ ʪʘʣʣʠʷ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʫʨʴʤʳ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʘʥʪʠʤʦʥʘʪʳ ʪʘʣʣʠʷ, ʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʦ ʙʦʛʘʪʳʡ ʩʫʨʴʤʦʡ ʘʚʠʮʝʥʥʠʪ [1]. ɸʚʠʮʝʥʥʠʪ ʦʧʠʩʘʥ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʧʦʜ ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧʦʤ Zeiss Discovery V8 ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ 

ʤʠʢʨʦʩʢʦʧʦʚ ʄʊ 9430L (Meiji Techno, ʗʧʦʥʠʷ) ʠ A15.1019-B Opto-Edu (Beijing) Co., Ltd, ʂʠʪʘʡ 

(ʀɻɸɹʄ ʉʆ ʈɸʅ, ʛ.ʗʢʫʪʩʢ). ɽʛʦ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʜ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤʠ ʤʠʢʨʦʩʢʦʧʘʤʠ ʇʆʃɸʈ-3 ʠ ʇʆʃɸʄ-215. ʉʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʠʟʤʝʨʝʥ ʚ 

ʚʦʟʜʫʭʝ ʧʦ ʩʪʘʥʜʘʨʪʫ Si ʥʘ ʤʠʢʨʦʩʢʦʧʝ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʄʉʌ-ʈ ʬʠʨʤʳ çʃʆʄʆè (ʄʠʥʤʫʟʝʡ 

ʈɸʅ). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʟʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʕʄ JSM-6480 LV ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʧʨʠʩʪʘʚʢʦʡ INCA Energy-350 Oxford Instruments (ʀɻɸɹʄ ʉʆ ʈɸʅ) ʠ Hitachi FlexSEM 1000 ʩ 

ʕɼʉ-ʜʝʪʝʢʪʦʨʦʤ Xplore Contact 30 ʠ ʩʠʩʪʝʤʦʡ ʘʥʘʣʠʟʘ Oxford AZtecLive STD (ʄʠʥʤʫʟʝʡ ʈɸʅ). 

ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Rigaku R-

AXIS Rapid II (ʀʅɿ ʉʇʙɻʋ) ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʚ ʧʨʦʛʨʘʤʤʝ Osc2Tab [2]. 

2.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ Sb-ʘʚʠʮʝʥʥʠʪʘ 

Sb-ʩʦʜʝʨʞʘʱʠʡ ʘʚʠʮʝʥʥʠʪ ʦʙʨʘʟʫʝʪ ʟʸʨʥʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʘʤʠ ʜʦ 0.25 ʤʤ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʤʛʘʠʪʦʤ, ʚʝʡʩʩʙʝʨʛʠʪʦʤ, ʛʸʪʠʪʦʤ, ʟʦʣʦʪʦʤ ʠ ʥʝʧʦʠʤʝʥʦʚʘʥʥʳʤʠ Tl-ʩʦʜʝʨʞʘʱʠʤʠ 

ʬʘʟʘʤʠ. ʎʚʝʪ ʘʚʠʮʝʥʥʠʪʘ ʯʸʨʥʳʡ, ʙʣʝʩʢ ʤʝʪʘʣʣʠʯʝʩʢʠʡ, ʠʟʣʦʤ ʥʝʨʦʚʥʳʡ. ʉʧʘʡʥʦʩʪʴ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ.  ɿʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʘʚʠʮʝʥʥʠʪʘ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʛʦ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʳ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʧʦʨʦʰʢʦʛʨʘʤʤʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʩʦʩʪʘʚʣʷʝʪ 8.548 

ʛ/ʩʤ3. 

ʄʠʥʝʨʘʣ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʪʯʘʪʳʭ, ʠʥʦʛʜʘ ʩʝʢʪʦʨʠʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ 

ʩʬʝʨʠʯʝʩʢʠʝ ʬʦʨʤʳ (ʈʠʩʫʥʦʢ 1, ʘ, ʙ, ʚ). ɺ ʘʩʩʦʮʠʘʮʠʠ ʩ ʙʝʩʧʨʠʤʝʩʥʳʤ ʘʚʠʮʝʥʥʠʪʦʤ ʠ ʘʤʛʘʠʪʦʤ 

Sb-ʩʦʜʝʨʞʘʱʠʡ ʘʚʠʮʝʥʥʠʪ ʦʙʨʘʟʫʝʪ ʨʠʪʤʠʯʝʩʢʠ ʠ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʝ ʘʛʨʝʛʘʪʳ 

(ʈʠʩʫʥʦʢ 1, ʛ). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ Sb-ʘʚʠʮʝʥʥʠʪ ʦʙʨʘʟʫʝʪ ʘʛʨʝʛʘʪʳ ʢʦʣʣʦʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ 

(ʈʠʩʫʥʦʢ 1, ʜ). ʅʝʢʦʪʦʨʳʝ ʠʥʜʠʚʠʜʳ Sb-ʘʚʠʮʝʥʥʠʪʘ ʩʦʜʝʨʞʘʪ ʚʢʨʘʧʣʝʥʠʷ ʚʳʩʦʢʦʧʨʦʙʥʦʛʦ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (ʈʠʩʫʥʦʢ 1, ʝ). 

 

 
ʈʠʩʫʥʦʢ 1. ʌʦʨʤʳ ʚʳʜʝʣʝʥʠʷ ʘʚʠʮʝʥʥʠʪʘ ʠ ʘʩʩʦʮʠʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ: ʘ ï ʪʘʙʣʠʪʯʘʪʘʷ, 

ʙ ï ʩʝʢʪʦʨʠʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʚ ï ʩʬʝʨʦʣʠʪʦʚʘʷ ʬʦʨʤʘ ʩ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ ʟʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʛ ï ʨʠʪʤʠʯʥʦ-ʟʦʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ Sb-ʘʚʠʮʝʥʥʠʪʘ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʤʛʘʠʪʦʤ ʠ ʘʚʠʮʝʥʥʠʪʦʤ, ʜ ï 

ʧʦʯʢʦʚʠʜʥʦ-ʢʦʣʣʦʤʦʨʬʥʳʝ ʘʛʨʝʛʘʪʳ Sb-ʘʚʠʮʝʥʥʠʪʘ, ʝ - Sb-ʘʚʠʮʝʥʥʠʪ ʩ ʚʢʨʘʧʣʝʥʠʷʤʠ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. Sb-Av - Sb-ʘʚʠʮʝʥʥʠʪ, Amgt -ʘʤʛʘʠʪ, Av ï ʘʚʠʮʝʥʥʠʪ, Au ï ʟʦʣʦʪʦ.  

 



ɺ ʦʪʨʘʞʸʥʥʦʤ ʩʚʝʪʝ ʘʚʠʮʝʥʥʠʪ ʩʚʝʪʣʦ-ʩʝʨʳʡ, ʠʟʦʪʨʦʧʥʳʡ. ɺʥʫʪʨʝʥʥʠʝ ʨʝʬʣʝʢʩʳ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʆʪʨʘʞʝʥʠʝ ʚʝʩʴʤʘ ʥʠʟʢʦʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʍʦʭʦʡʩʢʦʛʦ ʘʚʠʮʝʥʥʠʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʘʚʠʮʝʥʥʠʪʦʤ ʠʟ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʣʠʥ ʚ ʅʝʚʘʜʝ, ʉʐɸ [3] ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʟʸʨʝʥ (ʈʠʩʫʥʦʢ 

2). ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʦʩʩʠʡʩʢʦʛʦ ʘʚʠʮʝʥʥʠʪʘ ʤʠʥʝʨʘʣ ʠʟ ʅʝʚʘʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʨʠʤʝʩʥʳʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʝʛʦ ʟʝʨʥʘ ʠʤʝʶʪ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʥʠʞʘʪ ɹʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʪʨʘʞʝʥʠʷ.   

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2. ʉʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ Sb-

ʩʦʜʝʨʞʘʱʝʛʦ ʘʚʠʮʝʥʥʠʪʘ ʠʟ ʍʦʭʦʡʩʢʦʛʦ 

ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʗʢʫʪʠʷ, 

ʈʦʩʩʠʷ) (1) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʚʠʮʝʥʥʠʪʦʤ ʠʟ 

ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʣʠʥ 

(ʅʝʚʘʜʘ, ʉʐɸ) (2) [1] 

 

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʍʦʭʦʡʩʢʦʛʦ ʘʚʠʮʝʥʥʠʪʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʠʩʭʦʜʷ ʠʟ ʠʟʤʝʨʝʥʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ, ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʬʦʨʤʫʣʳ ʌʨʝʥʝʣʷ, ʩʦʩʪʘʚʣʷʝʪ n = 2.29 ʧʨʠ ɚ = 546 ʥʤ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɸʚʠʮʝʥʥʠʪ ʠʟ ʍʦʭʦʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʦʡʯʠʚ ʧʦʜ ʧʫʯʢʦʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʘ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʫʨʴʤʳ (8-12% Sb) ʦʪʤʝʯʘʶʪʩʷ ʫ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʚʳʜʝʣʝʥʠʡ ʤʠʥʝʨʘʣʘ ʩ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʧʦ 10 ʘʥʘʣʠʟʘʤ) ʪʘʢʠʭ ʠʥʜʠʚʠʜʦʚ: Tl2O3ï85,36, V2O5 ï 0,73, As2O5 ï 0,85, Sb2O5 ï 12,98, 

ʉʫʤʤʘ ï 99,92. ʆʥ ʦʪʚʝʯʘʝʪ ʩʣʝʜʫʶʱʝʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ (ʨʘʩʯʸʪ ʥʘ 3 ʘʪʦʤʘ ʆ): 

Tl1.40Sb5+
0.30V5+

0.03As5+
0.03O3 [1]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʚʠʮʝʥʥʠʪʘ ʠʟ ʤʝʩʪʘ ʝʛʦ ʧʝʨʚʦʡ ʥʘʭʦʜʢʠ ʚ 

ʋʟʙʝʢʠʩʪʘʥʝ [4] ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʣʠʥ ʚ ʅʝʚʘʜʝ [3], ʩʦʩʪʘʚ ʨʦʩcʠʡʩʢʦʛʦ ʤʠʥʝʨʘʣʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʱʫʪʠʤʦʡ ʧʨʠʤʝʩʴʶ Sb, ʘ ʪʘʢʞʝ ʤʘʣʳʤʠ ʧʨʠʤʝʩʷʤʠ V ʠ As. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʚ 

ʪʝʭ ʦʙʨʘʟʮʘʭ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʪʝʩʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʦʧʠʩʳʚʘʝʤʦʛʦ ʤʠʥʝʨʘʣʘ ʩ 

ʙʝʩʧʨʠʤʝʩʥʳʤ ʘʚʠʮʝʥʥʠʪʦʤ ʠ ʘʤʛʘʠʪʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʨʴʤʳ ʧʦʥʠʞʘʝʪʩʷ ʜʦ 3% (ʪʘʙʣʠʮʘ, 

ʘʥʘʣ. 1-6).  

ʊʘʙʣʠʮʘ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ Sb-ʘʚʠʮʝʥʥʠʪʘ ʍʦʭʦʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʘʩ. % 

 ̄ʘʥʘʣ. Sb2O5 Tl2O3 V2O5 Total 

1 5,13 92,21 2,03 99,37 

2 5,44 92,75  98,19 

3 6,11 93,6 1,92 101,63 

4 7,34 90,44  97,78 

5 8,26 91,39  99,65 

6 9,23 89,52  98,75 

 

ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʇʣʦʭʦʝ ʢʘʯʝʩʪʚʦ ʟʸʨʝʥ ʘʚʠʮʝʥʥʠʪʘ ʥʝ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʵʪʦʤʫ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʘ [1]. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʣʠʥʠʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ [dobs (Iobs)(hkl)]: 3.035(100)(222), 

2.628(35)(400), 1.859(34)(440), 1.586 (33)(622), 1.206(10)(662). ʇʘʨʘʤʝʪʨ r ʢʫʙʠʯʝʩʢʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ [5]: a = 

10.5190(4), V = 1163.9(1) Å3.  

 



3.  ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʳ 

ʀʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʍʦʭʦʡʩʢʦʛʦ ʘʚʠʮʝʥʥʠʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʝʦʙʳʯʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʙʦʛʘʱʝʥʥʦʩʪʴ ʩʫʨʴʤʦʡ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʠʤʝʩʠ Sb-

ʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʥʝ ʥʘʰʣʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ: ʟʸʨʥʘ ʘʚʠʮʝʥʥʠʪʘ ʚ ʨʫʜʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʚʳʛʣʷʜʷʪ ʦʜʥʦʨʦʜʥʳʤʠ ʠ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʤʠ, ʘ ʥʘ ʧʦʨʦʰʢʦʛʨʘʤʤʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʨʝʬʣʝʢʩʳ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʘʚʠʮʝʥʥʠʪʫ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʩʪʘʚ ʧʨʠʤʝʩʝʡ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 

ʨʘʟʥʳʭ ʟʝʨʥʘʭ, ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ. ʋʯʠʪʳʚʘʷ ʚʩʸ ʩʢʘʟʘʥʥʦʝ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʥʘʤʠ 

ʧʨʠʤʝʩʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚʭʦʜʷʪ ʚ ʩʪʨʫʢʪʫʨʫ ʤʠʥʝʨʘʣʘ, ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʷ ʯʘʩʪʴ ʘʪʦʤʦʚ Tl3+.  ʂ 

ʩʦʞʘʣʝʥʠʶ, ʩʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʦʛʦ ʘʚʠʮʝʥʥʠʪʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʟʫʯʝʥʘ, ʠ ʚʦʧʨʦʩʳ ʚʦʟʤʦʞʥʦʛʦ 

ʠʟʦʤʦʨʬʠʟʤʘ ʩ ʫʯʘʩʪʠʝʤ Tl3+ ʧʦʢʘ ʥʝ ʠʤʝʶʪ ʦʜʥʦʟʥʘʯʥʳʭ ʦʪʚʝʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʣʠʯʠʝ 

ʧʨʠʤʝʩʝʡ ʚ ʍʦʭʦʡʩʢʦʤ ʘʚʠʮʝʥʥʠʪʝ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʣʣh ʘʨ ʚ 

ʄʘʢʝʜʦʥʠʠ ʨʘʥʝʝ ʦʪʤʝʯʘʣʠʩʴ ʥʘʭʦʜʢʠ ʘʚʠʮʝʥʥʠʪʘ ʩ ʧʨʠʤʝʩʴʶ As (ʜʦ 6 ʘʪ. %), ʘ ʪʘʢʞʝ 

ʤʝʣʴʯʘʡʰʠʝ (ʜʦ 3 ʤʢʤ) ʩʬʝʨʦʣʠʪʳ ʦʢʩʠʜʘ Tl ʠ Sb ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Tl:Sb~3:1 [6].   

 

ɺʳʚʦʜʳ. ʉʦʧʫʪʩʪʚʫʶʱʘʷ ʪʘʣʣʠʝʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʪʝʣʣʫʨʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʗʢʫʪʠʠ ʚ ʪʘʢʦʤ ʦʙʲʝʤʝ ʫʩʪʘʥʦʚʣʝʥʘ ʚʧʝʨʚʳʝ. 

ʉʠʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʨʫʜ ʪʘʣʣʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʘʣʠʝʚʦʤ ʤʝʪʘʩʦʤʘʪʦʟʝ, ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ [7], 

ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʧʦʷʚʣʝʥʠʝ ʟʜʝʩʴ ʪʘʣʣʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ. ʂʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʍʦʭʦʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ ʪʘʣʣʠʝʚʳʝ 

ʤʠʥʝʨʘʣʳ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʦʢʩʠʜʘʤʠ ʠ ʪʝʣʣʫʨʘʪʘʤʠ, ʚ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ 

ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, 

ʩʧʦʩʦʙʩʪʚʦʚʘʚʰʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʛʘʠʪʘ, ʚ ʢʦʪʦʨʦʤ Tl ʠ Te ʜʦʩʪʠʛʣʠ ʩʚʦʠʭ ʚʳʩʰʠʭ ʚʘʣʝʥʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ: +3 ʠ +6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [9], ʘ ʪʘʢʞʝ ʘʚʠʮʝʥʥʠʪʘ ʠ ʚʧʝʨʚʳʝ ʥʘʡʜʝʥʥʦʛʦ Sb-

ʩʦʜʝʨʞʘʱʝʛʦ ʘʚʠʮʝʥʥʠʪʘ. ʆʙʥʘʨʫʞʝʥʠʝ ʩʫʨʴʤʷʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʘʚʠʮʝʥʥʠʪʘ ʷʚʣʷʝʪʩʷ ʧʦ ʩʫʪʠ 

ʧʝʨʚʦʡ ʥʘʭʦʜʢʦʡ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʚ ʤʠʨʝ. 

ʇʦʧʦʣʥʝʥʠʝ ʩʧʠʩʢʘ ʪʘʣʣʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʦʭʦʡ ʧʦʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ 

ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ ʢʘʨʣʠʥʩʢʦʛʦ ʪʠʧʘ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ.  

4. ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʦ ʇʨʦʝʢʪʫ ʈʅʌ-ʨʝʛʠʦʥ ˉ 25-27-20082 
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ɸʥʥʦʪʘʮʠʷ. ʇʦʧʠʛʘʡʩʢʠʡ ʤʝʪʝʦʨʠʪʥʳʡ ʢʨʘʪʝʨ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʚ ʤʠʨʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ʬʦʨʤʝ ʤʝʪʝʦʨʠʪʥʦʛʦ ʢʨʘʪʝʨʘ, ʩʦʜʝʨʞʘʱʝʝ ʪʨʠ ʪʠʧʘ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʠʟʚʣʝʢʘʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜʳ (ʠʤʧʘʢʪʥʦʡ 

ʧʦʨʦʜʳ - ʪʘʛʘʤʠʪʘ). ʆʩʥʦʚʥʦʡ ʚʠʜ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ï ʠʤʧʘʢʪʥʳʝ ʘʣʤʘʟʳ, 

ʜʦʙʳʚʘʝʤʳʝ ʧʫʪʝʤ ʜʨʦʙʣʝʥʠʷ ʪʘʛʘʤʠʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʬʣʦʪʘʮʠʠ; ʠʭ ʘʙʨʘʟʠʚʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʦʯʘʡʰʘʷ ʚ ʧʨʠʨʦʜʝ ʠ ʚʜʚʦʝ ʧʨʝʚʦʩʭʦʜʠʪ ʘʙʨʘʟʠʚʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ. ʇʦʧʫʪʥʦ ʩ ʘʣʤʘʟʘʤʠ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʬʣʦʪʘʮʠʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʛʨʘʬʠʪ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʧʦ ʢʘʯʝʩʪʚʫ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ. ʇʝʨʝʜʨʦʙʣʝʥʥʘʷ ʠʤʧʘʢʪʥʘʷ ʧʦʨʦʜʘ ʪʘʛʘʤʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʨʠʨʦʜʥʫʶ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʫʶ ʢʝʨʘʤʠʢʫ ʩ ʪʚʝʨʜʦʩʪʴʶ ʥʘ ʫʨʦʚʥʝ ʚʳʩʰʠʭ 

ʩʦʨʪʦʚ ʩʪʘʣʠ ʠ ʩʣʫʞʘʱʘʷ ʢʘʢ ʘʙʨʘʟʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʪʘʢ ʠ ʫʧʨʦʯʥʷʶʱʝʡ ʜʦʙʘʚʢʦʡ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʚʳʰʘʷ ʠʭ ʪʚʝʨʜʦʩʪʴ ʜʦ 1,8 ʨʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʧʨʦʜʫʢʪʳ ʦʙʦʛʘʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʮʝʥʥʝʡʰʠʤʠ ʧʦʣʝʟʥʳʤʠ 

ʠʩʢʦʧʘʝʤʳʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʟʦʪʭʦʜʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʨʫʜʳ.     
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Abstract. Popigai meteorite crater is the only meteorite craterïshaped deposit in the world 

containing three types of minerals extracted simultaneously during ore processing (impact 

rock - tagamite). The main type of minerals are impact diamonds, extracted by crushing 

tagamite and subsequent flotation; their abrasive ability is the highest in nature and is twice 

as high as the abrasive ability of synthetic diamonds. Along with diamonds, finely 

dispersed graphite accumulates in the flotation concentrate, which is superior in structure 

quality to synthetic pyrolytic graphite. The crushed impact rock tagamite is a natural high-

entropy ceramic with a hardness at the level of the highest grades of steel and serves as 

both an abrasive material and a strengthening additive in the formation of carbide 

composites, increasing their hardness up to 1.8 times. Thus, all processing products are the 

most valuable minerals, ensuring waste-free ore processing. 

 

 



1. ɺʚʝʜʝʥʠʝ 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʦʢʘʟʘʪʴ, ʯʪʦ ʇʦʧʠʛʘʡʩʢʠʡ ʤʝʪʝʦʨʠʪʥʳʡ ʢʨʘʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʠʩʪʦʯʥʠʢ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʦʙʳʚʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘ ʦʜʠʥ 

ʮʠʢʣ ʦʙʦʛʘʱʝʥʠʷ.  ʂ ʵʪʠʤ ʚʠʜʘʤ ʩʳʨʴʷ ʦʪʥʦʩʷʪʩʷ ʠʤʧʘʢʪʥʳʝ ʘʣʤʘʟʳ ʢʘʢ ʦʩʥʦʚʥʦʡ ʚʠʜ ʧʦʣʝʟʥʦʛʦ 

ʠʩʢʦʧʘʝʤʦʛʦ, ʛʨʘʬʠʪ, ʢʦʪʦʨʳʡ ʠʟʚʣʝʢʘʝʪʩʷ ʤʝʪʦʜʦʤ ʬʣʦʪʘʮʠʠ ʚʤʝʩʪʝ ʩ ʘʣʤʘʟʘʤʠ, ʥʘʢʦʥʝʮ ʩʘʤʘ 

ʨʫʜʘ ï ʠʤʧʘʢʪʥʘʷ ʧʦʨʦʜʘ ʪʘʛʘʤʠʪ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʫʶ ʢʝʨʘʤʠʢʫ, ʦʙʣʘʜʘʶʱʫʶ ʚʳʩʦʢʦʡ ʘʙʨʘʟʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ 

ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ.  

 

2.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

2.1. ʀʤʧʘʢʪʥʳʡ ʘʣʤʘʟ. ʆʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʛʨʘʬʠʪʘ ʧʦʨʦʜ ʤʠʰʝʥʠ (ʛʨʘʬʠʪʩʦʜʝʨʞʘʱʠʝ ʛʥʝʡʩʳ 

ʭʘʧʯʘʥʩʢʦʡ ʩʝʨʠʠ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ) ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ ʘʩʪʝʨʦʠʜʘ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʤʧʘʢʪʥʳʡ 

ʘʧʦʛʨʘʬʠʪʦʚʳʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ (ʀɸʇʄ). ʕʪʦ ʫʥʠʢʘʣʴʥʳʡ ʧʨʠʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʦʙʣʘʜʘʶʱʠʡ ʧʦʚʳʰʝʥʥʦʡ ʘʙʨʘʟʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʥʘ ʧʣʘʥʝʪʝ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ð ʇʦʧʠʛʘʡʩʢʦʤ ʤʝʪʝʦʨʠʪʥʦʤ ʢʨʘʪʝʨʝ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʀɸʇʄ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʘʙʨʘʟʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʚʢʣʶʯʘʷ ʦʙʳʯʥʳʝ 

ʘʣʤʘʟʳ, ʢʘʢ ʧʨʠʨʦʜʥʳʝ, ʪʘʢ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ, ʚʢʣʶʯʘʶʪ [1]: 

-ʘʙʨʘʟʠʚʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʚ ʩʨʝʜʥʝʤ ʚʜʚʦʝ ʧʨʝʚʦʩʭʦʜʷʱʫʶ ʪʘʢʦʚʫʶ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ; 

-ʧʦʚʳʰʝʥʥʫʶ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʥʘ 200-250Á ʧʨʝʚʦʩʭʦʜʷʱʫʶ ʪʘʢʦʚʫʶ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ 

ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʙʫʨʝʥʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʘʣʤʘʟʳ; 

- ʛʠʛʘʥʪʩʢʠʝ ʟʘʧʘʩʳ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʘʪ ʥʘ ʤʥʦʛʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʪʨʝʙʥʦʩʪʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʥʦ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʣʫʞʘʪ ʮʝʥʥʝʡʰʠʤ ʵʢʩʧʦʨʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʇʦʜʩʯʠʪʘʥʥʳʝ ʟʘʧʘʩʳ ʀɸʇʄ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʤʫ ʬʨʘʛʤʝʥʪʫ ʇʦʧʠʛʘʡʩʢʦʛʦ ʢʨʘʪʝʨʘ ð 

ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʉʢʘʣʴʥʦʝ ð ʩʦʩʪʘʚʣʷʶʪ 256,105 ʤʠʣʣʠʘʨʜʦʚ ʢʘʨʘʪʦʚ ʧʨʠ ʩʦʜʝʨʞʘʥʠʷʭ ʜʦ 100 

ʢʘʨʘʪʦʚ ʥʘ ʪʦʥʥʫ ʧʦʨʦʜʳ. ʆʮʝʥʢʘ ʟʘʧʘʩʦʚ ʀɸʇʄ ʧʦ ʚʩʝʤʫ ʢʨʘʪʝʨʫ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ1 ʪʨʣʥ. 

ʢʘʨʘʪʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʩʝʤ ʚʠʜʘʤ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ ʙʝʩʩʧʦʨʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʀɸʇʄ ʧʝʨʝʜ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʘʣʤʘʟʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤ ʘʙʨʘʟʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʤʝʱʝʥʠʷ ʠʤʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʚʳʰʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʤʧʘʢʪʥʳʝ ʘʣʤʘʟʳ ʠʩʧʳʪʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: 

- ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʡ ʩʚʷʟʢʦʡ ʜʣʷ ʢʘʤʥʝʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠ 

ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ;  

- ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʩ ʜʦʙʘʚʢʦʡ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʩʪʘʚʦʢ ʜʣʷ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

- ʘʣʤʘʟʥʦ-ʘʙʨʘʟʠʚʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʢʦʤʧʦʟʠʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʜʣʷ 

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʦʧʪʠʯʝʩʢʠʭ ʩʪʝʢʦʣ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʤʘʪʝʨʠʘʣʦʚ ʣʘʟʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʪ.ʜ.); 

- ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʩʥʘʱʝʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ʨʝʟʮʳ, ʬʨʝʟʳ) ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʩʧʣʘʚʦʚ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʣʘʩʪʠʢʦʚ, ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʥʳʭ 

ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʘʤʥʝʦʙʨʘʙʦʪʢʠ. 

 

2.2. ɻʨʘʬʠʪ. ʇʦʧʘʜʘʝʪ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʚ ʢʦʥʮʝʥʪʨʘʪ ʬʣʦʪʘʮʠʠ ʚʤʝʩʪʝ ʩ ʠʤʧʘʢʪʥʳʤ ʘʣʤʘʟʦʤ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʥʝʧʨʦʟʨʘʯʥʳʤʠ ʯʝʨʥʳʤʠ ʯʝʰʫʡʢʘʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 30 ʤʢʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ ʩ 

ʛʣʘʜʢʠʤʠ ʛʨʘʥʷʤʠ ʙʘʟʠʩʘ.  

ʉʧʝʢʪʨʳ ʂʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʧʝʢʪʨʫ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ (ʈʠʩʫʥʦʢ 

1, ʩʧʝʢʪʨʳ 1-2). ʂʈ ʩʧʝʢʪʨ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ D1-ʧʦʣʦʩʫ ʛʨʘʬʠʪʘ, ʩʚʷʟʘʥʥʫʶ ʩ ʜʝʬʝʢʪʘʤʠ 

ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʛʨʘʬʠʪʘ. ʂʈ ʟʦʥʜʠʨʦʚʘʥʠʝ 

ʦʙʨʘʟʮʦʚ ʥʝ ʚʳʷʚʠʣʦ ʧʨʠʩʫʪʩʪʚʠʝ ʛʨʘʬʝʥʘ (ʝʛʦ ʤʦʥʦʩʣʦʡʥʦʡ ʠ ʙʠʩʣʦʡʥʦʡ ʬʦʨʤ) (ʈʠʩʫʥʦʢ 1 ʠ 2). 



ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʂʈ ʩʧʝʢʪʨʳ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʦʙʣʘʩʪʠ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʥʦʩʣʦʡʥʦʛʦ ʠ ʙʠʩʣʦʡʥʦʛʦ ʛʨʘʬʝʥʘ (ʈʠʩʫʥʦʢ 1, ʩʧʝʢʪʨʳ 3-5), ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʵʪʘʣʦʥʥʳʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʂʈ ʩʧʝʢʪʨʘʤʠ ʛʨʘʬʠʪʘ ʠʟ ʪʘʛʘʤʠʪʘ 

(ʈʠʩʫʥʦʢ 1 ʠ 2). 

 

 
ʈʠʩʫʥʦʢ 1. ʂʈ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʛʨʘʬʠʪʘ ʠʟ ʪʘʛʘʤʠʪʘ (1, 2) ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 

ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ (3, 4, 5) 

 
ʈʠʩʫʥʦʢ 2. ʂʈ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʛʨʘʬʠʪʘ ʠʟ ʪʘʛʘʤʠʪʘ 

 

ɻʨʘʬʠʪ ʚ ʠʤʧʘʢʪʠʪʘʭ ʇʦʧʠʛʘʡʩʢʦʛʦ ʢʨʘʪʝʨʘ ʠʤʝʝʪ ʦʩʪʘʪʦʯʥʫʶ ʧʨʠʨʦʜʫ, ʪ.ʝ. ʵʪʦ ʛʨʘʬʠʪ, ʥʝ 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʘʣʤʘʟ ʚ ʤʦʤʝʥʪ ʠʤʧʘʢʪʥʦʛʦ ʩʦʙʳʪʠʷ. ɽʛʦ ʢʦʣʠʯʝʩʪʚʦ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʬʣʦʪʘʮʠʠ 

ʚ 250 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ (ʛʨʘʬʠʪʘ 250ʢʛ/ʪ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʘʣʤʘʟʦʚ 

ʦʢʦʣʦ 1ʢʛ/ʪ). ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʢʘʯʝʩʪʚʫ ʠ ʪʦʥʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ ʵʪʦʪ ʛʨʘʬʠʪ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʘʢʢʫʤʫʣʷʪʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪ.ʜ. 

 

2.3. ʊʘʛʘʤʠʪ. ʊʘʛʘʤʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʤʧʘʢʪʥʫʶ ʧʦʨʦʜʫ, ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʟʘ ʩʯʝʪ 

ʟʘʩʪʳʚʘʥʠʷ (ʩʦʣʠʜʠʬʠʢʘʮʠʠ) ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ ʛʥʝʡʩʘ. ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʪʘʛʘʤʠʪʘ 

ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʩʪʘʜʠʠ [2]. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʫʜʘʨ ʨʘʟʨʫʰʠʣ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʤʠʥʝʨʘʣʦʚ, ʫʧʣʦʪʥʠʣ ʠʭ (ʷʚʣʝʥʠʝ ʜʠʘʧʣʝʢʪʠʟʤʘ) ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʠ ʤʦʨʬʦʣʦʛʠʠ 

ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɻʨʘʬʠʪ, ʩʦʜʝʨʞʘʚʰʠʡʩʷ ʚ ʛʥʝʡʩʝ, ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʫʪʝʤ ʙʳʣ ʧʨʝʦʙʨʘʟʦʚʘʥ 

ʚ ʠʤʧʘʢʪʥʳʡ ʘʣʤʘʟ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʚʳʩʦʢʦʡ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʠ 

ʩʣʫʞʠʪ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʇʦʧʠʛʘʡʩʢʦʛʦ ʢʨʘʪʝʨʘ.  

ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ ʧʨʦʠʟʦʰʝʣ ʨʝʟʢʠʡ ʨʘʟʦʛʨʝʚ 

ʠʤʧʘʢʪʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʧʣʘʚʣʝʥʠʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʢʨʘʪʝʨʘ ʧʨʝʚʳʰʘʣʘ 3000 Áʉ 

ʠ ʩʥʠʞʘʣʘʩʴ ʢ ʧʝʨʠʬʝʨʠʠ. ɺ ʢʦʣʴʮʝʚʦʡ ʟʦʥʝ, ʛʜʝ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ 35-60 ɻʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʦʩʪʠʛʘʣʘ 2000 Áʉ; ʵʪʘ ʟʦʥʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʘ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʨʝʘʣʠʟʫʶʪʩʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʢʘʢ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʦʪ ʦʙʨʘʪʥʦʡ 

ʛʨʘʬʠʪʠʟʘʮʠʠ, ʠ ʚ ʥʝʡ ʥʘʭʦʜʠʪʩʷ ʨʘʟʚʝʜʘʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʘʣʤʘʟʦʚ - ʉʢʘʣʴʥʦʝ.  

ɹʣʘʛʦʜʘʨʷ ʛʣʫʙʦʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʪʘʛʘʤʠʪ ʠʤʝʝʪ ʩʣʘʙʦ 

ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʝʢʣʦʚʘʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʝʛʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʘʪʝʛʦʨʠʠ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʤʝʥʥʦ ï ʢ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʡ ʢʝʨʘʤʠʢʝ. ʆʙʦʩʥʦʚʘʥʠʝ 

ʪʘʢʦʛʦ ʩʪʘʪʫʩʘ ʪʘʛʘʤʠʪʘ ʜʝʣʘʝʪ ʝʛʦ ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʧʦʩʢʦʣʴʢʫ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 



ʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʛʘʤʠʪʘ ʚ ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, 

ʥʘ ʫʨʦʚʥʝ 6,7 ï 7,0 ɻʇʘ ʧʦ ɺʠʢʢʝʨʩʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʚʝʨʜʦʩʪʠ ʟʘʢʘʣʝʥʥʦʡ ʩʪʘʣʠ, ʘ 

ʧʝʨʝʧʣʘʚʣʝʥʥʳʡ ʠ ʩʦʣʠʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʘʛʘʤʠʪ ʠʤʝʝʪ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 7,4 ɻʇʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʯʠʪʘʪʴ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʙʨʘʟʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʨʠ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʳʚʘʪʴ ʝʛʦ 

ʩʧʝʮʠʘʣʴʥʦ, ʪʘʛʘʤʠʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʢʦʨʝʥʥʦʡ ʧʦʨʦʜʦʡ ʜʣʷ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ, ʧʨʠ ʠʭ 

ʠʟʚʣʝʯʝʥʠʠ ʧʝʨʝʜʨʘʙʣʠʚʘʝʪʩʷ ʠ ʧʦʩʣʝ ʦʙʦʛʘʱʝʥʠʷ ʫʭʦʜʠʪ ʚ ʭʚʦʩʪʳ, ʧʦʵʪʦʤʫ ʭʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ 

ʩʘʤʠ ʧʦ ʩʝʙʝ ʷʚʣʷʶʪʩʷ ʧʦʣʫʬʘʙʨʠʢʘʪʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩ ʪʘʛʘʤʠʪʦʤ.  

ʊʘʛʘʤʠʪ ʧʨʦʚʝʨʝʥ ʥʘʤʠ ʢʘʢ ʘʙʨʘʟʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʤʘʛʥʠʪʦʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʪʨʫʜʥʦ 

ʰʣʠʬʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʨʝʤʥʠʷ. ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥ ʣʠʰʴ ʥʝʤʥʦʛʠʤ 

ʫʩʪʫʧʘʝʪ ʩʠʥʪʝʪʠʯʝʩʢʦʤʫ ʘʣʤʘʟʫ. ɹʦʣʝʝ ʠʥʪʝʨʝʩʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʨʦʰʢʘ ʪʘʛʠʤʠʪʘ ʢʘʢ ʫʧʨʦʯʥʷʶʱʝʡ ʜʦʙʘʚʢʠ ʧʨʠ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɺʂ-8 

(ʢʘʨʙʠʜ ʚʦʣʴʬʨʘʤʘ+ʢʦʙʘʣʴʪ). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʰʠʭʪʫ 3 ʚʝʩ. % ʧʦʨʦʰʢʘ ʪʘʛʘʤʠʪʘ ʧʨʠ ʩʧʝʢʘʥʠʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1250 ʉ ʠ ʜʘʚʣʝʥʠʠ 2,5 ɻʇʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʘʢʪʘ ʫʚʝʣʠʯʠʣʘʩʴ 

ʚ 1,8 ʨʘʟʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʤʝʞʟʝʨʥʦʚʦʛʦ ʫʧʨʦʯʥʝʥʠʷ: ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʪʘʛʘʤʠʪʘ 

ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʢʦʤʧʘʢʪʘ ʵʬʬʝʢʪʠʚʥʦ ʙʣʦʢʠʨʫʝʪ ʜʚʠʞʝʥʠʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʟʝʨʥʘʭ ʢʘʨʙʠʜʘ 

ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʝʪ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʢʦʤʧʘʢʪʘ.  

 

3. ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇʦʧʠʛʘʡʩʢʠʡ ʤʝʪʝʦʨʠʪʥʳʡ ʢʨʘʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚ ʤʠʨʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʪʨʝʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʠʤʧʘʢʪʥʳʝ ʘʣʤʘʟʳ, ʛʨʘʬʠʪ, 

ʪʘʛʘʤʠʪ), ʜʦʙʳʚʘʝʤʳʭ ʚ ʦʜʥʦʤ ʮʠʢʣʝ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʳ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʭ 

ʦʪʭʦʜʦʚ.  

 

4. ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀɻʄ ʉʆ ʈɸʅ FWZN-2026-0014 (ʈʦʩʩʠʷ) ʠ ʧʦ 

ʟʘʜʘʥʠʶ 2.3 ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ çʉʦʚʨʝʤʝʥʥʦʝ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠè ʥʘ 2026ï2030 ʛʦʜʳ, 

ʧʦʜʧʨʦʛʨʘʤʤʘ 7.2 çʅʘʥʦʩʪʨʫʢʪʫʨʳ, ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè (ɹʝʣʘʨʫʩʴ). 
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ʆʩʦʙʝʥʥʦʩʪʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ 

ɸʥ-195 (ɿʘʧʘʜʥʦ-ʋʢʫʢʠʪʩʢʦʝ ʧʦʣʝ ʗɸʇ)  

ɹʘʙʫʰʢʠʥʘ ʉ.ɸ. 

ʀɻɸɹʄ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ, ʚʳʧʦʣʥʷʶʱʝʡ ʦʜʥʦ ʠʟ ʥʝʘʣʤʘʟʦʥʦʩʥʳʭ ʪʝʣ ɿʘʧʘʜʥʦ-

ʋʢʫʢʠʪʩʢʦʛʦ ʧʦʣʷ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ï ɸʥ-195. ʇʨʦʚʝʜʝʥʦ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʰʣʠʬʦʚ ʠ ʘʥʰʣʠʬʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚʝʩʴ ʦʣʠʚʠʥ ʧʦʜʚʝʨʛʩʷ ʚʪʦʨʠʯʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ɺ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ ʙʨʝʢʯʠʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʬʣʦʛʦʧʠʪʦʤ ʰʠʨʦʢʦ ʨʘʟʚʠʪ ʘʤʬʠʙʦʣ ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʴʤʝʥʠʪ, 

ʧʝʨʦʚʩʢʠʪ, ʤʘʛʥʝʪʠʪ ʠ ʪʠʪʘʥʠʪ. ɺʤʝʩʪʦ ʥʠʭ ʩʦʚʤʝʩʪʥʦ ʩ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ ʨʘʟʚʠʪ 

ʨʫʪʠʣ. ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ʪʝʣʘ ɸʥ-

195 ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʪʘʢʦʚʳʭ ʜʣʷ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʨʫʙʦʢ ʉʚʝʪʣʘʥʘ 

ʠ ʃʦʨʠʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʫʙʦʛʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ. 

 

Features of the substance composition of kimberlite  breccia 

An-195 (West-Ukukit  field of the YDP)  

Babushkina S. A. 

IGDPM SB RAS, s. Yakutsk, Russia 

 

Abstract. For the first time, data on the substance composition of kimberlite breccia, which 

performs one of the non-diamondïbearing bodies of the West Ukukit field of the Yakut 

diamond province, An-195, are presented. A petrographic and mineralogical study of the 

grindings and groundings has been carried out. It was found that all olivine underwent 

secondary changes. Amphibole is widely developed in the breccia binding mass together 

with phlogopite and ilmenite, perovskite, magnetite and titanite are absent. Instead, rutile 

is developed together with titanomagnetite. All these data suggest that the conditions of 

formation of the An-195 body were significantly different from those for the closely located 

Svetlana and Lorik pipes, characterized by poor diamond content. 

 

 

 

1.  ɺʚʝʜʝʥʠʝ 

ʀʟʫʯʝʥʠʶ ʫʙʦʛʦ- ʠ ʥʝʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʫʜʝʣʷʝʪʩʷ ʤʘʣʦ ʚʥʠʤʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ ʠ 

ʠʟʫʯʝʥʥʦʡ ʚ ʵʪʦʤ ʧʣʘʥʝ ʷʚʣʷʝʪʩʷ ʪʨʫʙʢʘ ʆʙʥʘʞʝʥʥʘʷ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚ ʥʝʡ ʩʦʜʝʨʞʠʪʩʷ ʦʯʝʥʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʠ ʩʘʤ ʢʠʤʙʝʨʣʠʪ ʦʪʣʠʯʘʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʀ ʜʘʞʝ ʝʩʣʠ ʥʝʢʦʪʦʨʳʝ ʥʝʘʣʤʘʟʦʥʦʩʥʳʝ ʪʝʣʘ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʢʘʢʠʭ-ʣʠʙʦ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʨʘʙʦʪ ʠʣʠ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ, ʪʦ ʥʘʡʪʠ ʧʫʙʣʠʢʘʮʠʠ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʯʝʥʴ ʨʝʜʢʦ ʢʦʛʜʘ ʫʜʘʝʪʩʷ. 

ʏʪʦʙʳ ʥʝʩʢʦʣʴʢʦ ʚʦʩʧʦʣʥʠʪʴ ʵʪʦʪ ʧʨʦʙʝʣ ʤʳ ʠʟʫʯʠʣʠ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʠʤʙʝʨʣʠʪʦʚ ɸʥ-

195, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 40 ʢʤ ʦʪ ʫʙʦʛʦʘʣʤʘʟʦʥʦʩʥʳʭ ʪʨʫʙʦʢ ʉʚʝʪʣʘʥʘ ʠ ʃʦʨʠʢ ɿʘʧʘʜʥʦ-

ʋʢʫʢʠʪʩʢʦʛʦ ʧʦʣʷ, ʠ ʚ 20 ʢʤ ʦʪ ʫʩʣʦʚʥʦʡ ʛʨʘʥʠʮʳ ʩ ʥʝʘʣʤʘʟʦʥʦʩʥʳʤ ɺʦʩʪʦʯʥʦ-ʋʢʫʢʠʪʩʢʠʤ 

ʧʦʣʝʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɿʘʧʘʜʥʦ-ʋʢʫʢʠʪʩʢʦʝ ʧʦʣʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʳʢʝ ʆʣʝʥʝʢ-ɸʥʘʙʘʨʩʢʦʡ 

ʠ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʡ ʟʦʥ ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ, ʘ ʚʦʟʨʘʩʪ ʝʛʦ ʢʠʤʙʝʨʣʠʪʦʚ 

ʦʪʚʝʯʘʝʪ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʝʡ ʵʧʦʭʝ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ (400-480 ʤʣʥ. ʣʝʪ). ʅʘ ʦʪʩʫʪʩʪʚʠʝ 

ʚ ʪʝʣʝ ɸʥ-195 ʘʣʤʘʟʦʚ ʠ ʄʉɸ ʧʦʚʣʠʷʣʘ ʤʘʣʦʛʣʫʙʠʥʥʦʩʪʴ ʟʘʣʦʞʝʥʠʷ ʦʯʘʛʘ 



ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ. ʀ ʪʝʤ ʥʝ ʤʝʥʝʝ ʤʠʥʝʨʘʣʳ, ʩʣʘʛʘʶʱʠʝ ʜʘʥʥʳʝ ʢʠʤʙʝʨʣʠʪʳ, ʠ ʠʭ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ. 

2.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ 

ɸʥ-195 ʚʳʧʦʣʥʝʥʘ ʜʚʫʤʷ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʢʠʤʙʝʨʣʠʪʦʚ: ʧʦʨʬʠʨʦʚʳʡ (ʠʥʪʨʫʟʠʚʥʳʡ) ʠ 

ʙʨʝʢʯʠʝʚʳʡ (ʘʚʪʦʣʠʪʦʚʳʡ). ɺ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝʣʝʥʠʷʭ ʦʙʝʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʦʪʤʝʯʘʶʪʩʷ 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʦʣʠʚʠʥʫ (ʈʠʩʫʥʦʢ 1ɸ, ɻ-ɽ, 2ɼ) ʠ ʬʣʦʛʦʧʠʪ (ʈʠʩʫʥʦʢ 1ɼ-ɽ, 2ɸ-ɹ). ʏʘʩʪʦ ʮʝʥʪʨ 

ʚʩʝʚʜʦʤʦʨʬʦʟ ʚʳʧʦʣʝʥʝʥ ʢʘʨʙʦʥʘʪʦʤ (ʢʘʣʴʮʠʪ), ʘ ʧʝʨʠʬʝʨʠʷ ï ʩʝʨʧʝʥʪʠʥʦʤ (ʭʨʠʟʦʪʠʣ). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʌʦʪʦʛʨʘʬʠʠ ʢʠʤʙʝʨʣʠʪʦʚ ɸʥ-195: ɸ ï ʢʘʨʙʦʥʘʪ-ʩʝʨʧʝʥʪʠʥʦʚʘʷ ʧʩʝʚʜʦʤʦʨʬʦʟʘ ʧʦ 

ʦʣʠʚʠʥʫ ʚ ʧʦʨʬʠʨʦʚʦʤ ʢʠʤʙʝʨʣʠʪʝ; ɹ ï ʬʣʦʛʦʧʠʪ-ʩʝʨʧʝʥʪʠʥ-ʘʤʬʠʙʦʣ-ʢʘʨʙʦʥʘʪʥʘʷ ʦʩʥʦʚʥʘʷ 

ʤʘʩʩʘ ʢʠʤʙʝʨʣʠʪʘ; ɺ ï ʤʠʢʨʦʘʚʪʦʣʠʪ ʚ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ; ɻ ï ʟʝʨʥʦ ʘʧʘʪʠʪʘ ʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʦʡ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ; ɼ-ɽ ï ʬʨʘʛʤʝʥʪ 

ʤʘʢʨʦʢʨʠʩʪʘʣʣʘ ʬʣʦʛʦʧʠʪʘ ʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʦʡ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ ʩ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʘʤʠ ʘʤʬʠʙʦʣʘ, ʬʣʦʛʦʧʠʪʘ, ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ ʦʣʠʚʠʥʫ ʠ ʨʫʜʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ (ɼ ï ʙʝʟ ʘʥʘʣʠʟʘʪʦʨʘ, ɽ ï ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ). 



ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʣʦʪʥʦʛʦ ʯʝʨʥʦʛʦ ʤʘʩʩʠʚʥʦʛʦ, ʤʝʣʢʦʧʦʨʬʠʨʦʚʦʛʦ ʇʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʣʦʛʦʧʠʪʦʤ, 

ʘʤʬʠʙʦʣʦʤ, ʩʝʨʧʝʥʪʠʥʦʤ ʠ ʢʘʨʙʦʥʘʪʦʤ (ʈʠʩʫʥʦʢ 1ɹ). ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʇʂ ʦʪʤʝʯʘʶʪʩʷ 

ʙʦʣʝʝ ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ, ʩʣʦʞʝʥʥʳʝ ʩʣʶʜʠʩʪʳʤ ʢʠʤʙʝʨʣʠʪʦʤ, ʦʙʨʘʟʫʶʱʠʤ ʧʨʦʩʣʦʡʢʠ ʠ ʰʣʠʨʳ 

ʚ ʯʝʨʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. 

 

 
ʈʠʩʫʥʦʢ 2. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ ɸʥ-195: ɸ ï ʚʢʨʘʧʣʝʥʥʠʢʠ 

ʬʣʦʛʦʧʠʪʘ (Phl) ʠ ʩʝʨʧʝʥʪʠʥʘ (Serp) ʚ ʢʘʨʙʦʥʘʪ-ʘʤʬʠʙʦʣ-ʬʣʦʛʦʧʠʪʦʚʦʡ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ; ɹ ï 

ʚʢʨʘʧʣʝʥʥʠʢ ʬʣʦʛʦʧʠʪʘ ʚ ʦʢʨʫʞʝʥʠʠ ʫʜʣʠʥʝʥʥʳʭ ʧʣʘʩʪʠʥʦʢ ʘʤʬʠʙʦʣʘ (Amp); ɺ ï ʟʝʨʥʦ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ (Ti-Mgt), ʦʙʨʘʩʪʘʶʱʝʝ ʬʣʦʛʦʧʠʪʦʤ, ʘʤʬʠʙʦʣʦʤ ʠ ʩʝʨʧʝʥʪʠʥʦʤ; ɻ ï ʢʘʡʤʘ 

ʪʠʪʘʥʠʪʘ (Ttn) ʚʦʢʨʫʛ ʟʝʨʥʘ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ; ɼ ï ʢʘʨʙʦʥʘʪ (Cb)-ʩʝʨʧʝʥʪʠʥʦʚʘʷ ʧʩʝʚʜʦʤʦʨʬʦʟʘ 

ʧʦ ʦʣʠʚʠʥʫ ʚ ʦʢʨʫʞʝʥʠʠ ʟʝʨʝʥ ʨʫʪʠʣʘ (Rt), ʩʫʣʴʬʠʜʦʚ (Sul) ʠ ʘʧʘʪʠʪʘ (Ap); ɽ ï 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʳ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ  ʠ ʩʝʨʧʝʥʪʠʥʘ ʚ ʢʘʨʙʦʥʘʪ-ʘʤʬʠʙʦʣʦʚʦʡ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ. 

 



ʊʝʢʩʪʫʨʘ ʢʠʤʙʝʨʣʠʪʘ-ʮʝʤʝʥʪʘ ʙʨʝʢʯʠʝʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʘʚʪʦʣʠʪʦʚʘʷ. ʇʨʝʦʙʣʘʜʘʶʪ ʘʚʪʦʣʠʪʳ 

ʤʝʣʢʦʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ 1ɺ). ʗʜʝʨʥʳʝ ʘʚʪʦʣʠʪʳ ʦʙʨʘʟʦʚʘʥʳ ʧʦʯʪʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʩʘʜʦʯʥʳʤʠ ʢʩʝʥʦʣʠʪʘʤʠ. ʂʘʢ ʚ ʷʜʨʘʭ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ ʚ ʧʦʨʦʜʝ, ʩʚʝʞʠʭ 

ʢʩʝʥʦʣʠʪʦʚ ʜʨʫʛʠʭ ʧʦʨʦʜ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʀʥʦʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ (ʜʦ 0, 5 ʤʤ) ʢʩʝʥʦʣʠʪʳ 

ʩʝʨʧʝʥʪʠʥʠʪʦʚ. ʉʚʷʟʫʶʱʘʷ ʤʘʩʩʘ ʘʚʪʦʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʘʷ ʩ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʘʤʠ ʘʤʬʠʙʦʣʘ, ʬʣʦʛʦʧʠʪʘ, ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ ʦʣʠʚʠʥʫ ʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ 

(ʈʠʩʫʥʦʢ 1 ɺ-ɽ, 2ɸ). ʉʧʦʨʘʜʠʯʝʩʢʠ ʦʪʤʝʯʘʶʪʩʷ ʟʝʨʥʳʰʢʠ ʘʧʘʪʠʪʘ (ʈʠʩʫʥʦʢ 1ɻ, 2ɼ). ʅʘ 

ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʚʢʨʘʧʣʝʥʥʠʢʠ ʬʣʦʛʦʧʠʪʘ ʦʢʨʫʞʝʥʳ ʫʜʣʠʥʝʥʥʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ ʘʤʬʠʙʦʣʘ, 

ʦʙʨʘʟʫʶʱʠʤʠ ʤʠʢʨʦʣʠʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʚʨʘʱʝʥʠʷ (ʈʠʩʫʥʦʢ 2ɹ), ʚ ʩʣʦʞʝʥʠʠ ʢʦʪʦʨʦʡ ʪʘʢʞʝ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ. 

ʅʝʢʦʪʦʨʳʝ ʟʝʨʥʘ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʢʘʢ ʙʳ ʦʙʨʘʩʪʘʶʪ ʬʣʦʛʦʧʠʪʦʤ, ʘʤʬʠʙʦʣʦʤ ʠ ʩʝʨʧʝʥʪʠʥʦʤ 

(ʈʠʩʫʥʦʢ 2ɺ). ʀʥʦʛʜʘ ʚʦʢʨʫʛ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʢʘʡʤʘ, ʩʣʦʞʝʥʥʘʷ ʪʠʪʘʥʠʪʦʤ 

(ʈʠʩʫʥʦʢ 2ɻ). ʏʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʩʨʦʩʪʢʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʩ ʨʫʪʠʣʦʤ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

(ʈʠʩʫʥʦʢ 2ɼ). ʂʨʦʤʝ ʪʦʛʦ, ʨʫʪʠʣ ʦʙʨʘʟʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʟʝʨʥʘ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʧʦ ʦʣʠʚʠʥʫ ʦʪʤʝʯʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ Cr-ʰʧʠʥʝʣʠʜʦʚ ʠ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʝʨʧʝʥʪʠʥʦʚʦʡ ʯʘʩʪʠ ʧʩʝʚʜʦʤʦʨʬʦʟ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ 

ʠʛʦʣʴʯʘʪʳʝ ʠ ʙʝʩʬʦʨʤʝʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ (ʈʠʩʫʥʦʢ 2ɼ). ʇʦʩʣʝʜʥʠʝ 

ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʚʦʢʨʫʛ ʧʩʝʚʜʦʤʦʨʬʦʟ ʠ ʚ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ ʙʨʝʢʯʠʠ. ɺ ʦʜʥʦʡ ʠʟ ʧʩʝʚʜʦʤʦʨʬʦʟ 

ʥʘʡʜʝʥʦ ʦʛʨʘʥʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ ʵʥʩʪʘʪʠʪʘ ʨʘʟʤʝʨʦʤ 30ʭ20 ʤʢʤ. 

ʌʣʦʛʦʧʠʪ ʚ ʙʨʝʢʯʠʠ ʦʪʤʝʯʝʥ ʚ ʪʨʝʭ ʛʝʥʝʨʘʮʠʷʭ: ʚʢʨʘʧʣʝʥʥʠʢʠ, ʚʦʢʨʫʛ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʦʣʠʚʠʥʫ 

ʠ ʟʝʨʝʥ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʠ ʦʪʜʝʣʴʥʳʝ ʪʘʙʣʠʯʢʠ ʚ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ, ʙʝʩʬʦʨʤʝʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚ 

ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ. ʉʝʨʧʝʥʪʠʥ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʨʝʜʩʪʘʚʣʝʥ ʭʨʠʟʦʪʠʣʦʤ, ʘ ʚ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ 

ʣʠʟʘʨʜʠʪʦʤ. ɸʤʬʠʙʦʣ, ʦʙʨʘʟʫʶʱʠʡ ʬʣʶʠʜʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʢʨʫʛ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʬʣʦʛʦʧʠʪʘ 

(ʈʠʩʫʥʦʢ 2ɹ) ʠ ʨʘʟʚʠʪʳʡ ʧʦ ʧʝʨʠʬʝʨʠʠ ʟʝʨʝʥ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ (ʈʠʩʫʥʦʢ 2ɼ, ɽ), ʠ ʦʪʜʝʣʴʥʳʝ 

ʤʝʣʢʠʝ ʧʣʘʩʪʠʥʢʠ ʚ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ ʧʦ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʫʤʤʠʥʛʪʦʥʠʪʫ, ʥʦ ʧʝʨʚʳʡ, ʩʫʜʷ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʣʶʤʠʥʠʷ, ʦʙʨʘʟʦʚʘʣʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ, ʯʝʤ ʚʪʦʨʦʡ. ʉr-ʰʧʠʥʝʣʠʜʳ 

ʦʪʤʝʯʘʶʪʩʷ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʧʦ ʦʣʠʚʠʥʫ ʠ ʚʦ ʬʣʦʛʦʧʠʪʝ, ʪʘʢ ʠ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʟʦʥʘʣʴʥʳʭ ʰʧʠʥʝʣʠʜʦʚ, ʢʨʘʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ. 

ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʟʝʨʝʥ ʉr-ʰʧʠʥʝʣʠʜʦʚ ʚ ʧʦʨʦʜʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʊʘʢʞʝ ʚ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ ʥʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʟʝʨʥʘ ʠʣʴʤʝʥʠʪʘ, ʧʝʨʦʚʩʢʠʪʘ, ʤʘʛʥʝʪʠʪʘ ʠ ʪʠʪʘʥʠʪʘ. ʇʦʩʣʝʜʥʠʡ, ʢʘʢ ʫʞʝ 

ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʦʪʤʝʯʝʥ ʪʦʣʴʢʦ ʚ ʢʘʡʤʝ ʚʦʢʨʫʛ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ (ʈʠʩʫʥʦʢ 2ɻ). 

3.  ʆʙʩʫʞʜʝʥʠʝ ʠ ʟʘʢʣʶʯʝʥʠʝ 

ɽʩʣʠ ʦʪʩʫʪʩʪʚʠʝ ʄʉɸ ʚ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ ɸʥ-195 ʣʝʛʢʦ ʦʙʲʷʩʥʷʝʪʩʷ ʛʣʫʙʠʥʦʡ ʟʘʣʦʞʝʥʠʷ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ, ʪʦ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ: 

ï ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ ʧʦʨʦʜʳ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣ ʘʤʬʠʙʦʣ; 

ï ʯʝʤ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ, ʢʘʢ ʠʣʴʤʝʥʠʪ, 

ʧʝʨʦʚʩʢʠʪ, ʤʘʛʥʝʪʠʪ ʠ ʪʠʪʘʥʠʪ, ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʫʪʠʣʘ; 

ï ʝʩʪʴ ʣʠ ʩʨʝʜʠ ʤʘʢʨʦʢʨʠʩʪʘʣʣʦʚ ʬʣʦʛʦʧʠʪʘ ʤʘʥʪʠʡʥʳʝ ʨʘʟʥʦʩʪʠ; 

ï ʦʙʨʘʟʫʶʪ ʣʠ ʰʧʠʥʝʣʠʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʪʨʝʥʜ. 

ɸʚʪʦʨ ʥʘʜʝʝʪʩʷ ʥʘʡʪʠ ʦʪʚʝʪʳ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ ɸʥ-195. 

4. ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɸɹʄ ʉʆ ʈɸʅ (FUFG-2024-0007) 

ɸʚʪʦʨ ʩʯʠʪʘʝʪ ʩʚʦʠʤ ʜʦʣʛʦʤ ʚʳʨʘʟʠʪʴ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʠ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʫ 

ʋʢʫʢʠʪʩʢʦʛʦ ʧʦʣʝʚʦʛʦ ʦʪʨʷʜʘ (ʩʝʟʦʥ 1989 ʛ.) ʂʦʨʥʠʣʦʚʦʡ ɺ.ʇ., ʆʣʝʡʥʠʢʦʚʫ ʆ.ɹ. ʠ ʉʘʬʨʦʥʦʚʫ 

ɸ.ʌ. ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʝ ʢʦʪʦʨʦʛʦ ʙʳʣ ʧʦʣʫʯʝʥ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʠ 

ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʨʘʟʚʝʜʢʝ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʛʥʝʟʜʦʚʦʛʦ, ʣʝʥʪʦʯʥʦʛʦ ʠ ʪ.ʧ. ʩʪʨʦʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʚʳʷʚʣʝʥʳ ʠ ʦʮʝʥʝʥʳ ʛʣʘʚʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ ʦʮʝʥʢʝ ʩʦʜʝʨʞʘʥʠʡ ʤʠʥʝʨʘʣʦʚ, ʧʦʣʝʟʥʳʭ 

ʠ ʚʨʝʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʦʙʦʙʱʝʥʠʝʤ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʨʘʟʚʝʜʦʯʥʦʡ ʩʝʪʠ; ʦʰʠʙʢʠ ʠʟ-ʟʘ ʥʝʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʨʦʙʳ. ʕʪʠ ʦʰʠʙʢʠ ʚ 

ʩʫʤʤʝ ʧʨʠʚʦʜʷʪ ʢ ʦʰʠʙʢʘʤ ʚʳʜʝʣʝʥʠʷ ʧʦʜʩʯʝʪʥʳʭ ʙʣʦʢʦʚ, ʦʰʠʙʢʘʤ ʚ ʩʨʝʜʥʠʭ 

ʩʦʜʝʨʞʘʥʠʷʭ ʧʦ ʙʣʦʢʘʤ, ʦʰʠʙʢʘʤ ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʚ 

ʮʝʣʦʤ - ʢ ʦʰʠʙʢʘʤ ʦʮʝʥʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʧʨʦʜʚʠʞʝʥʠʝʤ ʚ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʤʦʛʫʪ ʩʪʘʪʴ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʳʷʚʣʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʦʤʧʣʝʢʩʫ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʦʰʠʙʦʢ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦ ʠʭ ʤʠʥʠʤʠʟʘʮʠʠ ʫʤʝʥʴʰʘʝʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ 

ʧʨʠ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʧʝʩʢʦʚ. 
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Abstract. The article considers the systematic errors of estimation of reserves and average 

contents of useful component in exploration of alluvial deposits of nesting, tape, etc. 

structures. The article identifies and evaluates the main components of systematic errors in 

the assessment of mineral content, useful and harmful components in alluvial deposits 

based on theoretical, experimental and generalized published works: insufficient density of 

the exploration network; error due to unrepresentative sample size. These errors in the sum 

result in errors of allocation of counting blocks, errors in the average contents of blocks, 

errors of contouring of industrial sites and in general - to errors of estimation of deposits. 

Geophysical technologies for the identification of the objects under consideration by a 

corresponding set of related geological factors can be a significant positive advance in this 

problem. Implementation of new error assessment methods and recommendations for their 

minimization reduces geological risks and operating costs in mining and processing. 

 

1.  ɺʚʝʜʝʥʠʝ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ 

ʨʦʣʴ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʘʢ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʨʘʙʦʪʢʠ ʠʭ ʢʦʥʢʨʝʪʥʳʭ 

ʫʯʘʩʪʢʦʚ [1-3]. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʧʨʦʰʣʦʛʦ ʠ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʢʘʢ 

ʦ ʟʘʚʳʰʝʥʠʠ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʨʘʟʚʝʜʢʝ ʨʫʜʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʪʘʢ ʠ ʦ ʟʘʥʠʞʝʥʠʠ [4-9 ʠ ʜʨ.] ʥʘ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ ʠ ʜʦ ʜʚʫʭ-ʪʨʝʭ ʨʘʟ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ 

ʚ ʮʝʣʦʤ ʠ ʙʦʣʝʝ ï ʧʦ ʦʪʜʝʣʴʥʳʤ ʙʣʦʢʘʤ. ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʤʥʦʛʠʝ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʜʦʙʥʳʭ ʦʰʠʙʦʢ (ʥʝʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ; ʦʰʠʙʦʯʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ɻʈʈ; ʩʣʦʞʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʚʝʜʦʯʥʳʭ ʩʝʪʝʡ; ʦʰʠʙʢʠ ʦʪʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʨʦʙ; 



ʥʝʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙ; ʠʩʪʠʨʘʥʠʝ ʢʝʨʥʘ; ʠʩʢʨʠʚʣʝʥʠʝ ʩʢʚʘʞʠʥ; ʦʰʠʙʢʠ 

ʦʢʦʥʪʫʨʠʚʘʥʠʷ, ʦʮʝʥʢʠ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ, ʤʦʱʥʦʩʪʠ ʧʝʩʢʦʚ, ʪʦʨʬʦʚ ʠ ʜʨ.). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʫʜʘʨʥʦ-ʢʘʥʘʪʥʦʝ ʙʫʨʝʥʠʝ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʚʘʣʦʩʴ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʨʦʩʩʳʧʝʡ ʥʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʦ ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʘʟʚʝʜʢʠ 

ʩʣʦʞʥʳʭ ʨʦʩʩʳʧʝʡ ʥʘʛʣʷʜʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 150 ʨʦʩʩʳʧʝʡ 

ʚ ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʚʦʰʣʦ ʚ ʩʨʝʜʥʝʤ ʪʦʣʴʢʦ 7% ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʡʜʝʥʥʳʭ ʧʨʠ ʨʘʟʚʝʜʢʝ 

ʚʳʨʘʙʦʪʦʢ, ʘ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʟʘ ʧʷʪʴ ʣʝʪ ʜʦʢʘʟʘʣ, ʯʪʦ ʜʦ 10% ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠʨʦʩʪʘ 

ʟʘʧʘʩʦʚ ʚ ʮʝʣʦʤ ʧʦ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʫ ʠ ʜʦ 22% - ʧʦ ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʣʳʤʩʢʠʤ ʨʘʡʦʥʘʤ ʧʦʣʫʯʝʥʦ ʦʪ 

ʜʦʨʘʟʚʝʜʢʠ ʠ ʧʨʠʨʝʟʢʠ ʢ ʢʦʥʪʫʨʘʤ ʫʞʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [3]. 

ɺʩʝ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʨʘʟʚʝʜʢʝ ʠ ʦʮʝʥʢʝ ʨʦʩʩʳʧʝʡ ʠʤʝʝʪ ʤʝʩʪʦ 

ʧʨʦʧʫʩʢ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʟʘʥʠʞʝʥʠʝ ʟʘʧʘʩʦʚ, ʢʦʪʦʨʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʥʝʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ ʤʘʣʦʦʙʲʝʤʥʳʤ ʦʧʨʦʙʦʚʘʥʠʝʤ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʦʣʝ ʚ ʟʘʧʘʩʘʭ ʢʨʫʧʥʦʛʦ 

ʟʦʣʦʪʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʠ ʩʨʝʜʥʠʭ 

ʩʦʜʝʨʞʘʥʠʡ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʨʘʟʚʝʜʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʥʝʟʜʦʚʦʛʦ, ʣʝʥʪʦʯʥʦʛʦ ʠ ʪ.ʧ. 

ʩʪʨʦʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʛʝʦʤʝʪʨʠʠ ʥʝʜʨ ʠ ʛʝʦʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʨʘʟʚʝʜʢʠ, ʦʮʝʥʢʠ ʠ ʧʝʨʝʦʮʝʥʢʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, 

ʦʣʦʚʘ, ʘʣʤʘʟʦʚ ʠ ʜʨ.  

 

2.  ʆʩʥʦʚʥʦʡ ʨʘʟʜʝʣ ʩʪʘʪʴʠ 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʦʩʩʳʧʥʳʭ (ʠ 

ʜʨʫʛʠʭ) ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʩʚʦʡʩʪʚʦʤ ʥʝʜʨ. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʪʘʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʛʥʝʟʜʦʚʦʝ, ʩʪʨʫʡʯʘʪʦʝ, ʛʥʝʟʜʦʚʦ-

ʩʪʨʫʡʯʘʪʦʝ, ʤʦʟʘʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʅʘ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʟʦʣʦʪʘ ʦʙʦʛʘʱʝʥʥʳʝ ʫʯʘʩʪʢʠ ʠʤʝʶʪ ʦʙʳʯʥʦ ʣʠʥʟʦʚʠʜʥʫʶ ʬʦʨʤʫ. ʐʠʨʠʥʘ ʣʠʥʟ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

1,5-4,5 ʤ ʠ ʙʦʣʝʝ, ʜʣʠʥʘ - ʦʪ 3-5 ʜʦ 20-30 ʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʠʥʟʘʤʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 3 ʜʦ 25 ʤ 

[1 ʠ ʜʨ.].  

ʇʨʠ ʨʘʟʚʝʜʢʝ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʥʝ-ʀʥʜʠʛʠʨʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ 

ʨʘʡʦʥʘ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʀʥʜʠʛʠʨʢʠ, ʅʝʨʘ ʦʪʤʝʯʘʣʩʷ ʚʝʩʴʤʘ ʥʠʟʢʠʡ ʧʨʦʮʝʥʪ ʰʫʨʬʦʚ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʘ. ʏʠʩʣʦ ʰʫʨʬʦʚ, ʧʦ ʜʘʥʥʳʤ ʢʦʪʦʨʳʭ ʧʦʜʩʯʠʪʳʚʘʶʪʩʷ 

ʟʘʧʘʩʳ ʟʦʣʦʪʘ ʜʣʷ ʨʘʟʜʝʣʴʥʦʡ ʜʦʙʳʯʠ, ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 10-15% ʦʪ ʧʨʦʡʜʝʥʥʳʭ ʧʨʠ ʨʘʟʚʝʜʢʝ, 

ʘ ʥʘ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʦʩʦʙʝʥʥʦ, ʫʟʢʦʩʪʨʫʡʯʘʪʳʭ, ʥʝ ʧʨʝʚʳʰʘʝʪ 3-6% [1]. ʇʨʠ 

ʨʘʟʚʝʜʢʝ ʠ ʨʘʟʨʘʙʦʪʢʝ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʉʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʈʦʩʩʠʠ ʥʘʢʦʧʣʝʥʳ ʫʥʠʢʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ, ʧʨʷʤʦ ʠ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʠʯʠʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ [1, 3-4, 9 ʠ ʜʨ.].  

ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʙʳʯʥʦ ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʩʝʪʴ ʨʘʟʚʝʜʦʯʥʳʭ ʚʳʨʘʙʦʪʦʢ 10ʭ100 ʠ 10ʭ50 ʤ 

ʥeʜocʪaʪoʯʥo ʵʬʬʝʢʪʠʚʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʰʝʡ ʧʨʠ ʨʘʟʚʝʜʢʝ ʠ ʧʝʨʝʦʮʝʥʢʝ ʧʦʜʦʙʥʳʭ 

ʨʦʩʩʳʧʝʡ ʜʘʣʦ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʜʦʨʦʛʦ [9]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʫʯʘʩʪʢʠ ʚ ʢʨʫʧʥʳʭ ʜʦʣʠʥʘʭ ʟʘʯʘʩʪʫʶ ʨʘʟʚʝʜʳʚʘʣʠʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ, ʧʦʢʘ ʙʳʣʠ ʦʪʢʨʳʪʳ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʪʘʤ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʩʩʳʧʠ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʝʪʠ ʚ 2-3 ʨʘʟʘ 

ʧʨʝʚʳʰʘʣʘ ʨʝʢʦʤʝʥʜʫʝʤʫʶ [4, 8]. ɹʫʜʠʣʠʥ ʖ.ʉ. ʠ ʜʨ., ʦʪʤʝʯʘʷ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʩʩʝʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʢʘʢ ʚʘʞʥʝʡʰʫʶ ʟʘʜʘʯʫ ʛʝʦʣʦʛʠʠ, ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʪʘʢʞʝ ʚʘʞʥʦʩʪʴ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʝʡ ʨʘʟʚʝʜʢʠ ʨʘʩʰʠʬʨʦʚʢʫ ʩʪʨʫʢʪʫʨʳ ʨʦʩʩʳʧʠ [9].  

ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʚʝʜʢʠ ʧʦʜʦʙʥʳʭ ʨʦʩʩʳʧʝʡ ʩ ʧʦʟʠʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʙʥʘʨʫʞʝʥʠʷ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʨʘʟʣʠʯʥʳʤʠ ʩʝʪʷʤʠ ʨʘʟʚʝʜʢʠ.  

ʇʦʜ ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʝʪʠ ʨʘʟʚʝʜʢʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʧʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ 

ʢʦʤʙʠʥʘʮʠʡ ʩʝʪʠ ʨʘʟʚʝʜʢʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʟʦʥ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ. ʆʜʥʘʢʦ, ʚʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʝʱʝ ʠ ʚ ʜʨʫʛʦʤ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʦʧʫʩʪʠʤ ʥʘ ʥʝʢʦʪʦʨʦʡ ʧʣʦʱʘʜʠ ʤʳ ʠʤʝʝʤ ʨʷʜ ʥʝʠʟʚʝʩʪʥʳʭ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʘʣʣʘ ʠ ʥʘʡʜʝʥʳ ʚʝʨʦʷʪʥʦʩʪʠ ʈ1, ʈ2 ... ʈʢ ʦʙʥʘʨʫʞʝʥʠʷ ʟʦʥ ʩʦ ʩʨʝʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (a1, b1), 

(a2, b2),é, (ak, bk) (a, b ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, max ʠ min ʜʠʘʤʝʪʨʳ) ʜʘʥʥʦʡ ʩʝʪʴʶ ʥʘʙʣʶʜʝʥʠʡ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʨʠ ʨʘʟʚʝʜʢʝ ʵʪʦʡ ʩʝʪʴʶ ʥʘʙʣʶʜʝʥʠʡ ʚʳʷʚʣʝʥʦ n1, n2..., nk ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ, 



ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ (ai, bi). ʊʦʛʜʘ ʠʩʪʠʥʥʦʝ ʯʠʩʣʦ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ Ni = ni/Pi. ɸ ʵʪʦ ʫʞʝ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʠ ʦʞʠʜʘʝʤʳʝ ʥʘ ʥʝʡ ʟʘʧʘʩʳ. 

ʆʙʲʝʢʪʘʤʠ ʧʦʠʩʢʘ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ (ʠʣʠ ʙʝʟʨʫʜʥʳʝ ʟʦʥʳ). 

ɹʝʟʫʩʣʦʚʥʦ, ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʢʚʘʞʠʥʦʡ (ʚ ʦʜʥʦʡ ʪʦʯʢʝ) ʥʝ 

ʪʦʞʜʝʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʝʥʠʶ ʵʪʦʡ ʞʝ ʟʦʥʳ ʱʝʣʴʶ, ʪʨʘʥʰʝʝʡ ʠʣʠ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʦʡ 

ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ. ʆʙʥʘʨʫʞʝʥʠʝ 

ʱʝʣʴʶ, ʪʨʘʥʰʝʝʡ ʠʣʠ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʦʡ ʝʱʝ ʦʟʥʘʯʘʝʪ ʧʝʨʝʩʝʯʝʥʠʝ ʠ ʦʧʨʦʙʦʚʘʥʠʝ ʚ 

ʚʳʨʘʙʦʪʢʝ ʚʩʝʡ ʟʦʥʳ ʧʦ ʢʘʢʦʡ-ʪʦ ʭʦʨʜʝ. ʇʦ ʪʘʢʠʤ ʩʝʯʝʥʠʷʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʨʘʟʤʝʨʘʭ ʟʦʥ, 

ʧʨʦʚʝʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ, ʠʟʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʪʝʢʩʪʫʨʫ, ʠʥʦʛʜʘ 

ʛʠʧʩʦʤʝʪʨʠʶ ʧʦʯʚʳ ʠ ʢʨʦʚʣʠ ʦʨʫʜʝʥʝʥʠʷ.  

ʇʨʘʢʪʠʢʘ ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʥʝʟʜʦʚʦʛʦ, ʩʪʨʫʡʯʘʪʦʛʦ, ʣʝʥʪʦʯʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʘ ʨʘʟʚʝʜʢʦʡ ʜʘʞʝ 50% ʟʦʥ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʥʝ ʨʝʜʢʦʩʪʴ. ʇʨʠʚʝʜʝʥʥʳʝ ʦʮʝʥʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʜʥʫ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʢʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʘʟʚʝʜʦʯʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʚ ʨʷʜʫ ʧʨʝʚʳʰʘʶʪ ʜʠʘʤʝʪʨ a, 

b ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ (ʛʥʝʟʜʘ, ʟʦʥʳ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ), ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʚʝʜʦʯʥʦʡ ʩʝʪʴʶ ʚʩʝ ʨʘʚʥʦ, ʯʪʦ ʫʤʝʥʴʰʠʪʴ: ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ ʚ 

ʨʷʜʫ ʠʣʠ ʤʝʞʜʫ ʨʷʜʘʤʠ ʩʢʚʘʞʠʥ (ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʯʠʩʣʦ ʨʘʟ).  

ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʣʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ ʠʭ ʨʘʟʤʝʨʦʚ ʠ ʧʣʦʱʘʜʠ ʷʯʝʡʢʠ (S) 

ʨʘʟʚʝʜʦʯʥʦʡ ʩʝʪʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʲʝʢʪʳ ʢʨʫʛʦʚʦʡ 

ʬʦʨʤʳ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʣʶʙʳʭ ʨʘʟʤʝʨʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʨʘʟʤʝʨʦʤ 

ʷʯʝʡʢʠ ʨʘʟʚʝʜʦʯʥʦʡ ʩʝʪʠ ʠ ʜʦʣʝʡ ʦʙʥʘʨʫʞʝʥʥʳʭ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ.  

 

  
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʣʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ ʠʭ ʨʘʟʤʝʨʦʚ ʠ ʧʣʦʱʘʜʠ 

ʷʯʝʡʢʠ (S) ʨʘʟʚʝʜʦʯʥʦʡ ʩʝʪʠ: ʘ) ʧʨʠ m = 50; b) ʧʨʠ m = 16 (m ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʛʥʝʟʜ) 

 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʜʠʘʤʝʪʨʝ ʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ dʘh ¢<  (h  - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʢʚʘʞʠʥʘʤʠ ʚ ʨʷʜʫ ʠ d - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʘʤʠ ʩʢʚʘʞʠʥ) ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʢʚʘʞʠʥʘʤʠ ʚ ʨʷʜʫ ʫʞʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ (ʭʦʪʷ ʙʳ ʦʜʥʦʡ 

ʩʢʚʘʞʠʥʦʡ) ʟʦʥʳ (ʭʦʪʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʟʦʥʫ ʙʦʣʝʝ ʦʜʥʦʡ ʩʢʚʘʞʠʥʳ), ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʨʷʜʘʤʠ ʩʢʚʘʞʠʥ ʚʝʜʝʪ ʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʟʦʥʳ.  

ʃʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʥʝʟʜʦʚʦʛʦ ʪʠʧʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ 

ʨʘʟʚʝʜʢʠ hd ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ahb << .  

ʇʨʠ ʨʘʟʚʝʜʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʣʝʥʪʦʯʥʦʛʦ (ʩʪʨʫʡʯʘʪʦʛʦ) ʩʪʨʦʝʥʠʷ ʩ ʣʝʥʪʘʤʠ, ʜʣʠʥʦʶ da<  ʠ 

ʰʠʨʠʥʦʶ hb< , ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʜʦʣʴ ʣʝʥʪ, ʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʨʘʟʚʝʜʢʠ 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ hd ʙʫʜʝʪ ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ bh
b

<<
2

.  

ʋʩʪʘʥʦʚʣʝʥʳ ʫʩʣʦʚʠʷ ʨʘʚʥʦʩʠʣʴʥʦʩʪʠ ʨʘʟʚʝʜʦʯʥʳʭ ʩʝʪʝʡ ʩʢʚʘʞʠʥ ʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ (ʩ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʦʙʥʘʨʫʞʝʥʠʷ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ), ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ 
ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʙʨʘʪʴ ʤʝʪʦʜ ʨʘʟʚʝʜʢʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʟʚʝʜʦʯʥʳʭ ʩʝʪʝʡ.  



ʇʨʠ ʩʣʦʞʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʠʥʷʪʳʭ ʤʝʪʦʜʘʭ ʨʘʟʚʝʜʢʠ ʠ ʦʧʨʦʙʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʧʫʩʢʘ 50% ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 0,5-0,9, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʥʦʛʦ 

ʧʨʦʧʫʩʢʘ ʟʦʥʳ ʠʣʠ ʝʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ 0,3-0,5. ɽʩʣʠ ʚʤʝʩʪʦ ʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʥʝʨʘʣʦʚ 

ʥʘ ʦʙʱʝʤ ʬʦʥʝ ʙʝʜʥʳʭ ʨʫʜ (ʧʝʩʢʦʚ) ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʦʥʳ ʧʫʩʪʳʭ ʠ ʙʝʜʥʳʭ ʨʫʜ ʥʘ ʦʙʱʝʤ ʬʦʥʝ 

ʢʦʥʜʠʮʠʦʥʥʳʭ, ʪʦ ʚʩʝ ʚʳʰʝʦʪʤʝʯʝʥʥʦʝ ʚʳʰʝ ʦʩʪʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘ ʛʥʝʟʜ çʧʫʩʪʳʭè ʨʫʜ, ʚʝʜʫʱʠʝ ʢ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʟʘʥʠʞʝʥʠʶ ʟʘʧʘʩʦʚ. 

 

3. ɺʳʚʦʜʳ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʠʤʝʝʪ ʤʝʩʪʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʣʫʯʘʝʚ ʥʝʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʟʚʝʜʘʥʥʳʭ 

ʟʘʧʘʩʦʚ, ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʠʭ ʧʨʦʧʫʩʢʘ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʧʦʜʩʯʝʪʘ ʦʰʠʙʦʢ ʦʮʝʥʢʠ ʨʦʩʩʳʧʠ ï 

ʵʪʦ ʩʨʘʚʥʝʥʠʝ ʟʘʧʘʩʦʚ ʜʦ ʠ ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ.  

ɺʳʷʚʣʝʥʳ ʠʩʪʦʯʥʠʢʠ ʦʰʠʙʦʢ ʚ ʦʮʝʥʢʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʟʘʧʘʩʦʚ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʟʚʝʜʦʯʥʦʡ ʩʝʪʠ, ʥʝʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ, 

ʥʝʪʦʯʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʨʦʩʩʳʧʠ. ʇʨʠʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʨʦʧʫʩʢʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʨʠʯʠʥʦʡ ʦʰʠʙʦʢ ʚ ʦʮʝʥʢʝ ʟʘʧʘʩʦʚ ʤʝʪʘʣʣʘ (ʟʘʥʠʞʝʥʠʝ) ʷʚʣʷʶʪʩʷ ʦʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʦʨʬʦʣʦʛʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʘʢʪʠʢʘ ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʥʝʟʜʦʚʦʛʦ, ʩʪʨʫʡʯʘʪʦʛʦ, 

ʣʝʥʪʦʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʘ 

ʨʘʟʚʝʜʢʦʡ ʜʘʞʝ 50% ʟʦʥ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʥʝ ʨʝʜʢʦʩʪʴ. ʇʨʠ ʩʣʦʞʥʦʡ ʤʦʨʬʦʣʦʛʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʠʥʷʪʳʭ ʤʝʪʦʜʘʭ ʨʘʟʚʝʜʢʠ ʠ ʦʧʨʦʙʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʧʫʩʢʘ 50% ʟʦʥ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 0,5-0,9, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʥʦʛʦ ʧʨʦʧʫʩʢʘ ʟʦʥʳ ʠʣʠ ʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ 0,3-0,5. 

ʇʨʠʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʨʦʧʫʩʢʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʯʠʥʦʡ ʦʰʠʙʦʢ ʚ ʦʮʝʥʢʝ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʟʘʥʠʞʝʥʠʝ) ʷʚʣʷʶʪʩʷ ʦʪʤʝʯʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʳʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʨʦʜʚʠʞʝʥʠʝʤ ʚ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʤʦʛʫʪ ʩʪʘʪʴ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʳʷʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʦʤʧʣʝʢʩʫ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

 

4. ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʅʠʆ ʈʌ (ʪʝʤʘ ˉ0297-2021-0020, 

ɽɻʀʉʋ ʅʀʆʂʊʈ ˉ122011800086-1). 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦʛʦ ʇʨʠʘʥʘʙʘʨʴʷ ʨʘʩʧʦʣʦʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʘʣʤʘʟʦʥʦʩʥʳʝ ʨʦʩʩʳʧʠ, ʢʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʢʦʪʦʨʳʭ ʦʩʪʘʶʪʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤʠ. ɺ 

ʨʝʛʠʦʥʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʥʝʘʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ʠ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ 

ʧʦʨʦʜʳ ʧʠʢʨʠʪ-ʘʣʴʥʝʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ ʘʣʤʘʟʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʭʨʦʤʰʧʠʥʝʣʠʜʳ. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠʟ ʤʘʣʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ ʊʦʤʪʦʨʩʢʦʛʦ ʧʦʣʷ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʪʠʧʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʦʨʝʦʣʦʚ 

ʨʦʩʩʳʧʝʡ. 
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Abstract. The numerous diamond placers in the East Prianabar region have unidentified 

primary sources. The area is characterized by widespread non-diamondiferous kimberlites 

and alkaline-ultramafic picrite-alneite rocks containing diamond indicator minerals, 

particularly chromian spinel. This study presents a comprehensive investigation of the 

chemical composition of chromian spinels from small intrusive bodies of the Tomtor field 

using electron probe microanalysis, aiming to determine their typochemical characteristics 

and assess their potential role in forming mineral halos associated with diamond placers. 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠ ʵʚʦʣʶʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʠ ʈʊ-ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʦʙʨʘʟʦʚʘʥʠʷ. ʀʟʫʯʝʥʠʝ 

ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʢʘʢ ʠʥʜʠʢʘʪʦʨʦʚ ʛʣʫʙʠʥʥʳʭ ʤʘʥʪʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʛʝʥʝʟʠʩʘ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ ɺʦʩʪʦʯʥʦʛʦ ʇʨʠʘʥʘʙʘʨʴʷ. ʊʦʤʪʦʨʩʢʦʝ ʧʦʣʝ 

ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 70 ʤʘʣʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ, ʩʣʦʞʝʥʥʳʭ ʢʠʤʙʝʨʣʠʪʘʤʠ, ʘʣʴʥʝʠʪʘʤʠ, 

ʧʠʢʨʠʪʦʚʳʤʠ ʧʦʨʬʠʨʠʪʘʤʠ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 213ï608 ʤʣʥ ʣʝʪ.  

 

2. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʧʦʨʦʜ  

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʭʨʦʤʰʧʠʥʝʣʠʜʘʭ ʠʟ ʩʣʶʜʷʥʳʭ ʧʠʢʨʠʪʦʚ ʘʥʦʤʘʣʠʡ ʂ 

1/19-1 ʠ 46/66, ʘ ʪʘʢʞʝ ʠʟ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʝʨʤʠ. ʇʦ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʥʳ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʷ (11,39ï17,86 ʤʘʩ. 

% MgO), ʥʝʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʚʫʭ ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ (ʜʦ 

2,41 ʤʘʩ. % K2O) ʩʚʷʟʘʥʦ ʩ ʬʣʦʛʦʧʠʪʦʤ, ʷʚʣʷʶʱʠʤʩʷ ʦʩʥʦʚʥʳʤ ʤʠʥʝʨʘʣʦʤ ʧʦʨʦʜʳ. 

ʆʙʝ ʘʥʦʤʘʣʠʠ ʩʣʦʞʝʥʳ ʩʣʶʜʷʥʳʤʠ ʧʠʢʨʠʪʘʤʠ, ʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʩ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ 

ʠʟʤʝʥʝʥʥʦʛʦ ʬʣʦʛʦʧʠʪʘ ʠ ʦʣʠʚʠʥʘ ʥʘʮʝʣʦ ʟʘʤʝʱʝʥʥʳʭ ʩʝʨʧʝʥʪʠʥʦʤ ʠ ʭʣʦʨʠʪʦʤ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʧʦ ʩʦʩʪʘʚʫ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʩʤʝʢʪʠʪ-ʢʘʨʙʦʥʘʪʥʦʡ ʜʦ ʩʣʶʜʠʩʪʦ-ʩʝʨʧʝʥʪʠʥʦʚʦʡ ʠʣʠ ʩʣʶʜʠʩʪʦ-

ʭʣʦʨʠʪʦʚʦʡ, ʯʘʩʪʦ ʩ ʧʨʠʟʥʘʢʘʤʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʠ ʛʣʠʥʠʟʘʮʠʠ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʤʝʩʪʘʤʠ ʧʦʡʢʠʣʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʛʜʝ ʢʨʫʧʥʳʝ ʯʝʰʫʡʢʠ 

ʬʣʦʛʦʧʠʪʘ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʭʨʦʤʠʪ, ʤʘʛʥʝʪʠʪ, 

ʧʝʨʦʚʩʢʠʪ), ʘʧʘʪʠʪʘ, ʘʥʜʨʘʜʠʪʘ ʠ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʦʣʠʚʠʥʫ. ɸʢʮʝʩʩʦʨʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 



ʚʢʣʶʯʘʝʪ ʘʧʘʪʠʪ (ʚ ʚʠʜʝ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʡʢʠʣʠʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʠʣʠ ʢʨʫʧʥʳʭ ʟʸʨʝʥ ʚ 

ʠʥʪʝʨʩʪʠʮʠʷʭ), ʘʥʜʨʘʜʠʪ, ʢʘʨʙʦʥʘʪʳ (ʢʘʣʴʮʠʪ, ʘʥʢʝʨʠʪ), ʘ ʪʘʢʞʝ ʨʝʜʢʠʝ ʟʸʨʥʘ ʰʧʠʥʝʣʠʜʘ ʠ 

ʢʨʠʩʪʘʣʣʳ ʘʥʘʪʘʟʘ. 

 

3. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ 

ʄʘʢʨʦʢʨʠʩʪʘʣʣʳ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʝʨʥʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʩ ʨʝʟʦʨʙʠʨʦʚʘʥʥʳʤʠ ʢʨʘʷʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 0,5 ʤʤ. ʈʝʜʢʦ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʦʢʪʘʵʜʨʳ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʟʝʨʸʥ ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʘʤ, ʨʝʞʝ ʦʪʤʝʯʘʶʪʩʷ ʟʝʨʥʘ ʭʨʦʤʠʪʘ 

ʠ hʧʠʥʝʣʠ (ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). ɺ ʨʝʜʢʠʭ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ Cr O, MgO ʠ ʫʚʝʣʠʯʝʥʠʝ FeO, ʚʧʣʦʪʴ ʜʦ ʤʘʛʥʝʪʠʪʘ (ʈʠʩʫʥʦʢ 1). ʀʥʦʛʜʘ 

ʚ ʪʘʢʠʭ ʟʦʥʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʢʣʶʯʝʥʠʷ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʦʣʠʚʠʥʘ, ʬʣʦʛʦʧʠʪʘ ʠ/ʠʣʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ.  

 

 
ʈʠʩʫʥʦʢ 1. ɿʦʥʘʣʴʥʦʝ ʟʝʨʥʦ ʤʘʛʥʝʟʠʦʭʨʦʤʠʪʘ ʩ ʩʠʣʠʢʘʪʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠʟ ʧʠʢʨʠʪʘ ʘʥʦʤʘʣʠʠ 

ʂ 1/19. ʀʟʦʙʨʘʞʝʥʠʝ ʚ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ 

 

ʉʦʩʪʘʚ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠʟ ʧʠʢʨʠʪʦʚ ʠʟʫʯʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ: Cr O  ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 23,58 ʤʘʩ. % ʜʦ 57,42 ʤʘʩ. %; Al 2O3 ï ʦʪ 

1,5 ʜʦ 33,54 ʤʘʩ. %, ʜʝʤʦʥʩʪʨʠʨʫʷ ʦʙʨʘʪʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ Cr O . ʉʦʜʝʨʞʘʥʠʷ MgO ʥʘʭʦʜʷʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 8,00ï18,24 ʤʘʩ. %. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʟʝʨʝʥ ʩʦʜʝʨʞʠʪ TiO2 ʚ ʧʨʝʜʝʣʘʭ 0,8ï2 ʤʘʩ. %, 

ʦʜʥʘʢʦ, ʚʩʪʨʝʯʘʶʪʩʷ ʟʸʨʥʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ TiO2 3ï7,6 ʤʘʩ. %. 

ʅʘ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʚʳʜʝʣʷʝʪʩʷ ʜʚʝ ʛʨʫʧʧʳ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ: ʧʝʨʚʘʷ ï 

ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ, ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ Cr O  ʠ Al 2O3 

(ʈʠʩʫʥʦʢ 2ʘ) ʠ ʚʪʦʨʘʷ ʛʨʫʧʧʘ ʩ ʥʝʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Al 2O3 ʠ ʧʦʚʳʰʝʥʥʳʤ TiO2, ʢʦʪʦʨʘʷ 

ʣʝʞʠʪ ʚʥʝ ʧʦʣʷ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʢʠʤʙʝʨʣʠʪʦʚ (ʨʠʩʫʥʦʢ 2ʙ). 

ʅʘ ʜʠʘʛʨʘʤʤʝ Fe3+-Al -Cr ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʥʝʨʘʣʦʚ ʣʦʞʘʪʩʷ ʚ ʪʨʝʥʜ 3, ʦʪ ʭʨʦʤʠʪʘ ʢ 

ʧʣʝʦʥʘʩʪʫ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʇ.ʃ. ʈʝʜʝʨʫ ʠ ɼ. ʐʫʣʴʮʫ [7], ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʳʩʪʨʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʩʳʱʝʥʠʷ Al 2O3 ʠ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Cr O ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʞʝʣʝʟʠʩʪʦʩʪʠ. ʕʪʦʪ ʪʨʝʥʜ ʙʣʠʟʦʢ ʭʨʦʤʠʪʘʤ ʠʟ ʙʘʟʘʣʴʪʦʚ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʭʨʝʙʪʦʚ. ɻʨʫʧʧʘ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʭ ʠ ʥʠʟʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʰʧʠʥʝʣʠʜʦʚ ʠʟ ʘʥʦʤʘʣʠʠ ʂ 1/19 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʞʝ ʢ ʪʨʝʥʜʫ 2, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʝʥ ʭʨʦʤʠʪʘʤ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

TiO2 ʠ ʚʳʩʦʢʦʡ ʞʝʣʝʟʠʩʪʦʩʪʴʶ (Fe2+/(Fe2++Mg). ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ ʩʚʷʟʳʚʘʶʪ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʙʦʛʘʪʳʭ Mg ʠ Al ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ - ʦʣʠʚʠʥ, ʬʣʦʛʦʧʠʪ ʚ 

ʢʠʤʙʝʨʣʠʪʘʭ, ʠʣʠ ʧʠʨʦʢʩʝʥ ʠ ʧʣʘʛʠʦʢʣʘʟ ʚ ʙʘʟʘʣʴʪʘʭ. ɿʦʥʘʣʴʥʦʩʪʴ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʨʠʩʪʘʣʣʘʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʳʩʪʨʦʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʝ ʈʊ-

ʧʘʨʘʤʝʪʨʦʚ, ʬʫʛʠʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ ʠ ʩʦʩʪʘʚ ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [7].  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʙʣʠʟʦʩʪʴ ʩʦʩʪʘʚʦʚ ʭʨʦʤʠʪʦʚ ʠʟ ʧʠʢʨʠʪʦʚ ʠ ʢʘʨʥʠʡʩʢʠʭ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʪʫʬʬʠʪʦʚ ɹʫʣʢʫʨʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ [8, 9], ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʤʝʨʝʥʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ Cr O  (ʜʦ ~50 ʤʘʩ. %) ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ TiO  (3ï8 ʤʘʩ. %). ɼʘʥʥʦʝ 



ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʠʢʨʠʪʳ ʊʦʤʪʦʨʩʢʦʛʦ ʧʦʣʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 

ʚʝʨʦʷʪʥʳʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʭʨʦʤʠʪʦʚ ʚ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʦʩʩʳʧʷʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʢʦʣʣʝʢʪʦʨʘʭ. 

 

 

 

 

ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʘʚʦʚ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʰʧʠʥʝʣʠ ʧʦ: ɸ [3], ɹ [4], ɺ [1]. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ ɹ 

 

4. ɺʳʚʦʜʳ 

ʍʨʦʤʠʪʳ ʠʟʫʯʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʧʠʢʨʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

Cr O  (23.5ï57.4 ʤʘʩ. %), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʤʝʥʝʝ ʛʣʫʙʠʥʥʳʭ ʤʘʥʪʠʡʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʤʠ (Cr O  >62%) ʰʧʠʥʝʣʠʜʘʤʠ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ. 

ʐʠʨʦʢʠʡ ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʡ TiO , ʚʢʣʶʯʘʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ (3ï7.6 ʤʘʩ. %), ʤʦʞʝʪ 

ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʤʝʪʘʩʦʤʘʪʦʟʘ.  

ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ Cr O  ʠ MgO ʚ ʯʘʩʪʠ ʠʟʫʯʝʥʥʳʭ ʟʝʨʸʥ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʭ ʛʣʫʙʠʥʥʦʤ 

ʤʘʥʪʠʡʥʦʤ ʠʩʪʦʯʥʠʢʝ, ʘ ʦʙʦʛʘʱʝʥʥʳʝ Al O  ð ʦ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ʨʘʩʧʣʘʚʘ. 

ʉʭʦʜʩʪʚʦ ʩʦʩʪʘʚʦʚ ʭʨʦʤʠʪʦʚ ʠʟ ʧʠʢʨʠʪʦʚ ʠ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ ʪʫʬʬʠʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʠʢʨʠʪʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʢʦʨʝʥʥʦʡ ʠʩʪʦʯʥʠʢ ʜʣʷ ʯʘʩʪʠ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ ʦʩʘʜʦʯʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʨʝʛʠʦʥʘ. 

 

5. ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɸɹʄ ʉʆ ʈɸʅ 
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ɸʥʥʦʪʘʮʠʷ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʥʦʚʳʭ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ (ICP-MS) ʠ 

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ (UïPb SIMS SHRIMP-II ) ʜʘʥʥʳʭ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 
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Abstract. Based on new petrographic, geochemical (ICP-MS), and geochronological (Uï

Pb SIMS SHRIMP-II) data, we have established that the formation of a volcanoplutonic 

complex in the northern part of the Polousny-Debin terrane took place during the closing 

of the South-Anyui Ocean on the Valanginian-Hauterivian stage (135ï132 Ma) of the 

evolution of the arctic active continental margin of Eurasia. 

 

1. ɺʚʝʜʝʥʠʝ 

ɻʨʘʥʠʪʦʠʜʳ ʉʝʚʝʨʥʦʛʦ ʙʘʪʦʣʠʪʦʚʦʛʦ ʧʦʷʩʘ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʥʠʤʠ ʧʦʨʦʜʳ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʇʦʣʦʫʩʥʦ-ɼʝʙʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ (ɺʂʉʆ) ʠ ʏʫʢʦʪʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʖʞʥʦ-ɸʥʶʡʩʢʦʡ 

ʩʫʪʫʨʦʡ, [1, 2]. ʖʞʥʦ-ɸʥʶʡʩʢʘʷ ʩʫʪʫʨʘ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʠ ʏʫʢʦʪʩʢʦʛʦ 

ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʩ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʦʡ ʉʠʙʠʨʠ [3ï5]. ʇʨʦʮʝʩʩ ʟʘʢʨʳʪʠʷ ʖʞʥʦ-ɸʥʶʡʩʢʦʛʦ 

ʧʘʣʝʦʦʢʝʘʥʘ ʧʨʦʠʩʭʦʜʠʣ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʢʦʥʮʘ ʶʨʳ ʜʦ ʛʦʪʝʨʠʚïʙʘʨʨʝʤʘ, ʩ ʩʫʙʜʫʢʮʠʝʡ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ ʧʦʜ ɽʚʨʘʟʠʡʩʢʫʶ ʧʣʠʪʫ [4ï8]. ʊʦʛʜʘ ʢʘʢ ʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ 

ʉʝʚʝʨʥʦʛʦ ʙʘʪʦʣʠʪʦʚʦʛʦ ʧʦʷʩʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 140ï129 ʤʣʥ ʣ.ʥ., ʜʦ 

(ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʳʭ) 125ï121 ʤʣʥ ʣ.ʥ., ʦʙʟʦʨ ʚ [2]. ʀʟʫʯʝʥʥʳʝ ʥʘʤʠ ʤʘʩʩʠʚʳ ʄʘʨʴʷ-ʍʘʷ, 

ɼʞʘʣʭʘʥʥʘʭʩʢʠʡ ʠ ʊʝʛʝʛʝʥʩʢʠʡ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʦʣʦʫʩʥʦ-ɼʝʙʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʙʳʣʠ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʩʦʩʪʘʚ ʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʦʛʦ ʙʘʢʳ-ʜʝʨʙʝʢʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʢʦʣʣʠʟʠʦʥʥʳʝ [9, 10]. ʀʥʪʨʫʟʠʠ ʠʤʝʶʪ ʧʦʧʝʨʝʯʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʳʭ ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʦʪʥʦʩʷʪʩʷ ʢ çʂʫʡʛʠʥʩʢʦʤʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʨʷʜʫè ʰʪʦʢʦʚ [9]. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ UïPb ʦʮʝʥʢʘʤ ʚʦʟʨʘʩʪʘ ʧʦ ʮʠʨʢʦʥʘʤ ʵʪʠ 

ʧʦʨʦʜʳ ʠʤʝʶʪ ʙʝʨʨʠʘʩ-ʚʘʣʘʥʞʠʥʩʢʠʡ ʚʦʟʨʘʩʪ [10]. ʂʦʤʧʣʝʢʩʥʦʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ, 



ʛʝʦʭʠʤʠʯʝʩʢʦʝ (ICP-MS) ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʝ (UïPb, SIMS SHRIMP-II) ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʩʩʠʚʦʚ 

ʩʨʝʜʥʠʭ ʠ ʢʠʩʣʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ ʄʘʨʴʷ-ʍʘʷ, ɼʞʘʣʭʘʥʥʘʭʩʢʦʛʦ ʠ 

ʊʝʛʝʛʝʥʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʧʦʨʦʜ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʦʣʦʫʩʥʦ-

ɼʝʙʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ. ʄʘʩʩʠʚʳ ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʭʦʷʚʴʷʭ ʨ. ʂʫʡʛʘ, ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ʗʥʳ ʠ 

ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ (ʧʣʦʱʘʜʴ ʜʦ 1 ʢʤ2), ʦʢʨʫʛʣʫʶ ʠʣʠ ʫʜʣʠʥʝʥʥʦ-ʣʠʥʟʦʚʠʜʥʫʶ ʬʦʨʤʫ, 

ʚʳʪʷʥʫʪʫʶ ʚ ʉɿ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʧʝʨʝʢ ʰʠʨʦʪʥʳʤ ʩʢʣʘʜʯʘʪʦ-ʨʘʟʨʳʚʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. ʆʥʠ 

ʧʨʦʨʳʚʘʶʪ ʶʨʩʢʠʝ ʘʣʝʚʨʦʣʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʦʣʦʫʩʥʦ-ɼʝʙʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʝʨʝʩʝʯʝʥʳ ʜʘʡʢʘʤʠ ʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʤʦʱʥʦʩʪʴʶ ʜʦ 1.5 ʤ ʠ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʜʦ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. ʄʘʩʩʠʚʳ ʦʢʨʫʞʝʥʳ ʦʨʝʦʣʘʤʠ ʨʦʛʦʚʠʢʦʚ. ʉ ʵʪʠʤʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ ʘʩʩʦʮʠʠʨʫʝʪ Au-Bi ʠ Ag-Sn-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʂʫʡʛʠʥʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ [9]. 

 

2. ʄʝʪʦʜʠʢʘ 

ʉʠʣʠʢʘʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ (ʛ. ʗʢʫʪʩʢ). ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʪʨʵʡʩ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʚʳʧʦʣʥʝʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ɼɺɻʀ ɼɺʆ ʈɸʅ (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ) ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ 

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent 8800 (Agilent Techn., ʉʐɸ). UïPb ʠʟʦʪʦʧʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʝʥʪʨʝ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɸ.ʇ. ʂʘʨʧʠʥʩʢʦʛʦ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). Uï

ThïPb ʜʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʦʚ ʚʳʧʦʣʥʝʥʦ ʥʘ ʚʪʦʨʠʯʥʦ-ʠʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

SHRIMP-II.  

 

3. ʇʝʪʨʦʛʨʘʬʠʷ ʠ ʛʝʦʭʠʤʠʷ 

ʄʘʩʩʠʚ ʄʘʨʴʷ-ʍʘʷ ʩʣʦʞʝʥ ʘʥʜʝʟʠʪʘʤʠ, ʜʘʮʠʪʘʤʠ, ʨʠʦʜʘʮʠʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʧʦʨʬʠʨʦʚʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʠʭ ʪʫʬʘʤʠ ʠ ʪʫʬʦʙʨʝʢʯʠʷʤʠ. ʇʦʨʦʜʳ ʠʤʝʶʪ ʧʦʨʬʠʨʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 

ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ (2ï5 ʤʤ) ʧʣʘʛʠʦʢʣʘʟʘ, ʢʚʘʨʮʘ ʠ ʙʠʦʪʠʪʘ. ʇʣʘʛʠʦʢʣʘʟ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ 

ʟʦʥʘʣʴʥʳʡ, ʢʨʘʝʚʳʝ ʯʘʩʪʠ ʟʝʨʝʥ ʟʘʤʝʱʝʥʳ ʘʣʴʙʠʪʦʤ, ʘ ʮʝʥʪʨʘʣʴʥʳʝ ï ʩʝʨʠʮʠʪʦʤ ʠ ʧʝʣʠʪʦʤ. 

ɹʠʦʪʠʪ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥ ʭʣʦʨʠʪʦʤ. ʊʦʥʢʦʟʝʨʥʠʩʪʘʷ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʣʦʞʝʥʘ ʧʣʘʛʠʦʢʣʘʟʦʤ, 

ʢʚʘʨʮʝʤ, ʙʠʦʪʠʪʦʤ ʠ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ (ʜʦ 1 ʦʙ. %). ʉʨʝʜʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʧʘʪʠʪ ʠ ʮʠʨʢʦʥ. ɺ ʥʘʠʙʦʣʝʝ ʠʟʤʝʥʝʥʥʳʭ ʨʘʟʥʦʩʪʷʭ ʙʠʦʪʠʪ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʱʝʥ ʭʣʦʨʠʪʦʤ ʠ ʤʫʩʢʦʚʠʪʦʤ, ʧʣʘʛʠʦʢʣʘʟ ʘʣʴʙʠʪʠʟʠʨʦʚʘʥ. ʊʫʬʳ 

ʢʨʠʩʪʘʣʣʦʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʝ ʩʦʜʝʨʞʘʪ ʦʙʣʦʤʢʘʤʠ ʧʝʩʯʘʥʠʢʦʚ. ʊʫʬʦʙʨʝʢʯʠʠ ʩʦʩʪʦʷʪ ʠʟ 

ʥʝʩʦʨʪʠʨʦʚʘʥʥʳʭ ʫʛʣʦʚʘʪʳʭ ʦʙʣʦʤʢʦʚ (ʨʘʟʤʝʨ ʦʪ 0.3 ʤʤ ʜʦ 2 ʩʤ) ʢʚʘʨʮʝʚʳʭ ʧʝʩʯʘʥʠʢʦʚ, 

ʚʫʣʢʘʥʠʪʦʚ, ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʙʠʦʪʠʪʘ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ ʤʘʩʩʦʡ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ (?), ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʢʚʘʨʮʘ, ʙʠʦʪʠʪʘ, ʭʣʦʨʠʪʘ, ʵʧʠʜʦʪʘ ʠ ʩʝʨʠʮʠʪʘ, ʚ 

ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ɺʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ï ʭʣʦʨʠʪʠʟʘʮʠʷ ʠ 

ʵʧʠʜʦʪʠʟʘʮʠʷ. 

ʊʝʛʝʛʝʥʩʢʠʡ ʤʘʩʩʠʚ ʩʣʦʞʝʥ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʘʤʬʠʙʦʣ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʤʠ 

ʜʠʦʨʠʪʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ (ʜʦ 15 ʦʙ. %), ʚ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʢʚʘʨʮʘ. ɺʦ ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʣʘʛʠʦʢʣʘʟ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥ 

(ʨʘʟʤʝʨ ʜʦ 3 ʤʤ). ʇʣʘʛʠʦʢʣʘʟ ʦʙʨʘʟʫʝʪ ʠʜʠʦʤʦʨʬʥʳʝ ʪʘʙʣʠʪʯʘʪʳʝ ʟʝʨʥʘ, ʯʘʩʪʦ ʩ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʡ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, ʟʘʤʝʱʘʝʪʩʷ ʩʦʩʩʶʨʠʪʦʤ ʠ ʘʣʴʙʠʪʦʤ. 

ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʟʘʤʝʱʘʝʪʩʷ ʘʛʨʝʛʘʪʦʤ ʘʢʪʠʥʦʣʠʪʘ ʠ ʭʣʦʨʠʪʘ, ʨʦʛʦʚʘ ̫ʦʙʤʘʥʢʘ ï ʙʠʦʪʠʪʦʤ. 

ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ï ʤʘʛʥʝʪʠʪ (ʠʣʴʤʝʥʠʪ), ʘʧʘʪʠʪ, ʮʠʨʢʦʥ. 

ɼʞʘʣʭʘʥʥʘʭʩʢʠʡ ʤʘʩʩʠʚ ʩʣʦʞʝʥ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ, ʥʝʨʝʜʢʦ 

ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ, ʘʤʬʠʙʦʣ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʤʠ ʜʠʦʨʠʪʘʤʠ, ʘʤʬʠʙʦʣʦʚʳʤʠ ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ, 

ʥʠʟʢʦʱʝʣʦʯʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ. ʉʨʝʜʥʠʝ ʧʦʨʦʜʳ ʩʦʩʪʦʷʪ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ, 

±ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ±ʘʤʬʠʙʦʣʘ ʠ ʢʚʘʨʮʘ. ɺʢʨʘʧʣʝʥʥʠʢʠ ʧʣʘʛʠʦʢʣʘʟʘ (ʨʘʟʤʝʨ ʜʦ 5 ʤʤ) ʠʤʝʶʪ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ. ʂʣʠʥʦʧʠʨʦʢʩʝʥ (ʨʘʟʤʝʨ ʜʦ 3 ʤʤ) ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʚʦʡʥʠʢʘʤʠ, 

ʟʘʤʝʱʘʝʪʩʷ ʘʢʪʠʥʦʣʠʪʦʤ ʠ ʭʣʦʨʠʪʦʤ. ʄʝʣʢʦʟʝʨʥʠʩʪʘʷ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʣʦʞʝʥʘ ʧʣʘʛʠʦʢʣʘʟʦʤ, 

ʘʤʬʠʙʦʣʦʤ ʠ ʝʜʠʥʠʯʥʳʤʠ ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ï ʤʘʛʥʝʪʠʪ, ʮʠʨʢʦʥ. ʂʠʩʣʳʝ 



ʨʘʟʥʦʩʪʠ ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ, ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʢʚʘʨʮʘ, ʘ ʪʘʢʞʝ 

±ʘʤʬʠʙʦʣʘ ʠ ʙʠʦʪʠʪʘ. ɿʝʨʥʘ ʧʣʘʛʠʦʢʣʘʟʘ (ʨʘʟʤʝʨ ʜʦ 3 ʤʤ) ʠʤʝʶʪ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ 

ʠ ʢʦʥʮʝʥʪʨʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, ʟʘʤʝʱʘʶʪʩʷ ʘʛʨʝʛʘʪʦʤ ʩʦʩʩʶʨʠʪʘ. ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ 

(ʨʘʟʤʝʨ ʟʝʨʝʥ ʜʦ 3 ʤʤ) ʧʝʣʠʪʠʟʠʨʦʚʘʥ. ɸʤʬʠʙʦʣ (ʨʘʟʤʝʨ ʟʝʨʝʥ ʜʦ 1 ʤʤ) ʟʘʤʝʱʘʝʪʩʷ ʭʣʦʨʠʪʦʤ, 

ʙʠʦʪʠʪ (ʨʘʟʤʝʨ ʟʝʨʝʥ ʜʦ 2 ʤʤ) ï ʭʣʦʨʠʪʦʤ ʠ ʤʫʩʢʦʚʠʪʦʤ. ɸʢʮʝʩʩʦʨʥʳʝ ʠ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ï 

ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʠʣʴʤʝʥʠʪ. 

ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʠ ʠʥʪʨʫʟʠʚʥʳʝ ʩʨʝʜʥʠʝ ʠ ʢʠʩʣʳʝ ʧʦʨʦʜʳ ʤʘʩʩʠʚʦʚ ʄʘʨʴʷ-ʍʘʷ, ʊʝʛʝʛʝʥʩʢʦʛʦ ʠ 

ɼʞʘʣʭʘʥʥʘʭʩʢʦʛʦ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʨʦʜʘʤ ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʠʟʚʝʩʪʢʦʚʦʡ 

(ʪʦʣʝʠʪʦʚʦʡ) ʠ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʩʝʨʠʷʤ. ʇʦʨʦʜʳ ʊʝʛʝʛʝʥʩʢʦʛʦ ʠ 

ɼʞʘʣʭʘʥʥʘʭʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʠʤʝʶʪ ʚʘʨʴʠʨʫʶʱʠʝ ʩʦʩʪʘʚʳ ʦʪ ʤʝʪʘʣʶʤʠʥʠʝʚʳʭ ʜʦ 

ʧʝʨʘʣʶʤʠʥʠʝʚʳʭ, ʘ ʚʫʣʢʘʥʠʪʳ ʠ ʪʫʬʳ ʤʘʩʩʠʚʘ ʄʘʨʴʷ-ʍʘʷ ʷʚʣʷʶʪʩʷ ʧʝʨʘʣʶʤʠʥʠʝʚʳʤʠ. ʇʦʨʦʜʳ 

ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʩʩʠʚʦʚ ʦʪʣʠʯʘʶʪʩʷ ʧʦʜʦʙʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʨʵʡʩ ʵʣʝʤʝʥʪʦʚ. ʆʥʠ ʠʤʝʶʪ 

ʧʣʦʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ ʈɿʕ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ 

(MORB-ʪʠʧ), ʠ ʦʙʦʛʘʱʝʥʠʝ ʣʝʛʢʠʤʠ ʈɿʕ, ʧʦʜʦʙʥʦ ʦʩʪʨʦʚʦʜʫʞʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ. ʀ ʩ ʫʯʝʪʦʤ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʥʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ Ta ʠ Nb, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʩʫʙʜʫʢʮʠʦʥʥʫʶ 

ʢʦʤʧʦʥʝʥʪʫ, ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʪʨʝʭ ʤʘʩʩʠʚʦʚ ʤʦʛʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʡ 

ʦʙʩʪʘʥʦʚʢʝ. ʇʦʨʦʜʳ ʤʘʩʩʠʚʘ ʄʘʨʴʷ-ʍʘʷ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʛʤʳ, ʘ ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʝʨʦʷʪʥʦ, ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʩʤʝʰʘʥʥʦʛʦ ʪʝʨʨʠʛʝʥʥʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

 

4. UïThïPb ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

UïThïPb ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʮʠʨʢʦʥʦʚ ʠʟ ʧʨʦʙ ʤʘʩʩʠʚʘ 

ʄʘʨʴʷ-ʍʘʷ. ɺ ʧʨʦʙʝ ʨʠʦʜʘʮʠʪʘ ʄʍʂ-23-24 ʠʩʩʣʝʜʦʚʘʥʦ 13 ʟʝʨʝʥ. ʎʠʨʢʦʥʳ ʞʝʣʪʳʝ, ʩʚʝʪʣʦ-

ʞʝʣʪʳʝ, ʨʳʞʝʚʘʪʦ-ʞʝʣʪʳʝ, ʧʨʦʟʨʘʯʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʜʠʦʤʦʨʬʥʳʝ ʫʜʣʠʥʝʥʥʦ-

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ (ʦʪ 231 ʜʦ 586 ʤʢʤ ʜʣʠʥʦʡ ʂʫʜʣ. = 2.3ï4.4) ʠ ʠʭ ʦʙʣʦʤʢʠ, ʥʝʢʦʪʦʨʳʝ ʩ 

ʪʨʝʱʠʥʢʘʤʠ, ʨʳʞʠʤʠ ʧʨʠʤʘʟʢʘʤʠ ʠ ʚʢʣʶʯʝʥʠʷʤʠ. ɺ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ 

(ʂʃ) ʠʟʤʝʨʝʥʥʳʝ ʮʠʨʢʦʥʳ ʠʤʝʶʪ ʫʤʝʨʝʥʥʦʝ (4.1), ʫʤʝʨʝʥʥʦ-ʷʨʢʦʝ ʠ ʷʨʢʦʝ ʩʚʝʯʝʥʠʝ, ʪʦʥʢʫʶ 

ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ; ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʷʚʣʷʶʪ ʵʣʝʤʝʥʪʳ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʠ. ɺʦ ʤʥʦʛʠʭ 

ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʙʦʣʝʝ ʩʚʝʪʣʳʝ. ʉʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʚ ʟʝʨʥʘʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʩʯʝʪʝ 

ʚʦʟʨʘʩʪʘ, ʚʘʨʴʠʨʫʝʪ ʦʪ 97 ʜʦ 2078 ʛ/ʪ, ʪʦʨʠʷ ï ʦʪ 33 ʜʦ 363 ʛ/ʪ, ʩʦʦʪʥʦʰʝʥʠʝ 232Th/238U ï 0.12ï

0.41. ɺ ʷʜʨʝ ʦʜʥʦʛʦ ʟʝʨʥʘ (8.2) ʧʦʣʫʯʝʥ 206Pb/238U ʚʦʟʨʘʩʪ ʨʘʚʥʳʡ 796.9 Ñ 9.9 ʤʣʥ ʣʝʪ. ʗʜʨʦ ʯʝʪʢʦ 

ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʟʝʨʥʘ ʙʦʣʝʝ ʩʚʝʪʣʳʤ ʦʪʪʝʥʢʦʤ ʥʘ ʂʃ, ʠʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ 

ʟʦʥʘʣʴʥʦʩʪʠ, ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ U ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ Th/U ʦʪʥʦʰʝʥʠʷ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ 14 

ʠʟʤʝʨʝʥʠʡ ʚ ʢʨʘʝʚʳʭ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʮʠʨʢʦʥʦʚ ʧʨʦʙʳ ʨʠʦʜʘʮʠʪʘ ʧʦʣʫʯʝʥ 

ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ 133.3Ñ0.9 ʤʣʥ ʣʝʪ. 

ɺ ʧʨʦʙʝ ʘʥʜʝʟʠʪʘ ʄʍʂ-1-24 ʠʩʩʣʝʜʦʚʘʥʦ 14 ʟʝʨʝʥ. ʎʠʨʢʦʥʳ ʩʚʝʪʣʦ-ʞʝʣʪʳʝ, ʙʝʩʮʚʝʪʥʳʝ, 

ʞʝʣʪʳʝ, ʨʳʞʝ-ʞʝʣʪʳʝ, ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ ʠ ʧʨʦʟʨʘʯʥʳʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʩ ʯʝʨʥʳʤʠ, ʨʳʞʠʤʠ ʠʣʠ 

ʙʝʩʮʚʝʪʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠ ʪʨʝʱʠʥʢʘʤʠ (ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʩ ʨʳʞʠʤʠ ʧʨʠʤʘʟʢʘʤʠ). 

ʀʩʩʣʝʜʦʚʘʥʳ ʠʜʠʦʤʦʨʬʥʳʝ ʫʜʣʠʥʝʥʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ (ʦʪ 183 ʜʦ 592 ʤʢʤ ʜʣʠʥʦʡ, 

ʂʫʜʣ. = 2.4ï5.8) ʠ ʠʭ ʦʙʣʦʤʢʠ. ɺ ʂʃ (ʚʳʩʚʝʪʣʝʥʦ) ʠʟʤʝʨʝʥʥʳʝ ʮʠʨʢʦʥʳ ʩ ʫʤʝʨʝʥʥʳʤ (6.1, 10.1ï

12.1, 14.1, 15.1), ʫʤʝʨʝʥʥʦ-ʷʨʢʠʤ ʠ ʷʨʢʠʤ ʩʚʝʯʝʥʠʝʤ, ʩ ʪʦʥʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʠ 

ʦʜʥʦ ʟʝʨʥʦ (1.1) ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʠ. ɺʦ ʤʥʦʛʠʭ (4.1, 2.1, 3.1, 3.2, 5.1, 7.1, 8.1, 9.1) 

ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʙʦʣʝʝ ʩʚʝʪʣʳʝ. ʉʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʚ ʟʝʨʥʘʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʩʯʝʪʝ 

ʚʦʟʨʘʩʪʘ, ʚʘʨʴʠʨʫʝʪ ʦʪ 209 ʜʦ 1566 ʛ/ʪ, ʪʦʨʠʷ ï ʦʪ 26 ʜʦ 352 ʛ/ʪ, ʩʦʦʪʥʦʰʝʥʠʝ 232Th/238U ï 0.13ï

0.23. ɺ ʷʜʨʝ ʦʜʥʦʛʦ ʟʝʨʥʘ (3.2, ʷʨʢʦʝ, ʩʣʘʙʦ ʟʦʥʘʣʴʥʦʝ) ʧʦʣʫʯʝʥ 206Pb/238U ʚʦʟʨʘʩʪ ʨʘʚʥʳʡ 342.9 Ñ 

4.9 ʤʣʥ ʣʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʠʟʝʡʩʢʦʤʫ ʚʝʢʫ ʨʘʥʥʝʛʦ ʢʘʨʙʦʥʘ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ 14 ʠʟʤʝʨʝʥʠʡ ʚ 

ʢʨʘʝʚʳʭ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʮʠʨʢʦʥʦʚ ʧʨʦʙʳ ʘʥʜʝʟʠʪʘ ʧʦʣʫʯʝʥ ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ 

132.9 Ñ 0.8 ʤʣʥ ʣʝʪ. 

 

5. ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʥʦʝ UïThïPb ʜʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʦʚ (SIMS SHRIMP-II) ʠʟ ʘʥʜʝʟʠʪʘ ʠ ʨʠʦʣʠʪʘ ʤʘʩʩʠʚʘ 

ʄʘʨʴʷ-ʍʘʷ ʚʳʷʚʠʣʦ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʨʫʙʝʞʝ ʚʘʣʘʥʞʠʥʘ ʠ ʛʦʪʝʨʠʚʘ (133.3ï132.9 ʤʣʥ ʣʝʪ). ʇʦ 



ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʨʦʜʳ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ ʚʫʣʢʘʥʦ-

ʧʣʫʪʦʥʠʯʝʩʢʫʶ ʘʩʩʦʮʠʘʮʠʶ ʩʨʝʜʥʠʭ ʠ ʢʠʩʣʳʭ ʧʦʨʦʜ ʩ ʤʘʩʩʠʚʘʤʠ ʊʝʛʝʛʝʥʩʢʠʤ ʠ 

ɼʞʘʣʭʘʥʥʘʭʩʢʠʤ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʦʣʦʫʩʥʦ-ɼʝʙʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʦʪʚʝʯʘʶʱʫʶ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʤ ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ. ɹʣʠʟʢʠʝ ʧʦ ʚʦʟʨʘʩʪʫ (135ï133 ʤʣʥ ʣʝʪ) ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʨʦʜʳ ʘʨʛʘ-ʵʤʥʝʢʝʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʵʪʦʡ ʯʘʩʪʠ ʇʦʣʦʫʩʥʦ-

ɼʝʙʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ [2] ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʩ ʧʦʨʦʜʘʤʠ ʠʩʩʣʝʜʫʝʤʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚ ʝʜʠʥʳʡ 

ʢʦʤʧʣʝʢʩ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʚ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʦʣʦʫʩʥʦ-ɼʝʙʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 

ʟʘʢʨʳʪʠʠ ʖʞʥʦ-ɸʥʶʡʩʢʦʛʦ ʦʢʝʘʥʘ ʥʘ ʚʘʣʘʥʞʠʥ-ʛʦʪʝʨʠʚʩʢʦʤ ʵʪʘʧʝ (135ï132 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) 

ʵʚʦʣʶʮʠʠ ʘʨʢʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ ɽʚʨʘʟʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʅʌ ˉ 25-27-00639. 
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ʈʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʪʨʫʢʪʫʨʘʭ ʦʙʨʘʤʣʝʥʠʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ  

(ʧʦʣʠʤʝʪʘʣʣʳ, Au, Ag) 
ɺʠʢʝʥʪʴʝʚ ʀ.ɺ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʝʤʝʡʩʪʚʘ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʦʙʨʘʟʫʶʱʠʝ ʥʘ ʚʦʩʪʦʢʝ ɽʚʨʘʟʠʠ ʢʨʫʧʥʝʡʰʠʝ ʨʫʜʥʳʝ ʦʙʲʝʢʪʳ ʪʠʧʦʚ VMS 

(volcanogenic massive sulphide), SEDEX (sedimentary exhalative), MVT (Mississippi 

Valley type) ʠ ʧʝʨʝʭʦʜʥʳʝ ʪʠʧʳ, ʘ ʪʘʢʞʝ ʠʭ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ 

ʧʨʠʟʥʘʢʠ. ʆʧʠʩʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ VMS-ʪʠʧʘ (ʈʫʜʥʳʡ ɸʣʪʘʡ) ʠ ʧʝʨʝʭʦʜʥʳʝ 

SEDEX/MV-ʪʠʧʘ (ʆʟʝʨʥʦʝ, ɻʦʨʝʚʩʢʦʝ). 

 

Ore formation in the framing  structures of the Siberian craton (polymetals, Au, Ag) 

Vikentyev I.V.  

IGEM RAS, Moscow, Russia 

 

Abstract. The paper reviews families of polymetallic deposits that form the largest ore 

objects of the VMS (volcanogenic massive sulphide), SEDEX (sedimentary extractive), 

MVT (Mississippi Valley type) and transitional types in eastern Eurasia, as well as their 

syngenetic and epigenetic features. VMS-type deposits (Rudny Altai) and SEDEX/MV-

type transitional deposits (Ozernoe, Gorevskoe) are described. 
 

ʄʥʦʛʦʣʝʪʥʠʡ ʠʥʪʝʨʝʩ ʢ ʧʨʦʙʣʝʤʘʤ ʛʝʦʣʦʛʠʠ ʠ ʛʝʥʝʟʠʩʘ ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

(Volcanogenic Massive Sulfide, VMS) ʦʙʫʩʣʦʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʛʣʘʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ: ñʯʝʨʥʳʝ 

ʢʫʨʠʣʴʱʠʢʠò ï ʦʜʥʠ ʠʟ ʥʝʤʥʦʛʠʭ ʜʝʡʩʪʚʦʚʘʣʠ ʥʘ ʧʣʘʥʝʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʠʩʪʦʨʠʶ ʝʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʘʯʠʥʘʷ ʩ ʘʨʭʝʷ, ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʧʦʥʳʥʝ; ʢʦʣʯʝʜʘʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʠʥʜʠʢʘʪʦʨʦʤ; ʩʦʩʪʘʚ ʠʭ ʨʫʜ ʚʘʨʴʠʨʫʝʪ, 

ʥʘʧʨʠʤʝʨ, ʦʪ ʬʨʦʥʪʘ ʢ ʪʳʣʫ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ï ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʨʫʜʦʥʦʩʥʳʭ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦ ʤʥʦʛʠʤ ʧʨʠʟʥʘʢʘʤ ʢ ʢʦʣʯʝʜʘʥʥʳʤ ʙʣʠʟʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʠʧʦʚ 

SEDEX (ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ, Sedimentary Exhalative) ʠ MV-ʪʠʧʘ (ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ, 

Mississippi Valley-type). ʅʘ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʢʦʧʣʝʥʠʷʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʦʙʦʠʭ ʪʠʧʦʚ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʢʣʘʜ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʦʪʤʝʯʘʶʪʩʷ ʨʦʠ ʜʘʝʢ; ʟʘʯʘʩʪʫʶ ʦʥʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʝʭʦʜʥʳʤ SEDEX/VMS/MV-ʪʠʧʘʤ, ʭʦʪʷ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʧʨʠʥʘʜʣʝʞʘʱʠʝ 

ʢ ʢʨʘʡʥʠʤ ʯʣʝʥʘʤ (ʨʠʩ.1). ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ñʧʝʨʝʭʦʜʥʳʭò ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʩʚʦʠʤ 

ʟʘʧʘʩʘʤ ɻʦʨʝʚʩʢʦʝ ʠ ʆʟʝʨʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

 

ɻʦʨʝʚʩʢʦʝ Zn-Pb ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ɸʥʛʘʨʩʢʦʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ 

(ʈʠʩʫʥʦʢ 1). ʆʥʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʷʜʨʫ ʩʠʥʢʣʠʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʩʣʦʞʥʝʥʥʦʡ ʩʢʣʘʜʯʘʪʦʩʪʴʶ 

ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ. ɺ ʨʘʟʨʝʟʝ ʚʤʝʱʘʶʱʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʦʡ (ʩ ʧʦʜʯʠʥʝʥʥʦʡ ʪʝʨʨʠʛʝʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ) ʚʝʨʭʥʝʛʦʨʝʚʩʢʦʡ ʧʦʜʩʚʠʪʳ ʚʳʷʚʣʝʥʳ ʦʢʚʘʨʮʦʚʘʥʥʳʝ ʧʝʧʣʦʚʳʝ ʪʫʬʳ ʠ 

ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʝ ʪʫʬʬʠʪʳ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʝ ʩʠʣʠʮʠʣʠʪʳ ʠ ʩʠʜʝʨʠʪʳ [1]. ɺ ʨʫʜʥʦʤ 

ʧʦʣʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʟʠʪʦʚʳʭ ʜʘʝʢ ʠ ʩʠʣʣʦʚ ʩʪʝʧʘʥʦʚʩʢʦʛʦ ʧʠʢʨʠʪ-

ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʚʦʟʨʘʩʪ ~750 ʄʘ) ʤʦʱʥʦʩʪʴʶ ʜʦ 10 ʤ ʠ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʚ ʧʝʨʚʳʝ ʩʦʪʥʠ ʤʝʪʨʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʩʫʙʩʦʛʣʘʩʥʳʭ ʨʫʜʥʳʤ ʪʝʣʘʤ [1,2]. ʅʝʨʝʜʢʦ 

ʜʘʡʢʠ ʨʘʟʙʠʪʳ ʩʫʣʴʬʠʜʥʳʤʠ ʠ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʙʨʝʢʯʠʠ 

ʜʠʘʙʘʟʦʚ ʩ ʮʝʤʝʥʪʦʤ ʩʬʘʣʝʨʠʪ-ʧʠʨʨʦʪʠʥ-ʛʘʣʝʥʠʪʦʚʦʛʦ ʠ ʛʘʣʝʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ [3]. ʇʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ɻʦʨʝʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʝʩʝʥʦ ʢ ʧʝʨʝʭʦʜʥʦʤʫ SEDEX/MV-ʪʠʧʫ 

[4]. ʈʝʛʠʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʠʩʪʦʨʠʝʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʨʠʬʪʦʛʝʥʝʟʦʤ ʠ 

ʢʦʣʣʠʟʠʦʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʥʘ ʦʢʨʘʠʥʝ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚ ʥʝʦʧʨʦʪʝʨʦʟʦʝ. ʊʝʢʩʪʫʨʳ ʨʫʜ, 

ʥʘʣʠʯʠʝ ʩʝʨʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 



ʥʘʙʣʶʜʝʥʠʷʤʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʝʨʚʠʯʥʦʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʩʫʣʴʬʠʜʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʫʶ ʨʝʤʦʙʠʣʠʟʘʮʠʶ ʚ ʭʦʜʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ [4]. 

 

 
ʈʠʩʫʥʦʢ 1. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʖʞʥʦʡ ʉʠʙʠʨʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʦʩʥʦʚʫ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʈʌ (ʧʦ [4], ʩ ʥʝʙʦʣʴʰʠʤʠ ʠʟʤ.).  

 
ʆʟʝʨʥʦʝ Pb-Zn ʤʝʩʪʦʨʦʞʜʝʥʠʠʝ (ʨʝʩʧ. ɹʫʨʷʪʠʷ) ʦʪʥʝʩʝʥʦ ʢ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ 

VMS/SEDEX/MVT ʪʠʧʫ, ʥʘʟʚʘʥʥʦʤʫ ʥʘʤʠ ʦʟʝʨʥʳʤ [5]. ʄʦʜʝʣʴ ʜʣʷ ʥʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʪʝʣ ʰʣʦ ʚ ʦʙʣʘʩʪʠ ʧʦʢʨʳʪʦʛʦ ʪʝʨʨʠʛʝʥʥʳʤʠ ʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʩʘʜʢʘʤʠ 

ʜʥʘ ʦʢʨʘʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʘʣʝʦʙʘʩʩʝʡʥʘ ʥʘ ʬʦʥʝ ʧʝʨʝʨʳʚʦʚ ʚʫʣʢʘʥʠʟʤʘ (ʈʠʩʫʥʦʢ 2). ɼʘʥʥʳʝ 

ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʩʝʨʳ (ʧʨʝʦʙʣʘʜʘʥʠʝ ŭ34S ~ 0Ñ3ă) ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ, ʢʘʢ ʧʦʩʪʘʚʱʠʢʘ ʬʣʶʠʜʦʚ; ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʤʘʛʥʝʪʠʪʝ ŭ18O = 

+5.7ă ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʥʪʠʡʥʦʤʫ ʟʥʘʯʝʥʠʶ [5-7]. ɺʠʜʠʤʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʣʘ 

ʟʘʭʦʨʦʥʝʥʥʘʷ ʠʣʠ ʮʠʨʢʫʣʠʨʫʶʱʘʷ ʚ ʦʩʘʜʢʘʭ ʦʜʥʦʚʦʟʨʘʩʪʥʘʷ ʤʦʨʩʢʘʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʝʨʳ (ʚʪʦʨʦʡ ʧʠʢ ʩ ŭ34S ~ +14ă ʚ ʩʫʣʴʬʠʜʘʭ).  

ʈʫʜʥʳʡ ɸʣʪʘʡ (ɺʦʩʪ. ʂʘʟʘʭʩʪʘʥ, ʈʦʩʩʠʷ) ï ʩʢʨʦʤʥʳʡ ʧʦ ʨʘʟʤʝʨʘʤ ʧʦʷʩ, ʥʦ ʩ ʛʨʘʥʜʠʦʟʥʳʤʠ 

ʟʘʧʘʩʘʤʠ Pb, Zn, Au ʠ Ag. ʈʝʛʠʦʥ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʟʦʥʫ ʜʝʚʦʥʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʥʘ ʦʢʨʘʠʥʝ 

ʉʠʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ; ʩʥʘʯʘʣʘ ʩ ʨʠʬʪʦʛʝʥʥʳʤ, ʟʘʪʝʤ ï ʦʩʪʨʦʚʦʜʫʞʥʳʤ ʨʝʞʠʤʦʤ ʨʘʟʚʠʪʠʷ, ʘ 

ʧʦʪʦʤ ï ʣʝʚʦʩʜʚʠʛʦʚʦʛʦ ʩʢʦʣʴʞʝʥʠʷ. ɺ ʧʨʦʜʫʢʪʠʚʥʦʤ ʙʠʤʦʜʘʣʴʥʦʤ ʚʫʣʢʘʥʠʟʤʝ ʟʜʝʩʴ 

ʧʨʝʦʙʣʘʜʘʶʪ ʨʠʦʜʘʮʠʪʳ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʈʫʜʥʦʤ ɸʣʪʘʝ ʧʨʠʫʨʦʯʝʥʳ ʢ 2-ʤ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʫʨʦʚʥʷʤ ʠ ʢ 4-ʤ ʧʦʜʫʨʦʚʥʷʤ. ʈʫʜʥʳʝ ʨʘʡʦʥʳ ʠ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʢʨʫʧʥʳʝ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʝʧʨʝʩʩʠʠ; ʚ ʣʦʢʘʣʴʥʳʭ ʚʧʘʜʠʥʘʭ ʦʪʣʘʛʘʣʠʩʴ ʣʠʥʟʳ 

ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ. ɺ ʧʦʟʜʥʝʚʫʣʢʘʥʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʥʘ ʥʠʭ ʙʳʣʦ ʥʘʣʦʞʝʥʦ Pb-Ba ʠ Au-Ag 

ʦʨʫʜʝʥʝʥʠʝ. ʉʪʘʥʦʚʣʝʥʠʝ ʙʠʤʦʜʘʣʴʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʰʣʦ ʥʘ ʬʦʥʝ 

ʪʨʘʥʩʪʝʥʩʠʚʥʦʛʦ ʨʝʞʠʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʘʩʩʝʡʥʦʚ ñpull-apartò. ʉʤʝʥʘ 

ʪʠʧʦʚ ʜʝʚʦʥʩʢʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ ʙʘʨʠʪ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ (D1e-D2ef), 

ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ (D2gv) ʠ ʟʘʪʝʤ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʤʠ (D3fr-fm1) 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʘʥʪʠʜʨʦʤʥʦʡ ʵʚʦʣʶʮʠʷ ʚʫʣʢʘʥʠʟʤʘ.  

 

 



 
ʈʠʩʫʥʦʢ 2. ʇʘʣʝʦʨʝʢʦʥʩʪʫʢʮʠʷ ʫʩʣʦʚʠʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʨʫʜʦʦʪʣʦʞʝʥʠʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʭ ʨʫʜ ʆʟʝʨʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʥʘ ʚʨʝʟʢʝ ï ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ 

ʤʦʜʝʣʠ). 1 ï ʪʝʬʨʘ, ʪʫʬʳ, ʪʫʬʬʠʪʳ; 2 ï ʛʣʠʥʳ; 3 ï ʧʝʩʢʠ ʠ ʜʨ. ʪʝʨʠʛʝʥʥʳʝ ʦʩʘʜʢʠ; 4 ï ʙʠʦʛʝʨʤʥʳʝ 

ʠʟʚʝʩʪʥʷʢʠ, 5 ï ʦʦʣʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ; 6 ï ʠʟʚʝʩʪʥʷʢʦʚʳʝ ʙʨʝʢʯʠʠ; 7 ï ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ 

ʠʩʪʦʯʥʠʢ; 8,9 ï ʦʯʘʛʠ ʤʘʛʤ: 8 ï ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, 9 ï ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ; 10 ï ʤʘʛʤʘʪʠʯʝʩʢʠʡ 

ʬʣʶʠʜ; 11 ïʚʳʩʦʢʦʩʦʣʝʥʳʡ ʚʳʩʦʢʦʤʝʪʘʣʣʦʥʦʩʥʳʡ ʬʣʶʠʜ: ʘ ï ʣʘʪʝʨʘʣʴʥʳʡ ʧʦʪʦʢ, ʙ ï 

ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ; 12 ï ʥʠʟʢʦʩʦʣʝʥʳʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. 

 

 
ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʴ ʚʢʣʘʜʘ ʤʘʥʪʠʠ ʚ ʛʝʥʝʨʘʮʠʶ ʨʫʜʦʥʦʩʥʳʭ ʤʘʛʤ ʠ ʚ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʨʫʜʥʦʛʦ 

ʩʚʠʥʮʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ ɸʣʪʘʷ (ʥʘ ʦʩʥʦʚʝ [8,9]). T- ʠ E-MORB ï ʧʝʨʝʭʦʜʥʳʝ ʠ 

ʦʙʦʛʘʱʝʥʥʳʝ MORB; E- ʠ D-BABB ï enriched- ʠ depleted back-arc basin basalt; IAT ï island-arc 

tholeiite; OIB ʠ OPB ï oceanic island ʠ oceanic plateau basalts, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; SZLM ï 

subduction-modified lithospheric mantle. 



ʇʦʩʣʝʜʥʠʡ ʙʳʣ ʠʥʠʮʠʠʨʦʚʘʥ ʩʠʥʩʜʚʠʛʦʚʳʤ ʨʘʩʪʷʞʝʥʠʝʤ ʢʦʨʳ ʠ ʘʧʚʝʣʣʠʥʛʦʤ ʙʘʟʠʪʦʚʳʭ ʤʘʛʤ, 

ʟʘʨʦʜʠʚʰʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ [8]. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʛʘʣʝʥʠʪʘ ʠʟ 20 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʳʨʷʥʦʚʩʢʦʛʦ, ʃʝʥʠʥʦʛʦʨʩʢʦʛʦ, ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʠ ʈʫʙʮʦʚʩʢʦʛʦ ʨʘʡʦʥʦʚ 

ʫʩʪʘʥʦʚʣʝʥ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Pb. ʈʝʟʫʣʴʪʘʪʳ Pb-Pb ʠʟʦʪʦʧʠʠ, ʥʘʨʷʜʫ 

ʩ ʧʝʪʨʦʛʝʦʭʠʤʠʝʡ ʠ ʛʝʦʭʠʤʠʝʡ Nd, ʫʢʘʟʳʚʘʶʪ ʥʘ ʣʠʪʦʩʬʝʨʥʫʶ ʤʘʥʪʠʶ ʢʘʢ ʛʣʘʚʥʳʡ ʠʩʪʦʯʥʠʢ 

ʤʘʛʤ ʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ ɸʣʪʘʷ (ʈʠʩʫʥʦʢ 3). 

ʆʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʈʫʜʥʦʛʦ ɸʣʪʘʷ ʩʦʩʪʘʚʣʷʶʪ ʜʚʝ ʢʨʫʧʥʳʝ ʣʠʥʝʡʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ï ʀʨʪʳʰʩʢʘʷ ʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ʟʦʥʳ ʩʤʷʪʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ 

ʚʝʱʝʩʪʚʘ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥ ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʦʚ ʧʝʨʚʠʯʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʫʜʥʳʭ ʧʦʣʝʡ 

ʙʳʣʠ ʥʘʨʫʰʝʥʳ, ʘ ʩʣʘʛʘʶʱʠʝ ʠʭ ʧʦʨʦʜʳ ʨʘʩʩʣʘʥʮʦʚʘʥʳ, ʩʤʷʪʳ ʠ ʙʫʜʠʨʦʚʘʥʳ.  

 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʫʢʪʫʨ ʦʙʨʘʤʣʝʥʠʷ 

ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʨʝʘʣʠʟʦʚʘʥʳ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʝ ʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʢʦʣʯʝʜʘʥʥʳʭ ʟʘʣʝʞʝʡ ʦʙʩʪʘʥʦʚʢʠ ʨʘʩʪʷʞʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʟʦʥʘʭ 

ʟʘʜʫʛʦʚʦʛʦ ʩʧʨʝʜʠʥʛʘ, ʙʘʩʩʝʡʥʘʭ ñpull-apartò ʠ ʢʘʣʴʜʝʨʘʭ ʧʦʜʚʦʜʥʳʭ ʚʫʣʢʘʥʦʚ. ʀʥʪʝʥʩʠʚʥʳʡ 

ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤ ʚ ʟʦʥʘʭ ʩʤʷʪʠʷ ʟʘʯʘʩʪʫʶ ʥʘʨʫʰʠʣ ʧʝʨʚʠʯʥʳʝ ʩʝʜʠʤʝʥʪʥʳʝ ʠ 

ʚʫʣʢʘʥʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ; ʩʫʣʴʬʠʜʥʳʝ ʪʝʣʘ ʙʳʣʠ ʩʤʷʪʳ ʚ ʩʢʣʘʜʢʠ ʠ ʨʘʟʣʠʥʟʦʚʘʥʳ, 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʫʪʨʘʪʳ ʯʝʨʪ ʧʝʨʚʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʘ ʧʝʨʚʠʯʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʝ 

ʨʫʜʳ ʙʳʣʠ ʧʝʨʝʦʪʣʦʞʝʥʳ ʧʦʟʜʥʠʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ˉ 075-15-2024-641. 
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Abstract. Based on a comparative analysis of the composition and contents of some trace 

elements in the pyrite of the Khaptasynnakh ore zone, two of its generations were 

identified: in the ore-bearing rocks of eluvial deposits - non-gold-bearing pyrite of an 

earlier, higher-temperature generation (Py1), and in metasomatites from exploration 

trenches - gold-bearing late low-temperature pyrite formed in the epithermal stage (Py2). 

 

1. ɺʚʝʜʝʥʠʝ 

ʀʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʠʣʣʷʭʩʢʦʡ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʤʝʣʘʥʞʘ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʩʦʟʜʘʶʪ ʩʠʩʪʝʤʳ ʩʙʣʠʞʝʥʥʳʭ ʨʘʟʣʦʤʦʚ. ʄʝʞʜʫ 

ʥʠʤʠ ʟʘʢʣʶʯʝʥʳ ʙʣʦʢʠ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʜʠʘʬʪʦʨʠʨʦʚʘʥʥʳʭ ʠ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʧʣʘʛʠʦʛʥʝʡʩʦʚ, ʛʥʝʡʩʦʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʚʝʨʭʥʝʘʥʘʙʘʨʩʢʦʡ 

ʩʝʨʠʠ ʘʨʭʝʷ, ʘ ʪʘʢʞʝ ʙʣʦʢʠ, ʩʣʦʞʝʥʥʳʝ ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʦʚʳʤʠ ʛʥʝʡʩʘʤʠ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ 

ʭʘʧʯʘʥʩʢʦʡ ʩʝʨʠʠ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ [1]. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥ ɹʠʣʣʷʭʩʢʠʡ 

ʤʘʩʩʠʚ, ʩʣʦʞʝʥʥʳʡ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʚ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ 

ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ, ʤʦʥʮʦʥʠʪʘʤʠ ʠ ʛʨʘʥʠʪʘʤʠ (ʙʠʣʣʷʭʩʢʠʡ ʢʦʤʧʣʝʢʩ), ʢʦʪʦʨʳʝ ʧʨʦʨʚʘʥʳ ʜʘʡʢʘʤʠ 

ʘʣʷʩʢʠʪʦʚ (ʈʠʩʫʥʦʢ 1). ɺʦʩʪʦʯʥʝʝ ʦʪ ʤʘʩʩʠʚʘ ʚʩʪʨʝʯʘʶʪʩʷ ʜʘʡʢʦʚʳʝ ʪʝʣʘ ʙʠʦʪʠʪʦʚʳʭ 

ʤʦʥʮʦʛʘʙʙʨʦ ʠ ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʭ ʢʚʘʨʮʝʚʳʭ ʤʦʥʮʦʥʠʪʦʚ.  

ʍʘʧʪʘʩʳʥʥʘʭʩʢʘʷ ʨʫʜʥʘʷ ʟʦʥʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʛʣʘʩʥʦ 

ʧʨʦʩʪʠʨʘʥʠʶ ɹʠʣʣʷʭʩʢʦʡ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ, ʚʠʜʠʤʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 20 ʢʤ, 

ʧʨʠ ʰʠʨʠʥʝ ʦʪ 1 ʜʦ 10 ʢʤ. ʆʥʘ ʪʨʘʩʩʠʨʫʝʪʩʷ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʤʠ ʛʥʝʡʩʘʤʠ, ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʤʠ. 

ʊʝʢʩʪʫʨʘ ʨʫʜ ʚʢʨʘʧʣʝʥʥʘʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʦʩʯʘʪʘʷ, ʨʝʞʝ ʨʘʩʩʝʷʥʥʘʷ ʠ ʧʷʪʥʠʩʪʘʷ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʦʪʤʝʯʘʶʪʩʷ ʤʘʣʦʤʦʱʥʳʝ (ʧʝʨʚʳʝ ʤʤ) ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ.  
ʇʠʨʠʪ ï ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ ʠʟʫʯʝʥʥʳʭ ʨʫʜ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʠʨʠʪʘ 
ʧʨʦʚʝʜʝʥʳ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʧʠʨʠʪʝ ʚʳʧʦʣʥʷʣʦʩʴ ʤʝʪʦʜʦʤ LA-ICP-MS ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʘʥʘʣʠʟʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʀɻɽʄ ʈɸʅ (ʄʦʩʢʚʘ). ʀʟʫʯʝʥʳ ʩʫʣʴʬʠʜʳ, 
ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʰʪʫʬʥʳʭ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ɻʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʟ ʢʦʨʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʚʩʢʨʳʪʳʭ ʧʦʠʩʢʦʚʦʡ ʢʘʥʘʚʘʤʠ 114 (ʛʣʫʙʠʥʦʡ 3 ʤ), ʧʨʦʡʜʝʥʥʳʭ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ 

ʨʫʜʥʦʡ ʟʦʥʳ (ʈʠʩʫʥʦʢ 1).  



 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʠʣʣʷʭʩʢʦʡ ʟʦʥʳ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ. 

1 ï ʘʨʭʝʡʩʢʘʷ ʚʝʨʭʥʝʘʥʘʙʘʨʩʢʘʷ ʩʝʨʠʷ, 2 ï ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ɼʘʣʜʳʥʩʢʦʛʦ ʠ ʍʘʧʯʘʥʩʢʦʛʦ ʪʝʨʨʝʡʥʦʚ, 3 ï ʧʨʦʪʝʨʦʟʦʡʩʢʘʷ ʭʘʧʯʘʥʩʢʘʷ ʩʝʨʠʷ, 4 ï 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʘʣʷʩʢʠʪʦʚʳʝ ʠ ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʛʨʘʥʠʪʳ (g1-PR1), 5 ï ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ 

ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ, ʤʦʥʮʦʥʠʪʳ, ʛʨʘʥʠʪʳ ʠ ʛʨʘʥʦʩʠʝʥʠʪʳ 

ʙʠʣʣʷʭʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (g-dPR1), 6 ï ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʙʠʦʪʠʪʦʚʳʝ ʤʦʥʮʦʛʘʙʙʨʦ ʠ ʘʤʬʠʙʦʣ-

ʙʠʦʪʠʪʦʚʳʝ ʢʚʘʨʮʝʚʳʝ ʤʦʥʮʦʥʠʪʳ, 7 ï ʤʝʟʦ-ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʜʠʘʙʘʟʳ ʠ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʳ (b-

PR3), 8 ï ʟʦʥʳ ʤʠʛʤʘʪʠʟʘʮʠʠ ʠ ʛʨʘʥʠʪʠʟʘʮʠʠ, 9 ï ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ, 10 ï ʧʦʠʩʢʦʚʘʷ ʢʘʥʘʚʘ, 

11 ï ʪʦʯʢʠ ʦʪʙʦʨʘ ʰʪʫʬʥʳʭ ʧʨʦʙ ʠ ʠʭ ʥʦʤʝʨʘ, 12 ï ʛʨʘʥʠʮʳ ʍʘʧʪʘʩʳʥʥʘʭʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ.  

2. ʈʝʟʫʣʴʪʘʪʳ 

ʇʠʨʠʪ ʠʟ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʵʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ (Py1), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʜʠʦʤʦʨʬʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʠ ʘʣʣʦʪʨʠʦʤʦʨʬʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ. ʅʝʨʝʜʢʦ, ʥʘʨʷʜʫ ʩ ʧʠʨʨʦʪʠʥʦʤ, ʷʚʣʷʝʪʩʷ 

ʤʘʪʨʠʮʝʡ ʜʣʷ ʤʠʢʨʦʟʝʨʝʥ ʜʨʫʛʠʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʦʧʨʝʜʝʣʝʥʳ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʧʣʘʛʠʦʢʣʘʟ, ʢʚʘʨʮ, ʭʣʦʨʘʧʘʪʠʪ, ʩʬʘʣʝʨʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ. 

ʄʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʚ ʧʠʨʠʪʘʭ ʦʙʥʘʨʫʞʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ (ʈʠʩʫʥʦʢ 

2, ɸ). Au ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

 
ʈʠʩʫʥʦʢ 2. ɺʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʧʠʨʠʪʝ: ɸ ïPy1; ɹ ï Py2. ʐʢʘʣʘ 

ʩʦʜʝʨʞʘʥʠʡ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ. ɺʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʳ ʟʘʢʨʘʰʝʥʥʳʭ ʙʣʦʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

75 ʠ 25 ʧʝʨʮʝʥʪʠʣʶ ʩʦʜʝʨʞʘʥʠʡ, ʦʪʚʝʪʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʠ ʤʠʥʠʤʘʣʴʥʦʤʫ 

ʩʦʜʝʨʞʘʥʠʷʤ, ʯʝʨʥʳʡ ʢʚʘʜʨʘʪ ï ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ. 

 

ʇʠʨʠʪ ʠʟ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʧʦʣʦʪʥʘ ʧʦʠʩʢʦʚʳʭ ʢʘʥʘʚ (Py2) ʧʨʝʜʩʪʘʚʣʝʥ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʠʜʠʦʤʦʨʬʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ. ɺr ʷʚʣʝʥʳ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ ʟʦʣʦʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʛʘʣʝʥʠʪʘ, 

ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʭʣʦʨʠʪʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʠʟ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʭʘʣʴʢʦʧʠʨʠʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʢʘʢ ʚʝʩʴʤʘ ʤʝʣʢʠʤʠ, ʪʘʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʤʠ 



ʨʘʟʤʝʨʘʤʠ ʚʳʜʝʣʝʥʠʡ. ɺʝʩʴʤʘ ʤʝʣʢʦʝ ʟʦʣʦʪʦ ʦʪʤʝʯʘʝʪʩʷ ʧʦ ʧʝʨʠʬʝʨʠʡʥʳʤ ʯʘʩʪʷʤ ʧʠʨʠʪʦʚ. 

ɻʘʣʝʥʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʳ 

ʚʢʣʶʯʝʥʠʷ ʪʝʣʣʫʨʠʜʦʚ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ. ʋʩʪʘʥʦʚʣʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ 

(ʨʠʩʫʥʦʢ 2, ɹ). ɿʦʣʦʪʦ ʚʳʷʚʣʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʠʨʠʪʦʚ. 

 

3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʳ 

ʆʪʥʦʰʝʥʠʝ Co/Ni ʚ ʧʠʨʠʪʝ ʷʚʣʷʝʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʫʩʣʦʚʠʡ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ [2]. 

ɺ ʧʠʨʠʪʝ ʠʟ ʵʣʶʚʠʘʣʴʥʳʭ ʧʦʨʦʜ ʩʦʜʝʨʞʘʥʠʝ ʉo ʚʘʨʴʠʨʫʝʪ ʦʪ 0,32 ʜʦ 16262 ʛ/ʪ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʝʪ 3140,02 ʛ/ʪ, ʘ Ni ï ʦʪ 0,21 ʜʦ 578,1 ʛ/ʪ, ʚ ʩʨʝʜʥʝʤ ï 54,16 ʛ/ʪ. ʇʨʠ ʵʪʦʤ ʚ ʧʠʨʠʪʝ 

ʨʫʜʦʥʦʩʥʳʭ ʧʦʨʦʜ ʧʦʠʩʢʦʚʦʡ ʢʘʥʘʚʳ ʩʦʜʝʨʞʘʥʠʝ ʉo ʚʘʨʴʠʨʫʝʪ ʦʪ 0,05 ʜʦ 12720 ʛ/ʪ ʠ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʝʪ 1889,2 ʛ/ʪ, ʘ Ni ï ʦʪ 0,37 ʜʦ 4320 ʛ/ʪ, ʚ ʩʨʝʜʥʝʤ ï 596,61 ʛ/ʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ Co ʠ Ni ʧʠʨʠʪ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʵʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʧʠʨʠʪʘ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ, ʩ ʧʦʣʦʪʥʘ ʧʦʠʩʢʦʚʦʡ ʢʘʥʘʚʳ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ Co, ʠ ʚ ʙʦʣʝʝ ʥʠʟʢʦʤ (ʥʘ ʧʦʨʷʜʦʢ) - Ni. ʇʦ ʜʘʥʥʳʤ ɼ. ʍʘʩʪʦʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Co ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʘʭ [3]. 

ʂʘʢ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʟʦʣʦʪʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʧʠʨʠʪʘ ʩ ʧʦʠʩʢʦʚʦʡ ʢʘʥʘʚʳ. ʉʦʜʝʨʞʘʥʠʝ ʝʛʦ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,07 ʛ/ʪ ʜʦ 42 ʛ/ʪ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʝ ʩʣʦʞʠʣʦʩʴ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʬʦʨʤʝ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʚ ʧʠʨʠʪʝ: 

ʚʭʦʞʜʝʥʠʠ Au ʚ ʩʪʨʫʢʪʫʨʫ ʧʠʨʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʠ ʠʣʠ ʚ ʩʘʤʦʨʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ. ʄ. ʈʘʡʭʦʤ ʩ ʩʦʘʚʪʦʨʘʤʠ [4] ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʢʨʠʚʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Au ʚ As-

ʩʦʜʝʨʞʘʱʝʤ ʧʠʨʠʪʝ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ Au ʤʦʞʝʪ ʚʩʪʨʝʯʘʪʴʩʷ ʣʠʙʦ ʢʘʢ ʩʪʨʫʢʪʫʨʥʦ 

ʩʚʷʟʘʥʥʳʡ ʵʣʝʤʝʥʪ (Au+1), ʣʠʙʦ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ (Au0). ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʦʯʢʠ ʜʘʥʥʳʭ ʥʘ 

ʛʨʘʬʠʢʝ ʨʘʟʙʨʦʩʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʜʣʷ Au-As, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʠʞʝ ʧʨʝʜʝʣʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʪʚʝʨʜʦʤ ʚʝʱʝʩʪʚʝ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʟʦʣʦʪʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʬʦʨʤʝ Au1+, ʪ. ʝ. ʠʟʦʤʦʨʬʥʦ ʚʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʫ ʧʠʨʠʪʘ (ʈʠʩʫʥʦʢ 3). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʢ 

ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʚ ʧʠʨʠʪʘʭ ʤʠʢʨʦʟʦʥʜʦʚʳʤ ʘʥʘʣʠʟʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢʞʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ As ʠ Au ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ 

ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʚʳʰʝ ʣʠʥʠʠ ʧʨʝʜʝʣʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ɺ ʮʝʣʦʤ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3, ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʧʠʨʠʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʵʧʠʪʝʨʤʘʣʴʥʦʤʫ ʪʠʧʫ. 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʧʠʨʠʪʝ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʨʫʜʥʳʭ 

ʪʝʣ. 

 

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ As ʠ Au ʚ ʧʠʨʠʪʝ ʠʟ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʧʦʣʦʪʥʘ ʧʦʠʩʢʦʚʦʡ 

ʢʘʥʘʚʳ (ʯʝʨʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ ʣʠʥʠʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Au ï ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

Au ʚ ʧʠʨʠʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ As [4, 5]); ʧʦʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʩʦʜʝʨʞʘʥʠʡ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ 

ʧʠʨʠʪʝ ʍʘʧʪʘʩʳʥʥʘʭʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʦ ʚʳʷʚʣʝʥʠʠ ʧʠʨʠʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʛʝʥʝʨʘʮʠʡ: ʚ ʨʫʜʦʥʦʩʥʳʭ ʧʦʨʦʜʘʭ ʵʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ï ʥʝ ʟʦʣʦʪʦʥʦʩʥʳʡ ʧʠʨʠʪ ʨʘʥʥʝʡ 



ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʝʥʝʨʘʮʠʠ (Py1), ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ, ʚʩʢʨʳʪʳʭ ʧʦʠʩʢʦʚʦʡ ʢʘʥʘʚʦʡ ï 

ʟʦʣʦʪʦʥʦʩʥʳʡ ʧʦʟʜʥʠʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʨʠʪ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʚ ʵʧʠʪʝʨʤʘʣʴʥʳʡ ʵʪʘʧ 

(Py2). ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʨʘʬʠʢʦʚ ʧʦ ʵʣʝʤʝʥʪʘʤ-ʧʨʠʤʝʩʷʤ 

ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʧʠʨʠʪʦʚ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʷ ʧʦʨʬʠʨʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʳ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʘʥʘʚʦʡ ʚʩʢʨʳʪʳ ʨʫʜʥʳʝ ʪʝʣʘ ʧʦʟʜʥʝʛʦ ʵʧʠʪʝʨʤʘʣʴʥʦʛʦ ʵʪʘʧʘ ʟʦʣʦʪʦ-ʤʝʜʥʦ-

ʧʦʨʬʠʨʦʚʦʡ ʩʠʩʪʝʤʳ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʦʙʥʘʨʫʞʝʥʠʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʣʦʪʦ(ʵʣʝʢʪʨʫʤ)-ʪʝʣʣʫʨʠʜʥʦʡ (ʛʝʩʩʠʪ, ʘʣʪʘʠʪ, ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ) 

ʘʩʩʦʮʠʘʮʠʠ ʚ ʦʨʫʜʝʥʝʣʳʭ ʧʦʨʦʜʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʢʘʥʘʚ r114. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʤʥʦʛʠʭ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʰʠpʦʢʦ pʘʟʚʠʪʳ ʧʦʟʜʥʠʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦcʦʙʝʥʥʦcʪʴ ʵʪʠx ʘccʦʮʠʘʮʠʡ 

ʚʳʨʘʞʝʥʘ ʚ pʘʟʚʠʪʠʠ ʪʝʣʣʫpʠʜʦʚ Ag, Pb, Au, ʦʙpʘʟʦʚʘʥʠʠ ʤʠʥʝpʘʣʦʚ Bi ʠ cʘʤʦpʦʜʥʦʛʦ Bi, ʘ 

ʪʘʢʞʝ Hg-cʦʜʝpʞʘʱʠx ʤʠʥʝpʘʣʦʚ [6]. ʅʘʧʨʠʤʝʨ, ʧʦ [7] ʟʘʚʝʨʰʘʶʱʘʷ ʨʫʜʥʘʷ ʩʪʘʜʠʷ ʥʘ 

ʄʘʣʤʳʞʩʢʦʤ ʟʦʣʦʪʦ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʍʘʙʘʨʦʚʩʢʠʡ ʢʨʘʡ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʣʦʞʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʵʧʠʪʝʨʤʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ ʥʘ ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʨʘʥʝʝ ʧʠʨʠʪ-

ʭʘʣʴʢʦʧʠʨʠʪʦʚʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, ʠ ʩʚʷʟʘʥʘ ʩ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʤ ʤʝʪʘʩʦʤʘʪʦʟʦʤ ʠ 

ʥʘʢʦʧʣʝʥʠʝʤ ʤʠʥʝʨʘʣʦʚ Au ʠ Ag, ʩʫʣʴʬʦʩʦʣʝʡ, ʪʝʣʣʫʨʠʜʦʚ, ʩʝʣʝʥʠʜʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʜʥʠʭ 

ʛʝʥʝʨʘʮʠʡ ʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʙʦʨʥʠʪʘ ʠ ʭʘʣʴʢʦʟʠʥʘ. 

 

4. ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɸɹʄ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ 

FUFG 2024-0006) ʠ ʯʘʩʪʠʯʥʦ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʨʘʙʦʪ ʩ ɸʆ çɸʣʤʘʟʳ ɸʥʘʙʘʨʘè. 
 

5. ʃʠʪʝʨʘʪʫʨʘ: 

[1] ʉʤʝʣʦʚ ɸ. ʇ., ʂʦʪʦʚ ɸ. ɹ., ʉʘʣʴʥʠʢʦʚʘ ɽ. ɹ., ʂʦʚʘʯ ɺ. ʇ., ɹʝʨʝʟʢʠʥ ɺ. ʀ., ʂʨʘʚʯʝʥʢʦ ɸ. ɸ., ɼʦʙʨʝʮʦʚ ɺ. 

ʅ., ɺʝʣʠʢʦʩʣʘʚʠʥʩʢʠʡ ʉ. ɼ., ʗʢʦʚʣʝʚʘ ʉ. ɿ. ɺʦʟʨʘʩʪ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ɹʠʣʣʷʭʩʢʦʡ ʟʦʥʳ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ, ɸʥʘʙʘʨʩʢʠʡ ʱʠʪ // ʇʝʪʨʦʣʦʛʠʷ. 2012. ʊ. 20. ˉ 3. ʉ. 315ï330. 

[2] Bralia A., Sabatini G., Troja F. A revaluation of the Co/Ni ratio in pyrite as geochemical tool in ore genesis 

problems // Mineral. Deposita. ï 1979. ï No. 14. ï P.  353ï374. 

[3] Huston D.L., Sie S.H., Suter G.F., et al. Trace elements in sulfide minerals from eastern Australian volcanic-

hosted massive sulfide deposits: Part I, Proton microprobe analyses of pyrite, chalcopyrite, and sphalerite, and Part 

II, Selenium levels in pyrite; comparison with ŭ34S values and implications for the source of sulfur in volcanogenic 

hydrothermal systems. Economic Geology. 1995;90(5):1167ï1196. https://doi.org/10.2113/ gsecongeo.90.5.1167 

[4] Reich M., Kesler S. E., Utsunomiya S., et al. Solubility of gold in arsenian pyrite // Geochim. et Cosmochim. 

Acta. ï2005. ï No. 69. ï P. 2781ï2796. 

[5] Du B., Shen J., Santosh M., et al. Textural, compositional and isotopic characteristics of pyrite from the 

Zaozigou gold deposit in West Qinling, China: Implications for gold metallogeny // Ore Geology Reviews. ï 2021. 

ï Vol. 130. ïhttps://doi.org/10.1016/j.oregeorev.2020.103917. 

[6] ɻʘʩʴʢʦʚ ʀ. ɺ., ɸʢʠʤʮʝʚ ɺ. ɸ., ʂʦʚʘʣʝʚ ʂ. ʈ., ʉʦʪʥʠʢʦʚ ɺ. ʀ. ɿʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʴʥʳʝ 

ʘʩʩʦʮʠʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʜʥʦ-ʨʫʜʥʦʛʦ ʧʨʦʬʠʣʷ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ // ɻʝʦʣʦʛʠʷ ʠ 

ʛʝʦʬʠʟʠʢʘ. 2006. ʊ. 47. ̄  9. ʉ. 996-1004. 

[7] ɹʫʭʘʥʦʚʘ ɼ. ʉ. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʄʘʣʤʳʞʩʢʦʛʦ ʟʦʣʦʪʦ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʍʘʙʘʨʦʚʩʢʠʡ ʢʨʘʡ // ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ. ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ, 2020. 25 ʩ. 

 

  



DOI: 

ʋɼʂ 553.411:553.87ò615ò (571.65) 

ʆʭʦʪʩʢʠʡ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ ʚ ʦʨʦʛʝʥʥʦʡ ʤʝʪʘʣʣʦʛʝʥʠʠ ʟʦʣʦʪʘ  

ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ɸʟʠʠ 

ɻʦʨʷʯʝʚ ʅ.ɸ.  

ʉɺʂʅʀʀ ʠʤ. ʅ.ɸ.ʐʠʣʦ ɼɺʆ ʈɸʅ, ʄʘʛʘʜʘʥ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʚʷʟʠ ʢʨʫʧʥʝʡʰʠʭ ʦʨʦʛʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ɸʟʠʠ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʦʙʨʘʤʣʝʥʠʷ 

ʆʭʦʪʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ. ɼʝʣʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʘʞʥʦʡ ʝʛʦ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʨʦʣʠ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʟʦʣʦʪʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʝʛʠʦʥʘ. 

 

Okhotsk microcontinent in gold orogenic metallogeny of the North-East Asia 
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Abstract. The relationship between the largest orogenic gold deposits in Northeast Asia 

and the framing structures of the Okhotsk microcontinent is examined. A hypothesis is 

made regarding its important metallogenic role in concentrating the region's gold 

potential. 

 

1. ɺʚʝʜʝʥʠʝ. ɼʣʷ ʤʝʪʘʣʣʦʛʝʥʠʠ ʟʦʣʦʪʘ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʠʭ ʤʝʟʦʟʦʠʜ ʭʘʨʘʢʪʝʨʥʦ ʣʠʥʝʡʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʦʛʣʘʩʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʣʘʜʯʘʪʳʭ ʩʪʨʫʢʪʫʨ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʚʦʟʨʘʩʪʘ (ʧʦʟʜʥʝʶʨʩʢʦ-ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʠ ʨʘʥʥʝʤʝʣʦʚʦʛʦ). ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʜʘʥʥʳʤ ʠʟ ʥʠʭ 

ʠʟʚʣʝʯʝʥʦ ʦʢʦʣʦ 4000 ʪ Au, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʦʩʩʳʧʥʦʛʦ, ʥʦ ʦʥʠ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʨʫʜʥʳʡ 

ʧʦʪʝʥʮʠʘʣ. ɽʩʣʠ ʧʦʩʤʦʪʨʝʪʴ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥ ʵʪʦʪ ʧʦʪʝʥʮʠʘʣ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ ʚʳʷʚʣʷʝʪʩʷ 

ʪʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ ʨʝʛʠʦʥʘ (ʅʘʪʘʣʢʘ, ʇʘʚʣʠʢ, 

ɼʝʛʜʝʢʘʥ, ʅʝʞʜʘʥʠʥʩʢʦʝ ï ʪʦʣʴʢʦ ʧʦʜʩʯʠʪʘʥʥʳʝ ʟʘʧʘʩʳ, ʧʦ ʨʘʟʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʙʦʣʝʝ 2000 

ʪ) ʚ ʣʠʥʝʡʥʳʭ ʧʦʷʩʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʨʦʛʝʥʥʳʭ ʩʢʣʘʜʯʘʪʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʘʤ ʆʭʦʪʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ. ʉʣʫʯʘʡʥʦ ʵʪʦ, 

ʠʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʢʦʥʦʤʝʨʥʫʶ ʘʩʩʦʮʠʘʮʠʶ? ʈʘʩʩʤʦʪʨʝʥʠʶ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʠ 

ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

 

2. ʆʩʥʦʚʥʦʡ ʨʘʟʜʝʣ. ʆʭʦʪʩʢʠʡ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʪʳʢʝ ʜʚʫʭ 

ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʭ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʦʚ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ɸʟʠʠ ï ʧʦʟʜʥʝʶʨʩʢʦ-ʨʘʥʥʝʤʝʣʦʚʦʛʦ 

ʗʥʦ-ʂʦʣʳʤʩʢʦʛʦ ʠ ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʆʭʦʪʩʢʦ-ʂʦʨʷʢʩʢʦʛʦ. ɺ ʝʛʦ ʩʦʩʪʘʚʝ ʠʟʚʝʩʪʥʳ ʙʣʦʢʠ ʩ 

ʘʨʭʝʡʩʢʠʤ (ʙʦʣʝʝ 3.5 ʤʣʨʜ ʣʝʪ) ʦʩʥʦʚʘʥʠʝʤ (ʆʭʦʪʦ-ʂʫʭʪʫʡʩʢʠʡ, ʄʘʡʩʢʠʡ), ʢʦʪʦʨʳʝ ʧʦ 

ʜʘʥʥʳʤ ʛʝʦʬʠʟʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʭʦʜʳ ʦʩʥʦʚʘʥʠʷ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʧʝʨʝʢʨʳʪʦʡ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʠ ʤʝʟʦʟʦʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ [1, 2, 3]. ɺ ʗʥʦ-ʂʦʣʳʤʩʢʦʤ 

ʦʨʦʛʝʥʥʦʤ ʧʦʷʩʝ ʧʦʛʨʫʞʝʥʥʘʷ ʯʘʩʪʴ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʫʧʦʨ, 

ʩ ʥʘʜʚʠʛʘʥʠʝʤ ʥʘ ʥʝʛʦ ʩʪʨʫʢʪʫʨ ɸʷʥ-ʖʨʷʭʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ, ʪ.ʝ. ʠʛʨʘʣʘ ʧʘʩʩʠʚʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ. ɺ ʆʭʦʪʩʢʦ-ʂʦʨʷʢʩʢʦʤ ʦʨʦʛʝʥʥʦʤ ʧʦʷʩʝ, ʩʫʜʷ ʧʦ 

ʜʘʥʥʳʤ ʩʪʨʫʢʪʫʨʥʦʡ ʛʝʦʣʦʛʠʠ [2], ʆʭʦʪʩʢʠʡ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ ʠʛʨʘʣ ʘʢʪʠʚʥʫʶ ʨʦʣʴ, 

ʥʘʜʚʠʛʘʷʩʴ ʥʘ ʩʪʨʫʢʪʫʨʳ ʖʞʥʦ-ɺʝʨʭʦʷʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʘʢʢʨʝʮʠʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʋʜʩʢʦ-ʄʫʨʛʘʣʴʩʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʫʛʠ. 

ɿʦʣʦʪʦʥʦʩʥʦʩʪʴ ʗʥʦ-ʂʦʣʳʤʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʦʙʨʘʤʣʝʥʠʠ 

ʆʭʦʪʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʘ. ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʯʘʩʪʠ ʧʦʷʩʘ ʚ ʥʝʤ 

ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʧʦʣʦʩʳ ʟʦʣʦʪʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʩ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʢʨʫʧʥʝʡʰʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʚʢʨʘʧʣʝʥʥʦʛʦ ʪʠʧʘ (ʅʘʪʘʣʢʘ, ʇʘʚʣʠʢ, ɼʝʛʜʝʢʘʥ) 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʵʪʦʤʫ ʬʣʘʥʛʫ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ. ʇʨʠʯʝʤ ʚʩʝ ʫʢʘʟʘʥʥʳʝ ʦʙʲʝʢʪʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʦʥʝ ʨʘʟʣʦʤʦʚ, ʦʙʨʘʤʣʷʶʱʠʭ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ, ʘ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɼʝʛʜʝʢʘʥ 

ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʘʧʠʢʘʣʴʥʦʡ ʯʘʩʪʴʶ ʨʘʥʥʝʤʝʣʦʚʦʛʦ (U-Pb 142,3-137 ʤʣʥ ʣʝʪ) ʛʨʘʥʠʪʥʦ-



ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʚʘʣʘ, ʩʫʜʷ ʧʦ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʢʩʝʥʦʣʠʪʦʚ ʤʝʪʘʤʦʨʬʠʪʦʚ ʚ ʜʘʡʢʘʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ [4]. ʉʫʜʷ ʧʦ ʚʩʝʤʫ, ʵʪʦʪ çʚʘʣè ʪʨʘʩʩʠʨʫʝʪ ʜʘʥʥʫʶ ʟʦʥʫ ʨʘʟʣʦʤʦʚ. 

ʉʦʛʣʘʩʥʦ ʜʘʪʠʨʦʚʢʘʤ ʤʘʛʤʘʪʠʟʤʘ ʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ (125-115 ʤʣʥ ʣʝʪ [3, 5]), ʩʪʨʫʢʪʫʨʳ 

ʖʞʥʦʛʦ ɺʝʨʭʦʷʥʴʷ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʩʦʩʪʘʚʝ ʆʭʦʪʩʢʦ-ʂʦʨʷʢʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ, 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚ ʟʘʧʘʜ-ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʆʭʦʪʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʠʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʣʣʘʭ-ʖʥʴʩʢʦʡ ʟʦʣʦʪʦʥʦʩʥʦʡ ʟʦʥʳ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ 

ʢʨʫʧʥʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʨʘʟʣʦʤʘʤʠ (ʄʠʥʦʨʩʢʠʡ, ʂʠʜʝʨʠʢʠʥʩʢʠʡ). ʀ ʟʜʝʩʴ ʪʘʢʞʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʨʫʧʥʝʡʰʠʝ ʦʜʥʦʪʠʧʥʳʝ (ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ ʜʨʦʙʣʝʥʠʷ ʩ ʦʧʝʨʷʶʱʠʤʠ 

ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ) ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ (ʅʝʞʜʘʥʠʥʩʢʦʝ, ɿʘʜʝʨʞʥʦʝ, ʃʘʟʫʨʥʦʝ), 

ʦʙʨʘʤʣʷʶʱʠʝ ʵʪʦʪ ʬʣʘʥʛ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ. 

ɿʦʣʦʪʦʥʦʩʥʦʩʪʴ ʩʘʤʦʛʦ ʆʭʦʪʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʵʧʠʪʝʨʤʘʣʴʥʳʤʠ 

ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤʠ ʥʘʣʦʞʝʥʥʦʛʦ ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ 

ʧʦʩʪʘʢʢʨʝʮʠʦʥʥʦʛʦ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʛʦ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʧʦʷʩʘ (ʆʏɺʇ). ʆʜʥʘʢʦ, ʚ ʨʘʡʦʥʝ ʛ. 

ʆʭʦʪʩʢʘ, ʚ ʃʘʥʞʠʥʩʢʠʭ ʛʦʨʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʦʜʥʦʠʤʝʥʥʫʶ ʛʦʨʩʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʠʟʚʝʩʪʥʘ ʩʝʨʠʷ ʥʝʦʮʝʥʝʥʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʚʢʨʘʧʣʝʥʥʦʛʦ ʠ ʟʦʣʦʪʦ-

ʢʚʘʨʮʝʚʦʛʦ ʪʠʧʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʢʘʢ ʚ ʛʨʘʥʠʪʦʠʜʘʭ, ʪʘʢ ʠ ʚ ʧʝʨʤʩʢʠʭ ʠ ʪʨʠʘʩʦʚʳʭ 

ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʯʝʭʣʘ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ, ʩʭʦʞʠʭ ʩ ʦʨʫʜʝʥʝʥʠʝʤ ʥʝʞʜʘʥʠʥʩʢʦʛʦ ʪʠʧʘ. 

ʀʤʝʥʥʦ ʦʥʠ ʧʦʩʣʫʞʠʣʠ ʠʩʪʦʯʥʠʢʦʤ ʨʦʩʩʳʧʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʆʭʦʪʩʢʦʛʦ ʨʘʡʦʥʘ, ʦʪʢʫʜʘ, 

ʩʦʙʩʪʚʝʥʥʦ, ʚ ʍIʍ ʚʝʢʝ ʠ ʥʘʯʘʣʦʩʴ ʟʦʣʦʪʦ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ɸʟʠʠ [6]. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ 

ʬʨʘʛʤʝʥʪ ʩʢʨʳʪʦʡ ʧʦʜ ʚʫʣʢʘʥʠʪʘʤʠ ʆʏɺʇ ʯʘʩʪʠ ʆʭʦʪʩʢʦ-ʂʦʨʷʢʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ. ɺ 

ʣʶʙʦʤ ʩʣʫʯʘʝ, ʦʥ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʨʘʥʥʝʤʝʣʦʚʳʤ ʋʜʩʢʦ-ʄʫʨʛʘʣʴʩʢʠʤ 

ʧʣʫʪʦʥʠʯʝʩʢʠʤ ʧʦʷʩʦʤ ʛʨʘʥʠʪʦʠʜʦʚ, ʚ ʶʞʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʪʨʘʩʩʠʨʫʶʱʠʤ 

ʢʨʫʧʥʳʡ ʩʫʙʰʠʨʦʪʥʳʡ ʨʘʟʣʦʤ. ʇʦʤʠʤʦ ʛʨʘʥʠʪʦʠʜʦʚ, ʟʜʝʩʴ ʧʨʦʷʚʣʝʥʳ ʪʘʢʞʝ ʚʳʭʦʜʳ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʚʩʢʨʳʪʳʭ ʚ ʥʠʟʦʚʴʷʭ ʨ.ʗʥʳ, ʠ ʧʦʭʦʞʠʭ ʥʘ ʬʨʘʛʤʝʥʪ ʫʧʦʤʷʥʫʪʦʛʦ 

ʚʳʰʝ ɼʝʛʜʝʢʘʥʩʢʦʛʦ ʛʨʘʥʠʪʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʚʘʣʘ, ʥʦ ʩ ʙʦʣʝʝ ʤʦʣʦʜʦʡ U-Pb ʜʘʪʦʡ ʚ 132 

ʤʣʥ ʣʝʪ [7], ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʨʘʥʥʝʤʝʣʦʚʳʤʠ ʜʘʪʠʨʦʚʢʘʤʠ ʅʶʪ-ʋʣʴʙʝʡʩʢʦʛʦ ʠ ʅʝʢʩʢʦʛʦ 

ʤʘʩʩʠʚʦʚ [8]. 

 

3. ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʩʣʫʯʘʡʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ 

ʢʨʫʧʥʳʭ ʩʢʦʧʣʝʥʠʡ ʟʦʣʦʪʘ (ʆʤʯʘʢʩʢʠʡ ʠ ʂʫʨʫʤʦ-ɻʝʣʴʜʠʥʩʢʠʡ ʨʫʜʥʳʝ ʫʟʣʳ) ʚʜʦʣʴ ʢʨʘʝʚ 

ʵʪʦʛʦ ʢʨʫʧʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ ʚ ʗʥʦ-ʂʦʣʳʤʩʢʦʤ ʠ ʆʭʦʪʩʢʦ-ʂʦʨʷʢʩʢʦʤ ʦʨʦʛʝʥʥʳʭ 

ʧʦʷʩʘʭ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʞʝʩʪʢʠʡ 

ʩʪʨʫʢʪʫʨʥʳʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʙʣʦʢ ʩʦʟʜʘʝʪ ʟʦʥʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʛʨʫʟʢʠ ʧʨʠ ʩʞʘʪʠʠ ʚ 

ʦʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʦʢʘʣʴʥʳʭ ʘʨʝʘʣʦʚ ʟʦʥʘʣʴʥʦʛʦ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʦʙʠʣʠʟʘʮʠʠ ʟʦʣʦʪʘ ʠʟ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʦʨʦʜʳ ʧʝʨʤʩʢʦʛʦ ʫʨʦʚʥʷ, ʦʙʦʛʘʱʝʥʥʳʝ ʟʦʣʦʪʦʤ [9, 10]). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʘʢʠʝ 

ʧʨʠʢʦʥʪʘʢʪʦʚʳʝ ʨʘʟʣʦʤʥʳʝ ʟʦʥʳ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʛʣʠ ʩʣʫʞʠʪʴ ʤʝʩʪʦʤ ʨʘʟʛʨʫʟʢʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʬʣʶʠʜʥʳʭ ʧʦʪʦʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ. 

ʀʩʭʦʜʷ ʠʟ ʪʘʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʚʝʩʪʥʳʝ ʩʣʘʙʦʠʟʫʯʝʥʥʳʝ 

ʦʙʲʝʢʪʳ ʢʘʢ ɸʣʣʘʭ-ʖʥʴʩʢʦʡ ʟʦʥʳ (ʥʘʧʨʠʤʝʨ, ʃʘʟʫʨʥʦʝ) ʆʭʦʪʩʢʦ-ʂʦʨʷʢʩʢʦʛʦ ʧʦʷʩʘ, ʪʘʢ ʠ 

ʊʝʥʴʢʠʥʩʢʦʡ ʟʦʥʳ ʗʥʦ-ʂʦʣʳʤʩʢʦʛʦ ʧʦʷʩʘ, ʘ ʪʘʢʞʝ ʢ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʃʘʥʞʠʥʩʢʦʛʦ ʛʦʨʩʪʘ ʶʞʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ.  

 

4. ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ. ʄʘʪʝʨʠʘʣʳ ʧʦʜʛʦʪʦʚʣʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʤʳ FWWG-2026-0013 ʛʦʩʟʘʜʘʥʠʷ 

ʉɺʂʅʀʀ ɼɺʆ ʈɸʅ 
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DOI: 

549.283 (571.56) 

 

ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ  

ʨʫʯ. ɸʥʜʨʝʝʚʩʢʠʡ (ʉʫʪʘʤʩʢʠʡ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʡ ʨʘʡʦʥ, ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʡ ʱʠʪ) 

ɾʫʨʘʚʣʝʚ ɸ.ʀ., ʅʠʢʠʬʦʨʦʚʘ ɿ.ʉ., ʃʦʩʢʫʪʦʚ ɽ.ɽ., ʂʘʞʝʥʢʠʥʘ ɸ.ɻ. 

ʀɻɸɹʄ ʉʆ ʈɸʅ, ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʳ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʩʳʧʥʦʛʦ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʚ ʧʨʝʜʝʣʘʭ ʉʫʪʘʤʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʨʘʡʦʥʘ ɸʣʜʘʥʦ-

ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ (ʨʫʯ. ɸʥʜʨʝʝʚʩʢʠʡ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʦʣʦʪʦ ʠʤʝʝʪ ʚ ʦʩʥʦʚʥʦʤ 

ʨʘʟʤʝʨʳ ʦʪ 0,25 ʜʦ 0,5 ʤʤ ʠ ʩʨʝʜʥʶʶ ʦʢʘʪʘʥʥʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʟʦʣʦʪʦ 

ʢʦʤʢʦʚʠʜʥʦʡ ʠ ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ, ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʛʝʤʠʠʜʠʦʤʦʨʬʥʳʝ, 

ʫʜʣʠʥʝʥʥʳʝ ʠ ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ ʟʦʣʦʪʠʥʳ. ʇʨʦʙʥʦʩʪʴ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʚʘʨʴʠʨʫʝʪ 

ʦʪ 487 ʜʦ 945 ă. ɹʦʣʝʝ 80 % ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʟʦʣʦʪʠʥ ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʨʦʙʥʦʩʪʴ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʜʦ 1% ʟʝʨʥʘ ʵʣʝʢʪʨʫʤʘ. ʉʨʝʜʥʝʧʨʦʙʥʳʝ ʟʦʣʦʪʠʥʳ ʤʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 8 %, ʦʪʤʝʯʘʶʪʩʷ ʝʜʠʥʠʮʳ ʧʨʦʮʝʥʪʦʚ ʟʦʣʦʪʘ ʩ 

ʚʳʩʦʢʦʡ ʧʨʦʙʥʦʩʪʴʶ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʤʢʦʚʠʜʥʳʭ ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʬʦʨʤ ʟʦʣʦʪʘ 

ʩʨʝʜʥʝʡ ʧʨʦʙʥʦʩʪʠ ʩ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ ʢʚʘʨʮʘ ʠ ʧʠʨʠʪʘ, ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʦ ʥʘʣʠʯʠʠ ʩʨʝʜʥʝʛʣʫʙʠʥʥʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʩʣʘʙʦʦʢʘʪʘʥʥʦʛʦ ʟʦʣʦʪʘ ʩ ʥʠʟʢʦʡ ʧʨʦʙʥʦʩʪʴʶ ʠ ʛʝʤʠʠʜʠʦʤʦʨʬʥʳʤʠ, 

ʜʝʥʜʨʠʪʦʚʠʜʥʳʤʠ ʬʦʨʤʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʫʤʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʶʪʩʷ 

ʟʦʣʦʪʦʨʫʜʥʳʝ ʦʨʫʜʝʥʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʛʣʫʙʠʥ. 
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Abstract. The mineralogical and geochemical characteristics of native placer gold within 

the Sutamsky ore-placer region of the Aldan-Stanovoy Shield (Andreevsky Creek) were 

studied. Gold grains primarily range in size from 0.25 to 0.5 mm and have medium 

roundness. Lumpy and plate-shaped gold grains are the most common, while hemi-hedral, 

elongated, and dendritic gold grains are rare. The fineness of native gold grains varies from 

487 to 945 ă. Over 80% of all studied gold grains are of low fineness, few percents of 

medium and high also observed. The prevalence of lumpy and plate-shaped forms of 

medium-fineness gold with quartz and pyrite microinclusions suggests the presence of mid-

depth primary sources. The predominance of weakly rounded gold with low fineness and 

hemi-idiomorphic, dendritic forms, as well as the presence of electrum, indicate that the 

main sources in the study area are gold mineralizations formed in shallow depth conditions. 

 

1.  ɺʚʝʜʝʥʠʝ 

ʈʦʩʩʳʧʴ ʨʫʯʴʷ ɸʥʜʨʝʝʚʩʢʠʡ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʶʛʝ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʚ ʧʨʝʜʝʣʘʭ 

ʉʫʪʘʤʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʨʘʡʦʥʘ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ. ʀʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ 

ʩʣʦʞʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʶʨʩʢʦʛʦ ʠ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʩʯʘʥʠʢʘʤʠ ʠ 

ʘʣʝʚʨʦʣʠʪʘʤʠ (ʈʠʩʫʥʦʢ 1). ʄʘʛʤʘʪʠʟʤ ʩʚʷʟʘʥ ʩ ʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʝʡ ɸʣʘʜʥʦ-ʉʪʘʥʦʚʦʛʦ ʱʠʪʘ ʠ ʧʨʦʷʚʣʝʥ ʦʙʰʠʨʥʳʤʠ ʪʝʣʘʤʠ ʧʦʟʜʥʝʶʨʩʢʦ-ʤʝʣʦʚʳʭ 

ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʜʘʡʢʠʤʠ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ [1]. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʠʟʚʝʩʪʥʳ 

ʝʜʠʥʠʯʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʠʷ ʠ ʧʫʥʢʪʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʦʣʦʪʘ, ʦʜʥʘʢʦ 



ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʠ ʢʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʣʷ ʥʠʭ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ. ʅʘʣʠʯʠʝ ʙʦʛʘʪʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ.   

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦʛʥʦʟʘ ʪʠʧʦʚ ʠ ʧʦʠʩʢʘ ʨʫʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [2, 3, 4]. ʄʦʨʬʦʣʦʛʠʷ, ʩʪʝʧʝʥʴ 

ʦʢʘʪʘʥʥʦʩʪʠ, ʪʠʧʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʯʘʩʪʠʮ ʦʪʨʘʞʘʶʪ ʧʝʨʚʠʯʥʳʝ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ 

ʧʨʦʮʝʩʩʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʠʭ ʚ ʵʢʟʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ [5, 6]. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʠʧʦʤʦʨʬʠʟʤʘ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʘʢʪʫʘʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʨʝʰʝʥʳ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʢʘʢ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʜʦʥʦʩʥʦʩʪʠ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʠʘʬʪʦʨʝʟʘ ʧʦ ʜʦʢʝʤʙʨʠʡʩʢʠʤ ʧʦʨʦʜʘʤ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʥʦʛʦ 

ʤʝʟʦʟʦʡʩʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʛʨʘʥʠʪ-ʛʨʘʥʦ-ʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʩ ʧʦʜʦʙʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʤʝʞʥʦʛʦ ʉʦʣʦʚʴʝʚʩʢʦʛʦ 

ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʮʝʥʪʨʘ ʩʚʷʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʡ ʠ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʡ [7].  

 

 
 

ʈʠʩʫʥʦʢ 1. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ-ʩʭʝʤʘ ʨʦʩʩʳʧʠ ʨʫʯ. ɸʥʜʨʝʝʚʩʢʠʡ ʧʦ ʄ.ɿ. ɻʣʫʭʦʚʩʢʦʤʫ ʠ ʅ.ɻ. 

ʂʠʩʣʷʢʦʚʦʡ [8] ʩ ʫʧʨʦʱʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ. 1 ï ʘʨʭʝʡʩʢʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʬʫʥʜʘʤʝʥʪʘ, ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ; 2 ï ʘʨʭʝʡʩʢʠʝ ʛʘʙʙʨʦ ʠ ʧʝʨʠʜʦʪʠʪʳ; 3 ï ʘʨʭʝʡʩʢʠʝ ʘʣʷʩʢʠʪʦʚʳʝ 

ʛʨʘʥʠʪʳ ʨʦʟʦʚʳʝ ʠ ʙʝʣʳʝ; 4 ï ʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʝ ʠ ʙʠʦʪʠʪʦʚʳʝ ʛʥʝʡʩʳ ʩ 

ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʛʥʝʡʩʦʚ ʠ ʘʤʬʠʙʦʣʠʪʦʚ; 5 ï ʧʨʦʪʝʨʦʟʦʡʩʢʠʝ 

ʘʧʣʠʪʦʚʠʜʥʳʝ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʙʠʦʪʠʪʦʚʳʝ ʛʥʝʡʩʦʚʠʜʥʳʝ ʛʨʘʥʠʪʳ, ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ; 6 ï 

ʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʳ, ʘʤʬʠʙʦʣʠʪʳ; 7 ï ʶʨʩʢʠʝ ʪʝʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ; 8 ï ʤʝʣʦʚʳʝ ʪʝʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʫʥʜʳʪʢʘʥʩʢʦʡ ʩʚʠʪʳ; 9 ï ʤʝʣʦʚʳʝ ʛʨʘʥʦ-

ʜʠʦʨʠʪʳ; 10 ï ʤʝʣʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ ʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ (ʜʘʡʢʠ ʠ ʤʘʣʳʝ ʪʝʣʘ); 11 ï 

ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ; 12 ï ʜʠʘʬʪʦʨʠʪʳ; 13 ï ʜʠʘʬʪʦʨʠʨʦʚʳʥʥʳʝ ʧʦʨʦʜʳ; 

14 ï ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ; 15 ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ; 16 ï ʨʦʩʩʳʧʠ ʟʦʣʦʪʘ; 

17 ï ʟʦʣʦʪʦʥʦʩʥʘʷ ʨʦʩʩʳʧʴ ʨʫʯ. ɸʥʜʨʝʝʚʩʢʠʡ; 18 ï ʟʦʣʦʪʦʨʫʜʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ 

ʬʦʨʤʘʮʠʠ ʧʦ ɸ.ʃ. ʗʰʥʦʚʫ [9]; 19 ï ʧʠʨʠʪʠʟʘʮʠʷ; 20 ï ʩʝʨʠʮʠʪʠʟʘʮʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʦʙʱʠʤ ʚʝʩʦʤ ʧʨʠʤʝʨʥʦ 509 ʤʛ ʠʟ 11 ʰʣʠʭʦʚʳʭ ʧʨʦʙ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʢʦʣʦ 1000 ʟʝʨʝʥ, ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʠ ʠ ʤʦʨʬʦʣʦʛʠʠ ʟʦʣʦʪʘ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʢʣʶʯʘʣ ʚʳʜʝʣʝʥʠʝ ʧʷʪʠ ʬʨʘʢʮʠʡ ʟʝʨʝʥ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ: >1 ʤʤ, 

0,5ï1 ʤʤ, 0,25ï0,5 ʤʤ, 0,12ï0,25 ʤʤ ʠ <0,12 ʤʤ. ɼʣʷ ʢʘʞʜʦʡ ʬʨʘʢʮʠʠ ʚʠʟʫʘʣʴʥʦ ʧʦʜ 

ʙʠʥʦʢʫʣʷʨʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʄʠʢʨʦʤʝʜ MC-5-ZOOM-LED ʩʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 



ʅ.ɺ. ʇʝʪʨʦʚʩʢʦʡ [2] ʦʧʨʝʜʝʣʝʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʪʠʧ, ʩʪʝʧʝʥʴ ʦʢʘʪʘʥʥʦʩʪʠ, ʭʘʨʘʢʪʝʨ 

ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʩʨʦʩʪʢʦʚ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʩʳʧʥʦʛʦ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʨʫʯ. ɸʥʜʨʝʝʚʩʢʠʡ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʝʛʦ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

2.  ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʈʦʩʩʳʧʴ ʨʫʯ. ɸʥʜʨʝʝʚʩʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʬʨʘʢʮʠʡ ʟʦʣʦʪʘ ʤʝʥʝʝ 0,5 ʤʤ 

(ʊʘʙʣʠʮʘ 1). ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʦʣʦʪʠʥ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʣʘʩʩ 0,25ï0,5 ʤʤ ʚʦ ʚʩʝʭ 

ʧʨʦʙʘʭ (ʜʦ 50ï70 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʟʥʘʢʦʚ ʚ ʧʨʦʙʝ), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʙʳ 14/77-ɹ, ʛʜʝ ʜʦʣʷ 

ʬʨʘʢʮʠʠ 0,12ï0,25 ʤʤ ʜʦʩʪʠʛʘʝʪ 61 %. ʂʨʫʧʥʦʝ ʟʦʣʦʪʦ (>1 ʤʤ) ʝʜʠʥʠʯʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 2 

%. 

ʊʘʙʣʠʮʘ 1 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʦʩʩʳʧʥʦʛʦ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʨʫʯ. ɸʥʜʨʝʝʚʩʢʠʡ 

ʌʨʘʢʮʠʷ (ʤʤ.) ʂʦʣʠʯʝʩʪʚʦ (ʰʪ.) % 

1 ï 2 12 1,2 

0,5 ï 1 101 10,1 

0,25 ï 0,5 476 47,6 

0,12 ï 0,25 411 41,1 

 

ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙʘʭ ʜʦʤʠʥʠʨʫʶʪ ʢʦʤʢʦʚʠʜʥʳʝ (ʚ ʩʨʝʜʥʝʤ 30ï40 %) ʠ ʧʣʘʩʪʠʥʯʘʪʳʝ (15ï

30 %) ʬʦʨʤʳ (ʊʘʙʣʠʮʘ 2). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʜʠʢʘʪʦʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʜʦʣʷ ʛʝʤʠʠʜʠʦʤʦʨʬʥʳʭ ʠ ʜʝʥʜʨʠʪʦʚʠʜʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʫʜʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ. ʊʘʢ, ʚ ʧʨʦʙʘʭ 15/77 ʠ 14/77-ɹ ʛʝʤʠʜʠʦʤʦʨʬʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʩʦʩʪʘʚʣʷʶʪ 47 % ʠ 30 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ ʬʦʨʤʳ ʚ 14/77-ɹ ï 16 %. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʩʨʦʩʪʢʦʚ ʟʦʣʦʪʘ ʩ ʢʚʘʨʮʝʤ ʪʦʣʴʢʦ ʢ ʧʨʦʙʘʤ ɼ-178, 14/77-

ɹ, 19/77. ʈʘʥʝʝ, ʅ.ɺ. ʇʝʪʨʦʚʩʢʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (1971), ʦʪʤʝʯʘʣʦʩʴ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ 

ʢʨʠʩʪʘʣʣʦʚʠʜʥʳʭ, ʜʝʥʜʨʠʪʦʚʠʜʥʳʭ ʠ ʢʨʫʧʥʳʭ ʬʦʨʤ ʟʦʣʦʪʘ ʥʘ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʠʞʥʝʛʦ ʇʨʠʘʤʫʨʴʷ. ɸʚʪʦʨʘʤʠ ʫʢʘʟʘʥʦ, ʯʪʦ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 20ï30 ʜʦ 90% 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ (ʩʚʳʰʝ 0,2 ʤʤ) ʯʘʩʪʠʮ ʟʦʣʦʪʘ ɹʝʣʦʡ ɻʦʨʳ ʠ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʟʦʣʦʪʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʥʦʛʦʚʝʨʰʠʥʥʦʛʦ ʠ ʫʯʘʩʪʢʘ ɹʫʭʪʷʢʠ [10]. ʕʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʃ.ɸ. ʅʠʢʦʣʘʝʚʦʡ [3], ʯʪʦ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʳʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʠ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʠ ʥʘʰʠʤʠ ʧʦʣʫʯʝʥʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʊʘʙʣʠʮʘ 2 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʩʳʧʥʦʛʦ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʨʫʯ. ɸʥʜʨʝʝʚʩʢʠʡ 

ʌʦʨʤʘ % 

ʂʦʤʢʦʚʠʜʥʘʷ 34,2 

ʇʣʘʩʪʠʥʯʘʪʘʷ 26,3 

ɻʝʤʠʠʜʠʦʤʦʨʬʥʘʷ 23,6 

ʋʜʣʠʥʝʥʥʘʷ 9,7 

ɼʝʥʜʨʠʪʦʚʠʜʥʘʷ 6,2 

 

ɺ ʮʝʣʦʤ ʚ ʨʦʩʩʳʧʠ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʩʨʝʜʥʝ ʦʢʘʪʘʥʥʳʝ ʟʝʨʥʘ (ɼ-87, ɼ-178, ɼ-179, 12/77, 

ʃ-40, ʃ-42, ʃ-44, ʃ-58), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 70ï90 %. ɺ ʧʨʦʙʘʭ 15/77 ʠ 14/77-ɹ ʜʦʤʠʥʠʨʫʶʪ ʩʣʘʙʦ- ʠ 

ʧʦʣʫʦʢʘʪʘʥʥʳʝ ʟʝʨʥʘ (80ï90 %), ʚʝʨʦʷʪʥʦ ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʙʣʠʞʥʠʡ ʩʥʦʩ ʦʪ ʢʦʨʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʟʦʣʦʪʠʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤ ʤʠʢʨʦʨʝʣʴʝʬʦʤ ï 

ʰʘʛʨʝʥʝʚʳʤ, ʷʤʯʘʪʦ-ʙʫʛʦʨʯʘʪʳʤ ʠ ʷʯʝʠʩʪʳʤ. ɺ ʟʦʣʦʪʝ ʠʥʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ 

ʫʛʣʫʙʣʝʥʠʡ ʧʝʣʠʪʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʨʳʭ ʠ ʯʝʨʥʳʭ ʧʣʝʥʦʢ 

ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ɺ ʧʨʦʙʘʭ ɼ-87, ɼ-179, 12/77 ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʟʦʣʦʪʠʥ ʥʘʠʙʦʣʝʝ ʷʨʢʦ 

ʚʳʨʘʞʝʥʳ. 



ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʦʙʥʦʩʪʴ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 

487 ʜʦ 945 ă. ɹʦʣʝʝ 80 % ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʟʦʣʦʪʠʥ ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʨʦʙʥʦʩʪʴ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʚʳʜʝʣʷʶʪʩʷ ʜʦ 1% ʟʝʨʥʘ ʵʣʝʢʪʨʫʤʘ. ʉʨʝʜʥʝʧʨʦʙʥʳʝ ʟʦʣʦʪʠʥʳ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 8 %, ʦʪʤʝʯʘʶʪʩʷ ʝʜʠʥʠʮʳ ʧʨʦʮʝʥʪʦʚ ʟʦʣʦʪʘ ʩ ʚʳʩʦʢʦʡ ʧʨʦʙʥʦʩʪʴʶ. ɺ ʟʦʣʦʪʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʢʚʘʨʮʘ, ʧʠʨʠʪʘ ʠ ʵʣʝʢʪʨʫʤʘ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʪʦʥʢʠʝ ʚʳʩʦʢʦʧʨʦʙʥʳʝ ʦʙʦʣʦʯʢʠ.  

3.  ɺʳʚʦʜʳ 

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʨʦʩʩʳʧʠ ʨʫʯ. ɸʥʜʨʝʝʚʩʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʦʣʦʪʠʥʘʤʠ, ʧʝʨʝʥʝʩʝʥʥʳʤʠ ʥʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʤʢʦʚʠʜʥʳʭ ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʬʦʨʤ ʟʦʣʦʪʘ 

ʩʨʝʜʥʝʡ ʧʨʦʙʥʦʩʪʠ ʩ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ ʢʚʘʨʮʘ ʠ ʧʠʨʠʪʘ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦ ʥʘʣʠʯʠʠ 

ʩʨʝʜʥʝʛʣʫʙʠʥʥʦʛʦ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʣʘʙʦʦʢʘʪʘʥʥʦʛʦ ʟʦʣʦʪʘ ʩ 

ʥʠʟʢʦʡ ʧʨʦʙʥʦʩʪʴʶ ʠ ʛʝʤʠʠʜʠʦʤʦʨʬʥʳʤʠ, ʜʝʥʜʨʠʪʦʚʠʜʥʳʤʠ ʬʦʨʤʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ 

ʵʣʝʢʪʨʫʤʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʷʚʣʷʶʪʩʷ ʟʦʣʦʪʦʨʫʜʥʳʝ ʦʨʫʜʝʥʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʛʣʫʙʠʥ. 

4. ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ 

ʢʦʣʣʝʢʮʠʶ ʟʦʣʦʪʘ, ʩʦʙʨʘʥʥʫʶ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ɻʝʥʝʟʠʩʘ ʨʦʩʩʳʧʝʡ ï ʕ.ɼ. ʀʟʙʝʢʦʚʫ, 

ɺ.ɽ. ʌʠʣʠʧʧʦʚʫ, ɸ.ɻ. ʅʠʢʠʬʦʨʦʚʫ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀɻɸɹʄ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ FUFG-2024-0006). 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʄʉɹ ʟʦʣʦʪʘ ʩʫʙʲʝʢʪʘ ʚʳʨʘʞʘʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʝʡ ʧʦʛʘʰʝʥʥʳʭ 

ʜʦʙʳʯʝʡ ʟʘʧʘʩʦʚ ʟʘ ʩʯʝʪ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʨʫʜʥʳʭ 

ʩʦʙʩʪʚʝʥʥʦ ʟʦʣʦʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʉʦʦʪʥʦʰʝʥʠʝ ʜʦʙʳʯʘ/ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ 

ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ, ʧʦʢʘʟʳʚʘʝʪ ʜʝʬʠʮʠʪ ʧʨʠʨʦʩʪʘ ʟʘʧʘʩʦʚ ʚ 4 ʪ/ʛʦʜ ʚ ʩʨʝʜʥʝʤ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ. ɺʦʟʤʦʞʥʦʩʪʠ ʧʦ ʜʦʨʘʟʚʝʜʢʝ ʟʘʧʘʩʦʚ ʠʟʚʝʩʪʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʮʝʥʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʳ. 

 

Analysis of the state of the mineral resource base of gold in the Republic of Sakha 

(Yakutia) for the period 2010-2025. 

Zarubin I.A. 
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Abstract. The development of the region's gold mineral resource base is characterized by 

the compensation of reserves depleted by mining through geological exploration, primarily 

at ore gold deposits. The alluvial gold production/replacement ratio shows a reserve growth 

deficit of 4 t/year on average over the past 15 years. Potential for further exploration of 

known, preliminarily estimated placers is extremely limited. 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʥʘʯʘʣʦ 2025 ʛ. ʙʳʣʦ 

ʫʯʪʝʥʦ 837 ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʟʘʧʘʩʘʤʠ ʨʘʟʚʝʜʘʥʥʳʭ ʢʘʪʝʛʦʨʠʡ ʧʦʨʷʜʢʘ  920 ʪʦʥʥ ʟʦʣʦʪʘ, 

ʦʮʝʥʝʥʥʳʭ ï 990 ʪʦʥʥ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʨʝʥʥʳʤʠ ʠ ʨʦʩʩʳʧʥʳʤʠ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʪʠʧʘʤʠ. ɿʘʧʘʩʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ 86 ʢʦʨʝʥʥʳʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ 13 ʢʦʤʧʣʝʢʩʥʳʭ ʠ 751 ʨʦʩʩʳʧʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

ʅʘ ʜʦʣʶ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʥʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ 92,5% ʦʪ ʚʩʝʭ 

ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʟʦʣʦʪʘ ʢʘʪʝʛʦʨʠʠ ɸ+ɺ+ʉ1. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ 

ʟʦʣʦʪʘ ʫʯʠʪʳʚʘʝʪʩʷ ʥʘ ʙʘʣʘʥʩʝ ʧʨʝʜʧʨʠʷʪʠʡ: ɸʆ çʖʞʥʦ-ɺʝʨʭʦʷʥʩʢʘʷ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʢʦʤʧʘʥʠʷè (26,9%), çʅʝʨʶʥʛʨʠ-ʄʝʪʘʣʣʠʢè (14,4%), ʆʆʆ "ɹʝʣʦʝ 

ɿʦʣʦʪʦ" (7,7%), ɸʆ çʇʦʣʶʩ ɸʣʜʘʥè (7,4%), ɸʆ çʉɸʍɸ ɻʦʣʜ ʄʘʡʥʠʥʛè (6,1%), ɸʆ 

"ʕʣʴʢʦʥʩʢʠʡ ɻʄʂ" (3,8%), ɸʆ "ɿʦʣʦʪʦ ʉʝʣʠʛʜʘʨʘ" (2,7%), ʆʆʆ çɺʦʩʪʦʢè (2,2%).  

 

 
ʈʠʩʫʥʦʢ 1. ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʥʜʘ ʠ ʜʦʙʳʯʠ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ (ʪ)*  - ʧʦʛʘʰʝʥʠʝ 

ʜʦʙʳʯʝʡ ʚ ʥʝʜʨʘʭ ʧʦʢʘʟʘʥʦ ʚ ʭ/ʯ ʠ ʚʢʣʶʯʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ. 

ʧʨʠʭʦʜʠʪʩʷ 7,5% ʦʪ ʚʩʝʭ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʟʦʣʦʪʘ ʩʫʙʲʝʢʪʘ. 
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