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ʇʈɽɼʀʉʃʆɺʀɽ 

 

 

ʂʦʥʬʝʨʝʥʮʠʷ çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʤʠʥʝʨʘʛʝʥʠʷ ʉʝʚʝʨʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè, ʧʦʩʚʷ-
ʱʝʥʥʘʷ 45-ʣʝʪʠʶ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʆ ʈɸʅ ð ʪʨʘʜʠʮʠʦʥʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ, ʧʨʦ-

ʜʦʣʞʘʶʱʝʝ ʩʝʨʠʶ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʧʨʦʚʦʜʠʤʳʭ ɻʝʦʣʦʛʠ-

ʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʉʆ ʈɸʅ ʚ ʩʦʜʨʫʞʝʩʪʚʝ ʩ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ.  

ʇʝʨʚʘʷ ʠʟ ʥʠʭ ð ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʦʚʳʝ ʠ ʥʝʪʨʘʜʠ-

ʮʠʦʥʥʳʝ ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʨʠʙʘʡʢʘʣʴʷ ʠ ɿʘʙʘʡʢʘʣʴʷè (ʋʣʘʥ-ʋʜʵ, 2010). ʋʩʧʝʭ ʤʝʨʦ-

ʧʨʠʷʪʠʷ ʧʨʠʚʝʣ ʢ ʨʘʩʰʠʨʝʥʠʶ ʪʝʤʘʪʠʢʠ ʚʪʦʨʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʥʘ ɹʘʡʢʘʣʝ ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ II ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʠʥʝʨʘʛʝʥʠʷ ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʦʡ ɸʟʠʠè (ʋʣʘʥ-ʋʜʵ, ʩ. ʉʫʭʘʷ ʂʘʙʘʥʩʢʦʛʦ ʨʘʡʦʥʘ, 2011). III ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʠʥʝʨʘʛʝʥʠʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠè ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ 20-

ʣʝʪʠʶ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ɹʫʨʷʪʩʢʦʛʦ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʘ (ʋʣʘʥ-ʋʜʵ, 2012). ɿʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠ-

ʨʠʣʠʩʴ ʪʝʤʘʪʠʢʘ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʤʠʥʝʨʘʛʝʥʠʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠè, ʧʦʩʚʷʱʝʥʥʦʡ 40-ʣʝʪʠʶ ɻʝʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʆ ʈɸʅ (ʋʣʘʥ-ʋʜʵ, 2013). ʂʦʥʬʝʨʝʥʮʠʠ ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʟ-

ʚʝʩʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʥʘʯʠʥʘʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʈʦʩʩʠʠ ʠ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ. 

ɺ ʨʘʤʢʘʭ V ʢʦʥʬʝʨʝʥʮʠʠ çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʤʠʥʝʨʘʛʝʥʠʷ ʉʝʚʝʨʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠè, ʯʴʠ ʪʝʟʠʩʳ ʧʨʝʜʣʘʛʘʶʪʩʷ ɺʘʰʝʤʫ ʚʥʠʤʘʥʠʶ, ʙʳʣʠ ʦʙʩʫʞʜʝʥʳ ʚʦʧʨʦʩʳ ʪʝʢʪʦʥʠʢʠ, 

ʤʘʛʤʘʪʠʟʤʘ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʉʝʚʝʨʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (ʧʦ ʧʝʪʨʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤ, ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ), ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ 

ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ; ʛʝʥʝʟʠʩʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ; ʩʚʷʟʠ ʨʫʜʦʦʙʨʘʟʦ-

ʚʘʥʠʷ ʩ ʵʥʜʦʛʝʥʥʳʤʠ ʠ ʵʢʟʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ; ʥʝʨʫʜʥʦʛʦ ʩʳʨʴʷ; ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʜʠʥʘʤʠ-

ʢʠ ʠ ʩʝʡʩʤʦʪʝʢʪʦʥʠʢʠ.  

ʈʷʜ ʜʦʢʣʘʜʦʚ ʧʦʩʚʷʱʝʥ ʤʝʪʦʜʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜ-

ʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʠ ʨʫʜʥʦʡ ʛʝʦʬʠʟʠʢʝ, ʥʝ ʤʝʥʝʝ ʠʥʪʝʨʝʩʥʳ ʜʦʢʣʘʜʳ ʦ ʛʝʦʣʦʛʠʠ ʦʩʘ-

ʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ (ʩʪʨʘʪʠʛʨʘʬʠʷ, ʧʘʣʝʦʥʪʦʣʦʛʠʷ, ʛʝʦʭʠʤʠʷ, ʛʝʦʜʠʥʘʤʠʢʘ, ʦʩʘʜʦʯʥʦʝ ʨʫʜʦʦʙ-

ʨʘʟʦʚʘʥʠʝ), ʠʟʤʝʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʢʣʠʤʘʪʘ, ʛʠʜʨʦʛʝʦʣʦʛʠʠ, ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʛʝʦʵʢʦʣʦʛʠʠ.  

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘ ʨʘʩʧʦʣʘʛʘʶʪ ʦʛʨʦʤʥʳʤ ʘʨʩʝʥʘʣʦʤ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʠʢ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʥʝ ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʥʦ ʟʘʜʘʯʠ, ʠʤʝʶʱʠʝ ʧʨʠ-

ʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʜʦʢʣʘʜʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʚ 

ʨʝʰʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. 
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ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ: ʧʝʪʨʦʛʝʦʭʠʤʠʷ ʧʦʨʦʜ ʠ ʨʫʜ,  

ʠʩʪʦʯʥʠʢʠ ʠ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʫʜʝʥʝʥʠʷ 
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ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ɼʘʚʝʥʜʘ-ʂʣʶʯʝʚʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʫʟʣʘ. ʆʧʨʝʜʝʣʝʥ ʚʦʟʨʘʩʪ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ (Ar/Ar ʤʝʪʦʜ ʩʝʨʠʮʠʪ) ð162Ñ2,3 ʤʣʥ ʣʝʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʦʟʨʘʩʪʫ 

ʠʥʪʨʫʟʠʡ ʘʤʫʜʞʠʢʘʥʦ-ʰʘʭʪʘʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʨʫʜʦʥʦʩʥʦʛʦ 

ʢʚʘʨʮʘ (ŭ18ʆ +6,0é+13,9ă) ʠ ʩʝʨʳ ʩʫʣʴʬʠʜʦʚ (ŭ34S -1é+0,9ă) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʛʤʘʪʠʯʝʩʢʦʤʫ ʠʩʪʦʯʥʠʢʫ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʨʫʜ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʘʤʠ ʦʨʫʜʝʥʝʥʠʷ ʙʳʣʠ ʨʘʟʥʦʛʣʫʙʠʥʥʳʝ ʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʬʣʶʠʜʳ. ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʨʘʟʥʳʝ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʦʣʝʚʦʤʫ ʩʦʩʪʘʚʫ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʬʣʶʠʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ; ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ; ʠʟʦʪʦʧʳ ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ; ʬʣʁʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ; ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ. 
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The Aleksandrovskoe gold deposit is located within Davendʘ-Klyuchevskoy ore cluster. The age of ore for-

mation (Ar/Ar method sericite) is 162Ñ2.3 million years, that corresponds to the age of the intrusions of the Amudzhi-

kano-Shakhtaminsky complex. It is established that the oxygen isotope composition of ore-bearing quartz (ŭ18O 

+6,0...+13,9ă) and sulfide sulfur (ŭ34S -1...+0,9ă) corresponds to the magmatic source. The geochemical features of 

the ore composition indicate that mid-water differentiated to varying degrees magmatic fluids were mineralization 

sources. Hydrothermal fluids of different concentration and salt composition took part in the formation of the gold min-

eralization of the deposit. 

Keywords: gold mineralization; magmatic source; isotopes of oxygen and sulfur; fluid inclusions; Eastern 

Baikal. 

 

ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ 

ʢʨʘʷ, ʚ ʧʨʝʜʝʣʘʭ ɼʘʚʝʥʜʘ-ʂʣʶʯʝʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʦʚʳʡ ʧʦʷʩ, 

ʚʳʜʝʣʝʥʥʳʡ ʉ. ʉ. ʉʤʠʨʥʦʚʳʤ [3]. ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ 

ɼʘʚʝʥʜʘ-ʂʣʶʯʝʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʄʦʛʦʯʠʥʩʢʦʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ ɺʦʩʪʦʯʥʦʛʦ 

ɿʘʙʘʡʢʘʣʴʷ. ʈʘʡʦʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʝ ɸʣʜʘʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʱʠʪʘ, ʚ 

ʪʦʡ ʝʝ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʠʤʳʢʘʝʪ ʢ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʤʫ ʛʣʫʙʠʥʥʦʤʫ ʨʘʟʣʦʤʫ.  

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʘʡʦʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʠʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʝʩʢʦʣʴʢʠʤ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤ ʬʦʨʤʘʮʠʷʤ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʠ 

ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʦʚ. ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʨʭʥʝʘʨʭʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʠʤʝʶʪ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʨʫʟʠʚʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʘʤʫʜʞʠʢʘʥʦ-ʰʘʭʪʘʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʨʘʡʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʨʦʜʘʤʠ ʜʘʡʢʦʚʦ-ʞʠʣʴʥʦʡ ʩʝʨʠʠ: ʛʨʘʥʠʪ-ʧʦʨʬʠʨʘʤʠ, ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʘʤʠ, 

ʜʠʦʨʠʪʦʚʳʤʠ ʧʦʨʬʠʨʠʪʘʤʠ, ʬʝʣʴʟʠʪʘʤʠ, ʤʠʢʨʦʜʠʦʨʠʪʘʤʠ, ʜʠʘʙʘʟʘʤʠ, ʣʘʤʧʨʦʬʠʨʘʤʠ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ (ʩʧʝʩʘʨʪʠʪʳ, ʤʘʣʭʠʪʳ, ʛʨʦʨʫʜʠʪʳ, ʵʩʩʝʢʩʠʪʳ, ʩʧʝʩʘʨʪʠʪʳ, ʦʜʠʥʠʪʳ, ʩʣʶʜʷʥʳʝ ʣʘʤʧʨʦʬʠʨʳ). 

ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʛʨʘʥʠʪʦʠʜʦʚ ʘʤʫʜʞʠʢʘʥʦ-ʰʘʭʪʘʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ 167ï150 ʤʣʥ ʣʝʪ [4]. 

ʅʘ ʂʣʶʯʝʚʩʢʦʤ ʟʦʣʦʪʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʧʨʝʜʝʣʘʭ ɼʘʚʝʥʜʘ-

ʂʣʶʯʝʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʪʘʢʞʝ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʦ ʩ 
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ʟʘʢʣʶʯʠʪʝʣʴʥʳʤʠ ʵʪʘʧʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʝʢ ʘʤʫʜʞʠʢʘʥʦ-ʰʘʭʪʘʤʠʩʥʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʣʘʤʧʨʦʬʠʨʘʤʠ, 

ʛʠʙʨʠʜʥʳʤʠ ʧʦʨʬʠʨʘʤʠ) [1]. 

ʆʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʦʢʘʟʘʣʠ ʫʟʣʳ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢ-

ʪʫʨ ʦʪʥʦʩʷʪʩʷ ɻʣʘʚʥʳʡ ʠ ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ʨʘʟʣʦʤʳ. ʆʩʥʦʚʥʳʤʠ ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʷʚ-

ʣʷʶʪʩʷ ʩʢʦʣʦʚʳʝ ʪʨʝʱʠʥʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʆʯʝʥʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʣʦʢʘʣʠʟʘʮʠʶ 

ʦʨʫʜʝʥʝʥʠʷ ʦʢʘʟʘʣ ʇʦʣʦʛʠʡ ʨʘʟʣʦʤ. ʇʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʝʛʦ ʩ ʢʨʫʪʦʧʘʜʘʶʱʠʤʠ ʞʠʣʘʤʠ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʝ ʟʦʥʳ, ʚʳʪʷʥʫʪʳʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʣʠʥʠʠ ʠʭ ʩʦʧʨʷʞʝʥʠʷ. ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟ-

ʤʘʭ ʦʨʫʜʝʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 200 ʤ.  

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʫʜʥʳʭ ʟʦʥ: ʎʝʥʪʨʘʣʴʥʘʷ, ɺʦʩʪʦʯʥʘʷ, ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʘʷ, ʀʚʘʯʠʭʘ, ɺʝʨʰʠʥʘ ʆʨʦʯʝʥʢʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʆʩʥʦʚʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʟʦʣʦʪʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʤʝʞʜʫ 

ɻʣʘʚʥʳʤ ʠ ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʤ ʨʘʟʣʦʤʘʤʠ.  

ɺ ʎʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʨʫʜʥʳʝ ʪʝʣʘ ʚʳʧʦʣʥʷʶʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ ʩʠʩʪʝʤʫ ʪʨʝʱʠʥ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ 

ʨʫʜʥʳʭ ʪʝʣ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʜʦʩʪʠʛʘʝʪ 170 ʤ. ʂʚʘʨʮʝʚʳʝ, ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʝ ʞʠʣʳ ʩʦʜʝʨʞʘʪ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ, ʠʥʦʛʜʘ ʛʥʝʟʜʦʚʳʝ ʠ ʧʦʣʦʩʦʚʠʜʥʳʝ ʩʢʦʧʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʛʘʝʪ 15%, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ 5%. ʉʫʣʴʬʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʠʨʠʪʦʤ, ʨʝʞʝ 

ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʛʘʣʝʥʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ. 

ʅʘ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʪʤʝʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ: 1) ʤʦʣʠʙʜʝʥʠʪ-ʢʚʘʨʮʝʚʘʷ; 2) ʢʚʘʨʮ-ʪʫʨʤʘʣʠʥʦʚʘʷ; 3) ʚʠʩʤʫʪʠʥ-ʢʚʘʨʮʝʚʘʷ; 

4) ʧʠʨʠʪ-ʢʚʘʨʮʝʚʘʷ ʩ ʟʦʣʦʪʦʤ (ʧʨʦʜʫʢʪʠʚʥʘʷ); 5) ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ (ʧʨʦʜʫʢʪʠʚʥʘʷ); 6) 

ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʘʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʧʠʨʠʪ, ʤʝʥʝʝ ʨʘʟʚʠʪʳ 

ð ʭʘʣʴʢʦʧʠʨʠʪ, ʚʠʩʤʫʪʠʥ, ʪʝʪʨʘʵʜʨʠʪ, ʙʦʨʥʠʪ. ʄʘʣʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʬʘ-

ʣʝʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʪʝʪʨʘʜʠʤʠʪʦʤ, ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʥʦʤ, ʟʦʣʦʪʦʤ. ʂ ʯʠʩʣʫ ʨʝʜʢʠʭ 

ʤʠʥʝʨʘʣʦʚ ʦʪʥʦʩʷʪʩʷ: ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ, ʚʠʩʤʫʪʠʥ, ʧʠʨʨʦʪʠʥ, ʚʠʪʪʠʭʝʥʠʪ, ʤʘʨʢʘʟʠʪ, ʙʫʣʘʥʞʝʨʠʪ, 

ʘʡʢʠʥʠʪ, ʛʝʩʩʠʪ, ʤʘʛʥʝʪʠʪ, ʢʘʩʩʠʪʝʨʠʪ. ʉʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʠʜʦʚ ʚ ʨʫʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 5-8%. ɺ ʨʫʜʘʭ ʧʠ-

ʨʠʪ-ʢʚʘʨʮʝʚʦʡ, ʢʚʘʨʮ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦʡ ʘʩʩʦʮʠʘʮʠʡ ʦʪʤʝʯʘʝʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴ-

ʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʥʘʮʠʪʦʤ, ʢʩʝʥʦʪʠʤʦʤ, ʘʧʘʪʠʪʦʤ, ʨʘʙʜʦʬʘʥʦʤ ʠ ʯʝʨʯʠʪʦʤ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʠʨʠʪ-ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ ʧʨʦʠʩ-

ʭʦʜʠʣʦ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 356 ʜʦ 123Áʉ, ʜʘʚʣʝʥʠʝ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʬʣʶʠʜʦʚ ʚʘʨʴʠʨʦʚʘʣʦ 

ʦʪ 0.8 ʜʦ 0.1ʢʙʘʨ [5]. ʈʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʫʯʘʩʪʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ ʚʳʩʦʢʦʡ 

ʠ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʭ NaCl, FeCl3 ʠ KCl, ʘ ʪʘʢʞʝ ʛʦʤʦʛʝʥʥʳʭ ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥ-

ʥʳʭ ʬʣʶʠʜʦʚ, ʩʦʜʝʨʞʘʚʰʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ CaCl2, NaCl ʠ LiCl . ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʬʣʶʠʜ rʩʫʝɦ-

ʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʣʝʚʦʤʫ ʩʦʩʪʘʚʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʫʢʘʟʘʥʠʝʤ ʥʘ ʨʘʟʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʠʭ ʛʝʥʝʨʘʮʠʠ [2, 8].  

ʀʟʫʯʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʨʫʜʦʥʦʩʥʦʤ ʢʚʘʨʮʝ (ʢʚʘʨʮ-ʧʠʨʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ) ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʢʠʩʣʦʨʦʜʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ +6,0ă ʜʦ +13,9ă. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ 

ʨʘʩʩʯʠʪʘʥ ʚ ʩʠʩʪʝʤʝ ʢʚʘʨʮ-ʚʦʜʘ ʧʦ ʫʨʘʚʥʝʥʠʶ ŭ18ʆʢʚʘʨʮ ð ŭ18ʆH2O = 3,34 (106/T2) ð 3,31, ʛʜʝ T ð ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʧʦ ʂʝʣʴʚʠʥʫ [6]. ʈʘʩʩʯʠʪʘʥʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ŭ18ʆ ʚʦ ʬʣʶʠʜʝ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʢʚʘʨʮʝʤ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʵʪʘʧʘ 340-400ʦʉ ʤʝʥʷʝʪʩʷ ʦʪ 0,42ă ʜʦ + 9,84ă. ɹʦʣʴʰʠʥʩʪʚʦ ʟʥʘʯʝʥʠʡ ʧʦʧʘʜʘʝʪ ʚ 

ʠʥʪʝʨʚʘʣ +5,5ă ð +9,0ă, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʣʶʠʜʫ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 

ɺʝʣʠʯʠʥʳ ŭ34S ʧʠʨʠʪʘ ʠʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʮʝʣʦʤ ʠʟʤʝʥʷʶʪʩʷ ʦʪ -1ă ʜʦ +0,9ă , 

ʚ ʛʘʣʝʥʠʪʝ ŭ34S ʩʦʩʪʘʚʣʷʝʪ +0,9ă. ɿʥʘʯʝʥʠʷ ŭ34SH2S ʚʦ ʬʣʶʠʜʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʩʫʣʴʬʠ-

ʜʘʤʠ ʚ ʤʦʤʝʥʪ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ [7]. ȹʧʠʨʠʪ-

H2S = ŭ34Sʧʠʨʠʪ ð ŭ34SH2S = 0,4 (106/ʊ2), ȹʛʘʣʝʥʠʪ-H2S = ŭ34Sʛʘʣʝʥʠʪ ð ŭ34SH2S = -0,64 (106/ʊ2). T ð ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦ ʂʝʣʴʚʠʥʫ. ɿʥʘʯʝʥʠʷ ŭ34SH2S ʧʠʨʠʪʘ ʚʦ ʬʣʶʠʜʝ ʚʘʨʴʠʨʫʝʪ ʦʪ -0,13ă ʜʦ -2,39ă, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʣʶʠʜʫ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ.  

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ ʈɿʕ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʘʤʠ ʦʨʫʜʝʥʝʥʠʷ ʙʳʣʠ ʨʘʟʥʦ-

ʛʣʫʙʠʥʥʳʝ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʬʣʶʠʜʳ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʚʰʠʝ ʢʘʢ 

ʚ ʚʝʨʭʥʝʡ, ʪʘʢ ʠ ʚ ʥʠʞʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʡ ʢʦʨʝ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʡ (ʧʨʦʝʢʪ 0330-2016-0001,IX.137.1.2 ˉ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ 

ɸɸɸɸ-ɸ17-117011210077-2) ʠ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 16-05-00353).  
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The structure of the mammals population of the Palaeolithic of the Altai mountains testifies to the close ties be-

tween biota of this region and the mammals communities of Central and South-East Asia. This implies a high probabil-

ity of contacts between the Paleolithic people and the populations of the ancient people of South-East Asia. 

Keywords: Paleolithic; zoogeography; mammals; Mountain Altai. 

 

ʀʟʫʯʝʥʠʝ ʧʘʣʝʦʣʠʪʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ɸʣʪʘʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʤʝ-

ʪʦʜʦʚ ʧʨʠʥʝʩʣʦ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʤʥʦʛʦ ʥʦʚʳʭ ʠ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʦ-

ʣʠʚʘʶʪ ʩʚʝʪ ʥʘ ʨʘʥʥʠʝ ʵʪʘʧʳ ʩʪʘʥʦʚʣʝʥʠʷ ʯʝʣʦʚʝʢʘ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʠʩʢ 

ʧʨʠʚʝʣ ʢ ʥʝʦʞʠʜʘʥʥʳʤ ʠ, ʜʘʞʝ, ʩʝʥʩʘʮʠʦʥʥʳʤ ʦʪʢʨʳʪʠʷʤ ʚ ʦʙʣʘʩʪʠ ʘʨʭʝʦʣʦʛʠʠ, ʧʘʣʝʦʵʢʦʣʦʛʠʠ ʠ 

ʧʘʣʝʦʘʥʪʨʦʧʦʣʦʛʠʠ [1]. ʋʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʝʪʠʯʝʩʢʠ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʛʨʫʧʧ 

ʜʨʝʚʥʝʛʦ ʯʝʣʦʚʝʢʘ. ɺʳʷʚʣʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʛʝʥʦʚ ʨʘʟʣʠʯʥʳʭ ʧʘʣʝʦʣʠʪʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ ʨʦʜʘ 

Homo: ʝʚʨʦʧʝʡʩʢʠʭ ʥʝʘʥʜʝʨʪʘʣʴʮʝʚ, ʜʝʥʠʩʦʚʮʝʚ, ʠʭ ʚʝʨʦʷʪʥʳʭ ʧʨʝʜʢʦʚ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ [2, 

3]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚ ʧʨʝʜʝʣʘʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ɸʣʪʘʷ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ ʜʝʩʷʪʠ ʧʘʣʝʦʣʠʪʠʯʝ-

ʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ. ʈʘʡʦʥ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʭʚʘʪʳʚʘʝʪ ʙʘʩʩʝʡʥʳ ʨʝʢ ɸʥʫʡ, ʏʘʨʳʰ ʠ ʧʨʠʣʝ-

ʞʘʱʠʝ ʫʯʘʩʪʢʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ɸʣʪʘʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʛʦ ʯʝʣʦʚʝʢʘ, ʩʪʨʫʢʪʫʨʫ ʝʛʦ ʙʠʦʨʝʩʫʨʩʦʚ, ʥʘʤʝʪʠʪʴ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʪʘʢʪʦʚ ʜʨʝʚ-

ʥʠʭ ʧʦʧʫʣʷʮʠʡ. 

ʆʩʥʦʚʦʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʘʣʝʦʣʠʪʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ɸʣʪʘʷ. 

ʉʦʩʪʘʚ ʠʟʫʯʝʥʥʳʭ ʪʘʬʦʮʝʥʦʟʦʚ ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 30 ʪʘʢʩʦʥʦʚ ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʙʦʣʝʝ 50 ð 

ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʇʦ ʩʚʦʝʡ ʟʦʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʥʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʛʨʫʧʧ [4]. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʩʦʦʙʱʝʩʪʚ ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʩʦʩʪʘʚ-

ʣʷʣʠ ʚʠʜʳ-ʨʝʟʠʜʝʥʪʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: Ovis ammon, Capra sibirica, Cervus elaphus, Martes zibellina, 

Mustela altaica, Asioscalops altaica, Clethrionomys rutilus, Alticola strelzovi, Myospalax miospalax. ɺʪʦ-

ʨʘʷ ʛʨʫʧʧʘ ʪʘʢʩʦʥʦʚ ð ʢʦʩʤʦʧʦʣʠʪʳ. ɺ ʥʝʝ ʚʭʦʜʷʪ ʚʠʜʳ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ ʠ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʠ ɿʘʧʘʜ-

ʥʦʡ ʉʠʙʠʨʠ. ɺ ʥʝʝ ʚʭʦʜʠʣʠ: Bison priscus, Capreolus pygargus, Equus ferus, Coelodonta antiquitatis, 

Mammuthus primigenius, Crocuta crocuta, Alces alces, Megaloceros giganteus, Lynx lynx, Panthera 

spelaea, Lutra lutra, Gulo gulo, Ursus arctos, Canis lupus, Sciurus vulgaris, Cricetus cricetus, Arvicola, 

Clethrionomys rutilus. ʊʨʝʪʴʶ ʛʨʫʧʧʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʦʩʪʘʚʣʷʣʠ ʶʞʥʳʝ ʤʠʛʨʘʥʪʳ, ʢʦʪʦʨʳʝ ʪʦʣʴʢʦ 

ʵʧʠʟʦʜʠʯʝʩʢʠ ʧʦʷʚʣʷʣʠʩʴ ʚ ʩʦʩʪʘʚʝ ʞʠʚʦʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ Equus hyndruntinus, Equus 

hemionus, Equus przewalski, Poephagus, Procapra gutturosa, Saiga tatarica. ʉʨʝʜʠ ʭʠʱʥʠʢʦʚ: Cuon 

alpinus, Uncia uncia, Vulpes corsac, Felis manul; Hystrix leucura, Allactaga, Ellobius, Lagurus lagurus, 

Eolagurus. ʏʝʪʚʝʨʪʘʷ ʛʨʫʧʧʘ ð ʤʠʛʨʘʥʪʳ ʩ ʩʝʚʝʨʘ: Rangifer tarandus, Alopex lagopus, ʣʝʤʤʠʥʛ 

Lemmus. ʀʭ ʦʩʪʘʪʢʠ ʦʯʝʥʴ ʨʝʜʢʦ ʠ ʣʠʰʴ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʪʘ-

ʬʦʮʝʥʦʟʘʭ. 
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ɺʘʞʥʦʡ ʛʨʫʧʧʦʡ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʚʷʟʝʡ ʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʙʠʦʪʳ ɸʣʪʘʷ ʩ ʜʨʫʛʠ-

ʤʠ ʨʝʛʠʦʥʘʤʠ ʷʚʣʷʶʪʩʷ ʤʠʛʨʘʥʪʳ. ɹʦʣʴʰʫʶ ʠʭ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʣʦʰʘʜʝʡ, ʥʘʩʝʣʷʚ-

ʰʠʭ ʩʫʭʠʝ ʩʪʝʧʠ ʠ ʧʦʣʫʧʫʩʪʳʥʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʆʜʠʥ ʠʟ ʥʠʭ: ʝʚʨʦʧʝʡʩʢʠʡ ʦʩʝʣ Equus hydrunti-

nus. ʕʪʦʪ ʚʠʜ ʙʳʣ ʦʙʠʪʘʪʝʣʝʤ ʩʫʭʠʭ ʩʪʝʧʝʡ ʠ ʧʦʣʫʧʫʩʪʳʥʴ. ɽʛʦ ʘʨʝʘʣ ʦʭʚʘʪʳʚʘʣ ʇʠʨʝʥʝʡʩʢʠʡ ʧʦʣʫ-

ʦʩʪʨʦʚ, ʌʨʘʥʮʠʶ, ʉʠʮʠʣʠʶ, ʀʟʨʘʠʣʴ, ʊʫʨʮʠʶ ʠ ʧʨʦʩʪʠʨʘʣʩʷ ʥʘ ʚʦʩʪʦʢ ʜʦ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, 

ʀʨʘʥʘ ʠ ʥʠʟʦʚʴʝʚ ɺʦʣʛʠ. ɺʪʦʨʦʡ ʚʠʜ ʣʦʰʘʜʠ ð ʢʫʣʘʥ Equus (Hemionus) hemionus ʦʪʤʝʯʝʥ ʦʜʥʦʡ 

ʥʘʭʦʜʢʦʡ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʨʘʟʨʝʟʘ ʂʨʘʩʥʳʡ ʷʨ ʥʘ ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʡ ʨʘʚʥʠʥʝ. ɽʱʝ ʦʜʠʥ ʚʠʜ ʣʦʰʘʜʝʡ 

Equus ferus przewalskii ʦʧʠʩʘʥ ʚ ʜʦʣʠʥʝ ɸʥʫʷ. ɺ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʘʨʝʘʣ ʣʦʰʘʜʠ ʧʨʞʝʚʘʣʴʩʢʦʛʦ, 

ʧʦʤʠʤʦ ʟʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʠ ɿʘʡʩʘʥʘ, ʚʢʣʶʯʘʣ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʝʚʝʨʥʝʝ: ʩʪʝʧʠ ʂʘʟʘʭʩʪʘʥʘ, 

ɹʘʨʘʙʠʥʩʢʫʶ ʩʪʝʧʴ, ʶʛ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ɿʘʙʘʡʢʘʣʴʝ. ɸʣʪʘʡ ð ʙʣʠʞʘʡʰʠʡ ʨʘʡʦʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʢ ʩʝʚʝʨʫ ʦʪ ɿʘʡʩʘʥʩʢʦʡ ʢʦʪʣʦʚʠʥʦʡ ʠ ʚʝʨʭʦʚʴʝʚ ʀʨʪʳʰʘ. ʉʶʜʘ ʧʨʝʜʢʠ ʣʦʰʘʜʠ ʧʨʞʝʚʘʣʴʩʢʦʛʦ ʧʦʧʘ-

ʜʘʣʠ ʥʝʠʟʙʝʞʥʦ ʧʨʠ ʤʠʛʨʘʮʠʷʭ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.ʉʨʝʜʠ ʧʦʣʦʨʦʛʠʭ ʪʠʧʠʯʥʳʤ ʤʠʛʨʘʥʪʦʤ ʷʚ-

ʣʷʝʪʩʷ ʷʢ Poephagus mutus. ʆʥ ʭʦʨʦʰʦ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʫʩʣʦʚʠʷʤ ʚʳʩʦʢʦʛʦʨʠʡ ʠ ʦʙʠʪʘʝʪ ʚ ʨʘʡʦʥʘʭ ʊʠ-

ʙʝʪʘ ʥʘ ʚʳʩʦʪʘʭ 4300-4600 ʤ. ʅʘ ʧʘʣʝʦʣʠʪʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʘʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ɸʣʪʘʷ ʷʢ ʚʩʪʨʝʯʝʥ ʚ 

ʧʝʱʝʨʘʭ ʃʦʛʦʚʦ ʛʠʝʥʳ, ʉʪʨʘʰʥʘʷ, ɼʝʥʠʩʦʚʘ, ʠ ʥʘ ʦʪʢʨʳʪʦʡ ʩʪʦʷʥʢʝ ʋʩʪʴ-ʂʘʨʘʢʦʣ. ɽʛʦ ʨʘʩʩʝʣʝʥʠʝ ʠʟ 

ʘʚʪʦʭʪʦʥʥʳʭ ʦʙʣʘʩʪʝʡ ʊʠʙʝʪʘ ʚ ʉʠʙʠʨʴ ʰʣʦ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʧʦ ʛʦʨʥʳʤ ʤʘʩʩʠʚʘʤ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʴ ʜʨʫʛʠʤ ʢʦʧʳʪʥʳʤ, ʜʣʷ ʥʝʛʦ ʧʨʝʧʷʪʩʪʚʠʝʤ ʙʳʣʠ ʧʦʥʠʞʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʠ ʫʩʣʦʚʠʷ ʪʝʧʣʦʛʦ 

ʢʣʠʤʘʪʘ. 

ʀʟ ʤʝʣʢʠʭ ʧʦʣʦʨʦʛʠʭ ʪʠʧʠʯʥʳʤ ʤʠʛʨʘʥʪʦʤ ʥʘ ɸʣʪʘʝ ʷʚʣʷʝʪʩʷ ʜʟʝʨʝʥ Procapra gutturosa. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥ ʥʘʩʝʣʷʝʪ ʩʫʭʠʝ ʩʪʝʧʠ ʠ ʧʦʣʫʧʫʩʪʳʥʠ ʄʦʥʛʦʣʠʠ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʠʪʘʷ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʜʟʝʨʝʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ɼʘʫʨʠʠ, ʚ ʏʫʡʩʢʦʡ ʩʪʝʧʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʠ ʋʙʩʫʥʫʨʩʢʦʡ 

ʢʦʪʣʦʚʠʥʝ ʊʫʚʳ. ʄʠʛʨʘʮʠʠ ʜʟʝʨʝʥʘ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ɸʣʪʘʷ ʧʦʜʪʚʝʨ-

ʞʜʘʶ ʝʛʦ ʥʘʭʦʜʢʠ ʚ ɼʝʥʠʩʦʚʦʡ, ʋʩʪʴ-ʂʘʥʩʢʦʡ ʠ ʉʪʨʘʰʥʦʡ ʧʝʱʝʨ ʠ ʥʘ ʩʪʦʷʥʢʝ ʋʩʪʴ-ʂʘʨʘʢʦʣ. ɺ ʤʝ-

ʩʪʦʥʘʭʦʞʜʝʥʠʷʭ ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʡ ʨʘʚʥʠʥʳ ʜʟʝʨʝʥ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ. ʉʘʡʛʘ Saiga tatarica ð 

ʝʱʝ ʦʜʠʥ ʤʠʛʨʘʥʪ ʚ ʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʬʘʫʥʝ ɸʣʪʘʷ. ɺ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʘʨʝʘʣ ʩʘʡʛʠ ʧʨʦʩʪʠʨʘʣʩʷ ʦʪ 

ʶʞʥʦʡ ɸʥʛʣʠʠ [5] ʯʝʨʝʟ ʨʘʚʥʠʥʳ ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ ɽʚʨʘʟʠʠ ʜʦ ʄʦʥʛʦʣʠʠ ʠ ʩʝʚʝʨʥʦʛʦ ʂʠʪʘʷ ʥʘ ʶʛʦ-

ʚʦʩʪʦʢʝ ʠ ʜʦ ʙʘʩʩʝʡʥʘ ʂʦʣʳʤʳ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ. ʅʘ ʚʦʩʪʦʢʝ ʩʘʡʛʘ ʩʤʦʛʣʘ ʧʝʨʝʩʝʯʴ ɹʝʨʠʥʛʠʶ ʠ ʧʨʦ-

ʥʠʢʥʫʪʴ ʥʘ ɸʣʷʩʢʫ ʠ Cʝʚʝʨʦ-ɿʘʧʘʜʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʂʘʥʘʜʳ. ʅʘ ʧʘʣʝʦʣʠʪʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʘʭ ɸʣʪʘʷ 

ʩʘʡʛʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʝʱʝʨ: ɼʝʥʠʩʦʚʘ, ʉʪʨʘʰʥʘʷ, ʏʘʛʳʨʩʢʘʷ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳ ʧʝʨʠʦ-

ʜʠʯʝʩʢʠʝ ʤʠʛʨʘʮʠʠ ʵʪʠʭ ʞʠʚʦʪʥʳʭ ʠʟ ʚʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʠ ʄʦʥʛʦʣʠʠ. ɼʚʠʛʘʷʩʴ ʚ ʦʙʱʝʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʉʠʙʠʨʠ, ʦʥʠ ʥʝʠʟʙʝʞʥʦ ʦʢʘʟʳʚʘʣʠʩʴ ʚ ʜʦʣʠʥʘʭ ɻʦʨʥʦʛʦ ɸʣʪʘʷ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʥʦ ʛʫʩʪʦʝ ʚʳʩʦʢʦʪʨʘʚʴʝ ʣʝʪʦʤ ʠ ʥʠʟʢʠʡ ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ ʟʠʤʦʡ.  

ʄʣʝʢʦʧʠʪʘʶʱʠʝ-ʤʠʛʨʘʥʪʳ ʝʩʪʴ ʠ ʩʨʝʜʠ ʭʠʱʥʠʢʦʚ. ʂ ʥʠʤ ʧʨʠʥʘʜʣʝʞʘʪ: ʣʠʩʠʮʘ ʢʦʨʩʘʢ, ʢʨʘʩ-

ʥʳʡ ʚʦʣʢ, ʩʥʝʞʥʳʡ ʙʘʨʩ ʠ ʜʨ. ɺ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ ʢʦʨʩʘʢ ʠʟʚʝʩʪʝʥ ʩ ʨʘʥʥʝʛʦ ʧʣʝʡʩʪʦʮʝ-

ʥʘ. ʇʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʩʪʘʥʢʠ ʦʧʠʩʘʥʳ ʠʟ ʐʚʝʡʮʘʨʠʠ, ʋʨʘʣʘ ʠ ʩʝʚʝʨʥʦʛʦ ʂʠʪʘʷ. ʂʦʨʩʘʢ ʦʙʳʯʝʥ 

ʥʘ ʩʪʦʷʥʢʘʭ ʩʨʝʜʥʝʛʦ ʧʘʣʝʦʣʠʪʘ ʚ ʂʨʳʤʫ [6]. ʆʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʥʝʢʦʪʦʨʳʭ ʧʘʣʝʦʣʠʪʠʯʝʩʢʠʭ ʧʘʤʷʪ-

ʥʠʢʘʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ɸʣʪʘʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ɼʝʥʠʩʦʚʦʡ ʧʝʱʝʨʝ [7]. ɺ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʭ ɿʘʧʘʜʥʦ-

ʩʠʙʠʨʩʢʦʡ ʨʘʚʥʠʥʳ ʦʥ ʧʦʢʘ ʥʝ ʦʪʤʝʯʝʥ. ʀʟʣʦʞʝʥʥʳʝ ʬʘʢʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʢʦʨ-

ʩʘʢʘ ʚ ʙʘʩʩʝʡʥ ɸʥʫʷ ʠ ʏʘʨʳʰʘ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ ʩ ʶʛʘ ʩʦ ʩʪʦʨʦʥʳ ʋʩʪʴ-ʂʘʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

ʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʂʨʘʩʥʳʡ ʚʦʣʢ Cuon alpinus ð ʢʨʫʧʥʳʡ ʭʠʱʥʠʢ ʩʝʤʝʡʩʪʚʘ Canidae. ɽʛʦ ʩʦʚʨʝʤʝʥʥʳʡ ʘʨʝʘʣ 

ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʶʞʥʦʛʦ ʀʨʘʥʘ ʥʘ ʟʘʧʘʜʝ ʜʦ ɻʠʤʘʣʘʝʚ ʠ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʧʦ ʤʝʨʠʜʠʘʥʫ: ʦʪ 

ʊʷʥʴ-ʐʘʥʷ ʠ ɸʣʪʘʷ ʥʘ ʩʝʚʝʨʝ ʜʦ ʀʥʜʦʩʪʘʥʘ, ʀʥʜʦʢʠʪʘʷ, ʄʘʣʘʡʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʦʩʪʨʦʚʦʚ ʗʚʳ ʠ 

ʉʫʤʘʪʨʳ ʥʘ ʶʛʝ [8]. ʅʘʠʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ʝʛʦ ʧʦʧʫʣʷʮʠʠ ʜʦʩʪʠʛʘʶʪ ʚ ʛʦʨʥʦʣʝʩʥʳʭ ʨʘʡʦʥʘʭ ʎʝʥ-

ʪʨʘʣʴʥʦʡ ʠ ʖʞʥʦʡ ɸʟʠʠ. ʆʪ ʩʶʜʘ ʦʥ ʧʨʦʥʠʢʘʣ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʩʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ, 

ʚʢʣʶʯʘʷ ɸʣʪʘʡ, ʛʜʝ Cuon alpinus ʠʟʚʝʩʪʝʥ ʠʟ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʝʱʝʨ ʉʪʨʘʰʥʘʷ, ɼʝʥʠʩʦʚʘ, 

ʃʦʛʦʚʦ ʛʠʝʥʳ, ʏʘʛʳʨʩʢʘʷ. ʀʤʝʥʥʦ ʛʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʨʘʩʥʦʤʫ ʚʦʣʢʫ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʠʪʘ-

ʥʠʷ, ʠʤʝʥʥʦ ʛʦʨʳ ʷʚʣʷʶʪʩʷ ʢʦʨʠʜʦʨʘʤʠ ʝʛʦ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʫʪʝʡ.  

ʉʨʝʜʠ ʭʠʱʥʠʢʦʚ ʭʘʨʘʢʪʝʨʥʳʤ ʤʠʛʨʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʨʙʠʩ, Uncia uncia. ʕʪʦ ʢʨʫʧʥʳʡ ʧʨʝʜʩʪʘʚʠ-

ʪʝʣʴ ʩʝʤʝʡʩʪʚʘ Felidae. ʈʦʜʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʝʛʦ ʨʘʩʩʝʣʝʥʠʷ ʙʳʣʠ ʊʠʙʝʪʩʢʦʝ ʥʘʛʦ-

ʨʴʝ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʂʠʪʘʷ [9]. ʆʪ ʩʶʜʘ ʰʣʦ ʝʛʦ ʨʘʩʩʝʣʝʥʠʝ ʥʘ ʩʝʚʝʨ ʚ 

ʩʪʨʦʥʫ ɸʣʪʘʡʩʢʠʭ ʛʦʨ ʠ ʚ ʜʨʫʛʠʝ ʦʙʣʘʩʪʠ ɽʚʨʘʟʠʠ. ʅʘ ɸʣʪʘʝ ʦʩʪʘʥʢʠ ʠʨʙʠʩʘ ʥʘʡʜʝʥʳ ʚ ʧʝʱʝʨʘʭ 

ʉʪʨʘʰʥʘʷ ʠ ɼʝʥʠʩʦʚʘ. ʕʪʠ ʜʘʥʥʳʝ ð ʧʨʷʤʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʦʥ ʧʨʦʥʠʢʘʣ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʧʣʝʡʩʪʦʮʝʥʘ ʥʘ ɸʣʪʘʡ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ɸʟʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ ʥʘʩʝʣʝʥʠʷ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʘʣʝʦʣʠʪʘ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫ-

ʝʪ ʦ ʪʝʩʥʳʭ ʩʚʷʟʷʭ ʙʠʦʪʳ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʠ ʩʦʦʙʱʝʩʪʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ 

ɸʟʠʠ. ʇʦʩʢʦʣʴʢʫ ʜʨʝʚʥʠʡ ʯʝʣʦʚʝʢ ʙʳʣ ʪʝʩʥʦ ʩʚʷʟʘʥ ʠ ʧʨʷʤʦ ʟʘʚʠʩʝʣ ʦʪ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʥʘʩʝʣʝ-
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ʥʠʷ ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʥʫʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʥʪʘʢʪʦʚ ʥʘʩʝʣʝʥʠʷ ʧʘ-

ʣʝʦʣʠʪʠʯʝʩʢʦʛʦ ʯʝʣʦʚʝʢʘ ʩ ʧʦʧʫʣʷʮʠʷʤʠ ʜʨʝʚʥʠʭ ʣʶʜʝʡ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʜʘʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʥʝʪʠʢʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 17ï29ï04206). 
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ʋɼʂ: 553.3 

 

ʇʣʘʪʠʥʦʤʝʪʘʣʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʧʦʜʠʬʦʨʤʥʳʭ ʭʨʦʤʠʪʠʪʘʭ ʍʘʨʘʥʫʨʩʢʦʛʦ ʤʘʩʩʠʚʘ  

(ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ) 
 

É ɽ. ɺ. ɸʡʨʠʷʥʮ 1, ʆ. ʅ. ʂʠʩʝʣʝʚʘ 1, ɼ. ʂ. ɹʝʣʷʥʠʥ 1,2, ʉ. ʄ. ɾʤʦʜʠʢ 1,2 
1 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ. 
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2 ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ. E-mail: bel@igm.nsc.ru 

 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʕʇɻ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʭʨʦʤʠʪʠʪʘʭ ʍʘʨʘʥʫʨʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʣʘʪʠʥʦʤʝʪʘʣʣʴ-

ʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʭʨʦʤʠʪʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʪʦʨʠʯʥʳʤʠ, ʧʝʨʝʦʪʣʦʞʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʕʇɻ, ʦʙʨʘʟʦʚʘʚʰʠ-

ʤʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʤʦʙʠʣʠʟʘʮʠʠ ʕʇɻ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʨʦʨʘʙʦʪʢʝ ʧʦʨʦʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʣʶʠʜʘ ʧʨʝʜʧʦ-

ʣʦʞʠʪʝʣʴʥʦ ʤʘʥʪʠʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʠʬʦʨʤʥʳʝ ʭʨʦʤʠʪʠʪʳ; ʧʣʘʪʠʥʦʤʝʪʘʣʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ; ʨʝʤʦʙʠʣʠʟʘʮʠʷ ʕʇɻ. 

 

Platinum mineralization in the poiform chromite of the Kharanur massif  

(south-eastern part Eastern Sayan) 
 

E. V. Airiyants 1, O. N. Kiseleva 1, D. K. Belyanin 1.2, S. M. Zhmodik 1.2 
1 V.S. Sobolev Institute of Geology and Mineralogy, SB RAS, Novosibirsk, Russia. E-mail: kiseleva_on@igm.nsc.ru 

2 Novosibirsk State University, Novosibirsk, Russia. E-mail: bel@igm.nsc.ru 

 

The new data on the PGE mineralization of the Khara-Nuray massif are obtained. The PGE mineralization in the 

chromitites of the Khara-Nuray massif are represented by secondary, remobilizated minerals. They formed as a result of 

the remobilization of PGE during intensive change of the rocks under the influence of a mantle fluid. 

Keywords: podiform chromitites; PGE minerlization; PGE remobilization. 

 

ʍʘʨʘʥʫʨʘʡʩʢʠʡ ʤʘʩʩʠʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʧʦʢʨʦʚ ʠ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʦʬʠʦʣʠʪʦ-

ʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ [1]. ʆʥ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ɼʫʥʞʫʛʫʨʩʢʦʡ ʦʩʪ-

ʨʦʚʥʦʡ ʜʫʛʠ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. ʅʘʣʠʯʠʝ ʜʚʫʭ ʨʘʟʣʦʤʥʳʭ 

ʟʦʥ ð ʍʦʣʙʳʥ-ʍʘʡʨʭʘʥʩʢʦʡ ʠ ʋʣʘʥ-ʉʘʨʴʜʘʛʩʢʦʡ, ʦʙʫʩʣʦʚʠʣʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʟʦʥ ʜʨʦʙʣʝʥʠʷ ʩʝʨ-

ʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʟʤʝʥʝʥʥʦʩʪʠ ʧʦʨʦʜ. ʇʦʨʦʜʳ ʦʬʠʦʣʠʪʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʝ ʦʨʪʦʩʣʘʥʮʳ ʠʣʴʯʠʨʩʢʦʡ ʩʚʠʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʳ ʚ ʘʤʬʠʙʦʣʠʪʳ. ʈʝʩʪʠʪʦʚʳʝ ʫʣʴʪʨʘʙʘʟʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤʠ ʜʫʥʠʪʘʤʠ 

ʠ ʛʘʨʮʙʫʨʛʠʪʘʤʠ [2]. ʅʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʛ. ʋʣʘʥ-ʍʦʜʘ ʚ ʢʫʨʫʤʥʳʭ ʩʚʘʣʘʭ ʠ ʛʣʳʙʘʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ 

ʫʩʪʘʥʦʚʣʝʥʳ ʤʘʣʦʤʦʱʥʳʝ ʞʠʣʳ ʤʘʩʩʠʚʥʳʭ ʭʨʦʤʠʪʠʪʦʚ (ʤʦʱʥʦʩʪʴʶ 1,5ï5 ʩʤ, ʜʣʠʥʦʡ ʜʦ 2 ʤ). ʅʘ 

ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʤʘʩʩʠʚʘ (ʛ. ʍʦʣʙʳʥ-ʍʘʡʨʭʘʥ) ʚ ʢʫʨʫʤʥʳʭ ʩʚʘʣʘʭ ʚʳʜʝʣʝʥʘ ʧʨʦʪʷʞʝʥʥʘʷ ʟʦʥʘ, 

ʥʝ ʙʦʣʝʝ 2 ʤ ʰʠʨʠʥʦʡ, ʤʘʩʩʠʚʥʳʭ ʭʨʦʤʠʪʠʪʦʚ ʚ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʜʫʥʠʪʘʭ ʠ ʚʳʢʦʣʢʠ ʠʟ ʩʣʠʚ-

ʥʳʭ ʞʠʣ ʤʦʱʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 0,1 ʤ. ʍʨʦʤʠʪʠʪʳ ʠʤʝʶʪ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʫʶ, ʤʝʣʢʦ-, ʩʨʝʜʥʝ-

ʟʝʨʥʠʩʪʫʶ, ʤʘʩʩʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʄʝʞʟʝʨʥʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʟʘʧʦʣʥʝʥʦ ʚʪʦʨʠʯ-

ʥʳʤʠ ʩʠʣʠʢʘʪʘʤʠ ð ʩʝʨʧʝʥʪʠʥʠʪʦʤ ʠ ʭʣʦʨʠʪʦʤ. ʈʫʜʥʳʝ ʭʨʦʤʰʧʠʥʝʣʠʜʳ ʍʘʨʘʥʫʨʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʠʟʤʝʥʝʥʥʳʝ (1) ð ʪʨʝʱʠʥʦʚʘʪʳʝ ʟʝʨʥʘ, ʚ ʢʦʪʦʨʳʭ ʧʦ ʪʨʝʱʠʥʘʤ ʨʘʟʚʠʚʘ-

ʝʪʩʷ ʭʨʦʤ-ʤʘʛʥʝʪʠʪ (Mg# = 25-31; Fe# = 64-74; Al# = 21-26; Cr# = 68-72) ʠ ʩʚʝʞʠʝ, ʥʝʠʟʤʝʥʝʥʥʳʝ ʟʝʨ-

ʥʘ (2) (Mg# = 63-65; Fe# = 34-36; Al# = 24-31; Cr# = 65-73). ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʦʥʠ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʧʦʣʝ ʭʨʦʤʠʪʘ ʠ ʘʣʶʤʦʭʨʦʤʠʪʘ (ʨʠʩ. 1ʘ). ʉʨʝʜʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʭʨʦʤʠʪʠʪʘʭ 

ʧʨʝʦʙʣʘʜʘʝʪ ʘʚʘʨʫʠʪ (Ni3Fe), ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʭʠʟʣʝʚʫʜʠʪ (Ni3S2), ʤʠʣʣʝʨʠʪ (NiS), ʦʨʩʝʣʠʪ (Ni5As2). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʪʠʥʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʭʨʦʤʠʪʠʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʍʘʨʘʥʫʨʩʢʦʤʫ ʤʘʩʩʠʚʫ 

(ʩʘʤʦʨʦʜʥʳʡ ʦʩʤʠʡ ʠ ʨʫʪʝʥʠʡ ʚ ʘʚʘʨʫʠʪʝ ʠ ʭʠʟʣʝʚʫʜʠʪʝ) [3-6]. ʋʩʪʘʥʦʚʣʝʥʳ ʥʦʚʳʝ ʧʣʘʪʠʥʦʤʝʪʘʣʴ-

ʥʳʝ ʬʘʟʳ (ʨʠʩ. 1ʙ): 

1. ɺr ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ (Os-Ir -Ru) ʫʩʪʘʥʦʚʣʝʥ ʚ ʬʦʨʤʝ ʚʢʣʶʯʝʥʠʷ ʨʘʟʤʝʨʦʤ 10 ʤʢʤ ʚ 

ʭʨʦʤʰʧʠʥʝʣʠʜʝ; 

2. ʉʘʤʦʨʦʜʥʳʤ ʦʩʤʠʡ ʦʙʨʘʟʫʝʪ ʤʠʢʨʦʯʘʩʪʠʮʳ 3-5 ʤʢʤ ʚ ʠʨʠʜʠʝʚʦʤ ʘʚʘʨʫʠʪʝ; 

3. ʉʘʤʦʨʦʜʥʳʡ Ru ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʘʚʘʨʫʠʪʦʤ (7-10 ʤʢʤ), ʣʠʙʦ ʚ 

ʚʠʜʝ ʵʤʫʣʴʩʠʦʥʥʳʭ ʚʳʜʝʣʝʥʠʡ (1-5 ʤʢʤ) ʚ ʘʚʘʨʫʠʪʝ (ʨʠʩ. 2 ʘ, ʙ), ʨʝʞʝ ʚ ʭʠʟʣʝʚʫʜʠʪʝ; 

4. ʌʘʟʘ (Ir -Ru) ʩʦʩʪʘʚʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʛʘʨʫʪʠʠʪʦʤ (ʨʠʩ. 2 ʚ.), ʢʨʦʤʝ ʪʦʛʦ ʦʙʨʘʟʫʝʪ 

ʵʤʫʣʴʩʠʦʥʥʳʝ ʚʳʜʝʣʝʥʠʷ, ʦʪʜʝʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ 3ï5 ʤʢʤ ʚ ʘʚʘʨʫʠʪʝ (ʨʠʩ. 2 ʙ), ʚ ʥʝʢʦ-

ʪʦʨʳʭ ʯʘʩʪʠʮʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʩʴ Os 5,5ï9,6 ʤʘʩ.%. 
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5. ɻʘʨʫʪʠʠʪ (Ni,Fe,Ir ) ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʨʫʪʝʥʠʩʪʦʤʫ ʠʨʠʜʠʶ ʚ ʭʨʦʤʠʪʝ (ʨʠʩ. 2 ʚ). 

6. ɿʘʢʘʨʠʥʠʪ (RhNiAs) ʦʙʥʘʨʫʞʝʥ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʘʚʘʨʫʠʪʦʤ, ʦʨʩʝʣʠʪʦʤ, ʭʠʟʣʝʚʫʜʠʪʦʤ, ʢʦʪʦʨʳʡ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʤʝʱʘʝʪʩʷ ʤʠʣʣʝʨʠʪʦʤ. ʆʪ ʟʘʢʘʨʠʥʠʪʘ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʚ ʭʨʦʤʠʪʠʪʘʭ ʆʩʧʠʥʦ-

ʂʠʪʦʡʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʦʥ ʦʪʣʠʯʘʝʪʩʷ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Rh ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ð Ni, As (ʨʠʩ. 2 ʛ). 

ʉʦʩʪʘʚ ʚ ʤʘʩ.%: Ir=68,42; Ni=24,56; Fe=7,72; Ru=0,98; Co=0,15; Cu=0,36. 

 
 

ʈʠʩ. 1.  ʘ ð ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʍʘʨʘʥʫʨʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ (I  ð  ʭʨʦʤʠʪ,  II  ð  

ʘʣʶʤʦʭʨʦʤʠʪ, III  ð  ʭʨʦʤʧʠʢʦʪʠʪ, IV ð ʩʫʙʬʝʨʨʠʭʨʦʤʠʪ, V ð ʩʫʙʬʝʨʨʠʘʣʶʤʦʭʨʦʤʠʪ, VI ð ʬʝʨʨʠʭʨʦ-

ʤʠʪ, VII ð ʩʫʙʘʣʶʤʦʬʝʨʨʠʭʨʦʤʠʪ, VIII ð ʭʨʦʤʤʘʛʥʝʪʠʪ, IX ð ʩʫʙʘʣʶʤʦʭʨʦʤʘʛʥʝʪʠʪ,  X ð ʤʘʛʥʝʪʠʪ [7]; ʙ 

ð ʪʨʦʡʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (I ð  ʟʝʨʥʘ ʨʫʪʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʙʳʯʥʦ-

ʛʦ ʨʫʪʝʥʠʝʚʦʛʦ ʪʨʝʥʜʘ ʕʇɻ ʦʬʠʦʣʠʪʦʚʳʭ ʩʠʩʪʝʤ; II  ð ʟʸʨʥʘ ʨʫʪʝʥʠʷ ʠ ʨʫʪʝʥʠʡ-ʠʨʠʜʠʝʚʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʨʘʟʦ-

ʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʤʦʙʠʣʠʟʘʮʠʠ ʕʇɻ). 

  

  

ʈʠʩ. 2. ʉʥʠʤʢʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʄʇɻ ʚ ʭʨʦʤʠʪʠʪʘʭ ʍʘʨʘʥʫʨʩʢʦʛʦ ʤʘʩʩʠʚʘ (BSE). ʘ ð ʚʳʜʝʣʝʥʠʷ ʩʘʤʦʨʦʜʥʦ-

ʛʦ ʨʫʪʝʥʠʷ ʚ ʘʚʘʨʫʠʪʝ; ʙ ð ʘʚʘʨʫʠʪ ʩ ʵʤʫʣʴʩʠʦʥʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ Ir-Ru ʠ Ru ʩʦʩʪʘʚʘ; ʚ ð ʘʛʨʝʛʘʪ, ʩʦʩʪʦʷ-

ʱʠʡ ʠʟ ʛʘʨʫʪʠʠʪʘ ʠ Ir-Ru ʬʘʟʦʡ ʠ ʵʤʫʣʴʩʠʦʥʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ Os-Ir-Ru; ʛ ð ʧʦʣʠʬʘʟʥʦʝ ʩʨʘʩʪʘʥʠʝ ʘʚʘʨʫʠʪʘ 

(Ni3Fe), ʭʠʟʣʝʚʫʜʠʪʘ (Ni3S2) ʤʠʣʝʨʠʪʘ (NiS), ʟʘʢʘʨʠʥʠʪʘ (RhNiAs) ʠ ʦʨʩʝʣʠʪʘ (Ni5As2). 

 

ɺ ʮʝʣʦʤ, ʚ ʤʠʥʝʨʘʣʘʭ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʍʘʨʘʥʫʨʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ Cu ʜʦ 2,25 ʤʘʩ.% ʠ Co ʜʦ 0,84 ʤʘʩ.%. ʌʘʟʳ ʕʇɻ ʚ ʭʨʦʤʠʪʠʪʘʭ ʍʘʨʘʥʫʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʚʘʨʫʠʪʦʤ, ʭʠʟʣʝʚʫʜʠʪʦʤ ʠ ʜʨʫʛʠʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʧʦʟʜʥʠʤʠ ʤʠʥʝ-

ʨʘʣʘʤʠ ʠ ʚʪʦʨʠʯʥʳʤʠ ʩʠʣʠʢʘʪʘʤʠ ð ʩʝʨʧʝʥʪʠʥʦʤ, ʭʣʦʨʠʪʦʤ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʪʦʨʠʯʥʳʝ, 

a 
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ʧʝʨʝʦʪʣʦʞʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʕʇɻ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʤʦʙʠʣʠʟʘʮʠʠ ʕʇɻ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ 

ʧʨʦʨʘʙʦʪʢʝ ʧʦʨʦʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʣʶʠʜʘ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʘʥʪʠʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-05-00737. 
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ʇʝʨʚʳʝ ʛʦʨʥʳʝ ʨʝʢʠ ʚ ɿʘʧʘʜʥʦ-ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʩʬʦʨʤʠ-

ʨʦʚʘʣʠ ʤʦʱʥʳʝ ʪʦʣʱʠ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺʨʝʤʷ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦʟʜʥʠʡ ʧʘʣʝʦʟʦʡ (ʪʘʪʘʫʨʦʚʩʢʠʝ 

ʤʝʪʘʢʦʥʛʣʦʤʝʨʘʪʳ ð C2-P1?tt ). ɼʦʰʝʜʰʠʝ ʜʦ ʥʘʩ ʨʝʣʠʢʪʳ ʤʝʪʘʢʦʥʛʣʦʤʝʨʘʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʦʣʠʥʳ ʜʨʝʚʥʝʡ 

ʨʝʢʠ ʊʘʪʘʫʨʦʚʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʘʪʘʫʨʦʚʩʢʠʝ ʤʝʪʘʢʦʥʛʣʦʤʝʨʘʪʳ; ʤʝʪʘʧʝʩʯʘʥʠʢʠ; ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤ. 

 

Tataurov conglomerates 
 

N. I. Akulov 1, A. I. Melnikov 1, V. V. Akulova 1,2, M. N. Rubtsova 1 
1 Institute of the Earth's Crust, SB RAS, Irkutsk, Russia. E-mail: akulov@crust.irk.ru 

2  Irkutsk State University, Irkutsk, Russia. E-mail: akulova@crust.irk.ru 

 

The first mountain rivers in the Western Transbaikalian part of the Central Asian fold belt formed powerful stra-

ta of boulder-pebble deposits. The time of their existence is late Paleozoic (Tataurov meta-conglomerates ð C2-P1? tt). 

The relics of the metakonglomerates that reached us represent the valleys of the ancient Tataurovka River. 

Keywords: Tataurov metaconglomerates; metasandstones; dynamometamorphism; Transbaikalia. 

 

ɿʘʧʘʜʥʦ-ɿʘʙʘʡʢʘʣʴʩʢʘʷ ʯʘʩʪʴ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʦʭʚʘʪʳʚʘʝʪ ʂʘʙʘʥʩʢʠʡ 

ʠ ʉʝʣʝʥʛʠʥʩʢʠʡ ʨʘʡʦʥʳ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ (ʨʠʩ. 1). ʉ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚ ʝʛʦ ʩʦ-

ʩʪʘʚ ʚʭʦʜʠʪ ʶʞʥʘʷ ʯʘʩʪʴ ɹʘʡʢʘʣʴʩʢʦʡ ʛʦʨʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʛʦʨʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʍʘ-

ʤʘʨ-ɼʘʙʘʥʘ ʠ ʧʨʠʣʝʛʘʶʱʠʤʠ ʢ ʥʝʤʫ ʨʝʯʥʳʤʠ ʜʦʣʠʥʘʤʠ ʠ ʭʦʣʤʠʩʪʳʤʠ ʨʘʚʥʠʥʘʤʠ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʩʪʨʦʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʨʷʜʫ ʩʦ ʩʣʦʞʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʤʦʨʬʠ-

ʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʟʘʥʠʤʘʶʱʠʤ ʦʢʦʣʦ 70 % ʧʣʦʱʘʜʠ, ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘʥʦ-

ʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʠʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʘ-

ʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ.  

ʅʘʯʠʥʘʷ ʩ ʨʘʥʥʝʛʦ ʢʝʤʙʨʠʷ ʠ ʚʧʣʦʪʴ ʜʦ ʜʝʚʦʥʘ ʟʜʝʩʴ, ʚʙʣʠʟʠ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʳ ʉʠʙʠʨʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘ ʨʘʩʧʦʣʘʛʘʣʩʷ ʦʢʨʘʠʥʥʳʡ ʤʦʨʩʢʦʡ ʙʘʩʩʝʡʥ ʩ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ ʦʩʪʨʦʚʥʳʭ ʜʫʛ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʬʣʠʰʦʠʜʥʳʭ ʦʪʣʦʞʝʥʠʡ ʪʝʤʥʠʢʦʚʩʢʦʡ ʩʚʠʪʳ, ʘ 

ʟʘʪʝʤ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʫʨʤʠʥʩʢʦʡ ʪʦʣʱʠ. ʇʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʘʷ ʢʦʣʣʠʟʠʷ ʀʥ-

ʜʠʡʩʢʦʡ ʠ ɽʚʨʘʟʠʡʩʢʦʡ ʧʣʠʪ ʧʨʠʚʝʣʘ ʢ ʟʘʢʨʳʪʠʶ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʧʫʪʝʤ ʩʢʫʯʠʚʘʥʴʷ ʬʨʘʛ-

ʤʝʥʪʦʚ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ, ʨʘʩʧʦʣʘʛʘʚʰʠʭʩʷ ʤʝʞʜʫ ʥʠʤʠ. ɸʢʪʠʚʥʳʝ ʩʢʣʘʜʯʘʪʳʝ 

ʜʚʠʞʝʥʠʷ ʚʳʟʚʘʣʠ ʨʝʛʨʝʩʩʠʶ ʤʦʨʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʘʢʨʳʪʠʶ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʉʝ-

ʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. ɺʦʟʥʠʢʣʠ ʟʘʙʘʡʢʘʣʴʩʢʠʝ ʛʝʨʮʠʥʠʜʳ 

(ʢʘʨʙʦʥ-ʧʝʨʤʴ).  

 
ʈʠʩ. 1. ʆʙʟʦʨʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʪʘʪʘʫʨʦʚʩʢʦʡ (C2-P1?tt) ʠ 

ʙʘʡʢʘʣʴʩʢʦʡ ʩʚʠʪ (J1bk). 

 

ɺʦʜʥʳʝ ʧʦʪʦʢʠ ʜʨʝʚʥʠʭ ʨʝʢ, ʦʙʨʘʟʦ-

ʚʘʣʠ ʚ ʛʝʨʮʠʥʠʜʘʭ ʰʠʨʦʢʠʝ ʠ ʧʨʦʪʷʞʝʥʥʳʝ 

ʨʝʯʥʳʝ ʜʦʣʠʥʳ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʟʘʧʦʣ-

ʥʠʣʠʩʴ ʦʩʘʜʦʯʥʳʤʠ, ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʠ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, 

ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʠʣʠʩʴ ʜʦ ʥʘʰʠʭ 

ʜʥʝʡ. ʀʤʝʥʥʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝ-

ʣʠʢʪʳ ʩʘʤʳʭ ʜʨʝʚʥʠʭ ʨʝʢ ɿʘʙʘʡʢʘʣʴʷ [1].  

ɺʳʨʘʙʦʪʘʥʥʳʝ ʨʝʯʥʳʤʠ ʧʦʪʦʢʘʤʠ 

ʨʫʩʣʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʧʦʥʠʞʝʥʥʳʭ ʯʘʩʪʷʭ ʜʨʝʚʥʠʭ ʜʦʣʠʥ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʧʝʨʝʤʝʱʝʥʠʝ ʠ 

ʨʘʟʤʝʱʝʥʠʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʨʦʚʠʥʮʠʷʤʠ ʧʠʪʘʥʠʷ ʪʝʨʨʠʛʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʘ-

ʣʝʦʨʝʢ ʩʣʫʞʠʣʠ ʚʦʟʜʳʤʘʚʰʠʝʩʷ ʤʘʩʩʠʚʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʵʬʬʫʟʠʚʥʳʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘ-
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ʥʠʡ, ʧʦʵʪʦʤʫ ʨʝʯʥʳʝ ʦʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʣʫʥʥʳʤ ʠ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʠʢʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, 

ʩʦʩʪʦʷʱʠʤ ʠʟ ʤʘʛʤʘʪʠʪʦʚ, ʵʬʬʫʟʠʚʦʚ ʠ ʤʝʪʘʤʦʨʬʠʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʟʦʰʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʪʘʪʘʫʨʦʚʩʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʚʤʝʱʘʶʱʠʭ ʚʘʣʫʥʳ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʩ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʪʘʪʘʫʨʦʚʩʢʫʶ ʩʚʠʪʫ.  

 
ʈʠʩ. 2. ʉʢʘʣʴʥʳʝ ʚʳʭʦʜʳ ʪʘʪʘʫʨʦʚʩʢʦʡ ʩʚʠʪʳ ʚ 50 ʢʤ ʦʪ 

ʫʩʪʴʷ ʨ. ʉʝʣʝʥʛʠ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʥʘʤʠ ʣʝʪʦʤ 2017 ʛ., ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʳʭʦʜʳ ʪʘʪʘʫ-

ʨʦʚʩʢʦʡ ʩʚʠʪʳ ʦʙʥʘʞʝʥʳ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʦʡ ʛʦʨʥʦʡ 

ʮʝʧʠ ʚ 50 ʢʤ ʢ ʟʘʧʘʜʫ ʦʪ ʜʝʣʴʪʳ ʨ. ʉʝʣʝʥʛʠ ʠ ʦʪʜʝʣʴ-

ʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʠʭ ʠʟʫʯʝʥʠʶ 

ʧʨʠʥʘʜʣʝʞʘʪ ɺ. ɸ. ʆʙʨʫʯʝʚʫ, ʢʦʪʦʨʳʡ ʚʥʘʯʘʣʝ ʧʨʝʜ-

ʧʦʣʘʛʘʣ, ʯʪʦ ʪʘʪʘʫʨʦʚʩʢʠʡ ʚʘʣʫʥʥʦ-ʢʦʥʛʣʦʤʝʨʘʪʦʚʳʡ 

ʢʦʤʧʣʝʢʩ ʩ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʧʣʘʩʪʘʤʠ ʠ ʧʨʦʩʣʦʷʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ 

ʧʦʩʣʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʦʙʥʘʞʝʥʠʡ, ʚʩʢʨʳʪʳʭ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʊʨʘʥʩʩʠʙʘ, ʝʛʦ ʤʥʝʥʠʝ ʠʟʤʝʥʠʣʦʩʴ, 

ʠ ʦʥ ʩʪʘʣ ʩʦʧʦʩʪʘʚʣʷʪʴ ʠʭ ʩ ʧʦʨʦʜʘʤʠ ʪʨʝʪʠʯʥʦʛʦ ʧʝ-

ʨʠʦʜʘ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʠʭ ʠʟʫʯʝʥʠʝʤ ʟʘʥʠʤʘʣʠʩʴ 

ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʳ ʪʘʢʠʝ 

ʟʥʘʤʝʥʠʪʳʝ ʣʠʯʥʦʩʪʠ ʢʘʢ ʄ. ʄ. ʊʝʪʷʝʚ ʠ ʅ. ɸ. ʌʣʦ-

ʨʝʥʩʦʚ ʩʯʠʪʘʚʰʠʝ ʠʭ ʶʨʩʢʠʤʠ, ʃ. ʀ. ʉʘʣʦʧ ð ʥʠʞʥʝ-

ʢʝʤʙʨʠʡʩʢʠʤʠ, ʘ ɸ. ʄ. ɹʠʣʴʪʘʝʚ ð ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʜʦʠʟʫʯʝʥʠʷ ʨʘʥʝʝ ʟʘʩʥʷʪʳʭ ʧʣʦʱʘʜʝʡ (ɻɼʇ-200), ʚ 

ʘʣʝʚʨʦʣʠʪʘʭ ʠ ʧʝʩʯʘʥʠʢʘʭ ʪʘʪʘʫʨʦʚʩʢʦʡ ʩʚʠʪʳ, ʦʙʥʘ-

ʨʫʞʝʥʳ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ (ʢʘʨʙʦʥ ð ʨʘʥʥʷʷ 

ʧʝʨʤʴ?) ʢʦʤʧʣʝʢʩʳ ʤʠʦʩʧʦʨ.  

ʊʘʪʘʫʨʦʚʩʢʘʷ ʩʚʠʪʘ ʧʨʝʪʝʨʧʝʣʘ ʟʝʣʝʥʦʢʘʤʝʥʥʫʶ 

ʩʪʘʜʠʶ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ. ɺʳʭʦʜʳ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʪʨʘʭʠʨʠʦʣʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʨʠʩ. 2).  

ʆʧʦʨʥʳʡ ʨʘʟʨʝʟ ʩʚʠʪʳ ʧʨʦʩʣʝʞʝʥ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ʉʝʣʝʥʛʘ ʚʙʣʠʟʠ ʧʦʩ. ʊʘʪʘʫʨʦʚʦ, ʛʜʝ ʦʥ 

ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʱʥʦʡ ʪʦʣʱʝʡ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʤʝʪʘʧʝʩʯʘʥʠ-

ʢʦʚ, ʤʝʪʘʘʣʝʚʨʦʣʠʪʦʚ, ʜʠʥʘʤʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʪʨʘʭʠʨʠʦʣʠʪʦʚ ʠ ʠʭ ʪʫʬʦʚ. ʕʬʬʫʟʠʚʥʳʝ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʥʝʷʩʥʦʩʣʘʥʮʝʚʘʪʦʡ ʪʝʢʩʪʫʨʳ, ʢʘʪʘʢʣʘʩʪʠʯʝʩʢʦʡ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫ-

ʨʳ ʩ ʨʝʣʠʢʪʘʤʠ ʤʠʢʨʦʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʨʘʭʠʨʠʦʣʠʪʳ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ 

ʚ ʤʠʢʨʦʟʝʨʥʠʩʪʳʝ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʩʣʘʥʮʳ ʩ ʧʨʠʤʝʩʴʶ ʩʝʨʠʮʠʪʘ, ʵʧʠʜʦʪʘ, ʭʣʦʨʠʪʘ ʠ ʙʠʦʪʠʪʘ. 
 

ʈʠʩ. 3. ɼʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ (ʤʝʪʘʢʦʥ-

ʛʣʦʤʝʨʘʪʳ) ʪʘʪʘʫʨʦʚʩʢʦʡ ʩʚʠʪʳ.  

 

ʉʚʦʜʥʳʡ ʨʘʟʨʝʟ ʩʚʠʪʳ ʩʦʩʪʘʚʣʝʥ ʧʦ ʯʘʩʪʥʳʤ 

ʨʘʟʨʝʟʘʤ. ʊʘʢ, ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ɽʣʦʚʢʠ ð ʣʝʚʦʛʦ ʧʨʠ-

ʪʦʢʘ ʨ. ʉʝʣʝʥʛʠ ʚ ʩʦʩʪʘʚʝ ʩʚʠʪʳ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʧʘʯʢʠ: 

ʥʠʞʥʷʷ (ʤʝʪʘʢʦʥʛʣʦʤʝʨʘʪʦʚʘʷ) ʤʦʱʥʦʩʪʴʶ 250 ʤ; 

ʩʨʝʜʥʷʷ (ʤʝʪʘʘʣʝʚʨʦʣʠʪʦʚʘʷ ʠʣʠ ʬʠʣʣʠʪʦʚʘʷ ʩ ʛʨʘʬʠ-

ʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʛʨʘʚʝʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ ʠ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ) ʤʦʱʥʦʩʪʴʶ 150 ʤ ʠ ʚʝʨʭʥʷʷ (ʤʝʪʘʢʦʥ-

ʛʣʦʤʝʨʘʪʦʚʘʷ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʛʨʘʚʝʣʠʪʦʚ, ʧʝʩʯʘ-

ʥʠʢʦʚ, ʪʨʘʭʠʨʠʦʣʠʪʦʚ ʠ ʠʭ ʪʫʬʦʚ, ʬʠʣʣʠʪʦʚʠʜʥʳʭ ʩʣʘʥʮʝʚ) ʤʦʱʥʦʩʪʴʶ 400 ʤ.  

ʄʝʪʘʢʦʥʛʣʦʤʝʨʘʪʳ ð ʪʝʤʥʦ-ʩʝʨʳʝ, ʩʝʨʳʝ ʧʦʨʦʜʳ, ʯʘʩʪʦ ʩ ʫʧʣʦʱʝʥʥʦʡ ʛʘʣʴʢʦʡ ʛʨʘʥʠʪʦʠʜʦʚ, 

ʨʝʞʝ ʛʥʝʡʩʦʚ ʠ ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʝʚ, ʮʝʤʝʥʪ ʢʦʪʦʨʳʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʙʠʦʪʠʪʦ-

ʚʳʡ ʛʥʝʡʩ ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʠ ʛʝʪʝʨʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʛʥʝʡʩʦʚʠʜʥʦʡ ʠ ʩʣʘʥʮʝʚʘʪʦʡ 

ʪʝʢʩʪʫʨʳ (ʨʠʩ. 3). ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚʳʩʪʫʧʘʝʪ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʦʣʠʪʦʚʘʷ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʧʣʘʛʠʦʢʣʘʟʘ (ʜʦ 70%), ʢʚʘʨʮʘ (ʜʦ 25%) ʠ ʙʠʦʪʠʪʘ (ʜʦ 15%). ʄʝʪʘʢʦʥʛʣʦʤʝʨʘʪʳ ʚʤʝʱʘʶʪ ʭʦʨʦʰʦ ʦʢʘ-
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ʪʘʥʥʳʝ ʚʘʣʫʥʳ, ʘ ʪʘʢʞʝ ʣʠʥʟʳ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ ʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʘʣʝʚʨʦʣʠʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʨʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ ʪʦʥʢʦ ʧʦʣʦʩʯʘʪʳʝ ʩʦ ʩʣʘʥʮʝʚʦʡ ʪʝʢʩʪʫʨʦʡ. ʇʦʜ ʤʠʢʨʦʩʢʦ-

ʧʦʤ ʚ ʥʠʭ ʚʠʜʥʘ ʨʝʣʠʢʪʦʚʘʷ ʘʣʝʚʨʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ. ʄʝʪʘʧʝʩʯʘʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʷʩʥʦ ʧʦʣʦʩ-

ʯʘʪʦʡ ʪʝʢʩʪʫʨʦʡ ʠ ʧʩʘʤʤʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʎʝʤʝʥʪ ʚ ʥʠʭ ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪʦʚʳʡ, ʢʨʝʤʥʠʩʪʳʡ ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʦʪʠʪʘ, ʭʣʦʨʠʪʘ ʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʊʨʘʭʠʨʠʦʣʠʪʳ ʠ ʠʭ ʪʫʬʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʩʚʝʪʣʦ-

ʩʝʨʦʛʦ ʮʚʝʪʘ ʥʝʷʩʥʦʩʣʘʥʮʝʚʘʪʦʡ ʪʝʢʩʪʫʨʳ, ʢʘʪʘʢʣʘʩʪʠʯʝʩʢʦʡ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʨʝʣʠʢʪʘʤʠ 

ʤʠʢʨʦʧʦʨʬʠʨʦʚʦʡ ʠʣʠ ʢʨʠʩʪʘʣʣʦʢʣʘʩʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʇʦʡʤʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʜʨʝʚʥʝʡ ʨʝʢʠ ʊʘʪʘʫʨʦʚʢʠ ʧʨʦʩʣʝʞʝʥ ʥʘ ʩʝʚʝʨʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʭʨ. ʊʦʥ-

ʢʘʷ ʛʨʠʚʘ. ɺ ʤʝʪʘʘʣʝʚʨʦʣʠʪʘʭ ʠ ʤʝʪʘʧʝʩʯʘʥʠʢʘʭ ʩʚʠʪʳ ʙʳʣ ʚʳʜʝʣʝʥ ʧʘʣʠʥʦʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʧʦ ʟʘ-

ʢʣʶʯʝʥʠʶ ʆ.ʈ. ʄʠʥʠʥʦʡ ʩʦʧʦʩʪʘʚʠʤ ʩ ʧʘʣʠʥʦʢʦʤʧʣʝʢʩʦʤ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ ð ʨʘʥʥʝʡ ʧʝʨʤʠ [2].  

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʘʷ ʨʝʯʥʘʷ ʜʦʣʠʥʘ, ʟʘʧʦʣʥʝʥʥʘʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʧʨʦʩʪʠʨʘʣʘʩʴ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 100 ʢʤ, ʧʨʠ ʵʪʦʤ 

ʝʝ ʰʠʨʠʥʘ ʜʦʩʪʠʛʘʣʘ 15 ʢʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʨʝʚʥʷʷ ʊʘʪʘʫʨʦʚʢʘ ʧʨʦʪʝʢʘʣʘ ʚʜʦʣʴ ʩʝʚʝʨʥʦʡ ʦʢʦʥʝʯʥʦ-

ʩʪʠ ʍʘʤʘʨ-ɼʘʙʘʥʘ. ʀʥʪʝʥʩʠʚʥʳʝ ʪʝʢʪʦʥʦʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʪʨʠʘʩʦʚʦʤ ʧʝʨʠ-

ʦʜʝ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʠʭ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʤʝʪʘʤʦʨʬʠʟʤʫ ʜʦ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʚ ʥʠʭ 

ʩʦʭʨʘʥʠʣʠʩʴ ʧʝʨʚʠʯʥʳʝ ʣʠʥʟʦʚʠʜʥʦ-ʧʦʣʦʩʯʘʪʳʝ ʪʝʢʩʪʫʨʳ ʠ ʟʝʨʥʠʩʪʦʩʪʴ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʢʫʣʦʚ ʅ. ʀ. ʖʨʩʢʠʝ ʫʨʘʥʦʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ // ʃʠʪʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦ-

ʧʘʝʤʳʝ. 2017. ˉ 2. ʉ. 169ï187. 

2. ʆʙʲʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ ʢ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʘʩʰʪʘʙʘ 

1:200000 ʧʦ ʣʠʩʪʫ ʄ-48-V. ʉʝʣʝʥʛʠʥʩʢʘʷ ʩʝʨʠʷ / ɺ. ʉ. ʇʣʘʪʦʚ [ʠ ʜʨ.]. ʄ., 2002. 144 ʩ. 

  

ɸʢʫʣʦʚ ʅʠʢʦʣʘʡ ʀʚʘʥʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦ-

ʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ. 
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ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʤʝʪʘʣʣʳ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʫʙʱʝʣʦʯʥʳʭ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʭ ʛʨʘʥʠʪʦʚ ʠ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʟʦʥʳ 
 

É ɺ. ʀ. ɸʣʝʢʩʝʝʚ  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. E-mail: alekseev_vi@pers.spmi.ru 

 

ɺ ʩʦʩʪʘʚʝ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʭ ʛʨʘʥʠʪʦʚ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʛʝʦʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʟʦʥʳ ʚʳʷʚʣʝʥʳ ʘʢʮʝʩʩʦʨʥʳʝ ʠ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʠʪʫʮʠʦʥʥʳʭ ʠʣʠ ʧʨʠ-

ʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʤʝʪʘʣʣʳ Sn, W, Nb, Ta, Li, Y, REE, U, Th, Be, Rb, Cs, Zr, Hf, In, Sc, Se, Cd. 

ʇʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʳ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ ʥʘʩʣʝʜʫʶʪ ʩʦʩʪʘʚ ʘʢʮʝʩʩʦʨʠʝʚ Li-F ʛʨʘʥʠʪʦʚ ʠ ʦʙʨʘʟʫʶʪʩʷ ʥʘ 

ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʟʘʢʦʥʦʤʝʨʥʦʡ ʵʚʦʣʶʮʠʝʡ ʩʦʩʪʘʚʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʩ ʩʫʙʱʝʣʦʯʥʳʤʠ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʤʠ ʛʨʘʥʠʪʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʤʝʪʘʣʣʳ; ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʝ ʛʨʘʥʠʪʳ; ʮʚʠʪʪʝʨʳ; ʪʫʨʤʘʣʠʥʠʪʳ; ʚʦʣɹ-

ʬʨʘʤʦʚʦ-ʦʣʦʚʷʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʟʦʥʘ; ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ. 

 

Strategic metals in complexes of subalkaline lithium-fluoric granites and metasomatites  

from the Russian sector of Asia-Pacific geodynamic zone 
 

V.I. Alekseev  

Saint-Petersburg Mining University, Saint-Petersburg, Russia. E-mail: alekseev_vi@pers.spmi.ru 

 

In composition of lithium-fluoric and complementary metasomatite of Asian-Pacific geodynamic zone the acces-

sory and ore minerals containing in quality constitutional or extrinsic components the strategic metals Sn, W, Nb, Ta, 

Li, Y, REE, U, Th, Be, Rb, Cs, Zr, Hf, In, Sc, Se, Cd are revealed. Postmagmatic minerals of rare metals inherit the 

composition of Li-F granites accessories and are formed at all stages of postmagmatic process with natural evolution of 

composition. Relationship of strategic metals deposits with subalkaline lithium-fluoric ʛʨʘʥʠʪʘʤʠ is established. 

Keywords: strategic metals; lithium-fluoric granites; zwitters; tourmalinites; tungstic-tin ore deposits; Asia-

Pacific geodynamic zone; Far East. 

 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʩʫʙʱʝʣʦʯʥʳʤʠ ʣʠʪʠʡ-

ʬʪʦʨʠʩʪʳʤʠ ʛʨʘʥʠʪʘʤʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ ʠ ʦʙʨʘ-

ʟʫʶʪ ʚ ʩʦʩʪʘʚʝ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʟʦʥʳ ʧʨʦʪʷʞʝʥʥʳʡ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʡ ʧʦʷʩ 

ʦʪ ʇʨʠʤʦʨʴʷ ʜʦ ʏʫʢʦʪʢʠ. ʄʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧʦʷʩʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʘʢʘʜʝʤʠʢʦʤ 

ʉ.ʉ. ʉʤʠʨʥʦʚʳʤ, ʚʳʜʝʣʠʚʰʠʤ ʚ 1946 ʛ. çɺʦʩʪʦʯʥʦ-ɸʟʠʘʪʩʢʫʶ ʦʣʦʚʦ-ʚʦʣʴʬʨʘʤʦʚʫʶ ʟʦʥʫè. ʅʦ ʦʥ ʞʝ 

ʦʪʤʝʯʘʣ, ʯʪʦ ʧʦʠʩʢʠ ʚ ʨʝʛʠʦʥʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʪʳʩʢʘʥʠʝ ʟʦʣʦʪʳʭ ʠ ʦʣʦʚʷʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʙʝʜ-

ʥʳʝ ʠʤʠ ʨʫʜʥʳʝ ʫʟʣʳ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉʦʩʪʘʚ ʠ ʨʘʟʤʝʱʝʥʠʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʦʨʫʜʝʥʝ-

ʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʳ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ ʪʨʝʙʫʶʪ ʩʝʨʴʝʟʥʦʛʦ ʫʪʦʯʥʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʝʜʢʠʭ, ʤʝʪʘʣʣʦʚ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʷʩʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ. ʄʳ ʧʦʜʦʰʣʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʘʚʘ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ ʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ, ʠʟʫʯʠʚ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʤʠʥʝ-

ʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ Li-F ʛʨʘʥʠʪʘʭ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʦʙ-

ʨʘʟʦʚʘʥʠʷʭ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ɺ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʦʞʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʠ ʚʝʨʦʷʪʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʝʛʠʦʥʘ ʩ ʩʫʙʱʝʣʦʯʥʳʤʠ ʨʝʜʢʦʤʝ-

ʪʘʣʣʴʥʳʤʠ Li-F ʛʨʘʥʠʪʘʤʠ, ʘʨʝʘʣʳ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʛʠʛʘʥʪʩʢʠʡ ʧʦʷʩ, ʧʨʦʪʷʛʠʚʘʶʱʠʡʩʷ ʦʪ ʖʛʦ-

ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ ʜʦ ʏʫʢʦʪʢʠ. ʋʯʠʪʳʚʘʷ ʠʥʜʠʢʘʪʦʨʥʫʶ ʨʦʣʴ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦ-ʛʨʘʥʠʪʦʚʦʛʦ ʤʘʛʤʘ-

ʪʠʟʤʘ ʜʣʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ, ʤʳ ʚʳʜʝʣʷʝʤ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 

ʧʦʷʩ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʭ ʛʨʘʥʠʪʦʚ ð ʣʠʥʝʡʥʫʶ ʩʝʨʠʶ çʛʦʨʷʯʠʭ ʪʦʯʝʢè, ʪʨʘʩʩʠʨʫʶʱʫʶ ʟʦʥʫ ʧʦʩʪʘʢ-

ʢʨʝʮʠʦʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʜʠʘʧʠʨʠʟʤʘ [1]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʩʫʙʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʦʚʦʡ ʩʫʧʝʨʧʨʦʚʠʥʮʠʠ ʩʚʷʟʘʥʦ ʩ ʩʫʙʜʫʢʮʠ-

ʝʡ ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʧʣʠʪʳ ʧʦʜ ʚʦʩʪʦʯʥʫʶ ʦʢʨʘʠʥʫ ɸʟʠʘʪʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ, ʘ ʧʦʷʚʣʝʥʠʝ ʛʦʨʷʯʠʭ ʪʦʯʝʢ 

ʤʘʨʢʠʨʫʝʪ, ʚʝʨʦʷʪʥʦ, ʨʘʟʨʳʚʳ ʚ ʧʦʛʣʦʱʘʝʤʦʡ ʧʣʠʪʝ (ʩʣʵʙ-ʚʠʥʜʦʫ) ʧʨʠ ʝʝ ʪʨʘʥʩʬʦʨʤʥʳʭ ʧʦʜʚʠʞʢʘʭ 

[1, 3, 4]. ɻʣʘʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ Li-F ʛʨʘʥʠʪʦʚ: 1) ʦʯʘʛʦʚʳʡ ʭʘʨʘʢʪʝʨ ʤʘʛʤʘʪʠʟʤʘ; 

2) ʤʥʦʛʦʦʙʨʘʟʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʣʦʢʘʣʠʟʘʮʠʠ; 3) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʩ ʞʝʩʪʢʠʤʠ ʩʪʨʫʢ-

ʪʫʨʘʤʠ ʦʙʨʘʤʣʝʥʠʷ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ; 4) ʩʦʚʤʝʱʝʥʠʝ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʪʘʧʦʚ 

ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ.  
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ʅʘ ʧʨʠʤʝʨʝ ʵʪʘʣʦʥʥʳʭ ʦʣʦʚʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ð ʂʫʡʚʠʚʝʝʤ-ʇʳʨʢʘʢʘʡʩʢʦʛʦ (ʅʦʚʦʩʠʙʠʨʩʢʦ-

ʏʫʢʦʪʩʢʘʷ ʨʝʜʢʦʤʝʪʘʣʣʴʥʘʷ ʧʨʦʚʠʥʮʠʷ), ʎʝʥʪʨʘʣʴʥʦ-ʇʦʣʦʫʩʥʦʛʦ (ʗʥʦ-ʂʦʣʳʤʩʢʘʷ ʧʨʦʚʠʥʮʠʷ), 

ɹʘʜʞʘʣʴʩʢʦʛʦ ʠ ɸʨʤʠʥʩʢʦʛʦ (ʉʠʭʦʪʵ-ɸʣʠʥʩʢʘʷ ʧʨʦʚʠʥʮʠʷ) ð ʚʳʜʝʣʝʥʳ ʧʦʟʜʥʝʤʝʣʦʚʳʝ ʨʝʜʢʦʤʝ-

ʪʘʣʣʴʥʦ-ʛʨʘʥʠʪʦʚʳʝ ʩʝʨʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʙʣʠʟʦʜʥʦʚʨʝʤʝʥʥʳʝ ʨʝʜʢʦʤʝʪʘʣʣʦʥʦʩʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʝʡʢʦ-

ʛʨʘʥʠʪʦʚ ʠ ʤʦʥʮʦʥʠʪʦʠʜʦʚ ʠ ʟʘʚʝʨʰʘʶʱʠʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ Li-F ʛʨʘʥʠʪʦʚ. ʂʘʞʜʦʡ ʩʝ-

ʨʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʠʪʦʚ ð ʙʠʦʪʠʪʦʚʳʭ 

ʬʝʣʴʜʰʧʘʪʠʪʦʚ, ʮʚʠʪʪʝʨʦʚ, ʪʫʨʤʘʣʠʥʠʪʦʚ, ʭʣʦʨʠʪʠʪʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʮʚʠʪʪʝʨ-ʪʫʨʤʘʣʠʥʠʪʦʚʫʶ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʫʶ ʬʦʨʤʘʮʠʶ. 

ʈʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʨʫʧʥʝʡʰʠʭ ʚʦʣʴʬʨʘʤ-ʦʣʦʚʷʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɼʘʣʴʥʝʛʦ ɺʦ-

ʩʪʦʢʘ (ʇʳʨʢʘʢʘʡʩʢʦʝ, ʆʜʠʥʦʢʦʝ, ʇʦʣʷʨʥʦʝ, ʆʣʦʥʦʡʩʢʦʝ, ʇʨʘʚʦʫʨʤʠʡʩʢʦʝ, ʊʠʛʨʠʥʦʝ ʠ ʜʨ.) ʚʢʣʶʯʘʶʪ 

ʧʦʟʜʥʝʤʝʣʦʚʳʝ ʠʥʪʨʫʟʠʚʥʳʝ ʩʝʨʠʠ ʩ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʤʠ ʛʨʘʥʠʪʘʤʠ. ʈʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʦʩʘʜʦʯʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʪʦʣʱ ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠ-

ʥʳ ʠ ʘʢʢʨʝʮʠʦʥʥʳʭ ʟʦʥ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʚ ʭʦʜʝ ʷʥʰʘʥʴʩʢʦʛʦ, ʚʝʨʭʦʷʥʩʢʦʛʦ ʠ ʣʘ-

ʨʘʤʠʡʩʢʦʛʦ ʪʝʢʪʦʛʝʥʝʟʘ. ɻʨʘʥʠʪʦʠʜʥʳʡ ʤʘʛʤʘʪʠʟʤ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʢʦʨʦʚʳʭ ʦʯʘʛʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠ ʟʘ-

ʚʝʨʰʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʥʦʛʦʷʨʫʩʥʳʭ ʛʨʘʥʠʪʥʳʭ ʢʫʧʦʣʦʚ, ʫʚʝʥʯʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʤʠ Li-F ʛʨʘʥʠ-

ʪʦʚ ʠ ʤʝʪʘʩʦʤʘʪʠʪʦʚ [1, 4]. ɺʘʞʥʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ Li-

F ʛʨʘʥʠʪʘʤʠ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʟʦʥʳ ð ʩʣʘʙʘʷ ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʴ ʠ ʦʙʥʘʞʝ-

ʥʠʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʥʝʧʨʦʤʳʰ-

ʣʝʥʥʫʶ ʘʢʮʝʩʩʦʨʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠ ʞʠʣʴʥʳʭ ʬʘʟ ʧʣʶʤʘʟʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ, ʦʥ-

ʛʦʥʠʪʦʚ ʠ ʙʦʛʘʪʝʡʰʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʮʚʠʪʪʝʨʦʚ ʠ ʪʫʨʤʘʣʠʥʠʪʦʚ [1ï3]. 

ɺ ʩʦʩʪʘʚʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʚʳʷʚʣʝʥʳ ʘʢʮʝʩʩʦʨʥʳʝ ʠ 

ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʳʭ ʠʣʠ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʤʝ-

ʪʘʣʣʳ (Sn, W, Nb, Ta, Y, REE, U, Li, Be, Rb, Cs, Zr, Hf, In, Sc, Se, Cd, Th) ʠ ʠʛʨʘʶʱʠʝ ʨʦʣʴ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʦʥʢʨʝʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ɺʝʨʭʥʝʫʨʤʠʡʩʢʦʤ ʨʫʜʥʦʤ ʫʟʣʝ 

ɹʘʜʞʘʣʴʩʢʦʛʦ ʨʘʡʦʥʘ (ʪʘʙʣ.). ʆʩʦʙʝʥʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ ʛʨʫʧʧʳ ʤʠʥʝʨʘʣʦʚ W, Sn, Nb, REE, Y. ʋʩʪʘ-

ʥʦʚʣʝʥʘ ʧʨʦʚʠʥʮʠʘʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ Li-F ʛʨʘʥʠʪʦʚ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ð ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚʦʣʴʬʨʘʤʦʚʳʭ ʠ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʭ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʬʝʨʙʝʨʠʪ, ʚʦʣʴʬʨʘʤʦʠʢʩʠʦʣʠʪ ʠ 

ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʝ ʘʢʮʝʩʩʦʨʠʠ ð ʨʫʪʠʣ, ʠʣʴʤʝʥʠʪ, ʬʝʨʛʫʩʦʥʠʪ, ʠʰʠʢʘʚʘʠʪ, ʚʠʩʤʫʪʦʧʠʨʦʭʣʦʨ, 

ʫʨʘʥʧʠʨʦʭʣʦʨ, ʩʘʤʘʨʩʢʠʪ, ʵʰʠʥʠʪ, ʩʪʨʶʚʝʨʠʪ, ʨʫʩʩʝʣʠʪ) [1].  

 

ʊʘʙʣʠʮʘ 1 

ʈʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ Li-F ʛʨʘʥʠʪʦʚ ʠ ʦʣʦʚʦʥʦʩʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ 

ɺʝʨʭʥʝʫʨʤʠʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ (ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ) 

ʈʝʜʢʠʡ 

ʤʝʪʘʣʣ 
Li -F ʛʨʘʥʠʪʳ ʠ ʦʥʛʦʥʠʪʳ 

ɹʠʦʪʠʪʦʚʳʝ ʬʝʣʴ-

ʜʰʧʘʪʠʪʳ 
ʎʚʠʪʪʝʨʳ ʊʫʨʤʘʣʠʥʠʪʳ 

Nb, Ta 

ʚʦʣʴʬʨʘʤʦʠʢʩʠʦʣʠʪ, ʩʘʤʘʨʩʢʠʪ, 

ʵʰʠʥʠʪ, ʠʰʠʢʘʚʘʠʪ, ʬʝʨʛʫʩʦʥʠʪ, 

ʢʦʣʫʤʙʠʪ, ʧʠʨʦʭʣʦʨ, ʠʢʩʠʦʣʠʪ, 

(ʚʦʣʴʬʨʘʤʠʪ, ʠʣʴʤʝʥʦʨʫʪʠʣ) 

 

ʬʝʨʛʫʩʦʥʠʪ, ʵʚʢʩʝʥʠʪ, 

ʧʠʨʦʭʣʦʨ, (ʚʦʣʴʬʨʘ-

ʤʠʪ, ʨʫʪʠʣ, ʢʘʩʩʠʪʝ-

ʨʠʪ) 

(ʚʦʣʴʬʨʘʤʠʪ, 

ʢʘʩʩʠʪʝʨʠʪ) 

LREE ʤʦʥʘʮʠʪ, ʬʣʶʦʮʝʨʠʪ (ʘʧʘʪʠʪ) 
ʘʣʣʘʥʠʪ, ʤʦʥʘ-

ʮʠʪ, ʘʧʘʪʠʪ  

ʤʦʥʘʮʠʪ (ʬʣʶʦʨʠʪ, 

ʬʝʨʛʫʩʦʥʠʪ) 

(ʵʧʠʜʦʪ, ʬʣʶʦ-

ʨʠʪ) 

Y, HREE 

ʢʩʝʥʦʪʠʤ, ʩʘʤʘʨʩʢʠʪ, ʠʰʠʢʘʚʘʠʪ, 

ʬʝʨʛʫʩʦʥʠʪ, ʘʣʣʘʥʠʪ, ʵʰʠʥʠʪ, ʧʠ-

ʨʦʭʣʦʨ, ʠʪʪʨʦʬʣʶʦʨʠʪ, ʪʚʝʡʪʠʪ, 

ʯʝʨʥʦʚʠʪ, (ʮʠʨʪʦʣʠʪ) 

ʢʩʝʥʦʪʠʤ (ʪʦʨʠʪ, 

ʙʠʦʪʠʪ) 

ʬʝʨʛʫʩʦʥʠʪ, ʵʚʢʩʝʥʠʪ, 

ʧʠʨʦʭʣʦʨ, ʢʩʝʥʦʪʠʤ 

(ʬʣʶʦʨʠʪ) 

(ʬʣʶʦʨʠʪ, ʚʦʣʴ-

ʬʨʘʤʠʪ)  

In, Sc (ʚʦʣʴʬʨʘʤʠʪ) (ʠʣʴʤʝʥʠʪ) 
(ʚʦʣʴʬʨʘʤʠʪ, ʢʘʩʩʠ-

ʪʝʨʠʪ) 

ʨʦʢʝʟʠʪ (ʭʘʣʴ-

ʢʦʧʠʨʠʪ, ʩʪʘʥ-

ʥʦʠʜʠʪ, ʚʦʣʴ-

ʬʨʘʤʠʪ) 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʤʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʝʜʢʠʡ ʤʝʪʘʣʣ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ 

 

ɸʢʮʝʩʩʦʨʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʨʘʟʥʦʩʪʘʜʠʡʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙ-

ʣʘʜʘʶʪ ʝʜʠʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʯʝʨʪʘʤʠ, ʦʙʨʘʟʦʚʘʥʳ ʧʨʠ ʚʝʜʫʱʝʡ ʨʦʣʠ ʫʢʘʟʘʥʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʤʝʪʘʣʣʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦ ʩʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʚʦ ʚʨʝʤʝʥʠ. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʛʦʨ-
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ʥʳʭ ʧʦʨʦʜ ʚʳʨʘʞʝʥʘ ʚ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤ ʤʠʥʝʨʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ, ʩʤʝʥʝ ʭʠʤʠʯʝʩʢʠ ʨʦʜ-

ʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʠ ʥʘʧʨʘʚʣʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʮʚʠʪʪʝʨ-ʪʫʨʤʘʣʠʥʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʩʣʝʜʦʚʘ-

ʥʠʝ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʢʮʝʩʩʦʨʠʝʚ Li-F ʛʨʘʥʠʪʦʚ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʘʷ ʨʦʣʴ ʧʝʨʝʭʦʜʠʪ ʦʪ ʛʣʘʚʥʳʭ ʣʠʪʦʬʠʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (W, Nb, Ta, 

Y, REE) ʢ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ ʭʘʣʴʢʦʬʠʣʴʥʳʤ ʤʝʪʘʣʣʘʤ (Bi, As, In, Sc), ʥʘʭʦʜʠʚʰʠʤʩʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʤʠʥʝʨʘʣʘʭ ʚ ʚʠʜʝ ʠʟʦʤʦʨʬʥʳʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ (ʪʘʙʣ. 1). ʅʘ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʤ ʵʪʘʧʝ ʧʨʦ-

ʠʩʭʦʜʠʪ ʥʘʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʪʝʨʤʘʣʠʪʘʤʠ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʦʨʦʜ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ. ʂʦʤʧʣʝʢʩ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʠʤʝʝʪ ʩʤʝʰʘʥʥʳʡ ʣʠʪʦʬʠʣʴʥʦ-

ʭʘʣʴʢʦʬʠʣʴʥʳʡ ʩʦʩʪʘʚ, ʧʨʠʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʵʚʦʣʶʮʠʷ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ: LREE, Zr, Be Ÿ Sn, 

W, Nb, Li, W, Y, HREE, Sc Ÿ Sn, Cu, In, Ag, Cd, Se. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʛʠʜʨʦʪʝʨʤʘʣʠʪʦʚ ʮʚʠʪʪʝʨ-ʪʫʨʤʘʣʠʥʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʥʘ 

ʢʨʫʧʥʝʡʰʠʭ ʚʦʣʴʬʨʘʤʦʚʦ-ʦʣʦʚʷʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʟʦʥʳ ʷʚʣʷʝʪʩʷ ʩʭʦʜʥʦʡ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠ ʨʦʜʩʪʚʝʥʥʦʡ ʩ ʘʢʮʝʩʩʦʨʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʩʦʧʨʷʞʝʥʥʳʭ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ, ʵʚʦʣʶʮʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦ ʚʩʝʭ ʨʘʡʦʥʘʭ ʧʦʜʦʙʥʘ, ʯʪʦ ʫʢʘʟʳ-

ʚʘʝʪ ʥʘ ʩʚʷʟʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʩ ʩʫʙʱʝʣʦʯʥʳʤʠ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʤʠ ʛʨʘʥʠʪʘ-

ʤʠ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʆʪʜʝʣʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦ-

ʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ʀʩʪʦʨʠʷ ʩʫʨʢʦʚ (Marmota, Rodentia, Mammalia) ɿʘʙʘʡʢʘʣʴʷ 
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ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʬʘʫʥʝ ɿʘʙʘʡʢʘʣʴʷ ʦʙʠʪʘʝʪ ʜʚʘ ʚʠʜʘ ʩʫʨʢʦʚ: Marmota sibirica (Radde, 1862) ʠ M. 

Camtschatica doppelmayri Birula, 1922. ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʷʷ ʬʦʨʤʘ, ʩʦʯʝʪʘʚʰʘʷ ʧʨʠʟʥʘʢʠ ʵʪʠʭ ʚʠʜʦʚ ʠʟʚʝʩʪʥʘ ʠʟ 

ʧʣʠʦʮʝʥʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʊʦʣʦʛʦʡ. ɺ ʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʬʘʫʥʝ ʩʫʨʢʠ ʜʦʩʪʠʛʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

ʦʙʠʣʠʷ, ʙʳʣʠ ʨʝʧʝʨʥʳʤʠ ʪʘʢʩʦʥʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʣʠʯʴʠ; ʩʫʨʢʠ; ʧʣʠʦʮʝʥ; ʧʣʝʡʩʪʦʮʝʥ; ɿʘʙʘʡʢʘʣʴʝ; ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ. 

 

Marmots (Marmota, Rodentia, Mammalia) history in Transbaikalia 
 

N. V. Alexeeva, S. B. Namsaraeva  

Geological Institute (GIN SB RAS), Ulan-Ude, Russia. E-mail: ochotona@mail.ru, solonganamsaraeva94@mail.ru 

 

The Recent Transbaikalian mammal fauna includes two marmot species: Marmota sibirica (Radde, 1862) and 

M. camtschatica doppelmayri Birula, 1922. The oldest marmot form combining the morphological feature of both these 

two taxa is known from the Pliocene of Tologoi locality. During the Pleistocene due to favourable natural conditions 

significant diversifications of marmots occurred, they became abundant and distributed widely. 

Keywords: Sciuridae; marmota; Pliocene; Pleistocene; Transbaikalia; Eastern Siberia. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʬʘʫʥʝ ɿʘʙʘʡʢʘʣʴʷ ʦʙʠʪʘʝʪ ʜʚʘ ʚʠʜʘ ʩʫʨʢʦʚ: ʤʦʥʛʦʣʴʩʢʠʡ ʩʫʨʦʢ ʠʣʠ ʪʘʨʙʘʛʘʥ 

(Marmota sibirica (Radde, 1862) ʠ ʯʝʨʥʦʰʘʧʦʯʥʳʡ ʩʫʨʦʢ (Marmota camtschatica doppelmayri Birula, 

1922) [1] (ʨʠʩ.1). 

 

      

ʈʠʩ. 1. Marmota sibirica Marmota camtschatica doppelmayri. 

 

ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʷʷ ʬʦʨʤʘ ʩʫʨʢʦʚ ɿʘʙʘʡʢʘʣʴʷ ʠʟʚʝʩʪʥʘ ʚ ʩʦʩʪʘʚʝ ʛʠʧʧʘʨʠʦʥʦʚʦʡ ʬʘʫʥʳ ʠʟ ʧʣʠʦ-

ʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʊʦʣʦʛʦʡ 1 [2, 3, 4]. ʕʪʦ Marmota tologoica Ivanijev, ʦʙʥʘʨʫʞʝʥ-

ʥʘʷ ʚ ʧʨʝʜʝʣʘʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʝʘʣʘ ʪʘʨʙʘʛʘʥʘ (Marmota sibirica). ʉʫʨʦʢ ʙʳʣ ʤʝʣʢʠʭ ʨʘʟʤʝʨʦʚ, ʦʙʣʘ-

ʜʘʣ ʨʷʜʦʤ ʧʨʠʟʥʘʢʦʚ ʚ ʩʪʨʦʝʥʠʠ ʟʫʙʥʦʡ ʩʠʩʪʝʤʳ ʠ ʯʝʨʝʧʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʯʝʨʥʦʰʘʧʦʯʥʦʛʦ 

ʩʫʨʢʘ (Marmota. Camtschatica doppelmayri). ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʟʘʙʘʡʢʘʣʴʩʢʦʡ 

ʬʘʫʥʝ ʧʦʟʜʥʝʛʦ ʧʣʠʦʮʝʥʘ ʦʙʠʪʘʣʠ ʩʫʨʢʠ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʟʘʙʘʡʢʘʣʴʩʢʦʤʫ ʯʝʨʥʦʰʘ-

ʧʦʯʥʦʤʫ, ʘ ʥʝ ʢ ʪʘʨʙʘʛʘʥʫ. ʂ ʨʘʥʥʝʤʫ ʧʣʝʡʩʪʦʮʝʥʫ ʢʦʣʠʯʝʩʪʚʦ ʩʫʨʢʦʚ ʩʦʢʨʘʪʠʣʦʩʴ. ɺ ʦʪʣʦʞʝʥʠʷʭ 

ʵʪʦʛʦ ʚʨʝʤʝʥʠ, ʚʩʢʨʳʚʘʶʱʠʭʩʷ ʚ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʭ ʂʣʦʯʥʸʚʦ 1, 2 ʠ ɿʘʩʫʭʠʥʦ 1, ʠʟʚʝʩʪʥʳ ʠʭ ʝʜʠ-

ʥʠʯʥʳʝ ʦʩʪʘʪʢʠ, ʭʦʪʷ ʚ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʬʘʫʥʘʭ ʉʝʚʝʨʥʦʛʦ ʂʠʪʘʷ ʩʫʨʢʠ ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳ [5]. ʉʫʨʢʠ ʥʝ ʠʟʚʝʩʪʥʳ ʚ ɿʘʙʘʡʢʘʣʴʝ ʚ ʬʘʫʥʘʭ ʢʦʥʮʘ ʨʘʥʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ. 

ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʘʬʦʥʦʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʠʣʠ ʩ ʥʝʧʦʣʥʦʪʦʡ ʛʝʦʣʦʛʠ-

ʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ, ʠʣʠ ʩʫʨʢʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʜʢʠ ʚ ʵʪʦ ʚʨʝʤʷ ʚ ɿʘʙʘʡʢʘʣʴʝ. ʆʜʥʘ-

ʢʦ, ʶʞʥʝʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʚ ʦʜʥʦʚʦʟʨʘʩʪʥʦʡ ʬʘʫʥʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʅʘʣʘʡʭʘ 

ʦʪʤʝʯʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ Marmota sp. ʉʦʩʪʘʚ ʬʘʫʥʳ ʵʪʦʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʠ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʵʪʦ ʚʨʝʤʷ ʦʪʢʨʳʪʳʭ ʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʥʝʟʘʣʝʩʸʥʥʳʭ ʫʯʘʩʪ-

ʢʦʚ ʥʘ ʩʢʣʦʥʘʭ ʜʦʣʠʥ. 
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ʇʨʦʛʨʝʩʩʠʨʦʚʘʚʰʝʝ ʧʦʭʦʣʦʜʘʥʠʝ ʠ ʘʨʠʜʠʟʘʮʠʷ ʢʣʠʤʘʪʘ ʧʨʠʚʝʣʠ ʚ ʩʨʝʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʢ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʦʪʢʨʳʪʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʌʘʫʥʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʵʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʦʛʦʡʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʣʠ ʜʚʝ 

ʬʦʨʤʳ ʩʫʨʢʦʚ ð Marmota nekipelovi Erbajeva, ʙʣʠʟʢʘʷ ʢ ʪʘʨʙʘʛʘʥʫ ʠ Marmota sp. ɸ, ʩʭʦʜʥʘʷ ʧʦ ʩʪʨʦ-

ʝʥʠʶ ʟʫʙʦʚ ʩ ʙʘʨʛʫʟʠʥʩʢʠʤ ʯʝʨʥʦʰʘʧʦʯʥʳʤ ʩʫʨʢʦʤ. ʆʩʪʘʪʢʠ ʩʫʨʢʦʚ ʩʨʝʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʠʟʚʝʩʪʥʳ 

ʠʟ ʨʷʜʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ: ɼʦʜʦʛʦʣ3 ʠ ɼʦʜʦʛʦʣ4, ɿʘʩʫʭʠʥʦ II, ʍ, ʎʝʞʝ, ʊʦʣʦʛʦʡ 2.4 ʠ ʜʨ. ɺ ʤʝʩʪʦʥʘ-

ʭʦʞʜʝʥʠʠ ʊʦʣʦʛʦʡ 2.4 ʩʨʝʜʠ ʜʠʘʛʥʦʩʪʠʯʥʳʭ ʟʫʙʦʚ ʩʫʨʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʨʝʪʴʝʛʦ ʧʨʝʤʦʣʷʨʘ 

(P3),ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ 4 ʤʦʨʬʦʪʠʧʦʚ. ʆʜʠʥ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʘʨʙʘʛʘʥʘ, 

ʚʪʦʨʦʡ ʤʦʨʬʦʪʠʧ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʩʭʦʜʝʥ ʩ ʵʪʠʤ ʟʫʙʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʨʥʦʰʘʧʦʯʥʦʛʦ ʩʫʨʢʘ ʠ ʚʳ-

ʤʝʨʰʝʛʦ Marmota tologoica. ɼʣʷ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʸʨʪʦʛʦ ʤʦʨʬʦʪʠʧʦʚ ʭʘʨʘʢʪʝʨʥʳ ʩʤʝʰʘʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʙʦʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʠʜʦʚ. ʇʦʣʠʤʦʨʬʠʟʤ ʚ ʩʪʨʦʝʥʠʠ P3, ʦʙʥʘʨʫʞʝʥʥʳʡ ʫ ʩʫʨʢʘ ʠʟ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʊʦʣʦʛʦʡ 2.4 ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʨʝʜʥʠʡ ʧʣʝʡʩʪʦʮʝʥ ʙʳʣ ʧʝʨʠʦʜ ʨʘʩʮʚʝ-

ʪʘ, ʜʠʚʝʨʛʝʥʮʠʠ ʠ ʨʘʜʠʘʮʠʠ ʩʫʨʢʦʚ, ʢʦʛʜʘ ʦʥʠ ʦʩʚʘʠʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʣʘʥʜʰʘʬʪʦʚ. ɺʦʟʤʦʞʥʦ, ʚ 

ʵʪʦ ʚʨʝʤʷ ʧʨʦʠʟʦʰʣʦ ʩʪʘʥʦʚʣʝʥʠʝ ʧʨʝʜʢʦʚʳʭ ʬʦʨʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʠʜʦʚ: ʪʘʨʙʘʛʘʥʘ (Marmota sibirica) 

ʠ ʙʘʨʛʫʟʠʥʩʢʦʛʦ ʯʝʨʥʦʰʘʧʦʯʥʦʛʦ ʩʫʨʢʘ (M. Camtschatica doppelmayri). ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʘʥʘ-

ʣʠʟ ʘʨʝʘʣʦʚ ʩʫʨʢʦʚ. ʊʘʢ, ʫ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʩʫʨʢʦʚ, ʦʙʠʪʘʚʰʠʭ ʢ ʩʝʚʝʨʫ ʦʪ ʋʣʘʥ-ʋʜʵ, ʥʘʡʜʝʥ-

ʥʳʭ ʚ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʭ ɿʘʩʫʭʠʥʦ II ʠ ɿʘʩʫʭʠʥʦ ʍ ʥʘ ʨʝʢʝ ʀʪʘʥʮʘ, ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʠʟʥʘʢʠ, ʭʘʨʘʢʪʝʨ-

ʥʳʝ ʜʣʷ ʯʝʨʥʦʰʘʧʦʯʥʦʛʦ ʩʫʨʢʘ. ʋ ʬʦʨʤ, ʦʙʠʪʘʚʰʠʭ ʶʞʥʝʝ ʛ. ʋʣʘʥ-ʋʜʵ, ʠʟʚʝʩʪʥʳʭ ʚ ʤʝʩʪʦʥʘʭʦʞʜʝ-

ʥʠʷʭ ɼʦʜʦʛʦʣ ʥʘ ʨʝʢʝ ʋʜʘ ʠ ʎʝʞʝ ʚ ɼʞʠʜʠʥʩʢʦʤ ʨʘʡʦʥʝ, ʧʨʝʦʙʣʘʜʘʁ ʪ ʧʨʠʟʥʘʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʪʘʨʙʘʛʘʥʘ. ʆʜʥʘʢʦ, ʫ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʬʦʨʤ ʩʦʭʨʘʥʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʜʣʷ ʚʪʦ-

ʨʦʛʦ ʪʘʢʩʦʥʘ.  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʩʫʨʢʠ ʧʦʣʫʯʠʣʠ ʚ 

ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ, ʢʦʛʜʘ ʟʜʝʩʴ, ʢʘʢ ʠ ʚ ɽʚʨʘʟʠʠ ʚ ʮʝʣʦʤ, ʫʩʪʘʥʦʚʠʣʩʷ ʧʝʨʠʛʣʷʮʠʘʣʴʥʳʡ ʨʝʞʠʤ, 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʣʸʩʩʦʚʠʜʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚ ʩʦʩʪʘʚʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʩʪʨʝʯʘʣʠʩʴ ʪʫʥʜʨʦʚʳʝ ʠ ʣʝ-

ʩʦʪʫʥʜʨʦʚʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʫʭʠʝ ʙʝʟʣʝʩʥʳʝ ʧʦʣʳʥʥʳʝ ʩʪʝ-

ʧʠ. ɺʦʟʤʦʞʥʦ, ʚ ʵʪʦ ʚʨʝʤʷ ʜʣʷ ʩʫʨʢʦʚ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʩʣʦʞʠʣʠʩʴ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʠʭ ʘʨʝʘʣ ʦʭʚʘʪʳʚʘʣ ʦʛʨʦʤʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʦʪ ʜʦʣʠʥʳ ʨʝʢʠ ʀʪʘʥʮʳ 

(ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ɿʳʨʷʥʩʢ ʠ ɿʘʩʫʭʠʥʦ 5, 6) ʥʘ ʩʝʚʝʨʝ, ʤʝʞʜʫʨʝʯʴʷ ʏʠʢʦʷ ʠ ʍʠʣʢʘ ʥʘ ʚʦʩʪʦʢʝ ʠ ʜʦʣʠ-

ʥʳ ʨʝʢʠ ɼʞʠʜʳ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ. ɺ ʵʪʦʤ ʨʝʛʠʦʥʝ ʠʟʚʝʩʪʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʩ ʠʩʢʦ-

ʧʘʝʤʳʤʠ ʦʩʪʘʪʢʘʤʠ ʩʫʨʢʦʚ (ʨʠʩ. 2).  

 

ʈʠʩ. 2. ʂʘʨʪʘ-ʩʭʝʤʘ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʩʫʨʢʦʚ ɿʘʙʘʡʢʘʣʴʷ. 

ɸ ð ʩʦʚʨʝʤʝʥʥʳʡ ʘʨʝʘʣ. ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʷ: 1,2,3 ð ɿʘʩʫʭʠʥʦII , VII , VIII ; 4,5 ð ɿʳʨʷʥʩʢI, II ; 6,7,8 ð ʊʦʣʦ-

ʛʦʡ2,3,4; 9,10 ð ɼʦʜʦʛʦʣ 2,3; 11 ð ʍʦʪʳʢ; 12 ïʅʦʚʦʢʠʞʠʥʛʠʥʩʢ; 13 ð ʃʘʥʢʫʨʝʪ; 14 ð ʋʩʪʴ-ʆʙʦʨ; 15 ð ɺʘʨ-

ʚʘʨʠʥʘ ɻʦʨʘ; 16 ð ʂʘʤʝʥʢʘ; 17 ð ʎʝʞʝ; 18 ð ʄʠʭʘʡʣʦʚʢʘ; 19 ð ɹʦʮʠ; 20 ð ʋʩʪʴ-ʂʷʭʪʘ; 21 ð ʄʘʣʘʷ ʂʫʜʘʨʘ; 

22 ïʊʘʤʠʨ. 
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ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʭʦʜʦʢ ʚʳʤʝʨʰʠʭ ʩʫʨʢʦʚ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ ʘʨʝʘʣʫ ʪʘʨʙʘʛʘʥʘ ʟʘ ʠʩ-

ʢʣʶʯʝʥʠʝʤ ʥʘʭʦʜʦʢ ʠʟ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ɿʳʨʷʥʩʢ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʀʪʘʥʮʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʩʝʚʝʨʥʝʝ 

ʘʨʝʘʣʘ ʪʘʨʙʘʛʘʥʘ. ʉʫʨʦʢ ʠʟ ɿʳʨʷʥʩʢʘ, ʦʩʪʘʪʢʠ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʩʪʷʤʠ ʧʦʩʪʢʨʘʥʠʘʣʴʥʦʛʦ ʩʢʝ-

ʣʝʪʘ ʠ ʬʨʘʛʤʝʥʪʘʤʠ ʥʠʞʥʠʭ ʯʝʣʶʩʪʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʫʙʦʚ, ʧʦ ʩʪʨʫʢʪʫʨʝ ʟʫʙʦʚ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʦʢ ʢ ʪʘʨʙʘʛʘʥʫ. ʕʪʘ ʬʦʨʤʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ Marmota cf. sibirica. ʄʦʞʥʦ ʩʯʠʪʘʪʴ ʚʝʨʦʷʪʥʳʤ, ʯʪʦ 

ʵʪʦʪ ʨʝʛʠʦʥ ʙʳʣ ʩʝʚʝʨʥʳʤ ʧʨʝʜʝʣʦʤ ʘʨʝʘʣʘ ʵʪʦʛʦ ʚʠʜʘ. ɼʨʫʛʘʷ ʛʨʫʧʧʘ, ʚʦʟʤʦʞʥʦ ʩ ʧʦʜʥʷʪʠʝʤ ʧʨʠ-

ʙʘʡʢʘʣʴʩʢʠʭ ʭʨʝʙʪʦʚ ʘʜʘʧʪʠʨʦʚʘʣʘʩʴ ʢ ʞʠʟʥʠ ʚ ʛʦʨʘʭ ʠ ʷʚʠʣʠʩʴ ʧʨʝʜʢʦʚʳʤʠ ʬʦʨʤʘʤʠ ʯʝʨʥʦʰʘʧʦʯ-

ʥʦʛʦ ʩʫʨʢʘ. 

ʋʚʣʘʞʥʝʥʠʝ ʠ ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʚ ʢʦʥʮʝ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʥʘʯʘʣʝ ʛʦʣʦʮʝʥʘ ʧʨʠʚʝʣʦ ʢ ʩʦʢʨʘʱʝ-

ʥʠʶ ʦʪʢʨʳʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʝʩʦʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʠʧʘ ʠ ʚ ʵʪʦ 

ʚʨʝʤʷ ʩʝʚʝʨʥʘʷ ʛʨʘʥʠʮʘ ʘʨʝʘʣʘ ʪʘʨʙʘʛʘʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʘʩʴ ʢ ʶʛʫ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʝʣʦʚ [4].  

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ ˉ 16-05-00586 
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ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ɺʝʨʭʥʝʘʤʛʠʥʩʢʦʡ ʧʣʦʱʘʜʠ. ɺ ʍʘ-

ʪʳʨʭʘʡʩʢʦʤ ʧʦʣʝ ʨʫʜʦʥʦʩʥʦʩʪʴ ʦʪʤʝʯʘʝʪʩʷ ʚ ʛʝʪʠʪ-ʛʠʜʨʦʛʝʪʠʪʦʚʳʭ ʟʘʣʝʞʘʭ ʠ ʩʢʘʨʥʠʨʦʚʘʥʥʳʭ ʜʦʣʦʤʠʪʘʭ, ʚ 

ʍʦʭʦʡʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ð ʚ ʣʠʥʝʡʥʳʭ ʢʘʨʩʪʦʚʳʭ ʟʦʥʘʭ. ʉʫʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ, 

ʚʧʝʨʚʳʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʘʥʪʠʤʦʥʘʪʳ ʠ ʪʝʣʣʫʨʘʪʳ Tl, ʩʫʣʴʬʠʜ Re ʠ W. ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ɺʝʨʭʥʝʘʤʛʠʥʩʢʦʡ 

ʧʣʦʱʘʜʠ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʣʝʙʝʜʠʥʩʢʠʤ ʠ ʢʫʨʘʥʘʭʩʢʠʤ ʪʠʧʘʤʠ ʦʨʫʜʝʥʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʛʦ ʨʘʡʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʝʨʭʥʝʘʤʛʠʥʩʢʠʡ; ʩʠʝʥʠʪʳ; ʩʢʘʨʥʳ; ʨʫʜʥʳʡ ʢʘʨʩʪ; ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ; ʤʠʥʝʨʘʣʳ Tl, 

Re, W; ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ; ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ; ʟʘʣʝʞʴ; ʣʝʙʝʜʠʥʩʢʠʡ ʠ ʢʫʨʘʥʘʭʩʢʠʡ ʪʠʧʳ. 

 

Gold mineralization of Verkhneamginsky area (South Yakutia) 
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The results of studying the features of gold mineralization of Verkhneamginsky area are given. In the Khatyrhai 

field, ore-bearing activity is noted in goethite hydrogeet deposits and skarned dolomites, in the Khokhoy ore field in 

linear karst zones. The mineral composition of ores has been significantly supplemented, antimonates and tellurates of 

Tl, Re and W sulfides have been diagnosed for the first time. The gold mineralization of Verkhneamginsky area is com-

parable with the Lebedinsky and Kuranakh types of mineralization in the Central Aldan region. 

Keywords: Verkhneamghinsky; syenites; skarns; ore karst; native gold; Tl, Re, W minerals; intermetallides; 

mineral associations; reservoir; Lebedinsky and Kuranakh types. 

 

ɸʣʜʘʥʦ-ʉʪʘʥʦʚʘʷ ʟʦʣʦʪʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ ʠʟʚʝʩʪʥʘ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʩʪʴʶ ʩ ʥʘʯʘʣʘ XX ʚʝʢʘ. ʅʘ 

ʝʝ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʳʝ ʨʦʩʩʳʧʥʳʝ ʠ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, 

ʧʝʨʚʳʝ ʠʟ ʥʠʭ ʠʩʯʝʨʧʘʣʠ ʩʚʦʠ ʟʘʧʘʩʳ. ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʦʙʳʯʘ ʟʦʣʦʪʘ ʚʝʜʝʪʩʷ ʥʘ ʪʘʢʠʭ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʢʘʢ ʂʫʨʘʥʘʭʩʢʦʝ, ʃʝʙʝʜʠʥʩʢʦʝ, ʈʷʙʠʥʦʚʦʝ, ʉʘʤʦʣʘʟʦʚʩʢʦʝ ʠ ʜʨ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʦʙ-

ʱʝʠʟʚʝʩʪʥʳʤʠ, ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʟʦʣʦʪʦʨʫʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʤʠʨʘ.  

ɺʝʨʭʥʝʘʤʛʠʥʩʢʠʡ ʟʦʣʦʪʦʥʦʩʥʳʡ ʨʘʡʦʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʪʳʢʝ ʆʣʝʢʤʠʥʩʢʦʡ ʛʨʘʥʠʪ-ʟʝʣʝʥʦʢʘʤʝʥʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʡ 

ʛʨʘʥʫʣʠʪ-ʛʥʝʡʩʦʚʦʡ ʦʙʣʘʩʪʝʡ, ʚ ʤʝʞʛʣʳʙʦʚʦʡ ʟʦʥʝ (ɸʤʛʠʥʩʢʠʡ ʨʘʟʣʦʤ) [3]. ʅʠʞʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ 

ʷʨʫʩ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʢʨʳʪ ʚʝʥʜ-

ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʤ ʧʣʘʪʬʦʨʤʝʥʥʳʤ ʯʝʭʣʦʤ, ʤʦʱʥʦʩʪʴʶ 400-450 ʤ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ ʩʦʭʨʘ-

ʥʠʣʠʩʴ ʬʨʘʛʤʝʥʪʳ ʤʝʟʦʟʦʡʩʢʠʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʉʫʙʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ ʩʚʷʟʘʥ ʩ ʧʣʘʪʬʦʨ-

ʤʝʥʥʳʤ ʵʪʘʧʦʤ ʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʝʥʠʪʘʤʠ ʨʘʟʣʠʯ-

ʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ 2012ï2013 ʛʛ. ʚ ɺʝʨʭʥʝʘʤʛʠʥʩʢʦʤ ʨʘʡʦʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʣʠʥʝʡʥʳʝ ʠ ʧʣʦʱʘʜʥʳʝ ʛʝʦʭʠʤʠʯʝ-

ʩʢʠʝ ʘʥʦʤʘʣʠʠ ʟʦʣʦʪʘ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʧʨʦʷʚʣʝʥʠʷʤ ʩʠʝʥʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ [3]. ʇʨʠ ʟʘʚʝʨʢʝ ʘʥʦʤʘ-

ʣʠʡ ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʝʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ ʟʦʥʳ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʩʦʜʝʨʞʘ-

ʥʠʷʤʠ ʟʦʣʦʪʘ ʦʪ 0,6 ʜʦ 100,0 ʛ/ʪ (ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʍʘʪʳʨʭʘʡ). ʉʠʝʥʠʪʳ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʫʯʝʥʘ ʨʫʜʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʫʶ ʩʝʨʠʶ, ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʢʘʣʠʝʚʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʧʦ 

ʜʘʥʥʳʤ Rb-Sr ʤʝʪʦʜʘ ʜʣʷ ʥʠʭ ʧʦʣʫʯʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʟʨʘʩʪʘ ð 140Ñ7 ʤʣʥ ʣʝʪ [1]. 

ʆʧʠʩʳʚʘʝʤʘʷ ʧʣʦʱʘʜʴ ʚʢʣʶʯʘʝʪ ʜʚʘ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʭ ʧʦʣʷ: ʍʘʪʳʨʭʘʡʩʢʦʝ ʠ ʍʦʭʦʡʩʢʦʝ. 

ɿʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʦʷʚʣʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ: ʚ ʧʦʨʦʜʘʭ ʬʫʥʜʘʤʝʥʪʘ, ʚ ʥʠʟʘʭ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʦʛʦ ʯʝʭʣʘ ʠ 

ʚʳʰʝ ʧʦ ʝʛʦ ʨʘʟʨʝʟʫ, ʥʘ ʢʦʥʪʘʢʪʦʚʦʤ ʫʨʦʚʥʝ ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʭ ʠ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʤʝʟʦʟʦʡʩʢʠʭ 

ʠʥʪʨʫʟʠʚʘʭ.  

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʍʘʪʳʨʭʘʡʩʢʦʛʦ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʦʚʳʤʠ, ʙʠʦʪʠʪ-

ʘʚʛʠʪʦʚʳʤʠ ʩʠʝʥʠʪʘʤʠ, ʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʤʠ, ʛʨʘʥʠʪʦʛʥʝʡʩʘʤʠ. ʇʦʨʦʜʳ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʳ, 

ʯʪʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʠʥʪʝʥʩʠʚʥʦʡ ʩʫʣʴʬʠʜʠʟʘʮʠʠ (ʣʠʤʦʥʠʪʠʟʘʮʠʠ), ʩʝʨʠʮʠʪʠʟʘʮʠʠ, ʦʢʚʘʨʮʝʚʘʥʠʠ ʠ ʢʘʨ-

ʙʦʥʘʪʠʟʘʮʠʠ.  

ʅʘ ʧʣʦʱʘʜʠ ʍʦʭʦʡʩʢʦʛʦ ʧʦʣʷ ʚʩʢʨʳʚʘʶʪʩʷ 3 ʰʪʦʢʘ ʃʝʙʝʜʠʥʩʢʦʛʦ ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʤʦʥʮʦʥʠʪ-

ʩʠʝʥʠʪ-ʛʨʘʥʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʢʨʘʡʥʝ ʨʝʜʢʠʝ ʜʘʡʢʠ ʨʘʥʥʝʤʝʣʦʚʳʭ (?) ʧʦʨʦʜ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ.  
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ɺ ʧʨʝʜʝʣʘʭ ʍʘʪʳʨʭʘʡʩʢʦʛʦ ʧʦʣʷ ʦʪʤʝʯʘʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʝʪʠʪ-ʛʠʜʨʦʛʝʪʠʪʦʚʳʝ ʟʘʣʝʞʠ ʠ 

ʩʢʘʨʥʠʨʦʚʘʥʥʳʝ ʜʦʣʦʤʠʪʳ ʚ ʵʢʟʦʢʦʥʪʘʢʪʝ ʤʦʥʮʦʥʠʪ-ʩʠʝʥʠʪʦʚʦʛʦ ʣʘʢʢʦʣʠʪʘ. ʈʫʜʥʘʷ ʤʘʩʩʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʛʝʪʠʪ-ʛʠʜʨʦʛʝʪʠʪʦʚʳʤʠ, ʦʢʚʘʨʮʦʚʘʥʥʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ ʧʦ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʤ, ʩʢʘʨʥʠʨʦʚʘʥ-

ʥʳʤʠ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʤʠ ʜʦʣʦʤʠʪʘʤʠ, ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʤʠ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʛʨʘʥʠ-

ʪʦʛʥʝʡʩʘʤʠ. ɺ ʍʦʭʦʡʩʢʦʤ ʧʦʣʝ ʨʘʟʚʠʪʳ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʢʘʨʩʪʦʚʳʝ ʟʦʥʳ ʥʘ ʢʦʥʪʘʢʪʝ 

ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʨʘʥʥʝʶʨʩʢʠʭ ʪʦʣʱ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʧʣʘʪʬʦʨʤʳ. 

ʈʫʜʥʘʷ ʤʘʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʩʫʛʣʠʥʢʘ ʩ ʦʙʣʦʤʢʘʤʠ ʭʘʣʮʝʜʦʥ-ʢʚʘʨʮʝʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʣʠʝʚʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʥʘʩʳʱʝʥʥʳʭ ʤʝʣʴʯʘʡʰʠʤʠ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ 

ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʛʝʤʘʪʠʪʦʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʠ ʨʫʜ ʠ ʦʢʦʣʦʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʧʦʧʦʣʥʝʥ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʨʫʜ (ʪʘʙʣ.).  

ʊʘʙʣʠʮʘ 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ɺʝʨʭʥʝʘʤʛʠʥʩʢʦʡ ʧʣʦʱʘʜʠ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ, % ɻʠʧʦʛʝʥʥʳʝ ɻʠʧʝʨʛʝʥʥʳʝ 

ɻʣʘʚʥʳʝ, >10 ʂʚʘʨʮ, ʜʦʣʦʤʠʪ ɻʝʪʠʪ, ʣʠʤʦʥʠʪ 

ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ, 1-10 ʂʘʣʴʮʠʪ, ʛʝʤʘʪʠʪ, ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʤʦʨʠʦʥ, ʭʘʣ-

ʮʝʜʦʥ, ʬʣʶʦʨʠʪ 

ʂʦʚʝʣʣʠʥ, ʭʘʣʴʢʦ-

ʟʠʥ 

ʈʝʜʢʠʝ, 0,1-1 Tʝʣʣʫʨʦʚʠʩʤʫʪʠʪ*, ʛʘʣʝʥʠʪ, ʤʦʥʘʮʠʪ, ʙʘʨʠʪ, ʤʘʛʥʝ-

ʪʠʪ, ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʠʣʴʤʝʥʠʪ, 

ʊʝʣʣʫʨʠʪʳ Bi,* 

ʪʝʣʣʫʨʘʪʳ Fe, Cu* 

ʉʧʦʨʘʜʠʯʝʩʢʠʝ, >0,1 ʉʘʤʦʨʦʜʥʳʝ ʟʦʣʦʪʦ, ʩʝʨʝʙʨʦ*, ʘʣʶʤʠʥʠʡ*, ʦʣʦʚʦ*, 

ʪʠʪʘʥ*, ʚʦʣʴʬʨʘʤ*, ʮʠʥʢ*, ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ* ʉu, Fe, 

Zn, Pb, Al , Cr, Ni, Sn, ʪʝʣʣʫʨʠʜʳ ʠ ʘʥʪʠʤʦʥʘʪʳ ʪʘʣ-

ʣʠʷ*, ʩʫʣʴʬʠʜ Re ʠ W*, REE-ʢʘʨʙʦʥʘʪʳ*, ʛʦʣʣʘʥ-

ʜʠʪ*, ʪʝʥʥʘʥʪʠʪ*, ʭʘʣʴʢʦʟʠʥ, ʘʥʪʠʤʦʥʠʪ*, ʘʨʩʝʥʦʧʠ-

ʨʠʪ, ʘʨʛʝʥʪʠʪ*, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʩʚʘʥʙʝʨʛʠʪ* 

ʆʢʩʠʜʳ Cu, Zn, 

Pb, Sb 

*  ð ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʤʠʥʝʨʘʣʳ 

 

ɺʦ ʚʪʦʨʠʯʥʳʭ ʦʨʝʦʣʘʭ ʨʘʩʩʝʷʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɺʝʨʭʥʝʘʤʛʠʥʩʢʦʡ ʧʣʦʱʘʜʠ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʦʩ-

ʥʦʚʥʳʝ ʨʫʜʥʳʝ ʛʨʫʧʧʳ: 1) Au, Bi, W ʠ Cu ʚ ʍʘʪʳʨʭʘʡʩʢʦʤ ʧʦʣʝ; 2) Au, Ag, Pb, Tl ʠ V ʚ ʧʨʝʜʝʣʘʭ ʍʦ-

ʭʦʡʩʢʦʛʦ ʧʦʣʷ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪ ʥʘʤ ʫʜʘʣʦʩʴ ʚʳʷʩʥʠʪʴ ʤʠʥʝʨʘʣʴʥʳʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ Bi, W, Re ʠ 

Tl, ʚʧʝʨʚʳʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʪʝʣʣʫʨʘʪʳ ʠ ʘʥʪʠʤʦʥʘʪʳ Tl ʠ ʩʫʣʴʬʠʜ Re ʠ W, ʘʥʘʣʦʛʦʚ ʢʦʪʦʨʳʭ ʧʦʢʘ 

ʥʝ ʥʘʡʜʝʥʦ. 

ʇʦ ʍʘʪʳʨʭʘʡʩʢʦʤʫ ʧʦʣʶ ʧʨʦʙʘ ʟʦʣʦʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 598 ʜʦ 1000ă, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʟʦʣʦʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʧʨʦʙʦʡ. ʇʦʷʚʣʝʥʠʝ ʤʝʜʠʩʪʦʛʦ ʟʦʣʦʪʘ ʦʜʥʦ ʠʟ ʦʪʣʠʯʠʪʝʣʴ-

ʥʳʭ ʯʝʨʪ ʨʫʜ ʍʘʪʳʨʭʘʡʩʢʦʛʦ ʧʦʣʷ. ʊʘʢʦʡ ʪʠʧ ʟʦʣʦʪʘ ʚʩʪʨʝʯʝʥ ʚ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʭ 

ʠ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʭ. ʂʦʥʮʝʥʪʨʘʮʠʷ Cu ʚ ʟʦʣʦʪʝ ʜʦʩʪʠʛʘʝʪ ʜʦ 38,15%, 

Ag ð 3,97%, Au ð 62,59%. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʍʦʭʦʡʩʢʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʨʠʩʪʳʤ ʩʪʨʦʝ-

ʥʠʝʤ, ʚʳʩʦʢʦʧʨʦʙʥʦʝ, ʦʪ 834 ʜʦ 1000ă. ɿʦʣʦʪʦ ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʛʝʪʠʪʦʤ ʠ ʪʝʣʣʫʨʘʪʘʤʠ Fe ʠ Cu, 

ʛʘʣʝʥʠʪʦʤ. 

ʇʝʨʚʫʶ ʨʘʥʥʶʶ ʩʪʘʜʠʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʠʨʨʦʪʠʥ-ʧʠʨʠʪ-ʤʘʛʥʝʪʠʪ-ʢʚʘʨʮʝʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʚ ʩʢʘʨ-

ʥʘʭ ʠ ʘʩʩʦʮʠʘʮʠʷ ʩʘʤʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜʘʭ. 

ʊʠʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ ð ʤʘʛʥʝʪʠʪ, ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ ʠ ʢʚʘʨʮ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʨʘʩʩʝʷʥʥʫʶ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʚ ʩʢʘʨʥʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜʘʭ. ʉ ʥʠʤʠ ʘʩʩʦʮʠʠʨʫʝʪ ʩʘʤʦʨʦʜʥʦʝ Au. ɼʘʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʨʘʟʚʠʪʘ ʚ ʦʙʦʠʭ ʧʦʣʷʭ. ɺʪʦʨʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʘʤʦʨʦʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʜʝʨʦʬʠʣʴʥʦʡ ʠ 

ʭʘʣʴʢʦʬʠʣʴʥʦʡ ʛʨʫʧʧ ʚ ʠʟʤʝʥʝʥʥʳʭ ʛʨʘʥʠʪ-ʛʥʝʡʩʘʭ, ʣʠʤʦʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʟʘʣʝʞʘʭ, ʢʚʘʨʮ-

ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ, ʛʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʩʢʘʨʥʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜʘʭ ʍʘʪʳʨʭʘʡʩʢʦʛʦ ʧʦʣʷ. 

ɺ ʍʦʭʦʡʩʢʦʤ ʧʦʣʝ ʨʘʟʚʠʪʳ ʩʘʤʦʨʦʜʥʳʝ Zn, Ti, Fe, ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ Cu, Ni, Zn, Sn, Mn ʠ Cr. ɺ ʪʝʯʝ-

ʥʠʠ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ Au-ʛʘʣʝʥʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ-ʢʚʘʨʮʝʚʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ. ʊʠ-

ʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ ð ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʧʠʨʠʪ, ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ. ʉ ʥʠʤʠ ʘʩʩʦʮʠʠʨʫʶʪ ʩʬʘ-

ʣʝʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʙʫʨʥʦʥʠʪ. ɺ ʭʘʣʴʢʦʧʠʨʠʪʝ ʩʧʦʨʘʜʠʯʝʩʢʠ ʦʪʤʝʯʘʝʪʩʷ As-ʙʣʝʢʣʘʷ ʨʫʜʘ ð ʪʝʥʥʘʥ-
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ʪʠʪ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜʘʭ. ʀʥʪʝʥʩʠʚʥʦ 

ʨʘʟʚʠʪʳ ʛʠʜʨʦʢʩʠʜʳ Fe. ɼʘʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʨʘʟʚʠʪʘ ʚ ʦʙʦʠʭ ʧʦʣʷʭ. ɺ ʪʨʝʪʴʶ ʧʦʟʜʥʶʶ ʩʪʘʜʠʶ ʬʦʨ-

ʤʠʨʫʝʪʩʷ Au-Te-Bi-ʢʚʘʨʮʝʚʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ. ʕʪʘ ʘʩʩʦʮʠʘʮʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʢʚʘʨʮʝʚʳʭ 

ʪʝʣʘʭ ʩʨʝʜʠ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘ ʍʘʪʳʨʭʘʡʩʢʦʛʦ ʧʦʣʷ. ʊʠʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ ð 

ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ. ʂ ʜʘʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʤʦʞʥʦ ʧʨʠʯʠʩʣʠʪʴ ʠ ʝʜʠʥʠʯʥʳʝ ʤʝʣʢʠʝ ʚʢʨʘʧ-

ʣʝʥʠʷ ʘʨʛʝʥʪʠʪʘ, ʩʘʤʦʨʦʜʥʦʛʦ Ag. ʂ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʦʪʥʦʩʠʪʩʷ ʠ Au-Ag-ʪʝʣʣʫʨʠʜʥʦ-ʢʚʘʨʮʝʚʘʷ ʘʩʩʦ-

ʮʠʘʮʠʷ. ɼʘʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʚʳʜʝʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʍʘʪʳʨʭʘʡ-

ʩʢʦʛʦ ʧʦʣʷ, ʚ ʢʦʪʦʨʦʤ ʚ ʚʠʜʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʝʣʣʫʨʠʜʳ Au, Ag ʠ Pb (ʧʝʪ-

ʮʠʪ, ʢʘʣʘʚʝʨʠʪ, ʛʝʩʩʠʪ, ʘʣʪʘʠʪ), ʘ ʪʘʢʞʝ ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʛʨʠʥʦʢʠʪ, ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ, ʩʫʣʴʬʦʚʠʩʤʫ-

ʪʠʪ [2, 4]. ɺ ʩʘʤʠʭ ʨʫʜʘʭ ʪʝʣʣʫʨʠʜʳ Au, Ag ʠ Pb, ʛʨʠʥʦʢʠʪ ʥʘʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, 

ʚʠʜʠʤʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʨʦʟʠʦʥʥʦʤ ʩʨʝʟʝ ʧʣʦʱʘʜʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʠʩʳʚʘʝʤʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʦ ʪʠʧʘʤ ʨʫʜ ʠ ʧʦ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʦʨʫʜʝʥʝʥʠʝ ʍʘʪʳʨʭʘʡʩʢʦʛʦ ʧʦʣʷ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʦʨʫʜʝʥʝʥʠʝʤ ʣʝʙʝʜʠʥʩʢʦʛʦ, ʘ ʦʨʫʜʝʥʝʥʠʝ ʍʦʭʦʡʩʢʦʛʦ 

ʧʦʣʷ ð ʩ ʢʫʨʘʥʘʭʩʢʠʤ ʪʠʧʦʤ ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʛʦ ʨʘʡʦʥʘ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʣʘʥʫ ʅʀʈ ʀɻɸɹʄ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ 0381-2016-0004. 
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ʂ ʚʦʧʨʦʩʫ ʦʙ ʵʪʘʧʘʭ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ɿʘʙʘʡʢʘʣʴʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʟ-

ʨʘʩʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʘʢʮʝʩʩʦʨʥʳʤ ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤ ʤʠʥʝʨʘʣʘʤ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʤʘʛʤʘʪʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʠʟʦʪʦʧʥʳʤʠ ʤʝʪʦʜʘʤʠ (U-Pb, Ar -Ar , K-Ar  ʠ Rb-Sr) 
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ʇʨʦʚʝʜʝʥʦ ʦʙʦʙʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʭʨʦʥʦʣʦʛʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ɿʘʙʘʡʢʘʣʴʷ, ʧʦʣʫʯʝʥʥʦʡ ʨʘʟʣʠʯʥʳʤʠ ʠʟʦʪʦʧʥʳʤʠ ʤʝʪʦʜʘʤʠ (U-Pb, Rb-Sr, Ar-Ar ʠ K-

Ar) ʧʦ ʚʩʝʡ ʠʭ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʮʠʨʢʦʥ, ʧʠʨʦʢʩʝʥ, ʘʤʬʠʙʦʣ, ʙʠʦʪʠʪ, ʧʣʘʛʠʦʢʣʘʟ ʠ ʂʇʐ) ʚ 3-ʭ ʧʦʷʩʘʭ, 

ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʢ ʖɺ ʦʪ ʦʟ. ɹʘʡʢʘʣ ʜʦ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʨʘʟʣʦʤʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 250-300 ʢʤ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʝʛʠʦʥʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʀʪʘʥʮʠʢʩʢʦʡ ʩʚʠʪʳ, ʉʚʷʪʦ-

ʥʦʩʩʢʦʡ ʪʦʣʱʠ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʛʥʝʡʩʦʛʨʘʥʠʪʘʭ ʚʦʟʨʘʩʪ ʩʣʘʛʘʶʱʠʭ ʠʭ ʤʠʥʝʨʘʣʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 

AR ʜʦ K1. ʇʨʠ ʵʪʦʤ ʦʥ ʚʢʣʶʯʘʝʪ ʚʝʩʴ ʚʦʟʨʘʩʪʥʦʡ ʠʥʪʝʨʚʘʣ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ ʤʘʛʤʘʪʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ ʨʝʛʠʦʥʘ, ʢʦʪʦʨʳʡ ʚʦ ʚʩʝʭ 3-ʭ ʧʦʷʩʘʭ ʧʨʠʤʝʨʥʦ ʙʣʠʟʦʢ, ~300-350 ʤʣʥ ʣʝʪ ʦʪ O3 ʜʦ K1. ɺʦ ʚʩʝʭ 3-ʭ 

ʧʦʷʩʘʭ ʪʝʨʨʠʪʦʨʠʠ ʩʫʱʝʩʪʚʫʶʪ ʤʘʩʩʠʚʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪ ʢʘʢ ʧʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʳʤ ʘʢʮʝʩʩʦʨʥʳʤ, ʪʘʢ ʠ ʧʦ ʚʩʝ ʤʝʥʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤ ʤʠʥʝʨʘʣʘʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʣʠʙʦ ʦʜʥʦʤʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʧʝʨʠʦʜʫ, ʣʠʙʦ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʧʣʦʪʴ ʜʦ ʚʩʝʛʦ 

ʚʳʰʝʦʪʤʝʯʝʥʥʦʛʦ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʨʘʟʥʠʮʘ ʚ ʚʦʟʨʘʩʪʝ ʚʩʝ ʤʝʥʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘ-

ʪʫʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʙʳʯʥʦ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʘ (> 30 ʤʣʥ ʣʝʪ), ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʝʨʠʦʜʦʚ (ʜʦ ʧʷʪʠ), ʧʦʜʚʝʨʞʝʥʥʳʭ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʧʦ ʤʦʱʥʦʩʪʠ ʪʝʨʤʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʢʪʦʚ Pz ʠ Mz ʚʦʟʨʘʩ-

ʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʷʩʘʭ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʣʠʯʥʦ ʠ ʟʘʢʦʥʦʤʝʨʥʦ. ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʦʷʚʣʝʥʠʷʭ ʤʘʢʩʠʤʫʤʦʚ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʝ ʠ ʤʝʟʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʠ ʠʭ ʧʦʩʪʝʧʝʥʥʦʤ ʩʤʝ-

ʱʝʥʠʠ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚʝʩʴʤʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʣʶ-

ʤʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʤʘʪʠʟʤ; ʤʝʪʘʤʦʨʬʠʟʤ; ʧʦʨʦʜʘ; ʤʠʥʝʨʘʣ; ʠʟʦʪʦʧʳ; ʛʝʦʭʨʦʥʦʣʦʛʠʷ; ʛʝʦʜʠʥʘʤʠʢʘ; 

ʧʣʶʤʳ.  

 

To the question about the stages magmatic activity in Zabaikalye based on a relation of age data  

on accessory and rock-forming minerals of main types igneous rocks obtained by different isotopic 

methods (U-Pb, Ar-Ar, K -Ar and Rb-Sr) 
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Marshalling information regarding the chronology and the thermal history of igneous and metamorphic rocks in 

Zabaikalye obtained different isotope methods (U-Pb, Rb-Sr, Ar-Ar and K-Ar) throughout their mineral association 

(zircon, pyroxene, amphibole, biotite, and plagioclase feldspar) in 3 zones, arranged in parallel to the South-East of the 

lake Baikal to the Mongol-Okhotsk rift over 250-300 km.  

It was revealed that in the region specific metamorphic formations Itantsikskoy suite, Svyatonossky strata, as 

well as some gneysogranits age constituent minerals ranges from AR to K1. In this case, it includes the entire age range, 

typical for the most common igneous rocks of the region, which in all 3 zones roughly similar, ~300-350 million years 

from O3 to K1. In all 3 zones of the area exist the massifs of magmatic rocks, in which the age of the high accessory 

minerals and less high-forming minerals corresponds to either one insignificant time period or a much more significant 

until the entire above-noted to igneous rocks. In the latter case, the difference in age less high minerals are usually so 

large (> 30 Ma), it can be considered that the formation of mineral phases of data in several separate time periods (up to 

five) corresponding power prone thermal influences. The quantitative ratio of objects Pz and Mz age in different zones 

of the territory is different and natural.  

Most expressed in manifestations of maximums thermal and magmatic activities in Late Paleozoic and Mesozoic 

time and their gradual shift from North-West to South-East territory, owing to very likely long-term pljumovoj activi-

ties. 

Keywords: magmatism; metamorphism; rocks; mineral; isotopes; geochronology; Geodynamics; plums. 
 

ʇʨʦʚʝʜʝʥʦ ʦʙʦʙʱʝʥʠʝ ʠʤʝʶʱʝʡʩʷ ʦʨʠʛʠʥʘʣʴʥʦʡ ʠ ʣʠʪʝʨʘʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [1-6, 8-11] ʚ ʦʪ-

ʥʦʰʝʥʠʠ ʠʟʦʪʦʧʥʦʡ ʭʨʦʥʦʣʦʛʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ (ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʤʝʪʘ-
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ʤʦʨʬʠʯʝʩʢʠʭ) ʧʦʨʦʜ ɿʘʙʘʡʢʘʣʴʷ, ʧʦʣʫʯʝʥʥʦʡ ʨʘʟʣʠʯʥʳʤʠ ʠʟʦʪʦʧʥʳʤʠ ʤʝʪʦʜʘʤʠ (U-Pb, Rb-Sr, Ar-Ar 

ʠ K-Ar) ʧʦ ʚʩʝʡ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦʨʦʜ (ʮʠʨʢʦʥ, ʧʠʨʦʢʩʝʥ, ʘʤʬʠʙʦʣ, ʙʠʦʪʠʪ, ʧʣʘʛʠʦʢʣʘʟ ʠ 

ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ ʠʟʦʪʝʨʤʘʤʠ ʩʦʭʨʘʥʝʥʠʷ [7], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ 800-900 ʜʦ 

200-250ʦʉ) ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʭ ʧʦʷʩʦʚ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ 

ʦʪ ʦʟʝʨʘ ɹʘʡʢʘʣ ʜʦ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʨʘʟʣʦʤʘ (ʚ ʩʪʘʨʦʡ ʚʝʨʩʠʠ) ʥʘ ʧʨʦʪʷʞʝʥʠʠ 250ï300 ʢʤ.  

ʍʨʦʥʦʣʦʛʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʧʦʷʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʠʤʝʨʝ ʯʝʪʳ-

ʨʝʭ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʛʨʘʥʠʪʦʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʤʢʘʭ 21 ʦʪʜʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ (ɹʘʨʛʫʟʠʥʩʢʠʡ, ʏʠʚʳʨʢʫʡʩʢʠʡ, ɺʝʨʭʥʝʪʫʨʢʠʥʩʢʠʡ ʠ ʂʳʜʞʠʤʠʪʩʢʠʡ ʤʘʩʩʠʚʳ). 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʟʜʝʩʴ ʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʭʨʦʥʦʣʦʛʠʷ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʤʝ-

ʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʠʤʝʥʥʦ ʀʪʘʥʮʠʥʩʢʦʡ ʩʚʠʪʳ ʠ ʉʚʷʪʦʥʦʩʩʢʦʡ ʪʦʣʱʠ. ɺ ʮʝʥʪʨʘʣʴʥʦʤ 

ʧʦʷʩʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʨʦʜʳ ~20 ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ 15 ʛʨʘʥʠʪʦʠʜʥʳʭ ʠ 4-ʭ ʛʘʙʙʨʦʠʜʥʳʭ ʤʘʩʩʠʚʦʚ, ʘ 

ʪʘʢʞʝ ʜʚʫʭ ʦʙʲʝʢʪʦʚ ʙʘʟʠʪʦʚʳʭ ʣʘʚʦʚʳʭ ʧʦʢʨʦʚʦʚ. ɺ ʧʨʝʜʝʣʘʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʦʷʩʘ ʠʩʩʣʝʜʦʚʘʥʳ 

ʧʦʨʦʜʳ ~71 ʦʪʜʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʚʢʣʶʯʘʷ ~19 ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʩʩʠʚʦʚ, ~10 ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʠʜʥʳʭ 

ʤʘʩʩʠʚʦʚ, ~9 ʦʙʲʝʢʪʦʚ ʤʘʬʠʯʝʩʢʠʭ ʠ ʩʘʣʠʯʝʩʢʠʭ ʚʫʣʢʘʥʠʪʦʚ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʛʥʝʡʩʦ-ʛʨʘʥʠʪʦʠʜʳ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʠʪʦ-ʤʝʪʘʤʦʬʠʯʝʩʢʠʭ ʢʫʧʦʣʦʚ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʦʟʨʘʩʪ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʦʪ ʤʘʬʠʯʝʩʢʠʭ ʜʦ ʩʘʣʠʯʝʩʢʠʭ ʚʦ ʚʩʝʭ 3-ʭ ʟʦʥʘʭ ʠʣʠ ʧʦʷʩʘʭ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʘʨʴʠʨʫʝʪ 

ʧʨʠʤʝʨʥʦ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʠʥʪʝʨʚʘʣʝ, ʘ ʠʤʝʥʥʦ ʦʪ ʧʦʟʜʥʝʛʦ ʦʨʜʦʚʠʢʘ ʜʦ ʨʘʥʥʝʛʦ ʤʝʣʘ, ʪ.ʝ. ʚ ʠʥʪʝʨ-

ʚʘʣʝ ~300ï350 ʤʣʥ ʣʝʪ.  

ɺʦ ʚʩʝʭ 3-ʭ ʧʦʷʩʘʭ ʪʝʨʨʠʪʦʨʠʠ ʩʫʱʝʩʪʚʫʶʪ ʤʘʩʩʠʚʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪ 

ʢʘʢ ʧʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʘʢʮʝʩʩʦʨʥʳʤ, ʪʘʢ ʠ ʧʦ ʚʩʝ ʤʝʥʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦ-

ʨʦʜʦʦʙʨʘʟʫʶʱʠʤ ʤʠʥʝʨʘʣʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʙʦ ʦʜʥʦʤʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʧʝʨʠʦʜʫ (ʦʩʦ-

ʙʝʥʥʦ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʧʦʷʩʝ), ʣʠʙʦ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʧʣʦʪʴ ʜʦ ʚʩʝʛʦ ʚʳʰʝʦʪʤʝʯʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʫʯʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (350ï300 ʤʣʥ ʣʝʪ). 

ʇʨʠ ʵʪʦʤ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʨʘʟʥʠʮʘ ʫʤʝʥʴʰʘʶʱʠʭʩʷ ʚ ʚʦʟʨʘʩʪʝ ʚʩʝ ʤʝʥʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʦʙʳʯʥʦ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʘ (> 30 ʤʣʥ ʣʝʪ), ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ, ʜʦ ʧʷʪʠ, ʦʪʜʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʝʨʠʦʜʦʚ ʠʣʠ ʵʪʘʧʦʚ (ʜʦʨʘʥʥʝʢʘʨʙʦʥʦʚʳʡ, 

ʧʦʟʜʥʠʡ ʢʘʨʙʦʥ-ʨʘʥʥʝʧʝʨʤʩʢʠʡ, ʧʦʟʜʥʝʧʝʨʤʩʢʦ-ʩʨʝʜʥʝʪʨʠʘʩʦʚʳʡ, ʧʦʟʜʥʠʡ ʪʨʠʘʩïʩʨʝʜʥʝʶʨʩʢʠʡ ʠ 

ʧʦʟʜʥʷʷ ʶʨʘ-ʨʘʥʥʝʤʝʣʦʚʦʡ), ʧʦʜʚʝʨʞʝʥʥʳʭ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠ ʦʙʳʯʥʦ ʚʩʝ ʤʝʥʴʰʝʤ 

ʧʦ ʤʦʱʥʦʩʪʠ ʪʝʨʤʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʟʥʘʯʠʤʦʡ ʩʚʷʟʠ ʩʦ ʩʪʨʝʩʩʦʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ [1].  

ɺʦʟʨʘʩʪ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʩʝʛʦ ʨʘʡʦʥʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʪʦʣʱ, ʘ ʠʤʝʥʥʦ ʀʪʘʥʮʠʥʩʢʦʡ ʩʚʠʪʳ ʠ 

ʉʚʷʪʦʥʦʩʩʢʦʡ ʪʦʣʱʠ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʛʥʝʡʩʦʛʨʘʥʠʪʦʚ ʨʘʡʦʥʘ, ʧʦ ʚʦʟʨʘʩʪʥʳʤ ʜʘʥʥʳʤ ʩʣʘʛʘʶʱʠʭ 

ʠʭ ʤʠʥʝʨʘʣʦʚ ʥʘʭʦʜʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʝʜʠʥʦʤ ʦʛʨʦʤʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ ʘʨʭʝʷ ʜʦ ʨʘʥʥʝʛʦ ʤʝʣʘ, ʪ.ʝ. 

ʚʢʣʶʯʘʝʪ ʚʝʩʴ ʚʦʟʨʘʩʪʥʦʡ ʠʥʪʝʨʚʘʣ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʩʝʛʦ ʨʝʛʠʦʥʘ. 

ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʘ ʩʠʪʫʘʮʠʷ ʥʘʛʣʷʜʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʤʝʥʥʦ ʪʦʪ ʚʦʟʨʘʩʪʥʦʡ ʠʥʪʝʨʚʘʣ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦ-

ʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʨʦʞʜʝʥʠʝ, ʘ ʟʘʪʝʤ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʠ ʦʪʤʝʯʝʥʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ ʥʘ ʚʩʝʡ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʕʪʠ ʵʪʘʧʳ ʦʢʘʟʘʣʠʩʴ ʚ ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝ-

ʩʢʠʤ ʜʘʥʥʳʤʠ ʧʦ ʦʩʥʦʚʥʳʤ ʵʪʘʧʘʤ ʤʝʪʘʤʦʨʬʠʟʤʘ ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ [2], 

ʘ ʠʤʝʥʥʦ ʧʦʩʣʝʨʠʬʝʡʩʢʦʛʦ, ʦʨʜʦʚʠʢʩʢʦʛʦ, ʨʘʥʥʝ-ʧʦʟʜʥʝʢʘʨʙʦʥʦʚʦʛʦ, ʧʝʨʤʦ-ʨʘʥʥʝʪʨʠʘʩʦʚʦʛʦ ʠ ʧʦʟʜ-

ʥʝʪʨʠʘʩʦʚʦʛʦ ʵʪʘʧʘ, ʚʦʟʨʘʩʪʦʤ ʦʪ ʨʠʬʝʷ ʜʦ ʧʦʟʜʥʝʛʦ ʤʝʣʘ ʚʩʝʛʦ ʨʷʜʘ ʤʠʥʝʨʘʣʦʚ ʛʥʝʡʩʦʨʘʥʠʪʦʠʜʦʚ, 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʉʚʷʪʦʥʦʩʩʢʦʡ ʪʦʣʱʠ, ʘ ʪʘʢʞʝ ʠʥʪʨʫʟʠʚʥʳʭ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʥʘ ʵʪʦʡ 

ʠ ʩʤʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʷʭ ɿʘʙʘʡʢʘʣʴʷ ʠ ʄʦʥʛʦʣʠʠ;  

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʠ ʤʝʟʦ-

ʟʦʡʩʢʦʛʦ) ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʷʩʘʭ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʣʠʯʥʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʟʘʢʦʥʦʤʝʨʥʦ. ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʘʝʪʩʷ 

ʚ ʧʨʦʷʚʣʝʥʠʷʭ ʤʘʢʩʠʤʫʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡ-

ʩʢʦʝ ʠ ʤʝʟʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʠ ʠʭ ʧʦʩʪʝʧʝʥʥʦʤ ʩʤʝʱʝʥʠʠ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʪʝʨʨʠʪʦʨʠʠ.  

ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʩʠʪʫʘʮʠʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʚʦʟ-

ʨʘʩʪʥʳʤʠ ʜʘʪʠʨʦʚʢʘʤʠ ʤʠʥʝʨʘʣʦʚ ʚʩʝʡ ʘʩʩʦʮʠʘʮʠʠ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʤʘʛʤʘʪʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ ɿʘʙʘʡʢʘʣʴʷ, ʮʠʢʣʠʯʥʦʩʪʴʶ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʷʚʥʳʡ ʧʨʠʚʥʦʩ ʢʘʣʠʷ ʚ ʠʩʭʦʜʥʳʝ 

ʥʠʟʢʦʱʝʣʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʛʨʘʥʠʪʠʟʘʮʠʠ ʠ ʚʳʧʣʘʚʣʝʥʠʠ ʩʫʙʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ, ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʠʤʝʥʥʦ çʧʣʶʤʦʚʘʷè ʢʦʥʮʝʧʮʠʷ. ɹʝʟ ʫʯʘʩʪʠʷ ʧʣʶʤʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʛʨʦʤʥʳʭ ʤʘʩʩ ʚʳʩʦʢʦʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʠʟ ʜʨʝʚʥʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʝ ʭʚʘʪʠʣʦ ʙʳ ʢʘʣʠʷ.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʥʥʦ ʛʣʫʙʠʥʥʳʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʧʣʶʤʳ ʠ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʠ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʝʩʴʤʘ ʜʣʠʪʝʣʴʥʫʶ ʪʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʣʶʤʦʚʦʡ ʤʘʛʤʘʪʠ-

ʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʩʝ ʜʘʣʝʝ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʄʦʥ-

ʛʦʣʠʶ. 
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ɺ ʨʘʙʦʪʝ ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʥʘ ʧʨʠʤʝʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʫʨʷʪʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʪʘʢʠʭ ʨʫʜ ʜʦʩʪʠʛʘʝʪʩʷ ʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ, ʚʢʣʶʯʘʶʱʝʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʧʘʨʦʛʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʩʳʨʴʝʚʳʭ ʜʦʙʘʚʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʝ ʨʫʜʳ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ; ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ; ʦʙʞʠʛ ʚ ʘʪʤʦ-

ʩʬʝʨʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ; ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʝ ʦʙʦʛʘʱʝʥʠʝ; ʢʦʥʮʝʥʪʨʘʪ. 
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The paper reflects the results of research on processing of difficult to refractory non-ferrous ores on the example 

of deposits of Buryatia. It is shown that the processing efficiency of such ores is achieved by a new technology, includ-

ing combined methods based on steam-gas technology and thermochemical processes using natural raw additives.  

Keywords: complex ores non-ferrous metal; combined methods; roasting in the atmosphere of water vapor; 

thermochemical enrichment; concentrate.  

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝ ʪʦʣʴʢʦ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ, ʥʦ ʚ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʩʥʠ-

ʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʚʦʟʨʘʩʪʘʝʪ ʫʜʝʣʴʥʳʡ ʚʝʩ ʙʝʜʥʳʭ, ʟʘʙʘʣʘʥʩʦʚʳʭ ʠ ʪʨʫʜʥʦʦʙʦʛʘ-

ʪʠʤʳʭ ʨʫʜ. ʂʘʯʝʩʪʚʦ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʨʷʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʫʨʷʪʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʜʦʣʠ ʩʣʦʞʥʳʭ ʨʫʜ ʩ ʙʦʣʝʝ ʪʦʥʢʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʧʦʣʝʟʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʦʢʠʩʣʝʥʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʬʦʨʤ. ʇʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʧʨʠ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʪʘʢʦʛʦ ʩʣʦʞʥʦʛʦ ʚʠʜʘ ʩʳʨʴʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʚʳʩʦʢʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜ ʩʭʝʤʘ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʞʝʪ ʚʢʣʶ-

ʯʘʪʴ ʦʧʝʨʘʮʠʠ ʪʝʨʤʦʭʠʤʠʠ ʠʣʠ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʣʦʪʘʮʠʦʥʥʳʤ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ 

ʦʙʦʛʘʱʝʥʠʝʤ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʪʨʫʜʥʦʦʙʦʛʘʪʠ-

ʤʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ (ʩʳʥʥʳʨʠʪʦʚ) ʠ ʚʦʟ-

ʤʦʞʥʳʝ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ, ʙʣʘʛʦʜʘʨʷ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʪʨʘʥʳ ʚ ʩʚʠʥʮʝ ʠ ʮʠʥʢʝ ʠ ʠʭ ʵʢʩʧʦʨʪʘ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʚʦʜʘ ʚ ʦʙʦʨʦʪ ʠʟʚʝʩʪʥʳʭ, ʥʝ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʩʝʛʦʜʥʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʫʨʷʪʠʠ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʶ ʆʟʝʨʥʦʝ. ɽʛʦ ʦʩʚʦʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʪʴ ʜʝʬʠʮʠʪ ʮʠʥʢʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠ-

ʟʠʪʴ ʜʝʬʠʮʠʪ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʨʫʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ-

ʧʦʩʪʦʷʥʩʪʚʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʠʪʦʤ, ʩʬʘ-

ʣʝʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʨʝʞʝ ʧʠʨʨʦʪʠʥʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʠ ʘʨʩʝʥʦʧʠʨʠʪʦʤ. ɼʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʝʢ-

ʪʠʨʦʚʱʠʢʘʤʠ (ʠʥʩʪʠʪʫʪ ʆɸʆ ʉʠʙʮʚʝʪʤʝʪʥʠʠʧʨʦʝʢʪ, 2009ï2010 ʛʛ.) ʧʨʝʜʣʦʞʝʥʘ ʬʣʦʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ 

ʦʙʦʛʘʱʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ɺʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʠʩʣʝʥʥʳʭ, ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʭ ʚʳʩʦʢʦʩʫʣʴ-

ʬʠʜʥʳʭ ʨʫʜ ʠ ʧʠʨʠʪʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʥʝ ʥʘʰʣʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. ʅʘ ʆʟʝʨʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʝʥʥʳʭ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʨʫʜ ʩʦʩʪʘʚʣʷʝʪ 24ï26 ʤʣʥ ʪʦʥʥ, ʢʦʣʠʯʝʩʪʚʦ ʪʦʥʢʦ ʚʢʨʘʧ-

ʣʝʥʥʳʭ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ ð ʙʦʣʝʝ 50 ʤʣʥ ʪʦʥʥ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 30ï40 % ʦʪ ʦʙʱʝ-

ʛʦ ʟʘʧʘʩʘ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ɺ 2013-2016 ʛʦʜʳ ʚ ʅʀʊʋ çʄʀʉʠʉè ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʦʙʦʛʘʱʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ ʆʟʝʨʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʦʯʝ-

ʪʘʥʠʠ ʚ ʝʜʠʥʦʡ ʩʭʝʤʝ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʬʣʦʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤʠ. ʇʨʝʜʚʘ-

ʨʠʪʝʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʪʨʫʜʥʦʡ ʦʙʦʛʘʪʠʤʦʩʪʠ ʚʳʩʦʢʦ-

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ð ʟʘʛʨʷʟʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʦʚ ʨʘʩʢʨʳʪʳʤʠ ʯʘʩʪʠʮʘʤʠ ʬʣʦʪʦʘʢʪʠʚʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʠ-

ʨʠʪʘ. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʨʝʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʦʛʘʱʝʥʠʷ ʜʘʥʥʳʭ ʨʫʜ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʠʨʦ-

mailto:inan@binm.ru
mailto:inan@binm.ru


29 

 

ʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʦʡ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʡ ʨʫʜʝ ʧʦʣʫʯʝʥ ʮʠʥʢʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʮʠʥʢʘ 51,5% ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʮʠʥʢʘ 39.5%. ɻʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʤʧʨʦʜʫʢʪʘ ʠʟʚʣʝʯʝʥʠʝ ʮʠʥʢʘ ʚ ʧʨʦʜʫʢʪʠʚʥʳʡ ʨʘʩʪʚʦʨ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʩʪʘʚʠʣʦ 

41,5%, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʠʟʚʣʝʯʝʥʠʠ ʚ ʢʘʪʦʜʥʳʡ ʮʠʥʢ 37% ʦʙʝʩʧʝʯʠʪ ʩʫʤʤʘʨʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʮʠʥʢʘ 

76,5%. ʀʟ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʡ ʨʫʜʳ ʚʝʩʴ ʩʚʠʥʝʮ ʧʦʣʫʯʝʥ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ, ʠʟ-

ʚʣʝʯʝʥʠʝ ʩʚʠʥʮʘ ʚ ʢʘʨʙʦʥʘʪ ʩʚʠʥʮʘ ʩʦʩʪʘʚʠʣʦ 55,8%, ʠʟʚʣʝʯʝʥʠʝ ʩʝʨʝʙʨʘ ʚ ʮʝʤʝʥʪʥʦʝ ʩʝʨʝʙʨʦ ð 

37,8%. ʍʦʪʷ ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ð ʥʘ ʫʨʦʚʥʝ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ (ʥʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʠ ZINCEX 

ʠ PRIMALEAD ʢʦʤʧʘʥʠʠ T®cnicas Reunidas (ʀʩʧʘʥʠʷ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʠʟʚʣʝʯʝʥʠʶ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦ ʠʟʫʯʝʥʠʶ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʙʦʛʘʪʠʤʦʩʪʠ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʆʟʝʨʥʦ-

ʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘʥʠʤʘʣʠʩʴ ʨʘʟʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʆʆʆ ʅʀʀʇʀ çʊʆʄʉè; ʆɸʆ çʀʨʛʠʨʝʜʤʝʪè; 

ɹʘʡʢʘʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʉʆ ʈɸʅ, 2006ï2007 ʛʛ.), ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʦʙʦʛʘʱʝʥʠʷ ʠ ʚʘʨʠʘʥʪʘ ʛʠʜ-

ʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʚʣʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʚʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʭ ʚʳʩʦʢʦʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩ ʪʝʩʥʳʤ ʚʟʘʠʤʥʳʤ 

ʧʨʦʨʘʩʪʘʥʠʝʤ ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ, ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʠ ʦʢʠʩʣʝʥʥʳʭ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʨʫʜ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʘ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʚʢʣʶʯʘʶʱʝʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʧʘʨʦʛʘʟʦʚʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ. ʉʦʚʤʝʩʪʥʳʡ ʦʙʞʠʛ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʭ ʩ ʪʝʩʥʳʤ ʚʟʘʠʤʥʳʤ ʧʨʦʨʘʩʪʘʥʠʝʤ ʩʫʣʴʬʠʜʦʚ Fe, Zn, 

Pb ʠ ʦʢʠʩʣʝʥʥʳʭ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʨʫʜ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʦʟʚʦʣʠʪ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ ʨʝʘ-

ʣʠʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʩʩʦʚ: ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʢʠʩʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ, ʩʝ-

ʣʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʜʝʟʠʥʪʝ-

ʛʨʘʮʠʝʡ ʚʟʘʠʤʦʧʨʦʨʦʩʰʠʭʩʷ ʩʫʣʴʬʠʜʦʚ ʩʚʠʥʮʘ, ʮʠʥʢʘ ʠ ʧʠʨʦʩʫʣʴʬʠʜʠʨʦʚʘʥʠʝ ʨʘʟʣʦʞʠʚʰʠʭʩʷ ʪʨʫʜ-

ʥʦʦʙʦʛʘʪʠʤʳʭ ʦʢʠʩʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʠʨʠʪʘ ʚ ʪʦʥʢʦʚʨʘʧʣʝʥʥʳʭ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʧʝʯʠ (ʜʣʷ ʩʫʣʴ-

ʬʠʜʠʨʦʚʘʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ) ʤʦʞʥʦ ʚ ʢʘʯʝʩʪʚʝ ʩʫʣʴʬʠʜʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʭʦʜʳ ɻʆʂ ð ʧʠ-

ʨʠʪʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ. ɺ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜʘʭ ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ, ʢʦʪʦʨʳʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʚ ʦʩʥʦʚ-

ʥʦʤ ʩ ʩʫʣʴʬʠʜʘʤʠ ʞʝʣʝʟʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʙʣʘʛʦ-

ʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʟʚʦʣʠʪ ʚʩʢʨʳʪʴ ʪʦʥʢʦʝ ʠ ʤʝʣʢʦʝ ʟʦʣʦʪʦ ʠ ʧʦʧʫʪʥʦ ʝʛʦ ʠʟʚʣʝʯʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʦʪʨʘʩʣʠ, 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ ʠ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘ-

ʣʠʷ (ʂ2ʆ 19ï21%) ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʧʦʨʦʜʳ ð ʩʳʥʥʳʨʠʪʳ, çɿʘʙʳʪʳʝ ʙʦʛʘʪʩʪʚʘ ʈʦʩʩʠʠè. ʆʥʠ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʉʳʥʥʳʨʩʢʦʤ (ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ) ʠ ʉʘʢʫʥʩʢʦʤ (ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʢʨʘʡ) ʤʘʩʩʠʚʘʭ ʥʝʬʝ-

ʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʚ ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ɻʣʘʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘ-

ʣʘʤʠ ʩʳʥʥʳʨʠʪʦʚ ʷʚʣʷʶʪʩʷ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ (50ï65%) ʠ ʧʨʠʨʦʜʥʘʷ ʢʘʣʠʝʚʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʥʝʬʝʣʠʥʘ ð ʢʘʣʴʩʠʣʠʪ (20ï34%), ʢʦʪʦʨʳʡ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʠʥʪʨʫʟʠʚ-

ʥʳʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʥʦ ʥʠʛʜʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʉʳʥʥʳʨʩʢʦʛʦ ʠ ʉʘʢʫʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ, ʥʝ ʦʙʨʘʟʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʢʦʧʣʝʥʠʡ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ, 2014). ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʳʥʥʳʨʠʪʦʚ ʧʨʠ ʠʭ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ, ʪʘʢʠʝ ʢʘʢ 

ʙʝʩʭʣʦʨʥʳʝ ʢʘʣʠʡʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʛʣʠʥʦʟʝʤ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʄʥʦʛʦʣʝʪʥʠʝ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʨʦʙʣʝʥʦʛʦ ʩʳʥʥʳʨʠʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʜʝʡ-

ʩʪʚʫʝʪ ʢʘʢ ʙʝʩʭʣʦʨʥʦʝ ʢʘʣʠʡʥʦʝ ʫʜʦʙʨʝʥʠʝ. ʆʜʥʘʢʦ ʧʝʨʝʚʦʟʢʘ ʝʛʦ ʜʣʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʝʡ ʥʝʵʢʦ-

ʥʦʤʠʯʥʘ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʜʦʣʠ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (6,25%) ʚ ʩʳʨʴʝ. ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʢʘʣʠʡʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ ʠʟ 

ʩʳʥʥʳʨʠʪʦʚ. ʇʝʨʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʚʤʝʩʪʥʦʡ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʩʳʥʥʳʨʠʪʦʚ 

ʠ ʦʢʠʩʣʝʥʥʳʭ ʙʫʨʳʭ ʫʛʣʝʡ, ʘ ʚʪʦʨʘʷ ð ʥʘ ʧʦʣʫʯʝʥʠʠ (ʩʠʥʪʝʟʝ) ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʣʝʡʮʠʪ-

ʢʘʣʴʩʠʣʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʤ ʦʙʦʛʘʱʝʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ 

ʜʦʣʦʤʠʪʘ (CaMg(CO3)2). ʀʟʤʝʣʴʯʝʥʥʳʡ ʩʳʥʥʳʨʠʪ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʢʘʣʴʩʠʣʠʪ-ʣʝʡʮʠʪʦʚʳʝ ʢʦʥʮʝʥʪʨʘ-

ʪʳ, ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʝ ʫʜʦʙʨʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʩʳʥʥʳʨʠʪʘ ʠ ʦʢʠʩʣʝʥʥʦʛʦ ʙʫʨʦʛʦ ʫʛʣʷ ð ʵʪʦ ʚʦʜʦʥʝʨʘʩ-

ʪʚʦʨʠʤʳʝ, ʥʝʚʳʤʳʚʘʝʤʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʫʜʦʙʨʝʥʠʷ ʠ ʘʛʨʦʤʝʣʠʦʨʘʥʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʦʣʦʥ-

ʛʠʨʦʚʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʠ ʨʝʰʘʶʪ ʦʙʱʠʝ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʨʦʙʣʝʤʳ ð ʜʝʬʠʮʠʪ ʙʝʩʭʣʦʨʥʳʭ 

ʢʘʣʠʡʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ ʠ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʢʦʣʦʛʠʶ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʫʩʣʦʚʠʡ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ.  

ʊʘʢ ʞʝ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʳʥʥʳʨʠʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʠʭ ʛʣʫʙʦʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʧʦʣʫʯʘʪʴ ʯʠʩʪʳʝ ʩʦʣʠ ʢʘʣʠʷ ʠ ʛʣʠʥʦʟʝʤ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ 80-ʳʝ ʛʦʜʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʧʨʠ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʤ ʦʙʦʛʘʱʝʥʠʠ ʩʳʥʥʳʨʠʪʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʣʝʡʮʠʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʜʨʘʟʫʤʝʚʘʶʪ 
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ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʚʥʝʡ ʩʦʝʜʠʥʝʥʠʡ ʬʪʦʨʘ, ʭʣʦʨʘ, ʢʘʨʙʦ-

ʥʘʪʦʚ ʢʘʣʴʮʠʷ, ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ.  

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʥʥʳʨʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʠʩʣʦʪʦʫʧʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳ-

ʨʴʷ (ʤʠʥʝʨʘʣʦʚ ʢʘʣʠʝʚʦ-ʰʧʘʪʦʚʦʡ ʛʨʫʧʧʳ) ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʝʚʦʡ ʜʦʙʘʚʢʠ ʦʜʥʫ ʠʟ ʜʝʰʝʚʳʭ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʧʦʨʦʜ ʜʦʣʦʤʠʪ CaMg(CO3)2 ʠʣʠ ʙʨʫʩʠʪ Mg(OH)2, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦ-

ʮʝʩʩʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ.  

ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʩʧʝʢʘʥʠʷ ʩʳʥʥʳʨʠʪʘ ʩ ʢʘʞʜʦʡ ʠʟ ʩʳʨʴʝʚʳʭ ʜʦʙʘ-

ʚʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʘʣʠʝʚʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʜʦ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʭ 

ʣʝʡʮʠʪʦʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ: ʧʨʠ ʩʧʝʢʘʥʠʠ ʩʳʥʥʳʨʠʪʘ ʩ ʜʦʣʦʤʠʪʦʤ ð ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʳʥʥʳʨʠʪ : ʜʦʣʦʤʠʪ ʨʘʚʥʦ 2:1, ʪʝʤʧʝʨʘʪʫʨʘ 1050ï1100 Áʉ; ʧʨʠ ʩʧʝʢʘʥʠʠ ʩʳʥʥʳʨʠʪʘ ʩ ʙʨʫʩʠʪʦʤ ð 

ʩʦʦʪʥʦʰʝʥʠʝ 3:1, ʪʝʤʧʝʨʘʪʫʨʘ 1150ï1200 Áʉ. ʂʦʥʝʯʥʳʤʠ ʢʘʣʴʮʠʡ ʠ ʤʘʛʥʠʡʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ ʷʚ-

ʣʷʶʪʩʷ ʦʢʝʨʤʘʥʠʪ (Ca2Mg(Si2O7)) ʚ ʩʣʫʯʘʝ ʩʧʝʢʘʥʠʷ ʩ ʜʦʣʦʤʠʪʦʤ ʠ ʬʦʨʩʪʝʨʠʪ (Mg2SiO4) ʧʨʠ ʩʧʝʢʘ-

ʥʠʠ ʩ ʙʨʫʩʠʪʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʜʝʰʝʚʠʪʴ ʧʨʦ-

ʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʪʫ ʨʘʟʣʦʞʝʥʠʷ ʩʳʥʥʳʨʠʪʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʘʣʴʩʠʣʠʪ-

ʣʝʡʮʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʤʘʛʥʠʝʤ, ʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝ-

ʨʘʙʦʪʢʝ ʩʧʝʢʦʚ ʧʦʣʫʯʘʪʴ ʧʦʤʠʤʦ ʛʣʠʥʦʟʝʤʘ ʠ ʩʫʣʴʬʘʪʘ ʢʘʣʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʚ ʚʠʜʝ 

ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʠ ʢʨʝʤʥʝʟʝʤʘ. 

 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʝʢʪʘ IX.132.4.3. ñʈʘʟʨʘʙʦʪʢʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʦʚʘʨʥʳʭ ʧʨʦʜʫʢʪʦʚè ʠ ʛʨʘʥʪʘ 

ûûʋ.ʄ.ʅ.ʀ.ʂ.üü (ʧʨʦʝʢʪ ˉ 46649/2017). 

 

ɸʥʪʨʦʧʦʚʘ ʀʥʥʘ ɻʝʨʤʘʥʦʚʥʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɹʘʡ-

ʢʘʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʉʆ ʈɸʅ,  ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɹʫʨʷʪʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʋʣʘʥ-ʋʜʵ. 
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ʋɼʂ 550.93 

 

U-Pb ʚʦʟʨʘʩʪ ʢʣʘʩʪʦʛʝʥʥʦʛʦ ʮʠʨʢʦʥʘ ʠʟ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʂʨʠʚʙʘʩʩʘ ð 

ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʷ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʣʝʜʩʪʚʠʷ (ʋʢʨʘʠʥʩʢʠʡ ʱʠʪ) 
 

É ɻ. ɺ. ɸʨʪʝʤʝʥʢʦ 1, ʃ. ɺ. ʐʫʤʣʷʥʩʢʠʡ 1, ɸ. ʖ. ɹʝʢʢʝʨ 2 

1 ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ, ʋʢʨʘʠʥʘ.  

E-mail:  regulgeo@gmail.com 
2 ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʈʠʚʝʨʩʘʡʜ, ʉʐɸ. E-mail: andreyb@ucr.edu 

 

ɺ ʦʙʣʘʩʪʠ ʩʥʦʩʘ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ, ʩʣʘʛʘʶʱʝʡ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʂʨʠʚʦ-

ʨʦʞʩʢʦ-ʂʨʝʤʝʥʯʫʛʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʣʠ ʧʦʨʦʜʳ ʪʦʥʘʣʠʪ-ʪʨʦʥʜʴʝʤʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʡ 

ʩʝʨʠʠ ʉʨʝʜʥʝʧʨʠʜʥʝʧʨʦʚʩʢʦʛʦ ʢʨʘʪʦʥʘ (ʩ ʚʦʟʨʘʩʪʦʤ 3,0ï3,1 ʤʣʨʜ ʣʝʪ). ɺ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʚʝʨʦʷʪʥʦ, ʧʨʠ-

ʩʫʪʩʪʚʦʚʘʣʠ ʠ ʦʩʪʘʥʮʳ ʧʘʣʝʦʘʨʭʝʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ (ʩ ʚʦʟʨʘʩʪʦʤ 3,2; 3,3ï3,4 ʠ 3,5ï3,7 ʤʣʨʜ ʣʝʪ). ɺ ʦʙʣʘʩʪʠ 

ʩʥʦʩʘ ʪʘʢʞʝ ʤʦʛʣʠ ʥʘʭʦʜʠʪʴʩʷ ʘʨʭʝʡʩʢʠʝ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʝ ʛʨʘʥʠʪʳ (ʩ ʚʦʟʨʘʩʪʦʤ 2,85-2,87 ʤʣʨʜ ʣʝʪ). ʉʨʝʜʠ 

ʢʣʘʩʪʦʛʝʥʥʳʭ ʮʠʨʢʦʥʦʚ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʧʷʪʴ ʟʝʨʝʥ ʩ ʢʦʥʢʦʨʜʘʥʪʥʳʤ ʚʦʟʨʘʩʪʦʤ 2,09ï2,14 ʤʣʨʜ 

ʣʝʪ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʦʙʣʘʩʪʠ ʩʥʦʩʘ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʛʨʘʥʠʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʞʥʷʷ ʚʦʟʨʘʩʪ-

ʥʘʷ ʛʨʘʥʠʮʘ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2,1 ʤʣʨʜ ʣʝʪ. ʕʪʠ ʜʘʪʠʨʦʚʢʠ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʨʦʜʳ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʩʣʝ ʢʦʣʣʠʟʠʠ ʉʘʨʤʘʪʩʢʦʛʦ ʠ ɺʦʣʛʦ-

ʋʨʘʣʴʩʢʦʛʦ ʩʝʛʤʝʥʪʦʚ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʢʨʘʪʦʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʦʪʥʝʩʪʠ ʛʣʝʝʚʘʪ-

ʩʢʫʶ ʠ ʛʜʘʥʮʝʚʩʢʫʶ ʩʚʠʪʳ ʚ ʨʘʥʛ ʦʪʜʝʣʴʥʦʡ ʩʝʨʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʨʠʚʦʨʦʞʩʢʦ-ʂʨʝʤʝʥʯʫʛʩʢʘʷ ʩʪʨʫʢʪʫʨʘ; ʉʨʝʜʥʝʧʨʠʜʥʝʧʨʦʚʩʢʠʡ ʤʝʛʘʙʣʦʢ; ʛʣʝʝʚʘʪ-

ʩʢʘʷ ʩʚʠʪʘ; ʤʝʪʘʧʝʩʯʘʥʠʢʠ; ʢʣʘʩʪʦʛʝʥʥʳʡ ʮʠʨʢʦʥ; U-Pb ʠʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ; ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡ. 

 

U-Pb age of clastogenic zircon from metasandstones of the Hleyuvatka suite of Kryvbas ð  

chronostratigraphy and geodynamic consequences (Ukrainian Shield) 
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The 3,1-3,0 Ga tonalite-trondhjemite-granodiorite rocks of the Middle Dnieper craton were exposed in the prov-

enance of metaterrigenous rocks of the Hleyuvatka Suite, which forms the upper part of the Kryvyi Rih-Kremenchuk 

structure. In addition, 3,2; 3,3ï3,4 and 3,5ï3,7 Ga gneisses were also present in the source area as well as the 2,87ï2,85 

Ga potassium-sodium granites. Among the Paleoproterozoic detrital zircons, five grains yielded an age of 2,14ï2,09 Ga, 

which indicates the presence of Paleoproterozoic granites in the provenance. The maximum depositional age of the 

metamorphosed terrigenous rocks of the Hleyuvatka Suite is thus about 2,1 Ga. These datings indicate that the rocks of 

the Hleyuvatka Suite were formed after the collision of the Sarmatian and Volga-Ural segments of the East European 

craton. These data gives ground to distinquish the Hdantsivska and Hleyuvatka suites as a separate Series . 

Keywords: Krivoi Rog-Kremenchug structure, Middle-Dnieper megablock, Hleyuvatka suite, metasandstones, 

detrital zircon, U-Pb geochronology, Paleoproterozoic. 

 

ɺʚʝʜʝʥʠʝ. ʂʨʠʚʦʨʦʞʩʢʦ-ʂʨʝʤʝʥʯʫʛʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʟʢʫʶ (ʰʠʨʠʥʦʡ ʜʦ 7 

ʢʤ) ʩʠʥʬʦʨʤʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʨʝʜʠ ʘʨʭʝʡʩʢʠʭ ʊʊɻ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʨʝʜʥʝʧʨʠʜʥʝʧʨʦʚʩʢʦʛʦ ʤʝʛʘʙʣʦ-

ʢʘ ʋʑ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʩʝʨʠʶ ʩʦʧʨʷʞʝʥʥʳʭ ʯʝʰʫʡʯʘʪʳʭ ʤʦʥʦʢʣʠʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠʣʠ ʘʩʠʤʤʝʪʨʠʯ-

ʥʳʭ ʩʠʥʢʣʠʥʘʣʝʡ, ʩʣʦʞʝʥʥʳʭ ʧʝʩʪʨʦʡ ʧʦ ʩʦʩʪʘʚʫ ʪʦʣʱʝʡ ʩʣʘʙʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʢʨʠʚʦʨʦʞʩʢʦʡ ʩʝʨʠʠ. ʇʦ ʭʦʨʦʰʝʡ ʦʙʥʘʞʝʥʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʥʦʩʪʠ 

ʨʘʟʨʝʟʳ ʩʚʠʪ ʢʨʠʚʦʨʦʞʩʢʦʡ ʩʝʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʝ ʜʣʷ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʦʜʥʘʢʦ ʚ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʥʘ ʠʟʫʯʝʥʘ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʄʠʥʠʤʘʣʴʥʳʡ 

ʚʦʟʨʘʩʪ ʢʣʘʩʪʦʛʝʥʥʦʛʦ ʤʦʥʘʮʠʪʘ ʠʟ ʩʢʝʣʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʢʨʠʚʦʨʦʞʩʢʦʡ ʩʝʨʠʠ ð 2,8 ʤʣʨʜ ʣʝʪ. ʇʦʨʦʜʳ 

ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ð ʧʨʦʨʳʚʘʶʪʩʷ ʘʣʴʙʠʪʠʪʘʤʠ ʩ ʚʦʟʨʘʩʪʦʤ 1890Ñ75 ʤʣʥ ʣʝʪ [2].  

ɻʣʝʝʚʘʪʩʢʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ð ʤʝʪʘʢʦʥʛʣʦʤʝʨʘ-

ʪʘʤʠ, ʤʝʪʘʧʝʩʯʘʥʠʢʘʤʠ, ʤʝʪʘʘʣʝʚʨʦʣʠʪʘʤʠ ʩ ʨʝʜʢʠʤʠ ʤʘʣʦʤʦʱʥʳʤʠ ʣʠʥʟʘʤʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ 

(ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʜʦʣʦʤʠʪʦʚ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2000 ʤ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʨʠʚʦʨʦʞʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [1]. ʇʦʨʦʜʳ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ ʚ 

ʫʩʣʦʚʠʷʭ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ; ʚ ɸʥʥʦʚʩʢʦʤ ʨʘʡʦʥʝ ʩʪʝʧʝʥʴ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʵʧʠ-

ʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ.  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʦʡ ʪʦʣʱʠ 

ʂʨʠʚʦʨʦʞʩʢʦ-ʂʨʝʤʝʥʯʫʛʩʢʦʛʦ ʨʘʡʦʥʘ, ʚʢʣʶʯʘʶʱʝʡ ʙʦʛʘʪʫʶ ʞʝʣʝʟʦʨʫʜʥʫʶ ʬʦʨʤʘʮʠʶ, ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʷ ʜʦʢʝʤʙʨʠʷ, ʪʘʢ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʢʦʥ-
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ʩʪʨʫʢʮʠʡ. ʈʘʥʝʝ ʦʧʠʩʳʚʘʣʦʩʴ [1], ʯʪʦ ʛʜʘʥʮʝʚʩʢʘʷ ʠ ʛʣʝʝʚʘʪʩʢʘʷ ʩʚʠʪʳ ʢʨʠʚʦʨʦʞʩʢʦʡ ʩʝʨʠʠ ʦʪʣʘʛʘ-

ʣʠʩʴ ʥʘ ʞʝʣʝʟʦʨʫʜʥʦʡ ʪʦʣʱʝ ʩʘʢʩʘʛʘʥʩʢʦʡ ʩʚʠʪʳ ʧʦʩʣʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʨʳʚʘ ʠ ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝ-

ʩʢʠʤ ʥʝʩʦʛʣʘʩʠʝʤ. ʆʪʣʦʞʝʥʠʝ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʩʚʷʟʳʚʘʝʪʩʷ ʘʚʪʦʨʘʤʠ 

[2] ʩ ʙʳʩʪʨʳʤ ʧʦʜʲʝʤʦʤ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ ʩʦ ʩʪʦʨʦʥʳ ʀʥʛʫʣʝʮʢʦʛʦ ʧʦʜʥʷʪʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʝ ʢʠʩʣʳʝ ʚʫʣʢʘʥʠʪʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʦʙʲʝʢʪʦʤ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʢʣʘʩʪʦʛʝʥʥʳʝ ʮʠʨʢʦʥ ʠ ʤʦʥʘʮʠʪ.  

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʎʠʨʢʦʥ ʚʳʜʝʣʝʥ ʠʟ ʧʨʦʙʳ ʤʘʩʩʦʡ 5 ʢʛ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʦʙʦʛʘʱʝʥʠʷ ʀɻʄʈ ʅɸʅ ʋʢʨʘʠʥʳ. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʮʠʨʢʦʥʘ ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ ʢʘ-

ʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. U-Pb ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʤʝʪʦʜʦʤ LA-ICP-MS ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʉʘʥʪʘ ɹʘʨʙʘʨʘ ʥʘ ʧʨʠʙʦʨʝ Nu Plasma HR MC-ICP-MS ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʩʠʩʪʝʤʳ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ Photon Machines Excite 193 excimer ArF. ɸʙʣʷʮʠʷ ʚʳʧʦʣʥʝʥʘ ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ 15 ʩ ʩ ʯʘʩʪʦʪʦʡ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 4 ɻʮ ʠ ʵʥʝʨʛʠʝʡ ʠʤʧʫʣʴʩʦʚ ~1 ɼʞ/ʩʤ2. ɻʣʫʙʠʥʘ ʧʦʣʫ-

ʯʝʥʥʳʭ ʢʨʘʪʝʨʦʚ ʩʦʩʪʘʚʣʷʣʘ ~5 Õm, ʘ ʨʘʟʤʝʨʳ ʢʨʘʪʝʨʘ ð 15 Õm. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʢʪʠ-

ʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʮʠʨʢʦʥʘ 91500, ʢʦʪʦʨʳʡ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʧʦʩʣʝ ʢʘʞʜʳʭ 10 ʠʟʤʝʨʝ-

ʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʮʠʨʢʦʥʦʚ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʣʫʯʰʝ 2% ʜʣʷ ʦʪʥʦʰʝʥʠʷ 206Pb/238U. ɺʩʝ ʧʦ-

ʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʫʨʦʚʥʝ 2ů. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ 

ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʠʟʫʯʝʥ ʧʦ ʩʢʚ. ñʉʧʫʪʥʠʢ-1è (ʩʢʚ. 20500) ʠ ʂʨʠʚʦʨʦʞʩʢʦʡ ʩʚʝʨʭʛʣʫʙʦʢʦʡ ʩʢʚʘʞʠʥʝ 

ʉɻ-8, ʢʦʪʦʨʳʝ ʧʨʦʡʜʝʥʳ ʥʘ ʟʘʧʘʜʥʦʤ ʢʨʳʣʝ ʉʘʢʩʘʛʘʥʩʢʦʛʦ (ʂʨʠʚʦʨʦʞʩʢʦʛʦ) ʩʠʥʢʣʠʥʦʨʠʷ. ɿʜʝʩʴ 

ʚʩʢʨʳʪʘʷ ʤʦʱʥʦʩʪʴ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 750 ʤ. ʆʙʨʘʟʮʳ ʜʣʷ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʦʪʦʙʨʘʥʳ ʧʦ ʩʢʚ. 20500 (ʉʧʫʪʥʠʢ-1), ʠʥʪ. 814-864 ʤ. 

ɻʣʘʚʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ ʵʪʦʡ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʘʢʦʥʛʣʦʤʝʨʘʪʘʤʠ (50%), ʤʝʪʘ-

ʘʣʝʚʨʦʣʠʪʘʤʠ (32%) ʠ ʩʨʝʜʥʝ-ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ ʤʝʪʘʧʝʩʯʘʥʠʢʘʤʠ (18%). ʄʝʪʘʢʦʥʛʣʦʤʝʨʘʪʳ ʧʦʣʠ-

ʤʠʢʪʦʚʳʝ [2]. ʆʥʠ ʚʢʣʶʯʘʶʪ ʛʘʣʴʢʠ (%): ʩʝʨʳʭ, ʩʚʝʪʣʦ-ʩʝʨʳʭ ʢʚʘʨʮʠʪʦʚ ð 48; ʪʝʤʥʦ-ʩʝʨʳʭ ʢʚʘʨʮʠ-

ʪʦʚ ð 26; ʩʘʭʘʨʦʚʠʜʥʳʭ ʙʝʣʳʭ, ʩʚʝʪʣʦ-ʩʝʨʳʭ, ʙʫʨʦʚʘʪʦ-ʩʝʨʳʭ ʢʚʘʨʮʠʪʦʚ ð 6,8; ʢʚʘʨʮʘ ð 2,9; ʧʣʘ-

ʛʠʦʛʨʘʥʠʪʦʠʜʦʚ ð 7,1; ʢʘʨʙʦʥʘʪ-ʪʨʝʤʦʣʠʪʦʚʦʡ ʧʦʨʦʜʳ ð 4,5; ʜʦʣʦʤʠʪʦʚ ʠ ʜʦʣʦʤʠʪʦʚʳʭ ʤʨʘʤʦʨʦʚ 

ð 3,5; ʘʤʬʠʙʦʣʠʪʦʚ (ʤʝʪʘʙʘʟʠʪʦʚ) ð 1,5; ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ ð 0,5; ʢʚʘʨʮʝʚʳʭ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ-

ʤʝʪʘʛʨʘʚʝʣʠʪʦʚ ʩ ʙʘʟʘʣʴʥʳʤ ʩʝʨʠʮʠʪʦʚʳʤ ʮʝʤʝʥʪʦʤ ð 0,2. ɿʘʧʦʣʥʠʪʝʣʴ ʤʝʪʘʢʦʥʛʣʦʤʝʨʘʪʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʨʝʜʥʝ-ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʤʝʪʘʧʝʩʯʘʥʠʢʦʤ ʩ ʙʦʣʴʰʦʡ ʧʨʠ-

ʤʝʩʴʶ ʘʣʝʚʨʠʪʦʚʳʭ ʟʝʨʝʥ ʠ ʩʣʶʜʠʩʪʦʛʦ (ʠʩʭʦʜʥʦʛʦ ʛʣʠʥʠʩʪʦʛʦ) ʮʝʤʝʥʪʘ.  

ʇʦ ʠʥʜʠʢʘʪʦʨʥʦʤʫ ʦʪʥʦʰʝʥʠʶ Al 2O3/Na2O=4,0ï8,2 ʤʝʪʘʧʝʩʯʘʥʠʢʠ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʦʪʥʦʩʷʪ-

ʩʷ ʢ ʥʝʟʨʝʣʳʤ ʦʩʘʜʢʘʤ. ʆʥʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ, ʚʝʨʦʷʪʥʦ, ʥʘ ʬʣʘʥʛʘʭ ʢʨʫʧʥʳʭ ʧʦʜʥʷʪʠʡ ʚ ʧʨʠʙʨʝʞʥʦʡ 

ʯʘʩʪʠ ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʠʣʠ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ.  

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʠʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʘ 

ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʟʦʪʦʧʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ 124 ʟʝʨʝʥ ʮʠʨʢʦʥʘ, ʠʟ ʥʠʭ ʪʨʠ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʦ ʩ 

ʥʝʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʚʦʩʝʤʴ ʘʥʘʣʠʟʦʚ ʦʢʘʟʘʣʠʩʴ ʩʠʣʴʥʦ ʜʠʩʢʦʨʜʘʥʪʥʳʤʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠ-

ʟʦʚ (11) ʙʳʣʠ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʳ ʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʩʫʞʜʝʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʪʠʨʦʚʘ-

ʥʠʷ 113 ʢʨʠʩʪʘʣʣʦʚ ʮʠʨʢʦʥʘ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ. 

ʉʨʝʜʠ 113 ʧʨʦʜʘʪʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠ ʢʨʠʩʪʘʣʣʘ ʠʤʝʶʪ 207Pb/206Pb ʚʦʟʨʘʩʪ ʚ ʜʠʘʧʘʟʦʥʝ 

3520ï3685 ʤʣʥ ʣʝʪ, ʝʱʝ ʪʨʠ ð ʚ ʧʨʝʜʝʣʘʭ 3325-3371 ʤʣʥ ʣʝʪ, ʩʝʤʴ ʢʨʠʩʪʘʣʣʦʚ ð ʚ ʜʠʘʧʘʟʦʥʝ 3205ï

3264 ʤʣʥ ʣʝʪ. ʉʘʤʘʷ ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ ʛʨʫʧʧʘ (90 ʟʝʨʝʥ) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʠʨʢʦʥʦʚ ʠʤʝʝʪ 
207Pb/206Pb ʚʦʟʨʘʩʪ ʚ 2841ï3151 ʤʣʥ ʣʝʪ. ʂʨʠʩʪʘʣʣʳ ʩ ʤʝʥʴʰʠʤ ʚʦʟʨʘʩʪʦʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʯʠʩʣʝʥ-

ʥʳ: ʠʟ ʥʠʭ ʪʨʠ ʟʝʨʥʘ ʠʤʝʶʪ 207Pb/206Pb ʚʦʟʨʘʩʪ ʚ ʧʨʝʜʝʣʘʭ 2702ï2794 ʤʣʥ ʣʝʪ, ʦʜʥʦ ʟʝʨʥʦ ð 2548 ʤʣʥ 

ʣʝʪ ʠ ʰʝʩʪʴ ʟʝʨʝʥ ð 2087ï2138 ʤʣʥ ʣʝʪ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʥʘʤʠ ʢʨʠʩʪʘʣʣʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʦ ʦʢʘʪʘʥʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʟʨʘʩʪʘ. ɼʘʞʝ 

ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʝ ʟʝʨʥʘ ʯʘʩʪʦ ʫʛʣʦʚʘʪʳʝ ʠ ʠʤʝʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʛʨʘʥʠ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ. 

ʌʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʦʚʘʣʴʥʦʡ ʜʦ ʩʣʘʙʦ ʫʜʣʠʥʝʥʥʦʡ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʫʜʣʠʥʝʥʠʷ ʦʢʦʣʦ ʪʨʝʭ. ʈʘʟʤʝʨ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 30 ʜʦ 200ï250 Õm, ʧʨʝʦʙʣʘʜʘʶʪ 

ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʘʤʠ ʦʢʦʣʦ 100 Õm.  

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʝʪ ʛʨʫʧʧʘ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʮʠʨʢʦʥʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʦ ʢʦʨʦʪʢʦʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʤʠ, ʠʤʝʶʱʠʤʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʪʝʤʥʳʡ ʚʠʜ ʥʘ CL ʠʟʦʙʨʘʞʝʥʠʷʭ ʠ ʥʝʷʩʥʫʶ, ʜʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʡ, ʟʦʥʘʣʴʥʦʩʪʴ. ʉʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ 

(152ï792 ʛ/ʪ) ʠ ʪʦʨʠʷ (86ï520 ʛ/ʪ) ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ, ʦʪʥʦʰʝʥʠʝ U/Th ʚʘʨʴʠʨʫʝʪ ʚ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ 

ʦʪ 0,42 ʜʦ 0,68. ʇʦ ʩʚʦʝʤʫ ʚʥʝʰʥʝʤʫ ʚʠʜʫ, CL ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʩʦʜʝʨʞʘʥʠʶ ʫʨʘʥʘ, ʪʦʨʠʷ ʠ ʠʭ ʦʪ-

ʥʦʰʝʥʠʶ ʠʟʫʯʝʥʥʳʝ ʜʝʪʨʠʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʮʠʨʢʦʥʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʝʨʚʠʯʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʝ. ʎʠʨʢʦʥ 

ʷʚʥʦ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ ʥʝ ʙʳʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ.  



33 

 

ɺʦʟʤʦʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʝʪʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʦʟʨʘʩʪ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʧʨʝʜʝʣʘʭ ʉʨʝʜʥʝʧʨʠʜʥʝʧʨʦʚʩʢʦʛʦ ʤʝʛʘ-

ʙʣʦʢʘ ʋʢʨʘʠʥʩʢʦʛʦ ʱʠʪʘ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 3000ï3200 ʤʣʥ ʣʝʪ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʥʢʩʢʦʡ ʠ ʘʫʣʴʩʢʦʡ ʩʝʨʠʷʤ, ʘ ʪʘʢʞʝ ʢ ʛʨʘʥʠʪʦʠʜʘʤ ʩʫʨʩʢʦʛʦ ʠ ʜʥʝʧʨʦʧʝʪʨʦʚʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʦʚ. ʆʯʝʚʠʜʥʦ ʦʥʠ ʷʚʣʷʣʠʩʴ ʠʩʪʦʯʥʠʢʦʤ ʮʠʨʢʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʠʩʫʪʩʪʚʫ-

ʶʱʠʭ ʚ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ. ʎʠʨʢʦʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʜʨʝʚʥʝʝ 3200 ʤʣʥ ʣʝʪ, 

ʤʦʛʣʠ ʧʦʩʪʫʧʘʪʴ ʠʟ ʆʨʝʭʦʚʦ-ʇʘʚʣʦʛʨʘʜʩʢʦʡ ʟʦʥʳ ʠʣʠ ɼʥʝʩʪʨʦʚʩʢʦ-ɹʫʛʩʢʦʛʦ ʙʣʦʢʘ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠ-

ʤr ʡ ʧʠʢ ʮʠʨʢʦʥʦʚ ʚ ʤʝʪʘʧʝʩʯʘʥʠʢʘʭ ʛʣʝʝʚʘʪʩʢʦʡ ʩʚʠʪʳ ʠʤʝʝʪ ʚʦʟʨʘʩʪ ʦʢʦʣʦ 2840ï3000 ʤʣʥ ʣʝʪ. ʀʭ 

ʠʩʪʦʯʥʠʢʦʤ ʤʦʛʣʠ ʙʳʪʴ ʛʨʘʥʠʪʦʠʜʳ ʩʘʢʩʘʛʘʥʩʢʦʛʦ, ʜʝʤʫʨʠʥʩʢʦʛʦ, ʪʦʢʦʚʩʢʦʛʦ ʠ ʤʦʢʨʦʤʦʩʢʦʚʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʦʚ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥrʝ ʚ ʉʨʝʜʥʝʧʨʠʜʥʝʧʨʦʚʩʢʦʤ ʤʝʛʘʙʣʦʢʝ. ʅʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʮʠʨʢʦʥʳ ʩ ʚʦʟʨʘʩʪʦʤ 2700ï2800 ʠ ʦʢʦʣʦ 2550 ʤʣʥ ʣʝʪ ʤʣʥ ʣʝʪ ʥʝ ʠʤʝʶʪ ʧʨʷʤʳʭ ʚʦʟʨʘʩʪʥʳʭ ʘʥʘʣʦʛʦʚ 

ʩʨʝʜʠ ʧʦʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʉʨʝʜʥʝʧʨʠʜʥʝʧʨʦʚʩʢʦʛʦ ʤʝʛʘʙʣʦʢʘ. ʅʘʢʦʥʝʮ, ʥʝʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʧʘʣʝʦʧ-

ʨʦʪʝʨʦʟʦʡʩʢʠʭ ʮʠʨʢʦʥʦʚ ʧʨʠʤʝʨʥʦ ʩʦʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʨʘʩʪʫ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʦʣʣʠʟʠʝʡ 

ʉʘʨʤʘʪʩʢʦʛʦ ʠ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʛʦ ʩʝʛʤʝʥʪʦʚ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪʫ ʧʘ-

ʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʛʨʘʥʠʪʠʜʦʚ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ 

ʚʩʝʡ ʉʘʨʤʘʪʠʠ. ʇʨʠʩʫʪʩʪʚʠʝ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʜʝʪʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ ʯʪʦ ʠʭ ʚʦʟʨʘʩʪ, ʦʯʝʚʠʜʥʦ, ʥʝ ʜʨʝʚʥʝʝ ʯʝʤ 2090 ʤʣʥ ʣʝʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʨʠʤʝʨʥʦ ʚ 2090 ʤʣʥ ʣʝʪ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʚʳʜʝʣʠʪʴ ʛʜʘʥʮʝʚʩʢʫʶ ʠ ʛʣʝʝʚʘʪʩʢʫʶ ʩʚʠʪʳ ʚ ʩʦʩʪʘʚʝ ʦʪ-

ʜʝʣʴʥʦʡ ʩʝʨʠʠ, ʢʘʢ ʵʪʦ ʨʘʥʝʝ ʧʨʝʜʣʘʛʘʣʦʩʴ ʗ. ʅ. ɹʝʣʝʚʮʝʚʳʤ [1]. 
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The results of study of the Naryn-Gol (Dzida Basalt Plato, Baikal Rift System, Russia) sapphires are presented. 

The oxygen isotopic compositions of corundum and associated minerals show ŭ18OSMOW ranges between 4.6ă and 

6.8ă, that is attributed to magmatic rocks. 
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ʅʘʭʦʜʢʠ ʤʝʛʘʢʨʠʩʪʘʣʣʦʚ ʢʦʨʫʥʜʦʚ ʶʚʝʣʠʨʥʦʛʦ ʢʘʯʝʩʪʚʘ (ʩʘʧʬʠʨʦʚ) ʚ ʨʘʡʦʥʘʭ ʨʘʟʚʠʪʠʷ ʢʘʡʥʦ-

ʟʦʡʩʢʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʥʝ ʨʝʜʢʦʩʪʴ: ʨʦʩʩʳʧʠ ʠ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝ-

ʤʳ ʩʘʧʬʠʨʦʚ, ʥʘ ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʦʙʨʘʟʫʶʪ ʧʦʷʩ ʜʣʠʥʦʡ ʦʢʦʣʦ 12 000 ʢʤ [1, 2]. ɺʫʣʢʘʥʠʪʳ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʠʬʪʦʚ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʢʨʫʧʥʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʨʫʥʜʦʚ [3, 4 ʠ 

ʜʨ.]. ɺ ʧʨʝʜʝʣʘʭ ɹʘʡʢʘʣʴʩʢʦʡ ʈʠʬʪʦʚʦʡ ʟʦʥʳ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʘʨʝʘʣʦʚ: ʊʫʥ-

ʢʠʥʩʢʠʡ, ʍʘʤʘʨ-ɼʘʙʘʥʩʢʠʡ, ɼʞʠʜʠʥʩʢʠʡ ʠ ɺʠʪʠʤʩʢʠʡ [5]. ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩʘʧʬʠʨʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʫ ʧʦʜʥʦʞʴʷ ʚʫʣʢʘʥʘ ɹʘʨʫʥ-ʍʦʙʦʣʴʩʢʠʡ (ʧʨʘʚʳʡ) ʠ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨ. ʅʘʨʳʥ-ɻʦʣ (ʨʠʩ. 

1). ɺʫʣʢʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʜʝʩʴ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ, ʣʘʚʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʠ 

ʧʦʢʨʦʚʘʤʠ ʚʫʣʢʘʥʠʪʦʚ ʙʘʟʘʣʴʪʦʚ-ʪʨʘʭʠʙʘʟʘʣʴʪʦʚ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ (ɓN2ïQ1). ʆʜʥʘʢʦ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʤʝʶʪ ʛʦʣʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʣʶʚʠʘʣʴʥʦ-

ʜʝʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ (Q, ʨʠʩ. 1 ʩ), ʚ ʥʠʭ ʠ ʙʳʣa ʥʘʡʜʝʥʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʝʨʝʥ ʢʦʨʫʥʜʘ.  

ʂʦʨʫʥʜʳ ʅʘʨʳʥ-ɻʦʣ ʩʠʥʠʝ, ʛʦʣʫʙʳʝ, ʟʝʣʝʥʳʝ, ʞʝʣʪʳʝ, ʢʦʨʠʯʥʝʚʳʝ, ʩʝʨʳʝ, ʯʝʨʥʳʝ. ʆʢʨʘʩʢʘ ʯʘ-

ʩʪʦ ʟʦʥʘʣʴʥʘʷ, ʠʥʦʛʜʘ ʧʷʪʥʠʩʪʘʷ. ɻʣʘʚʥʳʤ ʧʨʠʤʝʩʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʨʫʥʜʘ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦ, ʝʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,61 ʜʦ 1,93 ʚʝʩ. %. ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʤʠʥʝʨʘʣʳ, ʩʦ-

ʧʫʪʩʪʚʫʶʱʠʝ ʩʘʧʬʠʨʘʤ ʚ ʨʦʩʩʳʧʠ: ʰʧʠʥʝʣʴ, ʛʨʘʥʘʪ, ʦʣʠʚʠʥ. ɻʨʘʥʘʪ ʢʨʘʩʥʳʡ, ʧʨʦʟʨʘʯʥʳʡ ʧʠʨʦʧ-

ʘʣʴʤʘʥʜʠʥʦʚʦʛʦ ʨʷʜʘ: Prp 0,545, Alm 0,312, Grs 0,118. ʆʣʠʚʠʥ ð ʬʦʨʩʪʝʨʠʪ (Mg# 90,27). ʐʧʠʥʝʣʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʝʦʥʘʩʪʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʠ ʪʠʪʘʥʘ 0,57 ʠ 0,81 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʟʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʛʘʢʨʠʩʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʷ ŭ18O ʜʣʷ ʢʦʨʫʥʜʦʚ, ʠ ʜʨʫ-

ʛʠʭ ʤʠʥʝʨʘʣʦʚ ʤʝʛʘʢʨʠʩʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚʘʨʴʠʨʫʶʪ ʚ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ +4,6  +6,4 ă (ʪʘʙʣ. 1, ʨʠʩ. 2). 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [6, 7], ʧʦ ʠʟʦʪʦʧʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʨʫʥʜʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʛʝʥʝʪʠ-

ʯʝʩʢʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ. ʊʘʢ, ʤʠʥʝʨʘʣʳ ʤʝʪʘʤʦʨʬʠʪʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ŭ18O ʦʪʥʦʩʠʪʝʣʴʥʦ SMOW, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ŭ18O ʚ ʢʦʨʫʥʜʘʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʘ-

ʨʴʠʨʫʝʪ ʦʪ ~+8 ʜʦ +19 ă. ʇʦʣʫʯʝʥʥʳʝ ʜʣʷ ʅʘʨʳʥ-ɻʦʣʴʩʢʠʭ ʢʦʨʫʥʜʦʚ ʪʦʯʢʠ ʣʦʞʘʪʩʷ ʚ ʧʦʣʝ ʤʘʛʤʘʪʠ-

ʯʝʩʢʠʭ ʧʦʨʦʜ, (ʨʠʩ. 2). 
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ʈʠʩ. 1. ʘ ð ʢʦʨʫʥʜʳ ʅʘʨʳʥ-ɻʦʣ (Crn3, Crn 1, ʪʘʙʣʠʮa 1), bï ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ɼʞʠʜʠʥʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, cï ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʫʯʘʩʪʢʘ ʅʘʨʳʥ-ɻʦʣ. ʇʦ [5] ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ. 

 

ʀʟʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʛʘʢʨʠʩʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʷ ŭ18O ʜʣʷ ʢʦʨʫʥʜʦʚ, ʠ ʜʨʫ-

ʛʠʭ ʤʠʥʝʨʘʣʦʚ ʤʝʛʘʢʨʠʩʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚʘʨʴʠʨʫʶʪ ʚ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ +4,6  +6,4 ă (ʪʘʙʣ., ʨʠʩ. 2). 

 

ʊʘʙʣʠʮʘ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʠʟʦʪʦʧʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʤʝʛʘʢʨʠʩʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʅʘʨʳʥ-ɻʦʣ 

ɺʝʩ % Spl Grt  Ol Crn 8 Crn 1 Crn 3 

Siʆ2 0.00 40.76 43.1 0.00 0.00 0.00 

Tiʆ2 0.57 0.53 0.00 0.00 0.00 0.00 

Al2ʆ3 59.41 23.60 0.00 98.12 98.35 96.76 

Cr2ʆ3 0.81 0.00 0.00 0.00 0.00 0.00 

Feʆ ʦʙʱ. 24.61 14.84 9.10 1.23 0.61 1.93 

Mgʆ 14.12 15.48 47.37 0.00 0.00 0.00 

Mnʆ 0.00 0.55 0.00 0.00 0.00 0.00 

Caʆ 0.00 5.21 0.00 0.00 0.00 0.00 

ʉʫʤʤʘ 99.52 100.97 99.57 99.35 98.96 98.69 

       ŭ18O SMOW, (ă) +4.8 +5.7 +5.3 +6.2 +4.6 +6.4 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ: Alm-ʘʣʴʤʘʥʜʠʥ, Crn-ʢʦʨʫʥʜ, Grs-ʛʨʦʩʩʫʣʷʨ, Grt-ʛʨʘʥʘʪ, Ol-ʦʣʠʚʠʥ, Prp-ʧʠʨʦʧ, Spl-ʰʧʠʥʝʣʴ. 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [6, 7], ʧʦ ʠʟʦʪʦʧʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʨʫʥʜʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ. ʊʘʢ, ʤʠʥʝʨʘʣʳ ʤʝʪʘʤʦʨʬʠʪʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ŭ18O ʦʪʥʦʩʠʪʝʣʴʥʦ SMOW, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ŭ18O ʚ ʢʦʨʫʥʜʘʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ ʚʘʨʴʠʨʫʝʪ ʦʪ ~+8 ʜʦ +19 ă. ʇʦʣʫʯʝʥʥʳʝ ʜʣʷ ʅʘʨʳʥ-ɻʦʣʴʩʢʠʭ ʢʦʨʫʥʜʦʚ ʪʦʯʢʠ ʣʦʞʘʪʩʷ ʚ ʧʦʣʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʀʟʦʪʦʧʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʢʦʨʫʥʜʘʭ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʧʦ [6] c ʠʟʤʝʥʝʥʠʷʤʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʫʥʜʳ ʠ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʳ ʤʝʛʘʢʨʠʩʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʢʨʠ-

ʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʧʨʠ ʫʯʘʩʪʠʠ ʬʣʶʠʜʘ, ʠʤʝʶʱʝʛʦ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ. ɿʥʘʯʝʥʠʷ ŭ18O ʜʣʷ ʢʦʨʫʥʜʦʚ ʠʟ 

ʘʣʣʶʚʠʷ ʠ ʜʝʣʶʚʠʷ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʦʩʩʳʧʠ ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦ-

ʨʦʜ (ʤʦʣʦʜʳʭ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ). 
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʳʩʦʢʦʢʨʝʤʥʝʟʝʤ-

ʥʳʭ ʧʦʨʦʜ ð ʢʚʘʨʮʠʪʦʚ ʋʣʟʳʪʠʥʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ. ɺʳʷʚʣʝʥʳ ʜʚʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʚʘʨʮʠʪʦʚ ð ʩʝʨʳʝ, ʪʝʤʥʦ-

ʩʝʨʳʝ, ʧʦʯʪʠ ʯʝʨʥʳʝ ʤʠʢʨʦʟʝʨʥʠʩʪʳʝ ʢʚʘʨʮʠʪʳ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʙʝʣʳʝ ʢʚʘʨʮʠʪʳ ð ʦʩʚʝʪʣʝʥʥʳʝ ʨʘʟʥʦʩʪʠ ʠʩ-

ʭʦʜʥʳʭ ʧʦʨʦʜ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʢʚʘʨʮʝʚʘʥʠʷ ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʀʨʢʫʪʥʦʡ 

ʩʚʠʪʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; ʢʚʘʨʮʠʪʳ; ʦʢʚʘʨʮʝʚʘʥʠʝ. 

 

Mineralogical-petrographical features of quartzite Ulzytinskoe show (East Sayan) 
 

D. T. Ayurzhanaeva 1, P. A. Roshhektaev 2, S. O. Vasilyeva 2 
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New data on the mineralogical and petrographic(y) characteristic(s) of high-silica rocks ð the quartzites of the 

Ulzytinskoe manifestation ð are presented in the work. Two varieties of quartzites were identified: gray, dark gray, 

almost black, microgranular quartzites and light gray, white quartzites ð clarified differences of the original rocks. 

Some features of silicification of siliceous-carbonate rocks of the Irkut Formation are considered. 

 Keywords: ʤineralogical and petrographic(y) characteristics; quartzites; silicification. 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʢʨʝʤʥʠʷ, 

ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʚʘʨʮʠʪʳ ʢʘʢ ʠʩʪʦʯʥʠʢ ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʳ-

ʨʴʷ [2]. ɻʦʩʙʘʣʘʥʩʦʤ ʈʌ ʧʦ ʈʝʩʧʫʙʣʠʢʝ ɹʫʨʷʪʠʷ ʫʯʪʝʥʦ ɹʫʨʘʣ-ʉʘʨʜʳʢʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʚʘʨʮʠʪʦʚ 

ʜʣʷ ʥʘʧʣʘʚʣʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ʂʨʦʤʝ ʥʝʛʦ ʩʫʱʝʩʪʚʫʝʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʟʜʝʩʴ, ʋʣʟʳʪʠʥʩʢʦʝ ʧʨʦ-

ʷʚʣʝʥʠʝ ʢʚʘʨʮʠʪʦʚ ʠ  ʨʷʜ ʜʨʫʛʠʭ  ʧʨʦʷʚʣʝʥʠʡ ʪʘʢʦʛʦ ʩʳʨʴʷ (ʋʨʫʥʛʝʥʫʨcʢoʝ,  ʄoʥʛoʰʠʥʩʢoʝ, 

Oʢʠʥʩʢoʝ-1, Oʢʠʥʩʢoʝ-2, ʋʨʜʘ-ɻʘʨʛʘʥʩʢoʝ, ʉʥʝʞʥoʝ, ʍʘʨʘʛoʣʴʩʢʦʝ, ʍoʣʙʠʥʩʢoʝ, ʂʚʘʨʮʠʪoʚoʝ  ʠ ɸʤ-

ʙʘʨʪʘʛoʣʴʩʢoʝ,  ʚʭoʜʷʱʠʝ ʚ ɻʘʨʛʘʥʩʢʫʶ ʢʚʘʨʮʝʥoʩʥʫʶ ʟoʥʫ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ. ɿʦʥʘ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʯʝʭʣʘ, ʧʝʨʝʢʨʳʚʘʶʱʝʤʫ ʢʦʤʧʣʝʢʩ ʦʩʥʦʚʘʥʠʷ 

ɻʘʨʛʘʥʩʢʦʡ ʛʣʳʙʳ [3]. ʇʦʨʦʜʳ ʯʝʭʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠʨʢʫʪʥʦʡ 

ʩʚʠʪʳ (RF2) ʠ ʩʣʘʥʮʘʤʠ ʠʣʴʯʠʨʩʢʦʡ ʪʦʣʱʠ (O-S?). ʀʨʢʫʪʥʘʷ ʩʚʠʪʘ ʟʘʥʠʤʘʝʪ ʚ ʥʝʤ ʥʠʞʥʝʝ ʩʪʨʘʪʠʛʨʘ-

ʬʠʯʝʩʢoʝ ʧoʣoʞʝʥʠʝ ʠ ʩʣoʞʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ, ʢʘʨʙʦʥʘʪʥʦ-

ʢʨʝʤʥʠʩʪʳʤʠ ʠ ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʧʦʜʯʠʥʝʥʥʳʤʠ ʠʤ ʢʚʘʨʮʠʪʘʤʠ, ʫʛʣʝʨʦʜʠʩʪʦ-

ʩʣʶʜʠʩʪʳʤʠ ʠ ʭʣʦʨʠʪ-ʩʣʶʜʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ. ɺ ʧʨʝʜʝʣʘʭ ɹʫʨʘʣ-ʉʘʨʜʳʢʩʢʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʢʚʘʨʮʠʪʳ ʠʨʢʫʪʥʦʡ ʩʚʠʪʳ ʚʤʝʱʘʶʪ ʪʝʣʘ oʩoʙo ʯʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ [4]. 

ʋʣʟʳʪʠʥʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʢʚʘʨʮʠʪʦʚ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʣʝʚoʙʝʨʝʞʴʝ ʨ. ʍoʡʪʦ-ʋʣʟʳʪʳ, ʧʨʘʚʦʛʦ 

ʧʨʠʪʦʢʘ ʨ. ʂʠʪʦʷ. ɿʜʝʩʴ, ʩʨʝʜʠ ʢʘʨʙoʥʘʪʥʳx oʪʣoʞʝʥʠʡ ʠʨʢʫʪʥoʡ ʩʚʠʪʳ ʚʳʷʚʣʝʥo ʥʝʩʢoʣʴʢo 

ʛoʨʠʟoʥʪoʚ ʨʠʪʤʠʯʥo-ʩʣoʠʩʪʳʭ ʢʨʝʤʥʠʩʪʳʭ ʠ ʢʨʝʤʥʠʩʪo-ʢʘʨʙoʥʘʪʥʳʭ ʧoʨoʜ.  

ʂʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʤʨʘʤʦʨʘʤʠ. ʂʨʝʤʥʠ-

ʩʪʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʠʪʘʤʠ, ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʦʢʚʘʨʮʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʢʦ-

ʚʳʤʠ ʠ ʜʦʣʦʤʠʪʦʚʳʤʠ ʤʨʘʤʦʨʘʤʠ. ʉʨʝʜʠ ʢʚʘʨʮʠʪʦʚ ʋʣʟʳʪʠʥʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ: ʩʝʨʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ, ʧʦʯʪʠ ʯʝʨʥʳʝ ʤʠʢʨʦʢʚʘʨʮʠʪʳ; ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʙʝʣʳʝ ʤʝʣʢʦ-

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʩʘʭʘʨʦʚʠʜʥʳʝ ʤʘʩʩʠʚʥʳʝ  ʢʚʘʨʮʠʪʳ. ʇʝʨʚʳʝ ʦʙʨʘʟʫʶʪ ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʩʨʝʜʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʤʦʱʥʦʩʪʴʶ ʜʦ 3ï5 ʤʝʪʨʦʚ. ʂʚʘʨʮʠʪʳ ʪoʥʢoï ʠ ʤʠʢʨoʟʝʨʥʠʩʪʳʝ ʧoʨoʜʳ 

ʤʘʩʩʠʚʥoʡ ʠʣʠ ʧoʣoʩʯʘʪoʡ ʪʝʢʩʪʫʨʳ, ʛʨʘʥoʙʣʘʩʪoʚoʡ ʩʪʨʫʢʪʫʨʳ, ʦʥʠ ʩʣoʞʝʥʳ ʥʘ 95ï99% ʢʚʘʨʮʝʤ, 

ʚʪoʨoʩʪʝʧʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʙoʥʘʪʦʤ, ʩʝʨʠʮʠʪʦʤ, ʛʣʠʥʠʩʪʳʤ ʠ ʫʛʣʝʨʦʜʠʩʪʳʤ ʚʝʱʝ-

ʩʪʚʦʤ. ʅʘ ʬʦʥʝ ʪʝʤʥʦ-ʩʝʨʳʭ, ʯʝʨʥʳʭ ʢʚʘʨʮʠʪʦʚ ʫʯʘʩʪʢʘʤʠ ʦʪʤʝʯʘʶʪʩʷ ʩʫʙʩʦʛʣʘʩʥʳʝ ʟʦʥʳ ʦʩʚʝʪʣʝ-

ʥʠʷ, ʧʨʠ ʵʪʦʤ ʢʚʘʨʮʠʪʳ ʧʨʠʦʙʨʝʪʘʶʪ ʙʦʣʝʝ ʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʙʝʣʳʡ ʮʚʝʪ, ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ ʚʳ-

ʥʦʩʘ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ. ɺ ʟʦʥʘʭ ʠʥʪʝʥʩʠʚʥʳʭ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ (ʦʢʚʘʨʮʝʚʘʥʠʷ) ʬʦʨʤʠʨʫ-

ʶʪʩʷ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʩʘʭʘʨʦʚʠʜʥʳʝ ʤʘʩʩʠʚʥʳʝ ʙʝʣʳʝ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʝ 

ʢʚʘʨʮʝʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ð ʢʚʘʨʮʠʪʳ. 

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ oʢʚʘʨʮʝʚʘʥʠʝ ʢʘʨʙoʥʘʪʥʳʭ, ʢʨʝʤʥʠʩʪo-ʢʘʨʙʦʥʘʪʥʳʭ ʧoʨoʜ ʧʨoʠʩʭoʜʠʣo ʜʚʫ-
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ʤʷ ʩʧoʩoʙʘʤʠ. ʇʨʠ oʜʥoʤ ʠʟ ʥʠʭ ʧʨoʠʩʭoʜʠʪ ʧoʩʪʝʧʝʥʥoʝ ʧʨoʨʘʩʪʘʥʠʝ ʢʘʨʙoʥʘʪʥoʡ ʧoʨoʜʳ ʤʝʣʢʠʤʠ 

ʨʘʩʩʝʷʥʥʳʤʠ ʢʨʠʩʪʘʣʣʠʢʘʤʠ ʢʚʘʨʮʘ, ʢoʪoʨʳʝ, ʧoʩʪʝʧʝʥʥo ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʯʠʩʣʝ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝ-

ʧʝʥʠ ʟʘʤʝʱʘʶʪ ʢʘʨʙoʥʘʪʥʫʶ ʧoʨoʜʫ ʚ ʨʘʟʣʠʯʥʳʭ ʝʝ ʫʯʘʩʪʢʘʭ.  ʇʨʠʯʝʤ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʪʝʧʝʥʠ ʩʧʣʦʰʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʨʦʜʳ 

ʢʚʘʨʮʝʤ. ʇʨʠ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ ʟʘʤʝʱʝʥʠʷ ʛʨʘʥʠʮʳ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʦʙʳʯʥʦ ʙʳʚʘʶʪ ʥʝʨʝʟʢʠ-

ʤʠ ʠ ʚ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʧʦʨʦʜʘʭ ʥʝʨʝʜʢʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʫʯʘʩʪʢʠ ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʧʝʨʚʠʯʥʦʡ ʢʘʨʙʦ-

ʥʘʪʥʦʡ ʧʦʨʦʜʳ (ʨʠʩ.1).   

 

 
 

ʈʠʩ. 1. ʉʣʝʚʘ ð ʦʢʚʘʨʮʦʚʘʥʥʳʝ ʠʟʚʝʩʪʢʦʚʳʝ ʤʨʘʤʦʨʘ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʨʝʙʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʩʧʨʘʚʘ ð  ʦʢʚʘʨʮʦʚʘʥʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠʟʚʝʩʪʥʷʢ ʚ ʰʣʠʬʝ, ʥʠʢʦʣʠ +, ʫʚʝʣ. 80. 

 

ʇʨʠ ʚʪoʨoʤ ʪʠʧʝ oʢʚʘʨʮʝʚʘʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʙʳ çʩʧʣʦʰʥʳʤ ʬʨoʥʪoʤè, ʠʣʠ ʢʘʢ çʥʘʩʪʫʧʘʶ-

ʱʘʷ ʚoʣʥʘè, ʠ ʦʙʨʳʚʘʝʪʩʷ ʨʝʟʢʠʤ ʢʦʥʪʘʢʪʦʤ ʩ ʥʝʠʟʤʝʥʝʥʥʦʡ ʢʘʨʙoʥʘʪʥʦʡ ʧoʨoʜoʡ. ʇʨʠ ʵʪʦʤ ʢoʥʪʫ-

ʨʳ ʠʟʤʝʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚʩʝʛʜʘ oʪʯʝʪʣʠʚʳʝ, ʘ ʚ ʩʘʤʠʭ oʢʚʘʨʮoʚʘʥʥʳʭ ʧoʨoʜʘʭ, ʚ oʩoʙʝʥʥoʩʪʠ ʚ ʢʨʘ-

ʝʚʳʭ ʯʘʩʪʷʭ ʫʯʘʩʪʢoʚ oʢʚʘʨʮʝʚʘʥʠʷ, ʥʝʨʝʜʢo oʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧoʣoʩʯʘʪʘʷ ʪʝʢʩʪʫʨʘ ʩ ʢʘʝʤʢʘʤʠ, ʙoʣʝʝ 

ʠʣʠ ʤʝʥʝʝ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʚʥʝʰʥʝʤʫ ʢoʥʪʫʨʫ ʟoʥʳ ʟʘʤʝʱʝʥʠʷ. ʊʘʢʠʤ oʙʨʘʟoʤ, ʠʥʪʝʥʩʠʚʥoʝ ʦʢʚʘʨʮʝ-

ʚʘʥʠʝ ʧʝʨʚʠʯʥʦ-ʦʩʘʜʦʯʥʳʭ, ʢʘʨʙʦʥʘʪʥʳʭ, ʢʘʨʙʦʥʘʪʥʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ, ʧʝʩʯʘʥʠʢʦʚ ʧʨʠʚʦʜʷʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʙʝʣʳʭ ʩʘʭʘʨʦʚʠʜʥʳʭ ʤʘʩʩʠʚʥʳʭ ʢʚʘʨʮʝʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʯʠʩʪʳʝ ʨʘʟʥʦʩʪʠ ʢʚʘʨʮʠʪʦʚ. 

ʇʨʦʮʝʩʩʳ ʦʩʚʝʪʣʝʥʠʷ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʢʘʨʙʦʥʘʪʥʳʭ, ʢʘʨʙʦʥʘʪʥʦ-

ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ, ʧʦ ʜʘʥʥʳʤ ɺʦʨʦʙʴʝʚʘ ʠ ʜʨ. (2003) ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ɹʫʨʘʣ-ʉʘʨʜʳʢʩʢʠʭ ʢʚʘʨʮʠ-

ʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʨʤʘʣʴʥʳʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ ʠ ʧʨʠʢʦʥʪʘʢʪʦʚʳʤ ʤʝʪʘʩʦʤʘʪʦʟʦʤ ʚ ʩʚʷʟʠ ʩ ʧʘʣʝʦʟʦʡ-

ʩʢʠʤ ʤʘʛʤʘʪʠʟʤʦʤ, ʩ ʠʥʪʨʫʟʠʷʤʠ ʩʫʤʩʫʥʫʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʩ ʠʥʪʨʫʜʠʨʫʶʱʠʤʠ ʠʭ ʜʘʡʢʘʤʠ 

ʠ ʩʠʣʣʘʤʠ ʧʦʨʬʠʨʦʚʳʭ ʧʦʨʦʜ ʭʦʣʙʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [5]. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʠʩʪʦʯʥʠʢʦʤ ʢʨʝʤʥʝʟʝʤʘ 

ʷʚʠʣʠʩʴ ʶʚʝʥʠʣʴʥʳʝ ʨʘʩʪʚʦʨʳ.  

ʇʦ ʜʨʫʛʦʤʫ ʚʘʨʠʘʥʪʫ ʢʨʝʤʥʝʟʝʤ ʧʦʩʪʫʧʘʣ ʠʟ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʧʦ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ ʙʦʛʘʪʳʤʠ ʢʨʝʤʥʝʟʝʤʦʤ ʙʦʢʦʚʳʤʠ ʧʦʨʦʜʘʤʠ. ʀʥʪʨʫʟʠʠ 

ʩʫʤʩʫʥʫʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʢʘʟʘʣʠ ʣʠʰʴ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʘʢʪʠʚʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥ-

ʥʳʭ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚ çʧʦʨʦʜʥʦʤ ʙʘʩʩʝʡʥʝè ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʠʣʠʩʴ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʩ 

ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʪʦʯʥʠʢʘʤʠ ʢʨʝʤʥʝʟʝʤʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʛʣʠ ʙʳʪʴ ʤʝʪʘʤʦʨ-

ʬʦʛʝʥʥʳʝ ʚʦʜʳ, ʢʘʢ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʏʝʨʝʤʰʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʚʘʨʮʠʪʦʚ [1]. 

ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʦʙ ʠʭ ʨʦʣʠ, ʢʘʢ ʠ ʦ ʩʘʤʦʤ ʧʨʦʮʝʩʩʝ (ʤʝʭʘʥʠʟʤʝ) ʬʦʨʤʠʨʦʚʘʥʠʷ çʯʠʩʪʳʭè ʨʘʟʥʦ-

ʩʪʝʡ ʢʚʘʨʮʠʪʦʚ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 
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ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʟʜʘʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʢʦʨʨʝʣʷʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʣʥ ʚʜʦʣʴ ʟʜʘʥʠʷ. ʄʝʪʦʜʠʢʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ 11-ʪʠ ʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʩʝʨʠʠ ʂʋɹ-2.5. ʄʦʜʘʣʴʥʳʤ 

ʤʠʢʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʳ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚʜʦʣʴ 

ʟʜʘʥʠʷ. ɺ ʧʘʢʝʪʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ANSYS ʤʝʪʦʜʦʤ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʫʯʝʥʦ ʚʦʣʥʦʚʦʝ ʧʦʣʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦ ʟʜʘʥʠʶ. ʅʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʯʠʩʣʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚʳʧʦʣʥʝʥʘ ʧʨʦʮʝʜʫʨʘ ʚʘʣʠʜʘʮʠʠ ʂʕ ʤʦʜʝʣʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʜʝʥʪʠʬʠʢʘʮʠʷ; ʂʋɹ-2.5; ʤʠʢʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ; ʧʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ. 
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A method for validating a building model based on the correlation of the experimental and numerical values of 

the velocity of propagation of shear seismic waves along the building is proposed. The technique is approved on the 

example of the 11-storey building of the KUB-2.5 series. The modal microdynamical method was used to determine the 

propagation velocities of shear seismic waves along the building. In the physical modeling package ANSYS, the wave 

field propagation of the seismic pulse along the building was studied by the method of transient analysis. Based on the 

correlation of the experimental and numerical values of the velocity of shear waves, the procedure for validating the FE 

model is performed. 

Keywords: identification; KUB-2.5; microdynamic method; shear waves. 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

ʥʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʠ ʨʘʩʯʝʪʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ. ʇʨʠ ʜʠʥʘʤʠ-

ʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʟʜʘʥʠʷ ʥʘ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ, ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ, 

ʠʣʠ ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʥʘʩʢʦʣʴʢʦ ʤʦʜʝʣʴ ʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʝʟʫʣʴʪʘʪ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʠ ʧʨʦʚʝʨʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʷ ʢʘʣʠʙʨʦʚʢʠ ʤʦʜʝʣʠ ʷʚʣʷ-

ʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʰʘʛʦʤ. ʂʘʣʠʙʨʦʚʢʘ ʠʣʠ ʚʘʣʠʜʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʪʦʯʥʦ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʡ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʘʣʠʙʨʦʚʢʠ ʂʕ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʘʩʩʳ, ʞʝʩʪʢʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ [1]. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜʠʢʘ ʢʘʣʠʙʨʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʪʦʣʴʢʦ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, 

ʯʪʦ ʥʝ ʩʦʚʩʝʤ ʧʨʘʚʠʣʴʥʦ ʜʣʷ ʩʣʦʞʥʳʭ ʪʠʧʦʚ ʟʜʘʥʠʡ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷ-

ʞʝʥʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʧʨʦʮʝʜʫʨʫ 

ʚʘʣʠʜʘʮʠʠ ʯʠʩʣʝʥʥʦʡ ʂʕ ʤʦʜʝʣʠ ʜʣʷ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ɸʧʨʦʙʘʮʠʷ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʘ ʥʘ 11-ʪʠ ʵʪʘʞʥʦʤ ʢʘʨʢʘʩʥʦ-ʞʝʣʝʟʦʙʝʪʦʥʥʦʤ ʟʜʘʥʠʠ ʩʝʨʠʠ 

ʂʋɹ2.5. ɺ ʧʘʢʝʪʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ANSYS ʩʦʟʜʘʥʘ ʂʕ ʤʦʜʝʣʴ ʟʜʘʥʠʷ ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪ-

ʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʦʵʪʘʞʥʳʝ ʩʧʝʢʪʨʳ ʦʪʢʣʠʢʘ; ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʷ; ʩʢʦʨʦ-

ʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʟʜʘʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʦʝ ʦʙ-

ʩʣʝʜʦʚʘʥʠʝ ʟʜʘʥʠʷ, ʧʦʣʫʯʝʥ ʥʘʙʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʯʘʩʪʦʪʳ ʠ ʬʦʨ-

ʤʳ ʢʦʣʝʙʘʥʠʷ; ʧʘʨʘʤʝʪʨʳ ʟʘʪʫʭʘʥʠʷ; ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚ ʦʙʲʝʤʝ ʟʜʘʥʠʷ; 

ʩʧʝʢʪʨʳ ʦʪʢʣʠʢʘ ʟʜʘʥʠʷ ʥʘ ʨʝʘʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ [2]. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʢʘʣʠʙʨʦʚʢʠ ʂʕ ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʨʦʯ-

ʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʨʘʩʯʝʪʘ 11-ʪʠ ʵʪʘʞʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʥʞʝʥʝʨʥʦ-

ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʠ ʦʙʩʣʝʜʦ-
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ʚʘʥʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʛʦ ʟʜʘʥʠʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʫʩʠʣʠʡ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 7 ʙʘʣʣʦʚ. 
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʤʠʥʝʨʘʣʴʥʦʤ ʠ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʚʘʜʦʟʥʳʭ ʦʙʨʘʟʦ-

ʚʘʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʟʦʥʘʤ ʜʨʝʚʥʠʭ ʨʘʟʣʦʤʦʚ. ʇʦʨʦʜʳ ʩʣʦʞʝʥʳ ʢʚʘʨʮʝʤ, ʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ, ʩʣʶʜʘʤʠ, ʪʘʢʞʝ 

ʦʪʤʝʯʘʶʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʠʥʝʨʘʣʳ, ʨʫʪʠʣ, ʮʠʨʢʦʥ, ʢʘʦʣʠʥ, ʜʦʣʦʤʠʪ, ʦʢʠʩʣʳ ʤʘʨʛʘʥʮʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʚʘʜʦʟʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ; ɿʘʧʘʜʥʦʝ ʇʨʠʙʘʡʢʘʣʴʝ; ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ.  

 

The mineralogy of hydrotermal-vadose formations of fault zones in the Western Baikal region 
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Information is provided on the mineral and chemical composition of hydrothermal-vadose formations confined 

to the zones of ancient faults. The rocks are composed of quartz, iron oxides, micas, rare earth minerals, rutile, zircon, 

kaolin, dolomite, manganese oxides are also noted. 

Keywords: hydrotermal-vadose formations; Western Baikal region; weathering crust. 

 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʘʡʢʘʣʴʩʢʦʛʦ ʚʳʩʪʫʧʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚ ʧʦ-

ʨʦʜʘʭ ʠʣʠʢʪʠʥʩʢʦʡ ʩʚʠʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʜʨʝʚʥʠʝ ʨʘʟʣʦʤʳ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʫʨʦʯʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʦʥʘʤʠ ʦʩʚʝʪʣʝʥʠʷ ʚ ʤʠʣʦʥʠʪʠʟʠʨʦ-

ʚʘʥʥʳʭ ʩʣʘʥʮʘʭ ʠ ʦʭʨʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʘʩʩʦʮʠʠʨʫʶʪ ʩ 

ʦʩʚʝʪʣʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ.  

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʦʩʚʝʪʣʝʥʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ ʩʝʨʠʮʠʪ-

ʢʚʘʨʮʝʚʳʤʠ ʠ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʤʠ, ʥʝʨʝʜʢʦ ʩ ʧʠʨʠʪʦʤ, ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪ-

ʩʷ ʪʘʢʞʝ ʢʚʘʨʮ-ʛʝʤʘʪʠʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʩ ʛʝʤʘʪʠʪʦʤ ʚ ʚʠʜʝ ʢʨʘʩʥʦʡ ʧʦʨʦʰʢʦʚʘʪʦʡ ʤʘʩʩʳ.  

ʆʭʨʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʶʪ ʚʠʜ ʨʳʭʣʳʭ ʨʘʩʩʳʧʯʘʪʳʭ ʧʦʨʦʜ ʯʝʨʥʦʛʦ, ʞʝʣʪʦʛʦ, 

ʙʫʨʦʛʦ ʠ ʢʠʨʧʠʯʥʦ-ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʩʣʦʞʝʥʥʳʭ ʢʚʘʨʮʝʤ, ʩʣʶʜʦʡ ʠ ʛʝʪʠʪʦʤ. ɼʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʳ-

ʣʠ ʦʪʥʝʩʝʥʳ ʥʘʤʠ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʚʘʜʦʟʥʳʤ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʤʠʥʝ-

ʨʘʣʴʥʦʤ ʠ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ.  

ɼʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ çLEO-1430VPè (Carl Zeiss International) ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ çINCAEnergy 350è (OxfordInstruments Analytical Ltd.). ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ɽ.ɸ. ʍʨʦ-

ʤʦʚʦʡ ʠ ɽ.ɺ. ʍʦʜʳʨʝʚʦʡ ʚ ɻʝʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʉʆ ʈɸʅ (ʛ. ʋʣʘʥ-ʋʜʵ); ʫʩʣʦʚʠʷ ʘʥʘʣʠʟʘ: ʫʩʢʦʨʷ-

ʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ, ʪʦʢ ʟʦʥʜʘ 0.3ï0.4 ʥɸ, ʨʘʟʤʝʨ ʟʦʥʜʘ <0,1 ʤʢʤ, ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 50 ʩʝʢ. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʦʙʨʘʟʮʳ ʠʟʤʝʥʝʥʥʳʭ ʜʠʘʙʘʟʦʚ, ʧʝʩʯʘʥʠʢʦʚ, ʩʣʘʥʮʝʚ, ʢʘʚʝʨʥʦʟʥʦʛʦ ʢʚʘʨʮʘ, ʦʭʨ 

ʠʟ ʧʫʩʪʦʪ ʚ ʢʘʚʝʨʥʦʟʥʦʤ ʢʚʘʨʮʝ, ʞʝʣʝʟʠʩʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʛʫʙʯʘʪʦʡ ʪʝʢʩʪʫʨʳ, ʘ ʪʘʢʞʝ ʦʙʦʭʨʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʦ ʢʦʪʦʨʳʭ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦʜʥʦʟʥʘʯʥʦ, ʧʦ ʢʘʢʦʡ ʧʦʨʦʜʝ ʦʥʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ. ɺʩʣʝʜ-

ʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʦʞʝʣʝʟʥʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʥʳʝ 

ʧʦʨʦʜʳ ʟʘʯʘʩʪʫʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʷʛʢʠʝ ʨʳʭʣʳʝ ʦʙʦʭʨʝʥʥʳʝ ʨʘʟʥʦʩʪʠ. 

ɼʣʷ ʢʨʝʤʥʠʩʪʦ-ʦʭʨʠʩʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Fe2O3 ð ʜʦ 70ï90 

ʤʘʩ. % ʠ MnO ʜʦ 5 ʤʘʩ. %. ʆʥʠ ʩʦʜʝʨʞʘʪ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Zn ð ʜʦ 7500 ʛ/ʪ, Cu ð ʜʦ 

1100 ʛ/ʪ, Ni ð ʜʦ 800 ʛ/ʪ, ʉʦ ð ʜʦ 640 ʛ/ʪ, As ð ʜʦ 2.9 ʤʘʩ. %, ʄʦ ð ʜʦ 70 ʛ/ʪ, ɺi ð ʜʦ 12 ʛ/ʪ, U ð 

ʜʦ 24 ʛ/ʪ.ʆʙʱʠʤ ʜʣʷ ʚʩʝʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʢʚʘʨʮʘ, ʦʢʠʩʣʦʚ 

ʞʝʣʝʟʘ (ʛʝʪʠʪ, ʤʘʛʥʝʪʠʪ) ʠ ʩʣʶʜ (ʤʫʩʢʦʚʠʪ, ʭʣʦʨʠʪ, ʙʠʦʪʠʪ). ɿʘʯʘʩʪʫʶ ʦʪʤʝʯʘʶʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ 

ʤʠʥʝʨʘʣʳ (ʤʦʥʘʮʠʪ, ʢʩʝʥʦʪʠʤ), ʚʩʪʨʝʯʘʶʪʩʷ ʨʫʪʠʣ, ʮʠʨʢʦʥ, ʢʘʦʣʠʥ, ʜʦʣʦʤʠʪ, ʦʢʠʩʣʳ ʤʘʨʛʘʥʮʘ (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ (ʘïʜ) ʠ ʦʭʨʳ ʠʟ ʧʫʩʪʦʪ ʚ ʢʘʚʝʨʥʦʟʥʦʤ ʢʚʘʨʮʝ (ʝ). 

Qz ð ʢʚʘʨʮ, Gth ð ʛʝʪʠʪ, Ms ð ʤʫʩʢʦʚʠʪ, Zrn ð ʮʠʨʢʦʥ, Xtm ð ʢʩʝʥʦʪʠʤ, Mnz ð ʤʦʥʘʮʠʪ, Rt ð ʨʫʪʠʣ, 

Prl ð ʧʠʨʦʣʶʟʠʪ, Chl ð ʭʣʦʨʠʪ, Mag ïʤʘʛʥʝʪʠʪ. 

 

ʂʚʘʨʮ ʦʙʳʯʥʦ ʩʣʘʛʘʝʪ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʧʦʨʦʜʳ. ɺ ʢʚʘʨʮʝ ʥʘʭʦʜʷʪʩʷ ʧʨʦʞʠʣʢʠ ʠ ʚʢʣʶʯʝʥʠʷ ʛʝ-

ʪʠʪʘ, ʠʥʦʛʜʘ ʚʢʣʶʯʝʥʠʷ ʩʦʭʨʘʥʷʶʪ ʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʠʨʠʪʘ (ʨʠʩ. 1 ʘ, ʙ). 

ʆʢʠʩʣʳ ʞʝʣʝʟʘ ʟʘʥʠʤʘʶʪ ʜʦ ʧʦʣʦʚʠʥʳ ʧʣʦʱʘʜʠ ʰʣʠʬʘ. ʊʘʢʞʝ ʛʝʪʠʪ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʙʦʣʴʰʠʝ 

ʧʨʦʞʠʣʢʠ ʠ ʚʢʣʶʯʝʥʠʷ ʚ ʭʣʦʨʠʪʝ. ʉʣʶʜʳ ʬʦʨʤʠʨʫʶʪ ʧʨʦʞʠʣʢʠ ʠ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ ʠ ʛʝʪʠʪʝ. 

ʄʝʣʢʠʝ ʟʝʨʥʘ ʢʩʝʥʦʪʠʤʘ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʛʝʪʠʪʝ ʠ ʤʫʩʢʦʚʠʪʝ (ʨʠʩ. 1 ʛ). ɿʝʨʥʘ ʮʠʨʢʦʥʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʢʚʘʨʮʝ ʠ ʤʫʩʢʦʚʠʪʝ (ʨʠʩ. 1 ʚ, ʛ). ʈʫʪʠʣ ʥʘʙʣʶʜʘʣʩʷ ʚ ʢʚʘʨʮʝ, ʭʣʦʨʠʪʝ, ʤʫʩʢʦʚʠʪʝ ʠ ʦʢʠʩʣʘʭ ʞʝʣʝʟʘ. 

ʄʦʥʘʮʠʪ ʚʩʪʨʝʯʘʣʩʷ ʚ ʢʚʘʨʮʝ, ʛʝʪʠʪʝ, ʮʠʨʢʦʥʝ, ʭʣʦʨʠʪʝ ʠ ʤʫʩʢʦʚʠʪʝ. ʇʠʨʦʣʶʟʠʪ ʦʙʨʘʟʫʝʪ ʧʨʦʞʠʣʢʠ 

ʚ ʢʚʘʨʮʝ, ʧʨʠʯʝʤ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ BaO ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʧʨʦʞʠʣʢʘ (ʨʠʩ. 1 ʜ).  

ʆʙʨʘʟʝʮ ʦʭʨʳ ʠʟ ʧʫʩʪʦʪ ʚ ʢʘʚʝʨʥʦʟʥʦʤ ʢʚʘʨʮʝ ʩʣʦʞʝʥ ʢʚʘʨʮʝʤ, ʤʘʛʥʝʪʠʪʦʤ, ʭʣʦʨʠʪʦʤ ʠ ʤʫʩʢʦ-

ʚʠʪʦʤ. ʄʘʛʥʝʪʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʪʨʦʫʛʦʣʴʥʳʝ ʦʙʣʦʤʢʠ ʩʨʝʜʠ ʢʚʘʨʮʘ ʠ ʭʣʦʨʠʪʘ. (ʨʠʩ. 1 ʝ). 
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ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʩʭʦʜʥʦʤ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʚʩʝʭ ʢʨʝʤʥʠʩʪʦ-ʦʭʨʠʩʪʳʭ ʛʠʜʨʦʪʝʨ-

ʤʘʣʴʥʦ-ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ, ʥʦ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʪʝʧʝʥʠ ʠʟʤʝ-

ʥʝʥʠʷ (ʩʫʱʝʩʪʚʫʶʪ ʙʦʣʝʝ ʠʟʤʝʥʝʥʥʳʝ ʠ ʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʝ ʨʘʟʥʦʩʪʠ). ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʜʘʥʥʳʭ ʧʦʨʦʜ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʝʨʠʦʜ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨ-

ʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʡʩʷ ʚʦʟʜʳʤʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ. ɺ ʵʪʦ ʚʨʝʤʷ ʚ ʛʣʫ-

ʙʠʥʥʳʭ ʯʘʩʪʷʭ ʟʦʥ ʨʘʟʣʦʤʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʠʭ ʢʠʩʣʳʭ ʩʫʣʴʬʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʦʷʚʠʣʠʩʴ 

ʧʨʦʮʝʩʩʳ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʩʫʣʴʬʠʜʥʳʝ ʟʘʣʝʞʠ, ʘ ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʦʪ 

ʛʠʧʦʛʝʥʥʦʛʦ ʨʝʞʠʤʘ ʢ ʛʠʧʝʨʛʝʥʥʦʤʫ, ʚ ʙʦʣʝʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʤʝʩʪʦ ʧʠʨʠʪʘ ʚʦʟʥʠʢʘʣʠ ʛʝ-

ʤʘʪʠʪ ʠ ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ [1]. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʚʫʩʪʘʜʠʡʥʦʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʝʤʥʠʩʪʦ-ʦʭʨʠʩʪʳʭ ʧʦʨʦʜ, ʢʦʛʜʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʟʘʣʝ-

ʞʠ ʙʳʣʠ ʚʳʱʝʣʦʯʝʥʳ ʠ ʧʝʨʝʨʘʙʦʪʘʥʳ ʤʝʪʝʦʨʥʳʤʠ ʚʦʜʘʤʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 17-05-00819. 
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ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʫʜʥʠʯʥʳʭ ʚʦʜ, ʷʚʣʷʶʪ-

ʩʷ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜʥʠʯʥʳʭ 

ʚʦʜ ʰʪʦʣʴʥʠ ɿʘʧʘʜʥʘʷ (ɿʘʢʘʤʝʥʩʢʠʡ ʨʘʡʦʥ, ɹʫʨʷʪʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʬʠʨʤʳ Shimadzu 

SALD-7500nano. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ; ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ; ʣʘʟʝʨʥʳʡ ʘʥʘ-

ʣʠʟʘʪʦʨ. 

 

Features of determination of physical and chemical characteristics of mine waters 

by laser diffractometry method 
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Suspended solids are one of the main characteristics, determined the physical and chemical properties of mine 

waters. The article presents the results of a study of the fractional composition of the mine waters of the Western gallery 

(Zakamensky district, Buryatia) using a laser analyzer of Shimadzu SALD-7500nano. 

Keywords: physical and chemical properties; mine water; suspended solids; laser analyzer. 

 

ʈʘʟʨʘʙʦʪʢʘ ʚʦʣʴʬʨʘʤʦʚʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʨʫʜʥʠʯʥʳʭ ʚʦʜ. ʊʘʢʠʝ ʚʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʭ ʤʠʥʝʨʘʣʴʥʳʝ ʧʨʠʤʝʩʠ (ʧʝʩʯʘʥʠʩʪʳʝ, ʛʣʠʥʠʩʪʳʝ ʠ ʨʫʜʥʳʝ ʯʘʩʪʠʮʳ, ʩʫʣʴʬʘʪʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣ-

ʣʦʚ, ʤʳʰʴʷʢ, ʬʪʦʨ ʠ ʪ.ʜ.), ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʦʩʪʘʪʢʠ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʠ 

ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ) ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ (ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ ʠ 

ʨʘʟʣʠʯʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʪ.ʧ.). ʈʫʜʥʠʯʥʳʝ ʚʦʜʳ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʰʘʭʪ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʚ 

ʠʭ ʩʦʩʪʘʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ. 

ɿʘʛʨʷʟʥʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʰʘʭʪʥʳʝ ʚʦʜʳ ʧʦʩʪʫʧʘʶʪ ʚ ʤʝʩʪʥʳʝ ʚʦʜʦʪʦʢʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʚʠ-

ʜʦʚ ʦʯʠʩʪʢʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʩʙʨʦʩʘ ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ ʟʘʢʦʥʩʝʨʚʠʨʦ-

ʚʘʥʥʦʡ ʚ 90-ʭ ʛʦʜʘʭ ʰʪʦʣʴʥʠ ɿʘʧʘʜʥʘʷ (ɿʘʙʘʡʢʘʣʴʝ, ʨʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ) ʥʘʧʨʷʤʫʶ ʧʦʩʪʫʧʘʶʪ ʚ ʚʦ-

ʜʳ ʨʝʢʠ ʄʦʜʦʥʢʫʣʴ ʠ ʜʘʣʝʝ ʚ ʨʝʢʠ ɼʞʠʜʘ, ʉʝʣʝʥʛʘ, ʩʦʟʜʘʚʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʛʨʦʟʫ ʜʣʷ ʦʟʝʨʘ ɹʘʡ-

ʢʘʣ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʟʘʱʠʪʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪ ʪʦʢʩʠʯʥʳʭ ʩʪʦʢʦʚ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʯʠʩʪʢʠ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʈʫʜʥʠʯʥʳʝ ʚʦʜʳ ʰʪʦʣʴʥʠ ɿʘʧʘʜʥʘʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʩʫʣʴʬʘʪʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (2658,5 ʤʛ/ʜʤ3) ʠ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʅ 

(4,38). ʇʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ [2] ʩʦʩʪʘʚʣʷʝʪ: ʧʦ Fe ð ʚ 210,4 ʨʘʟʘ, ʧʦ Cu ð ʚ 

27, ʧʦ Ni ð ʚ 22,3, ʧʦ Zn ð ʚ 33,1, ʧʦ Cd ð ʚ 958, ʧʦ Pb ð ʚ 56,2, ʧʦ W ð ʚ 11 ʨʘʟ. ɺʳʩʦʢʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ (203,7 ʤʛ/ʜʤ3) ʠ ʩʫʣʴʬʘʪʦʚ (1829,2 ʤʛ/ʜʤ3) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʘʜʢʘ 

ʞʝʣʪʦʛʦ ʠʣʠ ʞʝʣʪʦʚʘʪʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ. 

ʀʤʝʥʥʦ ʥʘʣʠʯʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ (ʠʭ ʜʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʫʜʥʠʯʥʳʭ ʚʦʜ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʦʙʲʝʢʪʘʭ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʄʝʪʦʜʳ ʝʛʦ ʨʘʟʥʦʦʙʨʘʟʥʳ: ʩʫʭʦʡ ʠ ʤʦʢʨʳʡ ʨʘʩʩʝʚ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʪʘʭ, ʩʝʜʠʤʝʥʪʘʮʠʷ, ʤʠʢʨʦʩʢʦʧʠʷ, ʣʘʟʝʨʥʘʷ ʜʠʬʨʘʢʮʠʷ ʠ ʪ.ʜ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʤʝʥʥʦ ʤʝʪʦʜ ʣʘ-

ʟʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦʣʫʯʠʣ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʕʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠ ʵʬʬʝʢ-

ʪʠʚʥʳʡ ʤʝʪʦʜ, ʧʨʠʤʝʥʠʤʳʡ ʢ ʦʯʝʥʴ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʦʙʲʝʢʪʦʚ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ ʚ ʧʨʦʙʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

[4] 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʨʫʜʥʠʯʥʦʡ ʚʦʜʝ ʰʪʦʣʴʥʠ ɿʘʧʘʜʥʘʷ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʜʠ-

ʬʨʘʢʪʦʤʝʪʨʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʎʂʇ çʅʘʫʯʥʳʝ ʧʨʠʙʦʨʳè ʌɻɹʆʋ ɺʆ ɹɻʋ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʘʥʘ-

ʣʠʟʘʪʦʨʘ SALD-7500nano ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ISO 13320-1(1999) ʠ 9276-1(1998). ɿʘʤʝʨʳ 
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ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʘʭ ʤʝʜʣʝʥʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʨʘʟʤʝʰʠʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ. 

ɺ ʨʝʞʠʤʝ ʤʝʜʣʝʥʥʦʛʦ ʨʘʟʤʝʰʠʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ çʝʩʪʝʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʘʛʨʝʛʠ-

ʨʦʚʘʥʥʦʩʪʠè [3, 5] ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʨʫʜʥʠʯʥʦʡ ʚʦʜʝ (ʪʘʙʣ.). 

ʊʘʙʣʠʮʘ 

ɼʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʨʫʜʥʠʯʥʦʡ ʚʦʜʝ 

ʈʝʞʠʤ ʩʲʝʤʢʠ ʈʘʟʤʝʨ ʯʘʩʪʠʮ, Õm 
ʉʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ ʩ ʨʘʟʤʝʨʦʤ ʯʘ-

ʩʪʠʮ,% 

ʄʝʜʣʝʥʥʦʝ ʨʘʟʤʝʰʠʚʘ-

ʥʠʝ 

+ 200 

200 ð +150 

7,1 

92,9 

ɹʳʩʪʨʦʝ ʨʘʟʤʝʰʠʚʘʥʠʝ 

50 ð +10 

10 ð +5 

5 ð +1 

< 1 

36,9 

39,5 

18,7 

4,9 

 

ɺ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʟʤʝʨʳ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʦʙʝ ʨʫʜʥʠʯʥʦʡ ʚʦʜʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 156,7 ʜʦ 222 ʤʢʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʛʨʝʛʘʪʘʤʠ ʤʝʣʢʠʭ ʛʣʠʥʠʩʪʳʭ ʬʨʘʢʮʠʡ, ʠʥʝʨʪʥʦʡ ʧʳ-

ʣʠ ʠ ʢʨʫʧʥʳʤʠ ʘʩʩʦʮʠʘʪʘʤʠ ʤʦʣʝʢʫʣ. ʊʘʢʫʶ ʩʠʩʪʝʤʫ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʤʠʢʨʦʛʝ-

ʪʝʨʦʛʝʥʥʦʡ [1]. 

ɼʘʣʝʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʲʝʤʢʘ ʚ ʨʝʞʠʤʝ ʙʳʩʪʨʦʛʦ ʨʘʟʤʝʰʠʚʘʥʠʷ. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʟʘʛʨʝʛʘʮʠʷ ʢʨʫʧʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ, ʚ 

ʧʨʦʙʝ ʨʫʜʥʠʯʥʦʡ ʚʦʜʳ ʧʨʝʦʙʣʘʜʘʶʪ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʘʤʠ ʦʪ 1 ʜʦ 50 ʤʢʤ (95,1 %) ð ʪʝ ʞʝ ʛʣʠʥʠʩʪʳʝ ʠ 

ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ, ʘʩʩʦʮʠʘʪʳ ʤʦʣʝʢʫʣ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʧʨʦʙʳ ʨʫʜʥʠʯʥʦʡ ʚʦʜʳ (ʦʙʨʘʙʦʪʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴʶ 15 ʤʠʥʫʪ ʩ ʯʘʩʪʦʪʦʡ 32 ʢɻʮ, ʤʦʱʥʦʩʪʴʶ 40 ɺʪ) ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʝʨʚʠʯʥʳʝ ʯʘʩʪʠʮʳ 

ʤʠʢʨʦʥʥʳʭ ʠ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ (ʈʠʩ. 1). 

 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚ ʧʨʦʙʝ ʨʫʜʥʠʯʥʦʡ ʚʦʜʳ ʧʦʩʣʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. 

 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʦʩʥʦʚʥʳʝ ʨʘʟʤʝʨʥʳʝ ʛʨʫʧʧʳ: 

< 1 ʤʢʤ ð ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʨʘʟʤʝʨʘʤʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ; 

1ï5 ʤʢʤ ʠ 10ï50 ʤʢʤ ð ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʨʦʙʘʭ, ʷʚʣʷʶʱʠʝʩʷ 

ʘʛʨʝʛʘʪʘʤʠ ʤʝʣʢʠʭ ʛʣʠʥʠʩʪʳʭ ʬʨʘʢʮʠʡ ʠ ʥʝʙʦʣʴʰʠʤʠ ʘʩʩʦʮʠʘʪʘʤʠ ʤʦʣʝʢʫʣ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʫʜʥʠʯʥʳʭ ʚʦʜʘʭ ʰʪʦʣʴʥʠ 

ɿʘʧʘʜʥʘʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 150ï220 ʤʢʤ, ʷʚ-

ʣʷʶʱʠʝʩʷ ʘʛʨʝʛʘʪʘʤʠ ʤʝʣʢʠʭ ʛʣʠʥʠʩʪʳʭ ʬʨʘʢʮʠʡ, ʠʥʝʨʪʥʦʡ ʧʳʣʠ ʠ ʢʨʫʧʥʳʤʠ ʘʩʩʦʮʠʘʪʘʤʠ ʤʦʣʝʢʫʣ. 

ʇʦʩʣʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʝʞʠʤ ʙʳʩʪʨʦʛʦ ʨʘʟʤʝʰʠʚʘʥʠʷ) ʢʨʫʧʥʳʝ ʘʛʨʝʛʘʪʳ 

ʯʘʩʪʠʯʥʦ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ (ʦʪ 1 ʜʦ 50 ʤʢʤ), ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʠʟ-
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ʤʝʨʝʥʠʡ. ɸ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʫʜʥʠʯʥʦʡ ʚʦʜʳ ʫʣʴʪʨʘʟʚʫʢʦʤ ʨʘʟʤʝʨʳ 70 % ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʧʝʨʛʠ-

ʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʤʝʨʘʤ ʥʝʨʘʩʧʘʚʰʠʭʩʷ ʤʝʣʢʠʭ ʘʛʨʝʛʘʪʦʚ ʛʣʠʥʠʩʪʳʭ ʬʨʘʢʮʠʡ ʠ 

ʥʝʙʦʣʴʰʠʭ ʘʩʩʦʮʠʘʪʦʚ ʤʦʣʝʢʫʣ (10ï50 ʤʢʤ), ʘ ʨʘʟʤʝʨʳ 29, 3% ʯʘʩʪʠʮ ʩʪʘʥʦʚʷʪʩʷ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩ 

ʨʘʜʠʫʩʘʤʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ (<1 ʤʢʤ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʰʪʦʣʴʥʠ ɿʘʧʘʜʥʘʷ, ʧʨʦʚʝʜʝʥʥʦʝ ʩ ʧʦʤʦ-

ʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ ʯʘʩʪʠʮ SALD-7500nano, ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʜʠʩʧʝʨʩʥʦʛʦ ʘʥʘʣʠʟʘ ʨʫʜʥʠʯʥʳʭ ʚʦʜ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʌɸʅʆ ˉ 0340-2016-0006 ʠ 

ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-05-01041. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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The results of optical-spectroscopic studies of diamonds of the Sredne-Markhinsky district are presented. The 

statistical analysis of the results is carried out. 
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ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʘʣʤʘʟʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʦʦʙʨʘʟʥʦ ʠ ʟʘʯʘʩʪʫʶ ʥʝʦʜʥʦʨʦʜʥʦ [1-3]. ʉʚʦʝ-

ʦʙʨʘʟʥʳʤ ʢʣʶʯʦʤ ʢ ʨʝʰʝʥʠʶ ʚʦʧʨʦʩʦʚ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʝʬʝʢʪʥʦ-ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʘʣ-

ʤʘʟʦʚ, ʪ.ʢ. ʥʘʣʠʯʠʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʘʣʤʘʟʦʚ ð 

ʢʦʤʧʣʝʢʩ ʚʘʞʥʝʡʰʠʭ, ʦʙʲʝʢʪʠʚʥʳʭ ʭʨʦʥʦʨʝʧʝʨʦʚ ʠʭ ʠʩʪʦʨʠʠ. 

ʉʨʝʜʥʝʤʘʨʭʠʥʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ ʦʭʚʘʪʳʚʘʝʪ ʧʨʘʚʦʙʝʨʝʞʴʝ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʄʘʨʭʘ, 

ʙʘʩʩʝʡʥ ʨʝʢ ʍʘʥʥʷ, ʅʘʢʳʥ ʠ ʚʝʨʭʦʚʴʝ ʨ. ʊʶʢʷʥ, ʘ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ 

ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʣʦʞʠʣʩʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʙʦʨʪ ɺʠʣʶʡʩʢʦʡ ʩʠʥʝʢʣʠʟʳ. ɼʝʪʘʣʴ-

ʥʦ ʠʟʫʯʝʥʘ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʙʦʣʝʝ ʯʝʤ ʥʘ 300-ʢʠʣʦʤʝʪʨʦʚʦʤ ʫʯʘʩʪʢʝ ʨ. ʄʘʨ-

ʭʘ, ʥʠʞʝ ʫʩʪʴʷ ʨ. ʍʘʥʥʷ [4].  

ɺ ʅʀɻʇ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ) ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʘʣʤʘʟʦʚ ʢʦʨʝʥʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ 

ʘʣʤʘʟʦʚ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ ʨʘʡʦʥʘ (ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʠ ɹʦʪʫʦʙʠʥʩʢʘʷ, ʪʝʣʘ: ʄʘʡʩʢʦʝ, ʄʘʨʭʠʥ-

ʩʢʦʝ, ʫʯʘʩʪʢʠ: ʆʟʝʨʥʳʡ, ʍʘʥʠʥʩʢʠʡ, ʖʞʥʦ-ʅʘʢʳʥʩʢʠʡ, ʅʠʞʥʝ-ʅʘʢʳʥʩʢʠʡ, ʨ. ʅʘʢʳʥ). 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ 

VERTEX 70 (Bruker) ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʀʂ-ʤʠʢʨʦʩʢʦʧʦʤ Hyperion 2000. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ: 400ï

5500ʩʤ-1. ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʲʝʤʢʘ ʠʥʪʝʛʨʘʣʴʥʳʭ (ʩʦ ʚʩʝʛʦ ʦʙʲʸʤʘ ʢʨʠʩʪʘʣʣʘ) ʩʧʝʢʪʨʦʚ. ʅʦʨʤʠʨʦʚʘʥʠʝ 

ʩʧʝʢʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʚ ʜʚʫʭʬʦʥʦʥʥʦʡ ʦʙʣʘʩʪʠ [5-6]. ʇʦ ʩʧʝʢʪʨʘʤ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ-, ɸ-, ɺ1-, ɺ2-ʜʝʬʝʢʪʦʚ ʘʣʤʘʟʦʚ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ 1973 ʩʤ-1 ʠ 

2500 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Ŭ1973 = 12,5 ʩʤ-1 ʠ Ŭ2500 = 4,9 ʩʤ-1 ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʤʤʘʨʥʦʛʦ ʘʟʦʪʘ ʩʨʝʜʠ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʦʩ-

ʩʳʧʥʳʭ ʠ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʘʢ ʜʣʷ 

ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ ʅʶʨʙʠʥʩʢʘʷ ʠ ɹʦʪʫʦʙʠʥʩʢʘʷ ʭʘʨʘʢʪʝʨʝʥ ʤʘʢʩʠʤʫʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 500 at.ppm. 

ɼʣʷ ʘʣʤʘʟʦʚ ʦʙʲʝʢʪʘ ɻʈʈ ʅʠʞʥʝ-ʅʘʢʳʥʩʢʠʡ ʭʘʨʘʢʪʝʨʥʳ ʘʣʤʘʟʳ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝ-

ʩʠ ʘʟʦʪʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ ʦʢʦʣʦ 100 at.ppm (ʨʠʩ.1). ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥ-

ʥʳʭ ʧʦ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʘʣʤʘʟʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. 

ʅʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʘʣʤʘʟʦʚ ʘʢʢʫʤʫʣʠʨʦʚʘʣʠʩʴ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʅʀɻʇ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʧʨʦʠʟʚʦʜʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. 
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʪʨ. ʅʶʨʙʠʥʩʢʘʷ, ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ, ʨ. ʅʘʢʳʥ (ʅʠʞʥʝ-ʅʘʢʳʥʩʢʠʡ),  

ɺ. ʆʩʪʨʦʚʘ, ʫʯ. ʆʟʝʨʥʳʡ, ʫʯ. ʍʘʥʥʠʥʩʢʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʤʤʘʨʥʦʛʦ ʘʟʦʪʘ. 

 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʩ ʮʝʣʴʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʳʙʦʨʦʢ ʠʟ ʢʦʨʝʥʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ, ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦ-

ʩʪʠ ʜʣʷ ʣʶʙʳʭ ʯʠʩʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʦʚ ʠʟ ʚʳʙʨʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦ-

ʷʪʥʦʩʪʠ ʜʣʷ ʜʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ çʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝ-

ʤʦʩʪʠè ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʩʩʣʝʜʫʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʝʦʣʦʛʠʠ. 

ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʜʣʷ ʚʩʝʭ ʢʦʨʝʥʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʦʙʲʝʢʪʦʚ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ, ʢʦʪʦʨʳʝ ʚʥʝʩʝʥʳ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʠʤʝʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʚʳʙʦʨʢʠ 

ʙʦʣʝʝ 20, ʧʨʠʚʝʜʝʥʳ ʥʘ ʥʠʞʝʩʣʝʜʫʶʱʝʤ ʛʨʘʬʠʢʝ (ʨʠʩ. 2). 

 
 

ʈʠʩ. 2. ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦ lgKt ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʟʘʥʝʩʝʥʥʳʭ ʚ ʙʘʟʫ ʅʀɻʇ 

ʧʦ ʀʂ ʠʟʤʝʨʝʥʠʷʤ. 

 

ʇʨʦʚʝʜʝʥ ʧʦʧʘʨʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʩʝʭ ʢʦʨʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩʦ ʚʩʝʤʠ ʨʦʩʩʳʧʥʳʤʠ ʦʙʲ-

ʝʢʪʘʤʠ ʨʘʡʦʥʘ. 
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ɽʜʠʥʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʦʤ, ʥʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʥʠ ʩ ʦʜʥʠʤ ʠʟ ʪʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʨʝʥʥʳʭ 

ʪʝʣ, ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪ ɻʈʈ ʅʠʞʥʝ-ʅʘʢʳʥʩʢʠʡ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʦʩʩʳʧʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʘʣʤʘʟʦʚ 

ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʥʳ ʙʠʤʦʜʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ (ʨʠʩ.2), ʚ ʦʪʣʠʯʠʠ ʦʪ ʢʦ-

ʨʝʥʥʳʭ ʪʝʣ ʨʘʡʦʥʘ, ʠʤʝʶʱʠʝ ʦʜʥʦʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʦʩʩʳʧʠ ʘʣʤʘʟʦʚ 

ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʘʢ ʟʘ ʩʯʸʪ ʠʟʚʝʩʪʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ (ʪʨ. ʅʶʨʙʠʥ-

ʩʢʘʷ, ʪʨ. ɹʦʪʫʦʙʠʥʩʢʘʷ), ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʧʠʪʢʠ ʦʨʝʦʣʘ ʠʟ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ. 
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ʋʥʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʨʘʜʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʫʜʦʧʨʦʷʚʣʝ-

ʥʠʡ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʘʥʦʤʘʣʠʡ) ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ 

ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʪʝʨʨʠʪʦʨʠʶ ʢ ʧʨʦʚʠʥʮʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʤʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ. ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩ 2001 ʧʦ 2010 ʛʦʜʳ ʚʳʷʚ-

ʣʝʥ ʚʳʩʦʢʠʡ ʨʦʩʪ ʦʥʢʦʧʘʪʦʣʦʛʠʠ ʥʘʩʝʣʝʥʠʷ ʨʝʩʧʫʙʣʠʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ɹʫʨʷʪʠʠ ʦʧʝʨʝʞʘʝʪ ʪʘʢʦʚʫʶ ʧʦ ʉʌʆ ʠ ʈʌ. ɺ ʨʘʙʦʪʘʭ [4, 5, 6], ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ 

ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʩʦ ʩʪʝʧʝʥʴʶ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝ-

ʣʝʥʠʷ ɹʫʨʷʪʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʧʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʨʦʩʪ ʦʥʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʧʘʪʦʣʦʛʠʠ ʥʘʩʝʣʝʥʠʷ ʚʣʠʷʶʪ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ 

ʠ ʛʝʥʝʪʠʯʝʩʢʘʷ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʨʘʢʫ. 

ɺ ʩʝʤʠ ʨʘʜʠʘʮʠʦʥʥʦ ʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ ʈɹ ʠ ʚ ʛ. ʋʣʘʥ-ʋʜʵ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʩʦʣʝʚʳʭ ʦʪʣʦ-

ʞʝʥʠʡ (ʥʘʢʠʧʝʡ) ʠʟ ʙʳʪʦʚʦʡ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘʩʝʣʝʥʠʷ (ʯʘʡʥʠʢʠ, ʩʘʤʦʚʘʨʳ, ʢʦʪʣʳ) [1]. 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ (27 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ) ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ [2]. ɼʣʷ ʧʦʠʩʢʘ ʜʝʪʝʨʤʠʥʘʥʪʦʚ ʦʥʢʦʧʘʪʦʣʦʛʠʠ ʥʘʩʝʣʝʥʠʷ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʧʷʪʴ ʵʣʝʤʝʥʪʦʚ ð ʫʨʘʥ, ʪʦʨʠʡ, ʤʳʰʴʷʢ, ʮʠʥʢ, ʩʪʨʦʥʮʠʡ. ʕʪʦʪ ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʜʧʦʣʘ-

ʛʘʝʤʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʧʦ ʧʠʱʝʚʦʡ ʮʝʧʠ ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʣʠʪʝʣʴ-

ʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠʟʤʝʥʷʶʪ ʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʜ ʢʣʝʪʦʢ. ʇʦʚʨʝʞʜʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ ɼʅʂ 

ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʦʧʫʭʦʣʠ.  

  

 

ʈʠʩ. 1. ʉʚʷʟʴ ʤʝʞʜʫ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ ɿʅʆ 

(ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ 100 000 ʥʘʩʝʣʝʥʠʟ̫ʘ 2001-2010 ʛʛ.) ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ ʚ ʥʘʢʠʧʠ. 
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ʈʠʩ.2. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ɿʅʆ (ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ 100 000 ʥʘʩʝʣʝʥʠʷ ʟʘ 2001-2010 ʛʛ.) ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʤʳʰʴʷʢʘ, ʮʠʥʢʘ, ʩʪʨʦʥʮʠʷ ʠ ʪʦʨʠʷ ʚ ʥʘʢʠʧʠ. (1 ï ʂʘʙʘʥʩʢʠʡ, 2 ï ɹʘʨʛʫʟʠʥʩʢʠʡ, 3 ï ɹʘʫʥʪʦʚʩʢʠʡ, 4 

ï ɿʘʢʘʤʝʥʩʢʠʡ, 5 ï ʀʚʦʣʛʠʥʩʢʠʡ, 6 ï ʊʘʨʙʘʛʘʪʘʡʩʢʠʡ, 7 ï ʄʫʭʦʨʰʠʙʠʨʩʢʠʡ ʨʘʡʦʥʳ ʈɹ, 8 ï ʛ. ʋʣʘʥ-ʋʜʵ). 

 

ʉʚʷʟʴ ʤʝʞʜʫ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ ɿʅʆ (ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ 100 000 ʥʘʩʝ-

ʣʝʥʠʷ ʟʘ 2001ï2010 ʛʛ.) ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ, ʤʳʰʴʷʢʘ, ʮʠʥʢʘ, ʪʦʨʠʷ ʠ ʩʪʨʦʥʮʠʷ ʚ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝ-

ʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2.  

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʟʘʤʝʪʥʦʡ ʢʦʨʨʝʣʷʮʠʷ (r=0,6) ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʦʥʢʦʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ ʚ ʥʘʢʠʧʠ. C ʤʳʰʴʷʢʦʤ (r=0,4), ʮʠʥ-

ʢʦʤ (r=0,19), ʪʦʨʠʝʤ (r=0,05) ʠ ʩʪʨʦʥʮʠʝʤ (r=-0,13) ʢʦʨʨʝʣʷʮʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ. 

ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʷʜʝʨʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʊʦʤʩʢʦʛʦ ʧʦʣʠ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦ ʘʪʪʝʩʪʦʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ [2, 3]. 
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ʉʪʨʫʢʪʫʨʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚʳʩʦʪʥʦʛʦ ʧʦʷʩʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʧʨʠʨʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʢ ʘʥʪʨʦʧʦʛʝʥʝʟʫ. ʊʠʧʠʯʥʘʷ ʬʠʪʦʤʘʢʨʦʢʦʤʙʠʥʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʧʦʣʥʳʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʨʷʜʦʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʦʷʩʘ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʝʪ ʩʦʩʪʦʷ-

ʥʠʝ ʚʳʩʦʪʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚʳʩʦʪʥʦʛʦ ʧʦʷʩʘ; ʤʘʢʨʦʢʦʤʙʠʥʘʮʠʷ; ʤʝʟʦʢʦʤʙʠʥʘ-

ʮʠʷ; ʛʝʦʵʢʦʣʦʛʠʷ. 

 

Structure of the vegetation cover of the high-altitude belt the basis of the geoecological analysis 

(on the example of the Barguzin ridge near r. Namama, uninhabited-Octocat)  
 

A. P. Bezdelova  
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The structure of the vegetation cover of the high-altitude belt is the basis fo geo-ecological analysis of the stabil-

ity of the natural ecosystem to anthropogenesis. Typical fitomacrocombination presented by a full ecological series of 

plant communities of the high-altitude belt, the greatest degree reflects the state of the high-altitude ecosystems. 

Keywords: the structure of plant cover high-altitude belt; macrocombination; mezocombination; geoecology. 

 

ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʨʫʯʴʠ ɹʝʟʳʤʷʥʥʳʡ, ʆʢʪʦʢʠʪ, ɹʘʨʠʪʦʚʳʡ, ɹʦʣʴʰʦʡ, ʏʠʨʠ-

ʢʪʘ, ʚʧʘʜʘʶʱʠʭ ʚ ʨ. ʅʘʤʘʤʫ (ʧʨʠʪʦʢ ʨ. ʉʚʝʪʣʘʷ) ʩ ʚʦʩʪʦʯʥʦʛʦ ʤʘʢʨʦʩʢʣʦʥʘ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ɹʘʡʢʘʣʦ-ɼʞʫʛʜʞʫʨʩʢʦʡ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʘʥʛʘʨʠʜʩʢʦʡ ʬʨʘʪʨʠʝʡ ʨʘʩʪʠʪʝʣʴʥʳʭ ʬʦʨʤʘʮʠʡ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʘ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʝ 

ʨʝʜʫʮʠʨʦʚʘʥʥʳʭ ʣʠʩʪʚʝʥʥʠʯʥʠʢʦʚ ʠʟ ʣʠʩʪʚʝʥʥʠʮʳ ɻʤʝʣʠʥʘ ʠʣʠ ʜʘʫʨʩʢʦʡ (Larix dahurica ʠʣʠ L. gmel-

inii ) ʩ ʧʦʜʣʝʩʢʦʤ ʠʟ ʢʝʜʨʦʚʦʛʦ ʩʪʣʘʥʠʢʘ [10]. ʈʫʯʴʠ, ʩʪʝʢʘʶʱʠʝ ʩ ʚʦʜʦʨʘʟʜʝʣʴʥʦʛʦ ʭʨʝʙʪʘ, ʠʤʝʶʱʝʛʦ 

ʘʣʴʧʠʡʩʢʠʡ ʨʝʣʴʝʬ, ʨʘʟʜʝʣʷʶʪʩʷ ʫʟʢʠʤʠ ʚʦʜʦʨʘʟʜʝʣʘʤʠ 2ïʛʦ ʧʦʨʷʜʢʘ ʩ ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ (ʚ ʩʨʝʜʥʝʤ 

32-330) ʩ-ʚ ʠ ʶ-ʚ ʵʢʩʧʦʟʠʮʠʡ ʩ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʤʠ ʢʫʨʫʤʘʤʠ (ʦʪ 25 ʜʦ 45%). ɿʦʥʘ ʅʘʤʘʤʠʥʩʢʦʛʦ ʛʣʫ-

ʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʨʭʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ ʠ ʚʝʥʜʢʝʤʙʨʠʡʩʢʠʤʠ ʦʩʘʜʦʯʥʦ-

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʧʨʦʨʚʘʥʥʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʛʨʘʥʠʪʦʠʜʦʚ [5].  

ɺʳʩʦʪʥʦʧʦʷʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʩʪʦʯʥʦʛʦ ʤʘʢʨʦʩʢʣʦʥʘ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʚ ʨʘʡʦʥʝ ʆʢʪʦʢʠʪʘ 

(ʘʙʩ. ʚʳʩʦʪʘ 1400ï2350 ʤ ʥʘʜ ʫʨ.ʤ.) ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʦʣʴʮʦʚʳʤ, ʧʦʜʛʦʣʴʮʦʚʳʤ ʠ ʧʦʜʛʦʣʴʮʦʚʦ-

ʚʝʨʭʥʝʪʘʝʞʥʳʤ ʧʦʷʩʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʙʘʡʢʘʣʴʩʢʠʤʫ ʪʠʧʫ ʚʳʩʦʪʥʦʡ ʧʦʷʩʥʦʩʪʠ [7]. 

ɺʳʜʝʣʝʥʠʝ ʚʳʩʦʪʥʦʛʦ ʧʦʷʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʪ.ʢ. ʚʳʜʝʣʝʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʷʩʦʚ ʚ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʤʝʩʪʦʦʙʠʪʘʥʠʷ ʢʦʪʦʨʳʭ 

ʩʚʷʟʘʥʳ ʩ ñʥʦʨʤʘʣʴʥʳʤʠè ʩʢʣʦʥʘʤʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʳʤʠ, ʩʨʝʜʥʝʡ ʢʨʫʪʠʟʥʳ ʜʦ 300) ʧʨʝʦʙʣʘʜʘʶ-

ʱʝʛʦ ʚ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷ [11], ʠʣʠ ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʧʦ 

ʦʨʠʝʥʪʘʮʠʠ ʩ ʤʘʢʨʦʩʢʣʦʥʦʤ [8], ʥʝ ʫʯʠʪʳʚʘʣʦ ʧʦʣʥʦʪʳ ʚʳʩʦʪʥʦʧʦʷʩʥʦʡ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠ ʥʝ ʚ ʧʦʣ-

ʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʣʦ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ. ʉ ʨʘʟʚʠʪʠʝʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʍʍ ʚʝʢʘ 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʦʷʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʣʦʞʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʦʤ ʬʠʪʦʤʘʢʨʦʢʦʤʙʠʥʘʮʠʠ (ʦʙʦʙʱʝʥʥʦʡ), ʷʚʣʷʶʱʝʡʩʷ 

ʟʘʢʦʥʦʤʝʨʥʳʤ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʤʩʷ ʝʜʠʥʳʤ ʮʝʣʳʤ. ʕʣʝʤʝʥʪʳ ʬʠʪʦʤʘʢʨʦʢʦʤʙʠʥʘʮʠʠ ʩʦʩʪʘʚ-

ʣʷʶʪ ʝʜʠʥʳʡ (ʧʦʣʥʳʡ) ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʦʪ ʚʦʜʦʨʘʟʜʝʣʘ ʜʦ ʜʦʣʠʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʙʱʝʩʪʚʘʤʠ 

ʤʠʢʨʦï ʠ ʤʝʟʦʬʠʪʦʢʦʤʙʠʥʘʮʠʡ ʚ ʧʨʝʜʝʣʘʭ ʤʘʢʨʦʨʝʣʴʝʬʘ [3]. ɺʳʩʦʪʥʳʡ ʧʦʷʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪ ʦʙʦʙʱʝʥʥʘʷ ʬʠʪʦʤʘʢʨʦʢʦʤʙʠʥʘʮʠʷ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʳ ʟʘʢʦʥʦʤʝʨʥʳʝ ʩʦʯʝʪʘʥʠʷ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ ʧʦ ʦʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʯʘʩʪʷʤ ʤʝʟʦʨʝʣʴʝʬʘ ð (ʚʦʜʦʨʘʟʜʝʣʳ, ʩʢʣʦʥʳ, ʧʦʜʛʦʨʥʳʝ 

ʰʣʝʡʬʳ, ʨʝʯʥʳʝ ʪʝʨʨʘʩʳ ʠ ʧʦʡʤʳ) ʦʙʨʘʟʫʶʱʠʝ ʧʦʣʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʦʪ ʚʦʜʦʨʘʟʜʝʣʘ ʜʦ ʜʦʣʠ-

ʥʳ (ʤʘʢʨʦʢʘʪʝʥʘ). ʈʘʩʪʠʪʝʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʤʘʢʨʦʢʘʪʝʥʳ ʩʚʷʟʘʥʥʳ ʝʜʠʥʩʪʚʦʤ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʚʝʨʭʥʠʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʦʙʨʘʟʫʶʪ ʩʦʧʨʷʞʝʥʥʫʶ ʬʠʪʦʤʘʢʨʦʢʦʤʙʠʥʘʮʠʶ. ɺ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʠ ʛʦʨʥʳʭ ʩʢʣʦʥʦʚ ʚʳʜʝʣʷʶʪʩʷ ʬʠʪʦʤʝʟʦʢʦʤʙʠʥʘʮʠʠ ð ʵʢʩʧʦʟʠʮʠʦʥʥʳʭ ʩʦʯʝʪʘʥʠʡ ʩʢʣʦʥʦʚ; 

ʵʨʦʟʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʷʜʦʚ ʩʢʣʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʦʟʠʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʟʦʥʫ ʩʥʦʩʘ, ʪʨʘʥʟʠʪʘ ʠ 

ʘʢʢʫʤʫʣʷʮʠʠ. ʏʘʩʪʠ ʩʢʣʦʥʘ ʦʪʣʠʯʘʶʪʩʷ ʛʠʜʨʦʤʦʨʬʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʨʷʜʘʤʠ (ʦʪ ʥʘʠʙʦʣʝʝ ʩʫʭʦʛʦ 
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ʢ ʙʦʣʝʝ ʚʣʘʞʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ) ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʧʨʝʜʝʣʘʭ ʤʝʟʦʨʝʣʴʝʬʘ (ʦʪ ʚʳʧʫʢʣʳʭ ʯʘ-

ʩʪʝʡ ʜʦ ʣʦʞʙʠʥ) ʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʛʦʨʥʳʭ ʨʝʛʠʦʥʦʚ ʧʝʪʨʦʬʠʪʥʳʤʠ ʩʝʨʠʷʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɺʦ-

ʜʦʨʘʟʜʝʣʳ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝʩʦʧʨʷʞʝʥʥʘʷ ʬʠʪʦʤʝʟʦʢʦʤʙʠʥʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʟ-

ʣʠʯʥʳʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʤʝʟʦʨʝʣʴʝʬʘ ʚʦʜʦʨʘʟʜʝʣʘ ʠ ʦʙʨʘʟʫʶʱʘʷ ʛʠʜʨʦ-

ʤʦʨʬʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ, ʘ ʪʘʢʞʝ ʧʝʪʨʬʠʪʥʳʝ ʩʝʨʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ.  

ʇʨʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʩʦʪʥʦʛʦ ʧʦʷʩʘ ʢ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʳʩʦʪʥʦʧʦʷʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʶʱʫʶʩʷ ʥʘʠʙʦʣʝʝ ʚʠʜʠʤʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʣʘʥʜʰʘʬʪʘ ʠ ʦʪʨʘʞʘʶʱʫʶ ʩʦʩʪʦʷʥʠʝ ʚʩʝʡ ʚʳʩʦʪʥʦʧʦʷʩʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʅʝʜʦʦʮʝʥʢʘ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʦʯʥʳʤ ʧʨʦʛʥʦʟʘʤ ʧʦʩʣʝʜʩʪʚʠʡ ʘʥʪʧʦʛʝʥʝʟʘ. 

ʈʝʛʠʦʥʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʚʦʩʪʦʯʥʦʛʦ ʤʘʢʨʦʩʢʣʦʥʘ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʭʨʝʙʪʘ, ʚ 

ʨʘʡʦʥʝ ʨ. ʅʘʤʘʤʳ ʷʚʣʷʝʪʩʷ ʩʧʣʦʰʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ, ʤʦʱʥʦʩʪʴʶ 200ï

300 ʤ [4], ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ɺ. ɹ. ʉʦʯʘʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʪʥʦʩʠʪ ʝʛʦ ʢ ʛʦʨʥʦʡ ʉʫʙʘʨʢʪʠʢʝ [9].  

ʀ ʧʦʣʦʞʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʶʛʝ ʈʦʩʩʠʠ, ʥʘ ʰʠʨʦʪʝ 550 ʩ.ʰ., ʚ çʣʝʩʦʩʪʝʧʥʦʤè ʨʘʜʠʘʮʠʦʥʥʦʤ ʧʦʷʩʝ 

[1],  ʯʪʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʥʘʣʴʥʦʡ ʣʝʩʦʩʪʝʧʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʣʝʩʦʩʪʝʧʥʳʤ ʦʩʪʨʦ-

ʚʘʤ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ (ɸʯʠʥʩʢ ð 560 ʩ.ʰ.) [2]. ʖʞʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʘ, ʤʥʦʛʦʣʝʪʥʷʷ ʤʝʨʟʣʦʪʘ, ʛʦʨ-

ʥʳʡ ʨʝʣʴʝʬ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴ ʢʣʠʤʘʪʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʪʠ-

ʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʤʝʨʟʣʦʪʥʦʛʦ ʨʝʞʠʤʘ, ʯʪʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʨʘʟʠʣʦʩʴ ʚ ʧʦʜʛʦʣʴʮʦʚʦ-

ʚʝʨʭʥʝʪʘʝʞʥʦʤ ʧʦʷʩʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (1400ï1650 ʤ ʥʘʜ ʫʨ.ʤ.), ʛʜʝ ʥʘ ʩʢʣʦʥʘʭ ʩ-ʚ ʵʢʩʧʦʟʠʮʠʡ (ʚʦʜʦ-

ʨʘʟʜʝʣʳ II ʧʦʨʷʜʢʘ) ʤʥʦʛʦʣʝʪʥʷʷ ʤʝʨʟʣʦʪʘ ʦʪʪʘʠʚʘʝʪ ʥʘ 50 ʩʤ, ʘ ʥʘ ʶ-ʚ ð ʥʘ 1,5 ʤ., ʠ ʧʨʦʷʚʠʣʦʩʴ ʚ 

ʷʨʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʦʟʠʮʠʦʥʥʳʭ ʩʦʯʝʪʘʥʠʡ ʩʝʚʝʨʥʳʭ ʠ ʶʞʥʳʭ ʩʢʣʦʥʦʚ. ʕʢʩ-

ʧʦʟʠʮʠʦʥʥʳʝ ʩʦʯʝʪʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʝʜʨʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʳʤʠ ʨʘʟʥʦʪʨʘʚʥʦ-ʙʘʜʘʥʦʚʦ-ʙʨʫʩʥʠʯʥʦ-

ʟʝʣʝʥʦʤʦʰʥʳʤʠ (ʩ ʢʝʜʨʦʚʳʤ ʩʪʣʘʥʠʢʦʤ) ʨʝʜʢʦʣʝʩʴʷʤʠ (ʩʦʤʢʥʫʪʦʩʪʴ ʢʨʦʥ 03ï04, ʚʳʩʦʪʘ ð 12 ʤ) 

ʚʝʨʭʥʝʡ ʧʦʣʦʩʳ ʪʘʝʞʥʦʛʦ ʧʦʷʩʘ ʶʞʥʳʭ ʩʢʣʦʥʦʚ ʩ ʣʠʩʪʚʝʥʥʠʯʥʳʤʠ ʙʘʛʫʣʴʥʠʢʦʚʦ-ʷʛʝʣʴʥʳʤʠ (ʩ ʫʯʘ-

ʩʪʠʝʤ ʢʝʜʨʦʚʦʛʦ ʩʪʣʘʥʠʢʘ ʠ ʨʦʜʦʜʝʥʜʨʦʥʘ ʟʦʣʦʪʠʩʪʦʛʦ, ʨʦʜʦʜʝʥʜʨʦʥʘ ɸʜʘʤʩʘ) ʨʝʜʠʥʘʤʠ (02, ʚʳʩʦ-

ʪʘ-7 ʤ) ʥʠʞʥʝʡ ʧʦʣʦʩʳ ʧʦʜʛʦʣʴʮʦʚʦʛʦ ʧʦʷʩʘ ʥʘ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʘʭ [2]. ʅʘ ʩʢʣʦʥʘʭ ʚʦʜʦʨʘʟʜʝʣʦʚ III  

ʧʦʨʷʜʢʘ (ʶʞʥʦʛʦ ʩʢʣʦʥʘ II ʧʦʨʷʜʢʘ) ʚʳʜʝʣʷʶʪʩʷ ʵʢʩʧʦʟʠʮʠʦʥʥʳʝ ʩʦʯʝʪʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʶʛʦ-

ʚʦʩʪʦʯʥʳʭ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʩʢʣʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʨʦʩʣʷʤʠ ʢʝʜʨʦʚʦʛʦ ʩʪʣʘʥʠʢʘ ʙʨʫʩʥʠʯʥʦ-

ʷʛʝʣʴʥʦ-ʟʝʣʝʥʦʤʦʰʥʳʝ (ʨʝʜʢʦʧʦʢʨʦʚʥʳʝ) ʩ ʝʜʠʥʠʯʥʳʤʠ ʣʠʩʪʚʝʥʥʠʮʘʤʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʝʜʨʦʚʦ-

ʣʠʩʪʚʝʥʥʠʯʥʳʤʠ ʙʘʛʫʣʴʥʠʢʦʚʦ-ʛʦʣʫʙʠʯʥʦ-ʷʛʝʣʴʥʳʤʠ ʨʝʜʢʦʣʝʩʴʷʤʠ ʩ ʢʝʜʨʦʚʳʤ ʩʪʣʘʥʠʢʦʤ. ɼʣʷ ʵʢʩ-

ʧʦʟʠʮʠʦʥʥʳʭ ʩʦʯʝʪʘʥʠʡ ʚʦʜʦʨʘʟʜʝʣʦʚ III  ʧʦʨʷʜʢʘ (ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ II ʧʦʨʷʜʢʘ) ʭʘʨʘʢʪʝʨʥʳ ʟʘʨʦʩʣʠ 

ʢʝʜʨʦʚʦʛʦ ʩʪʣʘʥʠʢʘ ʨʦʜʦʜʝʥʜʨʦʥʦʚʦ- ʛ̫ʝʣʴʥʳʝ ʧʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ ʩʢʣʦʥʘʤ ʩ ʣʠʩʪʚʝʥʥʠʯʥʳʤʠ ʙʘ-

ʛʫʣʴʥʠʢʦʚʦ-ʷʛʝʣʴʥʳʤʠ ʨʝʜʠʥʘʤʠ (ʩ ʢʝʜʨʦʚʳʤ ʩʪʣʘʥʠʢʦʤ ʠ ʨʦʜʦʜʝʥʜʨʦʥʦʤ ʟʦʣʦʪʠʩʥʳʤʠ) ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʳʭ ʩʢʣʦʥʦʚ. 

ʉʢʣʦʥʳ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʦʧʨʷʞʝʥʥʳʤʠ ʬʠʪʦʤʝʟʦʢʦʤʙʠ-

ʥʘʮʠʷʤʠ ʵʨʦʟʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʷʜʦʚ. ʊʘʢ, ʵʨʦʟʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʷʜ ʩʢʣʦʥʦʚ ʶʞʥʦʡ ʵʢʩʧʦʟʠ-

ʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʩʪʚʝʥʥʠʯʥʳʤʠ ʨʝʜʠʥʘʤʠ ʚ ʟʦʥʝ ʩʥʦʩʘ, ʢʝʜʨʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʳʤʠ ʨʘʟʥʦʪʨʘʚʥʦ-

ʙʘʜʘʥʦʚʦ-ʙʨʫʩʥʠʯʥʳʝ ʷʛʝʣʴʥʦ-ʟʝʣʝʥʦʤʦʰʥʳʝ ʨʝʜʢʦʣʝʩʴʷʤʠ ʩ ʫʯʘʩʪʠʝʤ ʢʝʜʨʦʚʦʛʦ ʩʪʣʘʥʠʢʘ ð ʚ 

ʪʨʘʥʟʠʪʥʦʡ ʠ ʚ ʥʠʞʥʝʡ (ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ) ʢʝʜʨʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʝʨʥʠʢʦʚʦ-ʛʦʣʫʙʠʯʥʳʝ ʟʝʣʝʥʦʤʦʰ-

ʥʦ-ʷʛʝʣʴʥʳʝ ʨʝʜʢʦʣʝʩʴʷ ð ʚ ʥʠʞʥʝʡ, ʘʢʢʫʤʫʣʷʪʠʩʥʦʡ ʯʘʩʪʠ. ʅʝʰʠʨʦʢʠʝ ʚʦʜʦʨʘʟʜʝʣʳ ʛʦʨʥʳʭ ʩʢʣʦ-

ʥʦʚ II ʧʦʨʷʜʢʘ ʧʦʢʨʳʚʘʝʪ ʦʩʦʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʦ-ʜʨʠʘʜʦʚʘʷ ʪʫʥʜʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʝʜʠʥʠʯʥʳʤʠ ʣʠʩʪ-

ʚʝʥʥʠʮʘʤʠ ʠ ʢʫʩʪʘʨʥʠʢʦʚʦ-ʟʝʣʝʥʦʤʦʰʥʦ-ʷʛʝʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʧʦ ʥʝʙʦʣʴʰʠʤ ʟʘʧʘʜʠʥʘʤ ʠʣʠ 

ʣʦʞʙʠʥʘʤ. 

ɺ ʨʝʯʥʦʡ ʜʦʣʠʥʝ, ʥʘ ʧʦʜʛʦʨʥʳʭ ʰʣʝʡʬʘʭ, ʩʣʠʚʘʶʱʠʭʩʷ ʩ ʨʝʯʥʳʤʠ ʪʝʨʨʘʩʘʤʠ, ʧʨʝʦʙʣʘʜʘʶʪ 

ʢʝʜʨʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʝʨʥʠʢʦʚʦ-ʛʦʣʫʙʠʯʥʦ-ʟʝʣʝʥʦʤʦʰʥʦ-ʷʛʝʣʴʥʳʝ ʨʝʜʢʦʣʝʩʴʷ ʩ ʢʝʜʨʦʚʳʤ ʩʪʣʘʥʠ-

ʢʦʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʦʣʝʝ ʫʚʣʘʞʥʝʥʥʳʤʠ ʢʝʜʨʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʳʤʠ ʝʨʥʠʢʦʚʦ-ʛʦʣʫʙʠʯʥʦ-ʦʩʦʢʦʚʦ-

ʩʬʘʛʥʦʚʦ-ʷʛʝʣʴʥʳʤʠ (ʩ ʢʝʜʨʦʚʳʤ ʩʪʣʘʥʠʢʦʤ, ʢʣʶʢʚʦʡ ʤʝʣʢʦʧʣʦʜʥʦʡ, ʨʦʜʝʥʜʨʦʥʦʤ ɸʜʘʤʩʘ) ʠ ʣʠʩʪ-

ʚʝʥʥʠʯʥʳʤʠ ʝʨʥʠʢʦʚʦ-ʛʦʣʫʙʠʯʥʦ-ʩʬʘʛʥʦʚʦ-ʷʛʝʣʴʥʳʤʠ ʨʝʜʢʦʣʝʩʴʷʤʠ. ʅʘ ʚʨʝʤʝʥʥʳʭ ʧʨʦʪʦʢʘʭ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʫʟʢʠʝ ʧʦʣʦʩʳ ʢʝʜʨʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʝʨʥʠʢʦʚʦ-ʛʦʣʫʙʠʯʥʳʭ ʙʨʫʩʥʠʯʥʦ-ʷʛʝʣʴʥʦ-

ʟʝʣʝʥʦʤʦʰʥʳʭ ʨʝʜʢʦʣʝʩʠʡ (ʩ ʦʣʴʭʦʡ ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʠ ʙʘʛʫʣʴʥʠʢʦʤ ʙʦʣʦʪʥʳʤ). ɺ ʧʦʡʤʘʭ ʛʦʨʥʳʭ ʨʫ-

ʯʴʝʚ ʨʘʟʚʠʚʘʶʪʩʷ ʢʝʜʨʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʢʝʜʨʦʚʦʩʪʣʘʥʠʢʦʚʳʝ ʝʨʥʠʢʦʚʦ-ʛʦʣʫʙʠʯʥʳʝ ʨʘʟʥʦʪʨʘʚʥʦ-

ʦʩʦʢʦʚʦ-ʷʛʝʣʴʥʦ-ʟʝʣʝʥʦʤʦʰʥʳʝ ʣʝʩʘ, ʤʝʩʪʘʤʠ ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʦʣʴʭʦʚʳʝ ʨʘʟʥʦʪʨʘʚʥʦ-ʛʨʫʰʘʥʢʦʚʦ-

ʟʝʣʝʥʦʤʦʰʥʳʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʦʪʥʦ-ʧʦʷʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʵʢʩ-

ʧʦʟʠʮʠʦʥʥʳʤʠ ʩʦʯʝʪʘʥʠʷʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʢʣʦʥʦʚ, ʵʨʦʟʠʦʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʷʜʘʤʠ ʩʢʣʦʥʦʚ 

ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʦʟʠʮʠʡ, ʩʦʯʝʪʘʥʠʝʤ ʩʦʦʙʱʝʩʪʚ ʚʦʜʦʨʘʟʜʝʣʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʳʤʠ ʩʦʯʝʪʘʥʠʷʤʠ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʠ ʨʝʯʥʦʡ ʜʦʣʠʥʳ, ʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʤʘʢʨʦʬʠʪʦʢʦʤ-

ʙʠʥʘʮʠʠ. 
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ʇʨʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʨʦʜʥʦʡ ʵʢʩʠʩʪʝʤʳ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚʳʩʦʪʥʦʛʦ ʧʦʷʩʘ, ʪ.ʢ. ʦʥʠ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʳ ʠ ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʵʢʦʣʦʛʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ, ʦʪʨʘʞʘʶʱʠʡ ʩʦʩʪʦʷʥʠʝ ʚʳʩʦʪʥʦʧʦʷʩʥʦʡ 

ʵʢʦʩʠʩʪʝʤʳ.  
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ʀʩʪʦʨʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʢʣʠʤʘʪʘ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ ʠ ʛʦʣʦʮʝʥʘ  

ʚ ʙʘʩʩʝʡʥʝ ʦʟʝʨʘ ɹʘʫʥʪ, ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ 
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ɺʧʝʨʚʳʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢʣʠʤʘʪʘ ʎʠʧʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʟʘ ʧʦʩʣʝʜʥʠʝ 30 

ʪʳʩʷʯ ʣʝʪ ʥʘ ʦʩʥʦʚʝ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʦʟʝʨʘ ɹʘʫʥʪ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʠʟʤʝʥʝʥʠʡ ʨʝʞʠʤʦʚ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʘʨʠʘʮʠʷʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʥʘʜʝʞʥʘʷ ʚʦʟʨʘʩʪʥʘʷ ʤʦʜʝʣʴ ʧʦʣʫ-

ʯʝʥʥʳʭ ʟʘʧʠʩʝʡ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʢʣʶʯʝʚʳʤʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʘʨʭʠʚʘʤʠ ʉʝʚʝʨʥʦʛʦ ʧʦ-

ʣʫʰʘʨʠʷ. ʕʪʦ ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʩʜʚʠʛʠ ʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʢʣʠʤʘʪʝ ʧʦʟʜʥʝʛʦ 

ʧʣʝʡʩʪʦʮʝʥʘ-ʛʦʣʦʮʝʥʘ ʎʠʧʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʤʦʛʣʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʘʤʠ, ʠʟʤʝʥʷʚʰʠʤʠ ʢʣʠ-

ʤʘʪ ʚʩʝʛʦ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ.  
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Vegetation and climate evolution of the Tsipa basin over the last 30 ky was reconstructed for the first time based 

on palynological and x-ray fluorescence study of the Lake Baunt bottom sediments. Several stages of sedimentation 

environments associated with variations in regional climatic and hydrographic conditions have been established. Rela-

tively high temporal resolution and reliable age model of the obtained records allowed their comparison with the key 

paleoclimatic archives of the Northern hemisphere. This comparison suggests that the reconstructed shifts in vegetation 

and climate of the late Pleistocene-Holocene of the Tsipa basin could be controlled by the major factors that changed 

the climate of the entire Northern hemisphere. 

Keywords: X-ray fluorescence analysis; palynology; Last Glacial maximum; Holocene; landscape dynamics; 

climate history. 

 

ʀʟʫʯʝʥʠʝ ʠʩʪʦʨʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʢʣʠʤʘʪʘ ʙʫʜʫʱʝʛʦ ʥʘ ʩʦʩʪʦʷʥʠʝ ʥʘʟʝʤʥʳʭ ʛʝʦï ʠ ʵʢʦʩʠʩʪʝʤ ʣʶ-

ʙʦʛʦ ʨʝʛʠʦʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʘʞʥʦ ʟʥʘʪʴ ʨʝʛʠʦʥʘʣʴʥʫʶ ʠʩʪʦʨʠʶ ʠ ʜʠʥʘʤʠʢʫ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦ-

ʩʪʠ ʚ ʧʨʦʰʣʦʤ ʠ ʧʨʠʯʠʥʳ ʝʝ ʚʘʨʠʘʮʠʡ. ʆʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʘʞʥʝʡʰʠʝ ʘʨʭʠʚʳ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʢʣʠʤʘʪʝ, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʘʣʝʦʙʦʪʘʥʠʯʝʩʢʠʝ, 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʥʳʝ ʟʘʧʠʩʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʤʝʥʝʥʠʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ʆʟ. ɹʘʫʥʪ (ʎʠʧʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ, ʩʝʚʝʨ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ) ʠʤʝʝʪ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʝ [1] ʠ ʟʘʥʠʤʘʝʪ ʪʨʝʪʴʝ ʤʝʩʪʦ ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʧʦ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʦʩʣʝ ʦʟ. 

ɹʘʡʢʘʣ ʠ ʦʟ. ɻʫʩʠʥʦʝ. ɽʛʦ ʛʣʫʙʠʥʘ ʜʦʩʪʠʛʘʝʪ 33 ʤ ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ 17 ʤ. ʄʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦ-

ʪʷʞʸʥʥʦʩʪʴ ʚ 19 ʢʤ ʦʟʝʨʦ ʠʤʝʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʶʛʦ-ʟʘʧʘʜ ð ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʧʨʠ ʥʘʠʙʦʣʴʰʝʡ ʰʠʨʠʥʝ 9 

ʢʤ. ʇʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 111 ʢʤ2. ʆʢʨʫʞʘʶʱʠʝ ʥʘ ʚʦʩʪʦʢʝ ʦʟʝʨʦ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʨʘʚʥʠʥʳ 

ʥʝʩʫʪ ʭʦʨʦʰʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʝ ʩʣʝʜʳ ʦʪʩʪʫʧʘʥʠʷ [ʑʝʪʥʠʢʦʚ, 2015] ð ʟʜʝʩʴ ʨʘʩʧʦʣʦʞʝ-

ʥʦ 12 ʜʨʝʚʥʠʭ ʙʝʨʝʛʦʚʳʭ ʚʘʣʦʚ ʚʳʩʦʪʦʡ ʜʦ 2,5 ʤ ʠ ʰʠʨʠʥʦʡ ʜʦ 40 ʤ. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢ-

ʪʠʚʥʦʡ ʥʦʚʝʡʰʝʡ ʛʝʦʜʠʥʘʤʠʢʝ ʙʘʫʥʪʦʚʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ʧʝʨʝʫʢʣʘʜʢʝ ʙʣʦʢʦʚ ʝʝ ʬʫʥʜʘʤʝʥʪʘ. ʆʩʥʦʚʥʳʝ 

ʧʨʠʪʦʢʠ: ʨʝʢʠ ɺʝʨʭʥʷʷ ʎʠʧʘ ʠ ʎʠʧʠʢʘʥ. ʀʟ ʦʟʝʨʘ ʚʳʪʝʢʘʝʪ ʨʝʢʘ ʅʠʞʥʷʷ ʎʠʧʘ.  

ʆʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʙʘʩʩʝʡʥ ʵʪʦʛʦ ʦʟʝʨʘ ʦʩʪʘʝʪʩʷ ʩʣʘʙʦʠʟʫʯʝʥʥʳʤ ʨʝʛʠʦʥʦʤ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʥʝʠʟʚʝʩʪʥʦ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. ɺʦʜʦʝʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʳʩʦʪʝ 1060 ʤ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɺ ʙʘʩʩʝʡʥʝ ʦʟʝʨʘ ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʩʥʳʝ, ʢʫʩʪʘʨʥʠʢʦʚʳʝ, ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʬʠʪʦʮʝ-
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ʥʦʟʳ ʥʘ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʝ. ɺ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʛʦʩʧʦʜʩʪʚʫʝʪ ʩʚʝʪʣʦʭʚʦʡʥʘʷ ʪʘʡʛʘ ʠʟ ʣʠʩʪ-

ʚʝʥʥʠʮʳ ɻʤʝʣʠʥʘ.  

ɹʫʨʝʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɹʘʫʥʪ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʤʘʨʪʝ 2014 ʛʦʜʘ ʩʦ ʣʴʜʘ. ɼʣʠʥʘ 

ʢʝʨʥʘ ʩʦʩʪʘʚʠʣʘ 13,7 ʤ. ɺ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʚʩʢʨʳʪʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʜʠʘʪʦʤʦʚʳʝ 

ʠʣʳ ʠ ʘʣʝʚʨʠʪʠʩʪʳʝ ʛʣʠʥʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʦʪʣʦʞʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʝʥʘʜʮʘʪʴ AMS14C 

ʜʘʪʠʨʦʚʦʢ ʧʦ ʦʙʱʝʤʫ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ ʚ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʛ. ʇʦʟʥʘʥʴ (ʇʦʣʴʰʘ). 

ɺʦʟʨʘʩʪ ʦʩʥʦʚʘʥʠʷ ʢʝʨʥʘ ʩʦʩʪʘʚʠʣ ʧʦʯʪʠ 30 ʪʳʩʷʯ ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʣʝʪ. 

ʆʙʨʘʟʮʳ ʠʟ ʢʝʨʥʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ð ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ (ʈʌɸ), 

ʧʝʪʨʦʤʘʛʥʠʪʥʦʛʦ, ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ. ʆʩʥʦʚʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʳʣʴʮʝʚʦʡ ʟʘʧʠʩʠ ʩʪʘʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ 20 ʩʫʙʨʝʮʝʥʪʥʳʭ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʩʧʝʢʪʨʦʚ (ʉʇʉ) ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ ʎʠʧʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ɺ ʦʙʱʝʤ ʩʦʩʪʘʚʝ ʵʪʠʭ ʉʇʉ ʧʳʣʴʮʘ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʣʷ-

ʝʪ 20ï35%. ʇʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʩʦʩʥʳ Pinus sylvestris (10ï30%), ʣʠʩʪʚʝʥʥʠʮʳ Larix (4ï10%). ʆʩʥʦʚʫ 

ʉʇʉ ʬʦʨʤʠʨʫʝʝʪ ʧʳʣʴʮʘ ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʙʝʨʝʟ Betula nana-type (20-40%), ʦʣʴʭʦʚʥʠʢ Duschekia fruti-

cosa (ʜʦ 20%). ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʉʇʉ ʝʩʪʴ ʩʪʦʤʳ ʭʚʦʡʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʙʨʝʮʝʥʪʥʳʝ ʉʇʉ ʘʜʝʢʚʘʪ-

ʥʦ ʦʪʨʘʞʘʶʪ ʩʦʩʪʘʚ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʎʠʧʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʣʦʢʘʣʴ-

ʥʦʤ ʫʨʦʚʥʷʭ.  

ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʬʠʥʘʣʝ ʢʘʨʛʠʥʩʢʦʛʦ ʤʝʛʘʠʥʪʝʨʩʪʘʜʠʘʣʘ (MIS 

3) ʠ ʚ ʤʘʢʩʠʤʫʤ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ ~30ï22.5 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ (ʪ.ʣ.ʥ.) ʚ ʙʘʩʩʝʡʥʝ ʦʟ. ɹʘʫʥʪ ʧʨʝʦʙʣʘ-

ʜʘʣʠ ʤʘʨʝʚʦ-ʧʦʣʳʥʥʳʤʠ ʨʘʟʥʦʪʨʘʚʥʳʝ ʢʩʝʨʦ-ʤʝʟʦʬʠʪʥʳʝ ʩʪʝʧʠ. ʏʘʩʪʴ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʦʟʝʨʘ ʠ 

ʚʧʘʜʘʚʰʠʭ ʚ ʥʝʛʦ ʚʦʜʦʪʦʢʦʚ ʙʳʣʘ ʟʘʥʷʪʘ ʟʘʙʦʣʦʯʝʥʥʳʤʠ ʦʩʦʢʦʚʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ. ʇʦʩʪʦʷʥʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʉʇʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʴʮʳ ʝʣʠ, ʢʫʩʪʘʨʥʠʢʦʚ ʤʦʞʝʪ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʚ ʧʦʣʴʟʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦ, ʧʦ ʜʦʣʠʥʘʤ ʚʦʜʦʪʦʢʦʚ ʦʩʪʨʦʚʢʦʚ ʜʨʝʚʝʩʥʦ-

ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʟ ʝʣʠ, ʠʚʳ, ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʙʝʨʝʟʢʠ. ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘ-

ʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ), SiO2ʙʠʦ ʠ ʤʘʩʩʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʠ, ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʡ CIA ʠʥ-

ʜʝʢʩʘ ʚ ʦʪʣʦʞʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ~30ï22.5 ʪ.ʣ.ʥ. ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚ ʧʦʣʴ-

ʟʫ ʭʦʣʦʜʥʦʛʦ ʠ ʩʫʭʦʛʦ ʢʣʠʤʘʪʘ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ MnO/Fe2O3 ʜʣʷ 

ʦʩʘʜʢʦʚ ʵʪʦʛʦ ʵʪʘʧʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʦʩʘʜʢʘ ʠ ʚʦʜʳ ʧʨʠ ʠʭ 

ʥʘʢʦʧʣʝʥʠʠ.  

ʇʦʟʜʥʝʝ, ~22.5ï20.6 ʪ.ʣ.ʥ., ʚ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ ʦʟʝʨʘ ʧʨʦʠʟʦʰʣʦ ʙʳʩʪʨʦʝ ʨʘʩʰʠʨʝʥʠʝ ʢʫ-

ʩʪʘʨʥʠʢʦʚʳʭ ʪʫʥʜʨ ʠʟ ʦʣʴʭʦʚʥʠʢʘ ʠ ʙʝʨʝʟʦʢ, ʚʦʟʤʦʞʥʦ, ʩ ʦʩʪʨʦʚʢʘʤʠ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʟ 

ʣʠʩʪʚʝʥʥʠʮʳ, ʝʣʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʩʦʢʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʤʦʛʣʦ ʦʟʥʘʯʘʪʴ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚ-

ʥʷ ʚʦʜʳ ʚ ʦʟʝʨʝ, ʩ.  

ʅʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ), SiO2ʙʠʦ, CIA ʚ ʦʪʣʦʞʝʥʠʷ 

ʠʥʪʝʨʚʘʣʘ ~22.5ï20.6 ʪ.ʣ.ʥ. ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʢʦʥʩʪʨʫʢʮʠʷʤ ʦ ʧʦʚʳʰʝʥʠʠ ʚʦʜʳ ʚ 

ʦʟʝʨʝ, ʫʚʝʣʠʯʝʥʠʠ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʥʛʦʡ ʩʠʩʪʝʤʳ. ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ MnO/Fe2O3 ʜʣʷ ʦʩʘʜ-

ʢʦʚ ʵʪʦʛʦ ʵʪʘʧʘ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʤʝʥʫ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʠʩʣʠ-

ʪʝʣʴʥʳʝ. 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʣʠʤʘʪʘ ʚ ʙʘʩʩʝʡʥʝ ʠ ʢʦʪʣʦʚʠʥʝ ʦʟ. ɹʘʫʥʪ ~22.5 ʪ.ʣ.ʥ., ʚʝʨʦʷʪʥʦ, 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʘʢʮʠʶ ʚʩʝʡ ʦʟʝʨʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʉʝʚʝʨʥʦʛʦ ʧʦ-

ʣʫʰʘʨʠʷ GI-2 23340 ʣ.ʥ., ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʠʟʦʪʦʧʥʳʭ ʟʘʧʠʩʷʭ ʣʝʜʥʠʢʘ ɻʨʝʥʣʘʥʜʠʠ NorthGRIP ʠ ʩʪʘ-

ʣʘʛʤʠʪʘʭ ʧʝʱʝʨ ʂʠʪʘʷ [Svensson et al., 2008]. 

ʉʦʩʪʘʚ ʉʇʉ ʠʟ ʦʪʣʦʞʝʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ~20.6-17.5-ʪ.ʣ.ʥ. ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʦʚʳʡ ʵʪʘʧ ʛʦʩ-

ʧʦʜʩʪʚʘ ʙʝʟʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩ ʨʝʜʢʠʤʠ ʦʩʪʨʦʚʢʘʤʠ ʝʣʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʨʝʜʢʦʣʝʩʠʡ. ʆʪʣʠʯʠ-

ʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʵʪʦʛʦ ʵʪʘʧʘ ʙʳʣʦ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʟʘ ʚʩʝ 30 ʪʳʩʷʯ ʣʝʪ ʨʘʩʩʝʣʝʥʠʝ ʟʘʙʦ-

ʣʦʯʝʥʥʳʭ ʦʩʦʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ. ɺʝʨʦʷʪʥʦ, ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʙʘʩʩʝʡʥʝ 

ʦʟ. ɹʘʫʥʪ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʩ ʢʦʨʦʪʢʠʤ ʠ ʧʨʦʭʣʘʜʥʳʤ ʣʝʪʥʠʤ 

ʧʝʨʠʦʜʦʤ. ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʨʦʪʘʠʚʘʥʠʷ ʤʝʨʟʣʦʪʳ ʣʝʪʦʤ, ʥʠʟʢʦʝ ʠʩʧʘʨʝʥʠʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʟʘʙʦʣʘʯʠʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʠ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʘ-

ʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ.  

ʇʦʟʜʥʝʝ, ~17.5ï14 ʪ.ʣ.ʥ., ʚ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ ʦʟʝʨʘ ʩʥʦʚʘ ʥʘʩʪʫʧʠʣʦ ʛʦʩʧʦʜʩʪʚʦ ʢʫʩʪʘʨʥʠ-

ʢʦʚʦʡ ʪʫʥʜʨʳ ʠʟ ʦʣʴʭʦʚʥʠʢʘ ʠ ʙʝʨʝʟʦʢ, ʚʦʟʤʦʞʥʦ, ʩ ʦʩʪʨʦʚʢʘʤʠ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʟ ʣʠʩʪ-

ʚʝʥʥʠʮʳ, ʝʣʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʩʦʢʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʤʦʛʣʦ ʦʟʥʘʯʘʪʴ ʥʝʢʦʪʦʨʦʝ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟʝʨʝ, ʧʨʠʚʝʜʰʝʝ ʢ ʟʘʪʦʧʣʝʥʠʶ ʧʨʠʙʨʝʞʥʳʭ ʟʘʙʦʣʦʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʢʦʪʦʨʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʚʳʰʝʥʠʠ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʠ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ~17.5ï15 ʪ.ʣ.ʥ., ʘ ʟʘʪʝʤ ʝʝ ʨʝʟʢʦʤ ʩʥʠʞʝʥʠʠ ~15ï14 ʪ.ʣ.ʥ.. 

ʅʘʯʘʚʰʝʝʩʷ ʧʦʟʜʥʝʝ 14 ʪ.ʣ.ʥ. ʨʘʩʩʝʣʝʥʠʝ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ ʫʯʘʩʪʠʝʤ ʩʦʩʝʥ ʩʠʙʠʨʩʢʦʡ 

Pinus sibirica ʠ ʦʙʳʢʥʦʚʝʥʥʦʡ P.sylvestris, ʙʝʨʝʟʳ Betula sect. Alba ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʦʩʪʘʥʦʚʣʝʥʦ 
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ʦʢʦʣʦ 13-11.5 ʪ.ʣ.ʥ., ʘ ʟʘʪʝʤ ʩʥʦʚʘ ʚʦʟʦʙʥʦʚʣʝʥʦ. ʂʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʫʛʥʝʪʝʥʠʷ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʥɹʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʭʦʣʦʜʘʥʠʶ ʩʪʘʜʠʘʣʘ ʄʦʣʦʜʦʡ ɼʨʠʘʩ. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʦʟ. ɹʘʫʥʪ ʪʘʢʞʝ ʧʦʢʘʟʳ-

ʚʘʝʪ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʩʪʘʜʠʘʣʴʥʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʚʦʜʦʩʙʦʨ-

ʥʦʤ ʙʘʩʩʝʡʥʝ ʦʟʝʨʘ.  

ʅʝʧʨʝʨʳʚʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʙʘʩʩʝʡʥʝ ʦʟ. ɹʘʫʥʪ ʩ ʫʯʘʩʪʠʝʤ ʦʙʝʠʭ ʩʦʩʝʥ, 

ʝʣʠ ʥʘʯʘʣʦʩʴ ʧʦʟʜʥʝʝ 11.5 ʪ.ʣ.ʥ. ʩ ʥʘʩʪʫʧʣʝʥʠʝʤ ʛʦʣʦʮʝʥʘ. ʆʜʥʘʢʦ ʦʧʪʠʤʘʣʴʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʣʝʩʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʟ ʩʦʩʝʥ, ʝʣʠ ʟʘʚʝʨʰʠʣʩʷ ʦʢʦʣʦ 6 ʪ.ʣ.ʥ., ʩʦʚʧʘʜʘʷ ʩ ʝʛʦ ʟʘʚʝʨʰʝʥʠʝʤ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦ-

ʨʠʠ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ.  

ʇʦʟʜʥʝʝ 6.ʪ.ʣ.ʥ. ʚ ʙʘʩʩʝʡʥʝ ʦʟ. ɹʘʫʥʪ ʥʘʩʪʫʧʠʣ ʥʝʦʛʣʷʮʠʘʣʴʥʳʡ ʧʝʨʠʦʜ ʛʦʣʦʮʝʥʘ, ʦʪʣʠʯʠʪʝʣʴ-

ʥʦʡ ʯʝʨʪʦʡ ʢʦʪʦʨʦʛʦ ʩʪʘʣʦ ʛʦʩʧʦʜʩʪʚʦ ʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʎʠʧʠʩʥʢʦʡ ʢʦʪʣʦʚʠʥʳ ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʣʝʩʦʚ, 

ʨʘʩʩʝʣʝʥʠʝ ʢʝʜʨʦʚʦ-ʩʪʣʘʥʠʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʚ ʚʳʩʦʢʦʛʦʨʥʦʡ ʟʦʥʝ ʠ ʝʨʥʠʢʦʚʳʭ ð ʚ ʧʨʠʙʨʝʞʥʦʡ 

ʟʦʥʝ ʦʟ. ɹʘʫʥʪ. ʀʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʪʘʢʞʝ ʦʪʨʘʞʘʶʪ ʥʘʩʪʫʧʣʝʥʠʝ ʥʝʦʛʣʷʮʠ-

ʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʟʜʥʝʝ 6 ʪ.ʣ.ʥ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʥʘʜʝʞʥʘʷ ʚʦʟʨʘʩʪʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘ-

ʧʠʩʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɹʘʫʥʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʣʷʮʠʠ ʚʳʷʚʣʝʥʥʳʭ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʩ ʪʘʢʦʚʳʤʠ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʧʠʩʝʡ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ. ʕʪʠ ʢʦʨʨʝʣʷ-

ʮʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʦʟ. 

ɹʘʫʥʪ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ ʤʦʛʣʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʠʟʤʝʥʷʚ-

ʰʠʤʠ ʢʣʠʤʘʪ ʚʩʝʛʦ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ.  

ɺ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʳʭ ʟʘʧʠʩʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʎʠʧʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʧʝʨʚʘʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʟʜʝʩʴ ʟʘʧʠʩʴ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʛʠʦʥʘʣʴʥʳʤ ʩʪʨʘʪʦʪʠʧʦʤ ʯʘʩʪʠ ʢʘʨʛʠʥʩʢʦʛʦ ʤʝʛʘʠʥ-

ʪʝʨʩʪʘʜʠʘʣʘ, ʧʦʣʥʦʡ ʩʪʘʜʠʠ ʩʘʨʪʘʥʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʞʣʝʜʥʠʢʦʚʦʛʦ ʧʝʨʠʦʜʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʦʚ ʈʅʌ ˉ 16-17-10079 (ʧʘʣʠʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ) ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʟʘʜʘʥʠʝʤ ʀɻʍ ʉʆ ʈɸʅ (ˉ 0350ï2017ï

0026), ʘ ʪʘʢʞʝ ʀʥʪʝʛʨʘʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ˉ 0341-2016-001. 
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ɺ ʩʚʷʟʠ ʩ ʧʨʦʚʦʜʷʱʝʡʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʘʟʦ-ʥʝʬʪʝʜʦʙʳʯʝʡ ʚ ʘʢʚʘʪʦʨʠʠ ʩʝʚʝʨʥʳʭ ʤʦʨʝʡ 

ʧʨʠʦʙʨʝʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʘʨʢʪʠʯʝʩʢʦʡ ʠ ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥ ʈʌ 

ʠ ʥʘ ʜʨʫʛʠʝ ʚʠʜʳ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚʠʜʦʚ ʥʝʤʝʪʘʣʣʦʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʘʭ ʩʪʨʘʥʳ ʷʚʣʷʝʪʩʷ ʘʧʘʪʠʪʦʚʦʝ ʩʳʨʴʝ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʧʘʪʠʪʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʜʨʝʚʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʱʠʪʦʚ (ɹʘʣʪʠʡʩʢʠʡ, ɸʣʜʘʥʩʢʠʡ, ɸʥʘʙʘʨʩʢʠʡ) ʠ ʠʭ 

ʩʢʣʦʥʦʚ ʚ ʪʝʯʝʥʠʝ ʨʠʬʪʦʚʦʡ ʩʪʘʜʠʠ ʠʭ ʨʘʟʚʠʪʠʷ [7]. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʦʧʦʣ-

ʥʠʪʴ ʜʘʥʥʳʡ ʧʦʩʪʫʣʘʪ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʝ ʘʧʘʪʠʪʦʥʦʩʥʦʩʪʠ ʪʝʢʪʦʥʠ-

ʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ɺ ʧʨʝʜʝʣʘʭ ʘʨʢʪʠʯʝʩʢʦʡ ʠ ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥ ʈʦʩʩʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʘʧʘʪʠʪʘ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʠʬʪʦʠʜʥʳʤ (AR2), ʧʨʦʪʦʨʠʬʪʦʚʳʤ (PR1) ʠ ʨʠʬʪʦʚʳʤ (PZ1, PZ2-3) ʩʪʨʫʢʪʫʨʘʤ. ʅʘ ʧʦ-

ʛʨʝʙʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʩʢʣʦʥʘʭ ʱʠʪʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʨʠʬʪʦʛʝʥʳ 

(ʘʚʣʘʢʦʛʝʥʳ) ʠ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʨʠʬʪʦʛʝʥʳ [2]. 

ʇʝʨʚʳʝ ʧʦ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʧʘʪʠʪʘ ʩʚʷʟʘʥʳ ʩ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʨʦʛʠʙʦʚ (AR2). ʈʠʬʪʦʚʘʷ ʧʨʠʨʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʠʧʦ-

ʪʝʟʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʠʪʠʚʥʦʛʦ ʨʠʬʪʠʥʛʘ ʤʘʣʦʤʦʱʥʦʡ ʧʣʘʩʪʠʯʥʦʡ ʧʨʦʪʦʢʦʥʪʠʥʝʥ-

ʪʘʣʴʥʦʡ ʢʦʨʳ, ʠʤʝʚʰʝʡ ʚʳʩʦʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʤʘʬʠʪʦʚʳʭ ʠ ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʨʘʩ-

ʧʣʘʚʦʚ [4, 6]. ʉʨʝʜʠ ʚʳʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʧʘʪʠʪʦʚʳʭ ʟʘʣʝʞʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʨʦʛʠʙʳ ʙʠʤʦʜʘʣʴʥʦʛʦ ʪʠʧʘ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʝʣʴʩʢʦʡ ʛʨʘʥʠʪ-ʟʝʣʝʥʦʢʘʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (ɹʘʣʪʠʡʩʢʠʡ ʱʠʪ) ʘʧʘʪʠʪʦʚʦʝ ʦʨʫ-

ʜʝʥʝʥʠʝ (ʈ2ʆ5 4ï7%) ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʤʝʪʘʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʇʫʣʦ-

ʟʝʨʩʢʦʡ, ʂʘʤʝʥʥʦʦʟʝʨʩʢʦʡ ʠ ʂʦʨʦʩʦʟʝʨʩʢʦʡ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ [8]. ɺ ʧʨʝʜʝʣʘʭ ɸʥʘʙʘʨʩʢʦʛʦ 

ʱʠʪʘ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʤʠ (AR2) ʧʦ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷ ʘʧʘʪʠʪ-ʠʣʴʤʝʥʠʪ-

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ ʚ ʛʘʙʙʨʦ-ʥʦʨʠʪ-ʘʥʦʨʪʦʟʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʧʨʝʜʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʟʝʣʝʥʦʢʘʤʝʥʥʳʤ, ʩʪʨʫʢʪʫʨʘʤ.  

ɹʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʚ ʦʪʥʦʰʝʥʠʝ ʘʧʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʘ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʘʷ ʩʪʘʜʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʪʦʨʠʬʪʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʪʦʨʠʬʪʦʛʝʥʦʚ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʩʪʘʥʦʚʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʟʝʤʥʦʡ ʢʦʨʳ, ʨʝʘʛʠʨʦʚʘʚʰʝʡ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʣʦʤʘʤʠ ʪʠʧʘ ʨʘʩʢʦʣʦʚ ʠ ʨʠʬʪʦʛʝʥʝʟʦʤ [4, 6]. 

ʉʨʝʜʠ ʧʨʦʪʦʨʠʬʪʦʛʝʥʦʚ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʪʠʧʘ: ʪʝʢʪʦʥʦ-ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʠ ʪʝʢʪʦʥʦ-

ʧʣʫʪʦʥʠʯʝʩʢʠʡ [6]. ʇʨʦʜʫʢʪʠʚʥʳʤʠ ʜʣʷ ʘʧʘʪʠʪʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʝʢʪʦʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ. ʂ ʇʝʯʝʥʛʘ-ɺʘʨʟʫʛʩʢʦʡ ʧʨʦʪʦʨʠʬʪʦʛʝʥʥʦʡ ʟʦʥʝ ʂʦʣʴʩʢʦʛʦ ʢʨʘʪʦʥʘ ʧʨʠʫʨʦʯʝʥ ɻʨʝʤʷʭʘ-

ɺʳʨʤʝʩʩʢʠʡ ʱʝʣʦʯʥʦ-ʛʘʙʙʨʦʠʜʥʳʡ ʤʘʩʩʠʚ (PR1), ʚʤʝʱʘʶʱʠʡ ʢʨʫʧʥʦʝ ʧʦ ʧʨʦʛʥʦʟʥʳʤ ʨʝʩʫʨʩʘʤ ʘʧʘ-
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ʪʠʪ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʠʣʴʤʝʥʠʪʦʚʳʭ ʨʫʜ ʧʨʦʷʚʣʝʥʠʝ. ɺ ʂʫʢʘʩʦʟʝʨʩʢʦʡ ʟʦʥʝ (ʂʘʨʝʣʴʩʢʠʡ ʢʨʘʪʦʥ) ʣʦʢʘ-

ʣʠʟʫʝʪʩʷ ɽʣʝʪʴʦʟʝʨʩʢʠʡ, ʊʠʢʰʦʟʝʨʩʢʠʡ ʠ ɺʦʩʪʦʯʥʳʡ ʱʝʣʦʯʥʦ-ʛʘʙʙʨʦʠʜʥʳʝ ʤʘʩʩʠʚʳ ʩ ʘʧʘʪʠʪ-

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʠʣʴʤʝʥʠʪʦʚʳʤʠ ʨʫʜʘʤʠ.  

ʅʘ ɸʥʘʙʘʨʩʢʦʤ ʱʠʪʝ ʘʧʘʪʠʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʚ ʟʦʥʘʭ ʥʘʣʦʞʝʥʥʦʛʦ ʤʝʪʘ-

ʤʦʨʬʠʟʤʘ, ʙʣʘʩʪʦʤʠʣʦʥʠʪʠʟʘʮʠʠ ʠ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʠ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʦʚ ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʡ ʵʪʘʧ ʠʤʝʝʪ 

ʩʨʝʜʦʦʙʨʘʟʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʘʧʘʪʠʪʦʛʝʥʝʟʘ ʚ ʬʘʥʝʨʦʟʦʡʩʢʦʝ ʚʨʝʤʷ. ɺ ʜʘʥʥʳʡ ʧʝʨʠʦʜ 

ʥʘ ɹʘʣʪʠʡʩʢʦʤ ʱʠʪʝ ʧʨʦʠʩʭʦʜʠʣʠ ʤʦʱʥʳʝ ʨʠʬʪʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʉ ʧʦʟʠʮʠʡ ʚʫʣʢʘʥʠʟʤʘ ʚʳʜʝʣʷʶʪ-

ʩʷ ʨʠʬʪʦʚʳʝ ʦʙʣʘʩʪʠ ʜʚʫʭ ʪʠʧʦʚ [3]: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʟʘʣʴʪʦʠʜʥʳʝ ʠ ʙʘʟʘʣʴʪʦʠʜʥʦ-ʱʝʣʦʯʥʳʝ. 

ʇʨʦʜʫʢʪʠʚʥʦʡ ʜʣʷ ʘʧʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʷʷ, ʚ ʢʦʪʦʨʦʡ ʱʝʣʦʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʝ-

ʨʝʜʢʦ ʧʨʝʦʙʣʘʜʘʝʪ. 

ʉ ʧʨʦʮʝʩʩʘʤʠ ʨʠʬʪʦʛʝʥʝʟʘ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʥʘ ɹʘʣʪʠʡʩʢʦʤ ʱʠʪʝ ʩʚʷ-

ʟʘʥʘ ʢʘʣʝʜʦʥʩʢʘʷ ʵʧʦʭʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʘʧʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʤʠ ʨʫʜʦʥʦʩʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʂʦʚʜʦʨʦ-ʍʠʙʠʥʩʢʘʷ ʠ ʊʫʨʴʠʥʩʢʘʷ ʨʠʬʪʦʛʝʥʥʳʝ ʟʦʥʳ. ʂ ʫʢʘʟʘʥʥʳʤ ʟʦʥʘʤ ʧʨʠʫʨʦ-

ʯʝʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʂʦʚʜʦʨʩʢʦʝ ʠ ɺʫʦʨʠʷʨʚʠʥʩʢʦʝ) ʠ ʧʨʦʷʚʣʝʥʠʷ (ʉʘʣʣʘʥʣʘʪʚʠʥʩʢʦʝ, ɸʬʨʠʢʘʥʜʘ, 

ʉʘʣʤʘʛʦʨʩʢʦʝ ʠ ʜʨ.) ʘʧʘʪʠʪ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʦ-ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ, ʘʩʩʦʮʠʠʨʫʱʠʭ ʩ ʱʝʣʦʯʥʦ-

ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʤʠ ʢʘʨʙʦʥʘʪʠʪʦʥʦʩʥʳʤʠ ʤʘʩʩʠʚʘʤʠ.  

ɻʝʨʮʠʥʩʢʘʷ ʩʪʘʜʠʷ ʨʠʬʪʦʛʝʥʝʟʘ (PZ2-3) ʦʟʥʘʤʝʥʦʚʘʣʘʩʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʫʥʠʢʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʦʩʣʝʜʥʠʡ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʫʟʣʝ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʝʭ ʨʠʬʪʦʚʳʭ ʩʪʨʫʢʪʫʨ: 

ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʡ (ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʚ ʧʘʣʝʦʟʦʝ) ʇʝʯʝʥʛʘ-ɺʘʨʟʫʛʩʢʦʡ, ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʂʦʚ-

ʜʦʨʦ-ʍʠʙʠʥʩʢʦʡ ʠ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʍʠʙʠʥʦ-ʂʦʥʪʦʟʝʨʩʢʦʡ.  

ʅʘ ɸʥʘʙʘʨʩʢʦʤ ʱʠʪʝ ʠ ʝʛʦ ʩʢʣʦʥʘʭ ʤʘʩʰʪʘʙʥʦʝ ʘʧʘʪʠʪʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʨʦʷʚʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʨʠʬʪʦʚʳʭ ʟʦʥ ð ʄʘʡʤʝʯʠʥʩʢʦʡ ʠ ʂʦʪʫʡʩʢʦʡ [5]. ʄʘʡʤʝʯʠʥʩʢʘʷ ʟʦʥʘ ʪʨʘʩʩʠʨʫʝʪʩʷ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡ-

ʩʢʦ-ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʠʤʠ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʤʠ ʤʘʩʩʠʚʘʤʠ (ɽʩʩʝʡʩʢʠʡ, ɼʘʣʙʳʭʩʢʠʡ, ɻʫʣʠʥ-

ʩʢʠʡ) ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʟʘʣʝʞʘʤʠ ʘʧʘʪʠʪ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʦ-ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ.  

ʂʦʪʫʡʩʢʘʷ ʨʠʬʪʦʚʘʷ ʟʦʥʘ ʚʢʣʶʯʘʝʪ ʨʷʜ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ (ʆʜʠʭʠʥʯʘ, ʂʫʛʜʘ, 

ʄʘʛʘʥʩʢʠʡ ʠ ʓʨʘʘʩʩʢʠʡ), ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ 

ʘʧʘʪʠʪʦʚʳʭ ʠ ʘʧʘʪʠʪ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʦï ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ, ʧʦ ʩʚʦʠʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʙʣʠʟʢʠʭ ʭʠʙʠʥʩʢʠʤ (ʪʘʙʣ.). 

ʄʘʩʩʠʚʳ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʣʦʢʘʣʠʟʫʶʪʩʷ ʪʘʢʞʝ ʚ ʋʜʞʠʥʩʢʦ-ɺʠʣʶʡʩʢʦʡ 

ʨʠʬʪʦʚʦʡ ʟʦʥʝ ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. ʉ ʊʦʤʪʦʨʩʢʠʤ ʤʘʩʩʠʚʦʤ ʩʚʷʟʘʥʳ ʢʨʫʧʥʝʡ-

ʰʠʝ ʚ ʤʠʨʝ ʟʘʣʝʞʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ (Nb, Tb, Y, Sc) ʠ ʘʧʘʪʠʪʦʚʳʭ ʨʫʜ. ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ 

ʘʧʘʪʠʪ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʨʫʜʳ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʢʘʨʙʦʥʘʪʠʪʘʤ. ɺ ʮʝʣʦʤ ʩʫʤʤʘʨʥʳʝ ʧʨʦʛʥʦʟʥʳʝ 

ʨʝʩʫʨʩʳ ʘʧʘʪʠʪʘ ʚ ʢʦʨʝʥʥʳʭ ʨʫʜʘʭ ʠ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʅʝʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʠʤʝʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʘʧʘ-

ʪʠʪʦʥʦʩʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʠ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʨʠʬʪʦʛʝʥʳ (ʘʚʣʘʢʦʛʝʥʳ) ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʛʨʝʙʝʥʥʳʭ ʠ ʩʢʣʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ [2]. 

ɺ ʧʨʝʜʝʣʘʭ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʟʦʥʳ ʨʠʬʪʦʛʝʥʝʟʘ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʧʣʘʪʦ ɹʲʝʨʤʝʣʵʥʜ, ʚ 

ʇʝʯʦʨʩʢʦʤ, ʖʞʥʦï ʠ ʉʝʚʝʨʦ-ɹʘʨʝʥʮʝʚʩʢʦʤ ʙʣʦʢʘʭ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʠʬʪʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʠʩ-

ʭʦʜʠʣʦ ʚ ʨʠʬʝʡʩʢʠʡ ʠ ʨʘʥʥʝ-ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʨʝʛʝʥʝʨʠʨʦ-

ʚʘʥʥʳʭ ʨʠʬʪʦʛʝʥʦʚ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʟʜʥʝʡ ʬʘʟʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʨʠʬʪʦʛʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨ [2]. 

ʂʘʣʝʜʦʥʩʢʠʡ ʨʠʬʪʦʛʝʥʝʟ, ʦʙʫʩʣʦʚʠʚʰʠʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʧʘʪʠʪʘ ʚ 

ʧʨʝʜʝʣʘʭ ʂʦʣʴʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʘʢʪʠʚʥʦ ʧʨʦʷʚʠʣʩʷ ʠ ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦ-ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʙʣʦʢʘ. ʇʦ 

ʘʥʘʣʦʛʠʠ ʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʩ ʙʘʜʜʝʣʝʠʪ-ʘʧʘʪʠʪ-ʤʘʛʥʝʪʠʪʦʚʳʤ 

ʦʨʫʜʝʥʝʥʠʝʤ ʤʦʛʫʪ ʣʦʢʘʣʠʟʦʚʘʪʴʩʷ ʚ ʫʟʣʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʣʝʜʦʥʩʢʠʭ ʨʠʬʪʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʨʝʛʠʦ-

ʥʘʣʴʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʣʠʙʦ ʚ ʛʣʫʙʠʥʥʳʭ ʟʦʥʘʭ ʛʣʳʙʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. 

ʅʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʚ ʨʠʬʝʡʩʢʠʭ ʨʠʬʪʘʭ ð ʂʘʥʜʘʣʘʢʰʩʢʦ-ɼʚʠʥʩʢʦʤ ʠ 

ʉʨʝʜʥʝ-ʈʫʩʩʢʦʤ ð ʫʩʪʘʥʦʚʣʝʥʳ ʛʨʘʚʠʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ, ʙʣʠʟʢʠʝ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʠ ʩʪʨʦʝʥʠʶ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʧʦʣʷʤ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʂʘʨʝʣʦ-

ʂʦʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ [2]. 

ʆʪʜʘʣʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʉʫʥʪʘʨʩʢʠʤ ʛʦʨʩʪʦʚʳʤ ʧʦʜʥʷʪʠʝʤ (ʉʠʙʠʨʩʢʘʷ ʧʣʘʪ-

ʬʦʨʤʘ), ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪʩʷ ʛʨʘʚʠʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ, ʙʣʠʟʢʠʝ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʘʥʘʣʦʛʠʯʥʳʤ ʘʥʦʤʘʣʠʷʤ ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʪʴ ʟʜʝʩʴ ʥʘʣʠʯʠʝ ʧʦʛʨʝʙʝʥʥʳʭ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʠ ʱʝʣʦʯʥʳʭ ʠʥʪʨʫʟʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʭʠʙʠʥʩʢʦʛʦ ʪʠʧʘ. 
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ʇʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʝ ʘʧʘʪʠʪʦʥʦʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʨʦʪʷʛʠʚʘʶʱʠ-

ʝʩʷ ʚ ʰʝʣʴʬʦʚʳʝ ʦʙʣʘʩʪʠ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʫʯʘʩʪʢʠ ʋʜʞʠʥʩʢʦ-ɺʠʣʶʡʩʢʦʡ ʠ ʄʘʡʤʝʯʠʥʩʢʦʡ ʨʠʬʪʦʚʳʭ 

ʟʦʥ. ʋʟʣʳ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʛʣʫʙʠʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʨʘʟʤʝʱʝʥʠʝ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ (ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ) ʤʘʩʩʠʚʦʚ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ ʘʧʘʪʠʪ-

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤ ʠ ʘʧʘʪʠʪ-ʤʘʛʥʝʪʠʪʦʚʳʤ ʦʨʫʜʝʥʝʥʠʝʤ [1].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʨʢʪʠʯʝʩʢʘʷ ʠ ʩʫʙʘʨʢʪʠʯʝʩʢʘʷ ʟʦʥʳ ʈʦʩʩʠʠ ʦʙʣʘʜʘʶʪ ʩʘʤʳʤ ʤʘʩʰʪʘʙʥʳʤ ʚ ʤʠ-

ʨʝ ʘʧʘʪʠʪʦʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤ ʚ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ ɹʘʣʪʠʡʩʢʦʛʦ ʠ ɸʥʘʙʘʨʩʢʦʛʦ ʘʨʭʝʡ-

ʩʢʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʱʠʪʦʚ ʠ ʠʭ ʩʢʣʦʥʦʚ. 
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ɺ ʨʘʟʚʠʪʠʠ ʉʦʨʩʢʦʡ Cu-Mo-ʧʦʨʬʠʨʦʚʦʡ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨ-

ʚʦʤ ʵʪʘʧʝ ʧʨʦʠʟʦʰʣʦ ʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʧʣʫʪʦʥʘ, ʥʘ ʚʪʦʨʦʤ ð ʨʫʜʦʥʦʩʥʳʭ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ. ʀʥʪʨʫ-

ʟʠʚʥʳʝ ʪʝʣʘ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʩʣʦʞʝʥʳ ʧʦʨʦʜʘʤʠ ʛʘʙʙʨʦʠʜʥʦʡ, ʤʦʥʮʦʥʠʪʦʠʜʥʦʡ ʠ ʣʝʡʢʦʛʨʘʥʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ ʩ 

ʙʣʠʟʢʠʤʠ ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʜʥʦʪʠʧʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɼʣʠʪʝʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʜʥʦʢʨʘʪʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʙʘʟʠʪʦʚʦʡ ʤʘʛʤʳ (ʪʨʘʥʩʧʦʨʪʝʨʘ ʪʝʧ-

ʣʘ, ʤʝʪʘʣʣʦʚ ʠ ʣʝʪʫʯʠʭ) ʚ ʦʩʥʦʚʘʥʠʝ ʢʦʨʳ. ʀʩʪʦʯʥʠʢʦʤ ʙʘʟʠʪʦʚʦʡ ʤʘʛʤʳ ʙʳʣʘ ʤʘʥʪʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʩʫʙ-

ʜʫʢʮʠʦʥʥʳʤʠ ʬʣʶʠʜʘʤʠ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʙʘʟʘʣʴʪʦ-

ʠʜʥʦʡ ʤʘʛʤʳ ʠ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʶʥʦʡ ʤʘʬʠʯʝʩʢʦʡ ʢʦʨʳ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʦʥʮʦʥʠʪʦʠʜʥʦʛʦ ʠ ʣʝʡʢʦʛʨʘʥʠʪʥʦʛʦ ʨʘʩʧʣʘʚʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʥʦʩʦʤ ʠʭ ʬʣʶʠʜʘʤʠ ʠ ʨʫʜʦʦʪʣʦʞʝʥʠʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʦʨʩʢʦʝ Cu-Mo-ʧʦʨʬʠʨʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ; ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʣʘʚʦʚ; 

ʠʩʪʦʯʥʠʢʠ ʙʘʟʘʣʴʪʦʠʜʥʦʡ ʠ ʛʨʘʥʠʪʦʠʜʥʦʡ ʤʘʛʤ. 
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Magmatic events, associated with porphyry CuïMo Sora deposit are characterized by two stage evolution. The 

evolution was initiated with plutonic granitoids and followed by repeated ore bearing porphyritic intrusions. Both plu-

tonic and porphyry suites are composed of gabbroic, monzonitic and leucogranitic rocks. Plutonic and porphyritic sam-

ples with similar major element composition show comparable petrogeochemical characteristics. The prolonged evolu-

tion of the ore-magmatic system was related to repeated ascending of mantle-derived basaltic magmas, that transported 

heat, metals and volatiles to the bottom of the lower crust. Basaltic melts are interpreted to have been derived from a 

mantle metasomatized by subduction related fluids. Monzonitic rocks were derived via differentiation of basaltic mag-

ma, whereas leucogranites originated from a partial melting of a juvenile mafic lower crustal source. Magmatic evolu-

tion of both stages was accompanied by remobilization, accumulation and following removal of ore elements by exsolv-

ing fluids, promoting ore deposition. 

Keywords: Sora porphyry Cu-Mo deposit; processes of melt generation; basaltic and granitic magma sources. 

 

ɺ ʨʘʟʚʠʪʠʠ ʉʦʨʩʢʦʡ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʈʄʉ) ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʵʪʘʧʘ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʩʪʘʥʦʚʣʝʥʠʶ ʋʡʙʘʪʩʢʦʛʦ ʧʣʫʪʦʥʘ ʩ ʙʝʜʥʦʡ ʨʘʩʩʝʷʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʩ 

ʢʨʫʧʥʦʦʙʲʝʤʥʳʤ Cu-Mo-ʧʦʨʬʠʨʦʚʳʤ ʦʨʫʜʝʥʝʥʠʝʤ. ʇʣʫʪʦʥ ʠ ʤʘʣʳʝ ʠʥʪʨʫʟʠʠ ʩʣʦʞʝʥʳ ʧʦʨʦʜʘʤʠ 

ʛʘʙʙʨʦʠʜʥʦʡ, ʤʦʥʮʦʥʠʪʦʠʜʥʦʡ, ʣʝʡʢʦʛʨʘʥʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ ʩ ʙʣʠʟʢʠʤʠ ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʜʥʦʪʠʧʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚ ʮʝʣʦʤ ʦʪʥʦʩʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʩʫʙʱʝʣʦʯʥʦʡ ʩʝʨʠʠ (ʧʦ ʩʫʤʤʝ 

Na2O ʠ K2O) ʠ ʚʳʩʦʢʦ K ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ (ʧʦ ʩʦʜʝʨʞʘʥʠʶ K2O). ɺʦ ʚʩʝʭ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘ-

ʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. ɻʘʙʙʨʦʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʙʦʣʴ-

ʰʠʤʠ ʪʝʣʘʤʠ, ʟʘʣʝʛʘʶʱʠʤʠ ʩʨʝʜʠ ʛʨʘʥʠʪʦʠʜʦʚ ʧʣʫʪʦʥʘ, ʠ ʧʨʝʜʨʫʜʥʳʤʠ ʜʘʡʢʘʤʠ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ. ɺ 

ʩʦʩʪʘʚʝ ʧʣʫʪʦʥʘ ʜʦʤʠʥʠʨʫʶʪ ʤʦʥʮʦʥʠʪʦʠʜʳ; ʣʝʡʢʦʛʨʘʥʠʪʳ ʫʩʪʫʧʘʶʪ ʠʤ ʧʦ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ. ʉʨʝʜʠ ʨʫʜʦʥʦʩʥʳʭ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʜʦʤʠʥʠʨʫʶʪ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʧʦʨʬʠʨʳ I ʠ ʧʦʨʬʠʨʳ II. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʪʘʢʞʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʩʪʨʫʜʥʳʝ ʜʘʡʢʠ ʜʠʘʙʘ-

ʟʦʚ ʠ ʦʨʪʦʬʠʨʦʚ. 

ɻʘʙʙʨʦʠʜʳ ʉʦʨʳ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʙʘʟʘʣʴ-

ʪʦʠʜʥʦʡ ʤʘʛʤʳ (Mg# ʦʪ 78 ʜʦ 52). ʄʫʣʴʪʠʵʣʝʤʝʥʪʥʳʝ ʩʧʝʢʪʨʳ ʛʘʙʙʨʦʠʜʦʚ ʧʣʫʪʦʥʘ, ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ 

ʠ ʧʦʩʪʨʫʜʥʳʭ ʜʘʝʢ (ʨʠʩ. 1) ð ʪʠʧʠʯʥʳʝ ʜʣʷ ʥʘʜʩʫʙʜʫʢʠʦʥʥʳʭ ʤʘʛʤʘʪʠʪʦʚ. ʉʦʛʣʘʩʥʦ ʠʤ ʠʩʪʦʯʥʠʢʦʤ 

ʙʘʟʠʪʦʚʦʡ ʤʘʛʤʳ ʙʳʣʘ ʤʘʥʪʠʷ, ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ. ʇʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʥʪʠʠ, ʩʦʛʣʘʩʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʘʥʦʤʘʣʠʷʤ Ba ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ Th ʥʘ ʩʧʝʢʪʨʘʭ ʤʠʢ-

ʨʦʵʣʝʤʝʥʪʦʚ ʛʘʙʙʨʦʠʜʦʚ ʧʨʦʠʟʦʰʣʦ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʬʣʶʠʜʦʚ. ʄʦ-

ʜʝʣʴʥʳʝ ʚʦʟʨʘʩʪʳ (TNd(DM) ʦʪ 0.7 ʜʦ 1.1 ʤʣʨʜ ʣʝʪ) ʛʘʙʙʨʦʠʜʦʚ ʚ ʮʝʣʦʤ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʤʝʪʘʩʦʤʘ-

ʪʦʟ ʤʘʥʪʠʠ ʧʨʦʠʟʦʰʝʣ ʚ ʥʝʦʧʨʦʪʝʨʦʟʦʝ. ʇʦʩʪʦʷʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʛʘʙʙʨʦʠʜʘʭ ʘʤʬʠʙʦʣʘ, ʩʦʜʝʨʞʘ-



63 

 

ʱʝʛʦ ʚʢʣʶʯʝʥʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʦʛʘʱʝʥʠʠ ʤʘʥʪʠʠ ʣʝʪʫʯʠʤʠ ʠ ʤʝʪʘʣʣʘʤʠ. 

ɻʘʙʙʨʦʠʜʳ ʉʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ŮNd(T). ɺ ʛʘʙʙ-

ʨʦʠʜʘʭ ʧʣʫʪʦʥʘ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 1.7 ʠ 2.1, ʚ ʧʨʝʜʨʫʜʥʳʭ ʜʘʡʢʘʭ 6.5, ʚ ʧʦʩʪʨʫʜʥʳʭ ʜʘʡʢʘʭ 5.0. ɿʥʘʯʝ-

ʥʠʷ 87Sr/86Sr(T) ʩʦʩʪʘʚʣʷʶʪ ʚ ʛʘʙʙʨʦʠʜʘʭ ʧʣʫʪʦʥʘ 0.7044, 0.7038, ʚ ʧʨʝʜʨʫʜʥʳʭ ʜʘʡʢʘʭ 0.7034, ʚ 

ʧʦʩʪʨʫʜʥʳʭ ʜʘʡʢʘʭ ʜʠʘʙʘʟʦʚ 0.7044. ʅʘ ʜʠʘʛʨʘʤʤʝ eNd(T)ï87Sr/86Sr(T) ʪʦʯʢʠ ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘʚʦʚ ʛʘʙ-

ʙʨʦʠʜʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʤʘʥʪʠʡʥʦʛʦ ʪʨʝʥʜʘ (ʨʠʩ. 2). ʇʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ Nd ʠʩʪʦʯʥʠʢʠ ʙʘ-

ʟʠʪʦʚʦʡ ʤʘʛʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʘʙʦ ʦʙʦʛʘʱʝʥʥʦʤʫ ʧʨʠ ʩʪʘʥʦʚʣʝʥʠʠ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʠ ʧʦʩʪʨʫʜʥʳʭ 

ʜʘʝʢ ʠ ʫʤʝʨʝʥʥʦ ʦʙʦʛʘʱʝʥʥʦʤʫ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʫʪʦʥʘ. ʅʝʢʦʪʦʨʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʦʯʝʢ ʠʟʦʪʦʧʥʳʭ 

ʩʦʩʪʘʚʦʚ ʦʪ ʤʘʥʪʠʡʥʦʛʦ ʪʨʝʥʜʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʯʘʩʪʠʝ ʢʦʨʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʨʦʣʴ ʢʦʪʦʨʦʡ ʚ ʩʦʩʪʘʚʝ 

ʛʘʙʙʨʦʠʜʦʚ ʥʝ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦʡ. 

 

 

ɻʨʘʥʠʪʦʠʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʮʝʣʦʤ ʥʘʩʣʝʜʫʶʪ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʰʝʩʪʚʫʶ-

ʱʠʭ ʛʘʙʙʨʦʠʜʦʚ. ʄʫʣʴʪʠʵʣʝʤʝʥʪʥʳʝ ʩʧʝʢʪʨʳ ʛʨʘʥʠʪʦʠʜʦʚ ʧʣʫʪʦʥʘ ʠ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʘʥʘʣʦʛʠʯʥʳ 

ʩʧʝʢʪʨʘʤ ʛʘʙʙʨʦʠʜʦʚ. ʇʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ Nd ʠ Sr ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʛʨʫʧʧʳ ʛʨʘʥʠʪʦʠʜʦʚ (ʨʠʩ. 2). 

ʆʜʥʘ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʣʝʡʢʦʛʨʘʥʠʪʳ ʧʣʫʪʦʥʘ, ʤʦʥʮʦʜʠʦʨʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ ʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ I ʤʘ-

ʣʳʭ ʠʥʪʨʫʟʠʡ, ʠʟʦʪʦʧʥʳʝ ʩʦʩʪʘʚʳ Nd ʠ Sr ʢʦʪʦʨʳʭ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʛʘʙʙʨʦ ʧʣʫʪʦʥʘ. ʂʦ ʚʪʦʨʦʡ 

ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʤʦʥʮʦʥʠʪʦʠʜʳ ʧʣʫʪʦʥʘ, ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ II ʠ ʧʦʩʪʨʫʜʥʳʝ ʦʨʪʦʬʠʨʳ, ʟʥʘʯʝʥʠʷ 

eNd(T) ʢʦʪʦʨʳʭ (3.0 Ò eNd Ò 4.1) ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʪʘʢʦʚʳʭ ʚ ʛʘʙʙʨʦ. ʇʨʠ ʵʪʦʤ ʠʟʦʪʦʧʥʳʝ ʩʦʩʪʘʚʳ Sr 

ʤʦʥʮʦʥʠʪʦʠʜʦʚ, ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ II ʠ ʛʘʙʙʨʦ ʙʣʠʟʢʠ: ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.7040ï0.7043 ʠ 0.7038ï0.7044. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ eNd(T) ʛʨʘʥʠʪʦʠʜʦʚ ʚ ʮʝʣʦʤ ʠ ʧʦʣʦʞʝʥʠʝ ʠʭ ʩʦʩʪʘʚʦʚ ʚʙʣʠʟʠ ʤʘʥʪʠʡ-

ʥʦʛʦ ʪʨʝʥʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʤʘʥʪʠʡʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ. ɿʥʘ-

ʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʤʘʥʪʠʡʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ, ʤʘʪʝʨʠʥʩʢʠʝ ʨʘʩʧʣʘʚʳ ʢʦʪʦʨʳʭ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʙʘʟʘʣʴʪʦʠʜʦʚ ʠʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥ-

ʮʠʘʮʠʠ ʙʘʟʘʣʴʪʦʠʜʥʦʡ ʤʘʛʤʳ. ɺ ʩʣʫʯʘʝ ʧʣʘʚʣʝʥʠʷ ʙʘʟʘʣʴʪʦʠʜʦʚ ʩʚʷʟʴ ʛʨʘʥʠʪʦʠʜʦʚ ʩ ʤʘʥʪʠʝʡ ʦʧʦ-

ʩʨʝʜʦʚʘʥʘ ʯʝʨʝʟ ʶʥʫʶ ʤʘʬʠʯʝʩʢʫʶ ʢʦʨʫ, ʥʘʨʘʱʠʚʘʶʱʫʶ ʩʥʠʟʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ ʢʦʨʫ ʧʨʠ ʧʦʩʪʫʧ-

ʣʝʥʠʠ ʙʘʟʘʣʴʪʦʠʜʥʦʡ ʤʘʛʤʳ. ʇʨʠ ʨʘʟʚʠʪʠʠ ʉʦʨʩʢʦʡ ʈʄʉ ʚ ʧʣʘʚʣʝʥʠʝ ʤʦʛʣʘ ʚʦʚʣʝʢʘʪʴʩʷ ʢʦʨʘ, ʩʬʦʨ-

ʤʠʨʦʚʘʚʰʘʷʩʷ ʥʘ ʩʫʙʜʫʢʮʠʦʥʥʦʤ ʠ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʦʤ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ. ʉʫʙʜʫʢʮʠ-

ʦʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʞʥʝʡ ʢʦʨʳ ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʨʘʡʦʥʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʱʥʳʤʠ 

ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʪʦʣʱʘʤʠ. ʕʬʬʫʟʠʚʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʜʦ-

ʚʦʣʴʥʦ ʨʝʜʢʠ. ʇʨʦʪʦʣʠʪʦʤ ʛʨʘʥʠʪʦʠʜʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʛʣʠ ʙʳʪʴ ʙʘʟʘʣʴʪʦʠʜʳ ʚ ʥʠʟʘʭ ʢʦʨʳ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢʦʤʘʛʤʘʪʳ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʛʘʙʙʨʦʠʜʦʚ, ʘ ʜʣʷ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʪʘʢʞʝ ʢʦʤʘʛʤʘʪʳ ʛʘʙʙʨʦ-

ʠʜʦʚ ʋʡʙʘʪʩʢʦʛʦ ʧʣʫʪʦʥʘ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, eNd ʛʘʙʙʨʦʠʜʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʝʦʜʥʦʨʦʜʥʦʤ ʩʦʩʪʘʚʝ ʤʘʥʪʠʠ. ɺʳʜʝʣʝʥʥʳʝ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ Nd ʜʚʝ ʛʨʫʧʧʳ ʛʨʘʥʠʪʦʠʜʦʚ, ʦʯʝ-

ʚʠʜʥʦ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʣʘʚʣʝʥʠʷ ʙʘʟʘʣʴʪʦʠʜʦʚ ʚ ʥʠʟʘʭ ʢʦʨʳ ð ʧʨʦʠʟʚʦʜʥʳʭ ʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ 

ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɸʚʪʦʥʦʤʥʳʝ ʧʦʣʷ ʛʨʘʥʠʪʦʠʜʦʚ, ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʥʮʦʥʠʪʦʠ-

ʜʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ ʱʝʣʦʯʠïSiO2 (ʨʠʩ. 3) ʠ eNd(T)ï87Sr/86Sr(T) (ʨʠʩ. 2) ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʤʝʞʜʫ 

ʥʠʤʠ ʧʨʷʤʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʟʘʚʠʩʠʤʦʝ ʨʘʟʚʠʪʠʝ ʠʭ ʤʘʪʝʨʠʥʩʢʠʭ ʤʘʛʤ. 
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ʇʣʫʪʦʥʦʛʝʥʥrʡ ʢʦʤʧʣʝʢʩ:
     ʛʘʙʙʨʦ
     ʤʦʥʮʦʥʠʪr  
     ʣʝʡʢʦʛʨʘʥʠʪ
ʇʦʨʬʠʨʦʚrʡ ʢʦʤʧʣʝʢʩ:
     ʧʨʝʜʨʫʜʥrʡ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ
     ʧʨʝʜʨʫʜʥrʡ ʤʦʥʮʦʜʠʦʨʠʪ 
     ʛʨʘʥʠʪ-ʧʦʨʬʠʨ I
     ʛʨʘʥʠʪ-ʧʦʨʬʠʨ II
ʇʦʩʪʨʫʜʥrʝ ʜʘʡʢʠ:
     ʜʠʘʙʘʟ
     ʦʨʪʦʬʠʨ

 

ʈʠʩ. 2. ʀʟʦʪʦʧʥʳʝ ʩʦʩʪʘʚʳ Sr ʠ Nd ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ eNd(T) ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʚʦʟʨʘʩʪ 470 ʤʣʥ ʣʝʪ 

(ʧʦ ʜʘʥʥʳʤ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ ʮʠʨʢʦʥʘ). 
ʈʠʩ. 1. ʄʫʣʴʪʠʵʣʝʤʝʥʪʥʳʝ ʩʧʝʢʪʨʳ ʛʘʙʙʨʦʠʜʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ʇʣʫʪʦʥʦʛʝʥʥrʡ ʢʦʤʧʣʝʢʩ:
     ʤʦʥʮʦʛʘʙʙʨʦ, ʤʦʥʮʦʥʠʪr
     ʣʝʡʢʦʛʨʘʥʠʪr
ʇʦʨʬʠʨʦʚrʡ ʢʦʤʧʣʝʢʩ:
     ʤʦʥʮʦʛʘʙʙʨʦ-ʧʦʨʬʠʨʠʪr
     ʛʨʘʥʠʪ-ʧʦʨʬʠʨr

 
ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ (Na2O + K2O) ð SiO2 ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʂʨʠʚʘʷ ð ʛʨʘʥʠʮʘ ʧʦʨʦʜʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʥʦʨʤʘʣʴʥʦʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ. 

 

ʅʘ ʜʠʘʛʨʘʤʤʝ La-La/Sm (ʨʠʩ. 4) ʩʦʩʪʘʚʳ ʤʦʥʮʦʥʠʪʦʠʜʦʚ ʧʣʫʪʦʥʘ ʠ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʦʙʨʘʟʫʶʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʪʨʝʥʜʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʘ ʩʦʩʪʘʚʳ ʢʠʩʣʳʭ 

ʤʘʛʤʘʪʠʪʦʚ ð ʧʘʨʘʣʣʝʣʴʥʳʝ ʪʨʝʥʜʫ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ.  

 

0 20 40 60 80
0

10

20

30

La

La/Sm

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘ̫ 
  ʜʠʬʬʝʨʝʥʮʠʘʮʠ̫

ʧ
ʣʘ
ʚʣ
ʝʥ
ʠ
ʝ

ɸ

0 20 40 60 80
0

10

20

30

La

La/Sm ɹʇʣʫʪʦʥʦʛʝʥʥrʡ ʢʦʤʧʣʝʢʩ ʄʘʣrʝ ʠʥʪʨʫʟʠʠ

ʛʘʙʙʨʦ
ʤʦʥʮʦʥʠʪr
ʣʝʡʢʦʛʨʘʥʠʪr

ʧʨʝʜʨʫʜʥrʝ ʜʘʡʢʠ
ʛʨʘʥʠʪ-ʧʦʨʬʠʨr

 

ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ La/Sm ð La ʜʣʷ ʧʦʨʦʜ ʧʣʫʪʦʥʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɸ) ʠ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ (ɹ) ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

 

ʅʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ SiO2 ʠ ʚʳʩʦʢʠʝ MgO (ʦʢʦʣʦ 54 ʠ 8%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʥʘʠʙʦʣʝʝ ʧʨʠʤʠ-

ʪʠʚʥʳʭ ʤʦʥʮʦʥʠʪʦʠʜʘʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʤʦʥʮʦʥʠʪʦʠʜʳ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠ-

ʨʦʚʘʥʥʦʡ ʙʘʟʘʣʴʪʦʠʜʥʦʡ ʤʘʛʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʥʮʦʥʠʪʦʠʜʳ ʠ ʣʝʡʢʦʛʨʘʥʠʪʳ (+ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ) 

ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʣʘʚʦʚ: ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʘʟʘʣʴʪʦʠʜʥʦʡ ʤʘʛʤʳ ʠ ʧʣʘʚʣʝʥʠʷ ʶʥʦʡ ʤʘʬʠʯʝʩʢʦʡ 

ʢʦʨ.r ʂʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʠ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ð ʧʨʦʮʝʩʩʳ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʨʘʩʧʣʘʚʦʚ, ʟʘʚʝʨʰʘʶʱʠʤ-

ʩʷ ʦʪʜʝʣʝʥʠʝʤ ʨʫʜʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 16-05-00921). 

 

ɹʝʨʟʠʥʘ ɸʥʠʪʘ ʅʠʢʦʣʘʝʚʥʘ, ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦ-

ʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ. ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ. 
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ʀʟʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩʪʨʫʢʪʫʨʳ ʘʥʪʨʘʮʠʪʦʚ, ʤʝʪʘʘʥʪʨʘʮʠʪʦʚ ʠ ʫʛʦʣʴʥʳʭ ʛʨʘʬʠʪʦʚ 
 

É ʅ. ʉ. ɹʠʩʢʵ  

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʂʘʨʝʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢ, ʈʦʩʩʠʷ. E-mail: nataliabiske@yandex.ru 

 

ʄʝʪʦʜʦʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʳ ʧʨʦʜʫʢʪʳ ʢʦʥʪʘʢʪʦʚʦ-ʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʫʛʣʝʡ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ. ɺ ʨʷʜʫ ʘʥʪʨʘʮʠʪ-ʫʛʦʣʴʥʳʡ ʛʨʘʬʠʪ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʬʦʨʤʳ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠ ʟʥʘʯʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟ ʘʤʦʨʬʥʦʡ ʚ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ; ʢʦʥʪʘʢʪʦʚʦ-ʪʝʨʤʘʣʴʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ; ʘʥʪʨʘʮʠʪ; 

ʤʝʪʘʘʥʪʨʘʮʠʪ; ʛʨʘʬʠʪ; ʊʫʥʛʫʩʩʢʠʡ, ʊʘʡʤʳʨʩʢʠʡ ʠ ʆʤʩʫʢʯʘʥʩʢʠʡ ʫʛʦʣʴʥʳʡ ʙʘʩʩʝʡʥ. 

 

Raman spectroscopy study of anthracite, meta-anthracite and coal graphite 
 

N. S. Biske  

Institute of Geology Karelian research center, RAS, Petrozavodsk, Russia. E-mail: nataliabiske@yandex.ru 

 

The products of contact-thermal metamorphism of coals from Eastern Siberia and North-East of Russia have 

been studied by Raman spectroscopy. It was found that Raman spectrum morphology and the parameter values of the 

coal substance depend on the coalification degree. We recorded a consistent structure transformation from amorphous 

to disordered crystal in the range anthracite-coal graphite. 

Keywords: Raman spectroscopy; contactïthermal metamorphism; anthracite; meta-anthracite; graphite; Tun-

guska, Taimyr and Omsukchan coal basin. 

 

ɺ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ʥʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʘʥʪʨʘʮʠʪʦʚ, ʤʝʪʘ-

ʘʥʪʨʘʮʠʪʦʚ ʠ ʫʛʦʣʴʥʳʭ ʛʨʘʬʠʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʮʝʥʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʵʥʝʨ-

ʛʝʪʠʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʬʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ 

ʩʳʨʴʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ. 

ʎʝʣɹʁ  ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʥʪʘʢʪʦʚʦ-ʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʥʘ ʩʪʘʜʠʠ ʘʥʪʨʘʮʠʪïʫʛʦʣʴʥʳʡ ʛʨʘʬʠʪ. ʄʘʪʝʨʠʘʣʦʤ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʫʛʣʝʡ ʠ ʛʨʘʬʠʪʦʚ ʊʘʡʤʳʨʩʢʦʛʦ, ʊʫʥʛʫʩʩʢʦʛʦ 

(ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ) ʠ ʆʤʩʫʢʯʘʥʩʢʦʛʦ (ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣʘʩʪʴ) ʫʛʦʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ. ʉʦʩʪʘʚ, ʦʧʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʨʘʬʠʪʦʚ ʠ ʘʥʪʨʘʮʠʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [1, 2].  

ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʂʘʨʝʣʴʩʢʦʛʦ ʅʎ ʈɸʅ ʥʘ ʜʠʩʧʝʨ-

ʩʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ Nicolet Almega XP (Thermo Scientific), ʩʦʚʤʝʱʝʥʥʦʤ ʩ ʙʠʬʦʢʘʣʴʥʳʤ ʤʠʢʨʦ-

ʩʢʦʧʦʤ Olympus ɺʍ51. ʋʩʣʦʚʠʷ ʩʲʝʤʢʠ: ʦʙʲʝʢʪʠʚ ʢʨʘʪʥʦʩʪʴʶ 50ʭ, 100ʭ; ʣʦʢʘʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ~1 

ʤʢʤ; ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ He-Ne ʣʘʟʝʨʘ 532 ʥʤ; ʤʦʱʥʦʩʪʴ 5ï20 ʤɺʪ; ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʧʝʢʪʨʘ 300 ʩ. ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʩʧʝʢʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ çOmnicè. ʇʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ (ʨʘʤʘʥʦʚʩʢʠʡ ʩʜʚʠʛ), ʚʳʩʦʪʫ 

(ʅ), ʰʠʨʠʥʫ ʥʘ ʧʦʣʦʚʠʥʝ ʚʳʩʦʪʳ ʤʘʢʩʠʤʫʤʘ (FWHM) ʠ ʧʣʦʱʘʜʴ ʧʦʜ ʢʦʥʪʫʨʦʤ ʧʠʢʦʚ ʠ ʨʘʩʩʯʠʪʳʚʘ-

ʣʠ ʩʦʦʪʥʦʰʝʥʠʷ ʧʠʢʦʚʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. 

ʋʛʣʠ ʆʤʩʫʢʯʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠʩʧʳʪʘʣʠ ʪʝʨʤʘʣʴʥʳʡ ʠ ʢʦʥʪʘʢʪʦʚʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʠʥʪʨʫʟʠʡ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʚʝʨʭʥʝʤʝʣʦʚʦʛʦ ʠ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ [2]. ɺʩʝ ʩʧʝʢʪʨʳ ʤʝʪʘ-

ʤʦʨʬʠʟʦʚʘʥʥʳʭ ʫʛʣʝʡ (ʨʠʩ.1) ʚ ʦʙʣʘʩʪʠ ʨʘʩʩʝʷʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (1,100ï1,800 ʩʤ-1) ʩʦʜʝʨʞʘʪ ʦʩ-

ʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʣʠʥʠʠ: G (sp2-ʛʠʙʨʠʜʠʟʘʮʠʠ) ʠ D (sp3ï ʛʠʙʨʠʜʠʟʘʮʠʠ). ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʩʧʝʢʪʨʦʚ ʧʦʣʫʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʣʦʩʳ çʙʝʩʧʦʨʷʢʘè D2, D3, D4.  

ʅʘʠʤʝʥʝʝ çʩʦʚʝʨʰʝʥʥʳʡè ʩʧʝʢʪʨ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʦʪ ʘʥʪʨʘʮʠʪʘ VII-VIII  ʩʪʘʜʠʠ ʫʛʣʝʬʠʢʘʮʠʠ. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʧʝʢʪʨʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʬʦʨʤʘ ʚ ʦʙʣʘʩʪʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʚʠʜʝ ʙʫʛʨʘ ʩ 

ʧʣʦʩʢʦʡ ʚʝʨʰʠʥʦʡ ʥʘ ~2900 ʩʤ-1 ʠ ʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ D (FWMHD1>100 ʩʤ-1). ʇʦʣʦʩʘ G ʩ ʮʝʥ-

ʪʨʦʤ ʥʘ 1600 ʩʤ-1 ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʘʷ (50 ʩʤ-1) ʠ ʧʦ ʧʠʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʚʳʰʘʝʪ ʧʦʣʦʩʫ D. 

ʈʘʟʣʦʞʝʥʠʝ ʩʧʝʢʪʨʘ ʚʳʷʚʠʣʦ ʧʨʠʩʫʪʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ D3 ʥʘ ~1460 ʩʤ-1, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʳ-

ʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʦʨʬʥʦʡ ʬʘʟʳ. ʇʦʜʦʙʥʳʡ ʩʧʝʢʪʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʦʨʬʥʦʤʫ ʫʛʣʝʨʦʜʫ.  

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʰʠʨʠʥʘ ʧʦʣʦʩʳ D ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ G ʠ D ʚ̫-

ʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ. ɺ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦ-

ʨʦʜʘʭ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ~400ʦʉ ʧʦʣʦʩʘ D ʚ ʩʧʝʢʪʨʘʭ ʆɺ ʨʝʟʢʦ ʩʫʞʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʩ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʠʪʘ ʝʝ ʰʠʨʠʥʘ ʠ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ [4 ʠ ʜʨ.]. ɼʣʷ ʩʫʞ-
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ʜʝʥʠʷ ʦ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʛʨʘʬʠʪʘ ʠʩʧʦʣʴʟʫʶʪ ID1/IG ʠ FWMHG, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʫʤʝʥʴʰʘ-

ʶʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ çʙʝʩʧʦʨʷʜʢʘè ʩʥʠʞʘʝʪʩʷ 

ʜʦ ʠʭ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ. 

 

 

ʈʠʩ. 1. ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʤʝʪʘʘʥʪʨʘʮʠʪʘ (1) ʠ ʘʥʪʨʘʮʠʪʦʚ IX (2) ʠ VIIïVIII (3) ʩʪʘʜʠʡ ʫʛʣʝʬʠʢʘʮʠʠ. 

 

ʅʘ ʩʧʝʢʪʨʝ ʘʥʪʨʘʮʠʪʘ IX ʩʪʘʜʠʠ ʫʛʣʝʬʠʢʘʮʠʠ ʧʦʣʦʩʘ D ʤʝʥʝʝ ʰʠʨʦʢʘʷ (FWMHD1 83ï88 ʩʤ-1), 

ʥʦ ʜʦʤʠʥʠʨʫʝʪ ʧʦ ʰʠʨʠʥʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʦʣʦʩʘ D3 ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʘ. ʇʦʷʚʣʝʥʠʝ ʩʣʘʙʳʭ ʧʦ-

ʣʦʩ ʚ ʦʙʣʘʩʪʠ ʨʘʩʩʝʷʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʨʦʞʜʝʥʠʠ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʜ-

ʥʘʢʦ ʧʦʣʦʩʘ ʥʘ ~2680 ʩʤ-1 (2D), ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʫʩʪʫʧʘʝʪ ʧʦ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʧʦʣʦʩʝ çʜʝʬʝʢʪʦʚè ʩ ʮʝʥʪʨʦʤ ʥʘ ~2900 ʩʤ-1. ɺ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʘʥʪʨʘʮʠʪʦʚ ʦʪʯʝʪʣʠʚʦ ʧʨʦ-

ʩʣʝʞʠʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʛʦ ʫʛʣʷ.  

ʄʝʪʘʘʥʪʨʘʮʠʪʳ ʦʙʣʘʜʘʶʪ ʦʜʥʦʨʦʜʥʦʡ ʠʣʠ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʦʙʣʘʩʪʠ ʨʘʩʩʝʷʥʠʷ ʧʝʨʚʦ-

ʛʦ ʧʦʨʷʜʢʘ ʧʦʣʦʩʘ D1 ʝʱʝ ʙʦʣʝʝ ʩʫʞʝʥʘ (ʜʦ 67 ʩʤ-1) ʠ ʨʝʟʢʦ ʧʨʝʚʳʰʘʝʪ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʨʘʬʠʪʦ-

ʚʫʶ ʧʦʣʦʩʫ: (ID1/IG)H>2. ɺ ʦʙʣʘʩʪʠ ʨʘʩʩʝʷʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʦʪʤʝʯʘʶʪʩʷ ʩʣʘʙʳʝ, ʨʘʚʥʳʝ ʧʦ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ. 

ʄʝʪʘʘʥʪʨʘʮʠʪʳ ʊʘʡʤʳʨʩʢʦʛʦ ʠ ʊʫʥʛʫʩʩʢʦʛʦ ʙʘʩʩʝʡʥʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʫʶ 

ʬʦʨʤʫ ʩʧʝʢʪʨʘ (ʨʠʩ. 2). ʇʦʣʦʩʘ D1 ʩʫʞʝʥʘ ʜʦ 54ï60 ʩʤ-1, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʦʩʘ çʜʝʬʝʢʪʦʚè D2 

(~1620 ʩʤ-1) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʤʘʣʦʠʥʪʝʥʩʠʚʥʦʛʦ ʧʣʝʯʘ ʛʨʘʬʠʪʦʚʦʡ ʧʦʣʦʩʳ. ʇʠʢ 2D ʦʪʯʝʪʣʠʚʦ ʙʦ-

ʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ, ʯʝʤ ʧʠʢ ʥʘ ~2900 ʩʤ-1. ʇʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʫʛʦʣʴʥʦʝ ʚʝʱʝʩʪʚʦ ʤʝʪʘʘʥ-

ʪʨʘʮʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʫʨʙʦʩʪʨʘʪʥʳʤ ʫʛʣʝʨʦʜʦʤ.  

 

 

ʈʠʩ. 2. ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʛʨʘʬʠʪʘ (1, 2) ʠ ʤʝʪʘʘʥʪʨʘʮʠʪʘ (3, 4). 

 

ɺ ʦʙʨʘʟʮʘʭ ʤʝʪʘʘʥʪʨʘʮʠʪʦʚ ʩʨʝʜʠ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʩ ʨʝʣʠʢʪʘʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʠʩʭʦʜʥʦʛʦ ʫʛʣʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʘʛʨʝʛʘʪʦʚ ʪʦʥʢʠʭ (~2 ʤʢʤ) ʫʛʣʝʨʦʜʥʳʭ ʯʘʩʪʠʮ. ʇʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ ʩʣʘʛʘʶʪ ʦʩ-

ʥʦʚʥʫʶ ʤʘʩʩʫ ʨʫʜʳ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʢʦʥʪʘʢ-

ʪʘʭ ʤʦʱʥʳʭ ʪʨʘʧʧʦʚʳʭ ʠʥʪʨʫʟʠʡ. ʇʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʘʥʥʳʤ ʫʛʦʣʴʥʳʝ ʛʨʘʬʠʪʳ ʠʤʝʶʪ ʨʘʟʫʧʦʨʷʜʦ-
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ʯʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʛʨʘʬʝʥʦʚʳʭ ʧʣʦʩʢʦʩʪʝʡ. ʇʦʣʦʩʳ G (1590 

ʩʤ-1) ʠ D1 ʫʟʢʠʝ: ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 27ï29 ʩʤ-1 ʠ 37ï39 ʩʤ-1; (D1/G)ʅ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,9 ʜʦ 1,2. ʉʫʜʷ ʧʦ 

ʦʪʩʫʪʩʪʚʠʶ ʜʫʙʣʝʪʦʚ ʧʦʣʦʩʳ 2D ʠ ʥʘʣʠʯʠʶ ʚ ʩʧʝʢʪʨʘʭ ʩʣʘʙʳʭ ʧʦʣʦʩ D3 ʠ D4, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ 

ʩʚʷʟʳʚʘʶʪ ʩ ʥʘʣʠʯʠʝʤ ʤʝʞʩʣʦʝʚʳʭ ʜʝʬʝʢʪʦʚ, ʬʠʥʘʣʴʥʘʷ ʩʪʘʜʠʷ ʧʨʦʮʝʩʩʘ ʛʨʘʬʠʪʠʟʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʫʛʦʣʴʥʦʛʦ ʛʨʘʬʠʪʘ ʥʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ.  

ʄʦʨʬʦʣʦʛʠʷ ʚʳʜʝʣʝʥʠʡ, ʨʘʟʤʝʨ ʟʝʨʝʥ ʠ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʟʘ-

ʧʦʣʥʷʶʱʝʛʦ ʨʘʟʣʠʯʥʳʝ ʧʫʩʪʦʪʳ ʚ ʤʘʩʩʝ ʫʛʦʣʴʥʦʛʦ ʛʨʘʬʠʪʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʶʪ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ 

ʚ ʙʦʣʴʰʦʤ ʨʘʟʙʨʦʩʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: (D1/G)ʅ=0,28ï0.90, FWMHG=21ï28 ʩʤ-1, 

(D2/G)ʅ=0,06ï0,22. ʇʦʣʦʩʳ D3 ʠ D4 ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʦʯʝʥʴ ʩʣʘʙʳʝ. 

 

ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʧʨʠʟʥʘʪʝʣʝʥ ɺ. ʀ. ɺʷʣʦʚʫ ʠ ɻ. ʄ. ɺʦʣʢʦʚʦʡ (ɺʉɽɻɽʀ) ʟʘ ʦʙʨʘʟʮʳ, ʧʨʝʜʦʩʪʘʚ-

ʣʝʥʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ɺ. ɸ. ʂʦʣʦʜʝʶ (ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʂʘʨʅʎ ʈɸʅ) ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝ-

ʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʪʠʧʳ ʮʝʦʣʠʪʠʟʘʮʠʠ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ʗʛʦʜʥʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʖʞʥʘʷ ʂʘʤ-

ʯʘʪʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʮʝʦʣʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʪʠʧʘ 

ʮʝʦʣʠʪʠʟʠʮʠʠ ʪʫʬʦʚʦʡ ʪʦʣʱʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʗʛʦʜʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ; ʚʠʪʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʪʫʬʳ; ʢʣʠʥʦʧʪʠʣʣʦʣʠʪ; ʤʦʨʜʝʥʠʪ; 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ.  

 

Types of zeolitization productive strata Yagodninsky deposit, South Kamchatka 
 

I. A.Bʦykova  

Institute of Volcanology and Seismology FED RAS, Petropavlovsk-Kamchatsky, Russia. E-mail: bira06@yandex.ru 

 

The paper explored the types of zeolitization productive strata Yagodninsky deposit, South Kamchatka. As a re-

sult, the morphological features of zeolite minerals were identified three characteristic types of a zeolitization of tuff 

thickness. 

Keywords: Yagodninsky deposit ; vitroklastichesky tuff; clinoptilolite; mordenite; montmorillonite. 

 

ʂʘʤʯʘʪʩʢʠʡ ʮʝʦʣʠʪʦʥʦʩʥʳʡ ʨʘʡʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʥʦʚʥʳʤ ʧʨʦʛʥʦʟʥʳʤ ʨʝʩʫʨʩʘʤ ʮʝʦʣʠʪʦʚʦʛʦ 

ʩʳʨʴʷ ʩʚʷʟʘʥʦʛʦ ʩ ʦʨʦʛʝʥʥʳʤʠ ʧʦʟʜʥʝʤʝʣʦʚʳʤʠ-ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʬʦʨʤʘʮʠʷʤʠ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ 

ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ.  

ʗʛʦʜʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʮʝʦʣʠʪʦʚʦʛʦ ʩʳʨʴʷ ʠ ʘʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʧʨʠʫʨʦʯʝʥʦ 

ʢ ʩʪʨʫʟʠʚʥʦ-ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʚʝʨʭʥʝʤʠʦʮʝʥ-ʧʣʠʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ 

ʦʪʤʝʪʢʠ 1081 (ʨʠʩ. 1) [5].  

 
 

ʈʠʩ. 1 . ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʨʘʡʦʥʘ ʗʛʦʜʥʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʮʝʦʣʠʪʦʚʦʛʦ ʪʫʬʘ 

(ʧʦ ʄʘʭʘʥʴʢʦ ɸ.ɺ. 1998 ʛ). 

1 ī ʜʘʮʠʪʳ; 2 ð ʮʝʦʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʪʫʬʳ; 3 ð ʧʝʨʣʠʪʳ ʩʬʝʨʦʣʠʪʦʚʳʡ; 4 ð ʧʝʨʣʠʪʳ ʤʘʩʩʠʚʥʳʡ; 5 ī ʨʠʦʣʠʪʳ; 

6 ī ʪʫʬʬʠʪʳ; 7 ð ʜʝʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ; 8 ī ʙʘʟʘʣʴʪ ʜʘʝʢ; 9 ī ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ: ʘ) ʫʩʪʘʥʦʚʣʝʥʥʳʝ, 

ʙ) ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ. 
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ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʂʘʨʳʤʯʠʥʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʴ-

ʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʠʩʪʝʤʫ ʖʞʥʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ. 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʮʝʦʣʠʪʦʥʦʩʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʠʪʨʦʢʣʘ-

ʩʪʠʯʝʩʢʠʝ ʪʫʬʳ ʠ ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ (ʧʝʨʣʠʪʳ) ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠʚʝʣʦ ʢ ʟʘʤʝʱʝʥʠʶ ʢʠʩʣʳʭ ʩʪʝʢʣʦʚʘʪʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʪʫʬʦʚ ʮʝʦʣʠʪʘʤʠ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʠʜʨʦʩʣʶʜʠʩʪʦ-ʩʤʝʢʪʠʪʦʚʳʤ ʘʛʨʝʛʘʪʦʤ, ʢʨʠʩʪʦʙʘʣʠʪ-

ʢʘʣʠʰʧʘʪʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʠʟʘʮʠʝʡ. ʇʦʩʣʝʜʥʷʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʷʚʣʷʝʪʩʷ 

ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʠ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʢʘʢ ʥʘ ʨʘʥʝʝ ʦʙʨʘʟʦʚʘʥʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʪʘʢ ʠ 

ʥʘ ʠʩʭʦʜʥʳʝ ʚʫʣʢʘʥʠʪʳ. ʊʘʢʘʷ ʩʪʘʜʠʡʥʦʩʪʴ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ ʧʦʟʚʦʣʠʣʘ ʨʷ-

ʜʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʜʝʣʠʪʴ ʩʦʙʩʪʚʝʥʥʦ ʮʝʦʣʠʪʦʚʳʡ ʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʡ ʵʪʘʧʳ ʤʝʪʘʩʦʤʘʪʦʟʘ [2].  

ʀʟʫʯʝʥʠʝ ʮʝʦʣʠʪʠʟʠʨʦʚʘʥʥʳʭ ʚʫʣʢʘʥʠʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʭʦʪʷ ʮʝʦʣʠʪʠʟʘʮʠʠ ʧʦʜʚʝʨʞʝʥʳ ʚʩʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʪʫʬʦʚ ʠ ʧʝʨʣʠʪʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʣʦʤʦʯʥʦ-ʮʝʤʝʥʪʠʨʫʶʱʝʡ ʤʘʩʩʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʮʝʦʣʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʮʝʦʣʠʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʠʩʣʳʭ ʚʫʣʢʘʥʠʪʦʚ, ʨʝʟʢʦ ʫʤʝʥʴʰʘʷʩʴ ʚ ʧʝʨʝʢʨʳ-

ʚʘʶʱʠʭ ʣʘʚʘʭ ʨʠʦʣʠʪʦʚ ʠ ʧʦʯʪʠ ʥʝ ʟʘʭʚʘʪʳʚʘʶʪ ʜʘʮʠʪʳ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘ. 

ɺʠʪʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʪʫʬʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʤʠ ʧʦʨʦʜʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʨʦʜ ʠ ʩʣʘʛʘʶʱʠʭ ʠʭ ʤʠʥʝʨʘʣʦʚ 

ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: ʨʘʟʥʦʦʙʣʦʤʦʯʥʳʝ ʚʠʪʨʦʢʣʘʩʪʠʯʝʩʢʠʝ, ʣʠʪʦʚʠʪʨʦʢʣʘʩʪʠʯʝʩʢʠʝ, 

ʧʝʤʟʦʢʣʘʩʪʠʯʝʩʢʠʝ ʠ ʧʝʧʣʦʚʳʝ ʪʫʬʳ. ʇʦ ʩʦʩʪʘʚʫ ʦʙʣʦʤʢʦʚ ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʪʫʬʳ ʩʦʜʝʨʞʘʱʠʝ ʚʫʣʢʘ-

ʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ, ʥʦ ʚ ʚʠʪʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʣʠʪʦʚʠʪʨʦʢʨʠʩʪʘʣʣʦʢʣʘʩʪʠʯʝʩʢʠʭ ʪʫʬʘʭ ʜʦ 30 % ʦʙ-

ʣʦʤʢʦʚ ʟʘʥʠʤʘʶʪ ʤʝʣʢʠʝ ʧʠʨʦʢʣʘʩʪʳ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʧʣʘʛʠʦʢʣʘʟʘ, ʢʚʘʨʮʘ, ʙʠʦʪʠʪʘ. ɺ ʦʙ-

ʣʦʤʢʘʭ ʭʦʨʦʰʦ ʟʘʤʝʪʥʳ ʨʝʣʠʢʪʳ ʧʝʤʟʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʚʠʯʥʦʛʦ ʩʪʝʢʣʘ, ʘ ʚ ʤʘʩʩʠʚʥʦʤ ʩʪʝʢʣʝ ð 

ʧʝʨʣʠʪʦʚʦʡ ʦʪʜʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʮʝʦʣʠʪʦʚ ʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʧʦ ʧʦʨʘʤ ʠ 

ʪʨʝʱʠʥʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʎʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʣʢʠʝ ʦʙʣʦʤʢʠ ʩʪʝʢʣʘ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ-

ʥʳʝ ʢʣʠʥʦʧʪʠʣʦʣʠʪʦʤ ʠ ʩʣʦʠʩʪʳʤʠ ʩʠʣʠʢʘʪʘʤʠ ð ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ ʠ ʛʠʜʨʦʩʣʶʜʦʡ. ʇʨʦʮʝʩʩ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʠʟʘʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʣʦʩʦʚʠʜʥʳʭ ʠ ʧʘʫʪʠʥʦʦʙʨʘʟʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩʦʣʦ-

ʤʝʥʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʦ ʬʣʶʠʜʘʣʴʥʦʩʪʠ, ʧʝʨʣʠʪʦʚʦʡ ʦʪʜʝʣʴʥʦʩʪʠ ʩʪʝʢʣʦʚʘʪʳʭ ʯʘ-

ʩʪʠʮ ʠʣʠ ʩ ʨʝʟʦʨʙʮʠʠ ʛʠʘʣʦʢʣʘʩʪʠʪʦʚ ʧʦ ʪʨʝʱʠʥʢʘʤ ʠ ʧʝʨʠʬʝʨʠʡʥʳʤ ʟʦʥʘʤ [3]. 

ʆʩʥʦʚʥʫʶ ʤʘʩʩʫ ʮʝʦʣʠʪʦʚʳʭ ʨʫʜ ʩʦʩʪʘʚʣʷʝʪ ʢʣʠʥʦʧʪʠʣʦʣʠʪ, ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʦʪʤʝʯʘʶʪʩʷ ʧʦ 

ʩʪʝʧʝʥʠ ʫʙʳʚʘʥʠʷ: ʤʦʨʜʝʥʠʪ, ʛʝʡʣʘʥʜʠʪ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʢʚʘʨʮ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʢʨʠʩʪʦʙʘʣʠʪ, ʩʣʶ-

ʜʳ, ʘʤʦʨʬʥʘʷ ʬʘʟʘ (ʪʘʙʣ.). ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʨʜʝʥʠʪʘ ʧʨʠʫʨʦʯʝʥʦ ʢ ʙʣʠʟ ʣʝʞʘʱʠʤ ʨʘʟʨʳʚʥʳʤ 

ʥʘʨʫʰʝʥʠʷʤ, ʚʝʨʦʷʪʥʦ ʷʚʣʷʶʱʠʤʠʩʷ ʢʘʥʘʣʘʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ [1]. 

ʊʘʙʣʠʮʘ 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ 

ʄʠʥʝʨʘʣʳ ʉʦʜʝʨʞʘʥʠʝ, ʦʙʲʝʤ % 

ʗʛʜ1/12-1 ʗʛʜ1/12-5 ʗʛʜ1/12-3 ʗʛʜ23/11-1 ʗʛʜ12/11 ʉʨʝʜʥʷʷ 

ʧʨʦʙʘ 

ʂʣʠʥʦʧʪʠʣʣʦʣʠʪ  50 70 80 77 72 70 

ʄʦʨʜʝʥʠʪ 15 10 10 10 12 11 

ʄʦʥʪʤʦʨʠʣʣʦʥʠʪ  10 8 11 5 5 8 

ʂʨʠʩʪʦʙʘʣʠʪ  4 3 2 2 2 3 

ʂʇʐ 5 3 1 4 3 3 

ʇʣʘʛʠʦʢʣʘʟ 5 3 1 1 2 3 

ɹʠʦʪʠʪ  2 2 1 1 1 2 

 

ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʮʝʦʣʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʪʠʧʘ ʮʝʦʣʠʪʠʟʘ-

ʮʠʠ: 

ʇʝʨʚʳʡ ʪʠʧ. ɺ ʤʝʪʦʩʘʤʘʪʠʪʘʭ ʟʘʤʝʱʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʝʨʣʠʪʦʚʳʭ ʪʨʝʱʠʥʦʢ ʦʪʜʝʣʴʥʦʩʪʠ, ʩ 

ʨʘʟʚʠʪʠʷ ʙʫʨʦʚʘʪʦ-ʟʝʣʝʥʳʭ, ʙʫʨʳʭ, ʣʝʥʪʦʯʥʳʭ, ʤʝʩʪʘʤʠ ʢʘʧʣʝʚʠʜʥʳʭ ʚʳʜʝʣʝʥʠʡ ʩʤʝʰʘʥʥʦʛʦ ʠʣʣʠʪ-

ʩʤʝʢʪʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʦʥʢʠʭ ʚʦʣʦʩʦʚʠʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ. ʎʚʝʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʚʳʩʦʢʠʝ, ʧʦʛʘʩʘʥʠʝ ʩʝʢʪʦʨʠʘʣʴʥʦ-ʢʨʝʩʪʦʚʠʜʥʦʝ. ɺ ʪʦʥʢʠʭ ʩʨʝʟʘʭ ʚʠʜʝʥ ʷʩʥʳʡ ʧʣʝʦʭʨʦʠʟʤ ʚ ʟʝʣʝʥʦ-

ʚʘʪʦ-ʞʝʣʪʳʭ ʪʦʥʘʭ. ʄʦʨʜʝʥʠʪ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʚʳʜʝʣʝʥʥʳʤʠ ʠʣʣʠʪ-ʩʤʝʢʪʠʪʦʚ, ʦʙʨʘʟʫʝʪ ʘʢʩʠʦ-

ʣʠʪʦʚʳʝ ʘʛʨʝʛʘʪʳ, ʯʘʩʪʦ ʨʘʩʪʫʱʠʡ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʦʪ ʩʪʝʥʦʢ ʧʝʨʣʠʪʦʚʳʭ ʪʨʝʱʠʥ. ɸʢʩʠʦʣʠʪʳ 

ʩʣʦʞʝʥʳ ʪʦʥʢʠʤʠ, ʧʣʦʪʥʦ ʩʨʦʩʰʠʤʠʩʷ ʠʛʦʣʴʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʩʣʘʙʦ ʘʥʠʟʦʪʨʦʧʥʳʤʠ, ʩ ʥʠʟʢʠʤʠ 
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ʮʚʝʪʘʤʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠʥʦʛʜʘ ʙʫʨʳʤʠ ʟʘ ʩʯʝʪ ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ. ʊʘʢʠʝ ʘʢʩʠʦʣʠʪʦʚʳʝ ʠʣʠ ʨʘʜʠʘʣʴʥʦ-

ʣʫʯʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʨʜʝʥʠʪʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʡ ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʝʨʚʦʡ, ʨʘʥ-

ʥʝʡ ʛʝʥʝʨʘʮʠʠ. ɺ ʤʝʣʢʠʭ ʧʦʨʘʭ ʠ ʧʫʩʪʦʪʢʘʭ ʩʦʚʤʝʩʪʥʦ ʩ ʤʦʨʜʝʥʠʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ ʫʜʣʠʥʝʥʥʦ-

ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʢʣʠʥʦʧʪʠʣʦʣʠʪ [4].  

ɺʪʦʨʦʡ ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʤʝʣʢʦï ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʘʛʨʝʛʘʪʘ ʢʣʠʥʦʧ-

ʪʠʣʦʣʠʪʘ ʚ ʚʠʜʝ ʮʝʤʝʥʪʠʨʫʶʱʝʡ ʤʘʩʩʳ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ ʠ ʛʠʜʨʦʩʣʶʜʦʡ. ɿʝʨʥʘ 

ʢʣʠʥʦʧʠʣʦʣʠʪʘ ʙʝʩʮʚʝʪʥʳʝ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ ʜʚʫʧʨʝʣʦʤʣʝʥʠʝʤ 0,002, ʠʥʦʛʜʘ ʧʦʯʪʠ ʠʟʦʪʨʦʧʥʳʝ. 

ʊʨʝʪʠʡ ʪʠʧ ʮʝʦʣʠʪʠʟʘʮʠʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʨʫʧʥʦ-ʟʝʨʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ 

ʠʣʠ ʛʝʡʣʘʥʜʠʪʘ ʨʘʟʚʠʚʘʶʪʩʷ ʚʥʫʪʨʠ ʧʦʨ ʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʦʙʣʦʤʢʦʚ. 
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ʇʦʩʪʨʦʝʥʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʇʨʠ-

ʙʘʡʢʘʣʴʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʡʦʥʘʭ ʩʧʣʦʰʥʦʛʦ ʠ ʦʩʪʨʦʚʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʚʝʯʥʦʤʝʨʟʣʳʝ ʛʨʫʥʪʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʥʘ ɸʏʍ ʩʝʟʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʦʝ ʤʦ-

ʞʝʪ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 5 ɻʮ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ; ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; ʩʝʡʩʤʦʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʟʦʥʳ; ʦʪʪʘʠʚʘʥʠʝ; ʧʨʦʤʝʨʟʘʥʠʝ; ʇʨʠʙʘʡʢʘʣʴʝ.  
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The amplitude-frequency characteristics of the upper part of the section of the seismic stations of the Baikal re-

gion, which are located in the areas of continuous and island propagation of frozen soils, as well as in regions where 

permafrost soils are absent, are constructed. The influence of seasonal factors on the frequency response is shown, 

which can affect frequencies above 5 Hz. 
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ʋʯʝʪ ʚʣʠʷʥʠʷ ʩʪʨʦʝʥʠʷ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʦ ʤʦʥʦʣʠʪʥʳʭ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʥʘ ʯʘʩʪʦʪ-

ʥʳʡ ʠ ʘʤʧʣʠʪʫʜʥʳʡ ʩʦʩʪʘʚ ʟʘʧʠʩʝʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʝ-

ʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʧʨʘʚʦʢ. 

ɺ ʨʘʙʦʪʝ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦʩʣʫʞʠʣʠ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ ʠ ʚʝʣʦʩʠʛʨʘʤʤʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʝʪʴʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ɹʘʡʢʘʣʴʩʢʦʛʦ ʬʠʣʠʘʣʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʩʣʫʞʙʳ ʉʆ ʈɸʅ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ ʧʦʜ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ ʙʳʣ ʚʳʙʨʘʥ ʩʧʦʩʦʙ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ H/V [1]. ʕʧʠʮʝʥʪʨʘʣʴʥʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ ʠ ʩʠʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʵʪʠʤ ʩʧʦʩʦʙʦʤ [2]. ʏʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʢʘʞʜʦʡ ʩʝʡʩʤʦʩʪʘʥʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʩʧʝʢʪʨʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʘʢʩʝʣʝʨʦʛʨʘʤʤ, ʟʘʨʝʛʠʩʪʨʠ-

ʨʦʚʘʥʥʳʭ ʥʘ ʜʘʥʥʦʡ ʩʝʡʩʤʦʩʪʘʥʮʠʠ, ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ. ɼʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʙʳʣ ʨʘʩʩʯʠʪʘʥ 

ʩʨʝʜʥʠʡ ʩʧʝʢʪʨ ʫʩʢʦʨʝʥʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘʤʠ NïS ʠ EïW. 

ɺ ʭʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʷʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʭ ʦʪ ʩʝʟʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʦʪʪʘʠʚʘʥʠʝïʧʨʦʤʝʨʟʘʥʠʝ) ʥʘ ʥʝʢʦʪʦʨʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʩʝʟʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʭʥʝʡ ʟʦʥʳ ʨʘʟʨʝʟʘ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʡʩʤʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʩʝʟʦʥʳ ʦʪʪʘʠʚʘʥʠʷ (ʠʶʣʴïʩʝʥʪʷʙʨʴ) ʠ 

ʧʨʦʤʝʨʟʘʥʠʷ (ʜʝʢʘʙʨʴïʤʘʨʪ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʢʘʞʜʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʨʝʜ-

ʥʠʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪ.ʢ. ʧʨʠ ʨʘʟʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʦʥʠ ʠʤʝʣʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʥʘ-

ʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʢʘʢ ʧʦ ʫʨʦʚʥʶ, ʪʘʢ ʠ ʧʦ ʬʦʨʤʝ. ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʪʘʥʮʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ (ʨʠʩ. 1). 

ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘ ʨʘʟʥʳʭ ʩʝʡʩʤʦʩʪʘʥʮʠʷʭ 

ʩʚʦʡʩʪʚʝʥʥʳ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʠ ʬʦʨʤʳ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʧʦ ʫʨʦʚʥʶ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʪʝʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʦʡ ʨʳʭʣʦʡ ʪʦʣ-

ʱʝ ʛʨʫʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʩʪʘʥʮʠʷ çʀʨʢʫʪʩʢè). ɼʣʷ ʩʝʡʩʤʦʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ ʚʝʯʥʦʤʝʨʟʣʳʭ 

ʛʨʫʥʪʘʭ, ʫʨʦʚʝʥʴ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʝʥ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ ʜʦ 20 ɻʮ (ʥʘʧʨʠʤʝʨ, ʩʪʘʥʮʠʠ çʊʫʧʠʢè, çʆʨʣʠʢè). ɺʠʜʥʦ, ʯʪʦ ʥʘ ʩʝʡʩʤʦʩʪʘʥʮʠʷʭ çʊʘʣʘʷè, çʏʠ-

ʪʘè, çʍʘʧʯʝʨʘʥʛʘè ʚʣʠʷʥʠʝ ʩʝʟʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ. ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦ-

ʞʝʥʠʝ ʟʘʥʠʤʘʶʪ ʩʝʡʩʤʦʩʪʘʥʮʠʠ çʋʦʷʥè, çɹʦʜʘʡʙʦè ʠ çʄʦʥʜʳè. 
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ʈʠʩ 1. ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʇʨʠʙʘʡʢʘʣʴʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʡʩʤʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ (ʩʧʣʦʰʥʦʝ ʠ ʦʩʪʨʦʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʨʟʣʳʭ 

ʛʨʫʥʪʦʚ, ʪʘʣʳʝ ʛʨʫʥʪʳ). ʊʦʣʩʪʘʷ ʣʠʥʠʷ ð ʩʝʟʦʥ ʧʨʦʤʝʨʟʘʥʠʷ, ʪʦʥʢʘʷ ʣʠʥʠʷ ð ʩʝʟʦʥ ʦʪʪʘʠʚʘʥʠʷ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʟʦʥʥʳʝ ʬʘʢʪʦʨʳ (ʦʪʪʘʠʚʘʥʠʝ ð ʧʨʦʤʝʨʟʘʥʠʝ) ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʦʜ ʩʝʡʩʤʦʩʪʘʥʮʠʷʤʠ ʥʘ ʯʘʩʪʦʪʘʭ, 

ʧʨʝʚʳʰʘʶʱʠʭ 5 ɻʮ. 
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ɹʨʳʞʘʢ ɽʚʛʝʥʠʡ ɺʘʜʠʤʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ. 
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ʈʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʵʦʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʖʛʦ-ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʢʪʠʚʠʟʘʮʠʷ ʜʝ-

ʬʣʷʮʠʠ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʥʘʣʦʞʝʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʘʨʠʜʠʟʘʮʠʠ (ʟʘ-

ʩʫʰʣʠʚʦʩʪʴ, ʩʠʣʴʥʳʝ ʚʝʪʨʘ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ) ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʳʝ (ʥʝʨʘʮʠʦʥʘʣʴʥʘʷ ʭʦʟʷʡʩʪʚʝʥʥʦʩʪʴ, ʧʝʨʝʚʳʧʘʩ 

ʩʢʦʪʘ ʠ ʜʨ.). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦʩʪʴ ʵʦʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʘʩʴ, ʩʦʭʨʘʥʠʣʠʩʴ ʣʠʰʴ ʥʝ-

ʙʦʣʴʰʠʝ çʦʯʘʛʠè ʜʚʠʞʫʱʠʭʩʷ ʦʛʦʣʝʥʥʳʭ ʧʝʩʢʦʚ. ʇʦ ʜʘʥʥʳʤ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʯʚ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʘʨʠʜʠʟʘʮʠʠ ʠ ʫʚʣʘʞʥʝʥʥʦʩʪʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʪ 

ʥʘʯʘʣʘ ʛʦʣʦʮʝʥʘ ʜʦ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʩʤʝʥʳ ʪʝʧʣʳʭ ʠ ʚʣʘʞʥʳʭ ʵʪʘʧʦʚ ʦʪ 

2400-2500 ʜʦ 450-500 ʣʝʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʘʩʩʝʡʥ ʨʝʢʠ ʉʝʣʝʥʛʠ; ʖʛʦ-ɿʘʧʘʜʥʦʝ ɿʘʙʘʡʢʘʣʴʝ; ʵʦʣʦʚʳʝ ʧʨʦʮʝʩʩʳ; ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ; ʧʦʛʨʝʙʝʥʥʳʝ ʧʦʯʚʳ; ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ; ʛʦʣʦʮʝʥ. 
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Retrospective analysis of Eolian processes in South-West Transbaikalia showed that intensified deflation in the 

middle of the last centure with the imposition of climate aridization (aridity, strong winds in the spring) at anthropogen-

ic (unsustainable domesticity, overgrazing, etc.). Currently active Eolian processes decreased significantly, only small 

çpocketsè of moving exposed sands. According to radiocarbon dating of buried soil set time intervals of climatic varia-

tions aridization and moisture.  Noted that from the beginning of theHolocene until today there has been a reduction of 

intervals change of warm and humid phases from 2400-2500 until 450-500 years. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʙʘʵʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ 

ʉʝʣʝʥʛʠ ʩʚʷʟʘʥʘ ʩ ʧʨʦʙʣʝʤʦʡ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ, ʚʦʟʥʠʢʰʝʡ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝ-

ʪʠʷ. ʅʘʙʣʶʜʘʶʱʠʝʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʦʢʨʘʱʝʥʠʝʤ ʧʣʦʱʘʜʠ ʤʥʦʛʦʣʝʪʥʝ-

ʛʦ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ɸʨʢʪʠʢʠ, ʫʤʝʥʴʰʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʛʦʨʥʦ-ʜʦʣʠʥʥʳʭ ʣʝʜʥʠʢʦʚ ɸʟʠʠ, ʜʝʛʨʘʜʘʮʠʝʡ 

çʚʝʯʥʦʡè ʤʝʨʟʣʦʪʳ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚʦ ɺʥʫʪʨʝʥ-

ʥʝʡ ɸʟʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʦʩʘʜʢʦʚ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʘ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʩʫʭ. ɽʱʝ ʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ɿʘʙʘʡʢʘʣʴʷ ʦʙʨʘʱʘʣʠ 

ʚʥʠʤʘʥʠʝ ʥʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʦʣʦʚʳʭ ʧʝʩʢʦʚ ʚ ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ ʠ ʥʘ ʥʠʟʢʦʛʦʨʥʳʭ ʤʝʞʜʫ-

ʨʝʯʴʷʭ [1]. ɺ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʧʨʦʠʟʦʰʣʘ ʨʝʟʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ ʜʝʬʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʤʘʩʩʦʚʦʡ ʨʘʩʧʘʰʢʦʡ ʟʝʤʝʣʴ, ʧʝʨʝʚʳʧʘʩʦʤ ʩʢʦʪʘ ʠ ʧʦʞʘʨʘʤʠ. ʇʦ ʜʘʥʥʳʤ [2, 3], ʚ ʵʪʦʪ ʧʝ-

ʨʠʦʜ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʪʳʩʷʯ ʛʘ ʧʦʜʚʠʞʥʳʭ ʠ ʩʣʘʙʦ ʟʘ-

ʨʦʩʰʠʭ ʧʝʩʢʦʚ, ʘ ʪʘʢʞʝ ʧʘʰʝʥ ʠ ʧʘʩʪʙʠʱ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʜʝʬʣʷʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘ ʠʩʪʝʢʰʠʝ ʧʦʣʚʝʢʘ ʩʠʪʫʘʮʠʷ 

ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣʘʩʴ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʬʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʨʝʟʢʦ ʩʥʠʟʠʣʘʩʴ, ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝ ʟʘʢʨʝʧʣʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʜʚʠʞʫʱʠʭʩʷ ʧʝʩ-

ʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʣʠʩʴ ʠ ʠʤʝʶʪ ʣʠʰʴ çʦʯʘʛʦʚʳʡè ʭʘʨʘʢʪʝʨ. ʅʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʧʣʦʱʘʜʠ ʥʘʤʠ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʪʠʧʘ ʵʦʣʦʚʳʭ ʧʝʩʢʦʚ: ʜʨʝʚʥʠʝ ʢʫʯʝʚʳʝ ʧʝʩʢʠ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʜʨʝʚʝʩʥʦ-

ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʩʦʚʨʝʤʝʥʥʳʝ ʵʦʣʦʚʳʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʧʦʢʨʦʚʥʳʝ ʧʝʩʢʠ, ʩʣʘʙʦ ʟʘ-

ʢʨʝʧʣʝʥʥʳʝ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʧʦ ʧʣʦʱʘʜʠ ʦʯʘʛʠ 

ʦʛʦʣʝʥʥʳʭ ʜʚʠʞʫʱʠʭʩʷ ʧʝʩʢʦʚ.  

ɺ ʥʠʟʦʚʴʝ ʉʝʣʝʥʛʠ, ʚ ʋʩʪʴ-ʉʝʣʝʥʛʠʥʩʢʦʡ ʚʧʘʜʠʥʝ, ʩʣʦʞʝʥʥʦʡ ʨʳʭʣʳʤʠ ʦʟʝʨʥʦ-ʨʝʯʥʳʤʠ ʦʩʘʜ-

ʢʘʤʠ, ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʵʦʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ. ɼʨʝʚʥʠʝ ʢʫʯʝʚʳʝ ʧʝʩʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ 

ʣʝʚʦʙʝʨʝʞʴʝ ʨʝʢʠ, ʚ ʨʘʡʦʥʝ 40-ʤʝʪʨʦʚʦʡ ʠʩʪʦʤʠʥʩʢʦʡ ʪʝʨʨʘʩʳ (ʫʨʦʯʠʱʝ ɽʣʴʥʠʢ) ʠ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ 
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ʉʝʣʝʥʛʠ, ʫ ʧʦʜʥʦʞʴʷ ʄʦʨʩʢʦʛʦ ʭʨʝʙʪʘ (ʫʨʦʯʠʱʝ ʂʫʯʫʛʫʨʳ). ʇʦʢʨʦʚʥʳʝ ʵʦʣʦʚʳʝ ʧʝʩʢʠ ʨʘʟʚʠʪʳ ʥʘ 

ʣʝʚʦʙʝʨʝʞʴʝ ʥʘ ʚʪʦʨʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ ʚʳʩʦʪʦʡ 8-10 ʤ, ʘ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨʝʢʠ ʦʭʚʘʪʳʚʘʶʪ 

ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʦʟʝʨʥʦ-ʨʝʯʥʳʭ ʪʝʨʨʘʩ. 

ɺ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʵʦʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, ʥʘʜʧʦʡ-

ʤʝʥʥʳʝ ʪʝʨʨʘʩʳ ʚʩʝʛʦ ʙʘʩʩʝʡʥʘ ʉʝʣʝʥʛʠ. ɺ ʅʠʞʥʝ-ʋʜʠʥʩʢʦʡ ʚʧʘʜʠʥʝ ʜʨʝʚʥʠʝ ʢʫʯʝʚʳʝ ʠ ʩʦʚʨʝʤʝʥ-

ʥʳʝ ʵʦʣʦʚʳʝ ʧʦʢʨʦʚʥʳʝ ʧʝʩʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʋʜʳ, ʘ ʣʝʩʩʦʚʠʜʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘʤʝ-

ʪʝʥʳ ʥʘ ʥʘʚʝʪʨʝʥʥʳʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʩʢʣʦʥʳ ʠ ʥʠʟʢʦʛʦʨʥʳʝ ʚʦʜʦʨʘʟʜʝʣʳ ʭʨ. ʄʫʭʘʨ-ʊʘʣʘ ʠ ʎʘʛʘʥ-

ɼʘʙʘʥ. ʖʞʥʝʝ, ʚ ʟʘʩʫʰʣʠʚʦʡ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ, ʛʜʝ ʛʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 200-250 ʤʤ, 

ʩʫʱʝʩʪʚʫʶʪ ʚʝʩʴʤʘ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʝʬʣʷʮʠʠ. ɺ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʧʨʦʠʟʦʰʣʦ 

ʥʘʣʦʞʝʥʠʝ ʵʪʠʭ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʳʝ, ʯʪʦ ʚʳʟʚʘʣʦ ʜʝʬʣʷʮʠʶ ʠ ʜʝʛʨʘʜʘʮʠʶ ʟʝʤʝʣʴ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʠʚʦʚ ʦʛʦʣʝʥʥʳʭ ʜʚʠʞʫʱʠʭʩʷ ʧʝʩʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʜʝʬʣʷʮʠʠ ʟʝʤʝʣʴ ʷʚʣʷʶʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʠ ʘʥʪʨʦʧʦʛʝʥʥʘʷ. ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʦʣʦʚʳʭ ʧʝʩʢʦʚ ʷʚʣʷʶʪʩʷ 

ʨʝʯʥʳʝ ʠ ʦʟʝʨʥʦ-ʨʝʯʥʳʝ ʦʪʣʦʞʝʥʠʷ.  

ɼʣʷ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠʪʠʷ ʵʦʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʧʨʝʜʰʝ-

ʩʪʚʫʶʱʫʶ ʠʩʪʦʨʠʶ, ʢʦʪʦʨʘʷ ʟʘʧʝʯʘʪʣʝʥʘ ʚ ʩʫʙʘʵʨʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ɺ ʧʝʨʠʦʜʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟ-

ʤʝʥʝʥʠʡ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʯʚʳ, ʘ ʧʨʠ ʫʩʠʣʝʥʠʠ ʘʨʠʜʠʟʘʮʠʠ ʧʨʦʠʩ-

ʭʦʜʠʣʦ ʧʦʛʨʝʙʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʵʦʣʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʉʫʙʘʵʨʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ɿʘʧʘʜ-

ʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʠʤʝʶʪ ʤʦʱʥʦʩʪʠ ʦʪ ʜʦʣʝʡ ʤʝʪʨʘ ʜʦ 10ï14 ʤ ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʯʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 1 ʜʦ 10ï15. ɼʣʷ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʥʘ ʰʠʨʦʪʥʘʷ 

ʠ ʚʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʣʘʥʜʰʘʬʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʦʙʨʘʟʠʶ ʧʦʯʚ ʠ ʠʭ ʤʦʟʘʠʯʥʦʩʪʠ.  

ʇʦ ʜʘʥʥʳʤ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʯʚ ʋʩʪʴ-ʉʝʣʝʥʛʠʥʩʢʦʡ ʠ ʅʠʞʥʝ-

ʋʜʠʥʩʢʦʡ ʚʧʘʜʠʥ, ʫʩʪʘʥʦʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʪʝʧʣʝʥʠʡ ʠ ʫʚʣʘʞʥʝʥʥʦʩʪʠ: 

780ï930, 1300ï1400, 1600ï1700, 2100ï2400, 2700ï2800, 4300ï4400, 5000ï5200, 6200ï6500, 7100ï7600, 

9600ï10200 ʣ.ʥ. ɺ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ ʜʦ ʧʷʪʠ ʩʤʝʥ ʵʪʘʧʦʚ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʩʪʘʜʠʷʤʠ 

ʘʨʠʜʠʟʘʮʠʠ ʢʣʠʤʘʪʘ. ɺ ʧʝʨʠʦʜ ʦʪ 10 000 ʜʦ 2 500 ʣʝʪ ʥʘʟʘʜ ʩʤʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʳʭ ʠ ʚʣʘʞʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʦʚ ʩʦʚʝʨʰʘʣʘʩʴ ʯʝʨʝʟ 2400ï2500 ʣʝʪ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʦʢʨʘʱʝ-

ʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʚʘʣʦʚ ʦʪ 1300ï1400 ʜʦ 450ï500 ʣʝʪ. ɼʣʷ ʧʨʦʛʥʦʟʘ ʘʨʠʜʠʟʘʮʠʠ ʠ ʦʧʫʩʪʳʥʠʚʘ-

ʥʠʷ ʚ ʨʝʛʠʦʥʝ ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʠʭ ʩʦʪʝʥ ʣʝʪ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʪʨʝʥʜʳ ʫʚʣʘʞʥʝʥʥʦʩʪʠ, 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʨʦʩʪʘ ʛʦʨ, ʧʨʦʷʚʣʝʥʠʡ ʚʫʣʢʘʥʠʟʤʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 
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Ring and dome-ring structures of different rank are identified, which are ore-controlling structures for the locali-

zation of quartz veins of the Patom quartz region. The metamorphism of the terrigenous-sedimentary complex caused 

the formation of veins of granulated quartz.  
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ʇʘʪʦʤʩʢʠʡ ʢʚʘʨʮʝʥʦʩʥʳʡ ʨʘʡʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʨʠʙʘʡʢʘʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʢ ʩʝ-

ʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʚʝʨʭʦʚʴʝʚ ʨ. ɹ. ʇʘʪʦʤ. ɼʫʛʦʦʙʨʘʟʥʘʷ ʟʦʥʘ ʧʦʜʥʷʪʠʡ (ʏʫʡʩʢʦʝ, ʊʦʥʦʜʩʢʦʝ ʠ ʅʝʯʝʨ-

ʩʢʦʝ) ʦʙʨʘʤʣʷʝʪ ʨʘʡʦʥ ʩ ʩʝʚʝʨʘ ʠ ʚʦʩʪʦʢʘ, ʘ ʚ ʮʝʥʪʨʝ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʨʘʟʤʝʱʝʥʳ ʚʥʫʪʨʝʥʥʠʝ ʩʠʥ-

ʢʣʠʥʦʨʠʠ ð ʄʘʤʩʢʠʡ ʠ ɹʦʜʘʡʙʠʥʩʢʠʡ.  

ʉʪʨʫʢʪʫʨʥʘʷ ʧʦʟʠʮʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʇʘʪʦʤʩʢʦʛʦ ʢʚʘʨʮʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʦʙʫʩʣʦʚʣʝ-

ʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ: ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʘʩʩʠʚʥʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ ʩ ʰʝʣʴʬʦʚʳʤʠ ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʘ-

ʣʝʦʟʦʡʩʢʦʡ ʢʦʣʣʠʟʠʝʡ ð ʩʪʦʣʢʥʦʚʝʥʠʝʤ ʉʠʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʠ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ 

[2], ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʩʧʣʳʚʘʥʠʶ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚʳʭ ʢʫʧʦʣʦʚ, ʚʘʣʦʚ, ʤʝʪʘʤʦʨʬʠʟʤʫ ʪʝʨʨʠʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʭ [5].  

ʅʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʨʘʡʦʥʘ ʦʪʨʘʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʢʫʧʦʣʴ-

ʥʳʝ ð ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʥʳʝ ʚ ʇʘʪʦʤʩʢʦʤ ʥʘʛʦʨʴʝ [2], ʦʪʩʫʪʩʪʚʫʶʪ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [1]. ʅʘ ʦʩʥʦʚʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨ-

ʪʳ ʤʘʩʰʪʘʙʘ 1:50 000 ʚ ʰʦʚʥʦʡ ʟʦʥʝ ʚʳʷʚʣʝʥʳ ʢʦʣʴʮʝʚʳʝ ʠ ʢʫʧʦʣʴʥʦ-ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʥʦʛʦ 

ʨʘʥʛʘ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʥʝ ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ (ʥʝʚʩʢʨʳʪʳʝ ʢʫʧʦʣʘ, ʧʦ ʃʝʪʥʠʢʦʚʫ [3]). ʂʫʧʦʣʴʥʦ-

ʢʦʣʴʮʝʚʳʝ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ʩ ʧʦʜʥʷʪʦʡ ʠʣʠ ʦʧʫʱʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʴʶ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʨʠʧʦʜ-

ʥʷʪʳʤ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʚʘʣʦʤ, ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ (ʜʦ 10-13 ʢʤ), 

ʢʘʢ ʧʨʘʚʠʣʦ, ʜʝʬʦʨʤʠʨʦʚʘʥʳ ʥʘʜʚʠʛʦʚʳʤʠ ʯʝʰʫʷʤʠ. 

ʉʘʤʘʷ ʢʨʫʧʥʘʷ ʄʘʣʦ-ʏʠʧʠʢʝʪʩʢʘʷ ʢʫʧʦʣʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʜʠʘʤʝʪʨʦʤ 15 ʢʤ ʩʦʩʪʦʠʪ ʠʟ ʥʝ-

ʩʢʦʣʴʢʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (ʨʠʩ. 1). ʎʝʥʪʨ ʝʝ ʦʧʫʱʝʥ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʛʫʶ ʩʠʥʬʦʨʤʫ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʜʫʛʦʚʳʝ ʙʣʦʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʨʘʟʣʦʤʘʤʠ, ʦʛʨʘʥʠʯʠ-

ʚʘʶʱʠʤʠ ʢʫʧʦʣ. ʂ ʝʛʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ ʧʨʠʫʨʦʯʝʥʦ ʄʘʣʦ-ʏʠʧʠʢʝʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ (ʂʩʧ ʜʦ 87%), ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʧʨʠʤʝʩʝʡ. ɺ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʟʦʥʳ ʚʳʜʝʣʝʥʘ ʢʫʧʦʣʴʥʘʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ ʚ ʚʠʜʝ ʜʫʛʦʚʦʛʦ ʵʣ-

ʣʠʧʩʘ. ʉʝʚʝʨʥʦʝ ʝʝ ʢʨʳʣʦ ʧʦʛʨʫʞʝʥʦ, ʘ ʶʞʥʦʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥʦ ʚ ʨʝʣʴʝʬʝ ʠ ʦʛʨʘʥʠʯʝʥʦ ʥʘʜʚʠʛʦʤ.  
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ɺʳʜʝʣʝʥʘ ʪʘʢʞʝ ʩʝʨʠʷ ʢʦʣʴʮʝʚʳʭ ʠʟʦʤʝʪʨʠʯʥʳʭ ʥʠʟʢʦʧʦʨʷʜʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʥʝ ʚʳʚʝʜʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʪʦʣʴʢʦ ʤʝʩʪʘʤʠ ʧʦ ʦʛʨʘʥʠʯʝʥʠʷʤ ð ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ. ɾʠʣʦʚʤʝʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʧʦʨʦʜʘʤʠ ʙʫʛʘʨʠʭʪʠʥʩʢʦʛʦ, ʤʝʥʴʰʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʦʜʳ ʭʘʡʚʝʨʛʠʥ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ. ʊʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʠʩʧʳʪʘʣʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ, ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʚʘʨʮʠʪʦʚ, ʛʥʝʡʩʦʚ, ʢʚʘʨʮʠʪʦ-

ʩʣʘʥʮʝʚ, ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʣʘʥʮʝʚ [4]. 

ɺ ʧʨʝʜʝʣʘʭ ʨʘʡʦʥʘ ʚʳʜʝʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ, ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʩʪʨʫʢ-

ʪʫʨʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʢʦʣʴʮʝʚʳʝ ʠ ʜʫʛʦʚʳʝ ʨʘʟʣʦʤʳ, ʣʦʢʘʣʴʥʳʝ ʚʠʭʨʝʚʳʝ ʥʘʜʚʠʛʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʷʚʣʝʥʥʳʭ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʚʘʨʮʝ-

ʚʦʛʦ ʩʳʨʴʷ ʠ ʤʘʩʰʪʘʙʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʳʜʝʣʝʥʦ ʍʘʡʚʝʨʛʠʥ-

ʩʢʦʝ ʢʚʘʨʮʝʚʦ-ʨʫʜʥʦʝ ʧʦʣʝ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʞʠʣ ʢʦʪʦʨʦʛʦ, ʩ ʚʳʩʦʢʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ, ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʶʞʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʍʘʡʚʝʨʛʠʥʩʢʦʛʦ ʢʫʧʦʣʘ, ʦʛʨʘʥʠʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʧʨʦʪʷʞʝʥʥʳʤ ʥʘʜʚʠʛʦʤ (ʩʤ. ʨʠʩ.).  

ɺ ʢʫʧʦʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʣʦʢʘʣʠʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʠʭ ʩʝʚʝʨʥʦʤ ʦʙʨʘʤʣʝʥʠʠ, ʦʪʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʠ ʧʦʥʠʞʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʚʦʣʶʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʙʳʣʠ ʟʘʣʦʞʝʥʳ: 

ï ʣʠʥʝʘʤʝʥʪʳ ʉɺ ʧʨʦʩʪʠʨʘʥʠʷ, ʢʦʪʦʨʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʥʦʚʣʝʥʥʳʤ ʜʨʝʚʥʠʤ 

ʛʣʫʙʠʥʥʳʤ ʨʘʟʣʦʤʘʤ; 

ï ʨʘʟʣʦʤʳ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʩʝʢʫʱʝʡ (ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ) ʩʠʩʪʝʤʝ ʩʜʚʠʛʦʚ; 

ï ʢʦʣʴʮʝʚʳʝ (ʠ ʢʫʧʦʣʦʚʠʜʥʳʝ) ʩʪʨʫʢʪʫʨʳ: ʢʨʫʧʥʳʝ (>10 ʢʤ), ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʳ ʩ ʙʦʣʝʝ 

ʜʨʝʚʥʠʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʣʘʥʦʤ. ʄʝʣʢʠʝ (3ï5 ʢʤ) ʙʝʟʛʨʘʜʠʝʥʪʥʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʠ ʪʦʣʴʢʦ ʤʝ-

ʩʪʘʤʠ ʵʢʩʧʦʥʠʨʫʶʪʩʷ. ʂʫʧʦʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʤʝʩʪʝ ʩ ʧʦʢʨʦʚʘʤʠ ʧʦʜʥʠʤʘʣʠʩʴ ʚ ʤʦʤʝʥʪ ʪʝʢʪʦʥʠʯʝ-

ʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʜʝʬʦʨʤʠʨʫʷ ʠ ʜʨʦʙʷ ʧʦʨʦʜʳ ʢʨʦʚʣʠ. ʄʝʪʘʤʦʨʬʠʟʤ ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚ 

ʫʩʣʦʚʠʷʭ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ, ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʧʨʠʚʝʣ ʢ ʦʩʚʦʙʦʞʜʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʚʦʜʳ ʠ ʚʳʥʦʩʫ ʢʨʝʤʥʝʟʝʤʘ ʢʦʪʦʨʳʝ, ʤʠʛʨʠʨʫʷ ʧʦ ʦʩʣʘʙʣʝʥʥʳʤ ʟʦʥʘʤ, ʦʪʣʘʛʘʣʠʩʴ ʚ ʟʦʥʘʭ 

ʥʘʜʚʠʛʦʚ ʠ ʩʦʥʘʜʚʠʛʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʇʨʠʙʘʡʢʘʣʴʩʢʦʡ ʢʚʘʨʮʝʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʩʚʷʟʘʥʳ ʩ 

ʇʘʪʦʤʩʢʠʤ ʢʚʘʨʮʝʥʦʩʥʳʤ ʨʘʡʦʥʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʝʩʫʨʩʥʦʡ ʙʘʟʦʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ 

ʢʚʘʨʮʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʚʘʨʮʝʚʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʢʚʘʨʮʝ-

ʚʦʛʦ ʩʪʝʢʣʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ. 

  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩ.ʢʦʥʪʨʘʢʪʘ ʚ ʧʝʨʠʦʜ 2015ï2017 ʛʛ. ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè ʚ 

ʩʦʜʨʫʞʝʩʪʚʝ ʩ ʆɸʆ çʂʳʰʪʳʤʩʢʠʡ ɻʆʂè. 
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ʆʧʠʩʘʥʘ ʘʢʮʝʩʩʦʨʥʘʷ ʠ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʭ ʘʤʘʟʦʥʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʊʫʨʛʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ (ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ Ta-Nb (Sn) ð ʢʦʣʫʤʙʠʪʦʤ, ʬʝʨʛʫʩʦʥʠʪʦʤ, (ʠʣʴʤʝʥʦ)ʨʫʪʠʣʦʤ; 

ʤʠʥʝʨʘʣʘʤʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ð ʬʣʶʦʮʝʨʠʪʦʤ, ʬʪʦʨ- ʠ ʬʪʦʨ-ʬʦʩʬʦʢʘʨʙʦʥʘʪʘʤʠ, Y-REE ʬʣʶʦʨʠʪʦʤ; ʢʘʩʩʠʪʝʨʠʪʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʤʘʟʦʥʠʪʦʚʳʝ ʛʨʘʥʠʪʳ; ʤʠʥʝʨʘʣʳ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ; ɺʦʩʪʦʯʥʦʝ ɿʘ-

ʙʘʡʢʘʣʴʝ. 
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The article describes accessory and ore mineralization of lithium-fluoric amazonite granites of the Turgin Massif 

(Eastern Transbaikalia), represented by Ta-Nb (Sn) minerals ð columbite, fergusonite, (ilmeno) rutile; REE minerals 

ð fluocerite, fluorine and fluorine-phosphate carbonates, Y-REE fluorite; cassiterite. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʭ ʘʤʘʟʦʥʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʩʣʦʞʥʦ-

ʧʦʩʪʨʦʝʥʥʦʛʦ ʊʫʨʛʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʊʫʨʛʠʥʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʚ ɻʘʟʠ-

ʤʫʨʦ-ɸʨʛʫʥʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʝ. ʄʘʩʩʠʚ ʩʣʘʛʘʶʪ ʧʦʨʦʜʳ ʜʚʫʭ ʢʦʤʧʣʝʢʩʦʚ: ʰʘʭʪʘ-

ʤʠʥʩʢʦʛʦ (ʤʦʥʮʦʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʦʛʦ) ʠ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ (ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʦʛʦ), 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʤʘʟʦʥʠʪʦʚʳʝ ʛʨʘʥʠʪʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʘʢ ʩʘʤʳʝ ʧʦʟʜʥʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʜʠʬʬʝʨʝʥ-

ʮʠʘʮʠʠ ʛʨʘʥʠʪʥʳʭ ʤʘʛʤ. 

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ [1ï4] ʦʪʤʝʯʘʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʙʝʟʨʫʜʥʦʩʪʴ ʘʤʘʟʦʥʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʊʫʨ-

ʛʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʥʦ ʵʪʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʧʨʦʜʫʢʪʠʚʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʘʤʘʟʦʥʠʪʦ-

ʚʳʭ ʛʨʘʥʠʪʦʚ ʆʨʣʦʚʩʢʦʛʦ ʠ ʕʪʳʢʠʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ, ʨʘʟʚʠʪʳʭ ʚ ʵʪʦʡ ʞʝ ʟʦʥʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʟʜʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʪʳ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟʫʯʝʥʥʳʝ ʥʘʤʠ ʨʘʟʚʠʪʳʝ ʚ ʧʨʝʜʝʣʘʭ ʊʫʨʛʠʥʩʢʦʛʦ ʤʘʩʩʠ-

ʚʘ ʪʘʢʞʝ ʥʝʩʫʪ ʨʫʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, ʭʦʪʷ ʠ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʭ ʤʘʩʰʪʘʙʘʭ. 

ʅʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʤʠʢʨʦʟʦʥʜʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʚ ʀʕʄ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ (ʵʣʝʢʪʨʦʥʥʳʝ ʩʢʘʥʠʨʫʶʱʠʝ ʤʠʢʨʦʩʢʦʧʳ Tescan VEGA TS 5130MM ʠ 

CamScan MV2300 ʩ EDS ʠ WDS ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ Oxford Instruments). ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʢʦʣ-

ʣʝʢʮʠʠ, ʨʘʥʝʝ ʩʦʙʨʘʥʥʦʡ ʧʨʠ ʫʯʘʩʪʠʠ ʘʚʪʦʨʦʚ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦʛʦ ʨʝʛʠʦʥʘ (2002-2008 ʛʛ.) ʚ 

ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ɻ. ʇ. ɿʘʨʘʡʩʢʦʛʦ. 

ʀʟʫʯʝʥʥʳʝ ʘʤʘʟʦʥʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʊʫʨʛʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʜʘʡʢʘ, ʛ. ʂʘʤʝʥʠʩʪʘʷ, çɼʞʠʜʦʢʘʥʩʢʠʡ 

ʚʳʭʦʜè) ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʦ-ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ, ʤʘʩʩʠʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩʝʨʦʚʘʪʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ ʩ ʛʦʣʫ-

ʙʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ð ʘʤʘʟʦʥʠʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʛʨʘʥʠʪʦʚʳʝ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʟʚʠʪʠʝ ʘʣʴʙʠʪʠʟʘʮʠʠ (ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʠ ʰʘʭʤʘʪʥʦʛʦ ʘʣʴʙʠʪʘ). ʊʝʤʥʦʮʚʝʪʥʳʝ ʤʠʥʝʨʘʣʳ 

(1ï5 ʦʙ.%) ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʶʜʘʤʠ (ʢʘʢ ʧʨʘʚʠʣʦ, ʬʪʦʨʩʦʜʝʨʞʘʱʠʤʠ) ð Li -Fe ʤʫʩʢʦʚʠʪʦʤ, ʮʠʥʥʚʘʣʴ-

ʜʠʪʦʤ ʠ Fe-ʧʦʣʠʣʠʪʠʦʥʠʪʦʤ (ʢʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʞʝ ʩ ʥʝʙʦʣʴʰʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʘʨʛʘʥʮʘ), ʪʘʢʞʝ ʠʟ-

ʨʝʜʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʘʛʨʝʛʘʪʳ ʷʨʦʟʠʪʘ ʠ ʧʣʶʤʙʦʷʨʦʟʠʪʘ ʚ ʩʪʝʢʣʦʧʦʜʦʙʥʳʭ Al-Si ʘʛʨʝʛʘʪʘʭ. ʇʦ ʧʝʪʨʦ-

ʭʠʤʠʠ ʘʤʘʟʦʥʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʱʝʣʦʯʥʳʝ ʚʳʩʦʢʦʢʘʣʠʝʚʳʝ ʧʦʨʦʜʳ: (ʚ ʤʘʩ.%) SiO2 73, (Na2O+K2O) 10, 

ASI 0.87, ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʝ (0.01), ʥʠʟʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ (0.1). ʉʦʜʝʨʞʘʥʠʝ ʈɿʕ ʥʝʚʳʩʦʢʦʝ, ʧʨʠ ʨʦʚʥʳʭ 

çʧʣʝʯʘʭè ʥʘʙʣʶʜʘʝʪʩʷ ʛʣʫʙʦʢʠʡ ʝʚʨʦʧʠʝʚʳʡ ʤʠʥʠʤʫʤ. ʅʘ ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʨʫʧʥʦʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʜ ʚʳʩʦʢʦʟʘʨʷʜʥʳʤʠ, ʩ ʨʝʟʢʠʤʠ ʤʠʥʠʤʫʤʘʤʠ Ti, P. 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʤʘʟʦʥʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʊʫʨʛʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʢʫʢʫʣʴʙʝʡʩʢʠʡ ʢʦʤʧʣʝʢʩ) ʬʦʨ-

ʤʠʨʦʚʘʣʠʩʴ 152 ʤʣʥ ʣʝʪ ʥʘʟʘʜ (U-Pb, SIMS), ʧʨʦʪʦʣʠʪ ʘʤʘʟʦʥʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʤʦʣʦʜʦʡ (TDM2 0.79ï

0.53 ʤʣʨʜ ʣʝʪ.) ʠ ʤʘʥʪʠʡʥʳʡ (eHf(t) +4.6 ï +9.2) ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ [5]. 
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ɺ ʧʦʨʦʜʝ ʥʘʨʷʜʫ ʩ ʤʠʥʝʨʘʣʘʤʠ ʛʨʘʥʠʪʥʦʡ ʤʘʪʨʠʮʳ (Kfs+Ab+Q) ʨʘʟʚʠʪʳ ʨʘʟʣʠʯʥʳʝ ʩʣʶʜʳ ʦʪ 

ʤʫʩʢʦʚʠʪʘ (Li-F-Fe ʩʦʜʝʨʞʘʱʝʛʦ) ʜʦ ʮʠʥʥʚʘʣʴʜʠʪʘ ʠ ʧʦʣʠʣʠʪʠʦʥʠʪʘ. ɺʩʪʨʝʯʘʶʪʩʷ ʨʦʟʝʪʢʠ ʷʨʦʟʠʪʘ ʠ 

ʧʣʶʤʙʦʷʨʦʟʠʪʘ (ʨʠʩ. 1, ʘ), ʬʦʨʤʠʨʫʶʱʠʝʩʷ, ʚʝʨʦʷʪʥʦ, ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʛʘʣʝʥʠʪʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʩʚʠʥʮʘ ʠʟ ʘʤʘʟʦʥʠʪʘ. 

 

 

ʈʠʩ. 1. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʛʨʘʥʠʪʦʠʜʦʚ: ʘ) ʧʣʶʤʙʦʷʨʦʟʠʪ ʚ ʩʪʝʢʣʦʧʦʜʦʙʥʦʡ Al-Si ʬʘʟʝ; (ʙ) ʬʝʨʛʫʩʦʥʠʪ ʚ 

ʮʠʨʢʦʥʝ; (ʚ) ʩʨʦʩʪʦʢ ʟʦʥʘʣʴʥʦʛʦ Th-ʮʠʨʢʦʥʘ ʩ ʨʦʟʝʪʢʦʡ ʢʦʣʫʤʙʠʪʘ; (ʛ) ʪʘʥʪʘʣʦʢʦʣʫʤʙʠʪ; (ʜ) ʚʳʩʦʢʦʥʠʦʙʠʝʚʳʝ 

ʦʣʦʚʦʩʦʜʝʨʞʘʱʠʝ ʨʫʪʠʣʳ; (ʝ) ʬʪʦʨ-REE ʬʘʟʳ ð ʬʣʶʦʮʝʨʠʪ Fcer, Y-REE ʩʦʜʝʨʞʘʱʠʡ ʬʣʶʦʨʠʪ. 

 

ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʮʠʨʢʦʥ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʡ ʠʜʠʦʤʦʨʬʥʳʤʠ, ʭʦʨʦʰʦ ʦʛʨʘʥʝʥʥʳʤʠ, ʟʘʯʘʩʪʫʶ ʟʦʥʘʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʜʦ 500 ʤʢʤ, ʧʨʠ 

ʵʪʦʤ ʚʥʫʪʨʝʥʥʠʝ ʟʦʥʳ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʣʴʥʦ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤ ʠʣʠ ʤʝʪʘʤʠʢʪʥʳʤ ʩʦʩʪʦʷ-

ʥʠʝʤ. ʀʥʦʛʜʘ ʮʠʨʢʦʥ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʪʦʨʠʪʘ, ʬʦʩʬʘʪʦʚ ʪʦʨʠʷ, ʤʦʥʘʮʠʪʘ ʠ ʢʩʝʥʦʪʠʤʘ, ʬʪʦʨʢʘʨ-

ʙʦʥʘʪʦʚ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʘʧʘʪʠʪʘ. ɺ ʩʨʦʩʪʢʘʭ ʩ ʮʠʨʢʦʥʦʤ ð ʬʝʨʛʫʩʦʥʠʪ (ʨʝʜʢʦ, ʨʠʩ.1, ʙ), ʢʦʣʫʤʙʠʪʳ 

(ʨʠʩ.1, ʚ). ʍʠʤʠʯʝʩʢʠ ʮʠʨʢʦʥ (ʤʘʣʦʠʟʤʝʥʥʳʝ ʟʦʥʳ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʧʨʠʤʝʩʷʤʠ ʛʘʬʥʠʷ (ʦʪ 1ï1.5 % HfO2 ʜʦ 6.5) ʠ ʫʨʘʥʘ (1.5ï2.5 % UO3 ʜʦ 5.5), ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʪʦʨʠʷ 

(ʟʘʯʘʩʪʫʶ Th ʥʝʪ, ʨʝʜʢʦ ʜʦ 1.9 % ThO2). 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʠʥʝʨʘʣʳ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ, ʘ ʪʘʢʞʝ ʦʣʦʚʘ, ʧʦʩʣʝʜʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʜʢʠʤ ʤʝʣʢʠʤ (ʜʦ 20 ʤʢ) ʙʝʩʧʨʠʤʝʩʥʳʤ ʢʘʩʩʠʪʝʨʠʪʦʤ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʩʴʶ ʦʣʦʚʘ ʚ ʨʫ-

ʪʠʣʘʭ (ʜʦ 1.3 % SnO2). Ta-Nb ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʢʦʣʫʤ-

ʙʠʪʦʤ ʩ ʨʘʟʤʝʨʘʤʠ ʚʳʜʝʣʝʥʠʡ ʜʦ 100 ʤʢʤ (ʨʠʩ.1, ʛ). ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʢʦʣʫʤʙʠʪ ʩ ʫʯʘʩʪʠʝʤ Mn-

ʢʦʤʧʦʥʝʥʪʳ (ʚ ʩʨʝʜʥʝʤ Fe:Mnå5). ʉʦʜʝʨʞʘʥʠʷ ʪʘʥʪʘʣʘ ʚʘʨʴʠʨʫʶʪ ʦʪ 1.5 % ʜʦ 6ï9 % Ta2O5, ʠʥʦʛʜʘ ʚ 

ʢʨʘʝʚʳʭ ʟʦʥʘʭ ʠʣʠ ʧʣʘʩʪʠʥʢʘʭ ʜʦʩʪʠʛʘʷ 21 % Ta2O5. ɼʨʫʛʠʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʠʦʙʠʷ ʩʣʫʞʠʪ ʬʝʨʛʫ-

ʩʦʥʠʪ (ʨʠʩ. 1 ʙ), ʦʙʳʯʥʦ ʩ ʧʨʠʤʝʩʴʶ Nd+Gd+Dy ð ʜʦ 24 % TR2O3 ʠ ʜʦ 9 % ThO2+UO3). ʆʜʥʘʢʦ, ʯʘ-

ʩʪʦʪʘ ʝʛʦ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʢʦʣʫʤʙʠʪʘ. ʊʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʜʦʣʷ ʥʠʦʙʠʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʨʫʪʠʣʘʭ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʬʦʨʤʝ ʠʛʦʣʦʢ ʜʦ 100-120 ʤʢʤ ʚ ʩʣʶʜʠʩʪʳʭ ʘʛʨʝʛʘ-

ʪʘʭ ʤʝʞʜʫ ʯʝʰʫʡʢʘʤʠ ʩʣʶʜʳ (ʨʠʩ.1, ʜ). ʉʦʜʝʨʞʘʥʠʷ ʥʠʦʙʠʷ ʚ ʥʠʭ ʜʦʩʪʠʛʘʶʪ 10ï12 % Nb2O5, ʪʘʥʪʘʣ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʠʞʝ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ EDS, ʦʣʦʚʦ ʚʩʪʨʝʯʘʝʪʩʷ ʩʧʦʨʘʜʠʯʝʩʢʠ ʠ ʜʦʩʪʠʛʘʝʪ 1.2ʤ1.3 % 

SnO2. ɺʚʠʜʫ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʠʷ ʧʨʠʤʝʩʠ ʞʝʣʝʟʘ ʜʦ 3ï5 % FeO ʚʦʟʤʦʞʥʦ ʵʪʦ ʧʝʨʝʭʦʜʥʳʝ ʨʘʟʥʦ-

ʩʪʠ ʢ ʠʣʴʤʝʥʦʨʫʪʠʣʫ. 

ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʠʥʝʨʘʣʘʤʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ 
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ʬʦʨʤʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʪʦʨʦʤ ʠ ʬʦʩʬʦʨʦʤ. ɺʩʪʨʝʯʝʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʘʮʠʪʘ (ʟʘʯʘʩʪʫʶ ʩ 

ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʦʨʠʷ ʜʦ 15 % ʠ ʫʨʘʥʘ ʠ ʚʧʣʦʪʴ ʜʦ ʧʦʷʚʣʝʥʠʷ ʨʘʜʠʦʛʝʥʥʦʛʦ (?) ʩʚʠʥ-

ʮʘ), ʢʩʝʥʦʪʠʤʘ (ʩ ʧʨʠʤʝʩʷʤʠ Dy ʠ Gd), ʦʜʥʘʢʦ, ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʬʣʶʦʮʝʨʠʪ-(Ce) (ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʝʦʜʠʤʘ) (ʨʠʩ.1, ʝ), REE-ʬʪʦʨʢʘʨʙʦʥʘʪʳ (ʙʘʩʪʥʝʟʠʪ ʠ ʜʨ.), ʙʝʩï ʠʣʠ ʤʘʣʦ-

ʬʪʦʨʠʩʪʳʝ REE-ʢʘʨʙʦʥʘʪʳ, REE-ʬʦʩʬʦʢʘʨʙʦʥʘʪʳ ʠ ʬʦʩʬʘʪʳ (ʦʙʳʯʥʦ ʪʦʨʠʝʚʳʝ). ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ 

ʬʘʟ, ʫʚʳ, ʧʣʦʭʦ ʧʦʜʜʘʶʪʩʷ ʜʠʘʛʥʦʩʪʠʢʝ ʠʟ-ʟʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ, ʘʛʨʝʛʘʮʠʠ ʚ ʬʦʨʤʝ ʩʤʝʩʝʡ ʠ ʤʝʪʘ-

ʤʠʢʪʠʟʘʮʠʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʨʠʷ ʠ ʫʨʘʥʘ. ɺʝʨʦʷʪʥʦ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʠʪʪʨʠʷ ʠ ʣʝʛʢʠʭ 

REE ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚʦ ʬʣʶʦʨʠʪʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʜʝʣʝʥʠʡ ʢʦʪʦʨʦʛʦ (ʨʠʩ.1, ʝ) ʩʦʜʝʨʞʠʪ ʜʦ 3ï5 % 

Y2O3 ʠ 1.5ï3 % ʣʝʛʢʠʭ TR2O3. 

ʉʨʝʜʠ ʧʨʦʯʠʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʦʨʠʪ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʩʬʘʪʳ ʪʦʨʠʷ, ʝʜʠ-

ʥʠʯʥʳʝ ʟʝʨʥʘ ʫʨʘʥʠʥʠʪʘ ʠ ʛʘʣʝʥʠʪʘ, ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʧʘʪʠʪʘ, ʨʝʜʢʠʝ ʨʦʟʝʪʢʠ ʥʘʪʨʦʣʠʪʘ. 
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ʈʘʟʨʘʙʦʪʘʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʤʘʥʪʠʡʥʦ-

ʢʦʨʦʚʦʛʦ ʤʠʛʨʘʥʪʘ ð ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʪ Vladi Overpressure 4.0. ʋʯʪʝʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʬʦʨʤʳ ʛʣʫʙʠʥʥʦʡ ʢʘ-

ʤʝʨʳ, ʪʨʠ ʚʘʨʠʘʥʪʘ ʬʦʨʤʳ ʤʠʛʨʘʥʪʘ ʠ ʧʷʪʴ ʫʨʘʚʥʝʥʠʡ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʧʦʜʲʸʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʥʪʠʡʥʦ-ʢʦʨʦʚʳʡ ʤʠʛʨʘʥʪ; ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ; ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

The parametric model of the origin and evolution of the mantle-crust migrant 
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The platform for parametric modeling of the formation and evolution of the mantle-crust migrant has been creat-

ed as software Vladi Overpressure 4.0. Three variants of the depth camera shape, three variants of the migrant shape 

and five equations for the rate of ascent calculation have been considered. 

Keywords: mantle-crust migrant; overpressure; parametric modeling. 

 

ʈʘʟʚʠʪʠʝ ʜʦ ʫʨʦʚʥʷ ʪʝʦʨʠʠ ʛʠʧʦʪʝʟʳ ʧʦʜʲʸʤʘ ʠʟ ʤʘʥʪʠʠ ʤʠʛʨʘʥʪʦʚ ð ʧʦʣʦʩʪʝʡ, ʟʘʧʦʣʥʝʥʥʳʭ 

ʬʣʶʠʜʦʤ ʠ/ʠʣʠ ʨʘʩʧʣʘʚʦʤ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ [6, 7], ʪʨʝʙʫʝʪ ʨʘʩʯʸʪʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʳʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠ-

ʝʤ ð ʩʦʟʜʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ [3] ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʣʫ-

ʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʭʦʜʥʳʭ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʧʨʠʨʦʜʝ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ. ʅʘ ʛʣʫʙʠʥʝ H ʧʦʜ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʙʘʨʴʝʨʦʤ c ʧʨʦʯʥʦʩʪʴʶ S ʟʘ ʩʯʸʪ 

ʧʨʠʚʥʦʩʘ ʛʣʫʙʠʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʤʝʨʘ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ D ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪ-

ʥʦʩʪʠ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ R. ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʴ ʢʘʤʝʨʳ Lc ʨʘʩʪʸʪ. ʈʘʟʥʦʩʪʴ ʧʣʦʪʥʦ-

ʩʪʝʡ (R ð D) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʢʘʤʝʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ Lcr ʠʟʙʳʪʦʯʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʨʦʯʥʦʩʪʴʶ ʚʳʰʝʣʝʞʘʱʝʛʦ ʙʘʨʴʝʨʘ; ʚ ʧʦʩʣʝʜʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜ-

ʨʦʨʘʟʨʳʚ, ʠ ʚʝʱʝʩʪʚʦ ʢʘʤʝʨʳ ʟʘʧʦʣʥʷʝʪ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʦʣʦʩʪʴ. ʆʙʨʘʟʦʚʘʥʠʝ ʤʠ-

ʛʨʘʥʪʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʝʤ: 
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ʛʜʝ g ð ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ɺ ʚʳʨʘʞʝʥʠʠ (1) ʧʝʨʚʳʝ ʜʚʘ ʯʣʝʥʘ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ð ʵʪʦ ʣʠʪʦ-

ʩʪʘʪʠʯʝʩʢʠʝ ʜʘʚʣʝʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚ ʧʦʜʦʰʚʝ ʢʘʤʝʨʳ ʠ ʥʘ ʧʨʦʯʥʦʩʪʥʦʤ ʙʘʨʴʝʨʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ʪʨʝʪʠʡ ʯʣʝʥ ð ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʧʦʜʦʰʚʝ ʢʘʤʝʨʳ. ɺʩʷ ʣʝʚʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚ ʢʘʤʝʨʝ. ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʛʨʘʥʪʘ ʚʳʩʦʪʳ L ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʘ-

ʨʠʘʥʪʘ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʸʤʘ ʢʘʤʝʨʳ: 

1)  ʦʙʲʸʤʘ ʢʘʤʝʨʳ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʛʨʘʥʪʘ ʩ ʛʣʫʙʠʥʳ H ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ (LåH) 

ð ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʠʷʥʠʝ ʚʝʱʝʩʪʚʘ ʤʠʛʨʘʥʪʘ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʧʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʙʘ-

ʟʘʣʴʪʦʚʳʝ ʪʨʘʧʧʳ); 

2)  ʦʙʲʸʤ ʢʘʤʝʨʳ ʬʦʨʤʠʨʫʝʪ ʤʠʛʨʘʥʪ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʛʣʫʙʠʥʫ ʟʘʣʝʛʘ-

ʥʠʷ ʧʨʦʯʥʦʩʪʥʦʛʦ ʙʘʨʴʝʨʘ (L>H), ð ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʨʦʩ (ʵʢʩʧʣʦʟʠʷ) ʚʝʱʝʩʪʚʘ ʤʠʛʨʘʥʪʘ (ʧʨʠʤʝʨ ð 

ʢʠʤʙʝʨʣʠʪʦʚʳʝ çʪʨʫʙʢʠ ʚʟʨʳʚʘè); 

3)  ʚʳʩʦʪʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʠʛʨʘʥʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʨʦʯʥʦʩʪʥʦʛʦ 
ʙʘʨʴʝʨʘ (L<H) ð ʥʘʯʠʥʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʤʠʛʨʘʥʪʘ ʚʚʝʨʭ ʧʦ ʅ.ʉ. ɾʘʪʥʫʝʚʫ [7]. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʪʨʝʪʴʝʤ ʩʣʫʯʘʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʤʠʛʨʘʥʪʘ ʚʚʝʨʭ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (1), ʠʥʘʯʝ ʤʠʛʨʘʥʪ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʧʦʜ ʦʯʝʨʝʜʥʳʤ ʧʨʦʯʥʦʩʪ-

ʥʳʤ ʙʘʨʴʝʨʦʤ ʘʥʘʣʦʛʠʯʥʦ ʠʩʭʦʜʥʦʡ ʢʘʤʝʨʝ. ʇʨʠʚʝʜʸʤ ʨʷʜ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨ-

ʤʫʣ ʜʣʷ ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʠʛʨʘʥʪʘ (ɡ ð ʩʢʦʨʦʩʪʴ, F ð ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ, Cf ð 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʤʠʛʨʘʥʪʘ, ɟʩʨ ð ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, ɟʤʠʛ ð ʧʣʦʪʥʦʩʪʴ ʤʠʛʨʘʥʪʘ, ȹɟ ð ʨʘʟʥʦʩʪʴ 

ʧʣʦʪʥʦʩʪʝʡ ʩʨʝʜʳ ʠ ʤʠʛʨʘʥʪʘ, V ð ʦʙʲʸʤ ʤʠʛʨʘʥʪʘ, S ð ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʛʨʘʥʪʘ, d ð ʵʬʬʝʢ-

ʪʠʚʥʳʡ ʜʠʘʤʝʪʨ ʤʠʛʨʘʥʪʘ, m ð ʤʘʩʩʘ ʤʠʛʨʘʥʪʘ, ɛ ð ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ, ɖ ð ʧʣʘʩʪʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ, ů ð ʪʝʢʫʯʝʩʪʴ ʩʨʝʜʳ). ʇʝʨʚʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʳʚʝʣ ʀ. ʅʴʶʪʦʥ ʢʘʢ 

(

1) 
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ʟʘʢʦʥ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ ʜʚʠʞʝʥʠʶ ʪʝʣʘ [10]: 
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ʄʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʫʨʘʚʥʝʥʠʝ, ʪʘʢ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ ʠ 

ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤʠʛʨʘʥʪʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʘʸʪ ʧʨʦʯʥʦʩʪʴ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʧʦ ʫʩʣʦʚʠʶ 

(1) ʥʝ ʙʦʣʴʰʝ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʠʛʨʘʥʪʘ. ʇ. ʬʦʥ ʈʠʪʪʠʥʛʝʨ [15] ʨʘʟʚʠʣ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʠʜʝʠ 
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ʋʨʘʚʥʝʥʠʝ ɼʞ. ɻ. ʉʪʦʢʩʘ [17] ʷʚʠʣʦʩʴ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩʩʘ ʩ 

ʫʯʸʪʦʤ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ: 
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ʇ.ɺ. ʃʷʱʝʥʢʦ ʠ ɼ.ʅ. ɸʣʣʝʥ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʳʚʘʶʪ ʜʚʠʞʝʥʠʝ ʤʠʛʨʘʥʪʘ [9, 13]: 
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ʅʘʢʦʥʝʮ, ʌ. ɼʞ. ʉʧʝʨʘ ʧʨʠʚʦʜʠʪ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ [16]: 
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ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʘ ʥʘ ʷʟʳʢʝ C++ ʚ ʚʠʜʝ ʧʣʘʪʬʦʨʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ð ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʧʨʦʜʫʢʪʘ Vladi Overpressure 4.0 (32-ʙʠʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ Microsoft Windows), ʧʦʟʚʦʣʷʶʱʝʝ 

ʟʘʜʘʚʘʪʴ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʬʫʥʢʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʦʣʫʯʘʪʴ ʥʘ ʚʳʭʦʜʝ ʯʠʩʣʝʥʥʳʝ ʠ ʚʠʟʫʘʣʴʥʳʝ 

(2D) ʨʝʟʫʣʴʪʘʪʳ. ʄʦʜʝʣʴ Vladi Overpressure 4.0 ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʉʥʘʯʘʣʘ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʛʣʫʙʠʥʘ ʠʩʭʦʜʥʦʛʦ ʧʨʦʯʥʦʩʪʥʦʛʦ ʙʘʨʴʝʨʘ H, ʧʦʜ ʢʦʪʦʨʳʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚʝʱʝʩʪʚʦ ʛʣʫʙʠʥʥʦʡ 

ʢʘʤʝʨʳ. ɿʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʜʘʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʧʣʦʪʥʦʩʪʠ R, ʧʨʦʯʥʦʩʪʠ S, ʪʝʤʧʝʨʘ-

ʪʫʨʳ T, ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ W ʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʩʨʝʜʳ F ʠ, ʥʘʢʦʥʝʮ, ʧʣʦʪʥʦʩʪʠ ʤʠʛʨʘʥʪʘ D. 

ʇʨʦʬʠʣʠ ʟʘʜʘʶʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʛʣʫʙʠʥʳ H ʩ ʰʘʛʦʤ 1 ʢʤ ʣʠʙʦ ʚʨʫʯʥʫʶ, ʣʠʙʦ ʟʘʛʨʫʟʢʦʡ ʪʝʢʩʪʦ-

ʚʳʭ ʬʘʡʣʦʚ. ʉʣʝʜʦʤ ʚʳʙʠʨʘʝʪʩʷ ʬʦʨʤʘ ʢʘʤʝʨʳ ʠʟ ʪʨʸʭ ʚʘʨʠʘʥʪʦʚ: ʧʦʣʫʣʠʥʟʘ, ʧʦʣʫʵʣʣʠʧʩʦʠʜ ʚʨʘʱʝ-

ʥʠʷ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʬʦʨʤʳ ʢʘʤʝʨʳ ʟʘʜʘʸʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʨʫ-

ʟʠʠ Ke, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʢʘʤʝʨʳ ʣʠʙʦ ʢ ʨʘʜʠʫʩʫ ʧʦʣʫʣʠʥʟʳ (Lc/Rc), ʣʠʙʦ 

ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʦʠʜʘ (Lc/a), ʣʠʙʦ ʢ ʧʦʣʫʰʠʨʠʥʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (2Lc/b) (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʊʨʠ ʚʘʨʠʘʥʪʘ ʬʦʨʤʳ ʛʣʫʙʠʥʥʦʡ ʢʘʤʝʨʳ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʚʦ Vladi Overpressure 4.0. 

ʇʦʢʘʟʘʥʳ ʧʨʦʝʢʮʠʠ ʬʦʨʤ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ. ɺ ʧʣʘʥʝ: 1), 2) ð ʦʢʨʫʞʥʦʩʪʠ, 3) ð ʢʚʘʜʨʘʪ. 

ɼʘʣʝʝ ʟʘʜʘʸʪʩʷ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʝʜʠʥʠʮʘʭ ʤʘʩʩʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝ-

ʥʠ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʨʦʩʪʘ ʦʙʲʸʤʘ ʢʘʤʝʨʳ ʜʦ ʢʨʠʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ Lcr. ʇʨʦʮʝʩʩ ʚʠʟʫʘʣʠʟʠʨʦ-

ʚʘʥ; ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ ʚ ʬʦʨʤʘʪʝ ʚʝʢʪʦʨʥʦʡ ʛʨʘʬʠʢʠ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʤʠʛʨʘʥʪ ʦʜʥʦʡ ʠʟ ʪʨʸʭ ʚʦʟʤʦʞʥʳʭ ʬʦʨʤ: ʚʝʨʪʠʢʘʣʴʥʳʡ ʮʠʣʠʥʜʨ ʟʘʜʘʥʥʦʛʦ 

ʨʘʜʠʫʩʘ ʦʩʥʦʚʘʥʠʷ, ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʧʦʣʫʣʠʥʟʘ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ ʩ ʤʘʣʦʡ ʦʩʴʶ ʵʣʣʠʧʩʘ, ʨʘʚʥʦʡ ʨʘʟ-

ʤʝʨʫ ʢʘʤʝʨʳ ʚ ʧʣʘʥʝ, ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʨʠʟʤʘ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ. ɿʘʪʝʤ ʥʘʯʠʥʘʝʪʩʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʲʸʤʘ ʤʠʛʨʘʥʪʘ ʩʦʛʣʘʩʥʦ ʦʜʥʦʤʫ ʠʟ ʫʨʘʚʥʝʥʠʡ (2ï6). ʇʨʦʮʝʩʩ ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʠʨʦ-

(

6) 

(

4) 

(

5) 

(

2) 

(

3) 
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ʚʘʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʸʪʥʳʝ ʩʢʦʨʦʩʪʠ ʧʦʜʲʸʤʘ ʤʠ-

ʛʨʘʥʪʘ ʧʦʣʫʵʣʣʠʧʪʠʯʝʩʢʦ-ʣʠʥʟʦʚʠʜʥʦʡ ʬʦʨʤʳ ʩ ʠʩʭʦʜʥʦʡ ʚʳʩʦʪʦʡ 50 ʢʤ ʦʪ ʛʣʫʙʠʥʳ 600 ʢʤ ʧʨʠ ʩʣʝ-

ʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʧʨʦʬʠʣʴ ʧʣʦʪʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ð ʧʦ ɺ. ʖ. ɹʫʨʤʠʥʫ [2], ʪʝʤʧʝʨʘʪʫʨʳ ð ʧʦ 

ʈ. ɼʞ. ʋʠʣʣʠ [11], ʧʨʦʯʥʦʩʪʠ ʩʨʝʜʳ ð ʧʦ ʉ. ʅ. ʀʚʘʥʦʚʫ [8], ʚʷʟʢʦʩʪʠ ð ʧʦ ɺ. ɺ. ɻʦʨʜʠʝʥʢʦ [5], ʧʨʝ-

ʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ð ʧʦ ʊ. ɻ. ʌʘʨʘʜʞʝʚʫ [12], ʧʣʦʪʥʦʩʪʠ ʤʠʛʨʘʥʪʘ ð ʧʦ  

ʕ. ʆʪʘʥʠ ʠ ɼ. ɾʘʦ [14]. 

ʊʘʙʣʠʮʘ 

ʈʘʩʯʸʪʥʳʝ ʩʢʦʨʦʩʪʠ ʧʦʜʲʸʤʘ ʤʠʛʨʘʥʪʘ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (2ï6). 

ʋʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʅʴʶʪʦʥʘ (2) ʈʠʪʪʠʥʛʝʨʘ (3) ʉʪʦʢʩʘ (4) ʃʷʱʝʥʢʦ-ɸʣʣʝʥʘ (5) ʉʧʝʨʘ (6) 

ɡ ʠʩʭʦʜʥʘʷ, ʤ/ʩʫʪ 1413.81666577 97.54047242 0.00000092 0.00964363 0.00000370 

ɡ ʤʘʢʩʠʤʘʣʴʥʘʷ, ʤ/ʩʫʪ 5158.63499497 502.33838192 0.13937712 2.17102233 0.55750848 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʳʙʦʨ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʩʚʦʠʤ. 

ʅʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ ʦʮʝʥʢʝ [1] ʜʣʷ ɹʦʣʴʰʦʛʦ ʪʨʝʱʠʥʥʦʛʦ ʊʦʣʙʘʯʠʥʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ, ʚʨʝʤʷ ʧʦʜʲʸʤʘ 

ʧʦʨʮʠʠ ʬʣʶʠʜʘ ʩ ʛʣʫʙʠʥʳ ~30 ʢʤ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 9 ʩʫʪʦʢ, ʯʪʦ ʧʦ ʧʦʨʷʜʢʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ, 

ʧʦʣʫʯʘʝʤʳʤ ʧʦ ʫʨʘʚʥʝʥʠʶ ʅʴʶʪʦʥʘ (2). ʊʝʢʪʦʥʦʬʠʟʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʞʝʣʘʪʠʥʦʤ ʠ ʚʦʟʜʫʰʥʦ-

ʵʪʘʥʦʣʦʚʦʡ ʩʤʝʩʴʶ [4], ʧʨʦʚʝʜʸʥʥʳʝ ʘʚʪʦʨʘʤʠ ʨʘʥʝʝ, ʧʦʢʘʟʘʣʠ ʩʢʦʨʦʩʪʠ, ʙʣʠʟʢʠʝ ʢ ʨʘʩʯʸʪʥʳʤ ʟʥʘʯʝ-

ʥʠʷʤ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (3ï6). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʙʶʜʞʝʪʥʦʡ ʪʝʤʳ IX.136.1.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷ-

ʶʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʝʡʩʤʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʇʨʠʙʘʡʢʘʣʴʷ. 
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ʈʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʵʪʘʧʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʩʪʦʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ ʚ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʄʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʚ ʨʘʩʯʸʪʝ ʧʦʤʝʩʷʯʥʦʛʦ ʩʪʦʢʘ ʚʦʜ ʚʦʣʴ-

ʬʨʘʤʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʦʤ-ɻʦʨʭʦʥ. ʋʯʪʸʥ ʤʘʩʩ-ʙʘʣʘʥʩ ʦʪʩʪʦʡʥʠʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʛʝʥʥʳʝ ʚʦʜʳ; ʨʝʯʥʦʡ ʩʪʦʢ; ʦʪʩʪʦʡʥʠʢʠ; ɿʫʥ-ʊʠʛʥʷ; ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

Calculation of the flow of the river Zun-Tignya upper reaches in the complex model 

of a system çmine water ð nature waterè on Bom-Gorkhon deposit 
 

E. V. Vasilieva, V. I. Vasiliev, O. K. Smirnova  

Geological Institute, SB RAS, Ulan-Ude, Russia. E-mail: geojenny@mail.ru 

 

The method of the geometrical and physical stages of the complex computer simulation of the flow of techno-

genic water in the natural environment has been considered. The method is applied to the calculation of monthly water 

flow of Bom-Gorkhon tungsten deposit. The mass balance of the sumps has been taken into account. 

Keywords: technogenic water; river flow; sumps; Zun-Tignya; complex computer simulation. 

 

ɹʦʤ-ɻʦʨʭʦʥʩʢʦʝ ʚʦʣʴʬʨʘʤʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʛʶʙʥʝʨʠʪ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʪʠʧʘ ʛʨʝʡʟʝʥʦʚʦʡ ʬʦʨʤʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ, ʚ 10 ʢʤ ʢ ʩʝʚʝ-

ʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʩʝʣʘ ʅʦʚʦʧʘʚʣʦʚʢʘ. ɼʦʙʳʯʘ ʠ ʦʙʦʛʘʱʝʥʠʝ ʨʫʜ ʚʝʜʸʪʩʷ ʩ 1980-ʭ ʛʦʜʦʚ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʳ ʧʦ ʬʣʦʪʘʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ 

ʧʦʣʫʯʘʶʪʩʷ ʪʦʚʘʨʥʳʝ ʚʦʣʴʬʨʘʤʠʪʦʚʳʡ ʠ ʩʫʣʴʬʠʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪʳ. ʄʘʩʩʠʚʳ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ 

ʨʘʟʤʝʱʘʶʪʩʷ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʨʫʯʴʷ ɿʫʥ-ʊʠʛʥʷ. ʆʥʠ ʜʨʝʥʠʨʫʶʪʩʷ ʚʦʜʘʤʠ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ʠ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ [5]. 

ʅʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʠ ʬʠʟʠʯʝʩʢʦʤ ʵʪʘʧʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [1] ʩʪʦ-

ʢʘ ʘʪʤʦʩʬʝʨʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʯʝʨʝʟ ʪʝʭʥʦʛʝʥʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʥʝʦʙʭʦʜʠʤʦ: 

1.ʆʧʨʝʜʝʣʠʪʴ ʠ ʦʧʪʠʤʘʣʴʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʧʦʜʩʠʩʪʝʤʳ (ʨʝʟʝʨʚʫʘʨʳ) ʤʦʜʝʣʠ. 

2.ʆʧʨʝʜʝʣʠʪʴ ʩʮʝʥʘʨʠʡ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʨʝʟʝʨʚʫʘʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. 

3.ʆʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʘʭ, ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʤʦʜʝʣʠʨʫʝʤʳʡ ʧʝʨʠʦʜ. 

4.ʈʘʩʩʯʠʪʘʪʴ ʙʘʣʘʥʩ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʤʝʞʜʫ ʨʝʟʝʨʚʫʘʨʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʇʨʝʜʫʩʤʦʪʨʝʪʴ ʚʣʠʷʥʠʝ ʦʪʩʪʦʡʥʠʢʦʚ ʥʘ ʤʘʩʩ-ʙʘʣʘʥʩ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʵʪʠʭ ʠ ʥʝʢʦʪʦʨʳʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ. 

ʇʨʝʜʣʘʛʘʝʤ ʩʣʝʜʫʶʱʠʡ ʩʮʝʥʘʨʠʡ ʤʘʩʩʦʧʝʨʝʥʦʩʘ (ʨʠʩ. 1). 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʮʝʥʘʨʠʷ ʤʘʩ-

ʩʦʧʝʨʝʥʦʩʘ ʚ ʤʦʜʝʣʠ. 

1ï7 ð ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʨʝʟʝʨʚʫʘʨʳ ʤʦʜʝʣʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʳ, 0 ð ʚʥʝʰʥʷʷ ʩʨʝʜʘ. 

ʉʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʧʝʨʝʥʦʩʘ ʛʨʫʧʧʳ ʧʦ-

ʜʚʠʞʥʳʭ ʬʘʟ ʠʣʠ H2O (ʫʢʘ-

ʟʘʥʦ). 

 

ɼʣʷ ʨʘʩʯʸʪʘ ʦʪʩʫʪʩʪʚʫʶ-

ʱʝʛʦ ʟʥʘʯʝʥʠʷ ʩʪʦʢʘ ʨ. 

ɿʫʥ-ʊʠʛʥʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʚʣʝʯʝʥʠʝ ʢʦʩʚʝʥʥʳʭ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ [4, 9] ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ð ʧʨʦʧʦʨʮʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟʚʝʩʪʥʦʛʦ ʛʠʜʨʦʛʨʘʬʘ ʩʦʩʝʜ-

ʥʝʛʦ ʨʫʯʴʷ ʊʘʨʙʘʛʘʪʘʡ (ʙʘʩʩʝʡʥ/ʩʪʦʢ=63.8 ʢʤ2/1793491 ʤ3) ʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ð ʨ. ɿʫʥ-ʊʠʛʥʷ (52.7 ʢʤ2): 
3ʤ 14814588.63/17934917.52/ =³=³= ʊTɿʊɿʊ FQFQ
, 

ʛʜʝ Qɿʊ, Qʊ ð ʛʦʜʦʚʳʝ ʩʪʦʢʠ ʨʫʯʴʸʚ ɿʫʥ-ʊʠʛʥʷ ʠ ʊʘʨʙʘʛʘʪʘʡ, Fɿʊ, Fʊ ð ʧʣʦʱʘʜʠ ʙʘʩʩʝʡʥʦʚ ʨʫʯʴʸʚ 

(1) 
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ʈʠʩ. 2. ʉʭʝʤʘ ʤʦʜʝʣʴʥʳʭ ʦʪʩʪʦʡʥʠʢʦʚ 

(ʧʣʘʥ, ʧʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ). 

ɿʫʥ-ʊʠʛʥʷ ʠ ʊʘʨʙʘʛʘʪʘʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʥʦʛʦ-

ʣʝʪʥʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʦʢʦʚ ʨʝʢ ʠ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʩ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʥʘ ʥʝʠʟʫʯʝʥʥʳʝ 

ʛʠʜʨʦʛʨʘʬʳ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʥʝʠʟʫʯʝʥʥʦʛʦ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʧʨʠʤʝʥʠʤʳ 

ʪʦʣʴʢʦ ʜʣʷ ʨʝʢ ʩ ʧʣʦʱʘʜʷʤʠ ʚʦʜʦʩʙʦʨʘ ʙʦʣʝʝ 500 ʢʤ2. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʨ. ɿʫʥ-ʊʠʛʥʷ ʤʳ 

ʩʯʠʪʘʝʤ ʤʝʪʦʜʠʢʫ ʨʘʩʯʸʪʘ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʥʝʠʟʫʯʝʥʥʳʭ ʨʝʢ ʙʘʩʩʝʡʥʘ ʦʟ. ɹʘʡʢʘʣ, ʧʨʝʜʣʦʞʝʥʥʫʶ ɽ.ɾ. 

ɻʘʨʤʘʝʚʳʤ [3], ʢʦʪʦʨʘʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷ (ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʙʦʣʝʝ 500 ʢʤ2, ʫʯʸʪ ʪʦʣʴʢʦ 

ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʙʝʟ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ), ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʘ ʚ ʩʠʣʫ ʛʝʦʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʫʯʸʪʘ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ. ɼʣʷ ʨʝʢ ʩʦ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ 

ʚʳʩʦʪʦʡ ʚʦʜʦʩʙʦʨʘ ʜʦ 1700 ʤ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɿʫʥ-ʊʠʛʥʷ ð 1299.1 ʤ, ʤʠʥʠʤʘʣʴ-

ʥʘʷ ~735 ʤ) ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ: 

( ) )1300(3.01000/ln600 -Ö+-= hAqq
, 

ʛʜʝ q ð ʤʦʜʫʣʴ ʩʪʦʢʘ; q0 ð ʢʘʨʪʦʛʨʘʬʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ (ʥʦʨʤʘ ʤʦʜʫʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʦʢʘ, ʧʨʠ-

ʚʝʜʸʥʥʦʛʦ ʢ ʧʣʦʱʘʜʠ 1000 ʢʤ2 ʠ ʩʨʝʜʥʝʡ ʚʳʩʦʪʝ ʚʦʜʦʩʙʦʨʘ 1300 ʤ); A ð ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ; h ð 

ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʚʦʜʦʩʙʦʨʘ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ ʧʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʛʦʜʦʚʦʡ ʩʪʦʢ ʨ. ɿʫʥ-ʊʠʛʥʷ ʩʦʩʪʘʚʣʷʝʪ 

1360923 ʤ3. ʇʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʦʙʦʠʤʠ ʩʧʦʩʦʙʘʤʠ (1, 2) ʬʦʨʤʘʣʴʥʦ ʨʘʚʥʦʧʨʘʚʥʳ (ʚʪʦʨʦʡ 

ʩʧʦʩʦʙ ʭʦʪʷ ʠ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥ, ʥʦ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʘʣʳʭ ʨʝʢ), ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʦʜʝʣʠ 

ʧʨʠʤʝʤ ʟʘ ʟʥʘʯʝʥʠʝ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʨ. ɿʫʥ-ʊʠʛʥʷ ʠʭ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ~1421190 ʤ3. ʀʟ ʘʥʘʣʠʟʘ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʙʘʩʩʝʡʥʘ ʨ. ɿʫʥ-ʊʠʛʥʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʚʝʨʭʦʚʴʷʭ ʨʫʯʴʷ (ʚʳʰʝ ʦʪʩʪʦʡʥʠʢʦʚ) 

ʬʦʨʤʠʨʫʝʪʩʷ ~6.7% ʝʸ ʚʦʜʦʩʪʦʢʘ, ʪ.ʝ. ʦʢʦʣʦ 95219.75 ʤ3. ʊʘʢʦʡ ʦʙʲʝʤ ʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʟʘ ʛʦʜʦʚʦʡ 

ʩʪʦʢ ʚʦʜʳ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ. ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʨʫʯʝʡ ʧʝʨʝʤʝʨʟʘʝʪ ʧʦʣʥʦʩʪʴʶ, ʚʝʩʴ ʛʦʜʦʚʦʡ ʩʪʦʢ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʝʩʷʮʳ ʩ ʘʧʨʝʣʷ ʧʦ ʦʢʪʷʙʨʴ. ɺʥʫʪʨʠʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1  

ɺʥʫʪʨʠʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʦʢʘ ʚʝʨʭʦʚʴʝʚ ʨ. ɿʫʥ-ʊʠʛʥʷ ʟʘ ʤʝʩʷʮʳ ʪʸʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ, % 

ʄʝʩʷʮ IV V VI  VII  VIII  IX X 

ʇʦ ʂ. ʂ. ɺʦʪʠʥʮʝʚʫ [2] 5.15 15.77 15.45 18.24 17.81 17.06 10.52 

ʇʦ ɺ. ʀ. ʂʦʥʥʦʚʫ [6] 8.97 19.41 10.84 11.26 22.66 18.27 8.60 

ʨ. ʊʘʨʙʘʛʘʪʘʡ [9] 6.76 20.99 13.62 11.6 24.72 15.04 7.27 

ʉʨʝʜʥʝʝ, % 6.96 18.72 13.30 13.70 21.73 16.79 8.80 

ʉʨʝʜʥʝʝ, ʤ3 6627.01 17827.70 12667.06 13044.75 20690.53 15986.82 8375.89 

 

ʄʦʜʝʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ 5ï7 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪ-

ʩʪʦʡʥʠʢʠ ʩ ʜʘʤʙʦʡ ʤʝʞʜʫ ʥʠʤʠ, ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʪʘʧʘ [1] ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʜʦ ʬʠʛʫʨ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʭʝʤʝ (ʨʠʩ. 2). ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʧʦʜʦʙʠʷ ʬʘʢ-

ʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʚʝʨʭʥʠʡ ʦʪʩʪʦʡʥʠʢ ʨʘʟʜʝʣʸʥ ʥʘ ʜʚʝ ʧʨʠʟʤʳ 

ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʪʨʘʧʝʮʠʡ AEDF (I) ʩ 

ʛʣʫʙʠʥʦʡ 3 ʤ ʠ EBCF (II) ʩ ʛʣʫʙʠʥʦʡ 1.5 ʤ. ʊʨʝʪʴʷ ʧʨʠ ʟʤʘ 

(III) ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʚ ʚʠʜʝ ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʪʨʘʧʝʮʠʡ DCLK 

ʚʳʩʦʪʦʡ H ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʘʤʙʫ ʤʦʱʥʦʩʪʴʶ 3 ʤ, ʜʨʝʥʠʨʫʝʤʫʶ 

ʨʘʩʪʚʦʨʦʤ. ʅʠʞʥʠʡ ʦʪʩʪʦʡʥʠʢ (IV) ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥ ʜʦ 

ʧʨʠʟʤʳ ʛʣʫʙʠʥʦʡ 2 ʤ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ KLM. 

ʈʘʟʤʝʨʳ ʩʪʦʨʦʥ ʚ ʤʝʪʨʘʭ: AD=25; BC=55; AB=85.44; DC=80; 

EF=40; KL=60; LM=25; KM=65; DK=CL=18.03. ʇʣʦʱʘʜʠ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ (S, ʤ2) ʠ ʦʙʲʸʤʳ (V, ʤ3) ʬʠʛʫʨ: SI=1600; SII=1900; 

SI+II=3500; SIV=750; VI=4800; VII=2850; VI+II=7650; VIII=3150; VIV=1500. ɺ ʦʪʩʪʦʡʥʠʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʩ-

ʧʘʨʝʥʠʝ ʚʦʜʳ, ʢʦʪʦʨʦʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ɸ. ʅ. ʇʦʩʪʥʠʢʦʚʘ [8]: 

ä
=

=++=
N

i

i
ʇʇʇ

t
tttE

1 12
),62.0026.0)(273.21(4

, 

ʛʜʝ E ð ʩʨʝʜʥʝʝ ʤʥʦʛʦʣʝʪʥʝʝ ʠʩʧʘʨʝʥʠʝ, ʤʤ; tʇ ð ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʸʧʣʦʛʦ ʧʝʨʠʦʜʘ 

ʛʦʜʘ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 1500 ʤ; N ð ʢʦʣʠʯʝʩʪʚʦ ʪʸʧʣʳʭ ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ; 

(2) 

(3) 



 

86 

 

ti ð ʩʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʟʘ i-ʡ ʪʸʧʣʳʡ ʤʝʩʷʮ (ʪʘʙʣ. 2). ʈʘʩʯʸʪʥʦʝ ʠʩʧʘʨʝʥʠʝ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʤʦʜʝʣʴʥʳʭ ʦʪʩʪʦʡʥʠʢʦʚ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 3. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʦʪʩʪʦʡʥʠʢʘʭ ʧʨʠ ʠʩʧʘʨʝ-

ʥʠʠ ʪʝʨʷʝʪʩʷ ʜʦ 47.414% ʦʙʲʸʤʘ ʨʘʩʪʚʦʨʘ. 

ʈʘʩʯʸʪʥʳʡ ʩʪʦʢ ʚʝʨʭʦʚʴʷ ʨ. ɿʫʥ-ʊʠʛʥʷ ʩ ʫʯʸʪʦʤ ʦʪʩʪʦʡʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 4. 

 

ʊʘʙʣʠʮʘ 2 

ʉʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʟʘ ʤʝʩʷʮʳ ʪʸʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ (ÁC) ʠ ʨʘʩʯʸʪʥʳʝ tʇ, E (ʤʤ) 

ʄʝʩʷʮ IV V VI  VII  VIII  IX  X tʇ E, ʤʤ 

ʇʦ ʂ. ʂ. ɺʦʪʠʥʮʝʚʫ [2] 0.47 6.42 17.08 20.51 17.88 13.86 2.49 6.56 527.16 

ʇʦ ʜʘʥʥʳʤ ʩʘʡʪʘ ʅɸʉɸ [10] 0.27 8.50 15.60 17.80 14.70 6.20 0.36 5.29 422.91 

ʉʨʝʜʥʝʝ 0.37 7.46 16.34 19.16 16.29 10.03 1.43 5.92 474.14 

 

ʊʘʙʣʠʮʘ 3 

ɺʥʫʪʨʠʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʧʘʨʝʥʠʷ ʟʘ ʤʝʩʷʮʳ ʪʸʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ 

ʄʝʩʷʮ IV V VI  VII  VIII  IX X ʉʫʤʤʘ 

E, % [7] 2.92 15.53 24.27 20.39 19.42 13.59 3.88 100.00 

E, ʤʤ 13.81 73.65 115.08 96.67 92.07 64.45 18.41 474.14 

EI, ʤ3 48.33 257.79 402.79 338.34 322.23 225.56 64.45 1659.49 

EII, ʤ3 10.36 55.24 86.31 72.50 69.05 48.33 13.81 355.61 

EI+II, ʤ3 58.69 313.03 489.10 410.85 391.28 273.90 78.26 2015.10 

 

ʊʘʙʣʠʮʘ 4 

ʈʘʩʯʸʪʥʳʡ ʩʪʦʢ ʚʝʨʭʦʚʴʷ ʨ. ɿʫʥ-ʊʠʛʥʷ ʩ ʫʯʸʪʦʤ ʦʪʩʪʦʡʥʠʢʦʚ, ʤ3 

ʄʝʩʷʮ IV V VI  VII  VIII  IX X ʊʸʧʣʳʡ ʧʝʨʠʦʜ 

Ÿ ʈʝʟʝʨʚʫʘʨ ˉ5 6627.01 17827.70 12667.06 13044.75 20690.53 15986.82 8375.89 97234.85 

ŷ ʀʩʧʘʨʝʥʠʝ 48.33 257.79 402.79 338.34 322.23 225.56 64.45 1659.49 

Ÿ ʈʝʟʝʨʚʫʘʨ ˉ7 6578.68 17569.91 12264.27 12706.41 20368.30 15761.26 8311.44 95575.36 

ŷ ʀʩʧʘʨʝʥʠʝ 10.36 55.24 86.31 72.50 69.05 48.33 13.81 355.6 

Ÿ ʈʝʢʘ 6568.32 17514.67 12177.96 12633.91 20299.25 15712.93 8297.63 95219.76 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ16-05-01041). 
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ʇʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʩʠʥʛʝʥʝʪʠʯʥʳʭ ʨʫʜʥʳʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʠʨʠʪʘʭ ʠʟ 

ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʭ ʠ ʞʠʣʴʥʳʭ ʨʫʜ ʛʨʘʥʠʪʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ Au-Bi ʪʠʧʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʦʩʪʦʯ-

ʥʦʡ ʯʘʩʪʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʥʠʭ ʚʠʩʤʫʪʩʦʜʝʨʞʘʱʠʭ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ (ʚʠʩʤʫʪʠʥ-ʘʥʢʠʥʠʪʦʚʘʷ, ʤʘʪʠʣʴʜʠʪ-ʛʘʣʝʥʠʪʦʚʘʷ ʠ ʣʠʣʣʠʘʥʠʪʦʚʘʷ 

ʩʝʨʠʠ, ʪʝʣʣʫʨʠʜʳ ʠ ʩʫʣʴʬʦʪʝʣʣʫʨʠʜʘʤʠ Bi), ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʶʪ ʥʦʚʦʝ ʧʦʥʠʤʘʥʠʝ ʛʝʥʝʟʠʩʘ ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʛʠʜʨʦ-

ʪʝʨʤʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʥʝʨʘʣʳ; ʧʠʨʠʪ; ʟʦʣʦʪʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ; ʨʫʜʥʳʝ ʚʢʣʶʯʝʥʠʷ; ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ.  
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The paper gives new knowledge about the composition of syngenetic mineralmicroinclusions found in the gold-

bearing pyrite of vein-disseminated andvein ores of Au-Bi granitogenic deposits located in the eastern part ofthe Mon-

gol-Okhotsk orogenic belt. It has been established that bismuth-containing mineral compounds with varying composi-

tion, such asbismuthine-alkinite and lillianite-galena series, as well as tellurides and Bi-(sulpho)tellurides, are wide 

spread in the ores closely associating with the native gold. The results of the study have allowed new understanding of 

genesis of gold-bismuth mineralization in a hydrothermal process and could be supplemental criteria when evaluating 

physical-chemical conditions of ore formation.  

Keywords: minerals; pyrite; gold mineralization; ore inclusions; Eastern Transbaikalia. 

 

C ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ JXA-8100 (Jeol) ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʵʣʝ-

ʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʨʫʜʥʳʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʧʠʨʠʪʘʭ ʠʟ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʥʥʠʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʘʨʘʛʝ-

ʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʞʠʣʴʥʳʭ ʠ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʘʨʠʡʩʢʦʛʦ (ɼʤʠʪ-

ʨʠʝʚʩʢʦʝ), ɸʣʝʢʩʘʥʜʨʦʚʩʢʦ-ʂʣʶʯʝʚʩʢʦʛʦ (ʨʫʜʥʳʝ ʟʦʥʳ ɿʘʧʘʜʥʘʷ ʠ ʀʚʘʯʠʭʘ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ) ʠ ʀʪʘʢʘ-ʄʦʛʦʯʠʥʩʢʦʛʦ (ʟʦʥʘ ʫʯʘʩʪʦʢ ʄʘʣʝʚʩʢʠʡ ʀʪʘʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʫʯʘ-

ʩʪʦʢ ʇʨʠʜʦʣʠʥʥʳʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʘʩʝʜʢʠʥʦ) ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʚʝʨʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʚʦʩʪʦʯʥʦʛʦ ʬʣʘʥʛʘ ʟʘʙʘʡʢʘʣʴʩʢʦʡ ʯʘʩʪʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ 

ʰʦʚʥʦʡ ʟʦʥʳ. ʀʟʫʯʘʣʠʩʴ ʩʠʥʛʝʥʝʪʠʯʥʳʝ ʧʠʨʠʪʘʤ ʩʫʣʴʬʠʜʥʳʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʪʦʥʢʦʨʘʩʧʳʣʝʥʥʳʤʠ ʢʘʧʣʝʦʙʨʘʟʥʳʤʠ, ʦʚʘʣʴʥʳʤʠ ʠʣʠ ʦʢʨʫʛʣʳʤʠ ʨʫʜʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ, ʩ ʨʘʟʤʝʨʦʤ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʦʨʷʜʢʘ 0.5ï2 ʤʢʤ, ʛʦʨʘʟʜʦ ʨʝʞʝ ð ʜʦ 10ï20 ʤʢʤ. ɺ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʠʨʠʪʘ ʤʠʢ-

ʨʦʚʢʣʶʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʙʝʩʩʠʩʪʝʤʥʦ, ʦʙʨʘʟʫʷ ʚ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʟʝʨʝʥ 

ʝʜʠʥʠʯʥʳʝ ʩʢʦʧʣʝʥʠʷ. ʈʝʞʝ ʨʫʜʥʳʝ ʤʠʢʨʦʚʳʜʝʣʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʮʝʧʦʯʝʢ, ʢʦʪʦʨʳʝ ʧʨʠ-

ʫʨʦʯʝʥʳ ʢ ʫʯʘʩʪʢʘʤ ʛʨʘʥʠʮ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʠʨʠʪʦʤ ʠ As-ʩʦʜʝʨʞʘʱʠʤ ʧʠʨʠʪʦʤ 

(ʀʪʘʢʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ). ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʦʪʤʝʯʘʝʪʩʷ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʨʘʚ-

ʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʠʧʠʯʥʳʤʠ ʵʤʫʣʴʩʠʝʚʠʜʥʳʤʠ ʚʳʜʝʣʝ-

ʥʠʷʤʠ ʩʬʘʣʝʨʠʪʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ (ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ).  

ʈʫʜʥʳʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʚ ʧʠʨʠʪʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʧʦ ʩʦʩʪʘʚʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʦʨʦʜʥʳʤʠ ʛʦʤʦʛʝʥʥʳʤʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ɺ ʟʦʣʦʪʦʥʦʩʥʳʭ ʚʢʨʘʧʣʝʥʥʳʭ ʢʚʘʨʮ-ʪʫʨʤʘʣʠʥ-ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ɼʤʠʪʨʠʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʚ ʧʠʨʠʪʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ (ʧʦ ʩʪʝʧʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ): ʭʘʣʴʢʦʧʠʨʠʪʘ, ʤʠʥʝ-
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ʨʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʘʣʝʥʠʪ-ʤʘʪʠʣʴʜʠʪʦʚʦʡ ʠ (ʨʷʜ Ag-Bi-ʩʦʜʝʨʞʘʱʠʡ ʛʘʣʝʥʠʪ ð ʰʠʨʤʝʨʠʪ) ʠ ʣʠʣ-

ʣʠʘʥʠʪʦʚʦʡ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʩʝʨʠʝʡ (ʛʫʩʪʘʚʠʪ-ʣʠʣʣʠʘʥʠʪʦʚʳʡ ʨʷʜ ʠ ʭʝʡʨʦʚʩʢʠʠʪ-ʵʩʢʠʤʦʠʪʦʚʳʡ ʨʷʜ), 

ʤʠʥʝʨʘʣʳ ʩʠʩʪʝʤʳ Pb-Bi-Cu-S (ʧʝʨʝʤʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʟʘʣʴʮʙʫʨʛʠʪ-ʬʝʣʴʙʝʨʪʘʣʠʪʦʚʦʛʦ ʨʷʜʘ), ʚʠʩ-

ʤʫʪʠʥ (ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ: Sb ʜʦ 1.7 %; ʉu ð ʜʦ 1.5 %, Se ð 1 %), ʤʠʥʝʨʘʣʳ Pb-Bi-S ʩʠʩʪʝʤʳ (ʢʦʟʘʣʠʪ-

ʭʝʡʨʦʩʢʠʠʪʦʚʳʡ ʨʷʜ) ʠ ʩʫʣʴʬʦʪʝʣʣʫʨʠʜʳ (ʪʝʪʨʘʜʠʤʠʪ). 

ɺ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʠʨʠʪʘʭ ʠʟ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʭ ʞʠʣ 

ʫʯʘʩʪʢʘ ɿʘʧʘʜʥʦʛʦ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, 

ʩʬʘʣʝʨʠʪʦʤ, ʣʠʣʣʠʘʥʠʪʦʚʦʡ ʛʦʤʦʣʦʛʠʯʝʩʢʦʡ ʩʝʨʠʝʡ (ʛʫʩʪʘʚʠʪ-ʣʠʣʣʠʘʥʠʪʦʚʳʡ ʨʷʜ ʠ ʭʝʡʨʦʚʩʢʠʠʪ-

ʵʩʢʠʤʦʠʪʦʚʳʡ ʨʷʜ), ʤʠʥʝʨʘʣʘʤʠ ʩʠʩʪʝʤʳ Cu-Bi-S (ʭʦʜʨʫʰʠʪ-ʚʠʪʪʠʭʝʥʠʪʦʚʳʡ ʨʷʜ), Ag-ʩʦʜʝʨʞʘʱʠʤ 

ʛʘʣʝʥʠʪʦʤ (Ag ʜʦ 3 %), ʚʠʩʤʫʪʠʥʦʤ (ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ: Sb ʜʦ 1.7 %; ʉu ð ʜʦ 2.3 %, Pb ð ʜʦ 7.4 %), 

ʩʫʣʴʬʦʪʝʣʣʫʨʠʜʘʤʠ ʚʠʩʤʫʪʘ (ʪʝʪʨʘʜʠʤʠʪ ʠ ʞʦʟʝʠʪ-ɺ), ʤʠʥʝʨʘʣʘʤʠ ʩʠʩʪʝʤʳ Pb-Bi-Cu-S (ʧʝʨʝʤʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʟʘʣʴʮʙʫʨʛʠʪ-ʬʝʣʴʙʝʨʪʘʣʠʪʦʚʦʛʦ ʨʷʜʘ), ʢʦʚʝʣʣʠʥʦʤ, ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ (ʧʨʦʙʥʦʩʪʴ 960-

970 ă) ʢʦʣʣʦʨʘʜʦʠʪʦʤ ʠ Hg-ʩʦʜʝʨʞʘʱʠʤ ʮʫʤʦʠʪʦʤ (?). 

ʆʜʥʦʪʠʧʥʳʡ ʩʦʩʪʘʚ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʭʘʨʘʢʪʝʨʝʥ ʠ ʜʣʷ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʠʨʠʪʦʚ ʠʟ ʪʫʨʤʘʣʠʥʦ-

ʚʳʭ ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ ʫʯʘʩʪʢʘ ʀʚʘʯʠʭʘ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ: ʭʘʣʴ-

ʢʦʧʠʨʠʪ, ʤʠʥʝʨʘʣʳ ʣʠʣʣʠʘʥʠʪʦʚʦʡ ʛʦʤʦʣʦʛʠʯʝʩʢʦʡ ʩʝʨʠʝʡ (ʛʫʩʪʘʚʠʪ-ʣʠʣʣʠʘʥʠʪʦʚʳʡ ʨʷʜ ʠ ʭʝʡʨʦʚ-

ʩʢʠʠʪ-ʵʩʢʠʤʦʠʪʦʚʳʡ ʨʷʜ), ʤʠʥʝʨʘʣʳ ʩʠʩʪʝʤʳ Cu-Bi-S (ʭʦʨʫʰʠʪ-ʚʠʪʪʠʭʝʥʠʪʦʚʳʡ ʨʷʜ), ʪʝʪʨʘʜʠʤʠʪ, 

ʤʠʥʝʨʘʣʳ ʩʠʩʪʝʤʳ Pb-Bi-Cu-S (ʟʘʣʴʮʙʫʨʛʠʪ), ʢʦʚʝʣʣʠʥ, ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ (ʧʨʦʙʥʦʩʪʴ 960-970 ă), 

ʢʦʣʣʦʨʘʜʦʠʪ, Cu2Hg2S3. 

ɺ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʘʛʨʝʛʘʪʘʭ ʧʠʨʠʪʘ ʠʟ ʢʚʘʨʮʝʚʦʞʠʣʴʥʳʭ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʀʪʘʢʘ (ʫʯʘʩʪʦʢ ʄʘʣʝʝʚʩʢʠʡ) ʚʳʷʚʣʝʥʳ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʘʨʩʝʥʦʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠ-

ʪʘ, ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʘʣʝʥʠʪ-ʤʘʪʠʣʴʜʠʪʦʚʦʡ (ʨʷʜ Ag-Bi-ʩʦʜʝʨʞʘʱʠʡ ʛʘʣʝʥʠʪ ð ʰʘʧʙʘʭʠʪ) ʠ 

ʣʠʣʣʠʘʥʠʪʦʚʦʡ (ʭʝʡʨʦʚʩʢʠʠʪ-ʵʩʢʠʤʦʠʪʦʚʳʡ ʨʷʜ) ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʩʝʨʠʡ, ʪʝʪʨʘʜʠʤʠʪ, ʩʘʤʦʨʦʜʥʦʝ ʟʦ-

ʣʦʪʦ (ʧʨʦʙʥʦʩʪʴ 700-970 ă), ʵʥʘʨʛʠʪ, ʙʝʨʪʴʝʨʠʪ, ʢʦʣʦʨʘʜʦʠʪ ʠ ʚʠʩʤʫʪʦʚʳʡ ʢʦʣʦʨʘʜʦʠʪ. 

ʈʫʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʠʟ ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ ʩʢʘʨʥʦʚʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʅʘʩʝʜʢʠʥʦ (ʫʯʘʩʪʦʢ ʇʨʠʜʦʣʠʥʥʳʡ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʣʠʣʣʠʘʥʠʪʦʚʦʡ ʛʦʤʦʣʦʛʠʯʝʩʢʦʡ ʩʝʨʠʝʡ (ʛʫʩʪʘʚʠʪ-ʣʠʣʣʠʘʥʠʪʦʚʳʡ ʨʷʜ), ʤʠʥʝʨʘʣʘʤʠ ʩʠʩʪʝʤʳ Pb-Bi-S 

(ʢʦʟʘʣʠʪ-ʣʠʣʣʠʘʥʠʪʦʚʳʡ ʨʷʜ), Ag-ʩʦʜʝʨʞʘʱʠʤ ʛʘʣʝʥʠʪʦʤ (ʜʦ 2 % Ag), ʪʝʪʨʘʜʠʤʠʪʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʠʨʠʪʘʭ ʠʟ ʧʨʦʞʠʣʢʦʚʳʭ ʠ ʞʠʣʴʥʳʭ ʨʫʜ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʦʜʥʦʪʠʧʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʚʢʣʶʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʠʩʤʫʪ-

ʩʦʜʝʨʞʘʱʠʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ (ʚʠʩʤʫʪʠʥ-ʘʥʢʠʥʠʪʦʚʘʷ, ʤʘʪʠʣʴ-

ʜʠʪ-ʛʘʣʝʥʠʪʦʚʘʷ ʠ ʣʠʣʣʠʘʥʠʪʦʚʘʷ ʩʝʨʠʠ, ʪʝʣʣʫʨʠʜʳ ʠ ʩʫʣʴʬʦʪʝʣʣʫʨʠʜʘʤʠ Bi), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʜ-

ʥʦʪʠʧʥʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ (Au, Bi, Pb, Cu, Te) ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ ʬʣʶʠʜʘ ʚ ʥʠʭ, ʘ 

ʪʘʢʞʝ ʥʘ ʪʝʩʥʫʶ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ Au ʩ Bi ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʫʜʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʅʘʙʦʨ ʩʫʣʴʬʦʩʦʣʝʡ, ʩʣʘʛʘʶʱʠʭ ʚʢʣʶʯʝʥʠʷ, ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʦʬʘʟʥʳʤʠ ʛʦʤʦʛʝʥʥʳʤʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠ-

ʷʤʠ, ʛʜʝ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʭʘʣʴʢʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚ-

ʣʝʥʠʷ (Pb, Bi, Ag, Te).  

ʉʫʣʴʬʦʩʦʣʠ, ʩʣʘʛʘʶʱʠʝ ʚʢʣʶʯʝʥʠʷ, ʟʘʥʠʤʘʶʪ ʦʙʦʩʦʙʣʝʥʥʦʝ ʤʝʩʪʦ ʚ ʦʙʱʝʡ ʩʭʝʤʝ ʨʫʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɺ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ, ʀʪʘʢʠʥʩʢʦʝ ʠ ʅʘʩʝʜʢʠʥʦ ʚʠʩʤʫʪʦʚʘʷ ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʚʠʜʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʧʠʨʠʪʘʭ ʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ ʚ 

ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ. ʉʧʝʮʠʬʠʢʘ ʩʫʣʴʬʦʩʦʣʝʡ ʚ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚʝ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ Sb, ʭʦʪʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʩʫʨʴʤʷʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧʨʦʷʚʣʝʥʘ ʚʝʩʴʤʘ ʰʠʨʦʢʦ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʙʣʝʢʣʦʡ ʨʫʜʳ (ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʨʫʜ), ʚʠʩʤʫʪʠʥʘ (ʩ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦ-

ʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Sb, ʚʧʣʦʪʴ ʜʦ ʭʦʨʦʙʝʪʩʫʠʪʘ), ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʠʩʪʝʤʳ 

Pb-Bi-Sb-S (ɼʤʠʪʨʠʝʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ). ʕʪʘ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʘʚʘ 

ʚʢʣʶʯʝʥʠʡ ʦʪʨʘʞʘʝʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʚʦʟʨʘʩʪʥʦʡ ʨʘʟʦʙʱʝʥʥʦʩʪʠ ʤʝʞʜʫ ʨʘʥʥʝʡ Au-Bi ʠ ʙʦʣʝʝ 

ʧʦʟʜʥʝʡ Sb ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʧʨʦʷʚʣʝʥʥʦʡ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɺʦ-

ʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ. 

ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʠʥʛʝʥʝʪʠʯʥʳʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʦʩʥʦʚʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʘʭ (ʧʠ-

ʨʠʪʘʭ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘʭ) ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʦʝ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦʨʫʜ-

ʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʩʪʘʚʘ ʨʫʜʦʥʦʩʥʦʛʦ ʬʣʶʠʜʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦ-

ʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʶʪ ʥʦʚʦʝ ʧʦʥʠʤʘʥʠʝ ʛʝʥʝʟʠʩʘ ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʛʠʜʨʦ-
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ɼʘʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʢʨʘʝʚʦʡ ʟʦʥʳ ʨʠʬʪʦʚ ʠ ʨʘʟʣʦʤʦʚ, ʚ ʢʦʪʦʨʦʡ ʤʘʥʪʠʡʥʳʝ ʠ ʘʩʪʝʥʦʩʬʝʨʥʳʝ 

ʤʘʛʤʳ ʜʚʠʛʘʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʘʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʈʵʣʝʷ-ʊʝʡʣʦʨʘ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʦʢʘ-

ʟʳʚʘʶʪ ʟʘʪʫʭʘʶʱʠʡ ʭʘʨʘʢʪʝʨ ʚʦʟʥʠʢʘʶʱʝʡ ʚʦʣʥʳ ʠ ʝʝ ʧʦʩʪʝʧʝʥʥʦʝ ʫʛʣʫʙʣʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʝʚʘʷ ʟʦʥʘ ʨʠʬʪʦʚ ʠ ʨʘʟʣʦʤʦʚ; ʛʦʨʷʯʠʝ ʪʦʯʢʠ; ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʈʵʣʝʷ-ʊʝʡʣʦʨʘ; ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʨʫʜ. 
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A preliminary model developed for the marginal rift and fault zone is presented, in which the mantle and asthen-

ospheric magmas are moving in accordance with the Rayleigh-Taylor instability principles. The geological data prove 

the decay pattern of the generated wave and its gradual propagation down to a greater depth. 

Keywords: marginal rift and fault zone; hotspots; Rayleigh-Taylor instability; ore melting temperature. 

 

ʂʨʘʝʚʘʷ ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʟʦʥʘ ʨʠʬʪʦʚ ʠ ʨʘʩʢʦʣʦʚ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ (ɸʣʜʘʥʦ-ʉʪʘʥʦʚʦʡ 

ʱʠʪ) ʚʦʟʥʠʢʣʘ ʚ ʨʘʥʥʝʤ ʜʦʢʝʤʙʨʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʤʝʞʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʕʪʘ 

ʛʣʫʙʠʥʥʘʷ ʟʦʥʘ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʮʝʧʦʯʢʘʤʠ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʦʷʩʦʚ 

(ʋʜʳʭʠʥʩʢʠʡ, ʏʫʤʠʢʘʥʩʢʠʡ, ʋʪʫʢʘʯʘʥʩʢʠʡ), ʘ ʪʘʢʞʝ ʧʨʦʪʷʛʠʚʘʶʱʠʤʩʷ ʥʘ ʦʛʨʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʋʯʫ-

ʨʦ-ʄʘʡʩʢʠʤ ʜʠʘʢʣʘʟʦʤ, ʟʘʣʝʯʝʥʥʳʤ ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʤʠ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʤʠ [2]. ʇʨʠ ʩʪʘʥʦʚʣʝʥʠʠ ʟʦʥʳ 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʣ ʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʳʡ ʤʘʛʤʘʪʠʟʤ ʚ ʩʢʣʘʜʯʘʪʦʤ ʦʙʨʘʤʣʝʥʠʠ ʧʣʘʪʬʦʨʤʳ. ɺ ʶʞʥʦʡ 

ʯʘʩʪʠ ʟʦʥʳ ʖ. ʌ. ʄʘʣʳʰʝʚʳʤ ʠ ʜʨ., (2002) ʧʦ ʢʦʤʧʣʝʢʩʫ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʢʘʢ ʦʙʣʘʩʪʴ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʧʦʜʲʝʤʘ ʤʘʥʪʠʠ, ʚʳʜʝʣʷʣʩʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʄʘʷ-ʉʝʣʝʤʜʞʠʥʩʢʠʡ ʧʣʶʤ ʜʠʘʤʝʪʨʦʤ ʜʦ 

1000 ʢʤ. ʇʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʟʦʥʝ ʨʠʬʪʦʚ ʠ 

ʨʘʩʢʦʣʦʚ ʨʝʟʢʦ ʦʧʫʩʢʘʶʪʩʷ ʦʙʝ ʛʨʘʥʠʮʳ: ʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʘʷ (ʛʨʘʥʠʮʘ ʄʦʭʦ) ʠ ʢʨʦʚʣʷ ʘʩʪʝʥʦʩʬʝʨʳ 

[1]. ɺ ʵʪʦʡ ʟʦʥʝ ʚʳʜʝʣʷʝʪʩʷ ʩʝʨʠʷ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʜʠʘʤʝʪʨʦʤ 100-150 ʢʤ (ɿʝʡʩʢʘʷ, ɺʝʨʭʥʝ-ɿʝʡʩʢʘʷ, ʊʦ-

ʢʦ, ʂʦʥʜʝʨ, ʀʥʛʠʣʠ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʦʩʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ; ʧʨʦʤʝʞʫʪʢʠ 

ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʙʣʠʟʢʠ. ʉʚʷʟʴ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʩ ʛʦʨʷʯʠʤʠ ʪʦʯʢʘʤʠ ʜʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʝʥ-

ʩʪʚʦʤ ʠʭ ʜʠʘʤʝʪʨʦʚ ʠ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ ʥʠʤʠ. ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʢʨʘʝʚʦʡ ʟʦʥʳ (ʩ ʪʝʤ ʞʝ ʰʘʛʦʤ) ʫʧʠ-

ʨʘʝʪʩʷ ʚ ʉʝʪʪʝ-ɼʘʙʘʥʩʢʫʶ ʚʝʝʨʦʦʙʨʘʟʥʫʶ ʟʦʥʫ ʨʘʟʣʦʤʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʪʨʫʢʪʫʨʫ çʢʦʥʩʢʦʛʦ ʭʚʦʩʪʘè: 

ʥʘʣʠʯʠʝ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʳʯʥʦ ʛʦʚʦʨʠʪ ʦ ʢʦʩʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ ʜʚʫʭ ʞʝʩʪʢʠʭ ʙʣʦʢʦʚ. ɺ ʶʞʥʦʡ ʯʘ-

ʩʪʠ ʟʦʥʘ ʨʠʬʪʦʚ ʠ ʨʘʟʣʦʤʦʚ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʠʟʦʛʥʫʪʫʶ ʬʦʨʤʫ; ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ɿʝʡʩʢʘʷ ʛʦʨʷʯʘʷ ʪʦʯ-

ʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʨʫʢʪʫʨʝ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ (ʎɸʉʇ). ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʦʙʲ-

ʷʩʥʠʪʴ ʧʦʩʪʝʧʝʥʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ɸʤʫʨʩʢʦʡ ʧʣʠʪʳ, ʘ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʛʦʨʷ-

ʯʠʝ ʪʦʯʢʠ ð ʤʘʥʪʠʡʥʳʝ (ʧʦʜʣʠʪʦʩʬʝʨʥʳʝ) ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʣʘʙʦ ʩʚʷʟʘʥʳ ʩ ʢʦʨʦʚʳʤʠ ʠ ʣʠʪʦʩʬʝʨʥʳ-

ʤʠ ʙʣʦʢʘʤʠ. ɽʩʣʠ ʚ ɿʝʡʩʢʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʛʦʨʷʯʝʡ ʪʦʯʢʝ ʤʘʥʪʠʡʥʳʝ ʤʘʛʤʳ ʜʦʭʦʜʷʪ ʜʦ ʛʨʘʥʠʮʳ ʄʦʭʦ 

ʠ ʧʨʦʥʠʢʘʶʪ ʚ ʢʦʨʫ, ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʢʨʘʝʚʦʡ ʟʦʥʳ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ. ʊʘʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ: 

1. ʧʦʪʦʢ ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ ʦʪ ʄʘʷ-ʉʝʣʝʤʜʞʠʥʩʢʦʛʦ ʧʣʶʤʘ, ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʦʥʠʮʘʝʤʫʶ ʢʨʘʝʚʫʶ 

ʟʦʥʫ ʠ ʦʙʨʘʟʫʝʪ ʨʷʜ ʛʦʨʷʯʠʭ ʪʦʯʝʢ, ʧʦʩʪʝʧʝʥʥʦ ʟʘʛʣʫʙʣʷʷʩʴ, çʩʢʘʪʳʚʘʷʩʴ ʚʥʠʟè ʠ ʫʤʝʥʴʰʘʷʩʴ ʚ ʦʙʲʝ-

ʤʝ. 

2. çʧʦʩʪʦʷʥʩʪʚʦ ʰʘʛʘè ʤʝʞʜʫ ʛʦʨʷʯʠʤʠ ʪʦʯʢʘʤʠ, ʚʝʨʦʷʪʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʚ ʧʨʦʥʠʮʘʝ-

ʤʦʡ ʢʨʘʝʚʦʡ ʟʦʥʝ ʧʨʦʮʝʩʩʘ, ʥʘʧʦʜʦʙʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʈʵʣʝʷ-ʊʝʡʣʦʨʘ [3]. 

ʇʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ ʩ ʨʘʟʥʳ-

ʤʠ ʧʣʦʪʥʦʩʪʷʤʠ, ʢʦʛʜʘ ʩʣʦʡ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ 

ʙʦʣʝʝ ʥʠʟʢʦʧʣʦʪʥʦʛʦ ʩʣʦʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʙʦʣʝʝ ʧʣʦʪʥʳʝ ʧʣʶʤʦʚʳʝ ʤʘʛʤʳ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʟʦʥʳ ʦʢʘʟʳʚʘʶʪʩʷ ʚʳʰʝ ʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʳʭ, ʤʝʥʝʝ ʧʣʦʪʥʳʭ ʤʘʛʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ 

ʚʦʟʥʠʢʘʝʪ ʟʘʪʫʭʘʶʱʠʡ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʝʨʠʠ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʩ 

ʚʩʝ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤʠ ʢʦʨʥʷʤʠ. ʇʦʩʪʝʧʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʜʚʠ-
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ʞʝʥʠʠ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʜʠʘʤʝʪʨ ʩʪʨʫʢʪʫʨ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʜʘʞʝ ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʥʠʤʠ 

ʨʘʚʥʦʤʝʨʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʦʪ 220 ʢʤ ʜʦ 150 ʢʤ, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ ʧʦʨʷʜʢʘ 190 ʢʤ. 

ɺ ʘʨʝʘʣʘʭ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʝʡʰʠʝ ʚ ʨʝʛʠʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʟʦʣʦʪʘ (ʇʦʢʨʦʚʢʘ, ʇʠʦʥʝʨ), ʧʣʘʪʠʥʳ (ʂʦʥʜʝʨ), ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ɸʨʙʘʨʘʩʪʘʭ), ʮʠʨʢʦʥʠʷ (ɸʣʛʦʤʘ, ʀʥʛʠ-

ʣʠʡʩʢʘʷ ʛʦʨʷʯʘʷ ʪʦʯʢʘ). ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʫʜʦʥʦʩʥʳʭ ʤʘʩʩʠʚʦʚ (ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʭ ʰʪʦʢʦʚ) ʚ ʵʪʦʡ 

ʟʦʥʝ ʪʠʧʠʯʥʳ ʤʥʦʛʦʬʘʟʥʦʩʪʴ, ʯʘʩʪʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʢʦʣʴʮʝʚʦʝ ʩʪʨʦʝʥʠʝ, ʜʣʠʪʝʣʴʥʦʝ, ʤʥʦʛʦʵʪʘʧʥʦʝ 

ʨʘʟʚʠʪʠʝ, ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʣʦʱʘʜʥʦʛʦ ʠ ʣʦʢʘʣʴʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʤʘʛʤʘʪʠʟʤʘ ʤʘʥʪʠʡʥʦʡ, ʧʣʶʤʦʚʦʡ ʧʨʠʨʦʜʳ (ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ, ʱʝʣʦʯʥʳʝ ʧʦʨʦʜʳ).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʝʯʝʥʠʠ ʧʨʦʬʠʣʷ ʥʘ ʧʝʨʠʬʝʨʠʠ ɺʝʨʭʥʝ-ɿʝʡʩʢʦʡ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʘ 

ʏʦʛʘʨʦ-ʋʜʳʭʠʥʩʢʘʷ ʟʦʥʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʟʝʣʝʥʦʢʘʤʝʥʥʳʤ ʧʦʷʩʦʤ, ʛʜʝ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʝʜʫʪʩʷ 

ʨʘʙʦʪʳ ʥʘ ʤʝʜʴ ʠ ʟʦʣʦʪʦ ʠ ʦʙʥʘʨʫʞʝʥʳ ʦʙʲʝʢʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʚʳʩʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ. ɺ ʘʨʝʘʣʝ 

ʀʥʛʠʣʠʡʩʢʦʡ ʛʦʨʷʯʝʡ ʪʦʯʢʠ ʢʨʦʤʝ ʢʨʫʧʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʮʠʨʢʦʥʠʷ ʢʘʨʪʠʨʫʶʪʩʷ ʠʥʛʠʣʠʪʳ, ʦʪʥʦ-

ʩʷʱʠʝʩʷ ʢ ʪʠʧʫ ʢʠʤʙʝʨʣʠʪʦʧʦʜʦʙʥʳʭ ʧʦʨʦʜ. ɺ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢʨʘʝʚʦʡ ʟʦʥʳ (ʉʝʪʪʝ-

ɼʘʙʘʥʩʢʘʷ ʟʦʥʘ ʨʘʟʣʦʤʦʚ), ʥʘ ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʥʝʡ ʯʘʩʪʠ ɸʣʜʘʥʩʢʦʡ ʧʣʠʪʳ, ʦʪʤʝʯʘʣʠʩʴ ʧʨʠʟʥʘʢʠ 

ʥʝʬʪʝʥʦʩʥʦʩʪʠ, ʛʨʘʬʠʪʠʟʘʮʠʠ (?). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʛʦʨʷʯʠʝ ʪʦʯʢʠ ʟʦʥʳ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʥʘ 

ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ ʨʘʟʣʠʯʥʳʭ ʨʫʜ ʠ ʥʝʬʪʠ, ʧʨʠʯʝʤ, ʩʦʚʝʨʰʝʥʥʦ ʯʝʪʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʵʪʠʭ ʨʫʜ 

ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ. ʇʨʝʜʧʦʣʦʞʠʤ, ʨʝʯʴ ʠʜʝʪ ʦ ʚʝʩʴʤʘ ʙʦʛʘʪʳʭ 

ʨʫʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʣʶʤʦʚʳʭ ʤʘʛʤʘʭ, ʢʦʪʦʨʳʝ ʩʢʘʪʳʚʘʷʩʴ ʧʦ ʢʨʘʝʚʦʡ ʟʦʥʝ ʚʩʝ ʛʣʫʙʞʝ ʥʘ ʩʝʚʝ-

ʨʦ-ʚʦʩʪʦʢ, ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʣʠ ʚʩʝ ʙʦʣʝʝ ʣʝʛʢʦʧʣʘʚʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʦʛʘ-

ʱʝʥʠʝ ʪʫʛʦʧʣʘʚʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʈʫʜʥʘʷ ʩʧʝʮʠʬʠʢʘ ʪʦʯʢʠ 6 (ʉʝʪʪʝ-ɼʘʙʘʥʩʢʘʷ ʟʦʥʘ) ʥʝʠʟʚʝʩʪʥʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʘ ʥʝʬʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʣʶʤʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʧʨʠʤʝʨ ð ʉʠʙʠʨʩʢʠʡ ʧʣʶʤ), 

ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥʘʭ (ʪʘʙʣ. 1, ʨʠʩ. 1). 

ʊʘʙʣʠʮʘ 1 

ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʘʝʚʦʡ ʟʦʥʳ ʨʠʬʪʦʚ ʠ ʨʘʩʢʦʣʦʚ. 

ˉ 

ʧ.ʧ. 

ʅʘʟʚʘʥʠʝ ʛʦʨʷʯʝʡ 

ʪʦʯʢʠ 

ʆʩʥʦʚʥʳʝ ʨʫʜʥʳʝ 

ʦʙʲʝʢʪʳ 

ɺʝʜʫʱʠʡ ʪʠʧ ʨʫʜ  ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ, ʉ *1 

ʉʨʝʜʥʷʷ ʊ, 

ʉ 

1 ʅʠʞʥʝ-ɿʝʡʩʢʘʷ ʇʠʦʥʝʨ, ʇʦʢʨʦʚʢʘ ɿʦʣʦʪʦ, ʩʝʨʝʙʨʦ 961-1063 982 

2 ɺʝʨʭʥʝ-ɿʝʡʩʢʘʷ  ʄʝʜʴ, ʟʦʣʦʪʦ 1063-1085 1074 

3 ʊʦʢʦ ɸʨʙʘʨʘʩʪʘʭ ʈʝʜʢʠʝ ʟʝʤʣʠ, ʪʦʨʠʡ, 

ʫʨʘʥ 

1132-1755 1444 

4 ʂʦʥʜʝʨʩʢʘʷ ʂʦʥʜʝʨ ʇʣʘʪʠʥʘ, ʧʣʘʪʠʥʦʠʜʳ 1730-1820 1775 

5 ʀʥʛʠʣʠ ɸʣʛʦʤʘ, ʠʥʛʠʣʠʪʳ (?) ʎʠʨʢʦʥʠʡ, ʘʣʤʘʟ(?) 1855-2000(?)*2 1928 

6 ʉʝʪʪʝ-ɼʘʙʘʥʩʢʘʷ 

ʟʦʥʘ  

(?) ʇʨʠʟʥʘʢʠ ʙʠʪʫʤʘ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʥʝʪ ʥʝʪ 

ʇʨʠʤʝʯʘʥʠʷ: 1. ʋʢʘʟʘʥʳ ʧʨʝʜʝʣʳ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʚʝʜʫʱʠʭ ʪʠʧʦʚ ʨʫʜ. 

2. ʊʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʘʣʤʘʟ ʩʛʦʨʘʝʪ, ʧʨʝʚʨʘʪʠʚʰʠʩʴ ʚ ʛʨʘʬʠʪ, ʙʝʟ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ, ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜ-

ʢʘ 2000 ϊʉ. 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʵʧʠʮʝʥʪʨʘʤʠ ʛʦʨʷʯʠʭ ʪʦʯʝʢ ʠ ʠ ʩʨʝʜʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ ʨʫʜ 

S ð ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʧʨʦʬʠʣʶ (ʢʤ), ʊ (ʉ) ð ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, x ð ʧʘʨʘʤʝʪʨʳ ʵʧʠʮʝʥʪʨʦʚ ʛʦʨʷʯʠʭ 

ʪʦʯʝʢ, ʠʭ ʥʦʤʝʨ (1-ʅʠʞʥʝ-ɿʝʡʩʢʘʷ, 2-ɺʝʨʭʥʝ-ɿʝʡʩʢʘʷ, 3-ʊʦʢʦ, 4-ʂʦʥʜʝʨ, 5-ʀʥʛʠʣʠ, 6-ʉʝʪʪʝ-ɼʘʙʘʥʩʢʘʷ ʟʦʥʘ), ß-

ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʚ ʉʝʪʪʝ-ɼʘʙʘʥʩʢʦʡ ʟʦʥʝ.  
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ɺʳʚʦʜ: ɺ ʩʚʷʟʠ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʛʣʫʙʠʥʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ, ʦʪʤʝʯʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʟʘʪʫʭʘʶʱʝʡ ʚʦʣʥʝ ʭʘʨʘʢʪʝʨ ʪʨʝʥʜʘ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʨʫʜ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ (ʚʦʟʤʦʞʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ?) ʚ ʉʝʪʪʝ-ɼʘʙʘʥʩʢʦʡ ʟʦʥʝ ʥʝʠʟʚʝʩʪʥʘ, ʥʦ ʩ ʫʯʝʪʦʤ ʛʨʘʬʠʢʘ ʦʥʘ ʩʦ-

ʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 2000 ʛʨʘʜʫʩʦʚ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʛʥʦʟʝ ʦʨʫʜʝʥʝʥʠʷ ʚ ʉʝʪʪʝ-

ɼʘʙʘʥʩʢʦʡ ʟʦʥʝ. ʄʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʠʜʝʘʣʴʥʘʷ ʬʦʨʤʘ ʢʨʠʚʦʡ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʦʣʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʟʦʥʳ ʜʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʈʵʣʝʷ-ʊʝʡʣʦʨʘ. 
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ʉʘʡʙʘʨʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ʛʦʨʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʄʠʥʫʩʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘ-

ʪʦʡ ʦʙʣʘʩʪʠ. ʆʥ ʩʣʦʞʝʥ ʱʝʣʦʯʥʳʤʠ ʥʝʬʝʣʠʥʦʚʳʤʠ ʩʠʝʥʠʪʘʤʠ, ʱʝʣʦʯʥʳʤʠ ʩʠʝʥʠʪʘʤʠ ʠ ʱʝʣʦʯʥʳʤʠ ʛʨʘʥʦʩʠʝ-

ʥʠʪʘʤʠ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠ-

ʦʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʱʝʣʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʤʘʥʪʠʡʥʦʡ ʧʨʠʨʦʜʳ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʨʦʚʳʤ ʚʝʱʝʩʪʚʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʱʝʣʦʯʥʦʡ ʥʝʬʝʣʠʥʦʚʳʡ ʩʠʝʥʠʪ; ʄʠʥʫʩʠʥʩʢʠʡ ʧʨʦʛʠʙ; ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ; ʧʣʘʚʣʝʥʠʝ. 

 

The model for formation of alkaline nepheline syenites and associated rocks at the Saibar massif  

within the Minusinsk trough by geological, geochemical and isotopic (ŭ18O) data  
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The Saibar massif is located within the mountainous setting of the Minusinsk trough of the Altay-Sayan folded 

area. It is composed of alkaline nepheline syenites, alkaline syenites and alkaline granosyenites. Geological, geochemi-

cal and isotopic data for the massif rocks indicate crystallization differentiation of alkaline melts of mantle nature and 

their interaction with crustal material in the same magmatic chamber. 

Keywords: alkaline nepheline syenite; Minusinsk trough; fractionation; melting. 

 

ʑʝʣʦʯʥʳʝ ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠ-

ʷʭ, ʥʦ ʟʘʥʠʤʘʶʪ ʧʝʨʚʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ ʧʦ ʦʙʲʸʤʫ ʩʨʝʜʠ ʚʩʝʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ ɿʝʤʣʠ. ɺ ʪʦ ʞʝ ʚʨʝ-

ʤʷ ʩ ʥʠʤʠ ʩʚʷʟʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʳʨʴʷ ʠ ʨʝʜʢʠʭ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʝʨʦʷʪʥʦ, 

ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʠʭ ʧʦʨʦʜ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʤʦʜʝʣʝʡ ʠʭ ʧʨʦ-

ʠʩʭʦʞʜʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ.  

ʉʘʡʙʘʨʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ʛʦʨʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʄʠʥʫʩʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ʆʥ ʩʣʦʞʝʥ ʱʝʣʦʯʥʳʤʠ ʥʝʬʝʣʠʥʦʚʳʤʠ ʩʠʝʥʠʪʘʤʠ, ʱʝʣʦʯʥʳʤʠ ʩʠʝʥʠʪʘʤʠ ʠ ʱʝ-

ʣʦʯʥʳʤʠ ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ ʧʦ [2]. ʇʦʣʫʯʝʥʥʳʝ ʚ 2005 ʛʦʜʫ ʨʝʟʫʣʴʪʘʪʳ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ ʮʠʨʢʦʥʦʚ 

ʱʝʣʦʯʥʳʭ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ [1] ʧʦʢʘʟʘʣʠ ʜʣʷ ʥʠʭ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ (457Ñ10 ʤʣʥ ʣʝʪ). 

ɺ ʭʦʜʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʱʝʣʦʯʥʳʭ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʤʘʩʩʠʚʘ ʙʳʣʠ ʧʦʣʫʯʝ-

ʥʳ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ. ʊʘʢ, ɻ.ʄ. ʉʘʨʘʥʯʠʥʘ ʦʪʥʦʩʠʣʘ ʠʭ ʢ ʜʘʡʢʘʤ [3], ʚ ʪʦ ʚʨʝ-

ʤʷ ʢʘʢ ʕ.ɽ. ʌʝʜʦʨʦʚ [4] ʩʯʠʪʘʣ ʠʭ ʢʩʝʥʦʣʠʪʘʤʠ ʚ ʩʠʝʥʠʪʘʭ. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʤʳ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʧʦʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʑʝʣʦʯʥʳʝ ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ (ʬʦʡʷʠʪʳ) ʚ ʧʨʝʜʝʣʘʭ ʤʘʩʩʠʚʘ ʦʙʨʘʟʫʶʪ ʦʙʦʩʦʙʣʝʥʥʳʝ ʧʦʣʷ 

(20 ʭ 50 ʤ) ʠ ʣʠʥʝʡʥʳʝ ʟʦʥʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ 50 ʜʦ 200 ʤ. ʅʝʨʝʜʢʦ ʟʦʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝ-

ʥʳ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʚʳʩʪʫʧʦʚ ʠ ʛʨʷʜ ʚʳʩʦʪʦʡ ʦʪ 0,5 ʜʦ 3 ʤʝʪʨʦʚ, ʩʦʟʜʘʚʘʷ ʦʙʤʘʥʯʠʚʦʝ ʚʧʝʯʘʪʣʝʥʠʝ 

ʜʘʝʢ. ɼʣʷ ʬʦʡʷʠʪʦʚ ʪʠʧʠʯʥʦ ʧʩʝʚʜʦʧʦʣʦʩʯʘʪʦʝ ʠ ʧʝʛʤʘʪʦʠʜʥʦʝ ʩʪʨʦʝʥʠʝ. ɺʳʜʝʣʷʝʪʩʷ ʰʠʨʦʢʘʷ ʛʘʤʤʘ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ ʩ ʚʘʨʴʠʨʫʶʱʠʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʧʦʣʝ-

ʚʦʛʦ ʰʧʘʪʘ, ʘʣʴʙʠʪʘ, ʥʝʬʝʣʠʥʘ ʠ ʵʛʠʨʠʥʘ. ʉʦʜʝʨʞʘʥʠʝ SiO2 ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

53,9 ʜʦ 61,6 ʤʘʩ. % , Na2O+K2O ʦʪ 12,3 ʜʦ 13,9 ʤʘʩ. %, ʢʦʵʬʬʠʮʠʝʥʪ ʘʛʧʘʠʪʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝ-

ʚʳʰʘʝʪ 1. 

ʑʝʣʦʯʥʳʝ ʩʠʝʥʠʪʳ (ʪʝʥʩʙʝʨʛʠʪʳ) ʨʝʟʢʦ ʜʦʤʠʥʠʨʫʶʪ ʚ ʤʘʩʩʠʚʝ, ʟʘʥʠʤʘʷ ʥʝ ʤʝʥʝʝ 90 % ʝʛʦ 

ʧʣʦʱʘʜʠ. ʕʪʠ ʧʦʨʦʜʳ ʩʣʦʞʝʥʳ ʦʨʪʦʢʣʘʟʦʤ, ʘʣʴʙʠʪʦʤ, ʵʛʠʨʠʥ-ʘʚʛʠʪʦʤ ʠ ʘʨʬʚʝʜʩʦʥʠʪʦʤ. ʆʥʠ ʦʪʣʠ-

ʯʘʶʪʩʷ ʦʪ ʬʦʡʷʠʪʦʚ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ SiO2 (ʦʪ 61,5 ʜʦ 66,4 ʤʘʩ.%) ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟ-

ʢʦʡ ʩʫʤʤʘʨʥʦʡ ʱʝʣʦʯʥʦʩʪʠ (Na2O+K2O ʤʝʥʷʝʪʩʷ ʦʪ 8,9 ʜʦ 11,6 ʤʘʩ. %). ʂʦʵʬʬʠʮʠʝʥʪ ʘʛʧʘʠʪʥʦʩʪʠ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,76-0,99. 

ʑʝʣʦʯʥʳʝ ʛʨʘʥʦʩʠʝʥʠʪʳ ʩʣʘʛʘʶʪ ʫʯʘʩʪʢʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʧʣʦʱʘʜʴʶ ʦʪ 10 ʜʦ 100 ʤ2, ʢʦ-

ʪʦʨʳʝ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʘʟʥʦʩʪʠ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʱʝʣʦʯʥʳʝ ʩʠʝʥʠʪʳ ʠ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʦʱʥʳʤ (ʜʦ 100 ʤ) ʵʥʜʦʢʦʥʪʘʢʪʦʚʳʤ ʟʦʥʘʤ ʚ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ ʤʘʩʩʠʚʘ. ʀʤʠ 

ʪʘʢʞʝ ʩʣʦʞʝʥʳ ʜʘʡʢʠ (1ʭ20 ʤ), ʥʝʟʘʢʦʥʦʤʝʨʥʦ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʝ ʩʨʝʜʠ ʱʝʣʦʯʥʳʭ ʩʠʝʥʠʪʦʚ. ɺ ʥʠʭ, 
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ʢʨʦʤʝ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʩʝʥʦʤʦʨʬʥʳʡ ʢʚʘʨʮ, ʘʣʴ-

ʙʠʪ, ʵʛʠʨʠʥ-ʘʚʛʠʪ ʠ ʘʨʬʚʝʜʩʦʥʠʪ. SiO2 ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 68,7ï69,9 ʤʘʩ. %, ʯʪʦ ʩʫ-

ʝɦʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʧʦʨʦʜ ʩʘʤʦʛʦ ʤʘʩʩʠʚʘ, ʧʨʠ ʵʪʦʤ Na2O+K2O ʠʟʤʝʥʷʝʪʩʷ ʦʪ 9,1 ʜʦ 10,9 ʤʘʩ. 

%. ʂʦʵʬʬʠʮʠʝʥʪ ʘʛʧʘʠʪʥʦʩʪʠ ʤʝʥʴʰʝ 1. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʘʡʙʘʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ ʩʣʝʜʫʶʱʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ: 1) ɺ ʨʷʜʫ ʬʦʡʷʠʪï ʪʝʥʩʙʝʨʛʠʪ-ʱʝʣʦʯʥʦʡ ʛʨʘ-

ʥʦʩʠʝʥʠʪ ʟʦʥʳ ʵʥʜʦʢʦʥʪʘʢʪʘ ʩʫʱʝʩʪʚʫʶʪ ʧʦʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʬʦʡʷʠʪʦʚ ʧʨʦʠʩ-

ʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʣʠʰʧʘʪʦʚʳʝ ʠ ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʵʛʠʨʠʥʘ ʬʨʘʛʤʝʥʪʳ. ʅʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʡʢʠ ʩʣʦʞʝʥʳ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʟʦʥʘ ʵʥʜʦʢʦʥʪʘʢʪʘ, ʱʝʣʦʯʥʳʤʠ 

ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ. 2) ɼʣʷ ʚʩʝʭ ʧʦʨʦʜ ʪʠʧʠʯʥʳ ʤʘʛʤʘʪʠʯʝʩʢʠʝ (ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʳʝ, ʧʦʨʬʠʨʦ-

ʚʠʜʥʳʝ, ʪʨʘʭʠʪʦʠʜʥʳʝ) ʩʪʨʫʢʪʫʨʳ. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʚʫʭʬʘʟʥʦʝ ʩʪʨʦʝʥʠʝ ʤʘʩʩʠʚʘ ʠ ʙʣʠʟʢʦ-

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʦʡʷʠʪʦʚ, ʪʝʥʩʙʝʨʛʠʪʦʚ ʠ ʱʝʣʦʯʥʳʭ ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʟʦʥʳ ʵʥʜʦʢʦʥʪʘʢ-

ʪʘ ʠ ʠʭ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ ʝʜʠʥʦʡ (ʧʝʨʚʦʡ) ʬʘʟʝ ʚʥʝʜʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʚʦʟʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʦʙʱʝʛʦ ʜʣʷ ʥʠʭ ʨʘʩʧʣʘʚʘ. ɼʘʡʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚʪʦʨʦʡ ʬʘʟʳ, ʙʣʠʟʢʠ ʧʦ 

ʩʚʦʠʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʨʦʜʘʤ ʟʦʥʳ ʵʥʜʦʢʦʥʪʘʢʪʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʙʲʸʤ 

ʪʝʥʩʙʝʨʛʠʪʦʚ ʥʝʩʦʠʟʤʝʨʠʤʦ ʙʦʣʴʰʝ ʦʙʲʸʤʘ ʜʨʫʛʠʭ ʪʠʧʦʚ ʧʦʨʦʜ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʭ ʩʦʩʪʘʚ 

ʦʪʚʝʯʘʝʪ ʩʦʩʪʘʚʫ ʤʘʪʝʨʠʥʩʢʦʛʦ ʨʘʩʧʣʘʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʬʦʡʷʠʪʳ ʠ ʱʝʣʦʯʥʳʝ 

ʛʨʘʥʦʩʠʝʥʠʪʳ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʧʨʦʜʫʢʪʘʤʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʪʝʥʩʙʝʨʛʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ. ɺʦʟ-

ʥʠʢʘʝʪ ʛʣʘʚʥʳʡ ʚʦʧʨʦʩ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟ ʦʙʱʝʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʤʦʛʣʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʬʝʣʠʥʦʚʳʝ (ʥʝʜʦʩʳʱʝʥʥʳʝ ʢʨʝʤʥʝʟʸʤʦʤ) ʠ ʢʚʘʨʮʝʚʳʝ (ʧʝʨʝʩʳʱʝʥʥʳʝ ʢʨʝʤʥʝʟʸ-

ʤʦʤ) ʧʦʨʦʜʳ. 

ʅʘ ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʠʥʘʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʝʢʩʘ ʜʠʬʬʝ-

ʨʝʥʮʠʘʮʠʠ ʨʘʩʧʣʘʚʘ ʩʦʜʝʨʞʘʥʠʷ SiO2 ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʨʦʜ ʦʙ-

ʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʪʨʝʥʜʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

1. ʇʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʣʠʯʠʥʘ Na2O/K2O ʦʪ 2,5 ʚ ʬʦʡʷʠʪʘʭ ʜʦ 0,8 ʚ ʱʝʣʦʯʥʳʭ ʛʨʘʥʦʩʠʝ-

ʥʠʪʘʭ. 

2. ʌʦʡʷʠʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʧʦʨʦʜ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

MgO (ʜʦ 1,3 ʤʘʩ.%) ʠ CaO (ʜʦ 2,3 ʤʘʩ. %). 

3. ɼʠʘʧʘʟʦʥʳ ʚʘʨʠʘʮʠʡ Zr, Hf, Sr ʠ REE ʚ ʬʦʡʷʠʪʘʭ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʚ ʪʝʥʩʙʝʨʛʠʪʘʭ. ʉʫʤʤʘʨ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʜʣʷ ʬʦʡʷʠʪʦʚ ʦʪ 143 ʜʦ 1087 ʛ/ʪ, ʜʣʷ ʪʝʥʩʙʝʨʛʠ-

ʪʦʚ ʦʪ 210 ʜʦ 755 ʛ/ʪ) ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʡ SiO2. 

4. ʆʪ ʬʦʡʷʠʪʦʚ ʢ ʪʝʥʩʙʝʨʛʠʪʘʤ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʷ P2O5, Ba ʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ Rb. 

5. ʑʝʣʦʯʥʳʝ ʛʨʘʥʦʩʠʝʥʠʪʳ ʟʦʥʳ ʵʥʜʦʢʦʥʪʘʢʪʘ ʠ ʜʘʡʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘ-

ʯʝʥʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ Zr, Hf ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʨʦʜʘʤʠ. 

6. ʆʪ ʪʝʥʩʙʝʨʛʠʪʦʚ ʢ ʱʝʣʦʯʥʳʤ ʛʨʘʥʦʩʠʝʥʠʪʘʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʷ CaO, Sr, Rb. 

7. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʥʩʙʝʨʛʠʪʘʤʠ ʚ ʱʝʣʦʯʥʳʭ ʛʨʘʥʦʩʠʝʥʠʪʘʭ ʟʦʥʳ ʵʥʜʦʢʦʥʪʘʢʪʘ ʥʘʢʘʧʣʠʚʘʶʪ-

ʩʷ P2O5 , Sr ʠ REE. 

8. ʑʝʣʦʯʥʳʝ ʛʨʘʥʦʩʠʥʠʪʳ ʜʘʡʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʟʦʥʳ ʵʥʜʦʢʦʥʪʘʢʪʘ 

ʨʝʟʢʦ ʦʙʝʜʥʝʥʳ P2O5 ʠ REE. 

ʇʦʜʦʙʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʢʦʛʝʨʝʥʪʥʳʭ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʚʘ ʨʘʟʥʳʭ ʤʝ-

ʭʘʥʠʟʤʘ ʵʚʦʣʶʮʠʠ ʠʩʭʦʜʥʦʛʦ ʪʝʥʩʙʝʨʛʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʚʝʨʦʷʪʥʦ, ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʚ ʚʠʜʝ ʤʘʛʤʘʪʠ-

ʯʝʩʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʣʦʥʥʳ. ʇʝʨʚʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʬʦʡʷʠʪʦʚ ʚ ʝʸ ʩʪʚʦʣʦʚʦʡ ʯʘʩʪʠ. ɿʜʝʩʴ 

ʬʨʘʢʮʠʦʥʠʨʫʝʪ ʘʣʴʙʠʪ, ʚ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘʭ ʧʦʷʚʣʷʶʪʩʷ ʥʝʬʝʣʠʥ, ʵʛʠʨʠʥ ʠ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ ʧʦ-

ʣʝʚʦʡ ʰʧʘʪ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝʤ SiO2. ɼʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʱʝʣʦʯ-

ʥʳʭ ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʟʦʥʳ ʝʸ ʵʥʜʦʢʦʥʪʘʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʢʦʧʣʝʥʠʝ SiO2 ʦʙʫʩʣʦʚʣʝʥʦ ʬʨʘʢʮʠʦʥʠʨʦ-

ʚʘʥʠʝʤ ʵʛʠʨʠʥʘ, ʨʦʩʪʦʤ ʜʦʣʠ ʘʣʴʙʠʪʘ ʠ ʧʦʷʚʣʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʚ ʚʠʜʝ ʢʚʘʨʮʘ. ɺ ʵʪʠʭ ʧʦ-

ʨʦʜʘʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʘʧʘʪʠʪ, ʷʚʣʷʶʱʠʡʩʷ ʥʦʩʠʪʝʣʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʧʦʥʠʞʘʶʪʩʷ ʛʠʜ-

ʨʦʬʦʙʥʳʝ ʚʳʩʦʢʦʟʘʨʷʜʥʳʝ Zr ʠ Hf, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʨʘʥʥʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʮʠʨʢʦʥʦʩʠʣʠʢʘ-

ʪʦʚ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʚʦʜʥʳʤ ʬʣʶʠʜʦʤ ʟʦʥʳ ʵʥʜʦʢʦʥʪʘʢʪʘ. 

ɺ ʩʧʝʢʪʨʘʭ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʬʦʡʷʠʪʦʚ ʠ ʪʝʥʩʙʝʨʛʠʪʦʚ ʉʘʡʙʘʨʩʢʦ-

ʛʦ ʤʘʩʩʠʚʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʦʛʘʱʝʥ-

ʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʪʘʭ ʟʥʘʯʝʥʠʷ Th, U, Nb, Ta, Zr, Hf, La, Ce, Pr, Nd, Tm,Yb,Lu, ʧʨʝʚʳʰʘʶʪ ʠʭ ʩʦʜʝʨ-

ʞʘʥʠʷ ʚ ʚʝʨʭʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʠʥʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Ba, Sr, Ti, Sm, Eu, 

Gd, Tb, Dy, Y, Ho, Er ʚ ʬʦʡʷʠʪʘʭ ʥʝ ʜʦʩʪʠʛʘʶʪ ʥʠʞʥʝʢʦʨʦʚʳʭ ʟʥʘʯʝʥʠʡ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʧʨʠ ʬʨʘʢʮʠ-

ʦʥʠʨʦʚʘʥʠʠ ʤʘʛʤ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʱʝʣʦʯʥʦʩʪʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝʬʝʣʠʥʘ ʨʦʩʪ 

REE ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ (La/Yb)n. ɺ ʢʚʘʨʮ-ʥʦʨʤʘʪʠʚʥʦʡ ʩʝʨʠʠ ʚʝʣʠʯʠʥʘ (La/Yb)n ʤʝʥʷʝʪʩʷ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʬʦʨʤʘ ʩʧʝʢʪʨʘ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʙʣʠʟʢʘ ʢ ʩʧʝʢʪʨʫ ʩʦʩʪʘʚʘ ʚʝʨʭ-

ʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ɽʚʨʦʧʠʝʚʳʡ ʤʠʥʠʤʫʤ ʩʣʘʙʦ ʚʳʨʘʞʝʥ ʚʦ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʧʦʨʦʜ. 

ɻʣʘʚʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʱʝʣʦʯʥʳʭ ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʟʦʥʳ ʵʥʜʦʢʦʥʪʘʢʪʘ ʦʪ ʪʝʥʩʙʝʨʛʠʪʦʚ ʷʚʣʷʶʪʩʷ ʨʦʩʪ 

REE (ʜʦ 1822 ʛ/ʪ), ʩʛʣʘʞʠʚʘʥʠʝ ʤʠʥʠʤʫʤʦʚ ʚ ʦʙʣʘʩʪʠ MREE ʠ ʧʘʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Zr ʠ Hf. ʑʝ-

ʣʦʯʥʦʡ ʛʨʘʥʦʩʠʝʥʠʪ ʜʘʡʢʠ ʦʙʝʜʥʸʥ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʬʦʨʤʘ ʩʧʝʢʪʨʘ 

ʝʛʦ ʩʦʩʪʘʚʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʪʘʢʦʚʦʡ ʜʣʷ ʚʝʨʭʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʣʘʚʣʝʥʠʝ 

ʢʦʨʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʠʩʣʳʭ ʨʘʩʧʣʘʚʦʚ ʧʦʟʜʥʝʡ ʬʘʟʳ.  

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʘʭ ʥʠʟʢʦʢʨʝʤʥʠʩʪʳʭ ʬʦʡʷʠʪʦʚ 

(ŭ18O = 6,3 ð 8,2 ă) ʧʨʠʙʣʠʞʝʥ ʢ ʤʘʥʪʠʡʥʳʤ ʤʝʪʢʘʤ. ʂʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʚʳʩʦʢʦ-

ʢʨʝʤʥʠʩʪʳʭ ʬʦʡʷʠʪʦʚ, ʪʝʥʩʙʝʨʛʠʪʦʚ ʠ ʱʝʣʦʯʥʦʛʦ ʛʨʘʥʦʩʠʝʥʠʪʘ ʜʘʡʢʠ ʦʙʦʛʘʱʝʥʳ ʪʷʞʸʣʳʤ ʠʟʦʪʦʧʦʤ 

ʢʠʩʣʦʨʦʜʘ (ŭ18O = 9,3 ð 10,8 ă). ʕʪʠ ʜʘʥʥʳʝ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʨʦʜ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʱʝʣʦʯ-

ʥʳʭ ʨʘʩʧʣʘʚʦʚ ʤʘʥʪʠʡʥʦʡ ʧʨʠʨʦʜʳ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʨʦʚʳʤ ʚʝʱʝʩʪʚʦʤ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʝʬʝʣʠ-

ʥʦʚʳʭ ʠ ʢʚʘʨʮʝʚʳʭ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʇʨʦʝʢʪʫ IX.129.1.5. (ˉ 0350-

2016-0030) ʠ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 16-05-00181). 
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ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʠʷ ʚ ʩʠʝʥʠʪʘʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʚʝʢʪʠʚʥʦʡ ʢʫʤʫʣʷʮʠʠ. ʉʦʜʝʨʞʘ-

ʥʠʝ ʮʠʨʢʦʥʘ ʚ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʢʫʤʫʣʘʪʘʭ ʜʦʩʪʠʛʘʝʪ 3ï4 ʦʙ.%. ʋʢʨʫʧʥʝʥʠʝ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʘʩʪʚʦ-

ʨʝʥʠʷ-ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʧʨʦʠʟʦʰʣʦ ʧʨʠ ʫʯʘʩʪʠʠ ʱʝʣʦʯʥʦʛʦ ʬʣʶʠʜʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʮʠʨʢʦʥʠʝʤ, ʭʣʦʨʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʨʢʦʥ; ʪʦʨʠʪ; ʫʨʘʥʦʪʦʨʠʪ; ʢʣʝʚʝʠʪ; ʛʠʙʨʠʜʥʳʝ ʩʠʝʥʠʪʳ; ʨʘʩʪʚʦʨʝʥʠʝ-ʧʝʨʝʦʩʘʞʜʝʥʠʝ. 

 

Concentration of zirconium in hybrid syenites of the Ust-Khilok massif (Western Transbaikalia) 
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The concentration of zirconium in syenites occurred under the convective cumulation process. The content of 

zircon in leucocratic cumulates is 3ï4% wt. The growth of zircon grains by the dissolution-reprecipitation mechanism 

occurred with the input of an alkaline fluid enriched in zirconium and chlorine. 

Keywords: zircon; thorite; uranothorite; cleveite; hybrid syenites; dissolution-reprecipitation. 

 

ʋʩʪʴ-ʍʠʣʦʢʩʢʠʡ ʤʘʩʩʠʚ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʠʞʥʝʩʝʣʝʥʛʠʥʩʢʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʬʦʨ-

ʤʠʨʦʚʘʥʥʦʛʦ ʚ ʠʥʪʝʨʚʘʣʝ 285ï278 ʤʣʥ ʣʝʪ. ʄʘʩʩʠʚ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡ-

ʢʘʣʴʷ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 100 ʢʤ ʶʞʥʝʝ ʛ. ʋʣʘʥ-ʋʜʵ. ʆʥ ʚʳʪʷʥʫʪ ʙʦʣʝʝ ʯʝʤ ʥʘ 60 ʢʤ ʚʜʦʣʴ ʨ. ʉʝʣʝʥʛʘ 

ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʰʠʨʠʥʝ ʜʦ 10 ʢʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʠʧʠʯʥʳʡ ʪʨʝʱʠʥʥʳʡ 

ʠʥʪʨʫʟʠʚ. ʉʣʦʞʝʥ ʤʘʩʩʠʚ ʚ ʦʩʥʦʚʥʦʤ ʤʦʥʮʦʩʠʝʥʠʪʘʤʠ, ʩʠʝʥʠʪʘʤʠ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʣʝʡʢʦʛʨʘʥʠ-

ʪʳ ʠ ʩʠʥʧʣʫʪʦʥʠʯʝʩʢʠʝ ʛʘʙʙʨʦ. ʃʠʪʚʠʥʦʚʩʢʠʤ ɹ.ɸ. ʩ ʩʦʘʚʪʦʨʘʤʠ [2] ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʩʠʥʧʣʫʪʦʥʠ-

ʯʝʩʢʠʝ ʙʘʟʠʪʳ ʠ ʧʨʦʮʝʩʩʳ ʩʤʝʰʝʥʠʷ ʤʘʬʠʯʝʩʢʦʡ ʠ ʩʘʣʠʯʝʩʢʦʡ ʤʘʛʤ, ʧʨʠʚʝʜʰʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʛʠʙʨʠʜʥʳʭ ʧʦʨʦʜ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʥʘʢʦʧʣʝʥʠʷ ʮʠʨʢʦʥʠʷ ʚ ʛʠʙʨʠʜʥʳʭ ʩʠ-

ʝʥʠʪʘʭ ʋʩʪʴ-ʍʠʣʦʢʩʢʦʛʦ ʤʘʩʩʠʚʘ. ɺʳʜʝʣʝʥʦ ʜʚʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ: 1) ʩʠʝʥʠʪʳ, ʦʙʦʛʘʱʝʥʥʳʝ 

ʮʠʨʢʦʥʠʝʤ (1950ï392 ʛ/ʪ); 2) ʩʠʝʥʠʪʳ ʩ ʤʠʥʠʤʫʤʦʤ ʮʠʨʢʦʥʠʷ (292ï145 ʛ/ʪ). ɺ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʩʠʝʥʠ-

ʪʘʭ ʧʝʨʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʨʝʦʙʣʘʜʘʶʪ ʩʘʣʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʳ ð ʦʣʠʛʦʢʣʘʟ ʠ ʱʝʣʦʯʥʦʡ ʧʦʣʝʚʦʡ 

ʰʧʘʪ, ʢʦʣʠʯʝʩʪʚʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ ʙʠʦʪʠʪʘ ʜʦʩʪʠʛʘʝʪ 8 ʦʙ.%. ʇʦʨʦʜʳ ʠʤʝʶʪ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠ-

ʩʪʫʶ, ʘʣʣʦʪʨʠʦʤʦʬʥʦʟʝʨʥʠʩʪʫʶ, ʨʝʜʢʦ ʧʦʡʢʠʣʠʪʦʚʫʶ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʩʠʤʧʣʝʢʪʠʪʦ-

ʚʳʝ ʩʨʘʩʪʘʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʯʝʨʚʝʦʙʨʘʟʥʦʛʦ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʦ 18 ʤʘʩ.% 

ʢʘʣʠʷ. ʉʠʝʥʠʪʳ ʩ ʤʠʥʠʤʫʤʦʤ ʮʠʨʢʦʥʠʷ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʧʦʜʦʙʥʳ ʩʠʝʥʠʪʘʤ ʧʝʨʚʦʡ ʨʘʟʥʦ-

ʚʠʜʥʦʩʪʠ, ʥʦ ʝʱʸ ʙʦʣʝʝ ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʠ ʦʪʣʠʯʘʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʱʝʣʦʯʝʡ (ʜʦ 12.4 ʤʘʩ.%) ʛʠʙʨʠʜʥʳʝ ʩʠʝʥʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʰʦʰʦʥʠʪʦʚʦʡ ʩʫʙʝɦ-

ʣʦʯʥʦʡ ʩʝʨʠʠ. ʆʥʠ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʣʠʷ (7.8 ʤʘʩ.%). ʉʨʝʜʠ ʛʠʙʨʠʜʥʳʭ ʩʠ-

ʝʥʠʪʦʚ ʩ ʤʘʢʩʠʤʫʤʦʤ ʮʠʨʢʦʥʠʷ ʜʦʚʦʣʴʥʦ ʨʝʟʢʦ ʚʳʜʝʣʷʶʪʩʷ ʢʫʤʫʣʘʪʳ, ʢʦʪʦʨʳʝ ʘʥʦʤʘʣʴʥʦ ʦʙʦʛʘʱʝ-

ʥʳ Zr, ʚ ʥʠʭ ʪʘʢʞʝ ʙʦʣʴʰʝ K, Sr, Ba, HREE. ʉʠʝʥʠʪʳ ʩ ʤʠʥʠʤʫʤʦʤ ʮʠʨʢʦʥʠ ̫ð ʵʪʦ ʧʦʟʜʥʠʝ ʜʠʬʬʝ-

ʨʝʥʮʠʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ Zr, HREE, Mg, Fe, V, Ba, Sr, ʥʦ ʙʦʣʴʰʝ ʢʨʝʤʥʝʟʝʤʘ.  

ʅʘ ʦʩʥʦʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʩʦʩʪʘʚʘ ʚ ʛʠʙʨʠʜʥʳʭ ʩʠʝʥʠʪʘʭ ʚʳʜʝʣʝʥʦ ʜʚʘ ʪʠʧʘ 

ʮʠʨʢʦʥʘ: 1) ʩʚʝʪʣʦ-ʨʦʟʦʚʳʝ ʩʦ ʩʣʘʙʳʤ ʢʦʨʠʯʥʝʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʦʜʥʦʨʦʜʥʳʝ ʢʨʠʩʪʘʣ-

ʣʳ ʨʘʟʤʝʨʦʤ ʦʪ 120 ʜʦ 30 ʤʠʢʨʦʥ; 2) ʢʨʫʧʥʳʝ (0.25ï0.5 ʤʤ) ʠʟʦʤʝʪʨʠʯʥʳʝ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʮʠʨʢʦ-

ʥʳ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩʦʜʝʨʞʘʪ ʤʝʪʘʤʠʢʪʥʳʝ ʷʜʨʘ ʠʣʠ ʧʦʨʠʩʪʳʝ ʫʯʘʩʪʢʠ, ʦʢʨʫʞʝʥʥʳʝ ʧʨʦʟʨʘʯʥʦʡ 

ʪʨʝʱʠʥʦʚʘʪʦʡ ʢʘʡʤʦʡ. 

ʎʠʨʢʦʥ ʧʝʨʚʦʛʦ ʪʠʧʘ ʯʘʱʝ ʚʩʝʛʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʧʠʨʦʢʩʝʥʦʤ, ʧʣʘʛʠʦʢʣʘʟʦʤ, ʠʣʴʤʝʥʠʪʦʤ, ʤʘʛʥʝ-

ʪʠʪʦʤ, ʪʠʪʘʥʠʪʦʤ. ɺ ʦʪʦʨʦʯʢʘʭ ʪʠʪʘʥʠʪʘ ʚʦʢʨʫʛ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʪʤʝʯʘʶʪʩʷ ʢʨʠʩʪʘʣʣʠʢʠ ʮʠʨʢʦʥʘ 

ʨʘʟʤʝʨʦʤ ʦʪ 10 ʜʦ 30 ʤʢʤ. ɺ ʵʪʦʤ ʮʠʨʢʦʥʝ ʥʝʪ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʥʠʟʢʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʥʦ ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʞʝʣʝʟʦ, ʦʪʩʫʪʩʪʚʫʶʱʝʝ ʚʦ ʚʪʦʨʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʮʠʨʢʦʥʘ. ɺ ʜʚʫʭ ʢʨʠʩʪʘʣʣʘʭ ʮʠʨʢʦʥʘ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʠʣʴʤʝʥʠʪʦʤ ʠ ʪʠʪʘʥʠʪʦʤ, 

ʦʙʥʘʨʫʞʝʥʘ ʟʦʥʘʣʴʥʦʩʪʴ ʧʦ ʞʝʣʝʟʫ, ʢʦʪʦʨʦʝ ʚ ʮʝʥʪʨʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʢ ʢʨʘʶ ʟʝʨʥʘ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 0.62ï0.67 ʤʘʩ.%. ɺ ʥʝʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʠʣʴʤʝʥʠʪʦʤ ʠ 

ʪʠʪʘʥʠʪʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ ʜʦʩʪʠʛʘʝʪ 1.08ï1.42 ʤʘʩ.%. ʉʦʩʪʘʚ ʵʪʠʭ ʮʠʨʢʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘ-
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ʛʘʪʴ, ʯʪʦ ʚ ʛʠʙʨʠʜʥʳʭ ʩʠʝʥʠʪʘʭ ʨʦʩʪ ʤʠʥʝʨʘʣʘ ʚʳʟʚʘʥ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʛʤʘʪʦʛʝʥʥʦʛʦ ʬʣʶʠʜʘ, ʧʨʠʚʦ-

ʜʷʱʠʤ ʢ ʨʘʟʨʫʰʝʥʠʶ ʬʘʟ, ʩʦʜʝʨʞʘʱʠʭ ʮʠʨʢʦʥʠʡ. ʊʘʢʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʠʣʴʤʝʥʠʪ, 

ʨʝʰʝʪʢʘ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʚʤʝʱʘʪʴ ʜʦ 1 ʤʘʩ.% ZrO2 [6]. ʎʠʨʢʦʥ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʭʦʜʝ ʩʫʙʩʦʣʠʜʫʩʥʦʡ ʨʝ-

ʘʢʮʠʠ ʧʨʠ ʨʘʩʧʘʜʝ ʠʣʴʤʝʥʠʪʘ [4] ʠ ʟʘʤʝʱʝʥʠʠ ʝʛʦ ʨʫʪʠʣʦʤ ʠ ʪʠʪʘʥʠʪʦʤ.  

ʇʠʨʦʢʩʝʥ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʮʠʨʢʦʥʠʷ, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʧʦʜ ʚʣʠʷ-

ʥʠʝʤ ʬʣʶʠʜʥʦʡ ʬʘʟʳ, ʥʘʩʳʱʝʥʥʦʡ ʢʘʣʠʝʤ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʭʣʦʨʘ, ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʯʝ-

ʛʦ ʩʣʫʞʠʪ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ ʚ ʘʧʘʪʠʪʝ ð ʠʥʜʠʢʘʪʦʨʝ ʘʢʪʠʚʥʦʩʪʠ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʍʣʦʨʘ ʙʦʣʴ-

ʰʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʥ ʣʝʛʢʦ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʨʘʩʧʣʘʚʘ, ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ (ʜʦ 1 ʤʘʩ.%) ʚ ʘʧʘʪʠʪʝ ʠʟ ʢʫʤʫʣʘʪʦʚ ʚ ʩʠʝʥʠʪʘʭ ʩ ʤʘʢʩʠʤʫʤʦʤ ʮʠʨʢʦʥʠʷ. ʊʘʢ ʢʘʢ 

ʭʣʦʨ ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʳʤ ʵʢʩʪʨʘʛʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʘʤ [3], ʪʦ ʬʣʶʠʜ ʦʙʦʛʘ-

ʱʘʝʪʩʷ ʮʠʨʢʦʥʠʝʤ, ʘ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʤʝʣʢʠʝ (10ï25 ʤʢʤ) ʢʨʠʩʪʘʣʣʠʢʠ ʮʠʨʢʦʥʘ ʧʨʠʫʨʦʯʝʥʳ 

ʢ ʪʨʝʱʠʥʘʤ ʚ ʧʠʨʦʢʩʝʥʝ, ʟʘʤʝʱʘʝʤʦʤ ʘʢʪʠʥʦʣʠʪʦʤ. 

ɺʳʚʦʜʳ ʦʙ ʠʩʪʦʨʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʨʢʦʥʘ ʩʜʝʣʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ 

ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ð ʵʪʦ Hf, U, Th, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʫʩʪʦʡʯʠʚʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʮʠʨʢʦʥʝ 

[1]. ʎʠʨʢʦʥ ʠʟ ʛʠʙʨʠʜʥʳʭ ʩʠʝʥʠʪʦʚ ʧʝʨʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ Zr/Hf  ʦʪʥʦʰʝʥʠ-

ʝʤ (56.81ï30.93), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤ ʦʙ ʫʯʘʩʪʠʠ ʦʩʥʦʚʥʦʡ ʤʘʛʤʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʝʥʠʪʦʚ. ʎʠʨʢʦʥ 

ʠʟ ʩʠʝʥʠʪʦʚ ʚʪʦʨʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ Hf, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ Zr/Hf  ʦʪʥʦʰʝʥʠʷ 

(35.90ï17.31), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʛʦ ʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʠʙʨʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʯʝʛʦ 

ʩʣʫʞʠʪ ʩʦʩʪʘʚ ʟʦʥʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʋʚʝʣʠʯʝʥʠʝ ʢ ʢʨʘʶ ʟʝʨʥʘ ʢʦʣʠʯʝʩʪʚʘ Hf ʷʚʣʷʝʪʩʷ ʛʝʦʭʠʤʠʯʝ-

ʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. 

Th/U ʦʪʥʦʰʝʥʠʝ ð ʵʪʦ ʟʥʘʯʠʤʳʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʮʠʨʢʦʥʘ. ʎʠʨʢʦʥ ʠʟ 

ʛʠʙʨʠʜʥʳʭ ʩʠʝʥʠʪʦʚ ʋʩʪʴ-ʍʠʣʦʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠʤʝʝʪ ʚʳʩʦʢʠʝ Th/U ʦʪʥʦʰʝʥʠʷ (1.04ï1.79), ʭʘʨʘʢ-

ʪʝʨʥʳʝ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʮʠʨʢʦʥʘ ʠʟ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʣʠʷʥʠʝ 

ʙʘʟʠʪʦʚʦʡ ʤʘʛʤʳ ʥʘ ʩʦʩʪʘʚ ʩʠʝʥʠʪʦʚ. 

ɺ ʢʨʠʩʪʘʣʣʘʭ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʭʣʦʨʩʦʜʝʨʞʘʱʝʛʦ ʱʝʣʦʯʥʦʛʦ ʬʣʶʠ-

ʜʘ, ʩʦʭʨʘʥʷʶʪʩʷ ʨʝʣʠʢʪʳ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʨʦʩʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. ʇʨʠ ʨʝʘʢʮʠʠ ʮʠʨʢʦʥʘ ʩ ʬʣʶʠʜʘʤʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʟʘʤʝʱʝʥʠʷ ʤʦʞʝʪ ʠʜʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ [5]: 1) 

ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʤ ʜʠʬʬʫʟʠʦʥʥʦ-ʨʝʘʢʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ; 2) 

ʠʟʤʝʥʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʮʠʨʢʦʥʘ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ-ʧʝʨʝʦʩʘʞʜʝʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ çʥʝʬʦʨʤʫʣʴʥʳʭè 

ʢʦʤʧʦʥʝʥʪʦʚ (Al, Ca, Fe) ʚ ʩʦʩʪʘʚʝ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʟʦʥ ʮʠʨʢʦʥʘ ʠʟ ʛʠʙʨʠʜʥʳʭ ʩʠʝʥʠʪʦʚ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʠʷ ʚ ʥʠʭ, ʠʟʤʝʥʝʥʠʝ ʠ ʨʦʩʪ ʮʠʨʢʦʥʘ ʧʨʦʠʩʭʦʜʠʣʠ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʚʪʦʨʦʛʦ ʪʠʧʘ ð ʨʘʩʪʚʦʨʝʥʠʷ-ʧʝʨʝʦʩʘʞʜʝʥʠʷ. ʇʨʠʟʥʘʢʘʤʠ ʪʘʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠ ʤʦʨʬʦʣʦʛʠ-

ʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʮʠʨʢʦʥʘ: ʥʘʣʠʯʠʝ ʧʦʨʠʩʪʳʭ ʟʦʥ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʘʢʮʝʩʩʦʨʥʳʭ, ʧʦʨʦʜʦʦʙʨʘʟʫʶ-

ʱʠʭ ʠ U, Th, Y ʤʠʥʝʨʘʣʦʚ, ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʢʣʶʯʝʥʠʡ, ʠʟ-

ʚʠʣʠʩʪʳʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʟʦʥʘʤʠ, ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʪʨʝʱʠʥʦʚʘʪʘʷ ʢʘʡʤʘ ʚʦʢʨʫʛ ʧʦʨʠʩʪʳʭ ʷʜʝʨ. 

ʄʠʢʨʦʚʢʣʶʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ U, Th, Y (ʪʦʨʠʪ, ʫʨʘʥʦʪʦʨʠʪ, ʢʣʝʚʝʠʪ) ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʦʤ ʧʨʦ-

ʮʝʩʩʘ ʨʘʩʪʚʦʨʝʥʠʷ-ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʮʠʨʢʦʥʘ ʬʣʶʠʜʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ ʚ ʛʠʙʨʠʜʥʳʭ ʩʠʝʥʠʪʘʭ ʩ ʤʘʢʩʠʤʫʤʦʤ ʮʠʨʢʦʥʠʷ. ʕʪʠʤʠ ʤʠʥʝʨʘʣʘʤʠ 

ʥʘʩʳʱʝʥʳ ʧʦʨʠʩʪʳʝ ʟʦʥʳ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ ʮʠʨʢʦʥʘ. 

ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʛʠʙʨʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʧʨʦ-

ʮʝʩʩʝ ʢʦʥʚʝʢʪʠʚʥʦʡ ʢʫʤʫʣʷʮʠʠ. ʂʦʛʜʘ ʤʘʛʤʘ ʠʟ ʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠ ʥʝʩʪʘʙʠʣʴʥʦʝ ʚʩʣʝʜʩʪʚʠʝ ʧʦʷʚʣʝʥʠʷ ʚ ʥʝʡ ʧʣʦʪʥʦʩʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʚ ʢʘʤʝʨʝ ʥʝʠʟʙʝʞʥʦ 

ʚʦʟʥʠʢʘʝʪ ʢʦʥʚʝʢʪʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʢʫʤʫʣʷʪʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʦʙʦʩʦʙʣʝʥʠʷ ʤʘʬʠʯʝʩʢʠʭ, ʩʘʣʠʯʝʩʢʠʭ ʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ, ʫʚʣʝʢʘʶʱʠʭ ʨʘʥʥʠʝ ʚʳʜʝʣʠʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʚ ʭʦʜʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʨʦʜʦʣʞʘʶʪ ʩʚʦʡ ʨʦʩʪ ʟʘ ʩʯʸʪ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʠʭ ʨʘʩʧʣʘʚʘ, ʠ ʧʨʠʚʦʜʷʪ ʢ ʠʭ ʩʢʦʧʣʝʥʠʶ. ʅʝʦʜʥʦ-

ʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʰʣʠʨʦʚ, ʚ ʩʪʨʦʝʥʠʠ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʨʦʣʴ ʩʘʣʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʢʫʤʫʣʘʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʮʠʨʢʦʥʘ ʜʦʩʪʠʛʘʝʪ 3ï4 

ʦʙ%. ʋʢʨʫʧʥʝʥʠʝ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʧʨʦʠʟʦʰʣʦ ʟʘ ʩʯʝʪ ʦʙʨʘʩʪʘʥʠʷ ʤʝʪʘʤʠʢʪʥʳʭ ʷʜʝʨ ʠ ʨʝʣʠʢʪʦʚʳʭ ʟʝ-

ʨʝʥ ʮʠʨʢʦʥʘ ʦʪʦʨʦʯʢʘʤʠ ʠ ʢʘʡʤʘʤʠ ʧʨʠ ʫʯʘʩʪʠʠ ʱʝʣʦʯʥʦʛʦ ʬʣʶʠʜʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʮʠʨʢʦʥʠʝʤ ʠ 

ʭʣʦʨʦʤ. ʀʩʪʦʯʥʠʢʦʤ ʮʠʨʢʦʥʠʷ ʚ ʛʠʙʨʠʜʥʳʭ ʩʠʝʥʠʪʘʭ ʙʳʣʠ ʮʠʨʢʦʥ ʠʟ çʬʦʥʦʚʳʭè ʩʠʝʥʠʪʦʚ ʠ ʛʘʙʙʨʦ, 

ʠʣʴʤʝʥʠʪ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥ.  
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of the Malo-Chipeketsk quartz zone (the Patom upland) 
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The characteristic of a complex containing quartz veins and the main qualitative characteristics of quartz raw 

materials of the Malo-Chipeketsk zone, which is a part of the Patom quartz region, are given. Based on the study of 

typomorphic features of quartz the possible directions of use of raw materials are determined. 
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ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʚʘʨʮ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʤʘʩʰʪʘʙʳ ʧʦʪʨʝʙʣʝʥʠʷ ʢʚʘʨʮʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ 

ʤʠʨʝ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʠ ʫʚʝʣʠʯʝʥʠʶ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʨʘʩʰʠ-

ʨʝʥʠʷ ʄʉɹ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʜʣʷ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʘʪʦʤʩʢʠʡ ʢʚʘʨʮʝʥʦʩʥʳʡ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʢʚʘʨʮʝʚʦʝ ʩʳʨʴʝ. ʅʘ 

ʧʣʦʱʘʜʠ ʚʳʷʚʣʝʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʄʘʣʦ-ʏʠʧʠʢʝʪʩʢʦʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʞʠʣʦʡ 2821 ʠ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʙʝʟʨʫʜʥʦʛʦ ʢʘʨʮʘ, ʪʨʝʙʫʶʱʠʝ ʦʮʝʥʢʠ.  

ɺʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʨʫʜʝʥʝʥʠʷ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʘ ʠʛʨʘʝʪ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʀʟʤʝʥʝʥʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʩʪʝʡ ʧʦʨʦʜ ʧʦʜ ʚʣʠʷʥʠ-

ʝʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠʣʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʚʣʝʯʝʥʠʶ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ 

ʧʦʣʝʟʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʶ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʟʨʫʜʥʦʛʦ ʢʚʘʨʮʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʚʣʝʯʝʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʠ ʝʛʦ ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʚ ʚʠʜʝ 

ʢʚʘʨʮʝʚʳʭ ʞʠʣ. ʈʘʩʩʣʘʥʮʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʩʪʨʫʢʪʫʨʥʳʭ ʵʢʨʘʥʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʥʦʩʪʝʡ ʢʚʘʨʮʘ ʩ ʚʳʩʦʢʠʤ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝʤ. ɺ ʧʨʝʜʝʣʘʭ ʄʘʣʦ-ʏʠʧʠʢʝʪʩʢʦʡ ʤʠ-

ʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʟʦʥʳ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʇʘʪʦʤʩʢʦʛʦ ʢʚʘʨʮʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ, ʞʠʣʦʚʤʝʱʘʶʱʠʤʠ ʷʚ-

ʣʷʶʪʩʷ ʧʦʨʦʜʳ, ʦʪʥʦʩʠʤʳʝ ʢ ʭʘʡʚʝʨʛʠʥʩʢʦʡ ʠ ʙʫʛʘʨʠʭʪʠʥʩʢʦʡ ʩʚʠʪʘʤ ʙʘʣʘʛʘʥʘʭʩʢʦʡ ʧʦʜʩʝʨʠʠ ʩʨʝʜ-

ʥʝʛʦ ʨʠʬʝʷ. ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʢʚʘʨʮʠʪʳ, ʛʥʝʡʩʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ, ʧʦʜ-

ʯʠʥʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʶʪ ʘʤʬʠʙʦʣʠʪʳ, ʘʤʬʠʙʦʣʦʚʳʝ ʩʣʘʥʮʳ ʠ ʤʠʣʦʥʠʪʳ. ʂʚʘʨʮʠʪʳ ʧʦʤʠ-

ʤʦ ʢʚʘʨʮʘ, ʩʦʜʝʨʞʘʪ ʩʣʶʜʳ, ʧʦʣʝʚʦʡ ʰʧʘʪ (ʘʣʴʙʠʪ), ʚ ʧʦʨʬʠʨʦʙʣʘʩʪʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʛʨʘʥʘʪ. ʉʦ-

ʜʝʨʞʘʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 82%, ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʝʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 2 ʜʦ 5% ʩ ʧʨʝ-

ʦʙʣʘʜʘʥʠʝʤ ʥʘʪʨʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʦʟʝʤʘ ʚ ʩʨʝʜʥʝʤ ʦʩʪʘʚʣʷʝʪ 8,5%. ʍʘʨʘʢʪʝʨʥʦ ʧʦʥʠʞʝʥʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ð 0,38%, ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ. ʄʠʥʝʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʛʥʝʡʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʢʚʘʨʮʝʤ (25ï40%), ʘʣʴʙʠʪʦʤ, (30ï50%), ʙʠʦʪʠʪʦʤ (ʜʦ 20%), ʤʫʩʢʦʚʠʪʦʤ 

(ʜʦ 20%). ʅʝʨʝʜʢʠ: ʛʨʘʥʘʪ (ʜʦ 10%), ʘʤʬʠʙʦʣ, ʭʣʦʨʠʪ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ, ʠʣʴ-

ʤʝʥʠʪ, ʨʫʪʠʣ, ʮʠʨʢʦʥ, ʪʫʨʤʘʣʠʥ. ɺ ʛʥʝʡʩʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʚʘʨʮʠʪʘʤʠ, ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʦ-

ʜʝʨʞʘʥʠʷ Al 2O3, ʩʫʤʤʘʨʥʦʛʦ ʞʝʣʝʟʘ, ʢʘʣʴʮʠʷ, ʱʝʣʦʯʝʡ, ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ (ʧʧʧ). ʉʨʝʜʠ ʩʣʘʥ-

ʮʝʚ ʨʝʟʢʦ ʜʦʤʠʥʠʨʫʶʪ ʛʨʘʬʠʪ-ʩʣʶʜʠʩʪʳʝ ʠ ʙʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ 10-

15% ʙʠʦʪʠʪʘ ʠ ʦʪ 25 ʜʦ 35% ʤʫʩʢʦʚʠʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʢʚʘʨʮʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 15% ʜʦ 40%. ʏʘʩʪʦ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʘʣʴʙʠʪ, ʚ ʢʦʣʠʯʝʩʪʚʝ 5ï10%, ʛʨʘʥʘʪ (ʜʦ 5ï10%) ʠ ʠʣʴʤʝʥʠʪ (ʜʦ 5%). ɻʨʘʬʠʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʚʠʜʝ ʪʦʥʢʦ ʨʘʩʧʳʣʝʥʥʦʡ ʧʨʠʤʝʩʠ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ: ʠʣʴʤʝʥʠʪ, ʘʧʘʪʠʪ, ʮʠʨ-

ʢʦʥ, ʯʘʩʪʦ ʣʝʡʢʦʢʩʝʥ, ʠʥʦʛʜʘ ʪʫʨʤʘʣʠʥ, ʥʝʨʝʜʦʢ ʨʫʪʠʣ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 2%. 

ɼʚʫʩʣʶʜʷʥʳʝ ʠ ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʝ ʩʣʘʥʮʳ, ʚ ʢʦʪʦʨʳʭ ʤʫʩʢʦʚʠʪ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʙʠʦʪʠʪʦʤ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʥʦʡ ʢʨʝʤʥʝʟʝʤʠʩʪʦʩʪʴʶ. ʄʠʣʦʥʠʪʠʟʠʨʦʚʘʥʥʳʝ, ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥ-
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ʥʳʝ ʧʦʨʦʜʳ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʝʟʝʤʘ, ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʱʝʣʦʯʝʡ. ʉʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʩʣʘʥʮʘʭ ʩ ʦʯʢʦ-

ʚʦʡ ʠ ʧʣʦʡʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʚ ʩʝʨʠʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʤʠʣʦʥʠʪʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʢʨʝʤʥʝʟʝʤʘ. 

ɸʤʬʠʙʦʣʠʪʳ ʠ ʛʨʘʥʘʪ-ʘʤʬʠʙʦʣʦʚʳʝ ʩʣʘʥʮʳ ʩʦʜʝʨʞʘʪ 50ï65% ʘʤʬʠʙʦʣʘ (ʘʢʪʠʥʦʣʠʪʘ), 10ï

15% ʢʚʘʨʮʘ, 7ï10% ʛʨʘʥʘʪʘ, ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ, ʜʦ 15% ʢʠʩʣʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ. ʅʝʧʦʩʪʦʷʥʥʦ, ʚ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʠʦʪʠʪ, ʤʫʩʢʦʚʠʪ, ʭʣʦʨʠʪ, ʢʣʠʥʦʮʦʠʟʠʪ, ʨʫʪʠʣ, ʠʣʴʤʝʥʠʪ. ɸʤʬʠʙʦʣ-

ʢʣʠʥʦʮʦʠʟʠʪʦʚʳʝ ʩʣʘʥʮʳ ʩʦʜʝʨʞʘʪ ʦʪ 18 ʜʦ 45% ʢʚʘʨʮʘ, ʦʪ 15 ʜʦ 35% ʘʤʬʠʙʦʣʘ, ʜʦ 30% ʢʣʠʥʦʮʦʠ-

ʟʠʪʘ, 8ï10% ʛʨʘʥʘʪʘ. ʅʝʨʝʜʢʦ ʦʪʤʝʯʘʶʪʩʷ: ʙʠʦʪʠʪ (ʜʦ 8%), ʧʣʘʛʠʦʢʣʘʟ (ʜʦ 10%), ʠʣʴʤʝʥʠʪ (ʜʦ 8%), 

ʨʫʪʠʣ (ʜʦ 3%). ɸʤʬʠʙʦʣʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʱʝʣʦʯʝʡ, ʚʳʩʦʢʠʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʪʠʪʘʥʘ ʠ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ-ʭʨʦʤʘ, ʥʠʢʝʣʷ-ʚʘʥʘʜʠʷ, ʤʘʨʛʘʥʮʘ. ʌʠʣʣʦʥʠʪʳ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʯʝʨʥʳʝ, ʥʝʨʘʟʣʠʯʠʤʦ ʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʩʣʦʞʝʥʳ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ 

ʥʝʧʨʦʟʨʘʯʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ (ʤʝʥʝʝ 0,05ʤʤ) ʣʠʩʪʦʯʢʘʤʠ 

ʩʚʝʪʣʦʡ ʩʣʶʜʳ ʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ (ʥʦ ʤʝʥʝʝ 0,1ʤʤ) ʫʛʣʦʚʘʪʳʤʠ ʠ ʫʜʣʠʥʝʥʥʳʤʠ ʟʝʨʥʘʤʠ 

ʢʚʘʨʮʘ. ʇʦʨʦʜʳ ʥʠʟʢʦʛʣʠʥʦʟʝʤʠʩʪʳʝ, ʥʠʟʢʦʢʨʝʤʥʝʟʝʤʠʩʪʳʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʚʫʦʢʠʩʠ ʢʨʝʤʥʠʷ 17,98ï

19,34%. ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʥʦʟʝʤʘ ʦʪ 6 ʜʦ 9,5%, ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʚʫʦʢʠʩʠ ʪʠʪʘʥʘ (0,05%), ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʧʧ ð 9ï14,9%. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʉʘʆ ð ʦʪ 10 ʜʦ 29% ʠ ʈ2ʆ5  ˈ ʦʪ 7 ʜʦ 22 %, ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʬʪʦʨʘʧʘʪʠʪ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʈ2ʆ5 ʧʦʨʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʬʠʣʣʠʪʦʚʠʜʥʳʤ ʬʦʩʬʦʨʠʪʘʤ. ʇʝʪʨʦʛʨʘʬʦ-

ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʦʨʦʜ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʳ ʚ ʫʩʣʦʚʠʷʭ ʤʫʩʢʦʚʠʪ-ʭʣʦʨʠʪʦʚʦʡ, ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʚʦʡ ʩʫʙʬʘʮʠʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟʫ-

ʯʝʥʥʳʝ ʧʦʨʦʜʳ ʥʝʩʫʪ ʩʣʝʜʳ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: ʠʤʝʶʪ ʧʦʣʦʩʯʘʪʦ-

ʣʠʥʟʦʚʠʜʥʳʡ ʠ ʧʷʪʥʠʩʪʳʡ ʦʙʣʠʢ, ʤʠʢʨʦʧʦʨʬʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʦʙʦʩʦʙʣʝʥʠʷ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʨʦʜʠʩʪʦ-ʛʨʘʬʠʪʦʚʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʂʚʘʨʮʝʚʳʝ ʞʠʣʳ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʄʘʣʦ-ʏʠʧʠʢʝʪʩʢʦʡ ʟʦʥʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʥʟʦ-

ʚʠʜʥʦ-, ʢʣʠʥʦʚʠʜʥʳʝ ʩ ʯʘʩʪʳʤʠ ʨʘʟʜʫʚʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʙʫʜʠʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ. ʂʨʫʧʥʳʝ ʞʠʣʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʥʟʦʚʠʜʥʳʝ, ʨʝʞʝ ʣʠʥʟʦʚʠʜʥʦ-ʧʣʘʩʪʦʚʳʝ. ɾʠʣʴʥʳʝ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʙʣʠʞʝʥ-

ʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʪʝʣʘʤʠ. ʂʦʥʪʘʢʪʳ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʩʦʛʣʘʩʥʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʦʛʠʝ 

ʩ ʧʘʜʝʥʠʝʤ ʚ ʩʝʚʝʨʥʳʭ ʨʫʤʙʘʭ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʞʠʣ ʚʢʣʶʯʘ-

ʣʘ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʦʚ, ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʭʝʤʫ ʦʙʦʛʘʱʝʥʠʷ ʠ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʩʳʨʴʷ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʩʣʦʞʝʥʳ ʪʨʝʤʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ: 

1) ʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʢʚʘʨʮʝʤ; 2) ʛʨʘʥʫʣʦʤʦʨʬʥʳʤ ʢʚʘʨʮʝʤ ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨ-

ʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ; 3) ʧʝʨʚʠʯʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʢʨʫʧʥʦ-ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʳʤ ʢʚʘʨʮʝʤ. 

ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ ʢʚʘʨʮ ʞʠʣʳ 2821, ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚ ʚʦʩʪʦʯʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʄʘʣʦ-

ʏʠʧʠʢʝʪʩʢʦʡ ʢʫʧʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ð ʛʨʫʙʦ ʧʝʨʝʩʣʘʠʚʘʶʱʠʝʩʷ ʜʚʫʩʣʶʜʷʥʳʝ 

ʧʣʘʛʠʦʛʥʝʡʩʳ, ʛʨʘʥʘʪ-ʤʫʩʢʦʚʠʪʦʚʳʝ ʤʠʢʨʦʧʣʘʛʠʦʛʥʝʡʩʳ ʠ ʛʨʘʥʘʪ-ʜʚʫʩʣʶʜʷʥʳʝ ʩʣʘʥʮʳ ʩ ʨʝʜʢʠʤʠ 

ʧʨʦʩʣʦʷʤʠ ʢʚʘʨʮʠʪʦʚ, ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ. ɾʠʣʘ ʩʣʦʞʝʥʘ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʢʚʘʨʮʝʤ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʡ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʦʥʮʝʥʪʨʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʢʚʘʨʮʘ ʵʪʦʡ ʞʠʣʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝʤ (Ó80%) ʠ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʯʠʩʪʦʪʦʡ, ʦʪʚʝʯʘʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʢʚʘʨʮʝʚʳʤ ʢʦʥʮʝʥʪʨʘʪʘʤ ʜʣʷ ʧʣʘʚʢʠ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʚʳʷʚʣʝʥʳʭ ʞʠʣ ʩʣʦʞʝʥʘ ʛʨʘʥʫʣʦʤʦʨʬʥʳʤ ʢʚʘʨʮʝʤ ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʕʪʦʪ ʪʠʧ ʢʚʘʨʮʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ ʧʝʨʚʦʛʦ ʪʠʧʘ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʣʠʢ-

ʪʦʚʳʭ ʟʝʨʝʥ ʠ ʯʝʪʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʂʚʘʨʮʝʚʳʝ ʞʠʣʳ, ʩʣʦʞʝʥʥʳʝ ʧʝʨʚʠʯʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʢʨʫʧʥʦ-ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʳʤ ʢʚʘʨʮʝʤ, ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢʚʘʨʮʝʥʦʩʥʦʡ ʟʦʥʳ, ʚ ʫʯʘʩʪʢʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʙʣʦʢʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʣʠʥʝʡʥʳʤʠ ʨʘʟʣʦʤʘʤʠʠ ʠ ʥʘʜʚʠʛʘʤʠ.  

ʇʝʨʚʳʡ ʪʠʧ ʢʚʘʨʮʘ ʠʤʝʝʪ ʩʨʝʜʥʝ-ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ (1ï5 ʤʤ), ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ (70ï80,5%), ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ (1ï2 ʤʢʤ ʠ 

ʤʝʥʝʝ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚ ʨʝʜʢʠʭ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʟʘʣʝʯʝʥʥʳʭ ʪʨʝʱʠ-

ʥʘʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʂʚʘʨʮ ʚʪʦʨʦʛʦ ʪʠʧʘ ʦʙʣʘʜʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʨʘʟʤʝʨʳ ʟʝ-

ʨʝʥ ʚʘʨʴʠʨʫʶʪ ʦʪ 1 ʜʦ 10ï15 ʤʤ, ʭʘʨʘʢʪʝʨʥʳ ʦʜʥʦʬʘʟʦʚʳʝ ʠ ʜʚʫʭʬʘʟʦʚʳʝ ʚʢʣʶʯʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʳʝ ʧʦ ʢʦʥʪʫʨʘʤ ʤʠʢʨʦʙʣʦʢʦʚ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦ ʙʣʦʢʦʚʘʥʥʳʭ ʟʝʨʥʘʭ. ʈʘʟʤʝʨ ʚʢʣʶʯʝʥʠʡ ʚʘʨʴʠʨʫʝʪ ʦʪ 

1ï2 ʜʦ 30ï35 ʤʢʤ. ʊʨʝʪʠʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʢʚʘʨʮʝʤ ʢʨʫʧʥʦ-ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʠ ʧʨʦʟʨʘʯʥʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʨʝʜʢʠʭ ʚʳʩʦʢʦʧʨʦʟʨʘʯʥʳʭ ʫʯʘʩʪʢʦʚ ʵʪʦʛʦ 

ʪʠʧʘ ʢʚʘʨʮʘ ʜʦʩʪʠʛʘʝʪ 92%, ʥʦ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 50ï55%. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝ-
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ʩʪʚʦ ʚʢʣʶʯʝʥʠʡ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʟʘʤʫʪʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʫʧʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʜʦ 

50 ʤʢʤ ʠ ʙʦʣʝʝ) ʥʝʟʘʢʦʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʠ ʛʫʩʪʘʷ ʩʝʪʴ ʩʫʙʧʘʨʘʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʷʤʦ-

ʣʠʥʝʡʥʳʭ ʧʦʣʦʩʦʢ, ʥʘʩʳʱʝʥʥʳʭ ʤʝʣʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠʟʦʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ. ɺʳʩʦʢʦʧʨʦʟʨʘʯʥʳʝ 

(ʬʨʘʛʤʝʥʪʘʨʥʦ-ʩʪʝʢʣʦʚʠʜʥʳʝ) ʫʯʘʩʪʢʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʢʚʘʨʮʘ ʩʚʦʙʦʜʥʳ ʦʪ ʚʢʣʶʯʝʥʠʡ. ɺʢʣʶʯʝʥʥʘʷ ʚ 

ʩʭʝʤʫ ʦʙʦʛʘʱʝʥʠʷ ʩʪʘʜʠʷ ʧʨʦʢʘʣʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʩʢʨʳʪʠʶ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ (ɻɾɺ), ʧʨʠ 

ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʨʝʜʥʝʤ ʥʘ 10%. 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʚʘʨʮʝʚʦ-

ʛʦ ʩʳʨʴʷ, ʪʘʢ ʢʘʢ ʠʭ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʦʥʮʝʥʪʨʘʪʘʭ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʠʩʪʦʪʳ ʠ ʚ ʛʣʫʙʦʢʦ ʦʙʦ-

ʛʘʱʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʘʭ ʣʠʤʠʪʠʨʫʝʪʩʷ ʊʋ.  

ɺ ʥʝʦʙʦʛʘʱʝʥʥʦʤ ʢʚʘʨʮʝʚʦʤ ʩʳʨʴʝ ʄʘʣʦ-ʏʠʧʠʢʝʪʩʢʦʡ ʟʦʥʳ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ Al, Na, K, ʉʘ, ʊi, Li  ʠ Fe, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ: ʤʫʩʢʦʚʠʪʘ, ʛʠʜ-

ʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ, ʭʣʦʨʠʪʘ, ʙʠʦʪʠʪʘ, ʘʣʴʙʠʪʘ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʪʦʤ, ʨʫʪʠ-

ʣʦʤ, ʩʧʦʜʫʤʝʥʦʤ, ʠʣʴʤʝʥʠʪʦʤ ʠ ʪʫʨʤʘʣʠʥʦʤ. ʇʦʣʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʦʛʘʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʯʠʩʪʠʪʴ ʢʚʘʨʮ ʦʪ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ. ʅʘʠʙʦʣʝʝ ʪʨʫʜʥʦ ʫʜʘʣʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʩʨʦʩʪʢʠ ʢʚʘʨʮʘ ʠ 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʪʦʥʢʠʝ ʠʛʦʣʴʯʘʪʳʝ ʚʢʣʶʯʝʥʠʷ ʨʫʪʠʣʘ, ʠʣʴʤʝʥʠʪ, ʚʥʫʪʨʠ ʢʚʘʨʮʝʚʳʭ ʟʝʨʝʥ, ʘ ʪʘʢʞʝ 

ʛʨʘʬʠʪ.  

ʇʨʦʚʝʜʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʞʠʣʦʚʤʝʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʨʦʜʘʤʠ, ʨʘʟʣʠ-

ʯʘʶʱʠʤʠʩʷ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ. ʄʝʪʘʤʦʨʬʠʟʤ ʧʝʨʚʠʯʥʳʭ ʪʝʨʨʠ-

ʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚ ʫʩʣʦʚʠʷʭ ʤʫʩʢʦʚʠʪ-ʭʣʦʨʠʪʦʚʦʡ, ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʚʦʡ ʩʫʙʬʘʮʠʠ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʤʠʛʨʘʮʠʠ ʢʨʝʤʥʝʟʝʤʘ ʠ ʦʪʣʦʞʝʥʠʶ ʚ ʚʠʜʝ ʞʠʣ ʛʨʘʥʫʣʦʤʦʨʬʥʦʛʦ ʢʚʘʨʮʘ. ʇʦʣʦʛʦ ʟʘʣʝʛʘʶ-

ʱʠʝ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʵʢʨʘʥʦʚ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʣ, 

ʩʣʦʞʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʟʨʘʯʥʳʤ ʢʚʘʨʮʝʤ. 

ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʄʘʣʦ-

ʏʠʧʠʢʝʪʩʢʦʡ ʢʚʘʨʮʝʥʦʩʥʦʡ ʟʦʥʳ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʜʚʘ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʘ: ʧʣʘʚʦʯʥʦʝ 

ʩʳʨʴʝ ʜʣʷ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʢʚʘʨʮ  ʠ ʚʳʩʦʢʦʧʨʦʟʨʘʯʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʦʛʦ ʛʨʘʥʫʣʦʤʦʨʬʥʦʛʦ ʢʚʘʨʮʘ) ʠ ʨʷʜʦʚʦʝ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʦʝ (ʥʝ-

ʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʡ ʢʚʘʨʮ). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʚ ʧʝʨʠʦʜ 2015ï2017 ʛʛ. ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè ʚ ʩʦ-

ʜʨʫʞʝʩʪʚʝ ʩ ʆɸʆ çʂʳʰʪʳʤʩʢʠʡ ɻʆʂè. 

 

ɻʘʣʠʘʭʤʝʪʦʚʘ ʃʠʣʠʷ ʍʫʩʥʫʣʣʦʚʥʘ, ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè, ʛ. ʂʘʟʘʥʴ. 



 

102 

 

ʋɼʂ 552.313:551.72(571.53/.55) 

 

ʄʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʜʘʡʢʦʚʳʝ ʨʦʠ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ 
 

É ɼ. ʇ. ɻʣʘʜʢʦʯʫʙ 1, ʊ. ɺ. ɼʦʥʩʢʘʷ 1, ɸ. ʄ. ʄʘʟʫʢʘʙʟʦʚ 1, ʈ. E. ʕʨʥʩʪ 2,3, ʉ. ɸ. ʇʠʩʘʨʝʚʩʢʠʡ 4 
1 ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ. E-mail: gladkochub@mail.ru 

2 ɼʝʧʘʨʪʘʤʝʥʪ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʂʘʨʣʪʦʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʆʪʪʘʚʘ, ʂʘʥʘʜʘ. 

E-mail: Richard.Ernst@ErnstGeosciences.com 
3 ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

4 ɼʝʧʘʨʪʘʤʝʥʪ ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʣʦʛʠʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ʂʫʨʪʠʥ, ʛ. ʇʝʨʪ, ɸʚʩʪʨʘʣʠʷ. 

E-mail: Sergei.Pisarevskiy@curtin.edu.au 

 

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚʳʜʝʣʝʥʳ ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʜʚʘ ʜʘʡʢʦʚʳʭ ʨʦʷ ʩ ʚʦʟʨʘʩʪʦʤ 1350ï
1338 ʤʣʥ ʣʝʪ. ɼʦʣʝʨʠʪʳ ʜʘʡʢʦʚʳʭ ʨʦʝʚ ʧʦ ʩʚʦʠʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʣʠʟʢʠ ʙʘʟʘʣʴʪʘʤ OIB ʪʠʧʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʘʝʢ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʫʩʣʦʚʠʷʭ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʤʘʥʪʠʡʥʦʛʦ 

ʧʣʶʤʘ. ʀʟʫʯʝʥʥʳʝ ʜʘʡʢʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʢʨʫʧʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʚʢʣʶʯʘʶ-

ʱʝʡ ʚ ʩʝʙʷ ʜʘʡʢʦʚʳʝ ʨʦʠ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʚʨʝʥʪʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʣʝʨʠʪʳ; ʜʘʡʢʠ; ʤʝʟʦʧʨʦʪʝʨʦʟʦʡ; ʉʠʙʠʨʩʢʠʡ ʢʨʘʪʦʥ. 

 

Mesoproterozoic dyke swarms of the southern part of the Siberian Craton 
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Ca. 1350ï1338 Ma two dyke swarms were discovered and studied in the southern part of the Siberian craton. 

The dolerites of the dyke swarms are geochemically close to OIB. Formation of these dykes took place in an intraconti-

nental extension setting related to the activity of the Mesoproterozoic mantle plume. The studied dykes belong to the 

Mesoproterozoic Large Igneous Province, which includes dyke swarms of the southern part of the Siberian craton and 

the northern part of Laurenia. 

Keywords: dolerites; dykes; Mesoproterozoic; Siberian craton. 

 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʧʣʦʱʘʜʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. ʈʷʜ ʘʚʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʪʨʝʟʦʢ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʢʘʢ ʩʫʱʝ-

ʩʪʚʝʥʥʫʶ ʯʘʩʪʴ çʧʝʨʠʦʜʘ ʛʣʦʙʘʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠè (ʠʣʠ Super Gap) [1 2], çʩʢʫʯʥʦʛʦ ʤʠʣʣʠʘʨʜʘ 

ʣʝʪè (boring billion) [3], ʠʣʠ çɿʝʤʣʠ ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘè (Earthôs middle age) [4]. ʅʘ ʧʣʦʱʘʜʠ ʉʠʙʠʨ-

ʩʢʦʛʦ ʢʨʘʪʦʥʘ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʝʥ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ʣʠʰʴ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ: 

ʜʘʡʢʠ ʠ ʩʠʣʣʳ ʚʦʩʪʦʯʥʦʛʦ ʬʣʘʥʛʘ ʢʨʘʪʦʥʘ (ʉʝʪʪʝ-ɼʘʙʘʥ, 1339 Ñ 54 ʤʣʥ ʣʝʪ [5] ʠ 1005ï974 ʤʣʥ ʣʝʪ 

[6]), ʜʘʡʢʠ ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ (1513 Ñ 51 [7] ʠ 1503 Ñ 5 ʤʣʥ ʣʝʪ [8]) ʠ ʩʠʣʣʳ ʆʣʝʥʝʢʩʢʦʛʦ ʚʳʩʪʫʧʘ 

(1473 Ñ 24 ʤʣʥ ʣʝʪ [9 10]), ʘ ʪʘʢʞʝ ʜʘʡʢʠ ʙʘʟʠʪʦʚ ʋʜʞʠʥʩʢʦʛʦ ʘʚʣʘʢʦʛʝʥʘ (1074 Ñ 11 ʤʣʥ ʣʝʪ [11]). ʅʘ 

ʶʛʝ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚʦʚʩʝ 

ʥʝ ʙʣrʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʠʟʫʯʝʥʳ. 

ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʤʝʥʥʦ ʟʜʝʩʴ, ʚ ʙʝʨʝʛʦʚʳʭ ʦʙʥʘʞʝʥʠʷʭ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡ-

ʢʘʣ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʜʘʡʢʦʚʳʭ ʨʦʷ: çʃʠʩʪʚʷʥʢʘè ʠ çɻʦʣʦʫʩʪʥʘʷè), ʜʣʷ ʢʦʪʦʨʳʭ U-Pb ʤʝʪʦʜʦʤ 

ʧʦ ʙʘʜʜʝʣʝʠʪʫ ʠ ʮʠʨʢʦʥʫ ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ: 1350 Ñ 6 ʤʣʥ ʣʝʪ [12] ʠ 1338 Ñ 3 

ʤʣʥ ʣʝʪ [13], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʦʣʝʨʠʪʳ ʵʪʠʭ ʨʦʝʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʘʟʘʣʴʪʘʤ ʥʦʨʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʠ (Na2O + K2O = 2.2ï

3.9 ʤʘʩ.%) ʪʦʣʝʠʪʦʚʦʡ ʩʝʨʠʠ (FeO*/MgO = 1.8ï3.7). ʇʦ ʢʦʤʧʣʝʢʩʫ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘ-

ʟʠʪʳ ʦʪʚʝʯʘʶʪ ʩʦʩʪʘʚʘʤ OIB, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʳʚʘʪʴ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩ ʧʣʶʤʦʚʳʤ ʠʩʪʦʯʥʠʢʦʤ 

[14]. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʣʝʨʠʪʦʚ ʜʘʡʢʦʚʳʭ ʨʦʝʚ çʃʠʩʪʚʷʥʢʘè ʠ çɻʦʣʦʫʩʪʥʘʷè ʠʤʝʶʪ ʟʥʘ-

ʯʝʥʠʷ eNd(T), ʚʘʨʴʠʨʫʶʱʠʝʩʷ ʦʪ -0.5 ʜʦ +1.5. ʇʦ ʢʦʤʧʣʝʢʩʫ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʝʨʠʪʦʚ 

ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʘʡʢʦʚʳʭ ʨʦʝʚ ʚ ʫʩʣʦʚʠʷʭ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʤʝʟʦï ʠ ʥʝʦʧʨʦʪʝʨʦʟʦʷ [12, 15, 16], ʜʦ-

ʧʫʩʢʘʶʪ ʙʣʠʟʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʶʛʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʩ ʩʝʚʝʨʦʤ ʃʘʚʨʝʥʪʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ ʜʘʡʢʦʚʳʝ ʨʦʠ ʢʘʢ ʯʘʩʪʴ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʢʨʫʧʥʦʡ ʤʘʛʤʘʪʠʯʝ-
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ʩʢʦʡ ʧʨʦʚʠʥʮʠʠ [17], ʚʢʣʶʯʘʚʰʫʶ ʚ ʩʝʙʷ ʪʘʢʞʝ ʙʘʟʠʪʦʚʳʝ ʜʘʡʢʦʚʳʝ ʨʦʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʘʥʘʜʩʢʦʛʦ 

ʱʠʪʘ: ʦʩʪʨʦʚʦʚ ɺʠʢʪʦʨʠʷ (1353 Ñ 2 ʤʣʥ ʣʝʪ) ʠ ɼʝʚʦʥ (1337 Ñ 2 ʤʣʥ ʣʝʪ) [18]. ʄʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦʝ 

ʨʘʩʪʷʞʝʥʠʝ ʥʝ ʧʨʠʚʝʣʦ ʥʠ ʢ ʨʘʩʢʨʳʪʠʶ ʤʝʞʜʫ ʉʠʙʠʨʩʢʠʤ ʢʨʘʪʦʥʦʤ ʠ ʃʘʚʨʝʥʪʠʝʡ ʢʨʫʧʥʦʛʦ ʙʘʩʩʝʡʥʘ 

ʩʝʜʠʤʝʥʪʘʮʠʠ. ʈʘʩʢʨʳʪʠʝ ʤʝʞʜʫ ʥʠʤʠ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʧʨʦʠʟʦʰʣʦ ʣʠʰʴ ʚ ʧʦʟʜʥʝʤ ʥʝʦʧʨʦʪʝ-

ʨʦʟʦʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʞʢʨʘʪʦʥʥʳʤʠ ʢʦʨʨʝʣʷʮʠʷʤʠ [12] ʠ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ ʜʘʥʥʳʤʠ [16]. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ No 16-05-00642 ʚ ʯʘʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʠ ʛʨʘʥʪʘ ʈʅʌ No 18-17-00101 ʚ ʯʘʩʪʠ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʤʝʪʘʧʝʩʯʘʥʠʢʠ ʠ ʩʣʘʥʮʳ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʠ ʛʫʣʷʡʧʦʣʴ-

ʩʢʦʡ ʩʚʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʟʨʝʣʳʤ ʦʩʘʜʢʘʤ. ʆʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʘʭ ʚ ʧʨʠʨʘʨʘʟʣʦʤ-

ʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʟʘʣʦʞʝʥʥʳʭ ʥʘ ʤʝʟʦʘʨʭʝʡʩʢʦʤ ʢʨʘʪʦʥʝ ʧʦʩʣʝ 2,96ï2,92 ʤʣʨʜ ʣʝʪ. ɾʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ ʧʦ-

ʨʦʜʳ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʠ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ U ʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ, ʚʝʨʦʷʪ-

ʥʦ, ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʜʦ ʨʫʙʝʞʘ 2,47 ʤʣʨʜ ʣʝʪ. ʇʦ ʤʦʣʷʨʥʳʤ ʦʪʥʦʰʝʥʠʷʤ Ni/Fe 

ʞʝʣʝʟʠʩʪʳʝ ʢʚʘʨʮʠʪʳ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʘʥʘʣʦʛʠʯʥʳ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʤ ɾʂʌ; ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʨʦʜ 

ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʘʨʭʝʡʩʢʠʝ, ʪʘʢ ʠ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʟʥʘʯʝʥʠʷ Ni/Fe. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʣʦʟʝʨʩʢʘʷ ʩʝʨʠʷ; ʛʫʣʷʡʧʦʣʴʩʢʘʷ ʩʚʠʪʘ; ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʘʷ ʬʦʨʤʘʮʠʷ; ʈɿʕ. 
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According to the obtained geochemical data, the metasandstones and shales of the Belozerska series and the 

Gulyaypole suite refer to mature sediments. They were formed in shallow-water marine basins in inside the fault struc-

ture, laid on the mesoarchaean craton after 2,96ï2,92 Ga. The BIF of the Belozerka series and the Gulyaypole suite are 

distinguished by a low U content and were probably formed in an oxygen-free atmosphere that existed before the 2.47 

Ga. According to the molar ratios of Ni/Fe, the BIF of the Gulyaypole suite are similar to the Paleoproterozoic BIF; for 

similar rocks of the Belozerka series, both Archean and Paleoproterozoic Ni/Fe values were obtained. 

Keywords: Belozerska series; Gulyaypole suite; BIF; REE. 

 

ɺʚʝʜʝʥʠʝ. ʆ ʚʦʟʨʘʩʪʝ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʠ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠ-

ʪʳ ʠ ʠʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʩ ʢʨʠʚʦʨʦʞʩʢʦʡ ʩʝʨʠʝʡ ʚʝʜʝʪʩʷ ʜʣʠʪʝʣʴʥʘʷ ʜʠʩʢʫʩʩʠʷ. ʆʥʠ 

ʩʣʘʛʘʶʪ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʟʦʙʱʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʠʤʝʶʪ ʦʪʣʠʯʠʷ ʚ ʣʠʪʦʬʘʮʠʘʣʴʥʦʤ ʩʦʩʪʘʚʝ, ʦʜʥʘʢʦ 

ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ ʬʦʨʤʘʮʠʠ (ɾʂʌ) ʵʪʠʭ ʪʦʣʱ ʦʯʝʥʴ ʩʭʦʜʥʳ ʧʦ ʩʦʩʪʘʚʫ [5]. ʆʙʱʠʤ ʚ ʛʝʦʣʦʛʦ-

ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʜʣʷ ʵʪʠʭ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʪʦʣʱ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʟʘʣʝʛʘʶʪ ʚ 

ʧʨʠʨʘʟʣʦʤʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʚ ʘʨʭʝʡʩʢʠʭ ʧʣʘʛʠʦʛʨʘʥʠʪʦʠʜʘʭ (ʊʊɻ) ʚʦʟʨʘʩʪʦʤ 3,1ï2,92 ʤʣʨʜ ʣʝʪ. 

ɺ ʨʘʟʨʝʟʝ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʠ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʧʨʠʩʫʪʩʪʚʫ-

ʶʪ ʚʫʣʢʘʥʠʪʳ ʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʧʦʵʪʦʤʫ ʠʭ ʩʦʧʦʩʪʘʚʣʷʶʪ ʩ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʦ-

ʣʝʧʪʠʪʦʚʦʡ ʬʦʨʤʘʮʠʝʡ ʛʠʤʦʣʴʩʢʦʡ ʩʝʨʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʦʡ 2,76 ʤʣʨʜ ʣʝʪ [3]. ʀʤʝ-

ʶʱʠʝʩʷ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʪʦʣʴʢʦ ʧʨʠʙʣʠʞʝʥʦ ʦʮʝʥʠʪʴ ʚʦʟʨʘʩʪʥʳʝ ʨʫʙʝʞʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʠ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ. ʄʠʥʠʤʘʣʴʥʳʡ U-Pb ʚʦʟʨʘʩʪ ʢʣʘʩʪʦʛʝʥʥʦʛʦ 

ʮʠʨʢʦʥʘ ʠʟ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ð 3,0 ʤʣʨʜ ʣʝʪ [1], ʘ ʢʣʘʩʪʦʛʝʥʥʦʛʦ ʮʠʨʢʦʥʘ 

ʠʟ ʤʝʪʘʧʝʩʯʘʥʥʠʢʦʚ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ð 2,92 ʤʣʨʜ ʣʝʪ [5]. ɺʫʣʢʘʥʠʪʳ ʠʟ ʵʪʠʭ ʪʦʣʱ ʠʤʝʶʪ ʢʦʨʦ-

ʚʳʡ ʛʝʥʝʟʠʩ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʚʦʟʨʘʩʪʝ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʦʡ ʬʦʨʤʘʮʠʠ ʙʝʣʦ-

ʟʝʨʩʢʦʡ ʩʝʨʠʠ ʠ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʪʝʨ-

ʨʠʛʝʥʥʳʭ ʠ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʦʙ ʵʚʦ-

ʣʶʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʦʩʪʘʚʘ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʬʦʨʤʘʮʠʡ ʦʪ ʧʘʣʝʦʘʨʭʝʷ ʜʦ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʷ 

[6]. ɺʘʞʥʳʤʠ ʨʝʧʝʨʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʚ ʵʚʦʣʶʮʠʠ ʩʦʩʪʘʚʘ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʬʦʨʤʘʮʠʡ ʷʚʣʷʶʪʩʷ 

ʧʦʷʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ (Great Oxidation Event ð GOE) ð 2,47ï2,32 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ 

ʠ ʨʫʙʝʞ 2,7 ʤʣʨʜ ʣʝʪ, ʢʦʛʜʘ ʨʝʟʢʦ ʫʤʝʥʴʰʠʣʦʩʴ ʧʦʩʪʫʧʣʝʥʠʝ Ni ʠʟ ʤʘʥʪʠʠ ʚ ʟʝʤʥʫʶ ʢʦʨʫ [7]. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʚ ʧʝʨʠʦʜ ʥʘ ʨʫʙʝʞʝ 2,47ï2,32 ʤʣʨʜ ʣʝʪ ʧʨʦʠʟʦʰʝʣ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʡ ʫʨʘʥʘ, ʩʚʷ-

ʟʘʥʥʳʡ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ GOE [8]. ɿʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʘʪʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚ Ni/Fe ʚ ʘʨʭʝʡʩʢʠʭ ʞʝʣʝʟʠ-

ʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʙʳʣʦ 4,5Ŀ10-4, ʘ ʚ ʧʨʦʪʝʨʦʟʦʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʦʩʴ ð ʜʦ <2,2Ŀ10-4 [4, 7] 
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ʣʦʛʠʯʥʳʤʠ ʘʨʭʝʡʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʋʑ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʜʝʨʞʘʥʠʝ ʤʘʣʳʭ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʠ ʞʝʣʝ-

ʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʳ ʩ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʦʢʦʥʯʘʥʠʝʤ ʘʥʘʣʠʟʘ (ICP-MS) ʚ ɸʥʘʣʠʪʠʯʝʩʢʦʤ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʦʤ ʠʩʧʳʪʘ-

ʪʝʣʴʥʦʤ ʮʝʥʪʨʝ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ɸʉʀʎ ʀʇʊʄ) ʈɸʅ. ʈʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʢʠʩʣʦʪʥʦʛʦ ʚʩʢʨʳʪʠʷ ʚ 

ʘʚʪʦʢʣʘʚʝ. ʇʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ʜʣʷ REE, Hf, Ta, Th, U ʩʦʩʪʘʚʣʷʣʠ 0,02ï0,03 ppm; ʜʣʷ Nb, Be, Co ð 

0,03ï0,05 ppm; ʜʣʷ Li, Ni, Ga, Y ð 0,1 ppm; ʜʣʷ Zr ð 0,2 ppm; ʜʣʷ Rb, Sr, Ba ð 0,3 ppm; ʜʣʷ ʉu, Zn, 

V, Cr ð 1-2 ppm. ʇʨʘʚʠʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʩʪʘʥʜʘʨʪʥʦ-

ʛʦ ʦʙʨʘʟʮʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʩʣʘʥʮʘ ʉʉʃ-1 (ɻʉʆ 3191-85). 

ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ.  

ɹʝʣʦʟʝʨʩʢʘʷ ʩʝʨʠʷ. ʄʝʪʘʧʝʩʯʘʥʠʢʠ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ (ʦʙʨ. 84ï218, 84ï330) ʦʣʠʛʦʤʠʢʪʦʚʳʝ, ʚ 

ʠʭ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ (SiO2 ð 72,99ï85,0 ʤʘʩʩ.%) ʠ ʛʣʠʥʦʟʝʤ (Al2O3 ð 4,80ï10,83 ʤʘʩʩ.%). ɺ 

ʩʣʘʥʮʘʭ (ʦʙʨ. 84ï275ʘ) ʩʦʜʝʨʞʘʥʠʝ SiO2 (58,09 ʤʘʩʩ.%), Al2O3 (12,14 ʤʘʩʩ.%). ʅʘ ʜʠʘʛʨʘʤʤʝ 

log(SiO2/Al 2O3) ð log(Na2O/K2O) ʠʭ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʷ ʩʫʙʘʨʝʥʠʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ 

ʘʨʝʥʠʪʦʚ. ʇʦ ʚʳʩʦʢʦʤʫ ʠʥʜʠʢʘʪʦʨʥʦʤʫ ʦʪʥʦʰʝʥʠʶ Al 2O3/Na2O = 48ï80,9 ʤʝʪʘʧʝʩʯʘʥʠʢʠ ʠ ʩʣʘʥʮʳ 

ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʟʨʝʣʳʤ ʦʩʘʜʢʘʤ [2]. ʉʦʛʣʘʩʥʦ ʇʝʪʪʠʜʞʦʥʫ [2], ʢʚʘʨʮʝʚʳʝ ʘʨʝʥʠʪʳ 

ʦʪʣʘʛʘʣʠʩʴ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʤʦʨʩʢʠʭ ʰʝʣʴʬʘʭ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʙʠʣʥɹʳʭ ʢʨʘʪʦʥʦʚ.  

ʅʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʡ Th/U (ʜʣʷ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ ð 2,24 ʠ ʩʣʘʥʮʝʚ ð 3,54) ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʡ (La/Yb)N ʤʝ-

ʪʘʧʝʩʯʘʥʠʢʦʚ (18,43) ʠ ʩʣʘʥʮʝʚ (15,77) ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʩ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʈɿʕ (ʨʠʩ. ʘ).  

Sm-Nd ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ð TNdDM = 3,1 ʤʣʨʜ ʣʝʪ [1] ʫʢʘ-

ʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʠʭ ʩʥʦʩʘ ʧʣʘʛʠʦʛʨʘʥʠʪʦʠʜʦʚ ʩʫʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʚʦʡ ʠʥʪʨʫʟʠʚ-

ʥʦʡ ʬʘʟʳ. ʂʠʩʣʳʝ ʚʫʣʢʘʥʠʪʳ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʥʝ ʚʥʦʩʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʚ ʪʝʨʨʠʛʝʥʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʈɿʕ, ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʈɿʕ, 

ʘ ʪʘʢʞʝ Y, V, Cr, Ni ʠ Co.  

ɻʫʣʷʡʧʦʣʴʩʢʘʷ ʩʚʠʪʘ. ʄʝʪʘʧʝʩʯʘʥʠʢʠ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʦʣʠʛʦʤʠʢʪʦʚʳʝ, ʧʨʝʦʙʣʘʜʘʝʪ 

ʢʚʘʨʮ; ʩʦʜʝʨʞʘʥʠʝ SiO2 (90,96 ʤʘʩʩ.%), Al2O3 (3,16 ʤʘʩʩ.%). ɺ ʩʣʘʥʮʘʭ (ʦʙʨ. 89ï461) ʩʦʜʝʨʞʘʥʠʝ SiO2 

(62,67 ʤʘʩʩ.%), Al2O3 (13,49 ʤʘʩʩ.%). ʅʘ ʜʠʘʛʨʘʤʤʝ log(SiO2/Al 2O3) ð log(Na2O/K2O) ʠʭ ʬʠʛʫʨʘʪʠʚ-

ʥʳʝ ʪʦʯʢʠ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʷ ʩʫʙʘʨʝʥʠʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʘʨʝʥʠʪʦʚ. ʇʦ ʚʳʩʦʢʦʤʫ ʠʥʜʠʢʘʪʦʨʥʦʤʫ ʦʪʥʦ-

ʰʝʥʠʶ Al 2O3/Na2O = 16,3ï808 ʤʝʪʘʧʝʩʯʘʥʠʢʠ ʠ ʩʣʘʥʮʳ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʟʨʝʣʳʤ 

ʦʩʘʜʢʘʤ [2]. 

ɺʳʩʦʢʠʝ ʦʪʥʦʰʝʥʠʷ (La/Yb)N ʜʣʷ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ (15%) ʠ ʩʣʘʥʮʝʚ (11,98%) ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʈɿʕ (ʨʠʩ. 1 

ʙ). ɺ ʩʣʘʥʮʘʭ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʥʘʙʣʶʜʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ ð Eu/Eu*=0,77. 

ʅʠʟʢʦʝ ʦʪʥʦʰʝʥʠʝ Th/U ʜʣʷ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ (2,83) ʠ ʩʣʘʥʮʝʚ (2,8) ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʝʩʢʠʩʣʦʨʦʜʥʫʶ ʘʪ-

ʤʦʩʬʝʨʫ. ɺ ʦʙʣʘʩʪʠ ʩʥʦʩʘ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʛʨʘʥʠʪʦʠʜʳ ʧʨʝʦʙʣʘʜʘʣʠ ʥʘʜ 

ʚʫʣʢʘʥʠʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ. ɺ ʦʙʨʘʟʮʘʭ ʞʝʣʝ-

ʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʠ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʩʦʜʝʨʞʘʥʠʝ U ʥʠʟʢʦʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

0,19ï2,74 0,35 ppm. ʊʘʢʠʝ ʞʝ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ U ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ʘʨ-

ʭʝʡʩʢʦʡ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʦ-ʤʝʪʘʙʘʟʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ð 0,1ï0,6 ppm [6], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʦʚʘʣʘ ʜʦ ʨʫʙʝʞʘ 2,47 ʤʣʨʜ 

ʣʝʪ. ɺ ɾʂʌ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ (ʦʙʨ. 5252) ʩʦʜʝʨʞʘʥʠʝ Ni ʥʠʟʢʦʝ ð 2,8 ppm. ʄʦʣʷʨʥʦʝ ʦʪʥʦʰʝʥʠʝ 

Ni/Fe ð 0,1. 

ɺ ʦʙʨʘʟʮʘʭ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ Ni ʩʠʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʦʙʨ. 89ï447 (FeOʦʙʱ.=38,1%) ʦʥʦ ʥʠʟʢʦʝ (5,61 ppm), ʘ ʚ ʦʙʨ. 89ï434 (FeOʦʙʱ.=29,7%) ð 

ʚʳʩʦʢʦʝ (16,9 ppm). ʄʦʣʷʨʥʳʝ ʦʪʥʦʰʝʥʠʷ Ni/Fe ʦʙʨʘʟʮʘ 89ï447 ð 0,18; ʦʙʨʘʟʮʘ 89ï434 ð 0,69. ɺ 

ɾʂʌ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʠ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ ʦʪʩʫʪʩʪʚʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʮʝʨʠʝʚʳʝ ʘʥʦʤʘʣʠʠ: 

ʟʥʘʯʝʥʠʷ Ce/Ce*, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 1,0ï1,05 ʠ 0,99. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʚ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʘʭ. 

ɾʝʣʝʟʠʩʪʳʝ ʢʚʘʨʮʠʪʳ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʝʚʨʦʧʠʝʚʳʤʠ 

ʘʥʦʤʘʣʠʷʤʠ (Eu/Eu* =1,43ï2,03), ʢʘʢ ʠ ʘʨʭʝʡʩʢʠʝ ʧʦʨʦʜʳ ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʦ-ʤʝʪʘʙʘʟʠʪʦʚʦʡ ʬʦʨ-

ʤʘʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ ɾʂʌ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ (Eu/Eu* =0,70). 
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ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʜʣʷ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʠ ʤʝʪʘʚʫʣʢʘʥʠʪʦʚ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ 

(ʘ) ʠ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ (ʙ). ʅʦʨʤʠʨʦʚʘʥʦ ʥʘ ʩʦʩʪʘʚ ʭʦʥʜʨʠʪʘ. 

 

ɺ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʘʭ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʠ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʝʣʝʟʠ-

ʩʪʳʤʠ ʢʚʘʨʮʠʪʘʤʠ ʢʦʥʢʩʢʦʡ ʩʝʨʠʠ, ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ K2O (0,1ï1,95%)/(0,05ï0,16%), Rb (75,8ï242 

ppm/(0,5ï1,5 ppm), Zr (21,1ï86 ppm)/(2,58ï6,9 ppm), Hf (0,61ï2,72 ppm)/(0,07ï0,09 ppm) ʠ Th (1,2ï6,82 

ppm/(0,2ï0,52 ppm). ʕʪʦ ʦʪʣʠʯʠʝ ʦʙʫʩʣʦʚʣʝʥʦ, ʚʝʨʦʷʪʥʦ, ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʳʭ ʧʦʨʦʜ ʚ ʦʙʣʘ-

ʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʙʝʣʦʟʝʨʩʢʦʡ ʩʝʨʠʠ ʠ ʛʫʣʷʡʧʦʣʴʩʢʦʡ ʩʚʠʪʳ. 
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A description and comparison of the basites of the Tenckehlyakh area with the Bolshaporozhskaya fracture in-

trusion, which is located within the Vilyuisko-Markhinsky dike belt, is given. 
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ɼʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʦʩʚʷʱʝʥʦ ʥʝʚʩʢʨʳʪʳʤ ʠʥʪʨʫʟʠʷʤ ʙʘʟʠʪʦʚ ʊʝʥʢʝʣʷʭʩʢʦʡ ʧʣʦʱʘʜʠ ɺʠʣʶʡ-

ʩʢʦʛʦ ʧʘʣʝʦʨʠʬʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʊʝʥʢʝʣʷʭʩʢʦʡ ʧʣʦʱʘʜʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 

20 ʢʤ ʩʝʚʝʨʥʝʝ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʝʨʠʷ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ, ʨʘʩʧʦ-

ʣʘʛʘʶʱʠʭʩʷ ʧʦʜ ʤʦʱʥʳʤʠ (ʜʦ 150 ʤ) ʶʨʩʢʠʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ɺ ʭʦʜʝ ʟʘʚʝʨʢʠ ʚʳʷʚ-

ʣʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʩʚʷʟʘʥʳ ʩ ʠʥʪʨʫʟʠʚʘʤʠ ʜʦʣʝʨʠʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʧʨʝʦʙʣʘʜʘʶʪ ʜʘʡʢʠ. ʉʠʣʣʦʚʘʷ ʬʘʮʠʷ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʣʠʰʴ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ. ʄʦʱʥʦʩʪʴ ʠʥʪʨʫʟʠʡ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ʉʣʦʞʝʥʳ ʠʥʪʨʫʟʠʠ ʢʘʢ ʚ ʩʠʣʣʘʭ, ʪʘʢ ʠ ʚ ʜʘʡʢʘʭ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʥʳʤʠ ʤʝʣʢʦï ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʦʬʠʪʦʚʳʤʠ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠ-

ʦʬʠʪʦʚʳʤʠ ʜʦʣʝʨʠʪʘʤʠ ʠ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʘʤʠ, ʤʝʩʪʘʤʠ ʩ ʤʠʥʜʘʣʝʢʘʤʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʉʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʦʛʦ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʝʛʦ ʤʠʥʝʨʘʣʘ ð ʧʣʘʛʠʦʢʣʘʟʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 50% ʦʪ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʳ. ʇʨʝʦʙʣʘʜʘʝʪ ʧʣʘʛʠʦʢʣʘʟ ʣʘʙʨʘʜʦʨʦʚʦʛʦ ʩʦʩʪʘʚʘ (An55-70). ʂʨʫʧʥʳʝ ʝʛʦ ʨʘʟʥʦʩʪʠ ʯʘʩʪʦ ʟʦʥʘʣʴ-

ʥʳ, ʦʩʥʦʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦ ʢʨʘʷʤ ʪʘʙʣʠʮ ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʦʣʠʛʦʢʣʘʟʘ (An22). ʌʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʛʠʦ-

ʢʣʘʟʘ ð ʧʨʠʟʤʘʪʠʯʝʩʢʘʷ, ʪʘʙʣʠʪʯʘʪʘʷ, ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʨʘʟʥʦʩʪʷʭ ʧʨʝʦʙʣʘʜʘʶʪ ʫʜʣʠʥʝʥʥʳʝ ʣʝʡʩʪʳ. 

ʄʠʥʝʨʘʣ ʤʝʩʪʘʤʠ ʟʘʤʝʱʝʥ ʘʛʨʝʛʘʪʘʤʠ ʩʦʩʩʶʨʠʪʘ ʠ ʯʝʰʫʡʢʘʤʠ ʩʝʨʠʮʠʪʘ, ʚʧʣʦʪʴ ʜʦ 30%. ʂʣʠʥʦʧʠ-

ʨʦʢʩʝʥ ʧʨʝʜʩʪʘʚʣʝʥ ʘʚʛʠʪʦʤ, ʝʛʦ ʜʦʣʷ ð 15ï30% ʦʪ ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ɺ ʩʠʣʣʘʭ ʝʛʦ ʩʦʩʪʘʚ ʙʦʣʝʝ ʞʝʣʝ-

ʟʠʩʪʳʡ (Wo36En34Fe30), ʯʝʤ ʚ ʧʦʨʦʜʘʭ ʜʘʝʢ (Wo41En37Fe21). ʄʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ ʢʨʠʩʪʘʣʣʳ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ, ʪʘʙʣʠʪʯʘʪʦʛʦ ʦʙʣʠʢʘ ʠ ʝʜʠʥʠʯʥʳʝ ʠʟʦʤʝʪʨʠʯʥʳʝ ʟʝʨʥʘ. ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʦʢʨʘʰʝʥ ʚ ʩʚʝʪʣʦ-

ʙʫʨʳʡ ʮʚʝʪ ʩ ʨʦʟʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʠ ʟʘʤʝʪʥʦ ʧʣʝʦʭʨʦʠʨʫʝʪ, ʦʪʤʝʯʘʝʪʩʷ ʝʛʦ ʧʦʚʳʰʝʥʥʘʷ ʪʠʪʘʥʠʩʪʦʩʪʴ 

(ʜʦ 2%) . ʉʦʜʝʨʞʘʥʠʝ ʦʣʠʚʠʥʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0 ʜʦ 10%, ʦʙʨʘʟʫʝʪ ʩʢʦʧʣʝʥʠʷ. ʄʠʥʝʨʘʣ ʧʦ ʪʨʝʱʠʥʘʤ ʠ 

ʢʨʘʷʤ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥ. ʏʘʩʪʦ ʟʘʤʝʱʝʥ ʙʦʫʣʠʥʛʠʪʦʤ, ʬʦʨʤʠʨʫʶʱʠʤ ʧʦ ʦʣʠʚʠʥʫ ʧʦʣʥʳʝ ʧʩʝʚʜʦ-

ʤʦʨʬʦʟʳ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʚ ʜʦʣʝʨʠʪʘʭ ʩʠʣʣʘ ʦʣʠʚʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʭʨʘʥʠʣʦʩʴ, ʦʪʤʝʯʘʶʪʩʷ 

ʣʠʰʴ ʝʛʦ ʨʝʣʠʢʪʦʚʳʝ ʬʦʨʤʳ. ʈʫʜʥʳʡ ʤʠʥʝʨʘʣ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʦʨʦʜʘʭ ʚ ʚʠʜʝ ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʝʨʝʥ, 

ʨʫʜʥʦʡ ʧʳʣʠ ʠ ʩʢʝʣʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʩʠʣʣʝ ʤʠʥʝʨʘʣʘ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʟʜʝʩʴ ʧʨʝʦʙʣʘʜʘʝʪ ʠʛʦʣʴʯʘ-

ʪʘʷ ʬʦʨʤʘ. ɺ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ ʯʘʩʪʦ ʦʙʨʘʟʫʝʪ ʩʢʝʣʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝ-

ʨʦʤ ʜʦ 3ï5 ʤʤ. ɺ ʧʦʨʦʜʘʭ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʟʦʩʪʘʟʠʩ, ʚʳʧʦʣʥʷʶʱʠʡ ʫʛʣʦʚʘʪʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʤʝʞʜʫ ʤʠʥʝʨʘʣʘʤʠ. ʕʪʦ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʝ ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ, ʟʘʤʝʱʝʥʥʦʝ 

ʭʣʦʨʠʪʦʤ, ʧʘʣʘʛʦʥʠʪʦʤ, ʩʚʝʪʣʦʡ ʩʣʶʜʦʡ, ʢʘʨʙʦʥʘʪʦʤ. ɺʦʢʨʫʛ ʫʯʘʩʪʢʦʚ ʤʝʟʦʩʪʘʟʠʩʘ ʮʚʝʪʥʳʝ ʤʠʥʝʨʘ-

ʣʳ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʳ. ʇʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʫ ʨʘʟʚʠʚʘʝʪʩʷ ʙʠʦʪʠʪ, ʧʦ ʦʣʠʚʠʥʫ ð ʪʘʣʴʢ. ʂ 

ʫʯʘʩʪʢʘʤ ʤʝʟʦʩʪʘʟʠʩʘ ʪʷʛʦʪʝʝʪ ʘʢʮʝʩʩʦʨʥʳʡ ʤʠʥʝʨʘʣ ʘʧʘʪʠʪ. ʊʘʢʞʝ ʜʦ 1ï3% ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʣʝʚʦʡ 

ʰʧʘʪ (ʤʠʢʨʦʧʝʛʤʘʪʠʪ), ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (ʨʘʟʚʠʪʘʷ ʧʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʫ). ɺ ʜʦʣʝʨʠʪʘʭ ʩʠʣʣʦʚ ʦʪʤʝʯʘ-

ʶʪʩʷ ʦʢʨʫʛʣʳʝ ʤʠʥʜʘʣʠʥʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʭʣʦʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʤ ʘʛʨʝʛʘʪʦʤ ʠ ʥʝʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤ 

ʩʪʝʢʣʦʤ.  

ʊ.ʢ. ʜʘʥʥʘʷ ʧʣʦʱʘʜʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ɺʠʣʶʡʩʢʦ-ʄʘʨʭʠʥʩʢʦʛʦ ʜʘʡʢʦʚʦʛʦ ʧʦʷʩʘ (ɺʄɼʇ), 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʥʠʤ ʚʟʷʪ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʡ ʠ ʦʧʠʩʘʥʥʳʡ ʤʘʪʝʨʠʘʣ [1] ʧʦ ɹʦʣʴʰʝʧʦʨʦʞʩʢʦʡ ʪʨʝʱʠʥ-

ʥʦʡ ʠʥʪʨʫʟʠʠ. ʆʙʥʘʞʝʥʠʷ ʠʥʪʨʫʟʠʠ, ʥʘʭʦʜʷʪʩʷ ʨʷʜʦʤ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ 

ʨ. ʍʘʥʥʴʠ.  ɹʦʣʴʰʝʧʦʨʦʞʩʢʘʷ ʠʥʪʨʫʟʠʷ ʧʨʠʥʘʜʣʝʞʠʪ ʪʠʧʠʯʥʳʤ ʜʝʚʦʥʩʢʠʤ ʦʙʲʝʢʪʘʤ ɺʄɼʇ. ʉʦʩʪʦʠʪ 

ʠʟ ʭʦʥʦʣʠʪʘ ʠ ʜʚʫʭ ʧʦʜʚʦʜʷʱʠʭ ʢʘʥʘʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ. ʇʣʦʱʘʜʴ ʭʦʥʦʣʠʪʘ 

ʦʢʦʣʦ 26 ʢʤ2, ʚʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 130ï140 ʤ. ʇʦʨʦʜʳ ʢʨʦʚʣʠ ʪʝʣʘ ʥʝ ʩʦʭʨʘʥʠʣʠʩʴ. ʅʠʞʥʷʷ ʧʦʚʝʨʭ-
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ʥʦʩʪʴ ʭʦʥʦʣʠʪʘ ʧʦʣʦʛʦ ʨʘʩʩʝʢʘʝʪ ʢʝʤʙʨʠʡʩʢʠʝ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʂʨʫʪʦʧʘʜʘʶʱʠʝ 

ʧʦʜʚʦʜʷʱʠʝ ʢʘʥʘʣʳ ʤʦʱʥʦʩʪʴʶ 30ï50 ʤ ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚʦ ʚʤʝʱʘʶʱʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦ-

ʜʘʭ. ʇʦʨʦʜʳ ʭʦʥʦʣʠʪʘ ʠ ʜʘʝʢ ʧʦʜʚʦʜʷʱʠʭ ʢʘʥʘʣʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢ-

ʪʫʨʥʳʤ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ. ʇʣʘʛʠʦʢʣʘʟ ʧʦʨʦʜ ʜʘʝʢ ʥʝʩʢʦʣʴʢʦ ʢʠʩʣʝʝ, ʯʝʤ ʧʦʨʦʜ ʭʦʥʦʣʠʪʘ. ʉʦʩʪʘʚ 

ʧʣʘʛʠʦʢʣʘʟʘ An55-77, ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʦʙʣʘʜʘʝʪ ʣʘʙʨʘʜʦʨ An65. ɹʠʪʦʚʥʠʪ ʚ ʥʠʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʜʦʣʝʨʠʪʘʭ ʢʨʘʝʚʳʭ ʟʦʥ, ʛʜʝ ʦʥ ʩʣʘʛʘʝʪ ʤʝʣʢʠʝ ʧʦʨʬʠʨʦʚʳʝ ʚʳʜʝʣʝʥʠʷ. ɺ ʮʝʥʪʨʘʣʴ-

ʥʳʭ ʯʘʩʪʷʭ ʜʘʝʢ ʪʘʙʣʠʮʳ ʧʣʘʛʠʦʢʣʘʟʘ ʠʥʦʛʜʘ ʟʦʥʘʣʴʥʳ ʚʧʣʦʪʴ ʜʦ ʧʦʷʚʣʝʥʠʷ ʦʣʠʛʦʢʣʘʟʘ. ɿʦʥʘʣʴʥʳʡ 

ʣʘʙʨʘʜʦʨ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʭʦʥʦʣʠʪʘ. ʉʦʩʪʘʚ ʤʦʥʦʢʣʠʥʥʦʛʦ ʧʠʨʦʢʩʝʥʘ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʯʘʩʪʷʭ ɹʦʣʴʰʝʧʦʨʦʞʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʄʘʢʩʠʤʘʣʴʥʦ ʞʝʣʝʟʠʩʪʳʝ 

ʨʘʟʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʦʨʦʜʘʭ ʜʘʡʢʠ (Wo34En38Fe28). ʆʣʠʚʠʥ ʚ ʧʦʨʦʜʘʭ ʜʘʝʢ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ 

ʠʜʜʠʥʛʩʠʪʦʤ, ʙʦʫʣʠʥʛʠʪʦʤ. ʉʦʭʨʘʥʥʦʩʪʴ ʝʛʦ ʚ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʘʭ ʭʦʥʦʣʠʪʘ ʭʦʨʦʰʘʷ, ʛʜʝ ʦʪʚʝʯʘʝʪ 

ʛʦʨʪʦʥʦʣʠʪʫ Fa53-57. ʂʦʣʠʯʝʩʪʚʦ ʦʣʠʚʠʥʘ ʧʦ ʨʘʟʨʝʟʫ ʪʝʣʘ ʥʝʧʦʩʪʦʷʥʥʦ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʭʦʥʦʣʠʪʘ, ʥʠʞʝ ʧʦ ʨʘʟʨʝʟʫ ʚʩʪʨʝʯʝʥʳ ʙʝʟʦʣʠʚʠʥʦʚʳʝ ʨʘʟʥʦ-

ʩʪʠ. ʉʨʝʜʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʚ ʩʦʩʪʘʚʝ ʧʦʨʦʜ ʜʘʝʢ ʠ ʭʦʥʦʣʠʪʘ ʦʪʤʝʯʝʥʳ ʢʚʘʨʮ, ʱʝʣʦʯʥʦʡ ʧʦʣʝʚʦʡ 

ʰʧʘʪ, ʘʛʨʝʛʘʪ ʧʝʛʤʘʪʠʪʘ, ʙʠʦʪʠʪ ʠ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ. ʂʦʣʠʯʝʩʪʚʦ ʠʭ ʚʦʟʨʘʩʪʘʝʪ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʭʦʥʦ-

ʣʠʪʘ ʠ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʜʘʡʢʠ ʜʦ 10ï12%. ʀʣʴʤʝʥʠʪ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʢʦʤʧʦʥʝʥ-

ʪʳ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚ (ʜʦ 8-10%). ʀʣʴʤʝʥʠʪ ʦʙʨʘʟʫʝʪ ʪʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 3ï5 ʤʤ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʠʣʴʤʝʥʠʪʘ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʦʪʤʝʯʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʘʝʢ. ɺ ʧʦ-

ʨʦʜʘʭ ʭʦʥʦʣʠʪʘ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʤʝʥʴʰʝ.. 

ɸʥʘʣʠʟ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʜʦʣʝʨʠʪʦʚ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫ-

ʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʛʦʚʦʨʠʪ ʦʙ ʠʜʝʥʪʠʯʥʦʩʪʠ ʜʦʣʝʨʠʪʦʚ ʊʝʥʢʝʣʷʭʩʢʦʡ ʧʣʦʱʘʜʠ ʠ ɹʦʣʴʰʝʧʦʨʦʞʩʢʦʛʦ 

ʠʥʪʨʫʟʠʚʘ. ʇʦ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʥʠ ʪʘʢʞʝ ʙʣʠʟʢʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʦ-

ʩʣʝʜʥʠʭ ʢ ʪʠʧʠʯʥʳʤ ʜʦʣʝʨʠʪʘʤ ɺʠʣʶʡʩʢʦ-ʄʘʨʭʠʥʩʢʦʛʦ ʜʘʡʢʦʚʦʛʦ ʧʦʷʩʘ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʧʨʝʦʙʣʘʜʘʝʪ ʛʨʫʧʧʘ ʙʘʟʠʪʦʚ ʩ ʫʤʝʨʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʠʩʠ ʪʠʪʘʥʘ 

(2-3 %), ʢʘʣʠʷ (~1%), ʢʘʣʴʮʠʷ (~9-10%), ʢʨʝʤʥʝʢʠʩʣʦʪʳ (~47-48%) (ʪʘʙʣ.).  

ʊʘʙʣʠʮʘ 

ʉʨʝʜʥʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ 

 

ɹʘʟʠʪʳ ʊʝʥʢʝʣʷʭʩʢʦʡ ʧʣʦʱʘʜʠ ɹʘʟʠʪʳ ɹʦʣʴʰʝʧʦʨʦʞʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ 

ɼʘʡʢʘ ʉʠʣʣ ɼʘʡʢʘ ʍʦʥʦʣʠʪ 

124/45 118/71 118/37 110/35 138/67 138/68 222/2ʘ 222/2ʛ 224/1ʙ 224/1ʝ 224/1ʞ 

Si02 48,65 48,25 48,57 46,25 48,22 47,79 46,22 46,58 48,06 47,52 48,22 

ʊ i02 2,72 2,48 2,2 4,74 3,71 3,99 3,74 4,27 2,31 2,11 2,39 

AI2O3 14,48 13,53 14,91 14,53 12,79 13,52 12,53 12,67 13,44 13,58 13,74 

Fe203 3,52 3,83 4,8 5,23 5,78 5,55 2,99 3,95 2,77 2,32 3,37 

FeO 10,69 10,75 7,7 7,7 9,83 8,62 12,07 11,34 11,93 12,88 11,21 

MnO 0,18 0,2 0,17 0,13 0,2 0,14 0,2 0,16 0,19 0,19 0,18 

MgO 4,91 6,28 5,97 5,73 4,6 5,64 6,9 6,22 6,95 7,51 5,79 

CaO 10,13 10,28 10,42 9,45 9,26 7,99 8,17 9,48 10,47 10,47 10,76 

Na20 1,98 2,01 2,21 2,29 2 2,19 1,66 1,82 1,85 1,74 1,97 

K20 1,05 0,52 1,05 1,45 0,86 1,08 2,77 1,12 0,62 0,55 0,71 

H20+ 0,81 1,13 1 1,25 1,06 1,23 2,34 1,42 1,02 1,04 1,55 

PPP 0,09 0 0,22 0,13 0,55 0,67 ʥʝ ʦʧʨ ʥʝ ʦʧʨ ʥʝ ʦʧʨ ʥʝ ʦʧʨ ʥʝ ʦʧʨ 

P2O5 0,28 0,28 0,27 0,55 0,43 0,47 0,6 0,54 0,44 0,39 0,39 

C02 0 0 0 0 0 0 ʥʝ ʦʧʨ ʥʝ ʦʧʨ ʥʝ ʦʧʨ ʥʝ ʦʧʨ ʥʝ ʦʧʨ 

S 0,05 0,03 0,04 0,05 0,09 0,4 0,03 0,06 0 0,01 0 

F 0,04 0,03 0,03 0,06 0,04 0,06 0,08 0,08 0,03 0,03 0,03 

ʉʫʤʤʘ 99,58 99,6 99,56 99,54 99,42 99,34 100,3 99,71 100,08 100,34 100,31 
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ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʪʠʪʘʥ, ʢʘʣʠʡ ʠ ʬʦʩʬʦʨ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤ ʙʘʟʠʪʘʤ ʠ ʯʝʪʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʪʨʘʧʧʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ 

ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ. 

ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʝʥʢʝʣʷʭʩʢʦʡ ʧʣʦʱʘʜʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʜʘʡʢʘ (ʩʢʚ.110/35), ʨʝʟʢʦ ʦʪ-

ʣʠʯʘʶʱʘʷʩʷ ʧʦ ʩʚʦʠʤ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʦʣʝʨʠʪʦʚ ʢʘʢ ʊʝʥʢʝ-

ʣʷʭʩʢʦʡ ʧʣʦʱʘʜʠ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ ʦʪ ʜʦʣʝʨʠʪʦʚ ɺʄɼʇ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʦʥʠ ʚʳʜʝʣʷʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʦʢʠʩʠ ʪʠʪʘʥʘ, ʢʘʣʠʷ, ʬʦʩʬʦʨʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʧʣʘʥʝ ʦʥʠ ʧʦʜʦʙʥʳ ʦʧʠʩʘʥʥʳʤ 

ʜʦʣʝʨʠʪʘʤ ʊʝʥʢʝʣʷʭʩʢʦʡ ʧʣʦʱʘʜʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʠ ʩʭʦʞʠ ʩ ʜʦʣʝʨʠʪʘʤʠ ʜʘʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚʙʣʠʟʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʚʳʜʚʠʛʘʪʴ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʚʙʣʠʟʠ ʪʝʣʘ 110/35 ʢʠʤʙʝʨʣʠʪʦʚ. ʇʦʩʣʝʜʥʝʝ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʩ 

ʫʯʝʪʦʤ ʚʳʜʚʠʥʫʪʦʛʦ ʚ [2] ʧʦʠʩʢʦʚʦʛʦ ʢʨʠʪʝʨʠʷ ʥʘ ʢʠʤʙʝʨʣʠʪʳ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ 

ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʠʪʘʥʘ, ʚ ʩʦʚʦʟʨʘʩʪʥʳʭ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʜʦʣʝʨʠʪʦʚ. 

 
ʃʠʪʝʨʘʪʫʨʘ  

1. ʆʣʝʡʥʠʢʦʚ ɹ. ɺ., ʉʘʚʚʠʥʦʚ ɺ. ʊ., ʇʦʛʫʜʠʥʘ ʄ. ɸ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʪʨʘʧʧʦʚʳʭ ʠʥʪʨʫʟʠʚʦʚ ʩʨʝʜʥʝʧʘʣʝʦ-

ʟʦʡʩʢʦʡ ʠ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʡ-ʥʠʞʥʝʤʝʟʦʟʦʡʩʢʦʡ ʪʨʘʧʧʦʚʳʭ ʬʦʨʤʘʮʠʡ ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ ʪʫʥʛʫʩʩʢʦʡ ʠ ʚʠʣʶʡ-

ʩʢʦʡ ʩʠʥʝʢʣʠʟ. // ɻʝʦʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷ ʙʘʟʠʪʦʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʄ.: ʅʘʫʢʘ, 1973. ʉ. 4ï

76.  
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ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʙʳʯʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʘʩ-

ʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʨʠʪʦʥʦʩʥʦʩʪʠ ʧʦ ʦʪʜʝʣʴʥʳʤ ʟʘʣʝʞʘʤ ʚʘʨʴʠʨʫʶʪ ʦʪ ð 30,77 ʜʦ +12,82%. ɺ ʩʨʝʜ-

ʥʝʤ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʨʠʪʦʥʦʩʥʦʩʪʠ ʠʟʤʝʥʠʣʩʷ ʥʘ ï7,82%, ʧʦʢʘʟʘʪʝʣʴ ʩʦʨʪʥʦʩʪʠ ʥʝʬʨʠʪʘ 
ʦʩʪʘʣʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ. ʇʨʠʥʷʪʘʷ ʥʘ ʂʘʚʦʢʪʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʣʦʪʥʦʩʪʴ ʨʘʟʚʝʜʦʯʥʦʡ ʩʝʪʠ, 

ʧʨʠʥʮʠʧʳ ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʪʝʣ ʠ ʤʝʪʦʜʠʢʘ ʧʦʜʩʯʝʪʘ ʚ ʮʝʣʦʤ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ 

ʨʘʙʦʪ ʟʘʧʘʩʳ ʢʘʪʝʛʦʨʠʠ ʉ2. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʨʠʪ; ʂʘʚʦʢʪʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ; ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ; ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ 

 

Confirmation of the prospecting data at mining  

of the Kavokta deposit of the dolomite related nephrite (Middle Vitim highland) 
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Comparison of exploration works data with the mining results has shown that values of a divergence of nefrite 

percent coefficient on separate blocks vary from -30,77 to +12,82%. The nefrite percent coefficient on average for de-

posit has changed for ï7,82%, the indicator of grade of nephrite remained almost invariable. Density of prospecting 

network accepted on the Kavokta deposit, the principles of bodies bordering and a technique of calculation in general 

allow to reveal category C2 stocks in the course of exploration works. 

Keywords: nephrite; Kavokta deposit; exploration works; calculation of stocks. 

 

ʂʘʚʦʢʪʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ɺʠʪʠʤʩʢʦʤ ʥʝʬʨʠʪʦʥʦʩʥʦʤ ʨʘʡʦʥʝ ʉʠʙʠʨʩʢʦʡ 

ʥʝʬʨʠʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ. ʈʘʟʚʝʜʘʥʦ ʚ 1984ï1993 ʛʛ. ʩ ʫʯʘʩʪʢʘʤʠ ʇʨʦʟʨʘʯʥʳʡ ʠ ʄʝʜʚʝʞʠʡ, ʧʝʨʝʜʘ-

ʥʦ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʦʪʨʘʙʦʪʢʫ ʚ 1994 ʛ. ʉ 2014 ʛ. ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʠ ʜʦʙʳʯʥʳʝ ʨʘʙʦʪʳ ʚʝʜʝʪ ɸʆ 

çɿʘʙʘʡʢʘʣʴʩʢʦʝ ʛʦʨʥʦʨʫʜʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝè. ʇʨʦʜʫʢʪʠʚʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ ʢʘʣʴʮʠʪ-

ʪʨʝʤʦʣʠʪʦʚʳʭ ʩʢʘʨʥʦʚ ʩ ʦʙʦʩʦʙʣʝʥʠʷʤʠ ʥʝʬʨʠʪʘ ʨʘʟʚʠʪʘ ʧʦ ʧʝʨʠʬʝʨʠʠ ʪʝʣ ʜʦʣʦʤʠʪʦʚʳʭ ʤʨʘʤʦʨʦʚ 

ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʵʧʠʜʦʪʠʟʠʨʦʚʘʥʥʳʤʠ ʘʤʬʠʙʦʣʠʪʘʤʠ, ʦʙʨʘʟʫʷ ʟʘʣʝʞʠ ʩ ʨʘʟʜʫʚʘʤʠ, ʧʝʨʝʞʠʤʘʤʠ, ʘʧʦʬʠ-

ʟʘʤʠ. ʅʝʬʨʠʪ ʦʙʨʘʟʫʝʪ ʛʥʝʟʜʘ, ʣʠʥʟʳ, ʧʨʦʩʣʦʠ, ʧʨʦʞʠʣʢʠ, ʦʙʦʩʦʙʣʝʥʠʷ. ʂʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʦʙʦʩʦʙʣʝʥʠʷ ʥʝʬʨʠʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʯʝʪʢʠʝ ʢʦʥʪʘʢʪʳ ʩ ʢʘʣʴʮʠʪ-ʪʨʝʤʦʣʠʪʦʚʳʤʠ ʩʢʘʨʥʘʤʠ [1].  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ (ɻʈʈ) ʠ ʜʦʙʳʯʠ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʦʮʝʥʢʠ ʜʦ-

ʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ ʦʙ ʫʩʣʦʚʠʷʭ ʟʘʣʝʛʘʥʠʷ, ʬʦʨʤʝ ʨʫʜʥʳʭ ʪʝʣ, ʢʦʣʠʯʝʩʪʚʝ ʟʘʧʘʩʦʚ, ʚʳʭʦʜʘ ʩʦʨʪʦʚʦʛʦ 

ʥʝʬʨʠʪʘ [2]. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʟʘʣʝʞʘʤ ˉˉ 19/20, 22, 15 ʫʯ. ʄʝʜʚʝʞʠʡ ʠ ʟʘʣʝʞʠ ˉ1 

ʫʯ. ʇʨʦʟʨʘʯʥʳʡ ʧʦ ʟʘʧʘʩʘʤ ʉ2 ʧʦ ʧʦʜʩʯʝʪʥʳʤ ʙʣʦʢʘʤ, ʫʪʚʝʨʞʜʝʥʥʳʤ ʚ 2016 ʛ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦ-

ʤʠʩʩʠʝʡ ʧʦ ʟʘʧʘʩʘʤ (ɻʂɿ) ʠ ʦʪʨʘʙʦʪʘʥʥʳʤ ʚ 2016-2017 ʛʛ., ʠ ʧʦ ʪʝʣʘʤ ʥʝʬʨʠʪʘ, ʚʳʷʚʣʝʥʥʳʤ ʧʨʠ ʨʘʟ-

ʨʘʙʦʪʢʝ ʟʘ ʢʦʥʪʫʨʘʤʠ ʙʣʦʢʦʚ. ʇʨʠ ʧʦʜʩʯʝʪʝ ʟʘʧʘʩʦʚ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ. ɼʣʷ ʛʝʦʤʝʪʨʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʛʦʨʠʟʦʥʪʥʳʝ 

ʧʣʘʥʳ ʦʪʨʘʙʦʪʢʠ ʠ ʧʦʜʩʯʝʪʥʳʝ ʨʘʟʨʝʟʳ.  

ɿʘʣʝʞʴ ˉ 19,20 ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʫʯ. ʄʝʜʚʝʞʠʡ ʙʳʣʘ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʦʪʨʘʙʦʪʢʠ ʚ 2016-

2017 ʛʛ. ʅʝʩʦʚʧʘʜʝʥʠʝ ʜʘʥʥʳʭ ɻʈʈ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʜʩʯʝʪʦʤ ʟʘʧʘʩʦʚ ʯʨʝʟʤʝʨʥʦ ʫʢʨʫʧ-

ʥʝʥʥʳʤʠ ʙʣʦʢʘʤʠ. ɺ ʢʦʥʪʫʨ ʚʳʜʝʣʝʥʥʦʡ ʧʣʦʱʘʜʠ ʚʭʦʜʠʣʠ ʨʘʟʨʦʟʥʝʥʥʳʝ ʥʝʬʨʠʪʦʚʳʝ ʪʝʣʘ. ʂʦʵʬʬʠ-

ʮʠʝʥʪ ʥʝʬʨʠʪʦʥʦʩʥʦʩʪʠ ʧʦ ʚʘʣʦʚʦʡ ʧʨʦʙʝ ʙʳʣ ʧʨʠʥʷʪ 0,41. ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʥʘ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʥʝʬʨʠʪʦʚʳʝ ʞʠʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʢʣʠʥʠʣʠʩʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʦ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʨʠʪʦʥʦʩ-

ʥʦʩʪʠ (0,22). ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʥʠʟʠʣʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʘʩʦʚ ʙʣʦʢʘ ï18,9%, ʯʪʦ ʦʪʨʘʟʠʣʦʩʴ ʥʘ 

ʟʘʧʘʩʘʭ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʬʨʠʪʦʥʦʩʥʦʩʪʠ ʧʦ ʧʦʜʙʣʦʢʘʤ ʚʘʨʴʠʨʫʶʪ ʦʪ 7% ʜʦ 18%, ʚ ʩʨʝʜ-

ʥʝʤ ʟʥʘʯʝʥʠʷ ʚʧʦʣʥʝ ʩʦʧʦʩʪʘʚʠʤʳ (8%). ʇʦʢʘʟʘʪʝʣʠ ʩʦʨʪʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ 

(0,12%), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ɻʈʈ ʜʣʷ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ. ʆʪʤʝʯʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴ-

ʥʘʷ ʩʭʦʜʠʤʦʩʪʴ ʟʘʧʘʩʦʚ ʥʝʬʨʠʪʘ ʩʳʨʮʘ ʚ ʢʦʥʪʫʨʘʭ, ʫʪʚʝʨʞʜʝʥʥʳʭ ɻʂɿ (ï17%). ʅʝʧʦʜʪʚʝʨʞʜʘʝʤʦʩʪʴ 

ʟʘʧʘʩʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʝʬʨʠʪʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʦʯʝʥʴ ʩʣʦʞʥʳʝ 

ʛʥʝʟʜʦʦʙʨʘʟʥʳʝ, ʣʠʥʟʦʚʠʜʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʫʜʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʢʦʥʪʫʨʠʪʴ ʥʘ 
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ʩʪʘʜʠʠ ɻʈʈ. ʅʝʬʨʠʪʦʚʳʝ ʪʝʣʘ ʚʥʫʪʨʠ ʢʦʥʪʫʨʦʚ ʧʦʜʩʯʝʪʘ ʩʦʢʨʘʱʘʶʪʩʷ, ʥʦ ʟʘ ʩʯʝʪ ʚʳʷʚʣʝʥʠʷ ʟʘ ʠʭ 

ʧʨʝʜʝʣʘʤʠ ʥʦʚʳʭ ʥʝʬʨʠʪʦʚʳʭ ʪʝʣ, ʥʝ ʫʯʪʝʥʥʳʭ ɻʈʈ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʘʩʦʚ ʚ ʮʝʣʦʤ ʧʦ ʢʦʥʪʫʨʫ ʦʪʨʘ-

ʙʦʪʢʠ ʦʩʪʘʝʪʩʷ ʥʘ ʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ. ʈʘʩʭʦʞʜʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ï3,6% ʧʦ ʥʝʬʨʠʪʫ-ʩʳʨʮʫ ʠ ï2,7% ʧʦ 

ʩʦʨʪʦʚʦʤʫ ʥʝʬʨʠʪʫ. 

ɿʘʣʝʞʴ ˉ15 ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʚ 2016ï2017 ʛʛ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʨʘʙʦʪʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʘ 

ʩʣʦʞʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʣʳʤʠ ʠ ʙʣʝʜʥʦ-ʟʝʣʝʥʳʤʠ ʢʘʣʴʮʠʪ-ʪʨʝʤʦʣʠʪʦʚʳʤʠ ʩʢʘʨʥʘʤʠ. ʄʦʥʦʤʠ-

ʥʝʨʘʣʴʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʥʝʬʨʠʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʣʦʤʦʱʥʳʝ, ʧʨʦʞʠʣʢʦʚʦʡ ʬʦʨʤʳ, ʛʨʫʧʧʠʨʫʶʪ-

ʩʷ ʚ ʩʣʦʞʥʫʶ ʚʝʪʚʷʱʫʶʩʷ ʩʠʩʪʝʤʫ. ʂʨʫʧʥʳʝ ʥʝʬʨʠʪʦʚʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠ ʠ ʢʦʥʮʝʥ-

ʪʨʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʘʣʝʞʠ. ʇʨʠ ʚʩʢʨʳʪʠʠ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʬʦʨʤʘ 

ʨʫʜʥʳʭ ʪʝʣ ʠ ʫʩʣʦʚʠʷ ʠʭ ʟʘʣʝʛʘʥʠʷ ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʦʥʠ ʨʠʩʦʚʘʣʠʩʴ ʧʦ ʜʘʥʥʳʤ 

ʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ. ʂʦʥʪʫʨʳ ʜʦʙʳʯʠ ʠʟʤʝʥʠʣʠʩʴ ʥʘ 23% ʠ 61% ʦʪ ʨʘʩʯʝʪʥʳʭ ʧʦ ʙʣʦʢʘʤ 15ï4 ʠ 

15ï5. ʉʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʳʭʦʜʘ ʥʝʬʨʠʪʘ-ʩʳʨʮʘ ʥʘ -25,64% ʧʦ ʙʣʦʢʫ 15-5 ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠ-

ʟʠʣʦ ʟʘʧʘʩʳ ʙʣʦʢʘ ʠ ʚʩʝʡ ʟʘʣʝʞʠ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʳʭʦʜʘ ʩʦʨʪʦʚʦʛʦ ʥʝʬʨʠʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʨʠ-

ʪʦʥʦʩʥʦʩʪʠ ʦʪʨʘʙʦʪʢʠ ʩ ʜʘʥʥʳʤʠ ɻʈʈ ʧʦʢʘʟʘʣʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ, ʭʦʪʷ ʨʘʩʭʦʞʜʝʥʠʷ 

ʧʦ ʙʣʦʢʘʤ ʩʫʱʝʩʪʚʝʥʥʳ. ɼʣʷ ʙʣʦʢʦʚ 15ï2, 15ï5 ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʨʠʪʘ-ʩʳʨʮʘ ʚ ʧʦʜʩʯʝʪʥʳʭ ʢʦʥʪʫʨʘʭ 

ʦʢʘʟʘʣʠʩʴ ʥʘ ï9,26% ʠ ï25,64% ʤʝʥʴʰʝ, ʯʝʤ ʚ ʜʦʙʳʯʥʳʭ ʢʦʥʪʫʨʘʭ, ʘ ʚʳʭʦʜ ʩʦʨʪʦʚʦʛʦ ʥʝʬʨʠʪʘ ʫʚʝ-

ʣʠʯʠʣʩʷ ʥʘ +8,35% ʠ +20,09%. ɼʣʷ ʙʣʦʢʦʚ 15-3 ʠ 15ï4 ʚʳʭʦʜʳ ʩʦʨʪʦʚʦʛʦ ʥʝʬʨʠʪʘ ʦʢʘʟʘʣʠʩʴ ʩʪʘʙʠʣʴ-

ʥʳʤʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʨʘʩʯʝʪʥʳʤ, ʘ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʨʠʪʘ-ʩʳʨʮʘ ʚ ʧʦʜʩʯʝʪʥʳʭ ʢʦʥʪʫʨʘʭ 

ʣʠʙʦ ʧʨʝʚʳʰʘʣʠ ʨʘʩʯʝʪʥʳʝ ʥʘ +2,47% ʧʦ ʙʣʦʢʫ 15ï4, ʣʠʙʦ ʫʤʝʥʴʰʘʣʠʩʴ ʥʘ ï5,66% ʧʦ ʙʣʦʢʫ 15ï3. ɺ 

ʮʝʣʦʤ ʧʦ ʟʘʣʝʞʠ ʦʪʤʝʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʨʠʪʦʥʦʩʥʦʩʪʠ ʥʘ ï9,77%, ʫʚʝʣʠʯʝʥʠʝ ʩʦʨ-

ʪʦʚʦʛʦ ʥʝʬʨʠʪʘ ʥʘ +5,55%. ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʘʥʥʳʭ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ɻʈʈ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʣʝʞʠ 15 ʦʪʤʝ-

ʯʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʩʭʦʜʠʤʦʩʪʴ ʟʘʧʘʩʦʚ ʥʝʬʨʠʪʘ ʩʳʨʮʘ ʚ ʢʦʥʪʫʨʘʭ, ʫʪʚʝʨʞʜʝʥʥʳʭ ɻʂɿ (-

11%). ʅʝʧʦʜʪʚʝʨʞʜʘʝʤʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʨʠʪʦʥʦʩʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʦʙʲʝʤʦʚ ʦʪʨʘʙʦʪʢʠ. ʆʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʨʫʜʥʳʭ ʪʝʣ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʙʦʣʝʝ ʩʣʦʞ-

ʥʦʝ ʠʭ ʩʪʨʦʝʥʠʝ. ʅʝʬʨʠʪʦʚʳʝ ʧʣʦʱʘʜʠ ʚʥʫʪʨʠ ʢʦʥʪʫʨʦʚ ʧʦʜʩʯʝʪʘ ʩʦʢʨʘʱʘʶʪʩʷ, ʥʦ ʟʘ ʩʯʝʪ ʚʳʷʚʣʝʥʠʷ 

ʟʘ ʠʭ ʧʨʝʜʝʣʘʤʠ çʩʣʝʧʳʭè ʪʝʣ, ʥʝ ʫʯʪʝʥʥʳʭ ɻʈʈ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʘʩʦʚ ʧʦ ʢʦʥʪʫʨʫ ʦʪʨʘʙʦʪʢʠ ʫʚʝʣʠʯʠ-

ʣʦʩʴ ʥʘ +14,1% ʧʦ ʥʝʬʨʠʪʫ ʩʳʨʮʫ ʠ +18,6% ʧʦ ʩʦʨʪʦʚʦʤʫ ʥʝʬʨʠʪʫ. 

ɿʘʣʝʞʴ 22. ʉʫʱʝʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʟʘʧʘʩʦʚ ʧʦ ʜʘʥʥʳʤ ɻʈʈ 

ʠ ʟʘʧʘʩʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʢʦʥʪʫʨ ʦʪʨʘʙʦʪʢʠ, ʚʳʟʚʘʥʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʌʘʢʪʠʯʝʩʢʠʝ ʢʦʥʪʫʨʳ ʦʪʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʩʪʠʣʠʩʴ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʢʘʟʘʣʠʩʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʪʝʣʘ, ʦʢʦʥʪʫʨʝʥʥʦʛʦ ʧʦ ʜʘʥʥʳʤ ɻʈʈ. ʀʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝ-

ʥʠʷ ʪʝʣʘ, ʚʳʷʚʣʝʥʥʦʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʨʘʙʦʪʢʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʦ ʦʙʲʝʤ ʜʦʙʳʯʥʦʛʦ ʙʣʦʢʘ 

(+66,02%) ʠ ʫʚʝʣʠʯʠʣʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʘʩʦʚ ʚ ʢʦʥʪʫʨʝ ʦʪʨʘʙʦʪʢʠ ʥʘ +15,2%, ʥʦ ʩʥʠʟʠʣʦ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʧʘʩʦʚ ʚ ʢʦʥʪʫʨʝ ɻʂɿ ʥʘ -32,9%. ɺ ʢʦʥʪʫʨʝ ʦʪʨʘʙʦʪʢʠ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʨʠʪʦʥʦʩʥʦʩʪʠ ʠʟʤʝʥʠʣʩʷ ʥʘ -

30,77% ʚ ʩʚʷʟʠ ʩ ʚʳʢʣʠʥʠʚʘʥʠʝʤ ʥʘ ʛʣʫʙʠʥʫ ʥʝʬʨʠʪʦʚʳʭ ʞʠʣ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʘʣʴʮʠʪ-

ʪʨʝʤʦʣʠʪʦʚʳʭ ʩʢʘʨʥʦʚ. ɺʳʭʦʜ ʩʦʨʪʦʚʦʛʦ ʥʝʬʨʠʪʘ ʦʩʪʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ +3,38%.  

ɿʘʣʝʞʴ ˉ1 ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʫʯ. ʇʨʦʟʨʘʯʥʳʡ. ɿʘʣʝʞʴ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʩ ʧʝʨʝʞʠʤʘʤʠ, 

ʨʘʟʜʫʚʘʤʠ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ ʢʦʥʪʘʢʪʘ ʢʩʝʥʦʣʠʪʘ ʜʦʣʦʤʠʪʦʚʳʭ ʤʨʘʤʦʨʦʚ ʩ ʵʧʠʜʦʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʘʤʬʠʙʦʣʠʪʘʤʠ. ʆʥʘ ʚʩʢʨʳʪʘ ʠ ʦʢʦʥʪʫʨʝʥʘ ʢʘʥʘʚʘʤʠ ʠ ʨʘʩʯʠʩʪʢʘʤʠ, ʩʢʚʘʞʠʥʘʤʠ ʧʦ ʩʝʪʠ 20Ĭ5 ʤ ʥʘ 

ʛʣʫʙʠʥʫ 15 ʤ. ɼʣʷ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʥʜʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʨʠʪʦʥʦʩ-

ʥʦʩʪʠ ʚʟʷʪ ʧʦ ʘʥʘʣʦʛʠʠ. ɿʘʧʘʩʳ ʙʳʣʠ ʧʦʜʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʪʥʘ ʢʘʨʴʝ-

ʨʘ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʟʘʣʝʞʠ ʚʳʷʚʠʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʧʘʩʦʚ ʚ ʢʦʥʪʫʨʝ ʦʪʨʘʙʦʪʢʠ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʧʦʜʩʯʠʪʘʥʥʳʤʠ. ʈʘʩʭʦʞʜʝʥʠʝ ʩʦʩʪʘʚʠʣʦ +171% ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʥʝʬʨʠʪʦʥʦʩʥʳʭ ʢʘʣʴʮʠʪ-ʪʨʝʤʦʣʠʪʦʚʳʭ ʩʢʘʨʥʦʚ. ʂʦʥʪʫʨʳ ʦʪʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʩʪʠʣʠʩʴ ʠ ʦʢʘ-

ʟʘʣʠʩʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʪʝʣʘ, ʦʢʦʥʪʫʨʝʥʥʦʛʦ ʧʦ ʜʘʥʥʳʤ ɻʈʈ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʣʝʞʠ ʚʳʷʚʣʝʥʳ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʨʝʘʣʴʥʳʝ ʢʦʥʪʫʨʳ ʨʫʜʥʳʭ ʪʝʣ. ʆʙʥʘʨʫʞʝʥʳ ʨʘʟʜʫʚʳ ʠ ʧʝʨʝʞʠʤʳ ʤʝʞʜʫ ʨʘʟʚʝʜʦʯʥʳʤʠ ʩʝ-

ʯʝʥʠʷʤʠ. ɿʘ ʢʦʥʪʫʨʘʤʠ ʪʝʣ, ʚʳʷʚʣʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ɻʈʈ, ʦʪʤʝʯʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ çʩʣʝʧʳʝè ʟʘ-

ʣʝʞʠ. ʅʘʨʷʜʫ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʰʝʛʦ ʦʙʲʝʤ 

ʜʦʙʳʯʥʦʛʦ ʙʣʦʢʘ (+140,02%) ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʨʠʪʦʥʦʩʥʦʩʪʠ ʥʘ +12,82%, 

ʯʪʦ ʜʘʝʪ ʧʦʚʳʰʝʥʠʝ ʟʘʧʘʩʦʚ ʟʘʣʝʞʠ. ɸʥʘʣʠʟ ʚʳʭʦʜʘ ʩʦʨʪʦʚʦʛʦ ʥʝʬʨʠʪʘ ʚʳʷʚʠʣ ʨʘʩʭʦʞʜʝʥʠʝ ï6,63%. 

ʆʙʩʫʞʜʝʥʠʝ ʠ ʚʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʢʘ ʂʘʚʦʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʷʚʠʣʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴ-

ʥʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʫʪʚʝʨʞʜʝʥʥʳʭ ʟʘʧʘʩʦʚ ʠ ʧʦʜʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʂʦʣʝʙʘʥʠʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʟʘʣʝ-

ʞʘʤ ʩʚʷʟʘʥʳ ʩ ʚʳʢʣʠʥʠʚʘʥʠʝʤ ʥʘ ʛʣʫʙʠʥʫ ʥʝʬʨʠʪʦʚʳʭ ʪʝʣ ʠ ʩʥʠʞʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ ʥʘʣʦʞʝʥʥʳ-

ʤʠ ʧʨʦʮʝʩʩʘʤʠ ʜʨʦʙʣʝʥʠʷ, ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ, ʦʪʘʣʴʢʦʚʘʥʠʷ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʥʦʩʷʪ ʥʝ ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢ-

ʪʝʨ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʚʝʩʪʠ ʥʘ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢ ʢʦʣʠʯʝʩʪʚʫ ʠ ʢʘʯʝʩʪʚʫ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘ-

ʝʤʦʛʦ. ɺ ʮʝʣʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ ʯʝʪʳʨʝʤ ʟʘʣʝʞʘʤ ʦʙʦʠʭ ʜʦʙʳʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ʂʘʚʦʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
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1. ʉʣʦʞʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʩʢʣʶʯʘʝʪ ʦʜʥʦʟʥʘʯʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʨʝʟʘʤ, ʟʘʪʨʫʜʥʷʝʪ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʦʢʦʥʪʫʨʠʚʘʥʠʝ ʧʦʜʩʯʝʪʥʳʭ 

ʙʣʦʢʦʚ. ʄʝʪʦʜʠʢʘ, ʧʨʠʤʝʥʷʝʤʘʷ ʧʨʠ ʚʝʜʝʥʠʠ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʧʦʜʩʯʝʪʝ ʟʘʧʘʩʦʚ ʠ ʧʨʠʤʝʥʷʝʤʳʝ 

ʨʘʟʚʝʜʦʯʥʳʝ ʢʦʥʜʠʮʠʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʟʘʧʘʩʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʜʦʩʪʦ-

ʚʝʨʥʦʩʪʠ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ; 

2. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ð ʠʟʤʝʥʯʠʚʘʷ ʤʦʨʬʦʣʦʛʠʷ ʨʫʜʥʳʭ ʪʝʣ. ʕʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʨʘʟʜʫʚʦʚ/ʧʝʨʝʞʠʤʦʚ ʪʝʣ, ʠʭ ʧʨʝʨʳʚʠʩʪʦʤ ʭʘʨʘʢʪʝʨʝ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʠ 

ʘʧʦʬʠʟ ʠ çʩʣʝʧʳʭè ʪʝʣ. ɺʩʝ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ ʫʯʝʩʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʠ ʛʝʦʤʝʪʨʠʟʘʮʠʠ ʧʦʜʩʯʝʪʥʳʭ 

ʙʣʦʢʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʳ ʩʣʦʞʥʦʩʪʠ, ʦʜʥʘʢʦ ʚ ʮʝʣʦʤ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʧʦʟʚʦʣʷ-

ʝʪ ʧʦʣʫʯʠʪʴ ʩʦʧʦʩʪʘʚʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ; 

3. ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ, ʚʣʠʷʶʱʫʶ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʜʦʙʳʯʠ ʠ ʢʘʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ, 

ʠʛʨʘʝʪ ʢʦʣʝʙʘʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʨʠʪʦʥʦʩʥʦʩʪʠ ʠ ʚʳʭʦʜʘ ʩʦʨʪʦʚʦʛʦ ʥʝʬʨʠʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʦʩʪʘʝʪʩʷ ʩʪʦʣʴ ʞʝ ʩʣʦʞʥʳʤ, ʢʘʢ ʠ ʚʝʨʭʥʝʡ 

ʝʛʦ ʯʘʩʪʠ. ʆʩʣʦʞʥʷʶʱʠʝ ʬʘʢʪʦʨʳ ʧʦʤʠʤʦ ʩʣʦʞʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ð ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʤʝʣʢʠʭ ʨʘʟ-

ʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ʜʘʝʢ ʠ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʝʣ ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥ-ʵʧʠʜʦʪʦʚʳʭ 

ʧʦʨʦʜ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʠʤʝʥʷʝʤʦʡ ʤʝʪʦ-

ʜʠʢʠ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʡ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʙʫʨʦʚʦʡ ʩʝʪʠ (5Ĭ5 ʤ) ʠ ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʚʩʢʨʳʪʠʝ ʨʫʜʥʳʭ ʪʝʣ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʰʠʙʦʢ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʠʟʫ-

ʯʘʪʴ ʣʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʪʝʢʩʪʫʨʫ, 

ʩʪʨʫʢʪʫʨʫ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʪʝʢʪʦʥʠʢʫ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪ ʙʦʣʝʝ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʝ ʛʨʘʥʠʮʳ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʨʦʜ, ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʤʦʨʬʦʣʦʛʠʶ, ʫʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʠ ʦʢʦʥʪʫʨʠʪʴ 

ʙʣʦʢʠ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘ ʛʣʫʙʠʥʫ. 
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ʀʥʪʝʨʝʩ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢ ʉʝʚʝʨʥʦʤʫ ɿʘʙʘʡʢʘʣʴʶ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʟʜʝʩʴ ʩʫʧʝʨʢʨʫʧʥʳ-

ʤʠ (ʋʜʦʢʘʥ, ʏʠʥʝʡ ʠ ʂʘʪʫʛʠʥ) ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤʠ ʚ 

ʦʩʘʜʦʯʥʳʭ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʦʪʢʨʳʪʳʭ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʥʦ ʪʦʣʴʢʦ ʩʝʡʯʘʩ ʚʦʚʣʝʢʘʝʤʳʭ ʚ 

ʨʘʟʨʘʙʦʪʢʫ.  
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The interest of industry in the Northern Transbaikal is explained by the presence here of super-large deposits 

(Udokan, Chiney and Katugin) and numerous deposits and ore occurrences in sedimentary and igneous rocks discov-

ered in the middle of the last century, but only involved in development. 
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ɿʘʧʘʩʳ ʤʝʜʠ (ʙʦʣʝʝ 50 ʤʣʥ ʪ) ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʋʜʦʢʘʥ-ʏʠʥʝʡʩʢʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴ-

ʥʳʤʠ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʥʘʭʦʜʠʪʩʷ ʥʘ ʋʜʦʢʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (26,7 ʤʣʥ ʪ), 12 ʤʣʥ ʪ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʯʠʪʘʚʰʠʝʩʷ çʩʘʪʝʣʣʠʪʘʤʠè (ʇʨʘʚʦʠʥʛʘʤʘʢʠʪʩʢʦʝ, ʉʘʢʠʥʩʢʦʝ, ʂʣʶʢʚʝʥʥʦʝ, ʋʥ-

ʢʫʨ, ʂʨʘʩʥʦʝ, ɹʫʨʧʘʣʘ ʠ ʜʨʫʛʠʝ). ʆʢʦʣʦ 15 ʤʣʥ ʪ. ʩʦʜʝʨʞʠʪʩʷ ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʤʘʩʩʠʚʦʚ ʯʠʥʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ð ʵʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʫʯʘʩʪʢʠ) ʈʫʜʥʦʝ, 

ɺʝʨʭʥʝʯʠʥʝʡʩʢʦʝ, ʉʢʚʦʟʥʦʝ, ʂʦʥʪʘʢʪʦʚʦʝ ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʧʨʦʷʚʣʝʥʠʷ ʚ ʛʘʙʙʨʦ-ʥʦʨʠʪʘʭ ʃʫʢ-

ʪʫʨʩʢʦʛʦ ʠ ʄʘʡʣʘʚʩʢʦʛʦ ʤʘʩʩʠʚʦʚ.  

ɽʩʪʴ ʣʠ ʧʨʠʟʥʘʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʦʜʩʪʚʘ ʤʝʞʜʫ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ? ʉʙʦʨ ʘʨ-

ʛʫʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʝʜʠʮʠʠ ʈʦʩʩʠʡʩʢʦʛʦ ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 2018 ʛ. ʥʘ ʩʝʚʝʨʝ ɿʘʙʘʡʢʘʣʴʷ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʢʦʣʣʘʞʘ ʪʝʨʝʡʥʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʦʬʦʨʤʣʝʥʳ ʢʨʘʪʦʥʳ ʃʘʚʨʝʥ-

ʪʠʷ (ʂʘʥʘʜʘ) ʠ ʉʠʙʠʨʴ ʚ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʝ ʙʳʣʠ ʩʠʥʭʨʦʥʥʳ. ʅʘ ʘʨʭʝʡʩʢʦʤ ʦʩʥʦʚʘʥʠʠ ʤʝʪʘʤʦʨʬʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʚʥʫʪʨʠʢʨʘʪʦʥʥʳʡ ʧʨʦʛʠʙ, ʬʨʘʛʤʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʠ 

ʙʳʣʠ ʂʦʜʘʨʦ-ʋʜʦʢʘʥʩʢʠʡ, ʋʛʫʡʩʢʠʡ, ʅʠʞʥʝʭʘʥʠʥʩʢʠʡ ʠ ʜʨʫʛʠʝ. ʆʥʠ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʢ-

ʪʦʥʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʛʠʙʦʚ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 12 ʢʤ 

ʫʜʦʢʘʥʩʢʦʡ ʩʫʧʝʨʛʨʫʧʧʳ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʨʘʩʢʦʣʘʤʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʚ ʢʦʪʦʨʳʝ ʫʩʪʨʝʤʠʣʠʩʴ ʩʪʨʫʠ 

ʤʘʥʪʠʡʥʳʭ ʫʣʴʪʨʘʤʘʬʠʪ-ʤʘʬʠʪʦʚʳʭ ʤʘʛʤ ʯʠʥʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʤʘʛʤ ʢ ʛʨʘʥʠʮʝ ʟʝʤ-

ʥʦʡ ʢʦʨʳ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʦʙʲʝʤʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨ. ʇʣʘʚʣʝʥʠʝ ʚʝʱʝ-

ʩʪʚʘ ʟʝʤʥʦʡ ʢʦʨʳ ʧʨʠʚʦʜʠʣʦ ʢ ʚʳʧʣʘʚʣʝʥʠʶ ʛʨʘʥʠʪʥʳʭ ʤʘʛʤ (ʢʦʜʘʨʩʢʠʡ ʢʦʤʧʣʝʢʩ). ʄʥʦʛʦʢʨʘʪʥʳʝ 

ʚʥʝʜʨʝʥʠʷ ʨʘʩʧʣʘʚʦʚ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʶ ʜʣʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʚʰʝʡ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʨʘʟʥʦʬʦʨʤʘʮʠʦʥʥʳʤʠ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷʤʠ. ʉ ʜʨʝʚʥʠʤʠ ʘʨʭʝʡʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʘʩʩʦʮʠʠʨʫʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠ-

ʪʦʚ (ʉʫʣʫʤʘʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ). ɺ ʧʦʟʜʥʝʤ ʘʨʭʝʝ ʩ ʆʣʦʥʜʠʥʩʢʠʤ ʪʨʦʛʦʤ ʩʚʷʟʘʥʳ ʧʨʦʷʚʣʝʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʦʣʦʪʘ ʠ ʧʣʘʪʠʥʦʠʜʦʚ, ʘ ʪʘʢʞʝ ʥʘʭʦʜʢʠ ʘʣʤʘʟʦʚ. 

ɺʦʟʨʘʩʪ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʫʜʦʢʘʥʩʢʦʡ ʩʫʧʝʨʛʨʫʧʧʳ (ʯʠʪʢʘʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʯʠʥʝʡʩʢʦʡ ʩʝʨʠʠ) ʨʘ-

ʚʝʥ 2180Ñ50 Ma (ɹʝʨʝʞʥʘʷ ʠ ʜʨ., 1988). ʇʦ ʪʠʪʘʥʠʪʫ ʚ ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʘʭ ʠʟ ʢʘʨʴʝʨʘ ʫʯʘʩʪʢʘ ʄʝʜ-

ʥʳʡ ʋʜʦʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʫʯʝʥ ʚʦʟʨʘʩʪ 1896,2 Ñ 6,2 Ma (Perell· et al., 2017). ɻʨʘʥʠʪʳ ʢʘʪʫ-

ʛʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʚʦʟʨʘʩʪ 2066 Ñ 6 ʤʣʥ ʣʝʪ, ʃʘʨʠʥ ʠ ʜʨ. 2002). ɺʦʟʨʘʩʪ ʛʘʙʙʨʦʠʜʦʚ ʯʠʥʝʡ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʠʟʦʪʦʧʥʳʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚʣʷʝʪ ð 1850Ñ 90 Ma, ɻʦʥʛʘʣʴ-

ʩʢʠʡ ʠ ʜʨ., 2008; 1858Ñ 17 Ma, 1811 Ñ 11 Ma, ɻʦʥʛʘʣʴʩʢʠʡ ʠ ʜʨ., 2012; 1880 Ñ Ma, ʇʦʣʷʢʦʚ ʠ ʜʨ; 1867 

Ñ 3 Ma, ʇʦʧʦʚ ʠ ʜʨ., 2009 [1].  
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ɺ ʠʥʪʝʨʚʘʣʝ 2,1ï1,8 ʄʘ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʦʨʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʣʦʢʘʣʠʟʦʚʘʥʳ ʩʫʧʝʨʢʨʫʧʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʠ (ʋʜʦʢʘʥ) ʠ ʚʘʥʘʜʠʷ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʘʛʥʠʪʥʦʝ ʠ ʕʪʳʨʢʦ ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ), 

ʘ ʪʘʢʞʝ ʂʘʪʫʛʠʥʩʢʦʝ ʨʝʜʢʦʤʝʪʘʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʛʠʛʘʥʪʩʢʠʭ ʟʘʧʘʩʦʚ ʤʝʜʠ, ʟʘʣʝ-

ʛʘʶʱʠʭ ʚ ʦʩʘʜʦʯʥʳʭ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ, ʚʳʟʳʚʘʣʦ ʜʠʩʢʫʩʩʠʠ ʩ ʤʦʤʝʥʪʘ ʠʭ ʦʪʢʨʳʪʠʷ.  

ʅʘ ʋʜʦʢʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʦʪʢʨʳʪʦʤ ʚ 1949 ʛʦʜʫ ɽ.ʀ. ɹʫʨʦʚʦʡ) ʧʦʠʩʢ ʘʨʛʫʤʝʥʪʦʚ ʧʨʦʚʝ-

ʜʝʥ ʥʘ ʢʦʨʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʥʘ ʢʘʨʴʝʨʝ ʫʯʘʩʪʢʘ ʄʝʜʥʳʡ, ʤʘʩʩʠʚʥʳʭ ʠ ʙʨʝʢʯʠʝʚʳʭ 

ʨʫʜ ʚ ʨʘʡʦʥʝ ʰʪʦʣʴʥʠ 14 ʠ ʦʢʨʝʩʪʥʦʩʪʷʭ ʰʪʦʣʴʥʠ 5 (ʫʯʘʩʪʦʢ ʆʟʝʨʥʳʡ). ɿʜʝʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ-

ʩʣʦʡʥʳʝ ʠ ʩʝʢʫʱʠʝ ʭʘʣʴʢʦʟʠʥ-ʙʦʨʥʠʪʦʚʳʝ ʧʨʦʞʠʣʢʠ. ʌ.ʇ. ʂʨʝʥʜʝʣʝʚ ʩ ʩʦʘʚʪʦʨʘʤʠ (1983) ʚʳʜʝʣʷʣʠ 

4 ʠʭ ʪʠʧʘ, ʩʚʷʟʳʚʘʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤ ʠʣʠ ʢʦʥʪʘʢʪʦʚʳʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ. ʅʘʤʠ ʥʘ ʋʜʦ-

ʢʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʫʯʘʩʪʢʠ ɿʘʧʘʜʥʳʡ, ʆʟʝʨʥʳʡ, ʅʘʤʠʥʛʘ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʢʫʣʠʩʦʦʙʨʘʟʥʳʭ ʣʠʥʟʦʯʝʢ ʩʫʣʴʬʠʜʦʚ ʩ ʢʚʘʨʮʝʤ, ʟʦʥʳ ʙʨʝʢʯʠʨʦʚʘʥʥʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 

(ʧʝʩʯʘʥʠʢʦʚ, ʘʨʛʠʣʣʠʪʦʚ), ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʞʠʣʴʥʳʤ ʢʚʘʨʮʝʤ ʩ ʭʘʣʴʢʦʟʠʥʦʤ, ʙʦʨʥʠʪʦʤ ʠ ʭʘʣʴʢʦ-

ʧʠʨʠʪʦʤ. ɺ ʪʘʢʠʭ ʞʝ ʧʨʦʞʠʣʢʘʭ ʛʜʝ ʦʧʨʝʜʝʣʝʥ ʠʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʪʠʪʘʥʠʪʦʚ (Perell· et al., 2017), 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʣʦʪʘ ð ʜʦ 0,3 ʛ/ʪ (ʚ ʙʝʟʨʫʜʥʳʭ ʧʝʩʯʘʥʠʢʘʭ ʠʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʤʝʥʝʝ 0,01 ʛ/ʪ). ɺ ʩʝʢʫʱʠʭ ʧʨʦʞʠʣʢʘʭ ʦʧʨʝʜʝʣʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ U ʠ Pb. 

 ʇʦ ʧʝʨʠʬʝʨʠʠ ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʋʜʦʢʘʥʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ʦʮʝʥʝʥʳ ʫʯʘʩʪʢʠ (ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ) Fe-Ti-V ʨʫʜ (ʄʘʛʥʠʪʥʦʝ ʠ ʕʪʳʨʢʦ), ʤʝʜʥʳʝ ʩ Au, Ag, Pt, Pd ʠ ʜʨ. (ʈʫʜʥʦʝ, ɺʝʨʭʥʝʯʠʥʝʡʩʢʦʝ, 

ʉʢʚʦʟʥʦʝ ʠ ʂʦʥʪʘʢʪʦʚʦʝ), ɻʫʜʳʤʦʚʩʢʠʡ ʫʯʘʩʪʦʢ U-REE ʨʫʜ.  

ʄʘʛʥʠʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1938 ʛ. ʄ. ʅ. ʇʝʪʨʫʩʝʚʠʯʝʤ ʠ ʃ. ʀ. ʂʘʟʠʢ ʧʨʠ ʠʟʳʩ-

ʢʘʥʠʷʭ ʪʨʘʩʩʳ ɹɸʄ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʤʘʩʩʠʚʥʳʝ ʠ ʚʢʨʘʧʣʝʥʥʳʝ ʪʠʪʘʥʦʤʘʛʥʝʪʠ-

ʪʦʚʳʝ ʨʫʜʳ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʩʦʩʪʦʷʣʩʷ ʤʠʪʠʥʛ ʩʪʨʦʠʪʝʣʝʡ ʦʪʢʨʳʪʠʷ ʫʯʘʩʪʢʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʅʦʚʘʷ 

ʏʘʨʘ-ʏʠʥʘ 26 ʩʝʥʪʷʙʨʷ 2001 ʛ. ʆʪʧʨʝʧʘʨʠʨʦʚʘʥʥʳʝ ʟʘ ʜʦʣʛʠʝ ʛʦʜʳ ʦʙʨʘʟʮʳ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʪʠʪʘ-

ʥʦʤʘʛʥʝʪʠʪʠʪʦʚ ʦʯʝʥʴ ʵʬʬʝʢʪʥʳ ʠ ʥʘʭʦʜʷʪʩʷ ʚʦ ʤʥʦʛʠʭ ʤʫʟʝʷʭ ʩʪʨʘʥʳ. ʅʝʤʥʦʛʦ ʶʞʥʝʝ ʥʘ ʚʦʜʦʨʘʟ-

ʜʝʣʝ ʨ. ʇʨʘʚʘʷ ʏʠʥʘ ʠ ʉʘʢʫʢʘʥ ʦʙʥʘʨʫʞʝʥʳ ʞʠʣʳ ʧʦʜʝʣʦʯʥʦʛʦ ʢʘʤʥʷ ʢʩʦʥʦʪʣʠʪʘ.  

ʅʘ ʈʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʦʨʦʛʠ ʙʳʣʠ ʚʩʢʨʳʪʳ ʤʘʩʩʠʚʥʳʝ ʨʫʜʳ, ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʧʣʘʪʠʥʦʠʜʦʚ, ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ. ɾʠʣʴ-

ʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʨʝʢʯʠʠ ʩ ʦʙʣʦʤʢʘʤʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ (ʧʝʩʯʘʥʠʢʦʚ), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʭʦʜʩʪʚʦ ʩ ʦʬʩʝʪʥʳʤʠ ʜʘʡʢʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʜʙʝʨʠ (ʂʘʥʘ-

ʜʘ).  

ʄʝʞʜʫ ɺʝʨʭʥʝʯʠʥʝʡʩʢʠʤ ʠ ʉʢʚʦʟʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ, ʚ ʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʝ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʣʣʦʚ, ʘ ʞʠʣʴʥʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʧʠʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʫʟʢʦʡ ʟʦʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ ʢ ʢʦʥʪʘʢʪʫ ʠʥʪʨʫʟʠʚʘ ʠ ʧʦʩʪʝʧʝʥʥʦ ʫʜʘʣʷʶ-

ʱʝʡʩʷ ʦʪ ʥʝʛʦ ʥʘ 4 ʢʤ. ʉʘʤʳʝ ʦʪʜʘʣʝʥʥʳʝ ʞʠʣʳ ʠ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʝ ʨʫʜʳ ʚ ʧʝʩʯʘʥʠʢʘʭ ʷʚ-

ʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʤʠ ð ʇʨʘʚʦʠʥʛʘʤʘʢʠʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʎʝʤʝʥʪ ʙʨʝʢʯʠʝʚʳʭ ʨʫʜ ʟʜʝʩʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʠʨʠʪʦʤ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ. 

ʕʥʜʦʢʦʥʪʘʢʪʦʚʳʝ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʘʟʥʳʤ ʪʠʧʘʤ ʧʦʨʦʜ 

ʚ ʧʨʠʧʦʜʦʰʚʝʥʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ: ʢ ʣʝʡʢʦʢʨʘʪʦʚʳʤ ʛʘʙʙʨʦ, ʢʚʘʨʮʝʚʳʤ ʜʠʦʨʠʪʘʤ ʠ ʤʦʥʮʦʜʠʦʨʠʪʘʤ, 

ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʩʫʣʴʬʠʜʦʚ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʥʳʝ ʩ ʨʘʩʩʣʦʝʥʥʦʩʪʴʶ ʠ ʩʝʢʫʱʠʝ ʧʨʦʞʠʣʢʠ. 

ʈʫʜʳ ʚʦ ʚʤʝʱʘʶʱʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ (ʵʢʟʦʢʦʥʪʘʢʪʦʚʳʝ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, 

ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʝ ʠʟ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʈʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʈʫʜʳ ʟʘʣʝʛʘʶʪ ʚ ʚʠʜʝ ʞʠʣ ʠʣʠ 

ʣʠʥʟ, ʯʘʩʪʦ ʙʨʝʢʯʠʨʦʚʘʥʥʳʭ ʪʝʣ. ʆʥʠ ʚʳʧʦʣʥʷʶʪ ʩʠʩʪʝʤʫ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʝʱʠʥ ʚ ʧʨʠʧʦʜʦʰ-

ʚʝʥʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ. ʄʘʣʦʤʦʱʥʳʝ ʧʨʝʨʳʚʠʩʪʳʝ ʧʨʦʞʠʣʢʠ ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʤʝʪʘʩʦʤʘ-

ʪʠʯʝʩʢʠʤʠ ʦʨʝʦʣʘʤʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʜʦ 500 ʤ ʚʥʠʟ ʦʪ ʢʦʥʪʘʢʪʘ ʛʘʙʙʨʦʠʜʦʚ. 

ɹʨʝʢʯʠʝʚʳʝ ʨʫʜʳ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʟʘʣʝʛʘʶʱʠʭ ʩʨʝʜʠ ʦʩʘʜʦʯʥʳʭ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʫʢʘ-

ʟʳʚʘʝʪ ʥʘ ʫʯʘʩʪʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʣʶʠʜʦʚ ʚ ʨʫʜʦʦʪʣʦʞʝʥʠʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʥʘ ʋʜʦʢʘʥʩʢʦʤ, ʈʫʜʥʦʤ ʠ ʇʨʘʚʦʠʥʛʘʤʘʢʠʪʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠ-

ʷʭ, ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ 330Ü (ɻʦʥʛʘʣʴʩʢʠʡ ʠ ʜʨ., 2007, 2013). 

ʉʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʤʘʛʤʘʪʦʛʝʥʥʳʭ ʬʣʶʠʜʦʚ, ʧʨʠʥʠʤʘʚʰʠʭ ʫʯʘʩʪʠʝ ʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷʭ-ʩʧʫʪʥʠʢʘʭ ʋʜʦʢʘʥʘ, ʠ ʦʪʯʘʩʪʠ, ʝʛʦ ʩʘʤʦʛʦ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʩʝʨʳ 

ʩʫʣʴʬʠʜʦʚ ʠʟ ʵʪʠʭ ʨʫʜ. ɼʣʷ ʧʠʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʭ ʨʫʜ ʋʜʦʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦ 

ʦʙʦʛʘʱʝʥʠʝ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʩʝʨʳ: ŭ34S = ï27,2ă. ɺ ʭʘʣʴʢʦʟʠʥ-ʙʦʨʥʠʪʦʚʳʭ ʨʫʜʘʭ ŭ34S ʚʘʨʴʠʨʫʶʪ ʦʪ 

-8,6ă ʜʦ ï2,7%. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʝʨʳ ʧʠʨʨʦʪʠʥʦʚ ʈʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ +2,6 ð 

+4,4ă, ʭʘʣʴʢʦʧʠʨʠʪʦʚï +1,7 ð +2,6ă ʘ ʜʣʷ ʤʠʥʝʨʘʣʦʚ ɺʝʨʭʥʝʯʠʥʝʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʵʪʠ ʟʥʘʯʝ-

ʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ +3,6 ʠ +3ă. ʇʠʨʠʪʳ ʂʦʥʪʘʢʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜ-

ʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ +3,3. 

ʀʟ ʠʟʫʯʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ-ʩʧʫʪʥʠʢʦʚ ʋʜʦʢʘʥʘ ʤʥʦʛʠʝ ʦʙʣʘʜʘʶʪ ʠʟʦʪʦʧʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʢʘʩʘʝʪʩʷ 
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ʩʫʣʴʬʠʜʦʚ ʇʨʘʚʦʠʥʛʘʤʘʢʠʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʜʝ ʟʥʘʯʝʥʠʷ ŭ34S ʜʣʷ ʧʠʨʠʪʦʚ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʚ 

ʤʝʥʷʶʪʩʷ ʦʪ +2 ʜʦ +4,2ă, ʩʝʨʳ ʧʠʨʨʦʪʠʥʦʚ ʉʘʢʫʢʘʥʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ŭ34S +1,9 ð +2,9ă, ʩʫʣʴ-

ʬʠʜʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʨʘʩʥʦʝ ŭ34S ʜʣʷ +1 ð +4ă.  

ʈʘʟʥʦʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʜʦʢʘʥ-ʏʠʥʝʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʨʫʜ-

ʥʳʝ ʫʟʣʳ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʠ ʦʩʘʜʦʯʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ, ʮʝʥʪʨʘʤʠ ʢʦʪʦʨʳʭ 

ʚʳʩʪʫʧʘʶʪ ʨʘʩʩʣʦʝʥʥʳʝ ʤʘʩʩʠʚʳ ʯʠʥʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʅʘʤʠʥʛʠʥʩʢʠʡ ʠ ʋʥʢʫʨʩʢʠʡ ʨʫʜʥʳʝ ʫʟʣʳ), 

ʧʦʣʦʛʠʝ ʠʥʪʨʫʟʠʠ ʛʘʙʙʨʦʠʜʦʚ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɹʫʨʧʘʣʘ) ʠʣʠ ʜʘʡʢʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ (ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʝ ʂʨʘʩʥʦʝ).  

ʅʘ 3D ʤʦʜʝʣʷʭ ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ (ɻʦʥʛʘʣʴʩʢʠʡ ʠ ʜʨ., 

2015) ʨʘʩʩʣʦʝʥʥʳʝ ʘʥʦʨʪʦʟʠʪ-ʛʘʙʙʨʦʥʦʨʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʯʠʥʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʚʝʨʰʠʥʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʣʦʥʥ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʨʘʟʥʦʛʣʫʙʠʥʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʢʘʤʝʨʘʤʠ, ʧʠʪʘ-

ʶʱʠʤʠ ʜʣʷ ʢʦʪʦʨʳʭ ʩʣʫʞʠʣ ʢʨʫʧʥʳʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʛʣʫʙʠʥʝ 19-20 ʢʤ. 

ɺʥʝʜʨʝʥʠʝ ʨʘʩʧʣʘʚʦʚ ʥʦʩʠʣʦ ʧʫʣʴʩʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʟʥʦ-

ʤʘʩʰʪʘʙʥʦʡ ʨʠʪʤʠʯʥʦʩʪʠ ʚ ʩʪʨʦʝʥʠʠ ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʇʨʦʮʝʩʩʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʦʣʞʘʣʠʩʴ ʠ ʧʦʩʣʝ ʩʪʘʥʦʚʣʝʥʠʷ ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʝʛʦ ʧʨʝ-

ʜʝʣʘʭ ʦʙʥʘʨʫʞʝʥʦ ʫʨʘʥ-ʨʝʜʢʦʟʝʤʝʣʴʥʦ-ʨʝʜʢʦʨʝʜʢʦʤʝʪʘʣʴʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʚ ʧʨʦʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʭ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜʘʭ, ʢʦʪʦʨʦʝ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʫʨʘʥ-ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚ ʘʣʴʙʠ-

ʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʛʥʝʪʠʪʦʚʳʭ ʠ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʘʭ ʫʜʦʢʘʥʩʢʦʡ ʩʝʨʠʠ (ʄʘʰʢʦʚʮʝʚ ʠ ʜʨ., 2010; ʄʘ-

ʢʘʨʴʝʚ ʠ ʜʨ., 2010), ʘ ʪʘʢʞʝ ʩ ʧʘʣʣʘʜʠʡ-ʫʨʘʥ-ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚ ʘʣʴʙʠʪʠʪʘʭ ʥʘ ʢʦʥ-

ʪʘʢʪʝ ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʦʚ ʩ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘʤʠ (ʂʥʘʫʬ ʠ ʜʨ., 2000). 

 

ʇʦʣʝʚʘʷ ʵʢʩʢʫʨʩʠʷ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ çʈʫʩʩʢʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦè ʧʦ ʜʦʛʦʚʦʨʫ ˉ 09/2018/ʈɻʆ-ʈʌʌʀ. 
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ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʠʪʠʤʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ ʧʨʦʚʝʜʝʥʦ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫ-

ʯʝʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ. ɼʘʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʥʜʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʨʘʥʥʝʧʘ-

ʣʝʦʟʦʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ʤʘʩʩʠʚʘ (U-Pb ʠʟʦʪʦʧʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʦʚ ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦ-ʩʝʢʪʦʨʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʩʠʩʪʝʤʦʡ ʧʨʦʙʦʦʪʙʦʨʘ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʥʠʪʦʠʜʳ; ʨʘʥʥʠʡ ʧʘʣʝʦʟʦʡ; ɸʥʜʨʝʝʚʩʢʠʡ ʤʘʩʩʠʚ. 
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Petrological-geochemical study of the northwestern part of the Vitim plateau granitoids has been carried out. The 

brief features of the Andrey massif is given. The new data on early Paleozoic age of the massif (U-Pb isotopic dating of 

zircons by Magnetic-Sector Mass Spectrometry with Laser Ablation sampling) has been obtained. 

Keywords: granitoids; early Paleozoic; Andrey massif. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʘʚʪʦʨʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʠʪʠʤʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ɸʥʜʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʢʦʪʦʨʳʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʤʝʶʱʠʭʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʦʙʰʠʨʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʟʜʥʝʧʘʣʝʦ-

ʟʦʡʩʢʠʭ ʛʨʘʥʠʪʦʠʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ [1,3]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʛʨʘʥʠʪʦʠ-

ʜʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʤʘʩʩʦʡ ʜʦ 5 ʢʛ, ʧʦʩʣʝ ʜʨʦʙʣʝʥʠʷ ʠ ʨʘʩʩʠʪʦʚʢʠ ʧʦ ʬʨʘʢʮʠʷʤ 0,5ï0,25 ʤʤ, 

ʧʨʦʙʳ ʙʳʣʠ ʦʪʤʳʪʳ ʚʦʜʦʡ, ʠ ʨʘʟʜʝʣʝʥʳ ʚ ʙʨʦʤʦʬʦʨʤʝ. ʎʠʨʢʦʥʳ ʦʪʦʙʨʘʥʥʳʝ ʚʨʫʯʥʫʶ ʠʟ ʬʨʘʢʮʠʠ 

ʤʝʥʝʝ 0,25 ʤʤ ʟʘʣʠʚʘʣʠʩʴ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʚ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʜʘʣʝʝ ʟʘʪʚʝʨʜʝʚʰʫʶ ʰʘʰʢʫ ʰʣʠ-

ʬʦʚʘʣʠ ʠ ʧʦʣʠʨʦʚʘʣʠ ʥʘ ʘʣʤʘʟʥʳʭ ʧʦʨʦʰʢʘʭ ʠ ʧʘʩʪʘʭ. U-Pb ʠʟʦʪʦʧʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʦʚ ʚʳʧʦʣ-

ʥʷʣʠ ʚ ɻʀʅ ʉʆ ʈɸʅ (ʛ. ʋʣʘʥ-ʋʜʵ) ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦ-ʩʝʢʪʦʨʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʩʠʩʪʝʤʦʡ 

ʧʨʦʙʦʦʪʙʦʨʘ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ [4] (ʨʠʩ.1). 

 

ʈʠʩ. 1. ʌʦʪʦ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Element XR ʠ ʣʘʟʝʨʝ UP-213; ʬʦʪʦ ʮʠʨʢʦʥʦʚ ɸʥʜʨʝʝʚʩʢʦ-

ʛʦ ʤʘʩʩʠʚʘ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (LEO-1430VP). 

 

ɸʥʜʨʝʝʚʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʊʘʣʦʡ (ʨʫʯ. ɸʥʜʨʝʝʚʩʢʠʡ ʠ ʨʫʯ. ʀʣʴʢʦʭʪʘ), 

ʩʣʦʞʝʥ ʜʠʦʨʠʪʘʤʠ, ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʦʚʳʤʠ ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ ʠ ʛʨʘʥʠʪʘʤʠ. ɺ ʢʨʘʝʚʳʭ ʬʘʮʠʷʭ ʤʘʩʩʠʚʘ 
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ʛʨʘʥʠʪʦʠʜʳ ʛʥʝʡʩʦʚʠʜʥʳʝ. ɹʣʠʞʝ ʢ ʮʝʥʪʨʫ ʤʘʩʩʠʚʘ ʛʨʘʥʠʪʦʠʜʳ ʩʪʘʥʦʚʷʪʩʷ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ, ʦʪʤʝ-

ʯʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʨʬʠʨʦʚʳʝ ʚʢʨʘʧʣʝʥʥʠʢʠ ʧʣʘʛʠʦʢʣʘʟʘ, ʘʤʬʠʙʦʣʘ, ʙʠʦʪʠʪʘ ʠ ʢʚʘʨʮʘ. ɺʦ 

ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʠʥʪʨʫʟʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʚʝʪʣʦ-ʨʦʟʦʚʳʝ ʛʨʘʥʠʪʳ ʚ ʚʠʜʝ ʞʠʣ 

ʠ ʧʨʦʨʳʚʘʶʪ ʚʩʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʬʘʟʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ 

ʤʝʞʜʫ ʛʣʘʚʥʳʤʠ ʪʠʧʘʤʠ ʧʦʨʦʜ ʤʘʩʩʠʚʘ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʧʨʠʟʥʘʢʠ ʧʦ ʢʨʫʧʥʦʩʪʠ ʠ ʤʝʣʘʥʦʢʨʘʪʦ-

ʚʦʩʪʠ. 

ɼʠʦʨʠʪʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʧʦʨʦʜʳ ʩʝʨʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ. ʉʪʨʫʢʪʫʨʘ ʚ ʰʣʠʬʘʭ 

ʨʘʟʥʦʦʙʨʘʟʥʘʷ: ʛʨʘʥʠʪʥʘʷ, ʥʝʨʝʜʢʦ ʧʦʡʢʠʣʠʪʦʚʘʷ. ʊʝʢʩʪʫʨʘ ʦʜʥʦʨʦʜʥʘʷ, ʤʘʩʩʠʚʥʘʷ. ʄʠʥʝʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ (ʚ ʤʘʩʩ. %): ʧʣʘʛʠʦʢʣʘʟ 60%, ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ 15%, ʙʠʦʪʠʪ ʜʦ 20ï25 %, ʢʚʘʨʮ ʜʦ 3%. ɺʪʦʨʠʯ-

ʥr ʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʣʦʨʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʩʝʨʠʮʠʪʦʤ, ʩʦʩʩʶʨʠʪʦʤ, ʘʢʮʝʩʩʦʨʥʳʝ ð ʩʬʝʥʦʤ, 

ʛʝʤʘʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ, ʨʝʜʢʦ ʘʧʘʪʠʪʦʤ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʠʦʨʠʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ 

ʟʦʥʘʣʴʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ. ʉʪʨʫʢʪʫʨʘ ʜʠʦʨʠʪʦʚ ʧʨʠʟʤʘʪʠʯʝʩʢʠ-ʟʝʨʥʠʩʪʘʷ. ʂʚʘʨʮ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʠʤʝʝʪ 

ʢʩʝʥʦʤʦʨʬʥʳʡ ʭʘʨʘʢʪʝʨ, ʚʳʧʦʣʥʷʷ ʠʥʪʝʨʩʪʠʮʠʠ ʤʝʞʜʫ ʧʣʘʛʠʦʢʣʘʟʦʤ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ. ɺʪʦʨʠʯ-

ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʜʠʦʨʠʪʘʭ ʧʨʦʷʚʠʣʠʩʴ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʦ ʧʣʘʛʠʦʢʣʘʟʫ ʨʘʟʚʠʚʘʝʪʩʷ ʩʝʨʠʮʠʪ, ʩʦʩʩʶʨʠʪ, 

ʵʧʠʜʦʪ; ʙʠʦʪʠʪ ʯʘʩʪʦ ʟʘʤʝʱʘʝʪʩʷ ʭʣʦʨʠʪʦʤ (ʨʠʩ. 2ʘ).  

 

ʈʠʩ. 2. ʄʠʢʨʦ ʠ ʤʘʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʨʦʜ ɸʥʜʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

 

ɻʨʘʥʦʜʠʦʨʠʪʳ ʩʝʨʳʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʢʣʶʯʘʝʪ (ʚ ʤʘʩʩ. %): ʧʣʘ-

ʛʠʦʢʣʘʟ 65%, ʢʚʘʨʮ 15-20%, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ 10%, ʙʠʦʪʠʪ 3%, ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ 1%. ɸʢʮʝʩ-

ʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ: ʩʬʝʥ, ʛʝʤʘʪʠʪ. ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʠʮʠʪʦʤ, ʩʦʩʩʶʨʠʪʦʤ, ʭʣʦ-

ʨʠʪʦʤ ʠ ʵʧʠʜʦʪʦʤ. ʇʣʘʛʠʦʢʣʘʟ ʚ ʰʣʠʬʘʭ ʦʙʨʘʟʫʝʪ ʛʠʧʠʜʠʦʤʦʨʬʥʳʝ ʪʘʙʣʠʪʯʘʪʳʝ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʠ ʠʤʝʝʪ ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ. ʂʚʘʨʮ ʚ ʰʣʠʬʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʦʢʨʫʛʣʳʭ ʟʝʨʝʥ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠ ʙʦʣʝʝ ʤʝʣʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʤʝʶʱʠʭ ʢʩʝʥʦʤʦʨʬʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʧʨʠʟʥʘʢʘʤʠ 

ʢʘʪʘʢʣʘʟʘ. ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʰʣʠʬʘʭ ʚ ʚʠʜʝ ʟʝʨʝʥ ʪʘʙʣʠʪʯʘʪʦʡ ʠ ʠʟʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ. ɹʠʦʪʠʪ ʠʤʝʝʪ ʬʦʨʤʫ ʥʝʙʦʣʴʰʠʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʠ ʪʘʙʣʠʪʯʘʪʳʭ ʟʝʨʝʥ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ 

ʩʨʦʩʰʠʝʩʷ ʘʛʨʝʛʘʪʳ ʧʣʝʦʭʨʦʠʨʫʶʱʠʝ ʚ ʙʫʨʳʭ ʪʦʥʘʭ. ʀʟʨʝʜʢʘ ʦʪʤʝʯʘʶʪʩʷ ʟʝʨʥʘ ʟʘʤʝʱʝʥʥʳʝ ʭʣʦʨʠ-

ʪʦʤ (ʨʠʩ. 2ʙ). 

ɻʨʘʥʠʪʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʧʦʨʦʜʳ ʩ ʛʨʘʥʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫ-

ʨʦʡ (ʨʠʩ. 2ʚ, ʛ), ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʞʠʣ, ʧʨʦʨʳʚʘʶʱʠʭ ʚʩʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʬʘʟʳ (ʨʠʩ. 2ʛ). 

ɺʦʟʨʘʩʪ ʛʨʘʥʠʪʦʚ ɸʥʜʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʧʨʝʜʝʣʝʥ ʧʦ ʦʜʥʦʡ ʧʨʦʙʝ 16-2i ʠ ʨʘʚʝʥ 476,0 Ñ1,6 ʤʣʥ 

ʣʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠʮʝ ʥʠʞʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ.  
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ʅʘ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ ʦʪʥʦʰʝʥʠʷ SiO2-(Na2O+K2O) ʠʟʫʯʝʥʥʳʝ ʧʦʨʦʜʳ ʣʝʞʘʪ ʥʘ ʛʨʘ-

ʥʠʮʝ ʩʫʙʱʝʣʦʯʥʳʭ ʠ ʥʠʟʢʦʱʝʣʦʯʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠ ʛʨʘʥʠʪʦʚ. ɼʣʷ ʧʦʨʦʜ ɸʥʜʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʠʥʜʝʢʩ ASI ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,89 ʜʦ 1,2. ɺʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ K2O/Na2O ʚ ʛʨʘʥʦʜʠʦʨʠʪʘʭ ʠ 

ʛʨʘʥʠʪʘʭ ɸʥʜʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʤʝʥʴʰʝ 1. ʊʨʝʥʜʳ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʭʦʥʜʨʠʪʫ ʩʦʜʝʨʞʘʥʠʡ ʈɿʕ ʚ 

ʛʨʘʥʠʪʦʠʜʘʭ ʚʳʨʘʞʘʶʪ ʜʝʬʠʮʠʪ ʪʷʞʝʣʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʝʛʢʠʤ, ʧʨʠ ʵʪʦʤ Eu ʘʥʦʤʘʣʠʷ ʚʳʨʘʞʝʥʘ 

ʩʣʘʙʦ. ʅʘ ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʧʦʨʦʜʳ ɸʥʜʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʙʦʛʘʱʝʥʳ Ba, ʠ ʩʦʜʝʨʞʘʪ 

ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Nb, Ta, Rb,Y ʠ Yb [2]. 
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ʈʦʣʴ ʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʠ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ  

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ɿʘʙʘʡʢʘʣʴʷ (ʧʦ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ) 
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʠ ʢʦʣʣʠʟʠʦʥʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ɿʘʙʘʡʢʘʣʴʷ. ɺʳʷʩʥʝʥʘ ʨʦʣʴ ʤʘʥʪʠʡʥʦʡ ʠ ʢʦʨʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʛʝʥʝʨʘʮʠʠ ʨʦʜʦʥʘʯʘʣʴ-

ʥʳʭ ʨʘʩʧʣʘʚʦʚ. ʇʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ắNd(ʊ) ʛʘʙʙʨʦʠʜʦʚ ʠ ʛʨʘʥʠʪʦʠʜʦʚ ʦʪ ʠʭ ʚʦʟʨʘʩʪʘ ʠ ʥʝʟʘʚʠʩʠ-

ʤʦʩʪʴ ʦʪ ʚʦʟʨʘʩʪʘ ʢʦʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʢʘʣʝʜʦʥʩʢʠʭ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʠ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʭ 

ʛʨʘʥʠʪʦʠʜʦʚ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʟʦï ʠ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʤʦʜʝʣʴʥʳʝ ʚʦʟʨʘʩʪʘ ʧʨʦʪʦʣʠʪʦʚ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʨʘʩʧʣʘʚʦʚ ʵʪʠʭ ʧʦʨʦʜ ʚʳʩʪʫʧʘʣʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʧʦʨʦʜʳ ʶʚʝʥʠʣʴʥʦʡ ʢʦʨʳ ʧʨʠ ʧʨʦʛʨʝʩʩʠʚ-

ʥʦʡ ʜʦʙʘʚʢʝ ʜʨʝʚʥʝʛʦ ʢʦʨʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʩʤʝʰʝʥʠʷ ʦʩʪʨʦʚʦʜʫʞʥʳʭ, ʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʠʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʠ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʧʨʦʠʩʭʦʜʠʚʰʝʛʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʘʣʝʦʟʦʡʩʢʦʡ ʠʩʪʦ-

ʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʨʝʛʠʦʥʘ. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʩʫʙʜʫʢʮʠʷ; ʢʦʣʣʠʟʠʷ; ʛʘʙʙʨʦʠʜʳ; ʛʨʘʥʠʪʦʠʜʳ; ʦʩʘʜʦʯʥʳʝ ʙʘʩʩʝʡʥʳ; ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʠʩʪʦʯʥʠʢʠ; U-Pb ʠ Sm-Nd ʜʘʥʥʳʝ; ʶʚʝʥʠʣʴʥʘʷ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ; ʤʘʥʪʠʷ; ʧʨʦʪʦʣʠʪʳ. 

 

The role of subduction and collisional magmatism in the formation of the continental crust  

of Transbaikalia (by isotope-geochronological data) 
 

I. V. Gordienko  

Geological Institute, SB RAS, Ulan-Ude, Russia. E-mail: gord@pres.bscnet.ru 
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are provided. The role of the mantle and crustal components in the generation region of parent melts has been estab-
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the mixing of island-arc, paleooceanic complexes and Precambrian metamorphic blocks that occurred throughout the 

Paleozoic history of the formation of the continental crust of the region.  
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʵʚʦʣʶʮʠʷ ʣʠʪʦʩʬʝʨʳ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚ ʛʝʦʣʦʛʠʠ. ɺ ʩʪʨʦʝʥʠʠ ʣʠʪʦʩʬʝʨʳ ʫʯʘʩʪʚʫʶʪ ʢʦʨʦʚʘʷ ʠ ʤʘʥʪʠʡʥʘʷ ʯʘʩʪʠ ʣʠʪʦʩʬʝ-

ʨʳ. ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʨʘʩʧʣʘʚʳ, ʟʘʨʦʞʜʘʷʩʴ ʥʘ ʛʣʫʙʠʥʝ, ʚʳʥʦʩʷʪ ʨʘʩʧʣʘʚʣʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʚʚʝʨʭ, ʬʦʨ-

ʤʠʨʫʷ ʟʝʤʥʫʶ ʢʦʨʫ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʪʠʧʠʯʥʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʭʦʜʝ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʢʨʝʮʠʠ ʠ ʢʦʣʣʠʟʠʠ ʦʩʪʨʦʚʥʳʭ ʜʫʛ, ʧʘ-

ʣʝʦʦʢʝʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʘʩʩ, ʘ ʟʘʪʝʤ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʣʘʜʯʘ-

ʪʦʩʪʠ, ʤʘʛʤʘʪʠʟʤʘ, ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ [1, 3].  

ɻʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʣʝʦʟʦʡʩʢʠʭ ʛʨʘʥʠʪʦʠʜʦʚ ʶʛʘ ɺʦʩʪʦʯʥʦʡ ʉʠ-

ʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤʠ 

ʧʝʨʚʠʯʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ Sr, ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ắNd(ʊ) ʠ Nd ʤʦʜʝʣʴʥʳʤʠ ʚʦʟʨʘʩʪʘʤʠ 

ʊNd(DM) ʦʪ 1.4ï1.1 ʜʦ 0.9ï0.3 ʤʣʨʜ ʣʝʪ [4]. ɹr ʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ắNd(ʊ) ʛʨʘʥʠʪʦʠ-

ʜʦʚ ʦʪ ʠʭ ʠʟʦʪʦʧʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʨʘʟʤʝʱʝʥʠʝ ʠʭ ʚ ʢʘʣʝʜʦʥʩʢʦʡ ʠ ʛʝʨʮʠʥʩʢʦʡ ʠʟʦʪʦʧʥʳʭ ʧʨʦʚʠʥʮʠʷʭ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʘʣʝʜʦʥʩʢʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ ʚ ʩʢʣʘʜʯʘʪʦʤ ʧʦʷʩʝ ʦʙʨʘʟʦʚʘʣʘʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ 

ʩʯʝʪ ʘʢʢʨʝʮʠʠ ʦʩʪʨʦʚʥʳʭ ʜʫʛ, ʦʢʨʘʠʥʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʬʨʘʛʤʝʥʪʦʚ ʰʝʣʴʬʘ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʚ ʩ ʦʢʝʘ-

ʥʠʯʝʩʢʠʤʠ ʦʩʪʨʦʚʘʤʠ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ. ɼʦʢʘʣʝʜʦʥʩʢʘʷ ʢʦʨʘ ʪʦʞʝ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʵʪʦʤ ʧʨʦʮʝʩ-

ʩʝ ʚ ʚʠʜʝ ʧʨʦʜʫʢʪʘ ʵʨʦʟʠʠ ʦʩʥʦʚʘʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʣʠʙʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʚ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʠʚʥʘʷ ʨʦʣʴ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ [5]. 

ʅʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʘʚʥʝʡʰʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ɿʘʙʘʡ-

ʢʘʣʴʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʤʫ ʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʤʫ ʩʢʣʘʜʯʘʪʳʤ ʧʦʷʩʘʤ, ʙʳʣʠ ʩʦ-

ʟʜʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʦʟʜʥʝʤ ʜʦʢʝʤʙʨʠʠ ʠ ʧʘʣʝʦʟʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ. ʅʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʠʣʠ ʙʘʡ-

ʢʘʣʴʩʢʠʝ, ʚʝʥʜ-ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʠʣʠ ʢʘʣʝʜʦʥʩʢʠʝ, ʩʨʝʜʥʝ ð ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʠʣʠ ʛʝʨʮʠʥʩʢʠʝ 
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ʩʢʣʘʜʯʘʪʳʝ ʩʠʩʪʝʤʳ. ʆʥʠ ʩʣʦʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʳʤʠ, ʛʨʘʥʠʪʦʠʜʥʳʤʠ ʠ ʙʘʟʘʣʴʪ-

ʘʥʜʝʟʠʪ-ʨʠʦʣʠʪʦʚʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ ʧʦʨʦʜ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʙʜʫʢʮʠʦʥʥʦʛʦ (ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ), 

ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʠ ʚʥʫʪʨʠʧʣʠʪʥʦʛʦ (ʧʣʶʤʦʚʦʛʦ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʩʳʛʨʘʚʰʠʝ ʛʣʘʚʥʫʶ 

ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʣʝʜʦʥʩʢʦʡ ʠ ʛʝʨʮʠʥʩʢʦʡ ʢʦʨʳ ɿʘʙʘʡʢʘʣʴʷ. 

ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʙʘʡʢʘʣʠʜ, ʢʘʣʝʜʦʥʠʜ ʠ 

ʛʝʨʮʠʥʠʜ ɿʘʙʘʡʢʘʣʴʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʡ (U-Pb, Sm-Nd, Ar-Ar) ʚʦʟʨʘʩʪ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʠʭ ʧʨʦʪʦʣʠʪʦʚ (ʙʦʣʝʝ 40 

ʥʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ), ʨʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʘʨʝʘʣ-ʧʣʫʪʦʥʦʚ ʩʫʙʜʫʢʮʠʦʥʥʦʛʦ 

ʠ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʪʠʧʦʚ, ʚʳʷʩʥʝʥʘ ʨʦʣʴ ʤʘʥʪʠʡʥʦʡ ʠ ʢʦʨʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʛʝʥʝʨʘʮʠʠ ʨʦ-

ʜʦʥʘʯʘʣʴʥʳʭ ʨʘʩʧʣʘʚʦʚ (ʩʤ. ʨʠʩ. 1). 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ắNd(ʊ) ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪ ʠʭ ʚʦʟʨʘʩʪʘ ʠ ʨʘʟʤʝʱʝʥʠʷ ʚ ʠʟʦʪʦʧʥʳʭ ʧʨʦ-

ʚʠʥʮʠʷʭ ɿʘʙʘʡʢʘʣʴʷ. 
1-3 ð ʦʙʣʘʩʪʠ ʵʚʦʣʶʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Nd ʚ ʢʦʨʝ: 1 ð ʘʨʭʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ; 2 ð ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ; 3 ð 

ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ; ʊʘʙʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ: 4 ð ʙʘʡʢʘʣʠʜʳ; 5ï6 ð ʢʘʣʝʜʦʥʠʜʳ: 5 ð ɿʘʧʘʜʥʦʝ ɿʘʙʘʡʢʘʣʴʝ; 6 ð 

ʎʝʥʪʨʘʣʴʥʦʝ ɿʘʙʘʡʢʘʣʴʝ; 7ï8 ð ʛʝʨʮʠʥʠʜʳ: 7 ð ɿʘʧʘʜʥʦʝ ɿʘʙʘʡʢʘʣʴʝ; 8 ð ʎʝʥʪʨʘʣʴʥʦʝ ɿʘʙʘʡʢʘʣʴʝ. DM ð ʜʝʧʣʝʪʠʨʦʚʘʥ-

ʥʘʷ ʤʘʥʪʠʷ; CHUR ð ʥʝʠʩʪʦʱʝʥʥʳʡ (ʭʦʥʜʨʠʪʦʚʳʡ) ʤʘʥʪʠʡʥʳʡ ʨʝʟʝʨʚʫʘʨ. ʇʫʥʢʪʠʨ ð ʪʨʝʥʜʳ ʵʚʦʣʶʮʠʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʚ ʢʘʣʝʜʦʥʩʢʠʭ ʠ ʛʝʨʮʠʥʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ [4]. 

ʇʨʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ (ʘʥʘʣʠʪʠʢ ʊ.ɹ. ɹʘʷʥʦʚʘ), ʀɿʂ ʉʆ ʈɸʅ, 

ʛ. ʀʨʢʫʪʩʢ (ʘʥʘʣʠʪʠʢ ɽ.ʀ. ɼʝʤʦʥʪʸʨʦʚʘ), ʀɻɻɼ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ (ʘʥʘʣʠʪʠʢ ʃ.ʂ ʃʝʚʩʢʠʡ), ʀɻʍ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ 

(ʘʥʘʣʠʪʠʢʠ ɺ.ʌ. ʇʦʩʦʭʦʚ ʠ ɻ.ʇ. ʉʘʥʜʠʤʠʨʦʚʘ) ʠ ʦʙʨʘʙʦʪʘʥʳ ʚ ɻʀʅ ʉʆ ʈɸʅ, ʛ. ʋʣʘʥ-ʋʜʵ (ʅ.ɸ ɼʦʨʦʥʠʥʘ, ʊ.ɸ. ɻʦʥʝʛʝʨ, 

ʀ.ɺ. ɻʦʨʜʠʝʥʢʦ). 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʨʘʥʥʝʙʘʡʢʘʣʴʩʢʦʤ ʵʪʘʧʝ (ʧʘʣʝʦ-ʠ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡ) ʚ ʠʩʪʦʯʥʠʢʘʭ ʛʨʘʥʠʪʦ-

ʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ ʙʣʦʢʠ ʜʨʝʚʥʝʡ ʢʦʥʪʠʥʝʪʘʣʴʥʦʡ 

ʢʦʨʳ ʩ ʚʳʩʦʢʠʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ắNd(ʊ) ʠ ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʤ ʤʦʜʝʣʴʥʳʤ ʚʦʟʨʘʩʪʦʤ 

ʧʨʦʪʦʣʠʪʦʚ TNd(DM-2st). ɺ ʧʦʩʣʝʜʫʶʱʝʤ, ʥʘ ʧʦʟʜʥʝʙʘʡʢʘʣʴʩʢʦʤ (ʥʝʦʧʨʦʪʝʨʦʟʦʡ) ʵʪʘʧʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʙʘʡʢʘʣʠʜ ʦʙʨʘʟʦʚʘʣʠʩʴ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʩʠʩʪʝʤʳ (ʂʝʣʷʥʩʢʘʷ, ʄʝʪʝʰʠʭʠʥʩʢʘʷ, ʂʘʪʘʝʚʩʢʘʷ ʠ ʜʨ.), ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ. ʕʪʦʪ ʵʪʘʧ ʭʦʨʦʰʦ ʬʠʢʩʠʨʫʝʪʩʷ 

ʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʳʤ ʠ ʤʘʥʪʠʡʥʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ắNd(ʊ), ʫʢʘʟʳʚʘʶʱʠʭ 

ʥʘ ʶʚʝʥʠʣʴʥʳʝ ʠʣʠ ʩʤʝʰʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʇʨʦʪʦʣʠʪʳ ʵʪʦʛʦ ʵʪʘʧʘ TNd(DM-2st) 

ʠʤʝʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ. ɺ ʢʦʥʮʝ ʙʘʡʢʘʣʴʩʢʦʛʦ ʵʪʘʧʘ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ 

ʢʦʣʣʠʟʠʦʥʥʳʡ ʧʦʷʩ ʙʘʡʢʘʣʠʜ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʡ (ʨʠʬʝʡʩʢʦʡ) ʢʦʥʪʠʥʝʪʘʣʴʥʦʡ 

ʢʦʨʦʡ, ʢʦʪʦʨʘʷ ʚ ɿʘʙʘʡʢʘʣʴʝ ʠʤʝʣʘ ʧʣʦʱʘʜʥʦʝ ʨʘʟʚʠʪʠʝ [6]. ʅʘ ʨʘʥʥʝʢʘʣʝʜʦʥʩʢʦʤ ʵʪʘʧʝ (ʚʝʥʜ-

ʢʝʤʙʨʠʡ) ʧʨʦʠʟʦʰʣʦ ʜʘʣʴʥʝʡʰʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʢʦʨʳ ʨʝʛʠʦʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʣʦʞʝ-

ʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʧʨʝʜʠʥʛʦʚʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʦʚ ʠ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʵʥʩʠʘʣʠʯʝʩʢʦʛʦ (ʋʜʠʥʦ-

ɺʠʪʠʤʩʢʘʷ, ɸʥʛʠʥʦ-ʊʘʣʘʥʯʘʥʩʢʘʷ ʠ ʜʨ.) ʠ ʵʥʩʠʤʘʪʠʯʝʩʢʦʛʦ (ɼʞʠʜʠʥʩʢʘʷ, ɸʜʘʮʘʛʩʢʘʷ ʠ ʜʨ.) ʪʠʧʦʚ 

ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ [2]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʬʠʢʩʠʨʫʝʪʩʷ ʤʘʥʪʠʡʥʳʤʠ ʠ ʢʦʨʦʚʦ-

ʤʘʥʪʠʡʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ắNd(ʊ) ʠ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʵʜʠʘʢʘʨʠʡ-ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʧʨʦʪʦʣʠʪʦʚ. ɺ ʚʝʨʭʥʝʤ ʢʝʤʙʨʠʠ ʠ ʦʨʜʦʚʠʢʝ ʯʝʪʢʦ 

ʧʨʦʷʚʣʝʥ ʢʦʣʣʠʟʠʦʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʧʦʟʜʥʠʭ ʢʘʣʝʜʦʥʠʜ ʩ ʚʥʝʜʨʝʥʠʝʤ ʢʦʨʦʚʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʩʦ 
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ʩʤʝʰʘʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ʅʘ ʛʝʨʮʠʥʩʢʦʤ ʵʪʘʧʝ ʚ ɿʘʙʘʡʢʘʣʴʝ ʰʠʨʦʢʦ ʧʨʦʷʚʠʣʠʩʴ ʚʥʫʪʨʠʧʣʠʪʥʳʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʥʪʠʡʥʳʤʠ ʧʣʶʤʘʤʠ ʠ ʧʨʠʚʝʜʰʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʟʜʥʝ-

ʧʘʣʝʦʟʦʡʩʢʦʡ ʛʨʘʥʠʪʦʠʜʥʦʡ ʧʨʦʚʠʥʮʠʠ ʟʘ ʩʯʝʪ ʢʦʨʳ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʄʝʪʢʠ ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʦʪʯʝʪʣʠʚʦ ʬʠʢʩʠʨʫʶʪʩʷ (ʧʦ ʠʟʦʪʦʧʥʳʤ ʜʘʥʥʳʤ) ʚ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʠʜʘʭ, ʟʘʚʝʨʰʘʶʱʠʭ ʧʦʟʜʥʝʧʘ-

ʣʝʦʟʦʡʩʢʠʡ ʵʪʘʧ ʤʘʛʤʘʪʠʟʤʘ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ [7, 8, 9]. ʖʚʝʥʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʰʠʤʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ Sm-Nd ʠʟʦʪʦʧʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ʩʤ. ʨʠʩ. 1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʪʦʯʥʠʢʘʤʠ ʨʘʩʧʣʘʚʦʚ ʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʠ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚʳʩʪʫ-

ʧʘʣʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʧʦʨʦʜʳ ʶʚʝʥʠʣʴʥʦʡ ʢʦʨʳ ʧʨʠ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʜʦʙʘʚʢʝ ʜʨʝʚʥʝʛʦ ʢʦʨʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʩʤʝʰʝʥʠʷ ʧʦʨʦʜ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʙʣʦʢʦʚ, ʤʘʩʩʠʚʦʚ ʛʘʙʙʨʦʠʜʦʚ ʠ ʛʨʘʥʠʪʦʠʜʦʚ 

ʨʘʟʣʠʯʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʧʨʦʠʩʭʦʜʠʚʰʝʛʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʘʣʝʦʟʦʡʩʢʦʡ ʠʩʪʦʨʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʨʝʛʠʦʥʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-05-01633ʘ). 
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ɺ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ð ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʦʙ-

ʨʘʤʣʝʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʩʦʯʝʪʘʶʪʩʷ ʧʝʨʠʦʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʙʘʩ-

ʩʝʡʥʦʚ ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ, ʵʥʩʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʥʩʠʘʣʠʯʝʩʢʠʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʠ ʟʘʜʫ-

ʛʦʚʳʭ ʙʘʩʩʝʡʥʦʚ, ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʭ ʠ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʣʦʢʦʚ (ʊʫʚʠʥʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ, ɹʘʨʛʫʟʠʥʩʢʦʛʦ) ʩ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʦʡ ʉʠ-

ʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. ʕʪʦ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʡ ʦʙʣʠʢ ʪʝʨʨʠʪʦʨʠʠ ʚ ʪʦ ʚʨʝʤʷ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʡʩʷ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʡ ʠ ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʡ ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʠ, ʩʦʯʝʪʘʶʱʝʡʩʷ ʩ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʦʨʫʜʝʥʝʥʠʝʤ ʚ ʧʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʩ ʢʦʣʯʝʜʘʥ-

ʥʳʤ, ʧʦʨʬʠʨʦʚʳʤ ʠ ʭʨʦʤʠʪ-ʧʣʘʪʠʥʦʠʜʥʳʤ ð ʚ ʜʠʩʪʘʣʴʥʦʡ ʧʝʨʠʦʢʝʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ.  

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʙʩʪʘʥʦʚʦʢ ʙʘʩʩʝʡʥʘ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʛʦʨʠʟʦʥʪʦʚ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱ, ʦʙʦʛʘʱʝʥʥʳʭ ʟʦʣʦʪʦʤ ʠ, ʠʥʦʛʜʘ, ʧʣʘʪʠʥʦʠʜʘʤʠ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʪʨʫʢʪʫʨ ɹʘʡʢʘʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʢʨʘʶ ʢʦʥʪʠʥʝʥʪʘ. 

ɿʜʝʩʴ ʦʙʦʛʘʱʝʥʥʳʝ ʟʦʣʦʪʦʤ ʛʦʨʠʟʦʥʪʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʥʘʯʘʣʘ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʙʘʩʩʝʡʥʘ ʧʘʩʩʠʚʥʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʭʦʜʦʤ ʚ ʦʙʩʪʘʥʦʚʢʠ ʟʘʜʫʛʦʚʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʩʦʧʫʪ-

ʩʪʚʫʶʱʠʤʠ ʟʦʥʘʤʠ ʣʦʢʘʣʴʥʦʛʦ (ʨʘʩʩʝʷʥʥʦʛʦ) ʩʧʨʝʜʠʥʛʘ ʠ ʧʨʠʚʥʦʩʦʤ ʤʘʪʝʨʠʘʣʘ ʩ ʩʘʤʠʭ ʜʫʛ. ɺ ʛʣʫ-

ʙʠʥʝ ʙʘʩʩʝʡʥʘ ʨʘʟʚʠʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʭʘʨʘʢʪʝʨʥʦʛʦ ʥʠʟʢʦʛʨʘʜʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦʛʨʫʞʝʥʠʷ (630ï

530 ʤʣʥ ʣʝʪ ʥʘʟʘʜ). ʉʦʯʝʪʘʥʠʝ ʪʘʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʧʨʠʚʝʣʦ ʪʘʢʞʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥ-

ʥʦʛʦ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʪʠʧʘ SEDEX (ʍʦʣʦʜʥʠʥʩʢʦʝ). 

ɺʝʨʦʷʪʥʦ, ʚ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ, ʣʠʙʦ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʘ-

ʣʝʥʠʠ ʦʪ ʥʝʝ ʫʞʝ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʢʝʘʥʘ, ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʣʠʩʴ, ʩʫʱʝʩʪʚʦʚʘʣʠ ʠ 

ʦʪʤʠʨʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʢʨʝʮʠʠ ʩ ʊʫʚʠʥʦ-ʄʦʥʛʦʣʴʩʢʠʤ ʙʣʦʢʦʤ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʮʠʡ ʦʩʪʨʦʚʥʳʭ ʜʫʛ: 

ʵʥʩʠʤʘʪʠʯʝʩʢʘʷ ɼʫʥʞʫʛʫʨʩʢʘʷ, ʵʥʩʠʘʣʠʯʝʩʢʠʝ ʐʠʰʭʠʜʩʢʘʷ [1, 4], ʩ ɹʘʨʛʫʟʠʥʩʢʠʤ (?) ð ɹʘʡʢʘʣʦ-

ʄʫʡʩʢʘʷ (ʂʝʣʷʥʩʢʘʷ ʠʣʠ ʉʨʝʜʥʝ-ɺʠʪʠʤʩʢʘʷ [2]), ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠʩʫʱʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʧʣʫʪʦʥʦʛʝʥʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʪʠʧʦʚ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʟʦʣʦʪʦ-ʢʦʣʯʝʜʘʥʥʳʭ, ʟʦʣʦʪʦ-

ʧʦʨʬʠʨʦʚʳʭ, ʟʦʣʦʪʦ-ʪʝʣʣʫʨʠʜʥʳʭ) ʠ ʠʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʦʣʯʝʜʘʥʥʳʤ ʠ ʙʦʣʝʝ ʨʘʥ-

ʥʠʤ ʧʣʘʪʠʥʦʠʜʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ.  

ɸʢʢʨʝʮʠʷ ʜʫʛ ʢ ʫʢʘʟʘʥʥʳʤ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘʤ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʠʥʪʝʨʚʘʣʝ 800(?)ï500 ʤʣʥ ʣʝʪ ʠ 

ʟʘʚʝʨʰʠʣʘʩʴ ʧʨʦʮʝʩʩʦʤ ʢʦʣʣʠʟʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʨʳʪʠʷ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʚʦʟʥʠʢʰʠʭ ʢʦʥʪʠ-

ʥʝʥʪʘʣʴʥʳʭ ʙʣʦʢʦʚ ʩ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʦʡ ʢʦʥʪʠʥʝʥʪʘ ʚ ʧʝʨʠʦʜ 500ï450 ʤʣʥ ʣʝʪ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ 
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ʩʦʙʳʪʠʷ ʙʳʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʪʷʞʝʥʥʦʛʦ ʧʣʫʪʦʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʚʜʦʣʴ ʢʨʘʷ ʉʠʙʠʨʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘ (ʄʘʤʩʢʠʡ ʧʦʷʩ, ʇʨʠʦʣʴʭʦʥʴʝ, ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ) ʩʦʧʨʦʚʦʞʜʘʚʰʝʝʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʫʧ-

ʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʚ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʦʤ ʥʘʛʦʨʴʝ (ʉʫʭʦʡ ʃʦʛ ʠ ʧʨ.), ʧʦʣʠʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʚ ɻʘʨʛʘʥʩʢʦʡ ʛʣʳʙʝ (ɿʫʥ-ʍʦʣʙʘ ʠ ʧʨ.), ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʇʠʦʥʝʨ, ʀʨʦ-

ʢʠʥʜʘ ʠ ʧʨ.). ʕʪʦʪ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʡ ʵʪʘʧ ʜʘʪʠʨʫʝʪʩʷ ʠʥʪʝʨʚʘʣʦʤ 450ï400 ʤʣʥ ʣʝʪ (380 ʚ ʟʦʥʝ ɺʦ-

ʩʪʦʯʥʦʛʦ ʉʘʷʥʘ). ʕʪʘʧ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʢʦʣʣʠʟʠʠ ʟʘʚʝʨʰʠʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝ-

ʥʠʷ ʚ ʢʨʫʧʥʳʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ (ɺʝʨʥʠʥʩʢʦʝ, ɺʳʩʦʯʘʡʰʝʝ, ʋʛʘʭʘʥ, ʉʫʭʦʡ ʃʦʛ ʠ ʧʨ.) ɹʘʡʢʘʣʦ-

ʇʘʪʦʤʩʢʦʛʦ ʥʘʛʦʨʴʷ. 

ɸʢʪʠʚʥʘʷ ʠʩʪʦʨʠʷ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʢʘʢ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ 

ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʟʘʚʝʨʰʠʣʘʩʴ ʚ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʧʨʦʠʟʦʰʣʠ ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʩʦʙʳ-

ʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʰʠʨʥʳʤʠ ʧʣʶʤʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ [3] ʠ ʧʨʠʚʝʜʰʠʤʠ ʥʝ ʪʦʣʴʢʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʛʨʘʥʜʠʦʟʥʦʛʦ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʥʦ ʠ ʢ ʘʢʪʠʚʠʟʘʮʠʠ ʢʨʫʧʥʳʭ ʩʜʚʠʛʦʚʳʭ ʟʦʥ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʚʷʟʘʥʦ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʚ ʄʫʡʩʢʦʡ ʟʦʥʝ, ʪʘʢ ʠ ʚ ʉʘʷʥʩʢʦʡ (350ï310 ʤʣʥ ʣʝʪ), ʠ 

ʵʪʘʧ ʧʦʟʜʥʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʩʫʭʦʣʦʞʩʢʠʭ ʨʫʜʘʭ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʦʡ ʟʦʥʳ. 
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It is shown that, regardless of the time of formation of large-scale gold mineralization in its origin, an important 

role was played by a combination of conditions of geodynamic environments of the passive margin of the continent and 

back-arc basins. 
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Upland; Verkhoyansk and Yano-Kolyma orogenic folded belts. 

 

ɼʣʷ ʜʨʝʚʥʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ (ʥʝʦʧʨʦʪʝʨʦʟʦʡ ð ʨʘʥʥʝʧʘʣʝʦʟʦʡ-

ʩʢʠʝ ʪʦʣʱʠ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʦʛʦ ʨʘʡʦʥʘ ʠ ʥʝʦʧʨʦʪʝʨʦʟʦʡ ð ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʝ ʪʦʣʱʠ ɺʝʨʭʦʷʥʴʷ) 

ʭʘʨʘʢʪʝʨʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʦʙʦʛʘʱʝʥʥʳʝ ʦʨʛʘʥʠʢʦʡ ʠ ʙʣʘʛʦ-

ʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ [1, 2, 5ï8]. ʆʙʦʛʘʱʝʥʥʦʩʪʴ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚʳʨʘʟʠʣʘʩʴ ʚ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʦʥ ʩʫʣʴʬʠʜʠʟʘʮʠʠ (ʧʠʨʨʦʪʠʥ, ʧʠʨʠʪ) ʥʝʨʝʜʢʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ. ʕʪʠ ʛʦʨʠ-

ʟʦʥʪʳ (ʫʨʦʚʥʠ) ʠʤʝʶʪ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʝʦʧʨʦʪʝʨʦʟʦʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʦ-

ʢʘʣʴʥʦ ʧʨʦʷʚʣʝʥʳ ʜʣʷ ʧʘʣʝʦʟʦʷ ʠ ʤʝʟʦʟʦʷ. ʅʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʨʝʛʠʦʥʦʚ (ʩʢʣʘʜʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ ɹʘʡʢʘ-

ʣʦ-ʇʘʪʦʤʩʢʦʝ ʥʘʛʦʨʴʷ ʠ ɺʝʨʭʦʷʥʩʢʦʛʦ ʠ ʗʥʦ-ʂʦʣʳʤʩʢʦʛʦ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʛʣʦʙʘʣʴ-

ʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʫʨʦʚʥʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʙʘʩʩʝʡʥʦʚ ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʦʛʘʱʝʥʥʳʭ ʟʦʣʦʪʦʤ ʛʦʨʠʟʦʥʪʦʚ ʚʤʝʱʘʶʱʠʭ ʤʘʩʰʪʘʙʥʦʝ ʟʦʣʦʪʦʝ 

ʦʨʫʜʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʟʘʢʦʥʦʤʝʨʥʦʤ ʩʦʯʝʪʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʦʙʩʪʘʥʦʚʦʢ ʧʘʩ-

ʩʠʚʥʦʡ ʦʢʨʘʠʥʳ ʩ ʦʙʩʪʘʥʦʚʢʘʤʠ ʟʘʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʦʚ, ʧʨʠ ʚʘʞʥʦʤ ʚʢʣʘʜʝ ʧʦʩʣʝʜʥʠʭ. ɺʦʟʜʝʡʩʪʚʠʝ 

ʪʳʣʦʚʦʜʫʞʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʚʳʨʘʟʠʣʦʩʴ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʨʘ-

ʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʢʨʫʧʥʳʝ ʫʨʦʚʥʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʤʫʣʴʜʦʦʙʨʘʟʥʳʭ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʧʦʜʥʷʪʠʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʤʘ-

ʥʘʮʠʡ ʟʦʥ ʨʘʩʩʝʷʥʥʦʛʦ ʩʧʨʝʜʠʥʛʘ ʚ ʪʳʣʫ ʜʫʛ ʦʢʨʫʞʘʶʱʠʭ ʙʘʩʩʝʡʥʳ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʳ. ɼʣʷ ɹʇʅ 

ʵʪʦ ʪʳʣʳ ɹʘʡʢʘʣʦ-ʄʫʡʩʢʦʡ ʜʫʛʠ ʧʦʟʜʥʝʛʦ ʥʝʦʧʨʦʪʝʨʦʟʦʷ ð ʥʘʯʘʣʘ ʨʘʥʥʝʛʦ ʧʘʣʝʦʟʦʷ [4], ʜʣʷ ɺʝʨʭʦ-

ʷʥʴʷ ð ʵʪʦ ʪʳʣʳ ʋʜʘ-ʄʫʨʛʘʣʴʩʢʦʡ ʜʫʛʠ ʧʦʟʜʥʝʛʦ ʧʘʣʝʦʟʦʷ ð ʨʘʥʥʝʛʦ ʤʝʟʦʟʦʷ [3]. ɺʦʟʥʠʢʰʠʝ ʧʨʠ 

ʵʪʦʤ ʟʦʥʳ ʚʢʨʘʧʣʝʥʥʦʡ ʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʩʣʫʞʠʣʠ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʚʢʨʘʧʣʝʥʥʦʛʦ ʠ ʧʨʦʞʠʣʢʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ (ʉʫʭʦʡ ʃʦʛ, ɺʳʩʦ-

ʯʘʡʰʠʡ, ɺʝʨʥʠʥʩʢʦʡ ð ɹʇʅ, ʅʝʞʜʘʥʠʥʩʢʦʝ, ʅʘʪʘʣʢʘ ð ɺʝʨʭʦʷʥʴʝ), ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʟʜʥʠʭ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʭ ʩʦʙʳʪʠʡ ʨʘʥʥʝʛʦ ʧʘʣʝʦʟʦʷ (ʦʨʜʦ-

ʚʠʢ-ʩʠʣʫʨ ʜʣʷ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʦʛʦ ʨʝʛʠʦʥʘ) ʠ ʧʦʟʜʥʝʛʦ ʤʝʟʦʟʦʷ (ʶʨʘ-ʤʝʣ ð ʜʣʷ ɺʝʨʭʦʷʥʴʷ ʠ ʗʥʦ-

ʂʦʣʳʤʩʢʦʛʦ ʨʝʛʠʦʥʘ). ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ, ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʨʘʙʦʪʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʠʭ ʩʪʨʫʢʪʫʨ [2]. ɻʣʘʚʥʳʤ ʤʝʭʘʥʠʟ-

ʤʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʨʫʜ ʩʣʫʞʠʣʠ ʧʣʫʪʦʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʣʠʟʠ-

ʦʥʥʳʭ ʛʨʘʥʠʪʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʘʨʝʘʣʦʚ, ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʦʟʨʘʩʪʦʤ 

ʛʣʘʚʥʦʛʦ ʵʪʘʧʘ ʦʨʫʜʝʥʝʥʠʷ (ʜʣʷ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʦʛʦ ʨʝʛʠʦʥʘ ð ʵʪʦ 500ï420 ʤʣʥ ʣʝʪ, ʜʣʷ ʗʥʦ-

ʂʦʣʳʤʩʢʦʛʦ ð 160ï134 ʤʣʥ ʣʝʪ, ʜʣʷ ɺʝʨʭʦʷʥʩʢʦʛʦ ð 125ï115 ʤʣʥ ʣʝʪ). ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʪʝʢʪʦʥʠʯʝ-
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ʩʢʠʝ ʩʦʙʳʪʠʷ ʷʚʣʷʣʠʩʴ ʦʪʨʘʞʝʥʠʝʤ ʛʣʦʙʘʣʴʥʳʭ ʵʧʦʭ ʪʝʢʪʦʛʝʥʝʟʘ ʠ ʧʨʠʚʦʜʠʣʠ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʨʘ-

ʥʝʝ ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʧʦʟʜʥʠʭ ʵʪʘʧʦʚ ʨʫʜʦʛʝʥʝʟʘ (ʉʫʭʦʡ ʃʦʛ ð 

ʧʦʟʜʥʠʡ ʧʘʣʝʦʟʦʡ; ʅʝʞʜʘʥʠʥʩʢʦʝ ð ʧʦʟʜʥʠʡ ʤʝʣ). 

 

ɼʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʦ ʯʘʩʪʠʯʥʦ ʚ ʨʘʤʢʘʭ ʙʶʜʞʝʪʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʉɺʂʅʀʀ 

ɼɺʆ ʈɸʅ ð ʧʨʦʝʢʪ 0288-2017-0001 ʠ ʀɻʍ ʉʆ ʈɸʅ ð ʧʨʦʝʢʪ 0350-2016-0032, ʯʘʩʪʠʯʥʦ, ʧʦ ʛʨʘʥʪʫ 

ʈʌʌʀ 18-45-140040 ʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 18-2-001 ʇʨʦʛʨʘʤʤʳ çɼʘʣʴʥʠʡ ɺʦʩʪʦʢè ɼɺʆ ʈɸʅ. 
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ʎʠʢʣʠʯʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʝ  

ʠʩʪʦʢʘ ɸʥʛʘʨʳ (ʩʪʦʢ ɹʘʡʢʘʣʘ) ʚ 1997-2017 ʛʛ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ 20-ʣʝʪʥʠʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠʩʪʦʢʘ ɸʥʛʘʨʳ ʫʩʪʘ-

ʥʦʚʣʝʥʘ ʤʝʞʛʦʜʦʚʘʷ, ʛʦʜʦʚʘʷ ʠ ʝʞʝʤʝʩʷʯʥʘʷ ʮʠʢʣʠʯʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʢʨʦï ʠ ʤʠʢʨʦʢʦʤ-

ʧʦʥʝʥʪʦʚ. ʆʪʤʝʯʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʘʢ-

ʪʠʚʥʦʩʪʠ ʬʠʪʦï ʠ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ (ʥʘʚʦʜʥʝʥʠʷ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, 

ʪʝʭʥʦʛʝʥʝʟ ʠ ʜʨ.). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʳ; ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʳ; ʚʦʜʘ; ɸʥʛʘʨʘ; ɹʘʡʢʘʣ. 

 

The cyclic distribution of the concentrations of elements in the water  

of the source of the Angara (the flow of Lake Baikal) in the years 1997-2017. 
 

V. I. Grebenshchikova, M. I. Kuzmin, S. B. Tsydypova  

Vinogradov Institute of Geochemistry, SB RAS, Irkutsk, Russia. E-mail: vgreb@igc.irk.ru 

 

As a result of 20-year monitoring studies of the chemical composition of the source waters of the Angara, the in-

terannual, annual and monthly cyclicity in the distribution of concentrations of macroï and microcomponents has been 

established. There is a change in the content of elements for the seasons of the year, depending on the temperature of 

the water, the activity of phytoï and zooplankton and regional changes in the environment (floods, earthquakes, techno-

genesis, etc.). 

Keywords: macrocomponents; microcomponents; water; Angara River; Lake Baikal. 

  

ɺ 21 ʩʪʦʣʝʪʠʠ ʤʥʦʛʠʝ ʩʪʨʘʥʳ ʤʠʨʘ ʠʩʧʳʪʳʚʘʶʪ ʜʝʬʠʮʠʪ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ɺ 1996 ʛ. ʖʅɽʉʂʆ 

ʚʢʣʶʯʘʝʪ ɹʘʡʢʘʣ ʚ ʦʙʲʝʢʪʳ ɺʩʝʤʠʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʥʘʩʣʝʜʠʷ. ɺʦʜʘ ɹʘʡʢʘʣʘ ʠ ʠʩʪʦʢʘ ɸʥʛʘʨʳ ʷʚʣʷʝʪ-

ʩʷ ʥʘʩʪʦʣʴʢʦ ʯʠʩʪʦʡ ʠ ʦʙʦʛʘʱʝʥʥʦʡ ʢʠʩʣʦʨʦʜʦʤ, ʯʪʦ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʛʦʜʥʘ ʜʣʷ ʣʶʙʦʛʦ 

ʚʠʜʘ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ɿʘʧʘʩʳ ʚʦʜʳ ʚ ɹʘʡʢʘʣʝ ʦʛʨʦʤʥʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʤʠʨʦʚʦʡ ʠʥʪʝʨʝʩ ʢ ʝʝ ʠʟʫʯʝ-

ʥʠʶ.  

ʇʨʦʚʦʜʠʤʳʝ ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʭʠʤʠʠ ʉʆ ʈɸʅ (ʀɻʍ ʉʆ ʈɸʅ) ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʳ ʠʩʪʦʢʘ ɸʥʛʘʨʳ ð ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʪʦʢʘ ɹʘʡʢʘʣʘ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʙʦʣʝʝ ʨʘʥʥʝʡ ʣʠʪʝ-

ʨʘʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ (1950ï1995 ʛʛ.) ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʭʨʘʥʝ-

ʥʠʷ ʯʠʩʪʦʡ ʚʦʜʳ ɹʘʡʢʘʣʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʟʨʘʩʪʘʶʱʝʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ.  

ʍʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀɻʍ ʉʆ ʈɸʅè. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 460 ʧʨʦʙ ʚʦʜʳ 

ʠʩʪʦʢʘ ʨʝʢʠ ɸʥʛʘʨʳ ʥʘ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʳ ʠ Hg, 130 ʧʨʦʙ ð ʥʘ 55 ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ. ʀʩʪʦʢ ɸʥʛʘʨʳ 

ʥʝ ʟʘʤʝʨʟʘʝʪ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʣʝʥʠʷ ʧʦʜʣʝʜʥʦʡ ʚʦʜʳ ʠʟ ɹʘʡʢʘʣʘ [1], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦ-

ʚʦʜʠʪʴ ʝʛʦ ʧʦʩʪʦʷʥʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ. 

ɽʞʝʤʝʩʷʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠʩʪʦʢʘ ɸʥʛʘʨʳ ʚ ʀɻʍ ʉʆ ʈɸʅ 

ʥʘʯʘʪ ʚ 1997 ʛ. [2, 3] ʇʝʨʚʳʝ ʜʘʥʥʳʝ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʚʦʜʳ ɹʘʡʢʘʣʘ ʠ ʠʩʪʦʢʘ ɸʥʛʘʨʳ ʧʦʷʚʠʣʠʩʴ 

ʚ 30-ʭ ʛʦʜʘʭ 19 ʚʝʢʘ. ɸʥʘʣʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪ-

ʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʠʩʪʦʢʘ ɸʥʛʘʨʳ, ʢʘʢ ʠ ɹʘʡʢʘʣʘ, ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʩʪʦ-

ʣʝʪʠʷ. ɺʦʜʘ ʠʩʪʦʢʘ ɸʥʛʘʨʳ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ, ʛʠʜʨʦ-

ʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʩʦʩʪʘʚʘ. ʉʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 96ï100 

ʤʛ/ʜʤ3.  

ɺ 2011 ʛ. ʥʘ ʚʦʜʦʟʘʙʦʨʝ ʚ ʨʘʡʦʥʝ ʠʩʪʦʢʘ ɸʥʛʘʨʳ ʙʳʣʘ ʫʩʪʘʚʣʝʥʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʟʘʱʠʪʘ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 2017 ʛ. ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʦʧʨʦʙʦʚʘʥʠʝ ʚʦʜʳ ʥʘ ʚʦʜʦʟʘ-

ʙʦʨʝ ʠ ʥʘ ʙʝʨʝʛʫ ɸʥʛʘʨʳ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʟʘʱʠʪʳ ʥʘ ʩʦʩʪʘʚ 

ʚʦʜʳ. 

ʇʦʜʝʢʘʜʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʚʦʜʳ ʠʩʪʦʢʘ ɸʥʛʘʨʳ ʚ 1997 ʛ. ʧʦʢʘʟʘʣʦ ʙʣʠʟʦʩʪʴ ʝʝ ʤʘʢʨʦʢʦʤʧʦʥʝʥ-

ʪʦʛʦ ʩʦʩʪʘʚʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ [3]. ɺ ʘʧʨʝʣʝ 2017 ʛ. ʧʨʦʙʳ ʚʦʜʳ ʦʪʙʠʨʘʣʠʩʴ 3 ʨʘʟʘ, ʯʝʨʝʟ ʢʘʞ-

ʜʳʝ 10 ʜʥʝʡ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʧʦ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʘʤ, ʙʝʨʝʛʦʚʘʷ ʚʦʜʘ ʠ ʚʦʜʘ ʠʟ ʚʦʜʦ-

ʟʘʙʦʨʘ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ (ʨʠʩ. 1ɸ) ʠ ʙʣʠʟʢʠ ʢ ʚʦʜʝ ʠʩʪʦʢʘ ʚ ʘʧʨʝʣʝ 2007 ʛ. 

ʉʝʟʦʥʥʳʤ (ʝʞʝʤʝʩʷʯʥʳʤ) ʠʟʤʝʥʝʥʠʷʤ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʘʥʠʦʥʳ HCO3
-, SO4

2-, NO2
-, NO3

-, ʘ 

ʪʘʢʞʝ O2, ʨʅ ʠ TDS (ʨʠʩ. 2ɸ). ʂʨʝʤʥʠʡ, ʥʘʪʨʠʡ, ʢʘʣʠʡ, ʬʦʩʬʦʨ, ʘʟʦʪ ʟʘʤʝʪʥʦ ʥʠʞʝ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʝ 
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ʚʨʝʤʷ ʛʦʜʘ. ʆʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ Fï ʨʘʥʥʝʡ ʚʝʩʥʦʡ (ʘʧʨʝʣʴ-ʤʘʡ) ʧʨʠ ʪʘʷʥʠʠ ʩʥʝʛʘ, 

ʘ Clï ð ʦʩʝʥʴʶ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʦʡ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʧʦʩʝʣʦʢ ʃʠʩʪʚʷʥʢʘ, 

ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʠʩʪʦʢ ɸʥʛʘʨʳ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʪʠʦʥʦʚ ʦʪʤʝʯʝʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʣʘʙʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʩʝʟʦʥ ʛʦʜʘ ʢʘʪʠʦʥʳ Mg2+ ʠ Ca2+, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʘʷ ʦʪʨʠʮʘ-

ʪʝʣʴʥʘʷ ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʪʝʥʜʝʥʮʠʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʠ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (Ec). ʆʥʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ F-ʠʦʥʦʤ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ ʚ ʠʩʪʦʢʝ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ.  

ɿʘ 20-ʠ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʤʝʞʛʦʜʦʚʳʝ ʚʘʨʠʘʮʠʠ ʠʣʠ ʮʠʢʣʳ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʭ 

3ï7 ʣʝʪ. ɺʘʨʠʘʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʜʣʷ ʚʩʝʭ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ O2, pH ʠ TDS (ʨʠʩ. 1, 3ɸ). ʋ 

ʱʝʣʦʯʥʳʭ ʢʘʪʠʦʥʦʚ ʚ 1997ï2004 ʛʛ. ʧʨʦʩʣʝʞʠʚʘʣʩʷ ʦʙʱʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʨʝʥʜ [3]. ɺ ʷʥʚʘʨʝ 2006 ʛ. 

ʦʪʤʝʯʝʥʦ ʟʘʤʝʪʥʦʝ ʧʦʚʳʰʝʥʠʝ, ʧʦʩʣʝ ʦʥʠ ʠʤʝʶʪ ʷʚʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʜʦ 2009 ʛ., ʟʘʪʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʭ ʠʟʤʝʥʷʶʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʦ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. 

ɺ ʮʝʣʦʤ ʝʞʝʤʝʩʷʯʥʳʝ, ʛʦʜʦʚʳʝ ʠ ʤʝʞʛʦʜʦʚʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʚʦ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʟʘ 1997ï2017 ʛʛ. [2]. ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʩʝʭ ʭʘʨʘʢʪʝʨʥʳ ʙʣʠʟʢʠʝ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ 

ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ (ʨʠʩ.1, 1ɸï3ɸ).  

ʄʦʥʠʪʦʨʠʥʛ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʪʦʢʘ ɸʥʛʘʨʳ ʠ ɹʘʡʢʘʣʘ ʥʘʯʘʪ ʚ 2006 ʛ.  

ʄʝʩʷʯʥʳʡ ʘʥʘʣʠʟ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʘʧʨʝʣʝ 2017 ʛ. ʧʦʢʘʟʘʣ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞ-

ʜʫ ʚʦʜʦʡ ʚ ʚʦʜʦʟʘʙʦʨʝ ʠ ʚʦʜʦʡ ʚ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʧʦ ʪʘʢʠʤ ʵʣʝʤʝʥʪʘʤ ʢʘʢ: Fe, Cu, Zn, Cr (ʨʠʩ. 1, 1ɹ). 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʟʘʱʠʪʳ. ʇʨʠ ʵʪʦʤ ʚ ʘʧʨʝʣʝ ʚʦʜʘ ʚ ʚʦʜʦʟʘʙʦʨʝ ʚʩʝʛʜʘ ʙʦʣʝʝ ʪʝʧʣʘʷ (1Áï3Á), 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ çʪʝʨʤʦʢʣʠʥʘè [1]. ɺʦʜʘ ʚ ʙʝʨʝʛʦʚʦʡ ʯʘʩʪʠ ʠʩʪʦʢʘ ʚ ʵʪʦ ʚʨʝʤʷ ʛʦʜʘ ʙʦʣʝʝ 

ʭʦʣʦʜʥʘʷ (0Áï1Á) (ʨʠʩ. 1, 1ɹ). 

ʉʝʟʦʥʥʳʝ (ʝʞʝʤʝʩʷʯʥʳʝ ʛʦʜʦʚʳʝ) ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʥʘ ʚʦʜʦʟʘʙʦʨʝ ʠ 

ʥʘ ʙʝʨʝʛʫ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʣʠʟʢʠ ʠ ʚʳʨʘʞʝʥʳ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʡ ʚ ʚʝ-

ʩʝʥʥʝ-ʣʝʪʥʝʝ ʚʨʝʤʷ Co, V, Ni, Zn, Cu, Cd ʠ Al, ʘ ʦʩʝʥʴʶ ʠ ʟʠʤʦʡ ð ʫʤʝʥʴʰʝʥʠʝʤ (ʨʠʩ. 1, 2ɹ). ʆʪʤʝ-

ʯʝʥʦ ʙʣʠʟʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʚ 2007 ʠ 2017 ʛʛ. ʅʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʠʟʤʝ-

ʥʷʶʪʩʷ ʥʝ ʧʨʝʜʩʢʘʟʫʝʤʦ. ʆʪʣʠʯʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʩʪʘʚʣʷʶʪ 2ï4 ʨʘʟʘ, 

ʠʥʦʛʜʘ ʙʦʣʝʝ. ʇʨʠ ʵʪʦʤ ʧʨʝʚʳʰʝʥʠʡ ʇɼʂ ʧʠʪʴʝʚʳʭ ʚʦʜ ʜʣʷ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʦʪʤʝ-

ʯʝʥʦ.  

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʝʞʛʦʜʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʜʣʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 1, 3ɹ) ʨʘʟʣʠʯʥʘ, ʥʦ ʚ 

ʩʨʝʜʥʝʤ, ʢʘʢ ʠ ʜʣʷ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ ʩʦʩʪʘʚʣʷʝʪ 3ï7 ʣʝʪ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤʳ 

ʠ ʤʠʥʠʤʫʤʳ ʩʦʜʝʨʞʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʛʦʜʘʤ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ. ʅʘʧʨʠʤʝʨ, ʥʝʦʜʥʦʢʨʘʪ-

ʥʳʝ ʤʘʢʩʠʤʫʤʳ ʚ ʪʝʯʝʥʠʝ 1998 ʛ. ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ Hg; 2002 ʛ. ð ʢʠʩʣʦʨʦʜ ʠ F-ʠʦʥ; 2008 ʛ. ð U; 2012 

ʛ. ð TDS, Al , Cu, Zn, Ni, Co; 2017 ʛ. ð Cl-ʠʦʥ. ʅʝʢʦʪʦʨʳʝ ʧʦʚʳʰʝʥʠʷ ʨʪʫʪʠ ʦʙʲʷʩʥʠʣʠʩʴ ʨʘʥʝʝ [3] 

ʩʝʨʠʝʡ ʥʝʙʦʣʴʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 1998 ʛ. ʠ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʚ ʤʘʨʪʝ 2018 ʛ. ʥʘ ʟʘʧʘʜʝ ɹʘʡʢʘʣʘ (ʨʘʡʦʥ 

ʧ. ɻʦʣʦʫʩʪʥʦʝ). ɼʦ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʚ 2017ï2018 ʛʛ. ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʩʨʝʜʥʝʤ ʙʳʣʦ ʦʯʝʥʴ ʥʠʟʢʦʝ ð 

0,0005 ʤʢʛ/ʜʤ3 ʠ ʤʝʥʝʝ, ʘ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʝ ʠʩʪʦʢʘ ʫʚʝʣʠʯʠʣʦʩʴ ʚ 3 ʨʘʟʘ ð 

ʜʦ 0,0016 ʤʢʛ/ʜʤ3. ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʣʫʙʠʥʥʳʡ ʠʩʪʦʯʥʠʢ ʨʪʫʪʠ ʚ ʚʦʜʝ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʚ ʦʟʝʨʝ ɹʘʡʢʘʣ ʦʩʪʘʶʪʩʷ ʥʠʟʢʠʤʠ ʠ ʥʝ ʚʣʠʷʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʙʠʦʪʫ [4]. ʆʩʥʦʚʥʦʡ ʫʛʨʦʟʦʡ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʣʘʛʝʨʝʡ ʠ ʩʫʜʦʭʦʜʩʪʚʘ [5]. 
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ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʤʝʩʷʯʥʦʛʦ (1ɸ, 1ɹ), ʛʦʜʦʚʦʛʦ (2ɸ, 2ɹ) ʠ ʤʝʞʛʦʜʦʚʦʛʦ (3ɸ, 3ɹ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʚʦʜʝ ʠʩʪʦʢʘ ɸʥʛʘʨʳ (ʩʪʦʢ ɹʘʡʢʘʣʘ). ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʫʥʢʪʠʨ ð ʧʝʨʝʨʳʚ ʚ ʦʧʨʦʙʦʚʘʥʠʠ ʚ 2014-2016 ʛʛ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ 1997ï2017 ʛʛ. ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠʩʪʦʢʘ ʨʝʢʠ ɸʥ-

ʛʘʨʳ ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʪʤʝʯʘʝʪʩʷ ʩʭʦʜʩʪʚʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ɸʥʛʘʨʳ ʚ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (1950ï1995 ʛʛ.) [2, 3]. ʇʦʜʪʚʝʨʞʜʝʥʳ 

ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠʩʪʦʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʣʠʤʘʪʦʤ, ʫʨʦʚʥʝʤ ɹʘʡʢʘʣʘ, ʚʨʝʤʝʥʘʤʠ 

ʛʦʜʘ ʠ ʧʨʠʨʦʜʥʳʤʠ ʢʘʪʘʢʣʠʟʤʘʤʠ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʇʨʦʝʢʪʫ IX.127.1.4. 

(0350-2016-0027) ʠ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀʦʬʠ_ʤ (ˉ 17-29-05022). 
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