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ʈʝʜʘʢʪʦʨ:r ʖ.ʆ. ɻʘʚʨʠʣʦʚ, ɸ.ɼ. ʉʘʚʢʦ 
 
ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʚʳʧʫʩʢ: ɸ.ɺ. ʂʨʘʡʥʦʚ, ʉ.ɺ. ɹʦʥʜʘʨʝʥʢʦ 

 
 
 
 
 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʛʠʧʝʨʛʝʥʝʟʘ, ʦʙʨʘʟʫʶʱʠʭ ʬʦʨʤʘʮʠʶ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, 
ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ. ɹʦʣʴʰʦʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʫ ʠ ʝʛʦ ʵʚʦʣʶʮʠʠ ʚ 
ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʚʢʣʶʯʘʶʱʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ, ʙʠʦʛʝʥʥʳʝ, 
ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʛʝʦʭʠʤʠʶ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ. 
ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 
ʦʙʩʪʘʥʦʚʦʢ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 
ʅʘ ʦʩʥʦʚʝ ʩʪʘʜʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʘ ʨʦʣʴ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 
ʣʠʪʦʛʝʥʝʟʝ ʦʩʘʜʦʯʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ. ɺ ʩʝʨʠʠ ʩʪʘʪʝʡ ʧʦ 
ʵʚʦʣʶʮʠʦʥʥʦʡ ʤʠʥʝʨʘʛʝʥʠʠ ʦʭʚʘʯʝʥ ʰʠʨʦʢʠʡ ʢʨʫʛ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʕʪʦ ʞʝʣʝʟʥʳʝ ʠ ʤʘʨʛʘʥʮʝʚʳʝ ʨʫʜʳ, ʙʦʢʩʠʪʳ, ʧʦʣʠʤʝʪʘʣʣʳ, 
ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʝ ʨʦʩʩʳʧʠ, ʨʝʜʢʠʝ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʘʦʣʠʥʳ, ʢʘʣʠʡʥʳʝ 
ʩʦʣʠ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʫʜʝʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 
ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʣʠʪʦʛʝʥʝʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʬʪʠ, ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ 
ʠ ʙʠʪʫʤʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʣʝʢʪʦʨʦʚ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʪʦʣʱ, 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʚ ʥʠʭ ʟʘʣʝʞʝʡ ʋɺ 
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ʋɼʂ 551.46 

ʉʫʙʘʵʨʘʣʴʥʳʝ ʧʝʨʝʨʳʚʳ ʠ ʚʦʟʤʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 
ʛʨʘʥʠʮʝ ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ ʚ ʨʘʟʨʝʟʝ ʂʦʣʝʩʦʚʩʢʦʛʦ ʢʘʨʴʝʨʘ ʠʟʚʝʩʪʥʷʢʦʚ 

(ʊʫʣʴʩʢʘʷ ʦʙʣʘʩʪʴ) 
 

ɸʣʝʢʩʝʝʚ ɸ.ʆ., ɸʣʝʢʩʝʝʚʘ ʊ.ɺ., ʄʘʣʳʰʝʚ ɺ.ɺ. 
 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ (ʌʀʎ ʇʅʎɹʀ ʈɸʅ), 
ʈʦʩʩʠʷ, 142290 ʛ. ʇʫʱʠʥʦ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʀʥʩʪʠʪʫʪʩʢʘʷ 2, alekseev@issp.psn.ru 

 
ʇʘʣʝʦʧʦʯʚʳ - ʜʨʝʚʥʠʝ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʣʝʪʦʧʠʩʴ ʠ 

ʬʦʨʤʠʨʫʶʪ ʧʘʣʝʦʧʦʯʚʝʥʥʳʝ ʘʨʭʠʚʳ, ʩʦʭʨʘʥʷʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʰʣʳʭ ʵʧʦʭʘʭ. ʀʟʫʯʝʥʠʝ 
ʧʘʣʝʦʧʦʯʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʪʴ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʵʚʦʣʶʮʠʠ ʙʠʦʩʬʝʨʳ 
ɿʝʤʣʠ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʵʢʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʫʙʘʵʨʘʣʴʥʳʭ 
ʧʝʨʝʨʳʚʦʚ (ʚʦʟʤʦʞʥʦ ʧʘʣʝʦʧʦʯʚ) ʧʘʣʝʦʟʦʷ ʚ ʂʦʣʝʩʦʚʩʢʦʤ ʢʘʨʴʝʨʝ ʠʟʚʝʩʪʥʷʢʦʚ (ʊʫʣʴʩʢʘʷ 
ʦʙʣʘʩʪʴ), ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʥʠʮʘ ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ. ʈʘʟʨʝʟ, ʚʢʣʶʯʘʝʪ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ 
ʍʦʚʘʥʩʢʦʡ ʩʚʠʪʳ ʠ ʂʫʧʘʚʥʠʥʩʢʦʡ ʩʚʠʪʳ. ɺʳʧʦʣʥʝʥʳ ʜʝʪʘʣʴʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ 
ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʚʩʝʛʦ ʨʘʟʨʝʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʣʝʦʧʦʯʚʳ, ʤʠʥʝʨʘʣʦʛʠʷ, ʧʘʣʝʦʟʦʡ 
 

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʫʙʘʵʨʘʣʴʥʳʭ ʧʝʨʝʨʳʚʦʚ (ʚʦʟʤʦʞʥʦ ʧʘʣʝʦʧʦʯʚ) ʧʘʣʝʦʟʦʷ ʚ 
ʂʦʣʝʩʦʚʩʢʦʤ ʢʘʨʴʝʨʝ ʠʟʚʝʩʪʥʷʢʦʚ ʥʘ ʨ, ʄʦʢʨʘʷ ʊʘʙʦʣʘ (ʊʫʣʴʩʢʘʷ ʦʙʣʘʩʪʴ), ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʥʠʮʘ 
ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ. ɿʜʝʩʴ ʚʩʢʨʳʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʨʘʟʨʝʟ, ʚʢʣʶʯʘʶʱʠʡ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʍʦʚʘʥʩʢʦʡ 
ʩʚʠʪʳ ʠ ʂʫʧʘʚʥʠʥʩʢʦʡ ʩʚʠʪʳ. ʇʦʟʜʥʠʡ ʜʝʚʦʥ ï ʨʘʥʥʠʡ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʨʠʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 
ʚʘʞʥʝʡʰʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʭʦʜ ʦʪ 
ʪʝʧʣʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʩʝʨʝʜʠʥʳ ʧʘʣʝʦʟʦʷ ʢ ʣʝʜʥʠʢʦʚʦʤʫ ʧʝʨʠʦʜʫ ʧʦʟʜʥʝʛʦ 
ʧʘʣʝʦʟʦʷ. ɻʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʡ ʠ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʢʨʠʟʠʩʦʤ ʵʢʦʩʠʩʪʝʤ. ɹʳʣʠ ʦʧʠʩʘʥʳ ʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʠʟ ʦʪʣʦʞʝʥʠʡ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʥʝʩʦʛʣʘʩʠʡ ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ ʬʘʤʝʥʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʠ ʥʘ ʝʛʦ ʛʨʘʥʠʮʝ ʩ 
ʪʫʨʥʝʡʩʢʠʤ ʷʨʫʩʦʤ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ. ɺʳʧʦʣʥʝʥʳ ʜʝʪʘʣʴʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʚʩʝʛʦ ʨʘʟʨʝʟʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʢʘʨʴʝʨʝ ʪʘʢ ʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʥʝʩʦʛʣʘʩʠʡ. 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥ-ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ S6 JAGUAR, 
ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʘʣʦʚʳʭ ʦʙʨʘʟʮʦʚ ʠ ʠʣʠʩʪʦʡ (<2 ʤʢʤ) ʬʨʘʢʮʠʠ ʙʳʣ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ 
ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʨʘʟʣʠʯʥʳʭ Fe-ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʚʘ ʥʝʩʦʛʣʘʩʠʷ ʚ ʚʝʨʭʘʭ 
ʍʦʚʘʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (D3fm), ʢʦʪʦʨʳʝ ʚʝʨʦʷʪʥʦ ʦʪʥʦʩʷʪʩʷ ʢ ʍʘʥʛʝʥʙʝʨʛʩʢʦʤʫ ʛʣʦʙʘʣʴʥʦʤʫ 
ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ. ʅʘʠʙʦʣʝʝ ʷʨʢʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʜʚʦʝʥʥʦʝ ʥʝʩʦʛʣʘʩʠʝ, 
ʦʙʝ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʩʪʨʦʝʥʠʝ: ʫʛʣʠʩʪʳʝ ʩʣʦʠ, ʧʝʨʝʢʨʳʪʳʝ ʩʣʦʷʤʠ ʛʣʠʥʳ.  
ʊʝʨʨʠʛʝʥʥʘʷ ʧʘʯʢʘ ʧʦʜʩʪʠʣʘʝʪʩʷ ʠ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩʣʦʷʤʠ ʤʦʨʩʢʦʛʦ ʠʟʚʝʩʪʥʷʢʘ. ʋʛʣʠʩʪʳʝ ʩʣʦʠ ʠʤʝʶʪ 
ʪʷʞʝʣʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʳ 72-74%, ʦʙʝʜʥʝʥʳ ʢʘʨʙʦʥʘʪʘʤʠ (9-17% 
ʉʘʉʆ3). ʉʣʦʠ ʛʣʠʥʳ, ʥʘʧʨʦʪʠʚ, ʦʙʦʛʘʱʝʥʳ ʢʘʣʴʮʠʪʦʤ (49-65%) ʠ ʦʙʝʜʥʝʥʳ ʠʣʦʤ (30-34%). 
ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʚ ʧʦʜʩʪʠʣʘʶʱʝʤ ʠ ʧʝʨʝʢʨʳʚʘʶʱʝʤ ʥʝʩʦʛʣʘʩʠʝ ʠʟʚʝʩʪʥʷʢʘʭ ʥʘʭʦʜʠʪʩʷ ʚ 
ʧʨʝʜʝʣʘʭ 82-97%. ɺʩʝ ʢʘʨʙʦʥʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʣʴʮʠʪʦʤ. ʂ ʠʥʪʝʨʚʘʣʫ ʠʟʫʯʝʥʥʦʛʦ ʥʝʩʦʛʣʘʩʠʷ ʩ 
ʫʛʣʠʩʪʳʤʠ ʧʨʦʩʣʦʷʤʠ ʧʨʠʫʨʦʯʝʥʘ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʘʥʦʤʘʣʠʷ ʧʦ ʨʷʜʫ ʵʣʝʤʝʥʪʦʚ ʠ ʠʟʦʪʦʧʥʦ-
ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʘʥʦʤʘʣʠʷ. ʇʦ ʠʟʦʪʦʧʥʳʤ ʜʘʥʥʳʤ ʦʪʤʝʯʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʝ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʩʜʚʦʝʥʥʦʛʦ ʥʝʩʦʛʣʘʩʠʷ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʣʴʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦ 
ŭ13ʉ=-6.50ă (PDB). ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ŭ13ʉ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʠʧʠʯʥʦ ʩʫʙʘʵʨʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
(ʧʦʯʚʝʥʥʳʭ) ʢʘʨʙʦʥʘʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʫʯʘʩʪʠʠ ʉʆ2 ʘʪʤʦʩʬʝʨʳ. ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 
ʩʦʩʪʘʚʘ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʣʠʩʪʘʷ ʬʨʘʢʮʠʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʦʜʝʨʞʠʪ ʩʤʝʢʪʠʪ, ʩʣʶʜʫ ʠ 
ʢʘʦʣʠʥʠʪ ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʦʣʠʥʠʪʘ ʦʪʤʝʯʝʥʦ ʚ ʧʝʨʚʦʤ (ʥʠʞʥʝʤ) 
ʫʛʣʠʩʪʦʤ ʩʣʦʝ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʩʦʛʣʘʩʠʝ ʩʣʘʛʘʶʪ 
ʦʪʣʦʞʝʥʠʷ 3-ʭ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʪʠʧʫ ʩʤʝʢʪʠʪʦʚʦʡ ʬʘʟʳ. ɺʩʝ ʩʤʝʢʪʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʬʘʟʘʤʠ ʠ ʥʝ ʠʤʝʶʪ ʧʨʠʟʥʘʢʦʚ ʩʤʝʰʘʥʦʩʣʦʡʥʦʩʪʠ. ʀʣʠʩʪʳʝ ʬʨʘʢʮʠʠ ʠʟʚʝʩʪʥʷʢʦʚ ʚ 
ʧʦʜʦʰʚʝ ʠ ʢʨʦʚʣʝ ʥʝʩʦʛʣʘʩʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʪ ʤʠʢʨʠʪʦʚʳʡ ʢʘʣʴʮʠʪ. ɺʳʩʦʢʠʡ ʟʘʨʷʜ ʨʝʰʝʪʢʠ 
ʩʤʝʢʪʠʪʦʚ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʢʚʘʨʮʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʘʣʣʦʭʪʦʥʥʦʡ ʧʨʠʨʦʜʳ ʦʪʣʦʞʝʥʠʡ, 
ʩʣʘʛʘʶʱʠʭ ʥʝʩʦʛʣʘʩʠʝ. ʆʪʤʝʯʘʶʪʩʷ ʨʘʟʣʠʯʠʷ ʠ ʚ ʩʦʩʪʦʷʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʠʟʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 
ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʘʢ ʚ ʯʘʩʪʠ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, ʪʘʢ ʠ ʚ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʚ ʩʠʣʠʢʘʪʘʭ. 
ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʚʘʣʦʚʳʭ ʦʙʨʘʟʮʦʚ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ, ʩʦʩʪʦʷʥʠʷ 
ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʚʫʭ ʦʜʥʦʪʠʧʥʳʭ ʩʦʙʳʪʠʷʭ, ʩʦʩʪʦʷʚʰʠʭ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ ʩʦ 
ʩʤʝʥʦʡ ʠʩʪʦʯʥʠʢʘ ʤʘʪʝʨʠʘʣʘ. ʂ ʠʥʪʝʨʚʘʣʫ ʠʟʫʯʝʥʥʦʛʦ ʥʝʩʦʛʣʘʩʠʷ ʩ ʫʛʣʠʩʪʳʤʠ ʧʨʦʩʣʦʷʤʠ ʧʨʠʫʨʦʯʝʥʘ 
ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʘʥʦʤʘʣʠʷ ʧʦ ʨʷʜʫ ʵʣʝʤʝʥʪʦʚ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʘʥʦʤʘʣʠʷ.  ʇʦ ʠʟʦʪʦʧʥʳʤ 
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ʜʘʥʥʳʤ ʦʪʤʝʯʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʩʜʚʦʝʥʥʦʛʦ ʥʝʩʦʛʣʘʩʠʷ ʠ 
ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʣʴʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦ ŭ13ʉ=-6.50ă (PDB). ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ŭ13ʉ 
ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʠʧʠʯʥʦ ʩʫʙʘʵʨʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʧʦʯʚʝʥʥʳʭ) ʢʘʨʙʦʥʘʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ 
ʫʯʘʩʪʠʠ ʉʆ2 ʘʪʤʦʩʬʝʨʳ. ɺʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʳʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʫʨʦʯʝʥʥʦʛʦ ʢ 
ʩʫʙʘʵʨʘʣʴʥʳʤ ʧʝʨʝʨʳʚʘʤ ʥʘ ʛʨʘʥʠʮʝ DCB, ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. 
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Paleosoils are ancient soils that have been included in the geological record and form paleosol 
archives that preserve information about past epochs. The study of paleosols makes it possible to 
develop and refine our understanding of the evolution of the Earth's biosphere and to reconstruct 
ecosystems as a whole. A detailed study of subaerial unconformities (possibly paleosols) in the 
Kolesovsky limestone quarry (Tula region), where the DevonianïCarboniferous boundary is 
presented, has been carried out. The section includes the upper horizons of the Khovanskaya and the 
Kupavninskaya formations. Detailed mineralogical and geochemical studies were carried out for the 
entire section. 

Keywords: paleosols, mineralogy, Paleozoic 
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çʉʬʝʨʦʠʜʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝè - ʧʨʠʨʦʜʥʦʝ ʷʚʣʝʥʠʝ, ʨʝʟʫʣʴʪʘʪ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʥʘ ʧʣʦʪʥʳʝ ʧʦʨʦʜʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʶʪʩʷ 
ʚʘʣʫʥʳ, ʥʝʟʘʪʨʦʥʫʪʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝʤ ʷʜʨʦ ʢʦʪʦʨʳʭ ʦʢʨʫʞʝʥʦ ʩʠʩʪʝʤʦʡ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ 
ʩʣʦʝʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʚʝʪʨʠʚʘʶʱʝʡʩʷ ʧʦʨʦʜʳ. ʕʪʦʤʫ ʷʚʣʝʥʠʶ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʥʳʝ ʪʠʧʳ 
ʧʦʨʦʜ, ʦʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʘʭ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (Fletcher 
et al., 2006). ʆʢʨʫʞʸʥʥʳʝ ʢʦʨʢʘʤʠ ʚʘʣʫʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʳʡ ʦʙʲʝʢʪ ʠʟʫʯʝʥʠʷ 
ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ (Ollier, 1971; Sindol et al., 2020). ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʘʚʣʦʚʩʢʦʛʦ ʢʘʨʴʝʨʘ ʛʨʘʥʠʪʦʚ (ɺʦʨʦʥʝʞʩʢʘʷ ʦʙʣʘʩʪʴ), ʚ 
ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʟʘʣʝʛʘʶʪ ʧʦʨʦʜʳ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʩ 
ʨʘʟʚʠʪʦʡ ʢʦʨʦʡ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʂɺ) ʚ ʢʨʦʚʣʝ. ʂɺ ʧʝʨʝʢʨʳʪʘ ʤʦʱʥʳʤ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ. ʉʘʤʳʝ 
ʜʨʝʚʥʠʝ ʝʛʦ ʦʪʣʦʞʝʥʠʷ ʜʘʪʠʨʫʶʪʩʷ ʵʡʬʝʣʴʩʢʠʤ (D2ef) ʚʦʟʨʘʩʪʦʤ (ʉʘʚʢʦ, 2002; Alekseeva et al., 
2023). ʂɺ ʚʢʣʶʯʘʝʪ ʛʨʘʥʠʪʥʳʝ ʚʘʣʫʥʳ. ʇʦʚʝʨʭʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʚʘʣʫʥʦʚ ʨʘʚʥʦʤʝʨʥʦ 
ʧʦʢʨʳʚʘʝʪ ʢʦʨʢʘ ʚʳʚʝʪʨʠʚʘʥʠʷ. ɿʘʜʘʯʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʷʚʣʝʥʠʠ 
ʧʨʠʨʦʜʳ ʢʦʨʦʢ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʦʢʦʣʦ 40 ʢʦʨʦʢ ʨʘʟʥʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ 
ʙʳʣʠ ʠʟʫʯʝʥʳ ʵʣʝʤʝʥʪʥʳʡ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚʳ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʢʩʠʜʦʚ ï ʛʠʜʨʦʢʩʠʜʦʚ 
ʞʝʣʝʟʘ, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʤʦʨʬʦʣʦʛʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ, ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ 
ʩʪʨʦʝʥʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʢʦʨʢʠ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʙʘʵʨʘʣʴʥʦ 
ʦʙʨʘʟʦʚʘʥʥʳʝ ʙʠʦʪʠʯʥʳʝ ʧʦʯʚʦʧʦʜʦʙʥʳʝ ʪʝʣʘ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ 
ʚʦʟʨʘʩʪʘ. ʂʘʢ ʠ ʧʘʣʝʦʧʦʯʚʳ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʘʨʭʠʚʘʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʢʠ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʨʝʜʥʠʡ ʜʝʚʦʥ, ʛʝʦʭʠʤʠʷ  
 
ɺ ʇʘʚʣʦʚʩʢʦʤ ʢʘʨʴʝʨʝ ʪʦʣʱʘ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʛʨʘʥʠʪʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ 

ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʛʨʘʥʠʪʥʳʭ ʚʘʣʫʥʦʚ. ʆʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʡ ʤʦʱʥʦʩʪʠ ʢʦʨʳ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʚʧʣʦʪʴ ʜʦ ʝʝ ʨʘʟʤʳʪʦʡ ʢʨʦʚʣʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʘʣʫʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʝʨʝʢʨʳʚʘʶʱʝʤ 
ʢʦʨʫ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʦʩʪʘʥʮʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʢʘʨʴʝʨʘ. ɺʘʣʫʥʳ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʨʫʛʣʳʝ, ʜʠʘʤʝʪʨ ʠʭ ʨʘʟʥʠʪʩʷ ʦʪ 10 ʩʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. ʇʦʚʝʨʭʥʦʩʪʴ ʚʘʣʫʥʦʚ 
ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʚʘʝʪ ʢʦʨʢʘ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʨʠʩ. 1). ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʢʦʨʢʦʡ ʚʘʣʫʥʦʚ ʠ ʚʤʝʱʘʶʱʝʡ ʠʭ 
ʧʦʨʦʜʦʡ ʨʝʟʢʘʷ; ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʮʚʝʪʫ, ʧʣʦʪʥʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ. ʂʦʨʢʠ ʠʤʝʶʪ ʩʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ. 
ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʣʦʝʚ, ʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʜʚʫʭ- ʠ ʯʝʪʳʨʝʭʩʣʦʡʥʳʝ. ʊʦʣʱʠʥʘ 
ʢʦʨʦʢ ʨʘʟʥʠʪʩʷ ʦʪ 4 ʜʦ 10 ʩʤ. ɺʥʝʰʥʷʷ ʪʦʥʢʘʷ, ʧʣʦʪʥʘʷ ʠ ʪʚʝʨʜʘʷ ʯʘʩʪʴ ï ʪʝʤʥʦ- ʠʣʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʘʷ; 
ʩʨʝʜʥʷʷ (ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ) ï ʨʳʭʣʘʷ, ʩʳʧʫʯʘʷ, ʩʚʝʪʣʦ-ʩʝʨʘʷ; ʚʥʫʪʨʝʥʥʷʷ ï ʪʚʝʨʜʘʷ, ʧʨʦʯʥʘʷ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʦʞʝʣʝʟʥʝʥʥʘʷ.  

ɺ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʢʦʨʦʢ ʩʦʜʝʨʞʘʪʩʷ ʢʚʘʨʮ, ʂ-ʧʦʣʝʚʦʡ ʰʧʘʪ, ʩʣʶʜʘ (ʙʠʦʪʠʪ) ʠ ʢʘʦʣʠʥʠʪ. 
ʉʘʧʨʦʣʠʪ ʩʦʩʪʦʠʪ ʠʟ ʪʦʛʦ ʞʝ ʥʘʙʦʨʘ ʤʠʥʝʨʘʣʦʚ, ʥʦ ʩʦʜʝʨʞʘʥʠʝ ʢʘʦʣʠʥʠʪʘ ʟʜʝʩʴ ʚʳʰʝ, ʘ ʙʠʦʪʠʪʘ ʥʠʞʝ, 
ʯʝʤ ʚ ʢʦʨʢʘʭ. ʇʦʢʘʟʘʪʝʣʴʥʘ ʚʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ ʢʚʘʨʮ/ʧʦʣʝʚʦʡ ʰʧʘʪ. ɼʣʷ ʥʝʚʳʚʝʪʨʝʣʦʛʦ ʛʨʘʥʠʪʘ ʦʥʘ 
ʩʦʩʪʘʚʣʷʝʪ 1.0, ʜʣʷ ʩʘʧʨʦʣʠʪʘ ï ʢʦʣʝʙʣʝʪʩʷ ʚ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ: 2.0-2.3, ʘ ʜʣʷ ʢʦʨʦʢ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ 
ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ - ʦʪ 1.0 ʜʦ 3.6 ʠ ʯʘʩʪʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʚʤʝʱʘʶʱʝʛʦ ʚʘʣʫʥʳ 
ʤʘʪʝʨʠʘʣʘ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʛʨʘʥʠʪʦʚ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘʟʘʣ, ʯʪʦ 
ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʚ ʭʦʜʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʛʨʘʥʠʪʘ ʩʘʧʨʦʣʠʪ ʪʝʨʷʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ (Fe, Mg, Mn, 
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P, S). ʇʨʠ ʵʪʦʤ, Al ʠ K, ʥʘʧʨʦʪʠʚ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ. ɺ ʩʦʩʪʘʚʝ ʢʦʨʦʢ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ 
ʢʦʥʮʝʥʪʨʘʮʠʡ Fe, Al, Mg, Mn, K, P, S ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʪʘ, ʪʘʢ ʠ ʩʘʧʨʦʣʠʪʘ. ɼʣʷ ʦʪʜʝʣʴʥʳʭ 
ʦʙʨʘʟʮʦʚ ʢʦʨʦʢ ʦʪʤʝʯʝʥ ʨʦʩʪ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ Ba/Sr, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ 
ʚʳʱʝʣʦʯʝʥʥʦʩʪʠ ʧʦʨʦʜʳ. ʆʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 3 ʜʦ 17 ʠ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 
ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʘʧʨʦʣʠʪʘ (ʨʠʩ. 2).  

 
 

 
ʈʠʩ. 1. ʂʦʨʢʠ ʥʘ ʛʨʘʥʠʪʥʳʭ ʚʘʣʫʥʘʭ: ʜʚʫʭ-, ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʩʣʦʡʥʳʝ. ʌʦʪʦ: ɸʣʝʢʩʝʝʚʘ ʊ.ɺ. 

 
ʆʧʠʩʘʥʥʦʝ ʚʳʰʝ ʩʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʢʦʨʦʢ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʨʷʜʘ ʩʚʦʡʩʪʚ ï 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʭ ʩʚʦʝʦʙʨʘʟʥʦʛʦ ʤʠʢʨʦ-ʛʦʨʠʟʦʥʪʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʟʠʪʝʣʴʥʦ ʵʪʘ 
ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Fe, ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʢʦʪʦʨʳʤ (ʜʦ 20 % Fe2O3) 
ʦʪʤʝʯʝʥʦ ʜʣʷ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʢʦʨʦʢ. ɺʥʝʰʥʠʝ ʩʣʦʠ ʢʦʨʦʢ ʩʦʜʝʨʞʘʪ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (ʜʦ 
0.1 %) ʠ ʬʦʩʬʦʨ. ʅʘʠʙʦʣʝʝ ʷʨʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ ʩʝʨʳ. ʉʦʜʝʨʞʘʥʠʝ 
ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʛʨʘʥʠʪʝ ʠ ʩʘʧʨʦʣʠʪʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʝ ʦʙʥʘʨʫʞʝʥʠʷ. ɺʦ ʚʥʝʰʥʠʭ ʩʣʦʷʭ ʢʦʨʦʢ 
ʢʦʥʮʝʥʪʨʘʮʠʠ S ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 4 %. ʂʦʨʢʠ, ʦʙʦʛʘʱʝʥʥʳʝ ʩʝʨʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʠ ʚʳʩʦʢʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ Fe. ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ (~10*10-8 SI) 
ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʭ ʦʙʦʛʘʱʝʥʥʦʩʪʴ Fe - ʩʫʣʴʬʠʜʘʤʠ.  

 

 
ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʘʥʠʪʘ (granite), ʩʘʧʨʦʣʠʪʘ (saprolite) ʠ ʢʦʨʦʢ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠʪʥʳʭ ʚʘʣʫʥʦʚ (crust) 
 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʢʦʨʦʢ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʠ 
ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ ʥʝʩʫʪ ʯʝʨʪʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ï ʨʘʩʪʚʦʨʝʥʠʷ, ʨʘʩʩʣʦʝʥʠʷ, ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʩʧʘʡʥʦʩʪʠ. 
ʊʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʜʣʷ ʟʝʨʝʥ ʢʚʘʨʮʘ, ʙʠʦʪʠʪʘ, ʂ- ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʢʨʠʩʪʘʣʣʦʚ ʧʠʨʠʪʘ. 
ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚ ʢʦʨʢʘʭ ʚʳʷʚʣʝʥʳ ʧʨʦʮʝʩʩʳ ʚʪʦʨʠʯʥʦʛʦ 
ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ï ʥʝʦʩʠʥʪʝʟʘ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ ʢʘʢ: ʢʘʦʣʠʥʠʪ, ʂ-ʧʦʣʝʚʦʡ ʰʧʘʪ, ʛʠʙʙʩʠʪ, ʛʠʧʩ, 
ʧʠʨʠʪ, ʦʢʩʠʜʳ Fe (ʛʝʪʠʪ) ʠ Ti (ʘʥʘʪʘʟ), ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʩʠʣʠʢʘʪʥʳʝ ʧʣʝʥʢʠ 
ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʡ ʢʘʦʣʠʥʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚʝʨʤʠʢʫʣʷʨʥʦʡ ʬʦʨʤʦʡ, ʚʪʦʨʠʯʥʳʡ ʧʠʨʠʪ 
ï ʬʨʘʤʙʦʠʜʘʣʴʥʳʤʠ ʢʦʥʢʨʝʮʠʷʤʠ. ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʥʝʦʩʠʥʪʝʟ ʂ-ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. 
ʀʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʳ ʥʘ ʨʠʩ. 3. ʆʥʠ ʬʦʨʤʠʨʫʶʪ ʩʦʚʝʨʰʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʰʠʨʦʢʦʤ 
ʨʘʟʤʝʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ï ʦʪ 1 ʜʦ 20 ʤʢʤ. ʋʩʨʝʜʥʝʥʥʦʝ ʧʦ ʤʥʦʞʝʩʪʚʫ ʢʨʠʩʪʘʣʣʦʚ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ 
ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ: Si ï 18- 22%, K ï 7-11 %, Al ï 7-8%, ʯʪʦ ʠʜʝʥʪʠʯʥʦ ʩʦʩʪʘʚʫ 
ʘʣʣʦʪʠʛʝʥʥʦʛʦ ʤʠʢʨʦʢʣʠʥʘ ʠʟʫʯʝʥʥʦʛʦ ʛʨʘʥʠʪʘ. ɺ ʨʘʙʦʪʘʭ ʖ.ɺ. ʗʰʫʥʩʢʦʛʦ ʩ ʩʦʘʚʪ. (2018) ʦʧʠʩʘʥʳ 
ʥʘʭʦʜʢʠ ʘʫʪʠʛʝʥʥʦʛʦ ʂ-ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (ʩʘʥʠʜʠʥʘ) ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ, ʘ ʪʘʢʞʝ 
ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ 
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ʥʘʤʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʭʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʦʥʳ 
ʛʠʧʝʨʛʝʥʝʟʘ.  

ʉʧʝʮʠʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʤʘʪʝʨʠʘʣʝ ʢʦʨʦʢ ʚʳʚʝʪʨʠʚʘʥʠʷ 
ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ (ʜʘʥʥʳʝ ʉʕʄ): ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʢʦʣʦʥʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 
ʢʨʠʧʪʦʩʧʦʨʳ, ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ, ʦʪʧʝʯʘʪʢʠ ʮʠʩʪ ʧʨʘʟʠʥʦʬʠʪ. ʂʨʠʧʪʦʩʧʦʨʳ ʦʙʲʝʜʠʥʝʥʳ ʚ 
ʪʝʪʨʘʜʳ, ʩʢʫʣʴʧʪʫʨʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʴʥʦ ʰʠʧʦʚʘʪʘʷ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʢʨʠʧʪʦʩʧʦʨʳ ʙʣʠʟʢʠ ʪʠʧʫ 
Tetraplanisporites, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʥʘʯʠʥʘʷ ʩ ʦʨʜʦʚʠʢʘ (Rubinstein and Vajda, 2019).  

ɿʘʢʣʶʯʝʥʠʝ. ʂʦʤʧʣʝʢʩ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ ʢʦʨʢʠ ʚʳʚʝʪʨʠʚʘʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʠʪʘ ʚ 
ʩʘʧʨʦʣʠʪ, ʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ, ʠʥʩʠʪʥʳʤ ʙʠʦʢʦʩʥʳʤ ʧʦʯʚʦʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ. ʂʘʢ ʠ ʠʩʢʦʧʘʝʤʳʝ 
ʧʦʯʚʳ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʧʨʠʨʦʜʥʳʤ ʘʨʭʠʚʦʤ, ʩʦʭʨʘʥʷʶʱʠʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʣʝʦʢʣʠʤʘʪʝ ʠ 
ʙʠʦʪʝ. ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩʪʨʦʝʥʠʝ çʧʨʦʬʠʣʷè ʠ ʤʘʢʨʦʤʘʩʰʪʘʙʳ ʨʘʟʚʠʪʠʷ ʢʦʨʦʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 
ʚ ʧʦʣʴʟʫ ʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʛʫʤʠʜʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨʦʢ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. ʅʦ ʦʥʠ, ʟʘʚʝʜʦʤʦ, ʤʘʨʢʠʨʫʶʪ ʥʝ ʠʟʫʯʝʥʥʳʡ ʨʘʥʝʝ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʰʝʩʪʚʦʚʘʣ ʬʦʨʤʠʨʦʚʘʥʠʶ 
ʩʨʝʜʥʝʜʝʚʦʥʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ.  

 

 
ʈʠʩ. 3. ɸʫʪʠʛʝʥʥʳʡ ʂ-ʧʦʣʝʚʦʡ ʰʧʘʪ (ʜʘʥʥʳʝ ʉʕʄ): ɸ ï ʚʳʚʝʪʨʠʚʘʥʠʝ ʘʣʣʦʪʠʛʝʥʥʦʛʦ 
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Insight to spheroidal weathering of granite (Pavlovsk quarry, Voronezh High) 
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Spheroidal weathering of rocks is a result of a complex of physical and chemical processes 

when the remnants of bedrocks (corestones) become surrounded by concentric multilayered sheets - 
rindlets (or crusts) of progressively weathered saprolite. This phenomenon is found on almost all rock 
types, all continents and in many climate regimes (Fletcher et al., 2006). Such crusts are an ideal, small-
scale natural interface for examining weathering reactions (Ollier, 1971; Sindol et al 2020). The given 
investigations were undertaken on the territory of Pavlovsk granite quarry (Voronezh region). The 
Precambrian crystalline basement of the quarry is deeply weathered, and developed weathering crust 
is irregularly eroded. Weathering crust is overlayered by sedimentary cover, the oldest deposits of 
which are dated as Pre-Eifelian (Savko, 2002, Alekseeva et al., 2023). The weathering crust has the 
inclusions of granite corestones typically surrounded by rindlets. The task of the given investigation 
was to study the nature of rindlets. About 40 samples of rindlets were collected and multidisciplinary 
studied (chemistry, mineralogy, Fe-oxides, magnetic susceptibility, submicroscopy of mineral grains, 
micropaleontological items). The obtained results allow to conclude that rindlets are subaerially 
developed biotic soil-like bodies presumably of Early Paleozoic age. As well as paleosols, they can be 
regarded as an important natural archive.  

Keywords: weathering crusts, Middle Devonian, geochemistry. 
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ʉʨʝʜʠ ʠʟʚʝʩʪʥʷʢʦʚ ʣʝʙʝʜʷʥʩʢʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ɺʦʨʦʥʝʞʩʢʦʡ 

ʘʥʪʝʢʣʠʟʳ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʨʘʟʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ 
ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʠ ʙʣʦʯʥʦʛʦ ʢʘʤʥʷ. ʀʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʨʝʜʠ ʥʠʭ 
ʚʳʷʚʣʷʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʦʙʣʠʮʦʚʦʯʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʍʘʨʘʢʪʝʨʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʣʝʙʝʜʷʥʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʩʪʴ ʠ 
ʤʦʥʦʣʠʪʥʦʩʪʴ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʦʷʭ. ʉʨʝʜʥʠʡ ʦʞʠʜʘʝʤʳʡ ʚʳʭʦʜ ʙʣʦʢʦʚ ʠʟ ʠʟʚʝʩʪʥʷʢʦʚ: III -V 
ʛʨʫʧʧʳ-22,7%,ʚ ʪ.ʯ.: III ʛʨʫʧʧʳ-2,8%,  IV ʛʨʫʧʧʳ-14,2%,  V ʛʨʫʧʧʳ-5,7%  ɺʳʷʚʣʷʶʪʩʷ 3 ʦʩʥʦʚʥʳʝ 
ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʙʣʠʮʦʚʦʯʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ: ʩʝʨʳ ʠʟʚʝʩʪʥʷʢʠ;  ʩʚʝʪʣʦ-ʩʝʨʳʝ ( ʙʝʣʳʝ) 
ʠʟʚʝʩʪʥʷʢʠ; ʩʚʝʪʣʦ-ʩʝʨʳʝ ʙʨʝʢʯʝʝʚʠʜʥʳʝ ʠʟʚʝʩʪʥʷʢʠ. ʀʟʚʝʩʪʥʷʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ V ʢʘʪʝʛʦʨʠʠ 
ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʙʣʝʩʢʦʤʝʨʫ, ʥʘʩʳʱʝʥʥʦʩʪʴ ʮʚʝʪʦʤ ʜʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʷʢʦʚ-
ʥʝʥʘʩʳʱʝʥʥʘʷ, ʢʘʪʝʛʦʨʠʷ ʮʚʝʪʦʚʦʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ III   ʢʘʪʝʛʦʨʠʠ; ʩʦʯʝʪʘʥʠʝ 
ʮʚʝʪʦʚ-ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ ʩ ʛʘʨʤʦʥʠʯʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʪʦʥʘ ʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ II ʢʘʪʝʛʦʨʠʠ. ʈʠʩʫʥʦʢ ʜʣʷ ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠʤʝʝʪ ʦʜʥʦʨʦʜʥʳʡ ʪʦʥ, ʠʥʦʛʜʘ 
ʧʝʡʟʘʞʥʳʡ ʩ ʧʨʦʞʠʣʢʘʤʠ ʠ ʧʷʪʥʘʤʠ, ʫ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʨʠʩʫʥʦʢ ʪʘʢʞʝ ʦʜʥʦʨʦʜʥʳʡ, 
ʠʥʦʛʜʘ ʩ ʧʨʦʞʠʣʢʘʤʠ, ʧʝʡʟʘʞʥʳʡ, ʫ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʨʠʩʫʥʦʢ 
ʧʝʡʟʘʞʥʳʡ ʙʨʝʢʯʝʝʚʠʜʥʳʡ ʠ ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ I ʢʘʪʝʛʦʨʠʠ ʦʪʨʘʞʘʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʠ. ʀʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʷʢʦʚ ʦʜʠʥʘʢʦʚʘʷ, ʩʦʩʪʘʚʣʷʝʪ ʧʦ 
21 ʙʘʣʣʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ III ʢʣʘʩʩʫ ʧʦ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ-ʤʘʣʦʜʝʢʦʨʘʪʠʚʥʳʝ. ʆʪʨʘʞʘʪʝʣʴʥʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʜʣʷ ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 15,4 %, ʜʣʷ ʩʚʝʪʣʦ-
ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 7,53 %, ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ 
ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 6,93 %.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʚʝʩʪʥʷʢʠ, ʙʣʦʢʠ, ʧʣʠʪʳ. 
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ɺ ʪʝʯʝʥʠʝ ʬʘʤʝʥʩʢʦʛʦ ʚʝʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʧʨʠʙʨʝʞʥʦ- ʠ ʤʝʣʢʦʚʦʜʥʦ-
ʤʦʨʩʢʠʝ ʬʘʮʠʠ, ʧʨʝʚʘʣʠʨʫʶʱʠʝ ʚ ʨʘʥʥʝʤ ʬʘʤʝʥʝ, ʩʤʝʥʠʣʠʩʴ ʧʨʠʙʨʝʞʥʳʤʠ ʠ ʣʘʛʫʥʥʳʤʠ ʚ ʩʨʝʜʥʝʤ ʠ 
ʧʦʟʜʥʝʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʩʢʚʘʞʠʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʝʟʢʘʷ ʩʤʝʥʘ ʚ ʨʘʟʨʝʟʝ 
ʤʝʣʢʦʚʦʜʥʳʭ ʢʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʳʭ ʪʦʣʩʪʦʩʣʦʠʩʪʳʭ ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʝʣʝʮʢʦʡ ʩʚʠʪʳ 
ʥʘ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ ʩʝʨʳʝ, ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʝ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ (ʯʘʩʪʦ ʙʝʣʳʝ ʤʝʣʦʧʦʜʦʙʥʳʝ) 
ʩʨʝʜʥʝʩʣʦʠʩʪʳʝ ʧʝʨʝʢʪʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʣʝʙʝʜʷʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ.  

 ʃʝʙʝʜʷʥʩʢʘʷ ʩʚʠʪʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 
ʧʝʩʪʨʳʤ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ ʦʪ ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʭ, ʜʝʪʨʠʪʦʚʳʭ ʠ ʧʝʣʠʪʦʤʦʨʬʥʳʭ ʜʦʣʦʤʠʪʠʩʥʳʭ 
(ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ) ʠʟʚʝʩʪʥʷʢʦʚ, ʧʨʠ ʵʪʦʤ ʚʥʠʟʫ ʧʨʝʦʙʣʘʜʘʶʪ ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʝ ʠ 
ʧʝʣʠʪʦʤʦʨʬʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʘ ʚʚʝʨʭʫ ( ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ) ʜʦʣʦʤʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ. ɺ ʩʦʩʪʘʚʝ ʩʚʠʪʳ 
ʚʳʜʝʣʝʥʦ ʧʷʪʴ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʯʝʢ, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚʳʝ, ʘ ʜʚʝ ʠʟʚʝʩʪʥʷʢʦʚʦ-ʜʦʣʦʤʠʪʦʚʳʝ. 
ʇʝʨʚʘʷ ʩʥʠʟʫ ʧʘʯʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʣʠʪʦʤʦʨʬʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʦʨʛʘʥʦʛʝʥʥʦ-
ʦʙʣʦʤʦʯʥʳʭ, ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʧʦʣʦʩʯʘʪʳʭ ʠ ʢʦʥʛʣʦʤʝʨʘʪʠʚʥʦ-ʙʨʝʢʯʠʝʚʳʭ. ɺʦ ʚʪʦʨʦʡ ʧʘʯʢʝ, ʩʣʦʞʝʥ-
ʥʦʡ ʪʝʤʠ ʞʝ, ʯʪʦ ʠ ʧʝʨʚʘʷ, ʧʦʨʦʜʘʤʠ, ʧʦʷʚʣʷʶʪʩʷ ʜʦʣʦʤʠʪʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ 
ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʭ. ɺ ʪʨʝʪʴʝʡ ʧʘʯʢʝ ʠʩʯʝʟʘʶʪ ʜʦʣʦʤʠʪʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʧʦʤʠʤʦ 
ʧʝʣʠʪʦʤʦʨʬʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʚʠʪʳ ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʝ ʠ ʤʘʩʩʠʚʥʦ-ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ. 
ʏʝʪʚʝʨʪʘʷ ʧʘʯʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ-ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʤʠ ʜʦʣʦʤʠʪʘʤʠ, ʘ 
ʧʷʪʘʷ - ʩʫʣʴʬʘʪʥʦ-ʜʦʣʦʤʠʪʦʚʘʷ. ʊʘʢʦʡ ʨʘʟʨʝʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʝʥʝ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʦʛʦ ʨʝʞʠʤʘ 
ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʣʝʙʝʜʷʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʣʘʛʫʥʥʳʡ ʚʦ ʚʪʦʨʦʡ. ʀʟʚʝʩʪʥʷʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʩʚʝʪʣʦ-ʩʝʨʳʝ,ʙʝʣʳʝ,ʨʝʞʝ ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʝ. ʉʨʝʜʠ ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʭ ʦʪʤʝʯʘʶʪʩʷ 
ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ, ʚʦʜʦʨʦʩʣʝʚʳʝ, ʦʩʪʨʘʢʦʜʦʚʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʦʙʠʣʴʥʳʝ ʦʩʪʘʪʢʠ ʬʘʫʥʳ ʙʨʘʭʠʦʧʦʜ, 
ʧʝʣʝʮʠʧʦʜ, ʠʛʣʦʢʦʞʠʭ, ʦʩʪʨʘʢʦʜ, ʛʘʩʪʨʦʧʦʜ, ʨʳʙ. ɼʦʣʦʤʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩʝʨʳʝ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ, 
ʯʘʩʪʦ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ, ʩʦʜʝʨʞʘʪ ʨʝʜʢʠʝ ʦʩʪʘʪʢʠ ʧʘʥʮʳʨʝʡ ʨʳʙ, ʦʩʪʨʘʢʦʜʳ. ʉʨʝʜʠ ʠʟʚʝʩʪʥʷʢʦʚ 
ʣʝʙʝʜʷʥʩʢʦʡ ʩʚʠʪʳ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʨʘʟʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ 
ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʠ ʙʣʦʯʥʦʛʦ ʢʘʤʥʷ. ʀʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʨʝʜʠ ʥʠʭ ʚʳʷʚʣʷʪʴ 
ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʦʙʣʠʮʦʚʦʯʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
ʣʝʙʝʜʷʥʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʩʪʴ ʠ ʤʦʥʦʣʠʪʥʦʩʪʴ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʦʷʭ. 
ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ    ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʃʠʧʝʮʢʦʡ ʦʙʣʘʩʪʠ (ʊʶʰʝʚʩʢʦʝ, ʀʚʘʥʦʚʩʢʦʝ) ʚ ʩʦʩʪʘʚʝ ʣʝʙʝʜʷʥʩʢʦʡ 
ʩʚʠʪʳ    ʚʩʢʨʳʚʘʶʪʩʷ ʯʝʪʳʨʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʧʘʯʢʠ ʠʟʚʝʩʪʥʷʢʦʚ, ʥʦ ʧʦʣʥʳʡ ʠʭ ʨʘʟʨʝʟ ʙʦʣʴʰʝ 
ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʯʘʩʪʝʡ. ʇʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʬʠʢʩʠʨʫʝʪʩʷ ʚʳʩʦʢʘʷ ʤʦʥʦʣʠʪʥʦʩʪʴ 
ʠʟʚʝʩʪʥʷʢʦʚ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʧʦʜʥʷʪʠʠ ʢʝʨʥʘ ʩʪʦʣʙʠʢʘʤʠ ʦʪ 0,1 ʜʦ 0,5 ʤ. ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʪʘʢʠʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʢʦʥʜʠʮʠʦʥʥʳʝ ʦʙʣʠʮʦʚʦʯʥʳʝ ʙʣʦʢʠ. ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 
ʤʦʥʦʣʠʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 0,269, ʚʘʨʴʠʨʫʷ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʦʪ 0,06  ʜʦ 0,476. 

ɺʝʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʧʘʯʢʠ ʥʘ ʨʘʟʚʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ: IV ʧʘʯʢʘ ʣʝʙʝʜʷʥʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ 
ʵʨʦʜʠʨʦʚʘʥʘ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʯʘʩʪʦ   ʚ ʚʠʜʝ ʦʩʪʘʥʮʦʚ ʥʘ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʥʘ ʚʳʩʦʢʦʡ ʢʨʦʚʣʝ 
ʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 150,0-160,0 ʤ. ɺʩʢʨʳʪʳʝ ʝʝ 
ʤʦʱʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 1,0-3,0 ʤʝʪʨʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ, ʪʦʥʢʦʧʣʠʪʯʘʪʳʤʠ 
ʧʝʣʠʪʦʤʦʨʬʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʠ ʧʨʦʩʣʦʷʤʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚʠʜʥʳʭ, ʙʨʝʢʯʠʝʚʳʭ, ʘ 
ʪʘʢʞʝ ʩ ʛʣʠʥʠʩʪʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʠ ʤʝʨʛʝʣʷʤʠ (çʩʠʥʷʢʠè). III ʧʘʯʢʘ ʣʝʙʝʜʷʥʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʞʝʣʪʦʚʘʪʦ-ʙʝʣʳʤʠ, ʧʝʣʠʪʦʤʦʨʬʥʳʤʠ ʪʦʣʩʪʦʧʣʠʪʯʘʪʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʩ ʤʦʱʥʦʩʪʴʶ ʧʣʠʪ 
ʜʦ 0,5 ʤ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʘʯʢʠ ʩ ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʤʠ ʢʘʚʝʨʥʦʟʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʩ 
ʢʦʣʦʥʠʷʤʠ ʩʪʨʦʤʘʪʦʧʦʨ. ɺ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʨʝʢʯʝʝʚʠʜʥʦʡ ʠʣʠ ʧʷʪʥʠʩʪʦʡ ʪʝʢʩʪʫʨʘʤʠ, ʜʦ 
ʤʠʢʨʦʩʣʦʠʩʪʦʡ. ʉʪʨʫʢʪʫʨʘ ʞʝ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʝʣʠʪʦʤʦʨʬʥʘʷ, ʯʘʩʪʦ ʧʝʨʝʭʦʜʷʱʘʷ ʚ 
ʧʩʝʚʜʦʦʦʣʠʪʦʚʫʶ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ 2,0-4,5 ʤʝʪʨʘ. ɼʣʷ II ʧʘʯʢʠ ʧʨʠʩʫʱʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʠ ʙʝʣʳʝ ʦʢʨʘʩʢʠ 
ʧʦʨʦʜ. ɿʜʝʩʴ ʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʦʢʨʝʤʥʝʥʠʝ ʠʟʚʝʩʪʥʷʢʦʚ. ʆʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʚ 
ʚʠʜʝ ʧʨʦʩʣʦʝʚ ʛʣʠʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʟʝʣʝʥʦʚʘʪʳʤʠ ʦʪʪʝʥʢʘʤʠ. ʇʦʩʣʦʡʥʦ, ʚ ʚʠʜʝ ʣʠʥʟʦʯʝʢ ʠ 
ʩʪʷʞʝʥʠʡ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʢʨʝʤʥʠ. ɺ ʮʝʣʦʤ ʠʟʚʝʩʪʥʷʢʠ ʜʦʣʦʤʠʪʠʩʥʳʝ, ʤʘʩʩʠʚʥʳʝ, ʢʨʝʧʢʠʝ. ʇʦʜ 
ʤʠʢʨʦʩʢʦʧʦʤ ʧʦʨʦʜʘ ʩʢʪʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ. ʉʣʘʛʘʶʪ ʘʛʨʝʛʘʪʳ ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ ʢʘʣʴʮʠʪʘ ʩ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʦʤʙʦʵʜʨʘʤʠ ʜʦʣʦʤʠʪʘ. ʇʦ ʭʠʤʩʦʩʪʘʚʫ ʵʪʘ ʧʘʯʢʘ ʦʪʣʠʯʘʝʪʩʷ ʧʦʥʠʞʝʥʥʳʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ ʠ ʚʳʩʦʢʠʤ ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʦʩʪʘʪʢʦʤ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ 3,0-4,5 ʤʝʪʨʘ. ʀʟʚʝʩʪʥʷʢʠ 
I ʧʘʯʢʠ ʩʦʩʪʦʷʪ ʠʟ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʩ ʢʦʨʠʯʥʝʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ, ʧʝʣʠʪʦʤʦʨʬʥʳʭ 
ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ʅʘ ʬʦʥʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʩʩʳ ʚʳʜʝʣʷʶʪʩʷ ʦʙʣʦʤʢʠ ʨʘʢʦʚʠʥ, ʧʦʣʦʩʪʠ ʢʦʪʦʨʳʭ 
ʚʳʧʦʣʥʝʥʳ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤ ʢʘʣʴʮʠʪʦʤ. ɺ ʧʦʨʦʜʝ ʦʪʤʝʯʘʶʪʩʷ ʧʩʝʚʜʦʦʦʣʠʪʳ ï ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʨʫʛʣʦʡ 
ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ, ʩʣʦʞʝʥʥʳʝ ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ ʢʘʣʴʮʠʪʦʤ. ʅʘʙʣʶʜʘʶʪʩʷ ʫʯʘʩʪʢʠ, 
ʩʣʦʞʝʥʥʳʝ ʧʦʨʠʩʪʳʤ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤ ʢʘʣʴʮʠʪʦʤ. ʇʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʠʩʪʦʡ ʧʨʠʤʝʩʠ ʤʘʣʦ. ʇʦʜ 
ʤʠʢʨʦʩʢʦʧʦʤ ʠʤʝʶʪ ʩʪʦʣʙʯʘʪʫʶ ʪʝʢʩʪʫʨʫ. ɼʣʷ ʥʠʟʦʚ ʣʝʙʝʜʷʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʭʘʨʘʢʪʝʨʥʳ 
ʢʦʥʛʣʦʤʝʨʘʪʦ-ʙʨʝʢʯʠʝʚʳʝ, ʧʦʣʦʩʯʘʪʳʝ, ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʝ ʠ ʧʝʣʠʪʦʤʦʨʬʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. 
ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ 2,0-3,0 ʤʝʪʨʘ. ʇʦ ʦʙʱʠʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʦʣʝʟʥʘʷ ʪʦʣʱʘ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʟʚʝʩʪʥʷʢʦʚ   ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʩʪʦʦʙʨʘʟʥʫʶ ʟʘʣʝʞʴ, ʩ ʠʟʤʝʥʯʠʚʦʡ ʤʦʱʥʦʩʪʴʶ 
ʠ ʥʝʚʳʜʝʨʞʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʩʢʨʳʰʠ, ʠʟʤʝʥʯʠʚʳʤ ʢʘʯʝʩʪʚʦʤ ʧʦʣʝʟʥʦʡ ʪʦʣʱʠ. ɿʘʣʝʞʴ 
ʩʦʜʝʨʞʠʪ ʧʨʦʩʣʦʠ ʢʘʨʩʪʦʚʳʭ ʠ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʧʦʨʦʜ, ʧʦʜʚʝʨʞʝʥʘ ʩʠʣʴʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʣʴʥʦ ʨʘʟʨʫʰʝʥʥʳʤʠ ʠ ʤʦʥʦʣʠʪʥʳʤʠ ʢʨʝʧʢʠʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ 
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ʯʝʪʳʨʴʤʷ   ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʧʘʯʢʘʤʠ. ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠʟʚʝʩʪʥʷʢʦʚ   ʣʝʜʷʥʩʢʦʡ ʩʚʠʪʳ 
ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʝʛʦ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ 
ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. ʆʪʤʝʯʘʶʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʪʨʝʱʠʥ ʠ ʪʨʝʱʠʥʥʳʭ ʟʦʥ: ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, 
ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʝ. ɻʨʫʧʧʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʝʱʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʝʚʳʝ 
(ʧʣʘʩʪʦʚʳʝ) ʪʨʝʱʠʥʳ ʦʪʜʝʣʴʥʦʩʪʠ, ʤʦʱʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 5ʩʤ, ʨʝʜʢʦ 15ʩʤ. ʇʣʦʩʢʦʩʪʠ ʪʨʝʱʠʥ ʨʦʚʥʳʝ, 
ʠʥʦʛʜʘ ʰʝʨʦʭʦʚʘʪʳʝ, ʩ ʛʣʠʥʠʩʪʳʤʠ ʧʨʠʤʘʟʢʘʤʠ. ʄʘʣʦʤʦʱʥʳʝ ʪʨʝʱʠʥʳ ʦʙʳʯʥʦ ʧʫʩʪʳʝ, ʢʨʫʧʥʳʝ (5-
15ʩʤ) ʚʳʧʦʣʥʝʥʳ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʱʝʙʥʝʤ ʠʟʚʝʩʪʥʷʢʘ. ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 
ʵʪʠʭ ʪʨʝʱʠʥ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʯʝʨʝʟ     0,5-1,0ʤ, ʚ ʚʝʨʭʥʝʡ-ʯʝʨʝʟ 0,3-0,5ʤ, ʜʦʩʪʠʛʘʷ ʜʦ 5-6ʰʪ. ʥʘ 
1ʧ.ʤ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʪʨʝʱʠʥʳ ʠ ʪʨʝʱʠʥʥʳʝ ʟʦʥʳ ʦʙʨʘʟʫʶʪ ʪʨʠ ʩʠʩʪʝʤʳ. ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʩʠʩʪʝʤʘ 
ʩʪʨʫʢʪʫʨʥʳʭ ʣʠʥʠʡ ʩʘʤʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ, ʠʤʝʝʪ ʘʟʠʤʫʪʳ ʧʘʜʝʥʠʷ: ʉɺ 10-55o, ʉɺ 85-90o.ʉʝʚʝʨʦ-
ʟʘʧʘʜʥʘʷ ʩʠʩʪʝʤʘ ʩʪʨʫʢʪʫʨʥʳʭ ʣʠʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʢʨʫʪʠʟʥʦʡ ʧʘʜʝʥʠʷ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʠ ʶʛʦ-ʟʘʧʘʜʫ. 
ɸʟʠʤʫʪ ʧʘʜʝʥʠʷ 280-300o, ʫʛʦʣ ʧʘʜʝʥʠʷ 75-85o. ʐʠʨʠʥʘ ʟʦʥ 5-40ʤ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ 800-2300ʤ.ʐʠʨʦʪʥʳʝ 
ʩʪʨʫʢʪʫʨʥʳʝ ʣʠʥʠʠ ʠʤʝʶʪ ʘʟʠʤʫʪ ʧʘʜʝʥʠʷ ʉ 0o,ʫʛʦʣ 80-85o. ʐʠʨʠʥʘ ʟʦʥ 10-35ʤ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ 1300-
3250ʤ.  

ʉʨʝʜʥʠʡ ʦʞʠʜʘʝʤʳʡ ʚʳʭʦʜ ʙʣʦʢʦʚ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʩʩʦʚʘʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ 
ʤʦʥʦʣʠʪʥʦʩʪʠ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʠʭ  ʧʫʩʪʦʪʥʦʩʪʠ (ʢʘʨʩʪ, ʤʫʯʥʠʩʪʳʝ ʨʘʟʥʦʩʪʠ):III -V ʛʨʫʧʧʳ: 22,7%,ʚ ʪ.ʯ.: III 
ʛʨʫʧʧʳ:2,8%,  IV ʛʨʫʧʧʳ:14,2%,  V ʛʨʫʧʧʳ:5,7%. 

 

 
 

ʈʠʩ.1. ɼʦʙʳʪʳʝ ʙʣʦʢʠ ʠʟʚʝʩʪʥʷʢʘ ʈʠʩ.2. ɻʦʪʦʚʳʝ ʠʟʜʝʣʠʷ 
 
ʄʠʥʝʨʘʣʴʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʰʣʠʬʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʝʙʝʜʷʥʩʢʠʝ ʠʟʚʝʩʪʥʷʢʠ ʩʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʣʴʮʠʪʦʤ ʩ ʨʝʜʢʠʤʠ 
ʨʦʤʙʦʵʜʨʘʤʠ ʜʦʣʦʤʠʪʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʯʝʢ ʣʝʙʝʜʷʥʩʢʦʛʦ 
ʛʦʨʠʟʦʥʪʘ. ɼʣʷ I (ʥʠʞʥʝʡ) ʧʘʯʢʠ ʭʘʨʘʢʪʝʨʥʳ ʧʝʣʠʪʦʤʦʨʬʥʳʝ ʨʘʟʥʦʩʪʠ ʙʝʣʦʛʦ ʠ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ 
ʢʦʨʠʯʥʝʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʩ ʨʝʜʢʦʡ ʬʘʫʥʦʡ ʛʘʩʪʨʦʧʦʜ ʚ ʚʠʜʝ ʚʥʫʪʨʝʥʥʠʭ ʷʜʝʨ ʠ ʰʘʨʦʚʠʜʥʳʤʠ 
ʩʢʦʧʣʝʥʠʷʤʠ ʩʪʨʦʤʘʪʦʧʦʨ. ʀʟʚʝʩʪʥʷʢʠ ʧʘʯʢʠ ʦʪʣʠʯʘʶʪʩʷ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʴʮʠʷ. 
ɼʣʷ II ʧʘʯʢʠ ʭʘʨʘʢʪʝʨʥʳ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ʀʟʚʝʩʪʥʷʢʠ ʧʘʯʢʠ ʩʣʦʞʝʥʳ ʢʘʣʴʮʠʪʦʤ ʩ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʨʦʤʙʦʵʜʨʘʤʠ ʜʦʣʦʤʠʪʘ. ʆʪʤʝʯʘʶʪʩʷ ʦʙʣʦʤʢʠ ʩʪʚʦʨʦʢ ʦʩʪʨʘʢʦʜ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ 
ʦʩʪʘʪʢʠ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʫʢʘʟʘʥʥʦʡ ʧʘʯʢʝ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ 
ʦʩʪʘʪʢʘ. ʀʟʚʝʩʪʥʷʢʠ III ʧʘʯʢʠ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 
ʆʪʤʝʯʘʶʪʩʷ ʦʩʪʘʪʢʠ ʦʩʪʨʘʢʦʜ. ʉʣʦʞʝʥʘ ʢʘʣʴʮʠʪʦʤ ʩ ʨʦʤʙʦʵʜʨʘʤʠ ʜʦʣʦʤʠʪʘ. ɺ IV ʧʘʯʢʝ ʙʦʣʴʰʝ 
ʩʚʝʪʣʦ-ʩʝʨʳʭ ʨʘʟʥʦʩʪʝʡ ʩ ʚʢʣʶʯʝʥʠʝʤ ʤʝʨʛʝʣʝʡ ʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʥʠʞʝ ʟʘ ʩʯʝʪ 
ʧʦʚʳʰʝʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ. ʉʣʦʞʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʣʴʮʠʪʦʤ.ʍʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ  ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʠ ʢʘʨʙʦʥʘʪʘ ʤʘʛʥʠʷ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ 
ʧʨʝʜʝʣʘʭ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʦʨʦʜʝ  ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʘʯʝʢ, ʪʘʢ ʠ ʰʠʨʦʢʦʛʦ 
ʨʘʟʚʠʪʠʷ ʢʘʨʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦʨʦʜ. ʊʘʢ ʤʠʥʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʘ 
ʢʘʣʴʮʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʫʯʥʠʩʪʳʭ,ʪʨʝʱʠʥʦʚʘʪʳʭ, ʨʘʟʙʠʪʳʭ ʜʦ ʱʝʙʥʷ ʫʯʘʩʪʢʦʚ ʚ ʨʘʟʨʝʟʝ, ʘ 
ʤʘʢʩʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʦʥʦʣʠʪʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ.  

ʆʙʲʝʤʥʳʡ ʚʝʩ ʠʟʚʝʩʪʥʷʢʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 2,03 ʛ\ʩʤ3ʜʦ 2,52 ʛ\ʩʤ3,.ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʢʦʣʝʙʣʝʪʩʷ ʚ 
ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪ 390 ʢʛ/ ʩʤ2  ʜʦ 790 ʢʛ/ .ʉʨʝʜʥʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʚʝʩʪʥʷʢʦʚ ʧʦ 
ʧʨʦʯʥʦʩʪʠ  ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʘʚʣʷʶʪ 530 ʢʛ/ ʩʤ2 .ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʷʛʯʝʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚ  ʤʝʥʷʝʪʩʷ 
ʦʪ 0,66 ʜʦ 1,0. ʇʦʨʠʩʪʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10,67  ʜʦ 12,0 %, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʘ 11,34%. 
ʄʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʠʟʚʝʩʪʥʷʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 25 ʜʦ 50 ʮʠʢʣʦʚ,ʜʝʢʦʨʘʪʠʚʥʦʩʪʴ ʠʟʚʝʩʪʥʷʢʦʚ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ III-ʤʘʣʦʜʝʢʦʨʘʪʠʚʥʳʝ. 

ɺʳʜʝʣʷʶʪʩʷ 3 ʦʩʥʦʚʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʢʘʤʥʷ: ʩʝʨʳʝ ʠʟʚʝʩʪʥʷʢʠ; ʩʚʝʪʣʦ-ʩʝʨʳʝ 
(ʙʝʣʳʝ) ʠʟʚʝʩʪʥʷʢʠ;ʩʚʝʪʣʦ-ʩʝʨʳʝ ʙʨʝʢʯʝʝʚʠʜʥʳʝ ʠʟʚʝʩʪʥʷʢʠ.ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʦʙʣʠʮʦʚʦʯʥʳʭ ʧʣʠʪ ʧʦʣʫʯʝʥ ʠʟ ʩʚʝʪʣʦ-ʩʝʨʳʭ ( ʙʝʣʳʭ) 
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ʠʟʚʝʩʪʥʷʢʦʚ  ʦʪ  9,0 ʜʦ 12,2 ʤ2/ʤ3. ɼʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʦʥ ʩʦʩʪʘʚʠʣ ʦʪ 8,4 ʜʦ 
9,2 ʤ2/ʤ3. ʅʘʠʤʝʥʴʰʠʤ ʚʳʭʦʜʦʤ ʧʣʠʪ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʝʨʳʝ ʢʨʝʧʢʠʝ ʠʟʚʝʩʪʥʷʢʠ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʝʥ 
ʚʳʭʦʜ ʧʣʠʪ ʦʪ 2,5 ʜʦ 5,0 ʤ2/ʤ3, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʭʨʫʧʢʦʩʪʴʶ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ ʩʣʘʙʦʡ ʚʷʟʢʦʩʪʴʶ. ʉʚʝʪʣʦ-ʩʝʨʳʝ ʙʨʝʢʯʝʝʚʠʜʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠʤʝʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 
ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʭʦʜʦʤ ʧʣʠʪ ʦʪ 8,4 ʜʦ 9,2 ʤ2/ʤ3. ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʧʣʠʪ ʠʤʝʶʪ 
ʩʚʝʪʣʦ-ʩʝʨʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠʟʚʝʩʪʥʷʢʦʚ, ʚʭʦʜ ʧʣʠʪ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 9,0 ʜʦ 12,2 ʤ2/ʤ3. 

   ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʩʧʠʣʦʚʢʝ ʠ ʦʙʨʘʙʦʪʢʝ 
ʦʙʣʠʮʦʚʦʯʥʳʭ ʧʣʠʪ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʧʦʢʘʟʳʚʘʶʪ ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ   ʚ ʚʦʟʜʫʰʥʦ-
ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʧʣʠʪʘʭ ʠʟ ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 815 ʜʦ 1240 ʢʛʩ/ʩʤ2, ʚ ʩʨʝʜʥʝʤ 
ʩʦʩʪʘʚʣʷʝʪ 981 ʢʛʩ/ʩʤ2, ʚ ʧʣʠʪʘʭ ʠʟ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 466 ʜʦ 589 ʢʛʩ/ʩʤ2, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 
526 ʢʛʩ/ʩʤ2, ʚ ʧʣʠʪʘʭ ʠʟ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 213 ʜʦ 464 ʢʛʩ/ʩʤ2, ʚ 
ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 328 ʢʛʩ/ʩʤ2. ʂʦʵʬʬʠʮʠʝʥʪ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ (Kʩʥ.ʧʨ.) ʩʦʩʪʘʚʣʷʝʪ  ʜʣʷ ʩʝʨʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ 1,42, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʷʛʯʝʥʠʷ (Ksof) ʩʦʩʪʘʚʠʣ 1,01. ʂʦʵʬʬʠʮʠʝʥʪ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 
(Kʩʥ.ʧʨ.) ʩʦʩʪʘʚʠʣ ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ -21,8,  ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʷʛʯʝʥʠʷ (Ksof) ʩʦʩʪʘʚʠʣ 
0,781, ʂʦʵʬʬʠʮʠʝʥʪ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ (Kʩʥ.ʧʨ.) ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ  
ʩʦʪʘʚʠʣ-13,7,  ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʷʛʯʝʥʠʷ (Ksof) ʩʦʩʪʘʚʠʣ 0,86. ʀʥʪʝʨʝʩʥʦ ʚʳʛʣʷʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 
ʧʨʦʯʥʦʩʪʠ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʜʦʧʦʛʣʘʱʝʥʠʷ 
ʦʙʣʠʮʦʚʦʯʥʳʭ ʧʣʠʪ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʜʣʷ ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠʟʤʝʥʝʥʠʷ 
ʩʦʩʪʘʚʣʷʶʪ ʦʪ 1,28 ʜʦ 1,49%, ʚ ʩʨʝʜʥʝʤ 1,38 %, ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʦʪ 7,08 ʜʦ 8,01, ʚ ʩʨʝʜʥʝʤ 
7,89%,%,ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ  ʦʪ 9,51 ʜʦ 10,11, ʚ ʩʨʝʜʥʝʤ 9,8%. ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ çʚ 
ʢʫʩʢʝè ʜʣʷ ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ  ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,540 ʜʦ 2,544,ʚ ʩʨʝʜʥʝʤ 2,545 ʛ/ʩʤ3 , ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ 
ʦʪ 2,173 ʜʦ 2,204,ʚ ʩʨʝʜʥʝʤ 2,185 ʛ/ʩʤ3,ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ  ʦʪ 2,103 ʜʦ 2,131,ʚ ʩʨʝʜʥʝʤ 
2,118 ʛ/ʩʤ3. ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʣʷ ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩʦʩʪʘʚʠʣʘ 2,711 ʛ/ʩʤ3, ʘ ʚʦʜʦʚʦʛʣʦʱʝʥʠʝ 6,12 
%, ʠʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ - 2,680 ʛ/ʩʤ3,  ʚʦʜʦʚʦʛʣʦʱʝʥʠʝ -18,47%, ʠʩʪʠʥʥʘʷ 
ʧʣʦʪʥʦʩʪʴ ʜʣʷ ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩʦʩʪʘʚʠʣʘ 2,679 ʛ/ʩʤ3, ʘ ʚʦʜʦʚʦʛʣʦʱʝʥʠʝ 20,94%. 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʠʪʳ ʠʟ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ ʥʝ ʤʦʨʦʟʦʩʪʦʡʢʠ, ʠ ʧʦʩʣʝ 15 ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠʩʧʳʪʳʚʘʝʤʳʝ ʦʙʨʘʟʮʳ ʥʘʯʘʣʠ 
ʨʘʟʨʫʰʘʪʴʩʷ ʩ ʧʦʪʝʨʝʡ ʩʝʯʝʥʠʷ ʜʦ 50%, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʧʳʪʘʥʠʷʭ ʧʦʩʣʝ 50 ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 
ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʣʠʩʴ. ʇʣʠʪʳ ʠʟ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʠ ʩʝʨʳʭ  ʠʟʚʝʩʪʥʷʢʦʚ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ 
ʠ ʚʳʜʝʨʞʠʚʘʶʪ 75 ʮʠʢʣʦʚ ʟʘʤʦʨʦʞʠʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʧʦʪʝʨʷ  ʧʨʦʯʥʦʩʪʴ ʧʦʩʣʝ 50 ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 
ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ  ʫʚʝʣʠʯʠʣʘʩʴ ʠ ʩʦʩʪʘʚʠʣʘ +20,6%,ʜʣʷ ʩʝʨʳʭ -+4,5%, ʧʦʩʣʝ 75 ʮʠʢʣʦʚ 
ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ ʠʟʤʝʥʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ  ʩʦʩʪʘʚʠʣʘ ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ  -6,8%,ʜʣʷ ʩʝʨʳʭ - 3,3%. ʅʘʠʙʦʣʴʰʝʡ ʧʦʣʠʨʫʝʤʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʩʝʨʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ 
ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʥʠʭ 15,4%, ʇʦʣʠʨʫʝʤʦʩʪʴ ʩʚʝʪʦ-ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʥʠʞʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 7,53 %, ʘ ʩʚʝʪʣʦ-
ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ 6,93 %. ɺʩʝ 3 ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ IV   ʢʘʪʝʛʦʨʠʠ ʦʪʨʘʞʘʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʠ. 

ʎʚʝʪʥʦʩʪʴ ʜʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʷʢʦʚ - ʭʨʦʤʘʪʠʯʝʩʢʘʷ, I ʢʘʪʝʛʦʨʠʠ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, 
ʥʘʩʳʱʝʥʥʦʩʪʴ ʮʚʝʪʦʤ ʜʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʷʢʦʚ-ʥʝʥʘʩʳʱʝʥʥʘʷ, IV   ʢʘʪʝʛʦʨʠʠ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, 
ʢʘʪʝʛʦʨʠʷ ʮʚʝʪʦʚʦʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷ ʪʘʢʞʝ ʜʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʷʢʦʚ ʨʷʜʦʚʘʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ III   
ʢʘʪʝʛʦʨʠʠ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ; ʩʦʯʝʪʘʥʠʝ ʮʚʝʪʦʚ-ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ  ʩ ʛʘʨʤʦʥʠʯʥʳʤʠ 
ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʪʦʥʘ ʠ ʚʩʝ  ʠʟʚʝʩʪʥʷʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ II 
ʢʘʪʝʛʦʨʠʠ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʈʠʩʫʥʦʢ ʜʣʷ ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠʤʝʝʪ ʦʜʥʦʨʦʜʥʳʡ ʪʦʥ, ʠʥʦʛʜʘ 
ʧʝʡʟʘʞʥʳʡ ʩ ʧʨʦʞʠʣʢʘʤʠ ʠ ʧʷʪʥʘʤʠ, ʫ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʨʠʩʫʥʦʢ ʪʘʢʞʝ ʦʜʥʦʨʦʜʥʳʡ, ʠʥʦʛʜʘ ʩ 
ʧʨʦʞʠʣʢʘʤʠ, ʧʝʡʟʘʞʥʳʡ, ʫ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʨʠʩʫʥʦʢ ʧʝʡʟʘʞʥʳʡ 
ʙʨʝʢʯʝʝʚʠʜʥʳʡ ʠ ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ I ʢʘʪʝʛʦʨʠʠ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʉʪʨʫʢʪʫʨʘ ʦʙʣʠʮʦʚʦʯʥʳʭ ʧʣʠʪ ʠʟ ʚʩʝʭ ʠʟʚʝʩʪʥʷʢʦʚ- ʩʢʨʳʪʦʟʝʨʥʠʩʪʘʷ (ʨʘʟʤʝʨ ʟʝʨʝʥ ʤʝʥʝʝ ʠʣʠ 
ʨʘʚʝʥ 0,1 ʤʤ), ʧʦ ʛʣʫʙʠʥʝ ʧʨʦʩʚʝʯʠʚʘʥʠʷ- ʥʝ ʧʨʦʩʚʝʯʠʚʘʶʪʩʷ. ʇʦ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠʟʚʝʩʪʥʷʢʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ III   ʢʘʪʝʛʦʨʠʠ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

ʀʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʷʢʦʚ ʦʜʠʥʘʢʦʚʘʷ, ʩʦʩʪʘʚʣʷʝʪ ʧʦ 21 ʙʘʣʣʫ, ʯʪʦ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ III ʢʣʘʩʩʫ ʧʦ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ-ʤʘʣʦʜʝʢʦʨʘʪʠʚʥʳʝ. 

ʆʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʧʦ ʙʣʝʩʢʦʤʝʨʫ ʌɹ-2 ʠʟʤʝʥʷʝʪʩʷ ʜʣʷ ʩʝʨʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ ʦʪ 14,6 ʜʦ 16,2 %, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 15,4 %, ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ 
ʠʟʤʝʥʷʝʪʩʷʦʪ 7,4 ʜʦ 7,8 %, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 7,53 %, ʜʣʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʙʨʝʢʯʝʝʚʠʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ 
ʠʟʤʝʥʷʝʪʩʷ ʦʪ 6,2 ʜʦ 8,4 %, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 6,93 %. ɺʩʝ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ IV   ʢʘʪʝʛʦʨʠʠ 
ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʙʣʝʩʢʦʤʝʨʫ. 
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Facing stones of the Lebedyanskaya Formation of the Upper Devonian of the 
northeastern Voronezh Anticlise 
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Among the limestones of the Lebedyan Formation of the Upper Devonian of the north-east of the 

Voronezh Anticlise there are widely developed varieties of great interest as facing and block stone. 
Their morphostructural features make it possible to identify promising areas for the development of 
facing limestones. A characteristic feature of Lebedyanka limestones is their recrystallization and 
monolithicity in separate layers. Average expected yield of blocks from limestones: III -V group-22,7%, 
including: III group-2,8%, IV group-14,2%, V group-5,7% 3 main varieties of facing limestones are 
revealed: sulfur limestones; light gray (white) limestones; light gray brecciated limestones. 
Limestones correspond to V category of reflectivity on the glossometer, color saturation for all 
limestones is unsaturated, color preference category corresponds to III category; color combination 
is monochromatic with harmonious deviations from the dominant tone and corresponds to II category. 
The drawing for gray limestone has a homogeneous tone, sometimes landscape with veins and spots, 
for light gray limestone the drawing is also homogeneous, sometimes with veins, landscape, for light 
gray brecciated limestone the drawing is landscape brecciated and all varieties correspond to I 
category of reflectivity. The final estimation of decorativeness for all limestones is the same, makes 
on 21 points that corresponds to III class on decorativeness-malodecorative. Reflectivity of finished 
products for gray limestone averages 15,4 %, for light gray limestone averages 7,53 %, for light gray 
brecciated limestone averages 6,93 %.  

Keywords: limestones, blocks, slabs 
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ʇʝʨʩʧʝʢʪʠʚʳ ʚʳʷʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʝʢʦʣʴʥʳʭ ʧʝʩʢʦʚ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ 

ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʩʚʷʟʘʥʳ ʩ 3 ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ: ʇʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ ʚʦʣʯʠʥʩʢʦʡ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ; ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 
ʤʠʦʮʝʥʘ (ʧʦʪʫʜʘʥʩʢʘʷ ʩʝʨʠʷ); ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ (ʛʦʨʷʥʩʢʘʷ 
ʩʝʨʠʷ). 

ɼʣʷ ʦʪʣʦʞʝʥʠʡ ʚʦʣʯʠʥʩʢʦʡ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
ʧʝʩʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʜʝʨʞʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʦʨʤʠʨʫʝʤʳʭ ʬʨʘʢʮʠʡ (ʙʦʣʝʝ 0.8 ʤʤ ʠ 
ʤʝʥʝʝ 0.1 ʤʤ). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʝʩʢʦʚ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʠ ʥʠʟʢʠʝ 
ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʇʦʩʣʝ ʦʙʦʛʘʱʝʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʤʘʨʦʢ ʩʪʝʢʦʣʴʥʳʭ ʧʝʩʢʦʚ: 
ɺʉ-050,ʆɺʉ-025 ʠ ʆʆɺʉ-015 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʧʝʩʢʠ ʤʠʦʮʝʥʘ (ʧʦʪʫʜʘʥʩʢʘʷ ʩʝʨʠʷ) ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠ 
ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʜʝʨʞʘʥʥʦʩʪʴʶ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʩʷʱʠʭ ʦʢʠʩʣʦʚ ʦʪʚʝʯʘʝʪ ʥʠʟʢʠʤ ʠ ʩʨʝʜʥʠʤ ʢʘʯʝʩʪʚʝʥʥʳʤ 
ʟʥʘʯʝʥʠʷʤ. ʇʝʩʢʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʤʘʨʢʝ ʊ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ 
ʦʙʦʛʘʱʝʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʢʚʘʨʮʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʤʘʨʢʠ 
ʉ-070. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʧʝʩʢʠ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ (ʛʦʨʷʥʩʢʘʷ ʩʝʨʠʷ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʥʢʠʤ 
ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʭ ʦʙʣʦʤʦʯʥʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ 
ʧʦʨʦʜʦʙʨʘʟʫʶʱʠʤ ʢʚʘʨʮʝʤ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʘʢʮʝʩʩʦʨʥʳʭ 
ʤʠʥʝʨʘʣʦʚ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʠʤʠ ʠ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʢʠʩʠ ʞʝʣʝʟʘ ʠ 
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ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. ɺʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʦʙʦʛʘʱʝʥʥʳʭ 
ʤʘʨʦʢ ʩʪʝʢʦʣʴʥʳʭ ʧʝʩʢʦʚ ʛʨʫʧʧʳ ɺʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʪʝʢʦʣʴʥʳʝ ʧʝʩʢʠ, ʘʧʪ, ʤʠʦʮʝʥ, ʧʣʠʦʮʝʥ. 
 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʨʘʟʚʠʪʠʶ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʧʨʦʚʦʜʠʣʠʩʴ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʧʦʠʩʢʠ   ʢʚʘʨʮʝʚʳʭ 
ʩʪʝʢʦʣʴʥʳʭ ʧʝʩʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʠʧʝʮʢʦʡ ʦʙʣʘʩʪʠ (ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ). 
ʇʝʨʩʧʝʢʪʠʚʳ ʚʳʷʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʝʢʦʣʴʥʳʭ ʧʝʩʢʦʚ ʩʚʷʟʘʥʳ ʩ 3-ʤʷ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ: 

1) ʇʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʦʣʯʠʥʩʢʦʡ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ 
(ʀʣʴʠʥʩʢʠʡ, ɼʝʣʝʭʦʚʩʢʠʡ ʠ ʇʝʨʚʦʤʘʡʩʢʠʡ ʫʯʘʩʪʢʠ ɺʦʣʯʠʥʩʢʦʡ, ɼʫʙʦʚʝʮʢʠʡ ʫʯʘʩʪʦʢ 
ɼʫʙʦʚʝʮʢʦʡ ʧʣʦʱʘʜʠ, ʉʝʥʮʦʚʩʢʠʡ ʫʯʘʩʪʦʢ ʉʝʥʮʦʚʩʢʦ-ʏʠʨʠʢʦʚʩʢʦʡ ʧʨʦʛʥʦʟʥʦ-
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ. 

2) ɸʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʤʠʦʮʝʥʘ (ʧʦʪʫʜʘʥʩʢʘʷ ʩʝʨʠʷ) (ɻʦʨʣʦʚʩʢʦʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʄʠʣʦʩʣʘʚʩʢʦ-ʋʨʫʩʦʚʩʢʦʡ ʧʨʦʛʥʦʟʥʦ-ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ). 

3) ɸʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ (ʛʦʨʷʥʩʢʘʷ ʩʝʨʠʷ) (ʉʠʥʜʷʢʠʥʩʢʠʡ ʠ  
ɼʘʥʴʰʠʥʩʢʠʡ ʫʯʘʩʪʢʠ ɼʘʥʴʰʠʥʩʢʦ-ʉʠʥʜʷʢʠʥʩʢʦʡ  ʧʨʦʛʥʦʟʥʦ-ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ). 

1. ʇʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚʦʣʯʠʥʩʢʦʡ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ.  
ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʦʨʦʜʥʦʡ ʪʦʣʱʝʡ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ, ʨʝʞʝ ʪʦʥʢʦ-

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ ʧʝʩʢʦʚ ʩʝʨʦʚʘʪʦ- ʠ ʞʝʣʪʦʚʘʪʦ-ʙʝʣʦʡ ʦʢʨʘʩʢʠ. ʅʠʞʥʷʷ ʯʘʩʪʴ, ʩʣʦʞʝʥʘ 
ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʠ ʪʦʥʢʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʧʝʩʢʘʤʠ ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʤʠ ʠ ʦʭʨʠʩʪʦ-
ʞʝʣʪʳʤʠ, ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʛʣʠʥʠʩʪʳʤʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʣʠʥʟʦʚʠʜʥʳʝ ʛʦʨʠʟʦʥʪʳ ʢʘʦʣʠʥʦʚʳʭ 
ʛʣʠʥ ʦʪ ʩʝʨʦʚʘʪʦ-ʙʝʣʳʭ ʜʦ ʬʠʦʣʝʪʦʚʦ-ʩʝʨʳʭ, ʥʝʚʳʜʝʨʞʘʥʥʦʡ ʤʦʱʥʦʩʪʠ (ʦʪ 0.1 ʜʦ 2.5 ʤ). ɺ ʨʝʜʢʠʭ 
ʧʝʨʝʩʝʯʝʥʠʷʭ ʚ ʩʦʩʪʘʚʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʣʠʥʟʳ (ʤʦʱʥʦʩʪʴʶ ʜʦ 2.5 ʤ) ʧʝʩʢʦʚ 
ʦʪ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʜʦ ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ, ʩ ʧʨʠʤʝʩʴʶ ʤʝʣʢʦʛʦ ʛʨʘʚʠʷ ʢʚʘʨʮʘ.  

 ʆʙʱʝʝ ʧʦʣʦʞʝʥʠʝ ʧʦʜʦʰʚʳ ʧʦʣʝʟʥʦʡ ʪʦʣʱʠ ʩʪʝʢʦʣʴʥʳʭ ʧʝʩʢʦʚ ʨʘʟʨʝʟʘ ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ 
ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪʤʝʪʦʢ ʦʪ 186.0 ʜʦ 197.4 ʤ. ʇʨʠ ʵʪʦʤ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʝʝ ʩʪʨʦʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʳ ʭʘʨʘʢʪʝʨʦʤ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʣʴʥʳʭ ʠʟʤʝʥʠʡ ʚ ʩʦʩʪʘʚʝ 
ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʨʦʚʣʠ ʠ ʧʦʜʦʰʚʳ ʧʦʣʝʟʥʦʡ ʪʦʣʱʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʝʝ 
ʤʦʱʥʦʩʪʝʡ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʝʩʢʦʚ: ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʜʝʨʞʘʥʥʳʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʥʦʨʤʠʨʫʝʤʳʭ ʬʨʘʢʮʠʡ (ʙʦʣʝʝ 0.8 ʤʤ ʠ ʤʝʥʝʝ 0.1 ʤʤ) ʚ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ ʧʦʣʝʟʥʦʡ 
ʪʦʣʱʠ, ʧʨʠʫʨʦʯʝʥʥʦʡ ʢ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʦʣʯʠʥʩʢʦʡ ʩʚʠʪʳ. ɼʣʷ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʳ 
ʩʚʦʡʩʪʚʝʥʥʘ ʧʦʚʳʰʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʚʳʨʘʞʝʥʥʘʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʡ 
ʘʣʝʚʨʠʪʦʚʦ-ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ (ʤʝʥʝʝ 0.1 ʤʤ). ʆʙʱʠʡ ʨʘʟʙʨʦʩ ʢʦʣʝʙʘʥʠʡ ʟʝʨʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʨʦʙʘʭ, 
ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʦʜʩʯʝʪʥʳʡ ʢʦʥʪʫʨ, ʩʦʩʪʘʚʣʷʝʪ: 

- ʚʦ ʬʨʘʢʮʠʠ ʤʝʥʝʝ 0.1 ʤʤ ï ʦʪ 1.33 ʜʦ 22.58 %; 
- ʚʦ ʬʨʘʢʮʠʠ ʙʦʣʝʝ 0.8 ʤʤ ï ʦʪ 0 ï ʜʦ 4.55 %. 
ɺ ʚʳʜʝʣʷʝʤʳʭ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ ʠ ʚʦʟʤʦʞʥʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʦʪʨʘʙʦʪʢʠ ʩʦʨʪʦʚʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʩʳʨʴʷ (ʩʦʨʪʦʚʳʭ ʠʥʪʝʨʚʘʣʘʭ) ʦʙʱʠʡ ʨʘʟʙʨʦʩ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʵʪʦʡ ʬʨʘʢʮʠʠ 
ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥ ʦʪ 2.12 ʜʦ 14.69 %, ʘ ʚ ʨʘʟʚʝʜʦʯʥʳʭ ʧʝʨʝʩʝʯʝʥʠʷʭ   - ʦʪ 2.53 ʜʦ 13.34 %.  

ʉʨʝʜʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʝʟʥʦʡ ʪʦʣʱʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: 

       - ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ ʤʝʥʝʝ 0.1 ʤʤ ï 6.56ï 6.91 % 
       - ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ ʙʦʣʝʝ 0.8 ʤʤ ï 0.50ï 0.74 % 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚ ʨʷʜʦʚʳʭ ʧʨʦʙʘʭ ʠʟ ʧʝʩʢʦʚ ʧʦʣʝʟʥʦʡ ʪʦʣʱʠ ʩʣʝʜʫʶʱʠʡ: 
- SiO2  - 92.82-99.73 %; 
- Al2O3 ï 0.12-4.06 %; 
- Fe2O3 ʦʙʱ. ï 0.05-0.70 %. 
ʉʦʜʝʨʞʘʥʠʷ SiO2 ʚ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʦʙʲʝʤʝ ʧʨʠʨʦʜʥʳʭ ʧʝʩʢʦʚ ʚʳʰʝ ʤʠʥʠʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʭ 

(95 %) ʜʣʷ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʭ ʤʘʨʦʢ ʩʪʝʢʦʣʴʥʦʛʦ ʩʳʨʴʷ çʇɹ-150-2è, çʇʉ-250è ʠ çʊè. ʉʦʜʝʨʞʘʥʠʷ Al2O3 
ʚ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʙ ʪʘʢʞʝ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ 
ʧʝʩʢʦʚ ʤʘʨʦʢ çʇɹ-150-2è (2 %), çʇʉ-250è (2 %) ʠ çʊè (4 %). ɺ ʮʝʣʦʤ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ ʵʪʠʭ 2 
ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʝʢʦʣʴʥʳʝ ʧʝʩʢʠ ʂʫʡʤʘʥʦʚʩʢʦʛʦ ʫʯʘʩʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʚ ʧʨʠʨʦʜʥʦʤ ʚʠʜʝ 
ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʳʨʴʶ ʤʘʨʦʢ ʥʝ ʥʠʞʝ çʇɹ-150-2è. ɻʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ 
ʢʘʯʝʩʪʚʦ ʩʪʝʢʦʣʴʥʳʭ ʧʝʩʢʦʚ, ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʙ ʦʥʦ 
ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.05-0.06 ʜʦ 0.39-0.42 %. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ (ʜʦ 0.7 %) ʦʪʤʝʯʘʶʪʩʷ 
ʣʠʰʴ ʚ ʦʜʠʥʦʯʥʳʭ ʧʨʦʙʘʭ ʠʟ ʧʝʩʢʦʚ ʧʦʚʳʰʝʥʥʦʡ ʛʣʠʥʠʩʪʦʩʪʠ. 

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʨʦʙʘʭ ʠʟ ʢʦʥʜʠʮʠʦʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 
ʧʝʩʢʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ 3 ʛʨʫʧʧʳ ʤʘʨʦʢ: 

- ʇɹ (ʤʘʨʢʠ çʇɹ-150-1è ʠ çʇɹ-150-2è) ï 27 ʧʨ.; 
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- ʇʉ (ʤʘʨʢʘ çʇʉ-250è)ï 17 ʧʨ.; 
- ʊ (ʤʘʨʢʘ çʊè) ï 24 ʧʨ. 
ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʧʨʦʙʘʤ  ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʥʠʞʝʥʠʷ ʚ 

ʧʝʩʢʘʭ ʩʦʜʝʨʞʘʥʠʡ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ (ʚ 2.6-4 ʨʘʟʘ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʦʪʤʳʚʢʠ, ʩ ʫʜʘʣʝʥʠʝʤ ʛʣʠʥʠʩʪʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ.ʇʨʠ ʵʪʦʤ ʧʦ ʧʝʩʢʘʤ ʩ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʤ ʠʩʭʦʜʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʠʜʘ ʞʝʣʝʟʘ ʧʦʩʣʝ 
ʵʪʦʡ ʩʪʘʜʠʠ ʦʙʦʛʘʱʝʥʠʷ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʳʩʦʢʘʷ ʤʘʨʢʘ ʩʳʨʴʷ ɺʉ-050-1. ʆʪʤʳʚʢʘ ʧʝʩʢʦʚ ʧʦʟʚʦʣʠʣʘ 
ʧʦʣʫʯʠʪʴ ʤʘʨʢʠ ʩʪʝʢʦʣʴʥʦʛʦ ʩʳʨʴʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, - çɹ-100-1è ʠ çʇɹ-100-1è. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 
ʧʦʣʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʦʛʘʱʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʪʪʠʨʢʠ ʠ ʤʘʛʥʠʪʥʦʡ 
ʩʝʧʘʨʘʮʠʠ, ʧʝʩʢʠ ʙʳʣʠ ʜʦʚʝʜʝʥʳ ʜʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʘʨʦʢ ʆɺʉ-025-1ɸ (ʠʣʠ ʆɺʉ-025-1) ʠ ɺʉ-050-
1. ʇʨʠ ʵʪʦʤ ʤʘʨʢʘ ʛʨʫʧʧʳ ʆɺʉ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʧʦ ʥʘʠʤʝʥʝʝ ʦʞʝʣʝʟʥʝʥʥʳʤ ʧʝʩʢʘʤ, ʚ ʠʩʭʦʜʥʦʤ 
ʩʦʩʪʘʚʝ ʫʜʦʚʣʝʪʚʦʨʷʚʰʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʳʨʴʶ ʤʘʨʢʠ çʇɹ-150-1è. ɸ ʧʨʠʨʦʜʥʳʝ ʧʝʩʢʠ ʤʘʨʢʠ çʇʉ-
250è ʙʳʣʠ ʜʦʚʝʜʝʥʳ ʜʦ çɺʉ-50-1è ʫʞʝ ʧʦʩʣʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʪʪʠʨʢʠ. 

ʄʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʧʝʩʢʠ ʧʦ 

ʩʦʩʪʘʚʫ ʢʚʘʨʮʝʚʳʝ (98,50-98,55%), ʩ ʝʜʠʥʠʯʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʟʝʨʝʥ ʢʨʝʤʥʷ (0,03-0,22%), ʧʝʩʯʘʥʠʢʘ 
(0,03-0,13%), ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (0,21-0,82%), ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ (0,09-0,21%), ʤʫʩʢʦʚʠʪʘ (0,04-0,79%), 
ʛʣʘʫʢʦʥʠʪʘ (ʝʜ.-0,02%) ʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ (0,19-0,20%). ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʣʴʤʝʥʠʪʦʤ, 
ʪʫʨʤʘʣʠʥʦʤ, ʜʠʩʪʝʥʦʤ, ʛʨʘʥʘʪʦʤ, ʩʪʘʚʨʦʣʠʪʦʤ. ɿʝʨʥʘ ʧʝʩʢʘ ʩʣʘʙʦ ʦʢʘʪʘʥʳ. ʂʦʣʠʯʝʩʪʚʦ ʦʢʘʪʘʥʥʳʭ 
ʟʝʨʝʥ ʩʦʩʪʘʚʣʷʝʪ 5,2%. ʇʨʝʦʙʣʘʜʘʝʪ ʚʦʜʷʥʦ-ʧʨʦʟʨʘʯʥʳʡ ʢʚʘʨʮ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ʠ ʤʦʣʦʯʥʦ-ʙʝʣʳʭ ʟʝʨʝʥ, ʦʥʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʨʫʧʥʳʭ ʢʣʘʩʩʦʚ. 

ɼʣʷ ʧʝʩʢʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʟʝʨʝʥ. 
ɿʘʛʨʷʟʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʳʭʣʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʘʣʝʪʳ ʠ ʧʨʠʤʘʟʢʠ, ʯʘʱʝ ʚ ʫʛʣʫʙʣʝʥʠʷʭ ʠ 
ʤʠʢʨʦʪʨʝʱʠʥʘʭ ʟʝʨʝʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʠʜʨʦʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ, ʛʣʠʥʠʩʪʳʤ ʠ ʟʝʣʝʥʦʚʘʪʳʤ, ʚʝʨʦʷʪʥʦ 
ʭʣʦʨʠʪ ʩʦʜʝʨʞʘʱʠʤ, ʚʝʱʝʩʪʚʦʤ. ʗʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʧʣʝʥʢʠ ʛʠʜʨʦʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʥʘ ʟʝʨʥʘʭ ʢʚʘʨʮʘ 
ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ.  

ʄʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ 
ʦʙʦʛʘʱʝʥʠʷ ï ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ: ʢʚʘʨʮ 99,7%, ʢʨʝʤʥʠ 0,05%, ʧʦʣʝʚʳʝ ʰʧʘʪʳ 0,25%, ʤʫʩʢʦʚʠʪ 
0,01%. 

 
 

                    
ʈʠʩ.1. ʀʣʴʠʥʩʢʦʝ ʦʙʥʘʞʝʥʠʝ ʩʪʝʢʦʣʴʥʳʭ ʧʝʩʢʦʚ               
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ʊʘʙʣ. 1. ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʆʪʭʦʜʳ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʧʝʩʢʦʚ ʧʨʦʙʳ ʩʦʩʪʘʚʣʷʶʪ 5.11%- 14.44%, ʦʥʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ 

ʦʪʭʦʜʦʚ ʧʨʠ ʧʨʦʤʳʚʢʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʪʪʠʨʢʝ ʠ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ. ɺʳʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ ʠʟ ʧʝʩʢʦʚ 
ʩʦʩʪʘʚʣʷʝʪ85.56 %- 94.89%. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʝʩʢʦʚ ʚʝʨʭʥʝʡ ʨʘʟʨʝʟʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʠʞʥʝʡ ʢʨʘʡʥʝ ʥʠʟʢʠʤʠ ʩʨʝʜʥʠʤʠ 
ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʢʠʩʠ ʞʝʣʝʟʘ (0.1%) ʠ ʘʣʶʤʠʥʠʷ (0.46 %), ʧʨʠ ʩʦʜʝʨʞʘʥʠʷʭ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚ ʩʨʝʜʥʠʭ 
ʩʝʯʝʥʠʷʭ ʧʦ ʩʢʚʘʞʠʥʘʤ ʦʪ 96.28 ʜʦ 99.64 %.  

ʄʠʥʝʨʘʣʴʥʳʡ ʠʭ ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ (1.1 %) ʠ 
ʤʦʥʦʤʠʢʪʦʚʳʤ ʢʚʘʨʮʝʚʳʤ ʩʦʩʪʘʚʦʤ ʦʙʣʦʤʢʦʚ, ʩʦʜʝʨʞʘʱʠʤ ʧʨʠʤʝʩʴ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ (0.42 %), 
ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ (0.02 %) ʠ ʦʙʣʦʤʢʦʚ ʢʨʝʤʥʝʡ (0.33 %). 

ɺ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʨʘʟʨʝʟʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʩʨʝʜʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʢʠʩʠ ʞʝʣʝʟʘ (0.13 %) ʦʪʤʝʯʘʶʪʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ 
(1.19 %), ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ (ʜʦ 15%), ʘ ʪʘʢʞʝ 
ʩʣʶʜʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ ʜʘʞʝ ʚʦ ʬʨʘʢʮʠʠ +0.14 ʜʦʩʪʠʛʘʶʪ 1.06 %. ɺ ʤʠʥʝʨʘʣʴʥʦʤ 
ʩʦʩʪʘʚʝ ʦʙʣʦʤʢʦʚ, ʢʨʦʤʝ ʦʩʥʦʚʥʦʛʦ ʧʦʨʦʜʦʙʨʘʟʫʶʱʝʛʦ ʢʚʘʨʮʘ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 
ʫʯʘʩʪʚʫʶʪ ʪʘʢʞʝ ʦʙʣʦʤʢʠ ʢʨʝʤʥʝʡ, ʞʝʣʝʟʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ, ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ 
ʢʚʘʨʮʠʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʢʠʩʠ ʞʝʣʝʟʘ ʧʝʩʢʠ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ 
ʨʝʜʢʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʛʨʫʧʧʝ ʤʘʨʦʢ ʇɹ ʠ ʇʉ, ʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʚʥʝʤʘʨʦʯʥʳʤ 
ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʠʭ ʦʙʦʛʘʱʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʳ ʦʙʦʛʘʱʝʥʠʷ ʠʟ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʦʣʴʢʦ  
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʣʠ ʢʦʤʙʠʥʘʮʠʠ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʪʤʳʚʢʦʡ ʠʣʠ ʙʝʟ ʥʝʝ) ʧʝʩʢʠ ʤʘʨʢʠ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʤʘʨʦʢ ʩʪʝʢʦʣʴʥʳʭ ʧʝʩʢʦʚ  
çʆɺʉ-020-ɺè ʠ çʆʆɺʉ-015-1è, ʠʟ ʧʝʩʢʦʚ  ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʩ  ʧʨʠʤʝʥʝʥʠʝʤ ʪʦʣʴʢʦ ʦʪʤʳʚʢʠ ʠ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ  ʧʝʩʢʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʙʦʛʘʱʝʥʥʳʝ   ʧʝʩʢʠ ʤʘʨʢʠ çɺʉ-050-1è  

2. ɸʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʤʠʦʮʝʥʘ (ʧʦʪʫʜʘʥʩʢʘʷ ʩʝʨʠʷ) 
ɺ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʦʣʝʟʥʘʷ ʪʦʣʱʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʜʠʥʳʤ 

ʦʜʥʦʨʦʜʥʳʤ ʪʝʣʦʤ, ʩʣʦʞʝʥʥʳʤ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʧʝʩʢʘʤʠ 
ʩʝʨʦʛʦ ʩ ʞʝʣʪʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʮʚʝʪʘ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ - ʤʝʥʝʝ 40%, ʧʦʵʪʦʤʫ ʩʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʱʥʦʩʪʠ ʧʦʣʝʟʥʦʡ ʪʦʣʱʠ ʤʦʞʥʦ 
ʩʯʠʪʘʪʴ ʥʝʚʳʩʦʢʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦʡ. 

ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ: ʤʦʜʫʣʴ ʢʨʫʧʥʦʩʪʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʷʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʦʪ 
2,0 ʜʦ 2,1; ʬʨʘʢʮʠʷ ʙʦʣʝʝ 0,63ʤʤ ï 24,1-35,8%; ʬʨʘʢʮʠʷ ʤʝʥʝʝ 0,16ʤʤ ï 1,8-7,7%; ʇʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʘʷ 
ʬʨʘʢʮʠʷ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 0,6-5,1 %, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʛʨʘʥʠʯʥʳʡ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʠ ʤʝʣʢʠʤʠ 
ʧʝʩʢʘʤʠ ʩʦʩʪʘʚ.  

ʄʠʥʝʨʘʣʴʥʳʡ  ʫʩʨʝʜʥʸʥʥʳʡ ʩʦʩʪʘʚ ʚʩʝʭ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʠʟ 
ʨʷʜʦʚʳʭ ʢʝʨʥʦʚʳʭ ʧʨʦʙ ʧʦʢʘʟʳʚʘʝʪ ʯʪʦ ʧʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 98-99% ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ, ʧʦʣʝʚʳʤʠ 
ʰʧʘʪʘʤʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 1%, ʠ ʣʠʰʴ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʦʪ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʜʦ ʧʝʨʚʳʭ 
ʩʦʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ) ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ: ʤʫʩʢʦʚʠʪ, ʠʣʴʤʝʥʠʪ (0,02-0,05%), ʣʝʡʢʦʢʩʝʥ 
(0,01- 0,02%), ʨʫʪʠʣ (0,01-0,03%), ʮʠʨʢʦʥ (0,01-0,02%), ʩʪʘʚʨʦʣʠʪ (0,03-0,04%), ʪʫʨʤʘʣʠʥ(0,02-0,03%), 
ʢʠʘʥʠʪ (0,02-0,03%), ʩʠʣʣʠʤʘʥʠʪ (0,005-0,01%). 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʦʜʝʨʞʘʥʠʶ ʢʨʘʩʷʱʠʭ ʦʢʠʩʣʦʚ ʦʪʚʝʯʘʶʱʠʡ ʥʠʟʢʠʤ ʠ ʩʨʝʜʥʠʤ 
ʢʘʯʝʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ (Fʝ203 ʧʨʠʤʘʟʢʠ ʠ ʧʣʝʥʢʠ 5,68 - 7,78 %, ʪʷʞʝʣʘʷ ʬʨʘʢʮʠʷ 45,6 - 51,3 %, 
ʛʣʠʥʠʩʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʜʝʨʞʠʪ 1,55 - 3,41 %) , ʧʨʠʨʦʜʥʳʝ ʧʝʩʢʠ ʦʪʥʝʩʝʥʳ ʢ ʤʘʨʢʝ ʊ. ʆʜʥʘʢʦ ʧʦʩʣʝ 
ʦʙʦʛʘʱʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʫʜʘʣʝʥʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʢʘʢʦʚʳʤʠ 
ʷʚʣʷʶʪʩʷ: ʟʝʨʥʘ ʢʨʫʧʥʝʝ 0,8 ʤʤ; ʛʣʠʥʠʩʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠ ʰʣʘʤʳ; ʤʠʥʝʨʘʣʳ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ; 
ʧʨʠʤʘʟʢʠ, ʢʦʨʢʠ ʠ ʧʣʝʥʢʠ, ʧʦʢʨʳʚʘʶʱʠʝ ʟʝʨʥʘ ʢʚʘʨʮʘ, - ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʢʚʘʨʮʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 22551-91.ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ˉ ʇʨʦʙ SiO2 Fe2O3 Al2O3 TiO2 ʇʇʇ 

446/1 99,0 0,1 0,2 0,1 0,1 

446/2 99,2 0,1 0,15 0,13 0,13 

446/3 99,4 0,1 0,18 0,09 0,12 

446/4 98,8 0,22 0,35 0,24 0,2 

446/5 99,0 0,12 0,21 0,1 0,1 
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ʤʘʨʦʢ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʪʝʢʣʘ, ʧʨʠ ʠʤʝʶʱʠʭʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 
ʪʝʭʥʦʣʦʛʠʷʭ - ʧʨʦʙʣʝʤʘʪʠʯʥʦ.  

3. ɸʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ (ʛʦʨʷʥʩʢʘʷ ʩʝʨʠʷ). 
ʉʨʝʜʠ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʥʠʞʥʠʡ ʠ ʚʝʨʭʥʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ ʩʪʝʢʦʣʴʥʳʭ 

ʧʝʩʢʦʚ:ʥʠʞʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʡ ʢ ʘʣʣʶʚʠʘʣʴʥʳʤ ʩʦʨʪʠʨʦʚʘʥʥʳʤ ʢʚʘʨʮʝʚʳʤ ʧʝʩʢʘʤ ʪʠʭʦʩʦʩʥʦʚʩʢʦʡ 
ʩʚʠʪʳ;ʚʝʨʭʥʠʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʝʩʯʘʥʳʤ  ʘʣʣʶʚʠʝʤ, ʢʦʪʦʨʳʤʠ ʩʣʦʞʝʥʳ  ʜʨʝʚʥʠʝ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ 
ʪʝʨʨʘʩʳ  

ʇʝʩʢʠ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʪʦʥʢʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʩʦ 
ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʢʚʘʞʠʥʘʭ ʬʨʘʢʮʠʠ >0.8 ʤ ï 0.39 %, ʘ ʪʘʢʞʝ ʧʨʦʭʦʜʘ ʯʝʨʝʟ ʩʠʪʦ 0.1 ʤʤ ï 2.62 
%. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʭ ʦʙʣʦʤʦʯʥʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʨʦʜʦʙʨʘʟʫʶʱʠʤ ʢʚʘʨʮʝʤ ʩ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʜʦ 0.31 % ʚʦ ʬʨʘʢʮʠʠ +0.14 ʤʤ). 
ʆʙʣʦʤʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʦ ʚʳʩʦʢʦʡ 
ʩʪʝʧʝʥʠ ʟʨʝʣʦʩʪʠ ʵʪʠʭ ʧʝʩʢʦʚ. ʍʠʤʠʯʝʩʢʠʡ ʠʭ ʩʦʩʪʘʚ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʠʤʠ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʢʠʩʠ 
ʞʝʣʝʟʘ (0.18 %) ʠ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (0.28 %), ʧʨʠ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 98.01 %. 

ʇʝʩʢʠ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʛʨʫʙʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʩʦ ʩʨʝʜʥʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʬʨʘʢʮʠʠ (+0.8) - 2.4 % ʠ ʘʣʝʚʨʠʪʦʚʦ-ʛʣʠʥʠʩʪʦʡ (-0.1) ï 1.08 %. ʀʭ 
ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʪʘʢʞʝ ʦʪʣʠʯʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʦʩʪʘʚʝ ʦʙʣʦʤʢʦʚ (ʚʦ ʬʨʘʢʮʠʠ 
ʙʦʣʝʝ 0.14 ʤʤ) ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʜʦ 1.95 %) ʠ ʦʙʣʦʤʢʦʚ ʧʦʨʦʜ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʠ 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (0.01-0.05 %). ɺ ʩʚʷʟʠ ʩʦ ʩʣʘʙʦʡ ʩʪʝʧʝʥʴʶ ʟʨʝʣʦʩʪʠ, ʩʨʝʜʥʠʡ 
ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʪʠʭ ʧʝʩʢʦʚ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʩʢʘʤ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ, ʧʨʠ ʙʣʠʟʢʠʭ ʩʨʝʜʥʠʭ 
ʟʥʘʯʝʥʠʷʭ ʦʢʠʩʠ ʞʝʣʝʟʘ (0.16 %) ʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (98.15 %), ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ 
ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʴʶ (0.46 %). 

ʇʝʩʢʠ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʤʝʥʝʝ ʦʙʦʛʘʪʠʤʳʭ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʛʦ ʞʝ 
ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ʜʣʷ ʭʫʜʰʠʭ ʠʭ ʧʨʠʨʦʜʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ (ʤʘʨʢʠ çʊè) ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʦʜʥʷʪʠʷ ʤʘʨʦʯʥʦʩʪʠ ʪʦʣʴʢʦ ʜʦ çʉ-070-1è. ɺ ʩʨʝʜʥʝʤ ʧʦ ʦʙʦʠʤ ʛʦʨʠʟʦʥʪʘʤ ʠʩʭʦʜʥʦʤ ʩʦʩʪʘʚʝ 
ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʠʨʦʜʥʳʝ ʤʘʨʢʠ ʧʝʩʢʦʚ ʇɹ ʠ ʇʉ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʦʙʦʛʘʱʝʥʥʳʝ ʤʘʨʢʠ     
ʛʨʫʧʧʳ ɺʉ. 

 
ɺʳʚʦʜʳ 
1) ʇʝʨʩʧʝʢʪʠʚʳ ʚʳʷʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʝʢʦʣʴʥʳʭ ʧʝʩʢʦʚ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ 

ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʩʚʷʟʘʥʳ ʩ 3 ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ:ʇʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ ʚʦʣʯʠʥʩʢʦʡ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ;ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʤʠʦʮʝʥʘ 
(ʧʦʪʫʜʘʥʩʢʘʷ ʩʝʨʠʷ);ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ (ʛʦʨʷʥʩʢʘʷ ʩʝʨʠʷ) 

2) ʀʭ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʚ ʧʨʠʨʦʜʥʦʤ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʨʢʘʤ ʊ,ʇ,ʇɹ ʩʪʝʢʦʣʴʥʳʭ 
ʧʝʩʢʦʚ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ   ʦʙʦʛʘʱʝʥʠʷ  ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ  ʤʘʨʦʢ  ʉ,ɺ,ɺʉ,ʆɺʉ ʠ ʆɺʉ. 

3) ʅʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ       ʠʤʝʶʪ ʩʪʝʢʦʣʴʥʳʝ ʧʝʩʢʠ   ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ 
ʦʪʣʦʞʝʥʠʡ ʚʦʣʯʠʥʩʢʦʡ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ.  

 
ʃʠʪʝʨʘʪʫʨʘ 
ʉʘʚʢʦ ɸ.ɼ. ɻʝʦʣʦʛʠʷ ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ// ʊʨʫʜʳ ʅʀʀ ʛʝʦʣʦʛʠʠ ɺɻʋ. ɺʦʨʦʥʝʞ.  2002, ɺʳʧ. 

12.- ʉ. 16 
ʉʘʚʢʦ ɸ.ɼ. ʃʠʪʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʘʧʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʤʝʞʜʫʨʝʯʴʷ ɼʦʥ 
ɺʝʜʫʛʘ-ɼʝʚʠʮʘ / ɸ.ɼ. ʉʘʚʢʦ, ɺ.ʇ. ʄʠʭʠʥ, ɻ.ɺ. ʍʦʣʤʦʚʦʡ ï ɺʦʨʦʥʝʞ ɺʦʨʦʥʝʞʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

2004. ï 111 ʩ. ï (ʊʨ. ʅʀʀ ʛʝʦʣʦʛʠʠ ɺɻʋ. ɺʳʧ. 26).  
ʍʦʞʘʠʥʦʚ ʅ.ʇ. ʌʘʮʠʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʝʩʢʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʘʧʪʘ 

ɺʦʨʦʥʝʞʩʢʦʡ ʠ ʃʠʧʝʮʢʦʡ ʦʙʣʘʩʪʝʡ / ʅ.ʇ. ʍʦʞʘʠʥʦʚ, ʖ.ɻ. ʉʪʦʷʥʦʚ // ʃʠʪʦʣʦʛʠʷ ʠ ʩʪʨʘʪʠʛʨʘʬʠʷ 
ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. ï ɺʦʨʦʥʝʞ, 1977. ï ɺʳʧ. 4. ï ʉ. 16-21. 

 

Glassy sands of the north-east of the Voronezh Anteclise 
 
Andreenkov I.V. 
 
FGU Territorial Foundation of Geological Information for the Central Federal District, Lipetsk Branch, 

Russia, Lipetsk, 398001, Maksim Gorky Street, 10. 10. aiv48@bk.ru 
 
Prospects for identifying large deposits of glass sands in the northeast of the Voronezh 

Anteclise are associated with 3 stratigraphic levels: Coastal-marine sediments of the Volchinskaya 
facies zone of the Aptian Stage; alluvial sediments of the Miocene (Potudanskaya series); alluvial 
sediments of the Upper Pliocene (Gornaya series). 

For sediments of the Volchinskaya facies zone of the Aptian Stage, the granulometric 
composition of sands is characterized by a stable content of normalized fractions (more than 0.8 mm 
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and less than 0.1 mm). The chemical composition of sands has high silica and low iron oxide content. 
After enrichment it is possible to obtain high grades of glass sands: VS-050, OVS-025 and OOVS-015. 

Alluvial sands of Miocene (Potudan series) are characterized by the granulometric and chemical 
composition of the quality indicators. Chemical composition and content of coloring oxides 
corresponds to low and average qualitative values. Sands of natural environment can be referred to 
the T grade, and only after enrichment it is possible to obtain quartz products meeting the 
requirements of C-070 grade. 

Alluvial sands of the Upper Pliocene (Goryonskaya series) are characterized by fine 
granulometric composition. The mineral composition of their clastic part is represented by rock-
forming quartz with insignificant admixture of feldspars and accessory minerals. The chemical 
composition is characterized by low and average values of iron oxide and aluminum oxide, average 
values of silicon dioxide. It is possible to obtain enriched grades of glass sands of group BC. 

Keywords: glass sands, apt, Miocene, Pliocene. 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ ʢʘʣʴʮʠʪʦʚʳʭ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ ʚ 

ʧʝʣʠʪʦʤʦʨʬʥʦʤ ʤʘʪʨʠʢʩʝ ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʭ ʙʨʝʢʯʠʡ. ɹʨʝʢʯʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʩʨʝʜʠ 
ʤʝʞʙʠʦʛʝʨʤʥʳʭ ʬʘʮʠʡ ʥʠʞʥʝʤʵʦʪʠʯʝʩʢʦʛʦ ʤʰʘʥʢʦʚʦʛʦ ʙʠʦʛʝʨʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʟʨʝʟʘʭ 
ʂʘʟʘʥʪʠʧʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚ ʢʘʣʴʮʠʪʝ 
ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʘʢʪʠʯʝʩʢʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʝʨʚʠʯʥʦʡ ʦʨʛʘʥʠʢʦʡ. 
ʍʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʬʦʩʩʠʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʦʧʣʝʥʦʢ ʚ ʤʠʢʨʦʩʬʝʨʦʣʠʪʘʭ ʠ ʤʘʪʨʠʢʩʝ, ʩ 
ʢʦʪʦʨʳʤʠ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʘʫʪʠʛʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʬʨʘʤʙʦʠʜʘʣʴʥʦʛʦ ʧʠʨʠʪʘ, ʛʘʣʠʪʘ ʠ 
ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʢʘʣʴʮʠʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ, ʧʦʚʳʰʝʥʠʷ 
ʩʦʣʝʥʦʩʪʠ ʚʦʜ ʠ ʘʫʪʠʛʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʢʘʣʴʮʠʪʦʚʳʭ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ, 
ʩʫʣʴʬʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ ʷʚʣʷʣʠʩʴ ʛʘʟʦʬʣʶʠʜʥʳʝ ʚʳʩʘʯʠʚʘʥʠʷ ʠʟ ʛʨʠʬʦʥʦʚ ʧʦ ʪʨʝʱʠʥʘʤ 
ʘʢʪʠʚʠʟʠʨʦʚʘʚʰʝʛʦʩʷ ʜʨʝʚʥʝʛʦ ʚʫʣʢʘʥʘ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʩʬʝʨʦʣʠʪʳ, ʙʠʦʧʣʝʥʢʠ, ʤʠʥʝʨʘʣʳ 
 
ɺʚʝʜʝʥʠʝ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʥʠʞʥʝʤʵʦʪʠʯʝʩʢʠʭ ʤʰʘʥʢʦʚʳʭ ʙʠʦʛʝʨʤʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʨʘʟʨʝʟʝ 

ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʙʫʭʪʳ ʐʠʨʦʢʦʡ ʧʨʠʨʦʜʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʂʘʟʘʥʪʠʧʩʢʠʡ ʥʘ ʂʝʨʯʝʥʩʢʦʤ ʧ-ʦʚʝ ʚ 
ʤʠʢʨʦʙʠʘʣʴʥʦ-ʧʝʣʠʪʦʤʦʨʬʥʦʤ ʤʘʪʨʠʢʩʝ ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʭ ʙʨʝʢʯʠʡ ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ ʥʝʦʙʳʯʥʳʝ 
ʢʘʣʴʮʠʪʦʚʳʝ ʤʠʢʨʦʩʬʝʨʦʣʠʪʳ, ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ, ʪʘʢ ʠ ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʢʣʘʩʪʝʨʳ (ʨʠʩ. 1ʘ). ɺ 
ʙʨʝʢʯʠʷʭ ʩʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʦʢʘʪʘʥʥʳʭ ʦʙʣʦʤʢʦʚ (ʨʘʟʤʝʨʦʤ ʦʪ 1ï2 ʤʤ ʜʦ 1ï2 ʩʤ) ʚʩʪʨʝʯʘʶʪʩʷ 
ʧʝʣʠʪʦʤʦʨʬʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʤʝʣʢʦ- ʠ ʤʠʢʨʦʙʠʦʢʣʘʩʪʦʚʳʤ 
ʤʘʪʝʨʠʘʣʦʤ, ʧʝʣʦʠʜʘʤʠ ʠ ʬʨʘʛʤʝʥʪʘʤʠ ʢʦʣʦʥʠʡ ʤʰʘʥʦʢ. ɺ ʮʝʤʝʥʪʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ 
ʠ ʧʦʣʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʩ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʢʚʘʨʮʘ, ʨʝʜʢʦ ʩ ʟʝʨʥʘʤʠ ʩʥʦʧʦʚʠʜʥʦʛʦ 
ʮʝʣʝʩʪʠʥʘ, ʙʘʨʠʪʘ. ʂʣʘʩʪʝʨʳ ʢʘʣʴʮʠʪʦʚʳʭ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ 
ʧʫʙʣʠʢʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʧʘʣʝʦʦʙʩʪʘʥʦʚʦʢ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ 
ʷʚʣʷʝʪʩʷ ʜʘʚʥʝʡ ʟʘʛʘʜʢʦʡ ʠ ʦʜʥʦʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʝʜʠʤʝʥʪʦʣʦʛʠʠ ʦ ʨʘʟʛʨʘʥʠʯʝʥʠʠ 
ʚʣʠʷʥʠʷ ʘʙʠʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʩʪʘʜʠʷʭ 
ʩʠʥʛʝʥʝʟʘ ʠ ʨʘʥʥʝʛʦ ʜʠʘʛʝʥʝʟʘ ʥʝʩʢʝʣʝʪʥʳʭ ʢʘʨʙʦʥʘʪʦʚ (Brasier et al., 2015; Chan et al., 2019; Hodgson 
et al., 2018).  

ʄʝʪʦʜʳ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʣʴʮʠʪʦʚʳʭ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʢʦʤʧʣʝʢʩʦʤ 
ʤʝʪʦʜʦʚ: ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʨʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ 
ʤʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ, ʠʟʦʪʦʧʠʷ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʦʩʘʜʦʯʥʦʛʦ ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ ʤʘʪʨʠʢʩʘ ʷʚʣʷʝʪʩʷ ʥʝʪʠʧʠʯʥʳʤ 
ʧʨʠʩʫʪʩʪʚʠʝ ʩʠʥʛʝʥʝʪʠʯʥʳʭ ʘʫʪʠʛʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʬʨʘʤʙʦʠʜʘʣʴʥʦʛʦ ʧʠʨʠʪʘ, ʛʘʣʠʪʘ, ʙʘʨʠʪʘ, 
ʮʝʣʝʩʪʠʥʘ ʠ ʜʦʣʦʤʠʪ-ʢʘʣʴʮʠʪʘ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʦʩʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʙʨʝʢʯʠʠ. ɼʘʥʥʳʝ 
ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʠʩʫʪʩʪʚʠʠ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚʦ ʚʨʝʤʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʕʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʠʢʨʦʩʬʝʨʦʣʠʪʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʣʦʪʥʫʶ ʫʧʘʢʦʚʢʫ, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ 
ʧʨʦʚʝʜʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ (ʄʝʨʩʝʜʝʩ-ʄʘʨʪʠʥ ʠ ʜʨ., 2021), ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʥʘ 
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ʧʨʠʩʫʪʩʪʚʠʝ ʞʠʜʢʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʚʨʝʤʝʥʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʞʢʣʝʪʦʯʥʫʶ 
ʧʦʣʠʤʝʨʥʫʶ ʩʫʙʩʪʘʥʮʠʶ (EPS). ʉʪʨʫʢʪʫʨʫ ʠ ʢʦʥʩʪʨʫʢʮʠʶ EPS ʬʦʨʤʠʨʦʚʘʣ ʛʣʠʢʦʢʘʣʠʢʩ (ʢʘʢ 
ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ), ʫʜʝʨʞʠʚʘʚʰʠʡ ʢʣʝʪʢʠ ʚʤʝʩʪʝ. 
ɽʛʦ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʣʠ ʚ ʧʦʩʨʝʜʥʠʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʧʨʠʢʨʝʧʣʝʥʠʷ ʢʣʝʪʦʢ ʢ ʨʘʟʣʠʯʥʳʤ 
ʩʫʙʩʪʨʘʪʘʤ ʠ ʟʘʱʠʪʝ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ (Vu et al. 2009). ʍʘʨʘʢʪʝʨʥʦ 
ʧʨʠʩʫʪʩʪʚʠʝ ʬʦʩʩʠʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʦʧʣʝʥʦʢ ʚ ʧʝʣʠʪʦʤʦʨʬʥʦʤ ʤʘʪʨʠʢʩʝ ʠ ʚ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ 
ʤʠʢʨʦʩʬʝʨʦʣʠʪʘʭ, ʩ ʢʦʪʦʨʳʤʠ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʘʫʪʠʛʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʬʨʘʤʙʦʠʜʘʣʴʥʦʛʦ ʧʠʨʠʪʘ, ʛʘʣʠʪʘ 
ʠ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʢʘʣʴʮʠʪʘ (ʨʠʩ. 1ʙ). ʇʦ ʜʘʥʥʳʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ 
ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚ ʢʘʣʴʮʠʪʝ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ 
ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʝʨʚʠʯʥʦʡ ʦʨʛʘʥʠʢʦʡ. ʕʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʧʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʠʨʠʪʘ ʠ ʛʘʣʠʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʬʦʩʩʠʣʠʟʠʨʦʚʘʥʥʦʡ 
ʙʠʦʧʣʝʥʢʝ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʠʤʝʩʥʳʝ ʵʣʝʤʝʥʪʳ Si, Cl, Na, Mg, Fe, Al, ʨʝʜʢʦ ʦʪʤʝʯʘʝʪʩʷ Ti. ʂʘʣʴʮʠʪ, 
ʩʣʘʛʘʶʱʠʡ ʘʛʨʝʛʘʪʳ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ, ʧʦʩʪʦʷʥʥʦ ʚʢʣʶʯʘʝʪ ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ Sr ʠ Mg, ʘ ʪʘʢʞʝ 
ʧʨʠʩʫʪʩʪʚʫʶʪ S, Fe ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʪʨʘʞʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʥʠʟʢʦ-Mg ʠ ʚʳʩʦʢʦ-Mg 
ʢʘʣʴʮʠʪʦʚ, ʚʧʣʦʪʴ ʜʦ ʜʦʣʦʤʠʪʘ.  ʕʣʝʤʝʥʪ Sr, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʘʛʨʝʛʘʪʘʭ 
ʥʠʟʢʦ-Mg ʢʘʣʴʮʠʪʘ. ʀʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʚʤʝʱʘʶʱʠʭ ʙʨʝʢʯʠʠ ʢʘʨʙʦʥʘʪʦʚ ʧʦʢʘʟʘʣ ʚʝʩʴʤʘ ʠʟʤʝʥʯʠʚʳʡ 
ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʦʪ -0.32 ă ʜʦ 4.53 ă, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜ. ɺ ʪʦʞʝ ʚʨʝʤʷ 
ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʦʪ ʥʦʨʤʘʣʴʥʦ-ʤʦʨʩʢʠʭ ʚʦʜ, ʢʘʢ ʚ ʩʪʦʨʦʥʫ 
ʧʦʥʠʞʝʥʠʷ ʟʥʘʯʝʥʠʡ (23.06ï26.92 ă), ʪʘʢ ʠ ʠʭ ʧʦʚʳʰʝʥʠʷ (32.51ï 39.74 ă) ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 
ʢʘʢ ʦ ʢʦʣʝʙʘʥʠʠ ʩʦʣʝʥʦʩʪʠ, ʪʘʢ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʩʦ 
ʟʥʘʯʝʥʠʷʤʠ ʦʪ -22.28 ă ʜʦ -24.62 ă ʛʦʚʦʨʠʪ ʦ ʙʘʢʪʝʨʠʘʣʴʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʘʙʠʦʪʠʯʝʩʢʦʤ ʤʝʪʘʥʝ 
(Stahl, 1984; Temescu et al., 2009).  

ʅʦʚʦʦʙʨʘʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʛʘʣʠʪʘ, Sr-ʥʦʩʥʦʛʦ ʙʘʨʠʪʘ, ʮʝʣʝʩʪʠʥʘ, ʚʳʩʦʢʦ-Mg ʢʘʣʴʮʠʪʘ, ʘ ʪʘʢʞʝ 
ʜʦʣʦʤʠʪʘ ʚ ʩʦʩʪʘʚʝ ʢʘʣʴʮʠʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʚ ʧʝʣʠʪʦʤʦʨʬʥʦʡ ʤʘʩʩʝ, ʥʦ ʠ ʚ ʧʦʣʦʩʪʷʭ 
ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʩʦʣʸʥʳʭ ʚʦʜ. ɻʘʣʠʪ ʢʘʢ ʤʠʥʝʨʘʣ ʧʨʠʩʫʱ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ, ʥʦ ʥʝ 
ʚ ʪʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʦʜʦʡ ʩʦʭʨʘʥʷʝʪʩʷ ʨʝʜʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʢʨʠʩʪʘʣʣʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʙʨʝʢʯʠʠ. ʇʨʠʩʫʪʩʪʚʠʝ ʛʘʣʠʪʘ ʬʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʘʭ ʙʨʝʢʯʠʠ 
ʩʣʫʞʘʪ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʢ ʢʘʨʙʦʥʘʪʘʤ. ʍʣʦʨʠʜʳ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʢʝʘʥʩʢʠʭ ʠ 
ʤʦʨʩʢʠʭ ʚʦʜ, ʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʠʭ ʚ ʢʘʨʙʦʥʘʪʘʭ ʚ ʚʠʜʝ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʛʦʚʦʨʠʪ ʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʘʢʪʠʚʥʦʤ ʧʦʧʦʣʥʝʥʠʠ ʚʦʜ ʭʣʦʨʠʜʥʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʫʪʠʛʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʬʨʘʤʙʦʠʜʘʣʴʥʦʛʦ ʧʠʨʠʪʘ, ʙʘʨʠʪʘ, ʮʝʣʝʩʪʠʥʘ 
ʠ ʩʪʨʦʥʮʠʘʥʠʪʘ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʛʘʟʦʬʣʶʠʜʥʦʛʦ ʚʳʩʘʯʠʚʘʥʠʷ ʠ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʚ 
ʧʨʦʮʝʩʩʘʭ ʨʘʥʥʝʜʠʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʚʦʜʥʳʝ ʛʨʷʟʝʚʳʝ ʚʫʣʢʘʥʳ ʚʳʜʝʣʷʶʪ ʬʣʶʠʜʳ, ʥʘʩʳʱʝʥʥʳʝ ʩʦʣʷʤʠ ʭʣʦʨʘ ʠ ʥʘʪʨʠʷ. 
ʕʪʦʪ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʝʥ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʨʛʘʥʦʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʩʪʨʦʝʢ ʚ 
ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʝ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ (ɸʥʪʦʰʢʠʥʘ ʠ ʜʨ., 2022ʘ). ʇʨʠ ʩʦʚʨʝʤʝʥʥʦʤ 
ʛʘʟʦʬʣʶʠʜʥʦʤ ʚʳʩʘʯʠʚʘʥʠʠ ʚ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʳʟʳʚʘʝʪ ʧʝʨʝʩʳʱʝʥʠʝ ʠ ʚʳʧʘʜʝʥʠʝ 
ʢʨʠʩʪʘʣʣʦʚ (ʃʝʠʥ, ʀʚʘʥʦʚ, 2009). ɹʘʨʠʪ ʠʤʝʝʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɺʩʪʨʝʯʘʝʪʩʷ ʚ 
ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʚ ʧʝʨʝʦʪʣʦʞʝʥʥʦʤ ʧʨʠʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʦʤ ʛʝʥʝʟʠʩʝ, ʤʘʨʢʠʨʫʷ ʟʦʥʳ 
ʨʘʟʛʨʫʟʢʠ ʛʘʟʦʬʣʶʠʜʥʳʭ ʚʳʩʘʯʠʚʘʥʠʡ. ʉʦʛʣʘʩʥʦ (Aloisi et al., 2004), ʧʨʠ ʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ 
ʧʦʩʪʫʧʣʝʥʠʷ ʛʘʟʦʬʣʶʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʜʥʦ (<5 ʩʤ/ʛʦʜ) ʦʩʘʞʜʝʥʠʝ ʙʘʨʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʝʨʭʥʠʭ 
ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʘʭ ʦʩʘʜʢʦʚ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʠ ʢʦʥʢʨʝʮʠʡ. 

ɺ ʨʘʙʦʪʝ (Mercedes-Mart²n et al., 2020) ʧʨʝʜʣʦʞʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʪʦʛʦ, ʢʘʢ 
ʠʟʤʝʥʝʥʠʝ ʩʦʣʝʥʦʩʪʠ (NaCl) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʧʦʣʠʤʝʨʘ ʚʣʠʷʶʪ ʥʘ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ ʢʘʣʴʮʠʪʘ ʠʟ 
ʩʦʣʝʚʳʭ ʠ ʱʝʣʦʯʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʣʝʥʳʭ ʦʟʝʨʘʭ 
ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚʳʡ ʢʘʣʴʮʠʪ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʚʦʜ ʩ ʫʤʝʨʝʥʥʳʤ ʠ ʚʳʩʦʢʠʤ 
ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʘʣʴʮʠʷ/ʱʝʣʦʯʥʦʩʪʠ. ʂʘʣʴʮʠʪʦʚʳʝ ʤʠʢʨʦʩʬʝʨʦʣʠʪʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʢʣʘʩʪʝʨʳ ʚ 
ʤʠʢʨʦʙʥʳʭ ʤʘʪʘʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʣʝʥʦʛʦ ʦʟʝʨʘ (Bischoff et al., 2020; Mercedes-Mart²n et al., 2021), 
ʧʦʢʘʟʳʚʘʶʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʩ ʠʟʫʯʝʥʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ ʢʘʣʴʮʠʪʘ ʚ 
ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʭ ʙʨʝʢʯʠʷʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ 
ʢʘʣʴʮʠʪʦʚʳʭ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʩʨʝʜʠ ʩʢʝʣʝʪʥʦʛʦ ʤʦʣʣʶʩʢʦʚʦ-ʤʰʘʥʢʦʚʦʛʦ ʧʝʩʢʘ ʠ 
ʦʙʣʦʤʢʦʚ ʚ ʤʝʞʙʠʦʛʝʨʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠʣʘ ʠ ʤʠʢʨʦʙʥʦʛʦ ʚʝʱʝʩʪʚʘ 
ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ ʤʘʪʨʠʢʩʘ ʚ ʤʝʞʙʠʦʛʝʨʤʥʳʭ ʟʘʪʠʰʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʟʦʬʣʶʠʜʥʳʭ 
ʚʳʩʘʯʠʚʘʥʠʡ, ʥʘʩʳʱʝʥʥʳʭ ʩʦʣʷʤʠ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʧʨʠ ʩʠʣʴʥʦʤ ʧʦʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʚʦʜ ʚ 
ʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ ʚ ʥʠʭ ʤʦʛʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʙʦʣʴʰʠʝ ʣʘʛʫʥʳ ʩ ʦʩʘʜʢʘʤʠ, ʧʦʜʚʝʨʛʘʚʰʠʤʠʩʷ 
ʧʨʦʮʝʩʩʘʤ ʩʫʙʘʵʨʘʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʜʠʘʛʝʥʝʟʘ. ʇʨʦʷʚʣʝʥʠʝ ʛʘʟʦʬʣʶʠʜʥʦʛʦ ʚʳʩʘʯʠʚʘʥʠʷ, 
ʧʦʩʪʘʚʣʷʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʭʣʦʨʠʜʳ ʠ ʠʦʥʳ Ba, Sr, Fe. ɺ ʏʝʨʥʦʤ ʤʦʨʝ ʚʙʣʠʟʠ ʛʨʷʟʝʚʦʛʦ ʚʫʣʢʘʥʘ 
ɼʚʫʨʝʯʝʥʩʢʦʛʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʘʣʴʮʠʪʦʚʳʝ ʤʠʢʨʦʩʬʝʨʦʣʠʪʳ ʧʦʜ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʩʣʦʝʤ, 
ʧʦʢʨʳʚʰʠʤ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʨʢʠ ʠ ʤʝʣʢʠʝ ʪʨʫʙʯʘʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 
(ʐʥʶʢʦʚ ʠ ʜʨ., 2006).  
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ʘ ʙ 

ʈʠʩ. 1. ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨ (ʘ) ʢʣʘʩʪʝʨʦʚ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚʳʭ ʢʘʣʴʮʠʪʦʚ ʚ ʧʝʣʠʪʦʤʦʨʬʥʦʤ 
ʤʘʪʨʠʢʩʝ ʩ ʤʠʢʨʦʙʠʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ (ʙ) ʩʢʦʧʣʝʥʠʝ ʬʨʘʤʙʦʠʜʘʣʴʥʳʭ ʤʠʢʨʦʧʠʨʠʪʦʚ ʚ 

ʬʦʩʩʠʣʠʟʠʨʦʚʘʥʥʦʡ ʙʠʦʧʣʝʥʢʝ ʩ ʛʘʣʠʪʦʤ 
 
ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʩʦʣʝʥʦʩʪʠ 

ʚʦʜ ʠ ʘʫʪʠʛʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʢʘʣʴʮʠʪʦʚʳʭ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦʚ, ʩʫʣʴʬʠʜʦʚ ʠ 
ʩʫʣʴʬʘʪʦʚ ʷʚʣʷʣʠʩʴ ʛʘʟʦʬʣʶʠʜʥʳʝ ʚʳʩʘʯʠʚʘʥʠʷ. ʊʘʢʘʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʧʨʠʜʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʙʳʣʘ 
ʩʚʷʟʘʥʘ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʥʪʠʧʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʟʦʥʳ ʨʘʟʛʨʫʟʢʠ ʚʦʩʭʦʜʷʱʠʭ 
ʛʘʟʦʬʣʶʠʜʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʨʘʟʣʦʤʘʤ ʠʣʠ ʘʢʪʠʚʠʟʠʨʦʚʘʚʰʠʤʩʷ ʛʨʠʬʦʥʘʤ ʜʦʧʦʟʜʥʝʩʘʨʤʘʪʩʢʦʛʦ 
ʛʨʷʟʝʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, ʪʠʧʠʯʥʦʛʦ ʜʣʷ ʥʝʦʛʝʥ-ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 
(ɸʥʪʦʰʢʠʥʘ ʠ ʜʨ., 2022ʙ). 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʎʂʇ çɻʝʦʥʘʫʢʘè ʀ.ɺ. ʉʤʦʣʝʚʦʡ, ʉ.ʀ. ʀʩʘʝʥʢʦ, ɺ.ʅ. 
ʌʠʣʠʧʧʦʚʫ ʠ ɽ.ʄ. ʊʨʦʧʥʠʢʦʚʫ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʠʣʠ 
ʜʘʥʥʳʝ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʵʪʦʡ ʨʘʙʦʪʳ.  

  
ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ  ˉ 122040600013-9 

(FUUU-2022-0054)  ʠ ʉʦʛʣʘʰʝʥʠʷ ʤʝʞʜʫ ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʣʦʛʠʠ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʅ.ʇ. ʖʰʢʠʥʘ ʂʦʤʠ 
ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ʌʝʜʝʨʘʣʴʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 
ʙʶʜʞʝʪʥʳʤ ʫʯʨʝʞʜʝʥʠʝʤ çʆʙʲʝʜʠʥʝʥʥʘʷ ʜʠʨʝʢʮʠʷ ʆʆʇʊ çɿʘʧʦʚʝʜʥʳʡ ʂʨʳʤè. 
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The Specifics of the Microspherulitic Calcites Formation on the Example of 
Bryozoan Interbiohermic Facies (Upper Miocene, Crimea) 
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The results of studying the conditions of development of the calcite microspherulites in the 

pelitomorphic matrix of fine clastic breccias are presented. This breccias occur among the 
interbiohermic facies of the Lower Maeotian bryozoan bioherm complex in sections of the Kazantip 
Reserve. They showed the presence of syngenetic authigenic crystals of framboidal pyrite, halite, 
barite, celestine, and dolomite-calcite, which are absent in other structural components of the breccia. 
It has been established that the organic matter in the calcite of microspherulites is actually represented 
by unstructured primary organic matter. The presence of fossilized biofilms in microspherulites and 
matrix is characteristic, with which authigenic crystals of framboidal pyrite, halite, and magnesian 
calcite are associated. It is shown that gas-fluid seeps from griffins along the fissures of an activated 
ancient volcano served as a catalyst for bacterial influence, an increase in water salinity, and 
authigenic mineral formation in the form of calcite microspherulites, sulfides, and sulfates. 

Keywords: microspherulites, biofilms, minerals 
 

ʋɼʂ 551.7 
ɹʫʛʫʨʫʩʣʘʥʩʢʘʷ ʦʙʣʘʩʪʴ ʦʧʫʩʢʘʥʠʷ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ ʠ ʚʦʧʨʦʩʳ 

ʤʠʥʝʨʘʛʝʥʠʠ 
 
ɸʫʭʘʪʦʚ ʗ.ɻ. 
 
ʆʆʆ çʎʉʄʈʥʝʬʪʴè ʧʨʠ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ, ʂʘʟʘʥʴ,  yan-89178823520@yandex.ru 
 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʣʘʪʝʨʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʷʜʦʚ ʬʦʨʤʘʮʠʡ 

ɹʫʛʫʨʫʩʣʘʥʩʢʦʡ ʪʝʢʪʦʥʦ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʟʤʝʱʝʥʠʶ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 
(ʩʝʨʘ, ʫʛʣʝʚʦʜʦʨʦʜʳ, ʤʝʜʴ ʠ ʪ.ʜ.). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʘʟʘʥʩʢʠʡ ʷʨʫʩ, ʬʦʨʤʘʮʠʡ, ʤʠʥʝʨʘʛʝʥʠʷ. 
 
ɹʫʛʫʨʫʩʣʘʥʩʢʘʷ ʦʙʣʘʩʪʴ ʦʧʫʩʢʘʥʠʷ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ (ʆʆʅʊ) ʦʭʚʘʪʳʚʘʝʪ ʪʝʨʨʠʪʦʨʠʶ 

ʉʘʤʘʨʩʢʦʡ ʠ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʝʡ. ɺʦʧʨʦʩʳ ʛʝʦʣʦʛʠʠ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʡ ʧʝʨʤʠ 
ɹʫʛʫʨʫʩʣʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ʅ.ʅ.ʌʦʨʰʘ, ʄ.ʄ.ɻʨʘʯʝʚʩʢʦʛʦ, ɻ.ʌ.ʋʣʴʤʠʰʝʢʘ, 
ɻ.ʌ.ʂʨʘʰʝʥʝʥʥʠʢʦʚʘ , ʖ.ɺ.ʉʝʤʝʥʪʦʣʚʩʢʦʛʦ, ʀʛʥʘʪʴʝʚʘ ɺ.ʀ.  ʠ ʜʨʫʛʠʭ ʛʝʦʣʦʛʦʚ. 

ɺ ʩʪʨʦʝʥʠʠ ɹʫʛʫʨʫʩʣʘʥʩʢʦʡ ʆʆʅʊ ʫʯʘʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʘʮʠʡ (ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ): 
ʤʦʣʘʩʩʦʚʘʷ, ʜʦʤʘʥʠʢʦʠʜʥʘʷ, ʨʠʬʦʛʝʥʥʘʷ, ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ. 

ɺʝʨʭʥʝʧʝʨʤʩʢʘʷ ʩʝʨʦʮʚʝʪʥʘʷ ʤʦʣʘʩʩʘ, ʨʘʟʚʠʪʘʷ ʥʘ ʚʦʩʪʦʯʥʦʡ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ, ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʤʘʣʦʤʦʱʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʄʦʱʥʦʩʪʴ 
ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪ ʜʦ 100 ʤʝʪʨʦʚ. 

ɼʦʤʘʥʠʢʦʠʜʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚ ʦʙʲʝʤʝ ʥʠʞʥʝʢʘʟʘʥʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ ʠʣʠ ʢʘʣʠʥʦʚʩʢʦʡ 
ʩʚʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʣʦʤʦʱʥʦʡ (4-10ʤ) ʧʘʯʢʦʡ ʪʝʤʥʦ-ʩʝʨʳ ʠ ʯʝʨʥʳʭ ʪʦʥʢʦʩʣʦʠʩʯʪʳʭ ʛʣʠʥ ʠ 
ʤʝʨʛʝʣʝʡ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. ɺ ʨʘʟʨʝʟʝ ʯʝʨʥʘʷ 
ʦʢʨʘʩʢʘ ʧʦʨʦʜ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ 

https://pubmed.ncbi.nlm.nih.gov/?term=Vu+B&cauthor_id=19633622
https://pubmed.ncbi.nlm.nih.gov/?term=Vu+B&cauthor_id=19633622
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ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʜʝʥʠʷ ʩ ʩʝʨʦʚʦʜʦʨʦʜʥʳʤ ʟʘʨʘʞʝʥʠʝʤ ʧʨʠʜʦʥʥʦʛʦ ʩʣʦʷ ʠ ʚʦʜʥʦʛʦ 
ʙʘʩʩʝʡʥʘ. 

ʈʠʬʦʛʝʥʥʘʷ ʬʦʨʤʘʮʠʷ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʂʨʘʰʝʥʠʥʥʠʢʦʚʳʤ ɻ.ʌ. (1975) ʚ ʦʙʲʝʤʝ ʥʠʞʥʝʢʘʟʘʥʩʢʦʛʦ 
ʧʦʜʲʷʨʫʩʘ ʚʝʨʭʥʝʧʝʨʤʩʢʦʛʦ ʦʪʜʝʣʘ ʠ ʨʘʟʚʠʪʘ ʥʘ ʟʘʧʘʜʥʛʦʤ ʙʦʨʪʫ ʆʆʅʊ (ʇʨʦʣʝʪʘʨʩʢʘʷ, ʇʠʣʶʛʠʥʩʢʘʷ, 
ɾʫʢʦʚʩʢʘʷ, ʉʦʙʦʣʝʚʩʢʘʷ ʠ ʜʨ. ʧʣʦʱʘʜʠ). ʈʠʬʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʥʦʠʜʥʳʤʠ, 
ʢʨʠʥʦʠʜʥʦ-ʤʰʘʥʢʦʚʳʤʠ ʠ ʚʦʜʦʨʦʩʣʝʚʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 100ʤ. ʇʦ ʜʘʥʥʳʤ ʅ.ʅ.ʌʦʨʰʘ 
(ʌʦʨʰ, 1951), ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʧʦʣʥʦʩʪʴʶ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʳ, ʧʨʠʯʝʤ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʨʝʜʠ 
ʜʦʣʦʤʠʪʦʚ ʠʛʨʘʶʪ ʚʳʩʦʢʦʧʦʨʠʩʪʳʝ ʢʨʠʥʦʠʜʥʦ-ʤʰʘʥʢʦʚʳʢʝ ʨʘʟʥʦʩʪʠ. 

ʉʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ ʬʦʨʤʘʮʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚ ʦʙʲʝʤʝ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ʥʘ ʟʘʧʘʜʥʦʡ 
ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʠʢʣʠʯʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʝʡ. ʇʦ ʤʥʝʥʠʶ 
ʘʚʪʦʨʘ, ʯʘʩʪʴ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʣʘʛʫʥʥʳʭ ʫʩʣʦʚʠʷʭ, 
ʦʪʰʥʫʨʦʚʘʥʥʳʭ ʨʠʬʘʤʠ ʦʪ ʦʩʥʦʚʥʦʛʦ ʥʠʞʥʝʢʘʟʘʥʩʢʦʛʦ ɹʫʛʫʨʫʩʣʘʥʩʢʣʦʛʦ ʤʦʨʷ. 

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʝʥʩʘʮʠʷ ʆʆʅʊ ʩʦʣʝʥʦʩʥʳʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ. ʕʪʠ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʢʘʤʝʥʥʦʡ ʩʦʣʴʶ, ʛʠʧʩʘʤʠ ʠ ʘʥʛʠʜʨʠʪʘʤʠ, 
ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʛʘʣʦʛʝʥʥʫʶ ʬʦʨʤʘʮʠʶ. ɻʘʣʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʜʥʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʥʦʩʷʪ ʢ 
ʚʝʨʭʥʝʢʘʟʘʥʩʢʦʤʫ ʧʦʜʲʷʨʫʩʫ (ʌʦʨʰ,1955; ʂʦʨʨʝʣʷʮʠʷ ..,,1976), ʘ ʜʨʫʛʠʝ ʢ ʥʠʞʥʝʢʘʟʘʥʩʢʦʤʫ ʧʦʜʲʷʨʫʩʫ 
(ʊʠʭʚʠʥʩʢʘʷ,1954). 

ɻʘʣʦʛʝʥʥʘʷ ʬʦʨʤʘʮʠʷ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ, ʛʜʝ ʦʩʥʦʚʥʘʷ ʩʦʣʝʥʦʩʥʘʷ 
ʯʘʩʪʴ ʚ ʚʠʜʝ ʛʘʣʠʪʦʚʦʡ ʣʠʥʟʳ (ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 100ʤ) ʟʘʢʣʶʯʝʥʘ ʚ ʘʥʛʠʜʨʠʪʦʚʫʶ ʦʙʦʣʦʯʢʫ. ʅʠʞʥʷʷ 
ʘʥʛʠʜʨʠʪʦʚʘʷ ʧʘʯʢʘ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʨʭʥʝʡ, ʢʦʪʦʨʘʷ 
ʧʦʣʥʦʩʪʴʶ ʚʳʨʘʚʥʠʚʘʝʪ ʨʝʣʴʝʬ ʢ ʢʦʥʮʫ ʧʦʟʜʥʝʢʘʟʘʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʜʦ ʫʨʦʚʥʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʩʢʦʡ 
ʚʦʜʳ. 

ɻʘʣʦʛʝʥʥʫʶ ʬʦʨʤʘʮʠʶ ʅ.ʅ.ʌʦʨʰ (ʌʦʨʰ,1955) ʨʘʩʩʤʘʪʨʠʚʘʣ ʢʘʢ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʦʩʘʜʢʠ 
ʧʦʟʜʥʝʢʘʟʘʥʩʢʦʛʦ ʣʘʛʫʥʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʣʠ ʵʨʦʟʠʦʥʥʫʶ ʚʧʘʜʠʥʫ, ʚʳʧʘʭʘʥʥʫʶ ʥʘ ʛʨʘʥʠʮʝ 
ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʢʘʟʘʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʨʝʯʥʳʤʠ ʚʦʜʘʤʠ. ʖ.ɺ.ʉʝʤʝʥʪʦʚʩʢʠʡ (ʉʝʤʝʥʪʦʚʩʢʠʡ, 1973), ʚʩʣʝʜ 
ʟʘ ɽ.ʀ.ʊʠʭʚʠʥʩʢʦʡ (ʊʠʭʚʠʥʩʢʘʷ, 1954), ʦʪʥʦʩʠʪ ʠʭ ʢ ʥʠʞʥʝʢʘʟʘʥʩʢʦʤʫ ʧʦʜʲʷʨʫʩʫ, ʩʯʠʪʘʷ ʯʪʦ 
ʨʘʥʥʝʢʘʟʘʥʩʢʦʝ ʤʦʨʝ ʧʦʩʪʝʧʝʥʥʦ ʧʠʪʘʣʦ ʣʘʛʫʥʫ ʩʦʣʝʥʦʩʥʳʤʠ ʚʦʜʘʤʠ. 

ʂʘʩʘʷʩʴ ʵʪʦʛʦ ʚʦʧʨʦʩʘ, ʄ.ʄ.ɻʨʘʯʝʚʩʢʠʡ ʠ ʝʛʦ ʛʨʫʧʧʘ (ɻʨʘʯʝʚʩʢʠʡ ʠ ʜʨ., 1976) ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʩʝ 
ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʩʦʣʝʥʦʩʥʫʶ ʪʦʣʱʫ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʜʥʝʢʘʟʘʥʩʢʦʛʦ ʚʨʝʤʝʥʠ, 
ʪʘʢ ʢʘʢ ʥʠʛʜʝ ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʘʮʠʘʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 
ʦʢʨʫʞʘʶʱʠʝ ʨʠʬʦʛʝʥʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʢʘʟʘʥʩʢʦʛʦ ʥʦʨʤʘʣʴʥʦ-ʩʦʣʝʥʦʩʥʦʛʦ ʤʦʨʷ. ʇʨʠ ʵʪʦʤ 
ʘʚʪʦʨʳ ɹʫʛʫʨʫʩʣʘʥʩʢʫʶ ʚʧʘʜʠʥʫ ʚʳʜʝʣʷʶʪ ʢʘʢ ʘʢʢʤʫʣʷʮʠʦʥʥʦ-ʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ. ʆʪʣʦʞʝʥʠʷ 
ʥʝʢʦʤʧʝʥʩʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʣʦʤʦʱʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʦʩʘʜʢʦʚ ʜʝʧʨʝʩʩʠʦʥʥʦʛʦ ʪʠʧʘ ʠʣʠ 
ʜʦʤʘʥʠʢʦʚʦʛʦ ʪʠʧʘ, ʘ ʦʪʣʦʞʝʥʠʷ ʟʘʧʦʣʥʝʥʠʷ ï ʩʦʣʝʥʦʩʥʦʡ ʬʦʨʤʘʮʠʝʡ ʚʝʨʭʥʝʢʘʟʘʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʘʢʢʫʤʫʣʷʮʠʦʥʥʦ-ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʚʧʘʜʠʥʳ ʰʝʣʴʬʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ʇʦʵʪʦʤʫ ʘʚʪʦʨʦʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ɹʫʛʫʨʫʩʣʘʥʩʢʫʶ ʚʧʘʜʠʥʫ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 
ʦʙʣʘʩʪʴ ʦʧʫʩʢʘʥʠʷ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ. ʊʦʛʜʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʪʦʣʱʠ ʩʫʣʴʬʘʪʥʦ-
ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ: ʚ ʥʠʞʥʝʢʘʟʘʥʩʢʦʤ ʧʦʜʲʷʨʫʩʝ ï ʚ ʚʠʜʝ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʦʪʣʦʞʝʥʠʡ 
ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ (ʤʝʣʢʦʚʦʜʥʳʝ) ʠ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʚʝʨʭʥʝʢʘʟʘʥʩʢʦʤ ʧʦʜʲʷʨʫʩʝ ʚ 
ʩʦʩʪʘʚʝ ʛʘʣʦʛʝʥʥʦʡ ʬʦʨʤʘʮʠʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʚʦʜʥʳʝ). ʀʤʝʥʥʦ ʪʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ɹʫʛʫʨʫʩʣʘʥʩʢʦʡ ʆʆʅʊ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦ ʧʦʥʷʪʴ ʫʩʣʦʚʠʷ 
ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ɸʫʭʘʪʦʚ, 1989). ɸʥʘʣʦʛʦʤ ʪʘʢʦʡ ʤʦʜʝʣʠ ʩʣʫʞʠʪ ʛʝʦʣʦʛʠʯʝʩʢʦʝ 
ʩʪʨʦʝʥʠʝ ɹʝʣʴʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʛʜʝ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ ʥʘʙʣʶʜʘʝʪʩʷ ʣʘʪʝʨʘʣʴʥʳʡ ʨʷʜ ʬʦʨʤʘʮʠʡ 
ʚʝʨʭʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦ-ʥʠʞʥʝʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ: ʤʦʣʘʩʩʦʚʘʷ, ʜʦʤʘʥʠʢʦʠʜʥʘʷ, ʨʠʬʦʚʘʷ, ʩʫʣʴʬʘʪʥʦ-
ʢʘʨʙʦʥʘʪʥʘʷ. ɿʘʣʦʞʝʥʠʝ ɹʫʛʫʨʫʩʣʘʥʩʢʦʡ ʚʧʘʜʠʥʳ, ʢʘʢ ʠ ɹʝʣʴʩʢʦʛʦ ʧʨʦʛʠʙʘ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʦʨʦʛʝʥʥʳʤ 
ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʋʨʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʂʘʨʧʠʥʩʢʦʛʦ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʩʝʨʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʬʦʨʤʘʮʠʠ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ 
(ɺʦʜʠʥʩʢʦʝ, ɸʣʝʢʩʝʝʚʩʢʦʝ ʠ ʜʨ.), ʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʩʝʨʦʚʦʜʦʨʦʜʦʤ ʧʨʠʫʨʦʯʝʥʳ ʢ 
ʨʠʬʦʚʳʤ ʣʦʚʫʰʢʘʤ, ʟʘʤʝʱʘʶʱʠʭ ʧʦ ʣʘʪʝʨʘʣʠ ʜʦʤʘʥʠʢʦʠʜʥʳʝ ʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʤʝʩʪʦʨʞʜʝʥʠʷ 
ʩʝʨʳ ʠ ʟʦʥʳ ʩʝʨʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʟʘʧʘʜʥʝʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʩʝʨʦʚʦʜʦʨʦʜʦʤ. ɼʦʤʘʥʠʢʦʠʜʥʘʷ ʬʦʨʤʘʮʠʷ ʦʙʦʛʘʱʝʥʘ ʫʨʘʥʦʤ ʠ ʚʦʟʤʦʞʥʦ 
ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʏʘʡʢʠʥ ʠ ʜʨ., 2003). ʇʨʦʷʚʣʝʥʠʷ ʤʝʜʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʦʣʘʩʩʦʚʦʡ 
ʬʦʨʤʘʮʠʠ.  ɻʘʣʦʛʝʥʥʦʡ ʬʦʨʤʘʮʠʝʡ   ʩʚʷʟʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʦʪʢʨʳʪʠʷ ʢʘʣʠʡʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ  ʂ.ʀ.ʉʘʪʧʘʝʚʘ ,ʖ.ɸ.ɹʠʣʠʙʠʥʘ , ʉ.ʉ.ʉʤʠʨʥʦʚʘ , ɺ.ʀ.ʉʤʠʨʥʦʚʘ ,  ʅ.ʉ.ʄʘʣʠʯʘ , 
ʖ.ɻ.ʉʪʘʨʠʮʢʦʛʦ , ɸ.ɻ.ʑʝʛʣʦʚʘ ,ʈ.ʅ.ɺʘʣʝʝʚʘ, ɺ.ɻ.ʏʘʡʢʠʥʘ ʠ ʜʨʫʛʠʭ  ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ 
ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʠ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 
ʟʝʤʥʦʡ ʢʦʨʳ (ʧʣʘʪʬʦʨʤʳ , ʛʝʦʩʠʥʢʣʠʥʘʣʠ , ʩʨʝʜʠʥʥʳʝ ʤʘʩʩʠʚʳ, ʘʚʣʘʢʦʛʝʥʳ ʠ ʨʠʬʪʦʚʳʝ ʩʠʩʪʝʤʳ). 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʞʝ ʤʝʪʘʣʣʦʛʝʥʠʠ ʠ ʤʠʥʝʨʘʛʝʥʠʠ ʩʪʨʫʢʪʫʨ ʙʦʣʝʝ ʤʝʣʢʦʛʦ ʧʦʨʷʜʢʘ ʧʨʦʚʦʜʷʪʩʷ 
ʩʦʚʝʨʰʝʥʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  

 ʂʘʢ ʦʪʤʝʯʘʝʪ  ɸ.ɼ.ʑʝʛʣʦʚ (1987 ,ʩʪʨ.170 ) ʦʜʥʦʡ ʠʟ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ ʨʫʜʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ , ʢʦʪʦʨʘʷ ʧʨʠʦʙʨʝʪʘʝʪ ʨʦʣʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ 
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ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʟʦʤ : çé ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨéʢʘʢ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨè.  
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ʋɼʂ 550.4 
ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʠʥʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʶʛʘ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ) 
 

ɸʬʦʥʠʥ ʀ.ɺ.1, ʇʣʶʩʥʠʥ ɸ.ɺ.2 

 
1 ï ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ. 

ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 36, heaven05@list.ru 
2 ï ʃʘʙʦʨʘʪʦʨʠʷ ʩʝʜʠʤʝʥʪʦʣʦʛʠʠ ʠ ʵʚʦʣʶʮʠʠ ʧʘʣʝʦʙʠʦʩʬʝʨʳ ʊʶʤʝʥʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, 625003, ʛ. ʊʶʤʝʥʴ, ʫʣ. ʃʝʥʠʥʘ, 23, a.v.plyusnin@mail.ru 
 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʚʝʜʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ 

ʦʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ ʶʛʝ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ La/Sm, 
Ce/Sm, Yb/Sm, Y/Sm, Ce/Ce*, Eu/Eu*, Ce/La ʙʳʣʠ ʧʨʝʜʧʦʣʦʞʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ: 
ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʝ ʥʘ ʬʦʥʝ ʨʝʛʨʝʩʩʠʚʥʦ-ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ ʮʠʢʣʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 
ʛʣʫʙʠʥʘʤʠ ʚ ʦʙʣʘʩʪʠ ʀʯʝʨʩʢʦʡ ʧʣʦʱʘʜʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ, ʛʝʦʭʠʤʠʷ, ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
 
ʀʟʫʯʝʥʠʝ ʦʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʩʝʢʪʦʨʘ ʩʪʨʘʥʳ, ʚ 

ʚʠʜʫ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 
ʫʩʣʦʚʠʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʦʨʦʜ ʦʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 
ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʨʘʙʦʪʘʭ (ɼʨʝʚʥʠʝé2000, ʇʦʩʪʥʠʢʦʚʘ ʠ ʜʨ., 

mailto:yan-89178823520@yandex.ru
mailto:yan-89178823520@yandex.ru
mailto:heaven05@list.ru
https://e.mail.ru/compose?To=a.v.plyusnin@mail.ru
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2010; ʃʫʯʠʥʠʥʘ, 2011; ʄʘʣʴʢʦʚ, 2014), ʦʜʥʘʢʦ ʦʥʠ ʙʳʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʶ 
ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ʅɹɸ). 

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ 
ʧʣʘʟʤʦʡ (512 ʦʙʨʘʟʮʦʚ) ʧʦ 15 ʩʢʚʘʞʠʥʘʤ (ʨʠʩ. 1). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʳʣʠ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ: La/Sm, Ce/Sm, Yb/Sm, Y/Sm, Ce/Ce*, Eu/Eu*, 
Ce/La (ʪʘʙʣ. 1), ʘʥʘʣʠʟ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʠ ʜʠʘʛʨʘʤʤʘ LREE-MREE-(HREEx10) (ɹʘʣʘʰʦʚ, 1976; 
Murray et all., 1991; ʐʘʪʨʦʚ, 2007; ɹʫʪʫʟʦʚʘ, 1998). 

ʃʠʪʦʣʦʛʠʯʝʩʢʠ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʜʦʣʦʤʠʪʘʤʠ, ʢʘʢ ʯʠʩʪʳʤʠ, 
ʪʘʢ ʠ ʛʘʣʠʪʠʩʪʳʤʠ ʜʦ ʛʘʣʠʪʦʚʳʭ, ʘʥʛʠʜʨʠʪʠʩʪʳʤʠ ʜʦ ʘʥʛʠʜʨʠʪʦʚʳʭ, ʛʣʠʥʠʩʪʳʤʠ. 

 

 
 

ʈʠʩ. 1. ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʘ) ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʣʠʮʝʥʟʠʦʥʥʳʭ ʫʯʘʩʪʢʦʚ (b) ʥʘ ʬʨʘʛʤʝʥʪʝ 
ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʭʝʤʳ ʅɹɸ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦ (ʊʝʢʪʦʥʠʯʝʩʢʘʷ .., 2005) (A). ʂʘʨʪʘ ʬʘʢʪʠʯʝʩʢʦʛʦ 
ʤʘʪʝʨʠʘʣʘ (ɹ). 1-ʛʨʘʥʠʮʳ ʅɹɸ; 2-ʛʨʘʥʠʮʳ ʃʋ; 3-ʩʢʚʘʞʠʥʳ. ʇʣʦʱʘʜʠ: ɺʊ-ɹʦʣʴʰʝʪʠʨʩʢʘʷ, VT-

ɺʝʨʭʥʝʪʠʨʩʢʘʷ, IC-ʀʯʝʨʩʢʘʷ, VN-ɺʝʨʭʥʝʥʝʧʩʢʘʷ, VNS-ɺʝʨʭʥʝʥʝʧʩʢʘʷ ʉʝʚʝʨʥʘʷ 
 
 
ʊʘʙʣ. 1 ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ 
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2,77 2,04 18,9 3,85 2,62 

1,36 2,4 
3,3
2 

2,45 2,29 2,41 2,02 1,93 
1,7
5 

2,3
7 

2,16 1,59 2,19 2,45 1,84 

L
a

/S
m

 

2,15 
4,3
4 

0,3
7 

2,61 3,21 2,86 3,87 3,08 
2,1
6 

3,4
8 

1,57 3,13 0,81 1,47 2,84 

13,8 
17,
6 

12,
0 

17,8 17,2 8,47 17,1 31,7 
19,
1 

6,9
2 

21,0 19,1 21,6 6,32 10,8 

6,55 
5,4
4 

4,0
0 

4,95 6,11 4,00 7,95 7,44 
6,3
7 

4,0
0 

5,71 5,55 5,55 2,77 6,04 

C
e
/S

m
 

2,70 
9,3
7 

2,1
0 

4,81 7,97 6,51 9,68 6,23 
6,0
4 

8,6
7 

3,96 4,58 3,93 3,53 7,04 

16,3 
26,
7 

27,
3 

28,7 30,6 13,4 27,5 40,8 
25,
2 

15,
4 

29,7 16,0 41,0 13,3 17,0 
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8,91 
13,
8 

14,
0 

12,4 13,6 9,52 15,5 15,2 
11,
3 

10,
7 

12,6 9,04 12,1 6,87 11,2 
Y

b
/S

m
 

0,00 
0,2
0 

2,8
5 

0,12 0,00 0,03 0,04 0,02 
0,2
3 

0,2
6 

0,10 0,42 0,00 0,25 0,21 

0,56 
0,4
9 

39,
0 

0,77 1,11 0,34 0,50 0,94 
0,7
8 

1,1
7 

4,40 0,64 3,41 1,06 0,70 

0,41 
0,2
6 

27,
6 

0,29 0,12 0,10 0,08 0,11 
0,4
8 

0,4
7 

0,33 0,49 0,43 0,55 0,49 

Y
/S

m
 

1,93 
1,5
9 

3,2
5 

1,07 1,10 0,75 1,07 1,09 
0,3
7 

1,4
8 

1,09 3,10 0,00 0,31 3,78 

7,50 
3,4
5 

7,4
9 

5,76 6,97 5,91 5,00 7,40 
4,6
1 

4,2
9 

8,01 5,45 
15,1

6 
14,6

2 
6,25 

5,13 
1,8
9 

3,5
0 

1,88 2,38 1,49 1,58 1,74 
1,6
5 

3,1
6 

2,63 4,25 2,10 1,47 4,68 

ễ
T
R 

1,20 
0,2
3 

2,4
1 

2,40 1,91 2,72 1,01 1,57 
1,8
0 

1,5
5 

2,01 1,04 0,07 1,53 0,98 

4,43 
5,8
4 

9,0
3 

13,3 23,9 40,8 20,7 43,4 
20,
9 

44,
1 

28,1 3,47 20,3 15,0 16,3 

2,17 
2,8
0 

2,8
8 

3,04 5,45 12,2 8,90 11,7 
4,0
8 

6,1
3 

9,03 1,50 1,66 2,68 2,73 

C
e

/C
e

* 

0,59 
0,9
2 

1,3
1 

0,80 0,80 0,72 0,90 0,75 
0,7
9 

0,9
0 

0,84 0,51 0,26 1,03 0,83 

0,89 
1,2
8 

2,0
0 

1,28 1,29 1,27 1,29 1,20 
1,8
0 

1,4
4 

1,19 0,92 
11,7

3 
1,95 1,10 

0,68 
1,1
4 

1,6
1 

1,16 1,07 1,05 1,03 0,97 
0,9
1 

1,0
8 

1,03 0,74 1,02 1,09 0,95 

E
u

/E
u

* 

0,41 
0,5
7 

1,2
5 

0,00 0,00 0,37 0,35 0,32 
0,5
9 

0,5
8 

0,52 0,00 0,00 0,60 0,56 

0,64 
0,9
0 

8,7
2 

2,25 2,24 0,89 1,25 1,69 
1,7
3 

1,7
6 

0,90 0,69 4,86 1,14 0,72 

0,61 
0,7
2 

5,8
6 

0,75 0,52 0,51 0,51 0,65 
0,9
1 

0,7
9 

0,68 0,00 0,95 0,85 0,66 

ʇʨʠʤʝʯʘʥʠʝ. ʉʚʝʨʭʫ-ʚʥʠʟ: ʤʠʥʠʤʘʣʴʥʦʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ, ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʷ 

 
ɺʘʨʠʘʮʠʠ ʤʝʜʠʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʫʤʤʳ ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ễTR) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ (2,17-3,04 ppm) ʜʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (4,08-12,15 ppm) ʠ 
ʟʘʪʝʤ ʩʥʦʚʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (1,50-2,73 ppm) (ʪʘʙʣ. 1). ʕʪʦ, ʚʝʨʦʷʪʥʦ, 
ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʚʦʟʤʦʞʥʦ ʩʝʙʭʠ (?)) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 
ʨʘʟʚʠʪʠʝ ʛʣʠʥʠʩʪʳʭ, ʛʘʣʠʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʘʥʛʠʜʨʠʪʠʩʪʳʭ ʜʦʣʦʤʠʪʦʚ. 

ɿʥʘʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʛʣʫʙʦʢʦʚʦʜʥʦʩʪʠ (La/Sm, Ce/Sm, Yb/Sm, Y/Sm) ʬʠʢʩʠʨʫʶʪ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʦʚʦʜʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦ 100 (ʤʘʢʩʠʤʫʤ 300) ʤʝʪʨʦʚ. ʅʘʠʙʦʣʝʝ 
ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʫʩʣʦʚʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʩʢʚʘʞʠʥʝ 7 ɹʦʣʴʰʝʪʠʨʩʢʦʡ ʧʣʦʱʘʜʠ. 

ʄʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ La/Ce (ʠʥʜʠʢʘʪʦʨ ʩʦʦʪʥʦʰʝʥʠʷ ʛʠʜʨʦʛʝʥʥʦʛʦ / 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʩʘʜʢʠ) ʧʨʝʦʙʣʘʜʘʶʱʝ ʙʦʣʝʝ 2, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʚʠʯʥʦ 
ʦʩʘʜʦʯʥʫʶ ʧʨʠʨʦʜʫ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜ. ʆʜʥʘʢʦ ʜʣʷ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʀʯʝʨʢʦʡ ʧʣʦʱʘʜʠ, ʘ ʪʘʢʞʝ ʚ 
ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ɺʝʨʭʥʝʥʝʧʩʢʦʡ ʉʝʚʝʨʥʦʡ ʠ ɹʦʣʴʰʝʪʠʨʩʢʦʡ ʧʣʦʱʘʜʝʡ ʦʪʤʝʯʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ 
ʛʠʜʨʦʪʝʨʤ. ʕʪʦ ʞʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ Eu/Eu* (0,51-0,95ʩ ʣʦʢʘʣʴʥʳʤ ʩʢʘʯʢʦʤ ʜʦ 5,86). 

ɿʥʘʯʝʥʠʷ ʉʝ/ʉʝ* ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0,91 ʜʦ 1,61 (ʩ ʣʦʢʘʣʴʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ 0,68 ʠ 0,76), ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʢʘʢ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ. 

ɸʥʘʣʠʟ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʢ ʭʦʥʜʨʠʪʫ (ʨʠʩ. 2 ʘ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʭʦʞʝʩʪʴ 
ʢʨʠʚʳʭ. ʆʪʤʝʯʘʝʪʩʷ ʦʙʱʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʥʘʢʣʦʥ (ʧʨʝʦʙʣʘʜʘʥʠʝ ʣʝʛʢʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʥʘʜ ʪʷʞʝʣʳʤʠ). ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʨʘʟʮʦʚ ʬʠʢʩʠʨʫʝʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ 
ʝʚʨʦʧʠʷ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʣʦʱʘʜʝʡ ɹʦʣʴʰʝʪʠʨʩʢʘʷ 13 ʠ 7. 

ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʢ PAAS ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ. ʇʝʨʚʳʡ ʪʠʧ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʩʢʚʘʞʠʥʳ ʀʯʝʨʩʢʦʡ ʧʣʦʱʘʜʠ (ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ). ʉʧʝʢʪʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʘʙʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 
ʥʘʢʣʦʥ ʢʨʠʚʳʭ, ʩʦ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʮʝʨʠʷ ʠ ʝʚʨʦʧʠʷ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 
ʙʫʛʨʦʤ ʚ ʦʙʣʘʩʪʠ ʧʨʘʟʝʦʜʠʤʘ ï ʩʘʤʘʨʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʩʫʙʢʦʥʪʠʥʝʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺʪʦʨʦʡ ʪʠʧ ï ʩʣʘʙʦ 
ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʥʘʢʣʦʥ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢʨʠʚʳʭ, ʩʦ ʩʣʘʙʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʮʝʨʠʷ ʠ ʠʥʦʛʜʘ 
ʩʣʘʙʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʛʘʜʦʣʠʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʙʠʦʛʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ 
ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʈɿʕ. 
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ʘ ʙ 
ʈʠʩ. 2 ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜʘʭ 

(ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ). ʘ ï ʭʦʥʜʨʠʪ (Sun, McDonald, 1989); ʙ ï PAAS (McLenan et.al., 1989) 
 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʨʦʡʥʳʭ ʜʠʘʛʨʘʤʤ LREE-MREE-(HREE*10) (ʨʠʩ. 3) ʦʪʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥʳ 7 

ɹʦʣʴʰʝʪʠʨʩʢʦʡ ʧʣʦʱʘʜʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ. ɼʣʷ ʧʨʦʯʠʭ 
ʩʢʚʘʞʠʥ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ ʠ ʤʝʣʢʦʚʦʜʥʳʝ ʦʙʩʪʘʥʦʚʢʠ ʩʝʜʠʤʝʥʪʘʮʠʠ. 
ɼʣʷ ʦʪʣʦʞʝʥʠʡ ʀʯʝʨʩʢʦʡ, ɺʝʨʭʥʝʥʝʧʩʢʦʡ ʠ ɺʝʨʭʥʝʥʝʧʩʢʦʡ ʉʝʚʝʨʥʦʡ ʧʣʦʱʘʜʝʡ ʬʠʢʩʠʨʫʝʪʩʷ 
ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʜʦ ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ. ʕʪʦ ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ 
ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʤ ʮʠʢʣʘʤ. 

 

 
 

ʈʠʩ. 3 ʊʨʦʡʥʳʝ ʜʠʘʛʨʘʤʤʳ LREE-MREE-(HREE*10) ʜʣʷ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʶʛʘ ʅɹɸ (ʐʘʪʨʦʚ, 2007) 
 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʩʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ ʚ ʧʨʝʜʝʣʘʭ 

ʶʛʘ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʦʚʦʜʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ 
ʥʘ ʬʦʥʝ ʩʤʝʥʷʶʱʠʭʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʛʨʝʩʩʠʡ ʠ ʪʨʘʥʩʛʨʝʩʩʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʣʘʩʪʠ ʀʯʝʩʨʢʦʡ 
ʧʣʦʱʘʜʠ ʦʪʤʝʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʛʣʠʥʠʩʪʳʭ, ʛʘʣʠʪʠʩʪʳʝ ʠ ʘʥʛʠʜʨʠʪʠʩʪʳʝ 
ʜʦʣʦʤʠʪʳ), ʚʝʨʦʷʪʥʦ, ʠʥʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʮʠʠ ʩʝʙʭ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
ɹʘʣʘʰʦʚ, ʖ. ɸ. ɻʝʦʭʠʤʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ / ʖ. ɸ. ɹʘʣʘʰʦʚ. ï ʄ. : ʅʘʫʢʘ, 1976. ï 278 ʩ. 
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The paper considers the behavior of rare earth elements in carbonate rocks of the Osinsky 

horizon in the south of the Nepa-Botuoba anteclise. Based on the analysis of La/Sm, Ce/Sm, Yb/Sm, 
Y/Sm, Ce/Ce*, Eu/Eu*, Ce/La, the formation conditions were assumed: shallow marine against the 
background of regressive-transgressive cycles with minimal depths in the area Icherskaya area. 
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ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʢʝʨʥʘ ʠʟ ʩʢʚʘʞʠʥ ʂʦʚʳʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʠʭ ʫʚʷʟʢʠ ʩ 

ʜʘʥʥʳʤʠ ʢʘʨʦʪʘʞʘ ʩ ʧʦʤʦʱʴʶ ʩʝʪʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ, ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ 
ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʘʨʬʝʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʚʝʥʜ ɸʥʛʘʨʦ-ʃʝʥʩʢʦʡ ʩʪʫʧʝʥʠ ɺʦʩʪʦʯʥʦʡ 
ʉʠʙʠʨʠ). ʕʪʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʣʢʦʚʦʜʥʫʶ ʧʦʣʦʛʫʶ ʛʨʫʙʦʟʝʨʥʠʩʪʫʶ ʬʝʥ-ʜʝʣʴʪʫ, 
ʩʣʦʞʝʥʥʫʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ, ʧʨʠʙʨʝʞʥʳʤʠ ʠ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʤʠ ʬʘʮʠʷʤʠ, 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʤʦʨʷ. ɺ ʢʘʯʝʩʪʚʝ ʙʣʠʞʘʡʰʝʛʦ 
ʘʥʘʣʦʛʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʘʷ ʬʝʥ-ʜʝʣʴʪʘ çʖʨʩʢʦʛʦ ʢʚʘʨʮʠʪʘè ʐʦʪʣʘʥʜʠʠ. 
ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʨʘʥʝʝ ʤʦʜʝʣʷʤ ɽ.ʄ. ʍʘʙʘʨʦʚʘ ʠ ʜʨ. 
ʠ ɽ.ɺ. ɹʦʙʢʦʚʦʡ (ʄʘʣʴʮʝʚʦʡ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʥ-ʜʝʣʴʪʘ, ʬʘʮʠʷ, ʢʝʨʥ 
 
ʂʦʚʳʢʪʠʥʩʢʦʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʥʛʘʨʦ-ʃʝʥʩʢʦʡ 

ʩʪʫʧʝʥʠ (ʨʠʩ. 1), ʥʘ ʶʛʝ ʀʨʢʫʪʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʘʨʬʝʥʦʚʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ 
ʚʝʥʜʘ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʘʮʠʡ 
ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʚʣʠʷʶʪ ʥʘ ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʩʣʦʚʠʷʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ 
ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʪʣʦʞʝʥʠʡ. ʄʦʜʝʣʴ ɽ.ʄ. ʍʘʙʘʨʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ 
ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʦʡ ʙʘʩʩʝʡʥʘ, ʨʘʩʢʨʳʚʘʚʰʝʛʦʩʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ (ʚ 
ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ). ʆʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʫʩʣʦʚʠʷʤʠ ʰʝʣʴʬʘ ʨʘʟʥʦʡ 
ʛʣʫʙʠʥʳ, ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʦʡ ʨʘʚʥʠʥʳ ʠ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʡʤ, ʨʫʩʝʣ ʠ ʙʘʨʦʚ, 
ʚʢʣʶʯʘʷ ʧʨʠʫʩʪʴʝʚʳʝ ʠ ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ ʧʨʠʣʠʚʥʳʤʠ ʧʨʦʪʦʢʘʤʠ (ʍʘʙʘʨʦʚ ʠ ʜʨ., 2014). ʀʩʪʦʯʥʠʢʠ 
ʩʥʦʩʘ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ: ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤʫ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʤʫ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʙʘʩʩʝʡʥʘ ʢ ʢʦʥʮʫ 
ʧʘʨʬʝʥʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ ʜʦʙʘʚʠʣʩʷ ʶʛʦ-ʟʘʧʘʜʥʳʡ. ɹʣʠʟʢʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 
ʠʥʪʝʨʧʨʝʪʘʮʠʠ ɻʀʉ, ʧʨʝʜʣʦʞʝʥʘ ɽ.ɺ.ɹʦʙʢʦʚʦʡ (ʄʘʣʴʮʝʚʦʡ) ʩ ʩʦʘʚʪʦʨʘʤʠ. ʆʪʣʠʯʠʝʤ ʦʪ 
ʧʨʝʜʳʜʫʱʝʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʘʩʩʝʡʥ ʠʤʝʝʪ ʠʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ, ʥʘ ʩʝʚʝʨʝ ʧʝʨʝʭʦʜʠʪ ʚ 
ʙʘʩʩʝʡʥ ʩ ʢʘʨʙʦʥʘʪʥʦ-ʵʚʘʧʦʨʠʪʦʚʦʡ ʩʝʜʠʤʝʥʪʘʮʠʝʡ, ʘ ʠʩʪʦʯʥʠʢʠ ʩʥʦʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʟʘʧʘʜʝ ʠ 
ʚʦʩʪʦʢʝ (ɹʦʙʢʦʚʘ, ʃʦʙʘʥʦʚʘ, 2018). ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʥʝʧʦʥʷʪʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ çʙʘʨʦʚè ʥʘ ʛʨʘʥʠʮʝ 
ʤʝʣʢʦʛʦ ʤʦʨʷ ʠ ʧʨʠʣʠʚʥʦʡ ʨʘʚʥʠʥʳ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʥʠʢʘʝʪ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 
ʧʘʨʘʣʣʝʣʴʥʦ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʧʨʠʣʠʚʥʳʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ. 

 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʂʦʚʳʢʪʠʥʩʢʦʛʦ ʠ 
ʍʘʥʜʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʂʍʄ) 

ʈʠʩ. 2. ʍʘʥʜʠʥʩʢʘʷ-13. ɻʣʠʥʳ ʠ ʧʝʩʢʠ ʩ 
ʪʝʢʩʪʫʨʦʡ ʨʷʙʠ ʚʦʣʥʝʥʠʷ ʌɸ ? ʧʝʨʝʭʦʜʥʦʡ 

ʟʦʥʳ (ʚʩʝ ʬʦʪʦ ʚʳʧʦʣʥʝʥʳ 
ɽ.ʖ.Áɹʘʨʘʙʦʰʢʠʥʳʤ) 

 
ʄʦʜʝʣʴ ɺ.ʖ. ɻʦʡ (2010) ʪʘʢʞʝ ʦʩʥʦʚʘʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʢʘʨʦʪʘʞʘ. ɽʝ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʩʥʦʩʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʶʛʦ-
ʟʘʧʘʜʝ ʧʣʘʪʬʦʨʤʳ (ʇʨʠʩʘʷʥʴʝ), ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʘʣʣʶʚʠʘʣʴʥʘʷ ʨʘʚʥʠʥʘ, 
ʧʨʦʛʨʘʜʠʨʫʶʱʘʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʠ ʦʢʘʡʤʣʝʥʥʘʷ ʧʨʠʙʨʝʞʥʳʤʠ ʬʘʮʠʷʤʠ ʜʝʣʴʪʦʚʦʡ ʩʠʩʪʝʤʳ. 
ʅʝʧʦʥʷʪʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʙʘʨʦʚʳʭ ʦʙʩʪʘʥʦʚʦʢ, çʦʪʦʨʚʘʥʥʳʭè ʦʪ ʬʨʦʥʪʘ ʜʝʣʴʪʳ.  

ɼʨʫʛʠʝ ʤʦʜʝʣʠ ʙʘʟʠʨʦʚʘʣʠʩʴ ʣʠʙʦ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ (ʏʝʨʥʦʚʘ ʠ ʜʨ., 1991), ʣʠʙʦ 
ʦʪʚʝʯʘʶʪ ʩʘʤʳʤ ʦʙʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʙ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʚ ʙʘʩʩʝʡʥʝ. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʦʩʣʫʞʠʣ ʢʝʨʥ ʠʟ ʩʢʚʘʞʠʥ ʂʦʚʳʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ 
ʪʘʢʞʝ ʜʘʥʥʳʝ ʢʘʨʦʪʘʞʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʘʨʬʝʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 
ʠ ʦʙʱʘʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʝʥʜʘ, ʧʨʠʥʷʪʳ ʧʦ ʜʘʥʥʳʤ ʉʅʀʀɻɻʠʄʉ. 

ʅʘ ʦʩʥʦʚʝ ʩʦʯʝʪʘʥʠʷ ʩʪʨʫʢʪʫʨ ʠ ʪʝʢʩʪʫʨ ʚ ʢʝʨʥʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 17 ʣʠʪʦʪʠʧʦʚ, ʟʘʢʦʥʦʤʝʨʥʳʝ 
ʩʦʯʝʪʘʥʠʷ ʢʦʪʦʨʳʭ ʩʣʘʛʘʶʪ ʬʘʮʠʠ, ʘ ʪʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʨʘʟʫʶʪ ʬʘʮʠʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ (ʌɸ).  

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 
1) ɻʨʫʙʦʟʝʨʥʠʩʪʦʩʪʴ ʠ ʧʣʦʭʘʷ ʦʢʘʪʘʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʨʦʪʢʠʡ ʧʫʪʴ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ. 

2) ɼʦʤʠʥʠʨʫʶʱʘʷ ʧʣʦʭʘʷ ʩʦʨʪʠʨʦʚʢʘ ʤʘʪʝʨʠʘʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʳʩʪʨʦʤ ʦʩʘʞʜʝʥʠʠ 
ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

3) ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʟʨʝʣʦʩʪʴ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
(ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʢʚʘʨʮʘ: ʢʚʘʨʮ-ʘʨʝʥʠʪʦʚʳʡ ʠ ʣʠʪʘʨʝʥʠʪʦʚʳʡ ʩʦʩʪʘʚ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 
ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʩʥʦʩʘ ʷʚʣʷʣʠʩʴ ʧʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ, ʘ ʥʝ ʧʦʨʦʜʳ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. 

4) ɼʘʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʧʣʘʩʪʦʚ ʆʆʆ çʀʥʛʝʦʩʝʨʚʠʩè ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ 
ʧʝʩʯʘʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʖɿ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʧʦʮʝʥʪʨ ʙʘʩʩʝʡʥʘ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʚʦʩʪʦʢ-ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʦʙʣʘʩʪʴ ʩʥʦʩʘ - ʶʞʥʝʝ ʠʣʠ ʶʛʦ-ʟʘʧʘʜʥʝʝ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ. 

5) ʇʨʝʦʙʣʘʜʘʥʠʝ ʢʦʩʦʩʣʦʠʩʪʳʭ ʪʝʢʩʪʫʨ ʛʦʚʦʨʠʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʦʩʘʞʜʝʥʠʠ ʠʟ 
ʩʫʩʧʝʥʟʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʠʣʦʚʳʭ ʰʣʝʡʬʦʚ, ʪʝʢʩʪʫʨ çʨʳʙʴʷ ʢʦʩʪʴè ʠ ʪ.ʜ., 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʠʣʠʚʦʚ. 
6) ʆʪʩʫʪʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʦʧʦʣʟʥʝʡ, ʦʙʣʦʤʦʯʥʳʭ ʧʦʪʦʢʦʚ, ʪʫʨʙʠʜʠʪʦʚ ʠ ʪ.ʜ.) 
ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʩʘʞʜʝʥʠʝ ʟʝʨʝʥ ʚ ʫʩʣʦʚʠʷʭ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʦʚ ʨʝʣʴʝʬʘ (ʪ.ʝ. ʧʦʣʦʛʠʭ 
ʩʢʣʦʥʦʚ). 

7) ʉʝʨʦʮʚʝʪʥʦʩʪʴ ʦʩʘʜʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʫʤʠʜʥʦʤ ʢʣʠʤʘʪʝ. ʇʨʠʩʫʪʩʪʚʠʝ ʢʨʘʩʥʦʮʚʝʪʥʳʭ 
ʦʢʨʘʩʦʢ ʩʚʷʟʘʥʦ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʜʠʘʛʝʥʝʟʘ.  

8) ʆʪʩʫʪʩʪʚʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ ʚ ʜʦʢʝʤʙʨʠʠ ʧʨʠʚʦʜʠʣʦ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ 
ʙʦʢʦʚʦʡ ʵʨʦʟʠʠ, çʙʣʫʞʜʘʥʠʶè ʠ ʚʝʪʚʣʝʥʠʶ ʨʫʩʝʣ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ. 

 

   
ʈʠʩ. 3. ʉʢʚ. ʍʘʥʜʠʥʩʢʘʷ-17. 
ɸʨʛʠʣʣʠʪʳ ʩ ʧʨʠʤʝʩʴʶ 
ʧʘʩʯʘʥʠʢʘ. ʌɸ ʧʨʠʣʠʚʥʦʡ 
ʨʘʚʥʠʥʳ. SC - ʪʨʝʱʠʥʳ 

ʩʠʥʝʨʝʟʠʩʘ 

ʈʠʩ. 4. ʉʢʚ. ʂʦʚʳʢʪʠʥʩʢʘʷ-77. 
ʂʦʩʦʩʣʦʠʩʪʳʝ ʛʣʠʥʠʩʪʳʝ 

ʧʝʩʯʘʥʠʢʠ. ʌʘʮʠʷ ʬʣʶʚʠʘʣʴʥʦ-
ʧʨʠʣʠʚʥʦʛʦ ʙʘʨʘ. MD ï ʠʣʦʚʳʝ 
ʰʣʝʡʬʳ, BL ï ʙʠʤʦʜʘʣʴʥʘʷ 

ʢʦʩʘʷ ʩʣʦʠʩʪʦʩʪʴ 

ʈʠʩ. 5. ʉʢʚ. ʂʦʚʳʢʪʠʥʩʢʘʷ-62. 
ʂʦʩʦʩʣʦʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʠ 

ʛʘʨʚʝʣʠʪʳ ʌɸ ʜʠʩʪʨʠʙʫʪʠʚʥʦʛʦ 
ʨʫʩʣʘ. I ï ʠʥʪʨʘʢʣʘʩʪʳ, RG ï 
ʦʙʨʘʪʥʘʷ ʛʨʘʜʘʮʠʦʥʥʦʩʪʴ 

 
ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʌɸ ʠ ʦʙʩʪʘʥʦʚʢʠ: (1) ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩ 

ʌɸ ʨʝʢ ʩ ʙʣʫʞʜʘʶʱʠʤʠ ʨʫʩʣʘʤʠ (ʚʢʣʶʯʘʝʪ ʬʘʮʠʠ ʘʢʪʠʚʥʳʭ ʠ ʦʪʤʝʨʰʠʭ ʨʫʩʝʣ); (2) ʧʨʠʙʨʝʞʥʘʷ ʠ 
ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʘʷ ʦʙʩʪʘʥʦʚʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʌɸ ʜʠʩʪʨʠʙʫʪʠʚʥʳʭ ʨʫʩʝʣ (ʨʠʩ. 5), ʬʘʮʠʝʡ 
ʬʣʶʚʠʘʣʴʥʦ-ʧʨʠʣʠʚʥʳʭ ʙʘʨʦʚ (ʨʠʩ. 4), ʌɸ ʛʨʫʙʦʟʝʨʥʠʩʪʦʡ (ʧʝʩʯʘʥʦʡ) ʧʨʠʣʠʚʥʦʡ ʨʘʚʥʠʥʳ, ʨʝʞʝ ï 
ʠʣʦʚʦʡ ʨʘʚʥʠʥʳ (ʨʠʩ. 3), ʌɸ ʟʘʣʠʚʘ / ʣʘʛʫʥʳ ʠ ʌɸ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ (ʨʠʩ. 2) ʧʣʷʞʘ ʠ ? çʰʝʣʴʬʘè. 

ɻʨʫʙʦʩʪʴ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʠʟʥʘʢʘʤʠ ʧʨʠʣʠʚʥʳʭ ʜʝʣʴʪʦʚʳʭ ʧʦʙʝʨʝʞʠʡ 
ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʦʙʱʫʶ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʢʘʢ ʛʨʫʙʦʟʝʨʥʠʩʪʫʶ ʬʝʥ-ʜʝʣʴʪʫ, 
ʠʤʝʚʰʫʶ ʩʫʙʘʵʨʘʣʴʥʫʶ ʠ ʤʦʨʩʢʫʶ ʯʘʩʪʠ (ʨʠʩ. 6). ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢ 
ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʨʘʥʝʝ ʤʦʜʝʣʷʤ ɽ.ʄ. ʍʘʙʘʨʦʚʘ ʠ ʜʨ. ʠ ɽ.ɺ. ɹʦʙʢʦʚʦʡ (ʄʘʣʴʮʝʚʦʡ). 

ʂʘʞʜʘʷ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʝʨʥʝ ʬʘʮʠʡ ʠ ʌɸ ʧʦʣʫʯʠʣʘ ʩʚʦʶ ʢʘʨʦʪʘʞʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʥʘ 
ʦʩʥʦʚʝ ʯʝʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʨʦʪʘʞʥʘʷ ʤʦʜʝʣʴ ʚʩʝʭ ʚʳʜʝʣʝʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ.  

ʂʦʨʨʝʣʷʮʠʷ ʢʘʨʦʪʘʞʥʳʭ ʢʨʠʚʳʭ ʜʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ 
ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʘ ʚʩʶ ʠʟʫʯʘʝʤʫʶ ʧʣʦʱʘʜʴ, ʥʦ ʠ ʧʦʟʚʦʣʠʣʦ ʩʦʩʪʘʚʠʪʴ 
ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ ʜʣʷ ʯʝʪʳʨʝʭ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʬʝʥ-ʜʝʣʴʪʳ, ʦʪʚʝʯʘʶʱʠʭ ʥʘʜʝʞʥʦ 
ʢʦʨʨʝʣʠʨʫʝʤʳʤ ʧʣʘʩʪʘʤ. ʕʪʘʧʳ ʩʚʷʟʘʥʳ ʩ ʜʚʫʤʷ ʵʧʠʟʦʜʘʤʠ ʧʨʦʛʨʘʜʘʮʠʠ ʪʨʝʭ ʚʳʷʚʣʝʥʥʳʭ ʣʦʧʘʩʪʝʡ 
ʬʝʥ-ʜʝʣʴʪʳ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʧʦʮʝʥʪʨʘ), ʟʘʚʝʨʰʠʚʰʠʤʠʩʷ ʤʦʨʩʢʦʡ 
ʪʨʘʥʩʛʨʝʩʩʠʝʡ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʭʦʞʠʭ ʦʙʩʪʘʥʦʚʦʢ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʦʚ, 
ʥʦ ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʥʪʝʥʩʠʚʥʦʡ ʵʨʦʟʠʠ), 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʬʘʥʝʨʦʟʦʡʩʢʠʝ ʘʥʘʣʦʛʠ ʦʪʣʠʯʘʶʪʩʷ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʘʷ ʤʦʜʝʣʴ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ï ʵʪʦ 
ʬʝʥ-ʜʝʣʴʪʘ çʖʨʩʢʦʛʦ ʢʚʘʨʮʠʪʘè ʐʦʪʣʘʥʜʠʠ (Levell et al., 2020), ʢʦʪʦʨʘʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʦʩʥʦʚʘ 
ʜʣʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ (ʨʠʩ. 6). ʆʥʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤ 
ʧʨʠʟʥʘʢʦʤ, ʥʘʙʣʶʜʘʚʰʠʤʩʷ ʚ ʢʝʨʥʝ (ʚ ʪ.ʯ. ʜʦʤʠʥʠʨʦʚʘʥʠʶ ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ ʦʩʘʜʢʦʚ, ʧʝʨʝʭʦʜʫ 
ʘʣʣʶʚʠʘʣʴʥʳʭ ʬʘʮʠʡ ʚ ʧʨʠʣʠʚʥʳʝ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʚʩʝʤ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʬʘʮʠʘʣʴʥʳʤ ʘʩʩʦʮʠʘʮʠʷʤ, ʠ 
ʜʘʞʝ ʤʘʩʰʪʘʙʫ ʂʦʚʳʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʘʞʥʦ ʪʘʢʞʝ ʠ ʪʦ, ʯʪʦ ʬʝʥ-ʜʝʣʴʪʘ çʖʨʩʢʦʛʦ ʢʚʘʨʮʠʪʘè 
ʠʤʝʝʪ ʜʦʢʝʤʙʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ. ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʝʝ ʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʘʥʘʣʦʛ ʜʣʷ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  
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ʈʠʩ. 6. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʬʝʥ-ʜʝʣʴʪʳ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʦʛʦ 
ʢʝʨʥʘ (ɽ.ʖ. ɹʘʨʘʙʦʰʢʠʥ, ʦʩʥʦʚʘʥʦ ʥʘ Levell et al., 2020, ʩ ʠʟʤʝʥʝʥʠʷʤʠ) 

 
ʆʪʣʠʯʠʷ ʵʪʦʡ ʰʦʪʣʘʥʜʩʢʦʡ ʬʝʥ-ʜʝʣʴʪʳ ʩʦʩʪʦʷʪ ʚ ʙʦʣʴʰʝʡ ʛʨʫʙʦʟʝʨʥʠʩʪʦʩʪʠ ʦʩʘʜʢʦʚ (ʜʦ 

ʛʨʘʚʝʣʠʪʦʚ ʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ) ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ (ʧʝʨʚʳʝ ʢʠʣʦʤʝʪʨʳ) ʤʦʱʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ, ʯʪʦ 
ʩʚʷʟʘʥʦ ʩ ʠʥʦʡ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ï ʦʙʩʪʘʥʦʚʢʦʡ ʧʘʩʩʠʚʥʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʦʢʨʘʠʥʳ. 

ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ, ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʠʩʢʦʧʘʝʤʳʝ, ʙʣʠʟʢʠʝ ʢ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʨʘʙʦʪʝ 
(Postma, 1990) ʢʘʢ çʜʝʣʴʪʳ ʩ ʤʝʣʢʦʚʦʜʥʳʤ ʧʨʦʬʠʣʝʤè. ʏʘʩʪʦ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʤʠ 
ʟʘʥʜʨʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʦʨʜʦʚʠʢʩʢʠʭ ʬʝʥ-ʜʝʣʴʪ, ʚʦʟʥʠʢʰʠʭ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 
ʩʘʭʘʨʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ɻʦʥʜʚʘʥʳ ʠ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʛʣʦʙʘʣʴʥʦʡ ʧʦʩʪʛʣʷʮʠʘʣʴʥʦʡ ʤʦʨʩʢʦʡ 
ʪʨʘʥʩʛʨʝʩʩʠʠ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʛʦʩʟʘʜʘʥʠʷ ʄɻʋ. 
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On the Sedimentology of the Parfenov Series in the Area of the Kovykta Gas 
Condensate Field (Vendian of Eastern Siberia) 
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A conceptual sedimentation model of the Parfenov horizon (Vendian of the Angara-Lena stage 
of Eastern Siberia) was proposed. It is based on the study of the core of the wells of the Kovykta field 
and their linking with logging data using a grid of correlation profiles. This model is a shallow-water, 
gently sloping, coarse-grained fen-delta composed of continental, coastal, and shallow-marine facies, 
which distribution was controlled by sea-level fluctuations. The Neoproterozoic fen-delta of Scotland's 
"Jurassic quartzite" is considered the closest analogue. The proposed model is similar to the 
previously published models of E.M. Khabarov, E.V. Bobkova (Maltseva) and their colleagues. 

Keywords: fen-delta, facies, core 
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ʇʳʣʴʮʝʚʳʝ ʣʝʪʦʧʠʩʠ ʢʘʨʛʠʥʩʢʦʛʦ ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʧʦ ʦʪʣʦʞʝʥʠʷʤ 
ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʩʦʚʨʝʤʝʥʥʦʡ ʨʦʩʩʳʧʠ ʨ. ɹʦʤ 

ʋʥʴʷ-ɹʦʤʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʨʘʡʦʥʘ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ 
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ʇʨʦʚʝʜʝʥʦ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʜʦʣʠʥʥʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ IV 

ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʨ. ɹʦʤ ʩʪʘʨʝʡʰʝʛʦ ʋʥʴʷ-ɹʦʤʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ɸʤʫʨʩʢʦʡ 
ʦʙʣʘʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʘʥʘʣʠʟʦʚ ʧʦʟʚʦʣʠʣʠ 
ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʵʚʦʣʶʮʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʜʦʣʠʥʝ ʨ. ɹʦʤ ʠ 
ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦʥʦʩʥʳʭ ʬʣʶʚʠʘʣʴʥʳʭ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʠʭ 
ʛʦʨʠʟʦʥʪʦʚ ʙʫʨʦʛʦ ʪʦʨʬʘ, ʨʝʯʥʦʛʦ ʠʣʘ, ʧʝʩʢʘ, ʩʫʛʣʠʥʢʘ ʠ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ ʩʢʣʦʥʦʚʳʭ 
ʦʪʣʦʞʝʥʠʡ, ʩʣʘʛʘʶʱʠʭ ʯʝʪʚʝʨʪʫʶ ʥʘʜʧʦʡʤʝʥʥʫʶ ʪʝʨʨʘʩʫ ʨ. ɹʦʤ. ʇʦʢʘʟʘʥʘ ʩʠʥʭʨʦʥʥʦʩʪʴ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩ ʪʨʝʥʜʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɺ ʢʘʨʛʠʥʩʢʦʝ ʤʝʞʣʝʜʥʠʢʦʚʴʝ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʦʪʦʧʥʦʡ ʩʪʘʜʠʠ (ʄʀʉ) 3, ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʯʥʳʭ ʧʝʩʢʦʚ, ʠʣʘ ʠ 
ʪʦʨʬʘ ʩ ʜʨʝʚʝʩʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ 9,4-7,6 ʤ. ʇʨʦʮʝʩʩ ʩʝʜʠʤʝʥʪʘʮʠʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ 
ʦʪʣʦʞʝʥʠʡ ʧʨʝʨʚʘʣʩʷ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚ ʵʧʦʭʫ ʩʘʨʪʘʥʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ (ʄʀʉ 2). ɺ ʵʪʦ ʚʨʝʤʷ, 
ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʩʢʣʦʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ 7-ʤʠ ʤʝʪʨʦʚʘʷ 
ʧʘʯʢʘ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʜʝʣʶʚʠʷ. ɺ ʢʦʥʮʝ ʧʦʟʜʥʝʛʦ ʛʦʣʦʮʝʥʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ 
ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʙʫʨʦʛʦ ʪʦʨʬʘ ʩ ʜʨʝʚʝʩʥʳʤʠ ʦʩʪʘʪʢʘʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʥʴʷ-ɹʦʤʩʢʠʡ ʟʦʣʦʪʦʨʦʩʩʳʧʥʦʡ ʨʘʡʦʥ, ʧʦʟʜʥʠʡ ʧʣʝʡʩʪʦʮʝʥ, ʩʧʦʨʦʚʦ-
ʧʳʣʴʮʝʚʦʡ ʘʥʘʣʠʟ, ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ. 

 

ʂʨʫʧʥʘʷ ʨʝʢʘ ɹʦʤ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ, ʪʠʧʠʯʥʘʷ ʛʦʨʥʘʷ ʨʝʢʘ ʙʘʩʩʝʡʥʘ ʨ. ʉʝʣʝʤʜʞʠ, ʪʝʯʝʪ ʚ 
ʰʠʨʦʢʦʤ (ʜʦ 60 ʤ) ʠ ʛʣʫʙʦʢʦʤ (ʚʳʩʦʪʦʡ ʜʦ 20-30 ʤ) ʩʢʘʣʠʩʪʦʤ ʢʦʨʠʜʦʨʝ ʩʨʝʜʠ ʮʝʧʠ ʦʩʪʨʳʭ ʚʝʨʰʠʥ, 
ʩʦʝʜʠʥʸʥʥʳʭ ʫʟʢʠʤʠ ʛʨʝʙʥʷʤʠ ʶʞʥʦʛʦ ʤʘʢʨʦʩʢʣʦʥʘ ʭʨʝʙʪʘ ɼʞʘʛʜʳ. ɸʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ʮʝʥʪʨʘʣʴʥʦʡ 
ʯʘʩʪʠ ʭʨʝʙʪʘ 1100ï1400 ʤ. ɼʦʣʠʥʘ ʨʝʢʠ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʨʠʫʨʦʯʝʥʘ ʢ ɼʞʘʛʜʠʥʩʢʦʡ ʟʦʥʝ ʄʦʥʛʦʣʦ-
ʆʭʦʪʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ, ʥʘ ʩʪʳʢʝ ʧʘʣʝʦʟʦʡʩʢʠʭ ʠ ʤʝʟʦʟʦʡʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɺ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʤ 
ʧʣʘʥʝ ʨʘʡʦʥ ʚʭʦʜʠʪ ʚ ɼʞʘʛʜʠʥʩʢʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʫʶ ʟʦʥʫ ɸʤʫʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ.  
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 ʀʟʚʝʩʪʥʳʝ ʨʦʩʩʳʧʠ ʙʘʩʩʝʡʥʘ ʨ. ɹʦʤ ʠʟʜʘʚʥʘ ʩʣʘʚʠʣʠʩʴ ʩʚʦʝʡ ʙʦʛʘʪʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴʶ. 
ʈʦʩʩʳʧʴ ʨ. ɹʦʤ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʥʘ 30 ʢʤ ʦʪ ʫʩʪʴʷ ʧʦʯʪʠ ʜʦ ʠʩʪʦʢʦʚ. ɺʩʝ ʪʝʨʨʘʩʦʚʳʝ ʠ ʧʦʡʤʝʥʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʵʪʦʡ ʨʝʢʠ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʟʦʣʦʪʦʥʦʩʥʳ.  

ɺ ʜʦʣʠʥʝ ʨʝʢʠ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʫʨʦʚʥʷ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʪʝʨʨʘʩ. ʇʦʟʜʥʝʯʝʪʚʝʨʪʠʯʥʘʷ ʪʝʨʨʘʩʘ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʦ ʜʦʣʠʥʘʤ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʢ ʠ ʨʫʯʴʝʚ ʙʘʩʩʝʡʥʘ ʨ. ɹʦʤ. ɽʝ ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʘʙʦ 
ʥʘʢʣʦʥʝʥʘ ʚ ʩʪʦʨʦʥʫ ʨʫʩʣʘ ʠ ʩʠʣʴʥʦ ʟʘʙʦʣʦʯʝʥʘ. ʈʝʯʥʳʝ ʪʝʨʨʘʩʳ ʧʨʦʨʝʟʘʥʳ ʩʦʚʨʝʤʝʥʥʳʤ ʨʫʩʣʦʤ ʨ. 
ɹʦʤ, ʟʘʞʘʪʳʤ ʚ ʫʟʢʦʤ ʢʘʥʴʦʥʝ, ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ ʢʦʪʦʨʦʛʦ ʤʝʩʪʘʤʠ ʚʦʟʚʳʰʘʶʪʩʷ ʥʘ 20-25 ʤ, ʘ ʰʠʨʠʥʘ 
ʨʫʩʣʘ ʥʝ ʙʦʣʝʝ ʦʜʥʦʡ ʩʘʞʝʥʠ (2,134 ʤ) ʩ ʩʝʨʠʝʡ ʚʦʜʦʧʘʜʦʚ. ʅʝʩʣʫʯʘʡʥʦ ʥʘʟʚʘʥʠʝ ʨʝʢʠ ʚ ʧʝʨʝʚʦʜʝ ʩ 
ʵʚʝʥʢʠʡʩʢʦʛʦ ʷʟʳʢʘ ʦʟʥʘʯʘʝʪ çʥʝʧʨʦʭʦʜʠʤʳʡè (ʊʦʚʝ, ʀʚʘʥʦʚ, 1905). ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʷʢʫʪʩʢʦʝ ʩʣʦʚʦ 
çʙʫʦʤè ī ʫʱʝʣʴʝ, ʪʨʫʜʥʳʡ ʧʝʨʝʭʦʜ, ʧʨʝʧʷʪʩʪʚʠʝ, ʢʨʫʪʘʷ ʩʢʘʣʘ ʚ ʫʱʝʣʴʝ. 

ʅʘ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʠ ʩʢʣʦʥʘʭ ʜʦʣʠʥʳ ʨʘʩʪʫʪ ʣʠʩʪʚʝʥʥʠʮʘ, ʧʠʭʪʘ, ʝʣʴ, ʦʩʠʥʘ, 
ʦʣʴʭʘ, ʙʝʨʸʟʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʫʩʪʘʨʥʠʢʠ. ɼʣʷ ʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ ʭʘʨʘʢʪʝʨʥʳ ʪʦʧʦʣʴ, ʝʣʴ, ʧʠʭʪʘ, 
ʯʝʨʝʤʫʭʘ, ʨʷʙʠʥʘ, ʞʠʤʦʣʦʩʪʴ ʠ ʨʘʟʣʠʯʥʳʝ ʪʨʘʚʳ. ʀʭ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʙʦʣʦʯʝʥʳ, ʧʦʢʨʳʪʳ ʢʦʯʢʘʨʥʠʢʦʤ 
ʠ ʨʝʜʢʦʡ ʣʠʩʪʚʝʥʥʠʮʝʡ. ʉʝʚʝʨʥʳʝ ʩʢʣʦʥʳ ʛʦʨ ʠ ʦʩʝʚʘʷ ʯʘʩʪʴ ʭʨʝʙʪʘ ɼʞʘʛʜʳ ʦʙʳʯʥʦ ʟʘʥʷʪʳ ʟʘʨʦʩʣʷʤʠ 
ʢʝʜʨʦʚʦʛʦ ʩʪʣʘʥʠʢʘ. ʇʦʚʩʝʤʝʩʪʥʦ ʨʘʟʚʠʪ ʤʦʭʦʚʦ-ʪʦʨʬʷʥʠʩʪʳʡ ʧʦʢʨʦʚʥʳʡ ʩʣʦʡ ʤʦʱʥʦʩʪʴʶ ʦʪ ʧʝʨʚʳʭ 
ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 3-5 ʤ, ʯʘʩʪʠʯʥʦ ʦʪʪʘʠʚʘʶʱʠʡ ʣʠʰʴ ʢ ʢʦʥʮʫ ʣʝʪʘ.  

 ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʥʘ ʦʩʥʦʚʝ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʜʦʣʠʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, 
ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʵʚʦʣʶʮʠʷ 
ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʜʦʣʠʥʝ ʨ. ɹʦʤ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ (ʄʀʉ 3) ʠ ʚ ʛʦʣʦʮʝʥʝ.  

ʆʧʨʦʙʦʚʘʥʥʳʡ ʧʦ ʨʘʩʯʠʩʪʢʝ ʨʘʟʨʝʟ ʣʦʢʘʣʠʟʦʚʘʥ ʚʙʣʠʟʠ ʩʢʚ. 8 (~53Á47ô15ôô ʩ.ʰ., ~130Á 26ô33ôô ʚ. 
ʜ.) ʙʫʨʦʚʦʡ ʣʠʥʠʠ 74. ʆʥ ʚʩʢʨʳʚʘʝʪ ʦʪʣʦʞʝʥʠʷ ʤʦʱʥʦʩʪʴʶ 9,4 ʤ IV ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʚ ʣʝʚʦʤ 
ʙʦʨʪʫ ʨ. ɹʦʤ (ʪʘʙʣ. 1).  

 
ʊʘʙʣ. 1. ʃʠʪʦʣʦʛʠʷ ʦʪʣʦʞʝʥʠʡ IV ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʨ. ɹʦʤ ʧʦ ʨʘʟʨʝʟʫ 74/8 

ˉ ʧ/ʧ ʀʥʪʝʨʚʘʣ, ʤ ʃʠʪʦʣʦʛʠʷ 

1-8 

0,0-0,05 ʄʦʭ ʩ ʢʦʨʝʰʢʘʤʠ 

0,05-0,2 ʊʦʨʬ ʙʫʨʦ-ʢʦʨʠʯʥʝʚʳʡ 

0,2-0,3 ʉʫʛʣʠʥʦʢ ʪʝʤʥʦ-ʩʝʨʳʡ 

0,3-0,4 ʉʫʧʝʩʴ ʞʝʣʪʘʷ 

7,6-7,9 ʀʣ ʩʝʨʳʡ 

7,9-8,0 ʀʣ ʩ ʜʨʝʚʝʩʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 

9-13 8,0-8,5 ʀʣ ʩʝʨʳʡ 

14-15 8,5-8,7 ʊʦʨʬ ʙʫʨʦ-ʢʦʨʠʯʥʝʚʳʡ 

16 8,7-8,8 ʊʦʨʬ ʩ ʜʨʝʚʝʩʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 

17-19 8,8-9,0 ʊʦʨʬ ʙʫʨʦ-ʢʦʨʠʯʥʝʚʳʡ 

20-22 
9,0-9,2 ʊʦʨʬ ʩ ʜʨʝʚʝʩʥʳʤʠ ʦʩʪʘʪʢʘʤʠ (ʚʝʪʢʠ ʠ ʧʥʠ) 

9,2-9,4 ɻʘʣʝʯʥʠʢ ʩ ʠʣʠʩʪʳʤ ʟʘʧʦʣʥʝʥʠʝʤ 

 
ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 22 ʧʨʦʙʳ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʤʝʣʢʦ- ʠ 

ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʥʘʩʳʱʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ ʦʪʣʦʞʝʥʠʡ ʯʝʨʝʟ 2 ʩʤ ʚ ʠʥʪʝʨʚʘʣʘʭ ʛʣʫʙʠʥ 0,0-
0,4 ʤ ʠ 7,6-9,4 ʤ. ʀʭ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʷʞʝʣʦʡ 
ʞʠʜʢʦʩʪʠ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʨʘʩʪʚʦʨʦʤ ʡʦʜʠʩʪʦʛʦ ʢʘʜʤʠʷ (ʇʦʢʨʦʚʩʢʘʷ, 1950). ʇʨʦʩʤʦʪʨ ʧʨʝʧʘʨʘʪʦʚ 
ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʜ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ Axio Scope A1. ʇʳʣʴʮʘ ʠ ʩʧʦʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ 
ʚʦʟʤʦʞʥʦʩʪʠ ʜʦ ʚʠʜʘ, ʩʣʘʙʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʝ ʤʠʢʨʦʬʦʩʩʠʣʠʠ ī ʜʦ ʨʦʜʘ ʠʣʠ ʩʝʤʝʡʩʪʚʘ. ʇʦʜʩʯʝʪ 
ʪʘʢʩʦʥʦʚ ʚʳʧʦʣʥʝʥ ʧʦ ʛʨʫʧʧʘʤ: ʧʳʣʴʮʘ ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ; ʧʳʣʴʮʘ ʪʨʘʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ; ʩʧʦʨʳ. 
ʃʦʢʘʣʴʥʳʝ ʧʘʣʠʥʦʟʦʥʳ ʚʳʜʝʣʝʥʳ ʧʦ ʠʟʤʝʥʝʥʠʶ ʫʯʘʩʪʠʷ ʜʨʝʚʝʩʥʳʭ ʠ ʢʫʩʪʘʨʥʠʢʦʚʳʭ, ʪʨʘʚʷʥʠʩʪʳʭ, ʘ 
ʪʘʢʞʝ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʦʪʣʦʞʝʥʠʡ ʤʝʪʦʜʦʤ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʜʝʪʨʠʪʘ ʠ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʀʄʂʕʉ ʉʆ ʈɸʅ. ʆʙʨʘʟʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ 
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ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ (ɸʨʩʣʘʥʦʚ, 1987). ɸʢʪʠʚʥʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʞʠʜʢʦʩʪʥʦʛʦ 
ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʩʯʝʪʯʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ-ʨʘʜʠʦʤʝʪʨʘ Quantulus 1220. ʉʨʝʜʠ 
ʧʦʣʫʯʝʥʥʳʭ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʪ (ʪʘʙʣ. 2) ʜʚʝ ʦʢʘʟʘʣʠʩʴ ʟʘʧʨʝʜʝʣʴʥʳʤʠ, ʘ ʦʜʥʘ ʚ ʧʨʝʜʝʣʘʭ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʦʜʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʪʢʘʣʠʙʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ OxCal 4.4 ʩ 
ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ çIntCal 20è (Ramsey, 2017; Reimer et al., 2020).  

 
ʊʘʙʣ. 2. ʈʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪʠʨʦʚʢʠ ʦʪʣʦʞʝʥʠʡ IV ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʨ. ɹʦʤ ʧʦ ʨʘʟʨʝʟʫ ʚ 

ʨʘʡʦʥʝ ʙʫʨʦʚʦʡ ʣʠʥʠʠ 74 (ʩʢʚ. 8) 
 

ˉ 
ʧ/ʧ 

ʃʘʙ. ʥʦʤʝʨ 
ʀʥʪʝʨʚʘʣ 
ʛʣʫʙʠʥ, ʤ 

ɼʘʪʠʨʦʚʘʥʥʳʡ 
ʤʘʪʝʨʠʘʣ 

ʈʘʜʠʦʫʛʣʝʨʦʜʥʳʡ 
ʚʦʟʨʘʩʪ, ʣ.ʥ. 

ʂʘʣʝʥʜʘʨʥʳʡ 
ʚʦʟʨʘʩʪ, ʢʘʣ. ʣ.ʥ. 

1 ʀʄʂʕʉ-14ʉ2811 9,5-9,2 ʤ ɺʝʪʢʠ ʠ ʧʥʠ  > 55000 - 

2 ʀʄʂʕʉ-14ʉ2819 8,67-8,64 ʊʦʨʬ > 55000 - 

3 ʀʄʂʕʉ-14ʉ2818 7,93-7,92 
ɼʨʝʚʝʩʥʳʝ 
ʦʩʪʘʪʢʠ 

40550Ñ2600 45033Ñ3081 

 
ʇʦʣʫʯʝʥʥʳʝ ʧʘʣʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʢʦʨʨʝʣʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʡ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʳ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʠʩʪʝʤʳ (ɾʘʤʦʡʜʘ, 2015) ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʠʥʪʝʨʚʘʣʘʤʠ ʤʦʨʩʢʠʭ ʠʟʦʪʦʧʥʳʭ ʩʪʘʜʠʡ (ʄʀʉ) (Bassinot et al., 1994). ɺʨʝʤʝʥʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 
ʛʦʣʦʮʝʥʘ ʜʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʘ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʡ 
ʧʦʜʢʦʤʠʩʩʠʝʡ ʧʦ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʠ ʠ ʨʘʙʦʯʝʡ ʛʨʫʧʧʝ INTIMATE (Walker et al., 2012). 
ʂʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʠʙʠʨʩʢʦʡ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʳ (ʂʠʥʜ, 1974). 

ɸʥʘʣʠʟ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʤʠʢʨʦʬʦʩʩʠʣʠʡ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʣʦʢʘʣʴʥʳʝ ʧʘʣʠʥʦʟʦʥʳ (ʃʇɿ). 

ʃʇɿ 4 (ʠʥʪ. ʛʣ. 0,4-0,0 ʤ). ɺ ʛʨʫʧʧʝ ʭʚʦʡʥʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Picea (ʜʦ 7,7%), 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ Pinus s/g Diploxylon ʠ Pinus s/g Haploxylon. ʇʳʣʴʮʘ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ 
ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʳʣʴʮʝʚʳʤʠ ʪʘʢʩʦʥʘʤʠ Betula grandulosa (14,6-44,1%), Alnus alnobetula (3,9-
36,0%), Betula pubescens (12,0-26,2%), Betula ʩostata (ʜʦ 12%), Alnus (5,3-10,8%). ʆʪʤʝʯʝʥʳ ʝʜʠʥʠʯʥʳʝ 
ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ Salix. ɺ ʛʨʫʧʧʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʜʢʠʝ ʟʝʨʥʘ Quercus, 
Ulmus ʠ Corylus. ɺ ʛʨʫʧʧʝ ʪʨʘʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚ 
Asteraceae 6,7-85,2%, Cyperaceae (7,4-85,7%) ʠ Ericaceae (2,7-13,8%), ʢʦʪʦʨʳʤ ʩʦʧʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ 
ʩʝʤʝʡʩʪʚ Ranunculaceae, Onagraceae, Chenopodiaceae, Fabaceae ʠ Rosaceae, ʘ ʪʘʢʞʝ ʨʦʜʘ 
Myriophyllum. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʝʚʘʣʠʨʫʶʪ ʩʧʦʨʦʚʳʝ ʪʘʢʩʦʥʳ Polypodiaceae (60,7-69,0%), 
Sphagnum (10,7-29,6%) ʠ Huperzia (ʜʦ 22,0%). ʆʪʤʝʯʝʥʳ ʝʜʠʥʠʯʥʳʝ ʩʧʦʨʳ Botrychium. 

ʃʇɿ 3 (ʠʥʪ. ʛʣ. 8,4-7,9 ʤ). ʆʩʥʦʚʥʦʡ ʬʦʥ ʚ ʧʘʣʠʥʦʟʦʥʝ ʩʦʟʜʘʝʪ ʧʳʣʴʮʘ ʭʚʦʡʥʳʭ ʠ 
ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʉʨʝʜʠ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ Picea (17,8-34,1%) ʠ Pinus s/g 
Diploxylon (2,2-12,9%). ɺ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʳʣʴʮʘ Larix ʠ Abies. ʇʳʣʴʮʝʚʳʝ ʪʘʢʩʦʥʳ 
ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠʛʨʘʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ. ʉʨʝʜʠ ʥʠʭ ʜʦʤʠʥʠʨʫʶʪ ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ 
Betula grandulosa (7,4-8,8%) ʠ Alnus alnobetula (3,9-10,1%). ʀʤ ʩʦʧʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ Betula ʩostata (1,9-
12,1%), Betula sp. (1,6-12,8%) ʠ Salix (2,8-6,1%). ʇʨʠʩʫʪʩʪʚʫʶʪ ʝʜʠʥʠʯʥʳʝ ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ Alnus. 
ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʜʢʦʡ ʧʳʣʴʮʦʡ Quercus, Ulmus ʠ Corylus. ʉʨʝʜʠ ʪʨʘʚ ʠ 
ʢʫʩʪʘʨʥʠʯʢʦʚ ʜʦʤʠʥʠʨʫʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚ Cyperaceae (8,8-35,9%), Asteraceae (50,4-79,7%), 
Ranunculaceae (2,8-20,1%), ʠ Chenopodiaceae (ʜʦ 14,8%). ʀʤ ʩʦʧʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ Ericaceae (3,0-8,8%). 
ɺʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚ Apiaceae, Poaceae, Onagraceae, 
Scrophulariaceae, Rosaceae, Valerianaceae ʠ ʨʦʜʘ Thalictrum. ʆʩʥʦʚʥʦʡ ʬʦʥ ʩʨʝʜʠ ʩʧʦʨʦʚʳʭ ʨʘʩʪʝʥʠʡ 
ʩʦʟʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ Polypodiaceae (26,6-37,8%), ʨʦʜʘ Sphagnum (10,1-21,2%) ʠ ʚʠʜʘ 
Hyperzia serrata (2,5-7,8%). 

ʃʇɿ 2 (ʠʥʪ. ʛʣ. 8,7-8,4 ʤ). ʇʘʣʠʥʦʩʧʝʢʪʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʧʳʣʴʮʳ 
ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ: Betula grandulosa (24,0-35,4%) Betula pubescens (7,2-24,5%) ʠ Alnus 
alnobetula (20,8-49,6%). ʀʤ ʩʦʧʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ Betula ʩostata (ʜʦ 18,1%), Betula sp. (2,5-9,3%), Alnus 
5,5-10,8% ʠ Salix (ʜʦ 4,6%). ɻʨʫʧʧʘ ʭʚʦʡʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʠʥʠʤʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʚ 
ʧʘʣʠʥʦʩʧʝʢʪʨʝ. ʉʨʝʜʠ ʥʠʭ ʦʪʤʝʯʝʥʳ ʨʝʜʢʠʝ ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ Picea, Pinus s/g Haploxylon ʠ Pinus s/g 
Diploxylon, ʜʦʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʚ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 4%. ʇʳʣʴʮʘ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ 
ʨʘʩʪʝʥʠʡ ʥʝ ʚʳʷʚʣʝʥʘ. ʉʨʝʜʠ ʪʨʘʚ ʧʨʝʚʘʣʠʨʫʶʪ ʧʳʣʴʮʝʚʳʝ ʪʘʢʩʦʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ 
Cyperaceae (14,9-54,3%), Asteraceae (11,8-56,2%), Ranunculaceae (ʜʦ 21,3%) ʠ Chenopodiaceae (ʜʦ 
17,4%). ʀʤ ʩʦʧʫʪʩʪʚʫʶʪ ʧʳʣʴʮʝʚʳʝ ʪʘʢʩʦʥʳ ʩʝʤʝʡʩʪʚ Apiaceae, Poaceae, Onagraceae, 
Scrophulariaceae, Rosaceae, Ericaceae, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Thalictrum. ɺ ʛʨʫʧʧʝ ʩʧʦʨʦʚʳʭ 
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ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Sphagnum (10,4-85,2%) ʠ ʩʝʤʝʡʩʪʚʘ Polypodiaceae (ʜʦ 
31,4%). ɺ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 7,3% ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʧʦʨʳ Hyperzia serrata. 

ʃʇɿ 1 (ʠʥʪ. ʛʣ. 9,4-8,7 ʤ). ɻʦʩʧʦʜʩʪʚʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʧʘʣʠʥʦʟʦʥʳ ʟʘʥʠʤʘʝʪ 
ʛʨʫʧʧʘ ʧʳʣʴʮʳ ʪʝʤʥʦʭʚʦʡʥʳʭ ʨʘʩʪʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʝʪ Picea (23,6-56,8%). ʉʦʧʫʪʩʪʚʫʶʱʝʝ 
ʧʦʣʦʞʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʧʳʣʴʮʝ Pinus s/g Haploxylon (6,8-17,9%), Pinus s/g Diploxylon (3,2-10,6%) ʠ Larix 
(ʜʦ 7,2%). ʋʩʪʘʥʦʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʉʨʝʜʠ ʥʠʭ ʜʦʤʠʥʠʨʫʝʪ Betula 
pubescens (6,8-20.1%), Betula sp. (ʜʦ 12,0%), Betula ʩostata (ʜʦ 7,5%), Betula grandulosa (ʜʦ 8,2%) ʠ Alnus 
alnobetula (ʜʦ 9,4%). ʀʤ ʩʦʧʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ Salix ʠ Alnus. ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʨʝʜʢʦʡ ʧʳʣʴʮʦʡ Quercus, Ulmus ʠ Corylus, ʩʫʤʤʘ ʢʦʪʦʨʳʭ ʚ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 5,0%. ɺ 
ʛʨʫʧʧʝ ʪʨʘʚ ʧʨʝʚʘʣʠʨʫʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚ Cyperaceae (7,7-78,5%), Asteraceae (10,1-55,3%). 
ʉʫʙʜʦʤʠʥʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʳʣʴʮʝʚʳʭ ʪʘʢʩʦʥʦʚ ʩʝʤʝʡʩʪʚ ʠ ʨʦʜʦʚ Apiaceae, 
Poaceae, Ranunculaceae, Chenopodiaceae, Polemoniaceae, Scrophulariaceae, Sanguisorba, Rosaceae ʠ 
Thalictrum. ʉʨʝʜʠ ʩʧʦʨʦʚʳʭ ʪʘʢʩʦʥʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Sphagnum (13,8-97,5%) ʠ 
ʩʝʤʝʡʩʪʚʘ Polypodiaceae (ʜʦ 32,2%), ʢʦʪʦʨʳʤ ʩʦʧʫʪʩʪʚʫʶʪ ʩʧʦʨʳ Hyperzia serrata (ʜʦ 6,7%). 
ɺʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʩʧʦʨʳ Botrychium. 

ʀʟʤʝʥʝʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʳʜʝʣʝʥʥʳʭ ʃʇɿ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʤʝʥʝ ʧʨʠʨʦʜʥʳʭ 
ʦʙʩʪʘʥʦʚʦʢ ʚ ʜʦʣʠʥʝ ʨ. ɹʦʤ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ 
ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʜʦʣʠʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ 
ʛʣʦʙʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʯʥʳʭ ʧʝʩʢʦʚ, ʠʣʘ, 
ʙʫʨʦʛʦ ʪʦʨʬʘ ʩ ʜʨʝʚʝʩʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ 9,4-7,6 ʤ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʪʝʯʝʥʠʠ ʂʘʨʛʠʥʩʢʦʛʦ 
ʤʝʞʣʝʜʥʠʢʦʚʴʷ (ʂʠʥʜ, 1974), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʦʪʦʧʥʦʡ ʩʪʘʜʠʠ (ʄʀʉ) 3. ʆʥʦ ʦʭʚʘʪʳʚʘʝʪ 
ʜʣʠʪʝʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʟʳʨʷʥʩʢʠʤ ʠ ʩʘʨʪʘʥʩʢʠʤ ʦʣʝʜʝʥʝʥʠʷʤʠ (ʄʀʉ 4 ʠ ʄʀʉ 2, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɺ ʵʧʦʭʫ ʨʘʥʥʝʛʦ ʧʦʪʝʧʣʝʥʠʷ ʂʘʨʛʠʥʩʢʦʛʦ ʤʝʞʣʝʜʥʠʢʦʚʴʷ 50-45 ʪʳʩ. ʣ.ʥ. ʬʦʨʤʠʨʦʚʘʣʘʩʴ 
ʙʦʣʦʪʥʘʷ ʬʘʮʠʷ ʥʘ ʛʣʫʙʠʥʘʭ 9,4-8,7 ʤ. ʅʘ ʩʢʣʦʥʘʭ ʜʦʣʠʥʳ ʧʨʝʦʙʣʘʜʘʣʠ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʣʝʩʘ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʝʣʴʶ ʘʷʥʩʢʦʡ, ʩʦʩʥʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʩʦʩʥʦʚʳʤ ʩʪʣʘʥʠʢʦʤ. ɺʩʪʨʝʯʘʣʠʩʴ ʨʝʜʢʠʝ 
ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʡ ʬʣʦʨʳ ï ʜʫʙ ʤʦʥʛʦʣʴʩʢʠʡ, ʠʣʴʤ ʠ ʣʝʱʠʥʘ. ɺ ʟʘʙʦʣʦʯʝʥʥʳʭ ʜʥʠʱʘʭ 
ʜʦʣʠʥ ʙʳʣʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʳʝ ʣʫʛʘ ʩ ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʙʝʨʝʟʢʦʡ, 
ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʦʣʴʭʦʡ, ʫʯʘʩʪʢʘʤʠ ʩʬʘʛʥʦʚʳʭ ʙʦʣʦʪ ʠ ʣʠʩʪʚʝʥʥʠʯʥʳʤʠ ʨʝʜʢʦʣʝʩʴʷʤʠ. ʆʯʝʚʠʜʥʦ, 
ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ ʜʦʣʠʥʝ ʙʳʣʠ ʥʝʦʜʥʦʨʦʜʥʳʤʠ, ʯʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʨʘʟʨʝʟʝ ʧʥʝʚʳʤ ʛʦʨʠʟʦʥʪʦʤ 
(ʇɻ). ʅʘ ʧʨʠʤʝʨʝ ʩʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʅ.ɸ. ʍʦʪʠʥʩʢʠʡ (1977) ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʇɻ ʩʣʫʞʠʪ 
ʧʨʠʟʥʘʢʦʤ ʫʚʝʣʠʯʝʥʠʷ ʩʫʭʦʩʪʠ ʢʣʠʤʘʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʵʢʩʧʘʥʩʠʠ ʣʝʩʥʦʡ 
ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʙʦʣʦʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʩʰʪʘʙʥʦʤ ʦʩʫʰʝʥʠʠ 
ʙʦʣʦʪ ʚ ʦʜʥʫ ʠʟ ʬʘʟ ʨʘʥʥʝʛʦ ʧʦʪʝʧʣʝʥʠʷ ʄʀʉ 3, ʢʦʛʜʘ ʠ ʦʙʨʘʟʦʚʘʣʩʷ ʇɻ. 

ʅʘʩʪʫʧʠʚʰʝʝ ʦʢʦʣʦ 45 ʪʳʩ. ʣ.ʥ. ʧʦʭʦʣʦʜʘʥʠʝ (ʂʠʥʜ, 1974), ʚʳʟʚʘʣʦ ʵʢʩʧʘʥʩʠʶ ʚ ʜʦʣʠʥʥʳʭ 
ʵʢʦʩʠʩʪʝʤʘʭ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʐʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʬʦʨʤʘʮʠʠ ʩ 
ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʦʣʴʭʠ ʠ ʙʝʨʝʟʳ, ʘ ʪʘʢʞʝ ʩʦʩʥʦʚʦʛʦ ʩʪʣʘʥʠʢʘ. 

ɺ ʦʧʪʠʤʫʤ ʄʀʉ 3, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʦ ʩʠʙʠʨʩʢʦʡ ʢʣʠʤʘʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʝ 
ʤʘʣʦʭʝʪʩʢʦʤʫ ʧʦʪʝʧʣʝʥʠʶ, ʢʣʠʤʘʪ ʙʳʣ ʤʷʛʯʝ ʩʦʚʨʝʤʝʥʥʦʛʦ. ɻʨʘʥʠʮʳ ʘʨʝʘʣʦʚ ʨʘʩʪʝʥʠʡ ʩʤʝʩʪʠʣʠʩʴ ʢ 
ʩʝʚʝʨʫ, ʚ ʩʚʷʟʠ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 3-4ÁC. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʜʦʣʠʥʝ ʨ. ɹʦʤ ʰʠʨʦʢʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʝʣʴ ʘʷʥʩʢʘʷ ʠ ʩʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʚ ʟʘʙʦʣʦʯʝʥʥʳʭ ʜʥʠʱʘʭ 
ʜʦʣʠʥ ʩʦʭʨʘʥʷʣʠʩʴ ʫʯʘʩʪʢʠ ʩʬʘʛʥʦʚʳʭ ʙʦʣʦʪ ʩ ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʙʝʨʝʟʢʦʡ ʠ ʦʣʴʭʦʡ, ʘ ʪʘʢʞʝ, 
ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʨʝʜʢʦʣʝʩʴʷ, ʯʝʨʝʜʦʚʘʚʰʠʝʩʷ ʩ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʳʤʠ ʣʫʛʘʤʠ. ʅʘ ʶʞʥʳʭ ʩʢʣʦʥʘʭ ʛʦʨ 
ʚʩʪʨʝʯʘʣʠʩʴ ʨʝʜʢʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ï ʜʫʙ ʤʦʥʛʦʣʴʩʢʠʡ, ʠʣʴʤ ʠ ʣʝʱʠʥʘ.  

ʀʩʪʦʨʠʷ ʵʧʦʭʠ ʨʝʟʢʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ ʠ ʠʩʩʫʰʝʥʠʝ ʢʣʠʤʘʪʘ ʚʦ ʚʨʝʤʷ ʩʘʨʪʘʥʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʄʀʉ 2, ʥʝ ʟʘʧʝʯʘʪʣʝʥʘ ʚ ʧʳʣʴʮʝʚʳʭ ʣʝʪʦʧʠʩʷʭ. ʕʪʦʤʫ ʦʪʨʝʟʢʫ ʚʨʝʤʝʥʠ ʦʪʚʝʯʘʝʪ 
ʚʨʝʟ ʨʝʯʥʳʭ ʜʦʣʠʥ, ʩʚʷʟʘʥʥʳʡ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʩ ʦʧʫʩʢʘʥʠʝʤ ʫʨʦʚʥʷ ʤʦʨʷ. ʆʪʯʘʩʪʠ, ʦʪʣʦʞʝʥʠʷ ʄʀʉ 
2 ʤʦʛʣʠ ʙʳʪʴ ʫʥʠʯʪʦʞʝʥʳ ʵʨʦʟʠʝʡ, ʘʢʪʠʚʠʟʠʨʦʚʘʚʰʝʡʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ-ʟʘ ʜʝʛʨʘʜʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 
ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʣʝʜʥʠʢʦʚʦʡ ʜʝʥʫʜʘʮʠʠ. ʇʦʵʪʦʤʫ, ʚ ʵʪʦ ʚʨʝʤʷ ʚ ʧʘʣʝʦʜʦʣʠʥʝ ʨ. ɹʦʤ ʨʝʟʢʦ ʠʟʤʝʥʠʣʠʩʴ 
ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺ ʜʥʠʱʝ ʜʦʣʠʥʳ ʩʦ ʩʢʣʦʥʦʚ ʩʪʘʣ ʘʢʪʠʚʥʦ ʧʦʩʪʫʧʘʪʴ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʡ 
ʤʘʪʝʨʠʘʣ, ʚ ʦʪʣʦʞʝʥʠʷʭ ʢʦʪʦʨʦʛʦ ʧʳʣʴʮʝʚʳʝ ʠ ʩʧʦʨʦʚʳʝ ʤʠʢʨʦʬʦʩʩʠʣʠʠ ʩʦʭʨʘʥʷʶʪʩʷ ʧʣʦʭʦ, ʧʦ-
ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʤʳʚʘʥʠʷ.  

ʅʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʚ ʧʦʟʜʥʝʤ ʛʦʣʦʮʝʥʝ, ʩʬʦʨʤʠʨʦʚʘʥʘ ʚʝʨʭʥʷʷ ʧʘʯʢʘ 
(40 ʩʤ) ʙʫʨʦʛʦ ʪʦʨʬʘ ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʠʭ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʩʣʦʝʚ ʨʝʯʥʳʭ ʩʫʛʣʠʥʢʦʚ ʠ ʧʝʩʢʦʚ, ʩʣʘʛʘʱʠʭ 
ʢʨʦʚʣʶ IV ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʨ. ɹʦʤ. ʊʘʢʩʦʥʦʤʠʷ ʧʘʣʠʥʦʩʧʝʢʪʨʦʚ ʵʪʠʭ ʩʣʦʝʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʦʤ ʚʦʟʨʘʩʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʣʱʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ 
ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʧʳʣʴʮʳ ʝʣʠ, ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 
ʩʦʚʨʝʤʝʥʥʳʡ ʦʙʣʠʢ ʜʦʣʠʥʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʅʘ ʩʢʣʦʥʘʭ ʛʦʨ, ʢʘʢ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʳʣʠ ʰʠʨʦʢʦ 
ʨʘʟʚʠʪʳ ʬʦʨʤʘʮʠʠ ʩʦʩʥʦʚʦʛʦ ʩʪʣʘʥʠʢʘ. ʇʨʝʚʘʣʠʨʦʚʘʥʠʝ ʚ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʤʭʘ ʩʬʘʛʥʫʤ, 
ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʦʣʴʭʠ ʠ ʙʝʨʝʟ, ʛʦʚʦʨʠʪ ʦ ʰʠʨʦʢʦʤ ʨʘʟʚʠʪʠʠ ʤʘʨʝʡ ʚ ʜʥʠʱʝ ʧʘʣʝʦʜʦʣʠʥʳ ʨ. ɹʦʤ. ʅʘ 
ʙʦʣʝʝ ʧʨʦʛʨʝʚʘʝʤʳʭ ʶʞʥʳʭ ʩʢʣʦʥʘʭ ʧʨʦʠʟʨʘʩʪʘʣ ʜʫʙ ʤʦʥʛʦʣʴʩʢʠʡ, ʠʣʴʤ ʠ ʣʝʱʠʥʘ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ 
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ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʚʙʣʠʟʠ ʩʝʚʝʨʥʦʡ 
ʛʨʘʥʠʮʳ ʩʚʦʠʭ ʘʨʝʘʣʦʚ. 

ɺʳʷʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʳʜʝʣʝʥʥʳʭ ʃʇɿ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʨʠʪʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʯʥʳʭ ʪʝʨʨʘʩ ʚ 
ɺʝʨʭʥʝʤ ʇʨʠʘʤʫʨʴʝ ʚ ʪʝʯʝʥʠʠ ʄʀʉ 3 ʠ ʧʦʟʜʥʝʛʦ ʛʦʣʦʮʝʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ 
ʨʝʟʫʣʴʪʘʪʳ ʯʝʪʢʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʙʱʝʧʨʠʥʷʪʦʡ ʩʭʝʤʦʡ ʧʝʨʠʦʜʠʟʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ 
ʩ ʩʠʙʠʨʩʢʦʡ ʢʣʠʤʘʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʦʡ. ɺ ʄʀʉ 3 ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʪʨʝʥʜ ʠʤʝʣ ʪʝʥʜʝʥʮʠʶ ʢ 
ʧʦʚʳʰʝʥʠʶ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʷʚʩʪʚʝʥʥʦ ʦʪʨʘʟʠʣʦʩʴ ʚ ʠʟʤʝʥʝʥʠʷʭ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 
ʧʦʢʨʦʚʘ. ʆʜʥʘʢʦ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʥʘʟʚʘʥʥʦʤ ʨʝʛʠʦʥʝ ʙʳʣʠ ʥʝʦʜʥʦʨʦʜʥʳʤʠ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ 
ʚʦʟʨʘʩʪʘʥʠʝ ʫʯʘʩʪʠʷ ʚ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʭʦʣʦʜʥʦʣʶʙʠʚʳʭ ʨʘʩʪʝʥʠʡ ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ, ʧʨʠ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʧʝʨʝʨʳʚʝ ʚ ʥʘʢʦʧʣʝʥʠʠ ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ. 
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A biostratigraphic subdivision of the valley gold-bearing sediments of the four above-floodplain 

terrace of the Bom River in the oldest Unya-Bomsky gold-bearing region of the Amur Region was 
carried out. The results of palynological and radiocarbon analyzes made it possible to reconstruct the 
climatic conditions and the evolution of vegetation in the Bom River valley and to establish the 
periodicity of the formation of gold-bearing fluvial and overlying horizons of brown peat, river silt, 
sand, loam and coarse clastic slope sediments that make up the IV terrace above the floodplain of the 
Bom River. The synchronism of sedimentation with the trend of climate change is shown. During the 
Karga Interglacial, corresponding to the isotopic stage (MIS) 3, the formation of river sands, silt and 
peat with woody residues occurred at depths of 9.4-7.6 m. During this time, due to the intensive 
accumulation of slope deposits, a 7-meter member of coarse deluvium was formed. At the end of the 
Late Holocene, the upper layer of brown peat with woody remains accumulated. 
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ʅʘ ʙʘʟʝ ʠʟʫʯʝʥʠʷ ʐʫʣʝʧʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ (ʶʞʥʘʷ ʯʘʩʪʴ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ) ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʫʩʪʘʥʦʚʠʪʴ ʠʩʪʦʯʥʠʢʠ ʚʝʱʝʩʪʚʘ 
ʜʣʷ ʢʘʦʣʠʥʦʚʳʭ ʪʦʣʱ ʄʠʣʦʩʣʘʚʩʢʦʛʦ ʨʘʡʦʥʘ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʵʪʠʭ ʪʦʣʱ ʩ 
ʧʝʨʚʠʯʥʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʢʘʦʣʠʥʠʪʦʤ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ 
ʥʘʩʳʱʝʥʥʳʤʠ ʙʦʣʝʝ ʣʝʛʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʚʳʚʝʪʨʠʚʘʥʠʝʤ ʠ ʧʝʨʝʥʦʩʦʤ 
ʚʝʱʝʩʪʚʘ. ʈʘʥʝʝ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʦʤ ʚʝʱʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʣʣʝʢʪʦʨ 
ï ɹʦʙʨʠʢʦʚʩʢʘʷ ʩʚʠʪʘ. ʉʦʩʪʘʚ ʧʦʨʦʜ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʩʦʜʝʨʞʠʪ ʛʣʠʥʳ, ʦʜʥʘʢʦ, ʦʥʠ ʪʘʢʞʝ 
ʥʘʩʳʱʝʥʳ ʮʠʨʢʦʥʠʝʤ ʠ ʛʨʘʥʘʪʦʤ. ɺ ʩʦʩʪʘʚʝ ʧʦʣʝʟʥʦʡ ʪʦʣʱʠ ʐʫʣʝʧʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʮʠʨʢʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ ʛʨʘʥʘʪʳ, ʯʪʦ 
ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʦʣʠʥʠʪ, ʛʣʠʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʨʝʩʫʨʩʳ ʢʘʦʣʠʥʘ 
 
ʄʠʣʦʩʣʘʚʩʢʠʡ ʢʘʦʣʠʥʦʥʦʩʥʳʡ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʝ ʢʘʦʣʠʥʦʚʳʭ 

ʪʦʣʱ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʦʙʲʝʢʪʦʚ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ 
ʐʫʣʝʧʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʐʫʣʝʧʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʝʛʦ ʩʚʷʟʴ ʩ 
ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʬʘʮʠʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʢʦʧʣʝʥʠʡ ʘʫʪʠʛʝʥʥʦʛʦ ʢʘʦʣʠʥʠʪʘ. 
ʆʜʥʦʪʠʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʫʪʠʛʝʥʥʦʛʦ ʢʘʦʣʠʥʠʪʘ ʚ ʢʘʞʜʦʡ ʠʟ ʦʛʥʝʫʧʦʨʥʳʭ ʣʠʥʟ 
ʜʦʢʘʟʘʥʘ ʩ ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʘ ʍʠʥʢʣʠ (Hind), ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʜʠʥʘʢʦʚʦ ʚʳʩʦʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 
ʣʠʥʟʳ-2 ʠ ʣʠʥʟʳ-1. ʆʧʨʝʜʝʣʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ ʣʠʥʟʳ-2 ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
(ʢʘʦʣʠʥʠʪ, ʩʤʝʰʘʥʦʩʣʦʡʥʳʡ ʩʤʝʢʪʠʪ-ʚʝʨʤʠʢʫʣʠʪ, ʛʘʣʣʫʘʟʠʪ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʢʚʘʨʮ) ʠ ʛʣʠʥʠʩʪʦʡ 
ʬʨʘʢʮʠʠ ʚʤʝʱʘʶʱʠʭ ʛʣʠʥʠʩʪʳʭ ʧʝʩʢʦʚ (ʢʘʦʣʠʥʠʪ, ʩʤʝʢʪʠʪ, ʩʣʶʜʳ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʢʚʘʨʮ). 
(ʂʦʨʰʫʥʦʚ ʠ ʜʨ, 2022) 

ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʘʣʣʦʪʠʛʝʥʥʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ ʢʘʦʣʠʥʠʪʘ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʩʧʦʢʦʡʥʳʭ ʫʩʣʦʚʠʷʭ 
ʚ ʟʘʤʢʥʫʪʦʤ ʠʣʠ ʧʦʣʫʟʘʤʢʥʫʪʦʤ ʚʦʜʦʝʤʝ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʥʝʛʦ ʥʦʚʳʭ ʧʦʨʮʠʡ ʪʦʥʢʦʛʦ 
ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʳʣ ʜʦʚʦʣʴʥʦ 
ʠʥʪʝʥʩʠʚʥʳʤ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ pH. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʠʢʨʦʩʣʦʠʩʪʳʭ 
ʘʛʨʝʛʘʪʦʚ ʢʘʦʣʠʥʠʪʘ. ʉʤʝʢʪʠʪ, ʚʝʨʦʷʪʥʦ, ʨʘʟʨʫʰʘʣʩʷ ʧʦ ʧʫʪʠ, ʦʧʠʩʘʥʥʦʤʫ ɼ.ɼ. ʂʦʪʝʣʴʥʠʢʦʚʳʤ, ʦʥ 
ʧʝʨʝʭʦʜʠʣ ʚ ʢʘʦʣʠʥʠʪ ʩ ʛʘʣʣʫʘʟʠʪʦʤ ʯʝʨʝʟ ʚʝʨʤʠʢʫʣʠʪ (ʂʦʪʝʣʴʥʠʢʦʚ ʠ ʜʨ., 2008). ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ 
ʧʦʜʦʙʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʛʘʣʣʫʘʟʠʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʯʥʳʭ 
ʘʛʨʝʛʘʪʦʚ ʢʘʦʣʠʥʠʪʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʩʤʝʰʘʥʦʩʣʦʡʥʦʛʦ ʩʤʝʢʪʠʪ-ʚʝʨʤʠʢʫʣʠʪʘ ʚ ʣʠʥʟʘʭ ʐʫʣʝʧʦʚʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɻʘʣʣʫʘʟʠʪ ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʥʘ ʩʪʝʥʢʘʭ ʢʘʦʣʠʥʠʪʦʚʳʭ ʧʣʝʥʦʢ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ ʣʠʥʟʳ ʘʢʪʠʚʥʦ ʬʦʨʤʠʨʦʚʘʣʩʷ ʢʘʦʣʠʥʠʪ, ʥʦ ʧʦ ʢʘʢʠʤ-ʪʦ ʧʨʠʯʠʥʘʤ ʧʨʦʮʝʩʩ ʨʝʟʢʦ ʧʨʝʢʨʘʪʠʣʩʷ. 
ɺʦʟʤʦʞʥʦ, ʧʨʠʯʠʥʦʡ ʩʪʘʣʦ, ʚʥʦʚʴ ʫʩʠʣʠʚʰʠʝʩʷ ʪʝʯʝʥʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʚʤʝʩʪʝ ʩ ʵʪʠʤ, ʥʘʯʘʚʰʠʡ 
ʧʦʩʪʫʧʘʪʴ ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʝʩʯʘʥʘʷ ʧʨʠʤʝʩʴ ʚ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ, 
ʦʙʥʘʨʫʞʝʥʥʘʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʣʠʥʟʳ ʠ ʫʚʝʣʠʯʠʚʘʶʱʘʷʩʷ ʚ ʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ (ʂʦʨʰʫʥʦʚ ʠ ʜʨ., 2021). 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚʝʨʤʠʢʫʣʠʪ ʤʦʞʝʪ ʙʳʪʴ 
ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʦʡ ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ ʙʠʦʪʠʪʘ ʠ ʘʤʬʠʙʦʣʦʚ (ʨʠʩ.1). ʊʘʢʞʝ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢ 
ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʘʣ ʧʣʘʛʠʦʢʣʘʟ. ɺ ʧʦʣʝʟʥʦʡ ʪʦʣʱʝ ʜʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʮʠʨʢʦʥʘ, ʢʦʪʦʨʳʡ ʠʟʫʯʘʣʩʷ ʚ 
ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʕʪʠ ʜʚʘ ʬʘʢʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶ ʦ 
ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ ʧʝʨʚʠʯʥʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʢʘʦʣʠʥʠʪʘ. 
ʉʨʝʜʳ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʢʘʦʣʠʥʠʟʘʮʠʠ, ʠʟʚʝʩʪʥʳ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʞʠʣʴʥʦʛʦ ʪʠʧʘ, 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʣʴʬʠʜʦʚ (HS) ʚ (ʩʫʙ) ʚʫʣʢʘʥʠʪʘʭ ʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ 
ʧʦʨʦʜʘʭ, ʠʟ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʣʴʬʠʜʦʚ (LS) 
ʧʣʶʩ ʩʢʘʨʥʳ ʠ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʚʤʝʩʪʝ ʩ ʠʭ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ (ʛʨʝʡʟʝʥʳ) ʠ 
ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʥʠʭ ʧʨʦʜʫʢʪʳ - ʧʝʛʤʘʪʠʪʳ ʠ ʘʧʣʠʪʳ (Dill, 2016).  
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ʈʠʩ. 1. ɺʳʚʝʪʨʠʚʘʥʠʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʦʣʠʥʘ. ʉʠʥʷʷ ʩʦʩʪʘʚʥʘʷ 
ʨʘʤʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʠʣʣʠʪ ʠ ʩʤʝʢʪʠʪ, ʦʙʦʟʥʘʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʬʠʣʣʦʩʠʣʠʢʘʪʦʚ. ʊʝ 
ʤʠʥʝʨʘʣʳ, ʢʦʪʦʨʳʝ ʜʚʘʞʜʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʦʪʪʝʥʢʝ ʩʝʨʦʛʦ, ʥʘʧʨʠʤʝʨ ʢʚʘʨʮ, 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʵʪʠ ʤʠʥʝʨʘʣʳ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʘʞʜʳ: ʩʣʝʚʘ ʚ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ ʠ ʝʱʝ ʨʘʟ ʚ 
ʢʘʯʝʩʪʚʝ ʨʝʣʠʢʪʦʚʦʛʦ ʤʠʥʝʨʘʣʘ ʚ ʢʘʦʣʠʥʝ (Dill, 2016) 

 
ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʝʨʚʠʯʥʳʝ ʧʦʨʦʜʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʚʝʱʝʩʪʚʘ ʜʣʷ ʛʣʠʥʷʥʳʭ 

ʪʦʣʱ ʄʠʣʦʩʣʘʚʩʢʦʛʦ ʢʘʦʣʠʥʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ. ɽʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʩʭʝʤʝ Friedman, ʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ 
ʮʠʨʢʦʥ ʤʦʞʝʪ ʙʳʪʴ ʫʢʘʟʘʪʝʣʝʤ ʪʦʣʴʢʦ ʥʘ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʥʘʩʳʱʝʥʥʳʝ ʙʦʣʝʝ ʣʝʛʢʠʤʠ 
ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʢʨʝʤʥʠʡ, ʢʠʩʣʦʨʦʜ, ʘʣʶʤʠʥʠʡ, ʥʘʪʨʠʡ ʠ ʢʘʣʠʡ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʊʷʞʝʣʳʝ ʤʠʥʝʨʘʣʳ ʠ ʠʭ ʤʘʪʝʨʠʥʩʢʠʝ ʧʦʨʦʜʳ (Friedman et al., 1992) 

 
ʈʘʙʦʪʘʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʘʦʣʠʥʠʪʘ ʚ ʨʘʡʦʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʙʦʙʨʠʢʦʚʩʢʘʷ ʩʚʠʪʘ. ɹʦʙʨʠʢʦʚʩʢʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʘʣʣʶʚʠʘʣʴʥʳʤʠ, 
ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʤʠ ʠ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʤʠ ʧʝʩʢʘʤʠ, ʘʣʝʚʨʠʪʘʤʠ, ʛʣʠʥʘʤʠ ʠ ʫʛʣʷʤʠ. ɻʣʠʥʳ 
ʩʝʨʳʝ ʜʦ ʪʝʤʥʦʩʝʨʳʭ ʥʝʠʟʚʝʩʪʢʦʚʳʝ ʞʠʨʥʳʝ, ʢʘʦʣʠʥʠʪʦʚʳʝ, ʚ ʦʩʥʦʚʘʥʠʠ ï ʩʣʶʜʠʩʪʳʝ ʠ çʩʫʭʘʨʥʳʝè 
(ʅʠʢʦʣʘʝʚ ʠ ʜʨ., 2023). ʇʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʠ ɻɼʇ-200/2 (ʅʦʚʛʦʨʦʜʮʝʚ ʠ ʜʨ., 2005), 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʘʥʘʪ ʠ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʚ ʧʦʨʦʜʘʭ ʩʚʠʪʳ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʪʦ ʧʦʷʚʣʷʶʪʩʷ, ʪʦ 
ʠʩʯʝʟʘʶʪ. ʇʝʩʯʘʥʠʩʪʳʝ ʛʣʠʥʳ ʩ ʧʨʦʩʣʦʷʤʠ ʙʫʨʳʭ ʫʛʣʝʡ, ʩʣʘʛʘʶʱʠʭ ʧʘʣʝʦʜʦʣʠʥʳ ʙʦʙʨʠʢʦʚʩʢʦʡ ʩʚʠʪʳ 
ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ, ʦʙʦʛʘʱʝʥʳ ʮʠʨʢʦʥʠʝʤ, ʩʣʘʙʦ ʦʙʦʛʘʱʝʥʳ ï ʦʣʦʚʦʤ, ʥʠʢʝʣʝʤ, ʚʦʣʴʬʨʘʤʦʤ, 
ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ ʤʘʨʛʘʥʮʝʤ (ʆʢʦʨʦʢʦʚ ʠ ʜʨ., 1968).  

ʆʜʥʘʢʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʨʘʥʘʪ ʚ ʧʦʣʝʟʥʳʭ ʪʦʣʱʘʭ ʛʣʠʥ ʐʫʣʝʧʦʚʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ ʮʠʨʢʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʘʥʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʫʩʦʤʥʠʪʩʷ ʚ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʚʳʚʦʜʘ ʦ ʙʦʙʨʠʢʦʚʩʢʦʡ ʩʚʠʪʝ ʢʘʢ ʠʩʪʦʯʥʠʢʝ ʢʘʦʣʠʥʠʪʘ ʜʣʷ 
ʄʠʣʦʩʣʘʚʩʢʦʛʦ ʢʘʦʣʠʥʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ.  

 
ʃʠʪʝʨʘʪʫʨʘ 
ʅʦʚʛʦʨʦʜʮʝʚ ɸ. ɸ., ʌʦʤʝʥʢʦ ɸ. ɽ., ʂʨʘʩʥʳʭ ʉ. ɸ. ʆʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʚʳʷʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʨʘʥʘ ʚ ʧʘʣʝʦʜʦʣʠʥʘʭ ʚʠʟʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘ ʉʢʦʧʠʥʩʢʦʡ ʧʣʦʱʘʜʠ ʥʘ ʦʩʥʦʚʝ 
ʩʦʩʪʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʪʘ ʛʝʦʣʦʛʦ-ʧʨʦʛʥʦʟʥʳʭ ʢʘʨʪ ʤʘʩʰʪʘʙʘ 1 : 200 000 ʥʘ ʣʠʩʪʳ N-37-XV, XVI, XXII (15 
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Potential sources of the substance of the Miloslavsky kaolin-bearing area 
(Ryazan region) 

 
Boguslavskiy M.A. 

 
Lomonosov Moscow State University, Russia, 119991, Moscow, Vorobyovy gory, 1, 

mboguslavskiy@yandex.ru 
 
Based on the study of the Shulepovsky clay deposit and adjacent territories, an attempt was 

made to establish the sources of the substance for the kaolin strata of the Milovslavsky district. 
Analysis of the literature data showed the absence of a connection of these strata with volcanic and 
primary hydrothermal kaolinite. The connection with mafic rocks with their subsequent weathering 
has been established. Previously, the main source of the substance was considered an intermediate 
collector ï the Bobrikov formation. The composition of the rocks of these deposits are saturated with 
clays, however, they are also saturated with zirconium and garnet. Zircon is present in the composition 
of the Shulepovsky deposit, but it has a somewhat different composition and there are no garnets at 
all, which casts doubt on the unambiguity of this concept. 
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ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩʦʩʪʦʠʪ ʠʟ ʘʤʦʨʬʥʳʭ ʠ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 
ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʥʝʚʠʜʠʤʳʭ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ, ʧʦʵʪʦʤʫ ʠʭ ʜʠʘʛʥʦʩʪʠʢʘ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʪʨʫʜʦʝʤʢʠʭ ʟʘʜʘʯ ʚ ʛʝʦʣʦʛʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦʷʚʣʝʥʠʝ 
ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʙʦʣʝʝ ʯʝʪʢʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 
ʵʪʠ ʤʠʥʝʨʘʣʳ ʠ ʧʦʣʫʯʘʪʴ ʩʚʝʜʝʥʠʷ ʦʙ ʠʭ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ʆʩʥʦʚʥʳʝ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ 
ʵʚʦʣʶʮʠʠ ʠʭ ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʮʝʩʩʘʭ ʛʠʧʝʨʛʝʥʝʟʘ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ 
ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ  ʠʟʤʝʥʝʥʠʶ ʤʘʩʩʳ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ 
ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʢʦʤʧʣʝʢʩʥʳʭ ʵʥʜʦ- ʠ 
ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʠʢʦʚ, ʠʭ ʧʣʦʱʘʜʠ, ʰʠʨʠʥʳ, ʠʥʜʝʢʩʘ ʘʩʠʤʤʝʪʨʠʠ, ʚʳʩʦʪʳ, ʪʝʤʧʝʨʘʪʫʨʳ 
ʥʘʯʘʣʘ, ʤʘʢʩʠʤʫʤʘ ʠ ʦʢʦʥʯʘʥʠʷ ʠʭ ʧʨʦʷʚʣʝʥʠʷ, ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚʘʭ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʛʠʧʝʨʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ 
 

ʊʝʨʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʩʚʷʱʝʥʘ ʦʙʰʠʨʥʘʷ ʣʠʪʝʨʘʪʫʨʘ. ɺ 1887 ʛʦʜʫ 
ʚʳʰʣʘ ʩʪʘʪʴʷ ɸʥʨʠ ʃʫʠ ʃʝ-ʐʘʪʝʣʴʝ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʠʣ ʤʝʪʦʜ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

mailto:mboguslavskiy@yandex.ru
mailto:petrov@igem.ru


40 | ˿ ͭ ͪ ͊ ͙ͤ ͼ ͊ 
 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʤʘʣʦ ʤʦʥʦʛʨʘʬʠʡ, ʛʜʝ ʦʧʨʝʜʝʣʝʥʥʦʝ 
ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʄʦʞʥʦ ʥʘʟʚʘʪʴ ʨʘʙʦʪʳ ɺ.ʇ. ʇʝʪʨʦʚʘ, ʀ.ʀ. ɻʠʥʟʙʫʨʛʘ, ʌ.ɺ. 
ʏʫʭʨʦʚʘ, ɻ.ʆ. ʇʠʣʦʷʥʘ ʠ ʜʨ. ʊʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʚ 
ʠʩʩʣʝʜʫʝʤʦʤ ʚʝʱʝʩʪʚʝ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ (ʦʭʣʘʞʜʝʥʠʠ). ɹʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʠ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʠʙʦʨʥʦʡ ʙʘʟʳ, ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʠʣ ʥʦʚʳʡ ʚʠʪʦʢ ʚ ʨʘʟʚʠʪʠʠ, ʚʩʝ 
ʙʦʣʴʰʝ ʧʨʠʦʙʨʝʪʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʀɻɽʄʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʧʨʠʙʦʨʘ: ʚʝʥʛʝʨʩʢʠʡ ʜʝʨʠʚʘʪʦʛʨʘʬ Q-1000 (ɺʝʥʛʨʠʷ) ʠ 
ʩʦʚʨʝʤʝʥʥʳʡ ʧʨʠʙʦʨ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ STA 449 F1 Jupiter Netzsch (ɻʝʨʤʘʥʠʷ).  

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʘʤʦʨʬʥʳʭ ʠ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 
ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʥʝʚʠʜʠʤʳʭ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ, ʧʦʵʪʦʤʫ ʠʭ ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʪʨʫʜʦʝʤʢʠʭ ʟʘʜʘʯ ʚ ʣʠʪʦʣʦʛʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦʷʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ 
ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʙʦʣʝʝ ʯʝʪʢʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʩʚʝʜʝʥʠʷ ʦ 
ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʤʘʩʩʝ ʪʝʨʤʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʚʝʣʠʯʠʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ 
ʵʬʬʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʦʱʘʜʴ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʠʟ ʦʪʢʣʦʥʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʦʪ 
ʥʘʧʨʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʙʝʟ ʦʪʩʫʪʩʪʚʠʷ ʵʬʬʝʢʪʘ (ʀʚʘʥʦʚʘ ʠ ʜʨ., 1974). ɻ.ʆ. ʇʠʣʦʷʥʦʤ ʙʳʣʘ 
ʨʘʩʩʯʠʪʘʥʘ ʬʦʨʤʫʣʘ, ʩʚʷʟʳʚʘʶʱʘʷ ʧʣʦʱʘʜʴ ʵʬʬʝʢʪʘ, ʠʣʠ ʝʛʦ ʵʥʪʘʣʴʧʠʶ, ʩ ʤʘʩʩʦʡ ʠʩʩʣʝʜʫʝʤʦʛʦ 
ʚʝʱʝʩʪʚʘ (ʇʠʣʦʷʥ, 1964). ʊɻ ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ, ʥʘʯʠʥʘʷ 
ʩ ʩʝʨʝʜʠʥʳ 1960-ʭ ʛʦʜʦʚ. ʅʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʪʦʣʴʢʦ ʪʝʭ ʤʠʥʝʨʘʣʦʚ ʚ 
ʧʦʨʦʜʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝ ʚʩʪʫʧʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ 
ʚ ʨʝʘʢʮʠʶ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʡ ʛʠʜʨʦʢʩʠʣʦʚ 
ʚ ʩʪʨʫʢʪʫʨʝ ʤʠʥʝʨʘʣʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʤɼʊɸ). ʕʪʠʤ 
ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ɹʣʘʛʦʜʘʨʷ ʤʝʪʦʜʫ ʤɼʊɸ 
ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣʳ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ 
ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʨʝʘʢʮʠʡ (ɹʦʝʚʘ, 2016). ʆʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʬʦʨʤʳ ʪʝʨʤʠʯʝʩʢʠʭ 
ʵʬʬʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ Netzsch Peak Separation, ʤʝʪʦʜ ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʥʘ 
ʧʨʠʤʝʨʘʭ ʨʝʘʢʮʠʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʛʝʪʠʪʘ ʠ ʛʠʙʙʩʠʪʘ ʚ ʙʦʢʩʠʪʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʭʦʜʥʘʷ ʠ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʢʨʠʚʳʝ ɼʉʂ ʙʦʢʩʠʪʘ. ʇʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʜʥʦʛʦ 
ʩʣʦʞʥʦʛʦ ʵʥʜʦʵʬʬʝʢʪʘ ʥʘ ʜʚʘ, ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 325ʦʉ ʜʣʷ ʛʠʙʙʩʠʪʘ ʠ 345ʦʉ ʜʣʷ ʛʝʪʠʪʘ. 
ʇʦ ʵʥʪʘʣʴʧʠʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʧʦ ʦʙʱʠʤ ʧʦʪʝʨʷʤ ʤʘʩʩʳ ʚ ʠʥʪʝʨʚʘʣʝ 200-400ʦʉ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 
ʩʦʜʝʨʞʘʥʠʝ ʛʠʙʙʩʠʪʘ ʠ ʛʝʪʠʪʘ ʚ ʧʦʨʦʜʝ. 

ʀʟʫʯʝʥʠʝ ʧʦʨʦʜ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ 
ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʠʙʙʩʠʪʘ ʩ ʝʛʦ ʧʦʣʦʞʝʥʠʝʤ ʚ ʙʦʢʩʠʪʦʥʦʩʥʦʤ ʧʨʦʬʠʣʝ ʢʦʨʳ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʦʙʨʘʟʮʳ ʙʦʢʩʠʪʦʚ ʠʟ ʨʘʟʥʳʭ ʟʦʥ ʣʘʪʝʨʠʪʥʦʛʦ 
ʧʨʦʬʠʣʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʏʘʜʦʙʝʮʢʦʤ ʧʦʜʥʷʪʠʠ. ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʘ 
ʢʨʠʚʳʭ ɼʉʂ ʬʠʢʩʠʨʫʶʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʛʠʙʙʩʠʪʫ, ʛʝʪʠʪʫ, ʙʸʤʠʪʫ (ʨʠʩ. 2 ʘ-
ʝ). 

 

 
ʈʠʩ. 1. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʂʨʠʚʘʷ ɼʉʂ ʙʦʢʩʠʪʘ. 

 
ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʛʠʙʙʩʠʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 220-450ÁC ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʚʦʜʳ ʛʠʙʙʩʠʪʘ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘ ʛʨʘʬʠʢʘʭ ɼʉʂ. ɺ ʪʦ ʞʝ 
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ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʙʨʘʟʫʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʤʠʪʘ. ʆʙʝʟʚʦʞʠʚʘʥʠʝ 
ʠ ʨʘʟʣʦʞʝʥʠʝ ʙʝʤʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400-600ÁC, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʛʦ 
ʵʬʬʝʢʪʘ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʛʨʘʬʠʢʝ ɼʉʂ. ʕʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʜʠʘʧʘʟʦʥʝ 
ʪʝʤʧʝʨʘʪʫʨ 950-1200ÁC ʩʚʷʟʘʥ ʩ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ɔ-Al2O3 ʚ Ŭ-Al2O3 (ʢʦʨʫʥʜ). 

ʆʙʝʟʚʦʞʠʚʘʥʠʝ ʛʝʪʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 300-400 ÁC. ʄʠʥʝʨʘʣ ʧʨʠ ʵʪʦʤ 
ʪʝʨʷʝʪ 10 % ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. 

ʇʦ ʭʘʨʘʢʪʝʨʥʳʤ ʧʠʢʘʤ ʥʘ ʢʨʠʚʦʡ ɼʉʂ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʛʠʙʙʩʠʪʘ. ʀʟ 
ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʦʩʘʜʦʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʦʢʩʠʪʦʚ ʥʘ ʪʝʨʤʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʚ 
ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʛʠʙʙʩʠʪʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ ʦʩʣʦʞʥʝʥʠʡ (ɹʦʝʚʘ ʠ ʜʨ., 
2022). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʤʝʶʪ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʝ 
ʨʘʟʤʝʨʳ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ ʚ ʣʝʚʦʤ ʧʣʝʯʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ 
ʢʨʠʚʳʭ ɼʉʂ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 260ʦʉ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʠʢ. ʀʤʝʥʥʦ ʧʨʠ 
ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʤʠʪʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 
(Egorova et al, 2018). ɺ ʪʘʙʣʠʮʫ 1 ʩʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʨʠʚʳʭ ɼʉʂ 
ʙʦʢʩʠʪʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʩʥʠʟʫ ʚʚʝʨʭ ʚ ʙʦʢʩʠʪʦʥʦʩʥʦʤ ʧʨʦʬʠʣʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 
ʠʥʪʝʨʚʘʣʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘʨʦʞʜʘʝʪʩʷ ʙʝʤʠʪ ʚ ʧʦʨʦʜʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ 
ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʠʢʘ (ʨʠʩ. 2 ʘ-ʝ) ʠ ʧʦʪʝʨʠ ʤʘʩʩʳ ʥʘ 
ʢʨʠʚʦʡ ʊɻ, ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ. ɹʝʤʠʪ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 400ÜC. 
ɼʝʛʠʜʨʘʪʘʮʠʷ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʙʝʤʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 400-600ÜC (Sato, 
1987). ʇʦʪʝʨʠ ʚʝʩʘ ʚ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʪ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ ʢ 
ʧʦʩʣʝʜʥʝʤʫ. ʇʦ ʢʨʠʚʳʤ ʊɻ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʛʠʙʙʩʠʪʘ 
ʤʠʥʝʨʘʣʘ (ʪʘʙʣ. 1). 

 
ʊʘʙʣ. 1. ɼʘʥʥʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʅʦʤʝʨ 
ʦʙʨʘʟʮʘ 

ʉʦʜʝʨʞʘʥʠʝ 
ʛʠʙʙʩʠʪʘ ʠ 
ʙʝʤʠʪʘ ʚ 
ʙʦʢʩʠʪʝ, % 

ʇʨʦʮʝʥʪ 
ʛʠʙʙʩʠʪʘ, 

ʧʝʨʝʰʝʜʰʝʛʦ 
ʚ ʙʝʤʠʪ, % 

ʇʦʪʝʨʷ ʚʝʩʘ ʧʨʠ 
ʬʦʨʤʠʨʦʚʘʥʠʠ 
ʬʘʟʳ ʙʝʤʠʪʘ 

(~255-265ÜC), % 

ʇʦʪʝʨʷ ʚʝʩʘ 
ʧʨʠ 

ʦʙʝʟʚʦʞʠʚʘʥʠʠ 
ʙʝʤʠʪʘ (~400-
600ÜC), % 

ʉʦʜʝʨʞʘʥʠʝ 
ʙʝʤʠʪʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ 
ʪʝʨʤʠʯʝʩʢʦʤ 
ʨʘʟʣʦʞʝʥʠʠ 
ʛʠʙʙʩʠʪʘ, % 

6 74.7 11.1 1.40 4.0 13.9 

5 71.0 9.9 1.22 2.0 12.5 

4 68.4 8.2 1.15 2.0 10.5 

3 50.0 5.1 1.01 3.0 7.4 

2 51.7 3.5 0.95 2.5 6.9 

1 29.2 1.4 0.69 1.0 2.4 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʧʨʦʬʠʣʷ, ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ. ʏʝʤ ʚʳʰʝ ʟʘʣʝʛʘʝʪ 
ʧʦʨʦʜʘ, ʪʝʤ ʦʥʘ ʙʦʣʝʝ ʧʦʨʠʩʪʘʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʟʫ ʚʚʝʨʭ ʚ ʙʦʢʩʠʪʦʥʦʩʥʦʤ ʧʨʦʬʠʣʝ ʢʦʨʳ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʫʩʣʦʞʥʷʝʪʩʷ ʝʛʦ ʤʦʨʬʦʣʦʛʠʷ. ʄʝʪʦʜʦʤ 
ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ, ʪʝʤ ʙʦʣʴʰʝ ʙʝʤʠʪʘ 
ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ. 

ʅʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʚʦʜʳ ʚ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʝ ʀʜʞʝʚʘʥʩʢʦʛʦ, ʅʠʢʦʣʴʩʢʦʛʦ, 
ʊʠʭʤʝʥʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʠ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 250ʦʉ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ, ʠʟ 
ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʫʭʦʜʠʪ ʬʠʟʠʯʝʩʢʠ ʩʚʷʟʘʥʥʘʷ ʚʦʜʘ. ɺ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 250ʦʉ, 
ʫʭʦʜʠʪ ʪʦʣʴʢʦ ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʚʦʜʘ ʠʟ ʤʝʞʩʣʦʝʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʋʜʘʣʝʥʠʶ ʦʩʤʦʪʠʯʝʩʢʦʡ ʚʦʜʳ ʠʟ ʧʦʨ 
ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʨʛʦʥ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʷʝʪ ʧʨʦʪʦʥʥʳʡ ʦʙʤʝʥ ʚ ʤʠʥʝʨʘʣʝ. ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ 
ʥʘʪʨʦʚʦʛʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʀʜʞʝʚʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʘʛʨʝʪʦʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 250ʦʉ ʚ 
ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʩʦʩʪʘʚʠʣʦ 3,63%, ʵʥʪʘʣʴʧʠʷ ï 149,8 ɼʞ/ʛ, ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ 
ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï 7,09% ʠ 260,1 ɼʞ/ʛ (ʨʠʩ. 3). ɼʘʥʥʳʝ ʧʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʫ ʠʟ ʜʨʫʛʠʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʢʘʟʘʣʠʩʴ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ. ʈ. ʄʫʥʠ ʧʦ ʠʟʦʪʝʨʤʘʤ ʘʜʩʦʨʙʮʠʠ 
ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 
ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʯʘʩʪʠ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1:1 (Mooney 
et al).  
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. 
ʈʠʩ. 2. ʊʝʨʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʦʙʨʘʟʮʦʚ ʙʦʢʩʠʪʦʚ: ʘ ï 1, ʙ ï 2, ʚ ï 3, ʛ ï 4, ʜ ï 5, ʝ ï 6. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʉʊɸ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 
ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʜʳ ʚ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʝ 

 

 
ʈʠʩ. 3. ɼʉʂ ʠ ʊɻ ʢʨʠʚʳʝ ʀʜʞʝʚʘʥʩʢʦʛʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ: 1 ï ʩʥʷʪʦʛʦ ʚ ʘʪʤʦʩʬʝʨʝ Ar, 2 ï ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ 
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ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʧʦʟʥʘʥʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʝ 

ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʪʘʢʠʤ ʞʝ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʮʠʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 
ʢʘʢ ʨʝʥʪʛʝʥ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʀʂʉ, ʕʇʈ ʠ ʜʨ. ʆʥ ʜʦʧʦʣʥʷʝʪ ʠ ʜʝʪʘʣʠʟʠʨʫʝʪ ʵʪʠ ʤʝʪʦʜʳ, ʘ ʚ 
ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ï ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ, ʧʨʦʩʪʳʤ ʠ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʤ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʣʠʮʝ 
ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ˉ 13.1902.21.0018 (ʩʦʛʣʘʰʝʥʠʝ 075-15-2020-802).  
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Most of the sedimentary rocks consist of amorphous and cryptocrystalline supergene minerals 

invisible to the naked eye, so their diagnosis to be one of the most time-consuming tasks in geology. 
That is why the appearance of modern thermal analysis devices has allowed us to more clearly identify 
these minerals and obtain information about their crystal chemical properties. The main advantages 
of the thermal analysis method in the diagnosis of supergene minerals and the evolutions of their 
crystallomorphological properties in the processes of supergenesis consist in the ability to quantify 
the mineral content in rocks by changing the mass during heating, and to determine the area, width, 
index of asymmetry, height, temperature of the beginning, maximum and end of their manifestation by 
the parameters of complex endothermic and exothermic peaks and draw conclusions about the 
crystallomorphological properties of these minerals. 

Keywords: thermal analysis, supergene minerals. 
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ʭʘʣʴʢʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʠ ʦʙʣʘʩʪʝʡ ʜʝʥʫʜʘʮʠʠ. ɼʣʷ ʦʙʦʠʭ 
ʩʣʫʯʘʝʚ ʧʦʢʘʟʘʥʘ ʨʦʣʴ ʙʘʨʦʚʳʭ ʨʠʬʦʛʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʤʦʙʠʣʠʟʘʮʠʠ 
ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʦʩʘʜʦʯʥʦ-ʧʦʨʦʜʥʦʛʦ 
ʙʘʩʩʝʡʥʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʤʦʛʣʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʨʘʩʩʦʣʴʥʦʛʦ ʠ 
ʵʣʠʟʠʦʥʥʦʛʦ ʢʘʪʘʛʝʥʝʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʥʝʨʘʛʝʥʠʷ, ʨʠʬʳ, ʂʘʚʢʘʟ 
 
ʃʘʛʦʥʘʢʩʢʘʷ ʩʪʫʧʝʥʴ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ɿʘʧʘʜʥʦʤ ʂʘʚʢʘʟʝ, ʚ ʟʦʥʝ ʩʦʧʨʷʞʝʥʠʷ ʢʨʫʧʥʳʭ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʦʙʱʝʢʘʚʢʘʟʩʢʦʛʦ ʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʂ ʧʝʨʚʳʤ ʦʪʥʦʩʷʪʩʷ ʇʰʝʢʠʰ-
ʊʳʨʥʳʘʫʟʩʢʘʷ ʠ ɸʭʪʳʨʩʢʘʷ ʰʦʚʥʳʝ ʟʦʥʳ, ʦʪʜʝʣʷʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʉʢʠʬʩʢʦʡ ʧʣʠʪʳ ʥʘ ʩʝʚʝʨʝ ʦʪ 
ʩʪʨʫʢʪʫʨ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ ʥʘ ʶʛʝ. ɺʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʇʰʝʭʠʥʩʢʦ-ɸʜʣʝʨʩʢʦʡ ʩʠʩʪʝʤʦʡ ʨʘʟʣʦʤʦʚ, 
ʨʘʟʜʝʣʷʶʱʝʡ ɿʘʧʘʜʥʳʡ ʠ ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʚʢʘʟ. ʉʪʫʧʝʥʴ ʟʘʢʣʶʯʝʥʘ ʤʝʞʜʫ ʂʫʨʜʞʠʧʩʢʠʤ ʠ ʎʠʮʠʥʩʢʠʤ 
ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤʠ ʨʘʟʣʦʤʘʤʠ, ʯʝʪʢʦ ʧʨʦʷʚʣʷʷʩʴ ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ.  

ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʧʨʝʜʝʣʘʭ ʃʘʛʦʥʘʢʩʢʦʡ ʩʪʫʧʝʥʠ ʧʦʣʫʯʠʣʘ ʜʦʚʦʣʴʥʦ 
ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ʂʫʨʜʞʠʧʩ ï ʣʝʚʦʛʦ ʧʨʠʪʦʢʘ ʂʫʙʘʥʠ. ʅʘʠʙʦʣʝʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʪʣʦʞʝʥʠʷʤ ʤʝʟʤʘʡʩʢʦʡ ʩʚʠʪʳ (ʢʠʤʝʨʠʜʞ-ʪʠʪʦʥ) ʚʝʨʭʥʝʡ 
ʶʨʳ (ɹʦʡʢʦ, ʂʘʥʜʘʫʨʦʚ, 2006). ʉʚʠʪʘ ʩʣʦʞʝʥʘ ʧʝʩʪʨʦʮʚʝʪʥʳʤʠ ʛʣʠʥʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ ʠ 
ʜʦʣʦʤʠʪʦʚ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʟʦʥʳ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 
ʙʦʣʝʝ 20 ʢʤ, ʧʨʠ ʰʠʨʠʥʝ ʦʪ 1 ʜʦ 2 ʢʤ. ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ 
ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʛʘʣʝʥʠʪʘ, ʨʝʞʝ ʩʬʘʣʝʨʠʪʘ ʚ ʧʨʦʩʣʦʷʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʜʦʣʦʤʠʪʦʚ, ʟʘʣʝʛʘʶʱʠʭ ʚ 
ʧʝʩʪʨʦʮʚʝʪʥʳʭ ʛʣʠʥʘʭ. ɻʘʣʝʥʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʚʠʜʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 
çʩʛʫʩʪʢʦʚʳʭè ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʨʘʟʤʝʨʦʤ ʦʪ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ ʜʦ 3-4 ʤʤ, ʠʥʦʛʜʘ ʜʦ 8 ʤʤ. ʆʥ ʯʘʩʪʦ 
ʟʘʤʝʱʘʝʪ ʜʝʪʨʠʪʦʚʳʡ ʤʘʪʝʨʠʘʣ ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ ʠ ʦʙʨʘʟʫʝʪ ʠʜʠʦʤʦʨʬʥʳʝ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ 
ʢʨʠʩʪʘʣʣʳ ʧʦ ʩʪʝʥʢʘʤ ʪʨʝʱʠʥ. ʇʦ ʧʝʨʠʬʝʨʠʠ ʟʝʨʝʥ ʛʘʣʝʥʠʪʘ ʨʘʟʚʠʚʘʝʪʩʷ ʘʥʛʣʝʟʠʪ ʠ ʮʝʨʫʩʩʠʪ. 
ʉʬʘʣʝʨʠʪ ʦʙʨʘʟʫʝʪ ʤʝʣʢʠʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠ ʠʟʦʤʝʪʨʠʯʥʳʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ʜʦ 0,02-0,03 ʤʤ. 
ʏʘʩʪʦ ʵʪʠ ʤʠʥʝʨʘʣʳ ʦʪʤʝʯʘʶʪʩʷ ʚ ʦʙʫʛʣʠʚʰʠʭʩʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ, ʚʤʝʱʘʝʤʳʭ ʢʘʢ ʜʦʣʦʤʠʪʘʤʠ, 
ʪʘʢ ʠ ʙʦʣʝʝ ʨʝʜʢʠʤʠ ʧʣʘʩʪʘʤʠ ʧʝʩʯʘʥʠʢʦʚ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʩʝʷʥʥʳʡ ʧʠʨʠʪ. ʆʥ 
ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ: ʛʣʦʙʫʣʷʨʥʦʡ, ʢʦʣʣʦʤʦʨʬʥʦʡ ʠ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ. ɺ ʘʩʩʦʮʠʘʮʠʠ ʩ ʦʧʠʩʘʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʚʢʨʘʧʣʝʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ 
ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʙʦʨʥʠʪ, ʯʘʩʪʦ ʟʘʤʝʱʘʶʱʠʝʩʷ ʭʘʣʴʢʦʟʠʥʦʤ, ʢʦʚʝʣʣʠʥʦʤ ʠ ʤʘʣʘʭʠʪʦʤ. 

ʇʦ ʜʘʥʥʳʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʦʨʦʟʜʦʚʳʭ ʧʨʦʙ (ʚʩʝʛʦ 41 ʧʨʦʙʘ) ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ, ʮʠʥʢʘ ʠ 
ʤʝʜʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ. ɺ 12-ʪʠ ʧʨʦʙʘʭ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ 
ʜʦʩʪʠʛʘʝʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ (0,10-0,38) ʧʨʦʮʝʥʪʘ ʥʘ ʦʧʨʦʙʦʚʘʥʥʫʶ ʤʦʱʥʦʩʪʴ ʚ 0,3-1,0 ʤ. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ 
ʥʘ ʤʦʱʥʦʩʪʴ 0,25 ʤ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʩʦʩʪʘʚʠʣʦ 3,24 %, ʮʠʥʢʘ ï 5,49 %. ɺ 4-ʭ ʧʨʦʙʘʭ ʩʦʜʝʨʞʘʥʠʝ 
ʤʝʜʠ ï 0,11-0,28 %. 

ʈʫʜʥʳʝ ʧʣʘʩʪʳ ʦʙʥʘʞʘʶʪʩʷ ʩʧʦʨʘʜʠʯʝʩʢʠ. ʏʘʱʝ ʦʥʠ ʧʝʨʝʢʨʳʪʳ ʨʳʭʣʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 
ʄʦʱʥʦʩʪʴ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʣʘʩʪʦʚ ʠʟʚʝʩʪʥʷʢʘ ʠ ʜʦʣʦʤʠʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,1 ʜʦ 2,0 ʤ, ʟʘʣʝʛʘʶʪ ʦʥʠ ʚ 
ʛʣʠʥʘʭ ʯʝʨʝʟ 2-5 ʤ ʠ ʙʦʣʝʝ. ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʘʡʥʝ 
ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ɹʦʣʝʝ ʛʫʩʪʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʧʨʠʫʨʦʯʠʚʘʝʪʩʷ ʢ ʫʯʘʩʪʢʘʤ ʩ 
ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ ʠ ʦʙʦʛʘʱʝʥʥʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 

ɺ ʢʦʤʧʣʝʢʩʝ ʩʦ ʩʚʠʥʮʦʤ, ʮʠʥʢʦʤ ʠ ʤʝʜʴʶ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ (ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ 
ʢʣʘʨʢʦʚʳʭ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʝʨʝʙʨʦ ʠ ʟʦʣʦʪʦ. ʅʘʣʠʯʠʝ ʘʥʦʤʘʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʧʦʩʣʝʜʥʝʛʦ ʚ 
ʧʦʨʦʜʘʭ ʤʝʟʤʘʡʩʢʦʡ ʩʚʠʪʳ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠ ʥʘʰʠʤʠ ʨʘʙʦʪʘʤʠ (ɹʦʡʢʦ, 2000). ʍʘʨʘʢʪʝʨʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʤʝʱʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʣʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 
ʷʚʣʷʝʪʩʷ ʩʚʷʟʴ ʠʭ ʩ ʫʯʘʩʪʢʘʤʠ ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʘ ʪʘʢʞʝ ʛʣʠʥʠʩʪʳʤʠ ʠ 
ʧʝʩʯʘʥʠʩʪʳʤʠ ʠʭ ʨʘʟʥʦʩʪʷʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ ʯʘʩʪʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʜʝʪʨʠʪʘ. 

ɸʥʘʣʠʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʩʦʩʪʘʚʝ ʚʝʨʭʥʝʶʨʩʢʦʡ ʢʘʨʙʦʥʘʪʥʦ-
ʵʚʘʧʦʨʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ 
ʚʤʝʱʘʝʤʦʡ ʝʶ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ï ʩ ʜʨʫʛʦʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʯʝʪʣʠʚʦʡ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ 
ʧʦʩʣʝʜʥʝʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʪʳʣʦʚʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ ʙʘʨʴʝʨʥʳʭ ʨʠʬʦʚ. ʋʯʠʪʳʚʘʷ ʢʘʢ ʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ, 
ʪʘʢ ʠ ʚʳʷʚʣʝʥʥʳʝ ʥʘʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʠʦʛʝʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʨʠʬʦʛʝʥʥʳʭ 
ʢʦʤʧʣʝʢʩʘʭ ʃʘʛʦʥʘʢʩʢʦʡ ʩʪʫʧʝʥʠ ʷʚʣʷʣʠʩʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʦʜʳ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, 
ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʚ ʧʦʟʜʥʝʶʨʩʢʫʶ ʵʧʦʭʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ɹʦʣʴʰʦʛʦ 
ʂʘʚʢʘʟʘ (ɹʦʡʢʦ, 1997). ʆʥʠ ʩʦʜʝʨʞʘʣʠ ʤʝʪʘʣʣʳ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ, ʢʦʣʣʦʠʜʥʦʤ ʠ ʚʟʚʝʰʝʥʥʦʤ 
ʩʦʩʪʦʷʥʠʷʭ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʠ ʢʦʣʣʦʠʜʥʦʤ 
ʚʠʜʘʭ, ʧʦʛʣʦʱʘʣʘʩʴ ʠ ʫʩʚʘʠʚʘʣʘʩʴ ʧʣʘʥʢʪʦʥʦʤ. ɺ ʢʠʤʝʨʠʜʞʩʢʦ-ʪʠʪʦʥʩʢʦʝ ʚʨʝʤʷ, 
ʭʘʨʘʢʪʝʨʠʟʦʚʘʚʰʝʝʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʵʚʘʧʦʨʠʪʦʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʰʝʣʴʬʝ ɺʦʩʪʦʯʥʦ-ʂʫʙʘʥʩʢʦʡ ʚʧʘʜʠʥʳ, 
ʠʤʝʣʠ ʤʝʩʪʦ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ ʪʝʯʝʥʠʷ ʠʟ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʦʙʣʘʩʪʴ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ. ʆʥʠ 
ʧʨʠʚʥʦʩʠʣʠ ʚ ʟʦʥʫ ʙʘʨʴʝʨʥʳʭ ʨʠʬʦʚ ʃʘʛʦʥʘʢʩʢʦʡ ʩʪʫʧʝʥʠ, ʦʢʘʡʤʣʷʶʱʠʭ ʩʦʣʝʨʦʜʥʳʡ ʙʘʩʩʝʡʥ 
ɺʦʩʪʦʯʥʦ-ʂʫʙʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʩʦ ʩʪʦʨʦʥʳ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ, ʥʝ ʪʦʣʴʢʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʥʢʪʦʥʥʳʭ 
ʦʨʛʘʥʠʟʤʦʚ, ʥʦ ʠ ʤʦʙʠʣʠʟʦʚʘʥʥʦʝ ʠʤʠ ʨʫʜʥʦʝ ʚʝʱʝʩʪʚʦ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ ʪʘʢʠʭ ʪʝʯʝʥʠʡ 
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ʯʝʨʝʟ ʙʘʨʴʝʨʥʳʝ ʨʠʬʳ ʚ ʵʚʘʧʦʨʠʪʦʚʳʡ ʩʫʙʙʘʩʩʝʡʥ ɺʦʩʪʦʯʥʦ-ʂʫʙʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʷʚʣʷʶʪʩʷ 
ʚʳʷʚʣʝʥʥʳʝ ʚ ʟʦʥʝ ʩʦʧʨʷʞʝʥʠʷ ʛʦʨʶʯʠʝ ʩʣʘʥʮʳ (ɹʦʡʢʦ ʠ ʜʨ. 1989).  

ʀʩʪʦʯʥʠʢʦʤ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʠʬʦʛʝʥʥʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʧʨʦʷʚʣʝʥʠʡ ʃʘʛʦʥʘʢʩʢʦʡ ʩʪʫʧʝʥʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʭʘʣʴʢʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʣʘʩʪʝʡ ʜʝʥʫʜʘʮʠʠ 
(ɹʦʡʢʦ, 1998). ʆʥʠ, ʧʦʩʪʫʧʘʷ ʩ ʧʨʠʣʝʛʘʶʱʝʡ ʩʫʰʠ, ʚ ʧʘʣʝʦʙʘʩʩʝʡʥʝ ɺʦʩʪʦʯʥʦ-ʂʫʙʘʥʩʢʦʡ ʚʧʘʜʠʥʳ 
ʦʢʘʟʳʚʘʣʠʩʴ ʚ ʩʚʦʝʛʦ ʨʦʜʘ ʣʦʚʫʰʢʝ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʚ ʟʦʥʝ ʩʦʧʨʷʞʝʥʠʷ ʩ ʛʣʫʙʦʢʦʚʦʜʥʳʤ ʤʦʨʝʤ 
ʨʠʬʦʛʝʥʥʳʤʠ ʙʘʨʦʚʳʤʠ ʪʝʣʘʤʠ. ɺ ʫʩʣʦʚʠʷʭ ʵʚʘʧʦʨʠʪʦʚʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʪʷʞʝʣʳʝ ʦʩʪʘʪʦʯʥʳʝ 
ʨʘʩʪʚʦʨʳ ʦʧʫʩʢʘʣʠʩʴ ʥʘ ʜʥʦ ʠ, ʤʦʙʠʣʠʟʫʷ ʥʘʭʦʜʷʱʝʝʩʷ ʪʘʤ ʧʨʠʚʥʝʩʝʥʥʦʝ ʨʫʜʥʦʝ ʚʝʱʝʩʪʚʦ, ʩʪʝʢʘʣʠ 
ʚ ʩʪʦʨʦʥʫ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʤʦʨʷ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ. ɿʜʝʩʴ, ʥʘ ʛʨʘʥʠʮʝ ʥʦʨʤʘʣʴʥʦʡ ʤʦʨʩʢʦʡ 
ʚʦʜʳ ʠ ʧʣʦʪʥʳʭ ʜʦʥʥʳʭ ʨʘʩʩʦʣʦʚ, ʧʨʠ ʤʘʩʩʦʚʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʬʠʪʦʧʣʘʥʢʪʦʥʦʛʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʚʝʱʝʩʪʚʘ, ʬʦʨʤʠʨʫʶʱʝʛʦ ʩʚʦʝʦʙʨʘʟʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʵʢʨʘʥ, ʩʦʟʜʘʚʘʣʠʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 
ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ.  

 
ʃʠʪʝʨʘʪʫʨʘ 
ɹʦʡʢʦ, ʅ.ʀ. ʄʝʪʘʣʣʦʛʝʥʠʷ ʧʦʟʜʥʝʶʨʩʢʠʭ ʨʠʬʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ɿʘʧʘʜʥʦʛʦ ʇʨʝʜʢʘʚʢʘʟʴʷ / 

ʅ.ʀ.ɹʦʡʢʦ // ʈʘʟʚʝʜʢʘ ʠ ʦʭʨʘʥʘ ʥʝʜʨ. - 1997. - ˉ 6. - ʉ. 5-7. 
ɹʦʡʢʦ, ʅ.ʀ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʠʬʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ / ʅ.ʀ.ɹʦʡʢʦ // ʃʠʪʦʣʦʛʠʷ ʠ 

ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. - 1998. - ˉ 2. - ʉ. 145ï152. 
ɹʦʡʢʦ, ʅ.ʀ. ʆ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʧʦʟʜʥʝʶʨʩʢʠʭ ʨʠʬʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ 

ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ / ʅ.ʀ. ɹʦʡʢʦ // ɼʦʢʣʘʜʳ ʈɸʅ. - 2000. ï ʊ. 370, ˉ 3. - ʉ. 350-352. 
ɹʦʡʢʦ, ʅ.ʀ. ʄʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʄʝʟʤʘʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 

(ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ) / ʅ.ʀ.ɹʦʡʢʦ, ɸ.ʉ. ʂʘʥʜʘʫʨʦʚ // ʀʟʚʝʩʪʠʷ ɺʋɿʦʚ. ɻʝʦʣʦʛʠʷ ʠ ʨʘʟʚʝʜʢʘ. - 2006. - ˉ 1. -
ʉ. 43-47.  

ɹʦʡʢʦ, ʅ.ʀ. ɻʦʨʶʯʠʝ ʩʣʘʥʮʳ ʚ ʚʝʨʭʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ / ʅ.ʀ. ɹʦʡʢʦ, ɽ.ʄ. 
ʇʫʰʢʘʨʩʢʠʡ, ʅ.ʄ.ʉʝʜʣʝʮʢʘʷ // ɼʦʢʣ. ɸʅ ʉʉʉʈ. ï 1989. - ʊ. 305, ˉ 6. ʉ. 1455-1457. 

 

Metallogeny of the Upper Jurassic riphogenic formations of the Lagonak stage 
(North Caucasus) 
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The geological structure of the Mezmai potential ore field, confined to the facies complex of the 

rear sediments of the Late Jurassic barrier reefs in the Western Caucasus, is considered. Taking into 
account the previously revealed patterns of bioherm formation, the assumption is substantiated that 
the source of polymetallic mineralization at the sedimentation stage of the development of the Late 
Jurassic sedimentary rock basin were chalcophilic elements of the deep sea and denudation areas. 
For both cases, the role of bar reef structures in the transportation and mobilization of ore components 
is shown. At the post-sedimentation stage of the sedimentary rock basin development, ore formation 
could be carried out as a result of gravity-brine and elysium catagenesis. 

Keywords: minerageny, reefs, Caucasus 
 
 
ʋɼʂ 551.88 (551.3.051.1)  

ʂ ʚʦʧʨʦʩʫ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʩʪʷʞʝʥʠʡ ʚ ʦʪʣʦʞʝʥʠʷʭ 
ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ (ʂʘʣʤʳʢʠʷ) 

 
ɹʦʥʜʘʨʝʥʢʦ1,2 ʉ.ɺ., ʅʠʢʠʪʠʥ1 ɸ.ɺ., ʂʦʨʥʝʚ1 ʀ.ɸ. 

 
1 - ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. ʈʦʩʩʠʷ, 394018, ʛ. ɺʦʨʦʥʝʞ, 
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2 - ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʝʦʣʦʨʘʟʚʝʜʦʯʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉʝʨʛʦ 

ʆʨʜʞʦʥʠʢʠʜʟʝ ʉʪʘʨʦʦʩʢʦʣʴʩʢʠʡ ʬʠʣʠʘʣè. ʈʦʩʩʠʷ, 394018, ʛ. ʉʪʘʨʳʡ ʆʩʢʦʣ, ʫʣ.ʃʝʥʠʥʘ, ʜ.14/13,  
kwarz@yandex.ru 

 
ɸʥʥʦʪʘʮʠʷ. ʉʨʝʜʠ ʦʪʣʦʞʝʥʠʡ ʝʨʝʛʥʠʥʩʢʦʡ ʩʚʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʝ ʩʪʷʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʚʠʜʘ: ʩʦʙʩʪʚʝʥʥʦ ʩʪʷʞʝʥʠʷ ʪʠʧʘ 
ʨʠʟʦʢʦʥʢʨʝʮʠʡ ʠ ʧʩʝʚʜʦʩʪʷʞʝʥʠʷ. ɺ ʜʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʳ ʪʝʢʩʪʫʨʥʦ-
ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʩʢʦʚ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʪʦʯʥʠʪʴ ʛʦʩʧʦʜʩʪʚʫʶʱʠʝ 
ʬʘʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʩʢʦʚ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
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ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʪʷʞʝʥʠʷʭ ʚʳʷʚʣʝʥ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʚʝʨʭʥʝʛʦ 
ʤʠʦʮʝʥʘ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʝʨʛʝʥʠʥʩʢʘʷ ʩʚʠʪʘ, ʘʢʢʳʨʰʠ, ʢʘʨʙʦʥʘʪʥʳʝ ʩʪʷʞʝʥʠʷ, ʜʝʣʴʪʘ 
 

ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʤʠʥʝʨʘʣʴʥʦʤ ʩʳʨʴʝ ʚ ʂʘʣʤʳʢʠʠ, ʧʦʚʳʩʠʣʩʷ 
ʩʧʨʦʩ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ 
2022 ʛ. ʀʥʞʠʥʠʨʠʥʛʦʚʳʤ ʮʝʥʪʨʦʤ çI-Technologyè ɺɻɹʆʋ ɺʆ çɺɻʋè ʚʳʧʦʣʥʷʣʠʩʴ çʅʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʦʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʭ ʨʦʩʩʳʧʝʡ 
ɽʨʛʝʥʠʥʩʢʦʛʦ ʨʦʩʩʳʧʥʦʛʦ ʨʘʡʦʥʘ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ)è. ʇʦʧʫʪʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ 
ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʝ ʨʦʩʩʳʧʠ ʧʝʩʢʦʚ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʣʠʯʠʝ ʚ ʨʘʟʨʝʟʘʭ ʝʨʝʛʥʠʥʩʢʦʡ 
ʩʚʠʪʳ ʢʘʨʙʦʥʘʪʥʳʭ ʩʪʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʙʩʪʚʝʥʥʦ ʠ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ, ʢʘʢ ʠ ʠʭ ʛʝʥʝʟʠʩ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ 
ʜʠʩʢʫʩʩʠʦʥʥʳʤ [ɿʘʩʪʨʦʞʥʳʡ, 2009]. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙ 
ʘʣʣʶʚʠʘʣʴʥʦʤ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʠ. ɼʨʫʛʠʝ ʩʯʠʪʘʶʪ ʠʭ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʤʠ, ʪʨʝʪʴʠ 
ʧʨʠʙʨʝʞʥʦʤʦʨʩʢʠʤʠ. ʀʟʫʯʝʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʩʪʷʞʝʥʠʡ ʠʟ ʧʝʩʢʦʚ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ ʜʘʝʪ ʢʦʩʚʝʥʥʳʝ 
ʦʪʚʝʪʳ ʦ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʬʘʮʠʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʣʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ. 

ʇʦ ʣʠʪʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ, ʬʘʮʠʘʣʴʥʳʤ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʟʨʝʟ 
ʩʚʠʪʳ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ: 

1) ʜʣʷ ʥʠʞʥʝʡ ʙʘʟʘʣʴʥʦʡ ʯʘʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʛʨʫʙʦ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʢʚʘʨʮʝʚʳʝ ʧʝʩʢʠ ʩ 
ʧʨʠʤʝʩʴʶ ʛʨʘʚʝʣʠʪʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʨʫʪʦʧʘʜʘʶʱʝʡ ʢʦʩʦʡ ʠ ʜʠʘʛʦʥʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, 
ʢʦʪʦʨʳʝ ʩʤʝʥʷʶʪʩʷ ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ ʩ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʦʩʦʡ, 
ʤʫʣʴʜʦʦʙʨʘʟʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʩʦ ʩʣʝʜʘʤʠ ʧʦʜʚʦʜʥʦʛʦ ʦʧʦʣʟʘʥʠʷ ʦʩʘʜʢʦʚ.  

2) ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʫʧʥʦ-, ʩʨʝʜʥʝ- ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʢʦʩʦʩʣʦʠʩʪʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʧʝʩʢʘʤʠ, ʧʝʨʝʭʦʜʷʱʠʤʠ ʚʚʝʨʭ ʚ ʩʣʘʙʦʥʘʢʣʦʥʥʳʝ ʠ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʚʦʣʥʠʩʪʳʝ. ʂʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʢʦʩʦʩʣʦʠʩʪʳʝ ʧʝʩʢʠ ʩʣʘʛʘʶʪ ʩʝʨʠʠ 
ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ ʧʝʨʚʳʭ ʤʝʪʨʦʚ, ʩʣʦʠʩʪʦʩʪʴ ʚ ʥʠʭ ʧʦʜʯʝʨʢʥʫʪʘ ʛʨʘʜʘʮʠʦʥʥʦʡ ʩʦʨʪʠʨʦʚʢʦʡ 
ʤʘʪʝʨʠʘʣʘ ʠ ʰʣʠʭʦʚʳʤʠ ʧʨʦʩʣʦʷʤʠ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ. ʉʣʦʡʢʠ ʚ ʩʝʨʠʷʭ ʨʘʩʧʨʝʜʝʣʝʥʳ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʠ ʥʘʢʣʦʥʝʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

3) ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʣʦʞʝʥʘ ʢʚʘʨʮʝʚʳʤʠ ʧʝʩʢʘʤʠ ʙʝʣʦʛʦ, ʩʚʝʪʣʦ- ʠ ʞʝʣʪʦʚʘʪʦ-ʩʝʨʦʛʦ 
ʮʚʝʪʘ. ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʪʦʥʢʦ- ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʨʘʟʥʦʩʪʠ. ʇʝʩʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʨʫʜʦʥʦʩʥʦʩʪʴ ʧʝʩʢʦʚ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ ʚʳʷʚʣʝʥʳ ʚ 
ʝʝ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʦʩʣʦʞʥʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʤʠ ʩʪʷʞʝʥʠʷʤʠ. ɺ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 
ʠʩʪʦʯʥʠʢʘʭ ʫʧʦʤʠʥʘʝʪʩʷ ʦ ʢʘʨʙʦʥʘʪʥʳʭ ʩʪʷʞʝʥʠʷʭ ʚ ʦʪʣʦʞʝʥʠʷʭ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ, ʥʦ ʜʝʪʘʣʴʥʦ ʠʭ 
ʥʠʢʪʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ.  

ʇʦ ʤʦʨʬʦʣʦʛʠʠ ʠʩʩʣʝʜʫʝʤʳʝ ʘʛʨʝʛʘʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʚʠʜʘ: ʩʦʙʩʪʚʝʥʥʦ, ʩʪʷʞʝʥʠʷ 
ʩʪʝʨʞʥʝʚʠʜʥʦʡ, ʪʨʫʙʢʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʣʦʝʥʠʷ (ʨʠʩ.1) 
ʠ ʛʨʦʟʜʝʚʠʜʥʦʡ ʬʦʨʤʳ (ʨʠʩ.2), ʘ ʪʘʢʞʝ ʧʩʝʚʜʦʩʪʷʞʝʥʠʷ ʜʠʩʢʦʚʠʜʥʦʡ ʬʦʨʤʳ (ʨʠʩ. 3). 

ʉʪʝʨʞʥʝʚʠʜʥʳʝ, ʚʝʨʝʪʝʥʦʚʠʜʥʳʝ, ʪʨʫʙʢʦʚʠʜʥʳʝ ʩʪʷʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʠʟʦʢʦʥʢʨʝʮʠʠ, 
ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦ ʢʦʨʥʷʤ ʨʘʩʪʝʥʠʡ. ʆʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʨʠʟʦʢʦʥʢʨʝʮʠʡ ʷʚʣʷʶʪʩʷ ʘʢʢʳʨʰʠ ï 
ʩʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʘʨʙʦʥʘʪʥʳʝ ʪʨʫʙʦʯʢʠ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʦ ʢʦʨʥʷʤ ʨʘʩʪʝʥʠʡ ʚ ʧʫʩʪʳʥʥʳʭ, 
ʧʦʣʫʧʫʩʪʳʥʷʭ ʠ ʩʫʭʠʭ ʩʪʝʧʥʳʭ ʨʘʡʦʥʘʭ. ʈʘʟʤʝʨ ʘʢʢʳʨʰʝʡ ʠʟ ʦʪʣʦʞʝʥʠʡ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ ʜʦʩʪʠʛʘʝʪ 
ʧʦ ʜʣʠʥʥʦʡ ʦʩʠ 15-20 ʩʤ. ɼʠʘʤʝʪʨ ʦʪ ʧʝʨʚʳʭ ʩʤ ʜʦ 5-7 ʩʤ. ʅʝʨʝʜʢʦ ʦʥʠ ʠʤʝʶʪ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʬʦʨʤʫ. 
ɸʢʢʳʨʰʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʥʘʩʣʦʝʥʠʷ. ɺʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʦʜʠʥʦʯʥʳʭ 
ʬʦʨʤ, ʥʦ ʯʘʱʝ ʦʙʨʘʟʫʶʪ ʛʨʫʧʧʳ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʘʢʢʨʳʰʠ ʤʦʛʫʪ ʙʳʪʴ çʩʧʫʪʘʥʳè ʤʝʞʜʫ ʩʦʙʦʡ. 
ʉʦʚʦʢʫʧʥʦʩʪʴ ʛʨʫʧʧ ʜʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʛʦʨʠʟʦʥʪ. ʅʘ ʚʥʫʪʨʝʥʥʝʤ ʩʨʝʟʝ ʘʢʢʳʨʰʝʡ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ 
ʚʥʫʪʨʝʥʥʠʡ ʢʘʥʘʣ, ʢʦʪʦʨʳʡ ʣʠʙʦ ʧʫʩʪʦʡ, ʣʠʙʦ ʟʘʧʦʣʥʝʥ ʢʘʨʙʦʥʘʪʥʦ-ʞʝʣʝʟʠʩʪʦ-ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, 
ʪʝʤ ʩʘʤʳʤ ʥʘʧʦʤʠʥʘʷ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ.  

ʇʩʝʚʜʦʢʦʥʢʨʝʮʠʠ ʜʠʩʢʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʨʪʠʢʘʣʴʥʳʝ 
ʫʯʘʩʪʢʠ ʧʦʩʣʦʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ ʧʝʩʢʦʚ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ, ʚ ʪ.ʯ., ʚʦʟʤʦʞʥʦ, ʚʦʢʨʫʛ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ. 
ʇʦʩʣʝ ʨʘʟʚʠʚʘʥʠʷ ʚʝʪʨʦʤ ʥʝ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʦʪʧʨʝʧʘʨʠʨʦʚʘʥʠʷ 
ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʩʢʦʚ ʚʳʩʪʫʧʘʶʪ ʜʠʩʢʦʚʠʜʥʳʝ ʧʩʝʚʜʦʩʪʷʞʝʥʠʷ. ɼʠʩʢʠ 
ʥʘʣʦʞʝʥʳ ʦʜʠʥ ʥʘ ʜʨʫʛʦʡ, ʪʝʤ ʩʘʤʳʤ ʬʦʨʤʠʨʫʶʪʩʷ çʢʦʥʫʩʳè ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ ʠ ʚʳʩʦʪʳ. 

ɸʢʢʳʨʰʠ ʠ ʧʩʝʚʜʦʩʪʷʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʢʚʘʨʮʝʚʳʡ ʧʝʩʯʘʥʠʢ ʥʘ 
ʢʘʨʙʦʥʘʪʥʦʤ, ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʤ ʮʝʤʝʥʪʝ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 
ʦʢʘʪʘʥʥʦʩʪʠ ʠ ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ ʠʣʠ ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʪʘ. ʂʘʣʴʮʠʪ ʚ ʢʦʥʢʨʝʮʠʷʭ 
ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʨʘʟʜʚʠʛʘʷ ʯʘʩʪʠʮʳ ʧʝʩʢʘ, ʧʨʦʥʠʢʘʷ ʚ ʧʦʨʳ ʠ ʦʙʨʘʟʫʷ, ʥʝʨʝʜʢʦ, ʚʦʢʨʫʛ ʟʝʨʝʥ ʢʚʘʨʮʘ 
ʢʘʡʤʫ ʠʟ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʪʘ. ʌʦʨʤʘ ʧʝʩʯʠʥʦʢ ʦʢʘʪʘʥʥʘʷ, ʧʦʣʫʦʢʘʪʘʥʥʘʷ, ʦʩʪʨʦʫʛʦʣʴʥʘʷ, 
ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʢʦʨʨʦʜʠʨʦʚʘʥʥʘʷ. ʊʠʧ ʮʝʤʝʥʪʘ ʢʦʥʪʘʢʪʦʚʦ-ʧʦʨʦʚʳʡ. ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʣʦʤʢʦʚ 
ʥʝʢʦʥʬʦʨʤʥʦʝ 
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ʈʠʩ. 1. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʝʨʞʥʝʚʠʜʥʳʭ ʩʪʷʞʝʥʠʡ ʠʟ ʦʪʣʦʞʝʥʠʡ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ 

 
ʇʦʤʠʤʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʩʪʷʞʝʥʠʡ ʠ ʧʩʝʚʜʦʩʪʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʝʨʛʝʥʠʥʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʪʨʘʚʝʨʪʠʥʦʧʦʜʦʙʥʦʡ ʧʣʠʪʳ (ʨʠʩ. 4). ʊʨʘʚʝʨʪʠʥʦʧʦʜʦʙʥʳʡ ʠʟʚʝʩʪʥʷʢ 
ʩʣʦʞʝʥ ʧʝʣʠʪʦʤʦʨʬʥʳʤ ʢʘʣʴʮʠʪʦʤ ʩ ʧʨʠʤʝʩʴʶ ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ (ʥʝ ʙʦʣʝʝ 10 ï 15 %) ʚ 
ʢʨʫʩʪʠʬʠʢʘʮʠʦʥʥʦʡ ʢʘʡʤʝ. 

 

 
 

ʈʠʩ. 2. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʨʦʟʜʝʚʠʜʥʳʭ ʩʪʷʞʝʥʠʡ ʠʟ ʦʪʣʦʞʝʥʠʡ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ 
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ʈʠʩ. 3. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʩʢʦʚʠʜʥʳʭ ʧʩʝʚʜʦʩʪʷʞʝʥʠʡ ʠʟ ʦʪʣʦʞʝʥʠʡ  

ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ 
 

 
 

ʈʠʩ.4. ʊʨʘʚʝʨʪʠʥʦʧʦʜʦʙʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ  
ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ 

 
ɺ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɺɻʋ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʚ ʩʪʷʞʝʥʠʷʭ ʦʙʝʜʥʝʥʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʧʘʣʠʥʦʢʦʤʧʣʝʢʩʘ ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ (ʩʘʨʤʘʪ-ʤʠʦʪʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ), ʦʪʣʦʞʝʥʠʷ ʢʦʪʦʨʦʛʦ 
ʚʝʨʦʷʪʥʦ ʨʘʟʤʳʚʘʣʠʩʴ ʥʘ ʨʫʙʝʞʝ ʤʠʦʮʝʥʘ-ʧʣʠʦʮʝʥʘ [ɸʥʘʥʦʚʘ, 1974]. 

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʢʳʨʰʝʡ, ʢʘʨʙʦʥʘʪʥʳʭ ʧʩʝʚʜʦʩʪʷʞʝʠʡ ʠ ʪʨʘʚʝʨʪʠʥʦʧʦʜʦʙʥʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʠʭ ʩʪʝʧʝʡ ʂʘʣʤʳʢʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʦʞʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʘ ʠʤʝʥʥʦ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʥʷʪʠʷ ʚʦʜ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʠʩʧʘʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ 
ʠʥʬʠʣʴʪʨʫʶʱʠʭʩʷ ʚʦʜ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʠʪʘʥʠʷ.  

ʊʨʘʚʝʨʪʠʥʦʧʦʜʦʙʥʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʚʝʨʦʷʪʥʦ, ʤʦʛʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʨʳʭ ʨʫʩʝʣ 
ʠ ʫʯʘʩʪʢʦʚ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʣʠʚʘ, ʚ ʧʦʥʠʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʢʫʜʘ ʤʦʛʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʩʪʫʧʘʪʴ ʭʦʣʦʜʥʳʝ 
ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʚʦʜʳ. ʇʦʩʣʝʜʫʶʱʝʝ ʥʘʛʨʝʚʘʥʠʝ ʠ ʠʩʧʘʨʝʥʠʝ ʵʪʠʭ ʚʦʜʦʝʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʪʣʦʞʝʥʠʶ 
ʠʟʚʝʩʪʢʦʚʠʩʪʦʡ ʤʘʩʩʳ 
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ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʫʞʥʦ ʦʙʨʘʪʠʪʴ ʥʘ ʪʦ, ʯʪʦ ʚ ʘʢʢʳʨʰʘʭ ʠ ʜʠʩʢʦʚʠʜʥʳʭ ʧʩʝʚʜʦʩʪʷʞʝʥʠʷʭ 

ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʳ ʪʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʧʝʩʢʦʚ ʝʨʛʝʥʠʥʩʢʦʡ ʩʚʠʪʳ ʚ ʫʩʣʦʚʠʷʭ ʜʝʣʴʪʳ ʠʣʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ [ɹʦʪʚʠʥʢʠʥʘ, 1965]. 
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On the issue of the origin of carbonate nodules in the sediments of the Ergenin Formation 
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Annotation. Among the sediments of the Eregninskaya Formation there are carbonate 

concretions, which, according to morphology, can be divided into two types: proper concretions such 
as rhizoconcretions and pseudoconcretions. In these formations, the textural and structural features 
of the sands of the Ergeninsky formation are conserved, which can clarify the prevailing facies 
conditions for the formation of sands of the Ergeninsky formation. Based on the results of 
palynological analysis, a palynological complex of the Upper Miocene was identified in the nodules. 

Key words: Ergeninsky formation, Akkyrshi, carbonate nodules, delta 
 
 

ʋɼʂ 553.2 

ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʨʠʪ-ʩʚʠʥʮʦʚʳʭ, ʞʝʣʝʟʥʳʭ ʠ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʚ 
ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʰʢʘʪʳʥ-III, ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʟʘʭʩʪʘʥ 

 
ɹʨʫʩʥʠʮʳʥ ɸ.ʀ., ʇʝʨʦʚʘ ɽ.ʅ., ɺʝʨʝʱʘʛʠʥ ʆ.ʉ. 

 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

brusspb@yandex.ru 

 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʋʰʢʘʪʳʥ-III ʥʘʭʦʜʠʪʩʷ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʚ 300 ʢʤ ʢ ʟʘʧʘʜʫ ʦʪ ʛ. 

ʂʘʨʘʛʘʥʜʘ, ʚ 15 ʢʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʧʦʩʝʣʢʘ ɾʘʡʨʝʤ. ɿʜʝʩʴ ʚ ʧʨʝʜʝʣʘʭ ʝʜʠʥʦʡ ʧʘʯʢʠ 
ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʫʩʪʘʥʦʚʣʝʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʟʘʣʝʞʠ: ʘ) ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʫʜ 
ʩʚʠʥʮʘ ʠ ʙʘʨʠʪʘ, ʙ) ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʭ ʨʫʜ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ, ʚ) ʛʠʧʝʨʛʝʥʥʳʭ 
(ʦʢʠʩʣʝʥʥʳʭ) ʨʫʜ ʩʚʠʥʮʘ ʠ ʙʘʨʠʪʘ. ʊʘʢʦʛʦ ʨʦʜʘ ʢʦʤʧʣʝʢʩʥʳʝ ʦʙʲʝʢʪʳ ʚ ʧʨʠʨʦʜʝ ʨʝʜʢʠ ʠ 
ʟʘʩʣʫʞʠʚʘʶʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʤʦʛʘʶʪ ʧʦʥʷʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ 
ʨʫʜʦʛʝʥʝʟʘ ʚ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʦʩʴ ʚ ʧʝʨʠʦʜ 1960ï80-ʭ 
ʛʦʜʦʚ (ʂʘʶʧʦʚʘ, 1974; ɹʫʟʤʘʢʦʚ ʠ ʜʨ., 1975; ʈʦʞʥʦʚ, 1982; ʂʘʣʠʥʠʥ, 1985; ʉʢʨʠʧʯʝʥʢʦ, 1989; ʠ 
ʜʨ.). ʇʦʟʜʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʥʘʤʠ (ɹʨʫʩʥʠʮʳʥ, 2020, 2021, 2022). ʂʣʶʯʝʚʳʝ 
ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʰʢʘʪʳʥ III, ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 
 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʙʦʨʪʫ ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʨʠʬʪʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 
(ɾʘʣʴʤʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ), ʛʜʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴʥʦʤʫ ʧʨʦʛʠʙʫ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 
ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʩʝʨʠʝʡ ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʨʘʟʣʦʤʦʚ ʛʣʫʙʠʥʥʦʛʦ ʟʘʣʦʞʝʥʠʷ. ʈʫʜʦʥʦʩʥʦʡ ʷʚʣʷʝʪʩʷ 
ʠʟʚʝʩʪʥʷʢʠ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʙʣʠʟʠ ʢʨʫʧʥʦʛʦ ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʨʘʟʣʦʤʘ ʟʘʣʝʛʘʶʪ ʨʠʬʦʚʳʝ 
ʠʟʚʝʩʪʥʷʢʠ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ï ʠʟʚʝʩʪʢʦʚʳʝ ʘʣʝʚʨʦʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ ʠ ʙʨʝʢʯʠʠ. ɺ ʨʠʬʦʚʳʭ 
ʠʟʚʝʩʪʥʷʢʘʭ ʣʦʢʘʣʠʟʦʚʘʥʦ ʩʪʨʘʪʠʬʦʨʤʥʦʝ ʙʘʨʠʪ-ʩʚʠʥʮʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ. ɺ ʶʞʥʦʤ ʠ ʟʘʧʘʜʥʦʤ ʯʘʩʪʷʭ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʠʬʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʳʪʝʩʥʷʶʪʩʷ ʩʣʦʠʩʪʳʤʠ ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʤʠ 
ʠʟʚʝʩʪʥʷʢʘʤʠ, ʚʤʝʱʘʶʱʠʝ ʧʣʘʩʪʳ ʞʝʣʝʟʥʳʭ ʠ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ. ʕʪʘ ʧʘʯʢʘ ʠʤʝʝʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʝ 
ʮʠʢʣʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʝʨʳʭ ʙʝʟʨʫʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʧʦʨʦʜ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʥʝʩʫʱʠʭ 
ʦʨʫʜʝʥʝʥʠʝ. ɺ ʨʘʟʥʳʭ ʩʝʯʝʥʠʷʭ ʧʘʯʢʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʪ 5 ʜʦ 14 ʨʠʪʤʦʚ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʘʟʚʠʪʘ 
ʤʦʱʥʘʷ (ʚ ʩʨʝʜʥʝʤ 30ï40 ʤ) ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʘʷ ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʣʠʥʝʡʥʦ-ʧʣʦʱʘʜʥʦʛʦ ʪʠʧʘ. ɿʦʥʘ 
ʦʢʠʩʣʝʥʠʷ ʟʘʪʨʘʛʠʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʣʝʞʠ ʙʘʨʠʪ-ʩʚʠʥʮʦʚʳʭ ʨʫʜ. ɻʠʧʝʨʛʝʥʥʳʝ ʨʫʜʳ ʞʝʣʝʟʘ ʠ 
ʤʘʨʛʘʥʮʘ ʨʘʟʚʠʪʳ ʬʨʘʛʤʝʥʪʘʨʥʦ, ʩʝʡʯʘʩ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʙʦʪʘʥʳ. 

ɻʣʘʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʥʝʦʢʠʩʣʝʥʥʳʭ ʙʘʨʠʪ-ʩʚʠʥʮʦʚʳʭ ʨʫʜ ʷʚʣʷʶʪʩʷ ʢʘʣʴʮʠʪ, ʙʘʨʠʪ ʠ ʛʘʣʝʥʠʪ, 
ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ï ʢʚʘʨʮ, ʛʝʤʘʪʠʪ, ʩʬʘʣʝʨʠʪ, ʧʠʨʠʪ, ʰʘʤʦʟʠʪ, ʬʣʶʦʨʠʪ, ʨʦʜʦʭʨʦʟʠʪ ʠ ʜʨ. ʈʫʜʳ 
ʦʙʣʘʜʘʶʪ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʪʝʢʩʪʫʨʘʤʠ ï ʧʦʩʣʦʡʥʦ-ʧʦʣʦʩʯʘʪʳʤʠ, 
ʛʥʝʟʜʦʚʠʜʥʦ-ʩʝʪʯʘʪʳʤʠ, ʩʧʣʦʰʥʳʤʠ ʧʷʪʥʠʩʪʳʤʠ, ʙʨʝʢʯʠʝʚʠʜʥʳʤʠ ʠ ʧʨʦʞʠʣʢʦʚʳʤʠ. ʆʢʠʩʣʝʥʥʳʝ ʨʫʜʳ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʷʪʥʠʩʪʫʶ ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʫʶ ʤʘʩʩʫ, ʩʣʦʞʝʥʥʫʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʨʠʪʦʤ, 
ʮʝʨʫʩʩʠʪʦʤ, ʬʦʩʬʘʪʘʤʠ ʩʚʠʥʮʘ (ʤʠʥʝʨʘʣʘʤʠ ʨʷʜʘ ʬʦʩʬʦʛʝʜʝʬʘʥ ï ʧʠʨʦʤʦʨʬʠʪ), ʢʚʘʨʮʝʤ, 
ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ ʠ ʢʘʦʣʠʥʠʪʦʤ, ʠ ʨʝʣʠʢʪʦʚʳʤ ʛʘʣʝʥʠʪʦʤ. ɾʝʣʝʟʥʳʝ ʨʫʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʮʝʣʦ 
ʩʣʦʞʝʥʳ ʢʘʣʴʮʠʪʦʤ, ʛʝʤʘʪʠʪʦʤ ʠ ʢʚʘʨʮʝʤ. ɺ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜʘʭ ʛʣʘʚʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʙʨʘʫʥʠʪʦʤ, ʛʘʫʩʤʘʥʥʠʪʦʤ, ʨʦʜʦʭʨʦʟʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʪʝʬʨʦʠʪʦʤ, ʤʘʨʛʘʥʮʝʚʳʤʠ ʛʫʤʠʪʘʤʠ (ʩʦʥʦʣʠʪʦʤ, 
ʘʣʣʝʛʘʥʠʪʦʤ), ʬʨʠʜʝʣʠʪʦʤ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ï ʛʝʤʘʪʠʪʦʤ, ʷʢʦʙʩʠʪʦʤ, ʢʘʨʠʦʧʠʣʠʪʦʤ, ʢʣʠʥʦʭʣʦʨʦʤ, 
ʧʝʥʥʘʥʪʠʪʦʤ ʠ ʥʝʦʪʦʢʠʪʦʤ. ɺ ʞʝʣʝʟʥʳʭ ʠ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʪʝʢʩʪʫʨʳ ʤʝʪʘʦʩʘʜʦʯʥʳʭ 
ʧʦʨʦʜ ï ʣʠʥʟʦʚʠʜʥʦ-ʩʣʦʠʩʪʳʝ, ʨʠʪʤʠʯʥʦ-ʧʦʣʦʩʯʘʪʳʝ ʠ ʪ.ʧ. ʅʝʦʢʠʩʣʝʥʥʳʝ ʙʘʨʠʪ-ʩʚʠʥʮʦʚʳʝ ʠ 
ʤʘʨʛʘʥʮʝʚʳʝ ʨʫʜʳ ʠʤʝʶʪ ʦʙʱʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʯʝʨʪʳ. ɺ ʧʝʨʚʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʨʙʦʥʘʪ ʤʘʨʛʘʥʮʘ, 
ʨʦʜʦʭʨʦʟʠʪ, ʘ ʚʦ-ʚʪʦʨʳʭ ï ʙʘʨʠʪ, ʬʣʶʦʨʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, MnïZn ʠ MnïPb ʬʘʟʳ: ʮʠʥʢʩʦʜʝʨʞʘʱʠʝ 
ʛʘʫʩʤʘʥʥʠʪ ʠ ʷʢʦʙʩʠʪ, ʛʝʪʝʨʦʣʠʪ, ʢʝʥʪʨʦʣʠʪ ʠ ʧʠʨʦʙʝʣʦʥʠʪ.  

ʋʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʠ ʩʪʨʦʝʥʠʝ ʙʘʨʠʪ-ʩʚʠʥʮʦʚʳʭ ʨʫʜ ʯʝʪʢʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ 
ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʤʝʱʘʶʱʠʤ ʠʟʚʝʩʪʥʷʢʘʤ ʙʘʨʠʪ-ʛʘʣʝʥʠʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʷʚʥʦ 
ʚʪʦʨʠʯʥʘʷ, ʟʘʧʦʣʥʷʶʱʘʷ ʦʪʢʨʳʪʦʝ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʮʝʤʝʥʪʠʨʫʶʱʝʝ ʨʳʭʣʳʝ ʩʣʦʡʢʠ 
ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʈʫʜʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 
ʫʩʣʦʚʠʷʭ ʚ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʠʬʦʚʳʭ ʧʦʩʪʨʦʝʢ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʣʠ ʧʨʦʮʝʩʩʳ 
ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʫʣʴʬʘʪ-ʨʝʜʫʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʨʦʚʳʝ ʚʦʜʳ ʩʦʜʝʨʞʘʣʠ ʢʘʢ ʩʫʣʴʬʘʪ-ʠʦʥ, ʪʘʢ ʠ 
ʩʝʨʦʚʦʜʦʨʦʜ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʫʟʢʠʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʤʘʭ ʦʨʫʜʝʥʝʥʠʷ, ʩʪʨʘʪʠʬʦʨʤʥʳʡ 
ʪʠʧ ʟʘʣʝʞʠ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʙʘʨʠʪ-ʛʘʣʝʥʠʪʦʚʳʭ ʩʢʦʧʣʝʥʠʡ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʣʠʥʟʦʚʠʜʥʳʭ ʪʝʣʘʭ 
ʨʠʬʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ ʢ ʟʦʥʝ ñʘʢʪʠʚʥʦʛʦò ʚ ʧʝʨʠʦʜ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ 
ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʨʘʟʣʦʤʘ, ʥʦ ʦʪʩʫʪʩʪʚʠʝ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʟʜʥʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʥʘʨʫʰʝʥʠʡ ʢʘʢ ʧʦʜʩʪʠʣʘʶʱʠʭ, ʪʘʢ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʦʨʦʜ, ʪʝʢʩʪʫʨʥʳʡ ʦʙʣʠʢ ʨʫʜ, 
ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦ ʥʘʯʘʣʘ ʩʢʣʘʜʯʘʪʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ; ʠʟʦʪʦʧʥʳʡ 
ʩʦʩʪʘʚ ʩʝʨʳ, ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʥʝʩʫʱʠʡ ʤʝʪʢʠ ʫʯʘʩʪʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ ʨʘʥʥʝʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ 
ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʙʘʨʠʪʘ, ʩʫʣʴʬʠʜʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʦʧʨʷʞʝʥʥʦʩʪʴ ʙʘʨʠʪ-ʩʚʠʥʮʦʚʳʭ, ʞʝʣʝʟʥʳʭ ʠ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʩ 
ʣʦʢʘʣʠʟʘʮʠʝʡ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʯʘʩʪʠ ʟʘʣʝʞʝʡ ʥʘ ʦʜʥʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠ ʚ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʘ ʪʘʢʞʝ ʦʙʱʠʝ ʯʝʨʪʳ ʤʠʥʝʨʘʣʦʛʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 
ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʦʜʩʪʚʦ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʫ ʦʨʫʜʝʥʝʥʠʷ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚʩʝ ʪʠʧʳ ʨʫʜ ʷʚʣʷʶʪʩʷ 
ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʚʠʪʠʷ ʝʜʠʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ: 
ʙʘʨʠʪ-ʛʘʣʝʥʠʪʦʚʳʝ ʩʢʦʧʣʝʥʠʷ ʦʪʣʘʛʘʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʫʯʘʩʪʢʝ ʧʨʦʩʘʯʠʚʘʥʠʷ ʛʠʜʨʦʪʝʨʤ ʥʘ 
ʤʦʨʩʢʦʝ ʜʥʦ, ʘ ʨʫʜʳ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʩʪʘʣʴʥʳʝ ʬʘʮʠʠ ʤʝʪʘʣʣʦʥʦʩʥʳʝ 
ʦʩʘʜʢʦʚ.   

ʈʘʩʩʤʘʪʨʠʚʘʷ ʛʝʥʝʟʠʩ ʞʝʣʝʟʥʳʭ ʠ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 
ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ.  

1) ʇʦ ʟʘʧʘʩʘʤ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʢʨʫʧʥʳʭ. ʆʙʨʘʟʦʚʘʥʠʝ 
ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʩʪʘʚʢʠ ʞʝʣʝʟʘ ʠ 
ʤʘʨʛʘʥʮʘ, ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʣʦʚʫʰʢʠ ʜʣʷ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʉʦʛʣʘʩʥʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʪʘʢʦʡ 
ʣʦʚʫʰʢʦʡ ʷʚʣʷʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʤʢʥʫʪʳʡ ʫʯʘʩʪʦʢ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʧʨʠʫʨʦʯʝʥʥʳʡ ʢ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 
ʜʝʧʨʝʩʩʠʠ ʚ ʙʦʨʪʫ ʨʠʬʪʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ.  

2) ʈʫʜʥʳʝ ʟʘʣʝʞʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʪʝʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʛʦ ʠʥʪʝʨʚʘʣʘ 
ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʙʳʣʠ ʦʜʥʦʪʠʧʥʳ ʠ 
ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʜʝʥʪʠʯʥʳʭ ʨʠʪʤʦʚ ʧʦʨʦʜ (ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʨʫʜ ʠ ʠʟʚʝʩʪʥʷʢʦʚ) 
ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʮʠʢʣʠʯʥʦ ʧʦʩʪʨʦʝʥʥʦʡ (ʬʣʠʰʦʠʜʥʦʡ) ʨʫʜʦʥʦʩʥʦʡ ʧʘʯʢʠ.  

3) ɺʦ ʚʩʝʭ ʧʦʨʦʜʘʭ ʞʝʣʝʟʦ- ʠ ʤʘʨʛʘʥʮʝʥʦʩʥʦʡ ʧʘʯʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚʳʩʦʢʠʝ (ʚ 10 ʠ ʙʦʣʝʝ ʨʘʟ 
ʧʨʝʚʳʰʘʶʱʠʝ ʩʨʝʜʥʠʝ ʜʣʷ ʟʝʤʥʦʡ ʢʦʨʳ ʟʥʘʯʝʥʠʷ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, 
ʪʠʧʠʯʥʳʭ ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʙʘʨʠʪ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ, ʧʨʝʞʜʝ ʚʩʝʛʦ, Zn, Ba, Pb ʠ As, ʘ ʪʘʢʞʝ 
Li, Be, Co, Ni, Ge, Sr, Y, Mo, Cd, Sb, W ʠ Tl. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʫʜ, ʥʦ ʠ ʜʣʷ ʚʤʝʱʘʶʱʠʭ ʠʭ ʠʟʚʝʩʪʥʷʢʦʚ (ñʬʦʥʦʚʳʭò 
ʦʪʣʦʞʝʥʠʡ). ʊʦ ʝʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʩʝʡ ʨʫʜʦʥʦʩʥʦʡ ʧʘʯʢʠ ʧʨʦʭʦʜʠʣʦ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʧʨʠʜʦʥʥʳʭ ʚʦʜ 
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ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʘʚʢʘ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʢʨʘʱʘʣʘʩʴ ʜʘʞʝ ʚ ʪʝ ʤʦʤʝʥʪʳ, ʢʦʛʜʘ 
ʦʩʘʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦ ʞʝʣʝʟʦ- ʠ ʤʘʨʛʘʥʮʝʥʦʩʥʳʭ ʠʣʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ.  

4) ʅʘʢʦʧʣʝʥʠʝ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʚ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 
ʬʦʨʤʝ ʦʢʩʠʜʦʚ Fe3+ ʠ Mn3+/Mn4+. ʇʝʨʝʚʦʜ ʤʘʨʛʘʥʮʘ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 
ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ, ʯʝʤ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʞʝʣʝʟʘ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 
ʋʰʢʘʪʳʥ-III ʚ ʩʪʨʦʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ ʞʝʣʝʟʦ ʠ ʤʘʨʛʘʥʝʮ ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʫʶʪ, ʥʦ ʧʨʠ ʵʪʦʤ 
ʦʙʘ ʤʝʪʘʣʣʘ ʯʝʪʢʦ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ: ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʦʙʦʛʘʱʘʝʪ ʩʤʝʞʥʳʝ, ʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ 
ʧʣʘʩʪʳ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʠʟʤʝʥʷʣʠʩʴ 
ʧʦʩʪʝʧʝʥʥʦ, ʙʝʟ ʨʝʟʢʠʭ ʧʝʨʝʧʘʜʦʚ Eh, pH ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ.   

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣʴ. ʇʨʠʚʥʦʩʠʤʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ 
ʨʘʩʪʚʦʨʘʤʠ ʞʝʣʝʟʦ ʠ ʤʘʨʛʘʥʝʮ ʥʝ ʨʘʩʩʝʠʚʘʣʠʩʴ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ 
ʤʦʨʩʢʦʡ ʚʦʜʝ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʟʘʤʢʥʫʪʦʛʦ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʏʘʩʪʴ ʤʝʪʘʣʣʦʚ ʦʩʘʞʜʘʣʘʩʴ ʚ 
ʧʨʠʙʨʝʞʥʳʭ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʚʦʜʘ ʙʳʣʘ ʥʘʩʳʱʝʥʘ ʢʠʩʣʦʨʦʜʦʤ. ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʥʘʢʘʧʣʠʚʘʣʦʩʴ 
ʞʝʣʝʟʦ. ʆʩʥʦʚʥʘʷ ʞʝ ʤʘʩʩʘ ʤʘʨʛʘʥʮʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʘʩʴ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʚʠʜʝ ʚ ʦʪʜʝʣʴʥʳʭ 
ʜʝʧʨʝʩʩʠʷʭ ʜʥʘ, ʛʜʝ ʟʘ ʩʯʝʪ ʙʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʚʘʣʘʩʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ (ʩʫʙʦʢʩʠʯʝʩʢʘʷ) 
ʦʙʩʪʘʥʦʚʢʘ. ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʠʤ ʧʦʩʪʫʧʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ 
ʧʨʠʜʦʥʥʫʶ ʯʘʩʪʴ ʚʦʜʦʝʤʘ ʧʨʠʚʦʜʠʣʦ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʦʩʘʞʜʝʥʠʶ ʥʘʢʦʧʠʚʰʝʛʦʩʷ ʚʦ ʚʧʘʜʠʥʘʭ ʤʘʨʛʘʥʮʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʤʢʥʫʪʦʡ ʘʢʚʘʪʦʨʠʠ ʥʘʢʦʧʣʝʥʠʝ ʤʘʨʛʘʥʮʝʥʦʩʥʳʭ ʦʩʘʜʢʦʚ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʥʝ 
ʩʪʦʣʴʢʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠ ʝʝ ʢʦʣʝʙʘʥʠʷʤʠ, ʩʢʦʣʴʢʦ ʚʘʨʠʘʮʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 
ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʜʦʥʥʳʭ ʚʦʜʘʭ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʣʫʙʠʥʦʡ ʙʘʩʩʝʡʥʘ.  

ʈʠʪʤʠʯʥʦʩʪʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʤʦʛʣʠ ʙʳʪʴ ʩʚʷʟʘʥʳ ʦʙʱʠʤʠ 
ʧʨʠʯʠʥʘʤʠ, ʥʘʧʨʠʤʝʨ, ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʜʚʠʞʝʥʠʷʤʠ ʚ ʬʫʥʜʘʤʝʥʪʝ ʨʠʬʪʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʦ, ʤʦʛʣʠ 
ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʜʚʫʭ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ) 
ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʘʢʞʝ ʙʫʜʝʪ ʠʤʝʪʴ ʨʠʪʤʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʜʣʷ ʨʫʜʦʥʦʩʥʦʡ ʧʘʯʢʠ ï ʵʪʦ 
ʬʣʠʰʦʠʜʥʦʝ ʩʪʨʦʝʥʠʝ, ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʋʰʢʘʪʳʥ-III.  

ʋʥʠʢʘʣʴʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʰʢʘʪʳʥ-III ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʯʝʪʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ 
ʬʘʢʪʦʨʦʚ: ʠʥʪʝʥʩʠʚʥʦʤ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ʨʫʜʦʥʦʩʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ; ʥʘʣʠʯʠʝ 
ʥʘ ʩʤʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ (ʩʫʣʴʬʘʪ-ʩʝʨʦʚʦʜʦʨʦʜʥʦʛʦ ʚʥʫʪʨʠ 
ʨʠʬʦʛʝʥʥʳʭ ʧʦʩʪʨʦʝʢ ï ʜʣʷ ʙʘʨʠʪ-ʩʚʠʥʮʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʚ ʧʨʝʜʝʣʘʭ ʟʘʤʢʥʫʪʦʡ 
ʘʢʚʘʪʦʨʠʠ ï ʜʣʷ ʞʝʣʝʟʥʦʛʦ ʠ ʤʘʨʛʘʥʮʝʚʦʛʦ); ʥʘʣʠʯʠʝ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʢʘʢ 
ʵʬʬʝʢʪʠʚʥʦʡ ʣʦʚʫʰʢʠ ʜʣʷ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ; ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʧʦʢʦʡʥʦʛʦ  ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ  
ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ñʬʦʥʦʚʳʭ ʦʩʘʜʢʦʚò, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʘʢʢʫʤʫʣʷʮʠʠ 
ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ; ʧʦʟʜʥʝʝ ï ʨʝʘʣʠʟʘʮʠʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʦʱʥʦʡ ʟʦʥʳ 
ʦʢʠʩʣʝʥʠʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʦʢ.   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʘʥʘʣʠʟʘè ʠ çɻʝʦʤʦʜʝʣʴè.  
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Conditions of formation of barite-lead, iron and manganese ores 
in carbonate strata of the Ushkatyn-III deposit, Central Kazakhstan 
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The Ushkatyn-III deposit is located in Central Kazakhstan, 300 km west of Karaganda, 15 km 

northeast of the village of Zhairem. Here, economically significant deposits of: a) hydrothermal ores 
of lead and barite, b) hydrothermal-sedimentary ores of iron and manganese, c) hypergenic (oxidized) 
ores of lead and barite have been established within a single sedimentary rock unit. Such complex 
objects are rare in nature and deserve special attention as they help to understand the interaction of 
oreogenesis processes in sedimentary complexes. The deposit was actively studied in the period of 
1960-80s (Kayupova, 1974; Buzmakov et al., 1975; Rozhnov, 1982; Kalinin, 1985; Skripchenko, 1989; 
etc.). Later, the studies were continued by us (Brusnitsyn, 2020, 2021, 2022). The key results obtained 
are summarized as follows. 

Keywords: Ushkatyn III, mineralization, formation conditions 
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ɾʝʣʝʟʠʩʪʳʝ ʢʘʨʙʦʥʘʪʳ (ʩʠʜʝʨʠʪʳ) ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ 

ʪʝʨʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʦʤ ʤʝʟʦʟʦʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʠ ʦʩʪʘʶʪʩʷ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʤʠ. 
ʆʙʨʘʟʫʷʩʴ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʣʠʪʦʛʝʥʝʟʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʮʝʣʦʛʦ ʨʷʜʘ 
ʬʘʢʪʦʨʦʚ, ʩʠʜʝʨʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʪʨʫʢʪʫʨʥʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 
ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʤʦʨʬʥʳʭ ʧʨʠʤʝʩʝʡ Ca, 
Mg, Mn. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʤʦʪʨʝʥʳ 
ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʩʠʜʝʨʠʪʦʚ ʠʟ 
ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ ʶʨʩʢʦ-ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʟʠʩʘ ʤʠʥʝʨʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʜʝʨʠʪʳ, ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

 
ɺ ʪʝʨʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʦʤ ʶʨʩʢʦ-ʥʠʞʥʝʤʝʣʦʚʦʤ ʨʘʟʨʝʟʝ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʧʣʠʪʳ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʘʨʙʦʥʘʪʥʳʝ ʤʠʥʝʨʘʣʳ, ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 
ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ. ʅʦ ʝʩʣʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ ʢʘʣʴʮʠʪʫ ʠ ʙʦʣʝʝ 
ʨʝʜʢʦʤʫ ʜʦʣʦʤʠʪʫ ʦʙʳʯʥʦ ʫʜʝʣʷʶʪ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʬʘʢʪʦʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ, ʪʦ ʢʘʨʙʦʥʘʪʳ ʞʝʣʝʟʠʩʪʦʛʦ 
ʨʷʜʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʩʫʞʜʘʶʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʤʝʪʥʦʝ ʨʘʟʚʠʪʠʝ, ʘ ʯʘʩʪʦ ʠ 
ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʨʝʜʠ ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʠʜʝʨʠʪʘ ʚ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʭʠʤʠʯʝʩʢʠʡ ʠ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚ ʩʪʘʜʠʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʠ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ 
ʙʘʩʩʝʡʥʘ ʤʳ ʦʪʤʝʯʘʣʠ ʩʠʜʝʨʠʪʦʚʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʚ ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʥʦʛʦ 
ʚʦʟʨʘʩʪʘ, ʧʨʦʷʚʣʝʥʥʫʶ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʦʥʘ ʧʦʣʫʯʠʣʘ ʚ 
ʦʪʣʦʞʝʥʠʷʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ (ʜʝʣʴʪʦʚʦʛʦ, ʟʘʣʠʚʥʦ-ʣʘʛʫʥʥʦʛʦ) ʪʠʧʦʚ. ɺ ʘʣʝʚʨʠʪʦ-
ʧʝʩʯʘʥʳʭ ʧʦʨʦʜʘʭ ʩʠʜʝʨʠʪ ʧʝʣʠʪʦʤʦʨʬʥʳʡ, ʫʯʘʩʪʢʘʤʠ ʩʣʘʙʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʜʦ ʤʠʢʨʦ-, ʠʥʦʛʜʘ 
ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ. ɺʩʪʨʝʯʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʩʛʫʩʪʢʦʚ ʠ ʧʷʪʝʥ ʚ ʮʝʤʝʥʪʝ, ʬʦʨʤʠʨʫʷ ʧʦʨʦʚʳʡ, 
ʨʝʜʢʦ ʧʣʝʥʦʯʥʳʡ ʪʠʧʳ. ʏʘʩʪʦ ʦʥ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʧʦʩʣʦʡʥʦ, ʦʙʳʯʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤ 
ʜʝʪʨʠʪʦʤ, ʦʙʨʘʟʫʷ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʦʪʜʝʣʴʥʳʤ ʬʨʘʛʤʝʥʪʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʣʠʪʦʤʦʨʬʥʳʡ, ʯʘʩʪʦ 
ʩʛʫʩʪʢʦʚʳʡ, ʘ ʠʥʦʛʜʘ ʨʠʩʦʚʠʜʥʳʡ ʤʠʢʨʦ-ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʠʜʝʨʠʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʙʠʦʪʠʪʫ, 
ʥʝʢʦʪʦʨʳʤ ʣʠʪʦʢʣʘʩʪʘʤ (ʦʙʣʦʤʢʘʤ ʩʣʘʥʮʝʚ, ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ, ʵʬʬʫʟʠʚʦʚ). ʀʟʨʝʜʢʘ ʩʠʜʝʨʠʪ 
ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʝʩʯʘʥʠʢʘʭ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʩʬʝʨʦʣʠʪʦʚ. ʇʦ ʜʘʥʥʳʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ʩʦʜʝʨʞʘʥʠʷ ʩʠʜʝʨʠʪʘ ʚ ʮʝʤʝʥʪʝ ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʚʘʨʴʠʨʫʶʪ ʦʙʳʯʥʦ ʦʪ ʜʦʣʝʡ % ʜʦ 7-10 %, 
ʨʝʜʢʦ ʫʚʝʣʠʯʠʚʘʷʩʴ ʜʦ 25-30 %. ɹʦʣʝʝ ʭʘʨʘʢʪʝʨʝʥ ʠ ʨʘʟʥʦʦʙʨʘʟʝʥ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʩʠʜʝʨʠʪ ʚ ʛʣʠʥʠʩʪʳʭ 
ʧʦʨʦʜʘʭ, ʛʜʝ ʦʥ ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʢʘʨʙʦʥʘʪʥʳʤ ʤʠʥʝʨʘʣʦʤ. ʅʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʝʣʠʪʦʤʦʨʬʥʳʡ, ʩʣʘʙʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʩʠʜʝʨʠʪ ʢʨʦʤʝ ʩʛʫʩʪʢʦʚ ʠ ʧʷʪʝʥ 
ʬʦʨʤʠʨʫʝʪ ʦʪʜʝʣʴʥʳʝ ʧʣʘʩʪʦʚʳʝ ʪʝʣʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 0,1-0,2 ʤ, ʢʦʥʢʨʝʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʠ 
ʨʘʟʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʬʠʪʦʤʦʨʬʦʟʳ. ʆʪʤʝʯʘʣʦʩʴ ʤʠʢʨʦʛʣʦʙʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʩʠʜʝʨʠʪʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 
ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʙʠʦʤʦʨʬʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ 
ʨʦʣʴ ʤʠʢʨʦʙʠʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʜʝʨʠʪʦʚ ʈʫʩʩʢʦʡ ʧʣʠʪʳ, ʇʨʠʫʨʘʣʴʷ, 
ʉʝʚʝʨʥʦʛʦ ɺʴʝʪʥʘʤʘ (ɺʝʪʦʰʢʠʥʘ, 2006; ɻʝʧʪʥʝʨ ʠ ʜʨ., 2016; ɸʥʪʦʰʢʠʥʘ ʠ ʜʨ., 2017 ʠ ʜʨ.), ʦʜʥʘʢʦ, ʜʣʷ 
ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛʣʠʥʠʩʪʳʭ 
ʪʦʣʱʘʭ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʨʦʚʥʷʭ (ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʚ ʥʠʞʥʝʶʨʩʢʦʡ ʪʦʛʫʨʩʢʦʡ ʩʚʠʪʝ) ʩʠʜʝʨʠʪ ʬʦʨʤʠʨʫʝʪ 
ʩʢʦʧʣʝʥʠʷ ʢʨʫʧʥʳʭ ʩʬʝʨʦʣʠʪʦʚ (ʦʪ 0,1-0,2 ʜʦ 0,5-0,7 ʤʤ). ʉʠʜʝʨʠʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʢʘʢ ʩʯʠʪʘʶʪ 
ʙʦʣʴʰʠʥʩʪʚʦ ʣʠʪʦʣʦʛʦʚ, ʘ ʪʘʢʞʝ ʘʚʪʦʨʳ ʪʝʟʠʩʦʚ, ʧʨʠʫʨʦʯʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʢ ʩʪʘʜʠʠ ʜʠʘʛʝʥʝʟʘ. ɺ 
ʢʘʪʘʛʝʥʝʟʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʡ 
(ʦʢʨʫʛʣʝʥʥʦ-ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʡ, ʥʝʧʨʘʚʠʣʴʥʦ-ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʡ, ʫʜʣʠʥʝʥʥʦ-ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʡ, 
ʥʘʟʳʚʘʝʤʳʡ ʨʠʩʦʚʠʜʥʳʤ ʠʣʠ ʦʚʩʷʥʳʤ) ʩʠʜʝʨʠʪ ʚ ʘʨʛʠʣʣʠʪʘʭ ʠ ʧʝʩʯʘʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʧʝʣʠʪʦʤʦʨʬʥʳʡ ʠ 
ʨʠʩʦʚʠʜʥʳʡ ʩʠʜʝʨʠʪ, ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʧʦ ʙʠʦʪʠʪʫ. 

ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʤʠʤʦ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʩʠʜʝʨʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʧʦʨʦʜʘʭ 
ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʧʣʠʪʳ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʩʠʜʝʨʠʪʘ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʟʠʩʘ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ. ʊʘʢ ʫʞʝ ʚ ʨʘʙʦʪʘʭ ɻ.ʅ. ʇʝʨʦʟʠʦ (ʇʝʨʦʟʠʦ, ʄʘʥʜʨʠʢʦʚʘ, 1967; 
ʇʝʨʦʟʠʦ, 1971 ʠ ʜʨ.) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ ʛʝʥʝʨʘʮʠʠ Fe-ʢʘʨʙʦʥʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʩʠʜʝʨʠʪʦʤ ʠ Ca-ʩʠʜʝʨʦʧʣʝʟʠʪʦʤ (ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Mg), ʘ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʛʝʥʝʨʘʮʠʠ (ʢʦʥʝʮ 
ʜʠʘʛʝʥʝʟʘ-ʥʘʯʘʣʦ ʵʧʠʛʝʥʝʟʘ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʘʩʪʳʤ ʟʘʤʝʱʝʥʠʝʤ Fe2+ʥʘ Ca2+, Mg2+ ʠ Mn2+ ʠ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ Ca ʠ Mn-Ca-ʩʠʜʝʨʦʧʣʝʟʠʪʦʚ ʠ Ca-ʧʠʩʪʦʤʝʟʠʪʦʚ. ɺ ʧʫʙʣʠʢʘʮʠʠ ʪʦʤʩʢʠʭ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ɹʘʞʝʥʦʚ ʠ ʜʨ., 1994) ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥ ʩʠʜʝʨʠʪ ʠʟ ʛʣʠʥʠʩʪʳʭ ʥʠʞʥʝʶʨʩʢʠʭ 
ʪʦʣʱ, ʩʣʫʞʘʱʠʭ ʬʣʶʠʜʦʫʧʦʨʘʤʠ ʜʣʷ ʧʘʣʝʦʟʦʡʩʢʠʭ ʨʝʟʝʨʚʫʘʨʦʚ. ɺʳʜʝʣʝʥ ʧʝʨʚʠʯʥʦ-ʦʩʘʜʦʯʥʳʡ 
ʧʝʣʠʪʦʤʦʨʬʥʳʡ ʩʠʜʝʨʠʪ, ʬʦʨʤʠʨʫʶʱʠʡ ʙʫʨʳʝ ʧʷʪʥʘ ʫʜʣʠʥʝʥʥʦʡ ʬʦʨʤʳ, ʣʠʙʦ ʩʣʘʛʘʶʱʠʡ ʦʩʥʦʚʥʫʶ 
ʤʘʩʩʫ ʛʣʠʥʠʩʪʦ-ʩʠʜʝʨʠʪʦʚʳʭ ʧʦʨʦʜ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʪʦʘʨʩʢʦʡ ʪʦʛʫʨʩʢʦʡ ʩʚʠʪʳ. 
ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʡ ʚʪʦʨʠʯʥʳʡ (ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʡ ʠʣʠ ʥʘʣʦʞʝʥʥʳʡ, ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʣʝʞʝʡ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ) ʩʠʜʝʨʠʪ ʬʦʨʤʠʨʫʝʪ ʩʝʢʫʱʠʝ ʧʨʦʞʠʣʢʠ, ʩʬʝʨʦʣʠʪʳ (0,2-0,3 ʤʤ) ʠ ʩʬʝʨʦʣʠʪʦʚʳʝ 
ʩʪʷʞʝʥʠʷ (ʜʦ 10-12 ʤʤ). ʋʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʩʠʜʝʨʠʪʦʚ ʧʦ 
ʭʠʤʠʯʝʩʢʦʤʫ ʠ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ. ʇʝʨʚʠʯʥʳʝ ʩʠʜʝʨʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʢʦʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ 
ï ʩʠʜʝʨʦʜʦʪʦʤ (ʜʦ 5,59 % CaO), ʘ ʚʪʦʨʠʯʥʳʝ ʦʙʦʛʘʱʝʥʳ Mn (5-8,65 % MnO) ï ʤʘʥʛʘʥʦʩʠʜʝʨʠʪʳ. ɺ 
ʧʫʙʣʠʢʘʮʠʠ (ʅʝʜʦʣʠʚʢʦ ʠ ʜʨ., 2001), ʨʘʩʩʤʘʪʨʠʚʘʶʱʝʡ ʢʘʨʙʦʥʘʪʳ ʚ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʶʛʦ-ʚʦʩʪʦʢʘ 
ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʠʜʝʨʠʪʦʚ ʩʨʝʜʠ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʘʪʦʚ ʛʣʠʥʠʩʪʳʭ 
ʧʦʨʦʜ. ɺ ʠʭ ʩʦʩʪʘʚʝ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʩʴ Ca, Mg, Mn, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʠʭ ʢ Ca-Mn- ʠ 
Ca-ʩʠʜʝʨʦʧʣʝʟʠʪʘʤ ʠ ʩʠʜʝʨʦʜʦʪʘʤ. ɺ ʧʝʩʯʘʥʠʢʘʭ ʨʘʟʚʠʪ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʡ ʩʠʜʝʨʦʧʣʝʟʠʪ ʩ 
ʧʦʚʳʰʝʥʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Mg ʠ ʧʦʥʠʞʝʥʥʳʤʠ - Ca ʠ Mn. 
ʅʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʷʚʣʝʥʥʳʡ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ ʩʠʜʝʨʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʧʠʩʪʦʤʝʟʠʪʦʤ (ʦʙʦʛʘʱʝʥ Mg). 

ʅʘʤʠ ʚʳʧʦʣʥʝʥ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʜʝʨʠʪʦʚ ʠʟ ʶʨʩʢʠʭ 
ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʭ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ ʩ 
ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 
ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʫʪʦʯʥʷʪʴʩʷ ʠ ʜʦʧʦʣʥʷʪʴʩʷ. ʇʦ ʩʦʩʪʘʚʫ ʩʦʣʷʥʦ-ʢʠʩʣʦʪʥʳʭ 
ʚʳʪʷʞʝʢ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ICP-MS ʚ ɸʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʀɻʄ ʉʆ ʈɸʅ, ʠʟʫʯʝʥʥʳʝ ʩʠʜʝʨʠʪʳ 
ʩʦʜʝʨʞʘʪ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ Mg, Ca, Mn. ʄʦʨʩʢʠʝ ʩʠʜʝʨʠʪʳ (ʚʝʨʭʠ ʪʶʤʝʥʩʢʦʡ, ʥʠʟʳ 
ʚʘʩʶʛʘʥʩʢʦʡ ʩʚʠʪ) ʦʙʦʛʘʱʝʥʳ Ca (11,6-25,3 % CaCO3) ʠ Mg (10,0-13,5 % MgCO3) ʠ ʦʪʥʦʩʷʪʩʷ ʢ 
ʩʠʜʝʨʦʧʣʝʟʠʪʘʤ ï ʩʠʜʝʨʦʜʦʪʘʤ (ʧʦ ɻ.ʀ.ʊʝʦʜʦʨʦʚʠʯʫ, 1958). ɺ ʥʠʭ ʧʦʩʪʦʷʥʥʦ ʦʪʤʝʯʘʝʪʩʷ SrCO3 (0,1-
0,2 %), ʩʦʜʝʨʞʘʥʠʝ FeCO3 ʩʦʩʪʘʚʣʷʝʪ 63,5-74,8 %. ɺ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 
ʩʠʜʝʨʠʪʘʭ (ʫʨʤʘʥʩʢʘʷ, ʪʦʛʫʨʩʢʘʷ, ʪʶʤʝʥʩʢʘʷ ʩʚʠʪʳ) ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 
(FeCO3 ï 78,4-90,5 %): MgCO3 ï 3,6-11,4 %; CaCO3 ï 3,5-7,8 %. ʅʘʠʙʦʣʝʝ ʯʠʩʪʳʡ ʩʠʜʝʨʠʪ ʩʣʘʛʘʝʪ 
ʩʬʝʨʦʣʠʪʦʚʳʝ ʘʛʨʝʛʘʪʳ ʚ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʪʦʛʫʨʩʢʦʡ ʩʚʠʪʳ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ 
ʙʘʩʩʝʡʥʘ. ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ ʩ 
ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʦʩʪʘʚʘ ʧʦ ʧʣʦʱʘʜʠ 
ʩʬʝʨʦʣʠʪʦʚ (ʈʠʩ. 1). ʊʘʢ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʬʝʨʦʣʠʪʦʚ ʩʦʜʝʨʞʘʥʠʝ FeO ʚʘʨɹʠʨʫʝʪ ʦʪ 58,0 ʜʦ 
60,0, ʩʨʝʜʥʝʝ 58,81 %, CaO -1,13-3,28, ʩʨʝʜʥʝʝ 1,84 %; MnO ï 0,0-0,68, ʩʨʝʜʥʝʝ 0,45 %, ʚ ʝʜʠʥʠʯʥʳʭ 
ʦʙʨʘʟʮʘʭ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠʤʝʩʴ Mg (MgO ï 0,0-0,5, ʩʨʝʜʥʝʝ 0,06 %). ɺ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʦʡ ʟʦʥʝ 
ʩʦʜʝʨʞʘʥʠʝ FeO - 51,77-58,17, ʩʨʝʜʥʝʝ 55,48 %; CaO -1,13-3,28, ʩʨʝʜʥʝʝ 1,84 %; MnO ï 0,0-0,43, 
ʩʨʝʜʥʝʝ 0,19 %. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʪʦʯʝʢ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠʤʝʩʴ Mg (MgO ï 0,0-2,47, ʩʨʝʜʥʝʝ ï 0,87 %). 
ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʦʛʘʱʝʥʠʝ ʧʨʠʤʝʩʥʳʤʠ Ca, Mg ʠ Mn ʫʯʘʩʪʢʦʚ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ 
ʩʠʜʝʨʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʜʝʨʠʪʦʤ ʧʝʣʠʪʦʤʦʨʬʥʳʤ. ʅʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʮʠʡ ʩʠʜʝʨʠʪʘ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ 
ʧʦ ʩʦʩʪʘʚʫ, ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ ʠ ʚ ʧʝʩʯʘʥʠʢʘʭ. ʊʘʢ ʥʘʠʙʦʣʝʝ ʯʠʩʪʳʡ ʩʠʜʝʨʠʪ 
ʠʟ ʠʟʫʯʝʥʥʳʭ (FeO - 46,54-53,5, ʩʨʝʜʥʝʝ 49,58 %) ï ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʤʠʢʨʦ-
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ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʚʳʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʜʝʨʦʧʣʝʟʠʪʦʤ ʩ ʧʨʠʤʝʩʴʶ Mg (MgO ï 7,27-13,5, 
ʩʨʝʜʥʝʝ ï 11,21 %) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ MnO ï 0,7-4,69, ʩʨʝʜʥʝʝ 1,5 % ʠ CaO ï 0,28-1,82, ʩʨʝʜʥʝʝ 1,0 %. 
ɹʣʠʟʦʢ ʝʤʫ ʧʦ ʩʦʩʪʘʚʫ ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʨʠʩʦʚʠʜʥʳʡ ʠ ʥʝʧʨʘʚʠʣʴʥʦ-ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʡ ʩʠʜʝʨʠʪ, 
ʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ, ʚʝʨʦʷʪʥʦ, ʚ ʢʘʪʘʛʝʥʝʟʝ ʚ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʢʘʦʣʠʥʠʪʦʚʦʤʫ ʮʝʤʝʥʪʫ. ɺ 
ʥʝʤ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʝʥʳ ʩʦʜʝʨʞʘʥʠʷ Fe (FeO ʩʨʝʜʥʝʝ 46,1 %) ʠ ʧʨʠʤʝʩʝʡ Mg (MgO ʩʨʝʜʥʝʝ 10,1 %) ʠ 
Mn (MnO ʩʨʝʜʥʝʝ 1,1 %), ʥʦ ʫʚʝʣʠʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ Ca (CaO ʩʨʝʜʥʝʝ 4,21 %). ʅʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥ 
ʧʨʠʤʝʩʴʶ Mg (MgO ʩʨʝʜʥʝʝ 13,73 %) ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ ʩʠʜʝʨʠʪ, ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʧʦ ʙʠʦʪʠʪʫ. ɺ ʥʝʤ 
ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ FeO ï ʩʨʝʜʥʝʝ 41,85 %; MnO -0,49 % ʠ CaO ï 0,3 %. 

ʆʯʝʥʴ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʩ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 
ʟʘʧʘʜʥʦ-ʩʠʙʠʨʩʢʠʭ ʩʠʜʝʨʠʪʦʚ. ɺ ʧʝʨʚʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʨʘʩʩʤʦʪʨʝʚʰʠʭ ʧʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ɻʘʣʠʤʦʚ, 
1968; ɻʘʣʠʤʦʚ, ʄʘʟʫʨ, 1972), ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʠʜʝʨʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʢʘʨʙʦʥʘʪʦʚ ʙʦʣʝʝ 
ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ ʠ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʭ ʠʟʤʝʥʝʥʠʡ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 
ʫʢʘʟʘʥʥʳʤʠ ʘʚʪʦʨʘʤʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ-ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʩʠʜʝʨʠʪʦʚ ʠʟ ʚʝʨʭʥʝʶʨʩʢʦ-ʥʠʞʥʝʤʝʣʦʚʳʭ 
ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ŭ13ʉ, 
ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʶʱʠʝ ʦʪ -0,95 ʜʦ 0,7 ă. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʷʟʘʥʳ ʢ ʟʦʥʝ ʭʦʨʦʰʦ 
ʘʵʨʠʨʫʝʤʦʛʦ ʰʝʣʴʬʘ, ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʥʦʨʤʘʣʴʥʦʡ ʩʦʣʝʥʦʩʪʠ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʜʦʢʩ-ʦʙʩʪʘʥʦʚʦʢ ʚ ʩʪʦʨʦʥʫ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʚʳʰʝʥʠʝʤ ʠʣʠ 
ʧʦʥʠʞʝʥʠʝʤ ʩʦʣʝʥʦʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʦʤʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ɹʘʞʝʥʦʚ ʠ ʜʨ., 1994) ʥʠʞʥʝʪʦʘʨʩʢʠʝ 
ʧʝʨʚʠʯʥʦ-ʦʩʘʜʦʯʥʳʝ ʩʠʜʝʨʠʪʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʉʘ (ʩʠʜʝʨʦʜʦʪʳ) ʦʙʦʛʘʱʝʥʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʚʪʦʨʠʯʥʳʤʠ, ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ (ŭ13ʉ - -5,8é-3,9 ă) ʠ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʢʠʩʣʦʨʦʜʘ (ŭ18ʆ - 
13,1é15,9 ă). ɼʣʷ ʚʪʦʨʠʯʥʳʭ ʤʘʥʛʘʥʦʩʠʜʝʨʠʪʦʚ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ (ŭ13ʉ - -9,4é-6,4 ă) ʠ 
ʢʠʩʣʦʨʦʜʘ (ŭ18ʆ ï 18é18,9 ă) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʦʙ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ ʙʝʟ ʫʯʘʩʪʠʷ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʟʘʣʝʞʝʡ ʋɺ.  

ɼʣ̫  ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʭ ʩʠʜʝʨʠʪʦʚ ʠʟ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʈʫʩʩʢʦʡ 
ʧʣʠʪʳ ʟʘʬʠʢʩʠʨʦʚʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ŭ13ʉ ï ʦʪ -19,8 ʜʦ 2,8 ă ʠ ŭ18ʆ ï ʦʪ 5,4 ʜʦ 30,6 ă 
(ɺʝʪʦʰʢʠʥʘ, 2005, 2007). ʇʨʠ ʵʪʦʤ ʦʜʥʘ ʠʟ ʛʝʥʝʨʘʮʠʡ ʩʠʜʝʨʠʪʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʙʨʝʞʥʦ-
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʬʘʮʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ, ʘ ʙʦʣʝʝ ʧʦʟʜʥʷʷ 
ʛʝʥʝʨʘʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʫʪʷʞʝʣʝʥʥʳʤ ʫʛʣʝʨʦʜʦʤ. ɸʚʪʦʨ ʦʙʲʷʩʥʷʝʪ ʵʪʦ ʫʤʝʥʴʰʘʶʱʠʤʩʷ ʚʢʣʘʜʦʤ 
ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʉʆ2 ʚ ʧʨʦʮʝʩʩʝ ʜʠʘʛʝʥʝʟʘ. ɼʣʷ ʩʠʜʝʨʠʪʦʚ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʷʤʘʷ 
ʟʘʚʠʩʠʤʦʩʪʴ ʫʪʷʞʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ Mg/Ca, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ 
ʩʪʘʜʠʡʥʦʩʪʴʶ ʩʠʜʝʨʠʪʦʦʙʨʘʟʦʚʘʥʠʷ. ʀʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ18ʆ ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʡ 
ʤʝʪʝʦʨʥʦʡ ʚʦʜʳ ʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. 

 

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʬʝʨʦʣʠʪʦʚ ʩʠʜʝʨʠʪʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

 
ɺ ʟʘʨʫʙʝʞʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʚʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʜʝʨʠʪʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʦʙʟʦʨʝ P.S. 

Mozley, P. Wersin (1992): ŭ13ʉ ï ʦʪ -25 ʜʦ 22 ă ʠ ŭ18ʆ ï ʦʪ -23 ʜʦ 8 ă PDB. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ 
ʩʠʜʝʨʠʪʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ < -8 ă ʩʢʦʨʝʝ ʚʩʝʛʦ ʤʦʨʩʢʦʛʦ, ʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ŭ18ʆ < -13 ă ʠ 
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ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ ï ʥʝʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʦʷʚʠʚʰʠʝʩʷ ʚ ʧʦʩʣʝʜʥʝʝ 
ʜʝʩʷʪʠʣʝʪʠʝ ʜʘʥʥʳʝ ʚ ʮʝʣʦʤ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʫʢʘʟʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʟʫʣʴʪʘʪʳ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʜʠʘʛʝʥʝʟʝ 
(Franchi et al., 2017; Tang et al., 2018 et al.) 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʘʥʘʣʠʪʠʢ ɸ.ʅ. ʇʳʨʷʝʚ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʚʦʣʴʥʦ ʟʘʤʝʪʥʫʶ 
ʨʘʟʥʠʮʫ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ ʩʠʜʝʨʠʪʦʚ. ʄʦʨʩʢʠʝ ʩʠʜʝʨʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʫʪʷʞʝʣʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʢʠʩʣʦʨʦʜʘ (ŭ18ʆ - 22,3é24,4 ă SMOW), ʦʪʣʠʯʘʶʱʠʤ ʠʭ ʦʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ 
ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ (ŭ18ʆ - 13,5é17,6 ă), ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʧʨʝʩʥʦʚʦʜʥʳʭ ʠ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʭ 
ʫʩʣʦʚʠʷʭ. ʅʘʠʙʦʣʝʝ ʦʙʣʝʛʯʝʥ ʧʦ ʫʛʣʝʨʦʜʫ ʩʠʜʝʨʠʪ, ʦʙʨʘʟʫʶʱʠʡ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʦʙʠʣʴʥʳʤ 
ʦʩʪʘʪʢʘʤ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ ʚ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʪʦʛʫʨʩʢʦʡ ʩʚʠʪʳ (ŭ13ʉ - -8,7 ă), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʯʘʩʪʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʫʛʣʝʢʠʩʣʦʪʳ ʧʨʠ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʙʣʝʛʯʝʥʠʝ 
(ŭ13ʉ - -2,4 ă) ʦʪʤʝʯʝʥʦ ʪʘʢʞʝ ʜʣʷ ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʠʜʝʨʠʪʘ ʧʦʨʦʚʦʛʦ 
ʮʝʤʝʥʪʘ ʨʫʩʣʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʛʜʝ ʦʥ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʘʨʘʛʝʥʝʟʝ ʩ ʬʨʘʛʤʝʥʪʘʤʠ 
ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɺ ʤʦʨʩʢʠʭ ʩʠʜʝʨʠʪʘʭ ʦʪʤʝʯʝʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ŭ13ʉ ï 
ʦʪ -1,7 ʜʦ -0,2 ă, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ ʚ ʨʘʥʥʝʤ ʜʠʘʛʝʥʝʟʝ. ɼʣʷ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʠʜʝʨʠʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʝʙʦʣʴʰʦʝ ʫʪʷʞʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ 
ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ (ŭ13ʉ ï 0,2é5,5 ă). 
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Ferruginous carbonates are very common in the terrigenous-clay Mesozoic of Western Siberia, 
but they are remains poorly understood. They are formed under different conditions, at different stages 
of lithogenesis, under the influence of a number of factors, are characterized by a wide range of 
structural and petrographic varieties and have a significant range of content of isomorphic impurities 
Ca, Mg, Mn. According to the literature data and our own observations, the geochemical and isotopic 
characteristics of some siderites from Jurassic-Lower Cretaceous deposits of different facies are 
considered. Assumptions about the patterns of their change depending on the genesis are made. 

Keywords: siderites, formation conditions, isotopic composition 
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ʦʪʜʝʣʝʥʠʷ ʈɸʅ. ʈʦʩʩʠʷ, 167982, ʈʝʩʧʫʙʣʠʢʘ ʂʦʤʠ, ʛ. ʉʳʢʪʳʚʢʘʨ, ʫʣ. ʇʝʨʚʦʤʘʡʩʢʘʷ, ʜ. 54, 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʛʝʥʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʠ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʙʘʢʪʝʨʠʷʤʠ, ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʦʦʠʜʳ, 
ʠʟ ʥʠʞʥʝʧʝʨʤʩʢʦʛʦ ʨʘʟʨʝʟʘ ʖʞʥʦʛʦ ʊʠʤʘʥʘ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʜʦʣʦʤʠʪʦʚʳʡ ʠ ʢʘʣʴʮʠʪʦʚʳʡ 
ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ. ʉ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʠ 
ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʪʝʣʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʙʠʦʧʣʝʥʢʠ, 
ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ. ɼʘʥʥʳʝ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʠʞʥʝʧʝʨʤʩʢʠʭ ʦʦʠʜʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ 
ʩʦʣʝʥʳʭ ʣʘʛʫʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʦʠʜʳ, ʙʠʦʛʝʥʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 
 
ɿʥʘʯʝʥʠʝ ʤʠʢʨʦʙʠʦʪʳ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʠʥʝʨʘʣʦʚ ʠ ʧʦʨʦʜ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ 

ʦʙʩʫʞʜʘʝʪʩʷ. ʂʘʨʙʦʥʘʪʠʟʘʮʠʷ, ʬʦʩʬʘʪʠʟʘʮʠʷ, ʦʞʝʣʝʟʥʝʥʠʝ ʠ ʦʢʨʝʤʥʝʥʠʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʠʧʘʤʠ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʧʨʠ ʧʦʩʨʝʜʥʠʯʝʩʪʚʝ ʙʘʢʪʝʨʠʡ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ ʙʠʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʚ 
ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʢʦʪʦʨʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʛʨʘʣʠ ʚʘʞʥʫʶ ʨʦʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 
ʚʳʙʨʘʥʳ ʥʠʞʥʝʧʝʨʤʩʢʠʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ, ʚʳʭʦʜʳ ʢʦʪʦʨʳʭ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʝʨʭʥʝʤʫ ʪʝʯʝʥʠʶ 
ʨʝʢʠ ɺʳʯʝʛʜʳ (ʖʞʥʳʡ ʊʠʤʘʥ). ʂʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʛʠʙʘʶʱʠʝ ɼʞʝʜʞʠʤʧʘʨʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʤʠ ʠ ʣʘʛʫʥʥʳʤʠ ʦʩʘʜʢʘʤʠ. 

ʇʦ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʤʠʥʝʨʘʣʳ ʜʦʣʦʤʠʪ ʠ ʢʘʣʴʮʠʪ ʠʥʦʛʜʘ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʦʚʤʝʩʪʥʦ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʢʘʥʠʨʫʶʱʠʡ 
ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ ThermoFischer Scientific Axia ChemiSEM ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ 
TrueSight, ʫʛʣʝʨʦʜʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʎʂʇ çɻʝʦʥʘʫʢʘè, ʀɻ ʌʀʎ ʂʦʤʠ ʋʨʆ ʈɸʅ) ʙʳʣʠ ʚʳʜʝʣʝʥʳ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʩʫʪʩʪʚʠʝ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʠ 
ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʪʠʭ ʦʪʣʦʞʝʥʠʷʭ 
ʦʛʨʘʥʠʯʝʥʳ ʜʠʘʛʝʥʝʟʦʤ.  

ɺʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʷʚʣʷʶʪʩʷ ʦʦʠʜʳ. ɼʦʣʦʤʠʪʦʚʳʝ ʦʦʠʜʳ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʟʦʣʠʨʦʚʘʥʥʳʝ, ʦʙʦʩʦʙʣʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʬʝʨʠʯʝʩʢʦʡ, ʵʣʣʠʧʩʦʠʜʥʦʡ ʬʦʨʤ, 
ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,5 ʜʦ 2 ʤʤ (ʨʠʩ. 1). ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 
2) ʂʘʨʙʦʥʘʪʥʘʷ ʦʙʦʣʦʯʢʘ (ʢʦʨʘ) ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʤʠʢʨʦʟʝʨʥʠʩʪʳʭ 
ʢʨʠʩʪʘʣʣʦʚ.  

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ (ʜʦ 6,5ă PDB) ʠ ʢʠʩʣʦʨʦʜʘ (ʜʦ -2,7ă PDB) ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ 
ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʣʦʚʠʷ ʩʦʣʝʥʦʡ ʣʘʛʫʥʳ (ʂʫʣʝʰʦʚ, 2001). 

ɺ ʦʙʨʘʟʮʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʩʪʘʪʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʂʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʩʣʦʠ 
ʚʢʣʶʯʘʶʪ ʩʢʦʧʣʝʥʠʷ ʧʩʝʚʜʦʤʦʨʬʦʟ (ʨʠʩ. 2) ʧʦ ʨʘʟʥʦʛʦ ʪʠʧʘ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʦʩʪʘʪʢʘʤ. ɺʠʜʥʳ ʤʝʣʢʠʝ 
ʦʢʨʫʛʣʳʝ, ʠʥʦʛʜʘ ʦʚʘʣʴʥʳʝ ʤʠʢʨʦʬʦʩʩʠʣʠʠ ʩ ʪʦʥʢʦʡ, ʛʣʘʜʢʦʡ ʦʙʦʣʦʯʢʦʡ, ʧʦʜʦʙʥʳʝ ʢʦʢʢʦʠʜʥʳʤ 
ʙʘʢʪʝʨʠʷʤ. ɼʠʘʤʝʪʨ ʠʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 15 ʜʦ 30 ʤʢʤ. ʆʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʦʜʠʥʦʯʥʦ ʠʣʠ ʚ ʚʠʜʝ ʢʦʣʦʥʠʡ. ʇʨʠ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʝʨʝʜʢʦ ʩʦʭʨʘʥʷʶʪʩʷ ʜʝʪʘʣʠ ʠʭ ʩʪʨʦʝʥʠʷ, ʧʨʦʷʚʣʷʶʪʩʷ ʨʝʣʠʢʪʳ 
ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʢʘʣʴʮʠʪʦʚʳʭ ʦʦʠʜʘʭ ʦʙʥʘʨʫʞʝʥ ʝʱʝ ʦʜʠʥ ʪʠʧ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ï ʪʦʥʢʠʝ ʦʙʚʦʣʘʢʠʚʘʶʱʠʝ 
ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʙʠʦʧʣʝʥʢʠ (ʨʠʩ. 4), ʢʦʪʦʨʳʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʦʨʛʘʥʠʯʝʩʢʫʶ 
ʙʘʢʪʝʨʠʘʣʴʥʫʶ ʩʣʠʟʴ, ʦʙʠʣʴʥʦ ʧʦʢʨʳʚʘʶʱʫʶ ʢʦʣʦʥʠʶ ʧʨʠ ʞʠʟʥʠ. ɽʱʝ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʙʳʣʦ 
ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʯʘʣʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʘ, ʢʘʢ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 
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ʢʫʣʴʪʫʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʠʟʠʩʪʳʭ ʚʳʜʝʣʝʥʠʷʭ ʙʘʢʪʝʨʠʡ (ʀʩʘʯʝʥʢʦ, 1951). ʅʘ ʧʣʝʥʢʝ ʩʦʭʨʘʥʠʣʠʩʴ 
ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʚʳʜʝʣʝʥʠʷ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ. 

 
 .  

  
ʈʠʩ. 1. ʅʠʞʥʝʧʝʨʤʩʢʠʡ ʦʦʠʜʥʳʡ ʜʦʣʦʤʠʪ. ʈʠʩ. 2. ʉʨʝʟ ʜʦʣʦʤʠʪʦʚʦʛʦ ʦʦʠʜʘ 

 
ʏʘʩʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʦʠʜʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʫʛʣʝʨʦʜʠʩʪʳʝ ʤʠʢʨʦʦʙʨʘʟʦʚʘʥʠʷ 

ʙʠʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ ʚ ʚʠʜʝ ʧʣʝʥʦʢ ʠ ʥʠʪʝʡ, ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ (ʨʠʩ. 3 ʘ, ʙ). 
ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʥʠʪʠ ʚʧʦʣʥʝ ʦʪʚʝʯʘʶʪ ʬʦʩʩʠʣʠʟʠʨʦʚʘʥʥʳʤ ʦʩʪʘʪʢʘʤ ʮʠʘʥʦʙʘʢʪʝʨʠʡ (ʀʩʢʦʧʘʝʤʳʝ 
ʙʘʢʪʝʨʠʠ, 2011). ʅʦ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʦʝ, ʪʨʝʙʫʶʱʝʝ ʫʪʦʯʥʝʥʠʷ. 

 

  
 

ʈʠʩ. 3. ʌʦʩʩʠʣʠʟʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ ʚ ʥʠʞʥʝʧʝʨʤʩʢʠʭ ʦʦʠʜʘʭ: (ʘ) 
ʙʠʦʧʣʝʥʢʠ; (ʙ) ʥʠʪʝʚʠʜʥʳʝ ʬʦʨʤʳ, ʧʦʭʦʞʠʝ ʥʘ ʮʠʘʥʦʙʘʢʪʝʨʠʠ 

 
ʂʘʨʙʦʥʘʪʥʳʝ ʤʠʢʨʦʙʠʦʣʠʪʳ, ʦʦʠʜʳ/ʦʦʣʠʪʳ/ʦʥʢʦʣʠʪʳ, ʨʘʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ, ʚʦ-ʧʝʨʚʳʭ, ʢʘʢ 

ʘʙʠʦʪʠʯʝʩʢʠʝ ʟʝʨʥʘ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʯʠʩʪʦ ʭʝʤʦʛʝʥʥʳʤ ʨʘʚʥʦʤʝʨʥʳʤ ʦʙʨʘʩʪʘʥʠʝʤ ʟʘʨʦʜʳʰʘ 
ʢʘʣʴʮʠʪʦʤ ʚ ʧʦʜʚʠʞʥʦʡ ʩʨʝʜʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʧʣʳʭ ʚʦʜ, ʧʝʨʝʥʘʩʳʱʝʥʥʳʭ CaCO3 (Sumner, 
Grotzinger, 1993 ʠ ʜʨ.), ʚʦ-ʚʪʦʨʳʭ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʡ ʠʣʠ ʚʦʜʦʨʦʩʣʝʡ (ɽ. 
ʂʘʣʴʢʦʚʩʢʠʡ ʠ ʜʨʫʛʠʝ). ʅʘʧʨʠʤʝʨ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ (ʆʨʣʝʘʥʩʢʠʡ ʠ ʜʨ. 2002), ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 
ʜʨʝʚʥʠʭ ʠʩʢʦʧʘʝʤʳʭ ʦʥʢʦʣʠʪʦʚ ʵʪʦ ʥʝ ʣʠʪʠʬʠʢʘʮʠʷ ʢʦʢʢʦʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʬʠʪʦ-ʟʦʦʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ 
ʧʨʦʜʫʢʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʠʪʯʘʪʳʭ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. ʅʝʢʦʪʦʨʳʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʬʦʪʦʩʠʥʪʝʟ 
ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʫʣʴʬʘʪʦʚ), ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʛʝʪʝʨʦʪʨʦʬʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ, ʤʦʛʫʪ 
ʥʘʨʫʰʘʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʧʦʚʳʰʘʪʴ ʱʝʣʦʯʥʦʩʪʴ ʚʦʜʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 
ʦʩʘʞʜʝʥʠʶ ʢʘʨʙʦʥʘʪʦʚ (Antoshkina et al., 2020). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʱʝʣʦʯʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʡ 
ʩʨʝʜʳ ʦʩʘʞʜʘʶʪʩʷ ʣʠʙʦ ʢʘʨʙʦʥʘʪʳ ʢʘʣʴʮʠʷ, ʣʠʙʦ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʢʘʨʙʦʥʘʪʳ ʚ ʚʠʜʝ ʜʦʣʦʤʠʪʘ ʠ 
ʤʘʛʥʝʟʠʪʘ (ʂʫʟʥʝʮʦʚ, ɾʫʨʘʚʣʝʚʘ, 2022). ɼʦʣʦʤʠʪʠʟʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʠʤʝʥʥʦ ʘʢʪʠʚʥʦʡ ʤʠʢʨʦʙʠʘʣʴʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʩʫʛʫʙʦ ʣʦʢʘʣʴʥʦ ʦʧʨʝʜʝʣʠʣʘ ʚʳʩʦʢʫʶ ʱʝʣʦʯʥʦʩʪʴ ʩʨʝʜʳ ʠ ʦʩʘʞʜʝʥʠʝ ʚ ʩʚʷʟʠ ʩ 
ʵʪʠʤ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʦʚ. ʇʦʩʣʝʜʥʠʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚ ʜʠʘʛʝʥʝʟʝ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʚ ʚʠʜʝ 
ʜʦʣʦʤʠʪʘ (ʂʫʟʥʝʮʦʚ, ɾʫʨʘʚʣʝʚʘ, 2022). 

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʦʙʥʘʨʫʞʠʚʰʠʝ ʩʣʝʜʳ ʤʠʢʨʦʙʦʚ ʚ ʦʦʠʜʘʭ, ʦʪʤʝʪʠʣʠ ʠʭ ʚʘʞʥʦʝ 
ʫʯʘʩʪʠʝ ʚ ʦʩʘʞʜʝʥʠʠ ʢʘʨʙʦʥʘʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʦʠʜʦʚ (O'Reilly, 2017 ʠ ʜʨ.). ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, 
ʦʙʥʘʨʫʞʠʚ ʧʨʠʩʫʪʩʪʚʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʦʠʜʘʭ ʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʦʣʠʪʘʭ, ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 
ʤʠʢʨʦʙʳ ʫʯʘʩʪʚʦʚʘʣʠ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʦʢ (Trouer et al., 2018 ʠ ʜʨ.). 
ʐʫʣʴʮ (1962), ʠʟʫʯʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʦʦʣʠʪʳ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 
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ʢʘʞʜʦʛʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʩʥʘʯʘʣʘ ʦʩʘʞʜʘʣʩʷ ʩʣʦʡ ʘʤʦʨʬʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʣʦ 
ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʢʘʣʴʮʠʪʘ. ɸʤʦʨʬʥʘʷ ʬʘʟʘ ʥʘʥʦʯʘʩʪʠʮ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ 
ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʠ (Addadi et al., 2003 ʠ ʜʨ.). 
ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʢʘʨʙʦʥʘʪʥʦʡ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʠ (Dupraz, Visscher, 2005) ʧʫʪʝʤ 
ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʥʘ ʨʝʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ EPS ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʜʢʘ 
ʧʦʩʣʝ ʝʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 
ʦʦʠʜʦʚ (Antoshkina et al., 2020), ʠʤʝʥʥʦ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʦʧʨʝʜʝʣʷʝʪ ʦʨʛʘʥʦʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʨʠ ʠʭ 
ʦʙʨʘʟʦʚʘʥʠʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʨʦʜʳ ʠ ʤʝʭʘʥʠʟʤʘ ʦʨʛʘʥʦʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʧʘʣʝʦʟʦʡʩʢʠʭ 
ʢʘʨʙʦʥʘʪʥʳʭ ʦʦʠʜʘʭ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʟʘʨʦʜʳʰʝʡ ʥʘʥʦʟʝʨʝʥ ʘʤʦʨʬʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ 
ʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʙʠʦʧʣʝʥʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʣʠʢʪʦʚ EPS, ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 
ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʦʦʠʜʥʳʭ ʢʦʨʦʢ, ʥʦ ʠ ʚ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʢʦʨʦʢ (Antoshkina et al., 2020). 

ʅʦʚʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʦʠʜʥʳʭ, ʠʟ 
ʨʘʟʨʝʟʘ ʥʠʞʥʝʡ ʧʝʨʤʠ, ʧʦʜʪʚʝʨʜʠʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʤʠʢʨʦʙʘʤʠ ʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʠ ʧʦʟʚʦʣʠʣʠ 
ʥʘʡʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʧʨʝʜʣʦʞʝʥʥʳʤ ʨʘʥʝʝ ʤʦʜʝʣʷʤ ʦʨʛʘʥʦʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʠ 
ʦʙʨʘʟʦʚʘʥʠʠ ʠʩʢʦʧʘʝʤʳʭ ʦʦʠʜʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʤʝʞʜʫ ʩʣʦʷʤʠ ʢʘʨʙʦʥʘʪʘ ʦʙʥʘʨʫʞʝʥʳ ʦʙʦʣʦʯʢʠ (ʨʠʩ. 3ʘ) 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʫʙʩʪʘʥʮʠʠ) ï ʨʝʣʠʢʪʳ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʣʝʥʦʢ (?). ɹʳʪʴ ʤʦʞʝʪ, 
ʠʤʝʥʥʦ ʦʥʠ ʤʦʛʣʠ ʩʦʟʜʘʪʴ ʪʫ ʣʦʢʘʣʴʥʫʶ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʠʣʘ ʚʳʜʝʣʝʥʠʝ 
ʢʘʨʙʦʥʘʪʘ. ɺ ʠʩʢʦʧʘʝʤʳʭ ʦʦʣʠʪʘʭ ʵʪʠ ʙʳʚʰʠʝ ʤʠʢʨʦʙʠʘʣʴʥʳʝ ʧʣʝʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ - ʣʠʧʠʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʂʫʟʥʝʮʦʚ, ɾʫʨʘʚʣʝʚʘ, 2022). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʠʞʥʝʧʝʨʤʩʢʠʭ 

ʢʘʣʴʮʠʪʦʚʳʭ ʦʦʠʜʘʭ ʚʠʜʥʦ ʥʘʯʘʣʦ ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʦʤʠʥʝʨʘʣʠʟʘʮʠʠ - ʦʙʨʘʟʦʚʘʥʠʝ ʟʝʨʝʥ ʢʘʨʙʦʥʘʪʘ 
ʢʘʣʴʮʠʷ ʥʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʙʠʦʧʣʝʥʢʝ (ʨʠʩ. 4). ʂʘʢ ʦʪʤʝʯʘʣʠ ʨʘʥʝʝ (Antoshkina et al., 2020), 
ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ACC ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ, 
ʦʙʨʘʟʫʶʱʝʡ ʥʦʚʳʡ ʩʣʦʡ ʦʙʦʣʦʯʢʠ ʧʦʚʝʨʭ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʣʦʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʢʘʨʙʦʥʘʪʥʦʡ ʧʦʨʦʜʝ. 
ʆʜʥʦʡ ʠʟ ʬʦʨʤ ʚʳʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʞʝʣʝʟʘ ʷʚʣʷʶʪʩʷ ʬʨʘʤʙʦʠʜʳ, ʩʣʦʞʝʥʥʳʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʘʤʠ 
ʧʠʨʠʪʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ. ɺʩʪʨʝʯʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʧʠʨʠʪʘ ʚ ʚʠʜʝ ʨʦʩʩʳʧʠ. ʈʘʟʤʝʨ ʬʨʘʤʙʦʠʜʦʚ 
ʧʠʨʠʪʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʪ 5 ʜʦ 15 ʤʢʤ, ʘ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʦʢʦʣʦ 1 ʤʢʤ. ʅʘʣʠʯʠʝ ʠʤʝʥʥʦ 
ʬʨʘʤʙʦʠʜʘʣʴʥʳʭ ʬʦʨʤ ʧʠʨʠʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʘʢʪʝʨʠʘʣʴʥʫʶ ʧʨʠʨʦʜʫ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʦʛʘʪʦʛʦ 
ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʦʩʘʜʢʘ, ʠ ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ, 
ʩʦʟʜʘʶʱʠʭ ʩʝʨʦʚʦʜʦʨʦʜʥʫʶ ʩʨʝʜʫ (ɺʦʣʢʦʚ, 1984). 

ʀʥʦʡ ʪʠʧ ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥ ʘʛʨʝʛʘʪʘʤʠ, ʧʦʭʦʞʠʤʠ ʥʘ ʩʬʝʨʠʯʝʩʢʠʝ ʜʨʫʟʳ 
ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 2 ʤʢʤ. ʉʫʜʷ ʧʦ ʤʠʢʨʦʟʦʥʜʦʚʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʞʝʣʝʟʦ ʚ ʧʦʨʦʜʝ ʥʝ ʚʩʝʛʜʘ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʬʦʨʤʝ ʩʫʣʴʬʠʜʦʚ. ɺ ʦʙʨʘʟʮʘʭ ʦʙʥʘʨʫʞʝʥʳ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʬʘʟʳ ʩ ʥʠʟʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʝʨʳ. ʌʦʨʤʘ ʠʭ ʚʳʜʝʣʝʥʠʡ ʢʨʦʤʝ ʬʨʘʤʙʦʠʜʘʣʴʥʦʡ ʟʚʝʟʜʯʘʪʘʷ, 
ʘʤʝʙʦʚʠʜʥʘʷ, ʥʘʧʦʤʠʥʘʶʱʘʷ ʧʯʝʣʠʥʳʝ ʩʦʪʳ. ʄʠʥʝʨʘʣʳ ʞʝʣʝʟʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʢʘʢ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʧʠʨʠʪʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʢʩʠʜʦʚ ʠ/ʠʣʠ 
ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʅʘʙʣʶʜʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʛʣʦʙʫʣʠ ʠ ʛʣʦʙʫʣʷʨʥʳʝ ʘʛʨʝʛʘʪʳ ʚ ʚʠʜʝ ʧʦʣʳʭ ʦʢʨʫʛʣʳʭ 
ʠ ʦʚʘʣʴʥʳʭ ʥʘʨʦʩʪʦʚ ʜʠʘʤʝʪʨʦʤ 3-10 ʤʢʤ, ʪʘʢʞʝ, ʥʝʩʦʤʥʝʥʥʦ, ʙʠʦʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ. ʀʭ ʥʘʨʫʞʥʘʷ 
ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʘʞʫʨʥʦʝ ʩʪʨʦʝʥʠʝ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʘʥʥʳʝ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʡ ʛʣʠʢʦʢʘʣʠʢʩ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ (ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʧʘʣʝʦʥʪʦʣʦʛʠʷ, 
2002). ʇʦʣʦʩʪʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʣʝʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʛʘʟʦʚ. 
ɺʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʦʢʨʫʛʣʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ 2 ʤʢʤ, ʧʦʜʦʙʥʳʝ ʩʢʦʧʣʝʥʠʷʤ ʢʦʢʢʦʠʜʥʳʭ ʙʘʢʪʝʨʠʡ (ʨʠʩ. 
5). ʕʪʠ ʬʦʨʤʳ ʩʦʜʝʨʞʘʪ ʚ ʦʩʥʦʚʥʦʤ Fe, Ca, Mg ʠ Si.  

 

  
ʈʠʩ. 4. ʊʦʥʢʠʝ ʦʙʚʦʣʘʢʠʚʘʶʱʠʝ 
ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʙʠʦʧʣʝʥʢʠ 

ʈʠʩ. 5. ʆʢʨʫʛʣʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʦʙʥʳʝ 
ʩʢʦʧʣʝʥʠʷʤ ʢʦʢʢʦʠʜʥʳʭ ʙʘʢʪʝʨʠʡ 
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ʍʘʨʘʢʪʝʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʘʧʘʪʠʪ, ʢʨʠʩʪʘʣʣʳ ʢʦʪʦʨʦʛʦ ʦʙʳʯʥʦ 
ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʨʘʤ, ʧʫʩʪʦʪʘʤ ʠ ʧʦʣʦʩʪʷʤ, ʦʩʪʘʚʰʠʤʩʷ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʤʠʢʨʦʬʦʩʠʣʠʡ. ʀʥʦʛʜʘ ʦʥʠ 
ʟʘʧʦʣʥʷʶʪ ʧʨʦʤʝʞʫʪʢʠ ʚ ʛʣʠʥʘʭ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʦʪʤʝʨʰʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʤʘʪʝʨʠʘʣʘ. ʌʦʩʬʘʪ ʢʘʣʴʮʠʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʜʦ ʠʛʦʣʴʯʘʪʳʭ. 
ʀʭ ʨʘʟʤʝʨʳ ʚʘʨʴʠʨʫʶʪ ʜʦ 6 ʤʢʤ ʚ ʜʣʠʥʫ ʠ ʜʦ 2 ʤʢʤ ʚ ʰʠʨʠʥʫ. ʍʘʨʘʢʪʝʨʥʳ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʳʝ 
ʘʛʨʝʛʘʪʳ. ʀʥʦʛʜʘ ʘʛʨʝʛʘʪʳ ʠʤʝʶʪ ʰʘʨʦʚʠʜʥʫʶ ʬʦʨʤʫ. ʌʪʦʨʘʧʘʪʠʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʤʠ, ʢʘʢ ʧʨʦʜʫʢʪ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʜʠʘʛʝʥʝʟʝ ʠʟ ʦʙʦʛʘʱʝʥʥʳʭ ʬʦʩʬʦʨʦʤ ʧʦʨʦʚʳʭ ʚʦʜ. ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʩʪʨʦʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʬʦʩʬʘʪʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʪʠʭ 
ʬʦʨʤ ʠʥʠʮʠʠʨʦʚʘʣʦʩʴ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʙʘʢʪʝʨʠʡ ʥʘ ʩʪʘʜʠʠ ʜʠʘʛʝʥʝʟʘ. ʆʩʘʞʜʝʥʠʝ ʘʧʘʪʠʪʘ ʠ ʚ ʤʦʨʩʢʦʡ 
ʠ ʧʨʝʩʥʦʡ ʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʩʬʘʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
ʙʘʢʪʝʨʠʡ (ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʧʘʣʝʦʥʪʦʣʦʛʠʷ, 2002). ʐʘʨʦʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʜʦ 16 
ʤʢʤ, ʩʣʦʞʝʥʳ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʘʣʶʤʦʩʠʣʠʢʘʪʘʤʠ. 

ʉʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʜʝʪʘʣʠ 
ʦʙʩʪʘʥʦʚʦʢ ʚ ʜʠʘʛʝʥʝʟʝ. 
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The article presents results of studies of biogenic structures and biomineralization caused by 
bacteria in carbonate rocks containing ooids from the Lower Permian section of the Southern Timan, 
with dolomite and calcite composition. Mineralized bodies of microorganisms, bacterial biofilms, 
preserved in various forms, were identified by a scanning electron microscope. Data on isotope 
composition of carbon and oxygen showed that Lower Permian ooid deposits formed in the conditions 
of salty lagoons. 

Keywords: carbonate deposits, ooids, biogenic microstructures 
 
 

ʋɼʂ: 550.8:528:553.98.078(470.4/.5) 
ɸʥʘʣʠʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ ʟʘʣʝʞʝʡ ʋɺ ʚ ʨʘʟʨʝʟʝ ɺʦʣʛʦ-

ʋʨʘʣʴʩʢʦʡ ʅɻʇ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ɻɻʂ 1000/3 
 

ɺʠʜʠʢ ʉ.ɺ., ʃʘʨʠʯʝʚ ɸ.ʀ., ʂʘʭʘʷ ɺ.ɻ., ʆʣʝʥʥʠʢʦʚʘ ɽ.ɺ., ʆʩʘʜʯʠʡ ʀ.ɺ. 

 
1 ï ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çɺʉɽʈʆʉʉʀʁʉʂʀʁ ʅɸʋʏʅʆ-
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ɻɻʂ 1000/3 ʜʣʷ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʅɻʇ ʫʪʦʯʥʝʥʳ ʢʦʣʠʯʝʩʪʚʦ, 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʤ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚʘ, ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 
ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ ʅɻʂ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʣʝʞʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʦʣʛʦ-ʋʨʘʣʴʩʢʘʷ ʅɻʇ, ʅɻʂ, ʟʘʣʝʞʠ 
 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1:1 000 000 ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦʜʝʨʞʘʪ, ʧʦ 
ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʤ ʪʝʨʨʠʪʦʨʠʷʤ, ʦʙʰʠʨʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ 
ʩʪʨʦʝʥʠʶ, ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ, ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ. ʆʥʠ ʪʘʢʞʝ 
ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʪʨʘʞʘʶʪ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 
ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ. ʈʝʛʠʦʥʘʣʴʥʳʝ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʤʘʩʰʪʘʙʘ 1:1 000 000 ʤʦʛʫʪ 
ʩʪʘʪʴ ʚʘʞʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦʛʥʦʟʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʇʝʪʨʦʚ ʠ ʜʨ., 2015). ʅʘʤʠ ʨʝʟʫʣʴʪʘʪʳ 
ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ ʟʘʣʝʞʝʡ 
ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʨʘʟʨʝʟʝ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 
ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʅɻʇ.  

ɺʦʣʛʦ-ʋʨʘʣʴʩʢʘʷ ʅɻʇ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 11 ʤʠʣʣʠʦʥʥʳʭ ʣʠʩʪʦʚ, 9 ʠʟ ʢʦʪʦʨʳʭ ʠʟʜʘʥʳ. 
ɺʦ ʚʩʝʭ ʢʦʤʧʣʝʢʪʘʭ ʪʝʢʩʪʳ ʦʙʲʷʩʥʠʪʝʣʴʥʳʭ ʟʘʧʠʩʦʢ ʩʦʜʝʨʞʘʪ ʧʦʜʨʘʟʜʝʣʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʛʦʨʶʯʠʤ 
ʠʩʢʦʧʘʝʤʳʤ; ʚ ʩʝʤʠ ʠʤʝʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʢʘʨʪʳ ʠʣʠ ʩʭʝʤʳ ʧʨʦʛʥʦʟʘ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ, ʝʱʝ ʚ ʜʚʫʭ 
ʫʛʣʝʚʦʜʦʨʦʜʳ ʧʦʢʘʟʘʥʳ ʥʘ ʦʙʱʠʭ ʢʘʨʪʘʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʇʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʣʠʩʪʦʚ ʚ ʨʘʟʨʝʟʝ 
ʧʨʦʚʠʥʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʦʪ 2 ʜʦ 8 ʅɻʂ ʩ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʤʘʤʠ. ʅʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʚʠʟʠʠ 
ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʜʫʢʪʠʚʥʳʡ ʨʘʟʨʝʟ ʨʘʟʜʝʣʝʥ ʥʘ ʜʝʚʷʪʴ ʅɻʂ (ɺʠʜʠʢ ʠ ʜʨ., 2023) (ʨʠʩ. 1).  

ɺʝʥʜʩʢʠʡ ʅɻʂ ʠʤʝʝʪ ʬʨʘʛʤʝʥʪʘʨʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʠʟʫʯʝʥ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺʝʥʜʩʢʠʝ 
ʦʪʣʦʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ ʵʪʘʧʘʤ ʨʘʟʚʠʪʠʷ ï ʘʚʣʘʢʦʛʝʥʥʦʤʫ ʠ ʧʣʠʪʥʦʤʫ. ɿʘʣʝʞʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 
ʐʘʨʢʘʥʩʢʦʤ ʠ ʊʳʣʦʚʘʡʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʚʝʨʭʥʝʛʦ ʚʝʥʜʘ (ʙʦʨʦʜʫʣʠʥʩʢʘʷ 
ʩʝʨʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʢʳʢʚʠʥʩʢʫʶ ʠ ʚʝʨʝʱʘʛʠʥʩʢʫʶ ʩʚʠʪʳ). ʇʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 5 ʜʦ 30ʤ; ʬʣʶʠʜʦʫʧʦʨʳ ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʵʢʨʘʥʠʨʫʶʱʠʝ 
ʩʚʦʡʩʪʚʘ ʠ ʨʝʛʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ.  

ɼʝʚʦʥʩʢʠʡ ʪʝʨʨʠʛʝʥʥʳʡ ʅɻʂ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʠʥʮʠʠ, 
ʧʨʦʜʫʢʪʠʚʥʳʤ ʥʘ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʫʧʥʳʭ ʠ ʫʥʠʢʘʣʴʥʳʭ. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ 
ʠʥʪʝʨʚʘʣ ï ʦʪ ʧʨʘʞʩʢʦʛʦ ʷʨʫʩʘ ʜʝʚʦʥʘ (ʢʝʤʝʨʩʢʠʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʛʦʨʠʟʦʥʪ) ʜʦ ʥʠʟʦʚ ʬʨʘʥʩʢʦʛʦ 
ʷʨʫʩʘ (ʩʘʨʛʘʝʚʩʢʠʡ ʛʦʨʠʟʦʥʪ). ʂʦʤʧʣʝʢʩ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʦʜʥʘʢʦ 
ʨʘʟʨʝʟʳ ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʨʝʜʫʮʠʨʦʚʘʥʳ ʠ ʥʝ ʩʦʜʝʨʞʘʪ 
ʟʘʣʝʞʝʡ. ʅʝ ʠʟʚʝʩʪʥʦ ʟʘʣʝʞʝʡ ʪʘʢʞʝ ʚ ʧʨʝʜʫʨʘʣʴʩʢʦʡ ʯʘʩʪʠ. ʉʚʠʪʥʳʡ ʩʦʩʪʘʚ ʅɻʂ ʯʨʝʟʚʳʯʘʡʥʦ 
ʨʘʟʥʦʦʙʨʘʟʝʥ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʦʨʦʜ ʦʪ ʢʘʨʙʦʥʘʪʥʳʭ ʜʦ ʪʝʨʨʠʛʝʥʥʳʭ; 
ʯʘʩʪʦ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ. ɿʘʣʝʞʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ, ʩʚʷʟʘʥʳ ʢʘʢ ʩ 
ʧʝʩʯʘʥʳʤʠ, ʪʘʢ ʠ ʩ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʇʦ ʪʠʧʫ ʟʘʣʝʞʠ ʦʪ ʧʣʘʩʪʦʚʳʭ ʩʚʦʜʦʚʳʭ ʜʦ 
ʤʘʩʩʠʚʥʳʭ, ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ; ʠʥʦʛʜʘ ʥʘ ʦʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 
ʚʩʪʨʝʯʘʶʪʩʷ ʣʦʚʫʰʢʠ ʨʘʟʥʦʛʦ ʪʠʧʘ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʝ 
ʧʦʜʥʷʪʠʷ, ʦʩʣʦʞʥʷʶʱʠʝ ʧʨʠʨʘʟʣʦʤʥʳʝ ʚʘʣʳ ʠ ʧʨʠʧʦʜʥʷʪʳʝ ʟʦʥʳ. ʉʘʨʛʘʝʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʜʣʷ 
ʜʝʚʦʥʩʢʦʛʦ ʪʝʨʨʠʛʝʥʥʦʛʦ ʅɻʂ ʷʚʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʤ ʬʣʶʠʜʦʫʧʦʨʦʤ, ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 
ʣʦʢʘʣʴʥʳʝ ʠ ʟʦʥʘʣʴʥʳʝ ʵʢʨʘʥʳ.  
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ʈʠʩ. 1. ʅʝʬʪʝʛʘʟʦʥʦʩʥʳʝ ʢʦʤʧʣʝʢʩʳ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʅɻʇ 

 

ʋʪʦʯʥʝʥʳ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʅɻʂ, ʧʦʩʪʨʦʝʥʳ ʩʭʝʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʨʠʩ. 2), 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʟʘʣʝʞʝʡ ʚ ʨʘʟʨʝʟʝ ʠ ʧʦ ʧʣʦʱʘʜʠ.  

ɺʝʨʭʥʝʜʝʚʦʥʩʢʦ-ʪʫʨʥʝʡʩʢʠʡ ʢʘʨʙʦʥʘʪʥʳʡ ʅɻʂ, ʯʘʩʪʠʯʥʦ ʧʝʨʝʩʝʢʘʷ ʧʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ 
ʦʙʲʝʤʫ ʜʝʚʦʥʩʢʠʡ, ʧʨʦʜʦʣʞʘʝʪ ʧʨʦʜʫʢʪʠʚʥʳʡ ʨʘʟʨʝʟ. ɺ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʟʘʣʝʛʘʶʪ ʩʘʨʛʘʝʚʩʢʠʝ 
ʦʪʣʦʞʝʥʠʷ, ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʨʦʚʝʜʝʥʘ ʚ ʢʨʦʚʣʝ ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫʩʘ. ʂʦʤʧʣʝʢʩ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʩʝʚʝʨʥʦʡ 
ʯʘʩʪʠ ʧʨʦʚʠʥʮʠʠ, ʟʘʥʠʤʘʷ ʧʣʦʱʘʜʴ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʫʶ, ʯʝʤ ʥʠʞʝʣʝʞʘʱʠʡ ʜʝʚʦʥʩʢʠʡ. ʅʘ ʙʦʣʴʰʝʡ 
ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʨʝʟ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʠʚʥʳʤ ʠ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ. ɿʘʣʝʞʠ 
ʧʨʠʫʨʦʯʝʥʳ ʢ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʨʘʟʨʝʟʘʤ ʠ ʚʳʷʚʣʝʥʳ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʢʦʤʧʣʝʢʩʘ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ 
ʩʦʩʪʘʚ: ʠʟʚʝʩʪʥʷʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʛʘʥʦʛʝʥʥʳʝ (ʨʠʬʦʛʝʥʥʳʝ, ʚʦʜʦʨʦʩʣʝʚʳʝ ʠ ʜʨ.), ʩʣʘʙʦʛʣʠʥʠʩʪʳʝ, 
ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʝ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ, ʢʘʚʝʨʥʦʟʥʳʝ, ʪʨʝʱʠʥʦʚʘʪʳʝ, ʜʦʣʦʤʠʪʳ, ʛʣʠʥʳ, 
ʘʨʛʠʣʣʠʪʳ, ʤʝʨʛʝʣʠ, ʧʨʦʩʣʦʠ ʙʠʪʫʤʠʥʦʟʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ; ʠʥʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʦʩʣʦʠ 
ʧʝʩʯʘʥʠʢʦʚ, ʛʥʝʟʜʘ ʘʥʛʠʜʨʠʪʘ, ʚʢʣʶʯʝʥʠʷ ʞʝʣʝʟʠʩʪʳʭ ʦʦʣʠʪʦʚ, ʢʨʝʤʥʝʡ, ʧʠʨʠʪ. ɹʠʪʫʤʠʥʦʟʥʦ-ʛʣʠʥʠʩʪʦ-
ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʨʘʟʥʦʩʪʠ ʧʦʨʦʜ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦʨʛ, ʦʪʥʦʩʷʪʩʷ ʢ 
ʜʦʤʘʥʠʢʠʪʘʤ. ʅʝʬʪʝʛʝʥʝʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʜʝʚʦʥʩʢʦ-ʪʫʨʥʝʡʩʢʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʜʝʚʦʥʩʢʦʛʦ ʪʝʨʨʠʛʝʥʥʦʛʦ. ɿʘʣʝʞʠ ʥʝʬʪʠ ʧʨʠʫʨʦʯʝʥʳ ʢʘʢ ʢ 
ʢʘʨʙʦʥʘʪʥʳʤ ʨʠʬʦʚʳʤ ʬʘʮʠʷʤ, ʪʘʢ ʠ ʢ ʛʣʠʥʠʩʪʦ-ʙʠʪʫʤʠʥʦʟʥʳʤ.  ʇʣʘʩʪʳ-ʢʦʣʣʝʢʪʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ 
ʚʩʝʤʫ ʨʘʟʨʝʟʫ: ʚ ʩʘʨʛʘʝʚʩʢʠʭ, ʜʦʤʘʥʠʢʦʚʳʭ, ʤʝʥʜʳʤʩʢʠʭ, ʚʝʨʭʥʝʬʨʘʥʩʢʠʭ, ʬʘʤʝʥʩʢʠʭ ʠ ʪʫʨʥʝʡʩʢʠʭ 
ʦʪʣʦʞʝʥʠʷʭ. ʊʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ çʥʝʪʨʘʜʠʮʠʦʥʥʳʝè ʢʦʣʣʝʢʪʦʨʳ ʚ ʧʦʨʦʜʘʭ ʜʦʤʘʥʠʢʦʚʦʛʦ ʪʠʧʘ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʨʝʱʠʥʦʚʘʪʳʤʠ ʙʠʪʫʤʠʥʦʟʥʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ. ʂʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ ʚʝʩʴʤʘ 
ʠʟʤʝʥʯʠʚʳ. ʉʚʠʪʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʝʥ. ɿʘʣʝʞʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʤʘʩʩʠʚʥʳʝ, ʩʚʦʜʦʚʳʝ. ʈʝʛʠʦʥʘʣʴʥʦʡ ʧʦʢʨʳʰʢʦʡ ʚʳʩʪʫʧʘʶʪ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʚʝʨʭʥʠʡ 
ʯʘʩʪʠ ʪʫʨʥʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ï ʛʣʠʥʳ ʠ ʘʨʛʠʣʣʠʪʳ ʥʠʞʥʝʡ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ ʚʠʟʝ.  

ʂ ʚʠʟʝʡʩʢʦʤʫ ʪʝʨʨʠʛʝʥʥʦʤʫ ʅɻʂ ʦʪʥʝʩʝʥʳ ʦʪʣʦʞʝʥʠʷ ʫʟʢʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

(ʥʠʞʥʷʷ ʯʘʩʪʴ ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʘ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ), ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʦʥ ʦʙʣʘʜʘʝʪ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ 

ʟʘʧʘʩʘʤʠ ʩʨʝʜʠ ʚʩʝʭ ʅɻʂ ʧʨʦʚʠʥʮʠʠ. ʂʦʤʧʣʝʢʩ ʦʪʩʫʪʩʪʚʫʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʳʯʝʛʦʜʩʢʦʛʦ ʧʨʦʛʠʙʘ ʠ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʘʤʩʢʦʛʦ ʩʚʦʜʘ, ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʣʥʦʪʦʡ ʨʘʟʨʝʟʦʚ ʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴʶ.  ɺ ʩʦʩʪʘʚʝ ʅɻʂ ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ, 

ʙʠʪʫʤʠʥʦʟʥʳʝ ʩʣʘʥʮʳ, ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ï ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ. ʅʝʬʪʝʥʦʩʝʥ ʚʝʩʴ ʨʘʟʨʝʟ, 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʟʘʣʝʞʝʡ ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʙʨʠʢʦʚʩʢʦʤ ʛʦʨʠʟʦʥʪʝ. ʊʝʨʨʠʛʝʥʥʳʝ ʢʦʣʣʝʢʪʦʨʳ 

ʨʘʜʘʝʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʨʘʟʚʠʪʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʦʛʠʙʘʭ, ʨʝʟʢʦ ʚʳʢʣʠʥʠʚʘʶʪʩʷ ʚ ʠʭ ʙʦʨʪʦʚʳʭ 

ʟʦʥʘʭ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʧʨʦʛʠʙʦʚ ʧʣʘʩʪʳ-ʢʦʣʣʝʢʪʦʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʢʦʩʴʚʠʥʩʢʦʤ ʛʦʨʠʟʦʥʪʝ 

ʧʝʩʯʘʥʳʝ ʧʣʘʩʪʳ-ʢʦʣʣʝʢʪʦʨʳ ʨʘʟʚʠʪʳ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʣʠʥʟ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʢʦʧʣʝʥʠʡ ʋɺ ʧʨʠʫʨʦʯʝʥʦ 

ʢ ʣʦʚʫʰʢʘʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ. ʅʘ ʶʛʝ ʧʨʦʚʠʥʮʠʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʜʥʷʪʠʡ ʚ ʚʠʟʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ 
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ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʣʝʢʘʥʠʷ ʬʨʘʥʩʢʠʭ ʠʣʠ ʬʘʤʝʥʩʢʦ-ʪʫʨʥʝʡʩʢʠʭ ʙʠʦʛʝʨʤʦʚ. ɺ 

ʪʝʨʨʠʛʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʙʦʙʨʠʢʦʚʩʢʦ-ʨʘʜʘʝʚʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠʟʚʝʩʪʥʳ ʜʝʥʫʜʘʮʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ 

ʣʦʚʫʰʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʥʫʜʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʫʨʥʝʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʣʦʚʫʰʢʠ ʙʦʙʨʠʢʦʚʩʢʦ-ʨʘʜʘʝʚʩʢʠʭ ʠ ʨʘʜʘʝʚʩʢʠʭ ʚʨʝʟʦʚ. ʌʣʶʠʜʦʫʧʦʨʘʤʠ ʚʳʩʪʫʧʘʶʪ 

ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʨʘʟʥʦʩʪʠ ʧʦʨʦʜ ʩʘʤʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʝʛʠʦʥʘʣʴʥʳʤ ʷʚʣʷʶʪʩʷ ʛʣʠʥʠʩʪʳʝ ʠ ʛʣʠʥʠʩʪʦ-

ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʪʫʣʴʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

 

ʈʠʩ. 2. ɻʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ ʦʩʥʦʚʥʳʭ (ʧʣʠʪʥʳʭ) ʅɻʂ ɺʦʣʛʦ-

ʋʨʘʣʴʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ (D1p-D3f ï ʜʝʚʦʥʩʢʠʡ ʪʝʨʨʠʛʝʥʥʳʡ, D3-C1t ï ʚʝʨʭʥʝʜʝʚʦʥʩʢʦ-

ʪʫʨʥʝʡʩʢʠʡ ʢʘʨʙʦʥʘʪʥʳʡ, C1v1 ï ʚʠʟʝʡʩʢʠʡ ʪʝʨʨʠʛʝʥʥʳʡ, C1v2-C2b ï ʚʝʨʭʥʝʚʠʟʝʡʩʢʦ-ʙʘʰʢʠʨʩʢʠʡ 

ʢʘʨʙʦʥʘʪʥʳʡ, C2m ï ʚʝʨʝʡʩʢʠʡ, C2m-C3g ï ʢʘʰʠʨʩʢʦ-ʚʝʨʭʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ, P1a-k ï 

ʥʠʞʥʝʧʝʨʤʩʢʠʡ, P1u-P3 ï ʫʬʠʤʩʢʦ-ʚʝʨʭʥʝʧʝʨʤʩʢʠʡ) 

  
ɺʝʨʭʥʝʚʠʟʝʡʩʢʦ-ʙʘʰʢʠʨʩʢʠʡ ʢʘʨʙʦʥʘʪʥʳʡ ʅɻʂ ʚʳʜʝʣʝʥ ʚ ʦʙʲʝʤʝ ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʘ (ʚʝʨʭʠ ʪʫʣʴʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ) ʜʦ ʙʘʰʢʠʨʩʢʦʛʦ ʷʨʫʩʘ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ 
(ʤʝʣʝʢʝʩʩʢʠʡ ʛʦʨʠʟʦʥʪ) ʚʢʣʶʯʠʪʝʣʴʥʦ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ, ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 
ʪʝʨʨʠʪʦʨʠʠ ʥʝʬʪʝʥʦʩʝʥ, ʠʩʢʣʶʯʝʥʠʝ ï ʩʝʚʝʨ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʧʨʦʚʠʥʮʠʠ. ʉʚʠʪʥʳʡ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ 
ʨʘʟʥʦʦʙʨʘʟʝʥ. ɿʘʣʝʞʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ. ɺ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʧʨʝʦʙʣʘʜʘʶʪ 
ʪʦʣʩʪʦʩʣʦʠʩʪʳʝ ʠ ʤʘʩʩʠʚʥʳʝ ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ, ʯʘʩʪʦ ʛʣʠʥʠʩʪʳʝ; 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʦʩʣʦʠ ʤʝʨʛʝʣʝʡ, ʣʠʥʟʳ ʢʨʝʤʥʝʡ, ʠʥʦʛʜʘ ʚʢʣʶʯʝʥʠʷ ʩʫʣʴʬʘʪʦʚ. ɺ ʘʣʝʢʩʠʥʩʢʦʤ 
ʛʦʨʠʟʦʥʪʝ ʦʪʤʝʯʘʶʪʩʷ ʘʨʛʠʣʣʠʪʳ, ʘʣʝʚʨʦʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ. ɿʘʣʝʞʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʪʨʫʢʪʫʨʥʳʤ, 
ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ, ʩʪʨʫʢʪʫʨʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʠ ʨʠʬʦʛʝʥʥʳʤ ʣʦʚʫʰʢʘʤ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʩʢʦʧʣʝʥʠʷ ʩʚʷʟʘʥʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʦʙʣʝʢʘʥʠʷ ʨʠʬʦʛʝʥʥʳʭ ʧʦʩʪʨʦʝʢ. ʇʨʦʜʫʢʪʠʚʝʥ ʥʘ ʤʥʦʛʠʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʚʢʣʶʯʘʷ ʢʨʫʧʥʳʝ ʠ ʫʥʠʢʘʣʴʥʳʝ. ʇʦʜʘʚʣʷʶʱʝʝ ʯʠʩʣʦ ʟʘʣʝʞʝʡ ʅɻʂ ï ʥʝʬʪʷʥʳʝ. 
ʇʦʢʨʳʰʢʦʡ ʩʣʫʞʘʪ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʙʘʰʢʠʨʩʢʦ-ʚʝʨʝʡʩʢʠʝ ʧʦʨʦʜʳ. 

ʆʪʣʦʞʝʥʠʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʦʩʢʦʚʩʢʦʛʦ ʷʨʫʩʘ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ ʦʪʥʝʩʝʥʳ ʢ ʚʝʨʝʡʩʢʦʤʫ ʅɻʂ. ɺ 
ʧʨʝʜʝʣʘʭ ʅɻʇ ʠʤʝʝʪ ʧʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. ʇʦ 
ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ 
ʘʨʛʠʣʣʠʪʘʤʠ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ ʠ ʤʝʨʛʝʣʝʡ. ʇʦ ʧʣʦʱʘʜʠ ʠʤʝʝʪ ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ. 
ʇʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ ʢʦʤʧʣʝʢʩʘ ʯʘʩʪʦ ʟʘʤʝʱʘʶʪʩʷ ʠ ʚʳʢʣʠʥʠʚʘʶʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ 
ʪʠʧʠʯʥʦ ʚʳʨʘʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʣʦʚʫʰʢʠ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʣʝʞʠ 
ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʚʫʤʷ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ ʩʪʨʫʢʪʫʨ ï ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʠ 
ʦʙʣʝʢʘʥʠʷ. ʏʘʩʪʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʧʣʘʩʪʦʚ ʩ ʛʣʠʥʠʩʪʳʤʠ ʧʨʦʩʣʦʷʤʠ ʦʙʫʩʣʦʚʠʣʦ 
ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʟʘʣʝʞʝʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʕʢʨʘʥʦʤ ʷʚʣʷʝʪʩʷ ʘʨʛʠʣʣʠʪʦʚʘʷ ʪʦʣʱʘ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʝʨʝʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʩʣʦʠ ʛʣʠʥ ʠ ʠʟʚʝʩʪʥʷʢʦʚ ʚʥʫʪʨʠ ʢʦʤʧʣʝʢʩʘ. 

ʂʘʰʠʨʩʢʦ-ʚʝʨʭʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʅɻʂ ʧʝʨʝʢʨʳʚʘʝʪ ʚʝʨʝʡʩʢʠʡ ʠ ʚʢʣʶʯʘʝʪ ʦʪʣʦʞʝʥʠʷ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʦʪʜʝʣʦʚ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦʚʩʝʤʝʩʪʥʦ. 
ʇʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʫʯʘʩʪʢʘʤʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʠ ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʤʠ, ʚ 
ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ, ʦʢʨʝʤʥʝʥʥʳʤʠ ʠ ʩʫʣʴʬʘʪʠʟʠʨʦʚʘʥʥʳʤʠ, ʜʦʣʦʤʠʪʘʤʠ, 
ʧʨʦʩʣʦʷʤʠ ʤʝʨʛʝʣʝʡ ʠ ʘʨʛʠʣʣʠʪʦʚ. ʇʦʨʦʜ -rʧʦʢʨʳʰʢʠ ʠʤʝʶʪ ʣʦʢʘʣʴʥʦʝ ʠ ʟʦʥʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʠ ʷʚʣʷʶʪʩʷ ʬʣʶʠʜʦʫʧʦʨʘʤʠ ʚ ʩʠʣʫ ʩʚʦʠʭ ʦʯʝʥʴ ʥʠʟʢʠʭ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ. ʂʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ 


