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ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʫʢ 

ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ ʈɸʅè 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʌɻɹʆʋ ɺʆ çɿʘʙʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʈʦʩʩʠʡʩʢʦʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ 

ʏʠʪʠʥʩʢʦʝ ʦʪʜʝʣʝʥʠʝ  
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ʋʪʚʝʨʞʜʝʥʦ ʢ ʧʝʯʘʪʠ ʫʯʝʥʳʤ ʩʦʚʝʪʦʤ 

ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ ʈɸʅ 
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ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ IX-ʛʦ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʩʠʤʧʦʟʠʫʤʘ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʄʠʥʝʨʘʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷ ʣʘʥʜʰʘʬʪʘ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡè ʠ XVI -ʭ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʯʪʝʥʠʡ ʧʘʤʷʪʠ 
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ʢʦʪʦʨʳʭ ʦʙʩʫʞʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦʙʣʝʤ ʛʝʦʣʦʛ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʤʠʥʝʨʘʣʦʛʠʠ 
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ʨʘʩʪʝʥʠʷʤʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʙʱʠʝ ʧʨʦʙʣʝʤʳ ʛʝʦʪʝʭʥʦʛʝʥʝʟʘ, ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, 
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ʉʙʦʨʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʦʠʩʢʦʚ, ʧʨʦʮʝʩʩʦʚ ʛʠʧʝʨʛʝʥʝʟʘ, ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ, ʥʘʫʯʥʦʛʦ ʪʫʨʠʟʤʘ, ʛʝʦʛʨʘʬʦʚ, ʵʢʦʣʦʛʦʚ, 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʄʘʪʝʨʠʘʣʳ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʚ ʫʢʘʟʘʥʥʳʭ 
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and Geochemistry of the Landscape of Mining Territories" and the XVI All-Russian Readings in memory of 

Academician A.E. Fersman "Rational nature management", "Modern mineral formation", which discuss various aspects 

of the problems of the geologist of mineral deposits, mineralogy and geochemistry of the landscape of mining areas, 

weathering crusts, oxidation zones of sulfide deposits. New data on biogeochemical fluxes of toxic elements and their 

uptake by plants are presented. The general problems of geotechnogenesis, modern mineral formation, geochemical 
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Sciences are considered. Special attention is paid to scientific tourism. 
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ʆʈɻɸʅʀɿɸʊʆʈʓ: 
 

ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʫʢ 

ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ ʈɸʅ 

ʈʦʩʩʠʡʩʢʦʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ 

ʏʠʪʠʥʩʢʦʝ ʦʪʜʝʣʝʥʠʝ  

ʂʦʤʠʩʩʠʷ ʧʦ ʩʦʚʨʝʤʝʥʥʦʤʫ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʶ ʈʄʆ 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ 

ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʙʠʦʩʬʝʨʥʳʡ ʟʘʧʦʚʝʜʥʠʢ çɼʘʫʨʩʢʠʡè 

ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ çʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢè 

ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʨʝʛʠʦʥʘʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʈʫʩʩʢʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 

ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʨʝʛʠʦʥʘʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʆʆ ʈʦʩɻʝʦ 

ɸʢʘʜʝʤʠʷ ʥʘʫʢ ʂʅʈ 

ɸʢʘʜʝʤʠʷ ʥʘʫʢ ʄʦʥʛʦʣʠʠ 
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Chinese Academy of Sciences 
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ʇʈʆɻʈɸʄʄʅʓʁ ʂʆʄʀʊɽʊ: 

ɻʦʨʷʯʝʚ ʅ.ɸ. ï ʘʢʘʜʝʤʠʢ ʈɸʅ, ʉɺʂʅʀʀ ɼɺʆ ʈɸʅ ʠ ʀɻʍ ʉʆ ʈɸʅ, ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ 

ʖʨʛʝʥʩʦʥ ɻ.ɸ. ï ʜ.ʛ.-ʤ.ʥ., ʀʇʈʕʂ ʉʆ ʈɸʅ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʏʠʪʠʥʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʄʆ, 

ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ 

ɻʘʨʤʘʝʚ ɽ.ɾ. ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʜʠʨʝʢʪʦʨ ɹʀʇ ʉʆ ʈɸʅ, ʩʦʧʨʝʜʩʝʜʘʪʝʣʴ 

ɻʣʘʜʢʦʯʫʙ ɼ.ʇ. ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʜʠʨʝʢʪʦʨ ʀɿʂ ʉʆ ʈɸʅ 

ɻʦʨʜʠʝʥʢʦ ʀ.ɺ. ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ɻʀʅ ʉʆ ʈɸʅ  

ʂʫʟʴʤʠʥ ʄ.ʀ. ï ʘʢʘʜʝʤʠʢ ʈɸʅ, ʀɻʍ ʉʆ ʈɸʅ  

ʇʝʨʝʧʝʣʦʚ ɸ.ɹ. ï ʜ.ʛ.-ʤ.ʥ., ʜʠʨʝʢʪʦʨ ʀɻʍ ʉʆ ʈɸʅ  

ʇʝʪʨʦʚ ɺ.ɸ. ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʜʠʨʝʢʪʦʨ ʀɻɽʄ ʈɸʅ 

ʇʣʶʩʥʠʥ ɺ.ʄ. ï ʜ.ʛ.ʥ., ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʀɻ ʉʆ ʈɸʅ 

ʇʣʶʩʥʠʥ ɸ.ʄ. ï ʜ.ʛ.-ʤ.ʥ., ɻʀʅ ʉʆ ʈɸʅ  

ʉʷʦ ʍ. ï ʧʨʦʬʝʩʩʦʨ, ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ɸʅʂ, ʂʠʪʘʡ, ʛ. ʇʝʢʠʥ 
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ʉʦʧʨʝʜʩʝʜʘʪʝʣʠ: 
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ʌʠʣʝʥʢʦ ʈ.ɸ. ï ʥ.ʩ., ʀʇʈʕʂ ʉʆ ʈɸʅ, ʩʝʢʨʝʪʘʨʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ 

ʕʧʦʚʘ ɽ.ʉ. ï ʢ.ʛ.-ʤ.ʥ., ʤ.ʥ.ʩ., ʀʇʈʕʂ ʉʆ ʈɸʅ, ʩʝʢʨʝʪʘʨʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ 

 

ʏʣʝʥʳ ʦʨʛʢʦʤʠʪʝʪʘ: 

ɸʣʝʢʩʝʝʥʢʦ ɺ.ɸ. ï ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʖʌʋ (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ) 

ɹʠʟʷʝʚ ʀ.ʆ. ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʆʙʱʝʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʈʦʩʩʠʡʩʢʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʱʝʩʪʚʦ 

ɹʦʨʟʝʥʢʦ ʉ.ɺ. ï ʜ.ʛ.-ʤ.ʥ., ʀʇʈʕʂ ʉʆ ʈɸʅ 

ɹʦʨʢʠʥ ʃ.ʗ. ï ʢ.ʙ.ʥ., ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʝ  ʙʶʨʦ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʩʦʶʟʘ ʫʯʝʥʳʭ 

ɻʨʝʙʝʥʱʠʢʦʚʘ ɺ.ʀ. ï ʜ.ʛ.-ʤ.ʥ., ʀɻʍ ʉʆ ʈɸʅ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ  

ɼʫʘʥʴ ɾʫʡʷʥʴ ï ʧʨʦʬʝʩʩʦʨ, ʐʝʥʴʷʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ɼʦʨʦʰʢʝʚʠʯ ʉ.ɻ. ï ʢ.ʙ.ʥ., ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ɻʀʅ ʉʆ ʈɸʅ 

ɽʨʝʤʠʥ ʆ.ɺ. ï ʢ.ʛ.-ʤ.ʥ., ʀʇʈʕʂ ʉʆ ʈɸʅ 

ɿʚʝʨʝʚʘ ɺ.ʇ. ï ʜ.ʛ.-ʤ.ʥ., ɼɺɻʀ ɼɺʆ ʈɸʅ 

ʂʫʧʨʷʰʢʠʥ ʀ.ɺ. ï ʢ.ʬʠʣʦʩ.ʥ., ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʢʝ ʠ ʠʥʥʦʚʘʮʠʷʤ ɿʘʙɻʋ 

ʂʦʥʩʪʘʥʪʠʥʦʚ ɸ.ɺ. ï ʜ.ʠ.ʥ., ʧʨʦʬʝʩʩʦʨ ɿʘʙɻʋ, ʧʨʝʜʩʝʜʘʪʝʣʴ ɿʈʆ ʈɻʆ 

ʅʝʤʢʦʚ ʉ.ʀ. ï ʤʠʥʠʩʪʨ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ  

ʅʠʢʠʪʠʥʘ ʅ.ʂ. ï ʢ.ʛ.-ʤ.ʥ., ʜ.ʵ.ʥ., ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ ʛʝʦʵʪʠʢʠ ʆʆ ʈʦʩɻʝʦ 

ʅʦʚʠʢʦʚ ɸ.ʅ. ï ʜ.ʛ.ʥ., ʧʨʦʬʝʩʩʦʨ ɿʘʙɻʋ 

ʆʶʫʥ ɾ. ï ʧʨʦʬʝʩʩʦʨ, ʋʣʘʥ-ɹʘʪʦʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʄʦʥʛʦʣʠʷ 

ʇʦʣʝʥʦʚ ʖ.ɸ. ï  ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ʋɻɻʋ 

ʇʦʪʘʧʦʚ ʉ.ʉ. ï ʢ.ʛ.-ʤ.ʥ., ʀʄʠʥ ʖʋ ʌʅʎ ʄʠɻ ʋʨʆ ʈɸʅ 

ʊʘʡʩʘʝʚ ʊ.ʊ. ï ʜ.ʛ.ʥ., ʧʨʦʬʝʩʩʦʨ ɹɻʋ 

ʊʦʢʘʨʝʚʘ ʖ.ʉ.ï ʢ.ʬ-ʤ.ʥ., ʜʦʮʝʥʪ ɿʘʙɻʋ 

ʏʘʨʳʢʦʚʘ ʄ.ɺ. ï ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ʉʇʙɻʋ 

ʐʫʤʠʣʦʚʘ ʃ.ɺ. ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ɿʘʙɻʋ, ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʈɸɽʅ 

ʆʩʪʘʧʝʥʢʦ ʅ.ʉ. ï ʜ.ʛ.-ʤ.ʥ., ʀɻʠʇ ɼɺʆ ʈɸʅ 

ʈʘʟʤʘʭʥʠʥ ʂ.ʂ. ï ʢ.ʪ.ʥ., ʜʠʨʝʢʪʦʨ ʏʌ ʀɻɼ ʉʆ ʈɸʅ  

ʉʠʥʠʮʘ ʉ.ʄ. ï ʜ.ʛ.-ʤ.ʥ., ʀʇʈʕʂ ʉʆ ʈɸʅ 

ʊʨʫʙʘʯʝʚ ɸ.ʀ. ï ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ɿʘʙɻʋ  

ʏʝʯʝʣʴ ʃ.ʇ. ï ʢ.ʛ.-ʤ.ʥ., ʀʇʈʕʂ ʉʆ ʈɸʅ  

ʈɽɼɸʂʊʆʈʉʂɸʗ ɻʈʋʇʇɸ: 

ɻ.ɸ. ʖʨʛʝʥʩʦʥ (ʦʪʚ. ʨʝʜʘʢʪʦʨ), ɽ.ʉ. ʕʧʦʚʘ, ʅ.ʉ. ɹʘʣʫʝʚ, ʈ.ɸ. ʌʠʣʝʥʢʦ 
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ʇʈɽɼʀʉʃʆɺʀɽ 

ʆʯʝʨʝʜʥʦʡ IX ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʄʠʥʝʨʘʣʦʛʠʷ ʠ 

ʛʝʦʭʠʤʠʷ ʣʘʥʜʰʘʬʪʘ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡè ʠ XVI  ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʯʪʝʥʠʷ ʧʘʤʷʪʠ ʘʢʘʜ. 

ɸ.ɽ. ʌʝʨʩʤʘʥʘ çʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝè ʠ çʉʦʚʨʝʤʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝè 

ʷʚʣʷʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʥʘʫʯʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ, ʧʨʦʚʦʜʠʤʳʤ ʀʥʩʪʠʪʫʪʦʤ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʃʘʙʦʨʘʪʦʨʠʝʡ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ 

ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʏʠʪʠʥʩʢʠʤ ʦʪʜʝʣʝʥʠʝʤ ʈʦʩʩʠʡʩʢʦʛʦ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʂʦʤʠʩʩʠʝʡ ʧʦ ʩʦʚʨʝʤʝʥʥʦʤʫ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʶ 

ʈʦʩʩʠʡʩʢʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ɺ ʪʝʢʫʱʝʤ ʛʦʜʫ ʦʥʠ ʧʦʩʚʷʱʝʥʳ 300-ʣʝʪʠʶ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʠ 300-ʣʝʪʠʶ ʦʪʢʨʳʪʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʘʤʦʮʚʝʪʦʚ ʠ ʮʚʝʪʥʳʭ ʠ 

ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ. ʉʠʤʧʦʟʠʫʤ ʧʦʩʚʷʱʝʥ 

ʦʙʩʫʞʜʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʧʨʦʙʣʝʤ ʩʦʩʪʦʷʥʠʷ ʠʟʫʯʝʥʥʦʩʪʠ, ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʨʝʡʟʝʥʦʚʦʡ ʬʦʨʤʘʮʠʠ ʠ 

ʩʘʤʦʮʚʝʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʘʣʤʘʟʦʚ, ʘ ʪʘʢʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʢʚʘʨʮʝʚʦʛʦ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʢʘʢ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʪʘʢ ʠ ʚ 

ʧʨʝʜʝʣʘʭ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʧʦʣʷʭ ʨʘʟʚʠʪʠʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʛʝʦʩʠʩʪʝʤ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʣʘʥʜʰʘʬʪʘʭ ʛʝʦʩʠʩʪʝʤ 

ʛʦʨʥʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʚ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʡ 

ʮʝʧʠ: ʛʦʨʥʳʝ ʧʦʨʦʜʳ (ʨʫʜʳ) Ÿʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ) Ÿʧʦʯʚʳ (ʪʝʭʥʦʟʝʤʳ) 

Ÿʨʘʩʪʠʪʝʣʴʥʘʷ ʙʠʦʪʘ. ɺ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʨʘʟʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʚʝʜʝʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʦʨʛʘʥʘʭ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʣʘʥʠʨʫʝʤʦʛʦ 

ʩʠʤʧʦʟʠʫʤʘ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʧʨʦʩʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ ʦʨʛʘʥʦʚ ʯʝʣʦʚʝʢʘ ʦʪ 

ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ ʦʙʠʪʘʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʦʯʝʨʝʜʥʳʭ ʏʪʝʥʠʡ ʧʘʤʷʪʠ ʘʢʘʜ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʠʧʝʨʛʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, ʧʨʦʙʣʝʤʳ 

ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, ʘ ʪʘʢʞʝ ʚʧʝʨʚʳʝ ʜʣʷ ʵʪʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺʧʝʨʚʳʝ ʚ ʧʨʦʛʨʘʤʤʫ ʤʝʨʦʧʨʠʷʪʠʷ ʚʢʣʶʯʝʥʳ ʧʨʦʙʣʝʤʳ ʧʘʤʷʪʥʠʢʦʚ 

ʧʨʠʨʦʜʳ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʦʛʦ ʪʫʨʠʟʤʘ ʢʘʢ ʚʘʞʥʝʡʰʝʛʦ ʤʝʪʦʜʘ ʥʘʫʯʥʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ.  

ʇʦʩʢʦʣʴʢʫ ʙʘʟʦʚʦʡ ʥʘʫʯʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʴʶ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʘʤʫ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʷʚʣʷʝʪʩʷ ʛʝʦʣʦʛʠʷ ʠ 

ʤʠʥʝʨʘʣʦʛʠʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʙʦʪʳ ʩʠʤʧʦʟʠʫʤʘ ʩʪʘʣʠ ʚʦʧʨʦʩʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʣʘʥʜʰʘʬʪʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʚʝʜʝʥʠʝ ʩʠʤʧʦʟʠʫʤʘ ʠ ʏʪʝʥʠʡ ʥʝʦʜʥʦʢʨʘʪʥʦ ʙʳʣʠ ʧʦʜʜʝʨʞʘʥʳ 

ʈʌʌʀ ʠ ʝʛʦ ʪʝʤʘʪʠʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘʫʢʠ, ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʌ.  

ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ʉʠʤʧʦʟʠʫʤʘ ʠ ʏʪʝʥʠʡ. 

1. ɻʝʦʣʦʛʠʷ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʠ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

2. ʂʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʟʦʥʘ ʦʢʠʩʣʝʥʠʷ ʚ ʣʘʥʜʰʘʬʪʘʭ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

3. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ. 

4. ɹʠʦʛʝʦʭʠʤʠʷ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʟʦʥʳ ʛʝʦʪʝʭʥʦʛʝʥʝʟʘ. 

5. ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ. 

6. ɺʢʣʘʜ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ ʧʦʟʥʘʥʠʝ ʧʨʠʨʦʜʳ ʉʠʙʠʨʠ ʠ ɿʘʙʘʡʢʘʣʴʷ.  

7. ʅʘʫʯʥʳʡ ʪʫʨʠʟʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʫʞʜʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘʤ ʧʨʦʙʣʝʤ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʙʦʪʘʥʳ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʦʥʠʤʘʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʠʨʦʜʥʦ-
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ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʛʝʦʩʠʩʪʝʤ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʚʦʜʦʚ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʮʠʫʤʘ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʠ ʚʳʨʘʙʦʪʘʥʳ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ, ʧʨʠʩʣʘʥʥʳʝ ʘʚʪʦʨʘʤʠ, ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʨʝʜʘʢʪʦʨʩʢʠʤʠ ʧʨʘʚʢʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ɻ.ɸ. ʖʨʛʝʥʩʦʥ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ 
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ʐʝʨʣʦʚʘʷ ɻʦʨʘ ï ʫʥʠʢʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʟʥʘʥʠʡ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ɿʘʙʘʡʢʘʣʴʝ:  

ʢ 300-ʣʝʪʠʶ ʦʪʢʨʳʪʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʖʨʛʝʥʩʦʥ ɻ.ɸ. 
ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʏʠʪʘ, ʈʦʩʩʠʷ, yurgga@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥ ʦʙʟʦʨ ʠʟʫʯʝʥʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʟʘ 300 ʣʝʪ. ʆʧʠʩʘʥʘ 

ʠʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʨʘʙʦʪʢʠ ʚ ʧʝʨʚʳʝ 200 ʣʝʪ ʢʘʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʶʚʝʣʠʨʥʦʛʦ ʙʝʨʠʣʣʘ ʠ 

ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʩʳʨʴʷ, ʘ ʩ ʦʪʢʨʳʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʚʦʣʴʬʨʘʤʘ, ʦʣʦʚʘ, ʚʠʩʤʫʪʘ, ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʢʘʢ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʪʠʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʧʦʟʥʘʥʠʠ 

ʛʝʤʤʦʣʦʛʠʠ, ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʢʨʘʩʢʠ, ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʨʫʜʥʳʭ ʘʩʩʦʮʠʘʮʠʡ. ʉʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʰʠʨʦʢʘʷ ʮʚʝʪʦʚʘʷ 

ʛʘʤʤʘ ʛʘʤʤʘ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʜʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʚʝʪʘ ʠʛʨʘʝʪ ʚʝʣʠʯʠʥʘ ʩʦʦʪʥʦʰʝʥʠʷ ʜʚʫʭ ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʚʘʥʘʜʠʷ, ʤʘʨʛʘʥʮʘ ʠ ʭʨʦʤʘ.  

ɺʳʷʚʣʝʥʳ ʬʦʨʤʳ ʚʭʦʞʜʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʳ ʙʝʨʠʣʣʘ ʮʠʨʢʦʥʠʷ, ʤʳʰʴʷʢʘ, ʩʝʨʝʙʨʘ, ʚʠʩʤʫʪʘ. ʆʙʦʙʱʝʥʳ ʩʚʝʜʝʥʠʷ ʦ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʵʪʠʭ ʣʘʥʜʰʘʬʪʘʭ ʠ ʥʘ ʧʨʠʤʝʨʝ ʐʝʨʣʦʚʦʛʦʨʩʢʦʡ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ  

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʝʦʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʐʝʨʣʦʚʘʷ ɻʦʨʘ, ʐʝʨʣʦʚʦʛʦʨʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ, ʙʝʨʠʣʣ, ʪʦʧʘʟ, ʘʤʝʪʨʠʥ, ʶʚʝʣʠʨʥʦʝ ʩʳʨʴʝ, 

ʢʦʣʣʝʢʮʠʦʥʥʦʝ ʩʳʨʴʸ, ʦʣʦʚʦ, ʚʦʣʴʬʨʘʤ, ʚʠʩʤʫʪ, ʩʚʠʥʝʮ, ʮʠʥʢ, ʙʠʦʛʝʦʭʠʤʠʷ, ʩʦʚʨʝʤʝʥʥʦʝ ʤʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ, ʛʦʨʥʦ-

ʧʨʦʤʳʰʣʝʥʥʘʷ ʛʝʦʩʠʩʪʝʤʘ. 

 

Sherlovaya Gora is a unique source of knowledge and minerals in Transbaikalia:  

to the 300th anniversary of discovery, research and development 
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Abstract.  A review of the study of the deposits of the Sherlovogorsk ore region over 300 years is given. The history of 

discovery, research, development in the first 200 years as a deposit of jewelry beryl and collection raw materials is described, 

and with the discovery of industrial reserves of tungsten, tin, bismuth, lead and zinc as a complex source of these types of 

mineral raw materials. The role of this deposit in the knowledge of gemology, the reasons for the formation of beryl crystals of 

a certain color, the formation processes of both the deposit as a whole and individual mineral and ore associations is shown. 
The formed wide range of colors of beryl crystals made it possible to determine that the ratio of two and ferric iron, as well as 

vanadium, manganese and chromium, plays the most important role in the formation of its crystals of a certain color. Forms of 

occurrence of zirconium, arsenic, silver, bismuth in the structure of beryl are revealed. The formed wide range of colors of beryl 

crystals made it possible to determine that the ratio of two and ferric iron, as well as vanadium, manganese and chromium, plays 

the most important role in the formation of its crystals of a certain color. Forms of occurrence of zirconium, arsenic, silver, 

bismuth in beryl crystals are revealed. The information about bogeochemical processes in these landscapes is summarized and, 

using the example of the Sherlovogorsk mining and industrial territory, it is determined that the entire complex of mineralogical 

and geochemical processes within them should be considered as the functioning of mining geosystems. 

Keywords: Sherlovaya Gora, Sherlovogorsk ore district, beryl, topaz, ametrine, jewelry raw materials, collection raw 

materials, tin, tungsten, bismuth, lead, zinc, biogeochemistry, modern mineral formation, mining and industrial geosystem. 

 

ʐʝʨʣʦʚʦʛʦʨʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʧʷʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ɸʛʠʥʩʢʦʛʦ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʧʦʣʷ ʚ ɿʘʙʘʡʢʘʣʴʝ, ʦʙʨʘʟʫʶʱʝʛʦ ʟʜʝʩʴ 

ʩʚʦʝʦʙʨʘʟʥʳʡ ʘʥʪʠʢʣʠʥʘʣʴʥʳʡ ʚʳʩʪʫʧ ʚ ʤʝʟʦʟʦʡʩʢʦʡ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʡ ʟʦʥʝ. ʇʦʣʦʞʝʥʠʝ 

ʐʝʨʣʦʚʦʡ ʛʦʨʳ ʜʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʐʝʨʣʦʚʦʛʦʨʩʢʘʷ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʛʨʘʥʠʪʥʦʡ ʠʥʪʨʫʟʠʠ 

ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [1, 6]. ʇʦ ɻʘʡʚʦʨʦʥʩʢʦʤʫ [6] ʘʙʩʦʣʶʪʥʳʡ ʚʦʟʨʘʩʪ ʦʥʛʦʥʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 

136-153 ʤʣʥ ʣʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʟʜʥʝʡ ʶʨʝ ï ʨʘʥʥʝʤʫ ʤʝʣʫ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʐʝʨʣʦʚʦʛʦʨʩʢʦʤʫ ʛʨʘʥʠʪʥʦʤʫ ʤʘʩʩʠʚʫ, ʛʝʥʝʪʠʯʝʩʢʠ 

ʩʚʷʟʘʥʳ ʩ ʝʛʦ ʩʪʘʥʦʚʣʝʥʠʝʤ. ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʝʸ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ. ɿʜʝʩʴ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʦʩʥʦʚʘʥʠʷ, ʨʝʣʠʢʪʳ ʩʝʨʧʝʥʪʠʥʠʪʦʚ, ʛʨʘʥʠʪʳ ʶʨʩʢʦ-

ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʧʨʦʨʳʚʘʶʱʠʝ ʠʭ ʚʫʣʢʘʥʠʪʳ ʢʠʤʤʝʨʠʡʩʢʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʦʥʛʦʥʠʪʳ ʩ ʦʣʦʚʷʥʥʳʤ ʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤ 

ʦʨʫʜʝʥʝʥʠʝʤ, ʵʢʩʧʣʦʟʠʚʥʳʝ ʙʨʝʢʯʠʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ 

ʦʣʦʚʷʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʉʦʧʢʠ ɹʦʣʴʰʘʷ, ʘ ʪʘʢʞʝ ʦʣʦʚʦʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ 
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ɺʦʩʪʦʯʥʦʡ ʘʥʦʤʘʣʠʠ. ɺʫʣʢʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʫʶʪ ʩʫʙʠʥʪʨʫʟʠʠ, 

ʧʦʢʨʦʚʳ ʠ ʜʘʡʢʠ ʢʚʘʨʮʝʚʳʭ ʧʦʨʬʠʨʦʚ ʠ ʬʝʣʴʟʠʪʦʚ ʠʭ ʪʫʬʳ ʠ ʪʫʬʦʙʨʝʢʯʠʠ, ʩ ʢʦʪʦʨʳʤ 

ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʦ ʦʣʦʚʷʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ.  

 

ʈʠʩʫʥʦʢ 1. ʃʦʢʘʮʠʷ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʐʝʨʣʦʚʦʛʦʨʩʢʘʷ ʨʫʜʥʦʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʜʚʘ ʵʪʘʧʘ, 

ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʨʘʟʥʳʭ ʝʸ ʯʘʩʪʷʭ. ɼʣʷ ʧʝʨʚʦʛʦ, ʨʘʥʥʝʛʦ, 

ʵʪʘʧʘ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʞʠʣʴʥʦʛʦ ʠ ʛʨʝʡʟʝʥʦʚʦʛʦ ʪʠʧʦʚ 

ʩ ʬʝʨʙʝʨʠʪʦʤ, ʢʘʩʩʠʪʝʨʠʪʦʤ, ʚʠʩʤʫʪʠʥʦʤ, ʙʝʨʠʣʣʦʤ, ʪʦʧʘʟʦʤ, ʩʠʜʝʨʦʬʠʣʣʠʪʦʤ ʚ ʛʨʘʥʠʪʥʦʤ 

ʤʘʩʩʠʚʝ ʠ ʟʦʥʘʭ ʵʢʟʦʢʦʥʪʘʢʪʘ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʷʭ ʵʪʦʛʦ ʵʪʘʧʘ ʧʨʦʠʟʦʰʣʦ 

ʧʨʠʦʪʢʨʳʚʘʥʠʝ ʢʚʘʨʮ-ʪʦʧʘʟʦʚʳʭ ʞʠʣ ʚ ʵʥʜʦʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʛʨʘʥʠʪʥʦʡ ʠʥʪʨʫʟʠʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʛʨʘʥʠʪʘʭ ʩʣʘʙʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʠ ʠʭ ʩʠʩʪʝʤʳ, ʩ ʪʦʧʘʟ-ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʩ 

ʢʘʩʩʠʪʝʨʠʪʦʤ ʠ ʤʠʥʝʨʘʣʘʤʠ ʚʠʩʤʫʪʘ. ʕʪʘ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʝʪʢʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. ʉʚʝʨʭʫ ʚʥʠʟ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ  ʢʘʩʩʠʪʝʨʠʪʘ ʠ ʥʘʨʘʩʪʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʴʬʨʘʤʘ ʠ ʚʠʩʤʫʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʬʝʨʙʝʨʠʪʝ ʠ ʚʠʩʤʫʪʠʥʝ ʠ ʩʘʤʦʨʦʜʥʦʤ 

ʚʠʩʤʫʪʝ, ʝʱʝ ʥʠʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʙʝʨʠʣʣʠʷ ʚ ʬʦʨʤʝ ʙʝʨʠʣʣʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʥʘʞʝʥʘ ʩʨʝʜʥʷʷ ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ ʵʪʦʡ ʧʦʩʪʨʦʡʢʠ ʦʪ ʚʠʩʤʫʪʠʥ-

ʚʦʣʴʬʨʘʤʠʪʦʚʦʡ ʢ ʪʦʧʘʟ-ʙʝʨʠʣʣʦʚʦʡ. ɺʩʷ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʩʨʝʜʥʝʡ ʟʦʥʳ ʨʘʟʨʫʰʝʥʘ ʠ ʨʫʜʥʘʷ ʝʸ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʢʘʟʘʣʘʩʴ ʚ ʪʝʭ ʙʦʛʘʪʝʡʰʠʭ ʙʠʩʤʫʪʠʪ-ʬʝʨʙʝʨʠʪ-ʢʘʩʩʠʪʝʨʠʪʦʚʳʭ ʨʦʩʩʳʧʷʭ, 

ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʦʪʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦʯʪʠ ʧʦʣ ʚʝʢʘ. ɻʣʫʙʠʥʘ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ 

ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 200 ʤ. 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʘʷ ʟʘʣʝʞʴ 

ʬʝʣʴʟʠʪ-ʧʦʨʬʠʨʦʚ (ʦʥʛʦʥʠʪʦʚ) ʉʦʧʢʠ ɺʳʩʦʢʘʷ. ʅʘ ʚʦʩʪʦʢʝ ʥʘʭʦʜʠʪʩʷ ʵʨʫʧʪʠʚʥʘʷ ʙʨʝʢʯʠʷ 

ʞʝʨʣʦʚʦʡ ʬʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʦʙʣʦʤʢʠ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ 

ʩʮʝʤʝʥʪʠʨʦʚʘʥʳ ʬʝʣʴʟʠʪ-ʧʦʨʬʠʨʘʤʠ ʠ ʪʫʨʤʘʣʠʥʦʤ ʩ ʦʣʦʚʷʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʦʨʫʜʝʥʝʥʠʝʤ.  

ɺʦ ʚʪʦʨʦʡ ʵʪʘʧ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʣʦʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, 

ʣʦʢʘʣʠʟʫʶʱʝʛʦʩʷ ʚ ʨʘʟʣʦʤʘʭ ʠ ʚ ʠʥʪʝʥʩʠʚʥʦ ʪʨʝʱʠʥʦʚʘʪʦʡ ʟʦʥʝ ʰʪʦʢʚʝʨʢʦʚʦʛʦ ʪʠʧʘ ʚ 

ʢʚʘʨʮʝʚʳʭ ʧʦʨʬʠʨʘʭ. ʉ ʵʪʠʤ ʵʪʘʧʦʤ ʩʚʷʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʣʦʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʦʧʢʠ ɹʦʣʴʰʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʰʪʦʢʚʝʨʢʦʤ, ʠ ɺʦʩʪʦʯʥʘʷ ʘʥʦʤʘʣʠʷ ʚ ʟʦʥʝ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʨʘʟʣʦʤʘ. ʂ ʟʘʧʘʜʫ ʦʪ ʥʠʭ, ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʘʥʠʪʦʚ ʠ ʚʤʝʱʘʶʱʠʭ 

ʠʭ ʧʦʨʦʜ ʩʬʦʨʤʠʨʦʚʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʧʣʠʪʦʚʳʡ ʦʪʨʦʛ ʠ ʂʚʘʨʮ-ʪʫʨʤʘʣʠʥʦʚʳʡ ʦʪʨʦʛ. 

ʈʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ. ʆʥʠ ʩʦʜʝʨʞʘʪ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʣʦʚʘ, ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʩʝʨʝʙʨʘ, ʠʥʜʠʷ ʠ ʩʢʘʥʜʠʷ. ʉʦʚʨʝʤʝʥʥʘʷ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʜʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2. ʉʦʚʨʝʤʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. ʇʦ: [40]. 

 

ʂ ʠʩʪʦʨʠʠ ʦʪʢʨʳʪʠʷ ʠ ʠʟʫʯʝʥʠʷ. ʇʝʨʚʳʝ ʦʬʠʮʠʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʪʢʨʳʪʠʠ ʥʘ ʶʞʥʦʤ 

ʩʢʣʦʥʝ ʛʦʨʳ, ʠʤʝʚʰʝʡ ʥʘʟʚʘʥʠʝ ɸʜʫʥ-ʏʠʣʦʥ, ʚ ʠʩʪʦʢʘʭ ʧʘʜʠ ʊʫʪ-ʍʘʣʪʫʡ, ʦʪʜʝʣʷʶʱʝʡ ʝʸ 

ʜʦʣʠʥʫ ʦʪ ʪʘʢʦʚʦʡ ʨʝʢʠ ɹʦʨʟʷ, ʥʘʭʦʜʷʪʩʷ ʚ ʘʨʭʠʚʥʳʭ ʤʘʪʝʨʠʘʣʘʭ: ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʘʨʭʠʚʝ 

ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʠ ɹʝʨʛʢʦʣʣʝʛʠʠ. ʀʤʝʥʥʦ ʪʫʜʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʦʩʝʥʴʶ 1723 ʛʦʜʘ ʟʘʷʚʢʘ 

ʀʚʘʥʘ ɻʫʨʢʦʚʘ ʦ ʪʦʤ, ʯʪʦ ʦʥ ʣʝʪʦʤ ʪʦʛʦ ʞʝ ʛʦʜʘ ʥʘʰʝʣ ʧʝʨʚʳʝ ʰʠʨʣʳ ï ʢʨʠʩʪʘʣʣʳ 

ʧʨʦʟʨʘʯʥʦʛʦ ʙʝʨʠʣʣʘ. ʆʥʠ ʙʳʣʠ ʦʛʨʘʥʝʥʳ ʫʯʝʥʠʢʦʤ ʛʨʘʥʠʣʴʥʦʛʦ ʜʝʣʘ ʀʚʘʥʦʤ ʀʚʘʥʦʚʳʤ, 

ʢʦʪʦʨʳʡ ʠ ʦʧʨʝʜʝʣʠʣ ʠʭ ʜʘʣʴʥʝʡʰʫʶ ʩʫʜʴʙʫ ʢʘʢ ʶʚʝʣʠʨʥʦʛʦ ʢʘʤʥʷ. ʅʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʪʘʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʤʝʩʪʥʦʤʫ ʥʘʩʝʣʝʥʠʶ ʠ ʜʦ ʵʪʦʡ ʥʘʭʦʜʢʠ ʀʚʘʥʘ ɻʫʨʢʦʚʘ. ʕʪʘ ʤʳʩʣʴ 
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ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʇʝʪʝʨʦʤ ʉʠʤʦʥʦʤ ʇʘʣʣʘʩʦʤ ʚ ʥʘʯʘʣʝ ʠʶʥʷ 1772 ʛʦʜʘ ʚʦ ʚʨʝʤʷ ʧʦʩʝʱʝʥʠʷ 

ʠʤ ɸʜʫʥ-ʏʝʣʦʥʘ ʠ ʐʝʨʣʦʚʦʡ ɻʦʨʳ, ʢʫʜʘ ʪʫʥʛʫʩʳ, ʢʘʢ ʩʢʘʟʘʥʦ ʚ ʝʛʦ ʠʟʚʝʩʪʥʦʤ ʦʪʯʝʪʝ ʦ 

ʧʫʪʝʰʝʩʪʚʠʠ ʧʦ ʈʦʩʩʠʠ [18]. ɺ ʩʦʭʨʘʥʠʚʰʝʤʩʷ ʚ ʂʨʘʝʚʦʡ ʙʠʙʣʠʦʪʝʢʝ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʚ 

ʏʠʪʝ ʵʢʟʝʤʧʣʷʨʝ ʬʦʣʠʘʥʪʘ çʇʫʪʝʰʝʩʪʚʠʷ ʧʦ ʨʘʟʥʳʤ ʧʨʦʚʠʥʮʠʷʤ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘè 

ʥʘ ʩʪʨ. 314 ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʥʘʧʠʩʘʥʦ ʩʣʝʜʫʶʱʝʝ. çʉ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʛʦʨ ʧʨʦʪʠʚ 

ɾʠʨʘʥʯʫʥʛʫʨʫʢʩʢʦʡ ʣʦʱʠʥʳ ʥʘʭʦʜʠʪʩʷ ʭʦʣʤ ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʦʯʠʣʴʥʦʛʦ ʢʘʤʥʷ (ʚʝʨʦʷʪʥʦ, 

ʠʤʝʶʪʩʷ ʚʚʠʜʫ ʨʦʛʦʚʠʢʠ ʧʦ ʯʝʨʥʳʤ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʧʝʩʯʘʥʠʢʘʤ ʠ ʩʣʘʥʮʘʤ. ï ɸʚʪ.), ʚ ʢʦʝʤ 

ʚʠʜʥʳ ʨʘʟʩʝʷʥʥʳʝ ʚʨʦʟʥʴ, ʦʪʯʘʩʪʠ ʟʝʣʝʥʦʚʘʪʳʝ, ʦʪʯʘʩʪʠ ʩʦʚʩʝʤ ʧʨʦʟʨʘʯʥʳʝ ʭʨʫʩʪʘʣʠʢʠ, 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʶ ʩʚʦʝʶ ʬʠʛʫʨʦʶ ʥʘ ɹʨʘʟʠʣʴʩʢʠʝ ʝʣʝʢʪʨʠʯʝʩʢʠʝ ʉʤʘʨʘʛʜʳ ʧʦʭʦʞʠʝ 

(ʉʤʘʨʘʛʜʘʤʠ ʚ ʪʝ ʚʨʝʤʝʥʘ ʥʘʟʳʚʘʣʠ ʟʝʣʝʥʳʝ ʪʫʨʤʘʣʠʥʳ. ï ɸʚʪ.), ʢʦʪʦʨʳʝ ʪʦʣʴʢʦ ʯʪʦ ʥʘ 

ʚʝʨʭʫ ʛʦʨʳ ʠ ʥʘʭʦʜʷʪʩʷ, ʧʦʥʝʞʝ ʧʝʩʦʢ ʦʪʪʦʣʴ ʚʝʪʨʦʤ ʩʚʝʚʘʝʪ. ʊʫʥʛʫʩʳ ʭʦʜʷ ʥʘ ʧʨʦʤʳʩʣʳ 

ʩʦʙʠʨʘʶʪ ʠʭ ʜʝʪʷʤ ʥʘ ʠʛʨʫʰʢʠ, ʠ ʪʫʪ ʥʘʥʝʩʣʠ ʩʪʦʣʴʢʦ, ʯʪʦ ʤʥʝ ʩʘʤʦʤʫ ʥʠʢʦʛʜʘʙʒ ʥʘʡʪʠ 

ʩʪʦʣʴʢʦ ʙʳʣʦ ʥʝ ʤʦʞʥʦ; ʠʙʦ ʦʥʠ ʥʝ ʩʣʠʰʢʦʤ ʪʘʢʠ ʤʥʦʛʦ ʥʘʭʦʜʷʪʩʷ. ʇʨʠ ʚʩʝʤ ʪʦʤ, ʩʢʦʣʴ ʦʥʠ 

ʥʝ ʩʭʦʞʠ ʥʘ ɹʨʘʟʠʣʴʩʢʠʝ ʩʤʘʨʘʛʜʳ, ʦʜʥʘʢʦ, ʧʨʠ ʜʝʣʘʥʠʠ ʥʝ ʦʜʥʦʢʨʘʪʥʦ ʦʧʳʪʦʚ ʥʠʯʫʪʴ 

ʕʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʣʳ ʥʝ ʦʢʘʟʘʣʠè. ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʛʦ ʪʝʢʩʪʘ, ʇʘʣʣʘʩ ʧʨʦʠʟʚʝʣ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʟʝʣʝʥʳʭ ʠ ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʝʥʳʭ ʙʝʨʠʣʣʦʚ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʠ ʫʙʝʜʠʣʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʫ ʥʠʭ 

ʩʚʦʡʩʪʚʘ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʟʝʣʝʥʳʭ ʠ ʛʦʣʫʙʳʭ ʪʫʨʤʘʣʠʥʦʚ, ʠ ʧʨʠʰʝʣ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʵʪʦ ʥʝ ʪʫʨʤʘʣʠʥ, ʘ ʙʝʨʠʣʣ. ʉʚʝʜʝʥʠʷ ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʶʚʝʣʠʨʥʳʭ ʢʘʤʥʝʡ ʠʟ 

ɿʘʙʘʡʢʘʣʴʷ ʧʦʷʚʣʷʶʪʩʷ ʚ ɽʚʨʦʧʝ ʧʦʩʣʝ ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʚ 1788 ʛʦʜʫ ʦʪʯʝʪʘ ʇ.ʉ. ʇʘʣʣʘʩʘ ʦ 

ʧʫʪʝʰʝʩʪʚʠʠ ʚ ʉʠʙʠʨʴ. ʅʦ ʧʝʨʚʦʝ ʧʦ ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ ʚ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʦʡ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʠʝ ʘʜʫʥ-ʯʠʣʦʥʩʢʦʛʦ (ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ) ʘʢʚʘʤʘʨʠʥʘ 

ʧʦʷʚʣʷʝʪʩʷ ʚ 1782 ʛʦʜʫ ʚ ʩʪʘʪʴʝ ɺ. ʉʘʞʝ [58]. ʆ ʧʦʩʝʱʝʥʠʠ ʠʤ  ʐʝʨʣʦʚʦʡ  ɻʦʨʳ ʩʚʝʜʝʥʠʡ ʥʝ 

ʠʟʚʝʩʪʥʦ. ʇʦʵʪʦʤʫ, ʚʝʨʦʷʪʥʦ, ʠʥʬʦʨʤʘʮʠʶ ʦʥ ʧʦʣʫʯʠʣ ʦʪ ʇ.ʉ. ʇʘʣʣʘʩʘ ʠʣʠ ʀ.ɻ. ɻʝʦʨʛʠ. 

ʇʦʙʳʚʘʚʰʠʡ ʥʘ ʊʫʪ-ʍʘʣʪʫʡʩʢʦʤ (ʐʝʨʣʦʚʦʛʦʨʩʢʦʤ) ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ 1785 ʛʦʜʫ ɽ. ʇʘʪʨʝʥ, ʚ 

1791-ʤ [57] ʜʘʣ ʧʨʝʢʨʘʩʥʦʝ ʜʣʷ ʪʦʛʦ ʚʨʝʤʝʥʠ ʝʛʦ ʦʧʠʩʘʥʠʝ. ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʯʪʠ 

ʜʦʩʣʦʚʥʳʡ ʧʝʨʝʚʦʜ ʩʪʘʪʴʠ ɽ. ʇʘʪʨʝʥʘ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʨʦʩʩʠʡʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ, 

ɺ.ʄ. ʉʝʚʝʨʛʠʥʳʤ, çéʢʨʠʩʪʘʣʣʳ ʘʢʚʘʤʘʨʠʥʘ ʠʤʝʶʪ ʠʟʟʝʣʝʥʘ-ʩʠʥʝʚʘʪʳʡ ʠʣʠ ʠʩʩʠʥʷ-

ʟʝʣʝʥʦʚʘʪʳʡ ʮʚʝʪ, ʚʝʣʠʯʠʥʘ ʠʭ ʨʘʟʣʠʯʥʘʷ; ʧʨʦʟʨʘʯʥʳʝ ʦʙʳʢʥʦʚʝʥʥʦ ʙʳʚʘʶʪ ʥʝʚʝʣʠʢʠ, 

ʥʝʯʠʩʪʳʝ ʞʝ ʠʥʦʛʜʘ ʜʦ 1-2 ʬʫʪʦʚ (30-60 ʩʤ ï ɸʚʪ.) ʜʣʠʥʳ. ʆʧʠʩʘʥʠʝ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ 

ʰʝʨʣʦʚʦʛʦʨʩʢʠʭ ʘʢʚʘʤʘʨʠʥʦʚ ʦʧʫʙʣʠʢʦʚʘʥʳ ʀ.ʀ. ɹʠʥʜʛʝʡʤʦʤ ʚ 1790-ʤ [54]. 

ʊʨʸʭʚʝʢʦʚʘʷ ʠʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʠ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʘʯʘʪʘʷ ʩʦ ʚʨʝʤʝʥ ʟʥʘʤʝʥʠʪʦʡ 

ʵʢʩʧʝʜʠʮʠʠ ʇ.ʉ. ʇʘʣʣʘʩʘ [20] 1772 ʛ. ʧʨʦʜʦʣʞʝʥʘ ʚ XIX  ʩʪʦʣʝʪʠʠ ʃʦʩʝʚʳʤ (1819 ʛ.), 

ɻ.ɻ. ɻʝʩʩʦʤ (1826 ʛ.), ɸ.ʀ. ʂʫʣʠʙʠʥʳʤ (1829 ʛ.) [18], ʀ.ɸ. ʂʦʨʟʫʭʠʥʳʤ (1899 ʛ.) ʠ ʦʩʦʙʝʥʥʦ 

ʵʥʝʨʛʠʯʥʦ ʚ ʍʍ ʩʪʦʣʝʪʠʠ, ʢʦʛʜʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʯʘʪʳʝ ʇ.ʇ. ʉʫʱʠʥʩʢʠʤ, 

ʦʪʢʨʳʚʰʠʤ ʚ 1912 ʛʦʜʫ ʥʦʚʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʟʦʥʫ ʇʦʜʥʝʙʝʩʥʳʭ [25], ɸ.ɽ. ʌʝʨʩʤʘʥʦʤ ʚ 

1925, 1929 ʛʦʜʘʭ [28], ɸ.ʂ. ɹʦʣʜʳʨʝʚʳʤ ʠ ʗ.ɸ. ʃʫʠ ʚ 1929 ʛ.[3], ʍʦʣʤʦʚʳʤ (1929 ʛ.), 

ʆ.ɼ. ʃʝʚʠʮʢʠʤ ʚ 1932 ʠ 1939 ʛʦʜʘʭ ʠ ʜʨʫʛʠʤʠ ʚ ʧʝʨʚʦʡ ʝʛʦ ʧʦʣʦʚʠʥʝ ʠ ʧʨʦʜʦʣʞʝʥʳ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʝʜʰʝʛʦ ʩʪʦʣʝʪʠʷ ʆ.ɺ. ʂʦʥʦʥʦʚʳʤ (1955 ʛ.), ɸ.ɸ. ɹʝʫʩʦʤ [2], 

ɺ.ʌ.ɹʘʨʘʙʘʥʦʚʳʤ ʚ 1959 ï 1975 ʛʦʜʘʭ [1], ʉ.ʄ. ɹʦʡʢʦ, ɺ.ʀ. ɻʨʝʙʝʥʱʠʢʦʚʦʡ ʠ 

ʖ.ʇ. ʊʨʦʰʠʥʳʤ [4, 5], ɻ.ɸ. ʖʨʛʝʥʩʦʥʦʤ [31], ɻ.ɸ. ʖʨʛʝʥʩʦʥʦʤ ʠ ʆ.ɺ. ʂʦʥʦʥʦʚʳʤ [40], 

ʆ.ɺ. ʂʦʥʦʥʦʚʳʤ ʠ ɻ.ɸ. ʖʨʛʝʥʩʦʥʦʤ [17]. ʉʘʤʦʮʚʝʪʳ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ 

ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ XVIII  ï XXI  ʚʝʢʦʚ. ʀʭ ʦʙʨʘʟʮʳ ʭʨʘʥʷʪʩʷ ʚʦ ʚʩʝʭ 

ʢʨʫʧʥʝʡʰʠʭ ʤʫʟʝʷʭ ʤʠʨʘ. ʀʭ ʠʟʫʯʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʢʨʫʧʥʝʡʰʠʤʠ ʫʯʝʥʳʤʠ ï ʟʥʘʪʦʢʘʤʠ 

ʶʚʝʣʠʨʥʳʭ ʢʘʤʥʝʡ ʈʦʩʩʠʠ, ʨʘʙʦʪʘʚʰʠʤʠ ʚ ɿʘʙʘʡʢʘʣʴʝ. ʌʦʨʤʳ, ʦʢʨʘʩʢʘ, ʨʘʟʤʝʨʳ ʠ 

ʜʝʬʝʢʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ, ɸʜʫʥ-ʏʝʣʦʥʘ ʠ ɹʦʨʱʦʚʦʯʥʦʛʦ ʢʨʷʞʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʠʟʚʝʩʪʥʳʭ ʩʚʦʜʢʘʭ ɸ.ʀ. ʂʫʣʠʙʠʥʘ [18], ʅ.ʀ. ʂʦʢʰʘʨʦʚʘ [14, 15], ɺ. ʊʠʪʦʚʘ [26], 

ʇ.ɺ. ɽʨʝʤʝʝʚʘ, ʇ.ʇ. ʉʫʱʠʥʩʢʦʛʦ [25]. ʊʦʧʘʟʳ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ɹʦʨʱʦʚʦʯʥʦʛʦ ʢʨʷʞʘ 

ʦʧʠʩʘʥʳ ʅ.ʀ. ʂʦʢʰʘʨʦʚʳʤ [14], ɸ. ʆʟʝʨʩʢʠʤ ʚ 1846 ʛ., ɸ.ɽ. ʌʝʨʩʤʘʥʦʤ [28], 

ɺ.ʌ. ɹʘʨʘʙʘʥʦʚʳʤ [1] ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʋʞʝ ʚ XIX  ʚʝʢʝ ʙʳʣʠ ʧʦʜʤʝʯʝʥʳ ʛʣʘʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʪʦʧʘʟʘ ʠ ʙʝʨʠʣʣʘ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʙʘʡʢʘʣʴʷ.  

ʉʚʝʜʝʥʠʡ ʦ ʢʦʣʠʯʝʩʪʚʝ ʜʦʙʳʚʘʝʤʦʛʦ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʛʦ ʩʳʨʴʷ ʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʝ, ʢʘʢ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʮʚʝʪʥʦʛʦ ʢʘʤʥʷ ʚ ʤʠʨʝ, ʤʘʣʦ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 
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ʩʪʨʝʤʣʝʥʠʝʤ ʚʩʝʭ ʜʦʙʳʪʯʠʢʦʚ ʢʘʤʥʷ ʩʢʨʳʚʘʪʴ ʠʩʪʠʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʝʛʦ ʜʦʙʳʯʠ ʩ ʮʝʣʴʶ 

ʜʝʨʞʘʪʴ ʚʳʩʦʢʠʝ ʮʝʥʳ, ʥʝ ʨʘʟʛʣʘʰʘʪʴ ʥʦʚʳʝ ʤʝʩʪʘ ʝʛʦ ʜʦʙʳʯʠ ʠ ʫʭʦʜʠʪʴ ʦʪ ʥʘʣʦʛʦʚ.  

ʇʨʷʤʳʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʜʦʙʳʯʠ ʢʘʤʥʷ ʚ ʜʨʝʚʥʠʝ ʚʨʝʤʝʥʘ ʷʚʣʷʶʪʩʷ ʦʪʤʝʯʘʚʰʠʝʩʷ 

ʧʝʨʚʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʥʝʛʣʫʙʦʢʠʝ ʩʪʘʨʠʥʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʷʤʳ, ʨʘʟʨʝʟʳ. 

ɼʦʙʳʯʘ ʚʝʣʘʩʴ ʧʨʠʤʠʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ. ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʦʛʦʥʴ ʠ ʚʦʜʘ. ʇʨʠ ʵʪʦʤ ʨʘʟʨʫʰʘʣʠʩʴ ʠ ʢʨʠʩʪʘʣʣʳ, ʦʙʣʦʤʢʠ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʦʢʦʣʦ ʵʪʠʭ 

ʚʳʨʘʙʦʪʦʢ. ʀ, ʢʘʢ ʧʦʣʘʛʘʣ ɸ.ɽ. ʌʝʨʩʤʘʥ,  çé ʜʘʞʝ ʩʘʤʳʝ ʧʨʦʩʪʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʨʘʙʦʪʳ 

ʜʘʚʘʣʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʙʦʛʘʪʫʶ ʜʦʙʳʯʫè [29, ʩ. 450].  

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʜʦʙʳʯʥʳʝ ʨʘʙʦʪʳ ʮʚʝʪʥʦʛʦ ʢʘʤʥʷ, ʥʘʰʝʜʰʠʝ ʦʪʨʘʞʝʥʠʝ ʚ ʘʨʭʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʥʘʯʘʣʠʩʴ ʩ 1776 ʛʦʜʘ ʥʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦʜ 

ʢʦʤʘʥʜʦʚʘʥʠʝʤ ʩʪʘʪʩʢʦʛʦ ʩʦʚʝʪʥʠʢʘ ʅʘʨʳʰʢʠʥʘ, ʙʳʚʰʝʛʦ ʢʦʤʘʥʜʠʨʦʤ ʅʝʨʯʠʥʩʢʠʭ ʟʘʚʦʜʦʚ, 

ʭʦʪʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʦʥʠ, ʚʝʨʦʷʪʥʦ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʥʴʰʝ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

çʀʥʩʪʨʫʢʮʠʷè ʦʪ 7 ʘʧʨʝʣʷ 1764 ʛ., ʚ ʢʦʪʦʨʦʡ ʚ 18 ʧʫʥʢʪʘʭ ʧʨʝʜʧʠʩʳʚʘʣʦʩʴ ʠʩʢʘʪʴ ʠ ʜʦʙʳʚʘʪʴ 

ʥʘ ʦʩʥʦʚʝ ʜʦʙʨʦʚʦʣʴʥʦʛʦ ʧʦʜʨʷʜʘ ʢʘʢ ʮʚʝʪʥʳʝ ʢʘʤʥʠ, ʪʘʢ ʠ ʜʝʢʦʨʘʪʠʚʥʦ-ʦʙʣʠʮʦʚʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʫʢʨʘʰʝʥʠʷ ʜʚʦʨʮʦʚ ʚ ʇʝʪʝʨʙʫʨʛʝ. ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʫʞʝ ʚ 

1768 ʛʦʜʫ ʧʦʚʝʣʝʥʠʝʤ ɽʢʘʪʝʨʠʥʳ II ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʝʨʝʜʘʥʦ ʚ ʚʝʜʝʥʠʝ ʂʘʙʠʥʝʪʘ ɽʝ 

ɺʝʣʠʯʝʩʪʚʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ ʩʪʘʣʘ ʝʛʦ ʚʣʘʜʝʣʠʮʝʡ. ʇʨʝʜʧʠʩʘʥʦ ʚʧʨʝʜʴ ʠʤʝʥʦʚʘʪʴ ʝʛʦ 

ʐʠʨʣʦʚʦʡ ɻʦʨʦʡ. ʆʜʥʘʢʦ ʥʘʟʚʘʥʠʝ ʵʪʦ ʩʨʘʟʫ ʥʝ ʧʨʠʚʠʣʦʩʴ ʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʘʞʝ ʧʦʩʣʝ 

ʦʪʢʨʳʪʠʷ ɸ.ʀ. ʂʫʣʠʙʠʥʳʤ ʚ 1828 ʛʦʜʫ ʮʚʝʪʥʦʛʦ ʢʘʤʥʷ ʠ ʚʦʣʴʬʨʘʤʠʪʘ ʚ ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ 

ɸʜʫʥ-ʏʝʣʦʥ [18].  

ʇʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʝʨʳʚʘ ʚ 1780 ʛʦʜʫ, ʢʦʛʜʘ ʟʘʚʦʜʘʤʠ ʫʧʨʘʚʣʷʣ ɸʣʝʢʩʘʥʜʨ ʄʘʪʚʝʝʚʠʯ 

ʂʘʨʘʤʳʰʝʚ, ʠʤʝʥʝʤ ʢʦʪʦʨʦʛʦ ʥʘʟʚʘʥ ʂʘʨʘʤʳʰʝʚʩʢʠʡ ʦʪʨʦʛ ʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʝ, ʜʦʙʳʯʘ 

ʘʢʚʘʤʘʨʠʥʦʚ ʚʝʣʘʩʴ ʧʦ ʧʦʨʫʯʝʥʠʶ ʀʨʢʫʪʩʢʦʛʦ ʛʫʙʝʨʥʘʪʦʨʘ ʛʝʥʝʨʘʣ-ʧʦʨʫʯʠʢʘ (ʚ 1778-1783 

ʛʦʜʘʭ) ʌʨʘʥʮʘ ʅʠʢʦʣʘʝʚʠʯʘ ʂʣʠʯʢʠ (ʌʨʘʥʪʠʰʝʢʘ ʄʠʢʦʣʘʰʘ ʂʩʘʚʝʨʠʫʩʘ, 1730-1784). ɽʛʦ 

ʠʤʷ ʩʦʭʨʘʥʠʣʦʩʴ ʚ ɿʘʙʘʡʢʘʣʴʝ ʚ ʥʘʟʚʘʥʠʠ ʧʦʩʝʣʢʘ ʂʣʠʯʢʠ. ʀʟ ʨʫʢʦʧʠʩʠ ʃʦʩʝʚʘ 1819 ʛʦʜʘ ʧʦ 

ʜʘʥʥʳʤ ɸ.ɽ. ʌʝʨʩʤʘʥʘ [29] ʩʣʝʜʫʝʪ, ʯʪʦ ʩ 1777 ʛʦʜʘ (ʚ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ï ʩ 1776) 

ʅʝʨʯʠʥʩʢʦ-ʟʘʚʦʜʩʢʦʝ ʛʦʨʥʦʝ ʥʘʯʘʣʴʩʪʚʦ ʧʨʦʠʟʚʦʜʠʣʦ ʜʦʙʳʯʫ ʢʘʤʥʝʡ ʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʝ, ʥʦ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʲʝʤʘʭ ʜʦʙʳʯʠ ʪʦʣʴʢʦ ʩ 1796 ʛʦʜʘ [29]. ɺ ʨʫʢʦʧʠʩʠ 

ʃʦʩʝʚʘ ʝʩʪʴ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʠ ʦ ʥʘʭʦʜʢʝ çʚʦʣʯʝʮʘè (ʚʦʣʴʬʨʘʤʠʪʘ) ʥʘ ʐʝʨʣʦʚʦʡ ʛʦʨʝ. 

ɺ 1826 ʛʦʜʫ ʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʝ ʧʦʙʳʚʘʣ ɻ.ɻ. ɻʝʩʩ. ɺ ʩʚʦʝʡ ʧʫʙʣʠʢʘʮʠʠ ʦʥ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʘʢʚʘʤʘʨʠʥʳ ʠ ʪʦʧʘʟʳ ʩʣʘʛʘʶʪ ʜʨʫʟʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʨʝʱʠʥʘʭ, ʨʘʩʩʝʢʘʶʱʠʭ ʛʨʘʥʠʪʳ ʚ 

ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪʨʝʱʠʥʳ ʟʘʧʦʣʥʝʥʳ çʢʘʤʝʥʥʳʤ ʤʦʟʛʦʤè (ʪʘʢ ʥʘʟʳʚʘʣʘʩʴ 

ʦʢʘʤʝʥʝʚʰʘʷ ʛʣʠʥʘ, ʦʪ ʥʝʤʝʮʢʦʛʦ Steinmark, ʯʘʱʝ ʚʩʝʛʦ ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʢʘʦʣʠʥʠʪʘ ʠ 

ʛʘʣʣʫʘʟʠʪʘ, ʠ ʧʦʭʦʞʝʛʦ ʥʘ ʭʣʦʨʠʪ ʚʝʱʝʩʪʚʦ. ʅʘʭʦʜʷʱʠʝʩʷ ʚ ʵʪʠʭ ʜʨʫʟʘʭ ʢʨʠʩʪʘʣʣʳ ʪʦʧʘʟʘ ʠ 

ʙʝʨʠʣʣʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʜʳʤʯʘʪʳʤ ʢʚʘʨʮʝʤ, ʠʥʦʛʜʘ ʦʣʦʚʷʥʥʳʤ ʢʘʤʥʝʤ 

(ʢʘʩʩʠʪʝʨʠʪʦʤ) ʠ ʚʦʣʯʝʮʦʤ (ʚʦʣʴʬʨʘʤʠʪʦʤ). ɺ ʨʘʙʦʪʝ ɻʝʩʩʘ ʝʩʪʴ ʚʘʞʥʦʝ ʫʢʘʟʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ 

ʰʝʨʣ ʥʝ ʧʦʧʘʜʘʝʪʩʷ ʩʦʚʩʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʧʝʨʚʦʝ ʫʧʦʤʠʥʘʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʝ ʢʘʩʩʠʪʝʨʠʪʘ ʠ ʪʨʝʪʴʝ ʧʦʩʣʝ ɽ. ʇʘʪʨʝʥʘ ʠ ʃʦʩʝʚʘ, ï 

ʚʦʣʴʬʨʘʤʠʪʘ. ɺ 1899 ʛʦʜʫ ʀ.ɸ. ʂʦʨʟʫʭʠʥ ʧʫʙʣʠʢʫʝʪ ʤʘʪʝʨʠʘʣʳ ʦʙ ʦʣʦʚʷʥʥʳʭ ʠ ʜʨʫʛʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɿʘʙʘʡʢʘʣʴʷ, ʛʜʝ ʚʧʝʨʚʳʝ ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ ʧʨʦʤʳʰʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʢʘʢ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʣʦʚʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʚʝʨʦʷʪʥʦ ʥʝ ʟʥʘʷ ʦ ʩʪʘʨʦʡ ʩʪʘʪʴʝ 

ɻ.ɻ. ɻʝʩʩʘ, ʘ, ʤʦʞʝʪ ʙʳʪʴ, ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʜʘʥʥʳʭ. ʂ ʥʘʯʘʣʫ XX ʚ. ʦʪʥʦʩʷʪʩʷ ʦʪʢʨʳʪʠʝ ʥʘ 

ʐʝʨʣʦʚʦʡ ɻʦʨʝ ʚʦʣʴʬʨʘʤʦʚʳʭ, ʘ ʟʘʪʝʤ ʦʣʦʚʷʥʥʳʭ ʠ ʚʠʩʤʫʪʦʚʳʭ ʨʦʩʩʳʧʝʡ ʠ ʥʘʯʘʣʦ ʠʭ 

ʦʪʨʘʙʦʪʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʐʝʨʣʦʚʦʛʦʨʩʢʦʡ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ XX-XXI  ʚʝʢʘʭ ʩʚʷʟʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩ 

ʤʠʥʝʨʘʣʴʥʦ-ʨʝʩʫʨʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʪʝʨʨʠʪʦʨʠʠ. ʉʧʝʮʠʘʣʴʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʇ.ʇ. ʉʫʱʠʥʩʢʦʛʦ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ 1914 ʧʦ 1917 ʛʦʜʳ, ʧʦʢʘʟʘʣʠ ʩʣʦʞʥʦʩʪʴ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʪʝʣ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʩʣʦʚʠʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʥ ʚʳʷʚʠʣ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʙʝʨʠʣʣʦʤ, ʚʦʣʴʬʨʘʤʠʪʦʤ, ʪʦʧʘʟʦʤ ʠ ʢʚʘʨʮʝʤ, ʘ ʪʘʢʞʝ ʥʘʣʦʞʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʘʨʩʝʥʦʧʠʨʠʪʘ ʠ ʬʣʶʦʨʠʪʘ. ɺ ʩʚʦʜʥʦʡ ʨʘʙʦʪʝ ʧʦ ʮʚʝʪʥʳʤ ʢʘʤʥʷʤ ɿʘʙʘʡʢʘʣʴʷ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 1925 ʛʦʜʫ, ʦʥ ʦʧʠʩʘʣ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʳʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 
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ʫʢʘʟʘʣ, ʯʪʦ çʚʤʝʩʪʠʣʠʱʝʤ ʘʢʚʘʤʘʨʠʥʦʚ ʠ ʪʦʧʘʟʦʚè ʷʚʣʷʝʪʩʷ çʢʚʘʨʮʝʚʘʪʘʷè ʧʦʨʦʜʘ ï 

çʛʨʝʡʟʝʥè [25, ʩ. 23]. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʦʣʦʚʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʚʠʩʤʫʪʘ. ɺ ʍʍ ʚʝʢʝ ʥʘʨʷʜʫ ʩ ʜʦʙʳʯʝʡ ʘʢʚʘʤʘʨʠʥʘ 

ʠ ʛʝʣʠʦʜʦʨʘ ʥʘ ʐʝʨʣʦʚʦʡ ʛʦʨʝ ʥʘʯʘʣʘʩʴ ʨʘʟʚʝʜʢʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʨʝʥʥʳʭ ʨʫʜ ʠ ʨʦʩʩʳʧʝʡ ʩ 

ʙʝʨʠʣʣʦʤ, ʚʦʣʴʬʨʘʤʠʪʦʤ, ʢʘʩʩʠʪʝʨʠʪʦʤ, ʙʠʩʤʫʪʠʪʦʤ, ʩʘʤʦʨʦʜʥʳʤ ʚʠʩʤʫʪʦʤ ʠ ʘʢʚʘʤʘʨʠʥʦʤ 

(ʩʤ. ʨʠʩʫʥʦʢ 2). ʇʦʪʨʝʙʥʦʩʪʠ ʨʘʟʨʘʟʠʚʰʝʡʩʷ ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʠ ʦʪʢʘʟ ɻʝʨʤʘʥʠʠ 

ʧʦʩʪʘʚʣʷʪʴ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʨʫʜʳ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ 

ʧʦʪʨʝʙʦʚʘʣʠ ʦʩʚʘʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀʟʚʝʩʪʥʳʡ ʝʱʸ ʩ ʢʦʥʮʘ XVIII  cʪʦʣʝʪʠʷ, 

ʚʦʣʴʬʨʘʤʠʪ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʩʪʘʣ ʚʦʩʪʨʝʙʦʚʘʥ ʠ ʥʝʧʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʜʦʙʳʯʠ ʶʚʝʣʠʨʥʦʛʦ 

ʙʝʨʠʣʣʘ ʩʪʘʣʦ ʧʦʧʫʪʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʚʦʣʴʬʨʘʤʠʪʘ, ʢʦʪʦʨʳʡ ʜʦ ʵʪʦʛʦ ʚʳʙʨʘʩʳʚʘʣʠ ʚ ʦʪʚʘʣ. 

ɼʣʷ ʥʫʞʜ ʚʦʡʥʳ ʪʨʝʙʦʚʘʣʩʷ ʪʘʢʞʝ ʠ ʚʠʩʤʫʪ. ʇʦʵʪʦʤʫ ʂ.ɸ.  ʅʝʥʘʜʢʝʚʠʯ ʧʦ ʟʘʜʘʥʠʶ ʂɽʇʉ 

(ʂʦʤʠʩʩʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ɸʢʘʜʝʤʠʠ ʅʘʫʢ) ʧʨʦʚʦʜʠʪ ʩʧʝʮʠʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʩʤʫʪʦʥʦʩʥʦʩʪʠ ɿʘʙʘʡʢʘʣʴʷ ʠ ʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʝ ʥʘʭʦʜʠʪ ʚʠʩʤʫʪʠʥ ʠ 

ʙʘʟʦʙʠʩʤʫʪʠʪ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʟʥʘʥʠʝ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʢʘʢ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʥʝʩʣʠ ʛʝʦʣʦʛʠ ʄ. ʄ. ʊʝʪʷʝʚ (1918 ʛ.), ɸ.ʂ. ɹʦʣʜʳʨʝʚ, ʗ.ɸ. ʃʫʠ (1929 ʛ.), 

ɻ.ɺ. ʍʦʣʤʦʚ (1929 ʛ.), O.ɼ. ʃʝʚʠʮʢʠʡ (1933-1939 ʛʛ.), ʅ.ɺ. ʀʦʥʠʥ (1937 ʛ.), ɺ.ɸ. ɻʫʱʠʥ 

(1951-1960 ʛʛ.) ʠ ʜʨʫʛʠʝ.  

ʇʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʦʜʠʚʰʘʷʩʷ ʩ 1916 ʛʦʜʘ ʯʘʩʪʥʳʤʠ ʣʠʮʘʤʠ, ʘ ʟʘʪʝʤ ʪʨʝʩʪʘʤʠ 

çʈʝʜʵʣʝʤʝʥʪè ʠ çʈʝʜʤʝʪè ʜʦʙʳʯʘ ʚʦʣʴʬʨʘʤʦʚʳʭ, ʚʠʩʤʫʪʦʚʳʭ ʠ ʙʝʨʠʣʣʠʝʚʳʭ ʨʫʜ ʚ 1932 ʛʦʜʫ 

ʙʳʣʘ ʧʝʨʝʜʘʥʘ ʚ ʚʝʜʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʪʨʝʩʪʫ çʉʦʶʟʦʣʦʚʦè, ʦʨʛʘʥʠʟʦʚʘʥʥʦʤʫ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʨʦʩʩʳʧʥʳʭ ʠ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺʧʣʦʪʴ ʜʦ 1962 ʛʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʦʣʦʚʷʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʙʦʛʘʪʳʭ ʨʦʩʩʳʧʝʡ, ʛʜʝ ʢʘʩʩʠʪʝʨʠʪ 

ʥʘʭʦʜʠʣʩʷ ʢʘʢ ʚ ʚʠʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʦʡ ʧʩʘʤʤʠʪʦʚʦʡ ʠ ʛʨʘʚʠʡʥʦʡ ʬʨʘʢʮʠʠ ʪʘʢʞʝ ʚ ʚʠʜʝ 

ʛʣʳʙ ʤʘʩʩʦʡ ʜʦ 16 ʢʛ. ʂʨʦʤʝ ʢʘʩʩʠʪʝʨʠʪʘ ʵʪʠ ʨʦʩʩʳʧʠ ʩʦʜʝʨʞʘʣʠ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʣʦʤʦʯʥʦʛʦ ʬʝʨʙʝʨʠʪʘ ʠ ʙʠʩʤʫʪʠʪʘ. ʐʝʨʣʦʚʦʛʦʨʩʢʠʝ ʨʦʩʩʳʧʠ, ʩʘʤʘʷ 

ʢʨʫʧʥʘʷ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʘʜʠ ɿʘʚʦʜʩʢʦʡ, ʙʳʣʠ ʧʝʨʚʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʣʴʬʨʘʤʘ ʠ 

ʚʠʩʤʫʪʘ ʚ ʈʦʩʩʠʠ. 

ɺ 1930 ʛʦʜʫ ʥʘʯʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʨʘʟʚʝʜʢʝ ʢʦʨʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʣʦʚʘ, ʢʦʛʜʘ ʥʘ ʉʦʧʢʝ 

ɹʦʣʴʰʦʡ ʠʥʞʝʥʝʨʦʤ ʅ.ɺ. ʀʦʥʠʥʳʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʩʩʠʪʝʨʠʪʘ ʚ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ. ʇʦʤʠʤʦ ʉʦʧʢʠ ɹʦʣʴʰʦʡ, ʦʣʦʚʷʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘ 

ɸʧʣʠʪʦʚʦʤ ʠ ʂʚʘʨʮ-ʊʫʨʤʘʣʠʥʦʚʦʤ ʦʪʨʦʛʘʭ.  

ɺ 1935 ʛʦʜʫ ʧʘʨʪʠʝʡ ʎʅʀɻʈʀ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ.ʇ. ʉʦʣʦʚʦʚʘ ʧʨʦʚʝʜʝʥʘ 

ʩʪʘʥʥʦʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚʳʷʚʣʝʥʳ ʫʯʘʩʪʢʠ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʣʦʚʘ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʢʨʫʧʥʝʡʰʝʛʦ ʧʦʪʦʤʫ ʚʨʝʤʝʥʠ ʢʦʨʝʥʥʦʛʦ ʦʣʦʚʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʉʦʧʢʝ ɹʦʣʴʰʦʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘʩʴ ʦʪʢʨʳʪʳʤ 

ʩʧʦʩʦʙʦʤ ʩ ʧʝʨʝʨʘʙʦʪʢʦʡ ʨʫʜ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʣʦʚʷʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʈʘʩʯʝʪ ʟʘʧʘʩʦʚ 

ʧʨʦʠʟʚʝʜʝʥ, ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʚ ʨʫʜʝ (ʤʘʩ. %): Sn 0,12; Pb 1,71; Zn 

0,79; Cu 0,056; As 3,79; S 11,12; Bi 0,0064; In 0,000152 (ʜʦ 0,06 ʚ ʢʘʩʩʠʪʝʨʠʪʝ ʠ 0,005-0,08 ʚ 

ʩʬʘʣʝʨʠʪʝ, 0,014 ʚ 14% ʢʦʥʮʝʥʪʨʘʪʝ); Sc 0,2 ʛ/ʪ. ʄʘʩʩʘ ʨʫʜʳ ʥʘ ʥʘʯʘʣʦ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 40 328,947 ʪʳʩ.ʪ. ʅʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʟʘʧʘʩʘʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʪʤʝʪʠʤ, ʯʪʦ ɻʂɿ ʙʳʣʠ ʫʪʚʝʨʞʜʝʥʳ ʟʘʧʘʩʳ ʩʢʘʥʜʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 15 ʪ, ʘ ʠʥʜʠʷ ï 61,3 ʪ. 

ɿʘʧʘʩʳ ʧʦ ʩʢʘʥʜʠʶ ʙʳʣʠ ʩʠʣʴʥʦ ʟʘʥʠʞʝʥʳ, ʪʘʢ ʢʘʢ ʩʨʝʜʥʝʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʫʜʝ ʙʦʣʝʝ 

ʢʣʘʨʢʘ, ʨʘʚʥʦʛʦ 0,0022 ʛ/ʪ. 

ʇʝʨʚʦʝ ʚʨʝʤʷ ʨʫʜʳ ʉʦʧʢʠ ɹʦʣʴʰʦʡ ʠ ʂʚʘʨʮ-ʪʫʨʤʘʣʠʥʦʚʦʛʦ ʦʪʨʦʛʘ ʧʝʨʝʨʘʙʘʪʳʚʘʣʠʩʴ ʥʘ 

ʦʧʳʪʥʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 75 ʜʦ 100 ʪ ʚ ʩʫʪʢʠ. ɺ 1962 ʛʦʜʫ 

ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʝʨʚʘʷ ʦʯʝʨʝʜʴ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

500 ʪ ʚ ʩʫʪʢʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʢʦʨʝʥʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʦʧʢʠ ɹʦʣʴʰʘʷ ʠ ʢ ʧʦʣʥʦʤʫ ʧʨʝʢʨʘʱʝʥʠʶ ʦʪʨʘʙʦʪʢʠ ʨʦʩʩʳʧʝʡ. ɺ 1968 ʛʦʜʫ 

ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚʪʦʨʘʷ ʦʯʝʨʝʜʴ ɻʆʂʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 2,5 ʪʳʩ.ʪ ʚ ʩʫʪʢʠ ʩ 

ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 520 ʪʳʩ. ʪ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʦʩʪʘʚʠʣʘ 3000 

ʪʦʥʥ ʨʫʜʳ ʚ ʩʫʪʢʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʜʦ 1993 ʛ. ʈʫʜʳ 
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ʦʙʦʛʘʱʘʣʠʩʴ ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʚʰʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʠ 

ʬʣʦʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. ʈʫʜʳ ʦʢʘʟʘʣʠʩʴ ʫʧʦʨʥʳʤʠ ʠ ʠʤʝʥʥʦ ʜʣʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʚʧʝʨʚʳʝ ʚ 

ʉʉʉʈ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʭʣʦʨʠʣʜʦʚʦʟʛʦʥʢʠ ʠ ʬʴʶʤʠʥʛ-ʧʨʦʮʝʩʩʘ. 

ɿʜʝʩʴ ʚ 1970-ʭ ʧʦʩʪʨʦʝʥʘ ʝʜʠʥʩʪʚʝʥʥʘʷ ʚ ʩʪʨʘʥʝ ʬʘʙʨʠʢʘ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʵʪʦʛʦ ʩʧʦʩʦʙʘ, 

ʢʦʪʦʨʳʡ ʫʩʧʝʰʥʦ ʥʘʯʘʣʠ ʚʥʝʜʨʷʪʴ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ ʨʫʜ ʚ ɹʦʣʠʚʠʠ. ʅʦ ʛʨʷʥʫʚʰʘʷ 

ʚʩʝʨʘʟʨʫʰʘʶʱʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʨʘʟʨʫʰʠʣʘ ʚʩʝ ʧʣʘʥʳ ʠ ʚ 1993 ʛʦʜʫ ʜʝʷʪʝʣʴʥʦʩʪʴ ʝʸ, ʢʘʢ ʠ 

ɻʆʂʘ ʚ ʮʝʣʦʤ ʙʳʣʘ ʦʩʪʘʥʦʚʣʝʥʘ. ɺʩʝʛʦ ʥʘ 1 ʷʥʚʘʨʷ 1991ʛʦʜʘ ʙʳʣʦ ʜʦʙʳʪʦ 22 516 ʪʳʩ. ʪʦʥʥ 

ʨʫʜʳ, ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʝʨʘʙʦʪʘʥʦ 15 409 ʪʳʩ.ʪ, 7107 ʪʳʩ.ʪ ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠ 

ʫʧʦʨʥʦʩʪʴʶ ʩʢʣʘʜʠʨʦʚʘʥʦ ʜʣʷ ʙʫʜʫʱʠʭ ʚʨʝʤʝʥ. ʀʟʚʣʝʯʝʥʦ ʚ ʢʦʥʮʝʥʪʨʘʪʳ ʦʢʦʣʦ 15 ʪʳʩ.ʪ 

ʦʣʦʚʘ ʠ ʚʤʝʩʪʝ ʩ ʥʠʤ ʦʢʦʣʦ 30 ʪ ʠʥʜʠʷ.  ɺʤʝʩʪʝ ʩ ʢʘʩʩʠʪʝʨʠʪʦʤ ʠʟ ʨʦʩʩʳʧʝʡ, ʚ ʢʦʪʦʨʦʤ 

ʩʦʜʝʨʞʘʣʦʩʴ ʚ ʩʨʝʜʥʝʤ 0,06% ʠʥʜʠʷ ʙʳʣʦ ʠʟʚʣʝʯʝʥʦ ʦʢʦʣʦ ʪʳʩʷʯʠ ʪʦʥʥ ʠʥʜʠʷ, ʘ ʩ 

ʚʦʣʴʬʨʘʤʠʪʦʤ ʠʟ ʨʦʩʩʳʧʝʡ ʠʟʚʣʝʢʘʣʩʷ ʠ ʩʢʘʥʜʠʡ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʥʝʤ ʩʦʩʪʘʚʣʷʣʦ 

0,026%.  

ʐʝʨʣʦʚʦʛʦʨʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʣʦʚʷʥʥʳʭ ʠ ʦʣʦʚʦʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʜʦ ʢʦʥʮʘ 

1970-ʭ ʥʘʨʷʜʫ ʩ ʍʘʧʯʝʨʘʥʛʦʡ ʠ ʨʦʩʩʳʧʷʤʠ ʚ ʂʳʨʠʥʩʢʦʤ ʠ ʂʨʘʩʥʦ-ʏʠʢʦʡʩʢʦʤ ʨʘʡʦʥʘʭ ʙʳʣʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʢʨʫʧʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʦʣʦʚʘ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʠ ʧʦʵʪʦʤʫ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ. ʆʩʥʦʚʥʦʡ ʠʭ ʟʘʩʣʫʛʦʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʦʣʦʚʦʤ, ʚʦʣʴʬʨʘʤʦʤ ʠ ʚʠʩʤʫʪʦʤ ʚ ʧʨʝʜʚʦʝʥʥʦʝ ʚʨʝʤʷ, ʚʦ ʚʨʝʤʷ ɺʝʣʠʢʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʚʦʡʥʳ ʠ ʚ ʧʝʨʠʦʜ ʧʦʩʣʝʚʦʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʆʪʥʦʰʝʥʠʝ ʢ ʥʠʤ ʠʟʤʝʥʠʣʦʩʴ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʥʘ ʩʝʚʝʨʝ ʗʢʫʪʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʇʦʣʷʨʥʦʝ, ʉʚʝʪʣʦʝ, ʆʜʠʥʦʢʦʝ ʠ ʜʨʫʛʠʭ ʛʨʝʡʟʝʥʦʚʦʡ ʠ ʢʚʘʨʮ-ʢʘʩʩʠʪʝʨʠʪʦʚʦʡ ʬʦʨʤʘʮʠʡ ʩ 

ʣʝʛʢʦ ʦʙʦʛʘʱʘʝʤʳʤʠ ʨʫʜʘʤʠ, ʘ ʪʘʢʞʝ ʮʝʣʦʡ ʩʝʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʫʣʴʬʠʜʥʦ-

ʢʘʩʩʠʪʝʨʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʚ ʇʨʠʤʦʨʴʝ. 

ʆʩʪʘʪʦʢ ʨʫʜʳ ʚ ʢʘʨʴʝʨʝ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʦʣʦʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 22 712 ʪʳʩ.ʪ. ʇʨʠ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʠ ʦʣʦʚʘ 0,1% ʵʪʦ ʩʦʩʪʘʚʣʷʝʪ 22 170 ʪ, ʘ 

ʟʘʧʘʩʳ ʠʥʜʠʷ  ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 1,52 ʛ/ʪ ï 34,52 ʪ. ʉʫʤʤʘʨʥʳʝ ʟʘʧʘʩʳ ʠʥʜʠʷ ʚ ʦʩʪʘʚʰʠʭʩʷ 

ʫʧʦʨʥʳʭ ʨʫʜʘʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʩʢʣʘʜʘʭ, ʩʦʩʪʘʚʣʷʶʪ 34,03 ʪ. ʈʘʩʯʝʪʳ ʟʘʧʘʩʦʚ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ, ʤʘʩʩʘ ʢʦʪʦʨʳʭ 17 617,3 ʪʳʩ. ʪ, ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʩʢʘʥʜʠʷ 

2078,8 ʪ, ʜʣʷ ʚʠʩʤʫʪʘ 369,38 ʪ, ʜʣʷ ʢʘʜʤʠʷ 192 ʪ, ʜʣʷ ʙʝʨʠʣʣʠʷ 192 ʪ, ʜʣʷ ʣʠʪʠʷ 704 ʪ, ʘ ʪʘʢʞʝ 

174,3 ʪ ʩʝʨʝʙʨʘ. ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ (ʪʳʩ. ʪ.): 45,8 ʩʚʠʥʮʘ, 72,2 ʮʠʥʢʘ, 10 

ʦʣʦʚʘ ʠ 1,8 ʚʦʣʴʬʨʘʤʘ.  

ʅʝ ʧʝʨʝʨʘʙʦʪʘʥʥʘʷ ʛʦʨʥʘʷ ʤʘʩʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʶ ʤʘʩʩʠʚʳ ʜʦʙʳʪʦʡ ʨʫʜʳ, ʨʘʩʧʨʝʜʝʣʝʥʘ 

ʤʝʞʜʫ ʪʨʝʤʷ ʦʪʚʘʣʘʤʠ. ʉʝʚʝʨʥʳʡ ʦʪʚʘʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʦʩʪʦʷʣ ʠʟ ʯʝʪʳʨʝʭ ʫʯʘʩʪʢʦʚ, ʥʦ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʦʛʨʦʤʥʳʡ ʝʜʠʥʳʡ ʦʪʚʘʣ. ɼʨʫʛʠʝ ʤʘʩʩʠʚʳ ʫʧʦʨʥʳʭ 

ʨʫʜ ʩʣʘʛʘʶʪ ʖʞʥʳʡ ʠ ɺʦʩʪʦʯʥʳʡ ʦʪʚʘʣʳ. ɿʘ ʚʨʝʤʷ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ 30 ʣʝʪ (1993- 

2023 ʛʛ.) ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠʭ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʦʢʠʩʣʝʥʠʝ, 

ʛʠʜʨʘʪʘʮʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʛʝʥʪʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ) ʠʟʤʝʥʠʣʩʷ, ʠ ʚ 

ʥʠʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʛʝʦʪʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʙʲʝʤ ʛʝʦʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʧʦ ʦʪʚʘʣʘʤ 

ʢʘʨʴʝʨʘ ʉʦʧʢʠ ɹʦʣʴʰʘʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. ʆʙʱʠʝ ʟʘʧʘʩʳ ʛʦʨʥʦʡ ʤʘʩʩʳ ʵʪʦʛʦ ʩʳʨʴʷ 

ʩʦʩʪʘʚʣʷʶʪ 124 304 ʪʳʩ. ʪ, ʚ ʪʦʤ ʯʠʩʣʝ ï 76 389 ʪʳʩ. ʪ ʫʧʦʨʥʳʭ ʨʫʜ. 

ʊʘʙʣʠʮʘ 1 

ʆʙʲʝʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʚ ʦʪʚʘʣʘʭ ʢʘʨʴʝʨʘ ʉʦʧʢʠ ɹʦʣʴʰʘʷ (ʧʦ: ɺʦʨʦʩʦʚ, 1997 ʛ.) 

ʇʦʢʘʟʘʪʝʣʠ 
ʆʪʚʘʣʳ ʫʧʦʨʥʳʭ ʨʫʜ ʉʝʚʝʨʥʳʡ ʦʪʚʘʣ, ʫʯʘʩʪʢʠ 

ʖʞʥʳʡ ɺʦʩʪʦʯʥʳʡ 1 2 3 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʘʣʘ, 

ʪʳʩ. ʤ
2
  

99 207,1 174,8 65,7 259,8 

ʂʦʣʠʯʝʩʪʚʦ ʛʦʨʥʦʡ ʤʘʩʩʳ, 

ʪʳʩ. ʪ 
5460 21036 102808 

ɿʘʧʘʩ ʨʫʜʳ, ʪʳʩ.ʪ. 5370 12542 58477 

ɺʳʩʦʪʘ ʦʪʚʘʣʘ, ʤ   40 
ʦʪ 17 ʜʦ 39 ʥʘ ʶʞʥʦʤ 

ʬʣʘʥʛʝ 
46 
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʤʠ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʐʫʤʠʣʦʚʘ ʠ ʜʨ., 2022) ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʠʟʚʣʝʯʝʥʠʷ ʨʝʜʢʠʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʐʝʨʣʦʚʦʛʦʨʩʢʦʡ 

ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ, ʧʝʨʝʨʘʙʘʪʳʚʘʚʰʝʡ ʦʣʦʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ ʵʪʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʇʨʦʙʣʝʤʘ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʛʦ ʩʳʨʴʷ. ɼʦʙʳʯʘ ʙʝʨʠʣʣʘ ʠ ʪʦʧʘʟʘ ʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʝ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ, ʢʦʛʜʘ ʦʥʘ ʚʝʣʘʩʴ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ 

ʇ.ʇ. ʉʫʱʠʥʩʢʦʛʦ, ʠ ʟʘ ʪʨʠ ʛʦʜʘ ʙʳʣʦ ʜʦʙʳʪʦ ʦʢʦʣʦ 300 ʢʛ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʩʳʨʴʷ, ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʠʟʫʯʝʥʠʝʤ ʩʘʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʦʵʪʦʤʫ ʤʥʦʛʠʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʩʪʨʦʝʥʠʷ, ʫʩʣʦʚʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʤʠʥʝʨʘʣʦʛʠʠ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʥʘ ʶʚʝʣʠʨʥʦʝ ʩʳʨʴʝ ʤʠʥʝʨʘʣʴʥʳʭ ʪʝʣ, ʫʪʨʘʯʝʥʘ. ʆʙʱʝʝ ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʳʪʦʛʦ 

ʶʚʝʣʠʨʥʦʛʦ ʠ ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʙʝʨʠʣʣʘ ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʅʦ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ, ʘʥʘʣʠʟ ʚʩʝʭ ʜʘʥʥʳʭ ʦ ʝʛʦ ʜʦʙʳʯʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʥʘʯʘʣʦ 1990-ʭ ʦʥʘ 

ʩʦʩʪʘʚʠʣʘ ʥʝ ʤʝʥʝʝ 3,5 ʪ (17,5 ʤʣʥ ʢʘʨʘʪ!).  

ʇʦʩʣʝ ʨʘʙʦʪ ʇ.ʇ. ʉʫʱʠʥʩʢʦʛʦ ʚʧʣʦʪʴ ʜʦ ʩʝʨʝʜʠʥʳ ʍʍ ʚʝʢʘ ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʫʪʨʘʪʠʣʘ 

ʟʥʘʯʝʥʠʝ ʢʘʢ ʚʘʞʥʳʡ ʠʩʪʦʯʥʠʢ ʩʘʤʦʮʚʝʪʦʚ. ɺ ʧʝʨʠʦʜ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʩʪʨʘʥʳ ʦʥʘ 

ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʦʣʦʚʘ, ʚʠʩʤʫʪʘ, ʠ ʚʦʣʴʬʨʘʤʘ, ʠ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ, 

ʙʝʨʠʣʣʠʷ. 

ɺ 1957-1959 ʛʦʜʘʭ ʧʘʨʪʠʷ ʄɻʈʀ ʚ ʩʦʩʪʘʚʝ ʀ.ʌ. ɻʨʠʛʦʨʴʝʚʘ, ɺ.ɺ. ɸʨʠʩʪʦʚʘ ʠ ʜʨʫʛʠʭ 

ʩʦʩʪʘʚʠʣʘ ʢʦʥʜʠʮʠʦʥʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ʨʘʡʦʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʠ ɸʜʫʥ-ʏʝʣʦʥʘ 

ʤʘʩʰʪʘʙʘ 1:50 000. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ʄɻʈʀ ʩʦʩʪʘʚʣʝʥʘ ʜʝʪʘʣʴʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʢʘʨʪʘ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʤʘʩʰʪʘʙʘ 1:2 000. ɽ.ʀ. ɼʦʣʦʤʘʥʦʚʦʡ ʚ 1961 ʛʦʜʫ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʛʥʝʟʜʘ ʩ ʘʢʚʘʤʘʨʠʥʦʤ ʧʨʠʫʨʦʯʝʥʳ ʢ ʣʝʡʢʦʢʨʘʪʦʚʳʤ ʪʠʧʘʤ ʛʨʝʡʟʝʥʦʚ 

(ʢʚʘʨʮʝʚʦ-ʪʦʧʘʟʦʚʳʤ, ʢʚʘʨʮʝʚʳʤ ʠ ʪʦʧʘʟʦʚʳʤ). 

ɺ 1960-1965 ʛʦʜʘʭ. ʐʝʨʣʦʚʦʛʦʨʩʢʦʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ ʧʘʨʠʝʡ ʄʠʥʠʩʪʝʨʩʪʚʘ ʎʚʝʪʥʦʡ 

ʄʝʪʘʣʣʫʨʛʠʠ (ɺ.ɸ. ɻʫʱʠʥ) ʧʨʦʚʝʜʝʥʳ ʧʦʠʩʢʦʚʦ-ʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʤʘʩʰʪʘʙʘ 1:10 000 ʥʘ 

ʧʣʦʱʘʜʠ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (6.6 ʢʤ
2
). ʉʦʩʪʘʚʣʝʥʘ ʢʦʥʜʠʮʠʦʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʢʘʨʪʘ ʤʘʩʰʪʘʙʘ 1:10 000 ʠ ʚʳʜʝʣʝʥʳ ʫʯʘʩʪʢʠ ʜʣʷ ʧʦʠʩʢʦʚ ʩʢʨʳʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ʆʩʥʦʚʥʳʝ 

ʩʚʝʜʝʥʠʷ ʦ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʞʠʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʫʩʣʦʚʠʷʭ, ʧʨʦʮʝʩʩʘʭ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʤʠʥʝʨʘʣʦʚ ʚʳʷʚʣʝʥʳ ʚ 

ʪʨʫʜʘʭ ʆ. ɼ. ʃʝʚʠʮʢʦʛʦ, ʌ.ɺ. ʏʫʭʨʦʚʘ ʠ ʅ.ʅ. ʉʤʦʣʴʷʥʠʥʦʚʘ, ɸ.ɻ. ʊʝʨʝʰʝʪʩʢʦʡ ʠ 

ɻ.ɸ. ɺʦʣʞʝʥʢʦʚʦʡ, ʆ.ɺ. ʂʦʥʦʥʦʚʘ, ɺ.ʌ. ɹʘʨʘʙʘʥʦʚʘ,  ɼ.ʆ. ʆʥʪʦʝʚʘ [19], ɽ.ʀ. ɼʦʣʦʤʘʥʦʚʦʡ, 

ʇ.ʄ. ɸʥʦʩʦʚʘ, ɻ.ɸ. ʖʨʛʝʥʩʦʥʘ ʠ ʜʨ. ʀʟʫʯʝʥʠʝʤ ʧʦʚʝʜʝʥʠʷ ʨʝʜʢʠʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʜʣʷ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʟʘʥʠʤʘʣʠʩʴ ʀ.ʇ. ɿʣʘʪʦʛʫʨʩʢʘʷ ʠ ʄ.ʄ. ʈʦʤʘʥʦʚʘ (1958 ʛ.), 

ɻ.ɸ. ʄʝʣʴʥʠʢʦʚ (1960 ʛ.), ʀ.ɸ. ɼʝʤʢʠʥʘ ʠ ɺ.ɺ. ɼʨʘʥʢʦʚʘ (1960 ʛ.), ʊ.ʌ. ʋʪʢʠʥʘ ʠ 

ʄ.ʃ. ɼʝʤʢʠʥʘ (1962 ʛ.), ʀ.ʀ. ɹʫʨʣʫʪʩʢʘʷ ʠ ɻ.ʅ. ɻʦʥʯʘʨʦʚ (1962 ʛ.). 

ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʠ ʙʝʨʠʣʣʠʷ ʠ ʤʝʩʪʦ ʙʝʨʠʣʣʘ ʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠʟʫʯʘʣʦʩʴ ɸ.ɸ. ɹʝʫʩʦʤ [2]. ɺ.ʌ. ɹʘʨʘʙʘʥʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʥʘʯʠʥʘʷ ʩ 1951 

ʛʦʜʘ ʧʦʩʝʱʘʣ ʐʝʨʣʦʚʫʶ ɻʦʨʫ ʠ ʧʨʦʚʦʜʠʣ ʧʦʣʝʚʦʝ ʠʟʫʯʝʥʠʝ ʚ 1951, 1953, 1956, 1962, 1963 ʠ 

1968 ʛʦʜʘʭ, ʬʘʢʪʠʯʝʩʢʠ ʙʦʣʝʝ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ. ʀʥʪʝʨʝʩ ɺ.ʌ. ɹʘʨʘʙʘʥʦʚʘ ʢ ʐʝʨʣʦʚʦʡ ɻʦʨʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥʘ ʚ 30-40-ʭ ʛʦʜʘʭ XX ʚʝʢʘ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʣʴʬʨʘʤʘ ʚ ʉʉʉʈ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʣʴʬʨʘʤʘ, ɺ.ʌ. ɹʘʨʘʙʘʥʦʚ ʚʳʧʦʣʥʠʣ ʠʭ ʢʦʤʧʣʝʢʩʥʦʝ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ, ʚʳʷʚʠʣ ʪʠʧʦʤʦʨʬʥʳʝ ʧʨʠʟʥʘʢʠ ʤʠʥʝʨʘʣʦʚ ʠ ʧʨʝʜʣʦʞʠʣ ʩʚʦʝ 

ʚʠʜʝʥʠʝ ʠʭ ʛʝʥʝʟʠʩʘ [1].  

ʇʦ ʩʫʪʠ ʜʝʣʘ, ʠ ʧʝʨʚʳʡ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ, ʦʯʝʨʢ ʠʩʪʦʨʠʠ ʠʟʫʯʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʳʣ 

ʜʘʥ ʠʤ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ (ɼʊɸ, ʀʂʉ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ, ʤʠʢʨʦʟʦʥʜ ʠ ʜʨ.). ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʥʦ ʠ ʠʭ 

ʬʨʘʛʤʝʥʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʝʨʚʳʝ ʜʘʥʥʳʝ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʨʠʤʝʩʝʡ ʠ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʦ ʦʢʨʘʰʝʥʥʳʭ ʟʦʥ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ. ʕʪʠ ʞʝ 

ʢʨʠʩʪʘʣʣʳ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 
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ʩʚʝʪʦʧʨʝʣʦʤʣʝʥʠʝ ʠ ʧʣʦʪʥʦʩʪʴ ʚ ʙʝʨʠʣʣʘʭ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʱʝʣʦʯʝʡ, ʥʦ ʠ 

Fe2O3 ʠ ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʠʭ ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʦʜʳ. ʆʪʩʶʜʘ ʩʣʝʜʦʚʘʣʦ, ʯʪʦ 

ʣʠʰʴ ʯʘʩʪʴ ʱʝʣʦʯʝʡ ʩʚʷʟʘʥʘ ʩ ʠʟʦʤʦʨʬʠʟʤʦʤ, ʜʨʫʛʘʷ ʞʝ ï ʩ ʛʘʟʦʚʦ-ʞʠʜʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, 

ʢʘʢ ʨʘʥʝʝ ʧʦʢʘʟʘʣʘ ʊ.ɸ. ʃʫʢʲʷʥʦʚʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ 

ʙʳʣʦ ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʛʦʣʫʙʘʷ ʦʢʨʘʩʢʘ ʘʢʚʘʤʘʨʠʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ʩʦʦʪʥʦʰʝʥʠʷ Fe
3+

/ Fe
2+
. ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʫʯʝʥʠʢʦʤ ɺ.ʌ. ɹʘʨʘʙʘʥʦʚʘ ɻ.ʅ. ɻʦʥʯʘʨʦʚʳʤ 

ʩʦʚʤʝʩʪʥʦ ʩ ɸ.ɺ. ɹʘʨʘʙʘʥʦʚʳʤ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʤʳʩʣʴ ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʦʪ 

ʞʝʣʪʦʡ ʜʦ ʛʦʣʫʙʦʡ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ Fe
3+

/ Fe
2+

 ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʨʠʣʣʘ. 

ʆʜʥʘʢʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤ ʞʝʣʝʟʘ ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʥʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʠ ʚʳʚʦʜ ʵʪʦʪ ʥʝ 

ʧʦʜʪʚʝʨʞʜʝʥ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʚʫʭ ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ [1]. ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʡ ʵʪʠʭ ʬʦʨʤ ʞʝʣʝʟʘ ʤʝʪʦʜʦʤ ʕʇʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ ʨʷʜʫ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ ʙʝʨʠʣʣʘ ʦʪ ʙʝʩʮʚʝʪʥʦʛʦ ʯʝʨʝʟ ʛʦʣʫʙʦʡ, ʛʦʣʫʙʦʚʘʪʦ-

ʟʝʣʝʥʳʡ, ʟʝʣʝʥʳʡ, ʞʝʣʪʳʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʘʩʪʘʥʠʝ ʜʦʣʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, 

ʟʘʤʝʱʘʶʱʝʛʦ ʘʣʶʤʠʥʠʡ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ [59]. ʂʨʦʤʝ ʪʦʛʦ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ 

ʙʝʨʠʣʣʘʭ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʚ ʢʘʯʝʩʪʚʝ ʭʨʦʤʦʬʦʨʦʚ ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ Cr ʠ V [35, 

43]. ʆʪʢʨʳʪʳʤʠ ʦʩʪʘʣʠʩʴ ʚʦʧʨʦʩʳ ʠʩʪʦʯʥʠʢʦʚ ʚʝʱʝʩʪʚʘ, ʈʊʍ ʫʩʣʦʚʠʡ, ʜʠʥʘʤʠʢʠ ʠ ʢʠʥʝʪʠʢʠ 

ʨʦʩʪʘ ʘʟʦʥʘʣʴʥʳʭ ʠ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʶʚʝʣʠʨʥʦʛʦ ʢʘʯʝʩʪʚʘ.  

ʀ ʣʠʰʴ ʚ ʢʦʥʮʝ 1970-ʭ ï ʥʘʯʘʣʝ 1990-ʭ ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʩʪʘʣʘ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʵʢʩʧʝʜʠʮʠʠ çɹʘʡʢʘʣʢʚʘʨʮʩʘʤʦʮʚʝʪʳè ʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʉʆ ɸʅ ʉʉʉʈ.  

ʉʦʪʨʫʜʥʠʢʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʉʆ ʈɸʅ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʚʳʷʚʠʣʠ ʪʨʠ ʪʠʧʘ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ: ʵʤʘʥʘʮʠʦʥʥʳʝ ʦʨʝʦʣʳ, ʦʨʝʦʣʳ ʛʨʝʡʟʝʥʦʚʦʛʦ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʪʠʧʦʚ. ʕʤʘʥʘʮʠʦʥʥʳʡ ʦʨʝʦʣ ʥʘʯʠʥʘʝʪ ʦʪʯʝʪʣʠʚʦ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʚ ʧʦʨʦʜʘʭ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ, 

ʚʤʝʱʘʶʱʠʭ ʠʥʪʨʫʟʠʠ, ʫʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 800 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʦʚʣʠ. ʄʝʥʴʰʠʝ ʨʘʟʤʝʨʳ ʠ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʵʢʟʦʢʦʥʪʘʢʪʦʚʳʤ ʟʦʥʘʤ ʠʥʪʨʫʟʠʡ ʦʙʥʘʨʫʞʠʚʘʶʪ ʣʠʪʠʡ, ʙʦʨ, ʬʦʩʬʦʨ, 

ʤʳʰʴʷʢ, ʩʝʨʝʙʨʦ, ʥʠʦʙʠʡ, ʭʣʦʨ ʠ ʥʘʪʨʠʡ; ʦʨʝʦʣʳ ʚʦʣʴʬʨʘʤʘ ʠ ʙʝʨʠʣʣʠʷ ʦʪʤʝʯʘʶʪʩʷ ʣʠʰʴ ʚ 

ʟʦʥʘʭ ʙʣʠʞʥʝʛʦ ʵʢʟʦʢʦʥʪʘʢʪʘ (ʊʨʦʰʠʥ ʠ ʜʨ., 1978 ʛ.).  

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʵʥʜʦʛʝʥʥʳʝ ʦʨʝʦʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʨʝʡʟʝʥʦʚ, ʨʘʟʚʠʪʳ ʚ 

ʛʨʝʡʟʝʥʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʪʘʭ ʠ ʧʝʩʯʘʥʠʢʘʭ, ʚʦʢʨʫʛ ʢʚʘʨʮ-ʢʘʩʩʠʪʝʨʠʪʦʚʳʭ ʠ ʢʚʘʨʮ-

ʚʦʣʴʬʨʘʤʠʪʦʚʳʭ ʨʫʜʥʳʭ ʪʝʣ. ʕʪʠ ʦʨʝʦʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ, 

ʙʝʨʠʣʣʠʷ, ʣʠʪʠʷ ʠ ʜʨ. ʆʪ ʵʤʘʥʘʮʠʦʥʥʳʭ ʦʨʝʦʣʦʚ ʵʢʟʦʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʳ ʠʥʪʨʫʟʠʡ ʦʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʦʨʝʦʣʝ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʦʣʦʚʘ, 

ʚʠʩʤʫʪʘ (ʊʨʦʰʠʥ ʠ ʜʨ., 1978 ʛ.).  

ʆʨʝʦʣʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʘ ʦʪʦʙʨʘʞʘʶʪ ʩʫʣʴʬʠʜʥʦ-ʢʘʩʩʠʪʝʨʠʪʦʚʳʝ (ʢʘʩʩʠʪʝʨʠʪ-

ʩʫʣʴʬʠʜʥʳʝ) ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʥʳʝ ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʵʪʠʭ 

ʦʨʝʦʣʦʚ ʦʪ ʵʤʘʥʘʮʠʦʥʥʳʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʦʨʘ, ʬʦʩʬʦʨʘ, ʤʳʰʴʷʢʘ ʠ 

ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʦʣʦʚʘ, ʤʝʜʠ (ʊʨʦʰʠʥ ʠ ʜʨ., 1978 ʛ.). ɿʥʘʥʠʝ ʧʨʠʨʦʜʳ ʵʪʠʭ 

ʦʨʝʦʣʦʚ ʦʧʨʝʜʝʣʷʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ 

ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʝ ʪʝʣʘ, ʧʨʦʜʫʢʪʠʚʥʳʝ ʥʘ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʝ ʩʳʨʴʝ. 

ɺ 1990-ʝ ʛʦʜʳ ɹʘʡʢʘʣʦ-ʉʘʷʥʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ "ɹʘʡʢʘʣʢʚʘʨʮʩʘʤʦʮʚʝʪʳ" ʧʨʦʠʟʚʝʜʝʥʘ 

ʧʝʨʝʦʮʝʥʢʘ ʥʘ ʮʚʝʪʥʳʝ ʢʘʤʥʠ ʤʘʩʩʠʚʘ ɸʜʫʥ-ʏʝʣʦʥ ʠ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ. 

ɼʦʢʘʟʘʥʦ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʧʨʝʜʝʣʘʭ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʦʪʢʨʳʪʘ ʞʠʣʘ ʅʦʚʘʷ, 

ʜʘʚʰʘʷ 12 ʧʨʦʙ ʦʙʱʠʤ ʚʝʩʦʤ 167 310 ʛ. ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 8-10 ʜʦ 130 ʤʤ ʚ 

ʜʣʠʥʫ ʠ 5-40 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ʉʦʚʤʝʩʪʥʦ ʩ ʥʠʤʠ ʙʳʣʦ ʠʟʚʣʝʯʝʥʦ ʦʢʦʣʦ 70 ʢʛ 

ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʜʨʫʟ, ʱʸʪʦʢ ʠ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʦʧʘʟʘ, ʢʚʘʨʮʘ ʠ 

ʘʢʚʘʤʘʨʠʥʘ. ʉʦʜʝʨʞʘʥʠʝ ʙʝʨʠʣʣʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʦ 869 ʛ/ʤ
3
 ʛʦʨʥʦʡ ʤʘʩʩʳ. ʕʪʠ ʨʘʙʦʪʳ 

ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʚ 1989 ï1996 ʛʛ. ʠ ʜʘʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʙʝʨʠʣʣ. 

ʇʨʠ ʵʪʦʤ ʦʮʝʥʢʘ ʥʘ ʪʦʧʘʟ ʠ ʛʦʨʥʳʡ ʭʨʫʩʪʘʣʴ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘʩʴ, ʭʦʪʷ ʬʘʢʪʠʯʝʩʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʭ ʙʳʣʘ ʷʩʥʘ.  

ɺ 1996-1998 ʛʦʜʘʭ (ɻ.ɸ. ʖʨʛʝʥʩʦʥ, ʊ.ʅ. ʖʨʛʝʥʩʦʥ, 1996 ʛ., ɻ.ɸ. ʖʨʛʝʥʩʦʥ, 1998 ʛ.) 

ʠʟʫʯʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʛʦ ʩʳʨʴʷ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɿʘʙʘʡʢʘʣʴʷ ʠ ʜʘʥʘ ʠʭ ʧʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ, ʚʳʧʦʣʥʷʚʰʘʷʩʷ ʧʦ ʟʘʜʘʥʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ 
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ʨʝʛʠʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʯʠʩʣʘ ʟʘʧʘʩʦʚ ʠ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ, ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʘʭ 2 ʠ 3. 

ʊʘʙʣʠʮʘ 2 

ɿʘʧʘʩʳ ʩʦʨʪʦʚʦʛʦ ʙʝʨʠʣʣʘ ʥʘ ʐʝʨʣʦʚʦʛʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.93) 

ʋʯʘʩʪʦʢ   
ɿʘʧʘʩʳ, ʢʛ 

ʂʘʪʝʛʦʨʠʷ 
ɺʩʝʛʦ ʌʘʩʝʪʥʦʡ ʦʛʨʘʥʢʠ ʂʘʙʦʰʦʥ ʠ ʛʘʣʪʦʚʢʘ 

ʇʦʜʥʝʙʝʩʥʳʭ, ʢʦʨʝʥʥʳʝ 154 -        - ʉ2 

ʨʦʩʩʳʧʴ 154,796 63,112   91,684 ʉ1 + ʉ2 

ʄʠʣʣʠʦʥʥʘʷ, ʨʦʩʩʳʧʴ 68,5 2,287 65,213 ʉ1 

ɻʝʣʠʦʜʦʨʦʚʘʷ, ʨʦʩʩʳʧʴ 74,8 - 74,8 ʉ1 

ɺʩʝʛʦ 452,096 65,399   231,697  

 

ʆʙʱʠʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʮʠʬʨʳ ʦʮʝʥʢʠ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ ʙʝʨʠʣʣʘ-ʩʳʨʮʘ (ʙʝʨʠʣʣ, 

ʘʢʚʘʤʘʨʠʥ, ʛʝʣʠʦʜʦʨ) ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.1998 

(ʖʨʛʝʥʩʦʥ, 1998 ʛ.) ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 3 

ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʙʝʨʠʣʣʘ-ʩʳʨʮʘ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʆʙʲʝʢʪ 
ʈʝʩʫʨʩʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ, ʢʛ 

ʀʩʪʦʯʥʠʢ 
ʈ1 ʈ2 ʈ3 ʀʪʦʛʦ 

ʇʦʜʥʝʙʝʩʥʳʭ ʢʦʨʝʥʥʳʝ 
 

- 

 

- 

 

975 

 

975 

 

ʉʳʯʝʚ, 1980 

 425 - - 425 ʂʳʯʘʢʦʚ, 1993 

ʈʦʩʩʳʧʥʳʝ 259 - - 259 ɼʘʥʠʣʦʚ, 1993 

ʄʠʣʣʠʦʥʥʘʷ - 450 - 450 ʂʳʯʘʢʦʚ, 1993 

ʅʦʚʘʷ 322 - - 322 ʉʳʯʝʚ, 1980 

ʇʨʦʷʚʣʝʥʠʷ ʉʦʧʢʠ 

ʄʝʣʝʭʠʥʩʢʦʡ 
- 255 - 255 ʂʳʯʘʢʦʚ, 1993 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʦʱʘʜʠ 

ʵʥʜʦʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʳ 
- 1018 - 1018 ʊʦ ʞʝ 

- ʪʦ ʞʝ, ʚ ʩʢʨʳʪʳʭ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʪʝʣʘʭ 
- 1811 - 1811 ʊʦ ʞʝ 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʯʘʩʪʠ 

ʧʨʠʢʫʧʦʣʴʥʦʡ ʯʘʩʪʠ 
- - 680 680 ʊʦ ʞʝ 

ʋʯʘʩʪʦʢ ʞʠʣʳ 

ʅʦʚʠʢʦʚʩʢʦʡ 
     

- ʢʦʨʝʥʥʳʝ - 71 - 71 ʅʘʰʠ ʜʘʥʥʳʝ 

- ʨʦʩʩʳʧʥʳʝ - 1244 - 1244 ʊʦ ʞʝ 

ʋʯʘʩʪʦʢ ɺʦʩʪʦʯʥʳʡ, 

ʢʦʨʝʥʥʳʝ 
- 1825 - 1825 ʊʦ ʞʝ 

ɿʦʣʦʪʦʡ ʆʪʨʦʛ, ʨʦʩʩʳʧʥʳʝ - 1091 - 1091 ʊʦ ʞʝ 

ʉʝʚʝʨʥʳʡ ʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ ʩʦʧʢʠ 

ʆʙʚʠʥʩʢʦʡ 

- - 1698 1698 ʊʦ ʞʝ 

ɺʩʝʛʦ 10006 7765 3353 12124  

 

ʉ ʫʯʝʪʦʤ ʟʘʧʘʩʦʚ ʙʝʨʠʣʣʘ ʢʘʪʝʛʦʨʠʡ ʉ1+ʉ2 ʚ ʢʦʣʠʯʝʩʪʚʝ 452,096 ʢʛ ʠ ʨʝʩʫʨʩʦʚ ʢʘʪʝʛʦʨʠʡ 

ʈ1+ʈ2+ʈ3 ʚ ʢʦʣʠʯʝʩʪʚʝ 12124 ʢʛ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʐʝʨʣʦʚʦʛʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚʘʞʥʝʡʰʠʤ 

ʨʝʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʶʚʝʣʠʨʥʦʛʦ ʙʝʨʠʣʣʘ ʚ ʩʪʨʘʥʝ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʶʚʝʣʠʨʥʳʡ ʪʦʧʘʟ, 

ʚ 1998 ʛ. ʚʧʝʨʚʳʝ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʝʛʦ ʨʝʩʫʨʩʦʚ. ʋʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʡ 
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ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʩʳʨʴʷ ʪʦʧʘʟʘ ʠ ʙʝʨʠʣʣʘ ʢʘʢ 1:10, ʤʠʥʠʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʪʦʧʘʟʘ-

ʩʳʨʮʘ ʧʦ ʢʘʪʝʛʦʨʠʠ ʈ1 ʫʯʪʝʥʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 100 ʢʛ, ʈ2 ï 776 ʢʛ ʠ ʈ3 ï 330 ʢʛ, ʚʩʝʛʦ ï ʦʢʦʣʦ 

1200 ʢʛ ʧʨʠ ʚʳʭʦʜʝ ʦʛʨʘʥʦʯʥʳʭ ʠ ʜʨʫʛʠʭ ʩʦʨʪʦʚ 60%. 

ʈʘʥʝʝ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʶʚʝʣʠʨʥʦʛʦ ʠ ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʩʳʨʴʷ ʥʠʢʝʤ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ 

ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʝ ʟʜʝʩʴ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ 

ʝʛʦ ʦʙʳʯʥʦ ʚʥʝʰʥʝ ʥʝʚʟʨʘʯʥʳ ʠ ʥʝʧʨʦʟʨʘʯʥʳ, ʧʦʯʪʠ ʚʩʝ ʦʥʠ ʯʝʨʥʳʝ ʠ ʦʙʳʯʥʦ ʧʦʢʨʳʪʳ 

ʧʣʝʥʢʦʡ ʛʣʠʥʠʩʪʦ-ʛʝʪʠʪʦʚʦʛʦ, ʠʥʦʛʜʘ ʩ ʪʫʨʤʘʣʠʥʦʤ, ʤʘʪʝʨʠʘʣʘ.  

ɺ 2013 ʛʦʜʫ ʘʚʪʦʨ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʟʨʘʯʥʦʛʦ ʧʦʟʜʥʝʛʦ ʢʚʘʨʮʘ, 

ʜʦʙʳʪʳʝ ʠʟ ʚʳʨʘʙʦʪʢʠ ʦʜʥʦʛʦ ʠʟ ʩʪʘʨʘʪʝʣʝʡ. ɺʳʨʝʟʘʥʥʳʝ ʠʟ ʥʝʛʦ ʠ ʦʪʧʦʣʠʨʦʚʘʥʥʳʝ 

ʧʣʘʩʪʠʥʳ ʦʢʘʟʘʣʠʩʴ ʪʨʝʭʮʚʝʪʥʳʤʠ. ɺ ʥʠʭ ʯʝʨʝʜʦʚʘʣʠʩʴ ʟʦʥʳ ʣʠʤʦʥʥʦ-ʞʝʣʪʦʛʦ ʠ ʜʳʤʯʘʪʦ-

ʩʠʨʝʥʝʚʦʛʦ ʮʚʝʪʘ ʩ ʙʝʩʮʚʝʪʥʳʤʠ, ʩʦʟʜʘʚʘʷ ʩʚʦʝʦʙʨʘʟʥʳʡ ʨʠʩʫʥʦʢ. ɺ ʜʨʫʛʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʳʤʯʘʪʦ-ʮʠʪʨʠʥʦʚʦʡ ʠ ʜʳʤʯʘʪʦ-ʩʠʨʝʥʝʚʦʡ ʦʢʨʘʩʢʠ ʦʢʘʟʘʣʦʩʴ 

ʩʝʢʪʦʨʠʘʣʴʥʳʤ, ʪʠʧʠʯʥʳʤ ʜʣʷ ʨʝʜʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʚʘʨʮʘ, ʠʤʝʥʫʝʤʦʡ ʘʤʝʪʨʠʥʦʤ. 

ʅʘʟʚʘʥʠʝ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʩʦʯʝʪʘʥʠʷ ʘʤʝʪʠʩʪʘ (ʩʠʨʝʥʝʚʘʷ ʯʘʩʪʴ) ʠ ʮʠʪʨʠʥʘ (ʣʠʤʦʥʥʦ-

ʞʝʣʪʘʷ ʯʘʩʪʴ). ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʚ ʚʳʨʘʙʦʪʢʝ ʩʪʘʨʘʪʝʣʷ ɹʘʣʘʛʫʨʦʚʘ ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ʉʦʧʢʠ 

ʃʫʢʘʚʦʡ ʧʨʠ ʝʸ ʚʝʨʰʠʥʝ ʩʦʙʨʘʥʦ ʙʦʣʝʝ 50 ʪʝʤʥʦ-ʜʤrʯʘʪʳʭ ʧʨʦʩʚʝʯʠʚʘʶʱʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʢʚʘʨʮʘ ʜʣʠʥʦʡ ʜʦ 15 ʩʤ (ʨʠʩʫʥʦʢ 3), ʠʤʝʶʱʠʭ ʧʦʜʦʙʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʢʨʘʩʢʠ. 

ʀʟʫʯʝʥʠʝ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʷʚʠʣʦ ʠʭ ʩʣʦʞʥʦ-

ʩʝʢʪʦʨʠʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩʫʥʦʢ 4). ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʪʘʢʦʛʦ ʢʚʘʨʮʘ ʢʘʙʦʰʦʥ ʦʢʘʟʘʣʩʷ 

ʚʝʩʴʤʘ ʵʬʬʝʢʪʥʳʤ. ɸʤʝʪʨʠʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʚʠʜ ʶʚʝʣʠʨʥʦʛʦ ʠ 

ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʩʳʨʴʷ ʐʝʨʣʦʚʦʡ ɻʦʨʳ [33]. 

 

ʈʠʩʫʥʦʢ 3. ʂʨʠʩʪʘʣʣʳ ʘʤʝʪʨʠʥʘ. ɺʳʨʘʙʦʪʢʘ ɹʘʣʘʛʫʨʦʚʘ. ʐʝʨʣʦʚʘʷ ɻʦʨʘ. 2013 ʛ. 

 

ʈʠʩʫʥʦʢ 4. ʉʨʝʟ ʢʨʠʩʪʘʣʣʘ ʘʤʝʪʨʠʥʘ ʩʦ ʩʣʦʞʥʳʤ ʩʝʢʪʦʨʠʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ 

  

ʆʢʨʘʩʢʘ ʦʪʜʝʣʴʥʳʭ ʟʦʥ ʠ ʩʝʢʪʦʨʦʚ ʘʤʝʪʨʠʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʘʨʷʜʫ ʩ 

ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʤʠ ʪʝʪʨʘʵʜʨʘʤʠ AlO4
--1

 ʠ FeO4
ï 1

 ʪʝʪʨʘʵʜʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʝʥʩʘʪʦʨʦʚ ʟʘʨʷʜʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Na
+1 
ʠ Li

+1
. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʤʝʪʠʩʪʦʚʦʡ ʦʢʨʘʩʢʠ ʥʝʦʙʭʦʜʠʤʘ ʢʠʩʣʘʷ ʩʨʝʜʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 
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ʠʟʙʳʪʢʦʤ ʬʪʦʨʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʞʠʣʴʥʦʤ ʧʘʨʘʛʝʥʝʟʠʩʝ 

ʬʣʶʦʨʠʪʘ ʠ ʪʦʧʘʟʘ. ʇʦʩʣʝʜʥʠʡ ʦʙʨʘʟʫʝʪ ʦʜʥʫ ʠʟ ʧʦʩʣʝʢʚʘʨʮʝʚʳʭ ʛʝʥʝʨʘʮʠʡ. ʌʣʶʦʨʠʪ ʞʝ 

ʚʳʜʝʣʷʝʪʩʷ ʧʦʩʣʝ ʪʦʧʘʟʘ [33]. 

ʆʜʥʘʢʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʐʝʨʣʦʚʦʡ ʛʦʨʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʧʦʠʩʢʦʚʳʝ ʠ ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʩ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʝʡ, ʜʝʣʦ ʜʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʦʙʳʯʠ 

ʩʘʤʦʮʚʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʪʘʢ ʠ ʥʝ 

ʜʦʰʣʦ ʠ ʜʦ ʩʠʭ ʧʦʨ ʧʨʠ ʜʦʙʳʯʝ ʩʘʤʦʮʚʝʪʦʚ ʥʝ ʧʨʦʚʦʜʠʪʩʷ ʠʟʫʯʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʣʠʮʝʥʟʠʦʥʥʳʤʠ ʜʦʛʦʚʦʨʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʣʠʮʝʥʟʠʦʥʥʳʤ 

ʜʦʛʦʚʦʨʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʚʳʨʘʙʦʪʦʢ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʘ 

ʦ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪʘʭ, ʥʘʯʠʥʘʷ ʩ 2016 ʛʦʜʘ ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʭʠʱʥʠʯʝʩʢʘʷ ʜʦʙʳʯʘ ʢʘʤʥʷ, ʘ ʚʩʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʫʪʨʘʯʠʚʘʝʪʩʷ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ 

ʷʚʣʷʝʪʩʷ ʥʝ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ɿʘʢʦʥʘ ʦ ʥʝʜʨʘʭ ʢʘʢ ʩʣʫʞʙʦʡ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʠ 

ɻʝʦʣʢʦʥʪʨʦʣʷ, ʪʘʢ ʠ ʚʣʘʜʝʣʴʮʘʤʠ ʣʠʮʝʥʟʠʡ.  

ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʥʠʢʘʣʴʥʦʛʦ ʩʳʨʴʷ ʐʝʨʣʦʚʦʡ ɻʦʨʳ 

ʘʜʤʠʥʠʩʪʨʘʮʠʝʡ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʤʝʩʪʥʦ ʩ ʚʣʘʜʝʣʴʮʝʤ ʣʠʮʝʥʟʠʠ 

ʧʨʦʚʝʩʪʠ ʨʘʙʦʪʫ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʯʘʩʪʥʦ-ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʦʣʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʜʦʙʳʚʘʝʤʦʛʦ ʢʨʠʩʪʘʣʣʦʩʳʨʴʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʘ ʩ ʚʳʧʫʩʢʦʤ ʛʦʪʦʚʦʡ 

ʶʚʝʣʠʨʥʦʡ ʠ ʩʫʚʝʥʠʨʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʩʦʦʨʛʘʥʠʟʘʪʦʨʘ ʵʪʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʦʜʥʦʛʦ ʠʟ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ.  

ʐʝʨʣʦʚʘʷ ʛʦʨʘ ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚ ʈʦʩʩʠʠ ʠʩʪʦʯʥʠʢʦʤ ʘʢʚʘʤʘʨʠʥʘ ʠ ʛʝʣʠʦʜʦʨʘ 

ʶʚʝʣʠʨʥʦʛʦ ʢʘʯʝʩʪʚʘ.  

ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʢʘʢ ʤʦʜʝʣʴʥʳʡ ʦʙʲʝʢʪ ʧʦʟʥʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʵʪʦʤ 

ʨʘʟʜʝʣʝ ʢʨʘʪʢʦ ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʧʣʘʥʦʚʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ 300 ʣʝʪ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ.  

ɸ.ɽ. ʌʝʨʩʤʘʥ ʥʘ ʧʨʠʤʝʨʝ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʥʘ 

ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʝ ʩʳʨʴʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʛʨʝʡʟʝʥʦʧʦʜʦʙʥʳʭ ʤʠʘʨʦʣʦʚʳʭ ʛʨʘʥʠʪʘʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʚʳʭ ʞʠʣʴʥʳʭ ʪʝʣ ʠ ʠʭ ʤʠʘʨʦʣ-ʨʘʟʜʫʚʦʚ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ 

ʟʘʥʠʤʘʶʪ ʥʝʢʦʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʧʝʛʤʘʪʠʪʘʤʠ ʠ ʧʥʝʚʤʘʪʦʣʠʪʘʤʠ. ʆʥ ʦʪʥʝʩ 

ʠʭ ʧʝʛʤʘʪʠʪʘʤ IV ʠ V ʪʠʧʘ [28, ʩʪʨ. 107]. ʅʘ ʩʪʨ. 120 ʵʪʦʡ ʨʘʙʦʪʳ ʦʥ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʧʨʠʤʝʨ çʥʝʨʘʟʜʝʣʝʥʠʷ ʧʥʝʚʤʘʪʦʣʠʪʘ ʧʝʛʤʘʪʠʪʘè. ɼʣʷ ʥʝʸ ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ çʧʨʦʮʝʩʩ ʥʘʯʘʣʘ ʛʝʦʬʘʟʳ Fè, ʢʦʜʘ ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʙʝʨʠʣʣ. ʅʦ ʥʘ ʜʠʘʛʨʘʤʤʝ 

7 ʵʪʦʡ ʢʘʧʠʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʥʘʯʘʣʦ ʚʳʜʝʣʝʥʠʷ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʧʦʢʘʟʘʥʦ ʧʨʠ 580-570 
o
C, 

ʟʘʪʝʤ ʚʳʜʝʣʷʝʪʩʷ ʩʠʥʠʡ, ʘʢʚʘʤʘʨʠʥ ʠ ʚ ʢʦʥʮʝ ʙʝʩʮʚʝʪʥʳʡ ʧʨʠ ʧʨʠʤʝʨʥʦ 429
o
C (ʪʘʙʣʠʮʘ 23, 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ 7, ʩʪʨ. 123). ʅʘ ʩʪʨ.120 ʦʥ ʧʠʰʝʪ ʚ çʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʧʨʠʥʠʤʘʶʪ ʙʦʣʝʝ ʜʝʷʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʦʩʪʘʪʦʯʥʳʝ ʧʝʛʤʘʪʠʪʦʚʳʝ ʨʘʩʧʣʘʚʳ ʠ 

ʠʭ ʧʦʟʜʥʝʡʰʠʝ ʜʝʩʪʠʣʣʷʪʳè. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʣʝʝ ʦʥ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ 

ʧʥʝʚʤʘʪʦʣʠʪʦʤ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ ʠ çéʧʦ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʙʳʪʴ ʦʪʥʝʩʝʥ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʛʝʦʬʘʟʘʤ EïFïG. (cʪʨ. 122)è. ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʝʜʠʥʦʡ 

ʩʠʩʪʝʤʝ ʩ ɸʜʫʥ-ʏʝʣʦʥʦʤ ʩ ʝʛʦ ʧʝʛʤʘʪʠʪʘʤʠ ʠ ʧʝʨʝʭʦʜʦʤ ʚ ç   ʦʩʦʙʳʝ ʧʥʝʚʤʘʪʦʣʠʪʳ, ʢʦʪʦʨʳʝ 

ʧʫʪʝʤ ʧʥʝʚʤʘʪʦʣʠʟʘ ʠ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʪʥʫʶ ʧʦʨʦʜʫ ʤʦʛʫʪ ʜʘʚʘʪʴ ʚ ʥʝʡ 

ʩʘʤʦʡ ʥʘʯʘʣʦ ʪʝʤ ʩʚʦʝʦʙʨʘʟʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ, ʢʦʪʦʨʳʝ ʥʘ ʐʝʨʣʦʚʦʡ ʛʦʨʝ ʷʚʣʷʶʪʩʷ ʧʦʜ 

ʠʤʝʥʝʤ çʢʚʘʨʮʝʚʘʪʦʡ ʧʦʨʦʜʳèï ʥʦʩʠʪʝʣʴʥʠʮʝ ʘʢʚʘʤʘʨʠʥʘ ʠ ʚʦʣʴʬʨʘʤʠʪʘ. ʇʘʨʘʛʝʥʝʪʠʯʝʩʢʠ 

ʚʩʝ ʪʨʠ ʧʝʨʝʭʦʜʷʪ ʜʨʫʛ ʚ ʜʨʫʛʘè [28, ʩʪʨ. 563]. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʙʝʨʠʣʣʝ, ʪʦʧʘʟʝ ʠ ʢʚʘʨʮʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʜʘʣʦʩʴ ʜʦʢʘʟʘʪʴ, ʯʪʦ 

ʥʘʯʘʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʦʧʘʟʘ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʙʦʣʴʰʠʤ ʫʯʘʩʪʠʝʤ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʘ ʙʝʨʠʣʣ ʫʞʝ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʠʟ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ-ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 642ï633
 o

C [42, 60]. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʝʜʠʥʩʪʚʦ ʤʘʛʤʘʪʠʟʤʘ ɸʜʫʥ-ʏʝʣʦʥʘ, ʜʘʚʰʝʛʦ ʤʠʘʨʦʣʦʚʳʝ 

ʧʝʛʤʘʪʠʪʳ, ʠ ʐʝʨʣʦʚʦʡ ɻʦʨʳ, ʛʜʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʛʨʝʡʟʝʥʦʧʦʜʦʙʥʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʪʝʣʘ ʩ ʙʝʨʠʣʣʦʤ ʠ ʪʦʧʘʟʦʤ ʠʟ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ -ʨʘʩʧʣʘʚʦʚ, ʙʳʣʦ ʜʦʢʘʟʘʥʦ 

ɸ.ʀ. ʂʫʣʘʛʘʰʝʚʳʤ (ʨʠʩʫʥʦʢ 5). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʳ ʤʦʞʝʤ ʦʞʠʜʘʪʴ ʥʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʧʝʛʤʘʪʠʪʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʘʜʫʥ-ʯʝʣʦʥʩʢʠʤ.  
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ʈʠʩʫʥʦʢ 5. ʉʦʯʣʝʥʝʥʠʝ ɸʜʫʥ-ʏʝʣʦʥʩʢʦʛʦ ʠ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ  ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʦʚ. ʇʦ ɸ.ʀ. 

ʂʫʣʘʛʘʰʝʚʫ (1971) ʩ ʫʪʦʯʥʝʥʠʷʤʠ ʧʦ [40] 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʬʦʨʤ ʠ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʦʙʥʘʨʫʞʝʥʳ ʠʥʜʠʚʠʜʳ ʠ ʠʭ 

ʩʨʦʩʪʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʪʨʝʫʛʦʣʴʥʳʤ ʠ ʨʦʤʙʠʯʝʩʢʠʤ ʩʝʯʝʥʠʝʤ (ʨʠʩʫʥʦʢ 6), ʩʦʚʝʨʰʝʥʥʦ 

ʪʠʧʠʯʥʳʤ ʜʣʷ ʬʦʨʤʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʨʠʩʫʥʦʢ 7).  

 

                                  

                     ʈʠʩʫʥʦʢ 6                                   ʈʠʩʫʥʦʢ 7                                        ʈʠʩʫʥʦʢ 8  

 

ʊʘʢʠʝ ʠʥʜʠʚʠʜʳ ʠ ʩʨʦʩʪʢʠ ʦʙʳʯʥʳ ʜʣʷ ʨʝʟʢʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʧʨʠʚʦʜʠʚʰʠʭ ʢ ʝʸ ʧʨʝʢʨʘʱʝʥʠʶ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʪʠʧʠʯʥʦʡ 

ʜʣʷ ʙʝʨʠʣʣʘ ʬʦʨʤʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ. ʅʝʨʝʜʢʦ ʵʪʦ ʯʝʪʢʦ ʠʣʣʶʩʪʨʠʨʫʶʪ ʩʝʯʝʥʠʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ (ʨʠʩʫʥʦʢ 8). 

ɺ 2005-2021 ʛʦʜʘʭ ʚ ʪʚʦʨʯʝʩʢʦʤ ʩʦʜʨʫʞʝʩʪʚʝ ʩ ʆ.ɺ. ʂʦʥʦʥʦʚʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ ʚ 

ʧʨʝʜʝʣʘʭ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʝʯʝʥʠʝʤ ʜʦ 2-ʭ ʩʤ ʥʘ ʧʦʧʝʨʝʯʥʳʭ 

ʨʘʟʨʝʟʘʭ. ʉʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʦʪ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ ʯʘʱʝ ʚʩʝʛʦ ʢ ʧʝʨʠʬʝʨʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʘ ʧʨʠʤʝʩʝʡ ï ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠʤʝʩʴʶ, ʟʘʤʝʱʘʶʱʝʡ ʧʦʟʠʮʠʠ ʘʣʶʤʠʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ, ʷʚʣʷʝʪʩʷ 

ʞʝʣʝʟʦ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚʦ ʚʥʝʰʥʝʡ ʟʦʥʝ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʚʦ ʚʥʫʪʨʝʥʥʝʡ. 

ʇʦʜʦʙʥʳʡ ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ ʪʘʢʞʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ. ʄʘʛʥʠʡ, ʭʨʦʤ, ʚʘʥʘʜʠʡ ʠ ʪʠʪʘʥ, 

ʘ ʪʘʢʞʝ ʛʘʣʣʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʝ. ʑʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ: ʥʘʪʨʠʡ, ʢʘʣʠʡ, ʯʘʩʪʴʶ 

ʮʝʟʠʡ, ʟʘʥʠʤʘʶʱʠʝ ʢʘʥʘʣʳ ʚ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʢʪʫʨʝ ʙʝʨʠʣʣʘ, ʧʨʝʦʙʣʘʜʘʶʪ ʚʦ ʚʥʝʰʥʝʡ ʟʦʥʝ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʭʨʦʤʦʬʦʨʦʤ ʚ ʰʝʨʣʦʚʦʛʦʨʩʢʠʭ ʙʝʨʠʣʣʘʭ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦ, 
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ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʦʙʨʘʟʫʷ ʤʘʢʩʠʤʫʤ (1,305-0,95% Fe2O3) 

ʚ ʯʠʩʪʦ ʛʦʣʫʙʳʭ ʠ ʩʚʝʪʣʦ-ʛʦʣʫʙʳʭ ʨʘʟʥʦʩʪʷʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Cr2O3 (ʪʘʙʣʠʮʘ 4). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʘʥʜʠʷ, ʟʘʤʝʱʘʶʱʝʛʦ 

ʞʝʣʝʟʦ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ, ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʚʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ, 

ʥʘʨʘʩʪʘʷ ʢ ʧʨʠʛʨʘʥʥʳʤ ʯʘʩʪʷʤ ʚ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʘʭ (ʨʠʩʫʥʦʢ 9). 

ʊʘʙʣʠʮʘ 4 

ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ (ʤʘʩ.%) ʧʨʠʤʝʩʝʡ ʵʣʝʤʝʥʪʦʚïʭʨʦʤʦʬʦʨʦʚ ʚ ʙʝʨʠʣʣʘʭ 

ʎʚʝʪ Fe2O3 Cr2O3 V2O3 MnO 
ɻʦʣʫʙʦʡ 1,305 0,02 0,018 0,022 
ʉʚʝʪʣʦ-ʛʦʣʫʙʦʚʘʪʦ-

ʟʝʣʝʥʳʡ 
0,980 0,02 0,02 0,034 

ʉʚʝʪʣʦ-ʟʝʣʝʥʦʚʘʪʦ-

ʛʦʣʫʙʦʡ 
0,923 0,035 0,028 0,02 

ɿʝʣʝʥʦ-ʛʦʣʫʙʦʡ 0,255 0,011 0,036 0,014 
ɿʝʣʝʥʳʡ 0,51 0,09 0,04 0,005 
ʉʚʝʪʣʦ-ʞʝʣʪʳʡ 0,49 0,012 0,039 0,024 
ɾʝʣʪʳʡ 0,32 0,005 0,04 0,005 
ʊʝʤʥʦ-ʞʝʣʪʳʡ 0,76 0,025 0,013 0,041 

 

 

ʈʠʩʫʥʦʢ 9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʠ ʩʢʘʥʜʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʟʝʣʸʥʦ-ʛʦʣʫʙʦʛʦ  

ʢʨʠʩʪʘʣʣʘ ʙʝʨʠʣʣʘ ʨʘʟʤʝʨʦʤ 7ʭ10 ʩʤ. ʉʚʝʪʣʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʯʝʥʠʶ, ʛʜʝ ʚ ʪʦʯʢʝ  

6 ʮʚʝʪ ʩʪʘʥʦʚʠʪʩʷ ʟʝʣʝʥʳʤ. ʆʙʨʘʟʝʮ 12/35. ʄʝʣʝʭʠʥʩʢʘʷ ʉʦʧʢʘ. ʐʝʨʣʦʚʘʷ ɻʦʨʘ. 

 

ɺʧʝʨʚʳʝ ʜʣʷ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʚʳʷʚʣʝʥʳ ʟʝʣʝʥʳʝ ʙʝʨʠʣʣʳ, ʦʢʨʘʩʢʘ ʢʦʪʦʨʳʭ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʭʦʞʜʝʥʠʝʤ ʭʨʦʤʘ ʠ ʚʘʥʘʜʠʷ ʥʘʨʷʜʫ ʩ ʞʝʣʝʟʦʤ ʚ ʧʦʟʠʮʠʠ ʘʣʶʤʠʥʠʷ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʳʭ, ʩʚʝʪʣʦ-ʟʝʣʝʥʳʭ ʠ ʟʝʣʝʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩʦʜʝʨʞʘʥʠʝ Cr2O3 

ʜʦʩʪʠʛʘʝʪ 0,09% (ʪʘʙʣʠʮʘ 4), ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʪʘʢʦʚʳʤ ʚ ʠʟʫʤʨʫʜʘʭ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʦʪʥʝʩʝʥʳ ʢ ʠʟʫʤʨʫʜʘʤ [35]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘ 

ʐʝʨʣʦʚʦʛʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠʟʫʤʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʥʘʰʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ [ʖʨʛʝʥʩʦʥ, 2001].  

ʇʦʣʫʯʝʥʘ ʧʦʢʘ ʝʱʝ ʥʝ ʧʦʥʷʪʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʠ ʦʪ ʧʨʠʤʝʩʠ ʮʠʨʢʦʥʠʷ, ʥʝ 

ʩʚʷʟʘʥʥʦʡ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʪʚʝʨʜʳʭ ʬʘʟ ʮʠʨʢʦʥʘ. 

ʀʤʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʚʩʝʡ ʰʠʨʦʯʘʡʰʝʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʦʪ 

ʧʦʯʪʠ ʙʝʩʮʚʝʪʥʳʭ ʠ ʩʚʝʪʣʦ-ʛʦʣʫʙʳʭ ʜʦ ʷʨʢʦ-ʟʝʣʸʥʳʭ ʠ ʛʫʩʪʦ-ʦʨʘʥʞʝʚʳʭ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʦʢʘʟʘʥʘ ʨʦʣʴ ʚʦʟʨʘʩʪʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʪʨʝʭ ʠ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ [59] (ʨʠʩʫʥʦʢ 10). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʣʫʙʘʷ ʦʢʨʘʩʢʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʭʦʞʜʝʥʠʝʤ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ. ʇʦʜʪʚʝʨʞʜʝʥʳ 

ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʦ ʧʨʠʨʦʜʝ ʦʢʨʘʩʢʠ ʙʝʨʠʣʣʘ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [21, 22]. 
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ʈʠʩʫʥʦʢ 10. ɿʘʚʠʩʠʤʦʩʪʴ ʦʢʨʘʩʢʠ ʙʝʨʠʣʣʘ ʚ ʨʷʜʫ ʙʝʩʮʚʝʪʥʳʝ-ʛʦʣʫʙʳʝ-ʟʝʣʝʥʳʝ-ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʝ  
ʦʪ ʚʦʟʨʘʩʪʘʥʠʷ ʜʦʣʠ ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʚ ʧʦʟʠʮʠʠ ʘʣʶʤʠʥʠʷ ʧʦ ʜʘʥʥʳʤ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʇʦ:[59] 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʩʨʝʟʦʚ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʧʝʨʚʳʝ ʥʘ 

ʧʨʠʤʝʨʝ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʬʦʨʤʳ ʧʨʠʤʝʩʝʡ ʈɿʕ, ʤʳʰʴʷʢʘ, 

ʮʠʨʢʦʥʠʷ, ʬʦʩʬʦʨʘ ʚ ʚʠʜʝ ʤʠʢʨʦʥʥʳʭ ʧʨʠʤʝʩʝʡ ʤʦʥʘʮʠʪʘ, ʢʩʝʥʦʪʠʤʘ, ʮʠʨʢʦʥʘ, 

ʘʨʩʝʥʦʧʠʨʠʪʘ [35-37, 43, 53] (ʨʠʩʫʥʦʢ 11).  

 

ʈʠʩʫʥʦʢ 11. ɺʢʣʶʯʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʠʥʝʨʘʣʦʚ-ʥʦʩʠʪʝʣʝʡ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʩʪʘʣʣʝ ʙʝʨʠʣʣʘ.  

ʆʙʨʘʟʝʮ 12/290.ʕʣʝʢʪʦʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʨʝʟʘ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ ʦʩʠ ʩ. 

 

ʅʘ ʨʠʩʫʥʢʘʭ 12 ʠ 13 ʧʦʢʘʟʘʥʳ ʬʦʨʤʳ ʚʢʣʶʯʝʥʠʡ ʮʠʨʢʦʥʘ ʠ ʦʢʠʩʣʝʥʥʦʛʦ ʘʨʩʝʥʦʧʠʨʠʪʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʙʝʨʠʣʣʘ. 

ʇʦʢʘʟʘʥʳ ʧʨʠʯʠʥʳ ʧʨʦʜʦʣʴʥʦʡ ʨʠʪʤʠʯʥʦʩʪʠ ʦʢʨʘʩʢʠ ʘʢʚʘʤʘʨʠʥʘ ʧʦ ʧʨʠʯʠʥʝ ʠʟʤʝʥʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʡ ʜʚʫʭ ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚ ʝʛʦ ʚʭʦʞʜʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ 

ʙʝʨʠʣʣʘ ʚʩʣʝʜʩʪʚʠʝ ʢʘʢ ʨʘʩʢʨʳʚʘʥʠʷ ʠ ʟʘʢʨʳʚʘʥʠʷ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ, ʪʘʢ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʩʳʱʝʥʠʷ ʠʤ (ʨʠʩʫʥʦʢ 14), ʘ ʪʘʢʞʝ ʨʝʟʢʦʛʦ ʧʝʨʝʭʦʜʘ 

ʘʢʚʘʤʘʨʠʥʘ ʚ ʛʝʣʠʦʜʦʨ (ʨʠʩʫʥʦʢ 15). 

ʀʟʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʪʦʧʘʟʘ [7, 8, 31, 34, 40]. ʌʦʨʤʳ ʠʭ ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʩʣʘʙʳʤ 

ʨʘʟʚʠʪʠʝʤ ʛʨʘʥʠ ʧʠʥʘʢʦʠʜʘ. ʉʨʝʜʠ ʥʠʭ, ʢʘʢ ʧʨʦʜʫʢʪʳ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʦʥʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʢʦʥʸʚʴʠ ʟʫʙʳè. ʋ ʥʠʭ 

ʟʦʥʘ ʜʠʵʜʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʤʫʪʥʝʥʘ ʠ ʠʤʝʝʪ ʪʦʥʢʦ-ʨʠʪʤʠʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʇʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʢʨʝʤʥʠʷ ʥʘ ʬʦʩʬʦʨ ʚ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʘʭ ʪʦʧʘʟʘ 
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[16]. ɹʦʣʴʰʠʥʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʪʦʧʘʟʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʬʪʦʨʠʩʪʳʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ 

ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʪʦʧʘʟʘ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʦʙʣʫʯʝʥʠʷ ʥʘ ʝʛʦ ʦʢʨʘʩʢʫ [16]. 

 
 

ʈʠʩʫʥʦʢ 12. ʂʨʠʩʪʘʣʣ ʮʠʨʢʦʥʘ (1) ʩ ʚʢʣʶʯʝʥʠʝʤ 

(2) ʚ ʜʠʩʣʦʮʠʨʦʚʘʥʥʦʤ ʙʝʨʠʣʣʝ. ʕʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʩʥʠʤʦʢ. 

 

ʈʠʩʫʥʦʢ 13. ɿʘʤʝʱʝʥʥʳʡ ʩʢʦʨʦʜʠʪʦʤ (2, 4) 

ʢʨʠʩʪʘʣʣ ʘʨʩʝʥʦʧʠʨʠʪʘ(1, 3), ʩʦʜʝʨʞʘʱʠʡ 

ʚʢʣʶʯʝʥʠʝ ʢʚʘʨʮʘ (5) ʚ ʢʨʠʩʪʘʣʣʝ ʙʝʨʠʣʣʘ (6). 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʩʥʠʤʦʢ. 

 

  

ʈʠʩʫʥʦʢ 14. ʈʠʪʤʠʯʥʦ-ʟʦʥʘʣʴʥʳʡ ʘʢʚʘʤʘʨʠʥ  

ʩ ʧʝʨʝʭʦʜʘʤʠ ʚ ʟʝʣʝʥʦʚʘʪʳʡ ʠ ʞʝʣʪʦʚʘʪʳʡ. 
ʈʠʩʫʥʦʢ 15. ʈʝʟʢʠʡ ʧʝʨʝʭʦʜ  

ʘʢʚʘʤʘʨʠʥʘ ʚ ʛʝʣʠʦʜʦʨ. 
 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʥʝʰʥʠʭ ʟʦʥʘʭ ʤʥʦʛʠʭ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ 

ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʬʦʩʬʦʨʘ ʠ ʘʣʶʤʠʥʠʷ, ʟʘʤʝʱʘʶʱʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʢʨʝʤʥʠʷ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʯʝʚʠʜʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʣʶʠʜʥʦʛʦ ʨʝʞʠʤʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʚʝʨʦʷʪʥʦ, ʩ ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʷ  ʠ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʥʠʞʝʥʠʝʤ  ʢʠʩʣʦʪʥʦʩʪʠ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʬʣʶʠʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʬʪʦʨʘ, ʘʣʶʤʠʥʠʷ ʠ ʬʦʩʬʦʨʘ, ʟʘʤʝʱʘʶʱʠʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʢʨʝʤʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʪʠʧʦʤʦʨʬʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʦʧʘʟʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʢʘʯʝʩʪʚʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʪʦʧʘʟʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʧʨʠʤʝʩʠ ʘʣʶʤʠʥʠʷ ʠ ʬʦʩʬʦʨʘ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ, ʛʦʜʥʳʤ ʜʣʷ 

ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ. ʐʠʨʦʢʦ ʨʘʟʚʠʪʳʡ ʢʘʢ ʚ ʛʨʝʡʟʝʥʘʭ, ʪʘʢ ʠ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʥʘ 
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ʢʦʥʜʠʮʠʦʥʥʳʡ ʙʝʨʠʣʣ ʤʠʥʝʨʘʣʴʥʳʭ ʪʝʣʘʭ, ʪʦʧʘʟ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪ ʱʝʪʢʠ, ʧʦʟʜʥʠʝ 

ʛʝʥʝʨʘʮʠʠ ʢʦʪʦʨʦʛʦ ʦʙʨʘʩʪʘʶʪ ʙʝʨʠʣʣ ʠ ʢʚʘʨʮ [7, 8, 31]. 

ʉʨʝʜʠ ʩʠʣʠʢʘʪʦʚ ʙʦʨʘ ʥʘʨʷʜʫ ʩ ʪʫʨʤʘʣʠʥʦʤ, ʣʠʰʴ ʠʟʨʝʜʢʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʰʝʨʣʦʤ [28], 

ʚʩʪʨʝʯʝʥʳ ʪʘʢʞʝ ʘʢʩʠʥʠʪ ʠ ʜʘʥʙʫʨʠʪ [12]. ʐʝʨʣʦʚʦʛʦʨʩʢʠʡ ʪʫʨʤʘʣʠʥ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʫʨʤʘʣʠʥʘ ʧʝʛʤʘʪʠʪʦʚ ʠ ʢʚʘʨʮ-ʚʦʣʴʬʨʘʤʠʪʦʚʳʭ ʞʠʣ ʧʦʩʪʦʷʥʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʘ ʀʂ-

ʩʧʝʢʪʨʘʭ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ 3550 ʩʤ
-1
ʠ ʝʸ ʧʣʝʯʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʥʝʩʪʨʫʢʪʫʨʥʦʡ ʚʦʜʦʡ, ʘ ʪʘʢʞʝ 

ʧʦʣʦʩʦʡ ʚ ʦʙʣʘʩʪʠ 3620 ʩʤ
-1

 ʩ ʧʣʝʯʦʤ, ʩʚʷʟʘʥʥʳʤ, ʚʝʨʦʷʪʥʦ, ʩ ʧʨʠʤʝʩʴʶ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

[13]. ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʪʫʨʤʘʣʠʥʦʚ ʦʙʥʘʨʫʞʝʥʳ ʩʦʜʝʨʞʘʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʪʦʨʘ, ʬʦʨʤʫʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪ 0,5. ʏʘʩʪʴ ʪʫʨʤʘʣʠʥʦʚ, ʩʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʦʣʝʥʠʪʫ. 

ɹʝʨʠʣʣʠʡ ʥʘʨʷʜʫ ʩ ʛʣʘʚʥʳʤ ʝʛʦ ʥʦʩʠʪʝʣʝʤ ʙʝʨʠʣʣʦʤ ʠʟʨʝʜʢʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʙʘʚʝʥʠʪʘ ʠ 

ʜʘʥʘʣʠʪʘ.  

ʐʠʨʦʢʦ ʨʘʟʚʠʪʳʡ ʚ ʛʨʝʡʟʝʥʘʭ ʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʥʘ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʝ ʩʳʨʴʝ ʞʠʣʴʥʳʭ 

ʪʝʣʘʭ ʚʦʣʴʬʨʘʤʠʪ ʧʨʝʜʩʪʘʚʣʝʥ, ʚ ʦʩʥʦʚʥʦʤ, ʬʝʨʙʝʨʠʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ 20-22% FeO [1]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʦʚ ʬʝʨʙʝʨʠʪʘ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʨʦʪʢʦʧʨʠʟʤʘʪʠʯʝʩʢʠʡ 

ʛʘʙʠʪʫʩ. ʈʝʜʢʦ, ʧʦʟʜʥʠʝ ʧʦʩʪʙʝʨʠʣʣʦʚʳʝ, ʝʛʦ ʛʝʥʝʨʘʮʠʠ ʦʙʨʘʟʫʶʪ ʫʧʣʦʱʝʥʥʳʝ ʜʣʠʥʥʦ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ ʜʦ 3 ʩʤ. ɺʦʣʴʬʨʘʤʠʪ ʦʙʳʯʥʦ ʚʳʜʝʣʷʝʪʩʷ ʨʘʥʝʝ ʙʝʨʠʣʣʘ 

ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʜʦ ʪʦʧʘʟʘ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʦʩʪʘʚʘ ʝʛʦ ʷʚʣʷʝʪʩʷ 

ʚʦʟʨʘʩʪʘʥʠʝ ʤʘʨʛʘʥʮʦʚʠʩʪʦʩʪʠ ʢ ʢʦʥʮʫ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ [40]. ʂ ʚʥʫʪʨʝʥʥʠʤ ʯʘʩʪʷʤ ʠʭ 

ʧʨʠʫʨʦʯʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʢʘʥʜʠʷ [41], ʘ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʜʦʣʠ ʛʶʙʥʝʨʠʪʚʦʡ 

ʤʦʣʝʢʫʣʳ ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʦʜʝʨʞʘʥʠʝ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ [40].  

ʅʘ ʧʨʠʤʝʨʝ ʚʦʣʴʬʨʘʤʠʪʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʘʥʦʤʘʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 

ʜʦʣʠ ʩʦʜʝʨʞʘʥʠʡ ʪʷʞʝʣʳʭ ʈɿʕ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʣʝʛʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʮʝʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ [63], ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝʤ ʠʭ ʚ ʦʩʪʘʪʦʯʥʳʭ 

ʨʘʩʪʚʦʨʘʭ-ʨʘʩʧʣʘʚʘʭ, ʠʟ ʢʦʪʦʨʳʭ ʨʦʩʣʠ ʝʛʦ ʢʨʠʩʪʘʣʣʳ, ʟʘʭʚʘʪʳʚʘʚʰʠʝ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ 

ʤʦʥʘʮʠʪʘ ʠ ʢʩʝʥʦʪʠʤʘ [37, 42, 43, 60, 63]. ʇʦʜʦʙʥʘʷ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʚʳʷʚʣʝʥʘ ʠ ʜʣʷ ʚʦʣʴʬʨʘʤʠʪʘ ɸʥʪʦʥʦʚʦʡ ɻʦʨʳ ʠ ɹʫʢʫʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʩʚʷʟʘʥʦ ʩ ʣʘʥʪʘʥʦʠʜʥʳʤ ʩʞʘʪʠʝʤ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʈɿʕ. 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʠʧʝʨʛʝʥʝʟʘ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʘʥʠʷ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʟʦʥʳ ʛʠʧʝʨʛʝʥʝʟʘ ʠ ʧʨʦʮʝʩʩʦʚ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʦʪʢʨʳʪʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʢʘʨʴʝʨʝ ʠ ʤʘʩʩʠʚʘʭ ʦʪʭʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ ʦʣʦʚʦʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʦʧʢʘ ɹʦʣʴʰʘʷ [24, 30, 32, 44-46, 50]. 

ʋʞʝ ʩʘʤʳʝ ʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʦʥʳ ʛʠʧʝʨʛʝʥʝʟʘ ʧʦʢʘʟʘʣʠ ʰʠʨʦʯʘʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʨʘʟʣʠʯʥʳʭ ʘʨʩʝʥʘʪʦʚ ʢʘʢ ʧʨʦʜʫʢʪʦʚ ʧʦʩʣʝʜʥʠʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤ ʠ 

ʛʠʧʝʨʛʝʥʝʟʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʬʪʦʨʘ ʚ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʸ ʩʪʘʥʦʚʣʝʥʠʷ. ʆʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʪʦʧʘʟʘ, ʩʣʶʜ, 

ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʝ ʬʪʦʨʙʝʨʠʣʣʘʪʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʙʝʨʠʣʣʘ. ʆʜʥʠʤ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʦʣʦʚʦʤ, ʚʦʣʴʬʨʘʤʦʤ ʷʚʣʷʝʪʩʷ 

ʚʠʩʤʫʪ. ʉʦʯʝʪʘʥʠʝ ʚʠʩʤʫʪʘ ʩ ʘʨʩʝʥʘʪʦʤ ʜʘʝʪ ʨʝʜʢʠʡ ʤʠʥʝʨʘʣ ʨʫʟʚʝʣʴʪʠʪ BiAsO4 [24, 38], ʘ 

ʩʦʝʜʠʥʝʥʠʝ ʝʛʦ ʩ ʬʪʦʨʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʢʨʳʪʦʛʦ ʟʜʝʩʴ ʚʧʝʨʚʳʝ 

ʟʘʚʘʨʠʮʢʠʪʘ BiOF [11]. ʅʘʨʷʜʫ ʩ ʨʫʟʚʝʣʴʪʠʦʤ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩʦ ʩʢʦʨʦʜʠʪʦʤ ʦʪʤʝʯʘʶʪʩʷ 

ʘʪʝʣʝʩʪʠʪ ((Bi2(AsO4)O(OH))[12, 24, 40]. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʥʘʨʫʞʝʥ ʞʝʣʝʟʠʩʪʳʡ ʨʫʟʚʝʣʴʪʠʪ 

((Bi,Fe)AsO4) ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ, ʚʦʟʤʦʞʥʦ, ʧʝʨʝʭʦʜʥʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʤʝʞʜʫ ʨʫʟʚʝʣʴʪʠʪʦʤ ʠ 

ʩʢʦʨʦʜʠʪʦʤ, ʩʦʜʝʨʞʘʱʫʶ (ʤʘʩ.%) Bi ï 59,2; Fe ï 2,47; As ï 20,92; O ï 16,24 [24]. 

ʉʨʝʜʠ ʨʝʜʢʠʭ ʘʨʩʝʥʘʪʦʚ ʈɿʕ ʚ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ ʐʝʨʣʦʚʦʛʦʩʢʦʛʦ ʦʣʦʚʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʚʝʩʪʝʥ ɸʛʘʨʜʠʪ ï (Y) (Y,Ca)Cu6(AsO4)3(OH)6Ö3H2O ʆʥ 

ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥ ɸ.ɺ. ʂʘʩʘʪʢʠʥʳʤ, ʂ.ʀ. ʂʣʦʧʦʪʦʚʳʤ ʠ ʗ. ʇʣʘʰʠʣʦʤ [12]. ɺʩʝʛʦ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʦ ʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʴʥʦʩʪʠ ʦʧʠʩʘʥʦ 22 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʘ ʵʪʦʛʦ ʢʣʘʩʩʘ ʤʠʥʝʨʘʣʦʚ.  

ɺʳʷʚʣʝʥʦ ʜʦ 36 ʚʠʜʦʚ ʩʫʣʴʬʘʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʫʣʴʬʘʪʳ 

ʤʘʛʥʠʷ, ʮʠʥʢʘ, ʞʝʣʝʟʘ, ʤʝʜʠ. ʉʨʝʜʠ ʥʠʭ ʚʳʷʚʣʝʥʳ ʛʨʫʧʧʳ ʠʟʦʤʦʨʬʥʳʭ ʨʷʜʦʚ 
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ʚʟʘʠʤʦʟʘʤʝʱʘʶʱʠʭʩʷ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʤʘʛʥʠʷ, ʮʠʥʢʘ, ʞʝʣʝʟʘ, ʤʝʜʠ, ʘ ʪʘʢʞʝ 

ʩʫʣʴʬʘʪʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʘʪʠʦʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʮʠʥʢʘ, ʤʘʛʥʠʷ, ʞʝʣʝʟʘ ʠ ʤʝʜʠ ʩ ʨʘʟʣʠʯʥʳʤ 

ʯʠʩʣʦʤ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʝʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ [50].  

ʉʨʝʜʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʳʷʚʣʝʥʳ ʨʷʜʳ ʩʫʣʴʬʘʪʦʚ ʤʘʛʥʠʷ, ʮʠʥʢʘ, ʤʝʜʠ ʩ 

ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʥʦʡ ʚʦʜʳ. ʉʫʣʴʬʘʪʳ ʤʘʛʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʟʝʨʠʪʦʤ 

(MgSO4ÅH2O), ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʳʤ ʙʝʣʦʛʦ ʮʚʝʪʘ ʤʠʥʝʨʘʣʦʤ ʩ ʬʦʨʤʫʣʦʡ MgSO4Å3H2O, 

ʝʱʝ ʥʝ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʩʪʘʨʢʝʠʪʦʤ (MgSO4Å4H2O), ʧʝʥʪʘʛʠʜʨʠʪʦʤ (MgSO4Å5H2O), 

ʛʝʢʩʘʛʠʜʨʠʪʦʤ (MgSO4Å6H2O), ʵʧʩʦʤʠʪʦʤ (MgSO4Å7H2O). ɼʠʘʛʥʦʩʪʠʢʘ ʵʪʦʡ ʤʠʥʝʨʘʣʴʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʫʣʴʬʘʪʳ ʮʠʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʷʜʦʤ: ʛʘʥʥʠʥʛʠʪ (ZnSO4ÅH2O), ʙʦʡʣʝʠʪ (ZnSO4)Å4H2O), 

ʙʠʘʥʢʠʪ (ZnSO4)Å6H2O), ʛʦʩʣʘʨʠʪ (ZnSO4)Å7H2O). 

ʉʫʣʴʬʘʪʳ ʤʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʣʴʢʦʢʠʘʥʠʪʦʤ (CuSO4), ʦʜʥʦʚʦʜʥʳʤ ʩʫʣʴʬʘʪʦʤ ʤʝʜʠ 

(CuSO4ÅH2O), ʙʦʥʘʪʪʠʪʦʤ (CuSO4Å3H2O), ʭʘʣʴʢʘʥʪʠʪʦʤ (CuSO4Å5H2O) ʠ ʩʠʜʝʨʦʪʠʣʦʤ. 

ʍʘʣʴʢʘʥʪʠʪ ʦʙʨʘʟʫʝʪ ʢʦʨʢʠ, ʛʥʝʟʜʘ ʚ ʭʘʣʴʢʦʧʠʨʠʪ-ʩʦʜʝʨʞʘʱʠʭ ʦʣʦʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʫʜʘʭ. ʅʘʭʦʜʠʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩʠʜʝʨʦʪʠʣʦʤ, ʙʦʥʘʪʪʠʪʦʤ, ʛʠʧʩʦʤ, ʢʠʟʝʨʠʪʦʤ, ʛʘʥʥʠʥʛʠʪʦʤ, 

ʢʘʣʠʝʚʳʤʠ ʢʚʘʩʮʘʤʠ, ʦʜʥʦʚʦʜʥʳʤ ʩʫʣʴʬʘʪʦʤ ʤʝʜʠ (CuSO4 H2O), ʢʘʦʣʠʥʠʪʦʤ, ʭʣʦʨʠʪʦʤ 

(ʆʙʨ. ˉ ʐɻ-10/141-1). ʇʘʨʘʤʝʪʨʳ ʵ.ʷ.  ʭʘʣʴʢʘʥʪʠʪʘ: a=7.16(5); b=10.7(1); c=5.96(4)¡; 

Ŭ=97.6(2)Ü; Ç=125.3(2)Ü; ɔ=94.4(2)Ü; V=362.7¡3.; ʇʘʨʘʤʝʪʨʳ ʵ.ʷ ʨʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ʭʘʣʴʢʘʥʪʠʪʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʙʣʠʟʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦ (2010 ʛʦʜ): ʦʙʨ. 

ʐɻ-10-140 ʉʄʆ a=7.16(6); b=10.7(1); c=5.95(5)¡; Ŭ=97.56(26)Ü; Ç=125.45(26)Ü; ɔ=94.38(25)Ü; 

V=362.3(2.2)¡3 ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʨʘʟʥʳʭ ʣʝʪ: ʦʙʨ. ʐɻ-08-182-ɸ (2008 ʛʦʜ): 

ʘ=6.08(5); b=10.7(1); ʩ=5.94(6)¡; Ŭ=97.8(3)Ü; Ç=107.4(2)Ü; ɔ=77.14(3)Ü; V=359(2)¡3. ɺ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʭʘʣʴʢʘʥʪʠʪʦʤ ʥʘʭʦʜʠʪʩʷ ʙʘʟʘʣʶʤʠʥʠʪ Al4(SO4) (OH)10Å4H2O. 

ɹʦʥʘʪʪʠʪ (CuSO4Å3H2O) ʚʩʪʨʝʯʝʥ ʚ ʪʨʝʭ ʤʝʩʪʘʭ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʭʘʣʴʢʘʥʪʠʪʦʤ, 

ʩʠʜʝʨʦʪʠʣʦʤ, ʩʪʘʨʢʝʠʪʦʤ (ʦʙʨ. ʐɻ-07-256-2). ɻʦʣʫʙʦʡ, ʚ ʚʠʜʝ ʥʝʧʨʘʚʠʣʴʥʳʭ ʟʝʨʝʥ ʠ ʠʭ 

ʘʛʨʝʛʘʪʦʚ. ʇʘʨʘʤʝʪʨʳ ʵ/ʷ ʘ: a=5.59(1); b=13.04(1); c=7.36(1)¡; Ç=97.2(2)Ü; V=352¡3. 

ɺʳʷʚʣʝʥʳ ʠʟʦʤʦʨʬʥʳʝ ʨʷʜʳ ʢʘʢ ʫ ʩʫʣʴʬʘʪʦʚ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʥʦʡ 

ʚʦʜr, ʪʘʢ ʠ ʩ ʯʝʪʳʨʴʤʷ: 1) ʢʠʟʝʨʠʪ (MgSO4ÅH2O) ï ʛʘʥʥʠʥʛʠʪ (ZnSO4ÅH2O) ï ʩʤʠʢʠʪ 

(MnSO4ÅH2O) ʠ ʩʩʦʤʦʣʴʥʦʢʠʪ (FeSO4ÅH2O) ʠ 2) ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʝ ʮʠʥʢʘ, ʤʘʛʥʠʷ, 

ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ, ʢʦʙʘʣʴʪʘ: ʙʦʡʣʝʠʪ (ZnSO4Å4H2O) ï ʩʪʘʨʢʝʠʪ (MgSO4Å4H2O), ʙʦʡʣʝʠʪ 

(ZnSO4Å4H2O) ï ʨʦʮʝʥʠʪ (FeSO4Å4H2O) ï ʵʧʣʦʫʠʪ CoSO4Å4H2O. ʕʪʦ ʞʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ 

ʩʫʣʴʬʘʪʘʤ ʤʝʜʠ: ʩʠʜʝʨʦʪʠʣ (FeSO4Å5H2O) ï ʭʘʣʴʢʘʥʪʠʪ (CuSO4Å5H2O). 

ʉʫʣʴʬʘʪʳ ʠʟ ʛʨʫʧʧʳ ʢʚʘʩʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʤʦʨʬʥʳʤ ʨʷʜʦʤ ʛʘʣʦʪʨʠʭʠʪ 

(FeAl2[SO4]4Å22H2O) ï ʧʠʢʢʝʨʝʥʛʠʪ (MgAl2[SO4]4Å22H2O), ʘ ʪʘʢʞʝ ʧʣʶʤʙʦʷʨʟʠʪʦʤ. 

ʀʟ ʩʫʣʴʬʘʪʦʚ ʤʘʨʛʘʥʮʘ ʚ ʩʦʩʪʘʚʝ ʢʦʨʦʯʝʢ ʥʘ ʪʦʧʘʟʝ ʠ ʢʚʘʨʮʝ, ʘ ʪʘʢʞʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠʟ 

ʚʨʝʤʝʥʥʳʭ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʘʨʴʝʨʝ ʫʩʪʘʥʦʚʣʝʥ ʠʣʝʟʠʪ (MnSO4) ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʙʦʡʣʝʠʪʦʤ 

(Zn, Mg)SO4Å4H2O, ʧʠʢʢʝʨʠʥʛʠʪʦʤ ʠ ʨʦʮʝʥʠʪʦʤ FeSO4Å4H2O. 

ʇʘʨʘʤʝʪʨʳ ʵ.ʷ. ʙʦʡʣʝʠʪʘ ʦʙʨ. ʐɻ ï 10/121 ï 1: - a = 5.928 (Ȕ ) Ñ 0.01, b = 13.607(Ȕ ) Ñ 0.01, 

c = 7.92 (Ȕ ) Ñ 0.01. ʉʦʩʪʘʚ ʢʘʪʠʦʥʦʚ: MgO 12.4%, ZnO 11.7%, CuO 0.245%, MnO 2.70%. 

ʇʘʨʘʤʝʪʨʳ ʵ.ʷ. ʨʦʮʝʥʠʪʘ: a = 5.95 (Ȕ ) Ñ 0.01, b = 13.60 (Ȕ ) Ñ 0.01, c = 7.94 (Ȕ ) Ñ 0.01. ʉʦʩʪʘʚ 

ʢʘʪʠʦʥʦʚ: MgO 3.09%, ZnO 10.0%, Fe2O3 20.7%, CuO 0.266%, MnO 0.333%, NiO 0.173%, CaO 

0.709%. 

ʇʠʢʢʝʨʠʥʛʠʪ MgAl2(SO4)422H2O (ʦʙʨ. ʐɻ ï 10-1 ʉʄʆ) ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʥʢʦʤ ʧʨʦʨʘʩʪʘʥʠʠ ʩ 

ʙʦʡʣʝʠʪʦʤ, ʠʣʝʟʠʪʦʤ MnSO4Å4H2O. ʇʨʠʩʫʪʩʪʚʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʦʢʘʟʘʥʦ ʧʨʠʤʝʩʴʶ MnO 

(3.74%) ʠ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ.  

ʉʫʣʴʬʘʪʳ ʢʦʙʘʣʴʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʥʝʨʘʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʨʘʟʣʠʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʥʦʡ ʚʦʜʳ, ʘ ʠʤʝʥʥʦ: ʵʧʣʦʫʠʪʦʤ CoSO4Å4H2O (ʦʙʨ. ʐɻ-07/250), ʤʫʨʭʘʫʟʠʪʦʤ 

CoSO4Å6H2O, ʙʠʙʝʨʠʪʦʤ (CoSO4Å7H2O) ʦʙʨ. ʐɻ-05/150ɸ. ɺʩʝ ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ 

ʧʨʠʤʝʩʥʳʝ ʤʠʥʝʨʘʣʳ ʢ ʩʫʣʴʬʘʪʘʤ ʮʠʥʢʘ ʠ ʞʝʣʝʟʘ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʧʣʦʭʦ ʦʙʨʘʟʦʚʘʥʥʳʭ ʟʝʨʝʥ. 

ʀʟ ʩʫʣʴʬʘʪʦʚ ʥʠʢʝʣʷ ʫʩʪʘʥʦʚʣʝʥ Ni-ʛʝʢʩʘʛʠʜʨʠʪ NiSO4Å6H2O (ʦʙʨ. ʐɻ ï 10/186-2)).), ʘ ʪʘʢʞʝ 

NiSO4Å4H2O, ʧʦʢʘ ʥʝ ʠʤʝʶʱʠʡ ʥʘʟʚʘʥʠʷ. 
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ʉʩʤʠʢʠʪ (MnSO4ÅH2O) ʚʳʷʚʣʝʥ ʚ ʢʦʨʦʯʢʘʭ ʥʘ ʙʝʨʠʣʣʝ, ʪʦʧʘʟʝ ʠ ʢʚʘʨʮʝ. ʉʩʦʤʦʣʴʥʦʢʠʪ 

(FeSO4ÅH2O) ʚʩʪʨʝʯʝʥ ʚ ʪʦʥʢʠʭ ʧʨʦʞʠʣʢʘʭ ʚ ʢʚʘʨʮʝʚʳʭ ʧʦʨʬʠʨʘʭ, ʛʨʝʡʟʝʥʘʭ, ʘ ʪʘʢʞʝ ʚ 

ʯʝʨʥʳʭ ʢʦʨʢʘʭ, ʦʙʣʝʢʘʶʱʠʭ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ, ʪʦʧʘʟʘ ʠ ʙʝʨʠʣʣʘ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʝʪʠʪʦʤ ʠ 

ʛʠʜʨʦʛʝʪʠʪʦʤ. 

ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʘʩʩʦʮʠʘʮʠʠ 

ʢʘʦʣʠʥʠʪʦʤ, ʠʣʣʠʪʦʤ, ʘʤʬʠʙʦʣʦʤ ʩʫʣʴʬʘʪʘ ʮʠʨʢʦʥʠʷ Zr(SO4)2 H2O, ʥʝ ʠʤʝʶʱʝʤ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʥʘʟʚʘʥʠʷ (ʨʠʩʫʥʦʢ 16. , ʦʙʨʘʟʝʮ ʐɻ-07/245).  

 

ʈʠʩʫʥʦʢ 16. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩ ʧʠʢʘʤʠ ʦʪʨʘʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʫʣʴʬʘʪʫ ʮʠʨʢʦʥʠʷ  
(ʯʝʨʥʳʝ  ʧʠʢʠ). ʆʙʨʘʟʝʮ ʐɻ-97/245. 

 

ʐʠʨʦʢʦ ʧʨʦʷʚʣʝʥʳ ʦʢʠʩʣʳ ʠ ʛʠʜʨʦʦʢʠʩʣʳ (36 ʚʠʜʦʚ), ʦʢʦʣʦ 30 ʚʠʜʦʚ ʩʫʣʴʬʠʜʦʚ, 

ʩʫʣʴʬʦʩʦʣʝʡ, ʘʨʩʝʥʠʜʦʚ ʠ ʪʝʣʣʫʨʠʜʦʚ. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʘʨʩʝʥʦʧʠʨʠʪ, 

ʧʠʨʠʪ, ʛʘʣʝʥʠʪ ʠ ʩʬʘʣʝʨʠʪ, ʘ ʪʘʢʞʝ ʩʪʘʥʥʠʥ [40]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʨʩʝʥʦʧʠʨʠʪʘ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʩʴ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ, ʘ ʪʘʢʞʝ ʚʠʩʤʫʪʘ ʠ ʩʚʠʥʮʘ. ʉʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ, ʟʘʤʝʱʘʷ ʝʛʦ [17]. ʉʦʜʝʨʞʘʥʠʷ ʩʫʨʴʤʳ ʚ ʥʸʤ ʜʦʩʪʠʛʘʶʪ 

0,1%. ʆʪʤʝʯʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚʠʩʤʫʪʘ ʚ ʥʸʤ ʜʦ 3% ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʚʳʭ ʛʨʝʡʟʝʥʘʭ. 

ʇʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʸʤ ʠ ʦʣʦʚʦ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤ ʜʦ 800 ʛ/ʪ ʚ ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʦʤ 

ʛʨʝʡʟʝʥʝ [4, 5, 15]. ɺʳʷʚʣʝʥʦ ʟʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʢʘʩʩʠʪʝʨʠʪʘʭ [4]. 

ʆʙʥʘʨʫʞʝʥʳ ʨʝʜʢʠʝ ʛʘʣʦʛʝʥʠʜʳ, ʪʘʢʠʝ, ʢʘʢ ʙʨʦʤʘʨʛʠʨʠʪ ʠ ʠʦʜʘʨʛʠʨʠʪ [40]. ʉʠʣʠʢʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ 49-ʶ ʚʠʜʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳ ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʤʫʩʢʦʚʠʪ, ʯʘʩʪʦ 

ʞʝʣʝʟʠʩʪʳʡ, ʠ ʥʝʨʝʜʢʦ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʦʢʠʩʣʝʥʥʳʤ ʙʝʨʠʣʣʦʤ ʨʘʟʚʠʪ ʩʠʜʝʨʦʬʠʣʣʠʪ. 

ʂʘʦʣʠʥʠʪ ʠ ʜʠʢʢʠʪ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʛʣʠʥ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʥʜʠʮʠʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʝʨʠʣʣʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʠʥʠʩʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʨʳʭʣʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʦʣʦʩʪʷʭ ʩ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʳʭ ʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤ ʩʳʨʴʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʦʣʠʥʠʪʦʤ, 

ʠʣʣʠʪʦʤ ʠ ʩʤʝʢʪʠʪʘʤʠ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʨʝʜʢʠʭ 

ʟʝʤʝʣʴ ʠʪʪʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ, ʢʨʘʪʥʦ ʧʨʝʚʳʰʘʶʱʠʤʠ ʠʭ ʢʣʘʨʢʠ [45, 48]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʤʳʚʘʥʠʷ ʦʪʤʫʯʝʥʥʳʭ ʛʣʠʥ ʚʦʜʦʡ ʠʟ ʥʠʭ ʣʝʛʢʦ ʚʳʤʳʚʘʶʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʧʨʝʚʳʰʘʶʪ ʢʣʘʨʢʠ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ʇʦʣʫʯʝʥʥʳʝ ʧʝʨʚʳʝ 

ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʚ ʤʠʛʨʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʚʦʜʦʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʡ ʠʭ ʘʥʦʤʘʣʠʡ ʚ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʤ ʠ 

ʛʝʦʪʝʭʥʦʛʝʥʥʦʤ ʣʘʥʜʰʘʬʪʝ [48].  

ʅʦʚʳʝ ʜʘʥʥʳʝ ʦ ʙʠʦʛʝʦʭʠʤʠʠ ʨʘʩʪʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʝʣʘʭ ʐʝʨʣʦʚʦʛʦʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʚ ʩʠʩʪʝʤʝ: 

ʛʦʨʥʘʷ ʧʦʨʦʜʘ (ʨʫʜʘ)Ÿʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʟʦʥʘ ʦʢʠʩʣʝʥʠʷ)Ÿ ʧʦʯʚʘ (ʦʪʭʦʜʳ ʛʦʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ)ŸʨʘʩʪʝʥʠʷŸʠʭ ʦʨʛʘʥʳ. 
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ʐʝʨʣʦʚʦʛʦʨʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ ʚʩʣʝʜʩʪʚʠʝ ʰʠʨʦʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʠʜʦʚ ʦʨʫʜʝʥʝʥʠʷ, 

ʚʘʨʠʘʮʠʡ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʦʤ ʣʘʥʜʰʘʬʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʪʝʨʨʠʪʦʨʠʷ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʡʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ 

ʛʝʦʩʠʩʪʝʤʘ ʠ ʢ ʧʨʠʤʝʥʝʥ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢʘʢ ʚ ʩʤʳʩʣʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ 

ʤʝʪʦʜʦʚ. ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʢʦʤʧʦʥʝʥʪʳ ʛʝʦʩʠʩʪʝʤʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʠ ʛʣʘʚʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʦʪʥʝʩʝʥ ʩ ʚʣʠʷʥʠʝʤ ʥʘ 

ʙʠʦʪʫ ʠ ʯʝʣʦʚʝʢʘ, ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʠʨʘʣʩʷ ʚʠʜ ʨʘʩʪʝʥʠʡ, ʠʤʝʶʱʠʡ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʘʢ ʠʩʪʦʯʥʠʢ ʧʠʱʠ ʜʣʷ ʞʠʚʦʪʥʳʭ, ʧʦʣʝʟʥʳʭ ʯʝʣʦʚʝʢʫ. 

ʇʦʩʢʦʣʴʢʫ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʧʦʯʚʘʭ ʠ 

ʨʘʩʪʝʥʠʷʭ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ, ʚʩʝ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʛʝʦʩʠʩʪʝʤʳ ɿʘʙʘʡʢʘʣʴʷ 

ʨʘʩʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʠ ʩʨʝʜʠ ʥʠʭ ʚʳʷʚʣʝʥʳ ʜʚʝ ʛʣʘʚʥʳʝ ʛʨʫʧʧʳ ï ʤʳʰʴʷʢʦʚʳʝ ʠ 

ʙʝʟʤʳʰʴʷʢʦʚʳʝ, ʘ ʩʨʝʜʠ ʥʠʭ ʦʙʦʛʘʱʝʥʥʳʝ ʩʫʨʴʤʦʡ, ʩʚʠʥʮʦʤ, ʮʠʥʢʦʤ, ʢʘʜʤʠʝʤ ʠ ʜʨʫʛʠʤʠ. 

ʐʝʨʣʦʚʛʦʨʩʢʘʷ ʛʝʦʩʠʩʪʝʤʘ, ʦʪʥʦʩʠʪʩʷ  ʢ ʩʦʜʝʨʞʘʱʝʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʝ ʤʳʰʴʷʢ, 

ʩʚʠʥʝʮ, ʩʫʨʴʤʫ, ʢʘʜʤʠʡ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʩʙʦʨ, ʧʦʛʦʪʦʚʢʫ ʢ ʘʥʘʣʠʟʫ, 

ʘʥʘʣʠʟ ʢʘʢ ʤʠʥʝʨʘʣʴʥʦʡ, ʪʘʢ ʠ ʙʠʦʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʘʥʜʰʘʬʪʘ [24, 38, 47, 48]. 

ʀʟʫʯʝʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʣʘʥʜʰʘʬʪʝ ʤʳʰʴʷʢʘ [24, 62], ʚʠʩʤʫʪʘ [38, 61], 

ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ [51], ʮʝʨʠʷ [49], ʈɿʕ [30, 52], ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ [47]. 

ʀʟʫʯʝʥʳ ʙʠʦʛʝʦʭʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʠʦʥʝʨʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʪʠʧʠʯʥʳʭ ʜʣʷ ʛʝʦʪʝʭʥʦʛʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. ʂ ʥʠʤ 

ʦʪʥʝʩʝʥʳ ʧʦʣʳʥʴ ɻʤʝʣʠʥʘ [24], ʪʘʨʘʥ ʫʟʢʦʣʠʩʪʥʳʡ [24], ʤʘʢ ʛʦʣʦʩʪʝʙʝʣʴʥʳʡ [24], ʣʘʧʯʘʪʢʘ 

ʩʢʫʯʝʥʥʘʷ [24, 61] ʠ ʜʨʫʛʠʝ ʨʘʩʪʝʥʠʷ. ɼʣʷ ʧʦʣʳʥʠ ɻʤʝʣʠʥʘ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʜʘʥʥʳʝ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʤʳʰʴʷʢʘ [9, 23, 24, 47], ʩʚʠʥʮʘ [9], ʚʦʣʴʬʨʘʤʘ [47], ʤʦʣʠʙʜʝʥʘ [47] ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʳʚʦʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʘʥʘʣʠʟʘ ʵʪʠʭ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʝʜʠʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʪʦʤ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʞʘʥʠʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʪʝʙʣʷʭ, ʷʚʣʷʶʱʠʭʩʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʠʭ ʧʨʦʚʦʜʥʠʢʦʤ ʚ ʣʠʩʪʴʷ, ʛʜʝ ʦʥʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ, 

ʫʯʘʩʪʚʫʷ ʚ ʤʝʪʘʙʦʣʠʟʤʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʬʦʪʦʩʠʥʪʝʟʝ. ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʩʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʤʝʥʘʭ, ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ ʟʘʱʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʩʪʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʯʠʩʪʦʪʫ ʚʠʜʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʟʜʦʨʦʚʦʛʦ ʧʦʪʦʤʩʪʚʘ. ɺʪʦʨʦʡ 

ʚʘʞʥʳʡ ʚʳʚʦʜ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʝʥʠʷʤʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʦʥʠ ʧʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʙʘʨʴʝʨʥʳʝ ʠ ʙʝʟʙʘʨʴʝʨʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʚʳʚʦʜ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʪʝʥʠʷ ʩ ʙʘʨʴʝʨʥʳʤʠ ʢʦʨʥʝʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʦʪʭʦʜʦʚ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʢʣʘʜ ʐʝʨʣʦʚʦʛʨʩʢʦʛʦ ʛʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʟʛʨʦʤ ʂʚʘʥʪʫʥʩʢʦʡ ʘʨʤʠʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʷ ʧʦʙʝʜʳ ʥʘʜ ʗʧʦʥʠʝʡ ʚʦ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ɺʝʣʠʢʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ. 

ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʚ ʜʠʨʝʢʪʠʚʘʭ ɻʣʘʚʥʦʛʦ ʢʦʤʘʥʜʦʚʘʥʠʷ ʠ ʇʦʩʪʘʥʦʚʣʝʥʠʷʭ ʉʦʚʤʠʥʘ ʉʉʉʈ. 

ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʟʘʥʠʤʘʝʪ ʛʦʩʧʦʜʩʪʚʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚʦ ʚʩʭʦʣʤʣʝʥʥʦʤ ʨʝʣʴʝʬʝ ʩʪʝʧʥʦʡ 

ʟʦʥʳ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ, ʯʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʚʘʞʥʦʝ ʚʦʝʥʥʦ-ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ. ʕʪʦ 15 ʩʝʥʪʷʙʨʷ 1941 ʛʦʜʘ ʧʦʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ ʩʦʟʜʘʥʠʷ ʚ ʥʘʯʘʣʝ ɺʝʣʠʢʦʡ 

ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʬʨʦʥʪʘ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʝʛʦ ʰʪʘʙʘ ʚ ʧʦʩ. ʐʠʨʣʦʚʘ 

ɻʦʨʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʛʦʪʦʚʷʱʝʛʦʩʷ ʥʘʩʪʫʧʣʝʥʠʷ ʂʚʘʥʪʫʥʩʢʦʡ ʘʨʤʠʠ 

ʤʠʣʠʪʘʨʠʩʪʩʢʦʡ ʗʧʦʥʠʠ. 

ɼʠʨʝʢʪʠʚʦʡ ʩʪʘʚʢʠ ɺʝʨʭʦʚʥʦʛʦ ɻʣʘʚʥʦʛʦ ʂʦʤʘʥʜʦʚʘʥʠʷ ˉ 30156 27 ʠʶʣʷ 1943 ʛ., 

ʧʦʜʧʠʩʘʥʥʦʡ ʀ.ɺ. ʉʪʘʣʠʥʳʤ ʠ ʤʘʨʰʘʣʦʤ ɸ.ʄ. ɺʘʩʠʣʝʚʩʢʠʤ, ʢʦʤʘʥʜʫʶʱʝʤʫ ʚʦʡʩʢʘʤʠ 

ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʬʨʦʥʪʘ ʛʝʥʝʨʘʣ-ʧʦʣʢʦʚʥʠʢʫ ʄ.ʇ. ʂʦʚʘʣʝʚʫ ʦ ʟʘʜʘʯʘʭ ʥʘ ʩʣʫʯʘʡ ʥʘʧʘʜʝʥʠʷ 

ʗʧʦʥʠʠ (ʎɸʄʆ. ʌ. 148ʘ. ʆʧ. 3763. ɼ. 101. ʃ. 1922.) ʙʳʣʦ ʧʨʠʢʘʟʘʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʫʥʠʯʪʦʞʝʥʠʝ ʧʨʦʪʠʚʥʠʢʘ ʠ ʜʘʣʝʝ ʧʝʨʝʡʪʠ ʚ ʥʘʩʪʫʧʣʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ ʠ ʂʠʪʘʷ. 
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ʐʪʘʙ ʚ ʐʠʨʣʦʚʦʡ ɻʦʨʝ ʙʳʣ ʚʦ ʚʨʝʤʷ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʣʝʪʦʤ 1945 ʛʦʜʘ ʤʝʩʪʦʤ ʨʘʙʦʪʳ 

ʤʘʨʰʘʣʘ ʈ.ʗ. ʄʘʣʠʥʦʚʩʢʦʛʦ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʜʢʠ ʧʦʜʟʝʤʥʳʭ ʭʦʜʦʚ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʜʟʝʤʥʳʭ ʧʦʤʝʱʝʥʠʡ ʰʪʘʙʘ ʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʦʛʥʝʚʳʭ ʪʦʯʝʢ, ʚʢʣʶʯʘʷ ʢʘʧʦʥʠʨʳ, ʙʳʣʦ ʚʩʢʨʳʪʦ ʤʥʦʞʝʩʪʚʦ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʪʝʣ ʩ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʳʤ ʩʳʨʴʝʤ, ʢʦʪʦʨʦʝ ʦʢʘʟʘʣʦʩʴ ʚ ʦʪʚʘʣʘʭ ʠ ʩʪʘʣʦ ʧʨʝʜʤʝʪʦʤ ʜʦʙʳʯʠ 

ʤʝʩʪʥʳʤ ʥʘʩʝʣʝʥʠʝʤ ʧʦʩʣʝ 1990-ʭ ʛʦʜʦʚ.  

ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʢʘʢ ʠʩʪʦʯʥʠʢ ʫʨʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʝʪʩʢʦʡ ʘʪʦʤʥʦʡ ʙʦʤʙʳ 

ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʚ ʢʦʥʮʝ 1940-ʭ ʩʯʠʪʘʣʘʩʴ ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʨʘʥʘ ʜʣʷ 

ʩʦʚʝʪʩʢʦʡ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʘʢʦʡ ʬʘʢʪ: 25 ʩʝʥʪʷʙʨʷ 1948 

ʛʦʜʘ ʀ.ɺ. ʉʪʘʣʠʥ ʧʦʜʧʠʩʘʣ ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʉʦʚʝʪʘ ʤʠʥʠʩʪʨʦʚ ʉʉʉʈ ˉ3583-1443 ʩʩ 

(ʩʦʚʝʨʰʝʥʥʦ ʩʝʢʨʝʪʥʦ) çʆ ʢʦʥʪʨʦʣʴʥʳʭ ʮʠʬʨʘʭ ʢ ʧʣʘʥʫ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʙʦʪ ʥʘ 1949 ʛʦʜè, ʚ 

ʢʦʪʦʨʦʤ ʧʦʨʫʯʘʣʦʩʴ çéʇʝʨʚʦʤʫ ʛʣʘʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʧʨʠ ʉʦʚʝʪʝ ʤʠʥʠʩʪʨʦʚ ʉʉʉʈ ʠ 

ʄʠʥʠʩʪʝʨʩʪʚʫ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚ 1949 ʛ. ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ɸ-9 ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʐʝʨʣʦʚʘʷ ɻʦʨʘ...è. 

ɸ-9 ï ʵʪʦ ʟʘʢʦʜʠʨʦʚʘʥʥʦʝ ʥʘʟʚʘʥʠʝ ʫʨʘʥʘ. ʇʨʠʯʠʥʦʡ ʜʣʷ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʙʳʣʦ ʦʪʢʨʳʪʠʝ 

ʪʦʨʙʝʨʥʠʪʘ ʠʣʠ ʫʨʘʥʦʚʦʡ ʩʣʶʜʢʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʦʣʦʚʷʥʥʳʭ ʨʫʜ ʥʘ ʂʚʘʨʮ-

ʪʫʨʤʘʣʠʥʦʚʦʤ ʦʪʨʦʛʝ ʐʝʨʣʦʚʦʡ ɻʦʨʳ. ɺ 1946 ʛʦʜʫ ʧʨʦʚʝʜʝʥʘ ʜʝʪʘʣʴʥʘʷ ʨʘʟʚʝʜʢʘ ʠ 

ʧʦʜʩʯʠʪʘʥʳ ʟʘʧʘʩʳ ʫʨʘʥʘ ʚ 147 ʪ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 0.07 %.  

ʅʦ ʨʘʟʚʝʨʥʫʪʴ ʨʘʙʦʪʳ ʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʝ ʧʦʤʝʰʘʣʦ ʦʪʢʨʳʪʠʝ ɽʨʤʘʢʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʨʘʥʘ ʥʘ ʉʝʚʝʨʝ ɿʘʙʘʡʢʘʣʴʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʄʨʘʤʦʨʥʦʤ ʫʱʝʣʴʝ ʢ ʩʝʚʝʨʫ 

ʦʪ ʏʘʨʳ. ɺʩʢʦʨʝ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʳʭ ʟʘʧʘʩʦʚ ʦʥʦ ʙʳʣʦ ʦʩʪʘʚʣʝʥʦ, ʠ ʦʧʷʪʴ ʦʙʨʘʪʠʣʠʩʴ ʢ 

ʐʝʨʣʦʚʦʡ ɻʦʨʝ.  

ɺ ʧʦʩʪʘʥʦʚʣʝʥʠʠ ʉʦʚʝʪʘ ʄʠʥʠʩʪʨʦʚ ʉʉʉʈ ʦʪ 14 ʬʝʚʨʘʣʷ 1950 ʛʦʜʘ ʚʥʦʚʴ ʙʳʣʦ ʫʢʘʟʘʥʦ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʚʦʝʥʠʷ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ çʬʦʩʬʦʨʥʳʭ ʨʫʜè ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʊʘʢ ʙʳʣʠ ʟʘʰʠʬʨʦʚʘʥʳ ʨʫʜʳ ʩ ʪʦʨʙʝʨʥʠʪʦʤ ʠ ʜʨʫʛʠʤʠ ʬʦʩʬʘʪʘʤʠ ʫʨʘʥʘ.  

ʅʦ ʠ ʚ ʵʪʦʪ ʨʘʟ ʜʦʙʳʯʫ ʫʨʘʥʘ ʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʝ ʥʝ ʦʨʛʘʥʠʟʦʚʘʣʠ, ʪʘʢ ʢʘʢ ʚ ɹʘʣʝʡʩʢʦʤ 

ʨʘʡʦʥʝ ʚ ʧʨʝʜʛʦʨʴʷʭ ɹʦʨʱʦʚʦʯʥʦʛʦ ʢʨʷʞʘ ʥʘʯʘʣʘʩʴ ʜʦʙʳʯʘ ʤʠʥʝʨʘʣʘ ʤʦʥʘʮʠʪʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʢ ʪʦʨʠʡ, ʪʘʢ ʠ ʫʨʘʥ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʝ ʚ ʉʨʝʜʥʝʡ ɸʟʠʠ ʪʘʢʞʝ 

ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʨʦʷʚʣʝʥʠʷ ʫʨʘʥʘ ʊʶʷʤʫʶʥ. 
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ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ  ʚʟʷʪʘ ʧʨʦʚʠʥʮʠʷ. ɺ  ʩʦʩʪʘʚ ʚʳʜʝʣʝʥʥʦʡ ʧʨʦʚʠʥʮʠʠ ʚʭʦʜʷʪ ʦʜʥʦʠʤʸʥʥʘʷ 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʘʷ ʠ ʍʘʥʢʘʡʩʢʦ-ɹʫʨʝʠʥʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʠ, ʚʢʣʶʯʘʶʱʠʝ  ʀʥʛʦʜʠʥʩʢʫʶ, ɺʝʨʭʥʝ-ʆʥʦʥʩʢʫʶ, 

ʐʠʣʢʠʥʩʢʦ-ɹʫʨʫʢʘʥʩʢʫʶ, ɸʛʠʥʩʢʫʶ, ɸʨʛʫʥʩʢʫʶ, ʊʫʛʫʨʩʢʫʶ, ʉʝʣʝʤʜʞʠʥʩʢʫʶ, ʄʘʣʦ-ʍʠʥʛʘʥʩʢʫʶ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ ʠ ɹʫʨʝʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ. ʇʨʠʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʪʫʨʤʘʣʠʥʘ, ʙʝʨʠʣʣʘ, ʘʢʚʘʤʘʨʠʥʘ, ʪʦʧʘʟʘ, ʩʝʨʜʦʣʠʢʘ, ʘʛʘʪʘ, ʷʰʤʘ, ʨʦʜʦʥʠʪʘ, ʠʤʝʶʱʠʤʠ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʮʚʝʪʥʳʭ ʢʘʤʥʝʡ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʝ ʩʳʨʴʝ, ʨʘʡʦʥʠʨʦʚʘʥʠʝ, ʮʚʝʪʥʳʝ ʢʘʤʥʠ, ʧʨʦʚʠʥʮʠʷ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ.  
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Abstract. The distribution and regularities of placement of deposits of gemstone raw materials in the Mongolian-

Okhotsk gemstone province are shown. Minerogenic zoning of the territory was carried out. At the same time, 

taxonomic units of different hierarchical levels are taken as a basis. The province is taken as the largest subdivision. The 

isolated province includes the Mongol-Okhotsk and Khankai-Bureya subprovinces of the same name, including the 

Ingodinskaya, Upper-Ononskaya, Shilkinsky-Burukanskaya, Aginskaya, Argunskaya, Tugurskaya, Selemdzhinskaya, 

Lesser Khingan mineragenic zones and the Bureinsky ore district. The characteristics of ore regions with known 

deposits of tourmaline, beryl, aquamarine, topaz, carnelian, agate, jasper, rhodonite, which are of paramount importance 

and constituting the mineral resource base of colored stones of the Russian Federation, are given. 

Keywords: gemstone raw materials, zoning, colored stones, province, deposit. 

 

ɺʚʝʜʝʥʠʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʈʌ) ʠʟʚʝʩʪʥʳ ʤʥʦʛʠʝ ʶʚʝʣʠʨʥʳʝ, 

ʶʚʝʣʠʨʥʦ-ʧʦʜʝʣʦʯʥʳʝ ʠ ʧʦʜʝʣʦʯʥʳʝ ʢʘʤʥʠ [1], ʥʦ ʨʘʟʤʝʱʝʥʳ ʦʥʠ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ: 

ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʋʨʘʣ, ɺʦʩʪʦʯʥʘʷ ʠ ʖʞʥʘʷ ʉʠʙʠʨʴ, ʘ ʪʘʢʞʝ ɿʘʙʘʡʢʘʣʴʝ ʠ ɼʘʣʴʥʠʡ 

ɺʦʩʪʦʢ [2]. ɺ ʨʘʟʥʳʝ ʛʦʜʳ ʧʨʦʚʦʜʠʣʘʩʴ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʟʫʯʘʣʠʩʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʨʘʟʤʝʱʝʥʠʷ, ʚʳʜʝʣʷʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʳʝ ʨʝʛʠʦʥʳ. ɿʘ 

ʧʝʨʠʦʜ ʩ 1965 ʧʦ 2004 ʛʦʜ ʪʝʨʨʠʪʦʨʠʷ ʙʳʚʰʝʛʦ ʉʉʉʈ ʠ ʈʌ ʙʳʣʘ ʧʦʜʨʘʟʜʝʣʝʥʘ ʥʘ ʨʷʜ 

ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʳʭ ʪʘʢʩʦʥʦʚ [3, 4, 5]. ɺ ʦʩʥʦʚʝ ʩʭʝʤ ʨʘʟʤʝʱʝʥʠʷ ʣʝʞʘʪ ʪʝʢʪʦʥʠʯʝʩʢʠʝ, 

ʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʛʝʤʤʦʣʦʛʠʯʝʩʢʦʡ ʤʠʥʝʨʘʛʝʥʠʠ [15, 16, 18]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʈʌ ʥʘʤʠ ʚʳʜʝʣʝʥʦ 9 ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʳʭ 

ʧʨʦʚʠʥʮʠʡ [7, 8]: ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʘʷ, ʂʘʚʢʘʟʩʢʘʷ, ʊʠʤʘʥʦ-ʋʨʘʣʴʩʢʘʷ, ɺʦʩʪʦʯʥʦ-

ʉʠʙʠʨʩʢʘʷ, ʖʞʥʦ-ʉʠʙʠʨʩʢʘʷ, ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʘʷ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʘʷ, ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ, 

ʂʘʤʯʘʪʩʢʦ-ʉʘʭʘʣʠʥʩʢʘʷ. ɺ ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʷʪ 23 ʩʫʙʧʨʦʚʠʥʮʠʠ ʠ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʳʝ ʦʙʣʘʩʪʠ: 

ʂʘʨʝʣʦ-ʂʦʣʴʩʢʘʷ, ɺʦʨʦʥʝʞʩʢʘʷ, ɹʘʣʪʠʡʩʢʦ-ɼʥʝʧʨʦʚʩʢʘʷ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʘʷ, ʊʠʤʘʥʩʢʘʷ, 

ʉʝʚʝʨʦ-ʋʨʘʣʴʩʢʘʷ, ʉʨʝʜʥʝ-ʋʨʘʣʴʩʢʘʷ, ʖʞʥʦ-ʋʨʘʣʴʩʢʘʷ, ʊʘʡʤʳʨʩʢʘʷ, ʆʣʝʥʸʢʩʢʦ-

ɸʥʘʙʘʨʩʢʘʷ, ʉʨʝʜʥʝ-ʉʠʙʠʨʩʢʘʷ, ɸʣʜʘʥʦ-ʉʪʘʥʦʚʘʷ, ɽʥʠʩʝʡʩʢʦ-ɸʣʪʘʡʩʢʘʷ, ʉʘʷʥʩʢʘʷ, 

ɹʘʡʢʘʣʴʩʢʘʷ, ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʘʷ, ʍʘʥʢʘʡʩʢʦ-ɹʫʨʝʠʥʩʢʘʷ, ʉʠʭʦʪʵ-ɸʣʠʥʩʢʘʷ, ʇʨʠʤʦʨʩʢʘʷ, 

ʂʦʣʳʤʦ-ʀʥʜʠʛʠʨʩʢʘʷ, ɺʝʨʭʦʷʥʦ-ɸʜʳʯʘʥʩʢʘʷ, ʂʦʨʷʢʩʢʦ-ʂʘʤʯʘʪʩʢʘʷ, ʉʘʭʘʣʠʥʩʢʘʷ [9].   

ɺ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʪʝʨʨʠʪʦʨʠʷ ɿʘʙʘʡʢʘʣʴʷ ʚʭʦʜʠʪ ʚ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʫʶ 

ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʫʶ ʧʨʦʚʠʥʮʠʶ. ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʘʷ ʧʨʦʚʠʥʮʠʷ ʟʘʥʠʤʘʝʪ 
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ʧʨʦʪʷʞʸʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʦʪ ʨ. ʏʠʢʦʡ ʥʘ ʟʘʧʘʜʝ ʜʦ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʥʘ ʚʦʩʪʦʢʝ. ʉʝʚʝʨʥʘʷ 

ʛʨʘʥʠʮʘ ʧʨʦʚʠʥʮʠʠ ʧʨʦʭʦʜʠʪ ʚʜʦʣʴ ʨʝʢ ʍʠʣʦʢ, ʐʠʣʢʘ, ɸʤʫʨ, ʋʜʘ. ʖʞʥʦʡ ʛʨʘʥʠʮʝʡ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʩʣʫʞʠʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʨʘʥʠʮʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ ʂʠʪʘʝʤ, 

ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʛʨʘʥʠʮʝʡ ʷʚʣʷʝʪʩʷ ʨ. ɸʤʫʨ. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ʧʨʦʚʠʥʮʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ ʠ ɽʚʨʝʡʩʢʦʡ 

ʘʚʪʦʥʦʤʥʦʡ ʦʙʣʘʩʪʠ.   

ʆʩʥʦʚʥʳʤʠ ʦʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʝʜʠʥʠʮʘʤʠ ʷʚʣʷʶʪʩʷ ɹʦʨʱʦʚʦʯʥʳʡ ʭʨʝʙʝʪ, ʶʞʥʳʡ ʩʢʣʦʥ 

ʉʪʘʥʦʚʦʛʦ ʭʨʝʙʪʘ, ʭʨʝʙʝʪ ɼʞʘʛʜʳ ʠ ɹʫʨʝʠʥʩʢʠʡ ʭʨʝʙʝʪ. ɺ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʧʨʦʚʠʥʮʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʙʣʘʩʪʠ ʛʝʨʮʠʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ. ɻʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ ʩ ʖʞʥʦ-

ʉʠʙʠʨʩʢʦʡ ʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʧʨʦʚʠʥʮʠʷʤʠ ʩʣʫʞʘʪ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʨʘʟʚʠʪʠʷ 

ʙʘʡʢʘʣʴʩʢʦʡ ʠ ʛʝʨʮʠʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ.  

ɺ ʧʨʦʚʠʥʮʠʠ ʠʟʚʝʩʪʥʳ ʪʫʨʤʘʣʠʥ, ʙʝʨʠʣʣ, ʘʢʚʘʤʘʨʠʥ, ʪʦʧʘʟ, ʩʝʨʜʦʣʠʢ, ʘʛʘʪ, ʷʰʤʘ, 

ʨʦʜʦʥʠʪ, ʠʤʝʶʱʠʝ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʠ ʦʩʚʦʝʥʠʝ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʚʥʝʩʣʠ 

ɺ.ɸ. ɹʝʣʷʝʚ, ɺ.ʀ. ɹʝʣʷʝʚʩʢʠʡ, ʂ.ɻ. ɻʣʝʙʦʚ, ʉ.ɼ. ɼʫʙʨʦʚʠʥ, ʄ.ɺ. ʂʦʢʫʥʠʥ, ɺ.ɽ. ʂʫʰʥʘʨʝʚ, 

ɸ.ɺ. ʊʘʪʘʨʠʥʦʚ [10, 11], ʂ.ʃ. ʊʫʣʫʙʴʝʚ, ɿ.ʀ. ʋʜʦʚʝʥʢʦ, ɻ.ɸ. ʖʨʛʝʥʩʦʥ [12-19] ʠ ʜʨ. 

ɺ ʩʦʩʪʘʚ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʚʭʦʜʷʪ ʦʜʥʦʠʤʸʥʥʘʷ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʘʷ ʠ 

ʍʘʥʢʘʡʩʢʦ-ɹʫʨʝʠʥʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʠ, ʚʢʣʶʯʘʶʱʠʝ  ʀʥʛʦʜʠʥʩʢʫʶ, ɺʝʨʭʥʝ-ʆʥʦʥʩʢʫʶ, 

ʐʠʣʦʚʩʢʦ-ɹʫʨʫʢʘʥʩʢʫʶ, ɸʛʠʥʩʢʫʶ, ɸʨʛʫʥʴʩʢʫʶ, ʊʫʛʫʨʩʢʫʶ, ʉʝʣʝʤʜʞʠʥʩʢʫʶ, ʄʘʣʦ-

ʍʠʥʛʘʥʩʢʫʶ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ ʠ ɹʫʨʝʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ (ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 

ʄʠʥʝʨʘʛʝʥʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

ʉʫʙʧʨʦʚʠʥʮʠʷ, 

ʦʙʣʘʩʪʴ 

ʄʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ 

ʟʦʥʘ 
ʈʫʜʥʳʡ ʨʘʡʦʥ 

ʆʩʥʦʚʥʳʝ ʮʚʝʪʥʳʝ 

ʢʘʤʥʠ 
ʄʝʩʪʦʨʦʞʜʝʥʠʷ 

ʄʦʥʛʦʣʦ-

ʆʭʦʪʩʢʘʷ 

ʀʥʛʦʜʠʥʩʢʘʷ ʄʘʣʭʘʥʩʢʠʡ 

ʊʫʨʤʘʣʠʥ, 

ʙʝʨʠʣʣ, 

ʘʢʚʘʤʘʨʠʥ, 

ʛʨʘʥʘʪ, ʭʨʠʟʦʣʠʪ, 

ʷʰʤʘ, ʨʦʜʦʥʠʪ 

ʄʘʣʭʘʥ, (ʪʫʨʤʘʣʠʥ), 

ɾʠʣʘ ʄʦʭʦʚʘʷ, ɾʠʣʘ 

ʉʘʚʚʘʪʝʝʚʩʢʘʷ, 

ɻʨʝʤʷʯʠʥʩʢʘʷ ʂʦʧʴ 

(ʪʫʨʤʘʣʠʥ) 

ɺʝʨʭʥʝ-ʆʥʦʥʩʢʘʷ ʅ.ʚ. 

ɹʝʨʠʣʣ, ʪʦʧʘʟ, 

ʪʫʨʤʘʣʠʥ, ʘʛʘʪ, 

ʷʰʤʘ 

ï 

ʐʠʣʢʠʥʩʢʦ-

ɹʫʨʫʢʘʥʩʢʘʷ 

 

 

 

ɸʛʠʥʩʢʘʷ  

ʐʠʣʢʠʥʩʢʦ-

ɹʦʨʱʦʚʦʯʥʦʡ 

 

 

 

ʐʝʨʣʦʚʦʛʦʨʩʢʦ-

ɹʫʨʫʢʘʥʩʢʦʡ   

ɹʝʨʠʣʣ, ʪʦʧʘʟ, 

ʘʢʚʘʤʘʨʠʥ, 

ʪʫʨʤʘʣʠʥ, 

ʘʤʘʟʦʥʠʪ, 

ʦʬʠʦʢʘʣʴʮʠʪ, ʘʛʘʪ 

ɹʝʨʠʣʣ, ʪʦʧʘʟ, 

ʪʫʨʤʘʣʠʥ, ʷʰʤʘ, 

ʘʤʝʪʠʩʪ, ʘʛʘʪ 

ʇʘʜʴ ʉʫʭʘʷ (ʪʫʨʤʘʣʠʥ),  

 

 

 

ʐʝʨʣʦʚʦʛʦʨʩʢʦʝ 

(ʙʝʨʠʣʣʘ. ʘʤʝʪʨʠʥʘ), 

ɸʜʫʥ-ʏʝʣʦʥʩʢʦʝ (ʪʦʧʘʟ, 

ʘʢʚʘʤʘʨʠʥ)  

 

ɸʨʛʫʥʩʢʘʷ ʅ.ʚ. 
ɸʛʘʪ, ʭʘʣʮʝʜʦʥ, 

ʘʤʝʪʠʩʪ 
ï 

ʊʫʛʫʨʩʢʘʷ ɿʘʧʘʜʥʦ-ʆʭʦʪʩʢʠʡ          

ʗʰʤʘ (ʚ ʪ.ʯ. 

ʩʠʥʠʷ ï 

ʠʨʥʠʤʠʪ), 

ʨʦʜʦʥʠʪ 

ʀʨʥʠʤʠʡʩʢʦʝ (ʷʰʤʘ), 

ʂʦʨʝʣʴʩʢʦʝ (ʨʦʜʦʥʠʪ) 

ʍʘʥʢʘʡʩʢʦ-

ɹʫʨʝʠʥʩʢʘʷ 

ʉʝʣʝʤʜʞʠʥʩʢʘʷ 
ʅʦʨʩʢʦ-

ɹʫʨʫʥʜʠʥʩʢʠʡ 

ʉʝʨʜʦʣʠʢ, ʘʛʘʪ, 

ʭʘʣʮʝʜʦʥ 

ɹʫʨʫʥʜʠʥʩʢʦʝ, ʅʦʨʩʢʦʝ 

(ʩʝʨʜʦʣʠʢ, ʘʛʘʪ) 

ɼʝʧʩʢʦʝ (ʣʠʩʪʚʝʥʠʪ) 

ʄʘʣʦ-ʍʠʥʛʘʥʩʢʘʷ ʂʫʣʴʜʫʨʩʢʠʡ 
ʆʬʠʢʘʣʴʮʠʪ, 

ʦʥʠʢʩ ʤʨʘʤʦʨʥʳʡ 

ʂʫʣʴʜʫʨʩʢʦʝ, 

ʉʦʛʜʠʥʩʢʦʝ ʠ ʜʨ. 

(ʦʬʠʢʘʣʴʮʠʪ) 

ʅ.ʚ. ɹʫʨʝʠʥʩʢʠʡ ʅʝʬʨʠʪ, ʙʝʨʠʣʣ ʂʠʚʠʣʠ (ʥʝʬʨʠʪ) 

ʇʨʠʤʝʯʘʥʠʝ: ʅ.ʚ. ï ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʠʣʠ ʨʫʜʥʳʡ ʨʘʡʦʥ ʥʝ ʚʳʜʝʣʝʥʳ. 
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ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʧʦʣʦʩʦʡ ʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʦʪ 

ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ (ʨʘʡʦʥ ʐʘʥʪʘʨʩʢʠʭ ʦʩʪʨʦʚʦʚ) ʚʜʦʣʴ ʶʞʥʳʭ ʦʪʨʦʛʦʚ 

ʉʪʘʥʦʚʦʛʦ ʭʨʝʙʪʘ ʧʦʯʪʠ ʜʦ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ɹʘʡʢʘʣʘ. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʏʠʪʠʥʩʢʦʡ ʠ ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ ʠ ɸʛʠʥʩʢʦʛʦ ɹʫʨʷʪʩʢʦʛʦ 

ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ. 

ɿʘʙʘʡʢʘʣʴʝ ʠʟʜʘʚʥʘ ʧʨʠʚʣʝʢʘʣʦ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʫʜʦʟʥʘʪʮʝʚ, ʛʝʦʣʦʛʦʚ ʠ 

ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʡ. ɺ ʨʘʟʥʳʝ ʛʦʜʳ ʟʜʝʩʴ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸ.ʂ. ɹʦʣʜʳʨʝʚ, 

ɸ.ʀ. ɻʠʥʟʙʫʨʛ, ɺ.ɸ. ʆʙʨʫʯʝʚ, ʇ.ʇ. ʉʫʱʠʥʩʢʠʡ, ʄ.ʄ. ʊʝʪʷʝʚ, ɸ.ɽ. ʌʝʨʩʤʘʥ, ɺ.ɻ. ʍʣʦʧʠʥ, 

ɸ.ɼ. ʑʝʛʣʦʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ɿʘʙʘʡʢʘʣʴʷ ʷʚʣʷʣʠʩʴ ʧʦʣʠʛʦʥʦʤ ʧʦ ʠʟʫʯʝʥʠʶ 

ʨʘʟʥʳʭ ʘʩʧʝʢʪʦʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʷʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʚʳʷʩʥʝʥʠʶ 

ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʛʨʝʡʟʝʥʦʚ ʠ ʧʝʛʤʘʪʠʪʦʚ, ʠʟʫʯʝʥʠʶ ʜʨʘʛʦʮʝʥʥʳʭ 

ʢʘʤʥʝʡ.  

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʪʝʨʨʠʪʦʨʠʷ ʩʫʙʧʨʦʚʠʥʮʠʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʨʦʩʩʠʡʩʢʦʤʫ 

ʩʝʢʪʦʨʫ ʛʝʨʮʠʥʠʜ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ ɸʤʫʨʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ʉ 

ʩʝʨʠʝʡ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʬʦʨʤʘʮʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʨʦʜʦʥʠʪʘ ʠ ʷʰʤʳ, ʘ ʩ ʨʷʜʦʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ - 

ʧʝʛʤʘʪʠʪʦʚʳʝ ʠ ʛʨʝʡʟʝʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʙʝʨʠʣʣʘ, ʪʦʧʘʟʘ, ʪʫʨʤʘʣʠʥʘ 

(ʛʨʘʥʠʪʦʠʜʥʳʝ ʬʦʨʤʘʮʠʠ) ʠ ʘʛʘʪʘ, ʭʘʣʮʝʜʦʥʘ, ʘʤʝʪʠʩʪʘ, ʭʨʠʟʦʣʠʪʘ (ʚʫʣʢʘʥʠʪʳ).  

ɿʥʘʯʠʤʦʩʪʴ ʩʫʙʧʨʦʚʠʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝʤ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʙʝʨʠʣʣʘ, ʪʫʨʤʘʣʠʥʘ, ʪʦʧʘʟʘ, ʷʰʤʳ ʠ ʨʦʜʦʥʠʪʘ. ʇʨʦʷʚʣʝʥʠʷ 

ʘʛʘʪ-ʭʘʣʮʝʜʦʥʦʚʦʛʦ ʩʳʨʴʷ ʠʤʝʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ.   

ʇʨʦʷʚʣʝʥʠʷ ʛʨʫʧʧʳ ʙʝʨʠʣʣʘ ɿʘʙʘʡʢʘʣʴʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʤʠ 

ʪʠʧʘʤʠ: ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɸʜʫʥ-ʏʝʣʦʥ ï ʢʘʤʝʨʥʳʝ ʭʨʫʩʪʘʣʝʥʦʩʥʳʝ ʚʥʫʪʨʠʛʨʘʥʠʪʥʳʝ 

ʧʝʛʤʘʪʠʪʳ; ʧʨʦʷʚʣʝʥʠʷ ɸʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ (ʧʝʛʤʘʪʠʪʳ ɹʦʨʱʝʚʦʯʥʦʛʦ ʢʨʷʞʘ) ï ʟʘʥʦʨʳʰʝʚʳʝ 

ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ ʧʝʛʤʘʪʠʪʳ; ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʐʝʨʣʦʚʘ ɻʦʨʘ ï ʘʧʦʩʠʣʠʢʘʪʳʝ ʛʨʝʡʟʝʥʳ 

ʤʫʩʢʦʚʠʪ-ʪʦʧʘʟ-ʢʚʘʨʮʝʚʦʛʦ ʩʦʩʪʘʚʘ. ʇʝʨʚʳʝ ʜʚʘ ʪʠʧʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʛʤʘʪʠʪʘʤʠ ʠʤʝʶʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠ ʢʘʢ ʢʦʨʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʨʦʩʩʳʧʝʡ. ʇʨʦʷʚʣʝʥʠʷ ʪʦʧʘʟʘ 

ɿʘʙʘʡʢʘʣʴʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʪ ʠ ʩʠʥʛʝʥʝʪʠʯʥʳ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʙʝʨʠʣʣʘ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʠ ʞʝ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʪʠʧʘʤʠ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʝʨʠʣʣʘ ʚ 

ɿʘʙʘʡʢʘʣʴʝ ʥʝʪ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʦʧʘʟʘ ʩ ʙʘʣʘʥʩʦʚʳʤʠ ʟʘʧʘʩʘʤʠ. 

ɺ ʩʫʙʧʨʦʚʠʥʮʠʠ ʚʳʜʝʣʝʥʳ ʀʥʛʦʜʠʥʩʢʘʷ,  ɺʝʨʭʥʝ-ʆʥʦʥʩʢʘʷ, ʐʠʣʢʠʥʩʢʦ-ɹʫʨʫʢʘʥʩʢʘʷ, 

ɸʛʠʥʩʢʘʷ, ɸʨʛʫʥʩʢʘʷ ʠ ʊʫʛʫʨʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ.   

ʀʥʛʦʜʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʩʫʙʧʨʦʚʠʥʮʠʠ, ʚ 

ʦʪʨʦʛʘʭ ɼʘʫʨʩʢʦʛʦ ʭʨʝʙʪʘ, ʚ ʙʘʩʩʝʡʥʝ ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ ʨʝʢ ʀʥʛʦʜʘ ʠ ʏʠʢʦʡ. ɺ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ï ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʠʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ɸʛʠʥʩʢʦʛʦ ɹʫʨʷʪʩʢʦʛʦ 

ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ. ʄʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʠʤʝʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʥʘ 

ʪʫʨʤʘʣʠʥ, ʙʝʨʠʣʣ, ʘʢʚʘʤʘʨʠʥ ʠ ʪʦʧʘʟ. ɺʢʣʶʯʘʝʪ ʄʘʣʭʘʥʩʢʠʡ ʪʫʨʤʘʣʠʥʦʥʦʩʥʳʡ ʨʘʡʦʥ.  

ɺ ʄʘʣʭʘʥʩʢʦʤ ʪʫʨʤʘʣʠʥʦʥʦʩʥʦʤ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʦ ʦʜʥʦʠʤʸʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʪʫʨʤʘʣʠʥʘ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʚ ʈʦʩʩʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩ ʙʘʣʘʥʩʦʚʳʤʠ ʟʘʧʘʩʘʤʠ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʤʠʘʨʦʣʦʚʳʭ ʧʦʣʥʦʟʦʥʘʣʴʥʳʭ 

ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʳʭ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʠʥʪʝʥʩʠʚʥʦ ʟʘʤʝʱʝʥʥʳʭ ʣʝʧʠʜʦʣʠʪʦʤ ʠ 

ʢʣʝʚʝʣʘʥʜʠʪʦʤ. ʕʪʦʪ ʪʠʧ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʷʚʣʷʝʪʩʷ  ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʶʚʝʣʠʨʥʦʛʦ 

ʪʫʨʤʘʣʠʥʘ ʚʦ ʚʩʝʤ ʤʠʨʝ. ɿʘʧʘʩʳ ʪʫʨʤʘʣʠʥʘ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʥʘʯʘʣʦ 2003 ʛ. ʩʦʩʪʘʚʣʷʣʠ 

5617,10 ʢʛ. ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʄʘʣʭʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʦ ʢʘʪʝʛʦʨʠʠ ʈ2 ï 9572 ʢʛ. 

ʅʘ ʧʣʦʱʘʜʠ ʨʘʡʦʥʘ ʨʘʟʤʝʱʘʶʪʩʷ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʠʷ ʪʫʨʤʘʣʠʥʘ ɾʠʣʘ ʄʦʭʦʚʘʷ, 

ʉʘʚʚʘʪʝʝʚʩʢʘʷ ʠ ɻʨʝʤʷʯʠʥʩʢʘʷ ʂʦʧʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʠʤʠ ʞʝ ʟʦʥʘʣʴʥʳʤʠ 

ʤʠʘʨʦʣʦʚʳʤʠ ʧʝʛʤʘʪʠʪʘʤʠ, ʥʦ ʩʣʘʙʦ ʟʘʤʝʱʝʥʥʳʤʠ ʣʝʧʠʜʦʣʠʪʦʤ ʠ ʢʣʝʚʝʣʘʥʜʠʪʦʤ. 

ʇʨʦʷʚʣʝʥʠʷ ʞʠʣʘ ʇʦʣʠʤʠʥʝʨʘʣʴʥʘʷ ʠ ʇʘʜʴ ʉʫʭʘʷ ʧʨʝʜʩʪʘʚʣʝʥʳ  ʥʝʧʦʣʥʦʟʦʥʘʣʴʥʳʤʠ 

ʧʝʛʤʘʪʠʪʘʤʠ ʵʪʦʡ ʬʦʨʤʘʮʠʠ. ɿʥʘʯʝʥʠʝ 2-ʭ ʧʦʩʣʝʜʥʠʭ ʪʠʧʦʚ ʥʝʚʝʣʠʢʦ. 

ɺʝʨʭʥʝ-ʆʥʦʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʧʣʦʱʘʜʠ ɼʘʫʨʩʢʦʛʦ ʭʨʝʙʪʘ ʚ 

ʙʘʩʩʝʡʥʝ ʚʝʨʭʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʆʥʦʥ. ʉʧʝʮʠʘʣʠʟʘʮʠʷ ʟʦʥʳ ï ʙʝʨʠʣʣ, ʪʦʧʘʟ, 
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ʪʫʨʤʘʣʠʥ, ʘʛʘʪ, ʭʘʣʮʝʜʦʥ, ʷʰʤʘ. ʉ ʛʨʘʥʠʪʥʳʤʠ ʧʝʛʤʘʪʠʪʘʤʠ ʩʚʷʟʘʥʳ ʧʨʦʷʚʣʝʥʠʷ ʙʝʨʠʣʣʘ, 

ʪʦʧʘʟʘ, ʪʫʨʤʘʣʠʥʘ; ʩ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʘʤʠ ï ʧʨʦʷʚʣʝʥʠʷ ʘʛʘʪʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʦʨʠʟʦʥʪʘʤʠ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʭ ʙʘʟʘʣʴʪʦʚ ʠ ʩʬʝʨʦʣʦʠʜʥʳʤʠ ʣʘʚʘʤʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ.   

ʐʠʣʢʠʥʩʢʦ-ɹʫʨʫʢʘʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ ʐʠʣʢʠʥʩʢʦʛʦ ʠ 

ɹʦʨʱʦʚʦʯʥʳʭ ʭʨʝʙʪʦʚ ʥʘ ʩʝʚʝʨʝ, ʅʝʨʯʠʥʩʢʦʛʦ ʠ ʋʨʶʤʢʘʥʩʢʦʛʦ ï ʥʘ ʶʛʝ. ʄʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ 

ʟʦʥʘ ʚʢʣʶʯʘʝʪ ʐʠʣʢʠʥʩʢʦ-ɹʦʨʱʦʚʦʯʥʦʡ ʨʫʜʥʳʡ ʨʘʡʦʥ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʘ ʥʘ ʙʝʨʠʣʣ, ʪʦʧʘʟ, 

ʪʫʨʤʘʣʠʥ, ʘʤʘʟʦʥʠʪ, ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʩ ʛʨʘʥʠʪʥʳʤʠ ʧʝʛʤʘʪʠʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʟʦʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʘ ʥʘ ʦʬʠʦʢʘʣʴʮʠʪ. ɺʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ  ʘʛʘʪ, ʭʘʣʮʝʜʦʥ, ʘʤʝʪʠʩʪ 

ʠ ʷʰʤʘ. ʇʨʦʷʚʣʝʥʠʷ ʷʰʤʳ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʦʢʨʝʤʥʝʣʳʭ ʛʦʨʠʟʦʥʪʘʭ  ʵʬʬʫʟʠʚʥʳʭ ʠ 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ɿʦʥʘ ʚʢʣʶʯʘʝʪ  ʐʠʣʢʠʥʩʢʦ-ɹʦʨʱʦʚʦʯʥʳʡ ʨʫʜʥʳʡ 

ʨʘʡʦʥ. ɺ ʧʝʛʤʘʪʠʪʘʭ ɹʦʨʱʦʚʦʯʥʦʛʦ ʭʨʝʙʪʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ 

ʪʫʨʤʘʣʠʥʘ, ʙʝʨʠʣʣʘ ʠ ʪʦʧʘʟʘ. ʆʜʥʘʢʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ ʦʪʨʘʙʦʪʘʥʘ. ʊʦʣʴʢʦ 

ʥʘ ʧʨʦʷʚʣʝʥʠʠ ʇʘʜʴ ʉʫʭʘʷ ʩʦʜʝʨʞʠʪʩʷ ʶʚʝʣʠʨʥʳʡ ʪʫʨʤʘʣʠʥ.  

ɺ ɸʛʠʥʩʢʫʶ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʫʶ ʟʦʥʫ  ʚʭʦʜʠʪ ʐʝʨʣʦʚʦʛʦʨʩʢʦ-ɹʫʨʫʢʘʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ, ʚ 

ʢʦʪʦʨʦʤ  ʥʘʭʦʜʠʪʩʷ ʐʝʨʣʦʚʦʛʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʙʝʨʠʣʣʘ ʠ ɸʜʫʥ-ʏʝʣʦʥʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʪʦʧʘʟʘ, ʢʨʦʤʝ ʪʦʛʦ, ï ʜʨʫʛʠʝ ʧʨʦʷʚʣʝʥʠʠ ʪʦʧʘʟʘ, ʘ ʪʘʢʞʝ ʪʫʨʤʘʣʠʥʘ ʠ 

ʘʤʘʟʦʥʠʪʘ.  ʐʝʨʣʦʚʦʛʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʘʧʦʛʨʘʥʠʪʥʦʤʫ ʢʚʘʨʮ-ʪʦʧʘʟ-

ʤʫʩʢʦʚʠʪ ʛʨʝʡʟʝʥʦʤʫ ʪʠʧʫ  ʩ ʪʦʧʘʟʦʤ ʠ ʘʢʚʘʤʘʨʠʥʦʤ. ʇʦʤʠʤʦ ʙʝʨʠʣʣʘ ʩʦʜʝʨʞʠʪ ʝʛʦ 

ʨʘʟʥʦʩʪʠ: ʘʢʚʘʤʘʨʠʥ, ʛʝʣʠʦʜʦʨ, ʨʦʩʪʝʨʠʪ, ʟʝʣʸʥʳʡ ʠ ʟʦʣʦʪʦʡ ʙʝʨʠʣʣ. ɸ ʪʘʢʞʝ ʘʤʝʪʨʠʥ [16]. 

ɿʘʧʘʩʳ ʙʝʨʠʣʣʘ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 1.01.2003 ʩʦʩʪʘʚʣʷʶʪ 282,6 ʢʛ. ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ 

ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ  ʧʦ ʢʘʪʝʛʦʨʠʠ ʈ2 (ʢʚʘʨʮ-ʪʦʧʘʟ-ʤʫʩʢʦʚʠʪʦʚʳʝ ʛʨʝʡʟʝʥʳ ʩ 

ʪʦʧʘʟʦʤ ʠ ʘʢʚʘʤʘʨʠʥʦʤ, ʜʝʣʶʚʠʘʣʴʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʨʦʩʩʳʧʴ ʩ ʙʝʨʠʣʣʦʤ)  ï 8870 ʢʛ.  

ɹʝʨʠʣʣ ʩʦʜʝʨʞʠʪʩʷ ʪʘʢʞʝ ʚ ɸʜʫʥ-ʏʝʣʦʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʤʠʢʨʦʢʣʠʥʦʚʳʭ ʙʝʨʠʣʣ-

ʪʦʧʘʟ-ʤʦʨʠʦʥʦʚʳʝ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʥʘ ʢʦʪʦʨʦʤ  ʧʦʜʩʯʠʪʘʥʳ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ 

ʙʝʨʠʣʣʘ ʧʦ ʈ2 (23,6 ʢʛ), ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ (150 ʢʛ) ʪʦʧʘʟʘ. ʂʨʦʤʝ 

ʪʦʧʘʟʘ ʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʣʦʩʪʷʭ ɸʜʫʥ-ʏʝʣʦʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʜʝʨʞʘʪʩʷ 

ʘʢʚʘʤʘʨʠʥ ʠ ʛʝʣʠʦʜʦʨ, ʛʦʨʥʳʡ ʭʨʫʩʪʘʣʴ, ʨʝʜʢʦ ï ʮʠʪʨʠʥ ʠ ʘʤʝʪʠʩʪ.  ʅʘ ʂʫʨ-ʂʫʨʠʥʩʢʦʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʨʝʩʫʨʩʳ ʪʦʧʘʟʘ ʩʦʩʪʘʚʣʷʶʪ 350 ʢʛ. 

ɸʨʛʫʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʅʝʨʯʠʥʩʢʦʤ ʠ ʋʨʶʤʢʘʥʩʢʦʤ ʭʨʝʙʪʘʭ, 

ʧʨʦʩʪʠʨʘʷʩʴ ʥʘ ʶʛʝ ï ʚʜʦʣʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʆʩʥʦʚʥʘʷ 

ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʟʦʥʳ ï ʘʛʘʪ, ʭʘʣʮʝʜʦʥ ʠ ʘʤʝʪʠʩʪ. ɺʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ 

ʦʬʠʦʢʘʣʴʮʠʪʫ ʠ ʷʰʤʝ. ʇʨʦʷʚʣʝʥʠʷ ʘʛʘʪ-ʭʘʣʮʝʜʦʥʦʚʦʛʦ ʩʳʨʴʷ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʧʦʨʦʜʘʭ 

ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚʦʡ ʠ ʜʘʮʠʪʦ-ʣʠʧʘʨʠʪʦʚʦʡ ʬʦʨʤʘʮʠʡ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [12-13]. ʆʥʘ 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʇʨʠʘʨʛʫʥʩʢʦʡ ʟʦʥʳ ɿʘʙʘʡʢʘʣʴʩʢʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʘʛʘʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ 

ʧʦ[13]. 

ʊʫʛʫʨʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʋʜʩʢʦ-ʐʘʥʪʦʨʩʢʦʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʦʡ, ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ 

ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ. ɿʦʥʘ ʠʤʝʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʥʘ ʨʦʜʦʥʠʪ ʠ ʷʰʤʫ. ɺ ʝʸ 

ʩʦʩʪʘʚ ʚʭʦʜʠʪ ɿʘʧʘʜʥʦ-ʆʭʦʪʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ, ʚʢʣʶʯʘʶʱʠʡ ʀʨʥʠʤʠʡʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʷʰʤ, ʂʦʨʝʣʴʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠ ʐʘʥʪʘʨʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʨʦʜʦʥʠʪʘ. ɿʘʧʘʜʥʦ-ʆʭʦʪʩʢʠʡ 

ʨʫʜʥʳʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʦʙʝʨʝʞʴʝ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ. 

ʗʰʤʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʝʨʠʠ ʣʠʥʟʦʚʠʜʥʳʭ ʪʝʣ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʢʨʝʤʥʠʩʪʳʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ. ʆʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ 

ʧʝʩʪʨʦʮʚʝʪʥʳʤ ʠ ʩʫʨʛʫʯʥʳʤ ʷʰʤʘʤ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦʜʝʨʞʠʪʩʷ  ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʘʷ 

ʩʠʥʷʷ ʷʰʤʘ ï ʠʨʥʠʤʠʪ, ʥʝ ʠʤʝʶʱʘʷ ʘʥʘʣʦʛʦʚ ʚ ʈʦʩʩʠʠ. ɹʣʘʛʦʜʘʨʷ ʨʝʜʢʦʩʪʠ ʩʠʥʠʝ ʷʰʤʳ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʨʘʥʳ. 

 ɺ 1979-86 ʛʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʠʩʢʠ ʷʰʤ ʠ ʨʦʜʦʥʠʪʘ ʚ ʧʨʝʜʝʣʘʭ ʀʨʥʠʤʠʡʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʧʦʣʷ. ɺ 1982-86 ʛʛ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʀʨʥʠʤʠʡʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʟʘʧʘʩʳ ʩʠʥʠʭ ʷʰʤ ʧʦ ʢʘʪ. ʉ2 ʩʦʩʪʘʚʠʣʠ ï 1651,2 ʪ, ʧʦʣʦʩʯʘʪʳʭ ʷʰʤ ï 9787 ʪ, 

ʨʦʜʦʥʠʪʘ ï74,1 ʪ (ʚʩʝ ʩʦʨʪʦʚʦʝ ʩʳʨʴʝ). ʀʟ ʫʥʠʢʘʣʴʥʳʭ ʩʠʥʠʭ ʷʰʤ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʚʳʩʦʢʦʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʠʟʜʝʣʠʷ, ʥʦ ʠʟ-ʟʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʝ 
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ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʯʠʩʣʠʪʩʷ ʚ ʛʦʩʨʝʟʝʨʚʝ. ʉʠʥʠʝ ʷʰʤʳ ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʥʘ ʧʨʦʷʚʣʝʥʠʠ ɹʦʤ, 

ʛʜʝ, ʢʨʦʤʝ ʷʰʤ, ʠʟʚʝʩʪʝʥ ʨʦʜʦʥʠʪ. 

ʈʦʜʦʥʠʪ ʀʨʥʠʤʠʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʤʘʨʛʘʥʮʝʚʦ-ʩʠʣʠʢʘʪʥʳʭ ʟʘʣʝʞʘʭ ʚ 

ʢʚʘʨʮʠʪʦ- ʠ ʷʰʤʦʚʦ-ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱʘʭ. ɿʘʧʘʩʳ ʩʳʨʴʷ ʩʦʩʪʘʚʣʷʶʪ 51,9 ʪ, ʧʨʦʛʥʦʟʥʳʝ 

ʨʝʩʫʨʩʳ ï 44 ʪ.    

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʟʥʘʯʝʥʠʝ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʤʥʦʛʠʭ ʮʚʝʪʥʳʭ 

ʢʘʤʥʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʫʨʤʘʣʠʥ, ʙʝʨʠʣʣ, ʘʢʚʘʤʘʨʠʥ, ʪʦʧʘʟ, 

ʘʛʘʪ, ʷʰʤʘ (ʦʩʦʙʝʥʥʦ ʩʠʥʠʷ ï ʠʨʥʠʤʠʪ), ʨʦʜʦʥʠʪ.  

ʍʘʥʢʘʡʩʢʦ-ɹʫʨʝʠʥʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ 

ʍʘʥʢʘʡʩʢʦ-ɹʫʨʝʠʥʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʘʷ ʧʨʦʚʠʥʮʠʠ. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ï ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ, 

ɸʤʫʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ɽʚʨʝʡʩʢʦʡ ʘʚʪʦʥʦʤʥʦʡ ʦʙʣʘʩʪʠ.   

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʩʫʙʧʨʦʚʠʥʮʠʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʍʘʥʢʘʡʩʢʦʤʫ ʠ ɹʫʨʝʠʥʩʢʦʤʫ 

ʤʘʩʩʠʚʘʤ, ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ ɸʤʫʨʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ.  

ɺ ʍʘʥʢʘʡʩʢʦ-ɹʫʨʝʠʥʩʢʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ ʦʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʩʝʨʜʦʣʠʢʫ, ʘʛʘʪʫ, 

ʥʝʬʨʠʪʫ, ʙʝʨʠʣʣʫ, ʦʬʠʦʢʘʣʴʮʠʪʫ, ʤʨʘʤʦʨʥʦʤʫ ʦʥʠʢʩʫ. ɺʪʦʨʦʩʪʝʧʝʥʥʦʝ ï ʠʤʝʶʪ ʢʦʨʫʥʜ, 

ʘʤʘʟʦʥʠʪ, ʠʨʠʟʠʨʫʶʱʠʡ ʘʥʦʨʪʦʟʠʪ, ʘʤʘʟʦʥʠʪ, ʨʦʜʦʥʠʪ, ʷʰʤʘ.  ʂʦʨʫʥʜ, ʣʠʩʪʚʝʥʠʪ ʠ ʥʝʬʨʠʪ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʬʦʨʤʘʮʠʷʤ ʬʫʥʜʘʤʝʥʪʘ ʤʘʩʩʠʚʦʚ; ʩʝʨʜʦʣʠʢ, ʘʛʘʪ, ʭʘʣʮʝʜʦʥ, 

ʙʝʨʠʣʣ, ʪʫʨʤʘʣʠʥ, ʦʬʠʢʘʣʴʮʠʪ ʠ ʤʨʘʤʦʨʥʳʡ ʦʥʠʢʩ ï ʢ ʧʦʩʪʦʨʦʛʝʥʥʳʤ ʚʫʣʢʘʥʠʪʘʤ, ʠʥʪʨʫʟʠʷʤ 

ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʩʘʜʦʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ ʵʧʠʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʪʠʧʘ. 

ʇʨʦʷʚʣʝʥʠʷ ʙʣʘʛʦʨʦʜʥʦʛʦ ʢʦʨʫʥʜʘ ʍʘʥʢʘʡʩʢʦ-ɹʫʨʝʠʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʩʚʷʟʘʥʳ ʩ ʤʨʘʤʦʨ-ʩʣʘʥʮʝʚʦ-ʛʥʝʡʩʦʚʦʡ ʬʦʨʤʘʮʠʝʡ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ. ʆʪʥʦʩʷʪʩʷ ʢ ʛʝʦʣʦʛʦ-

ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʪʠʧʫ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʵʥʜʦʩʢʘʨʥʦʚ ʚ ʢʘʣʴʮʠʪʦʚʳʭ ʠ ʜʦʣʦʤʠʪʦ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʤʨʘʤʦʨʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʷʚʣʝʥʠʡ ʢʦʨʫʥʜʘ ʚ ʩʣʶʜʠʩʪʳʭ ʧʣʘʛʠʦʢʣʘʟʠʪʘʭ 

(ʧʣʶʤʘʟʠʪʘʭ), ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʤʨʘʤʦʨ-ʦʬʠʢʘʣʴʮʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʧʨʦʪʝʨʦʟʦʷ. ɿʥʘʯʝʥʠʝ 

ʩʫʙʧʨʦʚʠʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝʤ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʢʨʫʧʥʝʡʰʝʛʦ ʚ ʈʦʩʩʠʠ 

ɹʫʨʫʥʜʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʝʨʜʦʣʠʢʘ ʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʛʦ ʨʘʟʚʠʪʠʷ ʬʦʨʤʘʮʠʡ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʵʪʠ ʩʘʤʦʮʚʝʪʳ,  ʚ ʨʘʟʨʝʟʝ ʍʘʥʢʘʡʩʢʦʛʦ ʩʨʝʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ. 

ɺ ʩʫʙʧʨʦʚʠʥʮʠʠ ʚʳʜʝʣʝʥʳ ʉʝʣʝʤʜʞʠʥʩʢʘʷ ʠ ʄʘʣʦ-ʍʠʥʛʘʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ, ʘ 

ʪʘʢʞʝ ɹʫʨʝʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ.  

ʉʝʣʝʤʜʞʠʥʩʢʘʷ ʘʛʘʪʦʥʦʩʥʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ ɸʤʫʨʩʢʦ-ɿʝʡʩʢʦʡ 

ʨʘʚʥʠʥʳ ʥʘ ʩʝʚʝʨʝ ʠ ʦʪʨʦʛʠ ɹʫʨʝʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ï ʥʘ ʶʛʦ-ʟʘʧʘʜʝ. ɿʦʥʘ ʚʢʣʶʯʘʝʪ  ʅʦʨʩʢʦ-

ɹʫʨʫʥʜʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʥʘ ʘʛʘʪ, ʭʘʣʮʝʜʦʥ ʠ ʣʠʩʪʚʝʥʠʪ.   

ɸʛʘʪ-ʭʘʣʮʝʜʦʥʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʅʦʨʩʢʦ-ɹʫʨʫʥʜʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʘ ʩ 

ʘʥʜʝʟʠʪʦʚʦʡ ʬʦʨʤʘʮʠʝʡ ʨʘʥʥʝʛʦ ʤʝʣʘ (ʊʘʣʜʘʥʩʢʘʷ ʩʚʠʪʘ). ʇʨʦʷʚʣʝʥʠʷ ʘʛʘʪʘ ʠ ʭʘʣʮʝʜʦʥʘ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʘʤ ʜʨʦʙʣʝʥʠʷ ʚ ʣʘʚʘʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʠ ʢ ʛʦʨʠʟʦʥʪʘʤ 

ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʭ ʣʘʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ɻʣʘʚʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʵʪʦʡ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʟʦʥʳ ï ɹʫʨʫʥʜʠʥʩʢʦʝ ʠ ʅʦʨʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʣʶʚʠʣʴʥʳʤʠ ʨʦʩʩʳʧʷʤʠ 

ʩʝʨʜʦʣʠʢʘ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ɹʫʨʫʥʜʘ ʠ ʅʦʨʘ. ʇʝʨʩʧʝʢʪʠʚʥʳ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʠʷ 

ʭʘʣʮʝʜʦʥʘ ʚ ʵʣʶʚʠʘʣʴʥʳʭ ʠ ʜʝʣʶʚʠʘʣʴʥʳʭ ʨʦʩʩʳʧʷʭ. ʇʨʠʤʝʨʘʤʠ ʵʪʦʛʦ ʛʝʦʣʦʛʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷ ɸʤʘʢʘ ʠ ʫʯʘʩʪʦʢ ʌʠʥʘʣʴʥʳʡ ɹʫʨʫʥʜʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʗʜʨʠʥʩʢʦʝ ʠ ʈʘʜʜʝʥʩʢʦʝ ʧʨʦʷʚʣʝʥʠʷ ʘʛʘʪʘ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʜʘʮʠʪʦ-ʣʠʧʘʨʠʪʦʚʦʡ 

ʬʦʨʤʘʮʠʠ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʦʨʠʟʦʥʪʘʤʠ ʩʬʝʨʦʣʦʠʜʥʳʭ ʣʘʚ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. 

ʂʨʦʤʝ ʩʝʨʜʦʣʠʢʘ ʠ ʭʘʣʮʝʜʦʥʘ ʚ ʉʝʣʝʤʜʞʠʥʩʢʦʡ ʟʦʥʝ ʥʘʭʦʜʠʪʩʷ ɼʝʧʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʣʠʩʪʚʝʥʠʪʘ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʰʪʦʢʦʦʙʨʘʟʥʳʤ ʪʝʣʦʤ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʚ ʟʦʥʝ 

ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʋʩʪʴ-ɼʝʧʩʢʦʛʦ ʤʘʩʩʠʚʘ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʨʘʥʥʝʛʦ 

ʧʘʣʝʦʟʦʷ, ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʵʥʜʦʛʝʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʄʘʣʦ-ʍʠʥʛʘʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ɹʫʨʝʠʥʩʢʦʛʦ ʭʨʝʙʪʘ. 

ɿʦʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʘ ʥʘ ʦʬʠʦʢʘʣʴʮʠʪ ʠ ʤʨʘʤʦʨʥʳʡ ʦʥʠʢʩ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʨʦʜʦʥʠʪ, ʷʰʤʘ, ʘʛʘʪ, ʢʦʨʫʥʜ, ʙʝʨʠʣʣ.  ɺ ʩʦʩʪʘʚ ʟʦʥʳ ʚʭʦʜʠʪ ʂʫʣʴʜʫʨʩʢʠʡ ʦʬʠʢʘʣʴʮʠʪʦʚʳʡ 

ʨʫʜʥʳʡ ʨʘʡʦʥ ʩ ʦʜʥʦʠʤʸʥʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ. ʂʫʣʴʜʫʨʩʢʦʝ  (ʂʫʨʦʨʪʥʦʝ) ʤʝʩʪʦʨʦʞʜʝʥʠʝ 
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ʦʬʠʢʘʣʴʮʠʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ ʛ. ʂʫʣʴʜʫʨ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʪʠʧʦʤ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʩʢʘʨʥʦʚ, 

ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʟʦʥʘʤ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʜʦʣʦʤʠʪʦʚ ʠ ʤʘʛʥʝʟʠʪʦʚ 

ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ. ʂʨʦʤʝ ʂʫʣʴʜʫʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʨʫʜʥʦʤ 

ʨʘʡʦʥʝ ʥʘʭʦʜʷʪʩʷ ʉʦʛʜʠʥʩʢʦʝ, ʄʝʜʚʝʞʴʝ ʠ ʉʨʝʜʥʝ-ɹʠʜʞʘʥʩʢʦʝ ʧʨʦʷʚʣʝʥʠʷʭ ʦʬʠʢʘʣʴʮʠʪʘ.  

ɼʨʫʛʠʝ ʧʨʦʷʚʣʝʥʠʷ ʙʣʘʛʦʨʦʜʥʦʛʦ ʢʦʨʫʥʜʘ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʩʢʘʨʥʦʚ. 

ʂʨʦʤʝ ʪʦ, ʟʜʝʩʴ ʠʟʚʝʩʪʥʳ ʢʦʨʫʥʜʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʣʶʜʠʩʪʳʤʠ ʧʣʘʛʠʦʢʣʘʟʠʪʘʤʠ. ʆʥʠ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʨʘʤʦʨʘʤ ʠ ʦʬʠʢʘʣʴʮʠʪʘʤ ʧʨʦʪʝʨʦʟʦʷ.  

ɹʫʨʝʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ɹʫʨʝʠʥʩʢʦʛʦ ʭʨʝʙʪʘ, ʚ ʚʝʨʭʦʚʴʝ 

ʨ. ɹʫʨʝʷ. ʆʩʥʦʚʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ï ʥʝʬʨʠʪ ʠ ʙʝʨʠʣʣ, ʚʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ 

ʘʤʘʟʦʥʠʪʫ ʠ ʠʨʠʟʠʨʫʶʱʝʤʫ ʘʥʦʨʪʦʟʠʪʫ. ʇʨʦʷʚʣʝʥʠʷ ʙʝʨʠʣʣʘ ɹʫʨʝʠʥʩʢʦʛʦ ʨʘʡʦʥʘ 

ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʠʢʨʦʢʣʠʥʦʚʳʭ ʙʝʨʠʣʣ-ʤʫʩʢʦʚʠʪʦʚʳʭ (ʙʝʩʧʦʣʦʩʪʥʳʭ) 

ʧʝʛʤʘʪʠʪʘʭ  ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʙʘʩʩʝʡʥʝ ʨ. ʂʠʚʠʣʠ ʣʦʢʘʣʠʟʦʚʘʥʘ ʘʣʣʶʚʠʘʣʴʥʘʷ 

ʨʦʩʩʳʧʴ ʟʝʣʝʥʦʛʦ ʥʝʬʨʠʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʨʝʥʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʥʝʬʨʠʪʘ ʘʧʦʛʘʙʙʨʦʚʦʛʦ 

ʪʠʧʘ ʚ ʘʤʬʠʙʦʣʠʪʘʭ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʮʝʥʥʦʩʪʴ ʍʘʥʢʘʡʩʢʦ-ɹʫʨʝʠʥʩʢʦʡ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʡ 

ʩʫʙʧʨʦʚʠʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝʤ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʅʦʨʩʢʦʛʦ ʠ ɹʫʨʫʥʜʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʝʨʜʦʣʠʢʘ ʠ ʘʛʘʪʘ (ʧʨʠʯʝʤ, ʧʦʩʣʝʜʥʝʝ ʧʦ ʟʘʧʘʩʘʤ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʩʝʨʜʦʣʠʢʘ ʚ ʈʦʩʩʠʠ), ɼʝʧʩʢʦʛʦ ï ʣʠʩʪʚʝʥʠʪʘ ʠ ʂʫʣʴʜʫʨʩʢʦʛʦ ï ʦʬʠʦʢʘʣʴʮʠʪʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʠ 

ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʜ ʠ ʠʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʨʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ. ɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ 
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Abstract. Geodynamic conditions of the formation of orogenic gold deposits and their influence on the 

mineralogical and geochemical characteristics of ores and their metallogenic associations are considered. 

Keywords: Orogenic gold deposits. Geodynamic settings and metallogenic associations 

 

ɺ ʢʦʥʮʝ 90-ʭ ʛʦʜʦʚ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ ʠʟʫʯʘʶʱʝʤ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʦʙʲʝʢʪ ï ʦʨʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ (Groves et al., 1998; Goldfarb et 

al., 2001 ʠ ʧʨ.), ʢʦʪʦʨʳʡ ʫʚʝʨʝʥʥʦ ʟʘʚʦʝʚʘʣ çʟʘʧʘʜʥʳʡè ʨʫʜʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʤʠʨ, ʧʦʩʢʦʣʴʢʫ 

ʚʢʣʶʯʠʣ ʚ ʩʝʙʷ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʭ ʚʟʛʣʷʜʦʚ ʚʩʝ 

ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʣʝʜʫʝʪ ʨʘʟʜʝʣʷʪʴ ʥʘ (1) ʦʨʦʛʝʥʥʳʝ, (2) ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʥʪʨʫʟʠʚʘʤʠ, (3) ʵʧʠʪʝʨʤʘʣʴʥʳʝ, (4) IOCG -ʟʦʣʦʪʳʝ ʞʝʣʝʟʦʦʢʩʠʜʥʦ-ʤʝʜʥʳʝ, (5) ʟʦʣʦʪʦ-

ʢʦʣʯʝʜʘʥʥʳʝ, (6) ʟʦʣʦʪʦʥʦʩʥʳʝ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ. ɺ ʩʨʝʜʝ ʨʦʩʩʠʡʩʢʠʭ ʛʝʦʣʦʛʦʚ ʦʨʦʛʝʥʥʳʡ 

ʪʠʧ ʥʘʭʦʜʠʪ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʧʦʥʠʤʘʥʠʝ, ʠ, ʟʘʯʘʩʪʫʶ, ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ.  

ʏʪʦ ʝʩʪʴ ʦʨʦʛʝʥʥʦʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ? ʉʦʛʣʘʩʥʦ ʦʩʥʦʚʘʪʝʣʷʤ, ʦʨʦʛʝʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʚʜʦʣʴ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʦʢʨʘʠʥ ʚ ʪʝʯʝʥʠʝ ʘʢʢʨʝʮʠʠ ʪʝʨʨʝʡʥʦʚ, ʠʭ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʢʦʣʣʠʟʠʠ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʩʫʙʜʫʢʮʠʝʡ ʧʣʠʪ ʠ/ʠʣʠ ʣʠʪʦʩʬʝʨʥʳʤ 

ʨʘʩʩʣʦʝʥʠʝʤ. ʆʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʦʙʳʯʥʦ ʚ ʧʦʟʜʥʶʶ ʩʪʘʜʠʶ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʦʨʦʛʝʥʘ. ʈʫʜʳ ʠʤʝʶʪ ʯʝʪʢʠʡ 

ʩʪʨʫʢʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ ʨʘʟʣʦʤʘʤʠ ʠʣʠ ʟʦʥʘʤʠ ʩʤʷʪʠʷ, ʩʢʣʘʜʢʘʤʠ ʠ/ʠʣʠ ʟʦʥʘʤʠ ʢʦʥʪʨʘʩʪʘ 

ʢʦʤʧʝʪʝʥʪʥʳʭ ʧʦʨʦʜ (Groves et al., 2003). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ, ʦʨʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʟʦʣʦʪʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʨʦʛʝʥʥʳʭ ʩʦʙʳʪʠʡ, ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ, ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʟʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʦʨʦʛʝʥʥʦʛʦ 

ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʬʣʶʠʜʥʳʭ ʧʦʪʦʢʦʚ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʟʦʥʘʤʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ, ʣʠʙʦ ʦʨʦʛʝʥʥʳʤʠ ʠʥʪʨʫʟʠʚʘʤʠ (ɻʦʨʷʯʝʚ, 2006).  

ʇʨʝʜʣʘʛʘʝʤʦʝ ʩʦʦʙʱʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʧʳʪʢʫ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʨʠʤʝʨʘʭ ʢʨʫʧʥʳʭ 

ʧʦʷʩʦʚ ʬʘʥʝʨʦʟʦʷ (ʃʘʢʣʘʥʩʢʠʡ (ɺʦʩʪʦʯʥʦʡ ɸʚʩʪʨʘʣʠʠ), ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ɸʟʠʠ ʠ ʄʦʥʛʦʣʦ-

ʆʭʦʪʩʢʠʡ, ʉʝʚʝʨʦ-ɸʤʝʨʠʢʘʥʦ-ʂʦʨʜʠʣʴʝʨʩʢʠʡ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʜʨʫʛʠʤ 

ʩʪʨʫʢʪʫʨʘʤ) ʧʦʟʠʮʠʶ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʵʚʦʣʶʮʠʠ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʠ ʠʭ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ. ʇʦʤʠʤʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʢʦʣʣʠʟʠʦʥʥʘʷ, ʘʢʪʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ ʠ ʦʩʪʨʦʚʥʳʭ 

ʜʫʛ, ʟʘʜʫʛʦʚʘʷ ʠʣʠ ʪʣʦʚʦʜʫʞʥʘʷ ʠ ʪʨʘʥʩʬʦʤʥʦ-ʩʜʚʠʛʦʚʘʷ), ʚ ʦʩʥʦʚʫ ʘʥʘʣʠʟʘ ʧʦʣʦʞʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ: (1) ʤʝʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʭʨʦʥʦʣʦʛʠʠ ʦʨʦʛʝʥʝʟʘ 

ʧʦʷʩʦʚ; (2) ʘʩʩʦʮʠʘʮʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ (3) ʠʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʦʨʫʜʝʥʝʥʠʷ.  

ʇʦ ʤʝʩʪʫ ʚ ʭʨʦʥʦʣʦʛʠʠ ʦʨʦʛʝʥʝʟʘ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: (1) 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ï ʩʢʣʘʜʯʘʪʦʩʪʴ ï ʤʝʪʘʤʦʨʬʠʟʤ ï ʦʨʫʜʝʥʝʥʠʝ ï ʛʨʘʥʠʪʳ (ɺʦʩʪ.ɸʚʩʪʨʘʣʠʷ, 

ʂʘʣʠʬʦʨʥʠʷ, ʏʫʢʦʪʢʘ, ʂʣʦʥʜʘʡʢ, ʂʘʨʠʙʫ, ɸʣʷʩʢʘ-ɼʞʫʥʦ) ʘʢʢʨʝʮʠʦʥʥʳʡ ʘʢʢʨʝʮʠʦʥʥʳʡ 
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ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʪʠʧ; (2) ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ï (ʤʝʪʘʤʦʨʬʠʟʤ) ï ʩʢʣʘʜʯʘʪʦʩʪʴ ï 

ʧʣʫʪʦʥʦʤʝʪʘʤʦʨʬʠʟʤ ï ʦʨʫʜʝʥʝʥʠʝ (ʗʥʦ-ʂʦʣʳʤʘ, ɹʘʡʢʘʣʦ-ʇʘʪʦʤ) ʢʦʣʣʠʟʠʦʥʥʳʡ; (3) 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ï ʤʝʪʘʤʦʨʬʠʟʤ ï ʧʣʫʪʦʥʠʯʝʩʢʠʡ ʤʘʛʤʘʪʠʟʤ ï ʩʜʚʠʛʠ ï ʧʣʫʪʦʥʠʯʝʩʢʠʡ 

ʤʘʛʤʘʪʠʟʤ ï ʦʨʫʜʝʥʝʥʠʝ (ʄʦʥʛʦʣʦ-ʆʭʦʪʠʷ, ʉʠʭʦʪʵ-ɸʣʠʥʴ, ʉʘʷʥʳ?) ʪʨʘʥʩʬʦʨʤʥʦ-

ʩʜʚʠʛʦʚʳʡ; (4) ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ï ʩʢʣʘʜʯʘʪʦʩʪʴ+ʤʝʪʘʤʦʨʬʠʟʤ ï ʩʜʚʠʛʠ ï ʤʝʪʘʤʦʨʬʠʟʤ ï 

ʜʘʡʢʠ-ʤʘʣʳʝ ʧʣʫʪʦʥʳ ï ʦʨʫʜʝʥʝʥʠʝ (ʂʠʪʘʡ, ɸʣʣʘʭ-ʖʥʴ, ʇʨʠʦʭʦʪʴʝ) ʘʢʢʨʝʮʠʦʥʥʦ-

ʪʳʣʦʚʦʜʫʞʥʳʡ.  

ɸʩʩʦʮʠʘʮʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʫʢʘʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ: (1) 

ʦʨʦʛʝʥʥʦʝ ï ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʛʨʘʥʠʪʘʤʠ; (2) ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʛʨʘʥʠʪʘʤʠ ï ʦʨʦʛʝʥʥʦʝ; (3) ʢʦʤʧʣʝʢʩʥʦʝ (ʦʨʦʛʝʥʥʦʝ=ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʛʨʘʥʠʪʘʤʠ); (4) (ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʛʨʘʥʠʪʘʤʠ) ï ʦʨʦʛʝʥʥʦʝ=ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʦʝ. 

ʂʘʞʜʳʡ ʪʠʧ ʩʦ ʩʚʦʝʡ ʘʩʩʦʮʠʘʮʠʝʡ ʟʦʣʦʪʳʭ ʦʙʲʝʢʪʦʚ.  

ʄʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʟʦʣʦʪʘ: (1) ʧʦʣʠʤʝʪʘʣʣʳ+ʤʝʜʴ; (2) 

ʦʣʦʚʦ+ʚʦʣʴʬʨʘʤ+ʨʝʜʢʠʝ ʤʝʪʘʣʣʳ; (3) ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥ-ʧʦʨʬʠʨʦʚʳʝ ï ʦʣʦʚʦ+ʨʝʜʢʠʝ 

ʤʝʪʘʣʣʳ; (4) ʨʝʜʢʠʝ ʤʝʪʘʣʣʳ ï ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʳ. ɺʳʨʘʞʝʥʥʦʩʪʴ ʧʨʦʯʠʭ ʚ ʢʘʞʜʦʤ ʪʠʧʝ 

ʥʝ ʪʘʢ ʷʚʥʘʷ.  

ʇʨʠʤʝʨʦʤ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʦʚ ʢʦʣʣʠʟʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʗʥʦ-ʂʦʣʳʤʩʢʠʡ ʧʦʷʩ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ɸʟʠʠ. ʄʝʩʪʦ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʵʚʦʣʶʮʠʠ ʧʦʷʩʘ: 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ï ʧʣʫʪʦʥʦʤʝʪʘʤʦʨʬʠʟʤ (160-140 ʤʣʥ ʣʝʪ) ï ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ 

(ʦʨʦʛʝʥʥʦʝ ï 145-135 ʠ ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʝ ï 149-140). ɸʩʩʦʮʠʘʮʠʠ ʟʦʣʦʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: 

ʦʨʦʛʝʥʥʳʝ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʛʨʘʥʠʪʦʠʜʥʳʤʠ ʠʥʪʨʫʟʠʚʘʤʠ. ʆʨʦʛʝʥʥʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ 

ʘʩʩʦʮʠʘʮʠʷ (ʚʦʣʴʬʨʘʤ, ʦʣʦʚʦ, ʤʦʣʠʙʜʝʥ ʠ ʨʝʞʝ ʧʦʣʠʤʝʪʘʣʣʳ).  

ʇʨʠʤʝʨʳ ʘʢʪʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ ʠ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʵʪʦ ʂʦʨʜʠʣʴʝʨʩʢʘʷ ʉʝʚʝʨʦ-

ɸʤʝʨʠʢʘʥʩʢʘʷ ʦʢʨʘʠʥʘ (ɸʣʷʩʢʘ-ɼʞʫʥʦ, ɹʨʠʪʘʥʩʢʘʷ ʂʦʣʫʤʙʠʷ, ʂʘʣʠʬʦʨʥʠʷ) ʠ ɺʦʩʪʦʯʥʘʷ 

ɸʚʩʪʨʘʣʠʷ. ʄʝʩʪʦ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʵʚʦʣʶʮʠʠ ʧʦʷʩʘ: ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ï 

ʤʝʪʘʤʦʨʬʠʟʤï ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ (ʦʨʦʛʝʥʥʦʝ) ï ʛʨʘʥʠʪʦʠʜʥʳʡ ʤʘʛʤʘʪʠʟʤ. ɸʩʩʦʮʠʘʮʠʠ 

ʟʦʣʦʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʪʦʣʴʢʦ ʦʨʦʛʝʥʥʳʝ (ʚ ɸʚʩʪʨʘʣʠʠ ʧʨʦʷʚʣʝʥʦ ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʟʦʣʦʪʦ-

ʩʫʨʴʤʷʥʦʝ). ʆʨʦʛʝʥʥʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ (ʢʦʣʯʝʜʘʥʥʳʝ ʨʫʜʳ ʠ ʧʦʣʠʤʝʪʘʣʣʳ.  

ʇʨʠʤʝʨʳ ʘʢʢʨʝʮʠʦʥʥʦʡ ʟʘʜʫʛʦʚʦʡ ʠʣʠ ʪʳʣʦʚʦʜʫʞʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʆʭʦʪʩʢʦ-ʂʦʨʷʢʩʢʦʤ 

ʦʨʦʛʝʥʥʦʤ ʧʦʷʩʝ (ɺʝʨʭʦʷʥʴʝ ʠ ʚ ʧʨʝʜʝʣʘʭ ʗʥʦ-ʂʦʣʳʤʩʢʦʛʦ ʧʦʷʩʘ). ʄʝʩʪʦ ʦʨʦʛʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʵʚʦʣʶʮʠʠ ʧʦʷʩʘ: ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ï ʤʝʪʘʤʦʨʬʠʟʤ (160-140 ʤʣʥ ʣʝʪ) ï 

ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ (ʦʨʦʛʝʥʥʦʝ ï ʜʨʝʚʥʝʝ 150), ʛʣʘʚʥʳʡ ʦʨʦʛʝʥʥʳʡ ʧʣʫʪʦʥʠʟʤ (125) ʠ 

ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʝ ï 124-117 ʠ ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʦʝ ï 127-124), ʦʨʦʛʝʥʥʦʝ ʟʦʣʦʪʦʝ (126-124 ʠ 

120-119), ʧʦʟʜʥʠʡ ʤʘʛʤʘʪʠʟʤ ʛʨʘʥʠʪʦʠʜʥʳʡ (105-95) ʠ ʦʜʥʦʚʦʟʨʘʩʪʥʦʝ ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʝ. 

ɸʩʩʦʮʠʘʮʠʠ ʟʦʣʦʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʦʨʦʛʝʥʥʳʝ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʛʨʘʥʠʪʦʠʜʥʳʤʠ 

ʠʥʪʨʫʟʠʚʘʤʠ. ʆʨʦʛʝʥʥʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ (ʚʦʣʴʬʨʘʤ ʠ ʧʦʣʠʤʝʪʘʣʣʳ.  

ʊʨʘʥʩʬʦʨʤʥʦ-ʩʜʚʠʛʦʚʘʷ ʦʙʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʤʝʨʦʤ ï ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʠʤ ʧʦʷʩʦʤ. 

ʄʝʩʪʦ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʵʚʦʣʶʮʠʠ ʧʦʷʩʘ: ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ï ʤʝʪʘʤʦʨʬʠʟʤï 

ʢʦʣʣʠʟʠʦʥʥʳʡ ʤʘʛʤʘʪʠʟʤ (190-220 ʤʣʥ ʣʝʪ) ï ʪʨʘʥʩʬʦʨʤʥʦ-ʩʜʚʠʛʦʚʳʝ ʜʚʠʞʝʥʠʷ ï 

ʣʘʪʠʪʦʚʳʡ ʤʘʛʤʘʪʠʟʤ (160) ï ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ (ʦʨʦʛʝʥʥʦʝ ʠ ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʝ, ʟʘʯʘʩʪʫʶ 

ʥʝʨʘʟʜʝʣʠʤʳʝ (159-150 ʤʣʥ ʣʝʪ), ʧʦʟʜʥʝʝ ʨʠʬʪʦʛʝʥʥʦʝ ʵʧʠʪʝʨʤʘʣʴʥʦʝ (150-142 ʤʣʥ ʣʝʪ). 

ɸʩʩʦʮʠʘʮʠʠ ʟʦʣʦʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʦʨʦʛʝʥʥʳʝ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʛʨʘʥʠʪʦʠʜʥʳʤʠ ʠʥʪʨʫʟʠʚʘʤʠ 

ʟʘʯʘʩʪʫʶ ʥʝʨʘʟʜʝʣʠʤʳʝ, ʠʙʦ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʜʠʥʘʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʟʜʥʠʝ ʵʧʠʪʝʨʤʘʣʴʥʳʝ 

ʠ ʩʫʨʴʤʷʥʳʝ. ʆʨʦʛʝʥʥʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ (ʤʝʜʴ, ʤʦʣʠʙʜʝʥ ʠ ʧʦʣʠʤʝʪʘʣʣʳ, 

ʩʫʨʴʤʘ).  

ʀ ʦʩʦʙʦ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʧʣʶʤʦʚʳʝ ʦʙʩʪʘʥʦʚʢʠ, ʧʨʠʤʝʨʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ɹʫʰʚʝʣʴʜʩʢʠʡ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʠ ɻʘʫʣʝʨʩʢʠʡ ʩʨʝʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʚʥʫʪʨʠʢʨʘʪʦʥʥʳʝ 

ʧʣʶʤʦʚʳʝ ʘʨʝʘʣʳ. ɹʫʰʚʝʣʴʜʩʢʠʡ ʘʨʝʘʣ: ɹʫʰʚʝʣʴʜ  Ni-Cu-PGE ï 2060-2055 ʤʣʥ ʣʝʪ, 

ʍʘʫʪʝʥʙʝʢ Mo-TR ï 2059-2046, ɿʘʘʡʧʣʘʘʪ Sn ï 2055-2040, ɺʝʨʛʝʥʦʝʛ IOCG ï 2040, ʇʝʨʠʥʛ 

Pb-Zn ï 2057-2039, ʇʠʣʛʨʠʤ-ʈʝʩʪ ʦʨʦʛʝʥʥʦʝ Au ï 2024 ʩ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʚ ʨʫʜʘʭ 

Au-Pb-Sb-Bi-Cu. ɻʘʫʣʝʨ ʢʨʘʪʦʥ: ʆʣʠʤʧʠʢ ɼʘʤ IOCG ï 1600-1575 ʤʣʥ ʣʝʪ, ʊʘʨʢʫʣʘ ʦʨʦʛʝʥʥʦʝ 

Au ï 1580 ʩ Au-Cu-Pb-Bi-Co ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʝʡ.  
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ɼʣʷ ʧʣʶʤʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ 

ʙʣʠʟʢʦʦʜʥʦʚʨʝʤʝʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ ʨʫʜ ʩ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ, 

ʦʣʦʚʷʥʥʳʤʠ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠ ʦʨʦʛʝʥʥʳʤʠ ʟʦʣʦʪʳʤʠ, ʥʦ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʚʩʝ ʞʝ ʜʣʷ 

ʦʙʦʠʭ ʩʣʫʯʘʝʚ ʤʝʜʥʦ-ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʦʨʦʛʝʥʥʳʭ ʨʫʜ ʟʦʣʦʪʘ, 

ʩʙʣʠʞʘʶʱʝʡ ʠʭ ʩ ʦʨʦʛʝʥʥʳʤʠ ʟʦʣʦʪʦʨʫʜʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʪʨʘʥʩʬʦʨʤʥʦ-ʩʜʚʠʛʦʚʳʭ 

ʦʙʩʪʘʥʦʚʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʦʙʲʝʜʠʥʷʶʪ ʚ ʩʚʦʝʤ ʩʦʜʝʨʞʘʥʠʠ ʧʷʪʴ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʦʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜ 

ʜʘʥʥʦʛʦ ʪʠʧʘ. 

ɼʦʢʣʘʜ ʧʦʜʛʦʪʦʚʣʝʥ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʡ ʉɺʂʅʀʀ ɼɺʆ ʈɸʅ ʠ ʀɻʍ ʉʆ ʈɸʅ, ʧʨʠ 

ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʤ ʈʅʌ 23-47-00069 (ʤʘʪʝʨʠʘʣʳ ʧʦ ʟʘʜʫʛʦʚʦʤʫ ʪ 

ʪʨʘʥʩʬʦʨʤʥʦ-ʩʜʚʠʛʦʚʦʤʫ ʪʠʧʘʤ). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʤʦʙʠʣʠʟʘʮʠʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʵʥʜʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, 
ʚʳʧʦʣʥʝʥʳ ʤʦʜʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʝʨʝʥʦʩʘ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ PT ʧʘʨʘʤʝʪʨʘʭ: ʊ=500-680Áʉ ʠ ʜʘʚʣʝʥʠʠ 4-5 ʢʙʘʨ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʦ-

ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʪʝʨʤʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʛʨʘʜʠʝʥʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 
ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʘʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠ ʦʩʘʞʜʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʩʬʘʣʝʨʠʪʘ, ʛʘʣʝʥʠʪʘ, 

ʭʘʣʴʢʦʧʠʨʠʪʘ, ʧʠʨʠʪʘ ʠ ʜʨ.) ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʣʠʢʘʪʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ, ʩʣʶʜʘʤʠ ʠ ʢʚʘʨʮʝʤ). 

ʅʘ ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʤʳʝ ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʵʚʦʣʶʮʠʠ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʦʜʥʦ-ʩʦʣʝʚʳʝ ʬʣʶʠʜʳ, ʧʝʨʝʥʦʩ 

ʚʝʱʝʩʪʚʘ. 
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Abstract. Due to the problem of the possibility of remobilization of the ore substance under endogenous conditions, 

model experiments were carried out to study the transfer of ore-forming components at elevated PT parameters: T = 

500-680ÁC and a pressure of 4-5 kbar, in the presence of concentrated water-salt solutions in thermostatic and 

thermogradient conditions. It is shown that under these conditions intensive recrystallization and precipitation of sulfide 

minerals (sphalerite, galena, chalcopyrite, pyrite, etc.) occur together with silicate minerals (feldspars, pyroxenes, 

amphiboles and quartz). On the example of the study of natural objects, it is shown that the simulated processes take 

place in the evolution of ore-forming systems of base metal and gold-sulfide-quartz deposits. 

Keywords: sulfide ores, experimental modeling, water-salt fluids, matter transport. 

  

ʄʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʭ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʪʘʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝ ʠʤʝʶʪ ʚʠʜʠʤʦʡ ʩʚʷʟʠ ʩ 

ʤʘʛʤʘʪʠʟʤʦʤ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʠ ʤʝʭʘʥʠʟʤʳ 

ʧʝʨʝʥʦʩʘ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʠʩʢʫʩʩʠʦʥʥʳ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʦʙʦʩʥʦʚʘʥʳ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʘʥʩʧʦʨʪʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ P-T ʧʘʨʘʤʝʪʨʘʭ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʣʶʠʜʥʦʡ ʬʘʟʳ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʦʣʴʰʫʶ ʨʦʣʴ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʛʨʘʶʪ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʝ ʬʣʶʠʜʳ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʠ ʜʝʛʘʟʘʮʠʝʡ (ʜʝʚʦʣʘʪʠʣʠʟʘʮʠʝʡ) ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʤʝʪʘʤʦʨʬʠʟʤʝ [3]. ʇʨʠ ʵʪʦʤ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ (ʧʣʫʪʦʥʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʟʦʣʦʪʘ, ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʠʧʘ ʜʦʣʠʥʳ ʄʠʩʩʠʩʩʠʧʠ ʠ ʜʨ.) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʬʣʶʠʜʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʚʠʞʫʱʝʡ 

ʩʠʣʦʡ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʘ ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʟʝʤʥʦʡ ʢʦʨʳ ʷʚʣʷʶʪʩʷ ʛʨʘʜʠʝʥʪʳ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʨʫʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʱʝʣʦʯʥʦʡ ʬʘʟʦʡ 

ʬʣʶʠʜʘ [2]. ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʤʦʙʠʣʠʟʘʮʠʠ, ʧʝʨʝʥʦʩʘ ʠ 

ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʜʘʚʣʝʥʠʡ, ʪʦ ʝʩʪʴ ʚ ʛʣʫʙʠʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʷʤ ʤʦʙʠʣʠʟʘʮʠʠ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʟʘʣʴʪʳ ʠʟ ɺʦʩʪʦʯʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ 

ʧʦʜʥʷʪʠʷ (ʜʘʣʝʝ ï ɺʊʇ), ʩʫʣʴʬʠʜʥʳʡ ʤʘʪʝʨʠʘʣ ʯʝʨʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚ (ʦʙʨʘʟʮʳ ʣʶʙʝʟʥʦ 
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ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʧʨʦʬ. ʀ.ɺ. ɺʠʢʝʥʪʴʝʚʳʤ, ʀɻɽʄ ʈɸʅ). ɺʝʱʝʩʪʚʦ ʯʝʨʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚ (ʦʙʨ. 

3894, TM1) ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩʬʘʣʝʨʠʪʦʤ ʩ ʧʨʠʤʝʩʴʶ ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʦʪʜʝʣʴʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʛʘʣʝʥʠʪʘ ʠ ʧʠʨʨʦʪʠʥʘ. ɼʣʷ ʦʧʳʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʧʨʠʤʝʥʷʣʠ 

ʪʘʢʞʝ ʯʠʩʪʳʝ ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʤʠʥʝʨʘʣʳ ʠʟ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ 

ʨʫʜ ʊʘʣʥʘʭʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ʧʝʥʪʣʘʥʜʠʪ ʠ ʧʠʨʨʦʪʠʥ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʝʘʢʪʠʚʳ ZnS, FeS, PbS, CdS, HgS, Bi2O3. ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʦʚ ʟʘʜʘʚʘʣʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʦʣʷʤʠ: 

NaCl, KCl, NH4Cl, FeCl2, Na2S, NaCNS, Na2CO3, K2CO3; ʪʘʢʞʝ ʜʦʙʘʚʣʷʣʠ ʛʠʜʨʦʢʩʠʜʳ ʥʘʪʨʠʷ 

ʠ ʢʘʣʠʷ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʥʘʚʝʩʢʫ ʜʦʙʘʚʣʷʣʠ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʬʠʪʦʚʦʛʦ ʧʦʨʦʰʢʘ (10-40 ʤʛ). ɺ ʨʷʜʝ ʦʧʳʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʫʬʝʨʥʫʶ ʩʤʝʩʴ 

(Fe-FeO-FeS-FeS2). ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʚʳʩʦʢʦʛʦ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʥʘʛʨʝʚʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʀʕʄ ʈɸʅ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 12-14 

ʩʫʪʦʢ. ɺʨʝʤʷ ʟʘʢʘʣʢʠ ʘʤʧʫʣ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʨʝʚʳʰʘʣʦ 3 ʤʠʥʫʪ.  

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʚʝʱʝʩʪʚʘ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʠʟ ʦʪʣʦʞʝʥʠʡ ʯʝʨʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʘʟʘʣʴʪʘ ʧʨʠ 

500ęʉ ʧʨʠ ʜʘʚʣʝʥʠʠ 5 ʢʙʘʨ ʠ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʬʣʶʠʜʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 5 ʤʘʩ%. ʅʘ ʚʪʦʨʦʤ 

ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʣʠ ʩʘʤ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (450-650ęʉ, ʜʘʚʣʝʥʠʠ ʜʦ 5 ʢʙʘʨ) ʚ 

ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʣʠ ʩʣʦʞʥʳʡ ʬʣʶʠʜ ʩʦʩʪʘʚʘ H2O + 

CO2 + (Na,KCl) + (Na,K)2CO3 + NH4Cl, ʧʦʜʱʝʣʦʯʝʥʥʳʡ ʜʦʙʘʚʢʘʤʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ 

(ʢʘʣʠʷ). ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʦʧʳʪʦʚ ʜʦʩʪʠʛʘʣʘ 40 ʤʘʩ. %. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ 

ʧʦ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʝʨʝʥʦʩʫ ʩʠʣʠʢʘʪʥʦʛʦ ʠ ʩʫʣʴʬʠʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʯʝʨʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚ, 

ʪʦ ʝʩʪʴ ʪʘʢʠʭ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʘʢ ʩʬʘʣʝʨʠʪ, ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʚʝʜʝʥʳ ʦʪʜʝʣʴʥʳʝ ʦʧʳʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʨʘʥʩʧʦʨʪʘ ʜʨʫʛʠʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ Ni, As, Cd, Pt, Au, Hg, Bi.  
ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʥʦʛʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ 

ʤʠʥʝʨʘʣʳ ʩʦʜʝʨʞʘʪ Cl ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ. ɺ ʧʨʦʜʫʢʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʤʠʥʝʨʘʣʳ 

Cu, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʠʩʭʦʜʥʦʤ ʩʫʣʴʬʠʜʥʦʤ ʦʙʨʘʟʮʝ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʨʘʩʪʚʦʨʝʥʠʝʤ Cu ʚ ʟʦʣʦʪʝ ʘʤʧʫʣʳ. ɹʳʣʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʟʘʚʠʩʠʪ ʦʪ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ 

ʬʣʶʠʜʥʦʡ ʬʘʟʳ. ʊʘʢ, ʚ ʧʨʝʧʘʨʘʪʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ KCl ʧʦʷʚʣʷʝʪʩʷ 

ʘʩʩʦʮʠʘʮʠʷ ʘʤʬʠʙʦʣ ï ʙʠʦʪʠʪ ï ʢʣʠʥʦʧʠʨʦʢʩʝʥ ï ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ; ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʘʩʪʚʦʨʘ H2O ï NaCl ʬʦʨʤʠʨʫʝʪʩʷ ʘʩʩʦʮʠʘʮʠʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥ ï ʘʤʬʠʙʦʣ ï ʘʣʴʙʠʪ; ʚ ʩʠʩʪʝʤʝ 

H2O ï FeCl2 ʘʤʬʠʙʦʣ ï ʭʣʦʨʠʪ ï ʵʧʠʜʦʪ ï ʧʣʘʛʠʦʢʣʘʟ (ʘʥʜʝʟʠʥ-ʣʘʙʨʘʜʦʨ). ɺ ʦʧʳʪʝ ʩ 

ʨʘʩʪʚʦʨʦʤ H2O ï NaCNS ï NaCl ʬʦʨʤʠʨʫʝʪʩʷ ʘʛʨʝʛʘʪ ʢʣʠʥʦʧʠʨʦʢʩʝʥ ï ʧʣʘʛʠʦʢʣʘʟ (ʘʣʴʙʠʪ), ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʨʠʯʝʤ ʩʫʣʴʬʠʜʳ ʞʝʣʝʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʠʨʨʦʪʠʥʦʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʚ ʧʨʦʜʫʢʪʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʠ ʧʠʨʠʪ, ʠ ʧʠʨʨʦʪʠʥ. ʊʦ ʝʩʪʴ, ʥʘʣʠʯʠʝ ʚ ʦʧʳʪʘʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (NaCNS) ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʥʦʩʫ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʶ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʠʣʠʢʘʪʥʦʡ ʤʘʪʨʠʮʝ, ʘ ʧʨʠʩʫʪʩʪʚʠʝ ʫʛʣʝʨʦʜʘ ʦʙʫʩʣʦʚʠʣʦ ʧʝʨʝʭʦʜ ʧʠʨʠʪʘ 

ʚ ʧʠʨʨʦʪʠʥ. ɺ ʦʧʳʪʘʭ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʬʣʶʠʜʘ ʩʦʩʪʘʚʘ H2O ï Na2S ï NaCl ʬʦʨʤʠʨʦʚʘʣʩʷ 

ʘʛʨʝʛʘʪ ʘʤʬʠʙʦʣ ï ʧʠʨʦʢʩʝʥ ï ʧɻʠʜʦʪ ï ʧʣʘʛʠʦʢʣʘʟ (ʘʥʜʝʟʠʥ-ʣʘʙʨʘʜʦʨ), ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʘʩʪʚʦʨʘ H2O ï FeCl2 ï NaCl ʘʛʨʝʛʘʪ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʤʝʩʴ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ 

ʧʣʘʛʠʦʢʣʘʟʦʚ (ʘʣʴʙʠʪ, ʦʣʠʛʦʢʣʘʟ, ʘʥʜʝʟʠʥ) ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʤʬʠʙʦʣʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (Pb, Zn, Cu, Au) 

ʚʦʜʥʦ-ʩʦʣʝʚʳʤʠ ʬʣʶʠʜʘʤʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʵʥʜʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ 

ʪʘʢʞʝ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʦʪ ʩʦʩʪʘʚʘ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ 

ʩʠʩʪʝʤ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʤʠʥʝʨʘʣʦʛʝʥʝʟʘ. 

ʊʝʨʤʦʛʨʘʜʠʝʥʪʥʳʝ ʦʧʳʪʳ ʧʦ ʧʝʨʝʥʦʩʫ ʩʫʣʴʬʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʘʟʘʣʴʪʘ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 620 ʜʦ 680Áʉ ʧʨʠ ʛʨʘʜʠʝʥʪʝ 30-40Áʉ ʠ ʜʘʚʣʝʥʠʠ ʦʪ 4 ʜʦ 

5 ʢʙʘʨ.  

ʇʝʨʚʳʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚʦ ʬʣʶʠʜʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʭʣʦʨʠʜʦʚ ʥʘʪʨʠʷ, ʢʘʣʠʷ ʠ ʘʤʤʦʥʠʷ, 

ʧʦʜʱʝʣʦʯʝʥʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʛʠʜʨʦʢʩʠʜʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ (ʦʧ.7336 ʠ 7337). ʆʙʱʘʷ 
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ʩʦʣʝʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 30 ʤʘʩ.%. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ ʘʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ 

ʚʝʱʝʩʪʚʘ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʘʤʧʫʣʳ. ʀʥʪʝʨʝʩʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʘʤʧʫʣ ʩʨʦʩʪʢʦʚ ʩʫʣʴʬʠʜʥʳʭ ʠ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ 

ʩʦʚʤʝʩʪʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʩʦʣʝʚʳʤ ʬʣʶʠʜʦʤ. ɿʘ 14 ʩʫʪʦʢ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʘʨʘʤʝʪʨʘʭ ʚ 

ʦʧʳʪʘʭ ʩ ʂ-ʩʧʝʮʠʬʠʢʦʡ ʦʙʨʘʟʫʶʪʩʷ ʢʚʘʨʮ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 14 ʤʦʣ. % 

ʵʛʠʨʠʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʱʝʣʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʤʬʠʙʦʣ (ʘʢʪʠʥʦʣʠʪ-ʧʘʨʛʘʩʠʪ-ʵʜʝʥʠʪ), ʧʦʣʝʚʳʝ ʰʧʘʪʳ (ʦʨʪʦʢʣʘʟ, ʘʣʴʙʠʪ). 

ʉʫʣʴʬʠʜʥʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʬʘʣʝʨʠʪʦʤ, ʨʝʜʢʦ ʛʘʣʝʥʠʪʦʤ. ʇʦʤʠʤʦ ʩʠʣʠʢʘʪʥʳʭ ʠ 

ʩʫʣʴʬʠʜʥʳʭ ʬʘʟ ʚʩʪʨʝʯʝʥʳ ʦʪʜʝʣʴʥʳʝ ʟʝʨʥʘ ʭʣʦʨʘʧʘʪʠʪʘ ʠ ʢʘʨʙʦʥʘʪʳ ʪʠʧʘ Mg- ʠ Mn-

ʩʦʜʝʨʞʘʱʝʛʦ ʘʥʢʝʨʠʪʘ. 

ʆʧʳʪʳ 7368 ʠ 7369 ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʘʢʠʭ ʞʝ ʪʝʨʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʢʘʢ ʠ ʧʨʝʜʳʜʫʱʠʝ, 

ʥʦ ʧʨʠ ʜʘʚʣʝʥʠʠ 4 ʢʙʘʨ. ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ʙʳʣ ʠʟʤʝʥʝʥ: ʚʤʝʩʪʦ ʛʠʜʨʦʢʩʠʜʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʚ 

ʦʧʳʪʳ ʜʦʙʘʚʣʷʣʠ ʢʘʨʙʦʥʘʪʳ: Na2CO3 ʠ K2CO3. ʊʨʘʥʩʧʦʨʪ ʚʝʱʝʩʪʚʘ ʧʨʦʭʦʜʠʣ ʜʦʩʪʘʪʦʯʥʦ 

ʠʥʪʝʥʩʠʚʥʦ. ɺ ʧʨʦʜʫʢʪʘʭ ʦʧʳʪʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʩʠʣʠʢʘʪʥʳʝ ʬʘʟʳ: ʢʚʘʨʮ, 

ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥ. ʉʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʬʘʣʝʨʠʪʦʤ ʠ 

ʢʫʧʝʨʠʪʦʤ (PtS ʩ ʧʨʠʤʝʩʷʤʠ Fe ʠ Zn), ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʢʨʠʩʪʘʣʣʳ ʛʘʣʝʥʠʪʘ, ʦʙʥʘʨʫʞʝʥʳ 

ʪʘʢʞʝ ʯʘʩʪʠʮʳ ʭʘʣʴʢʦʧʠʨʠʪʘ (ʢʫʙʘʥʠʪʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʘʣʝʨʠʪʘ. ʉʠʣʠʢʘʪʥʳʝ ʠ 

ʩʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ ʩʣʘʛʘʶʪ ʩʦʚʤʝʩʪʥʳʝ ʘʛʨʝʛʘʪʳ, ʩʣʦʞʝʥʥʳʝ ʠʜʠʦʤʦʨʬʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1. ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʛʨʝʛʘʪʳ: ʘ ï ʦʧʳʪ 7369, ʩʨʦʩʪʦʢ ʢʨʠʩʪʘʣʣʦʚ ʩʬʘʣʝʨʠʪʘ; 

ʙ ï ʦʧʳʪ 7369, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʘʛʨʝʛʘʪ ʢʚʘʨʮʘ ʠ ʩʬʘʣʝʨʠʪʘ; ʚ ï ʦʧʳʪ 7369, ʩʨʦʩʪʦʢ ʢʨʠʩʪʘʣʣʦʚ 

ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʩʬʘʣʝʨʠʪʘ. Qz ï ʢʚʘʨʮ, Sph ï ʩʬʘʣʝʨʠʪ, Ksp ï ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ. 

 

ʉʣʝʜʫʶʱʘʷ ʩʝʨʠʷ ʦʧʳʪʦʚ (7378 ʠ 7379) ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʷ ʧʝʨʝʥʦʩʘ ʧʠʨʠʪʘ ʠ 

ʭʘʣʴʢʦʧʠʨʠʪʘ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 620Ÿ580Áʉ ʠ ʜʘʚʣʝʥʠʠ 4.5 ʢʙʘʨ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨʳ ʭʣʦʨʠʜʦʚ ʥʘʪʨʠʷ, ʢʘʣʠʷ ʠ ʘʤʤʦʥʠʷ, ʢʘʨʙʦʥʘʪʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʩ 

ʜʦʙʘʚʢʘʤʠ ʨʘʩʪʚʦʨʦʚ NaOH (KOH). ʇʦʩʢʦʣʴʢʫ ʠʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʙʳʣʠ ʩʫʣʴʬʠʜʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʤʥʦʛʦ ʞʝʣʝʟʘ (ʧʠʨʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ), ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʟʦʣʦʪʳʭ ʘʤʧʫʣʘʭ ï ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʠʷ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʚ ʧʣʘʪʠʥʦʚʦʡ ʘʤʧʫʣʝ. ʇʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʙʳʣ 

ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʡ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʠʭ ʪʝʨʤʦʛʨʘʜʠʝʥʪʥʳʭ ʦʧʳʪʘʭ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʧʠʨʠʪʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʬʘʣʝʨʠʪʦʤ ʠ ʛʘʣʝʥʠʪʦʤ. ɺ ʧʨʦʜʫʢʪʘʭ ʚʩʪʨʝʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʣʠʢʘʪʥʳʝ 

ʤʠʥʝʨʘʣʳ: ʢʚʘʨʮ, ʘʤʬʠʙʦʣ, ʘʣʴʙʠʪ, ʢʣʠʥʦʧʠʨʦʢʩʝʥ. ʉʫʣʴʬʠʜʥʳʝ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ï ʧʠʨʠʪʦʤ, ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ (ʚ ʢʦʥʪʝʡʥʝʨʝ ʩʦ ʩʤʝʩʴʶ ʢʚʘʨʮʘ ʠ 

ʘʣʴʙʠʪʘ) ï ʧʠʨʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʠ ʛʘʣʝʥʠʪʦʤ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʨʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ. ʊʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʩ 

ʧʨʠʤʝʩʷʤʠ ʞʝʣʝʟʘ, ʤʝʜʠ ʠ ʨʪʫʪʠ.  

ʉʣʝʜʫʶʱʠʝ ʜʚʝ ʩʝʨʠʠ ʦʧʳʪʦʚ: 7385 ʠ 7386, ʘ ʪʘʢʞʝ 7387 ʠ 7388 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʮʝʣʴʶ 

ʠʟʫʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʘ ʯʝʨʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚ, ʥʦ ʠ ʜʨʫʛʠʭ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʢʘʢ Ni, As, Cd, Hg, Bi. ɺ ʦʧʳʪʘʭ 7385, 7386 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ Na- ʠ K- ʩʧʝʮʠʬʠʢʦʡ) ʚ ʠʩʭʦʜʥʫʶ ʥʘʚʝʩʢʫ ʜʦʙʘʚʣʷʣʠ ʧʦʨʦʰʦʢ ʥʠʢʝʣʷ, ʘ 
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ʪʘʢʞʝ ʨʝʘʢʪʠʚʳ CdS ʠ HgS. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʧʣʘʪʠʥʦʚʳʭ ʘʤʧʫʣʘʭ. ʂʦʥʝʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʦʧʳʪʦʚ ʙʳʣʠ: ʩʠʣʠʢʘʪʥʳʝ ʬʘʟʳ (ʢʚʘʨʮ, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥ), ʩʫʣʴʬʠʜʳ ʠ ʢʘʨʙʦʥʘʪʳ.  

ʆʧʳʪʳ 7387 (Na- ʩʧʝʮʠʬʠʢʘ) ʠ 7388 (ʂ-ʩʧʝʮʠʬʠʢʘ) ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

680Ÿ650Áʉ ʠ ʜʘʚʣʝʥʠʠ 5 ʢʙʘʨ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 14 ʩʫʪʦʢ. ʀʟ-ʟʘ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Fe-, Ni-ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʪʘʨʪʦʚʦʡ ʩʤʝʩʠ (ʭʘʣʴʢʦʧʠʨʠʪ, 

ʘʨʩʝʥʦʧʠʨʠʪ, ʧʝʥʪʣʘʥʜʠʪ) ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʟʦʣʦʪʳʭ ʘʤʧʫʣʘʭ. ɺʦ ʚʩʝʭ ʦʧʳʪʘʭ ʜʘʥʥʦʡ 

ʩʝʨʠʠ ʧʨʦʠʩʭʦʜʠʣ ʠʥʪʝʥʩʠʚʥʳʡ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʚ ʚʝʨʭʥʶʶ, ʙʦʣʝʝ ʭʦʣʦʜʥʫʶ ʟʦʥʫ ʘʤʧʫʣʳ. 

ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʥʦʩʫ ʧʠʨʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʦʧʳʪʘʭ ʩ ʢʘʣʠʝʚʦʡ ʩʧʝʮʠʬʠʢʦʡ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʡ. ɺ ʧʨʦʜʫʢʪʘʭ ʦʙʦʠʭ ʦʧʳʪʦʚ ʩʠʣʠʢʘʪʥʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʚʘʨʮʝʤ, 

ʧʣʘʛʠʦʢʣʘʟʦʤ, ʦʨʪʦʢʣʘʟʦʤ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ. ʉʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ (ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, 

ʩʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʛʘʣʝʥʠʪ) ʦʙʨʘʟʦʚʘʥʳ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʯʘʩʪʦ ʚ 

ʩʨʦʩʪʢʘʭ ʩ ʩʠʣʠʢʘʪʘʤʠ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʤʧʫʣʳ, ʥʘ ʟʦʣʦʪʦʡ ʘʨʤʘʪʫʨʝ ʦʙʥʘʨʫʞʝʥʳ ʥʘʨʦʩʪʳ 

ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ: As2S3(ʘʫʨʠʧʠʛʤʝʥʪ); As4S4(ʨʝʘʣʴʛʘʨ?)+PbS(ʛʘʣʝʥʠʪ); Au ʩ 

ʧʨʠʤʝʩʴʶ As, Hg. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʜʫʢʪʘʭ ʦʧʳʪʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʳ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ʢʘʜʤʠʷ, ʨʪʫʪʠ ʠ ʚʠʩʤʫʪʘ. ɺʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʚʭʦʜʷʪ ʚ 

ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʚ ʚʠʜʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʠʣʠʢʘʪʥʳʝ ʠ ʩʫʣʴʬʠʜʥʳʝ. ʉʠʣʠʢʘʪʥʳʝ ï ʵʪʦ ʘʤʬʠʙʦʣʳ, 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʠ ʢʚʘʨʮ. ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ (ʧʠʨʠʪ, 

ʧʠʨʨʦʪʠʥ, ʩʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ) ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ-

ʧʨʠʤʝʩʝʡ ï Ni, Cu, Fe, Cd As, Au, Bi ʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʤʠʥʝʨʘʣʳ 

ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʚʤʝʩʪʥʦʡ ʤʠʛʨʘʮʠʠ ʩʠʣʠʢʘʪʥʦʛʦ ʠ 

ʩʫʣʴʬʠʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʦʩʪʘʚʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʬʣʶʠʜʦʚ. ʌʣʶʠʜʳ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʠʩʪʝʤʝ H2O + NaCl + KCl +NH4Cl ÑNa2CO3 ÑK2CO3 Ñ NaOH Ñ KOH. ʊʘʢʠʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʝ 

ʩʠʩʪʝʤʳ ʧʨʠ ʚʳʩʦʢʠʭ ʧʘʨʘʤʝʪʨʘʭ (ʊ > 400ęʉ ʠ ʈ> 3 ʢʙʘʨ) ʨʘʩʪʚʦʨʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʠʣʠʢʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʜʦ 1-3 ʤʘʩ.% SiO2). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʨʝʤʥʝʟʝʤʘ ʝʱʝ ʙʦʣʝʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʘʢʠʝ ʭʣʦʨʠʜʥʦ-ʢʘʨʙʦʥʘʪʥʦ-

ʩʠʣʠʢʘʪʥʳʝ ʬʣʶʠʜʳ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʷʚʣʷʶʪʩʷ ʨʘʩʪʚʦʨʘʤʠ II-ʛʦ ʠʣʠ P-Q ʪʠʧʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ ʥʘʣʠʯʠʝʤ ʞʠʜʢʦʩʪʥʦʡ ʥʝʩʤʝʩʠʤʦʩʪʠ ʚ ʥʘʜʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ʘʥʦʤʘʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʘʜʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ [1].  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʩʠʣʠʢʘʪʥʦʛʦ ʠ ʩʫʣʴʬʠʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʦʩʪʘʚʝ ʚʦʜʥʦ-

ʩʦʣʝʚʳʭ ʬʣʶʠʜʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ P-T ʧʘʨʘʤʝʪʨʘʭ. ʊʘʢʞʝ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʦʪ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ  ʬʣʶʠʜʥʦʡ ʬʘʟʳ, 

ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʤʠʛʨʘʮʠʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɻʣʘʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ 

ʥʘ ʤʠʛʨʘʮʠʶ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʥʜʦʛʝʥʥʳʭ ʬʣʶʠʜʘʭ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ P-T ʧʘʨʘʤʝʪʨʘʭ 

ʷʚʣʷʶʪʩʷ: ʢʠʩʣʦʪʥʦʩʪʴ-ʱʝʣʦʯʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ, ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʨʷʜʘ ʢʦʤʧʦʥʝʥʪʦʚ ï 

ʘʟʦʪʠʩʪʳʭ, ʤʳʰʴʷʢʦʚʠʩʪʳʭ ʠ ʜʨ. ʩʦʝʜʠʥʝʥʠʡ, P-T ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ. ʄʦʜʝʣʠʨʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʟʦʥʘʭ ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ 

(ʩʜʚʠʛʠ, ʥʘʜʚʠʛʠ ʠ ʜʨ.), ʠʤʝʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʢʣʘʜʯʘʪʳʭ 

ʧʦʷʩʘʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʩʠʥʛʝʥʝʪʠʯʥʦʩʪʴ ʨʫʜʥʳʭ ʠ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʇʨʦʜʫʢʪʳ ʩʦʚʤʝʩʪʥʦʡ 

ʤʠʛʨʘʮʠʠ ʩʠʣʠʢʘʪʥʦʛʦ ʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʫʜʘʭ ɿʫʥ-ʍʦʣʙʠʥʩʢʦʛʦ ʟʦʣʦʪʦ-

ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʛʦ ʠ ʆʟʝʨʥʦʛʦ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʧʨʦʝʢʪ ɻʀʅ ʉʆ ʈɸʅ ˉɸɸɸɸ-ɸ21-

121011390003-9 ʠ ʀʕʄ ʈɸʅ FMUF-2022-0003 ʨʝʛ.ˉ1021051201959-6-1.5.6;1.5.4;1.5.2); 

ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ, ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʛʨʘʥʪ ˉ 22-17-00106. 
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ɸʥʥʦʪʘʮʠʷ. ʆʟʝʨʥʦʝ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ï ʢʨʫʧʥʝʡʰʝʝ ʧʦ ʟʘʧʘʩʘʤ ʮʠʥʢʘ ʚ ʈʦʩʩʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʧʦʜʚʝʨʞʝʥʳ ʠʥʪʝʥʩʠʚʥʳʤ ʧʦʩʪʨʫʜʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʣʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʢʦʥʪʘʢʪʦʚʳʡ ʤʝʪʘʤʦʨʬʠʟʤ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚʳʨʘʞʘʶʪʩʷ ʚ ʫʢʨʫʧʥʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʭ ʞʠʣ ʠ 

ʧʨʦʞʠʣʢʦʚ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ï ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ ʠ ʧʠʨʠʪ, ʨʝʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, 

ʘʨʩʝʥʦʧʠʨʠʪ, ʤʘʨʢʘʟʠʪ; ʚʩʪʨʝʯʘʶʪʩʷ ʩʫʣʴʬʠʜʳ ʠ ʩʫʣʴʬʦʩʦʣʠ Ag. ɾʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ï ʢʚʘʨʮ, ʩʠʜʝʨʠʪ, 

ʤʘʨʛʘʥʮʦʚʠʩʪʳʡ ʩʠʜʝʨʠʪ (ʦʣʠʛʦʥʠʪ); ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ Ba-ʩʦʜʝʨʞʘʱʠʡ ʤʫʩʢʦʚʠʪ (ʵʣʣʘʭʝʨʠʪ) ʠ ʭʣʦʨʠʪ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʫʜ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ P-T ʧʘʨʘʤʝʪʨʘʭ ï ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

535Áʉ ʠ ʜʘʚʣʝʥʠʠ ʜʦ 2 ʢʙʘʨ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ (ʩʦʣʝʥʦʩʪʴ ʜʦ 21.5 ʤʘʩ. % 

ʵʢʚ. NaCl) ʬʣʶʠʜʥʦʡ ʬʘʟʳ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʦʮʝʩʩʘʤʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʟʝʨʥʦʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

 

Conditions for the formation of recrystallized ores Ozernoe polymetallic deposit  

(Western Transbaikalya, Russia) 

Damdinova L.B.
1
, Damdinov B.B.

1
, Vikentiev I.V.

1,2
, Reutsky V.N.

3
 

1
Geological Institute, N. L. Dobretsova SB RAS, Ulan-Ude, Russia, ludamdinova@mail.ru 

2
Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry,  

Russian Academy of Sciences, Moscow, Russia 
3
Institute of Geology and Mineralogy, V.S. Sobolev SB RAS, Novosibirsk 

 

Abstract. The Ozernoe lead-zinc deposit is the largest in Russia in terms of zinc reserves. It has been established 

that primary sulfide ores are subject to intense post-ore deformations and recrystallization, which accompanied dynamic 

and contact metamorphism. Transformations are expressed in the enlargement of the dimension of minerals and the 

formation of carbonate-quartz-sulfide veins and veinlets. Ore minerals are sphalerite, galena, and pyrite; less common 

are chalcopyrite, pyrrhotite, arsenopyrite, and marcasite; there are sulfides and sulfosalts of Ag. Vein minerals ï quartz, 

siderite, manganese siderite (oligonite); Ba-bearing muscovite (ellacherite) and chlorite are also present. It has been 

established that the recrystallization of ores occurred at elevated P-T parameters ï temperatures up to 535ÁC and 

pressures up to 2 kbar, in the presence of a relatively highly concentrated (salinity up to 21.5 wt % NaCl equiv.) fluid 

phase. The transformation of ores is mainly due to the processes of dynamometamorphism. 

Keywords: Ozernoe polymetallic deposit, sulfide ores, epigenetic transformations. 

 

ɺʚʝʜʝʥʠʝ 

ʆʟʝʨʥʦʝ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ï ʢʨʫʧʥʝʡʰʝʝ ʧʦ ʟʘʧʘʩʘʤ ʮʠʥʢʘ ʚ ʈʦʩʩʠʠ, 

ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1963 ʛ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʢʠ ʢʦʤʧʣʝʢʩʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʂʫʨʙʠʥʦ-ɽʨʘʚʥʠʥʩʢʦʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ 

(ɻʦʨʜʠʝʥʢʦ, ʅʝʬʝʜʴʝʚ, 2015) ʠ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʦʙʲʝʢʪʦʤ ʆʟʝʨʥʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʦʢʦʣʦ 20 ʤʝʣʢʠʭ ʠ ʩʨʝʜʥʠʭ ʧʦ ʟʘʧʘʩʘʤ ʢʦʣʯʝʜʘʥʥʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʞʝʣʝʟʦʨʫʜʥʳʭ, ʤʝʜʥʦ-ʙʘʨʠʪʦʚʳʭ ʠ ʜʨ. 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ; ʚ ʚʦʜʦʪʦʢʘʭ ʠʟʚʝʩʪʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʩʩʳʧʠ ʟʦʣʦʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʆʟʝʨʥʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʜʣʷʪʩʷ ʙʦʣʝʝ 60 ʣʝʪ, ʥʦ ʜʦ ʩʠʭ ʧʦʨ ʤʥʦʛʠʝ 

ʚʦʧʨʦʩʳ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. 

ʆʟʝʨʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʥʦʩʠʪʩʷ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʦʩʘʜʦʯʥʦʤʫ ʪʠʧʫ (ʊʘʨʘʩʦʚʘ ʠ ʜʨ., 1972; ʂʦʚʘʣʝʚ, ɹʫʩʣʝʥʢʦ, 1992; ɺʘʩʠʣʴʝʚ, 1977 ʠ ʜʨ.) ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʴʶ 

ʧʝʨʚʠʯʥʳʭ ʪʝʢʩʪʫʨ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʯʪʦ ʚʳʨʘʞʝʥʦ ʚ ʰʠʨʦʢʦʤ ʨʘʟʚʠʪʠʠ ʠʭ ʩʣʦʠʩʪʳʭ ʠ 

ʙʨʝʢʯʠʝʚʳʭ ʨʘʟʥʦʩʪʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʚ 

ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʘ ʪʘʢʞʝ 
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ʢʨʝʤʥʝʱʝʣʦʯʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʦʜʥʘʢʦ ʦʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʙʲʝʤ ʩʚʷʟʘʥʥʳʭ ʩ ʪʘʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʨʫʜ ʥʝʟʥʘʯʠʪʝʣʝʥ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʫʜʳ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʥʝʩʫʪ ʧʨʠʟʥʘʢʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ï ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ; ʰʠʨʦʢʦ 

ʨʘʟʚʠʪʳ ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʝ ʞʠʣʳ ʠ ʧʨʦʞʠʣʢʠ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ P-T ʧʘʨʘʤʝʪʨʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʦʩʪʘʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʨʫʜʳ ʠ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʝ ʧʨʦʞʠʣʢʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʠʯʥʳʭ ʨʫʜ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʣʠʙʦ ʛʥʝʟʜʦʚʳʤ ʩʪʨʦʝʥʠʝʤ, ʩ ʢʨʫʧʥʳʤʠ 

ʩʦʚʤʝʩʪʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʩʬʘʣʝʨʠʪʘ ʠ ʛʘʣʝʥʠʪʘ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʨʫʜ. ʊʦ ʝʩʪʴ ʚʪʦʨʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʷʪ ʢ ʫʣʫʯʰʝʥʠʶ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʫʜ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʢ ʧʨʠʨʦʜʥʦʤʫ ʦʙʦʛʘʱʝʥʠʶ ʧʦʣʝʟʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʝʨʚʠʯʥʳʭ ʤʝʣʢʦ-ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʭ ʨʫʜ. ʇʨʠ ʵʪʦʤ 

ʤʘʩʰʪʘʙʳ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʘʤʥʦʛʦ ʰʠʨʝ, ʯʝʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʨʘʥʝʝ. ɼʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ, ʠ ʦʮʝʥʢʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʨʫʜ, ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮ-

ʩʫʣʴʬʠʜʥʳʭ ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʳ ʪʝʨʤʦʙʘʨʦʛʝʛʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʞʠʣʴʥʳʭ ʤʠʥʝʨʘʣʘʭ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʆʟʝʨʥʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʆʟʝʨʥʦʝ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʩʣʦʞʝʥʘ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʘʣʝʦʟʦʡʩʢʠʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʣʘʛʘʶʱʠʤʠ ʦʩʪʘʥʝʮ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 250 ʢʤ
2
 ʚ ʧʦʣʝ ʨʘʟʚʠʪʠʷ 

ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʛʨʘʥʠʪʦʠʜʦʚ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ. ɺ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʤ 

ʧʣʘʥʝ ʨʫʜʥʳʡ ʫʟʝʣ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʋʜʠʥʦ-ɺʠʪʠʤʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ, 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʧʘʣʝʦʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʠʩʪʝʤʳ (ʈʫʞʝʥʮʝʚ ʠ ʜʨ., 2012 ʠ ʜʨ.).  

ʈʫʜʦʚʤʝʱʘʶʱʘʷ ʪʦʣʱʘ ʨʘʥʝʝ ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʥʦʩʠʣʘʩʴ ʢ ʢʝʤʙʨʠʡʩʢʦʡ ʦʣʜʳʥʜʠʥʩʢʦʡ 

ʩʚʠʪʝ (ʊʘʨʘʩʦʚʘ ʠ ʜʨ., 1972), ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʧʦʜʩʚʠʪ. ʅʠʞʥʷʷ 

ʧʦʜʩʚʠʪʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʫʣʢʘʥʦʛʝʥʥʘʷ, ʥʘ ʆʟʝʨʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʫʬʘʤʠ ʠ ʣʘʚʘʤʠ ʨʠʦʜʘʮʠʪʦʚ, ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʩ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʪʫʬʘʤʠ ʠ ʫʛʣʠʩʪʳʤʠ 

ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʤʠ ʪʫʬʬʠʪʘʤʠ. ɺʝʨʭʥʷʷ ʧʦʜʩʚʠʪʘ ʚ ʨʫʜʥʦʤ ʧʦʣʝ ʩʣʦʞʝʥʘ ʪʫʬʘʤʠ ʠ ʣʘʚʘʤʠ 

ʩʨʝʜʥʝʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʦʚ, ʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ ʠ ʢʨʝʤʥʠʩʪʳʤʠ, ʥʝʨʝʜʢʦ ʫʛʣʠʩʪʳʤʠ 

ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʤʠ ʪʫʬʬʠʪʘʤʠ, ʩʝʨʳʤʠ ʩʣʦʠʩʪʳʤʠ ʠ ʤʘʩʩʠʚʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, 

ʠʟʚʝʩʪʥʷʢʦʚʳʤʠ ʙʨʝʢʯʠʷʤʠ ʠ ʛʨʘʚʝʣʠʪʘʤʠ ʩ ʪʫʬʦʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ.  

ʇʨʦʷʚʣʝʥʠʷ ʠʥʪʨʫʟʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʨʫʜʥʦʤ ʧʦʣʝ ʆʟʝʨʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʣʣʦʦʙʨʘʟʥʳʤʠ ʠ ʩʝʢʫʱʠʤʠ ʪʝʣʘʤʠ ʨʠʦʣʠʪʦʚ ʠ ʜʘʮʠʪʦʚ, ʜʘʡʢʘʤʠ 

ʘʥʜʝʟʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, ʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ, ʜʦʣʝʨʠʪʦʚ ʠ ʪʨʘʭʠʜʦʣʝʨʠʪʦʚ. ɻʨʘʥʠʪʦʠʜʳ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʨʫʜʥʦʤ ʧʦʣʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʪʥʝʩʝʥʳ ʢ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʤʫ 

ʙʠʯʫʨʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ. 

ʈʫʜʥʳʝ ʪʝʣʘ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʨʘʟʚʝʜʘʥʳ ʜʦ ʛʣʫʙʠʥʳ 350 ʤ. ʄʦʱʥʦʩʪʴ ʦʩʥʦʚʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 140 ʜʦ 230 ʤ. ɽʝ ʨʘʟʨʝʟ ʚʢʣʶʯʘʝʪ 12 ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʝʨʠʶ ʧʣʘʩʪʦʦʙʨʘʟʥʳʭ ʨʫʜʥʳʭ ʪʝʣ, ʨʘʟʜʝʣʝʥʥʳʭ ʙʝʟʨʫʜʥʳʤʠ ʩʣʦʷʤʠ 

ʦʩʘʜʦʯʥʳʭ ʠ ʚʫʣʢʘʥʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʤʦʱʥʦʩʪʴʶ ʦʪ 5 ʜʦ 30 ʤ. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ 

ʨʫʜʥʳʭ ʪʝʣ ʥʝʦʜʥʦʨʦʜʥʦ, ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʣʦʝʚ ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ, ʪʫʬʦʚ, 

ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʭ ʪʫʬʬʠʪʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚʳʭ ʙʨʝʢʯʠʡ, ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʙʦʛʘʱʝʥʥʳʭ 

ʩʫʣʴʬʠʜʘʤʠ. ʇʦ ʤʦʨʬʦʣʦʛʠʠ ʠ ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ ʚʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʪʠʧʘ ʨʫʜʥʳʭ ʪʝʣ: 

1) ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ, ʚʳʜʝʨʞʘʥʥʳʝ ʧʦ ʬʦʨʤʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʦʣʯʝʜʘʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ; 

2) ʣʝʥʪʦʚʠʜʥʳʝ ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ ʟʘʣʝʞʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ; 3) ʩʣʦʞʥʳʝ ʧʦ 

ʬʦʨʤʝ ʫʧʣʦʱʝʥʥʳʝ ʟʘʣʝʞʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʣʯʝʜʘʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ; 

4) ʣʠʥʟʦʚʠʜʥʳʝ ʟʘʣʝʞʠ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ. ʉʫʣʴʬʠʜʥʳʝ ʪʝʣʘ ʟʘʣʝʛʘʶʪ, ʚ ʮʝʣʦʤ, ʩʦʛʣʘʩʥʦ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ, ʛʨʘʥʠʮʳ ʠʭ ʚ ʦʩʥʦʚʥʦʤ ʨʝʟʢʠʝ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ 1300-

2340 ʤ, ʘ ʤʦʱʥʦʩʪʴ ʤʝʥʷʝʪʩʷ ʦʪ 1 ʜʦ 30-50 ʤ, ʚʦʟʨʘʩʪʘʷ ʦʪ ʬʣʘʥʛʦʚ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʨʷʜʢʘ ʦʜʥʦʡ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʦʙʲʝʤʘ ʨʫʜʥʳʭ ʪʝʣ ʩʣʦʞʝʥʦ 
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ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤ ʨʫʜʘʤʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʘʩʩʦʮʠʠʨʫʶʱʠʤʠ ʩ ʧʣʘʩʪʦʚʳʤʠ ʪʝʣʘʤʠ 

ʩʠʜʝʨʠʪʦʚʳʭ ʨʫʜ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʩʯʠʪʘʝʪʩʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ (ʂʦʚʘʣʝʚ, ɹʫʩʣʝʥʢʦ, 

1992). 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʦʟʝʨʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʇʝʨʚʠʯʥʳʝ ʨʫʜʳ 

ɻʣʘʚʥʳʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ Pb-Zn ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ ï ʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ ʠ ʛʘʣʝʥʠʪ, 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ï ʤʘʛʥʝʪʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʤʘʨʢʘʟʠʪ, ʙʣʝʢʣʘʷ ʨʫʜʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪ. ʂ ʙʦʣʝʝ 

ʨʝʜʢʠʤ ʦʪʥʦʩʷʪʩʷ ʙʦʨʥʠʪ, ʧʠʨʨʦʪʠʥ ʠ ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ. ʉʨʝʜʠ ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʠʜʝʨʠʪ, ʢʘʣʴʮʠʪ, ʙʘʨʠʪ, ʢʚʘʨʮ, ʜʦʣʦʤʠʪ, ʘʥʢʝʨʠʪ, ʩʝʨʠʮʠʪ ʠ ʭʣʦʨʠʪ.  

ʇʝʨʚʠʯʥʳʝ ʨʫʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʩʩʠʚʥʳʤʠ, ʧʦʣʦʩʯʘʪʳʤʠ ʠ ʙʨʝʢʯʠʝʚʳʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. ʂ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʘʤ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʥʦʩʠʪʩʷ 

ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʦʩʯʘʪʳʭ (ʩʣʦʠʩʪʳʭ ʠ ʧʩʝʚʜʦʩʣʦʠʩʪʳʭ) ʪʝʢʩʪʫʨ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚ 

ʮʝʣʦʤ ʥʝʚʳʩʦʢʘʷ ʥʘʨʫʰʝʥʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʩʪʨʫʜʥʳʤʠ ʧʣʠʢʘʪʠʚʥʳʤʠ ʠ 

ʜʠʟʲʶʥʢʪʠʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ɿʘʤʝʪʥʫʶ ʨʦʣʴ ʚ ʢʦʣʯʝʜʘʥʥʳʭ ʟʘʣʝʞʘʭ ʠʛʨʘʶʪ 

ʙʨʝʢʯʠʝʚʠʜʥʳʝ ʨʫʜʳ, ʩʣʦʞʝʥʥʳʝ ʦʙʣʦʤʢʘʤʠ ʠʟʚʝʩʪʥʷʢʦʚ, ʩʠʜʝʨʠʪʦʚ, ʷʰʤʦʠʜʦʚ, 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʦʠʩʪʳʭ ʩ ʩʫʣʴʬʠʜʥʳʤ (ʛʘʣʝʥʠʪʦʚʳʤ, 

ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪʦʚʳʤ ʠ ʜʨ.) ʠ ʩʫʣʴʬʠʜʥʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ. ɹʨʝʢʯʠʝʚʠʜʥʳʝ, 

ʚʢʨʘʧʣʝʥʥʳʝ ʠ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʝ ʨʫʜʳ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 36 % ʦʪ ʦʙʲʝʤʘ ʨʫʜ. 

ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʨʫʜʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ çʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴè ʨʫʜ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʝʨʚʠʯʥʳʭ ʩʣʦʠʩʪʦ-ʧʦʣʦʩʯʘʪʳʭ ʠ ʙʨʝʢʯʠʝʚʠʜʥʳʭ ʨʫʜ ʧʨʦʷʚʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ. ʉʨʝʜʠ 

ʧʨʠʟʥʘʢʦʚ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʫʜ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʫʶʱʠʝ: ʫʢʨʫʧʥʝʥʠʝ 

ʚʳʜʝʣʝʥʠʡ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʠʚʥʳʭ ʨʫʜʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʛʘʣʝʥʠʪʘ ʠʣʠ ʩʬʘʣʝʨʠʪʘ, ʥʘʣʠʯʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʢʩʪʫʨ, ʫʢʘʟʳʚʘʶʱʠʭ 

ʥʘ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤ ʨʫʜ, ʨʘʟʚʠʪʠʝ ʞʠʣʴʥʦʡ ʠ ʧʨʦʞʠʣʢʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ.  

ɾʠʣʳ ʠ ʧʨʦʞʠʣʢʠ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʧʣʘʩʪʦʚʳʤ ʩʫʣʴʬʠʜʥʳʤ ʨʫʜʘʤ ʠ ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʢ 

ʩʝʢʫʱʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʧʝʨʚʠʯʥʳʤʠ ʨʫʜʘʤʠ, ʪʘʢ ʠ ʟʘʣʝʛʘʪʴ ʩʫʙʩʦʛʣʘʩʥʦ ʩʦ ʩʣʦʠʩʪʦʩʪʴʶ 

ʨʫʜ. ɾʠʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪ(ʩʠʜʝʨʠʪ)-ʩʫʣʴʬʠʜʥʳʤ ʩʦʩʪʘʚʦʤ, ʩ ʨʘʟʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʪ ʢʘʨʙʦʥʘʪʥʦ-ʢʚʘʨʮʝʚʳʭ ʩ ʛʥʝʟʜʘʤʠ ʩʫʣʴʬʠʜʦʚ, 

ʜʦ ʩʫʱʝʩʪʚʝʥʥʦ-ʩʫʣʴʬʠʜʥʳʭ, ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʚʘʨʮʘ ʠ ʢʘʨʙʦʥʘʪʘ ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ.  

ʆʙʳʯʥʦ ʛʣʘʚʥʳʡ ʞʠʣʴʥʳʡ ʤʠʥʝʨʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʢʚʘʨʮʝʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʚʝʪʣʫʶ 

ʦʢʨʘʩʢʫ, ʦʥ ʦʙʨʘʟʫʝʪ ʣʠʙʦ ʩʧʣʦʰʥʳʝ ʩʢʦʧʣʝʥʠʷ, ʣʠʙʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʦʢʨʫʛʣʳʭ, ʦʚʘʣʴʥʳʭ 

ʠʣʠ ʠʟʦʤʝʪʨʠʯʥʳʭ ʟʝʨʝʥ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʧʦʣʥʝʥʦ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, 

ʢʘʨʙʦʥʘʪʘʤʠ ʠ ʜʨ. 

ʂʘʨʙʦʥʘʪʳ ʚ ʞʠʣʘʭ ʠ ʧʨʦʞʠʣʢʘʭ ʠʤʝʶʪ ʢʩʝʥʦʤʦʨʬʥʳʡ ʦʙʣʠʢ, ʟʘʧʦʣʥʷʶʪ ʠʥʪʝʨʩʪʠʮʠʠ 

ʤʝʞʜʫ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʫʯʘʩʪʢʘʤʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʤ ʩʨʘʩʪʘʥʠʠ ʩ ʘʛʨʝʛʘʪʘʤʠ ʭʣʦʨʠʪʘ. 

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʜʝʨʠʪʦʤ ʠ ʤʘʨʛʘʥʮʦʚʠʩʪʳʤ ʩʠʜʝʨʠʪʦʤ 

(ʦʣʠʛʦʥʠʪʦʤ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ Mn ʜʦ 10.8 ʤʘʩ.% ʠ Mg ʜʦ 3.3 ʤʘʩ.%. 

ʉʣʶʜʘ ʚ ʨʫʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʫʩʢʦʚʠʪʦʤ, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ 

ʚʳʪʷʥʫʪʦʡ ʪʘʙʣʠʪʯʘʪʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʜʦ 300 ʤʢʤ, ʣʠʙʦ ʚ ʚʠʜʝ ʩʢʦʧʣʝʥʠʡ ʘʛʨʝʛʘʪʦʚ 

ʪʘʙʣʠʪʯʘʪʦʡ ʬʦʨʤʳ ʩ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. ʄʫʩʢʦʚʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 

ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʴ ɺʘʆ (5.08-7.66 ʤʘʩ.%) ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʙʘʨʠʝʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ï ʨʦʟʦʚʦʤʫ 

ʤʫʩʢʦʚʠʪʫ (ʵʣʣʘʭʝʨʠʪʫ); ʩʦʜʝʨʞʘʥʠʷ ʂ2ʆ ʚ ʥʝʤ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʤʫʩʢʦʚʠʪʘ, ʦʪ 8.73 ʜʦ 10.26 ʤʘʩ.%, ʩʦʜʝʨʞʘʥʠʷ MgO ʚʘʨʴʠʨʫʶʪ ʦʪ 0.75 ʜʦ 1.77 ʤʘʩ. %. 

ɿʦʥʘʣʴʥʦʩʪʴ ʤʫʩʢʦʚʠʪʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚʘʨʠʘʮʠʷʤʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʙʘʨʠʷ ʠ ʞʝʣʝʟʘ. ʊʘʢ, ʙʦʣʝʝ 

ʩʚʝʪʣʳʝ ʧʦʣʦʩʳ ʩʦʜʝʨʞʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʘʆ (Ó7 ʤʘʩ.%) ʠ FeO 

(6.2-7.3 ʤʘʩ. %), ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ ʟʝʨʝʥ ʦʙʝʜʥʝʥʳ ɺʘʆ (ʜʦ 5.7 ʤʘʩ.%) ʠ FeO 

(Ò4.9 ʤʘʩ. %). 

ʍʣʦʨʠʪ ʦʙʨʘʟʫʝʪ ʘʛʨʝʛʘʪʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʢʩʝʥʦʤʦʨʬʥʦʡ ʬʦʨʤʳ, ʥʝʨʝʜʢʦ ʚ ʪʝʩʥʦʤ 

ʩʨʘʩʪʘʥʠʠ ʩ ʩʠʜʝʨʠʪʦʤ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʩʧʣʦʰʥʳʭ ʨʫʜʘʭ ʦʪʤʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ 

ʛʠʧʠʜʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ ʬʦʩʬʘʪʘ ʈɿʕ ï ʨʘʙʜʦʬʘʥʘ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ. ʂʨʠʩʪʘʣʣʳ 

ʯʘʩʪʠʯʥʦ ʢʦʨʨʦʜʠʨʦʚʘʥʳ ʧʠʨʠʪʦʤ. 
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ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʦʞʠʣʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʣʴʬʠʜʘʤʠ: ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ ʠ 

ʧʠʨʠʪʦʤ ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʚ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʣʴʢʦʧʠʨʠʪ, 

ʧʠʨʨʦʪʠʥ, ʘʨʩʝʥʦʧʠʨʠʪ, ʤʘʨʢʘʟʠʪ, ʩʫʣʴʬʠʜʳ ʠ ʩʫʣʴʬʦʩʦʣʠ Ag. ʇʠʨʠʪ ʫʯʘʩʪʢʘʤʠ ʦʙʨʘʟʫʝʪ 

ʩʧʣʦʰʥʳʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʣʠʚʥʳʝ ʘʛʨʝʛʘʪʳ ʩ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʛʘʣʝʥʠʪʘ ʠ 

ʩʬʘʣʝʨʠʪʘ, ʠʥʦʛʜʘ ʧʠʨʠʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʩʢʦʧʣʝʥʠʡ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʢʫʙʠʯʝʩʢʦʡ 

ʬʦʨʤʳ. ɻʘʣʝʥʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʙʨʘʟʫʝʪ ʢʩʝʥʦʤʦʨʬʥʳʝ ʚʳʜʝʣʝʥʠʷ ʠʣʠ ʚʢʣʶʯʝʥʠʷ ʚ ʘʛʨʝʛʘʪʘʭ 

ʧʠʨʠʪʘ. ʉʬʘʣʝʨʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʚʳʜʝʣʝʥʠʡ ʚ ʘʛʨʝʛʘʪʘʭ ʧʠʨʠʪʘ ʠʣʠ ʚ ʚʠʜʝ ʤʝʣʢʠʭ 

ʦʜʠʥʦʯʥʳʭ ʟʝʨʝʥ. ɺ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʦʪʤʝʯʘʶʪʩʷ ʢʩʝʥʦʤʦʨʬʥʳʝ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ 

ʘʛʨʝʛʘʪʳ ʘʢʘʥʪʠʪʘ Ag2S ʠ ʧʠʨʦʩʪʠʣʴʧʥʠʪʘ Ag3SbS3 ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʛʘʣʝʥʠʪʦʤ ʠ ʩʬʘʣʝʨʠʪʦʤ, 

ʟʘʧʦʣʥʷʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʛʠʧʠʜʠʦʤʦʨʬʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʧʠʨʠʪʘ. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʝʨʳ ʠ ʢʠʩʣʦʨʦʜʘ 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʝʨʳ ʚ ʩʫʣʴʬʠʜʘʭ ʠʟ ʧʨʦʞʠʣʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʦʙʦʛʘʱʝʥʠʝʤ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ, ʥʦ ʟʥʘʯʝʥʠʷ ŭ
34
S ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪ ʚ ʧʨʝʜʝʣʘʭ 8.2-25 ă, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʝʪʝʨʦʛʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʩʝʨʳ. ʈʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʫʣʴʬʠʜʦʚ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʛʝʦʪʝʨʤʦʤʝʪʨʫ (ʧʦ ʧʘʨʘʤ ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪ ʠ ʧʠʨʠʪ-ʛʘʣʝʥʠʪ) 

ʧʦʢʘʟʘʣ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ 430-450 Áʉ; ʧʦ ʬʣʶʠʜʥʳʤ ʚʢʣʶʯʝʥʠʷʤ (ʩʤ. ʥʠʞʝ) ʧʘʨʘʤʝʪʨʳ 

ʙʣʠʟʢʠʝ.  

ɿʥʘʯʝʥʠʷ ŭ
18
O ʚ ʢʚʘʨʮʝ ʩʦʩʪʘʚʣʷʶʪ 16.9-17.9 ă. ʈʘʩʯʝʪ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʬʣʶʠʜʘ, ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 450 Áʉ ʧʦʢʘʟʘʣ ʟʥʘʯʝʥʠʷ ŭ
18

Oʬʣ = 13.6-14.6 ă, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʥʘʯʝʥʠʷʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʚʦʜ. 

ʊʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʫʜ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʌɺ) ʚ ʢʚʘʨʮʝ ʠ ʩʠʜʝʨʠʪʝ ʠʟ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʠʜʝʨʠʪ-ʢʚʘʨʮ-

ʩʫʣʴʬʠʜʥʳʭ ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʧʝʨʚʠʯʥʳʝ ʌɺ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʜʚʫʭʬʘʟʦʚʳʡ ʩʦʩʪʘʚ (ʛʘʟ>ʞʠʜʢʦʩʪʴ) ʠ ʨʘʟʤʝʨʳ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʧʝʨʚʳʭ ʜʦ 10 ʤʠʢʨʦʥ, ʚ 

ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʜʦ ~20 ʤʢʤ.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟʫʯʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʟʝʨʥʘʭ ʢʚʘʨʮʘ. ʊʘʢʠʝ ʌɺ ʯʘʩʪʦ ʠʤʝʶʪ 

ʦʢʨʫʛʣʫʶ, ʠʣʠ ʠʟʦʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʫʶ ʛʘʟʦʚʫʶ ʬʘʟʫ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʡ ʛʦʤʦʛʝʥʠʟʠʨʫʝʪʩʷ ʚ ʞʠʜʢʫʶ ʬʘʟʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʦʤʦʛʝʥʠʟʘʮʠʠ (ʊʛ) ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 420 ʜʦ 200Áʉ, ʝʜʠʥʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 505 Áʉ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ʢʚʘʨʮʘ ʦʪʤʝʯʘʶʪʩʷ ʙʦʣʝʝ ʨʝʜʢʠʝ ʚʢʣʶʯʝʥʠʷ ʦʚʘʣʴʥʦʡ ʠʣʠ ʠʟʦʤʝʪʨʠʯʥʦʡ 

ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 535ï390Áʉ ʠ ʦʜʥʦ ʌɺ ï ʧʨʠ 300 Áʉ. 

ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʢʚʘʨʮʝ ʤʝʥʷʣʠʩʴ ʦʪ ï18.7 ʜʦ ï5Áʉ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʣʝʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 21.5 ʜʦ 7.9 ʤʘʩ. % ʵʢʚ. NaCl. 

ʊʝʤʧʝʨʘʪʫʨʳ ʵʚʪʝʢʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʤ ʜʠʘʧʘʟʦʥʘʤ ï21.2éï23.4 ʠ ï38éï55Áʉ. ʊʘʢʠʝ 

ʟʥʘʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʣʝʚʳʤ ʩʠʩʪʝʤʘʤ NaClïH2O, NaClïʂClïH2O, MgCl2ïʂClï

H2O ʠ CaCl2ï NaClïH2O.  

ɺ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ʢʚʘʨʮʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʟʦʥʳ ʨʦʩʪʘ ʦʪʤʝʯʘʶʪʩʷ ʛʨʫʧʧʳ ʤʝʣʢʠʭ (Ò2ï

5 ʤʢʤ) ʩʠʥʛʝʥʝʪʠʯʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ-ʛʘʟʦʚʳʭ (ʉ-ɻ) ʠ ʩʫʱʝʩʪʚʝʥʥʦ-ʚʦʜʥʳʭ (ʉ-ɺ) ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʡ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʌɺ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʧʝʨʠʦʜʦʚ ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʠ 

(ʚʩʢʠʧʘʥʠʷ) ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʧʦ ʠʟʦʪʦʧʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ. ʊʘʢ, ʨʘʩʯʝʪ 

ʪʝʤʧʝʨʘʪʫʨ ʠʟʦʪʦʧʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʘʨʘʭ ʧʠʨʠʪ-ʛʘʣʝʥʠʪ, ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪ ʧʦʢʘʟʘʣ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 430ï450Áʉ, ʯʪʦ ʧʦʧʘʜʘʝʪ ʚ ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʌɺ. 

ɺ ʟʝʨʥʘʭ ʩʠʜʝʨʠʪʘ ʚʩʪʨʝʯʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠʝ ʧʝʨʚʠʯʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʦʪ ʧʝʨʚʳʭ ʤʠʢʨʦʥ ʜʦ ~10 ʤʠʢʨʦʥ. ɼʠʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʠʟ 

ʢʚʘʨʮʘ, ʦʥ ʚʘʨʴʠʨʫʝʪ ʦʪ 320 ʜʦ 219Áʉ. ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ ʟʘʤʝʪʥʦ ʥʠʞʝ ʠ 
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ʤʝʥʷʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ï3.5 ʜʦ ï6Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʡ ʩʦʣʝʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ï 5.7-

9.2 ʤʘʩ. % ʵʢʚ. NaCl. ʊʝʤʧʝʨʘʪʫʨʳ ʵʚʪʝʢʪʠʢʠ ʚ ʵʪʠʭ ʚʢʣʶʯʝʥʠʷʭ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

ɻʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʢʣʶʯʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʝʪʦʜʦʤ ʨʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʢʘʟʘʣ 

ʥʘʣʠʯʠʝ ʉʆ2, ʚ ʥʝʢʦʪʦʨʳʭ ʚʢʣʶʯʝʥʠʷʭ ʢʨʦʤʝ ʉʆ2 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʉʅ4. 

ʈʘʩʯʝʪ ʜʘʚʣʝʥʠʡ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʬʝʥʛʠʪʦʚʦʤʫ ʛʝʦʙʘʨʦʤʝʪʨʫ, ʧʦ ʨʘʟʥʳʤ ʘʚʪʦʨʘʤ, 

ʠ ʧʦ ʧʨʦʛʨʘʤʤʝ HOKIEFLINCS_H2O-NaCl ʧʦʢʘʟʘʣ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 875-

2054 ʙʘʨ. 

ɺʳʚʦʜʳ 

1. ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʆʟʝʨʥʦʛʦ Pb-Zn ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʫʢʨʫʧʥʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮ-

ʩʫʣʴʬʠʜʥʳʭ ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ ʩ ʨʘʟʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʫʢʘʟʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

2. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʣʴʬʠʜʘʤʠ: ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ 

ʠ ʧʠʨʠʪʦʤ ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʚ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʣʴʢʦʧʠʨʠʪ, 

ʧʠʨʨʦʪʠʥ, ʘʨʩʝʥʦʧʠʨʠʪ, ʤʘʨʢʘʟʠʪ, ʩʫʣʴʬʠʜʳ ʠ ʩʫʣʴʬʦʩʦʣʠ Ag. ɾʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ï ʢʚʘʨʮ, 

ʩʠʜʝʨʠʪ, ʤʘʨʛʘʥʮʦʚʠʩʪʳʡ ʩʠʜʝʨʠʪ (ʦʣʠʛʦʥʠʪ); ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ Ba-ʩʦʜʝʨʞʘʱʠʡ ʤʫʩʢʦʚʠʪ 

(ʵʣʣʘʭʝʨʠʪ) ʠ ʭʣʦʨʠʪ. 

3. ʊʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʫʜ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ P-T ʧʘʨʘʤʝʪʨʘʭ, ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

535Áʉ ʠ ʜʘʚʣʝʥʠʠ ʜʦ 2 ʢʙʘʨ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

(ʩʦʣʝʥʦʩʪʴ ʜʦ 21.5 ʤʘʩ. % ʵʢʚ. NaCl) ʬʣʶʠʜʥʦʡ ʬʘʟʳ, ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʚʦʡ ʬʘʟʳ ʫʩʪʘʥʦʚʣʝʥʳ 

ʉʆ2 ʠ ʉʅ4. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʘʥʥʳʤʠ ʠʟʦʪʦʧʥʦʡ 

ʪʝʨʤʦʤʝʪʨʠʠ. ʅʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʨʫʜʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʠʘʬʪʦʨʝʟʫ. 

4. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʦʮʝʩʩʘʤʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ, ʥʦ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩ ʚʦʟʨʘʩʪʦʤ ʦʨʫʜʝʥʝʥʠʷ ʆʟʝʨʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʚʷʟʘʪʴ ʠʭ ʩ ʵʪʘʧʘʤʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʵʚʦʣʶʮʠʠ ʨʝʛʠʦʥʘ. ʕʪʦ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʌʦʥʜʘ ˉ 22-17-

00106. 
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ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʜʨʝʚʥʠʭ ʦʩʘʜʦʯʥʳʭ  

ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʭ ʪʦʣʱ 

ɿʠʥʯʫʢ ʅ.ʅ. 
ɿʘʧʘʜʥʦ-ʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ (ɿʗʅʎ) ɸʅ ʈʉ (ʗ), ʛ. ʄʠʨʥʳʡ, nnzinchuk@rambler.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʬʘʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ 

ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʦʮʝʥʝʥʘ ʨʦʣʴ ʤʝʩʪʥʦʛʦ (ʚ ʪʦʤ ʯʠʩʣʝ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ) ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʘʮʠʘʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ʣʘʧʯʘʥʩʢʦʡ, ʙʦʪʫʦʙʠʥʩʢʦʡ ʠ ʙʦʨʫʣʣʦʡʩʢʠʭ ʩʚʠʪ ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʚʳʩʢʘʟʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢʘʢ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ ʬʦʨʤʘʮʠʦʥʥʦʛʦ-ʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʘʢ ʠ ʚʘʞʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʦʙʩʪʘʥʦʚʦʢ ʜʣʷ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʘʣʤʘʟʳ. ʂʠʤʙʝʨʣʠʪʦʚʳʡ ʤʘʪʝʨʠʘʣ ʚ ʙʘʩʩʝʡʥʳ ʩʝʜʠʤʝʥʪʘʮʠʠ 

ʬʘʮʠʡ ʥʠʞʥʠʭ ʯʘʩʪʝʡ ʨʘʟʨʝʟʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦʩʪʫʧʘʣ ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʢʘʢ ʠʟʚʝʩʪʥʳʭ, ʪʘʢ ʝʱʝ ʥʝ ʦʪʢʨʳʪʳʭ ʜʠʘʪʨʝʤ ʚ ʦʙʣʘʩʪʷʭ ʜʝʥʫʜʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʘʣʤʘʟʦʥʦʩʥʳʝ ʦʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ. 
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Abstract. Basing on studying geodynamic, facial conditions of formation and material composition of Upper 

Paleozoic sedimentary thicknesses of Malo-Botuobinsky diamondiferous region of the Siberian platform the role of 

local (including kimberlite) material in various facial sections of Lapchansky, Botuobinsky, and Borulloysky suites of 

Permian age was evaluated, which allowed delivering recommendations both on methodology of formation-facial 

analysis and about importance of individual situations for forecast-prospecting works on diamonds. Kimberlite material 

was delivered to sedimentation basins of lower parts of the sectionsô facies of considered stratigraphic subdivisions due 

to washout of upper levels of both known and still not discovered diatremes in denudation areas. 

Keywords: facial analysis, Upper Paleozoic diamondiferous sedimentary formations, Siberian platform. 

 

ɺ ʘʣʤʘʟʦʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʡʦʥʘʭ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ ʤʠʨʘ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʧʦʣʴʟʫʶʪʩʷ 

ʜʨʝʚʥʠʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʂɺ) ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜʘʭ [1-5], ʘ ʪʘʢʞʝ ʦʪʣʦʞʝʥʠʷ, 

ʦʙʦʛʘʱʝʥʥʳʝ ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʨʘʟʤʳʚʘ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʮʠʘʣʴʥʳʭ 

ʦʙʩʪʘʥʦʚʢʘʭ [6-8]. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʙʳʯʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʪʘʢʞʝ 

ʦʙʠʣʠʝ ʛʫʤʫʩʦʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʦʱʥʦʩʪʴ ʂɺ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʅʘʠʙʦʣʝʝ ʤʦʱʥʘʷ ʂɺ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ 

ʚʦʜʦʨʘʟʜʝʣʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʪʝʥʩʠʚʥʘʷ ʜʝʥʫʜʘʮʠʷ ʵʣʶʚʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʚʜʦʣʴ ʵʨʦʟʠʦʥʥʦʡ ʩʝʪʠ, ʘ ʥʘ ʧʣʦʩʢʠʭ ʚʦʜʦʨʘʟʜʝʣʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʳʚ ʧʨʠ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ ʜʨʝʥʘʞʝ. ʉʦʭʨʘʥʷʶʪʩʷ ʦʪ ʨʘʟʤʳʚʘ ʵʣʶʚʠʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʪʦʣʴʢʦ ʧʨʠ 

ʩʪʝʯʝʥʠʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚ ʧʦʥʠʞʝʥʠʷʭ ʜʨʝʚʥʝʛʦ ʨʝʣʴʝʬʘ ʠ ʚ 

ʪʝʢʪʦʥʠʯʝʩʢʠ ʦʧʫʱʝʥʥʳʭ ʙʣʦʢʘʭ. ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʂɺ ʚ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʝʛʠʦʥʘʭ ʠʟʫʯʝʥʳ 

ʚ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʤ (ʄɹɸʈ), ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʤ (ɼɸɸʈ) ʠ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʤ (ʉʄɸʈ) 

ʨʘʡʦʥʘʭ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʉʇ), ʚ ʢʦʪʦʨʳʭ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʚʝʪʨʝʣʳʭ ʪʦʣʱ ʩʫʱʝʩʪʚʦʚʘʣʠ [9-11] ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʝ- ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʝ ʠ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʪʨʠʘʩʦʚʦʝ ʚʨʝʤʷ (ʨʠʩʫʥʦʢ 1).  

ʇʦʩʢʦʣʴʢʫ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʢʦʥʮʝ ʜʝʚʦʥʘ ʧʨʦʠʟʦʰʣʦ ʩʦʢʨʘʱʝʥʠʝ 

ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ [12-14], ʪʦ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʊʫʥʛʫʩʩʢʦʡ 

ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʡ cʠʥʝʢʣʠʟʳ (ʊɺʉ). ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠʙʨʝʞʥʳʝ ʥʠʟʤʝʥʥʳʝ ʨʘʚʥʠʥʳ, ʘ 

ʥʘ ʁʛʝ ʢʘʢ ʵʪʦʡ, ʪʘʢ ʠ ɺʠʣʶʡʩʢʦʡ ʤʝʟʦʟʦʡʩʢʦʡ ʩʠʥʝʢʣʠʟ (ɺʄʉ), ʚʦʟʥʠʢʣʠ ʨʘʚʥʠʥʳ ʩ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʣʠʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʜʝʥʫʜʘʮʠʦʥʥʳʤʠ ʧʣʘʪʦ. ʂʘʤʝʥʥʦʫʛʦʣʴʥʦʤʫ ʧʝʨʠʦʜʫ ʘʢʪʠʚʠʟʘʮʠʠ ʦʙʱʝʛʦ ʚʦʟʜʳʤʘʥʠʷ ʉʇ 

ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʵʧʦʭʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʢʦʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠʙʨʝʞʥʳʝ 

ʥʠʟʤʝʥʥʳʝ ʨʘʚʥʠʥʳ, ʘ ʥʘ ʶʛʝ ʢʘʢ ʵʪʦʡ, ʪʘʢ ʠ ɺʠʣʶʡʩʢʦʡ ʤʝʟʦʟʦʡʩʢʦʡ ʩʠʥʝʢʣʠʟ (ɺʄʉ), 
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ʚʦʟʥʠʢʣʠ ʨʘʚʥʠʥʳ ʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʣʠʩʴ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʜʝʥʫʜʘʮʠʦʥʥʳʤʠ ʧʣʘʪʦ. 

 
ʈʠʩʫʥʦʢ 1. ʕʧʦʭʠ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʬʘʥʝʨʦʟʦʝ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʉʇ. 
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ʂʘʤʝʥʥʦʫʛʦʣʴʥʦʤʫ ʧʝʨʠʦʜʫ ʘʢʪʠʚʠʟʘʮʠʠ ʦʙʱʝʛʦ ʚʦʟʜʳʤʘʥʠʷ ʉʇ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʵʧʦʭʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʢʦʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ɺʳʨʘʚʥʠʚʘʥʠʝ ʧʝʥʝʧʣʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʵʣʶʚʠʷ ʥʘ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜʘʭ ʧʨʦʪʝʢʘʣʦ ʧʦʩʪʝʧʝʥʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʜʫʢʪʳ ʂɺ ʧʦʩʪʫʧʘʣʠ ʚ ʢʦʨʨʝʣʷʪʠʚʥʳʝ ʪʦʣʱʠ 

ʨʘʚʥʦʤʝʨʥʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚ ʵʪʦ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʷʤʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʠ ʧʘʣʝʦʨʝʣʴʝʬʘ. ʇʦʵʪʦʤʫ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ ʊɺʉ ʦʪʨʘʞʘʶʪ ʧʦʛʨʝʙʝʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ ʠ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʦʙʦʛʘʱʝʥʳ 

ʧʨʦʜʫʢʪʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʷ ʪʝʤ ʩʘʤʳʤ ʬʦʨʤʘʮʠʶ ʂɺ [4, 7, 9]. ʆʙʱʘʷ ʢʘʨʪʠʥʘ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʢʘʨʙʦʥʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʚʦʥʦʤ) ʠʟʤʝʥʷʣʘʩʴ ʤʘʣʦ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʊɺʉ 

ʚ ʢʘʨʙʦʥʝ ʠ ʧʝʨʤʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʥʠʟʤʝʥʥʳʝ ʟʘʙʦʣʦʯʝʥʥʳʝ ʨʘʚʥʠʥʳ ʩ 

ʫʛʣʝʥʦʩʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ɺ ʢʦʥʮʝ ʧʝʨʤʩʢʦʛʦ ʧʝʨʠʦʜʘ ʚʦ ʤʥʦʛʠʭ ʨʘʡʦʥʘʭ ʉʇ ʥʘʯʘʣʠʩʴ 

ʠʟʣʠʷʥʠʷ ʣʘʚ ʠ ʚʥʝʜʨʝʥʠʝ ʪʨʘʧʧʦʚ (ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʧʨʦʷʚʠʚʰʠʝʩʷ ʢ ʥʘʯʘʣʫ ʨʘʥʥʝʛʦ ʪʨʠʘʩʘ). 

ʂ ʢʦʥʮʫ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʜʣʠʪʝʣʴʥʘʷ ʵʧʦʭʘ ʜʝʥʫʜʘʮʠʠ ʟʘʚʝʨʰʠʣʘʩʴ ʧʝʥʝʧʣʝʥʠʟʘʮʠʝʡ ʉʇ. 

ʈʝʛʠʦʥʘʣʴʥʘʷ ʧʝʥʝʧʣʝʥʠʟʘʮʠʷ ʚ ʩʨʝʜʥʝʤ ʠ ʧʦʟʜʥʝʤ ʪʨʠʘʩʝ ʦʙʫʩʣʦʚʣʝʥʘ ʵʧʦʭʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʢʦʷ, ʧʨʝʜʰʝʩʪʚʫʶʱʘʷ ʶʨʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʉʇ. ɺ ʵʪʦʪ ʞʝ 

ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʱʥʦʡ ʂɺ, ʧʨʠʯʝʤ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʝ, ʜʝʥʫʜʘʮʠʷ ʠ 

ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʵʣʶʚʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʢʦʨʨʝʣʷʪʠʚʥʳʝ ʪʦʣʱʠ ʧʨʦʠʩʭʦʜʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʚʥʦʤʝʨʥʦ, ʯʪʦ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ (ʢʘʢ ʠ ʚ ʧʦʟʜʥʝʤ ʜʝʚʦʥʝ-ʨʘʥʥʝʤ ʢʘʨʙʦʥʝ) ʩʣʘʙʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʧʘʣʝʦʨʝʣʴʝʬʘ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʬʘʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʨʝʚʥʠʭ 

ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʨʘʟʚʠʪʳʭ ʚ ʧʣʘʥʝ ʜʦʙʳʯʠ 

ʘʣʤʘʟʦʚ - ʄɹɸʈ ʉʇ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʨʦʩʪʘ ʩʳʨʴʷ ʷʚʣʷʶʪʩʷ 

ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ, ʚ ʨʘʟʨʝʟʝ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ [1-3] ʣʘʧʯʘʥʩʢʘʷ (ʈ1l), 

ʙʦʪʫʦʙʠʥʩʢʦʡ (ʈ1b) ʠ ʙʦʨʫʣʣʦʡʩʢʦʡ (ʈ2br) ʩʚʠʪʳ. ɺ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʣʘʧʯʘʥʩʢʦʡ ʩʚʠʪʳ ʚʳʜʝʣʷʝʪʩʷ ʧʷʪʴ ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ: ʨʘʟʚʠʪʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ, 

ʘʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ, ʜʝʣʶʚʠʘʣʴʥʳʭ, ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ, ʦʟʝʨʥʦ-

ʣʘʛʫʥʥʳʭ ʠ ʣʘʛʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʕʪʠ ʟʦʥʳ ʩʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʧʣʦʱʘʜʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʨʠ ʧʘʣʝʦʣʘʥʜʰʘʬʪʥʳʝ ʦʙʣʘʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʫʩʣʦʚʠʷ ʩʝʜʠʤʝʥʪʘʮʠʠ 

ʦʪʣʦʞʝʥʠʡ ʣʘʧʯʘʥʩʢʦʡ ʩʚʠʪʳ: ʧʦʜʥʦʞʠʡ ʩʢʣʦʥʦʚ ʠ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ, ʨʝʯʥʳʭ ʜʦʣʠʥ (ʤʘʣʳʭ 

ʚʦʜʦʪʦʢʦʚ), ʟʘʣʠʚʥʦ-ʣʘʛʫʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ. ʆʙʣʘʩʪʴ ʧʦʜʥʦʞʠʡ ʩʢʣʦʥʦʚ ʠ ʢʦʥʫʩʦʚ 

ʚʳʥʦʩʘ ʦʪʤʝʯʝʥʘ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ, ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʯʘʩʪʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ʆʥʘ ʦʢʘʡʤʣʷʝʪ ʢʨʫʧʥʦʝ ʧʘʣʝʦʧʦʜʥʷʪʠʝ ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦ ʨʘʟʤʝʨʘʤ ʦʙʣʘʩʪʴ ʨʝʯʥʳʭ ʜʦʣʠʥ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ ʚ ʪʦ ʚʨʝʤʷ 

ʛʦʩʧʦʜʩʪʚʦʚʘʣʠ ʙʘʩʩʝʡʥʦʚʳʝ ʫʩʣʦʚʠʷ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʕʪʘ ʦʙʣʘʩʪʴ ʚʢʣʶʯʘʝʪ ʟʦʥʫ ʨʘʟʚʠʪʠʷ 

ʜʝʣʶʚʠʘʣʴʥʳʭ ʠ ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɿʜʝʩʴ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ 

ʬʘʮʠʠ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦ-ʱʝʙʥʠʩʪʳʭ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʕɼ), 

ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʦʩʘʜʢʦʚ ʧʨʦʣʶʚʠʷ (ʇʈ), ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ 

ʟʘʩʪʦʡʥʳʭ, ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʝʨ (ʆɿ), ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʢʨʫʧʥʳʭ ʦʟʝʨ (ʆʂ), 

ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʘʠʣʠʚʘʶʱʠʭʩʷ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ (ɹɿ) ʠ ʦʩʘʜʢʦʚ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ 

(ɹʊ). ʆʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʣʘʧʯʘʥʩʢʦʡ ʩʚʠʪʳ ʚ ʩʝʚʝʨʥʦʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʨʝʛʠʦʥʘ ʥʘʯʘʣʦʩʴ [2-5] ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʣʦʱʘʜʷʭ ʩ ʚʳʧʦʣʥʝʥʠʷ ʩ ʵʣʶʚʠʘʣʴʥʦ-

ʜʝʣʶʚʠʘʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʦʨʤ ʜʨʝʚʥʝʛʦ ʨʝʣʴʝʬʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ 

ʥʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʦʙʣʘʩʪʝʡ ʜʝʥʫʜʘʮʠʠ. ʕʪʦ 

ʥʝʩʦʨʪʠʨʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʱʝʙʝʥʢʦʡ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ 

ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʡ ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʤ ʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʤ 

ʤʘʪʝʨʠʘʣʦʤ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʚʥʫʪʨʝʥʥʠʤ 

ʯʘʩʪʷʤ ʚʧʘʜʠʥ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ ʧʨʦʣʶʚʠʘʣʴʥʳʤʠ ʠ ʦʟʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ɺ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ 

ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʣʠ ʤʝʣʢʠʝ ʦʟʝʨʥʳʝ ʚʦʜʦʝʤʳ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʟʘʙʦʣʘʯʠʚʘʥʠʶ, ʯʝʤ ʠ ʦʙʴʷʩʥʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚ ʨʘʟʨʝʟʝ 

ʦʩʘʜʢʦʚ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ. ʆʙʣʘʩʪʴ ʨʝʯʥʳʭ ʜʦʣʠʥ (ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ) ʚʢʣʶʯʘʝʪ ʟʦʥʫ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʦʩʘʜʢʦʚ ʠ ʠʤʝʝʪ 



56 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʦʪʣʦʞʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʥʘʠʙʦʣʝʝ 

ʧʦʥʠʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʜʦʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʨʝʣʴʝʬʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ 

ʩʢʣʦʥʘʭ ʧʘʣʝʦʧʦʜʥʷʪʠʡ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʝ ʠ ʧʨʦʣʶʚʠʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. ʆʙʣʘʩʪʴ ʟʘʣʠʚʥʦ-ʣʘʛʫʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ ʧʦʣʫʯʠʣʘ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʢʣʶʯʘʝʪ ʟʦʥʳ ʦʟʝʨʥʦ-ʣʘʛʫʥʥʳʭ ʠ ʣʘʛʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʥʘʯʘʣʴʥʫʶ 

ʩʪʘʜʠʶ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʦʩʥʦʚʘʥʠʠ ʣʘʧʯʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʧʝʩʯʘʥʦ-

ʘʣʝʚʨʠʪʦ-ʱʝʙʥʠʩʪʳʭ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʩʘʜʢʦʚ (ʕɼ). ʇʦʩʣʝʜʦʚʘʚʰʘʷ 

ʪʨʘʥʩʛʨʝʩʩʠʷ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʦʙʫʩʣʦʚʠʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʘʣʝʚʨʠʪʦ-

ʛʣʠʥʠʩʠʪʳʭ ʦʩʘʜʢʦʚ ʣʘʛʫʥ (ʃɿ). ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʪʤʝʯʘʶʪʩʷ ʬʘʮʠʠ ʘʣʝʚʨʠʪʦ-

ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʘʩʪʦʡʥʳʭ, ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʸʨ (ʆɿ). 

ɺ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʦʪʫʦʙʠʥʩʢʦʡ ʩʚʠʪʳ 

ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ, 

ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ, ʧʦʜʚʦʜʥʦ-ʜʝʣʴʪʦʚʳʭ, ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 

ʦʩʘʜʢʦʚ ʟʘʣʠʚʥʦ-ʣʘʛʫʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ, ʧʨʠ ʫʯʘʩʪʠʠ ʦʟʸʨʥʦ-ʙʦʣʦʪʥʳʭ 

ʜʝʣʶʚʠʘʣʴʥʦ-ʣʘʛʫʥʥʳʭ ʠ ʧʨʦʣʶʚʠʘʣʴʥʦ-ʣʘʛʫʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʇʦ ʫʩʣʦʚʠʷʤ ʩʝʜʠʤʝʥʪʘʮʠʠ 

ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʦʙʴʝʜʠʥʷʶʪʩʷ [3] ʚ ʩʣʝʜʫʶʱʠʝ ʧʘʣʝʦʣʘʥʜʰʘʬʪʥʳʝ 

ʦʙʣʘʩʪʠ: ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʧʨʠʙʝʨʝʛʦʚʦʛʦ ʩʠʣʴʥʦ ʧʦʜʚʠʞʥʦʛʦ 

ʤʝʣʢʦʚʦʜʴʷ, ʟʘʣʠʚʥʦ-ʣʘʛʫʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʠ ʦʪʢʨʳʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ. ɺ 

ʥʘʯʘʣʝ ʨʘʥʥʝʧʝʨʤʩʢʦʛʦ ʚʨʝʤʝʥʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣ ʢʦʤʧʣʝʢʩ ʬʘʮʠʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɿʘʪʝʤ ʧʦʩʣʝʜʦʚʘʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʦʛʠʙʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʜʘʣʴʥʝʡʰʝʤʫ ʧʨʦʜʚʠʞʝʥʠʶ ʚʦʜ ʙʘʩʩʝʡʥʘ ʚʛʣʫʙʴ ʩʫʰʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʛʦ ʩʦʢʨʘʱʘʣʘʩʴ ʧʣʦʱʘʜʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʩʩʝʡʥʦʚʳʝ ʫʩʣʦʚʠʷ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ ʢʘʢ ʧʦ ʧʣʦʱʘʜʠ, ʪʘʢ ʠ ʚ ʨʘʟʨʝʟʝ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ 

ʙʦʪʫʦʙʠʥʩʢʦʡ ʩʚʠʪʳ ʧʨʝʦʙʣʘʜʘʶʪ ʬʘʮʠʠ ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʨʫʩʣʘ ʠ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ 

(ʇɼ). ʆʥʠ ʩʣʘʛʘʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʠ ʚʳʰʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʬʘʮʠʷʤʠ ʛʣʠʥʠʩʪʦ-

ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʦʪʢʨʳʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ (ʆʄɹ), ʧʝʩʯʘʥʳʭ 

ʦʩʘʜʢʦʚ ʙʘʨʦʚ, ʢʦʩ ʠ ʨʦʩʩʳʧʝʡ (ɹʂʇ). ʌʘʮʠʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʣʘʛʫʥ ʠ ʟʘʣʠʚʦʚ 

(ʃɿ) ʦʙʳʯʥʦ ʟʘʣʝʛʘʶʪ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʦʪʢʨʳʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ, ʦʩʘʜʢʦʚ 

ʙʘʨʦʚ, ʢʦʩ, ʧʝʨʝʩʳʧʝʡ ʠ ʨʝʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʢʨʳʚʘʶʪ ʦʪʣʦʞʝʥʠʷ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ 

ʜʝʣʴʪʳ. ɺ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʟʘʣʠʚʥʦ-ʣʘʛʫʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ ʚʳʜʝʣʷʶʪʩʷ 

ʪʨʠ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʦʪʤʝʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ ʬʘʮʠʠ 

ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦ-ʱʝʙʥʠʩʪʳʭ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʕɼ), ʢʦʪʦʨʳʝ ʚʳʰʝ 

ʧʦ ʨʘʟʨʝʟʫ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷʤʠ ʬʘʮʠʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʣʘʛʫʥ ʠ ʟʘʣʠʚʦʚ 

(ʃɿ). ʅʠʞʥʷʷ ʯʘʩʪʴ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʧʨʦʣʶʚʠʘʣʴʥʦ-ʣʘʛʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʬʘʮʠʝʡ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʦʩʘʜʢʦʚ ʧʨʦʣʶʚʠʷ (ʇʈ). ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʟʘʣʝʛʘʶʪ 

ʬʘʮʠʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʣʘʛʫʥ ʠ ʟʘʣʠʚʦʚ (ʃɿ). ɿʦʥʘ ʨʘʟʚʠʪʠʷ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʠ 

ʣʘʛʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʧʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɿʜʝʩʴ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʬʘʮʠʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʣʘʛʫʥ ʠ ʟʘʣʠʚʦʚ (ʃɿ). ɺ ʨʘʟʨʝʟʝ ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʬʘʮʠʠ 

ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʘʩʪʦʡʥʳʭ, ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʝʨ (ʆɿ), ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ 

ʟʘʣʠʚʘʶʱʠʭʩʷ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ (ɹɿ), ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʢʨʫʧʥʳʭ ʦʟʝʨ (ʆʂ), 

ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʦʪʢʨʳʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ (ʆʄɹ) ʠ 

ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʧʦʜʚʦʜʥʦʡ ʜʝʣʴʪʳ (ʇɼ). 

ɺ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʨʘʟʚʠʪʠʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʙʦʨʫʣʣʦʡʩʢʦʡ ʩʚʠʪʳ ʚʳʜʝʣʷʶʪʩʷ [1-4] 

ʯʝʪʳʨʝ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ, ʘʣʣʶʚʠʘʣʴʥʦ-

ʜʝʣʴʪʦʚʳʭ ʠ ʧʦʜʚʦʜʥʦʜʝʣʴʪʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʡ ʦʪʢʨʳʪʦʛʦ ʤʝʣʢʦʚʦʜʴʷ 

ʙʘʩʩʝʡʥʘ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʦʙʨʘʟʫʶʪ ʪʨʠ ʧʘʣʝʦʣʘʥʜʰʘʬʪʥʳʝ ʦʙʣʘʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʥʘʯʘʣʝ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ 

ʚʨʝʤʝʥʠ: ʨʝʯʥʳʭ ʜʦʣʠʥ ʠ ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʳʭ ʨʘʚʥʠʥ, ʧʨʠʙʝʨʝʛʦʚʦʛʦ ʩʠʣʴʥʦ 

ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʠ ʦʪʢʨʳʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ. ʆʙʣʘʩʪʴ ʨʝʯʥʳʭ 

ʜʦʣʠʥ ʠ ʣʘʛʫʥʥʦ-ʜʝʣʴʪʦʚʳʭ ʨʘʚʥʠʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʨʘʟʚʠʪʠʷ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ɸʣʣʶʚʠʘʣʴʥʘʷ ʨʘʚʥʠʥʘ ʧʦʣʫʯʠʣʘ 
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ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ, ʦʢʘʡʤʣʷʷ ʢʨʫʧʥʦʝ ʧʦʟʜʥʝʧʝʨʤʩʢʦʝ ʧʘʣʝʦʧʦʜʥʷʪʠʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʚʦʩʪʦʯʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʣʘʩʴ ʚ 

ʵʪʦʪ ʧʝʨʠʦʜ ʦʙʣʘʩʪʴʶ ʜʣʠʪʝʣʴʥʦʛʦ ʨʘʟʤʳʚʘ. ɺ ʧʨʝʜʝʣʘʭ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʬʘʮʠʠ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʭ ʦʩʘʜʢʦʚ ʨʫʩʣʘ 

(ɸʈ) ʠ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʦʩʘʜʢʦʚ ʧʦʡʤʳ (ɸʇ). ʄʝʥʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʬʘʮʠʠ: ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʢʨʫʧʥʳʭ ʦʟʝʨ (ʆʂ), ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ 

ʟʘʩʪʦʡʥʳʭ ʠ ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʝʨ (ʆʂɿ), ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʘʣʠʚʘʶʱʠʭʩʷ ʪʦʨʬʷʥʳʭ 

ʙʦʣʦʪ, ʘ ʪʘʢʞʝ ʦʩʘʜʢʦʚ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ. ʇʦʩʣʝʜʥʠʝ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ 

ʨʘʟʨʝʟʦʚ ʠ ʥʝʨʝʜʢʦ ʪʷʛʦʪʝʶʪ ʢ ʙʦʨʪʘʤ ʜʦʣʠʥʳ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʘʷ ʨʘʚʥʠʥʘ, ʢʦʪʦʨʘʷ ʧʨʠʤʳʢʘʝʪ ʥʘ ʚʩʸʤ ʩʚʦʸʤ 

ʧʨʦʪʷʞʝʥʠʠ ʢ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʦʡ ʟʦʥʝ ʧʦʜʚʠʞʥʦʡ ʜʝʣʴʪʳ. ʆʙʣʘʩʪʴ ʧʨʠʙʝʨʝʛʦʚʦʛʦ ʩʠʣʴʥʦ 

ʧʦʜʚʠʞʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʘʮʠʘʣʴʥʫʶ ʟʦʥʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʦʜʚʦʜʥʦʜʝʣʴʪʦʚʳʭ ʦʩʘʜʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʬʘʮʠʡ ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ 

ʧʦʜʚʦʜʥʦʡ ʜʝʣʴʪʳ (ʇɼ), ʥʘ ʢʦʪʦʨʳʭ ʚʙʣʠʟʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʟʘʣʝʛʘʶʪ ʬʘʮʠʠ ʘʣʝʚʨʠʪʦ-

ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʟʘʩʪʦʡʥʳʭ, ʟʘʨʘʩʪʘʶʱʠʭ ʦʟʝʨ (ʆɿ) ʠ ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʣʘʛʫʥ ʠ 

ʟʘʣʠʚʦʚ (ʃɿ). ʆʙʣʘʩʪʴ ʧʦʜʚʦʜʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʟʘʥʠʤʘʝʪ ʟʦʥʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʬʘʮʠʡ ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʦʪʢʨʳʪʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ 

(ʆʄɹ). ɺ ʦʩʥʦʚʘʥʠʠ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʨʘʟʨʝʟʘ ʟʘʣʝʛʘʶʪ ʬʘʮʠʠ ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ ʧʦʜʚʦʜʥʦʡ 

ʯʘʩʪʠ ʜʝʣʴʪʳ (ʇɼ) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ ʬʘʮʠʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ 

ʟʘʠʣʠʚʘʶʱʠʭʩʷ ʪʦʨʬʷʥʳʭ ʙʦʣʦʪ (ɹɿ), ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦ-

ʧʝʩʯʘʥʳʤʠ ʦʩʘʜʢʘʤʠ ʦʪʢʨʳʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʙʘʩʩʝʡʥʘ, ʘ ʪʘʢʞʝ ʘʣʝʚʨʠʪʦ-

ʛʣʠʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ ʣʘʛʫʥ ʠ ʟʘʣʠʚʦʚ (ʃɿ). ʀʪʘʢ, ʥʘʤʠ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚ 

ʥʠʞʥʝʧʝʨʤʩʢʦʝ ʚʨʝʤʷ ʚʦʩʭʦʜʷʱʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʝʨʝʨʳʚʘ ʚ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʥʘ ʯʘʩʪʠ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʦʩʣʝʜʦʚʘʚʰʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʛʫʤʠʜʥʳʡ ʢʣʠʤʘʪ ʦʙʫʩʣʦʚʠʣʠ ʨʘʟʚʠʪʠʝ ʛʠʧʝʨʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠʚʝʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʣʶʚʠʘʣʴʥʦʛʦ ʯʝʭʣʘ ʥʘ ʠʟʚʝʨʞʝʥʥʳʭ ʠ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʨʝʛʠʦʥʘ. ɿʘʤʝʜʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʢʦʤʧʝʥʩʠʨʦʚʘʣʦʩʴ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ ʠ ʟʘʢʘʥʯʠʚʘʣʦʩʴ ʨʝʛʨʝʩʩʠʝʡ. ʄʠʥʠʤʫʤ ʨʝʛʨʝʩʩʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʚʫʶ 

ʧʦʣʦʚʠʥʫ ʨʘʥʥʝʙʦʨʫʣʣʦʡʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʤʘʢʩʠʤʫʤ ï ʥʘ ʢʦʥʝʮ ʵʪʦʛʦ ʞʝ ʧʝʨʠʦʜʘ. 

ʂʠʤʙʝʨʣʠʪʦʚʳʡ ʤʘʪʝʨʠʘʣ (ʘʣʤʘʟʳ ʠ ʠʭ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ, ʧʝʨʝʦʪʣʦʞʝʥʥʳʝ ʚʳʚʝʪʨʝʣʳʝ 

ʧʨʦʜʫʢʪʳ) ʚ ʬʘʮʠʠ ʥʠʞʥʠʭ ʯʘʩʪʝʡ ʨʘʟʨʝʟʦʚ ʧʦʩʪʫʧʘʣ ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʢʘʢ ʠʟ ʠʟʚʝʩʪʥʳʭ ʚ ʨʝʛʠʦʥʝ ʜʠʘʪʨʝʤ, ʪʘʢ ʠ ʪʝʣ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʚ ʦʙʣʘʩʪʷʭ ʜʝʥʫʜʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʘʣʤʘʟʦʚ ʃʝʥʦ-ɸʥʘʙʘʨʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ 

(ʃɸɸʉʇ) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʣʘʩʪʴ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ ʤʘʢʨʦʘʩʩʦʮʠʘʮʠʡ ʤʠʥʝʨʘʣʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤ 

ʘʣʤʘʟʦʥʦʩʥʳʤ ʨʘʡʦʥʦʤ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʨʘʟʚʠʪʳ ʢʦʤʧʣʝʢʩʳ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʠʭ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʠ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʨʷʜʦʤ ʥʘʭʦʜʠʪʩʷ ɸʥʘʙʘʨʩʢʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʤʘʩʩʠʚ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ (ʉɺʉʇ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʨʝʛʠʦʥʘ. ʆʪʜʝʣʴʥʳʝ ʝʸ ʙʣʦʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʩʣʦʞʝʥʳ ʵʢʣʦʛʠʪʘʤʠ ʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʚ ʘʣʤʘʟʦʥʦʩʥʦʤ ʵʢʣʦʛʠʪʦʚʦʤ 

ʩʫʙʩʪʨʘʪʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʨʦʜʳ, ʧʦ ʩʦʩʪʘʚʫ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʪʠʧʠʯʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 

ʣʘʤʧʨʦʠʪʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʢʘʭ ʉɺʉʇ ʘʣʤʘʟʦʚ ʋ ʠ ʋʇ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ (ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ, 

1984), ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʥʦʛʠʭ ʨʦʩʩʳʧʝʡ ʨʝʛʠʦʥʘ ʠ ʢʠʤʙʝʨʣʠʪʦʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ, 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʜʠʘʪʨʝʤ ʠ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʷʭ ʠʟʫʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʠʧʦʤʦʨʬʠʟʤ ʘʣʤʘʟʦʚ, ʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ, ʨʝʛʠʦʥʘʣʴʥʳʡ ʠ ʣʦʢʘʣʴʥʳʡ ʧʨʦʛʥʦʟ. 

 

Production features of diamonds from kimberlite of the north-east of the 

Sibirian platform  
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Abstract. Special attention is paid to the Leno-Anabarskoy diamond sub-province (LAASP), where it is 

convincingly shown that the area of development of individual diamond macro-associations is limited by a specific 

diamondiferous region, within which complexes of different in age terrigenous and coastal Upper Paleozoic and 

Mesozoic sediments are developed. Results of complex investigations of diamonds from kimberlite diatremes of the 

north-east of the Siberian platform (NESP) testify about heterogeneity of the upper mantle structure of the region. Its 

individual units may be composed by eclogites and during formation of magmatic hearths in diamondiferous eclogite 

substrate the rocks differing from typical kimberlites and lamproites by composition may turn out to be productive. 

Absence of varieties V and VII diamonds (by Y.L. Orlov, 1984) in kimberlite pipes of NESP, typical of many placers of 

the region and kimberlites of Arkhangelsk diamondiferous province, allows supposing such diatremes presence in 

peripheral part of the Siberian platform north eastern part as well. 

Keywords: ʊypomorphism of diamonds, Siberian platform, regional and local forecast, high-diamondiferous 

kimberlites.  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʝʝ 60-ʣʝʪʥʠʭ  ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʭ ʠ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ 

ʘʣʤʘʟʳ ʚ ʧʨʝʜʝʣʘʭ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ï ʉʇ (ʗʢʫʪʠʷ ʠ ʩʦʧʨʝʜʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ 

ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ) ʦʪʢʨʳʪʦ ʙʦʣʝʝ ʪʳʩʷʯʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ 

(ʪʨʫʙʦʢ, ʜʘʝʢ, ʞʠʣ ʠ ʩʠʣʣʦʚ) ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʘʣʤʘʟʦʚ ʚ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ 

ʚʪʦʨʠʯʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ. ʇʨʦʛʥʦʟʥʳʝ ʠ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʚ ʵʪʦʪ ʧʝʨʠʦʜ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʷʜʘ ʢʨʠʪʝʨʠʝʚ (ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ, 

ʰʣʠʭʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨ.), ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʫʯʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʩʚʦʡʩʪʚʝʥʥʳʭ 

ʦʙʳʯʥʦ ʧʦʣʷʤ ʨʘʟʚʠʪʠʷ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ʇʦʩʢʦʣʴʢʫ ʘʣʤʘʟ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ 

ʦʙʴʝʢʪʦʤ ʧʦʠʩʢʘ, ʧʨʝʜʩʪʘʚʠʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʨʠʚʣʝʯʴ ʢ ʨʝʰʝʥʠʶ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ 

ʟʘʜʘʯ ʰʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʝʛʦ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʚ 

ʜʠʘʪʨʝʤʘʭ ʨʘʟʣʠʯʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ [2-4]. ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ 25 ʧʦʣʷʭ, ʢʦʪʦʨʳʝ ʦʙʴʝʜʠʥʷʶʪʩʷ ʚ ʚʦʩʝʤʴ 

ʦʙʦʩʦʙʣʝʥʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ [1-9]. ɸʣʤʘʟʦʥʦʩʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʪʦʣʴʢʦ ʚ ʧʦʨʷʜʢʘ 

150 ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣʘʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʦʤʳʰʣʝʥʥʦ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʪʨʫʙʢʠ ʄʠʨ, 

ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ, ʋʜʘʯʥʘʷ, ɸʡʭʘʣ, ʖʙʠʣʝʡʥʘʷ, ɿʘʨʥʠʮʘ, ɹʦʪʫʦʙʠʥʩʢʘʷ, ʅʶʨʙʠʥʩʢʘʷ, 

ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʠ ʂʨʘʩʥʦʧʨʝʩʥʝʥʩʢʘʷ. ɿʘʚʝʨʰʝʥʘ ʦʪʨʘʙʦʪʢʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʨʫʙʦʢ 

ʠʤʝʥʠ ʍʍʐ ʩʴʝʟʜʘ ʂʇʉʉ, ɼʘʯʥʘʷ ʠ ʉʳʪʳʢʘʥʩʢʘʷ. ɻʦʪʦʚʷʪʩʷ ʢ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ 

ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ ɼʘʣʴʥʷʷ, ʀʨʝʣʷʭʩʢʘʷ, ɿʘʧʦʣʷʨʥʘʷ, ʅʦʚʠʥʢʘ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ-
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ʄʘʛʥʠʪʥʘʷ, ʇʦʠʩʢʦʚʘʷ ʠ ʜʨ. ʈʦʩʩʳʧʠ ʠ ʨʦʩʩʳʧʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʤ (ʄɹɸʈ), ʉʨʝʜʥʝʤʘʨʭʠʥʩʢʦʤ 

(ʉʄɸʈ), ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʤ (ɼɸɸʈ), ʄʫʥʦ-ʊʶʥʛʩʢʦʤ (ʄʊɸʈ), ɸʥʘʙʘʨʩʢʦʤ (ɸɸʈ), 

ʉʨʝʜʥʝ- ʠ ʅʠʞʥʝʦʣʝʥʝʢʩʢʦʤ, ʇʨʠʣʝʥʩʢʦʤ ʠ ʜʨʫʛʠʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʘʭ. ɺʦʟʨʘʩʪ ʠʭ 

ʨʘʟʣʠʯʝʥ ï ʦʪ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʠ ʤʝʟʦʟʦʡʩʢʦʛʦ ʜʦ ʥʝʦʛʝʥ-ʨʘʥʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ. ʇʨʦʤʳʰʣʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʄɹɸʈ, ʉʄɸʈ, ɸʥʘʙʘʨʩʢʦʤ ʠ ʇʨʠʣʝʥʩʢʦʤ ʨʘʡʦʥʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʝ ʦʙʴʝʤʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʚʦʧʨʦʩʳ ʦ ʢʦʨʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʘʣʤʘʟʦʚ ʙʦʛʘʪʳʭ ʨʦʩʩʳʧʝʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʇ (ʉɺʉʇ). ʆʪʜʝʣʴʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʠʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [3, 6-9], ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [1, 2, 4]. ɼʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʉʇ (ʄɹɸʈ, ɼɸɸʈ ʠ 

ʉʄɸʈ) ʦʪʤʝʯʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʦʚʤʝʱʝʥʠʝ ʢʦʨʝʥʥʦʡ ʠ ʨʦʩʩʳʧʥʦʡ ʨʫʜʦʥʦʩʥʦʩʪʠ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʢʦʨʨʝʢʪʥʦʡ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʢʦʨʝʥʥʦʡ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʨʦʩʩʳʧʥʳʭ ʦʨʝʦʣʦʚ. ʇʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʉɺʉʇ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ) 

ʭʘʨʘʢʪʝʨʝʥ ʢʦʤʧʣʝʢʩ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʪʣʠʯʘʶʱʠʡ ʠʭ ʦʪ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʎʝʥʪʨʘʣʴʥʦ-ʉʠʙʠʨʩʢʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ (ʎʉʉʇ). ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʨʦʜʳ 

ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʪʨʫʟʠʚʥʦʡ ʠ ʵʢʩʧʣʦʟʠʚʥʦʡ ʬʘʟʦʡ. ʉʨʝʜʠ ʧʦʨʦʜ ʪʨʫʙʦʢ ʚʟʨʳʚʘ ʵʪʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ, ʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʧʦʨʬʠʨʦʚʳʝ 

ʨʘʟʥʦʩʪʠ ʠʥʪʨʫʟʠʚʥʦʡ ʬʘʮʠʠ. ʄʥʦʛʦ ʩʣʶʜʠʩʪʳʭ ʢʠʤʙʝʨʣʠʪʦʚ. ʍʘʨʘʢʪʝʨʥʦ ʥʝʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ (ʄʉɸ), ʧʨʠʯʝʤ ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ 

ʧʠʨʦʧʦʤ. ʇʠʨʦʧʳ ʘʣʤʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʨʝʜʢʠ. ʂʠʤʙʝʨʣʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Ti, Fe, P, Al  ʠ K. ʂʦʣʠʯʝʩʪʚʦ ʢʩʝʥʦʣʠʪʦʚ ʛʣʫʙʠʥʥʳʭ ʧʦʨʦʜ ʚ ʪʨʫʙʢʘʭ 

ʧʦʥʠʞʝʥʦ; ʚ ʠʭ ʩʦʩʪʘʚʝ ʧʦʯʪʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʦʜʫʣʠ ʘʣʤʘʟ-ʧʠʨʦʧʦʚʦʡ ʬʘʮʠʠ ʛʣʫʙʠʥʥʦʩʪʠ. 

ʂʦʤʧʣʝʢʩ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʨʦʩʩʳʧʝʡ ʵʪʦʛʦ ʦʙʰʠʨʥʦʛʦ ʨʝʛʠʦʥʘ ʧʦʥʠʞʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ ʫʨʘʣʴʩʢʦʛʦ (ʙʨʘʟʠʣʴʩʢʦʛʦ) ʪʠʧʘ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʢʨʠʩʪʘʣʣʦʚ II, V ʠ VII  ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ɺ ʵʪʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣʘʭ  

ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʳʯʥʳʝ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʎʉʉʇ ʣʘʤʠʥʘʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʷʜʘ ʦʢʪʘʵʜʨ-

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ, ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʞʜʫ ʥʠʤʠ 

ʛʘʙʠʪʫʩʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʧʨʠʯʝʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʨʫʙʦʢ ʩʦʜʝʨʞʘʥʠʝ ʦʢʪʘʵʜʨʦʚ ʜʘʞʝ ʚʳʰʝ, 

ʯʝʤ ʚ ʙʦʛʘʪʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣʘʭ ʎʉʉʇ (ɼɸɸʈ ʠ ɺʄɸʈ). ʕʪʦ ʤʝʥʷʝʪ ʩʣʦʞʠʚʰʝʝʩʷ 

ʤʥʝʥʠʝ ʦ ʟʦʥʘʣʴʥʦʩʪʠ ʉʇ ʧʦ ʘʣʤʘʟʘʤ ʠ ʦ ʩʥʠʞʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʢʪʘʵʜʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ 

ʶʛʘ ʥʘ ʩʝʚʝʨ ʨʝʛʠʦʥʘ. ʂʘʞʜʦʤʫ ʧʦʣʶ ʭʘʨʘʢʪʝʨʥʳ ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ, ʘ ʚ 

ʧʨʝʜʝʣʘʭ ʆʤʦʥʦʩ-ʋʢʫʢʠʪʩʢʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʣʠʯʠʝ ʢʨʠʩʪʘʣʣʦʚ ʜʚʫʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʨʘʟʦʙʱʝʥʥʳʭ ʢʫʩʪʦʚ ʪʨʫʙʦʢ (ʩʝʚʝʨʥʦʛʦ ï ʃʝʥʠʥʛʨʘʜ ʠ ʈʫʩʣʦʚʘʷ, ʶʞʥʦʛʦ ï ʉʚʝʪʣʘʥʘ ʠ 

ʃʦʨʠʢ).ʆʩʥʦʚʥʳʝ ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʉɺʉʇ ʧʦʢʘʟʘʣʠ 

(ʨʠʩʫʥʦʢ 1), ʯʪʦ ʜʣʷ ʩʝʚʝʨʥʦʛʦ ʢʫʩʪʘ ʆʤʦʥʦʩ-ʋʢʫʢʠʪʩʢʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ 

(ʙʦʣʝʝ 2/3) ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ ʛʘʙʠʪʫʩʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ.  

ʆʩʥʦʚʥʳʝ ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʉɺʉʇ ʧʦʢʘʟʘʣʠ 

(ʨʠʩʫʥʦʢ 1), ʯʪʦ ʜʣʷ ʩʝʚʝʨʥʦʛʦ ʢʫʩʪʘ ʆʤʦʥʦʩ-ʋʢʫʢʠʪʩʢʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ 

(ʙʦʣʝʝ 2/3) ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ ʛʘʙʠʪʫʩʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʥʜʠʚʠʜʘʤʠ ʩ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ ʨʦʩʪʘ ʠ ʩ ʧʦʣʠʮʝʥʪʨʠʯʝʩʢʠ 

ʨʘʩʪʫʱʠʤʠ ʛʨʘʥʷʤʠ, ʩʣʦʞʝʥʥʳʤʠ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ ʨʦʩʪʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʧʨʠʟʥʘʢʦʚ ʧʨʠʨʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʩ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʪʚʸʨʜʳʭ ʚʢʣʶʯʝʥʠʡ. 

ʖʞʥʳʡ ʢʫʩʪ ʆʤʦʥʦʩ-ʋʢʫʢʠʪʩʢʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʣʠʟʦʩʪʴʶ 

ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ ʢ ʩʝʚʝʨʥʦʤʫ ʩ ʨʝʟʢʠʤ (42-46 %) 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʢʪʘʵʜʨʦʚ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ (36,2-36,3 %) ʩʦʜʝʨʞʘʥʠʝʤ ʜʚʦʡʥʠʢʦʚ 

ʠ ʩʨʦʩʪʢʦʚ, ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʨʠʟʥʘʢʘʤʠ ʧʨʠʨʦʜʥʦʛʦ ʪʨʘʚʣʝʥʠʷ (76,1-84,6 %), ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʠ ʧʦʥʠʞʝʥʥʳʤ (14,6-15,1 %) ʢʦʣʠʯʝʩʪʚʦʤ ʦʢʨʘʰʝʥʥʳʭ ʢʘʤʥʝʡ, ʨʝʟʢʠʤ (64,0-
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67,3 %) ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʩ ʩʠʥʝ-ʛʦʣʫʙʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠ ʚʢʣʶʯʝʥʠʡ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ. 
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ʪʨ. ʃʝʥʠʥʛʨʘʜʪʨ. ʉʚʝʪʣʘʥʘʪʨ. ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷɸʥ. 21/79ʪʨ. ɸʵʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷʪʨ. ɼʴʷʥʛʘ

 

ʈʠʩʫʥʦʢ 1. ʊʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʩ ʫʙʦʛʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ. 

I, II , IV , V+ VII , VIII  ï ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʘʣʤʘʟʦʚ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ (ʆ ï ʦʢʪʘʵʜʨʳ, ʆɼ ï ʧʝʨʝʭʦʜʥʳʝ 

ʬʦʨʤʳ, ʈ ï ʣʘʤʠʥʘʨʥʳʝ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʳ, ʊʆ ï ʩʫʤʤʘ ʪʠʧʠʯʥʦ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ, ʂ ï ʢʫʙʳ,  

ʙ/ʪ ï ʦʩʢʦʣʢʠ, ʗʥʫʩʳ ï ʷʥʫʩʳ). 

 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʨʠʘʮʠʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʚ ʧʨʝʜʝʣʘʭ ʆʤʦʥʦʩ-ʋʢʫʢʠʪʩʢʦʛʦ 

ʧʦʣʷ, ʧʨʠ ʦʜʥʦʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʨʝʜʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʉʇ ʩʫʤʤʘʨʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ 

ʛʘʙʠʪʫʩʦʚ (58,5-67,3 %), ʩʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ, 

ʥʝʩʦʤʥʝʥʥʦ, ʬʦʨʤʘʤʠ ʨʦʩʪʘ. ʕʪʦ ʪʨʝʙʫʝʪ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʥʝʚʳʩʦʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʩ 

ʧʦʟʠʮʠʡ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʠ ʛʣʫʙʠʥʥʳʭ 

ʢʩʝʥʦʣʠʪʦʚ ʚ ʥʠʭ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʯʘʩʪʝʡ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ. 

ʏʦʤʫʨʜʘʭʩʢʦʝ ʧʦʣʝ (ʜʘʡʢʘ ɸʥ-21/79) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ (70,8 %) 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (47,9 %)  ʦʢʪʘʵʜʨʘʤʠ. 

ʇʦʩʣʝʜʥʠʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʛʘʪʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʄɹɸʈ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʧʠʥʝʣʝʚʳʤʠ 

ʜʚʦʡʥʠʢʘʤʠ, ʯʘʩʪʦ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʦ  ʩʨʦʩʪʢʘʤʠ,  ʩ ʢʦʨʨʦʟʠʝʡ. ɺ ʮʝʣʦʤ ʩʧʝʢʪʨ ʪʠʧʦʤʦʨʬʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ ɸʥ. 21/79 ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ ʥʘ ʉʇ, ʧʨʠ ʠʭ ʙʣʠʟʦʩʪʠ ʧʦ ʚʳʩʦʢʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʜʚʦʡʥʠʢʦʚ ʠ ʩʨʦʩʪʢʦʚ ʦʢʪʘʵʜʨʦʚ ʢ ʤʠʢʨʦʘʣʤʘʟʘʤ ʦʪʜʝʣʴʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ 

(30 ʣʝʪ ɸʡʭʘʣʘ, ʪʨʫʙʢʠ ʠʤʝʥʠ ɹʦʙʢʦʚʘ ʠ ʑʫʢʠʥʘ) ʩ ʫʙʦʛʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ ɸʣʘʢʠʪ-

ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʷ. ʊʨʫʙʢʘ ɸʵʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ (ɺʝʨʭʥʝ-ʄʦʪʦʨʯʫʥʩʢʦʝ ʧʦʣʝ) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʡ ʧʦ ʨʘʟʤʝʨʘʤ (17 ʛʘ) ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʠ ʯʝʪʚʝʨʪʦʡ ʧʦ ʨʘʟʤʝʨʘʤ (ʧʦʩʣʝ 

ʪʨʫʙʦʢ ʖʙʠʣʝʡʥʘʷ, ɿʘʨʥʠʮʘ ʠ ʋʜʘʯʥʘʷ) ʥʘ ʉʇ ʠ ʠʤʝʝʪ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ. ɺ ʥʝʡ 

ʜʦʤʠʥʠʨʫʶʪ (60,2 %) ʢʨʠʩʪʘʣʣʳ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ ʛʘʙʠʪʫʩʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʧʨʠ ʥʠʟʢʦʤ (18,9 %) ʩʦʜʝʨʞʘʥʠʠ 

ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ ʩ ʰʘʛʨʝʥʴʶ ʠ ʧʦʣʦʩʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ 

ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ ʫʨʘʣʴʩʢʦʛʦ (ʙʨʘʟʠʣʴʩʢʦʛʦ) ʪʠʧʘ. ʇʨʝʦʙʣʘʜʘʝʪ ʟʝʣʸʥʘʷ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʪʚʸʨʜʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʨʝʟʢʦʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʙʝʟʘʟʦʪʥʳʭ ʘʣʤʘʟʦʚ ʪʠʧʘ II ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʠʧʘ. ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʩ 

ʫʙʦʛʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ ʂʫʨʘʥʘʭʩʢʦʛʦ ʧʦʣʷ (ʪʨʫʙʢʠ ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʠ ʂʦʤʘʨʦʚʘ)  

ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʦʪ ʪʨʫʙʢʠ ʄʘʣʦʢʫʦʥʘʧʩʢʘʷ ʵʪʦʛʦ ʧʦʣʷ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʪʨʫʙʦʢ ʉɺʉʇ ʧʦ 

ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʣʤʘʟʦʚ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʜʘʣʜʳʥʦ-ʘʣʘʢʠʪʩʢʘʷ 
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ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ (24,9 %) ʣʘʤʠʥʘʨʥʳʭ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ ʠ 

ʧʨʠ ʟʘʤʝʪʥʦʤ (34,8 %) ʩʫʤʤʘʨʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ ʛʘʙʠʪʫʩʦʚ. ʇʨʝʦʙʣʘʜʘʶʪ ʠʥʜʠʚʠʜʳ ʩ ʟʘʥʦʟʠʩʪʦʡ 

ʰʪʨʠʭʦʚʢʦʡ. ʉʦʜʝʨʞʘʥʠʝ ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ ʥʠʟʢʦʝ (3,7-20,7 %), ʧʦʣʦʚʠʥʫ ʠʟ ʥʠʭ 

ʩʦʩʪʘʚʣʷʶʪ ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʩ ʰʘʛʨʝʥʴʶ ʠ ʧʦʣʦʩʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʇʦ ʩʚʦʠʤ ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʣʤʘʟʦʚ ʪʨʫʙʢʘ ɼʴʷʥʛʘ, ʩʦʧʨʷʞʝʥʥʘʷ ʩ ʞʠʣʦʡ-79 

ʚʝʨʭʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ ʩʨʝʜʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʉʇ. ʆʩʥʦʚʥʳʤʠ 

ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ: ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʢʣʦʛʠʪʦʚʳʡ ʧʘʨʘʛʝʥʝʟʠʩ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ, ʨʝʟʢʦʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ ʩ ʰʘʛʨʝʥʴʶ ʠ ʧʦʣʦʩʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ I 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʯʘʩʪʦ ʟʘʪʨʦʥʫʪʳʭ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʪʨʘʚʣʝʥʠʷ (ʢʘʚʝʨʥʳ), 

ʧʨʠʚʝʜʰʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʩʝʚʜʦʦʢʪʘʵʜʨʦʚ ʪʨʘʚʣʝʥʠʷ, ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ 

ʜʚʦʡʥʠʢʦʚ ʠ ʩʨʦʩʪʢʦʚ. ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʣʤʘʟʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʘʤʥʝʡ ʩ 

ʣʠʣʦʚʦ-ʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʦʡ ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʢʨʠʩʪʘʣʣʦʚ ʩ ʞʝʣʪʦʡ ʠ ʟʝʣʝʥʦʡ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʥʦʛʦ ʘʟʦʪʘ ʚ ʬʦʨʤʝ ɸ-ʮʝʥʪʨʘ. ɸʣʤʘʟʳ 

ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʨʠʨʦʜʥʫʶ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʥʦʩʪʠ (ʮʝʣʦʩʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ) ʚʩʣʝʜʩʪʚʠʝ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʚʝʨʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʦʤʧʣʝʢʩ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʘʣʤʘʟʦʚ ʪʨʫʙʢʠ ɼʴʷʥʛʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ 

ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʚʢʣʶʯʝʥʠʷ ʛʨʘʥʘʪʦʚ ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʪʨʫʙʢʝ ɼʴʷʥʛʘ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ 

ʩʨʝʜʠ ʧʦʭʦʞʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʜʨʫʛʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʉʇ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ  

ʥʠʟʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʦʩʪʘʚʘ, ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʭʨʦʤʠʩʪʦʩʪʠ, ʞʝʣʝʟʠʩʪʦʩʪʠ ʠ ʢʘʣʴʮʠʝʚʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʨʘʥʘʪʳ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʉ2O3 ï 0, 31%, 

FeO ï 12,57%, CaO ï 5,17% ʩʦʩʪʘʚʣʷʶʪ ʚ ʪʨʫʙʢʝ ɼʴʷʥʛʘ 20% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʩʝʭ 

ʛʨʘʥʘʪʦʚ. ɸʥʘʣʦʛʠʯʥʳʝ ʛʨʘʥʘʪʳ ʷʚʣʷʶʪʩʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ-ʩʧʫʪʥʠʢʘʤʠ 

ʘʣʤʘʟʦʚ ʪʨʫʙʢʠ ɼʴʷʥʛʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʚʦʝʦʙʨʘʟʠʠ ʝʝ ʛʝʥʝʟʠʩʘ. ʉ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʵʢʣʦʛʠʪʦʚʳʤ ʛʝʥʝʟʠʩʦʤ ʘʣʤʘʟʦʚ ʪʨʫʙʢʠ ɼʴʷʥʛʘ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʚʳʩʦʢʦʝ (3,3%) 

ʩʦʜʝʨʞʘʥʠʝ ʷʨʢʦ-ʞʝʣʪʳʭ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ II ʨʘʟʥʦʚʠʜʥʦʩʪʠ [5-9]. 

ɺ ʧʨʝʜʝʣʘʭ ʃʫʯʘʢʘʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʪʠʧʦʤʦʨʬʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʢʫʩʪʦʚ. ɼʣʷ ʩʝʚʝʨʥʦʛʦ ʢʫʩʪʘ (ʪʨʫʙʢʠ ʃʳʭʯʘʥ, 

ɼʘʤʘ, ʇʦʟʜʥʷʷ ʠ ɸʥ-79ʘ) ʭʘʨʘʢʪʝʨʥʦ ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʣʘʤʠʥʘʨʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʨʷʜʘ ʦʢʪʘʵʜʨ-ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ, ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʥʘʜ ʪʠʧʠʯʥʳʤʠ ʦʢʨʫʛʣʳʤʠ 

ʘʣʤʘʟʘʤʠ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʧʨʠ ʚʳʩʦʢʦʤ (1/3) ʩʦʜʝʨʞʘʥʠʷ ʜʚʦʡʥʠʢʦʚ ʠ ʩʨʦʩʪʢʦʚ ʩ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʩʠʥʝ-ʛʦʣʫʙʦʡ ʠ ʟʝʣʸʥʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. ɼʣʷ ʶʞʥʦʛʦ ʢʫʩʪʘ (ʪʨʫʙʢʠ 

ʆʪʨʠʮʘʪʝʣʴʥʘʷ, ɼʚʦʡʥʘʷ ʠ ʌʣʘʞʦʢ) ʪʠʧʦʤʦʨʬʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʘʥʦʤʘʣʴʥʦ 

ʚʳʩʦʢʦʝ ʜʣʷ ʉʇ ʩʦʜʝʨʞʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʢʫʙʦʠʜʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ʦʢʦʣʦ 1/4) ʠ 

ʩʚʦʝʦʙʨʘʟʥʳʭ ʤʦʣʦʯʥʦ-ʙʝʣʳʭ ʢʫʙʦʠʜʦʚ IV ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ʩʚʳʰʝ 1/4) ʩ ʣʸʛʢʠʤ (ŭ
13 
ʉ = -17-

20 ă) ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʧʨʠ ʥʠʟʢʠʭ, ʩʦʧʦʩʪʘʚʠʤʳʭ (1/4-1/3) ʢʦʣʠʯʝʩʪʚʘʭ 

ʣʘʤʠʥʘʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʨʷʜʘ ʦʢʪʘʵʜʨ-ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ ʠ ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ, 

ʥʠʟʢʠʤ (ʤʝʥʝʝ 1/10) ʩʦʜʝʨʞʘʥʠʝʤ ʜʚʦʡʥʠʢʦʚ ʠ ʩʨʦʩʪʢʦʚ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʩʠʥʝ-ʛʦʣʫʙʦʡ ʠ 

ʞʸʣʪʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʠʝ ʩʪʨʦʝʥʠʷ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ 

ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ. 

ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ 

ʨʘʙʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʠʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʦʜʦʯʥʳʭ ʧʦʨʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʛʦ ʰʣʠʭʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʤʘʟʦʚ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʉɺʉʇ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. 

ʆʪʜʝʣʴʥʳʝ ʝʝ ʙʣʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʩʣʦʞʝʥʳ ʵʢʣʦʛʠʪʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʘʣʤʘʟʦʥʦʩʥʳʤʠ) ʠ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʚ ʘʣʤʘʟʦʥʦʩʥʦʤ ʵʢʣʦʛʠʪʦʚʦʤ ʩʫʙʩʪʨʘʪʝ 

ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʨʦʜʳ, ʧʦ ʩʦʩʪʘʚʫ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʪʠʧʠʯʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ. ʂ ʵʪʦʤʫ ʪʠʧʫ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʨʫʙʢʫ ɼʴʷʥʛʘ 

(ʂʫʦʡʢʩʢʦʝ ʧʦʣʝ) ʩ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʦʩʪʘʚʫ 

ʠʥʜʠʢʘʪʦʨʥʳʝ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ (ʦʨʘʥʞʝʚʳʝ ʛʨʘʥʘʪʳ ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 
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ʦʤʬʘʮʠʪʦʚʳʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ) ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʤʝʥʝʝ 20 % ʦʪ ʦʙʱʝʛʦ ʚʝʩʘ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ. 

ɺʪʦʨʦʡ ʙʣʦʢ ʩ ʵʢʣʦʛʠʪʦʚʳʤ ʩʫʙʩʪʨʘʪʦʤ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʘʥʥʳʤ, 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʂʫʨʘʥʘʭʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ, ʪʘʢ ʢʘʢ ʚ ʪʨʫʙʢʝ 

ʄʘʣʦʢʫʦʥʘʧʩʢʘʷ ʥʝ ʚʩʪʨʝʯʝʥʳ ʪʚʝʨʜʳʝ ʚʢʣʶʯʝʥʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʘ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʝ ʪʚʝʨʜʦʝ ʚʢʣʶʯʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʦ 

ʜʠʦʧʩʠʜʦʤ (ʵʢʣʦʛʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ). ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʃʝʥʦ-ɸʥʘʙʘʨʩʢʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ ʃɸʉʇ (ʆʤʦʥʦʩ-ʋʢʫʢʠʪʩʢʦʝ, ʏʦʤʫʨʜʘʭʩʢʦʝ ʠ ɺʝʨʭʥʝ-

ʄʦʪʦʨʯʫʥʩʢʦʝ ʧʦʣʷ) ʪʠʧʦʤʦʨʬʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʥʝ ʟʘʪʨʦʥʫʪʳʭ ʧʨʦʮʝʩʩʘʤʠ ʨʘʩʪʚʦʨʝʥʠʷ ʩ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ. ʉʦʜʝʨʞʘʥʠʝ ʵʪʦʡ ʛʨʫʧʧʳ ʘʣʤʘʟʦʚ ʟʘʤʝʪʥʦ 

ʚʳʰʝ, ʯʝʤ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣʘʭ ʎʉʉʇ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʶʞʥʝʝ (ɼʘʣʜʳʥʩʢʦʝ, ɸʣʘʢʠʪ-

ʄʘʨʭʠʥʩʢʦʝ ʠ ɺʝʨʭʥʝ-ʄʫʥʩʢʦʝ ʧʦʣʷ), ʠ ʥʝ ʥʘʭʦʜʠʪ ʦʙʲʷʩʥʝʥʠʷ ʩ ʧʦʟʠʮʠʡ ʫʤʝʥʴʰʝʥʠʷ ʩ ʶʛʘ 

ʥʘ ʩʝʚʝʨ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʘʩʩʦʮʠʘʮʠʡ 

(ʛʘʨʮʙʫʨʛʠʪ-ʜʫʥʠʪʳ ʠ ʣʝʨʮʦʣʠʪʳ), ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʰʧʠʥʝʣʴ-ʛʨʘʥʘʪ-ʣʝʨʮʦʣʠʪʦʚʳʭ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥ-ʛʨʘʥʘʪʦʚʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ. ʇʦʵʪʦʤʫ 

ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʚ ʆʤʦʥʦʩ-ʋʢʫʢʠʪʩʢʦʤ, ʏʦʤʫʨʜʘʭʩʢʦʤ ʠ ɺʝʨʭʥʝ-

ʄʦʪʦʨʯʫʥʩʢʦʤ ʧʦʣʷʭ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʪʝʣʘʭ ʎʉʉʇ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʃɸʉʇ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʯʝʤ 

ʵʪʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʩʝʛʦʜʥʷ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʘʣʤʘʟʦʚ. ɹʣʘʛʦʧʨʠʷʪʥʘʷ ʩʨʝʜʘ ʩʦʭʨʘʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʂʫʨʘʥʘʭʩʢʦʛʦ ʧʦʣʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʪʢʨʳʪʘʷ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ 

ʪʨʫʙʢʘ ʄʘʣʦʢʫʦʥʘʧʩʢʘʷ ʩ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʣʘʤʠʥʘʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʨʷʜʘ ʦʢʪʘʵʜʨ-ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ, 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʞʜʫ ʥʠʤʠ ʛʘʙʠʪʫʩʦʚ, ʧʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʪʨʫʙʢʘ ɼʴʷʥʛʘ (ʂʫʦʡʢʩʢʦʝ ʧʦʣʝ) ʩ ʵʢʣʦʛʠʪʦʚʳʤ 

ʧʘʨʘʛʝʥʝʟʠʩʦʤ ʘʣʤʘʟʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʦʤʘʣʴʥʦ-ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ ʩ 

ʰʘʛʨʝʥʴʶ ʠ ʧʦʣʦʩʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʬʦʨʤʘ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʛʣʫʙʠʥʥʳʭ 

ʫʩʣʦʚʠʷʭ), ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʥʳʭ ʧʨʦʮʝʩʩʘʤʠ ʪʨʘʚʣʝʥʠʷ (ʢʘʚʝʨʥʦʦʙʨʘʟʦʚʘʥʠʷ) 

ʚ ʧʨʦʮʝʩʩʝ ʘʚʪʦʤʝʪʘʤʦʨʬʠʟʤʘ ʥʘ ʧʦʩʣʝʜʥʠʭ ʩʪʘʜʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʚ 

ʧʥʝʚʤʘʪʦʣʠʪʦʚʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʪʘʜʠʶ. ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʥʝʩʢʦʣʴʢʠʭ 

ʪʳʩʷʯ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʃɸʉʇ ʦʪʩʫʪʩʪʚʫʶʪ ʪʠʧʦʤʦʨʬʥʳʝ ʜʣʷ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʨʦʩʩʳʧʝʡ ʦʪ ʧʦʟʜʥʝʪʨʠʘʩʦʚʦʛʦ ʜʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʨʘʩʪʦʚ ʵʪʦʛʦ ʨʝʛʠʦʥʘ 

ʢʨʠʩʪʘʣʣʳ V, VII, ʘ ʪʘʢʞʝ II ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʪʠʧʠʯʥʳʤʠ ʦʢʨʫʛʣʳʤʠ ʘʣʤʘʟʘʤʠ I 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʚʝʨʦʷʪʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʠʭ ʢʦʨʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʥʘʠʙʦʣʝʝ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʉʇ ï ʚ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʇʨʠʚʝʨʭʦʷʥʩʢʦʛʦ ʠ 

ʃʝʥʦ-ɸʥʘʙʘʨʩʢʦʛʦ ʧʨʦʛʠʙʦʚ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʙʣʠʟʦʩʪʴ ʪʠʧʦʤʦʨʬʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʠ ʨʦʩʩʳʧʝʡ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 
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ʄʝʣʴʥʠʢʦʚ ɸ.ɺ., ɺʦʨʦʧʘʝʚʘ ɽ.ʅ. 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, ʈʦʩʩʠʷ,  

Melnikov_Anton1972@mail.ru; levorglav@mail.ru 

 
ɸʥʥʦʪʘʮʠʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʥʘʜ 

ʟʦʣʦʪʦʨʫʜʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʠ ʧʨʦʷʚʣʝʥʠʷʤʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʠʩʢʠ ʧʝʨʚʠʯʥʳʭ ʟʦʣʦʪʳʭ 

ʨʫʜ. ʀʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʏʘʛʦʷʥʩʢʦʛʦ ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʧʨʝʜʝʣʝʥ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ, ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʚʳʜʝʣʝʥʥʦʛʦ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʢʘʢ ʚ ʧʝʨʚʠʯʥʳʭ, ʪʘʢ ʠ ʚ 

ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ, ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʟʦʥʘ ʦʢʠʩʣʝʥʠʷ, ʩʘʤʦʨʦʜʥʦʝ 

ʟʦʣʦʪʦ. 

 

Native gold of primary and oxidized ores of the Chagoyansk gold-polymetallic  

deposit (Upper Amur region) 

Melnikov A.V., Voropaeva E.N. 
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Abstract. In the Upper Amur region, weathering crust and oxidation zones over gold ore deposits and 

manifestations are widely developed, which greatly complicates the search for primary gold ores. The composition of 

the weathering crust and the oxidation zone of the Chagoyansk gold-polymetallic deposit was studied. Petrographic and 

mineral composition of ores, metasomatites and ore minerals of the oxidation zone of the deposit was determined. The 

isolated native gold was studied in both primary and oxidized ores of the deposit. 

Keywords: gold-polymetallic ores, weathering crust, oxidation zone, native gold. 

 

ʏʘʛʦʷʥʩʢʦʝ ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ  ʨʘʩʧʦʣʦʞʝʥʦ  ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ 

ʨ. ɿʝʠ ʚ ʧʨʝʜʝʣʘʭ ʏʘʛʦʷʥ-ɼʞʫʨʢʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ  ʉʠʚʘʛʣʠʥʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʫʟʣʘ,  

ʧʨʠʫʨʦʯʝʥʥʦʛʦ  ʢ  ʏʘʛʦʷʥʩʢʦʤʫ  ʦʩʪʘʥʮʫ ʢʨʦʚʣʠ  ʧʘʣʝʦʟʦʡʩʢʠʭ  ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʩʨʝʜʠ ʤʝʟʦʟʦʡʩʢʠʭ ʠ ʧʘʣʝʦʟʦʡʩʢʠʭ ʛʨʘʥʠʪʦʠʜʦʚ ʄʘʤʳʥʩʢʦʛʦ ʚʳʩʪʫʧʘ  

ɹʫʨʝʠʥʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʨʠʩʫʥʦʢ 1).  

ʇʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 1959-1963 (ʖ.ɸ. ʉʦʬʨʦʥʦʚ ʠ 

ʜʨ., 1960ʬ; ɸ.ʄ. ɺʠʥʪʝʨ ʠ ʜʨ., 1961, 1962ʬ; ɻ.ʊ. ɼʷʪʝʣ, 1964ʬ), 1966-1969 (ʈ.ɸ. ɸʥʪʠʧʠʥʘ ʠ ʜʨ., 

1967, 1969, 1970; ɻ.ɺ. ʏʫʧʨʘʢʦʚ ʠ ʜʨ., 1968), 1982-1984 (ɸ.ɺ. ʃʦʞʥʠʢʦʚ ʠ ʜʨ., 1985), 1998-1999 

(ʉ.ɺ. ʉʦʢʦʣʦʚ ʠ ʜʨ., 2000), 2004-2007 (ɽ.ɺ. ɼʤʠʪʨʝʥʢʦ ʠ ʜʨ., 2007, 2009) ʛʛ.  

ʈʫʜʥʦʝ ʧʦʣʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʦʙʥʘʞʘʶʱʠʤʩʷ ʠʟ ʧʦʜ ʯʝʭʣʘ ʨʳʭʣʳʭ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ  

ʋʰʤʳʥʩʢʦʡ ʚʧʘʜʠʥʳ ʙʣʦʢʫ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʠʣʫʨʠʡʩʢʠʭ ʧʝʩʯʘʥʠʢʦʚʦ-

ʘʣʝʚʨʦʣʠʪʦʚʳʭ ʦʪʣʦʞʝʥʠʡ,  ʚ ʢʦʪʦʨʦʤ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʥʘʜʚʠʛʦʚʳʝ  ʩʪʨʫʢʪʫʨʳ 

(ɸ.ɺ. ʃʦʞʥʠʢʦʚ ʠ ʜʨ., 1985ʬ).  ɺʝʥʜ-ʢʝʤʙʨʠʡʩʢʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʪʦʣʱʘ ʩʣʦʞʝʥʘ ʩʚʝʪʣʳʤʠ ʠ 

ʪʝʤʥʳʤʠ  ʠʟʚʝʩʪʥʷʢʘʤʠ  ʠ  ʜʦʣʦʤʠʪʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʣʘʩʪʳ ʠ ʣʠʥʟʳ 

ʢʨʝʤʥʝʡ,  ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ  ʧʝʩʯʘʥʠʢʦʚ.  

ʉʠʣʫʨʠʡʩʢʘʷ  ʪʝʨʨʠʛʝʥʥʘʷ  ʪʦʣʱʘ ʩʣʦʞʝʥʘ ʤʝʣʢʦ-,  ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ 

ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʛʣʠʥʠʩʪʦ-ʩʝʨʠʮʠʪʦʚʳʤ ʮʝʤʝʥʪʦʤ,  ʘ ʪʘʢʞʝ  ʧʣʘʩʪʘʤʠ  ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ 

ʧʝʩʯʘʥʠʢʦʚ.  ɺ ʨʫʜʥʦʤ ʧʦʣʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʰʪʦʢʠ ʠ ʜʘʡʢʠ ʜʠʦʨʠʪʦʚ, ʢʚʘʨʮʝʚʳʭ 

ʜʠʦʨʠʪʦʚ, ʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ, ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ.  ʀʭ ʧʦʨʦʜʳ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʢʚʘʨʮʦʚʘʥʳ, ʪʫʨʤʘʣʠʥʠʟʠʨʦʚʘʥʳ, ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ, ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʳ, 

ʪ.ʝ. ʦʥʠ ʷʚʣʷʶʪʩʷ ʜʦʨʫʜʥʳʤʠ.  

ɿʦʣʦʪʦ-ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ  ʢ ʥʘʜʚʠʛʦʚʦʡ ʟʦʥʝ,  

ʣʦʢʘʣʠʟʫʷʩʴ  ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ  ʚ ʧʝʩʯʘʥʠʢʦʚʦʡ ʪʦʣʱʝ ʘʚʪʦʭʪʦʥʘ ʠ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ï ʚ 

ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʝ  ʘʣʣʦʭʪʦʥʘ. ʅʘ  ʤʝʩʪʦʨʦʞʜʝʥʠʠ  ʚʩʢʨʳʪʳ  3 ʨʫʜʥʳʝ ʟʘʣʝʞʠ ʦʙʱʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1400 ʤ, ʰʠʨʠʥʦʡ ʧʦ ʧʘʜʝʥʠʶ 800 ʤ, ʤʦʱʥʦʩʪʴʶ 10-50 ʤ, ʧʘʨʘʣʣʝʣʴʥʳʝ 
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ʢʦʥʪʘʢʪʘʤ ʧʨʦʜʫʢʪʠʚʥʦʡ ʧʘʯʢʠ. ɿʘʣʝʞʠ ʚʳʪʷʥʫʪʳ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʧʦʣʦʛʠʤ 

(20-40Á) ʧʘʜʝʥʠʝʤ ʥʘ ʶʛʦ-ʟʘʧʘʜ.  

 

ʈʠʩʫʥʦʢ 1. ʏʘʛʦʷʥʩʢʦʝ ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 

 

ɿʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ  ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ   ʚʢʨʘʧʣʝʥʥʳʝ,  ʧʨʦʞʠʣʢʦʚʦ-

ʚʢʨʘʧʣʝʥʥʳʝ (ʨʠʩʫʥʦʢ 2 ɸ), ʨʝʞʝ ʤʘʩʩʠʚʥʳʝ ʠ ʰʪʦʢʚʝʨʢʦʚʳʝ (ʨʠʩʫʥʦʢ 2 ɹ). ʂʦʥʪʫʨʳ ʨʫʜʥʳʭ 

ʪʝʣ ʥʝʯʝʪʢʠʝ ʠ ʚʳʜʝʣʷʶʪʩʷ ʣʠʰʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʦʚ.  

 
ʈʠʩʫʥʦʢ 2. ɿʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ   

 

ɺ ʨʫʜʘʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʘʨʩʝʥʦʧʠʨʠʪ, ʙʣʝʢʣʘʷ ʨʫʜʘ, ʢʠʥʦʚʘʨʴ, ʘʥʪʠʤʦʥʠʪ, ʢʚʘʨʮ, ʢʘʣʴʮʠʪ, ʪʫʨʤʘʣʠʥ, ʤʫʩʢʦʚʠʪ, 

ʩʝʨʠʮʠʪ, ʭʣʦʨʠʪ. ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʠʜʦʚ ʜʦʩʪʠʛʘʝʪ 15%. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʳ ʛʨʘʥʘʪ, 

ʧʠʨʦʢʩʝʥ, ʵʧʠʜʦʪ, ʩʝʨʧʝʥʪʠʥ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʝʨʚʠʯʥʳʭ ʨʫʜʘʭ Pb ʩʦʩʪʘʚʣʷʝʪ 1.09-2.52% 

(ʩʨʝʜʥʝʝ 2.0%), Zn ï 0.37-3.4% (ʩʨʝʜʥʝʝ 1.97%), Ag - 20-3000 ʛ/ʪ (ʩʨʝʜʥʝʝ 50 ʛ/ʪ), Cd ï 0.05-

1%, Au ï ʜʦ 23.4 ʛ/ʪ (ʩʨʝʜʥʝʝ 1.75 ʛ/ʪ). ɺʳʷʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʭ ʧʝʨʚʠʯʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʨʝʦʣʦʚ Au ï 0.01-0.6 ʛ/ʪ, Pb, Zn, Cu ʠ Ag. ɿʦʣʦʪʦʥʦʩʥʦʩʪʴ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʧʦʟʜʥʝʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʟʦʥ ʦʢʚʘʨʮʝʚʘʥʠʷ ʠ 

ʢʚʘʨʮ-ʪʫʨʤʘʣʠʥʦʚʳʭ ʞʠʣ ʚ ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ.  
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ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ï ʪʦʥʢʠʝ ʠ ʤʝʣʢʠʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ʜʦ 0.1 ʤʤ; ʦʥʠ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʳ ʚ ʨʘʥʥʠʭ ʩʫʣʴʬʠʜʘʭ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʫʯʘʩʪʢʘʭ ʟʘʤʝʱʝʥʠʷ ʧʠʨʠʪʘ ʠ 

ʧʠʨʨʦʪʠʥʘ ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪ-ʩʝʨʠʮʠʪ-ʪʫʨʤʘʣʠʥʦʚʳʭ ʞʠʣʦʢ. 

ɿʦʣʦʪʦ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʯʘʩʪʳʝ ʩʢʦʧʣʝʥʠʷ ʥʘ ʩʪʳʢʝ ʢʨʫʧʥʳʭ ʛʥʝʟʜ ʨʘʥʥʠʭ ʩʫʣʴʬʠʜʦʚ ʩ 

ʧʦʟʜʥʠʤʠ ʧʨʦʞʠʣʢʘʤʠ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʬʦʨʤʳ ʟʦʣʦʪʘ ï ʤʝʣʢʠʝ ʠ ʧʳʣʝʚʠʜʥʳʝ ʟʥʘʢʠ 

ʢʦʤʢʦʚʠʜʥʦʡ ʠ ʷʯʝʠʩʪʦʡ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 3), ʦʢʨʫʛʣʳʝ ï ʠʟʦʤʝʪʨʠʯʥʳʝ ʟʝʨʥʘ ʠ ʢʨʠʩʪʘʣʣʳ 

ʧʝʥʪʘʛʦʥʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʡ, ʢʫʙʠʯʝʩʢʦʡ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʦʛʨʘʥʢʠ. 

 

 

 

 
ʈʠʩʫʥʦʢ 3. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʬʦʨʤʳ ʟʦʣʦʪʘ. 

 

ʆʪʤʝʯʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʨʦʩʪʢʠ Au ʩ ʢʚʘʨʮʝʤ, 

ʧʠʨʠʪʦʤ ʠ ʛʘʣʝʥʠʪʦʤ (ʨʠʩʫʥʦʢ 4). ʎʚʝʪ ʧʝʨʚʠʯʥʦʛʦ ʟʦʣʦʪʘ 

ʷʨʢʦ-ʞʝʣʪʳʡ, ʩ ʢʨʘʩʥʦʚʘʪʳʤ ʠ ʨʦʟʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ, ʧʨʦʙʘ 

900-950. ɺ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʟʦʣʦʪʠʥ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʡʤʳ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 75-80%, Ag ï ʜʦ 25%, Hg ï ʜʦ 0.2%. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ Au: ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ ʚ ʪʫʨʤʘʣʠʥʝ ï 50%, ʚ 

ʩʨʦʩʪʢʘʭ ʩ ʩʫʣʴʬʠʜʘʤʠ ʠ ʥʝʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ï 30%; 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ ʚ ʧʠʨʠʪʝ ʠ ʧʠʨʨʦʪʠʥʝ ï 9%, ʪʦ ʞʝ ʚ 

ʧʠʨʨʦʪʠʥʝ ï 5%, ʩʚʦʙʦʜʥʦʝ Au ï 5%. 

 

ʈʠʩʫʥʦʢ 4. ʉʨʦʩʪʢʠ Au ʩ ʢʚʘʨʮʝʤ, ʧʠʨʠʪʦʤ ʠ ʛʘʣʝʥʠʪʦʤ. 

 

ɿʦʥʘ ʦʢʠʩʣʝʥʠʷ (ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ) ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʠʤʝʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʦʩʣʝʞʝʥʘ ʥʘʜ ʚʩʝʤʠ ʨʫʜʥʳʤʠ ʪʝʣʘʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1800 ʤ. ɻʣʫʙʠʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʘ ï ʦʪ 3-35 ʤ ʜʦ 140 ʤ (ʩʨʝʜʥʷʷ 

ʤʦʱʥʦʩʪʴ 2.5-47 ʤ). ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʤʷ ʟʦʥʘʤʠ: ʚʝʨʭʥʷʷ ï ʛʣʠʥʠʩʪʘʷ, ʩʨʝʜʥʷʷ ï 

ʱʝʙʥʠʩʪʦ-ʛʣʠʥʠʩʪʘʷ ʠ ʥʠʞʥʷʷ ï ʱʝʙʥʠʩʪʘʷ ʩ ʧʦʜʯʠʥʝʥʥʦʡ ʜʦʣʝʡ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ 

ʦʙʣʦʤʢʘʤʠ ʦʨʫʜʝʥʝʣʳʭ ʧʦʨʦʜ. ʇʝʩʪʨʳʝ ʛʣʠʥʳ ʚʝʨʭʥʝʡ ʟʦʥʳ, ʨʘʟʚʠʪʳʝ ʚ ʚʠʜʝ ʧʨʦʚʘʣʦʚ, ʣʠʥʟ 

ʠ ʢʘʨʤʘʥʦʚ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʘʦʣʠʥʠʪʦʚʳʡ (50-60%) ʩʦʩʪʘʚ ʩ ʧʨʠʤʝʩʴʶ ʩʤʝʰʘʥʥʦ-ʩʣʦʡʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʜʦ 10-20%) ʠ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ (ʦʪ 10-20 ʜʦ 40%). ʅʘʙʣʶʜʘʶʪʩʷ ʨʝʣʠʢʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʛʣʠʥʳ ʢʘʦʣʠʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʠ ʛʠʜʨʦʩʣʶʜʠʩʪʦ-ʢʘʦʣʠʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʴ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʠ ʢʨʝʤʥʠʩʪʦ-ʛʸʪʠʪʦʚʳʝ 

ʧʨʦʞʠʣʢʠ. ʂʦʣʠʯʝʩʪʚʦ ʢʘʦʣʠʥʠʪʘ ʦʪ 10-15 ʜʦ 25-40%, ʛʠʜʨʦʩʣʶʜ 20-50%. ʆʙʣʦʤʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʤʦʥʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʚʳʱʝʣʦʯʝʥʥʳʤʠ 

ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʢʚʘʨʮʠʪʦʧʦʜʦʙʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʉʣʘʙʦ 
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ʢʘʦʣʠʥʠʟʠʨʦʚʘʥʥʳʝ ʱʝʙʥʠʩʪʦ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʞʥʝʡ ʟʦʥʳ ʠʤʝʶʪ ʭʦʨʦʰʦ 

ʩʦʭʨʘʥʠʚʰʫʶʩʷ ʩʪʨʫʢʪʫʨʫ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʛʠʜʨʦʛʸʪʠʪʦʚʳʭ ʠ 

ʛʠʜʨʦʛʝʤʘʪʠʪʦʚʳʭ ʩʢʦʧʣʝʥʠʡ, ʯʘʩʪʳ ʦʙʣʦʤʢʠ, ʣʠʥʟʦʚʠʜʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʠ ʧʨʦʧʣʘʩʪʢʠ 

ʠʟʚʝʩʪʥʷʢʦʚ, ʧʝʩʯʘʥʠʢʦʚ, ʢʨʝʤʥʝʡ ʠ ʩʣʘʥʮʝʚ. ʆʙʠʣʴʥʳ ʛʠʜʨʦʦʢʠʩʣʳ Mn. 

ʉʦʜʝʨʞʘʥʠʷ Au ʚ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʜʦʩʪʠʛʘʶʪ 80 ʛ/ʪ, ʨʝʜʢʦ ʙʦʣʝʝ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷ 1.2-10.5 ʛ/ʪ, ʩʨʝʜʥʝʝ ï 2.75 ʛ/ʪ. ʈʫʜʥʳʝ ʩʪʦʣʙʳ (Au 30-80 ʛ/ʪ) 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʝʨʝʩʝʯʝʥʠʷʤ ʨʘʟʣʦʤʦʚ ʉɺ ʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʆʪʤʝʯʘʶʪʩʷ 

ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ As ï ʜʦ 1.38%, Ag ï ʜʦ 10000 ʛ/ʪ. ʉʦʜʝʨʞʘʥʠʷ Pb ʠ Zn ʚ ʩʫʤʤʝ 

ʜʦʩʪʠʛʘʶʪ 25%. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʟʦʣʦʪʘ ʚʳʜʝʣʷʶʪʩʷ ʙʝʜʥʳʝ (ʤʝʥʝʝ 1 ʛ/ʪ) ʠ ʙʦʛʘʪʳʝ ʨʫʜʳ. 

ɹʝʜʥʳʝ ʨʫʜʳ ʧʦ ʜʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʦʢʠʩʣʝʥʥʳʤ ʨʫʜʘʤ 

ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʫʙʦʛʦʩʫʣʴʬʠʜʥʦʛʦ ʪʠʧʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʨʝʜʥʝʤ Au ï 0.7 ʛ/ʪ, 

Zn ï 1.75%, Pb ï 0.95%, Ag ï 20 ʛ/ʪ. ʆʩʥʦʚʥʳʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ï ʛʠʜʨʦʩʣʶʜʳ, 

ʩʤʝʰʘʥʥʦʩʣʦʡʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʚʘʨʮ. ʇʦʨʦʜʳ ʯʘʩʪʦ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʜʦ ʩʳʧʫʯʠʭ, 

ʟʝʤʣʠʩʪʳʭ ʤʘʩʩ ʦʭʨʠʩʪʦ-ʞʝʣʪʦʛʦ ʜʦ ʪʝʤʥʦ-ʙʫʨʦʛʦ, ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʞʝʣʝʟʠʩʪʦ-ʛʣʠʥʠʩʪʦʛʦ 

ʩʦʩʪʘʚʘ. ʅʝʨʝʜʢʦ ʧʦʨʦʜʳ ʠʤʝʶʪ ʙʨʝʢʯʠʝʚʠʜʥʳʡ ʦʙʣʠʢ ʩ ʦʙʣʦʤʢʘʤʠ (6-20 ʤʤ) ʦʙʦʭʨʝʥʥʳʭ 

ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʧʦʨʠʩʪʳʭ ʧʦʨʦʜ ï ʩʣʶʜʠʩʪʦ-ʢʚʘʨʮʝʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʧʦ ʧʝʩʯʘʥʠʢʘʤ ʠ 

ʘʣʝʚʨʦʣʠʪʘʤ. ʇʦʨʦʜʳ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʯʘʩʪʦ ʩʦʭʨʘʥʷʶʪ ʩʪʨʫʢʪʫʨʥʳʡ ʨʠʩʫʥʦʢ ʧʝʨʚʠʯʥʳʭ 

ʧʦʨʦʜ ʠ ʨʫʜ (ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʡ, ʚʢʨʘʧʣʝʥʥʳʡ, ʙʨʝʢʯʠʝʚʠʜʥʳʡ). ʀʥʦʛʜʘ ʚ ʥʠʭ 

ʦʪʤʝʯʘʶʪʩʷ ʥʘʪʝʯʥʳʝ ʬʦʨʤʳ ʛʝʪʠʪʘ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ (ʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʧʠʨʨʦʪʠʥ, 

ʘʨʩʝʥʦʧʠʨʠʪ) ʟʘʤʝʱʝʥʳ ʚʪʦʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʠʥʦʛʜʘ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʚʠʜʝ ʨʝʣʠʢʪʦʚ ʚ 

ʞʝʣʝʟʠʩʪʦ-ʛʣʠʥʠʩʪʦʡ ʮʝʨʫʩʩʠʪ-ʣʠʤʦʥʠʪʦʚʦʡ ʤʘʩʩʝ, ʥʝʨʝʜʢʦ ʮʝʤʝʥʪʠʨʫʶʱʝʡ ʦʙʣʦʤʢʠ 

ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ. ɺʩʝ ʧʦʨʦʜʳ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ, ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʘʣʝʚʨʠʪʦ-

ʧʝʩʯʘʥʦ-ʜʨʝʩʚʷʥʳʡ ʤʘʪʝʨʠʘʣ. ɻʠʜʨʦʢʠʩʠʜʳ ʞʝʣʝʟʘ ʧʨʠʜʘʶʪ ʧʦʨʦʜʘʤ ʦʭʨʠʩʪʦ-ʙʫʨʫʶ, 

ʞʝʣʪʫʶ, ʪʝʤʥʦ-ʙʫʨʫʶ ʦʢʨʘʩʢʫ, ʘ ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʤʘʨʛʘʥʮʘ ï ʯʝʨʥʫʶ, ʦʙʨʘʟʫʶʪ ʥʘʣʝʪʳ, 

ʢʦʣʣʦʤʦʨʬʥʳʝ ʬʦʨʤʳ, ʩʘʞʠʩʪʳʝ ʤʘʩʩʳ. ɹʦʛʘʪʳʝ ʟʦʣʦʪʦʤ ʧʦʨʦʜʳ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʝʩʝʥʳ ʢ ʦʢʠʩʣʝʥʥʳʤ ʨʫʜʘʤ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦ-

ʢʚʘʨʮʝʚʦʛʦ ʫʙʦʛʦʩʫʣʴʬʠʜʥʦʛʦ ʪʠʧʘ ʩʦ ʩʨʝʜʥʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Au ï 2.75 ʛ/ʪ, Ag ï 70 ʛ/ʪ, Zn 

ï 2.5%, Pb ï 1.75%. ʉʣʦʞʝʥʳ ʦʥʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʤ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʦʨʘʤʠ ʠ ʧʫʩʪʦʪʘʤʠ ʜʦ ʦʙʣʠʢʘ çʩʫʭʘʨʝʡè ʩ ʧʨʠʤʝʩʴʶ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʊʝʢʩʪʫʨʘ ʧʦʨʦʜ ʥʝʦʜʥʦʨʦʜʥʘʷ, ʚ ʦʩʥʦʚʥʦʤ ʢʘʚʝʨʥʦʟʥʘʷ, ʫʯʘʩʪʢʘʤʠ 

ʧʷʪʥʠʩʪʘʷ, ʥʝʷʩʥʦʧʦʣʦʩʯʘʪʘʷ. ʎʚʝʪ ʧʦʨʦʜ ʤʝʥʷʝʪʩʷ ʦʪ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʜʦ ʪʝʤʥʦ-ʙʫʨʦʛʦ, 

ʧʨʝʦʙʣʘʜʘʶʪ ʩʚʝʪʣʳʝ ʪʦʥʘ. ɻʠʜʨʦʢʠʩʠʜʳ Fe ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʪʨʝʱʠʥʘʤ, ʚʳʧʦʣʥʷʶʪ ʧʦʨʳ, 

ʦʙʨʘʟʫʶʪ ʟʝʤʣʠʩʪʳʝ ʚʳʜʝʣʝʥʠʷ. ʈʝʞʝ ʦʪʤʝʯʘʶʪʩʷ ʛʠʜʨʦʢʩʠʜʳ Mn ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʚ ʚʠʜʝ 

ʩʪʝʢʣʦʚʘʪʳʭ ʢʦʨʦʯʝʢ ʠ ʩʘʞʠʩʪʳʭ ʤʘʩʩ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦʨʦʜ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʥʦʟʝʨʥʠʩʪʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʪʦʥʢʦʯʝʰʫʡʯʘʪʦʡ ʛʠʜʨʦʩʣʶʜʳ. ʈʘʟʤʝʨʳ ʟʝʨʝʥ ʢʚʘʨʮʘ ʦʪ 0.02 ʜʦ 

0.2 ʤʤ, ʚʳʜʝʣʷʶʪʩʷ ʘʤʦʨʬʥʳʝ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʳʜʝʣʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʛʠʜʨʦʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ. ɹʦʛʘʪʘʷ ʨʫʜʘ ʯʝʪʢʦ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ (ʙʦʣʝʝ ʩʚʝʪʣʳʝ ʠ 

ʢʨʝʧʢʠʝ ʧʦʨʦʜʳ), ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦ, ʠʤʝʝʪ ʚʠʜ çʤʘʨʢʝʨʘè. ɹʦʛʘʪʳʝ ʨʫʜʳ 

ʧʨʦʩʣʝʞʝʥʳ ʜʦ 300-500 ʤ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʦʪ 5 ʜʦ 10 ʤ ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ ʦʪ 10 ʜʦ 80 ʛ/ʪ. ʀʟʫʯʝʥʠʝ ʙʦʛʘʪʳʭ ʨʫʜ ʧʦ ʩʢʚʘʞʠʥʝ 501 ʚ ʠʥʪʝʨʚʘʣʝ 5-

12 ʤ ʧʦʢʘʟʘʣʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʫʜʘʭ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (5-15 ʤʤ) ʠ ʨʳʭʣʦʛʦ 

ʪʦʥʢʦʦʙʣʦʤʦʯʥʦʛʦ ʦʛʣʠʥʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʤʝʥʝʝ 1 ʤʤ). Au ʨʘʩʧʨʝʜʝʣʝʥʦ ʢʨʘʡʥʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦ, ʙʦʣʴʰʝʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ (76%) ʦʙʥʘʨʫʞʝʥʦ ʚ ʪʦʥʢʦʡ ʯʘʩʪʠ, ʧʦ ʩʦʩʪʘʚʫ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ (65-69%), ʦʙʣʦʤʦʯʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮʝʤ. 

ʉʦʜʝʨʞʘʥʠʝ Au ʚʦ ʬʨʘʢʮʠʠ ï 1 ʤʤ ʩʦʩʪʘʚʠʣʦ 75 ʛ/ʪ, Ag ï 1200 ʛ/ʪ, Zn ï 3.75%, Pb ï 2.28%. ɺ 

ʦʙʣʦʤʦʯʥʦʡ ʯʘʩʪʠ ʩʦʜʝʨʞʘʥʠʝ Au ï 15.5 ʛ/ʪ, Ag ï 80.3 ʛ/ʪ, Zn ï 2.27%, Pb ï 1.55%. 

ʉʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ ʚ ʨʫʜʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʚ ʚʠʜʝ 

ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʘʢʘʥʪʠʪʘ ʠ ʘʨʛʝʥʪʠʪʘ.  

ʉʘʤʦʨʦʜʥʦʝ Au ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 3 ʬʦʨʤʳ ʝʛʦ ʥʘʭʦʞʜʝʥʠʷ: 

1) ʩʘʤʦʨʦʜʥʘʷ, 2) ʪʦʥʢʦʜʠʩʧʝʨʩʥʘʷ ʚ ʧʨʦʜʫʢʪʘʭ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʠ ʤʘʛʥʝʪʠʪʘ, 

3) ʩʦʨʙʠʨʦʚʘʥʥʘʷ ʛʣʠʥʠʩʪʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʇʨʝʦʙʣʘʜʘʝʪ Au ʧʳʣʝʚʠʜʥʦʝ ʜʦ 50 ʤʢʤ, ʦʯʝʥʴ 

ʤʝʣʢʦʝ ï ʜʦ 0.1 ʤʤ ʠ ʤʝʣʢʦʝ ï 0.1-0.5 ʤʤ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ Au ʚ ʢʣʘʩʩʝ ʢʨʫʧʥʦʩʪʠ 0.1-0.25 ʤʤ. 
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ʇʨʦʙʘ Au ï 950-999. ɼʣʷ Au ʭʘʨʘʢʪʝʨʥʳ ʠʜʠʦʤʦʨʬʥʳʝ ʠ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʝ ʟʝʨʥʘ (ʨʠʩʫʥʦʢ 

5), ʢʨʠʩʪʘʣʣʳ ʠ ʠʭ ʩʨʦʩʪʢʠ. ʇʨʝʦʙʣʘʜʘʶʪ ʦʢʪʘʵʜʨʳ Au ʩ ʨʦʚʥʦʡ ʠ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ 

ʟʦʥʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʠ ʤʠʣʦʥʠʪʠʟʘʮʠʠ ʥʝʨʝʜʢʠ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʠ ʩʨʦʩʪʢʠ 

ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʡ ʬʦʨʤʳ, ʪʦʥʢʠʝ ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ ʩ ʙʣʝʩʪʷʱʠʤʠ ʛʨʘʥʷʤʠ, 

ʧʨʦʚʦʣʦʯʥʳʝ, ʚʦʣʦʩʦʚʠʜʥʳʝ, ʙʫʣʘʚʦʦʙʨʘʟʥʳʝ ʚʳʜʝʣʝʥʠʷ. ʆʪʤʝʯʘʶʪʩʷ ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʝ 

ʧʣʘʩʪʠʥʢʠ Au ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ. ɺʩʪʨʝʯʘʶʪʩʷ ʯʘʩʪʠʮʳ ʦʯʝʥʴ ʤʝʣʢʦʛʦ 

Au ʚ ʚʠʜʝ ʣʝʧʸʰʝʢ, ʧʘʣʦʯʝʢ, ʚʦʣʦʩʢʦʚ, ʧʨʦʚʦʣʦʯʝʢ ʠ ʘʤʸʙʦʦʙʨʘʟʥʳʭ ʚʳʜʝʣʝʥʠʡ. ɼʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʠʟʦʤʝʪʨʠʯʥʳʭ ʠ ʫʜʣʠʥʝʥʥʳʭ 

ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Au ʨʘʟʤʝʨʦʤ ʜʦ 0.3ʭ0.5 ʤʤ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ Au ʧʦʢʨʳʪʘ 

ʧʣʸʥʢʘʤʠ ʛʠʜʨʦʦʢʠʩʣʦʚ Fe ʠ Mn. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ Au: ʚ ʩʨʦʩʪʢʘʭ ʩ ʩʫʣʴʬʠʜʘʤʠ ʠ ʧʦʨʦʜʦʡ ï 

73%, ʩʚʦʙʦʜʥʦʝ Au ï 11%, ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ ʚ ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʘʭ ï 9%, ʚ ʧʣʸʥʢʝ 

ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʭ ʤʠʥʝʨʘʣʦʚ ï 5%, ʪʦʥʢʦʝ ʚ ʦʢʠʩʣʝʥʥʳʭ ʛʘʣʝʥʠʪʝ ʠ ʩʬʘʣʝʨʠʪʝ ï 2%. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀ.ɻ. ʍʝʣʴʚʘʩ (1964ʬ) ʠ 

ɸ.ʗ. ʉʘʥʜʦʤʠʨʩʢʦʛʦ ʠ ʜʨ. (1977ʬ), ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʥʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʧʦʣʠʤʝʪʘʣʣʦʚ (ʛʘʣʝʥʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ) ʦʪʣʦʞʠʣʘʩʴ ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʫʶ ʟʦʣʦʪʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʪʘʜʠʶ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʛʘʣʝʥʠʪʘ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʨʫʜʥʳʭ ʪʝʣ, ʘ ʩʬʘʣʝʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʧʠʨʨʦʪʠʥʘ ï ʚ ʥʠʞʥʠʭ.  

ʈʫʜʥʳʤ ʪʝʣʘʤ ʩʦʧʫʪʩʪʚʫʶʪ ʧʝʨʚʠʯʥʳʝ ʦʨʝʦʣʳ Pb, Zn, Mo, Sn, Cu, Cd, Ag, Ni. ʇʨʠ ʵʪʦʤ 

ʤʘʩʰʪʘʙʳ ʦʨʝʦʣʦʚ ʚ 10-15 ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʤʦʱʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ. ʇʦ ʚʝʣʠʯʠʥʘʤ ʣʠʥʝʡʥʳʭ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʝʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʚʠʯʥʳʭ ʦʨʝʦʣʘʭ ʏʘʛʦʷʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʵʨʦʜʠʨʦʚʘʥʥʦʝ. 

 

 

 

 

 
ʈʠʩʫʥʦʢ 5. ɼʣʷ Au ʭʘʨʘʢʪʝʨʥʳ ʠʜʠʦʤʦʨʬʥʳʝ ʠ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʝ 

ʟʝʨʥʘ ʢʨʠʩʪʘʣʣʳ ʠ ʠʭ ʩʨʦʩʪʢʠ. 

 

 

ʉʫʜʷ ʧʦ ʤʠʥʝʨʘʣʴʥʳʤ ʘʩʩʦʮʠʘʮʠʷʤ, ʏʘʛʦʷʥʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʘʡʥʠʡ 

(ʜʞʘʩʧʝʨʦʠʜʥʳʡ) ʯʣʝʥ ʙʝʨʝʟʠʪ(ʧʦʨʬʠʨʦʚʦ)-ʩʢʘʨʥʦʚʦ-

ʜʞʘʩʧʝʨʦʠʜʥʦʛʦ ʨʷʜʘ ʬʦʨʤʘʮʠʡ. ʊʘʢʠʝ ʨʷʜʳ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʃʝʙʝʜʠʥʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʎʝʥʪʨʘʣʴʥʦʛʦ ɸʣʜʘʥʘ, ʚ 

ʆʣʴʭʦʚʩʢʦ-ʏʠʙʠʞʝʢʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʚ ɺʦʩʪʦʯʥʳʭ ʉʘʷʥʘʭ, 

ʚ ɼʞʠʣʘʫ-ʊʦʨʦʨ-ʄʦʩʨʠʬʩʢʦʤ ʧʦʣʝ ʚ ʟʘʧʘʜʥʦʤ 

ʊʘʜʞʠʢʠʩʪʘʥʝ (ɸ.ɺ. ʄʝʣʴʥʠʢʦʚ, 2000ʬ). 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʣʦʞʝʥ ʦʧʳʪ ʚʳʷʚʣʝʥʠʷ ʦʪʣʠʯʠʡ ʭʘʣʮʝʜʦʥʘ ʚʫʣʢʘʥʠʪʦʚ ʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ 

ʪʠʧʠʯʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʬʦʨʤʘʮʠʠ ʤʝʪʦʜʦʤ ʄʅʇɺʆ ʚ ʀʂ-ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ. ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʩʧʝʢʪʨʝ ʭʘʣʮʝʜʦʥʘ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ 475-538 ʩʤ
-1
 ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʜʠʥ ʧʠʢ ʥʘ ʯʘʩʪʦʪʝ 475 ʩʤ

-1
, ʘ ʥʘ ʩʧʝʢʪʨʝ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʬʦʨʤʘʮʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʜʚʘ ʦʩʪʨʳʭ ʧʠʢʘ ʥʘ 

ʯʘʩʪʦʪʘʭ 538 ʩʤ
-1
 ʠ 490-495 ʩʤ

-1
.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʣʴʥʳʡ ʢʚʘʨʮ, Ŭ-ʢʚʘʨʮ, ʭʘʣʮʝʜʦʥ, ʤʥʦʛʦʢʨʘʪʥʦʝ ʥʘʨʫʰʝʥʥʦʝ ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʦʪʨʘʞʝʥʠʝ, ʚʫʣʢʘʥ, ʤʘʣʦʛʣʫʙʠʥʥʳʝ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ ʬʦʨʤʘʮʠʠ. 

 

IR ï spectra of MFTIR of chalcedony  
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Abstract. The experience of identifying differences between volcanic chalcedony and chalcedony-like quartz from a 

typical deposit of a shallow gold-silver formation by the method of MFTIR in the infrared region of the spectra. The 

main differences are that the spectrum of chalcedony of volcanic origin in the region of 475-538 ʩʤ
-1 

has one peak at a 

frequency of 475 ʩʤ
-1
, and on the spectrum of chalcedonic quartz of the shallow gold-silver formation deposit in this 

region of the spectrum there are two sharp peaks at frequencies of 538 ʩʤ
-1 

and 490-495 ʩʤ
-1
. 

Keywords: vein quartz, Ŭ-quartz, chalcedony, multiple frustrated total internal reflection, volcano, shallow gold-

silver formations. 

 

ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜʦʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʀʂ-ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ (ʀʂ-ʄʅʇɺʆ) ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʠ. ʄʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣ [1], ʠʩʢʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ [2].  

ʇʦʣʫʯʘʝʤʳʡ ʩʧʝʢʪʨ ʄʅʇɺʆ ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʦʙʳʯʥʳʡ ʀʂ-ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ, ʧʨʠʩʫʱʠʡ 

ʜʘʥʥʳʤ ʦʙʨʘʟʮʘʤ ʢʚʘʨʮʘ. ʅʝʢʦʪʦʨʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʀʂ-ʩʧʝʢʪʨʘʤʠ ʠ ʩʧʝʢʪʨʘʤʠ ʄʅʇɺʆ 

ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʥʝʙʦʣʴʰʦʤ ʩʜʚʠʛʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ [3, 4]. ʅʠ ʦʜʥʦ ʠʟ 

ʵʪʠʭ ʨʘʟʣʠʯʠʡ ʥʝ ʩʦʟʜʘʸʪ ʩʝʨʴʸʟʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʦʙʳʯʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʩʦ ʩʧʝʢʪʨʘʤʠ ʄʅʇɺʆ [3].  

ʈʘʥʝʝ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʚ ʄʅʇɺʆ ʚʳʷʚʣʝʥʳ ʯʝʪʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʧʝʢʪʨʦʚ ʠ ʩʚʦʡʩʪʚʘʤʠ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ: ʩʪʝʧʝʥʴʶ ʉʂʉ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ. ʉʚʷʟʴ ʤʝʞʜʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʀʂ-ʩʧʝʢʪʨʘʭ ʄʅʇɺʆ ʧʨʷʤʘʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ ʠ 

ʦʙʨʘʪʥʘʷ ʩ ʚʝʣʠʯʠʥʘʤʠ ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 

[5].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʚ ʄʅʇɺʆ ʠʟʫʯʠʣʠ ʦʙʨʘʟʮʳ ʭʘʣʮʝʜʦʥʦʚ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʜʚʫʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠ ʜʘʣʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩʦ ʩʧʝʢʪʨʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ, ʦʙʨʘʟʮʦʚ ʙʣʠʟʣʝʞʘʱʝʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ 

ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʤʘʣʦʛʣʫʙʠʥʥʦʛʦ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦ-ʢʚʘʨʮʝʚʦʛʦ ɹʘʣʝʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʨʘʟʮʘʭ ʭʘʣʮʝʜʦʥʘ ʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ, ʚʟʷʪʳʭ ʠʟ 

ʢʦʣʣʝʢʮʠʠ ʙʦʣʴʰʝʦʙʲʝʤʥʳʭ ʚʳʙʦʨʦʢ, ʠʟʫʯʝʥʥʳʭ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʚ 1980-1990-ʭ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʥʝʨʘʣʦʛʠʠ ɿʘʙʅʀʀ ʄɻ ʉʉʉʈ (ʪʘʙʣʠʮʘ 1). ʆʙʨʘʟʮʳ ʭʘʣʮʝʜʦʥʘ ʦʪʥʦʩʷʪʩʷ ʢ 

ʪʠʧʠʯʥʳʤ ʧʨʦʜʫʢʪʘʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ 

ʩʪʘʜʠʷʭ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ. ʕʪʠ ʭʘʣʮʝʜʦʥʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʦʣʦʩʪʷʭ ʛʘʟʦʚʳʭ ʧʫʟʳʨʝʡ 

ʧʫʟʳʨʯʘʪʳʭ ʣʘʚ. ʆʥʠ ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʧʘʣʝʦʚʫʣʢʘʥʦʚ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʳ ʚ ɿʘʙʘʡʢʘʣʴʝ.  
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ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʭʘʣʮʝʜʦʥʘ ʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ  

ʤʝʪʦʜʦʤ ʀʂ-ʄʅʇɺʆ  

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʇʦʟʠʮʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʉʪʨʫʢʪʫʨʘ  

ʍʘʣʮʝʜʦʥ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ  

101 ɼʅɼ 
ɺʫʣʢʘʥ  

ɼʫʥʜʘ-ɸʛʘ 

ɹʣʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʡ. ʄʠʥʜʘʣʠʥʘ ʚ 90 ʤ  

ʦʪ ʚʝʨʰʠʥʳ ʧʘʣʝʦʚʫʣʢʘʥʘ 

ɾʝʣʪʦʚʘʪʦ-ʩʝʨʳʡ 

ʭʘʣʮʝʜʦʥ  

102 ɼʅɼ ʊʦ ʞʝ  
ɹʣʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʡ. ʄʠʥʜʘʣʠʥʘ ʚ 50 ʤ  

ʦʪ ʚʝʨʰʠʥʳ ʧʘʣʝʦʚʫʣʢʘʥʘ 
ʉʝʨʳʡ ʭʘʣʮʝʜʦʥ  

101 ʊʆʈ 

(1) 

ɺʫʣʢʘʥ  

ʂʫʢʫ-ʍʘʜʘʥ  

ɹʣʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʡ.  

ʄʠʥʜʘʣʠʥʘ ʚ ʢʨʦʚʣʝ ʚʫʣʢʘʥʠʪʦʚ 

ɾʝʣʪʦʚʘʪʦ-ʩʝʨʳʡ 

ʭʘʣʮʝʜʦʥ 

101 ʊʆʈ 

(2) 
ʊʦ ʞʝ  

ɹʣʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʡ.  

ʄʠʥʜʘʣʠʥʘ ʚ ʢʨʦʚʣʝ ʚʫʣʢʘʥʠʪʦʚ 
ʊʦ ʞʝ 

ʍʘʣʮʝʜʦʥʦʚʠʜʥʳʡ ʞʠʣʴʥʳʡ ʢʚʘʨʮ  

9/14  ɹʘʣʝʡʩʢʦʝ  ɼʥʦ ʉʝʚʝʨʥʦʛʦ ʢʘʨʴʝʨʘ  
ʍʘʣʮʝʜʦʥʦʚʠʜʥʳʡ 

ʢʚʘʨʮ  

29/14  ʊʦ ʞʝ 
ʉʨʝʜʥʠʡ ʫʩʪʫʧ ʉʝʚʝʨʥʦʛʦ ʢʘʨʴʝʨʘ. 

ʇʨʠʧʦʜʥʷʪʳʡ ʙʣʦʢ 
ʊʦ ʞʝ  

ʆʙʨʘʟʮʳ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʨʫʜʦʥʦʩʥʳʝ ʞʠʣʳ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʢʚʘʨʮʘ ʠʟ ʞʠʣ, ʚ ʢʘʨʴʝʨʝ ɹʘʣʝʡʩʢʦʛʦ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ɿʘʙʘʡʢʘʣʴʝ.  

ʀʂ-ʩʧʝʢʪʨʳ ʄʅʇɺʆ ʩʥʷʪʳ ʩ ʧʦʣʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʟʤʝʨʦʤ 1 ʭ 1, 1 ʭ 2 ʩʤ ʥʘ ʌʫʨʴʝ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʬʠʨʤʳ SHIMADZU ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 450-4000 ʩʤ
-1

 ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɸʢʘʜʝʤʠʯʝʩʢʦʡ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɼ.ɸ. ʅʠʢʠʪʠʥʳʤ. ʉʢʦʨʦʩʪʴ ʩʲʝʤʢʠ 2 ʩʤ
-1
/ʩʝʢ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʩʝ ʀʂ-ʩʧʝʢʪʨʳ ʄʅʇɺʆ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʧʝʢʪʨ Ŭ-ʢʚʘʨʮʘ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʀʂ-ʩʧʝʢʪʨʳ ʄʅʇɺʆ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʭʘʣʮʝʜʦʥʘ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ. ʉʧʝʢʪʨʳ ʢʘʞʜʦʡ 

ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ 

ʧʨʦʧʫʩʢʘʥʠʷ.  

ʇʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ ʧʨʦʧʫʩʢʘʥʠʷ ʩʧʝʢʪʨʳ ʭʘʣʮʝʜʦʥʦʚ ʩʭʦʞʠ. ʆʜʥʘʢʦ, 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʦʩ ʧʨʦʧʫʩʢʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ 

ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʧʨʦʧʫʩʢʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʣʠʯʠʷ 

ʦʙʣʠʢʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ (ʨʠʩʫʥʦʢ 1, ʪʘʙʣʠʮʘ 2).  

ɺ ʪʘʙʣʠʮʝ 2 ʦʙʨʘʟʮʳ ʭʘʣʮʝʜʦʥʦʚ ʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʨʷʜʢʝ 

ʫʙʳʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ. 

ʍʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʪʠʧʠʯʥʦʛʦ ʀʂ-ʩʧʝʢʪʨʘ Ŭ-ʢʚʘʨʮʘ ʦʙʣʠʢ ʩʦʟʜʘʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ (ʨʠʩʫʥʦʢ 1, ʪʘʙʣʠʮʘ 2). ʅʘ ʀʂ-ʩʧʝʢʪʨʘʭ ʄʅʇɺʆ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚʳʷʚʣʝʥʳ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ ʯʘʩʪʦʪ:  

- 1110 ʠ 1183 ʩʤ
-1
, ʚʳʟʚʘʥʥʳʝ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ O-Si-O, ʜʫʙʣʝʪ, 

- 780 ʠ 800 ʩʤ
-1
, ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʘʥʥʳʭ SiO4-ʪʝʪʨʘʵʜʨʦʚ, ʜʫʙʣʝʪ,  

- 690, 538, 475, 420 ʠ 400 ʩʤ
-1
, ʚʳʟʚʘʥʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʛʨʫʧʧ O-Si-O. 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʵʪʠ ʦʙʣʘʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʢʘʨʢʘʩʥʦʛʦ ʩʠʣʠʢʘʪʘ ï ʢʚʘʨʮʘ ʠ ʜʨʫʛʠʭ ʤʦʜʠʬʠʢʘʮʠʡ SiO2. ʇʨʠ ʵʪʦʤ, 

ʠʤʝʥʥʦ ʜʣʷ Ŭ-ʢʚʘʨʮʘ ʧʝʨʚʳʝ ʜʚʝ ʧʦʣʦʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʜʫʙʣʝʪʳ 

[3].  
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ʈʠʩʫʥʦʢ 1. ʊʠʧʠʯʥʳʝ ʀʂ-ʩʧʝʢʪʨʳ ʄʅʇɺʆ ʭʘʣʮʝʜʦʥʦʚ:  

1 ï 101 ɼʅɼ, 2 ï 101 ʊʆʈ (1), 3 ï 101 ʊʆʈ (2), 4 ï 102 ɼʅɼ, 5 ï 9/14, 6 ï 29/14. 
 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʀʂ-ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ ʭʘʣʮʝʜʦʥʘ ʩ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 

ʧʦʣʦʩ Ŭ-ʢʚʘʨʮʘ 101 ʊʆʈ (2 ʘʥʰ.) ʠ 102 (ɼʅɼ) ʧʨʦʷʚʣʝʥʳ çʜʦʧʦʣʥʠʪʝʣʴʥʳʝè ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ: 

- 665 ʩʤ
-1

 (ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ Si-O-Al (Si)), 

- 610 ʩʤ
-1

 (ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʛʨʫʧʧʳ O-Si(Al )-O, O-Si-O), 

- 550 ʩʤ
-1

 (ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʛʨʫʧʧ Si-O), 

- 450 ʩʤ
-1 
(ʠʦʥʥʘʷ ʛʨʫʧʧʘ SiO4).  

ʂ ʪʦʤʫ ʞʝ, çʜʦʧʦʣʥʠʪʝʣʴʥʳʝè ʧʦʣʦʩʳ 550 ʠ 450 ʩʤ
-1

 ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʥʘ ʩʧʝʢʪʨʝ ʦʙʨʘʟʮʘ 

ʭʘʣʮʝʜʦʥʘ 101 ɼʅɼ ʩ ʩʘʤʳʤʠ ʠʥʪʝʥʩʠʚʥʳʤʠ çʦʩʥʦʚʥʳʤʠè ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ.  

ɼʚʝ çʜʦʧʦʣʥʠʪʝʣʴʥʳʝè ʧʦʣʦʩʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʥʘ ʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ 

ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ: 670 ʩʤ
-1

 (ʩʤʝʱʝʥʠʝ ʥʘ 5 ʩʤ
-1
) ʠ 610 ʩʤ

-1
, ʧʨʦʷʚʣʝʥʳ ʪʘʢʞʝ ʩʣʘʙʳʤʠ 

ʚʦʣʥʝʥʠʷʤʠ. 

ʅʘ ʀʂ-ʩʧʝʢʪʨʘʭ ʄʅʇɺʆ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ɹʘʣʝʡʩʢʦʛʦ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 

ʥʘʣʠʯʠʝ ʠ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠʜʝʥʪʠʯʥʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʟʥʠʮʳ ʚ 5 ʩʤ
-1
 ʦʜʥʦʡ 

ʧʦʣʦʩʳ 495 ʩʤ
-1 
/ 56% (ʦʙʨʘʟʝʮ 29/14) ʠ 490 ʩʤ

-1 
/ 37% (ʦʙʨʘʟʝʮ 9/14). ʉʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ 

ʥʘ ʩʧʝʢʪʨʘʭ ʞʠʣʴʥʦʛʦ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ ʟʘʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʟʥʘʯʝʥʠʷʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ: ʥʘ ʩʧʝʢʪʨʝ ʦʙʨʘʟʮʘ 29/14, ʦʪʦʙʨʘʥʥʦʛʦ ʩʦ 

ʩʨʝʜʥʝʛʦ ʫʩʪʫʧʘ ʉʝʚʝʨʥʦʛʦ ʂʘʨʴʝʨʘ, ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʚ ʩʨʝʜʥʝʤ ʚ 1,5 ʨʘʟʘ ʠʥʪʝʥʩʠʚʥʝʝ. 
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ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʦʩ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʀʂ-ʦʙʣʘʩʪʠ 

ʆʙʨʘʟʝʮ 
ʇʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ (ʩʤ

-1
) ʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (%) 
 

101 ɼʅɼ 
1183 
73 

1110 
92 

800 
20,8 

780 
21 

690 
10 

ð ð 
550 
3,8 

538 
ʧʣʝʯʦ 

475 
51 

450 
49,2 

ð 
400 
36 

101 ʊʆʈ (1) 
1183 
67,1 

1110 
82,7 

800 
19,3 

780 
19,3 

690 
6,1 

ð ð ð 
538 
ʧʣʝʯʦ 

475 
52 

ð 
420 
22 

400 
34 

101 ʊʆʈ (2) 
1183 
64,6 

1110 
82 

800 
19,2 

780 
18,5 

690 
9 

665 
ʩʣʘʙʦʝ 
ʚʦʣʥʝʥʠʝ 

ð 
550 
ʩʣʘʙʦʝ 
ʚʦʣʥʝʥʠʝ 

538 
ʧʣʝʯʦ 

475 
51,8 

ð 
420 
22,2 

400 
33,5 

102 ɼʅɼ 
1183 
48,3 

1110 
62 

800 
13,2 

780 
14,1 

 

690 
6,6 

665 
ʩʣʘʙʦʝ 
ʚʦʣʥʝʥʠʝ 

610 
ʩʣʘʙʦʝ 
ʚʦʣʥʝʥʠʝ 

550 
2,5 

538 
ʧʣʝʯʦ 

475 
34,7 

450 
32,5 

420 
16,5 

400 
24 

29/14  
1183 
62,5 

1110 
68,5 

800 
18 

780 
20 

690 
8,5 

670 
ʩʣʘʙʦʝ 

ʚʦʣʥʝʥʠʝ 

610 
ʦʯ. ʩʣʘʙʦʝ 
ʚʦʣʥʝʥʠʝ 

 
538 
14,5 

495 
56 

 
430 
14,6 

400 
27,5 

9/14  
1183 
38,5 

1110 
41 

800 
11 

780 
13 

690 
5,3 

670 
ʩʣʘʙʦʝ 

ʚʦʣʥʝʥʠʝ 

610 
ʦʯ. ʩʣʘʙʦʝ 
ʚʦʣʥʝʥʠʝ  

 
538 
12 

490 
37 

 
430 
10 

400 
18,8 

ʇʨʠʤʝʯʘʥʠʝ: ʚ ʯʠʩʣʠʪʝʣʝ ï ʯʘʩʪʦʪʳ ʧʦʣʦʩ ʧʨʦʧʫʩʢʘʥʠʷ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʭʘʣʮʝʜʦʥʦʚ, ʥʘ ʀʂ-ʩʧʝʢʪʨʘʭ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʥʝʢʦʪʦʨʳʝ 

ʦʩʥʦʚʥʳʝ ʧʦʣʦʩʳ ʩʤʝʱʝʥʳ ʚ ʩʪʦʨʦʥʫ ʜʣʠʥʥʳʭ ʚʦʣʥ: 670 ʩʤ
-1

 (ʥʘ 5 ʩʤ
-1
), 495 ʩʤ

-1 
(ʥʘ 15 ʠ 

20 ʩʤ
-1
) ʠ 430 ʩʤ

-1 
(ʥʘ 10 ʩʤ

-1
). 

ʅʘ ʀʂ-ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ ʜʫʙʣʝʪʘ ʚ ʧʦʣʦʞʝʥʠʠ 1110 ʩʤ
-1

 ʚʳʰʝ 

ʧʠʢʘ ʧʨʠ 1183 ʩʤ
-1
. ɺ ʛʨʫʧʧʝ ʭʘʣʮʝʜʦʥʘ ʟʥʘʯʝʥʠʝ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʧʠʢʘʤʠ ʚ ʜʫʙʣʝʪʝ ʦʪ 19 ʜʦ 

13,7%; ʫ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ï 6 ʠ 2,5%. ʋʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʥʠʮʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʜʫʙʣʝʪʘ ʠ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʝ ʫʜʘʣʦʩʴ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʨʘʟʥʠʮʳ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʝʞʜʫ ʧʠʢʘʤʠ ʵʪʦʛʦ ʜʫʙʣʝʪʘ ʫ ʛʨʫʧʧʳ 

ʭʘʣʮʝʜʦʥʦʚ ʚʳʰʝ ʠ ʥʘ ʩʧʝʢʪʨʝ ʚʳʨʘʞʝʥʦ ʷʨʯʝ (ʨʠʩʫʥʦʢ 1).  

ɺʘʞʥʦʝ ʦʪʣʠʯʠʝ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʘʨʪʠʥʝ ʩʧʝʢʪʨʦʚ ʭʘʣʮʝʜʦʥʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ 

ʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʯʝʪʢʦʤ ʨʘʩʱʝʧʣʝʥʠʠ ʦʜʠʥʦʯʥʦʛʦ ʧʠʢʘ 

ʥʘ ʯʘʩʪʦʪʝ 475 ʩʤ
-1

 ʫ ʭʘʣʮʝʜʦʥʦʚ, ʥʘ 2 ʧʠʢʘ: 538 ʩʤ
-1

 ʠ 490-495 ʩʤ
-1 
ʫ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ 

ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ (ʨʠʩʫʥʦʢ 1). ʋ ʦʙʨʘʟʮʦʚ ʭʘʣʮʝʜʦʥʦʚ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 538 ʩʤ
-1
 

ʦʪʤʝʯʝʥʘ ʧʣʝʯʦʤ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʠʢʝ 475 ʩʤ
-1
. ʋ ʦʙʨʘʟʮʦʚ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʞʠʣʴʥʦʛʦ 

ʢʚʘʨʮʘ ʧʨʠ 538 ʩʤ
-1

 ï ʯʝʪʢʠʡ, ʦʩʪʨʳʡ ʧʠʢ (14.5 ʠ 12%) ʠ ʚʪʦʨʦʡ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʩʜʚʠʥʫʪ ʚ 

ʩʪʦʨʦʥʫ ʜʣʠʥʥʳʭ ʚʦʣʥ ʥʘ 15-20 ʩʤ
-1

 (490, 495 ʩʤ
-1
), ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʠʢʘʤʠ ʨʘʩʰʠʨʷʝʪʩʷ. 

ʕʪʦ ʦʪʣʠʯʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʚʝʨʦʷʪʥʦ ʦ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ 

ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ. 

ɺʳʚʦʜʳ 
1) ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʩʧʝʢʪʨʘʭ ʄʅʇɺʆ ʭʘʣʮʝʜʦʥʘ ʚʫʣʢʘʥʠʪʦʚ ʠ 

ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ ʪʠʧʠʯʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ 

ʬʦʨʤʘʮʠʠ.  

2) ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʩʧʝʢʪʨʝ ʭʘʣʮʝʜʦʥʘ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 475 ï 538 ʩʤ
-1

 ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʜʠʥ ʧʠʢ ʥʘ ʯʘʩʪʦʪʝ 475 ʩʤ
-1
, ʘ ʥʘ 

ʩʧʝʢʪʨʝ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ 

ʬʦʨʤʘʮʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʜʚʘ ʦʩʪʨʳʭ ʧʠʢʘ ʥʘ ʯʘʩʪʦʪʘʭ 538 ʩʤ
-1

 ʠ 490-495 ʩʤ
-1

.  

3) ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʭʘʣʮʝʜʦʥʘ ʠʣʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ 

ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʠʜʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʠʢʘʤʠ ʚ ʜʫʙʣʝʪʝ 

1183 ʠ 1110 ʩʤ
-1
. ʅʘ ʩʧʝʢʪʨʝ ʭʘʣʮʝʜʦʥʘ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʝ ʨʘʟʥʠʮʳ 

ʤʝʞʜʫ ʧʠʢʘʤʠ ʚ ʜʫʙʣʝʪʝ ʚʳʰʝ 10 (ʥʘ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʩʧʝʢʪʨʘʭ ʦʪ19 ʜʦ 13,7%), ʥʘ ʩʧʝʢʪʨʘʭ 

ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ï ʥʠʞʝ 10 (ʦʪ 6 ʜʦ 2,5%).  

4) ɼʘʥʥʳʝ ʦ ʨʘʟʣʠʯʠʷʭ ʀʂ-ʩʧʝʢʪʨʦʚ ʄʅʇɺʆ ʚ ʩʣʫʯʘʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʚʳʚʦʜʦʚ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʘʪʦʯʥʳʭ ʚʳʙʦʨʢʘʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʦʡ ʬʦʨʤʘʮʠʠ.  
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Abstract. The mineralogical features and physicochemical conditions of the formation of ores of the large 

Nazarovskoye deposit of gold-iron-polymetallic ores of the Ozerninsky ore cluster in the Republic of Buryatia are 

described. Gold-sulfide ores of the Nazarovskoye deposit are composed of pyrite, sphalerite, galena, pyrrhotite, 

arsenopyrite, chalcopyrite, marcasite, carbonates, quartz, micas, feldspars, etc. Rare minerals include cobaltite, native 

bismuth, ouraite, schapbakhite, tennantite, electrum, and gold. The temperature range of FI homogenization corresponds 

to ~360ÁC -245ÁC. 

Keywords: Ozerninsky ore cluster, Nazarovskoye deposit, gold-polymetallic ores, fluid inclusions. 

 

ʉʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʝ ʠʣʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʚ 

ɿʘʙʘʡʢʘʣʴʝ. ʀʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʫʨʷʪʠʠ ʠ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʠʤʝʣʠ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ.  

ʅʘʟʘʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ï ʵʪʦ ʧʝʨʚʳʡ, ʢʨʫʧʥʳʡ ʦʙʲʝʢʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʟʝʨʥʠʥʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʫʟʣʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʚ 1975 ʛʦʜʫ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʦʣʦʪʦʝ 

ʦʨʫʜʝʥʝʥʠʝ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1967 ʛ., ʠʟʫʯʘʣʦʩʴ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ: 

ɺ.ɻ. ɹʝʣʠʯʝʥʢʦ, ɽ.ʀ. ʊʢʘʯʝʥʢʦ, ɺ.ɸ. ɺʘʨʣʘʤʦʚ, ʉ.ɺ. ɻʦʨʙʫʥʦʚ, ʈ.ʉ. ʊʘʨʘʩʦʚʘ, ʕ.ɻ. ɼʠʩʪʘʥʦʚ, 

ɻ.ɻ. ʈʫʩʠʥ, ɸ.ʀ. ɹʫʩʣʝʥʢʦ, ʂ.ʈ. ʂʦʚʘʣʝʚ ʠ ʜʨʫʛʠʤʠ [1-5].  

ʅʘʟʘʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʣʦʱʘʜʠ ʆʟʝʨʥʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ. 

ʇʨʠʫʨʦʯʝʥʦ ʢ ʟʦʥʝ ʅʘʟʘʨʦʚʩʢʦʛʦ ʨʘʟʣʦʤʘ ʠ ʵʢʟʦʢʦʥʪʘʢʪʫ ʤʘʩʩʠʚʘ ʧʘʣʝʦʟʦʡʩʢʠʭ 

ʛʨʘʥʦʜʠʦʨʠʪʦʚ, ʧʨʦʨʳʚʘʶʱʠʭ ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʅʘʟʘʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ï ʵʪʦ ʞʝʣʝʟʦ-ʮʠʥʢʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩ ʟʦʣʦʪʦʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʥʘʠʙʦʣʝʝ ʧʨʠʧʦʜʥʷʪʦʤ ʙʣʦʢʝ ʆʟʝʨʥʠʥʩʢʦʛʦ ʦʩʪʘʥʮʘ ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʭ ʧʦʨʦʜ, 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʨʘʟʣʦʤʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ (ʂʦʚʘʣʝʚ ʠ ʜʨ., 1992, 2003). ʅʘ ʧʣʦʱʘʜʠ ʙʣʦʢʘ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʘʢʞʝ ʩʢʘʨʥʦʚʦʝ ʙʦʨʩʦʜʝʨʞʘʱʝʝ ʮʠʥʢʦʚʦ-ʤʘʛʥʝʪʠʪʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʉʦʣʦʥʛʦ 

ʠ ʨʷʜ ʤʝʣʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʩʫʣʴʬʠʜʥʦ-ʞʝʣʝʟʦʦʢʩʠʜʥʳʭ ʠ ʞʝʣʝʟʦʦʢʩʠʜʥʳʭ ʨʫʜ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ 

ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʉʝʚʝʨʦ-ʤʘʛʥʝʪʠʪʦʚʦʝ, 

ʖʙʠʣʝʡʥʦʝ, ʖʞʥʦ-ʛʝʤʘʪʠʪʦʚʦʝ ʠ ʄʘʡʩʢʦʝ, ʧʦʩʣʝʜʥʠʝ ʜʚʘ, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʅʘʟʘʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʠ ʤʝʟʦʟʦʡʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʥʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʦʪʣʦʞʝʥʠʡ ʫʯʘʩʪʢʘ ʩʣʦʞʝʥʘ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ 

ʧʨʦʩʣʦʷʤʠ ʚʫʣʢʘʥʠʪʦʚ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʣʦʞʝʥʘ ʪʫʬʘʤʠ ʩʨʝʜʥʝʛʦ 

ʩʦʩʪʘʚʘ, ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʩʦ ʩʣʦʠʩʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʪʫʬʬʠʪʘʤʠ. ʄʦʱʥʦʩʪʴ ʧʨʦʩʣʦʝʚ ʦʪ 

ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. ʇʦ ʨʘʟʚʝʜʦʯʥʳʤ ʜʘʥʥʳʤ ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʦʙʥʘʨʫʞʝʥʥʳʭ ʙʫʨʝʥʠʝʤ 

ʜʘʝʢ ʜʦʣʝʨʠʪʦʚ ʠʛʨʘʝʪ ʨʦʣʴ ʨʫʜʦʣʦʢʘʣʠʟʫʶʱʠʭ ʩʪʨʫʢʪʫʨ.  

ɺʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ 

ʧʨʦʩʣʦʷʤʠ ʪʫʬʬʠʪʦʚ ʩʨʝʜʥʝʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʛʥʫʪʳ 
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ʤʝʪʘʤʦʨʬʠʟʤʫ ʠ ʤʝʪʘʩʦʤʘʪʦʟʫ ï ʩʢʘʨʥʠʨʦʚʘʥʠʶ, ʦʨʦʛʦʚʠʢʦʚʘʥʠʶ, ʘʣʴʙʠʪʠʟʘʮʠʠ, 

ʦʢʚʘʨʮʝʚʘʥʠʶ, ʭʣʦʨʠʪʠʟʘʮʠʠ ʠ ʩʝʨʠʮʠʪʠʟʘʮʠʠ. ʈʫʜʥʳʝ ʪʝʣʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʨʘʟʥʳʭ 

ʢʨʳʣʴʷʭ ʨʘʟʣʦʤʘ, ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʠ ʨʫʜʦʣʦʢʘʣʠʟʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʟʦʥʘ ʅʘʟʘʨʦʚʩʢʦʛʦ ʨʘʟʣʦʤʘ ʩʫʙʩʦʛʣʘʩʥʦʛʦ ʩ ʥʘʧʣʘʩʪʦʚʘʥʠʝʤ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ.  

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ 5 ʨʫʜʥʳʭ ʪʝʣ ʣʠʥʟʦ- ʠ ʧʣʘʩʪʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩ ʧʝʨʝʞʠʤʘʤʠ, 

ʨʘʟʚʝʪʚʣʝʥʠʷʤʠ ʠ ʨʘʟʜʫʚʘʤʠ. ʈʘʟʤʝʨʳ ʨʫʜʥʳʭ ʪʝʣ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 300 ʜʦ 700 ʤ. 

ɺʳʜʝʣʷʶʪ 2 ʛʣʘʚʥʳʭ ʪʠʧʘ ʨʫʜ ʦʢʩʠʜʥʳʝ ʠ ʩʫʣʴʬʠʜʥʳʝ. ʆʢʩʠʜʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʙ̫ʟʘʪʝʣʴʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʝʤʘʪʠʪʘ, ʩʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪ ʛʝʤʘʪʠʪʦʚʳʝ ʠ ʤʘʛʥʝʪʠʪʦʚʳʝ.  

ʈʫʜʳ ʅʘʟʘʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ ʩʘʤʳʡ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʦʙʣʠʢ, ʪʝʢʩʪʫʨʳ ʨʫʜ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʩʩʠʚʥʳʤʠ, ʚʢʨʘʧʣʝʥʥʳʤʠ, ʛʥʝʟʜʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʤʠ, ʧʷʪʥʠʩʪʳʤʠ, ʤʘʩʩʠʚʥʦ-

ʧʦʣʦʩʯʘʪʳʤʠ, ʧʦʣʦʩʯʘʪʳʤʠ ʠ ʜʨ. ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. 

 ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʫʶ, ʚʢʨʘʧʣʝʥʥʫʶ, ʤʘʩʩʠʚʥʫʶ, ʨʝʞʝ 

ʧʷʪʥʠʩʪʫʶ ʠ ʛʥʝʟʜʦʚʦ-ʚʢʨʘʧʣʝʥʥʫʶ ʪʝʢʩʪʫʨʳ. ʇʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʘʷ, ʚʢʨʘʧʣʝʥʥʘʷ ʠ 

ʛʥʝʟʜʦʚʦ-ʚʢʨʘʧʣʝʥʥʘʷ ʨʫʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʢʦʧʣʝʥʠʝʤ ʘʛʨʝʛʘʪʦʚ ʫʜʣʠʥʝʥʥʦʡ, ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʠʨʠʪʘ, ʩʬʘʣʝʨʠʪʘ, ʨʝʞʝ ʧʠʨʨʦʪʠʥʘ. ʄʘʩʩʠʚʥʳʝ ʨʫʜʳ ʩʦʩʪʦʷʪ ʠʟ 

ʨʘʚʥʦʤʝʨʥʳʭ ʩʢʦʧʣʝʥʠʡ ʧʠʨʠʪʘ, ʧʠʨʨʦʪʠʥʘ ʠ ʩʬʘʣʝʨʠʪʘ ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʅʘʟʘʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʝʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ: ʢʘʨʙʦʥʘʪʘʤʠ, ʢʚʘʨʮʝʤ, ʩʣʶʜʘʤʠ, ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ ʠ ʜʨ.; 

ʨʫʜʥʳʤʠ ï ʧʠʨʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʧʠʨʨʦʪʠʥʦʤ, ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ, 

ʤʘʨʢʘʟʠʪʦʤ ʠ ʜʨ. ɹʦʣʝʝ ʨʝʜʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʙʘʣʴʪʠʥ, ʩʘʤʦʨʦʜʥʳʡ ʚʠʩʤʫʪ, 

ʦʫʨʘʠʪ, ʰʘʧʙʘʭʠʪ, ʪʝʥʥʘʥʪʠʪ, ʵʣʝʢʪʨʫʤ, ʟʦʣʦʪʦ ʠ ʜʨ.  

ʉʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʠʜʦʚ ʚ ʨʫʜʘʭ ï ʦʪ 40 ʜʦ 85%. ɿʦʣʦʪʦʥʦʩʥʦʩʪʴ ʅʘʟʘʨʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʩʫʣʴʬʠʜʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʨʫʜʘʤʠ.  

ʇʠʨʠʪ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 20 ʜʦ 35-40 ʦʙ.% ʦʪ ʦʙʲʝʤʘ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʠʨʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ ʠʜʠʤʦʨʬʥʦʛʦ 

ʦʙʣʠʢʘ ʪʨʝʫʛʦʣʴʥʦʡ ʠ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʘʤʠ ʦʪ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ ʜʦ 2-4 ʤʤ, 

ʪʘʢʞʝ ʚʳʨʘʞʝʥʳ ʤʠʢʨʦʘʛʨʝʛʘʪʘʤʠ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʠʥʦʛʜʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʧʠʨʨʦʪʠʥʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ. 

ʍʘʣʴʢʦʧʠʨʠʪ ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʂʦʣʠʯʝʩʪʚʦ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2-3 ʜʦ 10-12% ʦʪ ʦʙʲʝʤʘ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʍʘʣʴʢʦʧʠʨʠʪ ʚ 

ʦʩʥʦʚʥʦʤ ʩʣʘʛʘʝʪ ʟʝʨʥʘ ʠ ʘʛʨʝʛʘʪʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʦʙʨʘʟʫʝʪ ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʚ 

ʘʛʨʝʛʘʪʝ ʞʠʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ ʠ ʤʠʢʨʦʧʨʦʞʠʣʢʠ ʚ ʩʬʘʣʝʨʠʪʝ. 

ɸʨʩʝʥʦʧʠʨʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʨʫʜʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʢʦʣʠʯʝʩʪʚʦ ʜʦʭʦʜʠʪ ʜʦ 10-15% ʦʪ ʦʙʲʝʤʘ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɸʨʩʝʥʦʧʠʨʠʪ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʫʜʘʭ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʠʜʠʦʤʦʨʬʥʦʛʦ ʦʙʣʠʢʘ, ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʢʫʙʠʯʝʩʢʠʡ, 

ʨʦʤʙʠʯʝʩʢʠʡ ʦʙʣʠʢ, ʦʪ ʢʦʨʦʪʢʦʩʪʦʣʙʯʘʪʳʭ ʜʦ ʰʝʩʪʦʚʘʪʳʭ. ʇʨʝʜʩʪʘʚʣʝʥ ʠʜʠʦʤʦʨʬʥʳʤʠ 

ʤʝʪʘʟʝʨʥʘʤʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʝʪ 1-2 ʤʤ, ʯʘʱʝ 0,05-0,2 ʤʤ. ʆʙʳʯʥʦ ʟʝʨʥʘ 

ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʦʝ ʚʥʫʪʨʝʥʥʝ ʩʪʨʦʝʥʠʝ, ʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʟʝʨʝʥ 

ʧʠʨʨʦʪʠʥʘ, ʩʬʘʣʝʨʠʪʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ. 

ʉʬʘʣʝʨʠʪ ʫʩʪʘʥʦʚʣʝʥ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʉʦʩʪʘʚʣʷʝʪ ʦʪ 20 ʜʦ 40-45% ʦʪ ʦʙʲʝʤʘ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʅʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʠ ʤʠʢʨʦʘʛʨʝʛʘʪʦʚ 

ʘʣʣʦʪʨʠʦʤʦʬʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦ ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ ʩʬʘʣʝʨʠʪʘ ʨʘʟʚʠʚʘʝʪʩʷ ʧʠʨʠʪ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʟʝʨʝʥ ʩʬʘʣʝʨʠʪʘ ʭʘʨʘʢʪʝʨʥʦ ʦʙʠʣʠʝ 

ʚʢʣʶʯʝʥʠʡ ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʧʠʨʨʦʪʠʥʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ ʨʘʟʤʝʨʦʤ ʦʪ 0,01 ʜʦ 0,05 ʤʤ; 

ʯʘʱʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʨʨʦʪʠʥ. ʆʙʳʯʥʦ ʵʪʠ ʚʢʣʶʯʝʥʠʷ ʦʙʨʘʟʫʶʪ ʮʝʧʦʯʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʬʠʢʩʠʨʫʶʱʠʝ ʟʘʣʝʯʝʥʥʳʝ ʪʨʝʱʠʥʳ ʩʧʘʡʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʩʣʦʞʝʥ 

ʩʧʣʦʰʥʦʡ ʟʝʨʥʠʩʪʦʡ ʤʘʩʩʦʡ. 

ɻʘʣʝʥʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʨʫʜʘʭ. ɽʛʦ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʥʷʝʪʩʷ ʦʪ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʜʦ 5-8% ʦʪ ʦʙʲʝʤʘ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʏʘʱʝ ʦʙʨʘʟʫʝʪ 

ʦʜʥʦʨʦʜʥʳʝ ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ, ʠʥʦʛʜʘ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʟʘʤʝʱʘʝʤʳʭ ʧʠʨʨʦʪʠʥʘ ʠ 

ʭʘʣʴʢʦʧʠʨʠʪʘ. ɿʘʤʝʱʘʝʪ ʠ ʩʝʯʝʪ ʚʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʤʠʥʝʨʘʣʳ. ʀʥʦʛʜʘ ʚ ʛʘʣʝʥʠʪʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʢʣʶʯʝʥʠʷ, ʣʠʙʦ ʩʨʘʩʪʘʥʠʷ (<0,1 ʤʤ) ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʩʘʤʦʨʦʜʥʦʛʦ 
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ʚʠʩʤʫʪʘ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚ ʛʘʣʝʥʠʪʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠʤʝʩʠ ʞʝʣʝʟʘ (0,7-3,4 ʤʘʩ. 

%) ʠ ʚʠʩʤʫʪʘ (4,4-5 ʤʘʩ. %), ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʩʴ ʩʝʨʝʙʨʘ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (0.8-

2.5 ʤʘʩ. %). 

 ʉʘʤʦʨʦʜʥʳʡ ʚʠʩʤʫʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ 

0,03 ʤʤ. ɺʳʷʚʣʝʥʦ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʩʘʤʦʨʦʜʥʦʛʦ ʚʠʩʤʫʪʘ, ʘʩʩʦʮʠʠʨʫʶʱʝʛʦ ʩ 

ʛʘʣʝʥʠʪʦʤ.  

ɿʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʦʷʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʣʦʪʘ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʥʪʫʨʘʭ ʩʫʣʴʬʠʜʥʳʭ 

ʟʘʣʝʞʝʡ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʠʭ ʚ ʚʠʜʝ ʤʝʣʴʯʘʡʰʠʭ ʜʠʩʧʝʨʩʥʳʭ ʚʳʜʝʣʝʥʠʡ. 

ʉʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʥʝʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ ʚʘʨʴʠʨʫʶʪ ʦʪ 1,8 ʜʦ 14 ʛ/ʪ. ɺ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ 

ʟʦʣʦʪʦ ʦʙʨʘʟʫʝʪ ʩʣʦʞʥʳʝ ʧʨʦʚʦʣʦʢʦʚʠʜʥʳʝ ʠ ʜʝʥʜʨʦʚʠʜʥʳʝ ʚʳʜʝʣʝʥʠʷ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ 

ʨʘʟʤʝʨʦʤ ʚ 30-150 ʤʢʤ.  

ʄʠʥʝʨʘʣʳ ʟʦʣʦʪʘ ʚ ʨʫʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʛʨʝʛʘʪʘʤʠ ʵʣʝʢʪʨʫʤʘ-El ʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ-

Au. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʦʙʨʘʟʫʝʪ ʜʠʩʧʝʨʩʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚ ʧʠʨʠʪʝ, ʢʚʘʨʮʝ, ʭʘʣʴʢʦʧʠʨʠʪʝ ʠ 

ʩʬʘʣʝʨʠʪʝ ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ 0,01 ʤʤ. ɺʳʜʝʣʝʥʠʷ 0,1-0,2 ʤʤ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʯʘʩʪʦ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʰʝʩʪʦʚʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʢʚʘʨʮʘ. (ʌʦʪʦʛʨʘʬʠʠ ʚ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ).   

ʕʣʝʢʪʨʫʤ ʧʨʝʜʩʪʘʚʣʝʥ ʘʛʨʝʛʘʪʘʤʠ ʢʘʧʣʝʚʠʜʥʦʡ, ʧʨʦʞʠʣʢʦʚʠʜʥʦʡ, ʚʳʪʷʥʫʪʦʡ ʠ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʥʦʩʪʴ ʦʪ 10 ʜʦ 50 ʤʢʤ. 

ʅʘ ʅʘʟʘʨʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʨʫʜ: ʩʫʣʴʬʠʜʥʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʤʘʛʥʝʪʠʪ-ʛʝʤʘʪʠʪʦʚʳʝ. ɿʦʣʦʪʦʥʦʩʥʦʩʪʴ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ 

ʩʫʣʴʬʠʜʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʨʫʜʘʤʠ, ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ 

ʝʝ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʥʘʣʦʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʊʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʘ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʝʨʚʠʯʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʌɺ) ʚ ʢʚʘʨʮʝ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ɿʝʨʥʘ ʢʚʘʨʮʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʘʪ ʰʣʝʡʬʳ ʤʝʣʢʠʭ (Ò5 ʤʢʤ) ʚʪʦʨʠʯʥʳʭ 

ʜʚʫʭʬʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ (~9-12 ʤʢʤ ʠ ʙʦʣʝʝ) ʧʝʨʚʠʯʥʳʝ ʠ ʨʝʞʝ 

ʧʩʝʚʜʦʚʪʦʨʠʯʥʳʝ ʌɺ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʟʘʣʝʯʝʥʥʳʭ ʪʨʝʱʠʥ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʘʟʜʦ ʨʝʞʝ, ʦʥʠ 

ʠʤʝʶʪ ʜʚʫʭʬʘʟʦʚʳʡ ʩʦʩʪʘʚ (L>V). ʀʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʌɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

~360Áʉ -245Áʉ. ʄʝʪʦʜʦʤ ʢʨʠʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʤʦʨʦʞʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʵʪʠʭ 

ʚʢʣʶʯʝʥʠʡ ʵʚʪʝʢʪʠʢʠ ʧʣʘʚʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ -38 ʠ -36Áʉ, ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ 

ï -6.5 ï -4.7Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʡ ʩʦʣʝʥʦʩʪʠ 9.9-7.5 ʤʘʩ.% ʵʢʚ. NaCl ʠ ʭʣʦʨʠʜʥʦ-

ʤʘʛʥʠʝʚʦ-ʢʘʣʠʝʚʦʤʫ ʠ ʨʝʞʝ ʭʣʦʨʠʜʥʦ-ʞʝʣʝʟʠʩʪʦ ʩʦʣʝʚʦʤʫ ʩʦʩʪʘʚʫ.  

ʈʘʙʦʪʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʠ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʈʅʌ ˉ 22-17-

00106. 
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ɻʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ï ʢʣʶʯ ʢ ʧʦʟʥʘʥʠʶ ʪʘʠʥ ʛʣʫʙʠʥʥʳʭ ʥʝʜʨ ʃʫʛʦʢʘʥʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʫʟʣʘ (ʖʛʦ-ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ) 

ʉʘʣʠʭʦʚ ɺ.ʉ. 
ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʏʠʪʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʦʙʲʝʢʪ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ï ʃʫʛʦʢʘʥʩʢʠʡ ʫʟʝʣ ʩ 

ʛʝʦʣʦʛʦʩʪʨʫʢʪʫʨʥʳʭ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʠ ʧʦʢʘʟʘʥʳ ʝʛʦ ʚʳʩʦʢʠʝ ʨʝʩʫʨʩʳ. ʈʫʜʥʳʡ ʫʟʝʣ, ʷʚʣʷʝʪʩʷ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ ʟʘʤʳʢʘʥʠʝʤ ɻʘʟʠʤʫʨʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, ʛʜʝ ʫʞʝ ʜʝʡʩʪʚʫʶʪ ʢʨʫʧʥʳʝ ʧʦʜʦʙʥʦʛʦ ʛʝʦʣʦʛʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʢʘʨʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ ʪʠʧʘ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ɹʳʩʪʨʠʥʩʢʦʝ ʠ ʂʫʣʪʫʤʠʥʩʢʦʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɿʘʙʘʡʢʘʣʴʝ, ʃʫʛʦʢʘʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ, ʩʢʘʨʥʦʚʦ-ʧʦʨʬʠʨʦʚʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʪʠʧ, 

ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʬʣʶʠʜʦʣʠʪʳ. 

 

The geodinamik regime is the key to understanding the secrets of the deep bowels  

of the Lugokan ore cluster (southeastern Transbaikalia) 

Salikhov V.S. 
Transbaikal State University, Chita, Russia 

 

Abstract. The prospective object of Eastern Transbaikalia ï the Lugokansky junction is considered from the 

geological and geodynamic positions and its high resources are shown. The ore cluster is the northeastern closure of the 

Gazimur ore zone, where there are already large ore deposits of similar geological and industrial skarn-porphyry type ï 

Bystrinskoye and Kultuminskoye.  

Keywords: Transbaikalia, Lugokan ore cluster, skarn-porphyry industrial type, ore-magmatic system, fluidolites. 

 

ʃʫʛʦʢʘʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 150 ʢʤ
2
 ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʦʤ 

ʧʣʘʥʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ (ʎɸʇʇ) ï ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ɽʚʨʦ-ɸʟʠʠ, ʢʦʪʦʨʳʡ ʩʳʛʨʘʣ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʚʩʝʛʦ ɽʚʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ (ʵʪʘʧʳ ʤʘʛʤʘʪʠʟʤʘ, 

ʜʝʬʦʨʤʘʮʠʠ ʣʠʪʦʩʬʝʨʳ, ʵʥʜʦʛʝʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ). 

ʄʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʞʝ ʧʦʟʠʮʠʷ ʨʫʜʥʦʛʦ ʫʟʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʝʸ ʢ 

ɻʘʟʠʤʫʨʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʝ ʄʦʥʛʦʣʦ-ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʢʦʪʦʨʫʶ 

ʩʦʩʪʘʚʣʷʝʪ ɹʫʜʶʤʢʘʥʦ-ʂʫʣʪʫʤʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ. ɺ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʨʘʡʦʥʘ 

ʚʳʜʝʣʷʝʪʩʷ ʃʫʛʦʢʘʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (Au, Cu, Ag, Sb, Pb, Zn, Bi), ʚ ʢʦʪʦʨʦʤ ʫʞʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʠ ʟʥʘʯʠʤʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʃʫʛʦʢʘʥʩʢʦʝ, ʉʝʨʝʙʨʷʥʦʝ, ʉʦʣʦʥʝʯʝʥʩʢʦʝ, ʘ 

ʪʘʢʞʝ ʨʷʜ ʧʨʦʷʚʣʝʥʠʡ. 

ʄʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʃʫʛʦʢʘʥʩʢʦʛʦ ʫʟʣʘ ʠ ʝʛʦ ʩʧʝʮʠʬʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʩ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʠ ʨʫʜʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʨʝʞʠʤ, ʜʠʥʘʤʠʢʘ ʠ ʛʣʫʙʠʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʝʤʥʳʭ ʥʝʜʨ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚ ʨʘʟʛʘʜʢʝ ʪʘʡʥ 

ʟʝʤʥʳʭ ʥʝʜʨ [5]. 

ʈʘʟʨʳʚʥʘʷ ʪʝʢʪʦʥʠʢʘ ʫʟʣʘ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʘ ʛʣʫʙʠʥʥʳʤʠ ʛʣʘʚʥʳʤʠ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ 

ʨʘʟʣʦʤʘʤʠ (ʨʠʩʫʥʦʢ 1), ʜʣʠʪʝʣʴʥʦ ʞʠʚʫʱʠʤʠ ʠ ʠʤʝʶʱʠʤʠ ʚʟʙʨʦʩʦ-ʩʜʚʠʛʦʚʳʡ ʠ ʩʙʨʦʩʦʚʳʡ 

ʭʘʨʘʢʪʝʨ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʨʘʟʣʦʤʦʚ ʷʚʣʷʝʪʩʷ ʋʨʦʚʦ-ɼʞʘʣʠʨʩʢʠʡ, ʠʤʝʶʱʠʡ ʚʘʞʥʝʡʰʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦ, ʃʫʛʦʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʮʝʥʝʥʥʳʝ ʟʘʧʘʩʳ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʶʪ 124 ʪ ʟʦʣʦʪʘ. 

ɼʨʫʛʠʤ ʛʣʫʙʠʥʥʳʤ ʨʘʟʣʦʤʦʤ ʜʣʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʥʠʤʘʶʱʠʤ ʫʯʘʩʪʠʝ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʃʫʛʦʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ɹʫʜʶʤʢʘʥʩʢʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ [5], ʘ ʚ ʫʟʣʝ ʩʦʯʣʝʥʝʥʠʷ ʩ ʋʨʦʚʦ-ɼʞʘʣʠʨʩʢʠʤ ʩʦʟʜʘʝʪʩʷ ʟʦʥʘ ʧʦʚʳʰʝʥʥʦʡ 

ʵʥʜʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʟʦʥ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ.  

ɺ ʧʨʝʜʝʣʘʭ ʃʫʛʦʢʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʧʨʦʷʚʣʝʥʳ ʠ ʜʨʫʛʠʝ ʨʘʟʣʦʤʳ: ʉʠʚʘʯʠʥʩʢʠʡ 

ʜʫʛʦʚʦʡ, ʜʦʧʦʣʥʷʶʱʠʡ ʵʥʜʦʛʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʙʩʪʚʝʥʥʦ ʃʫʛʦʢʘʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢ ʞʝ, ɸʵʤʢʘʥʩʢʠʡ ʠ ɺʦʩʪʦʯʥʦ-ɸʵʤʢʘʥʩʢʠʡ ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ. ʕʪʠ ʨʘʟʣʦʤʳ  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʦʙʲʝʤʥʫʶ, ʩʣʦʞʥʫʶ, ʟʦʥʫ ʰʠʨʠʥʦʡ 
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ʜʦ ʜʝʩʷʪʢʘ ʢʠʣʦʤʝʪʨʦʚ ʩʙʣʠʞʝʥʥʳʭ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʨʘʟʨʳʚʦʚ. ʊʘʢʠʝ 

ʦʙʲʝʤʥʳʝ ʟʦʥʳ ʦʙʨʘʟʫʶʪ ʉʦʣʦʥʝʯʝʥʩʢʠʡ ʠ ʉʝʚʝʨʦ-ʉʦʣʦʥʝʯʝʥʩʢʠʡ ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʧʨʠʥʠʤʘʶʱʠʝ ʫʯʘʩʪʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʉʝʨʝʙʨʷʥʦʝ (Au, Ag, Cu) ʠ ʉʦʣʦʥʝʯʝʥʩʢʦʝ (Sb, Au). ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʭ 

ʨʫʜ ʉʦʣʦʥʝʯʝʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʰʠʨʦʢʦ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʠ ʥʘʜʚʠʛʦʚʳʝ, ʠ ʚʟʙʨʦʩʦ-

ʥʘʜʚʠʛʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʩʫʨʴʤʷʥʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʥʘʣʦʞʝʥʥʦʝ ʥʘ ʟʦʣʦʪʦ-

ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ, ʘ ʩʪʠʙʥʠʪ (ʘʥʪʠʤʦʥʠʪ) ʟʜʝʩʴ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʮʝʤʝʥʪʘ ʚ 

ʢʘʪʘʢʣʠʟʠʨʦʚʘʥʥʳʭ ʜʞʘʩʧʝʨʦʠʜʘʭ [3]. 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʨʘʟʨʳʚʥʦʡ ʪʝʢʪʦʥʠʢʠ ʃʫʛʦʢʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ. 

1 ï ʛʣʘʚʥʳʝ ʛʣʫʙʠʥʥʳʝ ʨʘʟʣʦʤʳ; 2 ï ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ. 
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ɼʨʫʛʠʤʠ ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʃʫʛʦʢʘʥʩʢʦʛʦ ʫʟʣʘ ʷʚʣʷʶʪʩʷ 

ʦʚʘʣʴʥʳʝ ʠ ʢʦʣʴʮʝʚʳʝ, ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʫʟʣʳ ʵʥʜʦʛʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʷʚʣʷʶʱʠʤʠʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʝ ʦʨʫʜʝʥʝʥʠʝ. ʆʜʥʦʡ 

ʠʟ ʪʘʢʠʭ ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʫʯʘʩʪʦʢ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʉʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʃʫʛʦʢʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʠ ʦʮʝʥʢʘ ʝʛʦ 

ʧʝʨʩʧʝʢʪʠʚ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʩ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʦʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʥʝʜʨ, ʢʦʪʦʨʘʷ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʟʜʝʩʴ ɺʦʩʪʦʯʥʦ-ɿʘʙʘʡʢʘʣʴʩʢʠʤ 

ʩʚʦʜʦʚʳʤ ʧʦʜʥʷʪʠʝʤ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʣʘʚʥʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʵʪʘʧʘ [2].  

ɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʃʫʛʦʢʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʥʦʩʷʪ 

ʧʦʣʠʛʝʥʥʳʡ ʠ ʧʦʣʠʭʨʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʦʷʚʠʚʰʝʡʩʷ ʧʨʠ ʰʠʨʦʢʦʤ ʫʯʘʩʪʠʠ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʪʨʘʟʠʚʰʠʭʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ 

ʨʫʜʥʳʭ ʩʢʦʧʣʝʥʠʡ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

1 - ʛʣʦʙʘʣʴʥʘʷ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʨʫʜʥʦʛʦ ʫʟʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʤʝʞʜʫ ʉʠʙʠʨʩʢʠʤ ʠ ʂʠʪʘʡʩʢʠʤ ʢʨʘʪʦʥʘʤʠ, ʥʝʢʦʛʜʘ ʝʜʠʥʳʤ, ñʦʩʪʨʦʚʢʠò 

ʢʦʪʦʨʦʛʦ ʚ ʚʠʜʝ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʛʣʳʙ (ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ) 

ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʧʣʦʱʘʜʠ; 

2 - ʨʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʨʫʜʥʦʛʦ ʫʟʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʝʛʦ ʚ 

ʩʪʨʫʢʪʫʨʝ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ ʠ ʜʘʣʝʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʝʛʦ ʤʝʩʪʝ 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ɸʨʛʫʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʢʘʢ ʝʸ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʠ; 

3 - ʚʘʞʥʘʷ ʨʦʣʴ ʚ ʥʘʢʦʧʣʝʥʠʠ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʃʫʛʦʢʘʥʩʢʦʛʦ ʫʟʣʘ ʠʤʝʝʪ ʛʣʫʙʠʥʥʦʝ 

ʩʪʨʦʝʥʠʝ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʣʘʩʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ, ʦʩʦʙʝʥʥʦ ʥʝ ʚʳʰʝʜʰʠʭ ʥʘ ʧʦʚʝʭʥʦʩʪʴ [1] ʠ ʦʧʨʝʜʝʣʠʚʰʝʛʦ ʭʘʨʘʢʪʝʨ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʟʜʝʩʴ ʨʝʣʴʝʬʘ ʚ ʚʠʜʝ ʢʫʧʦʣʦʦʙʨʘʟʥʳʭ ʧʦʜʥʷʪʠʡ ʠ ʧʨʦʛʠʙʦʚ (ʨʠʩʫʥʦʢ 2). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʦʙʩʪʦʷʪʝʣʴʥʦ ʠʟʫʯʠʪʴ 

ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʦ-

ʘʵʨʦʩʥʠʤʢʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʫʟʣʦʚ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʫʜʥʳʭ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ. ʊʘʢʦʡ ʧʦʜʭʦʜ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʘʥ ʚ ʇɻʆ 

ñɸʵʨʦʛʝʦʣʦʛʠʷò. ʕʪʠʤ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʩ ʠʟʫʯʝʥʠʷ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ; 

 
ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʣʫʛʦʢʘʥʩʢʦʡ ʧʣʦʱʘʜʠ. 

1 ï ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʶʨʳ; 2 ï ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʜʝʚʦʥʘ; 3 ï ʢʘʨʙʦʥʘʪʥʳʝ ʪʦʣʱʠ 

ʙʳʩʪʨʠʥʩʢʦʡ ʩʚʠʪʳ ʢʝʤʙʨʠʷ; 4 ï ʛʨʘʥʠʪʦʛʥʝʡʩʳ ʢʫʪʦʤʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; 5 ï ʛʘʙʙʨʦ-ʛʨʘʥʠʪʦʠʜʳ 

ʫʥʜʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; 6 ï ʛʨʘʥʦ-ʜʠʘʨʠʪ-ʧʦʨʬʠʨʳ ʰʘʭʪʘʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; 7 ï ʵʨʫʧʪʠʚʥʳʝ 

ʙʨʝʢʯʠʝ; 8 ï ʨʘʟʣʦʤʳ. 
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4 - ʚʝʜʫʱʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʦʷʚʠʚʰʠʤʠʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʨʫʜʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ ʠʟʫʯʘʝʤʦʡ ʧʣʦʱʘʜʠ ʷʚʠʣʠʩʴ ʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʩʞʠʤʘʶʱʠʭ ʫʩʠʣʠʡ (ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ), ʪʘʢ ʠ ʩʜʚʠʛʦʚʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʚʝʢʪʦʨʦʚ ʩʞʠʤʘʶʱʠʭ ʫʩʠʣʠʡ. ʉ ʧʝʨʚʳʤʠ ʠʟ ʥʠʭ 

ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʣʦʢʦʚʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ (ʰʪʘʤʧʦʚʳʡ ʪʠʧ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʦʣʴʮʝʚʳʭ ʠ ʚʟʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ. ɺʟʨʳʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʵʢʩʧʣʦʟʠʚʥʳʭ (ʵʨʫʧʪʠʚʥʳʭ) ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʙʨʝʢʯʠʝʚʳʭ ʪʝʣ (ʬʣʶʠʜʦʣʠʪʳ), ʰʠʨʦʢʦ 

ʦʪʤʝʯʘʝʤʳʭ, ʥʘʧʨʠʤʝʨ, ʥʘ ʉʝʨʝʙʨʷʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 3 ʢʤ
2
. 

ʉ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠ ʩʚʷʟʘʥʳ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʦʚʦʛʦ ʪʠʧʘ, 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʦʙʣʘʩʪʷʭ ʠ ʟʦʥʘʭ ʣʘʪʝʨʘʣʴʥʦʛʦ ʩʞʘʪʠʷ (ʩʜʚʠʛʦʚʳʝ ʩʦʧʨʷʞʝʥʥʳʝ ʨʘʟʣʦʤʳ, 

ʙʫʜʠʥʘʞʥʳʡ, ʥʘʜʚʠʛʦʚʳʡ). 

ʆʜʥʘʢʦ ʚ ʣʦʢʘʣʴʥʦʤ ʧʣʘʥʝ ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʜʣʠʪʝʣʴʥʦʤ ʝʛʦ 

ʧʨʦʷʚʣʝʥʠʠ ʭʘʨʘʢʪʝʨʥʳ ʯʘʩʪʘʷ ʩʤʝʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʦʨʠʝʥʪʠʨʦʚʦʢ ʛʣʘʚʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʠ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢʘʢ ʩʞʘʪʠʷ, ʪʘʢ ʠ 

ʨʘʩʪʷʞʝʥʠʷ, ʪ.ʝ. ʦʪʤʝʯʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʚ ʠʪʦʛʦʚʦʤ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʣʘʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʚʳʜʝʣʝʥʠʝ ʨʫʜʦʥʦʩʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ï ʚʘʞʥʳʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ [4]; 

5 - ʙʫʜʶʤʢʘʥʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ ï ʚʘʞʥʝʡʰʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ, ʚʝʜʫʱʘʷ 

ʨʫʜʦʚʤʝʱʘʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʃʫʛʦʢʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ. ɿʘʨʦʜʠʚʰʘʷʩʷ ʚ ʨʘʥʥʝʤ ʧʘʣʝʦʟʦʝ 

ʩʪʨʫʢʪʫʨʘ ʩʣʦʞʝʥʘ ʤʠʦʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʤʠ ʤʦʨʩʢʠʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʙʳʩʪʨʠʥʩʢʦʡ ʩʚʠʪʳ, ʦʩʣʦʞʥʝʥʘ ʩʠʩʪʝʤʦʡ ʣʠʥʝʡʥʳʭ ʠ ʙʨʘʭʠʬʦʨʤʥʳʭ ʩʢʣʘʜʦʢ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʧʨʦʪʷʞʝʥʥʦʡ ɻʘʟʠʤʫʨʩʢʦʡ 

ʧʦʜʚʠʞʥʦʡ ʟʦʥʳ, ʛʜʝ ʫʞʝ ʜʝʡʩʪʚʫʝʪ ɹʳʩʪʨʠʥʩʢʠʡ ɻʆʂ ʠ ʛʦʪʦʚʠʪʩʷ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʂʫʣʪʫʤʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʠʧʘ (ʩʢʘʨʥʦʚʦ-ʤʝʜʥʦ-

ʧʦʨʬʠʨʦʚʦʛʦ ʩ ʟʦʣʦʪʦʤ) ʦʨʫʜʝʥʝʥʠʷ; 

6 - ʙʫʜʶʤʢʘʥʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ ʠʤʝʝʪ ʚʠʜ ʫʜʣʠʥʝʥʥʦʡ ʣʠʥʟʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ ʜʣʠʥʦʡ ʙʦʣʝʝ 40 ʢʤ ʧʨʠ ʰʠʨʠʥʝ 10-15 ʢʤ. ʉʠʥʢʣʠʥʦʨʠʡ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʧʦ 

ʨʘʟʣʦʤʥʳʤ ʟʦʥʘʤ (ɺʦʩʪʦʯʥʦ-ɻʘʟʠʤʫʨʩʢʠʡ ʨʘʟʣʦʤ) ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʘʥʪʠʢʣʠʥʦʨʠʝʤ 

ɹʫʜʶʤʢʘʥʩʢʦʛʦ ʭʨʝʙʪʘ. ʇʝʨʚʳʡ ʩʣʦʞʝʥ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʤʠ ʂʫʪʦʤʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʪʦʨʦʡ- 

ʛʘʙʙʨʦ-ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ ʋʥʜʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʤʠ, ʢʘʢ ʧʨʦʷʚʣʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ, 

ʥʝ ʚʳʰʝʜʰʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩʫʥʦʢ 2), ʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ 

ʣʠʥʝʘʤʝʥʪʥʦ-ʧʣʶʤʦʚʘʷ; 

7 - ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʘʥʪʠʢʣʠʥʦʨʠʝʚ ʨʘʟʣʠʯʝʥ. ɼʣʷ 

ɻʘʟʠʤʫʨʩʢʦʛʦ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʝʥ ʨʝʞʠʤ ʩʜʚʠʛʦʚʳʭ ʣʠʥʝʡʥʳʭ ʨʘʟʣʦʤʦʚ ʩʙʨʦʩʦʚʦʛʦ ʠ ʚʟʙʨʦʩʦ-

ʩʜʚʠʛʦʚʦʛʦ ʪʠʧʘ, ʘ ʜʣʷ ɹʫʜʶʤʢʘʥʩʢʦʛʦ ʥʘʨʷʜʫ ʩ ʪʠʧʦʤ ʣʠʥʝʡʥʳʭ ʩʜʚʦʝʥʥʳʭ ʨʘʟʣʦʤʦʚ 

ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʢʦʣʴʮʝʚʳʝ (ʚʠʭʨʝʚʳʝ) ʩʪʨʫʢʪʫʨʳ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʚʟʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ (ʦʙʨʘʟʦʚʘʥʠʝ ʬʣʶʠʜʦʣʠʪʦʚ) ʠ ʜʘʝʢ ʨʘʟʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ; 

8 - ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ɹʫʜʶʤʢʘʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʶʛʦ-ʟʘʧʘʜʥʦʝ 

ʟʘʤʳʢʘʥʠʝ (ʩʫʞʝʥʠʝ), ʛʜʝ ʩʭʦʜʷʪʩʷ ɸʵʤʢʘʥʩʢʘʷ ʛʨʫʧʧʘ ʩʦʧʨʷʞʝʥʥʳʭ ʨʘʟʣʦʤʦʚ ʠ 

ʉʦʣʦʥʝʯʝʥʩʢʘʷ. ʂʦʣʴʮʝʚʳʝ ʞʝ ʨʘʟʣʦʤʳ (ʩʪʨʫʢʪʫʨʳ) ʥʝʨʝʜʢʦ ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠʟʦʤʝʪʨʠʯʥʦʡ ʠʣʠ ʦʚʘʣʦʧʦʜʦʙʥʦʡ ʬʦʨʤʳ, ʧʦʤʠʤʦ ʚʳʜʝʣʝʥʠʷ ʚ 

ʨʝʣʴʝʬʝ. ʂʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ (ʨʦʪʘʮʠʦʥʥʳʭ) 

ʜʚʠʞʝʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ ʤʥʦʛʠʭ ʨʫʜʦʥʦʩʥʳʭ ʧʣʦʱʘʜʷʭ ʥʝ ʪʦʣʴʢʦ 

ɿʘʙʘʡʢʘʣʴʷ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʠ ʟʥʘʯʝʥʠʝ ʨʦʪʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʛʝʦʜʠʥʘʤʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʝʪ ɿʝʤʣʷ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɼʨʫʛʠʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ, ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʩʝʩʪʦʨʦʥʥʝʝ ʩʞʘʪʠʝ ʧʣʶʩ ʩʜʚʠʛ; 

9 - ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʵʥʜʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʨʫʜʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʚʦʩʪʦʯʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʉʝʨʝʙʨʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʜʝ ʧʨʦʷʚʣʝʥ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʵʢʩʧʣʦʟʠʚʥʳʡ ʠ ʢʦʣʴʮʝʚʦʡ ʭʘʨʘʢʪʝʨ ʨʫʜʦʥʦʩʥʳʭ ʠ ʨʫʜʦʚʤʝʱʘʶʱʠʭ 

ʩʪʨʫʢʪʫʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ 

ʨʘʙʦʪ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʫʶ ʟʦʥʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, 
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ʦʛʨʘʥʠʯʝʥʥʫʶ ʉʝʚʝʨʦ-ʉʦʣʦʥʝʯʝʥʩʢʠʤ ʠ ʉʦʣʦʥʝʯʝʥʩʢʠʤ ʨʘʟʣʦʤʘʤʠ, ʟʦʥʫ ʠʭ ʩʦʧʨʷʞʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʰʠʨʠʥʦʡ 1,5-2 ʢʤ. ʃʦʢʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʤ ʫʯʘʩʪʢʦʤ ʩʣʝʜʫʝʪ 

ʦʮʝʥʠʚʘʪʴ ʪʘʢʦʚʦʡ ʚ ʚʝʨʭʦʚʴʝ ʧʘʜʠ ɼʦʨʦʞʥʘʷ, ʛʜʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ 

ʦʯʘʛʦʚʦ-ʢʫʧʦʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʢʦʣʴʮʝʚʳʤʠ ʨʘʟʣʦʤʘʤʠ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ɼʨʫʛʘʷ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʦʯʘʛʦʚʦ-ʢʫʧʦʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʮʝʥʪʨ ʵʥʜʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ʇʨʘʚʳʡ ɸʵʤʢʘʥ ʚ ʚʦʩʪʦʯʥʦʤ ʧʨʦʜʦʣʞʝʥʠʠ ʨʫʜʥʦʛʦ 

ʧʦʣʷ ʉʝʨʝʙʨʷʥʦʝ, ʛʜʝ ʬʠʢʩʠʨʫʶʪʩʷ ʜʘʡʢʠ ʰʘʭʪʘʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʠʜʝ ʧʦʣʦʩʳ 

ʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 3 ʢʤ ʠ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 600 ʤ. ɿʜʝʩʴ ʞʝ ʦʪʤʝʯʘʶʪʩʷ 

ʤʘʣʳʝ ʪʝʣʘ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʰʘʭʪʘʤʠʥʩʢʦʛʦ ʠ ʰʪʦʢʠ ʛʨʘʥʠʪʦʠʜʦʚ ʫʥʜʠʥʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢ ʞʝ ʨʘʟʥʳʝ ʙʨʝʢʯʠʝʚʳʝ ʪʝʣʘ, ʥʝʨʝʜʢʦ ʩ ʪʫʨʤʘʣʠʥʦʚʳʤ ʮʝʤʝʥʪʦʤ (ʜʘʥʥʳʝ 

ʆʆʆ ñɺʦʩʪʦʢʛʝʦʣʦʛʠʷò), ʬʦʨʤʠʨʫʶʱʠʭ ʜʠʘʧʠʨʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʦʜʯʝʨʢʠʚʘʝʤʫʶ 

ʢʦʣʴʮʝʚʳʤʠ ʨʘʟʣʦʤʘʤʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʵʥʜʦʛʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʜʘʣʝʝ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠʨʘʟʣʦʤʥʦʡ ɸʵʤʢʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʛʨʘʙʝʥʦʚʦʛʦ ʪʠʧʘ; 

10 - ʣʫʛʦʢʘʥʩʢʘʷ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʦʪ 

ʧʦʟʜʥʝʛʦ ʜʦʢʝʤʙʨʠʷ ʜʦ ʤʝʣʦʚʦʛʦ ʚʨʝʤʝʥʠ. ʉʠʩʪʝʤʘ ʚʥʫʪʨʝʥʥʝ ʥʝʦʜʥʦʨʦʜʥʘ, ʥʦ ʝʸ ʵʣʝʤʝʥʪʳ 

ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦ (ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷ ʮʝʣʦʩʪʥʦʩʪʴ). ɺʩʧʣʝʩʢʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩ ʦʨʫʜʝʥʝʥʠʝʤ ʧʨʦʷʚʠʣʠʩʴ ʚ ʧʝʨʤʩʢʦʝ ʠ ʶʨʩʢʦʝ ʚʨʝʤʷ, ʥʘʨʷʜʫ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʪʝʢʪʦʥʠʢʠ, ʪ.ʝ. ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʘʛʤʘʪʠʟʤʘ, ʪʝʢʪʦʥʠʢʠ (ʝʜʠʥʦʝ ʪʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ) ʠ ʦʨʫʜʝʥʝʥʠʷ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʢʫʩʢʦʚʘʪʦʩʪʴ(ʙʣʦʢʦʚʦʩʪʴ) 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʧʦ ʄ.ɸ. ʉʘʜʦʚʩʢʦʤʫ 1989); 

11 - ʦʮʝʥʠʚʘʷ ʨʘʟʥʫʶ ʛʣʫʙʠʥʫ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ, ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʫʶ ʠ ʨʫʜʥʫʶ 

ʟʦʥʘʣʴʥʦʩʪʴ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʉʝʨʝʙʨʷʥʦʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʩ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʘʩʩʦʮʠʘʮʠʶ ʟʦʣʦʪʦ-ʭʘʣʴʢʦʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʫʶ, ʧʨʦʷʚʣʝʥʥʫʶ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʃʫʛʦʢʘʥ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʞʝ ʉʦʣʦʥʝʯʝʥʩʢʦʝ, ʛʜʝ ʦʪʤʝʯʝʥʘ 

ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʘʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʘʷ ʠ ʨʪʫʪʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʥʘʜʚʠʛʦʚʦʛʦ ʪʠʧʘ, ʩ ʛʣʫʙʠʥʦʡ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʟʦʣʦʪʦ-ʤʝʜʥʦʝ, ʪʘʢ ʠ Au-Cu-ʧʦʨʬʠʨʦʚʦʝ 

ʦʨʫʜʝʥʝʥʠʝ (ʩ ʫʯʝʪʦʤ ʚʦʣʥʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʫʜʝʥʝʥʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ); 

12 - ʧʝʨʩʧʝʢʪʠʚʳ ɹʫʜʶʤʢʘʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʝʛʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʛʜʝ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʧʣʦʱʘʜʠ ʬʠʢʩʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʦʪ ʙʣʦʢʦʚʳʭ ʢʣʠʥʦʚʠʜʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʜʦʢʝʤʙʨʠʷ ʜʦ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʶʨʩʢʦ-ʤʝʣʦʚʦʛʦ ʚʨʝʤʝʥʠ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʘʛʤʘʪʠʟʤʘ; 

13 - ʶʛʦ-ʚʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ ʧʦ ʦʙʠʣʠʶ, ʤʘʩʰʪʘʙʫ ʠ ʟʥʘʯʠʤʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦʩʣʝ ʩʝʚʝʨʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ. 
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Abstract. We study quartz veins of the southern part of the Undinian quartz-vein zone of the Argun block in the 

Mongolian-Okhotsk folded belt. Based on mineralogical-petrographic and isotopic-geochemical data, three genetic 

types of quartz-vein mineralization are distinguished. The results allow us to conclude about different sources of matter 

for the quartz veins. 
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ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʢʚʘʨʮʘ (ʆʏʂ) ʈʦʩʩʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʷʚʣʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʳʨʴʷ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʚʘʨʮ ʧʝʛʤʘʪʠʪʦʚ ʠ 

ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʛʨʘʥʠʪʦʚ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʢʚʘʨʮ ʠ ʚʳʩʦʢʦʯʠʩʪʳʝ ʭʝʤʦʛʝʥʥʳʝ ʢʚʘʨʮʠʪʳ, 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ɺʦʩʪʦʯʥʦʩʠʙʠʨʩʢʦʤ ʠ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʩʝʛʤʝʥʪʘʭ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʛʝʥʝʟʠʩʘ ʚʳʩʦʢʦʯʠʩʪʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ ʦʯʝʥʴ ʚʘʞʥʦ 

ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʠʥʝʨʘʛʝʥʠʠ 

ʢʚʘʨʮʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʢʚʘʨʮʘ, ʢʘʢ ʚ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʦʤ ʋʨʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ, ʪʘʢ ʠ ʚ ʇʨʠʙʘʡʢʘʣʴʝ, ʪʷʛʦʪʝʶʪ ʢ ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʩʪʨʫʢʪʫʨʘʤ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʠʩʪʳʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʢʚʘʨʮʳ. ʆʜʥʘʢʦ ʦʪʢʨʳʪʳʝ ʚ ʢʦʥʮʝ ʍʍ 

ʚʝʢʘ çʩʫʧʝʨʢʚʘʨʮʠʪʳè ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ ʠ ʟʘʨʫʙʝʞʥʳʝ ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʚʘʨʮʝʚʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ ʠʟ ʢʚʘʨʮʘ ʘʣʷʩʢʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ, ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ ʠ ʢʚʘʨʮʠʪʦʚ, ʨʘʟʚʠʪʳʭ ʚ 

ʧʦʜʦʙʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʦʠʩʢʦʚ ʥʘ ʥʦʚʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ.  

ʇʨʦʙʳ ʢʚʘʨʮʘ ʋʥʜʠʥʩʢʦʡ ʢʚʘʨʮʝʚʦʞʠʣʴʥʦʡ ʟʦʥʳ [8] ɸʨʛʫʥʩʢʦʛʦ ʙʣʦʢʘ ʄʦʥʛʦʣʦ-

ʆʭʦʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ʞʠʣ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜʘʭ ʪʘʣʘʥʛʫʡʩʢʦʡ ʩʚʠʪʳ (ʪʘʣʘʥʛʫʡʩʢʠʡ ʫʯʘʩʪʦʢ) ʠ ʛʨʘʥʠʪʦʠʜʘʭ ʙʦʨʱʦʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(ʙʦʨʱʦʚʦʯʥʳʡ ʫʯʘʩʪʦʢ) [6]. ʀʟʫʯʝʥʥʳʡ ʢʚʘʨʮ ʞʠʣ ʙʦʨʱʦʚʦʯʥʦʛʦ ʠ ʪʘʣʘʥʛʫʡʩʢʦʛʦ ʫʯʘʩʪʢʦʚ 

ʧʦ ʦʙʣʠʢʫ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʣʠʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ. 

ʄʦʱʥʦʩʪʴ ʦʧʨʦʙʦʚʘʥʥʳʭ ʞʠʣ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,5 ʜʦ 8 ʤʝʪʨʦʚ ʧʨʠ ʜʣʠʥʝ ʚ ʩʨʝʜʥʝʤ 25 ʤʝʪʨʦʚ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʙʣʶʜʘʝʤʘʷ ʜʣʠʥʳ ʞʠʣʳ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 100 ʤʝʪʨʦʚ. 

ʂʚʘʨʮ ʪʘʣʘʥʛʫʡʩʢʦʛʦ ʫʯʘʩʪʢʘ ʠʤʝʝʪ ʮʚʝʪ ʦʪ ʙʝʣʦʛʦ ʜʦ ʩʝʨʦʛʦ, ʩ ʨʦʟʦʚʳʤ ʦʪʪʝʥʢʦʤ, ʠʥʦʛʜʘ 

ʜʦ ʩʚʝʪʣʦ-ʚʠʰʥʝʚʦʛʦ, ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʘʭʘʨʦʚʠʜʥʳʡ, ʯʘʩʪʦ ʩʣʠʚʥʦʡ, 

ʦʞʝʣʝʟʥʝʥ ʧʦ ʢʘʚʝʨʥʘʤ ʠ ʪʨʝʱʠʥʘʤ. ʂʚʘʨʮ ʙʦʨʱʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʨʳʡ 

ʜʦ ʙʝʣʦʛʦ, ʟʘʯʘʩʪʫʶ ʩʣʠʚʥʦʡ ʩ ʚʠʜʠʤʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ʂʚʘʨʮ ʧʨʦʙʳ 1583 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʨʳʡ, ʩʨʝʜʥʝ- ʜʦ ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʛʦ, ʩʣʠʚʥʦʡ, ʟʘʤʫʪʥʝʥʥʳʡ, ʠʥʦʛʜʘ 
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ʧʨʦʟʨʘʯʥʳʡ, ʦʞʝʣʝʟʥʝʥ ʧʦ ʪʨʝʱʠʥʘʤ ʠ ʧʦʚʝʨʭʥʦʩʪʷʤ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ 

ʧʨʦʙʳ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʚ ʥʝʤ ʥʘʙʣʶʜʘʶʪʩʷ ʫʜʣʠʥʝʥʥʳʝ ʜʦ 6 ʤʤ, ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʝ 

ʧʦʨʬʠʨʦʙʣʘʩʪʳ ʢʚʘʨʮʘ.  

ʂʚʘʨʮ ʪʘʣʘʥʛʫʡʩʢʦʛʦ ʫʯʘʩʪʢʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʡ ʦʪ ʤʝʣʢʦ- ʜʦ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ, ʟʘʯʘʩʪʫʶ ʛʨʘʥʫʣʠʨʦʚʘʥ. ɿʝʨʥʘ ʢʚʘʨʮʘ ʢʘʢ ʚ ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʤ, ʪʘʢ ʠ ʚ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʤ ʘʛʨʝʛʘʪʘʭ ʯʘʩʪʦ ʚʳʪʷʥʫʪʳ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʙʣʦʢʠ-ʟʝʨʥʘ, ʩʣʦʞʝʥʥʳʝ ʨʝʣʠʢʪʘʤʠ ʙʦʣʝʝ ʤʝʣʢʠʭ ʟʝʨʝʥ ʢʚʘʨʮʘ. ɺʜʦʣʴ ʫʜʣʠʥʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ ʬʦʨʤʠʨʫʶʪʩʷ ʪʦʥʢʠʝ ʠʛʦʣʦʯʢʠ ʤʫʩʢʦʚʠʪʘ. ʄʝʣʢʠʝ ʟʝʨʥʘ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʘʙʦʚʦʣʥʠʩʪʳʤ ʧʦʛʘʩʘʥʠʝʤ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ 

ʟʝʨʥʘ (ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ) ʟʘʯʘʩʪʫʶ ʠʤʝʶʪ ʙʣʦʯʥʦ-ʚʦʣʥʠʩʪʦʝ ʧʦʛʘʩʘʥʠʝ. ɻʨʘʥʠʮʳ 

ʟʝʨʝʥ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʦʣʝʝ ʨʦʚʥʳʝ, ʘ ʫ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʠʟʚʠʣʠʩʪʳʝ, ʩʪʫʧʝʥʯʘʪʳʝ. ʀʥʦʛʜʘ ʦʪʤʝʯʘʶʪʩʷ ʩʝʢʫʱʠʝ ʩʣʘʙʦʠʟʚʠʣʠʩʪʳʝ ʪʦʥʢʠʝ (ʜʦ ʜʝʩʷʪʳʭ 

ʜʦʣʝʡ ʤʤ) ʧʨʦʞʠʣʢʠ, ʩʣʦʞʝʥʥʳʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʢʚʘʨʮʝʤ ʩ ʧʨʠʤʝʩʴʶ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʤʫʩʢʦʚʠʪʘ, ʘ ʪʘʢʞʝ ʛʸʪʠʪʘ. ʂʚʘʨʮ ʚ ʧʨʦʞʠʣʢʘʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʦʤʝʪʨʠʯʥʳʡ, 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʩ ʨʦʚʥʳʤ, ʩʣʘʙʦʚʦʣʥʠʩʪʳʤ, ʦʙʣʘʯʥʳʤ ʧʦʛʘʩʘʥʠʝʤ. 

ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʢʚʘʨʮʘ ʙʦʨʱʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʚ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʤ ʢʘʪʘʢʣʘʟʝ ʠ 

ʤʠʣʦʥʠʪʠʟʘʮʠʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʙʳ ʵʪʦʡ ʟʦʥʳ ʨʘʟʙʠʪʳ ʥʝʩʢʦʣʴʢʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʠ ʚʝʪʚʷʱʠʭʩʷ ʪʨʝʱʠʥ. ʂʚʘʨʮ ʙʦʨʱʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦ ʨʘʟʤʝʨʫ ʟʝʨʝʥ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ: 1. ʂʨʫʧʥʦʟʝʨʥʠʩʪʳʡ. 2. ʊʦʥʢʦʟʝʨʥʠʩʪʳʡ. ʇʨʠ ʵʪʦʤ ʚʪʦʨʦʡ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʠʪʩʷ ʥʘ ʠʩʭʦʜʥʳʡ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ.  

ʂʨʫʧʥʦʟʝʨʥʠʩʪʳʡ ʢʚʘʨʮ ʙʦʨʱʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʡ ʦʪ ʩʨʝʜʥʝ- ʜʦ ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʛʦ ʙʝʟ ʚʠʜʠʤʳʭ ʢʨʫʧʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. ɿʝʨʥʘ ʢʚʘʨʮʘ ʢʘʢ ʚ ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʤ, ʪʘʢ ʠ ʚ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʤ 

ʘʛʨʝʛʘʪʘʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʦʤʝʪʨʠʯʥʳʝ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʳʤʠ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʙʣʦʢʠ-ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʤʤ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʙʣʦʢʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʛʨʝʛʘʪ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʦʨʚʘʥʥʳʭ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʟʝʨʝʥ ʧʦ 

ʩʠʩʪʝʤʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʠ ʠʟʛʠʙʘʶʱʠʭʩʷ ʪʨʝʱʠʥ. ʆʜʥʘ ʯʘʩʪʴ ʙʣʦʢʘ ʩʣʦʞʝʥʘ 

ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʤʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʘ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ ʩʫʙʟʝʨʝʥ ʨʘʟʜʝʣʝʥʥʳʭ ʧʦ 

ʦʧʝʨʷʶʱʠʤ ʪʨʝʱʠʥʘʤ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʩʣʦʞʝʥʘ ʩʠʣʴʥʦ ʫʜʣʠʥʝʥʥʳʤʠ ʣʠʥʟʦʚʠʜʥʳʤʠ 

ʢʚʘʨʮʝʚʳʤʠ ʪʝʣʘʤʠ ʩ ʚʦʣʥʠʩʪʦ-ʙʣʦʢʦʚʳʤ ʧʦʛʘʩʘʥʠʝʤ. ʊʨʝʪʴʷ ʯʘʩʪʴ ʟʝʨʥʘ ʩʣʦʞʝʥʘ ʩʨʝʜʥʝ-

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʢʚʘʨʮʝʤ ʩ ʙʣʦʢʦʚʦ-ʚʦʣʥʠʩʪʳʤ ʠʣʠ ʙʣʦʢʦʚʦ-ʦʙʣʘʯʥʳʤ ʧʦʛʘʩʘʥʠʝʤ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʨʝʱʠʥʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʵʪʠʭ ʢʚʘʨʮʘʭ, ʨʘʩʩʝʢʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʝ 

ʪʠʧʳ ʢʚʘʨʮʝʚʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʩʣʦʞʝʥʳ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʠ ʤʠʣʦʥʠʪʠʟʠʨʦʚʘʥʥʳʤ ʠ 

ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʤ. ɸʫʪʠʛʝʥʥʳʝ ʟʝʨʥʳʰʢʠ ʢʚʘʨʮʘ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʨʦʚʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʠ ʧʦʛʘʩʘʥʠʝʤ. ʆʙʣʦʤʢʠ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ ʤʦʛʫʪ 

ʠʤʝʪʴ ʬʦʨʤʫ ʦʪ ʠʟʦʤʝʪʨʠʯʥʦʡ ʠ ʜʘʞʝ ʦʢʨʫʛʣʦʡ ʜʦ ʪʨʝʫʛʦʣʴʥʦʡ ʠ ʫʜʣʠʥʝʥʥʦʡ. ʂʨʦʤʝ ʢʚʘʨʮʘ 

ʧʦ ʪʨʝʱʠʥʘʤ ʨʘʟʚʠʚʘʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʧʦ ʨʘʟʤʝʨʫ ʠʛʦʣʦʯʝʢ 

ʩʚʝʪʣʦʡ ʩʣʶʜʳ (ʠʥʦʛʜʘ ʜʦ 3-0,5 ʤʤ), ʛʸʪʠʪʘ, ʪʫʨʤʘʣʠʥʘ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʧʨʦʙʘʭ ʟʝʨʥʘ ʪʫʨʤʘʣʠʥʘ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪ 0,05ʭ0,009 ʜʦ 0,2ʭ0,09 ʤʤ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʦ 

ʪʨʝʱʠʥʘʤ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʜʦ 5 % ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʘ. ɿʝʨʥʘ ʪʫʨʤʘʣʠʥʘ ʢʘʢ ʧʨʘʚʠʣʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚʜʦʣʴ ʪʨʝʱʠʥ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʝʯʝʥʳ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ. ɺ 

ʟʦʥʘʭ ʢʘʪʘʢʣʘʟʘ ʟʝʨʥʘ ʪʫʨʤʘʣʠʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʥʝ ʠʤʝʶʪ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʣʢʠʝ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʢʚʘʨʮʝʚʳʝ ʟʝʨʥʘ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʩʢʣʘʜʳʚʘʶʪ ʦʪʚʝʪʚʣʷʶʱʠʝʩʷ, 

ʧʝʨʦʚʠʜʥʳʝ ʟʦʥʳ ʪʨʝʱʠʥ, ʩʣʦʞʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤ ʢʚʘʨʮʝʤ. 

ʇʨʦʙʳ 1580 ʠ 1583 ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʨʦʙ ʠ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʠʤʝʶʪ 

ʥʝʩʢʦʣʴʢʦ ʠʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʐʣʠʬ 1580 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ʞʠʣʴʥʳʡ 

ʢʚʘʨʮ ʩʣʦʠʩʪʦʡ ʪʝʢʩʪʫʨʳ. ʄʝʣʢʠʝ ʟʝʨʥʘ (0,05-0,1 ʤʤ) ʦʙʨʘʟʫʶʪ ʨʘʩʩʝʯʝʥʥʳʡ ʪʦʥʢʠʤʠ 

ʪʨʝʱʠʥʘʤʠ ʘʛʨʝʛʘʪ ʚʳʪʷʥʫʪʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʩʣʦʠʩʪʦʩʪʠ ʠʥʜʠʚʠʜʦʚ. ʊʨʝʱʠʥʳ ʟʘʧʦʣʥʝʥʳ 

ʤʠʣʦʥʠʪʠʟʠʨʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʧʦʟʜʥʠʤ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ ʢʚʘʨʮʝʤ. ʂʚʘʨʮ ʧʨʦʙʳ 

ʩʦʜʝʨʞʠʪ ʢʨʘʡʥʝ ʨʝʜʢʠʝ ʠ ʦʯʝʥʴ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʏʘʩʪʴ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʢʨʠʩʪʘʣʣʦʚ (0,1-0,3 ʤʤ) ʚʝʨʦʷʪʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 



85 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʝʨʥʘ ʢʚʘʨʮ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ. ʊʘʢʦʡ ʢʚʘʨʮ ʟʘʥʠʤʘʝʪ 

ʥʝ ʙʦʣʝʝ 10 % ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʘ.  

ɺ ʰʣʠʬʝ 1583 ʢʦʣʠʯʝʩʪʚʦ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʩʣʦʠʩʪʦʡ ʪʝʢʩʪʫʨʳ 

ʘʥʘʣʦʛʠʯʥʦʡ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʜʣʷ ʰʣʠʬʘ 1580 ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 30 %. ʉʨʝʜʥʝ-

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʘ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ 

ʣʠʥʟʦʚʠʜʥʳʭ ʘʛʨʝʛʘʪʦʚ ʢʚʘʨʮ ʧʨʝʦʙʣʘʜʘʝʪ. ʇʦʛʘʩʘʥʠʝ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʚʦʣʥʠʩʪʦʝ, ʙʣʦʯʥʦʝ. 

ɺʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʚʘʨʮʘ ʩʝʢʫʪʩʷ ʪʦʥʢʠʤʠ (ʜʦ 0,3-0,5 ʤʤ) ʧʨʦʩʝʯʢʘʤʠ ʧʦʟʜʥʝʡ ʛʝʥʝʨʘʮʠʠ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʋʥʜʠʥʩʢʦʡ ʟʦʥʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʪʥʝʩʪʠ ʠʭ ʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤʫ ʪʠʧʫ, ʥʦ ʩ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʚʝʱʝʩʪʚʘ. ɾʠʣʳ ʪʘʣʘʥʛʫʡʩʢʦʡ ʟʦʥʳ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [13] ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ 

ʧʦʣʝ ʨʦʟʦʚʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʢʚʘʨʮʘ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [9] ʵʪʘ ʯʘʩʪʴ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʦʥʝ ʢʚʘʨʮʘ ʠʟ ʧʝʛʤʘʪʠʪʦʚ, ʥʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʘʚʪʦʨ ʚ ʵʪʦ ʧʦʣʝ ʧʦʤʝʩʪʠʣ ʢʚʘʨʮʳ ʠʟ 

ʧʝʛʤʘʪʠʪʦʚ ʅʦʨʚʝʛʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ [12] ʪ.ʝ. 

ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʳʝ. ʀʟʫʯʘʝʤʳʝ ʢʚʘʨʮʠʪʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ (ʦʩʦʙʝʥʥʦ ʪʘʣʘʥʛʫʡʩʢʠʝ) 

ʧʦʜʚʝʨʛʣʠʩʴ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʠʭ ʩʦʩʪʘʚʳ ʤʦʛʣʠ ʤʠʛʨʠʨʦʚʘʪʴ ʚ ʟʦʥʫ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʡ 

ʵʣʝʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʫʪʦʯʥʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʧʨʠʤʝʩʷʤ ʤʦʛʫʪ ʧʝʨʝʚʝʩʪʠ 

ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʫʥʜʠʥʩʢʦʡ ʟʦʥʳ ʚ ʟʦʥʫ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʅʝʦʙʭʦʜʠʤʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʚʳʩʦʢʦʧʨʝʮʠʟʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʚʦʧʨʦʩ ʛʝʥʝʟʠʩʘ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥ ʦʜʥʦʟʥʘʯʥʦ. 

ʅʘ ʚʦʟʤʦʞʥʫʶ ʩʚʷʟʴ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʝʛʤʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʪʘʣʘʥʛʫʡʩʢʠʭ ʢʚʘʨʮʝʚ 

ʫʢʘʟʳʚʘʶʪ ʥʠʟʢʠʝ ʠʟʦʪʦʧʥʳʝ ʤʝʪʢʠ ʵʪʠʭ ʧʦʨʦʜ (8,8-9,3ă d
18
ʆ), ʥʦ ʢ ʵʪʦʤʫ ʞʝ ʜʠʘʧʘʟʦʥʫ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʩʨʝʜʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʷʚʣʷʶʱʠʝʩʷ ʚʤʝʱʘʶʱʠʤʠ ʜʣʷ ʵʪʠʭ ʞʠʣ ʠ, 

ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʚʝʱʝʩʪʚʘ ʜʣʷ ʥʠʭ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ 

ʪʘʣʘʥʛʫʡʩʢʦʡ ʩʚʠʪʳ ʩʣʦʞʝʥʘ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʩʨʝʜʥʝʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ [6].  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʚʘʨʮʝʚʳʭ ʞʠʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʩʧʳʪʳʚʘʚʰʠʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ, 

ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʈɿʕ) ʢʦʪʦʨʳʝ ʥʘʩʣʝʜʫʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʪʦʣʠʪʘ ʠ ʬʠʢʩʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʥʘʣʦʞʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ [5]. ʊʠʧʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʷʚʣʷʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʣʝʛʢʠʭ ʈɿʕ ʥʘʜ ʪʷʞʝʣʳʤʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʨʦʚʥʦʝ, ʠʣʠ ʩ 

ʥʝʙʦʣʴʰʠʤ ʥʘʢʣʦʥʦʤ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʷʞʝʣʳʭ ʈɿʕ, ʢʘʢ ʧʨʘʚʠʣʦ ʚʳʨʘʞʝʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʝʚʨʦʧʠʝʚʳʡ ʤʠʥʠʤʫʤ, ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʥʝ ʚʳʨʘʞʝʥʥʳʤ, ʣʠʙʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ [5, 7]. ʇʦʭʦʞʫʶ ʢʘʨʪʠʥʫ ʦʧʠʩʳʚʘʶʪ [10] ʜʣʷ ʚʳʩʦʢʦʯʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ 

ʧʝʩʢʦʚ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʝʱʝʩʪʚʘ.  

ʅʘ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʪʘʣʘʥʛʫʡʩʢʦʛʦ ʫʯʘʩʪʢʘ ʩ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʫʢʘʟʳʚʘʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʨʝʜʥʠʭ ʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʧʦʥʠʞʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 

ʈɿʕ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʈʕ). ʂʨʦʤʝ ʪʦʛʦ, ʭʦʪʴ ʠ ʩʣʘʙʦ, ʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʮʝʨʠʝʚʳʡ ʤʠʥʠʤʫʤ ʠ 

ʧʦʷʚʣʷʝʪʩʷ ʝʚʨʦʧʠʝʚʳʡ. ʅʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ (ʚ ʩʨʝʜʥʝʤ 400 ppm ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʦʪ 90 ʜʦ 

833 ppm) ʥʦʨʤʠʨʫʝʤʳʭ ʜʣʷ ʚʳʩʦʢʦʯʠʩʪʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʚʘʨʮʘ Al, Ti, Fe, Mn, Mg, Ca, Na, 

K, Cu, Li , B ʠ P ʚ ʚʘʣʦʚʳʭ ʧʨʦʙʘʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʥʦʢʚʘʨʮʝʚʳʡ ʩʦʩʪʘʚ 

ʞʠʣ ʪʘʣʘʥʛʫʡʩʢʦʛʦ ʫʯʘʩʪʢʘ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʚʳʰʝʥʠʷ Mg ʠ Ca ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʘʭ, ʚʝʨʦʷʪʥʦ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʧʨʦʞʠʣʢʦʚ, 

ʘ ʥʘʨʷʜʫ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩʬʦʨʘ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʠʜʝ 

ʘʧʘʪʠʪʘ. ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʚʘʨʮʝ ʪʘʣʘʥʛʫʡʩʢʦʛʦ 

ʫʯʘʩʪʢʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤʠ ʢʘʨʝʣʴʩʢʠʤʠ [7] ʠ ʫʨʘʣʴʩʢʠʤʠ [5] ʢʚʘʨʮʘʤʠ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʛʝʥʝʟʠʩ ʠ ʩʚʷʟʴ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ɺʳʨʘʞʝʥʥʳʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ Be, Li  ʠ Sn, ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʵʪʠʭ ʠ ʦʩʪʘʣʴʥʳʭ ʨʝʜʢʠʭ 

ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [7] ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤ 

ʧʨʦʪʦʣʠʪʦʤ. 

ɼʣʷ ʞʠʣ ʙʦʨʱʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʠʩʪʦʯʥʠʢʘʤʠ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʨʦʜʳ ʨʘʟʥʳʭ ʬʘʟ ʠ 

ʧʨʦʪʦʣʠʪʦʚ ʛʨʘʥʠʪʦʠʜʦʚ ʙʦʨʱʦʚʦʯʥʦʛʦ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [6]. ɺ ʩʦʩʪʘʚʝ ʧʝʨʚʦʡ ʬʘʟʳ 

ʢʦʤʧʣʝʢʩʘ ʦʧʠʩʘʥʳ ʛʥʝʡʩʦʚʠʜʥʳʝ ʛʨʘʥʠʪʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʛʨʘʥʦʩʠʝʥʠʪʳ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʦʪʤʝʯʘʝʪʩʷ ʥʘʩʳʱʝʥʥʦʩʪʴ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ ʩʢʠʘʣʠʪʘʤʠ ʠ ʢʩʝʥʦʣʠʪʘʤʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʩʣʘʥʮʝʚ ʠ ʛʥʝʡʩʦʚ, ʨʝʞʝ ʘʤʬʠʙʦʣʠʪʦʚ, ʢʚʘʨʮʠʪʦʚ ʠ ʤʨʘʤʦʨʦʚ ʚʝʣʠʯʠʥʦʡ ʦʪ ʜʦʣʝʡ ʤʝʪʨʘ ʜʦ 

ʩʦʪʝʥ ʤʝʪʨʦʚ ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʦʪ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʜʦ ʤʥʦʛʠʭ ʢʠʣʦʤʝʪʨʦʚ ʚ ʜʣʠʥʫ. ʀʥʦʛʜʘ 

ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʣʠʢʪʦʚʳʝ ʚʢʣʶʯʝʥʠʷ ʧʣʘʛʠʦʛʥʝʡʩʦʚ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʧʣʘʛʠʦʢʣʘʟʠʪʦʚ, ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʠ ʛʨʘʥʠʪʦʛʥʝʡʩʦʚ. ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʛʨʘʥʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ ʦʪʥʦʩʠʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʨʪʦʢʣʘʟʘ ʥʘʜ ʧʣʘʛʠʦʢʣʘʟʦʤ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʙʠʦʪʠʪʘ, ʧʦʟʜʥʝʛʦ ʘʣʴʙʠʪ-ʦʣʠʛʦʢʣʘʟʘ, ʧʦʚʳʰʝʥʥʘʷ 

ʤʦʥʘʮʠʪʦʥʦʩʥʦʩʪʴ, ʨʘʟʚʠʪʠʝ ʤʫʩʢʦʚʠʪʘ, ʪʫʨʤʘʣʠʥʘ, ʘʧʘʪʠʪʘ, ʬʣʶʦʨʠʪʘ [6]. ʊʘʢʦʡ ʧʝʩʪʨʳʡ 

ʩʦʩʪʘʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʞʠʣ 

ʨʘʟʣʠʯʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʏʘʩʪʴ ʞʠʣ ʙʦʨʱʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ, ʭʦʪʷ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʣʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʢʚʘʨʮʘ, 

ʥʦ ʥʝʩʢʦʣʴʢʦ ʩʜʚʠʛʘʶʪʩʷ ʚ ʟʦʥʫ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʪʠʧʘ, ʚʦʟʤʦʞʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʯʘʩʪʠʯʥʦʡ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʚʘʨʮʘ. ʊʨʠ ʧʨʦʙʳ (1584-1586) ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʦʛʘʱʝʥʥʦʩʪʠ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʫʨʤʘʣʠʥʦʤ ʠ ʤʫʩʢʦʚʠʪʦʤ), ʥʘʦʙʦʨʦʪ, 

ʪʷʛʦʪʝʶʪ ʢ ʟʦʥʝ ʢʚʘʨʮʘ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ. ɽʱʝ ʜʚʝ ʧʨʦʙʳ 1580 ʠ 1583 ʦʪʦʙʨʘʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ 

ʙʦʨʱʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʤ ʢʚʘʨʮʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ, ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʙʦʨʱʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

1) ʤʘʛʤʘʪʦʛʝʥʥʳʡ (ʙʦʨʱʦʚʦʯʥʳʡ ʠ ʙʦʨʱʦʚʦʯʥʳʡ ʩ ʪʫʨʤʘʣʠʥʦʤ) ʠ 2) ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʡ 

(ʧʨʦʙʳ 1580 ʠ 1583). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʜʦʙʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʝ ʠʩʢʣʶʯʘʝʪ ʢʦʥʪʘʤʠʥʘʮʠʶ 

ʚʝʱʝʩʪʚʘ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʞʠʣ.  

ʄʘʛʤʘʪʦʛʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʚʝʱʝʩʪʚʘ ʜʣʷ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʙʦʨʱʦʚʦʯʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʢʠʩʣʳʭ ʧʦʨʦʜ ʤʝʪʢʘʤʠ ʪʷʞʝʣʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

d
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ʆ ʨʘʚʥʦ 10,9 ă). ɻʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚʳʜʝʣʝʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʩʪʘʣʠ ʧʦʚʳʰʝʥʥʳʝ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩʦʜʝʨʞʘʥʠʷ ʨʷʜʘ ʥʝʢʦʛʝʨʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʧʦʟʜʥʠʭ ʢʠʩʣʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʪʦʚ ʛʨʘʥʠʪʦʚ [1], ʪʘʢʠʭ ʢʘʢ Be, ʂ, Rb, Cs, Sr, Pb ʠ Sn. ʕʪʦʪ ʪʨʝʥʜ ʙʦʣʝʝ ʚʳʨʘʞʝʥ 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʢʨʫʧʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʪʫʨʤʘʣʠʥʘ ʠ ʩʣʶʜ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʣʠʪʠʡʩʦʜʝʨʞʘʱʠʭ. 

ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ (ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 3000 ppm) ʩʦʜʝʨʞʘʥʠʝ ʥʦʨʤʠʨʫʝʤʳʭ Al, Ti, Fe, Mn, 

Mg, Ca, Na, K, Cu, Li , B ʠ P ʚ ʚʘʣʦʚʳʭ ʧʨʦʙʘʭ ʛʦʚʦʨʠʪ ʥʝ ʪʦʣʴʢʦ ʦ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ. ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Ga ʠ Ge ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ. 

ɼʣʷ ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ ʩ ʚʳʨʘʞʝʥʥʳʤʠ 

ʮʝʨʠʝʚʳʤ ʠ ʝʚʨʦʧʠʝʚʳʤ ʤʠʥʠʤʫʤʘʤʠ [2, 3] ʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʠʥʪʝʨʚʘʣʦʤ d
18
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ʜʦ 15ă [4, 11]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʛʤʘʪʦʛʝʥʥʳʤ ʢʚʘʨʮʝʤ ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʨʮʘ 

ʧʨʦʙʳ 1583 ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʤʝʪʢʫ d
18
ʆ ʨʘʚʥʫʶ 13,2 ă. ɸ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʈɿʕ 

ʧʨʦʙʳ 1580 ʠ 1583 ʧʦʢʘʟʘʣʠ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʤ 

ʩ ʫʢʨʫʧʥʝʥʠʝʤ ʟʝʨʥʘ ʢʚʘʨʮʝ ʧʨʦʙʳ 1583 ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʪʷʞʝʣʳʭ ʈɿʕ 

ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʣʝʛʢʠʭ. ʉʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʨʝʜʢʠʭ ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʦʪ ʧʨʦʙʳ 1580 ʢ ʧʨʦʙʝ 1583 ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. ʉʦʧʦʩʪʘʚʣʷʷ ʜʘʥʥʳʝ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʳʥʦʩʝ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʥʝʚʠʜʠʤʳʭ ʧʨʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʤʥʦʮʚʝʪʥʳʭ ʠ, ʚʦʟʤʦʞʥʦ, ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ-ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʪʷʞʝʣʦʡ ʯʘʩʪʠ ʈɿʕ.  

ɺʳʚʦʜʳ 

ʀʩʪʦʯʥʠʢʘʤʠ ʚʝʱʝʩʪʚʘ ʜʣʷ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʷʚʣʷʣʠʩʴ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʠʩʣʳʝ ʧʦʨʦʜʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʪʫʨʤʘʣʠʥʩʦʜʝʨʞʘʱʠʝ, ʠ ʢʚʘʨʮʠʪʳ ʜʣʷ ʙʦʨʱʦʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʝ ʩʨʝʜʥʝʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʦʚ ʜʣʷ ʪʘʣʘʥʛʫʡʩʢʦʛʦ. ɺ ʧʨʦʮʝʩʩʝ ʩʠʥ- ʠʣʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʠʩʧʳʪʘʣʠ ʢʘʪʘʢʣʘʟ, 

ʤʠʣʦʥʠʪʠʟʘʮʠʶ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ʂʚʘʨʮʝʚʳʝ ʞʠʣʳ ʪʘʣʘʥʛʫʡʩʢʦʛʦ ʫʯʘʩʪʢʘ ʩʦʜʝʨʞʘʪ 

ʧʨʠʤʝʩʝʡ ʤʝʥʴʰʝ, ʯʝʤ ʞʠʣʳ ʙʦʨʱʦʚʦʯʥʦʛʦ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʚʳʧʣʘʚʢʠ 

ʦʧʪʠʯʝʩʢʠʭ ʩʪʝʢʦʣ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʨʘʟʣʠʯʠʷ ʚ ʵʣʝʤʝʥʪʥʳʭ ʩʦʩʪʘʚʘʭ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ 



87 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʫʢʨʫʧʥʝʥʠʝʤ ʟʝʨʥʘ ʠ ʩʦʢʨʘʱʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʱʠʥ ʠ ʤʝʞʟʝʨʥʦʚʳʭ 
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ɸʥʥʦʪʘʮʠʷ. ɺʧʝʨʚʳʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʞʠʣʳ 

ɾʝʥʝʚʩʢʦʡ ɼʘʨʘʩʫʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʠ ʚʤʝʱʘʶʱʠʭ ʝʸ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ʈʫʜʳ ʩʦʩʪʦʷʪ ʠʟ ʩʫʣʴʬʠʜʦʚ 

(ʜʦ 30-80%), ʪʝʣʣʫʨʠʜʦʚ, ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʩʫʣʴʬʦʩʦʣʝʡ, ʘʩʩʦʮʠʠʨʫʶʱʭ ʩ ʢʚʘʨʮʝʤ, ʩʠʜʝʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ ʠ 

ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʇʦʢʘʟʘʥʳ ʬʦʨʤʳ ʚʳʜʝʣʝʥʠʷ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʟʦʣʦʪʘ, ʩʫʣʴʬʠʜʦʚ ʠ ʤʠʥʝʨʘʣʦʚ ʪʝʣʣʫʨʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʜʦʩʪʠʛʘʝʪ 500 ʛ/ʪ ʠ ʙʦʣʝʝ. ʇʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Au, Ag, Te, As, Bi, Sb, Cu, Pb, Zn 

ʠ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʭ ʚ ʞʠʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ ʧʦʨʷʜʢʠ 

ʙʦʣʴʰʝ, ʯʝʤ ʚʦ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʣʴʬʠʜʳ, ʪʝʣʣʫʨʠʜʳ, ʩʫʣʴʬʦʩʦʣʠ, ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʞʠʣʘ 

ɾʝʥʝʚʩʢʘʷ, ɼʘʨʘʩʫʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʦʣʦʪʘ, ɿʘʙʘʡʢʘʣʴʝ 

 

Geochemical features of the vein of the Geneva and the rocks of the Darasunskoye gold 

deposit containing it (Transbaikalia, Russia) 
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Abstract.  For the first time, data on the mineral composition and geochemical features of the vein of the Geneva 

Darasun gold deposit and the rocks containing it are presented. The ores consist of sulfides (up to 30-80%), tellurides, 

native gold, sulfosols, associated with quartz, siderite, calcite and other minerals. The forms of isolation and 

relationships of gold, sulfides and tellurium minerals are shown. The gold content reaches 500g/t or more. The average 

contents of Au, Ag, Te, As, Bi, Sb, Cu, Pb, Zn and other chemical elements, as well as their interrelations, are given. 

Their concentrations in the vein material are orders of magnitude greater than in the host rocks. 

Keywords: sulfides, tellurides, sulfosalts, average content of chemical elements, Geneva, Darasunskoye gold 

deposit, Transbaikalia. 

 

ɺʚʝʜʝʥʠʝ. ɼʘʨʘʩʫʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʦʣʦʪʘ ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʦʩʝʣʢʝ 

ʛʦʨʦʜʩʢʦʛʦ ʪʠʧʘ ɺʝʨʰʠʥʦ-ɼʘʨʘʩʫʥʩʢʠʡ ʊʫʥʛʦʢʦʯʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. ʆʥʦ 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʨʫʧʥʦʛʦ ɼʘʨʘʩʫʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʠ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ɼʘʨʘʩʫʥ-

ʄʦʛʦʯʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʧʦʷʩʘ ɿʘʙʘʡʢʘʣʴʷ. ʆʥʦ 

ʟʘʥʠʤʘʝʪ ʪʝʨʨʠʪʦʨʠʶ ʦʢʦʣʦ 60 ʢʤ
2
 ʠ ʚʢʣʶʯʘʝʪ ɼʘʨʘʩʫʥʩʢʦʝ, ʊʘʣʘʪʫʡʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʳʝ, 

ʊʝʨʝʤʢʠʥʩʢʦʝ ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʦʝ, ʋʩʪʴ-ʊʝʨʝʤʢʠʥʩʢʦʝ ʩʝʨʝʙʨʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʷʜ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ. ʈʦʩʩʳʧʥʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʙʘʩʩʝʡʥʘ ʨʝʢ ɼʘʨʘʩʫʥ, ɾʘʨʯʘ ʠ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʘ ʩ 

ʩʝʨʝʜʠʥʳ XIX  ʚʝʢʘ. ʋʧʦʤʠʥʘʥʠʷ ʦ ʢʦʨʝʥʥʦʤ ʟʦʣʦʪʦʤ ʦʨʫʜʝʥʝʥʠʠ ʚ ɼʘʨʘʩʫʥʩʢʦʤ ʨʫʜʥʦʤ 

ʨʘʡʦʥʝ ʧʦʷʚʣʷʶʪʩʷ ʩ 1889 ʛʦʜʘ ʠ ʜʘʣʴʥʝʡʰʘʷ ʠʩʪʦʨʠʷ ʦʪʢʨʳʪʠʡ, ʠʟʫʯʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʞʠʣ ʩ 

ʢʦʨʝʥʥʳʤ ʟʦʣʦʪʦʤ ʜʘʥʘ ʚ ʨʘʙʦʪʘʭ [1-3] ʠ ʟʜʝʩʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ.  

ʈʫʜʥʦʝ ʧʦʣʝ ʩʣʦʞʝʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ɼʨʝʚʥʠʡ ʩʫʙʩʪʨʘʪ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʛʘʙʙʨʦʠʜʘʤʠ. ʆʥʠ ʧʨʦʨʚʘʥʳ ʠ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ-ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʠʤʠ, ʜʠʦʨʠʪʘʤʠ, ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ, 

ʛʨʘʥʠʪʘʤʠ, ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ, ʩʠʝʥʠʪʘʤʠ ʘʤʘʥʘʥʩʢʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɹʦʣʴʰʠʥʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʨʫʜʝʥʝʥʠʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ 

ʘʤʫʜʞʠʢʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɼ.ɸ. ʊʠʤʦʬʝʝʚʩʢʠʡ, ʥʘʠʙʦʣʝʝ 

ʦʙʩʪʦʷʪʝʣʴʥʦ ʠʟʫʯʠʚʰʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʦʣʘʛʘʝʪ, ʯʪʦ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʤʘʣʳʤʠ 

ʠʥʪʨʫʟʠʷʤʠ ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ [2]. ɾʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʞʠʣʘ 

ɾʝʥʝʚʩʢʘʷ, ʨʘʟʚʠʪʳʡ ʥʘ ʖʛʦ-ɿʘʧʘʜʥʦʤ ʫʯʘʩʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʠʫʨʦʯʝʥ ʢ ʢʦʥʪʘʢʪʘʤ 

ʢʦʥʪʨʘʩʪʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʦʩʥʦʚʥʳʭ (ʤʝʪʘʛʘʙʙʨʦ) ʠ ʱʝʣʦʯʥʦ-ʢʠʩʣʳʭ (ʛʨʘʥʦʩʠʝʥʠʪʳ) ʧʦʨʦʜ. 

ʕʪʘ ʩʝʨʠʷ ʞʠʣ ʚʢʣʶʯʘʝʪ ʕʧʦʚʩʢʫʶ, ɿʘʧʘʜʥʫʶ, ɸʣʤʘʟʥʫʶ, ɾʝʥʝʚʩʢʫʶ ʠ ʜʨʫʛʠʝ. 

ɾʠʣʘ ɾʝʥʝʚʩʢʘʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 2 ʩʝʥʪʷʙʨʷ 1985 ʛʦʜʘ ʚ ʰʪʨʝʢʝ 1-ʙʠʩ ʧʦ ʞʠʣʝ ʕʧʦʚʩʢʦʡ, 

ʢʦʪʦʨʘʷ ʚʳʢʣʠʥʠʣʘʩʴ. ʊʦʥʢʠʡ ʚʳʭʦʜ ʝʸ ʙʳʣ ʟʘʤʝʯʝʥ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʥʘ ʛʦʨʠʟʦʥʪʝ 617 ʤ ʚ 

ʶʞʥʦʡ ʩʪʝʥʢʝ ʥʘ 165 ʤ ʦʪ ʝʛʦ ʫʩʪʴʷ  (40 ʤ ʦʪ ʟʘʙʦʷ ʚ 16 ʤ ʦʪ ʄʊ-131). ʕʪʦʪ ʚʳʭʦʜ ʝʸ ʠʤʝʣ 
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ʤʦʱʥʦʩʪʴ 2-3 ʩʤ ʠ ʠʤʝʣ ʢʘʣʴʮʠʪ-ʢʚʘʨʮ-ʧʠʨʠʪʦʚʳʡ ʩʦʩʪʘʚ (ʦʙʨʘʟʝʮ 542/30). ʉʦʜʝʨʞʘʥʠʝ ʧʠʨʠʪʘ, 

ʚ ʚʠʜʝ ʢʫʙʠʯʝʩʢʠʭ ʠ ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʥʝʡ ʙʳʣʦ ʦʢʦʣʦ 70%. ɺʤʝʱʘʶʱʘʷ ʧʦʨʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʪʝʥʩʠʚʥʦ ʧʠʨʠʪʠʟʠʨʚʘʥʥʳʤ ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʦʤ, ʧʠʨʠʪ ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʨʠʩʪʘʣʣʘʤʠ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʚʝʣʠʯʠʥʦʡ ʜʦ 0,2-1,0 ʤʤ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʜʦ 15% (ʦʙʨʘʟʝʮ 

542ʘ/30). ɿʜʝʩʴ ʞʝ ʥʘ ʢʦʥʪʘʢʪʝ ʠʥʪʝʥʩʠʚʥʦ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʭ 

ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʤʠʢʨʦʜʠʦʨʠʪʘ ʠ ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʘ ʥʘʭʦʜʠʣʘʩʴ ʪʦʥʢʘʷ ʞʠʣʢʘ ʘʥʢʝʨʠʪ-ʧʠʨʠʪ-

ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ (ʦʙʨʘʟʝʮ 543/30).  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʞʠʣʘ ʕʧʦʚʩʢʘʷ ʙʳʣʘ ʧʦʪʝʨʷʥʘ ʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʠʝ ʜʣʷ 

ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʙʦʪ ʥʘ ʛʦʨʠʟʦʥʪʝ 617 ʤ, ʛʣʘʚʥʦʤʫ ʛʝʦʣʦʛʫ ɼʘʨʘʩʫʥʩʢʦʡ ɻʈʕ ɹ.ʇ. ʊʫʧʠʮʳʥʫ 

ʙʳʣʦ ʜʦʣʦʞʝʥʦ, ʘ ʟʘʪʝʤ 4 ʠʣʠ 5 ʩʝʥʪʷʙʨʷ ʩʦʦʙʱʝʥʦ ʦʙ ʵʪʦʡ ʥʘʭʦʜʢʝ ʥʘ ʟʘʩʝʜʘʥʠʠ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʵʢʩʧʝʜʠʮʠʠ ʠ ʜʘʥʘ ʨʝʢʦʤʝʥʜʘʮʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʭʦʜʢʠ ʛʦʨʥʦʡ 

ʚʳʨʘʙʦʪʢʠ ʜʣʷ ʚʩʢʨʳʪʠʷ ʚʳʷʚʣʝʥʥʦʡ ʞʠʣʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʝʸ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ. ɺ 

ʧʝʨʠʦʜ ʤʝʞʜʫ 17 ʠ 18 ʦʢʪʷʙʨʷ 1985 ʛʦʜʘ ʛʣʘʚʥʳʡ ɹ.ʇ. ʊʫʧʠʮʳʥ ʩʦʦʙʱʠʣ ʦʜʥʦʤʫ ʠʟ ʘʚʪʦʨʦʚ, 

ʯʪʦ ʰʪʨʝʢʦʤ, ʧʨʦʡʜʝʥʥʳʤ ʧʦ ʝʛʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚʩʢʨʳʪʘ ʠ ʧʨʦʩʣʝʞʝʥʘ ʫʞʝ ʥʘ 250 ʤ 

ʟʦʣʦʪʦʥʦʩʥʘʷ ʞʠʣʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 50 ʩʤ ʠ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ.  

22 ʦʢʪʷʙʨʷ 1985 ʛʦʜʘ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʦʩʪʘʚʝ ɻ.ɸ. ʖʨʛʝʥʩʦʥʘ ʠ ʊ.ʅ. ʖʨʛʝʥʩʦʥ 

ʧʨʠʩʪʫʧʠʣʘ ʢ ʝʸ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʦʪʙʦʨʫ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʣʠʥʠʷʤ ʩʝʯʝʥʠʷ, 

ʨʘʩʧʦʣʘʛʘʚʰʠʭʩʷ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 50 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʱʥʦʩʪʠ ʞʠʣʳ, 

ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʦʣʦʞʠʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʇʨʠʚʷʟʢʘ ʠʭ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʪʦʯʝʢ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʙʠʨʢʘʤʠ, ʚʠʩʷʱʠʤʠ ʥʘ ʧʨʦʯʥʳʭ ʥʠʪʷʭ, 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʚ ʢʨʦʚʣʝ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. ʇʦʣʦʞʝʥʠʝ ʠʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʟʚʝʩʪʥʦ. 

ɺ ʢʘʞʜʦʤ ʩʝʯʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʠʩʷʯʝʛʦ ʠʣʠ ʣʝʞʘʯʝʛʦ ʙʦʢʘ ʞʠʣʳ ʚʦ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜʘʭ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʧʦ ʠʥʪʝʨʚʘʣʘʤ ʜʦ 1 ʤ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʞʠʣʦʡ ʯʝʨʝʟ 1 ʤ, ʟʘʪʝʤ ʚ 

ʧʨʝʜʝʣʘʭ ʤʝʪʨʘ ʦʪ ʞʠʣʳ ʯʝʨʝʟ 0,5 ʤ, ʟʘʪʝʤ ʩʣʝʜʫʶʱʠʝ ʧʦʣʤʝʪʨʘ ʯʝʨʝʟ 25 ʩʤ, ʟʘʪʝʤ ʦʪʙʠʨʘʣʩʷ 

ʮʝʣʠʢʦʤ ʠʥʪʝʨʚʘʣ ʧʨʠʢʦʥʪʘʢʪʦʚʦʡ ʯʘʩʪʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʰʠʨʠʥʦʡ 10 ʩʤ. ɿʘʪʝʤ ʞʠʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ ʦʪʙʠʨʘʣʩʷ ʩʧʣʦʰʴ, ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʥʫʤʝʨʦʚʘʣʩʷ ʠ ʥʘ ʥʝʤ ʯʝʨʪʠʣʘʩʴ ʩʪʨʝʣʢʘ 

ʫʢʘʟʳʚʘʶʱʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʙʦʨʘ ʧʦʣʦʞʝʥʠʝ ʚ ʞʠʣʝ. ʇʦ ʤʝʨʝ ʚʳʭʦʜʘ ʠʟ ʞʠʣʳ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʠʟʤʝʥʷʣʠʩʴ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ. ʇʦ ʩʫʪʠ ʜʝʣʘ, ʦʪʙʠʨʘʣʠʩʴ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʨʘʟʮʳ ʞʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʜʝʣʘʣʦʩʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʤʦʞʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʨʦʜʫ ʤʠʥʝʨʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʨʘʩʪʘʥʠʷ ʟʦʥ ʚ 

ʨʫʜʥʦʤ ʪʝʣʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʟʘʨʠʩʦʚʢʠ ʠ ʢʨʘʪʢʠʝ 

ʦʧʠʩʘʥʠʷ ʨʘʟʨʝʟʦʚ, ʘ ʜʝʪʘʣʴʥʳʝ ʦʧʠʩʘʥʠʷ ʚ ʧʦʣʝʚʦʤ ʜʥʝʚʥʠʢʝ ʚʳʧʦʣʥʷʣʠʩʴ ʝʞʝʚʝʯʝʨʥʝ. 

ɺʩʝʛʦ ʟʘ 5 ʜʥʝʡ ʦʧʨʦʙʦʚʘʥʦ 5 ʨʘʟʨʝʟʦʚ ʚ ʰʪʨʝʢʝ ʜʣʠʥʦʡ 250 ʤ ʠ ʦʪʦʙʨʘʥʦ 153 ʦʙʨʘʟʮʘ. 

ʀʟ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʨʦʙʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʘʤʠ. ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʞʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʳʧʦʣʥʝʥʦ ʚ ʰʣʠʬʘʭ ʠ ʘʥʰʣʠʬʘʭ 

ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɿʦʣʦʪʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʟʦʣʦʪʦʤʝʪʨʠʠ ʠ ʧʨʦʙʠʨʥʳʤ ʘʥʘʣʠʟʦʤ. ɺ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ 118 ʦʙʨʘʟʮʘʤ, ʠʟ ʥʠʭ ʞʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ 

50-ʶ ʧʨʦʙʘʤʠ, ʘ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ 68-ʶ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʞʠʣʳ ɾʝʥʝʚʩʢʦʡ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ 

ʢʨʫʧʥʫʶ ʘʧʦʬʠʟʫ ʞʠʣʳ ʕʧʦʚʩʢʦʡ. ʄʦʱʥʦʩʪʴ ʝʸ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,08-0,6 ʤ. ʆʥʘ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʞʠʣʳ ʕʧʦʚʩʢʦʡ, ʦʧʠʩʘʥʥʦʡ ʥʘʤʠ ʨʘʥʝʝ ʚ [3] ʩʣʦʞʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʣʴʬʠʜʦʚ. ɿʦʥʘʣʴʥʦʩʪʴ ʝʸ ʚ ʧʨʠʥʮʠʧʝ ʧʦʭʦʞʘ ʥʘ 

ʪʘʢʦʚʫʶ ʜʨʫʛʠʭ ʞʠʣ. ɺ ʧʨʠʢʦʥʪʘʢʪʦʚʳʭ ʝʸ ʯʘʩʪʷʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʫʣʴʬʠʜʥʘʷ ʦʪʦʨʦʯʢʘ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʝʥʥʘʷ ʧʠʨʠʪʦʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʶʱʘʷ ʩ ʩʠʣʠʢʘʪʘʤʠ 

ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʳ. ʉʣʝʜʫʶʱʘʷ ʟʦʥʘ 

ʩʣʦʞʝʥʘ ʨʘʥʥʠʤʠ ʛʝʥʝʨʘʮʠʷʤʠ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ, ʠʥʦʛʜʘ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʪʫʨʤʘʣʠʥʦʤ. ɿʘʪʝʤ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʦʩʝʚʦʡ ʯʘʩʪʠ ʞʠʣʳ ʩʣʝʜʫʝʪ ʟʦʥʘ, ʦʙʦʛʘʱʝʥʥʘʷ ʭʘʣʴʢʦʧʠʨʠʪʦʤ. ʆʥʘ ʩʤʝʥʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʟʘ ʥʠʤ ʧʦʣʦʩʘʤʠ ʠ ʣʠʥʟʘʤʠ ʧʠʨʠʪʘ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʨʩʝʥʦʧʠʨʠʪʦʤ. ʆʥʠ 



90 

ʩʤʝʥʷʶʪʩʷ ʜʨʫʟʦʚʘʪʳʤ, ʰʝʩʪʦʚʘʪʦ-ʛʨʝʙʝʥʯʘʪʳʤ ʢʚʘʨʮʝʤ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ, ʯʘʱʝ ʚʩʝʛʦ ʚ 

ʜʨʫʟʦʚʳʭ ʧʦʣʦʩʪʷʭ ʠʣʠ ʪʨʝʱʠʥʘʭ ʦʙʨʘʟʫʶʪʩʷ ʧʦʟʜʥʠʝ ʛʝʥʝʨʘʮʠʠ ʩʬʘʣʝʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, 

ʛʘʣʝʥʠʪʘ, ʪʝʥʥʘʥʪʠʪʘ ʠʣʠ ʪʝʪʨʘʵʜʨʠʪʘ, ʟʦʣʦʪʘ, ʯʘʩʪʦ ʨʪʫʪʠʩʪʦʛʦ, ʘʢʘʥʪʠʪʘ, ʣʘʨʦʟʠʪʘ 

(Cu,Ag)21(Pb,Bi)2S13, ʵʢʩʠʤʦʠʪʘ (Ag7Pb10Bi15S36), ʩʘʤʦʨʦʜʥʦʛʦ ʚʠʩʤʫʪʘ, ʩʫʨʴʤʷʥʦ-ʚʠʩʤʫʪʦʚʳʭ 

ʩʫʣʴʬʦʩʦʣʝʡ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʪʝʣʣʫʨʠʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʝʩʩʠʪʦʤ(Ag2Te), 

ʩʫʣʴʬʦʪʝʣʣʫʨʠʜʘʤʠ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʮʫʤʦʠʪ (BiTe), ʭʝʜʣʝʡʠʪ (Bi7Te3), ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ 

(Bi2Te3), ʘʣʝʢʩʠʪ (PbBi2Te2S2). ʆʩʝʚʳʝ ʯʘʩʪʠ ʞʠʣʳ ʚʳʧʦʣʥʝʥʳ ʩʠʜʝʨʠʪʦʤ, ʤʘʥʛʘʥʘʥʢʝʨʠʪʦʤ. 

ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʣʳ ʢʘʣʴʮʠʪʦʤ, ʠʥʦʛʜʘ ʤʘʥʛʘʥʢʘʣʴʮʠʪʦʤ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʬʨʘʛʤʝʥʪʦʚ ʞʠʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʥʘʠʙʦʣʝʝ 

ʤʦʱʥʦʡ ʯʘʩʪʠ ʞʠʣʳ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʜʢʠʝ ʪʝʣʣʫʨʠʜʳ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʞʠʣʳ ʥʘ ʠʥʪʝʨʚʘʣʝ 12-22 ʩʤ ʦʪ ʝʸ ʢʦʥʪʘʢʪʘ ʩʦ ʩʪʦʨʦʥʳ 

ʣʝʞʘʯʝʛʦ ʙʦʢʘ. ʆʥ ʩʣʦʞʝʥ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ ʘʛʨʝʛʘʪʦʤ ʢʚʘʨʮʝʚʦ-ʩʫʣʴʬʠʜʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʉʫʣʴʬʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʠʪʦʤ, ʘʨʩʝʥʦʧʠʨʠʪʦʤ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ 

ʭʘʣʴʢʦʧʠʨʠʪʘʜʦʩʪʠʛʘʝʪ ʚ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦ 30-80%. ʂʚʘʨʮ ʤʘʩʩʠʚʥʳʡ ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ. 

ʆʜʥʘ ʩʝʯʝʪʩʷ ʩʫʣʴʬʠʜʘʤʠ, ʘ ʜʨʫʛʘʷ ʧʦ ʪʦʥʢʠʤ ʪʨʝʱʠʥʘʤ ʚʥʝʜʨʷʝʪʩʷ ʚ ʥʠʭ.  

 

 

ʈʠʩʫʥʦʢ 1. ʂʚʘʨʮʝʚʦ-ʩʫʣʴʬʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʞʠʣʳ ɾʝʥʝʚʩʢʦʡ.  

ʆʙʨʘʟʝʮ 581-30. 
 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʴ ʘʥʰʣʠʬʘ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʩʥʠʤʢʝ. ʉʦʚʝʨʰʝʥʥʦ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ 

ʚʢʣʶʯʝʥʠʷ ʟʦʣʦʪʘ ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʫʩʢʦʚʠʪʦʤ 

ʠ ʛʠʜʨʦʩʣʶʜʝ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʞʠʣʳ ʷʚʣʷʝʪʩʷ 

ʬʨʘʛʤʝʥʪ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʮʫʤʦʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ ʩ 

ʠʟʙʳʪʦʯʥʳʤ ʩʝʨʝʙʨʦʤ ʚ ʚʠʜʝ ʛʝʩʩʠʪʘ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʝ 

ʨʘʟʚʠʪʠʝ ʪʝʣʣʫʨʠʜʦʚ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʟʦʣʦʪʦʤ, ʩʝʨʝʙʨʦʤ ʠ 

ʚʠʩʤʫʪʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʝʡ ʢ ʢʦʨʨʝʣʷʮʠʠ 

ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʠ ʪʝʣʣʫʨʘ ʚ ʞʠʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ, 

ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.  

 

             

ʘ)                                                                                     ʙ) 

ʈʠʩʫʥʦʢ 2: ʘ) ɸʩʩʦʮʠʘʮʠʷ ʟʦʣʦʪʘ (1, 5) ʩ ʮʫʤʦʠʪʦʤ (2, 4) ʚ ʭʘʣʴʢʦʧʠʨʠʪ (10)- ʩʬʘʣʝʨʠʪʦʚʦʤ (11) 

ʘʛʨʝʛʘʪʝ ʚ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮ (12)-ʤʫʩʢʦʚʠʪ (3, 8, 13)-ʩʠʜʝʨʠʪʦʚʦʡ (14) ʯʘʩʪʠ ʞʠʣʳ. ʙ) ʩʪʨʦʝʥʠʝ 

ʬʨʘʛʤʝʥʪʘ ʢʨʫʧʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʮʫʤʠʪʘ (1), ʩʦʜʝʨʞʘʱʝʛʦ ʚʢʣʶʯʝʥʠʷ ʭʘʣʴʢʦʧʠʨʠʪʘ (2-3) ʠ ʛʝʩʩʠʪʘ 
(6), ʦʙʨʘʟʫʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ (7) , ʩʦʜʝʨʞʘʱʠʭ ʯʝʰʫʠ 

ʛʠʜʨʦʩʣʶʜʳ (5). ʆʙʨ.581_3-_1. ɾʠʣʘ ɾʝʥʝʚʩʢʘʷ, ʛʦʨʠʟʦʥʪ 617 ʤ, ɼʘʨʘʩʫʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 
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ʈʠʩʫʥʦʢ 3. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʣʠʥʠʷ ʪʨʝʥʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  
ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʦʣʦʪʘ, ʪʝʣʣʫʨʘ, ʚ ʞʠʣʝ ɾʝʥʝʚʩʢʦʡ. ʉʦʜʝʨʞʘʥʠʷ ʜʘʥʳ ʚ ʛ/ʪ. 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʚʟʘʠʤʦʩʚʷʟʷʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʩʦʜʝʨʞʘʥʠʷʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʞʠʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʚʤʝʱʘʶʱʠʭ ʦʢʦʣʦʨʫʜʥʦʠʟʤʝʥʸʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʞʠʣʳ ɾʝʥʝʚʩʢʦʡ 

ʚʳʷʚʣʝʥʦ ʠʭ ʯʝʪʢʦʝ ʨʘʟʣʠʯʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʭ ʚʦ ʚʤʝʱʘʶʱʠʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʕʪʦ ʭʦʨʦʰʦ 

ʚʠʜʥʦ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʠʩʫʥʢʘʭ ʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʷ 

ʤʳʰʴʷʢʘ, ʤʝʜʠ, ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʥʘ ʧʦʨʷʜʢʠ ʚʳʰʝ, ʯʝʤ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ, ʥʘ ʛʨʘʬʠʢʘʭ ʜʣʷ 

ʫʜʦʙʩʪʚʘ ʠʭ ʧʦʩʪʨʦʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʤʝʥʴʰʝʥʳ. 

 
ʈʠʩʫʥʦʢ 4. ʉʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ, ʚʠʩʤʫʪʘ, ʤʳʰʴʷʢʘ ʠ ʩʫʨʴʤʳ.  

ʇʨʠʤʝʯʘʥʠʝ: ʩʦʜʝʨʞʘʥʠʝ ʤʳʰʴʷʢʘ ʫʤʝʥʴʰʝʥʦ ʚ 50 ʨʘʟ. 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʠ ʧʨʷʤʳʭ ʝʛʦ ʩʧʫʪʥʠʢʦʚ ʩʝʨʝʙʨʘ, 

ʚʠʩʤʫʪʘ, ʩʫʨʴʤʳ ʠ ʤʳʰʴʷʢʘ ʨʘʩʪʝʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦ ʤʳʰʴʷʢ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʙʦʣʝʝ, 

ʯʝʤ ʥʘ 2 ʧʦʨʷʜʢʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʜʦʩʪʠʛʘʶʪ ʚ ʝʜʠʥʠʯʥʳʭ ʧʨʦʙʘʭ 230-

501 ʛ/ʪ. ɺʦ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʤʝʥʴʰʝ ʧʦʯʪʠ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ, ʘ 

ʦʩʪʘʣʴʥʳʭ ï ʥʘ ʧʦʨʷʜʦʢ. ʇʨʠ ʵʪʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ ʧʦʯʪʠ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ 
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ʚʳʥʦʩ ʩʫʨʴʤʳ ʚʦ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʀʟ ʧʨʷʤʳʭ ʩʧʫʪʥʠʢʦʚ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʣʠʰʴ ʩʦʜʝʨʞʘʥʠʷ ʪʝʣʣʫʨʘ ʚʦ ʚʤʝʱʘʶʱʠʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʦʢʘʟʘʣʠʩʴ ʥʠʞʝ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʘ (0,05 ʛ/ʪ). ʧʦʵʪʦʤʫ ʥʘ 

ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʩʨʘʚʥʝʥʠʠ c ʟʦʣʦʪʦʤ, 

ʩʫʨʴʤʦʡ ʠ ʚʠʩʤʫʪʦʤ. ɽʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʞʠʣʴʥʦʤ ʧʨʦʜʫʢʪʠʚʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚ ʪʨʠ ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʟʦʣʦʪʘ ʠ 1,4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʩʝʨʝʙʨʘ (ʩʤ. ʨʠʩʫʥʦʢ 5), ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ 

ʩʦʜʝʨʞʘʥʠʶ ʚʠʩʤʫʪʘ. 

 

ʈʠʩʫʥʦʢ 5. ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ, ʪʝʣʣʫʨʘ, ʩʫʨʴʤʳ ʠ ʚʠʩʤʫʪʘ, ʛ/ʪ 

 

ɺʝʩʴʤʘ ʧʦʢʘʟʘʪʝʣʴʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ, ʘ ʪʘʢʞʝ ʚʦʣʴʬʨʘʤʘ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ 

ʤʠʥʝʨʘʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠ ʚʦ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ (ʨʠʩʫʥʦʢ 6). ʂʦʙʘʣʴʪ/ʥʠʢʝʣʝʚʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʞʠʣʝ 4,5, ʘ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʘʭ, ʜʠʦʨʠʪʘʭ 

ʠ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʛʨʘʥʦʜʠʦʨʠʪʘʭ 0,59. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʞʠʣʝ ʢʦʙʘʣʴʪ ʠ 

ʥʠʢʝʣʴ ʩʚʷʟʘʥʳ ʩ ʧʠʨʠʪʦʤ, ʧʠʨʨʦʪʠʥʦʤʠ ʠ ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʚ ʢʦʪʦʨʳʭ ʩ ʛʣʫʙʠʥʦʡ ʠʭ 

ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʪʝʪ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʞʠʣʳ ʕʧʦʚʩʢʦʡ [3], ʘ ʚʦ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜʘʭ ʩʨʝʜʥʝ-ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʘʤʬʠʙʦʣʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʥʠʢʝʣʴ ʥʘʜ ʢʦʙʘʣʴʪʦʤ, ʠ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʟʜʝʩʴ ʩʫʣʴʬʠʜʳ ʟʘʭʚʘʪʳʚʘʶʪ ʚʳʩʚʦʙʦʞʜʘʶʱʠʡʩʷ ʧʨʠ ʭʣʦʨʠʪʠʟʘʮʠʠ 

ʘʤʬʠʙʦʣʘ ʥʠʢʝʣʴ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʣʴʬʨʘʤʘ ʚʳʰʝ ʚ 2,06 ʨʘʟʘ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʨʘʥʥʠʭ ʚʨʝʤʝʥʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʢʦʥʪʘʢʪʦʚʳʭ ʯʘʩʪʝʡ ʞʠʣ ʠ ʟʦʥ 

ʦʢʦʣʦʨʫʜʥʳʭ ʠʟʤʝʥʝʥʠʡ ʰʝʝʣʠʪʘ.  

 

ʈʠʩʫʥʦʢ 6. ʉʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ, ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ ʠ ʚʦʣʴʬʨʘʤʘ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ 

ʤʠʥʝʨʘʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠ ʚʤʝʱʘʶʱʠʭ ʦʢʣʦʨʫʜʥʦʠʟʤʝʥʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. 
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ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʦʣʦʪʫ ʤʝʜʠ, ʩʚʠʥʮʘ, ʮʠʥʢʘ ʩʦʩʪʘʚʣʷʶʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʛ/ʪ), ʭ =  ʠ ů ; ʭ = 641 ʠ ů =1119,2; ʭ= 2672 ʧʨʠ ů =3534,4. ʂʦʣʠʯʝʩʪʚʘ ʠʭ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʭʘʣʴʢʦʧʠʨʠʪʘ, ʙʣʝʢʣʳʭ ʨʫʜ, ʛʘʣʝʥʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ. 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʜʫʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʣʴʬʨʘʤʘ, ʤʦʣʠʙʜʝʥʘ ʠ ʟʦʣʦʪʘ 
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ɸʥʥʦʪʘʮʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʜʫʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʨʷʜʘʭ ʪʠʧʠʯʥʳʭ ʨʫʜʥʳʭ ʬʦʨʤʘʮʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʦʣʦʚʘ ʠ ʪʘʥʪʘʣʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʷ ʩʫʨʴʤʳ, ʚʦʣʴʬʨʘʤʘ ʠ ʚʠʩʤʫʪʘ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʨʷʜʫ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʣʴʬʨʘʤʘ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʚʦʣʴʬʨʘʤʘ, ʷʚʣʷʝʪʩʷ 

ʝʛʦ ʤʠʥʝʨʘʣʴʥʘʷ ʬʦʨʤʘ (ʰʝʝʣʠʪ, ʤʦʣʠʙʜʦʰʝʝʣʠʪ, ʚʦʣʴʬʨʘʤʠʪ). ʉʦʜʝʨʞʘʥʠʷ ʣʠʪʠʷ, ʥʠʦʙʠʷ, ʛʝʨʤʘʥʠʷ, ʮʠʨʢʦʥʠʷ 

ʠ ʙʝʨʠʣʣʠʷ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʨʷʜʫ ʦʪ ʛʠʜʨʦʪʝʨʤʘʣʠʪʦʚ ʚ ʘʤʬʠʙʦʣʠʪʘʭ ʢ 

ʧʝʛʤʘʪʠʪʘʤ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʛʝʨʤʘʥʠʷ ʠ ʣʠʪʠʷ ʚʳʷʚʠʣʠʩʴ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʳʰʝ ʢʣʘʨʢʘ. ʉʦʜʝʨʞʘʥʠʷ 

ʤʳʰʴʷʢʘ, ʚʠʩʤʫʪʘ, ʩʫʨʴʤʳ, ʚʦʣʴʬʨʘʤʘ, ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʢʣʘʨʢʘ, ʠ 

ʧʦʵʪʦʤʫ ʦʪʭʦʜʳ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʵʪʠʭ ʦʙʲʝʢʪʘʭ ʦʧʘʩʥʳ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʜʫʢʪʠʚʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʤʦʣʠʙʜʝʥ, ʚʦʣʴʬʨʘʤ, ʟʦʣʦʪʦ, ʦʣʦʚʦ, ʪʘʥʪʘʣ. 
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Abstract. A comparative analysis of the geochemical features of the productive mineral complexes of deposits in 

the series of typical ore formations of molybdenum, tungsten, tin and tantalum deposits showed that the content of 

antimony, tungsten and bismuth tends to increase in the considered series of tungsten deposits. An important factor 

determining the distribution of tungsten content is its mineral form (scheelite, molybdoscheelite, wolframite). The 

contents of lithium, niobium, germanium, zirconium and beryllium tend to increase in the considered series from 

hydrothermalites in amphibolites to pegmatites. ʇʨʠ ʵʪʦʤ ʜʣʷ ʛʝʨʤʘʥʠʷ ʠ ʣʠʪʠʷ ʚʳʷʚʠʣʠʩʴ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 
ʚʳʰʝ ʢʣʘʨʢʘ. ʉʦʜʝʨʞʘʥʠʷ ʤʳʰʴʷʢʘ, ʚʠʩʤʫʪʘ, ʩʫʨʴʤʳ, ʚʦʣʴʬʨʘʤʘ, ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʢʣʘʨʢʘ, ʠ ʧʦʵʪʦʤʫ ʦʪʭʦʜʳ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʵʪʠʭ ʦʙʲʝʢʪʘʭ ʦʧʘʩʥʳ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

Keywords: deposits, content of chemical elements, productive mineral complex, molybdenum, tungsten, gold, tin, 

tantalum. 

 

ɺʚʝʜʝʥʠʝ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʨʷʜʘʭ ʨʫʜʥʳʭ ʬʦʨʤʘʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʳʤ ʚ ʩʚʷʟʠ ʨʘʟʣʠʯʠʷʤʠ ʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 

ʧʦʜʭʦʜʳ ʢ ʚʳʙʦʨʫ ʩʧʦʩʦʙʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʠʟʚʣʝʯʝʥʠʶ 

ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʪʝʢʘʝʪ ʠʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʥʘʪʴ, ʢʘʢʠʝ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʤʠ ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʠʭ ʚ ʦʪʭʦʜʳ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʩʦʦʙʱʝʥʠʠ ʠʟʣʘʛʘʝʪʩʷ ʦʧʳʪ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʝʦʭʠʤʠʠ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʣʠʙʜʝʥʦʚʳʭ ʠ ʚʦʣʴʬʨʘʤʦʚʳʭ ʬʦʨʤʘʮʠʡ. ʕʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʧʨʦʮʝʩʩʝ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʠʭ 

ʪʠʧʦʭʠʤʠʟʤʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʛʥʦʟʘ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʦʚʳʭ ʥʝʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʣʴʬʨʘʤʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʜʝ ʦʥ ʩʚʷʟʘʥ ʩ ʚʦʣʴʬʨʘʤʠʪʦʤ 

(ʛʨʝʡʟʝʥʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʞʠʣʳ, ʉʧʦʢʦʡʥʠʥʩʢʦʝ ʚ ɿʘʙʘʡʢʘʣʴʝ, 

ɿʘʙʳʪʦʝ ʚ ʇʨʠʤʦʨʴʝ) ʠ ʚʦʣʴʬʨʘʤ-ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʦʚʦʝ ʩ ʚʦʣʴʬʨʘʤʦʤ ʚ ʚʦʣʴʬʨʘʤʠʪʝ ʠ 

ʰʝʝʣʠʪʝ ī ʤʦʣʠʙʜʦʰʝʝʣʠʪʝ (ɹʫʛʜʘʠʥʩʢʦʝ) ʠ ʚʦʣʴʬʨʘʤʦʤ ʪʦʣʴʢʦ ʚ ʰʝʝʣʠʪʝ ʚ ʩʚʷʟʠ 

ʛʠʜʨʦʪʝʨʤʘʣʠʪʘʤʠ ʚ ʘʤʬʠʙʦʣʠʪʘʭ (ʂʪʠ-ʊʝʙʝʨʜʘ, ʂʫʨʛʘʰʠʥʯʘʪʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʥʘ ʉʝʚʝʨʥʦʤ 

ʂʘʚʢʘʟʝ). ɼʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʣʠʙʜʝʥʘ ïï ʵʪʦ ʩʦʙʩʪʚʝʥʥʦ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ 

ʤʦʣʠʙʜʝʥʦʚʦʝ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ (ɾʠʨʝʢʝʥʩʢʦʝ) ï ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʦʚʦʝ (ɼʘʚʝʥʜʠʥʩʢʦʝ) ï 

ʟʦʣʦʪʦʢʚʘʨʮʝʚʦʝ ʩ ʤʦʣʠʙʜʝʥʠʪʦʤ (ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ) ʚ ɿʘʙʘʡʢʘʣʴʝ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʵʪʦʤ ʨʷʜʫ ʩʦʜʝʨʞʘʥʠʝ ʩʫʨʴʤʳ 

ʚʦʟʨʘʩʪʘʝʪ (ʨʠʩʫʥʦʢ 1ʘ), ʘ ʚʦʣʴʬʨʘʤʘ ï ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩʫʥʢ 1ʙ).  

 
ʘ 

 
ʙ 

ʚ 

1 ï ʉʧʦʢʦʡʥʠʥʩʢʦʝ, 2 ï ʂʪʠ-ʊʝʙʝʨʜʠʥʩʢʦʝ, 3 ï ɾʠʨʝʢʝʥʩʢʦʝ, 4 ï ɹʫʛʜʘʠʥʩʢʦʝ, 5 ï ɼʘʚʝʥʜʠʥʩʢʦʝ,  

6 ï ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ. 

ʈʠʩʫʥʦʢ 1. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʣʴʬʨʘʤ- ʠ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ʉʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʪʘʢʞʝ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʚʦʟʨʘʩʪʘʥʠʶ (ʨʠʩʫʥʦʢ 1ʘ). ʀʩʢʣʶʯʝʥʠʝ 

ʟʜʝʩʴ ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʪʠ-ʊʝʙʝʨʜʘ, ʛʜʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪ ʤʳʰʴʷʢ, 

ʷʚʣʷʶʱʠʡʩʷ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʘʥʪʘʛʦʥʠʩʪʦʤ ʤʦʣʠʙʜʝʥʫ. ʉʦʜʝʨʞʘʥʠʝ ʚʠʩʤʫʪʘ (ʨʠʩʫʥʦʢ 1ʙ) 

ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʢʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩ ʤʠʥʠʤʫʤʦʤ ʜʣʷ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʦʛʦ 

ɾʠʨʝʢʝʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʚʘʥʘʜʠʷ ʠ ʮʠʨʢʦʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦ (ʨʠʩʫʥʦʢ 

1ʚ). ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʳ ʩʦʜʝʨʞʘʥʠʷ ʝʛʦ ʚ ʚʦʣʴʬʨʘʤʠʪʦʚʳʭ ʨʫʜʘʭ ʚ ʛʨʝʡʟʝʥʘʭ ʠ ʟʦʣʦʪʦ-

ʤʦʣʠʙʜʝʥʠʪ ʢʚʘʨʮʝʚʳʭ ʨʫʜʘʭ, ʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚ ʰʝʝʣʠʪʦʚʳʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʨʫʜʘʭ ʚ 

ʘʤʬʠʙʦʣʠʪʘʭ ʠ ʚ ʤʦʣʠʙʜʝʥʠʪ-ʚʦʣʴʬʨʘʤʠʪ-ʰʝʝʣʠʪʦʚʳʭ ʨʫʜʘʭ ɹʫʛʜʘʠʥʩʢʦʛʦ, ʘ ʪʘʢʞʝ ʚ 

ʤʦʣʠʙʜʝʥʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʭ ɾʠʨʝʢʝʥʩʢʦʛʦ. ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʎʠʨʢʦʥʠʡ ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʦ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʚʦʣʴʬʨʘʤʠʪʦʚʳʭ ʨʫʜʘʭ ʚ ʛʨʝʡʟʝʥʘʭ ʠ ʚ ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʠʪ ʢʚʘʨʮʝʚʳʭ 

(ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ). ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʂʪʠ-ʊʝʙʝʨʜʳ, ɾʠʨʝʢʝʥʩʢʦʛʦ 

ʠ ɹʫʛʜʘʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʨʠʩʫʥʦʢ 1ʚ). 

ɺ ʨʷʜʫ ʪʝʭ ʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʂʪʠ-ʊʝʙʝʨʜʘ (ʘʤʬʠʙʦʣʠʪʳ, 

ʰʝʝʣʠʪʦʚʦʝ) ï ʉʧʦʢʦʡʥʠʥʩʢʦʝ (ʘʧʦʛʨʘʥʠʪʥʳʝ ʛʨʝʡʟʝʥʳ, ʚʦʣʴʬʨʘʤʠʪʦʚʦʝ) ï ɿʘʙʳʪʦʝ 

(ʘʧʦʛʨʘʥʠʪʥʳʝ ʛʨʝʡʟʝʥʳ ʩ ʚʦʣʴʬʨʘʤʠʪʤ, ʢʘʩʩʠʪʝʨʠʪʦʤ, ʢʦʣʫʤʙʠʪʦʤ) ï ʆʨʣʦʚʩʢʦʝ 

(ʧʝʛʤʘʪʠʪʦʚʦʝ ʢʦʣʫʤʙʠʪ-ʤʠʢʨʦʣʠʪ-ʣʝʧʠʜʦʣʠʪ-ʚʦʣʴʬʨʘʤʠʪ) ʨʘʩʩʤʦʪʨʝʥʦ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ Li, Nb, Ge, Zr, As, Bi, Sb, W, Y, Mo, Sc, V, Yb, Be Ga (ʨʠʩʫʥʢʠ 2-3). 

ʉʦʜʝʨʞʘʥʠʷ ʣʠʪʠʷ, ʥʠʦʙʠʷ, ʛʝʨʤʘʥʠʷ ʚ ʵʪʦʤ ʨʷʜʫ ʚʦʟʨʘʩʪʘʶʪ (ʨʠʩʫʥʦʢ 2). ʉʦʜʝʨʞʘʥʠʷ 

ʛʝʨʤʘʥʠʷ ʚʝʟʜʝ ʚʳʰʝ ʢʣʘʨʢʘ, ʘ ʣʠʪʠʡ ʠ ʥʠʦʙʠʡ ʠʤʝʝʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʥʴʰʝ ʢʣʘʨʢʘ ʣʠʰʴ ʚ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʂʪʠ-ʊʝʙʝʨʜʳ. ʎʠʨʢʦʥʠʡ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦ, ʥʝ ʜʦʩʪʠʛʘʷ ʩʦʜʝʨʞʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʨʢʫ ʟʝʤʥʦʡ ʢʦʨʳ. 

 

ʈʠʩʫʥʦʢ 2. ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ  

ʚʦʣʴʬʨʘʤʘ, ʦʣʦʚʘ, ʪʘʥʪʘʣʘ. 
 

ʉʦʜʝʨʞʘʥʠʝ ʤʳʰʴʷʢʘ, ʚʠʩʤʫʪʘ, ʩʫʨʴʤʳ, ʚʦʣʴʬʨʘʤʘ, ʠʪʪʨʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʉʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ, ʢʨʦʤʝ ʠʪʪʨʠʷ, ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʢʣʘʨʢʘ ʠ ʧʦʵʪʦʤʫ ʦʪʭʦʜʳ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʵʪʠʭ ʦʙʲʝʢʪʘʭ ʦʧʘʩʥʳ 

ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʜʝʨʞʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʷʜʫ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʆʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʪʠʧʠʯʥʳ ʜʣʷ 

ʛʠʜʨʦʪʝʨʤʘʣʠʪʦʚ ʩ ʰʝʝʣʠʪʦʤ ʚ ʘʤʬʠʙʦʣʠʪʘʭ ʂʪʠ-ʊʝʙʝʨʜʳ, ʘ ʤʠʥʠʤʘʣʴʥʳ ʜʣʷ ʧʝʛʤʘʪʠʪʦʚ 

ʆʨʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʷ ʚʠʩʤʫʪʘ ʚʦʟʨʘʩʪʘʶʪ ʚ ʨʷʜʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʚʦʣʴʬʨʘʤʘ ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʧʝʛʤʘʪʠʪʘʭ ʆʨʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʩʫʨʴʤʳ, 

ʪʘʢʞʝ, ʢʘʢ, ʚʦʣʴʬʨʘʤʘ ʠ ʠʪʪʨʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚ ʛʨʝʡʟʝʥʘʭ ɿʘʙʳʪʦʛʦ. 
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ʄʦʣʠʙʜʝʥ, ʩʢʘʥʜʠʡ, ʚʘʥʘʜʠʡ ʠ ʠʪʪʨʠʡ ʚ ʨʷʜʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʝʜʫʪ ʩʝʙʷ 

ʥʝʦʜʥʦʟʥʘʯʥʦ. ʉʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ ʜʣʷ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʳʰʝ ʢʣʘʨʢʘ ʠ ʤʘʢʩʠʤʘʣʴʥʳ 

ʦʥʠ ʜʣʷ ɿʘʙʳʪʦʛʦ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʦʦʙʱʝ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

ʈʠʩʫʥʦʢ 3 ï ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ  
ʚʦʣʴʬʨʘʤʘ, ʦʣʦʚʘ, ʪʘʥʪʘʣʘ. 

 

ʉʦʜʝʨʞʘʥʠʷ ʩʢʘʥʜʠʷ, ʚʘʥʘʜʠʷ ʠ ʠʪʪʝʨʙʠʷ ʜʣʷ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʵʪʦʤ ʨʷʜʫ ʥʠʞʝ 

ʢʣʘʨʢʘ. ʃʠʰʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʢʘʥʜʠʷ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʚʩʝʭ ʛʨʝʡʟʝʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʜʝʣʷʝʪʩʷ ɿʘʙʳʪʦʝ. ʉʦʜʝʨʞʘʥʠʷ ʙʝʨʠʣʣʠʷ ʠ ʛʘʣʣʠʷ (ʨʠʩʫʥʦʢ 4) ʦʪʣʠʯʘʶʪʩʷ 

ʪʝʤ, ʯʪʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɿʘʙʳʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʠʡ ʪʨʝʥʜ ʚʦʟʨʘʩʪʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʧʝʨʚʦʛʦ ʦʪ ʩʫʱʝʩʪʚʝʥʥʦ ʰʝʝʣʠʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʘʤʬʠʙʦʣʠʪʘʭ ʢ ʧʝʛʤʘʪʠʪʘʤ 

ʆʨʣʦʚʩʢʦʛʦ, ʯʪʦ ʚʧʦʣʥʝ ʟʘʢʦʥʦʤʝʨʥʦ. ʉʦʜʝʨʞʘʥʠʷ ʛʘʣʣʠʷ ʥʝ ʠʤʝʶʪ ʚʠʜʠʤʦʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʠʟʦʤʦʨʬʥʦʩʪʴʶ ʩ ʘʣʶʤʠʥʠʝʤ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ ʚ 

ʧʦʣʝʚʳʭ ʰʧʘʪʘʭ. 

 

ʈʠʩʫʥʦʢ 4. ʉʦʜʝʨʞʘʥʠʷ ʙʝʨʠʣʣʠʷ ʠ ʛʘʣʣʠʷ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  

ʚʦʣʴʬʨʘʤʘ, ʦʣʦʚʘ ʠ ʪʘʥʪʘʣʘ. 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʷʜʘʭ ʪʠʧʠʯʥʳʭ ʨʫʜʥʳʭ ʬʦʨʤʘʮʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʦʣʦʚʘ ʠ ʪʘʥʪʘʣʘ 

ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ. ʉʦʜʝʨʞʘʥʠʷ ʩʫʨʴʤʳ ʠ ʤʦʣʠʙʜʝʥʘ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʚ 
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ʨʷʜʫ ʉʧʦʢʦʡʥʠʥʩʢʦʝ Ÿ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ, ʘ ʩʦʜʝʨʞʘʥʠʷ ʚʦʣʴʬʨʘʤʘ ʠ ʚʠʩʤʫʪʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʚʦʣʴʬʨʘʤʘ, ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʤʠʥʝʨʘʣʴʥʘʷ ʬʦʨʤʘ (ʰʝʝʣʠʪ, ʤʦʣʠʙʜʦʰʝʝʣʠʪ, ʚʦʣʴʬʨʘʤʠʪ). ʉʦʜʝʨʞʘʥʠʷ ʚʘʥʘʜʠʷ ʠ ʮʠʨʢʦʥʠʷ  

ʤʘʢʩʠʤʘʣʴʥʳ ʚ ʨʫʜʘʭ ʂʪʠ-ʊʝʙʝʨʜʳ, ɾʠʨʝʢʝʥʘ ʠ ɹʫʛʜʘʠ, ʠʤʝʷ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʜʣʷ 

ɹʫʛʜʘʠ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʤʦʣʠʙʜʝʥ-ʧʦʨʬʠʨʦʚʦʤʫ ʪʠʧʫ. 

ʉʦʜʝʨʞʘʥʠʷ ʣʠʪʠʷ, ʥʠʦʙʠʷ ʠ ʛʝʨʤʘʥʠʷ, ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ 

ʨʷʜʫ ʦʪ ʛʠʜʨʦʪʝʨʤʘʣʠʪʦʚ ʚ ʘʤʬʠʙʦʣʠʪʘʭ ʢ ʧʝʛʤʘʪʠʪʘʤ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʛʝʨʤʘʥʠʷ ʠ ʣʠʪʠʷ 

ʚʳʷʚʠʣʠʩʴ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʳʰʝ ʢʣʘʨʢʘ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʂʪʠ-ʊʝʙʝʨʜʘ.  

ʉʦʜʝʨʞʘʥʠʷ ʤʳʰʴʷʢʘ ʚ ʮʝʣʦʤ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʤʝʥʴʰʝʥʠʶ, ʭʦʪʷ ʜʣʷ ʧʝʛʤʘʪʠʪʦʚ ʠ 

ʛʨʝʡʟʝʥʦʚ ɿʘʙʳʪʦʛʦ ʦʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʛʨʝʡʟʝʥʘʭ ʉʧʦʢʦʡʥʠʥʩʢʦʛʦ. ʉʦʜʝʨʞʘʥʠʷ ʙʝʨʠʣʣʠʷ, 

ʚʠʩʤʫʪʘ, ʩʫʨʴʤʳ, ʚʦʣʴʬʨʘʤʘ, ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ 

ʢʣʘʨʢʘ ʠ ʧʦʵʪʦʤʫ ʦʪʭʦʜʳ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʵʪʠʭ ʦʙʲʝʢʪʘʭ ʦʧʘʩʥʳ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ˉ FUFR-2021-0005. 
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2. ʂʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʟʦʥʘ ʦʢʠʩʣʝʥʠʷ ʚ ʣʘʥʜʰʘʬʪʘʭ  
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Abstract. The results of a study of a sparsely distributed aqueous uranyl-arsenate of copperï metazeunerite from the 

oxidation zone of the Sherlovogorsky deposit are summarized. For the first time, its complex study was carried out 

using thermal, IR spectroscopic, microprobe and X-ray diffraction analyses. 

Keywords: Sherlova Gora, oxidation zone, metazeunerite. 

 

ʐʝʨʣʦʚʦʛʦʨʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ ʥʘʭʦʜʠʪʩʷ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʚ 24 ʢʤ ʢ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʛʦʨʦʜʘ ɹʦʨʟʷ. ʐʝʨʣʦʚʦʛʦʨʩʢʘʷ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʥʘʭʦʜʷʱʘʷʩʷ 

ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʫʥʠʢʘʣʴʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʩʦʯʝʪʘʶʱʠʡ 

ʚ ʩʝʙʝ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʶʚʝʣʠʨʥʳʭ ʢʘʤʥʝʡ, ʮʚʝʪʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ [5]. 

ʄʠʥʝʨʘʣʦʛʠʷ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʠʟʫʯʘʣʘʩʴ ʤʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʉʧʠʩʦʢ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʫʞʝ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 110 ʤʠʥʝʨʘʣʴʥʳʤ 

ʚʠʜʘʤ ʠʟ ʯʫʪʴ ʙʦʣʝʝ 200 ʠʟʚʝʩʪʥʳʭ ʥʘ ʐʝʨʣʨʚʦʡ ɻʦʨʝ ʤʠʥʝʨʘʣʦʚ [4]. ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ, 

ʵʪʦʪ ʩʧʠʩʦʢ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʦʛʦ ʫʪʦʯʥʝʥʠʷ ʠ ʵʪʦ ʫʩʧʝʰʥʦ ʨʝʰʘʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚʘ. ʊʘʢ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ 

ʐʝʨʣʦʚʦʛʦʨʩʢʠʝ ʦʙʨʘʟʮʳ ʠʟ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʡ ʩ ʧʦʜʧʠʩʴʶ ʬʝʨʨʠʤʦʣʠʙʜʠʪ ʥʘ ʜʝʣʝ 

ʦʢʘʟʘʣʠʩʴ ʙʝʪʧʘʛʜʘʣʠʪʦʤ-CaMg, ʘ ʦʙʨʘʟʮʳ ʩ ʪʦʨʙʝʨʥʠʪʦʤ ʧʨʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʝ ʦʢʘʟʘʣʠʩʴ ʩ ʤʝʪʘʮʝʡʥʝʨʠʪʦʤ [4]. ɺ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʧʠʩʢʘʭ ʪʘʢʞʝ 

ʟʥʘʯʠʣʠʩʴ ʪʦʨʙʝʨʥʠʪ ʠ ʮʝʡʥʝʨʠʪ [3], ʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʥʝ 

ʧʨʠʚʦʜʠʣʦʩʴ. 

ɺ ʥʘʰʝʡ ʐʝʨʣʦʚʦʛʦʨʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʪʘʢʞʝ ʥʘʭʦʜʠʣʠʩʴ ʦʙʨʘʟʮʳ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʚʠʟʫʘʣʴʥʦ. ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʐʝʣʦʚʦʛʦʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʤʠʥʝʨʘʣʦʛʠʶ ʛʠʧʝʨʛʝʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

ɼʈʆʅ ï 3.0 (ʎʝʥʪʨ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʷè ʀɿʂ ʉʆ 

ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ) ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠʟʤʝʨʝʥʠʷ: ʠʟʣʫʯʝʥʠʝ ï ʉuʂŬ, Ni ï ʬʠʣʴʪʨ, V= 

25 ʢɺ, I = 20 ʤɸ, ʚ ʜʠʘʧʘʟʦʥʝ 3ï65Á(2ɗ), ʰʘʛ ʩʢʘʥʠʨʦʚʘʥʠʷ ï 0,05Á (ʘʥʘʣʠʪʠʢ ʊ.ʉ. ʌʠʣʸʚʘ). 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʦʨʦʰʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʤʝʥʷʣʩʷ ʩʢʘʥʠʨʫʶʱʠʡ 

ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ LEO 1430VP (CarlZeiss, ɻʝʨʤʘʥʠʷ) ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ INCAEnergy 350 (Oxford InstrumentsAnalytical Ltd.) ʚ ɻʀʅ ʉʆ ʈɸʅ. ʋʩʣʦʚʠʷ 

ʩʲʝʤʢʠ ï ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ, ʪʦʢ ʟʦʥʜʘ 0,3-0,4 ʥɸ, ʨʘʟʤʝʨ ʟʦʥʜʘ <0,1 ʤʢʤ, ʚʨʝʤʷ 
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ʠʟʤʝʨʝʥʠʷ 50 ʩʝʢʫʥʜ (ʞʠʚʦʝ ʚʨʝʤʷ). ʆʰʠʙʢʘ ʘʥʘʣʠʟʘ ʥʘ ʩʫʤʤʫ ʜʦʩʪʠʛʘʝʪ 2-4 ʤʘʩʩ. % ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ ʩʦʩʪʘʚʘ (ʘʥʘʣʠʪʠʢ 

ɽ.ɸ. ʍʨʦʤʦʚʘ). 

ʀʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɿʘʙɻʋ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

FTIR-8400S SHIMADZU, ʢʦʪʦʨʳʡ ʨʝʛʠʩʪʨʠʨʫʝʪ ʠʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 4000-400 ʩʤ
-1
, ʚ ʪʘʙʣʝʪʢʘʭ KBr (ʦʧʝʨʘʪʦʨ 

ɼ.ɸ. ʇʫʟʳʥʠʥ). 

ʉʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʨʠʙʦʨʝ STA 449 F1 Jupiter ʬʠʨʤʳ 

NETZSCH (ɻʝʨʤʘʥʠʷ) ʚ ʀʇʈʕʂ ʉʆ ʈɸʅ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʘʪʠʥʦʚʳʝ ʪʠʛʣʠ. ʉʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘ ʚʦ ʚʩʝʭ ʠʟʤʝʨʝʥʠʷʭ ʩʦʩʪʘʚʣʷʣʘ 10ęʉ/ʤʠʥʫʪʫ. ʄʘʩʩʘ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʚʝʩʦʢ ï 10-20 ʤʛ. 

ʀʟʫʯʝʥ ʦʙʨʘʟʝʮ ʤʝʪʘʮʝʡʥʝʨʠʪʘ Cu(UO2)2(AsO4)2Ŀ8H2O ʩ ʤʘʨʢʠʨʦʚʢʦʡ ʐɻ-15-ʊ (ʊ ʦʟʥʘʯʘʣ 

çʪʦʨʙʝʨʥʠʪè) ʠʟ ʦʪʚʘʣʦʚ ʥʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʤʝʩʪʥʳʭ ʩʪʘʨʘʪʝʣʝʡ ʥʘ ʄʝʣʝʭʠʥʩʢʦʡ ʉʦʧʢʝ (GPS 

N50Á32'54.45" E116Á14'36.83"). ɼʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʦʙʨʘʟʮʳ ʩ ʤʝʪʘʮʝʡʥʝʨʠʪʦʤ ʪʘʢʞʝ 

ʦʪʙʠʨʘʣʠʩʴ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʠʟ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʩʳʧʫʯʢʠè ʪʦʧʘʟʦʚʦʛʦ ʛʨʝʡʟʝʥʘ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʦʙʦʭʨʝʥʥʦʡ ʟʦʥʝ ʢʚʘʨʮ-ʪʦʧʘʟʦʚʦʛʦ ʛʨʝʡʟʝʥʘ ʩ ʬʝʨʙʝʨʠʪʦʤ. 

ɿʜʝʩʴ ʤʝʪʘʮʝʡʥʝʨʠʪ ʦʙʨʘʟʫʝʪ ʥʝʧʨʦʟʨʘʯʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʪʘʙʣʠʯʢʠ ʠ ʘʛʨʝʛʘʪʳ ʨʘʟʤʝʨʦʤ 1-

2 ʤʤ ʠ ʘʩʩʦʮʠʠʨʫʝʪ ʩʦ ʩʚʝʪʣʦ-ʟʝʣʝʥʳʤ ʬʣʶʦʨʠʪʦʤ ʠ ʛʦʣʫʙʦʚʘʪʳʤ ʪʦʧʘʟʦʤ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ 

ʚʳʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʘ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥ ʚ ʚʠʜʝ ʩʣʶʜʦʧʦʜʦʙʥʳʭ 

ʪʦʥʢʦʯʝʰʫʡʯʘʪʳʭ ʢʚʘʜʨʘʪʥʳʝ ʘʛʨʝʛʘʪʳ ʠʟʫʤʨʫʜʥʦʛʦ ʮʚʝʪʘ ʨʘʟʤʝʨʦʤ 8-10 ʤʤ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ (ʨʠʩʫʥʦʢ 1) ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ 

ʚʦʜʥʳʡ ʘʨʩʝʥʘʪ ʫʨʘʥʘ ʠ ʤʝʜʠ ï ʤʝʪʘʮʝʡʥʝʨʠʪ. ʆʩʥʦʚʥʳʝ ʣʠʥʠʠ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ (d/n, [¡]): 

8,78; 3,73; 4,37; 3,56; 3,29; 2,18. 

 
ʈʠʩʫʥʦʢ 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʤʝʪʘʮʝʡʥʝʨʠʪʘ, ʦʙʨʘʟʝʮ ʐɻ-15-ʊ ʠ ʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. 

 

ʄʠʢʨʦʟʦʥʜʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 2) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ʤʝʪʘʮʝʡʥʝʨʠʪʘ 

ʙʣʠʟʦʢ ʢ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʧʦ ʐʝʨʣʦʚʦʡ ɻʦʨʝ [4]. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʘʮʝʡʥʝʨʠʪʘ (ʤʘʩ. %): CuO 8,05; As2O5 20,45; UO3 57,42; H2O 14,05, 

ʩʫʤʤʘ 99,97. ɺʦʜʘ ʨʘʩʩʯʠʪʘʥʘ ʠʩʭʦʜʷ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʠ ʠʜʝʘʣʴʥʦʡ ʬʦʨʤʫʣʳ. 

ɺ ʝʜʠʥʠʯʥʳʭ ʪʦʯʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʤʝʪʘʮʝʡʥʝʨʠʪʝ ʪʦʨʠʷ (ʜʦ 

1,7 %), ʟʘʤʝʱʘʶʱʝʛʦ ʫʨʘʥ (ʨʠʩʫʥʦʢ 3). ʌʦʩʬʦʨʘ, ʟʘʤʝʱʘʶʱʝʛʦ ʤʳʰʴʷʢ, ʥʘʦʙʦʨʦʪ, ʚ ʥʘʰʝʤ 

ʦʙʨʘʟʮʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʭʦʪʷ ʦ ʝʛʦ ʥʘʣʠʯʠʠ ʛʦʚʦʨʠʪʩʷ ʫ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [4]. 
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ʈʠʩʫʥʦʢ 2. ʇʦʚʝʨʭʥʦʩʪʴ ʩʧʘʡʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʘʮʝʡʥʝʨʠʪʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ.  

ʉʲʝʤʢʘ ʚ ʨʝʞʠʤʝ VP. 
 

 

ʈʠʩʫʥʦʢ 3. ʕʣʝʤʝʥʪʥʳʡ ʩʧʝʢʪʨ ʤʝʪʘʮʝʡʥʝʨʠʪʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ (ʆʙʨ. ʐɻ-15-ʊ). 
 

ʀʂ-ʩʧʝʢʪʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʝʪʘʮʝʡʥʝʨʠʪʘ ʧʦʢʘʟʘʣ ʭʦʨʦʰʫʶ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʩ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʩʧʝʢʪʨʦʤ ʮʝʡʥʝʨʠʪʘ [2]. ʅʘ ʩʧʝʢʪʨʝ ʯʝʪʢʦ ʚʠʜʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ 1647, 2935, 3302 ʩʤ
-1
, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʨʘʟʣʠʯʥʦ 

ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʚ ʩʪʨʫʢʪʫʨʝ ʤʠʥʝʨʘʣʘ (ʨʠʩʫʥʦʢ 4). ʆʩʪʘʣʴʥʳʝ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʤʘʢʩʠʤʫʤʦʚ 

ʧʦʣʦʩ ʥʘ ʀʂ-ʩʧʝʢʪʨʝ: 1030, 937, 812, 690, 468 ʩʤ
-1

. 

ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʙʣʠʟʢʫʶ ʢ ʨʘʩʯʝʪʥʦʡ ʧʦʪʝʨʶ ʚʝʩʘ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ: 

ʬʘʢʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ ʩʦʩʪʘʚʠʣʘ 13,48 % ʧʨʦʪʠʚ 14,05 % ʪʝʦʨʝʪʠʯʝʩʢʦʡ (ʨʠʩʫʥʦʢ 5). ɼʉʂ-

ʢʨʠʚʘʷ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ [1]. ɺ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 40-200Á ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʠ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʠʢʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 117, 146 ʠ 

183Á ʉ (ʨʠʩʫʥʦʢ 5), ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʫʜʘʣʷʝʪʩʷ ʫʞʝ ʧʨʠ 20-50Á ʉ, ʜʚʝ ʤʦʣʝʢʫʣʳ ʧʨʠ 50-

75Á ʉ, ʝʱʝ ʜʚʝ ʧʨʠ 75-100Á ʉ ʠ 2,5 ʤʦʣʝʢʫʣʳ ʧʨʠ 100-200Á ʉ. ʆʩʪʘʚʰʠʝʩʷ 0,5 ʤʦʣʝʢʫʣʳ ʚʦʜʳ 

ʫʜʘʣʷʶʪʩʷ ʧʦʩʪʝʧʝʥʥʦ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 200-400Á ʉ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʝʨʚʳʝ ʪʨʠ 

ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ ʮʝʦʣʠʪʦʚʳʡ ʭʘʨʘʢʪʝʨ [1]. 
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ʈʠʩʫʥʦʢ 4. ʀʂ-ʩʧʝʢʪʨ ʤʝʪʘʮʝʡʥʝʨʠʪʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ (ʘ) ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʀʂʉ ʮʝʡʥʝʨʠʪʘ (ʙ). 
 

 

ʈʠʩʫʥʦʢ 5. ʊʝʨʤʦʛʨʘʤʤʘ ʤʝʪʘʮʝʡʥʝʨʠʪʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʨʘʥʝʝ  

(ʚʥʫʪʨʠ ʨʠʩʫʥʢʘ) [1]: 1 ï ʊɻ-ʢʨʠʚʘʷ; 2 ï ɼʉʂ-ʢʨʠʚʘʷ; ɼʊɻ-ʢʨʠʚʘʷ. 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʟʦʥʳ ʛʠʧʝʨʛʝʥʝʟʘ ʐʝʨʣʦʚʦʛʦʨʩʢʦʡ ʨʫʜʥʦʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚ ʝʸ ʛʨʝʡʟʝʥʦʚʦʡ ʯʘʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʪʘʢʞʝ ʫʨʘʥʠʣ-ʘʨʩʝʥʘʪʥʦʡ ʬʘʟʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʝʪʘʮʝʡʥʝʨʠʪʦʤ Cu(UO2)2(AsO4)2Å8H2O, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʩʫʪʩʪʚʠʷ ʠ ʮʝʡʥʝʨʠʪʘ, ʧʨʦʜʫʢʪʦʤ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʦʪʦʨʦʛʦ ʚ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠ ʷʚʷʝʪʩʷ ʩʘʤ ʤʝʪʘʮʝʡʥʝʨʠʪ. ʅʘʣʠʯʠʝ ʪʦʨʙʝʨʥʠʪʘ ʚ ʩʠʣʫ ʦʙʱʝʡ ʦʙʝʜʥʝʥʥʦʩʪʠ 

ʰʝʨʣʦʚʦʛʦʨʩʢʠʭ ʧʦʨʦʜ ʬʦʩʬʦʨʦʤ ʤʘʣʦʚʝʨʦʷʪʥʦ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɽ.ɸ. ʍʨʦʤʦʚʦʡ (ɻʀʅ ʉʆ ʈɸʅ) ʠ ʊ.ʉ. ʌʠʣʸʚʦʡ (ʀɿʂ 

ʉʆ ʈɸʅ) ʟʘ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʩ ʦʙʨʘʟʮʘʤʠ ʤʠʥʝʨʘʣʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʨʫʜ ʦʣʦʚʘ, ʚʦʣʴʬʨʘʤʘ ʠ 

ʟʦʣʦʪʘ. ʀʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʦʜʚʠʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʟʦʥʝ 

ʛʠʧʝʨʛʝʥʝʟʘ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʭʦʜʷʪ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʩʫʣʴʬʠʜʦʚ ʠ 

ʩʫʣʴʬʦʩʦʣʝʡ: As, Zn, Pb, Cu, Cd, Ni. ʕʪʠ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʫʯʘʩʪʚʫʶʪ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʠ, ʧʨʦʜʫʢʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʫʣʴʬʘʪʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʝʨʥʦʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʨʫʜ, ʟʦʥʘ 

ʛʠʧʝʨʛʝʥʝʟʘ, ʤʠʛʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ, ʩʦʚʨʝʤʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ. 

 

Comparative analysis of experimental results of modeling leaching of tin,  

tungsten and gold ores 

Epova E.S., Yurgenson G.A., Eremin O.V. 
Institute of Natural Resources, Ecology and Cryology, Siberian Branch of RAS, Chita, Russia,  

e-mail: apikur1@ya.ru 

 

Abstract. Experimental studies on leaching of tin, tungsten and gold ores have been carried out. The dynamics of 

the leaching processes have been studied. It is established that chemical elements consisting in sulfides and sulfosols 

(As, Zn, Pb, Cu, Cd, Ni) pass most intensively to mobile state in the hypergenesis zone. These chemical elements are 

involved in modern mineral formation, products of which are sulfates.  

Keywords: experimental modeling, sulfuric acid leaching of ores, hypergenesis zone, migration of elements, 

modern mineral formation. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʝʨʠʦʜ 2017-2019 ʛʦʜʦʚ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʢʚʘʨʮ-ʪʦʧʘʟ-ʚʦʣʴʬʨʘʤʠʪʦʚʳʭ ʨʫʜʦʥʦʩʥʳʭ ʧʦʨʦʜ 

ʠ ʦʣʦʚʦʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʣʴʬʨʘʤʘ ɸʥʪʦʥʦʚʘ ɻʦʨʘ, ɹʫʢʫʢʘ, ʘ ʪʘʢʞʝ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʃʶʙʦʚʴ ʧʦ ʤʝʪʦʜʠʢʝ [1]. 

ʄʘʪʝʨʠʘʣ, ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʫʜʳ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʦʣʦʚʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʢʚʘʨʮ-ʪʦʧʘʟ-ʚʦʣʴʬʨʘʤʠʪʦʚʳʝ ʧʦʨʦʜʳ, ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʚʦʣʴʬʨʘʤʘ ɸʥʪʦʥʦʚʘ ɻʦʨʘ ʠ ɹʫʢʫʢʘ, ʘ ʪʘʢʞʝ ʃʶʙʘʚʠʥʩʢʦʛʦ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʠʟʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʙʨʘʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʧʨʦʙʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʘʚʝʩʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʨʦʙʣʝʥʳʝ ʦʙʨʘʟʮʳ ʨʫʜʳ ʬʨʘʢʮʠʡ -1õ+0,5 ʠ -3õ+2 ʤʤ 

ʤʘʩʩʦʡ 40 ʛ. ʉʦʦʪʥʦʰʝʥʠʝ ʪõʞ=1õ10. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʨʫʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʝʨʥʦʢʠʩʣʦʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʅ=2, ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 

ʢʦʣʦʥʢʘʭ. ʈʘʩʪʚʦʨ ʧʦʜʘʚʘʣʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ~ 4 ʤʣ/ʤʠʥ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ çPeristaltic pump type pp1-05è (ʇʦʣʴʰʘ). ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʯʝʨʝʟ ʥʘʚʝʩʢʫ ʨʫʜʳ, ʬʠʣʴʪʨʘʪ ʦʪʙʠʨʘʣʩʷ ʧʦ 40 ʤʣ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʠʩʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ (ʨʅ=2) ʠ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʦʚ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʅ-ʤʝʪʨʘ çɸʥʠʦʥ-7000è 

(ʈʦʩʩʠʷ) ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʤʘʨʢʠ ʕʉʈ10601/4. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Perkin Elmer Optima 

5300 DV (ʉʐɸ) ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɿɸʆ çSGS Vostok Limitedè. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʫʜ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʨʢʫ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʫ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʚʳʰʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʣʝʜʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʠʜʦʚ (Zn, Sn, Pb, Cu, Cd, W, Mo, Cr, Bi, As, Sb), 

ʘ ʪʘʢʞʝ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʘʢʪʠʥʦʠʜʦʚ (Be, Tl, Ge, In, Yb, Lu, 
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104 

Tm). ɻʦʨʥʳʝ ʧʦʨʦʜʳ ʛʨʝʡʟʝʥʦʚʦʡ ʬʦʨʤʘʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʣʘʥʪʘʥʦʠʜʦʚ ʠʪʪʨʠʝʚʦʡ ʛʨʫʧʧʳ.  

ʉʧʝʢʪʨ ʠ ʜʦʣʷ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʚʳʱʝʣʘʯʠʚʘʝʤʳʭ ʠʟ ʢʚʘʨʮ-ʪʦʧʘʟ-ʚʦʣʴʬʨʘʤʠʪʦʚʳʭ 

ʛʨʝʡʟʝʥʦʚʳʭ ʧʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ, ʯʝʤ ʠʟ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʚʣʝʯʝʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (Zn, Pb ʠ ʪ.ʧ.) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʠʩʣʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʦʚ. ɺ ʮʝʣʦʤ, ʤʠʥʝʨʘʣʳ ʨʫʜʦʥʦʩʥʳʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʨʝʘʛʠʨʫʶʪ ʩ ʩʝʨʥʦʢʠʩʣʳʤ ʨʘʩʪʚʦʨʦʤ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ, ʯʝʤ ʩʫʣʴʬʠʜʳ, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʚʣʝʯʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʧʣʘʚʥʦ ʠ ʚʳʩʦʢʠʝ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʬʠʣʴʪʨʘʪʘʭ ʩʦʭʨʘʥʷʶʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʝʨʥʦʢʠʩʣʦʪʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʨʅ=2 ʘʢʪʠʚʥʦ ʠʟʚʣʝʢʘʶʪʩʷ 

ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʳ (Zn, Cu), ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʳ (As, Sb, Sr, Pb, Cd, Co, Cs), ʪʦʨʠʡ, ʫʨʘʥ ʠ 

ʣʘʥʪʘʥʦʠʜʳ. ɼʠʥʘʤʠʢʘ ʠʟʚʣʝʯʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʬʠʢʘʤ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1. ɼʠʥʘʤʠʢʘ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟ ʢʚʘʨʮ-ʪʦʧʘʟ-ʚʦʣʴʬʨʘʤʠʪʦʚʳʭ  

ʨʫʜʦʥʦʩʥʳʭ ʧʦʨʦʜ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

 

ʀʟʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʮʝʣʦʤ ʩʦʧʨʷʞʝʥʦ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2. ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʠ ʢʠʩʣʦʪʥʦʩʪʠ (ʨʅ) ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ  

ʧʦ ʩʝʨʥʦʢʠʩʣʦʪʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʃʶʙʦʚʴ. 

 

ɺ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʥʪʦʥʦʚʘ ɻʦʨʘ ʠ ɹʫʢʫʢʘ ʠʟ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʚʳʰʘʶʪ 

ʢʣʘʨʢʠ (ʧʦ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʫ) ʨʫʜʥʳʝ ʵʣʝʤʝʥʪʳ ï Cu, Zn, ʠ W; ʠʟ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ï Cd, 

Ge, Mo, Pb, Sn, Sc, Cr, In, Lu, Se ʠ ʵʣʝʤʝʥʪʳ V ʛʨʫʧʧʳ (As, Sb, Bi), ʜʣʷ ʙʫʢʫʢʠʥʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʭʘʨʘʢʪʝʨʥʦ ʪʘʢʞʝ ʧʨʝʚʳʰʝʥʠʝ Be, Li , Cs, Rb, Te ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ Hf, Tl ʥʘʜ 
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ʢʣʘʨʢʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ In ʚ ʧʨʦʙʘʭ ʨʫʜ ɸʥʪʦʥʦʚʦʡ ɻʦʨʳ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ 

ʢʣʘʨʢʘ, ʚ ʨʫʜʘʭ ɹʫʢʫʢʠ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ. 

ʀʟ ʨʫʜ ɸʥʪʦʥʦʚʦʡ ɻʦʨʳ ʠʟʚʣʝʢʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʤʳʰʴʷʢʘ (ʨʠʩʫʥʦʢ 3), ʯʝʤ ʠʟ 

ʨʫʜ ɹʫʢʫʢʠ, ʘ ʩʫʨʴʤʳ ʠ ʚʠʩʤʫʪʘ ʥʘʦʙʦʨʦʪ (ʨʠʩʫʥʦʢ 4). ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʩʦʜʝʨʞʘʥʠʷ As, Sb ʠ 

Bi ʚ ʨʫʜʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢʠ, ʧʨʠ ʵʪʦʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʫʜʘʭ ɹʫʢʫʢʠ ʥʘ 

ʧʦʨʷʜʢʠ ʚʳʰʝ. ɺʠʩʤʫʪ ʪʘʢʞʝ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʨʫʜ ɸʥʪʦʥʦʚʦʡ ɻʦʨʳ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ɸʥʪʦʥʦʚʦʡ ɻʦʨʳ ʚʢʣʶʯʘʶʪ ʚʠʩʤʫʪ ʚ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ, ʘ ʚ ʨʫʜʘʭ ɹʫʢʫʢʠ ʣʝʛʯʝ ʚʳʱʝʣʘʯʠʚʘʶʪʩʷ ʤʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʫʨʴʤʫ. 

ɺ ʮʝʣʦʤ, ʟʘʤʝʪʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʨʫʜ ʤʝʥʴʰʝʡ ʢʨʫʧʥʦʩʪʠ  

(-1õ +0,5 ʤʤ) ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʥʝʞʝʣʠ ʠʟ ʢʨʫʧʥʦ ʜʨʦʙʣʝʥʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʳʰʴʷʢʘ ʠ ʩʫʨʴʤʳ. ɼʠʥʘʤʠʢʘ ʠʟʚʣʝʯʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ V-ʦʡ ʛʨʫʧʧʳ ʠʟ ʨʫʜ ɸʥʪʦʥʦʚʦʡ ɻʦʨʳ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ 

ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, ʩʣʝʜʫʶʱʘʷ: ʟʥʘʯʠʪʝʣʴʥʳ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʝʨʚʳʭ ʧʦʨʮʠʷʭ ʬʠʣʴʪʨʘʪʘ ʠ 

ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ (ʨʠʩʫʥʦʢ 2), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʢʫʢʘ 

(ʨʠʩʫʥʦʢ 3) ʭʘʨʘʢʪʝʨʝʥ ʥʝ ʪʘʢʦʡ ʨʝʟʢʠʡ ʚʩʧʣʝʩʢ ʚ ʧʝʨʚʳʭ ʧʨʦʙʘʭ ʠ ʙʦʣʝʝ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʉʚʷʟʘʥʦ ʵʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩ ʙʦʣʝʝ çʧʦʜʘʪʣʠʚʳʤʠè ʢʠʩʣʦʪʥʳʤ ʨʘʩʪʚʦʨʘʤ 

ʤʠʥʝʨʘʣʘʤ ɸʥʪʦʥʦʚʦʡ ɻʦʨʳ. 

 
ʈʠʩʫʥʦʢ 3. ɼʠʥʘʤʠʢʘ ʠʟʚʣʝʯʝʥʠʷ As, Sb, Bi ʠʟ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʥʪʦʥʦʚʘ ɻʦʨʘ  

ʨʘʟʥʦʡ ʢʨʫʧʥʦʩʪʠ: ʘ -1õ+0,5 ʤʤ, ʙ -3õ+2 ʤʤ. 

 

 
ʈʠʩʫʥʦʢ 4. ɼʠʥʘʤʠʢʘ ʠʟʚʣʝʯʝʥʠʷ As, Sb, Bi ʠʟ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʫʢʫʢʘ  

ʨʘʟʥʦʡ ʢʨʫʧʥʦʩʪʠ: ʘ -1õ+0,5 ʤʤ, ʙ -3õ+2 ʤʤ. 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʝʨʝʚʦʜʫ ʚ ʤʠʛʨʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ 

ʤʘʣʦʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ɹʦʣʴʰʝ-ʌʝʜʦʨʦʚʩʢʦʛʦ ʫʯʘʩʪʢʘ ʃʶʙʘʚʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʟʦʣʦʪʦ-

ʪʝʪʨʘʜʠʤʠʪ-ʩʬʘʣʝʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪ-ʢʚʘʨʮʝʚʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʠʭ 0,1 ʜʦ 2,1% 

ʩʫʣʴʬʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʠ ʮʝʨʠʝʚʦʛʦ ʤʦʥʘʮʠʪʘ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʘʣʴʢʦʬʠʣʳ (Pb, Zn, Cu, Cd, Sn) ʠ ʵʣʝʤʝʥʪʳ V 

ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (As, Sb ʠ Bi). Sr, Cs, Cr, Co, W, Ge, Li  ʪʘʢʞʝ ʤʠʛʨʠʨʫʶʪ ʚ 

ʩʫʣʴʬʘʪʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɼʣʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʦʪ ʤʠʥʠʤʘʣʴʥʳʭ ʜʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʡ.  

ɼʣʷ ʩʫʨʴʤʳ ʠ ʚʠʩʤʫʪʘ ʦʪʤʝʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʠʟ ʚʦʣʴʬʨʘʤʦʚʳʭ ʨʫʜ ʥʘ 1-2 

ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ ʠʟʚʣʝʢʘʝʪʩʷ ʚʠʩʤʫʪʘ, ʯʝʤ ʩʫʨʴʤʳ, ʠ ʥʘʦʙʦʨʦʪ ʠʟ ʩʫʣʴʬʠʜʩʦʜʝʨʞʘʱʠʭ ʨʫʜ 

ʩʫʨʴʤʳ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʜʚʠʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ 2-3 ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ, ʥʝʞʝʣʠ ʚʠʩʤʫʪʘ. ʕʪʦ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʭ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʨʫʜʘʭ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ 

ʩʝʨʥʦʢʠʩʣʦʪʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʭ ʚʳʥʦʩʘ ʣʠʤʠʪʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʜʠʬʬʫʟʠʠ ʠ (ʠʣʠ) 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚʥʫʪʨʠ ʟʝʨʝʥ ʪʚʸʨʜʳʭ ʬʘʟ.  

ɺʩʝ ʚʳʱʝʣʘʯʠʚʘʶʱʠʝʩʷ ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʚ ʩʦʩʪʘʚʘʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʆʥʠ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʛʝʦʪʝʭʥʦʛʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʘʭ ʨʝʜʢʠʭ ʠ ʈɿʕ, ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʦʜʘʭ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʬʦʥʦʚʳʝ ʫʨʦʚʥʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. 

ɺʳʚʦʜʳ. ʆʩʥʦʚʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʝʨʝʭʦʜʷʱʠʤʠ ʚ ʤʠʛʨʘʮʠʦʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʝʨʛʝʥʝʟʘ ʠ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʚ ʣʘʥʜʰʘʬʪʘʭ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ ʛʝʦʩʠʩʪʝʤ ʤʳʰʴʷʢ, ʩʚʠʥʝʮ, ʮʠʥʢ, ʤʝʜʴ ʠ ʢʘʜʤʠʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʫʜʥʦ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ɻʣʘʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʩʫʣʴʬʠʜʳ ʠ ʩʫʣʴʬʦʩʦʣʠ, ʚʭʦʜʷʱʠʝ ʚ 

ʩʦʩʪʘʚ ʨʫʜ.   
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3. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʨʦʜʥʳʭ  

ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. ʉʦʚʨʝʤʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ 

ʋɼʂ 550.424.6:542 

ʇʦʚʝʜʝʥʠʝ ʪʝʨʙʠʷ, ʜʠʩʧʨʦʟʠʷ ʠ ʛʦʣʴʤʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ  

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ɹʦʨʟʝʥʢʦ ʉ.ɺ., ʌʸʜʦʨʦʚ ʀ.ɸ., ʂʦʤʦʛʦʨʮʝʚʘ ʀ.ɸ. 
ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʛ. ʏʠʪʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʜʠʩʧʨʦʟʠʷ, ʛʦʣʴʤʠʷ ʠ ʪʝʨʙʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ, 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʣʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʅ. ʆʛʨʘʥʠʯʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ 

ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʨʘʩʪʚʦʨʝ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʩ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ ʩʦʨʙʮʠʦʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʩʦʨʙʮʠʷ  

 

Behavior of terbium, dysprosium, and holmium in an aqueous environment  

in the presence of humic acids 
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Chita, Russia 

 

Abstract. The behavior of dysprosium, holmium, and terbium in the presence of humic acids was studied using 

ultrafiltration, inductively coupled plasma mass spectrometry, infrared spectroscopy, and thermodynamic calculations. 

It was found that the proportion of rare earth elements bound to humic acids decreases with increasing pH. The 

limitation of lanthanoid mobility in solution is explained by the formation of complexes with humic acids, sorption 

processes, and the formation of poorly soluble hydroxides. 
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ɺ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ ʜʦʢʘʟʳʚʘʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʛʠʜʨʦʢʩʠʜʳ ʠ ʢʘʨʙʦʥʘʪʳ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ 

REE ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ (De Baar et al., 1991 ʠ ʜʨ.), ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʥʘʣʠʯʠʝ ʚ ʚʦʜʘʭ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ. ʄʝʞʜʫ ʪʝʤ, ʛʫʤʫʩʦʚʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʢʦʣʣʦʠʜʥʦʡ ʬʘʟʳ ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʤʠʛʨʘʮʠʶ ʤʥʦʛʠʭ 

ʤʝʪʘʣʣʦʚ ʚ ʚʦʜʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ REE, ʦʩʦʙʝʥʥʦ ʵʣʝʤʝʥʪʦʚ ʩʨʝʜʥʝʡ ʧʦʜʛʨʫʧʧʳ MREE (ʦʪ 

ʩʘʤʘʨʠʷ Sm ʜʦ ʛʦʣʴʤʠʷ Ho). ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʄREE c ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʨʠ 

ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ (ʉʆ2, HCO3
- 
ʠ ʉʆ3

2-
). 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʠʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʩʨʝʜʥʝʡ 

ʧʦʜʛʨʫʧʧʳ ʥʘ ʧʨʠʤʝʨʝ ʪʝʨʙʠʷ Tb, ʜʠʩʧʨʦʟʠʷ Dy ʠ ʛʦʣʴʤʠʷ Ho ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʚ 

ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʤʘʪʨʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʜʦʙʥʳʤ 

ʧʨʠʨʦʜʥʳʤ ʚʦʜʘʤ.  

ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ REE ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʨʘʩʪʚʦʨʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʨʅ ʠ ʩʦʜʝʨʞʘʥʠʷ ʤʘʪʨʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʦʙʥʘʨʫʞʠʣʦʩʴ 

ʨʘʟʣʠʯʥʦʝ ʠʭ ʧʦʚʝʜʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʣʘʩʴ ʧʦʜʛʨʫʧʧʘ MREE, ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 
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ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚ ʚʦʜʘʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ (ɹʦʨʟʝʥʢʦ ʠ ʜʨ., 2017).  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ ʜʚʘ ʤʘʪʨʠʯʥʳʭ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʠʭ ʅɸ ʠ 

NaHCO3 (çʭ.ʯ.è) ʚ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʷʣʠʩʴ ʚ ʨʘʩʪʚʦʨʝ NaOH 

(çʭ.ʯ.è) (1 ʤʦʣʴ/ʣ) ʚ ʭʦʜʝ 6 ʯʘʩʦʚʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ. 

ɺʥʝʩʝʥʠʝ ʨʘʟʥʳʭ ʢʦʣʠʯʝʩʪʚ HA ʠ NaHCO3 ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʯʘʱʝ ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ NaHCO3 ʨʘʩʪʝʪ ʨʅ ʚʦʜ, ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠ 

ʛʫʤʫʩʦʚʦʝ ʚʝʱʝʩʪʚʦ.  
ɼʘʣʝʝ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʜʚʝ ʧʘʨʪʠʠ ʨʘʩʪʚʦʨʦʚ ʚ ʚʦʩʴʤʠ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʢʦʥʪʝʡʥʝʨʘʭ 

ʦʙʲʝʤʦʤ 100 ʤʣ ʧʫʪʝʤ ʩʤʝʰʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʩʪʚʦʨʦʤ ʄREE. ʇʝʨʚʘʷ ʧʘʨʪʠʷ 

ʨʘʩʪʚʦʨʦʚ ʩʦʜʝʨʞʘʣʘ: HA ï 3,46 ʤʛ/ʣ; NaHCO3 ï 840 ʤʛ/ʣ; ʘ ʚʪʦʨʘʷ HA 19,04 ʤʛ/ʣ ʠ 

NaHCO3 ï 4200 ʤʛ/ʣ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʄREE ʚ ʦʙʝʠʭ ʧʘʨʪʠʷʭ ʙʳʣʘ ʦʜʠʥʘʢʦʚʘ ʠ 

ʩʦʩʪʘʚʣʷʣʘ 0,114 ʤʛ/ʣ (Dy(NO3)3), 0,115 ʤʛ/ʣ Ho(NO3)3 ʠ 0,955 ʤʛ/ʣ (TbCl3), ʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷ MREE ï 0,05 ʤʛ/ʣ (Dy ʠ Ho) ʠ 0,57 ʤʛ/ʣ Tb. ʇʦʩʣʝ ʯʝʛʦ 

ʢʦʥʝʯʥʳʝ ʤʦʜʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 8 ʰʪʫʢ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʫʪʝʤ 

ʧʦʜʢʠʩʣʝʥʠʷ ʠʣʠ ʧʦʜʱʝʣʘʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘʤʠ HNO3 (0,2 ʤʦʣʴ/ʣ, 1 ʤʦʣʴ/ʣ) ʠ NaOH (0,1 

ʤʦʣʴ/ʣ), ʜʦ ʟʥʘʯʝʥʠʡ ʨʅ 4, 6, 8 ʠ 11. ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʠʟʤʝʨʷʣʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʞʠʜʢʦʩʪʠ ʕʢʩʧʝʨʪ 001-3-0.1 (ʆʆʆ ʕʢʦʥʠʢʩ-ʕʢʩʧʝʨʪ, ʈʦʩʩʠʷ), 

ʢʦʪʦʨʳʡ ʙʳʣ ʦʪʢʘʣʠʙʨʦʚʘʥ ʩʪʘʥʜʘʨʪʥʳʤʠ ʙʫʬʝʨʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʨʘʙʦʯʠʭ ʵʪʘʣʦʥʦʚ pH 2-

ʛʦ ʨʘʟʨʷʜʘ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 3,56; 4,01; 6,86; 9,18 ʠ 12,43. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ Ñ0,05 ʝʜ. ʨʅ. ɼʘʣʝʝ ʤʦʜʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʠ 

ʦʪʩʪʘʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 96 ʯ. ɿʘʪʝʤ ʧʦʣʦʚʠʥʘ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0,1 ʤʢʤ ʤʘʨʢʠ 

çɺʣʘʜʠʧʦʨè ʥʘ ʧʨʠʙʦʨʝ ʜʣʷ ʚʘʢʫʫʤʥʦʛʦ ʬʠʣʴʪʨʦʚʘʥʠʷ ʇɺʌ-47/3ʅɹ ʩ ʫʟʣʦʤ ʨʝʩʠʚʝʨʦʚ. ɺ 

ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʭ ʠ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

MREE ʤʝʪʦʜʦʤ ICP-ʄS ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ NexION 300D (PerkinElmer Inc., ʉʐɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ Multi-Element Standard MES110901A, (PerkinElmer). 

ʆʪʜʝʣʝʥʥʳʝ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʝʡ ʦʩʘʜʢʠ ʅɸ ʠ ʠʩʭʦʜʥʳʡ ʵʪʘʣʦʥ, ʚʟʷʪʳʡ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘ ʠʥʬʨʘʢʨʘʩʥʦʤ ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ FTIR-

8400S (Shimadzu, ʗʧʦʥʠʷ) ʚ ʪʘʙʣʝʪʢʘʭ ʩ KBr. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʥʘ ʬʠʣʴʪʨʝ 

ʦʩʪʘʶʪʩʷ HA ʠ ʠʭ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʝʪʘʣʣʘʤʠ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ REE ʩ HA ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ 

(ʧʨʦʠʟʚʦʜʥʳʤʠ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʛʠʜʨʦʢʩʠʜʘʤʠ, ʭʣʦʨʠʜʘʤʠ ʠ ʥʠʪʨʘʪʘʤʠ) ʧʨʦʚʝʨʷʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ MINTEQ ʚʝʨʩʠʷ 3.1 ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ c ʛʫʤʫʩʦʚʳʤ ʚʝʱʝʩʪʚʦʤ SHM (Stockholm 

Humic Model). ʄʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʤʝʪʘʣʣʦ-ʛʫʤʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʆʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ ʤʦʜʝʣʠ SHM ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʘʢ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʠʭ ʪʚʝʨʜʦʡ ʬʘʟʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ MREE ʚ ʨʘʟʥʳʭ ʩʨʝʜʘʭ ʤʝʪʦʜʦʤ ICP-MS 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʆʪʣʠʯʠʷ ʩʦʜʝʨʞʘʥʠʷ ʄREE ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ICP-MS ʦʪ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʥʘʚʝʩʢʘʭ ʩʦʣʝʡ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʚʝʜʝʥʠʷ 

ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʅ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ICP-MS, ʚ ʜʚʫʭ ʩʨʘʚʥʠʚʘʝʤʳʭ ʧʘʨʪʠʷʭ ʨʘʩʪʚʦʨʦʚ ʜʦ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʦʩʣʝ ʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʄREE ʟʘʤʝʪʥʦ ʩʥʠʟʠʣʦʩʴ ʚ ʬʠʣʴʪʨʘʪʘʭ ʩ ʨʘʟʥʳʤ 

ʦʪʥʦʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʄREE:ʉHA:ʉNaHCO3. ʉʦʛʣʘʩʥʦ ʚʳʰʝ ʫʢʘʟʘʥʥʳʤ ʨʘʙʦʪʘʤ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʄREE ʚ ʬʠʣʴʪʨʘʪʝ ʦʙʫʩʣʦʚʣʝʥʦ ʤʥʦʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝʤ, ʩʦʨʙʮʠʝʡ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʜʨ.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʢʪʘ ʩʚʷʟʳʚʘʥʠʷ ʄREE ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʀʂ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʜʝʣʝʥʥʳʭ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʝʡ ʦʩʘʜʢʦʚ ʠ ʠʩʭʦʜʥʦʛʦ 
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ʧʨʝʧʘʨʘʪʘ HA. ʅʘ ʀʂ-ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʦʛʦ ʵʪʘʣʦʥʘ ʧʨʝʧʘʨʘʪʘ HA ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ 1724 ʩʤ
-1
, ʩʚʦʡʩʪʚʝʥʥʘʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʴʜʝʛʠʜʘʤʠ, ʢʝʪʦʥʘʤʠ ʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ (ʆʨʣʦʚ, 1990). 

ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 1643 ʩʤ
-1
, ʦʪʚʝʯʘʶʱʘʷ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʤ ʚʘʣʝʥʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʜʠʥʘʢʦʚʘ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʚʦʙʦʜʥʳʭ ʠ 

ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪʘʭ. 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ MREE ʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʜʦ ʠ ʧʦʩʣʝ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ  

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ICP-MS (ʤʛ/ʣ) 

ʨʅ ʆʙʨʘʟʝʮ  
Tb Dy Ho Tb Dy Ho 

ʇʝʨʚʘʷ ʧʘʨʪʠʷ  ɺʪʦʨʘʷ ʧʘʨʪʠʷ  

4 
ɼʦ ʬʠʣʴʪʨʦʚʘʥʠʷ  0,333 0,038 0,040 0,347 0,041 0,041 

ʌʠʣʴʪʨʘʪ  0,213 0,025 0,027 0,228 0,027 0,027 

6 
ɼʦ ʬʠʣʴʪʨʦʚʘʥʠʷ   0,298 0,035 0,036 0,315 0,037 0,037 

ʌʠʣʴʪʨʘʪ 0,222 0,026 0,027 0,213 0,025 0,025 

8 
ɼʦ ʬʠʣʴʪʨʦʚʘʥʠʷ  0,319 0,038 0,038 0,298 0,038 0,039 

ʌʠʣʴʪʨʘʪ 0,282 0,033 0,034 0,240 0,032 0,033 

11 
ɼʦ ʬʠʣʴʪʨʦʚʘʥʠʷ  0,350 0,041 0,041 0,335 0,039 0,038 

ʌʠʣʴʪʨʘʪ 0,241 0,028 0,030 0,220 0,028 0,030 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʀʂ-ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʩʘʜʢʦʚ HA ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʠʩʭʦʜʥʳʤ ʧʨʝʧʘʨʘʪʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʩʚʷʟʠ 

(1724 ʩʤ
-1
) ʚ ʦʙʣʘʩʪʴ 1750-1740 ʩʤ

-1
, ʧʦʩʢʦʣʴʢʫ ʧʦʣʦʞʝʥʠʝ ʜʘʥʥʦʡ ʧʦʣʦʩʳ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʵʬʬʝʢʪʦʚ ʩʦʧʨʷʞʝʥʠʷ, ʟʘʤʝʩʪʠʪʝʣʝʡ, ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʆʨʣʦʚ, 1990), ʠʟʤʝʥʷʶʱʠʭʩʷ ʚ 

ʩʠʣʫ ʚʘʨʠʘʮʠʡ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ HA ʧʨʠ ʪʦʤ ʞʝ ʢʦʣʠʯʝʩʪʚʝ 

MREE ʠ ʠʟʤʝʥʝʥʠʷʭ ʚʝʣʠʯʠʥʳ ʨʅ ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʫʩʠʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 1750-1740 ʩʤ
-1
. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ 1644-1641 ʩʤ

-1
 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ 1750-1745 ʩʤ
-1 
ʦʩʪʘʸʪʩʷ ʧʨʝʞʥʝʡ.  

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʘ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ (1644-

1641 ʩʤ
-1
), ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʵʪʘʣʦʥʘ HA, ʦʪʚʝʯʘʝʪ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʫ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʩʦʝʜʠʥʝʥʠʡ HA ʠ MREE ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʚ ʤʦʜʝʣʴʥʫʶ ʩʠʩʪʝʤʫ. ʇʨʠʩʫʪʩʪʚʠʝ 

MREE ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʜʘʥʥʦʡ ʧʦʣʦʩʳ, ʥʦ ʠʟʤʝʥʷʝʪ ʝʸ ʚʠʜ ï ʠʟ ʰʠʨʦʢʦʡ 

ʚ ʩʣʫʯʘʝ ʩʧʝʢʪʨʘ ʵʪʘʣʦʥʘ HA, ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʫʟʢʦʡ, ʩʦʭʨʘʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʚʠʜ ʧʨʠ 

ʧʨʦʯʠʭ ʚʘʨʠʘʮʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʤ, ʯʪʦ ʣʘʥʪʘʥʦʠʜʳ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ ʯʠʩʣʫ ʪʨʸʭʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʦʙʨʘʟʫʶʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʧʨʦʯʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʘʤʠ ʦʜʥʦʡ 

ʧʨʠʨʦʜʳ. ʉʦʛʣʘʩʫʝʪʩʷ ʵʪʦ ʪʘʢʞʝ ʠ ʩ ʚʳʚʦʜʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʠʟʫʯʘʚʰʠʭ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ HAïLn (Ln ï ʣʘʥʪʘʥʦʠʜʳ). ɺ ʨʘʙʦʪʝ (ɺʦʣʢʦʚ, 2016) ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʡ ʬʘʢʪ, ʯʪʦ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʮʝʥʪʨʘʤʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ HA ʜʣʷ Ln
3+

 ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʨʝʢ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʙʦʛʘʪʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʫʩʣʦʚʠʡ (ʨʅ, ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ) ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

1644-1641 ʩʤ
-1

 ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʠʟʤʝʥʠʪ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʯʪʦ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʄREE ʚ ʫʩʣʦʚʠʷʭ 

ʥʘʩʪʦʷʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʦʤ (ʇʦʧʦʚ, 2004) ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʩʧʠʨʪʦʚʳʤʠ ʠ ʬʝʥʦʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ HA. ʅʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʀʂ-

ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 3450ï3390 ʩʤ
-1
, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʣʠʯʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʠʟʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ (ʆʨʣʦʚ, 1990). ɺ 

ʫʩʣʦʚʠʷʭ ʥʘʩʪʦʷʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʜʥʦʟʥʘʯʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʬʝʥʦʣʴʥʳʤʠ ʠ ʩʧʠʨʪʦʚʳʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩ ʤʝʪʘʣʣʘʤʠ ʥʝʚʦʟʤʦʞʥʘ, ʪ.ʢ. ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʦʙʦʜʥʳʭ ʆʅ-ʛʨʫʧʧ (3700ï3584 ʩʤ
-1
) ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ 
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ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ MREE ʩ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʢʘʢʦʡ ʬʦʨʤʝ ʥʘʭʦʜʷʪʩʷ Tb, Dy, Ho ʚ ʨʘʩʪʚʦʨʘʭ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ (ʪʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʳ ʤʠʛʨʘʮʠʠ MREE (ʤʦʣ. %) ʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦ MINTEQ  

ʌʦʨʤʘ 

ʤʠʛʨʘʮʠʠ / 

Migration form 

ʇʝʨʚʘʷ ʧʘʨʪʠʷ / The first series ɺʪʦʨʘʷ ʧʘʨʪʠʷ / The second series 

pH = 4 pH = 6 pH = 8 pH = 11 pH = 4 pH = 6 pH = 8 pH = 11 

Tb
3+ 

58,3 3,2 <0,1 <0,1 2,5 0,2 <0,1 <0,1 

TbHCO3
2+ 

1,5 4,2 <0,1 <0,1 <0,1 1,0 <0,1 <0,1 

Tb(CO3)2
-
 <0,1 1,3 36,5 58,1 <0,1 1,0 32,2 45,2 

TbCO3
+ 

0,1 14,5 4,213 0,1 <0,1 2,5 0,8 <0,1 

HAïTb 40,1 76,9 59,2 41,8 97,4 95,4 66,9 54,8 

Dy
3+ 

56,6 2,7 <0,1 <0,1 1,6 0,2 <0,1 <0,1 

DyHCO3
2+ 

1,6 4,6 <0,1 <0,1 <0,1 1,0 <0,1 <0,1 

Dy(CO3)2
- 

<0,1 1,7 43,2 63,2 <0,1 1,2 36,6 46,3 

DyCO3
+ 

0,1 18,0 4,7 0,1 <0,1 2,9 0,9 <0,1 

HAïDy 41,7 73,1 52,1 36,7 98,3 94,6 62,5 53,6 

Ho
3+ 

54,3 2,6 <0,1 <0,1 1,5 0,2 <0,1 <0,1 

HoHCO3
2+ 

1,4 4,1 <0,1 <0,1 <0,1 0,8 <0,1 <0,1 

Ho(CO3)2
- 

<0,1 2,0 46,6 62,9 <0,1 1,3 37,3 43,2 

HoCO3
+ 

0,1 17,2 4,0 0,1 <0,1 2,5 0,7 <0,1 

HAïHo 44,2 74,0 49,4 37,0 98,5 95,2 62,0 56,7 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʟʥʘʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ MREE ʩ ʭʣʦʨʠʜ- ʠ 

ʥʠʪʨʘʪ-ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ (>10
-12
) ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʅ ʠ ʩʦʜʝʨʞʘʥʠʡ ʦʩʥʦʚʥʳʭ ʘʥʠʦʥʦʚ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʝʨʚʦʡ ʧʘʨʪʠʠ ʨʘʩʪʚʦʨʦʚ ʚ ʥʘʠʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ MREE 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ Ln
3+
, ʥʘ ʜʦʣʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʨʝʜʥʝʤ 

ʧʨʠʭʦʜʠʪʩʷ 41,3 ʤʦʣ. % ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ HAïHo. ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʨʅ ʨʘʩʪʚʦʨʘ ʜʦ 6 ʧʨʠʚʦʜʠʪ ʢ ʜʦʤʠʥʠʨʦʚʘʥʠʶ ʜʦʣʠ ʛʫʤʠʥʦʚʦʛʦ ʘʩʩʦʮʠʘʪʘ HAïLn ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ HAïTb. ʉ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʦʙʨʘʟʫʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠ ʨʅ = 11 ʚ ʧʝʨʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʘʨʪʠʠ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚ ʦʪʜʝʣʴʥʦʩʪʠ MREE ʨʘʟʣʠʯʥʦ. 

ʊʘʢʦʝ ʨʘʟʥʦʝ ʧʦʚʝʜʝʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ-

ʛʠʜʨʦʣʠʟʘʪʘʤʠ, ʧʨʠ ʵʪʦʤ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʛʨʫʧʧʳ ʣʘʥʪʘʥʦʠʜʦʚ ʣʘʥʪʘʥ La ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʧʨʠ 

ʨʅ = 8, ʘ ʧʦʩʣʝʜʥʠʡ ʚ ʵʪʦʤ ʨʷʜʫ ï ʣʶʪʝʮʠʡ Lu ï ʧʨʠ ʨʅ = 6,2 (ɼʫʙʠʥʠʥ, 2004). ʆʪʩʶʜʘ ʚ ʦʜʥʠʭ 

ʠ ʪʝʭ ʞʝ ʩʨʝʜʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʷʜʫ TbïDyïHo. 

ʉʦʛʣʘʩʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʘʩʩʦʮʠʘʪ ʪʠʧʘ HA-Ln ʢʦʥʢʫʨʠʨʫʝʪ 

c ʘʢʚʘ ʠʥʦʤ Ln
3+
, ʘ ʚ ʱʝʣʦʯʥʦʡ ʩ Ln(CO3)2

-
. ʇʨʠ ʵʪʦʤ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ HA ʠ ʅʉʆ3

-
 

ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ MREE ʚ ʨʘʩʪʚʦʨʝ ʩ ʨʅ = 4 ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉLn3+: 

ʉHA-Ln ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʚ ʧʦʣʴʟʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʩʩʦʮʠʘʪʘ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʧʦʩʪʝʧʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʨʅ ʨʘʩʪʚʦʨʘ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʥʘʪʥʳʭ ʘʩʩʦʮʠʘʪʦʚ 

ʦʩʪʘʝʪʩʷ ʥʠʞʝ, ʯʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʧʝʨʚʦʡ ʧʘʨʪʠʝʡ. 

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʄREE ʩ HA ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʢʘʨʙʦʥʦʚʳʭ ʠ ʬʝʥʦʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʫʧʧ HA, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ.  

ɺ ʦʪʥʦʰʝʥʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

LnCO3
+
 ʠ Ln(CO3)2

-
 ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ LnCO3

+
 ʩʥʠʞʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʅ, 
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ʪʦʛʜʘ ʢʘʢ Ln(CO3)2
-
, ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʦʛʣʘʩʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ HA ʠ ʨʅ ʨʘʩʪʚʦʨʘ ʢʦʣʠʯʝʩʪʚʦ ʩʦʨʙʠʨʦʚʘʥʥʳʭ MREE ʚʦʟʨʘʩʪʘʝʪ.  

ɺʳʚʦʜʳ 

ʀʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʩʨʝʜʥʝʡ ʧʦʜʛʨʫʧʧʳ (Tb, Dy ʠ Ho) ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʥʘ 

ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʨʘʩʯʝʪʥʳʭ 

ʤʝʪʦʜʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ HA-Ln ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʅ 

ʫʩʣʦʚʠʷʭ (ʦʪ 4 ʜʦ 11), ʩʦʜʝʨʞʘʥʠʷʭ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ. 

ʈʘʟʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʠ MREE ʚ ʨʷʜʫ TbïDyïHo ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʪʨʦʝʥʠʝʤ ʠʭ ʘʪʦʤʦʚ, ʪʘʢ ʠ 

ʩʚʦʡʩʪʚʘʤʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʥʠʝʤ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ 

ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʨʘʩʪʚʦʨʝ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʩʦʨʙʮʠʝʡ ʥʘ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʠ ʠʭ ʩʦʦʩʘʞʜʝʥʠʝʤ ʩ ʪʚʝʨʜʦʡ ʬʘʟʦʡ 

ʅɸ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ ˉ FUFR-2021-0006 

çɻʝʦʵʢʦʣʦʛʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ɿʘʙʘʡʢʘʣʴʷ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʪʝʭʥʦʛʝʥʝʟʘ, ʦʩʥʦʚʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜ ʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚè. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɹʦʨʟʝʥʢʦ ʉ.ɺ., ɿʘʤʘʥʘ ʃ.ɺ., ɿʘʨʫʙʠʥʘ ʆ.ɺ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ ʠ ʜʦʥʥʳʭ 

ʦʩʘʜʢʘʭ ʤʠʥʝʨʘʣʴʥʳʭ ʦʟʝʨ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ (ʈʦʩʩʠʷ) // ʃʠʪʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. 2017. ˉ 4. ï 

ʉ. 306-321. 

2. ɺʦʣʢʦʚ ʀ.ɺ. ʈʝʘʢʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʢʘʢ ʦʩʥʦʚʘ ʩʦʨʙʮʠʦʥʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʠ 

ʦʯʠʩʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ: ʘʚʪʦʨʝʬ. ʜʠʩ. é ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016. 

3. ɼʫʙʠʥʠʥ ɸ.ɺ. ɻʝʦʭʠʤʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʢʝʘʥʝ // ʃʠʪʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. 2004. 

ʊ. 4. ï ʉ. 339-349. 

4. ʆʨʣʦʚ ɼ.ʉ. ɻʫʤʫʩʦʚʳʝ ʢʠʩʣʦʪʳ ʧʦʯʚ ʠ ʦʙʱʘʷ ʪʝʦʨʠʷ ʛʫʤʠʬʠʢʘʮʠʠ. ï ʄ.: ʄɻʋ, 1990. ï 325 ʩ. 

5. ʇʦʧʦʚ ɸ.ʀ. ɻʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ: ʩʚʦʡʩʪʚʘ, ʩʪʨʦʝʥʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ. ï ʉʇʙ.: ʉʇʙɻʋ, 2004. ï 248 ʩ. 

6. De Baar H.J.W., Schijf J., Byrne R.H. Solution chemistry of the rare earth elements in seawater // European 

Journal of Solid State and Inorganic Chemistry. 1991. Vol. 28. ï P. 357ï373. 

 



112 

ʋɼʂ 550.42 : 550.47 

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʩʠʩʪʝʤʘʭ çʨʫʜʥʠʯʥʳʝ ʚʦʜʳ ï ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ï ʙʠʦʤʘʪʳè, 

çʨʫʜʥʠʯʥʳʝ ʚʦʜʳ ï ʧʦʯʚʳ ï ʨʘʩʪʝʥʠʷè ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʛʨʫʟʢʠ ʨʫʜʥʠʯʥʳʭ ʚʦʜ 

ʩʫʣʴʬʠʜʥʦ-ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɼʦʨʦʰʢʝʚʠʯ ʉ.ɻ., ʉʤʠʨʥʦʚʘ ʆ.ʂ., ʏʝʨʝʜʦʚʘ ʊ.ɺ. 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʅ.ʃ. ɼʦʙʨʝʮʦʚʘ ʉʆ ʈɸʅ, ʛ. ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ, dorosh@ginst.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʨʫʜʥʠʯʥʳʭ ʚʦʜ, ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʙʠʦʤʘʪʦʚ, ʧʦʯʚ ʠ ʨʘʩʪʝʥʠʡ ʥʘ 

ʫʯʘʩʪʢʝ, ʜʨʝʥʠʨʫʝʤʦʤ ʨʫʜʥʠʯʥʳʤʠ ʚʦʜʘʤʠ ʩʫʣʴʬʠʜʥʦ-ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʠʩʣʳʝ 

ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʷʜʦʤ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ - S, F, Fe, Ni, Co, Zn, Cu, Pb, Cd, Sb ʠ As. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, 

ʜʨʝʥʠʨʫʝʤʦʡ ʨʫʜʥʠʯʥʳʤʠ ʚʦʜʘʤʠ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʳʤ. ɺ 

ʙʠʦʪʝ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʛʨʫʟʢʠ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʝʩʢʠʝ ʭʠʤʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʙʠʦʪʘ, ʧʦʯʚʳ, ʩʫʣʴʬʠʜʥʦ-ʚʦʣʴʬʨʘʤʦʚʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 

 

The chemical elements in the systems çmine waters - bottom sediments ï biomatsè,  

çmine waters - soils ï plantsè of the territory of discharge of mine waters of the  

sulfide-tungsten deposit 

Doroshkevich S.G., Smirnova O.K.,  Cheredova T.V. 
Dobretsov Geological Institute SB RAS, Ulan-Ude, Russia, dorosh@ginst.ru 

 
Abstract. The assessment of the state of mine waters, bottom sediments, biomates, soils and plants in the area 

drained by the mine waters of the sulfide-tungsten deposit was carried out. Acid mine waters are the main source of 

pollution of the surrounding area by a number of chemical elements - S, F, Fe, Ni, Co, Zn, Cu, Pb, Cd, Sb and As. Soils 

and plants of the territory drained by mine waters are classified as highly polluted in terms of total pollution. Potentially 

toxic chemical elements characteristic of this geochemical situation are concentrated in the biota of the mine water 

discharge area. 

Keywords: mine waters, bottom sediments, biota, soils, sulfide-tungsten deposit. 

 

ɺ ʨʘʡʦʥʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʠʟʤʝʥʝʥʠʝʤ ʤʠʛʨʘʮʠʦʥʥʳʭ ʮʠʢʣʦʚ 

ʚʝʱʝʩʪʚʘ ʚ ʛʝʦʩʠʩʪʝʤʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʢʨʳʪʠʷ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʧʦʪʦʢʠ ʨʫʜʥʠʯʥʳʭ ʚʦʜ, ʚ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʪʦʢʩʠʯʥʳʝ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ    ʭʠʤʠʯʝʩʢʠʭ   ʵʣʝʤʝʥʪʦʚ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʛʨʫʟʢʠ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʰʪʦʣʴʥʠ 

ɿʘʧʘʜʥʘʷ (ʍʦʣʪʦʩʦʥʩʢʦʝ ʚʦʣʴʬʨʘʤʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ) ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ ï ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ï 

ʩʦʦʙʱʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚʦʜʦʨʦʩʣʝʡ (ʙʠʦʤʘʪʳ), ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ ï ʧʦʯʚʳ ï ʨʘʩʪʝʥʠʷ.  

ʍʦʣʪʦʩʦʥʩʢʦʝ ʚʦʣʴʬʨʘʤʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ɿʘʧʘʜʥʦʝ ɿʘʙʘʡʢʘʣʴʝ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʞʠʣʴʥʦʛʦ ʪʠʧʘ ʚ ʈʦʩʩʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʝʨʠʝʡ ʛʶʙʥʝʨʠʪ-

ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʭ ʞʠʣ. ʈʘʟʚʝʜʘʥʦ ʜʦ ʛʣʫʙʠʥ 600-650 ʤ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʨʫʜʝ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (WO3) ʚʘʨʴʠʨʫʝʪ ʦʪ 0.42 ʜʦ 1.10 %. ʉʦʜʝʨʞʘʥʠʝ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʦʩʪʘʚʣʷʝʪ (%): 0.02-0.56 Pb; 0.04-0.38 Zn; 0.03-0.17 Cu; 0.003-0.01 Bi; 0.02-0.05 Be; 4.2-7.6 F; 

ʜʦ 175 ʛ/ʪ Ag; ʜʦ 4 ʛ/ʪ Au. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʫʜʘʭ ʦʪʤʝʯʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ 1 ʠ 2 ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ: Cd, Co, Ni ʠ Cr [1]. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʩ 

ʥʘʯʘʣʘ 30-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʇʦʜʟʝʤʥʳʤʠ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ ʚʩʢʨʳʪʦ ʥʘ 

ʛʣʫʙʠʥʫ 540 ʤ. ɺʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʞʠʣ ʫʞʝ ʦʪʨʘʙʦʪʘʥʳ. ʅʘ ʩʨʝʜʥʠʭ ʠ 

ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʚ ʥʘʯʘʣʝ 1990-ʭ ʛʦʜʦʚ ʚʝʣʠʩʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ. ɺ 1997 ʛ. 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʦ. 

ʇʨʦʙʳ ʚʦʜʳ ʠ ʙʠʦʤʘʪʦʚ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʨʫʜʥʠʯʥʳʭ ʨʫʯʴʝʚ ʰʪʦʣʴʥʠ: ʚ ʤʝʩʪʝ ʠʭ ʚʳʭʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚ ʤʝʩʪʝ ʚʧʘʜʝʥʠʷ ʚ ʨ. ʄʦʜʦʥʢʫʣʴ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ï ʠʟ ʨʫʜʥʠʯʥʳʭ ʨʫʯʴʝʚ 

ʰʪʦʣʴʥʠ ʚ ʤʝʩʪʝ ʠʭ ʚʳʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʪʙʦʨ ʧʨʦʙ ʧʦʯʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ ʥʘ ʫʯʘʩʪʢʝ, ʜʨʝʥʠʨʫʝʤʦʤ 
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ʨʫʜʥʠʯʥʳʤʠ ʚʦʜʘʤʠ, ʚ 300-700 ʤ ʦʪ ʫʩʪʴʷ ʰʪʦʣʴʥʠ. ʇʨʦʙʳ ʨʘʩʪʝʥʠʡ ʦʪʙʠʨʘʣʠʩʴ ʚ ʪʦʯʢʘʭ 

ʦʧʨʦʙʦʚʘʥʠʷ ʧʦʯʚ. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣ ʚʳʙʨʘʥ ʬʦʥʦʚʳʡ ʫʯʘʩʪʦʢ ï ʧʦʡʤʘ 

ʨ. ʄʦʜʦʥʢʫʣʴ, ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʚʧʘʜʝʥʠʷ ʚ ʥʝʝ ʨʫʜʥʠʯʥʳʭ ʚʦʜ.  

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʚʦʜʳ, ʨʘʩʪʝʥʠʡ ʠ ʙʠʦʤʘʪʦʚ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʤʝʪʦʜʦʤ ICP-MS, ʚ ʧʦʯʚʘʭ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ï ʭʠʤʠʢʦ-ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ 

ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʚ 

ʎʂʇ çɻʝʦʩʧʝʢʪʨè ɻʀʅ ʉʆ ʈɸʅ ʠ ʍʘʙʘʨʦʚʩʢʦʤ ʠʥʥʦʚʘʮʠʦʥʥʦ- ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ. 

ʈʫʜʥʠʯʥʳʝ ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ (ʨʅ 3.17-4.95) ʚ ʤʝʩʪʝ ʚʳʭʦʜʘ ʠʭ ʠʟ 

ʰʪʦʣʴʥʠ ʠ ʩʣʘʙʦʢʠʩʣʦʡ-ʥʝʡʪʨʘʣʴʥʦʡ (ʨʅ 5.23-6.89) ï ʚ ʤʝʩʪʝ ʚʧʘʜʝʥʠʷ ʚ ʨ. ʄʦʜʦʥʢʫʣʴ. ʆʥʠ 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʦʙʱʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ (2226-4153 ʠ 193-1679 ʤʛ/ʜʤ
3
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʦʜʝʨʞʘʪ ʫʨʘʛʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʝ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ ʜʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ: Cd ï ʜʦ 1260 ʠ 252 ʨʘʟ, Fe ï ʜʦ 

103 ʠ 310 ʨʘʟ, Pb ï ʜʦ 81 ʠ 103 ʨʘʟ, Zn ï ʜʦ 64 ʠ 6440 ʨʘʟ, Cu ï ʜʦ 35 ʠ 34600 ʨʘʟ, As ʜʦ 12 ʨʘʟ, 

Co ï ʜʦ 8.5 ʠ 85 ʨʘʟ, Ni ï ʜʦ 5 ʠ 47 ʨʘʟ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʦʥʥʳʝ ʦʩʘʜʢʠ ʨʫʜʥʠʯʥʳʭ ʨʫʯʴʝʚ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʳʰʝ ʆɼʂ(ʇɼʂ) ï S (ʜʦ 263 ʨʘʟ), Cu (ʜʦ 22 ʨʘʟ), Pb (ʜʦ 

15 ʨʘʟ), Zn (ʜʦ 2,5 ʨʘʟ), Cd (ʜʦ 6,5 ʨʘʟ) ʠ Sb (ʜʦ 3 ʨʘʟ); ʚʳʰʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʦʪʤʝʯʝʥʳ 

ʩʦʜʝʨʞʘʥʠʷ F (ʜʦ 90 ʨʘʟ), Fe (ʜʦ 6 ʨʘʟ) ʠ Mo (ʜʦ 4,5 ʨʘʟ). 

ɺ ʧʦʯʚʘʭ, ʜʨʝʥʠʨʫʝʤʳʭ ʨʫʜʥʠʯʥʳʤʠ ʚʦʜʘʤʠ, Fe ʠ Mo ʩʦʜʝʨʞʘʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʥʠʞʝ 

ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ. ɼʣʷ F, Ni, Co, Pb ʠ Sb ʦʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʬʦʥʘ (ʚ 

1.1-1.7 ʨʘʟ). Cu, Zn ʠ Cd ʩʦʜʝʨʞʘʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʚ 1.1, 2.0 ʠ 3.9 ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʭ ʆɼʂ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʧʦʯʚʘʭ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʦʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ Pb ʩʥʠʞʝʥʳ. 

ʇʦʢʘʟʘʪʝʣʴ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 29.3 ʜʦ 59.7, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʚ ʩʨʝʜʥʝʤ, ʩʠʣʴʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʯʚ ʫʯʘʩʪʢʘ, ʜʨʝʥʠʨʫʝʤʦʛʦ ʨʫʜʥʠʯʥʳʤʠ 

ʚʦʜʘʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʤ (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1. ʇʦʢʘʟʘʪʝʣʴ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ (Zc) ʧʦʯʚ ʠ ʨʘʩʪʝʥʠʡ ʥʘ ʫʯʘʩʪʢʝ,  

ʜʨʝʥʠʨʫʝʤʦʤ ʨʫʜʥʠʯʥʳʤʠ ʚʦʜʘʤʠ. 

 

ɺ ʨʘʩʪʝʥʠʷʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʜʨʝʥʠʨʫʝʤʦʡ ʨʫʜʥʠʯʥʳʤʠ ʚʦʜʘʤʠ, ʩʦʜʝʨʞʘʥʠʝ Mo, As ʠ Sb ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʨʘʩʪʝʥʠʷʭ ʤʠʨʘ [2]. ʂʦʥʮʝʥʪʨʘʮʠʠ Mo ʠ Co 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʳʰʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ. ɺʦ ʚʩʝʭ ʨʘʩʪʝʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢʞʝ ʧʨʝʚʳʰʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ (ʄɼʋ) ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: Cd ï ʚ 6.1-

114.7 ʨʘʟʘ, Zn ï ʚ 2.9-24,7 ʨʘʟʘ. ɺ ʣʠʩʪʴʷʭ ʙʝʨʝʟʳ ʩʦʜʝʨʞʘʥʠʝ Cu ʠ Pb ʚʳʰʝ ʄɼʋ ʚ 1.3 ʠ 1.1 

ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʪʝʣʴ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

33.9 ʜʦ 613.9, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʴʥʦʤʫ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 1). 
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ɺ ʙʠʦʤʘʪʘʭ ʚʳʷʚʣʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ (ʧʦ ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ): Ni, Sr, 

Mg, Mn, Cd, Al , Cr, Sn ï ʚ 1.7-4.8 ʨʘʟʘ; Co, Bi, Mo, Ti, La, Na ï ʚ 5.7-8.1 ʨʘʟʘ; Pb, Zn, Ce, Sb, W 

ï ʚ 10-12 ʨʘʟ; Fe ʠ Be ï ʚ 43-44 ʨʘʟʘ; Cu ï ʚ 68 ʨʘʟ. ʂʨʦʤʝ ʪʦʛʦ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʜʠʬʬʝʨʝʥʮʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʩʩʦʮʠʠʨʫʶʱʝʡ ʩʫʙʩʪʘʥʮʠʠ. ʊʘʢ, ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe ʠ Pb ʦʪʤʝʯʘʝʪʩʷ ʚ ʙʠʦʤʘʪʘʭ 

ʩ ʦʭʨʠʩʪʦʡ ʩʫʙʩʪʘʥʮʠʝʡ; Al, Cu, Zn, Be ʠ Cd ï ʩ ʙʝʣʝʩʦʡ ʩʫʙʩʪʘʥʮʠʝʡ; Cr, Ni, Rb, P, K, Na ʠ Ti 

ï ʩ ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʦʡ ʩʫʙʩʪʘʥʮʠʝʡ. ʉʦʜʝʨʞʘʥʠʝ W, Mo ʠ Bi ʚ ʙʠʦʤʘʪʘʭ ʩ ʦʭʨʠʩʪʦʡ ʠ 

ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʦʡ ʩʫʙʩʪʘʥʮʠʝʡ ʥʘʭʦʜʷʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʨʠʩʫʥʦʢ 2) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ 

ʧʨʠʨʦʜʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʧʨʦʠʩʭʦʜʠʪ ʭʘʨʘʢʪʝʨʥʦʝ ʥʘʢʦʧʣʝʥʠʝ Ca. ɼʘʥʥʳʡ ʵʣʝʤʝʥʪ ʚʣʠʷʝʪ ʥʘ 

ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʙʠʦʪʳ ʨʷʜʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʛʣʦʱʝʥʠʶ ʚʘʞʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ, ʨʝʛʫʣʠʨʫʝʪ ʚʦʜʥʳʡ ʙʘʣʘʥʩ. 

 

ʈʠʩʫʥʦʢ 2. ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ: ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩ 

ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʦʡ (ʘ) ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩ ʦʭʨʠʩʪʦʡ (b) ʠ ʙʝʣʝʩʦʡ (ʩ) ʩʫʙʩʪʘʥʮʠʝʡ. 

 

ɺ ʙʠʦʤʘʪʘʭ, ʠʤʝʶʱʠʭ ʦʭʨʠʩʪʫʶ ʩʫʙʩʪʘʥʮʠʶ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

Fe ʠ S. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʫʨʘʛʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʫʜʥʠʯʥʳʭ ʚʦʜʘʭ. ɼʣʷ ʙʠʦʪʳ ʩ 

ʙʝʣʝʩʦʡ ʩʫʙʩʪʘʥʮʠʝʡ ʦʪʤʝʯʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Al ʠ F. ɺʠʜ ʩʫʙʩʪʘʥʮʠʠ ʚ ʩʦʩʪʘʚʝ 

ʙʠʦʤʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʚʦʜʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ ʠʤʝʶʪ ʢʠʩʣʫʶ ʨʝʘʢʮʠʶ (ʨʅ 3.17-4.95) ʚ ʤʝʩʪʝ ʚʳʭʦʜʘ ʠʭ ʠʟ ʰʪʦʣʴʥʠ 

ɿʘʧʘʜʥʘʷ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʭʨʠʩʪʳʭ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʭ ʙʠʦʤʘʪʦʚ ʠ ʥʝʡʪʨʘʣʴʥʫʶ (ʨʅ 

6.74-6.89) ï ʚ ʤʝʩʪʝ ʚʧʘʜʝʥʠʷ ʚ ʨ. ʄʦʜʦʥʢʫʣʴ ʩ ʙʝʣʝʩʳʤʠ ʙʠʦʤʘʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ ʍʦʣʪʦʩʦʥʩʢʦʛʦ ʞʠʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʦʣʴʬʨʘʤʘ 

ʷʚʣʷʶʪʩʷ ʢʠʩʣʳʤʠ ʜʨʝʥʘʞʥʳʤʠ ʧʦʪʦʢʘʤʠ ʩ ʫʨʘʛʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʫʣʴʬʘʪ-ʠʦʥʘ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʧʨʠʣʝʛʘʶʱʝʡ 

ʪʝʨʨʠʪʦʨʠʠ. ɺ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʫʜʥʠʯʥʳʭ ʨʫʯʴʝʚ ʦʪʤʝʯʝʥʳ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ S, 

Cu, Pb, Zn, Sb ʠ Cd. ɺ ʧʦʯʚʘʭ, ʜʨʝʥʠʨʫʝʤʳʭ ʨʫʜʥʠʯʥʳʤʠ ʚʦʜʘʤʠ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ Zn, Cu ʠ 

Cd. ɺ ʨʘʩʪʝʥʠʷʭ ʜʨʝʥʠʨʫʝʤʦʡ ʨʫʜʥʠʯʥʳʤʠ ʚʦʜʘʤʠ ʪʝʨʨʠʪʦʨʠʠ ʩʦʜʝʨʞʘʥʠʝ Cd, Zn, Cu ʠ Pb 

ʧʨʝʚʳʰʘʝʪ ʄɼʋ ʚ ʢʦʨʤʘʭ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ɺ ʩʦʦʙʱʝʩʪʚʘʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚʦʜʦʨʦʩʣʝʡ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʪʦʢʩʠʯʝʩʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ: Fe, 

Pb, Cu, Cd, Al , Zn, Ti, Bi, W, Be, La, Ce. 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʛʠʜʨʘʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʘ ʨʘʩʩʯʠʪʘʥʳ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʩʪʨʫʢʪʫʨʘʭ ʪʚʸʨʜʳʭ ʬʘʟ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʘ (ʩʫʣʴʬʘʪʳ, ʥʠʪʨʘʪʳ, ʚʘʥʘʜʘʪʳ ʠ ʜʨ.) ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʠ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʝ. ɼʣʷ ʫʨʘʥʠʣ-ʢʘʨʙʦʥʘʪʦʚ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ Mg, Ca, Sr, Ba, UO2CO3ĿH2O, b-

KNbUO6, ʫʨʘʥʠʣʙʦʨʘʪʦʚ Sr ʠ Ba ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʫʨʘʥʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʡ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʧʝʨʝʥʦʩʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʨʘʥ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʚʦʜʘ, ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ. 

 

Thermodynamic properties of crystal water in uranium compounds  

Eremin O.V., Rusal O.S. 
Institute of Natural Resources, Ecology and Cryology SB RAS, Chita, Russia, e-mail yeroleg@yandex.ru 

 

Abstract. On the basis of the experimental values of the standard thermodynamic functions of uranium hydrate 

compounds the properties of crystal water in solid-phase structures were calculated. For the majority of the considered 

uranium compounds (sulfates, nitrates, vanadates, etc.) the hydration reactions are exothermic and spontaneous. For 

uranyl carbonates of alkali earth metals Mg, Ca, Sr, Ba, UO2CO3ĿH2O, b-KNbUO6, and uranylborates of Sr and Ba, the 

hydration reactions are endothermic. From this it can be assumed that the formation of some secondary uranium 

minerals can occur under the influence of its own radiation activity with the transfer of thermal energy. 

Keywords: Uranium, crystal water, hydration reactions. 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʠʥʝʨʘʣʦʚ ʫʨʘʥʘ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʠʭ ʩʪʨʫʢʪʫʨʘʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʫʶ ʚʦʜʫ 

(ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʝ ʢʣʘʩʩʳ ʤʠʥʝʨʘʣʦʚ ʫʨʘʥʘ ʧʦ [5] 

ʍʠʤʠʯʝʩʢʠʡ ʢʣʘʩʩ ʂʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʦʚ ʂʦʣʠʯʝʩʪʚʦ ʛʠʜʨʘʪʦʚ 
ʆʢʩʠʜʳ, ʛʠʜʨʦʢʩʠʜʳ, ʧʝʨʦʢʩʠʜʳ 62 33 

ʉʫʣʴʬʘʪʳ 62 62 
ʌʦʩʬʘʪʳ 53 52 
ʂʘʨʙʦʥʘʪʳ 42 38 
ɸʨʩʝʥʘʪʳ 40 39 
ɺʘʥʘʜʘʪʳ 20 16 
ʄʦʣʠʙʜʘʪʳ 18 14 
ʉʠʣʠʢʘʪʳ 15 14 

ʊʝʣʣʫʨʘʪʳ-(ʠʪʳ), ʩʝʣʝʥʠʪʳ 11 9 
ʅʠʦʙʘʪʳ, ʪʠʪʘʥʘʪʳ, ʚʦʣʴʬʨʘʤʘʪ 10 2 

 

ɼʣʷ ʬʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ:  

A + H2O = AĿH2O,                                                              (1) 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʘʪʘʮʠʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʞʠʜʢʦʡ ʚʦʜʳ ʢʘʢ ʨʝʘʛʝʥʪʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚ ʩʦʩʪʘʚʝ 

ʧʨʦʜʫʢʪʘ [6]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʛʠʜʨʘʪʦʚ 

AĿnH2O [6, 12]. ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ: ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʝʨʛʠʡ 

ɻʠʙʙʩʘ (ȹfGÁ) ʠ ʵʥʪʘʣʴʧʠʡ (ȹfHÁ) ʦʙʨʘʟʦʚʘʥʠʷ, ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʨʦʧʠʡ (SÁ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

25Áʉ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ʛʠʜʨʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʘ ʨʘʩʩʯʠʪʘʥʳ ʩʚʦʡʩʪʚʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʠʭ ʩʪʨʫʢʪʫʨʘʭ  (ʪʘʙʣʠʮʘ 2). 
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ʊʘʙʣʠʮʘ 2 

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʫʨʘʥʘ 

ʉʦʝʜʠʥʝʥʠʝ 
- ȹfGÁ, 

ʢɼʞ/ʤʦʣʴ 
- ȹfHÁ, 

ʢɼʞ/ʤʦʣʴ 
SÁ, 

ɼʞ/ʤʦʣʴ/K 
ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

H2O (ʃʸʜ-I) 236.591 -292.746 44.771 [6] 
H2O (ɾʠʜʢʦʩʪʴ) 237.181 -285.837 69.923 -//- 

ʆʢʩʠʜʳ (ʛʠʜʨʦʢʩʠʜʳ), ʧʝʨʦʢʩʠʜʳ 
UO3ĿnH2O 244Ñ3.7 303.2Ñ 4.6 35.34Ñ2.5 [2] 
UO2(OH)2 238.0 292.6 50.24 -//- 
Na2U2O7 241.8 - - -//- 

UO2O2ĿnH2O - 301.1 - [4] 
UO2ĿnH2O 231.4 - - -//- 

UO2.86ĿnH2O - 299.2 - -//- 
UO4ĿnH2O - 300.0 - [2] 

ʂʘʨʙʦʥʘʪʳ 
UO2CO3ĿH2O 223.4  278.2  49.4  [4] 

Mg2(UO2)(CO3)3Ŀ18H2O - 206.7 - [14] 
Ca2(UO2)(CO3)3Ŀ10H2O - 280.9 - -//- 
Sr2[UO2(CO3)3]Ŀ8H2O - 199.1 - -//- 
Ba2[UO2(CO3)3]Ŀ6H2O - 206.7 - -//- 
Li 4[UO2(CO3)3]Ŀ1.5H2O - 334.7 - [13] 
Cs4[UO2(CO3)3] Ŀ nH2O - 321.7Ñ 45.9 - -//- 

ʉʫʣʴʬʘʪʳ 
U(SO4)2ĿnH2O 237.9Ñ1.3 294.1Ñ1.3 44.75 [2] 
UO2SO4ĿnH2O 244.4Ñ1.7 302.6Ñ2.4 38.31Ñ2.3 -//- 

CuUO2(SO4)2Ŀ5H2O 243.7 303.9 31.2 [8] 
CoUO2(SO4)2Ŀ5H2O - 308.3 - -//- 
NiUO2(SO4)2Ŀ5H2O - 306.9 - -//- 
ZnUO2(SO4)2Ŀ5H2O - 302.8 - -//- 
FeUO2(SO4)2Ŀ5H2O - 306.1 - -//- 
MnUO2(SO4)2Ŀ5H2O - 302.3 - -//- 

ʅʠʪʨʘʪʳ 
UO2(NO3)2ĿnH2O 245.2Ñ8.2 302.3Ñ8.9 48.7Ñ30.0 [2] 

ɺʘʥʘʜʘʪʳ 
Mg(VUO6)2 - 315.2 - [10] 
Ca(VUO6)2 - 300.6Ñ11.1 - -//- 
Sr(VUO6)2 - 302.2 - -//- 
Ba(VUO6)2 241.8 296.5 49.8 -//- 
NaVUO6 244.5 300.5 44.6 -//- 
LiVUO 6 - 301,5 - -//- 

Mn(VUO6)2 259.5 314.7 47.8 [11] 
Fe(VUO6)2 256.7 311.7 47.8 -//- 
Co(VUO6)2 256.5 311.5 47.8 -//- 
Ni(VUO6)2 262.0 317.3 47.8 -//- 
Cu(VUO6)2 247.8Ñ17.5 303.0Ñ17.6 47.8Ñ0.0 -//- 
Zn(VUO6)2 253.3Ñ7.14 308.3Ñ7.14 47.8Ñ0.0 -//- 
Cd(VUO6)2 241.5Ñ15.5 296.6Ñ15.8 47.8Ñ0.0 -//- 
La(VO6)3 - 297.4Ñ8.2 - -//- 

ʌʦʩʬʘʪʳ 
UO2HPO4 242.6 300.1 40.3 [2] 

(UO2)3(PO4)2 237.0 294.6 40.0 -//- 
HPUO6 - 299.5 - -//- 
LiPUO6 - 295.7 - -//- 
NaPUO6 - 292.3 - -//- 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

KPUO6 - 291.3 - -//- 
RbPUO6 - 290.3 - -//- 
CsPUO6 - 289.3 - -//- 

Zn((UO2)(PO4))2 237.1 - - -//- 
Ni((UO2)(PO4))2 237.1 - - -//- 
Co((UO2)(PO4))2 237.1 - - -//- 

ɸʨʩʝʥʘʪʳ 
(UO2)3(AsO4)2 245.7 - - [2] 

HAsUO6 - 304.5 - -//- 
LiAsUO6 - 296.5 - -//- 
NaAsUO6 - 296.0 - -//- 
KAsUO6 - 294.0 - -//- 
RbAsUO6 - 292.7 - -//- 
CsAsUO6 - 291.3 - -//- 

Ca((UO2)(AsO4))2 237.1 - - -//- 
ʅʠʦʙʘʪʳ 

LiNbUO6 249.3 315.8 - [2] 
NaNbUO6 239.5 296.5 42.1 -//- 
KNbUO6 233.0 (Ŭ) 

229.7 (b) 
298.67 (Ŭ) 
283.67 (b) 

- 
52.2 (b) 

-//- 

RbNbUO6 231.5 (Ŭ) 
228.0 (b) 

291.0 (Ŭ) 
297.5 (b) 

33.7 (Ŭ) 
-  

-//- 

ɻʘʣʦʛʝʥʠʜʳ 
UOFOH 242.4 298.8 44.0 [2] 
UO2F2 240.2 297.5 41.9 -//- 
UO2Cl2 249.1Ñ3.9 306.4Ñ3.9 40.3Ñ0.6 -//- 
UO2Br2 248.4Ñ5.1 306.0Ñ5.0 39.8Ñ0.1 -//- 

UO2OHF 239.4 296.0 42.0 -//- 
UF4 245.8 303.6 39.3 -//- 

NH4(UO2)2F5 239.0Ñ0.4 296.3Ñ0.3 41.7Ñ0.1 -//- 
ɹʦʨʘʪʳ 

Mg(BUO5)2 245.1 304.0 23.6 -//- 
Ca(BUO5)2 249.0 322.0 - -//- 
Sr(BUO5)2 207.1 267.3 31.3 -//- 
Ba(BUO5)2 204.0 261.8 39.4 -//- 
Mn(BUO5)2 - 300.5 - -//- 
Ni(BUO5)2 - 303.8 - -//- 
Co(BUO5)2 - 306.2 - -//- 
Zn(BUO5)2 - 302.4 - -//- 
LiUO2BO3 253.7 320Ñ1.7 10.1 -//- 
NaUO2BO3 256.5 321.1Ñ4.3 16.6 -//- 
KUO2BO3 246.5 319.6Ñ0.5 - -//- 
RbBUO5  315.7Ñ0.9  -//- 

CsUO2BO3 258.5 312.4Ñ2.5 52.5 -//- 

ʇʨʦʯʝʨʢ ï ʦʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ, -//- ʧʦʚʪʦʨʝʥʠʝ ʜʘʥʥʳʭ. 

 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʪʘʙʣʠʮʳ 2 ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʘ (ʩʫʣʴʬʘʪʳ, 

ʥʠʪʨʘʪʳ, ʚʘʥʘʜʘʪʳ ʠ ʜʨ.) ʨʝʘʢʮʠʠ (1) ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʝ. 

ʇʨʦʚʝʜʸʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʤʝʞʜʫ ʛʠʜʨʘʪʘʤʠ 

ʧʨʦʩʪʳʭ ʩʫʣʴʬʘʪʦʚ MeSO4ĿnH2O ʠ ʫʨʘʥʠʣ-ʩʫʣʴʬʘʪʦʚ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ 

(ʪʘʙʣʠʮʘ 3). 
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ʊʘʙʣʠʮʘ 3 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ȹäHÁ (ʢɼʞ/ʤʦʣʴ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʩʫʣʴʬʘʪʘʭ ʫʨʘʥʠʣʘ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ MeUO2(SO4)2Ŀ5H2O, 

Me = Mn, Fe, Zn, Cu, Ni, Co [8] ʠ ʧʨʦʩʪʳʭ ʩʫʣʴʬʘʪʦʚ MeSO4ĿnH2O [12], ʨʘʜʠʫʩʳ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ Me
2+

 ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ 6 ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [1] 

ʕʣʝʤʝʥʪ ʈʘʜʠʫʩ ʢʘʪʠʦʥʘ, ¡ -ȹäHÁ (H2Ocryst), 

ʢɼʞ/ʤʦʣʴ [8] 
-ȹäHÁ (H2Ocryst), 

ʢɼʞ/ʤʦʣʴ [12] 
Co 0.68 308.3 297.9Ñ3.8 
Ni 0.69 306.9 301.0Ñ2.6 
Cu 0.73 303.9 301.0Ñ5.0 
Zn 0.74 302.8 298.2Ñ6.4 
Fe 0.78 306.1 296.6Ñ3.8 
Mn 0.96 302.3 295.2Ñ5.2 

 

ɿʥʘʯʝʥʠʷ ȹäHÁ(H2Ocryst) (ʪʘʙʣʠʮʘ 3) ʢʘʢ ʜʣʷ ʛʠʜʨʘʪʦʚ ʧʨʦʩʪʳʭ ʩʫʣʴʬʘʪʦʚ, ʪʘʢ ʠ ʩ ʫʨʘʥʠʣ-

ʢʘʪʠʦʥʘʤʠ, ʚʳʰʝ (ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ) ʯʝʤ ʜʣʷ ʞʠʜʢʦʡ ʚʦʜʳ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʨʘʥʦʤ 

ʵʪʠ ʦʪʣʠʯʠʷ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ, ʯʝʤ ʫ ʧʨʦʩʪʳʭ ʩʫʣʴʬʘʪʦʚ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʦʷʚʣʷʪʴʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘʭ ʨʝʘʢʮʠʡ ʛʠʜʨʘʪʘʮʠʠ (1).  

ʂ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʦʩʪʨʦʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠʤʝʶʪ 

ʚʝʣʠʯʠʥʳ ʘʙʩʦʣʶʪʥʳʭ ʵʥʪʨʦʧʠʡ SÁ ʛʠʜʨʘʪʥʦʡ ʚʦʜʳ. ʀʭ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʤʝʨʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʠ ʵʪʦʤ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ SÁ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʙʦʣʴʰʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʣʦʞʥʦʩʪʠ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʛʠʜʨʘʪʥʳʭ ʩʫʣʴʬʘʪʦʚ MeSO4ĿnH2O (Me = 

Ca, Mn, Cd, Fe, Zn, Cu, Mg, Ni, Co, Be) ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ  SÁ = 38.3Ñ1.0 ɼʞ/ʄʦʣʴʂ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʚʦʜʘ ʚ ʨʷʜʫ ʩʫʣʴʬʘʪʦʚ ʤʝʜʠ [12]. ʃʦʛʠʯʥʝʝ ʩʨʘʚʥʠʚʘʪʴ 

ʟʥʘʯʝʥʠʷ ʵʥʪʨʦʧʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʩ ʬʘʟʦʡ ʣʴʜʘ-I. ʊʘʢ ʚ ʨʷʜʫ H2O(ʣʝʜI) - 

CuSO4ĿnH2O - CuUO2(SO4)2Ŀ5H2O ʩʚʦʡʩʪʚʘ SÁ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ (44.8 38.3 31.2) 

ɼʞ/ʤʦʣʴ/K ʧʦʢʘʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʣʦʞʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ.  

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ (ʪʘʙʣʠʮʘ 2) ʜʣʷ ʫʨʘʥʠʣ-ʢʘʨʙʦʥʘʪʦʚ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

Mg, Ca, Sr, Ba ʨʝʘʢʮʠʠ (1) ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ.  

ʉʨʘʚʥʝʥʠʝ ʛʠʜʨʘʪʦʚ ʫʨʘʥʠʣ-ʢʘʨʙʦʥʘʪʦʚ ʠ ʧʨʦʩʪʳʭ ʢʘʨʙʦʥʘʪʦʚ (ʪʘʙʣʠʮʘ 4) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ MeCO3ĿnH2O (Me=Ca, Mg) ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʪʠʦʥʦʚ ʫʨʘʥʠʣʘ ʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ 

ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʘʪʘʮʠʠ (1) ʩ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʥʘ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ. ɼʣʷ ʫʨʘʥʦʢʘʨʙʦʥʘʪʦʚ Li  ʠ 

Cs ʨʝʘʢʮʠʠ (1) ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ. 

ʊʘʙʣʠʮʘ 4 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ȹäHÁ (ʢɼʞ/ʤʦʣʴ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʛʠʜʨʘʪʘʭ ʢʘʨʙʦʥʘʪʦʚ ʫʨʘʥʠʣʘ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

Mʝ2(UO2)(CO3)3ĿnH2O Me = Mg, Ca, Sr, Ba [14] ʠ ʄʝ4UO2(CO3)3ĿnH2O ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

Me=Li, Cs [13], ʘ ʪʘʢʞʝ ʧʨʦʩʪʳʭ ʢʘʨʙʦʥʘʪʦʚ MeCO3ĿnH2O [6]. ʈʘʜʠʫʩʳ ʢʘʪʠʦʥʦʚ ʧʦ [1] 

ʕʣʝʤʝʥʪ ʈʘʜʠʫʩ ʢʘʪʠʦʥʘ, ¡ -ȹäHÁ (H2Ocryst), 

ʢɼʞ/ʤʦʣʴ [13, 14] 
-ȹäHÁ (H2Ocryst), 

ʢɼʞ/ʤʦʣʴ [6] 
Mg 0.72 206.7 291.6 
Ca 1.00 280.9 291.1Ñ0.1 
Sr 1.18 199.1 - 
Ba 1.35 206.7 - 
Li  0.76 334.7 - 
Cs 1.67 321.7Ñ45.9 - 

ʇʨʦʯʝʨʢ ï ʦʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʠʣʠ ʩʘʤʠʭ ʛʠʜʨʘʪʦʚ. 

 

ɺ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʤʠʥʝʨʘʣʦʚ ʢʣʘʩʩʘ ʢʘʨʙʦʥʘʪʦʚ ʫʨʘʥʠʣʘ ʚʭʦʜʷʪ Mg, Ca, Sr, Ba: ʙʝʡʣʠʠʪ 

(Mg2(UO2)(CO3)3Ŀ18H2O), ʩʚʘʨʪʮʠʪ (CaMgUO2(CO3)3Ŀ12H2O) ʠ ʜʨ. [3].  ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ 

ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ 
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ʘʢʪʠʚʥʦʩʪʠ ʩ ʧʝʨʝʥʦʩʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ çʚʥʝʜʨʝʥʠʷè 

ʚʦʜʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʨʘʙʜʦʬʘʥʦʚ [7]. 

ʀʟ ʤʥʦʞʝʩʪʚʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʪʘʙʣ. 2 ʛʠʜʨʘʪʦʚ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ (1) 

ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʞʝ ʜʣʷ UO2CO3ĿH2O, b-KNbUO6, ʫʨʘʥʠʣʙʦʨʘʪʦʚ Sr ʠ Ba.  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʅʌ (ʧʨʦʝʢʪ ˉ 22-27-00281).  
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʚʘʨʮ-ʚʦʣʴʬʨʘʤʠʪ ʪʦʧʘʟʦʚʦʛʦ ʛʨʝʡʟʝʥʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ 

ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʠʭ ʦʢʠʩʣʝʥʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʇʂ çʉʝʣʝʢʪʦʨè. ɼʣʷ Bi, Sb, Se, Te 

ʠ U ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʚʥʦʚʝʩʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʩʪʝʤ çʚʦʜʘ-ʧʦʨʦʜʘè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʇʂ çʉʝʣʝʢʪʦʨè, ʢʚʘʨʮ-ʚʦʣʴʬʨʘʤʠʪ-ʪʦʧʘʟʦʚʳʡ 

ʛʨʝʡʟʝʥ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʐʝʨʣʦʚʘʷ ɻʦʨʘ. 

 

Physico-chemical model of oxidation of quartz- wolframite-topaze- greizens of the 

Sherlovogorsk deposit 
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Abstract. Based on the data on the chemical composition of quartz-wolframite- topaz greisens from Sherlovaya 

Gora, a model of their oxidation in an aqueous medium under standard conditions in the Selektor PC was built. For Bi, 

Sb, Se, Te and U, equilibrium mineral phases and compounds are presented depending on the redox conditions of the 

"water-rock" systems. 

Keywords: Thermodynamic modeling, PC "Selektor", quartz-wolframite-topaz greisens, Sherlovaya Gora deposit. 

 

ʐʝʨʣʦʚʘʷ ɻʦʨʘ (ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʘʤʦʮʚʝʪʦʚ, ʚʦʣʴʬʨʘʤʘ, ʦʣʦʚʘ, 

ʚʠʩʤʫʪʘ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ [2, 4]. ʐʝʨʣʦʚʦʛʦʨʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ ʚʢʣʶʯʘʝʪ ʧʷʪʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʠʥʪʝʥʩʠʚʥʦ 

ʛʨʝʡʟʝʥʠʟʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʳ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɺ cʚʷʟʠ ʩ ʧʨʦʮʝʩʩʦʤ ʛʨʝʡʟʝʥʠʟʘʮʠʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʝ ʪʝʣʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʘʨʷʜʫ ʩ ʢʚʘʨʮʝʤ ʙʝʨʠʣʣ, ʪʦʧʘʟ, ʩʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ, ʪʫʨʤʘʣʠʥ. ʈʫʜʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʩʩʠʪʝʨʠʪʦʤ, ʬʝʨʙʝʨʠʪʦʤ, ʞʝʣʝʟʠʩʪʳʤ ʯʣʝʥʦʤ ʠʟʦʤʦʨʬʥʦʛʦ 

ʨʷʜʘ ʬʝʨʙʝʨʠʪ-ʚʦʣʴʬʨʘʤʠʪ-ʛʶʙʥʝʨʠʪ.  ʇʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʚʠʩʤʫʪʠʥ, ʩʘʤʦʨʦʜʥʳʡ ʚʠʩʤʫʪ, 

ʙʠʩʤʫʪʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʩʢʦʨʦʜʠʪ, ʨʫʟʚʝʣʴʪʠʪ, ʪʫʥʛʩʪʝʥʠʪ, ʬʘʨʤʘʢʦʩʠʜʝʨʠʪ, ʤʝʪʘʮʝʡʥʝʨʠʪ ʠ 

ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʙʱʝʝ ʯʠʩʣʦ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʚ 

ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʜʦʩʪʠʛʣʦ 200 [4].   

ʇʨʦʚʝʜʸʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʝʨʥʦʢʠʩʣʦʪʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ 

ʰʝʨʣʦʚʦʛʦʨʩʢʠʭ ʛʨʝʡʟʝʥʦʚ ʠ ʦʣʦʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ [3] ʧʦʢʘʟʘʣʠ ʘʢʪʠʚʥʳʡ ʚʳʥʦʩ ʚ 

ʨʝʘʢʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʪʢʨʳʪʳʤ ʦʩʪʘʸʪʩʷ 

ʚʦʧʨʦʩ ʩʫʜʴʙʳ ʤʥʦʛʠʭ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʫʩʣʦʚʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ. ʆʧʨʝʜʝʣʸʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʵʪʦʤ 

ʤʦʛʫʪ ʜʘʪʴ ʤʦʜʝʣʠ ʨʘʩʯʸʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʘʭ çʚʦʜʘ-ʧʦʨʦʜʘè [1]. 

ʆʙʨʘʟʮʳ ʢʚʘʨʮ-ʚʦʣʴʬʨʘʤʠʪ-ʪʦʧʘʟʦʚʳʭ ʛʨʝʡʟʝʥʦʚ ʦʪʦʙʨʘʥʳ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʩʦʧʢʠ 

ʄʝʣʝʭʠʥʩʢʘʷ [4]. ʇʨʦʙʳ ʠʟʜʨʦʙʣʝʥʳ ʠ ʨʘʩʩʝʷʥʳ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ. ʍʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʠʭ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ICP-MS ʚ ʣʘʙʦʨʘʪʦʨʠʠ çSGSè (ʛ. ʏʠʪʘ) ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

(ʪʘʙʣʠʮʝ 1). 

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʣʴʬʨʘʤʠʪʦʚʳʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʨʘʟʤʝʨʥʦʩʪʝʡ.  

ʉʦʜʝʨʞʘʥʠʷ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ Si-As , ʚ %, ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʛ/ʪ 

ʂʦʤʧʦʥʝʥʪʳ (ʢʣʘʨʢ ʟʝʤʥʦʡ 

ʢʦʨʳ ʧʦ [5]) 
ʂʣʘʩʩ 0,5-1 ʤʤ ʂʣʘʩʩ <0,1 ʤʤ 

Si (30) 44 45 
Al  (8) 14 12 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

Ca (3) 0.8 1.1 
Mg (2) 0.02 0.06 
Na (3) 0.09 0.23 
K (3) 0.5 1.3 
Fe (5) 2 6 

Ti (0.5) 0.03 0.09 
P (0.1) 0.01 0.03 
Mn (1) 0.5 0.7 

Cr (0.01) 0.001 0.02 
S (0.05) 0.5 0.9 
W (1,3) 12 % 13 % 

Bi (0,009) 2 % 3  % 
As (1,7) 0.4 % 1.3 % 
Y (29) 72 200 
La (29) 16 91 
Ce (70) 32 163 
Pr (9) 4 26 

Nd (37) 17 100 
Sm (8) 5 27 
Eu (1,3) 0.2 1 
Gd (8) 6 27 

Tb (4,3) 1 5 
Dy (5) 10 30 

Ho (1,7) 2 6 
Er (3,3) 6 18 

Tm (0,27) 1 3 
Yb (3,3) 6 18 
Lu (0,08) 1 3 

ǕLn+Y 179.2 718 

Sb (0,5) 42 222 
Nb (20) 207 213 
Zn (83) 225 1650 
Zr (170) 380 600 
Cr (83) 40 220 
Be (3.8) 631 257 
Cd (0.13) 4 18 
Cs (3.7) 24 33 
Cu (47) 170 770 
Ga(19) 11 278 

In (0.25) 4 33 
Li (32) 90 200 

Mo (1.1) 23 137 
Pb (16) 996 3990 

Rb (150) 159 377 
Sc (10) 40 300 
Sn (2.5) 360 282 
Ta (2.5) 38 37 
Th (13) 12 62 
Tl (1) 1 2.8 

U (2.5) 12 75 
Ag (0.07) 1 1 
Se (0.05) 0.3 0.5 
Te (0.001) 1 2 
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ʊʘʙʣʠʮʘ 2 

ʈʘʚʥʦʚʝʩʥʳʝ ʬʘʟʳ Bi, Sb, Se, Te ʠ U ʚ ʤʦʜʝʣʠ ʦʢʠʩʣʝʥʠʷ ʰʝʨʣʦʚʦʛʦʨʩʢʠʭ ʧʦʨʦʜ (ʪʘʙʣʠʮʘ 1), ʩʦʦʪʥʦʰʝʥʠʝ ʊ:ɾ=1:10,  

ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ (O2) ʚ ʩʠʩʪʝʤʝ 

ˉ ʧ/ʧ ʕʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʚʥʦʚʝʩʥʳʭ ʨʘʩʪʚʦʨʦʚ Eh, ɺ 

-0.4 -0.1 0 0.1 0.2 0.4 

Bi ʉʘʤʦʨʦʜʥʳʡ 

ʚʠʩʤʫʪ (Bi) 

 

ʉʘʤʦʨʦʜʥʳʡ ʚʠʩʤʫʪ, 

ʙʠʩʤʫʪʠʪ (Bi2O2CO3), 

ʙʫʘʟʟʝʨʠʪ 

(Bi6(Mg,Co)11Fe14(AsO4)18O12

(OH)4Ŀ86H2O) 

ɹʠʩʤʫʪʠʪ, ʙʝʡʝʨʠʪ 

(CaBi2O2(CO3)2), ʧʦʪʪʩʠʪ 

(Bi3O(VO4)2OH), 

ʙʫʘʟʟʝʨʠʪ 

ʇʦʪʪʩʠʪ, ʙʫʘʟʟʝʨʠʪ ʇʦʪʪʩʠʪ, ʙʫʘʟʟʝʨʠʪ 

ʯʝʭʦʚʠʯʠʪ 

(Bi2Te4O11) 

 
 

ɼʦʙʨʝʠʪ 

BiO(OH), 

ʯʝʭʦʚʠʯʠʪ 

Sb ʂʫʧʨʦʩʪʠʙʠʪ 

(Cu2Sb). 

ʂʫʘʣʩʪʠʙʠʪ 

(Cu2Al(OH)6[Sb(OH)6]) 

ʊʫʥʛʩʪʠʙʠʪ (SbWO4) 

ʂʫʘʣʩʪʠʙʠʪ ʎʠʥʢʘʣʩʪʠʙʠʪ 

(Zn2Al(OH)6[Sb(OH)6]). 

ɹʨʘʥʜʭʦʣʴʮʠʪ 

(MgSb2(OH)12(H2O)6), 

ʪʨʠʧʫʛʠʠʪ (FeSbO4) 

ʄʦʧʫʥʛʠʪ (NaSb
5+

(OH)6) 

ʙʨʘʥʜʭʦʣʴʮʠʪ, ʪʨʠʧʫʛʠʠʪ 

Se ʈʦʢʝʟʠʪ 

(CuInSe2) 

ʈʦʢʝʟʠʪ ʃʘʨʠʩʘʠʪ 

(NaH3O(UO2)3(SeO3)2O2) 

ʃʘʨʠʩʘʠʪ ʃʘʨʠʩʘʠʪ ʃʘʨʠʩʘʠʪ 

Te ɻʸʩʩʠʪ (Ag2Te) ɻʸʩʩʠʪ ɻʸʩʩʠʪ ɹʨʫʤʘʜʦʠʪ 

(Cu3(Te
6+

O4)(OH)4Ŀ5H2O) 

ɼʞʝʥʩʝʥʠʪ 

(Cu
2+

3Te
6+

O6Ŀ2H2O) 

ʌʨʘʥʢʭʦʪʦʨʥʠʢ 

(Cu2Te
6+

O4(OH)2 

ʂʫʮʪʠʢʠʪ 

(Fe
3+

2Te
6+

O6Ŀ3H2O) 

ɹʨʫʤʘʜʦʠʪ 

ɼʞʝʥʩʝʥʠʪ 

ʌʨʘʥʢʭʦʪʦʨʥʠʢ 

ʂʫʮʪʠʢʠʪ 

ʏʝʭʦʚʠʯʠʪ 

ʏʝʭʦʚʠʯʠʪ 

U ʋʨʘʥʠʥʠʪ (UO2), 

ʢʦʬʬʠʥʠʪ 

(USiO4) 

 

ɻʨʠʤʟʝʣʠʪ, 

(K3NaUO2(CO3)3ĿH2O) 

ʥʘʪʨʦʙʦʣʪʚʫʜʠʪ 

(NaUO2SiO3OHĿ1.5H2O), 

ʪʨʠʩʪʘʤʠʪ 

(Ca0.54U0.29Fe0.17(PO4)0.79(SO4

)0.12(CO3)0.07(H2O)1.77), 

ʫʨʘʥʦʤʦʣʠʙʜʘʪ ʣʠʪʠʷ 

(Li 2UMo2O10). 

ʃʘʨʠʩʘʠʪ, ʭʝʡʚʠʠʪ 

(Ca(UO2)2(SiO3OH)2Si3O6

Ŀ6H2O), ʛʨʠʤʟʝʣʠʪ, 

ʪʨʠʩʪʘʤʠʪ, 

ʙʦʙʬʠʥʯʠʪ 

(Na(UO2)8O3(OH)11(H2O)1

0), Li2UMo2O10 

ʃʘʨʠʩʘʠʪ, ʭʝʡʚʠʠʪ, 

ʛʨʠʤʟʝʣʠʪ, ʪʨʠʩʪʘʤʠʪ, 

Li 2UMo2O10, CsVUO6 

ʄʘʛʥʠʦʫʨʩʠʣʠʪ 

(Mg4(UO2)4(Si2O5)5(O

H)6Ŀ15H2O),  

ʚʦʨʣʘʥʠʪ (CaUO4), 

ʚʘʧʥʠʢʠʪ (Ca3UO6), 

ʣʘʨʠʩʘʠʪ, 

Li 2UMo2O10, CsVUO6 

ɺʘʧʥʠʢʠʪ, 

cʪʫʜʪʠʪ(UO2O2(H2O)4), 

ʣʘʨʠʩʘʠʪ, 

CsUO2OOH 

Li 2UMo2O10, CsVUO6 
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ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çʉʝʣʝʢʪʦʨè ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʦʢʠʩʣʝʥʠʷ ʧʦʨʦʜ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 25 Áʉ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʊ:ɾ(ʚʦʜʘ)=1:10, ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʟʘʜʘʚʘʣʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ ʩʦʜʝʨʞʘʥʠʡ ʧʦ ʪʘʙʣʠʮʝ 1, ʵʣʝʤʝʥʪʳ C, F, Cl ʠ ʜʨ. 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʣʘʨʢʘʤ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦ [5]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ 

ʨʘʚʥʦʚʝʩʥʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʵʣʝʢʪʨʦʜʥʳʤʠ 

ʧʦʪʝʥʮʠʘʣʘʤʠ Eh. ʉʦʧʨʷʞʸʥʥʳʝ ʩ ʨʘʩʪʚʦʨʘʤʠ ʪʚʸʨʜʳʝ ʬʘʟʳ ʧʦʢʘʟʳʚʘʶʪ ʧʦʚʝʜʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ. ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʝʣʠʢʦ (ʪʘʙʣʠʮʘ 1) 

ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʜʣʷ Bi, Sb, Se, Te ʠ U ʚ ʪʘʙʣʠʮʝ 2. 

ʀʟ ʪʘʙʣʠʮʳ 2 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (Eh<-0.1 ɺ) 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʘʤʦʨʦʜʥʦʡ ʬʦʨʤʝ (Bi), ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ 

ʘʥʪʠʤʦʥʠʜʦʚ, ʩʝʣʝʥʠʜʦʚ ʠ ʪʝʣʣʫʨʠʜʦʚ. ʋʨʘʥ (IV) ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪ ʢʠʩʣʦʨʦʜʥʳʝ ʬʦʨʤʳ 

ʫʨʘʥʠʥʠʪʘ ʠ ʢʦʬʬʠʥʠʪʘ. ʇʨʠ ʩʤʝʥʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʚʠʩʤʫʪ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʬʘʟʘʭ ʢʘʨʙʦʥʘʪʦʚ ʠ ʘʨʩʝʥʘʪʦʚ, ʩʫʨʴʤʘ ï 

ʛʠʜʨʦʢʩʠʜʦʚ,  ʫʨʘʥ ï ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʫʨʘʥʠʣʘ. ʉʝʣʝʥ ʦʙʨʘʟʫʝʪ ʩʝʣʝʥʠʪʳ, ʪʝʣʣʫʨ ï ʪʝʣʣʫʨʘʪʳ. 

ʇʨʠ ʚʳʩʦʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʢʣʘʩʩʘʤʠ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʅʌ (ˉ 22-27-00281). 
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ʋɼʂ 550.424.6:542 

ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʝʥʥʦʛʦ ʨʝʞʠʤʘ ɼʦʨʦʥʠʥʩʢʦʛʦ ʩʦʜʦʚʦʛʦ ʦʟʝʨʘ 

ʉʝʨʝʙʨʝʥʥʠʢʦʚʘ ʅ.ɺ. 
ʃʘʙʦʨʘʪʦʨʠʷ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ ɿʘʙɻʋ, NVSerebrennikova2010@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥ ʭʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʝʥʥʦʛʦ ʨʝʞʠʤʘ ʆʟʝʨʘ ɼʦʨʦʥʠʥʩʢʦʝ ʚ 2002-2012 ʛʛ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʭʦʜʥʳʭ ʩʪʘʪʴʷʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʘ ɼʦʨʦʥʠʥʩʢʦʝ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʤʝʥʥʦ 

ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʣʠʪʝʣʴʥʦʤʫ ʩʦʭʨʘʥʝʥʠʶ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʝʛʦ ʘʢʚʘʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʟ. ɼʦʨʦʥʠʥʩʢʦʝ, ʚʦʜʥʳʡ ʙʘʣʘʥʩ, ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ. 
 

Fluctuations in the level regime of Doroninsky soda lake 

Serebrennikova N.V. 
Laboratory of Mineralogy and Geochemistry of the landscape of ZabGU, NVSerebrennikova2010@mail.ru 

 

Abstract. The nature of fluctuations in the level regime of Lake Doroninskoye in 2002-2012 is considered. It is 

established that in the incoming articles of the water balance of Lake Doroninskoye, the leading role is played by 

underground runoff, a significant amount of which contributes to the long-term preservation of the quasi-stationary state 

of its aquasystem. 

Keqwords: lake Doroninskoe, water balance, underground runoff. 

 

ʆʟʝʨʦ ɼʦʨʦʥʠʥʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 154 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʛ. ʏʠʪʘ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. 

ʇʣʦʱʘʜʴ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ~ 5 ʢʤ
2
, ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ~ 150 ʢʤ

2
.
 
ʗʚʣʷʷʩʴ ʪʨʝʪʴʠʤ ʧʦ 

ʚʝʣʠʯʠʥʝ ʚʦʜʦʝʤʦʤ ʀʥʛʦʜʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʷʜʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʥʠʢʘʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʙʲʝʢʪʘ.  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʟʝʨʦ ʠʟʚʝʩʪʥʦ ʢʘʢ ʢʨʫʧʥʝʡʰʝʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʘʤʦʩʘʜʦʯʥʦʡ ʩʦʜʳ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʩʦʜʦʚʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 

ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʠ ʝʛʦ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ.  

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʚ ʩʠʩʪʝʤʝ çʦʟʝʨʦ-ʧʠʪʘʶʱʘʷ ʧʨʦʚʠʥʮʠʷè ʚʝʜʫʱʫʶ ʨʦʣʴ ʧʨʠʥʷʪʦ 

ʦʪʚʦʜʠʪʴ ʘʪʤʦʩʬʝʨʥʳʤ ʦʩʘʜʢʘʤ (ɹʦʨʟʝʥʢʦ, 2012, ʩ. 12). ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʭʦʪʷ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʚʦʜʥʦʝ ʧʠʪʘʥʠʝ ʦʟʝʨʘ ʥʝ ʧʦʜʣʝʞʠʪ ʩʦʤʥʝʥʠʶ,  ʫʯʘʩʪʠʝ ʠʭ ʚ 

ʚʦʜʥʦ-ʩʦʣʝʚʦʤ ʧʠʪʘʥʠʠ ʚʦʜʦʝʤʘ ʥʦʩʠʪ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ 

ʥʘʩʳʱʘʷ ʚʦʜʦʥʦʩʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʠʪʘʶʱʝʡ ʧʨʦʚʠʥʮʠʠ, ʘʪʤʦʩʬʝʨʥʳʝ ʚʦʜʳ ʟʘʢʦʥʦʤʝʨʥʦ 

ʤʝʥʷʶʪ ʩʚʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʧʦʨʦʜʘʤʠ ʠ ʧʦʯʚʘʤʠ ʝʝ ʪʝʨʨʠʪʦʨʠʠ.  

ʆ ʪʦʤ, ʯʪʦ ʵʪʦ ʚʣʠʷʥʠʝ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʠ ʚʦ ʚʨʝʤʝʥʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʘʥʘʣʠʟ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʝʥʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʝʤʘ ʚ 2002-

2012 ʛʛ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʩʪʫʧʣʝʥʠʝ ʘʨʠʜʥʦʡ ʬʘʟʳ ʠ ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʩʘʜʢʦʚ ʚ 2000-2006 ʛʛ. 

(ʨʠʩʫʥʦʢ 1), ʫʨʦʚʝʥʴ ʚʦʜʳ ʦʟʝʨʘ ɼʦʨʦʥʠʥʩʢʦʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʦʩʪʘʚʘʣʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʘʙʨʘʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʫʯʘʩʪʢʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ (ʨʠʩʫʥʦʢ 2), 

ʧʦʣʦʩʘ ʦʩʫʰʢʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 2 ʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʚʦʜʦʝʤʘ ʚ 2004 ʛ. ʩʦʩʪʘʚʣʷʣʘ 7 ʤ 

(ʘʚʪʦʨʩʢʠʝ ʜʘʥʥʳʝ), ʘ ʚ 2006 ʛ. ï 6,5 ʤ (ɿʘʤʘʥʘ, ɹʦʨʟʝʥʢʦ, 2006ʘ, ʩ. 68). ʉ 2007 ʛ. ʨʝʛʨʝʩʩʠʷ 

ʘʢʚʘʩʠʩʪʝʤʳ ʚʦʜʦʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ, ʨʘʟʚʠʪʠʝ ʘʙʨʘʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʩʤʝʱʘʝʪʩʷ ʚʛʣʫʙʴ ʝʛʦ ʢʦʪʣʦʚʠʥʳ, ʧʦʣʦʩʘ ʦʩʫʰʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 5-9  ʤ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʤʝʪʠʚʰʝʝʩʷ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʧʦʚʳʰʝʥʠʝ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, 

ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʦʜʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪʤʝʯʘʣʩʷ  ʚʧʣʦʪʴ ʜʦ 2011 ʛ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʚ 

2010 ʛ. ʩʦʩʪʘʚʣʷʣʘ 5 ʤ (ɹʫʨʶʭʘʝʚ, ɼʘʤʙʘʝʚ, ʂʦʣʦʩʦʚ, 2011, ʩ. 72). ʃʠʰʴ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ 2012 ʛ. ʧʨʠʚʝʣʦ ʢ ʥʘʧʦʣʥʝʥʠʶ ʦʟʝʨʥʦʡ ʯʘʰʠ 

ʧʦʯʪʠ ʜʦ ʫʨʦʚʥʷ 2006 ʛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʝʥʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʝʤʘ ʥʦʩʷʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ 

ʠʥʝʨʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʪʝʢʫʱʫʶ ʘʨʠʜʥʫʶ ʬʘʟʫ ʫʨʦʚʝʥʴ ʘʢʚʘʩʠʩʪʝʤʳ ʦʟʝʨʘ ɼʦʨʦʥʠʥʩʢʦʝ 

ʧʦʥʠʞʘʣʩʷ ʧʦʯʪʠ ʥʘ ʪʨʝʪʴ ʦʪ ʝʛʦ ʧʨʦʪʠʚʦʬʘʟʥʦʡ ʚʝʣʠʯʠʥʳ.  
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ʇʝʨʠʦʜʳ: ʘ ï ʚʣʘʞʥʳʡ; ʙ ï ʩʫʭʦʡ. 1 ï ʠʥʪʝʛʨʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʢʨʠʚʘʷ ʛʦʜʦʚʳʭ ʩʫʤʤ ʦʩʘʜʢʦʚ;  

2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʦʩʨʝʜʥʝʥʥʘʷ ʧʦ ʧʝʨʠʦʜʘʤ ʫʚʣʘʞʥʝʥʥʦʩʪʠ. 

ʈʠʩʫʥʦʢ 1. ʄʥʦʛʦʣʝʪʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʠʭ ʦʩʘʜʢʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ   

ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ. 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʦʪʤʝʪʠʤ, ʯʪʦ ʫʨʦʚʝʥʴ ɹʘʨʫʥ-ʊʦʨʝʷ, ʩʘʤʦʛʦ ʢʨʫʧʥʦʛʦ ʚʦʜʦʝʤʘ 

ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ, ʫʞʝ ʢ 2004 ʛ ʩʥʠʟʠʣʩʷ ʥʘ 1,5 ʤ (ʆʙʷʟʦʚ, 2007) ʠ ʥʘ 5 ʤ ʢ 2010 ʛ. 

(ʨʠʩʫʥʦʢ 2). ʇʣʦʱʘʜʴ ɹʘʨʫʥ-ʊʦʨʝʷ ʚ ʧʦʣʥʦʚʦʜʥʳʝ ʛʦʜʳ ʩʦʩʪʘʚʣʷʝʪ 550 ʢʤ
2
 ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 5,5 ʤ (ʂʠʨʠʣʶʢ, ʂʠʨʠʣʶʢ, ɻʦʨʦʰʢʦ ʠ ʜʨ., 2009).  

 

ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʦʟʝʨʘ ɹʘʨʫʥ-ʊʦʨʝʡ (ʆʙʷʟʦʚ). 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʦʣʴʢʦ ʘʢʚʘʪʦʨʠʷ ɹʘʨʫʥ-ʊʦʨʝʷ ʚ 3,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ 

ʚʩʶ ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʦʟʝʨʘ ɼʦʨʦʥʠʥʩʢʦʝ, ʝʛʦ ʨʝʘʢʮʠʷ ʥʘ ʫʩʠʣʝʥʠʝ ʘʨʠʜʥʦʩʪʠ ʢʣʠʤʘʪʘ 

ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʘ.  

ʈʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʟʝʨʘ ɼʦʨʦʥʠʥʩʢʦʝ (ʪʘʙʣʠʮʘ 1) 

ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʝʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʩʪʦ ʣʝʪ ʠʟʤʝʨʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚʦʜʦʝʤʘ 

ʥʝ ʦʧʫʩʢʘʣʩʷ ʥʠʞʝ ʯʝʪʳʨʝʭʤʝʪʨʦʚʦʡ ʦʪʤʝʪʢʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʊʦʨʝʡʩʢʠʝ ʦʟʝʨʘ ʚʳʩʳʭʘʣʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚ 1903-1904, 1921-1922 ʠ 1944-1947 ʛʛ. (ɿʘʤʘʥʘ, ʆʙʷʟʦʚ, 2004), 1952, 

1958 ʛʛ. (ʃʦʢʦʪʴ, ʉʪʨʠʞʦʚʘ, ɻʦʨʣʘʯʝʚʘ, 1991). ɺ ʥʘʯʘʣʝ ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ XX ʚʝʢʘ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʭ ʛʣʫʙʠʥʘ ʩʦʩʪʘʚʣʷʣʘ 1,5-2 ʤ (ʃʦʢʦʪʴ, ʉʪʨʠʞʦʚʘ, ɻʦʨʣʘʯʝʚʘ, 1991; ʂʠʨʠʣʶʢ, 

ʂʠʨʠʣʶʢ, ɻʦʨʦʰʢʦ ʠ ʜʨ., 2009).  
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ʇʦʩʢʦʣʴʢʫ ʚ ʘʨʠʜʥʳʝ ʬʘʟʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʚʦʜʥʦʝ ʧʠʪʘʥʠʝ ʦʟʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʫʙʠʥʥʳʤ ʧʦʜʟʝʤʥʳʤ ʩʪʦʢʦʤ, ʠʤʝʥʥʦ ʝʛʦ ʨʝʞʠʤ ʠ ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʝʥʴ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʀʥʝʨʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʝʘʢʮʠʠ ʘʢʚʘʩʠʩʪʝʤʳ ʦʟʝʨʘ 

ɼʦʨʦʥʠʥʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʝʜʫʱʝʡ ʨʦʣʠ ʛʣʫʙʠʥʥʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ ʚ ʝʛʦ ʚʦʜʥʦʤ 

ʧʠʪʘʥʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʠʜʨʦʨʝʩʫʨʩʘʭ ʧʠʪʘʶʱʝʡ ʧʨʦʚʠʥʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʨʦʚʥʝʥʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʝʤʘ.  

ʊʘʙʣʠʮʘ 1 

ʉʪʦʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʷ ʛʣʫʙʠʥ ʦʟʝʨʘ ɼʦʨʦʥʠʥʩʢʦʝ  

ʄʘʢʩ. ʛʣʫʙʠʥʘ, ʤ ɻʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

5,3 1905 ʂʫʟʥʝʮʦʚ, 1905 ʛ. 

5,5 1911 ɹʝʣʦʫʩʦʚ, 1918 ʛ. 

4,2 1923 ʌʨʘʥʢ-ʂʘʤʝʥʝʮʢʠʡ,1924 ʛ. 

4,5 1929 ɻʣʘʜʮʠʥ, 1931 ʛ. 

5,5 1938 ɹʫʢʰʪʝʡʥ, 1938 ʛ. 

5 1949 ɺʣʘʩʦʚ, ʏʝʨʥʳʰʝʚ, ʇʘʚʣʦʚʘ, 1960 
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ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʠʟʙʳʪʦʯʥʳʡ ʩʪʦʢ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʡ ʠʩʧʘʨʝʥʠʝ ʩ ʘʢʚʘʪʦʨʠʠ 

ʵʚʘʧʦʨʠʪʦʚʳʭ ʙʘʩʩʝʡʥʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʪʝʨʤʦʛʘʣʠʥʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʦʟʝʨʥʳʭ ʚʦʜ ʠ ʨʘʟʚʠʪʠʶ 

ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʡ ʧʦʜ ʧʠʢʥʦʢʣʠʥʦʤ (ʉʪʨʘʭʦʚ, 1962; ʊʘʨʘʩʦʚ, 2001). ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ 

ʦʟʝʨʘ ɼʦʨʦʥʠʥʩʢʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʳ ʧʨʝʜʝʣʘʤʠ ʚʝʨʭʥʝʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʳ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʚʠʪʠʝ ʟʘʩʪʦʡʥʳʭ ʫʩʣʦʚʠʡ ʚ ʝʛʦ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʨʦʤʠʢʩʠʷ 

ʚʦʜʦʝʤʘ ʪʘʢʞʝ ʦʪʨʘʞʘʝʪ ʦʙʩʪʘʥʦʚʢʫ ʝʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ.   

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʨʦʚʥʝʥʥʦʛʦ ʨʝʞʠʤʘ ʦʟʝʨʘ ɼʦʨʦʥʠʥʩʢʦʝ ʜʦʣʞʥʘ ʙʳʪʴ 

ʦʪʨʘʞʝʥʘ ʚ ʤʦʜʝʣʴʥʳʭ ʧʦʩʪʨʦʝʥʠʷʭ ʝʛʦ ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʙʘʣʘʥʩʘ. ʉʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʚ 

ʧʨʠʭʦʜʥʳʭ ʩʪʘʪʴʷʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʘ ɼʦʨʦʥʠʥʩʢʦʝ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʤʝʥʥʦ 

ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʣʠʪʝʣʴʥʦʤʫ ʩʦʭʨʘʥʝʥʠʶ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʛʦ ʘʢʚʘʩʠʩʪʝʤʳ. 
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ʋɼʂ 631.4 (571.55) 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʦʟʝʨʥʳʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʟʦʥʝ 

ʚʣʠʷʥʠʷ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ 
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ɸʥʥʦʪʘʮʠʷ. ʈʝʛʠʦʥʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠʦʟʝʨʥʳʭ ʧʦʯʚ ʦʟ. ɹʘʙʴʝ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

As, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢ ʐʝʨʣʦʚʦʛʦʨʩʢʦʤʫ ʛʦʨʥʦʤʫ ʫʟʣʫ. ɼʣʷ ʩʦʣʦʥʯʘʢʦʚ ʭʘʨʘʢʪʝʨʝʥ 

ʢʦʥʪʨʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ca, S, P, Zn, Mg, Sr: ʚ ʩʦʣʦʥʯʘʢʦʚʦʤ ʛʦʨʠʟʦʥʪʝ 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ As, Sr, Li , S, Mg, Ca, Pb, ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ï Mg, As, Ba, Sr, Pb, ʚ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ï 

Ca, Sr, As, Li , Ba. ɺ ʛʫʤʫʩʦʚʦ-ʢʚʘʟʠʛʣʝʝʚʦʡ ʧʦʯʚʝ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʩʣʘʙʦ ʢʦʥʪʨʘʩʪʥʘʷ 

ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʪʦʣʴʢʦ ʜʣʷ ʙʠʦʬʠʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɺ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʤ  ʛʦʨʠʟʦʥʪʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ Ca, Sr, As, Pb, Li , Ba; ʚ ʧʝʨʝʭʦʜʥʦʤ ï As, Li , Ba, ʚ 

ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ï As, Sr, Li , Ba, Mg, Ca.  ɺ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʝ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʳʰʝʢʣʘʨʢʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ As, Pb, Ba, Li .  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʦʟʝʨʥʳʝ ʧʦʯʚʳ, ʩʚʦʡʩʪʚʘ, ʟʘʩʦʣʝʥʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

 

Geochemical features of lakeside saline soils of drainless depressions formed in the zone  

of influence of the Sherlovogorsky ore node 

Ubugunova V.I.  
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e-mail: ubugunova57@mail.ru 

 

Abstract. A regional feature of the lakeside soils of drainless depressions of the Lake Babye is an elevated 

concentration of As, which is due to its proximity to the Sherlovogorsky mountain junction. For solonchaks, the 

contrasting nature of the intra-profile distribution of Ca, S, P, Zn, Mg, Sr is characteristic. As, Sr, Li, S, Mg, Ca, Pb are 

accumulated in the solonchak horizon; Mg, As, Ba, Sr, Pb are accumulated in the middle part of the profile; and Ca, Sr, 

As, Li, Ba are accumulated in lake sediments. In humus-quasi-clay soil, low contrast intra-profile differentiation is 

noted for most elements. Very high variability was observed for only biophilic elements. Ca, Sr, As, Pb, Li, Ba are 

accumulated in the light-humus horizon; As, Li, Ba are accumulated in the transitional layer; and As, Sr, Li, Ba, Mg, Ca 

are accumulated in lake sediments. In the light-humus soil only As, Pb, Ba, Li concentrations were higher than clark. 

Keywords: lakeside soils, drainless depressions, properties, salinization, geochemical features. 

 

ʅʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʳʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ ʩʪʝʧʥʦʡ ʟʦʥʳ ʖʞʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʷʚʣʷʶʪʩʷ 

ʧʨʠʦʟʝʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʣʦʢʘʣʠʟʫʶʱʠʝʩʷ ʚʦʢʨʫʛ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʦʣʦʥʦʚʘʪʳʭ ʠ ʩʦʣʝʥʳʭ 

ʦʟʝʨ. ʇʦ ʦʩʥʦʚʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʧʨʠʦʟʝʨʥʳʭ ʵʢʦʩʠʩʪʝʤ ï ʧʦʯʚʘʤ ï ʠʤʝʶʪʩʷ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ 

ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʷʪʩʷ ʤʘʪʝʨʠʘʣʳ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʚʦʟʨʘʩʪʫ ʧʦʯʚ 

[1], ʭʠʤʠʟʤʫ ʟʘʩʦʣʝʥʠʷ [5]. ʆʪʩʫʪʩʪʚʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʚʦʡʩʪʚʘʤ ʧʦʯʚ ʦʩʣʦʞʥʷʝʪ ʨʝʰʝʥʠʝ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʧʥʦʡ ʟʦʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʟʘʧʦʚʝʜʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ ʷʚʠʣʦʩʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ 

ʧʦʯʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘ ʩʫʧʝʨʘʢʚʘʣʴʥʦ-ʩʫʙʘʢʚʘʣʴʥʳʭ, ʩʫʧʝʨʘʢʚʘʣʴʥʳʭ, ʵʣʶʚʠʘʣʴʥʦ-

ʩʫʧʝʨʘʢʚʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ʧʨʠʦʟʝʨʥʳʭ ʧʦʥʠʞʝʥʠʡ ʭʣʦʨʠʜʥʳʭ ʦʟʝʨ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʧʨʠʦʟʝʨʥʳʝ ʧʦʯʚʳ ʦʟ. ɹʘʙʴʝ (N50.296291, E116.379090), 

ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʆʥʦʥ-ʂʝʨʫʣʝʥʩʢʦʡ ʛʨʫʧʧʝ ʦʟʝʨ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

24 ʢʤ ʦʪ ʐʝʨʣʦʚʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ. ʆʟʝʨʦ ɹʘʙʴʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʩʪʦʯʥʳʡ 

ʚʦʜʦʝʤ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʣʦʱʘʜʴʶ (0,35-1,3 ʢʤ
2
). ɺʦʜʳ ʩʠʣʴʥʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ. ɺ 

ʘʨʠʜʥʫʶ ʠ ʛʫʤʠʜʥʫʶ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʟʳ ʠʤʝʶʪ ʨʘʟʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ [2]. 

ʆʟʝʨʥʘʷ ʢʦʪʣʦʚʠʥʘ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤʠ ʠ ʨʘʟʥʦʨʦʜʥʳʤʠ ɹʦʨʟʠʥʩʢʠʤ, 

ʋʨʪʫʡʩʢʠʤ ʠ ʆʥʦʥʩʢʠʤ ʪʝʨʨʝʡʥʘʤʠ [4]. ʂʣʠʤʘʪ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʝʟʢʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʫʚʣʘʞʥʝʥʥʦʩʪʴʶ, ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʚʳʧʘʜʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʧʦ ʩʝʟʦʥʘʤ, 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʚʣʘʞʥʳʭ ʠ ʩʫʭʠʭ ʧʝʨʠʦʜʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 30 ʣʝʪ. ʆʩʥʦʚʥʦʡ ʯʝʨʪʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠʦʟʝʨʥʳʭ ʵʢʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʦʦʙʱʝʩʪʚ ʠ ʚʳʨʘʞʝʥʥʘʷ 

ʢʦʣʴʮʝʚʘʷ ʟʦʥʘʣʴʥʦʩʪʴ.  
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ʇʦʯʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʫʧʝʨʘʢʚʘʣʴʥʦ-ʩʫʙʘʢʚʘʣʴʥʳʭ, ʩʫʧʝʨʘʢʚʘʣʴʥʳʭ ʠ 

ʵʣʶʚʠʘʣʴʥʦ-ʩʫʧʝʨʘʢʚʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ʧʨʠʦʟʝʨʥʦʛʦ ʣʘʥʜʰʘʬʪʘ. ɹʳʣʦ ʠʟʫʯʝʥʦ 3 ʦʧʦʨʥʳʭ 

ʨʘʟʨʝʟʘ. ʈʘʟʨʝʟ ɹ-1 (N 50.29955, ɽ 116.38027) ʟʘʣʦʞʝʥ ʚ 50 ʤ ʦʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʦʟ. ɹʘʙʴʝ ʧʦʜ 

ʰʚʝʜʦʚʦ-ʩʦʩʩʶʨʝʡʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʧʦʯʚ ʨʝʟʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥ 

ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: Sq (0-5 ʩʤ) ï Cs (5-20(22) ʩʤ) ï CQs (22-80 ʩʤ). ʇʦ ʩʠʩʪʝʤʝ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʵʪʦʪ ʪʠʧ ʧʦʯʚʳ ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʣʦʥʯʘʢʘʤ ʢʚʘʟʠʛʣʝʝʚʳʤ (Gleyic 

Solonchaks Aridic). ʈʘʟʨʝʟ ɹ-2 (N 50.30025, ɽ 116.37903) ʥʘʭʦʜʠʪʩʷ ʚ 153 ʤ ʦʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ 

ʦʟ. ɹʘʙʴʝ ʧʦʜ ʙʝʩʢʠʣʴʥʠʮʝʚʦ-ʧʦʣʳʥʥʦ-ʷʯʤʝʥʝʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʧʨʦʬʠʣʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: AJs (0ï15(18) ʩʤ) ï ʉs (15(18) ï34(39) ʩʤ) ï ʉQs (34(39)-65 ʩʤ). 

ʊʘʢʦʡ ʪʠʧ ʩʪʨʦʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʫʤʫʩʦʚʦ-ʢʚʘʟʠʛʣʝʝʚʦʡ ʟʘʩʦʣʝʥʥʦʡ ʧʦʯʚʝ (Endosalic Gleysoils 

Sodic). ʈʘʟʨʝʟ ɹ-3 (N 50.30074, ɽ 116.37787) ʟʘʣʦʞʝʥ ʥʘ ʧʦʣʦʛʦʤ ʩʢʣʦʥʝ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʧʘʣʝʦʛʠʜʨʦʤʦʨʬʥʦʡ ʧʦʟʠʮʠʠ ʦʟʝʨʥʦʡ ʜʝʧʨʝʩʩʠʠ (400 ʤ ʦʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʦʟ. ɹʘʙʴʝ) 

ʧʦʜ ʢʦʚʳʣʴʥʦʡ ʩʪʝʧʴʶ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ: AJ (0-33(39) ʩʤ) ï Aʉs (33(39)-44(47) ʩʤ) ï ʉs (44(47)-60 ʩʤ) ʠ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʩʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ (Mollic Leptosoils Eutric Sodic). 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʦʯʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʉʦʨʛ ʤʝʪʦʜʦʤ ʤʦʢʨʦʛʦ ʩʞʠʛʘʥʠʷ 

ʧʦ ʊʶʨʠʥʫ, ʦʙʤʝʥʥʳʝ ʢʘʪʠʦʥʳ ʤʝʪʦʜʦʤ ʇʬʝʬʬʝʨʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʦʜʦʤ 

ʂʘʯʠʥʩʢʦʛʦ. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʳʧʦʣʥʷʣʩʷ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ  ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ICP). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʩʦʣʸʥʥʳʭ ʧʦʯʚʘʭ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(ʂʂ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʪʦʩʬʝʨʝ ʧʦ [3].  

ɼʘʥʥʳʝ ʧʦ ʥʝʢʦʪʦʨʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʯʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʦʟʝʨʘ ɹʘʙʴʝ 

ɻʦʨʠʟʦʥʪ, ʛʣʫʙʠʥʘ, 

ʩʤ 
ʨʅ 

ʉʆ2 ɻʫʤʫʩ 
ʊʦʢʩʠʯʥʳʝ 

ʩʦʣʠ 

ʉʦʜʝʨʞʘʥʠʝ 

ʬʨʘʢʮʠʡ 

<0,001ʤʤ 

ʆʙʤʝʥʥʳʝ 

ʢʘʪʠʦʥʳ, 

ʩʤʦʣʴ(ʵʢʚ)/ʢʛ 

ʧʦʯʚʳ  % 
ʈʘʟʨ. ɹ-1. ʉʦʣʦʥʯʘʢ ʢʚʘʟʠʛʣʝʝʚʳʡ 

Sq 0ï5 8,4 8,4 4,8 2,62 54 27,5 
ʉs 5ï20(22) 8,8 2,3 0,5 0,73 14 13,3 
ʉQs 20(22)ï30 8,5 7,8 0,6 0,61 37 17,3 
ʉQs 30ï80 8,2 9,4 0,5 0,46 41 12,8 

ʈʘʟʨ. ɹ-2. ɻʫʤʫʩʦʚʦ-ʢʚʘʟʠʛʣʝʝʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʧʦʯʚʘ   
AJs 0ï15(18) 8,6 1,9 1,2 0,08 14 9,8 

ɸʉs 15(18)ï34(39) 9,7 1,6 0,3 0,29 15 11,1 
QCs 34(39)ï65 9,6 6,0 0,4 0,19 31 12,4 

ʈʘʟʨ. ɹ-3. ʉʚʝʪʣʦʛʫʤʫʩʦʚʘʷ ʟʘʩʦʣʝʥʥʘʷ ʧʦʯʚʘ   
AJ 0ï33 7,5 0,5 1,3 0,04 13 8,6 

Aʉs 33(39)ï44(47) 9,4 0,7 0,9 0,25 20 19,1 
ʉs44(47)ï60 9,2 1,3 0,7 0,37 31 20,7 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʨʝʟʢʘʷ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʣʦʥʯʘʢʦʚ: ʦʪʤʝʯʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʭ ʩʣʦʝʚ ʦʟʝʨʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʩ ʧʝʩʯʘʥʳʤʠ ʵʦʣʦʚʳʤʠ (ʪʘʙʣʠʮʘ 1). ɺʝʩʴ ʧʨʦʬʠʣʴ ʦʢʘʨʙʦʥʘʯʝʥ, ʟʥʘʯʝʥʠʷ ʨʅ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʱʝʣʦʯʥʳʤ ʠ ʩʠʣʴʥʦʱʝʣʦʯʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʉʦʣʦʥʯʘʢ ʠʤʝʝʪ ʦʯʝʥʴ ʩʠʣʴʥʫʶ 

ʩʪʝʧʝʥʴ ʱʝʣʦʯʥʦʛʦ ʟʘʩʦʣʝʥʠʷ, ʦʩʥʦʚʥʳʤʠ ʠʦʥʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʟʘʩʦʣʝʥʠʝ, ʷʚʣʷʶʪʩʷ 

ʭʣʦʨʠʜʳ ʠ ʢʘʪʠʦʥʳ ʥʘʪʨʠʷ. ʍʠʤʠʟʤ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʡ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʫʥʘʩʣʝʜʦʚʘʥʥʳʡ ʦʪ 

ʚʦʜ ʦʟʝʨʘ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʫʤʫʩʦʚʦ-ʢʚʘʟʠʛʣʝʝʚʦʡ ʟʘʩʦʣʝʥʥʦʡ ʧʦʯʚʳ ʪʘʢʞʝ 

ʥʝʦʜʥʦʨʦʜʝʥ: ʚʝʨʭʥʠʝ ʩʫʧʝʩʯʘʥʳʝ ʛʦʨʠʟʦʥʪʳ (ʜʦ 34 ʩʤ) ʩʤʝʥʷʶʪʩʷ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʤʠ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ (8,6), ʩʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ ʦʪʤʝʯʝʥʦ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ 
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(ʪʘʙʣʠʮʘ 1). ɺ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ ʧʦʚʳʰʝʥʠʝ ʨʅ (ʜʦ 9,7), ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʛʫʤʫʩʘ (ʜʦ 0,3 %). ʇʦʯʚʳ ʠʤʝʶʪ ʩʣʘʙʫʶ (AJ) ʠ ʩʨʝʜʥʶʶ (ʉs, ʉQs) ʩʪʝʧʝʥʴ 

ʟʘʩʦʣʝʥʠʷ ʩ ʩʦʜʦʚʦ-ʭʣʦʨʠʜʥʳʤ ʠ ʭʣʦʨʠʜʥʦ-ʩʦʜʦʚʳʤ ʭʠʤʠʟʤʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʦ. ʅʘʨʷʜʫ ʩ 

ʭʣʦʨʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʘʩʦʣʝʥʠʝ ʦʢʘʟʳʚʘʶʪ ʢʘʨʙʦʥʘʪʳ, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺʝʨʭʥʷʷ ʢʦʨʥʝʦʙʠʪʘʝʤʘʷ ʪʦʣʱʘ (0ï33 ʩʤ) ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʳ (ɹ-3) ʥʝ 

ʟʘʩʦʣʝʥʘ, ʠʤʝʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ (ʪʘʙʣʠʮʘ 1). ʈʝʟʢʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʨʅ ʠ ʫʚʝʣʠʯʝʥʠʝ ʟʘʩʦʣʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʛʦʨʠʟʦʥʪʝ Aʉs (33-44 ʩʤ). ʉʘʤʫʶ 

ʩʠʣʴʥʫʶ ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ  ʭʣʦʨʠʜʥʦ-ʩʦʜʦʚʦʛʦ ʪʠʧʘ ʠʤʝʝʪ ʛʦʨʠʟʦʥʪ ʉs,ʩʘ.  

ɼʣʷ ʦʮʝʥʢʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʧʨʠʦʟʝʨʥʳʭ ʧʦʯʚ ʙʳʣ ʠʟʫʯʝʥ ʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʦʟʝʨʥʳʭ ʧʦʯʚʘʭ ʦʟʝʨʘ ɹʘʙʴʝ 

 ʈʘʟʨʝʟ ɹ-1 ʈʘʟʨʝʟ ɹ-2 ʈʘʟʨʝʟ ɹ-3 
0ï5 5ï20 20ï30 30ï80 0ï15 15ï34 34ï65 0ï33 32ï44 44ï60 

% 
Si 22.81 34.34 33.28 28.17 25.31 33.55 27.55 30.85 31.60 30.25 
Al  5.06 5.67 5.47 5.31 5.47 5.47 5.48 5.78 6.01 6.17 
Fe 1.97 1.32 1.39 1.27 2.25 1.36 1.44 1.92 2.07 2.34 
Ca 5.06 1.98 2.02 6.97 7.16 1.52 3.00 0.71 0.77 1.36 
Mg 3.55 0.71 0.83 1.67 0.97 0.82 2.12 0.27 0.46 0.68 
K 1.83 2.61 2.48 2.36 2.12 2.53 2.33 2.44 2.43 2.38 
Na 1.99 2.17 1.81 1.73 1.55 1.81 1.66 1.69 1.78 1.96 
Ti 0.22 0.16 0.19 0.15 0.20 0.14 0.16 0.22 0.21 0.24 

ʤʛ/ʢʛ 
Li  55.2 29.5 27.8 34.6 27.7 31.9 39.1 24.6 27.1 28.7 
Cu 19.2 10.6 9.8 12.3 16.3 9.4 13.6 11.1 12.5 13.3 
Sr 1465 520 454 873 662 438 866 287 270 280 
Ba 454 608 604 545 580 586 542 581 573 569 
Be 1.8 2.2 2.1 1.8 1.8 2.2 2.1 2.3 2.4 2.4 
Zn 52.8 19.6 23.1 25.8 37.1 20.0 26.4 26.5 33.1 38.7 
Sc 7.4 4.5 4.9 5.0 6.7 4.6 5.5 5.8 6.5 7.4 
V 13.5 7.8 9.9 9.3 13.3 7.7 9.3 11.2 11.8 13.3 
La 17.7 13.2 17.8 15.7 19.2 15.5 15.0 19.6 21.0 22.2 
Ce 40.6 26.2 30.9 29.3 38.8 27.8 30.9 27.7 40.8 41.4 
Pb 24.8 22.6 23.8 17.9 22.5 18.0 17.1 24.7 20.7 23.9 
P 588 190 268 284 587 173 160 289 224 208 
V 54.8 24.5 26.5 23.0 42.5 28.6 28.8 41.5 46.8 51.9 
As 22.3 13.2 10.5 9.6 9.5 14.5 14.4 13.6 16.3 17.1 
S 2250 584 319 807 904 212 212 278 437 890 
Cr 34.5 19.7 20.5 21.1 24.3 19.6 21.2 26.6 30.7 35.6 
Mn 477 234 321 320 673 228 281 377 302 340 
Co 9.6 5.2 5.9 4.9 8.5 5.5 6.4 7.8 7.7 9.0 
Ni 21.9 9.5 10.0 9.4 15.6 8.7 13.5 12.8 17.7 22.2 

 

ɼʣʷ ʩʦʣʦʥʯʘʢʦʚ ʭʘʨʘʢʪʝʨʝʥ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ca, S, P, Zn, Mg, Sr. ʇʨʦʮʝʩʩʳ ʟʘʩʦʣʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ çʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶè 

ʵʣʝʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʠʟʦʥʪʝ Sq, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʩʦʚʤʝʱʝʥʠʝ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ, 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʠ ʩʦʨʙʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʦʚ.  ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: As4,0Sr3.9Li 2.8S2.4Mg2.0Ca2.0Pb1.7. ɺ ʦʟʝʨʥʳʭ 

ʦʩʘʜʢʘʭ ʵʪʦʡ ʧʦʯʚʳ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ Ca2.7Sr2.3 As1,7Li 1.7Ba1.4 (ʪʘʙʣʠʮʘ 2). ʉʨʝʜʥʷʷ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʨʘʜʠʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ʩʦʣʦʥʯʘʢʘʭ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ S, As, Mg, Sr, Li . 

ʅʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʫ Ca, S, P, 

Zn, Mg, Sr. ɻʝʦʭʠʤʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʟʫʯʝʥʥʦʡ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 
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ʩʦʜʝʨʞʘʥʠʝ As, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1,7 ʜʦ 4,0. ʉʨʝʜʥʷʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ 

ʨʘʜʠʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ʩʦʣʦʥʯʘʢʘʭ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ S, As, Mg, Sr, Li .  ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʂʂ) ʚ ʧʨʝʜʝʣʘʭ 0,9-1,1 ʚʳʨʘʞʝʥʳ ʜʣʷ Na, Ba, Co, Ni; ʂʂ < 0,9 ʪʠʧʠʯʝʥ ʜʣʷ P, 

K, Zn, Al , Sc, Ce, Cu, Be, Zn, Y, La, Ti, Ce, V, Cr, Fe.  ɺ ʩʣʦʷʭ 5-20(22) ʠ 20(22)-30 ʩʤ 

ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʪʠʧʥʦ: ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ Mg, As, Ba, Sr, Pb. 

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʛʫʤʫʩʦʚʦ-ʢʚʘʟʠʛʣʝʝʚʦʡ ʧʦʯʚʳ ʧʦʢʘʟʳʚʘʶʪ (ʪʘʙʣʠʮʘ), ʯʪʦ  

ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ Na ʙʣʠʟʢʦ ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ (1,55-1,81 %). ʆʯʝʥʴ ʚʳʩʦʢʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʙʠʦʬʠʣʴʥʳʭ ʠ ʪʠʧʦʤʦʨʬʥʳʭ ʜʣʷ ʩʪʝʧʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʵʣʝʤʝʥʪʦʚ.  ʉʦʜʝʨʞʘʥʠʝ Sr ʚ ʧʨʦʬʠʣʝ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʠʟʤʝʥʷʝʪʩʷ ʚ 6,3 (138-

866 ʤʛ/ʢʛ), Ca ʚ 4,7  (1,52-7,16%), S ʚ 4,3  (212-914 ʤʛ/ʢʛ), P  ʚ 3,7 (160-587 ʤʛ/ʢʛ), Mn ʚ 2,9 

(225-673 ʤʛ/ʢʛ) ʠ  Mg ʚ 2,6 ʨʘʟʘ (0,82-2,12%). ɺ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʩʝʨʘ, 

ʬʦʩʬʦʨ, ʤʘʨʛʘʥʝʮ, ʢʘʣʴʮʠʡ, ʚ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ï ʩʪʨʦʥʮʠʡ, ʢʘʣʴʮʠʡ ʠ ʤʘʛʥʠʡ.  ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʨʢʦʤ ʣʠʪʦʩʬʝʨʳ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʤ  ʛʦʨʠʟʦʥʪʝ 

Ca2.8Sr1,8As1,7Pb1.5Li 1.4Ba1.4. ʂʣʘʨʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʠ ʢʘʣʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,9, ʘ ʦʩʪʘʣʴʥʳʭ 

ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʂʂ<0,9. ɺ ʧʝʨʝʭʦʜʥʦʤ ʛʦʨʠʟʦʥʪʝ ACs ʙʦʣʴʰʝ ʚʩʝʛʦ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ 

As2,6Li 1.6Ba1.5, ʚ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ï As2,6Sr2.3Li 2.0Ba1.4, Mg1.2Ca1.2. ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʥʠʟʢʦʝ, ʦʩʦʙʝʥʥʦ Cr ʠ Cu (ʪʘʙʣʠʮʘ 2). ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʦʪʤʝʯʘʝʪʩʷ ʩʣʘʙʦ ʢʦʥʪʨʘʩʪʥʘʷ 

ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ɻʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʫʤʫʩʦʚʦ-

ʢʚʘʟʠʛʣʝʝʚʳʭ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ As.  

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʟʦʥʘʣʴʥʦʡ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʳ ʧʦʢʘʟʳʚʘʶʪ (ʪʘʙʣʠʮʘ 2), 

ʯʪʦ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʦʯʝʥʴ ʩʣʘʙʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ (278-890 ʤʛ/ʢʛ). ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʤʝʯʘʝʪʩʷ ʚ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʬʦʩʬʦʨʘ ʠ ʤʘʨʛʘʥʮʘ ʚʳʨʘʞʝʥʦ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ. ʅʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʚʳʰʝʢʣʘʨʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʦʪʤʝʯʝʥʳ ʜʣʷ As2,4-3,1Pb1,4-1,6Ba1,4-1,5Li 1,2-1,4. ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ 

ʦʯʝʥʴ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ʂʣʘʨʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ 0,2-0,5.  ʂʂ ʙʣʠʟʢʠʡ ʢ 1 ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ Na, K, Be, Al , Co. ʂʂ ʦʩʪʘʣʴʥʳʭ ʠʟʫʯʝʥʥʳʭ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ 0,2-0,7.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʛʠʦʥʘʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʚʷʟʘʥʳ ʩ ʥʘʢʦʧʣʝʥʠʝʤ  As ʚʦ ʚʩʝʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ. ɼʣʷ 

ʩʦʣʦʥʯʘʢʦʚ (ʨʘʟʨ. ɹ-1) ʭʘʨʘʢʪʝʨʝʥ ʢʦʥʪʨʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

Ca, S, P, Zn, Mg, Sr. ʅʘʢʦʧʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʦʣʦʥʯʘʢʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʩʦʚʤʝʱʝʥʠʝ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ, ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʠ 

ʩʦʨʙʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʚʷʟʘʥʘ ʩ 

ʥʘʢʦʧʣʝʥʠʝʤ As, Sr, Li , S, Mg, Ca, Pb. ɺ ʦʟʝʨʥʳʭ ʦʩʘʜʢʘʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ 

As, Mg, Ca, Li , Sr, Ba. ɺ ʛʫʤʫʩʦʚʦ-ʢʚʘʟʠʛʣʝʝʚʦʡ ʧʦʯʚʝ ʦʪʤʝʯʘʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ 

ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʩʣʘʙʦ ʢʦʥʪʨʘʩʪʥʘʷ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ɺ 

ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ S, P, Mn, Ca, As,  ʚ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ï As, Sr, Ca, 

Mg. ʚ ʧʝʨʝʭʦʜʥʦʤ ʛʦʨʠʟʦʥʪʝ (Acs) ï As, Li , Ba. ɺ ʟʦʥʘʣʴʥʦʡ ʩʚʝʪʣʦʛʫʤʫʩʦʚʦʡ ʧʦʯʚʝ (ʨʘʟʨ. ɹ-

3) ʚʳʰʝ ʢʣʘʨʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʠʪʩʷ ʪʦʣʴʢʦ As ʠ Pb, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʦʜʥʦʪʠʧʥʦʝ ʩ 

ʵʥʜʝʤʠʯʥʳʤʠ ʧʦʯʚʘʤʠ ʨʘʡʦʥʦʚ ʧʨʦʷʚʣʝʥʠʷ ʙʦʣʝʟʥʠ ʂʘʰʠʥʘ-ɹʝʢʘ ʩʦʦʪʥʦʰʝʥʠʝ Ca/Sr.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʠ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʪʘʢʠʭ ʢʘʢ ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ, 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ, ʦʪʚʘʣʳ. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ, ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʦʚ. ɺʳʷʚʣʝʥʦ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʫʣʴʬʘʪʦʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʞʝʣʝʟʘ ʠ 

ʤʘʨʛʘʥʮʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʚʨʝʤʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ, ʪʝʭʥʦʛʝʥʥʳʝ ʤʘʩʩʠʚʳ, ʩʫʣʴʬʘʪʳ ʤʘʛʥʠʷ, 

ɼʘʨʘʩʫʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʦʣʦʪʘ. 

 

Modern mineral formation in technogenic massifs of the Darasunskoye  

deposit (Zabaykalsky Krai) 

Filenko R.ɸ., Yurgenson G.ɸ.  
Institute of Natural Resources, Ecology and Cryology SB RAS, Chita, Russia, filrom@yandex.ru 

 

Abstract. The presented results of the study of newly formed minerals at various man-made mining facilities such 

as a gold recovery factory, a tailings dump, dumps. A comprehensive study of the products of modern mineral 

formation was carried out using synchronous thermal, IR spectroscopic, microprobe and X-ray diffraction analyses. A 

large distribution of sulfates, mainly iron and manganese crystallohydrates, has been revealed. 

Keywords: modern mineral formation, man-made massifs, magnesium sulfates, Darasun gold deposit. 

 

ʇʨʦʙʣʝʤʘ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʤʥʦʛʦʘʩʧʝʢʪʥʳʤ ʠ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʠʟʠʨʫʝʪʩʷ ʚ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʠʜʝʪ ʠʥʪʝʥʩʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʨʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʠʩʧʳʪʳʚʘʶʪ ʢʦʨʝʥʥʫʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʜʦʪʦʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʦ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʜʟʝʤʥʦʡ ʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʤʘʩʩʠʚʘʭ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ ʠ ʩʢʦʧʣʝʥʠʡ ʚʩʢʨʳʰʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʩʢʣʘʜʦʚ 

ʨʫʜ. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʠ ʚʦʜʥʘʷ ʤʠʛʨʘʮʠʷ ʨʘʟʣʠʯʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʦʢʩʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘʠʙʦʣʴʰʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, 

ʤʠʛʨʠʨʫʶʱʠʝ ʚ ʠʩʪʠʥʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɺ ʪʘʢʦʡ ʬʦʨʤʝ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ Zn, Cu, Mg, Ni, Co, U, Mo ʠ ʜʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʥʦ ʠ ʦʥʠ ʚ 

ʠʪʦʛʝ ʚʳʚʦʜʷʪʩʷ ʠʟ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʨʘʟʣʠʯʥʳʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʢʠʩʣʠʪʝʣʴʥʳʭ, 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ, ʩʦʨʙʮʠʦʥʥʳʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʝʤʳʝ ʜʘʞʝ ʚʠʟʫʘʣʴʥʦ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʯʝʪʢʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʢʘʢ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʢʨʠʪʝʨʠʝʤ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʠ ʥʘʯʘʣʘ ʝʛʦ 

ʦʯʠʱʝʥʠʷ.  

ɼʘʨʘʩʫʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʧʛʪ ɺʝʨʰʠʥʦ-ɼʘʨʘʩʫʥʩʢʠʡ 

ʊʫʥʛʦʢʦʯʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ (ʨʠʩʫʥʦʢ 1). ɺ ʧʘʩʧʦʨʪʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʥʦ ʦʪʢʨʳʪʦ ʚ 1886 ʛ. ɺ 1911 ʛ. ʅʘʯʘʣʘʩʴ ʦʪʨʘʙʦʪʢʘ ʞʠʣʳ ɻʣʘʚʥʦʡ. ɸʢʪʠʚʠʟʘʮʠʷ 

ʜʦʙʳʯʠ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ ʥʘʯʘʣʘʩʴ ʩ 1921 ʛ. ɺ 1934 ʛ. ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʨʘʙʦʪʫ ʦʙʦʛʘʪʠʪʝʣʴʥʘʷ 

ʬʘʙʨʠʢʘ ˉ 1 ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 500 ʪ ʨʫʜʳ ʚ ʩʫʪʢʠ. ʆʥʘ ʷʚʠʣʘʩʴ ʧʝʨʚʳʤ ʚ ʩʪʨʘʥʝ 

ʧʨʝʜʧʨʠʷʪʠʝʤ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʬʣʦʪʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ɺ 1952 ʛ. 

ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ ˉ 2. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ɼʘʨʘʩʫʥʩʢʠʡ ɻʆʂ, 

ʦʪʨʘʙʘʪʳʚʘʷ ʦʩʥʦʚʥʳʝ ʞʠʣʳ, ʜʦʩʪʠʛ ʩʪʘʙʠʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʜʦʙʳʯʝ ʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʝʝ 300 

ʪʳʩ. ʪ ʨʫʜʳ ʚ ʛʦʜ, ʜʦʙʳʚʘʷ ʜʦ 3 ʪ ʟʦʣʦʪʘ, ʧʦʧʫʪʥʦ ʩʝʨʝʙʨʦ, ʤʝʜʴ, ʤʳʰʴʷʢ [2]. 
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ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ-ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ɼʘʨʘʩʫʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʨʦʙ ʉʄʆ:  

1 ï ʩʪʘʨʘʷ ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ; 2 ï ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ. 

 

ʆʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ, ʦʩʥʘʱʝʥʥʘʷ ʣʫʯʰʠʤ ʧʦ ʪʦʤʫ ʚʨʝʤʝʥʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʠ 

ʠʤʧʦʨʪʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʠʤʝʣʘ ʪʨʝʭʩʪʘʜʠʡʥʦʝ ʩ ʟʘʤʢʥʫʪʳʤ ʮʠʢʣʦʤ ʜʨʦʙʠʣʴʥʦʝ 

ʦʪʜʝʣʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʨʫʜʳ ʜʣʷ ʤʝʣʴʥʠʮ. ɼʚʫʭʩʪʘʜʠʘʣʴʥʦʝ 

ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʨʘʟʚʠʪʳʝ ʩʭʝʤʳ ʬʣʦʪʘʮʠʠ ʧʦʟʚʦʣʷʣʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦ 300 ʪʳʩ. ʪ ʨʫʜʳ ʚ ʛʦʜ 

ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʟʦʣʦʪʘ ʩʚʳʰʝ 90 %. ʅʘ ʬʘʙʨʠʢʝ ʰʣʘ ʧʦʩʪʦʷʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ, ʧʨʠʩʧʦʩʦʙʣʷʶʱʘʷ ʠʭ ʢ ʤʝʥʷʶʱʝʤʫʩʷ ʭʘʨʘʢʪʝʨʫ ʨʫʜ. ɺ ʩʝʨʝʜʠʥʝ  

70-ʭ ʛʛ. ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʧʦ ʛʣʘʚʥʳʤ ʞʠʣʘʤ ʙʳʣʠ ʦʪʨʘʙʦʪʘʥʳ, ʠ ʨʫʜʥʠʢ ʩʪʘʣ ʩʥʠʞʘʪʴ 

ʫʨʦʚʝʥʴ ʜʦʙʳʯʠ ʟʦʣʦʪʘ. ɺ ʧʝʨʝʩʪʨʦʝʯʥʳʝ ʛʦʜʳ (1992 ʛ.) ʜʦʙʳʯʘ ʩʥʠʟʠʣʘʩʴ ʜʦ 141,3 ʪʳʩ. ʪ ʧʦ 

ʨʫʜʝ ʠ 669,6 ʢʛ ʧʦ ʤʝʪʘʣʣʫ. ɺ 1998 ʛʦʜʫ ɼʘʨʘʩʫʥʩʢʠʡ ʨʫʜʥʠʢ ʜʘʣ ʚʩʝʛʦ 362 ʢʛ ʜʨʘʛʦʮʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ. ʉ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦʙʳʪʦ 8632 ʪʳʩ. ʪ ʨʫʜʳ ʠ 118215 ʢʛ ʤʝʪʘʣʣʘ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʫʚʝʣʠʯʝʥʠʷ ʟʘʧʘʩʦʚ ʥʝ ʠʩʯʝʨʧʘʥʳ [2]. 

ɿʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ɿʀʌ-1 ʠ ɿʀʌ-2 ʦʙʨʘʟʦʚʘʣʦʩʴ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 80 ʛʘ, ʚ 

ʢʦʪʦʨʦʤ ʙʳʣʦ ʥʘʢʦʧʣʝʥʦ ʧʦ ʜʘʥʥʳʤ ʥʘ 1998 ʛʦʜ 4,71 ʤʣʥ. ʪ, ʧʦ ʧʦʩʣʝʜʥʠʤ ʩʚʦʜʢʘʤ 

6,45 ʤʣʥ. ʪ ʦʪʭʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. 

ɼʘʨʘʩʫʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʦʣʦʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʞʠʣʴʥʦʤʫ ʪʠʧʫ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦ-

ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʘʮʠʠ. ɾʠʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʛʨʘʥʦʜʠʦʨʠʪʘʭ, ʛʨʘʥʦʩʠʝʥʠʪʘʭ ʠ ʛʘʙʙʨʦ-

ʘʤʬʠʙʦʣʠʪʘʭ ʠ ʩʚʷʟʘʥʳ ʩ ʘʤʫʜʞʠʢʘʥʩʢʠʤ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 

ʪʨʝʱʠʥʥʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʠ ʰʪʦʢʘʤʠ ʧʣʘʛʠʦʛʨʘʥʠʪ- ʠ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ, ʜʘʡʢʘʤʠ 

ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʦʚ, ʛʨʘʥʦʬʠʨʦʚ, ʬʝʣʴʟʠʪʦʚ, ʧʝʭʰʪʝʡʥʦʚ. ʈʘʟʤʝʱʝʥʠʝ 

ʟʦʣʦʪʦʨʫʜʥʳʭ ʞʠʣ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʫʯʘʩʪʢʘʤʠ ʙʨʝʢʯʠʡ ʚʟʨʳʚʘ, ʪʨʝʱʠʥʘʤʠ ʩʢʘʣʳʚʘʥʠʷ ʠ 

ʟʦʥʘʤʠ ʩʜʚʠʛʦʚ, ʩʙʨʦʩʦʩʜʚʠʛʦʚ, ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʠ ʚʟʙʨʦʩʘʤʠ, ʥʘʜʚʠʛʘʤʠ ʠ ʩʜʚʠʛʦʩʙʨʦʩʘʤʠ. 

ʈʫʜʥʳʝ ʞʠʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳ ʧʦ ʬʦʨʤʝ, ʚʳʜʝʨʞʘʥʳ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ, ʥʦ ʠʤʝʶʪ 

ʨʘʟʜʫʚʳ ʠ ʧʝʨʝʞʠʤʳ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʢʨʫʧʥʳʭ ʞʠʣ (ɻʣʘʚʥʘʷ, ʉʚʠʥʮʦʚʘʷ, ʕʣʝʢʪʨʠʯʝʩʢʠʝ, 

ʅʦʚʦ-ʂʫʟʥʝʮʢʘʷ ʠ ʜʨ.) ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ 1,0-2,5 ʢʤ, ʩʨʝʜʥʠʭ ï 0,3-1,0 ʢʤ ʠ ʤʝʣʢʠʭ ï 70-300 

ʤʝʪʨʦʚ. ʄʦʱʥʦʩʪʴ 0,01-2 ʤ (ʩʨʝʜʥʷʷ 0,1-0,25 ʤ), ʘ ʚʤʝʩʪʝ ʩ ʦʢʦʣʦʢʦʥʪʘʢʪʦʚʳʤʠ 

ʚʢʨʘʧʣʝʥʥʳʤʠ ʨʫʜʘʤʠ ï 0,6-1,5 ʤʝʪʨʘ. ɺ ʨʫʜʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʢʦʣʦ 100 ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʨʫʜ ɼʘʨʘʩʫʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ (15-60 %) 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʠʜʦʚ (ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʧʠʨʨʦʪʠʥ ʠ 

ʜʨ.) ʠ ʩʫʣʴʬʦʩʦʣʝʡ (ʙʫʨʥʦʥʠʪ, ʪʝʪʨʘʵʜʨʠʪ, ʬʨʝʡʙʝʨʛʠʪ, ʪʝʪʨʘʜʠʤʠʪ ʠ ʜʨ.). ɻʣʘʚʥʳʝ ʨʫʜʥʳʝ 

ʤʠʥʝʨʘʣʳ: ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʙʫʨʥʦʥʠʪ, 

ʙʣʝʢʣʳʝ ʨʫʜʳ (ʪʝʪʨʘʵʜʨʠʪ, ʬʨʝʡʙʝʨʛʠʪ ʠ ʜʨ.); ʠʟ ʥʠʭ ʦʩʥʦʚʥʳʝ ʧʠʨʠʪ (14 %), ʘʨʩʝʥʦʧʠʨʠʪ 

(12 %), ʩʤʘʡʪʠʪ, ʪʝʪʨʘʜʠʤʠʪ, ʤʘʪʠʣʴʜʠʪ, ʧʘʚʦʥʠʪ, ʧʣʘʛʠʦʥʠʪ, ʭʝʜʣʝʡʠʪ, ʚʝʨʣʠʪ, ʚʠʪʪʠʭʝʥʠʪ 

ʦʪʥʦʩʷʪʩʷ ʢ ʦʯʝʥʴ ʨʝʜʢʠʤ ʤʠʥʝʨʘʣʘʤ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʚ ʈʌ ʥʘ ʵʪʦʤ 



135 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ɾʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʤ (32 %), ʢʘʨʙʦʥʘʪʘʤʠ (11 %), 

ʪʫʨʤʘʣʠʥʦʤ, ʭʣʦʨʠʪʦʤ, ʤʫʩʢʦʚʠʪʦʤ ʠ ʜʨʫʛʠʤʠ.  

ʈʫʜʳ ʩʦʜʝʨʞʘʪ ʚ ʩʨʝʜʥʝʤ 14,6-15,4 ʛ/ʪ ʟʦʣʦʪʘ ʧʨʠ ʦʙʱʝʡ ʚʘʨʠʘʮʠʠ ʦʪ ʝʜʠʥʠʮ ʜʦ 500 ʛ/ʪ. 

ɿʦʣʦʪʦ ʩʘʤʦʨʦʜʥʦʝ ʤʝʣʢʦʝ ʠ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʥʦʝ ʦʪ 0,06-1,5 ʤʢʤ ʜʦ 2 ʤʤ. ʆʩʥʦʚʥʳʤʠ 

ʥʦʩʠʪʝʣʷʤʠ ʟʦʣʦʪʘ ʷʚʣʷʶʪʩʷ ʧʠʨʠʪ (19,8 ʛ/ʪ), ʘʨʩʝʥʦʧʠʨʠʪ (37,3 ʛ/ʪ), ʭʘʣʴʢʦʧʠʨʠʪ (84,6 ʛ/ʪ), 

ʩʫʣʴʬʦʩʦʣʠ (13,9 ʛ/ʪ). ʅʝʨʝʜʢʦ ɸu ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʣʣʫʨʠʜʘʭ ï ʧʝʪʮʠʪʝ, ʢʘʣʘʚʝʨʠʪʝ, ʢʨʝʥʥʝʨʠʪʝ 

ʠ ʜʨ. ɺʳʩʦʢʘʷ ʤʳʰʴʷʢʦʚʠʩʪʦʩʪʴ ʨʫʜ ʫʩʣʦʞʥʷʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʭ ʦʙʦʛʘʱʝʥʠʷ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ. ʇʦʣʝʟʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʟʦʣʦʪʦ, ʩʝʨʝʙʨʦ, ʤʝʜʴ, ʩʚʠʥʝʮ, ʮʠʥʢ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʝʪʦʤ 2022 ʛʦʜʘ ʚ ʨʘʡʦʥʝ 

ɼʘʨʘʩʫʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʤʠ ʧʦʧʫʪʥʦ ʠʟʫʯʘʣʠʩʴ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʘʤʙ ʠ ʣʦʞʘ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, ʩʪʝʥʢʘʭ ʢʘʨʴʝʨʦʚ, ʙʝʨʝʛʘʭ ʚʦʜʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ 

ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʳʭ ʬʘʙʨʠʢ. 

ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʝʛʦ 

ʦʧʠʩʘʥʠʝ, ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠ ʦʪʙʦʨ ʧʨʦʙ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʫʧʘʢʦʚʢʦʡ ʠ ʤʘʨʢʠʨʦʚʢʦʡ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʫʰʢʘ ʠ ʦʯʠʩʪʢʘ ʧʨʦʙ ʦʪ 

ʠʥʦʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜ ʙʠʥʦʢʫʣʷʨʥʦʤ ʄɹʉ-2 ʚʳʧʦʣʥʷʣʦʩʴ 

ʜʝʣʝʥʠʝ ʥʘ ʤʠʥʝʨʘʣʴʥʳʝ ʤʦʥʦʬʨʘʢʮʠʠ ʧʦ ʮʚʝʪʫ ʠ ʦʙʣʠʢʫ. ʆʯʠʱʝʥʥʳʝ ʤʦʥʦʬʨʘʢʮʠʠ 

ʤʠʥʝʨʘʣʦʚ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʩʝʩʪʦʨʦʥʥʠʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ, ʘ ʪʘʢʞʝ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʙʳ, ʠʩʪʸʨʪʳʝ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʩʦ ʩʧʠʨʪʦʤ, 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ ï 3.0 

ʚ ʎʂʇ çɻʝʦʜʠʥʘʤʠʢʘ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʷè (ʘʥʘʣʠʪʠʢ ʄ.ʅ. ʈʫʙʮʦʚʘ). ʋʩʣʦʚʠʷ ʩʲʸʤʢʠ: 

ʠʟʣʫʯʝʥʠʝ ï ʉuʂŬ, Ni ï ʬʠʣʴʪʨ, V=25 ʢɺ, I=20 ʤɸ, ʰʘʛ ʩʢʘʥʠʨʦʚʘʥʠʷ ï 0.05Á. 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʧʦʠʩʢʘ ʬʘʟ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʜʛʦʪʦʚʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʙ 

ʦʩʘʞʜʝʥʠʝʤ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ, ʧʨʦʛʨʝʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

550Á ʚ ʪʝʯʝʥʠʝ 3-ʭ ʯʘʩʦʚ ʠ ʥʘʩʳʱʝʥʠʝʤ ʵʪʠʣʝʥʛʣʠʢʦʣʝʤ. 

ʉʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʨʠʙʦʨʝ STA 449 F1 Jupiter ʬʠʨʤʳ 

NETZSCH (ɻʝʨʤʘʥʠʷ) ʚ ʀʇʈʕʂ ʉʆ ʈɸʅ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʘʪʠʥʦʚʳʝ ʪʠʛʣʠ. ʉʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘ ʚʦ ʚʩʝʭ ʠʟʤʝʨʝʥʠʷʭ ʩʦʩʪʘʚʣʷʣʘ 20ęʉ/ʤʠʥʫʪʫ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʨʘʣʘʩʴ ʥʘʚʝʩʢʘ 

ʤʘʩʩʦʡ 10 ʤʛ. ʇʝʯʴ ʧʨʦʜʫʚʘʣʘʩʴ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ. 

ʀʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɿʘʙɻʋ (ʘʥʘʣʠʪʠʢ 

ʌ.ʅ. ɹʦʯʘʨʥʠʢʦʚ) ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ FTIR-8400S SHIMADZU, ʢʦʪʦʨʳʡ ʨʝʛʠʩʪʨʠʨʫʝʪ 

ʠʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙ ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 4000-

400 ʩʤ
-1
, ʚ ʪʘʙʣʝʪʢʘʭ KBr. 

ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ 

ʘʩʩʦʮʠʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ ʠʟ ʩʫʣʴʬʘʪʦʚ, ʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʦʪʙʦʨʘ, ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʚ ʢʘʪʠʦʥʥʦʤ ʩʦʩʪʘʚʝ, ʢʦʣʠʯʝʩʪʚʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʠ ʭʘʨʘʢʪʝʨʝ ʧʨʠʤʝʩʝʡ (ʪʘʙʣʠʮʘ 1). 

ʇʨʦʙʘ ɺɼ-22/ʉʄʆ-1 ʦʪʙʠʨʘʣʘʩʴ ʚ ʩʫʭʦʡ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʥʘ ʟʘʙʨʦʰʝʥʥʦʡ 

ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ (GPS N52Á22'03.97" E115Á32'28.85"), ʛʜʝ ʩʦʭʨʘʥʠʣʠʩʴ 

ʨʝʟʝʨʚʫʘʨʳ ʩ ʠʩʪʝʨʪʦʡ ʨʫʜʦʡ ʜʦ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ 

ʥʘʙʣʶʜʘʣʠʩʴ ʙʝʣʳʝ ʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʦʨʢʠ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʦʪʩʣʘʠʚʘʣʠʩʴ ʦʪ 

ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1.  

ɺ ʣʝʪʥʠʡ ʚʣʘʞʥʳʡ ʧʝʨʠʦʜ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʪʦʣʴʢʦ ʧʦʜ ʚʳʩʪʫʧʘʤʠ-ʢʘʨʥʠʟʘʤʠ, ʢʫʜʘ ʥʝ ʧʦʧʘʜʘʝʪ ʥʘʧʨʷʤʫʶ ʘʪʤʦʩʬʝʨʥʘʷ 

ʚʣʘʛʘ. ɿʜʝʩʴ ʧʨʦʜʫʢʪʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʛʦʩʣʦʡʥʳʤʠ 

ʢʦʨʘʤʠ ʠ ʥʘʪʝʢʘʤʠ ʙʝʣʦʛʦ ʠ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʙʘ ɺɼ-22/ʉʄʆ-3 (ʪʘʙʣʠʮʘ 1). 

ʉʦʩʪʘʚ ʠ ʮʚʝʪ ʦʙʨʘʟʮʘ ɺɼ-22/ʉʄʆ-2, ʦʪʦʙʨʘʥʥʦʛʦ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ 

ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʩʷ ʢʘʢ ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʨʠʩʫʪʩʪʚʠʝʤ ʭʘʣʴʢʘʥʪʠʪʘ, ʥʦ ʧʨʦʚʝʜʝʥʥʳʝ 
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ʘʥʘʣʠʟʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʙʘ ʥʘ 90 % ʩʦʩʪʦʠʪ ʠʟ ʛʘʣʠʪʘ. ɺʦʟʤʦʞʥʦ, ʧʦʚʘʨʝʥʥʘʷ ʩʦʣʴ 

ʜʦʙʘʚʣʷʣʘʩʴ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʷ, ʣʠʙʦ ʵʪʦ ʦʩʪʘʪʢʠ ʦʪ ʧʦʙʝʣʢʠ ʩʪʝʥ. 

ʊʘʙʣʠʮʘ 1  

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ ʉʄʆ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ˉ 

ʧ/ʧ 
ʄʘʨʢʠʨʦʚʢʘ ʆʧʠʩʘʥʠʝ, ʣʦʢʘʮʠʷ, ʜʘʪʘ ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ 

1 ɺɼ-22/ʉʄʆ-1 

ɹʝʣʝʩʳʝ ʢʦʨʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʠʥ ʧʦʜ 

ʯʘʥʦʤ ʥʘ ʩʪʘʨʦʡ ʬʘʙʨʠʢʝ, 

23.04.22 ʛ. 

ʕʧʩʦʤʠʪ (MgSO4Å7H2O) (70%Ñ5), ʢʚʘʨʮ 

(10%Ñ5), ʩʣʝʜʳ ʛʠʧʩʘ, ʘʤʬʠʙʦʣʘ, ʢʘʣʴʮʠʪʘ ʠ, 

ʚʦʟʤʦʞʥʦ, ʜʦʣʦʤʠʪʘ. ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ: 

ʢʘʦʣʠʥʠʪ (5%Ñ2), ʭʣʦʨʠʪ (5%Ñ2), ʛʠʜʨʦʩʣʶʜʘ 

(5%Ñ2), ʩʣʝʜʳ ʩʤʝʢʪʠʪʘ ʠ ʩʤʝʰʘʥʦʩʣʦʡʥʦʛʦ 

ʤʠʥʝʨʘʣʘ ʛʠʜʨʦʩʣʶʜʘ-ʩʤʝʢʪʠʪ 

2 ɺɼ-22/ʉʄʆ-2 

ɻʦʣʫʙʳʝ ʥʘʪʝʢʠ ʠ 

ʧʨʠʤʘʟʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʝʥʳ ʠʟ ʢʨʘʩʥʦʛʦ ʢʠʨʧʠʯʘ 

ʥʘ ʩʪʘʨʦʡ ʬʘʙʨʠʢʝ  

22.08.22 ʛ. 

ɻʘʣʠʪ (90%Ñ5), ʛʠʧʩ (5%Ñ2), ʩʣʝʜʳ ʢʚʘʨʮʘ ʠ 

ʘʤʬʠʙʦʣʘ 

3 ɺɼ-22/ʉʄʆ-3 

ɹʝʣʝʩʳʝ ʥʘʪʝʢʠ ʠ ʢʦʨʢʠ 

ʩʫʣʴʬʘʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʣʠʥ ʠʟ ʯʘʥʘ ʥʘ ʩʪʘʨʦʡ 

ʬʘʙʨʠʢʝ 22.08.22 ʛ. 

ʇʠʢʝʨʠʥʛʠʪ (MgAl 2(SO4)4Å22H2O) (50%Ñ5), 

ʵʧʩʦʤʠʪ (46%Ñ5), ʚʦʟʤʦʞʥʦ ʩʣʝʜʳ ʘʤʬʠʙʦʣʘ 

4 ɺɼ-22/ʉʄʆ-4 

ɾʝʣʪʦʚʘʪʳʝ ʢʦʨʢʠ 

ʩʫʣʴʬʘʪʦʚ ʥʘ ʞʝʣʝʟʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʯʘʥʘ ʥʘ 

ʩʪʘʨʦʡ ʬʘʙʨʠʢʝ 

22.08.22 ʛ. 

ʄʝʣʘʥʪʝʨʠʪ (FeSO4(H2O)7). ʇʘʨʘʤʝʪʨʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ: a=14,10Ñ0,02 Ȕ, 

b=6,51Ñ0,01 Ȕ, c=10,97Ñ0,02 Ȕ, 

ɓ=105,87ÁÑ0,10, V=969 ᴠ3 

5 ɺɼ-22/ʉʄʆ-6 

ɹʝʣʝʩʳʝ ʢʦʨʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʠʥʠʩʪʦ-

ʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

22.08.22 ʛ. 

ʕʧʩʦʤʠʪ (MgSO4Å7H2O), ʩʣʝʜʳ ʛʠʧʩʘ 

(CaSO4Å2H2O). ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʵʧʩʦʤʠʪʘ: a=11,87Ñ0,01 Ȕ, 

b=11,99Ñ0,01 Ȕ, c=6,85Ñ0,01 Ȕ, V=974 Ȕ
 3 

6 ɺɼ-22/ʉʄʆ-7 

ɹʝʣʝʩʳʝ ʢʦʨʦʯʢʠ ʠ ʥʘʪʝʢʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʠʥʠʩʪʦ-

ʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʜʘʤʙʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

22.08.22 ʛ. 

ʕʧʩʦʤʠʪ (35%Ñ5), ʢʚʘʨʮ (32%Ñ5), ʛʠʧʩ 

(5%Ñ2), ʧʦʣʝʚʳʝ ʰʧʘʪʳ (7%Ñ3), ʩʣʝʜʳ 

ʘʤʬʠʙʦʣʘ ʠ ʢʘʣʴʮʠʪʘ. ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ: 

ʢʘʦʣʠʥʠʪ (5%Ñ2), ʛʠʜʨʦʩʣʶʜʘ (7%Ñ3), ʭʣʦʨʠʪ 

(5%Ñ2), ʩʣʝʜʳ ʩʤʝʢʪʠʪʘ ʠ, ʚʦʟʤʦʞʥʦ, 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʤʠʥʝʨʘʣʦʚ 

 

ʀʟʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʧʦʣʥʝʥʥʦʛʦ 

ʩʪʘʨʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ɺʝʨʰʠʥʦʜʘʨʘʩʫʥʩʢʦʡ ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ʧʦʢʘʟʘʣʦ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʬʘʟʳ ʵʧʩʦʤʠʪʘ ʩʨʝʜʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʦʤ 

ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ (ʨʠʩʫʥʦʢ 2). 

ʆʩʥʦʚʥʳʝ ʣʠʥʠʠ ʵʧʩʦʤʠʪʘ ʧʦ ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ [5] ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʩʣʝʜʫʶʱʠʝ: 

4.216 (100), 4.200 (75), 5.98 (30), 5.34 (30), 2.658 (25), 5.31 (20), 2.880 (20), ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʩ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ɿʀʌ ɹʘʣʝʡʩʢʦʛʦ ʠ ɼʘʨʘʩʫʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 2. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʨʦʙʳ ʩ ʵʧʩʦʤʠʪʦʚʳʤ ʩʦʩʪʘʚʦʤ (ʦʙʨ. ɺɼ-22/ʉʄʆ-6)  

ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ [5]. 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʢʨʠʚʘʷ ɼʉʂ ʦʙʨʘʟʮʘ ɺɼ-22/ʉʄʆ-6, ʥʘ ʢʦʪʦʨʦʡ ʬʠʢʩʠʨʫʶʪʩʷ 

ʵʥʜʦʵʬʬʝʢʪʳ ʩ ʵʢʩʪʨʝʤʫʤʘʤʠ 136,0; 203,9; 292,9 Üʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʩʦʨʙʮʠʠ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʥʦʡ ʚʦʜʳ, ʚʳʭʦʜ ʢʦʪʦʨʦʡ ʚʠʜʝʥ ʥʘ ʊɻ ʢʨʠʚʦʡ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ ʵʪʦʤ ʚ 

ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 % , ʯʪʦ ʥʠʞʝ ʨʘʩʯʝʪʥʦʡ ʥʘ 11 % ʠʟ-ʟʘ ʧʨʠʤʝʩʝʡ ʛʠʧʩʘ ʠ ʜʨʫʛʠʭ 

ʩʫʣʴʬʘʪʦʚ. ɺ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʪʝʨʤʦʛʨʘʤʤʳ ʚ ʠʥʪʝʨʚʘʣʝ 900-1150 Üʉ 

(ʵʢʩʪʨʝʤʫʤ ʧʨʠ 1056,3 Üʉ) ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʙʝʟʚʦʜʥʦʛʦ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʧʦʪʝʨʝʡ ʤʘʩʩʳ, ʩʚʷʟʘʥʥʦʡ ʚ ʚʳʭʦʜʦʤ ʦʢʩʠʜʘ ʩʝʨʳ [3]. 

 

ʈʠʩʫʥʦʢ 3. ʊʝʨʤʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʩ ʵʧʩʦʤʠʪʦʤ (ʦʙʨ. ɺɼ-22/ʉʄʆ-6). 
 

ʅʘ ʧʨʠʚʝʜʝʥʥʦʤ ʥʠʞʝ ʀʂ-ʩʧʝʢʪʨʝ ʦʙʨʘʟʮʘ ʩ ʵʧʩʦʤʠʪʦʤ (ʨʠʩʫʥʦʢ 4) ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʦʡ ʧʨʦʙʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʦʣʝʢʫʣʷʨʥʘʷ ʚʦʜʘ, ʬʠʢʩʠʨʫʝʤʘʷ 

ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 3000-3600 ʩʤ
-1
. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 400-

700 ʩʤ
-1

 ʦʪʥʦʩʷʪʩʷ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ Mg-O ʩʚʷʟʝʡ, 1100-1150 ʩʤ
-1

 ï S-O 

ʩʚʷʟʝʡ [1]. 
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ʈʠʩʫʥʦʢ 4. ʀʂ-ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʩ ʵʧʩʦʤʠʪʦʤ (ʦʙʨ. ɺɼ-22/ʉʄʆ-6). 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʧʩʦʤʠʪ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʠʟ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʤ ʚ ʛʠʧʝʨʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʛʥʠʡ, ʚʩʝ ʩʫʣʴʬʘʪʳ 

ʢʦʪʦʨʦʛʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳ ʠ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʦʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ 

ʚʦʜʳ. ɺ ʤʝʥʴʰʝʡ ʤʝʨʝ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʣʴʮʠʶ, ʜʘʶʱʝʤʫ, ʚ ʦʩʥʦʚʥʦʤ, ʛʠʧʩ ʠ 

ʧʦʣʫʛʠʜʨʘʪʳ ʩʫʣʴʬʘʪʘ ʢʘʣʴʮʠʷ ʙʘʩʩʘʥʠʪ ʠʣʠ ɓ-ʧʦʣʫʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ ʢʘʣʴʮʠʷ, 

ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ [4]. 
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Abstract. This article presents original data on elemental composition of hair of residents from different localities of 

Zabaikalsky krai. Each locality has some peculiarities in hair composition that most likely are related to geochemical 

peculiarities of the area and individual organism peculiarities.  

Keywords: element composition, hair composition, geochemistry, Zabaikalsky Krai. 

 

ɺʚʝʜʝʥʠʝ 

ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʢʨʘʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʦʭʠʤʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʫʶ ʪʝʨʨʠʪʦʨʠʶ. ɿʜʝʩʴ 

ʠʤʝʶʪʩʷ ʨʘʡʦʥʳ ʩ ʠʟʙʳʪʢʦʤ ʠʣʠ ʥʝʜʦʩʪʘʪʢʦʤ ʥʝʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʝ, 

ʧʦʯʚʝ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʣʘʥʜʰʘʬʪʦʚ [1], ʪʝʨʨʠʪʦʨʠʠ ʩ ʪʘʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʥʘʟʳʚʘʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʚʠʥʮʠʷʤʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʩʦʩʪʘʚʣʷʶʪ ʝʜʠʥʳʡ ʢʨʫʧʥʳʡ ʛʦʨʥʦʨʫʜʥʳʡ 

ʨʝʛʠʦʥ ʈʦʩʩʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʪʘʢʦʡ ʙʦʛʘʪʦʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʦʷʥʥʘʷ ʜʦʙʳʯʘ ʩʳʨʴʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʝʛʠʦʥʝ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʚʘʣʘʤʠ ʚʩʢʨʳʰʥʳʭ ʠ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ, ʥʝʢʦʥʜʠʮʠʦʥʥʳʤʠ ʨʫʜʘʤʠ, ʦʪʭʦʜʘʤʠ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʠ ʟʦʣʦʪʦʠʟʚʣʝʢʘʶʱʠʭ ʬʘʙʨʠʢ, 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤʠ ʰʣʘʢʘʤʠ, ʟʦʣʦʰʣʘʢʦʦʪʚʘʣʘʤʠ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ [2]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʙʘʣʘʥʩ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʳʟʚʘʥʥʳʡ ʥʘʣʠʯʠʝʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʚʠʥʮʠʡ ʠ ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʣʠʷʝʪ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʠ ʯʝʣʦʚʝʢʘ ʚ ʮʝʣʦʤ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʦʩʪʦʷʥʥʳʝ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ɺʦʣʦʩʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʫʜʦʙʥʳʭ ʙʠʦʤʘʨʢʸʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʭ ʘʥʘʣʠʟ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʘʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠ ʝʸ ʚʣʠʷʥʠʷ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ [3]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʫʩʪʘʥʦʚʠʪʴ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʢʘʮʠʶ ʚʦʣʦʩ ʥʘʩʝʣʝʥʠʷ 

ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʠ ʚʳʷʚʠʪʴ ʠʥʜʠʢʘʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺʩʝʛʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 130 ʧʨʦʙ ʚ 17 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ: ʩ. ɸʢʘʪʫʡ, 

ʩ. ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ɿʘʚʦʜ, ʩ. ɹʦʣʴʰʦʡ ɿʝʨʝʥʪʫʡ, ʩ. ɹʫʨʫʢʘʥ, ʩ. ɹʫʪʫʥʪʘʡ, ʩ. ɻʘʟʠʤʫʨʩʢʠʡ 

ɿʘʚʦʜ, ʜ. ɻʝʦʨʛʠʝʚʢʘ, ʩ. ʂʦʢʫʡ 1, ʩ. ʂʦʢʫʡ 2, ʩ. ʂʘʣʛʘ, ʧʛʪ. ʂʣʠʯʢʘ, ʩ. ʄʠʭʘʡʣʦʚʢʘ, 

ʩ. ʅʝʨʯʠʥʩʢʠʡ ɿʘʚʦʜ, ʩ. ʊʘʡʥʘ, ʩ. ʋʨʦʚʩʢʠʝ ʂʣʶʯʠ, ʩ. ʍʘʧʯʝʨʘʥʛʘ, ʧʛʪ. ʐʝʨʣʦʚʘʷ ɻʦʨʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʦʧʨʝʜʝʣʷʣʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʥʝʡʪʨʦʥʥʦ-

ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ (ʀʅɸɸ) ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʅʀ ʊʇʋ. 
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(ʂʂ) (1) 

ʂʂ=  ,                                                                         (1) 

ʛʜʝ Ca ï ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ; ʄʝ ï ʤʝʜʠʘʥʘ ʧʦ ʚʳʙʦʨʢʝ. 

Zʉʇʅ ï ʩʫʤʤʘʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (2):  

Zʉʇʅ= .                                                             (2) 

ʈʝʟʫʣʴʪʘʪʳ 

ʅʘʤʠ ʧʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ 27 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʚʦʣʦʩ 

ʞʠʪʝʣʝʡ 17 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʤʝʜʠʘʥʘ, ʨʘʟʙʨʦʩ ʠ ʜʨʫʛʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʩʦʩʪʘʚʠʣʦ 130. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʧʝʮʠʬʠʢʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʚʦʣʦʩ ʞʠʪʝʣʝʡ ʢʘʞʜʦʛʦ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʥʦʨʤʠʨʦʚʘʥʠʝ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʩʝʣʝʥʥʦʛʦ 

ʧʫʥʢʪʘ, ʢ ʤʝʜʠʘʥʝ ʧʦ ɿʘʙʘʡʢʘʣʴʩʢʦʤʫ ʢʨʘʶ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʨʷʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʚʦʣʦʩ ʞʠʪʝʣʝʡ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʠʘʥʳ ʧʦ ʚʳʙʦʨʢʝ) 

ʅʘʩʝʣʝʥʥʳʡ 

ʧʫʥʢʪ 
ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʨʷʜ Zʉʇʅ 

ɸʢʘʢʫʡ 
Sr9,3 Au5,5 Ca4,9 Sm4,4 Tb2,7 Ag2,6 Cs2,6 Ba1,8 La1,7 Nd1,7 Th1,7 Ce1,7 

Eu1,6 Br1,5 Zn1,5 Lu1,5 Yb1,3 
48 

ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ 

ʟʘʚʦʜ 

Ag14,6 Sr12,1 Ba10,7 La10,7 Na10,2 Sm8,2 Br8,1 Nd7,7 Tb6,4 Sc6,3 ʊʘ6,2 

Rb5,3 Ca4,7 Ce4,5 Cs3,6 Lu3,5 Eu2,9 Sb2,8 Au2,6 U2,2 Yb1,9 Co1,7 Zn1,4 

Th1,4 Fe1,1 

141 

ɹʦʣʴʰʦʡ 

ɿʝʨʝʥʪʫʡ 

Br14,1 Sm9,4 Cs5,2 Ca4,5 Na4,1 Rb4,1 Nd3,6 La3,6 Ce3,6 Eu3 ʊʘ2,5 Ba2,5 

Sb2,4 As2,2 Au2,1 Tb1,9 Lu1,8 Th1,8 Zn1,7 Yb1,5 U1,2 Sr1,2    
78 

ɹʫʨʫʢʘʥ 
Br34,7 Au5,1 Th3,7 Cs2,7 Fe2,3 Na2,2 Tb2 Rb1,2 Sr1 La1 Ce1 Nd1 Sm1 

Yb1 
60 

ɹʫʪʫʥʪʘʡ 
Sr6,9 Sm4,6 Au3,5 Ag3,3 La3,3 Cs3,3 Tb3,2 Ce3,2 Ca3 Ba3 Br2,8 Lu2,5 

Th2,3 U2,1 Yb1,6 Zn1,5 Nd1,3 Eu1,3 Rb1,1 Sc1 
55 

ɻʘʟʠʤʫʨʩʢʠʡ 

ɿʘʚʦʜ 

Br19,6 ʊʘ6,2 Rb4,7 Ce3,4 Tb3,2 Sb3,1 Sm3 Na2,9 Eu2,5 Sr1,8 La1,7 Lu1,6 

Ag1,4 Ca1,2 Ba1,1 Au1 Nd1 Yb1 
60 

ɻʝʦʨʛʠʝʚʢʘ 
Cs13,5 Br10,8 Na6,2 Ag4,9 Rb4,6 Eu3,5 La3,3 Ce3,2 Lu3,2 Th3 Nd2,3 Sm2,3 

Hf1,8 Ba1,7 Co1,6 U1,6 Zn1,3 Tb1,1 Sr1 Yb1 Au1 
72 

ʂʘʣʛʘ 
Fe28,6 Cr22,1 Tb11,7 Rb7,5 Nd6,4 Sb6,2 Na4,7 U4,2 Ag3,8 Hf3,6 Co3,3 Ba3,1 

Eu3 Sc2,2 Br2 Lu1,9 Cs1,8 ʊʘ1,7 Yb1,6 Zn1,6 Ce1,1 Sm1 Sr1 La1 
125 

ʂʣʠʯʢʘ 
Tb2,8 Sm2,5 Au2,1 Nd2,1 Ca1,9 Ag1,9 U1,6 As1,6 ʊʘ1,6 Lu1,5 Rb1,5 Ce1,4 

Ba1,3 La1,3 Na1,1 Cs1,1 Zn1,1 Sr1,1 
29 

ʂʦʢʫʡ 1-ʡ 
Nd15 Sr9,7 Tb6,2 Br5,2 Sm4,7 Cs4,6 Au3,9 Ce3,8 Ag3,8 Ca3,2 La2,8 Ba2,6 

Lu2,5 Sb1,8 Sc1,8 Cr1,7 Th1,5 U1,4 Zn1,3 Rb1,2 ʊʘ1,2 Eu1,2 Na1   
82 

ʂʦʢʫʡ 2-ʡ 
La8,8 Ce7,1 Au6,1 Sc5,6 Sr4,9 U4,9 Cs4,9 Lu4,7 Ca4,3 Sm4 Ag3,4 Nd3,4 

Br3,1 Tb3 Ba2,9 ʊʘ2,6 Zn2,1 Th2 Rb1,4 Eu1,4 Hf1,1 Yb1,1       
83 

ʄʠʭʘʡʣʦʚʢʘ 
Nd12 Br11,5 Sm5,4 ʊʘ4,7 Eu4,6 Lu4,2 Ce4,1 Au4 Ba3 La3 Th3 Ca2,6 Rb2,5 

U2,2 Sc2 Na1,9 Ag1,6 Sb1,6 Tb1,3 Yb1 Zn1 Sr1 
78 

ʅʝʨʯʠʥʩʢʠʡ 

ɿʘʚʦʜ 

Ag21 Fe13,5 Cr11,9 Hf5,5 Cs2,6 Th2,5 Rb2,5 Au2,3 Sb1,9 Co1,8 Br1,8 U1,5 

Ba1,4 Na1,3 As1,3 Tb1,2 Sc1,2 Eu1,2 Zn1,1 Ce1 Nd1 Sm1 Sr1 La1 Yb1 ʊʘ1 
84 

ʊʘʡʥʘ 
Ag31,6 Fe11,2 Na10,3 Br8,2 Rb7,8 Cr7,8 Cs3,9 Nd3,8 ʊʘ2,9 Ba2,7 Sb2,1 Tb1,8 

Eu1,7 Ca1,7 Co1,7 Hf1,6 La1,4 Ce1,4 Sc1,3 Sm1,2 Yb1,2 As1,1 U1,1 Sr1 
111 
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ʋʨʦʚʩʢʠʝ ʂʣʶʯʠ 
Fe17 Cr13,6 Ag12,2 As8,2 Rb7,7 Tb5,3 Nd4,9 ʊʘ4,9 Na4,8 Hf4,3 Sb3,9 Ba2,4 

Co2,1 Sc2,1 Yb2 Th1,6 Eu1,4 Cs1 Sr1 La1 Sm1 
103 

ʍʘʧʯʝʨʘʥʛʘ 
Fe13,2 Cr10,4 Tb5,1 Hf4,3 Au4,1 Nd3,6 Ag2,7 Rb2,5 Yb2,3 Cs1,8 Lu1,8 

Ba1,6 As1,6 Co1,5 Th1,4 Sc1,4 Br1,2 Sm1,1 ʊʘ1,1 Sb1 La1 Sr1 
66 

ʐʝʨʣʦʚʘʷ ɻʦʨʘ 

Au43,9 Fe33,2 Cr28,5 Hf10,6 Tb7,5 Nd5,3 Lu5,1 Co4,5 Ba4,4 U3,8 Ag3,6 

As2,6 Eu2,6 Ce2,6 Th2,5 Sc2,5 Sb2,5 Na2,4 Cs2,4 Rb2,3 Ca2 ʊʘ1,6 Yb1,6 

Br1,6 Zn1,1 Sr1 Sm1 La1 

184 

 

ʆʙʩʫʞʜʝʥʠʝ  

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʷʜʘ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (Na, Ca, Sc, Cr, Fe, Co, Zn, As, Br, Rb, Sr, Ag, Sb, Cs, Ba, La, Ce, Nd, 

Sm, Eu, Tb, Yb, Lu, Hf, Ta, Au, Th, U) ʚ ʚʦʣʦʩʘʭ 130 ʜʦʙʨʦʚʦʣʴʮʝʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʪʦʙʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ɺ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʟʘ ʚʦʣʦʩ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʠʟʙʳʪʦʯʥʦʤʫ 

ʥʘʢʦʧʣʝʥʠʶ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʦʛʦ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ.  

ɼʣʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ɿʘʚʦʜ, ʅʝʨʯʠʥʩʢʠʡ ʟʘʚʦʜ ʠ ʊʘʡʥʘ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʢʦʧʣʝʥʠʝ ʩʝʨʝʙʨʘ, ʞʝʣʝʟʘ ʠ ʩʪʨʦʥʮʠʷ. ʉʦʜʝʨʞʘʥʠʷ ʩʪʨʦʥʮʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʫʥʢʪʦʚ 

ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ɸʥʘʢʫʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 9,3.  

ɺʦ ʚʩʝʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʦʙʥʘʨʫʞʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʝʨʙʠʷ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦ ʚʩʝʭ 17 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʙʦʣʴʰʝ 1. ʉʦʜʝʨʞʘʥʠʝ ʨʫʙʠʜʠʷ ʠ ʙʘʨʠʷ ʚ 16 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʚʳʰʝ, ʯʝʤ ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʚʳʙʦʨʢʝ, ʢʨʦʤʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ɸʢʘʪʫʡ ʠ ɹʫʨʫʢʘʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʚʦʣʦʩʘʭ ʥʘʩʝʣʝʥʠʷ ʚʩʝʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʢʨʦʤʝ ɻʘʟʠʤʫʨʩʢʦʛʦ ɿʘʚʦʜʘ ʠ ʄʠʭʘʡʣʦʚʢʠ 

ʦʙʥʘʨʫʞʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʮʝʟʠʷ, ʘ ʚʦ ʚʩʝʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʢʨʦʤʝ 

ɹʦʣʴʰʦʛʦ ɿʝʨʝʥʪʫʷ ʠ ɹʨʫʢʘʥʘ ï ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʝʙʨʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʜʠʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʚʳʙʦʨʢʝ. 

ɸʥʘʣʠʟ ʧʨʦʙ ʚʦʣʦʩ ʠʟ ʧ.ʛ.ʪ. ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʧʦʢʘʟʘʣ ʪʝʥʜʝʥʮʠʶ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚʩʝʭ 28 

ʵʣʝʤʝʥʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʶʪ 1. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʣʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 43,9, ʞʝʣʝʟʘ ï 33,2, ʭʨʦʤʘ ï 28,5.  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʥʘʢʦʧʣʝʥʠʶ ʙʨʦʤʘ ï ʜʣʷ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ɻʘʟʠʤʫʨʩʢʠʡ ɿʘʚʦʜ, ɹʫʨʫʢʘʥ ʠ ɹʦʣʴʰʦʡ ɿʝʨʝʥʪʫʡ ʵʪʦʪ ʵʣʝʤʝʥʪ ʠʤʝʝʪ 

ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʦʪ 14,1 ʜʦ 34,7). ɺʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʨʦʤʘ ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʞʝ ʜʣʷ ʩʝʣ ɻʝʦʨʛʠʝʚʢʘ ʠ ʄʠʭʘʡʣʦʚʢʘ. 

ʆʪʯʝʪʣʠʚʘʷ ʞʝʣʝʟʦ-ʭʨʦʤʦʚʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ ʍʘʧʯʝʨʘʥʛʘ, ʋʨʦʚʩʢʠʝ ʂʣʶʯʠ ʠ ʂʘʣʛʘ. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʞʝ 

ʦʪʤʝʯʝʥʳ ʚ ʩʝʣʘʭ ʅʝʨʯʠʥʩʢʠʡ ɿʘʚʦʜ, ʊʘʡʥʘ ʠ ʧ.ʛ.ʪ. ʐʝʨʣʦʚʘʷ ɻʦʨʘ. ʕʪʠ ʞʝ ʥʘʩʝʣʝʥʥʳʝ 

ʧʫʥʢʪʳ ʦʪʣʠʯʘʶʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʤʳʰʴʷʢʘ, ʢʦʙʘʣʴʪʘ, ʩʫʨʴʤʳ ʠ ʛʘʬʥʠʷ ï ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʚ ʜʨʫʛʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʤʝʥʝʝ ʘʢʪʠʚʥʦ. 

ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʨʘʥʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʣʠʰʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ (ʧʦ 

ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ): ʂʦʢʫʡ 2-ʡ, ʂʘʣʛʘ, ʐʝʨʣʦʚʘʷ ɻʦʨʘ, ʄʠʭʘʡʣʦʚʢʘ, 

ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ɿʘʚʦʜ ʠ ɻʝʦʨʛʠʝʚʢʘ. 

ɼʣʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʣʦʩ ʞʠʪʝʣʝʡ ʩʝʣʘ ʂʦʢʫʡ 2-ʡ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ï ʣʘʥʪʘʥʘ, ʮʝʨʠʷ ʠ ʩʢʘʥʜʠʷ.  

ʊʝʨʙʠʡ, ʩʘʤʘʨʠʡ ʠ ʥʝʦʜʠʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ 2 ʦʪʤʝʯʘʶʪʩʷ ʚ ʩʝʣʘʭ 

ʂʣʠʯʢʘ, ʂʦʢʫʡ 1-ʡ ʠ ʂʦʢʫʡ 2-ʡ 

ʉʫʤʤʘʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 29 (ʩʝʣʦ ʂʣʠʯʢʘ) ʜʦ 184 (ʧ.ʛ.ʪ. ʐʝʨʣʦʚʘʷ ɻʦʨʘ) ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 1 ʠ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʩʨʘʚʥʝʥʠʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʧʦ ʩʫʤʤʘʨʥʦʤʫ  

ʧʦʢʘʟʘʪʝʣʶ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʧʦ ʩʫʤʤʘʨʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʞʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩʫʥʦʢ 1). ʅʘʠʤʝʥʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʚ ʧʦʩʸʣʢʝ ʂʣʠʯʢʘ ï 29. ɼʘʣʝʝ ʠʜʝʪ ʩʝʣʦ ɸʢʘʢʫʡ ʩ ʩʫʤʤʘʨʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ï 48. ʇʦʢʘʟʘʪʝʣʴ 

ʥʘʢʦʧʣʝʥʠʷ ʙʦʣʴʰʝ 100 ʦʪʤʝʯʝʥ ʚ ʩʝʣʘʭ ʋʨʦʚʩʢʠʝ ʢʣʶʯʠ, ʊʘʡʥʘ, ʂʘʣʛʘ, ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ 

ɿʘʚʦʜ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚ ʧ.ʛ.ʪ ʐʝʨʣʦʚʘʷ ʛʦʨʘ ï 184. 

ɺʳʚʦʜʳ 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʦʣʦʩ ʞʠʪʝʣʝʡ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʨʘʟʥʦʦʙʨʘʟʝʥ ʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʘʢʦʧʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʦʤʫ 

ʷʚʣʝʥʠʶ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʣʦʞʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʚ ʢʦʤʧʦʥʝʥʪʘʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʠʪʫʘʮʠʶ ʫʩʫʛʫʙʣʷʝʪ ʘʢʪʠʚʥʘʷ ʜʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʦʣʦʩ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʪʝʨʨʠʪʦʨʠʠ. ʆʪʨʘʞʝʥʠʝ ʩʧʝʮʠʬʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʠ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ 

ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 20-64-47021. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (Rb, Sr , Sn, Sb, I, 

Cs, Ba, La, Ce, W, Pb, Th, U) ʚ ʚʦʣʦʩʘʭ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʳ. ʀʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ. ɺ ʛʦʨʦʜʘʭ ʵʪʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʚ ʧʦʩʸʣʢʝ ʂʣʠʯʢʘ ï ʟʘʙʨʦʰʝʥʥʳʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʣʦʩʳ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʪʝʭʥʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
 

Accumulation of trace elements in the hair of the child population of the cities  

of the Trans-baikal region 

Bondarevich E.A., Mikhailova L.A., Leskova O.A., Kotsyurzhinskaya N.N. 
Chita State Medical Academy, Chita, Russia, e-mail: bondarevich84@mail.ru 

 

Abstract. The study presents data on the average content of trace elements (Rb, Sr, Sn, Sb, I, Cs, Ba, La, Ce, W, Pb, 

Th, U) in the hair of children and adolescents in the Trans-Baikal Territory living in conditions of technogenic pollution 

environment. The sources of pollution vary greatly. In cities, these are enterprises and vehicles, in the village of Klichka 

- abandoned mining enterprises. 

Keywords: hair, microelements, technogenic environmental pollution. 

 

ʅʘʢʦʧʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʢʦʣʦʛʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʭʥʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ [1-3]. ʌʠʢʩʘʮʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʩʦʩʪʘʚʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʦʩʥʦʚʥʦʤ 

ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʙʝʣʢʦʤ ʢʝʨʘʪʠʥʦʤ, ʦʙʦʛʘʱʝʥʥʳʤ ʩʝʨʦʩʦʜʝʨʞʘʱʝʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ ï 

ʮʠʩʪʝʠʥʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʢʘʪʠʦʥʘʤ ʤʝʪʘʣʣʦʚ. ʀʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʦʚ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʪʨʘʥʩʧʦʨʪ. ʆʜʥʘʢʦ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʤʥʦʛʠʭ 

ʧʦʩʸʣʢʦʚ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʦʚ ʨʝʛʠʦʥʘ ʥʘʠʙʦʣʴʰʠʡ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ 

ʚʳʨʘʙʦʪʢʘʤʠ ʟʘʙʨʦʰʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʢʦʤʙʠʥʘʪʦʚ, ʨʘʟʦʨʠʚʰʠʭʩʷ ʠ 

ʨʘʟʨʫʰʝʥʥʳʭ ʚ 1990-ʝ ʛʦʜʳ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʮʝʥʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʣʦʩʘʭ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ 

ʢʨʘʷ ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʝʨʠʦʜ ʩ 2018 ʧʦ 2022 ʛʛ. ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ 

ʚʦʣʦʩ ʚ ʛʦʨʦʜʘʭ ʏʠʪʘ, ʍʠʣʦʢ, ʅʝʨʯʠʥʩʢ, ɹʦʨʟʷ ʠ ʧʦʩʸʣʢʝ ʂʣʠʯʢʘ (ʇʨʠʘʨʛʫʥʩʢʠʡ ʨʘʡʦʥ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʚʦʣʦʩ ʧʨʦʚʦʜʠʣʠ ʨʝʥʪʛʝʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʚʥʝʰʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ S2 Picofox (Bruker 

Nano GmbH, ɻʝʨʤʘʥʠʷ). ʇʨʦʙʳ ʚʦʣʦʩ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʠ ʥʘʚʝʩʢʠ ʤʘʩʩʦʡ 

50,0-100,0 ʤʛ ʧʦʜʚʝʨʛʘʣʠ ʤʦʢʨʦʤʫ ʦʟʦʣʝʥʠʶ. ɼʣʷ ʦʟʦʣʝʥʠʷ ʧʨʦʙ ʠʭ ʧʝʨʝʥʦʩʠʣʠ ʚ ʢʚʘʨʮʝʚʳʝ 

ʩʪʘʢʘʥʯʠʢʠ, ʧʨʠʣʠʚʘʣʠ ʧʦ 1000,0 ʤʢʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HNO3 ʠ ʜʦʙʘʚʣʷʣʠ ʧʦ 100,0 ʤʢʣ 

30 %-ʥʦʛʦ ʨʘʩʪʚʦʨʘ H2O2, ʧʦʩʣʝ ʧʨʦʙʳ ʚʳʜʝʨʞʠʚʘʣʠ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ 

ʩʫʭʦʞʘʨʦʚʦʤ ʰʢʘʬʫ ʠ ʧʨʦʢʘʣʠʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ 500 Áʉ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʫʭʠʝ ʦʩʘʜʢʠ ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʚʝʨʭʯʠʩʪʦʡ ʚʦʜʝ ʠ ʢ ʘʣʠʢʚʦʪʝ ʜʦʙʘʚʣʷʣʠ 

ʚʥʫʪʨʝʥʥʠʡ ʩʪʘʥʜʘʨʪ (ʩʦʣʴ Ge ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2,50 ʤʛ/ʜʤ
3
). ʅʘʥʦʩʠʣʠ 10,0 ʤʢʣ ʧʨʦʙʳ ʥʘ 

ʢʚʘʨʮʝʚʳʡ ʧʨʦʙʦʜʝʨʞʘʪʝʣʴ, ʘ ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʣʠ. ʇʦʩʣʝ ʩʥʷʪʠʷ ʩʧʝʢʪʨʦʚ ʩʦʜʝʨʞʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʝ ʦʥʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʙʦʪʢʝ ʚ ʧʨʦʛʨʘʤʤʝ Spectra ver. 7.8.2.0 ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʅʦʨʤʠʨʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ ʢʨʘʡʥʝ ʚʘʨʠʘʙʝʣʴʥʳ, ʠ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ 

ʵʣʝʤʝʥʪʦʚ ʪʘʢʠʝ ʜʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʨʠʩʫʥʦʢ 1) ʫ ʜʝʪʝʡ ʠ 

ʧʦʜʨʦʩʪʢʦʚ ɿʘʙʘʡʢʘʣʴʷ ʚʳʷʚʠʣ ʧʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʠʭ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʫ ʞʠʪʝʣʝʡ ʛʦʨʦʜʦʚ ʍʠʣʦʢ ʠ ʏʠʪʘ. ʇʦ ʨʫʙʠʜʠʶ, ʦʣʦʚʫ, ʩʫʨʴʤʝ, 
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ʡʦʜʫ, ʮʝʟʠʶ, ʙʘʨʠʶ, ʣʘʥʪʘʥʫ, ʮʝʨʠʶ, ʚʦʣʴʬʨʘʤʫ, ʪʦʨʠʶ, ʠ ʫʨʘʥʫ ʚʳʷʚʣʝʥʦ 2-3 ʢʨʘʪʥʳʝ 

ʧʨʝʚʳʰʝʥʠʷ ʩʨʝʜʥʝʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʣʦʩʘʭ ʜʝʚʫʰʝʢ ʛ. ʏʠʪʳ. ʋ ʶʥʦʰʝʡ ʛʦʨʦʜʘ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʚʳʰʘʣʠ ʩʨʝʜʥʝʨʝʛʠʦʥʘʣʴʥʳʡ, ʦʜʥʘʢʦ ʠʭ ʚʝʣʠʯʠʥʳ ʙʳʣʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʤʠ. 

ʇʨʠʨʦʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʏʠʪʝ ʧʨʠ ʵʪʦʤ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʠʯʥʳʤ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤ ʘʥʦʤʘʣʠʷʤ. ʆʜʥʘʢʦ ʪʝʭʥʦʛʝʥʝʟ ʚ ʏʠʪʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʦʯʝʥʴ 

ʠʥʪʝʥʩʠʚʥʳʡ, ʦʩʦʙʝʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʡ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʆʙʲʷʩʥʝʥʠʝ ʪʘʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʝʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʘʭ: ʜʝʚʫʰʢʠ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʫʶ 

ʜʣʠʥʫ ʚʦʣʦʩ, ʠ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʵʪʦʛʦ ʙʠʦʩʫʙʩʪʨʘʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʨʷʟʥʠʪʝʣʷʤ 

ʙʦʣʴʰʝʝ, ʯʝʤ ʫ ʶʥʦʰʝʡ. ʇʦ ʚʠʜʠʤʦʤʫ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʣʦʩ ʚ ʢʨʫʧʥʳʭ 

ʛʦʨʦʜʘʭ ɿʘʙʘʡʢʘʣʴʷ ʩʣʫʞʠʪ ʘʵʨʦʛʝʥʥʳʡ ʧʫʪʴ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟ ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ ʠ ʩʤʦʛʘ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʙʝʣʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚʦʣʦʩ. ɸʣʠʤʝʥʪʘʨʥʳʡ ʧʫʪʴ, 

ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʡʦʜʘ, ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

 

ʈʠʩʫʥʦʢ 1. ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ, ʚ ʤʛ/ʢʛ. 

 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʡ ʧʦʩʸʣʦʢ ʂʣʠʯʢʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʧʨʝʚʳʰʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʚ ʚʦʣʦʩʘʭ ʫ ʧʦʜʨʦʩʪʢʦʚ-ʶʥʦʰʝʡ ʚ 1,5 ʨʘʟʘ, ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʜʨʫʛʠʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʪʤʝʯʘʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʫʧʥʳʤʠ ʥʘʩʝʣʸʥʥʳʤʠ ʧʫʥʢʪʘʤʠ. 


