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ʄʠʥʝʨʘʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷ ʣʘʥʜʰʘʬʪʘ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʈʘʮʠʦʥʘʣʴʥʦʝ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ. ʉʦʚʨʝʤʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ: ʪʨ. X ɺʩʝʨʦʩ. ʩʠʤʧʦʟʠʫʤʘ ʠ XVI I 

ɺʩʝʨʦʩ. ʯʪʝʥʠʡ ʧʘʤʷʪʠ ʘʢʘʜ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ  / ʀʥ-ʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ 

ʈɸʅ, ɿʘʙʘʡʢʘʣ. ʛʦʩ. ʫʥ-ʪ; [ʦʪʚ. ʨʝʜ. ɻ.ɸ. ʖʨʛʝʥʩʦʥ]. ï ʏʠʪʘ:  ʠʟʜ-ʚʦ ɿʘʙɻʋ, 2025. ï 248 ʩ.  

 

ISBN  978-5-9566-0532-5 

 
ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ X-ʛʦ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʩʠʤʧʦʟʠʫʤʘ çʄʠʥʝʨʘʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷ 

ʣʘʥʜʰʘʬʪʘ ʛʦʨʥʦʨʫʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡè ʠ XVI I-ʭ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʯʪʝʥʠʡ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ɸ.ɽ. ʌʝʨʩʤʘʥʘ 
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The collection contains materials of the X All -Russian Symposium "Mineralogy and Geochemistry of the 

Landscape of Mining Territories" and the XVII 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 barriers, geoethics, the 

history of geological and mineralogical research and the role of the Russian Academy of Sciences are considered. 

Special attention is paid to scientific tourism. 

The collection is of interest to specialists in the field of ore formation, geochemical methods of prospecting, 

hypergenesis processes, landscape geochemistry, scientific tourism, geographers, ecologists, and subsoil users. The 

materials will be useful for students, undergraduates and graduate students in these areas of knowledge. 
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ʆʈɻɸʅʀɿɸʊʆʈʓ: 
 

ʉʠʙʠʨʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ ʈɸʅ 

ʈʦʩʩʠʡʩʢʦʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ 

ʏʠʪʠʥʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʈʄʆ 

ʂʦʤʠʩʩʠʷ ʧʦ ʩʦʚʨʝʤʝʥʥʦʤʫ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʶ ʈʄʆ 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʈɸʅ 

ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʉʆ ʈɸʅ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ 

ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʠ ʉʆ ʈɸʅ ʠʤ. ɺ.ɹ. ʉʦʯʘʚʳ 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʅ.ʃ. ɼʦʙʨʝʮʦʚʘ ʉʆ ʈɸʅ 

ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ ʀʇʈʕʂ ʉʆ ʈɸʅ ʠ ɿʘʙɻʋ 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʙʠʦʩʬʝʨʥʳʡ ʟʘʧʦʚʝʜʥʠʢ çɼʘʫʨʩʢʠʡè 

ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʨʝʛʠʦʥʘʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʨʝʛʠʦʥʘʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʈʫʩʩʢʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 

ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʨʝʛʠʦʥʘʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʈʦʩʩʠʡʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 
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ʇʈɽɼʀʉʃʆɺʀɽ 

ʆʯʝʨʝʜʥʦʡ X ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ 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. 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. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʧʝʨʚʳʝ 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. ɻʝʤʤʦʣʦʛʠʯʝʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʷ ʠ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʝ ʩʳʨʴʝ 

 3. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʣʘʥʜʰʘʬʪʘʭ.  

      4. ʉʦʚʨʝʤʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ. ʈʘʮʠʦʥʘʣʴʥʦʝ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ 

5. ɹʠʦʛʝʦʭʠʤʠʷ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʟʦʥʳ ʛʝʦʪʝʭʥʦʛʝʥʝʟʘ. 

6. ʅʘʫʯʥʳʡ ʪʫʨʠʟʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʫʞʜʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘʤ ʧʨʦʙʣʝʤ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʙʦʪʘʥʳ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʧʦʥʠʤʘʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʠʨʦʜʥʦ-

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. 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ʜ ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ɻ.ɸ. ʖʨʛʝʥʩʦʥ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



1. ɻʝʦʣʦʛʠʷ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʠ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ  

ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʋɼʂ 550.42 (571.55) 

ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ (J3) 
ʢʦʤʧʣʝʢʩʘ (ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ) 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʨʫʜʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ 

ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (J3) ʋʩʪʘʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʫʜʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʚʦʣʴʬʨʘʤʦʚʳʝ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʩʪʦʨʦʛʝʥʥʳʤ ʚʥʫʪʨʠʧʣʠʪʥʳʤ ʛʨʘʥʠʪʘʤ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʤʘʥʪʠʡʥʦ-ʢʦʨʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʦ ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʫʜʦʥʦʩʥʳʝ 

ʛʨʘʥʠʪʳ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʚʝʯʘʶʪ ʛʨʘʥʠʪʘʤ S ʠ A ʪʠʧʦʚ. ʅʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʨʫʜʦʥʦʩʥʳʝ ʛʨʘʥʠʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʥʫʪʨʠʧʣʠʪʥʳʤ ʛʨʘʥʠʪʘʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʢʫʣʴʙʝʡʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, ɿʘʙʘʡʢʘʣʴʝ  
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Annotation. A comparative analysis of the petrogeochemical compositions of the ore-bearing granites of the 

Kukulbeya complex (J3) has been carried out. The correspondence of the ore-bearing granites of the Kukulbeya 

complex, producing tungsten and rare metal deposits, to post-rhogenic intraplate granites with characteristic mantle-

crustal characteristics has been determined. According to petrogeochemical features, the ore-bearing granites of the 

Kukulbeya complex correspond to S and A types of granites. On geodynamic diagrams, the ore-bearing granites under 

consideration correspond to intraplate granites. 
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ɺ ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʠʥʪʨʫʟʠʚʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

(J3) ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

(ʊʘ, Li). ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʨʘʞʝʥʳ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ.  

ɺ ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʢʫʢʫʣʴʙʝʡʩʢʠʡ ʠʥʪʨʫʟʠʚʥʳʡ ʢʦʤʧʣʝʢʩ (J3) ʨʘʟʚʠʪ ʶʞʥʝʝ 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ, ʚ ʧʨʝʜʝʣʘʭ ɸʛʠʥʩʢʦʡ ʠ ɸʨʛʫʥʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ (ʨʠʩ. 1).  

ʈʫʜʦʥʦʩʥʳʝ ʤʘʩʩʠʚʳ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʮʝʧʦʯʢʦʡ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʥʘ ʩʦʪʥʠ 

ʢʠʣʦʤʝʪʨʦʚ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ. 1). ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʝʜʠʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʜʠʥʳʡ ʛʣʫʙʠʥʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. ɺʝʨʦʷʪʥʝʝ 

ʚʩʝʛʦ ʧʣʘʚʣʝʥʠʝ ʢʦʨʦʚʳʭ ʧʦʨʦʜ ʚʳʟʚʘʣ ʤʘʥʪʠʡʥʳʡ ʨʘʩʧʣʘʚ, ʚʥʝʜʨʠʚʰʠʡʩʷ ʚ ʦʩʥʦʚʘʥʠʝ 

ʟʝʤʥʦʡ ʢʦʨʳ. ʇʦʜ ʨʫʜʦʥʦʩʥʳʤʠ ʛʨʘʥʠʪʘʤʠ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ɺ.ɼ. ʂʦʟʣʦʚʘ, ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ 

ʤʘʣʘʷ ʯʘʩʪʴ ʛʨʘʥʠʪʥʳʭ ʠʥʪʨʫʟʠʡ, ʦʙʦʛʘʱʸʥʥʘʷ ʛʨʘʥʠʪʦʬʠʣʴʥʳʤʠ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʢʣʘʨʢʦʚʦʛʦ ʫʨʦʚʥʷ. 

ʀʥʪʨʫʟʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʷʛʦʪʝʶʪ ʢ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʱʥʳʭ 

ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱ ʶʨʳ ʠ ʢ ʟʦʥʘʤ ʢʨʫʧʥʳʭ ʤʝʞʙʣʦʢʦʚʳʭ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʌʦʨʤʘ ʚʳʭʦʜʦʚ ʠʥʪʨʫʟʠʡ ʯʘʩʪʦ ʙʣʠʟʢʘ ʢ ʠʟʦʤʝʪʨʠʯʥʦʡ, 

ʢʨʫʧʥʳʝ ʘʧʦʬʠʟʳ ʦʪ ʥʠʭ ʪʨʘʩʩʠʨʫʶʪ ʵʪʠ ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ. ʈʫʜʦʥʦʩʥʳʝ ʤʘʩʩʠʚʳ 

ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʮʝʧʦʯʢʦʡ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʥʘ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ. 1). ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʝʜʠʥʦʤ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʜʠʥʳʡ ʛʣʫʙʠʥʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. ʈʘʥʝʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʧʣʘʚʣʝʥʠʝ ʢʦʨʦʚʳʭ ʧʦʨʦʜ ʚʳʟʚʘʣ ʤʘʥʪʠʡʥʳʡ ʨʘʩʧʣʘʚ, ʚʥʝʜʨʠʚʰʠʡʩʷ ʚ 

ʦʩʥʦʚʘʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ.  
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʨʘʟʤʝʱʝʥʠʷ ʚʦʣʴʬʨʘʤʦʚʳʭ ʠ  ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʩʪʦʯʥʦʛʦ 

ɿʘʙʘʡʢʘʣʴʷ. I ï ɸʛʠʥʩʢʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʘʷ ʟʦʥʘ, II  ï ɸʨʛʫʥʩʢʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʘʷ ʟʦʥʘ.1 ï 

ʚʳʭʦʜʳ ʠʥʪʨʫʟʠʡ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (J3); 2 ï ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʘ) ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ: 1 ï 

ʆʨʣʦʚʩʢʦʝ, 2 ï ɿʘʚʠʪʠʥʩʢʦʝ, 3 ï ʂʫʣʠʥʜʠʥʩʢʦʝ, 4 ï ʕʪʳʢʠʥʩʢʦʝ, 5 - ʏʘʣʦʪʩʢʦʝ; ʙ) ʚʦʣʴʬʨʘʤʘ: 6 ï 

ʉʧʦʢʦʡʥʠʥʩʢʦʝ, 7 ï ʐʝʨʣʦʚʦʛʦʨʩʢʦʝ, 8 - ɸʥʪʦʥʦʚʦʛʦʨʩʢʦʝ, 9 ï ɹʫʢʫʢʠʥʩʢʦʝ, 10 - ɹʝʣʫʭʠʥʢʦʝ; 3 ï ʄʦʥʛʦʣʦ-

ʆʭʦʪʩʢʘʷ ʩʫʪʫʨʘ: ʘ ï ʦʩʥʦʚʥʘʷ ʚʝʪʚʴ, ʙ ï ʆʥʦʥʩʢʘʷ ʚʝʪʚʴ 

 

ɺ ʩʦʩʪʘʚʝ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ (ɿʘʨʘʡʩʢʠʡ ʠ ʜʨ. 

2009). ʇʝʨʚʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʝʟʨʫʜʥʳʤʠ ʙʠʦʪʠʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ. ɺʪʦʨʘʷ ʬʘʟʘ ʦʙʨʘʟʫʝʪ 

ʤʝʣʢʠʝ ʪʝʣʘ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʤʫʩʢʦʚʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʤʘʩʩʠʚʦʚ ʧʝʨʚʦʡ ʬʘʟʳ. ʉʦ 

ʚʪʦʨʦʡ ʣʝʡʢʦʛʨʘʥʠʪʦʚʦʡ ʬʘʟʦʡ ʩʚʷʟʘʥʳ ʦʣʦʚʦʚʦʣʴʬʨʘʤʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

(Cʧʦʢʦʡʥʠʥʩʢʦʝ ʠ ʜʨ.). ɿʘʢʣʶʯʠʪʝʣʴʥʳʝ ʢʫʧʦʣʦʦʙʨʘʟʥʳʝ ʰʪʦʢʠ ʘʤʘʟʦʥʠʪʦʚʳʭ Li-F ʛʨʘʥʠʪʦʚ 

3-ʡ ʬʘʟʳ ʚʤʝʱʘʶʪ ʚ ʩʚʦʝʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʘʥʪʘʣʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ʆʨʣʦʚʩʢʦʝ, 

ʕʪʳʢʠʥʩʢʦʝ (ʂʦʟʣʦʚ, 2009).  

C ʤʘʩʩʠʚʘʤʠ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʛʨʝʡʟʝʥʦʚʦ-ʞʠʣʴʥʦʛʦ ʚʦʣʴʬʨʘʤ-ʦʣʦʚʷʥʥʦʛʦ ʧʨʦʬʠʣʷ ʚ 

ʣʝʡʢʦʛʨʘʥʠʪʘʭ ʠ Tʘ-Nb-Li  ʧʨʦʬʠʣʷ ʚ ʘʣʴʙʠʪ-ʘʤʘʟʦʥʠʪʦʚʳʭ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʭ ʛʨʘʥʠʪʘʭ. 

ʇʨʠ ʵʪʦʤ ʦʨʫʜʝʥʝʥʠʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʢʘʢ ʚ ʣʝʡʢʦʛʨʘʥʠʪʘʭ ʠ ʧʝʛʤʘʪʠʪʘʭ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ 

ʠʥʪʨʫʟʠʚʥʳʭ ʬʘʟ, ʪʘʢ ʠ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ.   

ɺ ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʠʟʚʝʩʪʥʳ ʯʝʪʳʨʝ ʤʘʩʩʠʚʘ ʩ ʘʤʘʟʦʥʠʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ: 

ʆʨʣʦʚʩʢʠʡ, ʕʪʳʢʠʥʩʢʠʡ, ɸʯʠʢʘʥʩʢʠʡ ʠ ʊʫʨʛʠʥʩʢʠʡ, ʢ ʜʚʫʤ ʠʟ ʢʦʪʦʨʳʭ ï ʆʨʣʦʚʩʢʦʤʫ ʠ 

ʕʪʳʢʠʥʩʢʦʤʫ ï ʧʨʠʫʨʦʯʝʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʘʥʪʘʣʘ ʠ ʣʠʪʠʷ. ʄʘʩʩʠʚʳ 

ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʣʳʝ ʠʥʪʨʫʟʠʚʥʳʝ ʪʝʣʘ, ʯʘʩʪʦ ʰʪʦʢʦ- ʠ 

ʜʘʡʢʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʤʝʨʦʤ ʜʦ ʧʝʨʚʳʭ ʢʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʨʫʧʥʳʤ ʛʨʘʥʠʪʥʳʤ ʧʣʫʪʦʥʘʤ. ɾʠʣʴʥʳʝ ʧʦʨʦʜʳ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʛʤʘʪʠʪʘʤʠ, ʘʧʣʠʪʘʤʠ. ɼʣʷ ʪʘʥʪʘʣʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʯʝʥʴ ʭʘʨʘʢʪʝʨʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʢʫʧʦʣʘʭ Li -F ʛʨʘʥʠʪʦʚ ʩʚʦʝʦʙʨʘʟʥʳʭ ʩʠʣʣʦ- ʠ ʜʘʡʢʦʦʙʨʘʟʥʳʭ ʪʝʣ ʨʠʪʤʠʯʥʦ-

ʧʦʣʦʩʯʘʪʳʭ ʛʨʘʥʠʪʥʳʭ ʧʦʨʦʜ, ʩʣʦʞʝʥʥʳʭ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʘʧʣʠʪʦʚʠʜʥʳʤʠ ʩʣʦʷʤʠ ʠ 

ʩʣʦʷʤʠ ʛʨʫʙʦʟʝʨʥʠʩʪʦʛʦ ʢʚʘʨʮ-ʘʤʘʟʦʥʠʪʦʚʦʛʦ ʧʝʛʤʘʪʦʠʜʘ. ɺ ʧʫʙʣʠʢʘʮʠʷʭ ʧʦʩʣʝʜʥʠʭ 

ʜʝʩʷʪʠʣʝʪʠʡ ʠʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʛʨʘʥʠʪʦʚ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʧʘʜʘʝʪ ʚ ʜʠʘʧʘʟʦʥ 



J3-K1 (ʪʘʙʣ. 1). ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʙʣʠʟʢʠʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʫʜʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ ʚʦʣʴʬʨʘʤʦʚʳʭ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʘ 1. ʀʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʛʨʘʥʠʪʦʚ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 

ʦʨʫʜʝʥʝʥʠʷ 

ʄʘʩʩʠʚ, ʠʥʪʨʫʟʠʷ ɺʦʟʨʘʩʪ (ʤʣʥ ʣʝʪ), ʤʝʪʦʜ ʃʠʪʝʨʘʪʫʨʥʳʡ ʠʩʪʦʯʥʠʢ 

ʈʝʜʢʦʤʝʪʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʆʨʣʦʚʩʢʠʡ 143 Ñ 2, Rb-Sr ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 1999; ʂʦʩʪʠʮʳʥ ʠ ʜʨ., 

2004; ɸʙʫʰʢʝʚʠʯ, ʉʳʨʠʮʦ, 2007 

ʕʪʳʢʠʥʩʢʠʡ 142 Ñ 1, Rb-Sr. ʂʦʩʪʠʮʳʥ ʠ ʜʨ., 2004 

ɿʘʚʠʪʠʥʩʢʦʝ 140 Ñ 3,0 U-Pb ɿʘʛʦʨʩʢʠʡ 2015 

ɺʦʣʴʬʨʘʤʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʐʝʨʣʦʛʦʨʩʢʦʝ 141,4 Ñ 1,8 Rb-Sr. ʉʳʨʠʮʦ ʠ ʜʨ., 2018 

ɸʥʪʦʥʦʚʦʛʦʨʩʢʦʝ 146,7Ñ1,7 (ʤʫʩʢʦʚʠʪ ʠʟ ʢʚʘʨʮ - 

ʤʫʩʢʦʚʠʪʦʚʳʭ ʛʨʝʡʟʝʥʦʚ ʩ 

ʚʦʣʴʬʨʘʤʠʪʦʤ) 

ʈʝʜʠʥʘ ʠ ʜʨ. 2019 

ʉʧʦʢʦʡʥʠʥʢʦʝ 146,9 Ñ 0,7 Rb-Sr. ɸʙʫʰʢʝʚʠʯ, ʉʳʨʠʮʦ., 2007 

ɹʫʢʫʢʠʥʩʢʦʝ 138 Ñ 1,9  Rb-Sr. ʈʝʜʠʥ ʠ ʜʨ. 2024 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘʪʠʢʠ ʛʨʘʥʠʪʦʠʜʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʠʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʩʥʦʚʘʥʳ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ ʛʨʘʥʠʪʦʚ ʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʠʩʪʦʯʥʠʢʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤʠ ʚʳʜʝʣʷʶʪʩʷ ʛʨʘʥʠʪʦʠʜʳ ʢʦʨʦʚʳʝ, ʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʳʝ ʠ 

ʤʘʥʪʠʡʥʳʝ. ʅʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ (Na2O+K2O)ïFe2O3*Ĭ5ï(CaO+Mg) ʨʫʜʦʥʦʩʥʳʝ 

ʛʨʘʥʠʪʳ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʧʦʣʝ ʢʠʩʣʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ 

ʛʨʘʥʠʪʦʚ ʪʠʧʦʚ A1 ʠ A2 (ɻʨʝʙʝʥʥʠʢʦʚ, 2014) (ʨʠʩ. 2). 

ɻʨʘʥʠʪʳ ʪʠʧʘ A1 ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʠʤʦʜʘʣʴʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʝʨʠʡ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʠ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ. ɺ 

ʧʦʣʝ ɸ2 ʧʦʧʘʜʘʶʪ ʢʠʩʣʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʣʦʢʘʣʴʥʳʤʠ ʨʝʞʠʤʘʤʠ 

ʨʘʩʪʷʞʝʥʠʷ, ʧʨʦʷʚʣʝʥʥʳʤʠ ʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʥʫʪʨʠ- ʠ ʦʢʨʘʠʥʥʦ-

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʪʠʧʦʚ (ʨʠʩ.3ʘ). ʅʘ ʜʠʘʛʨʘʤʤʝ (Na2O+K2)/Al 2O3 ʛʨʘʥʠʪʳ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʛʨʘʥʠʪʘʤ S -ʪʠʧʘ (ʨʠʩ. 3ʙ) (ɺʝʣʠʢʦʩʣʘʚʠʥʩʢʠʡ, 2003), 

ʥʘ ʜʠʘʛʨʘʤʤʝ Rb-Y+Nb ï ʚʥʫʪʨʠʧʣʠʪʥʳʤ ʛʨʘʥʠʪʘʤ (3ʚ) (Pearce.1996). ʅʘ ʠʟʚʝʩʪʥʦʡ 

ʜʠʘʛʨʘʤʤʝ (K2O+Na2O)/CaO ï Zr+Nb+Ce+Y ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʛʨʘʥʠʪʘʤ I, S ʠ M ʪʠʧʦʚ, 

ʯʘʩʪʴ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶ ʛʨʘʥʠʪʘʤ A-ʪʠʧʘ (ʨʠʩ. 3ʛ).  

ʇʨʠ ʧʨʦʮʝʩʩʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʨʫʜʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ 

ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ Rb, Li, Cs, Be, Sn, W, Mo, 

Ta, Nb, Bi ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Sr, Ba, V, Co, Ni, ʉr, Zr, REE, Y (ʂʦʟʣʦʚ, 1985). ʆʪ 

ʨʘʥʥʠʭ ʠʥʪʨʫʟʠʚʥʳʭ ʬʘʟ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʧʦʟʜʥʠʤ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʨʦʮʝʩʩʳ 

ʫʩʠʣʠʚʘʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʂʦʟʣʦʚ,2009).  
ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʛʨʘʥʠʪʦʚ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʩʠʩʪʝʤʝ: ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ Ÿ ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʛʨʘʥʠʪʳ Ÿ Li -F ʛʨʘʥʠʪʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʠʥʜʠʢʘʪʦʨʥʳʭ Zr/Hf, Nb/Ta, Eu/Eu* ʦʪʥʦʰʝʥʠʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʤʝʥʷʶʪʩʷ Rb/Sr 

ʦʪʥʦʰʝʥʠʷ (ɿʘʨʘʡʩʢʠʡ ʠ ʜʨ., 2008). ɼʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʰʠ 

ʨʘʩʯʝʪʘʤʠ. ʊʘʢ,ʚʛʨʘʥʠʪʘʭ W ʤʝʩʪʦʨʦʞʜʝʥʠʡ Nb/Ta ʦʪʥʦʰʝʥʠʷ ʢʦʣʝʙʣʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

1,7ï11,7, ʚ ʛʨʘʥʠʪʘʭ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï 0,5-2,20. ɺ ʦʙʨʘʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʤʝʥʷʶʪʩʷ Rb/Sr ʦʪʥʦʰʝʥʠʷ. ɺ ʛʨʘʥʠʪʘʭ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Rb/Sr ʦʪʥʦʰʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 139,3, ʚ ʛʨʘʥʠʪʘʭ 

ʚʦʣʴʬʨʘʤʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï 13,77 (ʪʘʙʣ. 3).   

ʇʦ ʩʫʤʤʝ ʱʝʣʦʯʝʡ (Na2O+K2O) ʨʫʜʦʥʦʩʥʳʝ ʛʨʘʥʠʪʳ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ (ʪʘʙʣ. 3).  



 

ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʳ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʠʪʦʚ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ.    

ʘ) ɼʠʘʛʨʘʤʤʘ (Na2O+K2O) ï Fe2O3*Ĭ5 ï (CaO+Mg) (ʤʦʣ.ʢʦʣ.) ʛʨʘʥʠʪʦʚ ʨʫʜʥʳʭ ʧʦʣʝʡ ʤʝʟʦʟʦʡʩʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ (ʧʦ ɻʨʝʙʝʥʥʠʢʦʚʫ, 2014). ʇʦʣʷ ʥʘ ʜʠʘʛʨʘʤʤʝ: A1 ï ʧʦʣʝ ʢʨʝʤʥʝʢʠʩʣʳʭ 

ʧʦʨʦʜ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʠʬʪʦʚ, A2 ï 

ʢʠʩʣʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ ʚʥʫʪʨʠ- ʠ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʪʠʧʦʚ. ʇʦʣʷ ʢʠʩʣʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʛʣʘʚʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ: I ï ʦʙʩʪʘʥʦʚʢʠ ʧʨʦʷʚʣʝʥʠʷ 

ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʠʪ, II ï ʦʙʩʪʘʥʦʚʢʠ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʠʬʪʦʚ, III ï ʟʦʥʳ 

ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʟʘʣʦʞʝʥʥʳʝ ʥʘ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʝ, IV ï ʟʦʥʳ ʤʘʛʤʘʪʠʟʤʘ ʘʢʪʠʚʥʳʭ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ, V ï ʦʙʩʪʘʥʦʚʢʠ ʟʘʜʫʛʦʚʦʛʦ ʩʧʨʝʜʠʥʛʘ. ʈʠʩ. 3ʙ) ɼʠʘʛʨʘʤʤʘ (Na2O+K2O)/Al 2O3 

(ʤʦʣ.ʢʦʣ.). ʇʦʣʷ ʥʘ ʜʠʘʛʨʘʤʤʝ: ɻʨʘʥʠʪʳ I, S, A ʪʠʧʦʚ.  (ɺʝʣʠʢʦʩʣʘʚʠʥʩʢʠʡ, 2003) 3ʚ) ɼʠʘʛʨʘʤʤʘ Rbð(Y+Nb). 

ʇʦʣʷ ʥʘ ʜʠʘʛʨʘʤʤʝ: WPG ð ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʛʨʘʥʠʪʳ; VAG ð ʛʨʘʥʠʪʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʜʫʛ; syn-COLG ð 

ʩʠʥʢʦʣʣʠʟʠʦʥʥʳʝ ʛʨʘʥʠʪʳ (Pearce.1996). 3 ʛ) ɼʠʘʛʨʘʤʤʘ (K2O+Na2O)/CaO-(Zr+Nb+Ce+Y), ʛ/ʪ. ʇʦʣʷ ʥʘ 

ʜʠʘʛʨʘʤʤʝ: ɸ -ʛʨʘʥʠʪʳ ɸ-ʪʠʧʘ. FG, ʥʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʳ, OGT ï ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʪʳ I, S 

ʪʠʧʦʚ (Whalen, 1997; Eby, 1990). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʩ ʛʨʘʥʠʪʳ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: 1 ï ʐʝʨʣʦʚʦʛʦʨʩʢʦʝ (W), 2 ï ɸʥʪʦʥʦʚʦʛʦʨʩʢʦʝ (W), 3 ï  ʉʧʦʢʦʡʥʠʥʩʢʦʝ (W), 4 ï 

ɹʝʣʫʭʠʥʩʢʦʝ (W), 5 ï ɹʫʢʫʢʠʥʩʢʦʝ (W), 6 ï ʆʨʣʦʚʩʢʦʝ (Li, Nb, Ta), 7 ï ʕʪʳʢʠʥʢʦʝ (Li, Nb, Ta), 8- ʂʫʣʠʥʜʠʥʩʢʦʝ 

(Li , Nb, Ta), 9 ï ɿʘʚʠʪʠʥʩʢʦʝ (Li, Nb, Ta). 

ɸʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʫʜʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʨʘʥʠʪʦʚ ʛʨʘʥʠʪʘʤ S ʠ ʦʪʯʘʩʪʠ 

A ʪʠʧʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʦ ʚ ʧʦʩʪʦʨʦʛʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʧʦʟʜʥʝʶʨʩʢʠʡ -ʨʘʥʥʝʤʝʣʦʚʦʡ ʧʝʨʠʦʜ ʚ ʣʠʪʦʩʬʝʨʫ ʤʘʥʪʠʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ S ʠ A ʪʠʧʦʚ ʨʫʜʦʥʦʩʥʳʭ ʛʨʘʥʠʪʦʚ ʢʫʢʫʣʴʙʝʡʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʦʪʚʝʯʘʶʪ ʚʥʫʪʨʠʧʣʠʪʥʳʤ ʛʨʘʥʠʪʘʤ. 
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ʄʠʥʝʨʘʛʝʥʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ 

 ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ  

ɸʶʨʞʘʥʘʝʚʘ ɼ.ʎ.
1,2
, ʈʦʱʝʢʪʘʝʚ ʇ.ɸ.
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 ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ, dulmazhap@mail.ru 

2 
ɹʫʨʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ɹʘʥʟʘʨʦʚʘ, ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʦʪʯʝʪʦʚ, ʢʘʨʪ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ 

ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʉʌʆ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʃʝʛʝʥʜʳ ɸʣʜʘʥʦ-ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʩʝʨʠʠ ʣʠʩʪʦʚ 

ɻʦʩʛʝʦʣʢʘʨʪʳ ʤ 1:1000000, 2005 ʛ.) ʧʨʦʚʝʜʝʥʦ ʨʘʥʞʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʜʣʷ 
ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ ʚ ʧʨʝʜʝʣʘʭ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ.  ɺʧʝʨʚʳʝ ʚʳʜʝʣʝʥʘ 

ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ, ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ, ʉʝʣʝʥʛʠʥʦ-

ɺʠʪʠʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ, ɹʘʨʛʫʟʠʥʦ-ɺʠʪʠʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ, ɺʦʩʪʦʯʥʦ-

ʉʘʷʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʩʫʙʧʨʦʚʠʥʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ, ʢʚʘʨʮʝʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ, ʢʚʘʨʮʝʚʦʝ ʠ ʢʨʝʤʥʝʟʝʤʥʦʝ 

ʩʳʨʴʝ. 
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Abstract. Based on the data of prospecting and evaluation reports, maps of mineragenic zoning of the Republic of 

Buryatia of the Siberian Federal District (using materials of the Legend of the Aldan-Transbaikal series of sheets of the 

State Geological Map of 1:1000000, 2005), the ranking of objects of mineragenic zoning for quartz and silica raw 

materials within the Sayan-Baikal folded region was carried out. For the first time, the Sayan-Baikal quartz-bearing 

province, Baikal-Patom mineragenic subprovince, Selenga-Vitim mineragenic subprovince, Barguzin-Vitim 

mineragenic subprovince, East Sayan mineragenic quartz-bearing subprovince were distinguished. 

Keywords: mineragenic zoning, quartz-bearing province, quartz and silica raw materials. 

 

ʂʨʝʤʥʠʡ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʚ ʧʨʠʨʦʜʝ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ, ʝʛʦ ʧʦʣʫʯʘʶʪ ʠʟ ʢʨʝʤʥʝʟʝʤʘ (SiO2) 

ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʢʨʝʤʥʝʟʝʤʥʦʝ ʠ ʢʚʘʨʮʝʚʦʝ ʩʳʨʴʝ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʪʠʧʦʚ. ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʢʚʘʨʮʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʧʝʩʯʘʥʠʢʠ ʠ ʧʝʩʢʠ, ʚʦ ʚʪʦʨʫʶ ï 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʠʣʝʢʩʠʪʳ, ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʡ ʢʚʘʨʮ ʠʟ 

ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʧʝʛʤʘʪʠʪʦʚ, ʘ ʪʘʢʞʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ, ʚʢʣʶʯʘʷ ʛʦʨʥʳʡ ʭʨʫʩʪʘʣʴ [4]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʠʟʚʝʩʪʥʳ ʦʙʝ ʛʨʫʧʧʳ ʢʚʘʨʮʝʚʳʭ 

ʧʦʨʦʜ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ. ʏʘʩʪʴ ʠʟ ʥʠʭ (ʏʝʨʝʤʰʘʥʩʢʦʝ, ɹʫʨʘʣ-

ʉʘʨʜʳʢʩʢʦʝ, ʏʫʣʙʦʥʩʢʦʝ, ɻʦʫʜʞʝʢʠʪʩʢʦʝ, ɸʪʘʨʭʘʥʩʢʦʝ, ʠ ʜʨ.) ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʲʝʢʪʳ 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʯʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʩʪʝʢʦʣʴʥʦʡ, ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ, ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʠ 

ʦʙʦʨʦʥʥʦʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʠ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ). 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʦʧʪʠʢʠ, ʘ ʪʘʢʞʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʬʝʨ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʢʘʢ ʟʘʣʦʛ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʘʥʳ ʢʘʢ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʧʦʣʠʪʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ ʠʥʪʝʨʝʩ ʢ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʦʩʚʦʝʥʠʶ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʉʪʘʣʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʢʚʘʨʮʝʥʦʩʥʳʭ ʟʦʥ ʠ ʨʘʡʦʥʦʚ. ɺʦʟʥʠʢʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʥʝʜʨ ʠ ʨʘʟʚʝʜʢʠ ʥʦʚʳʭ 

ʦʙʲʝʢʪʦʚ ʨʘʟʥʦʛʦ ʨʘʥʛʘ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ 



ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʭʦʜʷʪʩʷ ʩ ʫʨʦʚʥʷ ʨʫʜʥʳʭ ʫʟʣʦʚ ʜʦ 

ʧʨʦʚʠʥʮʠʡ [1,9]. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʘʥʞʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʜʘʥʥʳʭ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʦʪʯʝʪʦʚ, 

ʢʘʨʪʘʭ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʉʌʆ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʨʠʘʣʦʚ ʃʝʛʝʥʜʳ ɸʣʜʘʥʦ-ɿʘʙʘʡʢʘʣʴʩʢʦʡ ʩʝʨʠʠ ʣʠʩʪʦʚ ɻʦʩʛʝʦʣʢʘʨʪʳ ʤ 1:1000000, 2005 

ʛ.). ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʚʳʜʝʣʝʥʳ ʚʧʝʨʚʳʝ ʜʣʷ ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ. 

ʆʙʲʝʢʪʘʤʠ-ʪʘʢʩʦʥʘʤʠ, ʩʦʙʩʪʚʝʥʥʦ, ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ ʧʦʷʩʘ (ʧʨʦʚʠʥʮʠʷ, ʧʦʜʧʨʦʚʠʥʮʠʷ), ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ (ʦʙʣʘʩʪʠ), 

ʨʫʜʥʳʝ ʨʘʡʦʥʳ, ʨʫʜʥʳʝ ʫʟʣʳ (ʨʫʜʦʥʦʩʥʳʝ ʟʦʥʳ), ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. 

ʈʘʥʞʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʜʣʷ  

ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ ʚ ʧʨʝʜʝʣʘʭ  

ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ 

1. ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ 

1.1.  ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ,  

1.1.1. ʆʣʦʢʠʪʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ (ʦʙʣʘʩʪʴ), 

1.1.1.1.  ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʨʫʜʥʳʡ ʨʘʡʦʥ, 

1.1.1.1.1. ɼʘʚʘʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.1.1.1.2. ʊʳʡʩʢʦ-ʅʝʨʫʯʘʥʛʜʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ 

(ʟʦʥʘ) 

1.1.1.1.3. ɸʙʯʘʜʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.1.2. ɹʦʜʘʡʙʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ (ʦʙʣʘʩʪʴ) 

1.1.2.1.  ʇʘʪʦʤʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ 

1.1.2.1.1. ɸʥʘʭʯʠ-ʏʠʧʠʢʝʪʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.1.2.1.2. ʄʘʨʘ-ʊʘʡʤʝʥʜʨʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.1.2.1.3. ʗʢʰʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.2. ɹʘʨʛʫʟʠʥʦ-ɺʠʪʠʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ, 

1.2.1. ɸʥʘʤʘʢʠʪ-ʉʚʝʪʣʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ (ʦʙʣʘʩʪʴ) 

1.2.1.1. ʅʘʤʘʤʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ 

1.2.1.1.1. ɹʘʨʛʫʟʠʥʦ-ʷʥʯʫʡʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.2.1.1.2. ɸʩʠʢʪʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.3.  ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ, 

1.3.1. ʋʣʘʥʙʫʨʛʘʩʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ  

1.3.1.1. ʇʨʠʙʘʡʢʘʣʴʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ 

1.3.1.1.1. ʏʝʨʝʤʰʘʥʦ-ʆʰʫʨʢʦʚʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ 

(ʟʦʥʘ) 

1.3.1.1.2. ʂʫʨʙʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

1.4.  ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ 

1.4.1. ʆʢʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ 

1.4.1.1.  ʆʢʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ  

1.4.1.1.1. ɻʘʨʛʘʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ)       



ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ 

ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ 

ʆʣʦʢʠʪʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ (ʟʦʥʘ) 

ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ 

1. ɼʘʚʘʥʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʟʦʥʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʦʜʥʦʠʤʝʥʥʳʤ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʟʦʥʘʤ ʩʤʷʪʠʷ, ʧʨʦʷʚʣʝʥʥʳʭ ʥʘ ʢʦʥʪʘʢʪʝ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʠ ʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦʨʦʜ, ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʩʣʦʞʝʥʥʳʭ ʧʦʨʦʜʘʤʠ ʏʫʡʩʢʦʡ ʪʦʣʱʠ (PR1) ï ʙʠʦʪʠʪʦʚʳʤʠ, 

ʘʤʬʠʙʦʣʦʚʳʤʠ ʛʥʝʡʩʘʤʠ, ʤʠʛʤʘʪʠʪʘʤʠ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʣʘʥʮʘʤʠ, ʘʤʬʠʙʦʣʠʪʘʤʠ, 

ʠʟʚʝʩʪʥʷʢʘʤʠ, ʢʚʘʨʮʠʪʘʤʠ [1,2].  

   ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ: ɻʦʫʜʞʝʢʠʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ, ʇʨʦʤʝʞʫʪʦʯʥʦʝ, ɻʦʫʜʞʝʢʠʪ-ɻʨʘʤʥʘ, ʅʘʜʝʞʥʦʝ ʧʨʦʷʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʚʘʨʮʘ ʠ ʜʨʫʛʠʝ ʧʨʦʷʚʣʝʥʠʷ.  

2. ʊʳʡʩʢʦ-ʅʝʨʫʯʘʥʛʜʠʥʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʟʦʥʘ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʠʟʤʝʥʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʘʭ, ʢʚʘʨʮʠʪʘʭ, ʘʤʬʠʙʦʣʠʪʘʭ ʘʚʢʠʪʩʢʦʡ ʠ ʪʳʡʩʢʦʡ ʩʚʠʪ ʆʣʦʢʠʪʩʢʦʡ 

ʩʝʨʠʠ (PR3) [5]. 

   ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ: ʅʝʨʫʯʘʥʛʜʠʥʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ, ʊʳʡʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ ʠ ʜʨ.  

3. ɸʙʯʘʜʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʟʦʥʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʟʦʥʝ ʚʣʠʷʥʠʷ ʦʜʥʦʠʤʝʥʥʦʛʦ ʛʣʫʙʠʥʥʦʛʦ 

ʨʘʟʣʦʤʘ, ʧʨʦʷʚʣʝʥʥʦʛʦ ʥʘ ʢʦʥʪʘʢʪʝ ʛʥʝʡʩʦʚ ʠ ʩʣʘʥʮʝʚ ʆʣʦʢʠʪʩʢʦʡ ʩʝʨʠʠ (PR3) ʘʙʯʘʜʩʢʦʡ 

ʩʚʠʪʳ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ, ʧʨʦʩʣʦʠ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʭ ʩʣʘʥʮʝʚ, 

ʬʠʣʣʠʪʦʚ, ʤʝʪʘʚʫʣʢʘʥʠʪʦʚ ʩʨʝʜʥʝʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ). ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʚʘʨʮʝʚʳʭ 

ʧʨʦʷʚʣʝʥʠʡ ʨʘʟʤʝʱʝʥʦ ʚʜʦʣʴ ɸʙʯʘʜʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ ʠ ʚ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ ʝʤʫ 

ʨʘʟʣʦʤʘʭ [1,3]. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ: ʆʢʪʘʣʘʢʠʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ, ɹʘʩʩʝʡʥ ʨ. ʅʘʣʠʤʜʘ ʧʨʦʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ. 

 

ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ 

ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ 

ɹʦʜʘʡʙʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ (ʟʦʥʘ) 

ʇʘʪʦʤʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ 

1. ɸʥʘʭʯʠ-ʏʠʧʠʢʝʪʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʟʦʥʘ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʙʣʦʢʝ, 

ʩʣʦʞʝʥʥʦʤ ʧʦʨʦʜʘʤʠ ʙʫʛʘʨʠʭʪʠʥʩʢʦʡ ʩʚʠʪʳ ʠ ʭʘʡʚʝʨʛʠʥʩʢʦʡ ʩʚʠʪ, ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʤʠ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʫʜʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʩʣʦʝʚ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʜʠʩʪʝʥʩʦʜʝʨʞʘʱʠʭ ʩʣʘʥʮʝʚ (PR3). ɺ 

ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʚʳʜʝʣʝʥʘ ʩʝʨʠʷ ʞʠʣ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʚʘʨʮʘ, ʢʦʪʦʨʳʝ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʪʝʥʦʚʦʡ ʬʘʮʠʠ [1].  

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ: ʄʘʣʦ-ʏʠʧʠʢʝʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

2. ʄʘʨʘ-ʊʘʡʤʝʥʜʨʠʥʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʟʦʥʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʨʦʜʘʤ ʙʫʛʘʨʠʭʪʠʥʩʢʦʡ 

ʩʚʠʪʳ (PR3).  ï ʤʘʩʩʠʚʥʳʤ, ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ ʛʨʘʚʝʣʠʪʘʤ, ʧʝʩʯʘʥʠʢʘʤ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ 

ʫʛʣʠʩʪʳʭ ʩʣʘʥʮʝʚ. ʅʘ ʥʠʭ ʥʘʜʚʠʥʫʪʳ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʯʝʰʫʠ, ʩʣʦʞʝʥʥʳʝ ʙʠʦʪʠʪ-ʛʨʘʥʘʪʦʚʳʤʠ, 

ʙʠʦʪʠʪʦʚʳʤʠ, ʭʣʦʨʠʪ-ʙʠʦʪʠʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ 

ʜʠʩʪʝʥʩʦʜʝʨʞʘʱʠʭ ʛʥʝʡʩʦʚ [1].   

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ: ʄʘʨʘ-ʊʘʡʤʝʥʜʨʠʥʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ ʠ ʜʨ. 

3. ʗʢʰʠʥʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʟʦʥʘ ʧʦ ʨ.ʨ. ʏʘʷ, ʏʫʷ 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ: ʧʨʦʷʚʣʝʥʠʷ ʭʨʫʩʪʘʣʝʥʦʩʥʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʧʦ ʨ.ʨ. ʊʘʭʪʳʛʘ, ʊʘʭʪʳʛʘʥ ʠ ʜʨ. 

ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ 

ɹʘʡʢʘʣʦ-ɺʠʪʠʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ 

ɸʥʘʤʘʢʠʪ-ʉʚʝʪʣʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ (ʟʦʥʘ) 
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ʅʘʤʘʤʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ 

ɹʘʨʛʫʟʠʥʦ-ʗʥʯʫʡʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʟʦʥʘ. ʂʚʘʨʮʝʚʳʝ ʪʝʣʘ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʧʦʣʦʛʠʭ ʠ 

ʤʝʞʧʣʘʩʪʦʚʳʭ ʪʨʝʱʠʥʘʭ ʚ ʯʘʰʝʦʙʨʘʟʥʦʤ ʧʨʦʛʠʙʝ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʩʢʣʘʜʢʠ ʠ ʛʨʫʧʧʠʨʫʶʪʩʷ 

ʚ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʝ ʫʟʣʳ (ʉʝʚʝʨʥʳʡ ʠ ʖʞʥʳʡ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʠʟʘʤʢʦʚʦʡ ʯʘʩʪʠ 

ʘʥʪʠʢʣʠʥʘʣʠ. ɺ ʫʟʣʘʭ ʛʨʫʧʧʠʨʫʶʪʩʷ ʦʪ 5 ʜʦ 30 ʞʠʣ, ʣʠʥʟ, ʪʝʣ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ 

ʟʘʧʦʣʥʷʶʪ ʤʝʞʙʫʜʠʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʭ, ʨʘʟʣʠʥʟʦʚʘʥʥʳʭ ʫʛʣʠʩʪʳʭ 

ʠʟʚʝʩʪʥʷʢʦʚ, ʜʦʣʦʤʠʪʦʚ, ʩʣʘʥʮʝʚʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʠ ʙʘʨʛʫʟʠʥʩʢʦʡ ʩʚʠʪʳ (PR3) [1,6].  

 ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ: ʏʫʣʙʦʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ. 

ɸʩʠʢʪʠʥʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʟʦʥʘ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʨʘʟʚʠʚʘʶʪʩʷ ʚ 

ʛʣʫʙʦʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʥʶʨʫʥʜʫʢʘʥʩʢʦʡ ʩʚʠʪʳ (PR1) - ʘʤʬʠʙʦʣʦʚʳʝ, 

ʭʣʦʨʠʪ-ʘʤʬʠʙʦʣʦʚʳʝ, ʙʠʦʪʠʪʦʚʳʝ ʩʣʘʥʮʳ, ʛʥʝʡʩʳ, ʤʠʛʤʘʪʠʪʳ, ʤʝʪʘʧʝʩʘʥʠʢʠ, ʧʨʦʩʣʦʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʘʤʬʠʙʦʣʠʪʦʚ, ʢʚʘʨʮʠʪʦʚ, ʜʠʘʙʘʟʦʚ ʠ ʧʦʨʬʠʨʠʪʦʚ) [].    

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ: ʧʨʦʷʚʣʝʥʠʷ ʭʨʫʩʪʘʣʝʥʦʩʥʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʥʘ ʨ. ɸʩʠʢʪʘ.  

ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ 

ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ 

ʋʣʘʥʙʫʨʛʘʩʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ (ʟʦʥʘ) 

ʇʨʠʙʘʡʢʘʣʴʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ 

ʏʝʨʝʤʰʘʥʦ-ʆʰʫʨʢʦʚʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ: ʏʝʨʝʤʰʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʚʘʨʮʠʪʦʚ. 

ʏʝʨʝʤʰʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʩʪʦʦʙʨʘʟʥʦʝ 

ʪʝʣʦ ʨʘʟʥʦʪʠʧʥʳʭ ʢʚʘʨʮʝʚʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʢʚʘʨʮʠʪʦʚ, 

ʧʨʦʩʣʝʞʝʥʥʦʛʦ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʢʤ ʩʨʝʜʠ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʪʦʣʱʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʠʪʘʥʮʠʥʩʢʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʣʠʢʘʪʥʦʡ, ʠ ʙʫʨʣʠʥʩʢʦʡ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʢʘʨʙʦʥʘʪʥʦʡ ʩʚʠʪ ʩʝʣʝʥʛʠʥʩʢʦʡ ʩʝʨʠʠ (PR3). ʈʫʜʥʦʝ ʪʝʣʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʦʯʣʝʥʝʥʠʶ ʵʪʠʭ 

ʩʚʠʪ ʠ, ʧʦʚʪʦʨʷʷ ʠʭ ʥʘʩʣʦʝʥʠʷ, ʨʘʟʙʠʪ ʥʘ ʙʣʦʢʠ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʩ ʤʘʣʦʡ 

ʘʤʧʣʠʪʫʜʦʡ ʩʤʝʱʝʥʠʷ [10].  

ʂʫʨʙʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ (ʟʦʥʘ) 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ: ɸʪʘʨʭʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ.  

ɸʪʘʨʭʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʩʨʝʜʠ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʪʦʣʱʠ 

ʠʪʘʥʮʠʥʩʢʦʡ ʩʚʠʪʳ, ʩʣʦʞʝʥʥʦʡ ʫʛʣʠʩʪʦ-ʩʝʨʠʮʠʪʦʚʳʤʠ, ʙʠʦʪʠʪʦʚʳʤʠ, ʭʣʦʨʠʪ-ʵʧʠʜʦʪʦʚʳʤʠ 

ʩʣʘʥʮʘʤʠ, ʘʤʬʠʙʦʣʠʪʘʤʠ, ʢʚʘʨʮʝʚʳʤʠ ʠ ʢʚʘʨʮʠʪʦʚʠʜʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʢʚʘʨʮʠʪʘʤʠ, 

ʜʠʦʧʩʠʜ-ʩʢʘʧʦʣʠʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʠ ʛʥʝʡʩʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ, ʠʟʚʝʩʪʥʷʢʘʤʠ (PR3) [6]. 

ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ 

ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʫʙʧʨʦʚʠʥʮʠʷ 

ʆʢʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ 

ʆʢʠʥʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ 

ɻʘʨʛʘʥʩʢʘʷ ʢʚʘʨʮʝʥʦʩʥʘʷ ʟʦʥʘ (ʨʫʜʥʳʡ ʫʟʝʣ) 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʠ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ: ɹʫʨʘʣ-ʉʘʨʜʳʢʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʚʘʨʮʠʪʦʚ, ʋʨʜʘ-ɻʘʨʛʘʥʩʢʦʝ, ʆʢʠʥʩʢʠʡ-1, ʆʢʠʥʩʢʠʡ-2, ʍʘʨʘʛʦʣʴʩʢʦʝ, 

ʍʦʣʙʠʥʩʢʦʝ, ʉʥʝʞʥʳʡ, ɺʝʨʭʥʝʦʥʦʪʩʢʦʝ, ɼʫʥʜʘ-ɻʘʨʛʘʥʩʢʦʝ, ʐʘʛʘʡʪʵ-ɻʦʣʴʩʢʦʝ, ʍʦʡʪʦ-

ʋʣʟʳʪʠʥʩʢʦʝ, ɼʘʙʘʥʞʘʣʛʠʥʩʢʦʝ, ʍʘʨʘʥʫʨʩʢʦʝ, ʂʚʘʨʮʠʪʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʚʘʨʮʠʪʦʚ, 

ʋʨʫʥʛʝʥʫʨʩʢʦʝ, ʄʦʥʛʦʰʠʥʩʢʦʝ ʧʨʦʷʚʣʝʥʠʷ ʢʚʘʨʮʠʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ʛʘʨʛʘʥʩʢʦʡ ʢʚʘʨʮʝʥʦʩʥʦʡ ʟʦʥʳ ʚʳʩʪʫʧʘʝʪ ʦʩʘʜʦʯʥʦ-

ʤʝʪʘʤʦʨʬʦʛʝʥʥʘʷ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦ-ʢʨʝʤʥʠʩʪʘʷ ʪʦʣʱʘ ʠʨʢʫʪʥʦʡ (ʤʦʥʛʦʰʠʥʩʢʦʡ) 

ʩʚʠʪʳ (PR3), ʥʦʨʤʘʣʴʥʦʪʨʘʥʩʛʨʝʩʩʠʚʥʦ ʟʘʣʝʛʘʶʱʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʪʦʛʥʝʡʩʘʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ɻʘʨʛʘʥʩʢʦʡ ʛʣʳʙʳ [8]. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʬʦʥʝ ʪʝʢʪʦʥʦ-ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʧʣʦʱʘʜʠ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʠ 

ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ, ʪʷʛʦʪʝʶʱʠʭ ʢ ʜʨʝʚʥʠʤ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʪʦʣʱʘʤ 

ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ.  ʈʘʩʩʤʘʪʨʠʚʘʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʢʚʘʨʮʝʚʦʛʦ ʠ 

ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ 

ʛʦʨʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʨʦʣʴ ʰʦʚʥʳʭ (ʩʜʚʠʛʦʚʳʭ) ʟʦʥ ʥʘ ʛʨʘʥʠʮʝ 

ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʴʶ [1]. 

ʋʯʠʪrʚʘʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʜʨʝʚʥʠʭ ʘʨʭʝʡʩʢʦ-

ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ 

ʥʦʚʳʭ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʩʪʝʢʦʣʴʥʫʶ, ʵʣʝʢʪʨʦʥʥʫʶ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʫʶ, 

ʘʚʠʘʢʦʩʤʠʯʝʩʢʫʶ, ʦʙʦʨʦʥʥʫʶ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʫʶ, ʘ ʪʘʢʞʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʫʶ. ʇʦʵʪʦʤʫ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʢʚʘʨʮʝʚʦʝ ʠ ʢʨʝʤʥʝʟʝʤʥʦʝ ʩʳʨʴʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʦʙʱʫʶ ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʝʛʠʦʥʘ, ʩ ʫʯʝʪʦʤ 

ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʢʩʧʦʨʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠ ʵʚʦʣʶʮʠʠ ʦʙʦʙʱʸʥʥʦʡ 

ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʤʘʛʤʘʪʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʡ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʩʦʚ, ʥʘʯʠʥʘʷ ʩʦ 

ʩʚʝʨʭʛʣʫʙʠʥʥʳʭ ʠ ʜʦ ʚʝʨʭʥʝʢʦʨʦʚʳʭ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʩʰʠʨʝʥʥʦʤ 

ʟʥʘʯʝʥʠʠ: ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ ʩʧʦʩʦʙ, ʩʢʦʨʦʩʪʴ ʠ ʬʦʨʤʳ ʧʝʨʝʥʦʩʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʩʣʫʞʘʪ, ʚʦ-ʧʝʨʚʳʭ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʣʘʩʪʠʯʥʦ-ʭʨʫʧʢʠʡ 

ʧʝʨʝʭʦʜ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʙʘʨʴʝʨʳ), ʚʦ-ʚʪʦʨʳʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʪʝʨʚʘʣʳ ʚʳʩʦʢʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʟʦʥʳ ʩʤʝʥʳ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʬʣʶʠʜʘ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ) 

ʠ, ʥʘʢʦʥʝʮ, ʟʦʥʳ ʩʤʝʰʝʥʠʷ ʬʣʶʠʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʤʘʪʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ, ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ 
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Abstract. A new systems approach to the emergence and evolution of a generalized ore-forming magmatogenous-

hydrothermal system is proposed, including the entire complex of processes, starting from superdeep to upper crustal 

levels. Geochemical barriers in such systems are presented in an expanded sense: as some zones in which the method, 

speed and forms of transfer of geochemical components change sharply. Such barriers systems are, firstly, rheological 

boundaries (including the plastic-brittle transition and strength barriers), secondly, physicochemical boundaries 

(including intervals of high temperature gradient and zones of change in the phase composition of the fluid and the 

mineral composition of the host environment) and, finally, zones of mixing of fluids of different genesis with 

subsequent chemical transformations. 

Keywords: magmatogenous-hydrothermal systems, geochemical barriers, systems approach 
 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʢʦʥʦʤʝʨʥʦ 

ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʦʙʣʘʩʪʴ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ. ɺ 

ʧʨʝʜʝʣʘʭ ʩʠʩʪʝʤʳ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʯʝʪʘʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ, ʟʦʥ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʥʦʩʫ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩ ʥʝʢʦʪʦʨʳʭ ʛʣʫʙʠʥ ʢ 

ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʚʝʢʮʠʠ ʬʣʶʠʜʘ. ʇʦʜ ʬʣʶʠʜʦʤ ʥʘʤʠ ʧʦʥʠʤʘʝʪʩʷ 

ʛʨʫʧʧʘ ʧʦʜʚʠʞʥʳʭ ʬʘʟ çʚʦʜʥʳʡ ʨʘʩʪʚʦʨ + ʛʘʟʦʚʘʷ ʬʘʟʘè; ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʜʥʦʡ ʠʟ ʬʘʟ 

ʬʣʶʠʜ ʩʯʠʪʘʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤ. ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʬʣʶʠʜ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʥʘʜʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʩʤʝʩʠʤʦʩʪʴ ʥʝ ʪʦʣʴʢʦ 

ʤʝʞʜʫ ʨʘʩʪʚʦʨʦʤ ʠ ʛʘʟʦʤ, ʥʦ ʠ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʨʘʩʧʣʘʚʦʤ ʚ ʩʣʫʯʘʝ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʷ. 

ɺ ʦʙʦʙʱʸʥʥʫʶ ʩʭʝʤʫ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʨʘʜʠʮʠʦʥʥʦ ʚʢʣʶʯʘʶʪʩʷ: ʛʦʨʷʯʠʝ ʠʣʠ 

ʦʩʪʳʚʘʶʱʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ (ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ), ʪʦʣʱʘ ʚʳʰʝʣʝʞʘʱʠʭ ʪʨʝʱʠʥʦʚʘʪʦ-

ʧʦʨʠʩʪʳʭ ʧʦʨʦʜ, ʢʦʥʚʝʢʪʠʚʥʳʝ ʷʯʝʠ ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʥʠʭ ʬʣʶʠʜʘ ʩ ʚʦʩʭʦʜʷʱʝʡ ʚʝʪʚʴʶ ʥʘʜ 

ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʠ ʥʠʩʭʦʜʷʱʝʡ ï ʥʘ ʧʝʨʠʬʝʨʠʠ ʩ ʘʜʚʝʢʪʠʚʥʳʤʠ ʧʦʪʦʢʘʤʠ ʤʝʞʜʫ ʥʠʤʠ (ʧʦʜ 

ʘʜʚʝʢʮʠʝʡ ʟʜʝʩʴ ʤʳ ʧʦʥʠʤʘʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʯʝʨʝʟ ʩʨʝʜʫ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ 

ʩʚʦʡʩʪʚʘʤʠ). ɺ ʩʦʩʪʘʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚʭʦʜʷʪ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ: ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʚʦʜʦʫʧʦʨʳ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʝ 

ʚʠʜʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ (ɻʍɹ). ɺ ʧʦʩʣʝʜʥʠʝ ʧʦʣʚʝʢʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ 

ʩʚʝʨʭʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ, ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʚʳʜʝʣʝʥʠʷ ʵʪʘʧʦʚ ʜʣʠʪʝʣʴʥʦ 

ʞʠʚʫʱʠʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʨʫʜʥʳʭ ʮʝʥʪʨʦʚ, ʘ ʪʘʢʞʝ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ ʥʘ ʘʥʜʝʟʠʪʦʚʳʭ 

ʚʫʣʢʘʥʘʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʫʜʘʣʦʩʴ ʜʦʢʘʟʘʪʴ ʥʘʣʠʯʠʝ ʟʦʥʳ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʠ ʛʣʫʙʠʥʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʦʥʚʝʢʪʠʚʥʳʤʠ ʷʯʝʡʢʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ [6]. 

ʕʪʘ ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ ʦʙʣʘʩʪʴʶ ʭʨʫʧʢʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʚʝʨʭʥʝʡ ʙʣʦʢʦʚʦʡ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʧʣʘʩʪʠʯʥʦʡ ʥʠʞʥʝʡ ʢʦʨʦʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʸ ʢʘʢ ʟʦʥʫ 

ʧʣʘʩʪʠʯʥʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ (ʇʍʇ). ɺʳʰʝ ʇʍʇ ʬʣʶʠʜ ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʢʨʳʪʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʠʩʪʝʤʝ ʩʦʦʙʱʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʨ ʠ ʪʨʝʱʠʥ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ 
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ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʠ ʥʘʧʦʨʥʳʤ ʜʘʚʣʝʥʠʝʤ; ʥʠʞʝ ʇʍʇ ʬʣʶʠʜ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʢʨʳʪʳʭ ʧʦʣʦʩʪʷʭ 

ʧʦʜ ʣʠʪʦʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʤʘʥʪʠʡʥʦ-ʢʦʨʦʚʳʭ ʤʠʛʨʘʥʪʦʚ [4, 2, 1], ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʤʘʛʤʘʪʠʯʝʩʢʠʡ ʦʯʘʛè ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʣʶʠʜʦ-ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʢʘʤʝʨʫ 

(ʌʄʂ) ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʧʨʦʯʥʦʩʪʥʳʤ ʙʘʨʴʝʨʦʤ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʧʦʜʧʠʪʳʚʘʝʤʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʥʠʤʘʶʱʠʤʠʩʷ ʩ ʛʣʫʙʠʥʳ ʤʘʥʪʠʡʥʦ-ʢʦʨʦʚʳʤʠ ʤʠʛʨʘʥʪʘʤʠ (ʄʂʄ) ï 

ʟʘʢʨʳʪʳʤʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʦʣʦʩʪʷʤʠ, ʜʚʠʞʫʱʠʤʠʩʷ ʚʚʝʨʭ ʚ ʧʣʘʩʪʠʯʥʦʡ ʩʨʝʜʝ ʚ ʧʦʣʝ 

ʩʠʣʳ ʪʷʞʝʩʪʠ ʟʘ ʩʯʸʪ ʬʣʶʠʜʦ- ʠʣʠ ʤʘʛʤʦʨʘʟʨʳʚʘ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ [2]. ʇʦʩʣʝʜʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʚʳʰʝʥʠʷ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚ ʄʂʄ ʧʨʦʯʥʦʩʪʠ ʚʤʝʱʘʶʱʝʡ 

ʩʨʝʜʳ. ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦʩʪʝʡ ʩʨʝʜʳ ʠ 

ʚʝʱʝʩʪʚʘ ʄʂʄ [4]. 

ʀʩʭʦʜʥʳʝ ʄʂʄ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʚʦʜʦʨʦʜ ʠ ʤʝʪʘʥ, ʟʘʨʦʞʜʘʶʪʩʷ ʥʘ ʛʨʘʥʠʮʝ çʷʜʨʦ ï 

ʥʠʞʥʷʷ ʤʘʥʪʠʷè ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʛʘʟʘʮʠʠ ʞʠʜʢʦʛʦ ʚʥʝʰʥʝʛʦ ʷʜʨʘ. ʇʨʠ ʩʫʙʘʜʠʘʙʘʪʠʯʝʩʢʦʤ 

ʧʦʜʲʸʤʝ ʩʠʩʪʝʤ ʄʂʄ ʚ ʤʘʥʪʠʠ ʬʣʶʠʜ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʚʦʜʳ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ çʩʜʚʠʛʘʝʪè 

ʩʦʣʠʜʫʩ ʤʘʥʪʠʠ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʘʜʠʘʙʘʪʦʡ 

çʤʦʢʨʦʛʦè ʩʦʣʠʜʫʩʘ ʤʘʥʪʠʠ ʧʦʩʣʝʜʥʷʷ ʙʫʜʝʪ ʧʣʘʚʠʪʴʩʷ. ɸʩʩʠʤʠʣʠʨʫʷ ʨʘʩʧʣʘʚ ʠʣʠ ʤʘʛʤʫ, 

ʄʂʄ ʠʟ ʯʠʩʪʦ ʬʣʶʠʜʥʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʬʣʶʠʜʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʤ. ɺ ʩʦʩʪʘʚ ʚʝʱʝʩʪʚʘ ʄʂʄ ʙʫʜʫʪ 

ʚʢʣʶʯʘʪʴʩʷ ʭʠʤʠʯʝʩʢʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʟʘʭʚʘʯʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʥʪʠʠ ʠ ʣʠʪʦʩʬʝʨʳ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʝʢʦʛʝʨʝʥʪʥʳʝ ʨʫʜʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʪʫʛʦʧʣʘʚʢʠʝ ʨʫʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʝ 

ʠʤ ʚ ʟʝʤʥʫʶ ʢʦʨʫ. ʆʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʄʂʄ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʚ ʜʨʫʛʦʡ ʦʙʩʪʘʥʦʚʢʝ, 

ʥʘʧʨʠʤʝʨ, ʧʦʜ ʤʘʥʪʠʡʥʳʤ ʢʣʠʥʦʤ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʫʙʜʫʮʠʨʫʶʱʝʡ ʧʣʠʪʳ; ʩʦʩʪʘʚ ʬʣʶʠʜʘ 

ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʭʠʤʠʟʤʫ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ ʦʩʘʜʢʦʚ.  

ʌʄʂ ʧʦʜ ʧʨʦʯʥʦʩʪʥʳʤ ʙʘʨʴʝʨʦʤ ʨʘʟʨʘʩʪʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʠʪʦʢʘ ʄʂʄ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʝʸ 

ʤʦʱʥʦʩʪʴʶ ʥʝʢʦʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʚʳʩʦʪʳ LC, ʧʦʩʣʝ ʯʝʛʦ ʚ ʙʘʨʴʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ, ʠ ʬʣʶʠʜ 

ʬʦʨʤʠʨʫʝʪ ʥʦʚʳʡ, çʜʦʯʝʨʥʠʡè ʄʂʄ. ʋʩʣʦʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʄʂʄ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ [1]: 
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ʛʜʝ H ï ʛʣʫʙʠʥʘ çʛʦʣʦʚʳè ʄʂʄ, LC ï ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʄʂʄ, ɟʚʩ 

ï ʧʣʦʪʥʦʩʪʴ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ ʤʘʥʪʠʠ, ɟʬʣ ï ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʄʂʄ, S ï ʧʨʦʯʥʦʩʪʴ ʩʨʝʜʳ 

ʥʘ ʨʘʟʨʳʚ ʚ çʛʦʣʦʚʝè ʄʂʄ, h ï ʧʝʨʝʤʝʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʛʣʫʙʠʥʝ, g ï ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʈʘʟʨʘʩʪʘʥʠʝ ʌʄʂ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʣʘʪʝʨʘʣʠ ʠ ʛʦʨʘʟʜʦ 

ʤʝʜʣʝʥʥʝʝ ï ʧʦ ʤʦʱʥʦʩʪʠ. ɿʘ ʩʯʸʪ ʵʪʦʛʦ ʚʦʟʥʠʢʘʶʱʘʷ ʥʘʜ ʥʝʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʥʦʩʠʪ ʜʦʣʛʦʞʠʚʫʱʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʚ ʩʘʤʦʡ ʌʄʂ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʚʝʱʝʩʪʚʘ, ʦʩʣʦʞʥʸʥʥʳʝ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʢʮʠʝʡ, ʢʦʥʪʘʤʠʥʘʮʠʝʡ ʠ ʘʩʩʠʤʠʣʠʷʮʠʝʡ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɼʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʚʧʝʨʚʳʝ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʪʘʢʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ ʬʣʶʠʜʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʥʘʟʚʘʥʠʝ çʤʘʛʤʘʪʦʛʝʥʥʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳè (ʄɻʉ), ʢʦʪʦʨʦʝ ʚ ʥʘʜʣʝʞʘʱʝʤ ʧʦʨʷʜʢʝ ʨʘʩʧʦʣʘʛʘʝʪ ʛʣʘʚʥʳʝ 

ʬʘʢʪʦʨʳ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʄɻʉ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ ʜʚʠʞʝʥʠʷ ʬʣʶʠʜʘ. ɺ ʦʙʣʘʩʪʠ 

ʭʨʫʧʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʬʣʶʠʜʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʢʦʥʚʝʢʪʠʚʥʘʷ ʷʯʝʷ, ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʥʘʧʦʨʦʚ ʇɻʌ ʥʘ ʨʘʟʥʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʪʝʧʣʦʚʦʡ ʦʩʠ ʄɻʉ. ɺ ʦʙʣʘʩʪʠ ʞʝ ʧʣʘʩʪʠʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʬʣʶʠʜʘ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʦʣʴʢʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʧʦʪʦʢ ï ʧʦʜʲʸʤ 

ʄʂʄ, ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʬʣʶʠʜʘ, ʢʦʪʦʨʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ (1). ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ çʫʭʦʜʘè ʚʚʝʨʭ ʦʯʝʨʝʜʥʦʛʦ ʄʂʄ ʚʤʝʱʘʶʱʘʷ ʧʣʘʩʪʠʯʥʘʷ ʩʨʝʜʘ ʩʤʳʢʘʝʪʩʷ, ʠ 

ʚʳʟʚʘʥʥʦʝ ʠʤ ʥʘʨʫʰʝʥʠʝ ʙʳʩʪʨʦ ʟʘʣʝʯʠʚʘʝʪʩʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʚʳʧʦʣʘʞʠʚʘʥʠʝ 

ʣʠʩʪʨʠʯʝʩʢʠʭ ʪʨʝʱʠʥʦʚʘʪʳʭ ʟʦʥ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʵʢʟʦʛʝʥʥʦʛʦ ʬʣʶʠʜʘ. ʉʣʝʜ ʧʦʜʲʸʤʘ ʄʂʄ ʦʩʪʘʸʪʩʷ ʪʦʣʴʢʦ ʥʘ ʭʠʤʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠʟʤʝʥʝʥʠʷ 

ʧʦʨʦʜ ʧʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʦʭʦʜʘ ʦʪʜʝʣʴʥʳʭ ʄʂʄ, ʦʙʨʘʟʫʶʱʠʭ ʠʭ ʩʠʩʪʝʤʫ.  
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ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʪʘʢʦʡ ʄɻʉ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1 ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ 

ʧʦʜʨʠʩʫʥʦʯʥʦʡ ʧʦʜʧʠʩʠ. 

 

ʈʠʩʫʥʦʢ 1. ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʄɻʉ (ʛʨʘʥʠʮʘ ʧʦʢʘʟʘʥʘ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ). ʎʇɿ ï ʮʝʥʪʨʘʣʴʥʘʷ 

ʧʨʦʚʦʜʷʱʘʷ ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ P-T ʫʩʣʦʚʠʡ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚʨʝʤʝʥʥʳʝ ʠʣʠ ʜʦʣʛʦʞʠʚʫʱʠʝ 

ʧʘʨʦʚʳʝ ʨʝʟʝʨʚʫʘʨʳ; ʇʦʨʦʜʘ 1, ʇʦʨʦʜʘ 2 ï ʚʤʝʱʘʶʱʠʝ ʩʨʝʜʳ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʎʇɿ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ 

ʢʘʢ ʦʜʠʥʘʢʦʚʳʝ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʯʘʱʝ ʨʘʟʣʠʯʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʎʇɿ 

ʦʙʳʯʥʦ ʪʷʛʦʪʝʶʪ ʢ ʢʦʥʪʘʢʪʦʚʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʠ/ʠʣʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʟʦʥʘʤ).  ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʧʦʪʦʢʠ 

ʬʣʶʠʜʘ ʚ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʷʭ ʄɻʉ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʥʠʤʠ ʠʥʳʝ ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ ʬʣʶʠʜʘ. ʆʥʠ 

ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʩʚʝʪʣʳʤʠ ʮʠʬʨʘʤʠ: 1, 2 ï ʥʠʩʭʦʜʷʱʠʝ ʚʝʪʚʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʡ ʚ ʟʦʥʝ ʭʨʫʧʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʦʪʦʢʘʤʠ ʛʠʧʝʨʛʝʥʥʳʭ ʬʣʶʠʜʦʚ ʚ ʩʨʝʜʘʭ ʇʦʨʦʜʳ 1 ʠ ʇʦʨʦʜʳ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 3, 4 ï 

ʘʜʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ ʬʣʶʠʜʦʚ ʥʘʜ ʧʣʘʩʪʠʯʥʦ-ʭʨʫʧʢʠʤ ʧʝʨʝʭʦʜʦʤ, ʟʘʭʚʘʪʳʚʘʶʱʠʝ ʥʠʞʥʠʝ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʣʠʩʪʨʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ ʭʨʫʧʢʦʡ ʢʦʨʳ ʚ ʇʦʨʦʜʝ 1 ʠ ʇʦʨʦʜʝ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 5 ï ʪʨʘʥʩʧʦʨʪ ʬʣʶʠʜʘ 

ʩʠʩʪʝʤʦʡ ʄʂʄ ʦʪ ʌʄʂ ʜʦ ʇʍʇ; 6 ï ʦʙʱʘʷ ʚʦʩʭʦʜʷʱʘʷ ʚʝʪʚʴ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʡ ʄɻʄ ʚ ʎʇɿ; 7 ï 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʨʘʟʛʨʫʟʢʘ ʬʣʶʠʜʘ ʥʘʜ ʎʇɿ ʚ ʚʠʜʝ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʛʝʡʟʝʨʦʚ, ʬʫʤʘʨʦʣ ʠ ʪ.ʧ. 

ɿʘʰʪʨʠʭʦʚʘʥʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʬʣʶʠʜʘ ʧʦʢʘʟʘʥʳ ʠ ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʪʸʤʥʳʤʠ 

ʮʠʬʨʘʤʠ ʦʩʥʦʚʥʳʝ ɻʍɹ ʚ ʄɻʉ: 1, 2 ï ɻʍɹ ʩʤʝʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʪʨʝʱʠʥʥʦ-

ʧʦʨʦʚʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʇʦʨʦʜʝ 1 ʠ ʇʦʨʦʜʝ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 3 ï ʛʣʘʚʥʳʡ ɻʍɹ, ʦʪʜʝʣʷʶʱʠʡ ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʧʦʜʩʠʩʪʝʤʳ ʄɻʉ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʇʍʇ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʱʠʡʩʷ ʠ ʧʨʦʯʥʦʩʪʥʳʤ 

ʙʘʨʴʝʨʦʤ; 4, 5 ï ɻʍɹ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʩʤʝʰʝʥʠʠ ʛʣʫʙʠʥʥʦʛʦ ʠ ʘʜʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʦʚ ʬʣʶʠʜʦʚ; 6 ï 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ɻʍɹ. 

ʊʝʨʤʠʥ çʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳè ʙʳʣ ʚʚʝʜʸʥ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʦʤ ʜʣʷ ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ 

ʢʦʨʳ, ʛʜʝ ʥʘ ʢʦʨʦʪʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʭ ʥʘʢʦʧʣʝʥʠʝ. ɺ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʧʣʘʥʝ ɻʍɹ ï ʵʪʦ 

ʫʯʘʩʪʦʢ, ʛʜʝ ʦʜʥʘ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʨʝʟʢʦ ʩʤʝʥʷʝʪʩʷ ʜʨʫʛʦʡ, ʪ.ʝ. ʛʨʘʥʠʮʘ ʤʝʞʜʫ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ. ʇʦʥʷʪʠʝ çʛʨʘʥʠʮʘè ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʦ, ʪʘʢ ʢʘʢ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʦʥʘ ʥʦʩʠʪ ʨʘʟʤʳʪʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʧʨʘʚʠʣʴʥʝʝ ʛʦʚʦʨʠʪʴ ʦ ʧʦʛʨʘʥʠʯʥʦʡ ʟʦʥʝ, ʛʜʝ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʶʪ ʛʨʘʜʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ, ʚʧʣʦʪʴ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʝʱʸ ʙʦʣʝʝ ʨʘʩʰʠʨʠʪʴ ʧʦʥʷʪʠʝ ɻʍɹ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʝʛʦ ʚʦʦʙʱʝ ʥʘ ʚʩʝ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ ʩʧʦʩʦʙ, ʩʢʦʨʦʩʪʴ ʠ ʬʦʨʤʳ 

ʧʝʨʝʥʦʩʘ ʥʝʟʘʚʠʩʠʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ, ʝʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ ʢʘʢ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʥʝ ʪʦʣʴʢʦ ʠʟ ʤʠʥʝʨʘʣʦʚ 

(ʪʚʸʨʜʳʭ ʬʘʟ), ʥʦ ʠ ʬʣʶʠʜʘ ʠ/ʠʣʠ ʤʘʛʤʳ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʢʨʝʪʥʳʝ ɻʍɹ ʚ ʄɻʉ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʫʢʘʟʘʥʥʦʡ 

ʥʘ ʨʠʩ. 1. ɼʣʷ ʵʪʦʛʦ ʦʧʠʰʝʤ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʧʨʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ. 
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ʉʨʘʟʫ ʦʛʦʚʦʨʠʤʩʷ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʝʤʩʷ ʥʘ ʧʨʦʮʝʩʩʘʭ ʢʦʥʚʝʢʮʠʠ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ʌʄʂ, ʢʦʪʦʨʳʝ ʪʦʞʝ ʷʚʣʷʶʪʩʷ 

ʨʫʜʦʢʦʥʮʝʥʪʨʠʨʫʶʱʠʤʠ, ʥʦ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ. ʆʥʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʤʠ 

ʥʝʜʘʚʥʦ ʚ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʤʝʤ ʟʘ ʇʦʨʦʜʫ 1 ï ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʙʘʟʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ, ʟʘ ʇʦʨʦʜʫ 2 ï ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʫʶ ʪʦʣʱʫ; ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʬʣʶʠʜʘ 

ʧʨʠʤʝʤ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ ʦʙʝʠʭ ʧʦʨʦʜ. ɻʣʫʙʠʥʥʳʡ ʬʣʶʠʜ (ʧʦʪʦʢ 5 ʥʘ ʨʠʩ. 1) ʚʳʜʝʣʷʝʪʩʷ 

ʧʨʠ ʨʝʪʨʦʛʨʘʜʥʦʤ ʢʠʧʝʥʠʠ ʨʘʩʧʣʘʚʘ ʩʨʝʜʥʝʛʦ (ʙʣʠʟʢʦʛʦ ʢ ʘʥʜʝʟʠʪʦʚʦʤʫ) ʩʦʩʪʘʚʘ ʚ ʌʄʂ. ɿʘ 

ʨʫʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʤʝʤ ʟʦʣʦʪʦ, ʩʝʨʝʙʨʦ, ʤʝʜʴ, ʩʚʠʥʝʮ ʠ ʮʠʥʢ. 

ɻʍɹ 1 ʠ 2 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʥʠʩʭʦʜʷʱʠʭ ʚʝʪʚʝʡ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʛʨʘʜʠʝʥʪʦʤ ʤʘʩʩʳ ʬʣʶʠʜʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʸʤ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʫʚʝʣʠʯʝʥʠʝʤ 

pH ʚ ʇʦʨʦʜʝ 1 ʠ ʫʤʝʥʴʰʝʥʠʝʤ ï ʚ ʇʦʨʦʜʝ 2. ɼʣʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʬʣʶʠʜʘ ʚ ʇʦʨʦʜʝ 1 ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʟʦʣʦʪʘ ʠ ʧʦʣʠʤʝʪʘʣʣʦʚ ʠ ʩʥʠʞʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʝʨʝʙʨʘ. ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʬʣʶʠʜʘ ʚ ʇʦʨʦʜʝ 2 ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʪʝʥʮʠʘʣʳ ʚʩʝʭ ʦʙʩʫʞʜʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʫʜʫʪ ʚʦʟʨʘʩʪʘʪʴ. 

ɻʍɹ 3 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʇʍʇ ʠ ʷʚʣʷʝʪʩʷ, ʧʦʞʘʣʫʡ, ʩʘʤʳʤ ʚʘʞʥʳʤ ʙʘʨʴʝʨʦʤ ʚ ʠʟʫʯʘʝʤʦʡ 

ʄɻʉ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʠ ʭʠʤʠʯʝʩʢʠʤ. ɺ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ 

ʄʂʄ ʚ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʠʤ ʢʦʥʢʨʝʪʥʦʡ ʦʪʢʨʳʪʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʠʩʪʝʤʳ ʪʨʝʱʠʥ 

ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʘʷ ʜʝʢʦʤʧʨʝʩʩʠʷ ʩ ʧʘʜʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʦʪ ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʦ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʨʫʜʦʦʪʣʦʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʄʂʄ ʠ ʬʦʨʤʠʨʫʝʪ ʦʨʫʜʝʥʝʥʠʝ ʰʪʦʢʚʝʨʢʦʚʦʛʦ ʠʣʠ ʧʦʜʦʙʥʦʛʦ ʝʤʫ ʪʠʧʘ ʚ ʛʨʘʥʠʮʘʭ ʥʝʢʦʪʦʨʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ, ʥʘʩʣʝʜʫʶʱʝʡ ʩʦʯʣʝʥʝʥʠʝ çʄʂʄ ï ʩʠʩʪʝʤʘ ʪʨʝʱʠʥè. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʘʷ ʛʣʫʙʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʢʨʳʪʳʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʣʠʩʪʨʠʯʝʩʢʠʭ) 

ʨʘʟʣʦʤʦʚ ʦʧʨʝʜʝʣʷʝʪ ʇʍʇ ʥʝ ʢʘʢ ʣʠʥʝʡʥʫʶ ʛʨʘʥʠʮʫ, ʘ ʢʘʢ ʥʝʢʦʪʦʨʳʡ ʩʣʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʙʣʠʟʢʠʝ ʨʫʜʥʳʝ ʪʝʣʘ 

ʦʜʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʟʘʚʠʩʠʤʳʭ ʬʘʟ ʩʦʛʣʘʩʥʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʛʣʫʙʠʥʝ ʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʦʨʦʜʘʭ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʚʝʨʦʷʪʥʘ ʜʣʷ 

ʰʪʦʢʚʝʨʢʦʚʦʛʦ ʠ ʧʨʦʞʠʣʢʦʚʦ-ʞʠʣʴʥʦʛʦ ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʦʛʦ, ʘ ʪʘʢʞʝ, ʚʦʟʤʦʞʥʦ, ʟʦʣʦʪʦ-ʤʝʜʥʦ-

ʧʦʨʬʠʨʦʚʦʛʦ ʠ ʧʦʜʦʙʥʳʭ ʪʠʧʦʚ ʦʨʫʜʝʥʝʥʠʷ [1]. ʂʨʦʤʝ ʨʝʟʢʦʛʦ ʧʘʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʬʣʶʠʜʘ ʵʪʦʪ ʙʘʨʴʝʨ ʦʪʣʠʯʘʝʪʩʷ ʨʝʟʢʦʡ 

ʩʤʝʥʦʡ ʬʦʨʤ ʧʝʨʝʥʦʩʘ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ï ʢʘʢ ʨʫʜʥʳʭ, ʪʘʢ ʠ ʧʝʪʨʦʛʝʥʥʳʭ. 

ʍʘʨʘʢʪʝʨ ʪʘʢʦʡ ʩʤʝʥʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ, ʥʦ, ʟʘʤʝʯʝʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʟʦʣʦʪʦ ʠ ʩʚʠʥʝʮ ʠʟ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʭʣʦʨʠʜʥʳʭ ʬʦʨʤ ʧʝʨʝʭʦʜʷʪ ʚ 

ʛʠʜʨʦʩʫʣʴʬʠʜʥʳʝ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʇʍʇ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʦʯʥʦʩʪʥʳʤ ʙʘʨʴʝʨʦʤ, ʢʦʪʦʨʳʡ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠ 

ʟʘʜʝʨʞʠʚʘʝʪ ʧʦʜʲʸʤ ʩʠʩʪʝʤ ʄʂʄ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʌʄʂ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʄɻʉ ʢʘʢ ʪʘʢʦʚʦʡ [6, 4, 1]. 

ɻʍɹ 4 ʠ 5 ʷʚʣʷʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʩʤʝʰʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʠ ʘʜʚʝʢʪʠʚʥʦʛʦ 

ʧʦʪʦʢʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʧʦʜʲʸʤʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʘʜʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ 3 ʠ 4, ʠ ʝʸ 

ʧʘʜʝʥʠʝʤ ʜʣʷ ʧʦʪʦʢʘ 6 ʚ ʎʇɿ. ʉʤʝʰʝʥʠʝ ʧʦʪʦʢʦʚ 3 ʠ 6 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʜʝʥʠʝʤ pH; 

ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʟʦʣʦʪʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʬʣʶʠʜʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʤʝʜʠ, ʩʚʠʥʮʘ ʠ 

ʮʠʥʢʘ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ; ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʣʷ ʩʝʨʝʙʨʘ ʥʝ ʟʘʤʝʯʝʥʦ. ʇʨʠ ʩʤʝʰʝʥʠʠ ʧʦʪʦʢʦʚ 4 ʠ 

6 pH ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʛʘʟʦʚʘʷ ʬʘʟʘ ʬʣʶʠʜʘ ʧʦʣʥʦʩʪʴʶ ʦʙʝʟʚʦʞʠʚʘʝʪʩʷ; ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʪʝʥʮʠʘʣʳ ʚʩʝʭ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʬʣʶʠʜʘ ʫʤʝʥʴʰʘʶʪʩʷ. 

ɻʍɹ 6 ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ, ʠ ʧʦʚʝʜʝʥʠʝ ʥʘ ʥʸʤ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʳʭʦʜʷʱʝʛʦ ʬʣʶʠʜʘ, ʘ ʦʥʘ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʪ ʨʘʟʤʝʨʦʚ ʄɻʉ. ɿʜʝʩʴ ʥʝʩʢʦʣʴʢʦ ʩʪʨʦʢ ʧʦʩʚʷʪʠʤ ʧʘʨʦʚʳʤ ʨʝʟʝʨʚʫʘʨʘʤ ʚ ʎʇɿ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ɻʍɹ ʥʘ ʛʨʘʥʠʮʘʭ ʧʘʨʦʚʳʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʚʩʢʠʧʘʥʠʠ ʧʝʨʝʛʨʝʪʳʭ ʛʠʜʨʦʪʝʨʤ 

ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʠ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʥʠʞʝʥʠʝʤ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ. ʆʙʰʠʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʦʚʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʅ.ʉ. ɾʘʪʥʫʝʚʘ [5, 6]. ɹʳʣʦ 
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ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʫʙʠʥʘ ʠ ʨʘʟʤʝʨʳ ʧʘʨʦʚʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʠ ʨʝʞʠʤ ʝʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʌʄʂ, ʝʸ ʦʙʲʸʤʘ, ʛʣʫʙʠʥʳ ʣʦʢʘʣʠʟʘʮʠʠ ʠ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʘʟʦʚʦʛʦ ʠ 

ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ ʢʨʠʚʘʷ ʢʠʧʝʥʠʷ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʨʘʟʣʠʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʥʘ P-T ʜʠʘʛʨʘʤʤʝ, ʠ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʝʸ ʫʜʣʠʥʝʥʠʶ ʚ 

ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʪ.ʝ. ʧʦʛʨʫʞʝʥʠʶ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʣʫʙʠʥʳ [5]. ʇʦʵʪʦʤʫ ʚ 

ʥʘʰʝʡ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʫʶ ʩʭʝʤʫ ʄɻʉ ʧʘʨʦʚʳʝ ʨʝʟʝʨʚʫʘʨʳ ʥʝ ʚʢʣʶʯʝʥʳ, ʥʦ ʠʤʝʥʥʦ ʦʪ ʥʠʭ 

ʟʘʚʠʩʷʪ ʩʚʦʡʩʪʚʘ ɻʍɹ 6. 

ʊʘʢʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʥʝ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʣʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʄɻʉ (ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʚʦʜʦʫʧʦʨʳ ʠ ʪ.ʜ.), ʧʦʩʢʦʣʴʢʫ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʦʥʠ 

ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ, ʥʘʢʣʘʜʳʚʘʶʱʫʶʩʷ ʥʘ ʥʘʰʫ ʦʙʱʫʶ ʩʭʝʤʫ, ʯʪʦ, ʩʘʤʦ 

ʩʦʙʦʡ ʨʘʟʫʤʝʝʪʩʷ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʢʦʥʢʨʝʪʥʦʡ ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ 

ʄɻʉ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ɸɸɸɸ-ɸ21-121011390003-9 çʈʫʜʦʦʙʨʘʟʫʶʱʠʝ 

ʩʠʩʪʝʤʳ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ ʶʞʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ: 

ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʣʘʛʦʨʦʜʥʳʭ, ʨʝʜʢʠʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚè. 
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ʛʝʦʭʠʤʠʠ ʈɸʅ, 119017, ʄʦʩʢʚʘ, ʉʪʘʨʦʤʦʥʝʪʥʳʡ ʧʝʨ.,35; brgon@mail.ru,  

 
ɸʥʥʦʪʘʮʠʷ. ʉʦʚʤʝʱʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʋʜʦʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ (26,7 ʤʣʥ. ʪ 

Cu) ʠ ʤʝʜʝʥʦʩʥʳʭ ʛʘʙʙʨʦʠʜʦʚ ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ (15 ʤʣʥ. ʪ. Cu.) ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ ʛʝʥʝʟʠʩʘ ʫʢʘʟʘʥʥʳʭ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. Pb
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ʦʪʥʦʰʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ 

ʧʨʠʩʫʪʩʪʚʠʝ ʟʥʘʯʝʥʠʡ ʧʦʟʜʥʝʛʦ ʘʨʭʝʷ ʩʨʝʜʠ ʧʦʨʦʜ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʨʘʟʥʦʨʘʥʛʦʚʦʡ ʨʠʪʤʠʯʥʦʩʪʠ ʧʦʨʦʜ. ʋʩʪʘʥʦʚʣʝʥʳ ʚʘʨʠʘʮʠʠ 

ʠʟʦʪʦʧʦʚ ʩʝʨʳ ʚ ʨʫʜʘʭʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʦʩʘʜʦʯʥʳʤʠ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ï ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʨʫʜ ʋʜʦʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʜʣʷ 

ʛʘʙʙʨʦʠʜʦʚ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʏʠʥʝʡʩʢʠʡ, ʋʜʦʢʘʥ, ʤʝʜʴ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʠʟʦʪʦʧʳ ʩʝʨʳ. 
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Abstract. The coincidence in space of the Udokan deposit of copper-sandstones (26.7 million tons Cu) and of 

copper-bearing  gabbroids of the Chinea massif (15 million tons Cu) allows us to solve fundamental questions of the 

genesis of these and many other deposits. Pb
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 ratios show the presence of Late Archean values among the 

Paleoproterozoic rocks. The sequence of fractionation is traced by different rank rhythmicity of rocks. Variations of 

sulfur isotopes in ores associated with sedimentary and igneous rocks have been established, with negative values for 

ores of the Udokan deposit and positive values for gabbroids. 

Key words: Chineysky, Udokan, copper, titanomagnetite, sulfur isotopes. 

 

ʖʞʥʘʷ ʦʢʨʘʠʥʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢʘʤʠ ʘʨʭʝʡʩʢʠʭ ʧʦʨʦʜ 

ʨʘʟʜʝʣʝʥʥʳʤʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤʠ ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʤʠ ʟʝʣʝʥʦʢʘʤʝʥʥʳʤʠ ʧʦʷʩʘʤʠ, 

ʧʝʨʝʢʨʳʪʳʤʠ ʥʠʞʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʂʦʜʘʨʦ-

ʋʜʦʢʘʥʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʫʧʥʳʤʠ 

ʤʘʩʩʠʚʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ʢʦʜʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʂʦʜʘʨʩʢʠʡ, ʂʝʤʝʥʩʢʠʡ ʠ ʜʨ.) ʠ ʫʣʴʪʨʘʤʘʬʠʪ-

ʤʘʬʠʪʦʚʳʤʠ ʤʘʩʩʠʚʘʤʠ ʯʠʥʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʏʠʥʝʡʩʢʠʡ, ʃʫʢʪʫʨʩʢʠʡ, ʄʘʡʣʘʚʩʢʠʡ ʠ ʜʨ.).  

ʉʫʧʝʨʢʨʫʧʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ (V) ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ (ɻʦʥʛʘʣʴʩʢʠʡ 2015, 

Gongalsky, Krivolutskaya, 2019 ʩʨʘʚʥʠʤʳ ʧʦ ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʩʫʨʩʘʤ ʩ 

ʛʠʛʘʥʪʩʢʠʤ ɹʫʰʚʝʣʴʜʦʤ (ʖɸʈ), ʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ (Cu) ʩ ʉʘʜʙʝʨʠ (ʂʘʥʘʜʘ). ʄʘʩʩʠʚʳ ʠ 

ʜʘʡʢʠ ʤʘʬʠʪʦʚʳʭ ʠ ʫʣʴʪʨʘʤʘʬʠʪ-ʤʘʬʠʪʦʚʳʭ ʧʦʨʦʜ ʧʨʦʷʚʣʝʥʳ ʪʘʢʞʝ ʚ ʧʦʟʜʥʝʤ ʧʨʦʪʝʨʦʟʦʝ 

(ʜʦʨʦʩʩʢʠʡ ʢʦʤʧʣʝʢʩ), ʤʝʟʦʟʦʝ (ʦʪʣʦʞʝʥʠʷ ʤʝʟʦʟʦʡʩʢʠʭ ʚʧʘʜʠʥ ʠ ʜʘʡʢʠ) ʠ ʥʝʦʛʝʥ-

ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ (ʋʜʦʢʘʥʩʢʦʝ ʣʘʚʦʚʦʝ ʧʣʘʪʦ). ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚ ʨʘʤʢʘʭ ʦʜʥʦʘʢʪʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʤʘʛʤʘʪʠʟʤʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠ ʧʨʝʜʣʘʛʘʝʤʳʝ ʠʤʠ ʩʭʝʤʳ ʩʪʨʦʝʥʠʷ ʩʫʱʝcʪʚʝʥʥʦ ʨʘʟʣʠʯʘʣʠʩʴ 

(ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʠ ʜʨ., 2004). ɺ.ʂ. ɻʦʣʝʚ ʦʙʦʩʥʦʚʳʚʘʣ ʪʨʝʭʯʣʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ ʤʘʩʩʠʚʘ, 

ʕ.ɻ. ʂʦʥʥʠʢʦʚ (ʚʳʜʝʣʷʣ 6 ʟʦʥ ʚ ʝʛʦ ʩʪʨʦʝʥʠʠ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʠʭ ʤʦʱʥʦʩʪʝʡ 

(ʂʦʥʥʠʢʦʚ, 1986).  ʅʘʤʠ (ɻʦʥʛʘʣʴʩʢʠʡ, 2015, Gongalsky, Krivolutskaya, 2019) ʚ ʩʪʨʦʝʥʠʠ 

ʤʘʩʩʠʚʘ ʚʳʜʝʣʷʝʪʩʷ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʧʦʨʦʜ (ʦʪ ʨʘʥʥʠʭ ï ʢ ʧʦʟʜʥʠʤ): 1) ʧʠʨʦʢʩʝʥʠʪʳ, ʛʘʙʙʨʦ, 

ʘʥʦʨʪʦʟʠʪʳ, ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʢʨʘʝʚʳʭ ʟʦʥ ʠ ʚ ʚʠʜʝ ʢʩʝʥʦʣʠʪʦʚ ʩʨʝʜʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ; 2) ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʝ ʛʘʙʙʨʦʠʜʳ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʩʥʠʟʫ ʚʚʝʨʭ ʚ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-

ʛʘʙʙʨʦʚʫʶ ʠ ʣʝʡʢʦʛʘʙʙʨʦʚʫʶ ʩʝʨʠʠ; 3) ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʝ ʛʘʙʙʨʦʠʜʳ (ʥʦʨʠʪʦʚʘʷ ʩʝʨʠʷ) ʚ 

ʧʨʠʧʦʜʦʰʚʝʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ, ʘʧʦʬʠʟʳ, ʩʠʣʣʳ ʠ ʜʘʡʢʠ ʚ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʭ ʛʘʙʙʨʦʠʜʘʭ 2-ʡ 

ʛʨʫʧʳ; 4) ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʙʨʝʢʯʠʠ ʩ ʣʘʤʧʨʦʬʠʨʦʚʳʤ ʠ ʛʘʙʙʨʦʥʦʨʠʪʦʚʳʤ ʮʝʤʝʥʪʦʤ, ʜʘʡʢʠ ʠ 

ʘʧʦʬʠʟʳ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʛʘʙʙʨʦʥʦʨʠʪʦʚ ʠ ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʭ ʥʦʨʠʪʦʚ. ɺʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʤʠʢʨʦʨʠʪʤʦʚ (ʩʘʥʪʠʤʝʪʨʳ - 
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ʧʝʨʚʳʝ ʜʝʮʠʤʝʪʨʳ) ʠ ʤʘʢʨʦʨʠʪʤʦʚ (ʧʝʨʚʳʝ ʩʦʪʥʠ ʤʝʪʨʦʚ), ʦʙʨʘʟʫʷ ʨʘʥʥʝʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʨʫʜʳ ʚ ʥʠʟʘʭ ʨʠʪʤʦʚ ʠ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʝ ï ʚ ʠʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ʇʦʨʦʜʳ ʣʝʡʢʦʛʘʙʙʨʦʚʦʡ 

ʩʝʨʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʣʦʠ ʘʥʦʨʪʦʟʠʪʦʚ ʠ ʣʝʡʢʦʛʘʙʙʨʦ, ʩʣʘʛʘʶʪ ʚʝʨʭʥʶʶ 

ʯʘʩʪʴ ʤʘʩʩʠʚʘ, ʥʘʙʣʶʜʘʶʪʩʷ ʢʨʫʧʥʳʝ ʢʩʝʥʦʙʣʦʢʠ ʛʘʙʙʨʦʜʠʦʨʠʪʦʚ, ʤʦʥʮʦʜʠʦʨʠʪʦʚ, ʯʘʩʪʦ ʩ 

ʧʝʛʤʘʪʦʜʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ.  

 

ʈʠʩʫʥʦʢ 1. Th ï Pb
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ʛʘʙʙʨʦʠʜʦʚ ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʭ (306), ʥʠʟʢʦʪʠʪʥʠʩʪʳʭ (303) ʠ 

ʤʦʥʮʦʜʠʦʨʠʪʦʚ (305), ʛʘʙʙʨʦ-ʥʦʨʠʪʦʚ ʜʦʨʦʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (CH-7, H-12), ʜʘʡʢʠ (H-23). ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ 

ʚʦ ɺʉɽɻɽʀ ɸ.ʅ. ʊʠʤʘʰʢʦʚʳʤ (Gongalsky, Krivolutskaya, 2019). 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 62 ʪʦʯʢʠ ʮʠʨʢʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 5 ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʘʙʙʨʦʠʜʦʚ: 

ʤʦʥʮʦʜʠʦʨʠʪʦʚ, ʚʳʩʦʢʦ-  ʠ ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʭ ʛʘʙʙʨʦʠʜʦʚ ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʛʘʙʙʨʦ-

ʜʠʦʨʠʪʦʚ ʤʘʩʩʠʚʘ ʂʠʣʴʯʝʨʠʩ ʠ ʜʘʡʢʠ ʛʘʙʙʨʦʜʠʘʙʘʟʦʚ. ɺʳʜʝʣʷʝʪʩʷ 2 ʛʨʫʧʧʳ ʧʦ ʤʦʨʬʦʣʦʛʠʠ 

ʠ ʩʦʩʪʘʚʘʤ ʢʨʠʩʪʘʣʣʦʚ. ɼʚʝ ʧʦʧʫʣʷʮʠʠ ʮʠʨʢʦʥʦʚ ʦʭʚʘʪʳʚʘʶʱʠʭ ʠʥʪʝʨʚʘʣʳ ʧʦʟʜʥʝʛʦ ʘʨʭʝʷ-

ʥʘʯʘʣʘ ʧʨʦʪʝʨʦʟʦʷ, (2676Ñ42- 2919Ñ80 ʠ ʨʘʥʥʝʛʦ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʷ (1699Ñ34 ʜʦ 1884Ñ31. 

ʇʦʜʘʚʣʷʶʱʝʝ ʯʠʩʣʦ ʜʨʝʚʥʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʚʦʟʨʘʩʪʘ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʭ ʛʘʙʙʨʦʠʜʦʚ 

ʤʘʩʩʠʚʘ (2678Ñ5,6, ʛʘʙʙʨʦʜʠʦʨʠʪʦʚ ʤʘʩʩʠʚʘ ʂʠʣʴʯʝʨʠʩ (2682Ñ5,6 ï 2698Ñ22) ʠ ʪʦʣʴʢʦ 

ʜʨʝʚʥʠʝ ʮʠʬʨʳ ʚ ʮʠʨʢʦʥʘʭ ʜʘʡʢʠ ʜʠʘʙʘʟʦʚ (2644Ñ7,2). ʇʦ ʮʠʨʢʦʥʘʤ ʠʟ ʚʳʩʦʢʦ- ʠ 

ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʭ ʛʘʙʙʨʦʠʜʦʚ (ʧʨʦʙʳ ˉˉ 0303, 0305, 0306) ʥʘ SMR1MP-II  ʧʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ 2872-2919 ʤʣʥ. ʣʝʪ. ʎʠʨʢʦʥʳ ʚʪʦʨʦʛʦ ʪʠʧʘ ʠʟ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʦʛʦ ʛʘʙʙʨʦ (ʧʨʦʙʘ ˉ 

0306) ʥʘʭʦʜʷʪʩʷ ʥʘ ʜʠʩʢʦʨʜʠʠ ʩ ʚʝʨʭʥʠʤ ʧʝʨʝʩʝʯʝʥʠʝʤ 1858Ñ17 ʤʣʥ. ʣʝʪ, ʘ ʠʟ 

ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʭ ʛʘʙʙʨʦʠʜʦʚ (ʧʨʦʙʳ ˉˉ 0303 ʠ 0305) ʢʦʥʢʦʨʜʘʥʪʥʳʝ, ʩ ʚʦʟʨʘʩʪʥʳʤ 

ʟʥʘʯʝʥʠʝʤ 1811 Ñ27 ʤʣʥ. ʣʝʪ, ʧʨʠ ʵʪʦʤ ʥʠʞʥʝʝ ʧʝʨʝʩʝʯʝʥʠʝ ʜʠʩʢʦʨʜʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʦʪʤʝʪʢʫ 305Ñ32 ʤʣʥ. ʣʝʪ. 

ʎʠʨʢʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʩʫʙʠʜʠʦʤʦʨʬʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʩʚʝʪʣʦ-

ʨʦʟʦʚʦʛʦ ʠ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ. ɺ ʧʦʨʦʜʘʭ 2 ʠ 3 ʛʨʫʧʧ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʪʯʝʪʣʠʚʘʷ ʨʘʩʩʣʦʝʥʥʦʩʪʴ 

ʠ ʚʳʜʝʣʷʶʪʩʷ ʩʝʨʠʠ, ʤʘʢʨʦʨʠʪʤʳ ʠ ʤʠʢʨʦʨʠʪʤʳ, ʦʙʣʘʜʘʶʱʠʝ ʦʜʥʦʪʠʧʥʳʤ ʩʪʨʦʝʥʠʝʤ: ʩʥʠʟʫ 

ʚʚʝʨʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ, ʧʠʨʦʢʩʝʥʦʚ, 

ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ SiO2 ʠ ʱʝʣʦʯʝʡ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠʥʪʨʫʟʠʚʘ, ʚ ʧʨʝʜʝʣʘʭ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ, ʪʘʢʞʝ ʚʳʜʝʣʷʶʪʩʷ ʟʦʥʳ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʝʜʠ, ʧʣʘʪʠʥʳ, ʧʘʣʣʘʜʠʷ ʠ ʟʦʣʦʪʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʩʝʢʫʱʠʡ ʠʣʠ ʩʫʙʩʦʛʣʘʩʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʩʣʦʝʥʥʦʩʪʠ. ɺ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʭ 

ʛʘʙʙʨʦʠʜʘʭ ʧʝʨʚʳʝ ʚʳʜʝʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʩʪʨʦʝʥʠʠ ʤʠʢʨʦʨʠʪʤʦʚ. 
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ʋʯʠʪʳʚʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʫʣʴʬʠʜʦʚ (ʧʠʨʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʧʝʥʪʣʘʥʜʠʪ ʠ ʜʨ.), ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ 

ʤʝʞʜʫ ʛʣʘʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ çʟʘʭʦʨʦʥʝʥʥʳʭè ʦʙʦʩʦʙʣʝʥʥʳʭ 

ʦʙʦʛʘʱʝʥʥʳʭ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʦʩʣʝʜʥʠʝ ʩʦʟʜʘʚʘʣʠ ʥʝʨʘʚʥʦʚʝʩʥʫʶ ʩʠʩʪʝʤʫ ʠ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠ ʨʘʥʝʝ ʚʳʜʝʣʠʚʰʠʝʩʷ ʤʠʥʝʨʘʣʳ: ʟʘʤʝʱʘʣʩʷ ʤʘʛʥʝʪʠʪ ʦʩʪʘʚʣʷʷ ʤʘʪʨʠʮʫ 

ʠʣʴʤʝʥʠʪʘ, ʦʨʪʦʧʠʨʦʢʩʝʥ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʣʠʩʴ ʘʤʬʠʙʦʣʦʤ, 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʩʣʶʜʳ, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʘʣʴʙʠʪ ʠ ʩʫʣʴʬʠʜʳ. ʏʘʱʝ ʚʩʝʛʦ ʪʘʢʠʝ 

ʦʙʦʩʦʙʣʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʝʨʭʥʠʤ ʯʘʩʪʷʤ ʤʠʢʨʦʨʠʪʤʦʚ, ʠʭ ʣʝʡʢʦʛʘʙʙʨʦʚʳʤ ʯʘʩʪʷʤ. ɿʜʝʩʴ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʠ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ, ʘʧʘʪʠʪ, ʬʣʶʦʨʠʪ ʠ ʜʨ.  

ʄʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʩʣʦʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʩʦʩʪʘʚʣʷʶʪ ʥʠʞʥʠʝ ʯʘʩʪʠ ʤʠʢʨʦʨʠʪʤʦʚ 

(ʧʠʨʦʢʩʝʥ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʠʪʳ) ʠʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʨʠʪʤʦʚ 

(ʧʣʘʛʠʦʢʣʘʟ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʠʪʳ). ʅʘʯʘʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʣʘʛʠʦʢʣʘʟʘ ʧʨʠʚʝʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʣʘʥʦʨʠʪʦʚ, ʜʘʣʝʝ ʛʘʙʙʨʦ ʠ ʣʝʡʢʦʛʘʙʙʨʦ, ʚʧʣʦʪʴ ʜʦ ʘʥʦʨʪʦʟʠʪʦʚ. ɿʘʚʝʨʰʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʠʟ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʣʘʚʘ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʚʘʨʮʘ, ʙʠʦʪʠʪʘ, ʘʤʬʠʙʦʣʦʚ, ʩʫʣʴʬʠʜʦʚ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʚʢʨʘʧʣʝʥʠʡ, ʛʥʝʟʜ ʠ 

ʣʠʥʟ.  ʉʫʣʴʬʠʜʳ ʧʦʷʚʣʷʶʪʩʷ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʤʠʢʨʦʨʠʪʤʦʚ ʠʣʠ ʚ ʧʨʦʞʠʣʢʘʭ ʫʞʝ 

ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ (ʰʪʦʢʚʝʨʢʠ). ʉʫʣʴʬʠʜʥʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʏʠʥʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʵʥʜʦ- ʠ ʵʢʟʦʢʦʥʪʘʢʪʫ ʤʘʩʩʠʚʘ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʦʪʣʠʯʘʶʪ ʧʦʯʪʠ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʠʪʳ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʠʨʦʢʩʝʥʦʚ ʜʦ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʥʦʨʠʪʦʚ (ʤʝʣʘ- ʤʝʟʦ- ʠ ʣʝʡʢʦʥʦʨʠʪʳ 

(ʣʝʡʢʦʛʘʙʙʨʦ). ɼʨʫʛʦʡ ʪʨʝʥʜ ʧʦʢʘʟʳʚʘʝʪ ʚʘʨʠʘʮʠʠ ʛʘʙʙʨʦʠʜʦʚ ʦʪ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʠʪʘ ʜʦ 

ʘʥʦʨʪʦʟʠʪʘ (ʤʝʣʘ-, ʤʝʟʦ- ʠ ʣʝʡʢʦʯʠʥʠʪʦʚ). ʇʦʨʦʜʳ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʥʘʟʚʘʥʳ ʥʘʤʠ (ɻʦʥʛʘʣʴʩʢʠʡ, 2015) ʯʠʥʠʪʘʤʠ, ʦʥʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ɺʝʨʭʥʝʡ ʟʦʥʝ 

ɹʫʰʚʝʣʴʜʘ (ʖɸʈ), ʥʦ ʥʘʟʚʘʥʳ ʤʘʛʥʝʪʠʪʦʚʳʤʠ ʘʥʦʨʪʦʟʠʪʘʤʠ (ʣʝʡʢʦʛʘʙʙʨʦ). 

ʅʠʟʢʦʪʠʪʘʥʠʩʪʳʝ ʛʘʙʙʨʦʠʜʳ (3 ʛʨʫʧʧʘ) ʟʘʣʝʛʘʶʪ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚ ʚʠʜʝ ʣʦʧʦʣʠʪʘ 

ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 300 ʤ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ, ʫʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʥʘ ʚʦʩʪʦʢʝ ʜʦ 700 ʤ. 

ʆʥʠ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʘʧʦʬʠʟʳ, ʩʠʣʣʳ ʠ ʜʘʡʢʠ ʚ ʨʘʥʝʝ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ 

ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʭ ʛʘʙʙʨʦʥʦʨʠʪʘʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʯʝʨʝʜʦʚʘʥʠʠ ʠʥʲʝʢʮʠʡ ʚʳʩʦʢʦ- ʠ 

ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʭ ʤʘʛʤ. ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʟʝʨʢʘʣʘ ʩʢʦʣʴʞʝʥʠʷ ʚʜʦʣʴ ʢʦʥʪʘʢʪʦʚ ʘʧʦʬʠʟʳ 

ʥʦʨʠʪʦʚ ʩ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʤʠ ʛʘʙʙʨʦʥʦʨʠʪʘʤʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʵʣʝʤʝʥʪʳ ʧʨʦʪʨʫʟʠʠ ʥʦʨʠʪʦʚ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʬʣʶʠʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ 

ʙʨʝʢʯʠʷʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʘʩʩʦʮʠʠʨʫʶʪ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ.  ɺʳʩʦʢʦʪʠʪʘʥʠʩʪʳʝ ʛʘʙʙʨʦʠʜʳ 

ʦʙʨʘʟʫʶʪ ʜʚʘ ʨʘʟʦʙʱʝʥʥʳʭ ʙʣʦʢʘ, Fe-Ti-V ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʕʪʳʨʢʦ ʠ ʄʘʛʥʠʪʥʦʝ.  

ʄʠʢʨʦʨʠʪʤʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʭ ʛʘʙʙʨʦʠʜʦʚ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʠʜʦʚ ʯʘʩʪʠ ʤʘʛʥʝʟʠʘʣʴʥʳʭ 

ʤʠʢʨʦʨʠʪʤʦʚ, ʚʠʜʠʤʦ, ʙʳʣʠ ʤʝʥʝʝ ʧʣʦʪʥʳʤʠ, ʠ ʥʝ ʟʘʜʝʨʞʠʚʘʣʠ ʦʩʪʘʪʦʯʥʳʝ ʨʘʩʧʣʘʚʳ ʩ 

ʣʝʪʫʯʠʤʠ. ʉʠʣʣʳ ʥʦʨʠʪʦʚ ʚ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʭ ʛʘʙʙʨʦʠʜʘʤʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʛʘʙʙʨʦʚʦʡ ʠ 

ʣʝʡʢʦʛʘʙʙʨʦʚʦʡ ʩʝʨʠʡ ʠ ʟʜʝʩʴ ʦʙʨʘʟʦʚʘʣʩʷ ʰʪʦʢʚʝʨʢ ʠʟ ʨʘʟʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʞʠʣʢʦʚ ʩ 

ʩʫʣʴʬʠʜʘʤʠ. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ, ʥʘʧʨʦʪʠʚ, ʙʳʣʘ ʦʬʦʨʤʣʝʥʘ ʘʧʠʢʘʣʴʥʘʷ ʟʦʥʘ, ʛʜʝ ʩʫʣʴʬʠʜʳ 

ʦʙʨʘʟʦʚʘʣʠ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ.  

ʏʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʝʨʳ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʋʜʦʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʪʦʣʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʜʘʥʥʳʭ ʦʙʫʩʣʦʚʣʝʥ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʨʫʜʦʦʪʣʦʞʝʥʠʷ, ʦʪ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʯʝʨʝʟ 

ʦʪʣʦʞʝʥʠʝ ʠʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʦ ʦʪʣʦʞʝʥʠʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʪʦʢʘʭ. 
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ʈʠʩʫʥʦʢ 2. ʀʟʦʪʦʧʳ ʩʝʨʳ ʩʫʣʴʬʠʜʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʦʩʘʜʦʯʥʳʭ ʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʂʦʜʘʨʦ-ʋʜʦʢʘʥʩʢʦʛʦ ʨʘʡʦʥʘ (Gongalsky, Krivolutskaya, 2019) 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʚʘʣ ʤʘʬʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʯʝʪʳʨʝʭ ʛʨʫʧʧ ʧʦʨʦʜ, 

ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʩʧʣʘʚʦʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʢʘʤʝʨʫ (ʨʘʩʩʣʦʝʥʥʳʡ ʤʘʩʩʠʚ) 

ʧʨʠʚʦʜʠʣʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʣʝʪʫʯʠʭ, ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʘʭ, ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʤʝʰʝʥʠʷ ʨʘʩʧʣʘʚʦʚ ʢ ʟʘʚʝʨʰʝʥʠʶ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʤʘʩʩʠʚʘ ʧʨʦʠʩʭʦʜʠʣʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʫʜʥʳʭ, ʨʝʜʢʠʭ ʠ 

ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʧʦʢʠʜʘʣʘ ʢʘʤʝʨʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʝʨʝʤʝʱʘʣʘʩʴ ʚʦ 

ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ, ʢʨʠʩʪʘʣʣʠʟʫʷʩʴ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ: ʩʪʨʫʢʪʫʨʥʳʭ, 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʙʣʠʞʘʡʰʝʤ ʦʙʨʘʤʣʝʥʠʠ ʏʠʥʝʡʩʢʦʛʦ ʠ ʄʘʡʣʘʚʩʢʦʛʦ 

ʤʘʩʩʠʚʦʚ ʧʨʦʠʟʦʰʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʋʜʦʢʘʥʩʢʦʛʦ, ʉʘʢʠʥʩʢʦʛʦ, ʂʣʶʢʚʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʢ ʩʝʚʝʨʫ ʠ ʇʨʘʚʦʠʥʛʘʤʘʢʠʪʩʢʦʛʦ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʨʘʡʦʥʘ (Gongalsky, Krivolutskaya, 2019). 

ʉʘʤʘʷ ʣʝʛʢʘʷ ʩʝʨʘ ʥʘ ʋʜʦʢʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ (ʨʠʩ. 2), 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʠʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʭ ʩʣʦʡʢʘʭ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʥʝ ʠʩʧʳʪʘʚʰʠʭ 

ʩʤʝʰʝʥʠʷ ʩ ʬʣʶʠʜʘʤʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʍʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʠʪʦʚʳʝ ʨʫʜʳ ʋʜʦʢʘʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʠʣʴʥʦ ʦʙʦʛʘʱʝʥʳ ʣʝʛʢʠʤ ʠʟʦʪʦʧʦʤ ʩʝʨʳ: ʥʘʠʙʦʣʝʝ ʣʝʛʢʠʡ ʩʦʩʪʘʚ (ŭ
34

S = 

 - 27,2 ă, ʨʠʩ. 2) ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʧʠʨʠʪʦʚ ʅʘʤʠʥʛʠʥʩʢʦʛʦ ʫʯʘʩʪʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʚʢʨʘʧʣʝʥʥʳʭ ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʠʪʦʚʳʭ ʨʫʜ ʫʯʘʩʪʢʘ ʄʝʜʥʳʡ ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ï 10 - 12 

ă. ʀʟʦʪʦʧʳ ʩʝʨʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʏʠʥʝʡʩʢʦʛʦ ʠ ʃʫʢʪʫʨʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʢ 

ʤʘʥʪʠʡʥʳʤ ʟʥʘʯʝʥʠʷ. ɺ ʘʣʴʙʠʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʜʠʩʪʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʧʝʩʯʘʥʠʢʘʭ ʚ 

ʧʨʝʜʝʣʘʭ ʀʢʘʙʴʷ-ʏʠʪʢʘʥʜʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʫʨʘʥʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʛʜʝ ʚ 

ʥʘʯʘʣʝ 50-ʭ ʛʦʜʦʚ ʙʳʣʦ ʠʟʫʯʝʥʦ ʏʠʪʢʘʥʜʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʧʨʦʷʚʣʝʥʠʷ ʫʨʘʥʘ ʠ ʨʝʜʢʠʭ ʟʝʤʝʣʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɽʄ ʈɸʅ. 
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Abstract:  The results of the study of mineral phases of the relict of the paleohydrothermal system that formed 

copper mineralization associated with the late Permian-early Triassic gabbroids of the Truong Son orogenic belt are 

presented. 
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ʇʦʷʩ ʏʫʦʥʛ ʐʦʥ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʦʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʠ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ɺʴʝʪʥʘʤʘ [1]. ɺ ʝʛʦ ʩʦʩʪʘʚʝ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʪʠʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ Au, Cu, Pb, Zn, Sb, Sn, W, Li  ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 

ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʨʘʟʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ. ɸʨʝʘʣʳ 

ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʦʷʩʘ ʏʫʦʥʛ ʐʦʥ ʚ 

ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʛʘʙʙʨʦ-ʛʨʘʥʠʪʥʳʤʠ ʤʘʩʩʠʚʘʤʠ I ʪʠʧʘ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʛʘʙʙʨʦʠʜʘʤʠ ʨʘʥʥʠʭ ʬʘʟ), ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʣʫʪʦʥʦʛʝʥʥʳʡ (ʤʘʛʤʘʪʦʛʝʥʥʳʡ) ʛʝʥʝʟʠʩ ʵʪʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʩ ʠʩʪʦʯʥʠʢʦʤ ʤʝʜʠ ʚ ʛʘʙʙʨʦʠʜʘʭ ʨʘʥʥʠʭ ʬʘʟ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʠʭ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʘʪʝʨʠʥʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ ʠ ʣʦʢʘʣʠʟʘʮʠʝʡ ʚ 

ʘʨʝʘʣʘʭ ʤʝʣʢʠʭ ʨʘʟʣʦʤʦʚ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʩʪʘʥʦʚʣʝʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ. 

ɺ 2024 ʛʦʜʫ ʚʦ ʚʨʝʤʷ ʧʦʩʝʱʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʏʫʦʥʛ ʐʦʥ 

ʛʘʙʙʨʦ-ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ ʁʝʥ ʏʫ (Yen Chu) ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (251 Ma; U-Pb 

zircon, LA-ICP-MS), ʚ ʚʳʭʦʜʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʦ 

ʩʨʝʜʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʘʙʙʨʦ ʨʘʥʥʝʡ ʬʘʟʳ (Cr ï ʜʦ 2380 ʛ/ʪ; Ni ï 303 ʛ/ʪ; V ï 359 ʛ/ʪ), 

ʥʝʜʘʣʝʢʦ ʦʪ ʢʦʥʪʘʢʪʘ ʩʦ ʩʣʘʥʮʝʚʦ-ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʦʚʦʡ ʪʦʣʱʝʡ, ʚʳʷʚʣʝʥʘ ʟʦʥʘ ʨʘʟʣʦʤʘ 

ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 10-12 ʤ, ʚ ʢʦʪʦʨʦʡ ʦʩʘʜʢʠ ʦʢʚʘʨʮʦʚʘʥʳ ʠ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʳ, ʧʦʨʦʜʳ 

ʧʝʨʝʤʷʪʳ ʧʦʜʨʦʙʣʝʥʳ ʠ ʩʦʜʝʨʞʘʪ ʧʦ ʧʦʟʜʥʠʤ ʪʨʝʱʠʥʘʤ ʦʙʠʣʴʥʳʝ ʧʣʝʥʢʠ ʤʝʜʥʦʡ ʟʝʣʝʥʠ. ɺ 

ʩʘʤʦʤ ʞʝ ʛʘʙʙʨʦ ʚ ʵʥʜʦʢʦʥʪʘʢʪʝ ʦʪʤʝʯʝʥʳ ʦʚʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʠʨʨʦʪʠʥʘ ʨʘʟʤʝʨʦʤ ʜʦ 2-3 

ʩʤ. ʈʘʟʣʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʣʦʤʦʱʥʦʡ ʦʧʝʨʷʶʱʝʡ (1-1,5 ʤ) ʧʨʦʞʠʣʢʦʚʦʡ ʟʦʥʦʡ (ɸʟ 

ʧʨʦʩʪʠʨʘʥʠʷ 240-270 ʩʫʙʚʝʨʪʠʢʘʣʴʥʘʷ), ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʝʣʢʠʭ (ʤʝʥʝʝ 5 ʤʤ) ʩʝʪʯʘʪʦ-

ʧʘʨʘʣʣʝʣʴʥʳʭ (ʦʙʱʝʤʫ ʧʨʦʩʪʠʨʘʥʠʶ) ʧʨʦʞʠʣʢʦʚ ʢʚʘʨʮʘ ʩ ʟʘʤʝʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʠʨʠʪʘ 

ʯʠʩʪʦʛʦ (ʦʜʠʥ ʘʥʘʣʠʟ ʜʘʣ 0.36% Ni), ʧʠʨʨʦʪʠʥʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ ʚ ʵʧʠʜʦʪʠʟʠʨʦʚʘʥʥʳʭ ʠ 

ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʛʘʙʙʨʦ. ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʠʜʦʚ ʜʦʩʪʠʛʘʝʪ ʜʦ 10%, ʥʦ ʚ ʮʝʣʦʤ ʥʘ ʤʦʱʥʦʩʪʴ 

ʟʦʥʳ ʥʝ ʙʦʣʝʝ 5%. ʇʨʦʩʣʝʞʝʥʘ ʦʥʘ ʥʘ 55 ʤʝʪʨʦʚ. ɺ ʛʘʙʙʨʦ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʧʨʦʞʠʣʢʠ 
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ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʦʛʦ ʩʦʩʪʘʚʘ ʤʦʱʥʦʩʪʴʶ 1-2 ʩʤ, ʠ ʧʨʠʯʫʜʣʠʚʳʝ ʧʨʦʞʠʣʢʠ 

ʣʝʡʢʦʢʨʘʪʦʚʦʛʦ ʛʘʙʙʨʦ, ʨʘʩʩʝʢʘʶʱʠʝ ʛʘʙʙʨʦ ʦʩʥʦʚʥʦʛʦ ʪʝʣʘ ʠ ʛʘʙʙʨʦ-ʧʝʛʤʘʪʠʪʦʚʳʝ 

ʦʙʦʩʦʙʣʝʥʠʷ ʚ ʥʝʤ.  

ɺ ʵʪʦʡ ʟʦʥʝ ʧʨʦʞʠʣʢʦʚʘʥʠʷ ʚ ʠʟʤʝʥʝʥʥʦʤ ʛʘʙʙʨʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʚʘʣʴʥʦʝ ʛʥʝʟʜʦ 

ʨʘʟʤʝʨʦʤ 5-8 ʩʤ ʩʨʝʜʠ ʧʨʦʞʠʣʢʦʚ, ʚʳʧʦʣʥʝʥʥʦʝ ʯʝʨʥʳʤ ʟʝʤʣʠʩʪʳʤ ʛʨʘʬʠʪʦ-ʧʦʜʦʙʥʳʤ 

ʚʝʱʝʩʪʚʦʤ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʠʣʠʢʘʪʦʚ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʫʛʣʝʨʦʜʘ ʚ ʵʪʦʡ ʧʨʦʙʝ ʥʝ ʧʦʢʘʟʘʣ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D2 PHASER ʬʠʨʤʳ Bruker 

(ɻʝʨʤʘʥʠʷ) (CuKŬ ʠʟʣʫʯʝʥʠʝ, 30 ʢʚ, 10 ʤʘ; ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ PDF 2, ʘʥʘʣʠʪʠʢ 

ɺʘʩʠʣʴʝʚʘ ʊ.ʀ.) ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʤʠʥʝʨʘʣ ï ʩʝʨʘ, ʢʘʢ ʧʨʠʤʝʩʠ ʚ ʵʪʦʤ ʚʝʱʝʩʪʚʝ 

ʦʪʤʝʯʝʥʳ ʢʚʘʨʮ, ʤʠʥʝʨʘʣ ʠʟ ʛʨʫʧʧʳ ʘʤʬʠʙʦʣʦʚ, ʷʨʦʟʠʪ. ʏʝʨʥʳʡ ʮʚʝʪ ʦʙʨʘʟʮʘ, ʫʯʠʪʳʚʘʷ 

ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʪʘʢʠʭ 

ʤʠʥʝʨʘʣʦʚ, ʢʘʢ ʧʠʨʠʪ, ʚʶʩʪʠʪ, ʧʠʨʨʦʪʠʥ, ʩʘʤʳʝ ʩʠʣʴʥʳʝ ʣʠʥʠʠ ʢʦʪʦʨʳʭ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʠʣʠ 

ʧʦʧʘʜʘʶʪ ʚ çʧʣʝʯʦè ʦʪ ʣʠʥʠʡ ʩʝʨʳ (ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʵʪʘʣʦʥʥʳʤ ʜʘʥʥʳʤ ʠʟ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʙʘʟʳ). ɺʦʟʤʦʞʥʳ ʢʘʢʠʝ-ʪʦ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʠʣʠ 

ʘʤʦʨʬʥʳʝ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʤʠʥʝʨʘʣʘ ʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 2 ʜʦ 5%.  

ʇʨʦʚʝʨʢʘ ʦʪʧʦʣʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʯʘʩʪʠʮ ʚ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʝ ʥʘ ʤʠʢʨʦʟʦʥʜʝ Camebax 

(ʕɼʉ-ʜʝʪʝʢʪʦʨ Xmax-50, Oxford Instruments, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ AZtec, ʨʝʞʠʤ Point 

ID) ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʩ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʤʠʢʨʦʘʥʘʣʠʟʦʤ 

(EVO-50, ʕɼʉ ʩʧʝʢʪʨʦʤʝʪʨʳ AXS XFlash, Bruker, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Quantax Esprite 

1.9) (ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʎʂʇ, ʘʥʘʣʠʪʠʢʠ ʉʦʮʢʘʷ ʆ.ʊ., ɻʦʨʷʯʝʚʘ ɽ.ʄ.) ʧʦʜʪʚʝʨʜʠʣʘ ʜʘʥʥʳʝ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʅʘʙʣʶʜʝʥʠʷ ʯʘʩʪʠʮ, ʥʘʥʝʩʸʥʥʳʭ ʥʘ ʫʛʣʝʨʦʜʥʳʡ ʩʢʦʪʯ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ (ʤʝʪʦʜ P/B ZAF) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʪ 

ʯʘʩʪʠʮʳ ʩʘʤʦʨʦʜʥʦʡ ʩʝʨʳ, ʩʫʣʴʬʘʪʦʚ ʞʝʣʝʟʘ (ʤʝʣʘʥʪʝʨʠʪ), ʤʥʦʛʦ ʙʘʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, 

ʩʬʘʣʝʨʠʪʘ, ʛʘʣʝʥʠʪʘ, ʘʨʩʝʥʦʧʠʨʠʪʘ (ʨʠʩ. 1). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʤ ʚʝʱʝʩʪʚʝ ʦʪʤʝʯʝʥʳ 

ʝʜʠʥʠʯʥʳʝ ʤʠʢʨʦʩʨʘʩʪʘʥʠʷ-ʚʢʣʶʯʝʥʠʷ (1-3 ʤʢʤ) ʪʝʣʣʫʨʠʜʦʚ Bi ʠ Pd (ʤʘʡʯʝʥʝʨʠʪ, 

ʢʝʡʪʢʦʥʠʪ?) (ʩʤ. ʨʠʩ. 1), PdSb (ʤʝʨʪʠʠʪ), IrAs, ʩʘʤʦʨʦʜʥʦʛʦ Te, ʡʦʜʠʜʘ Ag, ʘʢʘʥʪʠʪʘ, 

ʤʦʣʠʙʜʝʥʠʪʘ, ʤʦʥʘʮʠʪʘ, ʬʦʩʬʠʜʘ Ni (ʪʘʙʣ. 1), ʪʠʧʦʤʦʨʬʥʳʭ ʜʣʷ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʛʘʙʙʨʦʠʜʘʤʠ.  

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚ ʥʝʢʦʪʦʨʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʟ ʠʟʫʯʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʤʘʩʩ. %) 

ʄʠʥʝʨʘʣ  Pd Bi Te Sb 

C

u Ni ʈ Ir 

A

s Fe S 

ʄʝʨʪʠʠʪ 

(1)  

74

,77 0 0 

23

,52 

1,

70 0 0 0 0 0 0 

ʂʝʡʪʢʦʥʠʪ

? 

(3) 
76

,85 
9,

70 
11

,06 
1,

79 
0,

59 0 0 0 0 0 0 

ʀʨʠʜʘʨʩʝʥ 

(1) 0 0 0 0 0 

1,

20 0 

46

,33 

52

,47 0 0 

NiP (7) 0 0 0 0 0 

92

,07 

7

,93 0 0 0 0 

ʄʘʡʯʝʥʝʨʠ

ʪ (12) 

19

,6 

45

,29 

28

,58 

4,

07 

1,

43 

1,

03 0 0 0 0 0 

ɸʨʩʝʥʦʧʠʨ

ʠʪ (2) 0 0 0 0 0 0 0 0 

42

,85 

35

,80 

21

,35 

ʍʘʣʴʢʦʧʠʨ

ʠʪ (4) 0 0 0 0 

33

,68 0 0 0 0 

31

,79 

34

,53 
ʇʨʠʤʝʯʘʥʠʝ: ʚ ʩʢʦʙʢʘʭ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ, ʩʦʩʪʘʚʳ ʧʝʨʝʩʯʠʪʘʥʳ ʢ 100% 
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ʈʠʩʫʥʦʢ 1. ʄʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʚ ʠʟʫʯʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʳʧʦʣʥʝʥʳ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦ-ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ɺ ʦʪʧʦʣʠʨʦʚʘʥʥʦʤ ʘʛʨʝʛʘʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚ AZtec 421 ʯʘʩʪʠʮʘ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚʩʝ 

ʯʘʩʪʠʮʳ ʧʦʜʨʷʜ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʩʦʩʪʦʠʪ ʠʟ ʩʘʤʦʨʦʜʥʦʡ ʩʝʨʳ 

(ʜʦ 93-94 ʤʘʩ.% ) ʠ ʯʘʩʪʠʮ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ ʚ ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ. ʇʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʘʣʴʙʠʪ, ʧʠʨʦʢʩʝʥ, ʘʤʬʠʙʦʣ, ʢʚʘʨʮ, ʢʘʦʣʠʥʠʪ, ʭʣʦʨʠʪ, ʧʣʘʛʠʦʢʣʘʟ ʠ ʙʘʨʠʪ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 

ʝʜʠʥʠʯʥʳʭ ʟʸʨʥʘʭ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʨʝʣʠʢʪʦʚʫʶ 

ʧʦʣʦʩʪʴ ʜʨʝʚʥʝʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡ ʤʝʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, 

ʦʙʥʘʨʫʞʝʥʥʫʶ ʚ ʵʢʟʦʢʦʥʪʘʢʪʝ ʛʘʙʙʨʦ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʝʜʢʦʩʪʴ ʥʘʭʦʜʦʢ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʨʫʜʦʬʦʨʤʠʨʫʶʱʠʭ ʬʣʶʠʜʦʚ ʠ ʠʭ 

ʛʝʥʝʪʠʯʝʩʢʫʶ (ʥʘʣʠʯʠʝ ʭʘʣʴʢʦʧʠʨʠʪʘ, ʧʠʨʨʦʪʠʥʘ, ʤʠʥʝʨʘʣʦʚ ʧʘʣʣʘʜʠʷ, ʠʨʠʜʠʷ, ʥʠʢʝʣʷ ʠ ʧʨ.) 

ʙʣʠʟʦʩʪʴ ʩ ʤʘʪʝʨʠʥʩʢʠʤʠ ʛʘʙʙʨʦʠʜʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʪʴ ʜʘʥʥʫʶ ʥʘʭʦʜʢʫ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʘ (ʢʨʠʪʝʨʠʷ) ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʛʘʙʙʨʦʠʜʦʚ ʤʘʩʩʠʚʘ ʀʝʥ ʏʫ ʥʘ ʤʝʜʴ ʠ 

ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ. 
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1. Geology and GeoResources of Vietnam. ï Hanoi: Publishing House for Science and Technology, 2023. ï 349 p. 
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Abstract. The paper presents the results of studying the P-T mode of formation of quartz-vein formations of the 

Ural quartz-bearing province. It is shown that the composition and temperature of hydrothermal solutions, as well as the 

pressure at the time of formation of quartz veins, are directly related to the composition of the source rocks and the 

geodynamic conditions of the area. The observed differences in temperatures and salinity of fluids indicate a multi-stage 

process of formation and transformation of quartz veins. 
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ʋʨʘʣʴʩʢʠʡ ʨʝʛʠʦʥ ʟʘʩʣʫʞʝʥʥʦ ʩʯʠʪʘʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʚ ʈʦʩʩʠʠ ʭʨʘʥʠʣʠʱʝʤ ʢʚʘʨʮʝʚʦ-

ʞʠʣʴʥʦʛʦ ʩʳʨʴʷ ʈʦʩʩʠʠ. ʕʪʦ ʙʦʛʘʪʩʪʚʦ, ʩʬʦʨʤʠʨʦʚʳʚʘʚʰʝʝʩʷ ʟʘ ʤʠʣʣʠʦʥʳ ʣʝʪ ʩʣʦʞʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʢʚʘʨʮʝʚʳʭ ʞʠʣ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʟʘʧʘʩʦʚ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʞʠʣʳ ʚʳʧʦʣʥʝʥʠʷ ʠ ʟʘʤʝʱʝʥʠʷ, ʩʣʦʞʝʥʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʢʚʘʨʮʝʤ. 

ɼʘʥʥʳʝ ʢʚʘʨʮʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʜʫʢʪ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠ 

ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʦ ʤʘʩʰʪʘʙʘʤ ʢʚʘʨʮʝʥʦʩʥʳʭ ʨʘʡʦʥʘʭ, ʪʘʢʠʭ ʢʘʢ ʋʬʘʣʝʡʩʢʠʡ (ʂʳʰʪʳʤʩʢʦʝ, 

ʂʫʟʥʝʯʠʭʠʥʩʢʦʝ, ʋʬʠʤʩʢʦʝ, ʇʫʛʘʯʝʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʪ.ʜ.), ʉʳʩʝʨʪʩʢʦ-ʀʣʴʤʝʥʦʛʦʨʩʢʠʡ 

(ʃʘʨʠʥʩʢʦʝ, ɺʷʟʦʚʩʢʦʝ, ɸʨʛʘʟʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʪ.ʜ.), ʠ ʉʘʢʤʘʨʩʢʠʡ (ʅʦʚʦʪʨʦʠʮʢʦʝ, 

ʂʘʨʘʷʥʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʪ.ʜ.). ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʥʥʳʭ ʢʚʘʨʮʝʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ʪʝʩʥʦ 

ʩʚʷʟʘʥʦ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʋʨʘʣʴʩʢʦʛʦ ʦʨʦʛʝʥʘ ï ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʠʩʪʦʨʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʥʘʩʯʠʪʳʚʘʝʪ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ʋʨʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʪʝʢʪʦʥʠʯʝʩʢʫʶ çʤʦʟʘʠʢʫè, ʨʝʟʫʣʴʪʘʪ ʤʘʩʰʪʘʙʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʢʦʣʣʠʟʠʶ, ʩʫʙʜʫʢʮʠʶ ʠ ʠʥʪʝʥʩʠʚʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʧʨʠʚʝʜʰʠʡ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʤʘʩʩʠʚʦʚ. ʆʨʦʛʝʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʰʝʩʪʠ ʦʩʥʦʚʥʳʭ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʭ (ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ) 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʤʝʛʘʟʦʥ, ʨʘʟʜʝʣʝʥʥʳʭ ʛʣʫʙʦʢʠʤʠ ʨʘʟʣʦʤʘʤʠ. ʕʪʠ ʨʘʟʣʦʤʳ, ʯʘʩʪʦ 

ʤʘʨʢʠʨʦʚʘʥʥʳʝ ʤʘʩʩʠʚʘʤʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʧʦʨʦʜ, ʥʝ ʧʨʦʩʪʦ ʨʘʟʜʝʣʷʶʪ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʙʣʦʢʠ, ʥʦ ʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʫʧʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʋʨʘʣʘ, 

ʢʦʥʪʨʦʣʠʨʫʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʬʦʨʤʫ ʠʥʪʨʫʟʠʚʥʳʭ ʤʘʩʩʠʚʦʚ. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʋʨʘʣʴʩʢʦʛʦ ʦʨʦʛʝʥʘ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ ɺ.ʅ. ʇʫʯʢʦʚʘ [1].  

ʅʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʤʝʪʘʩʦʤʘʪʦʟʘ. ʕʪʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʚʰʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʝʞʠʤʘʭ, ʥʘʣʦʞʠʣʠ ʦʪʧʝʯʘʪʦʢ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʤʠʥʝʨʘʣʴʥʳʡ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʚʘʨʮʘ, ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʠʛʦʜʥʦʩʪʴ 

ʩʳʨʴʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  
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ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʣʝʪʥʠʝ ʠ ʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʋʨʘʣʘ, ʧʨʦʚʝʜʝʥʥʳʝ ʤʥʦʛʠʤʠ ʫʯʝʥʳʤʠ (ɻ.ʅ. ɺʝʨʪʫʰʢʦʚʘ, ɽ.ʇ. ʄʝʣʴʥʠʢʦʚʘ, ɸ.ʀ. 

ɹʝʣʢʦʚʩʢʦʛʦ, ʕ.ʌ. ɽʤʣʠʥʘ, ɺ.ɺ. ɹʫʢʘʥʦʚʘ, ɼ.ʇ. ɻʨʠʛʦʨʴʝʚʘ, ʉ.ʂ. ʂʫʟʥʝʮʦʚʘ, ɻ.ɻ. ʃʝʤʤʣʝʡʥʘ, 

ʖ.ɸ. ʇʦʣʝʥʦʚʘ, ɺ.ʅ. ʆʛʦʨʦʜʥʠʢʦʚʘ, ʉ.ʅ. ʉʠʛʘʝʚʘ, ɻ.ɸ. ʉʠʥʢʝʚʠʯʘ, ɻ.ʀ. ʉʪʨʘʰʥʝʥʢʦ, ɸ.ɸ. 

ʑʝʢʦʣʜʠʥʘ, ɺ.ʀ. ʗʢʰʠʥʘ ʠ ʜʨ.), ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʡ. ʈʘʟʣʠʯʥʳʝ ʛʠʧʦʪʝʟʳ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʝʜʰʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʪʠʭ ʫʥʠʢʘʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ. ʅʝʢʦʪʦʨʳʝ ʤʦʜʝʣʠ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʨʦʣʠ ʬʣʶʠʜʦʚ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ 

ʧʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʪʨʝʱʠʥʘʤ ʠ ʨʘʟʣʦʤʘʤ, ʚʳʥʦʩʷʱʠʭ ʨʘʩʪʚʦʨʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʠʟ ʛʣʫʙʠʥʥʳʭ 

ʯʘʩʪʝʡ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʦʩʘʞʜʘʶʱʠʭ ʢʚʘʨʮ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʨʫʛʠʝ ʤʦʜʝʣʠ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʟʥʘʯʠʤʦʩʪʴ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʬʣʶʠʜʦʚ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ.  

ʇʦʥʠʤʘʥʠʝ ʫʩʣʦʚʠʡ ʢʚʘʨʮʝʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ P-T ʧʘʨʘʤʝʪʨʦʚ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ 

ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʮʝʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʦʥʠʤʘʥʠʠ 

ʠʛʨʘʶʪ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʌɺ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ çʢʘʧʩʫʣʳ 

ʚʨʝʤʝʥʠè, ʟʘʭʚʘʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʤʠ ʢʚʘʨʮʘ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʢʚʘʨʮʝʚʳʝ ʪʝʣʘ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ɼʣʷ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨ ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʘ, ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʩʦʩʪʘʚʘ ʩʦʣʝʡ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʚ ʧʣʦʩʢʦʧʦʣʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʧʣʘʩʪʠʥʘʭ ʪʦʣʱʠʥʦʡ 0.2ï0.3 ʤʤ. ʊʝʨʤʦʙʘʨʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʪʝʨʤʦʢʘʤʝʨʝ TMS-600 (Linkam) ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

LinkSystem 32 DV-NC ʠ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ Olympus ɺʍ-51, ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ï196 ʜʦ +600 Áʉ 

(ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʖʞʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʄʠʘʩʩ, 

ʘʥʘʣʠʪʠʢʠ ʅ.ʂ. ʅʠʢʘʥʜʨʦʚʘ, ʅ.ʅ. ɸʥʢʫʰʝʚʘ). ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ Ñ0.1 Áʉ 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï20 ʜʦ +80 Áʉ ʠ Ñ1 Áʉ ʟʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʉʦʣʝʚʦʡ 

ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʦʚ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʵʚʪʝʢʪʠʢʠ [2]. ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʣʝʡ ʚ ʨʘʩʪʚʦʨʘʭ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ [3]. ʀʟʫʯʝʥʠʝ ʚʦʜʥʦ-

ʫʛʣʝʢʠʩʣʦʪʥʳʭ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʜʘʚʣʝʥʠʝ [4].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʚʘʨʮʝʚʳʭ ʦʙʲʝʢʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ 

ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʤ ʜʘʚʣʝʥʠʠ. ɸʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʥʘ ʜʘʚʣʝʥʠʝ, ʚʳʷʚʠʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʢʚʘʨʮʘ. ʊʘʢ ʜʣʷ ʋʬʘʣʝʡʩʢʦʛʦ ʠ ʯʘʩʪʠ ʦʙʲʝʢʪʦʚ ʉʳʩʢʨʪʩʢʦ-

ʀʣʴʤʝʥʦʛʦʨʩʢʦʛʦ ʢʚʘʨʮʝʥʦʩʥʳʭ ʨʘʡʦʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʞʠʣʳ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ 

ʢʚʘʨʮʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʚʘʨʮʝʦʙʨʘʟʦʚʘʥʠʷ ʚʘʨʴʠʨʫʝʪ ʦʪ 220 ʜʦ 440 Áʉ, ʧʨʠ ʜʘʚʣʝʥʠʠ 1.2-1.5 ʢʙʘʨ. ɼʣʷ ʢʚʘʨʮʝʚʳʭ 

ʦʙʲʝʢʪʦʚ ʢʨʫʧʥʦ-ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʛʦ ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ ʢʚʘʨʮʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ 

ʛʝʥʝʟʠʩʘ ʞʠʣ, ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚ ʉʘʢʤʘʨʩʢʦʤ ʠ ʖʞʥʦ-ʋʨʘʣʴʩʢʦʤ ʨʘʡʦʥʘʭ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʬʣʶʠʜʥʳʤ ʚʢʣʶʯʝʥʠʷʤ, ʚʘʨʴʠʨʫʶʪ ʚ ʧʨʝʜʝʣʘʭ 310-450 Áʉ, 

ʧʨʠ ʜʘʚʣʝʥʠʠ 1.3-2.5 ʢʙʘʨ [5]. ʂʚʘʨʮ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʚ ʩʨʝʜʥʝʤ, ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʨʘʟʣʠʯʠʷ ʚ ʠʩʪʦʯʥʠʢʘʭ ʬʣʶʠʜʦʚ, ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʠ ʪ.ʜ.  

ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʚʘʨʮʝʚʳʭ ʠʥʜʠʚʠʜʘʭ ï ʦʪ ʙʦʣʝʝ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ (ʙʦʣʝʝ ʨʘʥʥʠʭ) ʢ ʠʥʪʝʥʩʠʚʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ (ʙʦʣʝʝ ʧʦʟʜʥʠʤ). ʕʪʦ, 

ʚʝʨʦʷʪʥʦ, ʨʝʟʫʣʴʪʘʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʦʨʦʜʳ ʧʨʝʪʝʨʧʝʚʘʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ 

ʬʘʮʠʠ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʣʶʠʜʘ, ʧʨʠʥʠʤʘʚʰʝʛʦ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʞʠʣ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʂ-Na-ʭʣʦʨʠʜʥʦʛʦ ʬʣʶʠʜʘ ʩ ʩʦʣʝʥʦʩʪʴʶ 1.2-8.7 ʤʘʩʩ. % NaCl-ʵʢʚʠʚʘʣʝʥʪʘ. ɺ 
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ʩʣʫʯʘʝ ʞʠʣ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ ʩʦʩʪʘʚ ʬʣʶʠʜʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

K-Na-Mg-ʭʣʦʨʠʜʥʳʡ ʩ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʩʦʣʝʥʦʩʪʠ ï 0.2-15.5 ʤʘʩʩ. % NaCl-ʵʢʚ.  

ʈʘʟʣʠʯʠʷ ʚ ʠʦʥʥʦʤ ʩʦʩʪʘʚʝ ʬʣʶʠʜʦʚ ʦʙʲʷʩʥʷʶʪʩʷ ʩʦʩʪʘʚʦʤ ʤʘʪʝʨʠʥʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʝ ʛʝʥʝʟʠʩ) ʠʩʪʦʯʥʠʢʦʤ ʩʣʫʞʠʣʠ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʢʠʩʣʦʛʦ ʠ ʱʝʣʦʯʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʕʪʠ ʧʦʨʦʜʳ, ʦʩʪʳʚʘʷ ʠ ʢʨʠʩʪʘʣʣʠʟʫʷʩʴ ʥʘ ʛʣʫʙʠʥʝ, ʚʳʜʝʣʷʣʠ ʬʣʶʠʜʳ, ʦʙʦʛʘʱʝʥʥʳʝ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ (ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʝ 

ʛʝʥʝʟʠʩ) ʠʩʪʦʯʥʠʢʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝʛʦ 

ʩʦʩʪʘʚʘ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʠʥʦʡ ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʬʣʶʠʜʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʫʩʣʦʚʠʷ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ [5].  

ʂʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ ʚʳʨʘʞʘʝʪ ʙʦʣʴʰʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʅʠʢʘʥʜʨʦʚʦʡ ʅ.ʂ. ʟʘ 

ʚʳʧʦʣʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʠ 

ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 25-27-20047. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʣʘʚʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʥʝʟʠʩʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ ʫʥʠʢʘʣʴʥʳʝ PGE-Cu-Ni ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʦʨʠʣʴʩʢʦʛʦ ʨʘʡʦʥʘ. 

ʆʩʥʦʚʥʳʤʠ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʷʚʣʷʶʪʩʷ ʩʚʷʟʴ ʨʫʜʦʥʦʩʥʳʭ ʠʥʪʨʫʟʠʚʦʚ ʩ ʣʘʚʘʤʠ, ʩʦʩʪʘʚʳ ʨʫʜʦʥʦʩʥʳʭ 

ʤʘʛʤ ʠ ʨʦʣʴ ʘʩʩʠʤʠʣʷʮʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʨʘʩʧʣʘʚʘʤʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʨʫʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʥʦʩʪʴʶ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʩʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʩʝʚʝʨʝ ʉʠʙʠʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʛʠʧʦʪʝʟʘ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʠ ʂʘʨʩʢʦʛʦ ʠ ʉʠʙʠʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʦʚ.  
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Abstract. The article deals with the main problems of depositsô genesis in the Arctic zone of Eastern Siberia, which 

includes the unique PGE-Cu-Ni deposits of the Norilsk district. The main discussion issues are the relationship of ore-

bearing intrusions with lavas, compositions of ore-bearing magmas and the role of assimilation of host rocks by melts 

during ore formation. It is shown that the main modern models of the deposits do not fully take into account all their 

geological features, in particular, their location in the north of the Siberian province. A new hypothesis of their 

formation as a result of collision of the Kara and Siberian continents is proposed. 

Key words: Cu-Ni deposits, Siberian trap province, genesis, collision. 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʤʠʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʢʨʫʧʥʳʭ ʠ 

ʫʥʠʢʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʩʪʘʚʣʷʶʱʠʭ ʙʦʣʝʝ 80% ʩʳʨʴʷ ʥʘ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʠ 

ʷʚʣʷʶʱʠʭʩʷ ʛʠʛʘʥʪʩʢʠʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ʂ ʪʘʢʠʤ ʦʙʲʝʢʪʘʤ 

ʧʨʠʥʘʜʣʝʞʘʪ ʥʦʨʠʣʴʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʥʠʢʘʣʴʥʳʤʠ 

ʟʘʧʘʩʘʤʠ ʥʠʢʝʣʷ ʠ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʫʥʠʢʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ ï 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʤʦʱʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʢ ʪʦʥʢʠʤ ʪʝʣʘʤ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚ ʉʠʙʠʨʩʢʦʡ 

ʪʨʘʧʧʦʚʦʡ ʧʨʦʚʠʥʮʠʠ. ʕʪʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʦʩʪʘʣʴʥʳʭ Cu-Ni ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʢʨʫʧʥʳʤʠ ʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ ʧʣʫʪʦʥʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʦʩʦʙʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʨʦʣʠ ʪʨʘʧʧʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʷʚʣʷʶʪʩʷ ʣʠ 

ʦʥʠ ʟʘʢʦʥʦʤʝʨʥʳʤ ʠʪʦʛʦʤ ʨʘʟʚʠʪʠʷ ʣʶʙʦʡ ʪʨʘʧʧʦʚʦʡ ʩʠʩʪʝʤʳ, ʠʣʠ ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ 



39 

ʦʩʦʙʳʭ ʫʩʣʦʚʠʷʭ? ʆʪ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʟʘʚʠʩʷʪ ʧʦʠʩʢʠ ʘʥʘʣʦʛʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝ ʪʦʣʴʢʦ 

ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʧʨʦʚʠʥʮʠʷʭ ʤʠʨʘ.  

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʦʨʠʣʴʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʫʣʴʬʠʜʦʚ ï ʨʫʜʳ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 15 % ʦʪ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʝʨʳ ʚ ʙʘʟʠʪʦʚʳʭ ʤʘʛʤʘʭ. ʇʦʵʪʦʤʫ ʛʣʘʚʥʳʤ ʚʦʧʨʦʩʦʤ ʠʭ ʛʝʥʝʟʠʩʘ ʷʚʣʷʝʪʩʷ 

ʚʦʧʨʦʩ ʦʙ ʠʩʪʦʯʥʠʢʝ ʩʝʨʳ ʠ ʝʝ ʚʦʚʣʝʯʝʥʠʠ ʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʩʪʦʤ 

ʧʦʷʚʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ: ʣʠʙʦ ʦʥʠ ʙʳʣʠ ʧʨʠʚʥʝʩʝʥʳ ʚ ʢʘʤʝʨʫ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʠʢʨʠʪʦʚʳʤ ʨʘʩʧʣʘʚʦʤ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʣʝʪʫʯʠʭ [1], ʣʠʙʦ 

ʦʥʠ ʚʦʟʥʠʢʣʠ in situ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʣʝʠʪʦʚʦʡ ʤʘʛʤʳ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʵʚʘʧʦʨʠʪʘʤʠ ʧʨʠ ʝʝ ʧʨʦʪʝʢʘʥʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ [2]. ʂʘʞʜʘʷ ʠʟ ʛʠʧʦʪʝʟ ʠʤʝʝʪ 

ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʥʦ ʦʩʪʘʝʪʩʷ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʡ ʪʨʝʙʦʚʘʣ ʦʪʚʝʪʘ: 1-

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʣʘʚ ʠ ʠʥʪʨʫʟʠʚʦʚ: ʦʪʢʨʳʪʘʷ ʠʣʠ ʟʘʢʨʳʪʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 2- ʩʦʩʪʘʚ 

ʨʦʜʦʥʘʯʘʣʴʥʳʭ ʤʘʛʤ, 3-ʤʘʩʰʪʘʙ ʠ ʨʦʣʴ ʘʩʩʠʤʠʣʷʮʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʨʫʜ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʙʳʯʥʦ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʙʘʟʘʣʴʪʘʤʠ ʠ ʠʥʪʨʫʟʠʚʘʤʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʙʣʠʟʦʩʪʴʶ ʠʭ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʜʥʘʢʦ ʜʦʢʘʟʘʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. ɸʥʘʣʠʟ ʢʨʫʧʥʝʡʰʝʛʦ ʚ ʤʠʨʝ ʆʢʪʷʙʨʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʥʠʢʘʢ ʥʝ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʣʘʚʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʫʜʳ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. 

ʉʦʩʪʘʚ ʨʦʜʦʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʨʫʜʦʥʦʩʥʳʝ ʠʥʪʨʫʟʠʚʳ, 

ʦʧʨʝʜʝʣʷʣʩʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʧʦʜʩʯʝʪʦʤ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠʥʪʨʫʟʠʚʦʚ; ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʕɺʄ ʧʨʦʛʨʘʤʤʳ çʂʆʄɸɻʄɸʊè; ʧʫʪʝʤ 

ʠʟʫʯʝʥʠʷ ʨʘʩʧʣʘʚʥʳʭ ʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ.  

ɺʩʝ ʤʝʪʦʜʳ ʜʘʣʠ ʭʦʨʦʰʦ ʩʦʧʦʩʪʘʚʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʦ ʧʦʩʣʝʜʥʠʡ ʤʝʪʦʜ ʧʦʤʦʛ 

ʦʧʨʝʜʝʣʠʪʴ ʠ ʩʦʜʝʨʞʘʥʠʷ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʫʜʦʥʦʩʥʳʭ ʤʘʛʤʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʤʘʛʤʘʭ, ʦʥʠ 

ʦʢʘʟʘʣʠʩʴ ʥʠʟʢʠʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʮʝʥʪʨʘʮʠʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʣʷ ʪʠʧʠʯʥʳʭ 

ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʤʘʛʤ. ʆʥʠ ʙʣʠʟʢʠ ʚ ʨʫʜʦʥʦʩʥʳʭ ʠ ʙʝʟʨʫʜʥʳʭ ʤʘʩʩʠʚʘʭ. 

ʀ, ʥʘʢʦʥʝʮ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʚʦʧʨʦʩ: ʠʩʪʦʯʥʠʢ ʩʝʨʳ ʚ ʥʦʨʠʣʴʩʢʠʭ ʨʫʜʘʭ. ʆʥ ʙʳʣ 

ʧʦʩʪʘʚʣʝʥ ʚ ʥʘʯʘʣʝ 50- ʭr ʛʦʜʦʚ ʄ.ʅ. ɻʦʜʣʝʚʩʢʠʤ, ʢʦʪʦʨʳʡ ʚʳʩʢʘʟʘʣ ʠʜʝʶ ʦʙ ʘʩʩʠʤʠʣʷʮʠʠ ʝʝ 

ʤʘʛʤʦʡ ʠʟ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣ ʚʳʧʦʣʥʝʥ ʙʦʣʴʰʦʡ 

ʦʙʲʝʤ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʚʨʦʜʝ ʧʦʜʪʚʝʨʜʠʣʠ ʵʪʫ ʠʜʝʶ [1], ʪ.ʢ. ʥʦʨʠʣʴʩʢʠʝ ʨʫʜʳ ʦʢʘʟʘʣʦʩʴ 

ʦʙʦʛʘʱʝʥʳ ʪʷʞʝʣʦʡ ʩʝʨʦʡ ʜʦ ŭ
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S=+ 13 ʧʨʦʤʠʣʣʝ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ 

ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ. ʆʜʥʘʢʦ ʩʦ ʚʨʝʤʝʥʝʤ ʃ.ʅ. ɻʨʠʥʝʥʢʦ ʥʘʰʣʘ ʨʷʜ 

ʢʦʥʪʨʘʨʛʫʤʝʥʪʦʚ [3]. ʅʘʤʠ ʦʥʠ ʯʘʩʪʠʯʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʠʞʝ: 

1. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʘʥʛʠʜʨʠʜʘ (1450ʦ
ʉ) ʥʘʤʥʦʛʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʣʘʚʘ 

(1250
ʦ
ʉ), ʧʦʵʪʦʤʫ ʦʥ ʥʝ ʤʦʞʝʪ ʧʨʦʩʪʦ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʤʘʛʤʝ; 2. ɹʳʩʪʨʦʝ ʦʩʪʳʚʘʥʠʝ ʠʥʪʨʫʟʠʚʘ  

ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʣʠʪʝʣʴʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʘʛʤʳ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʨʦʜ (ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʪʝʢʣʘ, 

ʩʪʝʢʣʦʚʘʪʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ ʠ  ʠʭ ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ), ʪʘʢ ʠ 

ʛʝʦʭʠʤʠʝʡ ʢʦʥʪʘʢʪʦʚʳʭ ʟʦʥ (ʘʩʩʠʤʠʣʷʮʠʷ ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʝʪ, ʣʠʙʦ ʧʨʦʷʚʣʝʥʘ ʚ 1-3 ʤ ʫ 

ʢʦʥʪʘʢʪʦʚ ʠʥʪʨʫʟʠʚʦʚ); 3. ɹʣʠʟʦʩʪʴ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʩʦʩʪʘʚʦʚ ʠʥʪʨʫʟʠʚʦʚ, ʟʘʣʝʛʘʶʱʠʭ ʚ 

ʨʘʟʥʳʭ ʧʦʨʦʜʘʭ - ʢʘʨʙʦʥʘʪʥʳʭ, ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʭ - ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʘʩʩʠʤʠʣʷʮʠʠ in situ; 4. ʈʘʟʥʘʷ ʨʫʜʦʥʦʩʥʦʩʪʴ ʤʘʩʩʠʚʦʚ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʦʜʥʠʭ ʠ ʪʝʭ 

ʞʝ ʧʦʨʦʜʘʭ (ʍʘʨʘʝʣʘʭʩʢʦʛʦ ʠ ɺʦʣʦʛʦʯʘʥʩʢʦʛʦ, ʥʘʧʨʠʤʝʨ) ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʦʣʴ ʘʩʩʠʤʠʣʷʮʠʠ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʨʫʜ; 5. ʄʘʩʩ-ʙʘʣʘʥʩʦʚʳʝ ʨʘʩʯʝʪʳ ʢʘʣʴʮʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʦʙʦʛʘʱʝʥʥʦʩʪʠ ʠʤ ʠʥʪʨʫʟʠʚʥʳʭ ʠ ʦʢʨʫʞʘʶʱʠʭ ʠʭ ʧʦʨʦʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝ ʤʦʜʝʣʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. 

ʆʩʦʙʝʥʥʦ ʤʦʜʝʣʴ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʨʝ. 

ʅʝʩʦʤʥʝʥʥʦ, ʩʫʣʴʬʠʜʳ ʙʳʣʠ ʧʨʠʚʥʝʩʝʥʳ ʚ ʢʘʤʝʨʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʛʣʫʙʠʥʥʳʭ ʟʦʥ ɿʝʤʣʠ. 
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ʅʦ ʦʙʝ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʛʝʥʝʟʠʩʘ 

ʨʫʜ. 

ʄʳ ʨʝʰʠʣʠ ʚʟʛʣʷʥʫʪʴ ʥʘ ʧʨʦʙʣʝʤʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʰʠʨʝ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ 

ʠʭ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʧʣʘʪʬʦʨʤʳ. ɺʩʝ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʣʴʢʦ ʚ ʝʝ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʚ 

ʧʨʝʜʝʣʘʭ ʨʠʬʪʦʚʳʭ ʟʦʥ. ʈʘʥʝʝ ʵʪʦ ʦʙʲʷʩʥʷʣʦʩʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʟʜʝʩʴ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ, 

ʧʦ ʢʦʪʦʨʳʤ ʤʘʥʪʠʡʥʳʝ ʤʘʛʤʳ ʧʦʜʥʠʤʘʣʠʩʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʨʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʧʣʘʚʦʚ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʫ ʠʜʝʶ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʩʧʝʮʠʬʠʢʠ ʤʘʛʤʘʪʠʟʤʘ ʅʦʨʠʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ʤʳ ʩʨʘʚʥʠʣʠ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʠ 

ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ʉʠʙʠʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʝʚʝʨʥʳʝ 

ʨʘʡʦʥʳ ï ʅʦʨʠʣʴʩʢʠʡ, ʊʘʡʤʳʨ, ʄʘʡʤʝʯʘ-ʂʦʪʫʡʩʢʠʡ - ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʦʩʪʘʚʦʚ ʠ ʚʢʣʶʯʘʶʪ ʧʦʨʦʜʳ ʢʘʢ ʤʘʥʪʠʡʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʪʘʢ ʠ ʩ ʢʦʨʦʚʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪ.ʝ. ʨʠʬʪʦʛʝʥʥʳʝ ʠ ʧʣʘʪʬʦʨʤʝʥʥʳʝ, ʪ.ʝ. ʪʠʧʠʯʥʳʝ ʪʨʘʧʧʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɸ ʶʞʥʳʝ ʨʘʡʦʥʳ ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʚʳʜʝʨʞʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʢʘʢ ʠʥʪʨʫʟʠʚʦʚ, ʪʘʢ ʠ ʵʬʬʫʟʠʚʦʚ 

ʪʦʣʴʢʦ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ. 

ʀʟʫʯʝʥʠʝ ʥʘ ʩʝʚʝʨʥʦʤ ʧʣʝʯʝ ɽʥʠʩʝʡ-ʍʘʪʘʥʛʩʢʦʛʦ ʧʨʦʛʠʙʘ ʢʨʫʧʥʦʛʦ, ʜʦ 60 ʢʤ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ, ɼʶʤʪʘʣʝʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʤʠ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʤʠ 

ʨʫʜʘʤʠ, ʚʦ ʤʥʦʛʦʤ ʧʦʤʦʛʣʦ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʠʩʪʦʯʥʠʢʘ ʩʝʨʳ ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩʝʚʝʨʘ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʠʟʦʪʦʧʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʦʩʤʠʷ ʠ ʩʝʨʳ) ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʠʜʝʥʪʠʯʥʳ ʪʘʢʦʚʳʤ 

ʥʦʨʠʣʴʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʦ ʧʦ ʩʦʩʪʘʚʫ ʨʘʩʧʣʘʚʘ ʤʘʩʩʠʚ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʨʦʜ 

ʥʦʨʠʣʴʩʢʦʛʦ ʨʫʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʦʥ ʙʣʠʟʦʢ ʢ ʛʫʜʯʠʭʠʥʩʢʦʡ ʩʚʠʪʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʠʟ 

ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʘʥʪʠʡʥʳʝ ʤʘʛʤʳ ʵʪʦʛʦ 

ʨʘʡʦʥʘ ʙʳʣʠ ʦʙʦʛʘʱʝʥʳ ʪʷʞʝʣʦʡ ʩʝʨʦʡ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚ 1984 ʛ. ʩʜʝʣʘʣ ɸ.ʇ. ʃʠʭʘʯʝʚ, 

ʥʦ ʪʦʛʜʘ ʵʪʦ ʪʨʫʜʥʦ ʙʳʣʦ ʜʦʢʘʟʘʪʴ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʝʱʝ 

ʥʝʩʢʦʣʴʢʦ ʘʥʘʣʦʛʠʯʥʳʭ ʤʘʩʩʠʚʦʚ ʩ ʪʷʞʝʣʦʡ ʩʝʨʦʡ ʠ ʧʨʠʤʝʨʥʦ ʦʯʝʨʯʝʥ ʝʝ ʦʯʘʛ, 

ʩʫʱʝʩʪʚʦʚʘʚʰʠʡ ʥʘ ʛʣʫʙʠʥʝ 200-300 ʢʤ ʚ ʢʦʥʮʝ ʧʘʣʝʦʟʦʷ. ɺ ʩʚʷʟʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ 

ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʙ ʠʩʪʦʯʥʠʢʝ ʩʝʨʳ ʚ ʤʘʥʪʠʠ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʩʝʨʘ ʤʦʛʣʘ ʧʦʧʘʩʪʴ ʚ ʤʘʥʪʠʶ, ʙʣʘʛʦʜʘʨʷ ʚʦʚʣʝʯʝʥʠʶ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʦʩʘʜʢʦʚ ʧʨʠ ʢʦʣʣʠʟʠʠ ʉʠʙʠʨʩʢʦʛʦ ʠ ʂʘʨʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʦʚ ʚ ʢʦʥʮʝ ʧʘʣʝʦʟʦʷ. ʅʘʤʠ 

ʚʳʜʚʠʥʫʪʘ ʩʣʝʜʫʶʱʘʷ ʨʘʙʦʯʘʷ ʛʠʧʦʪʝʟʘ, ʚʢʣʶʯʘʶʱʘʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

-ʵʨʦʟʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʠ ʩʥʦʩ ʦʩʘʜʢʦʚ ʚ ʦʢʝʘʥ; 

-ʟʘʪʷʛʠʚʘʥʠʝ ʦʩʘʜʢʦʚ ʚ ʤʘʥʪʠʶ ʚ ʧʨʦʮʝʩʩʝ ʩʫʙʜʫʢʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʩ ʦʩʘʜʢʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʢʦʣʣʠʟʠʠ ʂʘʨʩʢʦʛʦ ʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʦʚ; 

-ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʠ ʧʦʜʲʝʤ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʚʤʝʩʪʝ ʩ ʚʦʜʦʡ ʠ ʜʨʫʛʠʤʠ ʣʝʛʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʛʨʫʞʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʩ ʠʭ ʧʦʧʘʜʘʥʠʝʤ ʧʦʜ ʉʠʙʠʨʩʢʠʡ 

ʢʦʥʪʠʥʝʥʪ;  

- ʨʘʟʣʦʞʝʥʠʝ ʩʫʣʴʬʘʪʦʚ ʠ ʩʫʣʴʬʠʜʦʚ;  

- ʧʦʧʘʜʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʡ ʠʣʠ ʩʫʣʴʬʠʜʥʦʡ ʩʝʨʳ ʚ ʤʘʛʤʳ ʩ ʠʟʤʝʥʝʥʠʝʤ / ʠʣʠ ʩʦʭʨʘʥʝʥʠʝʤ 

ʝʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ; 

- ʚʥʝʜʨʝʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʤʘʛʤ ʚ ʨʘʟʥʳʝ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʤʘʥʪʠʠ (ɼʶʤʪʘʣʝʡʩʢʠʡ ʤʘʩʩʠʚ), ʣʠʙʦ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʚ ʥʠʟʘʭ 

ʟʝʤʥʦʡ ʢʦʨʳ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʦʨʠʣʴʩʢʦʛʦ ʨʘʡʦʥʘ). 

ɺʦʟʤʦʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʝʨʳ ʤʦʛʣʠ ʙʳʪʴ ʢʘʢ ʜʨʝʚʥʠʝ ʩʫʣʴʬʠʜʳ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ 

ʀʛʘʨʢʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʪʘʢ ʠ ʩʫʣʴʬʘʪʩʦʜʝʨʞʘʱʠʝ ʦʩʘʜʢʠ ʢʝʤʙʨʠʷ-ʜʝʚʦʥʘ, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ. ʆʜʥʠʤ ʠʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʝʨʚʦʛʦ 

ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ ʥʦʨʠʣʴʩʢʠʭ ʨʫʜʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʤʠʨʘ. 

ʉʦʛʣʘʩʥʦ ʧʦʩʪʨʦʝʥʠʷʤ ɺ.ɸ. ɺʝʨʥʠʢʦʚʩʢʦʛʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, ʢʦʣʣʠʟʠʷ ʂʘʨʩʢʦʛʦ ʠ ʉʠʙʠʨʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʦʚ, ʠʤʝʣʘ ʤʝʩʪʦ ʦʢʦʣʦ 300 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ [5]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ɸ. 

ɹʘʨʘʥʦʚʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ 

ʦʩʫʱʝʩʪʚʠʤ. ʇʨʠ ʧʦʛʨʫʞʝʥʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʩ ʦʩʘʜʢʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʘʥʪʠʶ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʩ ʦʩʘʜʢʘʤʠ ʧʦʧʘʣʘ ʚ ʚʝʨʭʥʶʶ ʤʘʥʪʠʶ ʧʦʜ ʢʨʫʧʥʳʡ 



41 

ʢʦʥʪʠʥʝʥʪ (ʉʠʙʠʨʩʢʠʡ), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʜʨʫʛʘʷ ʝʝ ʯʘʩʪʴ ʩʦ ʚʨʝʤʝʥʝʤ ʦʧʫʩʪʠʣʘʩʴ ʚ ʥʠʞʥʶʶ 

ʤʘʥʪʠʶ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʚʷʟʘʥ ʫʞʝ ʩ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ï 

ʩ ʚʥʝʜʨʝʥʠʝʤ ʨʫʜʦʥʦʩʥʳʭ ʤʘʛʤ ʠ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚ ʫʩʣʦʚʠʷʭ ʚʝʨʭʥʝʡ ʢʦʨʳ, ʛʜʝ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ. ʀʟʫʯʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʦʨʠʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʤʥʦʛʠʝ ʠʭ ʥʠʭ ʦʙʨʘʟʦʚʘʥʳ ʥʝ ʦʜʥʠʤ, ʘ ʥʝʩʢʦʣʴʢʠʤʠ ʠʥʪʨʫʟʠʚʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʦʪʥʦʩʠʪʩʷ 

ʢ ʢʨʫʧʥʝʡʰʝʤʫ ʚ ʤʠʨʝ ʆʢʪʷʙʨʴʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʍʘʨʘʝʣʘʭʩʢʠʤ ʤʘʩʩʠʚʦʤ, 

ʩʦʩʪʦʷʱʠʤ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʝʣʢʠʭ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ, ʘ ʪʘʢʞʝ ʢ ʊʘʣʥʘʭʩʢʦʤʫ, 

ɺʦʣʦʛʦʯʘʥʩʢʦʤʫ ʠ ʜʨʫʛʠʤ. ɺʦ ʤʥʦʛʦʤ ʵʪʠ ʚʳʚʦʜʳ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʥʘʰʠʭ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʵʪʦ ʧʨʦʷʚʣʝʥʦ ʜʣʷ ʄʘʩʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ 

ʢʦʪʦʨʦʤ ʝʛʦ ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʤʘʩʩʠʚʘ ʅʦʨʠʣʴʩʢ 1, ʘ ʶʞʥʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʥʪʨʫʟʠʚ.  

ɺʳʚʦʜʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʩʝʚʝʨʝ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠʤʝʣʦ ʤʝʩʪʦ ʚ 

ʦʙʣʘʩʪʠ ʩ ʘʥʦʤʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʤʘʥʪʠʠ, ʦʙʦʛʘʱʝʥʥʦʡ ʪʷʞʝʣʦʡ ʩʝʨʦʡ, ʚ ʧʨʝʜʝʣʘʭ 

ʧʘʣʝʦʨʠʬʪʦʚʳʭ ʟʦʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʢʘʢ ʨʠʬʪʦʚʦʛʦ, ʪʘʢ ʠ ʩʦʙʩʪʚʝʥʥʦ 

ʪʨʘʧʧʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʧʦʩʪʘʚʣʝʥʥʳʡ ʚ ʥʘʯʘʣʝ: 

ʢʨʫʧʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʣʶʙʦʡ ʪʨʘʧʧʦʚʦʡ ʩʠʩʪʝʤʳ. ʆʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʦʩʦʙʳʭ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʮʝʣʦʤ ʞʝ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʫʥʠʢʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʯʝʪʘʥʠʷ ʨʷʜʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʤʝʪʘʣʣʦʚ. 

ʅʝʣʴʟʷ ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʘʞʝ ʦʜʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʟʘʜʘʥʠʷ ʀʥʩʪʠʪʫʪʫ ʛʝʦʭʠʤʠʠ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʈɸʅ). 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʣʦʞʝʥ ʧʝʨʚʳʡ ʦʧʳʪ ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ ʞʠʣʴʥʦʛʦ 

ʢʚʘʨʮʘ ʥʘ ʧʨʠʤʝʨʝ ʢʨʠʩʪʘʣʣʘ ʢʚʘʨʮʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʳʤʯʘʪʦʡ ʦʢʨʘʩʢʦʡ 

ʢʚʘʨʮʘ ʠ ʚʝʣʠʯʠʥʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʳ (ʊʕɼʉ). ʏʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ Al ʚ ʧʦʟʠʮʠʠ 

ʢʨʝʤʥʠʷ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʳʤʯʘʪʦʡ ʦʢʨʘʩʢʠ, ʪʝʤ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʊʕɼʉ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʣʴʥʳʡ ʢʚʘʨʮ, ʛʦʨʥʳʡ ʭʨʫʩʪʘʣʴ, ʤʠʢʨʦʟʦʥʜ, ʊʕɼʉ, ʐʝʨʣʦʚʘʷ ɻʦʨʘ 
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Abstract. The first experience of revealing the relationship between the electrical properties and composition of 

vein quartz is presented using the example of the Sherlova Gora quartz crystal. The relationship between the smoky 

color of quartz and the value of the thermoelectric driving force is established. The higher the concentration of Al in the 

silicon position, which is manifested by the intensity of the smoky color, the higher the TEMF coefficient.  

Key words: vein quartz, rock crystal, microprobe, TEDF, Sherlova Mountain 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʚʳʷʩʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʤʯʘʪʦʡ ʦʢʨʘʩʢʠ 

ʢʚʘʨʮʘ ʠ ʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦʩʢʦʣʴʢʫ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʜʝʬʝʢʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʢʚʘʨʮʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʘʣʶʤʠʥʠʝʚʳʭ ʕɼʎ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʚʘʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʫʪʴ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʚʘʨʮʝ ʨʝʘʣʠʟʫʶʪʩʷ 

ʟʘʤʝʱʝʥʠʷ ʢʨʝʤʥʠʷ ʘʣʶʤʠʥʠʝʤ, ʞʝʣʝʟʦʤ (III), ʛʝʨʤʘʥʠʝʤ, ʪʠʪʘʥʦʤ. ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʢʨʝʤʥʠʷ 

ʘʣʶʤʠʥʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʦʛʦ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣ 

ʢʚʘʨʮʘ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʤʯʘʪʳʡ ʮʚʝʪ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʳʤʯʘʪʦʡ 

ʦʢʨʘʩʢʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʘʣʶʤʠʥʠʝʚʳʭ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʯʘʪʳʭ ʮʝʥʪʨʦʚ (ʕɼʎ), ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [1, 2].  

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʝʮ ʢʨʠʩʪʘʣʣʘ ʢʚʘʨʮʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʝʨʣʦʚʘʷ ɻʦʨʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪ ʢʨʠʩʪʘʣʣʘ ʦʪʜʝʣʝʥʘ ʠ ʦʪʧʦʣʠʨʦʚʘʥʘ ʧʣʘʩʪʠʥʘ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 0,5 ʩʤ. 

ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʚʘʨʮʘ ʚʳʧʦʣʥʝʥʦ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ ʥʘ 

ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ LEO 1430 VP (ʘʥʘʣʠʪʠʢʠ ɽ.ɸ. ʍʨʦʤʦʚʘ, ɽ.ɺ. ʍʦʜʳʨʝʚʘ, 

ɻʀʅ ʉʆ ʈɸʅ, ʛ. ʋʣʘʥ-ʋʜʵ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʉ.ɺ. ʂʘʥʘʢʠʥ). 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʮʝʣʦʤ ʨʷʜʝ ʪʦʯʝʢ ʢʚʘʨʮʘ (ʨʠʩ. 1). ʕʪʘ ʞʝ ʧʣʘʩʪʠʥʘ ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʠʟʤʝʨʝʥʠʷʤ ʥʘ ʧʨʠʙʦʨʝ ɺʀʄ-2, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʨʝʛʠʩʪʨʘʮʠʠ ʊʕɼʉ 

(ʠʟʤʝʨʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ). ʇʦʢʘʟʘʪʝʣʠ ʊʕɼʉ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟʤʝʨʷʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʚ ʜʠʘʧʘʟʦʥʝ 28 - 388Áʉ, ʩ ʪʝʭ ʞʝ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʠʢʨʦʟʦʥʜʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʙʨʘʟʝʮ ʢʚʘʨʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣ ʨʠʪʤʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʨʠʪʤʳ ʢʚʘʨʮʘ ʯʝʪʢʦ 

ʦʪʣʠʯʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʮʚʝʪʘ (ʨʠʩ. 1). ɼʘʥʥʳʝ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ, 

ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʳʤʯʘʪʦʡ ʦʢʨʘʩʢʠ ʢʚʘʨʮʘ ʚ ʢʨʠʩʪʘʣʣʝ, ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʜʝʨʞʘʥʠʝʤ Al ʚ 

ʧʦʟʠʮʠʠ ʢʨʝʤʥʠʷ (ʪʘʙʣ.). 
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ʈʠʩʫʥʦʢ 1. ʆʙʨʘʟʝʮ ʢʚʘʨʮʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʝʨʣʦʚʘʷ ɻʦʨʘ  

ʋʯʘʩʪʦʢ 1 ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʚʘʨʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʩʚʝʪʣʳʭ ʠ ʪʝʤʥʳʭ ʧʦʣʦʩ. 

ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʧʨʦʠʟʚʝʜʝʥʦ ʩʝʤʴ ʠʟʤʝʨʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ Al (ʨʠʩ. 2, ʘ). ʅʘ ʩʧʝʢʪʨʘʭ 

ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ Al ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʷ: ʚ ʧʝʨʚʳʭ ʜʚʫʭ 

ʩʦʜʝʨʞʘʥʠʝ <0,01% (ʛʦʨʥʳʡ ʭʨʫʩʪʘʣʴ), ʩʦʜʝʨʞʘʥʠʝ Al ʚ ʪʝʤʥʦʡ ʧʦʣʦʩʝ (ʮʠʬʨʘ 4) ʙʦʣʴʰʝ 

(1,17), ʯʝʤ ʚ ʩʚʝʪʣʳʭ ʧʦʣʦʩʘʭ 3, 5, 6 (0,8; 0,28; 0,47 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ʅʘ ʨʠʩʫʥʢʝ 2 ʚʠʜʥʦ, ʯʪʦ ʩʪʨʦʝʥʠʝ ʢʚʘʨʮʘ ʫʯʘʩʪʢʘ 1 ʠ ʫʯʘʩʪʢʘ 2 ʨʘʟʣʠʯʥʳ. ʉʪʨʦʝʥʠʝ ʢʚʘʨʮʘ 

ʫʯʘʩʪʢʘ 1 ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʝ, ʪʝʤʥʳʝ ʠ ʩʚʝʪʣʳʝ ʨʠʪʤʳ ʨʦʩʪʘ ʢʚʘʨʮʘ ʯʝʨʝʜʫʶʪʩʷ 1:1. 

ʉʪʨʫʢʪʫʨʘ ʢʚʘʨʮʘ ʫʯʘʩʪʢʘ 2 ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʩʣʦʠ ʢʚʘʨʮʘ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʏʝʪʢʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʩʝʨʳʭ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʭ 

ʧʦʣʦʩ ʥʝʪ. ʊʦʣʱʠʥʘ ʨʠʪʤʦʚ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʥʝ ʦʜʠʥʘʢʦʚʘʷ.  

ʋʯʘʩʪʦʢ 4, ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʤʠʢʨʦʟʦʥʜʦʤ (ʨʠʩ. 2, ʚ), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʚʘʨʮ ʦʜʥʦʪʦʥʥʦʛʦ 

ʪʝʤʥʦ-ʜʳʤʯʘʪʦʛʦ ʮʚʝʪʘ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʬʨʘʛʤʝʥʪʘ ʢʨʠʩʪʘʣʣʘ 

ʢʚʘʨʮʘ. 

ʅʘ ʫʯʘʩʪʢʝ 2 ʤʠʢʨʦʟʦʥʜʦʤ ʠʟʤʝʨʝʥʦ 4 ʪʦʯʢʠ (ʨʠʩ. 2, ʙ), ʥʘ ʫʯʘʩʪʢʝ 4 ï 5 ʪʦʯʝʢ (ʨʠʩ. 2, ʚ). 

ʅʘ ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʦʪʤʝʯʘʝʤ ʧʨʠʩʫʪʩʪʚʠʝ Al, Ti, Fe, Ge ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ <0,01% (ʨʠʩ. 3). 

 

ʈʠʩʫʥʦʢ 2. ʋʯʘʩʪʢʠ ʢʨʠʩʪʘʣʣʘ ʐɻ-14/401: ʘ ï ʫʯʘʩʪʦʢ 1, ʙ - ʫʯʘʩʪʦʢ 2, ʚ - ʫʯʘʩʪʦʢ 4 
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ʈʠʩʫʥʦʢ 3. ʊʠʧʠʯʥʳʡ ʩʧʝʢʪʨ ʢʨʠʩʪʘʣʣʘ ʢʚʘʨʮʘ ʚ ʦʜʥʦʡ ʠʟ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʊʕɼʉ ʠ ʩʦʩʪʘʚʘ ʢʚʘʨʮʘ (ʪʘʙʣ.).  

ʊʘʙʣʠʮʘ. ʆʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʊʕɼʉ 

ʎʠʬʨʘ ɽ, ʤʢɺ Ŭ, ʤʢɺ/Áʉ 

1 66466,4 2826,9 

2 165138,6 1599,9 

3 153309,4 1502,6 

4 89452,1 866,1 

5 120692,2 919,6 

6 73878,75 166,13 

7 119966,875 1272,03 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʊʕɼʉ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʤʯʘʪʦʩʪʠ. 

 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʕɼʉ ʦʪ ʜʳʤʯʘʪʦʩʪʠ ʢʚʘʨʮʘ 

ɺʳʚʦʜ r

ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʳʤʯʘʪʦʡ ʦʢʨʘʩʢʠ ʢʚʘʨʮʘ ʠ 

ʚʝʣʠʯʠʥʦʡ ʊʕɼʉ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ˉ FUFR-2021-0005. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  
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2. ʖʨʛʝʥʩʦʥ ɻ.ɸ. ʊʠʧʦʤʦʨʬʠʟʤ ʠ ʨʫʜʥʳʝ ʬʦʨʤʘʮʠʠ // ʅ.: ʅʘʫʢʘ, 2003. 368 ʩ. 



45 

ʋɼʂ 550.4.02 

ʅʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʄʅʇɺʆ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 

ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʄʠʨʦʥʦʚʘ ɽ. ɺ., ʖʨʛʝʥʩʦʥ ɻ.ɸ. 
ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʀʇʈʕʂ ʉʆ ʈɸʅ, ʏʠʪʘ, ʈʦʩʩʠʷ 

mironova20-11@mail.ru 

 
ɸʥʥʦʪʘʮʠʷ. ʀʟʣʦʞʝʥ ʦʧʳʪ ʚʳʷʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 

ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʣʫʙʠʥʘʤʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʄʝʪʦʜʦʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʥʘʨʫʰʝʥʥʦʛʦ 

ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʀʂ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʀʂ-ʄʅʇɺʆ) ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 

ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. ɼʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʠ ʩʪʝʧʝʥʠ 

ʠʟʤʝʥʝʥʠʷ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʜʝʢʩ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʂi), ʨʘʩʩʯʠʪʘʥʥʳʡ 

ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʜʫʙʣʝʪʘ ʧʨʠ 775é802 ʩʤ
-1
. ʉ ʛʣʫʙʠʥʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʣʴʥʳʡ ʢʚʘʨʮ, ʤʥʦʛʦʢʨʘʪʥʦʝ ʥʘʨʫʰʝʥʥʦʝ ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ, ʚʫʣʢʘʥ, ʨʫʜʥʘʷ 

ʬʦʨʤʘʮʠʷ, ʠʥʜʝʢʩ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

 

I  New data on IR ï spectra of MFTIR of vein quartz 

from some deposits 
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Abstract. The article presents the experience of identifying the trend of changes in the crystallinity index of vein 

quartz from some deposits with different depths of their formation. The method of multiple attenuated total internal 

reflection in the IR spectral region (IR-ATR) was used to study vein quartz samples from some deposits in the Trans-

Baikal Territory. To assess the change in the crystalline phase and the degree of change in vein quartz from the depth of 

formation, the crystallinity index (Ki) calculated from the doublet parameters at 775é802 cm
-1
 was used. The value of 

the crystallinity index increases with depth.  

Key words: vein quartz, Ŭ-quartz, multiple frustrated total internal reflection, volcano, ore formation, crystallinity 

index 

 

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].  

ʈʘʥʝʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʄʅʇɺʆ ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʢʨʝʤʥʝʟʝʤʘ, 

ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʧʘʣʘ, ʭʘʣʮʝʜʦʥʘ ʠ ʢʚʘʨʮʘ ʙʝʟʨʫʜʥʳʭ ʚʫʣʢʘʥʠʪʦʚ ʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʦʡ ʠ ʩʨʝʜʥʝʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʠ 

ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʡ, ʚʳʷʚʣʝʥʳ ʯʝʪʢʠʝ ʨʘʟʣʠʯʠʷ ʀʂ ʩʧʝʢʪʨʦʚ ʄʅʇɺʆ 

ʦʧʘʣ-ʭʘʣʮʝʜʦʥ-ʢʚʘʨʮʝʚʳʭ ʘʛʨʝʛʘʪʦʚ ʠʟ ʙʝʟʨʫʜʥʳʭ ʚʫʣʢʘʥʠʪʦʚ ʠ ʥʘʜʨʫʜʥʦʡ ʟʦʥʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʦʡ ʬʦʨʤʘʮʠʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʨʘʩʱʝʧʣʝʥʠʠ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʂ3 (475...490 ʩʤ-1 ʥʘ ʜʚʘ ʧʠʢʘ ʧʨʠ 470 ï 484 ʠ 492 ï 500 ʩʤ-1, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʡ ʦʧʘʣʘ, ʭʘʣʮʝʜʦʥʘ ʠ ʢʚʘʨʮʘ; ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ 

ʩʦʦʪʥʦʰʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʩ ʚʝʣʠʯʠʥʦʡ ʩʪʝʧʝʥʠ 

ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ (ʉʂʉ) ʠ ʛʣʫʙʠʥʦʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ [3].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʚ ʄʅʇɺʆ ʠʟʫʯʠʣʠ ʦʙʨʘʟʮʳ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 

ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʨʘʟʥʳʤʠ ʛʣʫʙʠʥʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʠʟʤʝʥʝʥʠʷ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʜʝʢʩ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʂi), ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʜʫʙʣʝʪʘ ʧʨʠ 775é802 ʩʤ
-1
, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ Si-O-Si ʢʦʣʝʙʘʥʠʷʤʠ ʢʦʣʝʮ ʠʟ 

SiO4-ʪʝʪʨʘʵʜʨʦʚ [4, 5].  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʠ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʵʢʩʧʨʝʩʩʥʦʛʦ 

ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʝʛʦ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʨʘʟʮʘʭ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ, ʚʟʷʪʳʭ ʠʟ ʢʦʣʣʝʢʮʠʠ 

ʙʦʣʴʰʝʦʙʲʝʤʥʳʭ ʚʳʙʦʨʦʢ, ʠʟʫʯʝʥʥʳʭ ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʚ 1980 ï1990-ʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʤʠʥʝʨʘʣʦʛʠʠ ɿʘʙʅʀʀ ʄɻ ʉʉʉʈ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ: 1) ʦʧʘʣ-ʭʘʣʮʝʜʦʥʦʚʳʭ ʤʠʥʜʘʣʠʥ ʠ ʞʠʣʴʥʦʛʦ 

ʤʘʪʝʨʠʣʘ ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʚʫʣʢʘʥʦʚ ɿʫʥ-ʊʦʨʝʡ ʠ ɼʫʥʜʘ-ɸʛʘ, ʥʝ ʠʤʝʶʱʠʭ 

ʦʪʥʦʰʝʥʠʷ ʢ ʟʦʣʦʪʦʤʫ ʦʨʫʜʝʥʝʥʠʶ (3 ʦʙʨʘʟʮʘ, 6 ʩʧʝʢʪʨʦʚ), 2) ʦʧʘʣ-ʭʘʣʮʝʜʦʥʦʚʳʝ ʘʛʨʝʛʘʪʳ ʠ 

ʞʠʣʴʥʳʡ ʭʘʣʮʝʜʦʥʦʚʠʜʥʳʡ ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ʢʚʘʨʮ ɹʘʣʝʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʢʨʫʧʥʳʝ, ʫʥʠʢʘʣʴʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʟʦʣʦʪʘ, ʊʘʩʝʝʚʩʢʦʝ ʠ ɹʘʣʝʡʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʦʡ ʬʦʨʤʘʮʠʠ ʚ ɿʘʙʘʡʢʘʣʴʝ (20 ʦʙʨʘʟʮʦʚ ʠ 33 ʩʧʝʢʪʨʘ), ʚ ʪʦʤ 

ʯʠʩʣʝ, ʊʘʩʝʝʚʩʢʦʛʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʶ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʨʫʜʥʦʛʦ ʧʦʣʷ (12 ʦʙʨʘʟʮʦʚ ʠ 21 

ʩʧʝʢʪʨ) ʠ ɹʘʣʝʡʩʢʦʛʦ, 4) ʝʛʦ ʥʠʞʥʝʡ ʯʘʩʪʠ (8 ʦʙʨʘʟʮʦʚ ʠ 12 ʩʧʝʢʪʨʦʚ), 5) ʦʙʨʘʟʮʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʩʨʝʜʥʝʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ (ʃʶʙʘʚʠʥʩʢʦʝ, 16 

ʦʙʨʘʟʮʦʚ ʠ 20 ʩʧʝʢʪʨʦʚ), 6) ʉʨʝʜʥʝʛʦʣʛʦʪʘʡʩʢʦʝ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ (5 

ʦʙʨʘʟʮʦʚ ʠ 7 ʩʧʝʢʪʨʦʚ), 7) ʦʙʨʘʟʮʳ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʐʘʭʪʘʤʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (5 

ʦʙʨʘʟʮʦʚ, 9 ʩʧʝʢʪʨʦʚ), 8) ʦʙʨʘʟʮʳ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʝʨʣʦʚʘʷ ɻʦʨʘ (5 

ʦʙʨʘʟʮʦʚ, 9 ʩʧʝʢʪʨʦʚ) ʠ 9) ʦʙʨʘʟʮʳ ʩʬʘʣʝʨʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʜʦʥ (2 ʦʙʨʘʟʮʘ ʠ 2 ʩʧʝʢʪʨʘ). 

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 ï 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 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʷʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʄʅʇɺʆ ʦʩʦʙʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʘʣ-ʭʘʣʮʝʜʦʥʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʠʟ ʚʫʣʢʘʥʠʪʦʚ ʠ ʚʝʨʭʥʠʭ 

ʥʘʜʨʫʜʥʳʭ ʯʘʩʪʝʡ ʙʦʛʘʪʝʡʰʝʛʦ ʊʘʩʝʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʣʦʛʣʫʙʠʥʥʦʡ 

ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʦʡ ʬʦʨʤʘʮʠʠ (ʄɿʉʌ), ʘʛʨʝʛʘʪʦʚ ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ɾʂ 

ʝʛʦ ʧʨʦʜʫʢʪʠʚʥʦʡ ʯʘʩʪʠ, ʪʘʢʦʛʦ ʞʝ ʢʚʘʨʮʘ ɹʘʣʝʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʝʛʦ 

ʥʠʞʥʝʡ ʯʘʩʪʴʶ, ʘ ʪʘʢʞʝ ɾʂ ʩʨʝʜʥʝʛʣʫʙʠʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʤ ʚ 

ʤʠʥʝʨʘʛʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʠʥʪʝʨʚʘʣʳ ʛʣʫʙʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʚʫʣʢʘʥʠʪʦʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʨʘʟʚʠʪʳ ʟʦʥʳ ʩ ʦʧʘʣʦʤ ʠ ʭʘʣʮʝʜʦʥʦʤ, ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʝʩʷʪʢʦʚ ʠ ʧʝʨʚʳʭ 

ʩʦʪʝʥ ʤʝʪʨʦʚ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʫʜʥʳʝ ʪʝʣʘ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʠʣʠ ʤʘʣʦʛʣʫʙʠʥʥʳʭ, 

ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʣʦʞʝʥʥʳʭ ʦʧʘʣ-ʭʘʣʮʝʜʦʥʦʚʳʤ, ʭʘʣʮʝʜʦʥʦʚʠʜʥʳʤ 

ʩʣʦʠʩʪʳʤ, ʤʘʩʩʠʚʥʳʤ ʠʣʠ, ʨʝʜʢʦ, ʤʘʩʩʠʚʥʦ-ʛʨʝʙʝʥʯʘʪʳʤ ɾʂï ʦʪ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʜʦ 

500-700 ʤ, ʩʨʝʜʥʝʛʣʫʙʠʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, ʩʣʦʞʝʥʥʳʤ ʤʘʩʩʠʚʥʳʤ ʠ ʤʘʩʩʠʚʥʦ-

ʛʨʝʙʝʥʯʘʪʳʤ ɾʂ ʦʪ 1000 ʜʦ 3000ʤ. ʀʤʝʥʥʦ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ ʠ ʦʙʨʘʟʦʚʘʥʳ 

ʤʠʥʝʨʘʣʴʥʳʝ ʪʝʣʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ɾʂ ʩ ʧʨʠʤʝʩʴʶ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʚʘʨʮʝʚʳʝ ʘʛʨʝʛʘʪʳ 

ʢʦʪʦʨʳʭ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʄʅʇɺʆ. ɺʩʝ ʀʂ-ʩʧʝʢʪʨʳ ʄʅʇɺʆ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʧʝʢʪʨ Ŭ-ʢʚʘʨʮʘ [3]. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʟʫʯʠʤ ʜʫʙʣʝʪ ʧʨʠ 775é802 ʩʤ
-1
, ʥʘʣʠʯʠʝʤ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ Ŭ-

ʢʚʘʨʮʘ. çʉʨʝʜʥʝʝè ʧʦʣʦʞʝʥʠʝ ʧʦ ʩʧʝʢʪʨʫ, ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʚʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʩʫʧʝʨʧʦʟʠʮʠʠ 

ʜʨʫʛʠʭ ʧʦʣʦʩ ʠ ʙʦʣʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ Si-O-Si ʢʦʣʝʙʘʥʠʡ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʷʚʠʣʠʩʴ ʧʨʠʯʠʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʫʙʣʝʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʢʨʠʪʝʨʠʷ 

ʦʮʝʥʢʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʢʚʘʨʮʘ ʧʦ ʬʦʨʤʫʣʝ [5]:  

ὑ ρπὪ
ὥ

ὦ
 

ʛʜʝ Ὢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʜʣʷ ʵʪʘʣʦʥʥʦʛʦ ʢʚʘʨʮʘ (Ὢ=2,8),  ï ʦʪʥʦʰʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʩʣʘʙʦʛʦ ʧʠʢʘ 775 ʩʤ
-1

 ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤʫ ʧʣʝʯʫ (ʨʠʩ.).  
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ʈʠʩʫʥʦʢ. ʊʠʧʠʯʥʳʡ ʀʂ-ʩʧʝʢʪʨ ʄʅʇɺʆ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʨʫʜʥʳʤ 

ʬʦʨʤʘʮʠʷʤ. ɺʠʜʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʷʜʫ ʩʦʦʪʥʦʰʝʥʠʡ ʨʫʜʥʳʭ ʬʦʨʤʘʮʠʡ ʠ ʠʥʜʝʢʩʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʛʣʫʙʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ, ʟʥʘʯʝʥʠʝ Ki ʚʦʟʨʘʩʪʘʝʪ. 

ʊʘʙʣʠʮʘ. ɿʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʠ 

ʝʛʦ ʯʘʩʪʴ 

ʈʫʜʥʘʷ ʬʦʨʤʘʮʠʷ K i, 785 ʩʤ
-1
 

ɿʫʥ-ʊʦʨʝʡ ʄʠʥʜʘʣʠʥʘ ʚ ʢʨʦʚʣʝ ʚʫʣʢʘʥʠʪʦʚ 5,87 

ɼʫʥʜʘ-ɸʛʘ ʄʠʥʜʘʣʠʥʘ ʚ 90 ʤ ʦʪ ʚʝʨʰʠʥʳ 

ʧʘʣʝʦʚʫʣʢʘʥʘ 

7,93 

ʊʘʩʝʝʚʩʢʦʝ, ʚʝʨʭ ʄʘʣʦʛʣʫʙʠʥʥʘʷ ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʘʷ 9,4 

ʊʘʩʝʝʚʩʢʦʝ, ʨʫʜʥʘʷ ʟʦʥʘ ʊʦ ʞʝ 11,2 

ɹʘʣʝʡʩʢʦʝ ʊʦ ʞʝ 11,8 

ʃʶʙʘʚʠʥʩʢʦʝ ɿʦʣʦʪʦ-ʢʚʘʨʮʝʚʘʷ 12,53 

ʉʨʝʜʥʝ-ɻʘʣʛʦʪʘʡʩʢʦʝ ɿʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʘʷ 12,75 

ʐʘʭʪʘʤʠʥʩʢʦʝ ɿʦʣʦʪʦ-ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥ-ʧʦʨʬʠʨʦʚʦʝ 13,12 

ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʆʣʦʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ 14 

ʉʘʜʦʥ ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ 14,3 

 

ɺʳʚʦʜʳ 

ɺʳʷʚʣʝʥʘ ʩʚʷʟʴ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ ʞʠʣʴʥʦʛʦ 

ʢʚʘʨʮʘ. ʄʝʪʦʜ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʄʅʇɺʆ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʘʛʨʝʛʘʪʦʚ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʨʫʜʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʮʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ˉ FUFR-2021-0005. 
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Abstract. The gold deposits of the Gissaro-Alay region were formed under various geodynamic conditions, 

primarily in an accretion-collisional geodynamic settings. The polygeneity of gold ore genesis is associated with the 
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ɿʦʣʦʪʦ ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʤʝʪʘʣʣʦʛʝʥʠʠ ɻʠʩʩʘʨʦ-ɸʣʘʷ. ʅʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʩʚʷʟʘʥʳ ʩ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ 

ʧʦʟʜʥʝʛʦ ʢʘʨʙʦʥʘ ï ʨʘʥʥʝʡ ʧʝʨʤʠ. ɽʩʣʠ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ ʪʘʢʘʷ ʩʚʷʟʴ ʦʯʝʚʠʜʥʘ, ʪʦ ʥʘ 

ʚʦʩʪʦʢʝ ʪʘʢʘʷ ʤʦʜʝʣʴ ʚʩʪʨʝʯʘʝʪ ʨʷʜ ʧʨʦʪʠʚʦʨʝʯʠʡ, ʪʘʢʠʝ ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʩʣʘʙʦʝ ʨʘʟʚʠʪʠʝ 

ʠʥʪʨʫʟʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʯʝʪʢʠʡ ʩʪʨʫʢʪʫʨʥrʡ ʢʦʥʪʨʦʣɹ, ʦʪʣʠʯʥʘӢ̫ ʢʘʨʪʠʥʘ ʢʦʨʨʝʣ̫ʮʠʦʥʥrʭ 

ʩʚʷʟʝʡ ʠ ʧʨ. 

ʇʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʝʨʝʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʚʳʜʚʠʛʘʶʪʩʷ 

ʥʦʚʳʝ ʛʠʧʦʪʝʟʳ. ɺʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʩʚʷʟʠ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʨʝʟʢʦ ʨʘʩʰʠʨʷʝʪ ʧʝʨʩʧʝʢʪʠʚʳ 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ɻʠʩʩʘʨʦ-ɸʣʘʷ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʥʦʚʳʝ ʧʣʦʱʘʜʠ ʜʣʷ ʧʦʠʩʢʦʚ.  

ɺ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚ ʤʝʟʦʘʨʭʝʝ ʙʳʣ ʢʨʫʧʥʝʡʰʠʡ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ. ɿʘʪʝʤ ʧʦʩʣʝʜʦʚʘʣʠ ʜʨʫʛʠʝ ʧʝʨʠʦʜʳ ʘʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʥʝʦʘʨʭʝʝ, ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʝ ʠ ʧʘʣʝʦʟʦʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ 

ʢʘʡʥʦʟʦʡʩʢʫʶ ʵʨʫ. ʐʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ, ʦʙʲʷʩʥʷʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʣʘʛʦʧʨʠʷʪʥʳʝ [2]. 

ɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ɻʠʩʩʘʨʦ-ɸʣʘʷ, ʨʘʟʥʦʦʙʨʘʟʥʳ [1]. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʨʝʛʠʦʥʘ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʢʘʞʜʳʡ ʪʠʧ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʩʪʘʥʦʚʢʘʤ, ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ 

ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʳʜʝʣʷʶʪʩʷ ʨʠʬʝʡ-ʚʝʥʜʩʢʠʝ (?) 

ʤʝʪʘʦʩʘʜʦʯʥʳʝ ʠ ʤʝʪʘʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚ ʩʦʩʪʘʚʝ ʠʟʚʝʩʪʥʦʡ ʚ ʨʝʛʠʦʥʝ ʢʘʢ ʷʛʥʦʙʩʢʦʡ 

ʩʝʨʠʠ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʦʩʦʙʝʥʥʦ ʫʛʣʝʨʦʜʠʩʪʳʝ ʠ ʩʫʣʴʬʠʜʥʳʝ 

ʘʨʛʠʣʣʠʪʦʚʳʝ ʠʣʠ ʩʣʘʥʮʝʚʘʪʳʝ ʪʦʣʱʠ, ʙʳʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʘʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʟʦʣʦʪʦʥʦʩʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ, ʛʦʩʧʦʜʩʪʚʦʚʘʣʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦʣʛʦʝ ʚʨʝʤʷ. 

ʀʟʚʝʩʪʝʥ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ [3], ʛʜʝ ʦʩʘʜʦʯʥʳʡ ʧʠʨʠʪ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜʘʭ 

ʬʦʨʤʘʮʠʠ ʄʝʛʫʤʘ (ʅʦʚʘʷ ʐʦʪʣʘʥʜʠʷ, ʂʘʥʘʜʘ) ʩʯʠʪʘʝʪʩʷ ʚʝʨʦʷʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʦʣʦʪʘ ʠ 

ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʚ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʨʝʛʠʦʥʘ. 

ʇʦʧʫʣʷʨʥʳ ʪʘʢʞʝ ʠʜʝʠ ʦ ʪʦʤ, ʯʪʦ ʯʝʨʥʳʝ ʫʛʣʝʨʦʜʠʩʪʳʝ ʤʝʪʘʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʩ ʪʠʧʠʯʥʦ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʠʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʟʦʣʦʪʘ ʚ ʧʦʨʦʜʝ 
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(ʥʝʩʢʦʣʴʢʦ ʤʛ/ʪ) ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʚ ʤʝʪʘʦʩʘʜʦʯʥʳʭ ʠʣʠ ʤʝʪʘʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʦʣʱʘʭ ʧʦʨʦʜ [2]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʛʠʧʦʪʝʟʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʝʪʘʤʦʨʬʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

(ʤʝʪʘʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ) ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ. ɼʦʧʫʩʢʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʧʠʨʠʪʦʥʦʩʥʘʷ ʪʦʣʱʘ 

ʚ ʪʫʨʙʠʜʠʪʘʭ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʭʚʘʯʝʥʘ ʣʝʪʫʯʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʳ ʠ ʟʦʣʦʪʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜ. ʇʨʠ ʵʪʦʤ 

ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʬʘʟʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʩʝʣʝʢʪʠʚʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʣʶʠʜʦʚ. 

ʆʪʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʦʨʦʛʝʥʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʨʦʚʠʥʮʠʡ 

ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʟʘʣʝʛʘʶʱʠʝ ʚʥʫʪʨʠ ʠʣʠ ʚʥʝ ʪʦʣʱ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʤʝʪʘʣʣʘ. ʀʟʫʯʝʥʠʝ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɺʠʢʪʦʨʠʘʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʫʩʪʘʥʦʚʠʣʦ, ʯʪʦ ʧʦʛʨʝʙʝʥʥʳʝ ʩʨʝʜʥʝʢʦʨʦʚʳʝ ʢʝʤʙʨʠʡʩʢʠʝ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʠ, ʚʦʟʤʦʞʥʦ, ʚ ʩʚʷʟʠ ʩ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʩʣʫʞʠʣʠ ʚʝʨʦʷʪʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʤʝʪʘʣʣʘ ʚ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ [4]. ʋʤʝʩʪʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʢʝʘʥʠʯʝʩʢʠʝ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʠʛʘʥʪʩʢʠʭ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ CO2 ʚ ʨʫʜʥʳʭ 

ʬʣʶʠʜʘʭ ʧʦʩʪʫʧʘʶʪ ʠʟ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ 

ʙʦʛʘʪʳʭ ʢʘʨʙʦʥʘʪʘʤʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʚ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʦʷʩʘʭ ʠʣʠ ʘʢʢʨʝʪʠʨʦʚʘʥʥʳʭ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʪʝʨʨʝʡʥʘʭ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʝʤ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʦ ʤʥʦʛʠʭ 

ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʧʨʦʚʠʥʮʠʷʭ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʣʶʠʜʦʚ, ʩʝʨʳ ʠ ʤʝʪʘʣʣʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠʟ ʤʦʱʥʳʭ ʪʦʣʱ ʤʝʪʘʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʝʨʦʷʪʥʦʝ ʠʭ ʫʯʘʩʪʠʝ ʚ ʟʦʣʦʪʦʤ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ. ʆʜʥʘʢʦ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʝʤ ʚʫʣʢʘʥʠʪʦʚ 

ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʛʝʥʝʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ (ʥʘʧʨʠʤʝʨ, ʤʝʪʘʙʘʟʘʣʴʪʳ ʚ 

ʩʣʘʥʮʘʭ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʩʠʣɹʥʦ ʦʙʦʛʘʱʝʥʳ ʟʦʣʦʪʦʤ (ʜʦ 13 ʤʛ/ʪ), ʥʦ ʩʢʦʧʣʝʥʠʝ ʨʫʜʥʳʭ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʨʝʛʠʦʥʝ ʥʝ ʠʟʚʝʩʪʥʳ [3]).  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʝʪʘʙʘʟʘʣʴʪʦʚʳʝ ʧʦʨʦʜʳ ʥʘ ʖʞʥʦʤ ʦʩʪʨʦʚʝ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʭʦʪʷ 

ʠ ʚʳʜʝʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʦʣʦʪʘ ʧʨʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤ ʤʝʪʘʤʦʨʬʠʟʤʝ, ʦʜʥʘʢʦ 

ʩʦʜʝʨʞʘʥʠʡ ʤʳʰʴʷʢʘ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʬʣʶʠʜʘʭ ʥʝ ʟʥʘʯʠʪʝʣʝʥ. ɺʝʨʦʷʪʥʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʡ ʤʳʰʴʷʢʘ ʚ ʤʝʪʘʤʦʨʬʠʪʘʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʯʪʦ 

ʣʠʰʘʝʪ ʟʦʣʦʪʘ ʚʘʞʥʦʛʦ ʨʫʜʦʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʩʧʫʪʥʠʢʘ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʤʦʜʝʣʴ, ʜʦʧʫʩʢʘʶʱʘʷ ʫʯʘʩʪʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʬʣʶʠʜʦʚ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʤʝʪʘʣʣʦʚ, ʚʝʨʦʷʪʥʦ, ʥʘʠʙʦʣʝʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦ ʦʙʲʷʩʥʷʝʪ 

ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʄʝʪʘʤʦʨʬʠʟʤ ʢʘʢ ʚʘʞʥʳʡ ʠ ʛʣʘʚʥʳʡ ʧʘʨʘʤʝʪʨ ʚ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʡ ʤʦʜʝʣʠ ʛʝʥʝʟʠʩʘ 

ʟʦʣʦʪʘ, ʧʨʠʟʥʘʥ ʜʘʚʥʦ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʧʨʠʤʝʨ, Goldfarb R. ʠ ʜʨ. [4] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʪʦʣʱʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ, ʩʫʙʜʫʢʮʠʷ ʠ ʩʧʨʝʜʠʥʛ 

ï ʨʘʩʪʷʞʝʥʠʝ ʧʣʠʪʳ ʥʘ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʦʡ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ɸʣʷʩʢʠ ʤʦʛʣʠ ʧʨʠʚʝʩʪʠ ʢ 

ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʤʝʪʘʤʦʨʬʠʟʤʫ. ʅʘ ʬʦʥʝ ʧʦʜʦʙʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ 

ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʚʳʟʚʘʥʥʦʝ ʚʥʝʜʨʝʥʠʝʤ ʛʨʘʥʠʪʦʠʜʥʦʡ ʤʘʛʤʳ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʤʘʩʰʪʘʙʥʦʡ ʜʝʛʘʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʨʫʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʦʣʦʪʘ (ʥʘʧʨʠʤʝʨ, ʚ 

ʧʘʣʝʦʟʦʡʩʢʦʤ ʪʝʨʨʝʡʥʝ ʄʝʛʫʤʘ [3]).  

ʉʫʱʝʩʪʚʫʝʪ ʦʯʝʚʠʜʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʩ ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʤʠ 

ʧʦʷʩʘʤʠ[2]. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʢʨʫʧʥʳʭ ʦʙʣʘʩʪʷʭ ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʭ ʬʘʮʠʡ 

ʚ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʦʷʩʘʭ ʯʘʩʪʦ ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʪʘʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ. ʕʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʧʣʶʤʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʦʩʪ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʛʨʘʜʠʝʥʪʦʚ ʚ 

ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʩʝʛʤʝʥʪʘʭ ʟʝʤʥʦʡ ʢʦʨʳ [5]. 

ʀʜʝʷ ʦʙ ʦʙʱʝʤ ʬʣʶʠʜʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʠʩʪʦʯʥʠʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ, 

ʚʦʧʨʝʢʠ ʢʘʞʫʱʝʡʩʷ ʩʪʨʦʡʥʦʡ ʣʦʛʠʯʥʦʩʪʠ, ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʊʘʢ, ʩʦʚʤʝʩʪʥʦʝ ʨʘʟʚʠʪʠʝ 

ʬʣʶʠʜʦʚ, ʟʦʣʦʪʦ- ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʮʝʧʠ ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʡïʘʤʬʠʙʦʣʠʪʦʚʳʡ 

ʤʝʪʘʤʦʨʬʠʟʤ ʩʫʧʨʘʢʨʫʩʪʘʣʴʥʳʭ ʪʦʣʱ ʚ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʨʦʚʠʥʮʠʷʭ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʧʦʣʥʝ ʣʦʛʠʯʥʦ, ʠʙʦ ʟʦʣʦʪʦʨʫʜʥʳʝ ʧʨʦʚʠʥʮʠʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʘʢʢʨʝʮʠʦʥʥʳʤ 
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ʪʝʨʨʝʡʥʘʤ ʠʟ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, ï ʯʘʩʪʦ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ. ʀʜʝʷ 

ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʠ ʧʦʚʝʜʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ (ʟʦʣʦʪʦ, ʤʝʪʘʣʣʳïʩʧʫʪʥʠʢʠ, ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ), 

ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʭ ʚ ʥʠʟʘʭ ʢʦʨʳ ʧʨʠ ʧʨʦʛʨʘʜʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ. 

ʄʝʪʘʤʦʨʬʦʛʝʥʥʘʷ ʤʦʜʝʣʴ ʦʨʦʛʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʦʞʝʪ 

ʦʙʲʷʩʥʠʪʴ ʤʥʦʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʬʣʶʠʜʳ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚ ʢʦʨʝ, ʪʘʢ ʠ ʫ ʦʩʥʦʚʘʥʠʷ ʩʝʡʩʤʦʛʝʥʥʦʡ 

ʟʦʥʳ, ʘ ʟʘʪʝʤ ʧʨʦʥʠʢʘʪʴ ʚ ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ, ʥʘʧʨʠʤʝʨ, ʛʣʫʙʠʥʥʳʝ ʨʘʟʣʦʤʳ, ʠ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʚʚʝʨʭ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʜʨʫʛʦʡ, ʦʪʣʠʯʥʦʡ, ʤʦʜʝʣʠ, 

ʟʘʩʪʘʚʣʷʝʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʩʫʧʨʘʢʨʫʩʪʘʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʛʝʥʝʨʠʨʫʝʪ ʬʣʶʠʜʳ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ, ʠ ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ 

ʠʩʪʦʯʥʠʢʠ ʬʣʶʠʜʘ (ʥʘʧʨʠʤʝʨ, ʧʦʜʢʦʨʦʚʳʝ) ʠ ʟʦʣʦʪʘ (ʠ ʝʛʦ ʩʧʫʪʥʠʢʦʚ).  

ʇʨʝʜʧʦʣʦʞʝʥʠʝ Goldfarb R. ʠ Santosh M. [5] ʦ ʧʦʜʢʦʨʦʚʦʤ ʠʩʪʦʯʥʠʢʝ ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ 

ʬʣʶʠʜʘ ʢʨʫʧʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʎʟʷʦʜʫʥʛ (Jiaodong) ʚ ʂʠʪʘʝ ʩʪʨʦʠʪʩʷ ʥʘ ʠʜʝʝ ʦ ʪʦʤ, 

ʯʪʦ ʬʣʶʠʜʳ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʧʨʠ ʧʨʦʛʨʝʩʩʠʚʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ 

ʠ/ʠʣʠ ʚʳʰʝʣʝʞʘʱʠʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʳʣʠ ʥʘʩʳʱʝʥʳ ʟʦʣʦʪʦ- ʠ ʩʝʨʦʥʦʩʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ.  

ʇʦʣʘʛʘʶʪʩʷ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʦʜʢʦʨʦʚʳʝ ʠʩʪʦʯʥʠʢʠ. ɽʩʣʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʬʣʶʠʜʳ ʠ 

ʤʝʪʘʣʣʳ, ʚʳʩʚʦʙʦʞʜʘʝʤʳʝ ʧʨʠ ʧʦʜʢʦʨʦʚʦʡ ʜʝʛʘʟʘʮʠʠ ʧʣʠʪ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʘʷ ʤʦʜʝʣʴ, ʪʦ ʠʟʚʝʩʪʥʳ ʤʦʜʝʣʠ: ʞʠʜʢʦʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʙʦʛʘʪʦʡ ʟʦʣʦʪʦʤ ʤʘʛʤʳ, 

ʚʳʧʣʘʚʣʝʥʥʦʡ ʠʟ ʙʦʛʘʪʦʡ ʟʦʣʦʪʦʤ ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʳ, ʧʦʜʲʝʤ ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ 

ʠ ʧʣʘʚʣʝʥʠʝ ʥʠʞʥʝʡ ʢʦʨʳ ʚʳʩʚʦʙʦʞʜʘʝʪ ʤʝʪʘʣʣ, ʤʘʥʪʠʡʥʳʝ ʧʣʶʤʳ ʤʦʛʫʪ ʙʳʪʴ 

ʨʫʜʦʬʦʨʤʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ ʠ ʜʨ. 

ʀʪʘʢ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʝʥʝʟʠʩʘ ʦʨʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ 

ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ (ʥʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʩʫʙʜʫʢʮʠʠ) ʜʝʛʘʟʘʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, 

ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʫʣʴʬʠʜʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʟʦʣʦʪʦʤ ʧʠʨʠʪʘ. ʇʨʠ ʵʪʦʤ ʬʘʢʪʦʨʦʤ 

ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ: ʫʪʦʣʱʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ, ʢʦʣʣʠʟʠʷ, ʩʫʙʜʫʢʮʠʷ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ, 

ʧʣʶʤʳ, ʪʝʨʤʠʯʝʩʢʠʡ ʦʨʝʦʣ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʠ ʜʨ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʟʦʣʦʪʦʦʙʨʘʟʫʶʱʠʡ ʬʣʶʠʜ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʧʨʝʜʜʫʛʦʚʳʭ ʠʣʠ ʟʘʜʫʛʦʚʳʭ ʦʙʣʘʩʪʷʭ 

ʠʣʠ ʚ ʧʦʜʢʦʨʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʢʦʛʜʘ ʬʣʶʠʜ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚ ʪʨʘʥʩʢʦʨʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ 

ʟʦʣʦʪʦ ʩʦ ʩʧʫʪʥʠʢʘʤʠ ʠ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʤʦʙʠʣʠʟʫʶʪʩʷ ʚ ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ. 

ʇʦʜʢʦʨʦʚʳʡ ʨʫʜʦʥʦʩʥʳʡ ʬʣʶʠʜ ʤʦʞʝʪ ʤʠʛʨʠʨʦʚʘʪʴ ʢʘʢ ʚʚʝʨʭ, ʪʘʢ ʠ ʧʦ ʣʘʪʝʨʘʣʠ. ʇʨʠ ʪʘʢʦʤ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ɿʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʠʩʩʘʨʦ-ɸʣʘʷ ʨʘʟʚʠʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙʩʪʘʥʦʚʢʘʭ: 

- ʦʩʪʨʦʚʦʜʫʞʥʦʡ, 

- ʥʘ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥʘʭ ʢʦʥʪʠʥʝʥʪʦʚ (ʊʘʜʞʠʢʩʢʦʛʦ ʠ ʂʘʟʘʭʩʢʦ-ʂʳʨʛʳʟʩʢʦʛʦ), 

- ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʦʡ, 

- ʚ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʘʥʘʣʠʟ ʨʘʟʤʝʱʝʥʠʷ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʡ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ (ʥʝ ʦʙʥʘʨʫʞʝʥʠʝ) ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʘ ʧʘʩʩʠʚʥʳʭ ʦʢʨʘʠʥʘʭ (ʊʫʨʢʝʩʪʘʥʦ-ɿʝʨʘʚʰʘʥʩʢʘʷ ʛʝʦʩʪʨʫʢʪʫʨʥʘʷ ʟʦʥʘ), ʚ ʦʙʣʘʩʪʷʭ 

ʨʠʬʪʦʚʳʭ ʟʦʥ (ʧʘʣʝʦʨʠʬʪʳ ʨʘʥʥʝʛʦ ʧʘʣʝʦʟʦʷ ɻʠʩʩʘʨʦ-ɸʣʘʷ). 

ɿʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥ ʢʦʥʪʠʥʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʩʝʤʠ ʠʟʚʝʩʪʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʢʨʦʤʝ ʪʠʧʠʯʥʳʭ 

ʦʩʪʨʦʚʦʜʫʞʥʳʭ). 

ɹʣʠʞʝ ʢ ʦʢʝʘʥʫ ʠʣʠ ʢ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʢʦʣʣʠʜʠʨʫʶʱʠʭ ʦʢʨʘʠʥ ʢʦʥʪʠʥʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʫʨʦʯʝʥʳ ʢʘʢ ʛʠʧʦʪʝʨʤʘʣʴʥʳʝ ʠ ʤʝʟʦʪʝʨʤʘʣʴʥʳʝ ʞʠʣʴʥʳʝ (ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʝʜʴʶ ʠ 

ʧʦʣʠʤʝʪʘʣʣʘʤʠ), ʪʘʢ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʠ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʪʝʣʣʫʨʠʜʘʤʠ ʚ ʘʥʜʝʟʠʪʦʚʳʭ ʠ ʙʘʟʘʣʴʪʦʚʳʭ ʚʫʣʢʘʥʠʪʘʭ. 

ɿʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ɻʠʩʩʘʨʦ-ɸʣʘʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʤʠ ʪʠʧʘʤʠ, ʘʩʩʦʮʠʠʨʫʶʱʠʤʠʩ ̫
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ʩ ʤʘʣʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʢʚʘʨʮʝʚʦ-ʤʦʥʮʦʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʩʪʘʥʦʚʣʝʥʠʷ 

ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʬʦʨʤʘʮʠʡ ʚʤʝʱʘʶʱʠʝ ʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʧʝʨʝʩʪʨʦʡʢʘʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʨʘʟʣʦʤʘʤ ʠʣʠ ʩʦʧʨʷʞʝʥʥʳʤ ʩ ʥʠʤ 

ʩʪʨʫʢʪʫʨʘʤ ʤʦʞʝʪ ʧʝʨʝʤʝʱʝʥʘ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ɻʠʩʩʘʨʦ-ɸʣʘʝ ʩʚʷʟʘʥʳ ʩ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʡ 

ʤʦʜʝʣʴʶ ʢʘʢ ʨʘʙʦʯʝʡ ʧʨʠ ʨʘʩʰʠʬʨʦʚʢʠ ʠʭ ʛʝʥʝʟʠʩʘ. ɿʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʠʩʩʘʨʦ-

ɸʣʘʷ, ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʪʘʢʫʶ ʤʦʜʝʣʴ, ʧʦʩʢʦʣʴʢʫ:  

1) ʟʦʣʦʪʦʨʫʜʥʳʝ ʧʦʣʷ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʘʤʠ ʘʨʝʘʣʦʚ ʨʘʟʚʠʪʠʷ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʠ 

ʤʝʪʘʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʝʥʜʘïʨʠʬʝʷ (ʨʘʟʩʢʘʷ, ʙʘʨʟʘʥʛʠʥʩʢʘʷ ʠ ʜʨ. ʩʚʠʪʳ,  

2) ʤʝʪʘʧʦʨʦʜʳ ʚʝʥʜʘïʨʠʬʝʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴʶ [1],  

3) ʧʨʠ ʢʦʥʪʘʢʪʦʚʦʤ ʪʝʨʤʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʝ ʠ ʤʝʪʘʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʟʦʣʦʪʘ ʠʟ ʥʠʭ,  

4) ʧʝʪʨʦʭʠʤʠʯʝʩʢʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʩʦʩʪʘʚ ʚʝʥʜʘïʨʠʬʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʭʦʜʝʥ ʩ 

ʛʨʘʥʠʪʦʠʜʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʦʩʥʦʚʥʦʩʪʠ ʟʝʨʘʚʰʘʥʦ-ʛʠʩʩʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉ2-3, ʩ ʢʦʪʦʨʳʤʠ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɻʠʩʩʘʨʦ-ɸʣʘʷ. 

ʀʪʘʢ, ʚ ɻʠʩʩʘʨʦ-ɸʣʘʷ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʤʫ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʉʤʝʥʘ 

ʠʩʪʦʯʥʠʢʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʚʣʝʯʝʥʠʝʤ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʢʦʨʳ ʠ ʤʘʥʪʠʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʨʝʛʠʦʥʘ. ɺʝʨʦʷʪʥʦ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʠʤʝʝʪʩʷ 

ʥʘʣʦʞʝʥʠʝ ʨʘʟʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ ʦʪʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (ɻʠʞʜʘʨʚʘ, ɺʦʩʪʦʯʥʘʷ ɼʫʦʙʘ). 
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Abstract. The first data obtained on the mineral and isotope-geochemical composition of quartz from the Quartz 

Mount deposit in Transbaikalia allow us to conclude on the general magmatic source of the substance and to classify the 

deposit as silexite. Acid plagioclases, potassium feldspars, muscovite, biotite and iron hydroxides, molybdenite and, 

possibly, molybdite, barite and pyrite were found in quartz samples. Low element contents may indicate low contents of 

lattice impurities and, consequently, high prospects for obtaining high-quality quartz concentrates. 

Key words: quartz, Quartz Mount deposit, geochemistry, mineralogy fluid inclusions, silexite. 

 

ʅʘʯʘʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʝʮʠʟʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʛʦ ʧʦ 

ʨʝʩʫʨʩʘʤ ʩʳʨʴʷ (ʙʦʣʝʝ 500 ʪ.ʪ. [1]) ʢʚʘʨʮʝʚʦʛʦ ʦʙʲʝʢʪʘ ɿʘʙʘʡʢʘʣʴʷ - ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʦʨʘ 

ʂʚʘʨʮʝʚʘʷ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʘʚʦʤ ʙʦʨʪʫ ʨ. ɹʘʣʷʛʘ ʚ 15 ʢʤ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ 

ʛ. ʇʝʪʨʦʚʩʢ-ɿʘʙʘʡʢʘʣʴʩʢʠʡ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʍʘʨʘʫʟʩʢʦʛʦ 

ʭʨʝʙʪʘ ʚ ʟʦʥʝ ʝʛʦ ʩʙʣʠʞʝʥʠʷ ʩ ɿʘʛʘʥʩʢʠʤ ʭʨʝʙʪʦʤ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ 

ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɽʨʘʚʥʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʚ ʧʦʣʝ ʨʘʟʚʠʪʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ, 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʠ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʛʨʘʥʠʪʦʚ ʍʘʤʘʨʜʘʙʘʥʩʢʦʛʦ (ɼʘʫʨʩʢʦʛʦ ʧʦ ʜʨʫʛʠʤ 

ʘʚʪʦʨʘʤ) ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɾʠʣʘ ʢʚʘʨʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʦʝ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʰʪʦʢʦʦʙʨʘʟʥʦʝ ʪʝʣʦ ʜʣʠʥʦʡ ʦʢʦʣʦ 230 ʤʝʪʨʦʚ ʠ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 90 ʤ. ʉ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ 

ʞʠʣʘ ʠʤʝʝʪ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʡ ʢʦʥʪʘʢʪ, ʘ ʩ ʟʘʧʘʜʥʦʡ ʧʘʜʝʥʠʝ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜ 

ʫʛʣʘʤʠ 30-45Á. ʂʨʦʤʝ ʦʩʥʦʚʥʦʛʦ ʪʝʣʘ ʩ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ ʦʪʤʝʯʘʝʪʩʷ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʞʠʣ 

ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ (ʦʪ 0,5 ʜʦ 8 ʤʝʪʨʦʚ ʧʦ ʤʦʱʥʦʩʪʠ), ʥʦ ʩ ʪʘʢʠʤ ʞʝ ʧʘʜʝʥʠʝʤ. ʂʦʥʪʘʢʪ 

ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ ʩ ʚʤʝʱʘʶʱʠʤʠ ʛʨʘʥʠʪʘʤʠ ʯʝʪʢʠʡ, ʢʦʥʪʨʘʩʪʥʳʡ, ʥʦ ʥʝʨʦʚʥʳʡ.  

ʂʚʘʨʮ ʞʠʣʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʘʙʦʧʨʦʟʨʘʯʥʳʡ, ʩʣʠʚʥʦʡ, ʤʫʪʥʦʚʘʪʳʡ, ʦʪ ʩʝʨʦʛʦ ʜʦ 

ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʟʘʣʝʯʝʥʥʳʭ ʪʨʝʱʠʥ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʆʪʜʝʣʴʥʳʝ ʟʝʨʥʘ ʢʚʘʨʮʘ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʜʢʦ, ʭʦʪʷ ʠʥʦʛʜʘ ʚ 

ʢʘʚʝʨʥʘʭ ʠ ʢʨʫʧʥʳʭ ʪʨʝʱʠʥʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʣʢʠʝ ʜʨʫʟʳ ʠ ʱʝʪʢʠ ʯʠʩʪʦʛʦ ʠ ʧʨʦʟʨʘʯʥʦʛʦ 

ʛʦʨʥʦʛʦ ʭʨʫʩʪʘʣʷ. ʏʘʩʪʴ ʧʦʟʜʥʠʭ ʪʨʝʱʠʥ ʧʦʢʨʳʪʘ ʢʦʨʦʯʢʦʡ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʤʫʩʢʦʚʠʪ, ʨʝʞʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʠ 

ʙʠʦʪʠʪ. ɺ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʦʪʤʝʯʘʶʪʩʷ ʩʫʣʴʬʠʜʳ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʤ) 

ʤʦʣʠʙʜʝʥʠʪʘ ʠ ʤʝʣʢʦʛʦ ʧʠʨʠʪʘ. 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʛʠʛʘʥʪʦ-, ʢʨʫʧʥʦʟʝʨʥʠʩʪʫʶ ʨʘʟʤʝʨʥʦʩʪʴ 

ʢʚʘʨʮʘ ʚ ʘʛʨʝʛʘʪʘʭ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʷʩʥʦ-ʙʣʦʯʥʘʷ, ʙʣʦʯʥʘʷ, 

ʛʝʪʝʨʦʛʨʘʥʦʙʣʘʩʪʦʚʘʷ, ʫʛʘʩʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʣʘʯʥʦ-ʤʦʟʘʠʯʥʦʝ, ʯʪʦ ʚʳʟʚʘʥʦ, 
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ʚʝʨʦʷʪʥʦ, ʧʦʩʪʛʝʥʝʪʠʯʝʩʢʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʩʥʦʚʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʧʨʠʤʝʩʴʶ 

ʚ ʢʚʘʨʮʝ ʞʠʣʳ ʷʚʣʷʝʪʩʷ ʩʝʨʠʮʠʪ ʤʫʩʢʦʚʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʟʝʨʥʘ 

ʢʠʩʣʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʤʠʢʨʦʢʣʠʥʘ, ʘ ʪʘʢʞʝ ʤʝʣʢʠʝ ʚʢʨʘʧʣʝʥʠʷ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʚʠʜʝ 

ʝʜʠʥʠʯʥʳʭ ʤʝʣʢʠʭ ʟʝʨʝʥ ʥʘʙʣʶʜʘʝʪʩʷ ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʪʦʧʘʟ, ʭʣʦʨʠʪ. ʆʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʩʪʝʤʦʡ ʪʨʝʱʠʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Tescan MIRA 3 LMH ʧʨʦʙʳ ʢʚʘʨʮʘ ʩ 

ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʧʦʢʘʟʘʣʠ ʨʘʟʚʠʪʠʝ ʦʙʳʯʥʦ ʧʦ 

ʪʨʝʱʠʥʘʤ ʩʫʙʤʠʢʨʦʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʫʣʴʬʠʜʦʚ ʙʘʨʠʷ ʠ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ 

ʨʫʪʠʣʘ, ʪʠʪʘʥʠʪʘ, ʤʦʣʠʙʜʠʪʘ. 

ʉʦʜʝʨʞʘʥʠʷ ʛʣʘʚʥʳʭ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʢʚʘʨʮʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʦʨʘ ʂʚʘʨʮʝʚʘʷ 

ʤʦʛʫʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ, ʥʦ ʦʥʠ ʧʨʷʤʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. 

ʉʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ, ʢʘʣʠʷ, ʥʘʪʨʠʷ, ʢʘʣʴʮʠʷ, ʞʝʣʝʟʘ ʠ ʤʘʛʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʪʘʢʠʭ ʢʘʢ ʧʣʘʛʠʦʢʣʘʟʳ, ʤʠʢʨʦʢʣʠʥ, 

ʤʫʩʢʦʚʠʪ ʠ ʙʠʦʪʠʪ. ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʮʝʟʠʷ ʚ ʩʣʶʜʘʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʚʷʟʴ ʩ 

ʧʝʛʤʘʪʠʪʘʤʠ. ʇʣʘʛʠʦʢʣʘʟʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʪʨʦʥʮʠʷ, ʘ 

ʧʦʣʝʚʳʝ ʰʧʘʪʳ ï ʨʫʙʠʜʠʷ. ʉʧʦʨʘʜʠʯʝʩʢʠ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʤʝʣʢʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ. ʀʟʨʝʜʢʘ 

ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʤʦʣʠʙʜʝʥʠʪʘ. ʅʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʠʪʠʷ ʠ ʬʦʩʬʦʨʘ, 

ʷʚʣʷʶʱʠʝʩʷ ʛʣʘʚʥʳʤʠ ʢʦʤʧʝʥʩʘʪʦʨʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ, ʤʦʛʫʪ ʛʦʚʦʨʠʪʴ ʦ 

ʚʳʩʦʢʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʦ ʵʪʦʤʫ 

ʧʦʢʘʟʘʪʝʣʶ. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʙʦʨʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʪʠʧʘ 

ʩʳʨʴʷ ʠ ʥʘ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʝʪʠʢʫ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʢʚʘʨʮʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʦʨʘ 

ʂʚʘʨʮʝʚʘʷ ʩʭʦʜʥʦ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤ (ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ) ʨʘʟʙʨʦʩʦʤ ʟʥʘʯʝʥʠʡ ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʠ ʵʣʝʤʝʥʪʳ. 

ʆʜʥʘ ʠʟ ʧʨʦʙ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʝʡ ʧʨʠ ʘʥʦʤʘʣʴʥʦ 

ʚʳʩʦʢʦʤ ʟʥʘʯʝʥʠʠ ʤʦʣʠʙʜʝʥʘ ʠ ʩʚʷʟʘʥʦ, ʚʠʜʠʤʦ, ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʤʦʣʠʙʜʝʥʠʪʝ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʙ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʝʚʨʦʧʠʝʚʳʤʠ 

ʘʥʦʤʘʣʠʷʤʠ, ʘ ʪʨʠ ʧʨʦʙʳ ʦʪʩʫʪʩʪʚʠʝʤ ʵʪʦʡ ʘʥʦʤʘʣʠʠ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʤʩʷ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʧʨʦʙ ʢʚʘʨʮʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʣʝʚʳʭ 

ʰʧʘʪʦʚ ʠʣʠ ʩʣʶʜ.  

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ Al/50-Ti-Ge*10 ʢʚʘʨʮʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʦʨʘ ʂʚʘʨʮʝʚʘʷ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ 

ʧʦʣʝ ʧʝʛʤʘʪʠʪʦʚ. ʆʜʥʘ ʠʟ ʧʨʦʙ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʠʣʴʥʦ ʩʜʚʠʥʫʪʘ ʚ ʦʙʣʘʩʪʴ ʢʚʘʨʮʘ ʠʟ ʛʨʘʥʠʪʦʚ. ɽʱʝ ʜʚʝ ʧʨʦʙʳ 

ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ ʚ ʧʨʠʤʝʩʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʬʘʟʝ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʶʪ ʩʤʝʱʝʥʥʦʝ ʚ ʩʪʦʨʦʥʫ ʨʠʦʣʠʪʦʚʦʛʦ ʢʚʘʨʮʘ ʧʦʣʦʞʝʥʠʝ ʥʘ 

ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ. 

ʀʟʦʪʦʧʥʳʝ ʤʝʪʢʠ ʢʠʩʣʦʨʦʜʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʤʘʛʤʘʪʦʛʝʥʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʚʘʨʮʘ ʞʠʣʳ ɻʦʨʘ ʂʚʘʨʮʝʚʘʷ. ʅʝʢʦʪʦʨʳʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʧʦʟʜʥʝʡ ʧʨʦʨʘʙʦʪʢʦʡ ʤʝʪʝʦʨʥʳʤʠ ʠʣʠ ʵʥʜʦʛʝʥʥʳʤʠ ʚʦʜʘʤʠ. ɹʦʣʝʝ 

ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʧʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʚʘʨʮʘ ʞʠʣʳ, ʚʣʠʷʥʠʶ ʧʦʟʜʥʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʩʦʜʝʨʞʘʥʠʶ ʥʝʠʟʚʣʝʢʘʝʤʳʭ ʧʨʠʤʝʩʝʡ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʧʦ ʢʚʘʨʮʝʚʳʤ ʢʦʥʮʝʥʪʨʘʪʘʤ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʦʨʘ ʂʚʘʨʮʝʚʘʷ 

ʤʝʪʦʜʦʤ ʤʠʢʨʦʪʝʨʤʦʤʝʪʨʠʠ. ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʌɺ) ʥʘʙʣʶʜʘʶʪʩʷ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ. ɺ ʦʩʥʦʚʥʦʤ ʌɺ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚʜʦʣʴ ʪʨʝʱʠʥ ʠ ʢʘʥʘʣʦʚ ʚ ʚʠʜʝ 

ʩʢʦʧʣʝʥʠʡ, ʨʝʜʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʚʢʣʶʯʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʸʭʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ ʨʘʟʤʝʨʦʤ ʜʦ 20 ʤʢʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʩʪʘʚʘ H2O-

NaCl-CO2, ʨʝʜʢʦ ʜʚʫʭʬʘʟʥʳʝ ʨʘʟʤʝʨʦʤ ʜʦ 10 ʤʢʤ: ʯʠʩʪʳʡ CO2 ʠʣʠ ʩʦʩʪʘʚʘ H2O-NaCl ʠ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʟʤʝʨʦʤ ʜʦ 4 

ʤʢʤ.  
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ɹʳʣʠ ʦʮʝʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʘ H2O-NaCl-CO2. ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ 

CO2 ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 31 ʜʦ 31,7 Á, ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ Steele-MacInnis M. [2] ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʜʣʷ ʤʦʜʝʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 31,1Á. ɼʝʢʨʝʧʠʪʘʮʠʷ 

ʚʢʣʶʯʝʥʠʡ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʳ 280Á, ʢʦʛʜʘ ʚʩʢʨʳʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʠ ʘʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʜʦ 350Á, ʧʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʳʝ ʥʝʙʦʣʴʰʠʝ ʚʢʣʶʯʝʥʠʷ, ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 5 

ʤʢʤ ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʚ ʞʠʜʢʫʶ ʬʘʟʫ ʜʦ 325Á.  

ʇʘʨʘʤʝʪʨʳ ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʘ H2O-NaCl ʙʳʣʠ ʦʮʝʥʝʥʳ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʠʟʤʝʨʝʥʠʡ 

ʚ ʦʙʨʘʟʮʝ ˉ 1559. ɼʣʷ ʨʘʩʯʸʪʘ ʠʟʦʭʦʨʳ ʠ ʜʘʚʣʝʥʠʷ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʤʦʜʝʣʴ 

HokieFlincs_H2O-NaCl [3]. ɼʝʢʨʝʧʠʪʘʮʠʷ ʚʢʣʶʯʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 350Á. ʇʨʠ 

ʥʘʛʨʝʚʝ ʚʳʰʝ 350Á ʥʘʙʣʶʜʘʣʦʩʴ ʜʚʘ ʜʚʫʭʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʷ ʨʘʟʤʝʨʦʤ ʜʦ 4 ʤʢʤ. ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚ ʞʠʜʢʦʩʪʴ 353,4Á ʠ 361Á, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʣʠʩʴ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 

480Á ʠ ʦʜʥʦ ʘʥʦʤʘʣʴʥʦʝ ʚʢʣʶʯʝʥʠʡ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 8 ʤʢʤ. ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚ 

ʛʘʟ ʧʨʠ 470 Á. ʇʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʢʣʶʯʝʥʠʷ ʜʦ 4 ʤʢʤ ʙʳʣʠ 

ʟʘʭʚʘʯʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʦʩʪʘʚʘ H2O-NaCl-CO2, ʤʠʥʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʟʘʭʚʘʪʘ ʚʢʣʶʯʝʥʠʡ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 357,2 Ñ5Á ʠ 2 Ñ0,1 ʢʙʘʨ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʧʝʨʚʳʝ ʜʘʥʥʳʝ ʦ ʤʠʥʝʨʘʣʴʥʦʤ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʢʚʘʨʮʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʦʨʘ ʂʚʘʨʮʝʚʘʷ ʚ ɿʘʙʘʡʢʘʣʴʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦʙ ʦʙʱʝʤ 

ʤʘʛʤʘʪʦʛʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʚʩʝʭ ʧʨʦʙ ʢʚʘʨʮʘ. ɺ ʧʨʦʙʘʭ ʢʚʘʨʮʘ ʚʳʷʚʣʝʥʳ ʪʘʢʠʝ 

ʤʠʥʝʨʘʣʳ ʢʘʢ ʢʠʩʣʳʝ ʧʣʘʛʠʦʢʣʘʟʳ, ʢʘʣʠʝʚʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʤʫʩʢʦʚʠʪ, ʙʠʦʪʠʪ ʠ 

ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʣʠʙʜʝʥʠʪʦʤ ʠ, ʚʦʟʤʦʞʥʦ, 

ʤʦʣʠʙʜʠʪʦʤ, ʙʘʨʠʪʦʤ ʠ ʧʠʨʠʪʦʤ. ɾʠʣʘ ʧʦʜʚʝʨʛʣʘʩʴ ʭʨʫʧʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʟʘʣʝʯʠʚʘʥʠʝʤ ʪʨʝʱʠʥ. ʅʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʠʪʠʷ, ʬʦʩʬʦʨʘ ʠ ʛʝʨʤʘʥʠʷ ʤʦʛʫʪ ʛʦʚʦʨʠʪʴ ʦ 

ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʢʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ 

ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɻʦʨʘ ʂʚʘʨʮʝʚʘʷ ʢ ʩʠʣʝʢʩʠʪʦʚʦʤʫ ʪʠʧʫ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʙʘʟʝ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʀʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ʀɻʍ ʉʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʇʨʦʝʢʪʫ 

ˉ 0284-2021-0004 (ʀɻʍ ʉʆ ʈɸʅ), ʘ ʪʘʢʞʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ ˉ FUFR-

2021-0005 (ʀʇʈʕʂ ʉʆ ʈɸʅ). 
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ɸʥʥʦʪʘʮʠʷ. ʈʫʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ɸʣʙʘʟʠʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʙʝʨʝʟʠʪʳ, 

ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʠ, ʜʘʮʠʪʳ, ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ-ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʠʜʦʚ ʚ ʨʫʜʘʭ 2-6%, ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʠʪʦʤ, ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʨʝʞʝ ʛʘʣʝʥʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ. 

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʩʝʥʦʤʦʨʬʥʳʭ ʚʳʜʝʣʝʥʠʡ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʘʨʩʝʥʦʧʠʨʠʪʦʤ. ʊʘʢʞʝ ʟʦʣʦʪʦ ʚʳʧʦʣʥʷʝʪ ʪʨʝʱʠʥʳ ʚ ʧʠʨʠʪʝ ʠ ʘʨʩʝʥʦʧʠʨʠʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

 

Mineral composition of ores from the Albazinsky gold deposit (Far East) 
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Abstract. The ore-bearing rocks of the Albazinsky gold deposit are beresites, sandstones and siltstones, dacites, 

siliceous-clayey rocks, granodiorites-granite-porphyry. The amount of sulfides in the ores is 2-6%, they are represented 

by pyrite, arsenopyrite, less often galena, sphalerite. Native gold occurs in the form of submicroscopic xenomorphic 

segregations in close association with arsenopyrite. Gold also fills cracks in pyrite and arsenopyrite. 

Keywords: Gold ore deposits, native gold, mineral composition 

 

ɿʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɸʣʙʘʟʠʥʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ɸʤʛʫʥʴ, ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ ʠʤ. ʇʦʣʠʥʳ ʆʩʠʧʝʥʢʦ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ, ʚ ʤʝʞʜʫʨʝʯʴʝ ɸʤʛʫʥʴ-

ʉʦʤʥʷ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʧʨʠʦʩʝʚʦʡ ʯʘʩʪʠ ʆʤʘʣʴʩʢʦʛʦ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʦʨʠʷ, 

ʩʚʷʟʘʥʦ ʩ ʛʣʫʙʦʢʦʵʨʦʜʠʨʦʚʘʥʥʦʡ ʧʘʣʝʦʢʘʣʴʜʝʨʥʦʡ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʦʡ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ʝʝ ʢʦʨʥʝʚʳʭ ʯʘʩʪʝʡ (ʍʘʥʯʫʢ ʠ ʜʨ, 1999), ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʫʜʝʥʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ɸʆ çʇʦʣʠʤʝʪʘʣʣ 

ʋʂè. 

ʈʘʡʦʥ ɸʣʙʘʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ɸʤʛʫʥʴʩʢʦʤʫ ʪʝʨʨʝʡʥʫ ʠ ʚʭʦʜʠʪ ʚ 

ʅʠʞʥʝʘʤʫʨʩʢʫʶ ʩʢʣʘʜʯʘʪʫʶ ʟʦʥʫ, ʩʬʦʨʤʠʨʦʚʘʚʰʫʶʩʷ ʚ ʤʝʟʦʟʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʢʨʝʘʮʠʠ 

ʶʨʩʢʠʭ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʰʝʣʴʬʦʚʳʭ ʠ ʪʫʨʙʠʜʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢ ʉʝʚʝʨʦ-

ɸʟʠʘʪʩʢʦʤʫ ʢʨʘʪʦʥʫ ʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʤʫ ʧʦʷʩʫ (ʍʘʥʯʫʢ ʠ ʜʨ, 1999). ɸʣʙʘʟʠʥʩʢʦʝ ʨʫʜʥʦʝ 

ʧʦʣʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʘʣʝʦʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ (ʊʨʫʰʠʥ ʠ 

ʜʨ, 2018) ʛʣʫʙʦʢʦʵʨʨʦʜʠʨʦʚʘʥʥʦʡ ʢʘʣʴʜʝʨʝ-ʧʨʦʩʘʜʢʝ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʪʠʧʘ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ɸʣʙʘʟʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. 

ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʦʢʨʦʚʥʦʡ ʬʘʮʠʠ (ʩʧʠʣʠʪʳ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ); ʚ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʡ ʠ ʜʘʡʢʦʚʦʡ ʬʘʮʠʷʭ (ʛʨʘʥʦʜʠʦʨʠʪʦʚʘʷ, ʛʨʘʥʠʪʥʘʷ ʠ ʜʠʦʨʠʪʦʚʘʷ ʩʝʨʠʠ, 

ʧʘʣʝʦʛʝʥʦʚʳʝ ʜʘʡʢʠ ʙʘʟʘʣʴʪʦʚ). ʅʘ ʧʝʨʠʬʝʨʠʠ ʩʪʨʫʢʪʫʨʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʧʦʢʨʦʚʥʦʡ ʬʘʮʠʠ ï ʦʣʠʚʠʥʦʚʳʝ ʙʘʟʘʣʴʪʳ ʚʝʨʭʥʝʛʦ ʤʝʣʘ ï ʧʘʣʝʦʛʝʥʘ ʠ ʪʫʬʳ 

ʘʥʜʝʟʠʪʦʚ.  

ɼʘʡʢʦʚʳʝ ʪʝʣʘ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʠ ʦʙʨʘʟʫʶʪ 

ʧʦʷʩ, ʢʦʪʦʨʳʡ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʰʠʨʠʥʫ ʦʢʦʣʦ 5 ʢʤ. ʇʦʷʩ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ɸʣʙʘʟʠʥʩʢʦʡ ʟʦʥʦʡ ʨʘʟʣʦʤʦʚ, ʧʨʦʩʣʝʞʝʥ ʥʘ ʩʝʚʝʨ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʢʦʣʦ 50 ʢʤ ʧʨʠ ʰʠʨʠʥʝ 1 ï 

2,5 ʢʤ.  

ʀʥʪʨʫʟʠʚʥʳʝ ʪʝʣʘ ʦʙʳʯʥʦ ʥʝʚʝʣʠʢʠ (ʜʦ 4-5 ʢʤ
2
), ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʡ ʬʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʘʢʢʦʣʠʪʦ- ʠʣʠ ʣʦʧʦʣʠʪʦʦʙʨʘʟʥʦʡ ʬʦʨʤʦʡ.  

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʦʷʚʣʷʣʠʩʴ ʰʠʨʦʢʦ ʥʘ ʧʣʦʱʘʜʠ 

ʦʢʦʣʦ 10 ʢʤ
2
 ʩ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʧʦ ʧʦʨʦʜʘʤ ʚʩʝʭ ʪʠʧʦʚ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ ʘʨʛʠʣʣʠʟʠʪʦʚʦʡ, 

ʧʨʦʧʠʣʠʪʦʚʦʡ ʠ ʙʝʨʝʟʠʪʦʚʦʡ ʬʦʨʤʘʮʠʡ.  

ɹʝʨʝʟʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʩʥʦʚʥʳʤ ʦʢʦʣʦʨʫʜʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʪʠʧʦʤʦʨʬʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʧʘʨʘʛʝʥʝʟʠʩʦʤ (ʩʝʨʠʮʠʪ, ʢʚʘʨʮ, ʭʣʦʨʠʪ, ʢʘʨʙʦʥʘʪ, ʧʠʨʠʪ). ʆʥʠ 
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ʦʙʨʘʟʫʶʪ ʚʳʪʷʥʫʪʳʡ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʨʝʦʣ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 3 ʢʤ, 

ʧʨʠʫʨʦʯʝʥʥʳʡ ʢ ɸʣʙʘʟʠʥʩʢʦʡ ʩʠʩʪʝʤʝ ʨʘʟʣʦʤʦʚ.  

ɼʦʨʫʜʥʳʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʠʨʦʢʦ ʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʙʝʨʝʟʠʪʘʤ, ʘʨʛʠʣʣʠʟʠʪʘʤ ʠ ʧʨʦʧʠʣʠʪʘʤ. ʉʪʝʧʝʥʴ ʠʟʤʝʥʝʥʠʡ ʧʦʨʦʜ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤʠ 

ʘʩʩʦʮʠʘʮʠʷʤʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 5-10% ʜʦ 70-80%. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʟʦʣʦʪʦʥʦʩʥʳʝ 

ʙʝʨʝʟʠʪʳ, ʢʦʪʦʨʳʝ ʩʣʦʞʝʥʳ ʧʘʨʘʛʝʥʝʟʠʩʦʤ: ʩʝʨʠʮʠʪ - ʢʘʨʙʦʥʘʪ (ʢʘʣʴʮʠʪ, ʜʦʣʦʤʠʪ, ʘʥʢʝʨʠʪ) - 

ʧʠʨʠʪ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ 

ʙʝʨʝʟʠʪʘʭ ʩʦʩʪʘʚʣʷʝʪ 0,085 ʛ/ʪ. 

ʈʫʜʥʘʷ ʩʪʘʜʠʷ ʚʳʨʘʞʝʥʘ ʩʫʣʴʬʠʜʘʤʠ ʠ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʆʥʠ 

ʦʙʨʘʟʫʶʪ ʩʢʦʧʣʝʥʠʷ ʚ ʚʠʜʝ ʛʥʝʟʜ ʠ ʧʨʦʞʠʣʢʦʚ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʜʦʨʫʜʥʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ. ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʳʭ ʧʨʦʞʠʣʢʘʭ (2-3 ʤʤ, 

ʨʝʞʝ ʜʦ 1-2 ʩʤ) ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʯʝʪʣʠʚʘʷ ʟʦʥʘʣʴʥʦʩʪʴ: ʚʤʝʱʘʶʱʘʷ ʧʦʨʦʜʘ (ʙʝʨʝʟʠʪ) ï 

ʩʫʣʴʬʠʜʳ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʠʨʠʪ) ï ʢʚʘʨʮ (ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʘʨʩʝʥʦʧʠʨʠʪʘ). ʂʚʘʨʮ ʚ 

ʧʨʦʞʠʣʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʛʝʥʝʨʘʮʠʷʤʠ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ (ʟʝʨʥʠʩʪʳʡ, 

ʜʨʫʟʦʚʠʜʥʳʡ, ʭʘʣʮʝʜʦʥʦʚʠʜʥʳʡ). 

ɿʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʣʦʢʘʣʠʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʨʘʟʣʦʤʘʭ, 

ʦʩʣʦʞʥʷʶʱʠʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʢʨʳʣʦ ʆʤʝʣʴʜʠʥʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ. ʈʫʜʦʚʤʝʱʘʶʱʠʤʠ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ (ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ) ʙʝʨʝʟʠʪʳ, ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʠ, 

ʜʘʮʠʪʳ, ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ, ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ (ʄʘʩʣʝʥʥʠʢʦʚ ʠ ʜʨ., 

2011). ʇʦ ʜʘʥʥʳʤ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʣʦʪʦ-

ʨʝʜʢʦʤʝʪʘʣʴʥʦʤʫ ʪʠʧʫ (ʂʝʤʢʠʥʘ ʠ ʜʨ., 2018). 

ɺ ʟʦʥʘʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʙʠʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʪʨʝʱʠʥʘʤʠ ʩ ʢʫʣʠʩʦʦʙʨʘʟʥʳʤʠ ʠ ʩʝʪʯʘʪʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʢʚʘʨʮʝʚʦʛʦ, ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʩ ʫʯʘʩʪʠʝʤ ʩʝʨʠʮʠʪʘ ʠ ʩʫʣʴʬʠʜʦʚ. ʉʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʪʤʝʯʘʝʪʩʷ ʧʦ ʤʘʩʩʝ ʠ 

ʚ ʧʨʦʞʠʣʢʘʭ. ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʠʜʦʚ ʚ ʨʫʜʘʭ 2-6%, ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʨʠʪʦʤ, 

ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʨʝʞʝ ʛʘʣʝʥʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʙʣʝʢʣʳʤʠ ʨʫʜʘʤʠ.  

ʇʠʨʠʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʫʣʴʬʠʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʚ ʨʫʜʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʞʠʣʢʦʚ ʠ ʦʜʠʥʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʝʩʢʦʣʴʢʠʤʠ ʛʝʥʝʨʘʮʠʷʤʠ. ʇʠʨʠʪ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ ʩʣʘʛʘʝʪ ʠʜʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʢʚʘʨʮʝʚʦʡ ʤʘʩʩʝ. ɼʨʫʛʘʷ ʛʝʥʝʨʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʝʨʥʘʤʠ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʯʘʩʪʦ ʦʢʨʫʞʝʥʥʳʤʠ ʘʛʨʝʛʘʪʦʤ ʘʨʩʝʥʦʧʠʨʠʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ʚ 

ʧʠʨʠʪʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ Co ʜʦ 1 ʤʘʩ. %; Ni ʜʦ 0,5 ʤʘʩ. %; As ʜʦ 2 ʤʘʩ. %; Sb ʜʦ 1,5 ʤʘʩ. %. 

 

ʈʠʩʫʥʦʢ 1. ʄʦʨʬʦʣʦʛʠʷ ʧʠʨʠʪʘ ʚ ʨʫʜʘʭ ɸʣʙʘʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɸ ï ʧʨʦʞʠʣʦʢ ʧʠʨʠʪʘ (ʈʫ) ʩ 

ʦʪʦʨʦʯʢʦʡ ʘʨʩʝʥʦʧʠʨʠʪʘ (ɸʨʫ); ɹ ï ʧʨʦʞʠʣʦʢ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ ʠ ʠʜʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʧʠʨʠʪʘ (ʈʫ). 

ɸʨʩʝʥʦʧʠʨʠʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʚʳʜʝʣʝʥʠʡ ʚ ʤʘʩʩʝ ʥʝʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʪʘʢʞʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʠʨʠʪʦʤ, ʦʙʨʘʟʫʝʪ ʦʪʦʨʦʯʢʠ ʚʦʢʨʫʛ 

ʢʩʝʥʦʤʦʨʬʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʠʨʠʪʘ, ʯʘʩʪʦ ʧʨʦʞʠʣʢʦʚʳʝ. ʉʨʝʜʠ ʟʝʨʝʥ ʘʨʩʝʥʦʧʠʨʠʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʟʦʣʦʪʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ɺ ʘʨʩʝʥʦʧʠʨʠʪʝ ʫʩʪʘʥʦʚʣʝʥʳ 

ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ Co ʜʦ 0,7 ʤʘʩ. %; Sb ʜʦ 1 ʤʘʩ. %; Ni ʜʦ 0,5 ʤʘʩ. %. 



58 

 

ʈʠʩʫʥʦʢ 2. ʄʦʨʬʦʣʦʛʠʷ ʘʨʩʝʥʦʧʠʨʠʪʘ (Apy) ʚ ʨʫʜʘʭ ɸʣʙʘʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɸ ï ʧʠʨʠʪ (ʈʫ) ʩ 

ʦʪʦʨʦʯʢʦʡ ʘʨʩʝʥʦʧʠʨʠʪʘ; ɹ ï ʧʨʦʞʠʣʢʦʚʳʡ ʧʠʨʠʪ ʩ ʦʪʦʨʦʯʢʘʤʠ ʘʨʩʝʥʦʧʠʨʠʪʘ; ɺ ï ʩʪʦʣʙʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ 

ʘʨʩʝʥʦʧʠʨʠʪʘ ʚ ʢʚʘʨʮʝʚʦʡ (Qtz) ʤʘʩʩʝ; ɻ ïʘʩʩʦʮʠʘʮʠʷ ʨʫʪʠʣʘ (Rut) ʠ ʘʧʘʪʠʪʘ (Ap) 

ɻʘʣʝʥʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʧʠʨʠʪʦʤ, ʩʠʜʝʨʠʪʦʤ ʠ ʚ ʚʠʜʝ 

ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʛʥʝʟʜʦʦʙʨʘʟʥʳʭ ʩʢʦʧʣʝʥʠʡ ʚ ʢʚʘʨʮʝ. ʈʘʟʤʝʨ ʟʝʨʝʥ ʛʘʣʝʥʠʪʘ ʜʦ 7 ʤʢʤ (ʩʤ. 

ʨʠʩ. 2 ɹ).  

ʉʬʘʣʝʨʠʪ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʧʠʨʠʪʦʤ. ɺʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʢʩʝʥʦʤʦʨʬʥʳʭ ʚʳʜʝʣʝʥʠʡ, 

ʟʘʧʦʣʥʷʶʱʠʭ ʪʨʝʱʠʥʳ ʚ ʧʠʨʠʪʝ, ʪʘʢʞʝ ʚʠʜʝ ʦʢʨʫʛʣʳʭ ʚʢʣʶʯʝʥʠʡ ʠʣʠ ʚ ʩʨʘʩʪʘʥʠʠ ʩ 

ʧʠʨʠʪʦʤ (ʨʠʩ. 2 ɸ). 

ʈʫʪʠʣ ʩʣʘʛʘʝʪ ʤʝʣʢʠʝ (ʜʦ 60 ʤʢʤ) ʟʝʨʥʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʘʧʘʪʠʪʦʤ, ʘ 

ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʩʦʚʤʝʩʪʥʦ ʩ ʧʠʨʠʪʦʤ ʠ ʜʨʫʛʠʤʠ ʩʫʣʴʬʠʜʘʤʠ 

(ʩʤ ʨʠʩ 2 ɻ). 

ʊʝʪʨʘʵʜʨʠʪ ʙʳʣ ʚʩʪʨʝʯʝʥ ʚ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʬʦʨʤʝ (ʜʦ 10 ʤʢʤ) ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʧʠʨʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ. 

ɸʧʘʪʠʪ ʦʙʨʘʟʫʝʪ ʦʜʠʥʦʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʟʝʨʥʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʩʨʦʩʪʢʠ ʩ 

ʨʫʪʠʣʦʤ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʥʦʩʠʪʩʷ ʢ ʬʪʦʨʘʧʘʪʠʪʫ (ʩʦʜʝʨʞʘʥʠʝ F ʜʦ 5 ʤʘʩ. %). 

ʇʨʠʤʝʩʝʡ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. 

ɹʘʨʠʪ ʢʘʢ ʧʨʘʚʠʣʦ ʩʣʘʛʘʝʪ ʤʝʣʢʫʶ (ʜʦ 5 ʤʢʤ) ʨʘʩʩʝʷʥʥʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʚ ʢʚʘʨʮʝʚʳʭ 

ʧʨʦʞʠʣʢʘʭ. 

ʄʦʥʘʮʠʪ-Ce ʦʙʥʘʨʫʞʝʥ ʚ ʧʦʟʜʥʠʭ ʢʘʨʙʦʥʘʪʥʳʭ (ʜʦʣʦʤʠʪ) ʧʨʦʞʠʣʢʘʭ, ʩʝʢʫʱʠʭ 

ʢʚʘʨʮʝʚʫʶ ʤʘʩʩʫ. ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʟʝʨʥʘʤʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʜʦ 10 ʤʢʤ. 

ʄʠʥʝʨʘʣ ʛʠʜʨʘʪʠʨʦʚʘʥ, ʩʦʜʝʨʞʘʥʠʝ ʩʫʤʤʳ ʈɿʕ ʜʦ 57 ʤʘʩ. % TR2O3. 

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʩʝʥʦʤʦʨʬʥʳʭ ʚʳʜʝʣʝʥʠʡ 

ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ. ʊʘʢʞʝ ʟʦʣʦʪʦ ʚʳʧʦʣʥʷʝʪ ʪʨʝʱʠʥʳ ʚ ʧʠʨʠʪʝ ʠ ʘʨʩʝʥʦʧʠʨʠʪʝ (ʨʠʩ. 3). 

ʉʦʜʝʨʞʘʥʠʝ Ag ʚ ʟʦʣʦʪʠʥʘʭ 35-54 ʤʘʩ. %, Au 45 ï 75 ʤʘʩ. %, ʧʦʵʪʦʤʫ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʟʦʣʦʪʠʥ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʵʣʝʢʪʨʫʤʫ. ʇʨʠʤʝʩʝʡ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.  
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ʈʠʩʫʥʦʢ 3. ʍʘʨʘʢʪʝʨ ʚʳʜʝʣʝʥʠʡ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (Au). 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʠʜʠʤʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʣʠ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʟʦʣʦʪʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʘʤʦʨʦʜʥʦʡ ʬʦʨʤʝ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʦʜʥʘʢʦ, ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʟʦʣʦʪʠʥʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʠʥʪʝʨʩʪʠʮʠʠ ʚ ʘʛʨʝʛʘʪʘʭ ʧʠʨʠʪʘ. ɿʦʣʦʪʦ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʝ, 

ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʥʠʤ ʠʣʠ ʚʳʧʦʣʥʷʝʪ ʪʨʝʱʠʥʳ ʚ ʟʝʨʥʘʭ ʘʨʩʝʥʦʧʠʨʠʪʘ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʟʦʣʦʪʘ ʦʪ 5 

ʜʦ 30 ʤʢʤ. ʆʙʥʘʨʫʞʝʥʥʦʝ ʟʦʣʦʪʦ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʧʨʦʙʥʳʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Ag ʜʦ 54 ʤʘʩ. %. 
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Abstract. In the spodumene crystal from the Zavitinskoye deposit of lithium-bearing pegmatites, impurities of 

chalcopyrite, sphalerite, pyrite, and pyrrhotite have been found. Zinc impurities in chalcopyrite range from 3.98 to 

6.62%. Its general formula is presented as (Cu, Zn)(Fe, Zn)S2.  
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Trans-Baikal region. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ɿʘʚʠʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʧʦʜʫʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ ʚ ʥʠʭ 

ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʤʝʩʠ ʥʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʧʝʛʤʘʪʠʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʛ/ʪ): Pb (ʜʦ 

39,4), Ag (ʜʦ 0,48), Cd (ʜʦ 0,45), As (ʜʦ 24), Bi (ʜʦ 5,89), Te (ʜʦ 0,11), ʘ ʪʘʢʞʝ ʩʫʣʴʬʠʜʳ, ʚ 

ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʧʨʦʞʠʣʢʦʚ ʠ ʣʠʥʟʦʚʠʜʥʳʭ ʪʝʣ ʠ ʛʥʸʟʜ. ɺ ʥʠʭ ʚʠʟʫʘʣʴʥʦ ʙʳʣʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʧʥʳ ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʧʠʪ, ʛʘʣʝʥʠʪ ʠ ʩʬʘʣʝʨʠʪ, ʩ ʢʦʪʦʨʳʤʠ ʠ ʩʚʷʟʘʥʳ ʵʪʠ 

ʧʨʠʤʝʩʠ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʜʘʥʥʳʭ ʦʙ ʵʪʠʭ ʥʘʣʦʞʝʥʥʳʭ ʥʘ ʧʝʛʤʘʪʠʪʳ 

ʩʫʣʴʬʠʜʘʭ ʥʝ ʚʩʪʨʝʯʘʣʦʩʴ. ʀʟʫʯʝʥʠʝ ʠʭ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʤʠ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ, ʘ ʚ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʣʴʬʠʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʚʠʜʝ ʪʦʥʯʘʡʰʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʧʦʜʫʤʝʥʝ 

ʠʟ ʩʧʦʜʫʤʝʥʦʚʦʛʦ ʧʝʛʤʘʪʠʪʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʝʛʦ ʧʨʦʜʫʢʪʠʚʥʦʡ ʯʘʩʪʠ ʚ 

ʩʪʝʥʢʝ ʢʘʨʴʝʨʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʳʧʦʣʥʝʥʦ ʠʟʫʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʩʧʦʜʫʤʝʥʘ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʟʘʨʘʞʝʥʥʦʩʪʠ ʝʛʦ ʵʪʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ.  

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ.  ɺ ʧʦʣʝʚʦʡ ʩʝʟʦʥ 2019 ʛʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʟʘʜʘʥʠʝʤ ʧʦ ʪʝʤʝ 

çɻʝʦʭʠʤʠʷ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ 

ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè ʧʨʦʠʟʚʝʜʝʥʦ ʦʧʨʦʙʦʚʘʥʠʝ ʩʧʦʜʫʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ 

ɿʘʚʠʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ʠʟ ʞʠʣ, ʚʩʢʨʳʪʳʭ ʥʘ ʩʪʝʥʢʘʭ ʢʘʨʴʝʨʘ, ʪʘʢʞʝ 

ʩʦ ʩʢʣʘʜʘ ʜʦʙʳʪʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʜʥʳʭ ʨʫʜ. ɺ ʥʠʭ ʚ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʨʘʟʚʠʪʳ ʩʝʢʫʱʠʝ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʢʚʘʨʮʝʚʦ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʞʠʣʦʧʦʜʦʙʥʳʝ ʪʝʣʘ ʨʘʟʚʠʪʳ ʧʨʦʞʠʣʢʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʣʝʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʩʬʘʣʝʨʠʪ ʠ ʧʠʨʠʪ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʩʧʦʜʫʤʝʥʦʚʦʛʦ ʧʝʛʤʘʪʠʪʘ ʚ ʥʸʤ ʦʙʥʘʨʫʞʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ (ʛ/ʪ): ʩʚʠʥʮʘ (ʜʦ 39,4 ʧʨʠ ʂʢ ʜʦ 2,32), ʩʝʨʝʙʨʘ (ʜʦ 0,48 ʧʨʠ ʂʢ ʜʦ 9,1), 

ʢʘʜʤʠʷ (ʜʦ 0,45 ʧʨʠ ʂʢ ʜʦ 5), ʤʳʰʴʷʢʘ (ʜʦ 24 ʧʨʠ ʂʢ ʜʦ 5,6), ʚʠʩʤʫʪʘ (ʜʦ 5,89 ʧʨʠ ʂʢ ʜʦ 

25,6), ʪʝʣʣʫʨʘ (ʜʦ 0,11 ʧʨʠ ʂʢ ʜʦ 4,1), ʛʜʝ ʂʢ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʣʘʨʢʫ, ʧʨʠʥʷʪʦʤʫ ʧʦ [2].  
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ʀʟʫʯʝʥ ʬʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʘ ʩʧʦʜʫʤʝʥʘ ʙʣʝʜʥʦ-ʟʝʣʝʥʦʚʘʪʦʛʦ ʮʚʝʪʘ ʚʝʣʠʯʠʥʦʡ 3ʭ4 ʩʤ. ɺ 

ʥʸʤ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʚʢʣʶʯʝʥʠʷ 

ʭʘʣʴʢʦʧʠʨʠʪʘ, ʛʘʣʝʥʠʪʘ, ʩʬʘʣʝʨʠʪʘ, ʧʠʨʠʪʘ ʠ ʧʠʨʨʦʪʠʥʘ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʦʜʫʤʝʥʘ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ.1. ʉʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʚ ʥʸʤ (1,61 ï 1,88 

ʤʘʩ.%). ɺ ʯʝʪʳʨʸʭ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʪʦʯʝʢ ʫʩʪʘʥʦʚʣʝʥʦ ʞʝʣʝʟʦ, ʟʘʤʝʱʘʶʱʝʝ ʘʣʶʤʠʥʠʡ, ʚ 

ʢʦʣʠʯʝʩʪʚʝ 0,38 ï 0,78 ʤʘʩ.%. ɺ ʦʜʥʦʤ ʠʥʜʠʚʠʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʩʴ ʥʘʪʨʠʷ (0,28 ʤʘʩ.%), 

ʟʘʤʝʱʘʶʱʝʛʦ ʣʠʪʠʡ. ʉʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʣʠʰʴ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʙʣʠʟʢʦ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʶ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ. 

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʦʜʫʤʝʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚʢʣʶʯʝʥʠʷ ʩʫʣʴʬʠʜʦʚ 

ʅʦʤʝʨ 

ʠʥʜʠʚʠʜʘ 

ʕʣʝʤʝʥʪ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ, ʤʘʩ. % ʉʫʤʤʘ, 

ʤʘʩ. % Li  Al  Si O Fe Na 

1_1-3 1,88 15,15 31,79 48.03 0,52 ʅ.ʆ. 97,37 

1-2-3 1,87 15,06 32,02 49,39 0,78 ʅ.ʆ. 99,12 

4_1-2 1,61 15,81 33,21 48,06 0,62 0,28 99,39 

6-1-1 1,87 15,57 33,00 46,58 0,38 ʅ.ʆ. 99,86 

6_1-2 1,86 15,5 32,76 49,2 0,52 ʅ.ʆ. 99,84 

ʊʘʢʠʝ ʞʝ ʜʘʥʥʳʝ ʜʣʷ ʩʧʦʜʫʤʝʥʘ çʠʟ ʉʠʙʠʨʠè [1, c. 23], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʮʘʤ 

ɿʘʚʠʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ ʩʧʦʜʫʤʝʥʘ ʠʟ ʵʪʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ [3], ʠʟʫʯʝʥʥʳʡ ʥʘʤʠ ʩʧʦʜʫʤʝʥ ʥʝ ʩʦʜʝʨʞʠʪ ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʤʘʨʛʘʥʮʘ, ʚ 

ʢʦʣʠʯʝʩʪʚʘʭ ʙʦʣʝʝ 0,01 ʤʘʩ. %. ʀʟ ʪʘʙʣ.1 ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʞʝʣʝʟʦ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 0,38 ʜʦ 0,78 ʤʘʩ.%., ʟʘʤʝʱʘʶʱʝʝ ʘʣʶʤʠʥʠʡ. ʃʠʰʴ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ 

ʦʙʥʘʨʫʞʝʥ ʥʘʪʨʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,28 ʤʘʩ.%. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʨʥʦ ʥʘ ʵʪʫ ʚʝʣʠʯʠʥʫ ʤʝʥʴʰʝ 

ʩʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ, ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ, ʚʠʜʠʤʦ ʟʘʤʝʱʝʥʘ ʥʘʪʨʠʝʤ. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʠʥʝʨʘʣʘ ʣʠʪʠʷ ʩʧʦʜʫʤʝʥʘ 

ɿʘʚʠʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʢʘʟʘʣʦ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʝʛʦ ʩʦʩʪʘʚʘ. ʆʥ 

ʩʦʜʝʨʞʠʪ 1,88 ï 1,89 % ʣʠʪʠʷ.  

ɺ ʥʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʫʩʪʘʥʦʚʣʝʥʳ: ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʧʠʨʠʪ, 

ʧʠʨʨʦʪʠʥ, ʩʢʘʧʦʣʠʪ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ ʭʘʣʴʢʦʧʠʨʠʪ. ʆʥ ʦʙʨʘʟʫʝʪ ʚʳʜʝʣʝʥʠʷ 

ʥʝʧʨʘʚʠʣʴʥʳʭ ʬʦʨʤ (ʨʠʩ.1) ʚʝʣʠʯʠʥʦʡ 55 ʭ 150 ʤʠʢʨʦʥ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʭʘʣʴʢʦʧʠʨʠʪʘ 

ɿʘʚʠʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʦʙʦʛʘʱʸʥʥʦʩʪʴ ʮʠʥʢʦʤ (ʪʘʙʣʠʮʘ 2). ʉʦʜʝʨʞʘʥʠʷ 

 

ʈʠʩʫʥʦʢ 1. ʅʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʚʢʣʶʯʝʥʠʝ ʭʘʣʴʢʦʧʠʨʠʪʘ (1, 2) ʚ ʩʧʦʜʫʤʝʥʝ (3). ʆʙʨ. ɿʚ-19/05. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʩʥʠʤʦʢ. 
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ʝʛʦ ʚʘʨʴʠʨʫʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʥʘʭʦʜʷʩʴ ʚ ʧʨʝʜʝʣʘʭ 3,98 ï 6,62%. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, 

ʮʠʥʢ ʥʝʪʠʧʠʯʝʥ ʜʣʷ ʭʘʣʴʢʦʧʠʨʠʪʘ. ʉʫʜʷ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʥʝʜʦʩʪʘʪʢʫ ʤʝʜʠ ʠ ʞʝʣʝʟʘ, ʦʥʠ ʤʦʛʫʪ 

ʟʘʤʝʱʘʪʴʩʷ ʮʠʥʢʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʘ ʩ ʧʨʠʤʝʨʥʦ ʪʘʢʦʡ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ (Cu, Zn) 

(Fe,Zn)S2, ʧʨʠʤʝʨʳ ʢʘʢʦʚʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

ʊʘʙʣʠʮʘ 2. ʉʦʩʪʘʚ ʭʘʣʴʢʦʧʠʨʠʪʘ ɿʘʚʠʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʅʦʤʝʨ 

ʠʥʜʠʚʠʜʘ 

ʕʣʝʤʥʪ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ, ʤʘʩ.% ʉʫʤʤʘ ʌʦʨʤʫʣʘ 

Cu Fe Zn S 

19-05-1 1 31,13 27,45 6,62 34,98 100,19 ((Cu0,92Zn0,8)(Fe0,9Zn0,11)1,09)×1,99 S2,01 

2 31,07 27,4 6,61 34,92 100 

3 0,9 0,9 0,19 2,01 4 

19-05-2 1 32,18 28,83 4,23 35,84 101,08 ((Cu0,94Zn0,6)(Fe0,92Zn0,06)0,98)×1,98 

S2,02 2 31,84 28,52 4,18 33,29 100 

3 0,92 0,94 0,12 2,02 4 

19-05-3 1  32,4 28,66 4,5 35,11 100,67 ((Cu0,93Zn0,7)(Fe0,94Zn0,06)1)×2,0 S2 

 2 32,18 28,47 4,47 34,88 100 

3 0,93 0,94 0,13 2 4 

19-05-4 1 33,69 29,98 3,98 35,05 101,89 ((Cu0,96Zn0,4)(Fe0,95Zn0,07)1,02)×2,02S1,98 

 2 33,06 28,64 3,91 34,4 100 

3 0,96 0,95 0,11 1,98 4 

ʇʨʠʤʝʯʘʥʠʝ: 1ï ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ, 2 ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ 100 %, 3ï ʬʦʨʤʫʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʆʜʥʘʢʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʠʥʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʭʘʣʴʢʦʧʠʨʠʪʘ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʦ ʪʝʤ ʙʦʣʝʝ ʚʘʞʥʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʩʥʠʤʢʝ ʚʳʷʚʠʣʦʩʴ ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ ʫʯʘʩʪʢʘ 

ʭʘʣʴʢʦʧʠʨʠʪʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʪʝʩʥʳʝ ʩʨʦʩʪʢʠ ʩ ʥʠʤ ʩʬʘʣʝʨʠʪʘ.  

 

ʈʠʩʫʥʦʢ 2. ʍʘʣʴʢʦʧʠʨʠʪ (1, 2) ʚ ʩʨʦʩʪʢʘʭ ʩʦ ʩʬʘʣʝʨʠʪʦʤ (3, 4) ʚ ʩʧʦʜʫʤʝʥʝ. ʆʙʨ. ɿʚï19/5. ɿʘʚʠʪʠʥʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʩʥʠʤʦʢ. 
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ʇʨʠ ʵʪʦʤ ʢʘʞʝʪʩʷ, ʯʪʦ ʭʘʣʴʢʦʧʠʨʠʪ (1, 2), ʩʦʜʝʨʞʘʱʠʡ ʮʠʥʢ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʥʘ ʩʧʝʢʪʨʘʭ, 

ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʧʷʪʝʥ ʚʝʣʠʯʠʥʦʡ ʜʦ 5 ʤʠʢʨʦʥ ʚ ʩʬʘʣʝʨʠʪʝ (3, 4), ʩʦʜʝʨʞʘʱʝʤ 2,07 ï 3,29 % 

ʞʝʣʝʟʘ, ʘ ʩʬʘʣʝʨʠʪ ʣʠʰʝʥ ʤʝʜʠ (ʪʘʙʣ. 3). ɽʸ ʩʣʝʜʦʚ ʥʝ ʚʠʜʥʦ ʜʘʞʝ ʥʘ ʩʧʝʢʪʨʝ. 

ʊʘʙʣʠʮʘ 3. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʬʘʣʝʨʠʪʘ 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ ʕʣʝʤʝʥʪ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ, ʤʘʩ.% ʉʫʤʤʘ ʌʦʨʤʫʣʘ 

Zn Fe S 

3 1 63,06 2,29 33,36 98,72 (Zn0,94Fe0,04)0,98S1,02 

2 63,88 2,32 33,38 100 

3 0,94 0,04 1,02 2 

4 1 62,73 2,07 33,37 98,17 (Zn0,94Fe0,04)0,98S1,02 

2 63,9 2,11 33,99 100 

3 0,94 0,04 1,02 2 
ʇʨʠʤʝʯʘʥʠʝ: 1 ï ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ, 2 ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ 100 %, 3 ï ʬʦʨʤʫʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʇʠʨʠʪ ʦʙʨʘʟʫʝʪ ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʝ ʟʝʨʥʘ ʚ ʩʧʦʜʫʤʝʥʝ, ʯʘʩʪʠʯʥʦ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʤ, 

ʚʝʣʠʯʠʥʦʡ 10 ʭ 33ʤʢʤ (ʨʠʩ. 3). ʆʥ ʚʩʪʨʝʯʝʥ ʪʘʢʞʝ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʘʣʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ 

ʠ ʩʢʘʧʦʣʠʪʦʤ. ʕʪʦʪ ʠʥʜʠʚʠʜ ʠʤʝʝʪ ʬʦʨʤʫ ʧʣʘʩʪʠʥʳ, ʚ ʩʝʯʝʥʠʠ 15 ʭ110 ʤʢʤ.  

 

ʈʠʩʫʥʦʢ 3. ʇʠʨʠʪ (2) ʚ ʩʧʦʜʫʤʝʥʝ (1), ʩʣʘʙʦ ʟʘʪʨʦʥʫʪʦʤ ʠʟʤʝʥʝʥʠʷʤʠ ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʮʠʤʘʪʦʣʠʪ. 

ʃʠʰʴ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʠʥʜʠʚʠʜ ʧʠʨʠʪʘ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʨʠʤʝʩʴʶ ʭʣʦʨʠʪʘ ʚ 

ʩʧʦʜʫʤʝʥʝ ʩʦʜʝʨʞʘʣ ʤʳʰʴʷʢ ʦʪ 0,65 ʜʦ 1,84%. ɺ ʥʸʤ ʫʩʪʘʥʦʚʣʝʥ ʠʟʙʳʪʦʢ ʞʝʣʝʟʘ, ʪʠʧʠʯʥʳʡ 

ʪʘʢʞʝ ʠ ʜʣʷ ʧʷʪʠ ʠʟ ʩʝʤʠ ʠʟʤʝʨʝʥʥʳʭ ʠʥʜʠʚʠʜʦʚ (ʪʘʙʣ. 4).  

ʊʘʙʣʠʮʘ 4. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʠʨʠʪʘ 

ʅʦʤʝʨ 

ʠʥʜʠʚʠʜʘ 

ʕʣʝʤʝʥʪ ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ, ʤʘʩ.% ʉʫʤʤʘ ʌʦʨʤʫʣʘ 

Fe As S 

2 1 46,5 ʅ.ʦ 53,95 100,46 Fe0,99S2,01 

2 46,3  53,7 100 

3 0,99  2,01 3 

3-1 1 47,14 ʅ.ʦ 52,98 100,12 Fe1,01S1,99 

2 47,08  52,92 100 

3 1,01  1,99 3 
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4-1-5 1 47,62 1,9 53,92 103,43 Fe1As0,03S1,97 

2 46,04 1,84 52,13 100 

3 1 0,03 1,97  

4-1-6 1 46,43 0,65 52,59 99,67 Fe1,01As0,01S1,98 

2 46,58 0,65 52,76 100 

3 1,01 0,01 1,98 3 

5-1-2 1 46,11 ʅ.ʦ. 50,8 96,92 Fe1,03S1,97 

2 47,58  52,42 100 

3 1,03  1,97 3 

5-1-3 1 46,34 ʅ.ʦ. 53,68 100,02 Fe1,04S1,96 

2 47,95  52,05 100 

3 1,04  1,96 3 

 1 47,91 ʅ.ʦ. 54,97 102,88 Fe1,0S2,0 

2 46,57  53,43 100 

3 1  2 3 
ʇʨʠʤʝʯʘʥʠʝ: 1ï ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ, 2 ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ 100 %, 3ï ʬʦʨʤʫʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ɺ ʩʧʦʜʫʤʝʥʝ ʦʪʤʝʯʝʥ ʪʘʢʞʝ ʧʠʨʨʦʪʠʥ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʣʴʙʠʪʦʤ (ʨʠʩ. 4).  

 

ʈʠʩʫʥʦʢ 4. ɺʢʣʶʯʝʥʠʝ ʧʠʨʨʦʪʠʥʘ (3) ʚ ʩʧʦʜʫʤʝʥʝ (1) ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʣʴʙʠʪʦʤ (3). ʆʙʨʘʟʝʮ ɿʚ-19/05. 

ɿʘʚʠʪʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʧʦʜʫʤʝʥʘ. ʕʣʝʢʪʦʨʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʩʥʠʤʦʢ. 

ʌʦʨʤʘ ʚʢʣʶʯʝʥʠʷ ʧʠʨʨʦʪʠʥʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʦʛʨʘʥʢʠ. ɺʝʣʠʯʠʥʘ ʝʛʦ 6ʭ20 ʤʢʤ. ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʧʠʨʨʦʪʠʥʘ (ʤʘʩ.%): Fe ï 61,89; S ï 38, 18. ʌʦʨʤʫʣʘ ï Fe7,23S7,77. 

ɺʳʚʦʜʳ 

1. ɺ ʩʧʦʜʫʤʝʥʦʚʦʤ ʧʝʛʤʘʪʠʪʝ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʤʝʩʠ ʥʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʧʝʛʤʘʪʠʪʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʚʠʥʮʘ, ʩʝʨʝʙʨʘ, ʮʠʥʢʘ, ʢʘʜʤʠʷ, ʤʝʜʠ, ʚʠʩʤʫʪʘ, ʘ ʪʘʢʞʝ ʩʫʣʴʬʠʜʳ, ʚ 

ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʧʨʦʞʠʣʢʦʚ ʠ ʣʠʥʟʦʚʠʜʥʳʭ ʪʝʣ ʠ ʛʥʸʟʜ.  

2. ʉʫʣʴʬʠʜʳ ʦʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʧʦʜʫʤʝʥʝ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʧʠʨʨʦʪʠʥʦʤ ʠ ʧʠʨʠʪʦʤ. ɺ ʭʘʣʴʢʦʧʠʨʠʪʝ 

ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʤʝʩʠ ʮʠʥʢʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 3,98 ï 6,62%. ɽʛʦ ʬʦʨʤʫʣʘ ʚ ʦʙʱʝʤ ʚʠʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ (Cu,Zn) (Fe,Zn)S2.  
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ʋɼʂ 553.41 (571.55)        

ʆ ʥʝʢʦʪʦʨʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʉʝʨʝʙʨʷʥʦʝ (ɺʦʩʪʦʯʥʦʝ ɿʘʙʘʡʢʘʣʴʝ) 

ʊʨʫʙʘʯʝʚ ɸ.ʀ., ʅʘʤʞʠʣʦʚ ɹ.ɹ., ʃʠʪʚʠʥʮʝʚʘ ʆ.ɺ., ʖʛ ɸ.ʖ, ɼʨʫʞʠʥʠʥʘ ʖ.ɺ. 
 ʆʆʆ çɺʦʩʪʦʢ ɻʝʦʉʝʨʚʠʩ ʇʘʨʪʥʝʨè, ʛ. ʏʠʪʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʋʩʪʘʥʦʚʣʝʥ ʰʠʨʦʢʠʡ ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚ ʦʩʥʦʚʥʳʭ ʪʠʧʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʚ ʘʣʝʚʨʦʣʠʪʘʭ, ʛʨʘʥʦʜʠʦʨʠʪʘʭ, ʜʦʣʦʤʠʪʘʭ, ʙʨʝʢʯʠʷʭ. ʇʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʨʫʜ ʚʳʷʚʣʝʥʘ 

ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʫ ʟʦʣʦʪʘ ʠ ʧʘʜʝʥʠʝ ʫ ʩʝʨʝʙʨʘ; ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʷʭ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚ 

ʨʘʟʥʳʭ ʪʠʧʘʭ ʧʦʨʦʜ ʦʪʤʝʯʝʥʳ ʪʝʥʜʝʥʮʠʠ ʢʘʢ ʫʚʝʣʠʯʝʥʠʷ, ʪʘʢ ʠ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʩʦʜʝʨʞʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʝʨʝʙʨʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʟʦʣʦʪʦ, ʩʝʨʝʙʨʦ, ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ, 

ʢʦʨʨʝʣʷʮʠʷ. 

 

On some patterns of distribution of useful components in the Silver deposit (Eastern 

Transbaikalia) 

Trubachev A.I., Namzhilov B.B., Litvintseva O.V., Yug A.Yu., Druzhinina Y.V. 
Vostok GeoService Partner LLC, Chita 

 

Annotation. A wide range of gold and silver contents has been established in the main types of rocks of the deposit: 

siltstones, granodiorites, dolomites, and breccias. According to the depth of the ores, there is a tendency for the contents 

of gold to increase and silver to fall; in the correlations of gold and silver in different types of rocks, there are trends in 

both increasing and decreasing their contents. 

Key words: Silver deposit, rocks, gold, silver, degree of occurrence, correlation. 

 

ʇʦ ʜʘʥʥʳʤ ʖ.ʆ. ʈʝʜʠʥʘ ʠ ʜʨ. [1-3], ʉʝʨʝʙʨʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ɻʘʟʠʤʫʨʦ-

ɿʘʚʦʜʩʢʦʤ ʨʘʡʦʥʝ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ, ʚ 7 ʢʤ. ʶʞʥʝʝ ʃʫʛʦʢʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʃʫʛʦʢʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ. ʆʥʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʫʟʣʫ ʧʝʨʝʩʝʯʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ 

ʉʝʚʝʨʦ-ʉʦʣʦʥʝʯʥʦʛʦ ʨʘʟʣʦʤʘ ʩ ʨʘʟʣʦʤʘʤʠ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ (ʨʠʩ.1.) ʇʣʦʱʘʜʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʣʦʞʝʥʘ ʨʝʛʠʦʥʘʣʴʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ, 

ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʩʣʘʥʮʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʜʦʣʦʤʠʪʦʚ ʷʢʦʚʣʝʚʩʢʦʡ ʩʚʠʪʳ 

ʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (D2- 3 jak). ʄʘʛʤʘʪʠʟʤ ʚ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʷʚʣʝʥ ʚ ʚʠʜʝ ʜʘʝʢ 

ʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ (ʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ, ʩʠʝʥʠʪ-ʤʦʥʮʦʥʠʪʳ) 

ʰʘʭʪʘʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʚʦʟʨʘʩʪʦʤ 154,6 ʤʣʥ. ʣʝʪ.  ʈʫʜʥʳʝ ʪʝʣʘ ʤʦʱʥʦʩʪʴʶ ʦʪ ʧʝʨʚʳʭ ʜʦ 

ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʚʳʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʜʘʥʥʳʤ ʦʧʨʦʙʦʚʘʥʠʷ. ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʚ 

ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʷʚʣʝʥʦ 2 ʪʠʧʘ ʦʨʫʜʝʥʝʥʠʷ: ʘ) ʘʨʩʝʥʦʧʠʨʠʪ-ʧʠʨʠʪ-ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʝ 

ʠ ʙ) ʙʣʝʢʣʦʨʫʜʥʦ-ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪʦʚʦʝ (ʩ ʩʫʣʴʬʦʩʦʣʷʤʠ ʩʚʠʥʮʘ ʠ ʩʫʨʴʤʳ) ʟʦʣʦʪʦ ʠ 

ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʝʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʆʆʆ çɺʦʩʪʦʢ ɻʝʦʉʝʨʚʠʩ 

ʇʘʨʪʥʝʨè ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʳ ʃʊʇ CR-23-001, ʚʝʩʦʤ 694,5 ʢʛ ʠ ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ 175 

ʯʘʩʪʥʳʭ ʧʨʦʙ (1/2 ʢʝʨʥʘ), ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʚ ʩʢʚʘʞʠʥʘʭ ˉˉ 2501, 2502, 

2503, 2504, 2505, ʚ ʨʫʜʘʭ ʉʝʨʝʙʨʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʜʝʨʞʘʪʩʷ: Au (1,41 ʛ/ʪ), Ag (27,17 

ʛ/ʪ), Cu (0,032 %). As (1,16 %), Fe (5,22 %), Ti (0,37 %), Pb (0,14 %), Zn (0,07 %), Sb (0,08 %), 

ʦʜʥʘʢʦ ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ, ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʥʠʞʝ ʠ ʧʦʡʜʝʪ ʨʝʯʴ. 

ɺ ʧʨʦʙʘʭ ʛʣʘʚʥʳʤʠ ʪʠʧʘʤʠ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ: ʘʣʝʚʨʦʣʠʪʳ (76 %), ʛʨʘʥʦʜʠʦʨʠʪʳ (18,3 %), 

ʙʨʝʢʯʠʠ ʧʦ ʘʣʝʚʨʦʣʠʪʘʤ (4,6 %) ʠ ʜʦʣʦʤʠʪʳ (1,1 %). ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʛʣʘʚʥʳʭ 

ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ) ʚ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʪʠʧʘʭ ʧʦʨʦʜ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʷ ʠʭ ʢʦʣʝʙʣʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʪʘʙʣ. 1). 

ɺ ʦʩʥʦʚʥʳʭ ʪʠʧʘʭ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ʘʣʝʚʨʦʣʠʪʘʭ, ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,24-5,81 ʛ/ʪ (ʩʨʝʜʥʝʝ 1,33), ʘ ʩʝʨʝʙʨʘ ï ʦʪ 0,2 ʜʦ 328,4 ʛ/ʪ (ʩʨʝʜʥʝʝ 

20,88); ʚ ʛʨʘʥʦʜʠʦʨʠʪʘʭ ï ʧʦ ʟʦʣʦʪʫ ʢʦʣʝʙʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 0,55-4,23 ʛ/ʪ (ʩʨʝʜʥʝʝ 1,53 ʛ/ʪ), ʧʦ 

ʩʝʨʝʙʨʫ ʦʪ 0,2 ʜʦ 27,5 ʛ/ʪ (ʩʨʝʜʥʝʝ 5,41 ʛ/ʪ); ʧʦ ʜʦʣʦʤʠʪʘʤ ï ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʦʪ 0,76 ʜʦ 

1,43 (ʩʨʝʜʥʝʝ 1,1 ʛ/ʪ), ʧʦ ʩʝʨʝʙʨʫ ï 1,4-4,1 ʛ/ʪ (ʩʨʝʜʥʝʝ 2,75 ʛ/ʪ). ɽʩʣʠ ʚ ʙʨʝʢʯʠʷʭ (ʧʦ 

ʘʣʝʚʨʦʣʠʪʘʤ) ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʥʝʙʦʣʴʰʦʡ ï 2,26-3,81 ʛ/ʪ (ʩʨʝʜʥʝʝ 2,83 ʛ/ʪ), ʠ ʦʥ 

ʚʩʝ-ʪʘʢʠ ʙʦʣʝʝ ʧʦʚʳʰʝʥʥʳʡ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʧʦʨʦʜʘʭ, ʪʦ ʧʦ ʩʝʨʝʙʨʫ ʵʪʘ ʚʝʣʠʯʠʥʘ ʚʝʩʴʤʘ 
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ʟʥʘʯʠʪʝʣʴʥʘʷ: ʦʪ 1,6 ʜʦ 421,4 ʛ/ʪ (ʩʨʝʜʥʷʷ 139,08 ʛ/ʪ). ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʙʨʝʢʯʠʷʭ ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʠʚʥʦʩʦʤ ʠʭ ʧʨʠ ʧʦʩʣʝʜʦʚʘʚʰʝʤ ʤʝʪʘʩʦʤʘʪʦʟʝ ʚ ʟʦʥʘʭ 

ʜʨʦʙʣʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 1. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʃʫʛʦʢʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ [2] 1-ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ; 2-ʪʫʨʛʠʥʩʢʘʷ 

ʩʚʠʪʘ (K1tr); 3-ʛʣʫʰʢʦʚʩʢʘʷ ʩʚʠʪʘ (J3 gl); 4-ʷʢʦʚʣʝʚʩʢʘʷ ʩʚʠʪʘ (D2-3 jak); 5- ʙʳʩʪʨʠʥʩʢʘʷ ʩʚʠʪʘ (C1bs); 6-

ʢʫʢʫʣʴʙʝʡʩʢʠʡ ʢʦʤʧʣʝʢʩ (J3r); 7-ʰʘʭʪʘʤʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ (J2-3 s); 8-10- ʫʥʜʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ (P1u): 8-ʛʨʘʥʠʪʳ, 

9-ʛʨʘʥʦʜʠʦʨʠʪʳ, 10-ʛʘʙʙʨʦ; 11-ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ; 12-ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʊʘʙʣʠʮʘ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ (ʛ/ʪ) ʧʦ ʪʠʧʘʤ ʧʦʨʦʜ ʚ 

ʉʝʨʝʙʨʷʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʚ ʯʠʩʣʠʪʝʣʝ ʧʨʝʜʝʣʳ ʩʦʜʝʨʞʘʥʠʡ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ) 

ʊʠʧr ʧʦʨʦʜ ʏʠʩʣʦ ʧʨʦʙ ʉʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʉʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ 

ɸʣʝʚʨʦʣʠʪʳ 133 (76 %) 0,24-5,81 /1,33 0,2-328,4/20,88 

ɹʨʝʢʯʠʠ 8 (4,6 %) 2,26-3,81/2,83 1,6-421,8/139,08 

ɻʨʘʥʦʜʠʦʨʠʪʳ 32 (18,3 %) 0,55-4,23/1,53 0,2-27,5/5,41 

ɼʦʣʦʤʠʪʳ 2 (1,1 %) 0,76-1,43 /1,1 1,4-4,1 /2,75 

ʇʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ 175 (100 %) 0,24-5,8 /1,41 0,2-421,8/27,17 

 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʧʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʨʫʜ 

(ʦʪ 33 ʜʦ 166 ʤ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʙʨʦʩ ʧʦ ʟʦʣʦʪʫ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,54 ʜʦ 3,81 ʛ/ʪ, ʘ ʧʦ ʩʝʨʝʙʨʫ 

ï ʦʪ 0,5 ʜʦ 82 ʛ/ʪ (ʪʘʙʣ.2). 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦ ʚʩʝʤ ʪʠʧʘʤ ʧʦʨʦʜ ʥʘ ʛʣʫʙʠʥʘʭ 

33ï80 ʤ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 1,23 ʛ/ʪ, ʥʘ ʛʣʫʙʠʥʘʭ 81ï135 ʤ ï 1,55 ʛ/ʪ, ʘ ʥʘ 

ʛʣʫʙʠʥʘʭ 136ï166 ʤ ï 1,34 ʛ/ʪ, ʚ ʮʝʣʦʤ ʧʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʷʤ ʟʦʣʦʪʘ ʥʘʤʝʯʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ   ʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʛʣʫʙʠʥʫ ʩ 0,5 ʜʦ 2,5 ʛ/ʪ. 
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ʊʘʙʣʠʮʘ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ (ʛ/ʪ) ʧʦ ʛʣʫʙʠʥʝ 

ʟʘʣʝʛʘʥʠʷ ʨʫʜ 

ˉ ʩʢʚʘʞʠʥ ɻʣʫʙʠʥʘ, ʤ ʏʠʩʣʦ ʧʨʦʙ ʉʦʜʝʨʞʘʥʠʝ Au ʉʦʜʝʨʞʘʥʠʝ Ag 
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0,69 

1,1 
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ɼʠʘʧʘʟʦʥ  33-166  0,54-3,81 0,5-82 

 

ʇʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʷʤ ʩʝʨʝʙʨʘ ʥʘʤʝʯʘʝʪʩʷ 2 ʧʦʣʷ: ʘ) ʚ ʙʨʝʢʯʠʷʭ ʩ ʛʣʫʙʠʥʳ 40 ʜʦ 95 ʤ 

ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʧʘʜʘʝʪ ʩ 82 ʜʦ 50 ʛ/ʪ; ʚ ʦʩʪʘʣʴʥʳʭ ʧʦʨʦʜʘʭ (ʘʣʝʚʨʦʣʠʪʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ, 

ʜʦʣʦʤʠʪʳ) ʩ ʛʣʫʙʠʥʳ 33 ʜʦ 166 ʤ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 25 ʜʦ 1,5 ʛ/ʪ. 

 ʆ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʷʭ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʘʣʝʚʨʦʣʠʪʘʭ ʠ 

ʛʨʘʥʦʜʠʦʨʠʪʘʭ ʥʘʤʝʯʘʝʪʩʷ ʧʦ 2 ʧʦʣʷ. ɺ ʘʣʝʚʨʦʣʠʪʘʭ ʚ ʧʝʨʚʦʤ ʧʦʣʝ ʦʪʤʝʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʪʝʥʜʝʥʮʠʷ: ʧʨʠ ʩʦʜʝʨʞʘʥʠʷʭ ʩʝʨʝʙʨʘ ʦʪ 0,5 ʜʦ 40 ʛ/ʪ ʠʜʝʪ ʩʧʘʜ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʦʪ 3,5 ʜʦ 

0,4 ʛ/ʪ; ʚʦ ʚʪʦʨʦʤ ʧʦʣʝ ʧʨʠ ʩʦʜʝʨʞʘʥʠʷʭ ʩʝʨʝʙʨʘ ʦʪ 40 ʜʦ 95 ʛ/ʪ ʠʜʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ 

ʟʦʣʦʪʘ ʦʪ 0,5 ʜʦ 5,5 ʛ/ʪ. 

ɺ ʛʨʘʥʦʜʠʦʨʠʪʘʭ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ: 

ʚ ʧʝʨʚʦʤ ʧʦʣʝ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʝʙʨʘ ʜʦ 2 ʛ/ʪ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʤʝʥʷʝʪʩʷ ʧʦ ʧʨʷʤʦʡ 

ʚʝʨʪʠʢʘʣʠ ʦʪ 0,5 ʜʦ 4,2 ʛ/ʪ; ʚʦ ʚʪʦʨʦʤ ʧʦʣʝ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʝʙʨʘ ʦʪ 5 ʜʦ 45 ʛ/ʪ ʠʜʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʦʪ 0,5 ʜʦ 1,7 ʛ/ʪ. 

ʆʪʤʝʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʚʠʜʝ ʪʝʥʜʝʥʮʠʡ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʠ 

ʩʝʨʝʙʨʘ ʚ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘʭ ʧʦʨʦʜ ʠ ʧʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʨʫʜ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ï ʧʨʠ ʚʳʙʦʨʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ 

ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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Abstract. The article contains brief information about Russia's first Gutayskoye (Chikoyskoye) molybdenum 

deposit, the mineral and chemical composition of ores obtained as a result of chemical analysis (59 elements) and 

electron microscopic studies. The paper shows electron microscopic images, the contents (Mo, Re) for 30 ore samples 

taken from the ores of the Gutayskoye deposit. 
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ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʩʧʫʪʥʠʢʦʤ ʤʦʣʠʙʜʝʥʘ [1] ʠ ʯʘʩʪʦ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʨʫʜʘʭ ʝʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ɿʘʙʘʡʢʘʣʴʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ [1ï4]. ʆʩʥʦʚʥʳʤ 

ʥʦʩʠʪʝʣʝʤ ʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʣʠʙʜʝʥʠʪ [1]. ʉʦʜʝʨʞʘʥʠʝ ʨʝʥʠʷ ʚ ʤʦʣʠʙʜʝʥʠʪʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʙʘʡʢʘʣʴʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 15 ï 280 ʛ/ʪ [1ï4]. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʨʝʜʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʩʫʱʠ ʤʦʣʠʙʜʝʥʠʪʫ ʉʪʫʜʝʥʯʝʩʢʦʛʦ (195 ʛ/ʪ) ʠ ʉʳʨʳʛʠʯʠʥʩʢʦʤʫ (106 ʛ/ʪ). 

ʉʦʜʝʨʞʘʥʠʷ ʨʝʥʠʷ ʚ ʨʫʜʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,1 ï 2,0 ʛ/ʪ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʉ.ʄ. 

ɹʘʩʠʪʦʚʦʡ ʧʦ [1, 4] ʩʦʜʝʨʞʘʥʠʷ ʨʝʥʠʷ ʚ ʤʦʣʠʙʜʝʥʠʪʝ ɻʫʪʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 

ʚ ʩʨʝʜʥʝʤ 74 ʛ/ʪ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʥʘʤʠ ʧʨʝʜʧʨʠʥʷʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʥʠʷ ʚ ʨʫʜʘʭ ʠ 

ʦʢʦʣʦʨʫʜʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ɻʫʪʘʡʩʢʦʝ (ʏʠʢʦʡʩʢʦʝ) ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʤʦʣʠʙʜʝʥʘ 

ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʏʠʢʦʡ ʥʘʧʨʦʪʠʚ ʩ. ɻʫʪʘʡ ʚ ʂʨʘʩʥʦʯʠʢʦʡʩʢʦʤ ʨʘʡʦʥʝ 

ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. ʆʪʢʨʳʪʦ ʚ 1900 ʛʦʜʫ ʚʦʝʥʥʳʤʠ ʪʦʧʦʛʨʘʬʘʤʠ. ʉʦʛʣʘʩʥʦ ʜʨʫʛʠʤ 

ʜʘʥʥʳʤ, ʦʥʦ ʠʟʚʝʩʪʥʦ ʩ 1771 ʛʦʜʘ. ɺ 1826 ʛʦʜʫ ʙʳʣʦ ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʟʥʘʥʦ, ʢʘʢ ʧʝʨʚʦʝ ʚ 

ʈʦʩʩʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʤʦʣʠʙʜʝʥʘ. ɺ 1915 ʛʦʜʫ ʠʟ ʤʦʣʠʙʜʝʥʠʪʘ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ 

ʇʫʪʠʣʦʚʩʢʦʤ ʟʘʚʦʜʝ ʚ ʇʝʪʨʦʛʨʘʜʝ ʧʦʣʫʯʝʥ ʧʝʨʚʳʡ ʨʦʩʩʠʡʩʢʠʡ ʤʦʣʠʙʜʝʥ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʜʦ 1954 ʛʦʜʘ ʠ ʩʦʭʨʘʥʠʣʠʩʴ ʣʠʰʴ ʨʘʟʚʘʣʠʥʳ ʨʫʜʥʠʢʘ. ʃʝʪʦʤ 2024 ʛʦʜʘ 

ʘʚʪʦʨʘʤ ʩʪʘʪʴʠ ʫʜʘʣʦʩʴ ʦʪʦʙʨʘʪʴ ʦʙʨʘʟʮʳ ʠʟ ʨʫʜʥʳʭ ʦʪʚʘʣʦʚ ɻʫʪʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʚʳʧʦʣʥʠʪʴ ʠʭ ʠʟʫʯʝʥʠʝ. 

ʈʫʜʥʳʝ ʟʦʥʳ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʛʥʝʡʩʘʭ ʠ ʩʣʘʥʮʘʭ ʬʘʮʠʠ ʵʧʠʜʦʪʦʚʳʭ ʘʤʬʠʙʦʣʠʪʦʚ ʚ ʷʜʨʝ 

ɻʫʪʘʡʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ ʠ ʩʚʷʟʘʥʳ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ ʛʫʜʞʠʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʈʫʜʥʳʤʠ ʪʝʣʘʤʠ ʷʚʣʷʶʪʩʷ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʤʦʱʥʦʩʪʴʶ 0,01ï0,1 ʤ, ʨʝʜʢʦ ʜʦ 0.2 ʤ ʠ ʤʝʣʢʠʝ 

ʧʨʦʞʠʣʢʠ. ɼʣʠʥʘ ʞʠʣ 65ï325 ʤ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ 80ï350 ʤ ʧʦ ʧʘʜʝʥʠʶ. ʉʦʜʝʨʞʘʥʠʝ ʄʦ 

0,01ï30,42 % (ʩʨʝʜʥʝʝ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ 0,05ï1,2 %). ʆʨʫʜʝʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʤʦʣʠʙʜʝʥʠʪʦʤ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʧʠʨʨʦʪʠʥʘ, ʧʠʨʠʪʘ, ʘ ʪʘʢʞʝ, ʭʘʣʴʢʦʧʠʨʠʪʘ, 

ʩʬʘʣʝʨʠʪʘ ʠ ʛʘʣʝʥʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʝʨʝʙʨʦ. ɺ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʠʨʨʦʪʠʥʦʤ ʠʟʨʝʜʢʘ ʥʘʨʷʜʫ ʩ 

ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʠ ʛʘʣʝʥʠʪʦʤ ʚ ʞʠʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʚʠʩʤʫʪʠʥʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʜʦ 2,26 ʤʘʩ. % ʩʝʨʝʙʨʘ. 
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ʄʦʣʠʙʜʝʥʠʪ ʦʙʨʘʟʫʝʪ ʚʢʨʘʧʣʝʥʠʷ ʜʦ 0,1ï1,5 ʤʤ ʚʦ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʝ ʚʙʣʠʟʠ ʦʪ ʢʦʥʪʘʢʪʘ 

ʩ ʞʠʣʦʡ ʠ ʩʧʣʦʰʥʳʝ ʚʳʜʝʣʝʥʠʷ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʩʪʝʥʢʘʤ ʪʨʝʱʠʥ, ʟʘʧʦʣʥʝʥʥʳʭ ʞʠʣʴʥʳʤ 

ʢʚʘʨʮʝʤ. ʀʥʜʠʚʠʜʳ ʠ ʦʪʜʝʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʤʦʣʠʙʜʝʥʠʪʘ ʟʜʝʩʴ ʜʦʩʪʠʛʘʶʪ 1 ʩʤ ʚ 

ʧʦʧʝʨʝʯʥʠʢʝ, ʘ ʩʣʦʠ ʝʛʦ ʥʘ ʢʦʥʪʘʢʪʘʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʙʳʚʘʶʪ ʜʦ 1,5 ʩʤ ʪʦʣʱʠʥʦʡ (ʨʠʩ. 1). 

ʇʣʘʩʪʠʥʳ ʤʦʣʠʙʜʝʥʠʪʘ ʦʙʳʯʥʦ ʠʟʦʛʥʫʪʳ ʠ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʧʦ ʪʨʝʱʠʥʘʤ ʩʧʘʡʥʦʩʪʠ 

ʟʘʤʝʱʝʥʳ ʧʦʚʝʣʣʠʪʦʤ. 

 

ʈʠʩʫʥʦʢ 1. ʄʦʣʠʙʜʝʥʠʪ ʩ ʢʦʥʪʘʢʪʘ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ, ʨʘʟʤʝʨ 1,5ʭ1,8 ʩʤ. ʅʘ ʥʸʤ ʚʠʜʥʳ ʤʝʣʢʠʝ ʞʝʣʪʦʚʘʪʳʝ 

ʧʨʠʤʘʟʢʠ ʧʦʚʝʣʣʠʪʘ. ʆʙʨ. ɻʊ-1 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʅʘ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʦʙʨʘʥʦ 30 ʰʪʫʬʥʳʭ ʧʨʦʙ. ʐʪʫʬʥʳʝ ʧʨʦʙʳ 

ʧʦʩʣʝ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɸʆ çʉɾʉ ɺʦʩʪʦʢ ʃʠʤʝʪʝʜè ʥʘ 59 

ʵʣʝʤʝʥʪʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

(ICP-AES / ICP-MS), ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ çʯʝʪʳʨʴʤʷ ʢʠʩʣʦʪʘʤʠè. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʰʣʠʬʦʚ ʧʨʦʚʝʜʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʌɻɹʋʅ ɻʀʅ ʉʆ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ LEO-1430VP 

ʩ ʩʠʩʪʝʤʦʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 350 (ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʵʣʝʤʝʥʪʦʚ ʦʪ B ʜʦ U). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʙ ʚʳʷʚʣʝʥʳ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ (ʨʠʩ. 2) 0,08ï1,00 % (ʚ ʜʚʫʭ ʧʨʦʙʘʭ Mo>1,00 %, ʚʳʰʝ ɺʇʆ). ʂʨʦʤʝ 

ʤʦʣʠʙʜʝʥʘ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʘʭ ʚʩʪʨʝʯʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ 0,08ï0,20 %, ʤʝʜʠ 

0,02ï0,40 %, ʚ ʜʚʫʭ ʧʨʦʙʘʭ ʟʦʣʦʪʘ 0,12ï0,14 ʛ/ʪ ʠ ʩʝʨʝʙʨʘ 1,42ï2.53 ʛ/ʪ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʧʨʦʙʘʭ ʦʙʥʘʨʫʞʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʨʝʥʠʷ ʙʦʣʝʝ 0,01 ʛ/ʪ (ppm), ʧʨʠʯʝʤ ʚ ʯʝʪʳʨʝʭ 

ʧʨʦʙʘʭ ʩʦʜʝʨʞʘʥʠʷ Re ʜʦʩʪʠʛʘʶʪ ʜʦ 0,35ï1,77 ʛ/ʪ (ʨʠʩ. 2). 

ʅʘ ʛʨʘʬʠʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (+0,84 ʇʠʨʩʦʥʘ) ʤʦʣʠʙʜʝʥʘ 

ʠ ʨʝʥʠʷ ʚ ʨʫʜʘʭ ɻʫʪʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʨʝʥʠʡ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʤʦʣʠʙʜʝʥʠʪʘ ʠ ʧʦʚʝʣʣʠʪʘ. 
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ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʨʫʜʘʭ ɻʫʪʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɺ ʦʜʥʦʤ ʦʙʨʘʟʮʝ ʘʥʰʣʠʬʘ (ʦʙʨ. ɻʊ-9) ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʥʘʨʫʞʝʥ ʧʦʚʝʣʣʠʪ (ʨʠʩ. 3, ʪʦʯʢʠ 3, 6, 7), ʨʘʟʚʠʪʳʡ ʧʦ ʤʦʣʠʙʜʝʥʠʪʫ (ʨʠʩ. 3, ʪʦʯʢʠ 4, 5). ɺ 

ʩʣʦʝ ʧʦʚʝʣʣʠʪʘ, ʟʘʤʝʩʪʠʚʰʝʤ ʤʦʣʠʙʜʝʥʠʪ, ʧʨʠʩʫʪʩʪʚʫʝʪ 0,91 ʤʘʩ. % ʨʝʥʠʷ (ʨʠʩ. 3, ʪʦʯʢʘ 3). 

ɺ ʥʘʭʦʜʷʱʠʭʩʷ ʩ ʥʠʤ ʨʷʜʦʤ ʯʘʩʪʷʭ ʤʦʣʠʙʜʝʥʠʪʘ ʨʝʥʠʡ ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʚʳʰʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʟʦʥʜʘ ʥʝ ʦʙʥʘʨʫʞʝʥ. ʆʜʥʘʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʙʝ ɻʊ-9 ʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 1,77 ʛ/ʪ (ʩʤ. ʨʠʩ. 2). ʇʨʠ ʵʪʦʤ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʤʦʣʠʙʜʝʥʠʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 106 ʛ/ʪ (1,06 ʤʘʩ. % ʨʝʥʠʷ), ʯʪʦ ʚ 

ʮʝʣʦʤ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʠʢʨʦʟʦʥʜʘ. 

ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʨʝʥʠʡ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʦʣʠʙʜʝʥʠʪʝ, ʥʦ ʠ ʚ ʧʦʚʝʣʣʠʪʝ [3]. 

 

ʈʠʩʫʥʦʢ 3. ʇʦʚʝʣʣʠʪ (3, 6, 7), ʨʘʟʚʠʪʳʡ ʧʦ ʤʦʣʠʙʜʝʥʠʪʫ (4, 5) ʚ ʢʚʘʨʮʝ (1), ʘʩʩʦʮʠʠʨʫʶʱʝʤ ʩ ʭʣʦʨʠʪʦʤ (2). 

ʆʙʨ. ɻʊ-9 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʘʥʥʠʝ 

ʩʚʝʜʝʥʠʷ, ʯʪʦ ʚ ʤʦʣʠʙʜʝʥʠʪʦʚʳʭ ʞʠʣʘʭ ɻʫʪʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʜʝ ʚʳʷʚʣʝʥʳ 

ʧʦʚʳʰʝʥʥʳʝ ʠ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʠʙʜʝʥʘ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʝʥʠʡ. 
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ʧʝʩʯʘʥʠʢʦ-ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʶʨʩʢʦʛʦ ʠ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʢʦʪʦʨʳʤʠ  ʚʳʧʦʣʥʝʥʘ ʏʠʪʠʥʦ-ʀʥʛʦʜʠʥʩʢʘʷ 
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Abstract. The geochemical features of essentially pyrite concretions developed in sandy-clayey deposits of Jurassic 

and Cretaceous age, which fill the Chita-Ingoda Mesozoic depression, are considered. In the area west of Chita, their 

enrichment in arsenic, bismuth, antimony, molybdenum, silver was established. Gold was found in one sample. Gold-

silver mineralization at depth is predicted. 
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ɺ ʧʨʝʜʝʣʘʭ ʏʠʪʠʥʦ-ʀʥʛʦʜʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʧʦʙʝʨʝʞʴʷ ʨ. ʀʥʛʦʜʘ ʜʦ 

ʛʨʘʥʠʮʳ ʝʸ ʥʘ ʣʠʥʠʠ ʩʦʯʣʝʥʝʥʠʷ ʩ ʧʦʜʥʦʞʴʝʤ ʗʙʣʦʥʦʚʦʛʦ ʭʨʝʙʪʘ, ʚ ʙʘʩʩʝʡʥʝ ʨ. ʂʘʜʘʣʘ, ʘ 

ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʣʝʚʦʙʝʨʝʞʴʝ ʜʦʣʠʥʳ ʨ. ʏʠʪʘ ʚ ʉʝʚʝʨʥʦʤ ʤʠʢʨʦʨʘʡʦʥʝ ʛ. ʏʠʪʘ, 

ʨʘʟʚʠʪʳ ʦʪʣʦʞʝʥʠʷ ʧʝʩʯʘʥʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʩʣʦʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠʣʠ ʘʨʛʠʣʣʠʪʦʚ. ʇʝʨʚʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʠʭ ʙʳʣʘ ʜʘʥʘ ʥʘʤʠ ʨʘʥʝʝ [1]. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʦʥʢʨʝʮʠʷʭ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ (ʧʨʝʜʝʣʳ ʩʦʜʝʨʞʘʥʠʡ, ʛ/ʪ) ʚʦʣʴʬʨʘʤʘ (100-3000), ʤʳʰʴʷʢʘ (200-400), 

ʩʫʨʴʤʳ ( 51-103), ʢʦʙʘʣʴʪʘ ( 15-31), ʙʘʨʠʷ ( 310-702) ʠ ʜʨ. ɺ ʧʠʨʠʪʝ ʫʩʪʘʥʦʚʣʝʥʳ (ʛ/ʪ): Pb (ʜʦ 

20), Zn (ʜʦ 40), As (ʜʦ 1103), Sb (ʜʦ 295). ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʦʣʦʪʦ ʠ 

ʩʝʨʝʙʨʦ. 

ɺ 2025 ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʠʨʠʪʩʦʜʝʨʞʘʱʠʭ ʢʦʥʢʨʝʮʠʡ ʧʨʦʜʦʣʞʝʥʳ ʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʨʝʟʫʣʴʪʘʪʳ. ɸʥʘʣʠʟ ʧʝʩʯʘʥʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʠʨʠʪ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ɸʆ ʉɾʉ çɺʦʩʪʦʢ ʃʀʄʀʊɽɼè ʤʝʪʦʜʦʤ ICP MS. ʀʟ ʦʙʨʘʟʮʦʚ 22ʜʚ ʠ 

30ʜʚ ʠʟʛʦʪʦʚʣʝʥʳ ʘʥʰʣʠʬʳ, ʧʨoʩʤʦʪʨʝʥʥʳʝ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Carl Zeiss Jena 

Scope A-1. ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʷʪʳ ʫʪʦʯʥʝʥʥʳʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʣʘʨʢʦʚ [ʂʘʩʠʤʦʚ, ɺʣʘʩʦʚ, 2015; Rudnick, Gao, 2003].   

ʂʦʥʢʨʝʮʠʠ ʦʙʨʘʟʫʶʪ ʢʘʨʘʚʘʝʦʙʨʘʟʥʳʝ ʠʣʠ ʦʢʨʫʛʣʳʝ ʩʪʷʞʝʥʠʷ ʦʪ 0.2 ʜʦ 23 ʩʤ ʚ ʜʣʠʥʫ ʠ ʜʦ 

8 ʩʤ ʪʦʣʱʠʥʦʡ. ʆʥʠ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤ, ʢʨʫʧʥʦ- ʠ ʛʨʫʙʦʟʝʨʥʠʩʪʳʤ 

ʧʝʩʯʘʥʠʢʘʤ ʩ ʢʚʘʨʮʝʚʦ-ʩʝʨʠʮʠʪʦʚʳʤ, ʠʥʦʛʜʘ ʢʚʘʨʮʝʚʦ-ʩʠʜʝʨʠʪʦʚʳʤ ʮʝʤʝʥʪʦʤ. ʎʚʝʪ ʠʭ 

ʩʝʨʳʡ, ʪʝʤʥʦ-ʩʝʨʳʡ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʡ, ʥʘ ʠʟʣʦʤʘʭ ʟʦʣʦʪʠʩʪʦ-ʟʝʣʝʥʳʡ ʟʘ ʩʯʝʪ ʧʠʨʠʪʘ, 

ʫʯʘʩʪʢʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ï ʙʫʨʦ-ʢʦʨʠʯʥʝʚʳʡ. ʇʣʦʭʦ ʦʢʘʪʘʥʥʳʝ ʟʝʨʥʘ 

ʩʝʨʦʛʦ ʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʢʚʘʨʮʘ (1 ï 6 ʤʤ ʧʦ ʜʣʠʥʥʦʡ ʦʩʠ) ʠ, ʨʝʞʝ ï ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ 

ʟʘʤʝʱʘʶʪʩʷ ʠ ʮʝʤʝʥʪʠʨʫʶʪʩʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤ ʪʦʥʢʦ- ʜʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʢʚʘʨʮʝʤ ʠ 

ʧʠʨʠʪʦʤ, ʘ ʪʘʢʞʝ ï ʦʯʝʥʴ ʨʝʜʢʦ ï ʘʨʩʝʥʦʧʠʨʠʪʦʤ. ʉʫʱʝʩʪʚʝʥʥʦ ʧʠʨʠʪʦʚʳʝ ʢʦʥʢʨʝʮʠʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʙʝʨʝʛʫ ʀʥʛʦʜʳ ʚʙʣʠʟʠ ʫʩʪʴʷ ʨ. ʂʘʜʘʣʘ. ʉʨʝʟ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʢʘʨʘʚʘʝʦʙʨʘʟʥʳʭ 

ʢʦʥʢʨʝʮʠʡ ʚʝʣʠʯʠʥʦʡ ʦʪ 16 ʜʦ 18 ʩʤ ʧʨʠ ʪʦʣʱʠʥʝ ʜʦ 6 ʩʤ ʧʦʢʘʟʘʥ ʥʘʤ ʨʠʩʫʥʢʝ 1.  
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ʈʠʩʫʥʦʢ 1. ʉʨʝʟ ʢʘʨʘʚʘʝʦʙʨʘʟʥʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʠʨʠʪʦʚʦʡ ʢʦʥʢʨʝʮʠʠ. ʆʙʨʘʟʝʮ 10 ʜʚ. 

ɺ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʘʭ ʚ ʜʦʣʠʥʝ ʨ. ʏʠʪʳ ʚʙʣʠʟʠ ʤʠʢʨʦʨʘʡʦʥʘ ʉʝʚʝʨʥʳʡ 

ʦʙʥʘʨʫʞʝʥʦ ʧʦʣʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʬʝʨʦʣʠʪʦʧʦʜʦʙʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʠʨʠʪʦʚʳʭ 

ʢʦʥʢʨʝʮʠʡ. ʅʠ ʦʙʨʘʟʫʶʪ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʩʬʝʨʦʣʠʪʳ ʜʦ 12 ʤʤ ʚ ʜʠʘʤʝʪʨʝ (ʨʠʩ. 2), ʪʘʢ ʠ 

ʩʧʣʦʰʥʳʝ ʠʭ ʩʨʦʩʪʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʩʨʘʩʪʘʥʠʷ ʜʦ 8 ï 10 ʩʤ (ʨʠʩ.3). ʎʚʝʪ 

ʧʝʩʯʘʥʠʢʘ ʪʸʤʥʦ-ʙʫʨʳʡ ʚʩʣʝʜʩʪʚʠʝ ʟʘʤʝʱʝʥʠʷ ʪʦʥʢʠʭ ʟʝʨʝʥ ʧʠʨʠʪʘ ʛʸʪʠʪʦʤ ʠ ʛʠʜʨʦʛʸʪʠʪʦʤ. 

 
ʈʠʩʫʥʦʢ 2. ɼʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʠʨʠʪʦʚʳʭ ʩʬʝʨʦʣʠʪʘ ʥʘ ʚ ʧʦʯʪʠ ʯʝʨʥʦʤ ʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʧʝʩʯʘʥʠʢʝ. 

ʆʙʨʘʟʝʮ ʏʠʪ-2. ɼʦʣʠʥʘ ʨ. ʏʠʪʘ ʚ ʉʝʚʝʨʥʦʤ ʤʠʢʨʦʨʘʡʦʥʝ ʛ. ʏʠʪʘ. 
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ʈʠʩʫʥʦʢ 3. ʉʨʦʩʪʦʢ ʩʫʱʝʩʪʚʥʥʦ ʧʠʨʠʪʦʚʳʭ ʩʬʝʨʦʣʠʪʦʚ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʡ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ 

ʧʝʩʯʘʥʠʢʦʤ. ʆʙʨʘʟʝʮ ʏʠʪ-1. ɼʦʣʠʥʘ ʨ. ʏʠʪʘ ʚ ʉʝʚʝʨʥʦʤ ʤʠʢʨʦʨʘʡʦʥʝ ʛ. ʏʠʪʘ. 

ʇʠʨʠʪ ʚ ʢʦʥʢʨʝʮʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 10-80% ʦʪ ʠʭ ʦʙʲʸʤʘ. ʆʥ ʦʙʨʘʟʫʝʪ ʥʝʨʘʚʥʦʤʝʨʥʫʶ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʚ ʮʝʤʝʥʪʝ ʧʝʩʯʘʥʠʢʦʚ, ʟʘʤʝʱʘʷ ʠ ʧʨʦʥʠʟʳʚʘʷ ʝʛʦ ʠ ʦʙʣʦʤʦʯʥʳʝ ʟʝʨʥʘ 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. ʀʥʦʛʜʘ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʩʧʣʦʰʥʘʷ ʠʣʠ ʧʨʦʞʠʣʢʦʚʘʷ. ɿʝʨʥʘ ʦʙʣʦʤʦʯʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʨʘʩʩʝʢʘʶʪʩʷ ʩʝʨʠʷʤʠ ʪʦʥʯʘʡʰʠʭ ʧʨʦʞʠʣʢʦʚ ʧʠʨʠʪʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 0,01 ï 0,1ʤʤ. 

ʅʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʠ ʚʝʪʚʷʱʠʝʩʷ ʞʠʣʦʦʙʨʘʟʥʳʝ ʠ ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ ʧʠʨʠʪʘ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 10-12 ʩʤ ʧʨʠ ʤʦʱʥʦʩʪʠ ʜʦ 8 ï 23 ʤʤ. (ʨʠʩ. 4).  

 
ʈʠʩʫʥʦʢ 4. ʉʠʩʪʝʤʘ ʚʝʪʚʷʱʠʭʩʷ ʧʨʦʞʠʣʢʦʚ ʧʠʨʠʪʘ, ʦʙʨʘʟʫʶʱʠʭ ʮʝʤʝʥʪ ʚ ʩʣʦʝ ʛʨʫʙʦ-ʟʝʨʥʠʩʪʦʛʦ 

ʧʝʩʯʘʥʠʢʘ, ʚ ʢʦʪʦʨʦʤ ʢʨʫʧʥʳʝ ʠʥʜʠʚʠʜʳ ʢʚʘʨʮʘ ʠʤʝʶʪ ʚʝʣʠʯʠʥʫ ʜʦ 3-4 ʤʤ. ʆʙʨʘʟʝʮ ʧʝʩʯʘʥʠʢʘ 30 ʜʚ. 

ʇʝʩʯʘʥʠʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʵʪʠ ʩʝʢʫʱʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʨʠʪʘ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʜʦ 

ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ. ʆʙʣʦʤʢʠ ʢʚʘʨʮʘ ʯʘʩʪʦ ʩʦʚʝʨʰʝʥʥʦ ʧʨʦʟʨʘʯʥʳ, ʠʥʦʛʜʘ ʦʥʠ ʪʝʤʥʦ-ʜʳʤʯʘʪʳʝ 

ʠʣʠ ʤʦʣʦʯʥʦ-ʙʝʣʳʝ. ʀʭ ʦʙʣʠʢ ʩʦʚʧʘʜʘʝʪ ʩ ʢʚʘʨʮʝʤ ʨʘʟʚʠʪʳʭ ʚ ʧʝʛʤʘʪʠʪʘʭ ʧʘʤʷʪʥʠʢʘ 

ɼʚʦʨʮʳ ʚ ʗʙʣʦʥʦʚʦʤ ʭʨʝʙʪʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʙʳʣʠ ʛʨʘʥʠʪʳ ʠ ʧʝʛʤʘʪʠʪʳ, ʨʘʟʚʠʪʳʝ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʂʘʜʘʣʘ. 

ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤ ʠ ʩʪʨʦʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʳʯʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʢʨʝʮʠʡ, ʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʙ ʫʯʘʩʪʠʠ ʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʠʜʨʦʪʝʨʤ. ɺ 

ʧʦʣʴʟʫ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʜʘʥʥʳʝ ʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ 

ʚ ʢʦʥʢʨʝʮʠʷʭ ʠ ʧʠʨʠʪʝ. ɺ ʥʠʭ ʦʧʨʝʜʝʣʝʥ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʧʨʠʤʝʩʝʡ (ʪʘʙʣʠʮʳ 1 ʠ 2).  
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ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʩʝʨʳ ʠ ʞʝʣʝʟʘ ʚ ʢʦʥʢʨʝʮʠʷʭ 

ʅʦʤʝʨ 

ʧʨʦʙʳ 

ʕʣʝʤʝʥʪ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ, ʛ/ʪ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Au Ag Pb Cd S Fe Mo 

20ʜʚ <0,03 <2,0 0,03 0,57 18,8 0,22 0,08 0,89 23 241 21,8 5,37 16 14,5 

22ʜʚ <0,03 <2,0 0,35 6,6 259

0 

30,8 0,75 8,23 0,84 8,81 10,8 2,66 1,5 1,36 

10ʜʚ <0,03 <2,0 0,06 1,13 28,3 1,66 0,11 1,22 22 231 20,5 5,05 12,9 11,72 

30 ʜʚ <0,03 <2,0 0,09 1,70 23,3 1,35 0,06 0,67 15 157 17,9 4,41 25,7 23,37 

1 ʠʥ ʅ.ʦ  0,08 1,51 26,1 1,54 0,09 1,00 31 325 28,0 6,9 11,7 10,64 

ʏʠʪ-1 <0,03 <2,0 0,02 0,38                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              23,1 1,36 0,07 0,08 30 315 26,3 6,48 6,35 5,77 

ʏʠʪ-2 0,27 18 0,053 0,94 14,5 0,85 0,04 0,44 0,71 7,45 16,8 4,14 5,57 5,06 

ʂʣʘʨʢ 0,0015  0,053  17  0,09  953  4,06%  1,1  

ʇʨʠʤʝʯʘʥʠʝ. 1ï ʃʝʚʘʷ ʢʦʣʦʥʢʘ ï ʩʦʜʝʨʞʘʥʠʝ, ʧʨʘʚʘʷ ʢʦʣʦʥʢʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʘ. 2 ï ʉʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʠ ʞʝʣʝʟʘ ʜʘʥʳ ʚ ʤʘʩ.%. 

ʉʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʶʪ. ɿʦʣʦʪʦ ʚ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚʝʟʜʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʝʣʢʠʭ ʩʬʝʨʦʣʠʪʦʚ ʠʟ ʜʦʣʠʥʳ ʨ. ʏʠʪʘ 

ʚ ʙʣʠʟʠ ʤʠʢʨʦʨʘʡʦʥʘ ʉʝʚʝʨʥʳʡ, ʥʝ ʜʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʳʰʝ ʥʠʞʥʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʦʤ 

ʧʨʦʙʠʨʥʦʛʦ ʘʥʘʣʠʟʘ (0,03 ʛ/ʪ). ʀ ʣʠʰʴ ʚ ʦʙʨʘʟʮʝ ʏʠʪ-2 ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 0,27 ʛ/ʪ, ʯʪʦ ʚ 18 ʨʘʟ 

ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʢʣʘʨʢ. ʉʝʨʝʙʨʦ ʞʝ ʚ ʵʪʦʤ ʦʙʨʘʟʮʝ ʝʜʚʘ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ ʢʣʘʨʢʘ. ʄʝʥʴʰʝ 

ʢʣʘʨʢʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʠ ʚ ʜʨʫʛʦʤ ʦʙʨʘʟʮʝ ʢʦʥʢʨʝʮʠʡ ʩ ʵʪʦʛʦ ʞʝ ʤʝʩʪʘ. ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʧʨʦʙʘʭ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʙʦʣʝʝ ʩʨʝʜʥʝʛʦ  
ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʚ ʦʙʨ. 22 ʜʚ. ɺ ʵʪʦʤ ʞʝ ʦʙʨʘʟʮʝ ʩʘʤʦʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ (0,259%), ʧʨʝʚʳʰʘʶʱʝʝ ʢʣʘʨʢ ʚ 30,8 ʨʘʟ. ɼʣʷ ʥʝʛʦ ʞʝ ʭʘʨʘʢʪʝʨʥʦ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʚʝʨʭʢʣʘʨʢʦʚʦʤʫ (141 ʛ/ʪ) ʩʦʜʝʨʞʘʥʠʶ 

ʮʠʥʢʘ. ʕʪʦʪ ʦʙʨʘʟʝʮ ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʣʠʷ (7,33 ʂ2ʆ), ʩʪʨʦʥʮʠʷ 

(1,03%), ʙʘʨʠʷ (1,94%), ʚʘʥʘʜʠʷ (387 ʛ/ʪ), ʮʠʨʢʦʥʠʷ (920 ʛ/ʪ), ʪʠʪʘʥʘ (2,01%) ʠ ʪʝʣʣʫʨʘ (0,28 

ʛ/ʪ).  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʠʙʜʝʥʘ (ʜʦ 0, 0026%, ʧʨʝʚʳʰʘʶʱʠʝ ʢʣʘʨʢ ʚ 23,27 

ʨʘʟ) ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʦʙʨʘʟʮʝ 30ʜʚ, ʦʪʣʠʯʘʶʱʝʤʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʠʨʠʪʘ ʚ ʬʦʨʤʝ 

ʩʠʩʪʝʤʳ ʩʝʢʫʱʠʭ ʧʨʦʞʠʣʢʦʚ. 

ʉʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʠ ʞʝʣʝʟʘ ʚ ʢʦʥʢʨʝʮʠʷʭ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0,71 ï 30 

ʠ 10,8 ï 28,0 ʤʘʩ. %.  

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʢʘʢ ʚʦʟʤʦʞʥʳʝ ʧʨʠʟʥʘʢʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʛʣʫʙʠʥʝ, ʤʦʛʫʪ ʠʤʝʪʴ 

ʘʥʦʤʘʣʴʥʳʝ ʜʣʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩʦʜʝʨʞʘʥʠʷ ʚʠʩʤʫʪʘ, ʤʳʰʴʷʢʘ ʠ ʩʫʨʴʤʳ (ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 2. ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ-ʩʧʫʪʥʠʢʦʚ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ 

ʅʦʤʝʨ 

ʧʨʦʙʳ 

ʕʣʝʤʝʥʪ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ, ʛ/ʪ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

As Sb Bi Te 

20ʜʚ 690 123 131 162 0,43 2,69 0,0125 0,46 

22ʜʚ 3 0,54 0,39 0,48 17,7 111 0,28 10,37 

10ʜʚ 702 125 123 152 0,63 3,94 0,0125 0,46 

30 ʜʚ 86 15,4 1,97 2,43 0,33 2,06 0,0125 0,46 

1 ʠʥ 1150 205 183 226 1,38 8,62 0,06 2,22 

ʏʠʪ-1 2130 380 171 211 0,4 2,5 0,0125 0,46 

ʏʠʪ-2 52 9,3 6,13 7,57 0,36 2,12 0,0125 0,46 

ʂʣʘʨʢ 5,6  0,81  0,16  0,027  

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʳʰʴʷʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʙʳ 22ʜʚ, 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 9,3 ï 380, ʩʫʨʴʤʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʵʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ, ʚ ʧʨʝʜʝʣʘʭ 2,43 ï 

183. ɺʠʩʤʫʪ ʠ ʪʝʣʣʫʨ ʚʝʜʫʪ ʩʝʙʷ ʧʦ-ʜʨʫʛʦʤʫ. ʀʤʝʥʥʦ ʚ ʧʨʦʙʝ 22ʜʚ, ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʳ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ, ʩʚʠʥʮʘ, ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ, ʤʘʢʩʠʤʘʣʴʥʳ ʩʦʜʝʨʞʘʥʠʷ ʚʠʩʤʫʪʘ ʠ ʪʝʣʣʫʨʘ. 

ʕʪʦ ʞʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʦʙʨʘʟʮʫ 1ʠʥ, ʦʪʦʙʨʘʥʥʦʤʫ ʠʟ ʢʦʥʢʨʝʮʠʠ, ʥʘʡʜʝʥʥʦʡ ʚ ʫʩʪʴʝ ʨ. ʂʘʜʘʣʘ 

ʧʨʠ ʚʧʘʜʝʥʠʠ ʝʸ ʚ ʨ. ʀʥʛʦʜʘ. 

ɺ ʰʪʫʬʥʦʡ ʧʨʦʙʝ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ ʚ ʨʘʡʦʥʝ ʧʘʜʠ ʃʘʧʦʯʢʠʥʘ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʦ 3ʛ/ʪ 

ʟʦʣʦʪʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [2] ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ɿʘʩʪʝʧʠʥʩʢʠʡ ʚ ʰʪʫʬʥʦʡ ʧʨʦʙʝ ʠʟ 
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ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʦʚ ʩʨʝʜʥʝʙʘʜʠʥʩʢʦʡ ʧʦʜʩʚʠʪʳ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ 3 ʛ/ʪ ʟʦʣʦʪʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʝʭ ʞʝ ʘʚʪʦʨʦʚ Au ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ 

ʚʩʝʭ ʰʪʫʬʥʳʭ ʧʨʦʙʘʭ ʚ ʩʦʪʳʭ ʠ ʪʳʩʷʯʥʳʭ ʜʦʣʷʭ ʛ/ʪ.  ɸ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʘʭ ʠʟ ʟʦʥ 

ʦʢʚʘʨʮʝʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʜʝʨʞʘʥʠʷ Ag (0,6 ï2,8 ʛ/ʪ) ʠ Au (0,02 ï 0,15 ʛ/ʪ).  

ɺʳʚʦʜʳ 

1. ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʧʠʨʠʪʩʦʜʝʨʞʘʱʠʭ ʢʦʥʢʨʝʮʠʡ, 

ʧʨʦʷʚʣʝʥʥʳʝ ʚ ʩʚʝʨʭʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʩʝʨʝʙʨʘ, ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʢʘʜʤʠʷ, ʤʦʣʠʙʜʝʥʘ, ʘ 

ʪʘʢʞʝ ʤʳʰʴʷʢʘ, ʩʫʨʴʤʳ, ʚʠʩʤʫʪʘ ʠ ʪʝʣʣʫʨʘ, ʪʠʧʠʯʥʳʭ ʵʣʝʤʝʥʪʘʭ-ʠʥʜʠʢʘʪʦʨʘʭ ʥʘʜʨʫʜʥʳʭ 

ʟʦʥ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʚ ʧʨʝʜʝʣʘʭ ʏʠʪʠʥʦ-

ʀʥʛʦʜʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʚʜʦʣʴ ʟʦʥʳ ʝʸ ʩʦʯʣʝʥʝʥʠʷ ʩ ʩʦ ʩʪʫʢʪʫʨʘʤʠ ʗʙʣʦʥʦʣʚʦʛʦ ʭʨʝʙʪʘ, 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ.  

2. ʇʠʨʠʪʦʚʳʝ ʢʦʥʢʨʝʮʠʠ ʩʚʷʟʘʥʳ, ʚʝʨʦʷʪʥʦ, ʢʘʢ ʩ ʧʨʦʮʝʩʩʘʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ 

ʜʠʘʛʝʥʝʟʘ, ʪʘʢ ʠ ʩ ʥʘʣʦʞʝʥʥʳʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʮʠʨʢʫʣʷʮʠʷ ʢʦʪʦʨʳʭ 

ʦʙʫʩʣʦʚʣʝʥʘ ʤʝʣʦʚʳʤ ʚʫʣʢʘʥʠʟʤʦʤ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʟʦʥʳ ʢʚʘʨʮʝʚʦ-ʧʠʨʠʪʦʚʦʛʦ 

ʨʨʦʞʠʣʢʦʚʘʥʠʷ, ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʚ ʦʙʨʘʟʮʝ 30 ʜʚ, ʧʨʦʠʭʦʜʷʱʝʛʦ ʠʟ ʟʦʥʳ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʥʢʨʝʮʠʡ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʂʘʜʘʣʠʥʢʘ.  

4. ʆ ʰʠʨʦʢʦʤ ʨʘʟʚʠʪʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʙʦʨʪʦʚʦʡ ʯʘʩʪʠ ʏʠʪʠʥʦ-

ʀʥʛʦʜʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʚʜʦʣʴ ʗʙʣʦʥʦʚʦʛʦ ʭʨʝʙʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ 

ʭʘʣʮʝʜʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ, ʧʨʦʪʷʛʠʚʘʶʱʘʷʩʷ ʦʪ ʩ. ʇʦʜʚʦʣʦʢ ʜʦ ʧʘʜʠ ɼʦʤʥʘ ʢʣʶʯʠ. ɺ ʵʪʦʤ 

ʢʚʘʨʮʝ   ʥʝʨʝʜʢʦ ʩʦʜʝʨʞʠʪʩʷ ʠ ʬʣʶʦʨʠʪ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʣʢʦʝ ʄʦʥʛʦʡʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʬʣʶʦʨʠʪʘ, ʛʜʝ ʠʟʚʝʩʪʝʥ ʧʠʨʠʪ. ɾʠʣʴʥʳʡ ʢʚʘʨʮ ʚ ʟʦʥʝ ʦʢʚʘʨʮʝʚʘʥʠʷ ʩʦʜʝʨʞʠʪ ʭʘʣʴʢʦʧʠʨʠʪ, 

ʧʠʨʠʪ, ʤʘʣʘʭʠʪ ʠ ʟʦʣʦʪʦ. ɺ ʵʪʦʡ ʧʦʣʦʩʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʨʦʷʚʣʝʥʠʝ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 

ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʟʦʣʦʪ-ʩʫʣʴʬʠʜʥʦ-ʬʣʶʦʨʠʪ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ. 
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Abstract. The aim of the proposed work was to study the crystallochemical features and the nature of the color of 

beryls from the Sherlovaya Gora deposit. The color centers of beryls and their structural position in the crystal lattice of 

the mineral were identified. Additionally, the color coordinates of color for various crystals were studied and calculated. 
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ɹʝʨʠʣʣ ʩʯʠʪʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʨʫʜʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʙʝʨʠʣʣʠʷ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʮʚʝʪʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ ʶʚʝʣʠʨʥʳʤʠ 

ʢʘʤʥʷʤʠ. ʎʝʣʴʶ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ 

ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ, ʠʟʫʯʝʥʠʝ ʠʭ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʠʨʦʜʳ ʦʢʨʘʩʢʠ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʝʨʣʦʚʘʷ ʛʦʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʘʥʥʳʝ 

ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. 

ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʩʦ ʚʪʦʨʦʡ ʯʝʪʚʝʨʪʠ XVIII  ʚʝʢʘ ʠʟʚʝʩʪʥʘ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ ʢʘʢ 

ʫʥʠʢʘʣʴʥʳʡ ʧʨʠʨʦʜʥʳʡ ʟʘʧʦʚʝʜʥʠʢ ʶʚʝʣʠʨʥʳʭ ʠ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʢʘʤʥʝʡ, ʦʙʨʘʟʮʘʤʠ 

ʢʦʪʦʨʳʭ ʛʦʨʜʷʪʩʷ ʤʥʦʛʠʝ ʤʫʟʝʠ ʤʠʨʘ. ʉ 1930 ʛʦʜʘ ʦʥʘ ʚʦʰʣʘ ʠ ʚ ʩʧʠʩʦʢ ʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʣʦʚʘ, ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʠʥʜʠʷ ʠ ʢʘʜʤʠʷ. ʐʝʨʣʦʚʦʛʦʨʩʢʘʷ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʚ 1950-1970-ʝ ʛʦʜʳ ʙʳʣʘ ʦʙʲʝʢʪʦʤ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʛʝʦʣʦʛʦʚ-ʨʫʜʥʠʢʦʚ, 

ʧʝʪʨʦʣʦʛʦʚ, ʛʝʦʭʠʤʠʢʦʚ ʠ ʤʠʥʝʨʘʣʦʛʦʚ. ɼʨʫʛʦʡ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʴʶ ʐʝʨʣʦʚʦʡ ɻʦʨʳ 

ʷʚʣʷʶʪʩʷ ʟʦʥʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʳʥʦʩʦʤ ʚʨʝʤʝʥʥʳʤʠ 

ʚʦʜʥʳʤʠ ʧʦʪʦʢʘʤʠ ʮʝʣʦʛʦ ʨʷʜʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʦʪʚʘʣʦʚ ʚʩʢʨʳʰʥʳʭ ʠ ʦʢʦʣʦʨʫʜʥʳʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʩʢʣʘʜʦʚ ʙʝʜʥʳʭ ʨʫʜ, ʠʟ ʩʪʝʥʦʢ ʢʘʨʴʝʨʘ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʧʠʩʘʥʘ ʚ [3].  

ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ï ʦʧʪʠʯʝʩʢʘʷ ʘʙʩʦʨʙʮʠʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ SHIMADZU UV - 3600 ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 185 - 3300 ʥʤ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠʩʴ ʥʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʄʉʌʋ - ʂ. ʈʝʛʠʩʪʨʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ 400 ï 800 ʥʤ, ʩ ʰʘʛʦʤ 1 ʥʤ. ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ 

ʦʢʨʘʩʢʠ ʙʝʨʠʣʣʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʮʚʝʪʥʦʩʪʠ ʧʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ XYZ. ɺʩʝ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʥʘ ʩʪʘʥʜʘʨʪʥʳʡ 

ʮʚʝʪʦʚʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʦʩʚʝʱʝʥʠʶ (ʄʂʆ - 1931). 

ʂʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʤʠʥʝʨʘʣʦʚ (x, y, z ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʮʚʝʪʥʦʩʪʠ; 



80 

ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ, ʨ ï ʛʫʩʪʦʪʘ, L ï ʷʨʢʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ) ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çʉʧʝʢʪʨè. ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠʩʴ ʩ ʦʙʣʦʤʢʦʚ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ; ʮʚʝʪ 

ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ ï ʙʣʝʜʥʦ-ʞʝʣʪʳʡ, ʷʨʢʦ-ʞʝʣʪʳʡ, ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʝʥʳʡ, ʩʚʝʪʣʦ-ʟʝʣʝʥʳʡ, 

ʥʘʩʳʱʝʥʥʳʡ ʛʦʣʫʙʦʡ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʨʘʤʘʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ inVia Qontor Renishaw, ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʣʘʟʝʨʘ 532 ʥʤ, 

ʤʦʱʥʦʩʪʴʶ 500 ʤɺʪ. 

ɹʝʨʠʣʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʴʮʝʚʦʡ ʩʠʣʠʢʘʪ ʙʝʨʠʣʣʠʷ ʠ ʘʣʶʤʠʥʠʷ Be3Al 2[Si6O18], 

ʩʪʨʫʢʪʫʨʘ ʙʝʨʠʣʣʘ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʝʮ [Si6O18]
12-
, ʩʦʝʜʠʥʝʥʥʳʭ ʯʝʨʝʟ ʘʪʦʤʳ Be ʠ Al. ʂʦʣʴʮʘ 

ʦʙʨʘʟʫʶʪ ʚʳʪʷʥʫʪʳʝ ʚʜʦʣʴ ʦʩʠ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ ʢʦʣʦʥʢʠ, ʩʚʷʟʘʥʥʳʝ ʙʝʨʠʣʣʠʝʚʦ-

ʢʠʩʣʦʨʦʜʥʳʤʠ ʪʝʪʨʘʵʜʨʘʤʠ ʠ ʘʣʶʤʦʢʠʩʣʦʨʦʜʥʳʤʠ ʦʢʪʘʵʜʨʘʤʠ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʤʠʥʝʨʘʣʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ ʸʤʢʠʭ 

ʧʦʣʦʩʪʝʡ ï ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʠʟʦʤʦʨʬʠʟʤʘ ʩ ʚʭʦʞʜʝʥʠʝʤ ʠʦʥʦʚ-ʢʦʤʧʝʥʩʘʪʦʨʦʚ. ʂʘʥʘʣʳ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʝ, ʤʦʛʫʪ ʚʤʝʱʘʪʴ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʢʨʫʧʥʳʝ ʱʝʣʦʯʥʳʝ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʢʘʪʠʦʥʳ. 

ɼʣʷ ʩʪʨʫʢʪʫʨʳ ʙʝʨʠʣʣʘ ʭʘʨʘʢʪʝʨʥʦ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Be
2+

 ʥʘ Li
+
, Mg

2+
. 

ʀʟʦʤʦʨʬʠʟʤʫ ʧʦʜʚʝʨʞʝʥʳ ʠ ʠʦʥʳ Al
3+

 ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʱʝʥʳ ʪʨʸʭ- ʠ ʜʚʫʭʚʘʣʝʥʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ: Al
3+

 Ÿ Fe
3+

, Cr
3+

, Mg
2+

, Ni
2+

, Fe
2+

, 

Si
4+
. ɺ ʢʘʯʝʩʪʚʝ ʠʦʥʦʚ ï ʢʦʤʧʝʥʩʘʪʦʨʦʚ ʚ ʢʘʥʘʣʳ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʵʪʦʤ ʚʭʦʜʷʪ ʢʨʫʧʥʳʝ 

ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Na
+
, Cs

+
), ʘ ʪʘʢʞʝ ʛʨʫʧʧʳ (OH)

ï
, ʤʦʣʝʢʫʣʳ H2O, ʠʦʥʳ F

ï
 ʠ ʜʨ. 

[2]. ɺ ʢʨʠʩʪʘʣʣʘʭ ʙʝʨʠʣʣʘ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʢʨʦʤʝ ʞʝʣʝʟʘ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ʫʩʪʘʥʦʚʣʝʥʳ 

V, Cr, Sc, Zr, ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʦʢʨʘʩʢʠ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʚʳʷʩʥʠʪʴ. 

ʆʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʩ ʐʝʨʣʦʚʦʡ 

ʛʦʨʳ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʜʥʦʡ ʰʠʨʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ ʚ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʦʙʣʘʩʪʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 810 ʥʤ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʨʘʟʨʝʰʝʥʥʳʤ ʧʦ ʩʧʠʥʫ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʦʤ 
5
T2(

5
D) Ÿ 

5
E(

5
D) ʚ ʠʦʥʘʭ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʠʟʦʤʦʨʬʥʦ 

ʟʘʤʝʱʘʶʱʠʭ ʘʣʶʤʠʥʠʡ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ ʩʪʨʫʢʪʫʨʳ [1]. ɺ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ 

ʦʙʣʘʩʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʧʣʝʯʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʠ ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ O
2-

 Ÿ Fe
3+
. ʋʟʢʠʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1400 ʠ 1896 ʥʤ ʩʚʷʟʘʥʳ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ 

ʢʘʥʘʣʘʭ ʩʪʨʫʢʪʫʨʳ ʙʝʨʠʣʣʘ, ʘ ʠʤʝʥʥʦ ʣʠʥʠʷ 1896 ʥʤ ʦʪʚʝʯʘʝʪ ʢʦʣʝʙʘʥʠʷʤ ʧʝʨʚʦʛʦ ʦʙʝʨʪʦʥʘ, 

ʘ ʣʠʥʠʷ 1400 ʚʪʦʨʦʛʦ ʦʙʝʨʪʦʥʘ ʤʦʣʝʢʫʣʳ H2O. ʇʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʫʟʢʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʨʘʡʦʥʝ 1896 ʥʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚ ʙʝʨʠʣʣʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʦʣʝʢʫʣʷʨʥʘʷ ʚʦʜʘ I ʠ II ʪʠʧʘ. 

ʇʦ ʜʘʥʥʳʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʘ ʣʠʥʠʷ ʥʘ ʜʣʠʥʝ 3608 ʩʤ
-1
, ʦʥʘ ʫʢʘʟʳʚʘʝʪ ʯʪʦ ʚʦ 

ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʙʝʨʠʣʣʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʤʦʣʝʢʫʣʷʨʥʘʷ ʚʦʜʘ I ʪʠʧʘ ʚ ʢʘʥʘʣʘʭ [5]. 

ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʢʘʟʘʣʘ ʜʚʝ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 680 ʠ 683 ʥʤ 

ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ. ʕʪʠ ʣʠʥʠʠ ʠʤʝʶʪ ʩʣʘʙʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʠ ʦʥʠ ʧʦ ʩʚʦʝʡ 

ʧʨʠʨʦʜʝ ʩʚʷʟʘʥʳ ʩ R-ʣʠʥʠʷʤʠ ʭʨʦʤʘ [4]. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʐʝʨʣʦʚʘʷ ʛʦʨʘ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʦʥʘʤʠ Fe
2+

 ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 810 ʥʤ ʫ ʚʩʝʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ, 

ʥʝʪ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʧʠʢʘ ʠ ʮʚʝʪʘ ʙʝʨʠʣʣʘ. ʇʨʠ ʫʩʠʣʝʥʠʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

O
2-

 Ÿ Fe
3+

 ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʫʩʠʣʝʥʠʝ ʟʝʣʝʥʳʭ ʦʪʪʝʥʢʦʚ ʠ ʧʝʨʝʭʦʜ ʦʪ ʟʝʣʝʥʳʭ ʙʝʨʠʣʣʦʚ ʢ 

ʞʝʣʪʳʤ ʛʝʣʠʦʜʦʨʘʤ. ʂʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʵʪʠʭ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚʳʰʝ ʠ 

ʩʦʟʜʘʶʪ ʮʚʝʪʦʚʫʶ ʛʘʤʤʫ ʮʚʝʪʦʚ ʚ ʙʝʨʠʣʣʘʭ ʩ ʐʝʨʣʦʚʦʡ ʛʦʨʳ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʦʚ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʢʦʦʨʜʠʥʘʪ ʮʚʝʪʥʦʩʪʠ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʄʂʆ - 1931. ɼʦʤʠʥʠʨʫʶʱʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʦʩʥʦʚʥʦʛʦ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ ʩʦʩʪʘʚʠʣʘ ɚ = 

495,2 ï 573,4 ʥʤ, ʘ ʚʝʣʠʯʠʥʘ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 
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2,05 ï 33,17 %. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʮʚʝʪʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʝʨʣʦʚʘʷ ʛʦʨʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɻʨʘʬʠʪ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ ʦʙʨʘʟʮʘʭ ʯʝʨʥʦʛʦ ʥʝʬʨʠʪʘ ʠʟ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʘʚʦʢʪʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʜʦʣʦʤʠʪʝ, ʠ 

ʨʘʟʣʦʞʝʥʠʷ ʫʛʣʝʢʠʩʣʦʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʣʫʙʠʥʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʉʝʨʳʡ ʮʚʝʪ ʪʨʝʤʦʣʠʪ-ʜʠʦʧʩʠʜʦʚʦʛʦ ʥʝʬʨʠʪʘ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʤʝʩʴʶ ʭʣʦʨʠʪʘ. ʆʢʨʘʩʢʘ ʩʝʨʦ-ʟʝʣʝʥʦʛʦ ʜʦ ʯʝʨʥʦʛʦ ʥʝʬʨʠʪʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʂʘʚʦʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʚ ʪʨʝʤʦʣʠʪʝ ʜʦ ʘʢʪʠʥʦʣʠʪʘ ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʵʧʠʜʦʪ-ʪʨʝʤʦʣʠʪʦʚʳʤ ʩʢʘʨʥʦʤ ʧʦ ʘʤʬʠʙʦʣʠʪʫ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʤʦʣʠʪ, ʛʨʘʬʠʪ, ʭʣʦʨʠʪ, ʘʢʪʠʥʦʣʠʪ.  

 

Gemmology of black and gray dolomite type nephrite from the Kavokta deposit 

Kislov E.V. 
N.L. Dobretsov Geological Institute SB RAS, Ulan-Ude, Russia, e-mail: evg-kislov@ya.ru 

 
Abstract. Graphite, found in samples of black nephrite from the southeastern part of the Kavokta deposit, is formed 

as a result of metamorphism of organic matter contained in dolomite and decomposition of carbon dioxide under the 

action of deep hydrogen. The gray color of tremolite-diopside nephrite is explained by the admixture of chlorite. The 

gray-green to black color of the nephrite at the northwestern part of the Kavoktinsky deposit is explained by increased 

iron content in tremolite to actinolite in contact with epidote-tremolite skarn after amphibolite.  

Keywords: tremolite, graphite, chlorite, actinolite 

 

ʅʝʬʨʠʪ ï ʧʦʯʪʠ ʤʦʥʦʤʠʥʝʨʘʣʴʥʘʷ ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʧʫʪʘʥʥʦ-ʚʦʣʦʢʥʠʩʪʦʛʦ 

ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʪʨʝʤʦʣʠʪʘ. ʕʪʦ ʚʳʩʦʢʦʣʠʢʚʠʜʥʳʡ ʶʚʝʣʠʨʥʦ-ʧʦʜʝʣʦʯʥʳʡ ʢʘʤʝʥʴ, 

ʠʟʜʘʚʥʘ ʠʩʧʦʣʴʟʫʝʤʳʡ ʯʝʣʦʚʝʢʦʤ, ʦʩʦʙʦ ʧʦʧʫʣʷʨʥʳʡ ʚ ʂʠʪʘʝ, ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ, 

ʪʠʭʦʦʢʝʘʥʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ɸʤʝʨʠʢʠ. ʅʘʠʙʦʣʝʝ ʮʝʥʷʪʩʷ ʙʝʣʳʡ ʧʨʦʩʚʝʯʠʚʘʶʱʠʡ ʥʝʬʨʠʪ; 

ʯʝʨʥʳʡ; ʷʨʢʦ-ʟʝʣʝʥʳʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ; ʟʝʣʝʥʳʡ ʩ ʵʬʬʝʢʪʦʤ 

çʢʦʰʘʯʴʝʛʦ ʛʣʘʟʘè; ʘʣʣʶʚʠʘʣʴʥʳʝ ʛʘʣʴʢʠ ʩ ʢʘʝʤʢʘʤʠ ʧʨʦʢʨʘʰʠʚʘʥʠʷ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʨʠʪʘ ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ ʵʥʜʦʛʝʥʥʳʤ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʤ ʪʠʧʘʤ: 

ʘʧʦʫʣʴʪʨʘʤʘʬʠʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʦʬʠʦʣʠʪʦʚ (ʘʧʦʩʝʨʧʝʥʪʠʥʠʪʦʚʳʡ) ʠ ʘʧʦʢʘʨʙʦʥʘʪʥʳʝ 

ʪʨʝʤʦʣʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʩʢʘʨʥʳ (ʘʧʦʜʦʣʦʤʠʪʦʚʳʡ). ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʧʝʨʚʦʛʦ 

ʪʠʧʘ - ʠʩʪʦʯʥʠʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʝʣʝʥʦʛʦ ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʯʝʨʥʦʛʦ ʥʝʬʨʠʪʘ, 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʜʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʩʚʝʪʣʦʦʢʨʘʰʝʥʥʳʡ ʥʝʬʨʠʪ ʦʪ ʙʝʣʦʛʦ ʜʦ 

ʩʚʝʪʣʦ-ʟʝʣʝʥʦʛʦ (ʩʘʣʘʪʥʦʛʦ), ʢʦʨʠʯʥʝʚʦʛʦ (ʤʝʜʦʚʦʛʦ), ʯʝʨʥʦʛʦ ʮʚʝʪʘ. ʕʢʟʦʛʝʥʥʳʡ ʛʝʦʣʦʛʦ-

ʧʨʦʤʳʰʣʝʥʥʳʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʨʦʩʩʳʧʷʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳ 

ʘʣʣʚʁʠʘʣʴʥʳʝ.  

ʏʝʨʥʳʡ ʥʝʬʨʠʪ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ. ɺ ʂʠʪʘʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʦʪʧʦʣʠʨʦʚʘʥʥʳʝ ʠʟʜʝʣʠʷ ʠʟ ʯʝʨʥʦʛʦ ʥʝʬʨʠʪʘ ʥʘʧʦʤʠʥʘʶʪ ʠʟʜʝʣʠʷ ʠʟ ʯʝʨʥʦʛʦ ʣʘʢʘ. ʏʝʨʥʳʡ 

ʥʝʬʨʠʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʢʨʘʰʝʥʠʡ ʠ ʨʠʪʫʘʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʟʜʝʣʠʷ ʠʟ ʯʝʨʥʦʛʦ ʥʝʬʨʠʪʘ ʨʝʢʣʘʤʠʨʫʶʪʩʷ ʢʘʢ ʠʤʝʶʱʠʝ ʣʝʯʝʙʥʳʝ ʠʣʠ ʵʟʦʪʝʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʟʘʯʘʩʪʫʶ ʪʘʢʠʝ ʦʥʠ ʚʳʧʦʣʥʝʥʳ ʥʝ ʠʟ ʯʝʨʥʦʛʦ ʥʝʬʨʠʪʘ, ʘ ʠʟ ʥʘʩʳʱʝʥʥʦʛʦ 

ʛʨʘʬʠʪʦʤ ʙʘʟʘʣʴʪʘ ʠʣʠ ʯʝʨʥʦʛʦ ʩʣʘʥʮʘ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ.  

ɺ ʈʦʩʩʠʠ ʜʦ ʩʠʭ ʧʦʨ ʙʳʣ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʯʝʨʥʳʡ ʘʧʦʩʝʨʧʝʥʪʠʥʠʪʦʚʳʡ ʥʝʬʨʠʪ ʜʚʫʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ɻʦʨʣʳʢʛʦʣʴʩʢʦʛʦ ʚ ɺʦʩʪʦʯʥʦ-ʉʘʷʥʩʢʦʡ ʥʝʬʨʠʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʠ 

ʍʘʤʘʨʭʫʜʠʥʩʢʦʛʦ ʚ ɼʞʠʜʠʥʩʢʦʡ ʥʝʬʨʠʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ [4]. ɿʘ ʨʫʙʝʞʦʤ ʯʝʨʥʳʡ 

ʘʧʦʜʦʣʦʤʠʪʦʚʳʡ ʥʝʬʨʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʂʠʪʘʷ, ɸʚʩʪʨʘʣʠʠ ʠ 

ʀʪʘʣʠʠ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʳʷʩʥʝʥʠʶ ʧʨʠʯʠʥʳ ʦʢʨʘʩʢʠ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʥʦʛʦ ʩʝʨʦʛʦ ʠ 

ʯʝʨʥʦʛʦ ʘʧʦʜʦʣʦʤʠʪʦʚʦʛʦ ʥʝʬʨʠʪʘ ʂʘʚʦʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʂʘʚʦʢʪʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ɺʠʪʠʤʩʢʦʡ ʥʝʬʨʠʪʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʚ 

ɹʘʫʥʪʦʚʩʢʦʤ ʵʚʝʥʢʠʡʩʢʦʤ ʨʘʡʦʥʝ ɹʫʨʷʪʠʠ. ʂʘʚʦʢʪʠʥʩʢʦʝ ï ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʘʧʦʜʦʣʦʤʠʪʦʚʦʛʦ ʥʝʬʨʠʪʘ ʈʦʩʩʠʠ: ʥʘ 01.01.2024 ʛ. ʟʘʧʘʩʳ ʥʝʬʨʠʪʘ-ʩʳʨʮʘ 

6034.88 ʪ, ʠʟ ʥʠʭ ʩʦʨʪʦʚʦʛʦ ʥʝʬʨʠʪʘ 1257.13 ʪ ï 13.61% ʟʘʧʘʩʦʚ ʩʦʨʪʦʚʦʛʦ ʥʝʬʨʠʪʘ ʈʦʩʩʠʠ. ɺ 
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2023 ʛ. ʜʦʙʳʪʦ 367.20 ʪ ʥʝʬʨʠʪʘ-ʩʳʨʮʘ, ʠʟ ʥʠʭ 78.64 ʪ ʩʦʨʪʦʚʦʛʦ ï 28.05% ʜʦʙʳʯʠ ʩʦʨʪʦʚʦʛʦ 

ʥʝʬʨʠʪʘ ʈʦʩʩʠʠ. ɼʦʙʳʯʘ 2024 ʛ. ï 292,80 ʪ ʥʝʬʨʠʪʘ-ʩʳʨʮʘ, ʠʟ ʥʠʭ 69,84 ʪ ʩʦʨʪʦʚʦʛʦ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʚʳʜʝʣʷʝʪʩʷ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʥʝʬʨʠʪʘ ï ʧʦʚʳʰʝʥʥʦʡ ʙʣʦʯʥʦʩʪʴʶ ʠ 

ʧʨʦʩʚʝʯʠʚʘʝʤʦʩʪʴʶ, ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʙʝʣʦʡ, ʩʚʝʪʣʦ-ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʠ, ʢʦʨʠʯʥʝʚʳʤʠ ʢʘʝʤʢʘʤʠ 

ʧʨʦʢʨʘʰʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʤʥʦʛʦʮʚʝʪʥʳʝ ʠʟʜʝʣʠʷ. 

ʈʘʡʦʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʣʦʞʝʥ ʛʨʘʥʠʪʦʠʜʘʤʠ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ 

ʚʠʪʠʤʢʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ. ɺ ʛʨʘʥʠʪʘʭ 

ʟʘʣʝʛʘʶʪ ʢʩʝʥʦʙʣʦʢʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʦʩʪʘʥʮʳ ʚ ʧʨʦʚʠʩʘʭ ʢʨʦʚʣʠ ʧʦʨʦʜ ʪʘʣʘʣʠʥʩʢʦʡ ʪʦʣʱʠ. 

ɺ ʝʝ ʥʠʟʘʭ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 1400ï1600 ʤ ʧʨʝʦʙʣʘʜʘʶʪ ʛʥʝʡʩʳ ʩ ʧʦʜʯʠʥʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʘʤʬʠʙʦʣʠʪʦʚ ʠ ʩʠʣʠʢʘʪʥʳʭ ʤʨʘʤʦʨʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 40 ʤ. ɺ ʚʝʨʭʘʭ ʪʦʣʱʠ ʧʨʝʦʙʣʘʜʘʶʪ 

ʩʣʘʥʮʳ ʩ ʣʠʥʟʘʤʠ ʤʨʘʤʦʨʦʚ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʛʥʝʡʩʦʚ ʠ ʩʣʘʥʮʝʚ. 

ʈʘʟʨʝʟ ʚʝʥʯʘʝʪʩʷ ʧʘʯʢʦʡ ʩʣʘʥʮʝʚ ʩ ʤʨʘʤʦʨʘʤʠ. ʕʪʘ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʦʩʪʘʚʣʷʝʪ 800ï1000 ʤ. 

ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ 2200ï2600 ʤ. ʉʪʝʧʝʥʴ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʪʚʝʯʘʝʪ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ 

ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʷʤ. ʐʠʨʦʢʦ ʧʨʦʷʚʣʝʥ ʤʝʪʘʩʦʤʘʪʦʟ. ʄʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, 

ʚʢʣʶʯʘʶʱʠʝ ʥʝʬʨʠʪ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʝ ʪʝʣ ʜʦʣʦʤʠʪʘ ʠ ʘʤʬʠʙʦʣʠʪʘ, 

ʩʣʘʛʘʶʱʠʭ ʢʩʝʥʦʙʣʦʢʠ ʚ ʛʨʘʥʠʪʝ ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ. ʇʦʣʥʘʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʘʷ 

ʟʦʥʘʣʴʥʦʩʪʴ: ʜʦʣʦʤʠʪʦʚʳʡ ʤʨʘʤʦʨ ï ʩʠʣʠʢʘʪʥʳʡ ʤʨʘʤʦʨ ï ʢʘʣʴʮʠʪ-ʪʨʝʤʦʣʠʪʦʚʳʡ ʩʢʘʨʥ ʩ 

ʥʝʬʨʠʪʦʤ ï ʵʧʠʜʦʪ-ʪʨʝʤʦʣʠʪʦʚʳʡ ʩʢʘʨʥ ï ʘʤʬʠʙʦʣʠʪ ʠʣʠ ʜʠʦʨʠʪ. ʏʘʱʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʦʢʨʘʱʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʟʦʥʘʣʴʥʦʩʪʠ. ʉʝʨʳʝ ʠ ʯʝʨʥʳʝ ʮʚʝʪʘ ʥʝʬʨʠʪʘ ʨʘʥʝʝ ʥʝ ʙʳʣʠ ʦʧʠʩʘʥʳ, 

ʭʦʪʷ ʪʘʢʦʡ ʥʝʬʨʠʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ ʆʆʆ çʆʨʠʝʥʪʘʣ ɺʵʡè. 

ʄʝʪʦʜʠʢʘ. ɺʠʟʫʘʣʴʥʦʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ, ʧʨʠʤʝʥʷʣʘʩʴ ʬʦʪʦʬʠʢʩʘʮʠʷ.  

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʟʫʯʝʥ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ LEO-1430VP (Carl 

Zeiss, ɻʝʨʤʘʥʠʷ) ʩ ʩʠʩʪʝʤʦʡ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 350 (Oxford 

Instruments, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʚ ʎʂʇ çɻʝʦʩʧʝʢʪʨè (ɻʀʅ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ), ʘʥʘʣʠʪʠʢ ɽ.ɸ. 

ʍʨʦʤʦʚʘ. ʋʩʣʦʚʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ, ʪʦʢ ʟʦʥʜʘ 0.3-0.4 ʥɸ, 

ʨʘʟʤʝʨ ʟʦʥʜʘ <0.1 ʤʢʤ, ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ 50 ʩʝʢʫʥʜ (ʞʠʚʦʝ ʚʨʝʤʷ), ʦʰʠʙʢʘ ʘʥʘʣʠʟʘ ʥʘ ʩʫʤʤʫ 

ʜʦʩʪʠʛʘʝʪ 2ς4 ʤʘʩʩ. % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ 

ʩʦʩʪʘʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʚʳʯʠʩʣʝʥʦ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʦʨʦʰʢʦʚʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 

Advance (BrukerAXS, ɻʝʨʤʘʥʠʷ) ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʉʆ ʈɸʅ, ʘʥʘʣʠʪʠʢ ʀ.ʖ. ʂʦʪʦʚʘ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 
ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʫʛʣʦʤʝʨʘ 2

ʦ
 ʚ ʤʠʥʫʪʫ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 5 ʜʦ 70

ʦ
. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Finnigan ʄɸʊ 253 (ʉʐɸ) 

ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʞʠʛʘʥʠʝʤ ʥʘ ʦʧʮʠʠ Flash EA 1112 (Thermo Fisher Scientific, ʉʐɸ) ʚ 

ʎʂʇ çɻʝʦʩʧʝʢʪʨè (ɻʀʅ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ), ʘʥʘʣʠʪʠʢ ɺ.ʌ. ʇʦʩʦʭʦʚ. ʇʨʦʙʳ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚʤʝʩʪʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ USGS 40, IAEA-N-1. ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ŭ
13
C ʩʦʩʪʘʚʣʷʣʘ (1s) Ñ 0.2 ă. 

ʖʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʂʘʚʦʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀʟʫʯʝʥʳ ʦʙʨʘʟʮʳ ʢʝʨʥʘ. 

ʆʙʨʘʟʮʳ 565901 ʠ 585901 ʠʟ ʟʘʣʝʞʠ 17 ʥʝʬʨʠʪʦʥʦʩʥʦʡ ʟʦʥʳ ˉ 4 ʫʯʘʩʪʢʘ ʄʝʜʚʝʞʠʡ. ɿʘʣʝʞʴ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʚʳʪʷʥʫʪʦʤʫ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢʩʝʥʦʣʠʪʫ ʜʦʣʦʤʠʪʦʚʳʭ ʤʨʘʤʦʨʦʚ 

ʚ ʘʤʬʠʙʦʣʠʪʘʭ. ɿʘʣʝʞʴ ʧʨʦʜʫʢʪʠʚʥʘʷ ï ʚ 2023 ʛ. ʜʦʙʳʪʦ 87,03 ʪ ʥʝʬʨʠʪʘ-ʩʳʨʮʘ ʩ ʚʳʭʦʜʦʤ 

21,60 %, ʚ 2024 ʛ ï 116,74 ʪ ʥʝʬʨʠʪʘ-ʩʳʨʮʘ ʩ ʚʳʭʦʜʦʤ 22,12 %.  

ʆʙʨʘʟʝʮ 952501 ʠʟ ʟʘʣʝʞʠ 28 ʥʝʬʨʠʪʦʥʦʩʥʦʡ ʟʦʥʳ ˉ 4 ʫʯʘʩʪʢʘ ʄʝʜʚʝʞʠʡ. ɿʘʣʝʞʴ 

ʩʣʦʞʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʢʦʥʪʘʢʪʝ ʣʠʥʟʳ ʜʦʣʦʤʠʪʦʚʳʭ ʤʨʘʤʦʨʦʚ ʩ ʵʧʠʜʦʪ-

ʪʨʝʤʦʣʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ, ʤʠʢʨʦʣʠʥʠʟʠʨʦʚʘʥʥʳʤʠ ʘʤʬʠʙʦʣʠʪʘʤʠ. ɺ ʵʪʦʡ ʟʘʣʝʞʠ ʚ 2023 ʛ. 

ʚʟʷʪʘ ʚʘʣʦʚʘʷ ʧʨʦʙʘ ʚ 77,10 ʪ ʥʝʬʨʠʪʘ-ʩʳʨʮʘ ʩ ʚʳʭʦʜʦʤ 21,32 %.  

ʀʟʫʯʝʥʳ 8 ʦʙʨʘʟʮʦʚ ʠʟ ʟʘʣʝʞʠ 6-1 ʫʯʘʩʪʢʘ ʃʝʚʦʙʝʨʝʞʥʳʡ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʨʫʛ ʜʨʫʛʫ ʟʦʥ ʩʢʘʨʥʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢʘʢ ʢ ʢʦʥʪʘʢʪʦʚʳʤ ʯʘʩʪʷʤ ʢʩʝʥʦʣʠʪʦʚ 

ʜʦʣʦʤʠʪʦʚʦʛʦ ʤʨʘʤʦʨʘ ʧʘʨʘʣʣʝʣʴʥʦ ʢʦʥʪʘʢʪʫ, ʪʘʢ ʠ ʢ ʚʥʫʪʨʝʥʥʝʡ ʠʭ ʯʘʩʪʠ. ʈʘʥʝʝ ʵʪʦ ʙʳʣ 

ʫʯʘʩʪʦʢ ʥʝʟʘʢʦʥʥʦʡ ʜʦʙʳʯʠ ï çʰʝʩʪʝʨʢʘè. ɿʘʧʘʩʳ ʃʝʚʦʙʝʨʝʞʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʩʯʠʪʘʥʳ ʠ 

ʧʦʩʪʘʚʣʝʥʳ ʥʘ ʙʘʣʘʥʩ ʚ 2021 ʛ.  
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ɼʣʷ ʦʙʨʘʟʮʘ 596803 ʭʘʨʘʢʪʝʨʥʳ ʧʦʣʦʩʳ, ʧʷʪʥʘ ʢʘʢ ʙʝʣʦʛʦ, ʪʘʢ ʠ ʩʝʨʦʛʦ ʮʚʝʪʘ. ʆʙʨʘʟʝʮ 

565901 ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʩʚʝʪʣʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʩ ʩʫʙʧʘʨʘʣʝʣʣʴʥʳʤʠ ʠʟʚʠʣʠʩʪʳʤʠ ʩʝʨʳʤʠ ʜʦ 

ʯʝʨʥʳʭ ʧʨʦʞʠʣʢʘʤʠ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʝʥ ʦʙʱʠʡ ʙʝʣʳʡ ʬʦʥ ʩ ʯʝʨʥʳʤʠ 

ʧʨʦʞʠʣʢʘʤʠ, ʪʦʯʢʘʤʠ, ʟʝʨʥʘʤʠ ʣʠʙʦ ʥʝʦʜʥʦʨʦʜʥʳʡ ʩʝʨʳʡ ʮʚʝʪ. 

ʇʨʝʦʙʣʘʜʘʶʱʠʡ ʤʠʥʝʨʘʣ - ʪʨʝʤʦʣʠʪ ʨʘʟʥʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʤ FeO ʥʠʞʝ 

ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ, ʨʝʜʢʦ ʜʦ 0.49 ʚʝʩ. %. ɺ ʩʚʝʪʣʦ-ʟʝʣʝʥʦʤ ʦʙʨʘʟʮʝ 565901 ʩʦʜʝʨʞʘʥʠʝ 

FeO 0.50ï0.87 ʚʝʩ. %, ʚ ʥʝʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʤʝʯʝʥʳ ʪʘʣʴʢ ʠ ʤʦʣʠʙʜʝʥʠʪ. 

ɺ ʦʙʨʘʟʮʝ 596803 ʜʠʦʧʩʠʜ ʬʦʨʤʠʨʫʝʪ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ ʙʝʣʳʝ ʧʨʦʩʣʦʠ, ʯʪʦ 

ʧʨʠʙʣʠʞʘʝʪ ʥʝʬʨʠʪ ʢ ʜʠʦʧʩʠʜʦʚʦʤʫ ï çʢʘʨʢʘʨʦè. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʨʘʟʮʦʚ ʦʪʤʝʯʝʥʳ 

ʠʟʦʤʝʪʨʠʯʥʳʝ ʠʣʠ ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʝ ʟʝʨʥʘ ʜʠʦʧʩʠʜʘ, ʟʘʯʘʩʪʫʶ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʬʠʪʘ, 

ʩʨʘʩʪʘʥʠʷʤʠ ʩ ʪʨʝʤʦʣʠʪʦʤ, ʢʚʘʨʮʝʤ, ʛʨʘʬʠʪʦʤ. ɺ ʦʙʨʘʟʮʝ 596803 ʭʣʦʨʠʪ ʢʣʠʥʦʭʣʦʨ ʦʙʨʘʟʫʝʪ 

ʧʨʦʩʣʦʠ, ʩʣʘʛʘʝʪ ʠʥʪʝʨʩʪʠʮʠʠ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʘʤʠ ʜʠʦʧʩʠʜʘ, ʚ ʜʨʫʛʠʭ ʦʙʨʘʟʮʘʭ ʦʥ ʨʝʜʦʢ.  

ɻʨʘʬʠʪ ʦʙʥʘʨʫʞʝʥ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ, ʢʨʦʤʝ 596803, ʦʙʨʘʟʫʝʪ ʫʧʣʦʱʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʫʜʣʠʥʝʥʥʳʝ, ʧʨʦʞʠʣʢʦʦʙʨʘʟʥʳʝ ʟʝʨʥʘ, ʚʢʣʶʯʝʥʠʷ ʚ ʜʠʦʧʩʠʜʝ, ʢʚʘʨʮʝ, ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ 

ʢʘʣʴʮʠʪʘ. ɺ ʦʙʨʘʟʮʝ 565901 ʩʨʘʩʪʘʥʠʷ ʛʨʘʬʠʪʘ ʩ ʢʘʣʴʮʠʪʦʤ ʚʳʛʣʷʜʷʪ ʢʘʢ ʯʝʨʥʳʝ ʟʝʨʥʘ. 

ʅʘʣʠʯʠʝ ʛʨʘʬʠʪʘ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ ʦʙʨʘʟʮʦʚ 952501 ʠ 941703. 

ʂʚʘʨʮ ʚʩʪʨʝʯʝʥ ʚ ʪʨʝʭ ʦʙʨʘʟʮʘʭ, ʦʙʨʘʟʫʝʪ ʟʝʨʥʘ ʠ ʧʷʪʥʦʦʙʨʘʟʥʳʝ ʘʛʨʝʛʘʪʳ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʟʘʯʘʩʪʫʶ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʬʠʪʘ. ʂʘʣʴʮʠʪ ʦʙʥʘʨʫʞʝʥ ʚ ʜʚʫʭ 

ʦʙʨʘʟʮʘʭ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʨʘʬʠʪʦʤ. ʌʪʦʨʘʧʘʪʠʪ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʚʦʩʴʤʠ ʦʙʨʘʟʮʘʭ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ, ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʛʨʘʬʠʪʦʤ, ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʝʨʥʦ ʭʣʦʨʘʧʘʪʠʪʘ. ɽʜʠʥʠʯʥʳʝ ʟʝʨʥʘ 

ʮʠʨʢʦʥʘ ʠ ʪʘʣʴʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʨʘʬʠʪʦʤ. ʆʪʤʝʯʝʥʳ ʧʨʝʥʠʪ, ʙʘʜʜʝʣʝʠʪ ʠ 

ʙʘʨʠʪ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʭʘʣʴʢʦʟʠʥ ʠ ʛʘʣʝʥʠʪ, ʤʦʣʠʙʜʝʥʠʪ ʠ ʩʫʣʴʬʘʪ ʚʠʩʤʫʪʘ ʠ ʩʚʠʥʮʘ ʨʝʜʢʠ. 

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʂʘʚʦʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʋʯʘʩʪʦʢ ʇʨʦʟʨʘʯʥʳʡ ʥʘ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʢʣʶʯʘʝʪ ʥʝʬʨʠʪʦʥʦʩʥʳʝ ʟʦʥʳ 1 ʠ 2. ʅʝʬʨʠʪʦʥʦʩʥʘʷ ʟʦʥʘ 1 

ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʶʞʥʦʤ ʬʣʘʥʛʝ ʫʯʘʩʪʢʘ ʠ ʦʙʲʝʜʠʥʷʝʪ ʟʘʣʝʞʠ 1, 4, 9. 

ɿʘʣʝʞʴ 1 - ʥʝʬʨʠʪʦʚʦʝ ʪʝʣʦ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ʩʣʦʞʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʩ 

ʧʝʨʝʞʠʤʘʤʠ, ʨʘʟʜʫʚʘʤʠ ʚ ʨʘʡʦʥʝ ʢʦʥʪʘʢʪʘ ʜʦʣʦʤʠʪʦʚʳʭ ʤʨʘʤʦʨʦʚ ʩ ʵʧʠʜʦʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʘʤʬʠʙʦʣʠʪʘʤʠ. ɼʣʠʥʘ ʟʘʣʝʞʠ 15 ʤ, ʤʦʱʥʦʩʪʴ 0.2ï2.8 ʤ, ʧʘʜʝʥʠʝ ʢʨʫʪʦʝ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʧʦʜ 

ʫʛʣʦʤ 60ï70Á. ɺʩʢʨʳʪʘ ʥʘ ʛʣʫʙʠʥʫ 15 ʤ. ʅʘ ʛʣʫʙʠʥʝ ʚʳʷʚʣʷʝʪʩʷ ʩʣʦʞʥʘʷ 

ʧʨʦʧʝʣʣʝʨʦʦʙʨʘʟʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʦʪ 20 ʜʦ 65Á [1]. ʕʪʦ ʦʜʥʘ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʟʘʣʝʞʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ 2022 ʛ. ʠʟ ʟʘʣʝʞʠ ʜʦʙʳʪʦ 53.19 ʪ 

ʥʝʬʨʠʪʘ-ʩʳʨʮʘ ʩ ʚʳʭʦʜʦʤ ʩʦʨʪʦʚʦʛʦ 15.4 %, ʚ 2023 ï 82.2 ʪ ʩ ʚʳʭʦʜʦʤ 14.68 %, ʚ 2024 ï 

25.08 ʪ ʩ ʚʳʭʦʜʦʤ 14.51%.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʰʝʩʪʥʘʜʮʘʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʠʟ ʟʘʣʝʞʠ 1 ʫʯʘʩʪʢʘ ʇʨʦʟʨʘʯʥʳʡ ʚ ʦʙʨʘʟʮʝ 

916202 ʚʳʷʚʣʝʥ ʧʝʨʝʭʦʜ ʦʪ ʩʝʨʦ-ʟʝʣʝʥʦʛʦ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. ɺ ʪʨʝʤʦʣʠʪʝ ʜʚʝʥʘʜʮʘʪʠ 

ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʦʡ ʦʢʨʘʩʢʠ FeO ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ɺ ʜʚʫʭ ʩʝʨʦʚʘʪʦ-ʩʘʣʘʪʥʳʭ 0-4.64 ʚʝʩ. %, 

ʩʝʨʦʚʘʪʦ-ʟʝʣʝʥʦʤ ï 0.78-1.24 ʚʝʩ. %. ʉʦʜʝʨʞʘʥʠʝ FeO ʚ ʦʙʨʘʟʮʝ 916202 ï 0.82-3.91 ʚʝʩ. %, ʚ 

ʯʝʨʥʦʡ ʯʘʩʪʠ ʜʦʭʦʜʠʪ ʜʦ 14.23 ʚʝʩ. %, ʯʪʦ ʦʪʚʝʯʘʝʪ ʘʢʪʠʥʦʣʠʪʫ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʦʙʨʘʟʮʝ 

ʦʙʥʘʨʫʞʝʥʳ ʪʠʪʘʥʠʪ ʠ ʭʨʦʤʤʘʛʥʝʪʠʪ.  

ʆʙʩʫʞʜʝʥʠʝ 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʮʚʝʪ ʥʝʬʨʠʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ, ʝʛʦ ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʯʝʨʥʦʡ ʦʢʨʘʩʢʝ. ɼʨʫʛʠʝ ʧʨʠʯʠʥʳ: ʧʨʠʤʝʩʴ ʛʨʘʬʠʪʘ, ʧʣʝʥʦʢ 

ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, ʤʦʣʠʙʜʝʥʠʪʘ ʠ ʛʘʣʝʥʠʪʘ.  

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʦʚʳʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʝʨʘʷ ʦʢʨʘʩʢʘ ʦʙʨʘʟʮʘ 596803 ʦʙʲʷʩʥʷʝʪʩʷ ʘʛʨʝʛʘʪʘʤʠ ʭʣʦʨʠʪʘ, 

ʟʘʤʝʩʪʠʚʰʝʛʦ ʪʨʝʤʦʣʠʪ ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ. ʉʝʨʳʡ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʤʝʩʴʶ ʛʨʘʬʠʪʘ. ʄʝʣʢʠʝ ʨʝʜʢʠʝ ʟʝʨʥʘ ʤʦʣʠʙʜʝʥʠʪʘ, ʛʘʣʝʥʠʪʘ, ʭʘʣʴʢʦʟʠʥʘ ʥʝ 

ʚʣʠʷʶʪ ʥʘ ʦʢʨʘʩʢʫ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʩʚʝʪʣʦ-ʟʝʣʝʥʦʤ ʦʙʨʘʟʮʝ 565901 

ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʧʨʠʤʳʢʘʥʠʝʤ ʢ ʘʤʬʠʙʦʣʠʪʘʤ [1]. ʆʩʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ 

ʩʦʩʪʦʷʪ ʠʟ ʙʝʣʦʛʦ ʪʨʝʤʦʣʠʪʘ, ʘ ʥʝʬʨʠʪʳ ʩʚʝʪʣʳʭ ʪʦʥʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʞʝ ʢ ʢʦʥʪʘʢʪʫ ʩ 

ʤʨʘʤʦʨʘʤʠ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʨʳʝ ʠ ʯʝʨʥʳʝ ʨʘʟʥʦʩʪʠ ʥʝʬʨʠʪʘ, ʯʴʷ ʦʢʨʘʩʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 
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ʧʨʠʤʝʩʴʶ ʛʨʘʬʠʪʘ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʞʝ ʢ ʢʦʥʪʘʢʪʫ ʩ ʜʦʣʦʤʠʪʦʤ ʠ ʧʨʝʪʝʨʧʝʣʠ ʤʝʥʴʰʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʘʤʬʠʙʦʣʠʪʦʚ. ʇʦʵʪʦʤʫ ʛʨʘʬʠʪ ʠ ʩʦʭʨʘʥʠʣʩʷ ʚ ʥʝʬʨʠʪʝ. 

ʕʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʩʩʦʮʠʘʮʠʷ ʛʨʘʬʠʪʘ ʩ ʦʙʠʣʴʥʳʤʠ ʢʚʘʨʮʝʤ, ʘʧʘʪʠʪʦʤ ʠ ʢʘʣʴʮʠʪʦʤ. 

ʂʚʘʨʮ ʥʝ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʥʝʬʨʠʪʘ ʂʘʚʦʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʜʣʷ ʢʘʣʴʮʠʪʘ ʠ ʘʧʘʪʠʪʘ 

ʦʙʳʯʥʳ ʝʜʠʥʠʯʥʳʝ ʤʝʣʢʠʝ ʟʝʨʥʘ. ʂʚʘʨʮ ʦʪʨʘʞʘʝʪ ʥʘʣʠʯʠʝ ʪʝʨʨʠʛʝʥʥʦʡ ʧʨʠʤʝʩʠ ʚ ʠʩʭʦʜʥʦʤ 

ʜʦʣʦʤʠʪʝ. ʆʙʨʘʟʦʚʘʥʠʝ ʘʧʘʪʠʪʘ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʨʛʘʥʠʢʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʈʝʣʠʢʪʦʚʳʡ ʢʘʣʴʮʠʪ ʦʪʨʘʞʘʝʪ ʥʝ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʠʩʭʦʜʥʳʭ ʜʦʣʦʤʠʪʦʚ. 

ɻʨʘʬʠʪ ʤʦʛ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʨʛʘʥʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʙʨʘʟʦʚʳʚʘʚʰʝʡ ʧʨʠʤʝʩʴ ʚ ʜʦʣʦʤʠʪʝ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʦʛʠʯʥʦʡ 

ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ ʤʦʨʬʦʣʦʛʠʠ ʩʣʦʝʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʛʨʘʬʠʪʦʤ. ʉʠʥʛʝʥʝʪʠʯʥʦʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʘʬʠʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʣʠʯʠʶ ʝʛʦ ʚʢʣʶʯʝʥʠʡ ʚ ʨʘʥʥʠʭ ʤʠʥʝʨʘʣʘʭ - 

ʜʠʦʧʩʠʜʝ ʠ ʢʚʘʨʮʝ. ʆʪʢʫʜʘ ʦʨʛʘʥʠʢʘ? ɺ ʚʝʨʭʥʝʤ ʧʨʦʪʝʨʦʟʦʝ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʥʝ ʪʦʣʴʢʦ 

ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʦ ʠ ʚʦʜʦʨʦʩʣʝʡ, ʛʨʠʙʦʚ. ʂ ʪʦʤʫ ʞʝ ʩʝʡʯʘʩ ʫʪʦʯʥʷʝʪʩʷ ʚʦʟʨʘʩʪ 

ʦʪʣʦʞʝʥʠʡ ʨʝʛʠʦʥʘ ʚ ʩʪʦʨʦʥʫ ʠʭ ʦʤʦʣʦʞʝʥʠʷ [2]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʣʦʞʝʥʠʷ ʨʘʩʧʦʣʘʛʘʶʱʝʡʩʷ 

ʩʝʚʝʨʥʝʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʘʤʙʫʡʩʢʦ-ʆʣʠʥʛʜʠʥʩʢʦʡ ʧʦʜʟʦʥʳ ɺʠʪʠʤʢʘʥ-ʎʠʧʠʥʩʢʦʡ ʟʦʥʳ 

ʜʝʚʦʥʩʢʦ-ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ, ʘ ʥʝ ʨʠʬʝʡʩʢʠʝ ʠ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʝ. ʂʘʨʙʦʥʘʪʥʘʷ 

ʙʘʤʙʫʡʩʢʘʷ, ʪʝʨʨʠʛʝʥʥʘʷ ʯʫʣʝʛʤʠʥʩʢʘʷ ʩʚʠʪʳ ʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ ʢʘʜʘʣʠʥʩʢʘʷ ʪʦʣʱʘ 

ʦʪʥʝʩʝʥʳ ʢ ʜʝʚʦʥʫ. ɼʝʚʦʥʩʢʠʡ ʢʘʨʙʦʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʩʧʦʢʦʡʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʝʣʢʦʚʦʜʥʦʛʦ ʪʝʧʣʦʛʦ ʰʝʣʴʬʦʚʦʛʦ ʤʦʨʷ [2].  

ɼʨʫʛʦʝ ʦʙʲʷʩʥʝʥʠʝ ï ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʛʨʘʬʠʪʘ ʛʣʫʙʠʥʥʦʛʦ ʚʦʜʦʨʦʜʘ. 

ʅʝʬʨʠʪʦʥʦʩʥʘʷ ʟʦʥʘ ˉ 4 ʠ ʫʯʘʩʪʦʢ ʃʝʚʦʙʝʨʝʞʥʳʡ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʙʨʘʱʝʥʥʳʭ ʜʨʫʛ ʢ ʜʨʫʛʫ 

ʢʨʫʪʳʭ ʩʢʣʦʥʘʭ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʨʝʢʠ ʂʘʚʦʢʪʘ. ɺʝʨʦʷʪʥʦ ʟʘʣʦʞʝʥʠʝ ʨʫʩʣʘ ʧʦ 

ʛʣʫʙʠʥʥʦʤʫ ʨʘʟʣʦʤʫ. ʇʦ ʵʪʦʤʫ ʨʘʟʣʦʤʫ ʤʦʛ ʧʦʩʪʫʧʘʪʴ ʛʣʫʙʠʥʥʳʡ ʚʦʜʦʨʦʜ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʯʘʩʪʚʦʚʘʚʰʠʡ ʚ ʥʝʬʨʠʪʦʦʙʨʘʟʦʚʘʥʠʠ [4, 5]. ɺ ʭʦʜʝ ʟʘʤʝʱʝʥʠʷ ʜʦʣʦʤʠʪʘ 

ʩʠʣʠʢʘʪʘʤʠ ʜʦʣʞʥʘ ʙʳʣʘ ʚʳʜʝʣʷʪʴʩʷ ʫʛʣʝʢʠʩʣʦʪʘ. ɺʦʜʦʨʦʜ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʪʫʧʘʣ ʚ ʨʝʘʢʮʠʶ 

ʩ ʫʛʣʝʢʠʩʣʦʪʦʡ, ʦʙʨʘʟʫʷ ʚʦʜʫ ʠ ʛʨʘʬʠʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ 585901, ʩʦʜʝʨʞʘʱʝʛʦ 0.50 ʚʝʩ. % ʉ, ʧʦʩʣʝ ʧʨʦʪʨʘʚʣʠʚʘʥʠʷ 

ʢʠʩʣʦʪʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʘʣʴʮʠʪʘ, ʧʦʣʫʯʝʥ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ŭ
13
ʉ -14.2 ă.  

ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʨʛʘʥʠʢʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ -40ă ʜʦ -17ă, ʚ ʩʨʝʜʥʝʤ -27ă. 

ʋʪʷʞʝʣʠʪʴ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʦʨʛʘʥʠʢʠ ʤʦʞʝʪ ʤʝʪʘʤʦʨʬʠʟʤ, ʫʜʘʣʷʶʱʠʡ ʠʟ ʥʝʝ ʤʝʪʘʥ. ʅʦ 

ʪʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʚʝʣʠʢʦ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ŭ
13
ʉVPDB ʢʦʥʪʘʢʪʥʦ-

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʛʨʘʬʠʪʦʚ ʂʫʨʝʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ -23.5 õ -25.0 ă ʩʦʧʦʩʪʘʚʠʤ ʩ 

ŭ
13
ʉVPDB ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ ʊʫʥʛʫʩʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ -22.6 õ -25.5 ă. ʇʨʠ ʵʪʦʤ ʚ 

ʨʘʟʨʝʟʝ ʧʣʘʩʪʘ ʛʨʘʬʠʪʘ ʦʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʪʷʞʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ŭ
13
ʉʦʨʛ ʦʪ -23.5 ʜʦ -

25.0 ă ʢ ʢʦʥʪʘʢʪʫ ʩ ʠʥʪʨʫʟʠʚʦʤ [3]. 

ɿʥʘʯʝʥʠʷ ŭ
13
ʉ ʤʦʨʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʦʪ -2ă ʜʦ +4ă. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʜʦʣʦʤʠʪʦʚʦʛʦ ʤʨʘʤʦʨʘ DH-1083-35,1 ʠ DH-10466-41,85, 

ʦʪʦʙʨʘʥʥʳʭ ʚ ʨʘʡʦʥʝ ʫʯʘʩʪʢʘ ʄʝʜʚʝʞʠʡ, ʧʦʣʫʯʝʥ ʝʱʝ ʙʦʣʝʝ ʪʷʞʝʣʳʡ ʩʦʩʪʘʚ ŭ
13
ʉ +3.2ă ʠ 

+5.2ă. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʨʩʢʠʤʠ ʢʘʨʙʦʥʘʪʘʤʠ ʫʛʣʝʨʦʜ ʤʘʥʪʠʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʤʝʝʪ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʥʠʟʢʠʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ŭ
13
ʉ = -5ă Ñ2ă. ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ 

ʯʝʨʥʦʛʦ ʥʝʬʨʠʪʘ ʢ ʜʦʣʦʤʠʪʘʤ, ʘ ʥʝ ʘʤʬʠʙʦʣʠʪʘʤ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʨʘʟʣʦʤʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʚʢʣʘʜʫ ʤʘʥʪʠʡʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʇʦʵʪʦʤʫ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʩʦʯʝʪʘʥʠʠ ʜʚʫʭ 

ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʛʨʘʬʠʪʘ ʚ ʥʝʬʨʠʪʝ ï ʟʘʭʦʨʦʥʝʥʥʦʡ ʚ ʜʦʣʦʤʠʪʘʭ ʦʨʛʘʥʠʢʠ ʠ 

ʨʘʟʣʦʞʝʥʥʦʡ ʚʦʜʦʨʦʜʦʤ ʫʛʣʝʢʠʩʣʦʪʳ. 

ʏʝʨʥʘʷ ʦʢʨʘʩʢʘ ʥʝʬʨʠʪʘ ʚ ʦʙʨʘʟʮʝ 916202 ʠʟ ʟʘʣʝʞʠ 1 ʫʯʘʩʪʢʘ ʇʨʦʟʨʘʯʥʳʡ ʦʙʲʷʩʥʷʝʪʩʷ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʠʟ-ʟʘ ʙʣʠʟʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʵʧʠʜʦʪ-ʪʨʝʤʦʣʠʪʦʚʳʤ ʩʢʘʨʥʦʤ ʧʦ 

ʘʤʬʠʙʦʣʠʪʫ ï ʵʪʦʪ ʦʙʨʘʟʝʮ ʩʦʜʝʨʞʠʪ ʪʠʪʘʥʠʪ ʠ ʭʨʦʤʤʘʛʥʝʪʠʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʯʠʥʳ ʯʝʨʥʦʡ ʦʢʨʘʩʢʠ ʥʝʬʨʠʪʘ ʨʘʟʣʠʯʥʳ: ʚʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʘ 

ʠʣʠ ʭʣʦʨʠʪʘ, ʣʠʙʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʪʨʝʤʦʣʠʪʝ ʜʦ ʘʢʪʠʥʦʣʠʪʘ. 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ɸʆ çɿʘʙʘʡʢʘʣʴʩʢʦʝ ʛʦʨʥʦʨʫʜʥʦʝ 

ʧʨʝʜʧʨʠʷʪʠʝè, ʧʝʨʩʦʥʘʣʴʥʦ ɸ.ʇ. ʉʫʟʜʘʣʴʥʠʮʢʦʤʫ, ʉ.ɸ. ʍʘʣʪʘʥʦʚʫ, ɽ.ɺ. ʈʘʝʚʩʢʦʡ, ɼ.ɹ. 
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ʐʘʨʘʢʰʠʥʦʚʦʡ, ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʘʥʘʣʠʟʦʚ - ʀ.ʖ. ʂʦʪʦʚʦʡ, ɽ.ɸ. ʍʨʦʤʦʚʦʡ ʠ ɽ.ɺ. ʍʦʜʳʨʝʚʦʡ, ʟʘ 

ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ - ɺ.ɺ. ɺʘʥʪʝʝʚʫ, ɼ.ʄ. ɺʫʨʤʩʫ ʠ ɸ.ɺ. ʊʨʦʬʠʤʦʚʫ.  

ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-27-20003 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʎʂʇ çɻʝʦʩʧʝʢʪʨè ɻʀʅ ʉʆ ʈɸʅ (ʋʣʘʥ-ʋʜʵ). ʊʝʟʠʩʳ ʠ ʜʦʢʣʘʜ ʧʦʜʛʦʪʦʚʣʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʤʳ 

ʅʀʈ ɻʀʅ ʉʆ ʈɸʅ ɸɸɸɸ-ɸ21-121011390003-9.  
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ʋɼʂ 549.211 

 ʆʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʠ ʧʨʦʙʣʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʨʦʩʩʳʧʝʡ 
ɿʠʥʯʫʢ ʅ.ʅ., ɹʘʨʜʫʭʠʥʦʚ ʃ.ɼ. 
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 ɸʥʥʦʪʘʮʠʷ. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

(ʉɺʉʇ) ʧʦʢʘʟʘʣʦ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʨʝʛʠʦʥʘ. ʆʪʜʝʣʴʥʳʝ ʝʸ ʙʣʦʢʠ ʩʣʦʞʝʥʳ ʵʢʣʦʛʠʪʘʤʠ ʠ 

ʚ ʘʣʤʘʟʦʥʦʩʥʦʤ ʩʫʙʩʪʨʘʪʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʨʦʜʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ 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 ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʘʢʠʝ ʜʠʘʪʨʝʤʳ ʠ ʚ ʩʝʚʝʨʥʦʡ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʤʘʟʳ, ʢʠʤʙʝʨʣʠʪʳ, ʨʦʩʩʳʧʠ.  
         
 Features of diamonds from kimberlite diatremes of the north-east of the Siberian platform 

and probleme generation placer 
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Abstract. 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. 

Keywords: diamond, kimberlite, placer. 

 

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 ʫʩʪʘʥʦʚʣʝʥs ʩʦʚʨʝʤʝʥʥʳʝ ʨʦʩʩʳʧʠ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ 

ʘʣʤʘʟʦʧʨʦʷʚʣʝʥʠʷ. ʇʨʦʛʥʦʟʥʳʝ ʠ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʚ ʟʜʝʩʴ 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 ʤʠʥʝʨʘʣʦʤ 

ʦʙʴʝʢʪʦʚ ʧʦʠʩʢʘ, ʧʨʝʜʩʪʘʚʠʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʨʠʚʣʝʯʴ ʢ ʨʝʰʝʥʠʶ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ 

ʟʘʜʘʯ ʨʘʟʥʦʦʙʨʘʟʠʝ ʝʛʦ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʚ 

ʜʠʘʪʨʝʤʘʭ ʨʘʟʣʠʯʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ [1-4]. ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ 25 ʧʦʣʷʭ, ʢʦʪʦʨʳʝ ʦʙʴʝʜʠʥʷʶʪʩʷ ʚ ʚʦʩʝʤʴ ʦʙʦʩʦʙʣʝʥʥʳʭ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ [5-7]. 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, ʂʦʤʩʦʤʦʣʴʩʢʘ-̫

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 
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ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʠʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [8], ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [9]. 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. ɼʣʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʉɺʉʇ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ) ʭʘʨʘʢʪʝʨʝʥ ʢʦʤʧʣʝʢʩ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʪʣʠʯʘʶʱʠʡ ʠʭ ʦʪ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʎʝʥʪʨʘʣʴʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʘʣʤʘʟʦʥʦʩʥʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ (ʎʉɸʉʇ). ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʨʦʜʳ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʥʪʨʫʟʠʚʥʦʡ ʠ ʵʢʩʧʣʦʟʠʚʥʦʡ ʬʘʟʦʡ, ʧʨʠʯʝʤ ʩʨʝʜʠ ʧʝʨʚʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʣʠʣʠʪ ʠ 

ʤʦʥʪʠʯʝʣʠʪ, ʘ ʪʘʢʞʝ ʧʝʨʦʚʩʢʠʪ, ʘʧʘʪʠʪ ʠ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ. 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, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ ʫʨʘʣʴʩʢʦʛʦ (ʙʨʘʟʠʣʴʩʢʦʛʦ) ʪʠʧʘ I 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʢʨʠʩʪʘʣʣʦʚ II, V ʠ VII  ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ɺ ʵʪʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʪʝʣʘʭ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʳʯʥʳʝ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʎʉɸʉʇ 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 ʎʉɸʉʇ (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). ʇʦ ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ (ʨʠʩ.1) ʜʣʷ ʩʝʚʝʨʥʦʛʦ ʢʫʩʪʘ ʉɺʉʇ (ʆʤʦʥʦʩ-ʋʢʫʢʠʪʩʢʦʝ ʧʦʣʝ) ʭʘʨʘʢʪʝʨʥʦ 

ʧʦʚʳʰʝʥʥʦʝ (ʙʦʣʝʝ 2/3) ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʦʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ ʛʘʙʠʪʫʩʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʠ ʃʦʨʠʢ). ɼʣʷ 

ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ 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, ʪʘʢʞʝ 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 (64,0-67,3 %) ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʩ ʩʠʥʝ-ʛʦʣʫʙʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠ 

ʚʢʣʶʯʝʥʠʡ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʨʠʘʮʠʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʣʤʘʟʦʚ ʚ ʧʨʝʜʝʣʘʭ ʆʤʦʥʦʩ-ʋʢʫʢʠʪʩʢʦʛʦ ʧʦʣʷ, ʧʨʠ ʦʜʥʦʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʨʝʜʠ 

ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ 

ʛʘʙʠʪʫʩʦʚ (58,5-67,3 %), ʩʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ 

ʬʦʨʤʘʤʠ ʨʦʩʪʘ. ʕʪʦ ʪʨʝʙʫʝʪ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʥʝʚʳʩʦʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʩ ʧʦʟʠʮʠʡ ʙʦʣʝʝ 

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 ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ ʛʘʙʠʪʫʩʦʚ, 
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ʩʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʦʩʪʨʦʨʝʙʝʨʥʳʤʠ ʦʢʪʘʵʜʨʘʤʠ. 

ʇʦʩʣʝʜʥʠʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʛʘʪʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʄɹɸʈ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʧʠʥʝʣʝʚʳʤʠ 

ʜʚʦʡʥʠʢʘʤʠ, ʯʘʩʪʦ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʥʝʟʘʢʦʥʦʤʝʨʥʳʤʠ ʩʨʦʩʪʢʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ 

ʢʦʨʨʦʟʠʝʡ. ʉʧʝʢʪʨ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ ɸʥ. 21/79 ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ ʥʘ ʉʇ, 

ʧʨʠ ʠʭ ʥʝʢʦʪʦʨʦʡ 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 (ɸʄʂʇ). 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. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʧʨʝʦʙʣʘʜʘʶʱʠʝ 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) ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʦʪ ʪʨʫʙʢʠ 

ʄʘʣʦʢʫʦʥʘʧʩʢʘʷ ʵʪʦʛʦ ʧʦʣʷ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʪʨʫʙʦʢ ʉɺʉʇ ʧʦ ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʘʣʤʘʟʦʚ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʜʘʣʜʳʥʦ-ʘʣʘʢʠʪʩʢʘʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ (24,9 %) ʣʘʤʠʥʘʨʥʳʭ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ ʠ ʧʨʠ ʟʘʤʝʪʥʦʤ (34,8 %) ʩʫʤʤʘʨʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ ʛʘʙʠʪʫʩʦʚ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʠʥʜʠʚʠʜʳ ʩ 

ʟʘʥʦʟʠʩʪʦʡ ʰʪʨʠʭʦʚʢʦʡ. ʉʦʜʝʨʞʘʥʠʝ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ ʥʠʟʢʦʝ (3,7-20,7 %), ʧʦʣʦʚʠʥʫ ʠʟ ʥʠʭ 

ʩʦʩʪʘʚʣʷʶʪ ʜʦʜʝʢʘʵʜʨʦʠʜʳ. 

 

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). 

ɺ ʧʨʝʜʝʣʘʭ ʃʫʯʘʢʘʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʦʪʣʠʯʘʶʪʩʷ ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʘʣʤʘʟʦʚ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʢʫʩʪʦʚ. ɼʣʷ ʩʝʚʝʨʥʦʛʦ ʢʫʩʪʘ (ʪʨʫʙʢʠ ʃʳʭʯʘʥ, ɼʘʤʘ, ʇʦʟʜʥʷʷ ʠ 

ɸʥ-79ʘ) ʭʘʨʘʢʪʝʨʥʦ 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 ʚʳʩʦʢʠʝ ʜʣʷ ʉʇ ʩʦʜʝʨʞʘʥʠʷ ʙʝʩʮʚʝʪʥʳʭ ʢʫʙʦʠʜʦʚ 



90 

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 [13, 14]. 

ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ 

ʨʘʙʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʠʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʣʘ 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 ʠʥʜʠʢʘʪʦʨʥʳʝʭ ʄʉɸ (ʦʨʘʥʞʝʚʳʝ ʛʨʘʥʘʪʳ ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʦʤʬʘʮʠʪʦʚʳʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ) ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʤʝʥʝʝ 20 % ʦʪ ʦʙʱʝʛʦ ʚʝʩʘ ʪʷʞʝʣʦʡ 

ʬʨʘʢʮʠʠ. ɺʪʦʨʦʡ ʙʣʦʢ ʩ ʵʢʣʦʛʠʪʦʚʳʤ ʩʫʙʩʪʨʘʪʦʤ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 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 ï

ʃɸɸʉʇ (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 ʎʉɸʉʇ, 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 ʎʉɸʉʇ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʃɸɸʉʇ 

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 

ʃɸɸʉʇ 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 - ʚ ʧʦʛʨʫʞʝʥʥʦʡ 
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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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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʢʨʠʩʪʘʣʣʘʭ ʢʚʘʨʮʘ, ʦʙʣʘʜʘʶʱʠʭ ʷʨʢʠʤ ʘʣʤʘʟʦʧʦʜʦʙʥʳʤ ʙʣʝʩʢʦʤ. 

ɻʣʘʚʥʘʷ ʤʘʩʩʘ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʢʝʣʝʪʥʳʤʠ ʬʦʨʤʘʤʠ. ʆʥʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, 

ʭʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʫʛʣʝʨʦʜʘ. ʆʙʳʯʥʦ ʵʪʦ ʧʦʣʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʚ ʢʘʤʝʥʥʳʭ ʫʛʣʷʭ ʠʣʠ 

ʫʛʣʝʥʦʩʥʳʭ ʩʣʘʥʮʘʭ ʠ ʧʝʩʯʘʥʠʢʘʭ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ 

ʅʶʨʝʥʛʨʠʥʩʢʦʛʦ, ɸʧʩʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ɺʝʨʭʦʷʥʩʢʦʡ ʫʛʣʝʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʨʮ, ʢʚʘʨʮ-ʜʠʘʤʘʥʪ, ʩʢʝʣʝʪʥʳʡ ʢʨʠʩʪʘʣʣ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ.  
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Abstract. Information is provided about quartz crystals that possess a bright diamond-like luster. The main mass of 

such crystals is represented by skeletal forms. They form under conditions characterized by the presence of carbon. 

Typically, these are cavities of various shapes in coal or carbon-bearing shales and sandstones. Examples of such 

crystals from the coal deposits of the Nyurengri and Apsat deposits in the Verkhoyansk coal province are given. 

Keywords: quartz, quartz-diamond, skeletal crystal, coal deposits. 

 

ʅʘ ʨʳʥʢʘʭ ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʢʘʤʥʷ ʚ ɽʚʨʦʧʝ ʫʞʝ ʚ XIX  ʚʝʢʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʤʘʨʤʘʨʦʰʩʢʠʝ ʜʠʘʤʘʥʪʳ ʠʟ ʧʝʩʯʘʥʠʢʦʚ ʠ ʩʣʘʥʮʝʚ ʚ ʤʝʩʪʥʦʩʪʠ ʄʘʨʤʘʨʦʰ ʚ 

ɺʝʥʛʨʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʶ ʢʦʨʦʪʢʦʩʪʦʣʙʯʘʪʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʙʣʝʩʢʦʤ ʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʠʛʨʦʡ ʟʘ ʩʯʝʪ ʪʦʥʢʦʩʪʫʧʝʥʯʘʪʦʡ 

ʩʢʫʣʴʧʫʪʨʳ ʛʨʘʥʝʡ ʙʦʣʴʰʦʛʦ ʨʦʤʙʦʵʜʨʘ. ʇʦʜʦʙʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʠʟ 

ʦʢʨʫʛʘ ʍʝʨʢʠʤʝʨ ʠ ʨʘʡʦʥʘ ʃʝʡʢ-ɼʞʦʨʜʞ ʚ ʰʪʘʪʝ ʅʴʶ-ʁʦʨʢ ʉʐɸ ʢʘʢ çʭʝʨʢʠʤʝʨʩʢʠʝ 

ʜʠʘʤʘʥʪʳè ʠ çʣʝʡʢ-ʜʞʦʨʜʩʢʠʝ ʜʠʘʤʘʥʪʳè [1, ʩ. 247]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʉʐɸ ʧʦ ʜʘʥʥʳʤ ʵʪʠʭ ʞʝ 

ʘʚʪʦʨʦʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʢʝʡʧ-ʤʝʡʩʢʠʝè ʠ çʘʨʢʘʥʟʘʩʢʠʝè 

çʜʠʘʤʘʥʪʳè. ɺʦ ʌʨʘʥʮʠʠ ʠʟʚʝʩʪʥʳ çʙʨʠʘʥʦʥʩʢʠʝè ʠ çʘʣʝʥʩʦʥʩʢʠʝè ʜʠʘʤʘʥʪʳ, ʘ ʚ ɸʥʛʣʠʠ 

çʙʨʠʩʪʦʣʴʩʢʠʝ ʜʠʘʤʘʥʪʳ ʠ çʢʦʨʥʫʦʣʣʩʢʠʝ ʜʠʘʤʘʥʪʳ, ʚ ɻʝʨʤʘʥʠʠ ï çʰʘʫʤʙʝʨʛʩʢʠʝè.  

ʕʪʠ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʦʙʳʯʥʦ ʧʩʝʚʜʦʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʦʙʣʠʢ ʩ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʤʠ ʛʨʘʥʷʤʠ 

ʨʦʤʙʦʵʜʨʦʚ ʠ ʫʟʢʦʡ ʧʦʣʦʩʢʦʡ ʛʨʘʥʠ ʧʨʠʟʤʳ. ʅʝʨʝʜʢʦ ʦʥʠ ʠʤʝʶʪ ʩʢʝʣʝʪʥʦʝ ʩʪʨʦʝʥʠʝ. 

ʇʨʝʢʨʘʩʥʳʝ ʦʙʨʘʟʮʳ ʢʚʘʨʮʘ ʅʝʨʶʥʛʨʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ɺʝʨʭʦʷʥʴʷ ʥʘʭʦʜʷʪʩʷ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʂʘʟʘʥʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ [4]. ʇʝʨʚʳʝ ʦʧʠʩʘʥʠʷ ʠʭ ʧʨʠʚʝʜʝʥʳ ʚ [2 ï 4]. 

ʉʚʝʨʢʘʶʱʠʝ ʢʨʠʩʪʘʣʣʳ ʜʳʤʯʘʪʦʛʦ ʢʚʘʨʮʘ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʨʘʩʢʠ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʥʘ ʢʦʥʪʘʢʪʝ ʪʝʤʥʦ-ʩʝʨʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ, 

ʘ ʪʘʢʞʝ ʚ ʧʝʩʯʘʥʠʢʘʭ ʩ ʧʨʦʧʣʘʩʪʢʘʤʠ ʫʛʣʷ ʠ ʧʨʦʞʠʣʢʘʤʠ ʫʛʣʠʩʪʦ-ʙʠʪʫʤʥʦʛʦ ʩʦʩʪʘʚʘ ʦʜʥʦʛʦ 

ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʈʦʩʩʠʠ ʅʝʨʶʥʛʨʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ. ʆʥʠ ʧʨʠʫʨʦʯʝʥʳ 

ʢ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʟʦʥʘʤ, ʩʝʢʫʱʠʤ ʧʣʘʩʪʳ ʫʛʣʝʡ. 

ʆʙʳʯʥʦ ʢʨʠʩʪʘʣʣʳ ʝʛʦ ʭʦʨʦʰʦ ʦʙʨʘʟʦʚʘʥʳ (ʨʠʩ.1), ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʛʨʘʥʝʡ ʠʤʝʶʪ 

ʩʪʫʧʝʥʯʘʪʳʝ ʥʝʨʦʚʥʦʩʪʠ, ʘ ʥʝʢʦʪʦʨʳʝ ʚʦʦʙʱʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʶ ʩʢʝʣʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ.  

ʅʝʨʝʜʢʦ ʦʥʠ ʠʤʝʶʪ ʩʢʠʧʝʪʨʦʚʠʜʥʳʡ ʦʙʣʠʢ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2. ɻʦʣʦʚʢʘ ʢʨʠʩʪʘʣʣʘ 

ʥʝʦʜʥʦʨʦʜʥʘ ʠ ʠʤʝʝʪ ʱʝʣʝʚʠʜʥʳʝ ʫʛʣʫʙʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ, ʛʜʝ ʢʨʠʩʪʘʣʣʫ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

ʧʨʠʰʣʦʩʴ ʦʙʭʦʜʠʪʴ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʷ ʦʙʣʦʤʢʘ ʠʣʠ ʚʳʩʪʫʧʘ ʧʝʩʯʘʥʠʢʘ. 

ɺʢʣʶʯʝʥʠʷ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ ʥʘʭʦʜʷʪʩʷ ʠ ʚ ʥʘʯʘʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʠʧʝʪʨʘ. 

ʂʨʠʩʪʘʣʣ ʫʯʘʩʪʢʘʤʠ ʨʘʟʣʘʛʘʝʪ ʩʚʝʪ ʚ ʩʧʝʢʪʨ ʠ ʚʳʛʣʷʜʠʪ ʦʯʝʥʴ ʵʬʬʝʢʪʥʦ, ʢʘʢ çʜʠʘʤʘʥʪè.  
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ʈʠʩʫʥʦʢ 1. ʂʨʠʩʪʘʣʣ ʢʚʘʨʮʘ-ʜʠʘʤʘʥʪʘ ʩ ʭʦʨʦʰʦ ʦʬʦʨʤʣʝʥʥʳʤʠ ʛʨʘʥʷʤʠ ʨʦʤʙʦʵʜʨʦʚ ʠ ʫʟʢʠʤ ʧʦʷʩʦʤ ʛʨʘʥʝʡ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ. ʅʝʨʶʥʛʨʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʌʦʪʦ ɺ.ɻ. ɼʠʘʥʦʚʘ 

 

ʈʠʩʫʥʦʢ 2. ʉʢʠʧʝʪʨʦʚʠʜʥʘʷ ʛʦʣʦʚʢʘ ʩʚʝʪʣʦ-ʜʳʤʯʘʪʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʆʙʨʘʟʝʮ 18 ʅɼ. 3.5 ʭ 2.1ʩʤ. 

ʀʥʦʛʜʘ ʚ ʧʨʦʟʨʘʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺʝʣʠʯʠʥʘ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʘ. ʅʦ ʦʙʳʯʥʦ ʦʥʠ ʙʳʚʘʶʪ ʥʝ ʙʦʣʝʝ 5 ʩʤ ʚ ʜʣʠʥʫ. ɸ ʯʘʱʝ ʚʩʝʛʦ 

ʜʣʠʥʘ ʠʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,5 ï 3 ʩʤ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʙʝʩʮʚʝʪʥʳʤʠ, ʥʦ ʙʦʣʴʰʘʷ ʠʟ 

ʥʘʙʣʶʜʝʥʥʳʭ ʘʚʪʦʨʦʤ ʢʨʠʩʪʘʣʣʦʚ ʩʚʝʪʣʦ-ʜʳʤʯʘʪʳʝ. ʌʨʘʛʤʝʥʪ ʙʝʩʮʚʝʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʙʝʣʦʛʦ ʮʚʝʪʘ ʠʟ ʧʝʩʯʘʥʠʢʘ ʚ ʢʘʤʝʥʥʳʭ ʫʛʣʷʭ ɸʧʩʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 3. ʅʘ ʛʨʘʥʷʭ ʤʥʦʛʠʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʚʠʪʳ ʩʪʫʧʝʥʯʘʪʳʝ ʫʛʣʫʙʣʝʥʠʷ. ʆʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʚ ʤʝʩʪʘʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʚʤʝʱʘʶʱʠʤ ʧʝʩʯʘʥʠʢʦʤ, 

ʧʨʝʧʷʪʩʪʚʦʚʘʚʰʠʤ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʛʦ ʬʣʶʠʜʘ, ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʩʣʦʞʝʥʠʶ ʠʟ ʥʠʭ ʧʣʦʩʢʠʭ ʛʨʘʥʝʡ. ʇʦʜʦʙʥʳʝ ʩʪʫʧʝʥʯʘʪʳʝ ʫʛʣʫʙʣʝʥʠʷ 

ʭʦʨʦʰʦ ʚʠʜʥʳ ʥʘ ʨʠʩ. 4, ʛʜʝ ʚʩʷ ʛʨʘʥʴ ʦʜʥʦʛʦ ʠʟ ʙʦʣʴʰʠʭ ʨʦʤʙʦʵʜʨʦʚ ʦʩʣʦʞʥʝʥʘ 

ʩʪʫʧʝʥʯʘʪʦʡ ʚʠʮʠʥʘʣʴʶ ʨʦʩʪʘ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʛʦ ʬʣʶʠʜʘ. 
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ʈʠʩʫʥʦʢ 3 ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʘ ʢʚʘʨʮʘ ʠʟ ʫʛʣʝʥʦʩʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʧʩʘʪ, ʉʝʚʝʨʥʦʝ ɿʘʙʘʡʢʘʣʴʝ. 

ʈʘʟʤʝʨʳ 2,5ʭ2,5 ʩʤ. 

 

ʈʠʩʫʥʦʢ 4. ʉʢʠʧʝʪʨʦʚʠʜʥʘʷ ʛʦʣʦʚʢʘ ʩʚʝʪʣʦ-ʜʳʤʯʘʪʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʦʩʣʦʞʥʝʥʥʘʷ ʩʪʫʧʝʥʯʘʪʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʬʦʨʤʘʤʠ ʨʦʩʪʘ. 3.7 ʭ 1.8 ʩʤ. ʅʝʨʶʥʛʨʠ 

ʂʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʷʪʩʷ ʥʘ ʢʦʥʪʘʢʪʝ ʧʝʩʯʘʥʠʢʦʚ ʠ ʫʛʣʝʡ, ʘ ʪʘʢʞʝ ʚ 

ʪʦʥʢʠʭ ʪʨʝʱʠʥʘʭ ʚ ʧʝʩʯʘʥʠʢʘʭ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʫʛʣʠʩʪʦ-ʙʠʪʫʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʧʝʩʯʘʥʠʢʘʭ 

ʥʘ ʩʚʝʞʠʭ ʩʢʦʣʘʭ ʚʠʜʥʳ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʘ, ʧʨʦʷʚʣʝʥʥʳʝ ʚ ʠʭ ʫʢʨʫʧʥʝʥʠʠ. ɺ ʞʠʣʴʥʳʭ 

ʧʦʣʦʩʪʷʭ ʢʨʠʩʪʘʣʣʳ ʪʘʢʦʛʦ ʢʚʘʨʮʘ ʦʙʨʘʟʫʶʪ ʱʝʪʢʠ, ʜʣʠʥʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1ï 3 ʤʤ. ʅʦ ʠʥʦʛʜʘ ʵʪʦ ï ʥʝʙʦʣʴʰʠʝ ʧʦʣʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ 

ʭʦʨʦʰʦ ʦʬʦʨʤʣʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʦ 5 ʩʤ ʚ ʜʣʠʥʫ (ʨʠʩ. 5).  

 

ʈʠʩ. 5. ʇʦʣʦʩʪʴ ʚ ʧʝʩʯʘʥʠʢʝ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʢʚʘʨʮʘ. ʅʝʨʶʥʛʨʠ. 

ʆ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʨʠʨʦʜʝ ʨʘʩʪʚʦʨʦʚ, ʜʚʠʛʘʚʰʠʭʩʷ ʩ ʛʣʫʙʠʥʥʳʭ ʯʘʩʪʝʡ ʨʘʟʨʝʟʘ, 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʝʩʯʘʥʠʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ 

ʩʦʜʝʨʞʘʥʠʡ ʚʠʩʤʫʪʘ, ʩʫʨʴʤʳ ʠ ʤʳʰʴʷʢʘ, ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʨʫʜʦʥʦʩʥʳʝ ʞʠʣʴʥʳʝ 

ʪʝʣʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʫʙʠʥʘʭ ʠ ʩʚʷʟʘʥʳ ʩ ʤʘʛʤʘʪʠʟʤʦʤ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ 

ʠʟʫʯʠʪʴ ʧʦʜʩʪʠʣʘʶʱʠʝ ʫʛʣʠ ʪʦʣʱʫ ʧʝʩʯʘʥʠʢʦʚ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʟʦʣʦʪʘ. 
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Abstract. The composition of underground and surface waters formed in the hypergenesis zone of sulphide ores of 

the Shanuch deposit (Kamchatka Krai) was studied. The results showed high concentrations of nickel, copper, cobalt 

and other microelements in mine and swamp waters, especially in the oxidation zone of sulphide ores, where the 

concentration of REE can reach 42.75 ɛg/l.  
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ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʐʘʥʫʯ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ 

ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʢʘʢ ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʤʝʜʥʦ-

ʥʠʢʝʣʝʚʳʭ ʦʨʫʜʝʥʝʥʠʡ, ʪʘʢ ʠ ʚ ʢʦʥʪʝʢʩʪʝ ʠʟʫʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ ʚ ʨʘʡʦʥʝ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʡʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʚʢʣʶʯʘʷ 

ʜʦʤʝʣʦʚʳʝ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʣʘʥʮʳ, ʛʥʝʡʩʳ, ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʠ ʛʨʘʥʠʪʦʠʜʥʳʝ 

ʠʥʪʨʫʟʠʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ ʩ ʚʳʩʦʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʥʠʢʝʣʷ, ʤʝʜʠ ʠ ʢʦʙʘʣʴʪʘ [1]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʟʜʝʩʴ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʣʘʪʠʥʘ, ʧʘʣʣʘʜʠʡ ʠ ʟʦʣʦʪʦ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [2]. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʩʠʪʫʘʮʠʷ. ʊʝʨʨʠʪʦʨʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ ʘʨʪʝʟʠʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ 

ʢʨʫʧʥʦʛʦ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʩʦʙʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʮʠʨʢʫʣʷʮʠʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɻʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʵʪʦʡ ʟʦʥʝ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜ, ʠʭ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʦʪ ʚʣʠʷʥʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʙʨʦʩʳ ʚ ʚʦʜʦʝʤʳ ʠ ʜʝʛʨʘʜʘʮʠʷ ʢʘʯʝʩʪʚʘ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ, ʪʨʝʙʫʶʱʠʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʘʥʫʯ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʨʝʛʠʦʥʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ ʠ ʠʭ 

ʘʥʦʤʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʦʮʝʩʩʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʫʪʦʯʥʠʪʴ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ʨʘʡʦʥʘ, ʥʦ ʠ 

ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 

ʵʢʦʩʠʩʪʝʤʫ ʠ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʡʦʥʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʩʝʛʜʘ ʘʢʪʫʘʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʦʡ ʩʨʝʜʳ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ (ʧʦʯʚʳ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ 

ʜʨ.). ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʵʢʦʩʠʩʪʝʤ ʠ ʟʜʦʨʦʚʴʷ 

ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. 

ʄʝʜʥʦ-ʥʠʢʝʣʝʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʐʘʥʫʯ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ɹʳʩʪʨʠʥʩʢʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 280 ʢʤ ʢ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʢʨʘʝʚʦʛʦ ʮʝʥʪʨʘ - ʛʦʨʦʜʘ ʇʝʪʨʦʧʘʚʣʦʚʩʢʘ-ʂʘʤʯʘʪʩʢʦʛʦ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ 

ʚʭʦʜʠʪ ʚ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ʂʘʤʯʘʪʩʢʦʡ ʥʠʢʝʣʝʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʝʚʝʨʥʦʤ 

ʩʢʣʦʥʝ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ɺʝʨʭʥʷʷ ʊʭʦʥʞʘ ï ʚʦʜʦʨʘʟʜʝʣ ʤʝʞʜʫ ʨ. ʀʯʘ ʠ ʝʝ ʧʨʠʪʦʢʦʤ ʨ. ʐʘʥʫʯ 

[3].  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ, ʩʦʙʨʘʥʥʳʝ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ 

ʨʘʙʦʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʐʘʥʫʯʩʢʦʛʦ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʣʝʪʦʤ 2017 ʠ 2024 

ʛʦʜʦʚ. ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʧʦʜʟʝʤʥʳʝ ʠ ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ, ʚʦʜʳ ʧʨʫʜʦʚ-ʦʪʩʪʦʡʥʠʢʦʚ, ʙʦʣʦʪʥʳʝ ʚʦʜʳ, ʘ ʪʘʢʞʝ 

ʚʦʜʳ ʨʝʢ ʀʯʘ ʠ ʐʘʥʫʯ. 

ɺʦʜʥʳʝ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʝʤʢʦʩʪʠ 250 ʤʣ, ʢʦʪʦʨʳʝ ʚʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ 

ʨʘʙʦʪ ʭʨʘʥʠʣʠʩʴ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ. ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʙ ʚʦʜʳ ʢ ʘʥʘʣʠʟʘʤ ʚʳʧʦʣʥʷʣʘʩʴ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʭʠʤʠʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɼɺʆ ʈɸʅ. ɺ 

ʥʝʬʠʣʴʪʨʦʚʘʥʥʦʡ ʧʨʦʙʝ ʠʟʤʝʨʷʣʘʩʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʚʳʧʦʣʥʷʣʠʩʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ ʠ 

ʢʦʣʠʯʝʩʪʚʘ HCO3-. ʂʘʞʜʘʷ ʧʨʦʙʘ ʬʠʣʴʪʨʦʚʘʣʘʩʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ (0,45 ʤʠʢʨʦʥ) ʩ 

ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ ʠ ʨʘʟʣʠʚʘʣʘʩʴ ʚ ʜʚʝ ʧʨʦʙʠʨʢʠ (ʧʦʣʠʧʨʦʧʠʣʝʥ) ʝʤʢʦʩʪʴʶ 50 ʤʣ. 

ʆʜʥʘ ʠʟ ʧʨʦʙʠʨʦʢ ʧʦʜʢʠʩʣʷʣʘʩʴ ʦʩʦʙʦ ʯʠʩʪʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ. ɼʘʣʝʝ ʧʨʦʙʳ ʚʦʜʳ 

ʥʘʧʨʘʚʣʷʣʠʩʴ ʚ ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ɼɺʆ ʈɸʅ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ʄʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ 

Agilent 7700x, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘ ʧʨʠʙʦʨʝ iCAP 7600 

Duo. ɸʥʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʭʨʦʤʘʪʦʛʨʘʬʘ LC-20 (Shimadzu). ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ 

ʩʪʘʥʜʘʨʪʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Excel, 

SigmaPlot 12.0.  

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʜʟʝʤʥʳʝ ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʝ ʚʦʜʳ, ʦʪʦʙʨʘʥʥʳʝ ʚʥʫʪʨʠ 

ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʳʝ ʥʘʪʨʠʝʚʦ-

ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʝ ʚʦʜʳ ʩ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʪ 340 ʜʦ 578 ʤʛ/ʣ. ʇʦʢʘʟʘʪʝʣʠ ʨʅ ʚʦʜ 

ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 7,5 ʜʦ 7,7, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʱʝʣʦʯʥʦʡ ʭʘʨʘʢʪʝʨ ʚʦʜʳ. ʉʦʜʝʨʞʘʥʠʝ Si 

(ʢʨʝʤʥʠʷ) ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 4,2 ʜʦ 4,92 ʤʛ/ʣ (ʪʘʙ. 2), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʚʘʨʮ ʠ ʜʨ., ʚ ʚʦʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ. ʇʦ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ, ʩʦʙʨʘʥʥʳʝ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʳ ʚʦʜʳ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ 

(ʥʘ ʜʝʩʷʪʢʠ, ʪʳʩʷʯʠ ʠ ʜʘʞʝ ʥʘ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʧʦʨʷʜʢʦʚ) ʨʘʟʣʠʯʘʶʪʩʷ ʦʪ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚ 

ʚʦʜʝ ʨ. ʐʘʥʫʯ, ʧʦ ʩʦʜʝʨʞʘʥʠʶ: Ni (ʦʪ 1089ï1722 ʤʢʛ/ʣ), Fe (247,4ï3723), Sr (661,1ï814,8), 

Mn (75,2ï270,6), Li (32,92ï58,95), Zn (1,38ï58,45), Al (36,18ï38,53), Rb (3,98ï11,37), Ba 

(12,84ï25,66), ʉʦ (12,20 ʜʦ 14,24), Cu (0,66ï6,69), U (0,24ï1,29), Cs (0,24ï0,83), ʘ ʪʘʢʞʝ ʧʦ 

ʚʩʝʤ REY+Sc (0,29ï1,77). ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʨʦʙʘʭ ʚʦʜ, ʦʪʦʙʨʘʥʥʳʭ ʚʥʫʪʨʠ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʪʠʚʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠ 

ʤʠʛʨʘʮʠʶ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠʟ ʧʦʨʦʜ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ. 

ʈʫʜʥʠʯʥʳʝ ʚʦʜʳ, ʦʪʦʙʨʘʥʥʳʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʰʪʦʣʴʥʠ ʠ ʩʪʝʢʘʶʱʠʝ ʚ ʧʨʫʜ ʦʪʩʪʦʡʥʠʢ, ʧʦ 

ʩʦʩʪʘʚʫ: ʩʫʣʴʬʘʪʥʳʝ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʝ, ʩ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʪ 700 ʜʦ 998 

ʤʛ/ʣ. ʇʦʢʘʟʘʪʝʣʠ ʨʅ ʚʦʜ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 5,11 ʜʦ 7,28. ʉʦʜʝʨʞʘʥʠʝ Si ʚʘʨʴʠʨʫʝʪʩʷ 3,76 ï 6,17 

ʤʛ/ʣ. ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ ʚ ʨʘʩʪʚʦʨʝʥʥʦʡ ʬʦʨʤʝ ʜʦʩʪʠʛʘʝʪ: Ni (ʦʪ 34406ï127778 ʤʢʛ/ʣ), Fe (4097ï
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11000), Mn (1965ï6883), Sr (283,8ï773,6), ʉʦ (567 ʜʦ 1753), Al (27,88ï701,4), Cu (1,97ï196,6), 

Zn (40,98ï166), Ba (16,68ï80,85), Li (13,86ï36,86), Rb (12,06ï33,56), U (0,36ï31,86), Cs (2,03ï

8,21), Se (0,58ï6,89), ʘ ʪʘʢʞʝ ʣʘʥʪʘʥʦʠʜʳ ʧʣʶʩ ʠʪʪʨʠʡ ʠ ʩʢʘʥʜʠʡ (REY+Sc) - (1,7ï76,1). 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʝʚʳʰʝʥʠʡ, ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʘʢʨʦ- ʠ ʤʠʢʨʦ- ʩʦʩʪʘʚ ʧʦ ʦʩʥʦʚʥʳʤ 

ʨʝʢʘʤ ʠʟʫʯʘʝʤʦʛʦ ʨʘʡʦʥʘ, ʥʝʟʘʪʨʦʥʫʪʳʭ ʧʨʦʮʝʩʩʦʤ ʪʝʭʥʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥʠ ʙʝʨʫʪ 

ʩʚʦʝ ʥʘʯʘʣʦ ʚʙʣʠʟʠ ʛʣʘʚʥʦʛʦ ʚʦʜʦʨʘʟʜʝʣʘ ʉʨʝʜʠʥʥʦʛʦ ʭʨʝʙʪʘ ʩ ʚʝʨʰʠʥ, ʧʦʢʨʳʪʳʭ 

ʩʥʝʞʥʠʢʘʤʠ ʠ ʤʝʩʪʘʤʠ ʣʝʜʥʠʢʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʪ ʙʘʩʩʝʡʥʫ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʀʯʘ ʠ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʥʘ ʚʦʜʦʩʙʦʨʝ 

ʝʝ ʧʨʘʚʦʙʝʨʝʞʥʦʛʦ ʧʨʠʪʦʢʘ - ʨ. ʐʘʥʫʯ. ʇʨʦʙʳ ʚʦʜ, ʦʪʦʙʨʘʥʥʳʝ ʚ ʨʘʡʦʥʝ ʨʝʢʠ ʀʯʘ, ʂʠʨʛʘʥʠʢ 

ʠ ʐʘʥʫʯ, ʧʦʢʘʟʘʣʠ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪ 33,3 ʜʦ 55,5 ʤʛ/ʣ (ʫʣʴʪʨʘʧʨʝʩʥʳʝ). ʇʦ 

ʩʦʩʪʘʚʫ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʜʳ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʝ ʠ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʳʝ. ɺ ʩʦʩʪʘʚʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʚ ʪʘʢʠʭ ʚʦʜʘʭ: Ni (ʦʪ 10,25ï105,6 ʤʢʛ/ʣ), Fe (126,1ï251,8), Mn (2,62ï9,08), Sr 

(10,46ï47,28), ʉʦ (0,21 ʜʦ 1,41), Al (16,18ï32,81), Cu (2,14ï3,11), Zn (0,95ï3,42), Ba (1,15ï

5,61), Li (0,8ï1,1), Rb (0,82ï2,18), Cr (0,21ï1,41), ʘ ʪʘʢʞʝ ʧʦ ʚʩʝʤ REY+Sc (0,08ï0,09). ʇʦ 

ʦʩʪʘʣʴʥʳʤ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ ʚʩʝ ʟʥʘʯʝʥʠʷ ʥʠʞʝ 1 ʤʢʛ/ʣ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʈɿʕ ʧʦʢʘʟʘʪʝʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʤʠʨʦʚʦʛʦ ʬʦʥʘ ʧʦ ʨʝʢʘʤ [5]. 

ɺʥʠʟʫ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʭʦʜʠʪʩʷ ʐʘʥʫʯʩʢʦʝ ʙʦʣʦʪʦ, ʢʦʪʦʨʦʝ ʧʨʠʤʳʢʘʝʪ ʢ 

ʧʦʜʥʦʞʴʶ ʛʦʨʳ ʊʭʦʥʞʘ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʛʦʨʥʦ-ʜʦʙʳʯʥʦʛʦ ʫʯʘʩʪʢʘ. ʇʣʦʱʘʜʴ ʙʦʣʦʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 0,92 ʢʤ
2
. ʇʠʪʘʥʠʝ ʙʦʣʦʪʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʪʝʢʘʶʱʠʭ ʩ ʛʦʨʳ ʨʫʯʴʝʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚʨʝʤʝʥʥʳʭ, ʠ ʟʘ ʩʯʝʪ ʰʘʭʪʥʳʭ ʚʦʜ. ʉ ʩʝʚʝʨʘ ʙʦʣʦʪʦ ʦʛʨʘʥʠʯʝʥʦ ʨʫʯ. ʉʘʤʘʪʢʠʥ, ʣʝʚʳʤ 

ʧʨʠʪʦʢʦʤ ʨ. ʐʘʥʫʯ. ɹʦʣʦʪʦ ʥʠʟʠʥʥʦʛʦ ʪʠʧʘ, ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʯʥʳʤ, ʚ ʥʝʛʦ ʨʘʟʛʨʫʞʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʤʝʣʢʠʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʨʝʤʝʥʥʳʭ, ʨʫʯʴʝʚ, ʩʪʝʢʘʶʱʠʭ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 

ʩʢʣʦʥʘ ʛʦʨʳ ɺʝʨʭʥʷʷ ʊʭʦʥʞʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʥʦ-ʜʦʙrʯʥʦʛʦ ʫʯʘʩʪʢʘ. ɺʦʜʳ 

ʨʫʯʴʝʚ ʚʧʘʜʘʶʪ ʚ ʐʘʥʫʯʩʢʦʝ ʙʦʣʦʪʦ ʠ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʪʦʨʬʷʥʠʢ ʧʦʧʘʜʘʶʪ ʚ ʨʫʯ. 

ʉʘʤʘʪʢʠʥ ʠ ʜʘʣʝʝ ʚ ʨʝʢʫ ʐʘʥʫʯ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ - ʢʠʩʣʳʝ (ʨʅ 4,07-4,7), 

ʩʫʣʴʬʘʪʥʳʝ ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʳʝ. ʉ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ - 1020-1213 ʤʛ/ʣ. ʉʪʦʢ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʙʦʣʦʪʝ, ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʪʨʘʥʟʠʪʥʳʭ, ʧʝʨʝʥʦʩʠʤʳʭ ʩʦ ʚʩʝʛʦ 

ʚʦʜʦʩʙʦʨʘ, ʠ ʤʝʩʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʵʦʣʦʚʳʭ ʥʘʥʦʩʦʚ. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ 

ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʪʘʢʠʭ ʚʦʜ: Ni (ʦʪ 76910ï98359 

ʤʢʛ/ʣ), Fe (5799ï6910), Mn (5151ï7990), Sr (318,5ï413,9), ʉʦ (1184ï1602), Al (526,6ï1909), Cu 

(120ï286,2), Zn (104,3ï145,7), Ba (24,18ï48,64), Li (28,21ï56,18), Rb (24,47ï30,40), U (10,21ï

26,00), Cs (4,43ï5,33), Se (1,93ï3,35), ʘ ʪʘʢʞʝ ʧʦ ʚʩʝʤ REY+Sc (47,2ï48,8).ɺ ʮʝʣʦʤ ʜʣʷ 

ʨʫʜʥʠʯʥʳʭ ʚʦʜ, ʢʘʢ ʠ ʜʣʷ ʚʩʝʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʛʨʫʧʧʳ ʣʝʛʢʠʭ ʈɿʕ 

(59,1 ï 72,7 %). ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʜʘʤ ʨ. ʐʘʥʫʯ ʧʨʝʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʈɿʕ ʚ ʨʫʜʥʠʯʥʳʭ ʚʦʜʘʭ ʰʪʦʣʴʥʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1000 ʨʘʟ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʪʨʝʱʠʥʥʦ-

ʞʠʣʴʥʳʭ ʚʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʢʨʘʡʥʝ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷʤʠ ʈɿʕ (0,14-1,23). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʙʦʛʘʱʝʥʠʷ ʚʦʜʥʳʭ ʩʨʝʜ ʈɿʕ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʠʩʣʳʭ ʩʫʣʴʬʘʪʥʳʭ ʨʫʜʥʠʯʥʳʭ ʚʦʜ.  

ʀʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʈɿʕ ʚ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜʘʭ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢ ʭʦʥʜʨʠʪʫ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʚʦʜ ʜʝʣʷʪʩʷ ʧʦ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʜʚʝ ʛʨʫʧʧʳ (ʨʠʩ. 1). ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʦʜʟʝʤʥʳʝ ʠ ʨʝʯʥʳʝ ʚʦʜʳ, ʫ ʥʠʭ 

ʦʜʠʥʘʢʦʚʳʝ ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ, ʪʘʢ ʢʘʢ ʦʥʠ ʫ ʥʠʭ ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʚʦʜ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ ʠ ʙʦʣʦʪʦ, ʦʥʠ ʦʙʨʘʟʫʶʪ ʧʦʭʦʞʠʝ ʧʨʦʬʠʣʠ, ʢʦʪʦʨʳʡ ʙʦʣʴʰʝ 

ʦʪʨʘʞʘʝʪ ʩʦʩʪʘʚ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ. ʇʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʚʦʜʥʳʭ ʧʨʦʙʘʭ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʣʠʯʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʮʝʨʠʝʚʦʡ ʘʥʦʤʘʣʠʠ (ʉʝ/ʉʝ* ï 0,46-0,97), ʘ ʪʘʢʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʣʝʛʢʠʤʠ ʠ ʪʷʞʝʣʳʤʠ ʈɿʕ (Lan/Ybn ï 0,33-

2,12). ɼʣʷ ʨʫʜʥʠʯʥʳʭ ʠ ʙʦʣʦʪʥʳʭ ʚʦʜ ʷʨʢʦ ʚʳʨʘʞʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ 

(Eu/Eu* ï 0,38-0,85), ʘ ʜʣʷ ʨʝʯʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ - ʧʦʣʦʞʠʪʝʣʴʥʘʷ (Eu/Eu*ï - 1,13-1,46). ɺ 

ʮʝʣʦʤ, ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʈɿʕ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʙʘʚʣʝʥʠʝʤ 

ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ ʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 
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ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʠʥʠʤʘʝʪ ʩʪʘʥʜʘʨʪʥʳʡ ʚʠʜ, ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ La ʢ Eu. 

ɼʣʷ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʩ ʬʦʥʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʈɿʕ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʨʦʬʠʣʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʈɿʕ ʚ 

ʧʦʨʦʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʥʠʭ ʬʠʢʩʠʨʫʝʪʩʷ ʩʣʘʙʦ ʧʨʦʷʚʣʝʥʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʮʝʨʠʝʚʘʷ 

ʘʥʦʤʘʣʠʷ, ʢʦʪʦʨʘʷ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜ ʚʦʜʦʪʦʢʦʚ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ [4]. 

 

ʈʠʩʫʥʦʢ 1. ʇʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʠ ʚʦʜʥʳʭ ʩʨʝʜʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʘʥʫʯ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ ʭʦʥʜʨʠʪʫ. 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʘʥʫʯ ï ʢʘʢ ʧʨʦʜʫʢʪ ʩʠʩʪʝʤʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʘ-ʧʦʨʦʜʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʯʘʩʪʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʨʫʜ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʫʜʥʠʯʥʳʭ ʚʦʜ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʨʘʩʪʚʦʨʝʥʥʳʭ ʬʦʨʤʘʭ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʈɿʕ.  

ʈʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʟʦʥʝ 

ʛʠʧʝʨʛʝʥʝʟʘ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ 

ʥʠʢʝʣʴ (Ni), ʞʝʣʝʟʦ (Fe), ʤʘʨʛʘʥʝʮ (Mn), ʢʦʙʘʣʴʪ (Co), ʘʣʶʤʠʥʠʡ (Al), ʩʪʨʦʥʮʠʡ (Sr), ʤʝʜʴ 

(Cu), ʮʠʥʢ (Zn), ʫʨʘʥ (U), ʘ ʪʘʢʞʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʈɿʕ) ʠ ʩʢʘʥʜʠʡ (REY+Sc). 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʫʜʥʠʯʥʳʭ ʚʦʜʘʭ ʠ ʙʦʣʦʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʶʪ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʦʩʦʙʝʥʥʦ ʚ ʚʦʜʘʭ, ʦʪʙʠʨʘʝʤʳʭ ʥʘ ʚʳʭʦʜʝ ʠʟ ʰʪʦʣʴʥʠ, ʛʜʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʈɿʕ ʜʦʩʪʠʛʘʶʪ 42,75 ʤʢʛ/ʣ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʮʝʥʪʨʝ 

ʰʪʦʣʴʥʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʈɿʕ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (ʦʢʦʣʦ 3,01 ʤʢʛ/ʣ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʣʠʷʥʠʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʬʠʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʚʦʜʘʭ ʧʦʢʘʟʘʣʦ ʜʚʝ ʦʪʯʝʪʣʠʚʦ 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʧʦʜʟʝʤʥʳʝ ʠ ʨʝʯʥʳʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʩʭʦʞʠʡ ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʚʦʜʳ ʧʠʪʘʶʪʩʷ ʠʟ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʨʫʜʥʠʯʥʳʝ ʚʦʜʳ ʠ ʙʦʣʦʪʘ, ʛʜʝ ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ 
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ʦʪʨʘʞʘʝʪ ʩʦʩʪʘʚ ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜ ʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʫʜʥʠʯʥʳʝ ʠ ʙʦʣʦʪʥʳʝ ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʘʙʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʮʝʨʠʝʚʦʡ (Ce/Ce* ï 0,46ï0,97) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʝʚʨʦʧʠʝʚʦʡ ʘʥʦʤʘʣʠʝʡ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʦʜʟʝʤʥʳʝ ʠ ʨʝʯʥʳʝ ʚʦʜʳ ʧʦʢʘʟʳʚʘʶʪ ʦʪʯʝʪʣʠʚʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʮʝʨʠʚʠʝʚʫʶ 

ʘʥʦʤʘʣʠʶ ʠ ʥʝʙʦʣʴʰʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʘʥʦʤʘʣʠʶ ʝʚʨʦʧʠʷ (Eu/Eu* ï 1,13ï1,46). 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʫʜʥʠʯʥʳʭ ʚʦʜʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʥʠʢʝʣʴ, ʤʝʜʴ, ʤʘʨʛʘʥʝʮ ʠ ʢʦʙʘʣʴʪ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʠ ʧʨʦʮʝʩʩʘʤʠ ʠʭ ʦʢʠʩʣʝʥʠʷ. ʇʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʚʦʜʘʭ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ ʦʯʠʩʪʢʠ ʚʦʜ ʚ ʨʘʡʦʥʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʨʫʜʥʠʯʥʳʭ ʚʦʜʘʭ 

ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʚʦʜʦʡ ʩ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ ʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʕʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʬʠʣʴʪʨʘʮʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜ ʩ 

ʦʢʨʫʞʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʤʳʚʘʥʠʶ ʙʦʣʝʝ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʘʢʦʧʣʝʥʠʶ 

ʙʦʣʝʝ ʪʷʞʝʣʳʭ, ʪʘʢʠʭ ʢʘʢ ʝʚʨʦʧʠʡ ʠ ʮʝʨʠʡ. 

 ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʚʦʜ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʅʠʟʠʥʥʳʡ 

ʙʦʣʦʪʥʳʡ ʤʘʩʩʠʚ ʠ ʨʫʯʴʠ, ʩʪʝʢʘʶʱʠʝ ʩ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʟʤʝʥʝʥʠʠ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʝʢʝ ʐʘʥʫʯ. ʕʪʠ ʵʢʦʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʜʦʝʤʦʚ ʚ ʦʙʣʘʩʪʠ ʚʣʠʷʥʠʷ 

ʜʦʙʳʯʠ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ɸʆ ʅʇʂ "ɻʝʦʪʝʭʥʦʣʦʛʠʷ" 

ʛʝʥʝʨʘʣʴʥʦʤʫ ʜʠʨʝʢʪʦʨʫ ɻʝʨʛʝʣʶʢʫ ʈ.ɻ. ʠ ʛʣʘʚʥʦʤʫ ʛʝʦʣʦʛʫ ʃʝʙʝʜʝʚʫ ɸ.ɻ. ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ "ʐʘʥʫʯ". 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-27-00304 

çɺʣʠʷʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ ʥʘ ʧʦʚʝʜʝʥʠʝ ʈɿʕ ʚ ʩʠʩʪʝʤʝ çʚʦʜʘ-ʧʦʨʦʜʘ-ʜʦʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷè ʥʘ ʧʨʠʤʝʨʝ Cu-Ni ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʘʥʫʯ (ʂʘʤʯʘʪʢʘ)è, 

https://rscf.ru/project/24-27-00304/.  
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ, ʤʠʥʝʨʘʣʴʥʦʤ ʠ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʧʦʯʚ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ɼʞʠʜʠʥʩʢʦʛʦ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɿʘʙʘʡʢʘʣʴʷ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʦʯʚʘʤʠ ʚ ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʭ ʧʦʯʚʘʭ ʫʚʝʣʠʯʠʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʤʠʢʨʦʘʛʨʝʛʘʪʦʚ, ʫʚʝʣʠʯʠʣʦʩʴ 

ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʠʩʪʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠ ʚʳʚʝʪʨʝʣʳʭ ʤʠʥʝʨʘʣʦʚ, ʚʦʟʨʦʩʣʦ ʩʦʜʝʨʞʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Cd, Zn, F, Mo, Cu, Ni, As, Co, Pb ʚ ʧʦʯʚʘʭ 

ʧʨʠʫʨʦʯʝʥʦ ʢ ʚʝʨʭʥʠʤ ʦʨʛʘʥʦʛʝʥʥʳʤ ʛʦʨʠʟʦʥʪʘʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʪʝʭʥʦʛʝʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʦʣʴʬʨʘʤʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ, ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, 
ʤʠʥʝʨʘʣʴʥʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 
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Abstract. The article presents data on the micromorphological structure, mineral and chemical composition of soils 

of geotechnogenic landscapes of the Dzhidinsky tungsten deposit (Western Transbaikalia). In the technogenic soils in 

comparison with natural soils the density of microaggregates increased, the amount of ferrous neoplasms and weathered 

minerals increased, the content of potentially dangerous chemical elements increased. The highest content of Cd, Zn, F, 

Mo, Cu, Ni, As, Co, Pb in soils is confined to the upper organogenic horizons, which indicates their technogenic 

pollution. 
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ɺ ʨʘʡʦʥʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʝʦʣʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʟʤʝʥʝʥʠʝʤ ʤʠʛʨʘʮʠʦʥʥʳʭ ʮʠʢʣʦʚ ʚʝʱʝʩʪʚʘ ʚ 

ʛʝʦʩʠʩʪʝʤʘʭ. ʇʦʯʚʳ, ʷʚʣʷʷʩʴ ʢʦʤʧʦʥʝʥʪʦʤ ʣʘʥʜʰʘʬʪʘ, ʦʪʨʘʞʘʶʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʙʠʦʛʝʦʩʠʩʪʝʤʝ. ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʠʭ ʩʚʷʟʘʥʳ ʩ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʧʦʯʚ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ï ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʫʶ ʤʠʛʨʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʬʦʨʤʳ ʠʭ ʧʨʠʩʫʪʩʪʚʠʷ. 

ʎʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ɼʞʠʜʠʥʩʢʦʛʦ ʚʦʣʴʬʨʘʤʦ-ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ (ɿʘʧʘʜʥʦʝ ɿʘʙʘʡʢʘʣʴʝ): 

(1) ʘʣʣʶʚʠʘʣʴʥʳʝ ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ ʪʝʨʨʠʪʦʨʠʠ ʥʘʩʳʧʥʦʛʦ ʠ ʥʘʣʠʚʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ, 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʝʨʝʢʨʳʪʳʝ ʦʪʭʦʜʘʤʠ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʧʝʨʝʛʥʦʡʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʜʦ 30 ʩʤ c 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 47-52% ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ. ʅʠʞʝʣʝʞʘʱʠʝ 

ʛʦʨʠʟʦʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʥʝʨʘʣʴʥʦʡ ʪʦʣʱʝʡ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʛʣʝʝʥʠʷ. ʈʝʘʢʮʠʷ ʧʦʯʚ ï 

ʩʠʣʴʥʦʢʠʩʣʘʷ-ʢʠʩʣʘʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠ ʢʠʩʣʘʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ; (2) ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʣʫʛʦʚʳʝ ʧʦʯʚʳ ʫʯʘʩʪʢʘ ʨʘʟʛʨʫʟʢʠ ʢʠʩʣʳʭ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʰʪʦʣʴʥʠ ɿʘʧʘʜʥʘʷ. ɻʫʤʫʩʦʚʳʡ 

ʛʦʨʠʟʦʥʪ ʘʣʣʶʚʠʘʣʴʥʳʭ ʣʫʛʦʚʳʭ ʧʦʯʚ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ 15-25 ʩʤ, ʩʝʨʦʛʦ ʠʣʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ 

ʮʚʝʪʘ, ʣʝʛʢʦ- ʠʣʠ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʡ. ʇʦ ʧʨʦʬʠʣʶ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʟʥʘʢʠ ʦʛʣʝʝʥʠʷ, 
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ʦʪʤʝʯʘʶʱʠʝʩʷ ʚ ʚʠʜʝ Mn-Fe-ʢʦʥʢʨʝʮʠʡ ʠ ʩʠʟʦʚʘʪʳʭ ʧʷʪʝʥ. ʈʝʘʢʮʠʷ ʧʦʯʚ ï ʥʝʡʪʨʘʣʴʥʘʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,5-4,0 %. ʇʨʦʙʳ ʧʦʯʚ 

ʦʪʙʠʨʘʣʠ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ. ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʧʨʦʟʨʘʯʥʳʭ ʰʣʠʬʦʚ ʦʧʠʩʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʤʠʢʨʦʩʢʦʧʦʚ 

çʇʆʃɸʄ ʈ-113è, çʇʆʃɸʄ ʃ-213è, çOLYMPUS BX 51è. ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʢʦʝ ʦʧʠʩʘʥʠʝ 

ʩʜʝʣʘʥʦ ʥʘ ʢʘʬʝʜʨʝ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʵʢʦʣʦʛʠʠ ʧʦʯʚ ʀʥʩʪʠʪʫʪʘ ʥʘʫʢ ʦ ɿʝʤʣʝ ʉʇʙɻʋ (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ). ʊʝʨʤʦʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ ʧʦʯʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʧʧʘʨʘʪʝ STA 449 F1 Jupiter ʬʠʨʤʳ 

NETZSCH ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʭʠʤʠʠ ʠ ʨʫʜʦʛʝʥʝʟʘ ʀʇʈʕʂ ʉʆ ʈɸʅ (ʏʠʪʘ). ʉʦʜʝʨʞʘʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʭʠʤʠʢʦ-ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʠ ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʳʤ 

ʤʝʪʦʜʘʤʠ ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ɻʀʅ ʉʆ ʈɸʅ çɻʝʦʩʧʝʢʪʨè (ʋʣʘʥ-ʋʜʵ). 

ɺ ʤʠʢʨʦʩʪʨʦʝʥʠʠ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʚʳʜʝʣʝʥʳ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ (ʨʠʩʫʥʦʢ): 

1) ʩʢʝʣʝʪʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʘʪʘʥʥʳʤʠ, ʧʦʣʫʦʢʘʪʘʥʥʳʤʠ ʬʦʨʤʘʤʠ 

ʟʝʨʝʥ ʤʠʥʝʨʘʣʦʚ ʠ ʦʙʣʦʤʢʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ; ʤʘʪʝʨʠʘʣ ʭʦʨʦʰʦ ʩʦʨʪʠʨʦʚʘʥ; 2) ʧʦʚʩʝʤʝʩʪʥʦ 

ʦʪʤʝʯʝʥʳ ʧʦʣʠʛʦʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʨʠʦʛʝʥʥʘʷ ʤʠʢʨʦʘʛʨʝʛʘʮʠʷ ʠ ʢʨʠʦʪʫʨʙʘʮʠʷ; 

3) ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʩʨʝʜʥʝʡ ʠ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʥʦʩʪʠ, ʦʞʝʣʝʟʥʝʥʳ, 

ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʫʛʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ; 4) ʤʠʥʝʨʘʣʴʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʞʝʣʝʟʠʩʪʳʤʠ ʧʷʪʥʘʤʠ, ʭʣʦʧʴʷʤʠ, ʤʠʢʨʦʦʨʪʰʪʝʡʥʘʤʠ, ʤʝʣʢʠʤʠ ʞʝʣʝʟʠʩʪʦ-

ʤʘʨʛʘʥʮʝʚʳʤʠ ʢʦʥʢʨʝʮʠʷʤʠ, ʞʝʣʝʟʠʩʪʳʤʠ ʧʣʝʥʢʘʤʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʨʝʱʠʥʘʤ ʟʝʨʝʥ 

ʤʠʥʝʨʘʣʦʚ ʠ ʦʙʣʦʤʢʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

 

ʈʠʩʫʥʦʢ. ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʩʪʨʦʝʥʠʷ ʧʦʯʚ ʧʨʠʨʦʜʥʳʭ ʠ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ɼʞʠʜʠʥʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʘ ï ʬʦʨʤʘ ʟʝʨʝʥ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʥʠʢ. //); ʙ ï ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʘʛʨʝʛʘʪʦʚ (ʥʠʢ. //); ʚ ï ʢʨʠʦʛʝʥʥʘʷ ʤʠʢʨʦʘʛʨʝʛʘʮʠʷ (ʥʠʢ. ʍ); ʛ ï ʢʨʠʦʪʫʨʙʘʮʠʷ (ʥʠʢ. //); ʜ ïʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ: 

ʦʞʝʣʝʟʥʝʥʥʳʝ ʩʨʝʜʥʝʡ ʠ ʩʣʘʙʦʡ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʥʦʩʪʠ, ʦʙʫʛʣʝʥʥʳʝ (ʥʠʢ. //); ʝ ï ʞʝʣʝʟʠʩʪʳʝ ʧʷʪʥʘ, 

ʞʝʣʝʟʠʩʪʳʝ ʧʣʝʥʢʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʨʝʱʠʥʘʤ ʟʝʨʝʥ ʩʢʝʣʝʪʘ (ʥʠʢ. //). 

ʆʪʭʦʜʳ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʧʦʯʚʳ 

ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʝʝ ʤʠʢʨʦʩʪʨʦʝʥʠʝ: ʫʚʝʣʠʯʠʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ ʤʠʢʨʦʘʛʨʝʛʘʪʦʚ; 

ʚʦʟʨʦʩʣʦ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʠʩʪʳʭ ʭʣʦʧʴʝʚ ʠ ʤʠʢʨʦʦʨʪʰʪʝʡʥʦʚ; ʧʦʷʚʠʣʠʩʴ ʩʧʣʦʰʥʳʝ 

ʞʝʣʝʟʠʩʪʳʝ ʧʣʝʥʢʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʩʢʝʣʝʪʘ. ɺ ʤʠʢʨʦʩʪʨʦʝʥʠʠ ʧʦʯʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʨʘʟʛʨʫʟʢʠ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʰʪʦʣʴʥʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʠʢʨʦʩʪʨʦʝʥʠʝʤ ʧʦʯʚ ʬʦʥʦʚʦʛʦ ʫʯʘʩʪʢʠ 

ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʦʞʝʣʝʟʥʝʥʠʷ ï ʚʦʟʨʦʩʣʦ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʠʩʪʳʭ ʧʷʪʝʥ, 

ʭʣʦʧʴʝʚ, ʤʠʢʨʦʦʨʪʰʪʝʡʥʦʚ, ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʩʢʝʣʝʪʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʧʣʦʰʥʳʝ 

ʞʝʣʝʟʠʩʪʳʝ ʧʣʝʥʢʠ, ʢʨʘʝʚʳʝ ʟʦʥʳ ʤʠʢʨʦʘʛʨʝʛʘʪʦʚ ʧʦʯʚ ʦʙʦʛʘʱʝʥʳ ʛʠʜʨʦʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ. 

ɺʳʰʝʧʝʨʝʯʠʩʪʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʚʦ ʚʩʝʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ; ʚʥʠʟ ʧʦ 

ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʩʢʝʣʝʪʥʦʡ ʯʘʩʪʠ ʧʦʯʚ ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ 

ʷʚʣʷʶʪʩʷ ʢʚʘʨʮ ʠ ʧʦʣʝʚʦʡ ʰʧʘʪ. ʇʦʣʝʚʦʡ ʰʧʘʪ ʘʣʣʶʚʠʘʣʴʥʳʭ ʙʦʣʦʪʥʳʭ ʧʦʯʚ 
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ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥ ʠ ʧʝʣʠʪʠʟʠʨʦʚʘʥ, ʘʣʣʶʚʠʘʣʴʥʳʭ ʣʫʛʦʚʳʭ ʧʦʯʚ ï ʯʘʩʪʠʯʥʦ. ɺ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʙʦʣʦʪʥʳʭ ʧʦʯʚʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʛʠʜʨʦʤʫʩʢʦʚʠʪ, ʘʤʬʠʙʦʣ, ʭʣʦʨʠʪ, ʵʧʠʜʦʪ, 

ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ; ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʩʩʦʨʥʳʭ ï ʛʠʜʨʦʙʠʦʪʠʪ, ʮʠʨʢʦʥ, ʨʫʪʠʣ, ʧʠʨʦʢʩʝʥ, ʩʬʝʥ, 

ʜʦʣʦʤʠʪ, ʘʧʘʪʠʪ, ʛʨʘʥʘʪ. ʈʝʜʢʠʝ ʟʥʘʢʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʪʤʝʯʝʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ; ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ. ɿʝʨʥʘ ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʠʥʪʝʥʩʠʚʥʦ ʦʞʝʣʝʟʥʝʥʳ ʠʣʠ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʳ; ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʷʪ ʧʦ 

ʪʨʝʱʠʥʘʤ. ɺ ʘʣʣʶʚʠʘʣʴʥʳʭ ʣʫʛʦʚʳʭ ʧʦʯʚʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʘʤʬʠʙʦʣ, ʤʫʩʢʦʚʠʪ, ʙʠʦʪʠʪ; ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʮʝʩʩʦʨʥʳʭ ï ʛʠʜʨʦʤʫʩʢʦʚʠʪ, ʛʠʜʨʦʙʠʦʪʠʪ, ʩʬʝʥ, ʧʠʨʦʢʩʝʥ, ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ, 

ʨʫʪʠʣ, ʮʠʨʢʦʥ, ʘʧʘʪʠʪ. 

ɺ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʧʦʯʚ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ɼʞʠʜʠʥʩʢʦʛʦ ʚʦʣʴʬʨʘʤʦʚʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʯʚ ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ ʚʳʷʚʣʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʘʣʣʶʚʠʘʣʴʥʳʭ ʙʦʣʦʪʥʳʭ ʧʦʯʚʘʭ ʪʝʨʨʠʪʦʨʠʡ ʙʳʚʰʠʭ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʦʪʤʝʯʝʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʛʠʜʨʦʤʫʩʢʦʚʠʪʘ, ʛʠʜʨʦʙʠʦʪʠʪʘ, 

ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʘʣʣʶʚʠʘʣʴʥʳʭ ʣʫʛʦʚʳʭ ʧʦʯʚʘʭ ʫʯʘʩʪʢʘ 

ʨʘʟʛʨʫʟʢʠ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʰʪʦʣʴʥʠ ɿʘʧʘʜʥʘʷ ʫʚʝʣʠʯʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠ 

ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʛʠʜʨʦʤʫʩʢʦʚʠʪʘ, ʛʠʜʨʦʙʠʦʪʠʪʘ, ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ; 

ʦʪʤʝʯʝʥʳ (ʦʪ 1 ʜʦ 10 %) ʪʘʢʠʝ ʤʠʥʝʨʘʣʳ, ʢʘʢ ʭʣʦʨʠʪ, ʵʧʠʜʦʪ ʠ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ. ʅʘʣʠʯʠʝ 

ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʥʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʧʦʯʚ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, 

ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʦʯʚʳ ʢʠʩʣʳʭ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʰʪʦʣʴʥʠ ɿʘʧʘʜʥʘʷ ʠ ʧʦʨʦʚʳʭ ʚʦʜ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ. ʇʦʷʚʣʝʥʠʝ ʞʝ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʥʝʩʝʥʠʝʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ ʧʦʯʚ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʵʢʟʦʧʠʢʦʚ ʥʘ 

ʪʝʨʤʦʛʨʘʤʤʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 285.0-521.5Áʉ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʩʝʤʝʩʪʥʦʤ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ 

ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʢʚʘʨʮʘ ï ʥʘ ʪʝʨʤʦʛʨʘʤʤʘʭ ʚʳʷʚʣʝʥʳ ʦʪʯʝʪʣʠʚʳʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ ʧʨʠ 573.9-575.6Áʉ, ʚʳʟʚʘʥʥʳʝ ʧʦʣʠʤʦʨʬʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ Ŭ-ʢʚʘʨʮʘ ʚ ɓ-ʢʚʘʨʮ. ʅʘ 

ʪʝʨʤʦʛʨʘʤʤʘʭ ʦʙʨʘʟʮʦʚ ʣʝʞʘʣʳʭ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʙʦʣʦʪʥʳʭ ʧʦʯʚ ʥʘʙʣʶʜʘʶʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 482.3-489.6Áʉ ʠ 

935.8-1005.1Áʉ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʚʦʜʳ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ ʠ ʩʣʶʜ. ɺ ʧʦʛʨʝʙʝʥʥʦʤ ʧʝʨʝʛʥʦʡʥʦʤ ʛʦʨʠʟʦʥʪʝ ʘʣʣʶʚʠʘʣʴʥʦʡ ʙʦʣʦʪʥʦʡ ʧʦʯʚʳ 

ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʥʘʣʠʚʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ ʚʳʷʚʣʝʥ ʩʣʘʙʳʡ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʨʝʬʣʝʢʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 574.4Áʉ, ʦʪʨʘʞʘʶʱʠʡ ʧʦʣʠʤʦʨʬʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ Ŭ-ʢʚʘʨʮʘ ʚ ɓ-ʢʚʘʨʮ. ʅʘ ʪʝʨʤʦʛʨʘʤʤʝ ʞʝ ʦʙʨʘʟʮʘ ʧʦʛʨʝʙʝʥʥʦʛʦ ʧʝʨʝʛʥʦʡʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʩ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʥʘʩʳʧʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʦʪʤʝʯʝʥʦ ʜʚʘ ʠʥʪʝʥʩʠʚʥʳʭ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʠʢʘ ï 487.2Áʉ ʠ 575.3Áʉ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʡ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʚʦʜʳ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʣʶʜ ʠ ʧʦʣʠʤʦʨʬʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ Ŭ-ʢʚʘʨʮʘ ʚ 

ɓ-ʢʚʘʨʮ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠʭ 

ʩʦʩʪʘʚ ʩʨʘʚʥʠʣʠ ʩ ʢʣʘʨʢʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʟʝʤʥʦʡ 

ʢʦʨʳ [1], ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʘʥʦʤʘʣʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ ʦʙʝʜʥʝʥʳ S, As, Cr, K, Na; ʚ ʧʨʝʜʝʣʘʭ ʢʣʘʨʢʦʚʳʭ 

ʬʠʢʩʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷ Ni, Zn, Co, Mn, Sr, V, Ca, Fe, Mg, F, Al , Ti. ʊʘʢʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʪʠʧʠʯʝʥ ʜʣʷ ʧʦʯʚ ʛʠʜʨʦʤʦʨʬʥʦʛʦ ʨʷʜʘ. ʉʦʜʝʨʞʘʥʠʝ Cd, Cu, Mo, Pb ʚ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʚʳʰʝ 

ʢʣʘʨʢʦʚʳʭ. ʕʪʠ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʨʫʜʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʠʭ ʩʧʫʪʥʠʢʠ, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʯʚ 

ʪʝʨʨʠʪʦʨʠʠ ɼʞʠʜʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ [2, 3]. ɺ ʦʨʛʘʥʦʛʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʪʝʭʥʦʛʝʥʥʦ 

ʠʟʤʝʥʝʥʥʳʭ ʧʦʯʚ ʬʠʢʩʠʨʫʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢ: ʥʘ ʫʯʘʩʪʢʝ ʨʘʟʛʨʫʟʢʠ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ï Cd, Zn, F; ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ 

ʥʘʩʳʧʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ï Cd, As, Mo, Zn, F; ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʥʘʣʠʚʥʦʛʦ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʮʘ ï Cd, Zn, Pb. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʩʦʩʪʘʚʣʝʥʳ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʤʝʩʪʥʦʛʦ ʬʦʥʘ [3] ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʚʳʰʘʶʱʠʤ 1.5 (ʪʘʙʣ.). ʅʘ ʬʦʥʦʚʦʤ ʫʯʘʩʪʢʝ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʫʟʣʘ 

ʩʦʜʝʨʞʘʥʠʝ Mo, Cu, F, Ni, Co ʚ ʧʦʯʚʘʭ ʚʳʰʝ ʤʝʩʪʥʦʛʦ ʬʦʥʘ. ɺ ʦʨʛʘʥʦʛʝʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚ 

ʥʘ ʫʯʘʩʪʢʝ ʨʘʟʛʨʫʟʢʠ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʦʪʤʝʯʝʥʘ ʘʩʩʦʮʠʘʮʠʷ Cd, F, Zn, Cu, Mo, Co; ʚ ʛʣʝʝʚʦʤ 

ʛʦʨʠʟʦʥʪʝ ï Cd, F, Cu, Zn, Ni, Co, Pb. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʥʘʩʳʧʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

ʚʳʷʚʣʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʘʷ ʛʨʫʧʧʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: Cd, Zn, 

F, Mo, Cu, Ni, As, Co, Pb. ɺʥʠʟ ʧʦ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʩʥʠʞʘʶʪʩʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Pb. ɻʝʦʭʠʤʠʯʝʩʢʫʶ ʘʩʩʦʮʠʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʦʛʝʥʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʙʦʣʦʪʥʳʭ ʧʦʯʚ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʥʘʣʠʚʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

ʩʦʩʪʘʚʣʷʶʪ Cd, Pb, Zn, Ni, Cu, F, Mo, Co; ʚ ʛʣʝʝʚʦʤ ï Cd, Ni, F, Zn, Cr, Cu, Co, As. 

ʊʘʙʣʠʮʘ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʥʘʢʘʧʣʠʚʘʶʱʠʝʩʷ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʧʦʯʚʘʭ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʋʯʘʩʪʦʢ ɻʦʨʠʟʦʥʪ ʧʦʯʚʳ ɸʩʩʦʮʠʘʮʠʷ ʵʣʝʤʝʥʪʦʚ 

ʌʦʥ 
ʆʨʛʘʥʦʛʝʥʥʳʡ Fe24Mo3.1Cu2.4F2.3Ni2.0Co1.7Cd1.5 

ɻʣʝʝʚʳʡ Fe26Mo2.8F2.3Cu2.0Ni1.6Cd1.5 

ʈʘʟʛʨʫʟʢʠ 

ʨʫʜʥʠʯʥʳʭ ʚʦʜ 

ʆʨʛʘʥʦʛʝʥʥʳʡ Fe20Cd14F12Zn5.7Cu3.5Mo2.4Co1.8 

ɻʣʝʝʚʳʡ Fe25Cd23F9.2Cu6.8Zn3.5Ni2.4Co2.0Pb1.9As1.5 

ɹʳʚʰʝʛʦ 

ʥʘʩʳʧʥʦʛʦ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

ʆʨʛʘʥʦʛʝʥʥʳʡ Cd138Fe27Zn22F8.5Mo4.4Cu3.5Ni3.0As2.6Co2.3Pb1.6 

ɻʣʝʝʚʳʡ Cd51Fe25Zn9.2F5.0Cu4.8Mo2.6Ni2.4Pb2.3As2.3Co1.7 

ɹʳʚʰʝʛʦ ʥʘʣʠʚʥʦʛʦ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

ʆʨʛʘʥʦʛʝʥʥʳʡ Cd72Fe25Pb17Zn11Ni4.1Cu3.9F3.3Mo3.0Co1.8 

ɻʣʝʝʚʳʡ Fe28Cd9.4Ni3.4F3.0Zn2.7Cr2.7Cu2.5Co1.9As1.8 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʧʨʠʫʨʦʯʝʥʦ ʢ ʠʭ ʚʝʨʭʥʠʤ, ʦʨʛʘʥʦʛʝʥʥʳʤ ʛʦʨʠʟʦʥʪʘʤ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʪʝʭʥʦʛʝʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ. ʅʘʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ F 

ʦʪʤʝʯʝʥʳ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʣʫʛʦʚʳʭ ʧʦʯʚ ʫʯʘʩʪʢʘ ʨʘʟʛʨʫʟʢʠ ʨʫʜʥʠʯʥʳʭ 

ʚʦʜ. ɺ ʧʨʠʨʦʜʥʳʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩʦʜʝʨʞʘʥʠʝ F ʚ ʧʦʯʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦʤ ʚ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ; ʦʥ ʤʘʣʦʧʦʜʚʠʞʝʥ ʠ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʦʯʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʠʥʝʨʪʥʦʩʪʴʶ ʢ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ ʠ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʢ 

ʛʣʠʥʠʩʪʳʤ ʤʠʥʝʨʘʣʘʤ [4]. ɺ ʧʝʨʝʛʥʦʡʥʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦʛʨʝʙʝʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʙʦʣʦʪʥʳʭ 

ʧʦʯʚ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʥʘʣʠʚʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ Pb, ʙʳʚʰʝʛʦ ʥʘʩʳʧʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ï Cd, Zn ʠ Mo. ʉʦʜʝʨʞʘʥʠʷ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚ ʦʙʳʯʥʦ ʙʣʠʟʢʠ ʢ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʚ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ, ʦʜʥʘʢʦ ʧʦʜʚʠʞʥʳʝ ʠʭ ʬʦʨʤʳ ʘʢʪʠʚʥʦ ʩʦʦʩʘʞʜʘʶʪʩʷ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʯʚʘʭ ʛʝʦʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ɼʞʠʜʠʥʩʢʦʛʦ ʚʦʣʴʬʨʘʤʦʚʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ, 

ʤʠʥʝʨʘʣʴʥʦʤ ʠ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʠʨʦʜʥʳʤʠ ʧʦʯʚʘʤʠ ʚ ʪʝʭʥʦʛʝʥʥʦ-

ʠʟʤʝʥʝʥʥʳʭ ʧʦʯʚʘʭ ʧʨʦʠʟʦʰʣʠ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ: ʫʚʝʣʠʯʠʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ 

ʤʠʢʨʦʘʛʨʝʛʘʪʦʚ, ʚʦʟʨʦʩʣʦ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʠʩʪʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʦʪʤʝʯʝʥʦ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʥʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʯʚʳ ʢʠʩʣʳʭ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʠ ʧʦʨʦʚʳʭ ʚʦʜ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ. ɼʣʷ ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʯʚ ʙʳʚʰʝʛʦ ʥʘʩʳʧʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʭʘʨʘʢʪʝʨʥʦ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Cd, Zn, F, Mo, Cu, Ni, As, Co, Pb; ʙʳʚʰʝʛʦ ʥʘʣʠʚʥʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

- Cd, Pb, Zn, Ni, Cu, F, Mo, Co; ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʛʨʫʟʢʠ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ï Cd, F, Zn, Cu, Mo. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ 

ʧʨʠʫʨʦʯʝʥʦ ʢ ʠʭ ʚʝʨʭʥʠʤ ʛʦʨʠʟʦʥʪʘʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʪʝʭʥʦʛʝʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʙʘʟʦʚʦʛʦ ʧʨʦʝʢʪʘ 

ɸɸɸɸ-ɸ21-121011890033-1 çɻʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ 

ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘè. 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʦ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ F ʠ ʝʛʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʳ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʝʩʢʘʭ ʠ 

ʧʦʯʚʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ʋʩʪʘʥʦʚʣʝʥʦ ʦʢʦʣʦʢʣʘʨʢʦʚʦʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ 

ʵʦʣʦʚʳʭ ʧʝʩʢʘʭ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʧʦʚʳʰʝʥʥʦʝ, ʚʳʩʦʢʦʝ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʨ. ʀʥʜʠʭʵʥ ʠ 

ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʚ ʧʦʯʚʦʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʜʠʘʧʠʨʦʚʳʭ ʚʘʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʢʪʠʚʥʦʡ ʬʣʶʠʜʥʦʡ ʨʘʟʛʨʫʟʢʠ ʂʫʯʝʛʵʨʩʢʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʘʨʛʫʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʬʪʦʨ. 

 

Geochemical anomalies of fluorine in soils of the active zone of fluid discharge 

Pavlov I.A., Ubugunov V.L., Ubugunova V.I., Zhambalova A.D. 

Institute of General and Experimental Biology SB RAS, Ulan-Ude, Russia, e-mail: pavlov.igeb@yandex.ru 

 

Abstract. The total content of F and its water-soluble form in the soil-forming sands and soils of the Barguzin basin 

has been studied. Near-low values of this element have been found in the alluvial and Aeolian sands of the Barguzin 

basin, elevated, high and abnormally high in the alluvial soils of the Indihen River and soil-like formations of diapir 

shafts located in the zone of modern active fluid discharge of the Kuchiger hydrothermal field. 

Keywords: Barguzin basin, hydrothermal vents, fluorum. 

 

ɺ ʧʦʯʚʘʭ ʛʘʣʦʬʠʪʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʜʘʝʪʩʷ ʠʟʫʯʝʥʠʶ F, Cl, Br, I. ɺ 

ʨʘʡʦʥʘʭ ʉʠʙʠʨʠ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʬʪʦʨ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʣʘʛʠ ʠ ʜʨʫʛʠʭ ʛʘʣʦʛʝʥʦʚ. ɺ 

ʩʦʝʜʠʥʝʥʠʷʭ ʬʪʦʨ ʧʨʦʷʚʣʷʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ï1. ʉʦʝʜʠʥʝʥʠʷ ʬʪʦʨʘ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳʝ, 

ʧʦʩʢʦʣʴʢʫ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʘʪʦʤʘ ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ. 

ʂʦʚʘʣʝʥʪʥʳʝ ʬʪʦʨʠʜʳ ʫʩʪʦʡʯʠʚʳ ʢ ʜʠʩʩʦʮʠʘʮʠʠ ʢʘʢ ʥʘ ʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʢ ʠ ʥʘ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ. ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʬʪʦʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʤʘʣʦʝ ʩʨʦʜʩʪʚʦ ʢ ʢʠʩʣʦʨʦʜʫ. ʉʨʝʜʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʚʦʝʛʦ ʩʝʤʝʡʩʪʚʘ ʬʪʦʨ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ ʠ ʩʧʦʩʦʙʝʥ ʦʢʠʩʣʷʪʴ ʚʦʜʫ ʜʦ ʢʠʩʣʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʠ ʦʟʦʥʘ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢʞʝ ʬʪʦʨʠʩʪʳʡ ʢʠʩʣʦʨʦʜ 

ʆF2 ï ʛʘʟ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʢʠʩʣʦʪʘʤʠ ʬʪʦʨ ʟʘʤʝʱʘʝʪ ʚʦʜʦʨʦʜ, ʚ ʩʦʣʷʭ ʤʝʪʘʣʣʦʚ; ʚ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʬʪʦʨ 

ʟʘʤʝʱʘʝʪ ʢʠʩʣʦʨʦʜ ʠʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʫʨʠʣʬʪʦʨʠʜʘ. 

ʇʦʣʦʞʝʥʠʝ ʬʪʦʨʘ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ 

ʝʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ. ɹʣʠʟʦʩʪʴ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʢʠʩʣʦʨʦʜʘ, ʛʠʜʨʦʢʩʠʣʘ ʠ ʬʪʦʨʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʟʘʤʝʱʘʪʴ ʢʠʩʣʦʨʦʜ ʠ ʛʠʜʨʦʢʩʠʣ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ, ʘ ʧʦʣʦʞʝʥʠʝ ʬʪʦʨʘ ʢʘʢ ʧʝʨʚʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʧʦʜʛʨʫʧʧʳ ʛʘʣʦʛʝʥʦʚ ʛʦʚʦʨʠʪ ʦ 

ʝʛʦ ʩʚʦʡʩʪʚʝ ʚʳʪʝʩʥʷʪʴ ʜʨʫʛʠʝ ʛʘʣʦʛʝʥʳ ʠʟ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʌʪʦʨ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ 

ʤʠʥʝʨʘʣʦʚ (ʙʦʣʝʝ 100). ʂʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʵʪʦʛʦ ʛʘʣʦʛʝʥʘ ʷʚʣʷʶʪʩʷ ʬʪʦʨʠʜʳ, ʩʣʶʜʳ ʠ 

ʘʤʬʠʙʦʣʳ. 

ʕʣʝʤʝʥʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʧʨʠʨʦʜʝ, ʦʥ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʠʥʪʝʨʟʦʥʘʣʴʥʳʝ ʧʨʦʚʠʥʮʠʠ, ʥʝ ʠʤʝʶʱʠʝ ʩʚʷʟʠ 

ʩ ʢʘʢʦʡ-ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʦʡ. ʉʦʜʝʨʞʘʥʠʝ F ʚ ʧʦʯʚʘʭ 

ɿʘʙʘʡʢʘʣʴʷ ʤʘʣʦ ʠʟʫʯʝʥʦ. 

ʆʪʤʝʯʘʶʪʩʷ ʨʝʛʠʦʥʳ ʢʘʢ ʩ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ F, ʪʘʢ ʠ ʩ ʝʛʦ ʧʦʚʳʰʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʧʦʨʦʜʘʭ, ʧʦʯʚʘʭ. ʕʪʦʪ ʵʣʝʤʝʥʪ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ 

ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʠʟʚʝʨʞʝʥʠʷʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʝʪʩʷ ʬʪʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʚʳʰʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʣʘʥʜʰʘʬʪʘʭ. 

ʅʘ ʤʠʛʨʘʮʠʶ ʬʪʦʨʘ ʚʣʠʷʶʪ ʱʝʣʦʯʥʦ-ʢʠʩʣʳʝ ʫʩʣʦʚʠʷ, ʩʦʨʙʝʥʪʳ, ʬʦʩʬʘʪʥʳʝ ʠ ʢʘʣʴʮʠʝʚʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ [1]. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʠʟʫʯʝʥ ʬʪʦʨ ʚ ʧʦʯʚʘʭ ʢʘʡʥʦʟʦʡʩʢʠʭ ʚʧʘʜʠʥ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʟʦʥʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ 
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ʩʢʨʳʪʦʡ ʨʘʟʛʨʫʟʦʢ ʘʟʦʪʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ. ʀʤʝʶʪʩʷ ʣʠʰʴ ʩʚʝʜʝʥʠʷ ʧʦ ʧʦʯʚʘʤ ʚʧʘʜʠʥ 

ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʉʝʣʝʥʛʠʥʩʢʦʝ ʩʨʝʜʥʝʛʦʨʴʝ) [2]. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʠ ʬʪʦʨʘ ʚ ʧʦʯʚʘʭ ʘʢʪʠʚʥʳʭ ʟʦʥ ʬʣʶʠʜʥʳʭ ʨʘʟʛʨʫʟʦʢ 

ʂʫʯʝʛʵʨʩʢʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ (ɹʘʨʛʫʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ). ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʬʦʥʦʚʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ (ʨʨ. ʆʣʦʩ, ʊʘʣʠʥʛʘ, ʀʥʜʠʭʵʥ), ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʝ ʠ ʵʦʣʦʚʳʝ 

(ʫʨʦʯʠʱʝ ɺʝʨʭʥʠʡ ʍʫʡʪʵʥ) ʧʝʩʢʠ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʨ. ʀʥʜʠʭʵʥ ʠ ʧʦʯʚʦʧʦʜʦʙʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʘʧʠʨʦʚʦʛʦ ʚʘʣʘ ʂʫʯʝʛʵʨʩʢʦʛʦ ʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʙʝʨʝʛʫ 

ʙʦʣʦʪʥʦʛʦ ʤʘʩʩʠʚʘ ï ʢʦʣʣʝʢʪʦʨʘ ʚʦʜ ʨʘʟʛʨʫʞʘʶʱʠʭʩʷ ʪʝʨʤ.  

ʀʟʫʯʘʣʩʷ ʥʝʪʠʧʠʯʥʳʡ ʜʣʷ ʩʠʩʪʝʤʳ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚʝʨʪʠʢʘʣʴʥʳʡ ʪʝʤʥʦ-ʩʝʨʳʝ 

ʤʦʨʬʦʥ, ʧʨʦʧʠʪʘʥʥʳʡ ʙʠʪʫʤʦʧʦʜʦʙʥʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʥʘʧʦʤʠʥʘʶʱʠʡ ʧʦ ʬʦʨʤʝ ʢʨʠʦʛʝʥʥʳʡ 

ʢʣʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʜʣʠʥʝ 1840 ʩʤ ʧʦʯʚʝʥʥʦʡ ʪʨʘʥʰʝʠ ʂɼ-3, ʘ ʪʘʢʞʝ ʩʤʝʞʥʳʡ ʢ ʥʝʤʫ 

ʩʚʝʪʣʳʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʦʩʭʦʜʷʱʠʡ ʩʣʦʠʩʪʦ-ʧʝʩʯʘʥʳʡ ʷʟʳʢ, ʥʘ ʜʣʠʥʝ ï 1880 ʩʤ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʦʨʬʦʥʦʚ ʷʚʣʷʶʪʩʷ ʨʝʟʢʦ ʢʦʥʪʨʘʩʪʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʪʘʙʣ. 1). 

ɸʥʘʣʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʧʨʦʚʝʜʝʥ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ (ɺʦʨʦʙʴʝʚʘ, 2006). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʚ 

ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʜʣʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʬʪʦʨʘ ï 

ʇʅɼ ʌ 16.1.54-2008 ʌʈ.1.31.2009-05747, ʜʣʷ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ï ʠʦʥʦʤʝʪʨʠʯʝʩʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ F ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʳʨʴʝ. ɼʣʷ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʘʨʢ 

ʣʠʪʦʩʬʝʨʳ (557 ʤʛ/ʢʛ) [1]. 

ʊʘʙʣʠʮʘ 1. ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʂʫʯʝʛʵʨʩʢʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʧʦʣʷ 

ʈʘʟʨʝʟ ɻʣʫʙʠʥʘ, ʩʤ 
ʨʅ 

ʚʦʜʥ. 
ʉʦʨʛ.,% 

ʉʫʤʤʘ 

ʣʝʛʢʦʨʘʩʪʚʦ-

ʨʠʤʳʭ ʩʦʣʝʡ, % 

aNa
+
, 

ʤʤʦʣʴ/

ʣ 

ʏʘʩʪʠʮʳ 

<0,01 ʤʤ 

S, 

ʤʛ/ʢʛ 
W, ʤʛ/ʢʛ 

ʀʥʜʠʭʵʥ 

ʀʅ-1-19  

+2-0 6,0 82,81* ʥʝ ʦʧʨ. 0,98 ʥʝ ʦʧʨ. ʥʝ ʦʧʨ. ʥʝ ʦʧʨ. 

0-2(5) 6,4 3,69 0,154 0,34 8 376 

<5,0 
2(5)-10(13) 7,0 0,69 0,040 0,08 6 134 

10(13)-18(22) 7,4 28,46* 0,057 0,22 11 630 

18(22)-36 7,6 0,50 0,047 0,15 6 149 

ʂʫʯʝʛʵʨʩʢʠʡ 

ʙʦʣʦʪʥʳʡ 

ʤʘʩʩʠʚ 

ʂɼ-3, 

ʜʣʠʥʘ 1840 

0-9 7,7 4,87 0,204 38,02 25 690 11,2 

9-20 8,6 4,13 0,931 75,86 54 1839 43,5 

20-40 8,6 2,00 1,075 87,10 46 1294 19,7 

40-60 8,4 1,03 1,445 69,18 29 613 8,0 

60-72 8,0 0,24 0,385 63,10 7 207 <5,0 

ʂʫʯʝʛʵʨʩʢʠʡ 

ʙʦʣʦʪʥʳʡ 

ʤʘʩʩʠʚ 

ʂɼ-3,  

ʜʣʠʥʘ 1880 

0-11 7,2 4,50 0,179 14,79 20 591 

<5,0 

11-25 8,9 0,44 0,970 34,67 8 164 

25-35 8,8 0,20 0,300 25,70 6 155 

35-54 9,0 0,20 0,215 23,44 7 122 

54-69 8,9 0,19 0,098 19,05 5 157 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʧʦʪʝʨʷ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ 

ʌʦʥʦʚʳʝ ʧʝʩʢʠ (ʧʝʩʯʘʥʳʡ ʘʣʣʶʚʠʡ ʨʝʢ ʊʘʣʠʥʛʘ ʠ ʆʣʦʩ) ʥʘʭʦʜʷʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʂʫʯʝʛʵʨʩʢʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ. ɺ ʩʦʩʪʘʚʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʩʢʦʚ ʨʝʢ 

ʊʘʣʠʥʛʠ ʠ ʆʣʦʩʘ ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʥʝʨʘʣʳ ʧʦʨʦʜ ʛʨʘʥʠʪʦʡʜʥʦʡ ʛʨʫʧʧʳ: ʢʚʘʨʮ, ʦʣʠʛʦʢʣʘʟ, 

ʤʫʩʢʦʚʠʪ, ʙʠʦʪʠʪ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ ʘʥʜʝʟʠʥʦʚ, ʧʠʨʦʢʩʝʥʘ, ʭʣʦʨʠʪʘ, ʵʧʠʜʦʪʘ, ʧʨʝʥʠʪʘ, 

ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ ʬʪʦʨʘ ʚ ʥʠʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʢʣʘʨʢʘ ʣʠʪʦʩʬʝʨʳ 

(483 ʠ 554 ʤʛ/ʢʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʘʣʣʶʚʠʷ ʨ. ʀʥʜʠʭʵʥ ʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʝʥ: ʥʘʨʷʜʫ ʩ ʤʠʥʝʨʘʣʘʤʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʧʦʨʦʜ ʚʩʪʨʝʯʘʶʪʩʷ ʤʠʥʝʨʘʣʳ ʦʩʥʦʚʥʳʭ ʠ 

ʩʨʝʜʥʠʭ ʧʦʨʦʜ (ʩʢʘʧʦʣʠʪ, ʙʘʩʪʥʝʟʠʪ, ʙʘʨʠʪʦʮʝʣʝʩʪʠʥ, ʙʫʣʘʥʞʝʨʠʪ ʠ ʜʨ.). ɺ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʧʦʯʚʘʭ ʧʦʡʤʳ ʨ. ʀʥʜʠʭʵʥ ʟʥʘʯʝʥʠʷ ʚʘʣʦʚʦʛʦ ʬʪʦʨʘ ʧʨʝʚʳʰʘʶʪ ʢʣʘʨʢ ʣʠʪʦʩʬʝʨʳ ʚ 2-3 ʨʘʟʘ ʠ 

ʩʦʩʪʘʚʣʷʶʪ 1609-2017 ʤʛ/ʢʛ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ F ʚ ʠʟʫʯʝʥʥʦʡ ʧʦʯʚʝ 
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ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʦʨʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ ʬʪʦʨʦʤ, ʪʘʢ ʠ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʝʛʦ ʩ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʨʘʟʛʨʫʞʘʶʱʠʤʠʩʷ ʚ ʨʝʢʫ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ. 

ɺ ʧʦʯʚʘʭ ʪʨʘʥʰʝʠ ʂɼ-3 ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʣʦʚʦʛʦ 

ʬʪʦʨʘ: ʦʪ 1714 ʜʦ 151667 ʤʛ/ʢʛ (ʨʠʩ. 1, ʪʘʙʣ. 2). ʕʪʠ ʟʥʘʯʝʥʠʷ ʚ 3-272 ʨʘʟʘ ʧʨʝʚʳʰʘʶʪ ʢʣʘʨʢ 

ʣʠʪʦʩʬʝʨʳ. ʊʝʤʥʳʝ ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʝ ʤʦʨʬʦʥʳ ʥʘ ʜʣʠʥʝ ʪʨʘʥʰʝʠ 1840 ʩʤ ʠʤʝʶʪ 

ʛʣʠʥʠʩʪʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʩʦʣʝʥʠʷ 9-70 

ʩʤ ʩʣʦʷ, ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ W, ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ F (ʪʘʙʣ. 2, ʨʠʩ.1). ʅʘ ʜʘʥʥʦʤ 

ʦʪʨʝʟʢʝ ʦʪʤʝʯʝʥʳ ʤʠʥʝʨʘʣʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʦʨʦʜ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʘʤʬʠʙʦʣʳ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʠʩʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʬʠʢʩʠʨʦʚʘʣʩʷ ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʬʪʦʨ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʥ ʩʧʦʩʦʙʝʥ ʚʭʦʜʠʪʴ ʚ ʨʝʰʝʪʢʫ ʥʝʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙʦʛʘʱʝʥʥʦʩʪʴ ʬʪʦʨʦʤ ʢʦʣʣʦʠʜʥʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʫʢʘʟʘʥʠʷ ʥʘ 

ʪʦ, ʯʪʦ ʬʪʦʨ ʩʚʷʟʘʥ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʊʘʙʣʠʮʘ 2. ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʬʪʦʨʘ ʚ ʧʦʯʚʘʭ, ʤʛ/ʢʛ. 

ʆʙʲʝʢʪʳ 
ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ 

ʦʙʨʘʟʮʦʚ, ʩʤ 
Fʚʘʣ., % 

F ʚʦʜʦʨʘʩʪʚ. 

% % ʦʪ ʚʘʣʦʚʦʛʦ 

ʂɼ-3 

ʜʣʠʥʘ 1840 ʩʤ 

0-9 5719 86,1 1,51 

9-20(20) 151667 248 0,16 

20-40 83000 203 0,24 

40-60 36111 257,6 0,71 

60-72 4683 164,3 3,51 

ʂɼ-3 

ʜʣʠʥʘ 1880 ʩʤ 

0-11 3667 67,5 1,84 

11-25(25) 3667 108,4 2,96 

25-35 4263 96,7 2,27 

35-54 1950 35,2 1,81 

54-69 3667 121,2 4,41 

ʀʅ-19 

ʨ. ʀʥʜʠʭʵʥ 

0-2(5) 2017 1,0 0,05 

2(5)-10(13) 1609 4,0 0,25 

10(13)-18(22) 1773 1,5 0,08 

18(22)-36 1800 2,7 0,15 

ʨ. ʆʣʦʩ 0-10 554 11,9 2,15 

ʨ. ʊʘʣʠʥʛʘ 0-10 483 1,0 0,21 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʚ ʧʦʯʚʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʨʷʜʝ ʨʘʡʦʥʦʚ ʙʳʣʦʛʦ 

ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʘʨʦʛʘʟʦʚʳʭ 

ʩʪʨʫʡ. ɺ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʛʘʟʦʚʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʘʤʦʛʦ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʩʪʫʧʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʝʡ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ʣʠʪʦʩʬʝʨʳ ʠ ʛʣʫʙʠʥʥʳʝ ʵʤʘʥʘʮʠʠ, ʧʨʦʥʠʢʘʶʱʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ, ʢʦʨʥʠ ʢʦʪʦʨʳʭ ʫʭʦʜʷʪ ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʤʘʥʪʠʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʪʠʧʳ ʛʠʜʨʦʪʝʨʤ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʬʪʦʨʘ. 

ʀʟʫʯʝʥʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʝʩʢʠ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʦʚ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ 

ʬʪʦʨʘ. ɺ ʚʦʜʘʭ ʂʫʯʝʛʵʨʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʢʦʣʝʙʘʣʦʩʴ ʦʪ 13,9 

ʚ 2015 ʛ ʜʦ 62,7 ʤʛ/ʜʤ
3
 ï ʚ 2014 ʛ [4], ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʜʣʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ [3], ʥʦ ʘʥʦʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʧʦʯʚʝ 

ʚʨʷʜ ʣʠ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʘʶʱʠʭ ʚʦʜ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʥʘ ʬʣʘʥʛʘʭ ʧʦʯʚʝʥʥʦʡ 

ʪʨʘʥʰʝʠ, ʚ ʙʣʠʟʢʠʭ ʢ ʙʦʣʦʪʘʤ ʫʯʘʩʪʢʘʭ, ʩʦʜʝʨʞʘʥʠʷ F, ʥʘʧʨʦʪʠʚ, ʥʝ ʩʪʦʣʴ ʚʳʩʦʢʠ, ʢʘʢ ʚ ʝʝ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʬʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 
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ʈʠʩʫʥʦʢ 1. ʉʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʬʠʣʝ. 

ʛʘʟʦʵʤʘʥʘʮʠʦʥʥʳʡ ʧʝʨʝʥʦʩ, ʧʨʠ ʵʪʦʤ ʫʯʘʩʪʠʝ ʨʫʜʥʳʭ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʦʡ ʣʝʪʫʯʝʩʪʴʶ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 

ʦʢʩʠʬʪʦʨʢʦʤʧʣʝʢʩʦʚ ʩ ʱʝʣʦʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ. ʌʪʦʨ, ʦʙʣʘʜʘʷ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʩʨʝʜʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʠ ʙʳʩʪʨʦ ʚʩʪʫʧʘʝʪ ʚ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʝʛʦ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʚ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ. 

ʕʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʳʯʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʨʬʦʥʦʚ ʥʘ ʜʣʠʥʝ ʪʨʘʥʰʝʠ 1840 ʩʤ. 

ʇʦʩʪʫʧʘʶʱʠʡ ʚ ʧʦʯʚʫ ʬʪʦʨ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ. 

ɺʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʧʨʷʤʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ ʠ ʫʨʦʚʥʝʤ pH ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʬʪʦʨʠʜʦʚ ʥʘʪʨʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ pH ʧʦʯʚʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʚ ʱʝʣʦʯʥʫʶ 

ʩʪʦʨʦʥʫ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ (pH 7.7-8.6) [5]. 

ʅʘ ʜʣʠʥʝ ʪʨʘʥʰʝʠ 1880 ʩʤ ʚʝʨʪʠʢʘʣʴʥʦ ʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ ʟʘʣʝʛʘʶʱʠʡ ʩʣʦʠʩʪʦ-ʧʝʩʯʘʥʳʡ 

ʤʦʨʬʦʥ ʠʤʝʣ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʙʣʠʟʢʠʝ ʢ ʟʦʥʘʣʴʥʳʤ 

ʬʦʥʦʚʳʤ ʧʦʯʚʘʤ. ʇʦ ʘʩʩʦʮʠʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʚ ʥʝʤ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʠʧʠʯʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʤʠʥʝʨʘʣʦʚ ʛʨʘʥʠʪʥʳʭ ʧʦʨʦʜ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʠʣʠ ʣʦʢʘʣʴʥʫʶ 272-ʢʨʘʪʥʫʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʣʘʨʢʫ ʣʠʪʦʩʬʝʨʳ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʘʥʦʤʘʣʠʶ ʬʪʦʨʘ ʚ ʧʦʯʚʘʭ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʬʣʶʠʜʥʦʡ 

ʨʘʟʛʨʫʟʢʠ. ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʬʪʦʨʘ ʚ ʧʦʯʚʘʭ 

ʦʙʫʩʣʦʚʣʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʚʦʜʘʤʠ, ʚ ʪ.ʯ. ʟʘ ʩʯʸʪ ʩʢʨʳʪʦʡ ʧʦʜʧʦʯʚʝʥʥʦʡ ʠ 

ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʡ ʛʘʟʦʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʪʨʝʱʠʥʘʤ ʠ ʨʘʟʣʦʤʘʤ ʠ ʠʤʝʝʪ ʧʫʣʴʩʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ. ʅʝʦʜʥʦʨʦʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʪʦʨʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʦ ʥʘʰʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ, 

ʧʫʪʷʤʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʦ ʭʦʨʦʰʦ ʧʨʦʥʠʮʘʝʤʳʤ ʩʚʝʪʣʳʤ ʧʝʩʯʘʥʳʤ 

ʤʦʨʬʦʥʘʤ ʩ ʦʩʘʞʜʝʥʠʝʤ ʝʛʦ ʧʦ ʧʝʨʠʬʝʨʠʠ ʢʘʥʘʣʦʚ ʜʝʛʘʟʘʮʠʠ ʚ ʪʝʤʥʦʮʚʝʪʥʳʭ 

ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʭ ʩʣʦʷʭ/ʢʣʠʥʴʷʭ ʩ ʫʪʷʞʝʣʝʥʥʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ.  

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʩʧʝʮʠʬʠʢʠ 

ʧʨʦʮʝʩʩʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʥʝʟʠʩʘ ʧʦʯʚ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʦʛʦ ʵʥʜʦʛʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʡ 

ʚʝʱʝʩʪʚ ʠ ʵʥʝʨʛʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʛʦʩʟʘʜʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʙʠʦʣʦʛʠʠ ʉʆ ʈɸʅ ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 121030100228-4. 
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ʋɼʂ 504.5:502.51:551:553.631 (470.13) 

ɺʣʠʷʥʠʝ ʟʘʩʦʣʝʥʠʷ ʥʘ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʧʦʯʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʨʸʛʦʚʩʢʦʛʦ 

ʩʦʣʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ 

ʉʠʤʘʢʦʚʘ ʖ. ʉ., ʄʠʪʶʰʝʚʘ ʊ. ʇ. 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ, ʛ. ʉʳʢʪʳʚʢʘʨ, ʈʦʩʩʠʷ, yssimakova@rambler.ru 

 
ɸʥʥʦʪʘʮʠʷ. ɼʘʥʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʯʚʝʥʥʳʭ ʧʨʦʬʠʣʝʡ, ʩʣʦʞʠʚʰʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʩʦʣʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʜʦʙʳʯʠ 

ʨʘʩʩʦʣʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʨʸʛʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʤʝʥʥʦʡ ʩʦʣʠ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ ʥʘ ʫʯʘʩʪʢʝ ʟʘʩʦʣʝʥʠʷ ʚ ʨʘʡʦʥʝ ʩʢʚ. 2-ʇʉ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ 2005 ʠ 2022 ʛʛ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʩʦʣʝʥʥʳʭ ʠ ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ ʠʤʝʝʪ ʷʩʥʦ 

ʚʳʨʘʞʝʥʥʳʡ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʠʫʨʦʯʝʥʦ ʢ ʢʦʥʫʩʫ ʩʪʦʢʘ ʨʘʩʩʦʣʦʚ, ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʟʘ ʝʛʦ ʧʨʝʜʝʣʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʙʫʭʘʶʱʠʝ ʩʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ ʧʦʯʚ ʧʨʠ ʠʭ ʟʘʩʦʣʝʥʠʠ ʤʦʛʫʪ ʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʝ ʬʘʟʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʧʦʯʚʳ, ʟʘʩʦʣʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʉʝʨʸʛʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʢʘʤʝʥʥʦʡ ʩʦʣʠ 
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Abstract. As part of the ecogeological monitoring the of the Seryogovskoye rock salt deposit territory a 

mineralogical investigation of the soil profiles formed under the influence of natural processes and transformed as a 

result of salinization of the natural environment in the zone of influence of brine extraction was carried out. A 

comparative analysis of changes in the soil composition in the saline area near well 2-PS was done basing on 

observations in 2005 and 2022. As a result of the study of saline and background areas it was found that soil salinization 

has a clearly expressed local character and is confined to the cone of brine runoff without spreading beyond it. It is 

shown that swelling layered silicates of soils during salinization can change their structure and form mixed-layer 

phases. 

Keywords: clay minerals, soils, salinization of the territory, Seryogovskoye salt deposits 

ɿʘʩʦʣʝʥʠʝ ʧʦʯʚ ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʤʠ 

ʩʦʣʷʤʠ ʚʝʜʝʪ ʥʝ ʪʦʣʴʢʦ ʢ ʫʛʥʝʪʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʤʠʢʨʦʬʣʦʨʳ ʠ ʜʨ., ʥʦ ʚʳʨʘʞʘʝʪʩʷ ʠ ʚ 

ʠʟʤʝʥʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʣʠʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ.  

ʉʝʨʸʛʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩ. ʉʝʨʸʛʦʚʦ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ 

(ʨʠʩ. 1ʘ) ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʳʯʝʛʦʜʩʢʦʛʦ ʧʨʦʛʠʙʘ ʄʝʟʝʥʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʈʫʩʩʢʦʡ ʧʣʠʪʳ 

[1] ʠ ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʚʦʜʦʚʦʡ ʯʘʩʪʠ ʉʝʨʸʛʦʚʩʢʠʡ ʩʦʣʷʥʦʢʫʧʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʘʤʝʥʥʘʷ ʩʦʣʴ 

ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 216 ʤ (ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ) ʠ ʜʦ 570 ʤ. ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʤʦʱʥʦʩʪʴʶ ʦʪ 0 ʤ ʜʦ 93 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʴʝʬʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʣʦʞʥʦ-ʧʦʩʪʨʦʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʣʝʜʥʠʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʦʩʘʜʢʦʚ (ʨʠʩ. 1ʙ) [2].  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʣʠ ʩ 1955 ʜʦ 

2000 ʛʛ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʦ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʦ, ʩʢʚʘʞʠʥʳ ʥʝ ʣʠʢʚʠʜʠʨʦʚʘʥʳ. ɼʣʷ ʜʦʙʳʯʠ 

ʨʘʩʩʦʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʙʫʨʝʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʢʚʘʞʠʥʳ 3-ʕ, 4-ʕ, 1-ʇʉ ʠ 2-ʇʉ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʣʘ. ɺ ʩʢʚʘʞʠʥʫ 2-ʇʉ (ʛʣʫʙʠʥʘ 680 ʤ) ʚ 

ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʝʸ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʦʢʦʣʦ 400 ʩʫʪʦʢ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʤʝʨʳ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʪʦʣʱʝ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʟʘʢʘʯʢʘ ʧʨʝʩʥʳʭ ʚʦʜ, ʠ ʧʦʩʣʝʜʫʶʱʠʡ 

ʩʙʨʦʩ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʩʦʣʦʚ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ å300 ʛ/ʣ ʥʘ ʨʝʣʴʝʬ.  

 



112 

  
 

ʈʠʩʫʥʦʢ 1. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʝʣʘ ʉʝʨʸʛʦʚʦ ï ʘ, ʠʟʫʯʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʧʣʦʱʘʜʠ ʉʝʨʸʛʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ï ʙ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʙʨʦʩʘ ʨʘʩʩʦʣʦʚ ʥʘ ʧʦʯʚʝʥʥʳʡ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʟʘʩʦʣʝʥʠʷ, ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ, ʚ 2004ð2005 ʛʛ. 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ, ʧʨʠʣʝʛʘʶʱʝʤ ʢ ʩʢʚʘʞʠʥʝ 2-ʇʉ [2]. ʅʘ 

ʵʪʦʤ ʫʯʘʩʪʢʝ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʧʦʯʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʜʣʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʯʚ ʠ 

ʦʪʙʦʨʘ ʧʨʦʙ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ, ʧʦ ʜʚʫʤ ʧʨʦʬʠʣʷʤ ʦʪ ʚʝʨʰʠʥʳ ʢʫʧʦʣʘ ʠ ʜʦ ʝʛʦ 

ʧʦʜʥʦʞʠʷ, ʫʩʣʦʚʥʦ ʚʳʜʝʣʝʥʳ çʯʠʩʪʳʡè (ʥʝ ʟʘʛʨʷʟʥʝʥʥʳʡ, ʬʦʥʦʚʳʡ) ʠ ʪʝʭʥʦʛʝʥʥʦ-

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ (ʟʘʩʦʣʸʥʥʳʡ) ʫʯʘʩʪʢʠ (ʨʠʩ. 1ʙ).  

ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 2022 ʛ. ʚ ʨʘʤʢʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ 

ʉʝʨʸʛʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʠʟ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʐ-1 ʠ ʐ-2, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʝʥʠʶ ʬʦʥʦʚʦʛʦ (ʈ-7) ʠ ʟʘʩʦʣʝʥʥʦʛʦ (ʈ-9) ʥʘ ʚʳʨʦʚʥʝʥʥʦʤ 

ʪʝʨʨʘʩʦʚʠʜʥʦʤ ʚʳʩʪʫʧʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ, ʩʣʦʞʝʥʥʦʛʦ ʤʦʨʝʥʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ 

ʧʝʯʦʨʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ.  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʤʫʯʠʚʘʥʠʝʤ ʚʳʜʝʣʝʥʘ ʛʣʠʥʠʩʪʘʷ ʬʨʘʢʮʠʷ (<0.005 ʤʤ). 

ʌʘʟʦʚʳʡ ʘʥʘʣʠʟ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʳʧʦʣʥʝʥ ʧʨʠ ʧʦʤʦʱʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Shimadzu XRDī6000 ʠ Haoyuan 

DX-2700BH (CuKŬ, Ni-ʬʠʣʴʪʨ, 30 ʢɺ, 20 ʤɸ). ʆʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 2ɗ: 2-26 ʠ 2-52̄  ʜʣʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʚ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʚ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʥʘʩʳʱʝʥʠʷ 

ʵʪʠʣʝʥʛʣʠʢʦʣʝʤ. ʇʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Sybilla
É
, ʧʦʟʚʦʣʷʶʱʝʡ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʜʣʷ 

ʩʤʝʩʝʡ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʬʘʟ ʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʈʌɸ) ʥʘ ʚʦʣʥʦʚʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ Shimadzu XRF-1800 (ʘʥʘʣʠʪʠʢ ʉ.ʊ. ʅʝʚʝʨʦʚ). 
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ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ (ʎʂʇ) 

ñɻʝʦʥʘʫʢʘò ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʌʀʎ ʂʦʤʠ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʋʨʆ ʈɸʅ, ʛ. ʉʳʢʪʳʚʢʘʨ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

2005. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 2005 ʛʦʜʘ (ʨʠʩ. 1ʙ) ʟʘʩʦʣʝʥʠʝ ʪʦʨʬʷʥʦ-ʛʣʝʝʚʦʡ ʧʦʯʚʳ 

ʦʢʘʟʘʣʦ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ. 

ɺ ʥʠʞʥʠʭ ʛʣʝʝʚʳʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʨʠ ʦʙʱʝʤ ʫʤʝʥʴʰʝʥʠʠ ʘʙʩʦʣʶʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʦʣʴʟʫ 

ʥʘʪʨʠʷ, ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʜʦʣʠ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ 

ʤʦʤʝʥʪ ʦʧʨʦʙʦʚʘʥʠʷ ʬʦʥʦʚʦʡ ʧʣʦʱʘʜʢʠ ʧʦʯʚʝʥʥʦ-ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚ ʧʝʨʚʦʤ 

ʤʝʪʨʝ ʧʨʦʬʠʣʷ ʧʦʯʚʳ [2]. 

ʌʦʥʦʚʳʡ ʫʯʘʩʪʦʢ ʈ-7 ʦʧʨʦʙʦʚʘʥ ʥʘʠʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ. ɻʣʠʥʠʩʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʙʨʘʟʮʦʚ 

ʧʦʯʚʳ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʣʣʠʪʘ ʠ ʩʤʝʰʘʥʦʩʣʦʡʥʦʛʦ 

ʠʣʣʠʪ/ʩʤʝʢʪʠʪʘ. ɺ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ Fe-ʭʣʦʨʠʪ ʠ ʢʘʦʣʠʥʠʪ. 

ʋʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʨʘʟʙʫʭʘʶʱʠʭ ʬʘʟ ʫʤʝʥʴʰʘʝʪʩʷ ʙʣʠʞʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʙʦʣʝʝ ʜʠʬʬʫʟʥʦʡ ʬʦʨʤʝ ʨʝʬʣʝʢʩʦʚ ʠʣʣʠʪ/ʩʤʝʢʪʠʪʘ, ʫʤʝʥʴʰʝʥʠʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ 

ʧʦʷʚʣʝʥʠʠ ʥʝʮʝʣʦʯʠʩʣʝʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʚ ʤʘʣʦʫʛʣʦʚʦʡ ʦʙʣʘʩʪʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʉʤʝʰʘʥʦʩʣʦʡʥʳʡ ʤʠʥʝʨʘʣ ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʣʣʠʪʦʚʳʭ ʩʣʦʸʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʚʳʤ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʚʘʨʴʠʨʫʶʱʠʤ ʚ 

ʠʥʪʝʨʚʘʣʝ 12,3-14,3¡ ʚ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 17,7-18,0 ¡ ï ʚ ʛʣʠʢʦʣʠʨʦʚʘʥʥʦʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʪʘ ʚ ʦʙʨʘʟʮʘʭ ʬʦʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ, ʤʠʥʝʨʘʣ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ. ɺʩʝ ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʪ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ, ʯʪʦ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʚʳʩʦʢʦʤ ʬʦʥʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʠ ʚʣʠʷʝʪ ʥʘ ʠʭ 

ʢʘʯʝʩʪʚʦ. 

ɼʣʷ ʧʦʯʚʳ ʟʘʛʨʷʟʥʝʥʥʦʛʦ (ʟʘʩʦʣʸʥʥʦʛʦ) ʫʯʘʩʪʢʘ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʬʘʟ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ, ʚʝʨʦʷʪʥʦ, ʧʨʠ ʜʝʛʨʘʜʘʮʠʠ ʠʣʣʠʪʘ, 

ʩʤʝʢʪʠʪʘ ʠ ʭʣʦʨʠʪʘ. ʄʠʥʝʨʘʣʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʳ, ʯʪʦ ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʦʯʚ. ɼʠʬʬʫʟʥʘʷ ʬʦʨʤʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʬʣʝʢʩʦʚ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʠʟʤʝʥʝʥʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʵʪʠʭ ʬʘʟ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʪʝʧʝʥʴ ʠʟʤʝʥʝʥʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʨʘʟʨʝʟʘ ʢ ʥʠʞʥʠʤ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚʳ ʟʘʩʦʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʦʥʦʚʦʡ ʧʣʦʱʘʜʢʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʝʛʨʘʜʘʮʠʝʡ ʚ ʩʤʝʰʘʥʦʩʣʦʡʥʳʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʬʘʟʳ. ʇʨʝʦʙʣʘʜʘʶʱʠʤ 

14-¡-ʚʳʤ ʤʠʥʝʨʘʣʦʤ ʩʪʘʥʦʚʠʪʩʷ ʭʣʦʨʠʪ, ʪʘʢʞʝ ʠʟʤʝʥʝʥʥʳʡ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʤʠʥʝʨʘʣʦʛʠʠ ʟʘʩʦʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʩʣʦʞʥʦ-ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʯʘʩʪʦ ʥʝʨʘʟʙʫʭʘʶʱʠʭ ʣʠʙʦ ʨʘʟʙʫʭʘʶʱʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʦ ʠʣʣʠʪ/ʭʣʦʨʠʪʳ ʠʣʠ ʠʣʣʠʪ/ʩʤʝʢʪʠʪ/ʭʣʦʨʠʪʳ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 

ʵʪʠ ʬʘʟʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʠʬʬʫʟʥʳʤʠ ʨʝʬʣʝʢʩʘʤʠ ʩ ʧʝʨʚʳʤ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 

~ 13,5-14,2 ¡ ʚ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʤʠ ï ʩ d/n ~ 15,4-17,6 ¡ ï ʚ 

ʛʣʠʢʦʣʠʨʦʚʘʥʥʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʥʦʚʥʳʝ ʦʪʨʘʞʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʤʠ 

ʥʝʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʨʝʬʣʝʢʩʘʤʠ, ʪʘʢʞʝ ʤʝʥʷʶʱʠʤʠ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʥʘʩʳʱʝʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʞʠʜʢʦʩʪʷʤʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚʤʝʩʪʦ 

ʦʪʜʝʣʴʥʳʭ ʧʠʢʦʚ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʜʠʬʬʫʟʥʳʝ çʛʦʨʙʳè, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤ ʩʤʝʰʘʥʦʩʣʦʡʥʳʤ ʬʘʟʘʤ, ʦʙʳʯʥʦ ʧʦʷʚʣʷʶʱʠʤʩʷ ʧʨʠ ʘʢʪʠʚʥʦʤ ʚʪʦʨʠʯʥʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʦʜ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʟʘʩʦʣʝʥʠʝ ʧʦʯʚʳ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʤʝʢʪʠʪʦʚʳʭ ʤʝʞʩʣʦʝʚʳʭ ʧʨʦʤʝʞʫʪʢʦʚ. ɸ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʮʠʢʣʳ çʦʙʚʦʜʥʝʥʠʷ-

ʚʳʩʫʰʠʚʘʥʠʷè ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʨʘʟʙʫʭʘʶʱʠʭ ʬʘʟ. ʂ ʦʪʣʠʯʠʪʝʣʴʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʟʘʩʦʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʦʷʚʣʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʛʘʣʠʪʘ, 

ʣʝʧʠʜʦʢʨʦʢʠʪʘ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ, ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʭ ʨʝʬʣʝʢʩʦʚ ʚʦʜʥʳʭ ʩʫʣʴʬʘʪʦʚ. 

ɺʳʧʦʣʥʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʬʦʥʦʚʦʛʦ ʠ 

ʟʘʩʦʣʸʥʥʦʛʦ ʫʯʘʩʪʢʦʚ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Na ʠ Cl ʚ ʧʦʯʚʝ 

ʟʘʩʦʣʸʥʥʦʛʦ ʫʯʘʩʪʢʘ [2]. ʅʘʠʙʦʣʴʰʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ 0-25 ʩʤ, ʯʪʦ ʚ å400 ʨʘʟ ʙʦʣʴʰʝ ʧʦ Cl
-
 ʠ ʚ 150 ʨʘʟ ʧʦ Na

+
 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤ 

ʫʯʘʩʪʢʦʤ. 
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2022. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʧʨʦʬʠʣʝʡ, ʟʘʣʦʞʝʥʥʳʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʪʝʭ ʞʝ 

ʫʯʘʩʪʢʘʭ, ʯʪʦ ʠ ʚ 2005 ʛʦʜʫ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ. 

ʉʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʝ ʚ ʧʦʯʚʝʥʥʳʭ ʧʨʦʬʠʣʷʭ ʬʦʥʦʚʦʛʦ (ʐ-2) ʠ 

ʫʩʣʦʚʥʦ-ʟʘʩʦʣʸʥʥʦʛʦ (ʐ-1) ʫʯʘʩʪʢʦʚ ʧʦʢʘʟʘʣʠ ʧʦʯʪʠ ʧʦʣʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ, ʢʘʢ ʧʦ ʬʘʟʦʚʦʤʫ 

ʩʦʩʪʘʚʫ, ʪʘʢ ʠ ʧʦ ʠʭ ʩʦʦʪʥʦʰʝʥʠʶ. ʆʪʣʠʯʠʝ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ 

(ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ) ʩʦʩʪʦʠʪ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʩʤʝʰʘʥʦʩʣʦʡʥʦʛʦ ʠʣʣʠʪ/ʩʤʝʢʪʠʪʘ ʚ ʦʙʨʘʟʮʘʭ ʫʩʣʦʚʥʦ-ʟʘʩʦʣʸʥʥʦʛʦ ʨʘʟʨʝʟʘ. 

ʇʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʯʚʘʭ 

ʧʨʦʬʠʣʝʡ (ʨʠʩ. 2). ʉʦʜʝʨʞʘʥʠʝ ʩʤʝʰʘʥʦʩʣʦʡʥʦʛʦ ʠʣʣʠʪ/ʩʤʝʢʪʠʪʘ ʚ ʦʙʨʘʟʮʘʭ ʬʦʥʦʚʦʛʦ 

ʧʨʦʬʠʣʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 15-40%, ʫʤʝʥʴʰʘʷʩʴ ʩ ʛʣʫʙʠʥʦʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʢʪʠʪʘ (18-55%). ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʯʠʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʩʪʘʙʠʣʴʥʦ ʠ 

ʤʝʥʷʝʪʩʷ ʧʦ ʧʨʦʬʠʣʶ ʥʝʟʥʘʯʠʪʝʣʴʥʦ: ʭʣʦʨʠʪ ï 4-6%, ʠʣʣʠʪ ï 16-22%, ʢʘʦʣʠʥʠʪ ï 10-13%. ɺ 

ʦʙʨʘʟʮʘʭ ʫʩʣʦʚʥʦ-ʟʘʩʦʣʸʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʘʢʦʝ ʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 

ʪʨʸʭ ʤʠʥʝʨʘʣʦʚ. ʈʘʟʙʫʭʘʶʱʠʝ ʩʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʟʘʩʦʣʸʥʥʦʤʫ ʧʨʦʬʠʣʶ: ʩʤʝʰʘʥʦʩʣʦʡʥʳʡ ʠʣʣʠʪ/ʩʤʝʢʪʠʪ - 45-55%, ʩʤʝʢʪʠʪ ï 12-18%. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ ʧʦ ʜʘʥʥʳʤ ʈʌɸ (ʪʘʙʣ.) ʩʭʦʜʝʥ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʯʚʳ ʟʘʩʦʣʸʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Na ʠ Cl ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʦʥʦʚʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʧʦʩʣʝʜʥʠʝ 15-20 ʣʝʪ ʟʘʩʦʣʸʥʥʦʩʪʴ ʧʦʯʚ ʥʘ ʤʝʩʪʝ ʩʙʨʦʩʘ ʨʘʩʩʦʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩʴ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠʙʣʠʟʠʣʩʷ ʢ 

ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʚʣʠʷʥʠʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʤʠʥʠʤʠʟʠʨʦʚʘʥʦ. ʃʘʙʠʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʨʘʟʙʫʭʘʶʱʠʭ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʚʣʠʷʥʠʷ ʟʘʩʦʣʝʥʠʷ 

ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʥʘʨʷʜʫ ʩ ʩʦʩʪʘʚʦʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʜʨʫʛʠʤʠ ʢʨʠʪʝʨʠʷʤʠ. 

ʊʘʙʣʠʮʘ. ʉʦʩʪʘʚ ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʯʚ, % ʧʦ ʜʘʥʥʳʤ ʈʌɸ 

ʂʦʤʧʦ- 

ʥʝʥʪ 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ 

ʐ 1-1 ʐ 1-2 ʐ 1-3 ʐ 1-4 ʐ 1-5ʙ ʐ 1-5ʩ ʐ 2-1 ʐ 2-2 ʐ 2-3 

SiO2 57,98 57,58 56,99 56,23 55,13 56,36 62,37 60,53 60,18 

TiO2 0,77 0,74 0,67 0,65 0,63 0,69 0,73 0,71 0,70 

Al 2O3 21,62 21,60 20,69 20,40 20,88 20,83 19,57 22,42 22,40 

Fe2O3ʦʙʱ 6,95 7,77 6,58 6,28 6,74 5,71 7,11 6,73 6,85 

MnO 0,08 0,10 0,17 0,15 0,11 0,08 0,18 0,13 0,11 

MgO 3,55 3,55 4,25 4,47 4,81 4,64 2,86 3,71 3,69 

CaO 3,28 3,18 5,86 6,95 6,72 6,81 2,37 1,60 1,60 

Na2O 0,77 0,69 0,67 0,64 0,69 0,62 0,59 0,43 0,53 

K2O 3,59 3,57 3,58 3,64 3,61 3,69 3,65 3,61 3,81 

P2O5 0,39 0,35 0,17 0,18 0,19 0,16 0,37 0,13 0,14 

SO3ʦʙʱ 0,42 0,25 <0,1 <0,1 <0,1 <0,1 0,19 <0,1 <0,1 

Cl 0,59 0,63 0,38 0,41 0,50 0,43 ʥʝ ʦʙʥ ʥʝ ʦʙʥ ʥʝ ʦʙʥ 

ʉʫʤʤʘ 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 

ɺʦ ʚʩʝʭ ʦʙʨʟ͊ʮʘʭ ʩʣʝʜʳ Zn, Cu, Cr, Ni, Zr, Sr, Rb  
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ʈʠʩʫʥʦʢ 2. ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʯʚʝʥʥʳʭ ʧʨʦʬʠʣʷʭ ʐ-1 ʠ ʐ-2, %. I/S - 

ʠʣʣʠʪ/ʩʤʝʢʪʠʪ, S - ʩʤʝʢʪʠʪ, Chl - ʭʣʦʨʠʪ, I - ʠʣʣʠʪ, K ï ʢʘʦʣʠʥʠʪ. 

ɺʳʚʦʜʳ 

1. ɿʘʩʦʣʝʥʠʝ ʧʦʯʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʷʝʪ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʷ ʥʘ ʩʦʩʪʘʚ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʨʘʟʙʫʭʘʶʱʠʭ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʆʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʢʪʠʪʦʚʳʭ ʬʘʟ ʚ 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʝ ʤʠʥʝʨʘʣʳ. ʇʨʠ ʩʠʣʴʥʦʤ ʟʘʩʦʣʝʥʠʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʣʦʞʥʳʝ 

ʪʨʫʜʥʦʜʠʘʛʥʦʩʪʠʨʫʝʤʳʝ ʩʣʘʙʦ ʨʘʟʙʫʭʘʶʱʠʝ ʬʘʟʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʠʣʣʠʪ/ʩʤʝʢʪʠʪ/ʭʣʦʨʠʪʳ. 

2. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (ʟʘʩʦʣʝʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʚʳʥʦʩ Na 

ʠ Cl ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ.  

3. ʄʦʥʠʪʦʨʠʥʛ ʵʢʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʪʝʨʨʠʪʦʨʠʠ ʉʝʨʸʛʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʨʘʥʝʝ ʟʘʩʦʣʸʥʥʦʤ ʫʯʘʩʪʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʛʣʠʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʜʠʢʘʪʦʨʦʤ 

ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʋɼʂ 631.4 (571.54)  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʡʦʥʝ ʨʘʟʛʨʫʟʢʠ ʂʫʯʝʛʵʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʙʫʛʨʳ ʧʫʯʝʥʠʷ 

ʩʦ ʩʚʝʞʠʤʠ ʪʨʝʱʠʥʘʤʠ ʨʘʩʪʷʞʝʥʠʷ, ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʘ, ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩ ʩʦʚʨʝʤʝʥʥʳʤ 

ʣʝʜʦʚʳʤ ʷʜʨʦʤ. ʅʘ ʥʠʭ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʪʠʧʠʯʥʳʝ ʧʦʯʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ï ʩʦʣʦʥʯʘʢʠ ʩʫʣʴʬʘʪʥʦ-ʢʠʩʣʳʝ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ 

ʩʪʨʦʝʥʠʶ,  ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʘʩʩʦʮʠʘʮʠʠ ʤʠʥʝʨʘʣʦʚ, ʢʦʤʧʣʝʢʩʫ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʣʘʢʢʦʣʠʪ, ʩʫʣʴʬʘʪʥʦ-ʢʠʩʣʳʝ ʩʦʣʦʥʯʘʢʠ, ɹʘʡʢʘʣʴʩʢʘʷ ʨʠʬʪʦʚʘʷ ʟʦʥʘ  

 

Sulfate-acid Solonchaks of frost mounds: macro-, micromorphological and mineralogical 
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Abstract. In the area of the Kucheger hydrothermal springs discharge, frost heaving mounds with fresh tensile 

cracks, low substrate density, lack of vegetation, and a modern ice core are common. Atypical soil formations such as 

sulfate-acid Solonchaks are formed on them. The results of the complex studies including materials on the micro-

morphological structure, physicochemical indicators, mineral associations, and diatom complex are presented. 

Key words: hydrolaccolith, sulfate-acid Solonchaks, Baikal Rift Zone 

 

ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ) ʦʙʥʘʨʫʞʝʥʳ ʥʝʪʠʧʠʯʥʳʝ 

ʜʣʷ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ ʙʫʛʨʳ ʧʫʯʝʥʠʷ. ʕʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʶʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʭʦʣʦʜʥʳʭ ʦʙʣʘʩʪʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ 

ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ. ʇʦʥʠʤʘʥʠʝ ʫʩʣʦʚʠʡ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ 

ʠʥʪʝʨʝʩ.  ɹʳʣʠ ʠʟʫʯʝʥʳ ʤʘʢʨʦ-, ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʜʥʦʛʦ ʠʟ ʙʫʛʨʦʚ ʧʫʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʜʠʥ ʠʟ ʥʝʜʘʚʥʦ ʧʦʷʚʠʚʰʠʭʩʷ ʙʫʛʨʦʚ 

ʧʫʯʝʥʠʷ (ɺʃʂ-15, N54,86929Ü, E110,98677Ü, ʧʨʠʙʦʨʪʦʚʘʷ ʦʢʨʘʠʥʘ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʨʘʚʥʠʥʳ ʋʣʶʥʭʘʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʚ 1,0 ʢʤ ʶʞʥʝʝ ʨʘʟʛʨʫʟʢʠ ʂʫʯʝʛʵʨʩʢʠʭ ʛʠʜʨʦʪʝʨʤ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʫʧʦʣʦʚʠʜʥʦʝ ʧʦʜʥʷʪʠʝ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʚʳʩʦʪʘ ʦʢʦʣʦ 2,5-3,0 

ʤ), ʦʙʨʘʟʦʚʘʥʦ ʩʢʦʧʣʝʥʠʝʤ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʛʠʜʨʦʣʘʢʢʦʣʠʪʦʚ, ʩʢʫʯʝʥʥʳʭ ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ.  

ʇʦʚʝʨʭʥʦʩʪʴ ɺʃʂ-15 ʙʳʩʪʨʦ ʵʨʦʜʠʨʫʝʪʩʷ ʧʣʦʩʢʦʩʪʥʳʤ ʩʤʳʚʦʤ. ɹʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʣʫʯʰʝ ʩʢʨʝʧʣʝʥʥʳʝ ʜʝʨʥʠʥʦʡ, ʦʩʪʘʶʪʩʷ ʚ ʚʠʜʝ ʩʪʦʣʙʦʚʠʜʥʳʭ ʦʩʪʘʥʮʦʚʳʭ ʢʦʯʝʢ 

ʚʳʩʦʪʦʡ 20-30 ʩʤ. ʉʠʩʪʝʤʘ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʜʥʷʪʠʷ ʜʘʥʥʘʷ ʧʦʟʠʮʠʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʟʘʢʦʯʢʘʨʝʥʥʦʝ ʙʦʣʦʪʦ. ʇʨʦʬʠʣʴʥʦʝ ʩʣʦʞʝʥʠʝ 

ʙʫʛʨʘ ʠʟʫʯʘʣʠ ʚʩʢʨʳʪʠʝʤ ʪʨʘʥʰʝʠ, ʪʷʥʫʱʝʡʩʷ ʦʪ ʚʝʨʰʠʥʳ ʜʦ ʦʩʥʦʚʘʥʠʷ. ʅʘ ʛʣʫʙʠʥʝ 120-130 

ʩʤ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʦʢʨʫʛʣʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʜʦʚʦʛʦ ʷʜʨʘ, ʢʦʧʠʨʫʶʱʘʷ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʨʦʬʠʣʴ ʜʝʣʠʣʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʧʘʯʢʠ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ (0-

50 ʩʤ) ʙʫʨʦʚʘʪʘʷ, ʙʝʟ ʩʣʝʜʦʚ ʩʣʦʠʩʪʦʩʪʠ, ʩ ʢʨʫʧʥʳʤʠ ʜʠʬʬʫʟʥʦ ʦʩʚʝʪʣʝʥʥʳʤʠ ʧʷʪʥʘʤʠ, 
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ʦʭʨʠʩʪʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʧʦ ʭʦʜʘʤ ʪʦʥʢʠʭ ʢʦʨʥʝʡ, ʛʣʫʙʦʢʠʤʠ ʪʨʝʱʠʥʘʤʠ ʨʘʩʪʷʞʝʥʠʷ, 

ʞʝʣʝʟʠʩʪʳʤʠ ʧʣʝʥʢʘʤʠ ʠ ʧʨʦʧʠʪʢʘʤʠ ʧʦ ʢʨʘʷʤ ʪʨʝʱʠʥ. ʄʘʪʝʨʠʘʣ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʷʞʝʣʳʡ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʧʨʝʜʩʪʘʚʣʝʥ ʦʯʝʥʴ ʣʝʛʢʠʤ ʩʫʙʩʪʨʘʪʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʢʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ, ʥʦ ʥʝ ʷʚʣʷʣʦʩʴ ʧʨʠʯʠʥʦʡ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʈʝʘʢʮʠʷ ʩʨʝʜʳ 

ʦʯʝʥʴ ʢʠʩʣʘʷ (ʨʅ 3,4-3,8) ʠ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ 

(1,12-1,16%). ʊʦʢʩʠʯʥʳʭ ʩʦʣʝʡ ʧʨʠ ʵʪʦʤ ʥʝʤʥʦʛʦ (0,14-0,19%), ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʝʧʝʥʴ 

ʟʘʩʦʣʝʥʠʷ ʩʣʘʙʘʷ, ʪ.ʢ. ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʜʦʤʠʥʠʨʫʶʱʠʭ ʩʨʝʜʠ ʘʥʠʦʥʦʚ ʩʫʣʴʬʘʪʦʚ ʦʩʘʞʜʘʝʪʩʷ 

ʢʘʣʴʮʠʝʤ ʚ ʚʠʜʝ ʛʠʧʩʘ. ʍʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʧʦ ʱʝʣʦʯʥʦʩʪʠ ʥʝʡʪʨʘʣʴʥʳʡ, ʧʦ ʘʥʠʦʥʘʤ ï 

ʩʫʣʴʬʘʪʥʳʡ, ʘ ʧʦ ʢʘʪʠʦʥʘʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʤʘʛʥʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʠ 

ʥʘʪʨʠʝʚʦʛʦ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʨʘʞʝʥʳ ʚ ʦʯʝʥʴ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ S (10308-

16675 ʤʛ/ʢʛ), Mo (2,4-4,3 ʤʛ/ʢʛ), W (5,3-9,1 ʤʛ/ʢʛ).  

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʙʠʦʛʝʥʥʦʛʦ ʢʚʘʨʮʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʢʚʘʨʮʝʚʳʤʠ ʩʪʚʦʨʢʘʤʠ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ (ʨʠʩ. 1). ʆʩʥʦʚʥʦʡ ʩʦʩʪʘʚ 

ʚʦʜʦʨʦʩʣʝʡ ï ʧʨʝʩʥʦʚʦʜʥʳʝ ʚʠʜʳ, ʧʨʝʜʧʦʯʠʪʘʶʱʠʝ ʮʠʨʢʫʤʥʝʡʪʨʘʣʴʥʳʝ, ʩʣʘʙʦ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ, ʩʣʘʙʦʢʠʩʣʳʝ ʠʣʠ ʩʣʘʙʦʱʝʣʦʯʥʳʝ ʩʨʝʜʳ. ʅʘʨʷʜʫ ʩ ʧʣʘʥʢʪʦʥʥʳʤʠ ʚʠʜʘʤʠ 

ʨʦʜʦʚ Aulacoseira, Cyclotella, Stephanodiscus, Melosira, ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʤʠ ʚ ʩʣʦʝ 5-15 ʩʤ, ʚ 

ʩʦʩʪʘʚʝ ʚʦʜʦʨʦʩʣʝʡ ʧʨʝʦʙʣʘʜʘʶʪ ʜʦʥʥʳʝ ʚʠʜʳ ʠ ʚʠʜʳ-ʦʙʨʘʩʪʘʪʝʣʠ ʠʟ ʨʦʜʦʚ Navicula, 

Pinnularia, Rhopalodia, Epithemia, Gomphonema, Cocconeis, ʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʤʝʣʢʦʢʣʝʪʦʯʥʳʝ ʚʠʜʳ ʬʨʘʛʠʣʷʨʠʝʚʳʭ ʨʦʜʦʚ.  

 

ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʪʣʦʞʝʥʠʡ ʙʫʛʨʘ ɺʃʂ-15 ʠ ʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʢʦʘʛʫʣʠʨʦʚʘʥʥʳʭ 

ʩʛʫʩʪʢʦʚ ʯʝʨʥʦʛʦ ʠ ʙʫʨʦʛʦ ʮʚʝʪʘ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩʦʜʝʨʞʘʪ ʭʣʦʨʠʪ, ʙʘʨʠʪ, ʮʠʨʢʦʥ, ʠʣʴʤʝʥʠʪ. 

ʅʘ ʛʣʫʙʠʥʝ 20-30 ʩʤ ʚʩʪʨʝʯʘʣʠʩʴ ʜʫʛʦʦʙʨʘʟʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʡ ʛʨʷʟʝʚʦʡ 

ʤʘʩʩʳ, ʥʝʦʜʥʦʨʦʜʥʦ ʥʘʩʳʱʝʥʥʦʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ ʚʝʱʝʩʪʚʦʤ (0,01-0,05 ʤʤ). ʅʘ ʛʣʫʙʠʥʝ 

37-47 ʩʤ ʦʪʤʝʯʝʥʳ ʧʨʦʷʚʣʝʥʠʷ ʢʨʠʦʛʝʥʥʦ-ʧʣʠʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʥʦʨʦʜʥʳʤ ʢʘʯʝʩʪʚʦʤ 

ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʰʣʠʨʦʚ ʠ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 
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ʨʘʟʣʦʞʝʥʥʦʩʪʠ. ʉʫʙʩʪʨʘʪ ʦʙʨʘʟʦʚʘʥ ʩʤʝʩʴʶ ʢʦʣʣʦʤʦʨʬʥʦʡ ʛʨʷʟʠ, ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ (ʛʠʧʩʘ, ʢʘʨʙʦʥʘʪʦʚ ʠ ʜʨ.), ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʯʝʢ ʠ ʨʘʟʣʦʞʠʚʰʠʭʩʷ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ (ʨʠʩ. 2). ɺ ʦʢʨʫʛʣʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʘʭ ʧʦʣʦʩʪʠ ʟʘʧʦʣʥʝʥʳ 

ʚʳʧʘʚʰʠʤʠ ʠʟ ʨʘʩʪʚʦʨʘ ʩʦʣʷʤʠ. ʆʪʤʝʯʝʥʳ ʧʨʦʷʚʣʝʥʠʷ ʩʢʦʘʛʫʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʉʛʫʩʪʢʠ 

ʢʨʫʛʣʳʝ ʠ ʯʝʪʢʦ ʥʝ ʨʘʟʛʨʘʥʠʯʝʥʳ. 

ʅʘ ʛʣʫʙʠʥʝ 50-72 ʩʤ ʯʝʨʝʜʫʶʪʩʷ 5 ʪʦʥʢʠʭ ʭʦʨʦʰʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ, 

ʢʦʥʪʨʘʩʪʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʦʢʨʘʩʢʝ, ʥʘʣʠʯʠʶ ʚʢʣʶʯʝʥʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʩʪʨʫʢʪʫʨʝ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʈʝʘʢʮʠʷ ʩʨʝʜʳ, ʩʪʝʧʝʥʴ ʠ ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ 

ʦʜʥʦʪʠʧʥʳ ʩ ʚʳʰʝʣʝʞʘʱʝʡ 0-50 ʩʤ ʪʦʣʱʝʡ. ʉʣʦʷʤ ʭʘʨʘʢʪʝʨʥʳ ʦʙʠʣʠʝ ʬʠʪʦʣʠʪʦʚ, 

 

ʈʠʩʫʥʦʢ 2. ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 0-50 ʩʤ ʪʦʣʱʠ 

ʦʙʫʛʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ, ʦʪʤʝʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ 

ʨʘʟʥʦʡ ʩʪʘʜʠʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʫʛʣʠʩʪʳʭ. ɻʠʧʩ ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʚ ʚʠʜʝ ʜʨʫʟ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʭ 

ʨʘʟʥʦʨʘʟʤʝʨʥʳʭ (ʦʪ 0,15-0,20 ʜʦ 1,0-1,5 ʤʤ) ʤʠʢʨʦʘʛʨʝʛʘʪʦʚ. ɺʩʝ ʪʨʝʱʠʥʳ ʢʦʩʳʝ, 

ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʝ, ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʨʠ ʢʨʠʦʛʝʥʝʟʝ. 

ʅʘ ʛʣʫʙʠʥʝ 64-74 ʩʤ (ʨʠʩ. 2) ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʥʦʨʦʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ: ʢʦʣʣʦʤʦʨʬʥʘʷ 

ʛʨʷʟʝʚʘʷ ʤʘʩʩʘ c ʪʨʝʱʠʥʘʤʠ, ʩʚʝʪʣʘʷ ʢʦʣʣʦʤʦʨʬʥʘʷ ʤʘʩʩʘ ʟʘʧʦʣʥʠʪʝʣʷ, ʥʘʩʳʱʝʥʥʘʷ 

ʦʙʣʦʤʢʘʤʠ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʘʛʨʝʛʘʪʳ ʚʪʦʨʠʯʥʳʭ ʩʦʣʝʡ, ʦʨʛʘʥʠʢʘ ʩ ʧʨʠʤʝʩʴʶ 

ʙʠʪʫʤʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ. ʅʘ ʵʪʦʡ ʛʣʫʙʠʥʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʜʝʣʷʝʪʩʷ ʜʚʝ ʛʝʥʝʨʘʮʠʠ 

ʦʙʦʩʦʙʣʝʥʠʷ ʛʨʷʟʝʚʳʭ ʤʘʩʩ: ʩʚʝʪʣʘʷ, ʥʘʩʳʱʝʥʥʘʷ ʧʳʣʝʚʘʪʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʪʝʤʥʘʷ, ʥʝ 

ʟʘʪʚʝʨʜʝʚʰʘʷ. ʉʪʨʫʢʪʫʨʘ ʦʙʣʦʤʦʯʥʘʷ, ʢʣʘʩʪʦʛʝʥʥʘʷ, ʪʠʧʘ ʢʩʝʥʦʣʠʪʦʚ, ʚʥʫʪʨʠ ʢʦʣʣʣʦʤʦʨʬʥʘʷ 

ʚʤʝʱʘʶʱʘʷ ʧʨʦʢʨʘʰʝʥʥʘʷ ʤʘʩʩʘ ʩ ʤʥʦʞʝʩʪʚʦʤ ʢʨʠʩʪʘʣʣʦʚ ʩ ʩʦʣʝʚʳʤʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʘʤʠ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʪʨʝʱʠʥʳ ʫʩʳʭʘʥʠʷ, ʟʘʧʦʣʥʝʥʥʳʝ ʠʛʦʣʴʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʪʦʣʱʠ (ʜʦ ʛʣʫʙʠʥʳ 72 ʩʤ) ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʤʝʣʢʠʭ ʩʨʦʩʪʢʦʚ ʛʠʧʩʦʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦ ʚʥʫʪʨʠʧʝʜʥʦʡ ʤʘʩʩʝ, ʠʥʦʛʜʘ ʚ ʤʝʞʘʛʨʝʛʘʪʥʳʭ ʧʦʨʘʭ.  
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ɸʩʩʦʮʠʘʮʠʷ ʤʠʥʝʨʘʣʦʚ ʚ 50-72 ʩʤ ʩʣʦʝ ʩʦʩʪʦʠʪ ʠʟ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʦʣʠʛʦʢʣʘʟʘ, 

ʵʧʠʜʦʪʘ, ʘʤʬʠʙʦʣʘ, ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʦʚ (ʨʠʩ. 1). ɼʦʤʠʥʠʨʫʶʱʠʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ 

ʙʠʦʛʝʥʥʳʡ ʢʨʝʤʥʝʟʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʪʚʦʨʢʘʤʠ ʧʣʘʥʢʪʦʥʥʳʭ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ. ɺ 

ʩʣʦʝ 68-70 ʩʤ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʘ ʛʘʣʦʬʠʣʴʥʳʭ ʚʠʜʘ (Stephanodiscus hantzschii, S. Minutulus) ʠ 

ʦʜʠʥ ʚʠʜ (Cyclotella meneghiniana), ʦʙʠʪʘʶʱʠʡ ʢʘʢ ʚ ʩʣʘʙʦʩʦʣʝʥʳʭ ʚʦʜʦʝʤʘʭ, ʪʘʢ ʠ ʚ ʤʦʨʷʭ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ (72-123 ʩʤ) ʥʝʦʜʥʦʨʦʜʥʘʷ ʠ ʧʝʩʪʨʘʷ ʧʦ ʮʚʝʪʫ ʪʦʣʱʘ. ɸʛʨʝʛʘʪʳ 

ʨʘʟʣʠʯʥʳ (ʨʠʩ. 2): ʚ ʩʚʝʪʣʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʢʦʣʣʦʤʦʨʬʥʳʝ ʯʘʩʪʠʮʳ, ʚ ʪʝʤʥʳʭ ʧʦʯʪʠ ʚʩʝ 

ʟʘʧʦʣʥʝʥʦ ʤʠʥʝʨʘʣʘʤʠ. ʍʦʨʦʰʦ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʤʠʢʨʦʢʣʠʥ, ʤʝʩʪʘʤʠ ʩ ʚʨʦʩʪʢʘʤʠ ʢʚʘʨʮʘ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘʜʤʝʨʟʣʦʪʥʦʛʦ ʩʣʦʷ (110-120 ʩʤ) ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ. ʄʘʪʝʨʠʘʣ 

ʩʣʦʷ ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʩʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʤʦʨʬʦʥʦʚ ʨʘʟʤʝʨʥʦʩʪʴʶ 1ï10 ʩʤ, 

ʟʘʩʳʧʘʥʥʳʭ ʚ ʪʨʝʱʠʥʳ ʠʟ ʚʝʨʭʥʠʭ ʩʣʦʝʚ. ɺʳʩʦʢʘʷ ʧʝʨʝʤʝʰʘʥʥʦʩʪʴ ʬʨʘʛʤʝʥʪʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʩ 

ʨʘʟʥʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʛʫʤʫʩʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʤʝʞʘʛʨʝʛʘʪʥʳʭ ʪʨʝʱʠʥʘʭ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʘʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʢʨʠʦʪʫʨʙʘʮʠʠ.  

ʅʘ ʛʣʫʙʠʥʝ 110-120 ʩʤ ʨʘʩʧʦʣʦʞʝʥ ʣʝʜʷʥʦʡ ʢʣʠʥ. ʇʦ ʚʩʝʤ ʩʚʦʡʩʪʚʘʤ ʵʪʦʪ ʩʣʦʡ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʚʳʰʝʨʘʩʧʦʣʦʞʝʥʥʳʭ. ʆʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʬʨʘʢʮʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʧʝʩʢʘ (76 %), 

ʩʥʠʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (8,6 %), ʫʚʝʣʠʯʝʥʠʝ ʨʅ (6,5), ʦʪʩʫʪʩʪʚʠʝ ʟʘʩʦʣʝʥʠʷ, 

ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ S (2055 ʤʛ/ʢʛ), Mo (2,0 ʤʛ/ʢʛ), W (4,6 ʤʛ/ʢʛ). ɸʩʩʦʮʠʘʮʠʷ 

ʤʠʥʝʨʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʧʣʘʛʠʦʢʣʘʟʘʤʠ (ʘʣʴʙʠʪ, ʦʣʠʛʦʢʣʘʟ, ʣʘʙʨʘʜʦʨ), ʟʝʨʥʘʤʠ 

ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʵʧʠʜʦʪʘ, ʘʤʬʠʙʦʣʘ (ʚ ʪ.ʯ. ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ, ʛʘʩʪʠʥʛʩʠʪʘ), ʭʣʦʨʠʪʘ, 

ʙʘʨʠʪʘ, ʮʠʨʢʦʥʘ, ʠʣʴʤʝʥʠʪʘ, ʚʠʩʤʫʪʘ, ʘʤʦʨʬʥʳʭ ʦʢʩʠʜʦʚ. ɺ ʵʪʦʤ ʩʣʦʝ ʚʩʪʨʝʯʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ (ʨʠʩ. 1), ʚ ʦʩʥʦʚʥʦʤ ʜʦʥʥʳʭ ʬʦʨʤ (Epithemia, 

Nitzschia, Pinnularia, Rhopalodia) ʠ ʦʙʨʘʩʪʘʪʝʣʝʡ (Cymbella spp., Cocconeis spp. ʠ ʜʨ.).  

ʀʟʫʯʝʥʥʳʡ ʙʫʛʦʨ ʧʫʯʝʥʠʷ ʢʘʢ ʬʦʨʤʘ ʨʝʣʴʝʬʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʯʝʥʴ ʩʣʦʞʥʦʝ ʚ ʧʣʘʥʝ 

ʛʝʥʝʟʠʩʘ ʦʙʨʘʟʦʚʘʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʟʚʠʪʠʝʤ ʛʠʜʨʦʣʘʢʢʦʣʠʪʘ, ʚʦʜʥʦʝ ʧʠʪʘʥʠʝ ʢʦʪʦʨʦʛʦ, ʥʘ 

ʥʘʰ ʚʟʛʣʷʜ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʩʭʦʜʷʱʠʤʠ ʛʣʫʙʠʥʥʳʤʠ ʚʦʜʘʤʠ. ʅʘ ʧʦʩʣʝʜʥʝʝ ʫʢʘʟʳʚʘʝʪ 

ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʫʙʩʪʨʘʪʘ ʩ ʘʥʦʤʘʣʠʝʡ ʩʝʨʳ, ʚʦʣʴʬʨʘʤʘ, ʤʦʣʠʙʜʝʥʘ, ʦʯʝʥʴ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʩʪʦʯʥʠʢʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʠʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʛʠʧʩʘ, ʯʪʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝʪʠʧʠʯʥʦ ʜʣʷ ʧʦʯʚ 

ʢʘʢ ʦʢʨʫʞʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʪʘʢ ʠ ʨʝʛʠʦʥʘ ʚ ʮʝʣʦʤ, ʠ ʫʣʴʪʨʘʢʠʩʣʳʝ ʟʥʘʯʝʥʠʷ ʨʅ ʦʪʣʦʞʝʥʠʡ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʯʝʥʴ ʨʝʜʢʠʭ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʫʣʴʬʘʪʥʦ-ʢʠʩʣʳʭ ʧʦʯʚ.  

ʉʚʦʡʩʪʚʘ ʠ ʧʦʢʘʟʘʪʝʣʠ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʝʜʠʤʝʥʪʘʮʠʠ. ʅʠʞʥʷʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʘʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘʜ 

ʣʝʜʦʚʳʤ ʷʜʨʦʤ, ʙʦʣʝʝ ʤʠʥʝʨʘʣʴʥʘʷ, ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʥʦʚʦʤʫ. ʇʦ ʥʝʙʦʣʴʰʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʜʠʘʪʦʤʝʡ, ʧʦʯʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʨʝʟʢʦʤʫ ʧʦʷʚʣʝʥʠʶ ʩʣʦʠʩʪʦʩʪʠ ʚ 

ʚʳʰʝʟʘʣʝʛʘʶʱʝʡ ʪʦʣʱʝ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʙʦʣʝʝ ʩʫʨʦʚʳʭ ʜʣʷ ʙʠʦʪʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʦʦʪʥʦʩʠʪʴʩʷ ʩ ʚʝʨʭʥʠʤ ʧʣʝʡʩʪʦʮʝʥʦʤ. ʉʝʨʠʷ ʪʦʥʢʠʭ ʩʣʦʝʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ (50-72 ʩʤ), ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʢʦʤʬʦʨʪʥʦʡ ʜʣʷ ʜʠʘʪʦʤʝʡ ʦʙʩʪʘʥʦʚʢʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʚʩʧʣʝʩʢʦʤ ʠʭ ʯʠʩʣʝʥʥʦʩʪʠ 

ʠ ʩʤʝʥʝ ʜʦʤʠʥʘʥʪʦʚ ʥʘ ʛʘʣʦʬʠʣʴʥʳʝ ʚʠʜʳ ʜʦʥʥʦʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ 

ʧʦʯʪʠ ʚʜʚʦʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʦʪʣʦʞʝʥʠʷ 

(ʩʣʦʡ 0-50 ʩʤ), ʥʘʢʦʧʠʚʰʠʝʩʷ ʜʦ ʢʨʠʦʛʝʥʥʦʛʦ ʨʦʩʪʘ ʙʫʛʨʘ, ʘʢʢʫʤʫʣʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʩʥʦʤ ʠʣʠ 

ʩʣʘʙʦʩʦʣʝʥʦʤ ʚʦʜʦʝʤʝ. ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʜʦʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʦʪʣʦʞʝʥʠʡ ʙʫʛʨʘ ʩ ʦʙʠʣʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʠʘʪʦʤʝʡ, ʯʪʦ ʧʦ ʩʦʩʪʘʚʫ 

ʧʨʠʙʣʠʞʘʝʪ ʵʪʠ ʩʝʜʠʤʝʥʪʳ ʢ ʢʠʟʝʣʴʛʫʨʫ. ʆʩʘʜʢʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʩ ʘʢʪʠʚʥʳʤ ʧʝʜʦʛʝʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ. 

ʇʨʠ ʨʦʩʪʝ ʛʠʜʨʦʣʘʢʢʦʣʠʪʘ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥʳ, ʨʘʩʪʷʞʝʥʠʷ, ʟʘʩʳʧʢʠ, ʧʝʜʦʛʝʥʥʦʝ ʠ 

ʢʨʠʦʛʝʥʥʦʝ ʦʩʪʨʫʢʪʫʨʠʚʘʥʠʝ, ʦʢʠʩʣʝʥʠʝ ʧʠʨʠʪʘ, ʛʠʧʩʦʚʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʫʣʴʪʨʘʢʠʩʣʳʝ 

ʟʥʘʯʝʥʠʷ ʨʅ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʬʘʢʪʦʨʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʵʥʜʦʛʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʜʥʦʛʦ 

ʠ ʩʦʣʝʚʦʛʦ ʧʠʪʘʥʠʷ, ʦ ʯʝʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʩʦʩʪʘʚʫ ʠ ʢʦʣʠʯʝʩʪʚʫ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, 

ʘʥʦʤʘʣʠʷʤ S, W, Mo. ʀʤʝʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʝ ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʥʜʦʛʝʥʥʦʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜ ʠ ʛʘʟʦʚ ʷʚʣʷʝʪʩʷ ʪʨʠʛʛʝʨʦʤ ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʣʘʢʢʦʣʠʪʘ ʠ ʟʘʧʫʩʢʘ ʮʝʧʠ 
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ʩʦʙʳʪʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʜʥʷʪʠʡ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʜʣʷ ʙʠʦʪʳ ʩʚʦʡʩʪʚʘʤʠ ï 

ʩʦʣʦʥʯʘʢʦʚ ʩʫʣʴʬʘʪʥʦ-ʢʠʩʣʳʭ ʠ ʟʘʩʦʣʝʥʥʳʭ ʩʫʣʴʬʘʪʥʦ-ʢʠʩʣʳʭ ʧʦʯʚ, ʣʠʰʝʥʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʕʥʜʦʛʝʥʥʳʡ ʬʘʢʪʦʨ, ʠʤʝʶʱʠʡ ʤʝʩʪʦ ʚ ʂʫʯʝʛʵʨʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʟʦʥʝ, 

ʚʝʜʫʱʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʜʥʷʪʠʡ, ʩʦʟʜʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʧʝʜʦʛʝʥʝʟʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʭʦʣʦʜʥʳʭ 

ʦʙʣʘʩʪʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʛʦʩʟʘʜʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʙʠʦʣʦʛʠʠ ʉʆ ʈɸʅ ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 121030100228-4. 
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Abstract. Features of the mineralogical composition of soils of the diapiric ridge are associated with the abundance 

of various forms of silica skeletons of algae in the form of needle-shaped, tubular, elongated, rounded, irregularly joint 

crystals and a minor presence of minerals of hydrothermal origin (pyrrotine, pyrite, phenacite). Loose siliceous deposits 

are very similar in density and chemical composition to the sedimentary rock diatomite (kieselguhr) or an intermediate 

type of deposits - diatomaceous sapropels. 

Key words: soils, mineralogy, diatomite, Baikal Rift zone. 

 

ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʠʤʝʝʪʩʷ ʧʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʥʝʪʠʧʠʯʥʳʭ ʜʣʷ ʣʝʩʥʦʡ ʟʦʥʳ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ. ʀʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʪʢʨʳʪʦʡ 

ʠ ʩʢʨʳʪʦʡ ʨʘʟʛʨʫʟʢʝ ʪʝʨʤʘʣʴʥʳʭ (40-50Áʉ) ʚʦʜ ʂʫʯʝʛɻʨʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʢʫʣʴʜʫʨʩʢʦʛʦ ʪʠʧʘ. 

ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ (0,3-0,75 ʛ/ʜʤ
3
), ʱʝʣʦʯʥʦʩʪʴ (ʨʅ 9,9), ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ (14-26 ʤʛ/ʜʤ
3
), ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ (80,0-85,7 ʤʛ/ʜʤ

3
) ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ S, W, Sr, Cl, Ba, Al, Ti, Cu, Cr, Fe, Li, Ni, Pb, Cd ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [3]. ɺ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʨʘʟʛʨʫʞʘʶʪʩʷ 

ʚ ʚʠʜʝ ʦʪʢʨʳʪʳʭ, ʩʢʨʳʪʳʭ, ʨʘʩʩʝʷʥʥʳʭ ʠ ʩʫʙʘʢʚʘʣʴʥʳʭ ʨʦʜʥʠʢʦʚ [1] ʠ ʩʦʟʜʘʶʪ ʢʨʘʡʥʝ 

ʜʠʥʘʤʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ, ʬʦʨʤʳ 

ʨʝʣʴʝʬʘ [2] ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʦʩʠʩʪʝʤ [4]. ɺ ʨʘʡʦʥʝ ʨʘʟʛʨʫʟʢʠ ʛʠʜʨʦʪʝʨʤ ʚʳʷʚʣʝʥʘ 

ʩʠʣʴʥʘʷ ʪʫʨʙʠʨʦʚʘʥʥʦʩʪʴ ʧʦʯʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʨʬʦʥʦʚ, ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʭ ʪʝʤʥʦʮʚʝʪʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ, ʦʙʦʛʘʱʝʥʠʝ ʠʭ ʩʝʨʦʡ, ʚʦʣʴʬʨʘʤʦʤ [5]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʯʚ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʘʢʪʠʚʥʦʡ ʨʘʟʛʨʫʟʢʠ ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʠ ʛʘʟʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʦʯʚʳ ʧʨʦʜʦʣʛʦʚʘʪʦʛʦ ʦʩʪʨʦʚʘ-ʚʘʣʘ (ʂɼ-1; N 54Á52ǋ56,5ǌ; ɽ 

111Á00ǋ08,9ǌ), ʚʦʟʚʳʰʘʶʱʝʛʦʩʷ ʙʦʣʝʝ 1 ʤ ʥʘʜ ʂʫʯʝʛɻʨʩʢʠʤ ʘʟʦʥʘʣʴʥʳʤ ʙʦʣʦʪʥʳʤ ʤʘʩʩʠʚʦʤ, 

ʚ ʢʦʪʦʨʳʡ ʨʘʟʛʨʫʞʘʶʪʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʚʦʜʳ. 60-70 % ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʨʦʚʘ ʟʘʥʠʤʘʝʪ 

ʨʘʟʥʦʪʨʘʚʥʦ-ʧʦʣʳʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʦʩʪʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ï ʛʨʫʧʧʠʨʦʚʢʠ ʤʭʦʚ ʠ 

ʣʠʰʘʡʥʠʢʦʚ. ɼʣʠʥʘ ʚʘʣʘ 51,8 ʤ, ʰʠʨʠʥʘ ʦʪ 1,4 ʜʦ 4,9 ʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʜʠʘʧʠʨʦʚʦʛʦ ʚʘʣʘ 

ʚʦʣʥʠʩʪʘʷ. ʅʘ ʥʝʡ ʯʝʪʢʦ ʚʳʨʘʞʝʥʳ ʤʠʢʨʦʧʦʚʳʰʝʥʠʷ. ʇʦʯʚʝʥʥʳʡ ʨʘʟʨʝʟ ʰʠʨʠʥʦʶ ʦʢʦʣʦ 85 

ʩʤ ʟʘʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ 2-ʭ ʧʨʠʙʨʝʞʥʳʭ ʚʘʣʠʢʦʚ, ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʪʷʥʫʪʳʭ ʜʠʘʧʠʨʫ ʠ 
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ʨʘʟʜʝʣʝʥʥʳʭ ʪʨʝʱʠʥʦʡ. ɸʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ LEO-1430VP (Carl Zeiss, ɻʝʨʤʘʥʠʷ) ʩ ʩʠʩʪʝʤʦʡ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 350 (Oxford Instruments, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 

ʚ ʎʂʇ çɻʝʦʩʧʝʢʪʨè ɻʀʅ ʉʆ ʈɸʅ (ʛ. ʋʣʘʥ-ʋʜʵ) ʚ ʨʝʞʠʤʝ ʧʝʨʝʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (Variable 

Pressure, VP).  

ʇʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʪʳʨʴʤʷ ʢʦʥʪʨʘʩʪʥʳʤʠ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʩʣʦʷʤʠ: 1) 

ʧʝʨʝʛʥʦʡʥʳʤ ʅ ʠ Himp,int (0-32 ʩʤ); 2) ʧʝʨʝʭʦʜʥʳʤ Cint (32-89 ʩʤ); 3) ʛʣʝʝʚʳʤ ʉg (89(90)-

98(100) ʩʤ) ʠ 4) ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʤ ʉimp (105-175 ʩʤ). ʀʥʜʝʢʩ imp (ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʡ) 

ʦʟʥʘʯʘʝʪ ʧʨʦʧʠʪʢʫ ʪʝʤʥʳʤ ʥʝʬʪʝʧʦʜʦʙʥʳʤ ʚʝʱʝʩʪʚʦʤ, int ï ʠʥʪʨʫʟʠʚʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʟʫʯʘʣʩʷ ʥʘ ʛʣʫʙʠʥʘʭ: 10-32 ʩʤ, 89(90)-98(100) ʩʤ ʠ 105-175 ʩʤ. 

ɺʝʨʭʥʠʡ ʩʣʦʡ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʢʘʢ ʛʦʨʠʟʦʥʪʳ ʅ (0-10 ʩʤ) ʠ Himp,int (10-32 ʩʤ). ɺ 0-32 ʩʤ 

ʪʦʣʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʞʠʚʳʝ ʠ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʧʦʣʫʨʘʟʣʦʞʠʚʰʠʝʩʷ ʢʦʨʥʠ, ʦʪʤʝʯʝʥʘ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ, ʩʪʨʫʢʪʫʨʘ ʙʣʠʟʢʘ ʢ ʟʝʨʥʠʩʪʦʡ. ɻʦʨʠʟʦʥʪ ʩʠʣʴʥʦ ʧʦʨʠʩʪʳʡ, 

ʦʯʝʥʴ ʨʳʭʣʳʡ, ʠʤʝʝʪ ʥʝʡʪʨʘʣʴʥʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ, ʩʠʣʴʥʦ ʟʘʩʦʣʝʥ ʩ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʤ 

ʪʠʧʦʤ ʭʠʤʠʟʤʘ. ʇʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʦʚ (aF
-
, aCl

-
, aNa

+
) ʚʳʩʦʢʠʝ. ɼʦʤʠʥʠʨʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʤʠʥʝʨʘʣʦʚ ʟʘʥʠʤʘʝʪ ʙʠʦʛʝʥʥʳʡ ʢʨʝʤʥʝʟʝʤ (85-90 %), ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʠʛʦʣʴʯʘʪʳʤʠ, ʥʝʧʨʘʚʠʣʴʥʳʤʠ ʫʜʣʠʥʝʥʥʳʤʠ ʬʦʨʤʘʤʠ ʩʦ ʩʨʦʩʰʠʤʠʩʷ ʢʨʠʩʪʘʣʣʘʤʠ ʠ 

ʦʢʨʫʛʣʳʤʠ ʩʬʝʨʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʠʛʦʣʴʯʘʪʳʝ ʠ ʪʨʫʙʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ (ʨʠʩ. 

1). ʅʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ LEO-

1430VP, ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʢʨʝʤʥʝʟʝʤʥʳʝ ʧʘʥʮʠʨʠ ʠ ʦʪʜʝʣʴʥʳʝ ʩʪʚʦʨʢʠ ʜʠʘʪʦʤʦʚʳʭ 

ʚʦʜʦʨʦʩʣʝʡ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʳ ʠʣʠ ʟʘʤʘʩʢʠʨʦʚʘʥʳ ʜʝʪʨʠʪʦʤ (ʦʩʦʙʝʥʥʦ 

ʤʝʣʢʦʢʣʝʪʦʯʥʳʝ ʵʢʟʝʤʧʣʷʨʳ), ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʚʠʜʦʚʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʨʘʟʣʠʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʜʦʥʥʳʝ ʬʦʨʤʳ ʠ ʧʦʯʚʝʥʥʳʝ ʜʠʘʪʦʤʝʠ: Epithemia 

sp. (Epithemia adnata), Caloneis sp. (Caloneis silicula), Pinnularia sp., Rhopalodia gibba, 

Nitzschia spp. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ ʚ ʛʦʨ. Himp,int ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʩʪʨʝʯʘʶʪʩʷ. ʆʧʨʝʜʝʣʝʥʳ ʝʜʠʥʠʯʥʳʝ ʤʠʥʝʨʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʟʝʨʝʥ ʧʠʨʦʢʩʝʥʘ, ʘʢʮʝʩʩʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ʤʘʛʥʝʪʠʪʘ, ʮʠʨʢʦʥʘ), ʘ ʪʘʢʞʝ ʘʤʦʨʬʥʳʭ ʬʦʨʤ ʦʢʩʠʜʦʚ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: SiO2, 

Al 2O3, FeO, SO3, F, ʣʠʙʦ SiO2, Al2O3, FeO, ZnO ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ce2O3 

(20,16%), La2O3 (25,98) ʠ Cl (3,05 %).  

 

ʈʠʩʫʥʦʢ 1. ɸʩʩʦʮʠʘʮʠʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʛʦʨʠʟʦʥʪʝ Himp,int (10-20 ʩʤ) 

ʇʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ (ʛʦʨ. ʉint (32ï89 ʩʤ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʦ 

ʦʢʨʘʰʝʥʥʳʡ ʛʦʨʠʟʦʥʪ, ʚ ʯʝʨʥʦʡ ʤʘʩʩʝ ʚʳʨʘʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʟʚʦʜʳ (ʠʥʪʨʫʟʠʠ), 

ʣʦʢʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʠʫʨʦʯʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʪʨʝʱʠʥʝ. ʇʦ ʧʨʘʚʦʡ ʩʪʝʥʢʝ ʨʘʟʨʝʟʘ 

ʤʦʨʬʦʥ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 50 ʩʤ; ʥʘ ʣʝʚʦʡ ʩʪʝʥʢʝ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ï ʜʦ ʛʣʫʙʠʥʳ 

89 ʩʤ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʦʨʠʟʦʥʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʝʜʠʥʠʯʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʢʨʫʧʥʦʡ ʛʘʣʴʢʠ, 
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ʯʘʩʪʠʯʥʦ ʧʦʢʨʳʪʳʝ ʪʝʤʥʦʡ ʧʣʝʥʢʦʡ. ʅʘ ʛʣʫʙʠʥʝ 50 ʩʤ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ, ʩʠʣʴʥʦ 

ʨʘʟʨʫʰʝʥʥʳʝ ʦʙʣʦʤʢʠ ʧʦʨʦʜ. ʉ 70 ʩʤ ʧʦʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʟʘʧʘʭ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʕʪʦʪ 

ʛʦʨʠʟʦʥʪ ʠʤʝʝʪ ʛʣʠʥʠʩʪʳʡ ʩʦʩʪʘʚ, ʙʣʠʟʢʫʶ ʢ ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʶ ʩʨʝʜʳ, ʩʣʘʙʦ ʟʘʩʦʣʝʥ, 

ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʩʦʜʦʚʦ-ʭʣʦʨʠʜʥʳʡ, ʚ ʤʦʨʬʦʥʝ ï ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʡ. ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦ ʧʦ ʧʨʦʬʠʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ, c 

ʛʣʫʙʠʥʦʡ ʦʥʦ ʩʥʠʞʘʝʪʩʷ ʚ 3 ʨʘʟʘ. ɺ ʠʥʪʨʫʟʠʚʥʦʤ ʤʦʨʬʦʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʨʠʟʦʥʪʦʤ, 

ʦʪʤʝʯʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʟʘʩʦʣʝʥʠʷ.  

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʟʫʯʘʣʩʷ ʥʘ ʛʣʫʙʠʥʝ 89(90)ï98(100) ʩʤ, ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʛʦʨ. 

Cint ʠ ʉimp (ʨʠʩ. 2). ɺ ʵʪʦʤ ʩʣʦʝ ʥʘ ʪʝʤʥʦʤ ʬʦʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʙʫʨʳʝ ʤʦʨʬʦʥʳ ʨʘʟʣʠʯʥʦʡ 

ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ. ʉʣʦʞʝʥʠʝ 

ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʛʦʨʠʟʦʥʪʫ: ʙʣʦʢʠ ʩ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʝʯʝʥʠʝʤ ʠ 

ʨʘʢʦʚʠʩʪʳʤ ʠʟʣʦʤʦʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʟʦʥʳ ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʷ. ʉ 95 ʩʤ ʧʦʷʚʣʷʝʪʩʷ ʛʨʫʥʪʦʚʘʷ 

ʚʦʜʘ, ʠʤʝʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʫ 20,2ϊ, ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ï 0,514 ʤʢʉʤ/ʩʤ. ɺ 

ʛʦʨʠʟʦʥʪʝ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʅ ʜʦ ʩʠʣʴʥʦʱʝʣʦʯʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʟʘʩʦʣʝʥʠʝ ʥʝ 

ʚʳʨʘʞʝʥʦ. ʉʨʝʜʠ ʤʠʥʝʨʘʣʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ ʙʠʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʤʦʨʬʥʳʭ ʬʦʨʤ. ʉʨʝʜʠ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʬʝʥʘʢʠʪ ʠ ʦʢʩʠʜʳ. ɺ ʦʯʝʥʴ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʳ (ʦʢʩʠʜʳ), ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ SO3. 
ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʘʭ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʩʝʨʦʚʦʜʦʨʦʜʘ. 

 

ʈʠʩʫʥʦʢ 2. ɸʩʩʦʮʠʘʮʠʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʛʦʨʠʟʦʥʪʝ ʉg (89(90)-98(100) ʩʤ) 

ʉ ʛʣʫʙʠʥʳ 105-175 ʩʤ ʧʨʦʙʳ ʙʨʘʣʠʩʴ ʙʫʨʦʤ, ʪʘʢ ʢʘʢ ʩʦ 105 ʩʤ ʚʳʩʪʫʧʘʝʪ ʪʝʧʣʘʷ 

ʛʨʫʥʪʦʚʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʚʦʜʘ. ɻʦʨʠʟʦʥʪ ʯʝʨʥʳʡ ʚʦ ʚʣʘʞʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʣʦʪʥʳʡ, ʧʦ ʣʝʚʦʡ 

ʩʪʝʥʢʝ ʚʳʨʘʞʝʥʳ ʣʠʥʟʳ ʩʠʟʦ-ʩʝʨʦʛʦ ʧʝʩʢʘ. ʈʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ (ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʡ), 60 % ʯʘʩʪʠʮ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʬʨʘʢʮʠʠ ʩʨʝʜʥʝʛʦ ʠ ʤʝʣʢʦʛʦ ʧʝʩʢʘ. 

ʆʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʰʝʣʝʞʘʱʠʤ ʛʦʨʠʟʦʥʪʦʤ ʉʦʨʛ (5,81 %), 

ʟʥʘʯʝʥʠʷ ʨʅ ʚʦʟʨʘʩʪʘʶʪ ʜʦ ʩʠʣʴʥʦʱʝʣʦʯʥʳʭ ʟʥʘʯʝʥʠʡ. ɸʩʩʦʮʠʘʮʠʷ ʤʠʥʝʨʘʣʦʚ ʚ ʵʪʦʤ ʩʣʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮʝʤ, ʢʘʣʠʝʚʳʤʠ ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ, ʝʜʠʥʠʯʥʳʤʠ ʟʝʨʥʘʤʠ ʩʢʘʧʦʣʠʪʘ, 

ʢʠʩʣʳʭ ʠ ʩʨʝʜʥʠʭ ʧʣʘʛʠʦʢʣʘʟʦʚ (ʦʣʠʛʦʢʣʘʟ, ʘʥʜʝʟʠʥ), ʢʘʣʴʮʠʝʚʳʭ ʘʤʬʠʙʦʣʦʚ (ʵʜʝʥʠʪ, 

ʛʘʩʪʠʥʛʩʠʪ), ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʤʘʛʥʝʪʠʪ, ʠʣʴʤʝʥʠʪ, ʮʠʨʢʦʥ) (ʨʠʩ. 3). ʉʦʩʪʘʚ 

ʤʠʥʝʨʘʣʦʚ ʘʥʘʣʦʛʠʯʝʥ ʘʣʣʶʚʠʘʣʴʥʳʤ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤ ʧʦʨʦʜʘʤ.  ʂʚʘʨʮ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʚʳʰʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʭʦʨʦʰʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʬʦʨʤʘʤʠ. 

ʇʨʠʩʫʪʩʪʚʫʶʪ ʪʠʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: 

ʩʢʘʧʦʣʠʪ (ʧʦʜʢʣʘʩʩ ʢʘʨʢʘʩʥʳʭ ʩʠʣʠʢʘʪʦʚ), ʢʘʣʴʮʠʝʚʳʝ ʘʤʬʠʙʦʣʳ ʵʜʝʥʠʪ ʠ ʛʘʩʪʠʥʛʩʠʪ. ʕʪʠ 

ʤʠʥʝʨʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʥʷʪʳ ʠʟ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʦʢʩʠʜʦʚ), ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ SO3, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʘʭ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʦʥʘʭ ʨʘʟʛʨʫʟʢʠ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ.  
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ʈʠʩʫʥʦʢ 3. ɸʩʩʦʮʠʘʮʠʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʛʦʨʠʟʦʥʪʝ ʉimp (105-175 ʩʤ) 

ʀʟʫʯʝʥʠʝ ʧʦʯʚ ʜʠʘʧʠʨʦʚʦʛʦ ʦʩʪʨʦʚʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʜʣʷ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ 

ʟʦʥʳ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʡʟʝʨʠʪʦʚ ʠ ʪʨʘʚʝʨʪʠʥʦʚ ʟʜʝʩʴ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. ʆʪʣʠʯʠʝ 

ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʦʪ ʪʦʨʬʦʚ ʠ ʩʘʧʨʦʧʝʣʝʡ ʚʳʨʘʞʝʥʦ ʧʦ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʢʘʣʴʮʠʷ ʠ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ SiO2. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʝʟʝʤʘ (81,8-

89,4%), ʘ ʪʘʢʞʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ ʢʚʘʨʮʘ (85-90 %) (ʠʛʦʣʴʯʘʪʳʝ, ʪʨʫʙʯʘʪʳʝ, ʫʜʣʠʥʝʥʥʳʝ, 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʩʨʦʩʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ, ʦʢʨʫʛʣʳʝ ʩʬʝʨʳ) ʩʚʷʟʘʥʦ ʩ ʦʙʠʣʠʝʤ 

ʢʨʝʤʥʝʟʝʤʥʳʭ ʩʢʝʣʝʪʦʚ ʚʦʜʦʨʦʩʣʝʡ. ʕʪʠ ʨʳʭʣʳʝ ʢʨʝʤʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʧʦ ʧʣʦʪʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩ ʦʩʘʜʦʯʥʦʡ ʛʦʨʥʦʡ 

ʧʦʨʦʜʦʡ ʜʠʘʪʦʤʠʪ (ʢʠʟʝʣʴʛʫʨ) ʠʣʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʪʠʧʦʤ ʦʪʣʦʞʝʥʠʡ ʜʠʘʪʦʤʦʚʳʭ 

ʩʘʧʨʦʧʝʣʝʡ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʚʩʪʨʝʯʘʶʪʩʷ ʘʩʩʦʮʠʘʮʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ, 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʯʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʛʨʫʟʢʠ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ, ʩʚʷʟʘʥʳ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʤʠʥʝʨʘʣʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: ʧʠʨʨʦʪʠʥʘ, ʧʠʨʠʪʘ, ʬʝʥʘʢʠʪʘ, ʘ ʪʘʢʞʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʘʥʩʘʤʙʣʝ ʤʠʥʝʨʘʣʦʚ ʙʠʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʚʘʨʮʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʛʦʩʟʘʜʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʙʠʦʣʦʛʠʠ ʉʆ ʈɸʅ ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 121030100228-4. 
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ʋɼʂ 631.4 (571.54)  
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 ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʠʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ, ubugunovv@mail.ru 

2 
ʌɻɹʋʅ ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʉʆ ʈɸʅ ʠʤ. ʅ.ʃ. ɼʦʙʨʝʮʦʚʘ, ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ ʚ ʢʘʥʘʣʘʭ ʵʥʜʦʛʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʛʝʦʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ 

ʂʫʯʝʛʵʨʩʢʦʛʦ ʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ (ɹʘʡʢʘʣʴʩʢʠʡ ʨʠʬʪ, ɹʘʨʛʫʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ). ɺʳʷʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʤʠʥʝʨʘʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦ ʚʳʜʝʣʷʶʪʩʷ ʱʝʣʦʯʥʳʝ ʘʤʬʠʙʦʣʳ (ʢʘʪʦʬʦʨʠʪ, ʨʠʭʪʝʨʠʪ), ʠʩʪʦʯʥʠʢʘʤʠ 

ʢʦʪʦʨʳʭ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʛʦʨʥʦʝ ʦʙʨʘʤʣʝʥʠʝ ʢʦʪʣʦʚʠʥʳ. ɸʢʢʫʤʫʣʷʮʠʷ ʘʤʬʠʙʦʣʦʚ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʟʦʥʘʤ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʬʪʦʨʘ, ʚʦʣʴʬʨʘʤʘ, ʩʝʨʳ, ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʚ ʧʦʯʚʝʥʥʦʤ 

ʧʨʦʬʠʣʝ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʛʨʫʟʢʦʡ ʬʣʶʠʜʦʚ. ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʘʤʬʠʙʦʣʳ ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʯʚʳ ʚ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʝ ʚ ʩʦʩʪʘʚʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʭ ʩʣʦʷʭ ʠʣʠ ʤʦʨʬʦʥʘʭ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʯʚʳ, ʤʠʥʝʨʘʣʦʛʠʷ, ʢʘʪʦʬʦʨʠʪ, ʨʠʭʪʝʨʠʪ. 
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Annotation. The mineralogical composition of soils in the channels of endogenous discharge of geofluidic systems 

of the Kuchegersky thermal field (Baikal rift, Barguzin basin) has been studied. A variety of minerals has been 

identified, among which alkaline amphiboles (catophorite, richterite) are particularly prominent, the sources of which in 

the studied soils cannot be the mountain rim of the basin. Amphiboles accumulation is confined to zones of local 

anomalies of fluorine, tungsten, sulfur, and easily soluble salts in the soil profile associated with fluid discharge. It is 

assumed that amphiboles can enter the dispersed phase as part of hydrothermal waters and be deposited in impregnated 

layers or morphones.   

Keywords: soils, mineralogy, catophorite, richterite. 

 

ɺ ʦʙʣʘʩʪʠ ʨʘʟʛʨʫʟʢʠ ʛʘʟʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ɹʘʨʛʫʟʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʥʘ ʧʝʨʠʬʝʨʠʠ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʤʝʩʪʘʤʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠʙʨʝʞʥʳʝ ʚʘʣʳ ʩ 

ʪʫʨʙʠʨʦʚʘʥʥʳʤʠ ʠʤʧʨʝʛʥʠʨʦʚʘʥʳʤʠ ʧʦʯʚʘʤʠ. ɺ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 

ʦʪʨʘʞʘʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʵʥʜʦʛʝʥʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʝʜʦʛʝʥʥʳʭ, ʢʨʠʦʛʝʥʥʳʭ ʠ ʪʫʨʙʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʦʯʚʳ ʦʙʣʘʜʘʶʪ ʷʨʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʭ ʘʥʘʣʦʛʠ ʚ 

ʤʠʨʦʚʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʠʩʘʥʳ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʳ ʩʣʦʞʝʥʠʷ, 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʣʦʝʚ, ʤʦʨʬʦʥʦʚ ʵʪʠʭ ʧʦʯʚ ʤʳ 

ʧʨʠʚʦʜʠʣʠ ʨʘʥʝʝ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ [5, 3], ʛʜʝ ʦʪʤʝʯʘʣʠ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʧʨʦʩʣʦʝʢ, ʧʷʪʝʥ, ʚʝʨʪʠʢʘʣʴʥʳʭ, ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʣʦʩ, 

ʢʣʠʥʴʝʚ, ʬʨʘʛʤʝʥʪʦʚ ʧʦʯʚʝʥʥʳʭ ʩʣʦʝʚ ʚ ʧʨʦʬʠʣʝ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʪʝʦʨʠʠ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʢʦ 

ʢʦʥʪʨʘʩʪʥʳʝ ʪʝʤʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʝ ʤʦʨʬʦʥʳ ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʧʦʢʘ ʥʝʷʩʥʳʤ ʛʝʥʝʟʠʩʦʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʩʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠʚʘʪʴ ʚ ʘʥʦʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʝʨʫ, 

ʚʦʣʴʬʨʘʤ, ʬʪʦʨ, ʤʦʣʠʙʜʝʥ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ.    

ɺ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʤʳ ʩʦʩʨʝʜʦʪʦʯʠʣʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʦʜʥʦʛʦ ʠʟ ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʭ ʤʦʨʬʦʥʦʚ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʝʛʦ ʦʪʣʠʯʠʡ ʩʦ 

ʩʤʝʞʥʦ ʟʘʣʝʛʘʶʱʠʤ ʦʩʚʝʪʣʝʥʥʳʤ ʧʝʩʯʘʥʳʤ ʘʣʣʶʚʠʝʤ, ʧʦ ʩʚʦʡʩʪʚʘʤ ʥʘʧʦʤʠʥʘʶʱʠʤ ʢʘʥʘʣ 

ʜʝʛʘʟʘʮʠʠ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ï ʢʨʫʧʥʝʡʰʝʡ ʩʫʭʦʜʦʣʴʥʦʡ ʚʧʘʜʠʥʝ 

ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʠʬʪʘ, ʚ ʢʦʪʦʨʦʡ ʦʪʤʝʯʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ [1], 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʚʳʭʦʜ ʩʚʦʙʦʜʥʳʭ ʛʘʟʦʚ [2], ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʫʩʪʘʷ ʩʝʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʨʘʟʣʦʤʦʚ ʠ ʨʘʟʛʨʫʟʢʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʢʫʣʴʜʫʨʩʢʦʛʦ ʪʠʧʘ [4]. 
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ʋʯʘʩʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʫ. ʂʫʯʝʛʵʨ, ʚ 100-500 ʤ ʶʞʥʝʝ 

ʂʫʯʝʛʵʨʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʠʥʝʡʥʳʭ ʧʦʚʳʰʝʥʠʡ ï ʙʝʨʝʛʦʚʳʭ ʚʘʣʦʚ 

ʦʩʥʦʚʥʦʛʦ ʙʦʣʦʪʥʦʛʦ ʤʘʩʩʠʚʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʢʦʣʣʝʢʪʦʨʦʤ ʚʦʜ ʠʟ ʛʨʠʬʦʥʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʚʦʜ, ʠ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪʰʥʫʨʦʚʘʥʥʳʭ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʧʦʥʠʞʝʥʠʡ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʨʘʚʥʠʥʳ ʨ. ʀʥʜʠʭʵʥ (ʨʠʩ. 1). ʇʦ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʙʝʨʝʛʦʚʳʝ ʚʘʣʳ, ʘ ʪʘʢʞʝ ʚʘʣʳ-ʦʩʪʨʦʚʘ 

ʚ ʙʦʣʦʪʥʦʤ ʤʘʩʩʠʚʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚʦʟʣʝ ʩʫʙʘʢʚʘʣʴʥʳʭ ʛʨʠʬʦʥʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ [ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2023] ʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʭ ʨʘʟʛʨʫʟʢʠ. 

ʆʙʲʝʢʪʦʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʪʫʧʠʣ ʧʨʦʬʠʣʴ ʪʨʘʥʰʝʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 

ʜʣʠʥʘʭ 1840 ʠ 1880 ʤ (ʨʠʩ. 2). ʄʝʩʪʦ ʟʘʢʣʘʜʢʠ ʧʦʯʚʝʥʥʦʡ ʪʨʘʥʰʝʠ (ʂɼ-3) ï ʫʟʢʠʡ ʧʝʨʝʰʝʝʢ 

ʤʝʞʜʫ ʂʫʯʝʛʵʨʩʢʠʤ ʙʦʣʦʪʦʤ ʠ ʥʝʙʦʣʴʰʠʤ ʟʘʤʢʥʫʪʳʤ ʟʘʙʦʣʦʯʝʥʥʳʤ ʧʦʥʠʞʝʥʠʝʤ, 

ʦʪʜʝʣʝʥʥʳʤ ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ (54Á52'44,8" ʩ.ʰ., 110Á59'59,2" ʚ.ʜ.). ʇʝʨʝʰʝʝʢ ʰʠʨʠʥʦʡ 

ʦʢʦʣʦ 20 ʤ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʦʢʦʥʪʫʨʝʥ ʜʚʫʤʷ ʚʳʩʪʫʧʘʶʱʠʤʠ ʙʝʨʝʛʦʚʳʤʠ ʚʘʣʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʦʚʘʥʳ ʧʫʪʝʤ ʢʨʠʦʛʝʥʥʦʛʦ ʚʳʪʘʣʢʠʚʘʥʠʷ ʚʝʨʭʥʠʭ ʩʝʟʦʥʥʦ-ʧʨʦʤʝʨʟʘʶʱʠʭ ʩʣʦʝʚ ʠʟ 

ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʧʨʦʩʘʜʦʢ ʩʦ ʩʢʨʳʪʦʡ ʨʘʟʛʨʫʟʢʦʡ ʛʠʜʨʦʪʝʨʤ. 

 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʝʩʪʘ ʟʘʢʣʘʜʢʠ ʪʨʘʥʰʝʠ ʂɼ-3 

ʄʦʨʬʦʣʦʛʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʥʘ ʠʟʫʯʝʥʥʦʤ ʦʪʨʝʟʢʝ ʪʨʘʥʰʝʠ ʠʤʝʝʪ ʚʝʩʴʤʘ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʯʝʨʪʳ (ʨʠʩ. 2). ʇʨʠʚʳʯʥʘʷ ʧʦʯʚʝʥʥʘʷ ʩʣʦʠʩʪʦʩʪʴ ʟʜʝʩʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ. ɺʤʝʩʪʦ ʥʝʝ ʚʳʨʘʞʝʥʳ ʚʝʨʪʠʢʘʣʴʥʦ ʚʦʩʭʦʜʷʱʠʝ ʪʝʤʥʦ-ʩʝʨʳʝ, ʧʦʯʪʠ ʯʝʨʥʳʝ 

ʤʦʨʬʦʥʳ, ʯʝʤ-ʪʦ ʥʘʧʦʤʠʥʘʶʱʠʝ ʢʨʠʦʛʝʥʥʳʝ ʢʣʠʥʴʷ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʦʰʣʘ ʟʘʩʳʧʢʘ 

ʚʳʩʦʢʦʛʫʤʫʩʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ ʤʝʨʟʣʦʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʠʥʴʝʚ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʩʦʤʥʠʪʝʣʴʥʦ, ʪ.ʢ. ʛʨʫʥʪʳ ʧʦʜʦʛʨʝʚʘʶʪʩʷ ʛʠʜʨʦʪʝʨʤʘʤʠ ʠ ʧʨʦʤʝʨʟʘʶʪ ʣʠʰʴ ʥʘ 

ʥʝʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ. ʅʘ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʪʨʘʥʰʝʠ, ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʩ ʙʦʣʦʪʦʤ ʧʦʟʠʮʠʠ ʥʘʤʠ 

ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʪʦʥʢʘʷ (2 ʩʤ) ʧʨʦʩʣʦʡʢʘ ʦʩʪʘʪʦʯʥʦʡ ʤʝʨʟʣʦʪʳ ʥʘ ʛʣʫʙʠʥʝ 60 ʩʤ, ʥʠʞʝ 

ʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ. ʇʨʠʤʝʨʥʦ ʥʘ ʪʘʢʦʡ ʞʝ ʛʣʫʙʠʥʝ (50-55 ʩʤ) ʥʘʭʦʜʠʣʠ 

ʧʨʦʩʣʦʠ ʦʩʪʘʪʦʯʥʦʡ ʤʝʨʟʣʦʪʳ ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʂʫʯʝʛʵʩʢʦʛʦ ʙʦʣʦʪʘ ʠ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʦʪʜʘʣʝʥʠʠ, ʥʘ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʝ (80 ʩʤ). ʉʘʤ ʤʘʪʝʨʠʘʣ, ʟʘʧʦʣʥʷʶʱʠʡ ʷʟʳʢ-çʪʨʝʱʠʥʫè, 

ʨʝʟʢʦ ʦʪʣʠʯʘʣʩʷ ʦʪ ʚʝʨʭʥʝʛʦ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʪ.ʝ. ʥʝ ʤʦʛ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʩʳʧʢʠ. 

ʆʪʣʠʯʘʣʩʷ ʦʥ ʠ ʦʪ ʣʶʙʳʭ ʠʟʚʝʩʪʥʳʭ ʥʘʤ ʛʫʤʫʩʠʨʦʚʘʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʣʦʝʚ, ʠʤʝʣ 

ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʡ ʩʦʩʪʘʚ, ʩʭʦʜʥʳʡ ʩ ʧʦʜʪʘʷʚʰʠʤ ʙʠʪʫʤʦʤ, ʩʠʣʴʥʦ ʪʚʝʨʜʝʣ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʢʘʤʝʥʝʣ ʧʨʠ ʚʳʩʳʭʘʥʠʠ, ʪʨʝʩʢʘʣʩʷ ʠ ʜʨʦʙʠʣʩʷ ʥʘ ʧʨʦʯʥʳʝ ʦʩʪʨʦʫʛʦʣʴʥʳʝ ʘʛʨʝʛʘʪʳ. 
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ʈʠʩʫʥʦʢ 2. ʌʨʘʛʤʝʥʪ ʚʦʩʪʦʯʥʦʛʦ ʬʣʘʥʛʘ ʧʦʯʚʝʥʥʦʡ ʪʨʘʥʰʝʠ, ʧʨʦʬʠʣʴʥʦʝ ʩʣʦʞʝʥʠʝ ʧʦʯʚʳ ʥʘ ʦʪʨʝʟʢʝ 18-19 ʤ ʠ 

ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ 

ʅʝʬʪʝʙʠʪʫʤʥʘʷ ʧʨʦʧʠʪʢʘ ʠ/ʠʣʠ ʘʢʢʫʤʫʣʷʮʠʷ ʛʠʜʨʦʪʨʦʠʣʠʪʘ ʚ ʤʦʨʬʦʥʝ ʘʥʘʣʠʪʠʯʝʩʢʠ ʥʝ 

ʧʦʜʪʚʝʨʜʠʣʘʩʴ, ʧʦʵʪʦʤʫ ʝʛʦ ʛʝʥʝʟʠʩ ʠ ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʥʘʤ ʥʝʷʩʥʳʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʦʯʝʥʴ ʙʦʛʘʪʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ (ʨʠʩ. 3), ʚʝʩʴʤʘ ʩʠʣʴʥʦ 

ʦʪʣʠʯʥʳʡ ʦʪ ʬʦʥʦʚʳʭ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʧʦʯʚ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ɿʜʝʩʴ 

ʚʳʜʝʣʷʶʪʩʷ ʤʠʥʝʨʘʣʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʦʨʦʜ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʘʤʬʠʙʦʣʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʠʩʘ. ʂʚʘʨʮ, ʢʘʣʠʝʚʳʝ ʧʦʣʝʚʳʝ 

ʰʧʘʪʳ, ʢʠʩʣʳʝ ʧʣʘʛʠʦʢʣʘʟʳ (ʘʣʴʙʠʪ, ʦʣʠʛʦʢʣʘʟ), ʠʣʴʤʝʥʠʪ, ʮʠʨʢʦʥ, ʪʠʪʘʥʠʪ, ʤʫʩʢʦʚʠʪ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʨʘʥʠʪʦʠʜʥʳʭ ʧʦʨʦʜ (ʛʨʘʥʠʪʳ, ʛʨʘʥʦʩʠʝʥʠʪʳ, ʧʝʛʤʘʪʠʪʳ). ʊʘʢʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʢʘʢ ʛʘʩʪʠʥʛʩʠʪ, ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʘʥʜʝʟʠʥ, ʜʠʦʧʩʠʜ, ʘʧʘʪʠʪ, ʭʨʦʤʠʪ, ʪʠʪʘʥʠʪ, ʮʠʨʢʦʥ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʙʘʟʠʪʦʚʳʭ ʧʦʨʦʜ. ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʤʠʥʝʨʘʣʳ, ʪʨʝʤʦʣʠʪ, ʘʢʪʠʥʦʣʠʪ, 

ʵʧʠʜʦʪ, ʤʫʩʢʦʚʠʪ, ʙʘʨʠʪ ʤʦʛʣʠ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ ʧʦʨʦʜʘʭ ʧʨʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʆʢʩʠʜʳ ʧʦ ʩʦʩʪʘʚʫ ʚʘʨʴʠʨʫʶʪ, ʥʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʝʤʥʝʟʝʤʘ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʣʝʚʳʤ ʰʧʘʪʘʤ, ʨʝʞʝ ʢ ʩʣʶʜʘʤ, ʚ 

ʝʜʠʥʠʯʥʦʤ ʩʣʫʯʘʝ ʚʩʪʨʝʯʘʝʪʩʷ ʦʢʩʠʜ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ (60 ʤʘʩ.% CuO). ʅʘ 

ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʚ ʧʦʯʚʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʱʝʣʦʯʥʦʡ ʘʤʬʠʙʦʣ, ʙʣʠʟʢʠʡ ʧʦ ʩʦʩʪʘʚʫ ʢ 

ʢʘʪʦʬʦʨʠʪʫ (Na2CaFe4
2+

(Fe
3+

, A1) [(ʆʅ, F)2|IAlSi7O22]). ʄʠʥʝʨʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʦʙʳʯʥʦʤ ʢʘʪʦʬʦʨʠʪʝ ʚ 2 ʠ ʙʦʣʝʝ ʨʘʟʘ.  ʑʝʣʦʯʥʳʝ ʘʤʬʠʙʦʣʳ (ʢʘʪʦʬʦʨʠʪ ʠ ʨʠʭʪʝʨʠʪ), ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʪʨʘʭʠʪʘʭ, ʬʦʥʦʣʠʪʘʭ, ʞʘʜʝʠʪʘʭ (ʱʝʣʦʯʥʳʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ), ʧʝʛʤʘʪʠʪʘʭ ʠ ʢʘʨʙʦʥʘʪʠʪʘʭ.  
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ʈʠʩʫʥʦʢ 3. ɺʥʝʰʥʠʡ ʚʠʜ ʘʛʨʝʛʘʪʦʚ ʠ ʯʘʩʪʠʮ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʟ ʢʣʠʥʘ 

ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʦʛʦ ʤʦʨʬʦʥʘ (IMP 1840 ʩʤ) ʠ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʦʩʚʝʪʣʝʥʥʦʛʦ ʧʝʩʯʘʥʦʛʦ ʢʘʥʘʣʘ ʜʝʛʘʟʘʮʠʠ 

(1880 ʩʤ) 

ʇʦʷʚʣʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʤʬʠʙʦʣʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʠʚʥʦʩʦʤ ʠʟ 

ʨʘʟʨʫʰʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʣʠʙʦ ʩ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʤʬʠʙʦʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʠʭ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ 

ʦʩʦʙʦ ʚʳʜʝʣʠʪʴ ʱʝʣʦʯʥʳʝ (ʢʘʪʦʬʦʨʠʪ ʠ ʨʠʭʪʝʨʠʪ), ʧʦʩʪʫʧʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʜʘʥʥʫʶ ʣʦʢʘʮʠʶ 

ʠʟ ʛʦʨʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ɹʘʨʛʫʟʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʧʠʪʘʶʱʝʛʦ ʧʦʟʠʮʠʶ ʘʣʣʶʚʠʝʤ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʤ ʚʝʩʴʤʘ ʩʦʤʥʠʪʝʣʴʥʳʤ. ʊʘʢʞʝ ʤʘʣʦʚʝʨʦʷʪʥʦ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ in situ. ʅʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʣʝʝ ʣʦʛʠʯʥʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʵʪʠʭ ʘʤʬʠʙʦʣʦʚ ʩ 

ʛʨʷʟʝʚʳʤʠ ʤʘʩʩʘʤʠ ʧʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʨʘʟʣʦʤʘʤ ʠ ʪʨʝʱʠʥʘʤ ʚʤʝʩʪʝ ʩ ʚʦʩʭʦʜʷʱʠʤʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʚʦʜʘʤʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʥʜʦʛʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚʝʱʝʩʪʚ ʩʣʫʞʘʪ 

ʩʣʝʜʫʶʱʠʝ ʧʦʯʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ (ʨʠʩ. 3):  

1) ɺ ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʦʤ ʤʦʨʬʦʥʝ (ʜʣʠʥʘ ʪʨʘʥʰʝʠ 1840) ʥʘ ʛʣʫʙʠʥʝ 20-40 ʠ 40-60 ʩʤ 

ʫʩʪʘʥʦʚʣʝʥʘ ʵʢʩʪʨʘʘʥʦʤʘʣʠʷ ʬʪʦʨʘ: ʝʛʦ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʚʳʰʘʝʪ ʣʠʪʦʩʬʝʨʥʳʡ 

ʢʣʘʨʢ ʚ 149-272 ʨʘʟʘ. ʃʦʢʘʣʴʥʘʷ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʘʢʢʫʤʫʣʷʮʠʶ ʵʥʜʦʛʝʥʥʳʭ ʛʘʟʦʚ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ ʧʦ ʢʘʥʘʣʘʤ ʠʭ ʨʘʟʛʨʫʟʢʠ. 
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2) ɺ ʵʪʠʭ ʞʝ ʦʙʨʘʟʮʘʭ ʦʪʤʝʯʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʩʦʜʝʨʞʘʥʠʡ ʠ ʘʥʦʤʘʣʠʷ ʤʘʨʢʝʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʨʘʟʛʨʫʟʦʢ - ʚʦʣʴʬʨʘʤʘ (ʚ 13,1-43,5 ʨʘʟ ʚʳʰʝ ʢʣʘʨʢʘ) ʠ ʩʝʨʳ. ɺʘʣʦʚʘʷ S 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʥʝʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʱʠʭ (ʚ 1,4-1,9 ʨʘʟʘ) ʢʣʘʨʢ, ʥʦ ʥʘ 

ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʚ ʩʦʩʝʜʥʝʤ ʧʝʩʯʘʥʦʤ ʤʦʨʬʦʥʝ (1880 ʩʤ), ʛʜʝ ʧʦ ʚʩʝʤ ʛʣʫʙʠʥʘʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (ʚ 0,1-0,2 ʨʘʟʘ) ʢʣʘʨʢʘ. ʆʯʝʥʴ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʝʨʳ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʬʦʥʦʚʳʭ ʧʦʯʚ ʨʝʛʠʦʥʘ ʚ ʮʝʣʦʤ. 

3) ʂʘʥʘʣʳ ʨʘʟʛʨʫʟʢʠ ʣʝʛʢʦ ʚʳʜʝʣʷʶʪʩʷ ʚ ʧʨʦʬʠʣʝ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʠʟʫʘʣʴʥʦ ʧʦ ʦʩʚʝʪʣʝʥʠʶ ʮʚʝʪʘ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠ ʧʦ ʣʝʛʢʦʤʫ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʣʦʞʝʥʠʷ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʤʠ ʧʫʪʷʤʠ ʧʨʦʭʦʞʜʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʚ ʚʠʜʝ ʧʘʨʘ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʥʠʤ ʦʯʝʥʴ ʪʷʞʝʣʳʝ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʠ ʩʫʛʣʠʥʠʩʪʳʝ ʠ 

ʛʣʠʥʠʩʪʳʝ ʪʝʤʥʦʮʚʝʪʥʳʝ ʤʦʨʬʦʥʳ ʚʳʩʪʫʧʘʶʪ ʩʚʦʝʛʦ ʨʦʜʘ ʥʘʢʦʧʠʪʝʣʷʤʠ, ʪ.ʢ. 

ʢʦʥʜʝʥʩʠʨʫʶʪ ʠ ʫʜʝʨʞʠʚʘʶʪ ʚ ʩʝʙʝ ʯʘʩʪʴ ʧʨʦʭʦʜʷʱʝʛʦ ʵʥʜʦʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ 

ʘʢʢʫʤʫʣʷʮʠʝʡ ʠʭ ʚʧʣʦʪʴ ʜʦ ʘʥʦʤʘʣʴʥʳʭ ʠ ʵʢʩʪʨʘʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʄʝʭʘʥʠʟʤ ʣʦʢʘʣʴʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʘʤʬʠʙʦʣʦʚ, 

ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʭ ʧʦʨʦʜʥʦʤʫ ʩʦʩʪʘʚʫ ʛʦʨʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ, ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪ.ʢ. ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 
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ɸʥʥʦʪʘʮʠʷ. ʈʫʜʥʳʡ ʤʘʪʝʨʠʘʣ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ɸʢʘʪʫʝʚʩʢʦʛʦ ʠ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʧʦʩʪʝʧʝʥʥʦ ʦʢʠʩʣʷʝʪʩʷ, ʚʳʤʳʚʘʷʩʴ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʚʠʜʝ ʚʪʦʨʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ɼʘʥʥʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʦʙʨʘʤʣʝʥʠʷ ʭʚʦʩʪʦʚ 

ʦʙʦʛʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʯʚ ʥ.ʧ. ɻʦʨʥʳʡ ɿʝʨʝʥʪʫʡ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʤ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, 

ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ 

 

Impact assessment of mineral material of tailings dumps of Akatuevsky and Blagodatsky mines on the 

chemical composition of soils in the vicinity of the mines 

Tsyrenov T.G., Filenko R.A. 

Institute of Natural Resources, Ecology and Cryology SB RAS, Chita, Russia, e-mail: master.of.pistols@mail.ru 

 

Abstract. Ore material of tailings of Akatuevsky and Blagodatsky mines under the action of water flows is 

gradually oxidized, leaching into the surrounding space in the form of secondary compounds of heavy metals. The data 

of thermal and chemical analyses of soil samples of the tailings framing, as well as soils of Gornyi Zerentui settlement 

may indicate the presence of contamination by tailings material. 

Keywords: tailings, thermal analysis, chemical composition, mineral composition, oxidation processes 

 

ɿʘ ʧʦʣʫʚʝʢʦʚʦʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ɸʢʘʪʫʝʚʩʢʠʡ ʠ ɹʣʘʛʦʜʘʪʩʢʠʡ ʨʫʜʥʠʢʠ ʥʘʢʦʧʠʣʠ 

ʪʝʭʥʦʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʲʝʤʦʤ 500 ʪʳʩ. ʤ
3 
(1374 ʪʳʩ. ʪ) ʠ 747 ʪʳʩ. ʤ

3
 (2017,4 ʪʳʩ. ʪ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʥʠʤʘʝʤʘʷ ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʙʳʚʰʝʛʦ ɸʢʘʪʫʝʚʩʢʦʛʦ ɻʆʂ 

15 ʛʘ, ʙʳʚʰʝʛʦ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ɻʆʂ ï 37 ʛʘ. ʅʘ ʤʦʤʝʥʪ 1997 ʛ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʘʧʘʩʳ ʧʦʣʝʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʩʪʘʚʣʷʣʠ: ʦʪʚʘʣʳ ɸʢʘʪʫʝʚʩʢʦʛʦ ʨʫʜʥʠʢʘ Pb ï 3704 ʪ; Zn ï 8348 ʪ; Ag ï 25,5 ʪ; 

Au ï 0,44 ʪ; Cd ï 1,8 ʪ, ʦʪʚʘʣʳ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʘ Pb ï 12 ʪʳʩ. ʪ; Zn ï 23 ʪʳʩ. ʪ; Cd ï 173 

ʪ; Ag ï 37,5 ʪ; Au ï 0,47 ʪ. [ʍʘʨʠʪʦʥʦʚ ʠ ʜʨ., 1998]. 

ʀʟ ʦʧʠʩʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ɸʢʘʪʝʚʩʢʦʛʦ ʠ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʨʙʦʥʘʪʥʳʝ ʤʠʥʝʨʘʣʳ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ɸʢʘʪʫʝʚʩʢʦʛʦ ʨʫʜʥʠʢʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʣʴʮʠʪʦʚʳʤʠ ʨʘʟʥʦʩʪʷʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ 

ʦʙʨʘʟʮʘʤʠ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʘ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʣʦʤʠʪʦʚʳʤʠ. ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʨʘʙʦʪʳ 

ʧʦ ʠʟʫʯʝʥʠʶ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʣʷ 

ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʪʝʭʥʦʛʨʫʥʪʘʭ ɸʢʘʪʫʝʚʩʢʦʛʦ ʠ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʚ ʦʪʦʙʨʘʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʪʝʭʥʦʛʨʫʥʪʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 30 ʜʦ 45 %. ʉʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʠʜʦʚ ʚ ʦʙʨʘʟʮʘʭ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5-10 % [ʌʠʣʝʥʢʦ, ʖʨʛʝʥʩʦʥ, 2017; ʎʳʨʝʥʦʚ, 

ʌʠʣʝʥʢʦ, 2022].  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1 ʛʨʘʬʠʢʠ ʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʦʟʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʠ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʘʣʴʮʠʪʦʚʦ-ʘʥʛʣʝʟʠʪʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʘʨʙʦʥʘʪʦʚ ʜʣʷ ʧʨʦʙ ɸʢʘʪʫʝʚʩʢʦʛʦ ʨʫʜʥʠʢʘ, ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʣʦʤʠʪʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ï ʜʣʷ ʧʨʦʙ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʘ.  

ʈʘʥʥʝ-, ʠ ʩʨʝʥʜʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ ʦʙʨʘʟʮʘʭ ɸʢʘʪʫʝʚʩʢʦʛʦ ʠ 

ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʚ ʥʘʚʝʩʢʘʭ ʨʘʟʣʠʯʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʦʢʩʠʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ 

ʯʘʩʪʠʮ ʠʟʥʘʯʘʣʴʥʳʭ ʨʫʜ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʨʫʜʥʠʢʦʚ. ʀʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʪʝʭʥʦʛʨʫʥʪʦʚ 

ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʘ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʩʫʣʴʬʦʩʦʣʝʡ, ʚʝʨʦʷʪʥʦ 

ʩʚʠʥʮʦʚʦ-ʩʫʨʴʤʷʥʦʛʦ ʩʦʩʪʘʚʘ. ʊʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʠʩʧʘʨʝʥʠʷ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʘʤʠ ʜʠʩʩʦʮʠʘʮʠʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ 

ʩʫʣʴʬʘʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʠʧʩʦʚ [ʌʠʣʝʥʢʦ, ʖʨʛʝʥʩʦʥ, 2017]. 
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ʈʠʩʫʥʦʢ 1. ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʙ ʪʝʭʥʦʛʨʫʥʪʘ ʠʟ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ɸʢʘʪʫʝʚʩʢʦʛʦ ʠ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʦʚ. 

ʎʠʬʨʘʤʠ: 1 ï ɹʣʘʛʦʜʘʪʩʢʠʡ ʨʫʜʥʠʢ, 2 ï ɸʢʘʪʫʝʚʩʢʠʡ ʨʫʜʥʠʢ 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʛʣʘʩʫʶʪʩʷ ʢʘʢ ʩ ʜʘʥʥʳʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʦʙʨʘʟʮʦʚ ʪʝʭʥʦʛʨʫʥʪʘ ʨʫʜʥʠʢʦʚ, ʪʘʢ ʠ ʩʦ ʩʚʝʜʝʥʠʷʤʠ ʦ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʭʚʦʩʪʦʚ 

ʦʙʦʛʘʱʝʥʠʷ. ʊʘʢ, ʚ ʧʨʦʙʘʭ ʦʪʤʝʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ ʭʘʣʴʢʦ- ʠ 

ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ As ï 8757 ʛ/ʪ ʠ 8015 ʛ/ʪ, Pb ï 3328 ʛ/ʪ ʠ 7124 ʛ/ʪ, Zn ï 9312 ʛ/ʪ 

ʠ 15924 ʛ/ʪ, Cd ï 48 ʛ/ʪ ʠ 77 ʛ/ʪ; Cu ï 256 ʛ/ʪ ʠ 176 ʛ/ʪ; Sb ï 47,8 ʛ/ʪ ʠ 323 ʛ/ʪ; Fe ï 8,75% ʠ 

10,1%. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʦʮʝʥʪʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ: Al ï 1,58 ʠ 0,62%, Ca ï 16,2 ʠ 17,3%, Cr ï 35,2 ʠ 51,8%, Li ï 43,4 ʠ 

1,2%, Mg ï 3,8 ʠ 7,4% 

ɸʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ɸʢʘʪʫʝʚʩʢʦʛʦ ʨʫʜʥʠʢʘ ʧʦʢʘʟʘʣ 

ʥʘʣʠʯʠʝ ʩʣʝʜʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ (ʧʦ ʫʙʳʚʘʥʠʶ ʧʦ ʚʩʪʨʝʯʘʝʤʦʩʪʠ): ʧʠʨʠʪ, ʛʘʣʝʥʠʪ, 

ʘʨʩʝʥʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, ʧʣʘʪʥʝʨʠʪ, ʧʠʨʨʦʪʠʥ, ʢʘʣʴʮʠʪ, ʂʇʐ. ʆʙʨʘʟʮʳ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ 

ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʘ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʣʝʜʫʶʱʠʝ ʤʠʥʝʨʘʣʳ: ʧʠʨʠʪ, ʙʫʣʘʥʞʝʨʠʪ, 

ʘʨʩʝʥʦʧʠʨʠʪ, ʠʦʨʜʘʥʠʪ, ʩʬʘʣʝʨʠʪ, ʜʦʣʦʤʠʪ, ʛʘʣʝʥʠʪ, ʮʝʨʫʩʩʠʪ, ʧʣʘʪʥʝʨʠʪ, ʢʚʘʨʮ, ʘ ʪʘʢʞʝ 

ʦʢʠʩʣʳ ʨʫʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʪʝʭʥʦʛʨʫʥʪʦʚ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ɸʢʘʪʫʝʚʩʢʦʛʦ ʠ 

ɹʣʘʛʦʜʪʩʢʦʛʦ ʨʫʜʥʠʢʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: ʠʩʭʦʜʥʳʝ ʩʫʣʴʬʠʜʳ ï ʩʫʣʴʬʘʪʳ 

ʤʝʪʘʣʣʦʚ ï ʢʘʨʙʦʥʘʪʳ ʤʝʪʘʣʣʦʚ ï ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ. ʉ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʤ 

ʩʦʩʪʘʚʝ ʢʘʨʙʦʥʘʪʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʜʘʥʥʳʡ ʬʘʢʪ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ 

ʠʟʤʝʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʨʫʜʥʠʢʦʚ. 

ɻʨʘʬʠʢʠ ʪʝʨʤʦʛʨʘʤʤ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʚ ʦʙʨʘʤʣʝʥʠʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ɸʢʘʪʫʝʚʩʢʦʛʦ ʠ 

ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʝʣʠʪʝʙʥʳʭ ʧʦʯʚ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ (ʥ.ʧ.) ɻʦʨʥʳʡ 

ɿʝʨʝʥʪʫʡ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʘʨʙʦʥʘʪʦʚ ʠ ʦʢʩʠʜʦʚ ï 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʨʫʜʥʳʭ ʯʘʩʪʠʮ. ʉʨʘʚʥʝʥʠʝ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʯʘʩʪʠʮ ʩʠʜʝʨʠʪʦ-ʩʤʠʪʩʦʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʦʙʨʘʟʮʘʭ ʧʦʯʚ 

ʦʙʨʘʤʣʝʥʠʷ ɸʢʘʪʫʝʚʩʢʦʛʦ ʨʫʜʥʠʢʘ. ɼʘʥʥʳʝ ʧʦ ʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʘʤ ɹʣʘʛʦʜʘʪʩʢʦʛʦ 

ʨʫʜʥʠʢʘ ʧʦʢʘʟʘʣʠ ʨʘʟʣʠʯʠʷ ʚ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʤ ʚʘʣʦʚʦʤ ʩʦʩʪʘʚʝ ʦʙʨʘʟʦʚ (ʨʠʩʫʥʦʢ 2). 

ɼʘʥʥʳʝ ʦʙʨʘʟʮʘ ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʦʛʦ ʚ 30 ʤ ʦʪ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, ʧʦʢʘʟʘʣʠ 

ʪʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʘʣʶʤʦʩʠʣʠʢʠʪʥʦʛʦ ʨʷʜʘ ʚ ʩʣʫʯʘʝ ʩ 

ʨʘʥʥʠʤʠ ʪʝʨʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ, ʠ ʤʠʥʝʨʘʣʦʚ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʷʜʘ ʜʣʷ 

ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʝʘʢʮʠʡ ʜʠʩʩʦʮʠʘʮʠʠ. [ʀʚʘʥʦʚʘ ʠ ʜʨ., 1974]. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʛʨʘʬʠʢʘʤʠ ʧʦʯʚʳ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ, ʦʙʨʘʟʝʮ, ʦʪʦʙʨʘʥʥʳʡ ʚ 
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ʨʘʡʦʥʝ ʣʝʚʦʛʦ ʙʦʨʪʘ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ, ʧʦʢʘʟʘʣ ʪʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʤʠʥʝʨʘʣʦʚ ʠʟ ʨʷʜʘ ʦʢʩʠʜʦʚ, ʚʝʨʦʷʪʥʦ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʯʘʩʪʠʮ 

ʥʝʧʝʨʘʙʦʪʘʥʥʳʭ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʨʫʜ. ʄʘʣʳʝ ʧʦʟʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ ʚ ʥʘʚʝʩʢʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʣʠʯʠʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʯʘʩʪʠʮ ʤʠʥʝʨʘʣʦʚ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʷʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʝʜʝʥʠʷ ʦ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʤ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʧʦʯʚ ʚ ʦʙʨʘʤʣʝʥʠʠ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʚ ʮʝʣʦʤ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʜʘʥʥʳʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʧʦʯʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʚ 

ʨʘʤʢʘʭ ʪʝʢʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʘʢʠʭ ʣʠʪʦ- ʠ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ 

As (796 ʠ 150 ʛ/ʪ), Pb (879 ʠ 321 ʛ/ʪ), Zn (1288 ʠ 470 ʛ/ʪ) Al (6,7% ʠ 7,2%) ʠ Ca (3,4% ʠ 1,8%).  

 

ʈʠʩʫʥʦʢ 2. ʊʝʨʤʦʛʨʘʤʤʘ ʧʨʦʙ ʧʦʯʚ ʦʙʨʘʤʣʝʥʠʷ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʘ. ʎʠʬʨʘʤʠ: 1 ï 

ʦʙʨʘʟʝʮ 19/5 (ʨʘʡʦʥ ʧʨʘʚʦʛʦ ʙʦʨʪʘ), 2 ï ʦʙʨʘʟʝʮ 20/8 (ʨʘʡʦʥ ʣʝʚʦʛʦ ʙʦʨʪʘ) 

ʊʝʨʤʦʛʨʘʤʤʘ ʩʝʣʠʪʝʙʥʳʭ ʧʦʯʚ ʠʟ ʥ.ʧ. ɻʦʨʥʳʡ ɿʝʨʝʥʪʫʡ ʧʦ ʦʙʱʝʤʫ ʨʠʩʫʥʢʫ ʪʝʨʤʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʥʘʧʦʤʠʥʘʝʪ ʧʨʦʙʫ ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʫʶ ʚ ʨʘʡʦʥʝ ʣʝʚʦʛʦ ʙʦʨʪʘ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʡ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠʟʤʝʨʷʝʤʦʡ 

ʥʘʚʝʩʢʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʭʦʜʥʦʤ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʫʜʘʣʝʥʥʦʩʪʴ ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ ʩʝʣʠʪʝʙʥʳʭ ʧʦʯʚ ʦʪ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ 

(ʧʦʨʷʜʢʘ 2-2,5 ʢʤ ʦʪ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʘ), ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʚ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʩʝʣʠʪʝʙʥʳʭ ʧʦʯʚ ʪʘʢʠʭ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʢʘʢ As (260 ʛ/ʪ), Pb (459 ʛ/ʪ) ʠ 

Zn (713 ʛ/ʪ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʵʣʝʤʝʥʪʦʚ 

ʦʢʨʝʩʪʥʦʩʪʝʡ ɹʣʘʛʦʜʘʪʩʢʦʛʦ , ʘ ʪʘʢʞʝ ʠ ɸʢʘʪʫʝʚʩʢʦʛʦ ʨʫʜʥʠʢʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʙʘʭ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʜʝʨʞʘʥʠʝ 

ʩʫʣʴʬʘʪ-ʠʦʥʦʚ (SO4
2-
), ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ (HCO3

-
) ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ pH, ʯʪʦ 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʚʳʟʚʘʥʦ ʜʠʩʩʦʮʠʘʮʠʝʡ ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʦʪʚʘʣʦʚ 

ʨʫʜ ʠ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ɸʢʘʪʫʝʚʩʢʦʛʦ ʠ ɹʣʘʛʦʜʘʪʩʢʦʛʦ ʨʫʜʥʠʢʦʚ [ʏʝʯʝʣʴ, ɿʘʤʘʥʘ, 2019].  

ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʦʥʳ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʠʟ ʥʝʧʝʨʘʙʦʪʘʥʥʳʭ ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʳʭ ʨʫʜ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʩʝʜʘʶʪ ʚ ʙʣʠʟʣʝʞʘʱʠʭ ʧʦʯʚʘʭ, ʟʘʛʨʷʟʥʷʷ ʝʸ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʤʝʥʥʦ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʚʨʝʤʝʥʥʳʤʠ ʠ ʧʦʩʪʦʷʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʨʫʜ ʠ ʪʝʭʥʦʛʨʫʥʪʦʚ, ʘ ʥʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʝʨʝʥʦʩ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʝʨʝʥʦʩʘ ʧʦ ʵʣʝʤʝʥʪʘʤ ʩʠʩʪʝʤʳ çʛʦʨʥʘʷ ʧʦʨʦʜʳ/ʨʫʜʳ ï ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ï 

ʧʦʯʚʳè. 
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Abstract. The work is devoted to the study of the process of anthropogenic mineralization in the water supply 
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ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʦʜʥʦʠʤʸʥʥʦʡ ʧʣʠʪʝ, ʛʜʝ ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʚʢʣʶʯʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʠ ʤʦʨʩʢʠʝ ʬʘʮʠʠ. 

ɾʝʣʝʟʦʨʫʜʥʳʝ ʬʦʨʤʘʮʠʠ, ʩʣʘʛʘʶʱʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ɹʘʢʯʘʨʩʢʦʝ (ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ) ʥʘ 

ʚʦʩʪʦʢʝ ʠ ʉʠʥʘʨʦ-ʊʝʯʝʥʩʢʦʝ (ʂʫʨʛʘʥʩʢʘʷ ʦʙʣʘʩʪʴ) ʥʘ ʟʘʧʘʜʝ ʠ ʜʨ., ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʤʝʣ-

ʧʘʣʝʦʛʝʥʦʚʦʝ ʚʨʝʤʷ. ɺʩʝ ʵʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʠʡ 

ʞʝʣʝʟʦʨʫʜʥʳʡ ʙʘʩʩʝʡʥ. ʉʘʤʠ ʨʫʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʞʝʣʝʟʦʥʦʩʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʦʦʣʠʪʦʚʦʛʦ 

ʛʪyʠʪ-ʛʠʜʨʦʛʸʪʠʪʦʚʦʛʦ ʠ ʛʣʘʫʢʦʥʠʪ-ʭʣʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɻʣʘʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʷʚʣʷʶʪʩʷ 

ʦʦʣʠʪʳ ï ʰʘʨʦʚʠʜʥʳʝ, ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʝ ʠʣʠ ʙʣʠʟʢʠʝ ʢ ʥʠʤ ʘʛʨʝʛʘʪʳ ʤʠʥʝʨʘʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʜʦʩʪʠʛʘʶʱʠʝ 2 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. 

ʀʩʪʦʯʥʠʢʦʤ ʞʝʣʝʟʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʦʣʠʪʦʚʳʭ ʨʫʜ ʚʳʩʪʫʧʘʣʠ ʨʝʯʥʳʝ ʠ ʙʦʣʦʪʥʳʝ ʚʦʜʳ 

(çʚʟʚʝʰʝʥʥʦʝ ʞʝʣʝʟʦè), ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ (çʨʘʩʪʚʦʨʝʥʥʦʝ ʞʝʣʝʟʦè ï ʛʨʫʥʪʦʚʳʝ, ʧʦʨʦʚʳʝ, 

ʢʘʪʘʛʝʥʥʳʝ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ) [5]. 

ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʪʘʢʞʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʦʜʥʦʠʤʝʥʥʳʡ ʘʨʪʝʟʠʘʥʩʢʠʡ ʙʘʩʩʝʡʥ, ʚʦʜʦʥʦʩʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʳ ʩ ʪʦʣʱʝʡ 

ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʟʦ-ʢʘʡʥʦʟʦʷ ʠ ʧʦʨʦʜʘʤʠ ʩʢʣʘʜʯʘʪʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʧʣʠʪʳ, ʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʞʝʣʝʟʥʳʭ ʨʫʜ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʦʛʨʦʤʥʳʭ ʤʘʩʩ ʚʦʜʳ ʯʝʨʝʟ 

ʭʦʨʦʰʦ ʧʨʦʥʠʮʘʝʤʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʝʨʝʢʨʳʪʳʭ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʛʣʠʥʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ. 

ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʴʥʦ ʦʙʚʦʜʥʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ 

ʜʚʫʭʵʪʘʞʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʦʙʲʝʜʠʥʷʶʱʠʤ ʜʚʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʦʥʳ: ʠʥʪʝʥʩʠʚʥʦʛʦ ʠ 

ʟʘʤʝʜʣʝʥʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ. ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʨʘʡʦʥʘ ɹʘʢʯʘʨʩʢʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʧʷʪʠ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ 
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ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʳʝ ʠ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Fe ʜʦ 10 ʤʛ/ʣ, ʘ ʪʘʢʞʝ Mn ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺʦʜʳ ʦʪ ʧʨʝʩʥʳʭ ʜʦ ʩʣʘʙʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ, ʧʦ ʩʦʩʪʘʚʫ ʦʪ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʢʘʣʴʮʠʝʚʳʭ ʜʦ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʥʘʪʨʠʝʚʳʭ ʠ ʜʘʞʝ ʭʣʦʨʠʜʥʳʭ 

ʥʘʪʨʠʝʚʳʭ [2, 3]. 

ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʦʭʚʘʪʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ, 

ʚr ʟʚʘʥʥʳʝ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ ʠ ʚ ʦʪʣʠʯʠʠ ʦʪ ʧʨʠʨʦʜʥʳʭ, ʦʥʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʘʩʪʦ ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʩʨʝʜʘʭ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ, 

ʩʠʩʪʝʤ rʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥʘʭ ʠ ʪ.ʜ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʥʦʩʷʪ ʵʪʦ ʢ 

ʧʨʦʮʝʩʩʘʤ ʛʠʜʨʦʛʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʪ.ʝ. ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤ ʨʝʛʠʦʥʘʣʴʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʣʦʢʘʭ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʛʤʘʪʠʟʤʦʤ. 

ʄʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʤʝʥʝ ʦʙʩʪʘʥʦʚʢʠ ʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʪʝʦʨʠʝʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ [1]. ʊʘʢʠʝ ʦʙʲʝʢʪʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʤʠ 

ʩʤʝʩʷʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʦʢʩʠʜʳ ʠ ʛʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ, ʢʘʨʙʦʥʘʪʳ (ʢʘʣʴʮʠʪ, ʘʨʘʛʦʥʠʪ) ʠ 

ʬʦʩʬʘʪʳ. ʕʪʠ ʦʩʘʜʢʠ ʚʳʚʦʜʷʪ ʠʟ ʨʘʩʪʚʦʨʘ ʥʝ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ (Fe, Mn, Ca), ʥʦ ʠ 

ʧʨʠʤʝʩʠ (Pb, Cu, Zn, Sr) [4]. ʇʨʦʮʝʩʩʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʩʭʦʞʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ 

ʞʝʣʝʟʥʳʭ ʦʭʨ ʠ ʦʩʘʜʦʯʥʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ ʤʦʜʝʣʴ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʨʫʜʦʛʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʧʦʢʘʟʘʪʴ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʠʜʨʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʳʭ ʞʝʣʝʟʦʥʦʩʥʳʭ ʦʩʘʜʢʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 

ʆʙʲʝʢʪʦʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʦʩʘʜʢʠ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʟʘʙʦʨʦʚ ʠʟ ʧʦʜʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʦʦʣʠʪʦʚʳʝ ʞʝʣʝʟʥʳʝ ʨʫʜʳ ɹʘʢʯʘʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʦʙʳ ʦʙʨʘʟʮʦʚ ʦʙʦʠʭ ʪʠʧʦʚ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʈʕʄ ʈʉʄɸ ʠ ʀʉʇ ʄʉ ʚ ʎʝʥʪʨʝ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʛʝʦʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤè ɻɻʌ ʊɻʋ.  

ʊʦʤʩʢʠʡ ʚʦʜʦʟʘʙʦʨ ʨʘʩʧʦʣʦʞʝʥ ʚ 10ï15 ʢʤ ʦʪ ʊʦʤʩʢʘ ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʧʣʠʪʳ. ʆʩʥʦʚʥʳʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʠ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʦʪʣʦʞʝʥʠʡ 

ʩʣʦʞʝʥʳ ʨʳʭʣʳʤʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʚʦʜʦʫʧʦʨʦʤ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚ ʧʘʣʝʦʛʝʥʝ ʨʘʟʚʠʪʳ ʥʘʧʦʨʥʳʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ 

ʩʢʚʘʞʠʥʘʤʠ ʛʣʫʙʠʥʦʡ 60ï100 ʤ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʦʜʦʟʘʙʦʨʘ 200ï220 ʪʳʩ.ʤ
3
/ʩʫʪ. 

ʈʘʟʚʠʪʳ ʟʜʝʩʴ ʚʦʜʳ ʧʨʝʩʥʳʝ ʩʣʘʙʦʱʝʣʦʯʥʳʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʢʘʣʴʮʠʝʚʳʝ ʠ ʦʪʣʠʯʘʶʪʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Fe, Ti, CO2. ʆʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʘʟʦʪʠʩʪʳʭ, ʢʨʝʤʥʠʩʪʳʭ ʠ ʬʦʩʬʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

[4]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʙʘʢʯʘʨʩʢʠʭ ʨʫʜ ʚʳʷʚʠʣʠ ʪʝʨʨʠʛʝʥʥʳʝ, ʘʫʪʠʛʝʥʥʳʝ ʠ 

ʛʣʠʥʠʩʪʳʝ ʢʦʤʧʣʝʢʩʳ. ʊʝʨʨʠʛʝʥʥʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʢʚʘʨʮʘ, ʤʘʛʥʝʪʠʪʘ, 

ʠʣʴʤʝʥʠʪʘ ʠ ʮʠʨʢʦʥʘ. ɸʫʪʠʛʝʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʛʸʪʠʪ, ʛʠʜʨʦʛʸʪʠʪ, ʣʝʧʠʜʦʢʨʦʢʠʪ, 

ʩʠʜʝʨʠʪ, ʬʦʩʬʘʪʳ, ʩʫʣʴʬʠʜʳ, ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ. ɻʣʠʥʠʩʪʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʣʘʫʢʦʥʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʢʘʦʣʠʥʠʪʦʤ ʠ ʠʣʣʠʪʦʤ. ʈʫʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ 

ʫʨʦʚʥʷʤʠ ʥʘʢʦʧʣʝʥʠʷ Zn, Mo, Pb, As, Co, V, Cr ʠ ʈɿʕ.  

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʩʭʦʜʩʪʚʝ, ʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʛʠʜʨʦʛʝʥʥʳʝ ʦʩʘʜʢʠ ʠ ʦʦʣʠʪʦʚʳʝ ʞʝʣʝʟʥʳʝ 

ʨʫʜʳ ʠʤʝʶʪ ʦʙʱʠʝ ʯʝʨʪʳ, ʪʘʢʠʝ ʢʘʢ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʝ ʘʛʨʝʛʘʪʳ (ʦʦʣʠʪʳ), 

ʩʣʦʞʝʥʥʳʝ ʛʠʜʨʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʢʘʨʙʦʥʘʪʘʤʠ (ʩʠʜʝʨʠʪ, ʢʘʣʴʮʠʪ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʦ ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʦʙʨʘʟʦʚʘʥʠʷ çʪʦʤʩʢʦʛʦ ʚʦʜʦʟʘʙʦʨʘè ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʤʝʥʥʦ 

ʛʠʜʨʦʛʝʥʥʳʤ ʧʨʦʮʝʩʩʘʤ (Mn, Ba, Sr, ʈɿʕ ʠ ʜʨ.). ɹʘʢʯʘʨʩʢʠʝ ʦʦʣʠʪʦʚʳʝ ʨʫʜʳ ʦʪʣʠʯʘʶʪʩʷ 

ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʦʦʣʠʪʳ ʠʤʝʶʪ ʚʝʩʴʤʘ ʨʘʟʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʠʥʝʨʘʣʦʚ) ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʞʝʣʝʟʘ (ʜʦ 56 % FeϜOϝ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ 
ʜʣʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʜʠʘʛʝʥʝʟʘ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ (ʨʠʩ.1). 
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ʈʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪʳ ʈʕʄ ʈʉʄɸ, ʀʟʦʙʨʘʞʝʥʠʷ BSE. ʆʦʣʠʪʳ: ʘ ï ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʊʦʤʩʢʦʤ ʚʦʜʦʟʘʙʦʨʝ: 

ʚ ʮʝʥʪʨʝ ʟʝʨʥʦ ʟʘʛʨʫʟʢʠ ʬʠʣʴʪʨʘ ʩ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʤ ʞʝʣʝʟʦʢʩʠʜʥʳʤ ʘʛʨʝʛʘʪʦʤ; ʙ ï ʦʦʣʠʪʦʚʘʷ 

ʞʝʣʝʟʥʘʷ ʨʫʜʘ ɹʘʢʯʘʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, q ï ʢʚʘʨʮ, cl ï ʭʣʦʨʠʪ-ʛʣʠʥʠʩʪʳʡ ʘʛʨʝʛʘʪ, gh ï ʛʸʪʠʪ-

ʛʠʜʨʦʛʸʪʠʪʦʚʳʡ ʘʛʨʝʛʘʪ, il  ï ʠʣʴʤʝʥʠʪ, si ï ʩʠʜʝʨʠʪ, fsp ï ʂʇʐ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʠʩʣʷʢʦʚ ʗ.ʄ., ʑʝʪʦʯʢʠʥ ɺ.ʅ. ɻʠʜʨʦʛʝʥʥʦʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ. ʄ.: ɿɸʆ çɻʝʦʠʥʬʦʨʤʤʘʨʢè, 2000. 608 ʩ. 

2. ʂʫʟʝʚʘʥʦʚ ʂ.ʀ., ʂʫʟʝʚʘʥʦʚ ʂ.ʂ., ɼʫʪʦʚʘ ɽ.ʄ., ʇʦʢʨʦʚʩʢʠʡ ɺ.ɼ. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ɹʘʢʯʘʨʩʢʦʛʦ 

ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʜʦʧʨʠʪʦʢʦʚ // ʀʟʚʝʩʪʠʷ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 
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