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ʆʪ ʨʝʜʢʦʣʣʝʛʠʠ ʞʫʨʥʘʣʘ 

ɺ ʩʦʚʨʝʤʝʥʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʢʣʶʯʝʥʳ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʩʪʫʜʝʥʪʦʚ. ʏʪʦʙʳ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʙʘʢʘʣʘʚʨʩʢʠʝ ʠ ʤʘʛʠʩʪʝʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʣʠ ʥʦʚʳʝ ʬʘʢʪʳ ʠ ʛʠ-

ʧʦʪʝʟʳ, ʧʨʦʚʦʜʠʪʩʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʧʨʘʢʪʠʢʘ, ʦʨʛʘʥʠʟʫʶʪʩʷ ʤʦʣʦʜʝʞʥʳʝ ʢʦʥʬʝ-

ʨʝʥʮʠʠ. ʈʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʩʦ ʩʪʫʜʝʥʯʝʩʢʠʤ ʘʟʘʨʪʦʤ, ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʚʩʝʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʪʘʢ ʠ ʦʩʪʘʶʪʩʷ ʚ ʟʘʙʚʝʥʠʠ. ɹʫʤʘʞʥʘʷ ʚʝʨʩʠʷ ʢʚʘʣʠʬʠ-

ʢʘʮʠʦʥʥʦʡ ʙʘʢʘʣʘʚʨʩʢʦʡ ʠ ʤʘʛʠʩʪʝʨʩʢʦʡ ʨʘʙʦʪʳ ʭʨʘʥʠʪʩʷ ʥʘ ʚʳʧʫʩʢʘʶʱʝʡ ʢʘʬʝʜʨʝ 5 ʣʝʪ ʧʦ-

ʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʫʟʘ ʩʪʫʜʝʥʪʦʤ. ʈʘʮʠʦʥʘʣʴʥʦ ʚʩʝ ʞʝ ʟʘʢʨʝʧʣʷʪʴ ʦʩʥʦʚʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʚʳ-

ʚʦʜʳ ʜʦ ʚʳʭʦʜʘ ʥʘ ʟʘʱʠʪʫ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ 

ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʦʮʝʥʢʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʮʝʥʟʝʥʪʦʤ ʠ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦ-

ʤʠʩʩʠʝʡ. 

ʇʫʙʣʠʢʘʮʠʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʠ ʘʩʧʠʨʘʥʪʩʢʠʭ ʨʘʙʦʪ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʣʦʜʝʞʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʠ h ʢʦʣ ʚ ʈʦʩʩʠʠ ʠʤʝʶʪ ʧʨʠʥʠʞʝʥʥʳʡ ʩʪʘʪʫʩ ʠ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʳ 

ʧʦʜʛʦʪʦʚʢʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ. ʇʨʦʙʠʪʴʩʷ ʩ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʫʙʣʠʢʘʮʠʝʡ ʚ ʞʫʨʥʘʣ 

ʩʪʫʜʝʥʪʫ ʥʝ ʨʝʘʣʴʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʝ-

ʧʦʜʘʚʘʪʝʣʷʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʨʝʜʠ ʥʠʭ ʩʧʦʩʦʙʥʳʭ ʢ ʥʘʫʢʝ, ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʟʘ-

ʢʨʝʧʣʝʥʠʷ ʧʦʥʷʪʠʡ ʠ ʧʦʜʭʦʜʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝ ʩʝʢʨʝʪ, 

ʯʪʦ ʥʘʫʢʘ ʚ ʈʦʩʩʠʠ ʧʦʩʪʘʨʝʣʘ. ʅʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʦʞʠʣʳʝ 

ʥʘʫʯʥʳʝ ʨʘʙʦʪʥʠʢʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ. ʉʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʚʠʪʘʷ ʚ ʟʘʧʘʜʥʳʭ ʫʥʠʚʝʨʩʠʪʝ-

ʪʘʭ, ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʬʦʨʫʤʳ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʩʧʠʨʘʥʪʳ ʠ 

ʩʪʫʜʝʥʪʳ ʙʘʢʘʣʘʚʨʩʢʦʡ, ʤʘʛʠʩʪʝʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. ɻʝʥʝʨʘʣʴʥʘʷ ʘʩʩʘʤʙʣʝʷ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦ-

ʶʟʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ (EGU) ʝʞʝʛʦʜʥʦ ʩʦʙʠʨʘʝʪ ʚ ɺʝʥʝ ʦʢʦʣʦ 10-11 ʪʳʩ. ʜʦʢʣʘʜʦʚ, ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʟʥʦʩʠʪʩʷ ʤʦʣʦʜʳʤʠ ʣʶʜʴʤʠ, ʥʘʯʠʥʘʶʱʠʤʠ ʩʚʦʡ ʧʫʪʴ ʚ ʥʘʫʢʝ. 

ʀʟʜʘʥʠʝ ʞʫʨʥʘʣʘ ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ï ʵʬʬʝʢʪʠʚʥʘʷ ʬʦʨʤʘ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʷ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʰʝʡ ʰʢʦʣʳ. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʣʷ 

ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʝ ï ʘʚʪʦʨʩʪʚʦ ʠʣʠ ʩʦʘʚʪʦʨʩʪʚʦ ʩʪʫʜʝʥʪʘ, ʘʩʧʠʨʘʥʪʘ 

ʠʣʠ ʤʦʣʦʜʦʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ. ɺ ʞʫʨʥʘʣʝ ʧʫʙʣʠʢʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʟ-

ʨʘʙʦʪʢʠ ʤʦʣʦʜʳʭ ʛʝʦʣʦʛʦʚ ʠ ʛʝʦʛʨʘʬʦʚ ï ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, 

ʩʪʫʜʝʥʪʦʚ ʤʘʛʠʩʪʝʨʩʢʦʡ ʠ ʙʘʢʘʣʘʚʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʅʘʨʷʜʫ ʩ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʩʪʘʪʴʷʤʠ, 

ʚʚʦʜʠʪʩʷ ʨʘʟʜʝʣ çʉʦʙʳʪʠʷè. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʣʦʛʠʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ ʧʨʠ-

ʦʨʠʪʝʪʥʳʝ. ɺ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʨʘʟʥʳʭ ʩʪʨʘʥ ʩʦʟʜʘʥʳ ʬʘʢʫʣʴʪʝʪʳ, ʠʤʝʶʱʠʝ ʢʦʥʢʨʝʪʥʫʶ ʪʝʤʘ-

ʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟʜʘʶʪʩʷ ʤʝʞʜʫʥʘʨʦʜ-

ʥʳʝ ʞʫʨʥʘʣʳ Environmental Earth Sciences (ʋʥʠʚʝʨʩʠʪʝʪ ʇʠʪʩʙʫʨʛʘ, ʰʪʘʪ ʇʝʥʩʠʣʴʚʘʥʠʷ, 

ʉʐɸ) ʠ Geology, Geophysics and Environment (AGH ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʉʪʘʥʠʩʣʘʚʘ ʉʪʘʰʠʮʘ, ʂʨʘʢʦʚ, ʇʦʣʴʰʘ). ɾʫʨʥʘʣ ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ (Geology and 

Environment) ʦʨʠʝʥʪʠʨʦʚʘʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʦʩʚʝʱʝʥʠʝ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ ɻ ʪʦʡ ʪʝʤʘʪʠʢʠ 

ʚ ɹʘʡʢʘʣʦ-ʄʦʥʛʦʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʠ ʚ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʘʡʦʥʘʭ ɸʟʠʠ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʀʨʢʫʪʩʢʦʛʦ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʘ ʢʘʢ ʙʘʟʦʚʳʡ ʜʣʷ ʠʟʜʘʥʠʷ ʞʫʨʥʘʣʘ 

ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʤʥʦʛʠʝ ʛʦʜʳ ʧʨʦʚʦʜʠʪ ʫʯʝʙʥʳʝ, ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʝ ʧʨʘʢʪʠʢʠ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʚ ʩʦʧʨʝʜʝʣʴʥʦʤ ʍʘʤʘʨʜʘʙʘʥ-

ʩʢʦʤ ʪʝʨʨʝʡʥʝ, ʢʦʪʦʨʳʡ ʙʳʣ ʘʢʢʨʝʪʠʨʦʚʘʥ ʢ ʢʨʘʶ ʧʣʘʪʬʦʨʤʳ ʚ ʨʘʥʥʝʤ ʧʘʣʝʦʟʦʝ. ʉʪʫʜʝʥʪʘʤ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʩʘʜʦʯʥʳʭ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ ʦʪ ʨʘʥʥʝʘʨʭʝʡʩʢʦʛʦ ʜʦ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʨʦʜʳ ʉʣʶʜʷʥʩʢʦʛʦ ʤʝʪʘ-

ʤʦʨʬʠʯʝʩʢʦʛʦ ʩʫʙʪʝʨʨʝʡʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʥʦʞʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʘʨʴʝʨʳ ʠ 

ʰʘʭʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʷ ʠ ʩʦʣʠ, ʤʦʣʦʜʳʝ ʚʫʣʢʘʥʳ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʅʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʘ ʦʙʥʘʞʝʥʠʷʭ ʦʩʚʝʱʘʶʪʩʷ ʚʦʧʨʦʩʳ ʥʦʚʝʡʰʝʡ ʛʝʦʜʠʥʘʤʠʢʠ ʠ ʪʝʢʪʦʥʠʢʠ ɹʘʡʢʘʣʴʩʢʦʡ 

ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʷʨʢʦ ʧʨʦʷʚʠʣʩʷ ʧʨʦʮʝʩʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ, ʯʘ-

ʩʪʠʯʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʨʦʛʝʥʝʟʦʤ. ɼʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʠ, ʦʩʪʘʚʰʠʝʩʷ ʧʦʩʣʝ 



ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2026. ʊ. 6, ˉ 1 

6 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʨʦʚʦʜʠʪʩʷ ʩʝʨʠʷ ʤʘʨʰʨʫʪʦʚ ʧʦ ʚʳʭʦʜʘʤ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʭ ʧʦʨʦʜ, 

ʩʣʫʞʘʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ. ʆʨʛʘʥʠʟʫʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷ ʚʳʭʦʜʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʟ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʛʦ ʦʩʘʜʦʯ-

ʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʚʧʘʜʠʥʳ. ʄʥʦʛʦʛʨʘʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʫʯʝʙʥʳʡ 

ʧʦʣʠʛʦʥ ʇʨʠʙʘʡʢʘʣʴʷ ʩʦʟʜʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʧʦʜʘʚʘʥʠʷ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʪʫʜʝʥʯʝʩʢʠʭ ʠ ʘʩʧʠʨʘʥʪʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦ-

ʣʦʛʠʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʠʟʜʘʥʠʝʤ ʞʫʨʥʘʣʘ ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʨʝʜʢʦʣʣʝʛʠʷ ʧʨʠʛʣʘʰʘʝʪ ʢ ʩʦʪʨʫʜ-

ʥʠʯʝʩʪʚʫ ʧʨʦʬʝʩʩʦʨʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ɹʘʡʢʘʣʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ 

ʠʟ ʜʨʫʛʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʫʯʨʝʜʠʪʝʣʝʡ ʞʫʨʥʘʣʘ 

ʚʳʩʪʫʧʘʝʪ ʂʠʪʘʡʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʋʜʘʣʷʥʴʯʠïɹʘʡʢʘʣ ʧʦ ʥʦʚʝʡʰʝʤʫ 

ʚʫʣʢʘʥʠʟʤʫ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ (ʩʘʡʪ: http://www.crust.irk.ru/crc/). ʀʟʜʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 

ʈʘʟʜʝʣʳ ʞʫʨʥʘʣʘ 

ʈʘʟʜʝʣʳ SECTIONS 

ʊɽʄɸʊʀʂɸ ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʍ ʉʊɸʊɽʁ 

1. ʈʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ REGIONAL GEOLOGY 

2. ɻʝʦʣʦʛʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ OIL AND GAS GEOLOGY 

3. ʇʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ MINERAL RESOURCES 

4. ɻʠʜʨʦʛʝʦʣʦʛʠʷ, ʠʥʞʝʥʝʨʥʘʷ ʛʝʦʣʦʛʠʷ HYDROGEOLOGY, ENGINEERING GEOLOGY 

5. ʄʦʥʠʪʦʨʠʥʛ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ NATURAL PROCESS MONITORING 

6. ʄʠʥʝʨʘʣʦʛʠʷ, ʧʝʪʨʦʣʦʛʠʷ MINERALOGY, PETROLOGY 

7. ɺʫʣʢʘʥʠʟʤ, ʥʦʚʝʡʰʘʷ ʛʝʦʜʠʥʘʤʠʢʘ VOLCANISM, RECENT GEODYNAMICS ʠʣʠ 

VOLCANISM, the LATEST GEODYNAMICS 

8. ʅʝʦʪʝʢʪʦʥʠʢʘ, ʛʝʦʤʦʨʬʦʣʦʛʠʷ NEOTECTONICS, GEOMORPHOLOGY 

9. ʌʠʟʠʯʝʩʢʘʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʛʝʦʛʨʘʬʠʷ PHYSICAL AND ECONOMIC GEOGRAPHY 

10. ʋʯʝʥʳʝ-ʧʝʨʚʦʧʨʦʭʦʜʮʳ PIONEERING SCIENTISTS 

ʊɽʄɸʊʀʂɸ ʉʆɹʓʊʀʁʅʓʍ ʉʊɸʊɽʁ 

11. ʆʙʟʦʨʳ ʠ ʨʝʮʝʥʟʠʠ HISTORICAL OVERVIEWS 

12. ʕʢʩʧʝʜʠʮʠʠ EXPEDITIONS 

13. ʂʦʥʬʝʨʝʥʮʠʠ CONFERENCES 

14. ʅʘʫʯʥʘʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ, ʫʯʝʙʥʘʷ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʧʨʘʢʪʠʢʘ SCIENTIFIC, 

PROFESSIONAL, EDUCATIONAL AND PEDAGOGICAL PRACTICE 
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1. ʂʦʥʪʨʘʩʪʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜ rʦʪ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ 
ʦʪʣʦʞʝʥʠʡ ʧʣʝʡʩʪʦʮʝʥʘ ʢ ʧʦʣʠʛʝʥʝʪʠʯʝʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ ʛʦʣʦʮʝʥʘ 

ʥʘ ʙʝʨʝʛʫ ɹʘʣʪʠʢʠ ʠ ʚ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʝ1 

ʉ.ɺ. ʈʘʩʩʢʘʟʦʚ1,2 

1Institute of the Earth's Crust SB RAS, Irkutsk, Russia 
2Irkutsk State University, Irkutsk, Russia 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʠʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʝʟʘ ʢʦʥʪʨʘʩʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦ-

ʣʦʮʝʥʘ, ʦʙʥʘʞʝʥʥʳʭ ʥʘ ʙʘʣʪʠʡʩʢʦʤ ʙʝʨʝʛʫ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʈʦʩʩʠʠ. 

ɺ ʥʠʞʥʝʡ (ʧʣʝʡʩʪʦʮʝʥʦʚʦʡ) ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʥʘʭʦʜʷʪʩʷ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʟʝʣʝʥʳʝ çʤʫʩʦʨʥʳʝè 

ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʝ ʘʣʝʚʨʠʪʳ. ɺʳʰʝ ʟʘʣʝʛʘʶʪ ʘʣʝʚʨʠʪʳ, ʧʝʩʢʠ ʠ ʧʝʩʯʘʥʠʢʠ ʩ ʣʠʥʟʘʤʠ ʪʦʨʬʘ. 

ʈʘʟʨʝʟ ʚʝʥʯʘʝʪʩʷ ʜʶʥʥʳʤʠ ʧʝʩʢʘʤʠ. ʉʤʝʥʘ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʦʙʣʦʤʦʯʥʳʤʠ ʦʪʣʦ-

ʞʝʥʠʷʤʠ ʩ ʣʠʥʟʘʤʠ ʪʦʨʬʘ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʥʘʯʘʣʴʥʳʤ (ʨʘʥʥʝʛʦʣʦʮʝʥʦʚʳʤ, 11ï8 ʪʳʩ. ʢʘʣ. ʣ.ʥ.) 

ʪɻʘʧʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦʩʣʝ ʩʪʘʠʚʘʥʠʷ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚ-

ʩʢʦʛʦ ʱʠʪʘ ʠ ʩʨʝʜʥʝʛʦʣʦʮʝʥʦʚʳʤ (8.0ï5.7 ʪʳʩ. ʢʘʣ. ʣ.ʥ.) ʪʝʨʤʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʦʤ. ɺʳʭʦʜ ʥʘ 

ʩʣʦʡ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʦʙʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʦʭʦʣʦʜʘʥʠʶ ʧʦʟʜʥʝʛʦ ʛʦʣʦʮʝʥʘ. 

ɺ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʶʞʥʦʡ ʚʧʘʜʠʥʳ ʦʟ. ɹʘʡʢʘʣ ʠ ʝʛʦ ʙʝʨʝʛʦʚʳʭ ʦʙʥʘʞʝʥʠʷʭ ʪʘʢʞʝ ʠʤʝʶʪʩʷ 

ʢʦʥʪʨʘʩʪʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ ʦʪ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʩʣʦʝʚ ʢ ʩʣʦʷʤ ʧʦʣʠʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʛʦʣʦʮʝʥʦʚʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʦʤ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʦʟ. ɹʘʡʢʘʣ, 

ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʠ ɺʦʩʪʦʯʥʳʭ ʉʘʷʥ, ʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʘ ʂʫʨʰʩʢʦʡ 

ʢʦʩʳ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʩʪʝʧʝʥʴ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʦʙʦʛʘʱʝʥ ʢʚʘʨʮʝʤ). ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʦʞʝʪ ʦʪʨʘ-

ʞʘʪʴ ʩʫʨʦʚʳʝ ʫʩʣʦʚʠʷ ʥʠʚʘʣʴʥʦʛʦ ʣʠʪʦʛʝʥʝʟʘ, ʦʙʝʩʧʝʯʠʚʰʠʝ ʧʣʝʡʩʪʦʮʝʥʦʚʫʶ ʤʝʨʟʣʦʪʥʫʶ ʧʦʜ-

ʛʦʪʦʚʢʫ ʧʳʣʝʚʘʪʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ ʛʦʣʦʮʝʥʦʚʦʤʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʶ ʥʘ ɹʘʣʪʠʢʝ, ʠ 

ʤʝʥʝʝ ʩʫʨʦʚʳʝ ʫʩʣʦʚʠʷ ʥʘ ʶʛʝ ʉʠʙʠʨʠ. 
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Abstract. A section of contrasting Pleistocene and Holocene sediments exposed on the Baltic coast 

of the Curonian Spit in the Kaliningrad region of Russia is described. The lower (Pleistocene) part of 

the section contains fluvioglacial green "garbage" carbonate-clayey silts. Above lie silts, sands, and 

sandstones with peat lenses. The section is crowned by dune sands. The change from fluvioglacial 

clays by clastic deposits with peat lenses correlates with the initial (Early Holocene, 11ï8 ka cal. BP) 

stage of the Baltic Sea formation after the melting of the Fennoscandian Shield ice sheet and the Middle 

Holocene (8.0ï5.7 ka cal. BP) thermal maximum. The quartz sand layer means the transition to the 

relative cooling of the late Holocene. The bottom sediments of southern Lake Baikal and its coastal 

outcrops also exhibit contrasting lithological transitions from fluvioglacial layers to those of the poly-

genetic Holocene sedimentary complex. Pleistocene and Holocene sedimentary material from the Cu-

ronian Spit has a lower degree of weathering (enriched with quartz) as compared to the one from Lake 

Baikal, the Tunka Valley, and Eastern Sayan Mountains. This difference may reflect the harsh condi-

tions of nival lithogenesis, which ensured the Pleistocene permafrost preparation of detrital dusty ma-

terial for Holocene sedimentation in the Baltic, and the less severe conditions in Southern Siberia. 

Keywords. Baltic Sea, Lake Baikal, Pleistocene, Holocene, glaciation, post-glaciation, sediments 

ɺʚʝʜʝʥʠʝ 

ɺʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦʩʣʝʜʥʠʭ 20 ʪʳʩ. ʣʝʪ ʧʨʦʠʩʭʦʜʠʣʠ ʙʳʩʪʨʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟ-

ʤʝʥʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʩʦʙʳʪʠʷʤʠ ʪʝʧʣʘ ʠ ʭʦʣʦʜʘ ʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʘʧʠʩʷʭ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʉʦʙʳʪʠʷ ʧʝʨʝʭʦʜʘ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʝʨʠʦʜʘ ʢ ʧʦʩʪ-ʣʝʜʥʠʢʦʚʴʶ (ʤʝʞʣʝʜʥʠʢʦ-

ʚʴʶ). ʀʩʧʦʣʴʟʦʚʘʥʳ ʥʘʟʚʘʥʠʷ ʩʦʙʳʪʠʡ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʨʘʟʨʝʟʘʭ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ɽʚʨʦʧʳ 

Hï1 ʠ ʅï2, ʧʝʨʚʳʝ ɻʝʥʨʠʭʦʚʩʢʠʝ ʩʦʙʳʪʠʷ, ʚʳʨʘʞʝʥʥʳʝ ʨʘʩʰʠʨʝʥʠʝʤ ʨʘʟʥʦʩʘ ʘʡʩʙʝʨʛʦʚʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ. ɼʘʣʝʝ ʩʣʝʜʫʶʪ ʪʝʧʣʳʝ ʠʥʪʝʨʚʘʣʳ ʙʸʣʣʠʥʛ ʠ ʘʣʣʝʨʸʜ (Bßlling ʠ 

Allerßd) ʠ ʭʦʣʦʜʥʳʡ ʠʥʪʝʨʚʘʣ ʤʦʣʦʜʦʛʦ ʜʨʠʘʩʘ (Younger Dryas). ʈʠʩʫʥʦʢ ʠʟ ʨʘʙʦʪʳ (McDuff, 

Heath, 2001) ʩ ʫʪʦʯʥʝʥʠʝʤ ʠʥʪʝʨʚʘʣʦʚ ʙʸʣʣʠʥʛ, ʘʣʣʝʨʸʜ ʠ ʤʦʣʦʜʦʡ ʜʨʠʘʩ (Borzenkova et al., 2015; 

van Geel, Sevink, 2025). ʂʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʛʦʣʦʮʝʥʦʚʳʡ ʪʝʨʤʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ 

8.0ï5.7 ʪʳʩ. ʢʘʣ. ʣ.ʥ. (ʅʦʚʝʥʢʦ, 2020). 

Fig. 1. Events marking the transition from the last glacial to the postglacial (interglacial). The names of 

events identified in the sedimentary sections of Europe H-1 and H-2, the first Heinrichian events, ex-

pressed by the expansion of iceberg material dispersal in the North Atlantic, are used. These are followed 

by the warm Bßlling and Allerßd intervals and the cold Younger Dryas one. The figure is from (McDuff 

and Heath, 2001) with correction of the Bßlling, Allerßd, and Younger Dryas intervals after (Borzen-

kova et al., 2015; van Geel and Sevink, 2025). The red arrows indicate the Holocene Thermal Maximum 

8.0ï5.7 thousand cal. years BP (Novenko, 2020). 

ʈʘʡʦʥ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ɻʨʝʥʣʘʥʜʠʠ ï 

ʪʝʨʨʠʪʦʨʠʷ ʩʪʨʘʪʦʪʠʧʦʚ, ʚʳʙʨʘʥʥʳʭ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʦʡ ʛʨʘ-

ʥʠʮʳ ʠ ʙʦʣʝʝ ʜʨʦʙʥʦʛʦ ʜʝʣʝʥʠʷ ʛʦʣʦʮʝʥʘ. ʇʦ 
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ʣʝʜʦʚʳʤ ʢʝʨʥʘʤ ɻʨʝʥʣʘʥʜʠʠ (GRIP, NGRIP ʠ 

Dye-3) ʛʨʘʥʠʮʘ ʧʦʟʜʥʝʛʦ ʜʨʠʘʩʘïʛʦʣʦʮʝʥʘ 

ʠʤʝʝʪ ʚʦʟʨʘʩʪ 11 653 ʣʝʜʥʠʢʦʚʳʭ ʣʝʪ (Alley, 

2000; Rasmussen et al., 2006; Walker et al., 

2008, 2009, 2012, 2018). ʇʦ ʣʝʜʦʚʦʤʫ ʢʝʨʥʫ 

NGRIP ʛʨʘʥʠʮʘ ʨʘʪʠʬʠʮʠʨʦʚʘʥʘ ʩʦ ʟʥʘʯʝ-

ʥʠʝʤ ʚʦʟʨʘʩʪʘ 11.7 ʪʳʩ. ʣʝʪ (ʜʦ 2000 ʛ.) 

(Walker et al. 2008). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʧʳʣʴʮʳ, ʦʩʪʘʪ-

ʢʦʚ ʥʘʩʝʢʦʤʳʭ ʠ ʠʟʦʪʦʧʥʳʤ ʜʘʥʥʳʤ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʨʘʡʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʨʘʟʣʠʯʘʶʪʩʷ ʪʨʠ 

ʵʪʘʧʘ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʛʦʣʦʮʝʥʘ: 1) 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʭʦʣʦʜʥʳʝ ʵʧʠʟʦʜʳ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʜʝʛʣʷʮʠʘʮʠʝʡ ʚʦ ʚʨʝʤʷ ʩʪʘʙʠʣʴʥʦʛʦ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʨʝʥʜʘ (11ï8 

ʪʳʩ. ʢʘʣ. ʣ.ʥ.); 2) ʪʝʧʣʳʡ ʠ ʩʪʘʙʠʣʴʥʳʡ ʢʣʠ-

ʤʘʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʥʘ 1.0ï3.5 ÁC 

ʚʳʰʝ ʩʦʚʨʝʤʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (8.0ï4.5 ʪʳʩ. 

ʢʘʣ. ʣ.ʥ.) ʠ 3) ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʥʝʩʪʘ-

ʙʠʣʴʥʦʩʪʠ (ʧʦʩʣʝʜʥʠʝ 5.0ï4.5 ʪʳʩ. ʢʘʣʝʥʜʘʨ-

ʥʳʭ ʣʝʪ). ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝ-

ʥʠʷ ʢʣʠʤʘʪʘ ʨʘʡʦʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ï 

ʪʘʷʥʠʝ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʣʝʜʦʚʦʛʦ ʧʦ-

ʢʨʦʚʘ ʠ ʠʟʤʝʥʝʥʠʝ ʚ ʦʨʙʠʪʘʣʴʥʦʤ ʚʨʘʱʝʥʠʠ 

ɿʝʤʣʠ (Borzenkova et al., 2015). ʇʦʜʦʙʥʳʝ ʦʩ-

ʥʦʚʥʳʝ ʵʪʘʧʳ ʛʦʣʦʮʝʥʘ ʥʘʤʝʯʘʶʪʩʷ ʚ ʎʝʥ-

ʪʨʘʣʴʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ: 1) ʵʪʘʧ ʙʳʩʪ-

ʨʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʨʘʥʥʠʭ ʬʘʟ ʛʦʣʦʮʝʥʘ (11.7ï

8.0 ʪʳʩ. ʢʘʣ. ʣ.ʥ.), 2) ʵʪʘʧ ʛʦʣʦʮʝʥʦʚʦʛʦ ʪʝʨ-

ʤʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ (8.0ï5.7 ʪʳʩ. ʢʘʣ. ʣ.ʥ.) ʠ 

3) ʵʪʘʧ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʳ ʛʦʣʦʮʝʥʘ (5.7 ʪʳʩ. ʢʘʣ. ʣ.ʥ. ï ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ) (ʅʦʚʝʥʢʦ, 2020). 

ʆʟʝʨʦ ɹʘʡʢʘʣ ʩʦʧʦʩʪʘʚʠʤʦ ʧʦ ʨʘʟʤʝʨʘʤ ʠ 

ʛʣʫʙʠʥʝ ʩ ɹʘʣʪʠʡʩʢʠʤ ʤʦʨʝʤ. ʊʘʢʞʝ ʢʘʢ ʚ 

ʨʘʡʦʥʝ ɹʘʣʪʠʢʠ, ʥʘ ʶʛʝ ʉʠʙʠʨʠ ʠʤʝʣʠ ʤʝʩʪʦ 

ʙʳʩʪʨʳʝ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. 

ʇʨʠ ʩʤʝʥʝ ʢʣʠʤʘʪʘ ʦʪ ʭʦʣʦʜʥʦʛʦ (ʧʣʝʡʩʪʦʮʝ-

ʥʦʚʦʛʦ) ʢ ʪʝʧʣʦʤʫ (ʛʦʣʦʮʝʥʦʚʦʤʫ) ʚ ʉʠʙʠʨʠ, 

ʥʘʨʷʜʫ ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʧʝʩʢʘʤʠ, ʚ ʧʣʝʡʩʪʦ-

ʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʦʩʘʜʦʯʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʛʦ ʩʦʩʪʘʚʘ (ʧʣʝʡʩʪʦʮʝ-

ʥʦʚʳʝ ʛʣʠʥʳ ʠ ʣʝʩʩʳ, ʛʦʣʦʮʝʥʦʚʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʩ ʣʠʥʟʘʤʠ ʠ ʧʨʦʩʣʦʷʤʠ ʪʦʨʬʘ). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʢʦʥʪʨʘʩʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦ-

ʮʝʥʘ ʠ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʢʦʪʦ-

ʨʦʝ ʦʙʨʘʟʦʚʘʣʦʩʴ ʚ ʛʦʣʦʮʝʥʝ ʧʦʩʣʝ ʪʘʷʥʠʷ 

ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʣʝʜʥʠʢʘ ʤʦʱʥʦʩʪʴʶ 4 ʢʤ. 

ɹʝʨʝʛʦʚʳʝ ʦʙʥʘʞʝʥʠʷ ɹʘʣʪʠʢʠ ʥʘʙʣʶʜʘ-

ʣʠʩʴ ʘʚʪʦʨʦʤ ʥʘ ʂʫʨʰʩʢʦʡ ʢʦʩʝ ʚ ʘʚʛʫʩʪʝ 

2024 ʛ. ʠ ʚ ʩʝʥʪʷʙʨʝ 2025 ʛʛ. ɺ 2024 ʛ. ʜʝʪʘʣʠ 

ʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʙʳʣʠ ʭʦ-

ʨʦʰʦ ʵʢʩʧʦʥʠʨʦʚʘʥʳ, ʥʦ ʚ 2025 ʛ. ʧʨʝʞʥʠʝ 

ʦʙʥʘʞʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʤʳ-

ʪʳʤʠ ʠʣʠ ʧʝʨʝʢʨʳʪʳʤʠ ʧʝʩʢʘʤʠ ʙʝʨʝʛʦʚʳʭ 

ʜʶʥ. ʄʦʨʝ ʥʘʩʪʫʧʘʝʪ, ʠ ʚ ʙʫʜʫʱʝʤ ʩʫʱʝ-

ʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʥʦʛʦ ʨʘʟʤʳʚʘ ʦʙʥʘʞʝ-

ʥʠʡ. ɺʳʧʦʣʥʝʥʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʚ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʩʪʝʧʝʥʠ ʫʪʨʘʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʙʝʨʝʛʦʚʦʛʦ 

ʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʝʨʝʭʦʜʘ. ʄʝʞʜʫ ʪʝʤ, ʵʪʦʪ ʨʘʟʨʝʟ ʟʘʩʣʫʞʠ-

ʚʘʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʚ ʩʚʷʟʠ ʩ ʢʦʥʪʨʘʩʪʥʦʡ 

ʩʤʝʥʦʡ ʩʦʩʪʘʚʘ ʦʙʣʦʤʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪ 

ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʢ ʦʣʠʛʦʤʠʢʪʦʚʦʤʫ. ɼʣʷ ʣʠʪʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʦʧʨʝ-

ʜʝʣʷʣʠʩʴ ʛʣʘʚʥʳʝ ʦʢʩʠʜʳ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʭʠ-

ʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʉʠʟʳʭ, 1985). 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʦʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʪʴ ʢʦʥʪʨʘʩʪʥʳʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʦʪ 

ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ (ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ) ʦʪʣʦ-

ʞʝʥʠʡ ʢ ʧʦʩʪ-ʣʝʜʥʠʢʦʚʳʤ (ʛʦʣʦʮʝʥʦʚʳʤ) ʚ 

ʨʘʟʨʝʟʝ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ 

ʨʘʟʨʝʟʦʤ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ɹʘʣʪʠʢʠ ʠ ʧʨʦ-

ʷʩʥʠʪʴ ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʛʦ ʧʣʝʡʩʪʦʮʝʥ-

ʛʦʣʦʮʝʥʦʚʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʜʥʘ ʠ ʧʦʙʝʨʝʞʴʷ ʖʞʥʦʛʦ ɹʘʡ-

ʢʘʣʘ. 

ʇʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʳʡ ʧʝʨʝʭʦʜ 
ʚ ʙʝʨʝʛʦʚʦʤ ʨʘʟʨʝʟʝ ɹʘʣʪʠʢʠ 

ʇʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʳʡ ʧʝʨʝʭʦʜ ʨʝʢʦʥ-

ʩʪʨʫʠʨʫʝʪʩʷ ʚ ʙʝʨʝʛʦʚʦʤ ʨʘʟʨʝʟʝ ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʥʘʯʘʣʘ ʂʫʨʰʩʢʦʡ ʢʦʩʳ. ɺ ʦʩʥʦʚʘ-

ʥʠʠ ʨʘʟʨʝʟʘ ʥʘʭʦʜʠʪʩʷ ʦʩʪʘʥʝʮ ʚʦʜʥʦ-ʣʝʜʥʠ-

ʢʦʚʦʛʦ çʤʫʩʦʨʥʦʛʦè ʘʣʝʚʨʠʪʘ. ʅʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʨʘʟʤʳʚʘ ʠ ʧʦ ʣʘʪʝʨʘʣʠ ʦʩʪʘʥʮʘ ʟʘʣʝʛʘʶʪ 

ʩʣʦʠ ʘʣʝʚʨʠʪʦʚ, ʧʝʩʢʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ ʩ ʣʠʥ-

ʟʘʤʠ ʠ ʧʨʦʩʣʦʷʤʠ ʪʦʨʬʘ. ʈʘʟʨʝʟ ʚʝʥʯʘʶʪ 

ʧʝʩʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʙʝʨʝʛʦʚʳʭ ʜʶʥ (ʨʠʩ. 2, 

3). 
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ʈʠʩ. 2. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʥʘʞʝʥʠʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʙʝ-

ʨʝʛʫ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʚ ʥʘʯʘʣʝ ʂʫʨʰʩʢʦʡ ʢʦʩʳ (ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ) ʠ ʩʢʚʘʞʠʥʳ 303700-7, 

ʚʩʢʨʳʚʘʶʱʝʡ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʜʥʝ ɹʘʣʪʠʢʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʉʘʤʙʠʡʩʢʦʛʦ ʧ-ʦʚʘ 

(Grigoriev et al., 2011). 

Fig. 2. Location of outcrops of the lithological Pleistocene-Holocene transition on the coast of the Baltic 

Sea, at the beginning of the Curonian Spit (this work) and borehole 303700-7 that shows sedimentary 

deposits on the bottom of the Baltic northwest of the Sambian Peninsula (Grigoriev et al., 2011). 

 

ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʥʳʡ ʩʦʩʪʘʚʥʦʡ ʨʘʟʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʙʝʨʝʛʘ ɹʘʣ-

ʪʠʢʠ ʚ ʥʘʯʘʣʝ ʂʫʨʰʩʢʦʡ ʢʦʩʳ. ʇʦ ʚʝʨʪʠʢʘʣʠ ʚʠʜʠʤʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʤ, ʧʦ ʛʦʨʠ-

ʟʦʥʪʘʣʠ ï ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ 3ï4 ʢʤ. 

Fig. 3. Schematic composite cross-section of the sedimentary sequence of the Baltic coast at the begin-

ning of the Curonian Spit. The visible portion of the section that does not exceed 5 m vertically is traced 

horizontally for 3ï4 km. 

ʆʩʪʘʥʝʮ ʟʝʣʝʥʦʛʦ çʤʫʩʦʨʥʦʛʦè ʘʣʝʚʨʠʪʘ 
ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ 

ʥʘʙʣʶʜʝʥʠʡ. ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʧʦʨʦʜ ʩʦ-
ʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 2 ʤ. ɺʣʘʞʥʘʷ ʧʦʨʦʜʘ ʠʤʝʝʪ 



ʈʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ 

11 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʤʥʦ-ʟʝʣʝʥʫʶ ʦʢʨʘʩʢʫ, 
ʤʝʩʪʘʤʠ ʧʨʠʦʙʨʝʪʘʝʪ ʛʦʣʫʙʦʡ ʮʚʝʪ. ʇʨʠ ʚʳ-
ʩʳʭʘʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʩʝʨʦʡ. ɺ ʩʣʦʝ ʥʘʭʦʜʷʪʩʷ 
ʦʜʠʥʦʯʥʳʝ ʦʙʣʦʤʢʠ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʩʦ-
ʩʪʘʚʘ ʨʘʟʤʝʨʦʤ ʜʦ 6 ʩʤ, ʩʦʯʝʪʘʶʱʠʝʩʷ ʩ ʤʥʦ-
ʛʦʯʠʩʣʝʥʥʳʤʠ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ʦʙʣʦʤʢʘʤʠ ʧʦ-
ʨʦʜ. 
ɺ ʪʦʣʱʝ, ʟʘʣʝʛʘʶʱʝʡ ʥʘ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʨʘʟʤʳʚʘ çʤʫʩʦʨʥʦʛʦè ʘʣʝʚʨʠʪʘ, ʨʘʟʣʠ-
ʯʘʶʪʩʷ ʯʝʪʳʨʝ ʛʦʨʠʟʦʥʪʘ ʪʦʨʬʘ, ʧʝʨʝʤʝʞʘʶ-
ʱʠʝʩʷ ʩ ʦʙʣʦʤʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (ʨʠʩ. 4ï
7). ʃʠʥʟʘ ʪʦʨʬʘ-1 ʤʦʱʥʦʩʪʴʶ 15ï20 ʩʤ ʣʝʞʠʪ 
ʥʘ ʩʣʦʝ ʟʝʣʝʥʦʛʦ çʤʫʩʦʨʥʦʛʦè ʘʣʝʚʨʠʪʘ. 
ʃʠʥʟʳ ʪʦʨʬʘ-2, ʪʦʨʬʘ-3 ʠ ʪʦʨʬʘ-4 ʧʝʨʝʤʝʞʘ-
ʶʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦ ʩʣʦʷʤʠ ʘʣʝʚʨʠʪʘ, 
ʧʝʩʢʘ ʠ ʧʝʩʯʘʥʠʢʘ ʠ ʧʳʣʝʚʘʪʦʛʦ ʧʝʩʢʘ. 
ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʣʠʥʟʳ ʪʦʨʬʘ-2 (ʤʦʱʥʦʩʪʴ, 
ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʝʨʚʳʝ ʤʝʪʨʳ) ʧʨʦʩʣʝʞʠʚʘ-
ʝʪʩʷ ʧʦ ʣʘʪʝʨʘʣʠ ʦʩʪʘʥʮʘ çʤʫʩʦʨʥʦʛʦè ʘʣʝʚ-
ʨʠʪʘ. ɺʳʭʦʜʳ ʪʘʢʠʭ ʣʠʥʟ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʣʷʞʝ 
ʠ ʫʭʦʜʷʪ ʧʦʜ ʫʨʦʚʝʥʴ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ɺ 
ʪʦʨʬʷʥʳʭ ʣʠʥʟʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʥʠ ʜʝʨʝʚʴʝʚ 

ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 
ʜʝʪʨʠʪʘ. 
ɸʣʝʚʨʠʪ, ʟʘʣʝʛʘʶʱʠʡ ʥʘ ʩʣʦʝ çʤʫʩʦʨ-

ʥʦʛʦè ʘʣʝʚʨʠʪʘ ʠʣʠ ʪʦʨʬʘ-1, ʠʤʝʝʪ ʚ ʦʙʥʘʞʝ-
ʥʠʠ ʩʝʨʳʡ, ʞʝʣʪʦʚʘʪʳʡ, ʤʝʩʪʘʤʠ ʦʭʨʠʩʪʳʡ 
ʮʚʝʪ. ʇʨʠ ʚʳʩʳʭʘʥʠʠ ʧʦʨʦʜʳ ʮʚʝʪ ʩʦʭʨʘʥʷ-
ʝʪʩʷ. ɺʙʣʠʟʠ ʦʩʪʘʥʮʘ ʟʝʣʝʥʦʛʦ çʤʫʩʦʨʥʦʛʦè 
ʘʣʝʚʨʠʪʘ ʩʝʨʳʡ ʘʣʝʚʨʠʪ ʠʤʝʝʪ ʛʦʨʠʟʦʥʪʘʣʴ-
ʥʫʶ (ʤʝʩʪʘʤʠ ʢʦʩʫʶ) ʩʣʦʠʩʪʦʩʪʴ, ʘ ʚ ʫʜʘʣʝ-
ʥʠʠ ʦʪ ʥʝʛʦ ʧʨʠʦʙʨʝʪʘʝʪ ʤʘʩʩʠʚʥʦʝ ʩʣʦʞʝʥʠʝ 
(ʩʤ. ʨʠʩ. 3). ʄʝʩʪʘʤʠ ʩʝʨʳʡ ʘʣʝʚʨʠʪ ʧʦʩʪʝ-
ʧʝʥʥʦ ʦʙʦʛʘʱʘʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘ-
ʣʦʤ ʠ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʩʤʝʥʷʝʪʩʷ ʣʠʥʟʦʡ 
ʪʦʨʬʘ-2. 
ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʚʳʰʝ ʪʦʨʬʘ-2 ʠ ʥʠʞʝ 

ʪʦʨʬʘ-3 ʟʘʣʝʛʘʝʪ ʧʘʯʢʘ ʧʝʩʢʘ ʠ ʧʝʩʯʘʥʠʢʘ 
ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʛʦ ʩʣʦʞʝʥʠʷ ʠ ʪʝʤʥʦ-ʢʦʨʠʯ-
ʥʝʚʦʛʦ ʮʚʝʪʘ. ʇʨʠ ʚʳʩʳʭʘʥʠʠ ʧʦʨʦʜʳ ʮʚʝʪ 
ʩʦʭʨʘʥʷʝʪʩʷ. ʇʦʨʦʜʳ ʠʤʝʶʪ ʤʘʩʩʠʚʥʦʝ ʩʣʦ-
ʞʝʥʠʝ, ʧʝʨʝʭʦʜʷʱʝʝ ʚ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥ-
ʥʫʶ ʩʣʦʠʩʪʦʩʪʴ ʠ ʩʝʪʯʘʪʦʩʪʴ. 

 

ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʦʙʥʘʞʝʥʠʷ ʟʝʣʝʥʦʛʦ çʤʫʩʦʨʥʦʛʦè ʘʣʝʚʨʠʪʘ ʚ ʙʝʨʝʛʦʚʦʤ ʦʙʥʘʞʝʥʠʠ ʂʫʨʰʩʢʦʡ 

ʢʦʩʳ (ʘ) ʠ ʬʨʘʛʤʝʥʪ ʦʙʥʘʞʝʥʠʷ ʩ ʦʩʪʨʦʫʛʦʣʴʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ (ʙ). ɿʜʝʩʴ ʠ 

ʜʘʣʝʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʥʜʘʨʠʥ ʨʘʟʤʝʨʦʤ 5 ʩʤ. 

Fig. 4. General view of an outcrop of green "garbage" silt in a coastal outcrop of the Curonian Spit (a) 

and a fragment of the outcrop with sharp-angled fragments of basement rocks (ʙ). From here on, a 5-cm 

tangerine is used as a comparison object. 
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ʈʠʩ. 5. ɿʘʣʝʛʘʥʠʝ ʩʣʦʷ ʪʦʨʬʘ, ʟʘʧʝʯʘʪʣʝʚʰʝʝ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʫ ʨʘʩʯʣʝʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ 

ʟʝʣʝʥʦʛʦ çʤʫʩʦʨʥʦʛʦè ʘʣʝʚʨʠʪʘ. ʅʘ ʨʘʟʤʳʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʨʬʘ-1 ʣʦʞʠʪʩʷ ʩʣʦʡ ʙʝʣʦʛʦ ʧʳʣʝ-

ʚʘʪʦʛʦ ʧʝʩʢʘ (ʩʤ. ʨʠʩ. 3). 

Fig. 5. The peat layer's bedding, depicting the morphosculpture of the dissected surface of a layer of 

green "garbage" silt. A layer of white, dusty sand lies on the eroded surface of peat-1 (Fig. 3). 

 

ʈʠʩ. 6. ɿʘʣʝʛʘʥʠʝ ʩʣʦʷ ʪʦʨʬʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʤʳʚʘ çʤʫʩʦʨʥʦʛʦè ʟʝʣʝʥʦʛʦ ʘʣʝʚʨʠʪʘ. ʇʦʚʝʨʭ-

ʥʦʩʪʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʜʦʣʴ ʧʣʷʞʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ. ʊʘʢʞʝ ʢʘʢ ʥʘ ʬʦʪʦʛʨʘʬʠʠ 

6, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʤʳʚʘ ʥʘʭʦʜʠʪʩʷ ʪʦʨʬ-1. 

Fig. 6. Occurrence of a peat layer on the surface of a eroded green silt. The surface is traced along the 

beach at approximately the same level. As in photo 6, peat-1 is located on the eroded surface. 
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ʈʠʩ. 7. ʅʘʣʝʛʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʤʳʚʘ ʟʝʣʝʥʦʛʦ ʠ ʛʦʣʫʙʦʚʘʪʦʛʦ çʤʫʩʦʨʥʦʛʦè ʘʣʝʚʨʠʪʘ ʪʦʨʬʘ-

1, ʧʝʨʝʢʨʳʪʦʛʦ ʩʝʪʯʘʪʳʤ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʤ ʧʝʩʯʘʥʠʢʦʤ (ʘ, ʙ), ʠ ʪʘʢʠʝ ʞʝ ʩʦ-

ʦʪʥʦʰʝʥʠʷ ʩʣʦʝʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʦʩʣʦʝʤ ʧʦʣʦʩʯʘʪʦʛʦ ʧʝʩʯʘʥʠʢʘ ʤʝʞʜʫ ʪʦʨʬʦʤ-1 ʠ ʩʝʪʯʘ-

ʪʳʤ ʧʝʩʯʘʥʠʢʦʤ (ʚ). 

Fig. 7. Overlying eroded surface of green and bluish ñgarbageò silt by peat-1, covered by a mesh-like 

coarse-grained dark-brown sandstone (a, ʙ), and the same relationships of layers with an additional layer 

of banded sandstone between peat-1 and mesh-like sandstone (ʚ). 
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ʈʠʩ. 8. ʇʝʨʝʭʦʜ ʩʥʠʟʫ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʦʪ ʩʣʦʷ ʪʦʨʬʘ-3 ʢ ʚʦʣʥʠʩʪʦ-ʧʦʣʦʩʯʘʪʦʤʫ ʧʝʩʯʘʥʠʢʫ (ʘ) ʠ 

ʧʝʨʝʭʦʜ ʦʪ ʩʣʦʷ ʤʘʩʩʠʚʥʦʛʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ ʯʝʨʝʟ ʧʦʣʦʩʯʘʪʳʡ ʧʝʩʯʘʥʠʢ ʢ ʩʣʦʶ ʙʝ-

ʣʦʛʦ ʧʳʣʝʚʘʪʦʛʦ ʧʝʩʢʘ (ʙ). ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʙ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʣʦʝ ʙʝʣʦʛʦ ʧʳʣʝʚʘʪʦʛʦ ʧʝʩʢʘ 

ʣʝʞʠʪ ʩʣʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʯʚʳ. 

Fig. 8. The transition from the peat layer-3 to the wavy-banded sandstone (a) and the transition from 

the massive coarse-grained sandstone layer through the banded sandstone to the white silty sand layer 

(ʙ). In photograph ʙ, a layer of modern soil lies directly on the white silty sand layer. 

 

ʈʠʩ. 9. ʉʣʦʡ ʩʝʪʯʘʪʦʛʦ ʧʝʩʯʘʥʠʢʘ, ʧʝʨʝʢʨʳʪʦʛʦ ʩʤʳʢʘʶʱʠʤʠʩʷ ʩʣʦʷʤʠ ʪʦʨʬʘ-3 ʠ ʪʦʨʬʘ-4 ʙʝʟ 

ʧʨʠʟʥʘʢʦʚ ʧʨʦʩʣʦʷ ʙʝʣʦʛʦ ʧʳʣʝʚʘʪʦʛʦ ʧʝʩʢʘ. 

Fig. 9. A layer of mesh sandstone covered by adjoining layers of peat-3 and peat-4 without signs of a 

layer of white dusty sand. 

ʉʣʦʡ ʙʝʣʦʛʦ ʧʳʣʝʚʘʪʦʛʦ ʧʝʩʢʘ ʟʘʣʝʛʘʝʪ ʚʳʰʝ ʪʦʨʬʘ-3 ʠ ʥʠʞʝ ʪʦʨʬʘ 4. ɹʝʣʳʡ ʮʚʝʪ ʠʤʝʝʪ 

ʧʝʩʦʢ ʦʙʥʘʞʝʥʠʷ ʚʦ ʚʣʘʞʥʦʤ ʚʠʜʝ, ʧʨʠ ʝʛʦ ʚʳʩʳʭʘʥʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʘʷ 
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ʦʢʨʘʩʢʘ, ʧʦʜʦʙʥʘʷ ʦʢʨʘʩʢʝ ʧʝʩʢʘ ʜʶʥ. ʉʣʦʡ ʪʦʨʬʘ-4 ʠʤʝʝʪ ʚʳʜʝʨʞʘʥʥʫʶ ʤʦʱʥʦʩʪʴ 15ï20 ʩʤ 

(ʨʠʩ. 8). ʊʦʨʬ-4 ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩʦ ʩʣʦʷʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʜʝʪʨʠʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʚʳ-

ʰʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʷʭ ʜʶʥ. ʀʥʦʛʜʘ ʩʣʦʠ ʪʦʨʬʘ-3 ʠ ʪʦʨʬʘ-4 ʩʤʳʢʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʚʳ-

ʢʣʠʥʠʚʘʥʠʝʤ ʙʝʣʦʛʦ ʧʝʩʯʘʥʦʛʦ ʩʣʦʷ (ʨʠʩ. 9). ʉʣʦʡ ʙʝʣʦʛʦ ʧʝʩʢʘ ʯʘʩʪʦ ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʧʘʯʢʠ 

ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʧʝʩʯʘʥʠʢʘ ʠ ʧʝʩʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ (ʠʣʠ ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ) ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʘ-

ʪʝʨʠʘʣ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʝʣʳʡ ʧʝʩʦʢ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʣʦʝ ʪʦʨʬʘ-3, ʤʝʞʜʫ ʜʝʪʨʠʪʦʚʳʤ ʦʨʛʘʥʠʯʝ-

ʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʙʝʣʳʤ ʧʝʩʢʦʤ ʦʙʨʘʟʫʝʪʩʷ ʨʝʟʢʘʷ ʛʨʘʥʠʮʘ ʩ ʢʘʨʤʘʥʘʤʠ, ʚʜʘʶʱʠʤʠʩʷ ʚ ʦʩʪʘ-

ʪʦʯʥʳʡ ʩʣʦʡ ʪʦʨʬʘ-3 (ʨʠʩ. 10). 

 

ʈʠʩ. 10. ʇʝʨʝʭʦʜ ʩʥʠʟʫ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʦʪ ʩʣʦʷ ʩʣʘʙʦʩʣʦʠʩʪʦʛʦ (ʜʦ ʤʘʩʩʠʚʥʦʛʦ) ʢʨʫʧʥʦʟʝʨʥʠ-

ʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ ʢ ʩʣʦʶ ʪʦʨʬʘ-2, ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʤʫ ʙʝʣʳʤ ʧʳʣʝʚʘʪʳʤ ʧʝʩʢʦʤ (ʘ) ʠ 

ʧʝʨʝʭʦʜ ʦʪ ʩʣʦʷ ʤʘʩʩʠʚʥʦʛʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ ʢ ʚʳʰʝʣʝʞʘʱʝʤʫ ʩʣʦʶ ʙʝʣʦʛʦ ʧʳʣʝ-

ʚʘʪʦʛʦ ʧʝʩʢʘ (ʙ). ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʙ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʣʦʝ ʙʝʣʦʛʦ ʧʳʣʝʚʘʪʦʛʦ ʧʝʩʢʘ ʣʝʞʠʪ ʩʣʦʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʯʚʳ. 

Fig. 10. The transition from the bottom to the top of the section from a layer of slightly stratified (to 

massive) coarse-grained sandstone to peat layer-2, almost completely filled with white silty sand (a) and 

the transition from the layer of massive coarse-grained sandstone to the overlying layer of white silty 

sand (ʙ). In photograph ʙ, a layer of modern soil lies directly on the layer of white silty sand. 
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ʈʠʩ. 11. ʅʝʨʦʚʥʘʷ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʣʦʷ ʙʝʣʦʛʦ ʧʳʣʝʚʘʪʦʛʦ ʧʝʩʢʘ, ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʩʣʦʡ ʪʦʨʬʘ-

3, ʢʦʪʦʨʳʡ ʟʘʣʝʛʘʝʪ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʤ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʤ ʧʝʩʯʘʥʠʢʝ (ʘïʚ) ʠ ʥʘ ʤʘʩʩʠʚ-

ʥʦʤ ʧʝʩʯʘʥʠʢʝ ʪʘʢʦʛʦ ʞʝ ʮʚʝʪʘ (ʛ). 

Fig. 11. Uneven lower boundary of the layer of white dusty sand overlying the peat layer-3, which lies 

on horizontally layered dark brown sandstone (aïʚ) and on massive sandstone of the same color (ʛ). 

ʌʠʥʘʣʴʥʳʡ ʩʣʦʡ ʪʦʨʬʘ-4 ʭʦʨʦʰʦ ʚʳʜʝʨ-

ʞʘʥ ʧʦ ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʙʝʨʝʛʦʚʦʛʦ 

ʨʘʟʨʝʟʘ ʠ ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʠʨʫʶʱʝʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʜʶʥʥʳʝ ʧʝʩʢʠ. 



ʈʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ 

17 

ʇʝʩʢʠ ʙʝʨʝʛʦʚʳʭ ʜʶʥ ʣʦʞʘʪʩʷ ʥʘ ʨʦʚʥʳʡ 

ʩʣʦʡ ʪʦʨʬʘ-4. ʇʨʝʦʙʣʘʜʘʶʪ ʜʶʥʳ ʦʜʥʦʨʦʜ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʏʘʩʪʴ ʜʶʥ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʣʦ-

ʠʩʪʦʩʪʴ, ʧʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʪʫʨʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʥʦʛʦ ʨʦʩʪʘ ʠʭ 

ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʝʡ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʳʩʦʪʳ 

ʥʘ ʧʝʨʠʬʝʨʠʠ (ʨʠʩ. 12ʘïʚ). ɼʶʥʳ ʠʤʝʶʪ 

ʚʳʩʦʪʫ ʜʦ 5 ʤ. ɺ ʦʙʥʘʞʝʥʠʷʭ ʧʝʩʢʘ ʫʩʪʘʥʘʚ-

ʣʠʚʘʝʪʩʷ ʦʪ ʦʜʥʦʛʦ ʜʦ ʪʨʝʭ ʧʦʯʚʝʥʥʳʭ ʧʨʦ-

ʩʣʦʝʚ ʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʣʦʥʦʚ ʜʶʥ. 

ʀʤʝʶʪʩʷ ʩʣʫʯʘʠ ʦʙʥʘʞʝʥʠʷ ʧʦʛʨʝʙʝʥʥʳʭ 

ʩʪʦʷʯʠʭ ʩʪʚʦʣʦʚ ʜʝʨʝʚʴʝʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ 

ʧʨʦʩʣʦʷʤ ʧʦʛʨʝʙʝʥʥʦʡ ʧʦʯʚʳ (ʨʠʩ. 12ʛ). 

 

 

ʈʠʩ. 12. ʇʝʩʢʠ ʙʝʨʝʛʦʚʳʭ ʜʶʥ: ʩʣʦʠʩʪʳʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠ ʦʜʥʦʨʦʜʥʳʝ ï ʚ ʚʝʨʭʥʝʡ (ʘ,ʙ), ʩʣʦʠ-

ʩʪʳʝ ʧʦ ʚʩʝʡ ʤʦʱʥʦʩʪʠ ʜʶʥʳ (ʚ) ʠ ʩʣʦʠʩʪʳʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʶʥ, ʨʘʟʜʝʣʝʥʥʳʭ ʧʨʦʩʣʦʝʤ 

ʧʦʯʚʳ, ʥʘ ʢʦʪʦʨʦʤ ʨʦʩʣʦ ʜʝʨʝʚʦ (ʛ). 

Fig. 12. Sands of coastal dunes: layered in the lower part and homogeneous in the upper part (a, ʙ), 

layered throughout the entire thickness of the dune (ʚ), and layered of two successive dunes separated 

by a layer of soil, on which a tree grew (ʛ). 

ʃʠʪʦʛʝʦʭʠʤʠʯʝʩʢʘʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʘʜʦʯʥʳʭ 
ʦʪʣʦʞʝʥʠʡ 

ʅʘʣʠʯʠʝ ʢʘʨʙʦʥʘʪʦʚ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ CO2, ʘ ʥʘʣʠʯʠʝ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ï ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ H2O, ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ 
ʧʨʦʢʘʣʠʚʘʥʠʠ ʧʨʦʙʳ (ʇʇʇ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
1100 Áʉ (ʚʣʘʛʘ, ʫʜʘʣʷʶʱʘʷʩʷ ʧʨʠ 90-ʛʨʘʜʫʩ-
ʥʦʡ ʩʫʰʢʝ ʧʨʦʙʳ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ). ɺ ʛʣʠʥʠ-
ʩʪʳʭ ʤʠʥʝʨʘʣʘʭ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 
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10 ʤʘʩ.% H2O. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʇʇʇ 
ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʟʘ ʩʯʝʪ ʩʛʦʨʘʥʠʷ ʜʝʪʨʠ-
ʪʦʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ɻʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ-

ʧʣʠʦʮʝʥʘ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ʛʣʠʥʠʩʪʳʝ 
ʧʦʨʦʜʳ ʤʠʦʮʝʥʘ ʦ-ʚʘ ʆʣʴʭʦʥ ʨʘʟʣʠʯʘʶʪʩʷ 
ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʨʙʦʥʘʪʘ. ʆʪ-
ʥʦʩʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʦ-
ʥʘʪʘ ʚ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʤʠʦʮʝʥʘ ʦ-ʚʘ ʆʣʴ-
ʭʦʥ ʜʦʧʦʣʥʷʝʪʩʷ ʜʘʥʥʳʤʠ ʦ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ ʚ 
ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. ɹʘʡʢʘʣ (ʂʘʰʠʢ, ʃʦ-
ʤʦʥʦʩʦʚʘ, 2006). ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʠʘ-
ʛʨʘʤʤʳ CO2ïʇʇʇ ʥʘ ʨʠʩ. 13 ʧʦʢʘʟʘʥʳ ʩʦ-
ʩʪʘʚʳ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʊʷʥʴ-ʐʘʥʷ: ʤʝʣ-

ʧʘʣʝʦʛʝʥʦʚʦʡ ʢʨʘʩʥʦʮʚʝʪʥʦʡ ʩʫʣʫʪʝʨʝʢʩʢʦʡ 
ʩʚʠʪʳ ʠ ʧʝʩʪʨʦʮʚʝʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘʯʘʣʘ 
ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ ʠʟ ʨʘʟʨʝʟʘ ʉʝʨʘʬʠʤʦʚʢʘ. 
ʉʫʣʫʪʝʨʝʢʩʢʘʷ ʩʚʠʪʘ ʧʝʨʝʢʨʳʚʘʝʪ ʧʦʚʝʨʭ-
ʥʦʩʪʴ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʩʫʱʝʩʪʚʦʚʘʚʰʫʶ ʜʦ 
ʥʘʯʘʣʘ ʛʦʨʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, 
ʩʧʨʦʚʦʮʠʨʦʚʘʥʥʳʭ ʚ ɸʟʠʠ ʀʥʜʦ-ɸʟʠʘʪʩʢʦʡ 
ʢʦʣʣʠʟʠʝʡ. ɺ ʵʪʦʡ ʩʚʠʪʝ ʚʳʷʚʣʷʶʪʩʷ ʨʘʟʥʦʦʙ-
ʨʘʟʥʳʝ ʦʙʣʦʤʦʯʥʳʝ, ʛʣʠʥʠʩʪʳʝ ʠ ʢʘʨʙʦʥʘʪ-
ʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʈʘʟʨʝʟ ʉʝʨʘʬʠʤʦʚʢʘ ʭʘʨʘʢʪʝ-
ʨʠʟʫʝʪ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʩʝʚʝʨʥʦʡ ʬʨʦʥ-
ʪʘʣʴʥʦʡ ʯʘʩʪʠ ʚʦʟʜʳʤʘʶʱʝʛʦʩʷ ʊʷʥʴ-ʐʘʥʷ. 
ɿʜʝʩʴ ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʢʘʨʙʦ-
ʥʘʪʥʳʭ ʧʦʨʦʜ. 

 

ʈʠʩ. 13. ɼʠʘʛʨʘʤʤʘ CO2ïʇʇʇ (ʧʦʪʝʨʠ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ) ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠʟ ʨʘʟʨʝʟʘ ʂʫʨʰʩʢʦʡ 

ʢʦʩʳ. 1ï4 ï ʧʦʨʦʜʳ ʩʥʠʟʫ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ: 1 ï ʟʝʣʝʥʳʡ çʤʫʩʦʨʥʳʡè ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʡ ʘʣʝʚ-

ʨʠʪ; 2 ï ʩʝʨʳʡ ʘʣʝʚʨʠʪ; 3 ï ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʧʝʩʦʢ ʠ ʧʝʩʯʘʥʠʢ; 4 ï ʙʝʣʳʡ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ. 5 ï 

ʘʣʝʚʨʠʪ ʢʨʝʤʦʚʳʡ ʠʟ ʨʘʟʨʝʟʘ ʉʚʝʪʣʦʛʦʨʩʢʘ (ʩʝʚʝʨ ʉʘʤʙʠʡʩʢʦʛʦ ʧ-ʦʚʘ). ɿʥʘʯʝʥʠʷ CO2 ʪʝʤʥʦ-ʢʦ-

ʨʠʯʥʝʚʳʡ ʧʝʩʢʘ ʠ ʧʝʩʯʘʥʠʢ ʠ ʙʝʣʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ (ʥʠʞʝ 0.06 

ʤʘʩ.%). ʉʦʩʪʘʚʳ ʣʝʩʩʦʚ ʠʟ ʨʘʙʦʪʳ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025). ʇʦ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ ʊʷʥʴ-ʐʘʥʷ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʘʚʪʦʨʘ, ɸ.ɺ. ʄʠʢʦʣʘʡʯʫʢʘ ʠ ʀ.ʉ. ʏʫʚʘʰʦʚʦʡ, ʧʦ ʦʩʘ-

ʜʦʯʥʳʤ ʧʦʨʦʜʘʤ ʦ-ʚʘ ʆʣʴʭʦʥ ï ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʘʚʪʦʨʘ, ɸ. ʂʣʝʤʝʥʪʴʝʚʘ ʠ ɸ. ʉʠʟʦʚʘ. 

Fig. 13. CO2ïLOI (loss on ignition) diagram of sedimentary rocks from the Curonian Spit section. 1ï4 

ï rocks from bottom to top along the section: 1 ï green ñgarbageò carbonate-clayey siltstone; 2 ï gray 

siltstone; 3 ï dark-brown sand and sandstone; 4 ï white quartz sand. 5 ï cream-colored siltstone from 

the Svetlogorsk section (northern Sambian Peninsula). CO2 values for dark-brown sand and sandstone 

and white quartz sand are below the detection limit (below 0.06 wt.%). Loess compositions from (Ras-

skazov et al., 2025). Used for sedimentary rocks from Tien Shan are unpublished data of the author, 

A.V. Mikolaichuk, and I.S. Chuvashova and for those from Olkhon Island, unpublished data of the 

author, A. Klementyev, and A. Sizov. 

ɿʝʣʝʥʳʝ çʤʫʩʦʨʥʳʝè ʘʣʝʚʨʠʪʳ ʦʩʥʦʚʘʥʠʷ 

ʨʘʟʨʝʟʘ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʠʤʝʶʪ ʤʘʣʳʝ ʇʇʇ 

(2.0ï2.4 ʤʘʩ.%) (ʥʝʙʦʣʴʰʫʶ ʜʦʣʶ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ) ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ 

CO2 (8.0ï8.8 ʤʘʩ.%) ʠ ʉʘʆ (8.5ï10.0 ʤʘʩ. %) 

(ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ ʢʘʨʙʦʥʘʪʘ). ɺ ʩʝʨʳʭ 

ʘʣʝʚʨʠʪʘʭ, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʝʩʢʘʭ ʠ ʧʝʩ-

ʯʘʥʠʢʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʘʢʠʝ 

ʞʝ ʇʇʇ (ʩʦʭʨʘʥʷʝʪʩʷ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ), ʥʦ ʨʝʟʢʦ ʧʘʜʘʶʪ ʩʦ-

ʜʝʨʞʘʥʠʷ CO2 ʠ ʉʘʆ, ʩʦʩʪʘʚʣʷʶʱʠʝ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, <0.5 ʠ 0.15ï0.95 ʤʘʩ.% (ʢʘʨʙʦʥʘʪ 
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ʥʝ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ). ʅʠʟʢʦʝ ʟʥʘʯʝ-

ʥʠʝ ʇʇʇ ʚ ʙʝʣʦʤ ʧʝʩʢʝ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪ-

ʩʪʚʠʝ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ɿʥʘʯʝʥʠʷ CO2 

ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ (ʥʠʞʝ 0.06 

ʤʘʩ.%) ʚ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʝʩʢʘʭ ʠ ʧʝʩʯʘ-

ʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʙʝʣʳʭ ʢʚʘʨʮʝʚʳʭ ʧʝʩʢʘʭ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ. ʇʦ-

ʨʦʜʳ ʠʟ ʨʘʟʨʝʟʘ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʤʦʛʫʪ ʚ ʮʝ-

ʣʦʤ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʧʦʨʦʜʘʤʠ ʨʘʟʨʝʟʦʚ ʉʘʤʙʠʡʩʢʦʛʦ ʧ-ʦʚʘ ɹʘʣ-

ʪʠʡʩʢʦʛʦ ʤʦʨʷ. ɺ ʢʨʝʤʦʚʦʤ ʘʣʝʚʨʠʪʝ, ʦʪʦ-

ʙʨʘʥʥʦʤ ʠʟ ʪʦʣʱʠ ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ ʪʝʨʨʠ-

ʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʪʦʨʬʘ ʚ ʙʝʨʝʛʦʚʦʤ ʨʘʟ-

ʨʝʟʝ ʛ. ʉʚʝʪʣʦʛʦʨʩʢʘ, ʩʦʜʝʨʞʘʥʠʝ CO2 ʥʠʞʝ 

ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟ-

ʨʘʩʪʘʥʠʝʤ ʇʇʇ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝ-

ʣʠʯʝʥʠʠ ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ ʨʦʣʠ ʛʣʠʥʠʩʪʳʭ ʤʠ-

ʥʝʨʘʣʦʚ. 

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ CO2ïʇʇʇ ʟʝʣʝʥʳʝ çʤʫ-

ʩʦʨʥʳʝè ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʝ ʘʣʝʚʨʠʪʳ ʧʦ-

ʧʘʜʘʶʪ ʚ ʬʠʛʫʨʘʪʠʚʥʦʝ ʧʦʣʝ ʣʝʩʩʦʚ ɺʦʩʪʦʯ-

ʥʳʭ ʉʘʷʥ ʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ, ʢʦʪʦʨʳʝ 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʟʜʝʩʴ ʚ ʢʦʥʮʝ ʧʣʝʡʩʪʦʮʝʥʘ 

(ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025). ʊʘʢʦʝ ʩʭʦʜʩʪʚʦ ʩʦ-

ʩʪʘʚʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʧʣʝʡ-

ʩʪʦʮʝʥʦʚʦʤ ʚʦʟʨʘʩʪʝ ʦʪʣʦʞʝʥʠʡ ʦʩʥʦʚʘʥʠʷ 

ʨʘʟʨʝʟʘ ʂʫʨʰʩʢʦʡ ʢʦʩʳ. ʊʨʝʥʜ ʩʝʨʳʭ ʘʣʝʚʨʠ-

ʪʦʚ ï ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʝʩʢʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʨʝʥʜʦʤ ʧʣʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝ-

ʥʠʡ ʦ-ʚʘ ʆʣʴʭʦʥ ʥʘ ʦʟ. ɹʘʡʢʘʣ. ʆʩʘʜʦʯʥʳʝ ʦʪ-

ʣʦʞʝʥʠʷ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ 

ʫʩʣʦʚʠʷʭ, ʩʭʦʜʥʳʭ ʩ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʧʣʠʦʮʝʥʦʚʳʭ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʉʨʝʜʥʝʛʦ ɹʘʡʢʘʣʘ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠʟ 

ʨʘʟʨʝʟʘ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʚʳʷʚʣʷʶʪʩʷ ʥʘ ʜʠʘ-

ʛʨʘʤʤʘʭ ʚʘʨʠʘʮʠʡ Fe2O/FeO, CaO/Na2O ʠ 

CIA (Chemical Index of Alteration) ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ SiO2 (ʨʠʩ. 14). 

ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚʦʚ ʦʙʣʦʤʦʯʥʳʭ, 

ʛʣʠʥʠʩʪʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʤʝʣ-ʧʘʣʝʦ-

ʛʝʥʦʚʦʡ ʩʫʣʫʪʝʨʝʢʩʢʦʡ ʩʚʠʪʳ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʚʘʨʠʘʮʠʷʭ SiO2 ʦʪ ʧʝʨʚʳʭ ʤʘʩ.% ʚ ʢʘʨʙʦʥʘ-

ʪʘʭ ʜʦ 84 ʤʘʩ.% ʚ ʪʝʨʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʳʭ ʧʦ-

ʨʦʜʘʭ. ʇʦʨʦʜʳ ʩʫʣʫʪʝʨʝʢʩʢʦʡ ʩʚʠʪʳ ʠʤʝʶʪ 

ʢʨʘʩʥʦʮʚʝʪʥʳʡ ʦʙʣʠʢ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʣʠ-

ʤʦʥʠʪʘ. ʆʪʥʦʰʝʥʠʝ Fe2O3/FeO ʧʦʚʳʰʘʝʪʩʷ 

ʜʦ 20 ʚ ʩʝʨʝʜʠʥʝ ʠʥʪʝʨʚʘʣʘ SiO2 ʠ ʩʥʠʞʘʝʪʩʷ 

ʜʦ 2 ʥʘ ʝʛʦ ʦʢʦʥʯʘʥʠʷʭ. ʊʨʝʥʜ ʢʘʨʙʦʥʘʪʥʳʭ ʠ 

ʪʝʨʨʠʛʝʥʥʳʭ ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʭ ʧʦʨʦʜ ʠʟ 

ʨʘʟʨʝʟʘ ʉʝʨʘʬʠʤʦʚʢʘ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʟʘʤʝʪ-

ʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʦʪʥʦʰʝʥʠʷ Fe2O3/FeO (ʣʠ-

ʤʦʥʠʪ ʥʝ ʠʛʨʘʝʪ ʟʘʤʝʪʥʦʡ ʨʦʣʠ) ʠ ʧʨʦʪʷʛʠʚʘ-

ʝʪʩʷ ʜʦ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦ-

ʩʪʘʚʦʚ ʟʝʣʝʥʳʭ çʤʫʩʦʨʥʳʭè ʢʘʨʙʦʥʘʪʥʦ-

ʛʣʠʥʠʩʪʳʭ ʘʣʝʚʨʠʪʦʚ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʠ ʣʝʩ-

ʩʦʚ ɺʦʩʪʦʯʥʳʭ ʉʘʷʥ ʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ. ɺ 

ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʣʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦ-

ʚʘ ʆʣʴʭʦʥ ʦʪʥʦʰʝʥʠʝ Fe2O3/FeO ʚʦʟʨʘʩʪʘʝʪ 

ʜʦ 20. ʌʠʛʫʨʘʪʠʚʥʦʝ ʧʦʣʝ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʩʝʨʳʤ ʘʣʝʚʨʠʪʘʤ ʩ ʚʳʩʦʢʠʤ 

Fe2O3/FeO (ʦʢʦʣʦ 10) ʚ ʥʘʯʘʣʝ ʪʨʝʥʜʘ ʦʪʣʦʞʝ-

ʥʠʡ ʂʫʨʰʩʢʦʡ ʢʦʩʳ. ʊʨʝʥʜ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ Fe2O3/FeO ʜʦ 1 

ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ SiO2 ʜʦ 97.7 ʤʘʩ.% ʚ ʙʝʣʦʤ 

ʧʝʩʢʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʢʚʘʨʮʘ ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʠ-

ʤʝʩʴʶ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ. 
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ʈʠʩ. 14. ɼʠʘʛʨʘʤʤʳ Fe2O3/FeO ï SiO2 (ʘ) CaO/Na2O ï SiO2 (ʙ) ʠ CIA ï SiO2 (ʚ) ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʠʟ ʨʘʟʨʝʟʘ ʂʫʨʰʩʢʦʡ ʢʦʩʳ. CIA=100ĬAl2O3/(Al 2O3+CaO+Na2O+K2O). ʋʩʣ. ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 

13. 

Fig. 14. Diagrams Fe2O3/FeO ï SiO2 (ʘ) CaO/Na2O ï SiO2 (ʙ) and CIA ï SiO2 (ʚ) of sedimentary rocks 

from the Curonian Spit section. CIA=100ĬAl2O3/(Al 2O3+CaO+Na2O+K2O). Symbols are as in Fig. 13. 

ʂʘʨʙʦʥʘʪʳ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʡ ʩʫʣʫʪʝ-

ʨʝʢʩʢʦʡ ʩʚʠʪʳ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʦʪʥʦʰʝʥʠʝ CaO/Na2O (ʜʦ 1000). ʉ ʚʦʟʨʘʩʪʘ-

ʥʠʝʤ SiO2 ʚ ʨʷʜʫ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʳʭ 
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ʧʦʨʦʜ ʦʪʥʦʰʝʥʠʝ CaO/Na2O ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 1. ʈʷʜ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʛʣʠʥʠ-

ʩʪʳʭ ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʭ ʧʦʨʦʜ ʠʟ ʨʘʟʨʝʟʘ ʉʝ-

ʨʘʬʠʤʦʚʢʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʫʟʢʠʤ ʜʠʘʧʘʟʦ-

ʥʦʤ ʦʪʥʦʰʝʥʠʷ CaO/Na2O. ʊʨʝʥʜ ʧʨʦʪʷʛʠʚʘ-

ʝʪʩʷ ʦʪ ʩʦʩʪʘʚʦʚ ʢʘʨʙʦʥʘʪʦʚ ʜʦ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʩʪʘʚʦʚ ʟʝ-

ʣʝʥʳʭ çʤʫʩʦʨʥʳʭè ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʭ 

ʘʣʝʚʨʠʪʦʚ ʂʫʨʰʩʢʦʡ ʢʦʩʳ, ʣʝʩʩʦʚ ɺʦʩʪʦʯ-

ʥʳʭ ʉʘʷʥ ʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ, ʘ ʪʘʢʞʝ 

ʧʣʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʦ-ʚʘ ʆʣʴʭʦʥ. ʊʨʝʥʜ 

ʩʝʨʳʭ ʘʣʝʚʨʠʪʦʚ, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʝʩʢʦʚ ʠ 

ʧʝʩʯʘʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʙʝʣʳʭ ʧʝʩʢʦʚ ʧʨʠʭʦ-

ʜʠʪʩʷ ʥʘ ʯʘʩʪʴ ʪʨʝʥʜʘ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʡ ʩʫ-

ʣʫʪʝʨʝʢʩʢʦʡ ʩʚʠʪʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʦʪʥʦʰʝ-

ʥʠʝʤ CaO/Na2O. 

ɺ ʧʦʢʘʟʘʪʝʣʝ CIA ʟʥʘʤʝʥʘʪʝʣʴ ʚʢʣʶʯʘʝʪ 

CaO ʠ Na2O ʚʤʝʩʪʝ ʩ Al2O3 ʠ K2O. ʕʪʦʪ ʧʦʢʘ-

ʟʘʪʝʣʴ ʙʳʣ ʚʚʝʜʝʥ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʚʳ-

ʚʝʪʨʠʚʘʥʠʷ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ (ʙʝʟ ʢʘʨʙʦʥʘ-

ʪʦʚ) (Nesbitt, Young, 1982). ʂʘʨʙʦʥʘʪʥʳʝ ʧʦ-

ʨʦʜʳ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʡ ʩʫʣʫʪʝʨʝʢʩʢʦʡ ʩʚʠʪʳ 

ʨʝʟʢʦ ʨʘʟʜʝʣʷʶʪʩʷ ʩ ʧʦʨʦʜʘʤʠ ʜʚʫʭ ʜʨʫʛʠʭ 

ʛʨʫʧʧ ʧʦ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, 

ʤʝʥʷʶʱʠʤʩʷ ʦʪ 0 ʜʦ 30 ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ SiO2 

ʦʪ 4 ʜʦ 84 ʤʘʩ.%. ɺ ʦʜʥʦʡ ʠʟ ʛʨʫʧʧ ʧʦʨʦʜ ʩʫ-

ʣʫʪʝʨʝʢʩʢʦʡ ʩʚʠʪʳ, ʧʨʝʪʝʨʧʝʚʰʝʡ ʫʤʝʨʝʥʥʦʝ 

ʚʳʚʝʪʨʠʚʘʥʠʝ, CIA ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʟʥʘʯʝʥʠʡ 

ʟʝʣʝʥʳʭ çʤʫʩʦʨʥʳʭè ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʭ 

ʘʣʝʚʨʠʪʦʚ ʂʫʨʰʩʢʦʡ ʢʦʩʳ (35ï40) ʜʦ ʟʥʘʯʝ-

ʥʠʡ ʥʘʯʘʣʘ ʪʨʝʥʜʘ ʚʳʰʝʣʝʞʘʱʠʭ ʪʝʨʨʠʛʝʥ-

ʥʳʭ ʧʦʨʦʜ (ʜʦ ʩʝʨʳʭ ʘʣʝʚʨʠʪʦʚ) (ʦʢʦʣʦ 70). ɺ 

ʜʨʫʛʦʡ ʛʨʫʧʧʝ ʧʦʨʦʜ ʩʫʣʫʪʝʨʝʢʩʢʦʡ ʩʚʠʪʳ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʚʳʚʝʪʨʠʚʘ-

ʥʠʶ, CIA ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 50ï83 ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ SiO2 40ï63 ʤʘʩ.%. 

ʇʨʠʜʘʚʘʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚʳʚʝʪʨʠʚʘ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʶ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʚ ʚʝʨʭʥʝʡ ʯʘ-

ʩʪʠ ʜʠʘʛʨʘʤʤʳ ʨʠʩ. 14ʚ, ʥʫʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠ-

ʤʘʥʠʝ ʥʘ ʩʤʝʱʝʥʠʝ ʬʠʛʫʨʘʪʠʚʥʦʛʦ ʧʦʣʷ 

ʟʝʣʝʥʳʭ çʤʫʩʦʨʥʳʭè ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʭ 

ʘʣʝʚʨʠʪʦʚ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʥʠʞʝ ʠ ʧʨʘʚʝʝ ʬʠ-

ʛʫʨʘʪʠʚʥʦʛʦ ʧʦʣʷ ʣʝʩʩʦʚ ɺʦʩʪʦʯʥʳʭ ʉʘʷʥ ʠ 

ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʠ ʪʦʯʝʢ ʪʨʝʥʜʘ ʩʝʨʳʭ 

ʘʣʝʚʨʠʪʦʚ ï ʙʝʣʦʛʦ ʧʝʩʢʘ ʥʠʞʝ ʠ ʧʨʘʚʝʝ ʬʠ-

ʛʫʨʘʪʠʚʥʦʛʦ ʧʦʣʷ ʧʣʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʦ-

ʚʘ ʆʣʴʭʦʥ. ʆʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʣʝʡʩʪʦʮʝʥʘ 

ʠ ʛʦʣʦʮʝʥʘ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʠʤʝʝʪ ʤʝʥʴʰʫʶ 

ʩʪʝʧʝʥʴ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʦʟ. ɹʘʡʢʘʣ, ʊʫʥʢʠʥ-

ʩʢʦʡ ʜʦʣʠʥʳ ʠ ɺʦʩʪʦʯʥʳʭ ʉʘʷʥ. ʊʘʢʦʝ ʨʘʟʣʠ-

ʯʠʝ ʩʦʩʪʘʚʘ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʙʦʣʝʝ ʩʫʨʦʚʳʝ 

ʫʩʣʦʚʠʷ ʥʠʚʘʣʴʥʦʛʦ ʣʠʪʦʛʝʥʝʟʘ ʧʣʝʡʩʪʦʮʝʥʦ-

ʚʦʡ ʤʝʨʟʣʦʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʳʣʝʚʘʪʦʛʦ ʦʙ-

ʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ɹʘʣʪʠʢʝ, ʯʝʤ ʥʘ ʶʛʝ 

ʉʠʙʠʨʠ. 

ʆʙʩʫʞʜʝʥʠʝ 

ʇʨʝʜʰʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʉʘʤʙʠʡʩʢʦʛʦ ʧ-ʦʚʘ ɹʘʣʪʠʢʠ ʠ ʢʦʨʨʝʣʷʮʠʠ 
ʩʪʨʘʪʦʥʦʚ 

ɼʘʥʥʝr ʧʦ ʛʦʣʦʮʝʥʦʚʳʤ ʦʩʘʜʦʯʥʳʤ ʦʪʣʦ-

ʞʝʥʠʷʤ ʨʘʡʦʥʘ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʙʳʣʠ ʦʙʦʙ-

ʱʝʥʳ ʚ ʨʘʙʦʪʝ (ɾʠʥʜʘʨʝʚ, ʂʫʣʘʢʦʚ, 1996), ʚ 

ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʶʞʥʘʷ ʯʘʩʪʴ 

ɹʘʣʪʠʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʦʩʚʦʙʦʜʠʣʘʩʴ ʦʪʦ 

ʣʴʜʘ ʠ ʙʳʣʘ ʟʘʥʷʪʘ ʖʞʥʦ-ɹʘʣʪʠʡʩʢʠʤ ʣʝʜʥʠ-

ʢʦʚʳʤ ʦʟʝʨʦʤ ʦʢʦʣʦ 13 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ*. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʖʞʥʦ-ɹʘʣʪʠʡʩʢʦʝ ʣʝʜʥʠʢʦʚʦʝ 

ʦʟʝʨʦ ʦʙʲʝʜʠʥʠʣʦʩʴ ʩ ʦʩʪʘʪʢʘʤʠ ʦʟʝʨʘ ʈʘʤ-

ʟʝʷ, ʟʘʥʠʤʘʚʰʝʛʦ ʩʦʚʨʝʤʝʥʥʫʶ ʘʢʚʘʪʦʨʠʶ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʯʘʩʪʴ ʧʨʠʣʝʛʘʶʱʝʡ ʩʫʰʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʦʩʴ ʝʜʠʥʦʝ ɹʘʣʪʠʡ-

ʩʢʦʝ ʣʝʜʥʠʢʦʚʦʝ ʦʟʝʨʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʘ-

ʤʫʶ ʨʘʥʥʶʶ ʩʪʘʜʠʶ ʨʘʟʚʠʪʠʷ ɹʘʣʪʠʢʠ. ʕʪʦ 

ʩʦʙʳʪʠʝ ʦʪʥʦʩʠʣʦʩʴ ʢ ʥʘʯʘʣʫ ʘʣʣʝʨʸʜʘ. 

* ɺ ʨʘʙʦʪʘʭ 1990-ʭ ʛʛ. ʧʨʠʚʦʜʠʣʠʩʴ ʜʘʪʠʨʦʚʢʠ 14ʉ 

ʙʝʟ ʧʦʧʨʘʚʢʠ ʥʘ ʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠ-

ʘʮʠʠ. ʇʨʠ ʧʝʨʝʩʯʝʪʝ ʥʘ ʢʘʣʝʥʜʘʨʥʫʶ ʜʘʪʫ ʚʦʟʨʘʩʪ ʩʦ-

ʙʳʪʠʷ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ 15 ʪʳʩ. ʣʝʪ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʟ-

ʣʦʞʝʥʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʵʪʠʭ ʘʚʪʦʨʦʚ ʧʨʠʚʦʜʠʪʩʷ 

ʪʦʣʴʢʦ ʦʙʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ ʙʝʟ ʜʘʪʠ-

ʨʦʚʦʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʦʩʴ ʝʜʠʥʦʝ ɹʘʣʪʠʡ-

ʩʢʦʝ ʣʝʜʥʠʢʦʚʦʝ ʦʟʝʨʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʘ-

ʤʫʶ ʨʘʥʥʶʶ ʩʪʘʜʠʶ ʨʘʟʚʠʪʠʷ ɹʘʣʪʠʢʠ. ʕʪʦ 

ʩʦʙʳʪʠʝ ʦʪʥʦʩʠʣʦʩʴ ʢ ʥʘʯʘʣʫ ʘʣʣʝʨʸʜʘ.è 

ʇʦʩʣʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʪʦ ʣʴʜʘ ʧʦʨʦʛʘ 

ʩʪʦʢʘ ʚ ʩʨʝʜʥʝʡ ʐʚʝʮʠʠ ʫʨʦʚʝʥʴ ɹʘʣʪʠʡ-

ʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ ʨʝʟʢʦ ʩʥʠʟʠʣʩʷ ʠ 

ʩʨʘʚʥʷʣʩʷ ʩ ʫʨʦʚʥʝʤ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʚʦʜʳ 

ʢʦʪʦʨʦʛʦ ʧʨʦʥʠʢʣʠ ʚ ɹʘʣʪʠʡʩʢʫʶ ʢʦʪʣʦʚʠʥʫ. 

ʆʙʨʘʟʦʚʘʣʦʩʴ ʩʠʣʴʥʦ ʦʧʨʝʩʥʝʥʥʦʝ 
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ʀʦʣʴʜʠʝʚʦʝ ʤʦʨʝ (J). ʀʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʜʥʷ-

ʪʠʝ ʩʨʝʜʥʝʡ ʐʚʝʮʠʠ, ʦʧʝʨʝʞʘʶʱʝʝ ʪʨʘʥʩ-

ʛʨʝʩʩʠʚʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ, ʚʳʟʚʘʣʦ ʦʙʤʝʣʝʥʠʝ ʛʣʫʙʦʢʠʭ ʧʨʦʣʠ-

ʚʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʀʦʣʴʜʠʝʚʦʝ ʤʦʨʝ ʩ ʦʢʝʘ-

ʥʦʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʝʢʨʘʱʝʥʠʝʤ ʧʨʠʪʦʢʘ 

ʩʦʣʝʥʳʭ ʚʦʜ ʚ ɹʘʣʪʠʡʩʢʫʶ ʢʦʪʣʦʚʠʥʫ. ʉʬʦʨ-

ʤʠʨʦʚʘʣʦʩʴ ʦʟʝʨʦ, ʧʦʣʫʯʠʚʰʝʝ ʥʘʟʚʘʥʠʝ ɸʥ-

ʮʠʣʦʚʦʛʦ (ɸnʩ), ʚʦʜʳ ʢʦʪʦʨʦʛʦ ʧʦʩʪʝʧʝʥʥʦ 

ʦʧʨʝʩʥʷʣʠʩʴ ʠ ʥʘʩʪʫʧʘʣʠ ʥʘ ʩʫʰʫ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. 

ʆʪʣʦʞʝʥʠʷ ʘʥʮʠʣʦʚʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʚ 

ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ɹʘʣʪʠʢʝ ʟʘʣʝʛʘʶʪ ʥʠʞʝ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʤʦʨʷ. ʅʘ ʂʫʨʰʩʢʦʡ ʢʦʩʝ ʠ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʠʤʝʥʥʦʛʦ ʟʘʣʠʚʘ ʘʥʮʠʣʦʚʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʣʝʚʨʠʪʘʤʠ ʠ 

ʧʝʩʢʘʤʠ ʩ ʧʨʝʩʥʦʚʦʜʥʳʤʠ ʚʠʜʘʤʠ ʜʠʘʪʦʤʦ-

ʚʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʚʩʢʨʳʪʳ ʥʘ ʦʪʤʝʪʢʘʭ ï15ï10 

ʤ. ʅʘ ʵʪʠʭ ʞʝ ʛʣʫʙʠʥʘʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦʜʥʦ-

ʞʠʝ ʧʦʜʚʦʜʥʦʛʦ ʫʩʪʫʧʘ ʫ ʩʝʚʝʨʥʳʭ ʙʝʨʝʛʦʚ 

ʉʘʤʙʠʡʩʢʦʛʦ ʧ-ʚʘ. ɺ ʩʚʷʟʠ ʩ ʦʧʫʩʢʘʥʠʝʤ ʧʦ-

ʨʦʛʘ ʩʪʦʢʘ ʫʨʦʚʝʥʴ ɸʥʮʠʣʦʚʦʛʦ ʦʟʝʨʘ, ʧʨʦʩʫ-

ʱʝʩʪʚʦʚʘʚʰʝʛʦ 1.5 ʪʳʩ. ʣʝʪ, ʩʥʠʟʠʣʩʷ ʠ ʩʨʘʚ-

ʥʷʣʩʷ ʩ ʫʨʦʚʥʝʤ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʄʦʨʩʢʠʝ 

ʚʦʜʳ ʚʪʦʨʛʣʠʩʴ ʚ ɹʘʣʪʠʡʩʢʫ  ʁʢʦʪʣʦʚʠʥʫ. ʆʙ-

ʨʘʟʦʚʘʣʩʷ ʚʦʜʦʝʤ, ʠʤʝʶʱʠʡ ʥʘʟʚʘʥʠʝ ʃʠʪʦ-

ʨʠʥʦʚʦʛʦ ʤʦʨʷ (Lit). 

ʃʠʪʦʨʠʥʦʚʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ ʙʳʣʘ ʚʳʟʚʘʥʘ 

ʦʙʱʠʤ ʵʚʩʪʘʪʠʯʝʩʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʧʨʦʪʝʢʘʣʘ ʥʝʨʘʚʥʦʤʝʨʥʦ, 

ʧʨʝʨʳʚʘʷʩʴ ʧʝʨʠʦʜʘʤʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʚʨʝ-

ʤʝʥʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ. ɹʝʨʝʛʦʚʘʷ ʣʠʥʠʷ 

ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯ-

ʥʦʡ ɹʘʣʪʠʢʝ ʥʘ ʛʣʫʙʠʥʘʭ 10ï15 ʤ ʠ ʤʘʨʢʠʨʫ-

ʝʪʩʷ ʟʘʪʦʧʣʝʥʥʳʤ ʘʙʨʘʟʠʦʥʥʳʤ ʫʩʪʫʧʦʤ ʫ 

ʙʝʨʝʛʦʚ ʉʘʤʙʠʡʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʘ ʪʘʢʞʝ 

ʚʳʭʦʜʘʤʠ ʥʘ ʧʦʜʚʦʜʥʦʤ ʙʝʨʝʛʦʚʦʤ ʩʢʣʦʥʝ 

ʣʘʛʫʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʣʠʪʦʨʠʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʇʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʣʠʪʦʨʠʥʦ-

ʚʦʛʦ ʚʦʟʨʘʩʪʘ ʧʨʦʩʣʝʞʝʥʳ, ʧʦ ʤʘʪʝʨʠʘʣʫ 

ʩʢʚʘʞʠʥ ʥʘ ʚʦʩʪʦʯʥʦʤ ʙʝʨʝʛʫ ʂʫʨʰʩʢʦʛʦ ʟʘ-

ʣʠʚʘ, ʚʜʦʣʴ ʚʩʝʛʦ ʤʘʪʝʨʠʢʦʚʦʛʦ ʙʝʨʝʛʘ. ɺ 

ʨʘʟʨʝʟʝ ʦʙʦʟʥʘʯʝʥʳ ʜʚʝ ʬʘʟʳ ʣʠʪʦʨʠʥʦʚʦʡ 

ʪʨʘʥʩʛʨʝʩʩʠʠ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʙʳʣʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʩ ʦʪʤʝʪʢʘʤʠ ʫʨʦʚʥʷ +5 ʠ +6 ʤ. ʈʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ ʣʠʪʦʨʠʥʦ-

ʚʦʛʦ ʚʦʟʨʘʩʪʘ ʦʪʤʝʯʝʥʘ ʪʘʢʞʝ ʚʜʦʣʴ ʚʦʩʪʦʯ-

ʥʦʛʦ ʙʝʨʝʛʘ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʟʘʣʠʚʘ. 

ɺʳʩʦʪʘ ʝʝ ʪʘʢʞʝ ʜʦʩʪʠʛʘʝʪ +5 ʤ. ɺ ʭʦʜʝ ʵʪʦʡ 

ʬʘʟʳ ʣʠʪʦʨʠʥʦʚʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʟʘʨʦʜʠʣʠʩʴ 

ʢʨʫʧʥʝʡʰʠʝ ʙʘʣʪʠʡʩʢʠʝ ʙʝʨʝʛʦʚʳʝ ʘʢʢʫʤʫ-

ʣʷʪʠʚʥʳʝ ʬʦʨʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʂʫʨʰʩʢʘʷ ʠ 

ɹʘʣʪʠʡʩʢʘʷ (ɺʠʩʣʠʥʩʢʘʷ) ʢʦʩʳ, ʦʪʜʝʣʠʚʰʠʝ 

ʦʪ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʂʫʨʰʩʢʠʡ 

ʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʟʘʣʠʚʳ. ɺ ʧʝʨʠʦʜ ʢʨʘʪʢʦ-

ʚʨʝʤʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʨʘʟʜʝʣʷʚʰʝʡ ʜʚʝ ʬʘʟʳ 

ʪʨʘʥʩʛʨʝʩʩʠʠ, ʫʨʦʚʝʥʴ ʃʠʪʦʨʠʥʦʚʦʛʦ ʤʦʨʷ 

ʦʧʫʩʢʘʣʩʷ ʥʘ 10ï12 ʤ ʥʠʞʝ ʩʦʚʨʝʤʝʥʥʦʛʦ, ʘ 

ʫʢʘʟʘʥʥʳʝ ʟʘʣʠʚʳ ʙʳʣʠ ʯʘʩʪʠʯʥʦ ʩʧʫʱʝʥʳ ʠ 

ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʤʦʨʷ ʦʩʫʰʠʚʰʠʤʠʩʷ ʂʫʨʰ-

ʩʢʦʡ ʠ ɹʘʣʪʠʡʩʢʦʡ ʢʦʩʘʤʠ. ɺʪʦʨʘʷ ʪʨʘʥʩʛʨʝʩ-

ʩʠʚʥʘʷ ʬʘʟʘ ʧʦʜʥʷʣʘ ʫʨʦʚʝʥʴ ʤʦʨʷ ʜʦ ʦʪʤʝ-

ʪʦʢ +2 ʠ +3 ʤ. ɺʧʘʜʠʥʳ ʟʘʣʠʚʦʚ ʚʥʦʚʴ ʟʘʧʦʣ-

ʥʠʣʠʩʴ ʚʦʜʘʤʠ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ, 

ʧʦʩʪʫʧʘʚʰʠʤʠ ʩʶʜʘ ʯʝʨʝʟ ʧʨʦʣʠʚʳ, ʧʨʦʨʝ-

ʟʘʚʰʠʝ ʪʝʣʘ ʢʦʩ. 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʪʣʠʪʦʨʠʥʦʚʦʛʦ 

ʤʦʨʷ, ʧʦʣʫʯʠʚʰʝʛʦ ʥʘʟʚʘʥʠʝ ʃʠʤʥʠʝʚʦʛʦ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʩʮʠʣʣʷʮʠ-

ʷʤʠ ʝʛʦ ʫʨʦʚʥʷ ʦʢʦʣʦ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ. ʄʥʦ-

ʛʦʯʠʩʣʝʥʥʳʝ ʜʨʝʚʥʠʝ ʧʘʤʷʪʥʠʢʠ, ʦʪʥʦʩʷʱʠ-

ʝʩʷ ʢ ʜʨʝʚʥʝʡʰʠʤ ʧʨʝʜʢʘʤ ʧʨʫʩʩʦʚ, ʞʠʚʰʠʝ 

ʚ III ʪʳʩʷʯʝʣʝʪʠʠ ʜʦ ʥ.ʵ., ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʠʭ ʠ ʚʦʟʚʳʰʝʥʥʳʭ ʯʘʩʪʷʭ 

ʂʫʨʰʩʢʦʡ ʢʦʩʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨ-

ʤʠʨʦʚʘʥʠʠ ʵʪʦʛʦ ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʩʦʦʨʫʞʝ-

ʥʠʷ ʚ ʭʦʜʝ ʣʠʪʦʨʠʥʦʚʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ. ɺ 

ʥʘʯʘʣʝ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ 

ʧʨʦʣʠʚ, ʩʦʝʜʠʥʷʚʰʠʡ ɹʘʣʪʠʢʫ ʠ ʂʫʨʰʩʢʠʡ 

ʟʘʣʠʚ (ʨʠʩ. 15). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʥʦ ʧʨʦ-

ʣʠʚʘ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʫʨʦʚʥʷ ɹʘʣʪʠʡʩʢʦʛʦ 

ʤʦʨʷ. ɹʳʚʰʠʡ ʧʨʦʣʠʚ ʧʝʨʝʢʨʳʪ ʤʘʪʝʨʠʘʣʦʤ 

ʜʶʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 
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ʈʠʩ. 15. ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠ ʘʨʭʝʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʫ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʂʫʨʰ-

ʩʢʦʡ ʢʦʩʳ ʚ IXïXIII ʚʝʢʘʭ (ʧʦ ʆ. ʂʣʝʝʤʘʥʥʫ, ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʫʢʘʟʘʥʘ ʣʠʥʠʷ ʛʨʘʥʠʮʳ ʧʦʙʝʨʝ-

ʞʴʷ ʚ ʵʧʦʭʫ ʨʘʥʥʝʛʦ ʩʨʝʜʥʝʚʝʢʦʚʴʷ) (ɾʠʥʜʘʨʝʚ, ʂʫʣʘʢʦʚ, 1996). 

Fig. 15. Paleogeographic and archaeological situation at the southwestern end of the Curonian Spit in 

the 9thï13th centuries (the coastal boundary in the early Middle Ages is indicated by a solid line after 

O. Kleemann) (Zhindarev, Kulakov, 1996). 

ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ ʧʨʦʣʠʚʘ, ʚ ʙʝʨʝʛʦʚʳʭ 

ʦʙʥʘʞʝʥʠʷʭ ʂʫʨʰʩʢʦʡ ʢʦʩʳ, ʦʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʦʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʥʳ ʪʨʠ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʝʜʠ-

ʥʠʮʳ: ʥʠʞʥ̫̫ ï çʤʫʩʦʨʥʳʭè ʟʝʣʝʥʳʭ ʢʘʨʙʦ-

ʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʭ ʘʣʝʚʨʠʪʦʚ, ʩʨʝʜʥʷ ̫ ï 

ʧʝʩʯʘʥʠʢʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʧʦʯʚʳ ʠ ʪʦʨʬʘ ʠ 

ʚʝʨʭʥʷ ̫ï ʵʦʣʦʚʳʭ ʧʝʩʢʦʚ. ʕʪʠ ʦʪʣʦʞʝʥʠʷ 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʥʘ ʢʦʥʪʠʥʝʥʪʝ. ʈʝʟʢʦʝ ʣʠʪʦʣʦ-

ʛʠʯʝʩʢʦʝ ʨʘʟʣʠʯʠʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʤʝʥʫ ʬʘʮʠʡ: 

ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʦʡ, ʙʦʣʦʪʥʦ-ʨʝʯʥʦʡ ʠ ʙʝʨʝʛʦ-

ʚʦʡ, ʵʦʣʦʚʦʡ. 

ʆʮʝʥʢʘ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʩʤʝʥʳ ʧʨʝʩʥʦʛʦ ʦʟʝʨʘ ʤʦʨʝʤ ʚʳʧʦʣʥʝʥʘ ʧʦ 

ʚʘʨʠʘʮʠʷʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʨʦʤʘ ʚ ʨʘʟʨʝʟʝ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʉʘʤʙʠʡ-

ʩʢʦʛʦ ʧ-ʦʚʘ (ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʤ. ʥʘ ʨʠʩ. 2). 

ʉʦʣʝʥʦʩʪʴ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʥʘʯʘʣʦʤ ʣʠ-

ʪʦʨʠʥʦʚʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ. ɺʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ 

ʦʪʣʦʞʝʥʠʷ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ 

ʜʦʛʦʣʦʮʝʥʦʚʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ, 

ʙʦʣʦʪʥʦ-ʨʝʯʥʳʝ ï ʩ ʨʘʥʥʝ-ʩʨʝʜʥʝʛʦʣʦʮʝʥʦ-

ʚʳʤ ʵʪʘʧʦʤ, ʙʝʨʝʛʦʚʳʝ ʵʦʣʦʚʳʝ ï ʩ ʧʦʟʜʥʝʛʦ-

ʣʦʮʝʥʦʚʳʤ ʵʪʘʧʦʤ ʥʘʢʦʧʣʝʥʠʷ ʙʝʨʝʛʦʚʳʭ ʵʦ-

ʣʦʚʳʭ ʧʝʩʢʦʚ (ʨʠʩ. 16). 
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ʈʠʩ. 16. ʀʣʣʶʩʪʨʘʮʠʷ ʵʪʘʧʦʚ ʵʚʦʣʶʮʠʠ ɹʘʣʪʠʢʠ ʧʦ ʧʘʣʝʦʩʦʣʝʥʦʩʪʠ ʚʦʜ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʙʨʦʤʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʢʝʨʥʘ 303700-7 ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ɻʜʘʥʴʩʢʦʡ ʚʧʘʜʠʥʳ 

(Grigoriev et al., 2011) (ʘ) ʠ ʢʦʨʨʝʣʠʨʫʶʱʘʷʩʷ ʩ ʵʪʠʤ ʨʘʟʨʝʟʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʂʫʨʰʩʢʦʡ ʢʦʩʳ (ʙ). ʉʭʝʤʘ ʢʦʨʨʝʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʜʘʪʠʨʦʚʢʘʤʠ 14ʉ 

ʣʠʥʟ ʪʦʨʬʘ. 

Fig. 16. Illustration of the stages of the Baltic evolution based on the paleosalinity of waters calculated 

from the concentration of bromine in sedimentary rocks of core 303700-7 of the bottom sediments of 

the Gdansk Depression (Grigoriev et al., 2011) (a) and the stages of accumulation of sedimentary de-

posits in the studied section of the Curonian Spit (ʙ). The correlation scheme can be adjusted by 14C 

dating of peat lenses. 

ɻʠʧʦʪʝʟʘ ʦʙ ʵʨʦʟʠʦʥʥʦʤ (ʦʪʢʦʧʘʥʥʦʤ) 
ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʚʧʘʜʠʥ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ 

ʉʦʚʨʝʤʝʥʥʘʷ ʚʧʘʜʠʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ 

ʟʘʥʠʤʘʝʪ ʵʨʦʜʠʨʦʚʘʥʥʳʡ ʧʨʦʪʝʨʦʟʦʡʩʢʠʡ 

ʚʥʫʪʨʠʢʨʘʪʦʥʥʳʡ ʙʘʩʩʝʡʥ ʥʘ ʌʝʥʥʦʩʢʘʥʜʠ-

ʥʘʚʩʢʦʤ ʱʠʪʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʦʛʝʥʦʚʦʝ 

ʨʝʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʧʘʜʠʥʳ ʩ ʝʝ ʙʦʣʝʝ 

ʧʦʟʜʥʝʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʣʝʜʦʚʦʡ ʵʨʦʟʠʝʡ ʠʣʠ 

ʝʝ ʙʦʣʝʝ ʤʦʣʦʜʦʝ ʨʘʟʚʠʪʠʝ ʩ ʧʝʨʝʫʛʣʫʙʣʝ-

ʥʠʝʤ ʧʦʜ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʠʤ ʣʝʜʦʚʳʤ ʱʠ-

ʪʦʤ. ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʣʫʯʰʝ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʛʠʧʦʪʝʟʦʡ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʙʘʩ-

ʩʝʡʥʘ ʧʦʣʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʣʝʜʦʚʦʛʦ ʱʠʪʘ, ʜʦ-

ʩʪʠʛʰʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠ 

ʤʦʱʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʦʣʝʜʝʥʝʥʠʡ ʩʨʝʜʥʝʛʦ ʠ 

ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ (Hall, Van Boeckel, 

2020). ɼʚʘ ɹʦʪʥʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʘ 
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ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʵʨʦʟʠʠ ʠ 

ʚʳʥʦʩʘ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʠ ʨʘʥʥʝʧʘʣʝʦ-

ʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ (Amantov et al., 

2011). 
ʇʦʜʦʙʥʳʝ ʵʨʦʟʠʦʥʥʳʝ (ʦʪʢʦʧʘʥʥʳʝ) ʤʦʨ-

ʬʦʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʧʘʜʠʥʳ 

ɿʘʙʘʡʢʘʣʴʷ ʠ ʚʧʘʜʠʥʳ ɺʦʩʪʦʯʥʦʡ ɸʬʨʠʢʠ, 

ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʣʠ ʩʦʚʨʝʤʝʥʥʫʶ ʤʦʨʬʦʣʦ-

ʛʠʯʝʩʢʫʶ ʚʳʨʘʞʝʥʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʠʟʙʠʨʘ-

ʪʝʣʴʥʦʛʦ ʚʳʥʦʩʘ ʤʝʟʦʟʦʡʩʢʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʇʝʨʝʭʦʜ ʦʪ ʧʣʝʡʩʪʦʮʝʥʘ ʢ ʛʦʣʦʮʝʥʫ ʚ 
ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ 

ʚʧʘʜʠʥʝ, ʚʦʧʨʦʩ ʦ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʷ 
ʛʣʫʙʦʢʦʛʦ ʦʟʝʨʘ 

ʖʛ ʉʠʙʠʨʠ ʙʳʣ ʦʭʚʘʯʝʥ ʤʦʱʥrʤ ʦʣʝʜʝ-

ʥʝʥʠʝʤ ʚ ʨʘʥʥʝʤ ʠ ʩʨʝʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ. ɺ 

ɺʦʩʪʦʯʥʦʡ ʊʫʚʝ ʧʨʦʠʩʭʦʜʠʣʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʠʟʚʝʨʞʝʥʠʷ ʧʦʜ ʣʝʜʦʚʳʤ ʧʦʢʨʦʚʦʤ, ʤʦʱ-

ʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 500 ʤ 

(ɻʨʦʩʚʘʣʴʜ, 1965). ɺ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʉʠʙʠʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʳ ʉʘʨʪʘʥʩʢʦʛʦ ʛʦʨʥʦ-

ʜʦʣʠʥʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘʢʦʧ-

ʣʝʥʠʷ ʣʴʜʘ 20ï18 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ (ʂʠʥʜ, 1974; 

ɺʦʣʢʦʚʘ, ʄʠʭʘʡʣʦʚʘ, 2001). ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʨʘʟʨʝʟʦʚ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʧʦʩʣʝʜʥʠʭ 20 ʪʳʩ. ʣʝʪ ʚ ʦʟ. ɹʘʡʢʘʣ 

ʠ ʜʨʫʛʠʭ ʦʟʝʨʘʭ ʶʛʘ ʉʠʙʠʨʠ ʚʨʝʤʷ ʧʦʪʝʧʣʝ-

ʥʠʷ ʠ ʫʚʣʘʞʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʛʨʘʥʠʮʝ ʧʣʝʡ-

ʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʜʥʦ-

ʟʥʘʯʥʦ. ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʜʣʷ ɹʘʡʢʘʣʘ ʧʨʠ-

ʥʠʤʘʝʪʩʷ ʨʫʙʝʞ ʧʦʪʝʧʣʝʥʠʷ ʦʢʦʣʦ 11 (11ï9) 

ʪʳʩ. ʣʝʪ ʥʘʟʘʜ (ɹʝʟʨʫʢʦʚʘ ʠ ʜʨ., 2002; ʠ ʜʨ.). 

ʋʢʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʨʫʙʝʞ 12 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ 

(Horiuchi et al., 2000). ʉ ʫʯʝʪʦʤ ʥʘʯʘʣʘ ʥʘʢʦʧ-

ʣʝʥʠʷ ʙʠʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ (ʜʠʘʪʦʤʦʚʳʭ 

ʚʦʜʦʨʦʩʣʝʡ) ʚ ʙʘʡʢʘʣʴʩʢʠʭ ʦʩʘʜʢʘʭ ʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʜʣʷ ʥʠʭ ʢʘʣʝʥʜʘʨʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦ ʜʘʥ-

ʥʳʤ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ ʙʦʣʝʝ ʨʘʥʥʝʝ ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʇʨʠʙʘʡʢʘʣʴʝ ʫʞʝ 

ʦʢʦʣʦ 15 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ, ʧʨʦʠʟʦʰʝʜʰʝʝ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʩ ʧʦʪʝʧʣʝʥʠʝʤ ʙʸʣʣʠʥʛ. ɿʥʘʯʝʥʠʝ 

ʵʪʦʛʦ ʨʫʙʝʞʘ ʚ ʦʩʘʜʢʘʭ ʦʟ. ɹʘʡʢʘʣ ʧʦʜʯʝʨʢʠ-

ʚʘʣʦʩʴ ʚ ʨʘʙʦʪʝ (Chebykin et al., 2002). ʇʦʟʞʝ 

ʪʘʢʦʡ ʞʝ ʨʫʙʝʞ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʤʝʥʳ 

ʦʙʦʟʥʘʯʘʣʩʷ ʧʨʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʤ ʜʘʪʠʨʦʚʘ-

ʥʠʠ ʦʩʘʜʢʦʚ ʦʟ. ʍʫʙʩʫʛʫʣ (ʇʨʦʢʦʧʝʥʢʦ ʠ ʜʨ., 

2003). ʂʘʣʝʥʜʘʨʥʳʝ ʜʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʜʠʦ-

ʫʛʣʝʨʦʜʥʳʤ ʜʘʪʠʨʦʚʘʥʠʝʤ ʜʨʝʚʝʩʥʳʭ ʦʩʪʘʪ-

ʢʦʚ ʠʟ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʠ ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʩʫʭʦʜʦʣʴʥʳʭ ʚʧʘʜʠʥ ʩʝʚʝʨʦ-ʚʦ-

ʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠ-

ʩʪʝʤʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʵʪʦ ʞʝ 

ʚʨʝʤʷ ʥʘʯʘʣʠʩʴ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, ʩʦ-

ʧʨʦʚʦʞʜʘʚʰʠʝʩʷ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʴʶ (Rasskazov et al., 2010). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʧʘʜʠʥʳ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, 

ʚʧʘʜʠʥʘ ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ ʠʤʝʝʪ ʪʝʢʪʦʥʠʯʝ-

ʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʊʦʯʥʦʝ ʚʨʝʤʷ ʫʩʢʦʨʝʥ-

ʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʜʥʠʱʘ ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʣʦʤʝʪʨʦʚʦʡ ʚʦʜʥʦʡ ʣʠʥʟʳ 

ʥʝ ʦʧʨʝʜʝʣʝʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʛʦ ʦʛʨʘʥʠʯʝ-

ʥʠʷ ʧʦ ʚʦʟʨʘʩʪʫ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠ̫ ʨʫʩʣʘ ʜʨʝʚʥʝʡ ʨʝʢʠ, ʧʝʨʝʩʝʢʘʚʰʝʡ ʩʫʭʦ-

ʜʦʣʴʥʫʶ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʫʶ ʚʧʘʜʠʥʫ ʚ 

ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ. ʆʪʣʦʞʝʥʠʷ 

ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ-ʧʣʠʦʮʝʥʘ ʧʨʘ-ɸʥʦʩʦʚʢʠ ʥʘ 

ʶʞʥʦʤ ʧʦʙʝʨʝʞʴʝ ɹʘʡʢʘʣʘ ʠ ʦʪʣʦʞʝʥʠʷ 

ʧʣʠʦʮʝʥʘ-ʧʣʝʡʩʪʦʮʝʥʘ ʜʦʣʠʥʳ ʇʨʘ-ʄʘʥ-

ʟʫʨʢʠ ʥʘ ʝʛʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʤʘʨ-

ʢʠʨʫʶʪʩʷ Co/Th ʘʥʦʤʘʣʠʝʡ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 

2023). 

ɺ ʩʫʭʦʜʦʣʴʥʳʭ ʚʧʘʜʠʥʘʭ ɹʘʡʢʘʣʴʩʢʦʡ 

ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʥʘʭʦʜʷʪʩʷ ʦʜʥʦʨʦʜʥʳʝ ʧʝʩʯʘ-

ʥʳʝ ʤʘʩʩʠʚʳ, ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʧʣʝʡʩʪʦ-

ʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ. ʇʝʩʢʠ ʟʘʣʝʛʘʶʪ ʪʘʢʞʝ ʚ ʮʝʥ-

ʪʨʝ ʛʣʫʙʦʢʦʛʦ ʦʟʝʨʘ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘ-

ʜʠʥʳ. ɺʝʨʭʥʠʝ 8ï12 ʤ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ, ʠʟʫʯʝʥʥʳʝ ʧʦʨʰʥʝʚʳʤʠ 

ʛʨʫʥʪʦʚʳʤʠ ʪʨʫʙʢʘʤʠ, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʙʘʡʢʘʣʴʩʢʫʶ ʠ ʜʦʙʘʡʢʘʣʴʩʢʫʶ ʯʘʩʪʠ. ɺ ʙʘʡ-

ʢʘʣʴʩʢʦʡ ʯʘʩʪʠ ʦʪʣʦʞʝʥʠʡ (ʩʨʝʜʥʷʷ ʤʦʱ-

ʥʦʩʪʴ ʦʢʦʣʦ 6 ʤ) ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʩʦʩʪʘʚ-

ʣʷʶʪ ʜʠʘʪʦʤʦʚʳʝ ʠʣʳ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦ-

ʩʪʘʚ ʜʦʙʘʡʢʘʣʴʩʢʦʡ ʯʘʩʪʠ ʨʘʟʥʦʦʙʨʘʟʝʥ. ɺ 

ʮʝʥʪʨʝ ʄʠʰʠʭʠʥʩʢʦ-ʂʫʣʪʫʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ 

ʜʦʙʘʡʢʘʣʴʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩ-

ʢʘʤʠ ʠ ʛʣʠʥʘʤʠ ʚ ʧʝʨʝʩʣʘʠʚʘʥʠʠ ʩ ʧʝʩʢʘʤʠ 

(ɻʦʣʜʳʨʝʚ, 1982). ʅʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʠʬʪʦ-

ʚʦʤ ʩʠʤʧʦʟʠʫʤʝ 1975 ʛ. ʦʙʨʘʱʘʣʦʩʴ ʚʥʠʤʘ-

ʥʠʝ ʥʘ ʩʭʦʜʩʪʚʦ ʧʝʩʢʦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ ʩ ʧʣʝʡʩʪʦʮʝʥʦʚʳʤʠ ʧʝʩ-

ʢʘʤʠ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ʜʦʧʫʩʢʘʣʦʩʴ ʥʝ-

ʜʘʚʥʝʝ (ʜʦ 10 ʪʳʩ. ʣʝʪ) ʦʧʫʩʢʘʥʠʝ ʣʦʞʘ ʚʧʘ-

ʜʠʥʳ, ʥʝ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʝ ʦʩʘʜʢʘʤʠ (ɻʦʣ-

ʜʳʨʝʚ ʠ ʜʨ., 1975). çɼʘʥʥʳʝ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʠ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʜʦʙʘʡ-

ʢʘʣʴʩʢʦʡ ʯʘʩʪʠ ʪʦʣʱʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʦ-

ʚʝʨʰʝʥʥʦ ʠʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʦʣʱʠ ʧʝʩʢʦʚ ʚ ʢʦʪʣʦʚʠʥʝ ɹʘʡʢʘʣʘ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʦʩʘʜ-

ʢʘʤʠ. ʕʪʠ ʬʘʢʪʳ, ʢʘʢ ʠ ʪʝʢʩʪʫʨʳ ʧʝʩʢʦʚ, 
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ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʝʣʢʦʚʦʜʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ 

ʝʜʠʥʦʛʦ ʚʦʜʦʝʤʘ ʠ ʫʯʘʩʪʠʝ ʣʝʜʥʠʢʦʚʳʭ ʠ 

ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʬʦʨʤʠʨʦ-

ʚʘʥʠʠ ʪʦʣʱʠ ʧʝʩʢʦʚ ʠ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʠʭ ʩ 

ʛʣʠʥʘʤʠè (ɻʦʣʜʳʨʝʚ, 1982, ʩ. 132). 

ʅʘ ʜʥʝ ɹʘʡʢʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʣʦʪʥʳʝ 

ʦʢʠʩʣʝʥʥʳʝ ʜʦʙʘʡʢʘʣʴʩʢʠʝ ʛʣʠʥʳ ʞʝʣʪʦʛʦ ʠ 

ʢʦʨʠʯʥʝʚʘʪʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʚʩʪʨʝʯʘʶʪʩʷ 

ʛʣʠʥʳ ʩʝʨʦʡ ʠ ʠʥʦʡ ʦʢʨʘʩʢʠ. ɼʦʙʘʡʢʘʣʴʩʢʠʝ 

ʛʣʠʥʳ ʨʝʟʢʦ ʩʤʝʥʷʶʪʩʷ ʙʘʡʢʘʣʴʩʢʠʤʠ ʦʪʣʦ-

ʞʝʥʠʷʤʠ ʚ ʩʣʦʝ 1ï2 ʤ. ʆʪʤʝʯʘʝʪʩʷ ʥʝʦʙʳʯ-

ʥʳʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʇʦʩʦʣʴʩʢʦʡ ʙʘʥʢʝ. çʅʘ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʝʝ ʯʘ-

ʩʪʠ (ʛʣʫʙʠʥʘ 36 ʤ) ʨʘʩʧʦʣʦʞʝʥ ʛʘʣʝʯʥʳʡ ʠ 

ʧʝʩʯʘʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʡ ʛʠʜ-

ʨʦʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ. ʆʙʣʦʤʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʭʦʨʦʰʦ ʦʢʘʪʘʥ. ɻʘʣʴʢʘ ʠ ʧʝʩʦʢ ʥʘ 

ʚʝʨʰʠʥʝ ʇʦʩʦʣʴʩʢʦʡ ʙʘʥʢʠ ʷʚʣʷʶʪʩʷ ʤʝʩʪ-

ʥʳʤʠ, in situ. ʉʢʣʦʥʳ ʙʘʥʢʠ ʩʣʦʞʝʥʳ ʨʳʭ-

ʣʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʯʝʤ ʛʣʫʙʞʝ (ʚʥʠʟ ʧʦ 

ʩʢʣʦʥʫ), ʪʝʤ ʦʥʠ ʤʝʥʝʝ ʧʣʦʪʥʳʝ ʠ ʙʦʣʝʝ ʪʦʥ-

ʢʦʟʝʨʥʠʩʪʳʝ (ʥʝ ʥʘ ʚʩʝʭ ʩʢʣʦʥʘʭ). ʉ ʛʣʫʙʠʥʦʡ 

ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʤʦʱʥʦʩʪʴ ʦʢʠʩʣʝʥʥʦʛʦ 

ʩʣʦʷ. ʀʟ ʠʤʝʶʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʷʩʥʦ, ʯʪʦ 

ʥʘʢʦʧʣʝʥʠʝ ʦʩʘʜʢʦʚ ʥʘ ʇʦʩʦʣʴʩʢʦʡ ʙʘʥʢʝ 

ʠʜʝʪ ʚʝʩʴʤʘ ʤʝʜʣʝʥʥʦ. ʊʘʢ, ʥʘ ʩʘʤʦʡ ʝʝ ʚʝʨ-

ʰʠʥʝ ʦʩʘʜʢʦʚ ʧʦʯʪʠ ʥʝʪ, ʠ ʣʠʰʴ ʩ ʫʛʣʫʙʣʝ-

ʥʠʝʤ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʥʝ-

ʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷè (ɻʦʣʜʳʨʝʚ, 1982, ʩ. 

75). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʦʙʘʡʢʘʣʴʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʜʝʣʘʥ 

ʚʳʚʦʜ ʦʙ ʠʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʤ (ʤʠʦʮʝʥ ï ʚʝʨʭ-

ʥʠʡ ʧʣʝʡʩʪʦʮʝʥ) ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʤʝʣʢʦʚʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʦʩʘʜʢʦʚ ʚʝʨʭʥʝʡ ʯʘ-

ʩʪʠ ʪʦʣʱʠ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʨʝʜʥʝʛʦ 

ʧʣʝʡʩʪʦʮʝʥʘ ï ʛʦʣʦʮʝʥʘ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʤ 

ɹʘʡʢʘʣʝ. ɺ ʩʪʨʦʝʥʠʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʦʪʣʦʞʝʥʠʷ ʣʝʜʥʠ-

ʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʤʦʨʝʥʥʳʝ ʠ ʚʦʜʥʦ-

ʣʝʜʥʠʢʦʚʳʝ) (ɻʦʣʜʳʨʝʚ, 1982). 

ʉʢʚʘʞʠʥʦʡ BDP-97, ʧʨʦʡʜʝʥʥʦʡ ʚ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ ʥʘ ʛʣʫʙʠʥʝ 

1428 ʤ (ʢʦʦʨʜʠʥʘʪʳ: 51Á47ô51ò ʩ.ʰ.; 

105Á29ô.14ò ʚ.ʜ.), ʙʳʣʠ ʚʩʢʨʳʪʳ ʦʪʣʦʞʝʥʠʷ, 

ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ çʣʝʜʥʠʢʦʚʳʭ ʛʣʠʥè 

(Kuzmin et al., 2000). ʃʠʪʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʪʠʭ ʦʪʣʦ-

ʞʝʥʠʡ ʥʝ ʧʨʠʚʦʜʠʣʘʩʴ. ʆʥʠ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ 

ʩ ʧʝʩʢʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ 8ï28 ʤ. ɺ ʠʥʪʝʨʚʘʣʝ 

1.5ï8.0 ʤ ʜʦʢʫʤʝʥʪʠʨʦʚʘʣʦʩʴ ʧʝʨʝʩʣʘʠʚʘʥʠʝ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ ʠ ʛʨʘʚʠʷ ʩ ʠʣʦʤ ʠ 

ʛʣʠʥʦʡ. ɻʨʫʙʦʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʦʛʘ-

ʱʝʥ ʦʩʪʘʪʢʘʤʠ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ɺʝʨʭʥʠʝ 1.5 ʤ ʚʳʜʝʣʷʶʪʩʷ ʦʩʦʙʦ ʢʘʢ ʛʨʷʟʴ ʠ 

ʜʠʘʪʦʤʦʚʘʷ ʛʨʷʟʴ (ʨʠʩ. 17). 

ʇʨʠʩʫʪʩʪʚʠʝ ʦʩʘʜʦʯʥʳʭ ʧʨʦʩʣʦʝʚ ʩ ʜʠʘʪʦ-

ʤʝʷʤʠ ʙʳʣʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʦ ʘʚʪʦʨʘʤʠ ʩʪʘ-

ʪʴʠ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʥʘʢʦʧ-

ʣʝʥʠʷ ʪʫʨʙʠʜʠʪʦʚ. ʊʘʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦ-

ʪʠʚʦʨʝʯʠʪ, ʦʜʥʘʢʦ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʢʚʘʞʠʥʳ 

ʚ ʮʝʥʪʨʝ ʚʧʘʜʠʥʳ, ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ 

ʦʪ ʙʝʨʝʛʦʚ, ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʝʪʨʠʪʦʚʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɽʩʣʠ ʦʪʣʦʞʝʥʠʷ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʠʤʝʶʪ ʚʦʜʥʦ-ʣʝʜʥʠʢʦ-

ʚʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʦʥʠ ʜʦʣʞʥʳ ʦʪʥʦʩʠʪʴʩʷ 

ʢ ʜʦʙʘʡʢʘʣʴʩʢʦʤʫ ʵʪʘʧʫ. ɹʦʣʝʝ ʪʦʛʦ, ʪʦʣʱʘ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ ʠ ʛʨʘʚʠʷ ʩʦ ʩʣʦʷʤʠ 

ʠʣʘ ʠ ʛʣʠʥʳ, ʦʩʪʘʪʢʘʤʠ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴ-

ʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ 1.5ï8.0 ʤ ʤʦʛʣʘ ʥʘʢʘʧʣʠ-

ʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʙʦʣʘʯʠʚʘʥʠʷ ʤʝʘʥʜʨ 

ʨʝʢʠ, ʚʦʟʤʦʞʥʦ, ʩ ʵʧʠʟʦʜʠʯʝʩʢʦʡ ʪʨʘʥʩʛʨʝʩ-

ʩʠʝʡ ʦʟʝʨʥʳʭ ʚʦʜ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʘ ʪʦʣʱʘ 

ʦʙʨʘʟʦʚʘʣʘʩʴ ʜʦ ʫʩʢʦʨʝʥʥʦʛʦ ʦʧʫʩʢʘʥʠʷ 

ʜʥʠʱʘ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ, ʧʦʚʣʝʢ-

ʰʝʛʦ ʝʝ ʟʘʧʦʣʥʝʥʠʝ ʚʦʜʦʡ. 
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ʈʠʩ. 17. ɼʦʢʫʤʝʥʪʘʮʠʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚ ʨʘʟʨʝʟʝ BDP-97 (Kuzmin et al., 2000). 1 ï ʛʨʷʟʴ; 2 ï ʠʣ; 

3 ï ʧʝʩʦʢ; 4 ï ʜʠʘʪʦʤʦʚʘʷ ʛʨʷʟʴ; 5 ï ʬʨʘʛʤʝʥʪʳ ʜʝʨʝʚʴʝʚ ʠ ʨʘʩʪʝʥʠʡ; 6 ï ʣʝʜʥʠʢʦʚʘʷ ʛʣʠʥʘ; 7 ï 

ʵʨʦʟʠʦʥʥʳʡ ʢʦʥʪʘʢʪ; 8 ï ʦʙʨʳʚ ʠ ʢʦʥʝʮ ʨʘʟʨʝʟʘ ʢʝʨʥʘ; 9 ï ʧʣʘʩʪʳ ʪʫʨʙʠʜʠʪʦʚ ʩ ʛʨʘʜʘʮʠʦʥʥʦʡ 

ʩʣʦʠʩʪʦʩʪʴʶ. ʇʨʝʦʙʣʘʜʘʶʪ ʧʣʘʩʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦ ʟʥʘ-

ʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʣʦʤʢʦʚ ʜʨʝʚʝʩʠʥʳ ʠ ʜʨʫʛʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. ʕʪʠ ʩʣʦʠ, ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ 70ï75% ʦʪ ʦʙʱʝʡ ʜʣʠʥʳ ʢʝʨʥʘ, ʯʝʨʝʜʫʶʪʩʷ ʩ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ. 

Fig. 17. Recording lithology of the BDP-97 section (Kuzmin et al., 2000). 1 ï mud; 2 ï silt; 3 ï sand; 4 

ï diatomaceous mud; 5 ï wood and plant fragments; 6 ï glacial clay; 7 ï erosional contact; 8 ï break 

and end of core section; 9 ï turbidite beds with graded bedding. Beds, contained coarse-grained material 

and a significant amount of wood fragments and other plant debris, dominate in the section. These layers 

comprise 70ï75% of the total length of the core and alternate with fine grained sediments. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʠʞʥʝʡ (ʧʣʝʡʩʪʦʮʝʥʦʚʦʡ) ʯʘʩʪʠ ʨʘʟʨʝʟʘ 
ʙʘʣʪʠʡʩʢʦʛʦ ʙʝʨʝʛʘ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʥʘʭʦ-
ʜʷʪʩʷ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʟʝʣʝʥʳʝ çʤʫʩʦʨ-
ʥʳʝè ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʝ ʘʣʝʚʨʠʪʳ ʩ ʩʦ-
ʜʝʨʞʘʥʠʝʤ SiO2 58.4ï64.6 ʤʘʩ.% ʠ ʧʦʪʝʨʷʤʠ 
ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ 2.0ï2.4 ʤʘʩ.%. ɺʭʦʞʜʝʥʠʝ 
ʚ ʵʪʠ ʧʦʨʦʜʳ ʢʘʨʙʦʥʘʪʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʚʳʩʦ-
ʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ CO2 (8.0ï8.8 ʤʘʩ. %) ʠ 
ʉʘʆ (8.5ï10.0 ʤʘʩ. %). ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʟʘʣʝ-
ʛʘʶʪ ʘʣʝʚʨʠʪʳ, ʧʝʩʢʠ ʠ ʧʝʩʯʘʥʠʢʠ ʩ ʣʠʥʟʘʤʠ 
ʪʦʨʬʘ. ɺ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʙʣʦ-
ʤʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ ʧʦʣʠʤʠʢʪʦʚʳʡ ʩʦ-
ʩʪʘʚ (SiO2=74.4ï85.4 ʤʘʩ.%). ʉʥʠʟʫ ʚʚʝʨʭ ʧʦ 
ʨʘʟʨʝʟʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ 
ʢʚʘʨʮʘ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʩʢʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
SiO2=97.7 ʤʘʩ.%. ʉʦʜʝʨʞʘʥʠʷ CO2 ʠ ʉʘʆ 
ʩʥʠʞʘʶʪʩʷ ʚ ʦʙʣʦʤʦʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦ <0.5 ʠ 0.15ï0.95 ʤʘʩ.%. 
ʈʘʟʨʝʟ ʚʝʥʯʘʝʪʩʷ ʜʶʥʥʳʤʠ ʧʝʩʢʘʤʠ. 
ʉʤʝʥʘ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʛʣʠʥ ʦʙʣʦʤʦʯ-

ʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʣʠʥʟʘʤʠ ʪʦʨʬʘ ʢʦʨʨʝ-
ʣʠʨʫʝʪʩʷ ʩ ʥʘʯʘʣʴʥʳʤ (ʨʘʥʥʝʛʦʣʦʮʝʥʦʚʳʤ) 
ʵʪʘʧʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦʩʣʝ 
ʩʪʘʠʚʘʥʠʷ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʌʝʥʥʦʩʢʘʥʜʠ-
ʥʘʚʩʢʦʛʦ ʱʠʪʘ (11ï8 ʪʳʩ. ʢʘʣ. ʣ.ʥ.) ʠ ʛʦʣʦʮʝ-
ʥʦʚʳʤ ʪʝʨʤʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʦʤ (8.0ï5.7 
ʪʳʩ. ʢʘʣ. ʣ.ʥ.), ʘ ʚʳʭʦʜ ʥʘ ʩʣʦʡ ʢʚʘʨʮʝʚʦʛʦ 
ʧʝʩʢʘ, ʚʝʥʯʘʶʱʠʡ ʨʘʟʨʝʟ, ï ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʦʪ-
ʥʦʩʠʪʝʣʴʥʦʤʫ ʧʦʭʦʣʦʜʘʥʠʶ ʧʦʟʜʥʝʛʦ ʛʦʣʦ-
ʮʝʥʘ. 
ɺ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʶʞʥʦʡ ʚʧʘʜʠʥʳ ʦʟ. 

ɹʘʡʢʘʣ ʠ ʝʛʦ ʙʝʨʝʛʦʚʳʭ ʦʙʥʘʞʝʥʠʷʭ ʪʘʢʞʝ 
ʠʤʝʶʪʩʷ ʢʦʥʪʨʘʩʪʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝ-
ʭʦʜʳ ʦʪ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʩʣʦʝʚ ʢ ʩʣʦʷʤ ʧʦ-
ʣʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʛʦʣʦʮʝʥʦʚʦʛʦ ʦʩʘʜʦʯʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ. ʊʘʢʦʝ ʩʭʦʜʩʪʚʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 
ʚʢʣʶʯʝʥʠʝ ʙʣʠʟʢʠʭ ʧʦ ʭʘʨʘʢʪʝʨʫ ʤʝʭʘʥʠʟʤʦʚ 
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ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʘʡʦʥʘʭ ɹʘʣʪʠʢʠ ʠ ʶʛʘ 
ʉʠʙʠʨʠ. ɺʳʧʦʣʥʝʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʣʠʪʦ-
ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʩʘʜʦʯ-
ʥʳʡ ʤʘʪʝʨʠʘʣ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʘ ʂʫʨʰ-
ʩʢʦʡ ʢʦʩʳ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʩʪʝʧʝʥʴ ʚʪʦʨʠʯ-
ʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʘʜʦʯʥʳʤʠ 
ʧʦʨʦʜʘʤʠ ʦʟ. ɹʘʡʢʘʣ, ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʠ 
ɺʦʩʪʦʯʥʳʭ ʉʘʷʥ. ʃʠʪʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʨʘʟʣʠ-
ʯʠʝ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʙʦʣʝʝ ʩʫʨʦʚʳʝ ʫʩʣʦʚʠʷ 
ʥʠʚʘʣʴʥʦʛʦ ʣʠʪʦʛʝʥʝʟʘ ʥʘ ɹʘʣʪʠʢʝ, ʯʝʤ ʥʘ 
ʶʛʝ ʉʠʙʠʨʠ. ɺ ʧʣʝʡʩʪʦʮʝʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʨʝ-
ʛʠʦʥʘ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘʷ 
ʧʣʝʡʩʪʦʮʝʥʦʚʘʷ ʤʝʨʟʣʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʦʙʣʦ-
ʤʦʯʥʦʛʦ ʧʳʣʝʚʘʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʝʛʦ 
ʥʘʢʦʧʣʝʥʠʷ ʚ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʝʢʪʫ ʀɿʂ ʉʆ 

ʈɸʅ FWEF-2026-0010 ʚ ʩʚʷʟʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʢʫʨʩʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʀɻʋ çɻʝʦ-

ʣʦʛʠʷ ʠ ʩʪʨʘʪʠʛʨʘʬʠʷ ʢʘʡʥʦʟʦʷ ʉʠʙʠʨʠè. ʀʩ-
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Abstract. Studying the geological structure and development technologies of hydrocarbon deposits 

is a key focus of the Master's program in Oil and Gas Geology at Irkutsk State University. This article 

presents the results of research conducted by second-year full-time Master's students in this program. 

The papers examine the development of several fields in Eastern Siberia. 
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ɺʚʝʜʝʥʠʝ 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦ-

ʛʨʘʤʤʳ ʤʘʛʠʩʪʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʫʛʣʫʙʣʸʥʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʤʝʞʜʠʩʮʠʧʣʠ-

ʥʘʨʥʦʩʪʴ ʦʙʫʯʝʥʠʷ, ʥʦ ʠ ʟʘʥʷʪʠʝ ʥʘʫʯʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦ ʪʝʤʝ ʩʚʦʝʡ ʙʫʜʫʱʝʡ ʢʚʘ-

ʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʘʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʠʩʪʨʘʥ-

ʪʘʤʠ 2 ʛʦʜʘ ʦʙʫʯʝʥʠʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɻʝʦ-

ʣʦʛʠʷè, ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ çɻʝʦʣʦʛʠʷ ʥʝʬʪʠ ʠ 

ʛʘʟʘè. 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʙʫʯʘʶʱʠʤʠʩʷ ʤʘʛʠʩʪʨʘ-

ʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫ-

ʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʷʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. 

ʃʠʭʘʯʝʚʳʤ ɸ.ʀ. ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʠʣʴ-

ʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʣʣʝʢʪʦʨʦʚ 

ɺʝʨʭʥʝʯʦʥʩʢʦʛʦ ʅɻʂʄ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ 

ʜʣʷ ʚʳʙʦʨʘ ʤʝʪʦʜʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɹʘ-

ʪʦʞʘʨʛʘʣʦʚʳʤ ɹ.ɾ. ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠ-

ʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʗʨʘʢʪʠʥʩʢʦʛʦ ʅɻʂʄ ʠ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʜʣʷ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʟʘʣʝʞʝʡ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ. ɹʘʟʘʨʦʚʳʤ ɸ.ʃ. ʧʨʦʚʝʜʝʥʘ 

ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʥʘ ʗʨʘʢʪʠʥ-

ʩʢʦʤ ʅɻʂʄ. ɼʘʤʙʘʝʚʳʤ ɼ.ɸ. ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʣʦʞʥʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝ-

ʥʠʷ ʥʘ ʂʦʚʳʢʪʠʥʩʢʦʤ ɻʂʄ ʧʨʠ ʚʩʢʨʳʪʠʠ 

ʦʙʲʝʢʪʦʚ ʩ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ ʧʣʘʩʪʦʚʳʤ 

ʜʘʚʣʝʥʠʝʤ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʛʘʣʦʛʝʥʥʦ-ʢʘʨ-

ʙʦʥʘʪʥʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʘʮʠʠ. 

ʀʚʘʥʦʚʦʡ ʃ.ɸ. ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʦʮʝʥʢʘ ʧʨʷʤʳʭ ʧʨʠʟʥʘʢʦʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦ-

ʩʪʠ ʉʠʙʠʨʠ, ʘʥʘʣʠʟ ʠʭ ʩʚʷʟʠ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʩʪʨʦʝʥʠʝʤ ʨʝʛʠʦʥʘ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʝʪʦʜʦʚ 

ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʟʝʤʝʣʴ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʯʘʶʱʠ-

ʤʠʩʷ ʩʪʘʥʫʪ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʙʫʜʫʱʠʭ ʚʳ-

ʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʘʚʪʦʨʦʚ. 

ʂ ʚʦʧʨʦʩʫ ʦ ʚʳʙʦʨʝ ʤʝʪʦʜʦʚ 
ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
ʥʘ ɺʝʨʭʥʝʯʦʥʩʢʦʤ 
ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ 
ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʄʘʛʠʩʪʨʘʥʪʦʤ ɸ.ʀ. ʃʠʭʘʯʝʚʳʤ (ʥʘʫʯʥʳʡ 
ʨʫʢʦʚʦʜʠʪʝʣʴ ʉ.ɺ. ʉʥʦʧʢʦʚ) ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʦ-
ʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ɺʝʨʭʥʝʯʝʥʩʢʦʛʦ 
ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
(ʅɻʂʄ), ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʚʳʙʦʨ ʤʝʪʦʜʦʚ 
ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (ʇʇɼ) 
ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʜʣʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʢʚʘʞʠʥ ʠ 
ʚʳʩʦʢʠʡ ʪʝʤʧ ʦʪʙʦʨʘ ʬʣʶʠʜʦʚ ʧʨʠʚʦʜʷʪ ʢ ʧʘ-
ʜʝʥʠʶ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʛʘʟʦʢʦʥʜʝʥ-
ʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʵʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠ-
ʪʠʯʥʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʨʦʠʩ-
ʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʧʦʨʘʭ. 
ʂʦʥʜʝʥʩʘʪʥʘʷ ʧʣʝʥʢʘ ʚ ʢʘʧʠʣʣʷʨʘʭ ʫʤʝʥʴ-
ʰʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʛʘʟʘ ʠ 
ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʜʚʠʞʝʥʠʝ ʢ ʩʪʚʦʣʫ ʩʢʚʘʞʠʥʳ. 
ʆʩʦʙʝʥʥʦ ʪɻʦ ̫ʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʦʥʘʭ ʩ ʪʦʥ-
ʢʦʧʦʨʠʩʪʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ. ʇʦʜʜʝʨʞʘʥʠʝ 
ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʜʦʙʳʯʝ ʫʛʣʝʚʦʜʦʨʦ-
ʜʦʚ ʚʘʞʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ, ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʮʝʣʴʶ ʜʦʩʪʠ-
ʞʝʥʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ ʠʭ ʠʟʚʣʝʯʝʥʠʷ. ʈʘʟʨʘ-
ʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʇʇɼ, 
ʦʜʥʘʢʦ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʠʪʫʘ-
ʮʠʡ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝ-

ʥʠʷ, ʥʘʣʠʯʠʝ ʨʘʟʣʦʤʦʚ ʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʨʦ-
ʥʠʮʘʝʤʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʶ ʜʘʚʣʝʥʠʡ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʧʨʦ-
ʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʦʪʜʘʶʪ ʬʣʶʠʜ ʙʦʣʝʝ ʠʥ-
ʪʝʥʩʠʚʥʦ, ʜʨʫʛʠʝ ʬʠʣʴʪʨʫʶʪ ʝʛʦ ʛʦʨʘʟʜʦ ʤʝʜ-
ʣʝʥʥʝʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʧʣʘʩʪʢʠ ʩ ʙʦʣʝʝ ʥʠʟ-
ʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʦʩʪʘʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥ-
ʥʳʤʠ ʣʠʰʴ ʯʘʩʪʠʯʥʦ, ʯʪʦ ʩʥʠʞʘʝʪ 
ʩʫʤʤʘʨʥʫʶ ʦʪʜʘʯʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
ɺʝʨʭʥʝʯʦʥʩʢʦʝ ʅɻʂʄ ʧʨʠʫʨʦʯʝʥʦ ʢ ɺʝʨʭ-

ʥʝʯʦʥʩʢʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʤʳʩʫ, ʦʩʣʦʞʥʷʶ-
ʱʝʤʫ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʅʝʧʩʢʦʛʦ ʩʚʦʜʘ, 
ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥ-
ʪʝʢʣʠʟʳ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʤʥʦʛʦʧʣʘʩʪʦʚʦʝ ʠ 
ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ɻʝʦ-
ʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʝʤʷ ʩʪʨʫʢ-
ʪʫʨʥʳʤʠ ʷʨʫʩʘʤʠ: ʬʫʥʜʘʤʝʥʪʦʤ, ʩʦʩʪʦʷʱʠʤ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʧʨʦʪʝʨʦʟʦʡ-ʘʨ-
ʭʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ; ʨʠʬʝʡʩʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʟʘ-
ʧʦʣʥʷʶʱʠʤʠ ʊʘʣʘʢʘʥʩʢʠʡ ʛʨʘʙʝʥ; ʠ ʚʝʥʜ-ʧʘ-
ʣʝʦʟʦʡ-ʤʝʟʦʟʦʡʩʢʠʤ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ. 
ɺ ʦʪʣʦʞʝʥʠʷʭ ʚʝʥʜʘ ð ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ 

ʚʳʜʝʣʷʶʪʩʷ ʨʷʜ ʧʨʦʜʫʢʪʠʚʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ 
ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʘʨʙʦʥʘʪʥʳʤ 
(ʦʩʠʥʩʢʠʡ, ʧʨʝʦʙʨʘʞʝʥʩʢʠʡ) ʠ ʪʝʨʨʠʛʝʥʥʳʤ 
(ʚʝʨʭʥʝʯʦʥʩʢʠʤ) ʛʦʨʠʟʦʥʪʘʤ. ʇʝʨʩʧʝʢʪʠʚ-
ʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ 
ʫʩʪʴʢʫʪʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʦʙʠʥʩʢʦʡ ʩʚʠʪʳ ʠ 
ʤʝʞʩʦʣʝʚʳʝ ʧʣʘʩʪ rʫʩʦʣʴʩʢʦʡ ʩʚʠʪʳ. 
ʆʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʩʚʷʟʘʥʳ ʩ ʚʝʨʭʥʝʯʦʥʩʢʠʤ ʛʦʨʠʟʦʥʪʦʤ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʳʤ ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʝ-
ʧʩʢʦʡ ʩʚʠʪʳ ʚʝʥʜʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɻʦʨʠʟʦʥʪ 
ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʧʣʘʩʪʘ (ʚʝʨʭʥʠʡ ð ɺʏ1 ʠ 
ʥʠʞʥʠʡ ð ɺʏ2). ʇʣʘʩʪ Bʏ2 ʩʣʦʞʝʥ ʢʚʘʨʮʝ-
ʚʳʤʠ ʠ ʧʦʣʝʚʦʰʧʘʪʦʢʚʘʨʮʝʚʳʤʠ ʧʝʩʯʘʥʠ-
ʢʘʤʠ. ʆʙʱʘʷ ʪʦʣʱʠʥʘ ʧʣʘʩʪʘ ʤʝʥʷʝʪʩʷ ʦʪ 5.5 
ʜʦ 20.2 ʤ. ɺ ʯʘʩʪʠ ʩʢʚʘʞʠʥ ʢʦʣʣʝʢʪʦʨ ʧʣʘʩʪʘ 
ʟʘʤʝʱʝʥ ʧʣʦʪʥʳʤʠ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʦʨʦ-
ʜʘʤʠ. ʇʣʘʩʪ Bʏ1 ʩʣʦʞʝʥ ʢʚʘʨʮʝʚʳʤʠ, ʭʦʨʦʰʦ 
ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ. ʆʙʱʘʷ ʪʦʣ-
ʱʠʥʘ ʧʣʘʩʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2.2 ʜʦ 26. ʇʨʦʩʣʦʠ 
ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʦʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʪʦʣʱʠʥʦʡ 
0.4-0.8 ʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ɺ ʯʘʩʪʠ ʩʢʚʘ-
ʞʠʥ ʢʦʣʣʝʢʪʦʨ ʧʣʘʩʪʦʚ ʟʘʤʝʱʝʥ ʧʣʦʪʥʳʤʠ 
ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʦʨʦʜʘʤʠ. ɺ ʚʦʩʪʦʯʥʦʡ ʠ 
ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʧʣʦʱʘʜʠ ʧʣʘʩʪʳ ɺʏ1 ʠ 
ɺʏ2 ʨʘʟʜʝʣʷʶʪʩʷ ʛʣʠʥʠʩʪʦʡ ʧʝʨʝʤʳʯʢʦʡ ʪʦʣ-
ʱʠʥʦʡ ʦʪ 1.4 ʜʦ 24 ʤ. 
ʊʠʧʳ ʚʳʷʚʣʝʥʥʳʭ ʟʘʣʝʞʝʡ ʧʣʘʩʪʦʚʳʝ, 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʠ ʪʝʢʪʦʥʠ-
ʯʝʩʢʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ. ɺʩʝʛʦ ʥʘ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʠ ʚ ʧʝʩʯʘʥʠʢʘʭ ʚʝʨʭʥʝʯʦʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 
ʚʳʜʝʣʝʥʦ 5 ʥʝʬʪʷʥʳʭ, 4 ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪ-
ʥʳʭ ʠ ʦʜʥʘ ʛʘʟʦʚʘʷ ʟʘʣʝʞʴ ʚ 3 ʧʣʘʩʪʘʭ. ɺʩʝ 
ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪ rʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦ-
ʢʫʶ ʣʠʪʦ-ʬʘʮʠʘʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ. 
ɿʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘ-

ʥʠʢʦʚ ʧʣʘʩʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ɻʀʉ ʠ ʣʘʙʦʨʘ-
ʪʦʨʥʳʤ ʜʘʥʥʳʤ ʜʦ 18ï22 %, ʨʝʜʢʦ 24ï26 %, 
ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʦ 262ï2332 ʤɼ. ʇʦ ʜʘʥ-
ʥʳʤ ɻʀʉ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 
ʩʦʩʪʘʚʣʷʝʪ 481.4 ʤɼ, ʧʦʨʠʩʪʦʩʪʠ ð 12.9 %, 
ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʥʝʬʪʝʥʘʩʳ-
ʱʝʥʥʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 12.0%, ʘ ʛʘʟʦʥʘʩʳ-
ʱʝʥʥʦʡ ʯʘʩʪʠ ð 10.2 %. 
ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜ-
ʥʳʭ ʟʘʧʘʩʦʚ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʧʣʘʩʪʦ-
ʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʢʘʯʢʠ ʚ ʥʝʬʪʷ-
ʥʳʝ ʧʣʘʩʪʳ ʚʦʜʳ. ʅʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʩʧʦ-
ʩʦʙʘ ʇʇɼ ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʦ, ʘ ʠʥʦʛʜʘ 
ʜʘʞʝ ʛʫʙʠʪʝʣʴʥʦ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʟʘʚʦʜʥʝʥʠʷ 
ʥʝʬʪʷʥʦʛʦ ʧʣʘʩʪʘ ʟʘʢʘʯʠʚʘʝʤʘʷ ʯʝʨʝʟ ʥʘʛʥʝ-
ʪʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʚʦʜʘ ʫʩʪʨʝʤʣʷʝʪʩʷ ʚ 
ʧʨʦʧʣʘʩʪʢʠ ʩ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, 
ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʦʭʚʘʪʫ ʧʣʘ-
ʩʪʦʚ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʆʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʧʦʢʘʟʳ-
ʚʘʝʪ, ʯʪʦ ʧʨʦʨʳʚ ʟʘʢʘʯʠʚʘʝʤʳʭ ʚʦʜ ʧʦ ʦʪ-
ʜʝʣʴʥʳʤ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʤ ʧʣʘʩʪʘʤ ʧʨʠ-
ʚʦʜʠʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʦʙʚʦʜʥʝʥʠʶ 
ʩʢʚʘʞʠʥ ʜʦ 80ï90 %, ʧʨʠ ʩʫʤʤʘʨʥʦʤ ʦʪʙʦʨʝ 
ʥʝʬʪʠ ʥʝ ʙʦʣʝʝ 40ï50 % ʦʪ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘ-
ʩʦʚ. ʅʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞ-
ʜʝʥʠʡ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʦʩʥʦʚʥʦʡ ʠʟ 
ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʧʣʘʩʪʢʦʚ 
ʩ ʥʘʠʤʝʥʴʰʠʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʝʤ ʚ ʦʩʥʦʚʥʦʡ ʢʘʥʘʣ ʬʠʣʴʪʨʘʮʠʠ. ʕʪʦ ʥʝ 
ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʵʥʝʨ-
ʛʠʶ ʧʣʘʩʪʦʚʳʭ ʠ ʟʘʢʘʯʠʚʘʝʤʳʭ ʚʦʜ, ʧʨʠ ʵʪʦʤ 
ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʜʦʙʳʯʫ ʦʜʥʦʡ ʪʦʥʥʳ ʥʝʬʪʠ 
ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʧʝʨ-
ʚʦʥʘʯʘʣʴʥʳʤʠ. 
ʇʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʤʝʪʦʜʘ 

ʇʇɼ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʥʝʦʜʥʦ-
ʨʦʜʥʦʩʪʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘ-
ʩʪʘ. 
ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʥʝʧʩʢʦʡ ʩʚʠʪʳ ʧʦ-

ʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʪʘʪʴʝ ɸ.ɺ. ʇʣʶʩʥʠʥʘ 
ʠ ʄ.ʀ. ɻʸʢʯʝ (ʇʣʶʩʥʠʥ, 2020). ʇʦ ʜʘʥʥʳʤ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʥʘ ʘʚʪʦʨʳ ʨʘʟʜʝʣʠʣʠ ʩʚʠʪʫ 
ʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʧʘʯʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 
ʢʦʥʛʣʦʤʝʨʘʪʦ-ʛʨʘʚʠʡʥʦ-ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘ-
ʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʛʣʠʥʠʩʪʳʡ 
ʮʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 10ï15 % ʦʙʲ-
ʝʤʘ ʧʦʨʦʜʳ. ʄʦʱʥʦʩʪʴ ʧʨʦʧʣʘʩʪʢʦʚ ʨʘʟʥʳʭ 
ʣʠʪʦʪʠʧʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.05 ʜʦ 0.52 ʤ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤ-

ʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷ ʠʟʫʯʝʥʳ ʧʦ ʦʙʨʘʟʮʘʤ ʢʝʨʥʘ ʠʟ 
124 ʩʢʚʘʞʠʥ. ʂʝʨʥ ʠʩʩʣʝʜʦʚʘʣʩʷ ʚ ʣʘʙʦʨʘʪʦ-
ʨʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʵʢʩ-
ʧʝʜʠʮʠʠ ɻʊʇ çɺʦʩʪʩʠʙʥʝʬʪʝʛʘʟʛʝʦʣʦʛʠʷè 
(94 ʩʢʚ.), ʆɸʆ çʊʦʤʩʢʅʀʇʀʥʝʬʪʴè (6 ʩʢʚ.) 
ʠ ʆʆʆ çʊʅʅʎè (23 ʩʢʚ.). ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝ-
ʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʩʦʩʪʘʚʠʣ ʦʪ 0.001 ʜʦ 31.8 %, 
ʧʨʦʥʠʮʘʝʤʦʩʪʠ ð ʦʪ 0.001 ʜʦ 12 269.2 ʤɼ. 
ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʠ-

ʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠ-
ʟʦʥʪʦʚ ʜʣʷ ʧʣʘʩʪʦʚ ɺʏ1 ʠ ɺʏ2 ʘʚʪʦʨʘʤʠ ʙʳʣ 
ʧʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 
ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʚʳʙʦʨʢʝ 232 ʦʙʨʘʟʮʘ. 
ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʣʘʩʪʦʚ 

ɺʏ ʩʦʩʪʘʚʠʣ ʦʪ 6.8 ʜʦ 27.2 %, ʧʨʦʥʠʮʘʝʤʦʩʪʠ 
ð ʦʪ 5 ʜʦ 4058 ʤɼ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 
ʤʝʞʜʫ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʣʦʛʘʨʠʬʤʦʤ ʧʨʦʥʠʮʘʝ-
ʤʦʩʪʠ ʩʦʩʪʘʚʠʣ 0.46, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʦʤ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʚʟʘʠ-
ʤʦʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ. (ɻʨʘʥʠʯʥʦʝ 
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ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷ-
ʮʠʠ ʇʠʨʩʦʥʘ ʧʨʠ 99 %-ʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝ-
ʨʦʷʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 0.163). 
ɼʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʬʠʟʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʠʩʪʦ-
ʛʨʘʤʤʳ (ʨʠʩ. 1). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ 
ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣ ʨʘʟʙʠʪ 
ʥʘ 30 ʠʥʪʝʨʚʘʣʦʚ. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʚʠʜʥʦ, ʯʪʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʙʣʠʟʢʦ ʢ ʥʦʨʤʘʣʴ-
ʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʧʨʦʥʠʮʘʝʤʦʩʪʠ ð ʢ ʣʦ-
ʛʥʦʨʤʘʣʴʥʦʤʫ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʣʦʢʘʣʴʥʳʭ 
ʛʨʫʧʧ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦʨʦʜʳ ʧʣʘ-
ʩʪʘ, ʧʦ ʚʩʝʡ ʚʳʙʦʨʢʠ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʧʦʩʪʨʦ-
ʝʥʘ ʜʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝ-
ʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩ. 2) ɺʠ-
ʟʫʘʣʴʥʦ ʥʘ ʜʠʘʛʨʘʤʤʝ ʣʦʢʘʣʠʟʦʚʘʣʦʩʴ ʪʨʠ 
ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ, ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ 
ʩʚʦʝʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɿʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝ-
ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʚʳ-
ʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʈʠʩ. 1. ɻʠʩʪʦʛʨʘʤʤʳ ʧʦʨʠʩʪʦʩʪʠ (ʘ) ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʙ) ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʣʘʩʪʘ ɺʏ, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʦ ʢʝʨʥʫ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ð 232. 

Fig. 1. Histograms of porosity (a) and permeability (b) of rocks in the VCh formation, determined from 

core samples. Total number of samples: 232. 
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ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʘ) ʠ ʛʠʩʪʦʛʨʘʤʤʘ ʧʨʦʥʠʮʘ-

ʝʤʦʩʪʠ (ʙ) ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʣʘʩʪʘ ɺʏ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʠ ʛʠʩʪʦʛʨʘʤʤʝ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʚʳʜʝ-

ʣʝʥʳ ʛʨʫʧʧʳ ʛʦʨʥʳʭ ʧʦʨʦʜ; ʩʠʥʠʤ, ʟʝʣʝʥʳʤ, ʢʨʘʩʥʳʤ ʠ ʞʝʣʪʳʤ ʮʚʝʪʦʤ ʫʢʘʟʘʥʳ ʪʦʯʢʠ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʠ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

Fig. 2. Porosity-permeability relationship diagram (a) and permeability histogram (b) for rocks in the 

VCh formation. In the diagram and histogram, rock groups are highlighted by dotted lines; mean values 

for all groups and the entire population are indicated in blue, green, red, and yellow. 

ʊ ʘ ʙʣʠʮʘ 1  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʨʫʧʧ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʣʘʩʪʘ ɺʏ 

T a b l e 1  

Statistical parameters of rock groups of the RF layer 

ɺʳʙʦʨʢʘ ʂʦʣ-
ʚʦ 
ʟʥʘʯʝ-
ʥʠʡ 

ʉʨʝʜʥʝʝ ʟʥʘ-
ʯʝʥʠʝ ʧʦʨʠ-
ʩʪʦʩʪʠ, % 

ʉʨʝʜʥʝʝ ʟʥʘʯʝ-
ʥʠʝ ʧʨʦʥʠʮʘʝʤʦ-
ʩʪʠ, ʤɼ 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝ-
ʣʷʮʠʠ ʧʦʨʠʩʪʦʩʪʠ ʠ 
ʣʦʛʘʨʠʬʤʘ ʧʨʦʥʠʮʘʝ-
ʤʦʩʪʠ 

ɼʦʣʷ ʚ ʦʙʱʝʡ 
ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʟʥʘʯʝʥʠʡ, % 

ʉʫʤʤʘʨʥʘʷ 232 16.3 598 0.46 - 
ɻʨʫʧʧʘ I 186 16.0 295 0.53 80 
ɻʨʫʧʧʘ II 30 15.8 1248 0.63 13 
ɻʨʫʧʧʘ III  16 20.2 2835 0.9 7 

 

ɺʳʜʝʣʝʥʥʳʝ ʛʨʫʧʧʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘ-

ʶʪʩʷ ʧʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʠʭ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʩʪʠ ʚ ʚʳʙʦʨʢʝ. ɻʨʫʧʧʘ 1 ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʦʢʦʣʦ 80 % ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟ-

ʮʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʦʪ 5 

ʜʦ 840 ʤɼ. ɻʨʫʧʧʘ 2 ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ð ʦʪ 960 ʜʦ 1630 

ʤɼ. ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʵʪʠʭ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 13 

%. ɻʨʫʧʧʘ 3 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʴʶ ð ʦʪ 1870 ʜʦ 4060 ʤɼ, ʠ ʩʦʩʪʘʚʣʷʝʪ 7 % 

ʩʫʤʤʘʨʥʦʡ ʚʳʙʦʨʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʟʘʢʘʯʠʚʘʥʠʠ ʚʦʜʳ ʚ ʧʣʘʩʪ ʥʝ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʝʸ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ. ɺʦʜʘ ʙʫʜʝʪ ʫʩʪʨʝʤʣʷʝʪʩʷ ʚ ʧʨʦ-

ʧʣʘʩʪʢʠ ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʚ 4ï9 ʨʘʟ ʧʨʝʚʳ-

ʰʘʶʱʝʡ ʟʥʘʯʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʙʦʣʴ-

ʰʝʡ ʯʘʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʣʘʩʪʘ. ɼʚʠʞʝʥʠʝ 

ʚʦʜr ʧʦ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʤ ʧʨʦʧʣʘʩʪʢʘʤ 

ʧʨʠʚʝʜʝʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʦʙʚʦʜʥʝʥʠʶ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ. 



ɻʝʦʣʦʛʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ 

37 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʠ ʟʘʢʨʳʪʠʷ ʥʘʠʙʦʣʝʝ ʧʨʦʥʠʮʘʝʤʳʭ 

ʢʘʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ 

ʥʝʬʪʠ ʠʣʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʨʦʬʠʣʷ ʧʨʠʝʤʠ-

ʩʪʦʩʪʠ (ɺʇʇ) (ʀʩʤʘʠʣʦʚʘ, 2018). 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʬʣʶʠʜʘ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʧʣʘʩʪʢʠ ʩ ʨʘʟʣʠʯ-

ʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʟʘʢʘʯʠʚʘʶʪʩʷ ʨʘʟʣʠʯ-

ʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪ.r ɼʣʷ ʫʯʘʩʪʢʦʚ ʧʦ-

ʨʦʜ ʩ ʚʳʩʦʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʝʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ 

ʪʝʤ ʩʘʤʳʤ ʚʳʨʘʚʥʠʚʘʶʪ ʧʨʦʬʠʣ ɹ ʧʨʠʝʤʠ-

ʩʪʦʩʪʠ ʧʣʘʩʪʘ ʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʧʝʨʝʞʘʶ-

ʱʝʤʫ ʟʘʚʦʜʥʝʥʠʶ ʵʪʠʭ ʟʦʥ. 

ʅʘ ɺʝʨʭʥʝʯʦʥʩʢʦʤ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪ-

ʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ 

ʦʩʘʜʢʦʦʙʨʘʟʫʶʱʠʝ ʨʝʘʛʝʥʪʳ ʉʆʅʇʃɸʉʊ ɹ 

ʠ ʵʤʫʣʴʛʘʪʦʨ ʉʆʅʕʂʉ ʈ. ʇʨʠʤʝʥʝʥʠʝ ʦʩʘʜ-

ʢʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘ-

ʚʘʪʴ ʟʦʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʧʣʘʩʪʦʚʦʡ 

ʚʦʜʦʡ. ʕʤʫʣʴʩʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʩ-

ʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʜʚʫʤʷ ʚʟʘ-

ʠʤʥʦ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ʜʨʫʛ ʚ ʜʨʫʛʝ ʞʠʜʢʦ-

ʩʪʷʤʠ (ʫʛʣʝʚʦʜʦʨʦʜʥʘʷ ʠ ʚʦʜʥʘʷ ʬʘʟʳ). ɺʦʜʦ-

ʥʝʬʪʷʥʳʝ ʵʤʫʣʴʩʠʠ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʚʦʜʦʧʨʠʪʦʢʠ. ɺ ʥʝʩʢʦʣʴʢʦ ʩʢʚʘʞʠʥ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʙʳʣʠ ʟʘʢʘʯʘʥʳ ʧʦʣʠʤʝʨʳ, 

ʧʦʜʦʙʨʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʴʶ ʧʨʦʧʣʘʩʪʢʦʚ. ʅʘ ʚʩʝʭ ʩʢʚʘʞʠʥʘʭ ʙʳʣ ʦʪ-

ʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʩʢʚʘʞʠʥ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ 
ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʥʘ ʧʨʠʤʝʨʝ 
ʗʨʘʢʪʠʥʩʢʦʛʦ 
ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 

ʄʘʛʠʩʪʨʘʥʪʦʤ ɹ.ɾ. ɹʘʪʦʞʘʨʛʘʣʦʚʳʤ 

(ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ.ʌ. ʃʝʪʥʠʢʦʚʘ) ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʘʢʪʫʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ 

ʟʘʣʝʞʝʡ. 

ɻʘʟʦʢʦʥʜʝʥʩʘʪʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʥʘʯʘʣʴʥʳʤʠ ʧʣʘʩʪʦ-

ʚʳʤʠ ʜʘʚʣʝʥʠʷʤʠ ʠ ʩʣʦʞʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʜʝʥʩʘʪʦʦʪʜʘʯʠ ʠ ʧʨʦʜʣʝ-

ʥʠʷ ʩʨʦʢʘ ʨʝʥʪʘʙʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʇʇɼ, ʚʘʞ-

ʥʝʡʰʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘ-

ʢʘʯʢʘ ʛʘʟʘ ʚ ʧʣʘʩʪ (ʩʘʡʢʣʠʥʛ-ʧʨʦʮʝʩʩ). 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʇʇɼ ʥʘʧʨʷʤʫʶ ʟʘ-

ʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʢʚʘʞʠʥ, ʩʭʝʤʳ ʠʭ ʦʙʚʷʟʢʠ ʠ ʨʝʞʠʤʦʚ ʟʘ-

ʢʘʯʢʠ (ɿʘʢʠʨʦʚ ʠ ʜʨ., 2025). 

ʊ ʘ ʙʣʠʮʘ 2  

ʂʦʥʩʪʨʫʢʮʠʷ ʛʘʟʦʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ 

T a b l e 2  

Design of gas injection wells 

ˉ 
ʩʢʚ. 

ʅʘʟʥʘ-ʯʝ-
ʥʠʝ 

ʂʦʥʩʪ-ʨʫʢ-
ʮʠʷ ʩʢʚʘ-
ʞʠʥʳ 

ɻʣʫʙʠʥʘ 
ʩʧʫʩʢʘ, ʤ 

ɿʘʙʦʡ 
ʀʥʪʝʨʚʘʣ 
ʧʝʨʬʦʨʘʮʠʠ 
(ʀʇ) 

ʋʩʪʴʝʚʦʝ ʦʙʦ-
ʨʫʜʦʚʘʥʠʝ 

ʇʦʜʟʝʤʥʦʝ 
ʦʙʦʨʫʜʦʚʘʥʠʝ 

19 
ɻʘʟʦ-
ʥʘʛʥʝʪ. 

ʥ ð 426 25 2689 

2664- 
2679 
 

ʆʂʂ-1ʄ ð 
219ʭ146ʭ350 

ʅʂʊ 73ʄ ʩ 
ʚʦʨʦʥʢʦʡ 

ʢ ð 299 225  
ɸʌʂ6 ð 
65ʭ350 

ʥʘ ʛʣʫʙʠʥʝ 
2642 

ʪ/ʢ ð 219 1390    

ʵ/ʢ ð 146 2708    

301 ɻʘʟʦʥʘʛʥʝʪ. 

ʥ ð 426 41.7 3017.3 

2976-2979 
2991.5-3001,5 

 ʅʂʊ 2971.6 

ʢ ð 324 283    

ʪ/ʢ ð 245 1154    

ʵ/ʢ ð 168 3028    

303 ɻʘʟʦʥʘʛʥʝʪ. 

ʥ ð 426 43 

3562 

   

ʢ ð 324 372,18    

ʪ/ʢ ð 245 869.78    
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ʵ/ʢ ð 168 3150.72    

ʭ ð 114 3368.3    

     

304 ɻʘʟʦʥʘʛʥʝʪ. 

ʥ ð 426 32     

ʢ ð 324 303 

3207 

   

ʪ/ʢ ð 245 1170    

ʵ/ʢ ð 168 3024    

     

305 ɻʘʟʦʥʘʛʥʝʪ 

ʥ ð 426 40 

2866 

   

ʢ ð 324 299    

ʪ/ʢ ð 245 1213    

ʵ/ʢ ð 168 2863    

306 ɻʘʟʦʥʘʛʥʝʪ. 

ʥ ð 426 38 

3571 

   

ʢ ð 324 375.01    

ʪ/ʢ ð 245 1432    

ʵ/ʢ ð 168 3069.41    

ʭ ð 114 3569    

322 ɻʘʟʦʥʘʛʥʝʪ. 

ʥ ð 426 46.52 

3379 

   

ʢ ð 324 300.21    

ʪ/ʢ ð 245 885    

ʵ/ʢ ð 168 3378.3    

 

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʛʘʟʦʥʘʛʥʝʪʘ-

ʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ. ʇʨʦʝʢʪʦʤ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟ-

ʨʘʙʦʪʢʠ ʗʨʘʢʪʠʥʩʢʦʛʦ ʅɻʂʄ (ʊʝʭʥʠʯʝ-

ʩʢʠʡé, 2015) ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʙʫʨʝʥʠʝ ʩʝʤʠ 

ʛʘʟʦʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʪʦʨʳʭ ʚʳʙʠʨʘʪʁʩʷ ʩ ʫʯʸʪʦʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʦʞʠʜʘʝʤʳʭ ʨʘʙʦʯʠʭ ʜʘʚʣʝʥʠʡ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʱʠʪʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʢʦʣʦʥʥʳ ʦʪ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʠ ʘʙʨʘʟʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘ-

ʤʝʪʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʪʠʧʦʚʳʭ ʥʘʛʥʝʪʘ-

ʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ-

ʤʝʥʝʥʠʝ ʧʘʢʝʨʥʦʡ ʩʭʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘ-

ʱʠʪʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʦʪ ʢʦʨʨʦ-

ʟʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʤʦʥʪ ʙʝʟ ʛʣʫʰʝ-

ʥʠʷ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʧʘʢʝʨʘ ʫʩʣʦʞʥʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ, ʘ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʦʪʢʘʟʫ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʢʣʘʧʘʥʘ (ʀʥʩʪʨʫʢ-

ʮʠʷé, 2010). ʆʪʩʫʪʩʪʚʠʝ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʦʤʧʦʥʦʚʢʝ ʚʳʟʳʚʘʝʪ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʣʠʬʪʦʚʦʡ ʢʦʣʦʥʥʳ ʠ 

ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʨʝʟʴʙʳ ʥʘ ʪʨʫʙʘʭ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʧʘʜʝʥʠʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʧʝʨʝʭʦʜ ʥʘ ʙʝʩʧʘʢʝʨ-

ʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʩʥʠʞʘʶʱʫʶ ʪʨʫʜʦʸʤ-

ʢʦʩʪʴ ʨʝʤʦʥʪʘ. 

ɺʳʙʦʨ ʣʠʬʪʦʚʳʭ ʢʦʣʦʥʥ ʠ ʫʩʪʴʝʚʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʥʦʩʘ ʞʠʜʢʦ-

ʩʪʠ ʠ ʢʦʥʜʝʥʩʘʪʘ ʩ ʟʘʙʦʷ ʜʠʘʤʝʪʨ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ (ʅʂʊ) ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ. ɼʣʷ ʗʨʘʢ-

ʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʪʠʧʦʨʘʟʤʝʨʳ: 

- ʅʂʊ 73 ʤʤ ð ʜʣʷ ʜʝʙʠʪʦʚ ʜʦ 200 ʪʳʩ. 

ʤį/ʩʫʪ; 

- ʅʂʊ 89 ʤʤ ð ʜʣʷ ʜʝʙʠʪʦʚ ʩʚʳʰʝ 200 

ʪʳʩ. ʤį/ʩʫʪ. 

ʂʦʤʧʦʥʦʚʢʘ ʣʠʬʪʦʚʦʡ ʢʦʣʦʥʥʳ ʚʢʣʶʯʘʝʪ 

ʧʦʩʘʜʦʯʥʳʡ ʥʠʧʧʝʣʴ, ʢʣʘʧʘʥ-ʦʪʩʝʢʘʪʝʣʴ ʠ 

ʚʦʨʦʥʢʫ. ʇʦʩʘʜʦʯʥʳʡ ʥʠʧʧʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʣʘʧʘʥʘ-ʦʪʩʝʢʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʛʣʫʭʦʡ ʧʨʦʙʢʠ ʧʨʠ ʨʝ-

ʤʦʥʪʝ. 

ʋʩʪʴʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʥʘʛʥʝʪʘʪʝʣʴ-

ʥʳʭ ʩʢʚʘʞʠʥ ʦʙʦʨʫʜʫʝʪʩʷ ʬʦʥʪʘʥʥʦʡ ʘʨʤʘʪʫ-

ʨʦʡ ʪʠʧʘ ɸʌʂ6-80/65ʭ35 ʂ1 ʍʃ (ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ çʉʠʙʥʝʬʪʝʛʘʟʤʘʰè, ʛ. ʊʶʤʝʥʴ) ʩ ʨʘʙʦ-

ʯʠʤ ʜʘʚʣʝʥʠʝʤ 35 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʦ 

120 Áʉ. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʨʤʘ-

ʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ɼʣʷ ʦʙʚʷʟʢʠ ʦʙ-

ʩʘʜʥʳʭ ʢʦʣʦʥʥ ʧʨʠʤʝʥʷʝʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʆʂʂ1-35-146ʭ219 (ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʢʚʘ-

ʞʠʥʳ) ʠ ʆʂʂ2-350-168ʭ245ʭ324 ʍʃ (ʥʘʛʥʝ-

ʪʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ). 
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Technical characteristics of the AFK6-80/65x35 K1 HL wellhead fittings 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ, ʄʇʘ 35 
ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ 120 
ʋʩʣʦʚʥʳʡ ʜʠʘʤʝʪʨ ʦʙʚʷʟʳʚʘʝʤʳʭ ʪʨʫʙ, ʤʤ - 
ʋʩʣʦʚʥʳʡ ʧʨʦʭʦʜ ʩʪʚʦʣʘ ʠ ʨʘʙʦʯʠʭ ʩʪʨʫʥ, ʤʤ 80/65 

 

ɺ ʦʙʚʷʟʢʝ ʩʢʚʘʞʠʥʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʜʫʚʦʯʥʦ-ʟʘʜʘʚʦʯʥʳʝ ʣʠ-

ʥʠʠ, ʦʙʨʘʪʥʳʝ ʢʣʘʧʘʥʳ ʥʘ ʣʠʥʠʠ ʟʘʢʘʯʢʠ, 

ʢʣʘʧʘʥ-ʦʪʩʝʢʘʪʝʣʴ ʥʘ ʣʠʥʠʠ ʦʪʙʦʨʘ, ʘ ʪʘʢʞʝ 

ʤʘʥʦʤʝʪʨʳ ʠ ʪʝʨʤʦʤʝʪʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘ-

ʤʝʪʨʦʚ. ʐʣʝʡʬʳ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʜʘʚʣʝʥʠʝ 

16.0 ʄʇʘ ʠ ʦʩʥʘʱʘʶʪʩʷ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ-

ʥʳʤʠ ʢʣʘʧʘʥʘʤʠ ʉʇʇʂ4-80-160 ʋʍʃ1. 

ʉʠʩʪʝʤʘ ʟʘʢʘʯʢʠ ʛʘʟʘ ʚ ʧʣʘʩʪ (ʩʘʡʢʣʠʥʛ-

ʧʨʦʮʝʩʩ). ʆʩʥʦʚʦʡ ʧʦʚʳʰʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʦʪ-

ʜʘʯʠ ʥʘ ʗʨʘʢʪʠʥʩʢʦʤ ʅɻʂʄ ʷʚʣʷʝʪʩʷ 

ʩʘʡʢʣʠʥʛ-ʧʨʦʮʝʩʩ ð ʟʘʢʘʯʢʘ ʚ ʧʣʘʩʪ ʦʩʫʰʸʥ-

ʥʦʛʦ ʛʘʟʘ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʛʦ ʪʷʞʸʣʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ: 

- ʫʩʪʘʥʦʚʢʫ ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ ʛʘʟʘ ʥʘ 

ʧʣʦʱʘʜʢʝ ʋʂʇɻ; 

- ʚʳʩʦʢʦʥʘʧʦʨʥʳʡ ʛʘʟʦʧʨʦʚʦʜ ʢ ʥʘʛʥʝ-

ʪʘʪʝʣʴʥʳʤ ʩʢʚʘʞʠʥʘʤ; 

- ʩʝʤʴ ʛʘʟʦʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʛʘʟ ʜʘʚ-

ʣʝʥʠʝʤ 1.5 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ 10ï40 Áʉ ʧʦ-

ʩʪʫʧʘʝʪ ʥʘ ʢʦʤʧʨʝʩʩʦʨʥʫʶ ʩʪʘʥʮʠʶ. ɼʣʷ 

ʩʞʘʪʠʷ ʜʦ 25 ʄʇʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʝʩʪʴ ʢʦʤ-

ʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ R-ʉA-4735LE-6-3 

ʧʨʦʠʟʚʦʜʩʪʚʘ ENERFLEX ENERGY 

SYSTEMS Inc. ʂʘʞʜʘʷ ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ 

ʪʨʸʭʩʪʫʧʝʥʯʘʪʳʡ ʧʦʨʰʥʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ 

Ariel JGU-6/3 ʠ ʛʘʟʦʧʦʨʰʥʝʚʦʡ ʜʚʠʛʘʪʝʣʴ 

Caterpillar G3616 TALE. ʉʞʘʪʳʡ ʛʘʟ ʦʭʣʘʞʜʘ-

ʝʪʩʷ ʚ ʘʧʧʘʨʘʪʘʭ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, 

ʧʨʦʭʦʜʠʪ ʢʦʘʣʝʩʮʝʥʪʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʠ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʢʦʣʣʝʢʪʦʨ ʜʠʘʤʝʪʨʦʤ 273Ĭ28 

ʤʤ. ɼʘʚʣʝʥʠʝ ʟʘʢʘʯʢʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʜʠʘ-

ʧʘʟʦʥʝ 23ï27 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʘʧʧʘʨʘʪʦʚ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ɸɺʆ) ð 

ʜʦ 48.9 Áʉ. ʈʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʨʝʩʩʦʨ-

ʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 
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T a b l e 4  

Operating parameters of the compressor unit R-ʉA-4735LE-6-3 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʠʝ 
ʈʘʩʯʸʪʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝ-
ʞʠʤʝ, ʥʤ3/ʯ 

35417 

ɼʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ʚ ʫʩʪʘʥʦʚʢʫ, ʄʇʘ (ʠʟʙ.)  

ð ʨʘʩʯʝʪʥʦʝ 1.5 

ð ʤʠʥʠʤʘʣʴʥʦʝ 1.4 

ð ʤʘʢʩʠʤʘʣʴʥʦʝ 1.8 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʫʩʪʘʥʦʚʢʫ, Áʉ 
 

ð ʨʘʩʯʝʪʥʦʝ 25 

ð ʤʠʥʠʤʘʣʴʥʘʷ 10 
 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝ-

ʛʫʣʠʨʫʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʝʥʠʝʤ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʦʪʢʨʳʪʠʝʤ 

ʙʘʡʧʘʩʥʦʛʦ ʢʣʘʧʘʥʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʱʠʪʫ ʧʨʠ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪ-

ʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʳ 

ʇʇɼ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʳ-

ʙʦʨʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝ-

ʥʠʡ. ʅʘ ʧʨʠʤʝʨʝ ʗʨʘʢʪʠʥʩʢʦʛʦ ʅɻʂʄ ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ: 
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- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʢʝʨʥʦʡ ʩʭʝʤʳ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʧʨʘʚʜʘʥʦ, ʥʦ ʧʦ ʤʝʨʝ ʧʘʜʝ-

ʥʠʷ ʜʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʝʥ ʧʝʨʝʭʦʜ ʥʘ ʙʝʩʧʘ-

ʢʝʨʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ; 

- ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʥʦʩʘ ʞʠʜʢʦʩʪʠ 

ʜʠʘʤʝʪʨ ʅʂʊ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʞʠʜʘ-

ʝʤʳʤ ʜʝʙʠʪʘʤ; 

- ʫʩʪʴʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʦ ʥʘ ʜʘʚʣʝʥʠʝ ʥʝ ʤʝʥʝʝ 35 ʄʇʘ ʠ 

ʚʢʣʶʯʘʪʴ ʵʣʝʤʝʥʪʳ ʧʨʦʪʠʚʦʬʦʥʪʘʥʥʦʡ ʟʘ-

ʱʠʪʳ; 

- ʩʘʡʢʣʠʥʛ-ʧʨʦʮʝʩʩ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦʟʚʦ-

ʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʠ ʫʚʝ-

ʣʠʯʠʚʘʪʴ ʢʦʥʜʝʥʩʘʪʦʦʪʜʘʯʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠ-

ʩʪʝʤ ʇʇɼ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʂ ʚʦʧʨʦʩʫ ʦʙ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ 
ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʥʘ 
ʗʨʘʢʪʠʥʩʢʦʤ 
ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ 
ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʄʘʛʠʩʪʨʘʥʪʦʤ ɸ.ʃ. ɹʘʟʘʨʦʚʳʤ (ʥʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʉ.ʇ. ʇʨʠʤʠʥʘ) ʧʨʦʚʝʜʝʥ ʘʥʘ-

ʣʠʟ ʚʣʠʷʥʠ ̫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʗʨʘʢʪʠʥʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ (ʅɻʂʄ) ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫ-

ʨʦʚʳʭ ʨʘʙʦʪ. 

ʗʨʘʢʪʠʥʩʢʦʝ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʶʛʦ ʚʦʩʪʦʯ-

ʥʦʤ ʩʢʣʦʥʝ ʅʝʧʩʢʦ ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ, 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ɽʛʦ ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠ-

ʟʦʥʪʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʥʠʞʥʝʚʝʥʜʩʢʠʤ ʪʝʨʨʠ-

ʛʝʥʥʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ 

ʩʣʦʞʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. (ʇʣʶʩ-

ʥʠʥ, 2019) ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʦʚʳʭ ʨʘʙʦʪ. 

ʗʨʘʢʪʠʥʩʢʦʝ ʅɻʂʄ ʧʨʠʫʨʦʯʝʥʦ ʢ ʨ̫ʘʢ-

ʪʠʥʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ ʥʠʞʥʝʚʝʥʜʩʢʠʭ ʪʝʨʨʠ-

ʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʶʛʦ ʟʘʧʘʜʥʦʤ ʧʦʛʨʫ-

ʞʝʥʠʠ ʅʝʧʩʢʦʛʦ ʩʚʦʜʘ ʅʝʧʩʢʦ ɹʦʪʫʦʙʠʥʩʢʦʡ 

ʘʥʪʝʢʣʠʟʳ. ʆʪʥʦʩʠʪʩʷ ʢ ʇʨʠʙʘʡʢʘʣʴʩʢʦʡ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ. ʄʝʩʪʦʨʦʞʜʝ-

ʥʠʝ ʤʥʦʛʦʧʣʘʩʪʦʚʦʝ: ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠ-

ʟʦʥʪʳ ʦʙʨʘʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʫʨʦʚʥʝʚʳʭ 

ʟʘʣʝʞʝʡ. ɽʛʦ ʩʪʨʦʝʥʠʝ ʦʩʣʦʞʥʷʶʪ ʪʨʘʧʧʦʚʳʝ 

ʠʥʪʨʫʟʠʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʧʦʨʦʜ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʯʪʦ ʩʦ-

ʟʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʳʟʦʚʳ ʧʨʠ ʙʫʨʝʥʠʠ ʠ 

ʜʦʙʳʯʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇʣʶʩʥʠʥ, 2023). 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʝʤʷ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʷʨʫʩʘʤʠ: ʬʫʥʜʘʤʝʥʪʦʤ, ʩʦʩʪʘʚ 

ʧʦʨʦʜʳ ʷʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʚʦʟʨʘʩʪʦʤ ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡ; ʜʦʚʝʥʜʩʢʠʡ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʥʘ ʗʨʘʢʪʠʥʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʪʣʦʞʝʥʠʷ ʨʠʬʝʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʝ ʚʩʢʨʳʪʳ, ʥʦ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪʩʷ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ; ʠ ʚʝʥʜ-ʧʘ-

ʣʝʦʟʦʡʩʢʠʤ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ. 

ɺ ʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ, ʯʘʩʪʠʯʥʦ ð ʚ 

ʢʝʤʙʨʠʡʩʢʠʭ ʚʳʜʝʣʷʶʪʩʷ ʨʷʜ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʇʨʦʤʳʰʣʝʥ-

ʥʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʝʨʨʠ-

ʛʝʥʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʨ̫ʘʢʪʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 

(ʥʠʞʥʠʡ ʚʝʥʜ) ʠ ʯʘʩʪʠʯʥʦ ʢ ʢʘʨʙʦʥʘʪʥʳʤ ʧʦ-

ʨʦʜʘʤ ʦʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʫʩʦʣʴʩʢʦʡ ʩʚʠʪʳ 

(ʥʠʞʥʠʡ ʢʝʤʙʨʠʡ). ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷ-

ʶʪʩʷ ʚʝʥʜʩʢʠʝ ʪʝʨʨʠʛʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʥʝʧ-

ʩʢʘʷ ʠ ʪʠʨʩʢʘʷ ʩʚʠʪʳ) ʠ ʤʝʞʩʦʣʝʚʳʝ ʧʣʘʩʪʳ 

ʙʝʣʴʩʢʦʡ ʠ ʘʥʛʘʨʩʢʦʡ ʩʚʠʪ ʢʝʤʙʨʠʷ. 

ʆʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ ʠ ʛʘʟʘ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʨ̫ʘʢʪʠʥʩʢʠʤ ʛʦʨʠʟʦʥʪʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠ-

ʷʤʠ ʥʝʧʩʢʦʡ ʩʚʠʪʳ ʚʝʥʜʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɻʦʨʠ-

ʟʦʥʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʧʣʘʩʪʘ: ʚʝʨʭʥʠʡ ð 

ʗ1 ʠ ʥʠʞʥʠʡ ð ʗ2, ʨʘʟʜʝʣʝʥʥʳʝ ʛʣʠʥʠʩʪʦʡ 

ʧʝʨʝʤʳʯʢʦʡ. ʇʣʘʩʪ ʗ2 ʩʣʦʞʝʥ ʢʚʘʨʮʝʚʳʤʠ ʠ 

ʧʦʣʝʚʦʰʧʘʪʦʢʚʘʨʮʝʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʤʝ-

ʩʪʘʤʠ ʛʨʘʚʝʣʠʪʠʩʪʳʤʠ. ʆʙʱʘʷ ʪʦʣʱʠʥʘ ʧʣʘ-

ʩʪʘ ʤʝʥʷʝʪʩʷ ʦʪ 3 ʜʦ 35 ʤ (ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʩʝʚʝʨʦ-

ʟʘʧʘʜʝ). ɺ ʨʷʜʝ ʩʢʚʘʞʠʥ ʢʦʣʣʝʢʪʦʨ ʟʘʤʝʱʸʥ 

ʧʣʦʪʥʳʤʠ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʦʨʦʜʘʤʠ (ʘʨ-

ʛʠʣʣʠʪʘʤʠ, ʛʣʠʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ) ʠʣʠ 

ʩʠʣʴʥʦ ʫʧʣʦʪʥʸʥ ʚ ʟʦʥʘʭ ʨʘʟʚʠʪʠʷ ʪʨʘʧʧʦʚʳʭ 

ʠʥʪʨʫʟʠʡ. ʇʣʘʩʪ ʗ1 ʧʨʝʜʩʪʘʚʣʝʥ ʢʚʘʨʮʝʚʳʤʠ, 

ʭʦʨʦʰʦ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ 

ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ. ʆʙʱʘʷ ʪʦʣʱʠʥʘ ʧʣʘ-

ʩʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2 ʜʦ 20 ʤ. ʇʨʦʩʣʦʠ ʛʣʠʥʠ-

ʩʪʦ-ʘʣʝʚʨʦʣʠʪʦʚʳʭ ʧʦʨʦʜ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, 

ʠʭ ʪʦʣʱʠʥʘ 0.3ï0.8 ʤ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʞ-

ʥʦʡ ʯʘʩʪʷʭ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʣʘʩʪʳ 

ʗ1 ʠ ʗ2 ʨʘʟʜʝʣʷʶʪʩʷ ʛʣʠʥʠʩʪʦʡ ʧʝʨʝʤʳʯʢʦʡ 

ʪʦʣʱʠʥʦʡ ʦʪ 1,5 ʜʦ 7 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʘʨ-

ʛʠʣʣʠʪʘʤʠ ʟʝʣʝʥʦʚʘʪʦ ʩʝʨʳʭ ʠ ʪʸʤʥʦ ʩʝʨʳʭ 

ʦʪʪʝʥʢʦʚ. ɺ ʩʝʚʝʨʦ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʧʝʨʝʤʳʯʢʘ ʯʘʩʪʦ ʚʳʢʣʠʥʠʚʘʝʪʩʷ, ʠ 

ʧʣʘʩʪʳ ʩʣʠʚʘʶʪʩʷ ʚ ʝʜʠʥʳʡ ʧʝʩʯʘʥʳʡ ʤʘʩ-

ʩʠʚ. 
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ʅʘ ʗʨʘʢʪʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʳʷʚ-

ʣʝʥʳ ʟʘʣʝʞʠ ʯʝʪʳʨʸʭ ʪʠʧʦʚ: ʧʣʘʩʪʦʚʳʝ, ʩʪʨʘ-

ʪʠʛʨʘʬʠʯʝʩʢʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ, ʣʠʪʦʣʦʛʠʯʝ-

ʩʢʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠ ʵʢʨʘʥʠ-

ʨʦʚʘʥʥʳʝ. ʇʨʦʜʫʢʪʠʚʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʚʷʟʘʥʳ 

ʩ ̫ʨʘʢʪʠʥʩʢʦʡ ʧʘʯʢʦʡ (ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʧʝʩʯʘ-

ʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ). ɺ ʨʘʟʨʝʟʝ 

ʚʳʜʝʣʝʥʦ ʧʷʪʴ ʥʝʬʪʷʥʳʭ, ʯʝʪʳʨʝ ʥʝʬʪʝʛʘʟʦ-

ʢʦʥʜʝʥʩʘʪʥʳʭ ʠ ʦʜʥʘ ʛʘʟʦʚʘʷ ʟʘʣʝʞʴ, ʨʘʩʧʨʝ-

ʜʝʣʸʥʥʳʝ ʧʦ ʪʨʝʤ ʧʨʦʜʫʢʪʠʚʥʳʤ ʧʣʘʩʪʘʤ. 

ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ð ʚʳʩʦʢʘʷ 

ʣʠʪʦ ʬʘʮʠʘʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʨʦʜ ʧʦ 

ʧʣʦʱʘʜʠ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ɻʀʉ, ʧʦʨʠʩʪʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʗʨʘʢ-

ʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ: ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 6.0ï10.0 %, ʤʘʢʩʠʤʘʣʴ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʶʪ 16.0ï19.0 %. ʇʨʦʥʠ-

ʮʘʝʤʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ð 85 ʤɼ, ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʜʦ 1165 ʤɼ; ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʨʝʟʦʚ ʧʨʝʦʙʣʘ-

ʜʘʶʪ ʟʥʘʯʝʥʠʷ 10ï100 ʤɼ. ʇʦʨʠʩʪʦʩʪʴ ʥʝʬʪʝ-

ʥʘʩʳʱʝʥʥʦʡ ʯʘʩʪʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

6.0ï10.0 %, ʩ ʣʦʢʘʣʴʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʜʦ 

16.0ï19.0 %, ʘ ʛʘʟʦʥʘʩʳʱʝʥʥʦʡ ʯʘʩʪʠ ʚ ʩʨʝʜ-

ʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 5.0ï9.0 %, ʩ ʣʦʢʘʣʴʥʳʤʠ ʤʘʢ-

ʩʠʤʫʤʘʤʠ ʜʦ 14.0ï16.0 %. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʥʘ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʛʝʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ʗʨʘʢʪʠʥʩʢʦʝ ʅɻʂʄ ʷʚʣʷʝʪʩʷ 

ʪʦʤʫ ʧʨʠʤʝʨʦʤ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ 

ʤʝʪʦʜʦʚ ʙʫʨʝʥʠʷ, ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥ ʠ ʙʫ-

ʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʣʠʪʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʣʣʝʢʪʦʨ-

ʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʘʥʦ-

ʤʘʣʴʥʳʝ ʧʣʘʩʪʦʚʳʝ ʜʘʚʣʝʥʠʷ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʬʣʶʠʜʦʥʘʩʳʱʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʙʫʨʦʚʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ. 

ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʥʘ ʗʨʘʢʪʠʥ-

ʩʢʦʤ ʅɻʂʄ ʩʚʷʟʘʥʳ ʩ ʛʣʫʙʠʥʥʳʤʠ ʨʘʟʣʦ-

ʤʘʤʠ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʬʫʥʜʘʤʝʥʪʘ ʠ ʪʨʘʧ-

ʧʦʚʳʤ ʤʘʛʤʘʪʠʟʤʦʤ. ʕʪʠ ʬʘʢʪʦʨʳ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʠʚ-

ʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʣʝʞʝʡ ʫʛ-

ʣʝʚʦʜʦʨʦʜʦʚ. ʇʦ ʜʘʥʥʳʤ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʸʥʥʳʭ ʚ 1969ï1972 ʛʦ-

ʜʘʭ, ʧʣʦʱʘʜʴ ʗʨʘʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʟʦʥʝ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʤʝ-

ʨʠʜʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʬʫʥʜʘʤʝʥʪʘ, ʩʣʦʞʝʥʥʦʛʦ 

ʧʦʨʦʜʘʤʠ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʣʦʪʥʦʩʪʠ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʥʦʩʠʪ ʟʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʈʘʟʣʦʤʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʜʨʦʙʣʝʥʠʶ ʩʪʨʫʢ-

ʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʠʶ ʙʣʦʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʥʘʩʳʱʝʥʠʝʤ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʤʦʛʣʠ ʚʣʠʷʪʴ ʥʘ 

ʤʠʛʨʘʮʠʶ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʦʨʦʜʳ ʬʫʥʜʘ-

ʤʝʥʪʘ ʥʘ ʗʨʘʢʪʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʛʨʘʥʠʪʘʤʠ, ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ, ʘ 

ʪʘʢʞʝ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ʭʣʦʨʠʪʦʚʦ-ʩʝʨʠʮʠʪʦ-

ʚʳʤʠ ʠ ʭʣʦʨʠʪʦʚʦ-ʘʤʬʠʙʦʣʠʪʦʚʳʤʠ ʩʣʘʥ-

ʮʘʤʠ. ʀʭ ʚʦʟʨʘʩʪ ð ʨʠʬʝʡʩʢʠʡ. ʅʝʦʜʥʦʨʦʜ-

ʥʦʩʪʴ ʬʫʥʜʘʤʝʥʪʘ ʩʦʟʜʘʣʘ ʫʩʣʦʚʠʷ ʜʣʷ ʣʦ-

ʢʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʚʫʰʝʢ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥ-

ʪʝʢʣʠʟʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʥʪʨʫʟʠʚʥʳʝ ʪʝʣʘ 

ʜʦʣʝʨʠʪʦʚ (ʪʨʘʧʧʦʚ), ʢʦʪʦʨʳʝ ʚʥʝʜʨʷʣʠʩʴ ʚ 

ʩʨʝʜʥʶʶ ʯʘʩʪʴ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ. ʊʨʘʧʧʦʚʳʝ 

ʪʝʣʘ, ʟʘʣʝʛʘʶʱʠʝ ʚʳʰʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠ-

ʟʦʥʪʦʚ, ʤʦʛʣʠ ʵʢʨʘʥʠʨʦʚʘʪʴ ʧʦʪʦʢʠ ʫʛʣʝʚʦʜʦ-

ʨʦʜʦʚ, ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʩʚʦʙʦʜʥʦʡ ʮʠʨʢʫʣʷ-

ʮʠʠ ʚʦʜ ʠ ʚʣʠʷʪʴ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʣʘʩʪʦ-

ʚʳʭ ʚʦʜ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʚʙʣʠʟʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ ʠʟʤʝʥʷʣʘ ʤʠʥʝ-

ʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʯʪʦ ʤʦʛʣʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʚʪʦʨʠʯʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʧʦ-

ʨʦʜ (ʥʘʧʨʠʤʝʨ, ʩʫʣʴʬʘʪʠʟʘʮʠʠ, ʟʘʩʦʣʦʥʝ-

ʥʠʶ). ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʦʧʨʝʜʝʣʠʣʠ 

ʣʠʪʦʣʦʛʠʯʝʩʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨ̫ʘʢʪʠʥ-

ʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʟʘʣʝʞʝʡ, 

ʠʟʦʣʷʮʠʶ ʦʪʜʝʣʴʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʟʦʥ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʡ. 

ʊʨʘʧʧʳ (ʪʨʘʧʧʦʚʳʡ ʤʘʛʤʘʪʠʟʤ) ʥʘ ʗʨʘʢ-

ʪʠʥʩʢʦʤ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʠ ʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʝʦ-

ʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ ʠ ʫʩʣʦʚʠʷ ʠʭ ʥʘʢʦʧʣʝʥʠʷ. ʕʪʦ 

ʚʣʠʷʥʠʝ ʠʤʝʣʦ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪ-

ʨʠʮʘʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ, ʯʪʦ ʧʦʨʦʜʠʣʦ ʦʧʨʝʜʝ-

ʣʸʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ. ʊʨʘʧʧʦʚʳʝ ʪʝʣʘ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʦʩʘʜʦʯ-

ʥʦʤ ʯʝʭʣʝ, ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʩʚʦʙʦʜʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʚ ʨʘʟʨʝʟʝ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʣʦ ʧʦʚʳʰʝʥʠʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʣʘʩʪʦʚʳʭ 

ʚʦʜ ʚ ʧʦʜʪʨʘʧʧʦʚʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ. 

ɺʙʣʠʟʠ ʦʩʪʳʚʘʶʱʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ ʧʨʦ-

ʠʩʭʦʜʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ʆʥʠ 

ʚʣʠʷʣʠ ʥʘ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʣʘʩʪʦʚʳʭ 

ʚʦʜ, ʦʙʦʛʘʱʘʷ ʠʭ ʢʨʝʤʥʝʟʸʤʦʤ. ɺ ʧʦʨʦʜʘʭ 

ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʚʳʧʘʜʝʥʠʝ ʤʠʥʝʨʘʣʦʚ 

ʛʨʫʧʧʳ ʢʨʝʤʥʝʟʸʤʘ ʠʟ ʢʨʝʤʥʠʩʪʳʭ 
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ʨʘʩʪʚʦʨʦʚ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭ ʚʥʝʜʨʝʥʠʝ ʪʨʘʧ-

ʧʦʚʳʭ ʪʝʣ. ʊʨʘʧʧʦʚʳʝ ʪʝʣʘ, ʨʘʟʚʠʪʳʝ ʥʘ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ (ʚ ʦʩ-

ʥʦʚʥʦʤ ʚ ʩʦʣʝʥʦʩʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝ-

ʥʠʷʭ), ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʣʠ ʩʪʨʫʢʪʫʨʫ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ. ʕʪʦ ʟʘʪʨʫʜʥʷʣʦ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʝ ʟʘʣʝʞʝʡ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʢʠ. 

ʊʨʘʧʧʦʚʳʡ ʤʘʛʤʘʪʠʟʤ ʟʘʪʨʫʜʥʷʣ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʝ ʥʘʣʠʯʠʷ ʠ ʤʘʩʰʪʘʙʦʚ ʟʘʣʝʞʝʡ ʫʛʣʝ-

ʚʦʜʦʨʦʜʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʯʠʪʳʚʘʪʴ 

ʩʣʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʠʥʪʨʫʟʠʷʤʠ, 

ʙʠʪʫʤʠʥʦʟʥʦʩʪʴʶ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʠ 

ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ 

ʦʪʤʝʯʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩ-

ʪʚʦʨʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʨʘʧʧʦʚ. ʕʪʦ ʟʘʪʨʫʜ-

ʥʷʣʦ ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ ʠ ʫʚʝʣʠʯʠʚʘʣʦ ʝʛʦ ʩʪʦ-

ʠʤʦʩʪʴ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʦʪʨʝʙʦ-

ʚʘʣʦʩʴ: ʘʥʘʣʠʟ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʪʨʘʧʧʦʚʳʭ ʩʠʣʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʘʣʝʞʝʡ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʘʥʦʤʘʣʠʠ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʡ ʢʨʠʪʝʨʠʡ ʧʨʠ ʧʦʠʩʢʘʭ ʥʝʬʪʠ ʠ ʛʘʟʘ, 

ʚʥʝʜʨʷʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʦ-

ʣʝʦʪʣʦʞʝʥʠʡ (ʀʉʆ) ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʛʠʧ-

ʩʦʚʳʭ ʠ ʜʨʫʛʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʧʨʠʟʘʙʦʡʥʦʡ 

ʟʦʥʝ ʧʣʘʩʪʘ, ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ 

ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʧʣʘʩʪʘ (ʇɿʇ) ʩ ʫʯʸʪʦʤ 

ʪʠʧʘ ʢʦʣʴʤʘʪʘʥʪʘ ʠ ʩʚʦʡʩʪʚ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ. 

ɺʳʙʦʨ ʨʝʘʛʝʥʪʦʚ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʜʘʥʥʳʭ ʦ 

ʩʦʩʪʘʚʝ ʧʦʧʫʪʥʦ ʜʦʙʳʚʘʝʤʳʭ ʚʦʜ ʠ ʠʩʪʦʨʠʠ 

ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʨʠʤʝʨʘ ʩʢʚʘʞʠʥ, ʧʨʦʙʫ-

ʨʝʥʥʳʭ ʥʘ ʗʨʘʢʪʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʩ 

ʨʘʟʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʪʝʭʥʦ-

ʣʦʛʠʷʤʠ ʙʫʨʝʥʠʷ (ʪʘʙʣ. 5). 
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ʇʘʨʘʤʝʪʨ ʉʢʚʘʞʠʥʘ ˉ 1 ʉʢʚʘʞʠʥʘ ˉ 2 
ʊʠʧ ʩʢʚʘʞʠʥʳ ɺʝʨʪʠʢʘʣʴʥʘʷ ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʫʯʘʩʪʢʦʤ 900 ʤ 
ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʋʩʪʦʡʯʠʚʳʝ ʧʦʨʦʜʳ, ʦʜʥʦ-

ʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ 
ʅʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ, ɸɺʇɼ, 
ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ 

ʊʝʭʥʦʣʦʛʠʷ ʙʫʨʝʥʠʷ ʈʦʪʦʨʥʦʝ ʙʫʨʝʥʠʝ ʅʘʢʣʦʥʥʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʩ ʟʘʙʦʡ-
ʥʳʤ ʜʚʠʛʘʪʝʣʝʤ 

ɹʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʇʨʝʩʥʳʡ ʢʦʣʴʤʘʪʠʨʫʶʱʠʡ ʀʥʛʠʙʠʨʫʶʱʠʡ ʭʣʦʨʢʘʣʠʝʚʳʡ 
ʂʦʥʩʪʨʫʢʮʠʷ 4 ʢʦʣʦʥʥʳ 4 ʢʦʣʦʥʥʳ + ʭʚʦʩʪʦʚʠʢ ʩ ʬʠʣʴʪʨʘʤʠ 
ɺʩʢʨʳʪʠʝ ʧʣʘʩʪʘ ʇʝʨʬʦʨʘʮʠʷ ʥʘ ʜʝʧʨʝʩʩʠʠ ʄʥʦʛʦʩʪʘʜʠʡʥʳʡ ɻʈʇ 
ɼʝʙʠʪ ʥʝʬʪʠ 85 ʤį/ʩʫʪ 60 ʤį/ʩʫʪ (ʧʦʩʣʝ ɻʈʇ) 
ɺʨʝʤʷ ʙʫʨʝʥʠʷ 28 ʜʥʝʡ 45 ʜʥʝʡ 
ʆʩʣʦʞʥʝʥʠʷ ʄʠʥʠʤʘʣʴʥʳʝ ʇʨʠʭʚʘʪʳ, ʧʦʛʣʦʱʝʥʠʷ 

 

ʉʢʚʘʞʠʥʘ ˉ 1 ʚʝʨʪʠʢʘʣʴʥʘʷ, ʫʯʘʩʪʦʢ ʩ 

ʫʩʪʦʡʯʠʚʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʩʢʚʘʞʠʥʘ ˉ 2 ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʘʷ, ʫʯʘʩʪʦʢ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʪʨʦ-

ʝʥʠʝʤ. ʇʝʨʚʘʷ ʩʢʚʘʞʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʫʩʪ ˉ 52, 

ʛʣʫʙʠʥʘ ʧʦ ʩʪʚʦʣʫ 1850 ʤ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʢʘʨʙʦ-

ʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩʨʝʜʥʝʡ ʢʨʝʧʦʩʪʠ. ʇʦʨʠ-

ʩʪʦʩʪʴ 15ï18 %, ʧʨʦʥʠʮʘʝʤʦʩʪʴ 200ï500 ʤɼ, 

ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ 18.5 ʄʧʘ ʙʣʠʟʢʦ ʢ ʛʠʜʨʦ-

ʩʪʘʪʠʯʝʩʢʦʤʫ. ʆʪʩʫʪʩʪʚʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ʙʫʨʝʥʠʷ, ʬʣʶʠʜʦʥʘ-

ʩʳʱʝʥʥʳʡ ʛʦʨʠʟʦʥʪ ʦʜʥʦʨʦʜʥʳʡ. ʉʢʚʘʞʠʥʘ 

ʧʨʦʙʫʨʠʚʘʣʘʩʴ ʨʦʪʦʨʥʳʤ ʪʠʧʦʤ ʩ ʚʨʘʱʝʥʠʝʤ 

ʚʩʝʡ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ. ɹʫʨʦʚʦʡ ʨʘʩʪʚʦʨ 

ʧʨʝʩʥʳʡ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʡ ʩ ʢʦʣʴʤʘʪʠʨʫʶ-

ʱʠʤʠ ʜʦʙʘʚʢʘʤʠ (ʤʝʣ, ʮʝʣʣʶʣʦʟʘ) ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʚʝʨʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʣʦʪ-

ʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ð 1,15 ʛ/ʩʤį. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝ-

ʙʠʪ ʥʝʬʪʠ 85 ʤį/ʩʫʪ., ʜʝʙʠʪ ʢʦʥʜʝʥʩʘʪʘ: 15 

ʪ/ʩʫʪ., ʚʨʝʤʷ ʙʫʨʝʥʠʷ 28 ʜʥʝʡ, ʦʩʣʦʞʥʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʳʝ (ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʟʘʪʷʞʢʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʚ ʠʥʪʝʨʚʘʣʝ 1600ï1650 ʤ ʠʟ ʟʘ 

ʩʫʞʝʥʠʷ ʩʪʚʦʣʘ). 

ɺʪʦʨʘʷ ʩʢʚʘʞʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʝʚʝʨʦ-ʟʘ-

ʧʘʜʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʫʩʪ ˉ 212, 

ʛʣʫʙʠʥʘ ʧʦ ʩʪʚʦʣʫ 2150 ʤ, ʜʣʠʥʘ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ð 900 ʤ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʯʝʨʝʜʦʚʘʥʠʝʤ ʘʨʛʠʣ-

ʣʠʪʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʪʦʥʢʠʭ ʧʨʦʧʣʘʩʪʢʦʚ 

ʧʝʩʯʘʥʠʢʘ. ʇʦʨʠʩʪʦʩʪʴ 8ï12 %, ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴ 5ï30 ʤɼ, ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ 22 ʄʧʘ 

(ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ). ʅʘʣʠʯʠʝ ʪʝʢʪʦʥʠʯʝ-

ʩʢʦʛʦ ʨʘʟʣʦʤʘ ʚ ʠʥʪʝʨʚʘʣʝ 1900ï2000 ʤ, 
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ʣʠʥʟʦʚʠʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɹʫʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʫʪʝʤ ʥʘʢʣʦʥʥʦ-

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʦʢʦʥʯʘ-

ʥʠʝʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʙʦʡʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ 

ʪʝʣʝʩʠʩʪʝʤʳ MWD ʜʣʷ ʛʝʦʥʘʚʠʛʘʮʠʠ. ɹʫʨʦ-

ʚʦʡ ʨʘʩʪʚʦʨ ʠʥʛʠʙʠʨʫʶʱʠʡ ʭʣʦʨʢʘʣʠʝʚʳʡ ʩ 

ʧʦʣʠʩʘʭʘʨʠʜʥʳʤ ʨʝʘʛʝʥʪʦʤ. ʇʣʦʪʥʦʩʪʴ ð 

1.25 ʛ/ʩʤį ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ɸɺʇɼ. ɺ ʟʦʥʘʭ 

ʧʦʛʣʦʱʝʥʠʷ ʜʦʙʘʚʣʷʣʠ ʥʘʧʦʣʥʠʪʝʣʴ (ʦʨʝʭʦ-

ʚʘʷ ʩʢʦʨʣʫʧʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʙʠʪ ʥʝʬʪʠ ʧʦ-

ʩʣʝ ɻʈʇ: 60 ʤį/ʩʫʪ. (ʚ 2.5 ʨʘʟʘ ʚʳʰʝ ʧʨʦʛʥʦ-

ʟʠʨʫʝʤʦʛʦ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʚʘʞʠʥʳ), ʜʝ-

ʙʠʪ ʢʦʥʜʝʥʩʘʪʘ: 20 ʪ/ʩʫʪ., ʚʨʝʤʷ ʙʫʨʝʥʠʷ 45 

ʜʥʝʡ (ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʦʚ ʠʟ ʟʘ ʢʦʨʨʝʢʪʠ-

ʨʦʚʢʠ ʪʨʘʝʢʪʦʨʠʠ), ʦʩʣʦʞʥʝʥʠʷ: ʧʨʠʭʚʘʪʳ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʠʥʪʝʨʚʘʣʘʭ ʩ ʘʨʛʠʣʣʠʪʘʤʠ 

(ʫʩʪʨʘʥʝʥʳ ʨʘʩʭʘʞʠʚʘʥʠʝʤ) ʠ ʯʘʩʪʠʯʥʦʝ ʧʦ-

ʛʣʦʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ (ʫʩʪʨʘʥʝʥʦ 

ʜʦʙʘʚʣʝʥʠʝʤ ʥʘʧʦʣʥʠʪʝʣʷ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝʥʠʷ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ɼʣʷ ʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜ ʵʬʬʝʢʪʠʚʥʘ ʚʝʨʪʠ-

ʢʘʣʴʥʘʷ ʩʢʚʘʞʠʥʘ ʩ ʨʦʪʦʨʥʳʤ ʙʫʨʝʥʠʝʤ, ʘ 

ʜʣʷ ʩʣʦʞʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʴʶ ð ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʚʘʞʠʥʘ ʩ ɻʈʇ ʠ 

ʛʝʦʥʘʚʠʛʘʮʠʝʡ. 

ʇʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʥʝʬʪʝʛʘʟʦʢʦʥ-

ʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ð ʗʨʘʢʪʠʥʩʢʦʛʦ 

ʠ ɸʩʪʨʘʭʘʥʩʢʦʛʦ (ʪʘʙʣ. 6). 
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Comparison of two oil and gas condensate fields 

ʇʘʨʘʤʝʪʨ ʗʨʘʢʪʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɸʩʪʨʘʭʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 
ʇʦʨʠʩʪʦʩʪʴ 3ï12 % (ʟʘʚʠʩʠʪ ʦʪ ʬʘʮʠʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʡ) 
3ï14 % (ʥʝʦʜʥʦʨʦʜʥʦ ʨʘʩʧʨʝʜʝ-
ʣʝʥʘ, ʧʨʝʦʙʣʘʜʘʝʪ 8ï12 %) 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ 10ï100 ʤɼ (ʩʥʠʞʘʝʪʩʷ ʚ ʧʦ-
ʜʦʰʚʝʥʥʳʭ ʯʘʩʪʷʭ) 

0.001ï1.0Ĭ10 ĭ  ʤĮ (ʟʘʚʠʩʠʪ ʦʪ ʪʨʝ-
ʱʠʥʦʚʘʪʦʩʪʠ) 

ʊʠʧ ʢʦʣʣʝʢʪʦʨʘ ʊʝʨʨʠʛʝʥʥʳʡ (ʧʝʩʯʘʥʠʢʠ), 
ʪʨʝʱʠʥʥʦ-ʧʦʨʦʚʳʡ 

ʂʘʨʙʦʥʘʪʥʳʡ (ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦ-
ʤʠʪʳ), ʧʦʨʦʚʦ-ʪʨʝʱʠʥʥʳʡ 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʌɽʉ ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜ-
ʥʦʩʪʴ, ʛʣʠʥʠʟʘʮʠʷ, ʮʝʤʝʥʪʘ-
ʮʠʷ 

ʊʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʛʣʠʥʠ-
ʩʪʳʭ ʩʣʦʸʚ, ʣʦʢʘʣʴʥʦʩʪʴ ʚʳʩʦʢʦʧʦ-
ʨʠʩʪʳʭ ʟʦʥ 

 

ʅʘ ̫ʨʘʢʪʠʥʩʢʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ (ʉʘʙʘʥʯʠʥ, 

2015). ɺ ʢʦʣʣʝʢʪʦʨʘʭ ʦʪʣʦʞʝʥʠʡ ʙʘʨʦʚ ʧʨʠ-

ʣʠʚʥʦ-ʦʪʣʠʚʥʦʡ ʨʘʚʥʠʥʳ ʧʦʨʠʩʪʦʩʪʴ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ 3ï6 %. ɺ ʨʘʩʧʨʝʜʝ-

ʣʠʪʝʣʴʥʳʭ ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʧʦʨʠʩʪʦʩʪʴ 

ʚʳʰʝ ð ʦʪ 9 ʜʦ 12 %. ʋʤʝʥʴʰʝʥʠʝ ʧʝʩʯʘʥʠ-

ʩʪʦʩʪʠ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘ ʩʯʸʪ ʦʙʦ-

ʛʘʱʝʥʠʷ ʨʘʟʨʝʟʘ ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʠʩʪʳʤʠ 

ʧʨʦʩʣʦʷʤʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠ-

ʩʪʦʛʦ ʮʝʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʬʠʣʴ-

ʪʨʘʮʠʦʥʥʦ-ʸʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ (ʌɽʉ). ɺ ʢʦʣ-

ʣʝʢʪʦʨʘʭ ʦʪʣʦʞʝʥʠʡ ʙʘʨʦʚ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚ-

ʥʦʡ ʨʘʚʥʠʥʳ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

10 ʜʦ 100 ʤɼ. ɺ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʫʙʘʢ-

ʚʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʘʥʘʣʦʛʠʯʥʘ 

ð ʦʪ 10 ʜʦ 100 ʤɼ, ʥʦ ʫʭʫʜʰʘʝʪʩʷ ʚ ʧʦʜʦʰ-

ʚʝʥʥʳʭ ʯʘʩʪʷʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʚ ʩʫʙʘʢʚʘʣʴ-

ʥʳʭ ʢʘʥʘʣʘʭ, ʌɽʉ ʦʮʝʥʠʚʘʶʪʩʷ ʢʘʢ ʥʠʟʢʠʝ 

ʠʟ-ʟʘ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ, 

ʘʥʛʠʜʨʠʪʠʟʘʮʠʠ ʠ ʣʦʢʘʣʴʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ 

ʛʣʠʥʠʩʪʦʛʦ ʮʝʤʝʥʪʘ (ʂʦʥʦʚʘʣʴʮʝʚʘ, 2010), ʘ 

ʪʘʢʞʝ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʧʦʨ, ʥʝ ʦʙʣʘʜʘʶ-

ʱʠʭ ʭʦʨʦʰʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʧʦ ʵʬʬʝʢʪʠʚʥʦʡ ʛʘʟʦ-

ʥʘʩʳʱʝʥʥʦʡ ʪʦʣʱʠʥʝ ʧʦʨʠʩʪʦʩʪʴ ɸʩʪʨʘʭʘʥ-

ʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠ ̫ʠʟ-

ʤʝʥʷʝʪʩʷ ʦʪ 3.0ï6.0 ʜʦ 14 % ʠ ʚʳʰʝ. ʋʯʘʩʪʢʠ 

ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʙʦʣʝʝ 12 % ʠʤʝʶʪ ʣʦʢʘʣʴʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 3 % ʧʣʦ-

ʱʘʜʠ ʚ ʩʢʣʦʥʦʚʳʭ ʠ ʧʨʠʩʚʦʜʦʚʳʭ ʯʘʩʪʷʭ ʧʦʜ-

ʥʷʪʠʷ. ʆʢʦʣʦ 80 % ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʣ-

ʣʝʢʪʦʨʘʤʠ ʩʨʝʜʥʝʡ ʸʤʢʦʩʪʠ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʦʪ 

8 ʜʦ 12 %. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

0.001 ʜʦ 1.0Ĭ10 ĭ  ʤĮ. ʅʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳ-

ʩʦʢʠʭ ʜʝʙʠʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʧʦʨʠʩʪʦʤ ʨʘʟʨʝʟʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʪʨʝʱʠ-

ʥʦʚʘʪʦʩʪʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 
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ʨʘʟʨʝʟʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʢʘʨʙʦʥʘʪʥʳʝ ʧʣʘʩʪʳ ʢʨʘʡʥʝ ʥʝʦʜʥʦ-

ʨʦʜʥʳ, ʛʣʠʥʠʩʪʳʝ ʩʣʦʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʣʘʩʪʳ 

ʩ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

ʦʙʨʘʟʫʶʪ ʦʪʜʝʣʴʥʳʝ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʣʠʥʟʳ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʜʩʦʣʝʚʦʛʦ ʨʘʟʨʝʟʘ. ʊʨʝʱʠʥʥʘʷ ʠ 

ʢʘʚʝʨʥʦʚʘʷ ʸʤʢʦʩʪʠ ʠʤʝʶʪ ʧʦʜʯʠʥʸʥʥʦʝ ʟʥʘ-

ʯʝʥʠʝ, ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʨʘʟ-

ʨʝʟʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʦʚʳʡ ʪʠʧ ʢʦʣʣʝʢʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʗʨʘʢʪʠʥʩʢʦʤ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʠ ʌɽʉ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ 

ʩʪʝʧʝʥʴʶ ʮʝʤʝʥʪʘʮʠʠ. ʅʘ ɸʩʪʨʘʭʘʥʩʢʦʤ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʠ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʨʝʱʠ-

ʥʦʚʘʪʦʩʪʴ, ʢʦʪʦʨʘʷ ʢʦʤʧʝʥʩʠʨʫʝʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʧʦʨʠʩʪʦʩʪʴ ʤʘʪʨʠʮʳ ʢʘʨ-

ʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. ʆʙʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʫʶʪ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʸʤ-

ʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʣʣʝʢʪʦʨʦʚ, ʯʪʦ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʗʨʘʢʪʠʥʩʢʦʛʦ ʅɻʂʄ ʫʩʪʘʥʦʚʣʝʥʘ ʝʛʦ ʥʝʨʘʚ-

ʥʦʤʝʨʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʨʘʟʣʦ-

ʤʘʤʠ, ʪʨʘʧʧʦʚʳʤʠ ʠʥʪʨʫʟʠʷʤʠ ʠ ʠʟʤʝʥʯʠʚʦ-

ʩʪʴʶ ʌɽʉ (ʧʦʨʠʩʪʦʩʪʴ 6.0ï10.0 %, ʣʦʢʘʣʴʥʦ 

ʜʦ 19 %, ʧʨʦʥʠʮʘʝʤʦʩʪʴ 10ï100 ʤɼ, ʤʘʢʩʠ-

ʤʫʤ ʜʦ 1165 ʤɼ). ʕʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝ-

ʥʠʷ. ɺ ʟʦʥʘʭ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʧʦʨʦʜʘʤʠ ʵʬʬʝʢ-

ʪʠʚʥʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʦʪʦʨʥʦʝ ʙʫʨʝʥʠʝ ʩ ʧʨʝʩ-

ʥʳʤʠ ʢʦʣʴʤʘʪʠʨʫʶʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʙʠʪ ʜʦ 85 ʤį/ʩʫʪ ʠ ʠʤʝʝʪ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʢʦʣʦ 28 ʜʥʝʡ. ɺ ʩʣʦʞʥʳʭ 

ʫʯʘʩʪʢʘʭ ʩ ɸɺʇɼ ʠ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

(5ï30 ʤɼ) ʙʦʣʝʝ ʦʧʨʘʚʜʘʥʦ ʥʘʢʣʦʥʥʦ ʥʘʧʨʘʚ-

ʣʝʥʥʦʝ ʙʫʨʝʥʠʝ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʦʢʦʥʯʘ-

ʥʠʝʤ ʠ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ɻʈʇ ð ʪʘʢʦʡ ʧʦʜ-

ʭʦʜ ʜʘʸʪ ʜʝʙʠʪ 60 ʤį/ʩʫʪ. ʧʦʩʣʝ ɻʈʇ, ʭʦʪʷ ʠ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ (45 ʜʥʝʡ). ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʘʜʘʧʪʘʮʠʷ ʙʫʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜ 

ʢʦʥʢʨʝʪʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʟʚʦ-

ʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʩʣʦʞʥʝʥʠʷ, ʧʦʚʳʩʠʪʴ 

ʜʝʙʠʪ ʩʢʚʘʞʠʥ ʠ ʦʙʝʩʧʝʯʠʪʴ ʨʘʮʠʦʥʘʣʴʥʫʶ 

ʨʘʟʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɸʥʘʣʠʟ ʦʩʣʦʞʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ ʥʘ 
ʂʦʚʳʢʪʠʥʩʢʦʤ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ 
ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʄʘʛʠʩʪʨʘʥʪʦʤ ɼ.ɸ. ɼʘʤʙʘʝʚʳʤ (ʥʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʉ.ʇ. ʇʨʠʤʠʥʘ) ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʣʦʞʥʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝ-

ʥʠʷ ʥʘ ʂʦʚʳʢʪʠʥʩʢʦʤ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʠ ʧʨʠ ʚʩʢʨʳʪʠʠ ʦʙʲʝʢʪʦʚ ʩ ʘʥʦ-

ʤʘʣʴʥʦ ʚʳʩʦʢʠʤ ʧʣʘʩʪʦʚʳʤ ʜʘʚʣʝʥʠʝʤ 

(ɸɺʇɼ) ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʛʘʣʦʛʝʥʥʦ-ʢʘʨʙʦ-

ʥʘʪʥʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʘʮʠʠ. 

ʂʦʚʳʢʪʠʥʩʢʦʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʝ (ɻʂʄ) ð ʢʨʫʧʥʝʡʰʝʝ ʥʘ ɺʦʩʪʦʢʝ 

ʈʦʩʩʠʠ ʧʦ ʟʘʧʘʩʘʤ ʛʘʟʘ (ɹʝʣʦʥʠʥ, 2006) ʚ̫ʣʷ-

ʝʪʩʷ ʙʘʟʦʚʳʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʀʨʢʫʪʩʢʦʛʦ 

ʮʝʥʪʨʘ ʛʘʟʦʜʦʙʳʯʠ ʠ ʨʝʩʫʨʩʥʦʡ ʙʘʟʦʡ ʜʣʷ ʛʘ-

ʟʦʧʨʦʚʦʜʘ çʉʠʣʘ ʉʠʙʠʨʠè ʥʘʨʷʜʫ ʩ ʏʘʷʥʜʠʥ-

ʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʚ ʗʢʫʪʠʠ. 

ɺ ʮʝʣʦʤ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦʩʪʦʷʥʠʝ ʪʝʭ-

ʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝ-

ʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦ-

ʢʦʤ ʫʨʦʚʥʝ. ɹʫʨʦʚʳʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʬʠʣʠʘʣʦʤ ʆʆʆ çɻʘʟʧʨʦʤ-ɹʫʨʝʥʠʝè, ʬʠʣʠʘʣ 

çʆʨʝʥʙʫʨʛ ʙʫʨʝʥʠʝ-ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴè. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ð ʩʣʦʞ-

ʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʤʥʦʞʝ-

ʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦ-

ʚʠʷ, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ (ʄʘʥʜʝʣʴʙʘʫʤ, 

2005). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʦʩʣʦʞʥʝʥʠʡ ʠ 

ʨʠʩʢʦʚ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʠʛʨʘʝʪ ʢʣʶʯʝ-

ʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʚʳʛʦʜʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʧʨʦʝʢʪʦʚ ʚ ʦʙʣʘʩʪʠ ʛʘʟʦ- ʠ ʥʝʬʪʝʜʦ-

ʙʳʯʠ. 

ʋʩʣʦʚʠʷ ʙʫʨʝʥʠʷ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʶʛʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʦʮʝ-

ʥʠʚʘʶʪʩʷ ʢʘʢ çʩʣʦʞʥʳʝè ʚʚʠʜʫ ʧʨʠʩʫʪʩʪʚʠʷ 

ʚ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʚ ʢʘʨʙʦ-

ʥʘʪʥʦ-ʛʘʣʦʛʝʥʥʦʡ ʪʦʣʱʝ ʢʝʤʙʨʠʷ ʧʣʘʩʪʦʚ 

ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʚ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ 

ʪʦʣʱʝ ʚʝʥʜʘ ʧʘʨʬʝʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʣʘ-

ʩʪʦʚ ʢʦʣʣʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʪʴʩʷ ʣʠʙʦ ʧʦʛʣʦʱʝʥʠʷʤʠ ʙʫʨʦʚʦʛʦ ʨʘʩ-

ʪʚʦʨʘ, ʣʠʙʦ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤʠ 
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ʧʣʘʩʪʦʚʳʤʠ ʜʘʚʣʝʥʠʷʤʠ (ɸɺʇɼ) ʬʣʶʠʜʦʚ. 

ʇʨʠ ʧʨʦʭʦʜʢʝ ʙʫʨʝʥʠʝʤ ʟʦʥʳ ɸɺʇɼ ʚʳʩʦʢʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫ-

ʘʮʠʠ ð ʦʪ ʧʦʚʨʝʞʜʝʥʠʷ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ, 

ʙʫʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʜʦ ʧʦʪʝʨʠ ʩʢʚʘʞʠʥʳ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥʳ, ʢʦʪʦʨʳʝ 

ʪʨʝʙʫʶʪ ʧʨʠʥʷʪʠʷ ʙʝʟʦʪʣʘʛʘʪʝʣʴʥʳʭ ʠ ʵʬ-

ʬʝʢʪʠʚʥʳʭ ʤʝʨ ʜʣʷ ʠʭ ʫʩʪʨʘʥʝʥʠʷ ʠ ʧʨʦʜʦʣ-

ʞʝʥʠʷ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʦʩʣʦʞ-

ʥʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʨʝʙʦ-

ʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʩʢʚʘʞʠʥ ʚʳʧʦʣʥʷʶʪʩʷ. ʂ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ 

ʦʩʣʦʞʥʝʥʠʡ ʦʪʥʦʩʷʪ: 

1) ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ (ɻʅɺʇ); 

2) ʨʘʧʦʧʨʦʷʚʣʝʥʠʷ ʠ ʚʳʭʦʜ ʩʝʨʦʚʦʜʦ-

ʨʦʜʘ; 

3) ʧʦʛʣʦʱʝʥʠʝ ʙʫʨʦʚʳʭ ʠ ʪʘʤʧʦʥʘʞʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʙʫʨʝʥʠʠ. 

ɻʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʝ ð ʵʪʦ ʥʝʧʨʝʜ-

ʚʠʜʝʥʥʳʡ ʚʳʙʨʦʩ ʩʤʝʩʠ ʛʘʟʘ, ʥʝʬʪʠ ʠ ʚʦʜʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʚʥʫʪʨʴ ʩʢʚʘʞʠʥʳ ʠʣʠ ʚ ʟʘʢʦ-

ʣʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʫʨʝʥʠʷ 

ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥʳ. ʕʪʦ ʤʦʞʝʪ ʧʨʦ-

ʠʩʭʦʜʠʪʴ ʠʟ-ʟʘ ʩʙʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʩʦʢʦʛʦ 

ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦ-

ʩʪʠ ʩʢʚʘʞʠʥʳ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

ɻʅɺʇ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

ʇʨʠʟʥʘʢʠ ʛʘʟʦʥʝʬʪʝʧʨʦʷʚʣʝʥʠʷ ʥʘ ʩʢʚʘ-

ʞʠʥʝ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʜʦʙʳʯʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʚ ʩʚʦʡʩʪʚʘʭ ʧʨʦʤʳ-

ʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʚʳʭʦʜʷʱʝʡ 

ʥʝʬʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʛʘʟʘ ʠ ʚʦʜʳ, 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʚʘʞʠʥʳ ʦʙʨʘʟʫʶʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʥʳʝ ʧʨʠʟʥʘʢʠ (ʨʠʩ. 3), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶ-

ʱʠʝ ʦ ʥʘʣʠʯʠʠ ɻʅɺʇ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ð ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜ-

ʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʮʠʨʢʫʣʷʮʠʠ; 

ð ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʙʫʨʝʥʠʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʪʨʝʥʠʷ; 

ð ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜ-

ʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʮʠʨʢʫʣʷʮʠʠ ʚʦ ʚʨʝʤʷ ʩʧʫʩʢʘ 

ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

ð ʧʦʩʪʦʷʥʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʚ ʞʠʜʢʦʩʪʠ, 

ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ; 

ð ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʠʟ-ʟʘ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ ʯʝʨʝʟ ʩʪʝʥʢʠ ʩʢʚʘ-

ʞʠʥʳ. 

ð ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʥʘʩʦʩʘʭ ʚʩʣʝʜ-

ʩʪʚʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʘʟʘ ʠʣʠ ʚʦʜʳ ʚ ʩʢʚʘ-

ʞʠʥʫ; 

ð ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʧʨʦ-

ʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ 

ʧʣʘʩʪʦʚʳʭ ʛʘʟʘ ʠʣʠ ʚʦʜʳ. 
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ʈʠʩ. 3. ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʢʚʘʞʠʥʳ ʩ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʝʤ. 

Fig. 3. Technical parameters of wells from the oil gas water showings. 

ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʝʨʚʳʭ ʧʨʠʟʥʘʢʦʚ ʛʘʟʦ-

ʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʝʨʘ-

ʪʠʚʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʤʝʨʘʤ ʧʦ ʝʛʦ ʫʩʪʨʘʥʝ-

ʥʠʶ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ɻʅɺʇ ʪʨʝʙʫʝʪʩʷ ʧʨʦ-

ʚʝʩʪʠ ʛʝʨʤʝʪʠʟʘʮʠʶ ʫʩʪʴʷ, ʩʪʚʦʣʘ ʠ ʢʘʥʘʣʘ 

ʩʢʚʘʞʠʥʳ, ʘ ʪʘʢʞʝ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʠʥʬʦʨ-

ʤʠʨʦʚʘʪʴ ʨʫʢʦʚʦʜʩʪʚʦ ʦ ʩʠʪʫʘʮʠʠ. ʇʦʩʣʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʬʘʢʪʘ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚ-

ʣʝʥʠʷ ʚʳʟʳʚʘʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʙʨʠ-

ʛʘʜʘ ʜʣʷ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ. ʂ ʨʘʙʦʪʘʤ ʧʦ ʫʩʪʨʘ-

ʥʝʥʠʶ ɻʅɺʇ ʜʦʧʫʩʢʘʶʪʩʷ ʪʦʣʴʢʦ ʢʚʘʣʠʬʠ-

ʮʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ ʠ ʩʧʝʮʠʘʣʠʩʪʳ, 

ʧʨʦʰʝʜʰʠʝ ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʫʛʣʫʙ-

ʣʝʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʚʦʧʨʦʩʘʤ ʣʠʢʚʠʜʘʮʠʠ 

ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʘʚʘʨʠʡ. ʃʠʢʚʠʜʘʮʠʷ ɻʅɺʇ 

ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʧʫʩʪʠʪʴ ʚ 

ʩʪʚʦʣ ʙʫʨʠʣʴʥʳʝ ʪʨʫʙʳ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝ-

ʥʠʠ. ʉ ʮʝʣʴʶ ʦʩʪʘʥʦʚʢʠ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚ-

ʣʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʟʜʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ 

ʚʳʨʘʚʥʠʚʘʶʱʝʝ ʜʘʚʣʝʥʠʝ ʚ ʩʪʚʦʣʝ, ʨʘʚʥʦʝ 

ʠʣʠ ʧʨʝʚʳʰʘʶʱʝʝ ʧʣʘʩʪʦʚʦʝ. ɽʩʣʠ ʚʦ ʚʨʝʤʷ 

ʩʧʫʩʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʬʦʥʪʘʥʠʨʦ-

ʚʘʥʠʝ ʠʟ-ʟʘ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ, ʧʨʠ-

ʥʠʤʘʶʪʩʷ ʤʝʨʳ ʧʦ ʝʛʦ ʛʣʫʰʝʥʠʶ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʘʚʘʨʠʡʥʳʤ ʧʣʘʥʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦ-

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʠʚʣʝʯʝʥʠʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʨʛʘʥʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʥʘʜʟʦʨʘ. 

ʈʘʧʦʧʨʦʷʚʣʝʥʠʝ  ʵʪʦ ʚʳʭʦʜ ʚ ʩʢʚʘʞʠʥʫ ʠʟ 

ʥʝʜʨ ʟʝʤʣʠ ʧʝʨʝʥʘʩʳʱʝʥʥʦʛʦ ʛʝʣʝʦʙʨʘʟʥʦʛʦ 

ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʘʧʦʤʠʥʘʶʱʝʛʦ ʛʝʣʴ. 

ʇʦʜʟʝʤʥʘʷ ʨʘʧʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ 

ʧʣʘʩʪʦʚ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʩ ʚʦʜʦʥʘʩʳʱʝʥʥʳʤʠ 

ʛʨʫʥʪʘʤʠ (ɸʚʝʨʢʠʥʘ, 2007). ʈʘʧʦʧʨʦʷʚʣʝʥʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ. 

ʊʘʢʞʝ ʬʦʥʪʘʥʠʨʦʚʘʥʠʝ ʨʘʧʳ ʯʘʩʪʦ ʩʦʧʨʦ-

ʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʷʤʠ ʛʘʟʦʚ, ʚʢʣʶʯʘʷ ʩʝʨʦ-

ʚʦʜʦʨʦʜ, ʚ ʦʙʲʝʤʘʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶ-

ʱʠʭ ʇɼʂ. ʂʘʢ ʧʨʘʚʠʣʦ, ʟʦʥʳ ʨʘʧʦʥʘʢʦʧʣʝ-

ʥʠʷ ʠʤʝʶʪ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʧʣʘʩʪʦʚʳʝ 

ʜʘʚʣʝʥʠʷ. 

ʈʘʩʩʦʣʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʙʨʘ-

ʟʦʚʘʥʠʷ, ʙʳʚʘʶʪ ʜʚʫʭ ʪʠʧʦʚ: 

ð ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ (ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʭʨʘʥʝʥʠʷ ʠʣʠ ʥʘʢʦʧʣʝʥʠʷ ʤʘ-

ʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ); 

ð ʨʘʩʩʦʣʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ 

ʧʨʦʥʠʢʘʶʱʠʝ ʚʦʜʳ ʩʦʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ). 

ʆʩʣʦʞʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʨʘʧʦʧʨʦʷʚʣʝʥʠʷ: 

ð ʬʦʥʪʘʥʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥʳ; 
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ð ʜʝʬʦʨʤʘʮʠʷ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʠʟ-ʟʘ ʚʳ-

ʩʦʢʠʭ ʧʣʘʩʪʦʚʳʭ ʜʘʚʣʝʥʠʡ; 

ð ʧʨʠʭʚʘʪʳ ʙʫʨʠʣʴʥʳʭ ʪʨʫʙ ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʷʥʳʭ ʧʨʦʙʦʢ; 

ð ʢʦʨʨʦʟʠʷ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʠ ʮʝʤʝʥʪ-

ʥʦʛʦ ʢʘʤʥʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʨʘʩʩʦʣʘ; 

ð ʢʦʘʛʫʣʷʮʠʷ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʫʭʫʜ-

ʰʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ; 

ð ʛʠʜʨʦʨʘʟʨʳʚ ʚʳʰʝʣʝʞʘʱʠʭ ʧʣʘʩʪʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦ-

ʨʦʜ. 

ɽɦ ʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʨʦʭʦʜʢʝ ʷʚʣʷ-

ʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ ʙʫʨʦʚʳʝ ʜʦʣʦʪʘ ʠ ʥʝʩʦ-

ʚʝʨʰʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ. ʀʟ-ʟʘ ʥʠʭ ʚ ʨʘʩ-

ʪʚʦʨʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʣʢʦ-

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʧʦʚʳʰʘʷ 

ʝʛʦ ʧʣʦʪʥʦʩʪʴ. ɼʣʷ ʚʦʟʚʨʘʱʝʥʠʷ ʝʝ ʢ ʧʨʦʝʢʪ-

ʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʨʘʩʪʚʦʨ ʨʘʟʙʘʚʣʷʶʪ, ʵʪʦ ʩʥʠ-

ʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʦʚ, ʫʭʫʜʰʘʷ ʠʥ-

ʛʠʙʠʨʫʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʚʦʨʘ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʛʘ-

ʣʠʪʘ ʠ ʦʩʤʦʪʠʯʝʩʢʠʭ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʨʘʩʪʸʪ. 

ɺʳʜʝʣʷʶʪ ʜʚʝ ʛʠʧʦʪʝʟʳ ʧʨʠʯʠʥ ʦʩʣʦʞʥʝ-

ʥʠʡ ʧʨʠ ʙʫʨʝʥʠʠ ʢʘʨʙʦʥʘʪʥʦ-ʛʘʣʦʛʝʥʦʚʳʭ 

ʬʦʨʤʘʮʠʡ: 

ð ʧʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʩʦʣʝʡ, ʚʳʟʳʚʘʶ-

ʱʝʝ ʩʤʷʪʠʝ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ; 

ð ʥʘʣʠʯʠʝ ʟʦʥ ɸɺʇɼ. 

ɺʳʜʝʣʷʶʪ ʜʚʘ ʪʠʧʘ ʬʘʢʪʦʨʦʚ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʨʘʧʦʧʨʦʷʚʣʝʥʠʡ: 

1) ɻʝʦʣʦʛʠʯʝʩʢʠʡ. ʉʦʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ 
ʫʧʣʦʪʥʷʶʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʠʥʝʨʘʣʳ ʧʝ-

ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪʩʷ, ʛʠʜʨʘʪʠʨʫʶʪʩ ̫ʠʣʠ 

ʜʝʛʠʜʨʘʪʠʨʫʶʪʩʷ, ʘʢʪʠʚʥʦ ʟʘʭʦʨʦʥʷʝʪʩʷ 

ʨʘʧʘ, ʚ ʩʠʣʫ ʠʟʤʝʥʷʶʱʠʭʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʟʘʧʦʣʥʷ-

ʶʱʠʭʩʷ ʤʝʞʩʦʣʝʚʳʭ ʧʨʦʩʣʦʝʚ. 

2) ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ. ʌʘʢʪʦʨ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʠ ʨʘʧʦʧʨʦʷʚʣʝʥʠʡ, ʧʦʨʦʞʜʘʝʤʳʡ ʚʦʟ-

ʜʝʡʩʪʚʠʷʤʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʧʨʦʧʣʘʩʪʢʠ 

ʚ ʩʦʣʷʥʦʡ ʪʦʣʱʝ. ɽʱʝ ʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʧʦʨʰʥʝʚʘ-

ʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʩʧʫʩʢʦ-ʧʦʜʲʝʤʥʳʭ 

ʦʧʝʨʘʮʠʷʭ ʚʚʠʜʫ ʫʤʝʥʴʰʝʥʠʷ ʛʠʜʨʦʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ. ʈʘʧʦʧʨʦʷʚʣʝʥʠʷ 

ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʪ ʧʦʩʣʝ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ, 

ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʢʚʠʚʘ-

ʣʝʥʪʥʘʷ ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʧʨʠʯʝʤ 

ʧʦʛʣʦʱʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʣʥʦʡ 

ʦʩʪʘʥʦʚʢʠ ʮʠʨʢʫʣʷʮʠʠ ʨʘʩʪʚʦʨʘ. 

ʇʨʦʙʣʝʤʳ ʨʘʧʦʧʨʦʷʚʣʝʥʠʡ ʧʨʠ ʙʫʨʝʥʠʠ 

ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ ʜʣʷ ʪʝʨʨʠʪʦ-

ʨʠʡ ʩ ʥʘʣʠʯʠʝʤ ʩʦʣʝʥʦʩʥʳʭ ʧʦʨʦʜ. ʆʥʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ɸʥʛʘʨʩʢʦ-ʃʝʥʩʢʦʤ ʙʘʩʩʝʡʥʝ, 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦ-ʂʫʙʘʥʩʢʦʡ ʠ ʇʨʠʢʘ-

ʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥ, ʇʨʠʧʷʪʩʢʦʤ ʠ ʇʨʝʜʢʘʨʧʘʪ-

ʩʢʦʤ ʧʨʦʛʠʙʘʭ, ʚ ɼʥʝʧʨʦʚʩʢʦ-ɼʦʥʝʮʢʦʡ ʠ 

ɸʤʫ-ɼʘʨʴʠʥʩʢʦʡ ʚʧʘʜʠʥʘʭ. ʕʪʦʪ ʚʦʧʨʦʩ ʥʝ 

ʨʝʰʝʥ ʠ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ. ʇʨʠʤʝʨʳ ʧʨʦ-

ʙʣʝʤʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɺʦ-

ʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. 

ɺ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ 2 ʩʧʦʩʦʙʘ ʙʦʨʴʙʳ 

ʩ ʨʘʧʦʧʨʦʷʚʣʝʥʠʷʤʠ: ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʪʚʦʨʘ ʠ ʨʘʟʨʷʜʢʘ ʨʘʧʦʧʨʦʷʚʣʷʶʱʝʛʦ ʛʦʨʠ-

ʟʦʥʪʘ. ʆʜʥʘʢʦ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʚʩʢʨʳʪʠʠ ʧʣʘ-

ʩʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʟʘʢʫʧʦʨʢʠ ʩʝʜʠʤʝʥʪʠʨʫ-

ʶʱʝʡ ʨʘʧʦʡ ʜʝʙʠʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʪʫʪ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʧʦ-

ʛʣʦʱʝʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʫʪʷʞʝʣʝʥʠʠ ʨʘʩ-

ʪʚʦʨʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʠʭʚʘʪʦʚ 

ʧʦʚʳʰʘʝʪʩʷ. 

ʃʠʢʚʠʜʘʮʠʷ ʦʩʣʦʞʥʝʥʠʡ ʧʫʪʝʤ ʨʘʟʨʷʜʢʠ 

ʨʘʧʦʧʨʦʷʚʣʷʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘ ʪʘʢʞʝ ʤʘʣʦʵʬ-

ʬʝʢʪʠʚʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʥʦʩʪʴʶ ʦʥ ʥʝ ʠʩʪʦ-

ʱʘʝʪʩʷ, ʘ ʟʘ ʵʪʦ ʚʨʝʤʷ ʨʘʩʪʚʦʨ ʧʦʣʥʦʩʪʴʶ 

ʧʨʠʭʦʜʠʪ ʚ ʥʝʛʦʜʥʦʩʪʴ. ɹʦʣʝʝ ʪʦʛʦ, ʜʘʞʝ ʧʦ-

ʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʧʣʘʩʪʘ, ʜʘʚʣʝʥʠʝ 

ʚ ʥʝʤ ʚʳʰʝ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘ. ɼʘʥ-

ʥʳʡ ʤʝʪʦʜ ʧʨʦʜʫʢʪʠʚʝʥ ʣʠʰʴ ʧʨʠ ʣʠʥʟʦʚʠʜ-

ʥʦʤ ʣʦʢʘʣʴʥʦʤ ʩʢʦʧʣʝʥʠʠ ʨʘʧʳ ʩ ʤʘʣʦʡ ʵʥʝʨ-

ʛʠʝʡ. ʆʜʥʘʢʦ ʧʨʠ ʙʫʨʝʥʠʠ ʚ ʆʨʝʥʙʫʨʛʩʢʦʤ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʡʦʥʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʭʦʨʦʰʦ 

ʩʝʙʷ ʧʨʦʷʚʠʣ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ: ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʧʦʜ ʣʠʥ-

ʟʘʤʠ ʨʘʧʳ ʟʘʣʝʛʘʶʪ ʪʦʣʱʠ ʧʝʩʯʘʥʠʢʦʚ ʚʳʩʦ-

ʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʥʘʜʝʞʥʳʤʠ ʵʢʨʘʥʘʤʠ 

ʠʟ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ. ʕʪʠ ʧʣʘʩʪʳ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʢʘʢ ʨʝʟʝʨʚʫʘʨ, ʚ ʢʦ-

ʪʦʨʳʡ ʧʝʨʝʪʝʢʘʣʘ (ʧʦʛʣʦʱʘʣʘʩʴ) ʨʘʧʘ ʠʟ 

ʣʠʥʟʳ. 
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Examples of problem wells in the areas of Eastern Siberia 

ʄʝʩʪʦʨʦʞʜʝ-
ʥʠʝ, ʧʣʦʱʘʜʴ 

 ̄
ʩʢʚ. 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ 
ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ 

ɺʠʜ ʦʩʣʦʞʥʝʥʠʷ ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜ-
ʩʪʚʠʷ 

ɺʝʨʭʦʣʝʥʩʢʘʷ 131 - 
ʌʦʥʪʘʥ ʩʝʨʦʚʦʜʦʨʦʜʥʦʛʦ 
ʨʘʩʩʦʣʘ ʜʝʙʠʪʦʤ 700 
ʤ3/ʩʫʪ. 

ʂʦʣʦʥʥʘ ʙʫʨʠʣʴʥʳʭ 
ʪʨʫʙ ʚʳʜʘʚʣʝʥʘ ʠʟ ʩʢʚʘ-
ʞʠʥʳ 

ʈʫʜʦʚʩʢʘʷ 176 ʋʩʦʣʴʩʢʘʷ ʩʚʠʪʘ 
ɸʚʘʨʠʡʥʳʡ ʬʦʥʪʘʥ ʨʘʩ-
ʩʦʣʘ ʜʝʙʠʪʦʤ 3000 ʤ3/ʩʫʪ. 
ʩ ʩʝʨʦʚʦʜʦʨʦʜʦʤ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʦʚʦ-
ʜʦʨʦʜʘ 6-10 ʇɼʂ 

ʆʤʦʣʦʡʩʢʘʷ 13 
ɹʘʣʳʭʪʠʥʩʢʠʡ ʛʦ-
ʨʠʟʦʥʪ 

ɸʚʘʨʠʡʥʳʡ ʚʳʙʨʦʩ ʨʘʧʳ 
ʜʝʙʠʪʦʤ 7600 ʤ3/ʩʫʪ. 

- 

ɹʘʣʘʛʘʥʢʠʥ-
ʩʢʘʷ 

2 - 
ʌʦʥʪʘʥ ʩʝʨʦʚʦʜʦʨʦʜʥʦʛʦ 
ʨʘʩʩʦʣʘ ʜʝʙʠʪʦʤ 1080 
ʤ3/ʩʫʪ. 

ʉʢʚʘʞʠʥʘ ʬʦʥʪʘʥʠʨʦ-
ʚʘʣʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ 

ɿʥʘʤʝʥʩʢʘʷ  3ʨ ʋʩʦʣʴʩʢʘʷ ʩʚʠʪʘ 
ʈʘʧʦʧʨʦʷʚʣʝʥʠʝ ʜʝʙʠʪʦʤ 
7000 ʤ3/ʩʫʪ., ʩʤʷʪʠʝ ʆʂ 

ʉʢʚʘʞʠʥʘ ʬʦʥʪʘʥʠʨʦ-
ʚʘʣʘ 2 ʤʝʩʷʮʘ  

ʂʫʧʩʢʘʷ 2 ʊʨʘʧʧʳ 
ʇʦʛʣʦʱʝʥʠʝ ʩ ʧʦʪʝʨʝʡ 
ʮʠʨʢʫʣʷʮʠʠ 

- 

ʂʦʚʳʢʪʠʥ-
ʩʢʦʝ ɻʂʄ 

18 
ʍʨʠʩʪʦʬʦʨʦʚʩʢʠʡ 
ʛʦʨʠʟʦʥʪ 

ɸʚʘʨʠʡʥʦʝ ʠʥʪʝʥʩʠʚʥʦʝ 
ʨʘʧʦʧʨʦʷʚʣʝʥʠʝ ʜʝʙʠʪʦʤ 
5000 ʤ3/ʩʫʪ. 

- 

3 ɸʥʛʘʨʩʢʘʷ ʩʚʠʪʘ 

ʈʘʧʦʧʨʦʷʚʣʝʥʠʝ ʜʝʙʠʪʦʤ 
110 ʤ3/ʩʫʪ., ʩʤʷʪʠʝ ʆʂ, 
ʩʢʚʘʞʠʥʘ ʥʝ ʜʦʩʪʠʛʣʘ ʧʨʦ-
ʝʢʪʥʦʛʦ ʟʘʙʦʷ 

ʂʘ ð 1.89 

 

ɺʳʭʦʜ ʩʝʨʦʚʦʜʦʨʦʜʘ. H2S ð ʙʝʩʮʚʝʪʥʳʡ 

ʛʘʟ, ʦʯʝʥʴ ʷʜʦʚʠʪʳʡ ʠ ʠʤʝʶʱʠʡ ʭʘʨʘʢʪʝʨʥʳʡ 

ʟʘʧʘʭ ʛʥʠʶʱʝʛʦ ʙʝʣʢʘ. ʉʝʨʦʚʦʜʦʨʦʜ ʚʩʪʨʝʯʘ-

ʝʪʩʷ ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʘʟʘʭ ʠ ʚʦʜʘʭ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʝʛʦ ʧʨʦʠʩʭʦ-

ʜʠʪ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʨʘʟʣʦ-

ʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʝʨʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜʘʭ ʠ ʢʦʣ-

ʣʝʢʪʦʨʘʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʉʝʨʦʚʦʜʦʨʦʜ ʦʢʘ-

ʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ, ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʥʘ ʩʚʦʡʩʪʚʘ ʙʫ-

ʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴ-

ʥʦʤ ʚʜʳʭʘʥʠʠ ʚʦʟʜʫʭʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʵʪʦʪ ʛʘʟ, 

ʜʘʞʝ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʳʟʳʚʘʝʪ ʪʷ-

ʞʝʣʳʝ ʦʪʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʵʪʦʛʦ ʛʘʟʘ ʚʦʟʤʦʞʥʘ ʢʦʨʨʦʟʠʷ ʤʝ-

ʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʚʦʡʩʪʚ ʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʩ ʛʘʟʘʤʠ. 

ʇʦʛʣʦʱʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. 

ʆʜʥʫ ʠʟ ʛʣʘʚʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʥʘ ʂʦʚʳʢʪʠʥ-

ʩʢʦʤ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦ-

ʩʪʘʚʣʷʶʪ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦ-

ʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʚʝʨʭʦʣʝʥʩʢʦʡ, ʠʣʛʠʥʩʢʦʡ ʠ 

ʣʠʪʚʠʥʮʝʚʩʢʦʡ ʩʚʠʪ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʠʟ ʘʨʭʠʚʥʳʭ ʜʝʣ ʧʨʦ-

ʙʫʨʝʥʥʳʭ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʂɻʂʄ, 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ 0ï350 ʤ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚ ʨʘʟ-

ʤʳʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʨʜʦʚʠʢʘ. ʇʦʨʦʜʳ, ʩʣʘʛʘ-

ʶʱʠʝ ʠʥʪʝʨʚʘʣ ʧʦʛʣʦʱʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʢʚʠʚʘʣʝʥʪʦʚ ʛʨʘ-

ʜʠʝʥʪʦʚ ʧʣʘʩʪʦʚʳʭ ʜʘʚʣʝʥʠʡ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ ʦʪ 4ï10 ʤ3/ʯʘʩ ʜʦ ʧʦʣʥʦʡ ʧʦʪʝʨʠ 

ʮʠʨʢʫʣʷʮʠʠ. ʉʪʘʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʧʨʦʤʳʚʦʯ-

ʥʦʛʦ ʘʛʝʥʪʘ ʚ ʩʢʚʘʞʠʥʘʭ ʥʘ 3ï10 ʤ ʚʳʰʝ 

ʢʨʦʚʣʠ ʧʦʛʣʦʱʘʶʱʠʭ ʧʣʘʩʪʦʚ ʠʣʠ ʨʘʚʥʳ ʪʝ-

ʢʫʱʝʤʫ ʟʘʙʦʶ ʩʢʚʘʞʠʥʳ ʧʨʠ ʧʨʦʚʦʜʢʝ ʩʪʚʦ-

ʣʦʚ ʩʢʚʘʞʠʥ ʚ ʦʨʜʦʚʠʢʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. 

ɺʩʢʨʳʪʳʝ ʟʦʥʳ ʧʦʛʣʦʱʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʩʣʦʞʥʦʩʪʠ ʠʭ ʣʠʢ-

ʚʠʜʘʮʠʠ. 

ʇʦ ʤʥʝʥʠʶ ʂ.ɺ. ɹʫʟʘʥʦʚʘ: çʇʨʦʝʢʪʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ ʚ ʜʘʥʥʦʤ ʧʨʦʙʣʝʤʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʢʨʝʧʣʝʥʠʝ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ 

ʠ ʠʟʦʣʠʨʦʚʘʥʠʝ ʧʣʘʩʪʦʚ ʩʝʢʮʠʷʤʠ ʥʘʧʨʘʚʣʝ-

ʥʠʷ, ʢʦʥʜʫʢʪʦʨʘ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʣʦʥʥʳ. 

ʋʪʦʯʥʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʫʩʣʦʚʠʡ ʙʫʨʝʥʠʷ 0ï900 ʤ, ʛʜʝ ʛʣʫʙʠʥʘ 900 ʤ 

ʷʚʣʷʝʪʩʷ ʧʦʜʦʰʚʦʡ ʚʝʨʭʦʣʝʥʩʢʦʡ ʩʚʠʪʳ, ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ ʟʦʥʳ: 0ï350 ʤ ʠ 

350ï900 ʤ. ɼʘʥʥʦʝ ʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 
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ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʙʣʝʤ ʧʦʛʣʦʱʝʥʠʡ ʧʨʦʤʳ-

ʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠè (ɹʫʟʘʥʦʚ, 2018). 

ʏʘʩʪʠʯʥʳʝ ʧʦʛʣʦʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʣʠʢ-

ʚʠʜʠʨʦʚʘʪʴ ʧʫʪʝʤ ʟʘʢʘʯʢʠ ʛʣʠʥʠʩʪʳʭ ʧʘʩʪ ʩ 

ʥʘʙʦʨʦʤ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʪʘʤʧʦʥʠʨʦʚʘʥʠʝʤ 

ʩʢʚʘʞʠʥʳ. ʇʨʦʚʦʜʢʫ ʩʢʚʘʞʠʥ ʩ ʦʩʣʦʞʥʝʥʠ-

ʷʤʠ ð ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ ʨʘʙʦ-

ʯʝʛʦ ʘʛʝʥʪʘ ð ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʪʝʭʥʠʯʝʩʢʦʡ 

ʚʦʜʝ ʙʝʟ ʚʳʭʦʜʘ ʮʠʨʢʫʣʷʮʠʠ ʠʣʠ ʥʘ ʧʝʥʝ (ʛʘ-

ʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ) ʧʨʠ ʧʦʜʘʯʝ ʙʫʨʦʚʦʛʦ 

ʥʘʩʦʩʘ 2 ʣ/ʩ, ʢʦʤʧʨʝʩʩʦʨʘ ð 100 ʣ/ʩ ʩ ʧʦʩʣʝ-

ʜʫʶʱʠʤ ʩʧʫʩʢʦʤ ʢʦʥʜʫʢʪʦʨʘ. 

ʉʪʝʧʝʥʴ ʩʣʦʞʥʦʩʪʠ ʣʠʢʚʠʜʘʮʠʠ ʦʩʣʦʞʥʝ-

ʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʨʳ 

ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʭʦʜʢʠ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ ʚ ʦʩʣʦʞʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ: ʧʝʨʝʭʦʜ 

ʥʘ ʦʯʠʩʪʥʦʡ ʘʛʝʥʪ ð ʧʝʥʫ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʝ-

ʨʝʢʨʳʪʠʝʤ ʟʦʥʳ ʧʦʛʣʦʱʝʥʠʷ ʦʙʩʘʜʥʦʡ ʢʦ-

ʣʦʥʥʦʡ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ ʙʫʨʝʥʠʷ ʨʘʟʚʝʜʦʯ-

ʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʂɻʂʄ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʙʫʨʝʥʠʠ ʧʦʨʦʜ 

ʩʣʘʛʘʝʤʳʭ ʧʘʯʝʢ ʷʚʣʷʶʪʩʷ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦ-

ʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ 

ʛʠʜʨʦʨʘʟʨʳʚʘ ʦʩʣʘʙʣʝʥʥʳʭ ʟʦʥ ʧʘʯʝʢ. ʆʜ-

ʥʘʢʦ, ʥʘʙʣʶʜʘʣʠʩʴ ʩʣʫʯʘʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʧʦʛʣʦ-

ʱʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʦʩʣʘʙʣʝʥ-

ʥʳʭ ʟʦʥʘʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʫʧʦʨʢʠ ʢʘʥʘʣʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʪʚʝʨʜʝʶʱʠʤʠ ʠ ʪʚʝʨʜʝʶ-

ʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩ ʥʘʙʦʨʦʤ ʬʨʘʢʮʠʡ ʥʘʧʦʣ-

ʥʠʪʝʣʝʡ, ʧʦʜʦʙʨʘʥʥʳʤʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʠʜʝ-

ʘʣʴʥʦʡ ʟʘʢʫʧʦʨʢʠ ʢʘʥʘʣʦʚ ʪʨʝʱʠʥʥʦʛʦ ʪʠʧʘ 

(ʫʩʪʘʥʦʚʢʘ ʧʘʯʝʢ ʩ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʦʙʲʝʤʦʤ 

ʦʪ 30 ʤ3 ʜʦ 160 ʤ3 ʚ ʠʥʪʝʨʚʘʣ ʧʦʛʣʦʱʝʥʠʷ 

ʦʩʣʘʙʣʝʥʥʦʡ ʟʦʥʳ). ʇʨʦʚʦʜʢʘ ʜʚʫʭ ʩʢʚʘʞʠʥ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʣʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʧʨʦ-

ʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʨʘʩʰʠʨʝʥʠʝʤ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ, ʫʩʪʘʥʦʚʢʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʠʥʪʝʨ-

ʚʘʣʘ ʦʩʣʦʞʥʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʢʨʝʧʣʝʥʠʷ 

ʩʢʚʘʞʠʥ (ʆʂʃʉ). ʉʧʦʩʦʙ ʣʠʢʚʠʜʘʮʠʠ ʦʩʣʦʞ-

ʥʝʥʠʷ ʫʩʪʘʥʦʚʢʦʡ ʆʂʃʉ ʧʨʠʤʝʥʝʥ ʥʘ ʩʢʚʘ-

ʞʠʥʘʭ ˉˉ 71, 68 ʂʦʚʳʢʪʠʥʩʢʦʛʦ ɻʂʄ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʯʘʩʪʦʪʝ ʧʦ-

ʛʣʦʱʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʙʫʨʝʥ-

ʥʳʭ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʂɻʂʄ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. 
ʊ ʘ ʙʣʠʮʘ 8  

ʏʘʩʪʦʪʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʩʢʚʘʞʠʥʘʭ ʂɻʂʄ 

T a b l e 8  

Frequency of absorption of washing liquid at wells 

ˉ 
ʧ/ʧ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʣʦʞʥʝʥʠʡ 
ʂʦʣʠʯʝʩʪʚʦ 
ʩʢʚʘʞʠʥ, ʰʪ. 

1. 
ʦʨʜʦʚʠʢ 

ʇʦʛʣʦʱʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ 31 
2. ʇʦʛʣʦʱʝʥʠʝ ʩ ʥʝʧʦʣʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ 15 
3. ʇʦʛʣʦʱʝʥʠʝ ʩ ʧʦʣʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ 17 
4. 

ʠʣʛʠʥʩʢʘʷ, ʚʝʨʭʦʣʝʥ-
ʩʢʘʷ ʩʚʠʪʳ 

ʇʦʛʣʦʱʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ 43 
5. ʏʘʩʪʠʯʥʘʷ ʧʦʪʝʨʷ ʮʠʨʢʫʣʷʮʠʠ 20 
6. ʂʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ 23 
7. 

ʣʠʪʚʠʥʮʝʚʩʢʘʷ ʩʚʠʪʘ 
ʇʦʛʣʦʱʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ 34 

8. ʏʘʩʪʠʯʥʘʷ ʧʦʪʝʨʷ ʮʠʨʢʫʣʷʮʠʠ 13 
9. ʂʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ 11 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 350 ʤ 

ʦʩʣʦʞʥʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ 31 ʩʢʚʘʞʠʥʝ, ʯʪʦ 

ʩʦʩʪʘʚʠʣʦ 79 % ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʢʚʘʞʠʥ, ʠ 77 

% ʩʢʚʘʞʠʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʦʩʣʦʞʥʝʥʠʷʤʠ ʚ ʩʚʷʟʠ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʧʨʦ-

ʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʥʘ ʛʣʫ-

ʙʠʥʝ ʦʪ 350 ʜʦ 900 ʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʩʢʚʘʞʠ-

ʥʘʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʩʣʫʞʠʪ 

ʥʘʣʠʯʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʩʢʚʘ-

ʞʠʥʘ ð ʧʣʘʩʪè. ʇʦʛʣʦʱʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʡ 

ʞʠʜʢʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʟʙʳ-

ʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʛʣʫʙʴ ʧʣʘ-

ʩʪʘ ʠʣʠ ʚ ʩʪʦʨʦʥʫ ʩʢʚʘʞʠʥʳ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ 

ʩʠʩʪʝʤʝ çʩʢʚʘʞʠʥʘ ð ʧʣʘʩʪè. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʧʨʦʚʦʜʢʘ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʥʘ 

ʂɻʂʄ (0ï900 ʤ) ʚʝʜʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ 

ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʦʣʝʝ 77 %. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʦʩʣʦʞʥʝʥʠʡ 



ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2026. ʊ. 6, ˉ 1 

50 

ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʪʘʙʣʠʮʝ 9. 

ʊ ʘ ʙʣʠʮʘ  9 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ 

T a b l e  9 

Measures to eliminate complications during well drilling 

ˉ 
ʧ/ʧ 

ɺʠʜ ʦʩʣʦʞʥʝʥʠʷ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʠʢʚʠʜʘʮʠʠ 

1. 
ɻʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷ 
(ɻʅɺʇ) 

ʛʝʨʤʝʪʠʟʘʮʠʷ ʫʩʪʴʷ, ʩʪʚʦʣʘ ʠ ʢʘʥʘʣʘ ʩʢʚʘʞʠʥʳ; 
ʩʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʪʚʦʣʝ, 
ʨʘʚʥʦʝ ʠʣʠ ʧʨʝʚʳʰʘʶʱʝʝ ʧʣʘʩʪʦʚʦʝ; 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʨʘʚʣʷʝʤʦʛʦ ʙʫʨʝʥʠʷ ʩ ʢʦʥʪʨʦʣʝʤ ʜʘʚʣʝʥʠʷ 
(Managed Pressure Drilling, MPD) 

2. ʈʘʧʦʧʨʦʷʚʣʝʥʠʷ 

ʧʝʨʝʭʦʜ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʪʷʞʝʣʝʥʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 
ʧʣʦʪʥʦʩʪʴʶ 1920ï2300 ʢʛ/ʤ3; 
ʚʳʜʝʨʞʢʘ ʩʢʚʘʞʠʥʳ ʥʘ ʩʘʤʦʠʟʣʠʚʝ ʠ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʧʨʦ-
ʭʦʜʢʠ ʩʪʚʦʣʘ ʜʣʷ ʧʨʦʙʠʚʢʠ ʩʦʣʷʥʳʭ ʧʨʦʙʦʢ; 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʩ ʨʘʟʥʳʤʠ ʩʨʦʢʘʤʠ ʩʭʚʘʪʳʚʘʥʠʷ ʜʣʷ 
ʣʫʯʰʝʛʦ ʩʮʝʧʣʝʥʠʷ ʪʘʤʧʦʥʘʞʘ ʩ ʧʦʨʦʜʦʡ 

3. ɺʳʭʦʜ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʧʨʠʤʝʥʝʥʠʝ ʰʣʘʢʦʧʝʩʯʘʥʳʭ ʠ ʮʝʤʝʥʪʦ-ʰʣʘʢʦʧʝʩʯʘʥʳʭ ʩʤʝ-
ʩʝʡ ʩ ʜʦʙʘʚʢʦʡ ʪʦʥʢʦʤʦʣʦʪʦʛʦ ʧʝʩʢʘ, ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʠʤʘʣʴ-
ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ; 
ʦʯʠʩʪʢʘ ʚʦʜʳ ʨʝʘʛʝʥʪʘʤʠ: ʦʟʦʥ, ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ ʠ ʧʝʨʝʢʠʩʴ 
ʚʦʜʦʨʦʜʘ; 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʵʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ; ʧʨʠ ʘʵʨʘʮʠʠ ʚʦʜʘ ʩ ʩʝ-
ʨʦʚʦʜʦʨʦʜʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʩʦʜʝʨʞʘʥʠʝ 
ʩʝʨʳ ʩʥʠʞʘʝʪʩʷ ʜʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

4. 
ʇʦʛʣʦʱʝʥʠʝ ʙʫʨʦʚʦʛʦ ʨʘʩ-
ʪʚʦʨʘ 

ʢʨʝʧʣʝʥʠʝ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʠ ʠʟʦʣʠʨʦʚʘʥʠʝ ʧʣʘʩʪʦʚ ʩ ʩʝʢʮʠ-
ʷʤʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʥʜʫʢʪʦʨʘ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʣʦʥʥʳ; 
ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʧʦʛʣʦʱʝʥʠʠ ʧʨʦʚʝʜʝʥʠʝ ʟʘʢʘʯʢʠ ʛʣʠʥʠʩʪʳʭ 
ʧʘʩʪ ʩ ʥʘʙʦʨʦʤ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʪʘʤʧʦʥʠʨʦʚʘʥʠʝʤ ʩʢʚʘʞʠʥʳ; 
ʧʦʜʙʦʨ ʨʝʮʝʧʪʫʨ ʦʯʠʩʪʥʦʛʦ ʘʛʝʥʪʘ; ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʛʘ-
ʟʦʞʠʜʢʦʩʪʥʳʝ ʩʤʝʩʠ ʠ ʧʝʥʘ 

 

ʇʨʷʤʳʝ ʧʨʠʟʥʘʢʠ 
ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʉʠʙʠʨʠ: ʘʥʘʣʠʟ, 
ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʥʦʝ 
ʨʘʡʦʥʠʨʦʚʘʥʠʝ 

ʄʘʛʠʩʪʨʘʥʪʦʤ ʃ.ɸ. ʀʚʘʥʦʚʦʡ (ʥʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʉ.ʇ. ʇʨʠʤʠʥʘ) ʧʨʦʚʝʜʝʥʘ ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʧʨʷʤʳʭ ʧʨʠʟʥʘʢʦʚ ʥʝʬʪʝʛʘ-

ʟʦʥʦʩʥʦʩʪʠ ʉʠʙʠʨʠ, ʘʥʘʣʠʟ ʠʭ ʩʚʷʟʠ ʩ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʨʝʛʠʦʥʘ ʠ ʩʠʩʪʝʤʘʪʠʟʘ-

ʮʠʷ ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʥʦʛʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʟʝʤʝʣʴ. 

ʉʠʙʠʨʴ ʟʘʥʠʤʘʝʪ ʫʥʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ 

ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ʅʘ 

ʝʸ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʛʠʛʘʥʪʩʢʠʝ ʟʘ-

ʧʘʩʳ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʩʣʦʞ-

ʥʦʧʦʩʪʨʦʝʥʥʳʭ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ. ɼʣʠ-

ʪʝʣʴʥʘʷ ʠʩʪʦʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʬʘ-

ʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʥʝʨʘʚʥʦ-

ʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʣʝʞʝʡ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʇʨʷʤʳʝ ʧʨʠʟʥʘʢʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ð 

ʵʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʫʛʣʝʚʦʜʦ-

ʨʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʛʦʨʠʟʦʥʪʘʭ: ʥʝʬʪʷʥʳʝ ʣʠʥʟʳ ʠ ʧʣʸʥʢʠ, 

ʛʘʟʦʚʳʝ ʚʳʜʝʣʝʥʠʷ, ʘʥʦʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʧʦʯʚʘʭ, ʧʦʜʟʝʤʥʳʭ ʚʦ-

ʜʘʭ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʳʟʚʘʥʥʳʝ ʤʠʛʨʘ-

ʮʠʝʡ ʛʘʟʘ ʠ ʥʝʬʪʠ. ʕʪʠ ʧʨʠʟʥʘʢʠ ʩʣʫʞʘʪ ʢʣʶ-

ʯʝʚʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʨʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝ-

ʜʦʯʥʳʭ ʨʘʙʦʪʘʭ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʠʟʫʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ. 

ʊʝʨʨʠʪʦʨʠʷ ʉʠʙʠʨʠ ʦʭʚʘʪʳʚʘʝʪ ʜʨʝʚʥʠʝ 

ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʦʙʣʘʩʪʠ, ʩʢʣʘʜʯʘʪʳʝ ʧʦʷʩʘ ʠ 

ʤʦʣʦʜʳʝ ʵʧʠʧʘʣʝʦʟʦʡʩʢʠʝ ʧʣʠʪʳ (ʉʤʠʨʥʦʚ, 

2008). ɺ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʣʘʥʝ ʟʜʝʩʴ ʚʳʜʝʣʷ-

ʶʪʩʷ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʘʷ ʧʣʠʪʘ, ʉʠʙʠʨʩʢʘʷ 

ʧʣʘʪʬʦʨʤʘ (ʩ ɸʣʜʘʥʩʢʠʤ ʠ ɸʥʘʙʘʨʩʢʠʤ ʱʠ-

ʪʘʤʠ), ʊʘʡʤʳʨʦ-ʉʝʚʝʨʦʟʝʤʝʣʴʩʢʘʷ 
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ʩʢʣʘʜʯʘʪʘʷ ʦʙʣʘʩʪʴ ʠ ɺʝʨʭʦʷʥʦ-ʏʫʢʦʪʩʢʘʷ 

ʩʢʣʘʜʯʘʪʘʷ ʩʠʩʪʝʤʘ. ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʝʬʪʝʛʘʟʦʥʦʩ-

ʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠ ʪʠʧʦʚ ʣʦʚʫʰʝʢ. 

ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʨʫʧʥʝʡʰʫʶ ʵʧʠʛʝʨʮʠʥʩʢʫʶ ʧʣʠʪʫ ʩ ʤʦʱ-

ʥʳʤ (ʜʦ 5ï7 ʢʤ) ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ ʤʝʟʦʟʦʡ-

ʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʨʘʟʨʝʟʝ ʧʨʝʦʙ-

ʣʘʜʘʶʪ ʤʦʨʩʢʠʝ ʠ ʧʨʠʙʨʝʞʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴ-

ʥʳʝ ʦʪʣʦʞʝʥʠʷ: ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, 

ʛʣʠʥʳ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʫʛʣʝʡ. ʆʩ-

ʥʦʚʥʳʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʨʠʫʨʦ-

ʯʝʥʳ ʢ ʘʥʪʠʢʣʠʥʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʠ ʟʦʥʘʤ 

ʚʳʢʣʠʥʠʚʘʥʠʷ, ʯʪʦ ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʨʷ-

ʤʳʝ ʧʨʠʟʥʘʢʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʟʜʝʩʴ ʯʘʩʪʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʦʙʰʠʨʥʳʭ ʛʝʦʭʠʤʠʯʝ-

ʩʢʠʭ ʘʥʦʤʘʣʠʡ, ʧʣʸʥʦʢ ʥʝʬʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʟʸʨ ʠ ʙʦʣʦʪ, ʘ ʪʘʢʞʝ ʛʘʟʦ- ʠ ʥʝʬʪʝʧʨʦʷʚʣʝ-

ʥʠʡ ʚ ʜʦʣʠʥʘʭ ʨʝʢ. 

ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ ʦʪʣʠʯʘʝʪʩʷ ʩʣʦʞʥʳʤ 

ʩʪʨʦʝʥʠʝʤ: ʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʧʝʨʝʢʨʳʪʘ 

ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʤʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥ-

ʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʘ ʥʘ ʚʦʩʪʦʢʝ ʠ ʶʛʝ ʦʙ-

ʨʘʤʣʷʝʪʩʷ ʤʝʟʦʟʦʡʩʢʠʤʠ ʩʢʣʘʜʯʘʪʳʤʠ ʩʦʦʨʫ-

ʞʝʥʠʷʤʠ. ʅʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʨʠ-

ʬʝʡʩʢʠʤʠ ʠ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ. ɺʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʢ-

ʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʠ ʪʨʘʧʧʦʚʦʛʦ ʤʘʛʤʘ-

ʪʠʟʤʘ ʟʘʣʝʞʠ ʯʘʩʪʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʠ ʪʝʢʪʦʥʠ-

ʯʝʩʢʠ ʵʢʨʘʥʠʨʦʚʘʥʳ. ʇʨʷʤʳʝ ʧʨʠʟʥʘʢʠ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʠʤʝʶʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢ-

ʪʝʨ, ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʘʤ ʨʘʟʣʦʤʦʚ ʠ ʫʯʘʩʪʢʘʤ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. 

ʉʝʚʝʨʥʘʷ ʉʠʙʠʨʴ ʚʢʣʶʯʘʝʪ ʘʨʢʪʠʯʝʩʢʠʝ 

ʨʘʡʦʥʳ ʊʘʡʤʳʨʘ, ɻʳʜʘʥʩʢʦʛʦ ʠ ʗʤʘʣʴʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʦʚ, ʉʝʚʝʨʘ ʗʢʫʪʠʠ. ɿʜʝʩʴ ʨʘʟʚʠʪʳ 

ʤʦʱʥʳʝ ʪʦʣʱʠ ʤʝʟʦʟʦʡʩʢʠʭ ʠ ʢʘʡʥʦʟʦʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ, ʚʦ ʤʥʦʛʦʤ ʝʱʸ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʝ. 

ʇʨʠʟʥʘʢʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʥʝʨʝʜʢʦ ʤʘʩʢʠ-

ʨʫʶʪʩʷ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʦʡ, ʥʦ ʬʠʢʩʠʨʫ-

ʶʪʩʷ ʧʦ ʘʥʦʤʘʣʠʷʤ ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʛʘʟʦʛʠʜʨʘʪʘʤ ʠ 

ʢʨʠʦʛʝʥʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʡ ʪʨʝʙʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʚʳʷʚʣʝʥʠʶ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʷ-

ʤʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʢʘʞʜʦʤ ʨʝʛʠʦʥʝ. 

ʇʨʷʤʳʝ ʧʨʠʟʥʘʢʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʧʦ 

ʧʨʠʨʦʜʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: 

- ʅʝʬʪʝʧʨʦʷʚʣʝʥʠʷ: ʚʳʭʦʜʳ ʞʠʜʢʦʡ 

ʥʝʬʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ (ʚ ʨʦʜʥʠʢʘʭ, ʨʫʩʣʘʭ 

ʨʝʢ, ʦʟʸʨʘʭ), ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʝ ʧʦʨʦʜʳ ʚ ʦʙ-

ʥʘʞʝʥʠʷʭ, ʙʠʪʫʤʥʳʝ ʦʟʸʨʘ. 

- ɻʘʟʦʧʨʦʷʚʣʝʥʠʷ: ʚʳʜʝʣʝʥʠʷ ʩʚʦʙʦʜ-

ʥʦʛʦ ʛʘʟʘ (ʧʫʟʳʨʴʢʠ ʚ ʚʦʜʝ, ʛʨʠʬʦʥʳ), ʛʨʷʟʝ-

ʚʳʝ ʚʫʣʢʘʥʳ, ʛʘʟʦʚʳʝ ʬʘʢʝʣʳ, ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ ʚ ʧʦʯ-

ʚʝʥʥʦʤ ʚʦʟʜʫʭʝ. 

- ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ: ʧʨʠʩʫʪ-

ʩʪʚʠʝ ʨʘʩʪʚʦʨʸʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʬʝʥʦʣʦʚ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʡʦʜʘ, ʙʨʦʤʘ, ʙʦʨʘ ʚ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ. 

- ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʪʚʸʨʜʦʡ 

ʬʘʟʝ: ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʦʠʜʦʚ, 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʚ ʧʦʨʦʜʘʭ ʠ 

ʧʦʯʚʘʭ. 

- ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ: ʣʦʢʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤ-

ʯʠʚʦʩʪʠ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʢʦ-

ʨʦʩʪʝʡ ʫʧʨʫʛʠʭ ʚʦʣʥ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʠʛʨʘʮʠʝʡ 

ʬʣʶʠʜʦʚ. 

- ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʣʘʥʜʰʘʬʪʥʳʝ 

ʧʨʠʟʥʘʢʠ: ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

(ʫʛʥʝʪʝʥʠʝ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʧʳʰʥʦʝ ʨʘʟʚʠʪʠʝ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ), ʦʨʝʦʣʳ ʨʘʩʩʝʷʥʠʷ ʤʠʢʨʦ-

ʵʣʝʤʝʥʪʦʚ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʦʨʤʳ ʤʠʢʨʦʨʝ-

ʣʴʝʬʘ. 

ʄʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʚʢʣʶʯʘʶʪ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʤʠʛʨʘʮʠʶ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦ ʧʨʦʥʠʮʘʝʤʳʤ 

ʟʦʥʘʤ (ʨʘʟʣʦʤʳ, ʪʨʝʱʠʥʳ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʦʢʥʘ), ʜʠʬʬʫʟʠʶ, ʵʬʬʫʟʠʶ, ʚʳʥʦʩ ʧʦʜʟʝʤ-

ʥʳʤʠ ʚʦʜʘʤʠ ʠ ʜʨ. ʅʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚ-

ʣʝʥʠʷ ʚʣʠʷʶʪ ʩʚʦʡʩʪʚʘ ʬʣʶʠʜʦʚ, ʬʠʣʴʪʨʘʮʠ-

ʦʥʥʦ-ʸʤʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ, ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫ-

ʞʝʥʠʷ ʧʨʷʤʳʭ ʧʨʠʟʥʘʢʦʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ 

ʚʢʣʶʯʘʝʪ: 

- ʇʦʣʝʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ð ʚʠʟʫʘʣʴʥʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʚʦʜʦʸʤʦʚ, ʦʙʥʘ-

ʞʝʥʠʡ, ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ) ʩ ʦʪʙʦʨʦʤ ʧʨʦʙ 

ʥʘ ʛʘʟʦʚʳʡ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟʳ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, 

ʛʜʝ ʛʫʩʪʘʷ ʛʠʜʨʦʩʝʪʴ ʠ ʟʘʙʦʣʦʯʝʥʥʦʩʪʴ ʩʧʦ-

ʩʦʙʩʪʚʫʶʪ ʧʨʦʷʚʣʝʥʠʶ ʧʨʠʟʥʘʢʦʚ. 

- ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ɺʘʩʠʣʴʝʚ, 

2008): ʛʘʟʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʲʸʤʢʘ 
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(ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʧʦʯʚʝʥʥʦʤ ʚʦʟʜʫʭʝ, ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ), ʙʠʪʫ-

ʤʠʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʝ 

ʦʧʨʦʙʦʚʘʥʠʝ. ɺ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʛʝʦʭʠʤʠʷ 

ʯʘʩʪʦ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʠʟ-ʟʘ ʩʣʘʙʦʡ ʦʙʥʘʞʸʥʥʦʩʪʠ ʠ ʩʣʦʞʥʦʛʦ ʨʝʣʴ-

ʝʬʘ (ʀʩʘʝʚ, 2011). ʆʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠʦʙ-

ʨʝʪʘʝʪ ʚʦʟʨʦʞʜʝʥʠʝ ʛʝʣʠʝʚʦʡ ʩʲʝʤʢʠ ʠ ʠʟʦ-

ʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʘʢ ʩʧʦʩʦʙ 

ʚʳʷʚʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

(ʃʘʟʘʨʝʥʢʦ, 2023). 

- ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ɼʫʙʨʦʚʩʢʠʡ, 

2007): ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ (ʚʳʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʣʦʚʫʰʝʢ ʠ ʟʦʥ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ), ʛʨʘʚʠ-

ʨʘʟʚʝʜʢʘ ʠ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ (ʣʦʢʘʣʠʟʘʮʠʷ 

ʢʨʫʧʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ), ʵʣʝʢʪʨʦ-

ʨʘʟʚʝʜʢʘ (ʢʘʨʪʠʨʦʚʘʥʠʝ ʟʦʥ ʚʦʜʦʥʘʩʳʱʝʥʠʷ 

ʠ ʚʦʟʤʦʞʥʳʭ ʩʢʦʧʣʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ). 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʚʳʩʦʢʦʪʦʯʥʳʝ 

ʘʵʨʦʛʝʦʬʠʟʠʯʝʩʢʠʝ ʩʲʸʤʢʠ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧ-

ʥʳʭ ʨʘʡʦʥʘʭ ʉʝʚʝʨʘ. 

- ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʜʝʰʠʬʨʠ-

ʨʦʚʘʥʠʝ ʢʦʩʤʦʩʥʠʤʢʦʚ ʠ ʪʝʧʣʦʚʘʷ ʩʲʸʤʢʘ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʣʘʥʜʰʘʬʪʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʘʥʦʤʘʣʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʛʨʫʟʢʦʡ ʬʣʶʠʜʦʚ. 

ʄʝʪʦʜ ʥʝʟʘʤʝʥʠʤ ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʦʙʟʦʨʝ 

ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦ 

ʩʦʯʝʪʘʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʲʸʤʦʢ ʠ ʩʝʡʩʤʦ-

ʨʘʟʚʝʜʢʠ. ɼʣʷ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʧʨʠʦʨʠ-

ʪʝʪʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʤʝ-

ʪʦʜʳ ʠʟ-ʟʘ ʨʘʩʯʣʝʥʸʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʰʠʨʦ-

ʢʦʛʦ ʨʘʟʚʠʪʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. ɺ 

ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʟʘʪʨʫʜʥʝʥʳ, ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʘʵʨʦʛʝʦ-

ʬʠʟʠʢʘ ʠ ʛʘʟʦʛʝʦʭʠʤʠʷ ʧʦ ʥʝʛʣʫʙʦʢʠʤ ʩʢʚʘ-

ʞʠʥʘʤ. 

ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʨʷʤʳʭ ʧʨʠ-

ʟʥʘʢʦʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʛʥʦʟ-

ʥʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ. ʊʝʨʨʠʪʦʨʠʷ ʨʘʟʜʝʣʷʝʪʩʷ 

ʥʘ ʟʦʥʳ ʨʘʟʣʠʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ: ʚʳʩʦ-

ʢʦʡ (ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠ ʷʨʢʠʝ ʧʨʠʟʥʘʢʠ, 

ʥʘʣʠʯʠʝ ʜʦʢʘʟʘʥʥʳʭ ʟʘʣʝʞʝʡ), ʩʨʝʜʥʝʡ (ʣʦ-

ʢʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʩʪʨʫʢ-

ʪʫʨʥʳʝ ʫʩʣʦʚʠʷ) ʠ ʥʠʟʢʦʡ (ʝʜʠʥʠʯʥʳʝ ʩʣʘʙʳʝ 

ʧʨʠʟʥʘʢʠ ʠʣʠ ʠʭ ʦʪʩʫʪʩʪʚʠʝ). 

ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟ-

ʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʪʨʸʭʤʝʨʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʢʦʥʬʠʛʫʨʘʮʠʶ ʣʦʚʫ-

ʰʝʢ, ʪʠʧʳ ʢʦʣʣʝʢʪʦʨʦʚ, ʘʥʦʤʘʣʠʠ ʤʠʛʨʘʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʜʘʶʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʨʝʩʫʨʩʳ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʤʝʱʝʥʠʝ ʧʦʠʩ-

ʢʦʚʳʭ ʩʢʚʘʞʠʥ ʠ ʩʥʠʟʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʨʠʩʢʠ. 

ɼʣʷ ʉʠʙʠʨʠ ʚ ʮʝʣʦʤ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ ʧʣʘʪʬʦʨʤʝʥ-

ʥʳʭ ʠ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ (ʇʨʝʜʚʝʨʭʦʷʥ-

ʩʢʠʡ ʧʨʦʛʠʙ, ʇʨʠʩʘʷʥʦ-ɽʥʠʩʝʡʩʢʘʷ ʚʧʘʜʠʥʘ), 

ʘ ʪʘʢʞʝ ʚʥʫʪʨʝʥʥʠʝ ʨʘʡʦʥʳ ɿʘʧʘʜʥʦ-ʉʠʙʠʨ-

ʩʢʦʡ ʧʣʠʪʳ ʩ ʥʝʘʥʪʠʢʣʠʥʘʣʴʥʳʤʠ ʣʦʚʫʰ-

ʢʘʤʠ. ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʜʦ-

ʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʠ ʦʙʦʩʥʦʚʘʪʴ 

ʜʘʣʴʥʝʡʰʠʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʷʤʳʝ ʧʨʠʟʥʘʢʠ ʥʝʬʪʝʛʘʟʦʥʦʩ-

ʥʦʩʪʠ ʉʠʙʠʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʜʸʞʥʳʝ 

ʠʥʜʠʢʘʪʦʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ 

ʨʝʛʠʦʥʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠ-

ʟʥʘʢʦʚ ʠ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʠʭ ʚʳʷʚʣʝʥʠʷ (ʧʦ-

ʣʝʚʳʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ, ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʠʝ) ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ 

ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʇʨʦʛʥʦʟʥʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʠ ʪʨʸʭʤʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʳʭ ʧʨʠʟʥʘʢʦʚ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘ-

ʣʠʟʦʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʠ ʧʣʘʥʠʨʦ-

ʚʘʪʴ ʜʘʣʴʥʝʡʰʠʝ ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʩ ʤʠ-

ʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤ-

ʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʣʘʩʪʘ ɺʝʨʭʥʝʯʦʥʩʢʦʛʦ 

ʅɻʂʄ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʘʚʥʦʤʝʨ-

ʥʦʤ ʟʘʢʘʯʠʚʘʥʠʠ ʚʦʜʳ ʚ ʧʣʘʩʪ ʥʝ ʙʫʜʝʪ ʧʨʦ-

ʠʩʭʦʜʠʪʴ ʝʸ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ɺʦʜʘ ʙʫʜʝʪ ʫʩʪʨʝʤʣʷʝʪʩʷ ʚ ʧʨʦʧʣʘʩʪʢʠ ʩ ʚʳ-

ʩʦʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʨʝʞ-

ʜʝʚʨʝʤʝʥʥʦʤʫ ʦʙʚʦʜʥʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʭ ʩʢʚʘʞʠʥ. 

2. ɸʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʗʨʘʢ-

ʪʠʥʩʢʦʛʦ ʅɻʂʄ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʪʝʢʪʦʥʠ-

ʯʝʩʢʠʤʠ ʨʘʟʣʦʤʘʤʠ, ʪʨʘʧʧʦʚʳʤʠ ʠʥʪʨʫʟʠʷʤʠ 

ʠ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʌɽʉ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʁ ʥʘ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʡ ʙʫʨʝ-

ʥʠʷ. ɺ ʟʦʥʘʭ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʧʦʨʦʜʘʤʠ 
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ʵʬʬʝʢʪʠʚʥʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʦʪʦʨʥʦʝ ʙʫʨʝʥʠʝ 

ʩ ʧʨʝʩʥʳʤʠ ʢʦʣʴʤʘʪʠʨʫʶʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʘ 

ʚ ʩʣʦʞʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ɸɺʇɼ ʠ ʥʠʟʢʦʡ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴʶ ʙʦʣʝʝ ʦʧʨʘʚʜʘʥʦ 

ʥʘʢʣʦʥʥʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʙʫʨʝʥʠʝ ʩ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʤ ʦʢʦʥʯʘʥʠʝʤ ʠ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ 

ɻʈʇ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʢʝʨʥʦʡ 

ʩʭʝʤʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʧʨʘʚʜʘʥʦ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʥʦ ʧʦ ʤʝʨʝ ʧʘʜʝʥʠʷ ʧʣʘʩʪʦ-

ʚʦʛʦ ʜʘʚʣʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʥʘ ʙʝʩʧʘʢʝʨʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

3. ʇʨʠ ʘʥʘʣʠʟʝ ʦʩʣʦʞʥʝʥʠʡ ʠ ʚʦʟʤʦʞʥʳʭ 

ʨʠʩʢʦʚ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʥʘ ʂʦʚʳʢʪʠʥ-

ʩʢʦʤ ɻʂʄ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʨʘʪʢʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʣʠʢʚʠʜʘʮʠʶ ʦʩʣʦʞʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʷʤʳʝ ʧʨʠʟʥʘʢʠ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʉʠʙʠʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʥʘʜʸʞʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛ-

ʣʝʚʦʜʦʨʦʜʦʚ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʨʝʛʠʦʥʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʟʥʘʢʦʚ ʠ ʢʦʤʧʣʝʢʩ ʤʝʪʦ-

ʜʦʚ ʠʭ ʚʳʷʚʣʝʥʠʷ (ʧʦʣʝʚʳʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ, 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ) ʧʦʟʚʦʣʷʶʪ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 
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ʆʪ ʢʦʥʪʨʦʣʷ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ 
ʩʠʩʪʝʤʝ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʘʤ ʗʧʦʥʩʢʦ-
ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʨʠʜʦʨʘ: ʤʦʥʠʪʦʨʠʥʛ ʆɺʇ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ 2026 ʛ.2 

ʉ.ɺ. ʈʘʩʩʢʘʟʦʚ1,2, ʀ.ɸ. ɸʩʣʘʤʦʚ3, ʉ.ɺ. ʉʥʦʧʢʦʚ2,4, ɽ.ʇ. ʏʝʙʳʢʠʥ1, ɸ.ʄ. ʀʣʴʷʩʦʚʘ1, 
ʀ.ʉ. ʏʫʚʘʰʦʚʘ1,2 

1ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
2ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
3ʃʠʤʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
4ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

(ʆɺʇ) ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ï ʦʧʝʨʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʩʝʡʩʤʦʛʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʟʝʤʥʦʡ ʢʦʨʳ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ (ɹʈʉ). ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʥʪʨʦʣʷ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʘʤ ʗʧʦʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʦʨʠʜʦʨʘ (ʗɹɻʂ) ʦʪ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʢʦʥʮʘ 2025 ʢ ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʥʘʯʘʣʘ 2026 ʛ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ, ʚʳʟʳʚʘʚʰʠʝ ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ɹʈʉ ʠ ʥʠʚʝʣʠʨʦʚʘʚ-

ʰʠʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʘʥʦʤʘʣʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʟʘʧʫʩʢʫ ʥʦʚʦʡ ʩʝ-

ʨʠʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 2026 ʛ. ʚ ʨʝʞʠʤʝ ʢʦʨʦʪʢʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ. ʆʙʨʘʱʘ-

ʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʊʘʥʭʦʡʩʢʦʡ ʣʠʥʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʬʝʚʨʘʣʝ-ʤʘʨʪʝ 2026 ʛ., ʢʦʪʦ-

ʨʘʷ ʤʦʞʝʪ ʦʙʦʟʥʘʯʘʪʴ ʘʥʠʟʦʪʨʦʧʥʦʝ ʧʨʝʜʩʝʡʩʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʨʳ, ʧʦʜʦʙʥʦʝ ʧʨʦʷʚʣʝʥʠʶ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʧʨʝʜʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʳ ʚʜʦʣʴ ʣʠʥʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʝʨʝʜ ʩʠʣʴʥʳʤʠ 

ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʘʢʪʠʚʠʟʘʮʠʷʤʠ: ʂʫʣʪʫʢʩʢʦʡ 2008 ʛ. ʠ ɹʘʡʢʘʣʦ-ʍʫʙʩʫʛʫʣʴʩʢʦʡ 2020ï2023 ʛʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʤʦʥʠʪʦʨʠʥʛ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥ-

ʮʠʘʣ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ɹʘʡʢʘʣ 

From Magnetic Storm Control of Weak Earthquakes in the Baikal Rift 
System to Dominant Seismic Pulses of the Japan-Baikal Geodynamic 

                                                 
2 ʉʪʘʪʴʷ ʧʦʣʫʯʝʥʘ: 20.03.2026; ʠʩʧʨʘʚʣʝʥʘ: 25.03.2026; ʧʨʠʥʷʪʘ: 27.03.2026. 
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Corridor: Real-Time Monitoring of Groundwater Oxidation-Reduction 
Potential in Early 2026 

S.V. Rasskazov1,2, I.A. Aslamov3, S.V. Snopkov2,4, E.P. Chebykin1, A.M. Ilyasova1, 
I.S. Chuvashova1,2 

1Institute of the Earth's Crust SB RAS, Irkutsk, Russia 
2Irkutsk State University, Irkutsk, Russia 
3 Limnological Institute SB RAS, Irkutsk, Russia 
4Irkutsk National Research Technical University, Irkutsk, Russia 

Abstract. The main objective of monitoring the oxidation-reduction potential (ORP) of groundwa-

ter at the Kultuk area is to quickly assess the seismogenic state of the earth's crust of the Baikal Rift 

System (BRS). The paper examines the relationships between variations in the ORP of groundwater 

and earthquakes during the transition from the control of weak earthquakes by magnetic storms to 

seismic impulses of the Japan-Baikal Geodynamic Corridor (JBGC) from the time interval of the end 

of 2025 to the one of the beginning of 2026. It is inferred that magnetic storms that caused weak earth-

quakes in the BRS and leveled out existing tectonic stress anomalies contributed to the launch of a new 

series of seismogenic deformations in 2026 in the short seismic impulse regime. Attention is drawn to 

the generation of the Tankhoy earthquake line in February-March 2026 that might designate the ani-

sotropic pre-seismic state of the crust, similar to those displayed along earthquake lines before strong 

seismic reactivations: Kultuk in 2008 and Baikal-Khovsgol in 2020ï2023. 

Keywords: groundwater, monitoring, oxidation-reduction potential, earthquakes, Baikal 

ɺʚʝʜʝʥʠʝ 

ɺ 2020ï2023 ʛʛ. ɹʘʡʢʘʣʴʩʢʘʷ ʨʠʬʪʦʚʘʷ ʩʠ-
ʩʪʝʤʘ (ɹʈʉ) ʙʳʣʘ ʦʭʚʘʯʝʥʘ ʩʠʣʴʥʦʡ ɹʘʡʢʘʣʦ-
ʍʫʙʩʫʛʫʣʴʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʝʡ. ɽʝ ʛʣʘʚʥʦʝ ʩʦ-
ʙʳʪʠʝ ï ʍʫʙʩʫʛʫʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 12 ʷʥ-
ʚʘʨʷ 2021 ʛ. (ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ ʂ=15.7) ï 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʩʝʡʩʤʠʯʝʩʢʠʝ 
ʵʬʬʝʢʪʳ ʥʘ ʟʘʧʘʜʝ ɹʈʉ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʠʣʠ-
ʷʤʠ ʚ ʉʘʷʥʦ-ʄʦʥʛʦʣʴʩʢʦʤ ʩʝʢʪʦʨʝ ʀʥʜʦ-
ɸʟʠʘʪʩʢʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ (ʉʄʉʀɸʂ). ʇʦʩʣʝ 
3-ʤʝʩʷʯʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʚ 
ʢʦʥʮʝ 2023 ʛ. ï ʥʘʯʘʣʝ 2024 ʛ. ʥʘʯʘʣʘʩʴ ʉʝ-
ʚʝʨʦ-ɹʘʡʢʘʣʦ-ʍʘʥʛʘʡʩʢʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢ-
ʪʠʚʠʟʘʮʠʷ, ʛʣʘʚʥʦʝ ʩʦʙʳʪʠʝ ʢʦʪʦʨʦʡ ï ʉʝ-
ʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 15 ʷʥʚʘʨʷ 
2024 ʛ. (ʂ=14.4) ï ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʨʘʩ-
ʧʨʝʜʝʣʝʥʠʠ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 
ʵʬʬʝʢʪʦʚ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ɹʈʉ ʚ ʩʚʷʟʠ ʫʩʠ-
ʣʝʥʠʝʤ ʚʣʠʷʥʠʷ ʗʧʦʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʝʦ-
ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʨʠʜʦʨʘ (ʗɹɻʂ). ɺ ʪʝʯʝʥʠʝ 
2025 ʛ. ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʂ>13) ʚ ɹʈʉ 
ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɺ ʢʦʨʦʪʢʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʤ-
ʧʫʣʴʩʘʭ ʥʘ ʟʘʧʘʜʝ ʠ ʚʦʩʪʦʢʝ ɹʈʉ ʦʪʨʘʟʠʣʦʩʴ 
ʤʝʥʷʶʱʝʝʩʷ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʝʡ-
ʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʦ ʩʪʦʨʦʥʳ ʉʄʉʀɸʂ ʠ 
ʗɹɻʂ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʛ). 
ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʦ-ʍʘʥʛʘʡ-

ʩʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ, ʚ ʜʝʢʘʙʨʝ 
2023 ʛ., ʥʘ ʂʫʣʪʫʢʩʢʦʤ ʧʦʣʠʛʦʥʝ ɹʈʉ ʙʳʣʠ 
ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʩʝʥʩʦʨʘ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ 
ʆɺʇ, ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ɺ ʪʝʯʝʥʠʝ 2024 ʛ. ʙʳʣʠ ʚʳʷʚʣʝʥʳ 
ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʬʬʝʢʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʴ 
ʚʘʨʠʘʮʠʡ ʆɺʇ ʩ ʩʝʡʩʤʦʛʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 
ʢʦʨʳ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2023, 2024, ɸʩʣʘʤʦʚ ʠ 
ʜʨ., 2024; ʉʥʦʧʢʦʚ ʠ ʜʨ., 2024; ʏʝʙʳʢʠʥ ʠ ʜʨ., 
2024). ɺ ʪʝʯʝʥʠʝ 2025 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ 
ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʧʨʦʚʦʜʠʣʩʷ ʦʧʝʨʘʪʠʚ-
ʥʳʡ ʘʥʘʣʠʟ ʟʘʧʠʩʝʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ ɹʈʉ ʧʦ ʚʨʝʤʝʥʥʳʤ ʦʪʨʝʟʢʘʤ 
ʦʪ 5 ʜʦ 7 ʜʥʝʡ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʘ,ʙ,ʚ,ʛ). 
ɸʥʘʣʠʟ ʆɺʇ ʜʘʥʥʳʭ, ʢʘʩʘʶʱʠʭʩʷ ʩʝʡʩʤʠʯ-
ʥʦʩʪʠ ʥʘʯʘʣʘ 2025 ʛ., ʙʳʣ ʟʘʪʨʫʜʥʝʥ ʠʟ-ʟʘ ʤʝ-
ʰʘʶʱʠʭ ʵʬʬʝʢʪʦʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʘʛʥʠʪ-
ʥʳʭ ʙʫʨʴ. ɺʘʨʠʘʮʠʠ ʆɺʇ ʩʪʘʣʠ ʦʪʯʝʪʣʠʚʦ 
ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʩʚʷʟʠ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ɹʈʉ 
ʪʦʣʴʢʦ ʩ 30 ʘʧʨʝʣʷ 2025 ʛ. ʇʦʚʳʰʝʥʥʳʝ ʟʥʘ-
ʯʝʥʠʷ ʆɺʇ ʩʪʘʥʮʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʦʪʚʝʪ-
ʩʪʚʦʚʘʣʠ ʟʝʤʣʝʪʨʷʩʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʩʞʘʪʠʷ 
ʟʝʤʥʦʡ ʢʦʨʳ, ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦ-
ʢʘʟʘʪʝʣʷ ï ʟʝʤʣʝʪʨʷʩʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʷ-
ʞʝʥʠʷ. ʇʝʨʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʘʨʠʘʮʠʡ 
ʆɺʇ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʝʡʩʤʠʯʥʦʩʪʠ ʙʳʣʠ 
ʥʘʤʝʯʝʥʳ ʢ ʥʘʯʘʣʫ ʠʶʣʷ, ʘ ʢ 19 ʘʚʛʫʩʪʘ ʙʳʣʠ 
ʦʙʦʟʥʘʯʝʥʳ ʩʠʣʦʚʳʝ ʠʤʧʫʣʴʩʳ ʩʝʡʩʤʦʛʝʥ-
ʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʘʧʨʝʣʷ-ʠʶʥʷ (ɸʀ) ʠ ʠʶʥʷï
ʘʚʛʫʩʪʘ (ʀɸ). ʂ ʢʦʥʮʫ ʦʢʪʷʙʨʷ ʥʘʤʝʪʠʣʠʩʴ 
ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʧʝʨʝʜʦʚʳʭ ʟʘʧʠʩʝʡ 
ʆɺʇ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʡʩʤʦʛʝʥʥʳʤʠ ʜʝʬʦʨʤʘ-
ʮʠʷʤʠ. 
ʉ 24 ʜʦ 30 ʦʢʪʷʙʨʷ 2025 ʛ. ʙʳʣʠ ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʳ ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
ʠʤʧʫʣʴʩʘ ʉʆ (ʩʝʥʪʷʙʨʴ-ʦʢʪʷʙʨʴ) ʩ 
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ʧʦʥʠʞʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ 
(ʂ<11.5). ɺʦ ʚʨʝʤʷ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʤʝʩʷʮʝʚ 
2025 ʛ. ʵʥʝʨʛʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʮʝʣʦʤ ʩʥʠ-
ʞʘʣʘʩʴ. ʇʦʩʣʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝ-
ʨʝʩʪʨʦʡʢʠ 12ï13 ʥʦʷʙʨʷ ʧʨʦʠʟʦʰʣʘ ʩʘʤʘʷ 
ʩʠʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʙʫʨʷ 2025 ʛ. ʩ ʧʨʝʜʝʣʴʥʳʤ 
ʟʥʘʯʝʥʠʝʤ ʂʨ=8.7. ʇʦʩʣʝʜʫʶʱʠʝ ʩʣʘʙʳʝ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷ ɹʈʉ ʚ ʥʦʷʙʨʝ ʠ ʜʝʢʘʙʨʝ 2025 
ʛ. ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʙʦʣʝʝ ʩʣʘʙʳʤʠ ʤʘʛʥʠʪ-
ʥʳʤʠ ʙʫʨʷʤʠ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʛ). ʇʨʦ-
ʜʦʣʞʘʶʱʠʝʩʷ ʟʘʧʠʩʠ ʆɺʇ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 
ʥʘ ʬʦʥʝ ʫʩʠʣʝʥʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʥʘʙʣʶʜʘʶ-
ʱʝʡʩʷ ʚ ʥʘʯʘʣʝ 2026 ʛ. 
ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ï ʚʳʧʦʣʥʠʪʴ ʘʥʘ-

ʣʠʟ ʟʘʧʠʩʝʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʜʣʷ ʦʮʝʥʢʠ 
ʪʝʢʫʱʝʛʦ ʩʝʡʩʤʦʛʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʤʥʦʡ 
ʢʦʨʳ ɹʈʉ, ʩʣʦʞʠʚʰʝʛʦʩʷ ʢ 1 ʘʧʨʝʣʷ 2026 ʛ. 

ʧʨʠ ʩʤʝʥʝ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʢʦʥʪʨʦʣʠ-
ʨʫʶʱʠʭʩʷ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ, ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʷʤʠ ʫʤʝʨʝʥʥʦʡ ʩʠʣʳ. 

ɸʥʘʣʠʟ ʩʝʡʩʤʠʯʥʦʩʪʠ 

ʈʘʟʚʠʪʠʝ ʩʝʡʩʤʠʯʥʦʩʪʠ ɹʈʉ ʚ ʧʦʩʣʝʜʥʠʝ 
ʜʚʘ ʤʝʩʷʮʘ 2025 ʛ. ʠ ʚ ʧʝʨʚʳʝ ʪʨʠ ʤʝʩʷʮʘ 2026 
ʛ. ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʛʨʘʬʠʢʝ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠ-
ʘʮʠʡ ʂ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʨʠʩ. 1ʘ). ʉ ʫʯʝʪʦʤ 
ʦʧʳʪʘ ʥʘʙʣʶʜʝʥʠʡ 2025 ʛ. ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ 
ʧʦ ʪʨʝʤ ʪʝʨʨʠʪʦʨʠʷʤ ɹʈʉ: ʟʘʧʘʜʘ, ʮʝʥʪʨʘ ʠ 
ʚʦʩʪʦʢʘ. ʇʝʨʚʳʝ ʜʚʝ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʜʝʣʷʶʪʩʷ 
ʧʦ ʜʦʣʛʦʪʝ ʂʫʣʪʫʢʩʢʦʛʦ ʦʧʦʨʥʦʛʦ ʩʝʡʩʤʦʧʨʦ-
ʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ (104Á ʚ.ʜ.). ʉʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ, ʟʘʧʘʜ ɹʈʉ ʚʢʣʶʯʘʝʪ ʪʝʨʨʠʪʦʨʠʶ 96ï
104Áʚ.ʜ., ʮʝʥʪʨ ï 104ï110Á ʚ.ʜ. (ʨʠʩ. 1ʙïʛ). 
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ʈʠʩ. 1. ɻʨʘʬʠʢ ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ) ʟʝʤʣʝʪʨʷʩʝʥʠʡ ɹʈʉ ʩ 1 ʥʦʷʙʨʷ 

2025 ʛ. ʜʦ 1 ʘʧʨʝʣʷ 2026 ʛ (ʘ) ʠ ʩʭʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ ɹʈʉ: 05.01ï02.02.2026 (ʙ), 01.02ï13.03.2026 (ʚ) ʠ 17.03ï01.04.2026 ʛ. ɺ ɹʈʉ ʨʘʟʣʠʯʘʶʪʩʷ 

ʪʨʝʥʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʧʘʜʘ, ʮʝʥʪʨʘ ʠ ʚʦʩʪʦʢʘ. 

Fig. 1. Graph of the temporal change in the energy class (K) of BRS earthquakes from November 1, 

2025 to April 1, 2026 (a) and sketch maps of spatial distribution of BRS earthquake epicenters: 05.01ï

02.02.2026 (ʙ), 01.02ï13.03.2026 (ʚ), and 17.03ï01.04.2026. In the BRS, the trends of earthquakes in 

the west, center, and east differ. 

31 ʦʢʪʷʙʨʷ ï 08 ʷʥʚʘʨʷ 2026 ʛ.: ʧʝʨʝʭʦʜ ʦʪ 
ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩʣʘʙʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ 

ʟʘʧʘʜʘ ʠ ʮʝʥʪʨʘ ɹʈʉ (ʂʟ å ʂʮ) ʢ ʫʩʠʣʝʥʠʶ 
ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘ ʟʘʧʘʜʝ (ʂʟ > ʂʮ) 

ʅʘʯʘʣʦ ʛʨʘʬʠʢʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʘʩʝʡʩʤʠʯ-

ʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 31 ʦʢʪʷʙʨʷ ï 12 ʥʦʷʙʨʷ 2025 

ʛ., ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʥʦʡ ʩʝʡ-

ʩʤʠʯʝʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʝ. ʇʦʩʣʝ ʘʩʝʡʩʤʠʯʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʚʦʟʦʙʥʦʚʣʷʶʪʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʥʠʟʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ=9.6ï9.9) ʚ 

ʮʝʥʪʨʝ ɹʈʉ ʠ ʩʣʝʛʢʘ ʧʦʚʳʰʝʥʥʦʛʦ (ʂ=10.4) ï 

ʥʘ ʟʘʧʘʜʝ. ʅʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʩ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ. ʄʦʥʜʠʥʩʢʦʝ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝ (ʄʆʅ) ʥʘ ʟʘʧʘʜʝ ɹʈʉ 22 ʜʝʢʘʙʨʷ 

(ʂ=10.0) ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ 

ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ, ʘ ɺʝʨʭʥʝ-ʆʨʭʦʥʩʢʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ 24 ʜʝʢʘʙʨʷ (ʂ=10.3) ʩʣʝʜʫʝʪ 

ʩʨʘʟʫ ʧʦʩʣʝ ʚʦʟʤʫʱʝʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʋʤ-

ʭʝʡʩʢʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ 29 

ʜʝʢʘʙʨʷ (ʂ=9.5) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʚʘʣ ʘʥʦ-

ʤʘʣʴʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ. 

ʉʝʡʩʤʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ 29 ʜʝʢʘʙʨʷ, ʦʜʥʘʢʦ, ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʛʥʠʪʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ 

(ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025). 
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ʆʩʦʙʦ ʚʳʜʝʣʷʶʪʩʷ ʵʧʠʟʦʜʳ ʫʨʘʚʥʠʚʘʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʨʝʟʦʥʘʥʩʘ) ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ɹʈʉ. ʕʥʝʨʛʠʷ ʋʩʪʴ-

ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʋɹɸʈ) ʮʝʥʪʨʘ 

ɹʈʉ 25 ʥʦʷʙʨʷ (ʂ=10.3) ʫʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʨʝʜ-

ʰʝʩʪʚʫʶʱʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ɹʋʉ ʟʘʧʘʜʘ 

ɹʈʉ 16 ʥʦʷʙʨʷ (ʂ=10.3). ʕʪʦ ʫʨʘʚʥʠʚʘʥʠʝ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʚʳʭʦʜ ʥʘ ʦʙʱʠʝ ʩʦʛʣʘʩʦ-

ʚʘʥʥʳʝ ʚʘʨʠʘʮʠʠ ʂ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʧʘʜʘ ʠ 

ʮʝʥʪʨʘ ʨʠʬʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʠʥʪʝʨʚʘʣʝ ʩ 25 

ʥʦʷʙʨʷ ʜʦ 10 ʜʝʢʘʙʨʷ ʂ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʵʪʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ʩʦʛʣʘʩʦʚʘʥʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 9.5, ʘ 

15ï22 ʜʝʢʘʙʨʷ ʩʦʛʣʘʩʦʚʘʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

10.0. ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʩ 25 ʥʦʷʙʨʷ ʜʦ 22 

ʜʝʢʘʙʨʷ 2025 ʛ. ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ʠʥʪʝʨʚʘʣ ʩʦ-

ʛʣʘʩʦʚʘʥʥʳʭ ʢʦʩʝʡʩʤʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʮʝʥʪʨʝ ʠ ʥʘ ʟʘʧʘʜʝ ɹʈʉ. 

ʇʦʩʣʝ 22 ʜʝʢʘʙʨʷ ʥʘʙʣʶʜʘʝʪʩʷ ʙʠʬʫʨʢʘ-

ʮʠʷ ʟʥʘʯʝʥʠʡ K ʪʝʨʨʠʪʦʨʠʡ ɹʈʉ. ʅʘ ʟʘʧʘʜʝ 

24 ʜʝʢʘʙʨʷ 2025 ʛ. ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʠʬʝʨʠʯʝ-

ʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʆʈʍʆʅ (ʚ ʚʝʨʭʦʚʴʷʭ ʆʨ-

ʭʦʥʘ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ ʩ ʧʦʚʳʰʝʥ-

ʥʳʤ ʂ (10.5). ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʘʧʘʜʘ, ʚ ʮʝʥʪʨʝ 

ɹʈʉ ʧʨʦʠʩʭʦʜʠʪ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʋɹɸʈɻ ʩ ʥʠʟ-

ʢʠʤ ʂ (9.9) 05 ʷʥʚʘʨʷ 2026 ʛ. ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʇʈʆɺɸʃ ʩ ʝʱʝ ʙʦʣʝʝ ʥʠʟʢʠʤ ʂ (9.5) 16 ʷʥ-

ʚʘʨʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʫʛʘʩʘʥʠʠ ʩʝʡʩʤʠʯʥʦ-

ʩʪʠ ʮʝʥʪʨʘ ɹʈʉ. 

ʀʥʪʝʨʚʘʣ ʩʦʯʝʪʘʥʠʷ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨ-

ʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʮʝʥʪʨʘ ʠ ʟʘʧʘʜʘ ɹʈʉ ʩʤʝ-

ʥʷʝʪʩʷ ʠʥʪʝʨʚʘʣʦʤ ʩʦʯʝʪʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ ʟʘʧʘʜʘ ʠ ʚʦʩʪʦʢʘ. ʇʨʦʜʦʣʞʘʝʪʩʷ 

ʪʨʝʥʜ ʚʦʟʨʘʩʪʘʥʠʷ ʂ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʧʘʜʘ ʩ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ ʩ ʮʝʥʪʨʘ ʥʘ ʚʦʩʪʦʢ. ʂʣʶʯʝʚʘʷ ʪʦʯʢʘ ʠʥ-

ʪʝʨʚʘʣʘ ʩʦʙʳʪʠʡ ʟʘʧʘʜʘ ʠ ʚʦʩʪʦʢʘ ʥʘ ʛʨʘʬʠʢʝ 

ʨʠʩ. 1ʘ ʦʙʦʟʥʘʯʘʝʪ ʢʨʘʪʢʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦ 

ʫʨʦʚʥʶ ʂ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʛʦ 

(ɺɸʅ, ʂ=10.9) 6 ʷʥʚʘʨʷ ʠ ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ 

(ʍʋ, ʂ=10.8) 8 ʷʥʚʘʨʷ. ʇʦʩʣʝʜʥʝʝ ʠʟ ʥʠʭ ʨʝʘ-

ʣʠʟʫʝʪʩʷ ʚ ʵʧʠʮʝʥʪʨʘʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʛʣʘʚ-

ʥʦʛʦ ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ɹʘʡ-

ʢʘʣʦ-ʍʫʙʩʫʛʫʣʴʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 2020ï2023 

ʛʛ., ʧʨʦʠʟʦʰʝʜʰʝʛʦ 11 ʷʥʚʘʨʷ 2021 ʛ. 

06ï31 ʷʥʚʘʨʷ 2026 ʛ.: ʫʛʣʦʚʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʚʦʩʪʦʢʝ 

ʠ ʚ ʮʝʥʪʨʝ ɹʈʉ ʧʨʠ ʫʩʠʣʝʥʠʠ 
ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ (ʂʚ > ʂʮ) 

ʇʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʷʥʚʘʨʝ 2026 ʛ. ʚ ʮʝʥʪʨʝ ʠ ʥʘ 

ʚʦʩʪʦʢʝ ɹʈʉ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ 

ʫʛʣʦʚʦʝ ʩʦʯʝʪʘʥʠʝ ʣʠʥʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʶʞʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʚʦ-

ʩʪʦʢʘ 110ï122Áʚ.ʜ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʛʨʫʧʧʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʮʝʥʪʨʘ (ʨʠʩ. 1ʙ). ʋʛʣʦʚʦʡ ʧʦ-

ʨʷʜʦʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʦʩʪʦʢʘ 

ʠ ʮʝʥʪʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʣʝ ʋʤʭʝʡʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʩʪʦʢʘ ɹʈʉ 29 ʜʝʢʘʙʨʷ 

(ʋʄʍɽʁ), ʚʦ ʚʨʝʤʷ ʨʝʟʦʥʘʥʩʘ ɺʝʨʭʥʝʘʥʛʘʨ-

ʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʩʪʦʢʘ (ɺɸʅ) ʩ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝʤ ʚ ʍʫʙʩʫʛʫʣʴʩʢʦʤ ʢʣʘʩʪʝʨʝ (ʍʋ) 

ʟʘʧʘʜʘ. 

ɼʦ ʢʨʘʪʢʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʟʘʧʘʜʘ ʠ ʚʦʩʪʦʢʘ 6ï8 ʷʥʚʘʨʷ ʥʘ ʫʨʦʚʥʝ 

ʂ=10.8ï10.9 ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʚʦʩʪʦʢʘ ɹʈʉ ʥʝ ʧʨʝʚʳʰʘʣ 10.5 (ʊɸ, 

ʊʘʢʩʠʤʦ, 15 ʜʝʢʘʙʨʷ). ʇʦʩʣʝ ʢʨʘʪʢʦʛʦ ʩʦʛʣʘ-

ʩʦʚʘʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʩʝʨʠʷ 4-ʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ ʚ ʢʣʘʩʪʝʨʝ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʉɹ) 13ï14 ʷʥʚʘʨʷ (ʂ=9.6ï

10.4) ʩ ʦʪʢʣʠʢʦʤ 14 ʷʥʚʘʨʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ɹʋʉ ʧʦʚʳʰʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ 

(ʂ=11.3) ʚ ɹʫʩʠʡʥʛʦʣʴʩʢʦʤ ʢʣʘʩʪʝʨʝ ʟʘʧʘʜʘ 

ɹʈʉ. ɺ ʵʧʠʮʝʥʪʨʝ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʉɹ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ 15 ʷʥʚʘʨʷ 2024 ʛ., ʚ ʧʝ-

ʨʠʦʜ ʩ 13 ʜʦ 29 ʷʥʚʘʨʷ ʧʨʦʷʚʣʷʝʪʩʷ ʢʣʘʩʪʝʨ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʷʥʚʘʨʝ ʷʚʥʦ ʜʦʤʠʥʠʨʫʝʪ 

ʩʝʡʩʤʠʯʥʦʩʪʴ ʚʦʩʪʦʢʘ ɹʈʉ. ʕʧʠʮʝʥʪʨʳ ʢʣʘ-

ʩʪʝʨʘ ɹʉ ʚʳʪʷʥʫʪʳ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʝ (ɺɸʅ, ʂ=10.9) ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʊʘʢʩʠʤʦ 

(ʊɸ, ʂ=11.8) ʦʙʨʘʟʫʶʪ ʩʫʙʰʠʨʦʪʥʫʶ ʣʠʥʠʶ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷʤʠ ʢʣʘʩʪʝʨʘ ʉɹ ʚ ʫʛʣʦʚʫʶ ʩʝʡʩʤʦʛʝʥʝ-

ʨʠʨʫʶʱʫʶ ʟʦʥʫ ʚʦʩʪʦʢʘ ɹʈʉ. ɺ ʩʝʨʝʜʠʥʝ ʠʥ-

ʪʝʨʚʘʣʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 19 ʷʥʚʘʨʷ ʨʝʘʣʠʟʫʝʪʩʷ 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʪʦʣʯʦʢ ʧʦʚʳʰʝʥʥʦʡ ʩʠʣʳ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ ʉɹ (ʂ=12.4). ʇʨʠ ʫʛʣʦʚʦʤ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʠ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʚʦ-

ʩʪʦʢʝ ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢʞʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʊʘʢ-

ʩʠʤʦ (ʊɸ) ʩ ʧʦʚʳʰʝʥʥʳʤ ʂ (11.8). ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʉɹ ʠ ʊɸ ʚʦʩʪʦʢʘ ɹʈʉ ʚʳ-

ʭʦʜʷʪ ʥʘ ʤʘʢʩʠʤʫʤ ʂ ʤʝʞʜʫ ʟʝʤʣʝʪʨʷʩʝʥʠ-

ʷʤʠ ʍʋ ʠ ɹʋʉ, ʵʥʝʨʛʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʧʘʜʘ 

ʩʥʠʞʘʝʪʩʷ. 

ʋʛʣʦʚʘʷ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʘʷ ʟʦʥʘ ʧʨʦʷʚ-

ʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʮʝʥʪʨʝ ɹʈʉ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ 

ʂ (ʥʝ ʙʦʣʝʝ 10.5). ɺ ʩʫʙʰʠʨʦʪʥʦʡ ʚʝʪʚʠ ʫʛʣʦ-

ʚʦʡ ʟʦʥʳ ʥʘʭʦʜʷʪʩʷ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ: ʋʩʪʴ-ɹʘʨʛʫʟʠʥʩʢʦʛʦ (ʋɹɸʈɻ, ʂ=9.9), 

ʉʫʚʦ (ʉʋɺʆ, ʂ=10.4), ɹʘʛʜʘʨʠʥʩʢʦʛʦ (ɹɸɻɼ, 

ʂ=10.5) ʠ ɸʢʘʜʝʤʠʯʝʩʢʦʛʦ (ɸʂɸɼ, ʂ=9.5), ʚ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʚʝʪʚʠ ï ʵʧʠʮʝʥʪʨʳ 
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ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʇʈʆɺɸʃ (ʂ=9.5ï10.2) ʠ 

ʂʗʍʊɸ (ʂ=9.6) ʠ ɼʝʣʴʪʦʚʦʛʦ (ɼɽʃ, ʂ=10). 

ʅʘ ʟʘʧʘʜʝ ɹʈʉ ʧʨʦʷʚʣʷʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ ʚ ʢʣʘʩʪʝʨʘʭ: ʍʫʙʩʫʛʫʣʴʩʢʦʤ (ʍʋ, 

ʂ=9.9, 10.8) ʠ ɹʫʩʠʡʥʛʦʣʴʩʢʦʤ (ɹʋʉ, 

ʂ=11.3). 

01 ʬʝʚʨʘʣʷ ï 13 ʤʘʨʪʘ 2026 ʛ.: ʣʠʥʝʡʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʟʘʧʘʜʝ, ʚ 
ʮʝʥʪʨʝ ʠ ʚʦʩʪʦʢʝ ɹʈʉ ʧʨʠ ʥʝʙʦʣʴʰʦʤ 
ʫʩʠʣʝʥʠʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘ ʟʘʧʘʜʝ ɹʈʉ (ʂʟ 

> ʂʮ) 

01 ʬʝʚʨʘʣʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ. 

ɼʦ 13 ʤʘʨʪʘ ʚʢʣʶʯʠʪʝʣʴʥʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʘ-

ʧʘʜʘ, ʮʝʥʪʨʘ ʠ ʚʦʩʪʦʢʘ ɹʈʉ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʚʜʦʣʴ ʣʠʥʠʡ. ʉʣʝʛʢʘ ʧʦʚʳʰʝʥʥʳʡ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʡ ʢʣʘʩʩ (ʂ=11.0) ʠʤʝʝʪ ʪʦʣʴʢʦ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʝ ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ ʢʣʘʩʪʝʨʘ. 

17 ʤʘʨʪʘ ï 01 ʘʧʨʝʣʷ 2026 ʛ.: ʫʩʠʣʝʥʠʝ 
ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ (ʂʚ > ʂʮ) 

ʉ 13 ʧʦ 17 ʤʘʨʪʘ ʩʝʡʩʤʠʯʥʦʩʪʴ ʚʥʦʚʴ ʧʝ-

ʨʝʩʪʨʘʠʚʘʝʪʩʷ. ɺʝʯʝʨʦʤ 17 ʤʘʨʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʣʘʙʦʝ ʆʨʣʠʢʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʟʘʧʘʜʘ ɹʈʉ 

(ʆʈʃ, ʂ=10.1), ʘ ʚ ʥʦʯʴ ʥʘ 18 ʤʘʨʪʘ ï ʝʱʝ ʯʝ-

ʪʳʨʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʤ ʢʣʘ-

ʩʪʝʨʝ (ɺɸʅ), ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʙʳʪʠʝ ʂ=12.1. 

ʇʦʩʣʝ ʥʝʜʝʣʴʥʦʛʦ ʧʝʨʝʨʳʚʘ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʘ-

ʙʦʝ ʩʝʡʩʤʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ ʚ ʢʣʘʩʪʝʨʝ ʊʘʢ-

ʩʠʤʦ (ʊɸ, ʂ=10.2). ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʩʪʦʢʘ 

ɹʈʉ ʯʘʩʪʠʯʥʦ ʥʘʭʦʜʷʪʩʷ ʥʘ ʣʠʥʠʷʭ ʷʥʚʘʨ-

ʩʢʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʫʛʣʘ, ʯʘʩʪʠʯʥʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʪʩʷ ʦʪ ʵʪʦʛʦ ʫʛʣʘ ʢ ʦʩʠ ʗɹɻʂ. 

ʋʩʣʦʚʠʷ ʫʩʪʘʥʦʚʢʠ ʩʝʥʩʦʨʦʚ ʠ 
ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʆɺʇ 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʆɺʇ, ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʩʝʥʩʦʨʘ: 

ʦʜʠʥ ï ʥʘ ʩʪ. 9, ʚ ʢʨʘʝʚʦʤ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟ-

ʣʦʤʝ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ, ʜʨʫʛʦʡ ï 

ʥʘ ʩʪ. 184, ʥʘ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫ-

ʧʝʥʠ ʦʩʝʚʦʡ ʯʘʩʪʠ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠ-

ʩʪʝʤʳ (ɹʈʉ) (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ɿʝʤʣʷʥʠʯʥʘʷ, ʂɹɾɼ) ʠ ʩʪ. 184 

(ʐʢʦʣʴʥʘʷ) ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩʝʥʩʦʨʘʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʆɺʇ, ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʞʠʤʝ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ (ʧʦʩ. ʂʫʣʪʫʢ). ʋʩʣʦʚʠʷ ʫʩʪʘʥʦʚʢʠ ʩʝʥʩʦʨʦʚ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʨʘʙʦʪʝ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2023). 

Fig. 2. Layout of monitoring wells station 9 (Zemlyanichnaya, Circum-Baikal Railway) and station 184 

(Shkolnaya) on the western coast of Lake Baikal (Kultuk settlement) with installed sensors for real-time 

measuring ORP, pH, and temperature. The installation conditions of the sensors are described by (Ras-

skazov et al., 2023). 

ɼʝʡʩʪʚʠʝ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʭ ʩʠʣ ʨʘʩʪʷ-

ʞʝʥʠʷ ʠ ʩʞʘʪʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʦʪʩʣʝʞʠʚʘʝʪʩʷ 

ʧʦ ʢʦʩʝʡʩʤʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʆɺʇ ʚ ʨʝ-

ʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺʳʷʚʣʷʶʪʩʷ ʩʚʷʟʠ 
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ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʟʥʳʭ ʯʘ-

ʩʪʷʭ ɹʈʉ, ʩ ʵʧʠʟʦʜʘʤʠ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʚʘʨʠʘ-

ʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪʘʥʮʠʡ, ʩʚʷʟʘʥʥʳʭ 

ʣʠʙʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʩʞʘʪʠʷ ʚ ʢʨʘʝʚʦʤ ʆʙʨʫ-

ʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘ-

ʜʠʥʳ ɹʈʉ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʝʥʩʘʮʠʝʡ 

ʨʘʩʪʷʞʝʥʠʷ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʩʪʫʧʝʥʴʶ (ʚ ʦʩʠ ɹʈʉ), ʣʠʙʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʨʘʩʪʷʞʝʥʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ʧʨʠ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦʤ ʫʩʠʣʝʥʠʠ ʨʘʩʪʷʞʝʥʠʷ ʧʦʜ ʂʫʣ-

ʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ (ʨʠʩ. 3). 

 

ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʪʢʣʠʢʦʚ ʆɺʇ ʥʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʘʟʥʳʭ ʯʘʩʪʝʡ 

ɹʈʉ ʧʨʠ ʩʞʘʪʠʠ ʠ ʨʘʩʪʷʞʝʥʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ï ʧʦʜ ʩʪ. 9 (ʘ) ʠ ʧʨʠ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʠ ʫʩʠʣʝʥʠʠ ʨʘʩʪʷʞʝʥʠʷ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ ï ʧʦʜ ʩʪ. 184 (ʙ). ɿʜʝʩʴ ʠ 

ʜʘʣʝʝ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ɹʈʉ ʜʘʝʪʩʷ ʮʚʝʪʦʤ: ʥʘ ʚʦʩʪʦʢʝ ï ʢʨʘʩʥʳʤ, ʚ ʮʝʥʪʨʝ ï ʨʦ-

ʟʦʚʳʤ, ʥʘ ʟʘʧʘʜʝ ï ʤʘʣʠʥʦʚʳʤ. ɺʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʩʞʘʪʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ, 

ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʨʘʩʪʷʞʝʥʠʷ ï ʩʠʥʠʤ. 

Fig. 3. Schematic diagrams interpreting responses of the ORP to earthquakes in different parts of the 

BRS during crustal compression and extension in the Obruchev Fault ï under station 9 (a) and during 

compensation and amplification of extension beneath the Kultuk tectonic step ï under station 184 (ʙ). 

From here on, information on BRS earthquakes is color-coded: red in the east, pink in the center, and 

crimson in the west. Time intervals of compression is shown in green, those of extension in blue. 

ʀʟʤʝʨʝʥʠʷ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʦʚʦ-
ʜʷʪʩʷ ʩ ʩʠʣʴʥʦʡ ʧʨʦʢʘʯʢʦʡ ʩʢʚʘʞʠʥʳ ʩʪ. 9. 
ʇʨʦʢʘʯʢʠ ʩʪ. 184 ʚ ʮʝʣʦʤ ʩʣʘʙʝʝ ʧʨʦʢʘʯʝʢ ʩʪ. 
9. ʈʘʟʥʠʮʘ ʚ ʧʨʦʢʘʯʢʘʭ ʩʢʚʘʞʠʥ ʦʪʨʘʞʘʝʪʩʷ ʚ 
ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʚʘʨʠʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 
ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɻʨʘʬʠʢʠ ʆɺʇ ʩʦʚʤʝʱʘʶʪʩʷ 
ʚʦ ʚʨʝʤʝʥʠ ʩ ʛʨʘʬʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦ-
ʨʘʷ ʚʦ ʚʨʝʤʷ ʧʨʦʢʘʯʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʢʚʘ-
ʞʠʥ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ, ʣʠʙʦ ʦʩʪʘʚʘʪʴʩʷ ʩʪʘ-
ʙʠʣʴʥʦʡ. ɻʨʘʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʘʨʠʘʮʠʡ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʦʣʝʟʥʘʷ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʠʥ-
ʪʝʨʧʨʝʪʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʜʘʥʥʳʭ. 
ʆʧʝʨʘʪʠʚʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ 

ʆɺʇ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʮʝʥʢʫ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝ-
ʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ. ɺʘʨʠʘʮʠʠ ʨʅ ʧʦʜ-
ʟʝʤʥʳʭ ʚʦʜ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ 
ʚʳʷʩʥʝʥʠʝ ʧʨʠʯʠʥ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʭ ʧʝʨʝ-
ʭʦʜʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ 
ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚʳʭʦʜʷʱʝʛʦ ʟʘ ʨʘʤʢʠ ʨʝʰʘ-
ʝʤʦʡ ʟʘʜʘʯʠ. ɿʘʧʠʩʠ ʨʅ ʧʨʠʚʦʜʷʪʩʷ ʚ ʠʩʢʣʶ-
ʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʨʝʛʠ-
ʩʪʨʘʮʠʠ ʵʬʬʝʢʪʦʚ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. 
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ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 01ï07 ʷʥʚʘʨʷ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) 

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). ɼʣʷ ʠʣ-

ʣʶʩʪʨʘʮʠʠ ʦʪʨʝʟʢʦʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʤʫʱʝʥʠ-

ʷʤʠ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʦʜʠʪʩʷ ʜʠʘʛʨʘʤʤʘ ʟʘʧʠʩʝʡ ʨʅ ʩʪ. 9 04ï07 ʷʥʚʘʨʷ (ʜ). ʅʘ 

ʧʘʥʝʣʠ ʜ ʦʙʦʟʥʘʯʘʶʪʩʷ ʛʨʘʥʠʮʳ ʧʷʪʠ ʦʪʨʝʟʢʦʚ ʩ ʤʝʥʷʶʱʠʤʠʩʷ ʢʦʣʝʙʘʥʠʷʤʠ ʨʅ, ʚʳʟʚʘʥʥʳʤʠ 

ʤʘʛʥʠʪʦʩʬʝʨʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ɹʈʉ ʧʨʠʚʦ-

ʜʠʪʩʷ ʧʦ ʤʝʩʪʥʦʤʫ ʚʨʝʤʝʥʠ ʩ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʩʘʡʪʘ (ʂʘʨʪʘé, 2025). 

ʋɹɸʈɻ ï ʩʦʙʳʪʠʝ ʋʩʪʴ-ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʵʧʠʮʝʥʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ɺɸʅ ï ʩʦʙʳʪʠʝ 

ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʛʦ ʵʧʠʮʝʥʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 
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Fig. 4. Diagrams of ORP variations in January 1ï7, 2026, in groundwater at station 9 (a) and station 

184 (ʙ) in comparison with temperature variations in groundwater at the same stations (ʚ, ʛ). To illustrate 

the segments of high-frequency electrochemical oscillations associated with magnetospheric disturb-

ances, a diagram of pH records at station 9 for January 4ï7 (ʜ) is additionally provided. Panel ʜ indicates 

the boundaries of five segments with changing pH oscillations caused by magnetospheric disturbances. 

From here on, information on BRS earthquakes is given in local time, adjusted relative to the website 

data (Mapé, 2025). ʋɹɸʈɻ ï event of the Ust-Barguzin epicentral earthquake cluster, ɺɸʅ ï event of 

the Verkhnyaya-Angara epicentral earthquake cluster. 

ɸʥʘʣʠʟ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʨʷʜʦʚ 
ʆɺʇ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʩ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ 

01 ï 07 ʷʥʚʘʨʷ: ʚʦʟʤʫʱʝʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ 
ʚʳʟʳʚʘʶʪ ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʝʤʥʦʡ 
ʢʦʨʳ, ʥʘʯʠʥʘʝʪʩʷ ʤʝʩʷʯʥʳʡ ʠʥʪʝʨʚʘʣ 

ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ 
ʚʦʩʪʦʢʝ ʠ ʚ ʮʝʥʪʨʝ ɹʈʉ 

ɺ ʥʘʯʘʣʝ 2026 ʛ. ʧʨʦʠʩʭʦʜʠʪ ʩʝʡʩʤʠʯʝʩʢʘʷ 

ʧʝʨʝʩʪʨʦʡʢʘ. ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ʥʘ ʚʦʩʪʦʢʝ ʠ ʚ ʮʝʥʪʨʝ ɹʈʉ ʥʘʯʠʥʘ-

ʝʪʩʷ ʩ ʩʦʙʳʪʠʷ ʚ ʋʩʪʴ-ɹʘʨʛʫʟʠʥʩʢʦʤ ʢʣʘʩʪʝʨʝ 

(ʋɹɸʈ) 05 ʷʥʚʘʨʷ (ʂ=9.9). 

ɺ ʟʘʧʠʩʷʭ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚʨʝʤʝʥ-

ʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 01ï07 ʷʥʚʘʨʷ ʩʦʭʨʘʥʷʝʪʩʷ 

ʪʨʠʛʛʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʝʤʥʫʶ ʢʦʨʫ ɹʈʉ 

ʚʦʟʤʫʱʝʥʠʡ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʩ ʧʨʦʚʦ-

ʮʠʨʦʚʘʥʠʝʤ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʣʘʙʘʷ 

ʤʘʛʥʠʪʥʘʷ ʙʫʨʷ 02ï03 ʷʥʚʘʨʷ ʥʝ ʚʣʝʯʝʪ ʟʘ ʩʦ-

ʙʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʦ ʚʳʨʘʞʘʝʪʩʷ ʥʘ ʩʪ. 9 ʚ 

ʛʣʫʙʦʢʦʤ ʤʠʥʠʤʫʤʝ ʆɺʇ ʚ ʥʦʯʴ ʩ 04 ʥʘ 05 

ʷʥʚʘʨʷ (ʨʠʩ. 4). 05 ʷʥʚʘʨʷ ʚ ʧʦʣʜʝʥʴ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʩʣʘʙʦʝ ʚʦʟʤʫʱʝʥʠʝ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʩʣʘʙʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 

ʋɹɸʈ ʚ ʋʩʪʴ-ɹʘʨʛʫʟʠʥʩʢʦʤ ʢʣʘʩʪʝʨʝ (ʂ=9.9). 

ʄʘʛʥʠʪʦʩʬʝʨʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 05 ʷʥʚʘʨʷ ʚʳ-

ʨʘʞʘʝʪʩʷ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʟʘ-

ʧʠʩʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9, ʨʘʟ-

ʜʝʣʷʶʱʠʭʩʷ ʥʘ 2 ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ: 1) ʩ 

15 ʯ. 05 ʷʥʚʘʨʷ ʜʦ 12ï14 ʯ. 06 ʷʥʚʘʨʷ ʠ 2) ʩ 14 

ʯ. 06 ʷʥʚʘʨʷ ʜʦ 12 ʯ. 07 ʷʥʚʘʨʷ. ʇʝʨʝʩʪʨʦʡʢʘ 

ʚ ʭʘʨʘʢʪʝʨʝ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʧʝʨ-

ʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʢʦ ʚʪʦʨʦʤʫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ (ɺɸʅ). 

ʉʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʚʳ-

ʟʚʘʥʥʳʭ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʤʘʛʥʠʪʦʩʬʝʨʥʳʤʠ ʷʚ-

ʣʝʥʠʷʤʠ, ʜʝʪʘʣʴʥʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʟʘʧʠʩʠ ʨʅ ʩʪ. 

9. ʇʦ ʚʨʝʤʝʥʥʦʡ ʩʤʝʥʝ ʭʘʨʘʢʪʝʨʘ ʚʘʨʠʘʮʠʡ 

ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ 04ï07 ʷʥʚʘʨʷ ʦʙʦʟʥʘʯʘʶʪʩʷ 

ʛʨʘʥʠʮʳ ʧʷʪʠ ʦʪʨʝʟʢʦʚ: I ï ʚʳʩʦʢʠʡ ʤʘʢʩʠ-

ʤʫʤ (ʟʥʘʯʝʥʠʷ ʨʅ ʤʝʥʷʶʪʩʷ ʦʪ 6.42 ʜʦ 6.67), 

ʧʝʨʝʭʦʜʷʱʠʡ ʚ ʤʘʣʳʡ ʤʘʢʩʠʤʫʤ (ʟʥʘʯʝʥʠʷ 

ʨʅ ʤʝʥʷʶʪʩʷ ʦʪ 6.45 ʜʦ 6.52) 04ï05 ʷʥʚʘʨʷ; II 

ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ (ʦʜʥʦ ʧʦʣʥʦʝ 

ʢʦʣʝʙʘʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʟʘ 1 ʯ.) ʩ ʟʘʤʝʪʥʦʡ 

ʘʤʧʣʠʪʫʜʦʡ (ʘʤʧʣʠʪʫʜʘ ʨʅ=~0.1) ʥʘ ʥʠʩʭʦ-

ʜʷʱʝʡ ʢʨʠʚʦʡ ʤʘʣʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʥʦʯʴ ʩ 05 

ʥʘ 06 ʷʥʚʘʨʷ; III  ï ʢʦʣʝʙʘʥʠʷ ʩ ʪʘʢʦʡ ʞʝ ʯʘ-

ʩʪʦʪʦʡ (ʦʢʦʣʦ 1 ʯ.), ʥʦ ʩ ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ 

(ʘʤʧʣʠʪʫʜʘ ʨʅ=~0.03) ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ 06 ʷʥ-

ʚʘʨʷ; IV ï ʥʝʙʦʣʴʰʦʡ ʤʘʢʩʠʤʫʤ, ʦʩʣʦʞʥʝʥ-

ʥʳʡ ʢʦʣʝʙʘʥʠʷʤʠ ʧʦʩʣʝ ʦʙʝʜʘ 06 ʷʥʚʘʨʷ ʠ V 

ï ʯʘʩʪʳʝ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʢʦʣʝʙʘʥʠʷ (ʦʜʥʦ 

ʧʦʣʥʦʝ ʢʦʣʝʙʘʥʠʝ ʦʪ 22 ʜʦ 32 ʤʠʥ) ʚ ʚʝʯʝʨʥʠʝ 

ʯʘʩʳ 06 ʷʥʚʘʨʷ ʜʦ ʧʦʣʫʜʥʷ 07 ʷʥʚʘʨʷ (ʨʠʩ. 

4ʜ). 

ɺ ʟʘʧʠʩʷʭ ʆɺʇ ʩʪ. 9 ʨʘʟʣʠʯʘʝʪʩʷ ʚʨʝʤʝʥ-

ʥʦʡ ʦʪʨʝʟʦʢ ʢʨʫʧʥʦʘʤʧʣʠʪʫʜʥʳʭ ʚʘʨʠʘʮʠʡ 

ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ 03ï05 ʷʥʚʘʨʷ ʠ ʦʪʨʝʟʦʢ ʩʦ-

ʢʨʘʱʝʥʥʳʭ ʘʤʧʣʠʪʫʜ 05ï07 ʷʥʚʘʨʷ. ʇʦʩʣʝ 

ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʩ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʝʤ ʋɹɸʈɻ 05 ʷʥʚʘʨʷ ʦʙʨʘʟʫʝʪʩʷ ʥʝʙʦʣʴ-

ʰʦʡ ʤʠʥʠʤʫʤ ʆɺʇ, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʆɺʇ. ʕʪʠ ʢʦʣʝ-

ʙʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʨʝʟʢʫ II ʟʘʧʠʩʝʡ ʨʅ 

ʧʨʠ ʩʭʦʜʥʦʡ ʯʘʩʪʦʪʝ (ʦʢʦʣʦ 1 ʯ.). 

ʇʦʜʦʙʥʘʷ ʯʘʩʪʦʪʥʦ-ʘʤʧʣʠʪʫʜʥʘʷ ʜʠʬʬʝ-

ʨʝʥʮʠʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʟʝʤʥʦʡ 

ʢʦʨʳ ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ ʥʘ ʩʪ. 9 ʩ 20 ʜʦ 27 ʤʘʨʪʘ 

2024 ʛ. ʚ ʚʠʜʝ ʩʝʨʠʠ ʠʤʧʫʣʴʩʦʚ, ʩʦʚʧʘʜʘʚʰʠʭ 

ʧʦ ʚʨʝʤʝʥʠ ʩ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ ʠ ʟʘʧʘʟʜʳ-

ʚʘʶʱʠʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʭ. ʉʝʨʠʷ ʥʘʯʠʥʘ-

ʣʘʩʴ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʬʦʥʘ, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʆɺʇ-ʤʠʥʠʤʫʤʳ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʘʤʧʣʠ-

ʪʫʜʘ ʆɺʇ-ʤʠʥʠʤʫʤʦʚ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 138 ʤɺ. 

ɺʘʨʠʘʮʠʠ ʆɺʇ ʦʙʲʷʩʥʷʣʠʩʴ ʚʣʠʷʥʠʝʤ ʥʝ 

ʪʦʣʴʢʦ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʥʦ ʠ ʠʭ ʩʦʯʝʪʘʥʠʝʤ ʩ 

ʩʠʟʠʛʠʡʥʳʤ ʣʫʥʥʦ-ʩʦʣʥʝʯʥʳʤ ʧʨʠʣʠʚʦʤ 
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(ʏʝʙʳʢʠʥ ʠ ʜʨ., 2024). ʂʦʣʝʙʘʥʠʷ ʆɺʇ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʥʘʯʘʣʘ 

ʷʥʚʘʨʷ 2026 ʛ. ʧʨʦʷʚʣʷʶʪʩʷ ʛʦʨʘʟʜʦ ʩʣʘʙʝʝ, 

ʯʝʤ ʚ ʤʘʨʪʝ 2024 ʛ., ʥʦ ʚʝʩʴʤʘ ʦʪʯʝʪʣʠʚʦ ʚʳ-

ʨʘʞʘʶʪʩʷ ʚ ʚʘʨʠʘʮʠʷʭ ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

08 ï 14 ʷʥʚʘʨʷ: ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ 
ʢʦʥʪʨʦʣʷ ʚʦʟʤʫʱʝʥʠʷʤʠ ʤʘʛʥʠʪʦʩʬʝʨʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʩ 
ʚʦʟʨʘʩʪʘʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ 

ʩʦʙʳʪʠʡ 

ʊʨʠʛʛʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʝʤʥʫʶ ʢʦʨʫ 

ɹʈʉ ʚʦʟʤʫʱʝʥʠʝʤ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʩ 

ʧʨʦʚʦʮʠʨʦʚʘʥʠʝʤ ʩʣʘʙʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʦ-

ʭʨʘʥʷʝʪʩʷ ʚ ʥʘʯʘʣʝ ʟʘʧʠʩʝʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ 08 ʷʥʚʘʨʷ. ʋʪʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʝ ʍʋ (ʂ=10.8) ʚ ʍʫʙʩʫʛʫʣʴʩʢʦʤ ʘʬʪʝʨ-

ʰʦʢʦʚʦʤ ʢʣʘʩʪʝʨʝ ʥʘ ʟʘʧʘʜʝ ɹʈʉ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʩ ʤʘʛʥʠʪʦʩʬʝʨʥʳʤ ʚʦʟʤʫʱʝʥʠʝʤ. 

ʕʪʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʦʜʲʝʤ 

ʆɺʇ ʩʪ. 9 ʦʪ 338 ʜʦ 352 ʤɺ ʩ ʩʝʨʝʜʠʥʳ ʧʨʝʜ-

ʰʝʩʪʚʫʶʱʝʡ ʥʝʜʝʣʠ. ɺ ʭʦʜʝ ʧʦʜʲʝʤʘ ʆɺʇ, 

05 ʠ 06 ʷʥʚʘʨʷ, ʤʘʛʥʠʪʥʦʡ ʙʫʨʝʡ ʚʳʟʳʚʘʶʪʩʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʋʩʪʴ-ɹʘʨʛʫʟʠʥʩʢʦʝ ʠ 

ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʋɹɸʈɻ, 

ʂ=9.9; ɺɸʅ, ʂ=10.9) (ʩʤ. ʨʠʩ. 4). ɿʝʤʣʝʪʨʷʩʝ-

ʥʠʝ ʍʋ (ʂ=10.8) 08 ʷʥʚʘʨʷ ʦʪʚʝʯʘʝʪ ʤʘʢʩʠ-

ʤʫʤʫ ʆɺʇ, ʦʪ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʪʝʧʝʥ-

ʥʦʝ ʩʥʠʞʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʨʦʜʦʣʞʘʶ-

ʱʝʝʩʷ ʚʩʶ ʥʝʜʝʣʶ. ʂ ʢʦʥʮʫ ʥʝʜʝʣʠ ʆɺʇ 

ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 340 ʤɺ, ʢʦʪʦʨʦʝ ʨʝ-

ʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 03ï

05 ʷʥʚʘʨʷ. ʇʦʣʫʯʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: 

ʥʠʟʢʦʝ ʆɺʇ 03ï05 ʷʥʚʘʨʷ ï ʧʦʚʳʰʝʥʠʝ ʆɺʇ 

(ʥʘʨʘʩʪʘʥʠʝ ʩʞʘʪʠʷ ʟʝʤʥʦʡ ʢʦʨʳ) ʩ ʩʝʨʠʝʡ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʋɹɸʈɻŸɺɸʅŸʍʋ, ʥʘʯʠʥʘʷ 

ʩ 05 ʷʥʚʘʨʷ ʩ ʚʳʭʦʜʦʤ ʥʘ ʤʘʢʩʠʤʫʤ ʆɺʇ ʠ 

ʬʠʥʘʣʴʥʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʩʝʨʠʠ ʍʋ 08 ʷʥ-

ʚʘʨʷ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ɺɸʅ 06 ʷʥʚʘʨʷ ʠ ʍʋ 08 

ʷʥʚʘʨʷ ʦʙʦʟʥʘʯʘʶʪ ʢʨʘʪʢʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʵʥʝʨʛʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʟʘʧʘʜʝ ʠ ʚʦʩʪʦʢʝ 

ɹʈʉ (ʂ ʟʘʧʘʜʘ å ʂ ʚʦʩʪʦʢʘ), ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ ʩʝʨʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʚʦʩʪʦʢʘ ʩʥʠʞʘʝʪʩʷ ʜʦ ʠʥʪʝʨʚʘʣʘ ʂ=9.6ï10.4, 

ʘ ʦʜʠʥʦʯʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ɹʋʉ ʥʘ ʟʘʧʘʜʝ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 11.3 (ʩʤ. ʨʠʩ. 1). 

ʅʘ ʨʠʩ. 5ʘ ʩʝʨʠʷ ʯʝʪʳʨʝʭ ʩʦʙʳʪʠʡ ʉɹ 13ï

14 ʷʥʚʘʨʷ ʧʨʝʜʰʝʩʪʚʫʝʪ ʦʜʠʥʦʯʥʦʤʫ ʩʦʙʳ-

ʪʠʶ ɹʋʉ 14 ʷʥʚʘʨʷ. ʕʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝ ʩʦ-

ʧʨʦʚʦʞʜʘʶʪʩʷ ʚʦʟʤʫʱʝʥʠʷʤʠ ʤʘʛʥʠʪʦ-

ʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʰʝʩʪʚʫʶʪ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷʤ 11ï13 ʷʥʚʘʨʷ. ʊʝʧʝʨʴ ʤʘʛʥʠʪʥʘʷ ʙʫʨʷ 

ʚʳʟʳʚʘʝʪ ʟʘʧʦʟʜʘʣʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 13ï14 

ʷʥʚʘʨʷ, ʧʨʠʯʝʤ ʦʥʘ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʚ ʥʘʣʦʞʝʥ-

ʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚ ʟʘʧʠʩʷʭ 

ʆɺʇ, ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʣʫʯʝʥ-

ʥʳʭ ʟʘʧʠʩʝʡ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʷʚʣʝʥʠʡ ʩʧʝ-

ʮʠʬʠʢʘ ʩʦʦʪʥʦʰʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʵʣʝʢʪʨʦʭʠ-

ʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʧʘʨʘʤʝʪʨʦʚ, ʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʝʥʷʝʪʩʷ ʧʦʩʣʝ ʢʨʘʪ-

ʢʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ 

ʟʘʧʘʜʝ ʠ ʚʦʩʪʦʢʝ ɹʈʉ 06ï08 ʷʥʚʘʨʷ. 
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ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 08ï14 ʷʥʚʘʨʷ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) 

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). ʍʋ ï ʩʦ-

ʙʳʪʠʝ ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ ʘʬʪʝʨʰʦʢʦʚʦʛʦ ʢʣʘʩʪʝʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ; ʉɹ ï ʩʦʙʳʪʠʝ ʵʧʠʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʣʘʩʪʝʨʘ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 15 ʷʥʚʘʨʷ 2024 ʛ.; ɹʋʉ ï ʩʦʙʳʪʠʝ ɹʫʩʠʡʥʦʛʦʣʴ-

ʩʢʦʛʦ ʵʧʠʮʝʥʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

Fig. 5. Diagrams of ORP variations on October 24ï30 in groundwater of station 9 (a) and station 184 

(ʙ) in comparison with temperature variations in groundwater of the same stations (ʚ, ʛ). ʍʋ ï Khovsgol 

(cluster of aftershocks), ʉɹ ï epicentral cluster of the North Baikal earthquake of January 15, 2024; 

ɹʋʉ ï Busiinogol epicentral earthquake cluster event. 

15 ï 21 ʷʥʚʘʨʷ: ʧʨʦʠʩʭʦʜʠʪ ʩʠʣʴʥʝʡʰʘʷ 
ʤʘʛʥʠʪʥʘʷ ʙʫʨʷ ʪʝʢʫʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ 
ʮʠʢʣʘ ʠ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ ʨʝʘʣʠʟʫʶʪʩʷ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʫʤʝʨʝʥʥʦʡ ʩʠʣʳ 

ʅʘ ʵʪʦʡ ʥʝʜʝʣʝ ʧʨʦʜʦʣʞʘʶʪʩʷ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʷ ʚ ʢʣʘʩʪʝʨʝ ʩʝʚʝʨʘ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʭʨʝʙʪʘ 
(ʉɹ) ʚʦʩʪʦʢʘ ɹʈʉ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʝ ʚ ʢʦʥʮʝ 
ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʥʝʜʝʣʠ (13ï14 ʷʥʚʘʨʷ). 16 
ʷʥʚʘʨʷ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʘʙʦʝ ʩʦʙʳʪʠʝ (ʂ=10.4), 

19 ʷʥʚʘʨʷ ï ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʫʤʝʨʝʥʥʦʡ ʩʠʣʳ 
(ʂ=12.4) ʠ 20 ʷʥʚʘʨʷ ï ʝʱʝ ʜʚʘ ʩʣʘʙʳʭ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʷ (ʂ=9.8 ʠ 9.9). ʕʪʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ 
ʩʦʧʫʪʩʪʚʫʶʪ ʩʣʘʙʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʚ 
ʮʝʥʪʨʝ ɹʈʉ: 16 ʠ 17 ʷʥʚʘʨʷ ʚ ʟʘʣʠʚʝ ʇʨʦʚʘʣ 
(ʂ= 9.5 ʠ 10.2) ʠ 20 ʷʥʚʘʨʷ ï ʚ ʨʘʡʦʥʝ ʂʷʭʪʳ 
(ʂ=9.6). ɿʝʤʣʝʪʨʷʩʝʥʠʝ ɹʋʉ ʢʦʥʮʘ ʧʨʦʰʝʜ-
ʰʝʡ ʥʝʜʝʣʠ (ʂ=11.3) ʥʘ ʟʘʧʘʜʝ ɹʈʉ ʥʝ ʠʤʝʝʪ 
ʧʨʦʜʦʣʞʝʥʠʷ (ʨʠʩ. 6). 
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ʋʤʝʨʝʥʥʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ɹʋʉ (ʂ=11.3) 
ʠ ʉɹ (ʂ=12.4) ʚ ʟʘʧʠʩʷʭ ʩʪ. 9 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
ʜʣʠʥʥʦ-ʧʝʨʠʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʆɺʇ ʩ ʟʘʤʝʪ-
ʥʦʡ ʘʤʧʣʠʪʫʜʦʡ (ʦʪ 342 ʜʦ 352 ʤɺ) ʙʝʟ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ ɹʋʉ 
(ʂ=11.3) ʢʦʥʮʘ ʧʨʦʰʝʜʰʝʡ ʥʝʜʝʣʠ ʧʨʦʠʩʭʦ-
ʜʠʪ 14 ʷʥʚʘʨʷ ʧʝʨʝʜ ʧʨʦʢʘʯʢʦʡ ʩʢʚʘʞʠʥʳ ʩʪ. 
9, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʆɺʇ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. 
ɽʩʣʠ ʙʳ ʧʨʦʢʘʯʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʥʴʰʝ, ʩʢʘ-
ʯʦʢ ʆɺʇ ʤʦʛ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʚʦ ʚʨʝʤʷ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʡ ʉɹ ʠ ɹʋʉ. ʇʦʜʲʝʤ ʆɺʇ ʧʦʜʟʝʤʥʳʭ 
ʚʦʜ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʩʝʡʩʤʦʛʝʥʥʳʤʠ ʜʝʬʦʨ-
ʤʘʮʠʷʤʠ ʟʝʤʥʦʡ ʢʦʨʳ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʉɹ 
(ʂ=12.4) ʧʨʦʠʩʭʦʜʠʪ 19 ʷʥʚʘʨʷ ʧʦʩʣʝ ʧʨʦ-
ʢʘʯʢʠ ʩʢʚʘʞʠʥʳ ʩʪ. 9, ʚʳʟʳʚʘʶʱʝʡ ʨʝʟʢʠʡ 
ʧʦʜʲʝʤ ʆɺʇ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʩʝʡʩʤʦʛʝʥʥʳʤʠ ʜʝʬʦʨʤʘ-
ʮʠʷʤʠ ʟʝʤʥʦʡ ʢʦʨʳ. 
ʄʘʛʥʠʪʥʘʷ ʙʫʨʷ 17 ʷʥʚʘʨʷ ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʜʚʫʤʷ ʤʠʥʠʤʫʤʘʤʠ ʆɺʇ ʩʪ. 9, ʘ ʩʣʘʙʦʝ ʚʦʟ-
ʙʫʞʜʝʥʠʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʥʦʯʴ ʩ 17 ʥʘ 18 ʷʥ-
ʚʘʨʷ ï ʟʘʧʘʟʜʳʚʘʶʱʠʤ ʤʠʥʠʤʫʤʦʤ ʆɺʇ 
ʵʪʦʡ ʩʪʘʥʮʠʠ ʧʦʩʣʝ ʦʙʝʜʘ 18 ʷʥʚʘʨʷ. ʄʝʞʜʫ 
ʪʝʤ, ʩʠʣʴʥʝʡʰʘʷ ʤʘʛʥʠʪʥʘʷ ʙʫʨʷ 20ï21 ʷʥ-
ʚʘʨʷ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʚ ʢʘʢʠʭ-ʣʠʙʦ ʟʥʘʯʠʪʝʣʴ-
ʥʳʭ ʤʠʥʠʤʫʤʘʭ ʟʘʧʠʩʝʡ ʆɺʇ, ʢʦʪʦʨʳʝ 
ʠʤʝʣʠ ʤʝʩʪʦ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʷʥʚʘʨʷ (ʩʤ. 
ʨʠʩ. 4ï5). ʉ ʚʭʦʞʜʝʥʠʝʤ ʟʝʤʥʦʡ ʢʦʨʳ ɹʈʉ ʚ 
ʨʝʞʠʤ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʩʝʡʩʤʦʛʝʥʥʳʭ 
ʜʝʬʦʨʤʘʮʠʡ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʝ ʤʘʛ-
ʥʠʪʥʦʡ ʙʫʨʠ ʧʦʜʘʚʣʷʝʪʩʷ. 

 

ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 15ï21 ʷʥʚʘʨʷ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) 

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). ʍʋ ï ʩʦ-

ʙʳʪʠʝ ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ ʘʬʪʝʨʰʦʢʦʚʦʛʦ ʢʣʘʩʪʝʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ; ʇʈʆɺɸʃ ʠ ʂʗʍʊɸ ï ʩʦʙʳʪʠʷ 

ʟʘʣʠʚʘ ʇʨʦʚʘʣ ʠ ʨʘʡʦʥʘ ʂʷʭʪʳ ʚ ʮʝʥʪʨʝ ɹʈʉ. 
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Fig. 6. Diagrams of ORP variations on January 15ï21, 2026, in groundwater at station 9 (a) and station 

184 (ʙ) in comparison with temperature variations in groundwater at the same stations (ʚ, ʛ). ʍʋ ï event 

of the Hovsgol aftershock cluster of earthquakes; ʇʈʆɺɸʃ and ʂʗʍʊɸ ï events of Proval Bay and 

the Kyakhta region in the central BRS. 

22 ï 28 ʷʥʚʘʨʷ: ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʚʦʩʪʦʢʝ 
ɹʈʉ ʧʨʦʜʦʣʞʘʶʪʩʷ, 26 ʷʥʚʘʨʷ ʦʙʨʘʟʫʝʪʩʷ 
ʩʪʫʧʝʥʴ ʩʥʠʞʝʥʠʷ ʆɺʇ ʚʩʣʝʜʩʪʚʠʝ 

ʣʝʜʦʩʪʘʚʘ 

ʆʩʥʦʚʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦ-

ʧʨʝʞʥʝʤʫ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴ-

ʩʢʦʤ ʢʣʘʩʪʝʨʝ (ʉɹ). 22 ʷʥʚʘʨʷ ʪʨʠ ʩʣʘʙʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʂ=9.6ï10.4) ʨʝʘʣʠʟʫʶʪʩʷ 

ʟʜʝʩʴ ʚ ʫʩʣʦʚʠʷʭ ʩʞʘʪʠʷ. ʇʦʟʞʝ ʫʩʪʘʥʘʚʣʠʚʘ-

ʶʪʩʷ ʩʝʡʩʤʦʛʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʨʘʩʪʷʞʝʥʠʷ. 

ʂʨʦʤʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʉɹ, ʧʨʦʠʩʭʦʜʠʪ ʩʣʘʙʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʊʘʢʩʠʤʦ ʩ ʧʦʚʳʰʝʥʥʳʤ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ (ʊɸ, ʂ=11.8) ʚ ʩʫʙʰʠ-

ʨʦʪʥʦʡ ʈʝʣʴ-ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʡ ʚʝʪʚʠ ʫʛʣʦ-

ʚʦʡ ʟʦʥʳ ʚʦʩʪʦʢʘ ɹʈʉ. ɺ ʢʦʥʮʝ ʠʥʪʝʨʚʘʣʘ, 28 

ʷʥʚʘʨʷ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʝʨʝʭʦʜʠʪ 

ʠʟ ʫʛʣʦʚʦʡ ʟʦʥʳ ʚʦʩʪʦʢʘ ɹʈʉ ʚ ʩʫʙʰʠʨʦʪʥʫʶ 

(ʗʤʙʫʡʩʢʫʶ) ʚʝʪʚʴ ʫʛʣʦʚʦʡ ʟʦʥʳ ʮʝʥʪʨʘ ɹʈʉ 

ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʩʥʘʯʘʣʘ ï ʩʦʙʳʪʠʷ ʉʫʚʦ 

(ʉʋɺʆ), ʘ ʟʘʪʝʤ ï ʩʦʙʳʪʠʷ ɹʘʛʜʘʨʠʥ (ɹɸɻɼ). 

ɺ ʨʘʡʦʥʝ ʂʫʣʪʫʢʘ ʥʘ ʦʟ. ɹʘʡʢʘʣ ʣʝʜ ʚʩʪʘʝʪ 

18 ʷʥʚʘʨʷ (ʥʘʙʣʶʜʝʥʠʷ ʘʚʪʦʨʦʚ). ʇʦʩʣʝ ʧʨʦ-

ʢʘʯʢʠ ʩʢʚ. ʩʪ. 9 ʟʥʘʯʝʥʠʝ ʆɺʇ ʩʦʩʪʘʚʣʷʝʪ 

ʤʘʢʩʠʤʫʤ 352 ʤɺ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʆɺʇ ʚ ʦʙ-

ʱʝʤ ʩʥʠʞʘʝʪʩʷ, ʭʦʪʷ ʢʘʢʠʭ-ʣʠʙʦ ʦʩʦʙʳʭ ʵʬ-

ʬʝʢʪʦʚ, ʧʦʜʦʙʥʳʭ ʵʬʬʝʢʪʘʤ ʣʝʜʦʩʪʘʚʘ ʜʚʫʭ 

ʧʨʦʰʝʜʰʠʭ ʣʝʪ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 26 

ʷʥʚʘʨʷ. ɺ ʵʪʦʪ ʜʝʥʴ, ʚ 05 ʯ. 51 ʤʠʥ. ʢʨʠʚʘʷ 

ʆɺʇ ʨʝʟʢʦ ʠʜʝʪ ʚʥʠʟ ʦʪ ʟʥʘʯʝʥʠʷ ʆɺʇ=343 

ʤɺ. ʇʘʜʝʥʠʝ ʆɺʇ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 12 ʯ. 30 

ʤʠʥ. ʆʙʨʘʟʫʝʪʩʷ ʤʠʥʠʤʫʤ ʩʦ ʟʥʘʯʝʥʠʝʤ ʆɺʇ 

= 315 ʤɺ. ʇʨʦʢʘʯʢʘ ʩʢʚʘʞʠʥʳ ʦʢʦʣʦ 18 ʯ. ʥʝ 

ʚʝʜʝʪ ʢ ʧʦʜʲʝʤʫ ʆɺʇ. ʇʦʩʣʝ ʥʝʙʦʣʴʰʦʛʦ ʤʠ-

ʥʠʤʫʤʘ ʤʝʜʣʝʥʥʦʝ ʧʘʜʝʥʠʝ ʆɺʇ ʧʨʦʜʦʣʞʘ-

ʝʪʩʷ (ʨʠʩ. 7). 

29 ʷʥʚʘʨʷ ï 04 ʬʝʚʨʘʣʷ: ʟʘʚʝʨʰʘʝʪʩʷ 
ʤʝʩʷʯʥʳʡ ʠʥʪʝʨʚʘʣ ʫʛʣʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʚʦʩʪʦʢʝ 
ʠ ʚ ʮʝʥʪʨʝ ɹʈʉ 

ʇʦʩʣʝʜʥʠʝ ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʝʩʷʯ-

ʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ ʥʘ ʚʦʩʪʦʢʝ ʠ ʚ ʮʝʥʪʨʝ ɹʈʉ ʧʨʦʠʩ-

ʭʦʜʷʪ 29 ʷʥʚʘʨʷ (ʢʣʘʩʪʝʨ ʉɹ ʥʘ ʚʦʩʪʦʢʝ) ʠ 31 

ʷʥʚʘʨʷ (ʟʝʤʣʝʪʨʷʩʝʥʠʝ ɸʂɸɼ ʚ ʮʝʥʪʨʝ). ʉʣʝ-

ʜʫʶʱʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʝʩʷ ʥʘ 

ʟʘʧʘʜʝ ʚ ɹʫʩʠʡʥʛʦʣʴʩʢʦʤ ʢʣʘʩʪʝʨʝ (ɹʋʉ) 01 

ʬʝʚʨʘʣʷ ʠ ʚ ʮʝʥʪʨʝ 02 ʬʝʚʨʘʣʷ (ɼɽʃ) ʩʣʝʛʢʘ 

ʩʤʝʱʘʶʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ ʣʠʥʠʠ ɹʋʉï

ʍʋ ʟʘʧʘʜʘ ʠ ʦʪ ʫʛʣʦʚʦʡ ʟʦʥʳ ʮʝʥʪʨʘ. ʏʝʨʝʜʫ-

ʶʪʩʷ ʩʝʡʩʤʦʛʝʥʥʳʝ ʦʙʩʪʘʥʦʚʢʠ ʩʞʘʪʠʷ (ʉɹ, 

ɹʋʉ) ʠ ʨʘʩʪʷʞʝʥʠʷ (ɸʂɸɼ, ɼɽʃ). ʉʝʡʩʤʠʯʝ-

ʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘʯʠʥʘʝʪ ʤʝʥʷʪʴʩʷ ʤʝʞʜʫ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ 31 ʷʥʚʘʨʷ ʠ 1 ʬʝʚʨʘʣʷ. 

29 ʷʥʚʘʨʷ ʧʨʦʠʩʭʦʜʠʪ ʩʣʘʙʘʷ ʤʘʛʥʠʪʥʘʷ 

ʙʫʨʷ (ʂʨ=5.2), ʪʨʠʛʛʝʨʥʦʝ ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʡ 

ʥʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝ ʦʯʝʚʠʜʥʦ. ʅʝʙʦʣʴʰʠʝ 

ʢʦʣʝʙʘʥʠʷ ʆɺʇ ʩʪ. 9 30 ʷʥʚʘʨʷ ʠ 02 ʬʝʚʨʘʣʷ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ ʣʝʜʦ-

ʚʦʛʦ ʧʦʢʨʦʚʘ ʦʟ. ɹʘʡʢʘʣ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʆɺʇ ʢʦʣʝ-

ʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʅ (ʛʨʘʬʠʢ ʥʝ ʧʦʢʘʟʘʥ). 

ʀʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʝʨʝʛ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ 

ʦʟʝʨʘ, ʥʘʯʘʚʰʝʛʦʩʷ 19 ʷʥʚʘʨʷ ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʆɺʇ=352 ʤɺ, ʤʝʜʣʝʥʥʦʝ ʧʘʜʝʥʠʝ ʆɺʇ ʧʨʦ-

ʜʦʣʞʘʝʪʩʷ ʠ 3 ʬʝʚʨʘʣʷ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 

302 ʤɺ (ʨʠʩ. 8). 
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ʈʠʩ. 7. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 22ï28 ʷʥʚʘʨʷ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) 

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). ʉʋɺʆ ʠ 

ɹɸɻɼ ï ʩʦʙʳʪʠʷ ʉʫʚʦ ʠ ʨʘʡʦʥʘ ɹʘʛʜʘʨʠʥʘ ʚ ʫʛʣʦʚʦʡ ʛʨʫʧʧʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʮʝʥʪʨʘ ɹʈʉ (ʰʠʨʦʪ-

ʥʘʷ ʚʝʪʚʴ). 

Fig. 7. Diagrams of ORP variations on January 22ï28, 2026, in groundwater at station 9 (a) and station 

184 (ʙ) in comparison with temperature variations in groundwater at the same stations (ʚ, ʛ). ʓʋɺʆ 

and ɹɸɻɼ are the events of Suvo and the Bagdarin region in the angular earthquake group of the BRS 

center (west-eastern branch). 
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ʈʠʩ. 8. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 29 ʷʥʚʘʨʷ ï 04 ʬʝʚʨʘʣʷ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ 

ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). 

ʉʋɺʆ ʠ ɹɸɻɼ ï ʩʦʙʳʪʠʷ ʉʫʚʦ ʠ ʨʘʡʦʥʘ ɹʘʛʜʘʨʠʥʘ ʚ ʫʛʣʦʚʦʡ ʛʨʫʧʧʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʮʝʥʪʨʘ ɹʈʉ 

(ʰʠʨʦʪʥʘʷ ʚʝʪʚʴ). 

Fig. 8. Diagrams of ORP variations from January 29 to February 4, 2026, in groundwater at station 9 

(a) and station 184 (ʙ) in comparison with temperature variations in groundwater at the same stations 

(ʚ, ʛ). ʉʋɺʆ and ɹɸɻɼ are the events of the Suvo and Bagdarin areas in the angular earthquake group 

of the BRS center (west-east branch). 

04 ï 11 ʬʝʚʨʘʣʷ: ʨʝʘʣʠʟʫʝʪʩʷ 
ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʂ=11 ʚ ʢʣʘʩʪʝʨʝ ʍʋ ʥʘ 

ʟʘʧʘʜʝ ɹʈʉ 

ɺ ʟʘʧʠʩʷʭ ʆɺʇ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚʣʠʷ-

ʥʠʷ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʟ. ɹʘʡʢʘʣ (ʢʨʦʤʝ ʩʪʫ-

ʧʝʥʠ ʦʙʱʝʛʦ ʩʥʠʞʝʥʠʷ ʆɺʇ 26 ʷʥʚʘʨʷ ʚʩʣʝʜ-

ʩʪʚʠʝ ʣʝʜʦʩʪʘʚʘ). ʉʝʡʩʤʠʯʝʩʢʠʭ ʦʪʢʣʠʢʦʚ ʥʘ 

ʩʣʘʙʳʝ ʚʦʟʤʫʱʝʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʥʝ ʥʘʙʣʶ-

ʜʘʝʪʩʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʟʘʧʘʜʝ ɹʈʉ, ʚ ʢʣʘ-

ʩʪʝʨʝ ʍʋ, ʧʨʦʠʩʭʦʜʠʪ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʧʦʚʳhʝʥʥʦʡ ʩʠʣʳ (ʂ=11). ʆʥʦ ʩʣʝʜʫʝʪ ʟʘ 

ʩʣʘʙʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ (ʂ=9.5): ʍʋ (25 

ʷʥʚʘʨʷ) ʠ ɹʋʉ (01 ʬʝʚʨʘʣʷ) (ʩʤ. ʨʠʩ. 1). 

ʇʨʦʢʘʯʢʘ ʩʢʚʘʞʠʥʳ ʩʪ. 9 ʧʝʨʝʜ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʝʤ ʍʋ 09 ʬʝʚʨʘʣʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝ-

ʩʪʚʝʥʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʆɺʇ (ʨʝʘʣʠʟʫʝʪʩʷ 

ʵʬʬʝʢʪ ʩʞʘʪʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ). ʅʘ 

ʩʪ. 184 ʧʨʦʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʆɺʇ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʍʋ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʭʦʜʫ 

ʆɺʇ ʠʟ ʤʠʥʠʤʫʤʘ ʥʘ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ. 
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ʈʠʩ. 9. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 05ï11 ʬʝʚʨʘʣʷ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) 

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). ʍʋ ï ʍʫ-

ʙʩʫʛʫʣ (ʢʣʘʩʪʝʨ ʘʬʪʝʨʰʦʢʦʚ). 

Fig. 9. Diagrams of ORP variations on February 05ï11 in groundwater of station 9 (a) and station 184 

(ʙ) in comparison with temperature variations in groundwater of the same stations (ʚ, ʛ). ʍʋ ï Khovsgol 

(cluster of aftershocks). 

12 ï 18 ʬʝʚʨʘʣʷ: ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʥʦʡ ʩʠʣʳ (ʂ=9.7ï10.0) 
ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʟʘʧʘʜʝ, ʚ ʮʝʥʪʨʝ ʠ ʥʘ 

ʚʦʩʪʦʢʝ ɹʈʉ 

ɺ ʟʘʧʠʩʷʭ ʆɺʇ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʦʙʥʘʨʫ-

ʞʠʚʘʝʪʩʷ ʚʣʠʷʥʠʷ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʟ. ɹʘʡ-

ʢʘʣ. ʇʨʦʢʘʯʢʘ ʩʢʚ. ʩʪ. 9 15 ʬʝʚʨʘʣʷ ʜʘʝʪ ʵʬ-

ʬʝʢʪ ʚʦʟʨʘʩʪʘʥʠʷ ʆɺʇ ʦʪ 307 ʜʦ 324 ʤɺ. ʈʝʟ-

ʢʠʡ ʧʦʜʲʝʤ ʟʥʘʯʝʥʠʡ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʪʨʘʞʘʝʪ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴ ʢʦʨʳ ʢ ʩʝʡʩʤʦ-

ʛʝʥʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ. ʇʦʜʦʙʥʦ ʪʘʢʦʤʫ ʞʝ 

ʩʦʩʪʦʷʥʠʶ ʧʨʦʰʝʜʰʝʡ ʥʝʜʝʣʠ ʩ ʍʫʙʩʫʛʫʣʴ-

ʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 09 ʬʝʚʨʘʣʷ (ʍʋ, ʂ=11), 

15 ʬʝʚʨʘʣʷ ʨʝʘʣʠʟʫʝʪʩʷ ɿʘʜʘʨʭʘʪʩʢʦʝ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝ (ɿɸɼʈ, ʂ=10.0). ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʥʘʯʘʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ, 12 ʬʝʚ-

ʨʘʣʷ, ʧʨʦʠʩʭʦʜʠʪ ɻʦʨʷʯʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʝ ʚ ʮʝʥʪʨʝ (ɻʆʈʗ, ʂ=9.9) ʠ ʙʣʠʞʝ ʢ ʢʦʥʮʫ 

ʠʥʪʝʨʚʘʣʘ, 17 ʬʝʚʨʘʣʷ, ï ʋʤʭʝʡʩʢʦʝ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝ ʥʘ ʚʦʩʪʦʢʝ (ʋʄʍɽʁ, ʂ=9.7). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʜʠʥʦʯʥʦʡ ʧʨʦʢʘʯʢʠ ʚ ʥʝ-

ʜʝʣʶ ʩʢʚ. ʩʪ. 9, ʧʨʦʢʘʯʢʘ ʩʢʚ. ʩʪ. 184 ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʢʘʞʜʳʡ ʜʝʥʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦ-

ʚʳʰʝʥʥʦʛʦ ʟʘʙʦʨʘ ʚʦʜʳ ʚ ʩʝʨʝʜʠʥʝ ʜʥʷ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ. 13 ʠ 14 ʬʝʚʨʘʣʷ ʚ 

ʥʦʯʥʳʝ ʠ ʫʪʨʝʥʥʠʝ ʯʘʩʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝ-

ʥʠʝ ʆɺʇ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʣʫʙʦʢʠʭ ʤʠʥʠʤʫ-

ʤʦʚ. ʇʨʦʢʘʯʢʘ 13 ʬʝʚʨʘʣʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʳ-

ʭʦʜ ʠʟ ʛʣʫʙʦʢʦʛʦ ʤʠʥʠʤʫʤʘ ʩ ʥʝʙʦʣʴʰʦʡ ʘʤ-

ʧʣʠʪʫʜʦʡ ʫʩʢʦʨʝʥʠʷ ʧʦʜʲʝʤʘ ʆɺʇ, ʪʦʛʜʘ ʢʘʢ 
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ʧʨʦʢʘʯʢʘ 14 ʬʝʚʨʘʣʷ ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʤʠʥʠ-

ʤʫʤʝ ʠ ʜʘʝʪ ʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʧʦʜʲʝʤʘ 

ʆɺʇ. ɻʣʫʙʦʢʠʝ ʤʠʥʠʤʫʤʳ ʆɺʇ 13 ʠ 14 ʬʝʚ-

ʨʘʣʷ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 184 ʦʙʦʟʥʘʯʘʶʪ 

ʩʦʩʪʦʷʥʠʝ ʫʩʠʣʠʚʰʝʛʦʩʷ ʨʘʩʪʷʞʝʥʠʷ ʧʦʜ 

ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ, ʤʝʞʜʫ 

ʩʦʩʪʦʷʥʠʷʤʠ ʝʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʠ ɻʆʈʗ 12 ʬʝʚʨʘʣʷ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ɿɸɼʈ 15 ʬʝʚʨʘʣʷ. ʉʦʩʪʦʷʥʠʝ ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʪʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʚʦ ʚʨʝʤʷ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ ʋʄʍɽʁ 17 ʬʝʚʨʘʣʷ. 

ɺ ʚʘʨʠʘʮʠʷʭ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 184 

ʠʤʝʶʪʩʷ ʪʨʠ ʧʠʢʘ: ʧʝʨʚʳʡ ï ʚ ʥʦʯʴ ʩ 12 ʥʘ 13 

ʬʝʚʨʘʣʷ (ʩ 22 ʯ. 14 ʤʠʥ. ʜʦ 23 ʯ. 52 ʤʠʥ.), 

ʚʪʦʨʦʡ ï ʫʪʨʦʤ ʪʦʛʦ ʞʝ ʜʥʷ (ʩ 09 ʯ. 24 ʤʠʥ. ʜʦ 

09 ʯ. 52 ʤʠʥ.), ʪʨʝʪʠʡ ï ʚ ʧʦʣʜʝʥʴ 18 ʬʝʚʨʘʣʷ 

(ʩ 12 ʯ. 00 ʤʠʥ. ʜʦ 12 ʯ. 42 ʤʠʥ.). ʇʦʜʦʙʥʳʝ 

ʧʠʢʠ ʆɺʇ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʝʞʜʝ 30 ʷʥʚʘʨʷ ʠ 3 

ʬʝʚʨʘʣʷ (ʩʤ. ʨʠʩ. 8). ʕʪʦ ʙʳʣʦ ʚʨʝʤʷ ʩʝʡʩʤʠ-

ʯʝʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʠ ʧʨʦʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ 

ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʟ. ɹʘʡʢʘʣ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʥʝʜʝʣʠ, ʚ 

ʢʦʪʦʨʫʶ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʍʋ ʥʝ ʩʦʚʧʘʜʘʣʦ ʧʦ 

ʚʨʝʤʝʥʠ ʩ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʥʘ 

ʪʝʢʫʱʝʡ ʥʝʜʝʣʝ ʪʘʢʦʝ ʩʦʚʧʘʜʝʥʠʝ ʥʘʤʝʯʘ-

ʝʪʩʷ. ɺʩʝ ʪʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʦʧʫʪʩʪʚʫʶʪ 

ʚʦʟʙʫʞʜʝʥʠʷʤ ʤʘʛʥʠʪʦʩʬʝʨʳ (ʨʠʩ. 10). 

 

 

ʈʠʩ. 10. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 12ï18 ʬʝʚʨʘʣʷ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 

(ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). ɿɸɼʈ 

ï ɿʘʜʘʨʭʘʪʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 10. Diagrams of ORP variations on February 12ï18 in groundwater of station 9 (a) and station 184 

(ʙ) in comparison with temperature variations in groundwater of the same stations (ʚ, ʛ). ɿɸɼʈ ï Za-

darkhat earthquake. 

19 ï 25 ʬʝʚʨʘʣʷ: ʨʝʘʣʠʟʫʶʪʩʷ ʩʣʘʙʳʝ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʂ=9.5ï9.9) ʥʘ ʚʦʩʪʦʢʝ ʠ ʚ 

ʮʝʥʪʨʝ ɹʈʉ, ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʤʘʛʥʠʪʥʦʡ 
ʙʫʨʝʡ 

ɺ ʟʘʧʠʩʷʭ ʆɺʇ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʦʙʥʘʨʫ-

ʞʠʚʘʝʪʩʷ ʚʣʠʷʥʠʷ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʟ. 
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ɹʘʡʢʘʣ. ʇʨʦʢʘʯʢʘ ʩʢʚ. ʩʪ. 9 19 ʬʝʚʨʘʣʷ ʧʨʠ-

ʚʦʜʠʪ ʣʠʰʴ ʢ ʩʣʘʙʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʆɺʇ ʦʪ 

308 ʜʦ 312 ʤɺ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʦʣʝʙʘʥʠʷ ʆɺʇ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʵʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʧʨʦʜʦʣ-

ʞʘʶʪʩʷ ʜʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʢʘʯʢʠ ʩʢʚʘʞʠʥʳ 23 

ʬʝʚʨʘʣʷ. ɺ ʵʪʦʪ ʨʘʟ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʟʘʤʝʪ-

ʥʳʡ ʧʦʜʲʝʤ ʆɺʇ (ʜʦ 327 ʤɺ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʣʘʚʥʳʤ ʩʥʠʞʝʥʠʝʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʟʘʧʠ-

ʩʝʡ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʥʝʜʝʣʴ. 

ɺ ʥʘʯʘʣʝ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 19ï23 ʬʝʚ-

ʨʘʣʷ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʟʘʧʠʩʷʤʠ ʆɺʇ (20 ʬʝʚ-

ʨʘʣʷ) ʧʨʦʠʩʭʦʜʠʪ ʩʣʘʙʦʝ ʋʤʭʝʡʩʢʦʝ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ (ʋʄʍɽʁ, ʂ=9.9), ʘ 

ʚ ʢʦʥʮʝ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ (22 ʠ 23 ʬʝʚʨʘʣʷ) ï 

ʜʚʘ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʮʝʥʪʨʝ (ʆʃʔʍ, 

ʂ=9.5; ʇʈʆɺɸʃ, ʂ=9.6). ɸʥʦʤʘʣʠʷ ʆɺʇ ʟʘ-

ʧʠʩʝʡ ʠʩʪʦʣʢʦʚʳʚʘʝʪʩʷ ʢʘʢ ʦʪʢʣʠʢ ʥʘ ʨʝʘʣʠ-

ʟʘʮʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ 

ʋʄʍɽʁ ʩʦʚʧʘʜʘʝʪ ʩ ʤʠʥʠʤʫʤʘʤʠ ʆɺʇ 

ʦʙʝʠʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʪʘʥʮʠʡ, ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʱʠʤʠ ʦ ʩʝʡʩʤʦʛʝʥʥʦʤ ʨʘʩʪʷʞʝʥʠʠ 

ʢʦʨʳ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʆʃʔʍ ʠ ʇʈʆɺɸʃ ʨʝʘ-

ʣʠʟʫʶʪʩʷ ʧʝʨʝʜ ʤʘʢʩʠʤʫʤʦʤ ʆɺʇ 23 ʬʝʚ-

ʨʘʣʷ ʩʪ. 9 ʠ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʫʧʝʥʠ ʆɺʇ 

ʩʪ. 184, ʯʪʦ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʣʦʚʠʷʤ 

ʩʞʘʪʠʷ ʢʦʨʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʝʣʴʟʷ ʥʝ ʦʪʤʝ-

ʪʠʪʴ ʩʦʚʧʘʜʝʥʠʝ ʜʚʫʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʮʝʥʪʨʘ 

ɹʈʉ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ (ʨʠʩ. 11). 

 

ʈʠʩ. 11. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 19ï25 ʬʝʚʨʘʣʷ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 

(ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). 

Fig. 10. Diagrams of ORP variations on February 19ï25 in groundwater of station 9 (a) and station 184 

(ʙ) in comparison with temperature variations in groundwater of the same stations (ʚ, ʛ). 
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26 ʬʝʚʨʘʣʷ ï 04 ʤʘʨʪʘ: ʧʨʦʠʩʭʦʜʠʪ ʩʣʘʙʦʝ 
ʦʜʠʥʦʯʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ʂ=9.9) ʚ ʮʝʥʪʨʝ 

ɹʈʉ 

ɺ ʟʘʧʠʩʷʭ ʆɺʇ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʦʙʥʘʨʫ-

ʞʠʚʘʝʪʩʷ ʚʣʠʷʥʠʷ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʟ. ɹʘʡ-

ʢʘʣ. ɼʚʝ ʧʨʦʢʘʯʢʠ ʩʢʚ. ʩʪ. 9 (28 ʬʝʚʨʘʣʷ ʠ 3 

ʤʘʨʪʘ) ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʟʘʤʝʪʥʦʤʫ (ʯʝʤ ʥʘ 

ʧʨʦʰʝʜʰʝʡ ʥʝʜʝʣʝ) ʚʦʟʨʘʩʪʘʥʠʶ ʆɺʇ (ʦʪ 

308 ʜʦ 323 ʤɺ ʧʨʠ ʧʝʨʚʦʡ ʧʨʦʢʘʯʢʝ ʠ ʦʪ 315 

ʤɺ ʜʦ 325 ʤɺ ï ʧʨʠ ʚʪʦʨʦʡ). ɺ ʦʙʝʠʭ ʧʨʦʢʘʯ-

ʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʩʣʦʞʥʝʥʠʷ ʣʠʥʠʡ ʧʦʜʲʝʤʘ 

ʆɺʇ ʣʦʢʘʣʴʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ. ʇʨʠ ʧʝʨʚʦʡ 

ʧʨʦʢʘʯʢʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʧʨʠ 

ʚʪʦʨʦʡ ï ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʘʙʦʝ ʊʘʥʭʦʡʩʢʦʝ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʝ (ʊɸʅʍ, ʂ=9.9). ɺʪʦʨʦʝ (ʢʦʩʝʡ-

ʩʤʠʯʝʩʢʦʝ) ʦʩʣʦʞʥʝʥʠʝ ʤʠʥʠʤʫʤʦʤ ʧʦʜʲʝʤʘ 

ʆɺʇ ʩʪ. 9 ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʝʘʣʠʟʘʮʠʝʡ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʊɸʅʍ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʷʞʝʥʠʷ 

ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ. ʅʘ ʩʪ. 184 ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʶ ʊɸʅʍ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤ 

(ʨʠʩ. 12), ʧʦʵʪʦʤʫ ʫʩʣʦʚʠʷ ʢʦʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʨʘʩʪʷʞʝʥʠʷ ʢʦʨʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠ ʥʘ 

ʂʫʣʪʫʢʩʢʫʶ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʩʪʫʧʝʥʴ ʦʩʝʚʦʡ 

ʯʘʩʪʠ ʨʠʬʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

 

ʈʠʩ. 12. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 26 ʬʝʚʨʘʣʷ ï 04 ʤʘʨʪʘ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ 

ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). 

ʊɸʅʍ ï ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʘʡʦʥʘ ʊʘʥʭʦʷ. 

Fig. 12. Diagrams of ORP variations on February 26 ï March 04, 2026 in groundwater of station 9 (a) 

and station 184 (ʙ) in comparison with temperature variations in groundwater of the same stations (ʚ, 

ʛ). ʊɸʅʍ ï earthquake in the Tankhoy area. 
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05 ï 11 ʤʘʨʪʘ: ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
ʦʪʩʫʪʩʪʚʫʶʪ 

ʇʨʠ ʧʨʦʢʘʯʢʘʭ ʩʢʚʘʞʠʥʳ ʩʪ. 9 ʤʠʥʠ-

ʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʆɺʇ 08 ʤʘʨʪʘ ʚʦʟʨʘʩʪʘʶʪ 

ʜʦ 322 ʤɺ. ʅʘ ʩʪ. 184 ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʥʝ-

ʜʝʣʠ ʜʠʘʧʘʟʦʥ ʆɺʇ ʩʫʞʘʝʪʩʷ, ʘ ʚ ʩʝʨʝʜʠʥʝ 

ʥʝʜʝʣʠ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ. 13). 

 

ʈʠʩ. 13. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 05ï11 ʤʘʨʪʘ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) 

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). 

Fig. 13. Diagrams of ORP variations on March 05ï11 in groundwater of station 9 (a) and station 184 

(ʙ) in comparison with temperature variations in groundwater of the same stations (ʚ, ʛ). 

12ï18 ʤʘʨʪʘ: ʧʦʩʣʝ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʧʝʨʝʩʪʨʦʡʢʠ ʟʘʨʦʞʜʘʝʪʩʷ ʥʦʚʳʡ 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ 

ɺʦ ʚʨʝʤʷ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 12ï13 
ʤʘʨʪʘ ʥʘ ʟʘʧʘʜʝ (ʅʀʃ), ʥʘ ʚʦʩʪʦʢʝ (ʋʄʍɽʁ) 
ʠ ʚ ʮʝʥʪʨʝ (ɼɽʃ) ɹʈʉ ʟʘʧʠʩʠ ʆɺʇ ʩʪ. 9 ʥʘʭʦ-
ʜʷʪʩʷ ʥʘ ʤʠʥʠʤʫʤʝ (311 ʤɺ), ʪʦʛʜʘ ʢʘʢ ʥʘ ʩʪ. 
184 ʨʝʞʠʤ ʛʣʫʙʦʢʠʭ ʤʠʥʠʤʫʤʦʚ ʧʨʝʜʰʝʩʪʚʫ-
ʶʱʝʡ ʘʩʝʡʩʤʠʯʥʦʡ ʥʝʜʝʣʠ ʩʤʝʥʷʝʪʩʷ ʚ ʵʪʠ 

ʜʥʠ ʨʝʞʠʤʦʤ ʙʝʟ ʤʠʥʠʤʫʤʦʚ. ʄʠʥʠʤʫʤ ʥʘ 
ʧʝʨʚʦʡ ʩʪʘʥʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʶ 
ʨʘʩʪʷʞʝʥʠʷ ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ, ʥʠ-
ʚʝʣʠʨʦʚʘʥʠʝ ʤʠʥʠʤʫʤʦʚ ʥʘ ʚʪʦʨʦʡ ʦʪʨʘʞʘʝʪ 
ʢʦʤʧʝʥʩʘʮʠʶ ʨʘʩʪʷʞʝʥʠʷ ʢʦʨʳ ʧʦʜ ʂʫʣʪʫʢ-
ʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ. ʈʝʟʢʦʝ ʧʦʜʥʷ-
ʪʠʝ ʆɺʇ ʩʪ. 184 12 ʤʘʨʪʘ (ʩ 15 ʯ. 46 ʤʠʥ. ʜʦ 
16 ʯ. 22 ʤʠʥ.) ʧʦʢʘʟʳʚʘʝʪ ʢʦʨʦʪʢʠʡ ʩʞʠʤʘʶ-
ʱʠʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʩʨʘʟʫ ʧʦʩʣʝ 
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ʚʳʭʦʜʘ ʆɺʇ ʠʟ ʛʣʫʙʦʢʦʛʦ ʤʠʥʠʤʫʤʘ, ʩʚʷʟʘʥ-
ʥʦʛʦ ʩ ʅʠʣʦʚʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ. 
ʉ 14 ʜʦ 17 ʤʘʨʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʪʩʫʪ-

ʩʪʚʫʶʪ. ʅʘ ʩʪ. 9 ʆɺʇ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʟʘʪʝʤ ʩʥʠ-
ʞʘʝʪʩʷ (ʚʦʟʤʦʞʥʦ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʘʛʥʠʪʥʦʡ 
ʙʫʨʠ). ʅʘ ʩʪ. 184 ʥʘʙʣʶʜʘʶʪʩʷ ʛʣʫʙʦʢʠʝ ʤʠ-
ʥʠʤʫʤʳ. ʕʪʦʪ ʠʥʪʝʨʚʘʣ ï ʚʨʝʤʷ ʩʝʡʩʤʠʯʝ-
ʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʩʤʝʥʝ ʥʝʩʦ-
ʛʣʘʩʫʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝ-
ʥʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ʠ ʦʩʝʚʦʡ 
ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʢ ʩʦʛʣʘ-
ʩʦʚʘʥʥʦʤʫ ʩʞʘʪʠʶ, ʢʦʪʦʨʦʝ ʦʙʦʟʥʘʯʘʝʪ ʨʦʞ-
ʜʝʥʠʝ ʥʦʚʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʚʦ-
ʩʪʦʢʝ ɹʈʉ. 

ɺʝʯʝʨʦʤ 17 ʤʘʨʪʘ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʘʙʦʝ ʆʨ-
ʣʠʢʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʥʘ ʟʘʧʘʜʝ ɹʈʉ, ʚ ʥʦʯʴ 
ʥʘ 18 ʤʘʨʪʘ ï ʯʝʪʳʨʝ ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʠʭ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʷ ʥʘ ʚʦʩʪʦʢʝ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 
ʢʣʘʩʩʘʤʠ ʦʪ 10.2 ʜʦ 12.4 (ʨʠʩ. 14). ɿʝʤʣʝʪʨʷ-
ʩʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʜʲʝʤʦʤ ʆɺʇ ʩʪ. 9 
(ʩʞʘʪʠʝʤ ʢʦʨʳ ʆʙʨʫʯʝʚʩʢʦʛʦ ʨʘʟʣʦʤʘ) ʠ ʥʠ-
ʚʝʣʠʨʦʚʘʥʠʝʤ ʤʠʥʠʤʫʤʦʚ ʆɺʇ ʩʪ. 184 (ʢʦʤ-
ʧʝʥʩʘʮʠʝʡ ʨʘʩʪʷʞʝʥʠʷ ʢʦʨʳ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ 
ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ). ʈʝʘʣʠʟʫʶʪʩʷ ʩʝʡ-
ʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʧʦʚʳʰʝʥʥʦʡ ʩʠʣʳ ʧʨʠ 
ʩʦʛʣʘʩʦʚʘʥʠʠ ʧʨʦʷʚʣʝʥʠʷ ʩʞʠʤʘʶʱʠʭ ʫʩʠ-
ʣʠʡ ʥʘ ʧʦʣʠʛʦʥʝ ʚ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦ-
ʚʠʷʭ. 

 

ʈʠʩ. 14. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 12ï18 ʤʘʨʪʘ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) 

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). ɿʝʤʣʝʪʨʷ-

ʩʝʥʠʷ: ʅʀʃ ï ʅʠʣʦʚʩʢʦʝ, ʋʄʍɽʁ ï ʋʤʭʝʡʩʢʦʝ, ɼɽʃ ï ɼʝʣʴʪʦʚʦʝ, ʆʈʃ ï ʆʨʣʠʢʩʢʦʝ, ɺɸʅ ï 

ɺʝʨʭʥʝʘʥʛʘʨʩʢʦʝ (4 ʩʦʙʳʪʠʷ). 

Fig. 14. Diagrams of ORP variations on March 12ï18 in groundwater of station 9 (a) and station 184 

(ʙ) in comparison with temperature variations in groundwater of the same stations (ʚ, ʛ). Earthquakes: 

ʅʀʃ ï Nilovka, ʋʄʍɽʁ ï Umkhey, ɼɽʃ ï Delta, ORL ï Orlik, VAN ï Verkhnyaya Angara (4 

events). 
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19ï25 ʤʘʨʪʘ: ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ 
ʨʘʟʜʝʣʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩʦ ʩʣʘʙʳʤ 
ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ 

ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʊʘʢʩʠʤʦ (ʊɸ) ʨʝʘʣʠʟʫʝʪʩʷ 

ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ ʪʦʯʥʦ ʯʝʨʝʟ ʥʝʜʝʣʶ ʧʦʩʣʝ 

ʛʨʫʧʧʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ɺɸʅ. ɺ ʟʘʧʠʩʷʭ ʆɺʇ 

ʩʪ. 9 ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʊɸ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʠʩʭʦ-

ʜʷʱʫʶ ʣʠʥʠʶ ʧʦʩʣʝ ʧʨʦʢʘʯʢʠ ʩʢʚʘʞʠʥʳ ʠ ʚ 

ʯʘʩʪʥʳʭ ʚʘʨʠʘʮʠʷʭ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝ 

ʦʪʨʘʞʘʝʪʩʷ. ɺ ʟʘʧʠʩʠ ʆɺʇ ʩʪ. 184 ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʝ ʊɸ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʚʝʣʠʨʦʚʘʥʠʶ ʨʘʩ-

ʪʷʞʝʥʠʷ ʢʦʨʳ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʩʪʫʧʝʥʴʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʢʦʩʝʡʩʤʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʷʭ ʩʦʭʨʘʥʷʝʪʩʷ ʨʝʞʠʤ, ʫʩʪʘʥʦʚʠʚ-

ʰʠʡʩʷ ʧʨʠ ʨʦʞʜʝʥʠʠ ʥʦʚʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʠʤʧʫʣʴʩʘ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ 17ï18 ʤʘʨʪʘ. ʏʝ-

ʪʳʨʝ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ (ʨʠʩ. 15). 

 

ʈʠʩ. 15. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 19ï25 ʤʘʨʪʘ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) 

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). 

Fig. 15. Diagrams of ORP variations on March 19ï25 in groundwater of station 9 (a) and station 184 

(ʙ) in comparison with temperature variations in groundwater of the same stations (ʚ, ʛ). 

26 ʤʘʨʪʘ ï 1 ʘʧʨʝʣʷ: ʩʣʘʙʳʝ ʠ ʫʤʝʨʝʥʥʳʝ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʥʘ ʚʦʩʪʦʢʝ 

ɹʈʉ 

ʅʘ ʵʪʦʡ ʥʝʜʝʣʝ ʦʪʩʫʪʩʪʚʫʶʪ ʤʘʛʥʠʪʥʳʝ 

ʙʫʨʠ. ɺ ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʷʭ ʆɺʇ ʩʪ. 184 ʚ 

ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʪʝʢʫʱʝʡ ʥʝʜʝʣʠ (ʩ 26 ʜʦ 29 

ʤʘʨʪʘ) ʫʪʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʛʣʫʙʦʢʠʡ ʤʠʥʠ-

ʤʫʤ, ʢʦʪʦʨʳʡ ʥʠʚʝʣʠʨʫʝʪʩʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦ-

ʚʠʥʝ ʜʥʷ ʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦ-

ʚʠʥʝ ʥʝʜʝʣʠ (ʩ 29 ʤʘʨʪʘ ʜʦ 1 ʘʧʨʝʣʷ) ʛʣʫʙʦʢʠʝ 

ʤʠʥʠʤʫʤʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. 
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ɺ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʥʝʜʝʣʠ (28 ʤʘʨʪʘ) ʨʝʘ-

ʣʠʟʫʝʪʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʮʝʥʪʨʘ ɹʈʉ ʚ ʨʘʡʦʥʝ 

ʧ-ʦʚʘ ʉʚʷʪʦʡ ʅʦʩ. ɽʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʧʠʩʠ 

ʆɺʇ ʥʘ ʩʪ. 9 ʩʦ ʩʣʘʙʳʤ ʤʠʥʠʤʫʤʦʤ ʠ ʥʘ ʩʪ. 

184 ï ʦʪʨʝʟʢʘ ʩ ʛʣʫʙʦʢʠʤʠ ʤʠʥʠʤʫʤʘʤʠ. ʕʪʦ 

ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʣʦʚʠʷʤ 

ʨʘʩʪʷʞʝʥʠʷ ʢʦʨʳ ʥʘ ʧʦʣʠʛʦʥʝ. ɺʦ ʚʪʦʨʫʶ ʧʦ-

ʣʦʚʠʥʫ ʥʝʜʝʣʠ (31 ʤʘʨʪʘ ʠ 1 ʘʧʨʝʣʷ) ʩʣʝʜʫʶʪ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʩʪʦʢʘ ɹʈʉ, ʉʝʚʝʨʦ-

ɹʘʡʢʘʣʴʩʢʦʝ (ʉɹ) ʠ ɹʘʫʥʪʦʚʩʢʦʝ (ɹɸʋʅʊ). 

ʇʦʩʣʝʜʥʝʝ ʠʟ ʥʠʭ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʡ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʡ ʢʣʘʩʩ (ʂ=11.6). ʉʨʘʟʫ ʧʦʩʣʝ ʥʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʮʝʥʪʨʘ ɹʈʉ ʚ ʨʘʡ-

ʦʥʝ ʟʘʣʠʚʘ ʇʨʦʚʘʣ (ʇʈʆɺɸʃ). ɿʘʧʠʩʠ ʆɺʇ 

ʩʪ. 184 ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʠʚʝʣʠʨʦ-

ʚʘʥʠʠ ʨʘʩʪʷʞʝʥʠʷ ʢʦʨʳ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ɹʈʉ, 

ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ 

(ʨʠʩ. 16). 

 

ʈʠʩ. 16. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ 26 ʤʘʨʪʘ ï 1 ʘʧʨʝʣʷ 2026 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 

184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). 

ʉɺʅʆ ï ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʵʧʠʮʝʥʪʨʦʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ ʧʦʣʫʦʩʪʨʦʚʘ ʉʚʷʪʦʡ ʅʦʩ. 

Fig. 16. Diagrams of ORP variations on March 26 ï April 1 in groundwater of station 9 (a) and station 

184 (ʙ) in comparison with temperature variations in groundwater of the same stations (ʚ, ʛ). ʉɺʅʆ ï 

an earthquake with an epicenter northeast of the Svyatoy Nos peninsula.

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʤʦʥʠʪʦʨʠʥʛʘ ʆɺʇ ʧʦʜʟʝʤ-

ʥʳʭ ʚʦʜ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ï ʦʧʝʨʘʪʠʚʥʘʷ 

ʦʮʝʥʢʘ ʩʝʡʩʤʦʛʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʳ ɹʈʉ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʝʡʩʤʠʯʥʦ-

ʩʪʠ ʧʦʩʣʝʜʥʠʭ ʤʝʩʷʮʝʚ 2025 ʛ. ï ʧʝʨʚʳʭ ʤʝ-

ʩʷʮʝʚ 2026 ʛ. ʩ ʚʢʣʶʯʝʥʠʝʤ ʥʦʚʳʭ ʟʘʧʠʩʝʡ 

ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʪʨʝʭ ʤʝʩʷʮʝʚ 2026 ʛ. 

ʜʦʣʞʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫʯʠʪʳʚʘʪʴ ʤʝʰʘʶʱʠʝ 

ʵʬʬʝʢʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ 

ʚʘʨʠʘʮʠʷʤ ʆɺʇ: ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ ʠ ʧʴʝʟʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʆɺʇ-ʵʬʬʝʢʪ r ʣʝʜʦʚʦʛʦ ʧʦ-

ʢʨʦʚʘ ʦʟ. ɹʘʡʢʘʣ. ʂʦʥʩʪʘʪʠʨʫʝʪʩʷ ʦʙʱʘʷ 

ʩʤʝʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʆɺʇ-ʵʬʬʝʢʪʦʚ 

ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʟ. ɹʘʡʢʘʣ ʩ 2024 ʜʦ 2026 

ʛʛ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ ʩʠʣ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ɹʈʉ, ʧʦ-

ʩʢʦʣʴʢʫ ʵʪʦʪ ʚʦʧʨʦʩ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʨʝʘ-

ʣʠʟʘʮʠʝʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʩʦʙʳʪʠʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʠ, ʚ ʢʦʥʝʯ-

ʥʦʤ ʩʯʝʪʝ, ʩ ʩʦʟʜʘʥʠʝʤ ʫʩʣʦʚʠʡ ʧʨʦʷʚʣʝʥʠʷ 
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ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʦʩʪʦʷʥʠʝ ʢʦʨʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʧʦʨʷʜʢʝ ʧʦ ʟʘʧʠ-

ʩʷʤ ʆɺʇ ʚ ʢʦʥʪʝʢʩʪʝ ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘ ʟʘʧʘʜʝ 

ʠ ʚʦʩʪʦʢʝ ɹʈʉ. ʆʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʚ ʬʝʚʨʘʣʝ-ʤʘʨʪʝ 2026 ʛ. ʥʘ ʟʘʧʘʜʝ, 

ʚʦʩʪʦʢʝ ʠ ʚ ʮʝʥʪʨʝ ɹʈʉ ʣʠʥʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʠʛʨʘʶʱʠʭ ʩʝʡʩʤʦʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʨʦʣʴ. 

ʉʚʷʟʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʥʳʤʠ 
ʙʫʨʷʤʠ 

ɺ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʨʝʛʠʦʥʝ ʂʘʟʘʭ-

ʩʪʘʥʘ ʠ ʂʳʨʛʳʟʩʪʘʥʘ ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ, ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʧʦʩʣʝ ʙʫʨʴ, ʫʚʝʣʠʯʠʚʘ-

ʣʘʩʴ ʚ ʦʜʥʠʭ ʨʘʡʦʥʘʭ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬ-

ʬʝʢʪ) ʠ ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʜʨʫʛʠʭ 

(ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ) (ʉʦʙʦʣʝʚ ʠ ʜʨ., 

2001). ʀʤʝʝʪʩʷ ʩʚʷʟʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛ-

ʥʠʪʥʳʤʠ ʙʫʨʷʤʠ ʥʘ ʫʨʦʚʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ (ɻʫʣʴʝʣʴʤʠ ʠ ʜʨ., 2020; 

Marchitelli et al., 2020; Buchachenko, 2023). 

ʇʨʠ ʆɺʇ-ʤʦʥʠʪʦʨʠʥʛʝ ʥʘ ʂʫʣʪʫʢʩʢʦʤ ʧʦ-

ʣʠʛʦʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʦʪ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ 

ʙʫʨʴ. ɺ ʦʙʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʨʫ, 

ʦʪʨʘʞʘʶʱʝʝʩʷ ʚ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʷʭ 

ʟʘʧʘʜʘ ɹʈʉ ʚ ʥʦʷʙʨʝ-ʜʝʢʘʙʨʝ 2025 ʛ., ʢʦʪʦʨʦʝ, 

ʚ ʩʫʱʥʦʩʪʠ, ʥʠʚʝʣʠʨʦʚʘʣʦ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʤʝʨʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʘʥʦʤʘʣʠʠ ʪʝʢʪʦʥʠʯʝ-

ʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʩʝʨʠʠ 

ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ, ʩʣʝʜʫʶ-

ʱʠʭ ʟʘ ʵʪʦʡ ʨʘʟʨʷʜʢʦʡ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʧʝʨʝʭʦʜʠʪ ʚ ʷʥʚʘʨʝ 2025 ʛ. ʩ ʟʘʧʘʜʘ ʥʘ 

ʚʦʩʪʦʢ (ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʉɹ 19 ʷʥʚʘʨʷ), ʚ ʬʝʚ-

ʨʘʣʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʟʘʧʘʜ (ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʍʋ 09 ʬʝʚʨʘʣʷ), ʘ ʚ ʤʘʨʪʝ ï ʚʥʦʚʴ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʥʘ ʚʦʩʪʦʢʝ (ʟʝʤʣʝʪʨʷʩʝʥʠʝ ɺɸʅ 18 

ʤʘʨʪʘ). 

ʉʤʝʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʆɺʇ-ʵʬʬʝʢʪʦʚ 
ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʟ. ɹʘʡʢʘʣ ʩ 2024 ʜʦ 2026 

ʛʛ. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨʤʘ-

ʮʠʡ ʢʦʨʳ, ʢʨʦʤʝ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʤʝʰʘʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʶʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬ-

ʬʝʢʪʳ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʟ. ɹʘʡʢʘʣ. ʉʝʥʩʦʨ 

ʩʪ. 9 ʥʘʭʦʜʠʪʩʷ ʚ ʩʢʚʘʞʠʥʝ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ, 

ʥʘ ʫʨʦʚʥʝ ʟʝʨʢʘʣʘ ʦʟ. ɹʘʡʢʘʣ. ʊʨʠ ʛʦʜʘ 

ʥʘʙʣʶʜʝʥʠʡ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʨʠ ʣʝʜʦʩʪʘʚʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʧʦʩʪʦʷʥʩʪʚʝ ʵʪʠʭ ʵʬ-

ʬʝʢʪʦʚ. 

ɺ 2024 ʛ. ʚ ʟʘʧʠʩʷʭ ʆɺʇ ʩʪ. 9 ʥʘʙʣʶʜʘʣʠʩʴ 

ʚʝʩʴʤʘ ʦʪʯʝʪʣʠʚʳʝ ʤʠʥʠʤʫʤʳ ʆɺʇ, ʚʳʟʚʘʥ-

ʥʳʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʜʝʬʦʨ-

ʤʘʮʠʡ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ɹʘʡʢʘʣʘ. ʕʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʭʘʨʘʢʪʝʨ ʵʬʬʝʢʪʦʚ ʙʳʣ ʚʳʷʚʣʝʥ ʚ ʩʘʤʦʤ 

ʥʘʯʘʣʝ ʠʭ ʧʦʷʚʣʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 07ï14 ʬʝʚ-

ʨʘʣʷ 2024 ʛ. (ʉʥʦʧʢʦʚ ʠ ʜʨ., 2024). ʇʦ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʧʦʩʣʝʜʫʶʱʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʵʪʠ ʵʬ-

ʬʝʢʪʳ ʚʧʠʩʘʣʠʩʴ ʚ 30-ʩʫʪʦʯʥʫ ʁʘʢʪʠʚʥʦʩʪʴ 

ʠʤʧʫʣʴʩ-ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ 

ʨʝʛʫʣʠʨʦʚʘʣʩʷ ʩ 07 ʬʝʚʨʘʣʷ ʜʦ 07 ʤʘʨʪʘ 2024 

ʛ. ʢʚʘʜʨʘʪʫʨʥʳʤʠ ʠ ʩʠʟʠʛʠʡʥʳʤʠ ʣʫʥʥʦ-ʩʦʣ-

ʥʝʯʥʳʤʠ ʧʨʠʣʠʚʘʤʠ (ɸʩʣʘʤʦʚ ʠ ʜʨ., 2024). 

ɺ ʬʝʚʨʘʣʝ-ʤʘʨʪʝ 2025 ʛ. ʧʦʜʦʙʥʳʭ ʆɺʇ-

ʵʬʬʝʢʪʦʚ ʚ ʟʘʧʠʩʷʭ ʩʪ. 9 ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

2025-ʡ ʛʦʜ ʦʪʣʠʯʘʣʩʷ ʦʪ 2024-ʛʦ ʛʦʜʘ ʙʦʣʝʝ 

ʪʝʧʣʦʡ ʟʠʤʦʡ. ʃʝʜ ʩʢʦʚʘʣ ɹʘʡʢʘʣ ʚ ʨʘʡʦʥʝ 

ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʚ 2024 ʛ. ʦʢʦʣʦ 15 ʷʥ-

ʚʘʨʷ, ʘ ʚ 2025 ʛ. ï ʦʢʦʣʦ 28 ʷʥʚʘʨʷ. ɺ 2025 ʛ. 

ʥʘ ɹʘʡʢʘʣʝ ʦʙʨʘʟʦʚʘʣʦʩʴ ʙʦʣʝʝ ʪʦʥʢʦʝ ʣʝʜʦ-

ʚʦʝ ʧʦʢʨʳʪʠʝ, ʯʝʤ ʚ 2024 ʛ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ 

ʤʝʞʜʫ ʣʝʜʦʚʳʤʠ ʧʦʢʨʦʚʘʤʠ ʤʦʛʣʦ ʠʤʝʪʴ 

ʩʣʝʜʩʪʚʠʝ. ʕʬʬʝʢʪ r ʆɺʇ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʥʘ ʩʪ. 9 (ʉʥʦʧʢʦʚ ʠ ʜʨ., 2024) 

ʚ 2025 ʛ. ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 30-ʜʥʝʚʥʳʡ ʢʦʥ-

ʪʨʦʣʴ ʆɺʇ-ʠʤʧʫʣʴʩʦʚ ʣʫʥʥʦ-ʩʦʣʥʝʯʥʳʤʠ 

ʧʨʠʣʠʚʘʤʠ, ʚʳʷʚʣʝʥʥʳʡ ʚ ʥʘʯʘʣʝ 2024 ʛ., ʚ 

ʥʘʯʘʣʝ 2025 ʛ. ʥʝ ʧʨʦʷʚʠʣʩʷ. ɺ ʷʥʚʘʨʝ ʠ ʬʝʚ-

ʨʘʣʝ 2025 ʛ. ʠʤʝʣʠ ʤʝʩʪʦ ʚʦʟʤʫʱʝʥʠʷ ʆɺʇ, 

ʟʘʧʘʟʜʳʚʘʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ. ʊʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʠʣʠʚʘʶʱʠʭʩʷ 

ʠʤʧʫʣʴʩʘ ʵʪʦʛʦ ʪʠʧʘ ʧʨʦʷʚʠʣʠʩʴ ʚ ʥʘʯʘʣʝ 

ʤʘʨʪʘ 2025 ʛ. (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʘ). 

ɺ 2026 ʛ. ʣʝʜ ʦʟ. ɹʘʡʢʘʣ ʚʩʪʘʣ ʚ ʨʘʡʦʥʝ 

ʂʫʣʪʫʢʘ 18 ʷʥʚʘʨʷ. ʂʘʢʠʭ-ʣʠʙʦ ʦʩʦʙʳʭ ʵʬ-

ʬʝʢʪʦʚ, ʧʦʜʦʙʥʳʭ ʵʬʬʝʢʪʘʤ ʣʝʜʦʩʪʘʚʘ ʜʚʫʭ 

ʧʨʦʰʝʜʰʠʭ ʣʝʪ, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚʧʣʦʪʴ ʜʦ 26 

ʷʥʚʘʨʷ, ʢʦʛʜʘ ʚ 05 ʯ. 51 ʤʠʥ. ʟʥʘʯʝʥʠʷ ʆɺʇ 

ʨʝʟʢʦ ʩʥʠʟʠʣʠʩʴ (ʩʤ. ʨʠʩ. 7). ʕʪʦ ʧʘʜʝʥʠʝ 

ʆɺʇ ʙʳʣʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʝʨʦʷʪʥʳʤ ʧʨʦʷʚ-

ʣʝʥʠʝʤ ʣʝʜʦʩʪʘʚʘ 2026 ʛ. 
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ɺ ʢʘʢʦʡ ʯʘʩʪʠ ɹʈʉ ʥʘʯʠʥʘʝʪʩʷ 
ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʨʳ? 

ɺ ʠʩʭʦʜʥʦʡ ʪʨʘʢʪʦʚʢʝ ʨʘʟʚʠʪʠʷ ɹʘʡʢʘʣʴ-

ʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ (ɹʈɿ), ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʦ ʚʧʘʜʠʥʘʭ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦ-

ʞʝʥʠʡ, ʫʢʘʟʳʚʘʝʪʩʷ ʭʦʜ ʝʝ ʨʘʟʨʘʩʪʘʥʠʷ ʦʪ 

ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʷʜʨʘ ʚ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʃʦʛʘʯʝʚ, 

2003). ʊʘʢʘʷ ʪʨʘʢʪʦʚʢʘ ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨʳ 

ɹʈɿ ʠʩʭʦʜʠʣʘ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ çʘʢʪʠʚ-

ʥʦʤè ʨʘʩʪʷʞʝʥʠʠ ʣʠʪʦʩʬʝʨʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʜʲʝʤʘ ʤʘʥʪʠʡʥʦʛʦ ʜʠʘʧʠʨʘ, ʥʘʯʘʚʰʝʛʦʩʷ 

ʦʢʦʣʦ 30 ʤʣʥ ʣʝʪ ʥʘʟʘʜ (Logatchev, Zorin, 

1992). ʕʪʦʡ ʛʠʧʦʪʝʟʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʝ ʦ ʚʨʘʱʝʥʠʠ ɿʘʙʘʡʢʘʣʴʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚʦʢʨʫʛ ʦʩʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ɹʈɿ, ʢʦʪʦ-

ʨʦʝ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʠʝʥʪʠ-

ʨʦʚʢʝ ʦʩʝʡ ʨʘʩʪʷʞʝʥʠʷ ʚ ʦʯʘʛʘʭ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥ-

ʥʳʭ (ɿʦʥʝʥʰʘʡʥ ʠ ʜʨ., 1978; ɿʦʨʠʥ, ʂʦʨʜʝʣʣ, 

1991). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʤʝʥʘ ʢʦʤʧʘʢʪʥʳʭ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʦʩʪʦʢʘ ɹʈʉ (ʋʜʦʢʘʥ-

ʩʢʦʛʦ ʠ ɺʠʪʠʤʩʢʦʛʦ) ʦʙʰʠʨʥʳʤʠ ʚʫʣʢʘʥʠʯʝ-

ʩʢʠʤʠ ʧʦʣʷʤʠ ʟʘʧʘʜʘ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʦʙ-

ʱʝʤ ʪʘʢʞʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʘ ʛʠʧʦʪʝʟʝ ʦ ʚʨʘ-

ʱʝʥʠʠ ʚ ɹʈɿ (Rasskazov, 1994). çɸʢʪʠʚʥʦʝè 

ʨʘʩʪʷʞʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʧʨʝʜʧʦʣʘʛʘʣʦ ʜʝʡ-

ʩʪʚʠʝ ʥʘʯʘʣʴʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ ʚ 

ʮʝʥʪʨʝ ʨʠʬʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʥʘ ʝʝ ʚʦʩʪʦʯʥʦʝ ʠ ʟʘʧʘʜʥʦʝ 

ʦʢʦʥʯʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʛʠʧʦʪʝʟ,r ʩʠʣʴʥʳʝ 

ʩʝʡʩʤʦʛʝʥʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ 

ʜʦʣʞʥ rʟʘʨʦʞʜʘʪʴʩʷ ʚ ʮʝʥʪʨʝ ɹʈʉ, ʘ ʟʘʪʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʚʦʩʪʦʢ ʠ ʟʘʧʘʜ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʛʣʘʚʝʥʩʪʚʝ çʘʢʪʠʚʥʳʭè 

ʫʩʠʣʠʡ ʚ ʷʜʨʝ ɹʈɿ, ʦʜʥʘʢʦ, ʩʪʘʥʦʚʠʪʩʷ ʩʦʤʥʠ-

ʪʝʣʴʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʚʫʣʢʘʥʠʟʤʘ ʠ ʝʛʦ ʠʩʪʦʯʥʠʢʦʚ. ɺʫʣʢʘʥʠʟʤ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʝ ʠ 

ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʢʦʥʮʝʥʪʨʠʨʫ-

ʝʪʩʷ ʥʘ ʟʘʧʘʜʥʦʤ ʠ ʚʦʩʪʦʯʥʦʤ ʦʢʦʥʯʘʥʠʷʭ 

ʨʠʬʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʗʧʦʥʩʢʦ-ɹʘʡʢʘʣʴ-

ʩʢʦʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʢʦʨʠʜʦʨʝ (ʗɹɻʂ) ʠ 

ʉʘʷʥʦ-ʄʦʥʛʦʣʴʩʢʦʤ ʩʝʢʪʦʨʝ ʀʥʜʦ-ɸʟʠʘʪ-

ʩʢʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ (ʉʄʉʀɸʂ). ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʫʩʠʣʠʷ ʩʦʟʜʘʶʪʩʷ ʥʘ 

ʦʢʦʥʯʘʥʠʷʭ ɹʈʉ, ʘ ʟʘʪʝʤ ʧʝʨʝʜʘʶʪʩʷ ʚ ʮʝʥʪʨ. 

ʋʩʠʣʠʷ ʗɹɻʂ ʠ ʉʄʉʀɸʂ ʨʘʩʰʠʬʨʦʚʳʚʘ-

ʶʪʩʷ ʯʝʨʝʟ ʩʤʝʥʫ ʠʩʪʦʯʥʠʢʦʚ ʚʜʦʣʴ ɹʈʉ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʫʣʢʘʥʠʟʤʘ. ʆʩʝʚʘʷ 

ɺʠʪʠʤʩʢʘʷ ʨʘʩʧʣʘʚʥʘʷ ʘʥʦʤʘʣʠʷ ʗɹɻʂ ʟʘ-

ʨʦʞʜʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʤʠʦʮʝʥʝ ʚ ʛʣʫʙʦʢʦʡ 

ʤʘʥʪʠʠ ʠ ʟʘʜʘʝʪ ʠʤʧʫʣʴʩ, ʨʘʩʧʨʦʩʪʨʘʥʷʶ-

ʱʠʡʩʷ ʚʜʦʣʴ ʫʛʣʦʚʦʡ ɺʠʪʠʤʦ-ʋʜʦʢʘʥʩʢʦʡ 

ʟʦʥʳ ʛʦʨʷʯʝʡ ʪʨʘʥʩʪʝʥʩʠʠ ʜʦ ʋʜʦʢʘʥʩʢʦʡ ʧʝ-

ʨʠʬʝʨʠʯʝʩʢʦʡ ʨʘʩʧʣʘʚʥʦʡ ʘʥʦʤʘʣʠʠ ʗɹɻʂ ʚ 

ʩʚʷʟʠ ʩ ʦʩʝʚʳʤ ʟʘʪʷʛʠʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʣʠʪʦ-

ʩʬʝʨʳ ʠ ʧʦʜʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ. ɺ ʧʦʩʣʝʜ-

ʥʠʝ 16 ʤʣʥ ʣʝʪ ʠʤʧʫʣʴʩʳ ʫʛʣʦʚʦʡ ɺʠʪʠʤʦ-

ʋʜʦʢʘʥʩʢʦʡ ʟʦʥʳ ʛʦʨʷʯʝʡ ʪʨʘʥʩʪʝʥʩʠʠ ʧʦ-

ʚʪʦʨʷʶʪʩʷ: 1) 16ï13, 2) 12ï8, 3) 5ï3 ʠ 4) <1.1 

ʤʣʥ ʣʝʪ ʥʘʟʘʜ (Chuvashova et al., 2017) (ʨʠʩ. 

17). ʉʠʣʦʚʦʝ ʜʝʡʩʪʚʠʝ ʉʄʉʀɸʂ ʠ ʗɹɻʂ ʦʙʫ-

ʩʣʦʚʠʣʦ ʩʝʛʤʝʥʪʥʦʝ ʩʪʨʦʝʥʠʝ ɹʈʉ (ʈʘʩʩʢʘ-

ʟʦʚ, 1996). 
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ʈʠʩ. 17. ʉʭʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʚʦʡʥʦʛʦ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ ʗɹɻʂ ʥʘ ʚʦʩʪʦʢʝ ʠ ʚ ʮʝʥʪʨʝ ɹʈʉ ʚ ʷʥʚʘʨʝ 2026 ʛ. ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʫʛʣʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 2022ï2025 ʛʛ. ʠ ʫʛʣʦʚʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʠʤʧʫʣʴʩʦʚ ʗɹɻʂ. ɼʣʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʨʠʩ. 1. ʆʙʦʟʥʘʯʝʥʠʷ, 

ʢʘʩʘʶʱʠʝʩʷ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, ʚʳʜʝʣʝʥʳ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. 

Fig. 17. Schematic drawing of spatial relationship between the double angular distribution of JBGK 

(Japan-Baikal Geodynamic Corridor) earthquakes in the east and center of the BRS in January 2026 

with the preceding angular distribution of earthquakes in 2022ï2025 and the angular displaying late 

Cenozoic volcanic impulses of the JBGK. Symbols for earthquakes are as in Fig. 1. Data on late Ceno-

zoic volcanism are highlighted in green. 

ʆʙʰʠʨʥʘʷ ʦʙʣʘʩʪʴ ʚʫʣʢʘʥʠʟʤʘ ʉʄʉʀɸʂ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʤʘʣʳʭ ʛʣʫʙʠʥ 

ʤʘʥʪʠʠ ʠ ʢʦʨʳ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ 

ʤʠʛʨʘʮʠʷ ʚʫʣʢʘʥʠʟʤʘ ʥʘ ʟʘʧʘʜʝ ɹʈʉ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʣʠ-

ʪʦʩʬʝʨʳ ʚ ʧʦʩʣʝʜʥʠʝ 18 ʤʣʥ ʣʝʪ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʩʠʣʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʜʠʚʝʨʛʝʥʪʥʦʛʦ 

(ʙʘʡʢʘʣʴʩʢʦʛʦ, ʧʨʦʠʟʚʦʜʥʦʛʦ ʦʩʝʚʦʡ ʯʘʩʪʠ 

ʗɹɻʂ) ʠ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ (ʯʫʣʫʪʳʥʩʢʦʛʦ, ʧʨʦ-

ʠʟʚʦʜʥʦʛʦ ʀʥʜʦ-ɸʟʠʘʪʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ). ɼʠʚʝʨʛʝʥʪʥʳʝ ʠ ʢʦʥʚʝʨʛʝʥʪʥʳʝ ʩʠʣʳ 

ʦʧʨʝʜʝʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʜʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʟʘʧʝʯʘʪʣʝʥʥʳʝ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʘʭ ʢʚʘʟʠʧʝʨʠʦʜʦʚ ʚʝ-

ʣʠʢʠʭ ʮʠʢʣʦʚ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ, ʥʦ ʠ ʩʦʚʨʝ-

ʤʝʥʥʳʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ 

ʢʦʨʳ, ʨʝʘʣʠʟʫʶʱʠʝʩʷ ʚ ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝ-

ʩʢʠʭ ʘʢʪʠʚʠʟʘʮʠʷʭ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2022). 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʠʤʠ ʫʛʣʦ-

ʚʳʤʠ ʟʦʥʘʤʠ ʛʦʨʷʯʝʡ ʪʨʘʥʩʪʝʥʩʠʠ, ʦʪʨʘʞʘʶ-

ʱʠʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʗɹɻʂ, ʧʦ-

ʜʦʙʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʟʘʪʷʛʠʚʘʥʠʷ ʤʘʪʝʨʠ-

ʘʣʘ ʢ ʦʩʠ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ɺʦʩʪʦʢʘ ɸʟʠʠ ʜʘʝʪ 

ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ 

ʦʧʨʝʜʝʣʝʥʠʠ ʫʛʣʦʚʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʚʘʞʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʤʦʩʪʠ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʦʟʥʘʯʠ-

ʣʘʩʴ ʚ ʢʦʥʮʝ ɹʘʡʢʘʣʦ-ʍʫʙʩʫʛʫʣʴʩʢʦʡ ʩʝʡʩʤʠ-

ʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ, ʚ ʠʥʪʝʨʚʘʣʝ ʩ 02.05.2022 

ʜʦ 25.12.2023. ɿʘʪʝʤ, 27 ʜʝʢʘʙʨʷ 2023 ʛ. ʧʦ-

ʩʣʝʜʦʚʘʣʦ ʧʝʨʚʦʝ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝ (ʂ=13.6), ʘ 15 ʷʥʚʘʨʷ 2024 ʛ. ï ʚʪʦ-

ʨʦʝ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

(ʂ=14.4). ʆʙʘ ʵʧʠʮʝʥʪʨʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʫʛʣʫ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʛʣʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʦʩʥʦʚʝ 

ʚʪʦʨʦʛʦ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
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ʘʢʪʠʚʠʟʠʨʦʚʘʣʘʩʴ ʵʪʘ ʞʝ ʩʝʡʩʤʠʯʝʩʢʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʚ ʷʥʚʘʨʝ 2026 ʛ. ʩ ʘʬʪʝʨʰʦʢʘʤʠ ʠ ʩʦʙʳ-

ʪʠʝʤ ʧʦʚʳʰʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ 

ʉɹ (ʂ=12.4) (ʨʠʩ. 1ʙ), ʦʙʦʟʥʘʯʘʷ ʩʠʣʦʚʦʡ ʠʤ-

ʧʫʣʴʩ ʗɹɻʂ. ʉ ʧʨʠʭʦʜʦʤ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤ-

ʧʫʣʴʩʘ 18 ʤʘʨʪʘ ʚ ʫʛʣʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʚʥʦʚʴ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ ʧʦʚʳʰʝʥ-

ʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ɺɸʅ (ʂ=12.1). 

ʆʩʦʙʝʥʥʦʩʪʴ ʷʥʚʘʨʩʢʦʛʦ ʩʝʡʩʤʦʛʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʨʳ ï ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʦʷʚʣʝʥʠʝ 

ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ 

ʚʦʩʪʦʢʝ ʠ ʚ ʮʝʥʪʨʝ ɹʈʉ. ʃʠʥʠʷ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ ʚ ʢʣʘʩʪʝʨʘʭ ɺɸʅ (ɺʝʨʭʥʷʷ ɸʥʛʘʨʘ) ʠ ʊɸ 

(ʊʘʢʩʠʤʦ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʤʫ ʪʨʝʥʩʪʝʥʩʠʦʥʥʦʤʫ ʩʝʛ-

ʤʝʥʪʫ (ʈʘʩʩʢʘʟʦʚ, ʏʫʚʘʰʦʚʘ, 2024). ʉʫʙʰʠ-

ʨʦʪʥʘʷ ʚʝʪʚʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʮʝʥʪʨʘ ɹʈʉ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʗʤʙʫʡʩʢʦʡ ʟʦʥʝ 

ʪʨʘʥʩʪʝʥʩʠʠ, ʧʨʦʪʷʛʠʚʘʶʱʝʡʩʷ ʦʪ ʉʨʝʜʥʝʛʦ 

ɹʘʡʢʘʣʘ ʯʝʨʝʟ ʶʞʥʫʶ ʦʢʦʥʝʯʥʦʩʪʴ ɹʘʨʛʫʟʠʥ-

ʩʢʦʡ ʜʦʣʠʥʳ ʚ ɿʘʧʘʜʥʦʝ ɿʘʙʘʡʢʘʣʴʝ (ʈʘʩʩʢʘ-

ʟʦʚ ʠ ʜʨ., 2023). ʄʝʭʘʥʠʟʤ ʦʩʝʚʦʛʦ ʟʘʪʷʛʠʚʘ-

ʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʷʥʚʘʨʝ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʚʦʩʪʦʢ, ʥʦ ʠ ʚ ʮʝʥʪʨ ɹʈʉ. ɺ ʨʘʤʢʘʭ ʥʘʙʣʶʜʝ-

ʥʠʡ ʧʝʨʚʳʭ ʪʨʝʭ ʤʝʩʷʮʝʚ 2026 ʛ. ʵʥʝʨʛʠʷ ʩʝʡ-

ʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚʦʩʪʦʢʘ ʧʨʝʚʳʰʘʝʪ ʵʥʝʨ-

ʛʠʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʮʝʥʪʨʘ. ʇʦʢʘ ʥʝ-

ʷʩʥʦ, ʚʦʟʤʦʞʝʥ ʣʠ ʩʮʝʥʘʨʠʡ ʜʚʦʡʥʦʛʦ 

ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʦʩʝ-

ʚʳʤ ʟʘʪʷʛʠʚʘʥʠʝʤ ʗɹɻʂ ʚ ʮʝʥʪʨʝ ʠ ʥʘ ʚʦ-

ʩʪʦʢʝ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʵʥʝʨʛʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʮʝʥʪʨʘ? 

ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʦʪʤʝ-

ʪʠʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʗɹɻʂ ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ ʥʘ 

ʠʩʪʦʯʥʠʢʠ ʚʫʣʢʘʥʠʟʤʘ 16ï15 ʤʣʥ ʣʝʪ ʥʘʟʘʜ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ (ʚ ɺʠʪʠʤʦ-

ʋʜʦʢʘʥʩʢʦʡ ʫʛʣʦʚʦʡ ʟʦʥʝ ʛʦʨʷʯʝʡ ʪʨʘʥʩʪʝʥ-

ʩʠʠ) ʠ ʥʘ ʟʘʧʘʜʝ ɹʈʉ (ʚ ʚʦʩʪʦʯʥʦʡ ʠ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ) (ʈʘʩ-

ʩʢʘʟʦʚ ʠ ʜʨ., 2026). ʇʦʚʪʦʨʝʥʠʝ ʩʮʝʥʘʨʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʩʪʷʞʝʥʠʷ ʗɹɻʂ ʚʜʦʣʴ 

ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʦʙ-

ʥʦʚʣʝʥʠʶ ʚʫʣʢʘʥʠʟʤʘ ʚ ʝʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘ-

ʩʪʠ. 

ʈʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʢʦʨʳ ʧʦ ʟʘʧʠʩʷʤ 
ʆɺʇ ʚ ʢʦʥʪʝʢʩʪʝ ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘ ʟʘʧʘʜʝ 

ʠ ʚʦʩʪʦʢʝ ɹʈʉ 

ɺ ʥʦʷʙʨʝ 2025 ʛ. ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʧʘʜʘ ɹʈʉ ʩʥʠʞʘʝʪʩʷ, ʘ ʚ ʜʝ-

ʢʘʙʨʝ ʚʦʟʨʘʩʪʘʝʪ. ʇʦ ʟʘʧʠʩʷʤ ʆɺʇ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʘʛʥʠʪʥʳʤʠ 

ʙʫʨʷʤʠ. ʀʟ-ʟʘ ʤʝʰʘʶʱʝʛʦ ʵʬʬʝʢʪʘ ʤʘʛʥʠʪ-

ʥʳʭ ʙʫʨʴ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʠ 

ʩʞʠʤʘʶʱʠʭ ʫʩʠʣʠʡ ʢʦʨʳ ʚ ʵʪʦʤ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʥʝʚʦʟʤʦʞʥʘ. 

ʇʦʜʲʝʤ ʵʥʝʨʛʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʧʘʜʘ 

ɹʈʉ ʩʦʧʨʦʚʦʞʜʘʝʪ ʩʝʡʩʤʠʯʝʩʢʫʶ ʧʝʨʝ-

ʩʪʨʦʡʢʫ ʥʘʯʘʣʘ ʷʥʚʘʨʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ 

ʩʝʡʩʤʠʯʥʦʩʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʩ ʟʘʧʘʜʘ ʥʘ 

ʚʦʩʪʦʢ. ʉ 13 ʜʦ 22 ʷʥʚʘʨʷ ʧʦ ʟʘʧʠʩʷʤ ʆɺʇ ʨʝ-

ʛʠʩʪʨʠʨʫʶʪʩʷ ʫʩʣʦʚʠʷ ʩʝʡʩʤʦʛʝʥʥʦʛʦ ʩʞʘʪʠʷ 

ʢʦʨʳ ʥʘ ʂʫʣʪʫʢʩʢʦʤ ʧʦʣʠʛʦʥʝ, ʩ 24 ʜʦ 28 ʷʥ-

ʚʘʨʷ ï ʫʩʣʦʚʠʷ ʨʘʩʪʷʞʝʥʠʷ. ʇʦʩʣʝʜʫʶʱʘʷ ʧʝ-

ʨʝʩʪʨʦʡʢʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʙʳʩʪʨʦʡ ʩʤʝʥʝ ʩʦ-

ʩʪʦʷʥʠʡ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʭʦʜ ʥʘ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʍʋ 

ʟʘʧʘʜʘ ɹʈʉ ʩ ʧʦʚʳʰʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʢʣʘʩʩʦʤ (ʂ=11). 

ʇʨʠ ʩʣʘʙʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠʭ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷʭ ʩ 12 ʜʦ 20 ʬʝʚʨʘʣʷ ʢʦʨʘ ʂʫʣʪʫʢ-

ʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʨʘʩʪʷʛʠʚʘʝʪʩʷ. ʇʦʩʣʝ 20 ʬʝʚ-

ʨʘʣʷ ʩʣʝʜʫʝʪ ʠʥʪʝʨʚʘʣ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ, ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʤʝʥʳ 

ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ ʢʦʨʳ ʧʨʠ ʨʝʜʢʠʭ ʠ ʩʣʘ-

ʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ (22ï23 ʬʝʚʨʘʣʷ, 3 ʤʘʨʪʘ 

ʠ 12ï13 ʤʘʨʪʘ). ʇʦʩʣʝ ʧʝʨʝʩʪʨʦʡʢʠ 13ï17 

ʤʘʨʪʘ ʜʝʡʩʪʚʫʝʪ ʩʝʡʩʤʦʛʝʥʥʦʝ ʩʞʘʪʠʝ ʢʦʨʳ, 

ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʩʝʡʩʤʠʯʥʦʩʪʠ 

ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ (ʨʠʩ. 18). 
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ʈʠʩ. 18. ɻʨʘʬʠʢ ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ) ʟʝʤʣʝʪʨʷʩʝʥʠʡ ɹʈʉ ʩ 1 ʥʦʷʙʨʷ 

2025 ʛ. ʜʦ 31 ʤʘʨʪʘ 2026 ʛ. ʥʘ ʟʘʧʘʜʝ, ʚ ʮʝʥʪʨʝ ʠ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʨʝʤʝʥʥʳʤ 

ʠʥʪʝʨʚʘʣʦʤ ʧʨʦʷʚʣʝʥʠʷ ʚ ʟʘʧʠʩʷʭ ʆɺʇ ʪʨʠʛʛʝʨʥʦʡ ʨʦʣʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʚʳʟʳʚʘʶʱʠʭ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ, ʠ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʧʨʦʷʚʣʝʥʠʷ ʩʝʡʩʤʦʛʝʥʥʦʛʦ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ ʢʦʨʳ. 

ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʠ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʟʘʧʘʜʝ ʠ ʚʦʩʪʦʢʝ ɹʈʉ. 

Fig. 18. Graph of the temporal change in the energy class (K) of earthquakes in the BRS from November 

1, 2025, to March 31, 2026, in the west, center, and east of the BRS in comparison with the time interval 

of ORP displaying triggering role of magnetic storms causing earthquakes, and the time intervals of 

ORP recorded seismogenic compression and extension of the crust. Arrows indicate the increase and 

decrease in earthquake energy in the west and east of the BRS. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʊʘʥʭʦʡʩʢʦʡ ʣʠʥʝʡʥʦʡ ʟʦʥʳ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʣʠʥʝʡʥʳʤʠ ʟʦʥʘʤʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʛʦʪʦʚʢʦʡ 
ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ɹʈʉ 

ʃʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ ʥʘ ʖʞʥʦʤ ɹʘʡʢʘʣʝ ʧʨʝʜʰʝʩʪʚʦ-

ʚʘʣʦ ʂʫʣʪʫʢʩʢʦʤʫ ʩʠʣʴʥʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ 

27 ʘʚʛʫʩʪʘ 2008 ʛ. ʂʫʣʪʫʢʩʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ 2008ï2011 ʛʛ. ʠ ɹʳʩʪʨʠʥʩʢʦʤʫ 

ʩʠʣʴʥʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ 22 ʩʝʥʪʷʙʨʷ 2020 ʛ. 

ɹʘʡʢʘʣʦ-ʍʫʙʩʫʛʫʣʴʩʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠ-

ʚʠʟʘʮʠʠ 2020ï2023 ʛʛ. (ʨʠʩ. 19). ɺ ʩʪʘʪʴʝ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ 09 ʘʧʨʝʣʷ 2020 ʛ. (Rasskazov 

et al., 2020), ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʩʪʘʜʠʡ ɸ, 

ɹ, ɺ ʠ ɻ ʧʦʜʛʦʪʦʚʢʠ ʵʪʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʣʝʜʫʶ-

ʱʝʛʦ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʠʥʠʤʘʣʦʩʴ 

ʥʘʯʘʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʂʦʪʦʚʩʢʦʡ ʘʢʪʠʚʠ-

ʟʘʮʠʠ 08.01.2013. ʂ ʘʧʨʝʣʶ 2020 ʛ. ʧʨʦʰʣʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʩʝʡ-

ʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʭʦʜʥʦʝ ʧʦ ʩʪʘʜʠʷʤ ɸ, 

ɹ, ɺ ʠ ɻ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʂʫʣʪʫʢʩʢʦʛʦ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷ, ʟʘʥʷʚʰʝʡ ʪʦʣʴʢʦ 3 ʛʦʜʘ ʠ 2 ʤʝʩʷʮʘ 

(ʪʘʙʣ. 1). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʪʘʜʠʠ ɸ ʠ ɹ ʧʦʣʫ-

ʯʠʣʠ ʨʘʟʚʠʪʠʝ ʚ ʧʝʨʚʳʝ 1.5 ʛʦʜʘ, ʘ ʩʪʘʜʠʠ ɺ 

ʚʩʪʫʧʠʣʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʯʝʨʝʟ 2 ʛʦʜʘ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʩʪʘʜʠʡ ɸ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʥʘʯʘʣʝ 

2007 ʠ 2015 ʛʛ.). ɺ ʜʘʣʴʥʝʡʰʝʤ, ʩʪʘʜʠʷ ɺ 
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ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʝʛʦ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ ʦʢʘʟʘʣʘʩʴ ʥʘ ʧʦʣʛʦʜʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʝʝ 

ʩʪʘʜʠʠ ɺ ʂʫʣʪʫʢʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʦʜʦʙ-

ʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʪʷʥʫʣʩʷ ʧʦ ʚʨʝʤʝʥʠ ʠ ʠʥʪʝʨ-

ʚʘʣ ɻ ʙʫʜʫʱʝʛʦ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʥʦ ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʚ ʢʦʥʮʝ 2020 ï ʥʘʯʘʣʝ 2021 

ʛ. ʇʦʩʣʝ ʧʝʨʝʨʳʚʘ ʚ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʖʞʥʦʛʦ 

ɹʘʡʢʘʣʘ, ʜʣʠʚʰʝʛʦʩʷ 2.5 ʛʦʜʘ, 06 ʠʶʣʷ 2020 

ʛ. ʚ ʄʫʨʠʥʩʢʦʡ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʣʠʥʠʠ ʧʨʦ-

ʠʟʦʰʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ=12.3), ʘ ʟʘʪʝʤ, 22 ʩʝʥ-

ʪʷʙʨʷ, ʨʝʘʣʠʟʦʚʘʣʦʩʴ ʩʠʣʴʥʦʝ ɹʳʩʪʨʠʥʩʢʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʜʠ-

ʣʘʩʴ ʩʪʘʜʠʡʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʂʫʣʪʫʢʩʢʦʡ ʠ 

ɹʘʡʢʘʣʦ-ʍʫʙʩʫʛʫʣʴʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʡ, ʢʦʪʦ-

ʨʘʷ ʚʳʚʝʣʘ ʥʘ ʧʨʦʛʥʦʟ ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ, ʥʘʯʘʚʰʠʭʩʷ 22 ʩʝʥʪʷʙʨʷ 2020 ʛ. 

 

ʈʠʩ. 19. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʩʠʣʴʥʦʛʦ ʂʫʣʪʫʢʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 27 ʘʚʛʫʩʪʘ 2008 ʛ. (ʘ), ʙʫʜʫʱʝʛʦ 

ɹʳʩʪʨʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 22 ʩʝʥʪʷʙʨʷ 2020 ʛ., ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʧʨʝʣʷ 2020 ʛ. (ʙ) (Rasskazov et 

al., 2020) ʠ ʚʝʨʦʷʪʥʦʛʦ ʙʫʜʫʱʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʨʪʘ 2026 ʛ. (ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ). 

Fig. 19. Comparison of spatial-temporal distribution of earthquake epicenters related to preparation of 

the large Kultuk earthquake of August 27, 2008 (a), the future Bystroe one of September 22, 2020, 

relative to April 2020 (Rasskazov et al., 2020), and probable future earthquake, relative to March 2026 

(this work). 
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ʊ ʘ ʙʣʠʮʘ  1 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʪʘʜʠʡ ʧʦʜʛʦʪʦʚʢʠ ʂʫʣʪʫʢʩʢʦʛʦ ʠ ʙʫʜʫʱʝʛʦ ɹʳʩʪʨʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 22 

ʩʝʥʪʷʙʨʷ 2020 ʛ., ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʧʨʝʣʷ 2020 ʛ. (Rasskazov et al., 2020) 

T a b l e  1 

Comparison of the preparation stages of the Kultuk and future Bystraya earthquakes of September 

22, 2020, relative to April 2020 (Rasskazov et al., 2020) 

ʉʪʘʜʠʷ ʧʦʜ-
ʛʦʪʦʚʢʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʩʪʘʜʠʠ 
ʂʫʣʪʫʢʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 27.08.2008 ɹʫʜʫʱʝʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 2020ï2021 ʛʛ. (ʨʝ-

ʘʣʠʟʦʚʘʣʦʩʴ 22 ʩʝʥʪʷʙʨʷ 2020 ʛ.) 
ɸ ɸʢʪʠʚʠʟʘʮʠʷ ʟʘʧʘʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʆʙʨʫʯʝʚʩʢʦʛʦ ʨʘʟʣʦʤʘ 25.02.2005ï
21.09.2005 

ʂʦʪʦʚʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ 08.01.2013ï
21.07.2013 

ɹ ʈʘʟʚʠʪʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 
ʍʘʤʘʨʜʘʙʘʥʩʢʦʡ ʩʫʭʦʧʫʪʥʦʡ ʚʝʪʚʠ 
11.01.2006ï06.03.2006 

ʄʫʨʠʥʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ ʚ ʧʨʝʜʝʣʘʭ ʘʢʚʘ-
ʪʦʨʠʠ ʦʟʝʨʘ 11.08.2013ï20.07.2014 

ɺ ʇʝʩʯʘʥʦ-ʉʥʝʞʥʠʥʩʢʘʷ ʵʧʠʮʝʥʪʨʘʣʴ-
ʥʘʷ ʧʦʣʦʩʘ 12.02.2007ï06.12.2007  

ɸʢʪʠʚʥʦʩʪʴ ɻʦʣʦʫʩʪʝʥʩʢʦʛʦ ʠ ʂʦʪʦʚʩʢʦʛʦ 
ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ 13.01.2015ï
29.08.2016 

ɻ ʄʠʛʨʘʮʠʷ ʵʧʠʮʝʥʪʨʦʚ ʦʪ ʉʥʝʞʥʠʥ-
ʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʢ ʧʦʩ. ʂʫʣʪʫʢ ʠ ʥʘʟʘʜ ʩ 
ʚʨʘʱʝʥʠʝʤ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ 
02.01.2008ï31.01.2008, ʦʪʜʝʣʴʥʦʝ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʝ ʨʷʜʦʤ ʩ ʧʦʩ. ʂʫʣʪʫʢ 
04.05.2008 

ɸʢʪʠʚʥʦʩʪʴ ʄʫʨʠʥʩʢʦʡ ʯʘʩʪʠ ɻʦʣʦʫʩʪʝʥ-
ʩʢʦ-ʄʫʨʠʥʩʢʦʡ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʣʠʥʠʠ 
14.12.2016ï10.11.2017, ʚʝʨʦʷʪʥʳʝ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʝ ʩʦʙʳʪʠʷ ʚ 2020ï2021 ʛʛ. 

ɺ ʧʨʦʛʥʦʟʝ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 2020 

ʛ., ʢʦʪʦʨʳʡ ʦʧʨʘʚʜʘʣʩʷ, ʙʳʣ ʩʜʝʣʘʥ ʘʢʮʝʥʪ ʥʘ 

ʣʠʥʝʡʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 

ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʝ (Rasskazov et al., 

2020). ɺʥʘʯʘʣʝ 2026 ʛ. ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 01 ʬʝʚʨʘʣʷ ʜʦ 13 ʤʘʨʪʘ 

ʚ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʥʘ ʚʩʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 

ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ, ʦʪ ʧ-ʦʚʘ ʉʚʷ-

ʪʦʡ ʅʦʩ ʜʦ ʊʘʥʭʦʷ, ʜʦʧʦʣʥʷʝʪʩʷ ʣʠʥʠʷʤʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʚʦʩʪʦʢʝ ʠ ʟʘʧʘʜʝ ɹʈʉ. ʆʨʠ-

ʝʥʪʠʨʦʚʢʘ ʣʠʥʠʡ ʚʜʦʣʴ ʧʨʦʩʪʠʨʘʥʠʷ ɹʈʉ 

ʩʣʝʛʢʘ ʤʝʥʷʝʪʩʷ. ʇʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘʤ ʢ ʵʪʠʤ 

ʣʠʥʠʷʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʠʡ ʧʦʣʶʩ ʚʨʘʱʝʥʠʷ 

(ʧʦʣʶʩ ʕʡʣʝʨʘ) ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤʠ ʢʦʦʨʜʠ-

ʥʘʪʘʤʠ 60Á51ôʩ.ʰ., 96Á58ôʚ.ʜ. (ʨʘʡʦʥ ʧʦʩ. 

ʂʫʶʤʙʘ) (ʨʠʩ. 19ʚ). ʕʪʦʪ ʧʦʣʶʩ ʦʙʦʟʥʘʯʘʝʪ 

ʪʦʯʢʫ ʥʘ ʩʬʝʨʠʯʝʩʢʦʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

Google Earth, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʷʪ ʨʘʜʠ-

ʫʩr ʚʨʘʱʝʥʠʷ ʚ ɹʈʉ, ʨʝʘʣʠʟʫʶʱʝʛʦʩʷ ʚ ʢʘʩʘ-

ʪʝʣɹʥʳʭ ʣʠʥʠʷʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɼʣʠʥʘ ʨʘʜʠ-

ʫʩʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʘ ʟʘʧʘʜʝ ʠ ʚʦʩʪʦʢʝ ɹʈʉ 

ʦʢʦʣʦ 1060 ʢʤ, ʚ ʮʝʥʪʨʝ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 

1150 ʢʤ. ɼʣʠʥʘ ʨʘʜʠʫʩʦʚ ʚʨʘʱʝʥʠʷ ʩʦʧʦʩʪʘ-

ʚʠʤʘ ʩ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʣʠ-

ʥʠʡ ʚʨʘʱʝʥʠʷ ʚ ɹʈʉ. 

ʉʠʥʭʨʦʥʥʦʩʪʴ ʣʠʥʠʡ ʚʨʘʱʝʥʠʷ ʚ ɹʈʉ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʝʡʩʤʦʛʝʥʝ-

ʨʠʨʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʠ ʢʦʨʳ ʚʜʦʣʴ ʨʠʬʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʢʦʣʦ 1200 ʢʤ. ɺ 

ʝʜʠʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʫʩʣʦʚʠʝ ʧʦʜʛʦʪʦʚʢʠ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʚ ʧʨʦʪʷʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ (ʉʦʙʦʣʝʚ, 1993). 

ɺ ʨʘʟʚʠʪʠʠ ʩʝʡʩʤʠʯʥʦʩʪʠ 2025ï2026 ʛʛ. 

ʩʪʘʜʠʡʥʦʩʪʴ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʧʦʜʛʦʪʦʚʢʝ ʩʠʣʴ-

ʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʂʫʣʪʫʢʩʢʦʡ ʠ ɹʘʡʢʘʣʦ-

ʍʫʙʩʫʛʫʣʴʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʡ, ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ. 

ʉ ʢʦʥʮʘ 2026 ʛ. ʦʙʦʟʥʘʯʘʝʪʩʷ ʥʦʚʳʡ ʩʮʝʥʘ-

ʨʠʡ. ʉʠʣʴʥʝʡʰʠʝ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ ʧʨʠʚʦʜʷʪ ʢ 

ʨʝʣʘʢʩʘʮʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ɹʈʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʧʫʩʢʦʤ ʜʝʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʨʝ ʧʨʠ ʟʘʪʷʛʠʚʘʥʠʠ ʤʘʪʝ-

ʨʠʘʣʘ ʚʦʩʪʦʢʘ ʠ ʮʝʥʪʨʘ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʢ ʦʩʠ 

ʗɹɻʂ. ʕʪʦ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʚʦʮʠʨʫʝʪ 

ʚʨʘʱʝʥʠʝ ʚ ɹʈʉ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʪʷʞʝʥʠʝ 

ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝ ʨʝʘʣʠ-

ʟʫʝʪʩʷ, ʥʦ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʜʚʠʞʝʥʠʷ ʦʩʝʚʘʷ 

ʯʘʩʪʴ ʧʦʯʪʠ ʚʩʝʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ. ɺʨʘʱʘ-

ʝʪʩʷ ʙʣʦʢ ʗɹɻʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʪʘʙʠʣʴʥʦʡ 

ɸʟʠʠ. ɺʨʘʱʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢ ʚʦʩʪʦʢʫ 

ʩʝʡʩʤʦʘʢʪʠʚʥʳʤ ʫʛʣʦʤ, ʧʨʦʠʟʚʦʜʥʳʤ ʦʩʝ-

ʚʦʛʦ ʟʘʪʷʛʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʗɹɻʂ. 

ʇʨʦʚʦʜʷ ʘʥʘʣʦʛʠʶ ʩʦ ʩʮʝʥʘʨʠʷʤʠ ʣʠʥʝʡ-

ʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʝʨʝʜ 

ʥʘʯʘʣʦʤ ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʘʢʪʠʚʠʟʘʮʠʡ 

ʚ 2008 ʠ 2020 ʛʛ., ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʜʘʣʴʥʝʡʰʠʡ ʭʦʜ ʩʦʙʳʪʠʡ 2026ï2027 ʛʛ.: 1) 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʘʩʝʡʩʤʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʣʠ-

ʥʠʡ (ʚ 2017ï2020 ʛʛ. ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʣʠʣʦʩʴ 

2.5 ʛʦʜʘ); 2) ʧʨʦʷʚʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦʚʳ-

ʰʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ=12.3ï
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12.4) ʚ ʊʘʥʭʦʡʩʢʦʡ ʣʠʥʠʠ ʮʝʥʪʨʘ ɹʈʉ (ʚʦʟ-

ʤʦʞʥʦ, ʚ ʜʨʫʛʠʭ ʣʠʥʠʷʭ); 3) ʯʝʨʝʟ 1ï2 ʤʝʩʷʮʘ 

ʧʦʩʣʝ ʪʘʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʦʞʥʦ ʦʞʠʜʘʪʴ 

ʥʘʯʘʣʘ ʩʠʣʴʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʨʦʣʴ ʩʝʡʩʤʦʛʝʥ-

ʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʥʘ ʟʘʧʘʜʝ 

ʠʣʠ ʚʦʩʪʦʢʝ ɹʈʉ ʧʨʠ ʛʣʘʚʝʥʩʪʚʝ ʪʝʢʪʦʥʠʯʝ-

ʩʢʠʭ ʫʩʠʣʠʡ ʉʄʉʀɸʂ ʠʣʠ ʗɹɻʂ. ɿʝʤʣʝʪʨʷ-

ʩʝʥʠʷ ʮʝʥʪʨʘ ɹʈʉ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʪʦ-

ʨʠʯʥʳʝ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʣʠʙʦ ʚʤʝʩʪʝ ʩ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷʤʠ ʟʘʧʘʜʘ, ʣʠʙʦ ʚʤʝʩʪʝ ʩ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʚʦʩʪʦʢʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝ-

ʤʝʥʠ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʣʠ-

ʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʠʣʠʡ: ɹʘʡʢʘʣʦ-ʍʫʙ-

ʩʫʛʫʣʴʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ 2020ï2023 ʛʛ. ï 

ʉʄʉʀɸʂ, ʉʝʚʝʨʦ-ɹʘʡʢʘʣʦ-ʍʘʥʛʘʡʩʢʘʷ ʘʢʪʠ-

ʚʠʟʘʮʠʷ 2023ï2024 ʛʛ. ï ʗɹɻʂ, ʩʝʡʩʤʠʯʝʩʢʠʝ 

ʠʤʧʫʣʴʩʳ 2025 ʛ. ï ʯʝʨʝʜʦʚʘʥʠʝ ʉʄʉʀɸʂ ʠ 

ʗɹɻʂ. 

ʆɺʇ-ʨʝʛʠʩʪʨʘʮʠʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨ-

ʤʘʮʠʡ ʢʦʨʳ ʤʦʛʫʪ ʤʝʰʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʩ ʪʝ-

ʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʤʘʛ-

ʥʠʪʥʳʭ ʙʫʨʴ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʜʝʬʦʨʤʘʮʠʡ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʟ. ɹʘʡʢʘʣ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʣʝʜʦʩʪʘʚʘ ʷʥʚʘʨʷ-ʤʘʨʪʘ ʧʨʝʜʰʝ-

ʩʪʚʫʶʱʠʭ ʣʝʪ, ʚ ʣʝʜʦʩʪʘʚ ʷʥʚʘʨʷ-ʤʘʨʪʘ 2026 

ʛ. ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʆɺʇ-ʵʬʬʝʢʪʳ ʜʝʬʦʨ-

ʤʘʮʠʡ ʣʴʜʘ ʥʝ ʧʨʦʷʚʠʣʠʩʴ. ɺ ʟʘʧʠʩʷʭ ʆɺʇ ʟʘ-

ʤʝʪʥʫʶ ʨʦʣʴ ʩʳʛʨʘʣʠ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ. ʀʟ 

ʘʥʘʣʠʟʘ ʩʦʦʪʥʦʰʝʥʠʷ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤ-

ʥʳʭ ʚʦʜ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʠ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ ɹʈʉ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʥʪʨʦʣʷ ʩʣʘʙʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ ʚ ʥʦʷʙʨʝ-

ʜʝʢʘʙʨʝ 2025 ʛ. ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʘʤ 

ʗɹɻʂ ʚ ʷʥʚʘʨʝ-ʤʘʨʪʝ 2026 ʛ. ʩʣʝʜʫʝʪ ʚʳʚʦʜ ʦ 

ʚʝʨʦʷʪʥʦʤ ʥʠʚʝʣʠʨʦʚʘʥʠʠ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ 

ʘʥʦʤʘʣʠʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ɹʈʉ 

ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ, ʚʳʟʳʚʘʚʰʠʤʠ ʩʣʘʙʳʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɽʩʣʠ ʵʪʦ ʪʘʢ, ʪʦ ʢʦʨʦʪʢʠʝ ʩʝʡ-

ʩʤʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʷʥʚʘʨʷ-ʤʘʨʪʘ 2026 ʛ., ʚ 

ʩʫʱʥʦʩʪʠ, ʦʙʦʟʥʘʯʘʶʪ ʟʘʧʫʩʢ ʥʦʚʦʡ ʩʝʨʠʠ 

ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʦʤʠ-

ʥʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʗɹɻʂ. 

ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʥʝʣʴʟʷ 

ʥʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠ ̫ʥʘ ʪʦ, ʯʪʦ ʧʦʩʣʝ ʷʥʚʘʨ-

ʩʢʦʛʦ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʚ ʮʝʥʪʨʝ ɹʈʉ ʚ ʬʝʚʨʘʣʝ-ʤʘʨʪʝ 2026 ʛ. ʦʙʨʘʟʫ-

ʝʪʩʷ ʊʘʥʭʦʡʩʢʘʷ ʣʠʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʢʦʪʦ-

ʨʘʷ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʚʜʦʣʴ ɹʘʡʢʘʣʘ ʧʦʜʦʙʥʦ ʣʠ-

ʥʠ̫ʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʭ 

ʩʠʣʴʥʳʤ ʩʝʡʩʤʠʯʝʩʢʠʤ ʘʢʪʠʚʠʟʘʮʠʷʤ, ʂʫʣ-

ʪʫʢʩʢʦʡ ʠ ɹʘʡʢʘʣʦ-ʍʫʙʩʫʛʫʣʴʩʢʦʡ. ɻʦʣʦ-

ʫʩʪʥʦ-ʄʫʨʠʥʩʢʘʷ ʣʠʥʠʷ ʦʪʨʘʞʘʣʘ ʘʥʠʟʦʪʨʦʧ-

ʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʨʳ ʧʝʨʝʜ ʩʠʣʴʥʦʡ ɹʘʡʢʘʣʦ-

ʍʫʙʩʫʛʫʣʴʩʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʝʡ 

2020ï2023 ʛʛ. ʃʠʥʝʡʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 

ʬʝʚʨʘʣʝ-ʤʘʨʪʝ 2026 ʛ. ʤʦʞʝʪ ʦʪʨʘʞʘʪ ɹʘʥʠʟʦ-

ʪʨʦʧʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʨʳ ʧʝʨʝʜ ʥʦʚʦʡ ʩʠʣʴʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʝʡ. 

ʄʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʰʠʬ-

ʨʦʚʢʘ ʩʝʡʩʤʠʯʥʦʩʪʠ ɹʈʉ ʥʝ ʚʧʠʩʳʚʘʝʪʩʷ ʚ 

ʭʦʜ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʜʥʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʷʭ 

ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ (ɿʦʥʝʥʰʘʡʥ ʠ ʜʨ., 1978; ɿʦ-

ʨʠʥ, ʂʦʨʜʝʣʣ, 1991; Logatchev, Zorin, 1992; 

Rasskazov, 1994; ʠ ʜʨ.). ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʩʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʊʘʢʦʡ ʭʘ-

ʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʨʠʬʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʦʪʨʘʞʘ-

ʝʪʩʷ ʚ ʩʝʛʤʝʥʪʥʦʤ ʩʪʨʦʝʥʠʠ ɹʈʉ (ʈʘʩʩʢʘʟʦʚ, 

1996). ʉʝʡʩʤʦʛʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʨʳ ʤʝʥʷ-

ʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʚʠʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʫʩʠʣʠʷʤʠ ʉʄʉʀɸʂ ʠʣʠ ʗɹɻʂ. ʇʨʠʣʦʞʝʥʠʝ 

ʩʠʣ ʩ ʶʛʘ ʠʣʠ ʩ ʚʦʩʪʦʢʘ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʧʦ-

ʨʷʜʦʯʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʚʜʦʣʴ ʦʩʠ ɹʈʉ ʠ ʨʝʘʣʠʟʫʶʱʠʝʩʷ ʚ ʩʠʣʴʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷʭ, ʧʨʦʛʥʦʟ ʢʦʪʦʨʳʭ 

ʪʨʝʙʫʝʪ ʧʦʥʠʤʘʥʠʷ ʩʪʘʜʠʡʥʦʩʪʠ ʨʘʟʚʠʪʠʷ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʟʘʨʦʞʜʝʥʠʷ ʩʠʣʦ-

ʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ɹʈʉ ʢ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ 

ʜʝʬʦʨʤʘʮʠʷʤ ʢʦʨʳ. ɼʚʠʞʝʥʠʷ ʥʝ ʧʦʜʯʠʥʷ-

ʶʪʩʷ ʣʠʥʝʡʥʳʤ ʩʪʨʫʢʪʫʨʘʤ (ʨʘʟʣʦʤʘʤ), ʘ ʨʝ-

ʛʫʣʠʨʫʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʤʝʞʜʫ ʙʣʦʢʘʤʠ, 

ʦʙʣʘʜʘʶʱʠʤʠ ʥʝʢʦʪʦʨʦʡ ʞʝʩʪʢʦʩʪʴʶ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʧʦʜʚʠʞʥʦʡ ʢʦʨʳ ɹʈʉ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʘʢʪʦʨ ʚʨʘʱʝʥʠʷ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʦʪʢʨʳʪʠʝ ʩ ʥʝʢʦʤ-

ʧʝʥʩʠʨʦʚʘʥʥʳʤ ʧʦʛʨʫʞʝʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘ 

ʚʧʘʜʠʥ ʦʟʝʨ ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ ʠ ʍʫʙʩʫʛʫʣʘ. 

ɺʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ 

ʵʧʠʮʝʥʪʨʘʭ ʂʫʜʘʨʠʥʩʢʦʛʦ ʠ ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʮʝʥʪʨʘ ʠ ʟʘʧʘʜʘ ɹʈʉ. ɺʦʩʪʦʯ-

ʥʳʡ ʩʝʡʩʤʦʘʢʪʠʚʥʳʡ ʦʪʨʝʟʦʢ ʚʨʘʱʝʥʠʷ ɹʈʉ 

ʥʝ ʠʤʝʝʪ ʧʨʠʚʷʟʢʠ ʢ ʩʠʣʴʥʳʤ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷʤ ɹʘʡʢʘʣʦ-ʍʫʙʩʫʛʫʣʴʩʢʦʡ ʠʣʠ ʉʝʚʝʨʦ-

ɹʘʡʢʘʣʦ-ʍʘʥʛʘʡʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʡ. ʉ ʜʝʬʦʨ-

ʤʘʮʠʷʤʠ ʚ ʵʪʦʤ ʦʪʨʝʟʢʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʙʫʜʫʱʝʝ ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ʉʝʡʩʤʠʯʝ-

ʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʩʪʦʢʘ ɹʈʉ ʜʦʣʞʥʘ ʚʦʟʨʘʩ-

ʪʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʩʠʣʳ ʗɹɻʂ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ 

ɹʈʉ ʩ ʚʦʩʪʦʢʘ. ʊʦʯʥʳʡ ʧʨʦʛʥʦʟ ʚʨʝʤʝʥʠ 

ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʘ-

ʯʝʩʪʚʘ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠ 
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ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʵʬʬʝʢ-

ʪʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʝʛʦ ʧʦʜʛʦʪʦʚʢʫ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ˉ 

075-15-2024-533 ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩ-

ʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʢʨʫʧ-

ʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟ-

ʚʠʪʠʷ (ʧʨʦʝʢʪ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʙʘʟʦʚʳʭ 

ʤʝʪʦʜʦʚ, ʤʦʜʝʣʝʡ, ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʮʠʬʨʦ-

ʚʦʡ ʧʣʘʪʬʦʨʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè). ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʜʘʥʥʳʝ ʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʝ 

ʥʘ ʫʥʠʢʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʫʩʪʘʥʦʚʢʝ çʉʝʡʩʤʦ-

ʠʥʬʨʘʟʚʫʢʦʚʦʡ ʢʦʤʧʣʝʢʩ ʤʦʥʠʪʦʨʠʥʛʘ ʘʨʢ-

ʪʠʯʝʩʢʦʡ ʢʨʠʦʣʠʪʦʟʦʥʳ ʠ ʢʦʤʧʣʝʢʩ ʥʝʧʨʝ-

ʨʳʚʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʦʧʨʝʜʝʣʴʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʠ ʤʠʨʘè (https://ckp-

rf.ru/usu/507436/, http://www.gsras.ru/unu/). 

(ʂʘʨʪʘé, 2025). ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ɺ.ʀ. ɸʨ-

ʭʠʧʝʥʢʦ ʟʘ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜ-

ʜʝʨʞʢʠ ʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʥʩʦʨʦʚ ʥʘ ʩʪʘʥ-

ʮʠʷʭ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. 
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ɽʣʦʚʩʢʦʡ ʤʝʞʜʫʚʧʘʜʠʥʥʦʡ ʧʝʨʝʤʳʯʢʝ, ʨʘʟʚʠʚʘʣʩʷ ʚ ʩʨʝʜʥʝʤ ʤʠʦʮʝʥʝ (16ï13 ʤʣʥ ʣʝʪ ʥʘʟʘʜ), ʚ 

ʧʦʟʜʥʝʤ ʤʠʦʮʝʥʝ (11ï8 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʠ ʚ ʧʣʠʦʮʝʥʝ-ʧʣʝʡʩʪʦʮʝʥʝ (4.0ï0.8 ʤʣʥ ʣʝʪ ʥʘʟʘʜ). ɺ ʶʞ-

ʥʦʡ ʩʪʝʨʞʥʝʚʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ (ʪʝʨʨʠʪʦʨʠʷ ʀʨʢʫʪ-ɸʭʘʣʠʢ) ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʨʘʩ-

ʧʣʘʚʳ, ʠʟʣʠʚʰʠʝʩʷ ʚ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʡ ʠ ʧʣʠʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠʥʪʝʨʚʘʣʳ, 

ʤʝʥʷʣʠ ʩʦʩʪʘʚʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʪ ʙʘʟʘʣʴʪʦʚ ʢ ʪʨʘʭʠʙʘʟʘʣʴʪʘʤ ʩ ʧʝʨʝʨʳʚʦʤ ʚ ʚʫʣʢʘʥʠʟʤʝ 

13ï4 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. ɺ ʝʝ ʩʝʚʝʨʥʦʡ ʩʪʝʨʞʥʝʚʦʡ ʯʘʩʪʠ (ʪʝʨʨʠʪʦʨʠʷ ʍʦʙʦʢ) ʙʘʟʘʣʴʪʳ ʩʤʝʥʷʣʠʩʴ 

ʪʨʘʭʠʙʘʟʘʣʴʪʘʤʠ ʚ ʩʨʝʜʥʝʤ ʤʠʦʮʝʥʝ (16ï13 ʤʣʥ ʣʝʪ ʥʘʟʘʜ), ʘ ʚ ʧʦʟʜʥʝʤ ʤʠʦʮʝʥʝ (9ï8 ʤʣʥ ʣʝʪ 

ʥʘʟʘʜ) ʠ ʚ ʧʣʠʦʮʝʥʝ-ʧʣʝʡʩʪʦʮʝʥʝ, ʠʟʚʝʨʛʘʣʠʩʴ ʪʦʣʴʢʦ ʪʨʘʭʠʙʘʟʘʣʴʪʳ. ɺ ʙʣʠʞʘʡʰʝʤ ʶʞʥʦʤ ʛʦʨ-

ʥʦʤ ʦʙʨʘʤʣʝʥʠʠ (ʭʨ. ʍʘʤʘʨ-ɼʘʙʘʥ) ʠ ʩʝʚʝʨʥʦʤ ʛʦʨʥʦʤ ʦʙʨʘʤʣʝʥʠʠ (ʭʨ. ʊʫʥʢʠʥʩʢʠʡ) ʚʫʣʢʘʥʠʟʤ 

ʙʳʣ ʦʛʨʘʥʠʯʝʥ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʤʠʦʮʝʥʦʚʳʤ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ. ʃʘʚʦʚʳʝ ʠʟʚʝʨʞʝʥʠʷ ʚ ʊʫʥ-

ʢʠʥʩʢʦʡ ʜʦʣʠʥʝ 16ï15 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʦʜʥʦʨʦʜʥʳʤ ʙʘʟʘʣʴʪʦʚʳʤ ʩʦʩʪʘʚʦʤ, 

ʦʙʦʟʥʘʯʘʶʪ ʥʘʯʘʣʴʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʩʦʚʧʘʜʘʶʱʠʡ ʧʦ ʚʨʝʤʝʥʠ ʩ ʟʘʧʫʩʢʘʶʱʠʤ ʠʤʧʫʣʴʩʦʤ ʛʣʫ-

ʙʠʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʗʧʦʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦ-

ʨʠʜʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʟʘʜʫʛʦʚʦʤʫ ʨʘʩʢʨʳʪʠʶ ʚʧʘʜʠʥʳ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ. ʀʟʚʝʨʞʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚʳʭ ʣʘʚ 13, 11ï8 ʠ 4ï0.8 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʦʪʨʘʞʘʶʪ ʨʘʟʚʠʪʠʝ ʎʝʥ-

ʪʨʘʣʴʥʦ-ʊʫʥʢʠʥʩʢʦʡ ʟʦʥʳ ʛʦʨʷʯʝʡ ʪʨʘʥʩʪʝʥʩʠʠ ʚ ʭʦʜʝ ʫʛʘʩʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʂʘʤʘʨʩʢʦ-ʉʪʘʥʦʚʦʡ 

ʟʦʥʳ ʥʘ ʚʦʩʪʦʯʥʦʤ ʦʢʦʥʯʘʥʠʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ. 
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Changes in Late Cenozoic Volcanic Activities and Rock Composition 
Variations across the Central Tunka Valley of the Baikal Rift System 

S.V. Rasskazov1,2, I.S. Chuvashova1,2, T.A. Yasnygina1, K.A. Vinitsina2, B.B. Budaev2,3, 
O.Sh. Tsyrenov2, A.P. Zambalov2, V.Yu. Kononov2, R.V. Antipin2 

1Institute of the Earth's Crust SB RAS, Irkutsk, Russia 
2Irkutsk State University, Irkutsk, Russia 
3V.B. Sochava Institute of Geography, SB RAS, Irkutsk, Russia 

Abstract. Volcanism in the central Tunka Valley (in the Tunka Basin and Elovka interbasin uplift) 

occurred in the Middle Miocene (16ï13 Myr ago), Late Miocene (11ï8 Myr ago), and PlioceneïPleis-

tocene (4.0ï0.8 Myr ago). In the southern core of the Tunka Valley (Irkut-Akhalik area), the composi-

tion of magmatic melts erupted during the Middle Miocene and Pliocene-Pleistocene volcanic intervals 

changed over time from basalts to trachybasalts, with a hiatus in volcanism from 13 to 4 Myr ago. In 

its northern core (Khobok area), basalts were followed with trachybasalts in the Middle Miocene (16ï

13 Myr ago), while in the Late Miocene (9ï8 Myr ago) and the PlioceneïPleistocene, only trachy-

basalts erupted. In the immediate southern mountainous framing (the Khamar-Daban Range) and 

northern mountainous framing (the Tunka Range), only Middle-Late Miocene volcanism occurred. 

Lava eruptions in the Tunka Valley 16ï15 Myr ago, characterized by a homogeneous basaltic compo-

sition, mark the initial magmatism, coinciding in time with the triggering impulse of deep mantle mag-

matism at the axis of the Japan-Baikal geodynamic corridor that corresponded to the back-arc opening 

of the Sea of Japan Basin. Those of predominantly trachybasaltic composition 13, 11ï8, and 4ï0.8 Myr 

ago reflect the subsequent development of the Central Tunka zone of hot transtension under the fading 

activities in the Kamar-Stanovoy zone at the eastern end of the Tunka Valley. 

Keywords: Baikal, Cenozoic, volcanism, basalt, trachybasalt, continental rifting 

ɺʚʝʜʝʥʠʝ 

ʇʦʜ ʦʩʝʚʳʤʠ ʚʧʘʜʠʥʘʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴ-

ʥʳʭ ʨʠʬʪʦʚʳʭ ʟʦʥ ʩʫʱʝʩʪʚʫʶʪ ʦʩʦʙʳʝ ʫʩʣʦ-

ʚʠʷ ʤʘʛʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ 

ʫʩʣʦʚʠʡ ʤʘʛʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜ ʩʦʧʨʝʜʝʣʴ-

ʥʳʤʠ ʧʦʜʥʷʪʠʷʤʠ ï ʧʣʝʯʘʤʠ ʨʠʬʪʦʚ. ɺʧʝʨ-

ʚʳʝ ʥʘ ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʇ. 

ʃʠʧʤʘʥ (Lipman, 1969), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʠʣ 

ʪʦʣʝʠʪʦʚʳʡ ʩʦʩʪʘʚ ʜʣʷ ʧʣʠʦʮʝʥʦʚʳʭ ʙʘʟʘʣʴ-

ʪʦʚ ʚʦ ʚʧʘʜʠʥʝ ʉʘʥ-ʃʫʠʩ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʨʠʬʪʘ ʈʠʦ-ɻʨʘʥʜʝ ʧʣʘʪʦ ʊʘʦʩ ʠ ʱʝʣʦʯʥʦʡ ʩʦ-

ʩʪʘʚ ʜʣʷ çʜʦʣʠʥʥʳʭè ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ ʥʘ ʟʘʧʘʜʥʦʤ ʧʣʝʯʝ ʵʪʦʡ ʚʧʘ-

ʜʠʥʳ (ʚ ʛʦʨʘʭ ʊʶʟʘʩ). ʆʥ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ ʦ 

ʪʦʤ, ʯʪʦ ʪʦʣʝʠʪʦʚʳʝ ʙʘʟʘʣʴʪʳ ʙʳʣ ʧʨʦʠʟʚʦʜ-

ʥʳʤʠ ʧʣʘʚʣʝʥʠʷ ʥʠʞʥʝʡ ʢʦʨʳ ʧʦʜ ʦʩʝʚʦʡ 

ʚʧʘʜʠʥʦʡ, ʪʦʛʜʘ ʢʘʢ ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ ʚʳ-

ʧʣʘʚʣʷʣʠʩʴ ʧʦ ʝʝ ʣʘʪʝʨʘʣʠ ʚ ʙʦʣʝʝ ʛʣʫʙʠʥʥʳʭ 

ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʊʘʢʦʝ ʞʝ ʟʘʢʦʥʦʤʝʨ-

ʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʶʪ ʪʦʣʝʠʪʦʚʳʝ ʠ ʱʝ-

ʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ ʚʦ ʚʧʘʜʠʥʘʭ ʠ ʠʭ ʛʦʨʥʦʤ ʦʙ-

ʨʘʤʣʝʥʠʠ ʚ ʨʠʬʪʦʚʳʭ ʩʠʩʪʝʤʘʭ ʉʝʚʝʨʦ-ɺʦ-

ʩʪʦʯʥʦʡ ɸʬʨʠʢʠ, ʭʦʪʷ ʚ ʦʩʝʚʳʭ ʨʠʬʪʦʚʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʠʝ ʤʘʛʤ 

ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʦʠʟʚʦʜʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʨʠʬʪʳ, 1981). 

ʍʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨʳ ʊʫʥʢʠʥʩʢʦʡ 

ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠ-

ʩʪʝʤʳ (ɹʈʉ) ʙʳʣ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʠ, ʚ ʢʦ-

ʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʧʨʠʜʘʚʘʣʘʩʴ ʣʝʚʦ-

ʩʪʦʨʦʥʥʠʤ ʩʜʚʠʛʦʚʳʤ ʩʤʝʱʝʥʠʷʤ ʚʜʦʣʴ ʥʝʝ 

(ʐʝʨʤʘʥ ʠ ʜʨ., 1973; ʐʝʨʤʘʥ, ʃʝʚʠ, 1978; ʠ 

ʜʨ.). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʨʝʧʝʨʦʚ ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʜʦʣʠʥʳ ʧʦʢʘʟʘʣʦ, ʦʜʥʘʢʦ, 

ʦʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʘʤʧʣʠʪʫʜ ʪʘʢʠʭ 

ʩʤʝʱʝʥʠʡ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2013; ʈʘʩʩʢʘʟʦʚ, 

ʏʫʚʘʰʦʚʘ, 2023). ɼʘʥʥʳʝ ʦʙ ʵʚʦʣʶʮʠʠ ʚʫʣʢʘ-

ʥʠʟʤʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʤʝʥʝ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʣʫʞʠʣʠ ʜʣʷ ʘʨʛʫʤʝʥʪʘʮʠʠ ʩʫ-

ʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʚ ʨʘʟʚʠʪʠʠ ʜʦʣʠʥʳ ʧʦʧʝ-

ʨʝʯʥʳʭ ʚʫʣʢʘʥʦʘʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ 

(Rasskazov et al., 2021). 

ʃʘʪʝʨʘʣʴʥʘʷ ʩʤʝʥʘ ʠʩʪʦʯʥʠʢʦʚ ʢʦʨʳ ʠ 

ʤʘʥʪʠʠ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʩʪʦʯ-

ʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʊʫʥʢʠʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʜʦ-

ʣʠʥʳ ʚ ʚʦʟʨʘʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 18ï12 ʤʣʥ ʣʝʪ 

ʥʘʟʘʜ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2013). ɺ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʵʪʦʡ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʥʘʭʦʜʠʪʩʷ 
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ʊʫʥʢʠʥʩʢʘʷ ʚʧʘʜʠʥʘ, ʠʤʝʶʱʘʷ ʨʘʟʤʝʨʳ 

32Ĭ65 ʢʤ (ʨʠʩ. 1). ɻʣʫʙʠʥʘ ʚʧʘʜʠʥʳ ʩʦʩʪʘʚ-

ʣʷʝʪ ʜʦ 2.5 ʢʤ. ʂ ʚʦʩʪʦʢʫ ʠ ʟʘʧʘʜʫ ʦʪ ʊʫʥʢʠʥ-

ʩʢʦʡ ʚʧʘʜʠʥʳ ʨʘʟʤʝʨʳ ʠ ʛʣʫʙʠʥʳ ʚʧʘʜʠʥ 

ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʫʤʝʥʴʰʘʶʪʩʷ. ɺʫʣʢʘʥʠ-

ʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʚ 

ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʯʣʝʥʝʥʠʠ ʊʫʥʢʠʥʩʢʦʡ 

ʚʧʘʜʠʥʳ ʠ ɽʣʦʚʩʢʦʡ ʤʝʞʜʫʚʧʘʜʠʥʥʦʡ ʧʝʨʝ-

ʤʳʯʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʩʝʚʝʨʥʦʛʦ 

ʦʢʦʥʯʘʥʠʷ ʊʨʘʥʩ-ʍʘʤʘʨʜʘʙʘʥʩʢʦʡ ʚʫʣʢʘʥʠ-

ʯʝʩʢʦʡ ʟʦʥʳ, ʧʨʦʪʷʥʫʚʰʝʡʩʷ ʦʪ ʊʫʥʢʠʥʩʢʦʡ 

ʜʦʣʠʥʳ ʥʘ 90 ʢʤ ʢ ʶʛʫ, ʚ ʙʘʩʩʝʡʥ ɼʞʠʜʳ 

(ʈʘʩʩʢʘʟʦʚ, 1990; Ashchepkov et al., 2026). 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʦʮʝʥʦʚʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʜʦʣʴ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʩ ʣʦ-

ʢʘʣʠʟʘʮʠʝʡ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʦʣʷ ʚ ʝʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ɺʧʘʜʠʥʳ: ʄʅ ï ʄʦʥʜʠʥʩʢʘʷ, 

ʍʊ ï ʍʦʡʪʦʛʦʣʴʩʢʘʷ, ʊʋ ï ʊʫʨʘʥʩʢʘʷ, ʊʅ ï ʊʫʥʢʠʥʩʢʘʷ, ʊʈ ï ʊʦʨʩʢʘʷ, ɹʉ ï ɹʳʩʪʨʠʥʩʢʘʷ. ʅʘ 

ʚʦʩʪʦʢʝ ʊʫʥʢʠʥʩʢʘʷ ʜʦʣʠʥʘ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʦʟʝʨʥʦʡ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʦʡ (ʖɹ). ɺ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʦʣʠʥʳ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʪʝʨʨʠʪʦʨʠʠ: 1 ï ʂʦʟʴʷ ʐʝʡʢʘ, 2 ï ʀʨʢʫʪ-ɸʭʘʣʠʢ, 

3 ï ʍʦʙʦʢ, 4 ï ʊʫʥʢʠʥʩʢʠʡ ʭʨʝʙʝʪ. 

Fig. 1. Distribution of Miocene volcanic fields along the Tunka Valley, with the Pliocene-Quaternary 

field localized in its central part. Basins: ʄʅ ï Mondy, ʍʊ ï Khoytogol, ʊʋ ï Turan, ʊʅ ï Tunka, ʊʈ 

ï Tory, ɹʉ ï Bystraya. In the east, the Tunka Valley connects with the South Baikal Basin (ʖɹ). In the 

central part of the valley, the areas are designated by numbers: 1 ï Kozya Sheika, 2 ï Irkut-Akhalik, 3 

ï Khobok, 4 ï Tunka Range. 

ʈʘʟʨʝʟʳ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ 

ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʠ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ 1950ï1990-ʭ 

ʛʛ. (ʌʣʦʨʝʥʩʦʚ, ʃʦʩʢʫʪʦʚʘ, 1953; ʃʦʛʘʯʝʚ, 

1956; ʌʣʦʨʝʥʩʦʚ, 1960; ɹʝʣʦʚ, 1963; ʐʝʨʤʘʥ 

ʠ ʜʨ., 1973). ʇʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʜʘʥ-

ʥʳʝ ʦ ʩʦʩʪʘʚʝ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʩʠʜʦʚ ʠ ʦʛʨʘʥʠ-

ʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʫʣʢʘʥʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʩ ʠʭ KïAr ʜʘʪʠʨʦʚʢʘʤʠ, 

ʩʦʛʣʘʩʫʶʱʠʤʠʩʷ ʩ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʚʦʟʨʘʩʪʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ (ʈʘʩʩʢʘ-

ʟʦʚ, 1993). ɺ ʵʚʦʣʶʮʠʠ ʩʦʩʪʘʚʘ ʣʘʚ ʙʳʣʠ ʦʙʦ-

ʟʥʘʯʝʥʳ ʜʚʘ ʵʪʘʧʘ: ʩʨʝʜʥʝ-ʧʦʟʜʥʝʤʠʦʮʝʥʦ-

ʚʳʡ ʠ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʡ. ɹʳʣʦ ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ 16ï9 ʤʣʥ ʣʝʪ ʥʘʟʘʜ 

ʪʦʣʝʠʪʦʚʳʝ ʙʘʟʘʣʴʪʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʛʣʫ-

ʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʩʤʝʥʠʣʠʩʴ ʱʝʣʦʯʥʳʤʠ 

ʙʘʟʘʣʴʪʘʤʠ ʠ ʙʘʟʘʥʠʪʘʤʠ ʩ ʛʣʫʙʠʥʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ. ɿʘʪʝʤ, ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʙʘ-

ʟʘʣʴʪʳ ʙʝʟ ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʤʝʥʠʣʠʩʴ 

ʙʘʟʘʣʴʪʘʤʠ ʩ ʛʣʫʙʠʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʚ 

ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ. ɺ ʢʦʥʮʝ 1990-ʭ 

ʛʛ. ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 10 ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʘʥʘʣʠʟʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʊʫʥʢʠʥʩʢʦʡ 

ʚʧʘʜʠʥʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʤʠʦʮʝʥʦʚʳʤ ʚʦʟʨʘʩ-

ʪʦʤ, ʠ 2 ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʧʦʨʦʜ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʧʣʠʦʮʝʥʦʤ-ʧʣʝʡʩʪʦʮʝ-

ʥʦʤ (ɻʨʘʯʝʚ, 1998). ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟ-

ʮʦʚ, ʦʜʥʘʢʦ, ʥʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʧʦʵʪʦʤʫ ʵʪʠ ʘʥʘ-

ʣʠʟr ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʫʞʜʝʥʠʷ 

ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʷʭ ʩʦ-

ʩʪʘʚʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ. 
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʘʥʥʳʝ ʧʦ ʩʪʨʘʪʠ-

ʛʨʘʬʠʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʊʫʥ-

ʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʯʘʩʪʠʯʥʦ ʫʪʦʯʥʝʥʳ. ʂʦʣʣʝʢ-

ʮʠʷ ʦʙʨʘʟʮʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʩʪʨʘʪʠ-

ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦʧʦʣʥʝʥʘ. 

ʉʜʝʣʘʥʳ ʥʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ 

ʦʢʩʠʜʦʚ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʦʭʘʨʘʢʪʝ-

ʨʠʟʦʚʘʪʴ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʥʘʧʦʣ-

ʥʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦ-

ʣʠʥʳ (ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ɽʣʦʚʩʢʦʛʦ 

ʦʪʨʦʛʘ) ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʍʘʤʘʨ-

ɼʘʙʘʥʘ ʠ ʊʫʥʢʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʩ ʚʳʷʚʣʝʥʠʝʤ 

ʭʦʜʘ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʢʨʝʩʪ ʧʨʦ-

ʩʪʠʨʘʥʠʷ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ, ʘ ʪʘʢʞʝ ʩʭʦʜ-

ʩʪʚʘ ʠ ʨʘʟʣʠʯʠʡ ʩʦʩʪʘʚʘ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʚʫʣ-

ʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʛʦ 
ʥʘʧʦʣʥʝʥʠʷ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ 

ɺ ʥʘʯʘʣʝ 1950-ʭ ʛʦʜʦʚ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʙʳʣʘ ʧʨʦʡʜʝʥʘ 

ʛʣʫʙʦʢʘʷ ʩʢʚʘʞʠʥʘ 2-ʆ (ʫʩʪʴʝ ï 730 ʤ, ʛʣʫ-

ʙʠʥʘ ʜʦ 2117 ʤ). ɺʳʭʦʜ ʢʝʨʥʘ ʩʦʩʪʘʚʣʷʣ 3ï5 

%. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʨʦʪʘʞʘ ʠ ʠʟʚʣʝʯʝʥʥʳʤ 

ʦʙʣʦʤʢʘʤ ʧʦʨʦʜ ʚ ʩʢʚʘʞʠʥʝ ʙʳʣʠ ʦʙʦʟʥʘ-

ʯʝʥʳ ʪʨʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʘ: ʚʝʨʭʥʠʡ 

ʝʜʠʥʠʯʥʳʡ ʩʣʦʡ (ʛʣʫʙʠʥʘ ʜʦ 10 ʤ), ʩʨʝʜʥʷʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʦʝʚ (ʛʣʫʙʠʥʘ 250ï536 ʤ) ʠ 

ʥʠʞʥʷʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʦʝʚ (ʛʣʫʙʠʥʘ 1030ï

2010 ʤ) (ʨʠʩ. 2). ʇʦʩʢʦʣʴʢʫ ʩʢʚʘʞʠʥʘ ʥʘʭʦ-

ʜʠʪʩʷ ʨʷʜʦʤ ʩ ʚʫʣʢʘʥʦʤ ʍʫʨʘʡ-ʍʦʙʦʢ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʘ KïAr ʜʘʪʠʨʦʚʢʘ 1.6 ʤʣʥ 

ʣʝʪ, ʚʝʨʭʥʠʡ ʣʘʚʦʚʳʡ ʩʣʦʡ ʦʪʥʦʩʠʪʩʷ ʢ ʥʠʞ-

ʥʝʤʫ ʧʣʝʡʩʪʦʮʝʥʫ. ʉʨʝʜʥʷʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʩʣʦʝʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʧʦ ʜʘʥʥʳʤ ʩʧʦ-

ʨʦʚʦ-ʧʳʣʴʮʝʚʦʛʦ ʘʥʘʣʠʟʘ, ʦʪʥʦʩʠʪʩʷ ʢ ʧʣʠʦ-

ʮʝʥʫ (ʛʨʘʥʠʮʘ ʧʣʠʦʮʝʥʘ-ʤʠʦʮʝʥʘ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʛʣʫʙʠʥʝ 715.6 ʤ), ʥʠʞʥʷʷ ï ʢ ʤʠʦʮʝʥʫ. ʉʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʦʟʥʘʯʘʶʪʩʷ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʠʥʪʝʨʚʘʣʳ: 1.7ï0.86 ʤʣʥ ʣʝʪ (ʥʠʞʥʠʡ ʧʣʝʡ-

ʩʪʦʮʝʥ), 4.0ï2.4 ʤʣʥ ʣʝʪ (ʧʣʠʦʮʝʥ ï ʥʘʯʘʣʦ 

ʧʣʝʡʩʪʦʮʝʥʘ) ʠ 16ï8 ʤʣʥ ʣʝʪ (ʩʨʝʜʥʠʡ-ʚʝʨʭ-

ʥʠʡ ʤʠʦʮʝʥ). 

 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʘʟʘʣʴʪʦʚ ʚ ʚʫʣʢʘʥʦ-

ʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʩʝʚʝʨʦ-ʚʦ-

ʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 

(ʩʢʚʘʞʠʥʘ 2-ʆ). ʉʢʚʘʞʠʥʘ ʧʨʦʡʜʝʥʘ ʚ 7 ʢʤ 

ʶʞʥʝʝ ʢʫʨʦʨʪʘ ɸʨʰʘʥ (ʇʦʚʳʰʝʚ, 1956). 

ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ï ʫʧʨʦʱʝʥʥʳʡ ʚʘ-

ʨʠʘʥʪ ʧʝʨʚʠʯʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩʢʚʘʞʠʥʳ 

ʧʨʠ ʚʳʭʦʜʝ ʢʝʨʥʘ 3ï5 ʧʨʦʮʝʥʪʦʚ. ɺʦʟʨʘʩʪ-

ʥr ʝ ʠʥʪʝʨʚʘʣʳ ʫʢʘʟʘʥʳ ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘ-

ʪʦʚ KïAr ʜʘʪʠʨʦʚʘʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦ-

ʨʦʜ ʠʟ ʦʙʥʘʞʝʥʠʡ (ʈʘʩʩʢʘʟʦʚ, 1993). 

Fig. 2. Distribution of basalts in the volcano-

sedimentary filling of the northeastern part of 

the Tunka Basin (well 2-ʆ). The well was 

drilled 7 km south of the Arshan spar (Pov-

yshev, 1956). The lithological column is a sim-

plified version of the primary recording of the 

well with 3ï5 % of a core yield. Age intervals 

are indicated from the results of KïAr dating 

of volcanic rocks from outcrops (Rasskazov, 

1993). 

ʄʠʦʮʝʥʦʚʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠʟʚʝʨʞʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʶ 
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ʫʛʣʝʥʦʩʥʦʡ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ, ʧʣʠʦʮʝʥʦʚʳʝ 

ʠ ʨʘʥʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ï ʘʥʦʩʦʚʩʢʦʡ. ɺ 

ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʠ ʛʦʣʦʮʝʥʝ ʚʫʣʢʘʥʠʟʤ 

ʥʝ ʚʦʟʦʙʥʦʚʣʷʣʩʷ. ɺ ʧʣʠʦʮʝʥʝ ʊʫʥʢʠʥʩʢʠʡ 

ʭʨʝʙʝʪ ʙʳʩʪʨʦ ʨʦʩ ʠ ʨʘʩʯʣʝʥʷʣʩʷ ʵʨʦʟʠʝʡ. 

ɻʨʫʙʦʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʩʥʦʩʠʣʩʷ ʩ 

ʭʨʝʙʪʘ ʚ ʜʦʣʠʥʫ. ʅʘʢʦʧʠʣʘʩʴ 200-ʤʝʪʨʦʚʘʷ 

ʛʨʫʙʦʦʙʣʦʤʦʯʥʘʷ ʪʦʣʱʘ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ 

ʙʝʟ ʙʘʟʘʣʴʪʦʚʳʭ ʧʨʦʩʣʦʝʚ. ʈʘʥʥʝʧʣʝʡʩʪʦʮʝ-

ʥʦʚʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠʟʚʝʨʞʝʥʠʷ ʚ ʊʫʥʢʠʥ-

ʩʢʦʡ ʚʧʘʜʠʥʝ ʦʪʜʝʣʝʥʳ ʦʪ ʧʣʠʦʮʝʥʦʚʳʭ ʠʟ-

ʚʝʨʞʝʥʠʡ ʧʝʨʝʨʳʚʦʤ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨ-

ʚʘʣʝ 2.4ï1.7 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. 

ʈʘʥʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʚʫʣʢʘʥʠʟʤ ʟʘʢʦʥʯʠʣʩʷ 

ʦʢʦʣʦ 0.9ï0.8 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʚ ʩʚʷʟʠ ʩ ʦʙʱʠʤ 

ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʈʉ ï ʊʫʥʢʠʥʩʢʦʡ ʜʦ-

ʣʠʥʳ ʠ ʚʧʘʜʠʥ ʦʟ. ɹʘʡʢʘʣ. 

ʆʧʨʦʙʦʚʘʥʠʝ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 
ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʉʨʝʜʠ ʚʳʭʦʜʦʚ ʤʠʦʮʝʥʦʚʳʭ ʚʫʣʢʘʥʠʯʝ-
ʩʢʠʭ ʧʦʨʦʜ ʧʦ ʭʘʨʘʢʪʝʨʫ ʩʪʨʦʝʥʠʷ ʨʘʟʨʝʟʘ 
ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʧʦʣʦʩʳ 
ʰʠʨʠʥʦʡ 4ï5 ʢʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 18ï20 ʢʤ. 
ɺʦʩʪʦʯʥʘʷ ʧʦʣʦʩʘ ʙʘʟʘʣʴʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 
ʥʘʠʙʦʣʝʝ ʧʨʠʧʦʜʥʷʪʫʶ ʯʘʩʪʴ ɽʣʦʚʩʢʦʛʦ ʦʪ-
ʨʦʛʘ ʠ ʧʦʣʥʦʩʪʴʶ ʣʠʰʝʥʘ ʧʨʦʩʣʦʝʚ ʦʩʘʜʦʯ-
ʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠ-
ʘʣʘ. ɿʘʧʘʜʥʘʷ ʧʦʣʦʩʘ ʙʘʟʘʣʴʪʦʚ ʨʘʩʧʦʣʦʞʝʥʘ 
ʙʣʠʞʝ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘ-
ʜʠʥʳ. ɺ ʝʝ ʧʨʝʜʝʣʘʭ, ʥʘʨʷʜʫ ʩ ʣʘʚʘʤʠ, ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʳ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚʩʪʨʝʯʘ-
ʶʪʩʷ ʧʨʦʩʣʦʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. 
ʉ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʦʙʣʘʩʪʴ ʦʧʫʩʢʘʥʠʷ ʠ ʩʝʜʠ-
ʤʝʥʪʘʮʠʠ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʩʤʝʥʷʝʪʩʷ ʦʙ-
ʣʘʩʪʴʶ ʧʦʜʥʷʪʠʷ ʠ ʵʨʦʟʠʠ ɽʣʦʚʩʢʦʛʦ ʦʪʨʦʛʘ. 
ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ 

ʥʘʭʦʜʷʪʩʷ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ: 1) ʤʝʣʘ-ʧʘ-
ʣʝʦʛʝʥʘ, 2) ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ ʠ 3) 
ʧʣʠʦʮʝʥʘ ï ʥʠʞʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ (ʨʠʩ. 3). 

 

ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʝ ʠ ʥʘ ɽʣʦʚ-

ʩʢʦʤ ʦʪʨʦʛʝ. 1 ï ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ; 2 ï ʢʘʡʥʦʟʦʡʩʢʠʝ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʘ ï ʤʠʦʮʝʥʦ-

ʚʳʝ, ʙ ï ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʝ); 3 ï ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (ʚʦʟʨʘʩʪ: ʘ ï 

4 ʤʣʥ ʣʝʪ, ʙ ï 2.4ï0.8 ʤʣʥ ʣʝʪ); 4 ï ʩʨʝʜʥʝ-ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (ʚʦʟʨʘʩʪ: ʘ 
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ï 16ï15 ʤʣʥ ʣʝʪ, ʙ ï 13 ʤʣʥ ʣʝʪ, ʚ ï 11ï8 ʤʣʥ ʣʝʪ); 5 ï ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʥʝʷʩʥʦʛʦ (ʤʝʣ-

ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʠʣʠ ʩʨʝʜʥʝ-ʤʠʦʮʝʥʦʚʦʛʦ) ʚʦʟʨʘʩʪʘ; 6 ï ʧʦʨʦʜʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ; 7 

ï ʫʩʪʫʧ ʊʫʥʢʠʥʩʢʠʭ ʛʦʣʴʮʦʚ. 

Fig. 3. Distribution of volcanic units in the Tunka Basin and on the Elovka Spur. 1 ï Quaternary sedi-

ments; 2 ï Pliocene-Quaternary sediments; 3 ï Pliocene-Quaternary volcanic rocks; 4 ï Middle-Upper 

Miocene volcanic rocks: lower (a), middle (ʙ) and upper (ʚ) strata; 5 ï volcanic rocks of unclear (Cre-

taceous-Paleogene or Middle Miocene) age; 6 ï crystalline basement rocks; 7 ï scarp of the Tunka 

Range. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʚʫʣʢʘʥʦ-
ʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 
ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʥʫʞʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʙ-
ʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʭʦʜʢʠ ʤʝʣ-ʧʘʣʝʦʛʝʥʦ-
ʚʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥ-
ʥʦʩʪʠ ʚ ʪʨʘʢʪʦʚʢʝ ʚʦʟʨʘʩʪʘ ʪʦʣʱʠ, ʚʩʢʨʳʪʦʡ 
ʩʢʚ. 73 ʚ ʩʝʣʝ ʅʠʢʦʣʴʩʢ. 
1. ʅʘ ɽʣʦʚʩʢʦʡ ʤʝʞʜʫʚʧʘʜʠʥʥʦʡ ʧʝʨʝ-

ʤʳʯʢʝ, ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʍʦʙʦʢ, ʜʣʷ ʚʫʣ-
ʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʦʣʫʯʝʥʘ ʚʝʨʭʥʝʤʝʣʦʚʘʷ 
KïAr ʜʘʪʠʨʦʚʢʘ 72 Ñ 1.6 ʤʣʥ ʣʝʪ. ʅʘ ʚʳ-
ʨʦʚʥʝʥʥʦʤ ʚʦʜʦʨʘʟʜʝʣʝ ɽʣʦʚʩʢʦʡ ʤʝʞʜʫʚʧʘ-
ʜʠʥʥʦʡ ʧʝʨʝʤʳʯʢʠ, ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ɸʭʘʣʠʢ, 
ʧʦʨʦʜʘ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʦʚʘ ʜʘʣʘ ʜʘʪʠ-
ʨʦʚʢʫ ʢʦʥʮʘ ʵʦʮʝʥʘ ï 35.6 Ñ 0.5 ʤʣʥ ʣʝʪ. ʇʝʨ-
ʚʘʷ ʜʘʪʠʨʦʚʢʘ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʦʟ-
ʨʘʩʪʫ ʪʝʨʨʠʛʝʥʥʦ-ʵʬʬʫʟʠʚʦʡ ʪʦʣʱʠ, ʚʳʷʚ-
ʣʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʥʘ ɸʭʘʣʠʢʩʢʦʤ 
ʙʫʨʦʫʛʦʣʴʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʊʦʣʱʘ ʙʳʣʘ 
ʦʪʥʝʩʝʥʘ ʢ ʧʘʣʝʦʮʝʥʫ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʧʦ 
ʙʘʟʘʣʴʪʘʤ ʣʘʪʝʨʠʪʥʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ 
(ʃʦʛʘʯʝʚ, 1974). ʄʝʣ-ʧʘʣʝʦʛʝʥʦʚʳʡ ʙʘʟʘʣʴʪ 
ʜʦʣʝʨʠʪʦʚʦʛʦ ʩʣʦʞʝʥʠʷ ʵʪʦʡ ʪʦʣʱʠ ʙʳʣ 
ʦʧʨʦʙʦʚʘʥ ʊ.ʂ. ʃʦʤʦʥʦʩʦʚʦʡ ʚ ʛʣʫʙʠʥʥʦʤ 
ʠʥʪʝʨʚʘʣʝ ʥʝʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ 219.4ï221.4 
ʤ ʩʢʚ. 72 ɸʭʘʣʠʢʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʦʙʨ. 
ʃʆ-72-1). ʇʦʛʨʘʥʠʯʥʳʝ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʳʝ 
ʩʣʦʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʩʦʧʨʝʜʝʣʴ-
ʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʚ ʇʝʨʝʜʙʘʡʢʘʣʴʩʢʦʤ ʠ ɺʠ-
ʪʠʤʦ-ʉʝʣʝʥʛʠʥʩʢʦʤ ʧʨʦʛʠʙʘʭ (ʈʘʩʩʢʘʟʦʚ ʠ 
ʜʨ., 2007). ɺʪʦʨʘʷ ʜʘʪʠʨʦʚʢʘ ʪʘʢʞʝ ʤʦʞʝʪ ʩʦ-
ʦʪʚʝʪʩʪʚʦʚʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʚʦʟʨʘʩʪʫ. ɺ 
ʶʞʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʜʚʫʤʷ 
ʞʝʤʯʫʛʩʢʠʤʠ ʩʢʚʘʞʠʥʘʤʠ ʚʩʢʨʳʪʘ ʦʩʘʜʦʯ-
ʥʘʷ ʪʦʣʱʘ, ʥʘʯʠʥʘʶʱʘʷʩʷ ʩ ʦʣʠʛʦʮʝʥʘ ʠ ʥʝ 
ʩʦʜʝʨʞʘʱʘʷ ʧʨʦʩʣʦʝʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ 
(ʄʘʟʠʣʦʚ ʠ ʜʨ., 1993). ʅʝʣʴʟʷ, ʦʜʥʘʢʦ, ʠʩʢʣʶ-
ʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʨʝʚʥʝʥʠʷ KïAr ʜʘʪʠʨʦ-
ʚʦʢ ʚ ʩʚʷʟʠ ʩ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʨʘʟʚʠʪʠʝʤ 
ʩʢʨʳʪʦʡ ʛʣʠʥʠʩʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʧʨʦʥʠ-
ʮʘʝʤʳʭ ʙʘʟʘʣʴʪʦʚʳʭ ʩʣʦʷʭ (ʏʫʚʘʰʦʚʘ ʠ ʜʨ., 
2021; ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʙ). ɹʘʟʘʣʴʪʳ ʩ ʜʘ-
ʪʠʨʦʚʢʘʤʠ 72 ʠ 36 ʤʣʥ ʣʝʪ ʫʩʣʦʚʥʦ ʨʘʩʩʤʘʪ-
ʨʠʚʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝʨʘʮʠʠ 16ï
15 ʤʣʥ ʣʝʪ. 
2. ʆʙʨʘʟʮʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʟ ʢʝʨʥʘ 

ʩʢʚ. 73 ʧʨʝʜʧʨʠʷʪʠʷ çʉʦʩʥʦʚʛʝʦʣʦʛʠʷè ʦʪʙʠ-
ʨʘʣʠʩʴ ʂ.ɻ. ʃʝʚʠ ʠ ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ ʩʦʩʪʘʚʘ ʙʝʟ ʜʦʢʫʤʝʥʪʘʮʠʠ 
ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦ-
ʨʦʜʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩ ʛʣʫʙʠʥ 12, 14, 20, 140, 
151 154 ʠ 205 ʤ. ɼʣʷ ʦʙʨʘʟʮʘ ʩ ʛʣʫʙʠʥʳ 154 ʤ 
ʧʦʣʫʯʝʥʘ KïAr ʜʘʪʠʨʦʚʢʘ 1.7 ʤʣʥ ʣʝʪ. ɺʩʢʨʳ-
ʪʘʷ ʪʦʣʱʘ ʦʪʥʦʩʠʣʘʩʴ ʢ ʧʣʝʡʩʪʦʮʝʥʫ (ʈʘʩʩʢʘ-
ʟʦʚ, 1993). ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʚʩʢʨʳ-
ʪʦʛʦ ʩʢʚ. 73 ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ <500ï730 ʤ 
ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ 
ʦʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʝ-ʤʠʦʮʝʥʦʚʳʝ ʩʧʦʨʦʚʦ-
ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ (ʇʦʧʦʚʘ ʠ ʜʨ., 1989). 
ʇʨʠ ʟʘʣʦʞʝʥʠʠ ʥʦʚʦʡ ʩʢʚʘʞʠʥʳ ʜʣʷ ʠʟʫ-

ʯʝʥʠʷ ʨʘʟʨʝʟʘ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʡ 
ʪʦʣʱʠ ʚ ʩʝʣʝ ʅʠʢʦʣʴʩʢ ʚ 2013 ʛ. ʫʯʠʪʳʚʘʣʠʩʴ 
ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʢʝʨʥʫ ʩʢʚ. 73. ʇʨʝʜ-
ʧʦʣʘʛʘʣʘʩʴ ʧʨʦʭʦʜʢʘ ʥʦʚʦʡ ʩʢʚʘʞʠʥʳ ʚ ʢʦʦʨ-
ʜʠʥʘʪʘʭ, ʫʢʘʟʘʥʥʳʭ ʚ ʦʪʯʝʪʝ ʧʦ ʵʪʦʡ ʩʢʚʘ-
ʞʠʥʝ, ʜʣʷ ʜʝʪʘʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʝʨʝʤʝ-
ʞʘʶʱʠʭʩʷ ʣʘʚʦʚʳʭ ʠ ʦʩʘʜʦʯʥʳʭ ʩʣʦʝʚ. 
ʅʘʯʘʣʦ ʧʨʦʭʦʜʢʠ ʥʦʚʦʡ ʩʢʚʘʞʠʥʳ ʧʦʢʘʟʘʣʦ, 
ʦʜʥʘʢʦ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʣʦʝʚ ʣʘʚ. ɼʦ ʛʣʫʙʠʥʳ 
30 ʤ ʠʟʚʣʝʢʘʣʩʷ ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ ʧʝ-
ʩʦʢ, ʥʘʩʳʱʝʥʥʳʡ ʚʦʜʦʡ (ʧʣʘʚʫʥʳ). ʂʦʦʨʜʠ-
ʥʘʪʳ ʩʢʚ. 73 ʦʢʘʟʘʣʠʩʴ ʥʝʚʝʨʥʳʤʠ. ɹʫʨʝʥʠʝ 
ʙʳʣʦ ʧʨʝʢʨʘʱʝʥʦ. ʅʦʚʘʷ ʩʢʚʘʞʠʥʘ ʙʳʣʘ ʟʘ-
ʣʦʞʝʥʘ ʥʘ ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʝ ʩʝʣʘ ʅʠʢʦʣʴʩʢ, 
ʚ ʢʫʨʫʤʥʠʢʝ ʙʘʟʘʣʴʪʦʚʳʭ ʛʣʳʙ. ɺ ʭʦʜʝ ʙʫʨʝ-
ʥʠʷ ʥʠʞʝ ʢʫʨʫʤʥʠʢʘ ʙʳʣʘ ʚʩʢʨʳʪʘ ʦʩʘʜʦʯʥʘʷ 
ʪʦʣʱʘ ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘïʧʣʝʡʩʪʦʮʝʥʘ, ʟʘʣʝ-
ʛʘʶʱʘʷ ʥʘ ʵʨʦʜʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʚʦ-
ʚʦʛʦ ʩʣʦʷ, ʧʦʜʦʙʥʦʛʦ ʧʦ ʩʦʩʪʘʚʫ ʧʦʨʦʜʘʤ ʛʝ-
ʥʝʨʘʮʠʠ 16ï15 ʤʣʥ ʣʝʪ (ʦʙʨ. Nik/84.7) (ʍʘʩ-
ʩʘʥ ʠ ʜʨ., 2020). ʆʙʣʦʤʢʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 
ʧʦʨʦʜ, ʚʩʪʨʝʯʝʥʥʳʝ ʚ ʩʢʚ. 73, ʚ ʥʦʚʦʡ ʩʢʚʘ-
ʞʠʥʝ ʊʫʥʢʘ-13 ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 
ʩʪʘʨʦʡ ʠ ʥʦʚʦʡ ʩʢʚʘʞʠʥʘʤʠ ʙʳʣʠ ʚʩʢʨʳʪʳ 
ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʪʦʣʱʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ-
ʥʳʝ ʦʙʨʘʟʮʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩʢʚ. 73 
(ʈʘʩʩʢʘʟʦʚ, 1993) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʝ-
ʤʝʱʝʥʥʳʡ ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʩʪʫʧʘʚ-
ʰʠʡ ʚ ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ ʩ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 
ʧʦʩʪʨʦʝʢ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʵʨʦʟʠʠ. ɺʦʟʨʘʩʪ 
ʦʙʣʦʤʢʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʟ ʩʢʚ. 73 
ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦ-
ʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʫʩʣʦʚʥʦ ʦʪʥʦʩʷʪʩʷ 
ʢ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝʨʘʮʠʠ 2ï1 ʤʣʥ ʣʝʪ. 
ʃʘʚʳ ʚʦʟʨʘʩʪʦʤ 15.0ï15.6 ʤʣʥ ʣʝʪ ʟʘʧʦʣ-

ʥʷʶʪ ʜʨʝʚʥʠʝ ʨʝʯʥʳʝ ʜʦʣʠʥʳ ʛʣʫʙʠʥʦʡ ʥʝ 
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ʤʝʥʝʝ 100 ʤ ʚ ʥʘʠʙʦʣʝʝ ʧʦʜʥʷʪʦʡ ʯʘʩʪʠ ɽʣʦʚ-
ʩʢʦʛʦ ʦʪʨʦʛʘ. ɹʘʟʘʣʴʪʦʚʳʝ ʣʘʚʳ ʟʘʣʝʛʘʶʪ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʨʦʜʘʭ ʬʫʥʜʘʤʝʥʪʘ. 
ɺʠʜʠʤʘʷ ʪʦʣʱʠʥʘ ñʜʦʣʠʥʥʳʭ" ʙʘʟʘʣʴʪʦʚʳʭ 
ʥʘʢʦʧʣʝʥʠʡ 70 ʤ. ʉʦʚʨʝʤʝʥʥʘʷ ʜʦʣʠʥʘ ɸʭʘ-
ʣʠʢʘ ʚʩʢʨʳʣʘ ʚʫʣʢʘʥʠʯʝʩʢʫʶ ʪʦʣʱʫ ʚ ʤʝʩʪʝ 
ʝʝ ʧʨʠʯʣʝʥʝʥʠʷ ʢ ʢʨʫʪʦʤʫ (30ï45Á) ʙʦʨʪʫ 
ʜʨʝʚʥʝʡ ʜʦʣʠʥʳ. ɺʦʟʨʘʩʪ ʙʘʟʘʣʴʪʦʚ ʠʟ ʦʩʥʦ-
ʚʘʥʠʷ ñʜʦʣʠʥʥʦʡ" ʣʘʚʦʚʦʡ ʧʘʯʢʠ 15.0 Ñ 0.6 
ʤʣʥ ʣʝʪ. ɹʣʠʟʢʘʷ ʜʘʪʠʨʦʚʢʘ 15.6 Ñ 0.4 ʤʣʥ ʣʝʪ 
ʧʦʣʫʯʝʥʘ ʜʣʷ ʩʘʤʦʛʦ ʥʠʞʥʝʛʦ ʠʟ ʯʝʪʳʨʝʭ ʙʘ-
ʟʘʣʴʪʦʚʳʭ ʩʣʦʝʚ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʦʩʪʘʥʮʘ ʣʝ-
ʚʦʛʦ ʙʦʨʪʘ ʨ. ʀʨʢʫʪ ʚ 4 ʢʤ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ 
ʦʪ ʜ. ɽʣʦʚʢʘ. ɿʜʝʩʴ ʙʘʟʘʣʴʪʦʚʳʝ ʧʦʪʦʢʠ ʪʘʢʞʝ 
ʣʝʞʘʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʨʦʜʘʭ ʬʫʥʜʘ-
ʤʝʥʪʘ. ʀʭ ʣʦʞʝ ʧʦʜʥʷʪʦ ʥʘ 70 ʤ ʚʳʰʝ ʩʦʚʨʝ-
ʤʝʥʥʦʛʦ ʪʘʣʴʚʝʛʘ ʀʨʢʫʪʘ. 
ʃʘʚʳ ʚʦʟʨʘʩʪʦʤ 15.0ï15.6 ʤʣʥ ʣʝʪ ɽʣʦʚ-

ʩʢʦʛʦ ʦʪʨʦʛʘ ʠʜʝʥʪʠʯʥʳ ʧʦ ʩʦʩʪʘʚʫ ʥʠʞʥʝʡ 
ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʪʦʣʱʠ ʜʦʣʠʥʳ 
ʨ. ɿʫʥ-ʄʫʨʠʥ ʠ ʩʦʩʪʘʚʣʷʶʪ ʚʤʝʩʪʝ ʩ ʥʠʤʠ 
ʝʜʠʥʫʶ ʚʦʟʨʘʩʪʥʫʶ ʛʝʥʝʨʘʮʠʶ. ɺ ʧʨʘʚʦʤ 
ʙʦʨʪʫ ɿʫʥ-ʄʫʨʠʥʘ ʧʦʜʦʰʚʘ ʙʘʟʘʣʴʪʦʚ ʧʦʜ-
ʥʷʪʘ ʥʘʜ ʩʦʚʨʝʤʝʥʥʳʤ ʫʨʝʟʦʤ ʨʝʢʠ ʥʘ 90ï100 
ʤ. ʉ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʦʙʥʘʞʝʥʠʷ ʙʘʟʘʣʴʪʳ 
ʦʧʫʱʝʥʳ ʥʠʞʝ ʪʘʣʴʚʝʛʘ ʄʘʨʛʘʩʘʥʘ. ɻʣʫʙʠʥʘ 
ʧʦʛʨʝʙʝʥʥʦʡ ʧʦʜ ʙʘʟʘʣʴʪʘʤʠ ʜʦʣʠʥʳ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ çʚʝʨʰʠʥʥʦʡè ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʚʳ-
ʰʘʝʪ 500 ʤ. 

ɺʠʜʠʤʘʷ ʪʦʣʱʠʥʘ ʙʘʟʘʣʴʪʦʚʦʡ ʧʘʯʢʠ ʦʩ-
ʥʦʚʘʥʠʷ ʨʘʟʨʝʟʘ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ɿʫʥ- ʄʫ-
ʨʠʥ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 ʤ. ʅʘ ʂʦʟʴʝʡ ʐʝʡʢʝ 
(ʞʠʚʦʧʠʩʥʦʡ ʩʝʜʣʦʚʠʥʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʙʣʠ-
ʞʝʥʥʳʤʠ ʤʝʘʥʜʨʘʤʠ ʨʝʢ ɿʫʥ-ʄʫʨʠʥ ʠ ʄʘʨ-
ʛʘʩʘʥ) ʦʙʥʘʞʝʥ ʦʜʠʥ 15-ʤʝʪʨʦʚʳʡ ʧʦʪʦʢ ʪʦʣ-
ʩʪʦʩʪʦʣʙʯʘʪʳʭ ʙʘʟʘʣʴʪʦʚ ʥʠʞʥʝʡ ʧʘʯʢʠ. ɺ 1 
ʢʤ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʨ. ɿʫʥ-ʄʫʨʠʥ ʧʘʯʢʘ ʩʣʦ-
ʞʝʥʘ ʯʝʨʝʜʦʚʘʥʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʘʣʦ-
ʤʦʱʥʳʭ (ʜʦ 1 ʤ) ʧʦʪʦʢʦʚ. ʉʦ ʩʪʦʨʦʥʳ ʄʘʨʛʘ-
ʩʘʥʘ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʥʝ ʤʝʥʝʝ ʜʝʚʷʪʠ ʧʦʪʦʢʦʚ 
ʩ ʚʠʜʠʤʦʡ ʩʫʤʤʘʨʥʦʡ ʪʦʣʱʠʥʦʡ 80ï90 ʤ. ʇʦ-
ʨʦʜʳ ʠʟʤʝʥʝʥʳ ʧʨʦʮʝʩʩʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ. 
ɺʳʰʝ ʙʘʟʘʣʴʪʦʚʦʡ ʧʘʯʢʠ ʚʜʦʣʴ ʟʫʥ-ʤʫʨʠʥ-
ʩʢʦʛʦ ʦʙʥʘʞʝʥʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʤʘʣʦʤʦʱ-
ʥʘʷ (ʧʝʨʚʳʝ ʤʝʪʨʳ) ʣʠʥʟʘ ʛʘʣʝʯʥʠʢʦʚ, ʘ ʚʜʦʣʴ 
ʤʘʨʛʘʩʘʥʩʢʦʛʦ ï ʣʠʥʟʘ ʦʜʥʦʨʦʜʥʳʭ ʙʫʨʳʭ ʘʨ-
ʛʠʣʣʠʪʦʚ ʪʦʣʱʠʥʦʡ ʥʝ ʤʝʥʝʝ 30 ʤ. ʇʝʨʝʢʨʳ-
ʚʘʶʱʠʝ ʵʪʠ ʦʩʘʜʦʯʥʳʝ ʣʠʥʟʳ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 
ʧʦʨʦʜʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʧʘʯʢʠ. ʅʝʧʦʩʨʝʜ-
ʩʪʚʝʥʥʦ ʥʘ ʛʘʣʝʯʥʠʢʘʭ ʟʘʣʝʛʘʝʪ ʧʦʪʦʢ ʣʘʚ ʩ 
ʛʣʫʙʠʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨ-
ʞʘʪʩʷ ʪʘʢʞʝ ʚ ʛʘʣʴʢʝ ʦʩʘʜʦʯʥʦʡ ʣʠʥʟʳ. ʅʘʜ 
ʧʦʪʦʢʦʤ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʣʝʜʫʝʪ ʧʘʯʢʘ ʜʚʫʭ 
ʣʘʚʦʚʳʭ ʩʣʦʝʚ, ʘ ʟʘʪʝʤ ï ʧʘʯʢʘ ʝʱʝ ʯʝʪʳʨʝʭ 
ʩʣʦʚ. ʆʙʱʘʷ ʪʦʣʱʠʥʘ ʪʨʝʭ ʚʝʨʭʥʠʭ ʧʘʯʝʢ ʩʦ-
ʩʪʘʚʣʷʝʪ 80ï90 ʤ. ʃʘʚʳ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘ-
ʩʪʝʡ ʟʫʥʤʫʨʠʥʩʢʦʡ ʧʘʯʢʠ ʧʦʢʘʟʘʣʠ ʚʦʟʨʘʩʪ 
10.1 Ñ 0.5 ʠ 8.3 Ñ 0.3 ʤʣʥ ʣʝʪ (ʨʠʩ. 4). 

 

ʈʠʩ. 4. ʃʘʚʦʚʳʝ ʧʘʢʝʪʳ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʪʦʣʱʠ, ʟʘʣʝʛʘʶʱʝʡ ʚ ʛʣʫʙʦ-

ʢʦʡ ʵʨʦʟʠʦʥʥʦʡ ʧʘʣʝʦʜʦʣʠʥʝ (ʨʘʟʨʝʟ ʂʦʟʴʝʡ ʐʝʡʢʠ): 1 ï 8.3 ʤʣʥ ʣʝʪ; 2 ð 10.1 ʤʣʥ ʣʝʪ; 3 ð 11 

ʤʣʥ ʣʝʪ; 4 ð 16ï15 ʤʣʥ ʣʝʪ; 5 ï ʧʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ; 6 ð ʚʳʩʦʪʥʳʡ ʫʨʦʚʝʥʴ ʧʦʜʦʰʚʳ ʚʫʣʢʘʥʠ-

ʯʝʩʢʦʡ ʪʦʣʱʠ; 7 ð ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʥʦʤʝʨʘ ʨʘʟʨʝʟʦʚ ʠ ʦʙʨʘʟʮʦʚ ʠʟ ʥʠʭ ʩ ʂïɸr ʜʘʪʠʨʦʚʢʘʤʠ. 

Fig. 4. Lava packages of the Middle-Upper Miocene volcanic strata occurred in a deep erosional pale-

ovalley (Kozya Sheyka section): 1 ï 8.3 Myr; 2 ï 10.1 Myr; 3 ï 11 Myr; 4 ï 16ï15 Myr; 5 ï basement 

rocks; 6 ï elevation level of the volcanic sequence base; 7 ï from here on numbers of sections and 

samples with KïAr ages. 

ʃʘʚʳ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 13 ʤʣʥ ʣʝʪ ʨʘʟʣʠ-

ʯʘʶʪʩʷ ʚ ʩʪʝʨʞʥʝʚʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦ-

ʣʠʥʳ. ʆʥʠ ʥʝ ʩʦʜʝʨʞʘʪ ʛʣʫʙʠʥʥʳʭ 

ʚʢʣʶʯʝʥʠʡ. ʇʘʯʢʘ ʣʘʚ ʟʘʣʝʛʘʝʪ ʥʘ 70ï80-ʤʝʪ-

ʨʦʚʦʡ ʮʦʢʦʣʴʥʦʡ ʪʝʨʨʘʩʝ ʧʦ ʦʙʦʠʤ ʙʦʨʪʘʤ 

ʜʦʣʠʥʳ ʀʨʢʫʪʘ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʜ. 



ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2026. ʊ. 6, ˉ 1 

98 

ɽʣʦʚʢʘ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɽʣʦʚʩʢʦʛʦ ʦʪ-

ʨʦʛʘ. ɺʦʟʨʘʩʪ ʧʦʨʦʜ ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ ʀʨʢʫʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 13 Ñ 0.4 ʤʣʥ ʣʝʪ. 

ʃʘʚʳ ʚʦʟʨʘʩʪʦʤ 11ï8 ʤʣʥ ʣʝʪ ʯʘʩʪʦ ʥʘʩʳ-

ʱʝʥʳ ʛʣʫʙʠʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ʂʨʦʤʝ ʣʘʚ 

ʂʦʟʴʝʡ ʐʝʡʢʠ, ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ ʣʘʚʳ 

ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʝʡ ʣʘʚʦʚʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʣʝʚʦʛʦ ʙʦʨʪʘ ʜʦʣʠʥʳ ʨ. ʍʦʙʦʢ ʚ ʝʛʦ 

ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ. ɿʜʝʩʴ ʧʦʪʦʢʠ ʩ ʚʢʣʶʯʝʥʠ-

ʷʤʠ ʨʘʟʜʝʣʝʥʳ ʧʦʪʦʢʦʤ ʙʝʟ ʚʢʣʶʯʝʥʠʡ. 

ɺʢʣʶʯʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʅ.ʗ. ɺʦ-

ʣʷʥʶʢʦʤ ʠ ɺ.ɻ. ʉʝʤʝʥʦʚʦʡ (1975) ʢʘʢ ʚʳʩʦ-

ʢʦʛʣʠʥʦʟʝʤʠʩʪʳʝ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʦʣʱʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʩʝʥʦ-

ʣʠʪʳ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ, ʚ ʚʝʨʭʥʝʡ ï ʧʣʘ-

ʛʠʦʢʣʘʟʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ (ʛʘʙʙʨʦʠʜʦʚ). 

ʅʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ ʚ ʚʫʣ-

ʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʤʝ-

ʛʘʢʨʠʩʪʘʣʣʳ ʠ ʛʣʦʤʝʨʦʧʦʨʬʠʨʦʚʳʝ ʩʢʦʧʣʝ-

ʥʠʷ ʘʥʜʝʟʠʥʘ. ɿʜʝʩʴ ʦʙʥʘʞʝʥʳ ʬʨʘʛʤʝʥʪʳ 

ʤʘʛʤʦʚʳʚʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʩ ʘʛʛʣʶʪʠʥʘʪʘʤʠ ʠ 

ʰʣʘʢʘʤʠ. ʃʘʚʦʚʳʝ ʧʦʪʦʢʠ ʥʘʢʣʦʥʝʥʳ ʦʪ ʥʝʛʦ 

ʢ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʝ ʧʦʜ ʫʛʣʦʤ 5ï7Á. ɺ 1 ʢʤ 

ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʨ. ʍʦʙʦʢ ʧʦʪʦʢʠ ʩʦʜʝʨʞʘʪ 

ʛʣʫʙʠʥʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʩʭʦʜʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʠʟ ʣʘʚ ʣʝʚʦʛʦ ʙʦʨʪʘ ʨʝʯʥʦʡ ʜʦ-

ʣʠʥʳ. 

ʈʘʟʨʝʟ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʜʦʣʠʥʳ ʨ. ʍʦʙʦʢ 

(ʨʠʩ. 5) ʧʦʢʘʟʘʪʝʣʝʥ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʩʦʦʪ-

ʥʦʰʝʥʠʡ ʪʨʝʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʣʘʚʦʚʳʭ ʛʝ-

ʥʝʨʘʮʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ (ʦʢʦʣʦ 13 ʤʣʥ ʣʝʪ), ʢ ʚʝʨʭ-

ʥʝʤʫ ʤʠʦʮʝʥʫ (11ï8 ʤʣʥ ʣʝʪ) ʠ ʚʝʨʭʥʝʤʫ 

ʧʣʠʦʮʝʥʫ ï ʧʣʝʡʩʪʦʮʝʥʫ <2 ʤʣʥ ʣʝʪ). ɺ 30-

ʤʝʪʨʦʚʦʤ ʫʩʪʫʧʝ ʥʘʜ ʫʨʝʟʦʤ ʨʝʢʠ ʦʙʥʘʞʘ-

ʶʪʩʷ ʧʝʨʝʤʝʞʘʶʱʠʝʩʷ ʧʦʪʦʢʠ, ʠʟʤʝʥʝʥʥʳʝ 

ʚʳʚʝʪʨʠʚʘʥʠʝʤ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʳ ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ (ʦʢʦʣʦ 13 ʤʣʥ 

ʣʝʪ). ɺʳʰʝ ʫʩʪʫʧʘ ʩʢʣʦʥ ʟʘʣʝʩʝʥ ʠ ʚʳʧʦʣʦ-

ʞʝʥ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʚ ʨʘʟʨʝʟʝ ʥʘʭʦʜʠʪʩʷ 

ʤʦʱʥʳʡ (ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ) ʛʦʨʠʟʦʥʪ ʦʙʣʦʤʦʯ-

ʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʪʜʝʣʷʶʱʠʡ ʚʝʨʭʥʝʤʠʦʮʝ-

ʥʦʚʳʝ ʙʘʟʘʣʴʪʳ ʦʪ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ. ɺʝʨʭ-

ʥʝʤʠʦʮʝʥʦʚʘʷ ʣʘʚʦʚʘʷ ʛʝʥʝʨʘʮʠʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʪʨʝʤʷ ʧʘʯʢʘʤʠ. ʅʠʞʥʷʷ ʩʣʦʞʝʥʘ 

ʧʦʪʦʢʘʤʠ, ʥʘʩʳʱʝʥʥʳʤʠ ʧʦʨʠʩʪʳʤʠ ʦʚʘʣʴ-

ʥʳʤʠ ʦʙʦʩʦʙʣʝʥʠʷʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 20 ʩʤ. 

 

ʈʠʩ. 5. ʉʪʨʦʝʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʪʦʣʱʠ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʨ. ʍʦʙʦʢ. 1ï3 ð ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ: 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ (1), ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ (2) ʠ ʧʣʠʦʮʝʥʘ-ʧʣʝʡʩʪʦʮʝʥʘ (3); 4 ð 

ʰʣʘʢʠ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʦʩʪʨʦʡʢʠ; 5ï6 ï ʣʠʥʟʳ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ (ʛʘʣʝʯʥʠʢ) ʤʝʞʜʫ ʣʘʚʦʚʳʤʠ ʧʦ-

ʪʦʢʘʤʠ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ (5) ʠ ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ ï ʧʣʠʦʮʝʥʘ-ʧʣʝʡʩʪʦʮʝʥʘ (6). 

Fig. 5. Sketch section of volcanic strata of the right side of the Khobok River. 1ï3 ð volcanic rocks: 

second half of the Middle Miocene (1), Upper Miocene (2) and Pliocene-Pleistocene (3); 4 ð scoria of 

the volcanic edifice; 5ï6 ð lenses of sedimentary rocks (pebbles) between lava flows of the Middle and 

Upper Miocene (5) and Upper Miocene ï Pliocene-Pleistocene (6). 
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ʃʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʚʢʣʶʯʝʥʠʷ ʚ ʦʩʥʦʚʘ-
ʥʠʠ ʠ ʢʨʦʚʣʝ ʪʦʣʱʠ ʣʝʚʦʛʦ ʙʦʨʪʘ ʜʦʣʠʥʳ ʨ. 
ʍʦʙʦʢ ʧʦʢʘʟʘʣʠ ʚʦʟʨʘʩʪ 9.2 Ñ 0.6 ʠ 8.9 Ñ 0.3 
ʤʣʥ ʣʝʪ, ʘ ʣʘʚʳ ʙʝʟ ʚʢʣʶʯʝʥʠʡ ʧʨʘʚʦʛʦ ʙʦʨʪʘ 
ï ʚʦʟʨʘʩʪ 8.4 Ñ 0.7 ʤʣʥ ʣʝʪ (ʨʠʩ. 2ʘ, 7). ɺ ʛʦʣʴ-
ʮʦʚʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʳ ʜʘʡʢʠ. ʇʦ ʧʨʦʜʘʤ ʠʟ ʜʘʝʢ ʧʦʣʫʯʝʥ ʠʥ-
ʪʝʨʚʘʣ ʂïɸr ʜʘʪʠʨʦʚʦʢ 14ï10 ʤʣʥ ʣʝʪ (ʈʫʞʠʯ 
ʠ ʜʨ., 1972). ɺ ʣʝʜʥʠʢʦʚʦʤ ʮʠʨʢʝ ʨ. ɹʫʭʦʪʘ 
ʦʙʥʘʞʝʥ ʠʟʦʤʝʪʨʠʯʥʳʡ ʚ ʧʣʘʥʝ ʥʝʢʢ ʜʠʘʤʝʪ-
ʨʦʤ 50ï60 ʠ ʚʳʩʦʪʦʡ 30ï35 ʤ. ʇʦʨʦʜʳ ʥʝʢʢʘ 

ʥʘʩʳʱʝʥʳ ʨʦʜʩʪʚʝʥʥʳʤʠ ʛʣʫʙʠʥʥʳʤʠ ʚʢʣʶ-
ʯʝʥʠʷʤʠ. 
ʇʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʝ ʙʘʟʘʣʴʪʳ ʦʙʥʘ-

ʞʘʶʪʩʷ ʚ ʟʘʙʦʣʦʯʝʥʥʦʤ ʜʥʠʱʝ ʩʝʚʝʨʦ- ʚʦ-
ʩʪʦʯʥʦʡ ʯʘʩʪʠ ʚʧʘʜʠʥʳ (ʨʠʩ. 6) ʠ ʦʙʨʘʟʫʶʪ 
ʪʦʥʢʠʡ ʧʦʢʨʦʚ ʥʘ ɽʣʦʚʩʢʦʤ ʦʪʨʦʛʝ, ʥʘʨʘʱʠ-
ʚʘʷ ʚʚʝʨʭ ʤʠʦʮʝʥʦʚʫʶ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯ-
ʥʫʶ ʪʦʣʱʫ. ʉʨʝʜʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʦʥʫʩʦʚ 
ʜʥʠʱʘ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʚʫʣʢʘʥ ʍʘʨʘ-
ɹʦʣʜʦʢ (ʨʠʩ. 7) ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ 
120 ʤ. 

 

ʈʠʩ. 6. ʂʘʨʪʘïʩʭʝʤʘ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ ʚ ʜʥʠʱʝ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ. 1 

ï ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʥʫʩ; 2 ï ʣʘʚʳ; 3 ï ʩʝʣʝʥʠʝ; 4 ï ʣʘʪʝʨʘʣʴʥʳʝ ʛʨʘʥʠʮʳ ʣʦʢʘʣʴʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 

ʟʦʥʳ; 5 ï ʜʦʨʦʛʘ ʛʣʘʚʥʘʷ; 6 ï ʜʦʨʦʛʘ ʧʨʦʩʝʣʦʯʥʘʷ. ʉʭʝʤʘ ʩʦʩʪʘʚʣʝʥʘ ʰʢʦʣʴʥʠʢʘʤʠ ʚ ʨʘʤʢʘʭ ʨʘ-

ʙʦʪʳ ɼʝʪʩʢʦʛʦ ʮʝʥʪʨʘ çʃʘʟʫʨʠʪè ʰʢʦʣʳ ˉ 7 ʧ. ʂʫʣʪʫʢ (ɻʨʫʜʠʥʠʥ, ʏʫʚʘʰʦʚʘ, 2011). 

Fig. 6. Sketch map of Pleistocene volcanic edifices at the bottom of the Tunka Basin. 1 ï volcanic cone; 

2 ï lavas; 3 ï settlement; 4 ï lateral boundaries of a local volcanic zone; 5 ï main road; 6 ï country 

road. The scheme was compiled by schoolchildren as part of the work of the Lazurit Children's Center 

of School No. 7 in the Kultuk village (Grudinin, Chuvashova, 2011). 
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ʈʠʩ. 7. ɺʫʣʢʘʥ ʍʘʨʘ-ɹʦʣʜʦʢ. 

Fig. 7. Khara-Boldok Volcano. 

ɺʫʣʢʘʥ ʍʫʨʘʡ-ʍʦʙʦʢ ʨʘʩʧʦʣʦʞʝʥ ʚ 7 ʢʤ 

ʶʞʥʝʝ ʧʦʩ. ɸʨʰʘʥ, ʨʷʜʦʤ ʩ ʪʨʘʩʩʦʡ ʂʫʣʪʫʢï

ɸʨʰʘʥ. ʅʝʚʳʩʦʢʠʡ (20ï25 ʤ) ʢʦʥʫʩ ʰʣʘʢʦʚ ʠ 

ʘʛʛʣʶʪʠʥʘʪʦʚ ʢʨʘʩʥʦʛʦ, ʞʝʣʪʦʛʦ ʠ ʯʝʨʥʦʛʦ 

ʮʚʝʪʘ ʚʩʢʨʳʪ ʢʘʨʴʝʨʘʤʠ. ʂʨʘʪʝʨ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʡ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʰʣʘʢʦʚ ʧʨʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʢʘʨʴʝ-

ʨʦʚ. ʐʣʘʢʠ ʧʨʦʨʚʘʥʳ ʙʘʟʘʣʴʪʦʚʳʤʠ ʜʘʡʢʘʤʠ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 1 ʤ. ɼʘʡʢʠ ʧʨʦʩʪʠʨʘʶʪʩʷ ʩ 

ʶʛʘ ʥʘ ʩʝʚʝʨ. ɺʦʟʨʘʩʪ ʚʫʣʢʘʥʘ, ʧʦ ʜʘʥʥʳʤ ʂï

Ar ʜʘʪʠʨʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1.6 ʤʣʥ 

ʣʝʪ. ɹʘʟʘʣʴʪʳ ʠʤʝʶʪ ʦʙʨʘʪʥʫʶ ʥʘʤʘʛʥʠʯʝʥ-

ʥʦʩʪʴ ʭʨʦʥʘ ʄʘʪʫʷʤʘ (ʦʧʨʝʜʝʣʝʥʠʷ ɺ.ɸ. 

ʂʨʘʚʯʠʥʩʢʦʛʦ). ʉʢʣʦʥʳ ʚʫʣʢʘʥʘ ʍʫʨʘʡ-ʍʦ-

ʙʦʢ ʧʦʢʨʳʪʳ ʣʸʩʩʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʦʜʥʦ-

ʨʦʜʥʳʡ ʩʣʦʡ ʠ ʥʝʦʜʥʦʨʦʜʥʳʡ ʩʣʦʡ, ʩʦʜʝʨʞʘ-

ʱʠʡ ʚʢʣʶʯʝʥʠʷ ʰʣʘʢʦʚ. ʆʜʥʦʨʦʜʥʳʡ ʩʣʦʡ 

ʜʦʩʪʠʛʘʝʪ ʚ ʧʦʥʠʞʝʥʥʳʭ ʤʝʩʪʘʭ 3 ʠ ʙʦʣʝʝ 

ʤʝʪʨʦʚ, ʥʝʦʜʥʦʨʦʜʥʳʡ ʩʣʦʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 

0.5 ʤ (ɸʣʦʢʣʘ ʠ ʜʨ., 2022). 

ʌʨʘʛʤʝʥʪ ʣʘʚʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʧʦʢʨʳʚʘʶ-

ʱʝʛʦ ʩʢʣʦʥ ɽʣʦʚʩʢʦʛʦ ʦʪʨʦʛʘ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʀʨʢʫʪ. ʉʣʦʡ ʙʘʟʘʣʴʪʦʚ ʩ 

KïAr ʜʘʪʠʨʦʚʢʦʡ 2.4 ʤʣʥ ʣʝʪ ʧʝʨʝʢʨʳʚʘʝʪ 

ʧʝʩʢʠ. ɹʘʟʘʣʴʪ ʯʸʨʥʦʛʦ ʮʚʝʪʘ, ʩ ʪʦʣʩʪʦʩʪʦʣʙ-

ʯʘʪʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ ʚ ʧʦʪʦʢʝ, ʩʦʜʝʨʞʠʪ 

ʚʢʣʶʯʝʥʠʷ ʟʝʣʝʥʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ (ʧʠ-

ʨʦʢʩʝʥ ï ʬʘʩʩʘʠʪ) ʠ ʤʝʛʘʢʨʠʩʪʘʣʣʦʚ ʘʚʛʠʪʘ ʠ 

ʧʣʘʛʠʦʢʣʘʟʘ. ʇʝʩʦʢ, ʧʦʜʩʪʠʣʘʶʱʠʡ ʣʘʚʦʚʳʡ 

ʧʦʪʦʢ, ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ, ʧʦʭʦʞ ʥʘ ʩʦ-

ʚʨʝʤʝʥʥʳʡ ʧʝʩʦʢ ʨ. ʀʨʢʫʪ. ʆʥ ʦʙʦʞʞʝʥ 

ʣʘʚʦʡ ʠ ʥʘ ʢʦʥʪʘʢʪʝ ʠʤʝʝʪ ʢʨʘʩʥʳʡ ʮʚʝʪ (ʈʘʩ-

ʩʢʘʟʦʚ, 2025). 

ɺ ʚʝʨʭʦʚʴʷʭ ʨ. ʍʦʙʦʢ ʥʘʭʦʜʠʪʩʷ ʦʙʥʘʞʝ-

ʥʠʝ 200-ʤʝʪʨʦʚʦʡ ʚʝʨʭʥʝʧʣʠʦʮʝʥʦʚʦʡ ʛʨʫʙʦ-

ʦʙʣʦʤʦʯʥʦʡ ʪʦʣʱʠ (ʃʦʛʘʯʝʚ, 1956). KïAr ʜʘ-

ʪʠʨʦʚʘʥʠʝ ʜʚʫʭ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʵʪʠ ʦʪʣʦʞʝ-

ʥʠʷ ʧʦʪʦʢʦʚ ʧʦʢʘʟʘʣʦ ʟʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘ 2.4 Ñ 

0.36 ʠ 1.73 Ñ 0.3 ʤʣʥ ʣʝʪ (ʩʤ. ʨʠʩ. 2ʙ). ʅʠʞʥʠʡ 

ʧʦʪʦʢ ʧʝʧʝʣʴʥʦ-ʩʝʨʳʭ ʧʦʨʦʜ ʩ ʛʘʙʙʨʦʠʜʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʪʘʢʠʤ ʞʝ ʧʦ-

ʪʦʢʦʤ, ʧʝʨʝʢʨʳʚʘʶʱʠʤ ʣʠʥʟʫ ʛʘʣʝʯʥʠʢʦʚ ʚ 

ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʍʦʙʦʢ. ʏʝʪʚʝʨʪʠʯʥʳʝ 

ʰʣʘʢʦʚʳʝ ʢʦʥʫʩʳ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʣʘʚ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɽʣʦʚʩʢʦʛʦ ʦʪʨʦʛʘ (ʩʦʧʢʘ 

ɼʘʨʛʘʪʫʡʩʢʘʷ ʠ ʜʨ.). ɿʜʝʩʴ ʞʝ, ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ 

ɸʭʘʣʠʢʘ ʠ ʀʨʢʫʪʘ, ʢʘʨʴʝʨʦʤ ʚʩʢʨʳʪʘ ʞʝʨʣʦ-

ʚʘʷ ʬʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʧʦʟʜʥʝʧʣʠʦʮʝʥ-ʯʝʪʚʝʨ-

ʪʠʯʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʯʝʨʥʳʭ 

ʤʘʩʩʠʚʥʳʭ ʩʪʝʢʣʦʚʘʪʳʭ ʧʦʨʦʜʘʭ ʠ ʰʣʘʢʘʭ 

ʩʦʜʝʨʞʘʪʩʷ ʢʩʝʥʦʣʠʪʳ ʧʝʛʤʘʪʦʠʜʥʳʭ ʧʣʘ-

ʛʠʦʛʨʘʥʠʪʦʚ, ʟʝʣʝʥʳʭ ʩʢʘʨʥʦʧʦʜʦʙʥʳʭ ʢʣʠ-

ʥʦʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʤʝʛʘʢʨʠʩʪʘʣʣʳ ʘʥʜʝʟʠʥʘ. 

ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʪʠʧʘ ʚʢʣʶʯʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʳ ʚ ʣʘʚʘʭ, ʧʦʢʨʳʚʘʶʱʠʭ ʟʜʝʩʴ ʟʘʧʘʜʥʳʡ 

ʩʢʣʦʥ ɽʣʦʚʩʢʦʛʦ ʦʪʨʦʛʘ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 

ʨʘʜʠʦʛʝʥʥʦʛʦ 40ɸr ʠ 40ʂ ʚ ʧʣʘʛʠʦʢʣʘʟʝ ʛʨʘ-

ʥʠʪʥʦʛʦ ʢʩʝʥʦʣʠʪʘ ʠʟ ʧʦʨʦʜ ʞʝʨʣʦʚʦʡ ʬʘʮʠʠ 

ʨʘʩʩʯʠʪʘʥʦ ʚʨʝʤʷ ʦʪʞʠʛʘ ʢʩʝʥʦʣʠʪʘ 0.86 Ñ 0.3 

ʤʣʥ ʣʝʪ. 

ɼʣʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʛʣʫʙʠʥʥʳʤʠ 

ʢʩʝʥʦʣʠʪʘʤʠ ʠʟ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʪʝʣʘ 

ʫʩʪʴʷ ʄʘʨʪʳ (ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʄʘʨʛʘʩʘʥʘ) 
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ʧʨʠʚʦʜʠʪʩʷ KïAr ʜʘʪʠʨʦʚʢʘ 2 Ñ 0.3 ʤʣʥ ʣʝʪ 

(ɸʱʝʧʢʦʚ ʠ ʜʨ., 2003). ʕʪʦ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚ 

3 ʢʤ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʨʘʟʨʝʟʘ ʂʦʟʴʝʡ ʐʝʡʢʠ, ʚ 

ʢʦʪʦʨʦʤ ʩʣʦʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʛʣʫʙʠʥ-

ʥʳʤʠ ʢʩʝʥʦʣʠʪʘʤʠ ʠʤʝʝʪ ʦʪʯʝʪʣʠʚʳʡ ʩʪʨʘʪʠ-

ʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚʳʰʝʣʝʞʘʱʠʭ ʠ ʥʠʞʝʣʝʞʘʱʠʭ ʣʘʚʦʚʳʭ 

ʩʣʦʝʚ (ʩʤ. ʨʠʩ. 4). ʇʦ ʥʘʣʠʯʠʶ ʢʩʝʥʦʣʠʪʦʚ 

ʄʘʨʪʠʥʩʢʦʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʝ ʪʝʣʦ ʤʦʞʝʪ 

ʢʦʨʨʝʣʠʨʦʚʘʪʴʩʷ ʩ ʣʘʚʘʤʠ ʨʘʟʨʝʟʘ ʂʦʟʴʝʡ 

ʐʝʡʢʠ ʚʦʟʨʘʩʪʦʤ 11 ʤʣʥ ʣʝʪ. KïAr ʜʘʪʠʨʦʚʢʘ 

2 Ñ 0.3 ʤʣʥ ʣʝʪ ʵʪʦʛʦ ʪʝʣʘ ʤʦʞʝʪ ʙʳʪʴ ʦʤʦʣʦ-

ʞʝʥʘ ʠ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʜʪʚʝʨʞʜʝʥʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 
ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 
ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʦʩʪʘʚʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦ-
ʨʦʜ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʀɿʂ ʉʆ ʈɸʅ ʚʳʧʦʣʥʝʥʦ ʙʦʣʝʝ 
60 ʩʠʣʠʢʘʪʥʳʭ ʘʥʘʣʠʟʦʚ ʧʦʨʦʜ ʧʦ ʤʝʪʦʜʠʢʝ 
(ʉʠʟʳʭ, 1985). ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘ-
ʛʨʘʤʤʝ ʱʝʣʦʯʠïʢʨʝʤʥʝʟʝʤ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 
ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʙʘʟʘʣʴʪʘʤ, ʪʨʘʭʠʙʘʟʘʣʴ-
ʪʘʤ ʠ ʪʝʬʨʠʪʘʤ-ʙʘʟʘʥʠʪʘʤ. ʅʘ ʪʝʨʨʠʪʦʨʠʷʭ 
1ï3 (ʂʦʟʴʷ ʐʝʡʢʘ, ʀʨʢʫʪïɸʭʘʣʠʢ ʠ ʍʦʙʦʢ) 
ʦʪʯʝʪʣʠʚʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚʦʟʨʘʩʪʥʘʷ ʛʝʥʝʨʘʮʠʷ 
ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ 16ï15 ʤʣʥ ʣʝʪ ʙʘʟʘʣʴ-
ʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 4 (ʊʫʥʢʠʥʩʢʠʡ 
ʭʨʝʙʝʪ) ʩ ʵʪʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʢʦʨʨʝ-
ʣʠʨʫʝʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʧʦʨʦʜʘ ʜʘʡʢʠ ʜʦʣʠʥʳ ʨ. 
ʍʘʨʠʤʧʪʘ. ɹʦʣʝʝ ʤʦʣʦʜʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦ-
ʨʦʜʳ ʚʩʝʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʬʠʣʷ ʚ ʮʝʣʦʤ ʩʤʝ-
ʱʘʶʪʩʷ ʦʪ ʙʘʟʘʣʴʪʦʚ ʢ ʪʨʘʭʠʙʘʟʘʣʴʪʘʤ ʩ ʧʝ-
ʨʝʭʦʜʦʤ ʢ ʪʝʬʨʠʪʘʤ-ʙʘʟʘʥʠʪʘʤ (ʨʠʩ. 8). 

 

ʈʠʩ. 8. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʱʝʣʦʯʠïʢʨʝʤʥʝʟʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʈʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʛʝʥʝ-

ʨʘʮʠʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʟʥʘʯʢʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʦʯʝʢ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʥʘ ʢʘʨ-

ʪʘʭ-ʩʭʝʤʘʭ ʨʠʩ. 3ʘ, 6 ʠ ʥʘ ʨʘʟʨʝʟʘʭ ʨʠʩ. 3ʙ,ʚ, 4, 5. 

Fig. 8. Alkali versus silica classification diagrams of volcanic rock sequences in the Tunka Basin and 

adjacent areas. Volcanic generations of different ages are indicated by the symbols used to mark sam-

pling points on the maps (Figs. 3a, 6) and on the cross-sections (Figs. 3ʙ, ʚ, 4, 5). 
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ɺ ʨʘʟʨʝʟʝ ʂʦʟʴʝʡ ʐʝʡʢʠ ʨʘʟʣʠʯʘʶʪʩʷ 4 
ʧʘʯʢʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ. 
ɺʳʰʝ ʛʝʥʝʨʘʮʠʠ ʣʘʚ 16ï15 ʤʣʥ ʣʝʪ (ʧʘʯʢʘ 1) 
ʣʝʞʘʪ ʧʦʪʦʢʠ, ʥʘʩʳʱʝʥʥʳʝ ʛʣʫʙʠʥʥʳʤʠ ʢʩʝ-
ʥʦʣʠʪʘʤʠ (ʧʘʯʢʘ 2). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦ-
ʤʝʥʜʘʮʠʷʤʠ (Le Bas, 1989), ʜʚʘ ʦʙʨʘʟʮʘ ʵʪʦʡ 
ʧʘʯʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ MgO 10.2ï10.5 ʤʘʩ.% 
ʦʪʥʦʩʷʪʩʷ ʢ ʙʘʟʘʥʠʪʘʤ, ʘ ʜʚʘ ʜʨʫʛʠʭ ʩ ʩʦʜʝʨ-
ʞʘʥʠʝʤ MgO 8.4ï9.2 ʤʘʩ.% ï ʢ ʪʝʬʨʠʪʘʤ. ɿʘ-
ʣʝʛʘʶʱʘʷ ʚʳʰʝ ʧʘʯʢʘ 3 ʚʦʟʨʘʩʪʦʤ 10.1 ʤʣʥ 
ʣʝʪ ʠʤʝʝʪ ʙʘʟʘʣʴʪʦʚʳʡ ʩʦʩʪʘʚ. ʈʘʟʨʝʟ ʚʝʥʯʘ-
ʝʪʩʷ ʧʘʯʢʦʡ 4 ʚʦʟʨʘʩʪʦʤ 8.3 ʤʣʥ ʣʝʪ ʙʘʟʘʣʴʪ-
ʪʨʘʭʠʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɺʩʝ ʧʦʨʦʜʳ ʨʘʟ-
ʨʝʟʘ ʂʦʟʴʝʡ ʐʝʡʢʠ ʠʤʝʶʪ ʫʤʝʨʝʥʥʦ-Mg ʩʦ-
ʩʪʘʚ (ʨʠʩ. 9). 
ɺ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦ-

ʨʦʜ ʪʝʨʨʠʪʦʨʠʠ ʀʨʢʫʪ-ɸʭʘʣʠʢ ʙʘʟʘʣʴʪʳ ʚʦʟ-
ʨʘʩʪʥʦʡ ʛʝʥʝʨʘʮʠʠ 16ï15 ʤʣʥ ʣʝʪ ʫʤʝʨʝʥʥʦ-
Mg ʩʦʩʪʘʚʘ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʦʜʥʦʚʦʟʨʘʩʪ-
ʥʳʤʠ ʫʤʝʨʝʥʥʦ-Mg ʙʘʟʘʣʴʪʘʤʠ ʂʦʟʴʝʡ 
ʐʝʡʢʠ. ʃʘʚʦʚʘʷ ʛʝʥʝʨʘʮʠʷ ʚʦʟʨʘʩʪʦʤ 13 ʤʣʥ 

ʣʝʪ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʛʝʥʝʨʘʮʠʠ ʙʘʟʘʣʴʪʦʚ 16ï15 
ʤʣʥ ʣʝʪ ʦʙʱʠʤ ʩʤʝʱʝʥʠʝʤ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦ-
ʯʝʢ ʜʠʘʛʨʘʤʤʳ ʱʝʣʦʯʠïʢʨʝʤʥʝʟʝʤ ʥʘ ʛʨʘ-
ʥʠʮʫ ʤʝʞʜʫ ʙʘʟʘʣʴʪʘʤʠ ʠ ʪʨʘʭʠʙʘʟʘʣʴʪʘʤʠ 
ʧʨʠ ʰʠʨʦʢʠʭ ʚʘʨʠʘʮʠʷʭ SiO2. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʧʦʨʦʜ ʛʝʥʝʨʘʮʠʠ 16ï15 ʤʣʥ ʣʝʪ, ʚ ʧʦʨʦʜʘʭ ʛʝ-
ʥʝʨʘʮʠʠ 13 ʤʣʥ ʣʝʪ ʪʝʨʨʠʪʦʨʠʠ ʀʨʢʫʪ-ɸʭʘ-
ʣʠʢ ʩʦʜʝʨʞʘʥʠʝ MgO ʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ 
ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ (6.4ï9.2 ʤʘʩ.%). ʇʦʨʦʜʳ 
ʩʣʝʜʫʶʱʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝʨʘʮʠʠ 4 ʤʣʥ ʣʝʪ 
ʜʘʶʪ ʪʨʝʥʜ ʦʪ ʙʘʟʘʣʴʪʦʚ ʢ ʪʨʘʭʠʙʘʟʘʣʴʪʘʤ 
ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʩʫʤʤʳ ʱʝʣʦʯʝʡ ʩ ʧʦʥʠʞʝ-
ʥʠʝʤ SiO2. ʅʘ ʢʦʥʮʝ ʵʪʦʛʦ ʪʨʝʥʜʘ (ʪ.ʝ. ʚ ʧʦʣʝ 
ʪʨʘʭʠʙʘʟʘʣʴʪʘ) ʥʘʭʦʜʷʪʩʷ ʬʠʛʫʨʘʪʠʚʥʳʝ 
ʪʦʯʢʠ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ 
(ʨʠʩ. 8ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʨ-
ʢʫʪ-ɸʭʘʣʠʢ ʩʤʝʥʘ ʙʘʟʘʣʴʪʦʚ ʪʨʘʭʠʙʘʟʘʣʴ-
ʪʘʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʘʞʜʳ: ʩʥʘʯʘʣʘ ʩ 16ï15 ʢ 
13 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʟʘʪʝʤ ï ʩ 4 ʢ 2.0ï0.8 ʤʣʥ ʣʝʪ 
ʥʘʟʘʜ. 

 

ʈʠʩ. 9. ɼʠʘʛʨʘʤʤʳ MgOïSiO2 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ 

ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩ. 8. 

Fig. 9. MgO versus SiO2 diagrams of volcanic rock sequences in the Tunka Basin and adjacent areas. 

Symbols are as in Fig. 8. 

ɺ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦ-
ʨʦʜ ʪʝʨʨʠʪʦʨʠʠ ʍʦʙʦʢ ʙʘʟʘʣʴʪʳ ʚʦʟʨʘʩʪʥʦʡ 
ʛʝʥʝʨʘʮʠʠ 16ï15 ʤʣʥ ʣʝʪ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʩʝʭ 

ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʧʦʨʦʜ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦ-
ʩʪʘʚʘ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʤʤʳ ʱʝ-
ʣʦʯʝʡ. ʆʙʨ. 517, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʘ KïAr 
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ʜʘʪʠʨʦʚʢʘ 72 ʤʣʥ ʣʝʪ, ʠʤʝʝʪ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘ-
ʥʠʝ SiO2 (46.4 ʤʘʩ.%) ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʩʦ-
ʜʝʨʞʘʥʠʠ MgO (8.65 ʤʘʩ.%). ʅʘ ʨʠʩ. 9ʚ ʙʘ-
ʟʘʣʴʪʳ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝʨʘʮʠʠ 16ï15 ʤʣʥ ʣʝʪ 
ʪʝʨʨʠʪʦʨʠʠ ʍʦʙʦʢ ʧʦʢʘʟʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥ-
ʥr ʡ ʜʠʘʧʘʟʦʥ MgO ʥʘ ʛʨʘʥʠʮʝ ʫʤʝʨʝʥʥʦ- ʠ 
ʥʠʟʢʦ-Mg ʩʦʩʪʘʚʦʚ ʠ ʥʘʯʠʥʘʶʪ ʜʚʘ ʪʨʝʥʜʘ. 
ʆʜʠʥ ʪʨʝʥʜ ʥʘʧʨʘʚʣʝʥ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʜʠʘ-
ʛʨʘʤʤʳ ʯʝʨʝʟ ʬʠʛʫʨʘʪʠʚʥʦʝ ʧʦʣʝ ʪʨʘʭʠʙʘ-
ʟʘʣʴʪʦʚ 13 ʤʣʥ ʣʝʪ ʢ ʙʦʣʝʝ ʤʦʣʦʜʳʤ ʪʨʘʭʠʙʘ-
ʟʘʣʴʪʦʚʳʤ ʩʦʩʪʘʚʘʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʥʠʞʝ-
ʥʠʝʤ SiO2 ʠ MgO. ɼʨʫʛʦʡ ʪʨʝʥʜ ʥʘʧʨʘʚʣʝʥ ʚ 
ʣʝʚʫʶ ʯʘʩʪʴ ʜʠʘʛʨʘʤʤʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 
ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ SiO2. ʅʘʠʙʦʣʝʝ ʥʠʟ-
ʢʦʝ ʩʦʜʝʨʞʘʥʠʝ SiO2 (46 ʤʘʩ.%) ʧʨʠ ʤʘʢʩʠ-
ʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ MgO (10 ʤʘʩ.%) ʠʤʝʝʪ 
ʦʙʨ. 640, ʟʘʥʠʤʘʶʱʠʡ ʧʦʛʨʘʥʠʯʥʦʝ ʧʦʣʦʞʝ-
ʥʠʝ ʤʝʞʜʫ ʪʝʬʨʠʪʦʤ ʠ ʙʘʟʘʥʠʪʦʤ. 
ɹʘʟʘʣʴʪʳ ʠ ʪʨʘʭʠʙʘʟʘʣʴʪʳ ʊʫʥʢʠʥʩʢʦʛʦ 

ʭʨʝʙʪʘ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʟʢʦ-Mg 

ʩʦʩʪʘʚ (ʨʠʩ. 9ʛ). ʊʝʥʜʝʥʮʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʥʠʟʢʦ-Mg ʧʦʨʦʜ ʪʝʨʨʠʪʦʨʠʠ ʍʦʙʦʢ ʩʦʭʨʘʥʷ-
ʝʪʩʷ, ʭʦʪʷ ʦʜʠʥ ʦʙʨʘʟʝʮ ʜʘʡʢʠ ʍʘʨʠʤʧʪʳ 
(525/5) ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ MgO 
(9 ʤʘʩ.%). 
ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʚʫʣʢʘʥʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ ʪʝʨʨʠʪʦʨʠʡ ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʥʘ 
ʜʠʘʛʨʘʤʤʘʭ CaO/Al 2O3 ï MgO (ʨʠʩ. 10). ɺ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ 
ʂʦʟʴʝʡ ʐʝʡʢʠ ʙʘʟʘʣʴʪʳ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝʨʘ-
ʮʠʠ 16ï15 ʤʣʥ ʣʝʪ ʠʤʝʶʪ ʩʘʤʦʝ ʥʠʟʢʦʝ ʦʪʥʦ-
ʰʝʥʠʝ CaO/Al 2O3. ɺ ʧʦʨʦʜʘʭ ʙʦʣʝʝ ʤʦʣʦʜʳʭ 
ʛʝʥʝʨʘʮʠʡ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʚ ʮʝʣʦʤ ʚʦʟʨʘʩʪʘʝʪ. 
ɺ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ 
ʪʝʨʨʠʪʦʨʠʡ ʀʨʢʫʪ-ɸʭʘʣʠʢ, ʍʦʙʦʢ ʠ ʊʫʥʢʠʥ-
ʩʢʠʡ ʭʨʝʙʝʪ ʙʘʟʘʣʴʪʳ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝʨʘʮʠʠ 
16ï15 ʤʣʥ ʣʝʪ ʠʤʝʶʪ, ʥʘʦʙʦʨʦʪ, ʚʳʩʦʢʦʝ ʦʪ-
ʥʦʰʝʥʠʝ CaO/Al 2O3. ɺ ʧʦʨʦʜʘʭ ʙʦʣʝʝ ʤʦʣʦ-
ʜr ʭ ʛʝʥʝʨʘʮʠʡ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ ʦʪʥʦʰʝʥʠʝ 
CaO/Al 2O3 ʚ ʮʝʣʦʤ ʩʥʠʞʘʝʪʩʷ. 

 

ʈʠʩ. 10. ɼʠʘʛʨʘʤʤʳ CaO/Al 2O3 ï MgO ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʊʫʥʢʠʥʩʢʦʡ 

ʚʧʘʜʠʥʳ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩ. 8. 

Fig. 10. CaO/Al2O3 ï MgO diagrams of volcanic rock sequences in the Tunka Basin and adjacent areas. 

Symbols are as in Fig. 8. 



ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2026. ʊ. 6, ˉ 1 

104 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʊʨʝʥʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ 
ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʇʝʪʨʦʭʠʤʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʫʣʢʘʥʠ-

ʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʚʦʟʨʘʩʪʥʳʭ ʛʝʥʝʨʘʮʠʷʭ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʚʳʧʣʘʚʣʝʥʠʝʤ ʤʘʛʤ ʚ ʛʣʫ-

ʙʠʥʥʦʤ ʠʩʪʦʯʥʠʢʝ, ʪʘʢ ʠ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ 

ʨʘʩʧʣʘʚʦʚ ʥʘ ʧʫʪʠ ʠʭ ʜʚʠʞʝʥʠʷ ʚ ʤʘʛʤʘʪʠʯʝ-

ʩʢʠʭ ʢʘʥʘʣʘʭ ʠʣʠ ʚ ʣʘʚʦʚʳʭ ʧʦʪʦʢʘʭ. ɼʣʷ ʨʘʩ-

ʯʝʪʘ ʢʦʨʨʝʢʪʥʳʭ ʤʦʜʝʣʝʡ ʧʣʘʚʣʝʥʠʷ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʳ-

ʧʣʘʚʢʘʭ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣïʨʘʩʧʣʘʚ, ʢʦʪʦʨʳʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ 1. ɺ ʥʘʩʪʦʷ-

ʱʝʡ ʨʘʙʦʪʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʦʜʝʣʠ ʧʣʘʚʣʝʥʠʷ ʥʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ. ɼʘ-

ʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʩʦ-

ʩʪʘʚʘ ʨʘʩʧʣʘʚʦʚ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʚ ʧʦ-

ʪʦʢʝ. 

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʦʥʥʳʭ ʪʨʝʥʜʦʚ ʩʣʫʞʘʪ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠ-

ʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʘ ʧʨʝʜʛʦʣʦʮʝ-

ʥʦʚʳʭ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚ ʠ ʪʝʬʨʠʪʦʚ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʛʦ ʆʢʠʥʩʢʦʛʦ ʚʫʣ-

ʢʘʥʠʯʝʩʢʦʛʦ ʧʦʣʷ ï ʋʩʪʴ-ɾʦʤʙʦʣʦʢʩʢʦʛʦ ʣʘ-

ʚʦʚʦʛʦ ʧʦʢʨʦʚʘ ʆʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ʣʘʚʦʚʳʭ 

ʧʦʪʦʢʦʚ ʠ ʰʣʘʢʦʚʳʭ ʢʦʥʫʩʦʚ ʚʝʨʭʦʚʴʝʚ ʨ. 

ɾʦʤ-ɹʦʣʦʢ ʠ ʧʘʜʠ ʍʠ-ɻʦʣ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʭʨ. 

ɹʦʣʴʰʦʡ ʉʘʷʥ. ʇʦ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʘʚʦʚʳʭ ʩʣʦʝʚ ʦʙʝʠʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘ-

ʚʦʚ ʚ ʪʨʫʙʦʧʦʜʦʙʥʳʭ ʢʘʥʘʣʘʭ ʩ ʧʦʩʣʝʜʫʶ-

ʱʠʤ ʫʜʘʣʝʥʠʝʤ ʠʟ ʥʠʭ ʠ ʦʙʨʫʰʝʥʠʝʤ ʢʨʦʚʣʠ. 

ɺ ʦʙʥʘʞʝʥʠʷʭ ʋʩʪʴ-ɾʦʤʙʦʣʦʢʩʢʦʛʦ ʣʘʚʦ-

ʚʦʛʦ ʧʦʢʨʦʚʘ ʆʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʚʳʷʚʣʝʥ 

ʪʨʝʥʜ ʩʥʠʞʝʥʠʷ CaO/Al 2O3 ʩʦ ʩʣʘʙʳʤ ʦʪʥʦ-

ʩʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʯʠʩʣʘ 

Mg# ʧʦʨʦʜ ʧʝʨʝʭʦʜʥʦʡ ʬʘʮʠʠ ʤʝʞʜʫ ʬʘʮʠ-

ʷʤʠ ʟʘʢʘʣʢʠ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʣʘʚʘ çʪʨʫʙʳè. 

ʊʨʝʥʜ ʦʪʨʘʞʘʝʪ ʢʦʥʪʨʦʣʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ 

ʪʠʪʘʥʘʚʛʠʪʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʦʪʚʝʨʜʝʚʘʥʠʷ ʙʘʟʘʣʴʪʦʚʦʛʦ 

ʩʣʦʷ. ɺ ʧʦʨʦʜʘʭ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʦʧʨʦʙʦʚʘʥʠʷ 

ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʥʝʵʨʦʜʠʨʦʚʘʥʥʳʭ ʣʘʚʦʚʳʭ 

ʧʦʪʦʢʦʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʭʨ. ɹʦʣʴʰʦʡ ʉʘʷʥ ʨʘʟ-

ʣʠʯʘʶʪʩʷ ʪʨʝʥʜʳ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʣʠ-

ʚʠʥʘ ʩ ʫʯʘʩʪʠʝʤ ʉʘ-ʧʣʘʛʠʦʢʣʘʟʘ (ʩ ʧʦʚʳʰʝʥ-

ʥʳʤ CaO/Al 2O3) ʠ ʙʝʟ ʫʯʘʩʪʠʷ ʉʘ-ʧʣʘʛʠʦ-

ʢʣʘʟʘ (ʩ ʥʠʟʢʠʤ CaO/Al 2O3). ʇʦʩʣʝʜʥʠʡ ʪʨʝʥʜ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʪʝʢʪʠʢʝ ʦʣʠʚʠʥ+ʪʠʪʘʥʘʚʛʠʪ. 

ʊʨʝʥʜ ʬʘʮʠʠ çʪʨʫʙʳè (ʢʦʪʝʢʪʠʢʘ ʪʠʪʘʥʘʚ-

ʛʠʪ+ʧʣʘʛʠʦʢʣʘʟ ʩ ʚʘʨʴʠʨʫʶʱʠʤ CaO/Al 2O3 

ʧʨʠ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ Mg#) ʚ ʧʦʨʦʜʘʭ ʦʩʝʚʦʡ 

ʯʘʩʪʠ ʭʨ. ɹʦʣʴʰʦʡ ʉʘʷʥ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫ-

ʝʪʩʷ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʘ). 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʣʠʚʠʥʘ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʩʥʠʞʝʥʠʠ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩ-

ʧʣʘʚʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʚʘʨʠʘʮʠʡ ʦʪʥʦʰʝʥʠʷ 

CaO/Al 2O3. ʊʨʝʥʜʳ ʦʪʜʝʣʝʥʠʷ ʦʣʠʚʠʥʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʪʨʘʭʠʙʘʟʘʣʴʪʘʭ ʛʝʥʝʨʘʮʠʠ 

10ï8 ʤʣʥ ʣʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʍʦʙʦʢ ʠ ʊʫʥ-

ʢʠʥʩʢʠʡ ʭʨʝʙʝʪ (ʨʠʩ. 11ʚ,ʛ). ʉʤʝʱʝʥʠʝ ʪʨʝʭ 

ʠʟ ʯʝʪʳʨʝʭ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʣʘʚ ʚʦʟʨʘʩ-

ʪʦʤ 4 ʤʣʥ ʣʝʪ ʪʝʨʨʠʪʦʨʠʠ ʀʨʢʫʪ-ɸʭʘʣʠʢ 

ʚʜʦʣʴ ʦʩʠ ʘʙʩʮʠʩʩ ʪʘʢʞʝ ʤʦʞʝʪ ʠʥʪʝʨʧʨʝʪʠ-

ʨʦʚʘʪʴʩʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʣʠ-

ʚʠʥʘ. ʏʝʪʚʝʨʪʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʵʪʦʡ ʚʦʟʨʘʩʪ-

ʥʦʡ ʛʝʥʝʨʘʮʠʠ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ 

Mg# (49.7) ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ 

CaO/Al 2O3 (0.48) (ʨʠʩ. 11ʙ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫ-

ʛʠʭ (ʤʘʩʩʠʚʥʳʭ) ʧʦʨʦʜ ʛʝʥʝʨʘʮʠʠ 4 ʤʣʥ ʣʝʪ, 

ʵʪʘ ʧʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʰʣʘʢʦʤ. 

ʆʙʨʘʟʝʮ ʦʪʦʙʨʘʥ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʥʘʞʝʥʠʷ 

ɿʘʤʘʨʘʠʭʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʠʦʮʝʥ-

ʧʣʝʡʩʪʦʮʝʥʦʚʘʷ (?) ʯʘʩʪʴ ʨʘʟʨʝʟʘ (ʃʦʛʘʯʝʚ, 

1956). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʰʣʘʢ ʥʝ ʦʙʥʘʨʫʞʠ-

ʚʘʝʪ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʦʜʥʦʚʦʟʨʘʩʪʥʳʤʠ 

ʤʘʩʩʠʚʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ. 

ɽʩʣʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ ʢ ʦʣʠ-

ʚʠʥʫ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʣʘʛʠʦʢʣʘʟ, ʩʥʠʞʝʥʠʝ 

ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʩʣʘʙʳʤ ʩʥʠʞʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ 

CaO/Al 2O3. ʊʨʝʥʜʳ ʧʣʘʛʠʦʢʣʘʟ-ʦʣʠʚʠʥʦʚʦʡ 

ʢʦʪʝʢʪʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʘʨʘʣʣʝʣʴ-

ʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʪʨʝʥʜʫ ɾʦʤ-ɹʦʣʦʢʘ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʷ ʛʨʫʧʧʳ ʙʘʟʘʣʴʪʦʚ-ʪʨʘʭʠʙʘ-

ʟʘʣʴʪʦʚ ʚʦʟʨʘʩʪʦʤ 8.3 ʤʣʥ ʣʝʪ ʢʨʦʚʣʠ ʨʘʟʨʝʟʘ 

ʂʦʟʴʝʡ ʐʝʡʢʠ (ʨʠʩ. 11ʘ), ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʣʦʤ-

ʢʦʚ ʧʦʨʦʜ ʛʝʥʝʨʘʮʠʠ 2ï1 ʤʣʥ ʣʝʪ ʠʟ ʥʠʢʦʣʴ-

ʩʢʦʡ ʩʢʚ. 73 ʪʝʨʨʠʪʦʨʠʠ ʀʨʢʫʪ-ɸʭʘʣʠʢ (ʨʠʩ. 

11ʙ). 
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ʈʠʩ. 11. ɼʠʘʛʨʘʤʤʳ CaO/Al 2O3 ï Mg# ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʊʫʥʢʠʥʩʢʦʡ 

ʚʧʘʜʠʥʳ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. Mg# = 100ĬMg/(Mg+Fe2+) ʚ ʘʪʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ ʢʦʨ-

ʨʝʢʮʠʠ Fe3+= 015Feʦʙʱ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʨʠʩ. 8. 

Fig. 11. CaO/Al2O3 versus Mg# diagrams of volcanic rock sequences of the Tunka Basin and adjacent 

areas. Mg# = 100ĬMg/(Mg+Fe2+) in atomic quantities with the correction Fe3+= 015Fetotal. Symbols are 

as in Fig. 8. 

ʂʦʪʝʢʪʠʯʝʩʢʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʪʠʪʘʥʘʚ-

ʛʠʪʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ ʚ ʋʩʪʴ-ɾʦʤʙʦʣʦʢʩʢʦʤ ʧʦ-

ʢʨʦʚʝ ʚʳʨʘʞʝʥʘ ʙʦʣʝʝ ʢʨʫʪʳʤ ʥʘʢʣʦʥʦʤ 

ʪʨʝʥʜʘ ʩ ʫʟʢʠʤ ʠʥʪʝʨʚʘʣʦʤ ʟʥʘʯʝʥʠʡ Mg# 

(ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʘ). ʇʘʨʘʣʣʝʣʴʥʦ ʵʪʦʤʫ 

ʪʨʝʥʜʫ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʪʨʝʥʜʳ ʙʘʟʘʥʠʪʦʚ 

ʂʦʟʴʝʡ ʐʝʡʢʠ ʚʦʟʨʘʩʪʦʤ 11 ʤʣʥ ʣʝʪ (ʨʠʩ. 

11ʘ) ʠ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚ ʪʝʨʨʠʪʦʨʠʠ ʍʦʙʦʢ ʚʦʟ-

ʨʘʩʪʦʤ 2.0ï1.2 ʤʣʥ ʣʝʪ (ʨʠʩ. 11ʚ). ʄʝʥʴʰʠʡ 

ʥʘʢʣʦʥ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʪʨʝʥʜʦʚ ʧʦʨʦʜ ʚʦʟ-

ʨʘʩʪʥʳʭ ʛʝʥʝʨʘʮʠʡ 13 ʤʣʥ ʣʝʪ ʪʝʨʨʠʪʦʨʠʡ 

ʀʨʢʫʪ-ɸʭʘʣʠʢ ʠ ʍʦʙʦʢ (ʨʠʩ. 11ʙ,ʚ). 

ʇʦʨʦʜʳ ʂʦʟʴʝʡ ʐʝʡʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘ-

ʩʪʠ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ (Mg# = 59ï63), 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʨʝʜʛʦʣʦʮʝʥʦʚʳʭ ʧʦʨʦʜ ɺʦ-

ʩʪʦʯʥʳʭ ʉʘʷʥ. ʇʦʨʦʜʳ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʡ 

ʩʤʝʱʘʶʪʩʷ ʚ ʤʝʥʝʝ ʤʘʛʥʝʟʠʘʣʴʥʫʶ ʦʙʣʘʩʪʴ. 

ʅʘʠʙʦʣʝʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ Mg# (~50) ʠʤʝʶʪ 

ʧʦʨʦʜʳ ʪʝʨʨʠʪʦʨʠʠ ʀʨʢʫʪ-ɸʭʘʣʠʢ. ʉʥʠʞʝ-

ʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʣʘʚʣʝʥʠʠ ʞʝʣʝʟʦ-ʤʘʛ-

ʥʝʟʠʘʣʴʥʳʭ ʧʦʨʦʜ ʚ ʠʩʪʦʯʥʠʢʝ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʪʨʝʥʜʦʚ ʠʤʝʝʪ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʜʦʣʞʥʘ ʫʪʦʯʥʷʪʴʩʷ ʩ ʧʨʠ-

ʚʣʝʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

ʉʭʦʜʩʪʚʦ ʠ ʨʘʟʣʠʯʠʝ ʚʘʨʠʘʮʠʡ ʩʦʩʪʘʚʘ 
ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʛʝʥʝʨʘʮʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 
ʧʦʨʦʜ ʠ ʠʭ ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʧʦ 
ʣʘʪʝʨʘʣʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ 

ʀʟʫʯʝʥʠʝ ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠʟ ʚʫʣʢʘ-

ʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʳʷʚʠʣʦ ʩʤʝʥʫ ʠʭ ʘʩʩʦʮʠʘ-

ʮʠʡ ʠ ʰʠʨʦʢʠʝ ʚʘʨʠʘʮʠʠ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʥʦʩʪʠïʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ ʚ ʤʠʥʝʨʘʣʘʭ 

ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ 

(ʨʠʩ. 12). ʅʘ ʊʫʥʢʠʥʩʢʠʭ ʛʦʣʴʮʘʭ (ʪʦʯʢʘ 4 ʥʘ 

ʨʠʩ. 12) ʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʣʠʚʠʥ-

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʤʠ ʠ ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦ-

ʣʦʚʳʤʠ ʢʫʤʫʣʘʪʘʤʠ, ʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʤʠʩʷ 

ʠʟ ʙʘʟʘʣʴʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʥʘ ʫʨʦʚʥʝ ʟʝʤʥʦʡ 
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ʢʦʨʳ. ɺ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ (ʪʦʯʢʘ 3 ʥʘ ʨʠʩ. 12) ʚʦʩʩʪʘʥʦʚʣʝʥ-

ʥʳʝ ʫʩʣʦʚʠʷ ʚʳʨʘʞʝʥʳ ʚ ʧʨʝʦʙʣʘʜʘʥʠʠ Fe2+ ʚ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ ʠ ʰʧʠʥʝʣʷʭ ʢʩʝʥʦʣʠʪʦʚ. ɺ 

ʶʞʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʪʦʯʢʘ 2 

ʥʘ ʨʠʩ. 12) ʥʘʭʦʜʷʪʩʷ ʢʩʝʥʦʣʠʪʳ ʟʝʣʝʥʳʭ 

ʩʢʘʨʥʦʧʦʜʦʙʥʳʭ ʰʧʠʥʝʣʴʩʦʜʝʨʞʘʱʠʭ ʠ ʙʝʩ-

ʰʧʠʥʝʣʝʚʳʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʝ ʩʣʦʞʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʵʪʦʛʦ ʤʝʩʪʦʥʘʭʦʞ-

ʜʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʰʧʠʥʝʣʴʩʦ-

ʜʝʨʞʘʱʠʝ ʧʦʨʦʜʳ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ 

ʙʝʩʰʧʠʥʝʣʝʚʳʝ ï ʚ ʙʦʣʝʝ ʦʢʠʩʣʝʥʥʳʭ. ʊʠ-

ʧʠʯʥʳʝ ʢʩʝʥʦʣʠʪʳ ʭʨʦʤʜʠʦʧʩʠʜʩʦʜʝʨʞʘʱʠʭ 

ʰʧʠʥʝʣʝʚʳʭ ʣʝʨʮʦʣʠʪʦʚ ʥʝ ʚʩʪʨʝʯʝʥʳ ʩʨʝʜʠ 

ʚʢʣʶʯʝʥʠʡ ʠʟ ʙʘʟʘʣʴʪʦʚ ʊʫʥʢʠʥʩʢʦʡ ʢʦʪʣʦ-

ʚʠʥʳ, ʥʦ ʥʘʡʜʝʥʳ ʚ ʙʘʟʘʣʴʪʘʭ ʶʞʥʦʛʦ ʧʣʝʯʘ 

ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ (ʪʦʯʢʘ 1 ʥʘ ʨʠʩ. 12). ʂʘʢ ʠ 

ʚ ʤʠʥʝʨʘʣʘʭ ʩʢʘʨʥʦʧʦʜʦʙʥʳʭ ʧʦʨʦʜ ʤʝʩʪʦʥʘ-

ʭʦʞʜʝʥʠʷ 2, ʭʨʦʤʜʠʦʧʩʠʜʳ ʰʧʠʥʝʣʝʚʳʭ ʣʝʨ-

ʮʦʣʠʪʦʚ ʦʙʥʘʨʫʞʠʚʘʶʪ ʰʠʨʦʢʠʝ ʚʘʨʠʘʮʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʩʪʠïʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ. 

 

ʈʠʩ. 12. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʢʦʥʪʨʦʣʴ ʠʟʚʣʝʯʝʥʠʷ ʢʩʝʥʦʛʝʥʥʦʛʦ ʢʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʧʘʜʝʥʠʶ 

ʦʩʥʦʚʥʦʛʦ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʝʛʦ ʣʠʩʪʨʠʯʝʩʢʦʛʦ ʨʘʟʣʦʤʘ ʊʫʥʢʠʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʧʦʜʥʠʤʘ-

ʶʱʠʤʠʩʷ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ (ʘ), ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʩʪʴïʦʢʠʩʣʝʥʥʦʩʪʴ ʞʝʣʝʟʘ ʚ ʢʣʠʥʦ-

ʧʠʨʦʢʩʝʥʘʭ ʠʟ ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʙ) ʠ ʚʘʨʠʘʮʠʠ fO2 ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ (ʚ). ɿʥʘʯʝʥʠʷ 

ȹlog fO2 ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ (Kilinc  et al., 1983). Fe3+ ʠ Fe2+ ʚ ʢʣʠ-

ʥʦʧʠʨʦʢʩʝʥʘʭ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʙʘʣʘʥʩʫ ʟʘʨʷʜʦʚ. ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʩ 

ʶʛʘ ʥʘ ʩʝʚʝʨ): 1 ï ʂʦʟʴʷ ʐʝʡʢʘ; 2 ï ʀʨʢʫʪïɸʭʘʣʠʢ; 3 ï ʍʦʙʦʢ; 4 ï ʊʫʥʢʠʥʩʢʠʡ ʭʨʝʙʝʪ. ʀʟ ʤʦʥʦ-

ʛʨʘʬʠʠ (ʏʫʚʘʰʦʚʘ, ʈʘʩʩʢʘʟʦʚ, 2014). 
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Fig. 12. Inferred control of xenolith crustal material extraction along the dip of the listric master fault 

of the Tunka Rift Valley by rising trachybasaltic melts (a), iron reduction-oxidation state in clinopyrox-

enes from deep-seated inclusions (ʙ) and fO2 variations in volcanic rocks (ʚ). ȹlog fO2 values were 

calculated using empirical coefficients (Kilinc et al., 1983). Fe3+ and Fe2+ in clinopyroxenes were cal-

culated from charge balance. Locations of deep inclusions (from south to north): 1 ï Kozya Sheika; 2 ï 

IrkutïAkhalik; 3 ï Khobok; 4 ï Tunka Range. From the monograph (Chuvashova, Rasskazov, 2014). 

ʆʩʥʦʚʥʦʡ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʡ ʨʘʟʣʦʤ 
ʊʫʥʢʠʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʦʛʨʘʥʠʯʠʚʘʝʪ 
ʝʝ ʩʝʚʝʨʥʳʡ ʢʨʫʪʦʡ ʩʢʣʦʥ ʠ ʧʦʛʨʫʞʘʝʪʩʷ ʢ 
ʶʛʫ ʧʦʜ ʜʦʣʠʥʫ ʜʦ ʢʦʨʦʤʘʥʪʠʡʥʦʛʦ ʧʝʨʝʭʦʜʘ 
(ʂʄʇ) ʧʦʜ ʝʛʦ ʶʞʥʳʤ (ʭʘʤʘʨʜʘʙʘʥʩʢʠʤ) 
ʧʣʝʯʦʤ. ʂʩʝʥʦʣʠʪʳ ʤʦʛʣʠ ʠʟʚʣʝʢʘʪʴʩʷ ʚʦʩʭʦ-
ʜʷʱʠʤʠ ʙʘʟʘʣʴʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ ʩ ʨʘʟʣʠʯ-
ʥʳʭ ʛʣʫʙʠʥ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʛʣʘʚʥʳʤ ʨʝʣʴ-
ʝʬʦʦʙʨʘʟʫʶʱʠʤ ʨʘʟʣʦʤʦʤ. ʉ ʧʨʠʙʣʠʞʝʥʠʝʤ 
ʢ ʊʫʥʢʠʥʩʢʦʤʫ ʨʘʟʣʦʤʫ ʚ ʨʘʩʧʣʘʚʳ ʧʦʧʘʜʘʣʠ 
ʛʣʫʙʠʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩ ʤʝʥʴʰʠʭ ʛʣʫʙʠʥ. ɿʘ-
ʧʝʯʘʪʣʝʥʥʳʝ ʚ ʢʩʝʥʦʣʠʪʘʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ-
ʥʳʝ ʫʩʣʦʚʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ 
ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʟʦʥʳ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʤʝ-
ʪʘʤʦʨʬʠʟʤʘ ʠʟ ʚʦʩʪʦʯʥʦʡ ʚ ʮʝʥʪʨʘʣʴʥʫʶ 
ʯʘʩʪʴ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ. ʇʝʨʝʭʦʜ ʦʪ ʛʨʘʥʫ-
ʣʠʪʦʚʦʡ ʢ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦ-
ʚʠʡ (ʥʠʟʢʘʷ ʬʫʛʠʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ) ʢ 
ʩʠʣʴʥʦ ʤʝʥʷʶʱʠʤʩʷ ʦʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 
ʜʦ ʦʢʠʩʣʠʪʝʣʴʥʳʭ (ʬʫʛʠʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ 
ʚʘʨʴʠʨʫʝʪ) ʚ ʛʣʫʙʦʢʦʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚ 
ʦʙʣʘʩʪʠ ʂʄʇ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2010; ʏʫʚʘ-
ʰʦʚʘ, ʈʘʩʩʢʘʟʦʚ, 2014). 
ɺ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʙʳʣʠ ʦʪʤʝʯʝʥʳ 

ʟʘʤʝʪʥʳʝ ʚʘʨʠʘʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦ-
ʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʥʦ-
ʩʪʠ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʤʠʦʮʝʥʦʚʳʭ ʣʘʚ ʭʨ. ʍʘʙʘʨ-
ɼʘʙʘʥ (ʪʦʯʢʘ 1, ʂʦʟʴʷ ʐʝʡʢʘ) ʠ ʩʝʚʝʨʦ-ʚʦ-
ʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ (ʪʦʯʢʘ 3, 
ʨ. ʍʦʙʦʢ) ʚ ʦʙʱʝʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʙʫʬʝʨʫ 
QFM (ʢʚʘʨʮ ï ʬʘʷʣʠʪ ï ʤʘʛʥʝʪʠʪ). ʊʘʢʠʤ ʨʝ-
ʞʠʤʦʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʙʦʣʴʰʠʥʩʪʚʦ ʚʫʣ-
ʢʘʥʠʯʝʩʢʠʭ ʧʦʣʝʡ ɺʥʫʪʨʝʥʥʝʡ ɸʟʠʠ. ʇʦʟʜʥʝ-
ʤʠʦʮʝʥʦʚʳʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʊʫʥ-
ʢʠʥʩʢʦʛʦ ʭʨʝʙʪʘ (ʪʦʯʢʘ 4) ʦʪʣʠʯʘʣʠʩʴ 
ʙʦʣʴʰʝʡ ʦʢʠʩʣʝʥʥʦʩʪʴʶ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦ-
ʚʘʣʠ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ ʚ ʨʘʩ-
ʧʣʘʚʘʭ, ʚʳʨʘʟʠʚʰʠʝʩʷ ʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦ-
ʜʦʩʦʜʝʨʞʘʱʝʛʦ ʤʠʥʝʨʘʣʘ (ʢʝʨʩʫʪʠʪʘ). ɺ ʠʟ-
ʣʠʚʰʠʭʩʷ ʨʘʩʧʣʘʚʘʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 
ʚʧʘʜʠʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 
ʧʦʪʝʥʮʠʘʣ ʚʘʨʴʠʨʦʚʘʣ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʥʘʯʘʣʝ 
ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ (16ï14 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʦʥ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʙʫʬʝʨʫ QFM (ʪ.ʝ. ʙʳʣ ʧʦʜʦ-
ʙʝʥ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʧʦ-
ʪʝʥʮʠʘʣʫ ʚ ʣʘʚʘʭ ʪʦʯʢʠ 1, ʂʦʟʴʷ ʐʝʡʢʘ). ɺ 
ʢʦʥʮʝ ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ ʠ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 
ʧʦʟʜʥʝʛʦ ʤʠʦʮʝʥʘ (13ï8 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʦʢʠʩ-
ʣʝʥʥʦʩʪʴ ʚʦʟʨʦʩʣʘ ʚʳʰʝ ʵʪʦʛʦ ʙʫʬʝʨʘ; ʧʨʦ-
ʷʚʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʨʘʩʧʣʘʚʘʤ, 

ʚʥʝʜʨʷʚʰʠʤʩʷ ʚ ʢʦʨʫ ʊʫʥʢʠʥʩʢʦʛʦ ʭʨʝʙʪʘ 
(ʪʦʯʢʘ 4). ɺ ʧʣʝʡʩʪʦʮʝʥʝ (2.4ï0.8 ʤʣʥ ʣʝʪ 
ʥʘʟʘʜ) ʦʢʠʩʣʝʥʥʦʩʪʴ, ʥʘʦʙʦʨʦʪ, ʩʥʠʟʠʣʘʩʴ; 
ʬʣʶʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ 
ʚʫʣʢʘʥʠʟʤʘ ʚ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʝ ʙʳʣʠ ʚʦʩʩʪʘ-
ʥʦʚʣʝʥʥʳʤʠ (ʏʫʚʘʰʦʚʘ, ʈʘʩʩʢʘʟʦʚ, 2014). 
ʇʨʠ ʠʟʫʯʝʥʠʠ ʣʠʪʦʣʦʛʠʠ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦ-

ʞʝʥʠʡ ʚ ʦʧʦʨʥʳʭ ʩʢʚʘʞʠʥʘʭ ʊʫʥʢʠʥʩʢʦʡ 
ʚʧʘʜʠʥʳ ʉ.ɸ. ʂʘʰʠʢʦʤ ʠ ɺ.ʅ. ʄʘʟʠʣʦʚʳʤ 
ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʘʯʘʣʴʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ 
ʚ ʥʝʝ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʶʞʥʦʛʦ ʛʦʨ-
ʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ (ʭʨʝʙʪʳ ʍʘʤʘʨ-ɼʘʙʘʥ ʠ ʋʨ-
ʛʫʜʝʝʚʩʢʠʡ) ʠ ʦ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʧʦʩʪʫʧʣʝʥʠʠ 
ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʩʝʚʝʨʥʦʛʦ ʛʦʨʥʦʛʦ 
ʦʙʨʘʤʣʝʥʠʷ (ʭʨ. ʊʫʥʢʠʥʩʢʠʡ) (ʫʩʪʥʦʝ ʩʦʦʙ-
ʱʝʥʠʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʵʢʩʢʫʨʩʠʠ ʚ 1986 
ʛ.). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʘʯʘʣʘ ʚʦʚʣʝʢʘʣʘʩʴ ʚ 
ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʝ ʶʞʥʘʷ ʩʪʝʨʞʥʝʚʘʷ 
ʯʘʩʪʴ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʚ ʩʚʷʟʠ ʩ ʧʦʜʥʷ-
ʪʠʝʤ ʭʨʝʙʪʦʚ ʍʘʤʘʨ-ɼʘʙʘʥ ʠ ʋʨʛʫʜʝʝʚʩʢʠʡ, ʘ 
ʟʘʪʝʤ ʝʝ ʩʝʚʝʨʥʘʷ ʩʪʝʨʞʥʝʚʘʷ ʯʘʩʪʴ ʚ ʩʚʷʟʠ ʩ 
ʧʦʜʥʷʪʠʝʤ ʊʫʥʢʠʥʩʢʦʛʦ ʭʨʝʙʪʘ. ʈʘʟʣʠʯʠʝ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ 
ʩʪʝʨʞʥʝʚʳʭ ʯʘʩʪʝʡ ʜʦʣʠʥʳ ʜʦʣʞʥʦ ʙʳʣʦ ʦʪ-
ʨʘʟʠʪʴʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʡ 
ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʘʨʠʘʮʠʷʭ ʩʦ-
ʩʪʘʚʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʢʨʝʩʪ ʝʝ ʧʨʦʩʪʠ-
ʨʘʥʠʷ. 
ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʯʝʪʳʨʝʭ ʪʝʨ-
ʨʠʪʦʨʠʡ, ʥʘʨʷʜʫ ʩ ʚʘʨʠʘʮʠʷʤʠ ʦʢʠʩʣʝʥʥʦʩʪʠ-
ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ 
(ʩʤ. ʨʠʩ. 12), ʚʳʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦ-
ʤʝʨʥʦʩʪʠ: 
1) ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝ-

ʨʘʮʠʠ 16ï15 ʤʣʥ ʣʝʪ ʥʘ ʚʩʝʭ ʪʝʨʨʠʪʦʨʠʷʭ 
ʧʨʦʬʠʣʷ ʠʤʝʶʪ ʩʭʦʜʥʳʡ (ʙʘʟʘʣʴʪʦʚʳʡ) ʩʦ-
ʩʪʘʚ; 
2) ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝ-

ʨʘʮʠʠ 13 ʤʣʥ ʣʝʪ ʥʘʭʦʜʷʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ 
ʩʪʝʨʞʥʝʚʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ (ʀʨ-
ʢʫʪ-ɸʭʘʣʠʢ, ʍʦʙʦʢ) ʠ, ʚʦʟʤʦʞʥʦ, ʝʝ ʩʝʚʝʨ-
ʥʦʛʦ ʛʦʨʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ (ʊʫʥʢʠʥʩʢʠʡ ʭʨʝ-
ʙʝʪ), ʥʦ ʚʳʧʘʜʘʶʪ ʠʟ ʨʘʟʨʝʟʘ ʝʝ ʶʞʥʦʛʦ ʛʦʨ-
ʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ (ʂʦʟʴʝʡ ʐʝʡʢʠ); 
3) ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝ-

ʨʘʮʠʠ 11ï8 ʤʣʥ ʣʝʪ ʂʦʟʴʝʡ ʐʝʡʢʠ ʭʘʨʘʢʪʝ-
ʨʠʟʫʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʦʢʦʣʦ 11 ʤʣʥ ʣʝʪ ʧʦ-
ʨʦʜ ʚʳʩʦʢʦʱʝʣʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ï ʪʝʬʨʠʪʦʚ ʠ 
ʙʘʟʘʥʠʪʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʜʥʦʚʦʟ-
ʨʘʩʪʥʳʭ ʧʦʨʦʜ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʬʠʣʷ 
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ʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʦʪʥʦʩʠʪʝʣʴ-
ʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʦʪʥʦʰʝʥʠʷ CaO/Al 2O3; 
4) ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚʦʟʨʘʩʪʥʦʡ ʛʝʥʝ-

ʨʘʮʠʠ 4ï0.8 ʤʣʥ ʣʝʪ ʥʘʭʦʜʷʪʩʷ ʥʘ ʪʝʨʨʠʪʦ-
ʨʠʷʭ ʩʪʝʨʞʥʝʚʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ 
(ʀʨʢʫʪ-ɸʭʘʣʠʢ, ʍʦʙʦʢ), ʥʦ ʦʪʩʫʪʩʪʚʫʶʪ ʚ 
ʨʘʟʨʝʟʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʪʦʣʱʠ ʝʝ ʶʞʥʦʛʦ ʛʦʨ-
ʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ (ʂʦʟʴʝʡ ʐʝʡʢʠ) ʠ ʚ ʩʫʙʚʫʣ-
ʢʘʥʠʯʝʩʢʠʭ ʪʝʣʘʭ ʩʝʚʝʨʥʦʛʦ ʛʦʨʥʦʛʦ ʦʙʨʘʤ-
ʣʝʥʠʷ (ʊʫʥʢʠʥʩʢʦʛʦ ʭʨʝʙʪʘ). 
ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦ-

ʨʠʠ ʟʘʧʘʜʘ ɹʈʉ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʭʦʜʥʳʝ 
ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʩʦʩʪʘʚʫ ʙʘʟʘʣʴʪʳ ʚʦʟʨʘʩʪʥʦʡ 
ʛʝʥʝʨʘʮʠʠ 16ï15 ʤʣʥ ʣʝʪ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 
ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʚʦʟʨʘʩʪʥʳʝ ʛʝʥʝʨʘʮʠʠ ʪʝʨ-
ʨʠʪʦʨʠʡ ʧʨʦʬʠʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥ-
ʩʢʦʡ ʜʦʣʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ 
ʧʦʨʦʜʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɹʦʣʝʝ ʪʦʛʦ, ʙʘ-
ʟʘʣʴʪʦʚʘʷ ʚʦʟʨʘʩʪʥʘʷ ʛʝʥʝʨʘʮʠʷ 16ï15 ʤʣʥ 
ʣʝʪ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʤʝʝʪ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʝ 
ʩʭʦʜʩʪʚʦ ʩ ʦʜʥʦʚʦʟʨʘʩʪʥʦʡ ʙʘʟʘʣʴʪʦʚʦʡ ʛʝʥʝ-
ʨʘʮʠʝʡ ʝʝ ʚʦʩʪʦʯʥʦʛʦ ʦʢʦʥʯʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʙʦʣʝʝ ʨʘʥʥʝʡ ʠ ʙʦʣʝʝ 
ʧʦʟʜʥʝʡ ʚʦʟʨʘʩʪʥʳʭ ʛʝʥʝʨʘʮʠʡ ʚʦʩʪʦʢʘ ʜʦ-
ʣʠʥʳ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 18ï17.5 ʠ 13ï12 ʤʣʥ 
ʣʝʪ) ʠʤʝʶʪ ʩʚʦʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦ-
ʩʪʠ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2013; Rasskazov et al., 
2021). ɼʝʬʦʨʤʘʮʠʠ ʢʦʨʳ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 
ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫ-
ʨʦʡ ʞʝʩʪʢʦʛʦ ʢʨʘʷ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʛʦ 
ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ. ʆʪ ʵʪʦʡ ʯʘʩʪʠ ʜʦʣʠʥʳ ʩʦ-
ʚʨʝʤʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʢ 
ʚʦʩʪʦʢʫ (ʚ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʝ) ï ʩ 
ʨʘʩʪʷʞʝʥʠʝʤ, ʢ ʟʘʧʘʜʫ (ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 
ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ) ï ʩ ʠʥʚʝʨʩʠʦʥʥʳʤ ʩʞʘ-
ʪʠʝʤ. ʂʘʤʘʨʩʢʦ-ʉʪʘʥʦʚʘʷ ʟʦʥʘ ʛʦʨʷʯʝʡ ʪʨʘʥ-
ʩʪʝʥʩʠʠ (ʂʉɿɻʊ) ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʎʝʥʪʨʘʣʴʥʦ-
ʊʫʥʢʠʥʩʢʦʡ (ʎʊɿɻʊ) ɽʣʦʚʩʢʦ-ʂʫʣʪʫʢʩʢʦʡ 
ʠʥʚʝʨʩʠʦʥʥʦʡ ʩʝʢʮʠʝʡ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʪʷʞʝʥʠʝ 
ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʤʝʥʷʝʪʩʷ ʩʞʘʪʠʝʤ (ʨʠʩ. 
13). ɺʫʣʢʘʥʠʟʤ ʥʘʯʠʥʘʝʪʩʷ 18.1ï17.5 ʤʣʥ ʣʝʪ 
ʥʘʟʘʜ ʚ ʂʉɿɻʊ, ʦʭʚʘʪʳʚʘʝʪ ʎʊɿɻʊ 16ï15 ʤʣʥ 
ʣʝʪ ʥʘʟʘʜ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʥʝʡ ʜʦ 0.8 ʤʣʥ ʣʝʪ 
ʥʘʟʘʜ (ʨʠʩ. 14). 

 

ʈʠʩ. 13. ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʂʘʤʘʨʩʢʦ-ʉʪʘʥʦʚʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʥʢʠʥʩʢʦʡ ʟʦʥ ʛʦʨʷʯʝʡ 

ʪʨʘʥʩʪʝʥʩʠʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʂʉɿɻʊ ʠ ʎʊɿɻʊ) ʥʘ ʚʦʩʪʦʯʥʦʤ ʠ ʟʘʧʘʜʥʦʤ ʢʨʘʷʭ ɽʣʦʚʩʢʦ-ʂʫʣʪʫʢ-

ʩʢʦʡ ʠʥʚʝʨʩʠʦʥʥʦʡ ʩʝʢʮʠʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ. ɺʫʣʢʘʥʠʯʝʩʢʠʝ (ʪʝʢʪʦʥʠʯʝʩʢʠʝ) ʟʦʥʳ ʛʦʨʷʯʝʡ 

ʪʨʘʥʩʪʝʥʩʠʠ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʜʘʝʢ. ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʤʘʛʤʘʪʠʯʝ-

ʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʂʉɿɻʊ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʩʪʷʞʝʥʠʝʤ ʢʦʨʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜïʁ ʛʦ-ʚʦ-

ʩʪʦʢ (ʚʜʦʣʴ ɻʣʘʚʥʦʛʦ ʉʘʷʥʩʢʦʛʦ ʨʘʟʣʦʤʘ) ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 18ï12 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʘ ʚ 

ʎʊɿɻʊ ï ʨʘʩʪʷʞʝʥʠʝʤ ʢʦʨʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʧʘʜïʚʦʩʪʦʢ (ʚʜʦʣʴ ʩʫʙʰʠʨʦʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʊʫʥ-

ʢʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ) ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 16ï0.8 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. 

Fig. 13. Structural setting of the Kamar-Stanovoy and Central Tunka hot transtension zones (ʂʉɿɻʊ 

and ʎʊɿɻʊ, respectively) at the eastern and western margins of the Elovka-Kultuk inversion section in 

the Tunka Valley. Volcanic (tectonic) hot transtension zones extend along the prevailing dike directions. 
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Penetration of magmatic melts within the ʂʉɿɻʊ is ensured by northwestïsoutheastern crustal exten-

sion (along the Main Sayan Fault) in the time interval of 18ï12 Ma, and in the ʎʊɿɻʊ ï by westïeastern 

crustal extension (along the westïeastern fragment of the Tunka Fault) in the time interval of 16ï0.8 

Ma. 

 

ʈʠʩ. 14. ʉʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʚʫʣʢʘʥʠʟʤʘ ʚ ʟʦʥʘʭ ʛʦʨʷʯʝʡ ʪʨʘʥʩʪʝʥʩʠʠ ʮʝʥʪʨʘʣʴ-

ʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 13. ɺʫʣʢʘʥʠʯʝʩʢʠʝ 

ʧʨʦʷʚʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʘʥʝʣʝʡ ʘïʝ ʧʦʢʘʟʘʥʳ ʮʚʝʪʘʤʠ ʩʠʤʚʦʣʦʚ ʠ ʬʠʛʫʨʘʪʠʚʥʳʭ ʧʦ-

ʣʝʡ ʛʨʘʬʠʢʦʚ ʨʠʩ. 8ï11. ʂʦʥʪʫʨ ʬʨʘʛʤʝʥʪʘ ʟʦʥʳ ʪʨʘʥʩʪʝʥʩʠʠ ʠʣʠ ʝʛʦ ʯʘʩʪʴ ʙʝʟ ʦʢʨʘʩʢʠ ʦʟʥʘʯʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

Fig. 14. Schematic succession of volcanic evolution in hot transtension zones of the central and eastern 

Tunka Valley. Symbols are as in Fig. 13. Volcanic areas of the time intervals in panels aïe are shown 

by the colors of the symbols and data fields in the graphs of Figs. 8ï11. Outlines of transtension zone 

fragments or their uncolored parts correspond to areas without volcanic activities. 

ʆʜʥʦʨʦʜʥʘʷ ʙʘʟʘʣʴʪʦʚʘʷ ʛʝʥʝʨʘʮʠʷ ʚʦʟ-

ʨʘʩʪʦʤ 16ï15 ʤʣʥ ʣʝʪ ʥʘʭʦʜʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʊʫʥʢʠʥʩʢʦʡ 

ʜʦʣʠʥʳ, ʥʦ ʠ ʥʘ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʟʘʧʘʜʘ 

ɹʈʉ. ʄʘʩʰʪʘʙ ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʦʮʝʥʢʦʡ ʝʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʈʉ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴʩʷ ʚ ʦʪʜʝʣʴʥʦʡ ʨʘʙʦʪʝ. ɿʜʝʩʴ ʥʫʞʥʦ ʦʙʨʘ-

ʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʚʝʨʞʝʥʠʝ ʙʘʟʘʣʴʪʦʚ 

ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʝ 

ɹʈʉ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʦʜʥʦ ʚʨʝʤʷ ʩ ʠʟʚʝʨʞʝ-

ʥʠʷʤʠ ʧʠʢʨʦʙʘʟʘʣʴʪʦʚʳʭ ʠ ʙʘʟʘʥʠʪʦʚʳʭ ʨʘʩ-

ʧʣʘʚʦʚ ɹʝʨʝʠʥʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

ɺʠʪʠʤʩʢʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʤʘʨʢʠʨʫʶʪ 

ʠʤʧʫʣʴʩ ʛʣʫʙʠʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ 

ʚ ʦʩʠ ʗʧʦʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʢʦʨʠʜʦʨʘ, ʩʠʥʭʨʦʥʥʳʡ ʩ ʟʘʜʫʛʦʚʳʤ 

ʨʘʩʢʨʳʪʠʝʤ ʚʧʘʜʠʥʳ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ 

(Chuvashova et al., 2017). 

ʆʪ ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ ʢ ʧʦʟʜʥʝʤʫ ʠ ʜʘʣʝʝ ʢ 

ʧʣʠʦʮʝʥʫ-ʧʣʝʡʩʪʦʮʝʥʫ ʩʦʩʪʘʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʚ ʮʝʣʦʤ ʤʝʥʷʝʪʩʷ ʦʪ ʙʘʟʘʣʴʪʦʚʦʛʦ 

ʢ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚʦʤʫ. ʅʘ ʩʪʝʨʞʥʝʚʦʡ ʪʝʨʨʠ-

ʪʦʨʠʠ ʜʦʣʠʥʳ ʀʨʢʫʪ-ɸʭʘʣʠʢ ʩʤʝʥʘ ʙʘʟʘʣʴʪʦʚ 

ʪʨʘʭʠʙʘʟʘʣʴʪʘʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʘʞʜʳ: ʩʥʘ-

ʯʘʣʘ ʚ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʤʠʦʮʝʥʦʚʦʤ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 16ï13 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʟʘʪʝʤ ï ʚ 
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ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

4ï0.8 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʚʨʝʤʝʥ-

ʥʳʭ ʚʘʨʠʘʮʠʡ ʩʦʩʪʘʚʘ ʣʘʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦʡ 

ʩʤʝʥʳ ʫʩʣʦʚʠʡ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʳ ʠ ʧʦʜ-

ʩʪʠʣʘʶʱʝʡ ʤʘʥʪʠʠ ʧʦ ʣʘʪʝʨʘʣʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ, ʚʳʷʚʣʝʥʥʦʡ ʧʦ 

ʩʦʩʪʘʚʫ ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠʟ ʚʫʣʢʘʥʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ (ʩʤ. ʨʠʩ. 12). 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʦʩʪʘʚʘ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʛʝʥʝʨʘʮʠʡ ʚʫʣʢʘʥʠ-

ʯʝʩʢʠʭ ʧʦʨʦʜ ʥʘ ʯʝʪʳʨʝʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʨʘʩ-

ʧʨʝʜʝʣʷʶʱʠʭʩʷ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʜʦ-

ʣʠʥʳ, ʩʣʝʜʫʝʪ ʚʳʚʦʜ ʦʙ ʦʩʦʙʦʤ ʟʥʘʯʝʥʠʠ 

ʦʜʥʦʨʦʜʥʳʭ ʣʘʚ ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʠʟʚʝʨ-

ʛʘʚʰʠʭʩʷ 16ï15 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʥʝ ʪʦʣʴʢʦ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ, ʥʦ ʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥ-

ʩʢʦʡ ʜʦʣʠʥʳ. ʕʪʘ ʛʝʥʝʨʘʮʠʷ ʣʘʚ ʤʘʨʢʠʨʫʝʪ 

ʠʤʧʫʣʴʩ ʛʣʫʙʠʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ 

ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʗʧʦʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʝʦʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʢʦʨʠʜʦʨʘ, ʩʠʥʭʨʦʥʥʳʡ ʩ ʟʘʜʫʛʦ-

ʚʳʤ ʨʘʩʢʨʳʪʠʝʤ ʚʧʘʜʠʥʳ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ. 

ʇʦʩʣʝʜʫʶʱʠʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʵʧʠʟʦʜʳ 13, 

11ï8 ʠ 4ï0.8 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʚʳʨʘʞʘʶʪʩʷ ʚ ʚʘ-

ʨʠʘʮʠʷʭ ʩʦʩʪʘʚʘ ʠʟʚʝʨʛʘʚʰʠʭʩʷ ʣʘʚ, ʦʪʨʘʞʘ-

ʶʱʠʭ ʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʤʘʛʤʦʦʙʨʘʟʦʚʘ-

ʥʠʷ ʚ ʎʝʥʪʨʘʣʴʥʦ-ʊʫʥʢʠʥʩʢʦʡ ʟʦʥʝ ʛʦʨʷʯʝʡ 

ʪʨʘʥʩʪʝʥʩʠʠ ʧʨʠ ʫʛʘʩʘʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʂʘʤʘʨ-

ʩʢʦ-ʉʪʘʥʦʚʦʡ ʟʦʥʳ ʥʘ ʝʝ ʚʦʩʪʦʯʥʦʤ ʦʢʦʥʯʘ-

ʥʠʠ. 

ɺ ʶʞʥʦʡ ʩʪʝʨʞʥʝʚʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ 

ʜʦʣʠʥʳ (ʪʝʨʨʠʪʦʨʠʷ ʀʨʢʫʪ-ɸʭʘʣʠʢ) ʩʦʩʪʘʚ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʤʝʥʷʝʪʩʷ ʦʪ ʙʘʟʘʣʴʪʦ-

ʚʦʛʦ ʢ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚʦʤʫ ʜʚʘʞʜʳ: ʩʥʘʯʘʣʘ ʚ 

ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 16ï

13 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʟʘʪʝʤ ï ʚ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨ-

ʪʠʯʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 4ï0.8 ʤʣʥ ʣʝʪ 

ʥʘʟʘʜ. ʉ 13 ʜʦ 4 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʚ ʚʫʣʢʘʥʠʟʤʝ 

ʪʝʨʨʠʪʦʨʠʠ ʀʨʢʫʪ-ɸʭʘʣʠʢ ʥʘʤʝʯʘʝʪʩʷ ʧʝʨʝ-

ʨʳʚ. ɺ ʩʝʚʝʨʥʦʡ ʩʪʝʨʞʥʝʚʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥ-

ʩʢʦʡ ʜʦʣʠʥʳ (ʪʝʨʨʠʪʦʨʠʷ ʍʦʙʦʢ) ʙʘʟʘʣʴʪʳ 

ʩʤʝʥʷʶʪʩʷ ʪʨʘʭʠʙʘʟʘʣʴʪʘʤʠ ʚ ʩʨʝʜʥʝʤ ʤʠʦ-

ʮʝʥʝ (16ï13 ʤʣʥ ʣʝʪ ʥʘʟʘʜ), ʘ ʚ ʧʦʟʜʥʝʤ ʤʠʦ-

ʮʝʥʝ (9ï8 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʠ ʚ ʧʣʠʦʮʝʥʝ-ʧʣʝʡ-

ʩʪʦʮʝʥʝ (2.0ï1.2 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʠʟʚʝʨʛʘʶʪʩʷ 

ʪʦʣʴʢʦ ʪʨʘʭʠʙʘʟʘʣʴʪʳ. ɺ ʶʞʥʦʤ ʛʦʨʥʦʤ ʦʙ-

ʨʘʤʣʝʥʠʠ (ʭʨ. ʍʘʤʘʨ-ɼʘʙʘʥ) ʠ ʩʝʚʝʨʥʦʤ ʛʦʨ-

ʥʦʤ ʦʙʨʘʤʣʝʥʠʠ (ʭʨ. ʊʫʥʢʠʥʩʢʠʡ) 

ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʫʣʢʘʥʠʟʤ ʩʨʝʜʥʝʛʦ-

ʧʦʟʜʥʝʛʦ ʤʠʦʮʝʥʘ (16ï8 ʤʣʥ ʣʝʪ ʥʘʟʘʜ). 

ɺʢʣʘʜ ʘʚʪʦʨʦʚ 

ʈʫʢʦʧʠʩʴ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʦ ʧʨʦʝʢʪʫ ʀɿʂ 

ʉʆ ʈɸʅ FWEF-2026-0010 ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʤʘʛʠʩʪʝʨʩʢʦʛʦ ʢʫʨʩʘ 

ʟʘʦʯʥʦʛʦ ʦʙʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴ-

ʪʝʪʘ ʀɻʋ ʚ 2026 ʛ. çʇʦʜʛʦʪʦʚʢʘ, ʦʬʦʨʤʣʝʥʠʝ 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʨʘʙʦʪè. ʊʝʢʩʪ ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ 

ʢʫʨʩʘ ʉ.ɺ. ʈʘʩʩʢʘʟʦʚʳʤ ʩ ʫʯʘʩʪʠʝʤ ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʷ ʀ.ʉ. ʏʫʚʘʰʦʚʦʡ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ 

ʤʦʥʦʛʨʘʬʠʠ (ʈʘʩʩʢʘʟʦʚ, 1993), ʜʦʧʦʣʥʝʥʥʳʭ 

ʠ ʨʘʩʰʠʨʝʥʥʳʭ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥ-

ʥʳʤʠ ʧʨʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 1990ï

2020-ʭ ʛʛ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʫʯʘʩʪʠʝʤ ʊ.ɸ. ʗʩʥʳʛʠ-

ʥʦʡ. ɼʨʫʛʠʝ ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʙʳʣʠ ʩʣʫʰʘʪʝ-

ʣʷʤʠ ʢʫʨʩʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʇʝʪʨʦʛʝʥʥʳʝ ʦʢʩʠʜʳ ʧʦʨʦʜ ʠʟ ʢʦʣʣʝʢʮʠʠ 

(ʈʘʩʩʢʘʟʦʚ, 1993) ʠ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʥʳʭ ʚ ʩʪʘʪʴʝ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʭʠʤʠʢʘʤʠ-

ʘʥʘʣʠʪʠʢʘʤʠ ʊ.ɸ. ʃʘʭʥʦ, ʅ.ɻ. ʊʘʩʢʠʥʦʡ, ɻ.ɺ. 
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ɻʣʦʙʘʣʴʥʘʷ ʠ ʨʝʛʠʦʥʘʣʴʥʘʷ (ʩʠʙʠʨʩʢʘʷ) ʧʝʨʝʨʘʙʦʪʢʘ ʣʠʪʦʩʬʝʨʳ 
2.7 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ: ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ * 

ʉ.ɺ. ʈʘʩʩʢʘʟʦʚ1,2 

1ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
2ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺʳʧʦʣʥʝʥ ʦʙʟʦʨ ʨʘʜʠʦʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʣʠʪʦʩʬʝʨʳ ʦʢʦʣʦ 2.7 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ ʚ ʛʣʦʙʘʣʴʥʦʤ ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ (ʩʠʙʠʨʩʢʦʤ) 

ʤʘʩʰʪʘʙʘʭ. ɺ ʵʪʦ ʚʨʝʤʷ ʥʘʯʠʥʘʝʪʩʷ ʩʨʝʜʥʷʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʧʦʭʘ ʵʚʦʣʶʮʠʠ ʤʘʥʪʠʠ ɸʟʠʠ, 

ʟʘʚʝʨʰʘʶʱʘʷʩʷ ʦʢʦʣʦ 1.8 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ. ʉʨʝʜʥʷʷ ʤʘʥʪʠʡʥʘʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʧʦʭʘ ʦʙʦʟʥʘ-

ʯʘʝʪ ʩʪʘʥʦʚʣʝʥʠʝ ʣʠʪʦʩʬʝʨʳ, ʧʦʣʫʯʠʚʰʝʡ ʚʳʨʘʞʝʥʠʝ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʦʙʦʩʦʙʣʝʥʠʡ ʉʠʙʠʨʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʚʦʣʶʮʠʷ ɿʝʤʣʠ, ʩʨʝʜʥʠʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʵʪʘʧ, ʠʟʦʪʦʧʥʳʝ ʩʠʩʪʝʤʳ 

U/Pb, Sm/Nd, Re/Os 

Global and Regional (Siberian) Processing of the Lithosphere 2.7 Byr 
ago: Isotopic Evidence 

S.V. Rasskazov1,2 

1Institute of the Earth's Crust SB RAS, Irkutsk, Russia 
2Irkutsk State University, Irkutsk, Russia 

Abstract. A review of radiogenic isotope data indicates significant processing of the lithosphere 

ca. 2.7 Byr ago on a global and regional (Siberian) scales. This time marks the beginning of the middle 

geodynamic epoch of Asian mantle evolution that ends ca. 1.8 Byr ago. The middle mantle geodynamic 

epoch corresponds to the lithosphere generation that resulted in large continental segregations of the 

Siberian and other paleocontinents. 

Keywords: Earth's evolution, middle geodynamic stage, U/Pb, Sm/Nd, Re/Os isotope systems 

ɺʚʝʜʝʥʠʝ 

ɺ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʤʝʣʠ ʤʝ-
ʩʪʦ ʧʦʚʦʨʦʪʥʳʝ ʨʫʙʝʞʠ ʚ ʝʝ ʵʚʦʣʶʮʠʠ. 
ʅʘʧʨʠʤʝʨ, ʚ ʩʝʨʝʜʠʥʝ ʤʝʣʘ ʤʘʛʤʘʪʠʟʤ ʰʠ-
ʨʦʢʦ ʧʨʦʷʚʠʣʩʷ ʥʘ ʚʩʝʡ ɿʝʤʣʝ. ʆʛʨʦʤʥʳʝ 
ʤʘʩʰʪʘʙʳ ʚʫʣʢʘʥʠʟʤʘ, ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʩ ʧʨʦ-
ʷʚʣʝʥʠʷʤʠ ʪʨʘʧʧʦʚ ʢʨʫʧʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 
ʧʨʦʚʠʥʮʠʡ ʧʦʨʦʜʠʣʠ ʛʠʧʦʪʝʟʫ ʦ ʩʚʷʟʠ ʛʣʦ-
ʙʘʣʴʥʦʡ ʩʨʝʜʥʝʤʝʣʦʚʦʡ ʚʩʧʳʰʢʠ 

                                                 
* ʉʪʘʪʴʷ ʧʦʣʫʯʝʥʘ: 05.03.2026; ʠʩʧʨʘʚʣʝʥʘ: 14.03.2026; ʧʨʠʥʷʪʘ: 27.03.2026. 
ɼʃʗ ʎʀʊʀʈʆɺɸʅʀʗ: ʈʘʩʩʢʘʟʦʚ ʉ.ɺ. ɻʣʦʙʘʣʴʥʘʷ ʠ ʨʝʛʠʦʥʘʣʴʥʘʷ (ʩʠʙʠʨʩʢʘʷ) ʧʝʨʝʨʘʙʦʪʢʘ ʣʠʪʦʩʬʝʨʳ 2.7 

ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ: ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ // ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2026. ʊ. 6, ˉ 1. ʉ. 115ï125. DOI 
10.26516/2541-9641.2026.1.115. EDN: GVXFCU 
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ʤʘʛʤʘʪʠʟʤʘ ʩ ʛʣʫʙʠʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩʫʧʝʨ-
ʧʣʶʤʘ (Larson, 1991). ɸʥʦʤʘʣʴʥʦ-ʛʦʨʷʯʝʝ ʩʦ-
ʩʪʦʷʥʠʝ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ 
ʥʘʨʫʰʝʥʠʝʤ ʪʝʨʤʘʣʴʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 
660 ʢʤ ʣʘʚʠʥʥʳʤ ʧʦʛʨʫʞʝʥʠʝʤ ʩʣʵʙʦʚ, ʚʳʟʳ-
ʚʘʚʰʠʤ ʦʙʨʘʪʥʳʡ ʧʦʪʦʢ ʩ ʝʛʦ ʧʨʦʷʚʣʝʥʠʝʤ 
ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʣʦ 125 ʤʣʥ ʣʝʪ 
ʥʘʟʘʜ ʠ ʧʦʚʪʦʨʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ï ʦʢʦʣʦ 60 
ʤʣʥ ʣʝʪ ʥʘʟʘʜ (Machetel, Humpler, 2003). 
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ɸʥʦʤʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ɿʝʤʣʠ ʚ ʦʙʱʝʤ ʧʨʝʜ-
ʰʝʩʪʚʦʚʘʣʦ ʠ ʩʦʧʨʦʚʦʞʜʘʣʦ ʥʘʯʘʣʦ ʥʦʚʝʡ-
ʰʝʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʪʘʧʘ, ʦʪʯʝʪʣʠʚʦ 
ʧʨʦʷʚʠʚʰʝʛʦʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʟʠʠ ʚ ʧʦʩʣʝʜ-
ʥʠʝ 90 ʤʣʥ ʣʝʪ (ʏʫʚʘʰʦʚʘ, ʈʘʩʩʢʘʟʦʚ, 2025). 
ʈʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʙʦʣʝʝ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ ʟʘʪʨʫʜ-
ʥʝʥʳ ʠʟ-ʟʘ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʝʤ ʥʝ 
ʤʝʥʝʝ, ʚʳʷʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦ-
ʩʪʠ, ʢʦʪʦʨʳʝ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ 
ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʘʥʦʚʣʝʥʠʠ ʣʠʪʦʩʬʝʨʳ. ʅʘ ʨʫ-
ʙʝʞʝ ʘʨʭʝʷ-ʧʨʦʪʝʨʦʟʦʷ ʠʤʝʝʪ ʤʝʩʪʦ ʬʫʥʜʘ-
ʤʝʥʪʘʣʴʥʘʷ ʩʤʝʥʘ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʪʝʨʨʠʛʝʥ-
ʥʭr ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ 
ʦʪʥʦʰʝʥʠʷ Th/Sc, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʫʚʝʣʠʯʝ-
ʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Th ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ Sc. Th ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦ ʥʝʩʦʚʤʝ-
ʩʪʠʤʳʤ, ʘ Sc ï ʩʦʚʤʝʩʪʠʤʳʤ ʤʠʢʨʦʵʣʝʤʝʥ-
ʪʦʤ, ʧʦʵʪʦʤʫ ʚʦʟʨʘʩʪʘʥʠʝ ʦʪʥʦʰʝʥʠʷ Th/Sc 
ʦʪʨʘʞʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʢʦʨʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ 
ʢ ʢʦʨʝ ʩʨʝʜʥʝʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ (Taylor, 
McLennan, 1985; Rudnick, 2017). ʄʝʞʜʫ ʪʝʤ, 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ ʥʘʯʠʥʘʝʪ ʛʝʥʝʨʠʨʦ-
ʚʘʪʴʩʷ ʧʦ ʶʚʝʥʠʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʥʝʩʢʦʣʴʢʦ 
ʨʘʥʴʰʝ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʛʣʫʙʠʥ-
ʥʳʭ ʧʨʦʮʝʩʩʦʚ ɿʝʤʣʠ ʥʘʤʝʯʘʝʪʩʷ ʧʦ ʠʟʤʝʥʝ-
ʥʠʷʤ ʚ SmïNd-ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʝ ʦʢʦʣʦ 2.7 
ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ (Hofmann, 1997). ʂʘʢʘʷ-ʣʠʙʦ 
ʠʣʣʶʩʪʨʘʮʠʷ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʚ 
ʮʠʪʠʨʦʚʘʥʥʦʡ ʩʪʘʪʴʝ, ʦʜʥʘʢʦ, ʦʪʩʫʪʩʪʚʫʝʪ. 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʦʙʦʩʥʦʚʘ-

ʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʪʦ-
ʩʬʝʨʳ ʥʘ ʨʫʙʝʞʝ ʦʢʦʣʦ 2.7 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʜʯʝʨʢʥʫʪʴ ʟʥʘʯʝʥʠʝ 
ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʉʠ-
ʙʠʨʠ. 

ɻʣʦʙʘʣʴʥʦʝ ʩʦʙʳʪʠʝ 2.7 ʤʣʨʜ ʣʝʪ 
ʚ UïPb-ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʘʪʠʢʝ 
ʫʨʘʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ 

ʋʨʘʥʦʚʳʝ ʤʠʥʝʨʘʣʳ ʙʣʠʟʢʦʛʦ ʚʦʟʨʘʩʪʘ ʦʙ-
ʨʘʟʦʚʘʥʠʷ ʠʟ ʘʨʭʝʡʩʢʠʭ ʱʠʪʦʚ ʧʷʪʠ ʢʦʥʪʠ-
ʥʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʣʠʥʠʝʡ ʜʠʩʢʦʨʜʠʠ 
ʩ ʚʝʨʭʥʝʡ ʪʦʯʢʦʡ ʧʝʨʝʩʝʯʝʥʠʷ ʦʢʦʣʦ 2.7 ʤʣʨʜ 
ʣʝʪ (ʨʠʩ. 1). ɸʚʪʦʨ ʵʪʦʛʦ ʦʙʦʙʱʝʥʠʷ (Tilton, 
1960) ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʫʨʘʥʦʚʳʝ ʤʠʥʝʨʘʣʳ 
ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʝʧʨʝʨʳʚʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦʡ 
ʧʦʪʝʨʝ ʩʚʠʥʮʘ ʚ ʪʝʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝ-
ʤʝʥʠ, ʢʦʪʦʨʘʷ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʚʦʝʡ ʜʣʠʥʳ 
ʧʦʭʦʞʘ ʥʘ ʧʨʷʤʫʶ ʣʠʥʠʶ, ʠʟʛʠʙʘʷʩʴ ʚʥʠʟ ʢ 
ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʚ ʩʣʫ-
ʯʘʷʭ ʩʠʣʴʥʦʡ ʧʦʟʜʥʝʡ ʧʦʪʝʨʠ ʩʚʠʥʮʘ. ɺ ʢʘʯʝ-
ʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘ-
ʮʠʠ ʫʨʘʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʩʣʫʞʠʣ ʢʦʨʦʚʳʡ 
ʧʨʦʪʦʣʠʪ ʢʦʥʪʠʥʝʥʪʦʚ ʚʦʟʨʘʩʪʦʤ 2.7 ʤʣʨʜ 
ʣʝʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʦʣʦ 2.7 ʤʣʨʜ ʣʝʪ 

ʜʦʣʞʥʦ ʙʳʣʦ ʧʨʦʠʟʦʡʪʠ ʩʦʙʳʪʠʝ, ʢʦʪʦʨʦʝ 
ʧʨʠʚʝʣʦ ʢ ʟʘʤʳʢʘʥʠʶ UïPb ʠʟʦʪʦʧʥʦʡ ʩʠ-
ʩʪʝʤʳ ʫʨʘʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʛʣʦʙʘʣʴʥʦʤ 
ʤʘʩʰʪʘʙʝ. 

 
ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʘʨʭʝʡʩʢʠʭ ʫʨʘʥʦʚʳʭ ʤʠ-

ʥʝʨʘʣʦʚ ʧʷʪʠ ʢʦʥʪʠʥʝʥʪʦʚ ʩ ʦʙʱʝʡ ʜʠʩʢʦʨ-

ʜʠʝʡ (Tilton, 1960). 

Fig. 1. Diagram of Archean U-rich minerals of 

the five continents with general discordia 

(Tilton, 1960). 

ɼʠʬʬʫʟʠʦʥʥʘʷ ʤʦʜʝʣʴ ʛʣʦʙʘʣʴʥʳʭ ʧʦʪʝʨʴ 

Pb ʚ ʫʨʘʥʦʚʳʭ ʤʠʥʝʨʘʣʘʭ (Tilton, 1960) ʦʪʣʠ-

ʯʘʝʪʩʷ ʦʪ ʜʠʬʬʫʟʠʦʥʥʦʡ ʜʠʩʢʦʨʜʠʠ ɺʘʩʩʝʨ-

ʙʫʨʛʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʪʦʨʞʝʥʠʝ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ Pb ʦʪ U ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʘʣʝʥʠʪ 

(Rasskazov et al., 2010). ɺ ʩʫʣʴʬʠʜʝ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʠʟʦʪʦʧʥʦʝ ʦʪʥʦʰʝʥʠʝ Pb ʜʣʷ 

ʠʟʦʭʨʦʥʳ U-ʩʦʜʝʨʞʘʱʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦ-

ʨʦʜ (ʨʠʦʣʠʪʦʚ) 2.69 ʤʣʨʜ ʣʝʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʠ ʅʦʨʘʥʜʘ (ʂʚʘʙʝʢ) (ʨʠʩ. 2). 

 

ʈʠʩ. 2. PbïPb ʠʟʦʭʨʦʥʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦ-

ʨʦʜ, ʚʤʝʱʘʶʱʠʭ CuïZn ʩʫʣʴʬʠʜʥʦʝ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʝ ʅʦʨʘʥʜʘ (ʂʚʘʙʝʢ). ʀʟ ʨʘʙʦʪʳ 

(White, 2000). 
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Fig. 2. PbïPb isochron of volcanic rocks host-

ing the Noranda (Quabec) CuïZn sulfide de-

posit. From (White, 2000). 

ɻʣʦʙʘʣʴʥʦʝ ʩʦʙʳʪʠʝ 2.7 ʤʣʨʜ ʣʝʪ 
ʚ ʠʟʦʪʦʧʘʭ ʧʦʨʦʜ ʢʦʨʳ ʠ ʤʘʥʪʠʠ 

ʆ ʛʝʥʝʨʘʮʠʠ ʢʦʨʳ ʧʦ ʶʚʝʥʠʣʴʥʦʤʫ ʤʝʭʘ-
ʥʠʟʤʫ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ, ʩʚʠʥʮʘ, ʛʘʬʥʠʷ ʠ ʢʠʩ-
ʣʦʨʦʜʘ ʚ ʮʠʨʢʦʥʘʭ ʠʟ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʶʞ-
ʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦʡ ɻʨʝʥʣʘʥʜʠʠ. ʇʦʨʦʜʳ 
ʚʦʟʨʘʩʪʦʤ 3.9ï3.5 ʤʣʨʜ ʣʝʪ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ 
ʠʟ ʠʩʪʦʯʥʠʢʘïʨʝʟʝʨʚʫʘʨʘ ʚʦʟʨʘʩʪʦʤ 3.9 ʤʣʨʜ 
ʣʝʪ ʩ ʭʦʥʜʨʠʪʦʚʳʤ ʠʣʠ ʩʣʝʛʢʘ ʦʙʝʜʥʝʥʥʳʤ 
ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʛʘʬʥʠʷ. ʇʦʨʦʜʳ, ʦʙʨʘ-
ʟʦʚʘʚʰʠʝʩʷ ʧʦʩʣʝ 3.2 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ, ʚʧʝʨ-
ʚʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʪʦʢ ʶʚʝʥʠʣʴʥʦʛʦ 
ʦʙʝʜʥʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʥʦʚʦʡ ʢʦʨʳ ʤʘʥʪʠʡ-
ʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʝʟ-
ʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʠʟʦʪʦʧʦʚ 
ʛʘʬʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʤʠ ʪʝʤ, ʢʦʪʦʨʳʝ ʥʘʙʣʶ-
ʜʘʶʪʩʷ ʚ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʦʨʦʛʝʥʘʭ, ʩʚʷʟʘʥʥʳʭ 
ʩ ʩʫʙʜʫʢʮʠʝʡ. ʇʝʨʝʭʦʜ ʦʪ ʜʨʝʚʥʝʛʦ (3.9ï3.5 
ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ) ʨʝʞʠʤʘ ʵʚʦʣʶʮʠʠ ʢʦʨʳ, ʥʝ-
ʧʦʭʦʞʝʛʦ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʪʝʢʪʦʥʠʢʫ ʧʣʠʪ, ʢ 
ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʧʦʩʣʝ 3.2 ʤʣʨʜ 
ʣʝʪ ʥʘʟʘʜ, ʚʢʣʶʯʘʚʰʝʡ ʦʙʨʘʟʦʚʘʥʠʝ ʶʚʝ-
ʥʠʣʴʥʦʡ ʢʦʨʳ ʧʨʦʮʝʩʩʘʤʠ ʪʝʢʪʦʥʠʢʠ ʧʣʠʪ, 
ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 
3.5ï3.2 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ (NÞraa et al., 2012). 
ʉʦʙʳʪʠʷ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 2.7 ʤʣʨʜ ʣʝʪ 

ʥʘʟʘʜ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʘʟʥʳʭ ʢʦʥʪʠ-
ʥʝʥʪʘʭ. ʂʦʤʘʪʠʠʪʳ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʜʦʙʥʳʝ 
ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʦʣʝʝ 
ʜʨʝʚʥʠʤ ʢʦʤʘʪʠʠʪʘʤ, ʦʙʝʜʥʝʥʥʳʤ ʛʣʠʥʦʟʝ-
ʤʦʤ (ʚʦʟʨʘʩʪ 3.5 ʤʣʨʜ ʣʝʪ), ʠʟʚʝʩʪʥʳ ʚ ʅʴʶ-
ʪʦʥʩʢʦʤ ʠ ɹʦʩʪʦʥʩʢʦʤ ʨʘʡʦʥʘʭ ʠ ʨʘʡʦʥʝ ʆʥ-
ʪʘʨʠʦ ʚ ʂʘʥʘʜʝ. ʕʪʠ ʢʦʤʘʪʠʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫ-
ʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ 
CaO/Al2O3 ʠ Gd/Yb ʠ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘ-
ʥʠʝʤ Al2O3, ʯʝʤ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʘʪʠʠʪʦʚ 
ʪʠʧʘ ʄʫʥʨʦ (Herzberg, 1995). ʆʢʦʣʦ 2.7 ʤʣʨʜ 
ʣʝʪ ʥʘʟʘʜ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʩʥʦʚʥʳʝ ʟʝʣʝʥʦ-
ʢʘʤʝʥʥʳʝ ʧʦʷʩʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢʨʘʪʦʥʘ 
ɼʭʘʨʚʘʨ, ʀʥʜʠʷ (Anand, Balakrishnan, 2010). 
ɺ ʧʨʦʚʠʥʮʠʠ ʉʫʧʝʨʠʦʨ ʂʘʥʘʜʳ ʠʟʚʝʩʪʥʳ 
ʘʜʘʢʠʪʦʧʦʜʦʙʥʳʝ ʧʦʨʦʜʳ ʵʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ 
(Pollat, Kerrich, 2001). ɺ ʵʪʦ ʚʨʝʤʷ ʦʙʨʘʟʦ-
ʚʘʣʩʷ ʨʘʩʩʣʦʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʉʪʠʣʣʫʦʪʝʨ 
(ʨʠʩ. 3). 
ʇʦ UïPb ʜʘʪʠʨʦʚʢʘʤ ʮʠʨʢʦʥʦʚ ʤʘʛʤʘʪʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ ʜʦʙʘʚʣʝʥʠʝ ʶʚʝʥʠʣʴʥʦʡ ʢʦʨʳ (ʘ 

ʪʘʢʞʝ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʮʝʣʦʤ) ʚ 

ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚ ʠʥʪʝʨʚʘʣʝ 2.45ï2.2 

ʤʣʨʜ ʣʝʪ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

(Condie et al., 2009). ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ UïPb 

ʠ Hf-ʤʦʜʝʣʴʥʳʭ ʜʘʪʠʨʦʚʦʢ ʮʠʨʢʦʥʦʚ ʵʪʦʪ ʚʳ-

ʚʦʜ ʦʩʧʘʨʠʚʘʝʪʩʷ (Belousova et al., 2010). 

 

ʈʠʩ. 3. SmïNd-ʠʟʦʭʨʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ 

ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʠʟ ʨʘʩʩʣʦʝʥʥʦʛʦ ʙʘʟʠʪʦ-

ʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʪʠʣʣʫʦʪʝʨ. ʘ ï ʚʥʫʪʨʝʥʥʷʷ 

ʤʠʥʝʨʘʣʴʥʘʷ ʠʟʦʭʨʦʥʘ ʜʣʷ ʛʘʙʙʨʦ, ʙ ï 

ʚʥʝʰʥʷʷ ʠʟʦʭʨʦʥʘ ʜʣʷ ʚʘʣʦʚʳʭ ʩʦʩʪʘʚʦʚ 

ʧʦʨʦʜ. ʀʟ ʢʥʠʛʠ (Geyh, Schleicher, 1990). 

Fig. 3. SmïNd isochron diagram for rocks and 

minerals from the Stillwater layered mafic 

complex. a ï internal mineral isochron for gab-

bro, b ï external isochron for bulk rock com-

positions. From (Geyh, Schleicher, 1990). 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 187Reï187Os ʜʘʥ-
ʥʳʭ ʧʦ ʧʦʨʦʜʘʤ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʜʘʝʪ ʤʘʢʩʠ-
ʤʫʤʳ ʝʝ ʠʩʪʦʱʝʥʠʷ ʦʢʦʣʦ 2.7, 1.9 ʠ 1.2 ʤʣʨʜ 
ʣʝʪ ʥʘʟʘʜ. ʕʪʠ ʤʘʥʪʠʡʥʳʝ ʤʘʢʩʠʤʫʤʳ ʩʦʚʧʘ-
ʜʘʶʪ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʠʥʝʥ-
ʪʘʣʴʥʦʡ ʢʦʨʳ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʛʫʪ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʦʧʨʷʞʝʥʥʦʡ, ʛʣʦʙʘʣʴʥʦʡ ʠʤ-
ʧʫʣʴʩʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʘʥʪʠʡʥʳʭ ʠ 
ʢʦʨʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ï ʨʦʩʪʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 
ʢʦʨʳ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʦʙʳ-
ʪʠʡ ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʠ (Pearson et al., 2007). 
ɹʦʣʴʰʠʥʩʪʚʦ ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʦʚ ʠʟ 
ʢʠʤʙʝʨʣʠʪʦʚ ʶʞʥʦʡ ʯʘʩʪʠ ʟʘʧʘʜʥʦ-ʛʨʝʥ-
ʣʘʥʜʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʛʦ 
ʢʨʘʪʦʥʘ ʩ ʤʦʜʝʣʴʥʳʤʠ ReïOs-ʜʘʪʠʨʦʚʢʘʤʠ 
ʦʙʝʜʥʝʥʠʷ TRD ʦʪ 3.1 ʜʦ 2.7 ʤʣʨʜ ʣʝʪ ʠ 2.0 
ʤʣʨʜ ʣʝʪ ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ FeO, 
ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʣʘʚʣʝʥʠʝʤ ʥʝʛʣʫʙʦʢʦʡ 
ʤʘʥʪʠʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʝʨʠʜʦʪʠʪʦʚʳʭ 
ʢʩʝʥʦʣʠʪʦʚ ʩ ʤʦʜʝʣʴʥʳʤʠ ʜʘʪʠʨʦʚʢʘʤʠ TRD 
2.3ï2.6 ʤʣʨʜ ʣʝʪ (ʢʦʪʦʨʳʝ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ 
ʢʦʥʢʨʝʪʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ) 
ʦʙʦʛʘʱʝʥʘ FeO. ɺ ʵʪʦ ʚʨʝʤʷ ʧʦʣʫʯʠʣ ʨʘʟʚʠ-
ʪʠʝ ʤʝʪʘʤʦʨʬʠʟʤ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ. ʇʨʝʜ-
ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʥʪʠʡʥʳʝ ʢʩʝʥʦʣʠʪʳ ʪʝʨʨʠ-
ʪʦʨʠʠ ʦʪʨʘʞʘʶʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʣʠʪʦʩʬʝʨʳ ʥʘ 
ʤʝʟʦ-ʥʝʦʘʨʭʝʡʩʢʦʡ ʛʨʘʥʠʮʝ, ʟʘ ʢʦʪʦʨʦʡ ʧʦ-
ʩʣʝʜʦʚʘʣʘ ʝʝ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 
(Wittig et al., 2010). 
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ɻʣʦʙʘʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʨʘ-
ʪʦʥʥʦʡ ʤʘʥʪʠʝʡ ʠ ʚʳʰʝʣʝʞʘʱʝʡ ʟʝʤʥʦʡ ʢʦ-
ʨʦʡ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ U/Pb-
ʜʘʪʠʨʦʚʦʢ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʩʦʚʨʝ-
ʤʝʥʥʳʭ ʨʝʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ReïOs TRD-
ʜʘʪʠʨʦʚʦʢ ʧʝʨʠʜʦʪʠʪʦʚ, ʤʝʛʘʢʨʠʩʪʘʣʣʦʚ ʦʣʠ-
ʚʠʥʘ ʠ ʩʫʣʴʬʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠʟ ʢʨʘʪʦʥʦʚ: 
ʂʘʘʧʚʘʘʣʴʩʢʦʛʦ, ʉʣʵʡʚ ʠ ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝ-
ʩʢʦʛʦ. ɼʣʷ TRD-ʜʘʪʠʨʦʚʦʢ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ 
ʢʨʘʪʦʥʦʚ ʦʧʨʝʜʝʣʝʥʳ ʤʘʢʩʠʤʫʤʳ: 2.7 ʤʣʨʜ 
ʣʝʪ ʜʣʷ ʢʨʘʪʦʥʘ ʂʘʘʧʚʘʘʣʴ, 2.6 ʠ 1.9 ʤʣʨʜ ʣʝʪ 
ï ʜʣʷ ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ 2.8, 
1.8 ʠ 1.4 ʤʣʨʜ ʣʝʪ ï ʜʣʷ ʢʨʘʪʦʥʘ ʉʣʵʡʚ. ɺʦʟ-
ʨʘʩʪʥʳʝ ʤʘʢʩʠʤʫʤʳ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʢʨʘʪʦʥ-
ʥʦʡ ʤʘʥʪʠʠ, ʩʦʚʧʘʣʠ ʩ ʜʚʫʤʷ ʤʘʢʩʠʤʫʤʘʤʠ 
ʛʣʦʙʘʣʴʥʳʭ U/Pb ʜʘʪʠʨʦʚʦʢ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨ-
ʢʦʥʦʚ 2.7 ʠ 1.9 ʤʣʨʜ ʣʝʪ. ʉʦʚʧʘʜʝʥʠʝ ʚʦʟʨʘʩʪʘ 
2.7 Ñ 0.1 ʤʣʨʜ ʣʝʪ ʤʘʥʪʠʠ ʠ ʢʦʨʳ ʠʥʪʝʨʧʨʝʪʠ-
ʨʦʚʘʣʦʩʴ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʘ-
ʪʦʥʥʦʡ ʤʘʥʪʠʠ ʚ ʮʝʣʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʨʘ-
ʪʦʥʥʦʡ ʢʦʨʦʡ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʚ-
ʰʝʡʩʷ ʚ ʘʨʭʝʝ. 
ɺ ʠʥʪʝʨʚʘʣʝ 2.7ï2.2 ʤʣʨʜ ʣʝʪ ʠ ʙʣʠʟʢʦ ʢ 

ʥʝʤʫ ʠʤʝʶʪʩʷ ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʧʨʦʪʦʣʠʪʦʚ ʚ 
ʠʩʪʦʯʥʠʢʘʭ ʧʦʟʜʥʝʬʘʥʝʨʦʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠ-
ʯʝʩʢʠʭ ʧʦʨʦʜ ɸʟʠʠ: ʃʥʜʟʶ ʉʝʚʝʨʦ-ɺʦʩʪʦʯ-
ʥʦʛʦ ʂʠʪʘʷ (2.57 ʤʣʨʜ ʣʝʪ), ʏʘʥʛʙʘʡ ʵʪʦʡ ʞʝ 

ʪʝʨʨʠʪʦʨʠʠ (2.93 ʠ 2.72 ʤʣʨʜ ʣʝʪ), ʏʝʫʥʛʦʢ 
ʖʞʥʦʡ ʂʦʨʝʠ (2.85 ʤʣʨʜ ʣʝʪ), ʖʞʥʳʡ ʊʠʙʝʪ 
(2.81 ʤʣʨʜ ʣʝʪ), ʨʠʬʪ ʊʘʧʠ ʥʘ ʧʣʘʪʦ ɼʝʢʘʥ 
(2.76 ʤʣʨʜ ʣʝʪ) (Rasskazov et al., 2020). ʈʘʥ-
ʥʷʷ ʤʘʥʪʠʡʥʘʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʧʦʭʘ ɸʟʠʠ 
(Rasskazov et al., 2020) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥ-
ʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ɿʝʤʣʠ ʜʦ 3.6 
ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʦʩʘʜʦʯ-
ʥʳʭ ʧʦʨʦʜʘʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʣʘ 
ʨʦʣʴ ʜʘʪʠʨʦʚʘʥʥʳʭ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ 
(Condie, Aster, 2009). ɺ ʵʪʫ ʵʧʦʭʫ ʩʫʧʝʨʢʦʥ-
ʪʠʥʝʥʪʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ʉʨʝʜʥʷʷ ʤʘʥʪʠʡʥʘʷ 
ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʧʦʭʘ ɸʟʠʠ, ʦʭʚʘʪʳʚʘʶʱʘʷ 
ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʦʪ 2.9 ʜʦ 1.8 ʤʣʨʜ ʣʝʪ 
ʥʘʟʘʜ (Rasskazov et al., 2020), ʩʦʛʣʘʩʫʝʪʩʷ ʩ 
ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʠʢʘʤʠ ʜʘʪʠʨʦʚʘʥʥʳʭ 
ʮʠʨʢʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʦʨʦʛʝʥʥʳʭ ʛʨʘʥʠʪʦ-
ʠʜʦʚ. ʉʫʧʝʨʢʦʥʪʠʥʝʥʪʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʥʘʯʘʣʝ 
ʠ ʚ ʢʦʥʮʝ ʵʪʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʧʦʭʠ, ʘ ʚ ʩʝ-
ʨʝʜʠʥʝ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʳ ʨʘʩʧʘʜʘʶʪʩʷ 
(Condie, Aster, 2009). ʇʦʟʜʥʷʷ ʛʝʦʜʠʥʘʤʠʯʝ-
ʩʢʘʷ ʵʧʦʭʘ ʧʦʩʣʝʜʥʠʭ 700 ʤʣʥ ʣʝʪ (Rasskazov 
et al., 2020) ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝ-
ʥʠʝʤ ʨʦʣʠ ʜʘʪʠʨʦʚʘʥʥʳʭ ʮʠʨʢʦʥʦʚ. ɺ ʵʪʦ 
ʚʨʝʤʷ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʳ ʩʥʘʯʘʣʘ ʩʦʙʠʨʘʶʪʩʷ, 
ʘ ʟʘʪʝʤ ʨʘʩʧʘʜʘʶʪʩʷ (Condie, Aster, 2009) 
(ʨʠʩ. 4). 

 

ʈʠʩ. 4. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʮʠʨʢʦʥʘ ʧʦ ʠʟʦʪʦʧʘʤ ʫʨʘʥʘ/ʩʚʠʥʮʘ ʚ ʦʨʦʛʝʥʥʳʭ ʛʨʘʥʠʪʦʠʜʘʭ ʠ 

ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʧʦ ʜʝʪʨʠʪʦʚʦʤʫ ʮʠʨʢʦʥʫ ʟʘ ʧʦʩʣʝʜʥʠʝ 4.5 ʤʠʣʣʠʘʨʜʘ ʣʝʪ (Condie et al., 2009) ʩ 

ʤʘʥʪʠʡʥʳʤʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʵʧʦʭʘʤʠ ɸʟʠʠ (Rasskazov et al., 2020).  

Fig. 4. Comparison of uranium/lead isotope ages of zircon in orogenic granitoids and detrital zircon 

datasets over the past 4.5 Byr (Condie et al., 2009) with mantle geodynamic epochs of Asia (Rasskazov 

et al., 2020). 

ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʪʨʝʪʠʯʥʳʭ ʚʫʣʢʘʥʠ-

ʯʝʩʢʠʭ ʧʦʨʦʜ ʧʦʣʷ ɸʙʩʘʨʦʢʘ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʧʦʨʦʜ ʁʝʣʣʦʫʩʪʦʫʥʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʧʣʘʪʦ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 



ɺʫʣʢʘʥʠʟʤ, ʥʦʚʝʡʰʘʷ ʛʝʦʜʠʥʘʤʠʢʘ 

119 

ʜʠʘʛʨʘʤʤʝ 207Pb/204Pb ï 206Pb/204Pb ʚʜʦʣʴ ʚʪʦ-

ʨʠʯʥʦʡ ʠʟʦʭʨʦʥʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʦʟʨʘʩʪ ʧʦ-

ʨʦʜ ʠʩʪʦʯʥʠʢʘ ʦʢʦʣʦ 2.8 ʤʣʨʜ ʣʝʪ. ʕʪʦʪ ʚʦʟ-

ʨʘʩʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʨʘʩʪʫ ʧʦʨʦʜ ʬʫʥʜʘ-

ʤʝʥʪʘ ʢʨʘʪʦʥʘ ɺʘʡʦʤʠʥʛ (Lipman, 1980). 

ʇʦʨʦʜʳ ʧʣʘʪʦ ʂʦʣʦʨʘʜʦ ʠ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʉʘʥ ʍʫʘʥ ʥʘ ʜʠʘʛʨʘʤʤʝ ʠʟʦʪʦʧʦʚ ʩʚʠʥʮʘ 

ʜʘʶʪ ʚʪʦʨʠʯʥʫʶ ʠʟʦʭʨʦʥʫ ʩ ʥʘʢʣʦʥʦʤ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʚʦʟʨʘʩʪʫ ʬʫʥʜʘʤʝʥʪʘ ʧʣʘʪʦ 

ʂʦʣʦʨʘʜʦ 2.3 ʤʣʨʜ ʣʝʪ (Alibert et al., 1986). 

ʉʦʙʳʪʠʝ 2.7 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ ʠ 
ʧʦʩʣʝʜʫʶʱʝʝ ʩʪʘʥʦʚʣʝʥʠʝ 
ʣʠʪʦʩʬʝʨʳ ʉʠʙʠʨʠ 

ʇʦʜʦʙʥʦ ɿʘʧʘʜʥʦʡ ɻʨʝʥʣʘʥʜʠʠ ʵʚʦʣʶʮʠʷ 

ʂʄʇ ʠ ʤʘʥʪʠʠ ʢʨʘʪʦʥʘ ɺʘʡʦʤʠʥʛ ʤʦʞʝʪ ʩʣʫ-

ʞʠʪʴ ʜʣʷ ʚʦʟʨʘʩʪʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʩ ʧʨʦʮʝʩ-

ʩʘʤʠ ʩʪʘʥʦʚʣʝʥʠʷ ʂʄʇ ʠ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʤʘʥʪʠʠ ʧʦʜ ʉʣʶʜʷʥʩʢʠʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ 

ʩʫʙʪʝʨʨʝʡʥʦʤ. ɺ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʝ ʩʣʦʠ 

ʂʄʇ ʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʤʘʥʪʠʠ ʩʣʫʞʘʪ ʘʚ-

ʪʦʭʪʦʥʦʤ ʜʣʷ ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʩʣʦʷ ʘʣʣʦʭ-

ʪʦʥʘ ʩʣʶʜʷʥʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʩ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʩʠʥ-

ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɸʣʣʦʭʪʦʥ 

ʦʙʥʘʞʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘʚʪʦʭʪʦʥ ʦʧʨʦʙʫ-

ʝʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ ʠʟʣʠʚʰʠʭʩʷ ʨʘʩʧʣʘʚʦʚ ʠ ʚ 

ʛʣʫʙʠʥʥʳʭ ʚʢʣʶʯʝʥʠʷʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʪʦʣʠʪʦʚ ʠʩʪʦʯ-

ʥʠʢʦʚ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʠ ʜʨʝʚʥʠʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ ʦʩ-

ʥʦʚʥʦʛʦ-ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʚ ʵʚʦʣʶʮʠʠ ʪʝʢʪʦ-

ʥʦʩʬʝʨʳ ɻʘʨʛʘʥʩʢʦʡ ʟʦʥʳ ʚʳʷʚʣʷʶʪʩʷ ʩʦʙʳ-

ʪʠʷ ʨʘʥʥʝʡ, ʩʨʝʜʥʝʡ ʠ ʧʦʟʜʥʝʡ ʛʝʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʵʧʦʭ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ (ʏʫʚʘʰʦʚʘ ʠ ʜʨ., 

2022; ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2022, 2024): 

1) ʚ ʨʘʥʥʶʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʧʦʭʫ ʪʝʢ-

ʪʦʥʦʩʬʝʨʘ ɻʘʨʛʘʥʩʢʦʡ ʟʦʥʳ ʛʝʥʝʨʠʨʦʚʘʣʘʩʴ 

ʠʤʧʘʢʪʥʳʤʠ ʪʝʣʘʤʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʚʝʨʭʫ ʚʥʠʟ: ʩʥʘʯʘʣʘ, 4.31 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ, ï 

ʚʦ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʝ ɿʝʤʣʠ, ʟʘʪʝʤ, 3.85 ʤʣʨʜ 

ʣʝʪ ʥʘʟʘʜ, ï ʚ ʦʙʣʘʩʪʠ ʢʦʨʦʤʘʥʪʠʡʥʦʛʦ ʧʝʨʝ-

ʭʦʜʘ, ʠ, ʥʘʢʦʥʝʮ, 3.72 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ, ï ʚ ʦʙ-

ʣʘʩʪʠ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ; 

2) ʚ ʩʨʝʜʥʶʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʧʦʭʫ ʨʫ-

ʜʦʛʝʥʝʨʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʚʘʣʠʩʴ ʚʦ 

ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʝ ɿʝʤʣʠ ʚ ʩʚʷʟʠ ʩ ʩʦʙʳʪʠʝʤ 

ɺʝʣʠʢʦʛʦ ʦʢʠʩʣʝʥʠʷ 2.4ï2.2 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ; 

3) ʚ ʧʦʟʜʥʶʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʧʦʭʫ 

ʧʨʦʷʚʠʣʠʩʴ ʧʨʦʮʝʩʩʳ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʠ ʤʘʛ-

ʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʪʝʢʪʦʥʦʩʬʝʨʳ ɻʘʨ-

ʛʘʥʩʢʦʡ ʟʦʥʳ ʚ ʩʚʷʟʠ ʩ ʝʝ ʠʥʪʝʛʨʘʮʠʝʡ ʚ 

ʬʫʥʜʘʤʝʥʪ ʊʫʚʠʥʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ ʤʠʢʨʦʢʦʥ-

ʪʠʥʝʥʪʘ, ʥʘʯʠʥʘʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩ 1 ʤʣʨʜ 

ʣʝʪ ʥʘʟʘʜ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʥʴʰʝ. 

ɻʘʨʛʘʥʩʢʠʝ ʩʦʙʳʪʠʷ ʨʘʥʥʝʡ ʛʝʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʵʧʦʭʠ 4.31, 3.85 ʠ 3.72 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ ʥʝ 

ʦʪʨʘʞʘʶʪʩʷ ʚ ʧʨʦʪʦʣʠʪʘʭ ʠʩʪʦʯʥʠʢʦʚ ʢʘʡʥʦ-

ʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʊʫʥʢʠʥʩʢʦʡ 

ʜʦʣʠʥʳ, ʥʦ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʩʦʙʳʪʠʷ 

ʩʨʝʜʥʝʡ ʠ ʧʦʟʜʥʝʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʧʦʭ. 

ʆʩʥʦʚʘʥʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɻʘʨʛʘʥʩʢʦʛʦ ʙʣʦʢʘ, ʩʣʦʞʝʥʥʦʝ ʪʦʥʘʣʠʪʘʤʠ ʠ 

ʪʨʦʥʜʴʝʤʠʪʘʤʠ, ʘʤʬʠʙʦʣʠʪʘʤʠ ʠ ʫʣʴʪʨʘʤʝ-

ʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʠʥʪʝʨʚʘʣʦʤ ʜʘʪʠʨʦʚʦʢ 2.71ï2.61 ʤʣʨʜ 

ʣʝʪ (ʃʝʚʠʮʢʠʡ ʠ ʜʨ., 2014). ɻʘʨʛʘʥʩʢʘʷ ʟʦʥʘ 

ʧʨʦʷʚʣʷʝʪ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ 

ʚ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩʚʠʥʮʘ 

ʛʘʣʝʥʠʪʘ ʠʟ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɻʘʣʝʥʠʪ 

ʩʦʜʝʨʞʠʪ ʩʚʠʥʝʮ B-ʪʠʧʘ (Barberton). ʇʦ ʩʦ-

ʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʠ ʥʘʢʦʧʣʝʥʠʷ ʨʘʜʠʦʛʝʥʥʳʭ 

ʠʟʦʪʦʧʦʚ Pb ʍʦʣʤʩʘïʍʘʫʪʝʨʤʘʥʩʘ ʠ ʜʠʬʬʫ-

ʟʠʦʥʥʦʡ ʜʠʩʢʦʨʜʠʠ ɺʘʩʩʝʨʙʫʨʛʘ ʜʣʷ ʧʨʦʪʦ-

ʣʠʪʘ ʢʦʨʳ ɻʘʨʛʘʥʩʢʦʡ ʟʦʥʳ ʧʦ ʛʘʣʝʥʠʪʫ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʚʦʟʨʘʩʪ ʊ ʦʢʦʣʦ 4.31 ʤʣʨʜ ʣʝʪ 

ʧʨʠ ʟʥʘʯʝʥʠʠ ɛ = 11 ʠ ʚʦʟʨʘʩʪ ʦʪʪʦʨʞʝʥʠʷ t ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʠʥʪʝʨʚʘʣʝ 2.4ï2.2 ʤʣʨʜ ʣʝʪ 

(Rasskazov et al., 2010). ʕʪʦʪ ʚʨʝʤʝʥʥʦʡ ʠʥ-

ʪʝʨʚʘʣ ʦʩʥʦʚʥʦʛʦ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ɻʘʨʛʘʥ-

ʩʢʦʤ ʙʣʦʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʧʨʦʮʝʩ-

ʩʦʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ-

ʨʦʜ ʂʄʇ ʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʤʘʥʪʠʠ ʚ 

ʠʩʪʦʯʥʠʢʘʭ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʧʣʘʚʣʝʥʠʝ ʧʦʜ 

ʨʘʡʦʥʦʤ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ (ʚʦʟʨʘʩʪ 4.44 

ʤʣʨʜ ʣʝʪ) ʠ ʧʦʜ ʚʫʣʢʘʥʘʤʠ ʄʝʪʝʦ ʠ ʂʫʣʪʫʢ-

ʩʢʠʤ (ʚʦʟʨʘʩʪ ʦʢʦʣʦ 2.3ï2.2 ʤʣʨʜ ʣʝʪ). ɻʝʥʝ-

ʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ɻʘʨʛʘʥʩʢʦʛʦ ʙʣʦʢʘ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʚ ʧʦʨʦʜʘʭ ʩʣʦʷ ʂʄʇ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʥʘʭʦʜʢʘʤʠ ʚ ʢʩʝʥʦʣʠʪʘʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠʟ 

ʪʨʘʭʠʙʘʟʘʣʴʪʦʚ ʂʘʨʴʝʨʥʦʛʦ ʚʫʣʢʘʥʘ FeïSi 

ʚʢʣʶʯʝʥʠʡ, ʧʦʜʦʙʥʳʭ ʞʝʣʝʟʠʩʪʳʤ ʢʚʘʨʮʠ-

ʪʘʤ (BIF) ɺʝʣʠʢʦʛʦ ʆʢʠʩʣʠʪʝʣʴʥʦʛʦ ʉʦʙʳʪʠʷ 

2.45ï2.2 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ (ɸʠʣʦ ʠ ʜʨ., 2021). 

ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʩʥʦʚʘ-

ʥʠʝʤ ɻʘʨʛʘʥʩʢʦʛʦ ʙʣʦʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʪʘ-

ʤʦʨʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ɹʠʨʶʩʠʥʩʢʦʛʦ ʙʣʦʢʘ 

ʚ ɺʦʩʪʦʯʥʦʤ ʉʘʷʥʝ, ʢʦʪʦʨʳʡ ʧʨʦʨʚʘʥ ʛʨʘʥʠ-

ʪʦʠʜʘʤʠ ʩ ʤʦʜʝʣʴʥʳʤ ʊ(DM) ʚʦʟʨʘʩʪʦʤ 2.7ï

2.6 ʤʣʨʜ ʣʝʪ (ʊʫʨʢʠʥʘ ʠ ʜʨ., 2003). 

ʂʦʨʦʚʳʝ ʧʨʦʪʦʣʠʪʳ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʪʝʨʚʘʣʦʤ SmïNd ʤʦʜʝʣʴ-

ʥʳʭ ʜʘʪʠʨʦʚʦʢ 2.6ï0.6 ʤʣʨʜ. ʣʝʪ (ʗʨʤʦʣʶʢ ʠ 
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ʜʨ., 1999). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʝʥʝʨʘʮʠʷ ʛʨʘʥʠ-

ʪʦʠʜʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʫʙʝʞʦʤ ʦʢʦʣʦ 2.7 

ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ. ɻʨʘʥʠʪʦʠʜʥʳʡ ʤʘʛʤʘʪʠʟʤ 

ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ, ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʚ ʧʨʦʪʦʣʠʪʘʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʊʫʥʢʠʥʩʢʦʡ 

ʜʦʣʠʥʳ. 

ʆʪ 2.7 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ ʢ ʠʥʪʝʨʚʘʣʘʤ 2.4ï2.2 

ʠ 1.6ï0.66 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ ʭʘʨʘʢʪʝʨ ʂʄʇ ʠ ʥʠ-

ʞʝʣʝʞʘʱʝʡ ʤʘʥʪʠʠ ʤʝʥʷʝʪʩʷ. ɺ ʧʦʟʜʥʝʤ ʘʨ-

ʭʝʝ, 2.7 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ, ʛʣʫʙʠʥʥʳʝ ʣʠʪʦʩʬʝʨ-

ʥʳʝ ʧʦʨʦʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʦʛʘʱʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʝʛʢʠʭ ʈɿʕ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʷʞʝʣʳʭ ʈɿʕ ʚ ʢʩʝ-

ʥʦʣʠʪʘʭ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ ʠ ʩʤʝʱʝʥʠʝ ʪʦ-

ʯʝʢ ʜʘʥʥʳʭ ʧʦ ʢʩʝʥʦʣʠʪʘʤ ʚʳʰʝ ʤʘʥʪʠʡʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʜʠʘʛʨʘʤʤʝ Th/YbïTa/Yb. ʇʦ-

ʩʣʝ 2.7 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ ʛʣʫʙʠʥʥʳʝ ʣʠʪʦʩʬʝʨ-

ʥʳʝ ʧʦʨʦʜʳ ʧʦʢʘʟʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʦʛʘ-

ʱʝʥʥʳʝ ʠ ʦʙʝʜʥʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦ-

ʨʳʝ ʦʙʦʟʥʘʯʘʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ ʠʟʦʭʨʦʥʘʤʠ, 

ʧʨʦʩʪʠʨʘʶʱʠʤʠʩʷ ʥʘ ʜʠʘʛʨʘʤʤʝ 207Pb/204Pb ï 
206Pb/204Pb ʚ ʦʙʣʘʩʪʠ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʨʘʜʠʦ-

ʛʝʥʥʳʭ ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘʚʦʚ ʩʚʠʥʮʘ (ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʙʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ), ʥʦ ʠ ʤʝʥʝʝ ʨʘ-

ʜʠʦʛʝʥʥʳʭ ʩʦʩʪʘʚʦʚ. ɺ ʵʪʦ ʚʨʝʤʷ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʥʠʟʢʦʧʣʘʚʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʤʘʥʪʠʠ, ʢʦʪʦʨʳʡ 

ʬʦʨʤʠʨʫʝʪ ʢʦʨʫ ʚ ʨʘʤʢʘʭ ʦʨʦʛʝʥʥʦʛʦ ʩʮʝʥʘ-

ʨʠʷ. ʇʦʩʣʝʜʥʝʝ ʩʦʙʳʪʠʝ ʵʪʦʛʦ ʩʮʝʥʘʨʠʷ 

ʠʤʝʣʦ ʤʝʩʪʦ ʦʢʦʣʦ 0.66 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ. ɿʘ 

ʵʪʠʤ ʩʣʝʜʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʘʛʤʘʪʠʯʝ-

ʩʢʠʝ ʘʢʪʠʚʠʟʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʝʨʝ-

ʨʘʙʦʪʢʦʡ ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʢʦʨʦʚʳʭ 

ʧʨʦʪʦʣʠʪʦʚ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʵʚʦʣʶʮʠʠ ʷʚʣʷ-

ʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʛʨʘʥʠ-

ʪʦʠʜʥʦʡ ʤʘʛʤʳ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɺʦʩʪʦʯʥʳʭ ʉʘʷʥ ʚ ʧʝʨʠʦʜ ʦʪ 512 ʜʦ 261 ʤʠʣ-

ʣʠʦʥʦʚ ʣʝʪ ʥʘʟʘʜ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2013). 

ʅʘ ʉʠʙʠʨʩʢʦʤ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʝ ʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʥʘʯʘʣʘ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʠʟʦʭʨʦʥʥʘʷ ReïOs-ʠʟʦʪʦʧ-

ʥʘʷ ʜʘʪʠʨʦʚʢʘ 2.9 Ñ 0.4 ʤʣʨʜ ʣʝʪ ʜʣʷ ʚʘʣʦʚʳʭ 

ʩʦʩʪʘʚʦʚ ʵʢʣʦʛʠʪʦʚ ʠʟ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ (ʗʢʫ-

ʪʠʷ). ʇʦʚʳʰʝʥʥʦʝ ʥʘʯʘʣʴʥʦʝ ʠʟʦʪʦʧʥʦʝ ʦʪ-

ʥʦʰʝʥʠʝ ʦʩʤʠʷ ʠʟʦʭʨʦʥʳ ʦʪʨʘʟʠʣʦ ʧʨʝʜʳʩ-

ʪʦʨʠʶ ʢʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ ʝʛʦ ʚʢʣʶʯʝʥʠʷ 

ʚ ʣʠʪʦʩʬʝʨʥʫʶ ʤʘʥʪʠʶ (Pearson et al., 1995). 

ʕʪʦʪ ʚʦʟʨʘʩʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝ-

ʜʝʣʝʥʠʡ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ PbïPb-ʠʟʦʭʨʦʥʥʳʤ 

ʚʦʟʨʘʩʪʦʤ 2.57 Ñ 0.2 ʤʣʨʜ ʣʝʪ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ 

ʤʦʥʦʬʨʘʢʮʠʷʤ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʵʢʣʦʛʠʪʦʚ 

ʵʪʦʡ ʞʝ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ (Jacob, Foley, 

1999). ɹʣʠʟʢʠʝ Pb-ʠʟʦʭʨʦʥʥʳʝ ʜʘʪʠʨʦʚʢʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʤ ʢʩʝʥʦʣʠ-

ʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʈʦʙʝʨʪʩ ɺʠʢʪʦʨ 

(ʖʞʥʘʷ ɸʬʨʠʢʘ). ʉʦʩʪʘʚʳ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ 

ʠʟ ʧʨʦʪʦʤʘʥʪʠʡʥʳʭ ʛʨʘʥʘʪʦʚʳʭ ʣʝʨʮʦʣʠʪʦʚ 

ɹʝʨʝʠʥʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʣʝʞʘʪ ʥʘ 

ʪʨʝʥʜʝ ʢʣʠʥʦʧʠʨʢʩʝʥʦʚ ʵʢʣʦʛʠʪʦʚ ʠʟ ʪʨʫʙʢʠ 

ʋʜʘʯʥʘʷ, ʪʦʛʜʘ ʢʘʢ ʪʦʯʢʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ 

ʠʟ ʢʩʝʥʦʣʠʪʦʚ ʪʨʫʙʢʠ ʈʦʙʝʨʪʩ ɺʠʢʪʦʨ ʩʤʝʱʘ-

ʶʪʩʷ ʚʳʰʝ ʵʪʦʛʦ ʪʨʝʥʜʘ (ʨʠʩ. 5). ʂʣʠʥʦʧʠ-

ʨʦʢʩʝʥʳ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʘʣʤʘʟʳ ʵʢʣʦʛʠʪʦʚ 

ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ, ʠʤʝʶʪ ʩʧʝʢʪʨʳ ʈɿʕ, ʩʣʘʙʦ 

ʦʙʝʜʥʝʥʥʳʝ ʣʝʛʢʠʤʠ ʯʣʝʥʘʤʠ ʨʷʜʘ, ʣʠʙʦ 

ʩʧʝʢʪʨʳ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʦʙʝʜʥʝʥʠʷ, ʯʘʩʪʠʯʥʦ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ Eu-ʘʥʦʤʘʣʠʝʡ. ʂʦʥʮʝʥʪʨʘ-

ʮʠʷ TiO2 ʚ ʵʪʠʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ ʥʘʭʦʜʠʪʩʷ 

ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.3 ʜʦ 0.9 ʤʘʩ. % (0.18ï0.54 

ʤʘʩ. % Ti), ʘ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ ʜʨʫʛʠʭ ʵʢʣʦ-

ʛʠʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ TiO2 ʩʥʠʞʘʝʪʩʷ ʜʦ 0.1 

ʤʘʩ. % (0.06 ʤʘʩ.% Ti) (Taylor, Anand, 2004). 

 



ɺʫʣʢʘʥʠʟʤ, ʥʦʚʝʡʰʘʷ ʛʝʦʜʠʥʘʤʠʢʘ 

121 

ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʘ 207Pb/204Pb ï 206Pb/204Pb ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʵʢʣʦʛʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʦʚ ʠʟ ʢʠʤʙʝʨ-

ʣʠʪʘ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʤʠ ʢʩʝʥʦʣʠʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ 

ʈʦʙʝʨʪʩ ɺʠʢʪʦʨ. ʃʠʥʠʷ ʨʝʛʨʝʩʩʠʠ ʧʨʦʭʦʜʠʪ ʚʙʣʠʟʠ ʪʦʯʝʢ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʵʢ-

ʣʦʛʠʪʦʚ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ PbïPb ʠʟʦʭʨʦʥʥʳʡ ʚʦʟʨʘʩʪ 2.57 Ñ 

0.2 ʤʣʨʜ ʣʝʪ (Jacob, Foley, 1999). ʉʦʩʪʘʚ ʠʟʦʪʦʧʦʚ Pb ʢʩʝʥʦʣʠʪʦʚ ʠʟ ʧʦʨʦʜ ɹʝʨʝʠʥʩʢʦʛʦ ʚʫʣʢʘʥʠ-

ʯʝʩʢʦʛʦ ʮʝʥʪʨʘ (ʚ.ʮ.) ʧʨʠʚʦʜʠʪʩʷ ʧʦ ʜʘʥʥʳʤ (ɻʣʝʙʦʚʠʮʢʠʡ ʠ ʜʨ., 2007). 

Fig. 5. 207Pb/204Pb versus 206Pb/204Pb isotope compositions of eclogite xenolith clinopyroxenes from the 

Udachnaya kimberlite pipe in comparison with those from the Roberts Victor kimberlite pipe. The re-

gression line passes close to those of clinopyroxene separates from eclogites of the Udachnaya kimber-

lite pipe that define a PbïPb isochron age of 2.57 Ñ 0.2 Ga (Jacob, Foley, 1999). The Pb isotope com-

position of xenoliths from rocks of the Bereya volcanic center is plotted after (Glebovitsky et al., 2007). 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʢʨʘʪʦʥ ʧʦʜ ʪʨʫʙʢʦʡ 

ʋʜʘʯʥʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚ ʮʝʣʦʤ ʤʦʣʦʞʝ ʜʨʫʛʠʭ 

ʢʨʘʪʦʥʦʚ (Doucet et al., 2015). ɻʨʫʧʧʘ ʦʙʦʛʘ-

ʱʝʥʥʳʭ ʢʘʣʴʮʠʝʤ (2.0ï3.2 ʤʘʩ.% CaO) ʧʝʨʠ-

ʜʦʪʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʦʚ ʠʟ ʪʨʫʙʢʠ ʆʙʥʘʞʝʥ-

ʥʘʷ ʢʨʘʪʦʥʥʦʡ ʣʠʪʦʩʬʝʨʳ ʉʠʙʠʨʩʢʦʛʦ ʧʘ-

ʣʝʦʢʦʥʪʠʥʝʥʪʘ ʜʘʣʘ, ʦʜʥʘʢʦ, ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʜʨʝʚʥʠʝ ʤʦʜʝʣʴʥʳʝ ReïOs ʜʘʪʠʨʦʚʢʠ (TRD ʚ 

ʩʨʝʜʥʝʤ 2.8 ʤʣʨʜ ʣʝʪ). ʇʝʨʠʜʦʪʠʪʳ ʩ Al2O3 ʦʪ 

ʥʠʟʢʦʛʦ ʜʦ ʫʤʝʨʝʥʥʦʛʦ (<2 %) ʠ ʚʳʩʦʢʠʤ ʤʘʛ-

ʥʝʟʠʘʣʴʥʳʤ ʯʠʩʣʦʤ (Mg# Ó0.91), ʚ ʪʦʤ ʯʠʩʣʝ 

ʛʘʨʮʙʫʨʛʠʪʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ca, ʧʦʢʘ-

ʟʘʣʠ ʙʦʣʝʝ ʥʠʟʢʠʝ ʤʦʜʝʣʴʥʳʝ ReïOs ʜʘʪʠ-

ʨʦʚʢʠ (TRD ʚ ʩʨʝʜʥʝʤ 1.9 ʤʣʨʜ ʣʝʪ), ʯʪʦ ʠʥ-

ʪʝʨʧʨʝʪʠʨʦʚʘʣʦʩʴ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʜʚʫʭʵʪʘʧ-

ʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʙʠʨʩʢʦʡ ʣʠʪʦʩʬʝʨʥʦʡ 

ʤʘʥʪʠʠ (Ionov et al., 2015). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʙʦʣʝʝ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ 

ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʥʝ ʧʦʜʪʚʝʨʜʠʣʦʩʴ. ɼʣʷ 

ʢʨʘʪʦʥʥʦʡ ʤʘʥʪʠʠ ʉʠʙʠʨʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠ-

ʥʝʥʪʘ ʧʦʟʜʥʝʘʨʭʝʡʩʢʘʷ ReïOs ʚʦʟʨʘʩʪʥʘʷ 

ʦʮʝʥʢʘ ʦʙʝʜʥʝʥʠʷ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʜʦʙʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʧʦʜ ʜʨʫʛʠʤʠ ʢʨʘʪʦʥʘʤʠ ʤʠʨʘ. 

ʇʦʜ ʪʨʫʙʢʦʡ ʋʜʘʯʥʘʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʪʘʢʞʝ ʘʨʭʝʡʩʢʠʝ ʧʦʨʦʜʳ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ 

ʯʘʩʪʝʡ ʢʦʨʳ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 2.7 ʤʣʨʜ ʣʝʪ, 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦ ʮʠʨʢʦʥʘʤ ʠʟ ʢʩʝʥʦʣʠʪʦʚ ʩ 

H2O-ʩʦʜʝʨʞʘʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʘʤʬʠʙʦʣʠ-

ʪʦʚ ʠ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʪʦʥʘʣʠʪʦʚ) (Moyen 

et al., 2017). ʇʨʦʪʦʣʠʪ ʠʩʪʦʯʥʠʢʘ ʤʘʛʥʝʟʠʘʣʴ-

ʥʳʭ ʪʨʘʧʧʦʚ ɻʫʜʯʠʭʠ ʥʘ ʩʝʚʝʨʝ ʉʠʙʠʨʩʢʦʡ 

ʪʨʘʧʧʦʚʦʡ ʧʨʦʚʠʥʮʠʠ ʠʤʝʝʪ PbïPb ʚʦʟʨʘʩʪ 

2.61 ʤʣʨʜ ʣʝʪ (Rasskazov et al., 2020). 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʧʦʣʥʝʥʥʳʡ ʦʙʟʦʨ ʨʘʜʠʦʠʟʦʪʦʧʥʳʭ ʜʘʥ-

ʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʣʠʪʦʩʬʝʨʳ ʦʢʦʣʦ 2.7 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ, 

ʠʤʝʶʱʝʡ ʟʥʘʯʝʥʠʝ ʚ ʛʣʦʙʘʣʴʥʦʤ ʠ ʨʝʛʠʦ-

ʥʘʣʴʥʦʤ (ʩʠʙʠʨʩʢʦʤ) ʤʘʩʰʪʘʙʘʭ. ɺ ʵʪʦ ʚʨʝʤʷ 

ʥʘʯʠʥʘʝʪʩʷ ʩʨʝʜʥʠʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʵʪʘʧ 

ʵʚʦʣʶʮʠʠ ʤʘʥʪʠʠ ɸʟʠʠ, ʟʘʚʝʨʰʘʶʱʠʡʩʷ 

ʦʢʦʣʦ 1.8 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ (Rasskazov et al., 

2020). ʉʨʝʜʥʠʡ ʤʘʥʪʠʡʥʳʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʵʪʘʧ ʦʙʦʟʥʘʯʘʝʪ ʩʪʘʥʦʚʣʝʥʠʝ ʣʠʪʦʩʬʝʨʳ, ʧʦ-

ʣʫʯʠʚʰʝʝ ʚʳʨʘʞʝʥʠʝ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʢʦʥʪʠ-

ʥʝʥʪʘʣʴʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʉʠʙʠʨ-

ʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʉʦʙʳʪʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʪʦ-

ʩʬʝʨʳ ɿʝʤʣʠ 2.7 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ ʤʘ-

ʛʠʩʪʨʘʪʫʨʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʀɻʋ 

çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠè. 

ʃʠʪʝʨʘʪʫʨʘ 

Aʠʣʦ ʖ., ʈʘʩʩʢʘʟʦʚ ʉ.ɺ., ʗʩʥʳʛʠʥʘ ʊ.ɸ., ʏʫ-

ʚʘʰʦʚʘ ʀ.ʉ. ʅʘʭʦʜʢʘ FeïSi ʚʢʣʶʯʝʥʠʡ ʚ ʛʣʫʙʠʥ-

ʥʳʭ ʥʦʜʫʣʷʭ ʠʟ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚ ʚʫʣʢʘʥʘ ʂʘʨʴʝʨ-

ʥʳʡ (ʊʫʥʢʠʥʩʢʘʷ ʜʦʣʠʥʘ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ 

ʩʠʩʪʝʤʳ) ʠ ʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʷ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ ʩʦʙʳʪʠʷ ɺʝʣʠʢʦʛʦ 

ʆʢʠʩʣʝʥʠʷ // XIII ɺʩʝʨʦʩʩʠʡʩʢʦʝ ʧʝʪʨʦʛʨʘʬʠʯʝ-

ʩʢʦʝ ʩʦʚʝʱʘʥʠʝ (ʩ ʫʯʘʩʪʠʝʤ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ) 

çʇʝʪʨʦʣʦʛʠʷ ʠ ʛʝʦʜʠʥʘʤʠʢʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚè. 06ï13 ʩʝʥʪʷʙʨʷ. ʀʨʢʫʪʩʢ: ʀɻʍ ʉʆ ʈɸʅ 

ʠ ʀɿʂ ʉʆ ʈɸʅ, 2021. ʉ. 18ï23. 

ɻʣʝʙʦʚʠʮʢʠʡ ɺ.ɸ., ʅʠʢʠʪʠʥʘ ʃ.ʇ., ʉʘʣʪʳʢʦʚʘ 

ɸ.ʂ., ʇʫʰʢʘʨʝʚ ʖ.ɼ., ʆʚʯʠʥʥʠʢʦʚ ʅ.ʆ., ɹʘʙʫʰ-

ʢʠʥʘ ʄ.ʉ., ɸʱʝʧʢʦʚ ʀ.ɺ. ʊʝʨʤʘʣʴʥʘʷ ʠ ʭʠʤʠʯʝ-

ʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɹʘʡʢʘʣʦ-

ʄʦʥʛʦʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ // ʇʝʪʨʦʣʦʛʠʷ. 2007. ʊ. 15, 

ˉ 1. ʉ. 61ï92 

ʃʝʚʠʮʢʠʡ ʀ.ɺ., ʃʝʚʠʮʢʠʡ ɺ.ʀ., ɽʬʨʝʤʦʚ ʉ.ɺ. 

ʇʝʪʨʦʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ɻʘʨ-

ʛʘʥʩʢʦʡ ʛʣʳʙʳ (ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ) // ʀʟʚʝʩʪʠʷ ʉʠ-

ʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ. ʉʝʨʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸɽʅ. 

2014. ˉ 4 (47). ʉ. 43ï55. 

ʈʘʩʩʢʘʟʦʚ ʉ.ɺ., ʏʫʚʘʰʦʚʘ ʀ.ʉ. ɺʫʣʢʘʥʠʟʤ ʠ 

ʪʨʘʥʩʪʝʥʩʠʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬ-

ʪʦʚʦʡ ʩʠʩʪʝʤʳ. ʅʦʚʦʩʠʙʠʨʩʢ: ɸʢʘʜʝʤʠʯʝʩʢʦʝ 



ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2026. ʊ. 6, ˉ 1 

122 

ʠʟʜ-ʚʦ çɻʝʦè, 2018. 384 ʩ.  doi: 10.21782/B978-5-

6041446-3-3. 

ʈʘʩʩʢʘʟʦʚ ʉ.ɺ., ɸʠʣʦ ʖ., ʏʫʚʘʰʦʚʘ ʀ.ʉ., ʗʩ-

ʥʳʛʠʥʘ ʊ.ɸ. ʉʦʦʪʥʦʰʝʥʠʷ ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʦʨʦ-ʤʘʥʪʠʡʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟ-

ʜʝʣʘ ʄʦʭʦ ʧʦʜ ʛʨʘʥʫʣʠʪʦʚʳʤʠ ʪʝʨʨʝʡʥʘʤʠ: ʧʨʠ-

ʟʥʘʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦ-

ʊʫʥʢʠʥʩʢʦʛʦ ʙʣʦʢʘ ʚ ʛʣʫʙʠʥʥʳʭ ʥʦʜʫʣʷʭ ʠʟ ʧʦʟʜ-

ʥʝʢʘʡʥʦʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ // ɻʝʦʣʦʛʠʷ 

ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2022. ʊ. 2, ˉ 2. ʉ. 91ï127. 

doi: 10.26516/2541-9641.2022.2.91 

ʈʘʩʩʢʘʟʦʚ ʉ.ɺ., ʄʝʥʴʰʘʛʠʥ ʖ.ɺ., ʗʩʥʳʛʠʥʘ 

ʊ.ɸ., ʀʣʴʷʩʦʚʘ ɸ.ʄ., ʉʘʨʘʥʠʥʘ ɽ.ɺ., ʉʢʦʧʠʥʮʝʚ 

ɺ.ɻ.  ʍʫʰʘʛʦʣʴʩʢʠʡ ʧʦʣʠʭʨʦʥʥʳʡ ʤʘʩʩʠʚ: ʛʝʪʝ-

ʨʦʛʝʥʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʧʘʣʝʦʟʦʡʩʢʠʭ ʱʝʣʦʯʥʳʭ 

ʩʠʝʥʠʪʦʚ ʠ ʛʨʘʥʠʪʦʚ ʚ ɺʦʩʪʦʯʥʦʤ ʉʘʷʥʝ, ʖʛ ʉʠ-

ʙʠʨʠ // ʃʠʪʦʩʬʝʨʘ. 2013. ˉ 4. ʉ. 88ï109. 

ʈʘʩʩʢʘʟʦʚ ʉ.ɺ., ʗʩʥʳʛʠʥʘ ʊ.ɸ., ʏʫʚʘʰʦʚʘ 

ʀ.ʉ., ʉʘʨʘʥʠʥʘ ɽ.ɺ., ʀʣʴʷʩʦʚʘ ɸ.ʄ., ʉʢʦʧʠʥʮʝʚ 

ɺ.ɻ. ɻʘʨʛʘʥʩʢʠʡ ʪʠʧ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʪʝʢʪʦʥʦ-

ʩʬʝʨʳ: Pb-ʠʟʦʪʦʧʥʳʝ ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʩʦʙʳʪʠʡ 

ʨʘʥʥʝʡ, ʩʨʝʜʥʝʡ ʠ ʧʦʟʜʥʝʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʧʦʭ 

ɿʝʤʣʠ ʚ ʩʣʦʷʭ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ, ʢʦʨʦʤʘʥʪʠʡ-

ʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ // ɻʝʦʣʦʛʠʷ 

ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2024. ʊ. 4, ˉ 3. ʉ. 7ï32. doi: 

10.26516/2541-9641.2024.3.7 

ʊʫʨʢʠʥʘ ʆ.ʄ., ɹʠʙʠʢʦʚʘ ɽ.ɺ., ʅʦʞʢʠʥ ɸ.ɼ. 

ʕʪʘʧʳ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʨʘʥʥʝʧʨʦ-

ʪʝʨʦʟʦʡʩʢʦʛʦ ʛʨʘʥʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʶʛʦ-ʟʘʧʘʜ-

ʥʦʡ ʦʢʨʘʠʥʝ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ // ɼʦʢʣʘʜʳ ʘʢʘ-

ʜʝʤʠʠ ʥʘʫʢ. 2003. ʊ. 388, ˉ 6. ʉ. 779ï783. 

ʏʫʚʘʰʦʚʘ ʀ.ʉ., ʈʘʩʩʢʘʟʦʚ ʉ.ɺ. ʅʦʚʝʡʰʠʡ ʛʝʦ-

ʜʠʥʘʤʠʯʝʩʢʠʡ ʵʪʘʧ ɸʟʠʠ ʚ ʢʦʥʪʝʢʩʪʝ ʵʚʦʣʶʮʠʠ 

ɿʝʤʣʠ // ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2025. ʊ. 

5, ˉ 4. ʉ. 7ï49. doi: 10.26516/2541-9641.2025.4.7. 

ʏʫʚʘʰʦʚʘ ʀ.ʉ., ʈʘʩʩʢʘʟʦʚ ʉ.ɺ., ʉʘʨʘʥʠʥʘ ɽ.ɺ. 
207Pbï206Pb ʚʦʟʨʘʩʪ ʠʩʪʦʯʥʠʢʦʚ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡ-

ʩʢʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʢʦʨʦ-ʤʘʥʪʠʡʥʦʛʦ ʧʝ-

ʨʝʭʦʜʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʩ ʚʦʟʨʘʩʪʦʤ ʦʬʠʦʣʠʪʦʚ ʠ 

ʜʨʝʚʥʠʭ ʙʣʦʢʦʚ, ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʢʦʨʳ: ʪʨʘʥʩʝʢʪ ʂʠʪʦʡïɹʘʡʜʨʘʛ ɹʘʡʢʘʣʦ-ʄʦʥ-

ʛʦʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ // ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ 

ʩʨʝʜʘ. 2022. ʊ. 2, ˉ 2. ʉ. 61ï90.  doi: 

10.26516/2541-9641.2022.2.61 

ʗʨʤʦʣʶʢ ɺ.ɺ., ʂʦʚʘʣʝʥʢʦ ɺ.ʀ., ʂʦʚʘʯ ɺ.ʇ. ʠ 

ʜʨ. Nd-ʠʟʦʪʦʧʥʘʷ ʩʠʩʪʝʤʘʪʠʢʘ ʢʦʨʦʚʳʭ ʤʘʛʤʘʪʠ-

ʯʝʩʢʠʭ ʧʨʦʪʦʣʠʪʦʚ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʠ ʧʨʦ-

ʙʣʝʤʘ ʨʠʬʝʡʩʢʦʛʦ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʎʝʥʪʨʘʣʴ-

ʥʦʡ ɸʟʠʠ // ɻʝʦʪʝʢʪʦʥʠʢʘ. 1999. ˉ 4. ʉ. 3ï20. 

Alibert C., Michard A., Albarede F. Isotope and 

trace element geochemistry of Colorado Plateau vol-

canics // Geochim. Cosmochim. Acta. 1986. V. 50. P. 

2735ï2750. 

Anand R., Balakrishnan S. Pb, Sr and Nd isotope 

systematics of metavolcanic rocks of the Hutti green-

stone belt, Eastern Dharwar craton: Constraints on 

age, duration of volcanism and evolution of mantle 

sources during Late Archean // Journal of Asian Earth 

Sciences. 2010. V. 39. P. 1ï11 

Belousova E.A., Kostitsyn Y.A., Griffin W.L., 

Begg G.C., OôReilly S.Y., Pearson N.J. The growth 

of the continental crust: constraints from zircon Hf-

isotope data // Lithos. 2010. Vol. 119. P. 457ï466. 

doi:10.1016/j.lithos.2010.07.024 

Condie K.C., Aster R.C. Zircon age episodicity 
and growth of continental crust // EOS. Vol. 90, No. 
41, 13, 2009. P. 364. 

Condie K.C., O'Neill C., Aster R.C. Evidence and 

implications for a widespread magmatic shutdown 

for 250 My on Earth // Earth and Planetary Science 

Letters. 2009. Vol. 282. P. 294ï298. 

Doucet L.S., Ionov D.A., Golovin A.V. Paleopro-

terozoic formation age for the Siberian cratonic man-

tle: Hf and Nd isotope data on refractory peridotite 

xenoliths from the Udachnaya kimberlite // Chemical 

Geology. 2015. Vol. 391. P. 42ï55. doi: 

10.1016/j.chemgeo.2014.10.018 

Geyh M.A., Schleicher H. Absolute age determi-

nation. SpringerïVerlag, Berlin Heidelberg, 1990. 

503 p. 

Herzberg C., Asimow P.D., Arndt N., Niu Y., 

Lesher C.M., Fitton J.G., Cheadle M.J., Saunders 

A.D. Temperatures in ambient mantle and plumes: 

Constraints from basalts, picrites, and komatiites // 

Geochemistry, Geophysics, Geosystems. 2007. Vol. 

8: Q02006. doi:10.1029/2006GC001390. 

Hofmann A.W. Mantle geochemistry: the mes-

sage from oceanic volcanism // Nature. 1997. Vol. 

385. P. 219ï229. 

Ionov D.A., Carlson R.W., Doucet L.S., Golovin 

A.V., Oleinikov O.B. The age and history of the lith-

ospheric mantle of the Siberian craton: ReïOs and 

PGE study of peridotite xenoliths from the Obna-

zhennaya kimberlite // Earth and Planetary Science 

Letters. 2015. Vol. 428. P 108ï119. doi: 

10.1016/j.epsl.2015.07.007 

Jacob D.E., Foley S.F. Evidence for Archean 

ocean crust with low high field strength element sig-

nature from diamondiferous eclogite xenoliths // Li-

thos. 1999. Vol. 48. P. 317ï336. 

Larson R.L. Latest pulse of Earth: Evidence for a 

mid-Cretaceous superplume // Geology.  1991. V. 19. 

P. 547ï550. 

Lipman P.W. Cenozoic volcanism in the Western 

United States: implications for continental tectonic // 

Continental tectonics. Washington: National Acad-

emy of Sciences, 1980. P. 161ï174. 

https://doi.org/10.21782/B978-5-6041446-3-3
https://doi.org/10.21782/B978-5-6041446-3-3
https://doi.org/10.26516/2541-9641.2022.2.91
https://doi.org/10.26516/2541-9641.2022.2.91
https://doi.org/10.26516/2541-9641.2022.2.61
https://doi.org/10.26516/2541-9641.2022.2.61
http://dx.doi.org/10.1016/j.epsl.2015.07.007
http://dx.doi.org/10.1016/j.epsl.2015.07.007


ɺʫʣʢʘʥʠʟʤ, ʥʦʚʝʡʰʘʷ ʛʝʦʜʠʥʘʤʠʢʘ 

123 

Machetel P., Humler E. High mantle temperature 

during Cretaceous avalanche // Earth Planet Sci. Let-

ters. 2003. Vol. 208. P. 125ï133. 

Moyen J.-F., Paquette J.-L., Ionov D.A., Gannoun 

A., Korsakov A.V., Golovin A.V., Moine B.N. 

Paleoproterozoic rejuvenation and replacement of 

Archaean lithosphere: Evidence from zircon UïPb 

dating and Hf isotopes in crustal xenoliths at 

Udachnaya, Siberian craton // Earth and Planetary 

Science Letters. 2017. Vol. 457. P. 149ï159. 

NÞraa T., Scherste A., Rosing M.T., Kemp A.I.S., 

Hoffmann J.E., Kokfelt T.F., Whitehouse M.J. Haf-

nium isotope evidence for a transition in the dynam-

ics of continental growth 3.2 Gyr ago // 2012. Nature. 

Vol. 485: 627. doi: 10.1038/nature11140 

Pearson D.G., Parman S.W., Nowell G.M. A link 

between large mantle melting events and continent 

growth seen in osmium isotopes // Nature. 2007. Vol. 

449: 202. 

Pearson D.G., Snyder G.A., Shirey S.B., Taylor 

L.A., Carlson R.W., Sobolev N.V. Archaean ReïOs 

age for Siberian eclogites and constraints on Ar-

chaean tectonics // Nature. 1995. Vol. 374. P. 711ï

713. 

Pollat A., Kerrich R. Magnesian andesites, Nb-en-

riched basalt-andesites, and adakites from late-Ar-

chean 2.7 Ga Wawa greenstone belts, Superior Prov-

ince, Canada: implications for late Archean subduc-

tion zone petrogenesis processes // Contrib. Mineral. 

Petrol. 2001. Vol. 141. P. 36ï52. 

Rasskazov S.V., Brandt S.B., Brandt I.S. Radio-

genic isotopes in geologic processes. Dordrecht, Hei-

delberg, London, New York: Springer, 2010. 306 p. 

doi:10.1007/978-90-481-2999-7 

Rasskazov S., Chuvashova I., Yasnygina T., Sa-

ranina E. Mantle evolution of Asia inferred from Pb 

isotopic signatures of sources for Late Phanerozoic 

volcanic rocks // Minerals 2020. Vol. 10, No. 9: 739; 

doi:10.3390/min10090739 

Rudnick R.L. Earthôs continental crust / W.M. 

White (ed.), Encyclopedia of Geochemistry, Springer 

International Publishing AG 2017. doi: 10.1007/978-

3-319-39193-9_277-1 

Taylor L.A., Anand M. Diamonds: time capsules 

from the Siberian Mantle // Chemie der Erde. 2004. 

Vol. 64. P. 1ï74. 

Taylor S.R., McLennan S.M. The continental 

crust: its composition and evolution. OxfordīLon-

donīEdinburghīBostonīPalo AltoīMelbourne: 

Blackwell Scientific Publications, 1985. 312 ʨ. 

Tilton G.R. Volume diffusion as a mechanism for 

discordant lead ages // J. Geophys. Res. 1960. Vol. 

65. P. 2933ï2945. 

White W.M. Isotope geochemistry. Geol. 656. 

2000. 281 p. 

Wittig N., Webb M., Pearson D.G., Dale C.W., 

Ottley C.J., Hutchison M., Jensen S.M., Luguet A. 

Formation of the North Atlantic Craton: Timing and 

mechanisms constrained from ReïOs isotope and 

PGE data of peridotite xenoliths from S.W. Green-

land // Chem Geol. 2010. Vol. 276. P. 166ï187. 

References 

Ailow Yu., Rasskazov S.V., Yasnygina T.A., 
Chuvashova I.S. Finding of FeïSi inclusions in deep 
nodules from trachybasalts of Karyer volcano (Tunka 
Valley of the Baikal Rift System) and its significance 
for understanding the origin of ferruginous quartzites 
of the Great Oxidation Event // XIII All-Russian Pet-
rographic Meeting (with the participation of foreign 
scientists) ñPetrology and Geodynamics of Geologi-
cal Processesò. September 6ï13. Irkutsk: IGC SB 
RAS and IZK SB RAS, 2021. P. 18ï23. 

Alibert C., Michard A., Albarede F. Isotope and 
trace element geochemistry of Colorado Plateau vol-
canics // Geochim. Cosmochim. Acta. 1986. V. 50. P. 
2735ï2750. 

Anand R., Balakrishnan S. Pb, Sr and Nd isotope 
systematics of metavolcanic rocks of the Hutti green-
stone belt, Eastern Dharwar craton: Constraints on 
age, duration of volcanism and evolution of mantle 
sources during Late Archean // Journal of Asian Earth 
Sciences. 2010. V. 39. P. 1ï11 

Belousova E.A., Kostitsyn Y.A., Griffin W.L., 
Begg G.C., OôReilly S.Y., Pearson N.J. The growth 
of the continental crust: constraints from zircon Hf-
isotope data // Lithos. 2010. Vol. 119. P. 457ï466. 
doi:10.1016/j.lithos.2010.07.024 

Chuvashova I.S., Rasskazov S.V.  The latest geo-
dynamic stage of Asia in the context of Earth's evo-
lution // Geology and Environment. 2025. Vol. 5, No. 
4. P. 7ï49. doi: 10.26516/2541-9641.2025.4.7. 

Chuvashova I.S., Rasskazov S.V., Saranina E.V. 
207Pbï206Pb age of sources of Late Cenozoic volcanic 
rocks of the crust-mantle transition in relation to the 
age of ophiolites and ancient blocks exposed on the 
surface of the crust: transect KitoiïBaydrag of the 
Baikal-Mongolian region // Geology and Environ-
ment. 2022. Vol. 2, No. 2. P. 61ï90.  doi: 
10.26516/2541-9641.2022.2.61 

Condie K.C., Aster R.C. Zircon age episodicity 
and growth of continental crust // EOS. Vol. 90, No. 
41, 13, 2009. P. 364. 

Condie K.C., O'Neill C., Aster R.C. Evidence and 
implications for a widespread magmatic shutdown 
for 250 My on Earth // Earth and Planetary Science 
Letters. 2009. Vol. 282. P. 294ï298. 

Doucet L.S., Ionov D.A., Golovin A.V. Paleopro-
terozoic formation age for the Siberian cratonic man-
tle: Hf and Nd isotope data on refractory peridotite 
xenoliths from the Udachnaya kimberlite // Chemical 

https://doi.org/10.26516/2541-9641.2022.2.61
https://doi.org/10.26516/2541-9641.2022.2.61


ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2026. ʊ. 6, ˉ 1 

124 

Geology. 2015. Vol. 391. P. 42ï55. doi: 
10.1016/j.chemgeo.2014.10.018 

Geyh M.A., Schleicher H. Absolute age determi-
nation. SpringerïVerlag, Berlin Heidelberg, 1990. 
503 p. 

Glebovitsky V.A., Nikitina L.P., Saltykova A.K., 
Pushkarev Yu.D., Ovchinnikov N.O., Babushkina 
M.S., Ashchepkov I.V. Thermal and chemical heter-
ogeneity of the upper mantle of the Baikal-Mongo-
lian region // Petrology. 2007. Vol. 15, No. 1. P. 61ï
92. 

Herzberg C., Asimow P.D., Arndt N., Niu Y., 
Lesher C.M., Fitton J.G., Cheadle M.J., Saunders 
A.D. Temperatures in ambient mantle and plumes: 
Constraints from basalts, picrites, and komatiites // 
Geochemistry, Geophysics, Geosystems. 2007. Vol. 
8: Q02006. doi:10.1029/2006GC001390. 

Hofmann A.W. Mantle geochemistry: the mes-
sage from oceanic volcanism // Nature. 1997. Vol. 
385. P. 219ï229. 

Ionov D.A., Carlson R.W., Doucet L.S. , Golovin 
A.V., Oleinikov O.B. The age and history of the lith-
ospheric mantle of the Siberian craton: ReïOs and 
PGE study of peridotite xenoliths from the Obna-
zhennaya kimberlite // Earth and Planetary Science 
Letters. 2015. Vol. 428. P 108ï119.  doi: 
10.1016/j.epsl.2015.07.007 

Jacob D.E., Foley S.F. Evidence for Archean 
ocean crust with low high field strength element sig-
nature from diamondiferous eclogite xenoliths // Li-
thos. 1999. Vol. 48. P. 317ï336. 

Larson R.L. Latest pulse of Earth: Evidence for a 
mid-Cretaceous superplume // Geology.  1991. V. 19. 
P. 547ï550. 

Levitsky I.V., Levitsky V.I., Efremov S.V. Petrol-
ogy and geochemistry of basement rocks of the Gar-
gan Block (Eastern Sayan) // Bulletin of the Siberian 
Branch. Earth Sciences Series of the Russian Acad-
emy of Natural Sciences. 2014. No. 4 (47). P. 43ï55. 

Lipman P.W. Cenozoic volcanism in the Western 
United States: implications for continental tectonic // 
Continental tectonics. Washington: National Acad-
emy of Sciences, 1980. P. 161ï174. 

Machetel P., Humler E. High mantle temperature 
during Cretaceous avalanche // Earth Planet Sci. Let-
ters. 2003. Vol. 208. P. 125ï133. 

Moyen J.-F., Paquette J.-L., Ionov D.A., Gannoun 
A., Korsakov A.V., Golovin A.V., Moine B.N. 
Paleoproterozoic rejuvenation and replacement of 
Archaean lithosphere: Evidence from zircon UïPb 
dating and Hf isotopes in crustal xenoliths at 
Udachnaya, Siberian craton // Earth and Planetary 
Science Letters. 2017. Vol. 457. P. 149ï159. 

NÞraa T., Scherste A., Rosing M.T., Kemp A.I.S., 
Hoffmann J.E., Kokfelt T.F., Whitehouse M.J. Haf-
nium isotope evidence for a transition in the dynam-
ics of continental growth 3.2 Gyr ago // Nature. 2012. 
Vol. 485: 627. doi: 10.1038/nature11140 

Pearson D.G., Parman S.W., Nowell G.M. A link 
between large mantle melting events and continent 
growth seen in osmium isotopes // Nature. 2007. Vol. 
449: 202. 

Pearson D.G., Snyder G.A., Shirey S.B., Taylor 
L.A., Carlson R.W., Sobolev N.V. Archaean ReïOs 
age for Siberian eclogites and constraints on Ar-
chaean tectonics // Nature. 1995. Vol. 374. P. 711ï
713. 

Pollat A., Kerrich R. Magnesian andesites, Nb-en-
riched basalt-andesites, and adakites from late-Ar-
chean 2.7 Ga Wawa greenstone belts, Superior Prov-
ince, Canada: implications for late Archean subduc-
tion zone petrogenesis processes // Contrib. Mineral. 
Petrol. 2001. Vol. 141. P. 36ï52. 

Rasskazov S.V., Ailow Yu., Chuvashova I.S., 
Yasnygina T.A. Relationship between petrological 
core-mantle transition and the seismic Moho discon-
tinuity below granulite terranes: evidence on trans-
formation of a root part beneath the eastern Tunka 
block in deep-seated nodules from late Cenozoic vol-
canic rocks // Geology and Environment. 2022. Vol. 
2, No. 2. P. 91ï127.  doi: 10.26516/2541-
9641.2022.2.91) 

Rasskazov S.V., Brandt S.B., Brandt I.S. Radio-
genic isotopes in geologic processes. Dordrecht, Hei-
delberg, London, New York: Springer, 2010. 306 p. 
doi:10.1007/978-90-481-2999-7 

Rasskazov S., Chuvashova I., Yasnygina T., Sa-
ranina E. Mantle evolution of Asia inferred from Pb 
isotopic signatures of sources for Late Phanerozoic 
volcanic rocks // Minerals 2020ʘ. Vol. 10, No. 9: 739; 
doi:10.3390/min10090739 

Rasskazov S.V., Menshagin Yu.V., Yasnygina 
T.A., Ilyasova A.M., Saranina E.V., Skopintsev V.G. 
Khushagol polychronic massif: heterogeneity of 
sources for Paleozoic alkaline syenites and granites 
in the Eastern Sayan, Southern Siberia // Lithosphere. 
2013. No. 4. P. 88ï109. 

Rasskazov S.V., Yasnygina T.A., Chuvashova 
I.S., Saranina E.V., Ilyasova A.M., Skopintsev V.G. 
The Gargan-Type continental tectonosphere: Pb-iso-
tope ʘge estimates for events of the early, middle, and 
late geodynamic epochs of the Earth in layers of outer 
shell, crust-mantle transition, and lithospheric mantle 
// Geology and Environment. 2024ʙ. Vol. 4, No. 3. P. 
7ï32.  doi: 10.26516/2541-9641.2024.3.7) 

Rudnick R.L. Earthôs continental crust / W.M. 
White (ed.), Encyclopedia of Geochemistry, Springer 
International Publishing AG 2017. doi: 10.1007/978-
3-319-39193-9_277-1 

Tatsumoto, M. (1988). U, Th and Pb abundances 
in Hawaiian xenoliths. Conf. Origin of the Earth. Lu-
nar & Planetary Institute, pp. 89ï90. 

Taylor L.A., Anand M. Diamonds: time capsules 
from the Siberian Mantle // Chemie der Erde. 2004. 
Vol. 64. P. 1ï74. 

Taylor S.R., McLennan S.M. The continental 
crust: its composition and evolution. 

http://dx.doi.org/10.1016/j.epsl.2015.07.007
http://dx.doi.org/10.1016/j.epsl.2015.07.007
https://doi.org/10.26516/2541-9641.2022.2.91
https://doi.org/10.26516/2541-9641.2022.2.91
https://doi.org/10.26516/2541-9641.2024.3.7


ɺʫʣʢʘʥʠʟʤ, ʥʦʚʝʡʰʘʷ ʛʝʦʜʠʥʘʤʠʢʘ 

125 

OxfordīLondonīEdinburghīBostonīPalo 
AltoīMelbourne: Blackwell Scientific Publications, 
1985. 312 ʨ. 

Tilton G.R. Volume diffusion as a mechanism for 
discordant lead ages // J. Geophys. Res. 1960. Vol. 
65. P. 2933ï2945. 

Turkina O.M., Bibikova E.V., Nozhkin A.D. 
Stages and geodynamic settings of Early Proterozoic 
granite formation on the southwestern margin of the 
Siberian craton // Doklady Earth Sciences. 2003. Vol. 
389, No. 2. P. 159ï163. 

Yarmolyuk V.V., Kovalenko V.I., Kovach V.P. et 
al. Nd-Isotope systematics of crustal igneous proto-
liths of Western Transbaikalia and the problem of 
Riphean crust formation in Central Asia // Geotecton-
ics. 1999. No. 4. P. 3ï20. 

White W.M. Isotope geochemistry. Geol. 656. 
2000. 281 p. 

Wittig N., Webb M., Pearson D.G., Dale C.W., 
Ottley C.J., Hutchison M., Jensen S.M., Luguet A. 
Formation of the North Atlantic Craton: Timing and 
mechanisms constrained from ReïOs isotope and 
PGE data of peridotite xenoliths from S.W. Green-
land // Chem Geol. 2010. Vol. 276. P. 166ï187. 

 
ʈʘʩʩʢʘʟʦʚ ʉʝʨʛʝʡ ɺʘʩʠʣʴʝʚʠʯ, 

ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ, 

664003 ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʥʠʥʘ, ʜ. 3, 

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛʝʦ-

ʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʝʦʣʦʛʠʠ 

664033 ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, ʜ. 128, 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, 

ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʠʟʦʪʦʧʠʠ ʠ ʛʝʦʭʨʦʥʦ-

ʣʦʛʠʠ, 

ʪʝʣ.: (3952) 51ï16ï59, 

email: rassk@crust.irk.ru 

Rasskazov Sergei Vasilevich, 

doctor of geological and mineralogical sciences, 

professor, 

664003 Irkutsk, st. Lenina, 3, 

Irkutsk State University, Faculty of Geology, 

Head of Dynamic Geology Char, 

664033 Irkutsk, st. Lermontova, 128, 

Institute of the Earth's Crust SB RAS, 

Head of the Laboratory for Isotopic and Geochrono-

logical Studies, 

tel.: (3952) 51ï16ï59, 

email: rassk@crust.irk.ru 

 

 

 



ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2026. ʊ. 6, ˉ 1 

126 

ÐÔÂÊØÂ-ÌÂÍ¿ËÌÍËÒËÁÓØ 

ʋɼʂ 551.21:551.33 

https://doi.org/10.26516/2541-9641.2026.1.126 

EDN: JZIHSZ 

ʋ ʠʩʪʦʢʦʚ ʫʯʝʥʠʷ ʦ ʨʠʬʪʦʛʝʥʝʟʝ (ʧʠʩʴʤʘ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʦʛʦ ʠʟ 
ʀʩʣʘʥʜʠʠ 1972ï73 ʛʛ.)* 

ʊ.ʖ. ʊʚʝʨʠʪʠʥʦʚʘ1,2, ɸ.ʀ. ɻʫʱʠʥ1 

1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɿʝʤʣʠ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʆʩʚʝʱʘʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ɻʝʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʧʨʦʝʢʪʫ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʚ ʀʩʣʘʥ-

ʜʠʠ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʠʤ ʠ ʅ.ɸ. ʃʦʛʘʯʝʚʳʤ ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ɺ. ɹʝʣʦʫʩʦʚʘ ʚ 1971ï

1973 ʛʛ. ʇʨʠʚʦʜʷʪʩʷ ʟʘʨʠʩʦʚʢʠ ʠ ʬʦʪʦʛʨʘʬʠʠ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʠ ʣʝʜʥʠʢʦʚʦʛʦ ʨʝʣʴʝʬʘ (ʘʨʭʠʚ 

ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʦʛʦ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʩʣʘʥʜʠʷ, ʨʠʬʪʦʛʝʥʝʟ, ʠʩʪʦʨʠʷ ʛʝʦʣʦʛʠʠ. 

At the Origins of Rifting Theory (Letters of E.E. Milanovsky from 
Iceland, 1972ï73) 

T.Yu. Tveritinova1,2, A.I. Gushchin1 

1Moscow State University, Moscow, Russia 
2Schmidt Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, Russia 

Abstract. This paper covers the work on the Geodynamic Project conducted in Iceland by E.E. 
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ʂʦʤʧʣʝʢʩʥʳʝ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʛʝʦ-

ʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʥʘ ʄʠʨʦ-

ʚʦʛʦ ʦʢʝʘʥʘ, ʨʘʟʚʝʨʥʫʚʰʠʝʩʷ ʚ ʢʦʥʮʝ 50-ʭï

60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʧʨʠʚʝʣʠ ʢ ʦʪʢʨʳ-

ʪʠʶ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝ-

ʩʢʠʭ ʭʨʝʙʪʦʚ (ʉʆʍ) ʠ ʠʭ ʦʩʦʙʦʡ ʨʦʣʠ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ɿʝʤʣʠ. 

ɿʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʥʦʚʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠ 
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ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʩʪʨʦʝʥʠʠ ʉʆʍ, ʧʦʜ-

ʪʚʝʨʞʜʘʶʱʠʝ ʠʭ ʨʘʟʜʚʠʛʦʚʫʶ ʨʠʬʪʦʛʝʥʥʫʶ 

ʧʨʠʨʦʜʫ. ʊʘʢ ʚʦʟʥʠʢʣʘ ʢʦʥʮʝʧʮʠʷ ʩʧʨʝʜʠʥʛʘ 

ʤʦʨʩʢʦʛʦ ʜʥʘ, ʩʪʘʚʰʘʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʪʝʢʪʦʥʠʢʠ ʣʠʪʦʩʬʝʨʥʳʭ 

ʧʣʠʪ. ʆʜʥʘʢʦ ʚ ʪʦ ʚʨʝʤʷ ʚ ʦʩʥʦʚʥʦʤ ʵʪʠ ʨʝʚʦ-

ʣʶʮʠʦʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʦʣʠ ʨʠʬʪʦʛʝ-

ʥʝʟʘ ʚ ʠʩʪʦʨʠʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ɿʝʤʣʠ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 
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ʤʦʨʩʢʠʭ ʧʦʜʚʦʜʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʦʛʨʘʥʠʯʝʥʥʳʭ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʨʠʬʪʦʚ 

ʚ ʩʪʨʦʝʥʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, 

ʧʝʨʝʜ ʤʠʨʦʚʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ 

ʚʩʪʘʣʘ ʟʘʜʘʯʘ ʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʤʝʞʜʫ-

ʥʘʨʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ çʇʨʦʝʢʪʘ ʚʝʨʭʥʷʷ ʤʘʥ-

ʪʠʷè ɸʢʘʜʝʤʠʝʡ ʥʘʫʢ ʉʉʉʈ ʙʳʣʘ ʦʨʛʘʥʠʟʦ-

ʚʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ɺʦʩʪʦʯʥʦ-ɸʬʨʠʢʘʥʩʢʘʷ 

ʵʢʩʧʝʜʠʮʠʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʯʣ.-ʢʦʨʨ. ɸʅ 

ʉʉʉʈ, ʧʨʦʬ. ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʄɻʋ ɺ.ɺ. ɹʝʣʦʫʩʦʚʘ. ʕʢʩʧʝʜʠʮʠʷ ʚ ʪʝʯʝʥʠʝ 

ʪʨʝʭ ʣʝʪ ʩ 1967 ʧʦ 1969 ʛ. ʨʘʙʦʪʘʣʘ ʚ ʊʘʥʟʘ-

ʥʠʠ, ʂʝʥʠʠ, ʋʛʘʥʜʝ, ʈʫʘʥʜʝ ʠ ɹʫʨʫʥʜʠ, ʧʨʦ-

ʚʦʜʷ ʚʩʝʩʪʦʨʦʥʥʝʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ, ʛʝʦʬʠʟʠʯʝ-

ʩʢʦʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʢʨʫʧʥʝʡʰʝʡ 

ʥʘ ʧʣʘʥʝʪʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʨʠʬʪʦʚʦʡ ʩʠ-

ʩʪʝʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʨʘʙʦʪ ʚ ʉʉʉʈ ʚʦʟ-

ʥʠʢʣʦ ʥʦʚʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʧʨʦʮʝʩʩʘ ʨʠʬʪʦʛʝ-

ʥʝʟʘ ï ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ ɿʝʤʣʠ. ʇʨʠʟʥʘʥʥʳʤ ʚ ʤʝʞʜʫʥʘʨʦʜ-

ʥʦʤ ʤʘʩʰʪʘʙʝ ʣʠʜʝʨʦʤ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʪʘʣ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʠʡ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ çʇʨʦʝʢʪʘ ʚʝʨʭʥʷʷ ʤʘʥ-

ʪʠʷè XV ɻʝʥʝʨʘʣʴʥʘʷ ʘʩʩʘʤʙʣʝʷ ʄʝʞʜʫʥʘ-

ʨʦʜʥʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʠ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʩʦ-

ʶʟʘ (ʄɻɻʉ), ʧʨʦʭʦʜʠʚʰʘʷ ʚ 1971 ʛ. ʚ ʄʦʩʢʚʝ, 

ʧʨʠʥʷʣʘ ʥʦʚʳʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ çɻʝʦʜʠʥʘʤʠ-

ʯʝʩʢʠʡ ʧʨʦʝʢʪè, ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʢʦʪʦʨʦʛʦ ʦʩʪʘ-

ʣʘʩʴ ʪʦʡ ʞʝ ð ʠʟʫʯʝʥʠʝ ʛʣʫʙʠʥʥʳʭ ʧʨʠʯʠʥ 

ʵʥʜʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺʦʟ-

ʥʠʢʰʠʡ ʠʥʪʝʨʝʩ ʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʠʬʪʦʚ 

ʪʦʣʴʢʦ ʫʩʠʣʠʣʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʨʠʬʪʦʚ, ʨʦʣʴ ʢʦʪʦʨʳʭ ʚ ʪʝʢʪʦ-

ʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ ʩʪʘʥʦʚʠʣʘʩʴ ʚʩʝ 

ʙʦʣʝʝ ʦʯʝʚʠʜʥʦʡ, ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʤʦʛʣʠ 

ʙʳʪʴ ʠʩʪʦʣʢʦʚʘʥʳ ʦʜʥʦʟʥʘʯʥʦ. ɽʩʪʝʩʪʚʝʥʥʦ 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʝʥʠʷ ʠ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ ʤʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ 

ʥʘ ʩʫʰʝ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʦʪʜʝʣʴʥʳʝ ʚʝʨʰʠʥʳ 

ʉʆʍ ʜʦʩʪʠʛʘʶʪ ʫʨʦʚʥʷ ʦʢʝʘʥʘ ʠ ʜʘʞʝ ʚʳʩʪʫ-

ʧʘʶʪ ʥʘʜ ʚʦʜʦʡ ʚ ʚʠʜʝ ʦʩʪʨʦʚʦʚ. ʅʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʤ ʠʟ ʪʘʢʠʭ ʦʩʪʨʦʚʦʚ, ʣʝʞʘʱʠʭ ʥʘ ʧʨʦ-

ʜʦʣʞʝʥʠʠ ʧʦʜʚʦʜʥʦʛʦ ʉʆʍ, ʷʚʣʷʝʪʩʷ ʀʩʣʘʥ-

ʜʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝ-

ʩʢʦʤ ʭʨʝʙʪʝ. ʀʤʝʥʥʦ ʨʠʬʪʦʚʘʷ ʩʠʩʪʝʤʘ ʀʩ-

ʣʘʥʜʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʤʠ 

ʜʦʩʪʫʧʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚ ʨʘʤʢʘʭ ʧʨʠʥʷʪʦʛʦ 

çɻʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘè. 

ʆʜʥʠʤ ʠʟ ʚʢʣʘʜʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʛʝʦʣʦʛʦʚ 

ʚ ʵʪʦʪ ʧʨʦʝʢʪ ʙʳʣʘ ʦʨʛʘʥʠʟʘʮʠʷ ʩʦʚʝʪʩʢʦʡ 

ʢʦʤʧʣʝʢʩʥʦʡ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʵʢʩʧʝ-

ʜʠʮʠʠ ʚ ʀʩʣʘʥʜʠʶ. ʅʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ 

ʀʩʣʘʥʜʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ʦʩʪʘʣʩʷ ɺ.ɺ. ɹʝʣʦ-

ʫʩʦʚ. ɸ ʚʦʪ ʢʦʣʣʝʢʪʠʚ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʘʩʰʠ-

ʨʠʣʩʷ ʟʘ ʩʯʝʪ ʩʝʡʩʤʦʣʦʛʦʚ ʠʟ ʀʥʩʪʠʪʫʪʘ ʬʠ-

ʟʠʢʠ ɿʝʤʣʠ, ʚʫʣʢʘʥʦʣʦʛʦʚ ʠʟ ʂʘʤʯʘʪʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʚʫʣʢʘʥʦʣʦʛʠʠ, ʛʝʦʭʠʤʠʢʦʚ ʠʟ 

ɻɽʆʍʀ, ʩʪʨʘʪʠʛʨʘʬʦʚ, ʣʠʪʦʣʦʛʦʚ ʠ ʪʝʢʪʦʥʠ-

ʩʪʦʚ ʠʟ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɸʅ ʉʉʉʈ. 

ɺ ʵʢʩʧʝʜʠʮʠʠ ʙʳʣʦ ʜʚʝ ʛʨʫʧʧʳ ï ʤʦʨʩʢʘʷ, 

ʧʨʦʚʦʜʠʚʰʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʅʀʉ çʄʠʭʘʠʣ 

ʃʦʤʦʥʦʩʦʚè ʠ ʥʘʟʝʤʥʘʷ. ɽʜʠʥʘʷ ʩʦʛʣʘʩʦʚʘʥ-

ʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʟʝʤʥʳʭ ʠ ʤʦʨʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʵʢʩʧʝʜʠʮʠʠ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʪʨʠ 

ʛʦʜʘ ʩ 1971 ʧʦ 1973 ʛʦʜʳ ʩ ʚʦʟʤʦʞʥʳʤ ʧʦʩʣʝ-

ʜʫʶʱʠʤ ʧʨʦʜʣʝʥʠʝʤ. 

ʅʘʟʝʤʥʘʷ ʛʨʫʧʧʘ ʧʨʠʩʪʫʧʠʣʘ ʢ ʨʘʙʦʪʘʤ 15 

ʘʚʛʫʩʪʘ 1971 ʛ. ɻʨʫʧʧʘ ʚʢʣʶʯʘʣʘ ʛʝʦʣʦʛʦʚ, 

ʩʝʡʩʤʦʣʦʛʦʚ, ʛʝʦʭʠʤʠʢʦʚ, ʘ ʢʨʦʤʝ ʪʦʛʦ ï ʛʝʦ-

ʵʥʝʨʛʝʪʠʢʘ, ʛʠʜʨʦʭʠʤʠʢʘ ʠ ʜʘʞʝ ʧʣʘʥʝʪʦ-

ʣʦʛʘ. ɺʩʝʛʦ 12 ʯʝʣʦʚʝʢ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʵʢʩ-

ʧʝʜʠʮʠʠ ʙʳʣ ʘʨʝʥʜʦʚʘʥ ʜʦʤ ʚ 4 ʢʤ ʦʪ ʈʝʡʢʲ-

ʷʚʠʢʘ (ʊʨʠʬʦʥʦʚ, 2025). ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʀʩʣʘʥʜʠʠ. ʉʝʡʩʤʦʣʦʛʠ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠʩʩʣʝʜʦ-

ʚʘʣʠ ʩʦʚʨʝʤʝʥʥʫʶ ʩʝʡʩʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʦʩʪʨʦʚʘ, ʚʝʣʠ ʛʣʫʙʠʥʥʦʝ ʩʝʡʩʤʠʯʝʩʢʦʝ ʟʦʥ-

ʜʠʨʦʚʘʥʠʝ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʀʩʣʘʥʜʠʠ. 

ɻʝʦʭʠʤʠʢʠ ʚʳʷʩʥʷʣʠ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʠʩʣʳʭ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʧʦ ʦʙʲʝʤʫ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʙʱʝʡ ʤʘʩʩʳ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʀʩʣʘʥʜʠʠ, ʛʝʦʵʥʝʨʛʝʪʠʢ ʠ ʛʠʜ-

ʨʦʭʠʤʠʢ ʠʟʫʯʘʣʠ ʪʝʧʣʦʚʦʡ ʠ ʛʠʜʨʦʭʠʤʠʯʝ-

ʩʢʠʡ ʨʝʞʠʤʳ, ʧʣʘʥʝʪʦʣʦʛ ʜʦʣʞʝʥ ʙʳʣ ʩʨʘʚ-

ʥʠʪʴ ʨʝʣʴʝʬ ʀʩʣʘʥʜʠʠ ʩ ʨʝʣʴʝʬʦʤ ʃʫʥʳ. 

ʇʝʨʝʜ ʛʝʦʣʦʛʘʤʠ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʠʟʫʯʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʱʝʡ ʪʝʢʪʦʥʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʩʪʨʦʚʘ. ɺ ʛʨʫʧʧʫ ʛʝʦʣʦʛʦʚ 

ʚʭʦʜʠʣʠ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʠʡ, ʅ.ɸ. ʃʦʛʘʯʝʚ, 

ʄ.ɻ. ʃʦʤʠʟʝ ʠ ɸ.ɸ. ʂʨʘʩʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʦ-

ʚʝʣʠ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʀʩʣʘʥ-

ʜʠʠ, ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʚ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʦʚʝʡʰʠʭ ʪʝʢʪʦʥʠ-

ʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʀʩʣʘʥʜʠʠ. ɼʣʷ ʧʦʜʩʯʝʪʘ 

ʚʝʣʠʯʠʥʳ ʦʙʱʝʛʦ ʨʘʩʪʷʞʝʥʠʷ, ʢʦʪʦʨʦʤʫ ʧʦʜ-

ʚʝʨʛʣʘʩʴ ʟʝʤʥʘʷ ʢʦʨʘ ʦʩʪʨʦʚʘ, ʚʝʣʠ 
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ʥʘʙʣʶʜʝʥʠʷ ʥʘʜ ʜʘʡʢʘʤʠ, ʧʨʦʥʠʟʳʚʘʶʱʠʤʠ 

ʥʘ ʚʦʩʪʦʢʝ ʪʦʣʱʫ ʧʣʘʪʦʙʘʟʘʣʴʪʦʚ. 

ʅʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʀʩ-

ʣʘʥʜʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ʚ ʭʦʜʝ ʨʘʙʦʪ 1971-

1973 ʛʛ. ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ. ˕˞ ˗˘˫ˤ˕˟˒˘˩˚˛ 

˕˚˟˒˝˒˞˚˨˒ ˕ ˜˛ˑˤˍ˞ ˠ˚˕˗ˍ˘˩˚˨˒ ˙ˍ˟˒˝˕ˍ˘˨ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʫʯʘʩʪʥʠʢʘʤʠ ʵʢʩʧʝʜʠʮʠʠ ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʪʘʪʝʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʫʯʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨ-

ʥʘʣʘʭ (ɹʝʣʦʫʩʦʚ, ʄʠʣʘʥʦʚʩʢʠʡ, 1975 ʠ ʜʨ.). ɺ 

70-ʭ ʛʦʜʘʭ ʚʳʰʣʠ ʚ ʩʚʝʪ ʧʷʪʴ ʢʦʣʣʝʢʪʠʚʥʳʭ 

ʤʦʥʦʛʨʘʬʠʡ, ʧʦʩʚʷʱʝʥʥʳʝ ʩʪʨʘʪʠʛʨʘʬʠʠ ʠ 

ʣʠʪʦʣʦʛʠʠ, ʛʣʫʙʠʥʥʦʤʫ ʩʪʨʦʝʥʠʶ, ʩʝʡʩʤʠʯ-

ʥʦʩʪʠ, ʛʝʦʪʝʨʤʠʠ, ʛʝʦʭʠʤʠʠ, ʩʪʨʦʝʥʠʶ ʜʥʘ 

ʦʢʝʘʥʘ, ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʠ ʪʝʢʪʦʥʠʢʝ ʀʩʣʘʥ-

ʜʠʠ (ʀʩʣʘʥʜʠʷé, 1979). 

ʇʨʠʚʝʜʝʤ ʢʘʢ ʧʨʠʤʝʨ ʩʭʝʤʫ ʛʝʦʤʦʨʬʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʀʩʣʘʥʜʠʠ, ʩʦʩʪʘʚ-

ʣʝʥʥʫʶ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʠʤ. ʕʪʘ ʢʘʨʪʘ ʬʘʢʪʠ-

ʯʝʩʢʠ ʧʝʨʚʘʷ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʀʩ-

ʣʘʥʜʠʠ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʀʩʣʘʥʜʠʠ. ʉʦʩʪʘʚʠʣ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʠʡ (ʀʩ-

ʣʘʥʜʠʷé, 1979). ʆʙʣʘʩʪʠ ʠ ʨʘʡʦʥʳ (ʮʠʬʨʳ) (ʙʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʦʜʨʘʡʦʥʳ: 1ï3 ï ʟʘʧʘʜʥʘʷ 

ʦʙʣʘʩʪʴ: I ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ, 2 ï ʉʥʘʡʬʝʜʣʴʩʥʝʩ, 3 ï ʁ ʛʦ-ʟʘʧʘʜʥʳʡ; 4ï17 ï ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ: 

4ï9 ï ʉʝʚʝʨʥʘʷ ʧʦʜʦʙʣʘʩʪʴ: 4 ï ɺʘʪʩʥʝʩïʉʢʘʛʠ, 5 ï ʕʡʠʬʴʦʨʜʩʢʠʡ, 6 ï ʊʴʸʜʥʝʩïɹʘʨʜʘʨʜʘʣʫʨ, 7 

ï ɸʩʢʴʷïʄʠʚʘʪʥ, 8 ï ʉʥʘʡʬʝʜʣʴïʄʝʣʴʨʘʢʢʘʩʣʴʝʪʪʘ, 9 ï ʃʘʥʛʘʥʝʩïʉʘʥʜʬʝʜʣʴ; 10ï11 ï ʉʨʝʜʥʷʷ 

ʧʦʜʦʙʣʘʩʪʴ: 10 ï ʃʘʫʥʛʡʸʢʫʜʣʴïʍʦʬʩʡʸʢʫʜʣʴ, 11 ï ɺʘʪʥʘʡʸʢʫʜʣʴ; 12ï17 ï ʖʞʥʘʷ ʧʦʜʦʙʣʘʩʪʴ: 

12 ï ɻʝʢʣʘïʃʘʢʠ, 15 ï ʄʠʨʜʘʣʴʩʸʢʫʜʣʴ, 16 ï ʶʛʦ-ʚʦʩʪʦʯʥʳʡ, 17 ï ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ. 18ï19 ï 

ʚʦʩʪʦʯʥʘʷ ʦʙʣʘʩʪʴ: 18 ï ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ, 19 ï ʚʦʩʪʦʯʥʳʡ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ 

ʨʝʣʴʝʬʘ: 1 ï ʜʝʥʫʜʘʮʠʦʥʥʳʡ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʵʢʟʘʨʘʮʠʦʥʥʳʭ ʬʦʨʤ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ; 2 ï 

ʪʦ ʞʝ, ʛʦʨʥʦ-ʜʦʣʠʥʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ; 3 ï ʜʝʥʫʜʘʮʠʦʥʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʡ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʵʢʟʘʨʘ-

ʮʠʦʥʥʳʭ ʬʦʨʤ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ; 4 ï ʪʦ ʞʝ, ʛʦʨʥʦ-ʜʦʣʠʥʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ; 5 ï ʜʝʥʫʜʘʮʠ-

ʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ; 6 ï ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ; 7ï ʚʫʣʢʘʥʠʯʝʩʢʠʡ; 8 ï ʪʝʢʪʦʥʦ-ʚʫʣʢʘʥʠʯʝʩʢʠʡ: 9 ï 

ʩʦʯʝʪʘʥʠʝ ʜʝʥʫʜʘʮʠʦʥʥʦʛʦ ʠ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ; 10 ï ʜʝʥʫʜʘʮʠʦʥʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʡ ʩ "ʚʢʨʘʧʣʝʥʥʦ-

ʩʪʴʶ" ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ; 11 ï ʚʫʣʢʘʥʠʯʝʩʢʠʡ, ʩʣʘʙʦ ʧʝʨʝʨʘʙʦʪʘʥʥʳʡ ʜʝʥʫʜʘʮʠʝʡ; 12 ï ʜʝʥʫʜʘʮʠ-

ʦʥʥʳʡ ʵʧʠʚʫʣʢʘʥʠʯʝʩʢʠʡ; 13 ï ʣʝʜʥʠʢʦʚʦïʚʫʣʢʘʥʠʯʝʩʢʠʡ; 14 ï ʘʢʢʫʤʫʣʷʪʠʚʥʦ-ʚʫʣʢʘʥʠʯʝʩʢʠʡ; 

15 ï ʢʨʫʧʥʝʡʰʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʣʝʜʥʠʢʠ; 16 ï ʢʨʫʧʥʝʡʰʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʚʫʣʢʘʥʳ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦʜʣʝʜʥʳʝ); 17 ï ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ; 18 ï ʛʨʘʥʠʮʳ ʧʦʜʦʙʣʘʩʪʝʡ; 19 ï ʛʨʘʥʠʮʳ ʨʘʡʦʥʦʚ; 20 ï ʛʨʘ-

ʥʠʮʳ ʧʦʜʨʘʡʦʥʦʚ. 

Fig. 1. Geomorphological zoning scheme of Iceland. Compiled by E.E. Milanovsky (Iceland..., 1979). 

Regions and districts (numbers) (letters indicate sub-regions): 1ï3 ï Western region: I ï Northwest, 2 ï 
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SnÞfellsnes, 3 ï Southwest; 4ï17 ï Central region: 4ï9 ï Northern sub-region: 4 ï VatsnesïSkagi, 5 ï 

Eyfjord, 6 ï TjºdnesïBardardalur, 7 ï AskjaïMyvatn, 8 ï SnÞfellïMºllrakkasletta, 9 ï Langanesï

Sandfell; 10ï11 ï Middle sub-region: 10 ï LangjºkullïHofsjºkull, 11 ï Vatnajºkull; 12ï17 ï Southern 

sub-region: 12 ï HeklaïLaki, 15 ï MĨrdalsjºkull, 16 ï south-eastern, 17 ï southern coast. 18ï19 ï 

eastern region: 18 ï north-eastern, 19 ï eastern. Prevailing genetic types of relief: 1 ï denudation with 

prevalence of exaration forms of sheet glaciation; 2 ï the same, mountain-valley glaciation; 3 ï denu-

dation-tectonic with prevalence of exaration forms of sheet glaciation; 4 ï the same, mountain-valley 

glaciation; 5 ï denudation-accumulative; 6 ï accumulative; 7 ï volcanic; 8 ï tectonic-volcanic: 9 ï 

combination of denudation and volcanic; 10 ï denudation-tectonic with "interspersed" volcanic; 11 ï 

volcanic, slightly reworked by denudation; 12 ï denudation epivolcanic; 13 ï glacial-volcanic; 14 ï 

accumulative-volcanic; 15 ï largest modern glaciers; 16 ï largest modern volcanoes (including subgla-

cial); 17 ï boundaries of regions; 18 ï boundaries of subregions; 19 ï boundaries of districts; 20 ï 

boundaries of subdistricts. 

ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʠʡ ʥʝ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʷ ʚ 
ʧʝʨʚʦʤ ʧʦʣʝʚʦʤ ʩʝʟʦʥʝ ʨʘʙʦʪʳ ʵʢʩʧʝʜʠʮʠʠ 
(1971 ʛ.), ʚ ʪʦ ʣʝʪʦ ʦʥ ʚ ʩʦʩʪʘʚʝ ɹʦʣʠʚʠʡʩʢʦʡ 
ʵʢʩʧʝʜʠʮʠʠ ɸʅ ʉʉʉʈ ʨʘʙʦʪʘʣ ʚ ɸʥʜʘʭ ʖʞ-
ʥʦʡ ɸʤʝʨʠʢʠ. ʅʦ ʣʝʪʦʤ 1972 ʛ. ɽʚʛʝʥʠʡ ɽʚʛʝ-
ʥʴʝʚʠʯ ʘʢʪʠʚʥʦ, ʧʦ ʝʛʦ ʩʣʦʚʘʤ çʩ ʭʦʜʫè, 
ʚʢʣʶʯʠʣʩʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʀʩʣʘʥʜʩʢʦʡ ʵʢʩʧʝ-
ʜʠʮʠʠ. çʇʠʰʫ ʪʝʙʝ ʠʟ ʧʨʝʜʤʝʩʪʴʷ ʈʝʡʢʴʷ-
ʚʠʢʘ ï ʛʦʨʦʜʢʘ ʂʦʧʘʚʦʛʫʨ, ʛʜʝ ʤʳ ʞʠʚʝʤ ʚ 
ʜʚʫʭʵʪʘʞʥʦʤ ʢʦʪʪʝʜʞʝ ʫʞʝ ʰʝʩʪʦʡ 
ʜʝʥʴ... ʇʦʛʦʜʘ ʩʪʦʠʪ ʧʨʦʭʣʘʜʥʘʷ, ʩʪʨʦʛʦ ʯʝ-
ʨʝʜʫʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʠ ʧʘʩʤʫʨʥʳʝ ʜʥʠ (ʚʝʨ-
ʥʝʝ, ʩʫʪʢʠ), ʪʘʢ ʢʘʢ ʥʦʯʝʡ ʩʦʚʩʝʤ ʥʝʪ ï 
ʉʦʣʥʮʝ ʩʘʜʠʪʩʷ ʙʝʟ ʯʝʪʚʝʨʪʠ ʜʚʝʥʘʜʮʘʪʴ, ʠ 
ʯʝʨʝʟ ʯʘʩ ʥʘʯʠʥʘʝʪ ʚʥʦʚʴ ʚʳʣʝʟʘʪʴ ʥʘ 
ʥʝʙʦ...è (ʀʟ ʧʠʩʴʤʘ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʦʛʦ ʩʳʥʫ 
ɺʣʘʜʠʤʠʨʫ ʦʪ 23 ʠʶʥʷ 1972 ʛ.). ʉʦʚʝʨʰʝʥʥʦ 
ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʨʦʜʠʣʩʷ ʠ ʩʣʦʞʠʚ-
ʰʠʡʩʷ ʝʱʝ ʚ ʛʦʜʳ ʨʘʙʦʪʳ ɺʦʩʪʦʯʥʦ-ɸʬʨʠ-
ʢʘʥʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʫʩʧʝʰʥʳʡ çʪʘʥʜʝʤè ʩ 
ʅ.ɸ. ʃʦʛʘʯʝʚʳʤ. ɺʝʨʦʷʪʥʦ, ʵʪʠ ʝʜʠʥʦʤʳʰ-
ʣʝʥʥʠʢʠ, ʙʫʜʫʱʠʝ çʘʢʘʜʝʤʠʢʠ ʨʠʬʪʦʛʝʥʝʟʘè 
ʧʦ ʩʚʦʠʤ ʯʝʣʦʚʝʯʝʩʢʠʤ ʢʘʯʝʩʪʚʘʤ ʦʯʝʥʴ ʧʦʜ-
ʭʦʜʠʣʠ ʜʨʫʛ ʜʨʫʛʫ (ʨʠʩ. 2). ɺʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ 
ʨʘʙʦʪ ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʦʚʘʣʦ ʧʦʣʥʦʝ ʚʟʘ-
ʠʤʦʧʦʥʠʤʘʥʠʝ, ʚʟʘʠʤʥʘʷ çʧʨʠʪʝʨʪʦʩʪʴè ʢʘʢ 
ʯʣʝʥʦʚ ʭʦʪʴ ʠ ʤʘʣʝʥʴʢʦʛʦ, ʥʦ ʝʜʠʥʦʛʦ çʥʘʫʯ-
ʥʦʛʦ ʦʨʛʘʥʠʟʤʘè. ɺʦʪ ʢʘʢ ʦʙ ʵʪʦʤ ʚʩʧʦʤʠʥʘʣ 
ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʠʡ: çɿʘ ʜʚʘ ʩʝʟʦʥʘ ʥʘʰʝʡ ʩʦʚ-
ʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʚ ʀʩʣʘʥʜʠʠ ʫ ʥʘʩ ʥʠ ʨʘʟʫ 
ʚʦʟʥʠʢʘʣʦ ʥʠʢʘʢʠʭ ʨʘʟʥʦʛʣʘʩʠʡ (ʟʘ ʠʩʢʣʶʯʝ-
ʥʠʝʤ ʪʨʘʢʪʦʚʢʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʥʳʭ ʥʘʫʯ-
ʥʳʭ ʚʦʧʨʦʩʦʚ, ʧʦ ʧʦʚʦʜʫ ʢʦʪʦʨʳʭ ʤʳ ʩʪʨʝ-
ʤʠʣʠʩʴ ʥʘʭʦʜʠʪʴ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʭʦʜʠʣʠ ʦʙ-
ʱʝʝ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʝ ʨʝʰʝʥʠʝ). ɺʩʝ ʞʝ 
ʯʠʩʪʦ ʙʳʪʦʚʳʝ ʧʨʦʙʣʝʤʳ ʨʝʰʘʣʠʩʴ ʝʜʠʥʦ-
ʛʣʘʩʥʦ, ʘ ʚʳʙʦʨ ʤʝʩʪ ʜʣʷ ʥʦʯʝʚʦʢ ʠ ʧʠʪʘʥʠʷ 
ʥʝ ʟʘʪʨʫʜʥʷʣ ʥʘʩéè (ʄʠʣʘʥʦʚʩʢʠʡ, 2007). 
ʍʦʪʷ ʙʳʪʦʚʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ 
ʀʩʣʘʥʜʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɺʦʩʪʦʯʥʦ-ɸʬʨʠ-
ʢʘʥʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦ-
ʣʝʝ ʞʝʩʪʢʠʤʠ. ɽʩʣʠ ʚ ɸʬʨʠʢʝ ʚ ʨʘʩʧʦʨʷʞʝ-
ʥʠʠ ɽʚʛʝʥʠʷ ɽʚʛʝʥʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɸʣʝʢʩʝ-
ʝʚʠʯʘ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʣʩʷ ʩʧʝʮʠʘʣʴʥʦ 

ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʜʣʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ çʃʵʥʜʨʦ-
ʚʝʨè ʩ ʚʦʜʠʪʝʣʝʤ ʠ ʰʪʘʪ ʨʘʙʦʯʠʭ ʧʦ ʣʘʛʝʨʶ, 
ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʧʠʪʘʥʠʝ ʠ ʙʳʪʦʚʦʝ ʦʙ-
ʩʣʫʞʠʚʘʥʠʝ, ʪʦ ʚ ʀʩʣʘʥʜʠʠ çʘʢʘʜʝʤʠʢʠ 
ʨʠʬʪʦʛʝʥʝʟʘè ʙʳʣʠ ʥʘ ʧʦʣʥʦʤ ʩʘʤʦʦʙʝʩʧʝʯʝ-
ʥʠʠ. ʆʙʘ ʧʦʣʝʚʳʭ ʩʝʟʦʥʘ ʚ ʀʩʣʘʥʜʠʠ ʦʥʠ ʨʘ-
ʙʦʪʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʘʚʪʦʥʦʤʥʦ ʠ ʧʦʯʪʠ ʠʩ-
ʢʣʶʯʠʪʝʣʴʥʦ ʚʜʚʦʝʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʤʝ-
ʱʘʣʠʩʴ ʥʘ ʥʝʙʦʣʴʰʦʤ ʘʨʝʥʜʦʚʘʥʥʦʤ 
çʌʦʣʴʢʩʚʘʛʝʥʝè ʠ, ʧʦʩʢʦʣʴʢʫ ɽʚʛʝʥʠʡ ɽʚʛʝ-
ʥʴʝʚʠʯ ʚʦʜʠʪʴ ʤʘʰʠʥʫ ʥʝ ʫʤʝʣ ʠ ʥʠ ʨʘʟʫ ʚ 
ʞʠʟʥʠ ʟʘ ʨʫʣʝʤ ʥʝ ʩʠʜʝʣ, ʪʦ ʚʩʝ ʦʙʷʟʘʥʥʦʩʪʠ 
ʧʦ ʚʦʞʜʝʥʠʶ ʤʘʰʠʥʳ ʠ ʝʝ ʦʙʩʣʫʞʠʚʘʥʠʶ ʚ 
ʤʘʨʰʨʫʪʘʭ ʣʦʞʠʣʠʩʴ ʥʘ ʅ.ɸ. ʃʦʛʘʯʝʚʘ, ʠ ʵʪʦ 
ʩʪʘʣʦ ʝʛʦ ʛʣʘʚʥʦʡ ʨʘʙʦʪʦʡ ʠ ʟʘʙʦʪʦʡ. ɸ ʚʦʪ 
ʦʙʝʩʧʝʯʝʥʠʝ ʧʠʪʘʥʠʷ ʠ ʬʫʥʢʮʠʠ çʢʫʣʠʥʘʨʘè 
ʚʩʝʮʝʣʦ ʚʭʦʜʠʣʠ ʚ ʦʙʷʟʘʥʥʦʩʪʠ ɽ.ɽ. ʄʠʣʘ-
ʥʦʚʩʢʦʛʦ, ʯʪʦ ʝʛʦ ʥʠʩʢʦʣʴʢʦ ʥʝ ʦʙʨʝʤʝʥʷʣʦ ʠ, 
ʯʪʦ ʙʦʣʝʝ ʚʘʞʥʦ, ʥʝ ʚʳʟʳʚʘʣʦ ʥʘʨʝʢʘʥʠʡ ʩʦ 
ʩʪʦʨʦʥʳ ʅʠʢʦʣʘʷ ɸʣʝʢʩʝʝʚʠʯʘ (ʄʠʣʘʥʦʚ-
ʩʢʠʡ, 2007). 
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ʈʠʩ. 2. ɽʜʠʥʦʤʳʰʣʝʥʥʠʢʠ ɽ.ɽ. ʄʠʣʘʥʦʚ-

ʩʢʠʡ ʠ ʅ.ɸ. ʃʦʛʘʯʝʚ ʥʘ ʣʝʜʥʠʢʝ ʚ ʀʩʣʘʥʜʠʠ 

Fig. 2. Like-minded people E.E. Milanovsky 

and N.A. Logatchev on a glacier in Iceland 

ʅʝ ʯʘʩʪʦ, ʥʦ ʚʩʝ ʞʝ ʠʭ ʤʘʣʝʥʴʢʦʤʫ ʦʪʨʷʜʫ 

ʜʦʩʪʘʚʘʣʩʷ ʠ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʜʣʷ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʘʚʪʦʤʦʙʠʣʴ, 

ʢʦʪʦʨʳʡ ɽʚʛʝʥʠʡ ɽʚʛʝʥʴʝʚʠʯ ʥʘʟʳʚʘʝʪ ʚ 

ʩʚʦʠʭ ʚʦʩʧʦʤʠʥʘʥʠʷʭ ʛʨʫʟʦʚʳʤ (ʨʠʩ. 3). ɺʦʪ 

ʢʘʢ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʠʡ ʦʧʠʩʳʚʘʝʪ ʵʪʦʪ ʯʫʜʦ-

ʘʚʪʦʤʦʙʠʣʴ ʠ ʠʭ ʙʳʪ ʚ ʧʠʩʴʤʝ ʢ ʩʳʥʫ ɺʣʘʜʠ-

ʤʠʨʫ 19 ʠʶʣʷ 1972 ʛʦʜʘ: çʇʘʣʘʪʢʫ ʥʠ ʨʘʟʫ ʥʝ 

ʩʪʘʚʠʣʠ ï ʞʠʣʠ ʚ ʤʘʰʠʥʝ, ʢʦʪʦʨʫʶ ʚ ʰʫʪʢʫ 

ʥʘʟʳʚʘʝʤ çʭʘʪʦʡ ï ʣʘʙʦʨʘʪʦʨʠʝʡè. ɺʥʫʪʨʠ 

ʦʥʘ ʧʦʭʦʞʘ ʥʘ ʢʫʧʝ ʞ.ʜ. ʚʘʛʦʥʘ ʠʣʠ ʢʘʶʪʫ. 

ʃʘʚʢʠ ʧʦ ʢʨʘʷʤ, ʦʪʢʠʜʥʦʡ ʩʪʦʣ ʠ ʦʢʦʰʢʦ ʥʘʜ 

ʥʠʤ (ʥʘʜ ʢʘʙʠʥʦʡ), ʥʘ ʧʦʣʫ 6 ʚʴʶʯʥʳʭ ʷʱʠʢʦʚ, 

ʨʘʩʰʠʨʷʶʱʠʭ ʣʘʚʢʠ ʠ ʩʣʫʞʘʱʠʝ ʚʤʝʩʪʝ ʩ 

ʥʠʤʠ ʢʨʦʚʘʪʷʤʠ, ʚ ʩʝʨʝʜʠʥʝ ï ʧʨʦʭʦʜ, ʩʟʘʜʠ ï 

ʛʘʟʦʚʳʡ ʙʘʣʣʦʥ ʠ ʧʦʨʪʘʪʠʚʥʘʷ ʩʢʣʘʜʥʘʷ 

ʧʣʠʪʘ. ʈʘʩʢʣʘʜʫʰʢʠ ʪʘʢʞʝ ʥʠ ʨʘʟʫ ʥʝ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ, ʙʦʣʴʰʦʡ ʙʠʜʦʥ ʜʣʷ ʚʦʜʳ ï ʪʦʞʝ, 

ʪʘʢ ʢʘʢ ʯʠʩʪʘʷ ʧʨʝʩʥʘʷ ʚʦʜʘ ʝʩʪʴ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʝʟʜʝ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʩʪʘʥʦʚʠʰʴʩʷ 

ʚʩʶʜʫ, ʣʠʰʴ ʙʳ ʤʦʞʥʦ ʙʳʣʦ ʩʲʝʭʘʪʴ ʩ ʜʦ-

ʨʦʛʠ, ʘ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ, ʪ.ʢ. ʚʦʢʨʫʛ ï 

ʪʫʥʜʨʘ, ʠ ʧʦʜ ʱʝʙʥʝʤ ʠʣʠ ʪʨʘʚʦʡ ï ʢʘʢ ʧʨʘ-

ʚʠʣʦ ï ʪʦʧʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʘʣʠʚʘʝʪʩʷ ʤʘ-

ʰʠʥʘ. ʅʦʯʴʶ ʩʚʝʪʣʦ ʧʦʯʪʠ ʢʘʢ ʜʥʝʤ, ʠ ʠʥʦ-

ʛʜʘ ʨʘʙʦʪʘʣʠ ʜʦ 10-12 ʯʘʩʦʚ ʥʦʯʠ, ʘ ʝʭʘʣʠ ʦʜ-

ʥʘʞʜʳ ʜʘʞʝ ʜʦ 2-ʭ ʯʘʩʦʚ ʥʦʯʠè. 

 

ʈʠʩ. 3. ɺʠʜ ʥʘ ʚʦʩʪʦʢ ʠ ʶʛʦ-ʚʦʩʪʦʢ ʚ ʉʢʘʘʣ (Skaal) (ʩʣʝʚʘ) ʠ ɺʘʪʥʩʥʝʩʬʴʝʣʣʴ (Vatnsnesfiall) 

(ʩʧʨʘʚʘ) ʦʪ ʤʳʩʘ ɹʨʠʤʥʝʩ (Brimnes) ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʉɿ ʧ/ʦ-ʚʘ ʀʩʣʘʥʜʠʠ. 1972 ʛ. 

Fig. 3. View to the east and southeast at Skaal (left) and Vatnsnesfiall (right) from Cape Brimnes in the 

central part of the northwest peninsula of Iceland. 1972. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʢʘʢ ʯʝʣʦʚʝʢ ʜʝʣʠʢʘʪʥʳʡ ɽʚ-
ʛʝʥʠʡ ɽʚʛʝʥʴʝʚʠʯ ʧʦʩʪʦʷʥʥʦ ʠʩʧʳʪʳʚʘʣ ʯʫʚ-
ʩʪʚʦ ʥʝʢʦʪʦʨʦʡ ʥʝʣʦʚʢʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʩʚʦʝʤʫ ʪʦʚʘʨʠʱʫ, ʪʘʢ ʢʘʢ ʩʯʠʪʘʣ, ʯʪʦ ʥʘʭʦ-
ʜʠʪʩʷ ʚ ʙʦʣʝʝ ʚʳʛʦʜʥʦʤ, çʧʨʠʚʠʣʝʛʠʨʦʚʘʥ-
ʥʦʤè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʤ ʧʦʣʦʞʝʥʠʠ. ʀ ʚʦʪ 
ʧʦʯʝʤʫ: çʉ ʃʦʛʘʯʝʚʳʤ ʦʪʥʦʰʝʥʠʷ ʩʘʤʳʝ ʭʦ-
ʨʦʰʠʝ ʠ ʧʨʦʩʪʳʝ; ʝʤʫ, ʢʦʥʝʯʥʦ, ʧʨʠʭʦʜʠʪʩʷ 
ʪʨʫʜʥʝʡ, ʪ.ʢ. ʦʥ ʚʦʜʠʪ ʤʘʰʠʥʫ, ʘ ʷ Ăʢʘʪʘ-
ʶʩñɹè (ʀʟ ʧʠʩʴʤʘ ʞʝʥʝ ɿ.ɺ. ʊʠʤʦʬʝʝʚʦʡ ʦʪ 
19 ʠʶʣʷ 1972 ʛʦʜʘ). ɺʝʨʦʷʪʥʦ, ʚ ʵʪʦʤ ʙʳʣ 
ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʝʟʦʥ, ʅʠʢʦʣʘʡ ɸʣʝʢʩʝʝʚʠʯ 
ʢʘʢ ʥʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʰʦʬʝʨ ʚʦ ʚʨʝʤʷ 
ʤʘʨʰʨʫʪʦʚ, ʜʘ ʝʱʝ ʚ ʯʫʞʦʡ ʩʪʨʘʥʝ ʩ ʝʝ 

ʧʨʘʚʠʣʘʤʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʜʦʣʞʝʥ ʙʳʣ 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʪʴ ʠʩ-
ʢʣʶʯʠʪʝʣʴʥʦ ʚʦʞʜʝʥʠʶ ʤʘʰʠʥʳ, ʦʪʚʣʝ-
ʢʘʪʴʩʷ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʫ ʥʝʛʦ 
ʥʝ ʙʳʣʦ ʚʦʟʤʦʞʥʦʩʪʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ɽʚʛʝ-
ʥʠʡ ɽʚʛʝʥʴʝʚʠʯ, ʧʦ ʝʛʦ ʞʝ ʩʣʦʚʘʤ, çʟʘʥʠ-
ʤʘʣʩʷ ʩʪʨʷʧʥʝʡ ʣʠʰʴ ʚʦ ʚʨʝʤʷ ʦʩʪʘʥʦʚʦʢ ʠ 
ʦʪʜʳʭʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʤʘʨʰʨʫʪʦʚ ʠ ʧʝʨʝʝʟʜʦʚ ʧʦ ʀʩʣʘʥʜʠʠ ʤʦʛ ʚʩʝ-
ʮʝʣʦ ʧʨʝʜʘʚʘʪʴʩʷ ʥʘʫʯʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤè 
(ʄʠʣʘʥʦʚʩʢʠʡ, 2007). 
ʉʢʦʨʝʝ ʚʩʝʛʦ, ʦʙʷʟʘʥʥʦʩʪʠ ʰʦʬʝʨʘ ʜʘʚʘ-

ʣʠʩʴ ʅ.ɸ. ʃʦʛʘʯʝʚʫ ʥʝʣʝʛʢʦ, ʝʤʫ ʥʫʞʥʦ ʙʳʣʦ 
ʚʨʝʤʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʠ 
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ʧʝʨʝʚʝʩʪʠ ʜʫʭ. çɼʘʞʝ ʢʦʛʜʘ ʤʳ ʦʩʪʘʥʘʚʣʠ-
ʚʘʣʠʩʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʙʥʘʞʝʥʠʡ, ʟʘʤʝʨʦʚ ʵʣʝ-
ʤʝʥʪʦʚ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ ʠ ʧʨʦʯʝʛʦ, ʦʥ ʥʠʯʝʛʦ 
ʥʝ ʟʘʧʠʩʳʚʘʣ ʠ ʥʝ ʟʘʨʠʩʦʚʳʚʘʣ, ʘ ʚʩʝʮʝʣʦ ʧʦ-
ʣʘʛʘʣʩʷ ʥʘ ʤʦʠ ʟʘʧʠʩʠ, ʷ ʞʝ ʣʠʰʴ ʩʦʛʣʘʩʦʚʳ-
ʚʘʣ ʩ ʥʠʤ ʧʨʠʥʷʪʫʶ ʥʘʤʠ ʩʦʚʤʝʩʪʥʦ ʠʥʪʝʨ-
ʧʨʝʪʘʮʠʶ ʪʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʦʙʲʝʢʪʘè (ʄʠʣʘ-
ʥʦʚʩʢʠʡ, 2007). 
ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʤʘʪʝʨʠʘʣʳ ʧʦʣʝ-

ʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʜʨʫʟʴʷ-ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʠ 
ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʤʝʩʪʥʦʡ 
ʨʘʙʦʪʳ, ʢʦʪʦʨʳʤʠ ʠ ʪʦʪ, ʠ ʜʨʫʛʦʡ ʤʦʛʣʠ 
ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʨʘʚʥʦʧʨʘʚʥʦʡ ʦʩʥʦʚʝ. 
ɸ ʥʦʚʦʛʦ ʠ ʠʥʪʝʨʝʩʥʦʛʦ ʙʳʣʦ ʤʥʦʛʦ. ʀʟ 

ʧʠʩʴʤʘ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʦʛʦ ʞʝʥʝ 25 ʘʚʛʫʩʪʘ 
1972 ʛʦʜʘ: çʈʘʙʦʪʘ ʜʦʩʪʘʚʣʷʝʪ ʫʜʦʚʣʝʪʚʦ-
ʨʝʥʠʝ, ʪ.ʢ. ʧʦʯʪʠ ʢʘʞʜʳʡ ʜʝʥʴ ʧʨʠʥʦʩʠʪ ʠʥ-
ʪʝʨʝʩʥʳʝ ʥʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʥʦʚʳʝ ʜʘʥʥʳʝ, 
ʦʩʦʙʝʥʥʦ ʧʦ ʥʝʦʪʝʢʪʦʥʠʢʝ, ʢʦʪʦʨʦʡ ʚ ʵʪʠʭ 
ʤʝʩʪʘʭ ʧʦ ʩʫʱʝʩʪʚʫ ʥʝ ʟʘʥʠʤʘʣʠʩʴ. 

ɺʳʜʝʣʷʶʪʩʷ ʛʨʘʙʝʥʳ, ʛʦʨʩʪʳ ʠ ʪ.ʧ. ʚʥʝ ʠʟ-
ʚʝʩʪʥʳʭ ʚ ʀʩʣʘʥʜʠʠ ʨʠʬʪʦʚʳʭ ʟʦʥè. ʇʦʣʝ-
ʚʳʝ ʨʘʙʦʪʳ ɽʚʛʝʥʠʡ ɽʚʛʝʥʴʝʚʠʯ ʠ ʅʠʢʦʣʘʡ 
ɸʣʝʢʩʝʝʚʠʯ ʚʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʡ ʪʝʨʨʠ-
ʪʦʨʠʠ ʀʩʣʘʥʜʠʠ. ʊʦ ʦʥʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩʘʤʳʡ 
ʩʝʚʝʨʦ-ʟʘʧʘʜ ʀʩʣʘʥʜʠʠ ï ʧʦʣʫʦʩʪʨʦʚ ɺʝʩʪ-
ʬʠʨʜʠʨ, ʢʦʪʦʨʳʡ ʟʘ ʚʥʝʰʥʝʝ ʩʭʦʜʩʪʚʦ ʥʘʟʳ-
ʚʘʣʠ çʃʘʧʦʡè. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʦʥʠ 
ʫʞʝ ʚ ʮʝʥʪʨʝ ʀʩʣʘʥʜʠʠ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʚʫʣ-
ʢʘʥʝ ɸʩʢʴʷ, ʛʜʝ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʜʥʝʡ ʧʨʦʚʦʜʷʪ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʤʦʣʦʜʳʤʠ ʩʦʪʨʫʜ-
ʥʠʢʘʤʠ ɻʀʅʘ (ɺ.ʀ. ʂʦʥʦʥʦʚ, ɹ.ɻ. ʇʦʣʷʢ, 
ʖ.ɹ. ɻʣʘʜʝʥʢʦʚ, ɺ.ɻ. ʊʨʠʬʦʥʦʚ, ɸ.ʈ. ɻʝʧʪ-
ʥʝʨ) (ʨʠʩ. 4). ɿʘʪʝʤ ʧʦʝʟʜʢʘ ʥʘ ʩʝʚʝʨʥʦʝ ʧʦʙʝ-
ʨʝʞʴʝ ʥʘ ʧʦʣʫʦʩʪʨʦʚ ʊʴʦʨʥʝʩ ʠ ʚʦʟʚʨʘʱʝʥʠʝ 
ʥʘ ʶʛ ʚ ʨʘʡʦʥ ʈʝʡʢʲʷʚʠʢʘ. ʆʪʪʫʜʘ (ʦʪ ʦʟʝʨʘ 
ʄʠʚʘʪʥ) ʢʦʣʴʮʝʚʦʡ ʤʘʨʰʨʫʪ ʥʘ ʩʝʚʝʨʦ-ʚʦ-
ʩʪʦʢ, ʟʘʪʝʤ ʚʥʦʚʴ ʚʫʣʢʘʥ ɸʩʢʴʷ ʠ, ʥʘʢʦʥʝʮ, 
ʚʦʟʚʨʘʱʝʥʠʝ ʥʘ ʶʛ ʚ ʈʝʡʢʲʷʚʠʢ ʯʝʨʝʟ ʩʘʤʳʡ 
ʮʝʥʪʨ ʀʩʣʘʥʜʠʠ. 

 

ʈʠʩ. 4. ʏʣʝʥʳ ʀʩʣʘʥʜʩʢʦʡ ʕʢʩʧʝʜʠʮʠʠ ɸʅ ʉʉʉʈ 1972 ʛʦʜʘ ʩʨʝʜʠ ʤʝʩʪʥʳʭ ʛʝʦʣʦʛʦʚ ʠ ʩʪʫʜʝʥʪʦʚ. 

ɺʦ ʚʪʦʨʦʤ ʨʷʜʫ ʧʝʨʚʳʡ ʩʣʝʚʘ ʅ.ɸ. ʃʦʛʘʯʝʚ, ʪʨʝʪʠʡ ɸ.ʈ. ɻʝʧʪʥʝʨ, ʚʪʦʨʦʡ ʩʧʨʘʚʘ ʖ.ɹ. ɻʣʘʜʝʥʢʦʚ, 

ʧʝʨʚʳʡ ï ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʠʡ. 

Fig. 4. Members of the 1972 Icelandic Expedition of the USSR Academy of Sciences among local 

geologists and students. In the second row, first from the left is N.A. Logatchev, third is A.R. Geptner, 

second from the right is Yu.B. Gladenkov, first is E.E. Milanovsky. 

ʀʟ ʧʠʩʴʤʘ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʦʛʦ ʞʝʥʝ ʦʪ 5 
ʘʚʛʫʩʪʘ 1972 ʛʦʜʘ: çʖʛ ʚʩʪʨʝʪʠʣ ʥʘʩ ʪʝʧʣʦʡ, 
ʩʦʣʥʝʯʥʦʡ ʧʦʛʦʜʦʡ, ʙʝʟʦʙʣʘʯʥʳʤ ʩʠʥʠʤ ʥʝ-
ʙʦʤ, ʠ ʦʱʫʱʝʥʠʝ ʙʳʣʦ ʪʘʢʦʝ, ʙʫʜʪʦ ʤʳ ʚʳ-
ʰʣʠ ʥʘ ʶʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ ʠʣʠ ʯʫʪʴ ʣʠ ʥʝ 
ʥʘ ʉʨʝʜʠʟʝʤʥʦʝ ʤʦʨʝ. ɺʝʯʝʨʦʤ ʧʦ ʧʨʠʝʟʜʝ 
ʧʦʝʭʘʣʠ ʚ ʛʦʨʦʜ ï ʦʪʧʘʨʠʚʘʪʴʩʷ ʠ ʤʳʪʴʩʷ ʚ 
ʬʠʥʩʢʦʡ ʙʘʥʝ. ɺʯʝʨʘ ʢʘʤʝʨʘʣʠʣʠ, ʦʙʩʫʞʜʘʣʠ 
ʩ ɺ.ɺ. (ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ɹʝʣʦʫʩʦʚ) 
ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʥʘʯʘʣʘ ʵʢʩʧʝʜʠ-
ʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ ʠ ʧʣʘʥʳ ʥʘ ʘʚ-
ʛʫʩʪ-ʩʝʥʪʷʙʨʴè. 

ʋʞʝ ʯʝʨʝʟ ʜʚʘ ʜʥʷ ʙʨʦʩʦʢ ʥʘ ʟʘʧʘʜ ʀʩʣʘʥ-
ʜʠʠ ʥʘ ʧʦʣʫʦʩʪʨʦʚ ʉʥʘʡʬʝʜʣʴʩʥʝʩ, ʧʦʣʫʯʠʚ-
ʰʠʡ ʥʘʟʚʘʥʠʝ ʧʦ ʥʘʭʦʜʷʱʝʤʫʩʷ ʥʘ ʝʛʦ ʟʘʧʘʜ-
ʥʦʤ ʦʢʦʥʯʘʥʠʠ ʚʫʣʢʘʥʫ ʉʥʘʡʬʝʜʣʴ. ç...ʇʦʩʣʝ 
ʦʪʲʝʟʜʘ ɺ.ɺ. 7-ʛʦ ʤʳ ʫʝʭʘʣʠ ʩ ʃʦʛʘʯʝʚʳʤ ʥʘ 
4 ʜʥʷ ʥʘ ʧ/ʦ-ʚ ʉʥʝʡʬʘʣʴʩʥʝʩ. ʇʦʛʦʜʘ ʩʪʦʷʣʘ 
ʧʨʝʢʨʘʩʥʘʷ, ʤʘʨʰʨʫʪ ʙʳʣ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʤ 
ʠ, ʢʘʞʝʪʩʷ, ʙʳʣʦ ʙʳ ʧʦʣʝʟʥʳʤ ʥʘ ʙʫʜʫʱʠʡ 
ʛʦʜ ʧʦʩʪʘʚʠʪʴ ʪʘʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʨʘʙʦʪʳ. 
ʆʧʷʪʴ ʧʝʨʝʩʝʣʠ ʥʘ ʩʚʦʶ ʤʘʰʠʥʫ, ʢʦʪʦʨʘʷ 
ʩʣʫʞʠʪ ʥʘʤ ʜʦʤʦʤ, ʠ ʥʝ ʟʥʘʝʤ ʥʠʢʘʢʠʭ 
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ʣʘʛʝʨʥʳʭ ʭʣʦʧʦʪè (ʀʟ ʧʠʩʴʤʘ ʞʝʥʝ ɿ.ɺ. ʊʠ-
ʤʦʬʝʝʚʦʡ ʦʪ 12 ʘʚʛʫʩʪʘ 1972 ʛ.). 
ɺʦʟʚʨʘʱʝʥʠʝ. ʂʦʨʦʪʢʠʝ ʜʚʘ ʜʥʷ ʚ ʈʝʡʢʴʷ-

ʚʠʢʝ, ʧʦʜʛʦʪʦʚʢʘ ʢ 20-ʜʥʝʚʥʦʤʫ ʤʘʨʰʨʫʪʫ ʥʘ 

ʩʝʚʝʨ ʠ ʚʥʦʚʴ ʚ ʧʫʪʴ. ʀʟ ʧʠʩʴʤʘ ɿ.ɺ. ʊʠʤʦʬʝ-

ʝʚʦʡ ʦʪ 25 ʘʚʛʫʩʪʘ 1972 ʛ.: çʇʦʯʪʠ ʜʚʝ ʥʝʜʝʣʠ, 

ʢʘʢ ʤʳ ʚʳʝʭʘʣʠ ʠʟ ʈʝʡʢʴʷʚʠʢʘ ʥʘ ʩʝʚʝʨ. ʇʝ-

ʨʝʩʝʢʣʠ ʦʩʪʨʦʚ ʧʦ ʟʘʧʘʜʥʦʡ ʩʢʚʦʟʥʦʡ ʜʦʨʦʛʝ 

ʠ ʩ ʪʝʭ ʧʦʨ ʢʨʫʪʠʤʩʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴ-

ʦhʡ ʧʣʦʱʘʜʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʀʩʣʘʥʜʠʠé 

ɾʘʣʴ ʪʦʣʴʢʦ, ʯʪʦ ʚʨʝʤʷ ʣʝʪʠʪ ʙʳʩʪʨʦ ʠ ʜʥʝʡ 

ʜʣʷ ʨʘʙʦʪʳ ʦʩʪʘʝʪʩʷ ʤʘʣʦ, ʤʥʦʛʦʝ ʧʨʠʜʝʪʩʷ 

ʦʩʪʘʚʠʪʴ ʥʘ ʙʫʜʫʱʠʡ ʛʦʜ. ɼʥʠ ʩʪʘʥʦʚʷʪʩʷ ʢʦ-

ʨʦʯʝ ʠ ʧʨʦʭʣʘʜʥʝʝ. ʇʦʯʪʠ ʢʘʞʜʳʡ ʜʝʥʴ ʤʦʨʦ-

ʩʠʪ, ʘ ʪʦ ʠ ʭʣʝʱʝʪ ʜʦʞʜʴ, ʠ ʩʚʠʨʝʧʩʪʚʫʝʪ ʚʝ-

ʪʝʨ, ʥʦ ʭʦʨʦʰʦ, ʯʪʦ ʚʩʝʛʜʘ ʤʦʞʥʦ ʩʧʨʷʪʘʪʴʩʷ 

ʠ ʦʙʩʫʰʠʪʴʩʷ ʚ ʤʘʰʠʥʝ. ɺ ʫʩʣʦʚʠʷʭ ʀʩʣʘʥ-

ʜʠʠ ʵʪʦ ʚʝʣʠʢʦʝ ʙʣʘʛʦ. ɻʨʠʙʳ ʢʦʥʯʘʶʪʩʷ. ɿʘ 

ʵʪʫ ʧʦʝʟʜʢʫ ʪʦʣʴʢʦ ʜʚʘ ʨʘʟʘ ʞʘʨʠʣʠ ʧʦʜʙʝʨʝ-

ʟʦʚʠʢʠ (ʟʜʝʩʴ ʠʭ ʧʨʘʚʠʣʴʥʝʝ ʥʘʟʳʚʘʪʴ ʥʘʜʙʝ-

ʨʝʟʦʚʠʢʘʤʠ), ʥʦ ʟʘʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʥʠ ʧʦʩʧʝʣʘ 

ʯʝʨʥʠʢʘ, ʠ ʮʝʣʳʝ ʩʢʣʦʥʳ ʤʝʩʪʘʤʠ ʫʩʳʧʘʥʳ 

ʛʨʦʟʜʴʷʤʠ ʩʠʥʠʭ ʷʛʦʜè. 

ʅʦ ʥʝ ʪʦʣʴʢʦ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʠ ʧʨʦʙʣʝʤʳ 

ʨʠʬʪʦʛʝʥʝʟʘ ʟʘʥʠʤʘʣʠ ʫʤʳ ʥʘʰʠʭ ʫʯʝʥʳʭ. ɺ 

ʠʶʣʝ 1972 ʛʦʜʘ ʚ ʩʪʦʣʠʮʝ ʀʩʣʘʥʜʠʠ ʈʝʡʢʴʷ-

ʚʠʢʝ ʜʦʣʞʝʥ ʙʳʣ ʩʦʩʪʦʷʪʴʩʷ ʠ ʩʦʩʪʦʷʣʩʷ ʤʘʪʯ 

ʟʘ ʟʚʘʥʠʝ ʯʝʤʧʠʦʥʘ ʤʠʨʘ ʧʦ ʰʘʭʤʘʪʘʤ ʤʝʞʜʫ 

ʯʝʤʧʠʦʥʦʤ ʤʠʨʘ ʩʦʚʝʪʩʢʠʤ ʛʨʦʩʩʤʝʡʩʪʝʨʦʤ 

ɹʦʨʠʩʦʤ ʉʧʘʩʩʢʠʤ ʠ ʧʨʝʪʝʥʜʝʥʪʦʤ ʥʘ ʵʪʦ 

ʟʚʘʥʠʝ ʘʤʝʨʠʢʘʥʮʝʤ ɹʦʙʙʠ ʌʠʰʝʨʦʤ. ʄʘʪʯ 

ʚʦʰʝʣ ʚ ʠʩʪʦʨʠʶ ʰʘʭʤʘʪ ʢʘʢ çʤʘʪʯ ʩʪʦʣʝ-

ʪʠʷè ʠ ʩʪʘʣ ʥʝ ʪʦʣʴʢʦ ʩʧʦʨʪʠʚʥʳʤ ʩʦʙʳʪʠʝʤ, 

ʥʦ ʠ ʩʠʤʚʦʣʦʤ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ ʉʉʉʈ ʠ ʉʐɸ 

ʚ ʪʫ ʵʧʦʭʫ ʭʦʣʦʜʥʦʡ ʚʦʡʥʳ. ʂʦʥʝʯʥʦ, ʫʯʘʩʪ-

ʥʠʢʠ ʵʢʩʧʝʜʠʮʠʠ ʟʥʘʣʠ ʠ ʩʣʝʜʠʣʠ ʟʘ ʵʪʠʤ ʩʦ-

ʙʳʪʠʝʤ. çʇʦʟʘʚʯʝʨʘ ʧʨʠʣʝʪʝʣ ʉʧʘʩʩʢʠʡ ʩʦ 

ʩʚʠʪʦʡ, ʥʘ ʜʥʷʭ ʦʞʠʜʘʶʪ ʌʠʰʝʨʘ. ʅʘ ʧʝʨʚʳʝ 

ʜʚʘ ʤʘʪʯʘ ʙʠʣʝʪʳ ʧʨʦʜʘʥʳ (5 ʜʦʣʣʘʨʦʚ). 

ɺʨʦʜʝ ʙʳ ʤʥʦʛʠʝ ʠʩʣʘʥʜʮʳ Ăʙʦʣʝʶʪñ ʟʘ 

ʉʧʘʩʩʢʦʛʦ. ʄʘʪʯ ʥʘʯʥʝʪʩʷ 2 ʠʶʣʷ, ʘ ʤʳ ʚ 

ʢʦʥʮʝ ʠʶʥʷ ʚʳʝʟʞʘʝʤ ʚ ʧʦʣʝ (ʷ ʩ ʃʦʛʘʯʝʚʳʤ 

ʙʫʜʫ ʨʘʙʦʪʘʪʴ ʚ ʨʘʡʦʥʘʭ ɿʘʧʘʜʥʦʛʦ ʠ ʉʝʚʝʨ-

ʥʦʛʦ ʧʦʙʝʨʝʞʠʡ) ʠ ʚʥʦʚʴ ʚʩʝʡ ʵʢʩʧʝʜʠʮʠʝʡ 

ʩʦʙʝʨʝʤʩʷ ʚ ʈʝʡʢʴʷʚʠʢʝ ʚ ʧʝʨʚʳʭ ʯʠʩʣʘʭ ʘʚ-

ʛʫʩʪʘ. ʊʦʛʜʘ ʧʦʩʪʘʨʘʶʩʴ ʧʦʩʝʪʠʪʴ ʤʘʪʯè (ʀʟ 

ʧʠʩʴʤʘ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʦʛʦ ʩʳʥʫ ɺʣʘʜʠʤʠʨʫ 

ʦʪ 23 ʠʶʥʷ 1972 ʛ.). ʀ ʧʦʩʝʪʠʣʠ! ʇʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʠʡ ʙʳʣ ʥʘ ʵʪʦʤ ʤʘʪʯʝ, ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʦʭʨʘʥʠʚʰʠʡʩʷ ʚ ʝʛʦ 

ʧʠʩʴʤʘʭ ʘʚʪʦʛʨʘʬ ɹʦʨʠʩʘ ʉʧʘʩʩʢʦʛʦ (ʨʠʩ. 5). 

 

 

ʈʠʩ. 5. ɸʚʪʦʛʨʘʬ 10-ʛʦ ʯʝʤʧʠʦʥʘ ʤʠʨʘ ʧʦ 

ʰʘʭʤʘʪʘʤ (1969ï1972) ɹʦʨʠʩʘ ɺʘʩʠʣʴʝ-

ʚʠʯʘ ʉʧʘʩʩʢʦʛʦ. 

Fig. 5. Autograph of the 10th World Chess 

Champion (1969ï1972) Boris Vasilyevich 

Spassky. 

ʃʝʪʦʤ ʩʣʝʜʫʶʱʝʛʦ 1973 ʛʦʜʘ ʧʦʣʝʚʳʝ ʨʘ-

ʙʦʪʳ ʧʨʦʜʦʣʞʠʣʠʩʴ. ʆʩʥʦʚʥʘʷ ʙʘʟʘ ʵʢʩʧʝʜʠ-

ʮʠʠ ʥʘʭʦʜʠʣʘʩʴ ʚʩʝ ʪʘʤ ʞʝ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʈʝʡʢʴʷʚʠʢʘ, ʦʩʪʘʣʠʩʴ ʧʨʝʞʥʠʤʠ ʠ ʙʝʣʳʝ 

ʥʦʯʠ, ʠ ʧʨʦʭʣʘʜʥʘʷ ʚʦ ʤʥʦʛʦʤ ʥʝʧʨʝʜʩʢʘʟʫʝ-

ʤʘʷ ʠʩʣʘʥʜʩʢʘʷ ʧʦʛʦʜʘ. ʉʦʭʨʘʥʠʣʩʷ ʠ ʧʦʣʝ-

ʚʦʡ ʪʘʥʜʝʤ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ, ʢʘʢ ʠ 

ʧʨʝʞʜʝ ʅʠʢʦʣʘʡ ɸʣʝʢʩʝʝʚʠʯ ʃʦʛʘʯʝʚ ʠ ɽʚʛʝ-

ʥʠʡ ɽʚʛʝʥʴʝʚʠʯ ʄʠʣʘʥʦʚʩʢʠʡ ʚʥʦʚʴ ʩʦʩʪʘ-

ʚʠʣʠ ʤʘʣʝʥʴʢʠʡ, ʥʦ ʦʯʝʥʴ ʤʦʙʠʣʴʥʳʡ ʠ ʧʨʦ-

ʜʫʢʪʠʚʥʳʡ ʥʘʫʯʥʳʡ ʢʦʣʣʝʢʪʠʚ (ʨʠʩ. 6): çɺ 

ʧʝʨʚʦʤ ʧʠʩʴʤʝ (ʧʠʩʴʤʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʩʦ-

ʭʨʘʥʠʣʦʩʴ) ʷ ʨʘʩʩʢʘʟʳʚʘʣ ʦ ʥʘʰʝʤ ʧʦʣʝʪʝ ʥʘ 

ʦʩʪʨʦʚ ʍʝʡʤʘʵʡ, ʛʜʝ ʚ ʥʘʯʘʣʝ ʛʦʜʘ, ʚ ʷʥʚʘʨʝ 

ʧʨʦʠʟʦʰʣʦ, ʠ ʝʱʝ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʩʠʣʴʥʦʝ ʠʟ-

ʚʝʨʞʝʥʠʝ... ʇʦʩʣʝ ʧʦʝʟʜʢʠ ʥʘ ʍʝʡʤʘʵʡ 
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ʥʘʯʘʣʘʩʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʣʝʚʘʷ ʨʘʙʦʪʘ. 

ʄʳ, ʢʘʢ ʠ ʚ ʧʨʦʰʣʦʤ ʛʦʜʫ, ʨʘʙʦʪʘʣʠ ʚʜʚʦʝʤ ʩ 

ʃʦʛʘʯʝʚʳʤ, ʥʦ ʚ ʵʪʦʤ ʛʦʜʫ ʧʦʢʘ ʩʦʚʩʝʤ ʥʝʜʘ-

ʣʝʢʦ (ʢ ʩʝʚʝʨʫ) ʦʪ ʈʝʡʢʴʷʚʠʢʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ. ʄʘʣʦ ʝʟʜʠʤ ʠ ʤʥʦʛʦ ʣʘʟʘʝʤ 

ʧʦ ʛʦʨʘʤè (ʀʟ ʧʠʩʴʤʘ ʩʳʥʫ ɺʣʘʜʠʤʠʨʫ ʦʪ 21 

ʠʶʣʷ 1973 ʛ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 1973 ʛʦʜʫ ʟʘ-

ʤʝʪʥʦ ʠʟʤʝʥʠʣʩʷ ʭʘʨʘʢʪʝʨ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʜʣʠʪʝʣʴʥʳʝ 

ʚʳʝʟʜʳ ʚ ʨʘʟʣʠʯʥʳʝ ʨʘʡʦʥʳ ʀʩʣʘʥʜʠʠ ʩʤʝ-

ʥʠʣʠʩʴ ʙʦʣʝʝ ʧʣʘʥʦʤʝʨʥʦʡ ʜʝʪʘʣʴʥʦʡ 

ʨʘʙʦʪʦʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ. ʕʪʦ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʠ ʚ ʧʠʩʴʤʝ ɽʚʛʝʥʠʷ ɽʚʛʝʥʴʝʚʠʯʘ ɿ.ɺ. 

ʊʠʤʦʬʝʝʚʦʡ ʦʪ 20 ʠʶʣʷ 1973 ʛʦʜʘ: ç...ʋ ʥʘʩ ʚ 

ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʠʶʣʷ ʰʣʘ ʨʫʪʠʥʥʘʷ ʛʝʦʣʦʛʠ-

ʯʝʩʢʘʷ ʨʘʙʦʪʘ ʚ ʦʙʞʠʪʳʭ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝ-

ʜʘʣʝʢʠʭ ʦʪ ʈʝʡʢʴʷʚʠʢʘ ʤʝʩʪʘʭ (ʢ ʩʝʚʝʨʫ ʦʪ 

ʩʪʦʣʠʮʳ). ɽʟʜʠʣʠ ʥʝʤʥʦʛʦ, ʙʦʣʴʰʝ ʭʦʜʠʣʠ ʠ 

ʣʘʟʘʣʠ ʜʦ 600-700 ʤ ʚʚʝʨʭ... ʏʫʚʩʪʚʫʶ ʩʝʙʷ 

ʭʦʨʦʰʦ, ʥʘʩʪʨʦʝʥʠʝ ʩʧʦʢʦʡʥʦʝ, ʨʘʙʦʪʘʶ ʩ 

ʠʥʪʝʨʝʩʦʤè. 

 

ʈʠʩ. 6. ʉʥʦʚʘ ʥʝʙʦʣʴʰʠʤ ʤʦʙʠʣʴʥʳʤ ʦʪʨʷʜʦʤ ʩ çʭʘʪʦʡ ï ʣʘʙʦʨʘʪʦʨʠʝʡè. 1973 ʛ. 

Fig. 6. Again with a small mobile unit with a "hut-laboratory". 1973. 

ɺ ʠʶʣʝ 1973 ʛʦʜʘ ʚ ʈʝʡʢʴʷʚʠʢʝ ʠ ʝʛʦ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʨʦʭʦʜʠʣʦ ʩʦʚʝʱʘʥʠʝ ʧʦ ʧʨʦ-

ʙʣʝʤʘʤ ʛʝʦʭʠʤʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʨʠʬʪʦʚʳʭ ʟʦʥ, 

ʚ ʢʦʪʦʨʦʤ ʩʦʚʝʪʩʢʠʝ ʫʯʝʥʳʝ, ʝʩʪʝʩʪʚʝʥʥʦ, 

ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ. ʇʦ ʦʮʝʥʢʝ ɽʚʛʝʥʠʷ ɽʚʛʝʥʴ-

ʝʚʠʯʘ ʩʦʚʝʱʘʥʠʝ ʙʳʣʦ ʦʯʝʥʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴ-

ʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ, ʙʳʣ ʩʜʝʣʘʥ ʨʷʜ ʮʝʥʥʳʭ 

ʜʦʢʣʘʜʦʚ ʢʘʢ ʧʦ ʀʩʣʘʥʜʠʠ, ʪʘʢ ʠ ʧʦ ɸʬʨʠʢʝ, 

ʂʨʘʩʥʦʤʫ ʤʦʨʶ, ɸʨʘʚʠʠ, ʂʠʧʨʫ, ʈʝʡʥʩʢʦʤʫ 

ʛʨʘʙʝʥʫ. ɺʩʪʨʝʪʠʣʠʩʴ ʩʪʘʨʳʝ ʢʦʣʣʝʛʠ ʧʦ ɺʦ-

ʩʪʦʯʥʦʡ ɸʬʨʠʢʝ ʠ ʥʘʣʘʜʠʣʠʩʴ ʢʦʥʪʘʢʪʳ ʩ ʥʝ-

ʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʚʠʜʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʧʦ ʨʠʬʪʦʛʝʥʝʟʫ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ. ʀʟ ʧʠʩʴʤʘ 

ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʦʛʦ ʞʝʥʝ ɿ.ɺ. ʊʠʤʦʬʝʝʚʦʡ ʦʪ 

20 ʠʶʣʷ 1973 ʛʦʜʘ: çʄʳ ʧʨʠʝʭʘʣʠ ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʜʥʝʡ ʚ ʈʝʡʢʴʷʚʠʢ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʟʘʩʝ-

ʜʘʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʧʦ 

ʨʠʬʪʦʚʦʡ ʟʦʥʝ. ʃʦʛʘʯʝʚ ʧʨʝʜʩʪʘʚʣʷʣ ʥʘ ʥʝʤ 

ʯʣʝʥʘ ʵʪʦʡ ʛʨʫʧʧʳ ʦʪ ʉʉʉʈ ï ʌʣʦʨʝʥʩʦʚʘ 

(ʅʠʢʦʣʘʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʌʣʦʨʝʥʩʦʚ), ʠ ʧʦ-

ʵʪʦʤʫ ʩʠʜʠʪ ʥʘ ʚʩʝʭ ʟʘʩʝʜʘʥʠʷʭ, ʘ ʷ ʙʳʣ ʣʠʰʴ 

ʥʘ ʪʝʭ, ʛʜʝ ʧʨʦʭʦʜʠʣʠ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘʫʯ-

ʥʳʝ ʜʦʢʣʘʜʳé ɺʩʝ ʵʪʦ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʦ ʠ ʧʦ-

ʣʝʟʥʦ ʜʣʷ ʤʝʥʷ. ʉʦʙʨʘʣʠʩʴ ʯʝʣʦʚʝʢ 10ï12 (ʥʝ 

ʩʯʠʪʘʷ ʥʘʩ ʠ ʠʩʣʘʥʜʩʢʠʭ ʫʯʝʥʳʭ) ʚʝʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʠ ʤʝʞ-

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʨʠʬʪʘʤ ï ʢʘʢ ʨʘʟ ʪʝʤ, 

ʢʦʪʦʨʳʤʠ ʷ ʟʘʥʠʤʘʶʩʴ. ɺʩʪʨʝʪʠʣ ʨʷʜ ʩʪʘ-

ʨʳʭ Ăʘʬʨʠʢʘʥʩʢʠʭñ ʟʥʘʢʦʤʳʭé, ʘ ʪʘʢ ʞʝ 

ʪʝʭ, ʢʦʛʦ ʟʥʘʣ ʪʦʣʴʢʦ ʧʦ ʨʘʙʦʪʘʤ ʠʣʠ ʩ ʢʝʤ 

ʧʦʩʪʦʷʥʥʦ ʦʙʤʝʥʠʚʘʣʩʷ ʩʪʘʪʴʷʤʠ, ï ʥʘʧʨʠ-

ʤʝʨ ʀʣʣʠʵʩ (ʖʨʛʝʥ ʍʝʥʥʠʥʛ ʀʣʣʠʝʩ) ʠʟ 

ʂʘʨʣʩʨʫʝ. ʉ ʧʦʩʣʝʜʥʠʤ ʚʩʪʨʝʪʠʣʠʩʴ ʚʟʘʠʤʥʦ 

ʦʯʝʥʴ ʪʝʧʣʦ, ʢʘʢ ʩʪʘʨʳʝ ʟʥʘʢʦʤʳʝ, ʠ ʯʘʩʘ 

ʜʚʘ ʦʙʩʫʞʜʘʣʠ ʩ ʥʠʤ ʧʨʦʙʣʝʤʳ ʨʠʬʪʦʛʝʥʝʟʘ 

(ʦʥ ʚʝʜʫʱʠʡ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʈʝʡʥʩʢʦʤʫ ʛʨʘ-

ʙʝʥʫ ʠ ʦʙʱʠʤ ʚʦʧʨʦʩʘʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʨʠʬʪʦʛʝʥʝʟʘ ʚ ɽʚʨʦʧʝ)è. 

ʉʨʘʟʫ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʦʚʝʱʘʥʠʷ ʥʝ ʪʝ-

ʨʷʷ ʚʨʝʤʝʥʠ ʩʦʚʝʪʩʢʠʝ ʫʯʘʩʪʥʠʢʠ ʵʢʩʧʝʜʠʮʠʠ 

ʧʨʦʜʦʣʞʠʣʠ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʥʘ ʩʝʚʝʨʝ ʀʩ-

ʣʘʥʜʠʠ. ʀʟ ʧʠʩʴʤʘ ɿ.ɺ. ʊʠʤʦʬʝʝʚʦʡ ʦʪ 3 
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ʘʚʛʫʩʪʘ 1973 ʛʦʜʘ: ç...ʄʳ ʚʝʨʥʫʣʠʩʴ ʠʟ 10-

ʜʥʝʚʥʦʛʦ ʤʘʨʰʨʫʪʘ ʥʘ ʩʝʚʝʨ 31-ʛʦ ʚʝʯʝʨʦʤ, ʘ 

1-ʛʦ, ʚ ʜʝʥʴ ʧʨʠʝʟʜʘ ɹʝʣʦʫʩʦʚʘ, ʦʪʤʝʪʠʣʠ ʤʦʡ 

ʜʝʥʴ ʨʦʞʜʝʥʠʷ. ʉʦʙʨʘʣʘʩʴ, ʢʨʦʤʝ 2-ʭ ʯʝʣʦ-

ʚʝʢ, ʚʩʷ ʵʢʩʧʝʜʠʮʠʷ ï 18 ʜʫʰ!... ...ɺ ʵʪʫ ʧʦ-

ʩʣʝʜʥʶʶ ʧʦʝʟʜʢʫ ʦʯʝʥʴ ʤʥʦʛʦ ʠ ʚʳʩʦʢʦ ʦʧʷʪʴ 

ʣʘʟʠʣʠ ʧʦ ʛʦʨʘʤ ï ʜʘʞʝ ʫʤʫʜʨʠʣʠʩʴ ʟʘʛʦʨʝʪʴ, 

ʦʙʣʝʟ ʥʦʩ! 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʥʠ ʜʫʣ ʫʨʘʛʘʥʥʳʡ ʚʝʪʝʨ, ʧʦʜ-

ʯʘʩ ʩʦʚʝʨʰʝʥʥʦ ʩʰʠʙʘʶʱʠʡ ʩ ʥʦʛ... ʏʫʚ-

ʩʪʚʫʶ ʩʝʙʷ ʦʯʝʥʴ ʭʦʨʦʰʦ. ʈʘʙʦʪʘ ʧʨʦʰʣʘ 

ʜʦʚʦʣʴʥʦ ʫʜʘʯʥʦ. ʄʳ ʩʪʦʷʣʠ ʦʜʥʠʤ ʣʘʛʝʨʝʤ ʩ 

ʛʠʥʦʚʩʢʠʤʠ ʩʪʨʘʪʠʛʨʘʬʘʤʠ ï ɻʣʘʜʝʥʢʦʚʳʤ 

(ʖʨʠʡ ɹʦʨʠʩʦʚʠʯ ɻʣʘʜʝʥʢʦʚ) ʠ ɸʭʤʝʪʴʝʚʳʤ 

(ʄʠʭʘʠʣ ɸʣʝʢʩʝʝʚʠʯ ɸʭʤʝʪʴʝʚ), ʧʘʣʝʦʤʘʛʥʠ-

ʯʠʢʦʤ ʉʦʣʦʜʦʚʥʠʢʦʚʳʤ (ɻʝʨʤʘʥ ʄʠʭʘʡʣʦʚʠʯ 

ʉʦʣʦʜʦʚʥʠʢʦʚ), ʞʠʣʠ ʩ ʃʦʛʘʯʝʚʳʤ ʚ ʧʘʣʘʪʢʝ 

(ʩʝʡʯʘʩ ʫ ʥʘʩ ʤʘʣʝʥʴʢʘʷ ʘʨʝʥʜʦʚʘʥʥʘʷ ʣʝʛʢʦ-

ʚʫʰʢʘ-ʬʦʣʴʢʩʚʘʛʝʥ)è. 

ɺ 1976 ʛʦʜʫ ɽʚʛʝʥʠʡ ɽʚʛʝʥʴʝʚʠʯ ʚʥʦʚʴ 

ʚʝʨʥʫʣʩʷ ʢ ʧʦʣʝʚʳʤ ʨʘʙʦʪʘʤ ʚ ʀʩʣʘʥʜʠʠ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʚ ʘʨʭʠʚʝ ʩʦʭʨʘʥʠʣʦʩʴ ʪʦʣʴʢʦ 

ʦʜʥʦ ʧʠʩʴʤʦ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʦʪ 28 ʠʶʣʷ 1976 

ʛʦʜʘ, ʘʜʨʝʩʦʚʘʥʥʦʝ ɿ.ɺ. ʊʠʤʦʬʝʝʚʦʡ: çʇʠʰʫ 

ʪʝʙʝ ʧʦ ʧʫʪʠ ʠʟ ʩʝʚʝʨʥʦʛʦ ʤʘʨʰʨʫʪʘ ʚ ɿʘ-

ʧʘʜʥʫʶ ʀʩʣʘʥʜʠʶ. ʋʞʝ 8-ʦʡ ʜʝʥʴ ʤʳ ʚ ʧʦʣʝ. 

ɾʠʚʫ ʚ ʧʘʣʘʪʢʝ ʠ ʨʳʩʢʘʶ ʧʦ ʜʦʣʠʥʘʤ, ʢʘʢ 3ï

4 ʛʦʜʘ ʥʘʟʘʜ. ʂʘʞʝʪʩʷ, ʯʪʦ ʠ ʥʝ ʫʝʟʞʘʣ ʦʪ-

ʩʶʜʘ. ʄʝʩʪʘ ʵʪʠ ʦʯʝʥʴ ʤʠʣʳ ʠ ʧʘʤʷʪʥʳ ʧʦ 

ʥʘʰʠʤ ʨʘʙʦʪʘʤ ʩ ʃʦʛʘʯʝʚʳʤ. 

ʇʦʛʦʜʘ ʚ ʦʙʱʝʤ ʙʳʣʘ ʚʧʦʣʥʝ ʪʝʨʧʠʤʘʷ, ʘ 

ʥʝʢʦʪʦʨʳʝ ʜʥʠ, ʥʘʧʨʠʤʝʨ, ʚʯʝʨʘʰʥʠʡ ï ʧʨʦ-

ʩʪʦ ʚʝʣʠʢʦʣʝʧʥʳ. ɺ ʮʝʣʦʤ ʫʜʘʣʦʩʴ ʧʦʩʤʦʪ-

ʨʝʪʴ ʠ ʩʜʝʣʘʪʴ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʪʦ, ʯʪʦ ʤʥʝ 

ʭʦʪʝʣʦʩʴ, ʠ ʚ ʜʦʙʘʚʦʢ ï ʩʲʝʟʜʠʪʴ ʟʘ ʦʟʝʨʦ 

ʄʠʚʘʪʥ, ʛʜʝ ʚ ʥʘʯʘʣʝ ʵʪʦʛʦ ʛʦʜʘ ʧʨʦʠʟʦʰʣʦ 

ʠʟʚʝʨʞʝʥʠʝé ʕʪʦ ʠʟʚʝʨʞʝʥʠʝ ʙʳʣʦ Ăʤʠʥʠ-

ʘʪʶʨʥʦʝñ, ʧʦʯʪʠ Ăʠʛʨʫʰʝʯʥʦʝñ, ʥʦ ʚ ʯʠʩʪʦ 

ʠʩʣʘʥʜʩʢʦʤ ʩʪʠʣʝ (ʪʨʝʱʠʥʥʦʝ), ʠ ʧʦʟʥʘʢʦ-

ʤʠʪʴʩʷ ʩ ʥʠʤ ʙʳʣʦ ʠʩʪʠʥʥʦʝ ʫʜʦʚʦʣʴʩʪʚʠʝ. 

ʃʘʚʳ ʝʱʝ ʪʝʧʣʳʝ, ʤʝʩʪʘʤʠ ʜʘʞʝ ʛʦʨʷʯʠʝ, ʠʟ 

ʢʨʘʪʝʨʦʚ ʠ ʪʨʝʱʠʥ ʧʦʜʥʠʤʘʶʪʩʷ ʤʦʱʥʳʝ 

ʩʪʨʫʠ ʛʘʟʦʚ ʠ ʧʘʨʦʚ, ʨʘʟʜʚʠʥʫʣʠʩʴ ʠ ʧʦʷʚʠ-

ʣʠʩʴ ʥʦʚʳʝ ʪʨʝʱʠʥʳ, ʩʣʦʚʦʤ ʚʩʝ Ăʞʠʚʦʝñ. 

ʉʜʝʣʘʣ ʤʥʦʛʦ ʩʣʘʡʜʦʚ, ʥʦ ʜʝʥʴ ʙʳʣ ʧʘʩʤʫʨ-

ʥʳʡ, ʠ ʥʝ ʟʥʘʶ, ʢʘʢ ʚʳʰʣʠ ʩʦʚʝʨʰʝʥʥʦ ʯʝʨʥʳʝ 

ʣʘʚʳ ʥʘ ʩʝʨʦʤ ʬʦʥʝè. 

ɺʦʪ ʪʘʢ, ʙʫʜʥʠʯʥʦ ʚ ʧʦʚʩʝʜʥʝʚʥʳʭ ʪʨʫʜʘʭ 

ʠ ʟʘʙʦʪʘʭ ʨʦʞʜʘʣʦʩʴ ʫʯʝʥʠʝ ʦ ʨʠʬʪʦʛʝʥʝʟʝ, 

ʧʨʠʥʝʩʰʝʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʠʨʦʚʫʶ ʠʟʚʝʩʪ-

ʥʦʩʪʴ ʜʚʫʤ ʙʫʜʫʱʠʤ ʘʢʘʜʝʤʠʢʘʤ ʨʠʬʪʦʛʝ-

ʥʝʟʘ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʘʤ ʠ ʜʦʙʨʳʤ ʜʨʫʟʴʷʤ 

ʅ.ɸ. ʃʦʛʘʯʝʚʫ ʠ ɽ.ɽ. ʄʠʣʘʥʦʚʩʢʦʤʫ. 

ʃʠʪʝʨʘʪʫʨʘ 
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Abstract. The Baikal area is one of the regions in Russia that contains rich deposits of mica. The 

search for and extraction of mica in the Baikal region began in the 1680s. By the early 1700s, there 

were several mica mining centers in the region, which were used for windows. However, by the early 

1900s, the mica mining industry in the Baikal region had largely ceased due to the development of 

glass production and a decrease in demand for mica. The revival of mica mining occurred in the early 
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ʩʝʨʝʙʨʷʥʦʡ ʨʫʜʳ ʚ ʉʠʙʠʨʠè (ɹʨʦʜʥʠʢʦʚ, 
2019, ʩ. 284ï326). 
ʂʨʦʤʝ ʩʝʨʝʙʨʘ, ʈʦʩʩʠʡʩʢʘʷ ʠʤʧʝʨʠʷ ʙʳʣʘ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ ʚ ʦʪʢʨʳʪʠʠ ʧʨʦʷʚʣʝʥʠʡ ʠ 
ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʜʥʠʤ ʠʟ ʪʘ-
ʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʙʳʣʘ ʩʣʶʜʘ. ʋʜʠ-
ʚʠʪʝʣʴʥʳʡ ʤʠʥʝʨʘʣ, ʠʤʝʶʱʠʡ ʚʳʩʦʢʫʶ ʩʧʘ-
ʷʥʥʦʩʪʴ ʠ ʧʦʵʪʦʤʫ ʣʝʛʢʦ ʨʘʩʩʣʘʠʚʘʶʱʠʡʩʷ 
ʥʘ ʪʦʥʢʠʝ ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ ʣʠʩʪʢʠ. ʇʨʠʙʘʡ-
ʢʘʣʴʝ ʩʪʘʣʦ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʤʝʩʪ, ʛʜʝ ʧʦ-
ʠʩʢʠ ʩʣʶʜʳ ʠ ʝʸ ʜʦʙʳʯʘ ʧʨʦʭʦʜʠʣʠ ʦʩʦʙʝʥʥʦ 
ʠʥʪʝʥʩʠʚʥʦ. 
ʂ ʩʦʞʘʣʝʥʠʶ, ʠʩʪʦʨʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ʵʪʦʛʦ 

ʧʨʦʤʳʩʣʘ ʚ ʇʨʠʙʘʡʢʘʣʴʝ ʠʟʫʯʝʥʘ ʩʣʘʙʦ, ʠ ʟʘ-
ʯʘʩʪʫʶ ʥʘʩʳʱʝʥʘ ʤʠʬʘʤʠ ʠ ʚʳʤʳʩʣʘʤʠ. ɺ 
ʛʦʨʦʜʝ ʉʣʶʜʷʥʢʘ, ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʦʥʝʯ-
ʥʦʩʪʠ ɹʘʡʢʘʣʘ, ʚ ʠʶʥʝ 2022 ʛʦʜʘ ʥʘ ʘʣʣʝʝ ʫ 
ʨʘʡʦʥʥʦʡ ʙʦʣʴʥʠʮʳ ʧʦʷʚʠʣʩʷ ʧʘʤʷʪʥʳʡ ʟʥʘʢ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʣʶʜʷʥʩʢʠʭ ʛʦʨʥʷʢʦʚ (ʨʠʩ. 1). 
ɹʝʟʫʩʣʦʚʥʦ, ʵʪʦ ʚʘʞʥʦʝ ʩʦʙʳʪʠʝ ʜʣʷ ʛʦʨʦʜʘ, 
ʠʩʪʦʨʠʷ ʢʦʪʦʨʦʛʦ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʘ ʩ ʛʦʨʥʦ-
ʜʦʙʳʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʆʜʥʘʢʦ, 
ʥʘʜʧʠʩʠ ʥʘ ʵʪʦʤ ʧʘʤʷʪʥʦʤ ʟʥʘʢʝ ʚʳʟʳʚʘʶʪ, 
ʢʘʢ ʤʠʥʠʤʫʤ, ʫʜʠʚʣʝʥʠʝ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ 
ʱʠʪ ʨʷʜʦʤ ʩ ʧʘʤʷʪʥʳʤ ʟʥʘʢʦʤ ʩʦʦʙʱʘʝʪ, ʯʪʦ 
ʥʘʯʘʣʦ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 
ʉʣʶʜʷʥʢʝ ʦʪʥʦʩʠʪʩʷ ʢ 1647 ʛʦʜʫ, ʢʦʛʜʘ ʦʪʨʷʜ 
ʧʝʨʚʦʧʨʦʭʦʜʮʝʚ ʀʚʘʥʘ ʇʦʭʘʙʦʚʘ ʧʨʠʙʳʣ 
ʩʶʜʘ, ʯʪʦʙʳ çʜʦʙʳʚʘʪʴ ʩʣʶʜʫ ʠ ʦʭʨʘʥʷʪʴ ʨʫ-
ʜʦʟʥʘʪʮʝʚ ʠ ʜʦʙʳʪʯʠʢʦʚ ʦʪ ʵʚʝʥʢʦʚè. 

 

ʈʠʩ. 1. ʇʘʤʷʪʥʳʡ ʟʥʘʢ ʛʦʨʥʷʢʘʤ ʧʝʨʚʦʧʨʦ-

ʭʦʜʮʘʤ ʚ ʛʦʨʦʜʝ ʉʣʶʜʷʥʢʘ (ʬʦʪʦ ʘʚʪʦʨʦʚ). 

Fig. 1. Memorial sign to pioneering miners in 

the city of Slyudyanka (photo by the authors). 

ʀ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝʤʘʣʦ. 

ʏʘʱʝ ʚʩʝʛʦ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʟʥʘʢʦʤʩʪʚʦ ʩ ʧʨʦʙʣʝʤʦʡ ʠ ʥʝ-

ʚʥʠʤʘʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠʩʪʦʯ-

ʥʠʢʦʚ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʠʩʪʦ-

ʨʠʠ ʩʣʶʜʷʥʳʭ ʧʨʦʤʳʩʣʦʚ ʚ ʇʨʠʙʘʡʢʘʣʴʝ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦ ʠʩʪʦʨʠʯʝʩʢʠʤ ʜʦʢʫʤʝʥʪʘʤ XVII  ʚʝʢʘ, ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʘʨʪʦʛʨʘʬʠ-

ʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ XVIII ïXIʍ ʚʝʢʦʚ. 

ʆʩʚʦʝʥʠʝ ʇʨʠʙʘʡʢʘʣʴʷ ʨʫʩʩʢʠʤʠ 
ʟʝʤʣʝʧʨʦʭʦʜʮʘʤʠ ʠ ʟʘʨʦʞʜʝʥʠʝ 
ʩʣʶʜʥ̫ʦʛʦ ʧʨʦʤʳʩʣʘ 

ʆʩʚʦʝʥʠʝ ʶʞʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ 

ʥʘʯʘʣʦʩʴ ʩ 40-ʭ ʛʦʜʦʚ XVII ʚʝʢʘ, ʧʦʩʣʝ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʘ ʦʩʪʨʦʛʦʚ ʥʘ ɸʥʛʘʨʝ ʠ ʃʝʥʝ: ʀʣʠʤ-

ʩʢʠʡ (1630 ʛ.), ʋʩʪʴ-ʂʫʪʩʢʠʡ (1631 ʛ.), ɹʨʘʪ-

ʩʢʠʡ (1631 ʛ.). 

ɺʧʝʨʚʳʝ ʨʫʩʩʢʠʝ ʧʦʧʘʣʠ ʥʘ ɹʘʡʢʘʣ ʚ 1643 

ʛ. (ʚʦʟʤʦʞʥʦ ʥʝʤʥʦʛʦ ʨʘʥʴʰʝ). ʆʪʨʷʜ ʂʫʨ-

ʙʘʪʘ ʀʚʘʥʦʚʘ ʩ ʚʝʨʭʦʚʴʝʚ ʃʝʥʳ ʧʝʨʝʚʘʣʠʚ 

ʇʨʠʤʦʨʩʢʠʡ ʭʨʝʙʝʪ ʚʳʰʝʣ ʥʘ ʟʘʧʘʜʥʳʡ ʙʝ-

ʨʝʛ ʄʘʣʦʛʦ ʤʦʨʷ, ʧʦʙʳʚʘʣ ʥʘ ʆʣʴʭʦʥʝ, ʘ 

ʯʘʩʪʴ ʝʛʦ ʜʦʙʨʘʣʘʩʴ ʜʦ ʩʝʚʝʨʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ 

ʦʟʝʨʘ (ʈʫʤʷʥʮʝʚ, 1958). ɺʩʣʝʜ ʟʘ ʥʠʤʠ ʯʝʨʝʟ 

ɹʘʡʢʘʣ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʩʝʨʝʙʨʘ ʠ ʫʩʪʘʥʦʚʣʝ-

ʥʠʷ ʢʦʥʪʘʢʪʦʚ ʩ ʤʦʥʛʦʣʴʩʢʠʤʠ ʢʥʷʟʮʘʤʠ 

ʫʩʪʨʝʤʠʣʠʩʴ ʚ ɿʘʙʘʡʢʘʣʴʝ ʦʪʨʷʜʳ ʢʘʟʘʢʦʚ ʠ 

ʩʣʫʞʠʣʳʭ ʣʶʜʝʡ ʧʦʜ ʢʦʤʘʥʜʦʚʘʥʠʝʤ: ʀʚʘʥʘ 

ʇʦʭʘʙʦʚʘ (1644 ʛ.), ɺʘʩʠʣʠ ̫ ʂʦʣʝʩʥʠʢʦʚʘ 

(1645 ʛ.), ʀʚʘʥʘ ʇʦʭʘʙʦʚʘ (1647 ʛ.), ʀʚʘʥʘ 

ɻʘʣʢʠʥʘ (1648 ʛ.), ʇʝʪʨʘ ɹʝʢʝʪʦʚʘ (1652 ʛ.) ʠ 

ʜʨ. 

ɺ 1645 ʛ. çé ʚʝʣʝʣ ʛʦʩʫʜʘʨʴ ʥʘʰ ʮʘʨʴ ʠ ʚʝ-

ʣʠʢʠʡ ʢʥʷʟʴ ɸʣʝʢʩʝʡ ʄʠʭʘʡʣʦʚʠʯ ʚʩʝʷ ʈʫʩʠ 

ʩʣʫʞʠʣʳʤ ʣʶʜʷʤ ʠʜʪʠ ʠʟ ɽʥʠʩʝʡʩʢʦʛʦ 

ʦʩʪʨʦʛʫ ʩ ʘʪʘʤʘʥʦʤ ʩ ɺʘʩʠʣʠʝʤ ʂʦʣʝʩʥʠʢʦ-

ʚʳʤ ʠ ʩ ʩʣʫʞʠʣʳʤʠ ʣʶʜʴʤʠ ʚ ʥʦʚʫʶ ʟʝʤʣʶ ʥʘ 

ɹʘʡʢʘʣ-ʦʟʝʨʦ ʠ ʧʨʦʚʝʜʘʪʴ ʧʨʦ ʩʝʨʝʙʨʷʥʫʶ 

ʨʫʜʫ ʠ ʧʨʦ ʩʝʨʝʙʨʦ, ʛʜʝ ʪʘ ʩʝʨʝʙʨʷʥʘʷ ʨʫʜʘ 

ʝʩʪʴ, ʠ ʢʘʢ ʠʟ ʪʦʡ ʩʝʨʝʙʨʷʥʦʡ ʨʫʜʳ ʩʝʨʝʙʨʦ 

ʜʝʣʘʶʪ, ʠ ʚ ʢʦʪʦʨʦʤ ʛʦʩʫʜʘʨʩʪʚʝ ʠʣʠ ʚ ʢʦ-

ʪʦʨʦʡ ʟʝʤʣʠ, ʠ ʢʘʢʠʝ ʣʶʜʠ ʫ ʪʦʡ ʩʝʨʝʙʨʷʥʦʡ 

ʨʫʜʳ ʞʠʚʫʪ, ʠ ʢʘʢ ʠʟ ʪʦʡ ʩʝʨʝʙʨʷʥʦʡ ʨʫʜʳ 

ʦʥʠ ʩʝʨʝʙʨʦ ʜʝʣʘʶʪè ð ʥʘʧʠʩʘʥʦ ʚ ʦʜʥʦʤ ʠʟ 

ʜʦʢʫʤʝʥʪʦʚ ʇʨʠʢʘʟʥʦʡ ʠʟʙʳ ɽʥʠʩʝʡʩʢʦʛʦ 

ʦʩʪʨʦʛʘ (ʉʙʦʨʥʠʢé, 1960, ʩ. 187). 

ɿʘʢʨʝʧʣʝʥʠʝ ʟʘ ʈʦʩʩʠʡʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʦʤ 

ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʙʘʡʢʘʣʴʷ ʧʨʦʠʟʦʰʣʦ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʷʜʘ ʫʢʨʝʧʣʝʥʥʳʭ ʧʦ-

ʩʝʣʝʥʠʡ ð ʦʩʪʨʦʛʦʚ: ɺʝʨʭʦʣʝʥʩʢʠʡ (1641 ʛ.), 
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ɹʘʨʛʫʟʠʥʩʢʠʡ (1648 ʛ.), ɹʘʣʘʛʘʥʩʢʠʡ (1654 ʛ.), 

ʀʨʢʫʪʩʢʠʡ (1661 ʛ.), ʉʝʣʝʥʛʠʥʩʢʠʡ (1665 ʛ.), 

ʋʜʠʥʩʢʠʡ (1666 ʛ.), ɽʨʘʚʥʝʥʩʢʠʡ (1667 ʛ.), 

ʀʥʜʠʥʩʢʠʡ (1669 ʛ.), ʊʫʥʢʠʥʩʢʠʡ (1676 ʛ.), 

ʀʪʘʥʮʠʥʩʢʠʡ (1679 ʛ.), ʀʣʴʠʥʩʢʠʡ (1688 ʛ.), 

ɹʝʣʴʩʢʠʡ (1691 ʛ.). ʇʣʶʩ ʜʚʘ ʦʩʪʨʦʞʥʳʭ ʟʠ-

ʤʦʚʴʷ ï ɸʥʛʘʨʩʢʦʝ (ɺʝʨʭʥʝʘʥʛʘʨʩʢʦʝ, ʇʦʜʢʘ-

ʤʝʥʥʦʝ) (1646 ʛ.) ʠ ʂʫʣʪʫʮʢʦʝ (1694 ʛ.). 

ɺʩʣʝʜ ʟʘ ʟʘʢʨʝʧʣʝʥʠʝʤ ʤʝʩʪʥʳʭ ʧʣʝʤʝʥ ʟʘ 

ʦʩʪʨʦʛʘʤʠ ʠ ʥʘʣʘʞʠʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʩʙʦʨʘ 

ʷʩʘʢʘ (ʥʘʣʦʛʘ) ʚ ʧʦʣʴʟʫ ʨʦʩʩʠʡʩʢʦʡ ʢʘʟʥʳ, 

ʥʘʯʠʥʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨ-

ʩʦʚ ʪʝʨʨʠʪʦʨʠʠ. 

ʀʤʧʫʣʴʩ ʛʦʨʥʦʤʫ ʧʨʦʤʳʩʣʫ ʚ ʇʨʠʙʘʡʢʘ-

ʣʴʝ ʜʘʣ ʫʢʘʟ ʉʠʙʠʨʩʢʦʛʦ ʧʨʠʢʘʟʘ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʡ ʚ 1680 ʛ. ʝʥʠʩʝʡʩʢʦʤʫ ʚʦʝʚʦʜʝ ʢʥʷʟʶ 

ʂʦʥʩʪʘʥʪʠʥʫ ʑʝʨʙʘʪʦʚʫ. ɺ ʋʢʘʟʝ ʧʨʝʜʧʠʩʳ-

ʚʘʣʦʩʴ çé ʧʨʦ ʟʦʣʦʪʫʶ ʨʫʜʫ, ʠ ʧʨʦ ʩʝʨʝʙʨʦ, ʠ 

ʧʨʦ ʞʝʤʯʫʛ, ʠ ʢʘʤʝʥʴʝ, ʠ ʤʝʜʴ, ʠ ʦʣʦʚʦ, ʠ ʩʚʠ-

ʥʝʮ, ʠ ʞʝʣʝʟʦ, ʠ ʧʨʦ ʙʘʨʭʘʪʳ, ʠ ʘʪʣʘʩʳ, ʠ 

ʢʘʤʢʠ, ʠ ʢʦʩʪʴ ʜʦʙʨʫʶ ʨʳʙʴʷ ʟʫʙʘ, ʠ ʧʨʦ ʚʩʷ-

ʢʠʝ ʫʟʦʨʦʯʥʳʝ ʪʦʚʘʨʳ, ʠ ʧʨʦ ʚʩʷʢʦʝ ʫʛʦʜʴʷ 

ʨʘʩʩʧʨʘʰʠʚʘʪʴ ʠʥʦʟʝʤʮʝʚ ʧʦʜʣʠʥʥʦ ʠ ʧʨʦ ʪʦ 

ʧʨʦ ʚʩʝ ʧʠʩʘʪʴ ʢ ʥʘʤ ʚʝʣʠʢʠʤ ʛʦʩʫʜʘʨʝʤ ʚ 

ʄʦʩʢʚʫ ʠ ʚ ɽʥʠʩʝʡʩʢè. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʥʠʩʝʡ-
ʩʢʠʡ ʚʦʝʚʦʜʘ ʧʝʨʝʧʨʘʚʠʣ ʵʪʦʪ çʥʘʢʘʟè ʚ ʀʨʢʫʪ-

ʩʢʠʡ ʠ ʧʨʠʧʠʩʘʥʥʳʝ ʢ ʥʝʤʫ ʟʘʙʘʡʢʘʣʴʩʢʠʝ 

ʦʩʪʨʦʛʠ (ɼʦʧʦʣʥʝʥʠʷé, 1851, ʩ. 315). ɺ ʥʘʢʘʟ-

ʥʦʡ ʧʘʤʷʪʠ, ʦʪʧʨʘʚʣʝʥʥʦʡ ʠʨʢʫʪʩʢʠʤ ʚʦʝʚʦ-

ʜʦʡ ʀʚʘʥʦʤ ɺʣʘʩʦʚʳʤ ʚ 1682 ʛ. ʧʨʠʢʘʟʯʠʢʫ 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʦʩʪʨʦʛʘ ʩʳʥʫ ʙʦʷʨʩʢʦʤʫ 

ʀʚʘʥʫ ʇʝʨʬʠʣɹ ʝʚʫ, ʧʨʝʜʧʠʩʳʚʘʣʦʩʴ: çʧʨʦʚʝ-

ʜʳʚʘʪʴ ʚʩʷʢʠʤʠ ʨʫʩʩʢʠʤʠ ʣʶʜʴʤʠ ʠ ʠʥʦʟʝʤ-

ʮʘʤ ʧʨʦ ʟʦʣʦʪʫʶ ʠ ʧʨʦ ʩʝʨʝʙʨʷʥʫʶ ʠ ʧʨʦ ʤʝʜ-

ʥʫʶ ʠ ʦʣʦʚʷʥʥʫʶ ʠ ʩʚʠʥʮʦʚʫʶ ʨʫʜʳ ʠ ʧʨʦ 

ʩʣʫʜʫ ʜʦʙʨʫʶ ʠ ʧʨʦ ʩʝʣʠʪʨʝʥʫʶ ʟʝʤʣʶè ʠ ʫʢʘ-

ʟʳʚʘʣʦʩʴ, ʯʪʦ çʙʫʜʝʪ ʠʤ ʟʘ ʪʦ ʚʝʣʠʢʠʭ ʛʦʩʫ-

ʜʘʨʝʡ ʞʘʣʦʚʘʥʴʝè (ʉʙʦʨʥʠʢé, 1960, ʩ. 255). 

ɺ 1684 ʛʦʜʫ ʠʨʢʫʪʩʢʠʡ ʧʠʩʴʤʝʥʥʳʡ ʛʦʣʦʚʘ 

(ʧʦʤʦʱʥʠʢ ʚʦʝʚʦʜʳ) ʃʝʦʥʪʠʡ ʂʠʩʣʷʥʩʢʠʡ 

ʦʪʯʠʪʳʚʘʝʪʩʷ ʝʥʠʩʝʡʩʢʦʤʫ ʚʦʝʚʦʜʝ ʦ çʧʨʦʜʝ-

ʣʘʥʥʦʡ ʨʘʙʦʪʝè ʠ ʦʪʧʨʘʚʣʷʝʪ ʦʙʨʘʟʮʳ 

ʥʘʡʜʝʥʥʦʡ çʨʫʜʳ ʠ ʢʨʘʩʢʠ ʠ ʟʝʤʣʠ ʜʣʷ ʩʝʣʠʪ-

ʨʷʥʦʛʦ ʦʧʳʪʘè (ɼʦʧʦʣʥʝʥʠʷé, 1851, ʩ. 332). 

ʀʟ ʦʪʧʠʩʦʢ ʢʘʟʘʢʦʚ ʠ ʠʨʢʫʪʩʢʠʭ ʥʘʯʘʣʴʥʠ-

ʢʦʚ, ʦʪʧʨʘʚʣʝʥʥʳʭ ʚ ɽʥʠʩʝʡʩʢʠʡ ʦʩʪʨʦʛ, ʩʣʝ-

ʜʫʝʪ, ʯʪʦ ʟʘ 1683ï1684 ʛʦʜʘ ʚ ʇʨʠʙʘʡʢʘʣʴʝ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʩʪ ʧʨʦʷʚʣʝʥʠʷ 

ʩʣʶʜʳ: 

¶ ʇʦ ʜʦʥʝʩʝʥʠʶ ʫʧʨʘʚʠʪʝʣʷ ɺʝʨʭʥʝʘʥ-
ʛʘʨʩʢʦʛʦ ʦʩʪʨʦʛʘ ʧʷʪʠʜʝʩʷʪʥʠʢʘ ʢʘʟʘʯʴʝʛʦ 

ʊ. ʑʝʨʙʘʢʦʚʘ, ʩʣʶʜʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʫ 

ʦʟʝʨʘ ɹʘʡʢʘʣ, ʚ ʫʨʦʯʠʱʝ ʟʘ ʂʦʪʶʛʠʥʦʶ ʨʝ-

ʢʦʡ, ʚ ʛʦʨʝ (ʉʝʚʝʨʥʳʡ ɹʘʡʢʘʣ ï ɸʚʪ.). ʇʦ ʩʣʦ-

ʚʘʤ ʑʝʨʙʘʢʦʚʘ, çʧʦ ʝʛʦ ʧʦʩʳʣʢʝè ʚʳʣʦʤʘʣʠ 

ʧʦʣʧʫʜʘ ʩʣʶʜʳ. ɺʠʜʠʤʦ ʦ ʪʦʤ ʞʝ ʧʨʦʷʚʣʝ-

ʥʠʠ ʩʣʶʜʳ ʧʦʚʝʜʘʣ ʂʠʩʣʷʥʩʢʦʤʫ çʦʙʨʦʪʯʠʢè 

ʇ. ʄʠʢʠʪʠʥ: çʝʩʪʴ ʩʣʶʜʘ ʚ ʢʘʤʝʥʶ, ʥʘ ʙʝ-

ʨʝʛʫ ɹʘʡʢʘʣʘ ʦʟʝʨʘ, ʘ ʦʪ ʫʩʪʴ ɸʥʛʘʨʳ ʨʝʢʠ 

ʪʦʣʴʢʦ ʜʝ ʚʝʨʩʪʳ ʩ ʪʨʠ, ʠ ʯʘʶʪ ʜʝ ʚ ʪʦʤ ʤʝ-

ʩʪʝ ʧʦ ʧʨʠʟʥʘʢʘʤ ʩʣʶʜʳ ʜʦʙʨʳʝ ...è (ʈʫʤʷʥ-

ʮʝʚ, 1958, ʩ. 3ï12). 

¶ ʇʦ ʩʦʦʙʱʝʥʠʶ ʠʨʢʫʪʩʢʦʛʦ ʢʘʟʘʢʘ 

ɻ. ʂʠʙʠʨʝʚʘ çʭʦʜʠʣ ʦʥ ʠʟ ʀʨʢʫʮʢʦʛʦ ʦʩʪʨʦʛʫ 

ʚ ʄʫʥʛʘʣʩʢʫʶ ʟʝʤʣʶ ʯʝʨʝʟ ʋʨʫ pʝʢʫ ʚ ʧʨʦ-

ʰʣʳʭ ʛʦʜʘʭ, ʠ ʧʦ ʪʦʡ ʋʨʝ pʝʢʝ ʚ yʪʝʩʝ ʝʩʪʴ ʚ 

ʢʘʤʝʥʶ ʩʣʶʜʥʳʝ ʤʥʦʛʠʝ ʩʣʦʠ ʚʦ ʚʝʩʴ ʫʪʝʩè 

(ɼʦʧʦʣʥʝʥʠʷé, 1851, ʩ. 327). (ʈʝʢʘ ʋʨʘ ð 

ʧʨʠʪʦʢ ʨʝʢʠ ʕʛʠʡʥ-ɻʦʣ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ 

ʦʟʝʨʘ ʍʫʙʩʫʛʫʣ ʚ ʄʦʥʛʦʣʠʠ ï ɸʚʪ.). ɺ ʦʪʚʝʪ 

ʥʘ ʟʘʧʨʦʩ ʠʨʢʫʪʩʢʦʛʦ ʧʠʩʴʤʝʥʥʦʛʦ ʛʦʣʦʚʳ 

ʧʨʠʢʘʟʯʠʢ ʊʫʥʢʠʥʩʢʦʛʦ ʦʩʪʨʦʛʘ ʖ. ʄʦʛʠʣʝʚ 

ʦʪʚʝʯʘʝʪ, ʯʪʦ ʩʧʨʘʰʠʚʘʣ ʫ ʧʨʦʚʦʜʥʠʢʦʚ ʠʟ 

çʷʩʘʯʥʳʭ ʠʥʦʟʝʤʮʝʚè ʧʨʦ ʩʣʶʜʫ ʥʘ ʨʝʢʝ ʋʨʝ, 

çé ʦʥʝ ʧʦ ʋʨʝ ʨʝʢʝ ʥʠʛʜʝ ʩʣʫʜʳ ʥʝ ʚʝʜʘʶʪè, 

ʘ ʢʘʟʘʢʦʚ ʠʩʢʘʪʴ ʩʣʶʜʫ ʥʝʠʟʚʝʩʪʥʦ ʛʜʝ ʟʘ ʤʘ-

ʣʦʣʶʜʩʪʚʦʤ ʣʶʜʝʡ ʚ ʦʩʪʨʦʛʝ ʦʥ ʧʦʩʳʣʘʪʴ ʥʝ 

ʩʤʝʝʪ (ʉʙʦʨʥʠʢé, 1960, ʩ. 270ï271). 

¶ ʇʦ ʩʦʦʙʱʝʥʠʶ ʠʨʢʫʪʩʢʦʛʦ ʢʘʟʘʢʘ 

ʄʠʰʢʠ ɽʧʠʬʘʥʦʚʘ çʝʩʪʴ ʜʝ ʧʦʜʣʝ ɹʘʡʢʘʣʘ 

ʦʟʝʨʦ, ʧʦ ʝʶ ʩʪʦʨʦʥʫ, ʤʝʞʜʫ ʨʝʢʘʤʠ ɹʦʣʴ-

ʰʦʶ ʠ ʄʘʣʦʶ ɹʫʛʳʣʜʝʡʢʘʤʠ, ʩʣʶʜʘ, ʘ ʥʝʧʦ-

ʜʘʣʝʢʫ ʦʪ ʪʦʛʦ ʤʝʩʪʘ ʢʦʯʫʶʪ ɺʝʨʭʦʣʝʥʩʢʦʛʦ 

ʦʩʪʨʦʛʫ ʷʩʘʰʥʳʝ ʙʨʘʮʢʠʝ ʣʶʜʠ, ʠ ʪʝ é ʣʶʜʠ 

ʪʫ ʩʣʶʜʫ ʚʠʜʘʶʪ ʙʝʩʧʨʝʩʪʘʥʥʦ ...è (ɹʦʣʴ-

ʰʘʷ ɹʫʛʫʣʴʜʝʡʢʘ ï ʨʝʢʘ ɸʥʛʘ ð ɸʚʪ.). ʆʜ-

ʥʘʢʦ ʪʦʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʭʦʜʦʚ ʩʣʶʜʳ 

ʙʫʨʷʪʳ ʥʝ ʫʢʘʟʘʣʠ, ʪʘʢ ʢʘʢ ʫ ɽʧʠʬʘʥʦʚʘ ʥʝ 

ʦʢʘʟʘʣʦʩʴ ʜʣʷ ʥʠʭ ʧʦʜʘʨʢʦʚ. ʃʝʦʥʪʠʡ ʂʠʩ-

ʣʷʥʩʢʠʡ ʦʪʧʨʘʚʣʷʝʪ ʢʘʟʘʯʴʝʛʦ ʧʷʪʠʜʝʩʷʪʥʠʢʘ 

ɸʥʠʩʠʤʘ ʄʠʭʘʣʝʚʘ ʩ ʦʪʨʷʜʦʤ ʥʘ ɹʫʛʫʣʴ-

ʜʝʡʢʫ, ʩʥʘʙʞʘʷ ʠʭ ʧʦʜʘʨʢʘʤʠ ʜʣʷ ʤʝʩʪʥʳʭ 

ʞʠʪʝʣʝʡ ð çʩʫʢʥʦ, ʦʣʦʚʦ ʠ ʤʠʰʫʨʫè, ʯʪʦʙʳ 

ʚʳʚʝʜʘʪʴ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʧʨʦʷʚʣʝʥʠʷ ʨʫʜ, ʢʨʘ-

ʩʦʢ ʠ ʩʣʶʜʳ. ʊʦʤʫ, ʢʪʦ ʫʢʘʞʝʪ ʤʝʩʪʦ, ʛʜʝ 

ʠʤʝʝʪʩʷ ʩʣʶʜʘ ʠʣʠ çʠʥʳʝ ʚʩʷʢʠʝ ʫʟʦʨʦʯʴʷè, 

ʙʳʣʦ ʦʙʝʱʘʥʦ ʦʩʚʦʙʦʞʜʝʥʠʝ ʦʪ ʷʩʘʯʥʦʛʦ 

ʧʣʘʪʝʞʘ çʥʘʚʝʯʥʦè. ʅʦ ʧʦʜʘʨʢʠ ʥʝ ʧʦʤʦʛʣʠ. 

ʇʦ ʦʪʧʠʩʢʝ ʄʠʭʘʣʝʚʘ ʫ ʨ. ɹʦʣʴʰʦʡ ɹʫʛʫʣ-

ʜʝʡʢʠ ʩʣʶʜʳ çʩʳʩʢʘʪʴ ʜʝ ʥʝ ʤʦʛʣʠ: ʘ ʧʨʠ-

ʟʥʘʢ ʜʝ ʩʣʶʜʥʳʭ ʝʩʪʴ ʤʥʦʛʦ, ʣʝʞʘʪ ʧʦ ʛʦ-

ʨʘʤ ʠ ʧʦ ʙʫʛʨʘʤ ʣʦʩʢʫʪʢʠ ʩʣʶʜʥʳʝ ʚ ʧʦʣ-

ʝʬʠʤʢʘ ʠ ʤʝʥʴʰʝ ʠ ʥʘ ʩʪʝʧʷʭ ʜʝ ʧʦ ʤʥʦʛʠʤ 

ʞʝ ʤʝʩʪʦʤ ʣʝʞʠʪ ʤʝʣʢʘʷ ʩʣʶʜʘ, ʯʪʦ ʙʣʝʩʢʠ 
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ʩʚʝʪʷʪ, ʘ ʧʦʞʠʣʠʮʳ ʜʝ ʦʥʠ ʥʝ ʩʳʩʢʘʣʠ...è 

(ɼʦʧʦʣʥʝʥʠʷé, 1851, ʩ. 326ï333). 

¶ ɺ ʪɻʦ ʞʝ ʚʨʝʤʷ ʧʦʷʚʣʷʶʪʩʷ ʧʝʨʚʳʝ 
ʩʚʝʜʝʥʠʷ ʦ ʥʘʭʦʜʢʘʭ ʩʣʶʜʳ ʥʘ ʨʝʢʝ ɺʠʪʠʤ. 

ʃʝʦʥʪʠʡ ʂʠʩʣʷʥʩʢʠʡ ʦʪʧʨʘʚʣʷʝʪ ʠʟ ʀʨʢʫʪ-

ʩʢʦʛʦ ʦʩʪʨʦʛʘ ʥʘ ʨʘʟʚʝʜʢʫ ʗ. ʊʫʨʯʘʥʠʥʦʚʘ ʠ 

ɺ. ʂʦʨʦʪʦʚʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʣʠ ʚ ɹʘʨʛʫ-

ʟʠʥʩʢʦʤ ʦʩʪʨʦʛʝ ʚʟʷʪʴ ʧʦʜʚʦʜʳ, ʣʶʜʝʡ ʠ ʩʥʘ-

ʨʷʞʝʥʠʝ ʜʣʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʆʜʥʘʢʦ, ʧʨʠʢʘʟ-

ʯʠʢ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʦʩʪʨʦʛʘ ʀʚʘʥ ʇʝʨʬʠʣʴʝʚ 

ʥʝ ʩʧʝʰʠʣ ʚʳʧʦʣʥʷʪʴ ʧʨʝʜʧʠʩʘʥʠʝ ʠʨʢʫʪ-

ʩʢʦʛʦ ʚʦʝʚʦʜʳ ʩʯʠʪʘʷ, ʯʪʦ, ʝʩʣʠ çʜʘʪʴ ʧʦʜ-

ʚʦʜʳ ʠ ʨʘʙʦʪʥʳʭ ʣʶʜʝʡ ʠ ʚʦʞʘ ʠ ʩʥʘʩʪʴ, ʯʝʤ 

ʠʤ ʜʦʙʳʚʘʪʴ ʢʨʘʩʢʠ, ʠ ʦʥʠ ʜʦʙʫʜʫʪ ʪʫ 

ʢʨʘʩʢʫ, ʠ ʙʫʜʝʪ ʚʳʩʣʫʛʘ ʃʝʦʥʪʴʶ ʂʠʩʣʷʥ-

ʩʢʦʤʫ ʠ ʀʨʢʫʮʢʠʤ ʢʘʟʘʢʘʤ, ʘ ʥʝ ʝʤʫ ʀʚʘʥʫ ʠ 

ʥʝ ɹʘʨʛʫʟʠʥʩʢʠʤ ʩʣʫʞʠʣʳʤ ʣʶʜʷʤè. ʇʨʠʢʘʟ-

ʯʠʢ ʧʨʠʟʳʚʘʣ ʙʘʨʛʫʟʠʥʮʝʚ ʩʘʤʠʤ ʦʪʧʨʘ-

ʚʠʪʴʩʷ ʥʘ ʜʦʙʳʯʫ ʩʣʶʜʳ ʠ ʢʨʘʩʢʠ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʥʘ ɺʠʪʠʤ ʦʪʧʨʘʚʠʣʩʷ ʦʪʨʷʜ ʙʘʨʛʫʟʠʥ-

ʩʢʠʭ ʩʣʫʞʠʣʳʭ ʣʶʜʝʡ ʩʦ ʩʥʘʨʷʞʝʥʠʝʤ, ʘ 

ʧʦʩʣʘʥʮʘʤ ʠʟ ʀʨʢʫʪʩʢʦʛʦ ʦʩʪʨʦʛʘ ʜʘʣʠ 

ʪʦʣʴʢʦ ʧʦʜʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʊʫʨʯʘʥʠʥʦʚ ʠ 

ʂʦʨʦʪʦʚ ʚʩʝ ʞʝ ʧʨʠʚʝʟʣʠ ʚ ʀʨʢʫʪʩʢ ʦʙʨʘʟʮʳ 

ʢʨʘʩʢʠ, ʘ ʧʨʦ ʩʣʶʜʫ ʚ ʜʦʥʝʩʝʥʠʷʭ ʥʝ ʫʧʦʤʠ-

ʥʘʝʪʩʷ (ɼʦʧʦʣʥʝʥʠʷé, 1851, ʩ. 332). 

ʅʘʯʘʣʦ 1690-ʭ ʛʦʜʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʯʘ-

ʣʦʤ ʩʣʶʜʷʥʦʛʦ ʧʨʦʤʳʩʣʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʇʨʠʙʘʡʢʘʣʴʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʨʝʢʝ ɺʠʪʠʤ. 

ɺ ʘʚʛʫʩʪʝ 1689 ʛ. ʢ̫ʫʪʩʢʠʡ ʚʦʝʚʦʜʘ ʇʝʪʨ 

ɿʠʥʦʚʴʝʚ ʚʳʜʘʝʪ çʅʘʢʘʟʥʫʶ ʧʘʤʷʪʴè, ʧʦ ʢʦ-

ʪʦʨʦʡ ʩʣʫʞʠʣʳʡ ʢʘʟʘʢ ɸʬʘʥʘʩʠʡ ʇʫʱʠʥ ʜʦʣ-

ʞʝʥ çé ʩʳʩʢʘʪʴ ʠ ʧʨʦʤʳʩʣʠʪʴ ʧʦ ɺʠʪʠʤʫ-

ʨʝʢʝ ʩʣʫʜʳ ʜʦʙʨʦʡ ʠ ʢʘʢʦʚʘ ʧʦʣʫʯʠʮʘè. ɺ ʪʦʤ 

ʞʝ ʜʦʢʫʤʝʥʪʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ çɺ ʥʳʥʝʰʥʠʡ 

7197 ʛʦʜ (1689 ʛ. ï ɸʚʪ.) ʢʘʟʘʢ ʇʝʪʨʫʰʢʘ ɼʫ-

ʨʘʢʦʚ ʩʳʩʢʘʣ ʩʣʶʜʫ ʥʘ ɺʠʪʠʤʝ-ʨʝʢʝ ʠ ʧʨʠʚʝʟ 

ʚ ʗʢʫʪʩʢʠʡ ʛʦʨʦʜ ʠ ʦʪʜʘʣ ɺʝʣʠʢʦʛʦ ɻʦʩʫʜʘʨʷ 

ʚ ʢʘʟʥʫè (ɺʝʨʭʦʪʫʨʦʚ, 2000, ʩ. 10ï11). 

ɺ ʤʘʝ 1704 ʛ. çʥʝʩʢʦʣʴʢʦ ʚʢʣʘʜʯʠʢʦʚè ʂʠ-

ʨʝʥʩʢʦʛʦ ʤʦʥʘʩʪʳʨʷ ʧʦʜʘʣʠ ʯʝʣʦʙʠʪʥʫʶ 

ʠʣʠʤʩʢʦʤʫ ʚʦʝʚʦʜʝ ʌʝʜʦʨʫ ʂʘʨʰʘʥʦʚʫ ʩ 

ʧʨʦʩʴʙʦʡ ʨʘʟʨʝʰʠʪʴ ʠʤ ʜʦʙʳʚʘʪʴ ʥʘ ɺʠʪʠʤʝ 

ʠ ʚʧʘʜʘʶʱʠʭ ʚ ʥʝʛʦ ʨʫʯʴʷʭ ʩʣʶʜʫ. ɺʦʝʚʦʜʘ 

ʨʘʟʨʝʰʝʥʠʝ ʚʳʜʘʣ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʥʘ 

ɺʠʪʠʤʝ ʠ ʨʝʢʝ ʄʘʤʘ ʫʞʝ ʜʝʡʩʪʚʦʚʘʣʦ 

ʥʝʩʢʦʣʴʢʦ ʨʫʜʥʠʢʦʚ. ɺ 1707 ʛ. ʜʦʙʳʯʘ ʤʘʤ-

ʩʢʦʡ ʣʠʩʪʦʚʦʡ ʩʣʶʜʳ ʫʞʝ ʩʦʩʪʘʚʣʷʣʘ 1270 

ʧʫʜʦʚ (20 ʪ) (ʉʝʨʝʙʨʷʥʠʢ, 2013, ʩ. 448). 

ʀʨʢʫʪʩʢʦʝ ʚʦʝʚʦʜʩʪʚʦ ʪʘʢʞʝ ʩʪʨʝʤʠʣʦʩʴ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ çʩʣʶʜʷʥʦʤ ʧʨʦʤʳʩʣʝè. ɺ ʠʶʥʝ 

1691 ʛ. ʃʝʦʥʪʠʡ ʂʠʩʣʷʥʩʢʠʡ, ʧʨʝʙʳʚʘʶʱʠʡ 

ʫʞʝ ʚ ʜʦʣʞʥʦʩʪʠ ʠʨʢʫʪʩʢʦʛʦ ʚʦʝʚʦʜʳ, ʜʘʝʪ 

ʨʘʩʧʦʨʷʞʝʥʠʝ ʉʝʣʝʥʛʠʥʩʢʦʤʫ ʧʨʠʢʘʟʯʠʢʫ 

ʌʝʜʦʨʫ ʃʝʦʥʪʴʝʚʫ, ʦ ʪʦʤ, ʯʪʦ ʪʦʪ ʩʥʘʙʜʠʣ 

çʤʦʥʛʦʣʴʩʢʦʛʦ ʚʭrʦʜʮʘ ɼʘʡʙʫʥ-ʜʘʙʫʥʘʥʘè 

ʠʟ ʀʣʴʠʥʩʢʦʡ ʩʣʦʙʦʜʳ çʩʣʫʞʠʣʳʤʠ 

ʣʶʜɹʤʠè, ʢʠʨʢʘʤʠ ʠʣʠ ʣʦʤʘʤʠ ʠ ʦʪʧʨʘʚʠʣ 

ʝʛʦ ʜʣʷ çʩʣʶʜʷʥʦʛʦ ʧʨʦʤʳʩʣʘè ʥʘ ʨʝʯʢʫ, ʛʜʝ 

ʦʥ ʩʣʶʜʫ ʥʘʰʝʣ. ʇʨʠʢʘʟʯʠʢ ʤʦʥʛʦʣʘ ʥʝ ʦʪʧʫ-

ʩʪʠʣ, ʪʘʢ ʢʘʢ ʦʪʧʨʘʚʣʷʣʩʷ ʚ ʧʦʭʦʜ ʚʚʝʨʭ ʧʦ 

ʉʝʣʝʥʛʝ ʠ ʩʚʦʙʦʜʥʳʭ ʣʶʜʝʡ ʚ ʦʩʪʨʦʛʝ ʥʝ 

ʦʩʪʘʚʘʣʦʩʴ. ʉʝʣʝʥʛʠʥʩʢʠʡ ʜʝʩʷʪʥʠʢ ɽʚʩʝʝʚ 

ʧʦʦʙʝʱʘʣ ʚʦʝʚʦʜʝ, ʯʪʦ ʚ ʩʢʦʨʦʤ ʙʫʜʫʱʝʤ 

ʥʘʡʜʝʪ ʣʶʜʝʡ ʠ ʦʪʧʨʘʚʠʪ ʠʭ ʥʘ ʩʣʶʜʷʥʦʡ 

ʧʨʦʤʳʩʝʣ (ʆʪʧʠʩʢʘ, 1691). ʂʫʜʘ ʜʦʣʞʥʳ 

ʙʳʣʠ ʦʪʧʨʘʚʠʪʴʩʷ ʧʨʦʤʳʩʣʦʚʠʢʠ ʠ ʯʝʤ ʟʘ-

ʢʦʥʯʠʣʘʩʴ ʵʪʘ ʠʩʪʦʨʠʷ ʥʝʠʟʚʝʩʪʥʦ. 

ɺ 1697 ʛ. ʩʝʣʝʥʛʠʥʩʢʠʝ ʠ ʫʜʠʥʩʢʠʝ ʢʘʟʘʢʠ 

ʚ ʯʝʣʦʙʠʪʥʦʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʟʣʦʫʧʦʪʨʝʙʣʝ-

ʥʠʷ ʠʨʢʫʪʩʢʦʛʦ ʚʦʝʚʦʜʳ ɸʬʘʥʘʩʠʷ ʉʘʚʝʣʦʚʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʧʠʰʫʪ, ʯʪʦ ʚʦʝʚʦʜʘ çʦʪʨʘʚʣʷʣ ʥʘ 

ʩʦʙʦʣʠʥʳʝ, ʩʣʶʜʷʥʳʝ ʠ ʨʳʙʥʳʝ ʧʨʦʤʳʩʣʳ 

ʩʣʫʞʠʣʳʭ ʣʶʜʝʡ, ʠ ʜʦʱʘʥʠʢʠ ʠ ʧʨʠʧʘʩʳ ʠ 

ʣʦʤʳ ʜʘʚʘʣ ʛʦʩʫʜʘʨʝʚʳ é ʜʦʙʳʣʠ ʩʣʶʜʳ ʢʦ-

ʨʦʙʦʚ ʩ 10 ʠ ʧʦʜʝʣʠʣʠ ʝʸ ʧʦʧʦʣʘʤè (ʉʙʦʨ-

ʥʠʢé, 1960, ʩ. 431ï432). ʇʦ-ʚʠʜʠʤʦʤʫ, ʨʝʯʴ 

ʠʜʝʪ ʦ ʩʣʶʜʷʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʘ ʩʝʚʝʨʝ 

ɹʘʡʢʘʣʘ ʠʣʠ ʥʘ ʨʝʢʝ ɺʠʪʠʤ. 

ɺ 1717 ʛ. ʢʠʪʘʡʩʢʠʡ ʧʦʩʣʘʥʥʠʢ ʊʫ ʃʠ-

ʏʵʥʴ, ʧʨʝʙʳʚʘʷ ʚ ʋʜʠʥʩʢʝ, ʧʠʩʘʣ: çé ʫʚʠʜʝʣʠ 

ʤʳ ʦʜʥʦʛʦ ʨʦʜʘ ʢʘʤʝʥʴ ʧʣʦʩʢʦʡ ʢʘʢ ʣʘʜʦʥʴ, 

ʚʝʩʴ ʚ ʩʣʦʷʭ, ʩʣʦʠ ʩʜʠʨʘʶʪʩʷ ʦʯʝʥʴ ʪʦʥʢʠ, ʠ 

ʧʨʠ ʪʦʤ ʩʚʝʪʣʳ ʢʘʢ ʩʪʝʢʣʦ ʠʣʠ ʬʣʶʩʪ. ʈʫʩ-

ʩʢʠʝ ʫʧʦʪʨʝʙʣʷʶʪ ʦʥʦʡ ʥʘ ʦʢʦʥʠʮʳ, ʄʳ 

ʩʧʨʘʰʠʚʘʣʠ ʦʪʢʫʜʘ ʢʘʤʝʥʴ ʪʘʢʦʡ ʚʳʭʦʜʠʪ, 

ʩʢʘʟʘʣʠ ʥʘʤ ð ʠʟ ʛʦʨ, ʢʦʠ ʥʘ ʙʝʨʝʛʘʭ ʨʝʢʠ 

ʌʦʡʪʠʥʳ (ʚʦʟʤʦʞʥʦ, ɺʠʪʠʤ), é ʧʨʦʪʝʢʘʶ-

ʱʝʡ ʤʠʤʦ ɸʥʛʘʨʩʢʦʡ ʚʝʨʰʠʥʳ, ʢʦʷ ʥʘ ʚʦ-

ʩʪʦʯʥʦʡ ʩʪʦʨʦʥʝ ʛʦʨʦʜʘ ɹʘʨʛʫʟʠʥʘ, é ʛʦʚʦ-

ʨʠʣʠ ʧʨʠ ʩʝʤ, ʯʪʦ ʫʧʦʪʨʝʙʣʷʶʪ ʢʘʤʝʥʴ ʦʥʦʡ 

ʥʘ ʦʢʦʥʥʠʮʘʭ ʚ ʄʦʩʢʚʝ, ʊʦʙʦʣʴʩʢʝ ʠ ʚʦ ʤʥʦʛʠʭ 

ʧʨʦʯʠʭ ʤʝʩʪʘʭè (ʇʫʪʝʰʝʩʪʚʠʝé, 1782, ʩ. 38). 
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ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʏʝʨʪʝʞʘ ʟʝʤʣʠ ʀʨʢʫʮʢʦʛʦ ʛʦʨʦʜʘ. ʋʢʘʟʘʥʠʝ ʦ ʩʣʶʜʷʥʦʤ ʧʨʦʤʳʩʣʝ ʥʘ ʩʝʚʝʨʥʦʡ 

ʦʢʦʥʝʯʥʦʩʪʠ ɹʘʡʢʘʣʘ. 

Fig. 2. A fragment of the Map of the Land of the Irkutsk City. Information about the mica industry on 

the northern tip of Lake Baikal. 

 

ʈʠʩ. 3. ʌʨʘʛʤʝʥʪ ʏʝʨʪʝʞʘ ʟʝʤʣʠ ʀʨʢʫʮʢʦʛʦ ʛʦʨʦʜʘ. ʋʢʘʟʘʥʠʝ ʦ ʩʣʶʜʷʥʦʤ ʧʨʦʤʳʩʣʝ ʥʘ ʶʞʥʦʡ 

ʦʢʦʥʝʯʥʦʩʪʠ ɹʘʡʢʘʣʘ. 

Fig. 3. A fragment of the Map of the Land of the City of Irkutsk. Information about the mica industry 

on the southern tip of Lake Baikal. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʣʶʜʷʥʳʭ ʧʨʦʤʳʩʣʘʭ ʇʨʠ-

ʙʘʡʢʘʣʴʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ çʏʝʨʪʝʞʝ ʟʝʤʣʠ 

ʀʨʢʫʮʢʦʛʦ ʛʦʨʦʜʘè, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʏʝʨʪʝʞ-

ʥʦʡ ʢʥʠʛʝ ʉʠʙʠʨʠ ʪʦʙʦʣʴʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʘ 
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ʉ.ʋ. ʈʝʤʝʟʦʚʘ (ɸʪʣʘʩ, 1701, ʩ. 20). ʅʘ ʩʝʚʝʨ-

ʥʦʡ (ʨʠʩ. 2) ʠ ʶʞʥʦʡ (ʨʠʩ. 3) ʦʢʦʥʝʯʥʦʩʪʠ 

ʦʟʝʨʘ ɹʘʡʢʘʣ ʢʘʨʪʦʛʨʘʬ ʧʦʤʝʩʪʠʣ ʫʢʘʟʘʥʠʷ ʦ 

ʜʦʙʳʯʝ ʩʣʶʜʳ. ɺʦʟʤʦʞʥʦ, ʧʝʨʚʦʝ ʠʟ ʥʠʭ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ɹʦʛʫʯʘʥʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ 

ʤʫʩʢʦʚʠʪʘ, ʚʪʦʨʦʝ ï ʉʣʶʜʷʥʩʢʦʤʫ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʶ ʬʣʦʛʦʧʠʪʘ. 

ʉʚʝʜʝʥʠʷ ʦ ʧʨʦʷʚʣʝʥʠʷʭ ʩʣʶʜʳ ʚ 
ʦʪʯʝʪʘʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ 
XVIII ʚʝʢʘ 

1730ï1790-ʝ ʛʦʜʘ ʵʪʦ ʚʨʝʤʷ ʥʘʯʘʣʘ ʥʘʫʯ-

ʥʦʛʦ ʠʟʫʯʝʥʠʷ ʇʨʠʙʘʡʢʘʣʴʷ ʵʢʩʧʝʜʠʮʠʷʤʠ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ. ʆʜʥʦʡ 

ʠʟ ʟʘʜʘʯ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʧʠʩʘʥʠʝ 

ʛʝʦʣʦʛʠʠ ʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʪʝʨʨʠʪʦ-

ʨʠʠ. ɹʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʟʥʘ-

ʥʠʡ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʘʢʘʜʝʤʠʢʦʤ ɺʣʘʜʠʤʠ-

ʨʦʤ ɸʬʘʥʘʩʴʝʚʠʯʝʤ ʆʙʨʫʯʝʚʳʤ, ʧʦʜʛʦʪʦʚʠʚ-

ʰʠʤ ʧʷʪʠʪʦʤʥʦʝ ʠʟʜʘʥʠʝ çʀʩʪʦʨʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʠʙʠʨʠè, ʚ ʢʦ-

ʪʦʨʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʪʨʘʞʝʥʘ ʠʩʪʦʨʠʷ ʠʟʫʯʝ-

ʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʩʣʶʜʳ ʠ ʝʸ ʜʦʙʳʯʠ. 

ɺ 1733ï1742 ʛʦʜʘʭ ʚʦ ʚʨʝʤʷ ʩʚʦʝʛʦ ʧʫʪʝ-

ʰʝʩʪʚʠʷ ʧʦ ʉʠʙʠʨʠ ʚ ʇʨʠʙʘʡʢʘʣʴʝ ʧʨʦʚʦʜʠʣ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚr ʜʘʶʱʠʡʩʷ ʥʝʤʝʮʢʠʡ ʥʘʪʫʨʘ-

ʣʠʩʪ, ʧʨʦʬʝʩʩʦʨ ʭʠʤʠʠ ʠ ʥʘʪʫʨʘʣʴʥʦʡ ʠʩʪʦ-

ʨʠʠ ʀʦʛʘʥʥ ɻʝʦʨʛ ɻʤʝʣʠʥ. ɺ ʪʦʤ ʯʠʩʣʝ, ʦʥ ʩʦ-

ʚʝʨʰʠʣ ʧʫʪʝʰʝʩʪʚʠʝ ʧʦ ɺʠʪʠʤʫ ʜʦ ʫʩʪʴʷ 

ʨʝʢʠ ʄʘʤʳ, ʛʜʝ ʦʩʤʦʪʨʝʣ ʠ ʦʧʠʩʘʣ ʢʦʧʠ ʙʝ-

ʣʦʡ ʩʣʶʜʳ (ʆʙʨʫʯʝʚ, 1931, ʩ. 78). ɺ 1767 ʛʦʜʫ 

ʧʦ ʜʘʥʥʳʤ ʩʦʙʨʘʥʥʳʤ ʀ. ɻʤʝʣʠʥʳʤ ʝʛʦ ʧʣʝ-

ʤʷʥʥʠʢ ʉʘʤʫʠʣ ɻʤʝʣʠʥ ʧʦʜʛʦʪʦʚʠʣ ʪʨʘʢʪʘʪ ʦ 

ʨʫʩʩʢʦʡ ʩʣʶʜʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʚʝʣ ʦʧʠʩʘʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʣʶʜʳ ʧʦ ɺʠʪʠʤʫ, ʦʧʠʩʘʣ ʝʸ 

ʩʦʨʪʘ ʠ ʩʧʦʩʦʙʳ ʜʦʙʳʯʠ, ʫʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ 

ʛʥʝʟʜ ʩʣʶʜʳ ʚ çʪʚʝʨʜʦʡ ʙʝʣʦʡ ʢʚʘʨʮʝʚʦʡ ʧʦ-

ʨʦʜʝè. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʥʠʛʝ ʩʦʦʙʱʘʝʪʩʷ ʦ 

ʥʘʭʦʞʜʝʥʠʠ ʩʣʶʜʳ çʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʠ 

ʥʝ ʪʘʢʦʛʦ ʢʘʯʝʩʪʚʘè ʧʦ ʨ. ʂʠʨʝʥʛʝ ʠ ɺʝʨʭʥʝʡ 

ɸʥʛʘʨʝ, ʥʦ ʙʝʟ ʪʦʯʥʦʛʦ ʫʢʘʟʘʥʠʷ ʤʝʩʪʘ (ʆʙʨʫ-

ʯʝʚ, 1931, ʩ. 79ï80). 

ɺ 1772ï1773 ʛʦʜʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʙʘʡ-

ʢʘʣʴʷ ʨʘʙʦʪʘʣʘ ʵʢʩʧʝʜʠʮʠ ̫ɸʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʚʦʟʛʣʘʚʣʷʝʤʘʷ ʚʳʜʘʶʱʠʤʩʷ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘ-

ʪʝʣʝʤ, ʘʢʘʜʝʤʠʢʦʤ ʇʸʪʨʦʤ ʉʠʤʦʥʦʤ ʇʘʣʣʘ-

ʩʦʤ. ɺ ʩʦʩʪʘʚʝ ʵʢʩʧʝʜʠʮʠʠ ʥʘʭʦʜʠʣʩʷ ʧʨʦ-

ʬʝʩʩʦʨ ʤʠʥʝʨʘʣʦʛʠʠ ʀʤʧʝʨʘʪʦʨʩʢʦʡ ʘʢʘʜʝ-

ʤʠʠ ʥʘʫʢ ʀʦʛʘʥʥ ɻʦʪʣʠʙ ɻʝʦʨʛʠ, ʢʦʪʦʨʳʡ ʧʦ 

ʧʦʨʫʯʝʥʠʶ ʇʘʣʣʘʩʘ ʧʨʝʜʧʨʠʥʷʣ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʝ ʧʫʪʝʰʝʩʪʚʠʝ ʚʦʢʨʫʛ ɹʘʡʢʘʣʘ. ɺ 1772 

ʛ. ʀ.ɻ. ɻʝʦʨʛʠ ʦʙʩʣʝʜʦʚʘʣ ʙʝʨʝʛʘ ʦʟʝʨʘ ʦʪ 

ʫʩʪʴʷ ʨʝʢʠ ɹʫʛʫʣʴʜʝʡʢʘ ʜʦ ʫʩʪʴʷ ɺʝʨʭʥʝʡ ɸʥ-

ʛʘʨʳ, ʘ ʟʘʪʝʤ ʜʦ ʫʩʪʴʷ ʉʝʣʝʥʛʠ. ɺʦ ʚʨʝʤʷ 

ʵʪʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ ʠʤ ʙʳʣʦ ʦʧʠʩʘʥʦ çʤʝʩʪʦ-

ʨʦʞʜʝʥʠʝ ʩʣʶʜʳ ʚ ʉʣʶʜʷʥʦʡ ʛʫʙʝè (ɹʦʛʫʯʘʥ-

ʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʤʫʩʢʦʚʠʪʘ ð ɸʚʪ.) (ʆʙ-

ʨʫʯʝʚ, 1931, ʩ. 82ï83). 

ʉʘʤ ʇ.ʉ. ʇʘʣʣʘʩ ʚ 1772 ʛʦʜʫ ʥʘ ʧʫʪʠ ʠʟ 

ʂʨʘʩʥʦʷʨʩʢʘ ʚ ʀʨʢʫʪʩʢ ʫʧʦʤʠʥʘʝʪ ʢʦʧʠ 

ʩʣʶʜʳ ʧʦ ʨʝʯʢʘʤ ʐʝʣʴʤʝ, ʉʦʙʠ ʠ ʅʝʨʝʭʫ 

ʤʝʞʜʫ ɹʠʨʶʩʦʡ ʠ ʋʜʦʡ. çé ɺ ʞʠʣʘʭ ʞʠʨ-

ʥʦʛʦ ʢʚʘʨʮʘ ʧʣʘʩʪʠʥʳ ʩʣʶʜʳ ʜʦʩʪʠʛʘʶʪ ʯʘ-

ʩʪʦ 3 ʯʝʪʚʝʨʪʝʡè (ʆʙʨʫʯʝʚ, 1931, ʩ. 71) (ı 

ʘʨʰʠʥʘ ð ʧʨʠʤʝʨʥʦ 18 ʩʤ ï ɸʚʪ.). ɺ ʥʦʷʙʨʝ 

1778 ʛʦʜʘ ʕʨʠʢ ʃʘʢʩʤʘʥ ʚʦ ʚʨʝʤʷ ʧʦʝʟʜʢʠ ʢ 

ʧʝʱʝʨʝ ʥʘ ʨ. ʋʜʝ, ʧʦʩʝʪʠʣ ʨʘʟʨʘʙʦʪʢʠ ʩʣʶʜʳ 

ʥʘ ʨʫʯɹʝ ɻʫʪʘʨ, ʧʨʠʪʦʢʝ ʨ. ɹʠʨʶʩʳ (ʃʘʛʫʩ, 

2015, ʩ. 212). ʕʨʠʢ ɻʫʩʪʘʚ ʃʘʢʩʤʘʥ ð ʨʦʩ-

ʩʠʡʩʢʠʡ ʫʯʸʥʳʡ-ʥʘʪʫʨʘʣʠʩʪ ʠ ʧʫʪʝʰʝʩʪʚʝʥ-

ʥʠʢ ʰʚʝʜʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʯʣʝʥ ʇʝʪʝʨ-

ʙʫʨʛʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʇʦ ʩʦʦʙʱʝʥʠʶ ʟʥʘ-

ʤʝʥʠʪʦʛʦ ʛʝʦʣʦʛʘ, ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʥʝʨʫʜʥʳʤ 

ʠʩʢʦʧʘʝʤʳʤ ʧʨʦʬʝʩʩʦʨʘ ɸ.ɸ. ʗʢʞʠʥʘ, ɹʠʨʶ-

ʩʠʥʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʣʶʜʳ ʚ ɺʦʩʪʦʯʥʳʭ 

ʉʘʷʥʘʭ ʩʪʘʥʦʚʷʪʩʷ ʠʟʚʝʩʪʥʳ ʩ 1770-ʭ ʛʦʜʦʚ 

(ʗʢʞʠʥ, 1944, ʩ. 34). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇʘʣʣʘʩ 

ʠ ʃʘʢʩʤʘʥ ʧʦʩʝʪʠʣʠ ʙʠʨʶʩʠʥʩʢʠʝ ʩʣʶʜʷʥʳʝ 

ʢʦʧʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʪʦʪ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʦʥʠ 

ʙʳʣʠ ʦʪʢʨʳʪʳ ʠ ʥʘʯʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ. 

ɺ 1784ï1787 ʛʦʜʘʭ ʕʨʠʢ ʃʘʢʩʤʘʥ ʧʨʦʚʦ-

ʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʶʞʥʦʡ ʯʘʩʪʠ ʙʘʡʢʘʣʴʩʢʦʛʦ 

ʧʦʙʝʨʝʞʴʷ. ʕʪʦ ʙʳʣʠ ʧʝʨʚʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ 

ʦʢʦʥʝʯʥʦʩʪʠ ɹʘʡʢʘʣʘ ʃʘʢʩʤʘʥ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʥʦʚʳʡ ʙʦʛʘʪʝʡʰʠʡ ʛʦʨʥʦʨʫʜʥʳʡ ʨʘʡʦʥ. ɿʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʝʟʜʦʢ ʦʥ ʦʪʢʨʳʚʘʝʪ ʜʝʩʷʪʢʠ ʤʠ-

ʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʚ 

ʇʨʠʙʘʡʢʘʣʴʝ. ɹʦʣʝʝ ʜʝʩʷʪʢʘ ʧʦʩʣʝʜʫʶʱʠʭ 

ʣʝʪ ʠʟʚʝʩʪʥʳʝ ʤʠʥʝʨʘʣʦʛʠ ʦʧʨʝʜʝʣʷʣʠ ʠ ʦʧʠ-

ʩʳʚʘʣʠ ʤʠʥʝʨʘʣʳ ʢʦʣʣʝʢʮʠʠ, ʩʦʙʨʘʥʥʦʡ 

ʕʨʠʢʦʤ ʃʘʢʩʤʘʥʦʤ (ʆʙʨʫʯʝʚ, 1931, ʩ. 86, 94, 

95, 99). ɺ ʪʦʤ ʯʠʩʣʝ, ʚ 1784 ʛ. ʃʘʢʩʤʘʥ ʦʧʠ-

ʩr ʚʘʝʪ ʤʦʱʥʳʝ (ʜʦ 8.5 ʤ ï ɸʚʪ.) ʢʚʘʨʮʝʚʳʝ 

ʞʠʣʳ ʥʘ ʙʝʨʝʛʫ ʨʝʢʠ ʉʣʶʜʷʥʢʘ, ʚ ʢʦʪʦʨʳʭ 

ʩʨʝʜʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʯʝʨʥʘʷ 

ʯʝʰʫʡʯʘʪʘʷ ʩʣʶʜʘ ʠ çʟʝʣʝʥʳʝ ʩʣʶʜʠʩʪʳʝ 

ʢʨʠʩʪʘʣʣʳè (ʃʘʛʫʩ, 2015, ʩ. 173). 

ʉʦʩʪʘʚʠʪʝʣʠ ʩʚʦʜʢʠ ʦʙ ʫʥʠʢʘʣʴʥʳʭ ʠ ʮʝʥ-

ʥʳʭ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ 

ʇʨʠʙʘʡʢʘʣʴʷ çɻʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ 

ɹʘʡʢʘʣʘè ʩʦʦʙʱʘʶʪ, ʯʪʦ çʉʣʶʜʷʥʢʘ é ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʘʨʝʡʰʠʭ ʚ ɺʦʩʪʦʯʥʦʡ ʉʠ-

ʙʠʨʠ ʛʦʨʥʦ-ʜʦʙʳʚʘʶʱʠʭ ʨʘʡʦʥʦʚ. ɺ 

http://irkipedia.ru/content/pallas_peter_simon
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ʠʩʪʦʨʠʯʝʩʢʦʤ ʧʣʘʥʝ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ, ʙʝʟ-

ʫʩʣʦʚʥʦ, ʩʪʦʠʪ ʬʣʦʛʦʧʠʪ ð ʩʣʶʜʘ, ʜʘʚʰʘʷ 

ʥʘʟʚʘʥʠʝ ʛʦʨʦʜʫ. ʇʝʨʚʳʝ ʝʝ ʨʘʟʨʘʙʦʪʢʠ ʦʪ-

ʥʦʩ̫ʪʩʷ ʢʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XVIII ʚʝʢʘ (ʠʥʦ-

ʛʜʘ ʧʨʠʚʦʜʠʪʩʷ ʠ ʪʦʯʥʘʷ ʜʘʪʘ ð 1762 ʛ.). ʆ 

ʮʝʣʷʭ ʠ ʦʙʲʝʤʘʭ ʜʦʙʳʯʠ ʚ ʪʦ ʚʨʝʤʷ ʤʦʞʥʦ 

ʪʦʣʴʢʦ ʧʨʝʜʧʦʣʘʛʘʪʴ éè (ɻʝʦʣʦʛʠʯʝʩʢʠʝé, 

1993, ʩ. 23ï25). ʆʜʥʘʢʦ, ʚʳʛʣʷʜʠʪ ʩʪʨʘʥʥʳʤ, 

ʯʪʦ ʕʨʠʢ ʃʘʢʩʤʘʥ, ʚʧʝʨʚʳʝ ʦʧʠʩʘʚʰʠʡ ʤʠʥʝ-

ʨʘʣʴʥʦʝ ʙʦʛʘʪʩʪʚʦ ʨʝʢʠ ʉʣʶʜʷʥʢʘ, ʥʝ ʫʧʦʤʠ-

ʥʘʝʪ ʦ ʢʘʢʠʭ-ʣʠʙʦ ʨʘʟʨʘʙʦʪʢʘʭ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʚ ʵʪʦʤ ʨʘʡʦʥʝ. 

ʅʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʷʚʣʝʥʠʷʭ ʠ 
ʜʦʙʳʯʝ ʩʣʶʜʳ ʚ XIʍ ï ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʥʘʯʘʣʫ XIʍ ʚʝʢʘ ʚ 

ʇʨʠʙʘʡʢʘʣʴʝ ʙʳʣʠ ʦʪʢʨʳʪʳ ʠ ʫʞʝ ʯʘʩʪʠʯʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʩʝʭ ʦʩʥʦʚ-

ʥʳʭ ʩʣʶʜʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ: 

ʄʘʤʩʢʦ-ɺʠʪʠʤʩʢʦʛʦ, ɹʠʨʶʩʠʥʩʢʦʛʦ (ɺʦ-

ʩʪʦʯʥʳʝ ʉʘʷʥʳ), ʉʝʚʝʨʦʙʘʡʢʘʣʴʩʢʦʛʦ ʠ ʉʣʶ-

ʜʷʥʩʢʦʛʦ (ʶʛʦ-ʟʘʧʘʜʥʘʷ ʦʢʦʥʝʯʥʦʩʪʴ ɹʘʡ-

ʢʘʣʘ). 

ʇʨʠ ʘʥʘʣʠʟʝ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝ-

ʣʝʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʢ ʩʣʶʜʷʥʳʤ ʧʨʦ-

ʷʚʣʝʥʠʷʤ ʚ XIʍ ʚʝʢʝ ʨʝʟʢʦ ʧʘʜʘʝʪ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʩʪʦʣʝʪʠʝʤ. ʇʨʠʯʠʥʫ 

ʵʪʦʛʦ ɸ.ɸ. ʗʢʞʠʥ ʦʙʲʷʩʥʷʝʪ ʪʘʢ: çé ʧʦʩʪʝ-

ʧʝʥʥʦ ʩʧʨʦʩ ʥʘ ʩʣʶʜʫ ʫʤʝʥʴʰʘʣʩʷ, ʠ ʢ ʢʦʥʮʫ 

XVIII ʚ. ʩʣʶʜʷʥʦʝ ʜʝʣʦ ʥʘʯʘʣʦ ʟʘʤʠʨʘʪʴ. ɿʥʘ-

ʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʪʝʢʣʦʜʝʣʠʷ ʚ ʈʦʩʩʠʠ 

ʚʩʢʦʨʝ ʩʦʚʝʨʰʝʥʥʦ ʚʳʪʝʩʥʠʣʦ ʩʣʶʜʫ ʩ ʨʳʥʢʘ, 

ʪʘʢ ʢʘʢ ʠʥʦʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ ʝʸ, ʢʨʦʤʝ ʢʘʢ 

ʦʩʪʝʢʣʝʥʠʷ ʦʢʦʥ, ʚ ʪʦ ʚʨʝʤʷ ʥʝ ʟʥʘʣʠ. ʇʦ-

ʵʪʦʤʫ ʩʣʶʜʷʥʦʡ ʧʨʦʤʳʩʝʣ ʥʘ ʚʩʝʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷʭ ʉʠʙʠʨʠ ʢ ʩʨʝʜʠʥʝ XIX ʚ. ʙʳʣ ʦʢʦʥ-

ʯʘʪʝʣʴʥʦ ʟʘʙʨʦʰʝʥ ʠ ʟʘʙʳʪè (ʗʢʞʠʥ, 1944, 

ʩ. 34). 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʪʯʝʪʘʭ 

XIʍ ʚʝʢʘ ʚʥʠʤʘʥʠʷ ʩʣʶʜʝ ʫʜʝʣʷʝʪʩʷ ʥʝʤʥʦʛʦ. 

ʊʦ, ʯʪʦ ʧʦ ʨʝʢʝ ɺʠʪʠʤʫ ʚ ʪʨʝʭ ʜʥʷʭ ʧʫʪʠ ʦʪ 

ʝʛʦ ʫʩʪʴʷ ʥʘʭʦʜʷʪʩʷ çʩʣʶʜʷʥʥʳʝ ʣʦʤʢʠè, ʠ 

ʩʘʤʳʝ ʙʦʣʴʰʠʝ ʣʠʩʪʳ ʜʦʙʳʚʘʝʤʦʡ ʩʣʶʜʳ 

ʠʤʝʶʪ ʘʨʰʠʥ (71 ʩʤ ï ɸʚʪ.) ʩʦʦʙʱʘʣ ɻʝʜʝʥ-

ʰʪʦʨʤ ʚ çʆʪʨʳʚʢʘʭ ʦ ʉʠʙʠʨʠè, ʥʘʧʝʯʘʪʘʥ-

ʥʳʭ ʚ 1830 ʛ. (ʆʙʨʫʯʝʚ, 1933, ʩ. 104). ʊʘʢʞʝ ʦ 

ʩʣʶʜʷʥʳʭ ʧʨʦʤʳʩʣʘʭ ʧʦ ʨ. ɺʠʪʠʤ ʩʦʦʙʱʘʝʪ 

ʚ ʩʚʦʠʭ ʜʦʥʝʩʝʥʠʷʭ ʦ ʨʘʙʦʪʝ ʉʠʙʠʨʩʢʦʡ ʵʢʩ-

ʧʝʜʠʮʠʠ ʐʚʘʨʮ. ʆʥ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʙʳʯʘ 

ʩʣʶʜʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʫʭ ʤʝʩʪʘʭ ʥʘ ɺʠʪʠʤʝ 

ï çʚ 30 ʚʝʨʩʪʘʭ ʦʪ ʫʩʪʴʷ ʠ ʚ 3 ʦʪ ʙʝʨʝʛʘè, ʘ 

ʝʱʸ ʥʘ ʨʝʢʝ ɹʦʣʴʰʘʷ ʄʘʤʘ ʚ 40 ʚ. ʦʪ ʝʸ ʫʩʪʴʷ 

(ʆʙʨʫʯʝʚ, 1933, ʩ. 176). ɺ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ ʵʢʩ-

ʧʝʜʠʮʠ ̫ʚ ʤʘʤʩʢʫʶ ʪʘʡʛʫ ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʩʪʘʨʳʭ ʩʣʶʜʷʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʨʝʜʧʨʠʥʠʤʘ-

ʝʪʩʷ ɿʠʢʩʦʤ. çʆʥ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʨʝʙʪʳ 

ʨʘʡʦʥʘ ʩʣʦʞʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʣʘʥ-

ʮʘʤʠ ʩ ʞʠʣʘʤʠ ʛʨʘʥʠʪʘ ʠ ʧʝʛʤʘʪʠʪʘ. ɺ ʧʦ-

ʩʣʝʜʥʠʭ ʠʤʝʶʪʩʷ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʩʣʶʜʳ: ʥʘ ʉʦʛʜʠʦʜʦʥʩʢʦʤ ʛʦʣʴʮʝ, ʥʘ ʨ. ʂʘ-

ʤʝʥʢʝ (ʬʣʦʛʦʧʠʪ) ʠ ʥʘ ʨ. ʉʣʁ ʜʷʥʢʝè (ʆʙʨʫ-

ʯʝʚ, 1937, ʩ. 331). ʆʧʠʩʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠ̫ 

ʩʣʶʜʳ ʥʘ ʉʣʶʜʷʥʦʤ ʭʨʝʙʪʝ ʥʘ ʨʝʢʝ ɹʠʨʶʩʝ 

ʜʘʝʪ ʚ 1899 ʛ. ʂʨʘʫʟʝ ʚ ʦʪʯʝʪʝ ʀʨʢʫʪʩʢʦʤʫ 

ʛʦʨʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ (ʆʙʨʫʯʝʚ, 1937, ʩ. 250). 

ʅʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʠʟʫʯʝʥʠʠ ʩʣʶʜʦ-

ʥʦʩʥʦʩʪʠ ʇʨʠʙʘʡʢʘʣʴʷ ʩʪʘʣʦ: 

¶ ʦʧʠʩʘʥʠʝ ʄʦʣʣʝʩʦʥʦʤ ʚ 1911 ʛ. ʩʣʶ-
ʜʷʥʳʭ ʩʣʘʥʮʝʚ ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʨʝʢ ʀʨʦ ʠ ʏʠ-

ʢʦʡ ʚ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ɿʘʙʘʡʢʘʣʴʶ ʯʘʩʪʠ ʄʦʥ-

ʛʦʣʠʠ (ʆʙʨʫʯʝʚ, 1937, ʩ. 285); 

¶ ʩʦʦʙʱʝʥʠʝ ʂʦʪʫʣʴʩʢʦʛʦ ʦ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʩʣʶʜʳ ʚ ʚʝʨʰʠʥʝ ʨʝʢʠ ʉʫʚʦ ʚ ɹʘʨʛʫ-

ʟʠʥʩʢʦʤ ʦʢʨʫʛʝ ʚ ʦʪʯʝʪʘʭ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 

1912ï1913 ʛʛ. (ʆʙʨʫʯʝʚ, 1937, ʩ. 335ï336); 

¶ ʩʦʦʙʱʝʥʠʝ ʦ ʥʘʭʦʜʢʘʭ ʩʣʶʜʳ ʄʠʪʢʝ-
ʚʠʯʝʤ-ɺʦʣʯʘʥʩʢʠʤ ʚ 1913 ʛ. ʚ ʤʝʞʜʫʨʝʯʠʠ 

ʂʫʪʠʤʳ ʠ ʆʢʫʥʘʡʢʠ, ʠ ʥʘ ʨ. ʍʦʣʦʜʥʦʡ (ʆʙʨʫ-

ʯʝʚ, 1937, ʩ. 336). 

ʂ ʚʦʧʨʦʩʫ ʦ ʥʘʯʘʣʝ ʨʘʟʨʘʙʦʪʢʠ 
ʩʣʶʜʳ ʥʘ ʨʝʢʝ ʉʣʶʜʷʥʢʘ 

ʅʘʠʙʦʣʝʝ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦ-

ʧʨʦʩ ʦʙ ʦʪʢʨʳʪʠʠ ʩʣʶʜʳ ʠ ʥʘʯʘʣʝ ʝʸ ʨʘʟʨʘʙʦ-

ʪʦʢ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ɹʘʡʢʘʣʘ. 

ʉʣʶʜʷʥʩʢʠʡ ʛʦʨʥʦʨʫʜʥʳʡ ʨʘʡʦʥ ʜʦ ʩʝʨʝ-

ʜʠʥʳ ʍʍ ʚʝʢʘ ʷʚʣʷʣʩʷ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ 

ʝʜʠʥʩʪʚʝʥʥʳʤ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʙʦʣʴʰʦʤ 

ʦʙʲʸʤʝ ʜʦʙʳʯʘ ʬʣʦʛʦʧʠʪʘ ï ʧʦʯʪʠ 100 % ʜʦ-

ʙʳʯʠ. ɼʣʠʥʘ ʥʝʢʦʪʦʨʳʭ ʞʠʣ ʜʦʩʪʠʛʘʣʘ 120 ʤ, 

ʘ ʤʦʱʥʦʩʪʴ ï 20 ʤ. ɼʦʙʳʚʘʣʠʩʴ ʦʯʝʥʴ ʢʨʫʧ-

ʥʳʝ ʧʣʘʩʪʠʥʳ ʬʣʦʛʦʧʠʪʘ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ. 

ʅʘʩʳʱʝʥʠʝ ʬʣʦʛʦʧʠʪʦʤ ʞʠʣʴʥʳʭ ʪʝʣ ʙʳʣʦ 

ʦʯʝʥʴ ʚʳʩʦʢʦʝ ï ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ ʢʠʣʦʛʨʘʤ-

ʤʦʚ ʥʘ 1 ʤ3 ʞʠʣʴʥʦʡ ʧʦʨʦʜʳ (ʗʢʞʠʥ, 1944, ʩ. 

37). 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʩʘʤʳʝ ʨʘʥʥʠʝ ʩʦ-

ʦʙʱʝʥʠʷ ʦ ʩʣʶʜʝ ʶʛʘ ɹʘʡʢʘʣʘ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʦʥʮʫ XVII ʚʝʢʘ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʚʧʨʷʤʫʶ 

ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʚ 1694 ʛʦʜʫ ʥʘ ʶʛʝ 

ɹʘʡʢʘʣʘ ʂʫʣʪʫʰʥʦʛʦ ʦʩʪʨʦʞʥʦʛʦ ʟʠʤʦʚʴʷ, ʚ 

ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʣʦʩʴ ʜʦ 20 ʢʘʟʘʢʦʚ (ʉʥʦʧʢʦʚ, 
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2018, ʩ. 31). ʉʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʠʟʫʯʝʥʠʷ 

ʶʞʥʦʛʦ ʇʨʠʙʘʡʢʘʣʴʷ ʩʚʷʟʘʥ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʘ 

ʶʛʝ ɹʘʡʢʘʣʘ ʚ 1744 ʛʦʜʫ ʂʫʣʪʫʮʢʦʡ ʜʝʨʝʚʥʠ 

ʠʟ ʪʨʝʭ ʜʦʤʦʚ (ʉʥʦʧʢʦʚ, 2018, ʩ. 34). ʆ ʪʦʤ, 

ʜʦʙʳʚʘʣʘʩʴ ʣʠ ʚ ʵʪʦ ʚʨʝʤʷ ʩʣʶʜʘ ʥʘ ʨʝʢʝ 

ʉʣʶʜʷʥʢʘ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʅʘʜʚʦʨʥʳʡ 

ʩʦʚʝʪʥʠʢ ɽʥʠʩʝʡʩʢʦʛʦ ʛʫʙʝʨʥʩʢʦʛʦ ʧʨʘʚʣʝ-

ʥʠ̫ ɸʣʝʢʩʝʡ ʄʘʨʪʦʩ, ʧʨʦʝʟʞʘʷ ʚ 1823 ʛʦʜʫ 

ʯʝʨʝʟ ʂʫʣʪʫʢ ʩʦʦʙʱʘʝʪ, ʯʪʦ ʤʝʩʪʥʳʝ ʞʠʪʝʣʠ 

ʧʨʠʥʝʩʣʠ ʝʤʫ çʜʣʷ ʣʶʙʦʧʳʪʩʪʚʘ ʥʝʩʢʦʣʴʢʦ 

ʢʫʩʢʦʚ é ʭʫʜʦʡ ʟʝʣʝʥʦʡ ʩʣʶʜʳ éè (ʄʘʨʪʦʩ, 

1827, ʩ. 34). 

ʇʝʨʚʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ, ʦʧʠʩʘʚʰʠʡ ʤʠ-

ʥʝʨʘʣʴʥʳʝ ʙʦʛʘʪʩʪʚʘ ʶʞʥʦʛʦ ʇʨʠʙʘʡʢʘʣʴʷ, 

ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʙʝʟʫʩʣʦʚʥʦ ʙʳʣ ʕʨʠʢ ʃʘʢ-

ʩʤʘʥ, ʢʦʪʦʨʳʡ ʚ 1784ï1787 ʛʦʜʘʭ ʥʝ ʪʦʣʴʢʦ 

ʦʧʠʩʘʣ ʤʥʦʛʠʝ ʤʠʥʝʨʘʣʳ ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ 

ʵʪʦʡ ʯʘʩʪʠ ʙʘʡʢʘʣʴʩʢʦʛʦ ʙʝʨʝʛʘ, ʥʦ ʠ ʦʨʛʘʥʠ-

ʟʦʚʘʣ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʢʦʨʝʥʥʳʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ ʣʘʟʫʨʠʪʘ. ʉʦʙʨʘʥʥʘʷ ʃʘʢʩʤʘ-

ʥʦʤ ʢʦʣʣʝʢʮʠʷ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʚʳʟʚʘʣʘ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʤʥʦʛʠʭ ʤʠʥʝʨʘʣʦ-

ʛʦʚ, ʯʪʦ ʦʪʨʘʟʠʣʦʩʴ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʫʯ-

ʥʳʭ ʩʪʘʪʴʷʭ (ʆʙʨʫʯʝʚ, 1931; ʆʙʨʫʯʝʚ, 1933; 

ʆʙʨʫʯʝʚ, 1934). ʇʨʠ ʵʪʦʤ ʃʘʢʩʤʘʥ ʥʝ ʫʧʦʤʠ-

ʥʘʝʪ ʦ ʢʘʢʠʭ-ʣʠʙʦ ʩʪʘʨʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪ-

ʢʘʭ. ɺʩʣʝʜ ʟʘ ʃʘʢʩʤʘʥʦʤ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

(ʉʝʤʠʚʩʢʠʡ, ʄʦʨ, ʑʫʢʠʥ, ʂʦʪʪʨʝʣʣʴ, 

ʄʝʛʣʠʮʢʠʡ, ʂʦʢʰʘʨʦʚ, ɽʨʝʤʝʝʚ ʠ ʜʨ.) ʧʨʠ 

ʦʧʠʩʘʥʠʠ ʤʠʥʝʨʘʣʦʚ ʉʣʶʜʷʥʢʠ ʪʘʢʞʝ ʥʠʯʝʛʦ 

ʥʝ ʩʦʦʙʱʘʶʪ ʦ ʨʘʟʨʘʙʦʪʢʘʭ ʩʣʶʜʳ (ʆʙʨʫʯʝʚ, 

1933; ʆʙʨʫʯʝʚ, 1934). 

ʆ çʮʝʣʦʡ ʛʦʨʝè ʩʣʶʜʳ ʧʦ ʨ. ʉʣʶʜʷʥʢʘ ʫʢʘ-

ʟʳʚʘʝʪʩʷ ʚ ʦʧʠʩʘʥʠʠ ɹʘʡʢʘʣʘ, ʩʦʩʪʘʚʣʝʥʥʦʤ ʚ 

1870 ʛ. ʉʛʠʙʥʝʚʳʤ (ʆʙʨʫʯʝʚ, 1933, ʩ. 194). ɺ 

1878 ʛ. ʦʧʠʩʘʥʠʝ ʠ ʠʟʤʝʨʝʥʠʝ ʨʷʜʘ ʢʨʠʩʪʘʣ-

ʣʦʚ ʩʣʶʜʳ ʩ ʨ. ʉʣʶʜʷʥʢʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʂʦʢʰʘʨʦʚʳʤ (ʆʙʨʫʯʝʚ, 1933, ʩ. 201). ɺ ʦʪ-

ʯʝʪʝ ʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘ 1889 

ʛʦʜ ɺ.ɸ. ʆʙʨʫʯʝʚ ʜʘʝʪ ʦʧʠʩʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʩʣʶʜʳ ʚ ʨʘʡʦʥ ʨ. ʉʣʶʜʷʥʢʠ (ʆʙʨʫʯʝʚ, 

1934, ʩ. 239). 

ɺʧʝʨʚʳʝ ʠʤʝʥʥʦ ʦ çʨʘʟʨʘʙʦʪʢʘʭ ʩʣʶʜʳè 

ʧʦ ʨʝʢʝ ʉʣʶʜʷʥʢʝ ʩʦʦʙʱʘʝʪ ʚ 1831 ʛ. ɿʣʦʙʠʥ, 

ʦʧʠʩʳʚʘʷ ʘʧʘʪʠʪ ʠ ʙʘʡʢʘʣʠʪ ʠʟ ʧʘʜʠ ʋʣʫʥʪʫʡ. 

(ʆʙʨʫʯʝʚ, 1933, ʩ. 141ï142). ɺ 1862 ʛ. ʧʨʠ 

ʦʧʠʩʘʥʠʠ ʦʙʨʘʟʮʦʚ ʘʧʘʪʠʪʘ, ʧʨʦ çʩʣʶʜʷʥʳʝ 

ʢʦʧʠè ʨʝʢʠ ʉʣʶʜʷʥʢʘ ʧʠʰʝʪ ʇʫʟʳʨʝʚʩʢʠʡ 

(ʆʙʨʫʯʝʚ, 1934, ʩ. 183). ʉʣʦʞʥʦ ʧʦʥʷʪʴ ʦ ʢʘ-

ʢʠʭ ʚʳʨʘʙʦʪʢʘʭ ʠʜʝʪ ʨʝʯʴ. ɺʦʟʤʦʞʥʦ, ʵʪʠ 

ʢʦʧʠ ï ʩʣʝʜʳ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʛʦʨʥʦʡ ʧʘʨ-

ʪʠʠ ʕʨʠʢʘ ʃʘʢʩʤʘʥʘ. 

ɺʦʧʨʦʩ ʦ ʪʦʤ, ʧʦʯʝʤʫ ʩʣʶʜʷʥʩʢʦʝ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʝ ʬʣʦʛʦʧʠʪʘ ʚʧʣʦʪʴ ʜʦ ʥʘʯʘʣʘ ʍʍ 

ʚʝʢʘ ʦʩʪʘʚʘʣʦʩʴ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʤ ʠ ʥʝ ʨʘʟ-

ʨʘʙʘʪʳʚʘʣʦʩʴ, ʨʝʰʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ: 

çɺ ʪʝ ʚʨʝʤʝʥʘ ʜʦʙʳʚʘʣʩʷ ʪʦʣʴʢʦ ʤʫʩʢʦʚʠʪ. 

ʃʠʰʴ ʦʥ ʦʙʣʘʜʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʠ ʚʩʪʨʝ-

ʯʘʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ. 

ɼʨʫʛʠʝ ʩʣʶʜʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʬʣʦʛʦʧʠʪ, ʙʠʦ-

ʪʠʪ, ʣʝʧʠʜʦʣʠʪ, ʚʝʨʤʠʢʫʣʠʪ ʠ ʪ.ʧ. ʦʙʳʯʥʦ 

ʦʢʨʘʰʝʥʳ ʚ ʨʘʟʣʠʯʥʳʝ ʪʸʤʥʳʝ ʮʚʝʪʘ ʠ ʧʦ-

ʪʦʤʫ ʥʝ ʜʦʙʳʚʘʣʠʩʴè (ʗʢʞʠʥ, 1944, ʩ. 33). 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʦʙʨʘʥʥʳʭ ʩʚʝʜʝʥʠʡ 

ʦ ʧʦʠʩʢʘʭ, ʠʟʫʯʝʥʠʠ ʠ ʜʦʙʳʯʝ ʩʣʶʜʳ ʚ ʇʨʠ-

ʙʘʡʢʘʣʴʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɺ 1680-ʭ ʛʦʜʘʭ ʚ ʇʨʠʙʘʡʢʘʣʴʝ ʥʘʯʠʥʘ-

ʶʪʩʷ ʤʘʩʩʦʚʳʝ ʧʦʠʩʢʠ ʩʣʶʜʳ-ʤʫʩʢʦʚʠʪʘ, ʢʦ-

ʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʙʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ ʢʘʢ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʦʢʦʥ. ɿʘ ʜʚʘ-ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ 

ʨʫʩʩʢʠʤʠ ʟʝʤʣʝʧʨʦʭʦʜʮʘʤʠ ʙʳʣʠ ʥʘʡʜʝʥʳ ʠ 

ʥʘʯʘʣʠʩʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʦʩʥʦʚʥʳʝ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʩʣʶʜʷʥʦʡ ʙʘʟʳ ʨʝʛʠʦʥʘ. ʆʩʥʦʚʥʘʷ 

ʜʦʙʳʯʘ ʤʫʩʢʦʚʠʪʘ ʧʨʦʠʩʭʦʜʠʣʘ ʥʘ ʄʘʤʩʢʦ-

ɺʠʪʠʤʩʢʠʭ ʠ ɹʠʨʶʩʠʥʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 

2. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XVIII  ʚʝʢʘ ʠʥʪʝʨʝʩ 

ʢ ʩʣʶʜʝ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʚ ʩʚʷʟʠ ʩ ʙʫʨ-

ʥʳʤ ʨʘʟʚʠʪʠʝʤ ʩʪʝʢʣʦʜʝʣʘʪʝʣʴʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝ-

ʥʠʶ ʩʣʶʜ ʚ XIX  ʚʝʢʝ ʪʘʢʞʝ ʧʘʜʘʝʪ, ʯʪʦ ʭʦ-

ʨʦʰʦ ʚʠʜʥʦ ʠʟ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. 

3. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠ-

ʤʝʥʝʥʠʷ ʩʣʶʜʳ ʚ ʢʦʥʮʝ XIX  ï ʥʘʯʘʣʝ XX 

ʚʝʢʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, 

ʚʥʦʚʴ ʧʨʦʙʫʜʠʣʠ ʠʥʪʝʨʝʩ ʢ ʧʦʠʩʢʫ ʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʫʩʢʦʚʠʪʘ ʠ ʬʣʦʛʦ-

ʧʠʪʘ. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘʯʠʥʘʝʪʩʷ ʤʘʩ-

ʩʦʚʳʡ ʧʦʠʩʢ, ʠʟʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʉʣʶʜʷʥ-

ʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʬʣʦʛʦʧʠʪʘ (ʶʛʦ-

ʟʘʧʘʜʥʘʷ ʦʢʦʥʝʯʥʦʩʪʴ ɹʘʡʢʘʣʘ) ʠ ʉʝʚʝʨʦʙʘʡ-

ʢʘʣʴʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʫʩʢʦʚʠʪʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

ɸʪʣʘʩ ʉʠʙʠʨʠ ʉʝʤʝʥʘ ʈʝʤʝʟʦʚʘ, ʊʦ-

ʙʦʣʴʩʢ, 1701 ʛ. ʈʦʩʩʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʙʠʙ-

ʣʠʦʪʝʢʘ (ʈɻɹ). ʂʦʜ ʜʦʢʫʤʝʥʪʘ: 

000199_000009_004274925. 

ɹʨʦʜʥʠʢʦʚ ɸ.ɸ. ɽʥʠʩʝʡʩʢ ʠ ɽʥʠʩʝʡʩʢʠʡ ʫʝʟʜ 

(ʦʯʝʨʢʠ ʠʟ ʠʩʪʦʨʠʠ XVII ʚʝʢʘ): ʤʦʥʦʛʨʘʬʠʷ. ʅʦ-

ʚʦʩʠʙʠʨʩʢ : ʅʦʚʦʩʠʙ. ʛʦʩ. ʫʥ-ʪ. 2019. 382 ʩ. 
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ɺʝʨʭʦʪʫʨʦʚ ʄ.ʀ. ʠ ʜʨ. ɻʦʜʳ ʠ ʣʶʜʠ ʩʣʶʜʷʥʦʡ 

ʄʘʤʳ: ʠʩʪʦʨʠʷ ʄʘʤʩʢʦ-ʏʫʡʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ. 
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The First Geological Field Training of Students from Peking University 
in the Baikal Area: Cenozoic Rifting in a Long-Evolved Lithosphere3 

S.V. Rasskazov1,2, S.N. Kovalenko1, S.V. Snopkov1,3, ɺʦ Zhang4, Jinxian Yʘʦ4, Ming Tang4 
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Abstract.. This article briefly describes the content of the first field educational geological training 

of students from Peking University that took place from August 31 to September 7, 2025 in the Tunka 

Valley and on the northwestern coast of Lake Baikal, where the lithosphere generated during the entire 

time span of the Earth's evolution, from the Hadean to the Holocene. The objects of observation were 

Precambrian, Lower Paleozoic, and Mesozoic sedimentary, igneous, and metamorphic rocks of the 

Siberian paleocontinent and the accreted Hamar-Daban terrane. During the field excursion, the students 

observed the consequences of Cenozoic rifting that developed in the interaction zone of these tectonic 

units (along the suture of the Main Sayan Fault) and adjacent areas. 

Keywords: Lake Baikal, Tunka Valley, Rocks, Precambrian, Lower Paleozoic, Mesozoic, Siberian 

paleocontinent, Hamar-Daban terrane, Main Sayan Fault, Cenozoic rifting 

ʇʝʨʚʘʷ ʧʦʣʝʚʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘ ̫ʧʨʘʢʪʠʢʘ ʩʪʫʜʝʥʪʦʚ ʇʝʢʠʥʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʇʨʠʙʘʡʢʘʣʴʝ: ʂʘʡʥʦʟʦʡʩʢʠʡ ʨʠʬʪʦʛʝʥʝʟ ʚ 

ʜʣʠʪʝʣʴʥʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʚʰʝʡ ʣʠʪʦʩʬʝʨʝ 

ʉ.ɺ. ʈʘʩʩʢʘʟʦʚ1,2, ʉ.ʅ. ʂʦʚʘʣʝʥʢʦ1, ʉ.ɺ. ʉʥʦʧʢʦʚ1,3, ɹʦ ʏʞʘʥ4, ʎʟʠʥʴʩʷʥʴ ʗʦ4, ʄʠʥʴ ʊʘʥ4 

1ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
3ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
4ʇʝʢʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʢʠʥ, ʂʠʪʘʡʩʢʘʷ ʅʘʨʦʜʥʘʷ ʈʝʩʧʫʙʣʠʢʘ 

ɸʥʥʦʪʘʮʠʷ. ʂʨʘʪʢʦ ʦʩʚʝʱʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʚʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢ-

ʪʠʢʠ ʩʪʫʜʝʥʪʦʚ ʇʝʢʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʩʦʩʪʦʷʚʰʝʡʩʷ ʩ 31 ʘʚʛʫʩʪʘ ʧʦ 7 ʩʝʥʪʷʙʨʷ 2025 ʛʦʜʘ ʚ 

ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʝ ʠ ʥʘ ʉɿ ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ, ʛʜʝ ʣʠʪʦʩʬʝʨʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚʦ ʚʨʝʤʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʩʝʡ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ, ʦʪ ʛʘʜʝʷ ʜʦ ʛʦʣʦʮʝʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ 
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ʩʣʫʞʠʣʠ ʦʩʘʜʦʯʥʳʝ, ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʜʦʢʝʤʙʨʠʷ, ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ 

ʠ ʤʝʟʦʟʦʷ ʉʠʙʠʨʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ ʠ ʘʢʢʨʝʪʠʨʦʚʘʥʥʦʛʦ ʢ ʥʝʤʫ ʍʘʤʘʨʜʘʙʘʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ. 

ɺ ʭʦʜʝ ʧʨʘʢʪʠʢʠ ʩʪʫʜʝʥʪʳ ʥʘʙʣʶʜʘʣʠ ʧʦʩʣʝʜʩʪʚʠʷ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ, ʧʦʣʫʯʠʚʰʝʛʦ 

ʨʘʟʚʠʪʠʝ ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʝʜʠʥʠʮ (ʚ ʰʦʚʥʦʡ ʟʦʥʝ ɻʣʘʚʥʦʛʦ ʉʘʷʥʩʢʦʛʦ 

ʨʘʟʣʦʤʘ) ʠ ʥʘ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʝʨʦ ɹʘʡʢʘʣ, ʊʫʥʢʠʥʩʢʘʷ ʜʦʣʠʥʘ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʜʦʢʝʤʙʨʠʡ, ʥʠʞʥʠʡ ʧʘ-

ʣʝʦʟʦʡ, ʤʝʟʦʟʦʡ, ʉʠʙʠʨʩʢʠʡ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪ, ʍʘʤʘʨʜʘʙʘʥʩʢʠʡ ʪʝʨʨʝʡʥ, ɻʣʘʚʥʳʡ ʉʘʷʥʩʢʠʡ ʨʘʟ-

ʣʦʤ, ʢʘʡʥʦʟʦʡʩʢʠʡ ʨʠʬʪʦʛʝʥʝʟ 

Introduction 

The Baikal region ï a representative territory 
for demonstrating rocks and geological pro-
cesses covering much of the Earthôs evolution ï 
serves for educational geological trainings of 
students from the Geological Faculty of Irkutsk 
State University (ISU) that have been held since 
the 1950s every year for 1.5 months. From the 
existing experience, the first geological training 
of Peking University students on the most indic-
ative geological objects of the territory was ar-
ranged in 2025, from August 31 to September 7. 
For this internship, special review articles were 
published (Rasskazov et al., 2025; Kovalenko, 
2025). The following is a chronology of the in-
ternship events with brief geological comments. 

August 31. The beginning 

Chinese teachers and students, arrived in Ir-
kutsk, were accommodated in the Akad-
emicheskaya Hotel. 

September 1. Introduction to the excursion 
objects, geological observations on the 

southwestern shore of Lake Baikal ï marbles of 
the Slyudyanka metamorphic complex 

In the morning, Chinese teachers and students 
visited the Institute of the Earth's Crust of the Si-
berian Branch of the Russian Academy of Sci-
ences and listened to a lecture on geology and 
stratigraphy of the Late Precambrian in the south 
of the Siberian paleocontinent delivered by the 
Institute researcher T.V. Donskaya and an intro-
ductory review of the excursion objects pre-
sented by S.V. Rasskazov (Fig. 1). 

 
Fig. 1. Distribution of objects for the Field Geological Excursion of teachers and students from Peking 

University in 2025. 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʧʦʣʝʚʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʢʫʨʩʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ 

ʇʝʢʠʥʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʚ 2025 ʛ. 
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Fig. 2. Upper level of the Pereval quarry for the extraction of low-magnesia marbles for cement produc-

tion, photo 0732-33. 

ʈʠʩ. 2. ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʢʘʨʴʝʨʘ ʇʝʨʝʚʘʣ ʧʦ ʜʦʙʳʯʝ ʥʠʟʢʦʤʘʛʥʝʟʠʘʣʴʥʳʭ ʤʨʘʤʦʨʦʚ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ, ʬʦʪʦ 0732-33. 

 

Fig. 3. Lower level of the Pereval quarry for the extraction of low-magnesia marbles for cement pro-

duction, photo 0737-40. 

ʈʠʩ. 3. ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ ʢʘʨʴʝʨʘ ʇʝʨʝʚʘʣ ʧʦ ʜʦʙʳʯʝ ʥʠʟʢʦʤʘʛʥʝʟʠʘʣʴʥʳʭ ʤʨʘʤʦʨʦʚ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ, ʬʦʪʦ 0737-40. 

After lunch, the participants traveled by bus 

from Irkutsk to the Pereval marble quarry, lo-

cated on the shore of Lake Baikal, to observe 

marbles of the Slyudyanka metamorphic com-

plex of the Khamar-Daban terrane (Figs. 2, 3). 

The latter was accreted to the south of the Sibe-

rian paleocontinent in the Early Paleozoic. The 

accretion time was constrained by the age of 

granulite facies metamorphism, accompanied by 

the intrusion of syncollisional granites about 488 

Myr ago. 

By the end of the day, the participants were 

accommodated in the guest house Baikal Para-

dise of the Kultuk village. 

September 2ï3. Structural suture of the Main 
Sayan fault between the Siberian 

paleocontinent and the Khamar-Daban terrane, 
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Cenozoic structures developed along this 
suture, Cenozoic volcanism 

In order to observe the basement rocks of the 

Siberian paleocontinent, affected by 

metamorphism of granulite facies, the partici-

pants went on a walking route from the guest 

house along the Circum-Baikal Railway, laid on 

the northwestern coast of Lake Baikal (Fig. 4). 

 

Fig. 4. Outcrop of gneisses of the Sharyzhalgai complex of the Lower Archean in the basement of the 

Siberian paleocontinent, Circum-Baikal Railway, photo 0838. 

ʈʠʩ. 4. ʆʙʥʘʞʝʥʠʝ ʛʥʝʡʩʦʚ ʰʘʨʳʞʘʣʛʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʞʥʝʛʦ ʘʨʭʝʷ ʚ ʬʫʥʜʘʤʝʥʪʝ ʉʠʙʠʨ-

ʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ, ʂʨʫʛʦʙʘʡʢʘʣʴʩʢʘʷ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ, ʬʦʪʦ 0838. 

The participants observed rocks of dyna-

mometamorphism (mylonites, pseudotachylites) 

in the Main Sayan Fault ï the suture between the 

Khamar-Daban terrane and the Siberian 

paleocontinent (Fig. 5). This suture separates the 

tectonic units of the early Earth with protoliths 

about 3.82 Gyr old (model age of the common 

Pb protolith of the basement in the south of the 

Siberian paleocontinent) and about 4.31 Gyr 

(model age of the common Pb protolith of the 

Gargan block) (Rasskazov et al., 2025). 
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Fig. 5. Outcrop of mylonites and pseudotachylites of the Main Sayan fault on the 2nd km of the Kultuk-

Arshan tract, photo 0787-88. 

ʈʠʩ. 5. ʆʙʥʘʞʝʥʠʝ ʤʠʣʦʥʠʪʦʚ ʠ ʧʩʝʚʜʦʪʘʭʠʣʠʪʦʚ ɻʣʘʚʥʦʛʦ ʉʘʷʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʥʘ 2-ʤ ʢʤ ʪʨʘʢʪʘ 

ʂʫʣʪʫʢïɸʨʰʘʥ, ʬʦʪʦ 0787-88. 

At the junction area between the Tunka Val-

ley and the South Baikal Depression of the 

Baikal Rift System (BRS), the participants sam-

pled rocks of the Kultuk volcano that erupted in 

the Main Sayan Fault 18ï12 Myr ago (Fig. 6). 

Massive dolerites of subvolcanic bodies, lava 

flows of porous lavas of subaerial eruptions, as 

well as pillow lavas and hyaloclastites of under-

water volcanic eruptions were observed in out-

crops (Fig. 7). 
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Fig. 6. Edifice of the Kultuk volcano erupted in the Early-Middle Miocene in the reactivated suture zone 

of the Main Sayan Fault, photo 0842-44. 

ʈʠʩ. 6. ʇʦʩʪʨʦʡʢʘ ʂʫʣʪʫʢʩʢʦʛʦ ʚʫʣʢʘʥʘ, ʠʟʚʝʨʛʘʚʰʝʛʦʩʷ ʚ ʨʘʥʥʝʤ-ʩʨʝʜʥʝʤ ʤʠʦʮʝʥʝ ʚ ʘʢʪʠʚʠʟʠ-

ʨʦʚʘʥʥʦʡ ʰʦʚʥʦʡ ʟʦʥʝ ɻʣʘʚʥʦʛʦ ʉʘʷʥʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʬʦʪʦ 0842-44. 

 

Fig. 7. Outcrop of Lower Miocene pillow lavas and hyaloclastites of the Kultuk volcano, photo 0819a. 

ʈʠʩ. 7. ʆʙʥʘʞʝʥʠʝ ʥʠʞʥʝʤʠʦʮʝʥʦʚʳʭ ʧʦʜʫʰʝʯʥʳʭ ʣʘʚ ʠ ʛʠʘʣʦʢʣʘʩʪʠʪʦʚ ʂʫʣʪʫʢʩʢʦʛʦ ʚʫʣʢʘʥʘ, 

ʬʦʪʦ 0819a. 

To assess the seismogenic state of the earth's 

crust in the Baikal Rift System, hydrogeochemi-

cal monitoring of groundwater was arranged in 

the Kultuk Village with sampling of wells and 

springs every 2 weeks, as well as real-time meas-

urements of the oxidation-reduction potential, 

pH, and temperature in groundwater wells (every 

2 minutes). 

September 3. Cenozoic volcanic and 
sedimentary rocks of the eastern part of the 

Tunka Rift Valley 

The KultukïArshan bus transfer was accom-
panied with stops for geological observations of 
outcrops along a highway in the eastern part of 
the Tunka Valley: 1) 5 km stop, a roadside expo-
sure of overthrusting basement rocks on the 
Pleistocene-Holocene sediments (Fig. 8); 
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Fig. 8. Overthrusting of metamorphic basement rocks on Middle Pleistocene sediments, photo 0853. 

ʈʠʩ. 8. ʅʘʜʚʠʛ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʥʘ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʬʦʪʦ 

0853. 

2) 13 km stop, an open pit of loose Lower 
Pleistocene sediment layers tilted at the azimuth 
of 15Á, angle of 45Á (Fig. 9, a, b); 3) 16.7 km 
stop, Bolôshaya Bystraya quarry, Middle Pleisto-
cene boulder-pebble stratum that includes tour-
maline pegmatite boulders (Fig. 10, a, b), 4) 27 
km stop, Priirkutnyi and Karyer volcanoes that 

erupted in the Early-Middle Miocene (Fig. 11, aï
d). Deep-seated xenoliths from the Karyer Vol-
cano, derived from the crustïmantle transition 
zone, show the PbïPb isochron age of 2.7 Gyr. 

At the end of the day, the participants were 
accommodated in the VelMan apart-hotel of the 
Arshan village (Fig. 12). 

 ʘ) 
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 b) 

Fig. 9. Lower Pleistocene deposits with inclined bedding of layers: (a), photo 0861, outcrop fragment 

(b), photo 0860. 

ʈʠʩ. 9. ʅʠʞʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʥʘʢʣʦʥʥʳʤ ʟʘʣʝʛʘʥʠʝʤ ʩʣʦʝʚ: (ʘ), ʬʦʪʦ 0861, ʬʨʘʛ-

ʤʝʥʪ ʦʙʥʘʞʝʥʠʷ (b), ʬʦʪʦ 0860. 

 ʘ) 
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 b) 

Fig. 10. General view of the Middle Pleistocene alluvium exposed by the Bolôshaya Bystraya quarry 

(a), photo 0864-66a and a boulder of muscovite-tourmaline granite from these sediments (b), photo 

0872. 

ʈʠʩ. 10. ʆʙʱʠʡ ʚʠʜ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʘʣʣʶʚʠʷ, ʚʩʢʨʳʪʦʛʦ ɹʦʣʴʰʠʤ ɹʳʩʪʨʠʥʩʢʠʤ ʢʘʨʴʝ-

ʨʦʤ (ʘ), ʬʦʪʦ 0864-66ʘ ʠ ʚʘʣʫʥ ʤʫʩʢʦʚʠʪ-ʪʫʨʤʘʣʠʥʦʚʦʛʦ ʛʨʘʥʠʪʘ ʠʟ ʵʪʠʭ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

(b), ʬʦʪʦ 0872. 

 ʘ) 

 b) 
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 c) 

 d) 

 e) 

Fig. 11. Basalt covers with columnar joints in the eastern part of the Tunka Valley: a, b ï without deep-

seated inclusions (Priirkutnyi volcano), photos 0875-75 and 0879-81, c ï with deep-seated ones (Karyer 

volcano), photo 0891-92, d ï wehrlite xenolith from the Karyer volcano, sampled during the observa-

tion, photo 0896 and e ï Pleistocene aeolian sand overlying the lava cover, photo 0873-74. 






















































































