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ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʧʦʢʘʟʥʠʢʠ ï ʚʽʜʥʦʩʥʠʡ ʛʨʘʜʽʻʥʪ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʫʛʽʣʴʥʦʾ 
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New indicators have been proposed ï the relative gradient of sorption methane-bearing capacity of 

coal substance and the relative gradient of coal beds methane content, which allow comparison of 

these characteristics measured in absolute values for individual coal beds of different grades of 

metamorphism, at different depths and lying in different geological conditions.  
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ʄʝʪʘʥ ï ʦʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʛʘʟʽʚ ʚʫʛʽʣʴʥʠʭ ʨʦʜʦʚʠʱ, ʽ ʦʩʢʽʣʴʢʠ ʤʘʡʞʝ 

ʫʩʷ ʚʫʛʣʝʥʦʩʥʘ ʪʦʚʱʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘʩʠʯʝʥʘ ʤʝʪʘʥʦʤ, ʚʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ ʥʘ 

ʚʫʛʽʣʴʥʠʭ ʰʘʭʪʘʭ, ʚ ʧʨʦʮʝʩʽ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ 

ʦʯʠʩʥʠʭ ʨʦʙʽʪ, ʧʦʩʪʽʡʥʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʤʝʪʘʥʫ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ 

ʪʦʛʦ ʚ ʷʢʠʭ ʤʘʩʰʪʘʙʘʭ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʚʫʛʣʝʚʠʜʦʙʫʚʥʘ ʛʘʣʫʟʴ, 

ʯʠ ʚʟʘʛʘʣʽ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ, ʝʤʽʩʽʷ ʤʝʪʘʥʫ ʟ ʚʫʛʣʝʥʦʩʥʦʾ ʪʦʚʱʽ ʙʫʜʝ ʪʨʠʚʘʪʠ ʱʝ 

ʜʝʩʷʪʢʠ ʨʦʢʽʚ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʧʨʦʙʣʝʤʘ ʤʝʪʘʥʫ ʚʫʛʣʝʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʥʝ ʚʪʨʘʪʠʪʴ ʩʚʦʻʾ ʘʢʪʫʘʣʴʥʦʩʪʽ. 

ʏʠʩʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʨʘʥʽʰʝ ʨʽʟʥʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ, ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʛʘʟʽʚ ʫ ʚʫʛʣʝʥʦʩʥʽʡ ʪʦʚʱʽ ʪʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʚʽʜʭʠʣʝʥʴ ʛʘʟʦʥʦʩʥʦʩʪʽ ʽ ʛʘʟʦʥʘʩʠʯʝʥʦʩʪʽ ʚʫʛʣʝʥʦʩʥʦʛʦ ʤʘʩʠʚʫ ʚʽʜ ʟʘʛʘʣʴʥʠʭ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʥʘ ʮʝ ʙʘʛʘʪʴʦʭ ʣʦʢʘʣʴʥʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ. ɺʤʽʩʪ ʪʘ ʩʢʣʘʜ ʛʘʟʽʚ ʚʫʛʣʝʥʦʩʥʦʾ ʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʽ 

ʬʘʢʪʦʨʠ ʷʢ ʩʪʫʧʽʥʴ ʤʝʪʘʤʦʨʬʽʟʤʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʪʘ ʧʦʩʪʜʽʘʛʝʥʝʪʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ, ʪʝʢʪʦʥʽʢʘ, ʚʫʛʣʝʥʦʩʥʽʩʪʴ, ʣʽʪʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ 

ʧʦʨʽʜ, ʪʦʚʱʠʥʘ ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ 

ʪʘ ʩʫʯʘʩʥʘ ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ. ʉʪʫʧʽʥʴ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʟ ʯʠʥʥʠʢʽʚ, ʟʘ ʚʠʥʷʪʢʦʤ 

ʤʝʪʘʤʦʨʬʽʟʤʫ, ʫ ʨʽʟʥʠʭ ʛʘʟʦʚʠʭ ʟʦʥʘʭ ʻ ʨʽʟʥʠʤ, ʪʦʤʫ ʻ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʽ ʨʦʟʧʦʜʽʣ 

ʛʘʟʽʚ ʫ ʚʫʛʣʝʥʦʩʥʽʡ ʪʦʚʱʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʚʟʘʻʤʦʜʽʾ ʥʘʚʝʜʝʥʠʭ 

ʯʠʥʥʠʢʽʚ. 

ɺʧʣʠʚ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʯʠʥʥʠʢʽʚ ʥʘ ʧʨʠʨʦʜʥʫ ʛʘʟʦʥʦʩʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʽʚ ʦʙʫʤʦʚʣʶʻ ʩʢʣʘʜʥʽʩʪʴ ʧʦʨʽʚʥʷʥʥʷ ʛʘʟʦʥʦʩʥʦʩʪʽ ʚʠʤʽʨʷʥʦʾ ʚ ʘʙʩʦʣʶʪʥʠʭ 

ʚʝʣʠʯʠʥʘʭ ʜʣʷ ʦʢʨʝʤʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʪʫʧʝʥʝʤ 

ʤʝʪʘʤʦʨʬʽʟʤʫ, ʛʣʠʙʠʥʦʶ ʟʘʣʷʛʘʥʥʷ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ. 

ʆʢʨʝʤʦ ʥʘʣʝʞʠʪʴ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘ ʪʣʽ ʟʘʛʘʣʴʥʠʭ ʪʨʝʥʜʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʧʨʠʨʦʜʥʫ ʨʝʛʽʦʥʘʣʴʥʫ ʬʦʥʦʚʫ ʛʘʟʦʥʦʩʥʽʩʪʴ, ʥʘʢʣʘʜʘʶʪʴʩʷ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʚʽʜʭʠʣʝʥʥʷ, ʚʠʢʣʠʢʘʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʘʥʦʤʘʣʽʷʤʠ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʟʠʪʠʚʥʽ 

ʘʥʦʤʘʣʽʾ (ʟʙʽʣʴʰʝʥʥʷ ʛʘʟʦʥʦʩʥʦʩʪʽ), ʱʦ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʛʘʟʦʥʦʩʥʦʩʪʽ ʽ 

ʬʦʨʤʫʶʪʴ ʛʘʟʦʚʽ ʩʢʫʧʯʝʥʥʷ, ʪʘ ʥʘʚʽʪʴ ʩʧʨʠʯʠʥʷʶʪʴ ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʷʚʠʱʘ ʫ 

ʚʫʛʽʣʴʥʠʭ ʰʘʭʪʘʭ. ʊʘʢ ʽ ʥʝʛʘʪʠʚʥʽ ʘʥʦʤʘʣʽʾ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʟʤʝʥʰʝʥʥʷ 

ʛʘʟʦʥʦʩʥʦʩʪʽ ʰʣʷʭʦʤ ʣʘʪʝʨʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʘʙʦ ʜʝʛʘʟʘʮʽʾ ʚʛʦʨʫ ʟʘ ʧʽʜʥʝʩʝʥʥʷʤ 

ʧʦʨʽʜ, ʽ ʟʛʦʜʦʤ ʟ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚ ʘʪʤʦʩʬʝʨʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʪʦʚʽʨʥʦ ʦʧʠʩʘʪʠ ʧʨʦʮʝʩʠ 

ʩʦʨʙʮʽʾ ʤʝʪʘʥʫ ʚʫʛʽʣʣʷ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ ʛʘʟʦʥʦʩʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʽʚ, ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʠʪʠ ʨʷʜ ʘʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʧʨʦʛʥʦʟʦʤ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʘ ʧʨʦʮʝʩʽʚ ʫ ʚʫʛʣʝʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ, ʘ ʩʘʤʝ, ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʬʦʨʤʫʚʘʥʥʷ ʚʝʣʠʯʠʥ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʧʨʠʨʦʜʥʦʾ ʤʝʪʘʥʦʥʦʩʥʦʩʪʽ ʚʫʛʽʣʣʷ, 
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ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʦʢʨʝʤʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʧʣʘʩʪʽʚ ʨʽʟʥʠʭ ʤʘʨʦʢ 

ʤʝʪʘʤʦʨʬʽʟʤʫ ʪʘ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ, ʽ ʟʘʣʷʛʘʶʯʠʭ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚʘʭ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ï ʚʽʜʥʦʩʥʦʛʦ ʛʨʘʜʽʻʥʪʘ 

ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʚʽʜʥʦʩʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʛʘʟʦʥʦʩʥʦʩʪʽ.  

ɺʽʜʥʦʩʥʠʤ ʛʨʘʜʽʻʥʪʦʤ ʩʦʨʙʮʽʡʥʦʾ ʤʝʪʘʥʦʻʤʥʦʩʪʽ ʚʫʛʽʣʣʷ ʻ ʚʽʜʥʦʰʝʥʥʷ 

ʥʘʩʪʫʧʥʦʛʦ (ʜʣʷ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ) ʟʥʘʯʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʤʝʪʘʥʦʻʤʥʦʩʪʽ ʜʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ (ʜʣʷ ʙʽʣʴʰ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ) ʟ ʢʨʦʢʦʤ 1 ʄʇʘ. ɸʥʘʣʦʛʽʯʥʦ, 

ʚʽʜʥʦʩʥʠʤ ʛʨʘʜʽʻʥʪʦʤ ʛʘʟʦʥʦʩʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʻ ʚʽʜʥʦʰʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʛʘʟʦʥʦʩʥʦʩʪʽ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟ ʪʘʢʠʤ ʩʘʤʠʤ ʢʨʦʢʦʤ (1 ʄʇʘ). 

ɺʽʜʥʦʩʥʠʡ ʛʨʘʜʽʻʥʪ ʩʦʨʙʮʽʡʥʦʾ ʤʝʪʘʥʦʻʤʥʦʩʪʽ (ʛʘʟʦʥʦʩʥʦʩʪʽ) ʟʘ ʩʚʦʻʶ ʩʫʪʥʽʩʪʶ 

ʮʝ ʢʦʝʬʽʮʽʻʥʪ ʟʤʝʥʰʝʥʥʷ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ (ʛʘʟʦʥʦʩʥʦʩʪʽ) ʟ ʛʣʠʙʠʥʦʶ, ʪʘ 

ʚʽʜʧʦʚʽʜʥʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ, ʽ ʻ ʙʝʟʨʦʟʤʽʨʥʦʶ ʚʝʣʠʯʠʥʦʶ. 

ʇʨʠʨʦʜʥʘ ʛʘʟʦʥʦʩʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʟʘʣʝʞʠʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ 

ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʫʛʽʣʴʥʦʾ ʨʝʯʦʚʠʥʠ. ɻʘʟ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʫ ʟʚô̫ ʟʘʥʦʤʫ, ʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʝ ʚʝʣʠʢʦʶ 

ʩʦʨʙʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʫʛʽʣʣʷ. ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʠʨʦʜʥʘ ʛʘʟʦʥʦʩʥʽʩʪʴ ʚʫʛʽʣʣʷ 

ʧʝʨʝʚʘʞʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʩʦʨʙʮʽʡʥʦʶ ʻʤʥʽʩʪʶ, ʘ ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʜʦʩʷʛʘʻ 

ʤʘʢʩʠʤʫʤʫ ʽ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʧʨʠ ʪʠʩʢʘʭ 6 ʄʇʘ, ʪʦ ʛʨʫʥʪʫʶʯʠʩʴ ʥʘ ʚʠʩʥʦʚʢʫ ʱʦʜʦ 

ʛʨʘʥʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʫʛʽʣʣʷ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʮʠʤʠ 

ʪʠʩʢʘʤʠ (ʧʦʥʘʜ 6 ʄʇʘ), ʥʘʣʝʞʠʪʴ ʦʯʽʢʫʚʘʪʠ ʟʤʽʥʫ ʬʦʥʦʚʦʾ ʨʝʛʽʦʥʘʣʴʥʦʾ 

ʧʨʠʨʦʜʥʦʾ ʛʘʟʦʥʦʩʥʦʩʪʽ ʟʘ ʛʽʧʝʨʙʦʣʽʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʟ ʚʠʭʦʜʦʤ ʥʘ ʘʩʠʤʧʪʦʪʫ. ɸ 

ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʷʢ ʚʽʜʦʤʦ ʛʘʟʦʚʠʡ ʪʠʩʢ ʚʫʛʣʝʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʩʢʣʘʜʘʻ 0,8 ï 

0,9 ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ, ʮʝ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʥʘ ʛʣʠʙʠʥʘʭ ʧʦʨʷʜʢʫ 660 ï 750 ʤ. ʎʝ 

ʜʦʙʨʝ ʟʙʽʛʘʻʪʴʩʷ ʟ ʯʠʩʣʝʥʥʠʤʠ ʜʘʥʠʤʠ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʠʨʦʜʥʦʾ ʛʘʟʦʥʦʩʥʦʩʪʽ ï ʩʪʘʙʽʣʽʟʘʮʽʶ ʤʝʪʘʥʦʥʦʩʥʦʩʪʽ ʚʽʜʥʦʩʷʪʴ ʜʦ ʽʥʪʝʨʚʘʣʫ 

ʛʣʠʙʠʥ 800 ï 900 ʤ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʱʦʜʦ 

ʩʦʨʙʮʽʡʥʦʾ ʤʝʪʘʥʦʻʤʥʦʩʪʽ ʪʘ ʧʨʠʨʦʜʥʦʾ ʛʘʟʦʥʦʩʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ɼʦʥʙʘʩʫ, 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ, ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʗʢ ʽ ʥʘʣʝʞʠʪʴ ʦʯʽʢʫʚʘʪʠ, ʩʫʜʷʯʠ ʟʘ ʬʦʨʤʦʶ ʽʟʦʪʝʨʤ ʩʦʨʙʮʽʡʥʦʾ 

ʤʝʪʘʥʦʻʤʥʦʩʪʽ, ʷʢʽ ʤʘʶʪʴ ʚʠʛʣʷʜ ʛʽʧʝʨʙʦʣʠ, ʛʨʘʜʽʻʥʪʠ ʩʦʨʙʮʽʡʥʦʾ ʤʝʪʘʥʦʻʤʥʦʩʪʽ 

ʚʫʛʽʣʣʷ ʟʘʢʦʥʦʤʽʨʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ. ɿʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ 

ʛʨʘʜʽʻʥʪʫ ʤʝʪʘʥʦʥʦʩʥʦʩʪʽ (ʪʘʙʣ. 1) ʜʣʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʨʽʟʥʠʭ ʤʘʨʦʢ 

ʟʘʢʦʥʦʤʽʨʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʪʘ ʪʘʢʦʞ 

ʟʘʢʦʥʦʤʽʨʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʟ ʽʥʪʝʨʚʘʣʽʚ ʛʣʠʙʠʥ ʚʽʜ 

ʥʠʟʴʢʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʦʛʦ (ʤʘʨʢʘ ɻ) ʚʫʛʽʣʣʷ ʜʦ ʚʠʩʦʢʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʦʛʦ (ʤʘʨʢʘ 

ʅɸ). 
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ʊʘʙʣʠʮʷ 1 

ɺʽʜʥʦʩʥ ̔ʛʨʘʜʽʻʥʪʠ ʤʝʪʘʥʦʥʦʩʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ (ʤʘʨʢʠ 

ɻ-ʅɸ) ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ 
 

ʉʪʫʧʽʥʴ 

ʤʝʪʘʤʦʨʬʽʟʤʫ 

ɺʽʜʥʦʩʥʠʡ ʛʨʘʜʽʻʥʪ ʤʝʪʘʥʦʥʦʩʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʨʽʟʥʠʭ ʤʘʨʦʢ 

ʜʣʷ ʦʢʨʝʤʠʭ ʽʥʪʝʨʚʘʣʽʚ ʛʣʠʙʠʥ, ʙ/ʨ 

100-200 ʤ 200-300 ʤ 300-400 ʤ 400-500 ʤ 500-600 ʤ 

ɻ 2,53 1,40 1,12 1,07 1,06 

ɾ 1,85 1,24 1,09 1,07 1,04 

ʂ 1,51 1,22 1,10 1,06 1,04 

ʇʉ 1,52 1,22 1,10 1,05 1,04 

ʇ 1,49 1,15 1,07 1,04 1,02 

ʅɸ 1,45 1,20 1,10 1,06 1,04 

ʉʝʨʝʜʥʽʡ 1,73 1,24 1,10 1,06 1,04 

 

ʊʘʙʣʠʮʷ 2 

ʈʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʤʝʪʘʥʦʥʦʩʥʦʩʪʽ ʜʣʷ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʽʚ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʤʝʪʘʤʦʨʬʽʟʤʫ 
 

ʄʘʨʢʘ 

 ʚʫʛʽʣʣʷ ʈʽʚʥʷʥʥʷ 

ʂʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ, 

RĮ 

ɻ y = -7*10-8x3 + 8,992*10-5x2 - 0,03813125x + 6,47970536 0,9983 

ɾ y = -4*10-8x3 + 5,08*10-5x2 - 0,02130208x + 4,04015179 0,9988 

ʂ y = -1*10-8x3 + 1,68*10-5x2 - 0,00836875x + 2,41211607 0,9999 

ʇʉ y = -1*10-8x3 + 1,61*10-5x2 - 0,00827083x + 2,43776786 0,9994 

ʇ y = -2*10-8x3 + 2,637*10-5x2 - 0,01144792x + 2,67199107 0,9983 

ʅɸ y = -1*10-8x3 + 1,464*10-5x2 - 0,00717292x + 2,2222679 0,9996 

 

ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʪʦʡ ʬʘʢʪ, ʱʦ ʥʘ ʙʽʣʴʰʠʭ ʛʣʠʙʠʥʘʭ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʜʣʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʩʽʭ ʤʘʨʦʢ ʚʠʨʽʚʥʶʶʪʴʩʷ (ʜʠʚ. ʪʘʙʣ. 

1). ɯ ʥʘ ʛʣʠʙʠʥʘʭ 300 ï 400 ʤ ʩʢʣʘʜʘʶʪʴ 1,07 ï 1,12, ʥʘ ʛʣʠʙʠʥʘʭ 400 ï 500 ʤ ï 

1,04 ï1,07, ʥʘ ʛʣʠʙʠʥʘʭ 500 ï 600 ʤ ï 1,02 ï 1,06. ʊʦʙʪʦ ʤʦʞʣʠʚʠʡ ʧʨʠʨʽʩʪ 

ʛʘʟʦʥʦʩʥʦʩʪʽ, ʟʘ ʧʽʜʚʠʱʝʥʥʷʤ ʛʣʠʙʠʥʠ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʪʠʩʢʫ, ʤʦʞʝ ʧʦʪʝʥʮʽʡʥʦ 

ʩʢʣʘʩʪʠ 2 ï 6%, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 1. ʑʦ ʮʽʣʢʦʤ 

ʩʧʽʚʧʘʜʘʻ ʟ ʚʽʜʦʤʠʤʠ ʜʘʥʠʤʠ, ʢʦʣʠ ʧʨʠʨʽʩʪ ʩʦʨʙʮʽʾ ʚ ʽʥʪʝʨʚʘʣʽ ʪʠʩʢʫ 5 ï 10 ʄʇʘ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ï10%. 

ʋ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʽ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʠʭ ʛʨʘʜʽʻʥʪʽʚ 

ʤʝʪʘʥʦʥʦʩʥʦʩʪʽ ʜʣʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʤʝʪʘʤʦʨʬʽʟʤʫ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫ ʬʦʥʦʚʦʾ ʧʨʠʨʦʜʥʦʾ 

ʨʝʛʽʦʥʘʣʴʥʦʾ ʛʘʟʦʥʦʩʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʧʦʢʘʟʥʠʢʠ ï ʚʽʜʥʦʩʥʠʡ ʛʨʘʜʽʻʥʪ ʩʦʨʙʮʽʡʥʦʾ 

ʤʝʪʘʥʦʻʤʥʦʩʪʽ ʚʫʛʽʣʣʷ ʪʘ ʚʽʜʥʦʩʥʠʡ ʛʨʘʜʽʻʥʪ ʤʝʪʘʥʦʥʦʩʥʦʩʪʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 
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ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʠʤʽʨʷʥʠʭ ʚ ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥʘʭ (ʩʤ3/ʛ, 

ʤ3/ʪ) ʜʣʷ ʦʢʨʝʤʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʨʽʟʥʠʭ ʤʘʨʦʢ ʤʝʪʘʤʦʨʬʽʟʤʫ, ʥʘ ʨʽʟʥʠʭ 

ʛʣʠʙʠʥʘʭ ʪʘ ʟʘʣʷʛʘʶʯʠʭ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. 

ɿʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʛʨʘʜʽʻʥʪʽʚ ʜʣʷ ʚʫʛʽʣʣʷ ɼʦʥʙʘʩʫ ʟʘʢʦʥʦʤʽʨʥʦ 

ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʪʘ ʪʘʢʦʞ ʟʘʢʦʥʦʤʽʨʥʦ 

ʟʤʝʥʰʫʶʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʟ ʽʥʪʝʨʚʘʣʽʚ ʛʣʠʙʠʥ ʚʽʜ ʥʠʟʴʢʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʦʛʦ 

(ʤʘʨʢʘ ɼ) ʚʫʛʽʣʣʷ ʜʦ ʚʠʩʦʢʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʦʛʦ (ʤʘʨʢʘ ʅɸ). ʎʝ ʜʦʚʦʜʠʪʴ, ʱʦ 

ʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʚʫʛʽʣʴʥʦʾ ʨʝʯʦʚʠʥʠ ʚʠʟʥʘʯʘʻ ʧʨʠʨʦʜʥʫ ʨʝʛʽʦʥʘʣʴʥʫ (ʬʦʥʦʚʫ) 

ʤʝʪʘʥʦʥʦʩʥʽʩʪʴ ʧʣʘʩʪʽʚ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʽ ʟʘʢʦʥʦʤʽʨʥʦ, ʟʘ ʛʽʧʝʨʙʦʣʽʯʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ, ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʪʘ ʪʘʢʦʞ 

ʟʘʢʦʥʦʤʽʨʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʟ ʽʥʪʝʨʚʘʣʽʚ ʛʣʠʙʠʥ ʚʽʜ 

ʥʠʟʴʢʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʦʛʦ (ʤʘʨʢʘ ɼ) ʚʫʛʽʣʣʷ ʜʦ ʚʠʩʦʢʦʤʝʪʘʤʦʨʬʽʟʦʚʘʥʦʛʦ (ʤʘʨʢʘ 

ʅɸ), ʟ ʚʽʜʥʦʩʥʠʤ ʛʨʘʜʽʻʥʪʦʤ, ʷʢʠʡ ʘʩʠʤʧʪʦʪʠʯʥʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 1 ʟʘ ʪʠʩʢʘʤʠ 

ʧʦʥʘʜ 6 ʄʇʘ. 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʛʘʟʦʥʦʩʥʦʩʪʽ ʚʽʜ ʛʣʠʙʠʥʠ ʪʘ 

ʛʘʟʦʚʦʛʦ ʪʠʩʢʫ ʜʣʷ ʨʽʟʥʠʭ ʤʘʨʦʢ ʤʝʪʘʤʦʨʬʽʟʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʾ ʨʝʛʽʦʥʘʣʴʥʦʾ (ʬʦʥʦʚʦʾ) ʛʘʟʦʥʦʩʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʰʫʢʘʥʫ 

ʛʣʠʙʠʥʫ ʘʙʦ ʪʠʩʢ. 
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ʋɼʂ 552.5 
 

ɹʋʈɽ ɺʋɻɯʃʃʗ ɼʅɯʇʈʆɺʉʔʂʆɻʆ ɹɸʉɽʁʅʋ: ʗʂɯʉʅɯ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɺʀɼʆɹʋɺɸʅʅʗ 
 

ɯ. ɺ. ɺʘʩʠʣʴʻʚʘ 
ʄʦʣʦʜʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ,01601, 

 ʤ. ʂʠʾʚ, ʚʫʣ. ʆ. ɻʦʥʯʘʨʘ 55-ʙ 

 

ɹʫʨʝ ʚʫʛ̔ʣʣʷ ð ʪʚʝʨʜʘ ʛʦʨʶʯʘ ʢʦʨʠʩʥʘ ʢʦʧʘʣʠʥʘ, ʥʠʞʯʠʡ ʯʣʝʥ ʚʫʛʣʝʬʽʢʘʮʽʡʥʦʛʦ ʨʷʜʫ ʚʫʛʽʣʣʷ 

ʚʠʢʦʧʥʦʛʦ. ɹʫʨʝ ʚʫʛʽʣʣʷ ʟʘ ʷʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʜʘʪʥʝ ʜʣʷ ʩʧʘʣʝʥʥʷ ʥʘ ʊɽʉ, ʚ ʷʢʦʩʪʽ 

ʧʦʙʫʪʦʚʦʛʦ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʜʣʷ ʙʨʠʢʝʪʫʚʘʥʥʷ, ʛʘʟʠʬʽʢʘʮʽʾ, ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʣʫʞʥʠʭ 

ʨʝʘʛʝʥʪʽʚ ʪʘ ʛʽʨʥʠʯʦʛʦ ʚʦʩʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʫʨʝ ʚʫʛʽʣʣʷ, ɼʥʽʧʨʦʚʩʴʢʠʡ ʙʘʩʝʡʥ. 

 

BROWN COAL OF THE DNIPROV BASIN: QUALITATIVE 

CHARACTERISTICS AND PROSPECTS OF MINING  
 

I. V. Vasʫlievʘ 
Junior researcher 

 

Institute of Geological Sciences of the National Academy of Sciences of Ukraine, 

01601, Kyiv, str. O. Honchara 55-b 
 

ɺrown coal (lignite) is a solid combustible mineral, the lowest member of the coalification series of 

fossil coal. According to its qualitative characteristics, brown coal is suitable for burning at thermal 

power plants, as household fuel, as well as for briquetting, gasification, production of coal-alkaline 

reagents and mining wax. 

Key words: brown coal, Dnipro basin. 

 

ɺʩʪʫʧ. ʊʚʝʨʜʽ ʛʦʨʶʯʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ ï ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʚʠʜ 

ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʤʝʞʘʭ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʙʘʩʝʡʥʫ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʦʥʠ 

ʧʦʢʣʘʜʘʤʠ ʢʘʤôʷʥʦʛʦ ʪʘ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ [1]. 

ɹʫʨʝ ʚʫʛ̔ʣʣʷ ð ʪʚʝʨʜʘ ʛʦʨʶʯʘ ʢʦʨʠʩʥʘ ʢʦʧʘʣʠʥʘ, ʥʠʞʯʠʡ ʯʣʝʥ 

ʚʫʛʣʝʬʽʢʘʮʽʡʥʦʛʦ ʨʷʜʫ ʚʫʛʽʣʣʷ ʚʠʢʦʧʥʦʛʦ, ʧʝʨʝʭʽʜʥʘ ʬʦʨʤʘ ʚʽʜ ʪʦʨʬʫ ʜʦ ʚʫʛʽʣʣʷ 

ʢʘʤ'ʷʥʦʛʦ. ʂʦʣʽʨ ʚʽʜ ʩʚʽʪʣʦ-ʙʫʨʦʛʦ ʜʦ ʯʦʨʥʦʛʦ. ʊʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʛʦʨʶʯʦʾ ʤʘʩʠ 

5700-7400 ʂʢʘʣ/ʢʛ. ʄʘʻ ʤʘʣʫ ʪʚʝʨʜʽʩʪʴ, ʟʥʘʯʥʫ ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ. ɿʘ ʨʝʯʦʚʠʥʥʠʤ 

ʩʢʣʘʜʦʤ ʥʘʣʝʞʠʪʴ ʜʦ ʛʫʤʘʪʽʚ. ʉʘʧʨʦʧʝʣʽʪʠ  ̔ʧʝʨʝʭʽʜʥʽ ʛʫʤʫʩʦʚʦ-ʩʘʧʨʦʧʝʣʝʚʽ 

ʚʠʜʠ ʤʘʶʪʴ ʧʽʜʣʝʛʣʝ ʟʥʘʯʝʥʥʷ  ̔ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʰʘʨʢʽʚ ʫ ʧʣʘʩʪʘʭ, 

ʩʢʣʘʜʝʥʠʭ ʛʫʤʽʪʘʤʠ. ɹʽʣʴʰʽʩʪʴ ʨʽʟʥʦʚʠʜʽʚ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʽʢʨʦʢʦʤʧʦʥʝʥʪʽʚ ʛʨʫʧʠ ʚʽʪʨʠʥʽʪʫ (80-98 %). ɼʣ ̫ʥʠʞʥʴʦʢʘʨʙʦʥʦʚʦʛʦ ʙʫʨʦʛʦ 

ʚʫʛʽʣʣʷ ʭʘʨʘʢʪʝʨʥʠʡ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʣʝʡʧʪʠʥʽʪʫ [2]. 

ɯʩʪʦʨʽʷ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʴ. ɼʥʽʧʨʦʚʩʴʢʠʡ ʚʫʛʽʣʴʥʠʡ ʙʘʩʝʡʥ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ɾʠʪʦʤʠʨʩʴʢʦʾ, ɺʽʥʥʠʮʴʢʦʾ, ʂʠʾʚʩʴʢʦʾ, ʏʝʨʢʘʩʴʢʦʾ, 
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ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ, ɿʘʧʦʨʽʟʴʢʦʾ ʽ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ, ʯʘʩʪʢʦʚʦ ʇʦʣʪʘʚʩʴʢʦʾ, 

ʄʠʢʦʣʘʾʚʩʴʢʦʾ ʪʘ ʍʝʨʩʦʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ. 

ʋ ʙʘʩʝʡʥʽ ʚʠʷʚʣʝʥʦ ʙʣʠʟʴʢʦ 200 ʨʦʜʦʚʠʱ ʽ ʚʫʛʣʝʧʨʦʷʚʽʚ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ. 

ʈʦʟʚʽʜʘʥʽ ʟʘʧʘʩʠ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʜʦ 3 ʤʣʨʜ ʪ, ʟ ʥʠʭ ʧʨʠʜʘʪʥʽ ʜʣʷ ʚʽʜʢʨʠʪʦʾ 

ʨʦʟʨʦʙʢʠ 0,5 ʤʣʨʜ ʪ. 

ʇʨʦʤʠʩʣʦʚʠʡ ʮʝʥʪʨ ʚʠʜʦʙʫʪʢʫ ð ʤ. ʆʣʝʢʩʘʥʜʨʽʷ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ ʦʙʣʘʩʪʴ. 

ʇʝʨʰʫ ʩʧʨʦʙʫ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʥʘ ʧʦʯʘʪʢʫ 

20 ʩʪ., ʧʨʦʪʝ ʚʦʥʘ ʟʘʢʽʥʯʠʣʘʩʷ ʥʝʚʜʘʣʦ. ʈʦʟʚʠʪʦʢ ʙʫʨʦʚʫʛʽʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʨʦʟʧʦʯʘʚʩʷ ʟʘ ʨʘʜʷʥʩʴʢʦʾ ʚʣʘʜʠ. 

ʅʘʡʙʽʣʴʰʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʙʘʩʝʡʥʫ ð ʜʝʨʞʘʚʥʘ ʭʦʣʜʠʥʛʦʚʘ ʢʦʤʧʘʥʽʷ 

çʆʣʝʢʩʘʥʜʨʽʷʚʫʛʽʣʣʷè ð ʩʪʚʦʨʝʥʘ ʚ 1976 ʚ ʤ. ʆʣʝʢʩʘʥʜʨʽ.̫ ʅʘ ʚʝʣʠʢʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ʧʽʜʧʨʠʻʤʩʪʚ ʙʫʨʦʚʫʛʽʣʴʥʦʾ ʛʘʣʫʟʽ ʧʨʘʮʶʚʘʣʦ ʙʣʠʟʴʢʦ 15 ʪʠʩ. ʦʩʽʙ. 

ʈʦʟʢʚʽʪ ʧʨʠʧʘʚ ʥʘ ʢʽʥʝʮʴ 1980-ʭ ð ʧʦʯʘʪʦʢ 1990-ʭ ʨʦʢʽʚ. ʊʦʜʽ ʚʫʛʽʣʣʷ 

ʚʠʜʦʙʫʚʘʣʠ ʥʘ ʩʝʤʠ ʚʫʛʽʣʴʥʠʭ ʨʦʟʨʽʟʘʭ (ɹʘʣʘʭʽʚʩʴʢʠʡ, ɹʘʥʜʫʨʽʚʩʴʢʠʡ, 

ɺʝʜʤʝʞʦʷʨʩʴʢʠʡ, ɺʝʨʙʦʣʦʟʽʚʩʴʢʠʡ (ʉʝʤʝʥʽʚʩʴʢʦ-ɻʦʣʦʚʢʽʚʩʴʢʠʡ), 

ʂʦʩʪʷʥʪʠʥʽʚʩʴʢʠʡ, ʄʦʨʦʟʽʚʩʴʢʠʡ, ʇʨʦʪʦʧʦʧʽʚʩʴʢʠʡ) ʽ ʪʨʴʦʭ ʰʘʭʪʘʭ 

(ɺʝʨʙʦʣʦʟʽʚʩʴʢʘ, ɺʝʜʤʝʞʦʷʨʩʴʢʘ, ʉʚʽʪʣʦʧʽʣʴʩʴʢʘ). 

ʐʘʭʪʥʽ ʧʦʣʷ ʨʦʟʢʨʠʪʽ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʽ ʧʦʭʠʣʠʤʠ ʩʪʦʚʙʫʨʘʤʠ. ɼʣʷ 

ʚʠʜʦʙʫʪʢʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʪʦʚʧʦʚʫ ʩʠʩʪʝʤʫ ʨʦʟʨʦʙʢʠ. ʆʯʠʩʥʫ ʚʠʾʤʢʫ ʧʨʦʚʦʜʠʣʠ 

ʤʝʭʘʥʽʟʦʚʘʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 

ʅʘ ʩʝʨʝʜʠʥʫ 2000-ʭ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪʥʠʢʽʚ ʩʢʦʨʦʪʠʣʘʩʷ ʧʨʠʙʣʠʟʥʦ ʜʦ 6 ʪʠʩ. 

ʋ ʩʢʣʘʜʽ ʢʦʣʠʰʥʴʦʛʦ ɼʍʂ çʆʣʝʢʩʘʥʜʨʽʷʚʫʛʽʣʣʷè ʧʝʨʝʙʫʚʘʣʦ 12 ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʽʜʨʦʟʜʽʣʽʚ ʪʘ 6 ʜʦʯʽʨʥʽʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɺʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʨʽʢ 

ʩʪʘʥʦʚʠʚ 900 ʪʠʩ. ʪ ʽ ʡʦʛʦ ʚʝʣʠ ʣʠʰʝ ʥʘʡʙʽʣʴʰ ʤʘʣʦʚʠʪʨʘʪʥʠʤ ʚʽʜʢʨʠʪʠʤ 

ʩʧʦʩʦʙʦʤ ð ʚʫʛʽʣʴʥʠʤʠ ʨʦʟʨʽʟʘʤʠ (ʂʦʩʪʷʥʪʠʥʽʚʩʴʢʠʡ ʪʘ ʄʦʨʦʟʚ̔ʩʴʢʠʡ, ʨʦʟʨʽʟ 

ʇʨʦʪʦʧʦʧʽʚʩʴʢʠʡ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʘʮʶʚʘʚ). ʋ 2003 ʙʫʣʦ ʚʠʜʦʙʫʪʦ 637 ʪʠʩ. ʪ 

ʚʫʛʽʣʣʷ, ʟʦʢʨʝʤʘ, ʥʘ ʄʦʨʦʟʽʚʩʴʢʦʤʫ ʨʦʟʨʽʟʽ ð 266 ʪʠʩ. ʪ, ʂʦʩʪʷʥʪʠʥʽʚʩʴʢʦʤʫ ð 

332 ʪʠʩ. ʪ, ʇʨʦʪʦʧʦʧʽʚʩʴʢʦʤʫ ð 39 ʪʠʩ. ʪ. 

ʇʝʨʝʨʦʙʢʫ ʚʫʛʽʣʣʷ ʟʜʽʡʩʥʶʚʘʣʠ ʙʨʠʢʝʪʥʽ ʬʘʙʨʠʢʠ çɼʠʤʠʪʨʽʚʩʴʢʘè ʪʘ 

çɹʘʡʜʘʢʽʚʩʴʢʘè. ʋ 2009 ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʠʧʠʥʠʣʠ ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ 

[3]. 

ʆʩʥʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʫʚʘʥʘ ʧʣʦʱʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʧʽʚʥʽʯʥʦ-

ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ ʙʫʨʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʽ ʦʭʦʧʣʶʻ ʩʭʽʜʥʠʡ 

ʬʣʘʥʛ ɺʝʨʭʥʴʦʜʥʽʧʨʦʚʩʴʢʦʛʦ ʚʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʫ. 

ʇʨʦʤʠʩʣʦʚʘ ʚʫʛʣʝʥʦʩʥʽʩʪʴ ʧʦʚôʷʟʘʥʘ ʟ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ 

ʙʫʯʘʮʴʢʦʾ ʩʝʨʽʾ ʝʦʮʝʥʦʚʦʛʦ ʚʽʜʜʽʣʫ ʧʘʣʝʦʛʝʥʦʚʦʾ ʩʠʩʪʝʤʠ ʢʘʡʥʦʟʦʶ, ʷʢʽ 

ʚʠʧʦʚʥʶʶʪʴ ʜʨʝʚʥʽ ʨʽʯʢʦʚʽ ʧʘʣʝʦʜʦʣʠʥʠ. ʊʫʪ ʚʽʜʦʤʽ ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ 

(ʉʠʥʝʣʴʥʠʢʽʚʩʴʢʘ), ʅʦʚʦ-ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʘ ʪʘ ɺʦʩʢʨʝʩʝʥʽʚʩʴʢʘ ʧʘʣʝʦʜʦʣʠʥʠ. 



10 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ʋ ʤʝʞʘʭ ʥʘʡʙʽʣʴʰ ʟʥʘʯʥʦʾ ʟʘ ʚʫʛʣʝʥʦʩʥʽʩʪʶ ʽ ʨʦʟʤʽʨʘʤʠ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ 

ʧʘʣʝʦʜʦʣʠʥʠ, ʷʢʘ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʚ ʩʫʙʤʝʨʠʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʟʜʦʚʞ ɼʥʽʧʨʘ, ʥʘ 

ʣʽʚʦʙʝʨʝʞʞʽ, ʥʘ 51-52 ʢʤ ʤʘʡʞʝ ʯʝʨʝʟ ʚʩʶ ʧʣʦʱʫ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʟʚʽʜʘʥʦ ʘʙʦ 

ʦʮʽʥʝʥʦ: ʉʠʥʝʣʴʥʠʢʽʚʩʴʢʝ ʽ ʇʝʨʚʦʟʚʘʥʽʚʩʴʢʝ ʨʦʜʦʚʠʱʘ, ɻʘʥʥʦ-ʊʨʝʧʽʚʩʴʢʘ 

ʜʽʣʷʥʢʘ ʪʘ ʧʽʚʜʝʥʥʘ ʯʘʩʪʠʥʘ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʚʫʛʣʝʥʦʩʥʦʾ ʧʣʦʱʽ [3]. 

ʉʠʥʝʣʴʥʠʢʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʝ ʚ 20 ʢʤ ʥʘ ʩʭʽʜ ʚʽʜ ʤ. ɼʥʽʧʨʦ, ʚ 

ʧʨʠʛʠʨʣʦʚʽʡ ʯʘʩʪʠʥʽ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʧʘʣʝʦʜʦʣʠʥʠ. ɺʦʥʦ ʧʨʝʜʩʪʘʚʣʝʥʝ 

ʧʨʘʢʪʠʯʥʦ ʦʜʥʠʤ ʙʝʟʧʝʨʝʨʚʥʠʤ ʧʦʢʣʘʜʦʤ, ʱʦ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʟ ʧʽʚʥʦʯʽ ʥʘ ʧʽʚʜʝʥʴ 

ʥʘ 30 ʢʤ ʽ ʚ ʢʦʥʪʫʨʽ ʤʝʪʨʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʘʻ ʧʣʦʱʫ 81,8 ʢʤ2. ʈʦʜʦʚʠʱʝ ʨʦʟʜʽʣʝʥʦ 

ʥʘ 6 ʜʽʣʷʥʦʢ: ɹʣʘʛʦʜʘʪʥʝʥʩʴʢʫ, ʃʦʟʦʚʘʪʩʴʢʫ, ʇʽʚʥʽʯʥʫ, ʇʝʪʨʽʚʩʴʢʫ, ʇʽʚʜʝʥʥʫ ʽ 

ʈʝʚʦʣʶʮʽʦʥʝʨ. 

ʇʨʦʤʠʩʣʦʚʘ ʚʫʛʣʝʥʦʩʥʽʩʪʴ ʧʦʚôʷʟʘʥʘ ʟ ʚʝʨʭʥʴʦʶ ʯʘʩʪʠʥʦʶ ʧʦʢʣʘʜʽʚ 

ʙʫʯʘʮʴʢʦʾ ʩʝʨʽʾ. ʇʣʘʩʪ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʥʣʠʚʦʶ ʧʦʪʫʞʥʽʩʪʶ 

ʚʽʜ 0,2 ʜʦ 15,0 ʤ ʧʨʠ ʰʠʨʠʥʽ 1-5 ʢʤ. ɹʫʜʦʚʘ ʧʣʘʩʪʘ ʧʨʦʩʪʘ: ʤʽʩʮʷʤʠ ʧʣʘʩʪ 

ʨʦʟʱʝʧʣʶʻʪʴʩʷ ʥʘ ʜʚʘ ʯʠ ʪʨʠ ʰʘʨʠ ï ʧʝʨʝʰʘʨʦʚʫʻʪʴʩʷ ʛʣʠʥʘʤʠ, ʧʽʩʢʘʤʠ ʽ 

ʢʘʦʣʽʥʘʤʠ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,5 ʜʦ 7 ʤ. ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʧʦʢʣʘʜʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 

10,6 ʤ ʜʦ 132,6 ʤ, ʧʝʨʝʚʘʞʥʦ 65-75 ʤ. 

ɿʘ ʷʢʽʩʪʶ ʚʫʛʽʣʣʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ ɹ1. ɿʘ ʛʝʥʝʪʠʯʥʠʤʠ 

ʦʟʥʘʢʘʤʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʫʤʽʪʽʚ ʪʘ ʛʫʤʽʪʦ-ʣʽʧʪʦʙʽʦʣʽʪʽʚ. ɿʦʣʴʥʽʩʪʴ ï 19,4 %, 

ʚʦʣʦʛʽʩʪʴ ï 55,8 %, ʚʤʽʩʪ ʩʽʨʢʠ ï 4,2 %, ʪʝʧʣʦʪʘ ʟʛʦʨʘʥʥʷ: ʩʫʭʦʾ ʤʘʩʠ ï 6700 

ʂʢʘʣ/ʢʛ, ʨʦʙʦʯʦʛʦ ʧʘʣʠʚʘ ï 1810 ʂʢʘʣ/ʢʛ. 

ʇʨʠ ʥʘʧʽʚʢʦʢʩʫʚʘʥʥʽ ʚʫʛʽʣʣʷ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʩʤʦʣʠ ʚ 

ʢʽʣʴʢʦʩʪʽ 13-16 % ʽ ʚʠʭʽʜ ʧʦʣʫʢʦʢʩʫ ï 56-61 %. ɺʠʭʽʜ ʙʽʪʫʤʽʚ ʥʘ ʩʫʭʫ ʤʘʩʫ ʧʨʠ 

ʝʢʩʪʨʘʛʫʚʘʥʥʽ ʟ ʧʨʦʙ ʚʫʛʽʣʣʷ ʩʢʣʘʚ 7,3-8,7 %. ɿʙʘʛʘʯʫʚʘʥʽʩʪʴ ʚʘʞʢʘ. 

ʇʝʨʚʦʟʚʘʥʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʤʘʻ ʩʢʣʘʜʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʢʨʝʤʠʭ ʙʫʨʦʚʫʛʽʣʴʥʠʭ ʧʦʢʣʘʜʽʚ ʫ ʚʝʨʭʽʚôʾ ʉʠʥʝʣʴʥʠʢʽʚʩʴʢʦʾ ʜʠʧʨʝʩʽʾ ʟʘʛʘʣʴʥʦʶ 

ʧʣʦʱʝʶ 12,9 ʢʤ2. ʅʘ ʨʦʜʦʚʠʱʽ ʜʝʪʘʣʴʥʦ ʨʦʟʚʽʜʘʥʦ ʽ ʧʦʚʥʽʩʪʶ ʦʢʦʥʪʫʨʝʥʦ ʪʨʠ 

ʜʽʣʷʥʢʠ ʧʦʢʣʘʜʽʚ (ʰʘʭʪʥʽ ʧʦʣʷ ˉˉ 1, 2, 3). ɺʫʛʽʣʴʥʽ ʧʣʘʩʪʠ ʤʘʶʪʴ ʧʨʦʩʪʫ 

ʙʫʜʦʚʫ. ɰʭ ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʩʢʣʘʜʘʻ 3,6 ʤ, ʘ ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ï 32,3 

ʤ. ɺʫʛʽʣʣʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʨʦʚʠʥʘ. 

ɺʫʛʽʣʣʷ ʟʘ ʷʢʽʩʪʶ ʘʥʘʣʦʛʽʯʥʝ ʚʫʛʽʣʣʶ ʽʥʰʠʭ ʨʦʜʦʚʠʱ ɼʥʽʧʨʦʚʩʴʢʦʛʦ 

ʙʫʨʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ. ɺʦʥʦ ʜʦʙʨʝ ʙʨʠʢʝʪʫʻʪʴʩʷ ʙʝʟ ʟʚôʷʟʫʶʯʠʭ ʜʦʙʘʚʦʢ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʩʧʘʣʝʥʥʷ ʥʘ ʊɽʉ, ʷʢ ʧʦʙʫʪʦʚʝ ʧʘʣʠʚʦ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʙʨʠʢʝʪʫʚʘʥʥʷ, ʛʘʟʠʬʽʢʘʮʽʾ, ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʣʫʞʥʠʭ ʨʝʘʛʝʥʪʽʚ ʪʘ ʤʦʥʪʘʥ-

ʚʦʩʢʫ (ʛʽʨʥʠʯʦʛʦ ʚʦʩʢʫ). ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʨʽʜʞʝʥʥʷ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ, ʘ ʪʘʢʦʞ 

ʡʦʛʦ ʢʦʤʧʣʝʢʩʥʘ ʧʝʨʝʨʦʙʢʘ. 
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ɺʠʩʥʦʚʢʠ. ɹʫʨʝ ʚʫʛʽʣʣʷ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʤʘʻ ʜʦʩʠʪʴ 

ʚʠʩʦʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʠʜʘʪʥʝ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʪʝʧʣʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ, ʚ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʚʠʤʦʛ ʪʘ ʽʥ. 

ʑʦʜʦ ʧʝʨʩʧʝʢʪʠʚʠ, ʪʦ ʚ ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʦʤʫ ʨʘʡʦʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʄʦʨʦʟʽʚʩʴʢʦʛʦ ʽ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʂʦʩʪʷʥʪʠʥʽʚʩʴʢʦʛʦ 

ʨʦʟʨʽʟʽʚ ʤʦʞʣʠʚʦ ʜʦʚʝʩʪʠ ʚʠʜʦʙʫʪʦʢ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʜʦ 4,0 ʤʣʥ. ʪ ʥʘ ʨʽʢ [3]. 

ɿʥʘʯʥʽ ʟʘʧʘʩʠ (1040 ʤʣʥ ʪ), ʱʦ ʧʦʢʠ ʥʝ ʨʦʟʨʦʙʣʷʶʪʴʩʷ, ʟʦʩʝʨʝʜʞʝʥʦ 

ʧʝʨʝʚʘʞʥʦ ʫ ɺʝʨʭʥʴʦʜʥʽʧʨʦʚʩʴʢʦʤʫ ʨʘʡʦʥ.̔ 

ʅʘ ɺʝʨʭʥʴʦʜʥʽʧʨʦʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ ʟʘʧʘʩʠ ʧʽʜ ʚʽʜʢʨʠʪʽ ʨʦʙʦʪʠ ʩʢʣʘʜʘʶʪʴ 

ʧʦʥʘʜ 150 ʤʣʥ ʪ ʟʽ ʩʧʨʠʷʪʣʠʚʠʤʠ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ (ʧʦʪʫʞʥʽʩʪʴ 

ʰʘʨʫ 10,6 ʤ, ʚʦʣʦʛʽʩʪʴ 51 %, ʟʦʣʴʥʽʩʪʴ 18,7 %, ʚʤʽʩʪ ʙʽʪʫʤʫ 8,3 %, ʪʝʧʣʦʪʘ 

ʟʛʦʨʘʥʥʷ ʚʫʛʽʣʣʷ 2290 ʢʢʘʣ/ʢʛ). ɺʦʥʦ ʜʝʪʘʣʴʥʦ ʨʦʟʚʽʜʘʥʝ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʝʥʪʨʽ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ. 
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0,05-0,10 ʄʇʘ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʦʧʠʩʘʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʫ ʛʘʟʦʚʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʧʨʦʥʠʢʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʦʙôʻʢʪʠʚʥʽ ʜʘʥʽ 

ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʟʘʧʘʩʽʚ ʛʘʟʫ ʟʘ ʤʝʪʦʜʦʤ ʧʘʜʽʥʥʷ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʽ ʜʣʷ ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʨʦʟʨʦʙʢʠ ʛʘʟʦʚʦʛʦ ʧʦʢʣʘʜʫ. 
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ANALYSIS OF THE DEVELOPMENT PROCESS OF GAS RESERVOIRS 

UNDER THE CONDITIONS OF HETEROGENEOUS COLLECTORS USING 

MATHEMATICAL METHODS  
 

 N. V. Dubei 
PhD (geology) 

Ivano-Frankivsk National Technical University of Oil and Gas,  

76019, st. Karpatska, 15, Ivano-Frankivsk, Ukraine 
 

M. R. Dubei  
çInfineon Technologiesè company,  

79000, st. Luhanska, 20, Lviv, Ukraine 

 

The article describes the method of implementing the calculation method for determining the stable 

formation pressure by means of the appropriate mathematical treatment of the recovery curve of the 

wellbore pressure after the well stop. The method was tested on the gas fields of Ukraine. In most 

cases, the absolute error in determining reservoir pressure did not exceed 0.05-0.10 MPa. The 

implementation of the described method of determining formation pressure in gas wells in conditions 

of low-permeability reservoirs makes it possible to obtain objective data for calculating gas reserves 

by the method of formation pressure drop and for qualitative analysis of the development of a gas 

deposit. 

Key words: development, gas deposit, well. 
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ɻʦʣʦʚʥʠʤ ʥʘʧʨʷʤʦʤ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʽʚ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʢʽʥʮʝʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʾʭ ʚʠʣʫʯʝʥʥʷ  ̒ʤʘʩʰʪʘʙʥʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ̔ ʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ̔  ʛʘʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʻʤʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʦʙʨʝ ʚʠʚʯʝʥʘ ʤʝʪʦʜʠʢʘ 

ʨʦʟʨʦʙʢʠ ʛʘʟʦʚʠʭ ʧʦʢʣʘʜʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʦʜʥʦʨʽʜʥʠʭ ʢʦʣʝʢʪʦʨʘʭ. ʈʘʟʦʤ ʽʟ ʪʠʤ 

ʥʝʚʨʘʭʫʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ, ʚʝʣʠʢʦʾ ʬʽʣʴʪʨʘʮʽʡʥʦʾ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʨʦʟʯʣʝʥʦʚʘʥʦʩʪʽ ʽ ʧʝʨʝʨʠʚʯʘʩʪʦʩʪʽ ʢʦʣʝʢʪʦʨʽʚ ʧʨʠ ʧʨʦʢ̒ʪʫʚʘʥʥʽ 

ʨʦʟʨʦʙʢʠ ʛʘʟʦʚʠʭ ʧʦʢʣʘʜʽʚ ʻ ʧʨʠʯʠʥʦʶ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʨʦʟʨʦʙʢʠ ʚʽʜ ʧʨʦʢ̒ʪʥʠʭ. 

ʈʦʟʨʦʙʢʘ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ ʟ ʥʠʟʴʢʦʧʨʦʥʠʢʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ ʤʘʻ ʨʷʜ 

ʩʧʝʮʠʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ, ʚʝʣʠʢʠʡ ʪʝʨʤʽʥ ʚʽʜʥʦʚʣʝʥʥʷ ʧʣʘʩʪʦʚʠʭ 

ʪʠʩʢʽʚ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʧʽʩʣʷ ʾʭ ʟʫʧʠʥʢʠ. 

ɼʦʩʚʽʜ ʨʦʟʨʦʙʢʠ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʥʠʟʴʢʽʡ ʧʨʦʥʠʢʥʦʩʪʽ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʘʩʪʽʚ (0,010 ï 0,001ʤʢʤĮ) ʯʘʩ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʧʽʩʣʷ 

ʟʫʧʠʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ ʩʢʣʘʜʘʻ 5-20 ʜʽʙ ʽ ʙʽʣʴʰʝ. 

ʅʘ ʧʨʘʢʪʠʮʽ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʛʘʟʫ, ʢʨʠʚʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʯʘʩʪʦ ʟʥʽʤʘʻʪʴʩʷ ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ 6 ï 48 ʛʦʜʠʥ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʝʥʽ ʧʣʘʩʪʦʚʽ ʪʠʩʢʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʥʠʞʝʥʽ, ʱʦ ʥʝ ʜʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʩʪʠ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʨʦʟʨʦʙʢʠ ʛʘʟʦʚʦʛʦ ʧʦʢʣʘʜʫ ʪʘ ʜʦʩʪʦʚʽʨʥʠʡ 

ʧʽʜʨʘʭʫʥʦʢ ʟʘʧʘʩʽʚ ʛʘʟʫ ʟʘ ʤʝʪʦʜʦʤ ʧʘʜʽʥʥʷ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ 

ʫʩʪʘʣʝʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ  ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʢʨʠʚʦʾ 

ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʙʽʡʥʦʛʦ ʪʠʩʢʫ ( ʂɺʊ ) ʧʽʩʣʷ ʟʫʧʠʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʉʫʪɹ ʤʝʪʦʜʠʢʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ [1, 2, 3]. 

ɺʽʜʥʦʚʣʝʥʥʷ ʚʠʙʽʡʥʦʛʦ ʪʠʩʢʫ ʜʦ ʧʣʘʩʪʦʚʦʛʦ ʚ ʟʘʢʨʠʪʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ:  

2

2

.

2

0.

2

.

25,2
ln

2
bQ

R

xt

ʂhT

ʈZTQ
Pʈ

ʧʨʩʩʪ

ʘʪʧʣʧʣ

ʚʠʙʽʚʠʙ +
Ö

Ö
+=

p

m

        (1) 

ʜʝ 0.ʚʠʙʈ
 - ʚʠʙʽʡʥʠʡ ʪʠʩʢ ʧʝʨʝʜ ʟʫʧʠʥʢʦʶ ʩʚʝʨʜʣʦʚʠʥʠ, ʄʇʘ;  ʽʚʠʙP . - ʧʦʪʦʯʥʠʡ ʚʠʙʽʡʥʠʡ 

ʪʠʩʢ ʧʽʩʣʷ ʟʫʧʠʥʢʠ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʤʦʤʝʥʪ t,  ʄʇʘ; Q   -  ʜʝʙʽʪ ʩʚʝʨʜʣʦʚʠʥʠ ʧʝʨʝʜ ʟʫʧʠʥʢʦʶ, 

ʩʤį / ʩ; m -  ʚôʷʟʢʽʩʪʴ ʛʘʟʫ ʚ ʧʣʘʩʪʦʚʠʭ ʫʤʦʚʘʭ, ʄʇʘĿʩ; ʧʣʊ - ʧʣʘʩʪʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; ʩʪʊ - 

ʩʪʘʥʜʘʨʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, 293 ʂ; ʧʣZ
- ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʩʪʠʩʣʠʚʦʩʪʽ ʛʘʟʫ ʚ ʧʣʘʩʪʦʚʠʭ ʫʤʦʚʘʭ; ʘʪʈ

- ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ, ʄʇʘ; K  - ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʦʩʪʽ ʧʣʘʩʪʘ, ʤʢʤĮ; h  - ʝʬʝʢʪʠʚʥʘ ʪʦʚʱʠʥʘ 

ʧʣʘʩʪʘ, ʩʤ; Þ - ʢʦʝʬʽʮʽʻʥʪ ʧôʻʟʦʧʨʦʚʽʜʥʦʩʪʽ ʧʣʘʩʪʘ, ʩʤĮ /ʩ; t  - ʧʦʪʦʯʥʠʡ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʪʠʩʢʫ, 

ʩ;  ʧʨʩR . - ʧʨʠʚʝʜʝʥʠʡ ʨʘʜʽʫʩ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ, ʩʤ; 

b - ʢʦʝʬʽʮʽʻʥʪ ʨʽʚʥʷʥʥʷ ʧʨʠʧʣʠʚʫ ʛʘʟʫ ʜʦ ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥ,

2

3 /
ö
÷

õ
æ
ç

å

ʩʩʤ

ʄʇʘ
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ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ʊʝʦʨʝʪʠʯʥʦ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʙʽʡʥʦʛʦ ʪʠʩʢʫ ʜʦ ʩʪʘʪʠʯʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ 

ʻ ʙʝʟʢʽʥʝʯʥʠʤ. ʆʜʥʘʢ ʚ ʧʨʘʢʪʠʮʽ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʧʣʘʩʪʦʚʠʡ (ʩʪʘʪʠʯʥʠʡ) ʪʠʩʢ ʩʪʘʙʽʣʽʟʫʚʘʚʩʷ, ʷʢʱʦ ʚ ʤʦʤʝʥʪ 1t  ʤʘʥʦʤʝʪʨʠ 

ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʚʽʜʨʽʟʢʫ ʯʘʩʫ tD (ʥʘʧʨʠʢʣʘʜ ʦʜʥʽʻʾ ʜʦʙʠ) ʥʝ ʬʽʢʩʫʶʪʴ ʡʦʛʦ 

ʟʤʽʥʠ, ʪʦʙʪʦ, ʷʢʱʦ ʟʤʽʥʘ ʪʠʩʢʫ ʟʘ ʧʝʨʽʦʜ tD ʤʝʥʰʘ ʯʫʪʣʠʚʦʩʪʽ ʤʘʥʦʤʝʪʨʽʚ PD  [4, 

5]. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʫʤʦʚʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ 

ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ çCè: 

                                    

( )[ ] ( )
C

dt

ʈʈd

dt

ʈʈʈd ʽʚʠʙʧʣʧʣʧʣ =
-

=
D-- 2

.

222

.                    (2) 

ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʨʽʚʥʷʥʥʷ (1) ʧʦ t, ʦʜʝʨʞʠʤʦ:   

                                      

( )
tKhT

PZTQ

dt

PPd

ñò

àòïëïë³âèáïë

Ö

Ö
=

-

p

m

2

2

.

2

.                                   (3) 

ʇʨʠʨʽʚʥʷʚʰʠ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʬʦʨʤʫʣ(2) ʽ (3) ʽ ʚʚʘʞʘʶʯʠ, ʱʦ ʯʘʩ t ʚʽʜʧʦʚʽʜʘʻ 

ʯʘʩʫ ʫʤʦʚʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ñòt ʦʜʝʨʞʠʤʦ: 

                                        
ʉ

tʂhʊ

ʈZʊQ

ʩʪʩʪ

ʘʪʧʣʧʣ =
Ö

Ö

p

m

2 .                                               (4) 

ɿʚʽʜʢʠ: 

                                           ʉʂhT

ʈZTQ
t

ʩʪ

ʘʪʧʣʧʣ

ʩʪ
Ö

Ö
=
p

m

2 .                                     (5) 

ʗʢʱʦ ʚʝʣʠʯʠʥʘ tD ʧʨʠʡʤʘʻʪʴʩʷ ʚ ʜʦʙʘʭ, ʪʦ ʽ ʯʘʩ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪt  ʪʘʢʦʞ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʴ ʚ ʜʦʙʘʭ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʟʘ ʜʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʢʨʠʚʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʦʙʨʦʙʣʷʻʪʴʩʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ( )tfPʚʠʙ lg
2
=  . 

ʇʦ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʜʽʣʷʥʮʽ ʛʨʘʬʽʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ b , 

ʷʢʠʡ ʜʦʨʽʚʥʶʻ: 

                                ʩʪ

ʘʪʧʣʧʣ

ʂhʊ

ʈZʊQ

Ö

Ö
=

p

m
b

2

3,2

.                                                  (6) 

ɯʟ ʨʽʚʥʷʥʴ ( 5 ) ʽ ( 6 ) ʦʜʝʨʞʠʤʦ ʯʘʩ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʚ ʜʦʙʘʭ: 

            ʉ
tʩʪ

3,2

b
=

.      (7) 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʙʫʣʘ ʘʧʨʦʙʦʚʘʥʘ ʥʘ ʪʘʢʠʭ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱʘʭ ʷʢ 

ʐʝʙʝʣʠʥʩʴʢʝ, ɻʦʨʦʜʦʮʴʢʝ, ʄʘʢʫʥʽʚʩʴʢʝ ʪʘ ʽʥʰʠʭ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 0,05-0,10 

ʄʇʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʧʠʩʘʥʦʾ ʚʠʱʝ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʫ ʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʧʨʦʥʠʢʥʠʭ ʢʦʣʝʢʪʦʨʽʚ 
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ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʦʙôʻʢʪʠʚʥʽ ʜʘʥʽ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʟʘʧʘʩʽʚ ʛʘʟʫ ʟʘ ʤʝʪʦʜʦʤ 

ʧʘʜʽʥʥʷ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʽ ʜʣʷ ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʦʙʢʠ ʛʘʟʦʚʦʛʦ ʧʦʢʣʘʜʫ. 
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https:// doi.org/10.59911/conf.mpmgg.2024.4 

ʋɼʂ 556.3 
 

ɺʀɺʏɽʅʅʗ ɺʃɸʉʊʀɺʆʉʊɽʁ ˆʈʋʅʊʆɺʀʍ ʇɯɼɿɽʄʅʀʍ ɺʆɼ 
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ɺ ʩʪʘʪʪʽ ʚʠʢʣʘʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚʠʭ ʚʦʜ ʩ. ɺʠʩʦʢʝ. ʆʧʠʩʘʥʽ 

ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʭʽʤʽʯʥʠʭ ʘʥʘʣʽʟʽʚ ʚʦʜ. ɺʠʢʦʥʘʥʘ ʦʮʽʥʢʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʛʨʫʥʪʦʚʠʭ ʚʦʜ 

ʥʽʪʨʘʪʘʤʠ. ɿʨʦʙʣʝʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ, ʧʨʠʯʠʥ ʟʘʙʨʫʜʥʝʥʥʷ ʾʾ ʩʧʦʣʫʢʘʤʠ 

ʘʟʦʪʫ ʪʘ ʩʧʦʩʦʙʽʚ ʡʦʛʦ ʟʘʧʦʙʽʛʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʭʽʤʽʯʥʽ ʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. 
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The article presents the results of research into the characteristics of groundwater in the village. high 

The main physical and chemical properties of underground waters, their chemical composition are 

described. The results of chemical analyzes of water are presented. Assessment of anthropogenic 

contamination of ground water with nitrates was carried out. Conclusions were made regarding the 

quality of drinking water, the causes of its contamination with nitrogen compounds and ways to 

prevent it. 

Key words: underground water, chemical and physical properties, chemical composition. 

ʌʽʟʠʯʥʽ ʽ ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʾʭ 

ʩʘʥʽʪʘʨʥʠʤ ʥʦʨʤʘʤ, ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ ʧʠʪʪʷ ʤʘʶʪʴ ʜʫʞʝ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʟʜʦʨʦʚËʷ ʣʶʜʝʡ. 

ʂʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʛʽʛʽʻʥʽʯʥʠʤ ʚʠʤʦʛʘʤ: ʙʫʪʠ 

ʙʝʟʧʝʯʥʦʶ ʚ ʝʧʽʜʝʤʽʯʥʦʤʫ ʪʘ ʨʘʜʽʘʮʽʡʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʤʘʪʠ ʩʧʨʠʷʪʣʠʚʽ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʥʝʰʢʽʜʣʠʚʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ʉʣʽʜ ʚʽʜʜʘʚʘʪʠ 

ʧʝʨʝʚʘʛʫ ʚʦʜʽ ʟ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ 

ʟʘʭʠʱʝʥʽ ʚʽʜ ʙʽʦʣʦʛʽʯʥʦʛʦ, ʭʽʤʽʯʥʦʛʦ ʪʘ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʷʢʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ ʟ ʢʨʠʥʠʮʴ ʩ. ɺʠʩʦʢʝ (ʏʦʨʪʢʽʚʩʴʢʠʡ ʨʘʡʦʥ ʊʝʨʥʦʧʽʣʴʩʴʢʘ ʦʙʣʘʩʪʴ). 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʾʭ ʢʦʨʠʩʥʠʭ ʪʘ 

ʰʢʽʜʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʚʦʜʷʪʴ ʭʽʤʽʯʥʽ ʘʥʘʣʽʟʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʋ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚʥʦʪʘ ʽ ʭʘʨʘʢʪʝʨ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ.  

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʠ, ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ 

ʚʠʩʥʦʚʢʫ ʧʨʦ ʾʾ ʽʦʥʥʦ-ʩʦʣʴʦʚʠʡ ʩʢʣʘʜ ʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʧʨʦʚʦʜʷʪʴ ʟʘʛʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʚʦʜʠ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʦʩʠʪʴ 

ʰʠʨʦʢʦ. ɿʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʰʝʩʪʠ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚʦʜʠ (ʉʘ2+, Mg2+, Na+, HCO3
-, SO4

2-, Cl-), ʛʫʩʪʠʥʠ ʽ pH ʚʦʜʠ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʱʝ 

ʩʪʘʥʜʘʨʪʥʠʤ ʘʙʦ ʰʝʩʪʠʢʦʤʧʦʥʝʥʪʥʠʤ [2]. 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ˇʨʫʥʪʦʚʠʭ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽʟ ʧËʷʪʠ ʢʨʠʥʠʮʴ ʩ. ɺʠʩʦʢʝ ʏʦʨʪʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜ, ʾʭ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʚʠʢʦʥʫʚʘʣʦʩʴ ʫ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ɼʦʩʣʽʜʞʫʶʯʠ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʚʦʜʠ ʟ ʫʩʽʭ ʧËʷʪʠ ʢʨʠʥʠʮʴ ʻ ʧʨʦʟʦʨʠʤʠ, ʙʝʟ ʢʦʣʴʦʨʫ, ʙʝʟ ʟʘʧʘʭʫ, ʙʝʟ ʩʤʘʢʫ. 

ɻʫʩʪʠʥʠ ʚʦʜ ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʨʝʦʤʝʪʨʘ ʽ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 995 ʢʛ/ʤ3 ʜʦ 996 

ʢʛ/ʤ3, ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʟʥʘʯʘʣʘʩʴ ʪʝʨʤʦʤʝʪʨʦʤ ʽ ʩʪʘʥʦʚʠʣʘ 11Ü - 12Ü ʉ.  

ʑʦʜʦ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʦ ʧʦʢʘʟʥʠʢʠ pʅ, Eh ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ çʨʅ-ʤʝʪʨ ʤʽʣʽʚʦʣʴʪʤʝʪʨ ʈʅ-121è.  

ʈʝʘʢʮʽʷ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʣʫʞʥʦ-ʢʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʦʜʥʝʚʠʭ ʽʦʥʽʚ. ʇʦʢʘʟʥʠʢ ʨʅ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʦʜʘʭ ʟʤʽʥʶʚʘʚʩʷ 

ʚ ʤʝʞʘʭ ʚʽʜ 5,2 ʜʦ 6, ʦʪʞʝ, ʩʝʨʝʜʦʚʠʱʝ ʢʠʩʣʝ ʫ ʚʩʽʭ ʧʨʦʙʘʭ. 

ʆʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ɽh ï ʻ ʤʽʨʦʶ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ɽh=+210 mV (ʫ ʚʩʽʭ ʧʨʦʙʘʭ), ʦʪʞʝ 

ʛʝʦʭʽʤʽʯʥʘ ʦʙʩʪʘʥʦʚʢʘ ʦʢʠʩʥʘ. 

ʉʫʤʘʨʥʠʡ ʚʤʽʩʪ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜʽ ʽʦʥʽʚ ʩʦʣʝʡ ʽ ʢʦʣʦʾʜʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʩʪʫʧʽʥʴ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ. ɺʦʥʘ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʛʨʘʤʘʭ ʥʘ 1 ʣʽʪʨ (ʜʤ3) ʨʦʟʯʠʥʫ. 

ʄʽʥʝʨʘʣʽʟʘʮʽʷ ʘʙʦ ʩʫʭʠʡ ʟʘʣʠʰʦʢ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʧʽʩʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙôʻʤʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʦʜʠ. ɺʝʣʠʯʠʥʘ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ ʩʪʘʥʦʚʠʪʴ 

0,8 - 0,9 ʛ/ʜʤ3, ʦʪʞʝ, ʟʛʽʜʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ɺʝʨʥʘʜʩʴʢʦʛʦ, ʮʝ ʚʦʜʠ ʧʨʽʩʥʽ. 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʚʯʘʚʩʷ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ˇʨʫʥʪʦʚʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʩ. 

ɺʠʩʦʢʝ. ɿʦʢʨʝʤʘ, ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʚʤʽʩʪʫ ʭʣʦʨ-ʽʦʥʽʚ, 

ʽʦʥʽʚ ʤʘʛʥʽʶ ʽ ʢʘʣʴʮʽʶ, ʟʘʛʘʣʴʥʦʾ ʣʫʞʥʦʩʪʽ, ʩʫʣʴʬʘʪ-ʽʦʥʽʚ. ɺʤʽʩʪ ʽʦʥʽʚ ʥʘʪʨʽʶ 

ʦʙʯʠʩʣʶʚʘʚʩʷ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ.  

ɺʠʟʥʘʯʝʥʥʷ ʭʣʦʨ-ʽʦʥʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʤʝʪʦʜʦʤ ʪʠʪʨʫʚʘʥʥʷ 0,1 ʥ ʨʦʟʯʠʥʦʤ 

ʘʨˇʝʥʪʫʤ ʥʽʪʨʘʪʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʜʠʢʘʪʦʨʘ ʢʘʣʽʡ ʭʨʦʤʘʪʫ. ʇʨʦʚʽʚʰʠ ʚʽʜʧʦʚʽʜʥʽ 
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ʨʦʟʨʘʭʫʥʢʠ, ʤʠ ʦʪʨʠʤʘʣʠ ʚʤʽʩʪ ʽʦʥʽʚ ʭʣʦʨʫ ʚ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʶʚʘʥʥʷ ʤʛ-ʝʢʚ/ʣ ʽ 

ʤʛ/ʣ. ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ (ʜʦ 350 ʤʛ/ʣ) ʧʦ ʚʩʽʭ ʧʨʦʙʘʭ ʚʦʜʠ (ʚʽʜ 74,46 ʜʦ 108,9 ʤʛ/ʣ), ʪʦ ʟʘ 

ʚʤʽʩʪʦʤ ʽʦʥʽʚ ʭʣʦʨʫ ʚʦʜʘ ʧʨʠʜʘʪʥʘ ʜʦ ʚʞʠʚʘʥʥʷ ʫ ʚʩʽʭ ʢʨʠʥʠʮʷʭ [1]. 

ʉʫʤʘʨʥʠʡ ʚʤʽʩʪ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʽ ʤʘʛʥʽʶ (ʟʘʛʘʣʴʥʘ ʪʚʝʨʜʽʩʪʴ ʚʦʜʠ) 

ʚʠʟʥʘʯʘʚʩʷ ʤʝʪʦʜʦʤ ʪʠʪʨʫʚʘʥʥʷ 0,1 ʥ ʨʦʟʯʠʥʫ ʪʨʠʣʦʥʫ ɹ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʘ ʭʨʦʤʦʛʝʥʫ ʯʦʨʥʦʛʦ. ɺʤʽʩʪ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʽ ʤʘʛʥʽʶ ʫ ʧËʷʪʠ ʧʨʦʙʘʭ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ: 1-7,4; 2 - 6; 3 - 8,8; 4 - 7,4; 5 - 5,9 ʤʛ-ʝʢʚ/ʣ. ɿʛʽʜʥʦ ʛʨʘʥʠʯʥʦ-

ʜʦʧʫʩʪʠʤʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʛʘʣʴʥʘ ʪʚʝʨʜʽʩʪʴ (ʉʘ2++Mg2+) ʤʘʻ ʩʪʘʥʦʚʠʪʠ 3-7 ʤʛ-

ʝʢʚ/ʣ, ʽʥʢʦʣʠ ʜʦʟʚʦʣʷʻʪʴʩʷ ʜʦ 10 ʤʛ-ʝʢʚ/ʣ. ʍʦʯʘ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʜʦʩʷʛʘʻ ʚʝʨʭʥʴʦʾ 

ʤʝʞʽ ʥʦʨʤʠ, ʚʦʜʘ ʻ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʚʞʠʚʘʥʥʷ. ɺʤʽʩʪ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʚʩʷ ʤʝʪʦʜʦʤ ʪʠʪʨʫʚʘʥʥʷ 0,1 ʥ ʨʦʟʯʠʥʦʤ ʪʨʠʣʦʥʫ ɹ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʽʥʜʠʢʘʪʦʨʘ ʤʫʨʝʢʩʠʜʫ. ɺʤʽʩʪ ʤʘʛʥʽʡ-ʽʦʥʫ ʨʦʟʨʘʭʦʚʫʻʤʦ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ, ʷʢ 

ʨʽʟʥʠʮʶ ʤʽʞ ʩʫʤʘʨʥʠʤ ʚʤʽʩʪʦʤ ʢʘʣʴʮʽʶ ʽ ʤʘʛʥʽʶ ʪʘ ʚʤʽʩʪʦʤ ʢʘʣʴʮʽʶ.   

ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʣʫʞʥʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʨʦʚʦʜʠʪʴʩʷ ʤʝʪʦʜʦʤ 

ʪʠʪʨʫʚʘʥʥʷ ʧʨʦʙʠ ʚʦʜʠ 0,1 ʥ ʨʦʟʯʠʥʦʤ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ 

ʘʥʘʣʽʟʽʚ ʢʘʨʙʦʥʘʪʽʚ ʫ ʚʦʜʘʭ ʥʝ ʚʠʷʚʣʝʥʦ. ɺʤʽʩʪ ʛʽʜʨʦʛʝʥʢʘʨʙʦʥʘʪʽʚ ʩʪʘʥʦʚʠʪʴ ʜʣʷ 

ʧʨʦʙ ʚʦʜʠ: 1-5,5; 2-6; 3-6,5; 4-6,5; 5-5 ʤʛ-ʝʢʚ/ʣ, ʱʦ ʻ ʚ ʤʝʞʘʭ ʥʦʨʤʠ (ʜʣʷ ʧʠʪʥʦʾ 

ʚʦʜʠ ʟʘʛʘʣʴʥʘ ʣʫʞʥʽʩʪʴ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ 0,5-6,5 ʤʛ-ʝʢʚ/ʣ). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʫʣʴʬʘʪʽʚ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʧʨʦʚʦʜʷʪʴ ʬʦʪʦʤʝʪʨʠʯʥʝ 

ʪʠʪʨʫʚʘʥʥʷ 0,05 ʥ ʨʦʟʯʠʥʦʤ ʩʦʣʽ ʄʦʨʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʤʽʩʪ ʩʫʣʴʬʘʪʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʦʜʘʭ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 7,68 ʜʦ 58,59 ʤʛ/ʣ, ʱʦ ʻ ʚ 

ʤʝʞʘʭ ʥʦʨʤʠ. 

ɺʤʽʩʪ ʥʘʪʨʽʶ ʨʦʟʨʘʭʦʚʘʥʠʡ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ. ɺʽʜʧʦʚʽʜʥʦ ʚʢʘʟʘʥʠʡ 

ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʢʘʪʽʦʥʽʚ ʽ ʘʥʽʦʥʽʚ. 

ɼʣʷ ʥʘʦʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʦʨʤʫʣʫ 

ʂʫʨʣʦʚʘ [2].  

ʋ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʦʜʘʭ ʚʠʟʥʘʯʘʚʩʷ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʪʘ ʚʤʽʩʪ ʘʟʦʪʫ ʥʽʪʨʘʪʽʚ ʽ 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʷʢʽʩʪʴ ʚʦʜ ʟʘ ʜʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʚʦʜʠ ʩʧʦʣʫʢʘʤʠ ʘʟʦʪʫ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʚʠʟʥʘʯʘʶʪʴ ʚʤʽʩʪ ʥʽʪʨʘʪʥʦʛʦ ʘʟʦʪʫ (ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ). ʎʝʡ ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʶʻʪʴʩʷ 

ɼʝʨʞʘʚʥʠʤʠ ʩʘʥʽʪʘʨʥʠʤʠ ʥʦʨʤʘʤʠ [1]. ɿʛʽʜʥʦ ʟ ʛʽʛʽʻʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʷʢʦʩʪʽ 

ʧʠʪʥʦʾ ʚʦʜʠ, ʚʤʽʩʪ ʚ ʥʽʡ ʥʽʪʨʘʪʽʚ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 50 ʤʛ/ʣ, ʘʟʦʪʫ ʥʽʪʨʘʪʽʚ 

ï 11 ʤʛ/ʣ. ʅʽʪʨʘʪʠ - ʮʝ ʩʦʣʽ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʪʦʢʩʠʯʥʫ ʜʽʶ 

ʥʘ ʦʨʛʘʥʽʟʤ. ʗʢʱʦ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʧʝʨʝʚʠʱʝʥʠʡ, ʪʦ ʾʾ ʚʞʠʚʘʥʥʷ ʤʦʞʝ 

ʤʘʪʠ ʜʦʩʠʪʴ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʟʜʦʨʦʚôʷ.  

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʥʽʪʨʘʪʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʚʦʜʽ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʦʨʠʤʝʪʨʽ-ʥʝʬʝʣʦʤʝʪʨʽ ʧʨʠ ʬʽʦʣʝʪʦʚʦʤʫ ʩʚʽʪʦʬʽʣʴʪʨʽ. 
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ʋ ʚʩʽʭ ʧʨʦʙʘʭ ʚʦʜʠ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʩʘʥʽʪʘʨʥʽ ʥʦʨʤʠ [1]. 

ʇʨʦ ʮʝ ʤʦʞʥʘ ʚʞʝ ʙʫʣʦ ʟʜʦʛʘʜʘʪʠʩʷ ʱʝ ʥʘ ʝʪʘʧʽ ʧʽʜʛʦʪʦʚʢʠ  ʨʦʟʯʠʥʫ, ʟʘʙʘʨʚʣʝʥʥʷ 

ʡʦʛʦ ʙʫʣʦ ʥʘʩʠʯʝʥʦ ʞʦʚʪʠʤ. ɼʣʷ ʢʦʥʪʨʦʣʶ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ 

ʚʤʽʩʪʫ ʥʽʪʨʘʪʽʚ ʫ ʚʦʜʦʧʨʦʚʽʜʥʽʡ ʚʦʜʽ. ɿʘʙʘʨʚʣʝʥʥʷ ʧʽʜʛʦʪʦʚʣʝʥʦʛʦ ʨʦʟʯʠʥʫ ʤʘʡʞʝ 

ʥʝ ʙʫʣʦ ʚʠʜʥʦ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʚʠʢʣʘʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ 

ʷʢʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʚʟʷʪʠʭ ʟ ʢʨʠʥʠʮʴ ʩ. ɺʠʩʦʢʝ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. ɺʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ɯʌʅʊʋʅɻ. 

ɺʠʟʥʘʯʝʥʽ ʬʽʟʠʯʥʽ ʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜ, ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ. 

1. ɺʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʚʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤʠ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʦʥʠ ʻ ʧʨʦʟʦʨʽ, ʙʝʟ ʢʦʣʴʦʨʫ, ʙʝʟ ʟʘʧʘʭʫ ʽ ʙʝʟ ʩʤʘʢʫ. ɻʫʩʪʠʥʘ 

ʩʢʣʘʜʘʻ 995 - 996 ʢʛ/ʤ3, ʪʝʤʧʝʨʘʪʫʨʘ - 11Ü - 12Üʉ. 

2. ɿʘ ʚʝʣʠʯʠʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ ʻ ʧʨʽʩʥʽ. ɿʘ ʨʅ - ʩʝʨʝʜʦʚʠʱʝ ʢʠʩʣʝ. ɿʘ 

ɽh ïʛʝʦʭʽʤʽʯʥʘ ʦʙʩʪʘʥʦʚʢʘ ʦʢʠʩʥʘ. 

3. ɺʠʟʥʘʯʝʥʦ ʚʤʽʩʪ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʽʚ, ʛʦʣʦʚʥʠʭ ʽʦʥʽʚ ʫ ʚʦʜʘʭ. ɺʤʽʩʪ ʭʣʦʨ-

ʽʦʥʽʚ, ʽʦʥʽʚ ʤʘʛʥʽʶ ʽ ʢʘʣʴʮʽʶ, ʟʘʛʘʣʴʥʦʾ ʣʫʞʥʦʩʪʽ, ʩʫʣʴʬʘʪ-ʽʦʥʽʚ ʫ ʚʩʽʭ ʚʽʜʽʙʨʘʥʠʭ 

ʧʨʦʙʘʭ ʻ ʚ ʤʝʞʘʭ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ.  

4. ɿʘ ʬʦʨʤʫʣʦʶ ʂʫʨʣʦʚʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘʟʚʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ɺʦʜʘ ʫ 

ʢʨʠʥʠʮʷʭ ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʘ ʢʘʣʴʮʽʻʚʘ. 

5. ɺʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʽʪʨʘʪʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ˇʨʫʥʪʦʚʽ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʙʨʫʜʥʝʥʽ ʩʧʦʣʫʢʘʤʠ ʘʟʦʪʫ. ɿʘʟʚʠʯʘʡ 

ʧʨʠʯʠʥʘ ʮʴʦʛʦ ʧʦʣʷʛʘʻ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʘʟʦʪʦʚʤʽʩʥʠʭ ʜʦʙʨʠʚ ʽ ʥʝʨʦʟʫʤʥʦʾ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ 
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ʢʦʣʦʜʷʟʴ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝʜʘʣʝʢʦ ʚʽʜ ʤʽʩʮʷ ʩʪʦʢʽʚ ʟ ʧʦʣʽʚ). ʅʽʪʨʘʪʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ 

ˇʨʫʥʪ, ʟʚʽʜʪʠ ï ʚ ˇʨʫʥʪʦʚʽ ʚʦʜʠ, ʘ ʟ ʥʠʭ ï ʚ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʢʦʣʦʜʷʟʽ. ʋ ʜʘʥʽʡ 

ʩʠʪʫʘʮʽʾ ʪʘʢʠʡ ʯʠʥʥʠʢ ʚʧʣʠʚʫ ʪʘʢʦʞ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ, ʦʩʢʽʣʴʢʠ ʥʝʧʦʜʘʣʽʢ ʩʝʣʘ ʻ 

ʧʦʣʷ, ʜʝ ʚʠʨʦʱʫʶʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʢʫʣʴʪʫʨʠ. 
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2. ɼʫʙʝʡ ʅ.ɺ. ɻʽʜʨʦʛʝʦʣʦʛʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʝʦʣʦʛʽʷ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ: 

ɯʌʅʊʋʅɻ. 2010. 262 ʩ. 

3. ʈʫʜʝʥʢʦ ʌ.ɸ. ɻʽʜʨʦʛʝʦʣʦʛʽʷ ʋʢʨʘʾʥʩʴʢʦʾ ʈʉʈ. ʂʠʾʚ: ɺʠʱʘ ʰʢʦʣʘ, 1972. 176 ʩ. 

  



21 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

https:// doi.org/10.59911/conf.mpmgg.2024.5 

ʋɼʂ 550.42:553.94 
 

ʆʉʆɹʃʀɺʆʉʊɯ ʈʆɿʇʆɼɯʃʋ ɻɽʈʄɸʅɯʖ ʋ ɺʋɻɯʃʔʅʆʄʋ ʇʃɸʉʊɯ ʉ5 

ʇʆʃʗ ʐɸʍʊʀ çʇɸɺʃʆɻʈɸɼʉʔʂɸè 
 

ɺ. ɺ. ɯʰʢʦʚ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɭ. ʉ. ʂʦʟʽʡ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

 49005, ʤ. ɼʥʽʧʨʦ, ʧʨ. ɼ. ʗʚʦʨʥʠʮʴʢʦʛʦ, 19 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 49600, 

 ʤ. ɼʥʽʧʨʦ, ʚʫʣ. ʉʝʨʛʽʷ ɭʬʨʝʤʦʚʘ, 25, ʋʢʨʘʾʥʘ  

ʆ. ʉ. ɼʨʝʰʧʘʢ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè,  

49005, ʤ. ɼʥʽʧʨʦ, ʧʨ. ɼ. ʗʚʦʨʥʠʮʴʢʦʛʦ, 19 

ʇ. ʉ. ʇʘʱʝʥʢʦ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠ ʽʤ. ʄ.ʉ. ʇʦʣʷʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

 49005, ʤ. ɼʥʽʧʨʦ, ʚʫʣ. ʉʽʤʬʝʨʦʧʦʣʴʩʴʢʘ, 2-ʘ 

 
ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʛʝʨʤʘʥʽʶ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʥʘ ʧʨʠʢʣʘʜʽ ʧʣʘʩʪʘ 

ʩ5 ʧʦʣʷ ʰʘʭʪʠ ʇʘʚʣʦʛʨʘʜʩʴʢʘ. ʋ ʤʝʞʘʭ ʧʦʣʷ ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʝʨʤʘʥʽʶ 

ʧʦ ʧʣʘʩʪʫ ʩ5 ʚ 6,08 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʢʣʘʨʢ ʛʝʨʤʘʥʽʶ ʜʣʷ ʢʘʤ'ʷʥʦʛʦ ʚʫʛʽʣʣʷ ʩʚʽʪʫ. ʎʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʩʫʪʪʻʚʝ ʟʙʘʛʘʯʝʥʥʷ ʚʫʛʽʣʣʷ ʧʣʘʩʪʘ ʛʝʨʤʘʥʽʶ ʽ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʡʦʛʦ ʷʢ ʮʽʥʥʝ 

ʧʦʪʝʥʮʽʡʥʝ ʜʞʝʨʝʣʦ ʦʪʨʠʤʘʥʥʷ ʮʽʻʾ ʩʪʨʘʪʠʛʽʯʥʦʾ ʩʠʨʦʚʠʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʠʙʽʨʢʠ ʛʝʨʤʘʥʽʶ ʥʦʨʤʘʣʴʥʦʤʫ ʘʙʦ ʣʦʛʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ, ʛʝʨʤʘʥʽʡ, ʧʦʣʝ ʰʘʭʪʠ, ʥʦʨʤʦʚʘʥʠʡ ʚʤʽʩʪ, ʧʦʣʽʤʦʜʘʣʴʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ. 
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The article presents the results of studies of germanium in the coal seam on the example of c5 seam 

of the Pavlohradska mine field. Within the boundaries of the Pavlohradska mine field, the 

concentration of germanium in the c5 seam is 6.08 times higher than the germanium clark for coal in 

the world. This indicates a significant enrichment of coal in the germanium seam and allows it to be 

considered as a valuable potential source of obtaining this strategic raw material. The non-compliance 

of the germanium sample with the normal or lognormal distribution law was established 

Key words: coal seam, germanium, mine field, normalized content, polymodality of distribution. 

 

ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʛʝʨʤʘʥʽʶ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʦʙʫʤʦʚʣʝʥʘ 

ʡʦʛʦ ʧʦʪʝʥʮʽʘʣʦʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ, ʦʪʞʝ, ʡʦʛʦ ʚʘʞʣʠʚʽʩʪʶ ʷʢ 

ʩʪʨʘʪʝʛʽʯʥʦʾ ʩʠʨʦʚʠʥʠ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʻ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʨʤʘʥʽʶ, ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ 

ʧʨʠʨʦʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ. ɻʝʨʤʘʥʽʡ ʚʭʦʜʠʪʴ ʜʦ ʯʠʩʣʘ 12 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʘʢ ʟʚʘʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʘʙʦ ʧʨʦʩʪʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʛʝʨʤʘʥʽʶ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ, ʚʢʣʶʯʘʶʯʠ 

ʋʢʨʘʾʥʫ, ʂʠʪʘʡ, ʋʟʙʝʢʠʩʪʘʥ, ʂʘʥʘʜʫ ʪʘ ʉʐɸ ʻ ʚʫʛʽʣʣʷ [1]. ɺʦʜʥʦʯʘʩ ʩʪʨʘʪʝʛʽʯʥʝ 

ʟʥʘʯʝʥʥʷ ʛʝʨʤʘʥʽʡʚʤʽʩʥʠʭ ʨʫʜ ʜʣʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʦʙʦʨʦʥʠ ʢʨʘʾʥʠ ʟʘʟʥʘʯʝʥʦ 

ʫ ʨʽʰʝʥʥʽ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʚʽʜ 16 ʣʠʧʥʷ 2021 ʨʦʢʫ 

ʪʘ ʋʢʘʟʽ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ˉ306/2021 çʇʨʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʦʰʫʢʫ, ʚʠʜʦʙʫʪʢʫ 

ʪʘ ʟʙʘʛʘʯʝʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʷʢʽ ʤʘʶʪʴ ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʜʝʨʞʘʚʠè. 

ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ ʙʫʣʠ ʩʬʦʢʫʩʫʚʘʥʽ ʥʘ 

ʘʥʘʣʽʟʽ ʨʦʟʧʦʜʽʣʫ çʧʦʪʝʥʮʽʡʥʦ ʪʦʢʩʠʯʥʠʭè ʪʘ çʪʦʢʩʠʯʥʠʭèʝʣʝʤʝʥʪʽʚ ʫ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʘʭ ɼʦʥʙʘʩʫ [2-3] ʡ ʘʥʘʣʽʟʽ ʨʦʟʧʦʜʽʣʫ ʛʝʨʤʘʥʽʶ ʚ ʜʝʷʢʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ 

ʇʘʚʣʦʛʨʘʜʩʴʢʦ-ʇʝʪʨʦʧʘʚʣʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ɼʦʥʙʘʩʫ [4-5].  

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʛʝʨʤʘʥʽʶ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʩ5 ʧʦʣʷ ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ. ʋ ʤʝʞʘʭ ʧʦʣʷ ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʛʝʨʤʘʥʽʶ ʧʦ ʧʣʘʩʪʫ ʩ5 ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 8,8 ʛ/ʪ ʜʦ 24,7 ʛ/ʪ, ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ 

17,62Ñ0,47 ʛ/ʪ. ʎʝ ʚ 6,08 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʢʣʘʨʢ ʛʝʨʤʘʥʽʶ ʜʣʷ ʢʘʤ'ʷʥʦʛʦ ʚʫʛʽʣʣʷ 

ʩʚʽʪʫ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʫ [6]. ʄʝʜʽʘʥʥʝ ʽ ʤʦʜʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ Ge ʚʽʜʧʦʚʽʜʥʦ 

ʩʢʣʘʜʘʻ 18,05 ʛ/ʪ ʽ 20,6 ʛ/ʪ. ʉʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʜʠʩʧʝʨʩʽʷ ʚʠʙʽʨʢʠ, ʾʾ ʝʢʩʮʝʩ ʽ 

ʘʩʠʤʝʪʨʠʯʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 4,02 ʛ/ʪ, 16,18 ʛ/ʪ, -0,61 ʪʘ -0,42. ɼʣʷ 

ʥʘʦʯʥʦʩʪʽ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʫ ʚʠʙʽʨʢʠ ʚʤʽʩʪʽʚ ʛʝʨʤʘʥʽʶ ʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʨʦʟʧʦʜʽʣʫ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʛʽʩʪʦʛʨʘʤʘ (ʨʠʩ. 1).  

ɺʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʥʘʚʝʜʝʥʦʾ ʛʽʩʪʦʛʨʘʤʠ ʩʚʽʜʯʠʪʴ ʧʨʦ: 1) ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʠʙʽʨʢʠ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ; 2) ʬʽʢʩʫʻʪʴʩʷ ʧʦʣʽʤʦʜʘʣʴʥʦʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʦʚʘʥʦʛʦ ʚʤʽʩʪʫ ʛʝʨʤʘʥʽʶ; 3) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʩʫʚ ʷʜʨʘ ʱʽʣʴʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʚʧʨʘʚʦ, ʫ ʙʽʢ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ. ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 
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ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʨʦʟʧʦʜʽʣʫ ɻʘʫʩʘ. ʉ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʨʠʪʝʨʽʾ 

ʂʦʣʤʦʛʦʨʦʚʘ ï ʉʤʽʨʥʦʚʘ, ʐʘʧʽʨʦ-ʋʾʣʢʘ, ʃʽʣʣʽʻʬʦʨʩʘ ʪʘ ʟʛʦʜʠ ʭ-̔ʢʚʘʜʨʘʪ 

ʇʽʨʩʦʥʘ. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜʪʚʝʨʜʠʣʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʠʙʽʨʢʠ ʥʦʨʤʘʣʴʥʦʤʫ ʘʙʦ ʣʦʛʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. 

 

 

ʈʠʩ. 1 ɻʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʦʚʘʥʦʛʦ ʚʤʽʩʪʫ ʛʝʨʤʘʥʽʶ ʧʦ ʧʣʘʩʪʫ ʩ5 

ʧʦʣʷ ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè 

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟʠ ʧʨʦ ʟʚ'ʷʟʦʢ ʟʤʽʩʪʽʚ ʛʝʨʤʘʥʽʶ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʟ 

ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʶ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʢʦʨʝʣʷʮʽʡʥʠʡ ʪʘ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟʠ (ʨʠʩ. 2).  

 

 

ʈʠʩ. 2. ɻʨʘʬʽʢ ʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʽʞ ʚʤʽʩʪʦʤ ʛʝʨʤʘʥʽʶ ʪʘ ʧʦʪʫʞʥʽʩʪʶ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʩ5 ʧʦʣʷ ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚʦʨʦʪʥʽʡ ʪʘ ʜʫʞʝ 

ʪʽʩʥʠʡ ʟʘ ʰʢʘʣʦʶ ʏʝʜʜʦʢʘ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʛʝʨʤʘʥʽʶ ʪʘ ʧʦʪʫʞʥʽʩʪʶ 

(m), ʧʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʜʦʨʽʚʥʶʻ -0,94. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʝ ʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ:  

Ge = 0,917 - 0,9577 Ŀ m.. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ 

ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ: 1). ʋ ʤʝʞʘʭ ʧʦʣʷ ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʛʝʨʤʘʥʽʶ ʧʦ ʧʣʘʩʪʫ ʩ5 ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 8,8 ʛ/ʪ ʜʦ 24,7 ʛ/ʪ, ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ 

17,62Ñ0,47 ʛ/ʪ, ʱʦ ʚ 6,08 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʢʣʘʨʢ ʛʝʨʤʘʥʽʶ ʜʣʷ ʢʘʤ'ʷʥʦʛʦ ʚʫʛʽʣʣʷ 

ʩʚʽʪʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʝ ʟʙʘʛʘʯʝʥʥʷ ʚʫʛʽʣʣʷ ʧʣʘʩʪʘ ʛʝʨʤʘʥʽʶ ʽ ʜʦʟʚʦʣʷʻ 

ʨʦʟʛʣʷʜʘʪʠ ʡʦʛʦ ʷʢ ʮʽʥʥʝ ʧʦʪʝʥʮʽʡʥʝ ʜʞʝʨʝʣʦ ʦʪʨʠʤʘʥʥʷ ʮʽʻʾ ʩʪʨʘʪʠʛʽʯʥʦʾ 

ʩʠʨʦʚʠʥʠ. 2). ɺʩʪʘʥʦʚʣʝʥʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʙʽʨʢʠ ʛʝʨʤʘʥʽʶ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ, ʧʨʠ ʮʴʦʤʫ ʬʽʢʩʫʻʪʴʩʷ ʧʦʣʽʤʦʜʘʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʦʚʘʥʦʛʦ 

ʚʤʽʩʪʫ ʛʝʨʤʘʥʽʶ ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʚʽʜʯʠʪʴ ʩ ʦʜʥʦʛʦ ʙʦʢʫ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʣʘʩʪʽ ʨʽʟʥʠʭ ʬʦʨʤ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʷʢʽ ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʫ 

ʢʦʥʢʨʝʪʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʧʣʘʩʪʘ ʩ5 ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè, ʘ ʟ ʽʥʰʦʛʦ ï 

ʧʨʦ ʟʘʛʘʣʴʥʠʡ ʧʦʣʽʛʝʥʠʡ ʭʘʨʘʢʪʝʨ ʡʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʮʴʦʤʫ ʧʣʘʩʪʽ. 

ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʙʽʨʢʠ ʛʝʨʤʘʥʽʶ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ɻʘʫʩʘ ʩʚʽʜʯʠʪʴ ʱʦ ʜʣʷ ʙʽʣʴʰ 

ʨʝʘʣʽʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʮʝʥʪʨʘʣʴʥʦʾ ʪʝʥʜʝʥʮʽʾ ʚʤʽʩʪʫ ʛʝʨʤʘʥʽʶ ʟʘʤʽʩʪʴ ʟʥʘʯʝʥʴ 

ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʤʝʜʽʘʥʝ ʟʥʘʯʝʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʦʮʽʥʢʘ ʡʦʛʦ ʨʝʩʫʨʩʽʚ ʫ ʧʣʘʩʪʽ ʜʝʱʦ ʟʨʦʩʪʝ, ʱʦ ʱʝ ʙʽʣʴʰʝ ʧʽʜʚʠʱʫʻ 

ʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʰʘʨʫ ʷʢ ʢʦʤʧʣʝʢʩʥʦʾ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ. 

ɼʦʚʝʜʝʥʘ ʥʘʷʚʥʽʩʪʴ ʟʚʦʨʦʪʥʴʦʛʦ ʪʘ ʜʫʞʝ ʪʽʩʥʦʛʦ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʛʝʨʤʘʥʽʶ ʪʘ ʧʦʪʫʞʥʽʩʪʶ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʩ5 ʧʦʣʷ ʰʘʭʪʠ 

çʇʘʚʣʦʛʨʘʜʩʴʢʘè ʪʘ ʨʦʟʨʘʭʦʚʘʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʽʞ ʮʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʤʽʩʪ ʛʝʨʤʘʥʽʶ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʥʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ 

ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʤʧʽʨʠʯʥʠʭ ʚʠʙʽʨʦʢ 

ʨʦʟʛʣʷʥʫʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʨʤʘʣʴʥʦʤʫ ʘʙʦ ʣʦʛʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ, ʬʽʢʩʫʚʘʣʘʩʴ 

ʧʦʣʽʤʦʜʘʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʙʝʨʠʣʽʶ ʪʘ ʟʦʣʴʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʠʩʦʢʠʡ ʪʘ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ 

ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʙʝʨʠʣʽʶ ʪʘ ʟʦʣʴʥʦʩʪʽ. ʈʦʟʨʘʭʦʚʘʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʦʟʚʦʣʷʻ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʝʨʠʣʽʶ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʩ5 ʧʦʣʷ ʰʘʭʪʠ 

çʇʘʚʣʦʛʨʘʜʩʴʢʘè. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʨʤʘʥʽʡ, ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ, ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ, 

ʥʦʨʤʦʚʘʥʠʡ ʚʤʽʩʪ. 
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During the conducted research, it was established that the empirical samples of the considered 

characteristics did not conform to the normal or lognormal law of distribution, and the polymodality 
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of the distribution of beryllium and ash content was recorded. A high and inverse relationship between 

beryllium concentrations and ash content was established. The calculated regression equation makes 

it possible to predict changes in beryllium concentrations in the c5 coal seam of the Pavlohradska 

mine field. 

Key words: germanium, coal seam, regression equation, correlation coefficient, normalized content. 

 

ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʤʽʩʪʫ ʙʝʨʠʣʽʶ ʫ ʚʫʛʽʣʴʥʦʤʫ 

ʧʣʘʩʪʽ ʟʛʽʜʥʦ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʧʦʣʷʛʘʻ ʫ ʡʦʛʦ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦ ʪʘʢ 

ʟʚʘʥʠʭ çʧʦʪʝʥʮʽʡʥʦ ʪʦʢʩʠʯʥʠʭè ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʦʙʦʚôʷʟʢʦʚʦ 

ʜʦʩʣʽʜʞʝʥʽ ʫ ʚʫʛʽʣʣʽ. 

ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ. ʈʘʥʽʰʝ ʫ ʚʫʛʽʣʣʽ ʙʘʛʘʪʴʦʭ ʧʣʘʩʪʽʚ ʨʽʟʥʠʭ ʛʝʦʣʦʛʦ-

ʧʨʦʤʠʩʣʦʚʠʭ ʨʘʡʦʥʽʚ ɼʦʥʙʘʩʫ ʧʝʨʝʚʘʞʥʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʪʦʢʩʠʯʥʽ ʪʘ 

ʧʦʪʝʥʮʽʡʥʦ ʪʦʢʩʠʯʥʽ ʝʣʝʤʝʥʪʠ [1-12]. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ 

ʚʤʽʩʪʘʤʠ ʙʝʨʠʣʽʶ ʪʘ ʟʥʘʯʝʥʥʷʤʠ ʟʦʣʴʥʦʩʪʽ (Ad) ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʩ5 ʧʦʣʷ 

ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè ʨʘʥʽʰʝ ʥʝ ʚʠʢʦʥʫʚʘʣʠʩʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʽ ʟʚôʷʟʢʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʝʨʠʣʽʶ ʪʘ 

ʟʥʘʯʝʥʴ Ad ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʩ5 ʧʦʣʷ ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ʌʘʢʪʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʨʦʙʦʪʠ ʙʫʣʠ ʨʝʟʫʣʴʪʘʪʠ 83 

ʢʽʣʴʢʽʩʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʘʥʘʣʽʟʽʚ ʙʝʨʠʣʽʶ ʪʘ ʚʠʟʥʘʯʝʥʴ Ad ʚʠʢʦʥʘʥʠʭ ʧʽʩʣʷ 

1981ʨ. ʚ ʮʝʥʪʨʘʣʴʥʠʭ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ ʚʠʨʦʙʥʠʯʠʭ 

ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʋʢʨʘʾʥʠ ʟ ʤʘʪʝʨʽʘʣʫ ʧʣʘʩʪʦʚʠʭ ʧʨʦʙ 

ʦʪʨʠʤʘʥʠʭ ʚʠʨʦʙʥʠʯʠʤʠ ʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʽ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʪʘ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʤʧʽʨʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʧʦʜʽʣʫ 

ɻʘʫʩʘ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʃʽʣʣʽʻʬʦʨʩʘ, ʐʘʧʽʨʦ-ʋʾʣʢʘ, 

ʂʦʣʤʦʛʦʨʦʚʘ ï ʉʤʽʨʥʦʚʘ ʪʘ ʟʛʦʜʠ ʭʽ-ʢʚʘʜʨʘʪ ʇʽʨʩʦʥʘ. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜʪʚʝʨʜʠʣʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʙʽʨʦʢ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʮʝʥʪʨʘʣʴʥʦʾ 

ʪʝʥʜʝʥʮʽʾ ʚʤʽʩʪʽʚ ʙʝʨʠʣʽʶ ʪʘ ʟʥʘʯʝʥʴ Ad ʟʘʤʽʩʪʴ ʟʥʘʯʝʥʴ ʩʝʨʝʜʥʴʦʛʦ 

ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʜʽʘʥʥʽ ʟʥʘʯʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚʦʨʦʪʥʠʡ ʪʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

ʙʝʨʠʣʽʶ ʪʘ ʚʠʟʥʘʯʝʥʥʷʤʠ Ad, ʧʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʜʦʨʽʚʥʶʻ 

-0,84. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʘʭʦʚʘʥʝ ʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ:  

ɺʝ = 0,9088 - 0,8963 Ŀ Ad 

ɻʨʘʬʽʢ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 
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ɸʚʪʦʨʠ ʽʥʪʝʨʧʨʝʪʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʝʥʩʽ ʷʢ 

ʪʠʧʦʚʠʡ ʧʨʦʷʚ ʥʘʢʦʧʠʯʝʥʥʷ ʩʫʪʪʻʚʦ ʧʝʨʝʚʘʞʥʦʾ ʯʘʩʪʠʥʠ ʦʢʨʝʤʠʭ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʶ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ.  

 

 

ʈʠʩ. 1. ɻʨʘʬʽʢ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʤʽʞ ʥʦʨʤʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʝʨʠʣʽʶ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷʤʠ Ad ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʩ5 ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè 
 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ ʧʨʦ:  

1) ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʤʧʽʨʠʯʥʠʭ ʚʠʙʽʨʦʢ ʨʦʟʛʣʷʥʫʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʪʘ ʥʘʷʚʥʽʩʪʴ ʧʦʣʽʤʦʜʘʣʴʥʦʩʪʽ ʫ ʨʦʟʧʦʜʽʣʽ ɺʝ ʪʘ 

Ad;  

2) ʚʩʪʘʥʦʚʣʝʥʦ ʪʽʩʥʠʡ ʪʘ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ɺʝ ʪʘ Ad;  

3) ʨʦʟʨʘʭʦʚʘʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʝʨʠʣʽʶ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʩ5 ʧʦʣʷ ʰʘʭʪʠ çʇʘʚʣʦʛʨʘʜʩʴʢʘè 

ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʡʦʛʦ ʟʦʣʴʥʦʩʪʽ. 

4) ɼʣʷ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʮʝʥʪʨʘʣʴʥʦʾ ʪʝʥʜʝʥʮʽʾ ʚʤʽʩʪʽʚ ʙʝʨʠʣʽʶ ʪʘ 

ʟʥʘʯʝʥʴ Ad ʟʘʤʽʩʪʴ ʟʥʘʯʝʥʴ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʤʝʜʽʘʥʥʽ ʟʥʘʯʝʥʥʷ. 
 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 
 

1. ʂʦʟʽʡ ɭ.ʉ., ɯʰʢʦʚ ɺ.ɺ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ ʧʣʘʩʪʽʚ ʇʘʚʣʦʛʨʘʜʩʴʢʦ-

ʇʝʪʨʦʧʘʚʣʽʚʩʴʢʦʛʦ ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ ʧʦ ʚʤʽʩʪʫ ʪʦʢʩʠʯʥʠʭ ʽ ʧʦʪʝʥʮʽʡʥʦ 

0,0 0,2 0,4 0,6 0,8 1,0 1,2

ʅʦʨʤʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʝʥʴ ʟʦʣʴʥʦʩʪʽ
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classification will make it possible to establish priority for the development of oil fields with the aim 

of further sale of this metal as an accompanying raw material, as well as the opportunity to determine 

the environmental risks of using these oils as raw materials for the production of petroleum products 

and, first of all, gasoline and diesel fuel. 

Key words: mercury, oil, cluster analysis, environmental risks. 

 
ɺʩʪʫʧ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʤʝʨʢʫʨʽʶ ʫ ʩʠʨʽʡ ʥʘʬʪʽ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ ʜʣʷ ʙʝʟʧʝʢʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ ʽ ʟʜʦʨʦʚ'ʷ. ʗʢ ʚʽʜʦʤʦ, 

ʤʝʨʢʫʨʽʡ ʻ ʪʦʢʩʠʯʥʠʤ ʭʽʤʽʯʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʣʶʜʝʡ, ʪʚʘʨʠʥ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʋ ʩʠʨʽʡ ʥʘʬʪʽ ʤʝʨʢʫʨʽʡ ʤʦʞʝ ʙʫʪʠ 

ʧʨʠʩʫʪʥʽʡ ʫ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ʯʝʨʝʟ ʡʦʛʦ ʧʨʠʨʦʜʥʝ ʧʦʭʦʜʞʝʥʥʷ ʘʙʦ 

ʚʥʘʩʣʽʜʦʢ ʢʦʥʪʘʢʪʫ ʟ ʤʝʨʢʫʨʽʻʤ ʧʽʜ ʯʘʩ ʚʠʜʦʙʫʪʢʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʠ. ʂʨʽʤ ʪʦʛʦ, ʤʝʨʢʫʨʽʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʧʨʦʮʝʩʽ 

ʚʠʜʦʙʫʚʘʥʥʷ ʥʘʬʪʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥ. ɺʠʟʥʘʯʝʥʥʷ 

ʚʤʽʩʪʫ ʤʝʨʢʫʨʽʶ ʫ ʩʠʨʽʡ ʥʘʬʪʽ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʚʞʠʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʟʘʭʦʜʠ ʜʣʷ ʡʦʛʦ ʫʩʫʥʝʥʥʷ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʟʘʙʨʫʜʥʝʥʥʶ ʧʦʚʽʪʨʷ, ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʠ. ɼʦ 

ʪʦʛʦ ʞ, ʢʦʥʪʨʦʣʴ ʨʽʚʥʷ ʤʝʨʢʫʨʽʶ ʫ ʥʘʬʪʽ ʩʧʨʠʷʻ ʟʘʙʝʟʧʝʯʝʥʥʶ ʙʝʟʧʝʢʠ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʚʠʜʦʙʫʚʘʥʥʷʤ ʪʘ ʧʝʨʝʨʦʙʢʦʶ ʥʘʬʪʠ. 

ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ. ʈʘʥʽʰʝ ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʛʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʦʢʨʝʤʠʭ ʤʝʪʘʣʽʚ ʫ ʥʘʬʪʘʭ ʟ ʜʝʷʢʠʭ ʨʦʜʦʚʠʱ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʣʠ ʩʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʮʠʭ ʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʤʝʪʘʣʽʚ [1-7]. ɺʠʚʯʝʥʥʷ 

ʤʝʪʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʤʝʨʢʫʨʽʶ, ʫ ʥʘʬʪʽ ʟ ʨʽʟʥʠʭ ʨʦʜʦʚʠʱ ʋʢʨʘʾʥʠ, ʜʘʻ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ ʾʭʥʽ ʛʝʥʝʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʛʦ ʩʧʨʠʷʪʠʤʝ ʨʦʟʨʦʙʮʽ ʢʦʤʧʣʝʢʩʫ 

ʧʨʦʛʥʦʟʥʠʭ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʢʫʧʯʝʥʴ ʚʫʛʣʝʚʦʜʥʽʚ, ʘ ʪʘʢʦʞ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʤʝʨʢʫʨʽʶ ʨʦʟʨʦʙʠʪʠ ʧʨʠʨʦʜʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʨʦʜʦʚʠʱ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ 

ʟʘʧʘʜʠʥʠ ʟʘ ʡʦʛʦ ʚʤʽʩʪʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ. ʌʘʢʪʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʨʦʙʦʪʠ ʙʫʣʠ ʨʝʟʫʣʴʪʘʪʠ 

ʘʥʘʣʽʟʽʚ ʚʤʽʩʪʫ ʤʝʨʢʫʨʽʶ ʽ ʽʥʰʠʭ ʤʝʪʘʣʽʚ ʫ ʥʘʬʪʘʭ ʟ 36 ʨʦʜʦʚʠʱ. ʅʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʟʚʘʞʝʥʦʛʦ ʮʝʥʪʨʦʾʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ 

ʟʘʧʘʜʠʥʠ ʟʘ ʚʤʽʩʪʦʤ ʤʝʪʘʣʽʚ, ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʜʝʥʜʨʦʛʨʘʤʘ 

(ʨʠʩ. 1), ʷʢʘ ʚʽʜʙʠʚʘʻ ʚʟʘʻʤʥʫ ʧʨʠʨʦʜʥʫ ʽʻʨʘʨʭʽʶ ʘʥʘʣʽʟʦʚʘʥʠʭ ʨʦʜʦʚʠʱ ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʝʨʢʫʨʽʶ. 



32 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ɸʥʘʣʽʟ ʜʝʥʜʨʦʛʨʘʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʨʦʜʦʚʠʱ ʟʘ ʚʤʽʩʪʦʤ ʤʝʨʢʫʨʽʶ ʜʦʟʚʦʣʷʻ 

ʚʽʟʫʘʣʴʥʦ ʚʠʜʽʣʠʪʠ ʩʽʤ ʛʨʫʧ ʢʣʘʩʪʝʨʽʚ: 1.1.1.1.1.1, 1.1.1.1.1.2, 1.1.1.1.2, 1.1.1.2, 

1.1.2, 1.2 ʽ 2.  ʂʣʘʩʪʝʨ 1.1.1.1.1.1 ʩʬʦʨʤʦʚʘʥʠʡ ʊʘʣʘʣʘʾʚʩʴʢʠʤ, ʂʘʯʘʣʽʚʩʴʢʠʤ, 

ʉʦʣʦʭʽʚʩʴʢʠʤ, ʂʫʣʠʯʠʭʽʥʩʴʢʠʤ, ʇʨʠʣʫʮʴʢʠʤ, ʃʽʧʦʚʦʜʦʣʠʥʩʴʢʠʤ, 

ʄʘʣʦʩʦʨʦʯʠʥʩʴʢʠʤ, ʉʦʬʽʾʚʩʴʢʠʤ ʽ ʉʫʭʦʜʦʣʽʚʩʴʢʠʤ ʨʦʜʦʚʠʱʘʤʠ ʟ ʘʥʦʤʘʣʴʥʦ 

ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʤʽʩʪʫ ʨʪʫʪʽ ʫ ʥʘʬʪʘʭ ʚʽʜ 0,0007 ppm (ʊʘʣʘʣʘʾʚʩʴʢʝ 

ʨʦʜʦʚʠʱʝ) ʜʦ 0,01 ppm (ʉʫʭʦʜʦʣʽʚʩʴʢʝ, ʉʦʬʽʾʚʩʴʢʝ, ʄʘʣʦʩʦʨʦʯʠʥʩʴʢʝ, 

ʃʽʧʦʚʦʜʦʣʠʥʩʴʢʝ ʪʘ ʇʨʠʣʫʮʴʢʝ ʨʦʜʦʚʠʱʘ), ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʚʤʽʩʪʫ ʧʦ ʢʣʘʩʪʝʨʫ 

0,007. ʅʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʽʜ 0,02 ppm (ɹʘʭʤʘʯʩʴʢʝ ʨʦʜʦʚʠʱʝ) ʜʦ 0,035 ppm 

(ʑʫʨʠʥʩʴʢʝ ʨʦʜʦʚʠʱʝ) ʫ ʥʘʬʪʘʭ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʜʦʚʠʱʘʤʠ ɹʘʭʤʘʯʩʴʢʠʤ, 

ʊʨʦʩʪʷʥʝʮʴʢʠʤ, ʗʨʦʰʽʚʩʴʢʠʤ, ʇʝʨʝʢʦʧʽʚʩʴʢʠʤ, ʉʦʣʦʥʮʽʚʩʴʢʠʤ, ʑʫʨʠʥʩʴʢʠʤ ʪʘ 

ʂʘʨʘʡʢʦʟʦʚʩʴʢʠʤ ʢʣʘʩʪʝʨʘ 1.1.1.1.1.2, ʟ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʧʦ 

ʢʣʘʩʪʝʨʫ 0,026 ppm. ʂʣʘʩʪʝʨ 1.1.1.1.2 ʩʢʣʘʜʝʥʠʡ ʨʦʜʦʚʠʱʘʤʠ ʇʨʦʢʦʧʝʥʢʽʚʩʴʢʠʤ 

ʽ ʊʫʨʫʪʠʥʩʴʢʠʤ ʽʟ ʚʤʽʩʪʦʤ ʨʪʫʪʽ ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʛʦ ï 0,05 ppm. ʂʣʘʩʪʝʨ 1.1.1.2 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʦʜʦʚʠʱʘʤʠ ʈʘʩʧʘʰʥʦʚʩʴʢʠʤ, ʂʨʘʩʥʦʟʘʷʨʩʴʢʠʤ, 

ʄʘʪʣʘʭʦʚʩʴʢʠʤ, ʈʘʜʯʝʥʢʦʚʩʴʢʠʤ, ʂʦʨʦʙʦʯʢʠʥʩʴʢʠʤ, ʄʦʥʘʩʪʠʨʽʱʝʥʩʴʢʠʤ, 

ɿʘʭʽʜʥʦ-ʍʘʨʴʢʦʚʮʽʚʩʴʢʠʤ ʪʘ ʍʫʭʨʷʥʩʴʢʠʤ ʟ ʚʤʽʩʪʘʤʠ ʨʪʫʪʽ ʫ ʥʘʬʪʘʭ ʚʽʜ 0,14 ppm 

(ʈʘʩʧʘʰʥʦʚʩʴʢʝ ʨʦʜʦʚʠʱʝ) ʜʦ 0,2 (ɿʘʭʽʜʥʦ-ʍʘʨʴʢʦʚʮʽʚʩʴʢʝ ʽ ʍʫʭʨʷʥʩʴʢʝ 

ʨʦʜʦʚʠʱʘ), ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʚʤʽʩʪʫ ʧʦ ʢʣʘʩʪʝʨʫ ï 0,18 ppm. ʂʣʘʩʪʝʨ 1.1.2 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʦʜʦʚʠʱʘʤʠ ʂʨʝʤʝʥʽʚʩʴʢʠʤ ʪʘ ʅʦʚʦ-ʄʠʢʦʣʘʻʚʩʴʢʠʤ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʤʽʩʪʘʤʠ ʨʪʫʪʽ ʫ ʥʘʬʪʘʭ 0,323 ppm ï 0,39 ppm, ʽʟ ʩʝʨʝʜʥʽʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʧʦ ʢʣʘʩʪʝʨʫ ʚʠʱʝ ʩʝʨʝʜʥʴʦʛʦ ʧʦ ʟʘʛʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʨʦʜʦʚʠʱ ï 

0,36 ppm. ʂʣʘʩʪʝʨ 1.2 ʩʬʦʨʤʦʚʘʥʠʡ ʨʦʜʦʚʠʱʘʤʠ ʂʠʙʠʮʽʚʩʴʢʠʤ ˉ52, 

ʉʘʛʘʡʜʘʮʴʢʠʤ ˉ1, ʂʠʙʠʮʽʚʩʴʢʠʤ ˉ56, ʖʨôʾʚʩʴʢʠʤ, ʂʠʙʠʮʽʚʩʴʢʠʤ ˉ5 ʽ 

ʂʠʙʠʮʽʚʩʴʢʠʤ ˉ1 ʫ ʷʢʠʭ ʚʤʽʩʪ ʨʪʫʪʽ ʫ ʥʘʬʪʘʭ ʢʦʣʠʚʘʻʪʴʩʷ ʟ 0,7 ppm (ʨʦʜʦʚʠʱʝ 

ʂʠʙʠʮʽʚʩʴʢʝ ˉ52) ʜʦ 1,4 ppm (ʨʦʜʦʚʠʱʝ ʂʠʙʠʮʽʚʩʴʢʝ ˉ1) ʪʘ ʟʘʛʘʣʴʥʠʤ ʚʠʩʦʢʠʤ 

ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʧʦ ʢʣʘʩʪʝʨʫ ï 1,14 ppm. ɼʚʘ ʨʦʜʦʚʠʱʘ ʉʘʛʘʡʜʘʮʴʢʝ ˉ13 ʽ 

ʂʠʙʠʮʽʚʩʴʢʝ ˉ51 ʟ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʤʝʨʢʫʨʽʶ ʫ ʥʘʬʪʘʭ ʚʽʜʧʦʚʽʜʥʦ 

ʚʽʜ 3,0 ppm ʜʦ 3,4 ppm ʬʦʨʤʫʶʪʴ ʢʣʘʩʪʝʨ 2 ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 3,2 ppm. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʙʽʨʢʦʚʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʝʨʢʫʨʽʶ, ʱʦ ʟʥʘʯʠʤʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʦʢʨʝʤʠʤʠ ʨʦʜʦʚʠʱʘʤʠ 

ʯʠ ʛʨʫʧʘʤʠ ʨʦʜʦʚʠʱ ʚ ʫʩʪʘʥʦʚʣʝʥʠʭ ʨʷʜʘʭ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʚ ʪʝʨʤʽʥʦʣʦʛʽʾ 

ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ, ʷʢ: ʘʥʦʤʘʣʴʥʦ ʥʠʟʴʢʽ; ʥʠʟʴʢʽ; ʥʠʞʯʝ ʩʝʨʝʜʥʽʭ; ʩʝʨʝʜʥʽ; ʚʠʱʝ 

ʩʝʨʝʜʥʽʭ; ʚʠʩʦʢʽ; ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʽ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʧʨʠʨʦʜʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʨʦʜʦʚʠʱ ɼʥʽʧʨʦʚʩʴʢʦ-

ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ ʟʘ ʚʤʽʩʪʦʤ ʤʝʨʢʫʨʽʶ, ʷʢʫ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. 

ʇʨʠʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʜʦʟʚʦʣʠʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʝʨʰʦʯʝʨʛʦʚʽʩʪʴ ʜʦ 

ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʨʢʫʨʽ,ʁ ʷʢ ʩʫʧʫʪʥʴʦʾ 
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ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʥʘʬʪ ʷʢ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʠʚʘ ʪʘ ʙʝʥʟʠʥʫ. 

 

 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: 1, 2, 1.1, 1.2, 2.1, 2.2, 2.3 ï ʢʣʘʩʪʝʨʠ; ʧʝʨʝʣʽʢ ʨʦʜʦʚʠʱ: ʉ_1 ï ɹʘʭʤʘʯʩʴʢʝ, 

ʉ_2 ï ʇʨʠʣʫʮʴʢʝ, ʉ_3 ï ʂʨʘʩʥʦʟʘʷʨʩʴʢʝ, ʉ_4 ï ʂʘʯʘʣʽʚʩʴʢʝ, ʉ_5 ï ʂʨʝʤʝʥʽʚʩʴʢʝ, ʉ_6 ï 

ʂʘʨʘʡʢʦʟʽʚʩʴʢʝ, ʉ_7 ï ʂʦʨʦʙʦʯʢʠʥʩʴʢʝ, ʉ_8 ï ʂʫʣʠʯʠʭʽʥʩʴʢʝ, ʉ_9 ï ʃʠʧʦʚʦʜʦʣʠʥʩʴʢʝ, ʉ_10 ï 

ʄʦʥʘʩʪʠʨʽʱʝʥʩʴʢʝ, ʉ_11 ï ʄʘʪʣʘʭʦʚʩʴʢʝ, ʉ_12 ï ʄʘʣʦʩʦʨʦʯʠʥʩʴʢʝ, ʉ_13 - ʅʦʚʦ-ʄʠʢʦʣʘʾʚʩʴʢʝ, 

ʉ_14 ï ʇʝʨʝʢʦʧʽʚʩʴʢʝ, ʉ_15 ï ʇʨʦʢʦʧʝʥʢʽʚʩʴʢʝ, ʉ_16 ï ʈʘʜʯʝʥʢʦʚʩʴʢʝ, ʉ_17 ï ʈʘʩʧʘʰʥʽʚʩʴʢʝ, 

ʉ_18 ï ʉʦʬʽʾʚʩʴʢʝ, ʉ_19 ï ʉʫʭʦʜʦʣʽʚʩʴʢʝ, ʉ_20 ï ʉʦʣʦʥʮʽʚʩʴʢʝ, ʉ_21 ï ʉʦʣʦʭʽʚʩʴʢʝ, ʉ_22 ï 

ʊʘʣʘʣʘʾʚʩʴʢʝ, ʉ_23 ï ʊʨʦʩʪʷʥʝʮʴʢʝ, ʉ_24 ï ʊʫʨʫʪʠʥʩʴʢʝ, ʉ_25 ï ʍʘʨʴʢʦʚʮʽʚʩʴʢʝ, ʉ_26 ï 

ʑʫʨʠʥʩʴʢʝ, ʉ_27 - ʖʨôʾʚʩʴʢʝ, ʉ_28 ï ʗʨʦʰʽʚʩʴʢʝ, ʉ_29 ï ʍʫʭʨʷʥʩʴʢʝ, ʉ_30 - ʉʘʛʘʡʜʘʮʴʢʝ ˉ1, 

ʉ_31 - ʉʘʛʘʡʜʘʮʴʢʝ ˉ13, ʉ_32 - ʂʠʙʠʮʽʚʩʴʢʝ ˉ5, ʉ_33 ï ʂʠʙʠʮʽʚʩʴʢʝ ˉ51, ʉ_34 ï ʂʠʙʠʮʽʚʩʴʢʝ 

ˉ52, ʉ_35 ï ʂʠʙʠʮʽʚʩʴʢʝ ˉ56, ʉ_36 ï ʂʠʙʠʮʽʚʩʴʢʝ ˉ1  

 

ʈʠʩ. 1. ɼʝʥʜʨʦʛʨʘʤʤʘ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʚʘʞʝʥʠʤ ʮʝʥʪʨʦʾʜʥʠʤ ʤʝʪʦʜʦʤ 

ʨʦʜʦʚʠʱ ʧʦ ʚʤʽʩʪʫ ʤʝʨʢʫʨʽʶ ʫ ʥʘʬʪʘʭ 

 

ɺʠʩʥʦʚʢʠ. ɺʤʽʩʪ ɑɊɕɏɘɕ˵ɣ ʚ ʧʨʦʙʘʭ ʥʘʬʪʠ ʟ 36 ʨʦʜʦʚʠʱ ʥʘʡʙʽʣʴʰ 

ʟʥʘʯʫʱʦʾ ʥʘʬʪʦʛʘʟʦʚʦʾ ʧʨʦʚʽʥʮʽʾ ʋʢʨʘʾʥʠ - ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ, 

ʤʘʶʪʴ ʽʩʪʦʪʥʽ ʚʘʨʽʘʮʽʾ (ʚʽʜʤʽʥʥʽʩʪʴ ʟʥʘʯʥʠʭ ʩʝʨʝʜʥʽʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘ ʚʠʙʽʨʢʘʤʠ 

ʽʟ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʨʦʜʦʚʠʱ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ ʪʨʴʦʭ ʧʦʨʷʜʢʽʚ) ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ 

ʟʥʘʯʝʥʥʽ ʚ 0,437Ñ0,133 ppm. ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ɑɊɕɏɘɕ˵ɣ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʚ ʦʙʣʘʩʪʽ ʧʦʭʦʜʞʝʥʥʷ ʥʘʬʪʠ, ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʩʚʽʜʯʠʪʠ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʢʽʣʴʢʦʭ ʛʝʥʝʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʾʾ ʬʦʨʤʫʚʘʥʥʷ ʚ ʜʘʥʦʤʫ ʨʝʛʽʦʥʽ. 
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ʊʘʙʣʠʮʷ 1  

ʇʨʠʨʦʜʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ 

ʟʘ ʚʤʽʩʪʦʤ ʤʝʨʢʫʨʽʶ 
 

ˉ 

ʧ.ʧ. 

ɺʤʽʩʪ ʤʝʨʢʫʨʽʶ (ʷʢʽʩʥʘ 

ʦʮʽʥʢʘ ʚʤʽʩʪʫ; ʚʤʽʩʪ ʚʽʜ/ʜʦ 

ʫ ppm; ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʫ 

ppm) 

 

ʅʘʟʚʘ ʨʦʜʦʚʠʱʘ 

1 2 3 

1 ʘʥʦʤʘʣʴʥʦ ʥʠʟʴʢʽ 

ʟʥʘʯʝʥʥʷ; 0,0007/0,01; 

0,0074 

ʊʘʣʘʣʘʾʚʩʴʢʝ, ʂʘʯʘʣʽʚʩʴʢʝ, ʉʦʣʦʭʽʚʩʴʢʝ, 

ʂʫʣʠʯʠʭʽʥʩʴʢʝ, ʇʨʠʣʫʮʴʢʝ, ʃʽʧʦʚʦʜʦʣʠʥʩʴʢʝ, 

ʄʘʣʦʩʦʨʦʯʠʥʩʴʢʝ, ʉʦʬʽʾʚʩʴʢʝ, ʉʫʭʦʜʦʣʽʚʩʴʢʝ 

2 ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ; 

0,02/0,035; 0,026 

ɹʘʭʤʘʯʩʴʢʝ, ʊʨʦʩʪʷʥʝʮʴʢʝ, ʗʨʦʰʽʚʩʴʢʝ, 

ʇʝʨʝʢʦʧʽʚʩʴʢʝ, ʉʦʣʦʥʮʽʚʩʴʢʝ, ʑʫʨʠʥʩʴʢʝ, 

ʂʘʨʘʡʢʦʟʦʚʩʴʢʝ 

3 ʟʥʘʯʝʥʥʷ ʥʠʞʯʝ 

ʩʝʨʝʜʥʽʭ; 0,05/0,05; 0,05 

ʇʨʦʢʦʧʝʥʢʽʚʩʴʢʝ, ʊʫʨʫʪʠʥʩʴʢʝ 

4 ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ; 

0,144/0,2; 0,177 

ʈʘʩʧʘʰʥʦʚʩʴʢʝ, ʂʨʘʩʥʦʟʘʷʨʩʴʢʝ, 

ʄʘʪʣʘʭʦʚʩʴʢʝ, ʈʘʜʯʝʥʢʦʚʩʴʢʝ, ʂʦʨʦʙʦʯʢʠʥʩʴʢʝ, 

ʄʦʥʘʩʪʠʨʽʱʝʥʩʴʢʝ, ɿʘʭʽʜʥʦ-ʍʘʨʴʢʦʚʮʽʚʩʴʢʝ, 

ʍʫʭʨʷʥʩʴʢʝ 

5 ʟʥʘʯʝʥʥʷ ʚʠʱʝ ʟʘ 

ʩʝʨʝʜʥʻ; 0,323/0,39; 0,356 

ʂʨʝʤʝʥʽʚʩʴʢʝ, ʅʦʚʦ-ʄʠʢʦʣʘʻʚʩʴʢʝ 

6 ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ; 0,7/1,4; 

0,141 

ʂʠʙʠʮʽʚʩʴʢʝ ˉ52, ʉʘʛʘʡʜʘʮʴʢʝ ˉ1, 

ʂʠʙʠʮʽʚʩʴʢʝ ˉ56, ʖʨôʾʚʩʴʢʝ, ʂʠʙʠʮʽʚʩʴʢʝ ˉ5 

7 ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʽ 

ʟʥʘʯʝʥʥʷ; 3,0/3,40; 3,20 

ʉʘʛʘʡʜʘʮʴʢʝ ˉ13, ʂʠʙʠʮʽʚʩʴʢʝ ˉ51 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʙʽʨʢʦʚʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʝʨʢʫʨʽʶ, ʱʦ ʟʥʘʯʠʤʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʦʢʨʝʤʠʤʠ ʨʦʜʦʚʠʱʘʤʠ 

ʯʠ ʛʨʫʧʘʤʠ ʨʦʜʦʚʠʱ ʚ ʫʩʪʘʥʦʚʣʝʥʠʭ ʨʷʜʘʭ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʚ ʪʝʨʤʽʥʦʣʦʛʽʾ 

ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ, ʷʢ: ʘʥʦʤʘʣʴʥʦ ʥʠʟʴʢʽ; ʥʠʟʴʢʽ; ʥʠʞʯʝ ʩʝʨʝʜʥʽʭ; ʩʝʨʝʜʥʽ; ʚʠʱʝ 

ʩʝʨʝʜʥʽʭ; ʚʠʩʦʢʽ; ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʽ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʧʨʠʨʦʜʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʨʦʜʦʚʠʱ ɼʥʽʧʨʦʚʩʴʢʦ-

ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ ʟʘ ʚʤʽʩʪʦʤ ʤʝʨʢʫʨʽʶ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʧʝʨʰʫ ʧʨʠʨʦʜʥʫ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʨʦʜʦʚʠʱ ʉʭʽʜʥʦʛʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ ʋʢʨʘʾʥʠ ʟʘ ʚʤʽʩʪʦʤ 

ʤʝʨʢʫʨʽʶ.  

 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 
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2(26)-83-93 
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ʇʈʆʉʊʆʈʆɺɽ ʇʆʐʀʈɽʅʅʗ ɯʃʔʄɽʅɯʊʋ ɯ ʎʀʈʂʆʅʋ ɺ ʂʆʈɯ 

ɺʀɺɯʊʈʖɺɸʅʅʗ ʄʀʍɸʁʃɯɺʉʔʂʆɰ ɼɯʃʗʅʂʀ 
 

ʄ. ʉ. ʂʦʚʘʣʴʯʫʢ 
ʜʦʢʪʦʨ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ʊ. ʄ. ʉʦʢʫʨ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ, 01601, ʤ. ʂʠʾʚ, ʚʫʣ. ʆ. ɻʦʥʯʘʨʘ 55-ʙ 
 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʽʥʣʠʚʦʩʪʽ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʽ ʮʠʨʢʦʥʫ ʚ 

ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ ʚ ʤʝʞʘʭ ʄʠʭʘʡʣʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ, ʷʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ɺʦʨʦʥʽʚʩʴʢʦʛʦ ʤʘʩʠʚʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʦʙʫʜʦʚ. ɼʦʩʣʽʜʞʝʥʦ ʥʘʧʨʷʤ ʽ ʩʠʣʫ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʚʤʽʩʪʦʤ ʽʣʴʤʝʥʽʪʫ ʽ ʮʠʨʢʦʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɺʦʨʦʥʽʚʩʴʢʠʡ ʤʘʩʠʚ ʛʘʙʨʦ-ʥʦʨʠʪʽʚ, ʄʠʭʘʡʣʽʚʩʴʢʘ ʜʽʣʷʥʢʘ, ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ, 

ʽʣʴʤʝʥʽʪ, ʮʠʨʢʦʥ, ʚʤʽʩʪ, ʧʨʦʩʪʦʨʦʚʝ ʧʦʰʠʨʝʥʥʷ. 
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The results of the study of the spatial variability of the ilmenite and zircon content in the crust of the 

weathering of the crystalline rocks of the basement within the boundaries of the Mykhailivsk site, 

which is located within the Voroniv massif, are presented. The research results are presented in the 

form of corresponding cartographic constructions. The direction and strength of correlations between 

the content of ilmenite and zircon were studied. 

Key words: Voroniv massif of gabbro-norites, Mykhailivska site, weathering crust, ilmenite, zircon, 

content, spatial distribution. 

 

ʄʠʭʘʡʣʽʚʩʴʢʘ ʜʽʣʷʥʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʧʣʦʱʽ ʪʝʨʠʪʦʨʽʾ ʧʦʰʠʨʝʥʥʷ 

ʛʘʙʨʦʾʜʽʚ ɺʦʨʦʥʽʚʩʴʢʦʛʦ ʤʘʩʠʚʫ ʛʘʙʨʦ-ʥʦʨʠʪʽʚ, ʷʢʠʡ ʧʨʦʨʠʚʘʻ ʪʨʘʭʽʪʦʾʜʥʽ 

ʧʦʨʬʽʨʦʙʣʘʩʪʠʯʥʽ ʛʨʘʥʽʪʠ ʽ ʩʪʨʫʢʪʫʨʥʦ ʧʨʠʫʨʦʯʝʥʠʡ ɿʘʭʘʨʽʚʩʴʢʦʤʫ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʦʟʣʦʤʫ [1]. ɺ ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʧʦʨʦʜʠ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ, ʾʭ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʘ ʦʩʘʜʦʚʽ ʫʪʚʦʨʝʥʥʷ 

ʧʘʣʝʦʛʝʥʫ, ʥʝʦʛʝʥʫ ʽ ʯʝʪʚʝʨʪʠʥʥʦʾ ʩʠʩʪʝʤʠ. ʂʨʠʩʪʘʣʽʯʥʽ ʧʦʨʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʛʘʙʨʦ-ʥʦʨʠʪʘʤʠ ʽ ʥʦʨʠʪʘʤʠ ʚ ʷʢʠʭ ʧʦʰʠʨʝʥʘ ʘʧʘʪʠʪ-ʪʠʪʘʥʦʚʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ [1]. 

ɻʘʙʨʦ-ʥʦʨʠʪʠ ʽ ʥʦʨʠʪʠ ʟʘʟʥʘʣʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʷʢʦʛʦ ʫʪʚʦʨʠʣʘʩʷ 

ʢʘʦʣʽʥʦʚʘ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʣʦʱʦʚʦʛʦ ʪʠʧʫ. 
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ʋ ʛʘʙʨʦ-ʥʦʨʠʪʘʭ, ʧʦʰʠʨʝʥʠʭ ʫ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʚʤʽʩʪ TiO2 ʢʦʣʠʚʘʻʪʴʩʷ 

ʚʽʜ 0,8 ʜʦ 4,2%, P2O5 ï ʚʽʜ 0,5 ʜʦ 2,1% [1]. ʂʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʟʙʝʨʝʛʣʘʩʷ ʚʽʜ 

ʨʦʟʤʠʚʫ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʪʽʣʘ ʛʘʙʨʦ-ʥʦʨʠʪʽʚ. ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ï 231 ʤ, ʪʦʚʱʠʥʘ ï 56 ʤ, ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ï 886 ʢʤ/ʤ3 [1]. ʋ ʥʦʨʠʪʘʭ, 

ʧʦʰʠʨʝʥʠʭ ʫ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʚʤʽʩʪ TiO2 ʚʽʜ 1,5% ʜʦ 2,5, P2O5 ʜʦ 1,6% [1]. ʂʦʨʘ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʦʰʠʨʝʥʘ ʧʦʚʩʶʜʥʦ, ʦʜʥʘʢ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʥʠʟʴʢʠʡ ï 35 ʢʤ/ʤ3 ʧʨʠ 

ʩʝʨʝʜʥʽʡ ʪʦʚʱʠʥʽ ʝʣʶʚʽʶ 4,1 ʤ ʽ ʛʣʠʙʠʥʽ ʟʘʣʷʛʘʥʥʷ 22,6 ʤ [1]. ʇʦʨʦʜʠ ʦʩʘʜʦʚʦʛʦ 

ʯʦʭʣʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʩʢʘʤʠ ʪʘ ʛʣʠʥʘʤʠ ʥʠʞʥʴʦʛʦ-ʩʝʨʝʜʥʴʦʛʦ ʝʦʮʝʥʫ, ʧʽʩʢʘʤʠ 

ʭʘʨʢʽʚʩʴʢʦʾ ʪʘ ʧʦʣʪʘʚʩʴʢʦʾ ʩʚʽʪ, ʯʝʪʚʝʨʪʠʥʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ. ʇʽʜʚʠʱʝʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʣʴʤʝʥʽʪʫ ʚ ʮʠʭ ʦʩʘʜʦʚʠʭ ʫʪʚʦʨʝʥʥʷʭ ʥʝ ʚʠʷʚʣʝʥʦ. 

ʅʘ ʦʩʥʦʚʽ ʢʦʦʨʜʠʥʘʪ ʩʚʝʨʜʣʦʚʠʥ, ʾʭ ʦʧʠʩʫ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʨʦʙʫʚʘʥʥʷ ʥʘʤʠ 

ʜʦʩʣʽʜʞʝʥʦ ʣʘʪʝʨʘʣʴʥʝ ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʽ ʮʠʨʢʦʥʫ ʫ 

ʤʝʞʘʭ ʄʠʭʘʡʣʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ (ʨʠʩ. 1). 

ʇʽʜʚʠʱʝʥʠʡ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʝʣʶʚʽʾ ʧʦʰʠʨʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʤʫʛʠ 

ʫ ʙʣʠʟʴʢʦʤʫ ʜʦ ʰʠʨʦʪʥʦʛʦ ʥʘʧʨʷʤʢʫ ʟ ʦʨʝʦʣʦʤ ʥʘʡʙʽʣʴʰʦʛʦ ʡʦʛʦ ʚʤʽʩʪʫ ʚ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ, ʥʘʪʦʤʽʩʪʴ ʧʽʜʚʠʱʝʥʠʡ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʮʠʨʢʦʥʫ 

ʧʦʰʠʨʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʤʫʛʠ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ï ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ 

ʟ ʦʢʨʝʤʠʤʠ ʣʦʢʘʣʴʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ. 

ɿʘʛʘʣʦʤ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʄʠʭʘʡʣʽʚʩʴʢʦʾ 

ʜʽʣʷʥʢʠ ʩʪʘʥʦʚʠʪʴ 2,0-124,71 ʢʛ/ʤ3; ʮʠʨʢʦʥʫ 0,03-2,67 ʢʛ/ʤ3
. ʂʦʨʝʣʷʮʽʡʥʠʡ 

ʟʚôʷʟʦʢ ʤʽʞ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʽʣʴʤʝʥʽʪʫ ʽ ʮʠʨʢʦʥʫ ʧʨʷʤʠʡ, ʩʣʘʙʢʠʡ (+0,26). 

 

  
ʘ ʙ 

ʈʠʩ. 1. ʃʘʪʝʨʘʣʴʥʝ ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ (ʢʛ/ʤ3) ʽʣʴʤʝʥʽʪʫ (ʘ) ʽ ʮʠʨʢʦʥʫ (ʙ) ʚ ʢʦʨʽ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʄʠʭʘʡʣʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ 

 

ʅʘʤʠ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʽ ʮʠʨʢʦʥʫ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ (ʨʠʩ. 2). ʈʦʟʧʦʜʽʣ ʤʽʥʝʨʘʣʽʚ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʩʚʝʨʜʣʦʚʠʥ ʟʜʝʙʽʣʴʰʦʛʦ ʨʽʚʥʦʤʽʨʥʠʡ ʟ ʦʜʥʠʤ ʘʙʦ ʜʚʦʤʘ 

ʨʽʚʥʷʤʠ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʚʤʽʩʪʫ, ʧʨʠʫʨʦʯʝʥʠʭ ʜʦ ʥʠʞʥʴʦʾ ʽ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥ ʨʦʟʨʽʟʫ 

ʝʣʶʚʽʶ. ʅʘʧʨʷʤ ʽ ʩʠʣʘ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʽʣʴʤʝʥʽʪʦʤ ʽ ʮʠʨʢʦʥʦʤ ʫ ʩʚʝʨʜ- 
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ʘ ʙ 

  

ʚ ʛ 

ʈʠʩ. 2. ʈʦʟʧʦʜʽʣ ʚʤʽʩʪʫ (ʢʛ/ʤ3) ʽʣʴʤʝʥʽʪʫ ʽ ʮʠʨʢʦʥʫ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʩʚʝʨʜʣʦʚʠʥ, 

ʱʦ ʨʦʟʢʨʠʣʠ ʢʦʨʫ ʚʠʚʽʪʨʶʚʘʥʥʷ. ʉʚʝʨʜʣʦʚʠʥʠ 3774 (ʘ), 3790 (ʙ), 3808 (ʚ), 3827 (ʛ) 
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ʣʦʚʠʥʘʭ ʨʽʟʥʠʡ: ʚʽʜʩʫʪʥʽʡ (ʨʠʩ. 2 ʚ); ʧʨʷʤʠʡ ʧʦʤʽʨʥʠʡ (+0,34) ï ʨʠʩ. 2 ʘ; ʧʨʷʤʠʡ 

ʩʠʣʴʥʠʡ (+0,74, +0,93) ï ʨʠʩ. 2, ʙ ʽ 2, ʚ ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʩʥʦʚʢʠ. ʃʘʪʝʨʘʣʴʥʠʡ ʽ ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʽ 

ʮʠʨʢʦʥʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʄʠʭʘʡʣʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ ʦʙʫʤʦʚʣʝʥʠʡ ʛʝʦʣʦʛʽʯʥʦʶ 

ʾʾ ʙʫʜʦʚʦʶ ʽ ʨʦʟʧʦʜʽʣʦʤ ʮʠʭ ʤʽʥʝʨʘʣʽʚ ʫ ʨʽʟʥʠʭ ʧʝʪʨʦʪʠʧʘʭ ʧʦʨʽʜ ʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʬʫʥʜʘʤʝʥʪʫ.  

 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

1. ʉʢʦʨʦʙʘʯ ɺ.ɯ. ɿʚʽʪ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʰʫʢʽʚ ʥʦʚʠʭ ʨʦʟʩʠʧʥʠʭ ʪʘ ʟʘʣʠʰʢʦʚʠʭ ʨʦʜʦʚʠʱ 

ʽʣʴʤʝʥʽʪʫ ʚ ʤʝʞʘʭ ʧʣʦʱʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʪʘ 

ɺʦʨʦʥʦʚʩʴʢʦʛʦ ʤʘʩʠʚʽʚ ʟʘ 1977ï1979 ʨʨ. ʏʝʨʢʘʩʠ. 1979. 



40 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

https:// doi.org/10.59911/conf.mpmgg.2024.9 

UDC 550.42:553.94 
 

FEATURES OF THE STATISTICAL RELATIONSHIP  OF GERMANIUM 

WITH ASH CONTENT OF THE COAL SEAM C 4 çSAMARSKAè MINE OF 

WESTERN DONBAS 
 

Ye. S. Kozii 
Candidate of Geological Sciences 

Dnipro University of Technology, 49005, Dnipro, D. Yavornytskoho ave., 19 

Dnipro State Agrarian and Economic University, 49600, Dnipro, S. Efremov str., 25 

 

The relationship between the germanium content and the ash content of coal seam c4 of the Samarska 

mine in the Pavlohrad-Petropavlivka geological and industrial area of Western Donbas was studied 

and analyzed. The correlation coefficient between the germanium content and the ash content of the 

coal formally indicates the presence of a weak direct correlation. The analysis of the constructed 

graph of the regression equation between coal ash content and germanium concentration shows the 

complex character of this relationship, which is due to the mineral features of the phase composition 

of the inorganic component of coal. 

Key words: germanium, coal seam, ash content of coal, regression equation, mine field. 
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

 49600, ʤ. ɼʥʽʧʨʦ, ʚʫʣ. ʉʝʨʛʽʷ ɭʬʨʝʤʦʚʘ, 25 

 

ɼʦʩʣʽʜʞʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʚôʷʟʦʢ ʤʽʞ ʚʤʽʩʪʦʤ ʛʝʨʤʘʥʽʶ ʽ ʟʦʣʴʥʽʩʪʶ ʚʫʛʽʣʣʷ ʧʣʘʩʪʘ ʩ4 

ʰʘʭʪʠ ʉʘʤʘʨʩʴʢʘ ʇʘʚʣʦʛʨʘʜʩʴʢʦ-ʇʝʪʨʦʧʘʚʣʽʚʩʴʢʦʛʦ ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ ɿʘʭʽʜʥʦʛʦ 

ɼʦʥʙʘʩʫ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʚʤʽʩʪʦʤ ʛʝʨʤʘʥʽʶ ʪʘ ʟʦʣʴʥʽʩʪʶ ʚʫʛʽʣʣʷ ʧʣʘʩʪʘ ʚʢʘʟʫʻ 

ʬʦʨʤʘʣʴʥʦ ʥʘ ʥʘʷʚʥʽʩʪʴ ʩʣʘʙʢʦʛʦ ʧʨʷʤʦʛʦ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ. ɸʥʘʣʽʟ ʧʦʙʫʜʦʚʘʥʦʛʦ 

ʛʨʘʬʽʢʫ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʽʞ ʟʦʣʴʥʽʩʪʶ ʚʫʛʽʣʣʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʛʝʨʤʘʥʽʶ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ ʮʴʦʛʦ ʟʚ'ʷʟʢʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʠʡ ʤʽʥʝʨʘʣʴʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʘʟʦʚʦʛʦ 

ʩʢʣʘʜʫ ʥʝʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʫʛʽʣʣʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʨʤʘʥʽʡ, ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ, ʟʦʣʴʥʽʩʪʴ ʚʫʛʽʣʣʷ, ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʧʦʣʝ ʰʘʭʪʠ. 

 

Coal is the most important source of germanium in Ukraine. For an objective 

geological and economic assessment of the possibility of simultaneous extraction of 

germanium from coal, waste and products of its processing and planning of the most 

effective organizational and technical measures in this regard, first of all it is necessary 

to have information about the character of the distribution and the level of 

concentration of this element in coal and coal-bearing rocks. In order to obtain such 
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information, detailed studies of the distribution of germanium over the area and in the 

cross-section of the coal seam c4 of the Samarska mine field were performed. 

The research relevance of the germanium content in coal seams is due to the 

possibility of its industrial extraction and use as a valuable accompanying component 

[1].  

The special relevance of the conducted research is given by the decision of the 

National Security and Defense Council of Ukraine dated July 16, 2021 "About 

stimulating the search, extraction and enrichment of minerals that have strategic 

importance for the sustainable development and defense capability of the state" and the 

Decree of the President of Ukraine No. 306/2021, which implements this decision in 

effect. In these documents, Ge ores are included in the list of strategic importance for 

the sustainable development and defense capability of the state. 

Analysis of previous studies. Previously, the peculiarities of the distribution of 

"small elements" that belong to the group of "toxic and potentially toxic elements" in 

the coal seams of some mines and geological and industrial areas of Donbas were 

investigated [2]. In work [3], the main regularities of the distribution of germanium 

over the area and in the cross-section of some coal seams of the Pavlohrad-

Petropavlivka geological and industrial area of Donbas were considered. 

The purpose of the research. This work is devoted to the establishment and 

analysis of the relationship between germanium concentrations and the ash content of 

coal seam c4 of the "Samarska" mine. 

Research methods. An important feature of geochemical research is the 

impossibility of directly observing the processes of migration of chemical compounds, 

their dispersion and concentration in geological objects at different hierarchical levels. 

In such cases, consideration of the dynamics of geochemical processes is traditionally 

performed by comparing statistical data and analyzing cartographic materials regarding 

the distribution of chemical elements and their compounds in the objects under 

consideration. Further, the obtained results are interpreted taking into account physico-

chemical and geological features. That is, obtaining information about the distribution 

of chemical elements in geological objects is the first stage of research, which goes 

from the generalization of the actual material, through its theoretical understanding to 

the verification of the revealed regularities by research. Germanium content was 

determined by quantitative emission spectral analysis. With the help of Excel and 

Statistica 16.0 programs, at the initial stage of processing primary geochemical 

information, the values of the main descriptive statistical indicators were calculated, 

frequency histograms of the content were constructed and the germanium distribution 

law was established. The number of statistical "windows" was calculated according to 

the Sturges' formula. During the construction of graphs and calculation of correlation 
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coefficients, all values of germanium concentrations and coal ash content were 

normalized according to the formula: 

ʍʥʦʨʤ = (ʍ ̔- ʍmin) / (ʍmax - ʍmin), 

where, ʍ̔ is the result of a single determination of the concentration of the element, ʍmax - 

is the result of the maximum determination of the concentration of the element; 

ʍmin - is the result of the minimum determination of the concentration of the element;  

Rationing was carried out to bring the samples to one scale. 

Research results and discussion. Within the field of the Samarska mine, the 

concentration of germanium in coal seam c4 varies from 1.3 g/t to 23.5 g/t. The average 

arithmetic value of the germanium content in the seam is 7.3 g/t. 

The correlation coefficient between the germanium and ash content of the seam 

is 0.22, which indicates the existence of a weak direct correlation between them 

according to the Chedok scale. It should be noted that despite its small value, this 

correlation coefficient, as in the previous case, is statistically significant at a confidence 

interval of 0.95. Linear regression equation that characterizes the relationship between 

these parameters: Ge = 0.2082 + 0.2293 ʭ Ad (the graph of the equation is shown in 

Fig. 1). At the same time, we believe that the relationship between these indicators is 

more realistically characterized by the polynomial cubic regression model: Ge = 2226 

+ 0.5887 ʭ ɸd ï 2.6995 ʭ ɸd2 +2.8339 ʭ ɸd3 (the graph of the equation is shown in 

Fig. 2). 

When considering in detail the features of the distribution of germanium in coal 

seams, it is obvious that it is necessary to take into account the probable forms of this 

element. 
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Fig. 1 Graph of the regression equation between the normalized concentrations of germanium and 

the normalized values of ash content of coal seam c4 of the Samarska mine field (linear model) 

Scatterplot (Samar_c_.sta 16v*263c)
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 Ad_ :ͤGe_ :ͤ   r = 0,2208, p = 0,0119;  y = 0,208154732 + 0,229252765*x
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Normalized values of ash content 

Fig. 2 Graph of the regression equation between the normalized concentrations of germanium and 

the normalized values of ash content of coal seam c4 of the Samarska mine field (polynomial model) 

 

Conclusions. The correlation coefficient between the germanium and coal ash 

content of the seam is equal to 0.22, which formally indicates the presence of a weak 

direct correlation between them. The analysis of the constructed graph of the regression 

equation between coal ash content and germanium concentration shows the complex 

character of this relationship, which is due to the mineral features of the phase 

composition of the inorganic component of coal. The calculated regression equations 

between the germanium content, thickness of the coal seam and the ash content of the 

coal will allow to predict its concentration in the coal seam. These equations can be 

used for short-term and medium-term forecasting of germanium content in mining 

mass extracted by mines. 
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DISTRIBUTION OF THE QUALITY PARAMETERS OF KAOLINS ON THE 
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Based on the analysis and generalization of the material of the production reports, a database was 

created for cartographic constructions and the study of the spatial distribution in kaolinôs of the 

average content of TiO2, Al2O3, Fe2O3 and the whiteness index, which determine the quality of raw 

materials. It was found that the content of titanium oxide and trivalent iron in kaolins is 

insignificant. The whiteness index of kaolinôs is determined by the content of titanium oxide in them 

and, only in some areas, by the content of trivalent iron oxide. The highest-quality kaolinôs occur in 

the form of a southeast-northwest trending band. 

Key words: Mykolaiv region, Verbivske deposit, primary kaolinôs, spatial distribution of the average 

TiO2, Al2O3, Fe2O3 content and whiteness index. 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɻɯʉ-ʊɽʍʅʆʃʆɻɯʁ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ 

ʇʈʆʉʊʆʈʆɺʆɻʆ ʈʆɿʇʆɼɯʃʋ ʗʂɯʉʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʂɸʆʃɯʅʋ ʅɸ 

ʇʈʀʂʃɸɼɯ ɺɽʈɹɯɺʉʔʂʆɻʆ ʈʆɼʆɺʀʑɸ  

 

ʖ. ɺ. ʂʨʦʰʢʦ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ, 01601 ʤ. ʂʠʾʚ, ʚʫʣ. ʆ. ɻʦʥʯʘʨʘ, 55-ʙ, ʋʢʨʘʾʥʘ  

 
ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʠʨʦʙʥʠʯʠʭ ʟʚʽʪʽʚ ʩʪʚʦʨʝʥʦ ʙʘʟʫ ʜʘʥʠʭ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʦʙʫʜʦʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʢʘʦʣʽʥʘʭ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ 

ʊʽʆ2, Al2O3, Fe2O3 ʪʘ ʧʦʢʘʟʥʠʢʘ ʙʽʣʠʟʥʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ ʩʠʨʦʚʠʥʠ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʚʤʽʩʪ 

ʚ ʢʘʦʣʽʥʘʭ  ʦʢʩʠʜʫ ʪʠʪʘʥʫ ʽ ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ ʥʝʟʥʘʯʥʠʡ. ʇʦʢʘʟʥʠʢ ʙʽʣʠʟʥʠ ʢʘʦʣʽʥʽʚ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʤʽʩʪʦʤ ʚ ʥʠʭ ʦʢʩʠʜʫ ʪʠʪʘʥʫ ʽ ʣʠʰʝ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ï ʚʤʽʩʪʦʤ ʦʢʩʠʜʫ 

ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ. ʅʘʡʙʽʣʴʰ ʷʢʽʩʥʽ ʢʘʦʣʽʥʠ ʟʘʣʷʛʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʤʫʛʠ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʛʦ ï 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʄʠʢʦʣʘʾʚʩʴʢʘ ʦʙʣʘʩʪʴ, ɺʝʨʙʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ, ʧʝʨʚʠʥʥʽ ʢʘʦʣʽʥʠ, ʧʨʦʩʪʦʨʦʚʝ 

ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʊʽʆ2, Al2O3, Fe2O3 ʪʘ ʧʦʢʘʟʥʠʢʘ ʙʽʣʠʟʥʠ. 

 

Entry.  Kaolins are included in the list of minerals of national 

importance. Ukraine ranks first in the world in terms of the number of explored and 

pre-estimated kaolin reserves. The identified prospective resources amount to 4.5 

billion cubic meters. tons, forecast up to 40 billion tons. tons, while in Western Europe 

it is 3.5 billion. tons. The province of primary kaolin of the Ukrainian Shield stretches 

for 950 km from Polissya to the Sea of Azov with a width of 350 km [2]. According to 

the conditions of formation, the depth of occurrence of primary kaolin and 
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the preservation of deposits, the province of kaolin of the Ukrainian Shield is divided 

into five subprovinces: Volyn, Podolsk, Central, Dnieper and Azov [2]. According to 

the genesis, kaolin deposits are divided into eluvial and alluvial. Eluvial kaolins often 

have high purity, whiteness, and few harmful impurities. Sometimes, due to the 

significant content of iron hydroxides, kaolin has a yellow color, which forces them to 

be bleached. In this regard, the study of the spatial distribution of kaolinôs with 

different content of TiO2, Al 2O3, Fe2O3 and the whiteness index are of great 

importance. 

History of the study of the Verbivske deposit of eluvial kaolinôs. Systematic 

work on the study of the geology of the Middle Pobuzhye region began in 1950 with a 

complex geological and hydrogeological survey at a scale of 1:200000 sheets M-36-

XXXI (Pervomaisk). In 1951, the Black Sea expedition carried out prospecting and 

exploration for kaolin in the area of the city of Pervomaisk, Odessa (now Mykolaiv) 

region. At the Verbivske field during this period there were samples 8 wells with a 

maximum drilling depth of 15 m were drilled. In 1963-1967. On the territory of the 

district, the Pobuzhsky expedition carried out (Vinogradov G.G. and others) a 

geological survey at a scale of 1:50000. Kaolin, which was discovered by wells, was 

investigated for the possibility of their use in the paper and ceramic industries. In this 

regard, the quality of kaolin was determined, promising areas were allocated, on one 

of which the Verbivske deposit of primary kaolin is located. In 1970, the Kyiv 

expedition (Luzhanska L.L., Bondarchuk M.M.) carried out revision and search work 

to check the occurrence of high-quality kaolin on the territory of sheet L-36-1. One of 

the objects of the study was the Myhia kaolin occurrence, which, according to the 

results of the work, was recognized as unpromising, due to the insignificant thickness 

of kaolinôs, their low quality, and significant thickness of overburden. In the period 

1984-1990 yrs within the "Pervomaisk" sheet, SGM-200 was carried out. As a result, 

new data on the geological structure and minerals, 51 occurrences and 47 points of 

mineralization of various minerals were revealed. In 1991-1992. The Kirovgeologiya 

expedition carried out exploration work at the Verbynske field by drilling wells [1]. 

Geological structure of the Verbivske deposit. The Verbivske deposit of 

primary kaolin is located in the Pervomaisk district of the Mykolaiv region, 4 km north 

of the village of Myhiya, on the right slope of the Malo-Tashlytska ravine. The area of 

the deposit is 20.3 hectares. Geomorphological, the area where the deposit is located is 

a plateau with a general slope in the south-western direction. Orographically, it is a 

hilly plain dissected by a network of river valleys belonging to the basin of the 

Southern Bug River. The deposit is confined to the southern axial part of the 

Pidhorodnyanska syncline, composed of granites, gneisses and 

migmatites. Accordingly, the kaolin deposit is characterized by inconsistency, 
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thickness and quality of raw materials. The field is linearly elongated from northwest 

to southeast. A layer-like deposit of kaolin up to 900 m long is wedged in the eastern, 

southeastern and southwestern directions. The maximum width of the kaolin deposit is 

320 m; minimum is 160 meters. The thickness of the kaolin deposit is heterogeneous, 

which is associated with uplifts and depressions in the roof of the crystalline basement, 

which create sharp (up to 10-25 m) fluctuations in the thickness of kaolin. The 

minimum thickness of primary kaolin (zone of complete kaolinization) is present in 

wells 30174 ï 2.6 m, 30226 ï 4.8 m, 30172 ï 3.9 m. The maximum thickness of the 

kaolin deposit is available in wells 30152 ï 24.4 m, 30143 ï 35.4 m, 30148 ï 22.5 

m. The average thickness of the kaolin deposit is 10.7 m. Kaolins are represented by 

two varieties: normal and alkaline. 

The main useful minerals of kaolin are kaolinite, feldspars, mica. Feldspars are 

represented by kalispar, the proportion of which in the sandy residues of alkaline 

kaolins is much higher than in normal ones. In the sandy residues of normal kaolin, the 

content of kaolinite ranges from signs to 0.5%, in alkaline ï from 3 to 6.74%. Mica is 

represented mainly by muscovite, in the amount of up to 0.68%. Accessory minerals 

are represented by rutile, zircon, anatase, distene, pyrite, ilmenite, tourmaline, 

monazite, xenotime, garnet. Of these, anatase (from signs to 0.18%), monazite (from 

signs to 0.17%), zircon (from signs to 0.01%) are quantitatively significant. Kaolins 

with medium and high mechanical strength are concentrated in the central part of the 

deposit. 

To study the spatial distribution in kaolins of the average content of 

TiO2, Al 2O3, Fe2O3 and the whiteness index, a database was created, which contains 

the coordinates of wells and the results of the study of the whiteness of kaolin and the 

content of these oxides in them. With the help of Golden Surfer constructed maps of 

the lateral distribution of kaolins with different average content 

ofTiO2, Al2O3, Fe2O3 and whiteness, as well as maps of the roof, sole, and thickness 

of overlying kaolin of Neogene sediments. 

We present some of these constructions, which determine the qualitative 

indicators of kaolin (Figs. 1, 2). The average content (in %) of oxides in kaolins is as 

follows: TiO2 ï 0.21-0.97; Al 2O3 ï 18,22-26,8; Fe2O3 ï 0.2 to 1.43. The whiteness 

index of kaolin has a wide range of fluctuations from 26.2% to 90.2%. About 65% of 

the samples are conditioned in terms of linen values. 

Analysis of cartographic constructions showed that kaolins with a minimum 

content ofTiO2 are distributed in the form of a strip of south-eastern ï north-western 

strike, and the maximum content of titanium oxide is inherent in the northern and 

southwestern parts of the site (see Fig. 1, a). The peculiarity of the chemical 

composition is the low content of titanium oxide, the fine forms of which are almost 
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completely concentrated in the clay fraction. Distribution of kaolin with 

minimum Al2O3 content partially repeats the distribution of kaolins with a low content 

of titanium oxide (see Fig. 1, b). Within the study area, kaolin is characterized by a low 

content of Fe2O3. Kaolinôs with a Fe2O3 content of more than 1.0% are common in the 

northern part of the site (see Fig. 2, a). Kaolins with a high whiteness index are 

distributed in the form of a strip of south-eastern ï north-western strike with separate 

areas of a low index within its boundaries (Fig. 2 b). Thus, the whiteness index of 

kaolinôs is determined mainly by the content of titanium oxide in them and only 

partially (in the northeastern part) by the content of ferric oxide. 
  

 

 

a b 

Fig. 1. Maps of lateral distribution of the mean content of ʊʽʆ2 (a) and Al2O3 (b) in kaolinôs 
 

 

 

a b 

Fig. 2. Maps of lateral distribution of the mean content of Fe2O3 (a) in 

kaolins and indicators of whiteness (b) 
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 Conclusions. The highest quality kaolins occur in the form of a strip of south-

eastern ï north-western strike. 
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This study selected 14 samples from the Tavan Tolgoi coal deposit and 19 samples from the Naryin 

Suhait coal deposit, totaling 33 samples, and the amount of gas composition was determined. In 33 

samples taken for research, gas chromatography determined gas composition in the "Green Crown" 

LLC laboratory. This study aimed to determine the correlation between the methane gas composition 

of the coal seams of Tavan Tolgoi and Naryn Sukhait deposits, the coal seams' depth and thickness, 

the coal's chemical and physical properties, and the cracks in the rocks. For the above 2 deposits, the 

findings revealed that the composition of coalbed methane gas (Methane) contains up to 95% of 

methane gas, the gas composition varies depending on the physical and chemical properties of the 

rocks containing the deposit, coal structure, age, pressure of the layer, hydrogeological and geological 

conditions, and gas sampling. Shortly, it is believed that the standard methodology needs to be 

improved. 

Key words: coal seam methane gas, gas composition, physical and chemical properties 

  

PURPOSE AND OBJECTIVES OF THE STUDY 

Purpose of the study 

The composition of methane gas in the Tavan Tolgoi and Naryn Suhait coal 

deposits of Mongolia was studied and the influence of geological and other factors 

affecting their composition was determined. 

Objectives of the study  

To achieve the purpose of the research, the following objectives were proposed.  

ǒ Analyze the composition of coal samples taken from coal deposits 

by gas chromatography; 

ǒ Process the results of laboratory analysis and observe the pattern of 

physical and chemical properties and geological parameters;  

ǒ Determine the factors affecting the composition of methane gas in 

coal seams. 

Significance of the study 
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Analyzing the composition of methane gas in coal deposits and determining the 

correlation between the factors affecting it, it is of practical importance to create 

sources of information necessary for exploration, research, analysis, and use of deposits 

for current and future exploration and research. 

Novelty of the study  

An innovative aspect of the research is the comparative study of the methane 

composition of coal seams in Mongolian coal deposits. Moreover, in this research, 

using gas chromatography, the researchers studied the chemical composition of CBM 

and compared it with the geological conditions of the deposits. 

GEOLOGICAL FORMATION OF TAVANTOLGOI DEPOSIT  

Tavantolgoi coking coal deposit is located administratively in Ulaannuur Valley which 

belongs to the area of Tsagaan-Ovoo bag, Tsogttsy Sum (Figure 1). 

 
Figure 1. Location of Tavantolgoi deposit 

 

The central part of the Tavantolgoi syncline is filled with Upper Permian coal-

bearing sediments, and there are mounds where Middle-Upper Devonian, Lower 

Carboniferous, and Late Carboniferous-Early Permian volcanogenic sediments lie on 

top of the deposits. Cenozoic sediments are developed in a limited area[2, 3]. 

Silurian-Lower Devonian Nomgon Uul Formation (S-D1 nm) 

Middle-Upper Devonian Tsetsgershand Formation (D2-3 cs)  

Lower Carboniferous Ikhshankh Formation (C1 is) 

Late Carboniferous-Early Permian Dush-Ovoo Formation (ʉ3-ʈ1 ds) 

Lower Permian Tsogtsetsy Formation (P1 cc)  

Upper Permian Jirem Formation (P2qr)  

The coal-bearing sediments of the Tavantolgoi Formation of the Tavantolgoi 

deposit contain layers of coal 0-XIII with a thickness of 1-86 meters (86.2 m thick in 

well 1298 and 74 m in well 1295 with stone age from layer VIII). There are 10 seams 

of coal from 0 to IX in the area of Tsankh, and the area is limited by exploration line 

XII in the west, XIII in the east, and XI in the north. 

GEOLOGICAL FO RMATION OF COAL DEPOSIT OF NARYN SUHAIT  
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The Naryn Suhait coal mine is located in the southwestern part of Mongolia, in 

the Gurvantes sum, Umnugovi province, 57 km north of the Mongolian-Chinese border 

(Figure 2).  

 
 

Figure 2. Location of the Naryn Suhait coal deposit 
 

Coal in Naryn Sukhait and accompanying sedimentary sediments were deposited 

in promontory basins. Promontory basins are characteristically formed at continental 

extremities, on stable foundations. In such cases, the basin formed on the margin of a 

nascent basin during the Early Mesozoic, and during subsequent stages of widespread 

deformation, the basin was filled with sediments until it became highly rifted and 

disrupted. The sedimentary rock basin is filled with coal seams and branched layers of 

thick and fine-grained clustered rocks. Deformation of the basin-filling sediments 

occurred at least twice, the first during the Late Jurassic basin rifting and damage. The 

second deformation occurred in the late Cenozoic period, in connection with the 

distortion, rifting, and damage of the India-Asian sub-continent. The geological 

formations containing the mineable coal reserves of the Naryn Sukhait mine went from 

the Early Jurassic to the Middle Jurassic. 

MATERIALS AND RESEARCH METHODS  

Empirical data collection, observation, comparison, and experimental research 

methods have been used in this research work. 

The sampling is primarily measured with the amount of methane gas in the coal 

drill bit sample ï Q, and this method mostly follows the Australian standard AS 

3980:2016 to determine gas content in coal and other carbon-bearing minerals. 

Methane gas is separated from the coal sample by pushing with helium and other inert 

gases.  

RESEARCH RESULTS 

19 Naryn Sukhait samples and 14 Tavan Tolgoi samples totaling 33 samples 

were analyzed for CBM gas composition. The samples were made at the customers' 

expense and have not been disclosed to the public, so at the customer's request, the 
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details of the customer and the geographic location of the samples taken from the 

deposits have been kept confidential. 

Correlation between methane gas content and the depth of the borehole 

When selecting the methane gas samples, the samples were randomly taken in 

steps of 4-5 meters. Figure 3 depicts that the methane composition of the samples has 

a linear correlation to the deposit depth. As for nitrogen, a decreasing phenomenon was 

also observed depending on the depth (Figure 4). This is because the air rate in the gas 

composition decreases as the coal layer gets deeper. However, there is a very weak 

correlation between carbon dioxide and deposit depth (Figure 5). 

 
 

Figure 3. Correlation between methane content and borehole depth 

 
Figure 4. Correlation nitrogen gas content and borehole depth 

 
Figure 5. Correlation between carbon dioxide content and borehole depth 
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The gas composition of the samples taken from a depth of 10-180 meters at the 

borehole of the Naryn Sukhait coal deposit contains methane gas between 62.2-95.49% 

which constitutes the majority of gas composition, nitrogen 1.21-27.57%, oxygen 0.78-

7.16%, carbon dioxide 0.01-3.31%, carbon monoxide 1.29- 4.54%, propane between 

0.02 and 1.13% (Table 1), according to the estimation.  

Table 1.  

The gas composition of samples taken from Naryn Sukhait coal deposit 
 

# 

Sample 

depth in 

meters 

O2 N2 CO CH4 CO2 C3H8 

1 10 3.93 14.28 2.33 77.20 2.22 0.05 

2 16 2.82 9.85 2.22 81.47 3.17 0.46 

3 25 1.98 7.65 4.45 85.38 0.10 0.45 

4 30 2.42 8.71 2.47 83.76 2.62 0.02 

5 47 4.85 18.00 2.38 73.74 0.22 0.82 

6 58 2.14 8.33 2.31 85.85 0.27 1.10 

7 75 - 8.88 2.29 86.44 2.12 0.27 

8 85 7.16 27.57 1.65 62.20 0.83 0.59 

9 95 0.78 6.53 2.28 86.80 3.19 0.43 

10 105 3.30 12.53 4.54 78.35 0.32 0.96 

11 113 - 2.59 2.55 91.37 3.03 0.46 

12 120 2.92 10.77 2.41 82.79 0.27 0.84 

13 128 - 1.85 1.29 95.49 0.38 0.99 

14 136 2.46 8.37 2.18 84.44 2.50 0.04 

15 144 - 1.21 2.60 93.41 2.76 0.03 

16 150 3.06 11.16 2.37 81.81 0.24 1.36 

17 156 3.05 11.31 2.25 81.99 0.27 1.13 

18 163 - 9.83 2.44 84.07 3.31 0.34 

19 180 - 7.83 2.69 86.57 2.53 0.39 

 

Figures 6, 7, and 8 show how methane gas content, nitrogen gas content, and 

carbon dioxide content depend on the depth of the fine coal deposit. 

When comparing the composition of methane gas at the same depth in the Tavan 

Tolgoi and Naryn Sukhait coal deposits, the Naryn Sukhait deposit has a relatively high 

methane gas content of 62.2-95.49%, low nitrogen content of 1.21-27.57%, low 

oxygen content of 0.78-7.16%, carbon dioxide of 0.01-3.31%, propane of 0.02-1.13% 

that is called the residue, a relatively heavy gas, due to estimates (Figure 9). 
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Figure 6. Correlation between methane content and borehole depth 

 

 
Figure 7. Correlation between nitrogen gas content and borehole depth 

 
Figure 8. Correlation between carbon dioxide content and borehole depth 

 

A comparative study of gas composition at the Tavan Tolgoi and Narij Sukhait coal 

deposits  

 
Figure 9. Depth-dependent comparison of the samples composition at the 2 deposits 

TT ï Tavan Tolgoi coal deposit gas; NS-Naryn Sukhait coal deposit gas 
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As shown in Table 2, it is obvious that the Naryn Sukhait deposit has a higher 

amount of ash but a relatively lower amount of moisture and sulfur compared to the 

Tavan Tolgoi deposit.   

As moisture and sulfur content at the Naryn Sukhait deposit is relatively low, it 

is possible to use a relatively simple technology to purify its coal seam gas. Findings 

reveal that the relatively different content of chemical properties of the 2 depositsô coal 

depends on certain factors such as the geological parameters, age, and properties of the 

coal. Moreover, the gas composition is affected by external factors: gas sampling and 

transportation methods, etc.  

Table 2. 

Chemical characteristics of coal at the Tavan Tolgoi and Naryn Sukhait coal deposits 

 

#  

Indicators 

Tavan Tolgoi deposit Naryn Sukhait deposit 

1 Ash content, (%) 14.9% 5-30% 

2 Moisture content,% 6.9% 5% 

3 Moist and air-dried 0.1-2.5% 1.0-2.8% 

4 Volatility Daf,% 32.8 20-40 

5 Age  ʈ2 ʈ2 

6 Classification HV(C)-LV HV(C)-A 

7 Sulphur, % 0.8% 0.4% 

 

CONCLUSIONS 

The laboratory analysis of methane gas samples at the Tavan Tolgoi and Naryn 

Sukhait deposits by gas chromatography revealed that the variation of methane gas 

content is medium to high, from 60 to 96%, which means that CBM does not require 

deep purification technology, as well as gas can be served for energy, automobiles, and 

domestic use [1].  

The pattern of changes in the composition of methane gas in the coal seam 

depending on the depth was observed for both deposits, and the content of methane gas 

increases with the depth of the coal seam, according to previous geological exploration 

reports.  
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ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʢʦʦʨʜʠʥʘʪ ʪʘ ʦʧʠʩʫ ʩʚʝʨʜʣʦʚʠʥ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʨʦʙʫʚʘʥʥʷ ʩʪʚʦʨʝʥʦ 

ʙʘʟʫ ʜʘʥʠʭ, ʷʢʘ ʩʪʘʣʘ ʦʩʥʦʚʦʶ ʜʣʷ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʦʙʫʜʦʚ ʂʨʘʩʥʦʨʽʯʝʥʩʴʢʦʛʦ ʨʦʟʩʠʧʫ 

ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʫʜ. ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʽ ArcGIS ʩʪʚʦʨʝʥʦ ʚʽʟʫʘʣʽʟʘʮʽʶ ʩʪʨʫʢʪʫʨʠ 

ʧʦʢʣʘʜʫ (ʢʘʨʪʫ ʪʦʚʱʠʥʠ ʧʨʦʜʫʢʪʠʚʥʦʾ ʪʦʚʱʽ) ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʩʠʧʫ 

(ʢʘʨʪʫ ʨʦʟʧʦʜʽʣʫ ʽʣʴʤʝʥʽʪʫ ʚ ʤʝʞʘʭ ʨʫʜʦʥʦʩʥʦʾ ʪʦʚʱʽ).  
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On the basis of the coordinates and description of the wells, as well as the test results, a database was 

created, which became the basis for cartographic constructions of the Krasnorichenskyi placer of 

ilmenite ores. In the ArcGIS software, a visualization of the deposit structure (a map of the thickness 

of the productive layer) and a visualization of the qualitative parameters of the placer (a map of the 

distribution of ilmenite within the ore-bearing layer) were created. 

Key words: ilmenite, Krasnorichenskyi placer, Irshansk group of placers. 

 

ʂʨʘʩʥʦʨʽʯʝʥʩʴʢʠʡ ʨʦʟʩʠʧ ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʫʜ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ 

ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʨʘʡʦʥʽ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʤʽʞ ʩʝʣʦʤ ʅʝʙʽʞ ʪʘ ʟʘʣʽʟʥʠʯʥʦʶ 

ʩʪʘʥʮʽʻʶ ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʦʾ ʟʘʣʽʟʥʠʮʽ.  

ʈʦʟʩʠʧ ʚʽʜʢʨʠʪʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʝʢʦʛʥʦʩʪʫʚʘʣʴʥʠʭ ʧʦʰʫʢʦʚʠʭ 

ʨʦʙʽʪ ʚ 1962-1967 ʨʦʢʘʭ, ʧʦʧʝʨʝʜʥʷ ʨʦʟʚʽʜʢʘ ʧʨʦʚʝʜʝʥʘ ʚ 1971-1972 ʨʦʢʘʭ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʤʝʞʘʭ ʨʦʟʩʠʧʫ ʜʝʪʘʣʴʥʘ ʨʦʟʚʽʜʢʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ.  
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ʋ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʨʦʜʦʚʠʱʝ ʧʨʠʫʨʦʯʝʥʦ ʜʦ ɺʦʣʦʜʘʨʩʴʢ-

ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ʧʣʫʪʦʥʫ. ɺ ʛʝʦʣʦʛʽʯʥʽʡ 

ʙʫʜʦʚʽ ʨʦʟʩʠʧʫ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʢʨʠʩʪʘʣʽʯʥʽ ʧʦʨʦʜʠ ʬʫʥʜʘʤʝʥʪʫ ï ʛʘʙʨʦ, ʛʘʙʨʦ-

ʘʥʦʨʪʦʟʠʪʠ, ʘʥʦʨʪʦʟʠʪʠ; ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʤʝʟʦʟʦʡ-ʢʘʡʥʦʟʦʡʩʴʢʦʛʦ ʚʽʢʫ, ʘ 

ʪʘʢʦʞ ʦʩʘʜʦʚʽ ʚʽʜʢʣʘʜʠ ʤʝʟʦʟʦʶ ʽ ʢʘʡʥʦʟʦʶ.  

ʇʨʦʜʫʢʪʠʚʥʦʶ ʪʦʚʱʝʶ ʻ ʢʘʦʣʽʥʦʚʘ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʘ ʧʨʦʜʫʢʪʠ ʾʾ 

ʨʦʟʤʠʚʫ ʽ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ ï ʘʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʩʢʘʤʠ, 

ʚʪʦʨʠʥʥʠʤʠ ʢʘʦʣʽʥʘʤʠ ʥʠʞʥʴʦʾ ʢʨʝʡʜʠ ʡ ʢʘʦʣʽʥʘʤʠ ʧʦʣʪʘʚʩʴʢʦʾ ʩʚʽʪʠ. 

ɺʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 70 ʢʛ/ʤ3. 

ʂʨʽʤ ʽʣʴʤʝʥʽʪʫ, ʫ ʰʣʽʭʘʭ ʚ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ʚʩʪʘʥʦʚʣʝʥʽ: ʣʝʡʢʦʢʩʝʥ (ʜʦ 0,28 

ʢʛ/ʤ3 ), ʩʠʜʝʨʠʪ (ʜʦ 4, 41 ʢʛ/ʤ 3 ), ʘʧʘʪʠʪ (ʜʦ 8,75 ʢʛ/ʤ3 ), ʧʽʨʦʢʩʝʥ (ʜʦ 3,59 ʢʛ/ʤ3 ), 

ʧʽʨʠʪ (ʜʦ 1,85 ʢʛ/ʤ3 ) ʪʘ ʮʠʨʢʦʥ (ʜʦ 0,02 ʢʛ/ʤ3 ), ʘ ʪʘʢʦʞ ʥʝʟʥʘʯʥʽ ʚʤʽʩʪʠ ʣʠʤʦʥʽʪʫ, 

ʩʣʶʜʠ ʪʘ ʨʫʪʠʣʫ. 

ʉʫʤʘʨʥʘ ʪʦʚʱʠʥʘ ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʥʘ ʨʦʜʦʚʠʱʽ ʩʢʣʘʜʘʻ ʚʽʜ 1 ʜʦ 

8 ʤʝʪʨʽʚ, ʟʙʽʣʴʰʫʶʯʠʩʴ ʟ ʛʣʠʙʠʥʦʶ ʜʦʢʨʝʡʜʦʚʦʛʦ ʨʝʣʴʻʬʫ ʜʦ 10-16 ʤ. ɺʤʽʩʪ 

ʽʣʴʤʝʥʽʪʫ (ʷʢ ʦʩʥʦʚʥʦʛʦ ʨʫʜʥʦʛʦ ʤʽʥʝʨʘʣʫ) ʟʘ ʧʨʦʙʘʤʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʻ 60-

100 ʢʛ/ʤ3, ʽʥʢʦʣʠ ʩʷʛʘʻ 250 ʽ ʥʘʚʽʪʴ ʜʦ 707,6 ʢʛ/ʤ3. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʽʪʢʘ 

ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʨʫʜʥʦʛʦ ʤʽʥʝʨʘʣʫ ʚʥʠʟ ʧʦ ʨʦʟʨʽʟʫ, ʘ ʥʘʡʙʽʣʴʰ 

ʢʦʥʪʨʘʩʪʥʽ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʛʨʫʙʦʟʝʨʥʠʩʪʠʭ ʧʽʩʢʽʚ. 
 

 

ʈʠʩʫʥʦʢ 1. ʈʦʟʧʦʜʽʣ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʚ ʤʝʞʘʭ ʂʨʘʩʥʦʨʽʯʝʥʩʴʢʦʛʦ ʨʦʟʩʠʧʥʦʛʦ ʨʦʜʦʚʠʱʘ 

ʽʣʴʤʝʥʽʪʫ (ʢʛ/ʤ3) 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʠʞʥʴʦʢʨʝʡʜʦʚʽ ʚʽʜʢʣʘʜʠ ʤʽʩʪʷʪʴ ʥʝ ʤʝʥʰʝ 70% ʫʩʽʭ ʟʘʧʘʩʽʚ 

ʽʣʴʤʝʥʽʪʫ ʚ ʘʣʶʚʽʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ. ɺʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʜʫʞʝ ʚʘʨʽʘʙʝʣʴʥʠʡ ʟʘ 

ʨʦʟʨʽʟʦʤ. ʉʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ʧʣʘʩʪʘ ï 9,1 ʤ, ʨʦʟʢʨʠʚʫ ï 11,4 ʤ 

ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʽʣʷʥʦʢ 

ʧʨʦʚʝʜʝʥʦ ʚʽʟʫʘʣʽʟʘʮʽʶ ʤʘʩʠʚʫ ʜʘʥʠʭ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ArcGIS. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʟô̫ ʩʦʚʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʽʣʴʤʝʥʽʪʫ ʚ ʤʝʞʘʭ ʦʙôʻʢʪʘ. 

ʆʪʨʠʤʘʥʦ ʨʷʜ ʧʦʭʽʜʥʠʭ, ʘ ʩʘʤʝ: ʢʘʨʪʘ ʨʦʟʧʦʜʽʣʫ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʚ ʤʝʞʘʭ 

ʨʦʟʩʠʧʫ (ʨʠʩ. 1) ʪʘ ʢʘʨʪʘ ʪʦʚʱʠʥʠ ʨʫʜʥʦʛʦ ʧʣʘʩʪʘ (ʨʠʩ. 2). 

ɺ ʤʝʞʘʭ ʂʨʘʩʥʦʨʽʯʝʥʩʴʢʦʛʦ ʨʦʟʩʠʧʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʽʣʤɹʝʥʽʪʫ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ (ʜʠʚ. ʨʠʩ. 1), ʷʢʘ ʩʪʘʥʦʚʠʪʴ 117-

ɸʣʝ ʩʫʜʷʯʠ ʽʟ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʜʦʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʫ 

ʟʘʭʽʜʥʦʤʫ ʪʘ ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

ɺ ʧʽʚʥʽʯʥʦʤʫ ʪʘ ʧʽʚʜʝʥʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʣʴʤʝʥʽʪʫ ʜʦ ʜʽʘʧʘʟʦʥʽʚ 88-117 ʢʛ/ʤ3 (ʧʦʤʘʨʘʥʯʝʚʠʡ ʢʦʣʽʨ) ʪʘ 69-

88 ʢʛ/ʤ3 (ʞʦʚʪʠʡ ʢʦʣʽʨ). ɺ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʠʜʽʣʷʻʪʴʩʷ ʩʤʫʛʘ 

ʧʽʜʚʠʱʝʥʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʜʦ 88-117 ʢʛ/ʤ3 (ʧʦʤʘʨʘʥʯʝʚʠʡ ʢʦʣʽʨ), ʥʘ ʩʭʽʜ ʽ 

ʟʘʭʽʜ ʮʽʻʾ ʩʤʫʛʠ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 50 ʢʛ/ʤ3 ʪʘ ʥʠʞʯʝ.  
 

 

ʈʠʩʫʥʦʢ 2. ʈʦʟʧʦʜʽʣ ʪʦʚʱʠʥʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ (ʤ) 

ɸʥʘʣʽʟ ʢʘʨʪʠ ʪʦʚʱʠʥʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ (ʜʠʚ. ʨʠʩ. 2) ʧʦʢʘʟʫʻ, ʱʦ ʚ 

ʤʝʞʘʭ ʂʨʘʩʥʦʨʽʯʝʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʨʫʜʥʘ ʪʦʚʱʘ ʥʝʨʽʚʥʦʤʽʨʥʘ. ɺ ʮʝʥʪʨʘʣʴʥʽʡ 

ʯʘʩʪʠʥʽ ʨʦʟʩʠʧʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʚʽ ʣʽʥʟʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʨʫʜʥʦʾ 
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ʪʦʚʱʽ (ʥʘ ʨʠʩʫʥʢʫ ʟʦʙʨʘʞʝʥʘ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ), ʷʢʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 7 ʜʦ 17 ʤ. 

ɸʣʝ ʚ ʧʦʦʜʠʥʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʩʝʨʝʜ ʜʚʦʭ ʣʽʥʟ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʨʫʜʥʦʾ ʪʦʚʱʽ ʚʽʜ 3 ʜʦ 6 ʤ (ʩʚʽʪʣʦ ʟʝʣʝʥʠʡ ʪʘ ʞʦʚʪʠʡ ʢʦʣʴʦʨʠ 

ʚʽʜʧʦʚʽʜʥʦ), ʘʣʝ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʚ ʤʝʞʘʭ 

ʂʨʘʩʥʦʨʽʯʝʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʚʦʥʠ ʥʝ ʤʘʶʪʴ.  

ʇʽʚʥʽʯʥʽʰʝ ʪʘ ʧʽʚʜʝʥʥʽʰʝ ʮʝʥʪʨʘ ʨʦʜʦʚʠʱʘ, ʧʦʪʫʞʥʽʩʪʴ ʨʫʜʥʦʾ ʪʦʚʱʽ  

ʩʢʣʘʜʘʻ 4-7,5 ʤ ʪʘ ʟʦʙʨʘʞʝʥʘ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ.  

ʅʘʡʤʝʥʰʘ ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʩʠʧʫ ʪʘ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,5 ʜʦ 4,0 ʤ. ʎʝ ʥʘʡʤʝʥʰ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʽʣʷʥʢʘ ʚ ʤʝʞʘʭ 

ʨʦʜʦʚʠʱʘ. ʅʘ ʨʠʩ. 2 ʚʦʥʘ ʧʦʟʥʘʯʝʥʘ ʟʝʣʝʥʠʤ ʪʘ ʩʚʽʪʣʦ ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʚʽʟʫʘʣʽʟʘʮʽʡ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ ʨʫʜʥʦʾ 

ʪʦʚʱʽ ʪʘ ʨʦʟʧʦʜʽʣʫ ʽʣʴʤʝʥʽʪʫ, ʨʦʙʠʤʦ ʚʠʩʥʦʚʢʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʘ 

ʯʘʩʪʠʥʘ ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ. ɼʝ 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʢʨʠʚʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,75. ʊʘʢʽ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʚʚʘʞʘʶʪʴʩʷ ʜʫʞʝ ʩʧʨʠʷʪʣʠʚʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʫ ɺʦʣʠʥʩʴʢʦʤʫ 

ʪʠʪʘʥʦʥʦʩʥʦʤʫ ʨʘʡʦʥʽ.  

ɺ ʧʽʚʥʽʯʥʽʡ ʪʘ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʢʨʠʚʫ ʩʢʣʘʜʘʻ 

2,5. ɼʣʷ ɯʨʰʘʥʩʴʢʦʾ ʛʨʫʧʠ ʨʦʟʩʠʧʽʚ ʮʝ ʥʘʜʪʦ ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ,  ʱʦ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʻ ʨʦʟʨʦʙʢʫ ʨʦʜʦʚʠʱʘ, ʦʩʢʽʣʴʢʠ ʚʘʨʪʽʩʪʴ ʚʠʜʦʙʫʚʥʠʭ ʨʦʙʽʪ ʟʨʦʩʪʝ ʚ 

ʜʝʩʷʪʢʠ ʨʘʟʽʚ. ɺ ʥʠʥʽʰʥʽʭ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ ʨʦʟʨʦʙʢʘ ʪʘʢʦʛʦ ʨʦʜʦʚʠʱʘ ʻ 

ʤʘʣʦʡʤʦʚʽʨʥʦʶ. ʆʜʥʘʢ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʨʦʟʢʨʠʚʫ 1,7 ʨʦʜʦʚʠʱʝ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʦʩʚʦʻʥʥʷ. 
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ɼʦʩʣʽʜʞʝʥʦ ʨʝʣʴʻʬ ʧʽʜʦʰʚʠ, ʧʦʢʨʽʚʣʽ ʪʘ ʪʦʚʱʠʥʫ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥ ʂʣʘʯʠʥʩʴʢʦʾ ʜʽʣʷʥʢʠ 

ɹʫʨʪʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʽʥʣʠʚʦʩʪʽ 

ʚʤʽʩʪʫ ʦʢʩʠʜʽʚ ʘʣʶʤʽʥʽʶ, ʪʠʪʘʥʫ ʪʘ ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ ʫ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥʘʭ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʦʙʫʜʦʚ. ɼʦʩʣʽʜʞʝʥʦ ʥʘʧʨʷʤ 

ʽ ʩʠʣʫ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʢʣʘʜʫ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɹʫʨʪʠʥʩʴʢʝ ʨʦʜʦʚʠʱʝ, ʂʣʘʯʠʥʩʴʢʘ ʜʽʣʷʥʢʘ, ʚʦʛʥʝʪʨʠʚʢʽ ʛʣʠʥʠ, ʩʪʨʫʢʪʫʨʥʦ-

ʣʽʪʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ, ʥʘʧʨʷʤ ʽ ʩʠʣʘ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ. 
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The relief of the sole, the relief of the roof, and the thickness of the refractory clays of the Klachynska 

site of the Burtynske deposit were studied. The results of the study of the spatial variability of the 

content of oxides of aluminum, titanium and ferric iron in refractory clays are presented. The research 

results are presented in the form of corresponding cartographic constructions. The direction and 

strength of correlations between various parameters of the deposit of refractory clays were studied. 

Key words: Burtynske field, Klachynska site, refractory clays, structural and lithological model, the 

direction and strength of correlations. 

 

ɺʩʪʫʧ. ɼʦ ɼʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʚʭʦʜʠʪʴ 21 

ʨʦʜʦʚʠʱʝ ʛʣʠʥ ʚʦʛʥʝʪʨʠʚʢʠʭ (17 ʨʦʜʦʚʠʱ ʪʘ 4 ʦʙôʻʢʪʠ ʦʙʣʽʢʫ), 4 ʨʦʜʦʚʠʱʘ ʪʘ 1 

ʦʙôʻʢʪ ʦʙʣʽʢʫ ʟ ʥʠʭ ʨʦʟʨʦʙʣʷʶʪʴʩʷ, 13 ʨʦʜʦʚʠʱ ʪʘ 3 ʦʙôʻʢʪʠ ʦʙʣʽʢʫ ʥʝ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ [2]. ʇʦʢʣʘʜʠ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥ ʚ ʋʢʨʘʾʥʽ ʟʦʩʝʨʝʜʞʝʥʥʽ ʚ ʤʝʞʘʭ 

ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ, ʉʢʣʘʜʯʘʩʪʦʛʦ ɼʦʥʙʘʩʫ, ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ 

ʧʣʠʪʠ, ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʤʽʞʛʽʨʩʴʢʦʾ ʟʘʧʘʜʠʥʠ, ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʪʘ ʡʦʛʦ ʩʭʠʣʽʚ. 

ɺʦʛʥʝʪʨʠʚʢʽ ʛʣʠʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʣʘʩʪʠʯʥʽʩʪʴ, ʚôʷʞʫʯʫ ʟʜʘʪʥʽʩʪʴ ʽ 

ʚʦʛʥʝʪʨʠʚʢʽʩʪʴ, ʨʽʟʥʦʤʘʥʽʪʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʽʢʘʥʥʷ, ʨʝʘʢʮʽʡʥʫ ʽʥʝʨʪʥʽʩʪʴ [1]. 
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ʊʘʢʽ ʷʢʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʢʘʦʣʽʥʽʪ-ʛʽʜʨʦʩʣʶʜʠʩʪʠʡ ʩʢʣʘʜ, ʘ ʪʘʢʦʞ 

ʜʦʤʽʰʢʠ ʛʘʣʫʘʟʠʪʫ ʡ ʽʥʰʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ [1]. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʚʦʛʥʝʪʨʠʚʢʦʩʪʽ 

(1350-1580Áʉ) ʽ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʫ ʩʧʽʢʘʥʥʷ ʚʦʛʥʝʪʨʠʚʢʽ ʛʣʠʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʛʘʣʫʟʷʭ ʢʝʨʘʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [2]. 

ʄʝʪʦʜʠʢʘ. ɺ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʣʘʜʝʥʦ ʚʠʨʦʙʥʠʯʠʡ ʟʚʽʪ 

ɺ.ʃ. ʊʨʦʬʠʤʝʥʢʦ çɿʚʽʪ ʧʨʦ ʜʝʪʘʣʴʥʫ ʨʦʟʚʽʜʢʫ ɹʫʨʪʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʢʘʦʣʽʥʽʚ ʽ 

ʛʣʠʥ (ʜʽʣʷʥʢʠ çʍʤʝʣʽʚʢʘè ʽ çʂʣʘʯʠʥʩʴʢʘè) ʚ ʇʦʣʦʥʩʴʢʦʤʫ ʽ ʐʝʧʝʪʽʚʩʴʢʦʤʫ 

ʨʘʡʦʥʘʭ ʍʤʝʣʴʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ ʋʈʉʈ ʟʘ 1979-1981 ʨʨ.è. ʂʠʾʚ, 1981 ʨ. ɼʣʷ 

ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ (ʨʝʣʴʻʬʫ ʧʦʢʨʽʚʣʽ, ʧʽʜʦʰʚʠ, ʪʦʚʱʠʥʠ) 

ʪʘ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʚʤʽʩʪʫ ʦʢʩʠʜʽʚ ʪʠʪʘʥʫ, ʟʘʣʽʟʘ, 

ʘʣʶʤʽʥʽʶ ʟʘ ʣʘʪʝʨʘʣʣʶ ʽ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʩʚʝʨʜʣʦʚʠʥ) ʚʦʛʥʝʪʨʠʚʢʠʭ 

ʛʣʠʥ ʂʣʘʯʠʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʮʽʣʴʦʚʘ ʙʘʟʘ ʜʘʥʠʭ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʢʦʦʨʜʠʥʘʪʠ ʩʚʝʨʜʣʦʚʠʥ, ʾʭ ʦʧʠʩ, ʨʝʟʫʣʴʪʘʪʠ ʦʧʨʦʙʫʚʘʥʥʷ. ʂʘʨʪʦʛʨʘʬʽʯʥʽ 

ʧʦʙʫʜʦʚʠ ʟʜʽʡʩʥʝʥʦ ʫ ʧʨʦʛʨʘʤʥʠʭ ʟʘʙʝʟʧʝʯʝʥʥʷʭ Golden Software Strater, Golden 

Software Surfer. ʂʦʨʝʣʷʮʽʡʥʽ ʟʚôʷʟʢʠ ʜʦʩʣʽʜʞʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ Microsoft Excel. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɹʫʨʪʠʥʩʴʢʝ ʨʦʜʦʚʠʱʝ ʢʘʦʣʽʥʽʚ ʽ 

ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥ ʨʦʟʤʽʱʝʥʝ ʚ ʐʝʧʝʪʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʍʤʝʣʴʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʈʦʜʦʚʠʱʝ ʥʘʣʽʯʫʻ ʜʝʢʽʣʴʢʘ ʜʽʣʷʥʦʢ ʩʝʨʝʜ ʷʢʠʭ ï ʜʽʣʷʥʢʘ ʂʣʘʯʠʥʩʴʢʘ. ʋ 

ʛʝʦʣʦʛʽʯʥʠʡ ʙʫʜʦʚʽ ʂʣʘʯʠʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʙʝʨʝ ʫʯʘʩʪʴ ʢʦʤʧʣʝʢʩ ʯʝʪʚʝʨʪʠʥʥʠʭ ʽ 

ʥʝʦʛʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ. ʂʦʨʠʩʥʦʶ ʢʦʧʘʣʠʥʦʶ ʜʽʣʷʥʢʠ ʻ ʚʦʛʥʝʪʨʠʚʢʽ ʛʣʠʥʠ 

ʥʝʦʛʝʥʦʚʦʛʦ ʽ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʽʢʫ. ɻʣʠʥʠ ʞʦʚʪʫʚʘʪʦ-ʩʽʨʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ, 

ʧʣʘʩʪʠʯʥʽ, ʚʽʜ ʥʠʟʴʢʦ- ʜʦ ʩʝʨʝʜʥʴʦʜʠʩʧʝʨʩʥʠʭ. ɿ ʛʣʠʙʠʥʦʶ ʚʦʛʥʝʪʨʠʚʢʽ ʛʣʠʥʠ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʩʠʥʴʦ-ʟʝʣʝʥʽ ʧʽʱʘʥʠʩʪʽ ʛʣʠʥʠ ʘʙʦ ʩʫʧʽʩʢʠ ʟ ʧʦʩʪʫʧʦʚʦʶ ʟʤʽʥʦʶ 

ʟʘʙʘʨʚʣʝʥʥʷ ʧʦʨʦʜʠ ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʧʽʩʦʯʝʥʦʩʪʽ. ʇʦʨʦʜʘʤʠ ʨʦʟʢʨʠʚʫ ʻ ʛʨʫʥʪ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʫʤʫʩʦʚʘʥʠʤ ʧʽʩʢʦʤ ʪʦʚʱʠʥʦʶ ʚʽʜ 0,1 ʜʦ 0,7 ʤ, ʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ 

ʙʫʨʦʚʘʪʦ-ʩʽʨʽ ʽ ʩʽʨʽ ʛʣʠʥʠʩʪʽ ʧʽʩʢʠ ʪʦʚʱʠʥʦʶ ʚʽʜ 0,2 ʜʦ 1,3 ʤ. 

ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʨʝʣʴʻʬʫ ʥʘ ʂʣʘʯʠʥʩʴʢʽʡ ʜʽʣʷʥʮʽ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 255 

ʜʦ 257 ʤ. ʇʦʢʨʽʚʣʷ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ ʤʘʻ ʚʽʜʤʽʪʢʠ ʚʽʜ 249,77 ʜʦ 255,03 ʤ, 

ʧʽʜʦʰʚʘ ï ʚʽʜ 242,67 ʜʦ 252,723 ʤ (ʨʠʩ. 1).  

ʄʽʞ ʨʝʣʴʻʬʦʤ ʧʦʢʨʽʚʣʽ ʽ ʧʽʜʦʰʚʠ ʛʣʠʥ ʥʘʷʚʥʠʡ ʧʨʷʤʠʡ ʩʝʨʝʜʥʽʡ 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ (+0,52). 

ʇʦʢʣʘʜ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥ ʤʘʻ ʧʣʘʩʪʦʧʦʜʽʙʥʫ ʬʦʨʤʫ ʟ ʥʝʟʥʘʯʥʠʤʠ 

ʧʦʪʦʚʱʝʥʥʷʤʠ ʽ ʧʦʪʦʥʰʝʥʥʷʤʠ. ɺʠʢʣʠʥʶʻʪʴʩʷ ʧʦʢʣʘʜ ʛʣʠʥ ʫ ʟʘʭʽʜʥʦʤʫ ʽ 

ʧʽʚʜʝʥʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. ʊʦʚʱʠʥʘ ʧʦʢʣʘʜʫ ʛʣʠʥ (ʨʠʩ. 2, ʘ) 0,7ï9,0 ʤ (ʩʝʨʝʜʥʻ 

3,11 ʤ). ʄʘʢʩʠʤʘʣʴʥʽ ʪʦʚʱʠʥʠ ʛʣʠʥ ʪʷʞʽʶʪʴ ʜʦ ʧʽʚʜʝʥʥʦʾ ʯʘʩʪʠʥʠ ʂʣʘʯʠʥʩʴʢʦʾ 

ʜʽʣʷʥʢʠ. ʄʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʛʣʠʥ ʽ ʾʭ ʪʦʚʱʠʥʦʶ ʥʘʷʚʥʠʡ ʦʙʝʨʥʝʥʠʡ ʩʠʣʴʥʠʡ 

(-0,78) ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ. ʄʽʞ ʨʝʣʴʻʬʦʤ ʧʦʢʨʠʚʽ ʛʣʠʥ ʽ ʾʭ ʪʦʚʱʠʥʦʶ 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʧʨʷʤʠʡ ʜʫʞʝ ʩʣʘʙʢʠʡ (+0,10). 
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ʘ ʙ 
ʈʠʩ. 1. ɯʟʦʛʽʧʩʠ ʧʦʢʨʽʚʣʽ ʽ ʧʽʜʦʰʚʠ ʧʦʢʣʘʜʫ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥ ʂʣʘʯʠʥʩʴʢʦʾ ʜʽʣʷʥʢʠ 

 

  
ʘ ʙ 

  

ʚ ʛ 
ʈʠʩ. 2. ɯʟʦʧʘʭʽʪʠ ʪʦʚʱʠʥʠ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥ ʽ ʣʘʪʝʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚ ʥʠʭ ʩʝʨʝʜʥʴʦʛʦ 

ʚʤʽʩʪʫ (%) Al2O3, TiO2, Fe2O3 
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ʃʘʪʝʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ Al2O3, TiO2, Fe2O3 ʫ ʚʦʛʥʝʪʨʠʚʢʠʭ 

ʛʣʠʥʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2, ʙ, ʚ, ʛ. 

ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʦʢʩʠʜʽʚ ʫ ʛʣʠʥʘʭ ʪʘʢʠʡ (%): Al2O3 ï 7,77-16,82 (ʩʝʨʝʜʥʻ 

10,90);  TiO2, ï 0,62-4,11 (ʩʝʨʝʜʥʻ 0,96);  Fe2O3 ï 1,91-5,54 (ʩʝʨʝʜʥʻ 3,17). 

ʅʘʡʙʽʣʴʰʠʡ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ Al2O3,  ̔Fe2O3 ʫ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥʘʭ ʧʨʠʪʘʤʘʥʥʠʡ 

ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʥʘʡʙʽʣʴʰʠʡ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ TiO2 ʪʷʞʽʻ ʜʦ 

ʧʽʚʜʝʥʥʦʾ (ʜʠʚ. ʨʠʩ. 2, ʙ, ʚ, ʛ). ʄʽʞ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ ʽ 

ʦʢʩʠʜʦʤ ʘʣʶʤʽʥʽʶ ʥʘʷʚʥʠʡ ʧʨʷʤʠʡ ʩʠʣʴʥʠʡ (+0,87) ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ, 

ʥʘʪʦʤʽʩʪʴ ʤʽʞ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ ʽ ʦʢʩʠʜʦʤ ʪʠʪʘʥʫ ʽ ʤʽʞ ʤʽʞ 

ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʦʢʩʠʜʫ ʪʠʪʘʥʫ ʽ ʘʣʶʤʽʥʽʶ ʢʦʨʝʣʷʮʽʡʥʽ ʟʚôʷʟʢʠ ʚʽʜʩʫʪʥʽ.  

ɺʦʛʥʝʪʨʠʚʢʽ ʛʣʠʥʠ ʂʣʘʯʠʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʩʣʫʛʫʚʘʣʠ ʩʠʨʦʚʠʥʦʶ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʝʨʘʤʽʯʥʦʾ ʧʣʠʪʢʠ ʽ ʩʘʥʪʝʭʥʽʯʥʠʡ ʚʠʨʦʙʽʚ.  

ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ (ʨʝʣʴʻʬ ʧʦʢʨʽʚʣʽ ʽ 

ʧʽʜʦʰʚʠ, ʪʦʚʱʠʥʘ) ʽ ʷʢʽʩʥʠʭ (ʨʦʟʧʦʜʽʣ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ Al2O3, TiO2, Fe2O3) 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʢʣʘʜʫ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥ ʻ ʦʩʥʦʚʦʶ ʩʪʨʫʢʪʫʨʥʦ-ʣʽʪʦʣʦʛʽʯʥʦʾ 

ʤʦʜʝʣʽ ʜʽʣʷʥʢʠ. ɿʘʛʘʣʦʤ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʧʦʢʣʘʜ ʚʦʛʥʝʪʨʠʚʢʠʭ ʛʣʠʥ ʜʽʣʷʥʢʠ ʂʣʘʯʠʥʩʴʢʘ ʤʘʻ ʥʝʩʢʣʘʜʥʫ ʤʦʨʬʦʣʦʛʽʶ, ʟ 

ʙʽʣʴʰ-ʤʝʥʰ ʚʠʪʨʠʤʘʥʦʶ ʪʦʚʱʠʥʦʶ ʽ ʷʢʽʩʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʣʠʥ. ɿʥʘʯʫʱʽ 

ʢʦʨʝʣʷʮʽʡʥʽ ʟʚôʷʟʢʠ ʥʘʷʚʥʽ ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʛʣʠʥ ʽ ʾʭ ʪʦʚʱʠʥʦʶ 

(ʦʙʝʨʥʝʥʠʡ, ʩʠʣʴʥʠʡ) ʪʘ ʤʽʞ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ ʽ ʦʢʩʠʜʦʤ 

ʘʣʶʤʽʥʽʶ (ʧʨʷʤʠʡ, ʩʠʣʴʥʠʡ).  
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ʋɼʂ (553.9:551.24/.4):528.8](477) 
 

ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʉʊʆʈʆɺʆɻʆ ʈʆɿʇʆɼɯʃʋ ʊʆʈʌʆɺʀʍ 

ʈʆɼʆɺʀʑ ɺ ʆʉɸɼʆɺʀʍ ʋʊɺʆʈɽʅʅʗʍ ʋʂʈɸɰʅʉʔʂʆɻʆ ʑʀʊɸ 

ɿɸʉʆɹɸʄʀ ɯʅʌʆʈʄɸʎɯʁʅʆ-ʂʆʄʇôʖʊɽʈʅʆɻʆ ʆɹʈʆɹʃɽʅʅʗ 

ɼʀʉʊɸʅʎɯʁʅʀʍ ɼɸʅʀʍ 
 

ʆ. ʊ. ɸʟʽʤʦʚ 

ʜʦʢʪʦʨ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠè,  

01054, ʤ. ʂʠʾʚ, ʚʫʣ. ʆ. ɻʦʥʯʘʨʘ, 55-ʙ, ʋʢʨʘʾʥʘ 

 

ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʜʦʚʠʱ ʪʦʨʬʫ ʥʘ 

ʧʽʚʥʦʯʽ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʊʝʨʠʪʦʨʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʦʶ ʜʠʩʣʦʢʦʚʘʥʽʩʪʶ ʪʘ 

ʥʘʷʚʥʽʩʪʶ ʯʠʩʣʝʥʥʠʭ ʨʽʟʥʦʩʧʨʷʤʦʚʘʥʠʭ ʨʦʟʣʦʤʽʚ. ɼʝʪʘʣʴʥʠʤ ʚʠʚʯʝʥʥʷʤ ʪʝʢʪʦʥʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʷʚʣʝʥʦ ʧʨʠʫʨʦʯʝʥʽʩʪʴ ʜʝʷʢʠʭ ʪʦʨʬʦʚʠʭ ʨʦʜʦʚʠʱ ʜʦ ʚʫʟʣʽʚ ʧʝʨʝʪʠʥʫ 

ʣʽʥʝʘʤʝʥʪʥʠʭ ʟʦʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʣʦʢʘʣʴʥʽ ʪʦʨʬôʷʥʽ ʦʙôʻʢʪʠ ʚ ʤʝʞʘʭ ʨʘʡʦʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ, ʪʦʨʬʦʚʽ ʨʦʜʦʚʠʱʘ, ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʠʭ ʟʥʽʤʘʥʴ, ʣʽʥʝʘʤʝʥʪʥʽ 

ʟʦʥʠ, ʚʫʟʣʠ ʧʝʨʝʪʠʥʫ ʟʦʥ. 

 

STUDY OF THE SPATIAL  DISTRIBUTION OF PEA T DEPOSITS IN 

SEDIMENTARY FORMATIO NS OF THE UKRAINIAN SHIELD BY MEANS 

OF INFORMATION AND C OMPUTER PROCESSING OF REMOTE DATA  
 

O. T. Azimov 
Doctor of Geological Sciences 

Scientific Centre for Aerospace Research of the Earth of IGS, NAS of Ukraine 
 

The complex of remote sensing investigations with the aim of peat deposits predicting for the north 

area of the Zhytomyr oblast are carried out. The territory are characterized by the intense dislocations 

and the numerous differently orientated fractures. Detailed investigation of tectonic features 

identified the confinedness of some peat deposits to the intersection nodes of the lineament zones and 

allows recognizing the local peat objects within the area. 

Key words: Ukrainian shield, peat deposits, remote sensing data, lineament zones, intersection nodes 

of the zones. 

 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ ʪʘ ʟʘʚʜʘʥʴ. ʊʦʨʬ ʷʚʣʷʻ ʩʦʙʦʶ ʦʨʛʘʥʦ-ʛʝʦʣʦʛʽʯʥʝ 

ʤʦʣʦʜʝ ʧʨʠʨʦʜʥʝ ʫʪʚʦʨʝʥʥʷ. ɺʽʥ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʩʫʨʩ. ʈʘʟʦʤ ʟ ʮʠʤ ʧʦʪʨʽʙʥʦ ʚʽʜʤʽʪʠʪʠ ʢʦʨʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʦʨʬʫ ʧʽʜ ʯʘʩ ʫʜʦʙʨʝʥʥʷ ʥʠʤ ʤʽʥʝʨʘʣʴʥʠʭ ˇʨʫʥʪʽʚ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʝʜʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ʊʘʢʦʞ ʪʦʨʬ ʻ ʮʽʥʥʦʶ ʩʠʨʦʚʠʥʦʶ 

ʜʣʷ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʗʢ ʣʽʢʫʚʘʣʴʥʽ ʛʨʷʟʽ ʚʽʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʤʝʜʠʮʠʥʽ. ɺ 

ʋʢʨʘʾʥʽ ʥʘʡʙʽʣʴʰʽ ʧʦʢʣʘʜʠ ʪʦʨʬʫ ʟʘʣʷʛʘʶʪʴ ʫ ʟʦʥʽ ʇʦʣʽʩʩʷ, ʟʦʢʨʝʤʘ, ʥʘ ʧʽʚʥʦʯʽ 

ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ. 
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ʅʘʢʦʧʠʯʝʥʥʷ ʽ ʚʽʜʢʣʘʜʝʥʥʷ ʪʦʨʬʫ ʚʽʜʙʫʚʘʣʦʩʷ ʚ ʫʤʦʚʘʭ, ʧʦʢʠ ʞʠʚʝ ʢʦʨʽʥʥʷ 

ʨʦʩʣʠʥ ʽ ʥʘʟʝʤʥʘ ʾʭ ʯʘʩʪʠʥʘ ʥʝ ʚʪʨʘʯʘʣʠ ʟʚôʷʟʢʽʚ ʟ ʚʦʜʦʶ ʽ ʤʽʥʝʨʘʣʴʥʠʤ 

ʧʽʜˇʨʫʥʪʷʤ [3]. ʇʝʨʝʪʚʦʨʝʥʥʷ ʙʦʣʦʪʘ ʫ ʪʦʨʬʦʚʠʡ ʧʦʢʣʘʜ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘ ʩʧʨʠʷʥʥʷ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ, 

ʪʦʙʪʦ ʟʘ ʧʝʚʥʠʭ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ. ʇʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽ ʞ ʦʙʩʪʘʥʦʚʢʠ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʨʽʟʥʠʤʠ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʝʨʠʪʦʨʽʡ ʽ 

ʟʫʤʦʚʣʝʥʽ ʾʭ ʪʝʢʪʦʥʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʛʝʦʜʠʥʘʤʽʯʥʠʤ ʨʝʞʠʤʦʤ ʫ ʧʝʚʥʠʡ ʧʝʨʽʦʜ 

ʽʩʥʫʚʘʥʥʷ ɿʝʤʣʽ. ʆʩʦʙʣʠʚʦʩʪʽ ʦʩʪʘʥʥʽʭ ʥʘ ʥʦʚʽʪʥʴʦʤʫ ʝʪʘʧʽ ʪʝʢʪʦʛʝʥʝʟʫ 

ʝʬʝʢʪʠʚʥʦ ʚʠʚʯʘʶʪʴʩʷ ʟ ʟʘʣʫʯʝʥʥʷʤ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

(ɼɿɿ) [1, 5 ʪʘ ʽʥ.]. 

ʆʪʞʝ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʩʚʽʪʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʧʦ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʚ ɾʠʪʦʤʠʨʩʴʢʽʡ ʦʙʣʘʩʪʽ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ʟʦʥ ʪʝʢʪʦʥʽʯʥʦʾ 

ʘʢʪʠʚʽʟʘʮʽʾ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʟʝʤʥʦʾ ʢʦʨʠ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʤʦʚʽʨʥʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦ-ʛʝʥʝʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ ʟ ʮʠʤʠ ʟʦʥʘʤʠ ʚʽʜʦʤʠʭ ʨʦʜʦʚʠʱ ʪʦʨʬʫ. 

ɺʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ. ʌʘʢʪʦʛʨʘʬʽʯʥʫ ʦʩʥʦʚʫ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʢʣʘʣʠ ʤʘʪʝʨʽʘʣʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʘʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʟʥʽʤʢʘʤʠ ʽʟ ʩʫʧʫʪʥʠʢʽʚ Sentinel-2, ʱʦ ʦʪʨʠʤʘʥʽ ʫ ʚʠʜʠʤʽʡ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʟʦʥʘʭ 

ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʽ ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʨʽʟʥʝʥʥʷ 10 ʤ/ʧʢʩ, ʪʘ 

ʜʘʥʠʤʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ SRTM ʟ ʘʧʘʨʘʪʘ Shuttle, 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʫ ʚʘʨʽʘʥʪʽ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ 90 ʤ/ʧʢʩ. ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ 

ʟʘʩʪʦʩʦʚʘʥʽ ʩʝʨʝʜʥʴʦʤʘʩʰʪʘʙʥʽ ʪʦʧʦʢʘʨʪʠ ʤʘʩʰʪʘʙʫ 1:100 000. 

ʆʩʥʦʚʥʠʤ ʢʘʨʪʦʛʨʘʬʽʯʥʠʤ ʪʝʤʘʪʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʱʦʜʦ ʧʣʦʱʦʚʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʨʬôʷʥʠʭ ʨʦʜʦʚʠʱ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ çʂʘʨʪʘ 

ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʪʚʝʨʜʳʭ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ ʋʢʨʘʠʥʩʢʦʡ ʉʉʈ. ʄʘʩʰʪʘʙ 

1:1 000 000è, ʛʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ ʇ. ʅ. ʉʪʦʨʯʘʢ [4]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʡʦʥʫ ʽ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʦ 

ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʨʦʙʽʪ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʇʽʚʥʽʯʥʠʡ ʢʦʥʪʫʨ ʪʝʨʠʪʦʨʽʾ ʧʝʨʝʪʠʥʘʻ ʜʝʨʞʘʚʥʠʡ ʢʦʨʜʦʥ ʋʢʨʘʾʥʠ ʟ ʈʝʩʧʫʙʣʽʢʦʶ 

ɹʽʣʦʨʫʩʴ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʥʝʟʥʘʯʥʘ ʧʣʦʱʘ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʴ ʦʭʦʧʣʶʻ ʧʽʚʜʝʥʥʽ 

ʨʘʡʦʥʠ ʮʽʻʾ ʢʨʘʾʥʠ. 

ʉʪʦʩʦʚʥʦ ʣʘʥʜʰʘʬʪʫ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, 

ʧʨʠʪʘʤʘʥʥʠʡ ʣʘʥʜʰʘʬʪ ʇʦʣʽʩʩʷ ʫ ʤʝʞʘʭ ʟʘʛʘʣʦʤ ʨʽʚʥʠʥʥʦʛʦ ʣʘʥʜʰʘʬʪʫ. 

ɺʠʥʷʪʦʢ ʩʪʘʥʦʚʣʷʪʴ ʧʘʛʦʨʙʠ ʆʚʨʫʮʴʢʦʛʦ ʢʨʷʞʫ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ ʨʘʡʦʥʫ 

ʜʦʩʣʽʜʞʝʥʴ. ʆʪʦʞ, ʧʝʨʝʚʘʞʥʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʨʦʙʽʪ ʻ ʟʘʣʽʩʥʝʥʦʶ, ʧʦʨʽʟʘʥʦʶ 

ʥʝʚʝʣʠʢʠʤʠ ʟʘ ʤʘʩʰʪʘʙʘʤʠ ʨʽʯʢʘʤʠ ʟ ʯʠʩʣʝʥʥʠʤʠ ʧʨʠʪʦʢʘʤʠ, ʱʦ ʧʨʠʥʘʣʝʞʥʽ ʜʦ 

ʚʦʜʦʟʙʽʨʥʦʛʦ ʙʘʩʝʡʥʫ ʨ. ʇʨʠʧôʷʪʴ ʥʘ ʧʽʚʥʦʯʽ, ʽʩʪʦʪʥʦ ʟʘʙʦʣʦʯʝʥʦʶ, ʧʨʦʪʝ ʟ 

ʥʘʷʚʥʽʩʪʶ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟ ʜʦʩʪʘʪʥʴʦ ʨʽʚʥʦʤʽʨʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʾʭʥʴʦʾ ʤʝʨʝʞʽ ʧʦ ʧʣʦʱʽ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʧʦʪʚʦʨʠʣʠ ʧʨʠʨʦʜʥʠʡ 
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ʣʘʥʜʰʘʬʪ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʥʽ ʢʽʣʴʢʘ ʪʠʧʽʚ 

ʧʨʠʨʦʜʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʧʨʦʪʝ ʚʠʟʥʘʯʘʣʴʥʦʶ ʦʟʥʘʢʦʶ ʻ ʨʦʟʚʠʪʦʢ ʚ 

ʾʾ ʤʝʞʘʭ ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʝʢʦʩʠʩʪʝʤ. 

ɿʛʽʜʥʦ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʙʫʜʦʚ ʨʘʡʦʥ 

ʨʦʙʽʪ ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʂʦʨʩʫʥʩʴʢʦʛʦ ʧʣʫʪʦʥʫ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. ɯʟ ʟʥʘʯʥʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʪʦʨʬôʷʥʠʭ ʨʦʜʦʚʠʱ ʚʽʜʤʽʪʠʤʦ ʪʽ, 

ʱʦ ʩʚʦʛʦ ʯʘʩʫ ʙʫʣʠ ʫ ʧʨʦʤʠʩʣʦʚʽʡ ʨʦʟʨʦʙʮʽ: ʥʘʡʙʽʣʴʰʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʘ ʩʚʦʾʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʟʘʭʽʜ ʚʽʜ ʩʝʣ. ɼʨʫʞʙʘ ʪʘ ʩʭʽʜʥʽʰʝ 

ʚʽʜ ʥʴʦʛʦ ʚ ʨʘʡʦʥʽ ʩ. ɾʝʨʝʚʮʽ (ʚʽʜʧʦʚʽʜʥʦ ˉ 104 ʽ 262 ʥʘ ʢʘʨʪʽ [4]). ʅʘ ʟʘʭʽʜ ʚʽʜ 

ʥʠʭ, ʧʦʙʣʠʟʫ ʩ. ʇʦʷʩʢʠ, ʻ ʨʦʜʦʚʠʱʝ ʪʦʨʬʫ ˉ 119, ʘ ʧʽʚʜʝʥʥʽʰʝ, ʙʽʣʷ 

ʩ. ʄʠʢʦʣʘʾʚʢʘ ï ʟʘ ˉ 193. ʎʽ ʨʦʜʦʚʠʱʘ ʫ ʧʣʘʥʽ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʫ ʚʠʪʷʛʥʫʪʫ 

ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʽʚʥʽʯ ʬʦʨʤʫ, ʷʢ ʽ ʨʦʜʦʚʠʱʝ ʟʘ ˉ 195, ʱʦ ʨʦʟʣʷʛʣʦʩʷ ʫ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʧʣʦʱʽ ʨʦʙʽʪ ʧʦʨʷʜ ʽʟ ʩ. ʂʘʤôʷʥʝ ʚʞʝ ʈʽʚʥʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ɿ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʪʝʢʪʦʥʽʯʥʦ ʘʢʪʠʚʥʠʭ ʟʦʥ, 

ʱʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʝʚʦʣʶʮʽʾ ʟʝʤʥʦʾ ʢʦʨʠ, ʢʦʨʠʛʫʚʘʥʥʷ ʪʨʘʩ 

ʜʠʟôʶʥʢʪʠʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʟʥʘʯʝʥʽ ʜʘʥʽ ɼɿɿ. ʅʘʩʘʤʧʝʨʝʜ ʚʦʥʠ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ [2], ʙʫʣʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦ ʦʙʨʦʙʣʝʥʽ 

(ʬʽʣʴʪʨʘʮʽʾ, ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ, ʩʠʥʪʝʟʫʚʘʥʥʷ). ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʨʦʙʦʪʠ ʙʫʚ 

ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʣʘʥʜʰʘʬʪʥʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʛʝʥʝʨʘʣʽʟʦʚʘʥʠʭ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ, ʦʮʽʥʶʚʘʥʥʷ ʥʘ ʾʭ ʧʽʜʩʪʘʚʽ ʟʘʛʘʣʴʥʦʾ ʣʘʥʜʰʘʬʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʘʡʦʥʫ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʦʛʦ ʚʠʙʨʘʥʽ ʽʥʬʦʨʤʘʪʠʚʥʽ ʱʦʜʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʨʠʩ 

ʚʥʫʪʨʽʰʥʴʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʽʥʜʠʢʘʪʦʨʠ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʚʠʥʷʪʢʦʤ ʜʽʣʷʥʢʠ ʆʚʨʫʮʴʢʦʛʦ ʢʨʷʞʫ ʨʝʣʴʻʬ ʪʝʨʠʪʦʨʽʾ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʣʦʶ ʢʦʥʪʨʘʩʪʥʽʩʪʶ, ʚʦʯʝʚʠʜʴ ʪʝʢʪʦʥʽʯʥʽ ʨʫʭʠ ʱʝ ʩʣʘʙʢʦ 

ʚʽʜʦʙʨʘʟʠʣʠʩʷ ʚ ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʷʭ. ʊʦʤʫ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ 

ʤʘʪʝʨʽʘʣʘʤʠ ɼɿɿ ʟʚʝʨʥʫʪʦ ʥʘ ʧʨʠʨʦʜʥʫ ʤʝʨʝʞʫ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ (ʨʽʯʢʠ, 

ʦʟʝʨʘ, ʙʦʣʦʪʘ, ʧʽʜʪʦʧʣʝʥʽ ʪʘ ʧʝʨʝʟʚʦʣʦʞʝʥʽ ʧʣʦʱʽ) ʪʘ ʩʠʥʝʨʛʽʯʥʦ ʜʦʧʦʚʥʶʶʯʽ ʾʭ 

ʫ ʨʘʜʽʦʤʝʪʨʠʯʥʦʤʫ ʧʦʣʽ ʢʦʩʤʦʟʥʽʤʢʽʚ ʛʝʦʙʦʪʘʥʽʯʥʽ ʽʥʜʠʢʘʪʦʨʠ, ʨʽʜʰʝ ˇʨʫʥʪʦʚʽ ʥʘ 

ʥʝʟʥʘʯʥʠʭ ʧʣʦʱʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʤʦʤʝʥʪ ʜʠʩʪʘʥʮʽʡʥʦʾ ʟʡʦʤʢʠ, ʱʦ 

ʽʤʦʚʽʨʥʦ ʫ ʩʫʢʫʧʥʦʩʪʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʭʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʟʝʤʥʦʾ ʢʦʨʠ ʽ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʛʝʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚ ʥʽʡ ʚʽʜʙʫʚʘʶʪʴʩʷ. 

ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʜʝʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ 

ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʝ ʜʝʰʠʬʨʫʚʘʥʥʷ. ɺʦʥʦ ʧʦʣʷʛʘʻ ʫ ʩʧʽʣʴʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʢʦʥʪʨʘʩʪʥʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʽ ʣʘʥʜʰʘʬʪʥʦ-ʽʥʜʠʢʘʮʽʡʥʦʛʦ ʤʝʪʦʜʽʚ. ʇʝʨʰʠʡ ʟ 

ʫʢʘʟʘʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʜʙʘʯʘʻ ʙʝʟʧʦʩʝʨʝʜʥʻ ʦʪʦʪʦʞʥʝʥʥʷ ʬʦʪʦʪʦʥʫ, ʩʪʨʫʢʪʫʨʠ ʽ 

ʪʝʢʩʪʫʨʠ ʟʦʙʨʘʞʝʥʥʷ ʟ ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʧʽʜ ʯʘʩ ʦʧʨʘʮʶʚʘʥʥʷ 

ʛʝʥʝʨʘʣʽʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʪʘʥʮʽʡʥʠʭ ʟʥʽʤʘʥʴ ʟ ʩʝʨʝʜʥʽʤ ʽ ʥʠʟʴʢʠʤ 

ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʣʘʥʜʰʘʬʪʥʘ ʽʥʜʠʢʘʮʽʷ ʚʽʜʜʝʰʠʬʨʦʚʘʥʠʭ 
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ʦʙôʻʢʪʽʚ ʥʘ ʥʠʭ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ʅʘʪʦʤʽʩʪʴ ʜʨʫʛʠʡ ʤʝʪʦʜ ï 

ʛʝʦʽʥʜʠʢʘʮʽʡʥʠʡ ï ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʣʘʥʜʰʘʬʪʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ, ʚʩʝʙʽʯʥʫ ʦʮʽʥʢʫ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʛʝʦʽʥʜʠʢʘʪʦʨʽʚ ʨʽʟʥʠʭ ʛʨʫʧ ʚ ʾʾ ʤʝʞʘʭ. 

ɼʣʷ ʧʨʦʮʝʜʫʨ ʧʨʦʙʣʝʤʥʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ, 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʨʽʚʥʷʥʥʷ, ʧʦʻʜʥʘʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ̔ ʟ 

ʥʘʷʚʥʦʶ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʟʘʣʫʯʝʥʦ ʪʝʭʥʦʣʦʛʽʾ ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʦʙʛʦʚʦʨʝʥʥʷ 

ʦʜʝʨʞʘʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʝʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʽ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʚʠʜʽʣʝʥʦ ʣʽʥʽʡʥʽ ʪʘ ʜʫʛʦʧʦʜʽʙʥʽ 

(ʽʟʦʤʝʪʨʠʯʥʽ, ʢʽʣʴʮʝʚʽ) ʫʪʚʦʨʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʥʘʣʝʞʘʪʴ ʜʦ ʦʙôʻʢʪʽʚ ʥʠʟʴʢʠʭ ʽ 

ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ ʜʚʦʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʣʘʩʽʚ: ʣʽʥʽʡʥʠʭ ʽ ʧʣʦʱʦʚʠʭ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʚʝʨʥʫʪʦ ʥʘ ʣʽʥʽʡʥʽ ʦʙôʻʢʪʠ. 

ɰʭ ʟʛʨʫʧʦʚʘʥʦ ʚ ʣʽʥʝʘʤʝʥʪʠ ʪʘ ʾʭ ʟʦʥʠ (ʨʠʩʫʥʦʢ). ɺʦʥʠ ʫʪʚʦʨʶʶʪʴ ʟʘʢʦʥʦʤʽʨʥʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʩʠʩʪʝʤʠ ʧʝʚʥʠʭ ʥʘʧʨʷʤʢʽʚ. ʇʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦ ʚʠʨʘʞʝʥʽ ʡ 

ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʪʝʨʠʪʦʨʽʾ ʣʽʥʽʤʝʥʪʠ ʜʽʘʛʦʥʘʣʴʥʦʾ ʽ ʦʨʪʦʛʦʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤ. ʇʨʦʪʝ ʟ ʦʨʪʦʛʦʥʘʣʴʥʠʭ, ʱʦ ʚʽʜʥʝʩʝʥʽ ʜʦ ʪʨʘʥʩʨʝʛʽʦʥʘʣʴʥʠʭ ʟʘ ʨʘʥʛʦʤ, 

ʚʠʜʽʣʝʥʽ ʣʠʰʝ ʩʫʙʰʠʨʦʪʥʽ (6 ʦʩʥʦʚʥʠʭ). ʃʽʥʝʘʤʝʥʪʥʽ ʟʦʥʠ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʷʢ 

ʘʢʪʠʚʽʟʦʚʘʥʽ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʪʝʢʪʦʛʝʥʝʟʫ ʩʪʨʫʢʪʫʨʠ ʜʠʟôʁʥʢʪʠʚʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʟʦʥʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʟʦʥʠ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʬʣʶʾʜʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʝʤʥʽʡ ʢʦʨʽ. 

 

 

ʈʠʩʫʥʦʢ 1. ʂʘʨʪʦʩʭʝʤʘ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʽʩʪʘʚʣʝʥʥʷ 

ʣʽʥʝʘʤʝʥʪʥʠʭ ʟʦʥ (ʨʠʤʩʴʢʽ ʮʠʬʨʠ ʫ 

ʢʚʘʜʨʘʪʘʭ ʪʘ ʘʨʘʙʩʴʢʽ ʫ ʢʨʫʞʢʘʭ) 

ʽ ʪʦʨʬô̫ʥʠʭ ʨʦʜʦʚʠʱ (ʢʦʥʪʫʨʠ ʽ 

ʢʨʫʞʢʠ ʩʽʨʦʛʦ, ʪʝʤʥʦʟʝʣʝʥʦʛʦ, 

ʯʝʨʚʦʥʦʛʦ ʽ ʩʘʣʘʪʦʚʦʛʦ ʢʦʣʴʦʨʽʚ) 

ʪʘ ʧʦʢʣʘʜʽʚ (ʢʦʥʪʫʨʠ ʙʣʘʢʠʪʥʦʛʦ 

ʢʦʣʴʦʨʫ) [4]  

ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʤʦʞʝ 

ʟʜʘʪʠʩʷ, ʱʦ ʪʝʨʠʪʦʨʽʷ 

ʜʦʩʣʽʜʞʝʥʴ ʫʩʢʣʘʜʥʝʥʘ 

ʥʘʜʤʽʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʨʦʟʨʠʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ ʩʪʨʫʢʪʫʨ. 

ʇʨʦʪʝ, ʟʚʘʞʘʶʯʠ ʥʘ ʪʨʠʚʘʣʠʡ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʯʘʩ ʪʝʢʪʦʥʽʯʥʦʛʦ ʾʾ 
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ʨʦʟʚʠʪʢʫ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʨʦʪʝʨʦʟʦʶ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʨʦʪʘʮʽʡʥʦʛʦ 

ʨʝʞʠʤʫ ʽʩʥʫʚʘʥʥʷ ɿʝʤʣʽ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘʢʣʘʜʘʥʥʷ ʪʨʘʩ ʨʦʟʣʦʤʽʚ ʟ ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ 

ʨʘʥʽʰʝ ʫʪʚʦʨʝʥʠʭ ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤʠ, ʚʽʜʦʙʨʘʞʝʥʘ ʥʘʤʠ ʩʠʪʫʘʮʽʷ ʚʠʛʣʷʜʘʻ ʜʦʩʠʪʴ 

ʧʝʨʝʢʦʥʣʠʚʦʶ. ʇʨʠ ʮʴʦʤʫ ʙʽʣʴʰʽʩʪʴ ʟ ʜʝʰʠʬʨʦʚʘʥʠʭ ʟʦʥ ʣʽʥʝʘʤʝʥʪʽʚ ʥʠʞʯʠʭ 

ʨʘʥʛʽʚ ʧʨʦʩʪʦʨʦʚʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ʚʽʜʦʤʠʤʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʢʘʨʪʫʚʘʥʥʷ ʧʦʨʫʰʝʥʥʷʤʠ ʜʦʢʝʤʙʨʽʡʩʴʢʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʨʷʜʢʽʚ. 

ɸʥʘʣʽʟ ʩʢʣʘʜʝʥʦʾ ʢʘʨʪʦʩʭʝʤʠ ʟʽʩʪʘʚʣʝʥʥʷ ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʧʦʣʷ ʟ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷʤʠ ʨʦʜʦʚʠʱ ʽ ʧʦʢʣʘʜʽʚ ʪʦʨʬʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ [4], ʜʘʻ 

ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ ʪʘʢʝ. ɸ ʩʘʤʝ: ʢʦʥʪʫʨʠ ʥʘʡʙʽʣʴʰʠʭ ʟ ʨʦʜʦʚʠʱ, ʱʦ ʙʫʣʠ ʚ 

ʨʦʟʨʦʙʮʽ, ʦʧʦʰʫʢʦʚʘʥʽ ʘʙʦ ʚʞʝ ʚʽʜʧʨʘʮʴʦʚʘʥʽ, ʫ ʧʣʘʥʽ ʣʝʞʘʪʴ ʚʩʝʨʝʜʠʥʽ 

ʣʽʥʝʘʤʝʥʪʥʠʭ ʟʦʥ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʾʤ ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤʠ: ʨʦʜʦʚʠʱʝ  ̄104 ï ʫ ʟʦʥʽ 

ʣʽʥʝʘʤʝʥʪʽʚ 3.1 ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʦʨʽʻʥʪʘʮʽʾ, ˉ 262 ï ʫ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʽʡ ʟʦʥʽ 

4.3, ˉ 193 ʽ 195 ï ʚ ʟʦʥʽ 2.1 ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ (ʨʠʩʫʥʦʢ). ʇʨʠʯʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʡ ʽ ʡʤʦʚʽʨʥʦ ʛʝʥʝʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʽʩʮʴ ʟʘʢʣʘʜʘʥʥʷ 

ʚʽʜʢʣʘʜʝʥʴ ʪʦʨʬʫ ʟ ʚʫʟʣʘʤʠ ʧʝʨʝʪʠʥʫ ʣʽʥʝʘʤʝʥʪʥʠʭ ʟʦʥ ʨʽʟʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ. 

ʆʮʽʥʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʦʨʬʦʚʠʭ ˇʨʫʥʪʽʚ ʧʦ ʧʣʦʱʽ ʜʦʩʣʽʜʞʝʥʴ 

ʚʢʘʟʫʻ ʥʘ ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ ʨʦʜʦʚʠʱ ʽ ʧʦʢʣʘʜʽʚ ʭʘʨʘʢʪʝʨ ʾʭ ʧʨʦʩʪʦʨʦʚʦʾ 

ʧʨʠʫʨʦʯʝʥʦʩʪʽ ʜʦ ʟʦʥ ʣʽʥʝʘʤʝʥʪʽʚ ʧʝʨʝʚʘʞʥʦ ʜʽʘʛʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʽʥʦʜʽ 

ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʾ ʘʙʦ ʩʫʙʰʠʨʦʪʥʦʾ. ʃʦʢʘʣʴʥʽ ʘʨʝʘʣʠ ʪʦʨʬʦʚʠʭ ˇʨʫʥʪʽʚ 

ʤʽʩʪʷʪʴʩʷ ʚ ʤʝʞʘʭ ʣʽʥʝʘʤʝʥʪʥʠʭ ʟʦʥ ʘʙʦ ʥʘ ʾʭ ʛʨʘʥʠʮʷʭ, ʟʙʽʛʘʶʯʠʩʴ ʟ ʥʠʤʠ ʚ 

ʦʨʽʻʥʪʫʚʘʥʥʽ ʩʚʦʾʤʠ ʚʠʜʦʚʞʝʥʠʤʠ ʢʦʥʪʫʨʘʤʠ. 

ɺʦʯʝʚʠʜʴ ʚʫʟʣʠ ʧʝʨʝʪʠʥʫ ʟʦʥ ʣʽʥʝʘʤʝʥʪʽʚ ʨʽʟʥʦʛʦ ʘʟʠʤʫʪʘʣʴʥʦʛʦ 

ʩʧʨʷʤʫʚʘʥʥʷ ʽ ʣʦʢʘʣʴʥʽ ʬʨʘʛʤʝʥʪʠ ʚʣʘʩʥʝ ʮʠʭ ʟʦʥ ʥʘʧʝʨʝʜʦʜʥʽ ʪʘ ʧʽʜ ʯʘʩ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʦʨʬʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʷʚʣʷʣʠ ʩʦʙʦʶ ʜʽʣʷʥʢʠ ʟʝʤʥʦʾ ʢʦʨʠ, ʱʦ 

ʟʘʟʥʘʚʘʣʠ ʚʽʜʥʦʩʥʦ ʽʥʪʝʥʩʠʚʥʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʧʝʚʥʦʶ ʤʽʨʦʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ, ʟʥʘʯʥʦʾ ʜʝʟʽʥʪʝʛʨʘʮʽʾ ʱʽʣʴʥʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ ʚ ʾʭ ʤʝʞʘʭ, ʚʠʥʦʩʫ ʧʨʦʜʫʢʪʽʚ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʦʱʦ. 

ʋʥʘʩʣʽʜʦʢ ʟʘʟʥʘʯʝʥʦʛʦ ʥʘ ʤʽʩʮʷʭ ʧʦʜʽʙʥʠʭ ʜʽʣʷʥʦʢ ʫʪʚʦʨʠʣʠʩʷ ʩʚʦʻʨʽʜʥʽ 

ʤʽʥʽʛʨʘʙʝʥʠ, ʷʢʽ ʯʽʪʢʦ ʚʧʠʩʫʶʪʴʩʷ ʚ ñʪʽʣʘò ʟʦʥ ʣʽʥʝʘʤʝʥʪʽʚ, ʪʦʙʪʦ, ʟʛʽʜʥʦ ʟ ʥʘʰʦʶ 

ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ, ï ʚ ʦʙôʻʤʥʽ ñʪʽʣʘò ʩʢʣʘʜʥʦʧʦʙʫʜʦʚʘʥʠʭ, ʜʦʚʛʦʞʠʚʫʯʠʭ ʟʦʥ 

ʜʠʟôʶʥʢʪʠʚʥʦʾ ʧʨʠʨʦʜʠ. ʆʪʦʞ, ʾʭ ʩʧʨʘʚʝʜʣʠʚʦ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʱʽʣʠʥʥʠʤʠ 

ʤʽʥʽʛʨʘʙʝʥʘʤʠ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭ ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʡ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ. 

ɿʘ ʫʤʦʚ ʨʽʚʥʠʥʥʦʛʦ, ʽʟ ʩʣʘʙʢʠʤ ʚʠʨʘʞʝʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʦʟʯʣʝʥʫʚʘʥʥʷ 

ʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʧʽʜ ʜʽʻʶ ʛʨʘʚʽʪʘʮʽʾ 

ʪʘ ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʘʩʘʤʧʝʨʝʜ ʫ ʤʝʞʘʭ ʚʽʜʥʦʩʥʦ ʥʘʡʦʧʫʱʝʥʽʰʠʭ ʾʾ ʜʽʣʷʥʦʢ. ɺʦʥʠ 

ʞ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʟʙʽʛʘʣʠʩʷ ʩʘʤʝ ʟ ʨʘʡʦʥʘʤʠ ʟʘʟʥʘʯʝʥʠʭ ʤʽʥʽʛʨʘʙʝʥʽʚ ʫʥʘʩʣʽʜʦʢ 

ʫʩʧʘʜʢʦʚʘʥʦʛʦ ʾʭ ʨʦʟʚʠʪʢʫ ʷʢ ʫ ʧʨʦʩʪʦʨʽ, ʪʘʢ ʽ ʟʘ ʥʘʧʨʷʤʢʦʤ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʫʭʽʚ. 



70 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ɼʣʷ ʪʘʢʠʭ ʜʽʣʷʥʦʢ ʙʫʣʦ ʧʨʠʪʘʤʘʥʥʝ ʧʦʩʪʽʡʥʝ ʘʙʦ ʪʨʠʚʘʣʝ ʧʝʨʽʦʜʠʯʥʝ 

ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ, ʥʠʟʴʢʘ ʜʨʝʥʦʚʘʥʽʩʪʴ, ʘ ʥʘʷʚʥʽʩʪʴ ʫ ʧʨʦʬʽʣʽ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ 

ˇʨʫʥʪʽʚ ʱʽʣʴʥʦʛʦ ʽʣʶʚʽʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʱʦ ʻ ʩʚʦʻʨʽʜʥʠʤ ʚʦʜʦʫʧʦʨʦʤ, 

ʩʪʨʠʤʫʚʘʣʘ ʪʫʪ ʧʝʨʝʭʽʜ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʫ ʚʥʫʪʨʽʰʥʴʦˇʨʫʥʪʦʚʠʡ. ɿʙʽʛ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠʚʽʚ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘ ʪʘʢʠʭ ʜʽʣʷʥʢʘʭ ʙʦʣʽʪ. 

ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʙʦʣʽʪ ʫ ʪʦʨʬʦʚʽ ʦʩʘʜʦʚʽ ʫʪʚʦʨʝʥʥʷ ʽ ʟʨʝʰʪʦʶ ʫ ʪʦʨʬʦʚʠʱʘ 

ʚʽʜʙʫʚʘʣʘʩʷ ʰʣʷʭʦʤ ʟʘʨʦʩʪʘʥʥʷ ʚʦʜʦʡʤ ʽ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ˇʨʫʥʪʽʚ. 

ɺʠʩʥʦʚʢʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʦʩʣʽʜʞʝʥʴ. ʆʪʞʝ, ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʽ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʪʘ ʾʭ ʛʝʦʣʦʛʽʯʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʧʽʚʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ ʩʢʣʘʜʝʥʦ 

ʝʣʝʢʪʨʦʥʥʫ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʫ ʢʘʨʪʦʩʭʝʤʫ (ʨʠʩʫʥʦʢ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʘʥʘʣʽʟʫ ʟʽʩʪʘʚʣʝʥʥʷ ʢʘʨʪʦʩʭʝʤʠ ʟ ʧʣʦʱʦʚʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʨʦʜʦʚʠʱ ʽ 

ʧʦʢʣʘʜʽʚ ʪʦʨʬʫ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʦʩʪʦʨʦʚʦ-ʛʝʥʝʪʠʯʥʠʡ ʾʭ 

ʟʚôʷʟʦʢ ʟ ʚʫʟʣʘʤʠ ʧʝʨʝʪʠʥʫ ʟʦʥ ʣʽʥʝʘʤʝʥʪʽʚ ʨʽʟʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ. ʋ ʤʝʞʘʭ 

ʚʽʜʦʤʠʭ ʘʙʦ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʦʥ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʟʝʤʥʦʾ ʢʦʨʠ ʮʽ ʚʫʟʣʠ ʪʘ 

ʣʦʢʘʣʴʥʽ ʬʨʘʛʤʝʥʪʠ ʚʣʘʩʥʝ ʣʽʥʝʘʤʝʥʪʥʠʭ ʟʦʥ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʚʦʻʨʽʜʥʽ ʱʽʣʠʥʥʽ 

ʤʽʥʽʛʨʘʙʝʥʠ, ʷʢʽ ʚʥʘʩʣʽʜʦʢ ʧʨʦʩʪʦʨʦʚʦ ʪʘ ʛʝʦʜʠʥʘʤʽʯʥʦ ʫʩʧʘʜʢʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʙʫʣʠ ʪʠʤ ʪʝʢʪʦʥʽʯʥʠʤ ʯʠʥʥʠʢʦʤ, ʱʦ ʩʧʨʠʷʚ ʫʪʚʦʨʝʥʥʶ ʙʦʣʽʪ, ʷʢʽ ʟ ʯʘʩʦʤ 

ʪʨʘʥʩʬʦʨʤʫʚʘʣʠʩʷ ʫ ʪʦʨʬʦʚʠʱʘ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʨʠʪʦʨʽʾ ʚʙʘʯʘʶʪʴʩʷ ʚ ʨʝʪʝʣʴʥʦʤʫ 

ʦʮʽʥʶʚʘʥʥʽ ʧʨʦʩʪʦʨʦʚʠʭ ʟʙʽʛʽʚ ʽ ʟʘʣʝʞʥʦʩʪʝʡ ʨʦʜʦʚʠʱ ʽ ʧʦʢʣʘʜʽʚ ʪʦʨʬʫ ʟ 

ʜʝʰʠʬʨʦʚʘʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʢʽʣʴʮʝ- ʪʘ ʜʫʛʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ, ʚ ʾʭ ʛʝʦʣʦʛʽʯʥʽʡ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʡ ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʥʘ ʪʝʢʪʦʥʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʨʝʛʽʦʥʫ. 
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ʆ. ʃʠʪʚʠʥʝʥʢʦ1 

ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 
1ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ.ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 
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3ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ. ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʋ ʣʘʚʦʙʨʝʢʯʽʾ ʯʝʚʯʠʥʩʴʢʦʾ ʩʚʽʪʠ (J3-K1) ʚʠʷʚʣʝʥʦ ʤʽʥʝʨʘʣʴʥʫ ʬʘʟʫ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʫ ʟʘ ʜʘʥʠʤʠ 

ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ ʷʢ ʘʣʘʥʽʪ, ʱʦ ʻ ʧʝʨʰʦʶ ʪʘʢʦʶ ʟʥʘʭʽʜʢʦʶ ʜʣʷ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ. 

ɸʣʘʥʽʪ ʤʘʻ ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʩʦʤʘʪʠʯʥʝ ʧʦʭʦʜʞʝʥʥʷ, ʮʝʨʽʻʚʫ ʩʧʝʮʠʬʽʢʘʮʽʶ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʽʜʩʫʪʥʽʩʪʶ ʚ ʥʴʦʤʫ Th ʪʘ U. ʁʦʛʦ ʩʢʣʘʜ ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʫʣʽ - 

REE0,46Ca1,48Fe0,74Al 2,26Si3,06O12(OH). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʘʥʽʪ, ɽɼʉ, ʋʢʨʘʾʥʩʴʢʽ ʂʘʨʧʘʪʠ, ʄʘʨʤʘʨʦʩʴʢʠʡ ʤʘʩʠʚ 
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CARBONATE -TERRIGENOUS XENOLITH IN EFFUSIVES OF THE 
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A mineral phase identified by microprobe analysis as allanite, which is the first such find for the 

Ukrainian Carpathians, was found in the lava breccia of the Chevchyny suite (J3-K1). Allanite has a 

contact-metasomatic origin, cerium specification and is characterized by the absence of Th and U in 

it. Its composition corresponds to the formula - REE0,46Ca1,48Fe0,74Al 2,26Si3,06O12(OH). 

Key words: allanite, EDS, Ukrainian Carpathians, Marmarosh massif 

 

ʇʽʜ ʯʘʩ ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʘʡʦʥʽ ʩʪʨʫʤʢʘ ʂʘʤô̫ ʥʠʡ 

ʇʦʪʽʢ (ʧʨʘʚʘ ʧʨʠʪʦʢʘ ʨ. ʊʠʩʘ), ɦ ʦ ʧʨʦʪʽʢʘʻ ʥʘ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʦʢʦʣʠʮʽ ʤ. ʈʘʭʽʚ, 

ʽʟ ʣʘʚʦʙʨʝʢʯʽʾ ʯʝʚʯʠʥʩʴʢʦʾ ʩʚʽʪʠ (J3-K1) ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʟʨʘʟʦʢ ʧʦʨʦʜʠ ʢʘʨʙʦʥʘʪʥʦ-

ʪʝʨʠʛʝʥʥʦʛʦ ʩʢʣʘʜʫ (ʨʠʩ.1), ʚ ʷʢʦʤʫ ʚʠʷʚʣʝʥʦ ʤʽʥʝʨʘʣʴʥʫ ʬʘʟʫ ʘʣʘʥʽʪʫ, ʱʦ  ̒

ʧʝʨʰʦʶ ʪʘʢʦʶ ʟʥʘʭʽʜʢʦʶ ʜʣʷ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ. 
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ʈʠʩ. 1. ɺʽʜʨʽʟʘʥʘ ʯʘʩʪʠʥʘ ʰʪʫʬʘ (a) ʪʘ ʧʦʣʽʨʦʚʘʥʠʡ ʘʥʰʣʽʬ (b) ʽʟ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʦʛʦ 

ʢʩʝʥʦʣʽʪʫ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʠʛʝʥʥʦʛʦ ʩʢʣʘʜʫ (ʯʝʚʯʠʥʩʴʢʘ ʩʚʽʪʘ (J3-K1)) 
 

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʧʦʨʽʜ. ɿʘ ʜʘʥʠʤʠ [1], ʚʘʧʥʷʢʠ ʯʝʚʯʠʥʩʴʢʦʾ ʩʚʽʪʠ 

ʂʘʤôʷʥʦʧʦʪʦʮʴʢʦʾ ʉʌɿ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʤʘʶʪʴ ʩʤʫʛʘʩʪʫ, ʩʪʨʦʤʘʪʦʣʽʪʦʚʫ ʪʘ 

ʩʪʠʣʦʣʽʪʦʚʫ ʪʝʢʩʪʫʨʠ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʥʘ 85-95% ʽʟ ʢʘʣʴʮʠʪʫ, ʚ ʷʢʦʤʫ ʤʽʩʪʷʪʴʩʷ 

ʫʣʘʤʢʠ ʢʚʘʨʮʫ, ʣʫʩʢʠ ʭʣʦʨʠʪʫ, ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʪʘ ʚʫʛʣʝʮʝʚʘ ʨʝʯʦʚʠʥʘ. 

ɿʨʘʟʦʢ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʠʛʝʥʥʦʾ ʧʦʨʦʜʠ ʚʽʜʽʙʨʘʥʦ ʥʘ ʤʝʞʽ ʚʘʧʥʷʢʽʚ ʟʽ ʩʧʽʣʽʪʘʤʠ 

ʤʘʩʠʚʥʦʾ ʪʝʢʩʪʫʨʠ, ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʪʘ ʙʫʨʫʚʘʪʦ-ʯʝʨʚʦʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ. 

ʉʧʽʣʽʪʠʟʦʚʘʥʽ ʝʬʫʟʠʚʠ ʩʢʣʘʜʝʥʽ ʮʽʣʢʦʚʠʪʦ ʭʣʦʨʠʪʠʟʦʚʘʥʠʤ ʩʢʣʦʤ ʟ ʣʝʡʩʪʘʤʠ 

ʘʣʴʙʽʪʫ, ʢʘʨʙʦʥʘʪʘʤʠ ʪʘ ʭʘʣʮʝʜʦʥʦʤ. ʊʘʢʦʞ ʧʨʠʩʫʪʥʽ ʪʘʢʽ ʨʫʜʥʽ ʤʽʥʝʨʘʣʠ ʷʢ 

ʤʘʛʥʝʪʠʪ, Ti-ʤʘʛʥʝʪʠʪ, ʪʠʪʘʥʽʪ ʽ ʛʝʤʘʪʠʪ. ɿʘ ʟʥʘʭʽʜʢʘʤʠ ʩʢʘʤôʷʥʽʣʦʩʪʝʡ ʜʘʥʽ 

ʧʦʨʦʜʠ ʚʽʜʥʝʩʝʥʦ ʜʦ ʪʠʪʦʥʩʴʢʦ-ʙʝʨʽʘʩʴʢʦʛʦ ʷʨʫʩʽʚ [1].  

ɸʣʘʥʽʪ, ʤʽʥʝʨʘʣ ʟ ʛʨʫʧʠ ʝʧʽʜʦʪʫ [A2M3Si3O12(OH), ʜʝ A = Ca, ʉʝ; M = Al, 

Fe], ʚʽʜʦʤʠʡ ʷʢ ʭʘʨʘʢʪʝʨʥʠʡ ʘʢʮʝʩʦʨʥʠʡ ʤʽʥʝʨʘʣ ʛʨʘʥʽʪʽʚ, ʛʨʘʥʦʜʽʦʨʠʪʽʚ, 

ʤʦʥʮʦʥʽʪʽʚ, ʩʽʻʥʽʪʽʚ, ʩʢʘʨʥʽʚ ʪʘ ʛʨʘʥʽʪʥʠʭ ʧʝʛʤʘʪʠʪʽʚ, ʟʥʘʡʜʝʥʠʡ ʪʘʢʦʞ ʚ 

ʛʣʘʫʢʦʬʘʥʦʚʦʤʫ ʢʨʠʩʪʘʣʦʩʣʘʥʮʽ, ʘ ʪʘʢʦʞ ʛʨʘʥʘʪʦʚʦʤʫ ʣʝʨʮʦʣʽʪʽ [2]. ʋ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʡʦʛʦ ʚʠʷʚʣʝʥʦ ʚ ʢʩʝʥʦʣʽʪʽ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʠʛʝʥʥʦʾ ʧʦʨʦʜʠ ʩʝʨʝʜ 

ʩʧʽʣʽʪʠʟʦʚʘʥʠʭ ʝʬʫʟʠʚʽʚ, ʱʦ ʧʨʦʨʠʚʘʶʪʴ ʪʦʚʱʫ ʦʨʛʘʥʦʛʝʥʥʠʭ ʚʘʧʥʷʢʽʚ ʪʠʪʦʥ-

ʙʝʨʽʘʩʴʢʦʛʦ ʚʽʢʫ. 

ʋʤʦʚʠ ʘʥʘʣʽʟʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ JSM6700F ʟ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʤ (ED) ʩʧʝʢʪʨʦʤʝʪʨʦʤ JED2300 ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʘ JCXA733 ʟ EDS ʧʨʠʩʪʘʚʢʦʶ (JEOL, ʗʧʦʥʽʷ) ʚ ɯʥʩʪʠʪʫʪʽ 

ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ (ɯɻʄʈ) ʅɸʅ ʋʢʨʘʾʥʠ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʈɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʘʣʘʥʽʪʫ. ʋʤʦʚʠ 

ʟʡʦʤʢʠ: JSM6700F - ʧʨʠʩʢʦʨʶʚʘʣʴʥʘ ʥʘʧʨʫʛʘ 20 ʢɺ, ʩʪʨʫʤ ʟʦʥʜʘ 0,6 ʥɸ, ʜʽʘʤʝʪʨ 

ʟʦʥʜʘ 1-2 ʤʢʤ; JCXA733 - ʧʨʠʩʢʦʨʶʚʘʣʴʥʘ ʥʘʧʨʫʛʘ 20 ʢɺ, ʩʪʨʫʤ ʟʦʥʜʘ 20 ʥʘ, 

ʜʽʘʤʝʪʨ ʟʦʥʜʘ 10 ʤʢʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʡ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʠʨʢʦʧʦʜʽʙʥʽ ʚʠʜʽʣʝʥʥʷ ʘʣʘʥʽʪʫ 

ʨʦʟʤʽʱʝʥʽ ʩʝʨʝʜ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʽʢʘʪʥʦʾ ʤʘʪʨʠʮʽ (ʨʠʩ. 2, 3). 
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ʄʘʶʪʴ ʽʟʦʤʝʪʨʠʯʥʫ ʦʢʨʫʛʣʫ ʬʦʨʤʫ ʨʦʟʤʽʨʦʤ ~100 ʤʢʤ. ɺ ʰʣʽʬʽ ʙʫʨʫʚʘʪʦ-

ʢʦʨʠʯʥʝʚʽ, ʽʟʦʪʨʦʧʥʽ ʪʘ ʥʝ ʟʤʽʥʶʶʪʴ ʟʘʙʘʨʚʣʝʥʥʷ ʚ ʩʭʨʝʱʝʥʠʭ ʥʽʢʦʣʷʭ (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ɸʣʘʥʽʪ ʩʝʨʝʜ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʽʢʘʪʥʦʾ ʤʘʪʨʠʮʽ: ʘ- ʥʽʢʦʣʽ ɯɯ, ʙ ï ʥʽʢʦʣʽ +. 

 

 
 

ʈʠʩ. 3. ʅʠʨʢʦʧʦʜʽʙʥʠʡ ʘʣʘʥʽʪ (Aln). ʅʘʡʪʝʤʥʽʰʽ ʜʽʣʷʥʢʠ ʚʠʧʦʚʥʝʥʽ SiO2(Q), Cal - 

ʢʘʣʴʮʠʪ, Chl - ʭʣʦʨʠʪ, Tmng ï ʤʘʛʥʝʪʠʪ ʪʠʪʘʥʠʩʪʠʡ. (ʘ ʽ ʩ ï ʨʝʞʠʤ ʟʡʦʤʢʠ LEI;  b, d, e ï 

COMPO). ɽʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ JSM-6700F, JEOL (ʗʧʦʥʽʷ) 

 

ʅʘ ʜʝʪʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, ʟʨʦʙʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʤʽʢʨʦʩʢʦʧʫ, ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʨʘʜʽʘʣʴʥʦ-ʧʨʦʤʝʥʝʚʘ ʙʫʜʦʚʘ ʥʠʨʢʦʧʦʜʽʙʥʠʭ 

ʘʛʨʝʛʘʪʽʚ ʘʣʘʥʽʪʫ (ʨʠʩ. 3 c, d, e), ʜʝ ʧʨʦʤʝʥʽ ʘʣʘʥʽʪʫ ʚʽʜʭʦʜʷʪʴ ʚʽʜ ʛʣʦʙʫʣ SiO2 (ʥʘ 

ʨʠʩʫʥʢʫ ʧʦʟʥʘʯʝʥʽ ʷʢ Q). 
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ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʘʣʘʥʽʪʫ, ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ, ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʮʝʨʽʻʚʠʡ ʨʽʟʥʦʚʠʜ ï ʘʣʘʥʽʪ-(Ce), ʽʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʬʦʨʤʫʣʦʶ REE0,46Ca1,48Fe0,74Al 2,26Si3,06O12(OH), ʨʦʟʨʘʭʦʚʘʥʦʶ ʟʘ ʩʝʨʝʜʥʽʤ 

ʟʥʘʯʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʚʦʩʴʤʠ ʘʥʘʣʽʟʽʚ (ʪʘʙʣ. 1). ɺʤʽʩʪ Th ʪʘ U ʥʠʞʯʠʡ ʧʦʨʦʛʘ 

ʚʠʟʥʘʯʝʥʥʷ. 
 

ʊʘʙʣʠʮʷ 1. 

ʈʝʟʫʣʴʪʘʪʠ ɽɼʉ ʘʥʘʣʽʟʫ ʘʣʘʥʽʪʫ ʟ ʧʝʨʝʨʘʭʫʥʢʦʤ ʥʘ ʢʘʪʽʦʥʠ (apfu 8) 
 

Sample 1 39 40 41 Yu14 Yu15 Yu19 Yu20 

Al 2O3 19,71 18,6 16,05 19,32 23,27 24,52 24,54 22,19 

SiO2 33,53 30,4 27,57 31,44 36,04 36,5 37,81 34,73 

CaO 14,69 13,3 11,66 13,09 16,44 18,12 18,79 15,04 

TiO 2 0,02 0 0,12 0,53 0,67 0,89 0 0 

FeO 10,92 9,69 10,08 10,60 8,26 8,65 8,98 8,59 

La2O3 5,29 4,6 5,53 5,14 2,91 1,65 1,11 4,3 

Ce2O3 7,79 7,23 8,29 8,36 7,09 4,39 3,99 9,15 

Pr2O3 n.d. n.d. n.d. n.d. 1,94 1,39 1,62 2,16 

Nd2O3 1,62 1,51 0,61 1,14 2,39 2,78 2,08 2,84 

Summ 93,57 85,33 79,91 89,62 99,01 98,89 98,92 99,00 

ɆREE 14,70 13,34 14,43 14,64 14,33 10,21 8,80 18,45 

Si4+ 3,08 3,06 3,03 3,05 3,09 3,05 3,10 3,06 

ễ T 3,08 3,06 3,03 3,05 3,09 3,05 3,10 3,06 

Al 3+ 2,14 2,20 2,08 2,21 2,35 2,41 2,37 2,30 

La3+ 0,18 0,17 0,22 0,18 0,09 0,05 0,03 0,14 

Ce3+ 0,26 0,27 0,33 0,30 0,22 0,13 0,12 0,29 

Nd3+ 0,05 0,05 0,02 0,04 0,07 0,08 0,05 0,07 

Pr3+ n.d. n.d. n.d. n.d. 0,06 0,04 0,06 0,09 

Ca2+ 1,45 1,43 1,37 1,36 1,51 1,62 1,65 1,42 

Fe2+ 0,84 0,81 0,93 0,86 0,59 0,60 0,62 0,63 

ễ M 4,92 4,94 4,97 4,95 4,91 4,95 4,90 4,94 

ễ MREE 0,49 0,49 0,58 0,52 0,45 0,31 0,26 0,59 

ʇʨʠʤʽʪʢʠ: ʘʥʘʣʽʟʠ 1,39,40,41 ʚʠʢʦʥʘʥʽ ʥʘ ʤʽʢʨʦʟʦʥʜʦʚʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ JXA-733, JEOL 

(ʗʧʦʥʽʷ), Yu14, Yu15, Yu19, Yu20 ʥʘ ï JSM-6700F, JEOL (ʗʧʦʥʽʷ), n.d. ï ʥʝ ʚʠʟʥʘʯʘʚʩʷ. 

 

ʋʪʚʦʨʝʥʥʷ ʘʣʘʥʽʪʫ ʚ ʢʩʝʥʦʣʽʪʽ ʩʝʨʝʜ ʩʧʽʣʽʪʠʟʦʚʘʥʠʭ ʝʬʫʟʠʚʽʚ, ʱʦ 

ʧʨʦʨʠʚʘʶʪʴ ʪʦʚʱʫ ʦʨʛʘʥʦʛʝʥʥʠʭ ʚʘʧʥʷʢʽʚ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ ʟʫʤʦʚʣʝʥʦ ʧʨʦʮʝʩʘʤʠ 

ʩʢʘʨʥʦʚʦʛʦ ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʫ. ɼʦʧʫʩʢʘʻʤʦ, ʱʦ ʘʣʘʥʽʪ ʤʽʛ ʫʪʚʦʨʠʪʠʩʷ 

ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʻʤʦʜʽʾ ʟʙʘʛʘʯʝʥʦʛʦ ʥʘ ʟʘʣʽʟʦ ʽ REE ʢʘʨʙʦʥʘʪʥʦʛʦ ʬʣʶʾʜʫ-

ʨʦʟʧʣʘʚʫ ʽʟ ʩʠʣʽʢʘʪʥʦʶ ʬʘʟʦʶ ʪʠʧʫ ʭʘʣʮʝʜʦʥʽʟʦʚʘʥʠʭ ʨʝʰʪʦʢ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʡʦʛʦ ʚʠʜʽʣʝʥʥʷ ʥʘʙʫʣʠ ʥʠʨʢʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʟ ʭʘʨʘʢʪʝʨʥʠʤ 

ʧʨʦʤʝʥʠʩʪʠʤ ʦʧʝʨʝʥʥʷʤ. ʅʘ ʮʝ ʚʢʘʟʫʻ ʪʽʩʥʘ ʘʩʦʮʽʘʮʽʷ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʘʣʘʥʽʪʫ ʟ 

ʤʘʛʥʝʪʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʭʣʦʨʠʪʦʤ ʽ ʤʽʥʝʨʘʣʴʥʠʤʠ ʬʘʟʘʤʠ ʢʨʝʤʥʝʟʝʤʫ. 
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1. ɼʝʨʞʘʚʥʘ ʛʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʋʢʨʘʾʥʠ, ʄ 1:200000, ʄ-35-ʍʍʍɯ(ʅʘʜʚʽʨʥʘ), ʄʘʮʴʢʽʚ ɹ.ɺ., 
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2. Hoshino M., Kimata M., Nishida N., Kyono A., Shimizu M., Takizawa S. The chemistry of allanite 

from the Daibosatsu Pass, Yamanashi, Japan. Mineralogical Magazine. 2005. Vol. 69(4). P. 403-
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ʋɼʂ 549(477) 
 

ɿʄɯʅɸ ʄɯʂʈʆʅɸʇʈʋɾɽʅʔ ʂʈʀʉʊɸʃɯʏʅʆɰ ˆʈɸʊʂʀ ʂɺɸʈʎʋ ʋ 

ɻʈɸʅɯʊɸʍ ʉʀʅʗɺʉʔʂʆɻʆ ʈʆɼʆɺʀʑɸ ʇɯɼ ɺʇʃʀɺʆʄ 

ɹʋʈʆɺʀɹʋʍʆɺʀʍ ʈʆɹɯʊ 
 

ɺ. ɺ. ɯʰʢʦʚ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɭ. ʉ. ʂʦʟʽʡ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

 49005, ʤ. ɼʥʽʧʨʦ, ʧʨ. ɼ. ʗʚʦʨʥʠʮʴʢʦʛʦ, 19 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

49600, ʤ. ɼʥʽʧʨʦ, ʚʫʣ. ʉʝʨʛʽʷ ɭʬʨʝʤʦʚʘ, 25, ʋʢʨʘʾʥʘ  

ʆ. ʉ. ɼʨʝʰʧʘʢ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

 49005, ʤ. ɼʥʽʧʨʦ, ʧʨ. ɼ. ʗʚʦʨʥʠʮʴʢʦʛʦ, 19 

ʇ. ʉ. ʇʘʱʝʥʢʦ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠ ʽʤ. ʄ.ʉ. ʇʦʣʷʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ,  

49005, ʤ. ɼʥʽʧʨʦ, ʚʫʣ. ʉʽʤʬʝʨʦʧʦʣʴʩʴʢʘ, 2-ʘ 

 

ɺʠʷʚʣʝʥʦ ʷʚʠʱʝ ʟʤʽʥʠ ʚʘʞʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʧʽʜ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʚʧʣʠʚʦʤ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ. ɰʾ ʦʩʦʙʣʠʚʦʩʪʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, 

ʱʦ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʚʠʥʠʢʘʶʪʴ ʤʽʢʨʦʩʧʦʪʚʦʨʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ˇʨʘʪʘʭ 

ʢʚʘʨʮʫ, ʷʢʽ ʧʦʨʫʰʫʶʪʴ ʜʘʣʝʢʠʡ ʧʦʨʷʜʦʢ, ʫ ʥʽʡ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘʧʨʫʞʝʥʽ ʤʽʞʘʪʦʤʥʽ ʟʚ'ʷʟʢʠ, ʷʢʽ 

ʜʘʣʽ ʨʦʟʨʠʚʘʶʪʴʩʷ ʚ ʧʦʣʽ ʜʽʶʯʠʭ ʥʘʧʨʫʛ ʽ ʟʙʽʣʴʰʫʶʪʴ ʜʠʩʧʝʨʩʥʽʩʪʴ ʢʨʠʩʪʘʣʽʪʽʚ, ʨʦʟʤʽʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʪʘ ʟʘʛʘʣʴʥʫ ʘʥʽʟʦʪʨʦʧʽʶ ʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʮʴʦʛʦ ʤʽʥʝʨʘʣʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʨʘʥʽʪ, ʢʚʘʨʮ, ʢʨʠʩʪʘʣʽʪʠ, ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʙʫʨʦʚʠʙʫʭʦʚʽ ʨʦʙʦʪʠ. 
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The phenomenon of changing an important element of the thin structure of the crystal lattice of quartz 

under the thermodynamic influence of blasting was revealed. Its features mainly consist in the fact 

that during blasting, microdistortions occur in the structural lattices of quartz, which violate the long-

range order, in it, tense interatomic bonds are formed, which are then broken in the field of applied 

stresses and increase the dispersion of crystallites, the dimensions of the unit cell and general 

anisotropy of the structure of the crystal lattice of this mineral. 

Key words: granite, quartz, crystallites, crystal structure, blasting. 

 

ɺʩʪʫʧ. ʉʠʥʷʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʛʨʘʥʽʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʈʦʢʠʪʥʷʥʩʴʢʦʤʫ 

ʨʘʡʦʥʽ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʨʽʯʢʠ ʈʦʩʴ, ʥʘ ʟʝʤʣʷʭ ʉʠʥʷʚʩʴʢʦʾ 

ʩʽʣʴʩʴʢʦʾ ʨʘʜʠ, ʥʘ ʧʽʚʥʽʯʥʽʡ ʦʢʦʣʠʮʽ ʩʤʪ. ʉʠʥʷʚʘ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɿ 

ʛʝʦʪʝʢʪʦʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʪʝʨʠʪʦʨʽʷ ʨʘʡʦʥʫ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʈʦʩʠʥʩʴʢʦ-

ʊʽʢʠʮʴʢʦʾ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʽʘʣʴʥʦʾ ʟʦʥʠ. ʉʠʥʷʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʛʨʘʥʽʪʽʚ ʻ ʯʘʩʪʠʥʦʶ 

ʽʥʪʨʫʟʠʚʥʠʭ ʫʪʚʦʨʝʥʴ ʋʤʘʥʩʴʢʦʛʦ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ ʬʦʢʫʩʫʚʘʣʠʩʴ ʥʘ 

ʘʥʘʣʽʟʽ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʚʫʛʽʣʣʷ ɼʦʥʙʘʩʫ [1]. ʊʘʢʦʞ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʨʦʜʦʚʠʱ [2] ʪʘ ʥʘʬʪʦʚʠʭ 

ʧʦʣʽʚ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ ʟʘ ʚʤʽʩʪʦʤ ʨʽʟʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ [3-9]. 

ɯʥʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʘʥʘʣʽʟʽ ʨʦʟʧʦʜʽʣʫ ʛʝʨʤʘʥʽʶ ʚ ʦʢʨʝʤʠʭ 

ʚʫʛʽʣʴʥʠʭ ʰʘʨʘʭ ʇʘʚʣʦʛʨʘʜʩʴʢʦ-ʇʝʪʨʦʧʘʚʣʽʚʩʴʢʦʛʦ ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʨʘʡʦʥʫ ɼʦʥʙʘʩʫ [10-11]. ɸʣʝ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʪʦʥʢʦʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʚʘʨʮʫ ʽʟ ʛʨʘʥʽʪʽʚ ʉʠʥʷʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʚʽʜʽʙʨʘʥʠʭ ʜʦ ʽ 

ʧʽʩʣʷ ʙʫʨʦʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʩʪʘʥʦʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʤʽʥʠ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʫ 

ʢʨʠʩʪʘʣʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʢʚʘʨʮʫ ʛʨʘʥʽʪʽʚ ʉʠʥʷʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʧʽʜ ʚʧʣʠʚʦʤ 

ʙʫʨʦʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ. ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʽʩʥʫʶʯʠʭ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʫʩʽʤʘ ʧʨʦʙʘʤʠ ʛʨʘʥʽʪʽʚ ʉʠʥʷʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ 

ʜʦ ʽ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʪʘ ʧʨʦʜʫʢʪʘʤʠ ʾʭ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʬʽʢʩʫʻʪʴʩʷ ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʤʽʞ 

ʧʨʦʜʫʢʪʘʤʠ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ ʚ ʨʷʜʽ: çʙʘʨʘʙʘʥ ʄʉè Ÿ çʥʠʞʥʽʡ ʨʦʣʠʢè Ÿ 

çʚʝʨʭʥʽʡ ʨʦʣʠʢè Ÿ çʥʝʤʘʛʥʽʪʥʠʡ ʧʨʦʜʫʢʪè, ʪʘ ʜʝʱʦ ʤʝʥʰʝ, ʘʣʝ ʪʘʢʦʞ 

ʟʘʢʦʥʦʤʽʨʥʝ ʟʤʝʥʰʝʥʥʷ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʚ ʥʘʧʨʷʤʢʫ 

ʚʽʜ ʧʨʦʙ ʛʨʘʥʽʪʽʚ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʜʦ ʧʨʦʙ ʛʨʘʥʽʪʽʚ, ʷʢʽ ʙʫʣʠ 

ʚʽʜʽʙʨʘʥʽ ʚʞʝ ʧʽʩʣʷ ʾʭ ʧʨʦʚʝʜʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰʠʡ ʛʨʘʜʽʻʥʪ ʟʤʝʥʰʝʥʥʷ 

ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ ʫ ʧʨʦʙʘʭ ʚʽʜʽʙʨʘʥʠʭ ʜʦ ʚʠʙʫʭʦʚʠʭ 

ʨʦʙʽʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʜʽʣʷʥʮʽ ʤʽʞ ʧʨʦʜʫʢʪʘʤʠ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ: çʚʝʨʭʥʽʡ 

ʨʦʣʠʢè ï çʥʝʤʘʛʥʽʪʥʠʡ ʧʨʦʜʫʢʪè ʽ ʩʪʘʥʦʚʠʪʴ 3,31*10-5%, ʘ ʫ ʧʨʦʙʘʭ ʚʽʜʽʙʨʘʥʠʭ 
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ʚʞʝ ʧʽʩʣʷ ʾʭ ʧʨʦʚʝʜʝʥʥʷ ʥʘ ʜʽʣʷʥʮʽ ʤʽʞ ʧʨʦʜʫʢʪʘʤʠ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ: çʙʘʨʘʙʘʥ 

ʄʉè ï çʥʠʞʥʽʡ ʨʦʣʠʢè ʽ ʜʦʨʽʚʥʶʻ 5,56*10-5%. 
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ʆʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 
ʈʠʩ. 1. ʉʪʫʧʽʥʴ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʢʚʘʨʮʫ. ʆʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

ʛʨʘʥʽʪʠ ʜʦ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ: 1 ï ʧʨʦʜʫʢʪ ʙʘʨʘʙʘʥ ʄʉ, 2 ï ʧʨʦʜʫʢʪ ʥʠʞʥʽʡ ʨʦʣʠʢ, 3 ï 

ʧʨʦʜʫʢʪ ʚʝʨʭʥʽʡ ʨʦʣʠʢ, 4 ï ʧʨʦʜʫʢʪ ʥʝʤʘʛʥʽʪʥʠʡ; ʛʨʘʥʽʪʠ ʧʽʩʣʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ: 5 ï 

ʧʨʦʜʫʢʪ ʙʘʨʘʙʘʥ ʄʉ, 6 ï ʧʨʦʜʫʢʪ ʥʠʞʥʽʡ ʨʦʣʠʢ, 7 ï ʧʨʦʜʫʢʪ ʚʝʨʭʥʽʡ ʨʦʣʠʢ, 8 ï ʧʨʦʜʫʢʪ 

ʥʝʤʘʛʥʽʪʥʠʡ 

 

ɺʨʘʭʦʚʫʶʯʠ ʚʽʜʩʦʪʢʠ ʚʠʭʦʜʫ ʢʦʞʥʦʛʦ ʽʟ ʧʨʦʜʫʢʪʽʚ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ 

ʩʝʨʝʜʥʻ ʟʚʘʞʝʥʝ ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʢʚʘʨʮʫ ʚ ʧʨʦʙʘʭ 

ʛʨʘʥʽʪʫ ʜʦ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʩʪʘʥʦʚʠʪʴ 4,85*10-5%, ʘ ʫ ʧʨʦʙʘʭ ʛʨʘʥʽʪʫ ʧʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʜʦʨʽʚʥʶʻ 4,02*10-5%. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʻ ʟʚʘʞʝʥʝ 

ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʢʚʘʨʮʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 17,11%. 

ɺʠʩʥʦʚʢʠ. ɺʠʷʚʣʝʥʦ ʷʚʠʱʝ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʷ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ ʫ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʘʭ ʢʚʘʨʮʫ ʤʽʞ ʧʨʦʜʫʢʪʘʤʠ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʨʷʜʽ: çʙʘʨʘʙʘʥ ʄʉè Ÿ çʥʠʞʥʽʡ ʨʦʣʠʢè Ÿ çʚʝʨʭʥʽʡ ʨʦʣʠʢè Ÿ çʥʝʤʘʛʥʽʪʥʠʡ 

ʧʨʦʜʫʢʪè. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʽ ʤʽʢʨʦʥʘʧʨʫʞʝʥʥʷ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʶʪʴʩʷ ʚʽʜ 

ʧʨʦʙ ʛʨʘʥʽʪʽʚ, ʚʟʷʪʠʭ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ, ʜʦ ʧʨʦʙ, ʚʽʜʽʙʨʘʥʠʭ ʚʞʝ 

ʧʽʩʣʷ ʮʠʭ ʨʦʙʽʪ. 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 
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ʉʋʏɸʉʅɸ ʆʎɯʅʂɸ ʇɽʈʉʇɽʂʊʀɺ ʅɸʌʊʆɻɸɿʆʅʆʉʅʆʉʊɯ 

ɺʅʋʊʈɯʐʅʔʆɰ ɿʆʅʀ ʇɯɺʅɯʏʅʆ-ɿɸʍɯɼʅʆɻʆ ʐɽʃʔʌʋ ʏʆʈʅʆɻʆ 

ʄʆʈʗ 

1ʂʠʯʢʘ ʆ. ɸ., 2ʆʣʴʰʘʥʝʮʴʢʠʡ M. ɺ., 2,3ʊʠʱʝʥʢʦ ɸ. ʇ., 1ɺʠʞʚʘ ɸ. ʉ., 
2ɾʘʜʘʥ ɸ. ʄ., 1ʄʘʢʦʚʝʮʴ ʆ. ɺ., 2ʌʝʥʦʪʘ ʇ. ʆ., 1ʍʤʝʣʝʚʩʴʢʠʡ ɸ. ʉ., 

2,3ʄʝʣʴʥʠʢ ʃ. ʇ.  
1ʋʢʨʅɼɯʛʘʟ, 2ɸʊ çʋʢʨʛʘʟʚʠʜʦʙʫʚʘʥʥʷè, 3ʅɸʂ çʅʘʬʪʦʛʘʟ ʋʢʨʘʾʥʠè, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʅʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʥʦʚʽʪʥʴʦʾ ʩʝʡʩʤʦʨʦʟʚʽʜʢʠ 3D ʽ ʘʥʘʣʽʟʫ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʚʠʜʽʣʝʥʦ ʽ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʦʥʘʜ ʪʨʠʜʮʷʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʩʧʝʮʜʦʟʚʦʣʘʭ ɼʝʣʴʬʽʥ 01-10 ʅɸʂ çʅʘʬʪʦʛʘʟ ʋʢʨʘʾʥʠè ʚ ʤʝʞʘʭ ʚʥʫʪʨʽʰʥʴʦʾ ʟʦʥʠ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʦʛʦ ʰʝʣʴʬʫ ʏʦʨʥʦʛʦ ʤʦʨʷ. ʋʪʦʯʥʝʥʦ ʽ ʜʝʪʘʣʽʟʦʚʘʥʦ ʛʝʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ʨʘʡʦʥʫ ʨʦʙʽʪ ʪʘ 

ʦʮʽʥʝʥʽ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʧʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʶ ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʭ ʦʙôʻʢʪʽʚ, ʾʭ ʨʘʥʞʫʚʘʥʥʷ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʏʦʨʥʝ ʤʦʨʝ, ʩʧʝʮʜʦʟʚʦʣʠ ʥʘ ʨʦʟʚʽʜʢʫ ʽ ʚʠʜʦʙʫʚʘʥʥʷ, ʩʝʡʤʦʨʦʟʚʽʜʢʘ 3ɼ, 

ʛʝʦʣʦʛʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ, ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʥʘ ʦʩʥʦʚʽ ʧʣʝʾʚ. 

 

MODERN EVALUATION OF THE HYDROCRABON POTENTIAL FOR 
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In the inner zone of the northwest Black Sea shelf, within the Dolphin 01-10 specialt permits of 

NJSC Naftogaz of Ukraine, more than thirty promising structures were found and described using 

the most recent 3D seismic data processing and geological and geophysical information. The study 

area's geological model was improved and detailed, and the key geological risk factors for potential 

oil and gas bearing complexes (plays) were evaluated in order to create a portfolio of hydrocarbon 

exploration prospects, rank them, and make the appropriate decisions. 

Key words: Black Sea, E&P special permits, 3D seismics, geological interpretation, play-based 

exploration. 

 

ɺʩʪʫʧ. ʅʝʦʜʤʽʥʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʠʭ ɻʈʈ ʥʘ ʥʘʬʪʫ ʽ ʛʘʟ ʚ ʥʝʜʦʩʪʘʪʥʴʦ 

ʛʝʦʣʦʛʽʯʥʦ ʚʠʚʯʝʥʠʭ ʨʝʛʽʦʥʘʭ ʻ ʘʥʘʣʽʟ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʧʣʝʾʚ) ʟ 

ʦʮʽʥʢʦʶ ʛʝʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ (PoS) ʜʣʷ ʙʘʟʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘʬʪʦʛʘʟʦʚʠʭ ʩʠʩʪʝʤ 

ʚ ʥʠʭ (ʽʤʦʚʽʨʥʽʩʪʴ ʜʞʝʨʝʣʘ/ʤʽʛʨʘʮʽʾ/ʟʘʧʦʚʥʝʥʥʷ ï ʧʘʩʪʢʠ ï ʢʦʣʝʢʪʦʨʫ ï 

ʧʦʢʨʠʰʢʠ) ʪʘ ʟʘʣʫʯʝʥʥʷʤ ʙʘʩʝʡʥʦʚʦʛʦ ʘʥʘʣʽʟʫ. ɹʫʣʠ ʟʘʢʘʨʪʦʚʘʥʽ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʥʘʬʪʦʛʘʟʦʚʽ ʽ ʛʘʟʦʚʽ ʟʦʥʠ, ʱʦ ʙʫʣʠ ʚʽʜʢʘʣʽʙʨʦʚʘʥʽ ʧʦ ʩʚʝʨʜʣʦʚʠʥʽ 

ʇʨʘʜʥʽʧʨʦʚʩʴʢʘ-2 ʚ ʤʝʞʘʭ ʢʫʙʫ ʩʝʡʩʤʦʜʘʥʠʭ 3D ʽ ʜʝʷʢʠʭ ʽʥʰʠʭ ʚ ʥʘʡʙʣʠʞʯʦʤʫ 

ʦʢʦʣʽ (ʩʚʝʨʜʣʦʚʠʥʠ ɹʝʟʽʤʝʥʥʦʛʦ ʪʘ ʆʜʝʩʴʢʦʛʦ ʨʦʜʦʚʠʱ, ʘ ʪʘʢʦʞ ʌʣʘʥʛʦʚʘ-2). 
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ʄʝʪʦʜʠ, ʨʝʟʫʣʴʪʘʪʠ ʽ ʥʦʚʠʟʥʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʠʡ ʰʝʣʴʬ 

ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʤʝʛʘʙʘʩʝʡʥʫ ʻ ʦʩʥʦʚʥʠʤ ʨʘʡʦʥʦʤ ʚʠʜʦʙʫʪʢʫ ʛʘʟʫ ʚ ʤʝʞʘʭ 

ʇʽʚʜʝʥʥʦʛʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ ʋʢʨʘʾʥʠ. ʎʝʡ ʨʝʛʽʦʥ ʚʽʜʢʨʠʚʘʻ ʜʣʷ 

ʋʢʨʘʾʥʠ ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʰʫʢʽʚ ʪʘ ʨʦʟʚʽʜʢʠ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ ʱʝ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽʡ ʘʢʚʘʪʦʨʽʾ. ʋ 2021 ʨʦʮʽ PGS Exploration ASA ʟʘ ʢʦʥʪʨʘʢʪʦʤ 

ʟ ʅɸʂ ʅʘʬʪʦʛʘʟ ʋʢʨʘʾʥʠ ʧʨʦʚʝʣʘ ʙʘʪʠʤʝʪʨʠʯʥʽ ʪʘ 3D ʩʝʡʩʤʦʨʦʟʚʽʜʫʚʘʣʴʥʽ 

ʨʦʙʦʪʠ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʥʘ ʤʽʣʢʦʚʦʜʥʽʡ ʜʽʣʷʥʮʽ ʧʣʦʱʝʶ 5000 

ʢʚʘʜʨʘʪʥʠʭ ʢʽʣʦʤʝʪʨʽʚ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʰʝʣʴʬʽ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʋʢʨʘʾʥʠ [2]. ʆʙʨʦʙʢʘ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ ʥʘʡʩʫʯʘʩʥʽʰʠʡ 

ʛʨʘʬ ʛʣʠʙʠʥʥʦʾ ʦʙʨʦʙʢʠ, ʘ ʩʘʤʝ FWI, KPSDM ʪʘ SWIM, ʱʦ ʩʪʘʣʦ ʚʠʜʘʪʥʦʶ 

ʚʽʭʦʶ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ɻʈʈ ʚ ʨʝʛʽʦʥʽ [3]. 

ɿʘʚʜʷʢʠ ʦʙʨʦʙʮʽ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʤʦʨʩʴʢʠʭ 3D ʩʝʡʩʤʽʯʥʠʤ ʜʘʥʠʭ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʜʝʢʽʣʴʢʘ ʚʠʟʥʘʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʜʥʠʤ ʟ ʥʠʭ ʻ ʨʘʥʽʰʝ 

ʥʝʚʽʜʦʤʠʡ ʛʦʨʠʟʦʥʪ ʚʽʜʙʠʪʪʷ, ʷʢʠʡ ʥʘʟʚʘʥʠʡ ʥʘʤʠ "ʛʦʣʦʚʥʠʤ ʥʝʫʟʛʦʜʞʝʥʥʷʤ" 

(ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ VI-ʡ ʩʝʡʩʤʦʛʦʨʠʟʦʥʪ). ɻʦʨʠʟʦʥʪ ʛʦʣʦʚʥʦʛʦ ʥʝʫʟʛʦʜʞʝʥʥʷ ʻ 

ʷʩʢʨʘʚʦʶ ʩʝʡʩʤʽʯʥʦʶ ʛʨʘʥʠʮʝʶ, ʱʦ ʤʘʻ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʡ ʨʝʣʴʻʬʥʠʡ ʚʠʛʣʷʜ, ʷʢʘ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʧʽʜʦʰʚʦʶ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ ʥʘ ʛʝʪʝʨʦʛʝʥʥʦʤʫ ʽ ʛʝʪʝʨʦʭʨʦʥʥʦʤʫ 

ʘʢʫʩʪʠʯʥʦʤʫ ʬʫʥʜʘʤʝʥʪʽ, ʽ ʚʧʝʚʥʝʥʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʥʘ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʧʣʦʱʽ 

ʨʦʙʽʪ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʦʢʨʝʩʣʝʥʦ ʪʨʠ ʧʦʤʽʪʥʽ ʧʨʠʧʽʜʥʷʪʽ ʱʘʙʣʽ 

ʬʫʥʜʘʤʝʥʪʫ - ɼʥʽʩʪʨʦʚʩʴʢʠʡ, ɸʣʽʙʝʡʩʴʢʠʡ ʪʘ ʊʝʥʜʨʽʚʩʴʢʠʡ, ʘ ʪʘʢʦʞ ɺʠʣʢʽʚʩʴʢʫ 

ʤʽʥʽʟʘʧʘʜʠʥʫ (ʦʪʦʯʝʥʫ ʛʦʨʩʪʘʤʠ ʬʫʥʜʘʤʝʥʪʫ ʽ ʟʘʧʦʚʥʝʥʫ ʩʝʡʩʤʽʯʥʦ 

ʥʘʧʽʚʧʨʦʟʦʨʠʤʠ ʩʝʡʩʤʦ-ʩʝʢʚʝʥʮʽʷʤʠ, ʱʦ ʧʘʜʘʶʪʴ ʥʘ ʧʽʚʜʝʥʴ ʽ ʩʝʛʤʝʥʪʦʚʘʥʽ 

ʫʩʧʘʜʢʦʚʘʥʠʤʠ ʩʢʠʜʘʤʠ), ʈʠʩ. 1. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ ʧʦʙʫʜʦʚʘʥʦ ʜʚʘʥʘʜʮʷʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʢʘʨʪ 

ʧʦ ʢʣʶʯʦʚʠʭ ʛʦʨʠʟʦʥʪʘʭ ʚʽʜʙʠʪʪʷ, ʩʪʨʘʪʠʛʨʘʬʽʯʥʦ ʧʨʠʚ'ʷʟʘʥʠʭ ʜʦ ʩʚʝʨʜʣʦʚʠʥʠ 

ʇʨʘʜʥʽʧʨʦʚʩʴʢʘ-2, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʴʢʠʡ ʦʩʘʜʦʚʠʡ ʯʦʭʦʣ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʩʽʭ ʥʘʷʚʥʠʭ ʛʝʦʜʘʥʠʭ, ʚʢʣʶʯʘʶʯʠ 2D ʧʨʦʬʽʣʽ ʤʠʥʫʣʠʭ ʨʦʢʽʚ, ʘ 

ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʶ ʟ ʧʦʥʘʜ 160 ʚʠʨʦʙʥʠʯʠʭ ʟʚʽʪʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʦ ʧʨʠʣʝʛʣʠʭ ʨʝʛʽʦʥʘʭ ʫ ʨʫʤʫʥʩʴʢʠʭ, ʙʦʣʛʘʨʩʴʢʠʭ ʽ ʪʫʨʝʮʴʢʠʭ 

ʚʦʜʘʭ. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʘʥʠʭ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʭ 

ʨʦʙʽʪ, ʪʘ ʧʦʧʝʨʝʜʥʽʡ ʙʘʩʝʡʥʦʚʠʡ ʘʥʘʣʽʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʛʨʘʮʽʾ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʷʢʠʡ ʧʨʦʛʥʦʟʫʻ ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʜʣʷ ʧʦʰʫʢʫ ʥʘʬʪʠ 

ʽ ʛʘʟʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʢʦʨʝʣʴʦʚʘʥʦ ʥʦʚʽ 3D ʜʘʥʽ ʟ ʢʫʙʦʤ ʩʝʡʩʤʦʨʦʟʚʽʜʢʠ ʧʦ 

ʆʜʝʩʴʢʦ-ɹʝʟʽʤʝʥʥʦʾ ʧʣʦʱʽ ʪʘ ʥʘʟʝʤʥʠʤʠ ʜʘʥʠʤʠ 2D ʩʝʡʩʤʦʨʦʟʚʽʜʢʠ ʽ ʛʣʠʙʦʢʠʭ 

ʩʚʝʨʜʣʦʚʠʥ (ʇʝʨʝʜʜʦʙʨʫʜʞʠʥʩʴʢʠʡ ʧʨʦʛʠʥ) ʯʝʨʝʟ ʧʨʠʙʝʨʝʞʥʫ ʧʝʨʝʭʽʜʥʫ ʟʦʥʫ 

ʚʽʜʩʫʪʥʦʩʪʽ ʩʝʡʤʽʯʥʠʭ ʜʘʥʠʭ ʰʠʨʠʥʦʶ ~10 ʢʤ. ʉʪʨʫʢʪʫʨʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʪʘ 



82 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ʝʣʝʤʝʥʪʠ ʥʘʬʪʦʚʠʭ ʩʠʩʪʝʤ, ʚʜʘʣʦʩʷ ʧʝʨʝʥʝʩʪʠ ʥʘ ʂʨʠʣʦʚʩʴʢʠʡ ʩʫʙ-ʙʘʩʝʡʥ, ʜʝ 

ʚʠʷʚʣʝʥʦ ʧʦʪʝʥʮʽʡʥʽ ʧʘʩʪʢʠ ʚ ʝʨʦʜʦʚʘʥʽʡ ʢʘʨʙʦʥʘʪʥʽʡ ʧʣʘʪʬʦʨʤʽ ʩʝʨʝʜʥʴʦʛʦ ʪʘ 

ʧʽʟʥʴʦʛʦ ʧʘʣʝʦʟʦʶ. 
 

 

ʈʠʩʫʥʦʢ 1. ʊʝʢʪʦʥʽʯʥʝ ʨʘʡʦʥʫʚʘʥʥʷ ʨʘʡʦʥʫ ʨʦʙʽʪ ʥʘ ʨʽʚʥʽ ʚʽʜʙʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʫ VI 

(ʘʢʫʩʪʠʯʥʠʡ ʬʫʥʜʘʤʝʥʪ) ʟʘ ʜʘʥʠʤʠ ʩʝʡʩʤʦʨʦʟʚʽʜʢʠ 3D. 
 

ɯʥʪʝʛʨʘʮʽʷ ʚʩʽʭ ʮʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʣʘ ʩʪʚʦʨʠʪʠ ʟʙʘʣʘʥʩʦʚʘʥʫ 2D ʛʝʦʣʦʛʽʯʥʫ 

ʤʦʜʝʣʴ, ʷʢʘ ʽʣʶʩʪʨʫʻ ʩʪʨʫʢʪʫʨʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʩʫʭʦʜʦʣʦʤ ʽ ʰʝʣʴʬʦʤ [1]. 

ɺʠʜʽʣʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʧʣʝʾʽʚ) 

ɹʘʟʫʶʯʠʩʴ ʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʥʦʚʽʪʥʽʭ ʩʝʡʩʤʦʜʘʥʠʭ 3D ʪʘ ʩʧʠʨʘʶʯʠʩʴ ʥʘ 

ʤʽʞʥʘʨʦʜʥʦ ʚʠʟʥʘʥʠʡ ʛʘʣʫʟʝʚʠʡ çʩʪʘʥʜʘʨʪè ʟ ʚʠʜʽʣʝʥʥʷ ʥʘʬʪʦʛʘʟʦʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ (ʧʣʝʾʚ), ʚʠʦʢʨʝʤʣʝʥʦ ʩʽʤ ʥʝʟʘʣʝʞʥʠʭ ʧʣʝʾʚ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ 

ʧʦʰʫʢʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʚ ʤʝʞʘʭ ʧʝʨʠʤʝʪʨʫ ʩʧʝʮʜʦʟʜʚʦʣʽʚ ɼʝʣʴʬʽʥ 01-10, ʘ ʩʘʤʝ: 

1) ɺʠʚʽʪʨʝʥʠʡ ʪʘ ʪʨʽʱʠʥʫʚʘʪʠʡ ʬʫʥʜʘʤʝʥʪ ʧʨʦʪʝʨʦʟʦʶ - ʨʘʥʥʴʦʛʦ ʧʘʣʝʦʟʦʶ. 

2) ʉʢʣʝʧʽʥʝʚʽ, ʪʝʢʪʦʥʽʯʥʦ-ʝʢʨʘʥʦʚʘʥʽ ʧʘʩʪʢʠ ʚ ʧʘʣʝʦʟʦʡʩʴʢʽʡ ʪʦʚʱʽ. 

3) ʉʢʣʝʧʽʥʝʚʽ ʪʘ ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʧʘʩʪʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʨʽʟʢʠʤ ʢʫʪʦʚʠʤ 

ʥʝʫʟʛʦʜʞʝʥʥʷʤ ʚ ʧʦʢʨʽʚʣʽ ʚʘʣʘʥʞʠʥʩʴʢʦ-ʶʨʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ. 

4) Cʢʣʝʧʽʥʝʚʽ ʧʘʩʪʢʠ ʚ ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ (ʥʝʦʢʦʤ-ʘʣʴʙʩʴʢʠʭ) ʜʦʨʠʬʪʦʚʠʭ-

ʩʠʥʨʠʬʪʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʪʘ ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʧʘʩʪʢʠ. 

5) ʉʢʣʝʧʽʥʝʚʽ ʧʘʩʪʢʠ ʚ ʢʦʤʧʣʝʢʩʽ ʢʘʨʙʦʥʘʪʥʦʾ ʧʣʘʪʬʦʨʤʠ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ-

ʩʝʨʝʜʥʴʦʛʦ ʝʦʮʝʥʫ. ʈʠʬʦʚʽ ʪʽʣʘ ʫ ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʠʭ (ʢʘʤʧʘʥ-ʤʘʘʩʪʨʠʭʪʩʴʢʠʭ) 

ʚʽʜʢʣʘʜʘʭ ʪʘ ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʧʘʩʪʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʤ ʥʝʫʟʛʦʜʞʝʥʥʷʤ 
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ʚ ʧʘʣʝʦʛʝʥ-ʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʘʭ. 

6) ɺʝʨʭʥʽʡ ʝʦʮʝʥ ï ʦʣʽʛʦʮʝʥ-ʥʠʞʥʽʡ ʤʽʦʮʝʥ (ʤʘʡʢʦʧʩʴʢʽ) ʩʢʣʝʧʽʥʝʚʽ ʧʘʩʪʢʠ ʪʘ 

ʣʽʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʧʘʩʪʢʠ. 

7) ʅʝʦʛʝʥʦʚʽ ʩʢʣʝʧʽʥʝʚʽ ʧʘʩʪʢʠ ʪʘ ʣʽʪʦʣʦʛʽʯʥʽ ʧʘʩʪʢʠ. 

ʇʨʦʩʪʦʨʦʚʝ ʧʦʣʦʞʝʥʥʷ ʚʠʱʝʟʘʛʘʜʘʥʠʭ ʧʣʝʾʚ ʧʦʢʘʟʘʥʦ ʚʟʜʦʚʞ ʤʦʜʝʣʴʥʦʛʦ 

ʧʝʨʝʪʠʥʫ ʯʝʨʝʟ ʩʧʝʮʜʦʟʚʦʣʠ ɼʝʣʴʬʽʥ ɺʥʫʪʨʽʰʥʴʦʛʦ ʰʝʣʴʬʫ ʥʘ ʈʠʩ. 2. 

ʆʮʽʥʢʘ ʛʝʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʜʘʣʦʩʷ 

ʧʨʦʨʘʥʞʫʚʘʪʠ ʪʘ ʛʝʦʣʦʛʽʯʥʦ ʦʙʨʠʟʠʢʫʚʘʪʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʩʠʩʪʝʤ ʧʦʥʘʜ 30 ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ (ʘʥʪʠʢʣʽʥʘʣʴʥʠʭ ʽ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ 

ʧʘʩʪʦʢ), ʧʨʠʯʦʤʫ ʚʽʩʽʤ ʟ ʥʠʭ ʙʫʣʠ ʚʧʝʨʰʝ ʟʘʢʘʨʪʦʚʘʥʽ ʚ ʤʝʞʘʭ ʩʧʝʮʽʘʣʴʥʠʭ 

ʜʦʟʚʦʣʽʚ ʅɸʂ ʅʘʬʪʦʛʘʟ ʋʢʨʘʾʥʠ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ 

ʩʝʡʩʤʦʨʦʟʚʽʜʢʠ 3D. 

ʉʪʦʩʦʚʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʬʦʨʤʦʶ ʩʝʡʩʤʽʯʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʪʦ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʢʘʨʪ ʩʝʡʩʤʦʬʽʮʽʡ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʝ ʭʚʠʣʴʦʚʝ ʧʦʣʝ ʫʟʜʦʚʞ ʩʝʡʩʤʽʯʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ. ɺʠʭʦʜʷʯʠ ʟ ʧʝʨʝʜʫʤʦʚ, ʱʦ ʬʦʨʤʘ ʚʽʜʙʠʪʦʾ ʭʚʠʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʢʫʩʪʠʯʥʦʾ ʛʨʘʥʠʮʽ ʽ ʚʽʜ ʬʦʨʤʠ ʩʝʡʩʤʽʯʥʦʛʦ ʟʘʧʠʩʫ, 

ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʦ ʟʤʽʥʫ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʪʝʨʤʘʣʴʥʦʾ ʟʨʽʣʦʩʪʽ 

ʥʘʬʪʦʛʘʟʦʤʘʪʝʨʠʥʩʴʢʠʭ ʧʦʨʽʜ ʚ ʤʝʞʘʭ ʨʘʡʦʥʫ ʨʦʙʽʪ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʋʢʨɼɻʈɯ ʜʣʷ ʩʫʭʦʜʦʣʫ (ʇʝʨʝʜʦʙʨʫʜʞʠʥʩʴʢʠʡ ʧʨʦʛʠʥ), ʪʘʢ ʽ ʜʣʷ ʧʨʠʣʝʛʣʦʛʦ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʰʝʣʴʬʫ (ʟʘ ʜʘʥʠʤʠ Simon Petroleum Technology Ltd.). 

 

 

ʈʠʩʫʥʦʢ 2. ʆʩʥʦʚʥʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʬʪʦʛʘʟʦʚʽ ʧʣʻʾ ʚʟʜʦʚʞ ʤʦʜʝʣʴʥʦʛʦ ʛʝʦʣʦʛʦ-

ʛʝʦʬʽʟʠʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʚ ʤʝʞʘʭ ʨʘʡʦʥʫ ʨʦʙʽʪ. 
 

ɼʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʧʣʝʶ) ʪʘ ʡʦʛʦ ʩʫʙ-ʢʦʤʧʣʝʢʩʫ (ʩʝʛʤʝʥʪʫ) ʙʫʣʠ 

ʧʦʙʫʜʦʚʘʥʽ ʢʘʨʪʠ ʪʝʨʤʘʣʴʥʦʾ ʟʨʽʣʦʩʪʽ ʪʘ ʢʘʨʪʦ-ʩʭʝʤʠ ʧʦʰʠʨʝʥʥʷ 
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ʩʝʡʩʤʦʬʘʮʽʘʣʴʥʠʭ ʟʦʥ ʥʘ ʦʩʥʦʚʽ ʘʪʨʠʙʫʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ (ʟʘ ʬʦʨʤʦʶ ʩʠʛʥʘʣʫ ʪʘ 

ʥʘʙʦʨʫ ʘʪʨʠʙʫʪʽʚ) ʜʣʷ ʢʣʶʯʦʚʠʭ ʩʝʡʩʤʦʛʦʨʠʟʦʥʪʽʚ ʤʝʟʦʢʘʡʥʦʟʦʶ (Ia, IIa, IIʙ, ɯɯɯ, 

IIIm, IIIʛ, IV, V, VI), ʷʢʽ ʙʫʣʠ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʽʥʪʝʨʧʨʝʪʘʮʽʡʥʠʭ ʢʘʨʪ 

ʽʤʦʚʽʨʥʦʩʪʽ ʥʘʷʚʥʦʩʪʽ ʧʘʩʪʢʠ ʪʘ ʢʦʣʝʢʪʦʨʘ ʚ ʥʴʦʤʫ. 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʪʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʽʤʦʚʽʨʥʦʩʪʽ 

ʜʣʷ ʯʦʪʠʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʽʤʦʚʽʨʥʽʩʪʴ ʜʞʝʨʝʣʘ/ʤʽʛʨʘʮʽʾ/ʟʘʧʦʚʥʝʥʥʷ ï ʧʘʩʪʢʠ ï 

ʢʦʣʝʢʪʦʨʫ ï ʧʦʢʨʠʰʢʠ) ʪʘ ʚʠʟʥʘʯʝʥʦ ʟʚʝʜʝʥʠʡ ʛʝʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ (CCRS) 

ʢʦʞʥʦʛʦ ʟ ʩʝʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʧʣʝʾʚ), ʷʢʠʡ 

ʽʣʶʩʪʨʫʻʪʴʩʷ ʈʠʩ. 3. 

ʇʨʠʢʣʘʜ ʦʮʽʥʢʠ ʩʢʣʘʜʦʚʠʭ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʜʣʷ ʩʝʨʝʜʥʴʦʶʨʩʴʢʦʛʦ 

ʧʣʝʶ ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 3. 
 

  

ʈʠʩʫʥʦʢ 3. ʂʘʨʪʘ ʧʨʦʛʥʦʟʥʠʭ ʩʝʡʩʤʦʬʘʮʽʡ ʟʘ ʜʘʥʠʤʠ ʘʪʨʠʙʫʪʠʚʥʠʦʛʦ ʘʥʘʣʽʟʫ (ʣʽʚʦʨʫʯ) 

ʪʘ ʢʘʨʪʘ ʟʚʝʜʝʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ (ʧʨʘʚʦʨʫʯ), ʜʣʷ ʩʝʨʝʜʥʴʦʶʨʩʴʢʦʛʦ ʧʣʝʶ. 

 

ɺʠʩʥʦʚʢʠ. ʈʘʡʦʥ ʨʦʙʽʪ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ ʟʯʣʝʥʫʚʘʥʥʷ ʩʭʠʣʫ 

ʜʦʢʝʤʙʨʽʡʩʴʢʦʾ ʉɽʇ, ʧʘʣʝʦʟʦʡʩʴʢʦ-ʢʽʤʝʨʽʡʩʴʢʦʾ ʉʢʽʬʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘ 

ʤʦʣʦʜʦʾ ʤʝʟʦʢʘʡʥʦʟʦʡʩʴʢʦʾ ʏʦʨʥʦʤʦʨʩʴʢʦʾ ʟʘʧʘʜʠʥʠ ʻ ʥʘʧʨʦʯʫʜ ʩʢʣʘʜʥʠʤ ʟʘ 

ʪʝʢʪʦʥʽʯʥʦʶ ʙʫʜʦʚʦʶ ʚ ʨʝʛʽʦʥʽ, ʧʨʦʪʝ ʚʦʜʥʦʯʘʩ ʽ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤ ʨʘʡʦʥʦʤ ʟ 

ʛʝʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʥʦʩʥʦ ʧʦʤʽʨʥʽ ʚʫʛʣʝʚʦʜʥʝʚʽ ʨʝʩʫʨʩʠ. 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʧʦʰʠʨʝʥʥʷ ʇʝʨʝʜʜʦʙʨʫʜʞʠʥʩʴʢʦʛʦ ʧʨʦʛʠʥʫ ʚ ʘʢʚʘʪʦʨʽʶ 

ʏʦʨʥʦʛʦ ʤʦʨʷ, ʘ ʪʘʢʦʞ ʧʝʨʝʥʝʩʝʥʦ ʝʣʝʤʝʥʪʠ ʡʦʛʦ ʥʘʬʪʦʚʠʭ ʩʠʩʪʝʤ ʥʘ 

ʂʨʠʣʦʚʩʴʢʫ ʟʘʧʘʜʠʥʫ, ʜʝ ʚʠʷʚʣʝʥʦ ʧʦʪʝʥʮʽʡʥʽ ʧʘʩʪʢʠ ɺɺ ʚ ʝʨʦʜʦʚʘʥʽʡ 

ʢʘʨʙʦʥʘʪʥʽʡ ʧʣʘʪʬʦʨʤʽ ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʧʽʟʥʴʦʛʦ ʧʘʣʝʦʟʦʶ. 

ɺʩʪʘʥʦʚʣʝʥʽ ʽ ʧʨʦʩʪʝʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʘʣʠ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʟʚʝʜʝʥʠʡ 

ʛʝʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʨʦʤʠʩʣʦʚʦʾ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʜʣʷ 

ʩʧʝʮʜʦʟʚʦʣʽʚ ɼʝʣʴʬʽʥ ʥʘ ɺʥʫʪʨʽʰʥʴʦʤʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʰʝʣʴʬʽ ʏʦʨʥʦʛʦ 

ʤʦʨʷ ʽ ʧʨʠʩʪʫʧʠʪʠ ʜʣʷ ʦʮʽʥʢʠ ʾʭ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʤ ʪʘ 

ʩʪʦʭʘʩʪʠʯʥʠʤ ʤʝʪʦʜʘʤʠ. 
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1. Kitchka A., Olshanetsky M., Tyshchenko A. et al. Confident progress in understanding geology 

& hydrocarbon potential of the NW Black Sea Inner Shelf, Ukraine, based on cutting-edge 3D 

seismic exploration program. Abs. AAPG Europe Region Conference, 28-29 May 2024 Krakow. 

ï P. 78. 

2. Tauvers P., Tyschenko A., Kitchka O., Melnyk L., Boekholt M. Start of major 3D acquisition by 

Naftogaz in the Western Ukrainian Black Sea - implications for rejuvenation of offshore 

exploration for Ukraine. Abs. AAPG Exploration and Production in the Black Sea Region and 

Super-Basin Thinking GTW, 6-7 September 2022, Trabzon. ï P. 7. 
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ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʥʝʨʘʣʽʚ ʫ ʥʝʟʘʣʝʞʥʽʡ ʝʢʩʧʝʨʪʠʟʽ, ʟʦʢʨʝʤʘ ʚ ɼʝʨʞʘʚʥʦʤʫ 

ʛʝʤʦʣʦʛʽʯʥʦʤʫ ʮʝʥʪʨʽ ʋʢʨʘʾʥʠ (ɼɻʎʋ), ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʽʪʥʽʭ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʦʮʽʥʢʠ ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʽ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷ. 

ɸʚʪʦʨʦʤ ʧʦʜʘʥʦ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ 

ʤʽʥʝʨʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ, ʘ ʪʘʢʦʞ ʾʭ ʧʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ. ʇʦʜʘʥʦ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʨʰʪʠʥʫ ʟ ɺʦʣʠʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʥʝʨʘʣʽʚ ʚʘʞʢʦʾ 

ʬʨʘʢʮʽʾ ʧʽʩʢʦʚʠʢʽʚ ʢʦʣʘʡʜʠʥʩʴʢʦʾ ʩʚʽʪʠ ʚʝʨʭʥʴʦʛʦ ʜʝʚʦʥʫ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ. 
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Modern approaches to the study of minerals in an independent examination, in particular at the State 
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ɼʝʨʞʘʚʥʠʡ ʛʝʤʦʣʦʛʽʯʥʠʡ ʮʝʥʪʨ ʋʢʨʘʾʥʠ (ɼɻʎʋ)  ̒ʧʨʦʚʽʜʥʦʶ ʥʘʫʢʦʚʦʶ 

ʫʩʪʘʥʦʚʦʶ, ʱʦ ʟʜʽʡʩʥʶʻ ʥʝʟʘʣʝʞʥʫ ʝʢʩʧʝʨʪʠʟʫ ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʪʘ ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʢʘʤʽʥʥʷ. ʎʝʥʪʨ ʤʘʻ ʥʘ ʤʝʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʷʢʦʩʪʽ ʪʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʫ ʚʠʚʯʝʥʥʽ ʤʽʥʝʨʘʣʽʚ, ʥʘʜʘʶʯʠ ʧʦʩʣʫʛʠ ʷʢ ʜʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʧʦʪʨʝʙ, 

ʪʘʢ ʽ ʜʣʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʘʤʢʘʭ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ ɼɻʎʋ ʟʘʩʪʦʩʦʚʫʻ 

ʩʫʯʘʩʥʽ ʛʝʤʦʣʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʤʽʥʝʨʘʣʽʚ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʻ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

(ʽʥʬʨʘʯʝʨʚʦʥʘ, ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʘ ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʘ), ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ 
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ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʘ ʩʪʨʫʢʪʫʨʫ ʤʽʥʝʨʘʣʽʚ; ʤʽʢʨʦʩʢʦʧʽʷ (ʦʧʪʠʯʥʘ ʪʘ ʝʣʝʢʪʨʦʥʥʘ), ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʜʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʪʝʢʩʪʫʨʠ ʪʘ ʚʢʣʶʯʝʥʴ ʫ ʤʽʥʝʨʘʣʘʭ; ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʪʚʝʨʜʽʩʪʴ, ʱʽʣʴʥʽʩʪʴ, ʟʘʣʦʤʣʝʥʥʷ) ʤʽʥʝʨʘʣʽʚ. 

ɼɻʎʋ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʷʜ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʘʙʦ 

ʰʪʫʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʤʽʥʝʨʘʣʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʝʮʠʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʧʦʣʫʢ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʘʙʦ ʩʠʥʪʝʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʦʙʣʘʛʦʨʦʜʞʝʥʴ ʯʝʨʝʟ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʟʤʽʥ ʽ ʦʙʨʦʙʢʠ. ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ EN 

ʽ ʚʢʣʶʯʘʻ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʢʦʣʽʨ, ʧʨʦʟʦʨʽʩʪʴ, ʯʠʩʪʦʪʘ ʪʘ 

ʦʛʨʘʥʢʘ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʮʽʥʥʦʾ ʚʘʨʪʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʨʠʥʢʦʚʠʭ ʜʘʥʠʭ ʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ɼɻʎʋ, ʚʽʜʽʛʨʘʶʪʴ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʥʝʟʘʣʝʞʥʽʡ ʝʢʩʧʝʨʪʠʟʽ ʤʽʥʝʨʘʣʽʚ ʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʩʧʨʠʷʶʯʠ 

ʧʽʜʚʠʱʝʥʥʶ ʜʦʚʽʨʠ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʽʚ ʪʘ ʦʮʽʥʦʢ. ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ ʛʝʤʦʣʦʛʽʾ ʦʙʽʮʷʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʠʥʦʢ ʜʦʨʦʛʦʮʽʥʥʦʛʦ 

ʢʘʤʽʥʥʷ, ʘ ʪʘʢʦʞ ʥʘ ʧʦʜʘʣʴʰʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʽʜʢʨʠʚʘʶʯʠ ʥʦʚʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ. 

ɸʚʪʦʨʦʤ ʧʨʦʚʦʜʷʪʴʩʷ ʛʝʦʤʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʨʰʪʠʥʫ (ʨʠʩ. 1) ʟ 

ʨʦʟʩʠʧʽʚ ɺʦʣʠʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ. ʉʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʚʟʽʨʮʽʚ ʙʫʨʰʪʠʥʫ 

ʚʠʨʽʟʥʷʶʪʴʩʷ ʝʢʟʝʤʧʣʷʨʠ ʟʥʘʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʚʘʛʠ, ʷʢʠʤ ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʦʩʦʙʣʠʚʘ 

ʫʚʘʛʘ. ɿʘ ʨʦʟʤʽʨʦʤ, ʚʘʛʦʶ, ʟʘʙʘʨʚʣʝʥʥʷʤ, ʪʝʢʩʪʫʨʥʠʤʠ ʦʩʦʙʣʠʪʚʦʩʪʷʤʠ ʪʘʢʽ 

ʚʟʽʨʮʽ ʙʫʨʰʪʠʥʫ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʩʽʤ ʛʨʫʧ. ʇʝʨʰʘ ʛʨʫʧʘ ï ʟʨʘʟʢʠ ʤʘʩʦʶ ʚʽʜ 1000 

ʜʦ 2000 ʛʨʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʬʦʨʤ ʪʘ ʪʝʢʩʪʫʨʦʶ ʧʦʚʝʨʭʥʽ, 

ʦʧʫʢʣʦʶ ʬʦʨʤʦʶ ʪʘ ʟʥʘʯʥʠʤʠ ʟʘʛʣʠʙʣʝʥʥʷʤʠ ʪʘ ʪʨʽʱʠʥʘʤʠ. ɼʨʫʛʘ ʛʨʫʧʘ ï 

ʟʨʘʟʢʠ ʤʘʩʦʶ ʚʽʜ 1000 ʜʦ 2000 ʛʨʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʧʣʶʱʝʥʦʶ, ʚʠʜʦʚʞʝʥʦʶ 

ʬʦʨʤʦʶ, ʨʽʚʥʦʶ ʧʦʚʝʨʭʥʝʶ ʟ ʟʘʛʣʠʙʣʝʥʥʷʤʠ ʪʘ ʦʜʠʥʠʯʥʠʤʠ ʧʦʚʝʨʭʥʝʚʠʤʠ 

ʪʨʽʱʠʥʘʤʠ. ʊʨʝʪʷ ʛʨʫʧʘ ï ʟʨʘʟʢʠ ʤʘʩʦʶ ʚʽʜ 1000 ʜʦ 2000 ʛʨʘʤ, ʤʘʶʪʴ ʦʧʫʢʣʫ 

ʬʦʨʤʫ ʪʘ ʩʢʣʘʜʥʫ ʧʦʚʝʨʭʥʶ ʟ ʛʣʠʙʦʢʠʤʠ ʪʨʽʱʠʥʘʤʠ ʪʘ ʟʘʛʣʠʙʣʝʥʥʷʤʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʠʡ ʤʘʪʝʨʽʘʣ. ʏʝʪʚʝʨʪʘ ʛʨʫʧʘ ï ʟʨʘʟʢʠ ʤʘʩʦʶ ʚʽʜ 1000 ʜʦ 

2000 ʛʨʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʠʤ ʢʦʣʴʦʨʦʤ ʪʘ ʩʢʣʘʜʥʦʶ ʧʦʚʝʨʭʥʝʶ ʟʽ 

ʟʥʘʯʥʠʤʠ ʟʘʛʣʠʙʣʝʥʥʷʤʠ ʪʘ ʪʨʽʱʠʥʘʤʠ. ʇôʷʪʘ ï ʩʴʦʤʘ ʛʨʫʧʘ ï ʟʨʘʟʢʠ ʤʘʩʦʶ ʚʽʜ 

2129 ʛʨʘʤ ʜʦ 3600 ʛʨʘʤ. ʂʦʣʽʨ ʙʫʨʰʪʠʥʫ ʚʠʟʥʘʯʘʚʩʷ ʟʛʽʜʥʦ Rock Color Chart The 

Geological Society of America. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʫʩʽ 

ʚʟʽʨʮʽ ʙʫʣʠ ʜʽʘʛʥʦʩʪʦʚʘʥʽ ʷʢ ʩʫʢʮʠʥʽʪ. 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʞʢʦʾ ʬʨʘʢʮʽʾ ʧʽʩʢʦʚʠʢʽʚ ʚʝʨʭʥʴʦʛʦ ʜʝʚʦʥʫ ʟʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʂʘʣʘʡʜʠʥʮʽ 5-ʨ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ, ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʤʽʥʝʨʘʣʘʤ, ʷʢʽ 

ʩʪʘʥʦʚʣʷʪʴ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʞʝʨʝʣ ʜʝʥʫʜʘʮʽʾ, ʰʣʷʭʽʚ 
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ʧʘʣʝʦʪʨʘʥʩʧʦʨʪʫ, ʪʝʨʠʛʝʥʥʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʧʨʦʚʽʥʮʽʡ ʪʦʱʦ. ʉʝʨʝʜ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʽʥʝʨʘʣʽʚ, ʜʽʘʛʥʦʩʪʦʚʘʥʠʭ ʫ ʚʘʞʢʽʡ ʬʨʘʢʮʽʾ, ʙʫʣʠ ʘʣʴʤʘʥʜʠʥ ʽ 

ʽʣʴʤʝʥʽʪ (ʨʠʩ. 2); ʧʽʜʣʝʛʣʠʡ ʚʤʽʩʪ ʤʘʶʪʴ ʧʽʨʦʧ, ʨʫʪʠʣ; ʽʥʰʽ ʤʽʥʝʨʘʣʠ ʪʨʘʧʣʷʶʪʴʩʷ 

ʫ ʧʦʦʜʠʥʦʢʠʭ ʟʝʨʥʘʭ [1]. 

 

 
 

ʈʠʩ. 1. ʋʥʽʢʘʣʴʥʽ ʟʘ ʨʦʟʤʽʨʦʤ ʽ ʤʘʩʦʶ ʟʨʘʟʢʠ ʙʫʨʰʪʠʥʫ-ʩʫʢʮʠʥʽʪʫ. 

ʘ ï ʟʨʘʟʦʢ ʤʘʩʦʶ 2224 ʛ, ʨʦʟʤʽʨ 273*198*114 ʤʤ; 

ʙ ï ʟʨʘʟʦʢ ʤʘʩʦʶ 3600 ʛ, ʨʦʟʤʽʨ - 241*194*148 ʤʤ 
 

 
 
ʈʠʩ. 2. ʌʦʪʦ ʚʘʞʢʦʾ ʬʨʘʢʮʽʾ ʤʽʥʝʨʘʣʽʚ: ʘʣʴʤʘʥʜʠʥ, ʨʫʪʠʣ, ʽʣʴʤʝʥʽʪ, ʧʽʨʦʧ 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʤʽʥʝʨʘʣʽʚ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʾʭ 

ʟʘʙʘʨʚʣʝʥʥʶ, ʤʦʨʬʦʣʦʛʽʾ ʟʝʨʝʥ, ʨʦʟʤʽʨʫ. 

ɸʣʴʤʘʥʜʠʥ, ʷʢ ʦʜʠʥ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʽʥʝʨʘʣʽʚ ʛʨʫʧʠ ʛʨʘʥʘʪʽʚ, 

ʚʽʜʦʤʠʡ ʩʚʦʻʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʘ ʟʜʘʪʥʽʩʪʶ ʟʙʝʨʽʛʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʪʝʨʤʦʙʘʨʠʯʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ. ʎʝ ʨʦʙʠʪʴ ʡʦʛʦ ʚʘʞʣʠʚʠʤ ʦʙôʻʢʪʦʤ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʛʝʦʣʦʛʽʯʥʦʾ ʽʩʪʦʨʽʾ ʨʝʛʽʦʥʫ. 

ɯʣʴʤʝʥʽʪ, ʷʢ ʤʽʥʝʨʘʣ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʘʛʤʘʪʦʛʝʥʥʝ ʧʦʭʦʜʞʝʥʥʷ ʧʦʨʽʜ 

ʦʙʣʘʩʪʝʡ ʜʝʥʫʜʘʮʽʾ. ʅʘʷʚʥʽʩʪʴ ʽʣʴʤʝʥʽʪʫ ʫ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʫ ʚʘʞʢʽʡ ʬʨʘʢʮʽʾ 
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ʧʽʩʢʦʚʠʢʽʚ ʚʢʘʟʫʻ ʥʘ ʡʤʦʚʽʨʥʝ ʡʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʙʘʩʝʡʥ ʩʝʜʠʤʝʥʪʘʮʽʾ ʟ ʧʦʨʽʜ 

ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʦʚʦʾ ʬʦʨʤʘʮʽʾ. 

ʇʽʨʦʧ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʻ ʽʥʜʠʢʘʪʦʨʦʤ ʧʦʪʝʥʮʽʡʥʦ ʘʣʤʘʟʦʥʦʩʥʠʭ ʧʦʨʽʜ 

ʦʙʣʘʩʪʝʡ ʜʝʥʫʜʘʮʽʾ. ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ ʮʴʦʛʦ ʤʽʥʝʨʘʣʫ ʫ ʚʘʞʢʽʡ ʬʨʘʢʮʽʾ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʘʣʤʘʟʦʥʦʩʥʠʭ ʧʦʨʽʜ ʚ ʦʙʣʘʩʪʷʭ ʟʥʦʩʫ ʪʘ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʥʘʷʚʥʦʩʪʽ ʘʣʤʘʟʽʚ ʫ ʧʽʩʢʦʚʠʢʘʭ. 

ʈʫʪʠʣ, ʚʽʜʦʤʠʡ ʷʢ ʚʘʞʣʠʚʝ ʜʞʝʨʝʣʦ ʪʠʪʘʥʫ, ʪʘʢʦʞ ʩʧʨʠʷʻ ʨʦʟʫʤʽʥʥʶ 

ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʢʨʠʩʪʘʣʠ ʤʦʞʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʫʤʦʚʠ, ʚ ʷʢʠʭ 

ʚʦʥʠ ʩʬʦʨʤʫʚʘʣʠʩʷ. 

 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

1. ʍʦʤʝʥʢʦ ɺ.ɸ. ʃʽʪʦʣʦʛʽʷ ʜʝʚʦʥʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʟʘʭʽʜʥʦʛʦ ʩʝʢʪʦʨʘ ɺʝʣʠʢʦʛʦ ɼʦʥʙʘʩʫ: ʟʚʽʪ. 

ʂʠʾʚ: ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, 1965. 
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ʋɼʂ 550.3 
 

ʄʆɾʃʀɺɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ ɻʃʀɹʀʅʅʆɻʆ 

ʅɸɺʏɸʅʅʗ ʋ ɯʅʊɽʈʇʈɽʊɸʎɯɰ ɽʃɽʄɽʅʊɯɺ ɻɽʆʃʆɻɯʏʅʆɻʆ 

ʈʆɿʈɯɿʋ ʅɸ ʉɽʁʉʄɯʏʅʀʍ ɼɸʅʀʍ 
 

ʆ. ɺ. ʇʽʩʢʫʥʦʚ  
ʘʩʧʽʨʘʥʪ 

ʆ. ʂ. ʊʷʧʢʽʥ  
ʜʦʢʪ. ʛʝʦʣ. ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

49005, ʤ. ɼʥʽʧʨʦ, ʧʨ. ɼ. ʗʚʦʨʥʠʮʴʢʦʛʦ, 19 

 
ɼʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʝʣʝʤʝʥʪʽʚ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʥʘ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʛʦʨʪʢʦʚʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (CNN) ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʤʝʨʝʞ ʜʦʚʛʦʾ-

ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʧʘʤ'ʷʪʽ (LSTM) ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʩʣʽʜʦʚʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʪʨʘʩ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʽʟʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʙʫʜʝ ʦʮʽʥʝʥʘ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʫʯʥʠʤʠ, ʥʘʧʽʚ-ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʝʢʩʧʝʨʪʥʠʤʠ 

ʚʠʩʥʦʚʢʘʤʠ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʽ ʥʘʜʽʡʥʽʩʪʴ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʣʠʙʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ, ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ. 
 

THE POSSIBILITY OF USING DEEP LEARNING METHODS IN THE 

INTERPRETATION OF GEOLOGICAL SECTION ELEMENTS ON 

SEISMIC DATA  

O. V. Piskunov  

PhD student 

O. K. Tiapkin  

Doctor of Geological Sciences, Professor 

Dnipro University of Technology, 49005, Dnipro, D. Yavornytskoho ave., 19 

 

The possibilities of applying deep learning methods for the interpretation of geological section 

elements in seismic data have been studied. The use of convolutional neural networks (CNN) is 

proposed for extracting spatial features, and long short-term memory networks (LSTM) for analyzing 

sequential seismic traces with the aim of identifying structural elements of the section. The 

effectiveness of the developed methodology will be evaluated by comparing it with manual, semi-

automated interpretation methods and expert assessments. It is expected that the application of deep 

learning will enhance the accuracy and reliability of geological interpretation of seismic. 

Key words: deep learning, geological interpretation of seismic data, neural networks, seismic data 

interpretation automation 
 

ɻʝʦʬʽʟʠʢʘ ʻ ʦʜʥʽʻʶ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ, ʱʦ ʜʦʩʣʽʜʞʫʻ 

ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʨʦʮʝʩʠ ʥʘʰʦʾ ʧʣʘʥʝʪʠ. ɺʦʥʘ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʨʦʟʫʤʽʥʥʽ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ɿʝʤʣʽ, ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ ʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 
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ʧʨʦʮʝʩʽʚ. ʉʝʡʩʤʦʨʦʟʚʽʜʢʘ, ʷʢ ʦʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʠʭ 

ʭʚʠʣʴ. ʎʝʡ ʤʝʪʦʜ ʻ ʥʝʟʘʤʽʥʥʠʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ (ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʚʫʛʣʝʚʦʜʥʽʚ), ʚʠʚʯʝʥʥʷ ʪʝʢʪʦʥʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʝʤʥʦʾ ʢʦʨʠ ʪʘ 

ʤʘʥʪʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʮʽʥʢʠ ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ. ɿʘʚʜʷʢʠ ʩʝʡʩʤʦʨʦʟʚʽʜʮʽ 

ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʝʦʣʦʛʽʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ 

ʧʨʦʝʢʪʽʚ ʚ ʋʢʨʘʾʥʽ. 

ɻʝʦʣʦʛʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʩʝʡʩʤʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʜʘʥʠʭ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʛʝʦʥʘʫʢ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ  ʪʘ 

ʪʝʢʪʦʥʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʨʠʪʦʨʽʡ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʦʰʫʢʠ ʪʘ ʨʦʟʚʽʜʢʫ 

ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ (ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʫʛʣʝʚʦʜʥʽʚ). ʅʘ ʩʴʦʛʦʜʥʽ, ʤʝʪʦʜʠ 

ʩʝʡʩʤʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʫʯʥʠʭ ʘʙʦ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʘʭ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʯʘʩʦʚʠʭ ʚʠʪʨʘʪ ʪʘ 

ʚʚʝʜʝʥʥʷ ʩʫʙᾷʻʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʫ. ɺ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʮʝ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʪʦʯʥʽʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʚʽʨʥʠʭ ʨʽʰʝʥʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʮʝʩʽ ʨʦʟʚʽʜʢʠ ʪʘ ʦʩʚʦʻʥʥʷ 

ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ.  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʽʚ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ʇʽʜʚʠʱʝʥʥʽ ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ), ʟʦʢʨʝʤʘ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (Deep Learning), ʨʦʙʣʷʪʴ 

ʤʦʞʣʠʚʠʤ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʦʩʦʙʣʠʚʦ ʫ ʩʢʣʘʜʥʦ-ʧʦʙʫʜʦʚʘʥʦʤʫ 

ʛʝʦʣʦʛʽʯʥʦʤʫ ʨʦʟʨʽʟʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʟʘ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʠʯʥʠʤʠ ʟʘʩʘʜʘʤʠ. 

ʏʝʨʝʟ ʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ, ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʩʝʥʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʫʙʣʽʯʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ [1]. ʇʨʠ ʮʴʦʤʫ 

ʦʙʦʚôʷʟʢʦʚʦ ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʴ ʾʭ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ (ʫ ʪ.ʯ. ʥʦʨʤʘʣʽʟʘʮʽʷ ʘʤʧʣʽʪʫʜ, 

ʬʽʣʴʪʨʘʮʽʷ ʪʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ) ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʮʠʭ ʜʘʥʠʭ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

çʪʨʝʥʫʚʘʥʥʷè ʤʦʜʝʣʝʡ-ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ï ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʪʘʢʽ ʷʢ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʨʽʟʥʠʭ 

ʘʨʭʽʪʝʢʪʫʨ. 

ʆʩʥʦʚʦʶ ʩʫʯʘʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʩʝʡʩʤʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʢʘ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʷʢ ʟʛʦʨʪʢʦʚʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (Convolutional Neural Networks ï CNN), ʪʘʢ ʽ ʤʝʨʝʞ ʜʦʚʛʦʾ-

ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʧʘʤ'ʷʪʽ (Long Short-Term Memory ï LSTM). CNN ʰʠʨʦʢʦ 
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ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ "ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ" ʪʘ ʤʦʞʫʪʴ ʚʠʜʽʣʷʪʠ 

ʧʨʦʩʪʦʨʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘ ʩʝʡʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ (ʈʠʩ.1) [2, 3, 4].  

 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Convolutional 

Neural Network 

 

 
ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ LSTM 

 

LSTM-ʤʝʨʝʞʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʩʣʽʜʦʚʥʠʭ ʜʘʥʠʭ 

(time-series data) ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʩʝʡʩʤʽʯʥʠʭ ʪʨʘʩ ʟ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ ʚʽʜʙʠʪʪʽʚ ʪʘ ʽʥʰʠʭ ʧʦʜʽʡ, ʪʘʢʠʭ ʷʢ ʜʠʬʨʘʢʮʽʾ ʪʘ ʘʥʦʤʘʣʽʾ ʚ ʩʠʛʥʘʣʽ, ʟ 
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ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ ʤʝʪʦʜʘʤʠ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʜʣʷ 

ʧʦʻʜʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʩʫʩʽʜʥʽʭ ʩʝʡʩʤʽʯʥʠʭ ʪʨʘʩ (ʈʠʩ.2). ɺʠʢʦʨʠʩʪʘʥʥʷ LSTM 

ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʚʘʪʠ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚ ʜʘʥʠʭ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʰʫʤʫ [5]. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʘʨʭʽʪʝʢʪʫʨ CNN (ʥʘʧʨʠʢʣʘʜ, U-Net, ResNet) 

ʪʘ LSTM, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʡ ʜʣʷ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʤʦʜʝʣʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʚ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʠʟʢʦʶ ʚʠʢʣʠʢʽʚ. ʆʩʥʦʚʥʠʡ ʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʷʢʽʩʥʦ ʨʦʟʤʽʯʝʥʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʛʦʪʦʚʦʾ 

ʩʪʨʫʢʪʫʨʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ. 

ʆʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʪʘʢʠʭ ʜʘʥʠʭ ʪʘ ʾʭ ʧʦʚʥʦʪʘ ʤʦʞʝ ʫʩʢʣʘʜʥʶʚʘʪʠ ʧʨʦʮʝʩ 

ʥʘʚʯʘʥʥʷ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʢʨʽʤ ʮʴʦʛʦ, 

ʩʢʣʘʜʥʽʩʪʴ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʽ ʚʠʩʦʢʘ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʩʝʡʩʤʽʯʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʫʪʴ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ çʧʝʨʝʥʘʚʯʘʥʥʷè ʤʦʜʝʣʽ (overfitting) ʘʙʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʨʽʟʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʨʦʙʣʝʤ 

ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʪʠʯʥʦ-ʟʛʝʥʝʨʦʚʘʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʝʨʚʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʽʢ ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʪʘ ʢʨʦʩ-ʚʘʣʽʜʘʮʽʾ, ʱʦ ʤʘʻ 

ʜʦʟʚʦʣʠʪʠ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʜʦ çʰʫʤʫè ʪʘ ʧʦʢʨʘʱʠʪʠ ʟʜʘʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦ 

ʦʙʨʦʙʣʶʚʘʪʠ ʩʝʡʩʤʽʯʥʽ ʜʘʥʽ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʦ ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ 

ʨʽʰʝʥʥʷ ʽʥʪʝʨʧʨʝʪʘʮʽʡʥʠʭ ʟʘʜʘʯ ʷʢ ʥʘ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ, ʪʘʢ ʽ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ 

ʯʘʩʪʠʥʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ. ʊʘʢ, ʥʘʚʯʘʶʯʠ ʽʥʪʝʨʧʨʝʪʘʮʽʡʥʫ ʤʦʜʝʣʴ 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʙʠʪʪʷ ʭʚʠʣʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʤ ʰʘʨʘʤ, ʤʦʞʣʠʚʦ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʜʽʣʷʪʠ ʤʝʞʽ ʪʘ ʩʪʚʦʨʶʚʘʪʠ 

ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʥʦʾ ʯʘʩʪʠʥʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ [6]. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʽʢʨʦʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʜʽʣʝʥʥʷ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʧʦʨʫʰʝʥʴ ʢʦʨʝʣʷʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʚʠʢʣʠʢʘʥʽ 

ʥʝʦʪʝʢʪʦʥʽʯʥʠʤʠ ʨʦʟʣʦʤʘʤʠ. ʄʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʦʙʨʦʙʢʠ 

ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ʟʽ ʟʥʘʯʥʠʤ ʨʽʚʥʝʤ "ʰʫʤʫ" ʟ ʤʝʪʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʟʥʘʯʥʠʭ ʟʘ 

ʨʦʟʤʽʨʦʤ ʘʥʦʤʘʣʽʡ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʤʘʻ ʧʨʠʜʽʣʷʪʠʩʴ 

ʚʠʷʚʣʝʥʥʶ ʦʟʥʘʢ ʨʦʟʣʦʤʽʚ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʽʚ ʪʘ ʦʮʽʥʢʠ 

ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʤʦʞʝ ˇʨʫʥʪʫʚʘʪʠʩʴ ʥʘ ʧʦʨʽʚʥʷʥʥʽ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ̔ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ʪʘ ʥʘ ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʘʭ. ɼʣʷ ʮʴʦʛʦ ʙʫʜʝ ʩʬʦʨʤʦʚʘʥʦ 

ʥʝʟʘʣʝʞʥʠʡ ʪʝʩʪʦʚʠʡ ʥʘʙʽʨ 2D/3D ʦʙʨʦʙʣʝʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ, ʘ ʨʝʟʫʣʴʪʘʪʠ, ʚ 
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ʩʚʦʶ ʯʝʨʛʫ, ʧʽʜʣʷʛʘʪʠʤʫʪʴ ʝʢʩʧʝʨʪʥʽʡ ʦʮʽʥʮʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʢʽʣʴʢʽʩʥʦ ʪʘ ʷʢʽʩʥʦ 

ʦʮʽʥʠʪʠ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʧʽʜʭʦʜʫ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ. ʄʦʞʣʠʚʦ ʦʯʽʢʫʚʘʪʠ, 

ʱʦ ʧʽʜʭʽʜ ʜʦ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Deep Learning ʤʦʜʝʣʝʡ ʟʘʙʝʟʧʝʯʠʪʴ 

ʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʟʤʝʥʰʫʶʯʠ ʯʘʩ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʥʘʜʽʡʥʽʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʝʡʩʤʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ 

ʜʘʥʠʭ, ʦʩʦʙʣʠʚʦ ʚ ʫʩʢʣʘʜʥʝʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ.  
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ʆʜʥʽʻʶ ʽʟ ʚʘʞʣʠʚʠʭ ʪʘ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʛʝʦʭʨʦʥʦʣʦʛʽʾ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʫ 

ʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ.  

ʊʝʨʤʦʣʶʤʽʥʝʩʮʝʥʪʥʝ ʜʘʪʫʚʘʥʥʷ ï ʮʝ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʢʫ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ, ʷʢʘ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʚʽʪʣʘ, ʱʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʫ ʛʨʫʥʪʘʭ ʪʘ ʦʩʘʜʦʯʥʠʭ 

ʧʦʨʦʜʘʭ [1]. ɼʘʥʠʡ ʤʝʪʦʜ ʙʫʚ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʭʽʤʽʢʦʤ ɼ. ʌʘʨʨʽʥʛʪʦʥ ʫ 

1950-ʭ ʨʦʢʘʭ. ɺ ʋʢʨʘʾʥʽ ʪʝʨʤʦʣʶʤʽʥʽʩʮʝʥʪʥʠʡ ʤʝʪʦʜ ʨʦʟʨʦʙʣʷʚʩʷ ʪʘ 

ʚʧʨʦʚʘʜʞʫʚʘʚʩʷ ʚʯʝʥʠʤʠ ɻ. ɺ. ʄʦʨʦʟʦʚʠʤ ʪʘ ɺ. ʄ. ʐʦʚʢʦʧʣʷʩʦʤ. TL-ʜʘʪʫʚʘʥʥʷ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʪʝʨʤʦʣʶʤʽʥʝʩʮʝʥʮʽʷ ʫ ʤʽʥʝʨʘʣʘʭ ʚʠʥʠʢʘʻ ʧʽʜ ʜʽʻʶ ʬʦʥʦʚʦʾ 

ʨʘʜʽʘʮʽʾ, ʘ ʾʾ ʨʦʟʤʽʨ ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ ʨʘʜʽʦʘʢʪʠʚʘʮʽʾ ʢʨʠʩʪʘʣʽʚ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʾʾ ʜʽʾ. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʪʘ ñʘʙʩʦʣʶʪʥʦʛʦò ʚʽʢʫ 

ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʷʭ ʢʨʠʩʪʘʣʽʚ ʢʚʘʨʮʫ 
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ʥʘʢʦʧʠʯʫʚʘʪʠ ʝʥʝʨʛʽʶ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʧʨʠʩʫʪʥʽʭ ʚ ʧʦʨʦʜʽ 

ʽ ʧʦʪʽʤ ʧʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʾʾ ʫ ʚʠʛʣʷʜʽ ʩʚʽʪʣʦʚʦʛʦ 

ʧʦʪʦʢʫ. ɿʥʘʶʯʠ ʰʚʠʜʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ (ʩʚʽʪʣʦʩʫʤʠ) ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʧʨʠʨʦʜʥʽʡ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʚʽʢ ʟʨʘʟʢʘ ʚ ʨʦʢʘʭ, 

ʷʢʠʡ ʨʝʻʩʪʨʫʶʪʴ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʫ ʮʽʻʾ ʢʨʠʚʦʾ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʧʣʦʱʽ ʧʽʜ ʢʨʠʚʦʶ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [4]. ɼʘʣʽ ʜʽʣʠʤʦ ʢʽʣʴʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʬʦʥʦʚʫ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʧʦʨʦʜʠ ʯʠ ʦʩʘʜʫ. ʇʦʪʽʤ ʦʙʯʠʩʣʶʻʤʦ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. ʇʨʠ ʮʴʦʤʫ ʙʽʣʴʰ ʜʘʚʥʽ ʯʝʪʚʝʨʪʠʥʥʽ 

ʚʽʜʢʣʘʜʠ ʤʘʶʪʴ ʙʽʣʴʰʽ ʽʥʜʝʢʩʠ ʚʽʢʫ, ʘ ʤʦʣʦʜʰʽ ʤʘʶʪʴ ʤʝʥʰʽ ʽʥʜʝʢʩʠ ʚʽʢʫ. ʇʨʠ 

ʮʴʦʤʫ ʧʘʣʝʦʜʦʟʠʤʝʪʨ ʤʦʞʝ ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʘ ʟʙʝʨʽʛʘʪʠ ʚʽʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ɺʽʢ ʚʽʜʢʣʘʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʜʦʟʠ ʜʦ ʨʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ. ɽʢʚʽʚʘʣʝʥʪʥʘ ʜʦʟʘ ʚʠʤʽʨʶʻ 

ʟʘʛʘʣʴʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʶ, ʱʦ ʦʪʨʠʤʘʥʘ ʟʨʘʟʢʦʤ ʟʘ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ 

ʫ ʧʦʨʦʜʽ. ʇʦʪʫʞʥʽʩʪʴ ʜʦʟʠ ï ʨʽʯʥʘ ʰʚʠʜʢʽʩʪʴ ʦʧʨʦʤʽʥʝʥʥʷ [2]. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʥʝʩʦʢ ʫ ʨʦʟʨʘʭʫʥʢʠ ʚʽʢʫ ʚʽʜʢʣʘʜʽʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʪʘʢʠʭ ʷʢ: ʚʧʣʠʚ ʘʣʴʬʘ, ʙʝʪʘ ʪʘ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʛʝʥʝʪʠʯʥʦʾ ʩʚʽʪʣʦʩʫʤʠ ʚ ʧʦʨʦʜʽ, ʥʽʚʝʣʷʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʦʣʦʛʽʩʪʶ, ʩʦʥʷʯʥʦʶ ʨʘʜʽʘʮʽʻʶ, 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʪʘ ʧʨʠʚʥʝʩʝʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ 

ʛʝʦʭʨʦʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʣʝʥʫʚʘʥʥʷ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʾʭ ʩʪʨʘʪʠʬʽʢʘʮʽʾ  ʪʘ 

ʢʦʨʝʣʷʮʽʾ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʧʽʜʭʦʜ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʫ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʪʝʨʤʦʣʶʤʽʥʝʩʮʝʥʪʥʠʤ ʤʝʪʦʜʦʤ.  

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʽʢʫ 

ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ TL-ʤʝʪʦʜʦʤ ʻ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʚʽʢʫ ï T, ʷʢʠʡ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʯʘʩʫ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʢʣʘʜʽʚ.  

ɺʽʢʦʚʠʡ ʧʘʨʘʤʝʪʨ: ,
D

T
P
=   

ʜʝ T ï ʯʘʩ,  

D ï ʜʦʟʘ, ʱʦ ʥʘʢʦʧʠʯʝʥʘ ʟʨʘʟʢʦʤ,  

ʈ ï ʨʽʯʥʘ ʜʦʟʘ.  

ɸʣʴʬʘ, ʙʝʪʘ ʪʘ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʧʝʨʽʦʜʫ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʢʣʘʜʽʚ ʫʪʚʦʨʶʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ ʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ï 
, , ,V
ba g ɦ ʦ ʤʦʞʫʪʴ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʢʚʘʥʪʠ ʩʚʽʪʣʘ [3, 5]. 

ʐʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ:  

 
, ,V E
ba g b= Ö,                                                                                           (1)  

Ç ï ʜʦʟʦʚʘ ʯʫʪʣʠʚʽʩʪʴ ʤʽʥʝʨʘʣʫ, 

 E ï ʧʦʪʫʞʥʽʩʪʴ ʝʢʩʧʦʟʠʮʽʡʥʦʾ ʜʦʟʠ ʘʣʴʬʘ, ʙʝʪʘ ʪʘ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  
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ʐʚʠʜʢʽʩʪʴ ʘʥʽʛʽʣʷʮʽʾ ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ n-ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʚʘʨʮʽ 

ʫ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ:  

AV k n= Ö,                                                                                                 (2)  

ʜʝ -AV  ʰʚʠʜʢʽʩʪʴ ʘʥʽʛʽʣʷʮʽʾ, k ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʘʥʽʛʽʣʷʮʽʾ ʣʦʢʘʣʽʟʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ (ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ).  

ʐʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ gba ,,V  ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʾʭ 

ʘʥʽʛʽʣʷʮʽʾ:  
, , AV V
ba g= .                                                            (3)  

ɯʟ ʬʦʨʤʫʣ (1) ʪʘ (2) ʚʠʧʣʠʚʘʻ ʥʘʩʪʫʧʥʘ ʨʽʚʥʽʩʪʴ (4):  

E k nbÖ = Ö.                                                                                            (4) 

 ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʥʘʩʠʯʝʥʥʷ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ 

ʜʝʬʝʢʪʽʚ ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʾʭ ʘʥʽʛʽʣʷʮʽʾ.  

ʇʨʠ ʥʘʩʠʯʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʙʫʜʝ ʧʦʟʥʘʯʘʪʠʩʷ 

ʯʝʨʝʟ N, ʪʦʙʪʦ:  

  .E k NbÖ = Ö                                                                                        (5)  

ʂʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʙʫʜʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 

 E
k

N

bÖ
= .                                                                                              (6)  

ʆʩʢʽʣʴʢʠ n ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʚʘʨʮʽ, ʰʚʠʜʢʽʩʪʴ 

ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʧʝʨʰʽʡ ʧʦʭʽʜʥʽʡ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 
dt

dn  ʪʘ ʙʫʜʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʷʢ 

ʨʽʟʥʠʮʷ ʰʚʠʜʢʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ ʚ ʦʙôʻʤʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʾʭ 

ʘʥʽʛʽʣʷʮʽʾ: 
 , , A

dn E
V V E n

dt N
ba g

b
b

Ö
= - = Ö - Ö.                                                                              (7) 

ɼʘʣʽ ʨʦʟʚôʷʟʫʻʤʦ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʽʟ 

ʚʽʜʦʢʨʝʤʣʝʥʠʤʠ ʟʤʽʥʥʠʤʠ: 
.

dn
dT

E
E n

N

b
b

=
Ö

Ö - Ö

  

 1
ln .

E
E n z

dn N N EN
T dz E n

E N E z E N
E n dn dz

N E

b
b

b
b

b b bb
b

Ö
Ö - Ö =

= = = Ö = - Ö
Ö

Ö - Ö =
Ö

ñ ñ   
             

(8)
 
                                                                            

  

ʇʨʠ ʮʴʦʤʫ ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʽʥʪʝʛʨʘʣʫ 
0

n  ï ʮʝ ʥʘʢʦʧʠʯʝʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ (ʮʝʥʪʨʽʚ ʩʚʽʪʽʥʥʷ), ʘ ʥʠʞʥʷ ʛʨʘʥʠʮʷ ʽʥʪʝʛʨʘʣʫ 
min

n ï ʮʝ 

ʟʘʣʠʰʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʧʽʩʣʷ ʚʽʜʙʽʣʶʚʘʥʥʷ. ʆʪʨʠʤʫʻʤʦ ʬʦʨʤʫʣʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʫ T:  

 min

0min

0

1

ln ln ln .

1

n
nnN N NT E E E E

nE N N E

N

b b b b
b b

-
è øå õå õ

= Ö - Ö Ö - Ö - Ö Ö =æ ö æ öé ù
Ö Öç ÷ ç ÷ê ú -

                                (9)  



98 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ɺʠʩʥʦʚʦʢ. ʆʪʞʝ, ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʧʦʣʦʞʝʥʥʷ TL-ʤʝʪʦʜʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ  ʚʽʢʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʤʽʥʝʨʘʣʽʚ ʪʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ʊʘʢʦʞ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʽʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ T, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʯʥʫ ʜʦʟʫ, ʰʚʠʜʢʩ̔ʪɹ ʘʥʽʛʽʣʷʮʽʾ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ.                                
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The article deals with the results of a comprehensive analysis of hydrogeological and geophysical 

research data on the territory of the quarry, which helped to establish modern hydro-dynamic 

processes in the geological environment. The researchers studied the process of the impact of 

discharging huge volumes of water from the Karachun reservoir into the Ingulets River for its flushing 

after discharging highly mineralized water from the mine water storage pond in the Svystunov gully.  
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ɺʩʪʫʧ. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʟʩʫʚʽʚ ʻ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʦʧʘʜʘʤʠ ʪʘ 

ʧʽʜʟʝʤʥʠʤʠ ʚʦʜʘʤʠ ʩʭʠʣʽʚ. ɺʦʥʠ ʰʢʦʜʷʪʴ ʧʨʠʨʦʜʥʦʤʫ ʣʘʥʜʰʘʬʪʫ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʫʛʽʜʜʷʤ, ʮʠʚʽʣʴʥʦʾ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, 

ʥʘʬʪʦʛʘʟʦʚʠʤ ʤʝʨʝʞʘʤ, ʥʘʩʝʣʝʥʥʶ ʪʘ ʽʥ. [1]. ɸʣʝ ʥʝʙʝʟʧʝʯʥʽ ʟʩʫʚʥʽ ʧʨʦʮʝʩʠ 

ʤʦʞʣʠʚʽ ʽ ʚ ʤʽʩʪʘʭ ʘʢʪʠʚʥʦʾ ʜʦʙʠʯʽ ʨʫʜʠ, ʜʝ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʦʪʽʢʘʪʠ ʚ ʚʠʛʣʷʜʽ 

ʟʩʫʚʽʚ ʙʦʨʪʽʚ ʢʘʨôʻʨʽʚ, ʚʽʜʚʘʣʽʚ ʪʘ ʰʣʘʤʦʩʭʦʚʠʱ, ʧʨʠʯʠʥʷʶʯʠ ʟʥʘʯʥʫ ʰʢʦʜʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʫʛʽʜʜʷʤ ʪʘ ʥʘʩʝʣʝʥʥʶ [3,6,7].  

ɺ 2021 ʨʦʮʽ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʧʦʣʴʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʚ ʢʘʨôʻʨʽ ʥʘ ʨʽʯʢʫ ɯʥʛʫʣʝʮʴ ʝʣʝʢʪʨʦʨʦʟʚʽʜʫʚʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʤʝʪʦʜʦʤ ʧʨʠʨʦʜʥʦʛʦ ʧʦʣʷ (ʇʇ) [7]. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 

ʽ ʚʠʚʯʝʥʦ ʧʨʦʮʝʩ ʚʧʣʠʚʫ ʩʢʠʜʘʥʥʷ 

ʚʝʣʠʯʝʟʥʠʭ ʦʙôʻʤʽʚ ʚʦʜʠ ʟ 

ʂʘʨʘʯʫʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʨʽʯʢʫ 

ɯʥʛʫʣʝʮʴ ʜʣʷ ʾʾ ʧʨʦʤʠʚʫ ʧʽʩʣʷ 

ʩʢʠʜʘʥʥʷ ʜʦ ʥʝʾ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʟ ʩʪʘʚʢʘ-

ʥʘʢʦʧʠʯʫʚʘʯʘ ʰʘʭʪʥʠʭ ʚʦʜ ʚ ʙʘʣʮʽ 

ʉʚʽʩʪʫʥʦʚʘ, ʷʢʽ ʩʧʨʠʯʠʥʠʣʠ ʟʥʘʯʥʝ 

ʪʘ ʰʚʠʜʢʝ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚ 

ʨʽʯʮʽ ʪʘ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ 

ʧʽʜʟʝʤʥʠʤʠ ʚʦʜʘʤʠ ʩʭʠʣʽʚ ʢʘʨôʻʨʫ.  

ʄʝʪʦʜʠʢʘ ʛʝʦʬʽʟʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʙʫʣʠ ʚʠʢʦʥʘʥʽ 

ʧʨʦʬʽʣʴʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʇʇ ʟ 

ʢʨʦʢʦʤ 5 ʤ ʥʘ ʧʨʦʬʽʣʷʭ ɺ2L1 ʪʘ Z1 

(ʨʠʩ. 1). ʇʦʣʴʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʤʝʪʦʜʦʤ ʚʠʢʦʥʫʚʘʣʠʩʷ ʩʧʦʩʦʙʦʤ ʛʨʘʜʽʻʥʪʘ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ, ʷʢʠʡ 

ʧʨʠʚ'ʷʟʘʥʠʭ ʜʦ ʪʦʯʦʢ ʟ ʚʽʜʦʤʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʦʧʦʨʥʦʛʦ ʧʦʣʽʛʦʥʫ. ʇʦ ʢʦʞʥʦʤʫ 

ʧʨʦʬʽʣʶ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʽʣʴʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʪʝʥʮʽʘʣʽʚ ʽ ʛʨʘʜʽʻʥʪʽʚ 

ʧʨʠʨʦʜʥʴʦʛʦ ʧʦʣʷ  

(ʚ ʤʽʣʽʚʦʣʴʪʘʭ) (ʨʠʩ. 2, 3).  

ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʝʨʠʪʦʨʽʾ. ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʾ ʢʘʨôʻʨʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʰʠʨʝʥʥʷʤ ʪʝʢʪʦʥʽʯʥʠʭ ʟʦʥ ʨʦʟʣʦʤʽʚ ʽ ʽʥʪʝʨʚʘʣʽʚ ʧʽʜʚʠʱʝʥʦʾ 

ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʧʦʨʽʜ ʪʘ ʜʨʝʥʫʶʯʠʤ ʚʧʣʠʚʦʤ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʧʝʨʝʜʥʽʭ ʨʦʢʽʚ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ 

ʚʩʪʘʥʦʚʣʝʥʦ ʪʨʠ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʠ, ʱʦ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʩʫʛʣʠʥʢʽʚ, ʧʽʱʘʥʠʭ ʚʽʜʢʣʘʜʽʚ ʥʝʦʛʝʥʫ ʽ ʪʨʽʱʠʥʥʠʭ ʚʦʜ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ. 

ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʟʦʥ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʟʘʣʽʟʠʩʪʠʭ 

ʢʚʘʨʮʠʪʽʚ, ʩʣʘʥʮʽʚ, ʤʝʪʘʧʽʩʢʦʚʠʢʽʚ ʽ ʽʥʰʠʭ ʧʦʨʽʜ ʢʨʠʚʦʨʽʟʴʢʦʾ ʩʝʨʽʾ, ʛʽʜʨʘʚʣʽʯʥʦ 

ʧʦʚôʷʟʘʥʠʭ ʚ ʻʜʠʥʫ ʟʦʥʫ ʪʨʽʱʠʥʥʦ-ʧʣʘʩʪʦʚʠʭ ʚʦʜ ʥʘʧʽʨʥʦ-ʙʝʟʥʘʧʽʨʥʦʛʦ ʪʠʧʫ.  

ʆʩʥʦʚʥʦʶ ʦʙʣʘʩʪʶ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʚʩʽʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʽ 

ʢʦʤʧʣʝʢʩʫ ʻ ʢʘʨôʻʨ. ʅʘʧʨʷʤʦʢ ʧʦʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚ ʨʘʡʦʥʽ ʢʘʨôʻʨʘ ʥʘʙʫʚ 

ʨʘʜʽʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚʽʜ ʧʝʨʠʬʝʨʽʾ ʜʦ ʮʝʥʪʨʫ ʜʝʧʨʝʩʽʾ (ʢʘʨôʻʨʫ). ʅʘ ʩʭʦʜʽ ʽ 

ʧʽʚʜʥʽ ʤʝʞʽ ʚʦʨʦʥʢʠ ʜʝʧʨʝʩʽʾ ʚ ʦʩʥʦʚʥʦʤʫ ʟʙʽʛʘʶʪʴʩʷ ʟ ʢʦʥʪʫʨʦʤ ʨʽʯʢʠ ɯʥʛʫʣʝʮʴ. 

ʈʽʯʢʘ ɯʥʛʫʣʝʮʴ, ʷʢʘ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʻ ʦʙʣʘʩʪʶ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 

ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʝʦʬʽʟʠʯʥʠʭ 

ʧʨʦʬʽʣʽʚ ɺ2L1 ʽ Z1 ʥʘ ʪʝʨʠʪʦʨʽʾ ʢʘʨôʻʨʫ. ʋʤʦʚʥʽ 

ʧʦʟʥʘʯʝʥʥʷ:  

1 ï ʊʘʨʘʧʘʢʽʚʩʴʢʘ ʩʠʩʪʝʤʘ ʨʦʟʣʦʤʽʚ;  

2 ï ʨʽʯʢʘ ɯʥʛʫʣʝʮʴ. 
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ʧʝʨʝʪʚʦʨʠʣʘʩʷ ʚ ʦʙʣʘʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʞʠʚʣʝʥʥʷ ʜʣʷ ʜʨʝʥʫʻʤʠʭ ʢʘʨôʻʨʦʤ 

ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ.  

ʆʩʥʦʚʥʠʤʠ ʪʝʢʪʦʥʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʦʜʦʟʙʘʛʘʯʝʥʽʩʪʴ 

ʧʦʨʽʜ ʨʦʜʦʚʠʱʘ, ʷʚʣʷʶʪʴʩʷ ʊʘʨʘʧʘʢʽʚʩʴʢʠʡ, ɭʢʘʪʝʨʠʥʠʥʩʴʢʠʡ ʽ ʉʢʝʣʝʚʘʪʩʴʢʠʡ 

ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʽ ʨʦʟʣʦʤʠ (ʨʠʩ. 1). ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴ ʦʩʥʦʚʥʫ ʩʪʨʫʢʪʫʨʥʫ ʣʽʥʽʶ 

ʂʨʠʚʦʨʽʟʴʢʦ-ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ [4, 5] ʽ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʜʘʣʝʢʦ 

ʥʘ ʧʽʚʥʽʯ [2]. ʇʦʨʫʰʝʥʥʷ ʬʽʢʩʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʢʨʠʭʢʠʭ ʜʝʬʦʨʤʘʮʽʡ 

(ʙʨʝʢʯʫʚʘʥʥʷ, ʢʘʪʘʢʣʘʟ, ʤʽʣʦʥʽʪʠʟʘʮʽʷ) ʧʦʪʫʞʥʽʩʪʶ ʜʦ ʩʦʪʝʥʴ ʤʝʪʨʽʚ. ɿʦʥʠ 

ʨʦʟʣʦʤʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʙʨʝʢʯʽʡʦʚʘʥʠʤʠ ʽ ʢʘʪʘʢʣʘʟʦʚʘʥʠʤʠ ʧʦʨʦʜʘʤʠ. 

ɼʣʷ ʦʟʜʦʨʦʚʣʝʥʥʷ ʨʽʯʢʠ ɯʥʛʫʣʝʮʴ ʪʘ ʧʨʦʤʠʚʘʥʥʷ ʾʾ ʚʽʜ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʟʽ ʩʪʘʚʢʘ-ʥʘʢʦʧʠʯʫʚʘʯʘ ʰʘʭʪʥʠʭ 

ʚʦʜ, ʚʠʢʦʥʫʻʪʴʩʷ ʩʢʠʜʘʥʥʷ ʟ ʂʘʨʘʯʫʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ 

ʧʨʽʩʥʦʾ ʚʦʜʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʦʙʛʦʚʦʨʶʚʘʥʥʷ. ɻʝʦʬʽʟʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ 

ʧʨʦʬʽʣʶ ɺ2L1 (ʨʠʩ. 2) ʧʦʢʘʟʘʣʠ ʩʢʣʘʜʥʫ ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ 

ʙʦʨʪʫ ʢʘʨôʻʨʫ. ʉʣʘʙʦʤʽʥʝʨʘʣʽʟʦʚʘʥʽ ʚʦʜʠ ʥʝ ʚʠʭʦʜʷʪʴ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ, ʘ 

ʧʝʨʝʚʘʞʥʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʦʩʣʘʙʣʝʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʟʦʥʘʭ ʪʘ ʫ ʤʽʞʧʣʘʩʪʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ. ɰʭ ʚʝʨʭʥʷ ʢʨʦʤʢʘ ʟʜʝʙʽʣʴʰʝ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʠʙʠʥʘʭ -3 õ -5 ʤ ʚʽʜ 

ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʨʦʬʽʣʽ ɺ2L1 ʤʝʪʦʜʦʤ ʇʇ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚ 

ʙʝʨʝʟʥʽ 2021 ʨ. ʜʦ ʩʢʠʜʘʥʥʷ ʚʦʜʠ ʟ ʂʘʨʘʯʫʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʘ ʚ ʢʚʽʪʥʽ ʪʘ 

ʯʝʨʚʥʽ ʚ ʧʨʦʮʝʩʽ ʩʢʠʜʘʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 2 ʚʠʜʥʦ, ʱʦ ʜʦ ʇʂ 30 ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʦʨʦʜʘʭ ʬʽʣʴʪʨʘʮʽʷ ʨʽʯʢʦʚʦʾ ʚʦʜʠ ʚʽʜʩʫʪʥʷ, ʘ ʜʘʣʽ ʥʘ ʧʽʚʜʝʥʴ ʨʘʟʦʤ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʧʦʛʣʠʥʘʥʥʷ. ɿ ʯʘʩʦʤ 

ʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʥʘʩʠʯʫʻʪʴʩʷ ʚʦʜʦʶ ʽ ʧʨʦʮʝʩ ʧʦʛʣʠʥʘʥʥʷ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝʞʠʤ 

ʨʽʚʥʦʚʘʛʠ. ʆʜʥʘʢ, ʚ ʤʝʞʘʭ ʧʨʦʬʽʣʷ ʦʩʪʘʻʪʴʩʷ 2 ʜʽʣʷʥʢʠ ʤʽʞ ʇʂ 68 ï 80 ʪʘ 125 ï 

145, ʜʝ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʠ (ʨʠʩ. 2).    
  

 
 

ʈʠʩʫʥʦʢ 2. ɻʨʘʬʽʢʠ ʇʇ ʥʘ ʦʙôʻʜʥʘʥʦʤʫ ʧʨʦʬʽʣʽ ɺ2 L1, ʷʢʽ ʦʪʨʠʤʘʥʽ 21 ʙʝʨʝʟʥʷ, 14 

ʢʚʽʪʥʷ ʪʘ 2 ʣʠʧʥʷ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʚʜʝʥʥʦʛʦ ʙʦʨʪʫ ʢʘʨ'ʻʨʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.  

 

 
ʈʠʩʫʥʦʢ 3. ɻʨʘʬʽʢʠ ʇʇ ʥʘ ʧʨʦʬʽʣʽ Z1, ʦʪʨʠʤʘʥʽ 21 ʙʝʨʝʟʥʷ, 14 ʢʚʽʪʥʷ ʪʘ 2 

ʣʠʧʥʷ. 

 

ʇʨʦʬʽʣʴ Z1 ʤʘʻ ʙʽʣʴʰ ʥʠʟʴʢʦʦʤʥʠʡ ʛʝʦʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʙʽʣʴʰʦʶ ʧʦʪʫʞʥʽʩʪʶ ʦʩʘʜʦʚʦʾ ʪʦʚʱʽ, ʷʢʘ ʦʙʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʫ ʦʙʚʦʜʥʝʥʽʩʪʴ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ (ʨʠʩ. 3). ʅʘ ʡʦʛʦ ʟʘʭʦʜʽ, ʤʽʞ ʇʂ 100 ï 140 ʚʽʜʤʽʯʘʻʪʴʩʷ 

ʚʦʜʦʟʙʘʛʘʯʝʥʥʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ. ɺʦʥʘ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʬʨʘʛʤʝʥʪʘʨʥʠʤʠ 

ʢʦʤʽʨʢʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʪʫʞʥʦʾ 

ʪʝʢʪʦʥʽʯʥʦʾ ʟʦʥʠ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʟʨʫʰʝʥʥʷʤʠ ʜʨʽʙʥʠʭ ʙʣʦʢʽʚ ʚ ʥʽʡ. ʊʫʪ 

ʧʨʦʭʦʜʠʪʴ ʧʦʪʫʞʥʘ ʟʦʥʘ ʊʘʨʘʧʘʢʽʚʩʴʢʦʾ ʩʠʩʪʝʤʠ ʨʦʟʣʦʤʽʚ (ʨʠʩ. 1), ʨʽʯʥʘ ʚʦʜʘ ʟ 

ɯʥʛʫʣʴʮʷ ʧʦ ʮʽʡ ʩʠʩʪʝʤʽ ʨʦʟʣʦʤʽʚ ʧʦʪʨʘʧʣʷʻ ʜʦ ʢʘʨôʻʨʫ.  

ɿʘ ʧʨʦʬʽʣʝʤ Z1 ʇʂ 43, ʇʂ 21 ï 23, ʇʂ 9 ï 10 ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʽʥʪʝʨʚʘʣʠ 

ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʚ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʨʦʟʨʽʟʫ, ʜʝ ʟʘʣʷʛʘʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʚʘʨʮʦʚʽ ʧʽʩʢʠ (ʩ ʚʢʣʶʯʝʥʥʷʤʠ ʛʘʣʴʢʠ). ʇʽʜ ʥʠʤʠ ʥʘ ʛʣʠʙʠʥʘʭ 

ʙʽʣʴʰ 15 ï 20 ʤ ʚʠʜʽʣʷʶʪʴʩʷ ʙʽʣʴʰ ʩʪʽʡʢʽ ʜʦ ʦʙʚʦʜʥʝʥʥʷ ʧʦʨʦʜʠ. ʇʦʚʪʦʨʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ 16 ʢʚʽʪʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ ʮʝʡ ʯʘʩ ʧʨʦʡʰʣʦ ʥʘʩʠʯʝʥʥʷ ʦʩʘʜʦʚʦʛʦ 

ʯʦʭʣʘ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʧʦʪʝʥʮʽʘʣʫ ʇʇ ʚ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʇʈ ʤʽʞ 

ʇʂ1 - 43 (ʨʠʩ. 3). ʅʘ ʛʨʘʬʽʢʘʭ ʚʽʜʤʽʯʘʻʪʴʩʷ ʜʽʣʷʥʢʘ, ʥʘ ʷʢʽʡ ʧʨʦʜʦʚʞʫʻʪʴʩʷ 

ʧʦʛʣʠʥʘʥʥʷ ʥʘʜʣʠʰʢʽʚ ʨʽʯʥʦʾ ʚʦʜʠ. ʎʝʡ ʬʘʢʪ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚʽʜʢʨʠʪʦʛʦ 

ʨʦʟʣʦʤʫ, ʷʢʠʡ ʟ ʟʘʭʦʜʫ ʧʽʜʞʠʚʣʶʻ ʮʝʡ ʧʣʘʩʪ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ 2 ʣʠʧʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʦʜʦʟʙʘʛʘʯʝʥʥʷ ʦʩʘʜʦʚʦʾ ʪʦʚʱʽ 

ʟʘʚʝʨʰʠʣʦʩʷ ʽ ʥʘʩʪʫʧʠʚ ʨʝʞʠʤ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ.  

ɺʠʩʥʦʚʢʠ. ʅʘ ʧʨʠʢʣʘʜʽ ʢʘʨôʻʨʫ ʥʘ ʧʽʚʜʥʽ ʂʨʠʚʙʘʩʫ ʙʫʣʦ ʚʠʚʯʝʥʦ 

ʛʝʦʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʤʝʭʘʥʽʟʤ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʥʘʜʤʽʨʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʚ 

ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʷʢ ʧʨʦʪʽʢʘʻ 

ʛʽʜʨʦʛʝʦʜʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ ʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʧʨʠ ʟʥʘʯʥʦʤʫ ʦʙʚʦʜʥʝʥʥʶ 
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ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʦʜʘʤʠ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ. ɺʦʥʠ ʧʽʜʪʚʝʨʜʠʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʦʤ ʧʨʠʨʦʜʥʴʦʛʦ ʧʦʣʷ ʤʝʭʘʥʽʟʤʫ ʰʚʠʜʢʦʛʦ 

ʚʦʜʦʥʘʩʠʯʝʥʥʷ ʚʦʜʘʤʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʽ ʰʣʷʭʠ ʾʭ ʨʦʟʚʘʥʪʘʞʝʥʥʷ.  

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

1. ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʡ ʧʦʩʪ-ʤʘʡʥʽʥʛʫ ʚ ʋʢʨʘʾʥʽ ʥʘ ʧʨʠʢʣʘʜʽ 

ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʙʘʩʝʡʥʫ ʪʘ ʡʦʛʦ ʦʪʦʯʝʥʥʷ / [ʉ.ʆ. ɼʦʚʛʠʡ, ɺ.ɺ. ɯʚʘʥʯʝʥʢʦ, ʄ.ʄ. ʂʦʨʞʥʝʚ 

(ʥʘʫʢ. ʨʝʜ.), ʆ.ʄ. ʊʨʦʬʠʤʯʫʢ, ɭ.ʆ. ʗʢʦʚʣʻʚ ʪʘ ʽʥ.] / ʅɸʅ ʋʢʨʘʾʥʠ; ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

ʽ ʛʣʦʙʘʣ. ʽʥʬʦʨʤ. ʧʨʦʩʪʦʨʫ; ʎʝʥʪʨ ʧʨʦʙʣʝʤ ʤʦʨʩʴʢʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʦʩʘʜʦʚʦʛʦ 

ʨʫʜʦʫʪʚʦʨʝʥʥʷ. ʂʠʾʚ: ʅʽʢʘ-ʎʝʥʪʨ, 2021.  196 ʩ. 

2. ɿʝʤʣʝʪʨʷʩʝʥʠʝ 3 ʬʝʚʨʘʣʷ 2015 ʛ. ʥʘ ʛʨʘʥʠʮʝ ʇʦʣʪʘʚʩʢʦʡ ʠ ʉʫʤʩʢʦʡ ʦʙʣʘʩʪʝʡ ʋʢʨʘʠʥʳ ʧʦ 

ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ / ɻʘʙʩʘʪʘʨʦʚʘ ʀ.ʇ., ɹʘʙʢʦʚʘ ɽ.ɸ., 

ʅʘʜʝʞʢʘ ʃ.ʀ. ʠ ʜʨ. / ɺʝʩʪʥʠʢ ɺɻʋ. ʉʝʨʠʷ: ɻʝʦʣʦʛʠʷ. 2016. ˉ1.  ʉ 115-122.  

3. ʇʠʛʫʣʝʚʩʢʠʡ ʇ.ʀ., ʉʚʠʩʪʫʥ ɺ.ʂ., ʊʦʣʢʫʥʦʚ ɸ.ʇ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ 
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ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʩʩʠʚʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʘʫʯ. ʪʨʫʜʳ ʋʢʨʅʀʄʀ ʅɸʅʋ. 2009. ʊ.5 ʯʘʩʪʴ 2. ʉ. 

122-131. 

4. Pihulevskyi, P.G., Anisimova, L.B., Kalinichenko, O.O., Panteleeva, N.B., Hanchuk, O.V. 

Analysis of natural and technogenic factors on the seismicity of Kryvyi Rih. Journal of Physics: 

Conference Seriesthis link is disabled. 2021. 1840(1): 012018. DOI: 10.1088/1742-

6596/1840/1/012018. 

5. Pihulevskyi P.H., Kendzera O.V., Babii K.V., Anisimova L.B., Kyryliuk O.S., Connection of 

Kryvbas tectonics with natural and technogenic seismicity. Naukovyi Visnyk Natsionalnoho 

Hirnychoho Universytetu. 2023. ˉ 2. pp. 5-10. https://doi.org/10.33271/nvngu/2023-2/005. 

6. Pigulevskiy, P., Svistun, V.K. Influence of technogenic objects on the development of landslides 

in the South of Kryvbass. 3rd EAGE Workshop on Assessment of Landslide Hazards and Impact 

on Communities, Landslide 2021.   

7. Pigulevskiy P., Svistun V., Yaremii S. Geophysical research of the mechanism of natural discharge 

of excessive surface waters (on the example of a career in Kryvbas). Fourth EAGE Workshop on 

Assessment of Landslide Hazards and impact on communities 18-21 September 2023, Lviv, 

Ukraine. P.1-6.  

 
  

http://www.vestnik.vsu.ru/pdf/heologia/2016/01/2016-01-16.pdf
http://www.vestnik.vsu.ru/pdf/heologia/2016/01/2016-01-16.pdf
https://www.scopus.com/authid/detail.uri?authorId=56369304000
https://www.scopus.com/authid/detail.uri?authorId=35758022500
https://www.earthdoc.org/search?value1=V.+Svistun&option1=author&noRedirect=true


104 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

https:// doi.org/10.59911/conf.mpmgg.2024.22 

ʋɼʂ 528+550.837+553.98 
 

ʏɸʉʊʆʊʅʆ-ʈɽɿʆʅɸʅʉʅɸ ʊɽʍʅʆʃʆɻɯʗ ʆɹʈʆɹʂʀ 

ʉʋʇʋʊʅʀʂʆɺʀʍ ʊɸ ʌʆʊʆ ɿʅɯʄʂɯɺ: ʈɽɿʋʃʔʊɸʊʀ ɸʇʈʆɹɸʎɯɰ ʅɸ 

ɼɯʃʗʅʂɸʍ ɯɿ ɻɽʆʊɽʈʄɸʃʔʅʀʄʀ ʉɺɽʈɼʃʆɺʀʅɸʄʀ 
 

ʄ. ɸ. ʗʢʠʤʯʫʢ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʛʝʦʬʽʟʠʢʠ ʽ ʛʝʦʭʽʤʽʾ, ʂʠʾʚ 

ɯ. ʄ. ʂʦʨʯʘʛʽʥ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 

 
ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʘʮʽʾ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʟʥʽʤʢʽʚ ʥʘ ʣʦʢʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʽʟ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ. ʉʢʘʥʫʚʘʥʥʷʤ ʨʦʟʨʽʟʽʚ 

ʥʘ ʜʽʣʷʥʢʘʭ ʨʦʟʤʽʱʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʚʠʟʥʘʯʝʥʽ ʛʣʠʙʠʥʠ ʥʠʞʥʴʦʾ ʪʘ ʚʝʨʭʥʴʦʾ ʢʨʦʤʦʢ ʚʦʜʦʥʦʩʥʠʭ 

ʧʣʘʩʪʽʚ, ʛʨʫʧʠ ʧʦʨʽʜ, ʟ ʷʢʠʭ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ, ʘ ʪʘʢʦʞ ʪʠʧʠ ʧʦʨʽʜ ʚ ʚʦʜʦʥʦʩʥʠʭ 

ʢʦʣʝʢʪʦʨʘʭ. 
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ɺʩʪʫʧ. ɺ 2019-2023 ʨʦʢʘʭ. ʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ ʚʠʢʦʥʘʥʦ ʚʝʣʠʢʠʡ ʦʙʩʷʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʘʧʨʦʙʘʮʽʾ ʤʦʙʽʣʴʥʠʭ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ 

ʬʦʪʦʟʥʽʤʢʽʚ, ʘ ʪʘʢʦʞ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʯʥʠʭ ʧʨʠʡʦʤʽʚ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜ 

ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʥʘ ʥʘʬʪʫ ʪʘ ʛʘʟ, ʚʦʜʝʥʴ, ʨʫʜʥʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ 

ʪʘ ʚʦʜʫ. ɺ ʪʝʟʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʘʪʝʨʽʘʣʠ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʦʙʘʮʽʾ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ 

ʤʝʪʦʜʽʚ ʥʘ ʜʽʣʷʥʮʽ ʽʟ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʦʰʫʢʽʚ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʚʦʜʠ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ 

ʬʦʪʦʟʥʽʤʢʽʚ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ (ʟʦʥʜʫʚʘʥʥʷ) ʨʦʟʨʽʟʫ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ (ʦʮʽʥʢʠ) ʛʣʠʙʠʥ ʟʘʣʷʛʘʥʥʷ ʽ ʪʦʚʱʠʥ ʨʽʟʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʨʽʜ ʪʘ 

ʰʫʢʘʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʠ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʪʘ ʚʝʣʠʢʠʭ ʙʣʦʢʽʚ [1-4]. ɺ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʷʭ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ ʚʘʞʣʠʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ ʙʘʟʠ 

(ʥʘʙʦʨʠ, ʢʦʣʝʢʮʽʾ) ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʽʥʝʨʘʣʽʚ, ʟʨʘʟʢʽʚ ʥʘʬʪʠ, ʛʘʟʫ ʪʘ 

ʢʦʥʜʝʥʩʘʪʫ, ʘ ʪʘʢʦʞ ʦʩʘʜʦʚʠʭ, ʤʘʛʤʘʪʠʯʥʠʭ ʪʘ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ, ʨʝʟʦʥʘʥʩʥʽ 

ʯʘʩʪʦʪʠ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ 

ʬʦʪʦʟʥʽʤʢʽʚ. ʂʦʣʝʢʮʽʷ ʟʨʘʟʢʽʚ ʥʘʬʪʠ ʚ ʙʘʟʽ ʚʢʣʶʯʘʻ 117 ʝʢʟʝʤʧʣʷʨʽʚ, 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʫ ï 15 ʟʨʘʟʢʽʚ. ɹʘʟʘ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 10 ʛʨʫʧ, ʘ ʢʦʣʝʢʮʽʷ 

ʬʦʪʦʛʨʘʬʽʡ ʤʘʛʤʘʪʠʯʥʠʭ ʪʘ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ ʚʢʣʶʯʘʻ 18 ʛʨʫʧ.  

ɽʪʘʧʠ ʨʦʙʽʪ. ʏʠʩʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʘʮʽʾ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʟʥʽʤʢʽʚ [1-

4] ʧʦʢʘʟʘʣʠ, ʱʦ ʮʶ ʩʫʧʝʨ-ʤʦʙʽʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʟ ʤʝʪʦʶ ʧʦʰʫʢʽʚ ʩʢʫʧʯʝʥʴ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ, ʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ ʚʦʜʠ: 

ʘ) ʝʪʘʧ 1 (ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʡ) ï ʦʙʨʦʙʢʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʘʙʦ 

ʬʦʪʦʟʥʽʤʢʘ ʜʽʣʷʥʢʠ (ʤʘʡʜʘʥʯʠʢʘ) ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜʦʤʠʭ ʧʦʪʝʥʮʽʡʥʦʤʫ 

ʟʘʤʦʚʥʠʢʫ ʩʚʝʨʜʣʦʚʠʥʠ ʘʙʦ ʨʦʜʦʚʠʱʘ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʦʙʽʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ; 

ʙ) ʝʪʘʧ 2 (ʽʥʪʝʛʨʘʣʴʥʠʡ) ï ʜʝʪʘʣʴʥʘ ʦʙʨʦʙʢʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʝʣʠʢʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʽʚ ʚʫʣʢʘʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʥʘʷʚʥʠʭ ʚ ʤʝʞʘʭ 

ʨʘʡʦʥʽʚ ʦʙʩʪʝʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʷʢʠʭ ʜʦʮʽʣʴʥʦ 

ʧʨʦʚʦʜʠʪʠ ʜʝʪʘʣʴʥʽ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʽ ʨʦʙʦʪʠ; 

ʚ) ʝʪʘʧ 3 (ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʡ) ï ʨʦʟʙʠʚʢʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʝʣʠʢʠʭ 

ʧʣʦʱ ʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʬʨʘʛʤʝʥʪʽʚ ʪʘ ʾʭ ʜʝʪʘʣʴʥʘ ʦʙʨʦʙʢʘ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʣʦʢʘʣʴʥʠʭ ʙʣʦʢʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʝʪʘʣʴʥʠʭ 

ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʥʘ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ; 

ʛ) ʝʪʘʧ 4 (ʜʝʪʘʣʽʟʘʮʽʡʥʠʡ) ï ʦʙʨʦʙʢʘ ʫ ʜʝʪʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʣʦʢʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʚʠʷʚʣʝʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ 

(ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ) ʝʪʘʧʽ, ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʭ ʜʽʣʷʥʦʢ 

ʜʣʷ ʙʫʨʽʥʥʷ ʧʦʰʫʢʦʚʠʭ ʪʘ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʜʽʣʷʥʢʠ ʽʟ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ. 

ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ ʧʣʦʱʝʶ ʙʽʣʷ 1 ʢʤ2 (ʧʨʠʙʣʠʟʥʦ), ʚ ʤʝʞʘʭ ʷʢʦʾ 

ʨʦʟʤʽʱʝʥʽ  ʪʨʠ ʛʝʦʪʝʨʤʘʣʴʥʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 
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ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʘʧʨʦʙʘʮʽʾ ʧʨʷʤʦʧʦʰʫʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʦ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʫ ʦʙʨʦʙʢʫ ʚʩʽʻʾ ʜʽʣʷʥʢʠ ʦʙʩʪʝʞʝʥʥʷ (ʨʠʩ. 1). ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ 

ʦʙʨʦʙʣʝʥʦ ʦʢʨʝʤʦ ʟʥʽʤʢʠ ʤʘʡʜʘʥʯʠʢʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʨʠʩ. 2ʘ-ʚ. 

ɿʘʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ 

ʜʽʣʷʥʮʽ ʦʙʩʪʝʞʝʥʥʷ ʚ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʝʘʣʽʟʦʚʘʥʦ ʦʙʤʝʞʝʥʫ 

ʢʽʣʴʢʽʩʪʴ ʧʨʦʮʝʜʫʨ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʽʚ. 

ʋ ʧʨʦʮʝʩʽ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʚʩʽʻʾ 

ʜʽʣʷʥʢʠ ʟ ʪʨʴʦʤʘ ʩʚʝʨʜʣʦʚʠʥʘʤʠ (ʨʠʩ. 1) ʟ ʧʦʚʝʨʭʥʽ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ 

ʦʩʘʜʦʚʠʭ ʪʘ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʪʘʢʠʭ ʛʨʫʧ: ʽʥʪʝʨʚʘʣ 4.22-57.41 ʤ ï 7-ʘ (ʚʘʧʥʷʢʠ) 

ʛʨʫʧʘ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ; 57 ʤ - 99 ʢʤ ï 6-ʘ ʛʨʫʧʘ (ʙʘʟʘʣʴʪʠ) ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ; 99-

218 ʢʤ ï 8-ʘ (ʜʦʣʦʤʽʪʠ) ʛʨʫʧʘ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ; 218-753 ʢʤ ï ʜʝʩʷʪʘ (ʢʨʝʤʝʥʠʩʪʽ) 

ʛʨʫʧʘ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. 

ɺ ʧʨʦʮʝʩʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ (ʟʦʥʜʫʚʘʥʥʷ) ʨʦʟʨʽʟʫ ʩʠʛʥʘʣʠ ʥʘ 

ʯʘʩʪʦʪʘʭ ʞʠʚʦʾ (ʟʙʘʛʘʯʝʥʦʾ ʚʦʜʥʝʤ) ʚʦʜʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʚ ʽʥʪʝʨʚʘʣʘʭ ʛʣʠʙʠʥ 

16.21-29.46 ʤ ʪʘ 53.62-56.74 ʤ. 

ɾʠʚʘ ʚʦʜʘ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʬʽʢʩʦʚʘʥʘ ʚ ʽʥʪʝʨʚʘʣʘʭ ʛʣʠʙʠʥ 

16.58-27.01 ʤ ʪʘ 52.54-57.05 ʤ. 

ɻʽʜʨʦʪʝʨʤʘʣʴʥʽ ʜʞʝʨʝʣʘ (ʚʦʜʘ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ) ʥʘ ʟʘʟʥʘʯʝʥʽʡ 

ʧʣʦʱʽ ʬʽʢʩʫʶʪʴʩʷ ʚ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʦʜʘʭ. 
 

 

ʈʠʩ. 1. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʽʟ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ 

ʩʚʝʨʜʣʦʚʠʥʘʤʠ  529 (çɿʘʭʽʜʥʘè),  4155 (çʇʽʚʥʽʯʥʘè), 4156 (çʇʽʚʜʝʥʥʘè). 

 

ʈʝʟʫʣʴʪʘʪʠ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ (ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ) 

ʟʥʽʤʢʽʚ ʤʘʡʜʘʥʯʠʢʽʚ ʽʟ ʦʢʨʝʤʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ. 

ʉʚʝʨʜʣʦʚʠʥʘ "ɿʘʭʽʜʥʘ" (ʨʠʩ. 2ʘ). ɺʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ: 16-20.0 ʤ, 54.4-

59.75 ʤ. ɯʥʪʝʨʚʘʣʠ ʬʽʢʩʘʮʽʾ ʚʽʜʛʫʢʽʚ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʠ ʽʟ ʧʽʜʚʠʱʝʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ: 18.65-20.00 ʤ, 56.5-59.7 ʤ. 
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ʉʚʝʨʜʣʦʚʠʥʘ "ʇʽʚʥʽʯʥʘ" (ʨʠʩ. 2ʙ). ɺʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ: 17.0-20.5ʤ, 56.57-

59.2ʤ. ɯʥʪʝʨʚʘʣʠ ʬʽʢʩʘʮʽʾ ʚʽʜʛʫʢʽʚ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʠ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ: 

18.87-20.5 ʤ, 58.5 -59.2 ʤ. 

ʉʚʝʨʜʣʦʚʠʥʘ "ʇʽʚʜʝʥʥʘ" (ʨʠʩ. 3ʚ).ɺʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ: 16.2-20.0 ʤ, 55.0-

60.1 ʤ. ɯʥʪʝʨʚʘʣʠ ʬʽʢʩʘʮʽʾ ʚʽʜʛʫʢʽʚ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʠ ʽʟ ʧʽʜʚʠʱʝʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ: 18.4-20.0ʤ, 55.5-60.1 ʤ. 

 

   

ʘ) ʙ) ʚ) 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʽʟ ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ  529 (çɿʘʭʽʜʥʘè) 

(ʘ),  4155 (çʇʽʚʥʽʯʥʘè) (ʙ), 4156 (çʇʽʚʜʝʥʥʘè) (ʚ). 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɼʦʮʽʣʴʥʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʢʨʝʤʽ ʤʝʪʦʜʠ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦʟʥʽʤʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʦʙʩʪʝʞʝʥʥʷ ʤʘʡʜʘʥʯʠʢʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʂʝʥʽʷ, ɯʩʣʘʥʜʽʷ, ʌʽʣʽʧʧʽʥʠ) ʪʘ ʛʝʡʟʝʨʽʚ. ɺ ʧʨʦʮʝʩʽ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʬʦʪʦʟʥʽʤʢʽʚ ʥʘ ʚʩʽʭ ʦʙʩʪʝʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʟʘʬʽʢʩʦʚʘʥʦ 

ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʬʦʩʬʦʨʫ, ʚʦʜʥʶ, ʞʠʚʦʾ ʚʦʜʠ ʽ ʙʘʟʘʣʴʪʽʚ. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ 

ʚʠʤʽʨʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʠʥʪʝʟ ʞʠʚʦʾ ʚʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ (ʛʣʠʙʠʥʽ) 57 ʢʤ. 

ʇʦʟʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʨʘʡʦʥʘʭ ʜʦʚʛʦʣʽʪʪʷ 

ʽ ʥʘ ʜʽʣʷʥʢʘʭ ʚʦʜʥʝʚʦʾ ʜʝʛʘʟʘʮʽʾ, ʩʠʥʪʝʟ ʞʠʚʦʾ ʚʦʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ 68 

ʢʤ. ʋ ʨʦʟʨʽʟʘʭ ʦʙʩʪʝʞʝʥʠʭ ʜʽʣʷʥʦʢ ʙʘʟʘʣʴʪʠ ʽ ʛʘʙʨʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ, ʚ ʽʥʪʝʨʚʘʣʽ ʜʦ 99 ʢʤ. ʇʽʜ ʙʘʟʘʣʴʪʘʤʠ, ʥʘ ʛʣʠʙʠʥʘʭ 99-218 ʢʤ ʟʥʘʭʦʜʷʪʴʩʷ 

ʦʩʘʜʦʚʽ ʧʦʨʦʜʠ 8-ʠʡ ʛʨʫʧʠ (ʜʦʣʦʤʽʪʠ), ʘ ʱʝ ʥʠʞʯʝ, ʚ ʽʥʪʝʨʚʘʣʽ 218-723 ʢʤ - 

ʦʩʘʜʦʚʽ (ʢʨʝʤ'ʷʥʠʩʪʽ) ʧʦʨʦʜʠ 10-ʦʾ ʛʨʫʧʠ. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ, ʥʘʜ 

ʙʘʟʘʣʴʪʘʤʠ ʨʦʟʪʘʰʦʚʘʥʽ ʦʩʘʜʦʚʽ ʧʦʨʦʜʠ 7-ʦʾ ʛʨʫʧʠ (ʚʘʧʥʷʢʠ). ʅʘ ʜʽʣʷʥʢʘʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʛʝʡʟʝʨʽʚ ʟʘʬʽʢʩʦʚʘʥʽ ʬʘʢʪʠ ʤʽʛʨʘʮʽʾ ʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʫ. 

ɾʠʚʘ ʚʦʜʘ ʥʘ ʧʦʚʝʨʭʥʽ ʩʠʥʪʝʟʫ 57 ʢʤ, ʘ ʪʘʢʦʞ ʚ ʙʘʟʘʣʴʪʘʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʠʩʦʢʠʤʠ ʥʝʛʘʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

(ʆɺʇ). ɺʩʪʘʥʦʚʣʝʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʘʤʠ ʦʩʦʙʣʠʚʦʩʪʽ (ʦʜʥʦʪʠʧʥʽ) 

ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʥʘ ʙʘʛʘʪʴʦʭ ʜʽʣʷʥʢʘʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʚ ʨʽʟʥʠʭ 

ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ ʧʦʰʫʢʦʚʠʭ ʦʟʥʘʢ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ 

ʩʢʫʧʯʝʥʴ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʚʦʜʠ ʚ ʤʝʞʘʭ ʩʣʘʙʦ ʚʠʚʯʝʥʠʭ ʧʣʦʱ ʽ ʜʽʣʷʥʦʢ. 
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ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʜʽʣʷʥʢʘʭ ʽʟ 

ʛʝʦʪʝʨʤʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ 

ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʘ ʬʦʪʦʟʥʽʤʢʽʚ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʚ 

ʢʦʣʝʢʪʦʨʘʭ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʝʪʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ ʜʽʣʷʥʢʘʭ ʧʦʰʫʢʽʚ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʚʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʤʽʩʮʷ ʜʣʷ ʙʫʨʽʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ. ɻʣʠʙʠʥʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʪʦʚʱʠʥʠ ʚʦʜʦʥʦʩʥʠʭ ʢʦʣʝʢʪʦʨʽʚ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʢʘʥʫʚʘʥʥʷʤ ʨʦʟʨʽʟʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʾ ʪʘ ʤʘʣʦ-ʚʠʪʨʘʪʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʨʠʩʢʦʨʠʪʠ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘ ʚʦʜʫ, 

ʨʫʜʥʽ ʪʘ ʛʦʨʶʯʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ, ʘ ʪʘʢʦʞ ʟʥʠʟʠʪʠ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʡʦʛʦ 

ʧʨʦʚʝʜʝʥʥʷ. 
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ʇʈʆ ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʗɺʃɽʅʅʗ ʇʆʂʃɸɼɯɺ ɺʋɻʃɽɺʆɼʅɯɺ ʅɸ 

ɼɯʃʗʅʂɸʍ ɿʅɸʍɯɼʆʂ ʊɸ ɺʀɼʆɹʋʊʂʋ ɹʋʈʐʊʀʅʋ 
 

ʄ. ɸ. ʗʢʠʤʯʫʢ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʛʝʦʬʽʟʠʢʠ ʽ ʛʝʦʭʽʤʽʾ, ʂʠʾʚ  

ɯ.ʄ. ʂʦʨʯʘʛʽʥ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 

 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʘ ʬʦʪʦʟʥʽʤʢʽʚ ʥʘ ʜʽʣʷʥʢʘʭ ʟʥʘʭʽʜʦʢ ʪʘ ʚʠʜʦʙʫʪʢʫ 

ʙʫʨʰʪʠʥʫ. ʅʘ ʦʙʩʪʝʞʝʥʠʭ ʚ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ  ʧʣʦʱʘʭ ʪʘ ʜʽʣʷʥʢʘʭ ʚ ʋʢʨʘʾʥʽ, 

ʇʦʣʴʱʽ, ʅʽʤʝʯʯʠʥʽ, ɼʦʤʽʥʽʢʘʥʩʴʢʽʡ ʨʝʩʧʫʙʣʽʮʽ, ɸʥʛʣʽʾ ʪʘ ɯʥʜʽʾ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʚʽʜʛʫʢʠ ʥʘ 

ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʪʘ ʙʫʨʰʪʠʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʫʨʰʪʠʥ, ʥʘʬʪʘ, ʛʘʟ, ʢʦʥʜʝʥʩʘʪ, ʧʨʷʤʦʧʦʰʫʢʦʚʽ ʤʝʪʦʜʠ. 
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The results of experimental studies using the technology of frequency-resonance processing of 

satellite and photo images on the sites of amber finds and mining are presented. On the surveyed in 

the reconnaissance mode areas and sites in Ukraine, Poland, Germany, Dominican Republic, England 
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ɺʩʪʫʧ. ɺ ʧʫʙʣʽʢʘʮʽʾ [4] ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʙʽʣʴʥʠʭ 

ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʜʽʣʷʥʢʘʭ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ, ʘ ʪʘʢʦʞ 

ʥʘʚʦʜʷʪʴʩʷ ʩʚʽʜʯʝʥʥʷ ʥʘ ʢʦʨʠʩʪʴ ʡʦʛʦ ʝʥʜʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʅʘʚʝʜʝʥʽ 

ʤʘʪʝʨʽʘʣʠ ʟʘʩʚʽʜʯʠʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʘʥʘʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚ 

ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʨʘʡʦʥʘʭ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ ʪʘ ʥʘ ʣʦʢʘʣʴʥʠʭ 

ʜʽʣʷʥʢʘʭ ʡʦʛʦ ʚʠʷʚʣʝʥʥʷ. ɺ ʜʦʧʦʚʽʜʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʤʘʪʝʨʽʘʣʠ ʜʦʜʘʪʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ 

ʘʢʮʝʥʪ ʩʪʘʚʠʚʩʷ ʥʘ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʦʙʩʪʝʞʝʥʥʷ ʜʽʣʷʥʦʢ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ ʟ 

ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʚ ʾʭ ʤʝʞʘʭ ʩʢʫʧʯʝʥʴ ʥʘʬʪʠ, ʛʘʟʫ ʪʘ ʢʦʥʜʝʥʩʘʪʫ ʚ ʛʣʠʙʠʥʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʨʦʟʨʽʟʫ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʝʞʘʭ ʚʝʣʠʢʠʭ 

ʙʣʦʢʽʚ ʪʘ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʟʥʽʤʢʽʚ, 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ (ʟʦʥʜʫʚʘʥʥʷ) ʨʦʟʨʽʟʫ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ (ʦʮʽʥʢʠ) 

ʛʣʠʙʠʥ ʟʘʣʷʛʘʥʥʷ ʪʘ ʪʦʚʱʠʥ ʨʽʟʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʨʽʜ ʪʘ ʰʫʢʘʥʠʭ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʠ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ 

(ʨʫʜʦʥʦʩʥʦʩʪʽ, ʚʦʜʦʥʦʩʥʦʩʪʽ) ʧʣʦʱ ʦʙʩʪʝʞʝʥʥʷ. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʤʦʙʽʣʴʥʠʭ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʘʧʨʦʙʘʮʽʾ ʪʘ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʚ [1-3]. 

ʈʘʡʦʥ ʤ. ɹʫʨʰʪʠʥ (ʋʢʨʘʾʥʘ). ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʤ. ɹʫʨʰʪʠʥ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. ʇʨʠ ʡʦʛʦ ʦʙʨʦʙʮʽ ʟʘʬʽʢʩʦʚʘʥʦ 

ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ (ʽʥʪʝʥʩʠʚʥʠʡ), ʘ ʪʘʢʦʞ 3, 4 

(ʩʣʘʙʢʠʡ), 5, 6, 7 (ʜʫʞʝ ʽʥʪʝʥʩʠʚʥʠʡ) ʪʘ 12 (ʩʣʘʙʢʠʡ) ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʪʘ 7-ʦʾ 

ʛʨʫʧʠ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ. 

ʌʽʢʩʘʮʽʻʶ ʚʽʜʛʫʢʽʚ ʚʽʜ ʧʦʨʽʜ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ ʢʦʨʽʥʴ ʢʘʥʘʣʫ (ʚʫʣʢʘʥʫ) 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ (7 ʛʨʫʧʘ) ʚʠʟʥʘʯʝʥʦ ʥʘ ʛʣʠʙʠʥʽ 195 ʢʤ, ʘ 7 ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ 

(ʢʘʨʙʦʥʘʪʠ) ï ʥʘ 470 ʢʤ.  

ʅʘ ʧʦʚʝʨʭʥʽ 56.9 ʢʤ ʟʘʬʽʢʩʦʚʘʥʦ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, 

ʛʘʟʫ ʪʘ ʙʫʨʰʪʠʥʫ. 

ʉʢʘʥʫʚʘʥʥʷʤ ʨʦʟʨʽʟʫ ʟ 0 ʤ ʽʟ ʢʨʦʢʦʤ 1 ʤ ʟʘʬʽʢʩʦʚʘʥʦ ʪʘʢʽ ʽʥʪʝʨʚʘʣʠ ʚʽʜʛʫʢʽʚ 

ʥʘ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ: 1) 790-1430 ʤ; 2) 1750ï2200 ʤ; 3) 3200ï4060 ʤ; 

4) 5000-5200 ʤ (ʜʘʣʽ ʥʝ ʧʨʦʩʪʝʞʝʥʦ). 

ʇʨʠ ʩʢʘʥʫʚʘʥʥʽ ʨʦʟʨʽʟʫ ʟ 0 ʤ ʟ ʢʨʦʢʦʤ 1ʩʤ ʩʠʛʥʘʣʠ (ʽʥʪʝʥʩʠʚʥʽ) ʥʘ ʯʘʩʪʦʪʘʭ 

ʙʫʨʰʪʠʥʫ ʟʘʬʽʢʩʦʚʘʥʽ ʟ 1.1 ʤ. 

 

  

ʈʠʩ. 1. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ɹʫʨʰʪʠʥ 

(ʋʢʨʘʾʥʘ) 

ʈʠʩ. 2. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ 

ɹʫʨʰʪʠʥʦʚʝ (ʇʦʣʴʱʘ) 

 

ʇʦʣʴʱʘ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʩʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʥ.ʧ. ɹʫʨʰʪʠʥʦʚʝ. ɺ ʧʨʦʮʝʩʽ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʟʥʽʤʢʘ ʟʘʬʽʢʩʦʚʘʥʦ 
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ʚʽʜʛʫʢʠ ʥʘ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʪʘ ʙʫʨʰʪʠʥʫ. ɼʝʪʘʣʴʥʘ 

ʦʙʨʦʙʢʘ ʟʥʽʤʢʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʷ. 

ʂʘʨ'ʻʨʠ ʪʘ ʜʽʣʷʥʢʠ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ. ʌʦʪʦʛʨʘʬʽʾ ʪʘ ʩʫʧʫʪʥʠʢʦʚʽ 

ʟʥʽʤʢʠ ʢʘʨ'ʻʨʽʚ ʚʠʜʦʙʫʪʢʫ ʪʘ ʟʥʘʭʽʜʦʢ ʙʫʨʰʪʠʥʫ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʟʘʧʦʟʠʯʝʥʽ ʽʟ 

ʩʘʡʪʽʚ ɯʥʪʝʨʥʝʪʫ. ʇʨʠ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʽʡ ʦʙʨʦʙʮʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ 

ʢʘʨ'ʻʨʘ ʚ ʅʽʤʝʯʯʠʥʽ (ʟʘʪʦʧʣʝʥʠʡ) (ʨʠʩ. 3ʘ) ʪʘ ʬʦʪʦʛʨʘʬʽʾ ʢʘʨ'ʻʨʘ ʚ ɼʦʤʽʥʽʢʘʥʩʴʢʽʡ 

ʈʝʩʧʫʙʣʽʮʽ (ʨʠʩ. 3ʙ) ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʩʠʛʥʘʣʠ ʥʘ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, 

ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʪʘ ʙʫʨʰʪʠʥʫ (ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʜʦʩʠʪʴ ʽʥʪʝʥʩʠʚʥʽ). 

ʌʦʪʦʛʨʘʬʽʷ ʜʽʣʷʥʢʠ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ ʚ ʋʢʨʘʾʥʽ ʥʘʚʦʜʠʪʴʩʷ ʥʘ ʨʠʩ. 3ʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʮʽʻʾ ʬʦʪʦʛʨʘʬʽʾ ʟʘʬʽʢʩʦʚʘʥʦ ʚʽʜʛʫʢʠ 

ʥʘ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ (ʽʥʪʝʥʩʠʚʥʽ), ʛʘʟʫ ʪʘ ʙʫʨʰʪʠʥʫ, ʘ 

ʪʘʢʦʞ 1, 2, 3, 4, 5 ʪʘ 6 ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. ʉʠʛʥʘʣʠ ʚʽʜ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʥʝ 

ʟʘʨʝʻʩʪʨʦʚʘʥʽ. ʂʦʨʽʥʴ ʢʘʥʘʣʫ ʤʽʛʨʘʮʽʾ ʛʣʠʙʠʥʥʠʭ ʬʣʶʾʜʽʚ, ʟʘʧʦʚʥʝʥʠʡ ʦʩʘʜʦʚʠʤʠ 

ʧʦʨʦʜʘʤʠ, ʚʠʟʥʘʯʝʥʦ ʥʘ ʛʣʠʙʠʥʽ 194 ʢʤ. ʅʘ ʧʦʚʝʨʭʥʽ 56.9 ʢʤ ʟʘʬʽʢʩʦʚʘʥʦ ʩʠʛʥʘʣʠ 

ʥʘ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ (ʽʥʪʝʥʩʠʚʥʽ), ʛʘʟʫ ʪʘ ʙʫʨʰʪʠʥʫ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʘ 

ʦʙʨʦʙʢʘ ʟʥʽʤʢʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʷ. 

 

   
ʘ) ʙ) ʚ) 

ʈʠʩ. 3. ʉʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʪʘ ʬʦʪʦʛʨʘʬʽʾ ʢʘʨ'ʻʨʽʚ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ ʚ ʘ) ʅʽʤʝʯʯʠʥʽ, 

(ʟʘʪʦʧʣʝʥʠʡ), ʙ) ɼʦʤʽʥʽʢʘʥʩʴʢʽʡ ʈʝʩʧʫʙʣʽʮʽ ʪʘ ʚ) ʋʢʨʘʾʥʽ. 

 

ɸʥʛʣʽʷ. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʢʘʨ'ʻʨʫ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ ʚ ɸʥʛʣʽʾ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. ʇʨʠ ʦʙʨʦʙʮʽ ʥʝʚʝʣʠʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʥʽʤʢʘ (ʧʦʟʥʘʯʝʥʦʛʦ 

ʧʨʷʤʦʢʫʪʥʠʤ ʢʦʥʪʫʨʦʤ) ʦʪʨʠʤʘʥʽ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʽ 

ʙʫʨʰʪʠʥʫ, ʘ ʪʘʢʦʞ 1, 2, 3, 4, 5, 6 ʽ 12 ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. ʉʠʛʥʘʣʠ ʚʽʜ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ. ʂʦʨʽʥʴ ʛʣʠʙʠʥʥʦʛʦ ʢʘʥʘʣʫ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ 

ʚʠʟʥʘʯʝʥʦ ʥʘ ʛʣʠʙʠʥʽ 194 ʤ. 

ʅʘ ʧʦʚʝʨʭʥʽ 56.9 ʢʤ ʬʽʢʩʫʶʪʴʩʷ ʚʽʜʛʫʢʠ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʪʘ 

ʙʫʨʰʪʠʥʫ. ʅʘ ʧʦʚʝʨʭʥʽ 57 ʢʤ ʟʘʬʽʢʩʦʚʘʥʦ ʩʠʛʥʘʣʠ ʢʠʩʥʶ, ʚʫʛʣʝʮʶ, ʚʦʜʥʶ, 

ʬʦʩʬʦʨʫ, ʘʟʦʪʫ ʙʝʟ ʟʘʪʨʠʤʢʠ. 

ʉʢʘʥʫʚʘʥʥʷʤ ʨʦʟʨʽʟʫ ʟ 0 ʤ ʽʟ ʢʨʦʢʦʤ 1 ʤ ʟʘʬʽʢʩʦʚʘʥʦ ʪʘʢʽ ʽʥʪʝʨʚʘʣʠ ʚʽʜʛʫʢʽʚ 

ʥʘ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ: 1) 450-1030 ʤ; 2) 1620ï2360 ʤ; 3) 2770-3180 ʤ; 

4) 3630-4320 ʤ; 5) 5700-7820 ʤ; 6) 12550-14820 ʤ (ʜʦ 15 ʢʤ ʧʨʦʩʪʝʞʝʥʦ). 

ʅʘ ʣʦʢʘʣʴʥʦʤʫ ʬʨʘʛʤʝʥʪʽ ʟʥʽʤʢʘ (ʨʠʩ. 4) ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʩʣʘʥʮʝʚʦʛʦ 

ʛʘʟʫ ʥʝ ʟʘʬʽʢʩʦʚʘʥʽ, ʘ ʛʘʟʫ - ʟʘʨʝʻʩʪʨʦʚʘʥʽ. ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʚʩʴʦʛʦ ʟʥʽʤʢʘ ʥʘ ʨʠʩ. 



112 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

5 ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ, ʙʫʨʰʪʠʥʫ ʪʘ 2 ʪʘ 3 ʛʨʫʧ 

ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. ʂʦʨʽʥʴ ʢʘʥʘʣʫ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʛʣʠʙʠʥʽ 194 ʢʤ. 

 

  

ʈʠʩ. 4. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ 

ʟʥʘʭʽʜʦʢ ʙʫʨʰʪʠʥʫ ʚ ɸʥʛʣʽʾ. 

ʈʠʩ. 5. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ ʟ 

ʨʦʜʦʚʠʱʝʤ ʙʫʨʰʪʠʥʫ ʚ ɯʥʜʽʾ. 

 

ɯʥʜʽʷ. ɿʥʽʤʦʢ ʜʽʣʷʥʢʠ ʨʦʜʦʚʠʱʘ ʙʫʨʰʪʠʥʫ ʚ ɯʥʜʽʾ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5. 

ʆʙʨʦʙʣʝʥʦ ʬʨʘʛʤʝʥʪ ʟʥʽʤʢʘ, ʧʦʟʥʘʯʝʥʦʛʦ ʧʨʷʤʦʢʫʪʥʠʤ ʢʦʥʪʫʨʦʤ. ʇʨʠ ʡʦʛʦ 

ʦʙʨʦʙʮʽ ʟʘʬʽʢʩʦʚʘʥʦ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ (ʽʥʪʝʥʩʠʚʥʠʡ), 

ʙʫʨʰʪʠʥʫ, ʛʘʟʦʛʽʜʨʘʪʽʚ, ʚʦʜʠ ʪʘ ʣʴʦʜʫ; ʩʠʛʥʘʣʠ ʚʽʜ ʥʘʬʪʠ ʙʫʣʠ ʚʽʜʩʫʪʥʽ.  

ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʪʘʢʦʞ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ 1, 2, 3, 4, 5, 6 ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ; 

ʚʽʜ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʚʽʜʛʫʢʠ ʥʝ ʦʪʨʠʤʘʥʽ. 

ʌʽʢʩʘʮʽʻʶ ʚʽʜʛʫʢʽʚ ʚʽʜ 1 ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ (50 ʢʤ, 

150, 250, 350, 450, 550, 650, 750) ʢʦʨʽʥʴ ʢʘʥʘʣʫ (ʚʫʣʢʘʥʫ) ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʛʣʠʙʠʥʽ 723 ʢʤ. 

ʅʘ ʧʦʚʝʨʭʥʽ 56,9 ʢʤ ʟʘʬʽʢʩʦʚʘʥʽ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, 

ʙʫʨʰʪʠʥʫ, ʛʘʟʦʛʽʜʨʘʪʽʚ. ʉʠʛʥʘʣʠ ʚʽʜ ʚʦʜʠ ʬʽʢʩʫʚʘʣʠʩʴ ʜʦ ʛʣʠʙʠʥʠ 69 ʢʤ. 

ʉʢʘʥʫʚʘʥʥʷʤ ʨʦʟʨʽʟʫ ʟ ʢʨʦʢʦʤ 1 ʤ ʟʘʬʽʢʩʦʚʘʥʦ ʪʘʢʽ ʽʥʪʝʨʚʘʣʠ ʚʽʜʛʫʢʽʚ ʥʘ 

ʯʘʩʪʦʪʘʭ ʢʦʥʜʝʥʩʘʪʫ: 1) 890-2600 ʤ; 2) 2830-3700; 3) 4880-5080; ʟ 5 ʢʤ ʢʨʦʢ 5 ʤ; 

4) 8450-11700; 5) 13700-14000 ʤ (ʧʨʦʩʪʝʞʝʥʦ ʜʦ 15 ʢʤ). 

ɯʥʪʝʨʚʘʣʠ ʚʽʜʛʫʢʽʚ ʥʘ ʯʘʩʪʦʪʘʭ ʙʫʨʰʪʠʥʫ ʚʠʟʥʘʯʝʥʽ ʩʢʘʥʫʚʘʥʥʷʤ ʟ ʢʨʦʢʦʤ 

10 ʩʤ: 1) 2-72 ʤ; 2) 83-91 ʤ (ʜʦ 100 ʤ ʧʨʦʩʪʝʞʝʥʦ). 

ʉʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʟʘʬʽʢʩʦʚʘʥʽ ʚ ʽʥʪʝʨʚʘʣʽ 20-300 ʤ, ʘ 

ʛʘʟʦʛʽʜʨʘʪʽʚ ʚ ʽʥʪʝʨʚʘʣʘʭ 550-880 ʤ ʪʘ 920-1050 ʤ. 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʨʦʜʦʚʠʱʽ ʙʫʨʰʪʠʥʫ ʚ ɯʥʜʽʾ ʟʤʫʩʠʣʠ ʘʚʪʦʨʽʚ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʘʢʽ ʦʙʩʪʘʚʠʥʠ. ʇʦ-ʧʝʨʝh, ʜʽʣʷʥʢʘ ʚʠʷʚʣʝʥʥʷ ʙʫʨʰʪʠʥʫ 

ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʨʦʜʦʚʠʱʘ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ. ʇʦ-ʜʨʫʛʝ, ʥʘ ʦʙʩʪʝʞʝʥʽʡ ʜʽʣʷʥʮʽ 

ʥʝ ʦʪʨʠʤʘʥʦ ʚʽʜʛʫʢʽʚ ʥʘ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʽ ʧʦʚʝʨʭʥʽ 56.9 ʢʤ ʟʦʢʨʝʤʘ. 

ʋ ʮʽʡ ʩʠʪʫʘʮʽʾ ʮʽʣʢʦʤ ʟʘʢʦʥʦʤʽʨʥʦ ʚʠʥʠʢʣʠ ʪʘʢʽ ʧʠʪʘʥʥʷ. ʗʢʘ ʩʠʪʫʘʮʽʷ ʟ ʥʘʬʪʦʶ 

ʽʥʰʠʭ ʨʦʜʦʚʠʱʘʭ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ? ɯ ʯʠ ʥʝ ʤʦʞʫʪʴ ʧʣʦʱʽ ʙʫʨʦʚʫʛʽʣʴʥʠʭ ʨʦʜʦʚʠʱ 

ʙʫʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, ʙʫʨʰʪʠʥʫ ʪʘ ʛʘʟʦʛʽʜʨʘʪʽʚ 
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ʫ ʥʠʞʥʽʭ ʛʦʨʠʟʦʥʪʘʭ ʨʦʟʨʽʟʫ? ʋ ʟʚ'ʷʟʢʫ ʟ ʧʠʪʘʥʥʷʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʜʘʪʢʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʦʜʦʚʠʱʘʭ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʚ ʋʢʨʘʾʥʽ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʥʘʜʘʣʠ ʜʦʜʘʪʢʦʚʽ ʩʚʽʜʯʝʥʥʷ ʥʘ ʢʦʨʠʩʪʴ 

ʛʣʠʙʠʥʥʦʛʦ (ʝʥʜʦʛʝʥʥʦʛʦ) ʧʦʭʦʜʞʝʥʥʷ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʪʘ ʙʫʨʰʪʠʥʫ. 

ɿʘʩʣʫʛʦʚʫʻ ʥʘ ʫʚʘʛʫ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʚ ʛʣʠʙʠʥʥʠʭ ʢʘʥʘʣʘʭ ʤʽʛʨʘʮʽʾ ʬʣʶʾʜʽʚ ʪʘ 

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʟʘʧʦʚʥʝʥʠʭ ʦʩʘʜʦʚʠʤʠ ʧʦʨʦʜʘʤʠ, ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ 

ʙʫʨʰʪʠʥʫ ʬʽʢʩʫʶʪʴʩʷ ʨʘʟʦʤ ʽʟ ʚʽʜʛʫʢʘʤʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ ʪʘ ʛʘʟʫ ʥʘ 

ʛʣʠʙʠʥʘʭ ʜʦ 57 ʢʤ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʙʫʨʰʪʠʥ ï ʮʝ 

ʚʫʛʣʝʚʦʜʥʽ ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ. 

ɼʽʣʷʥʢʠ ʚʠʜʦʙʫʪʢʫ ʙʫʨʰʪʠʥʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʟʥʘʭʽʜʦʢ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ 

ʜʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʩʢʫʧʯʝʥʴ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ ʽ ʛʘʟʫ ʚ ʨʦʟʨʽʟʽ 

ʚ ʨʘʡʦʥʘʭ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ. 
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ʃɯɺɸʅʋ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʇʈʗʄʆʇʆʐʋʂʆɺʀʍ ʄɽʊʆɼɯɺ 
 

ʄ.ɸ. ʗʢʠʤʯʫʢ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʛʝʦʬʽʟʠʢʠ ʽ ʛʝʦʭʽʤʽʾ, ʂʠʾʚ  

ɯ.ʄ. ʂʦʨʯʘʛʽʥ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 
 
ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚ 

ʤʝʞʘʭ ʧʦʰʫʢʦʚʦʾ ʜʽʣʷʥʢʠ ʥʘ ʰʝʣʴʬʽ ʃʽʚʘʥʫ. ʉʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʛʘʟʫ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ 

ʦʙʩʪʝʞʝʥʥʷ. ɺʝʨʪʠʢʘʣʴʥʠʤ ʟʦʥʜʫʚʘʥʥʷʤ ʚ 9-ʪʠ ʪʦʯʢʘʭ ʚ ʨʦʟʨʽʟʽ ʜʽʣʷʥʢʠ ʚʠʜʽʣʝʥʽ ʛʘʟʦʥʘʩʠʯʝʥʽ ʧʣʘʩʪʠ 

ʽʟ ʩʫʤʘʨʥʦʶ ʪʦʚʱʠʥʦʶ ʚʽʜ 98 ʤ ʜʦ 458 ʤ.  
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The results of the application of satellite images frequency-resonance processing methods within the 

exploration area on the Lebanese offshore are presented. Signals at gas frequencies were registered within the 

survey area. By vertical sounding at 9 points in the section of area gas-saturated layers with a total thickness 

of 98 m to 458 m were identified.  
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ɺʩʪʫʧ. ɺ 2019-2023 ʨʨ. ʩʫʧʝʨ-ʤʦʙʽʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ 

ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ ʟʥʽʤʢʽʚ [1, 2] ʧʨʦʡʰʣʘ ʘʧʨʦʙʘʮʽʶ ʚ 

ʤʝʞʘʭ ʢʨʫʧʥʠʭ ʙʣʦʢʽʚ ʽ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʙʫʨʽʥʥʷ ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ 

ʚʫʛʣʝʚʦʜʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʜʽʣʷʥʢʘʭ  ʙʫʨʽʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʥʘʬʪʫ ʪʘ ʛʘʟ ʥʘ ʰʝʣʴʬʽ ʃʽʚʘʥʫ ʪʘ ɯʟʨʘʾʣʶ  ʥʘʚʝʜʝʥʽ ʚ [3]. ɺ ʪʝʟʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʦʥʜʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʚ ʤʝʞʘʭ ʧʦʰʫʢʦʚʦʾ ʜʽʣʷʥʢʠ ʥʘ 

ʰʝʣʴʬʽ ʃʽʚʘʥʫ, ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʥʘ ʚʽʜʢʨʠʪʪʷ ʨʦʜʦʚʠʱʘ ʛʘʟʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʪʘ ʜʝʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʘʣʦ-ʚʠʪʨʘʪʥʦʾ ʧʨʷʤʦʧʦʰʫʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʚʢʣʶʯʘʻ ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ ʟʥʽʤʢʽʚ, 

ʚʝʨʪʠʢʘʣʴʥʝ ʝʣʝʢʪʨʦʨʝʟʦʥʘʥʩʥʝ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʪʘ ʤʝʪʦʜʠʢʫ ʽʥʪʝʛʨʘʣʴʥʦʾ 
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ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ (ʨʫʜʦʥʦʩʥʦʩʪʽ) ʚʝʣʠʢʠʭ ʧʦʰʫʢʦʚʠʭ ʙʣʦʢʽʚ 

ʪʘ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ [1, 2]. ʆʢʨʝʤʽ ʢʦʤʧʦʥʝʥʪʠ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʣʝʥʽ ʥʘ 

ʧʨʠʥʮʠʧʘʭ çʨʝʯʦʚʠʥʥʦʾè ʧʘʨʘʜʠʛʤʠ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʫʪʥʽʩʪʴ ʷʢʦʾ 

ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʢʦʥʢʨʝʪʥʦʾ (ʰʫʢʘʥʦʾ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ) ʨʝʯʦʚʠʥʠ. ɺ ʦʩʥʦʚʽ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʣʝʞʘʪʴ ʚʠʷʚʣʝʥʽ ʅʽʢʦʣʦʶ ʊʝʩʣʘ ʫ 1899 ʨ. ʩʪʦʷʯʽ ʝʣʝʢʪʨʠʯʥʽ 

ʭʚʠʣʽ ʫ ʛʣʠʙʠʥʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ɿʝʤʣʽ. ɺ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʝʨʩʽʷʭ ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʬʦʪʦʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʨʦʟʨʽʟʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʩʥʫʶʯʽ ʙʘʟʠ (ʥʘʙʦʨʠ, ʢʦʣʝʢʮʽʾ) ʦʩʘʜʦʚʠʭ, ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʽ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ, ʤʽʥʝʨʘʣʽʚ ʪʘ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʦʪʝʥʮʽʡʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʝʪʦʜʽʚ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʚ [1, 2]. 

ʈʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʘʮʽʾ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ ʥʘ ʰʝʣʴʬʽ ʃʽʚʘʥʫ. ʅʘ 

ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʢʘʨʪʫ ʣʽʮʝʥʟʽʡʥʠʭ ʙʣʦʢʽʚ ʥʘ ʰʝʣʴʬʽ ʃʽʚʘʥʫ. ʉʫʧʫʪʥʠʢʦʚʠʡ 

ʟʥʽʤʦʢ ʪʝʨʠʪʦʨʽʾ ʃʽʚʘʥʫ, ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʜʣʷ ʧʨʦʝʢʪʫ ʦʙʩʪʝʞʝʥʥʷ ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ 

ʢʨʘʾʥʠ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʙʣʦʢʽʚ ʽ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʝʪʘʣʴʥʠʭ 

ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʥʘ ʚʫʛʣʝʚʦʜʥʽ ʪʘ ʧʨʠʨʦʜʥʠʡ ʚʦʜʝʥʴ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 
 

 
ʈʠʩ. 1. ʂʘʨʪʘ ʣʽʮʝʥʟʽʡʥʠʭ ʙʣʦʢʽʚ ʥʘ 

ʰʝʣʴʬʽ ʃʽʚʘʥʫ. 

 
ʈʠʩ. 2. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʪʝʨʠʪʦʨʽʾ ʃʽʚʘʥʫ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʾ ʧʨʷʤʦʧʦʰʫʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʧʦʰʫʢʦʚʠʭ 

ɹʣʦʢʘʭ 4 ʪʘ 9 ʥʘ ʰʝʣʴʬʽ ʃʽʚʘʥʫ (ʨʠʩ. 1) ʪʘ ʛʘʟʦʚʦʤʫ ʨʦʜʦʚʠʱʽ ʃʝʚʽʘʬʘʥ ʥʘ ʰʝʣʴʬʽ 

ɯʟʨʘʾʣʶ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [3]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʤʝʪʦʶ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʚʝʜʝʥʠʭ ʚ 2020 

ʨʦʮʽ ʚ ʤʝʞʘʭ ɹʣʦʢʫ 9 ʥʘ ʰʝʣʴʬʽ ʃʽʚʘʥʫ, ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʧʨʦʙʫʨʝʥʽ ʧʦʰʫʢʦʚʽ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʥʘʬʪʫ ʽ ʛʘʟ ʥʘ ʡʦʛʦ ʧʣʦʱʽ ʙʫʜʫʪʴ ʩʫʭʠʤʠ. 

ʇʽʜ ʯʘʩ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ɹʣʦʢʫ 9 03.02.2023 

ʫʜʦʩʢʦʥʘʣʝʥʠʤ ʤʝʪʦʜʦʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ ʚ 

ʜʽʘʧʘʟʦʥʽ 0ï10000 ʤ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʛʘʟʦʢʦʥʜʝʥʩʘʪʫ ʪʘ ʛʘʟʫ ʥʝ 
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ʬʽʢʩʫʚʘʣʠʩʷ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʭʚʠʣʠʥ ʜʣʷ ʢʦʞʥʦʾ ʢʦʤʧʦʥʝʥʪʠ! ʎʝʡ ʧʨʦʛʥʦʟ 

ʧʽʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʠ ʙʫʨʽʥʥʷ ʧʦʰʫʢʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥ ʫ 2023 ʨʦʮʽ [4]! 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʠʧʣʠʚʽʚ ʬʣʶʾʜʽʚ ʚ ʧʨʦʙʫʨʝʥʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ ʚ ʤʝʞʘʭ ɹʣʦʢʫ 4 ʥʘ ʰʝʣʴʬʽ ʃʽʚʘʥʫ ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ. ʎʝʡ ʧʨʦʛʥʦʟ 

ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʠ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ! 

ɺ ʧʨʦʮʝʩʽ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʥʘʜ 

ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʃʝʚʽʘʬʘʥ ʟʘʬʽʢʩʦʚʘʥʽ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ 

ʪʘ ʛʘʟʫ [3]. ʎʷ ʦʙʩʪʘʚʠʥʘ ʩʚʽʜʯʠʪʴ ʥʘ ʢʦʨʠʩʪʴ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ ʧʨʦ 

ʨʝʟʫʣʴʪʘʪʠ ʙʫʨʽʥʥʷ ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚ ʤʝʞʘʭ ɹʣʦʢʫ-4 ʪʘ ɹʣʦʢʫ-9 ʥʘ 

ʰʝʣʴʬʽ ʃʽʚʘʥʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʥʘ ʰʝʣʴʬʽ ʃʽʚʘʥʫ ʚ 2024 ʨ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʤʝʞʘʭ ʣʽʮʝʥʟʽʡʥʠʭ ɹʣʦʢʽʚ 4 ʪʘ 9 ʥʘ ʰʝʣʴʬʽ ʃʽʚʘʥʫ (ʨʠʩ. 1) 

ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ɺɺ ʥʝ ʟʘʬʽʢʩʦʚʘʥʽ, ʚ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ 

ʧʨʦʚʝʜʝʥʦ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʫ ʦʙʨʦʙʢʫ ʢʨʫʧʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʰʝʣʴʬʫ ʢʨʘʾʥʠ ʟ 

ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʜʽʣʷʥʦʢ, ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ ʙʫʨʽʥʥʷ ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɺ 

ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʟ 

ʦʙʩʪʝʞʝʥʠʭ ʜʽʣʷʥʦʢ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʚʽʜʛʫʢʠ (ʩʠʛʥʘʣʠ) ʥʘ ʯʘʩʪʦʪʘʭ (ʩʧʝʢʪʨʽ ʯʘʩʪʦʪ) 

ʛʘʟʫ. ʅʘʜʘʣʽ, ʚ ʤʝʞʘʭ ʮʽʻʾ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʧʨʦʚʝʜʝʥʦ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʚ 

ʜʝʚôʷʪʴʦʭ ʪʦʯʢʘʭ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ ʨʝʻʩʪʨʘʮʽʾ ʚʽʜʛʫʢʽʚ (ʩʠʛʥʘʣʽʚ) ʚʽʜ 

ʛʘʟʫ ʚ ʨʦʟʨʽʟʽ. ʈʝʟʫʣʴʪʘʪʠ ʩʢʘʥʫʚʘʥʥʷ ʚ ʦʢʨʝʤʽʡ ʪʦʯʮʽ ʟ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ 

ʧʨʦʮʝʜʫʨ ʛʨʘʬʽʯʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3 ʚ ʜʚʦʭ ʬʦʨʤʘʪʘʭ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʮʝʜʫʨʠ ʛʨʘʬʽʯʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʚ ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ ʫ ʪʨʴʦʭ ʬʦʨʤʘʪʘʭ. 

ʇʦʣʦʞʝʥʥʷ 9-ʪʠ ʪʦʯʦʢ ʟʦʥʜʫʚʘʥʥʷ ʚ ʤʝʞʘʭ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʬʽʢʩʘʮʽʾ 

ʚʽʜʛʫʢʽʚ ʥʘ ʯʘʩʪʦʪʘʭ ʛʘʟʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʫʥʢʪʽʚ ʟʦʥʜʫʚʘʥʥʷ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʧʨʠʡʥʷʪʠʡ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʦʪʝʥʮʽʡʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʮʝʜʫʨ 3-ɼ ʛʨʘʬʽʯʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʢʘʥʫʚʘʥʥʷ (ʟʦʥʜʫʚʘʥʥʷ) ʨʦʟʨʽʟʫ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʟʦʥʜʫʚʘʥʥʷ ʚ 9-ʪʠ ʪʦʯʢʘʭ ʥʘ ʜʽʣʷʥʮʽ ʦʙʩʪʝʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʚ ʾʾ ʤʝʞʘʭ ʥʘʷʚʥʽ ʤʘʛʤʘʪʠʯʥʽ (ʫʣʴʪʨʘʤʘʬʽʯʥʽ) ʧʦʨʦʜʠ 7-ʦʾ ʛʨʫʧʠ 

ʥʘʜ ʷʢʠʤʠ ʨʦʟʤʽʱʝʥʽ ʧʣʘʩʪʠ ʩʦʣʽ.  

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʽ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʽʚ (ʫ ʚʽʜʩʦʪʢʘʭ) ʥʘ ʯʘʩʪʦʪʘʭ 

ʛʘʟʫ ʟ ʽʥʪʝʨʚʘʣʽʚ ʬʽʢʩʘʮʽʾ ʚʽʜʛʫʢʽʚ. ɿ ʽʥʪʝʨʚʘʣʽʚ (ʧʣʘʩʪʽʚ) ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʠʛʥʘʣʽʚ 

60% ʽ ʚʠʱʝ ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʧʨʠʧʣʠʚʽʚ ʛʘʟʫ ʧʽʜʚʠʱʫʻʪʴʩʷ. 

ʂʘʨʪʘ ʩʫʤʘʨʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʘʟʦʥʘʩʠʯʝʥʠʭ ʧʣʘʩʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2 

ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʚʘʨʽʘʥʪʽ ʩʧʽʣʴʥʦ ʟ ʢʦʣʦʥʢʘʤʠ ʟʦʥʜʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʚ 9-ʪʠ ʪʦʯʢʘʭ ʚ 

ʜʚʦʭ ʬʦʨʤʘʪʘʭ. 
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ʘ) ʙ) 

ʈʠʩ. 3. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʢʘʥʫʚʘʥʥʷ ʚ ʦʜʥʽʡ ʪʦʯʮʽ ʜʽʣʷʥʢʠ ʚ 2-ʭ ʬʦʨʤʘʪʘʭ. 

 

  

ʘ) ʙ) 

ʈʠʩ. 4. ʊʨʠʚʠʤʽʨʥʽ ʛʨʘʬʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʚ 9 ʪʦʯʢʘʭ. 

 

ʂʦʨʦʪʢʽ ʢʦʤʝʥʪʘʨʽ ʪʘ ʚʠʩʥʦʚʦʢ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʧʨʦʚʝʜʝʥʽ ʥʘ ʰʝʣʴʬʘʭ ʃʽʚʘʥʫ ʪʘ ɯʟʨʘʾʣʶ [3], 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʦʙʽʣʴʥʽ ʧʨʷʤʦʧʦʰʫʢʦʚʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʚʝʣʠʢʠʭ ʧʦʰʫʢʦʚʠʭ ʙʣʦʢʽʚ ʽ ʣʦʢʘʣʴʥʠʭ 

ʜʽʣʷʥʦʢ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʠʩʪʘʚʣʝʥʠʭ ʥʘ ʘʫʢʮʽʦʥʠ), ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʤʽʩʮʴ 

(ʤʘʡʜʘʥʯʠʢʽʚ) ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, 

ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʚʠʷʚʣʝʥʥʷ ʧʦʢʣʘʜʽʚ ʥʘʬʪʠ ʽ ʛʘʟʫ ʚ ʛʣʠʙʦʢʠʭ ʪʘ ʛʣʠʙʠʥʥʠʭ 
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ʛʦʨʠʟʦʥʪʘʭ ʨʦʟʨʽʟʫ, ʧʦʰʫʢʫ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʛʣʠʙʠʥʥʠʭ ʢʘʥʘʣʽʚ ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʬʣʶʾʜʽʚ. ʽ ʤʽʥʝʨʘʣʴʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ʚʝʨʭʥʽ ʛʦʨʠʟʦʥʪʠ ʨʦʟʨʽʟʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʾ ʪʘ ʤʘʣʦʟʘʪʨʘʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʠʪʴ 

ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʟ ʤʝʪʦʶ ʧʦʰʫʢʽʚ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ, 

ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ, ʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʴ ʬʽʥʘʥʩʦʚʽ 

ʚʠʪʨʘʪʠ ʥʘ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ. 
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ʉɽɼʀʄɽʅʊɸʎɯʁʅɸ ʉʂʃɸɼʆɺɸ ʌʆʈʄʋɺɸʅʅʗ ʄɯʅɽʈɸʃʔʅʆ-

ɽʃɽʄɽʅʊʅɯ ɸʉʆʎɯɸʎɯɰ ʋ ɺʋɻʃɽʇʆʈʆɼʅʀʍ ʄɸʉʀɺɸʍ ɼʆʅɹɸʉʋ 

ɺ. ɺ. ɺʝʨʛʝʣʴʩʴʢʘ  
ɼʋ çɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʅɸʅ ʋʢʨʘʾʥʠè,  

03142, ʤ. ʂʠʾʚ, ʧʨ-ʪ ɸʢʘʜʝʤʽʢʘ ʇʘʣʣʘʜʽʥʘ, 34-ɸ 

ʅ. ɺ. ɺʝʨʛʝʣʴʩʴʢʘ 
ʜʦʢʪʦʨ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʨʦʟʚʠʪʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè 

ɸ. ʆ. ʅʽʢʽʪʽʥʘ 

ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 
ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʨʦʟʚʠʪʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè 

ɸ. ʄ. ʃʘʛʦʡʢʦ  
ʎʝʥʪʨ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙ'ʻʢʪʽʚ ʘʪʦʤʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

ʉʝʜʠʤʝʥʪʘʮʽʡʥʠʡ ʬʘʢʪʦʨʠ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʥʦʩʥʠʭ ʬʦʨʤʘʮʽʡ ʚʽʜʽʛʨʘʣʠ ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʫ 

ʥʘʢʦʧʠʯʝʥʥʽ ʪʘ ʟʙʘʛʘʯʝʥʥʽ ʾʭ ʦʢʨʝʤʠʤʠ ʭʽʤʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʋ ʦʩʪʘʥʥʽʡ ʯʘʩ ʚʝʣʠʢʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʷʶʪʴ ʤʦʞʣʠʚʦʩʪʷʤ ʨʦʟʨʦʙʢʠ ʚʫʛʽʣʴʥʠʭ ʧʦʢʣʘʜʽʚ, ʷʢ ʢʦʤʧʣʝʢʩʥʠʭ ʨʦʜʦʚʠʱ. ɺʫʛʽʣʣʷ, 

ʢʨʽʤ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʟʘʚʞʜʠ ʤʽʩʪʠʪʴ, ʷʢ ʜʦʤʽʰʢʠ, ʥʝʦʨʛʘʥʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʦ-ʝʣʝʤʝʥʪʥʠʭ ʘʩʦʮʽʘʮʽʡ ʚʘʞʣʠʚʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʷʢʽ ʩʧʨʠʷʣʠ ʬʦʨʤʫʚʘʥʥʷ 

ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʤʘʩʠʚʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʫʛʣʝʧʦʨʦʜʥʽ ʤʘʩʠʚʠ, ʥʝʦʛʨʘʥʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʡ ʧʨʦʮʝʩ, 

ɼʦʥʙʘʩ. 
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The sedimentary factors of formation of coal-bearing formations played a leading role in their 

accumulation and enrichment with individual chemical elements. Recently, much attention has been 

paid to the possibilities of developing coal deposits as complex deposits. Coal, in addition to organic 

substances, always contains inorganic components as impurities. The study of mineral-elemental 

associations is important for determining the processes that contributed to the formation of coal 

massifs. 

Key words: coal massifs, non-boundary components, sedimentation process, Donbas. 

 

ʋ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʚʧʨʦʜʦʚʞ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʪʘ 

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʥʝʦʨʛʘʥʽʯʥʽ ʚʢʣʶʯʝʥʥʷ ʪʘ ʤʽʥʝʨʘʣʴʥʦ-ʝʣʝʤʝʥʪʥʽ ʘʩʦʮʽʘʮʽʾ, ʱʦ 

ʯʘʩʪʢʦʚʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩʠ ʪʦʨʬʦʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʧʦʨʦʜʥʠʭ 

ʤʘʩʠʚʽʚ.  

ʅʝʦʨʛʘʥʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʫ ʚʠʛʣʷʜʽ ʟʨʦʩʪʢʽʚ ʟ ʚʫʛʽʣʣʷʤ, 

ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦ. ʆʜʥʘʢ ʯʘʩʪʦ ʙʫʚʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʢʦ ʚʽʜʥʝʩʪʠ 

ʜʦ ʦʜʥʽʻʾ ʟ ʚʢʘʟʘʥʠʭ ʛʨʫʧ ʝʣʝʤʝʥʪʠ, ʚʠʷʚʣʝʥʽ ʭʽʤʽʯʥʠʤʠ ʘʥʘʣʽʟʘʤʠ, ʘ ʪʘʢʦʞ 

ʚʠʷʚʣʝʥʠʤʠ ʧʨʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʝʥʪʛʝʥʦʩʢʦʧʽʾ 

ʘʙʦ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ, ʟʘʟʚʠʯʘʡ, ʥʝ ʨʦʙʣʷʪʴ ʥʽʷʢʦʾ 

ʨʽʟʥʠʮʽ ʤʽʞ ʨʦʩʣʠʥʥʦʶ çʟʦʣʦʶè ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ, ʭʦʯʘ ʟʦʚʩʽʤ ʥʝʤʘʻ 

ʚʧʝʚʥʝʥʦʩʪʽ ʫ ʪʦʤʫ, ʱʦ ʦʩʪʘʥʥʽ ʟʘʚʞʜʠ ʫʪʚʦʨʶʚʘʣʠʩʷ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ 

ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʝʚʠʢʣʶʯʝʥʦ, ʱʦ ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʟʦʙʦʚᾷʷʟʘʥʽ ʩʚʦʾʤ 

ʧʦʭʦʜʞʝʥʥʷʤ ʤʽʥʝʨʘʣʘʤ, ʫʪʚʦʨʝʥʠʤ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʩʪʘʜʽʡ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʚʫʛʣʝʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ. ɯ ʥʘʚʧʘʢʠ, ʜʝʷʢʽ ʨʦʩʣʠʥʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʢʚʘʨʮ, ʷʢʠʡ 

ʣʝʛʢʦ ʩʧʣʫʪʘʪʠ ʽʟ ʟʝʨʥʘʤʠ ʢʚʘʨʮʫ, ʟʘʥʝʩʝʥʠʤʠ ʫ ʚʽʜʢʣʘʜʠ ʚʦʜʦʶ ʘʙʦ ʚʽʪʨʦʤ ʧʽʜ 

ʯʘʩ ʧʝʨʰʦʾ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ. ɯʥʰʘ ʩʢʣʘʜʥʽʩʪʴ ʫ ʧʨʘʚʠʣʴʥʦʤʫ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʽ ʧʝʨʚʠʥʥʦʾ ʨʦʩʣʠʥʥʦʾ çʟʦʣʠè ʪʘ ʚʪʦʨʠʥʥʠʭ ʤʽʥʝʨʘʣʽʚ ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦ ʫ ʚʫʛʽʣʣʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠʩʷ ʩʫʙʤʽʢʨʦʩʢʦʧʽʯʥʽ ʢʨʠʩʪʘʣʠʢʠ ʤʽʥʝʨʘʣʽʚ 

ʚʪʦʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʥʝ ʧʦʤʽʪʥʽ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ.  

ʄʘʢʨʦʩʢʦʧʽʯʥʽ ʫʪʚʦʨʝʥʥʷ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʪʘ ʚʤʽʱʫʶʯʠʭ ʧʦʨʦʜʘʭ. ʗʢ 

ʧʨʘʚʠʣʦ, ʤʽʥʝʨʘʣʠ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʚʫʛʽʣʣʷʤ ʘʙʦ ʙʫʣʠ ʧʨʠʚʥʝʩʝʥʽ ʫ 

ʚʽʜʢʣʘʜʠ, ʻ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ ʽ ʪʽʩʥʦ ʟʨʦʩʣʠʩʷ ʟ ʚʫʛʽʣʣʷʤ. ɺʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʩʪʽʡʥʽʩʪʶ ʧʦʰʠʨʝʥʥʷ ʧʦ ʣʘʪʝʨʘʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟ ʫʩʧʽʭʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʦʨʝʣʷʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. ʎʷ 

ʦʩʦʙʣʠʚʽʩʪʴ ʥʘʡʢʨʘʱʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʪʘʢ ʥʘʟʚʘʥʦʛʦ ʢʘʦʣʽʥ-ʚʫʛʣʠʩʪʦʛʦ 

ʪʦʥʰʪʝʡʥʘ [3] ʽ ʜʦ ʜʝʷʢʦʾ ʤʽʨʠ ʫ ʜʫʞʝ ʜʨʽʙʥʠʭ ʩʢʫʧʯʝʥʥʷʭ ʧʽʨʠʪʫ ʪʘ ʟʝʨʥʠʩʪʦʛʦ 

ʢʚʘʨʮʫ. 

ɻʣʠʥʠʩʪʽ ʤʽʥʝʨʘʣʠ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʛʨʫʧʦʶ ʤʽʥʝʨʘʣʽʚ ʫ ʚʫʛʽʣʣʽ ʻ 

ʛʣʠʥʠʩʪʽ ʤʽʥʝʨʘʣʠ. ʋ ʩʝʨʝʜʥʴʦʤʫ ʚʦʥʠ ʩʪʘʥʦʚʣʷʪʴ ʧʨʠʙʣʠʟʥʦ ʚʽʜ 60 ʜʦ 80% 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʘʩʦʮʽʶʶʪʴ ʟ ʚʫʛʽʣʣʷʤ. ʇʨʦ ʛʝʥʝʟʠʩ 

ʮʠʭ ʤʽʥʝʨʘʣʽʚ ʚʽʜʦʤʦ ʧʦʢʠ ʱʦ ʥʝʜʦʩʪʘʪʥʴʦ. ʃʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ 
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(ʯʠ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ ʫ ʰʣʽʬʘʭ) ʫ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʤʘʩʠʚʘʭ ʢʘʦʣʽʥʽʪ, ʽʣʣʽʪ ʽ ʩʝʨʠʮʠʪ 

(ʨʽʟʥʦʚʠʜ ʩʣʶʜʠ), ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʚʦʥʠ ʤʘʶʪʴ ʚʪʦʨʠʥʥʝ ʧʦʭʦʜʞʝʥʥʷ ʡ 

ʫʪʚʦʨʠʣʠʩʷ ʽʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʘʙʦ ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʣʘʩʪʠʯʥʠʡ 

ʤʘʪʝʨʽʘʣ, ʧʨʠʥʝʩʝʥʠʡ ʚʦʜʦʶ ʫ ʚʠʛʣʷʜʽ ʚʠʚʽʪʨʠʣʠʭ ʫʣʘʤʢʽʚ ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʘ ʽ 

ʩʣʶʜʠ ʧʨʠʥʝʩʝʥʠʭ ʽʟ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. ɻʣʠʥʠʩʪʽ ʤʽʥʝʨʘʣʠ, ʟʦʢʨʝʤʘ, 

ʢʘʨʙʘʨʛʽʣʽʪ ʽ ʛʣʠʥʠʩʪʠʡ ʩʣʘʥʝʮʴ ʤʦʞʫʪʴ ʩʧʫʯʫʚʘʪʠʩʷ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʜʠ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʧʨʠ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. ɿʜʘʪʥʽʩʪʴ ʜʦ ʩʧʫʯʫʚʘʥʥʷ 

ʥʘʡʙʽʣʴʰ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʤʽʥʝʨʘʣʽʚ ʤʦʥʪʤʦʨʽʣʦʥʽʪʦʚʦʾ ʛʨʫʧʠ ʪʘ ʽʣʣʽʪʠ, 

ʦʩʦʙʣʠʚʦ ʫ ʧʦʻʜʥʘʥʥʽ ʽʣʣʽʪ-ʢʘʨʙʘʨʛʽʣʽʪ. ʉʧʫʯʫʚʘʥʥʷ ʟʘʚʞʜʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʥʘʯʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʤʽʮʥʦʩʪʽ ʧʦʨʽʜ ʤʘʩʠʚʫ ʪʘ ʩʣʫʞʠʪʴ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ 

çʚʠʜʘʚʣʶʚʘʥʥʷè ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʘʙʦ ʧʽʜʦʰʚʠ ʫ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪʘʭ ʽ ʩʪʚʦʨʶʻ 

ʪʨʫʜʥʦʱʽ ʧʨʠ ʢʨʽʧʣʝʥʥʽ ʦʢʨʝʤʠʭ, ʙʘʛʘʪʠʭ ʛʣʠʥʦʶ, ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ. 

ʂʘʦʣʽʥ-ʚʫʛʣʠʩʪʠʡ ʪʦʥʰʪʝʡʥ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʝʣʴʤʠ ʨʽʟʥʠʭ ʬʦʨʤ ʪʘ 

ʤʦʞʝ ʤʘʪʠ ʟʤʽʥʠ ʫ ʙʫʜʦʚʽ ʥʘʚʽʪʴ ʥʘ ʥʝʟʥʘʯʥʠʭ ʚʽʜʩʪʘʥʷʭ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʟʨʘʟʢʘ. 

ɿ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʣʽʜʥʠʢʠ ʚʠʜʽʣʠʣʠ ʯʦʪʠʨʠ ʪʠʧʠ ʢʘʦʣʽʥ-ʚʫʛʣʠʩʪʦʛʦ 

ʪʦʥʰʪʝʡʥʘ [3, 5]. ɹ. ʌʝʨʨʘʨʽ, ʚʧʝʨʰʝ ʚʠʩʫʥʫʚ ʽʜʝʶ ʧʨʦ ʪʝ, ʱʦ ʢʘʦʣʽʥ-ʚʫʛʣʠʩʪʠʡ 

ʪʦʥʰʪʝʡʥ ʤʘʻ ʚʫʣʢʘʥʽʯʥʝ ʧʦʭʦʜʞʝʥʥʷ, ʽ ʧʦʩʪʫʧʦʚʝ ʚʠʚʽʪʨʶʚʘʥʥʷ ʡʦʛʦ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʢʘʦʣʽʥʽʪʫ. ʇʽʟʥʽʰʝ ɽ. ʐʪʘʭ, ʧʽʜʪʨʠʤʘʚ ʽʜʝʶ ʪʘʢʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʧʽʜʪʨʠʤʢʫ ʛʽʧʦʪʝʟʠ ʩʚʽʜʯʠʣʘ ʯʘʩʪʘ ʧʦʷʚʘ ʮʠʨʢʦʥʫ ʽ ʩʘʥʽʜʠʥʫ ʫ ʢʘʦʣʽʥ-

ʚʫʛʣʠʩʪʠʭ ʪʦʥʰʪʝʡʥʘʭ ʽ ʡʦʛʦ ʘʩʦʮʽʘʮʽʷ ʟ ʢʚʘʨʮʦʤ, ʯʘʩʪʢʦʚʦ ʩʫʙʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ 

ʨʦʟʤʽʨʫ, ʧʨʠʩʫʪʥʽʩʪʴ ʷʢʦʛʦ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʧʦʣʴʦʚʠʡ ʰʧʘʪ ʽ ʩʣʶʜʘ 

ʤʽʩʪʷʪʴ ʙʽʣʴʰʝ ʉʆ2, ʥʽʞ ʢʘʦʣʽʥʽʪ. 

ʂʘʨʙʦʥʘʪʠ ï ʥʘʩʪʫʧʥʘ ʛʨʫʧʫ ʤʽʥʝʨʘʣʽʚ, ʧʽʩʣʷ ʛʣʠʥʠʩʪʠʭ, ʷʢʘ ʥʘʡʙʽʣʴʰ 

ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ. ʉʠʥʛʝʥʝʪʠʯʥʠʤʠ ʪʠʧʘʤʠ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʻ: ʩʠʜʝʨʠʪ ʫ ʬʦʨʤʽ ʨʘʜʽʘʣʴʥʠʭ ʘʙʦ ʢʦʥʮʝʥʪʨʠʯʥʠʭ ʩʢʫʧʯʝʥʴ ʘʙʦ ʫ ʚʠʛʣʷʜʽ 

ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʘʛʨʝʛʘʪʽʚ ʽ ʜʦʣʦʤʽʪ. 

ʉʫʣʴʬʽʜʠ. ɿ ʩʫʣʴʬʽʜʽʚ ʫ ʚʫʛʽʣʣʽ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʽʨʠʪ ʪʘ ʤʘʨʢʘʟʠʪ 

[1- 4]. ʋ ʙʘʛʘʪʴʦʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʫ ʥʝʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ ʤʽʩʪʷʪʴʩʷ ʩʬʘʣʝʨʠʪ, 

ʛʘʣʝʥʽʪ ʽ ʭʘʣʴʢʦʧʽʨʠʪ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʛʽʜʨʦʪʝʨʤʘʣʴʥʽ ʞʠʣʠ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʟʴʢʦ 

ʚʽʜ ʧʣʘʩʪʽʚ. ʇʽʜ ʯʘʩ ʧʝʨʰʦʾ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʚʫʛʣʝʬʽʢʘʮʽʾ ʟᾷʷʚʣʷʶʪʴʩʷ ʩʠʥʛʝʥʝʪʠʯʥʽ 

ʘʙʦ ʨʘʥʥʴʦʜʽʘʛʝʥʝʪʠʯʥʽ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʘʙʦ ʜʨʽʙʥʦʢʦʥʢʨʝʮʽʡʥʠʡ ʧʽʨʠʪ, ʷʢʠʡ 

ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʫ ʧʨʦʥʠʢʘʶʯʦʤʫ ʩʚʽʪʣʽ ʫ ʚʫʛʽʣʴʥʠʭ ʰʣʽʬʘʭ. 

ʉʫʣʴʬʽʜʠ. ɿ ʩʫʣʴʬʽʜʽʚ ʫ ʚʫʛʽʣʣʽ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʽʨʠʪ ʪʘ ʤʘʨʢʘʟʠʪ 

[1- 4]. ʋ ʙʘʛʘʪʴʦʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʫ ʥʝʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ ʤʽʩʪʷʪʴʩʷ ʩʬʘʣʝʨʠʪ, 

ʛʘʣʝʥʽʪ ʽ ʭʘʣʴʢʦʧʽʨʠʪ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʛʽʜʨʦʪʝʨʤʘʣʴʥʽ ʞʠʣʠ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʟʴʢʦ 

ʚʽʜ ʧʣʘʩʪʽʚ. ʇʽʜ ʯʘʩ ʧʝʨʰʦʾ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʚʫʛʣʝʬʽʢʘʮʽʾ ʟᾷʷʚʣʷʶʪʴʩʷ ʩʠʥʛʝʥʝʪʠʯʥʽ 

ʘʙʦ ʨʘʥʥʴʦʜʽʘʛʝʥʝʪʠʯʥʽ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʘʙʦ ʜʨʽʙʥʦʢʦʥʢʨʝʮʽʡʥʠʡ ʧʽʨʠʪ, ʷʢʠʡ 

ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʫ ʧʨʦʥʠʢʘʶʯʦʤʫ ʩʚʽʪʣʽ ʫ ʚʫʛʽʣʴʥʠʭ ʰʣʽʬʘʭ. 
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ʄʽʢʨʦʝʣʝʤʝʥʪʠ ʫ ʚʫʛʽʣʣʽ ʫʪʚʦʨʶʶʪʴʩʷ ʘʙʦ ʟ ʧʦʭʽʜʥʦʛʦ ʨʦʩʣʠʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʘʙʦ ʟ ʩʫʤʽʰʝʡ ʦʨʛʘʥʽʯʥʠʭ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ, ʷʢ ʫʨʘʥ, ʱʦ 

ʫʪʚʦʨʠʚʩʷ ʧʽʜ ʯʘʩ ʧʝʨʰʦʾ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʚʫʛʣʝʬʽʢʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʤʽʢʨʦʝʣʝʤʝʥʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʽʥʰʠʭ ʤʽʥʝʨʘʣʽʚ ʫ ʚʫʛʽʣʣʽ, ʥʘʧʨʠʢʣʘʜ ʩʨʽʙʣʦ ʫ 

ʛʘʣʝʥʽʪʽ, ʤʠʰ'ʷʢ ʫ ʧʽʨʠʪʽ ʘʙʦ ʫ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʘʭ. ʉʠʩʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ ʛʝʨʤʘʥʽʶ ʧʦʚôʷʟʘʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʚʫʛʽʣʣʷʤ, 

ʘʣʝ ʡʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʧʦʢʠ ʱʦ ʥʝ ʟôʷʩʦʚʘʥʦ. ʅʝ ʚʠʢʣʶʯʝʥʦ, ʱʦ ʧʦʜʽʙʥʦ ʫʨʘʥʫ, 

ʚʽʥ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʥʝʦʨʛʘʥʽʯʥʠʭ ʽ ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʘʭ. 

ɺʠʩʥʦʚʦʢ. 

ʉʝʜʠʤʝʥʪʘʮʽʡʥʠʡ ʬʘʢʪʦʨ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʬʦʨʤʘʮʽʡ ʚʽʜʽʛʨʘʣʠ 

ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʫ ʥʘʢʦʧʠʯʝʥʥʽ ʪʘ ʟʙʘʛʘʯʝʥʥʽ ʾʭ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʭʽʤʽʯʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. ʃʦʢʘʣʽʟʘʮʽʷ ʪʘ ʚʽʜʥʦʩʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʬʘʮʽʘʣʴʥʠʭ ʫʤʦʚ ʦʩʘʜʢʦ- ʽ ʪʦʨʬʦʥʘʢʦʧʠʯʝʥʥʷ, ʘ ʡ ʧʦʜʘʣʴʰʠʭ ʧʨʦʮʝʩʽʚ 

ʤʝʪʘʩʦʤʘʪʦʟʫ, ʷʢʽ ʤʠ ʤʦʞʝʤʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʤʘʢʨʦʩʢʦʧʽʯʥʦ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʪʘ 

ʚʤʽʱʫʶʯʠʭ ʧʦʨʦʜʘʭ (ʧʽʨʠʪʦʚʦ-ʭʘʣʴʢʦʧʽʨʠʪʦʚʽ ʪʘ ʢʘʣʴʮʠʪʦʚʽ ʞʠʣʠ, ʷʢʽ 

ʚʠʧʦʚʥʶʶʪʴ ʪʨʽʱʠʥʠ).  

 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

 

1. ɹʫʰʘʢ ʉ.ʄ. ɺʠʟʥʘʯʝʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʫʛʣʝʫʪʚʦʨʝʥʥʷ ʟʘ ʩʢʣʘʜʦʤ ʥʝʦʨʛʘʥʽʯʥʦʾ 
ʯʘʩʪʠʥʠ ʚʫʛʽʣʣʷ (ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʚʯʝʥʥʷ ʟʦʣʴʥʦʩʪʽ). ɻʝʦʣʦʛʽʯʥʠʡ ʞʫʨʥʘʣ. 2003. ˉ 3. ʉ.47-

53. 

2. ɹʫʰʘʢ ʉ.ʄ. ʆʩʦʙʣʠʚʦʩʪʽ ʩʢʣʘʜʫ ʥʝʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʫʛʽʣʣʷ ɼʦʥʝʮʴʢʦï

ʄʘʢʽʾʚʩʴʢʦʛʦ ɻʈʇ ɼʦʥʙʘʩʫ ʫ ʟʚôʷʟʢʫ ʟ ʧʨʦʙʣʝʤʦʶ ʾʭ ʚʠʢʠʜʦʥʝʙʝʟʧʝʯʥʦʩʪʽ. ʉʫʯʘʩʥʽ 

ʧʨʦʙʣʝʤʠ ʛʝʦʣʦʛʽʾ ʽ ʛʝʦʭʽʤʽʾ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʊʝʟ. ʜʦʧ. ʥʘʫʢ. ʢʦʥʬ. ʃʴʚʽʚ, 1993. ʉ. 27 ï 28.  

3. ɹʫʰʘʢ ʉ.ʄ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʥʰʪʝʡʥʽʚ ʜʣʷ ʢʦʨʝʣʷʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ. 

ʊʝʢʪʦʥʽʢʘ ʽ ʩʪʨʘʪʠʛʨʘʬʽʷ. 2005. ɺʠʧ. 34. C. 87-92. 

4. ɺʝʨʛʝʣʴʩʴʢʘ ʅ. ʆʟʥʘʢʠ ʚʪʦʨʠʥʥʦʛʦ ʟʨʫʜʝʥʽʥʥʷ ʫ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʤʘʩʠʚʘʭ ʇʽʚʜʝʥʥʦ-

ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ. ʄʽʥʝʨʘʣʦʛʽʷ: ʩʴʦʛʦʜʝʥʥʷ ʽ ʤʘʡʙʫʪʪʷ: ʟʙ. ʤʘʪʝʨ. Vɯɯɯ ʥʘʫʢʦʚʠʭ ʯʠʪʘʥʴ 

ʽʤ. ʘʢʘʜʝʤʽʢʘ ɭ. ʃʘʟʘʨʝʥʢʘ, ʃʴʚʽʚ ï ʏʽʥʘʜʽʻʚʝ, 11 ï 14 ʚʝʨʝʩʥʷ 2014 ʨ. ʃʴʚʽʚ, 2014. ʉ. 24ï

25. 

5. ɺʝʨʛʝʣʴʩʴʢʘ ʅ.ɺ. ɺʤʽʩʪ ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʙʫʨʦʤʫ ʚʫʛʽʣʣʽ ɼʥʽʧʨʦʙʘʩʫ. ɿʙʽʨʥʠʢ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯʌɼ. ʂ.: ʃʆɻʆʉ. 2008. ʉ. 32 ï 36. 

 

  



124 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

https:// doi.org/10.59911/conf.mpmgg.2024.26 

ʋɼʂ 549.6 
 

ʄɯʅɽʈɸʃʆɻɯʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ɯʃʔʄɽʅɯʊʋ ʇʆʈʆʄɯɺʉʔʂʆɻʆ 

ɽʂɿʆɻɽʅʅʆɻʆ ʈʆɼʆɺʀʑɸ ɯʃʔʄɽʅɯʊʋ 
 

ʆ. ɸ. ɻʘʥʞʘ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ, 01601, ʤ. ʂʠʾʚ, ʚʫʣ. ʆ. ɻʦʥʯʘʨʘ, 55-ʙ 

ɯ. ʄ. ʃʫʥʴʦʚʘ  
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ʖ. ʆ. ʃʠʪʚʠʥʝʥʢʦ 
ʤʦʣʦʜʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ  

ɭ. ʉ. ʃʫʥʴʦʚ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ,  

03142, ʤ. ʂʠʾʚ, ʧʨ. ɸʢʘʜ. ʇʘʣʣʘʜʽʥʘ, 34 

ʂ. ʄ. ʉʪʘʨʦʜʫʙʝʮʴ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ, 01601, ʤ. ʂʠʾʚ, ʚʫʣ. ʆ. ɻʦʥʯʘʨʘ, 55-ʙ 

 
ɼʦʩʣʽʜʞʝʥʦ ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽʣʴʤʝʥʽʪʫ ʇʦʨʦʤʽʚʩʴʢʦʛʦ ʝʢʟʦʛʝʥʥʦʛʦ ʨʦʜʦʚʠʱʘ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʨʫʪʠʣʽʟʘʮʽʷ ʽʣʴʤʝʥʽʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʬʦʨʤ: ʧʦʦʜʠʥʦʢʽ 

ʟʝʨʥʘ ʨʫʪʠʣʫ, ʨʫʪʠʣʽʟʘʮʽʷ ʧʦ ʪʨʽʱʠʥʘʭ ʪʘ ʧʦ ʢʨʘʡʦʚʠʭ ʯʘʩʪʠʥʘʭ ʟʝʨʝʥ ʽʣʴʤʝʥʽʪʫ. ʅʘʚʝʜʝʥʦ ʪʠʧʠ 

ʚʢʣʶʯʝʥʴ ʚ ʽʣʴʤʝʥʽʪʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʇʦʨʦʤʽʚʩʴʢʝ ʝʢʟʦʛʝʥʥʝ ʨʦʜʦʚʠʱʝ, ʽʣʴʤʝʥʽʪ, ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʨʫʪʠʣʽʟʘʮʽʷ. 
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The mineralogical features of ilmenite from the Poromivske exogenous deposit have been studied. It 

was found that rutilization of ilmenite occurs in three main forms: individual rutile grains, rutilization 

along fractures, and along the edge parts of ilmenite grains. The types of inclusions in ilmenite are 

presented based on the results of electron probe microanalysis (EPMA). 
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ɺʩʪʫʧ. ʇʦʨʦʤʽʚʩʴʢʝ ʝʢʟʦʛʝʥʥʝ ʨʦʜʦʚʠʱʝ ʽʣʴʤʝʥʽʪʫ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʤʝʞʘʭ 

ɾʠʪʦʤʠʨʩʴʢʦʛʦ ʨʘʡʦʥʫ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʘ ʥʘʣʝʞʠʪʴ ʜʦ ɺʦʣʠʥʩʴʢʦʛʦ 

ʨʦʟʩʠʧʥʦʛʦ ʨʘʡʦʥʫ [1]. ɺ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚʦʥʦ ʧʨʠʫʨʦʯʝʥʝ ʜʦ 

ʧʽʚʜʝʥʥʦʾ ʯʘʩʪʠʥʠ ɺʦʣʦʜʘʨʩʴʢ-ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ, ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ʧʣʫʪʦʥʫ. 

ɼʣʷ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʥʠʡ ʧʘʨʘʛʝʥʝʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʤʠʩʣʦʚʠʤʠ ʚʤʽʩʪʘʤʠ ʽʣʴʤʝʥʽʪʫ ʚ ʢʨʠʩʪʘʣʽʯʥʦʤʫ 

ʬʫʥʜʘʤʝʥʪʽ (ʇʦʨʦʤʽʚʩʴʢʝ ʢʦʨʽʥʥʝ ʨʦʜʦʚʠʱʝ), ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʦʩʘʜʦʚʦʛʦ 

ʩʢʣʘʜʫ ʪʘ ʨʦʟʩʠʧʥʽʡ ʯʘʩʪʠʥʽ (ʇʦʨʦʤʽʚʩʴʢʝ ʝʢʟʦʛʝʥʥʝ ʨʦʜʦʚʠʱʝ). ɺ ʛʝʦʣʦʛʽʯʥʽʡ 

ʙʫʜʦʚʽ ʨʫʜʥʦʛʦ ʧʣʘʩʪʘ ʇʦʨʦʤʽʚʩʴʢʦʛʦ ʝʢʟʦʛʝʥʥʦʛʦ ʨʦʜʦʚʠʱʘ ʙʝʨʫʪʴ ʫʯʘʩʪʴ 

ʢʘʦʣʽʥʦʚʘ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ʽʥʩʪʨʫʟʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʪʘ ʦʩʘʜʦʚʽ ʚʽʜʢʣʘʜʠ [2]. 

ɿʨʘʟʢʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʝʧʘʨʘʮʽʾ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʪʘ ʥʝʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʬʨʘʢʮʽʾ ʟʽ 

ʰʣʽʭʦʚʠʭ ʧʨʦʙ ʇʦʨʦʤʽʚʩʴʢʦʛʦ ʨʦʟʩʠʧʥʦʛʦ ʨʦʜʦʚʠʱʘ ʽʣʴʤʝʥʽʪʫ (15 ʽʥʪʝʨʚʘʣʽʚ ʟ 

ʦʜʥʽʻʾ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʘ ʤʽʩʪʠʪʴ ʧʦʨʦʜʠ ʟʦʥʠ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʘ ʘʣʶʚʽʘʣʴʥʫ 

ʯʘʩʪʠʥʫ). ɿ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʬʨʘʢʮʽʾ ʧʽʜ ʙʽʥʦʢʫʣʷʨʦʤ ʚʽʜʽʙʨʘʥʦ ʟʝʨʥʘ ʽʣʴʤʝʥʽʪʫ 

(ʙʣʠʟʴʢʦ 50 ʟʝʨʝʥ) ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ ʰʪʫʯʥʽ ʧʨʝʧʘʨʘʪʠ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʮʴʦʛʦ ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʽʙʨʘʥ ̔ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ 

ʟʝʨʥʘ ʽʣʴʤʝʥʽʪʫ ʧʦʩʣʽʜʦʚʥʦ ʟʘʥʫʨʶʚʘʣʠ ʫ ʢʨʘʧʣʽ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ, ʥʘʥʝʩʝʥʽ ʥʘ 

ʧʨʝʜʤʝʪʥʝ ʩʢʣʦ. ʇʽʩʣʷ ʟʘʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʜʥʫ ʩʤʦʣʫ ʟʨʽʟʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʙʨʘʟʠʚʥʠʭ ʘʣʤʘʟʥʠʭ ʧʘʩʪ (20/14, 10/7, 5/3) ʜʦ ʚʽʜʢʨʠʪʪʷ ʟʝʨʝʥ ʽʣʴʤʝʥʽʪʫ, ʥʘ 

ʟʘʚʝʨʰʝʥʥʷ ʚʽʜʧʦʣʽʨʫʚʘʣʠ ʧʘʩʪʦʶ (0/1). ɺ̔ ʜʧʦʣʽʨʦʚʘʥʫ ʧʦʚʝʨʭʥʶ ʟʝʨʝʥ 

ʽʣʴʤʝʥʽʪʫ ʥʘʧʠʣʠʣʠ ʪʦʥʢʦʶ ʚʫʛʣʝʮʝʚʦʶ ʧʣʽʚʢʦʶ. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʝʨʝʥ ʽʣʴʤʝʥʽʪʫ ʽ ʪʚʝʨʜʦʬʘʟʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʥʠʭ ʚʠʟʥʘʯʝʥʦ 

ʥʘ ʩʢʘʥʽʚʥʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ JSM-6700F, ʦʩʥʘʱʝʥʦʤʫ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ ʤʽʢʨʦʘʥʘʣʽʟʫ JED-2300 (JEOL, ʗʧʦʥʽʷ). 

ʈʝʞʠʤ ʚʠʤʽʨʶʚʘʥʴ: ʧʨʠʩʢʦʨʶʚʘʣʴʥʘ ʥʘʧʨʫʛʘ ð 15 ʢɺ, ʩʪʨʫʤ ʟʦʥʜʘ ð 1,0 ʥA, 

ʜʽʘʤʝʪʨ ʟʦʥʜʘ ð 1 ʤʢʤ, ʯʘʩ ʥʘʙʦʨʫ ʩʧʝʢʪʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʩʢʣʘʜʘʚ 60 ʩ. ʗʢ ʩʪʘʥʜʘʨʪʠ ʚʠʢʦʨʠʩʪʘʥʦ: ʥʘ Si, 

Ti, Al, Cr, V, Fe, Mn ð ʯʠʩʪʽ ʤʝʪʘʣʠ, ʥʘ Mg, Ca, Na, K ð ʩʠʥʪʝʪʠʯʥʽ MgO, CaF2, 

Na3AlF6, KCl ʚʽʜʧʦʚʽʜʥʦ. ɺʥʝʩʝʥʥʷ ʧʦʧʨʘʚʦʢ ʫ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʮʝʥʪʨʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʟʜʽʡʩʥʝʥʦ ʤʝʪʦʜʦʤ ZAF-ʢʦʨʝʢʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʨʤʠ JEOL. ɿʘʤʽʨʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʧôʷʪʠ ʪʦʯʢʘʭ ʢʦʞʥʦʛʦ ʟʝʨʥʘ ʽʣʴʤʝʥʽʪʫ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɯʣʴʤʝʥʽʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʨʦʙʽ ʫ ʚʠʛʣʷʜʽ ʚʽʣʴʥʠʭ 

ʟʝʨʝʥ, ʟʨʦʩʪʢʽʚ ʤʘʣʦ. ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʨʦʩʪʢʠ ʟ ʩʫʣʴʬʽʜʘʤʠ ʪʘ ʘʛʨʝʛʘʪʠ ʜʨʽʙʥʠʭ 

ʟʝʨʝʥ ʽʣʴʤʝʥʽʪʫ, ʷʢʽ ʟʮʝʤʝʥʪʦʚʘʥʽ ʛʽʜʨʦʩʣʶʜʠʩʪʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʇʝʨʝʚʘʞʘʻ ʙʫʨʝ, 

ʙʫʨʫʚʘʪʦ-ʢʦʨʠʯʥʝʚʝ ʜʦ ʯʦʨʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʟʝʨʝʥ ʽʣʴʤʝʥʽʪʫ.  

ɿʝʨʥʘ ʥʘʧʽʚʦʙʢʘʪʘʥʽ ʘʙʦ ʢʫʪʘʩʪʽ, ʯʘʩʪʦ ʣʝʡʢʦʢʩʝʥʽʟʦʚʘʥʽ. ʅʘ ʧʦʚʝʨʭʥʽ 

ʦʢʨʝʤʠʭ ʟʝʨʝʥ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʣʽʚʢʠ ʩʫʣʴʬʽʜʽʚ ʥʘ ʛʽʜʨʦʢʩʠʜʽʚ ʟʘʣʽʟʘ. ɺʪʦʨʠʥʥʽ 

ʟʤʽʥʠ ʧʨʦʷʚʣʝʥʽ ʧʦ ʢʨʘʷʭ, ʫ ʮʝʥʪʨʽ ʪʘ ʧʦ ʪʨʽʱʠʥʘʭ ʟʝʨʝʥ. ʇʝʨʝʚʘʞʘʶʪʴ ʟʝʨʥʘ 

ʨʦʟʤʽʨʦʤ 0,05-0,5 ʤʤ.   

 ʈʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ ʽʣʴʤʝʥʽʪʫ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʚʤʽʩʪ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ (TiO2) ʚ ʽʣʴʤʝʥʽʪʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 51,0 ʜʦ 83,6 ʤʘʩ. 

%, ʩʝʨʝʜʥʻ ʧʦ ʧʨʦʙʽ ð 60,6 ʤʘʩ. %. ɺʤʽʩʪ ʦʢʩʠʜʫ ʟʘʣʽʟʘ (FeO) ʩʢʣʘʜʘʻ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 38,9 ʤʘʩ. %. ʉʝʨʝʜ ʜʦʤʽʰʦʢ ʜʽʘʛʥʦʩʪʦʚʘʥʦ SiO2, Al 2O3, MgO, MnO, 

SO3. ʅʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʩʝʨʝʜ ʜʦʤʽʰʦʢ ʤʘʶʪʴ (ʤʘʩ. %): Al 2O3 ð ʚʽʜ 1,6 ʜʦ 2,0 

(ʩʝʨʝʜʥʻ 2,6); MgO ð ʚʽʜ 1,2 ʜʦ 2,1 (ʩʝʨʝʜʥʻ 2,3), SO3 ð ʚʽʜ 1,6 ʜʦ 2,2  (ʩʝʨʝʜʥʻ 

2,7). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚ ʽʣʴʤʝʥʽʪʽ ʚʠʷʚʣʝʥʦ ʚʢʣʶʯʝʥʥʷ ʪʘʢʠʭ 

ʤʽʥʝʨʘʣʽʚ: ʨʫʪʠʣ, ʤʘʛʥʝʪʠʪ, ʩʠʣʽʤʘʥʽʪ, ʣʝʡʢʦʢʩʝʥ, ʧʽʨʦʧ, ʢʚʘʨʮ, ʘʧʘʪʠʪ. ʅʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʚʢʣʶʯʝʥʥʷ ʨʫʪʠʣʫ ʚ ʽʣʴʤʝʥʽʪʽ (ʽʥʪʝʨʚʘʣʠ 5-7 ʤ ʪʘ 12-13 ʤ 

ʚʽʜʧʦʚʽʜʥʦ). çʈʫʪʠʣʽʟʘʮʽʷè ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠʫʨʦʯʝʥʘ ʜʦ ʪʨʽʱʠʥ ʪʘ ʢʨʘʡʦʚʠʭ 

ʯʘʩʪʠʥ ʟʝʨʝʥ ʽʣʴʤʝʥʽʪʫ (ʨʠʩ. 1, ʘ ʽ ʙ). 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 1. BSE ʟʦʙʨʘʞʝʥʥʷ ʚʢʣʶʯʝʥʴ ʨʫʪʠʣʫ (Rt) ʚ ʽʣʴʤʝʥʽʪʽ ʇʦʨʦʤʽʚʩʴʢʦʛʦ 

ʨʦʟʩʠʧʥʦʛʦ ʨʦʜʦʚʠʱʘ. ʈʫʪʠʣ ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʢʨʘʡʦʚʦʾ ʯʘʩʪʠʥʠ ʟʝʨʥʘ (ʘ) ʪʘ ʜʦ 
ʪʨʽʱʠʥ (ʙ) ʚ ʽʣʴʤʝʥʽʪʽ 

ɺʠʩʥʦʚʦʢ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʦ 

ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽʣʴʤʝʥʽʪʫ ʇʦʨʦʤʽʚʩʴʢʦʛʦ ʝʢʟʦʛʝʥʥʦʛʦ ʨʦʜʦʚʠʱʘ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʨʫʪʠʣʽʟʘʮʽʷ ʽʣʴʤʝʥʽʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ 

ʬʦʨʤ: ʧʦʦʜʠʥʦʢʽ ʟʝʨʥʘ ʨʫʪʠʣʫ, ʨʫʪʠʣʽʟʘʮʽʷ ʧʦ ʪʨʽʱʠʥʘʭ ʪʘ ʧʦ ʢʨʘʡʦʚʠʭ ʯʘʩʪʠʥʘʭ 
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ʟʝʨʝʥ ʽʣʴʤʝʥʽʪʫ. ʅʘʚʝʜʝʥʦ ʪʠʧʠ ʚʢʣʶʯʝʥʴ ʚ ʽʣʴʤʝʥʽʪʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ. 

 
ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʫ ʅɸʅ ʋʢʨʘʾʥʠ "ʋʤʦʚʠ ʫʪʚʦʨʝʥʥʷ ʝʢʟʦʛʝʥʥʠʭ 

ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʦʜʦʚʠʱ ɺʦʣʠʥʩʴʢʦʛʦ ʨʦʟʩʠʧʥʦʛʦ ʨʘʡʦʥʫ" ʜʦʩʣʽʜʥʠʮʴʢʠʤ ʣʘʙʦʨʘʪʦʨʽʷʤ/ʛʨʫʧʘʤ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʅɸʅ ʋʢʨʘʾʥʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ 

ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʥʘ 2024-2025 ʨʦʢʠ. 

 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

 

1. ɻʘʥʞʘ ʆ.ɸ., ʂʫʟʴʤʘʥʝʥʢʦ ɻ.ʆ., ʆʭʦʣʽʥʘ ʊ.ɺ., ʈʝʤʝʟʦʚʘ ʆ.ʆ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʤʽʥʝʨʘʣʴʥʦ-

ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʨʦʟʩʠʧʥʠʭ ʨʦʜʦʚʠʱ ʪʠʪʘʥʫ ʋʢʨʘʾʥʠ. ɺʽʩʥʠʢ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ʉʝʨʽʷ ɻʝʦʣʦʛʽʷ. 2022. ˉ 99 (4). C. 60-66. 

https://doi.org/10.17721/1728-2713.99.08 

2. ʂʫʟʴʤʘʥʝʥʢʦ ɻ.ʆ., ʆʭʦʣʽʥʘ ʊ. ɺ., ɻʘʥʞʘ ʆ.ɸ., ʗʨʝʤʝʥʢʦ ʆ.ɺ. ʈʫʜʦʥʦʩʥʽʩʪʴ ʇʦʨʦʤʽʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʽʣʴʤʝʥʽʪʫ. ʄʽʥʝʨʘʣʴʥʽ ʨʝʩʫʨʩʠ ʋʢʨʘʾʥʠ. 2023.  ̄ 3. ʉ. 3-7. 

https://doi.org/10.31996/mru.2023.3.3-7 

  

https://doi.org/10.31996/mru.2023.3.3-7


128 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

https:// doi.org/10.59911/conf.mpmgg.2024.27 

ʋɼʂ 550.4 
 

ɻɽʆɽʂʆʃʆɻɯʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʅɸ ʉʊɸʈʋʅʉʔʂʆʄʋ 

ɻɽʆɼʀʅɸʄɯʏʅʆʄʋ ʇʆʃɯɻʆʅɯ 
 

ʊʝʪʷʥʘ ʂʘʣʠʥʽʡ 
 ʘʩʠʩʪʝʥʪ 

ɺʘʣʝʨʽʡ ʆʤʝʣʴʯʝʥʢʦ 
 ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ,  

76019, ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʚʫʣ. ʂʘʨʧʘʪʩʴʢʘ, 15 

 
ɻʝʦʝʢʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʉʪʘʨʫʥʩʴʢʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʣʽʛʦʥʫ ʚʢʣʶʯʘʣʠ ʧʦʣʴʦʚʽ ʛʝʦʣʦʛʦ-

ʛʝʦʬʽʟʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʜʝʰʠʬʨʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʩʤʦ- ʽ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ ʪʝʨʠʪʦʨʽʾ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʚʦʨʝʥʦ ʛʝʦʝʢʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ʧʦʣʽʛʦʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʘʫʥʘ, ʣʘʥʜʰʘʬʪ, ʚʫʣʢʘʥ. 

 

GEO-ECOLOGICAL STUDIES AT THE STARUNSKY  

GEODYNAMIC LANDFILL  
 

Tetiana Kalynii  
 Assistant 

Valerii Omelchenko 
 Candidate of Geological Sciences, Associate Professor  

Ivano-Frankivsk National Technical University of Oil and Gas,  

15 Karpatska St., Ivano-Frankivsk, 76019, Ukraine 

 
The geo-ecological studies of the Starunsky geodynamic landfill included field geological and 

geophysical research and interpretation of the results of space and aerial photography of the territory. 

As a result of these studies, was created geo-ecological model of the landfill. 

Key words: fauna, landscape, volcano. 

 

ɿ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʝʨʠʪʦʨʽʾ ʉʪʘʨʫʥʩʴʢʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʦʣʽʛʦʥʫ ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʟʥʽʤʢʠ ʟ ʚʝʙ-ʩʘʡʪʫ http:ùùearth.google.com ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʾ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ. 

ʉʪʘʨʫʥʩʴʢʠʡ ʛʝʦʜʠʥʘʤʽʯʥʠʡ ʧʦʣʽʛʦʥ ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʧʝʨʝʜʛʽʨôʷʭ ʂʘʨʧʘʪ, ʜʝ ʥʘ 60 ʛʘ ʛʝʦʣʦʛʽʯʥʦʾ ʧʘʤôʷʪʢʠ ʻ ʧʨʠʨʦʜʥʦ- ʪʘ ʪʝʭʥʦʛʝʥʥʦ 

ʟʤʽʥʝʥʽ ʣʘʥʜʰʘʬʪʠ ʟ ʻʜʠʥʠʤ ʫ ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʛʨʷʟʴʦʚʠʤ ʚʫʣʢʘʥʦʤ, 

ʚʠʭʦʜʘʤʠ ʥʘʬʪʠ ʽ ʛʘʟʫ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʪʘ ʫʥʽʢʘʣʴʥʠʤʠ ʟʘʭʦʨʦʥʝʥʥʷʤʠ 

ʟʘʙʘʣʴʟʘʤʦʚʘʥʦʾ ʤʘʤʦʥʪʦʚʦʾ ʬʘʫʥʠ ʧʽʟʥʴʦʛʦ ʧʣʝʡʩʪʦʮʝʥʫ. ʎʝ ʜʞʝʨʝʣʦ ʘʢʪʠʚʥʠʭ 

ʧʨʠʨʦʜʥʠʭ ʟʤʽʥ ʣʘʥʜʰʘʬʪʽʚ ʧʽʜʩʠʣʝʥʦ ʪʝʭʥʦʛʝʥʥʠʤʠ ʾʭ ʟʤʽʥʘʤʠ - 

ʥʘʬʪʦʨʦʟʚʽʜʫʚʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʪʘ ʦʟʦʢʝʨʠʪʦʚʠʤʠ ʢʦʧʘʣʴʥʷʤʠ. ʊʦʤʫ 

ʛʝʦʝʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʤʘʻ ʚʘʞʣʠʚʝ ʷʢ 

ʥʘʫʢʦʚʦ-ʪʝʦʨʝʪʠʯʥʝ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 
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ʉʪʘʨʫʥʩʴʢʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʣʽʛʦʥʫ. 

ʉʪʘʨʫʥʩʴʢʠʡ ʛʝʦʜʠʥʘʤʽʯʥʠʡ ʧʦʣʽʛʦʥ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʜʚʦʭ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʮʽʘʣʴʥʠʭ ʟʦʥʘʭ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʛʠʥʫ ï ʚʥʫʪʨʽʰʥʽʡ, ɹʦʨʠʩʣʘʚʩʴʢʦ-

ʇʦʢʫʪʩʴʢʽʡ ʪʘ ʩʝʨʝʜʥʽʡ, ʉʘʤʙʽʨʩʴʢʽʡ ʽ ʤʝʞʫʻ ʟʽ ʩʭʦʜʫ ʽʟ ʟʦʚʥʽʰʥʴʦʶ ɹʽʣʴʯʝ-

ɺʦʣʠʮʴʢʦʶ, ʘ ʽʟ ʟʘʭʦʜʫ ï ʟʽ ʉʢʠʙʦʚʦʶ ʟʦʥʦʶ ʂʘʨʧʘʪ. 

ʇʝʨʰʽ ʧʫʙʣʽʢʘʮʽʾ ʧʨʦ ʜʦʩʣʽʜʞʝʥʥʷ ʯʝʪʚʝʨʪʠʥʥʠʭ (ʫ ʪʽ ʯʘʩʠ ï ʜʝʣʶʚʽʘʣʴʥʠʭ) 

ʚʽʜʢʣʘʜʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʉʪʘʨʫʥʩʴʢʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʣʽʛʦʥʫ, ʟ'ʷʚʠʣʠʩʴ ʫ ʜʨʫʛʽʡ 

ʧʦʣʦʚʠʥʽ ʍɯʍ ʩʪʦʣʽʪʪʷ (E. Windakiewicz) [1, 2]. 

ʋ 1907 ʨʦʮʽ ʧʽʜ ʯʘʩ ʧʦʛʣʠʙʣʝʥʥʷ ʦʟʦʢʝʨʠʪʦʚʦʾ ʢʦʧʘʣʴʥʽ ˉ IV (ʧʽʟʥʽʰʝ 

ʥʘʟʚʘʥʦʛʦ "ʄʘʤʦʥʪ") ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʤʘʤʦʥʪ ʽ ʚʦʣʦʭʘʪʠʡ ʥʦʩʦʨʽʛ (ʪʘʢ ʟʚʘʥʠʡ 

"ʧʝʨʰʠʡ ʥʦʩʦʨʽʛ ʚʽʜ ʉʪʘʨʫʥʽ") ʟʽ ʟʙʝʨʝʞʝʥʠʤʠ ʤ'ʷʢʠʤʠ ʪʢʘʥʠʥʘʤʠ, ʥʘ ʛʣʠʙʠʥʽ 

12,5 ʪʘ 17,6 ʤʝʪʨʘ ʚʽʜʧʦʚʽʜʥʦ (ɸ. Ğomnicki) [3]. 

ʅʘ ʧʨʦʪʷʟʽ ʍʍ ʩʪʦʣʽʪʪʷ ʚ ʤʝʞʘʭ ʉʪʘʨʫʥʩʴʢʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʣʽʛʦʥʫ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʠʟʢʫ ʜʦʩʣʽʜʞʝʥʴ ʷʢ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ, ʪʘʢ ʽ ʟ ʤʝʪʦʶ 

ʚʠʜʦʙʫʪʢʫ ʦʟʦʢʝʨʠʪʫ, ʩʦʣʽ, ʥʘʬʪʠ, ʘ ʪʘʢʦʞ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʬʘʫʥʠ ʧʽʟʥʴʦʛʦ 

ʧʣʝʡʩʪʦʮʝʥʫ. ɸʣʝ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʜʘʣʠ ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ 

ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ ʧʦʣʽʛʦʥʫ, ʘ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʨʦʤʠʩʣʦʚʠʡ ʚʠʜʦʙʫʪʦʢ 

ʦʟʦʢʝʨʠʪʫ. 

ʇʨʦʚʝʜʝʥʽ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʯʘʩʪʠʥʦʶ ʜʝʪʘʣʴʥʠʭ ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʉʪʘʨʫʥʩʴʢʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʣʽʛʦʥʫ, ʷʢʽ ʨʦʟʧʦʯʘʣʠʩʴ ʥʘ ʧʦʯʘʪʢʫ 

ʍʍɯ ʩʪʦʣʽʪʪʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʝʰʠʬʨʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʚʠʢʦʥʘʥʦ 

ʨʽʟʥʦʚʠʩʦʪʥʫ ʘʝʨʦʬʦʪʦʟʡʦʤʢʫ ʧʦʣʽʛʦʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʧʽʣʦʪʥʦʛʦ 

ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ "ɼʨʦʥ". ʅʘ ʦʩʥʦʚʽ ʜʝʰʠʬʨʫʚʘʥʥʷ ʘʝʨʦʬʦʪʦʟʥʽʤʢʽʚ ʫʪʦʯʥʝʥʽ 

ʢʦʥʪʫʨʠ ʛʝʦʣʦʛʽʯʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʥʘ ʛʝʦʣʦʛʽʯʥʽʡ ʢʘʨʪʽ.  

2. ʈʝʟʫʣʴʪʘʪʠ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʘʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʟʦʥʜʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ ʪʘ ʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ - ʤʦʣʝʢʫʣʷʨʥʽ ʽ ʽʟʦʪʦʧʥʽ 

ʚʠʚʯʝʥʥʷ ʛʘʟʽʚ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʟʦʥʜʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʚʠʷʚʣʝʥʥʷ 

ʟʦʥ ʤʽʛʨʘʮʽʾ ʛʝʣʽʶ, ʚʫʛʣʝʢʠʩʣʦʛʦ ʪʘ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʽ ʽʥ. ï ʫʩʝ ʮʝ ʜʦʟʚʦʣʠʣʦ 

ʣʦʢʘʣʽʟʫʚʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʟ ʧʦʭʦʚʘʥʠʤʠ ʧʣʝʡʩʪʦʮʝʥʦʚʠʤʠ ʙʦʣʦʪʘʤʠ, 

ʜʝ ʤʦʞʥʘ ʧʨʦʜʦʚʞʠʪʠ ʧʦʰʫʢʠ ʚʠʢʦʧʥʠʭ ʚʝʣʠʢʠʭ ʩʩʘʚʮʽʚ. 

3. ɺʧʝʨʰʝ ʜʣʷ ʉʪʘʨʫʥʩʴʢʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʣʽʛʦʥʫ ʧʦʙʫʜʦʚʘʥʘ 

ɻʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʫʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ 

ʢʘʨʪʽ ʚʠʜʽʣʝʥʦ 11 ʨʽʟʥʦʚʽʢʦʚʠʭ ʣʽʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ. 

4. ʇʽʟʥʴʦʛʦʣʦʮʝʥʦʚʽ ʷʚʠʱʘ ʪʘ ʚʽʜʢʣʘʜʠ ʜʝʣʶʚʽʘʣʴʥʦ-ʧʨʦʣʶʚʽʘʣʴʥʦ-

ʪʝʭʥʦʛʝʥʥʠʭ, ʛʨʷʟʝ-ʩʦʣʝ-ʥʘʬʪʦʚʠʭ ʧʦʪʦʢʽʚ ʪʘ ʛʨʷʟʴʦʚʦʛʦ ʚʫʣʢʘʥʫ ʩʚʽʜʯʘʪʴ ʧʨʦ 
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ʩʫʯʘʩʥʫ ʛʝʦʜʠʥʘʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʉʪʘʨʫʥʩʴʢʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʧʦʣʽʛʦʥʫ. 

5. ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʽ, ʥʝʦʪʝʢʪʦʥʽʯʥʽ ʪʘ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʜʝʪʘʣʴʥʫ ʽʩʪʦʨʽʶ ʨʦʟʚʠʪʢʫ ʜʦʣʠʥʠ ʨ. ʃʫʢʘʚʝʮʴ ɺʝʣʠʢʠʡ ʫ 

ʧʽʟʥʴʦʤʫ ʧʣʝʡʩʪʦʮʝʥʽ ï ʚʽʜ ʝʻʤʩʴʢʦʛʦ ʤʽʞʣʴʦʜʦʚʠʢʽʚ'ʷ ʜʦ ʧʽʟʥʴʦʛʦ ʛʦʣʦʮʝʥʫ 

ʚʢʣʶʯʥʦ. ʍʘʨʘʢʪʝʨʥʠʤ ʙʫʣʠ ʨʠʪʤʽʯʥʽ ʟʤʽʥʠ ʣʴʦʜʦʚʠʢʦʚʠʭ ʪʘ ʤʽʞʣʴʦʜʦʚʠʢʦʚʠʭ 

ʝʧʦʭ, ʭʦʣʦʜʥʠʭ ʪʘ ʩʫʭʠʭ, ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʭ ʪʘ ʚʦʣʦʛʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʱʦ 

ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴʩʷ ʟ ʧʦʜʽʙʥʠʤʠ ʝʧʦʭʘʤʠ ʷʢ ʫ ʇʦʣʴʱʽ, ʪʘʢ ʽ ʚ ʋʢʨʘʾʥʽ. 

 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

B

e

r

g

u

n

d

 

H

¿

t

t

e

n

m

ª

n

n

i

s

c

h

e

n

 

J

a

h

r

b

u

c

h

,

 

O

l

e

j

 

i

 

w

o

s

k

 

z

i

e

m

n

y

.

 

3. Lomnicki A. Atlas Geologicny Galicyi. ʨ. 18 

  



131 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

https:// doi.org/10.59911/conf.mpmgg.2024.28 

ʋɼʂ 528+550.837+553.98 
 

ʈɽɿʋʃʔʊɸʊʀ ʈɽʂʆɻʅʆʉʎʀʈʋɺɸʃʔʅʆɻʆ ʆɹʉʊɽɾɽʅʅʗ ɼɯʃʗʅʂʀ 

ɯɿ ʉʀʇɸʄʀ ɻɸɿɯɺ ɺ ʇɯɺʅɯʏʅʆʄʋ ʄʆʈɯ 
 

ɯ. ʄ. ʂʦʨʯʘʛʽʥ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 

ʄ. ɸ. ʗʢʠʤʯʫʢ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʛʝʦʬʽʟʠʢʠ ʽ ʛʝʦʭʽʤʽʾ, ʂʠʾʚ  

 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʷʤʦʧʦʰʫʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʽʣʷʥʢʠ ʽʟ 

ʩʠʧʘʤʠ ʛʘʟʫ ʚ ʇʽʚʥʽʯʥʦʤʫ ʤʦʨʽ. ʅʘ ʜʚʦʭ ʦʙʩʪʝʞʝʥʠʭ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʟ ʦʩʘʜʦʚʠʤʠ 

ʧʦʨʦʜʘʤʠ 1-6 ʛʨʫʧ ʪʘ ʚʘʧʥʷʢʘʤʠ ʟʘʬʽʢʩʦʚʘʥʦ ʩʠʛʥʘʣʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ. 

ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʬʘʢʪʠ ʤʽʛʨʘʮʽʾ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʇʽʚʥʽʯʥʝ ʤʦʨʝ, ʩʠʧʠ ʛʘʟʫ, ʦʩʘʜʦʚʽ ʧʦʨʦʜʠ, ʚʘʧʥʷʢʠ, ʧʨʷʤʦʧʦʰʫʢʦʚʽ ʤʝʪʦʜʠ. 

 

RESULTS OF THE RECONNAISSANCE SURVEY OF SITE WITH GAS 

SPILLS IN NORTH SEA 
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The results of the survey using direct-prospecting technology of the area with gas leaks in the North 

Sea are presented. Signals from oil, condensate, and gas were recorded at two surveyed local areas 

with sedimentary rocks of 1-6 groups and limestones. The facts of gas migration into the atmosphere 

were established by instrumental measurements.   

Key words: North Sea, gas seeps, sedimentary rocks, limestones, direct-prospecting methods. 
 

ɺʩʪʫʧ. ʇʨʷʤʦʧʦʰʫʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʟʥʽʤʢʽʚ [2] ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʜʣʷ ʚʠʚʯʝʥʥʷ ʛʣʠʙʠʥʥʦʾ ʙʫʜʦʚʠ 

ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ɿʝʤʣʽ, ʧʦʰʫʢʽʚ ʛʦʨʶʯʠʭ ʪʘ ʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʘ 

ʪʘʢʦʞ ʚʦʜʠ [1-3]. ɺ ʪʝʟʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʙʽʣʴʥʠʭ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ ʜʽʣʷʥʢʠ ʽʟ ʩʠʧʘʤʠ ʛʘʟʫ ʚ ʇʽʚʥʽʯʥʦʤʫ ʤʦʨʽ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʝʞʘʭ ʚʝʣʠʢʠʭ 

ʙʣʦʢʽʚ ʪʘ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʟʥʽʤʢʽʚ, 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ (ʟʦʥʜʫʚʘʥʥʷ) ʨʦʟʨʽʟʫ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ (ʦʮʽʥʢʠ) 

ʛʣʠʙʠʥ ʟʘʣʷʛʘʥʥʷ ʪʘ ʪʦʚʱʠʥ ʨʽʟʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʨʽʜ ʪʘ ʰʫʢʘʥʠʭ ʢʦʨʠʩʥʠʭ 
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ʢʦʧʘʣʠʥ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʠ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ 

(ʨʫʜʦʥʦʩʥʦʩʪʽ, ʚʦʜʦʥʦʩʥʦʩʪʽ) ʧʣʦʱ ʦʙʩʪʝʞʝʥʥʷ. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʤʦʙʽʣʴʥʠʭ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʘʧʨʦʙʘʮʽʾ ʪʘ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʚ [1-3]. 

ɼʽʣʷʥʢʘ ʛʘʟʦʚʠʭ ʩʠʧʽʚ ʚ ʨʘʡʦʥʽ ʩʚʝʨʜʣʦʚʠʥʠ 22/4b ʚ ʇʽʚʥʽʯʥʦʤʫ ʤʦʨʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʘʡʦʥʽ ʜʽʣʷʥʢʠ ʽʟ 

ʩʠʧʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [4-6]. ʇʦʣʦʞʝʥʥʷ ʜʽʣʷʥʢʠ ʦʙʩʪʝʞʝʥʥʷ ʫ 

ʇʽʚʥʽʯʥʦʤʫ ʤʦʨʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ ʚ ʩʪʘʪʪʽ [6]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: 1) 

ʬʦʪʦʟʥʽʤʢʠ ʛʘʟʦʚʠʭ ʩʠʧʽʚ (ʨʠʩ. 1) [4-5]; 2) ʢʦʦʨʜʠʥʘʪʠ ʜʚʦʭ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʠʧʽʚ [5]. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʦʨʜʠʥʘʪ ʧʽʜʛʦʪʦʚʣʝʥʦ ʩʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ 

ʦʙʩʪʝʞʝʥʥʷ (ʨʠʩ. 2ʘ). ɿ ʥʘʚʝʜʝʥʦʛʦ ʟʥʽʤʢʘ ʚʠʨʽʟʘʥʽ ʪʨʠ ʣʦʢʘʣʴʥʽ ʬʨʘʛʤʝʥʪʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ (ʨʠʩ. 2ʙ-ʛ). 

 

    

͊ύ [4] ͋ύ [5] ͍ύ [5] ͎ύ [5] 

ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʽʾ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʚʠʭʦʜʫ ʛʘʟʫ ʥʘ ʧʦʚʝʨʭʥʶ [4, 5]. 

 
ʌʦʪʦʟʥʽʤʦʢ ʩʠʧʽʚ ʛʘʟʫ 1. ʇʨʠ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʽʡ ʦʙʨʦʙʮʽ ʬʦʪʦʟʥʽʤʢʘ 

(ʨʠʩ. 1ʘ) ʟʘʬʽʢʩʦʚʘʥʽ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, ʙʫʨʰʪʠʥʫ, 

ʬʦʩʬʦʨʫ (ʙʽʣʦʛʦ), ʛʦʨʶʯʦʛʦ ʩʣʘʥʮʶ, ʘʨʛʽʣʽʪʦʚʦʾ ʙʨʝʢʯʽʾ, ʧʦʨʦʜʠ ʛʘʟʦʛʽʜʨʘʪʽʚ, 

ʛʘʟʦʛʽʜʨʘʪʽʚ, ʣʴʦʜʫ. ʉʠʛʥʘʣʠ ʚʽʜ ʚʦʜʥʶ, ʚʦʜʠ ʛʣʠʙʠʥʥʦʾ ʪʘ ʤʝʨʪʚʦʾ ʚʦʜʠ, ʘ ʪʘʢʦʞ 

ʩʦʣʽ ʥʝ ʦʪʨʠʤʘʥʽ. 

ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ 1-6-ʦʾ ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ, ʚʽʜʛʫʢʠ ʚʽʜ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʥʝ ʦʪʨʠʤʘʥʽ. ʌʽʢʩʘʮʽʻʶ ʚʽʜʛʫʢʽʚ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ (50, 150, 

250, 450, 550, 650, 750, 723 ʢʤ) ʢʦʨʽʥʴ ʛʣʠʙʠʥʥʦʛʦ ʢʘʥʘʣʫ (ʚʫʣʢʘʥʫ) ʦʩʘʜʦʚʠʭ 

ʧʦʨʽʜ ʚʠʟʥʘʯʝʥʦ ʥʘ ʛʣʠʙʠʥʽ 723 ʢʤ. 

ʅʘ ʧʦʚʝʨʭʥʽ 57 ʢʤ ʟʘʬʽʢʩʦʚʘʥʦ ʩʠʛʥʘʣʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, 

ʙʫʨʰʪʠʥʫ, ʬʦʩʬʦʨʫ, ʘ ʥʘ ʛʣʠʙʠʥʽ 57.1 ʢʤ ʚʽʜʛʫʢʠ ʚʽʜ ʮʠʭ ʨʝʯʦʚʠʥ ʙʫʣʠ ʚʽʜʩʫʪʥʽ. 

ʉʢʘʥʫʚʘʥʥʷʤ ʨʦʟʨʽʟʫ ʟ ʜʥʘ ʤʦʨʷ, ʢʨʦʢ 1 ʤ, ʚʽʜʛʫʢʠ ʚʽʜ ʥʘʬʪʠ ʬʽʢʩʫʚʘʣʠʩʷ 

ʙʝʟ ʧʝʨʝʨʚ ʚ ʽʥʪʝʨʚʘʣʽ: 1) 840-(1200-ʽʪʝʥʩʠʚʥʠʡ) (ʜʦ 2200-ʽʥʪʝʥʩʠʚʥʠʡ)(2700-

ʽʥʪʝʥʩʠʚʥʠʡ ʜʦ 3300), ʟ 3.5 ʢʤ ï (ʽʥʪʝʥʩʠʚʥʠʡ ʜʦ 14500-ʽʥʪʝʥʩʠʚʥʠʡ), ʟ 15 ʢʤ, 

ʢʨʦʢ 15 ʤ, 30, (31-ʽʥʪʝʥʩʠʚʥʠʡ) ʚ ʢʽʥʮʽ ʢʨʦʢ 50 ʩʤ ʜʦ 57.060 ʢʤ. 
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ʇʨʠ ʩʢʘʥʫʚʘʥʥʽ ʨʦʟʨʽʟʫ ʟ ʜʥʘ ʤʦʨʷ, ʢʨʦʢ 10 ʩʤ, ʚʽʜʛʫʢʠ ʚʽʜ ʛʘʟʫ ʧʦʯʘʣʠ 

ʬʽʢʩʫʚʘʪʠʩʷ ʚʽʜʨʘʟʫ. ɼʘʣʽ ʟ ʢʨʦʢʦʤ 5 ʤ ʩʠʛʥʘʣʠ ʬʽʢʩʫʚʘʣʠʩʷ: 0 ʤ-(1200 - 

ʽʥʪʝʥʩʠʚʥʠʡ) (2200-ʜʫʞʝ ʽʥʪʝʥʩʠʚʥʠʡ) (2700 - ʩʣʘʙʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ) (ʜʦ 5 ʢʤ 

ʧʨʦʩʪʝʞʝʥʦ - ʜʘʣʽ ʩʢʘʥʫʚʘʥʥʷ ʥʝ ʧʨʦʚʦʜʠʣʦʩʷ). 

ʇʨʠ ʩʢʘʥʫʚʘʥʥʽ ʨʦʟʨʽʟʫ ʟ ʜʥʘ ʤʦʨʷ, ʢʨʦʢ 10 ʩʤ, ʚʽʜʛʫʢʠ ʚʽʜ ʜʨʫʛʦʾ ʛʨʫʧʠ 

ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʧʦʯʘʣʠ ʬʽʢʩʫʚʘʪʠʩʷ ʟ 25 ʤ. 

ʌʦʪʦʟʥʽʤʦʢ ʩʠʧʽʚ ʛʘʟʫ 2. ʇʨʠ ʦʙʨʦʙʮʽ ʬʦʪʦʟʥʽʤʢʘ (ʨʠʩ. 1ʙ) ʦʪʨʠʤʘʥʦ 

ʩʠʛʥʘʣʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, ʬʦʩʬʦʨʫ (ʙʽʣʦʛʦ); ʚʽʜʛʫʢʠ ʚʽʜ ʙʫʨʰʪʠʥʫ, 

ʚʦʜʥʶ, ʚʦʜʠ ʛʣʠʙʠʥʥʦʾ ʪʘ ʤʝʨʪʚʦʾ, ʣʦʥʩʜʝʡʣʽʪʫ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ. 

ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʽʥʪʝʥʩʠʚʥʽ ʩʠʛʥʘʣʠ ʚʽʜ 7-ʦʾ ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʚʘʧʥʷʢʠ). 

ʌʽʢʩʘʮʽʻʶ ʚʽʜʛʫʢʽʚ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ (50, 150, 250, 450, 550, 650, 750, 723 ʢʤ) 

ʢʦʨʽʥʴ ʚʫʣʢʘʥʘ ʚʘʧʥʷʢʽʚ ʚʠʟʥʘʯʝʥʦ ʥʘ ʛʣʠʙʠʥʽ 723 ʢʤ. ʇʨʠ ʩʢʘʥʫʚʘʥʥʽ ʨʦʟʨʽʟʫ ʟ 

ʜʥʘ ʤʦʨʷ, ʢʨʦʢ 10 ʩʤ, ʚʽʜʛʫʢʠ ʚʽʜ ʚʘʧʥʷʢʽʚ ʧʦʯʘʣʠ ʬʽʢʩʫʚʘʪʠʩʷ ʟ 15 ʤ. ʅʘ ʧʦʚʝʨʭʥʽ 

57 ʢʤ ʦʪʨʠʤʘʥʦ ʩʠʛʥʘʣʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʪʘ ʬʦʩʬʦʨʫ. 

ʇʨʠ ʩʢʘʥʫʚʘʥʥʽ ʨʦʟʨʽʟʫ ʟ ʜʥʷ ʤʦʨʷ, ʢʨʦʢ 10 ʩʤ ʚʽʜʛʫʢʠ ʚʽʜ ʛʘʟʫ ʧʦʯʘʣʠ 

ʬʽʢʩʫʚʘʪʠʩʷ ʦʜʨʘʟʫ: 0 ʤ ï (100 ï ʽʥʪʝʥʩʠʚʥʠʡ) (300 ʜʫʞʝ ʽʥʪʝʥʩʠʚʥʠʡ), ʥʘ ʢʨʦʢ 

10 ʤ (9 ʢʤ ï ʽʥʪʝʥʩʠʚʥʠʡ) (14 ʢʤ ï ʜʫʞʝ ʽʥʪʝʥʩʠʚʥʠʡ) (22 ʢʤ ï ʩʠʛʥʘʣʠ 

ʬʽʢʩʫʶʪʴʩʷ), ʧʨʦʩʪʝʞʝʥʥʷ ʜʘʣʽ ʟʫʧʠʥʝʥʝ. 

ʌʦʪʦʟʥʽʤʦʢ ʩʠʧʽʚ ʛʘʟʫ 3. ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʬʦʪʦʟʥʽʤʢʘ (ʨʠʩ. 1ʚ) ʟʘʨʝʻʩʪʨʦʚʘʥʽ 

ʩʠʛʥʘʣʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, ʙʫʨʰʪʠʥʫ, ʬʦʩʬʦʨʫ. ɺʽʜʛʫʢʠ ʚʽʜ ʩʦʣʽ ʥʝ 

ʦʪʨʠʤʘʥʽ. 

ɿʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ 1-6 ʪʘ 7-ʦʾ (ʚʘʧʥʷʢʠ) ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ, ʚʽʜ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʚʽʜʛʫʢʠ ʥʝ ʦʪʨʠʤʘʥʽ. ɺʠʤʽʨʶʚʘʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʠʞʥʷ 

ʤʝʞʘ 1-6 ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʽʥʪʝʨʚʘʣʽ ʛʣʠʙʠʥ 5-6 ʢʤ. 

ʅʘ ʧʦʚʝʨʭʥʽ 6 ʢʤ ʽʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ ʦʪʨʠʤʘʥʦ ʚʽʜʛʫʢʠ ʚʽʜ ʥʘʬʪʠ, 

ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, ʙʫʨʰʪʠʥʫ, ʬʦʩʬʦʨʫ. ɿ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ ʚʽʜʛʫʢʠ 

ʙʫʨʰʪʠʥʫ ʙʫʣʠ ʚʽʜʩʫʪʥʽ, ʘʣʝ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ʚʘʧʥʷʢʽʚ. 

ʉʢʘʥʫʚʘʥʥʷʤ ʨʦʟʨʽʟʫ ʟ 6000 ʤ, ʢʨʦʢ 10 ʩʤ ʚʽʜʛʫʢʠ ʚʽʜ ʚʘʧʥʷʢʽʚ ʧʦʯʘʣʠ 

ʬʽʢʩʫʚʘʪʠʩʷ ʟ 6120 ʤ ʽ ʧʨʦʩʪʝʞʝʥʽ ʟ ʢʨʦʢʦʤ 1 ʤ ʜʦ 10 ʢʤ (ʜʘʣʽ ʩʢʘʥʫʚʘʥʥʷ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʷ). 

ʌʽʢʩʘʮʽʻʶ ʚʽʜʛʫʢʽʚ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ (50, 150, 250, 450, 550, 650, 750, 723 ʢʤ) 

ʢʦʨʽʥʴ ʚʫʣʢʘʥʘ, ʟʘʧʦʚʥʝʥʦʛʦ ʚʘʧʥʷʢʘʤʠ, ʚʠʟʥʘʯʝʥʦ ʛʣʠʙʠʥʽ 723 ʢʤ. 

ʅʘ ʧʦʚʝʨʭʥʽ 57 ʢʤ ʦʪʨʠʤʘʥʦ ʚʽʜʛʫʢʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʪʘ ʬʦʩʬʦʨʫ. 

ʌʦʪʦʟʥʽʤʦʢ ʩʠʧʽʚ ʛʘʟʫ 4. ʇʨʠ ʦʙʨʦʙʮʽ ʬʦʪʦʟʥʽʤʢʘ (ʨʠʩ. 1ʛ) ʥʘ ʧʦʚʝʨʭʥʽ 57 

ʢʤ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, ʙʫʨʰʪʠʥʫ, ʬʦʩʬʦʨʫ. 

ʆʪʨʠʤʘʥʦ ʚʽʜʛʫʢʠ ʚʽʜ 1-6 ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. ʂʦʨʽʥʴ ʚʫʣʢʘʥʘ, ʥʘʧʦʚʥʝʥʦʛʦ 

ʦʩʘʜʦʚʠʤʠ ʧʦʨʦʜʘʤʠ, ʚʠʟʥʘʯʝʥʦ ʥʘ ʛʣʠʙʠʥʽ 723 ʢʤ. 
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ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ ʦʙʩʪʝʞʝʥʥʷ ʟ ʚʠʨʽʟʘʤʠ. ʇʨʠ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʽʡ ʦʙʨʦʙʮʽ ʬʨʘʛʤʝʥʪʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʟ ʚʠʨʽʟʘʤʠ ʜʚʦʭ ʪʦʯʦʢ 

(ʨʠʩ. 2ʙ) ʟʘʬʽʢʩʦʚʘʥʦ ʚʽʜʛʫʢʠ ʣʠʰʝ ʚʽʜ ʙʫʨʰʪʠʥʫ ʪʘ ʬʦʩʬʦʨʫ, ʚʽʜ ʥʘʬʪʠ, 

ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʪʘ ʩʦʣʽ ʩʠʛʥʘʣʠ ʥʝ ʦʪʨʠʤʘʥʽ. 

ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʚʽʜʛʫʢʠ ʚʽʜ 8 (ʜʦʣʦʤʽʪʠ), 9 (ʤʝʨʛʝʣʽ) ʪʘ 10 (ʢʨʝʤʝʥʠʩʪʽ) ʛʨʫʧ 

ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. ɺʽʜ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ ʚʽʜʛʫʢʠ ʙʫʣʠ ʚʽʜʩʫʪʥʽ. 

 

 

 

 

 

 ͍ ) 

  

͊ύ )͋ )͎ 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʜʽʣʷʥʦʢ ʦʙʩʪʝʞʝʥʥʷ, ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ 

ʦʙʨʦʙʢʘ ʷʢʠʭ ʧʨʦʚʦʜʠʣʘʩʷ ʦʢʨʝʤʦ. 

 
ʅʘ ʧʦʚʝʨʭʥʽ 57 ʢʤ ʚʽʜʛʫʢʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, ʙʫʨʰʪʠʥʫ ʪʘ 

ʬʦʩʬʦʨʫ ʙʫʣʠ ʚʽʜʩʫʪʥʽ. ʉʠʛʥʘʣʠ ʚʽʜ 8 ʪʘ 10 ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʟʘʬʽʢʩʦʚʘʥʽ. 

ʌʽʢʩʘʮʽʻʶ ʚʽʜʛʫʢʽʚ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ (50, 150, 250, 450, 550, 650, 750, 723 

ʢʤ) ʢʦʨʝʥʽ ʚʫʣʢʘʥʽʚ ʟʘʧʦʚʥʝʥʠʭ ʜʦʣʦʤʽʪʘʤʠ ʪʘ ʢʨʝʤ'ʷʥʠʩʪʠʤʠ ʧʦʨʦʜʘʤʠ 

ʚʠʟʥʘʯʝʥʦ ʥʘ ʛʣʠʙʠʥʽ 723 ʢʤ. 

ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʫ ʪʦʯʮʽ L1. ʇʨʠ ʦʙʨʦʙʮʽ 

ʬʨʘʛʤʝʥʪʘ ʟʥʽʤʢʘ ʚ ʪʦʯʮʽ L1 (ʨʠʩ. 2ʚ) ʟʘʬʽʢʩʦʚʘʥʦ ʩʠʛʥʘʣʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, 

ʛʘʟʫ, ʙʫʨʰʪʠʥʫ, ʬʦʩʬʦʨʫ (ʙʽʣʦʛʦ), ʛʦʨʶʯʦʛʦ ʩʣʘʥʮʶ, ʘʨʛʽʣʽʪʦʚʦʾ ʙʨʝʢʯʽʾ, ʧʦʨʦʜʠ 

ʛʘʟʦʛʽʜʨʘʪʽʚ, ʛʘʟʦʛʽʜʨʘʪʽʚ, ʣʴʦʜʫ, ʘʥʪʨʘʮʠʪʫ. 

ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʚʽʜʛʫʢʠ ʚʽʜ 1-6 ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ, ʚʽʜ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ 

ʩʠʛʥʘʣʠ ʥʝ ʦʪʨʠʤʘʥʽ. ʂʦʨʽʥʴ ʚʫʣʢʘʥʘ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʛʣʠʙʠʥʽ 723 

ʢʤ. 

ʅʘ ʧʦʚʝʨʭʥʽ 57 ʢʤ ʦʪʨʠʤʘʥʦ ʚʽʜʛʫʢʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, ʙʫʨʰʪʠʥʫ 

ʪʘ ʬʦʩʬʦʨʫ. 

ʅʘ ʧʦʚʝʨʭʥʽ 1 ʤ ʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ ʦʪʨʠʤʘʥʽ ʚʽʜʛʫʢʠ ʚʽʜ ʛʘʟʫ ʪʘ 

ʬʦʩʬʦʨʫ, ʚʽʜ ʥʘʬʪʠ ʪʘ ʢʦʥʜʝʥʩʘʪʫ ʚʽʜʛʫʢʠ ʥʝ ʦʪʨʠʤʘʥʽ. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʤʽʛʨʘʮʽʶ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ. 
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ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʫ ʪʦʯʮʽ L2. ʇʨʠ ʦʙʨʦʙʮʽ 

ʬʨʘʛʤʝʥʪʘ ʟʥʽʤʢʘ ʚ ʪʦʯʮʽ L2 (ʨʠʩ. 2ʛ) ʟ ʧʦʚʝʨʭʥʽ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ʥʘʬʪʠ, 

ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʪʘ ʬʦʩʬʦʨʫ. ɺʽʜʛʫʢʠ ʚʽʜ ʙʫʨʰʪʠʥʫ ʪʘ ʩʦʣʽ ʥʝ ʦʪʨʠʤʘʥʽ. 

ɿʘʬʽʢʩʦʚʘʥʦ ʚʽʜʛʫʢʠ ʚʽʜ 7-ʦʾ ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʚʘʧʥʷʢʠ). ʂʦʨʽʥʴ 

ʚʫʣʢʘʥʘ ʚʘʧʥʷʢʽʚ ʚʠʟʥʘʯʝʥʦ ʥʘ ʛʣʠʙʠʥʽ 723 ʢʤ. 

ʅʘ ʧʦʚʝʨʭʥʽ 1 ʤ ʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ ʟʘʬʽʢʩʦʚʘʥʽ ʚʽʜʛʫʢʠ ʚʽʜ ʛʘʟʫ ʪʘ 

ʬʦʩʬʦʨʫ, ʚʽʜ ʥʘʬʪʠ ʪʘ ʢʦʥʜʝʥʩʘʪʫ ʚʽʜʛʫʢʠ ʥʝ ʦʪʨʠʤʘʥʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʽʛʨʘʮʽʶ 

ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʅʘ ʧʦʚʝʨʭʥʽ 57 ʢʤ ʦʪʨʠʤʘʥʦ ʚʽʜʛʫʢʠ ʚʽʜ ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ ʪʘ ʬʦʩʬʦʨʫ. 

ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʘ 

ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʽʥʰʠʭ ʜʽʣʷʥʢʘʭ ʬʽʢʩʘʮʽʾ ʩʠʧʽʚ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʩʣʦʚʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʤʘʩʰʪʘʙʥʫ ʤʽʛʨʘʮʽʶ ʛʣʠʙʠʥʥʦʛʦ (ʘʙʽʦʛʝʥʥʦʛʦ) ʛʘʟʫ 

ʚ ʘʪʤʦʩʬʝʨʫ ʧʣʘʥʝʪʠ ɿʝʤʣʷ! 
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ʆʉʆɹʃʀɺʆʉʊɯ ɻʃʀɹʀʅʅʆɰ ɹʋɼʆɺʀ ʃʆʂɸʃʔʅʆɰ ɼɯʃʗʅʂʀ ɿ 

ʂʈʋɻʆʄ ʅɸ ʆɿɽʈɯ ʎɯʅʍɸʁ ɺ ʂʀʊɸɰ 
 

ɯ. ʄ. ʂʦʨʯʘʛʽʥ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 

ʄ. ɸ. ʗʢʠʤʯʫʢ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʛʝʦʬʽʟʠʢʠ ʽ ʛʝʦʭʽʤʽʾ, ʂʠʾʚ  

 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʘʮʽʾ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ 

ʟʥʽʤʢʽʚ ʥʘ ʜʽʣʷʥʮʽ ʟ ʢʨʫʛʦʤ ʥʘ ʦʟʝʨʽ ʎʽʥʭʘʡ ʚ ʂʠʪʘʾ. ʉʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʥʶ ʟʘʨʝʻʩʪʨʦʚʘʥʽ 

ʚ ʤʝʞʘʭ ʢʨʫʛʘ, ʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʬʘʢʪʠ ʤʽʛʨʘʮʽʾ ʚʦʜʥʶ ʚ 

ʘʪʤʦʩʬʝʨʫ. ʇʨʠ ʧʦʰʫʢʘʭ ʩʢʫʧʯʝʥʴ ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ ʜʦʮʽʣʴʥʦ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʟʦʥʠ ʽ 

ʜʽʣʷʥʢʠ ʟ ʢʨʫʛʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʟʝʤʥʦʾ ʢʫʣʽ.. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʂʠʪʘʡ, ʢʨʫʛ ʥʘ ʦʟʝʨʽ, ʙʘʟʘʣʴʪʠ, ʚʦʜʝʥʴ, ʧʨʷʤʦʧʦʰʫʢʦʚʽ ʤʝʪʦʜʠ. 
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The results of the approbation of frequency-resonance methods of satellite and photo images 

processing on area with crop circle on Qinghai Lake in China are given. Signals at hydrogen 

frequencies were registered within a circle, and instrumental measurements established the facts of 

hydrogen migration into the atmosphere. When searching for natural hydrogen accumulations, it is 

advisable to pay attention to zones and regions with crop circles in different regions of the globe. 

Key words: China, circle on the lake, basalts, hydrogen, direct-prospecting methods. 

 

ɺʩʪʫʧ. ɺ 2019-2023 ʨʨ. ʩʫʧʝʨ-ʤʦʙʽʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ 

ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ ʟʥʽʤʢʽʚ [2, 3] ʧʨʦʡʰʣʘ ʰʠʨʦʢʫ 

ʘʧʨʦʙʘʮʽʶ ʚ ʤʝʞʘʭ ʢʨʫʧʥʠʭ ʙʣʦʢʽʚ ʽ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʣʠʙʠʥʥʦʾ ʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ɿʝʤʣʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ 

ʧʦʰʫʢʽʚ ʨʫʜʥʠʭ ʽ ʛʦʨʶʯʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʘ ʪʘʢʦʞ ʚʦʜʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʦʞ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʝʢʟʦʪʠʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ, ʟ ʢʨʫʛʘʤʠ 

ʥʘ ʧʦʣʷʭ ʚ ʪʦʤʫ ʯʠʩʣʽ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʜʽʣʷʥʦʢ ʟ ʢʨʫʛʘʤʠ, ʚʠʷʚʣʝʥʠʭ ʚ 

2019 ʨ. ʥʘ ʧʦʣʷʭ ʚ ɸʥʛʣʽʾ, ʥʘʚʝʜʝʥʦ ʚ [1]. ɺ ʪʝʟʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʩʪʝʞʝʥʥʷ ʜʽʣʷʥʢʠ ʟ ʢʨʫʛʦʤ ʥʘ ʣʴʦʜʫ ʦʟʝʨʘ ʎʽʥʭʘʡ ʚ ʂʠʪʘʾ [4]. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʪʘ ʜʝʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʘʣʦ-ʚʠʪʨʘʪʥʦʾ ʧʨʷʤʦʧʦʰʫʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ ʟʥʽʤʢʽʚ, 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʨʝʟʦʥʘʥʩʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʪʘ ʤʝʪʦʜʠʢʠ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ (ʨʫʜʦʥʦʩʥʦʩʪʽ) ʚʝʣʠʢʠʭ 

ʧʦʰʫʢʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ [2, 3]. ʆʢʨʝʤʽ ʢʦʤʧʦʥʝʥʪʠ ʪʝʭʥʦʣʦʛʽʾ 

ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʧʨʠʥʮʠʧʘʭ çʨʝʯʦʚʠʥʥʦʾè ʧʘʨʘʜʠʛʤʠ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʩʫʪʥʽʩʪʴ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʢʦʥʢʨʝʪʥʦʾ (ʰʫʢʘʥʦʾ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ) 

ʨʝʯʦʚʠʥʠ. ɺ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʣʝʞʘʪʴ ʚʠʷʚʣʝʥʽ ʅʽʢʦʣʦʶ ʊʝʩʣʘ ʫ 1899 

ʨ. ʩʪʦʷʯʽ ʝʣʝʢʪʨʠʯʥʽ ʭʚʠʣʽ ʫ ʛʣʠʙʠʥʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ɿʝʤʣʽ. ɺ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʚʝʨʩʽʷʭ ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʬʦʪʦʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʩʥʫʶʯʽ ʙʘʟʠ (ʥʘʙʦʨʠ, 

ʢʦʣʝʢʮʽʾ) ʦʩʘʜʦʚʠʭ, ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʪʘ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ, ʤʽʥʝʨʘʣʽʚ ʪʘ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʆʩʦʙʣʠʚʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʘ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʚ [2]. 

ʂʨʫʛ ʥʘ ʣʴʦʜʫ ʦʟʝʨʘ ʎʽʥʭʘʡ ʚ ʂʠʪʘʾ. ʇʨʠʯʠʥʠ ʧʦʷʚʠ ʢʨʫʛʽʚ ʥʘ ʧʦʣʷʭ 

ʮʽʢʘʚʣʷʪʴ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ. ʊʘʢʠʡ ʽʥʪʝʨʝʩ ʜʦ ʢʨʫʛʽʚ ʥʘ ʧʦʣʷʭ ʦʙʫʤʦʚʠʚ 

ʜʦʮʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʬʦʪʦʟʥʽʤʢʽʚ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʽʟ 

ʢʨʫʛʘʤʠ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʫʷʚʣʝʥʥʷ ʧʨʦ ʛʣʠʙʠʥʥʫ ʙʫʜʦʚʫ ʚ ʟʦʥʘʭ ʾʭ 

ʨʦʟʤʽʱʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʠʣʠʩʷ ʜʝʱʦ ʥʝʩʧʦʜʽʚʘʥʠʤʠ.  

ʇʽʜ ʯʘʩ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʬʨʘʛʤʝʥʪʘ ʟʦʙʨʘʞʝʥʥʷ ʽʟ ʢʦʣʦʤ ʥʘ 

ʣʴʦʜʫ ʦʟʝʨʘ ʎʽʥʭʘʡ ʚ ʂʠʪʘʾ [4] (ʨʠʩ. 1, ʥʠʞʥʽʡ ʧʨʷʤʦʢʫʪʥʠʡ ʢʦʥʪʫʨ) ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʘʬʽʢʩʦʚʘʥʦ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʞʠʚʦʾ (ʟʙʘʛʘʯʝʥʦʾ ʚʦʜʥʝʤ) ʚʦʜʠ, ʣʴʦʜʫ, ʚʦʜʥʶ 

ʪʘ 6-ʾ ʛʨʫʧʠ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ (ʙʘʟʘʣʴʪʽʚ). 

ʇʨʠ ʩʢʘʥʫʚʘʥʥʽ ʨʦʟʨʽʟʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟ ʢʨʦʢʦʤ 10 ʩʤ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ 

ʙʘʟʘʣʴʪʽʚ ʧʦʯʘʣʠ ʨʝʻʩʪʨʫʚʘʪʠ ʟ 91 ʤ. ʐʣʷʭʦʤ ʬʽʢʩʘʮʽʾ ʚʽʜʛʫʢʽʚ ʥʘ ʨʽʟʥʠʭ 

ʛʣʠʙʠʥʘʭ ʢʦʨʽʥʴ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʫʣʢʘʥʘ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʛʣʠʙʠʥʽ 723 ʢʤ. 

ʌʨʘʛʤʝʥʪʠ ʬʦʪʦʛʨʘʬʽʡ ʫ ʧʨʷʤʦʢʫʪʥʠʢʘʭ ʟ ʢʨʫʛʦʤ ʪʘ ʥʘʜ ʢʨʫʛʦʤ  ʥʘ ʨʠʩ. 1 

ʙʫʣʠ ʜʦʜʘʪʢʦʚʦ ʦʙʨʦʙʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʮʝʜʫʨʠ ʬʽʢʩʘʮʽʾ ʚʽʜʛʫʢʽʚ ʥʘ 

ʯʘʩʪʦʪʘʭ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʋ ʧʨʷʤʦʢʫʪʥʠʢʫ ʟ ʢʦʣʦʤ ʥʘ ʛʣʠʙʠʥʽ 3 ʤ ʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ 

ʟʘʬʽʢʩʦʚʘʥʦ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ (ʥʽ) ʩʠʛʥʘʣʽʚ ʥʘ ʯʘʩʪʦʪʘʭ ʪʘʢʠʭ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ: ʚʦʜʝʥʴ (ʥʽ), ʭʣʦʨ, ʟʘʣʽʟʦ, ʢʦʙʘʣʴʪ, ʣʽʪʽʡ, ʙʝʨʠʣʽʡ, ʘʨʛʦʥ (ʥʽ), ʥʽʢʝʣʴ (ʥʽ), 

ʢʘʣʽʡ (ʥʽ), ʢʘʣʴʮʽʡ (ʥʽ), ʛʝʣʽʡ (ʥʽ), ʭʨʦʤ, ʤʘʨʛʘʥʝʮʴ (ʥʽ), ʤʽʜʴ (ʥʽ), ʽʪʨʽʡ, ʤʦʣʽʙʜʝʥ, 

ʪʝʭʥʝʮʽʡ, ʨʫʪʝʥʽʡ, ʨʦʜʽʡ, ʧʘʣʘʜʽʡ, ʪʝʣʫʨ, ʪʝʨʙʽʡ, ʛʘʜʦʣʽʥʽʡ, ʜʠʩʧʨʦʟʽʡ, ʛʦʣʴʤʽʡ, 

ʪʫʣʽʡ, ʝʨʙʽʡ, ʽʪʝʨʙʽʡ, ʣʶʪʝʮʽʡ, ʛʘʬʥʽʡ, ʟʦʣʦʪʦ, ʨʪʫʪʴ, ʨʘʜʽʡ, ʘʢʪʠʥʽʡ, ʪʦʨʽʡ, ʫʨʘʥ, 

ʧʨʦʪʘʢʪʠʥʽʡ. 
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ʈʠʩ. 1. ʌʦʪʦ ʢʦʣʘ ʥʘ ʦʟʝʨʽ ʎʽʥʭʘʡ (ʂʠʪʘʡ) [4]. ʈʠʩ. 2. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʦʟʝʨʘ 

ʎʽʥʭʘʡ (ʂʠʪʘʡ). 

ɺ ʤʝʞʘʭ ʧʨʷʤʦʢʫʪʥʠʢʘ ʥʘʜ ʢʦʣʦʤ ʥʘ ʛʣʠʙʠʥʽ 3 ʤ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ 

ʟʘʬʽʢʩʦʚʘʥʦ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ (ʥʽ) ʩʠʛʥʘʣʽʚ ʚʽʜ ʥʘʩʪʫʧʥʠʭ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ: ʟʘʣʽʟʦ, ʢʦʙʘʣʴʪ, ʣʽʪʽʡ, ʙʝʨʠʣʽʡ, ʩʢʘʥʜʽʡ, ʭʨʦʤ, ʚʘʥʘʜʽʡ, ʛʝʨʤʘʥʽʡ, ʩʝʣʝʥ, 

ʽʪʨʽʡ, ʥʽʦʙʽʡ, ʪʝʭʥʝʮʽʡ, ʨʫʪʝʥʽʡ, ʨʦʜʽʡ, ʧʘʣʘʜʽʡ, ʽʥʜʽʡ, ʩʫʨʤʘ, ʣʘʥʪʘʥ, ʮʝʨʽʡ, 

ʧʨʘʟʝʦʜʠʤ, ʧʨʦʤʝʪʽʡ, ʥʝʦʜʠʤ, ʪʝʣʫʨ, ʪʝʨʙʽʡ, ʛʘʜʦʣʽʥʽʡ, ʜʠʩʧʨʦʟʽʡ, ʛʦʣʴʤʽʡ, ʪʫʣʽʡ, 

ʝʨʙʽʡ, ʽʪʝʨʙʽʡ, ʣʶʪʝʮʽʡ, ʨʝʥʽʡ, ʦʩʤʽʡ, ʽʨʠʜʽʡ, ʟʦʣʦʪʦ, ʨʪʫʪʴ, ʧʦʣʦʥʽʡ, ʨʘʜʽʡ, 

ʘʢʪʠʥʽʡ, ʪʦʨʽʡ, ʫʨʘʥ, ʥʝʧʪʫʥʽʡ.  

ɺ ʤʝʞʘʭ ʧʨʷʤʦʢʫʪʥʦʾ ʜʽʣʷʥʢʠ, ʨʦʟʤʽʱʝʥʦʾ  ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʬʦʪʦʟʥʽʤʢʘ, 

ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ. 

ʇʽʜ ʯʘʩ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʦʟʝʨ ʽ ʚʦʜʦʩʭʦʚʠʱ ʧʨʦʚʝʜʝʥʘ 

ʪʘʢʦʞ ʦʙʨʦʙʢʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʚʩʴʦʛʦ ʦʟʝʨʘ ʎʽʥʭʘʡ. ʇʨʠ ʦʙʨʦʙʮʽ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʦʟʝʨʘ (ʨʠʩ. 2) ʟ ʧʦʚʝʨʭʥʽ ʥʝ ʦʪʨʠʤʘʥʦ ʚʽʜʛʫʢʽʚ ʥʘ ʯʘʩʪʦʪʘʭ 

ʥʘʬʪʠ, ʢʦʥʜʝʥʩʘʪʫ, ʛʘʟʫ, ʙʫʨʰʪʠʥʫ, ʩʦʣʽ. ɿʘʬʽʢʩʦʚʘʥʦ ʩʠʛʥʘʣʠ ʚʽʜ ʚʦʜʥʶ, 8-ʦʾ 

ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʜʦʣʦʤʽʪʠ) ʽ 6-ʦ ʾʛʨʫʧʠ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ (ʙʘʟʘʣʴʪʠ). 

ʐʣʷʭʦʤ ʨʝʻʩʪʨʘʮʽʾ ʚʽʜʛʫʢʽʚ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʘʭ (50, 150, 250, é, 750 ʢʤ) 

ʢʦʨʽʥʴ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʫʣʢʘʥʫ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʛʣʠʙʠʥʽ 723 ʢʤ. ʅʠʞʥʷ ʤʝʞʘ 

ʜʦʣʦʤʽʪʽʚ ʚʩʪʘʥʦʚʣʝʥʘ ʚ ʽʥʪʝʨʚʘʣʽ 4-5 ʢʤ. ʇʨʠ ʩʢʘʥʫʚʘʥʥʽ ʨʦʟʨʽʟʫ ʚʽʜ ʧʦʚʝʨʭʥʽ, 

ʢʨʦʢ 50 ʩʤ, ʚʽʜʛʫʢʠ ʚʽʜ ʙʘʟʘʣʴʪʽʚ ʦʪʨʠʤʘʥʽ ʟ ʛʣʠʙʠʥʠ 90 ʤ, ʘ ʚʦʜʥʶ ï ʟʽ 160 ʤ. 

ʐʣʷʭʦʤ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʟ ʢʨʦʢʦʤ 1 ʩʤ ʽ 5 ʩʤ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʠ 

ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʦ 90 ʤ. ʅʘ ʧʦʚʝʨʭʥʽ 91 ʤ ʦʪʨʠʤʘʥʽ ʚʽʜʛʫʢʠ ʟ ʚʝʨʭʥʴʦʾ 

ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ ʪʽʣʴʢʠ ʚʽʜ ʚʦʜʠ, ʘ ʟ ʥʠʞʥʴʦʾ ï ʪʽʣʴʢʠ ʚʽʜ ʚʦʜʥʶ ʪʘ ʙʘʟʘʣʴʪʽʚ. 

ɺʽʜʛʫʢʠ ʚʽʜ ʚʦʜʠ ʥʘ ʧʦʚʝʨʭʥʽ 68 ʢʤ ʥʝ ʟʘʬʽʢʩʦʚʘʥʽ. 

ʂʦʤʝʥʪʘʨʽ ʪʘ ʚʠʩʥʦʚʦʢ. ʇʽʜ ʯʘʩ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ 

ʦʙʩʪʝʞʝʥʠʭ ʜʽʣʷʥʦʢ ʟ ʢʨʫʛʘʤʠ ʚʠʢʦʥʘʥʦ ʦʙʤʝʞʝʥʠʡ ʥʘʙʽʨ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʦʮʝʜʫʨ. ɿʘʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʘʚʪʦʨʽʚ ʫ ʧʨʦʚʝʜʝʥʥʽ ʪʘʢʦʛʦ ʨʦʜʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʧʦʚôʷʟʘʥʘ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʥʘ ʙʘʛʘʪʴʦʭ ʩʘʡʪʘʭ ʧʨʦ ʪʝ, ʱʦ 
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ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ʪʘʢʽ ʢʨʫʛʠ ʥʘ ʧʦʣʷʭ ʩʪʚʦʨʶʶʪʴ ʽʥʦʧʣʘʥʝʪʷʥʠ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʙʫʣʦ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʧʨʦʚʝʜʝʥʦ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ, 

ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʤʦʛʣʠ ʧʽʜʪʚʝʨʜʠʪʠ ʘʙʦ ʩʧʨʦʩʪʫʚʘʪʠ ʮʽ ʧʨʠʧʫʱʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʨʦʙʽʪ 

ʦʜʨʘʟʫ ʚʠʷʚʠʣʠʩʷ ʥʝʩʧʦʜʽʚʘʥʠʤʠ. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʚʩʽ ʦʙʩʪʝʞʝʥʽ ʜʽʣʷʥʢʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʜ ʙʘʟʘʣʴʪʦʚʠʤʠ ʚʫʣʢʘʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʚʝʨʭʥʽ ʤʝʞʽ 

ʙʘʟʘʣʴʪʽʚ ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʥʝʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ, ʦʪʨʠʤʘʥʽ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʥʶ, 

ʘ ʬʘʢʪʠ ʤʽʛʨʘʮʽʾ ʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʫ ʧʽʜʪʚʝʨʜʞʝʥʽ ʚʠʤʽʨʶʚʘʥʥʷʤʠ. 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ 

ʧʨʠ ʧʦʰʫʢʘʭ ʩʢʫʧʯʝʥʴ ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ ʜʦʮʽʣʴʥʦ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʟʦʥʠ ʽ 

ʨʘʡʦʥʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʨʫʛʽʚ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ! ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʝʙ-ʩʘʡʪ 

[5] ʤʽʩʪʠʪʴ ʘʨʭʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʽ ʬʦʪʦʛʨʘʬʽʡ ʢʨʫʛʽʚ ʥʘ ʧʦʣʷʭ, ʷʢʽ ʙʫʣʠ 

ʟʥʘʡʜʝʥʽ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʚ 1994-2022 ʨʦʢʘʭ. ʅʘ ʮʴʦʤʫ ʞ ʩʘʡʪʽ ʻ ʪʘʢʦʞ 

ʧʦʩʠʣʘʥʥʷ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʧʦ 

ʧʨʦʙʣʝʤʽ ʢʨʫʛʽʚ ʥʘ ʧʦʣʷʭ. ʅʘ ʩʘʡʪʘʭ ʚ ɯʥʪʝʨʥʝʪʽ ʪʘʢʦʞ ʤʦʞʥʘ ʟʥʘʡʪʠ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʢʨʫʛʠ ʥʘ ʧʦʣʷʭ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ.  

ɿʘʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʟʚʝʨʥʫʪʠ 

ʫʚʘʛʫ ʥʘ ʬʘʢʪʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʥʘ ʢʦʨʠʩʪʴ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʢʨʫʛʠ ʥʘ 

ʦʙʩʪʝʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʻ çʪʚʦʨʽʥʥʷʤè ʥʝʣʶʜʩʴʢʠʭ ʨʫʢ. ʂʦʤʝʥʪʘʨʽ ʘʚʪʦʨʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ (ʘʩʧʝʢʪʫ) ʥʘʚʝʜʝʥʽ ʚ ʪʝʟʘʭ [1]. 

ɼʦʮʽʣʴʥʽʩʪʴ ʧʫʙʣʽʢʘʮʽʾ ʢʦʤʝʥʪʘʨʽʚ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʫʤʦʚʣʝʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʘʢʪʠʚʽʟʘʮʽʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʧʦʰʫʢʠ, ʚʠʜʦʙʫʪʦʢ ʪʘ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢʠ! 

1. ʆʙʩʪʝʞʝʥʽ ʜʽʣʷʥʢʠ ʟ ʢʨʫʛʘʤʠ ʥʘ ʧʦʣʷʭ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʜ 

ʤʘʡʞʝ ʦʜʥʘʢʦʚʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʨʽʟʫ ï ʙʘʟʘʣʴʪʦʚʠʤʠ 

ʚʫʣʢʘʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʚʫʣʢʘʥʘʤʠ, ʙʘʟʘʣʴʪʦʚʠʤʠ ʢʦʣʦʥʘʤʠ) ʟ ʚʝʨʭʥʴʦʶ 

ʢʨʦʤʢʦʶ ʚ ʽʥʪʝʨʚʘʣʽ 5-6 ʤ ʽ ʟ ʢʦʨʝʥʷʤʠ ʥʘ ʛʣʠʙʠʥʽ 99 ʢʤ. 

2. ʉʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʥʶ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʥʘ ʚʩʽʭ ʢʨʫʛʘʭ, ʘ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʡʦʛʦ ʤʽʛʨʘʮʽʾ ʚ ʘʪʤʦʩʬʝʨʫ. 

3. ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʦʩʦʙʣʠʚʦʩʪʽ ʛʣʠʙʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʽʣʷʥʦʢ ʟ ʢʨʫʛʘʤʠ ʚ 

ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ɸʥʛʣʽʾ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʃʶʜʠʥʘ 

ʥʘ ɿʝʤʣʽ (ʃʶʜʩʪʚʦ) ʥʝ ʚʦʣʦʜʽʻ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʚʠʟʥʘʯʠʪʠ 

ʧʦʣʦʞʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʦʟʨʽʟʫ. ʆʪʞʝ, ʢʨʫʛʠ ʥʘ ʧʦʣʷʭ ï ʮʝ çʚʠʪʚʦʨʠè ʥʝʣʶʜʩʴʢʠʭ ʨʫʢ! 

ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʢʨʫʛʘʤʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ 

ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʚʽʜʛʫʢʽʚ ʥʘ ʯʘʩʪʦʪʘʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʮʽʣʦʤʫ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

(ʧʽʜʩʠʣʶʶʪʴ) ʧʦʧʝʨʝʜʥʽ ʚʠʩʥʦʚʢʠ (ʧʨʠʧʫʱʝʥʥʷ). 
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ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ʅʝ ʚʠʢʣʠʢʘʻ ʟʘʧʝʨʝʯʝʥʴ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʪʘʢʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ (ʥʘʙʽʨ) 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʚʢʣʶʯʘʶʯʠ ʨʽʜʢʦʟʝʤʝʣʴʥʽ) ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʝʭʥʽʯʥʠʭ 

ʧʨʠʩʪʨʦʷʭ, ʩʪʚʦʨʝʥʠʭ ʃʶʜʠʥʦʶ ʥʘ ɿʝʤʣʽ. 

ɯ ʱʝ ʨʘʟ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʩʫʧʝʨ-ʤʦʙʽʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ 

ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦʟʥʽʤʢʽʚ ʤʦʞʝ ʟʨʦʙʠʪʠ ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʣʶʜʩʪʚʘ ʧʘʣʠʚʦʤ ʤʘʡʙʫʪʥʴʦʛʦ ï ʧʨʠʨʦʜʥʠʤ ʚʦʜʥʝʤ! 

 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 
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ɯʚʘʥ ʄʠʭʘʣʴʯʝʥʢʦ  
ʜʦʢʪʦʨ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ 

ʥʘʫʢ ʋʢʨʘʾʥʠè, ʋʢʨʘʾʥʘ, 03142, ʤ. ʂʠʾʚ, ʧʨʦʩʧ. ɸʢʘʜʝʤʽʢʘ ʇʘʣʣʘʜʽʥʘ 34-ʘ 

ʆʣʴʛʘ ɿʘʷʮʴ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ, 

03142, ʤ. ʂʠʾʚ, ʧʨʦʩʧ. ɸʢʘʜʝʤʽʢʘ ʇʘʣʣʘʜʽʥʘ 34 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʧʝʢʪʨʠ ʣʘʥʪʘʥʦʾʜʽʚ ʧʦʨʽʜ ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ 

ʙʘʪʦʣʽʪʽʚ ʡ ʤʘʩʠʚʽʚ, ʫ ʷʢʠʭ ʘʙʦ ʧʦʙʣʠʟʫ ʢʦʪʨʠʭ ʚʽʜʦʤʽ ʨʦʜʦʚʠʱʘ ʡ ʨʫʜʦʧʨʦʷʚʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʘʛʤʘʪʠʯʥʠʭ ʬʘʟ ʽʟ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ LaN/YbN ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʪʘʢʠʤʠ ʛʨʘʥʽʪʽʚ ʛʦʣʦʚʥʠʭ ʬʘʟ. ʅʘʷʚʥʽʩʪʴ ʤʘʛʤʘʪʠʯʥʠʭ ʬʘʟ ʟ ʥʠʟʴʢʠʤ ʚʽʜʥʦʰʝʥʥʷʤ LaN/YbN 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʘʞʣʠʚʫ ʥʝʧʨʷʤʫ ʧʦʰʫʢʦʚʫ ʦʟʥʘʢʫ ʨʦʜʦʚʠʱ ʤʝʪʘʣʝʚʠʭ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʫ ʨʘʡʦʥʘʭ ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ ʧʣʫʪʦʥʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʧʝʢʪʨ, ʣʘʥʪʘʥʦʾʜʠ, ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʽ ʧʣʫʪʦʥʠ. 
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Based on the results of the study, it was established that the spectra of lanthanides of rocks of rapaki 

granite batholiths and massifs in which or near which deposits and ore occurrences are known are 

characterized by the presence of magmatic phases with spectra with a much lower LaN/YbN ratio 

compared to such spectra of granites of the main phases. The presence of magmatic phases with a 

low LaN/YbN ratio is considered as an important indirect prospecting sign of deposits of metallic 

minerals in the areas of rapakivigranite plutons. 

Key words: spectrum, lanthanides, rapakivigranite plutons. 

 

ɺʩʪʫʧ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ 

ʬʫʥʜʘʤʝʥʪʫ ɺʦʣʠʥʩʴʢʦʾ ʡ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʤʝʪʘʣʦʛʝʥʽʯʥʠʭ ʦʙʣʘʩʪʝʡ 

ʤʝʪʘʣʦʛʝʥʽʯʥʦʾ ʧʨʦʚʽʥʮʽʾ ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ ʻ ʥʘʷʚʥʽʩʪʴ ʢʨʫʧʥʠʭ, ʧʣʦʱʝʶ ʢʽʣʴʢʠ 

ʪʠʩʷʯ ʢʚʘʜʨʘʪʥʠʭ ʢʽʣʦʤʝʪʨʽʚ, ʜʦʢʝʤʙʨʽʡʩʴʢʠʭ ʤʘʛʤʘʪʠʯʥʠʭ ʘʥʦʨʪʦʟʠʪ-

ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ ʧʣʫʪʦʥʽʚ ï ʂʦʨʦʩʪʝʥʩʢʦʛʦ ʡ ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ. ɺ 
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ʘʥʦʨʪʦʟʠʪ-ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ ʧʣʫʪʦʥʘʭ ʩʚʽʪʫ ʚʽʜʦʤʽ Ni-Cu-Co (ʽʥʢʦʣʠ ï ʟ Pt), 

ʘʧʘʪʠʪ-Fe-Ti ʨʦʜʦʚʠʱʘ ʚ ʦʩʥʦʚʥʠʭ ʧʦʨʦʜʘʭ; Sn-ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʽ ʨʦʜʦʚʠʱʘ, Sn-

ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʦ-ʧʦʣʽʤʝʪʘʣʝʚʽ ʨʦʜʦʚʠʱʘ, Zr-ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʽ ʨʦʜʦʚʠʱʘ, U-Th-

LREE-Zr ʧʝʛʤʘʪʠʪʠ, ʢʘʤʝʨʥʽ ʧʝʛʤʘʪʠʪʠ, ʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ 

ʛʨʘʥʽʪʘʤʠ. ʊʘʢʦʞ ʚ ʨʘʡʦʥʘʭ ʘʥʦʨʪʦʟʠʪ-ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ ʧʣʫʪʦʥʽʚ ʚʽʜʦʤʽ 

ʨʦʟʩʠʧʠʱʘ: ʘʧʘʪʠʪʫ, ʊʽ, ʪʘ Sn, Ta, Nb, Zr; ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʽ ʧʝʛʤʘʪʠʪʠ; Th-U, U 

ʨʦʜʦʚʠʱʘ ʚ ʥʘʪʨʽʻʚʠʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ; U ʨʦʜʦʚʠʱʘ çʥʝʟʛʽʜʥʦʩʪʽè; Cu-U-Au-Ag-

REE ʨʦʜʦʚʠʱʝ ʆʣʽʤʧʽʢ-ɼʘʤ. ɭ ʧʽʜʩʪʘʚʠ ʜʣʷ ʩʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʚ ʦʩʪʘʪʦʯʥʠʭ ʬʘʟʘʭ 

ʨʦʟʧʣʘʚʽʚ, ʷʢʽ ʫʪʚʦʨʠʣʠ ʘʥʦʨʪʦʟʠʪ-ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʽ ʧʣʫʪʦʥʠ ʚʽʜʙʫʚʘʣʦʩʷ 

ʥʘʢʦʧʠʯʝʥʥʷ Li, Be, Zn, Pb, HFSE, ʟʦʢʨʝʤʘ, ʡ U ʡ Th. ɺʘʨʽʘʪʠʚʥʽʩʪʴ 

ʬʫʛʽʪʠʚʥʦʩʪʝʡ H2O, O2, F ʤʦʛʣʠ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩʠ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʬʣʶʾʜʘʭ, ʱʦ ʤʘʣʦ ʙ ʚʽʜʦʙʨʘʟʠʪʠʩʷ ʥʘ ʩʢʣʘʜʽ ʣʘʥʪʘʥʦʾʜʽʚ ʫ ʢʠʩʣʠʭ 

ʧʦʨʦʜʘʭ ʮʠʭ ʧʣʫʪʦʥʽʚ (ʚʠʭʽʜʥʽ ʜʘʥʽ ʥʘʚʝʜʝʥʦ ʚ [5]). 

ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ. ʉʧʝʢʪʨʠ ʣʘʥʪʘʥʦʾʜʽʚ ʧʦʨʽʜ ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ ʘʩʦʮʽʘʮʽʡ 

ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [1-4, 6-10]. ɿʘʟʚʠʯʘʡ, ʘʚʪʦʨʠ ʚʠʩʚʽʪʣʷʣʠ ʨʝʟʫʣʴʪʘʪʠ ʩʚʦʾ 

ʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʧʝʚʥʦʤʫ ʧʣʫʪʦʥʫ (ʤʘʩʠʚʫ), ʘʙʦ ʨʫʜʥʦʤʫ ʦʙôʻʢʪʫ. 

ɺʠʢʣʶʯʝʥʥʷ ï ʨʦʙʦʪʘ ʃʘʨʽʥʘ [3].  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʽ ʧʣʫʪʦʥʠ. ʇʨʝʜʤʝʪ-ʜʦʩʣʽʜʞʝʥʥʷ 

ï ʩʢʣʘʜ ʡ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʣʘʥʪʘʥʦʾʜʽʚ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʷʚʠʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʝʢʪʨʽʚ ʣʘʥʪʘʥʦʾʜʽʚ ʫ ʧʦʨʦʜʘʭ. 

ʄʝʪʦʜʠʢʘ ʡ ʤʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʪʚʦʨʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʟ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʧʦʨʽʜ ʽ ʨʫʜ ʟ ʨʘʡʦʥʽʚ ʘʥʦʨʪʦʟʠʪ-ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ ʧʣʫʪʦʥʽʚ, ʟʦʢʨʝʤʘ, 

ʣʘʥʪʘʥʦʾʜʽʚ, ʜʘʥʥʽ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʚ [1-4, 6-10]. ʅʦʨʤʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʫ 

ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʧʝʚʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʥʘ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʫ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʭʦʥʜʨʠʪʽ (ʟ [11]). ʇʦʙʫʜʦʚʘ ʩʧʘʡʜʝʨʜʽʘʛʨʘʤ. ʆʮʽʥʢʘ 

ʥʘʭʠʣʫ ʩʧʘʡʜʝʨʜʽʘʛʨʘʤʠ ï ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ LaN/YbN. 

ʆʩʦʙʣʠʚʦʩʪʽ ʩʧʝʢʪʨʽʚ ʣʘʥʪʘʥʦʾʜʽʚ ʚʠʷʚʣʷʣʠʩʷ ʧʦʨʽʚʥʷʣʴʥʦ-ʩʧʽʚʩʪʘʚʥʠʤ ʤʝʪʦʜʦʤ 

ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʧʝʢʪʨʠ ʣʘʥʪʘʥʦʾʜʽʚ ʛʨʘʥʽʪʽʚ ʂʦʨʩʫʥʴ-

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ, ʂʦʨʦʩʪʝʥʩʢʦʛʦ (ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ), ʉʘʣʤʽʥʩʴʢʦʛʦ 

(ɹʘʣʪʽʡʩʴʢʠʡ ʱʠʪ) ʧʣʫʪʦʥʽʚ, ʤʘʩʠʚʽʚ ʅʫʝʣʪʽʥ (ʂʘʥʘʜʩʴʢʠʡ ʱʠʪ), ɯʥʭʘʥʜʞʘʨʘ 

(ʙʘʪʦʣʽʪ ɯʪʫ), ʧʝʛʤʘʪʠʪʽʚ ʤʘʩʠʚʫ ʄʘʜʝʡʨʘ (ɸʤʘʟʦʥʩʴʢʠʡ ʢʨʘʪʦʥ) 

ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ ʧʣʫʪʦʥʽʚ, ʨʫʜʥʠʭ ʩʢʫʧʯʝʥʴ ʪʦʨʽʡ-ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʨʫʜ 

ʨʦʜʦʚʠʱʘ ʇʽ ʈʽʜʞ (ʪʝʨʨʝʡʥ ʛʽʨ ʉʝʥʪ-ʌʨʘʥʩʫʘ, ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ ʄʽʩʩʫʨʽ, ʉʐɸ), 

ʧʝʛʤʘʪʠʪʽʚ ʇʘʡʢʩ ʇʽʢ (ʙʘʪʦʣʽʪ ʧʦʙʣʠʟʫ ɺʝʣʣʽʥʛʪʦʥ ʃʝʡʢ, ʮʝʥʪʨʘʣʴʥʠʡ ʂʦʣʦʨʘʜʦ) 

(ʚʠʭʽʜʥʽ ʜʘʥʽ ʟ [1-4, 6-10]) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ. 

ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʧʝʢʪʨʠ ʣʘʥʪʘʥʦʾʜʽʚ ʛʦʣʦʚʥʠʭ 

ʬʘʟ ʛʨʘʥʽʪʦʾʜʽʚ ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ, ʂʦʨʦʩʪʝʥʩʢʦʛʦ, ʉʘʣʤʽʥʩʴʢʦʛʦ  
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ʈʠʩʫʥʦʢ. 1. ʉʧʝʢʪʨʠ ʣʘʥʪʘʥʦʾʜʽʚ ʚ ʛʨʘʥʽʪʘʭ ʧʝʛʤʘʪʠʪʘʭ ʽ ʨʫʜʘʭ ʘʨʝʘʣʽʚ ʘʥʦʨʪʦʟʠʪ-

ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ ʧʣʫʪʦʥʽʚ (ʤʘʩʠʚʽʚ) 
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ʧʣʫʪʦʥʽʚ, ʤʘʩʠʚʽʚ ʅʫʝʣʪʽʥ, ɯʥʭʘʥʜʞʘʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʘʨʽʘʮʽʷʤʠ ʦʮʽʥʦʢ 

ʚʽʜʥʦʰʝʥʴ LaN/YbN, ʚʽʜʧʦʚʽʜʥʦ, 1,49-14,10, 1,99-27,76, 3,96-21,18, 4,40-47,25, 

1,43-8,77 (ʨʠʩʫʥʦʢ 1). ʆʜʥʘʢ ʫ ʬʘʟʘʭ ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ, 

ʂʦʨʦʩʪʝʥʩʢʦʛʦ, ʉʘʣʤʽʥʩʴʢʦʛʦ ʧʣʫʪʦʥʽʚ ʡ ʤʘʩʠʚʫ ɯʥʭʘʥʜʞʘʨʘ ʽʩʥʫʶʪʴ ʬʘʟʠ ʟ 

ʦʮʽʥʢʘʤʠ ʚʽʜʥʦʰʝʥʴ LaN/YbN, ʚʽʜʧʦʚʽʜʥʦ, 0,67-0,96, 1,05, 0,87, 0,63, ʷʢʽ ʤʘʶʪʴ 

ʚʠʛʣʷʜ ʷʢ çʨʽʚʥʦʧʣʝʯʦʚʽè ʡ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʩʧʝʢʪʨʽʚ ʛʦʣʦʚʥʠʭ ʬʘʟ. ʋ ʤʘʩʠʚʽ 

ʅʫʝʣʪʽʥ ʻ ʬʘʟʘ ʽʟ ʘʥʦʤʘʣʴʥʦʶ ʦʮʽʥʢʦʶ LaN/YbN ʧʝʛʤʘʪʠʪʫ ʮʴʦʛʦ ʤʘʩʠʚʫ ï 211,3. 

ɼʣʷ ʧʝʛʤʘʪʠʪʽʚ ʤʘʩʠʚʫ ʄʘʜʝʡʨʘ ʦʮʽʥʢʠ LaN/YbN ï 0,002-1,45 ʨʽʟʢʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʾ ʦʮʽʥʢʠ ʤʘʩʠʚʫ ʅʫʝʣʪʽʥ, ʪʘʢ ʩʘʤʦ ʚʽʜ ʧʝʛʤʘʪʠʪʫ ʅʫʝʣʪʽʥ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʮʽʥʢʠ ʚʽʜʥʦʰʝʥʴ LaN/YbN  ʨʫʜʥʠʭ ʩʢʫʧʯʝʥʴ ʫ ʧʝʛʤʘʪʠʪʽ ʇʘʡʢʩ ʇʽʢ 

ï 1,70-2,90. ɺʽʜ ʫʩʽʭ ʦʙʛʦʚʦʨʝʥʠʭ ʩʧʝʢʪʨʽʚ ʨʽʟʢʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʦʨʽʡ-ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʨʫʜʠ ʨʦʜʦʚʠʱʘ ʇʽ ʈʽʜʞ, ʷʢʽ 

ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʙʣʠʟʴʢʽ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʝʛʤʘʪʠʪʫ ʅʫʝʣʪʽʥ, ʦʜʥʘʢ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʩʪʘʥʥʴʦʛʦ ʦʮʽʥʢʘʤʠ ʚʽʜʥʦʰʝʥʴ LaN/YbN (7,60-23,89), ʟʘ 

ʥʘʷʚʥʽʩʪʶ ʦʜʥʦʛʦ ʘʥʘʣʽʟʫ ʙʣʠʟʴʢʦʛʦ ʜʦ ʅʫʝʣʪʽʥʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʮʽʥʢʦʶ 

ʚʽʜʥʦʰʝʥʥʷ LaN/YbN=219,62. 

ɺʠʩʥʦʚʢʠ. 1. ʉʧʝʢʪʨʠ ʣʘʥʪʘʥʦʾʜʽʚ ʧʦʨʽʜ ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ ʙʘʪʦʣʽʪʽʚ ʡ 

ʤʘʩʠʚʽʚ, ʫ ʷʢʠʭ ʘʙʦ ʧʦʙʣʠʟʫ ʢʦʪʨʠʭ ʚʽʜʦʤʽ ʨʦʜʦʚʠʱʘ ʡ ʨʫʜʦʧʨʦʷʚʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʘʛʤʘʪʠʯʥʠʭ ʬʘʟ ʽʟ ʩʧʝʢʪʨʘʤʠ ʽʟ ʟʥʘʯʥʦ ʤʝʥʰʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ LaN/YbN ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʘʢʠʤʠ ʩʧʝʢʪʨʘʤʠ ʛʨʘʥʽʪʽʚ ʛʦʣʦʚʥʠʭ ʬʘʟ. 2. 

ʊʝʥʜʝʥʮʽʷ ʜʦ ʧʝʨʝʚʘʞʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚʘʞʢʠʭ ʣʘʥʪʘʥʦʾʜʽʚ, ʽʤʦʚʽʨʥʦ, ʻ 

ʥʘʩʣʽʜʢʦʤ ʥʘʩʠʯʝʥʥʷ ʤʘʛʤ ʣʝʪʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 3. ʅʘʷʚʥʽʩʪʴ ʤʘʛʤʘʪʠʯʥʠʭ 

ʬʘʟ ʟ ʥʠʟʴʢʠʤ ʚʽʜʥʦʰʝʥʥʷʤ LaN/YbN ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʘʞʣʠʚʫ ʥʝʧʨʷʤʫ 

ʧʦʰʫʢʦʚʫ ʦʟʥʘʢʫ ʨʦʜʦʚʠʱ ʤʝʪʘʣʝʚʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʫ ʨʘʡʦʥʘʭ 

ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʠʭ ʧʣʫʪʦʥʽʚ.  

 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

1. ɼʫʙʠʥʘ ʆ. ɺ., ʂʨʠʚʜʽʢ ʉ. ɻ., ʐʚʘʡʢʘ ɯ. ɸ., ʐʚʘʡʢʘ ɯ. ɼ., ʗʢʫʙʝʥʢʦ ʇ. ʌ., ʇʨʦʩʢʫʨʢʘ ʃ. ɯ. 
ɻʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʦʣʦʚʥʠʭ ʪʠʧʽʚ ʧʦʨʽʜ ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʘʥʦʨʪʦʟʠʪ-

ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʦʛʦ ʧʣʫʪʦʥʫ (ʋʢʨʘʾʥʩʴʢʠʡ ʱʠʪ). ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʞʫʨʥʘʣ, 2022, ʪ. 44, ˉ 2, 

ʩʩ. 20-47. 

2. ɿʘʷʮʴ ʆ. ɺ. ʈʽʜʢʽʩʥʦʤʝʪʘʣʝʚʽ ʛʨʘʥʽʪʦʾʜʠ ʈʫʩʴʢʦ-ʇʦʣʷʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. 

ʂʠʾʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 2023, 171 ʩ. 

3. ʃʘʨʠʥ ɸ. ʄ. ɻʨʘʥʠʪʳ ʨʘʧʘʢʠʚʠ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʧʦʨʦʜʳ. ʉʇʙ: ʅʘʫʢʘ, 2011, 402 ʩ. 

4. ʄʠʪʨʦʭʠʥ ʆ.ɺ. ɸʥʦʨʪʦʟʠʪ-ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʘ ʬʦʨʤʘʮʽʷ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ (ʛʝʦʣʦʛʽʷ, 

ʨʝʯʦʚʠʥʥʠʡ ʩʢʣʘʜ ʪʘ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ). ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ 

ʜʦʢʪʦʨ ʥʘʫʢ, ʩʧʝʮʽʘʣʴʥʽʩʪʴ 04.00.01 ï ʟʘʛʘʣʴʥʘ ʪʘ ʨʝʛʽʦʥʘʣʴʥʘ ʛʝʦʣʦʛʽʷ, ʂʠʾʚ, 2014, 346 ʩ. 

5. ʄʠʭʘʣʴʯʝʥʢʦ ɯ.ɯ., ɿʘʷʮʴ ʆ.ɺ. ʈʦʜʦʚʠʱʘ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ ʤʘʛʤʘʪʠʯʥʽ ʨʘʧʘʢʽʚʽʛʨʘʥʽʪʥʽ 

ʘʩʦʮʽʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʪʘ ʽʩʪʦʨʽʷ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘè (ʜʦ 100-ʨʽʯʯʷ ʚʽʜ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʘʢʘʜʝʤʽʢʘ 



145 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ʅɸʅ ʋʢʨʘʾʥʠ ʄ.ʇ. ʑʝʨʙʘʢʘ), ʂʠʾʚ: ɺʠʜʘʚʥʠʮʪʚʦ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ. 2024, ʉ. 224-228. 

6. Araujo F. P., Martins, L., de Souza Pereira, G., de Assis Janasi, V. Inhandjara topaz leucogranite: 

A late rare-metal mineralized stock within the A-type Itu batholith, SE Brazil. Journal of South 

American Earth Sciences, 102623, 2020. 21 ʨ. 

7. Nuelle L.M.; Seeger C.M.; Day W.C.; Sidder G.B. Geology and Mineral Paragenesis of the Pea 

Ridge Iron Ore Mine, Washington County, Missouri Origin of the Rare-Earth-Element- and 

Gold-Bearing Breccia Pipes Strategic and Critical Minerals in the Midcontinent Region, United 

States. U.S. GEOLOGICAL SURVEY BULLETIN, 1989,  ʨʨ A1-A11. 

8. Paludo C.M., Bastos Neto A.C., Pereira V.P., Botelho N.F. Mineralogia e geoqu²mica de 
pegmatites ricos em ETR, F e metais alcalinos associados ¨ facies albita granito no dep·sito de 

Sn-Nb-Ta-(F, ETR, U, Th) Madeira (mina Pitinga, AM, Brasil). Pesquisas em Geoci°ncias, 

2018, 45, pp. 1-28. 

9. Raschke M.B., Stern C.R., Anderson E.J.D., Alexandra Skewes M., Lang Farmer G., Allaz J.M., 

Persson P.M. composition of a zoned rare-earth minerals-bearing pegmatite in the Pikes Peak 

granite batholith near Wellington Lake, central Colorado, U.S.A. Rocky Mountain Geology, June 

2021, v. 56, no 1, pp. 1ï18. 

10. Scott J.M.J., Peterson T.D., and McCurdy M.W. U, Th, and REE occurrences within Nueltin 

granite at Nueltin Lake, Nunavut: recent observations. Geological Survey of Canada, Current 

Research, 2012, 11 p.  
Taylor S.R., McLennan S.M. 1985. The Continental Crust: Its Composition and Evolution. Oxford: 

Blackwell Scientific Publications,1985, 312 + XV pp.



146 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

https:// doi.org/10.59911/conf.mpmgg.2024.31 

ʋɼʂ 550.4 
 

ʆʎɯʅʂɸ ɭɺʈʆʇɯɭɺʆɰ ɸʅʆʄɸʃɯɰ ɺ ʉʇɽʂʊʈɸʍ ʃɸʅʊɸʅʆɰɼɯɺ 

ʅʆɼʋʃʗʈʅʆɻʆ ʄʆʅɸʎʀʊʋ ɿ ʌɯʃɯʊʆʇʆɼɯɹʅʆɻʆ ʉʃɸʅʎʖ 

ʉʂɽʃʖɺɸʊʉʔʂʆɰ ʉɺɯʊʀ (ʂʈʀɺʆʈɯɿʔʂʀʁ ɿɸʃɯɿʆʈʋɼʅʀʁ 

ɹɸʉɽʁʅ) 
 

ɯʚʘʥ ʄʠʭʘʣʴʯʝʥʢʦ  
ʜʦʢʪʦʨ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ʃʘʨʠʩʘ ɿʘʙʦʨʦʚʩʴʢʘ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ʖʨʽʡ ʃʠʪʚʠʥʝʥʢʦ 
ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ 

ʥʘʫʢ ʋʢʨʘʾʥʠè, ʋʢʨʘʾʥʘ, 03142, ʤ. ʂʠʾʚ, ʧʨʦʩʧ. ɸʢʘʜʝʤʽʢʘ ʇʘʣʣʘʜʽʥʘ 34-ʘ 

 

ɿʘ ʦʮʽʥʢʘʤʠ ʩʝʨʝʜʥʽʭ ʘʨʠʬʤʝʪʠʯʥʠʭ ʻʚʨʦʧʽʻʚʦʾ ʘʥʦʤʘʣʽʾ ʷʜʝʨʥʘ (ʯʠʩʪʘ) ʟʦʥʘ ʥʦʜʫʣʷʨʥʦʛʦ 

ʤʦʥʘʮʠʪʫ (1,02) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜ ʧʨʦʤʽʞʥʦʾ (0,22) ʡ ʟʦʚʥʽʰʥʴʦʾ (0,39) ʟʦʥ ʟʝʨʥʘ, ʪʘʢ ʽ 

ʚʢʣʶʯʝʥʥʷ ʜʝʪʨʽʪʦʚʦʛʦ ʤʦʥʘʮʠʪʫ ʚ ʷʜʝʨʥʽʡ ʟʦʥʽ (0,67). ʅʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ 

ʟʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʻʚʨʦʧʽʶ ʚ ʟʝʨʥʽ ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ ʚʚʘʞʘʻʪʴʩʷ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʘ 

ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʣʘʥʪʘʥʦʾʜʽʚ ʚ ʧʨʦʮʝʩʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʛʝʣʶ, ʷʢʠʡ ʩʢʣʘʜʘʚʩʷ, ʛʦʣʦʚʥʦ, ʽʟ 

ʩʧʦʣʫʢ ʬʦʩʬʦʨʫ ʡ ʩʧʦʣʫʢ ʣʘʥʪʘʥʦʾʜʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʦʜʫʣʷʨʥʠʡ ʤʦʥʘʮʠʪ, ʜʝʪʨʽʪʦʚʠʡ ʤʦʥʘʮʠʪ, ʻʚʨʦʧʽʻʚʘ ʘʥʦʤʘʣʽʷ. 
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According to the arithmetic mean estimates of the europium anomaly, the core (pure) zone of nodular 

monazite (1.02) differs from the intermediate (0.22) and outer (0.39) zones of the grain, as well as 

the detrical monazite inclusion in the nuclear zone (0.67). The most likely cause of the zonal 

distribution of europium in the monazite grain is considered to be the crystallochemical differentiation 

of lanthanides during the crystallization of the initial gel, which consisted mainly of phosphorus 

compounds and lanthanide compounds. 
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ɺʩʪʫʧ. ʋ ʧʦʧʝʨʝʜʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʤʠ ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ ʚʠʷʚʣʝʥʥʷ ʟʦʥʘʣʴʥʦʛʦ 

ʟʝʨʥʘ ʤʦʥʘʮʠʪʫ ʚ ʟʨʘʟʢʫ ʬʽʣʽʪʦʧʦʜʽʙʥʦʛʦ ʩʣʘʥʮʶ ʩʢʝʣʶʚʘʪʩʴʢʦʾ ʩʚʽʪʠ 

ʜʦʢʝʤʙʨʽʡʩʴʢʦʾ ʢʨʠʚʦʨʽʟʴʢʦʾ ʩʝʨʽʾ, ʷʢʠʡ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʽʟ ʨʦʟʨʽʟʫ ʮʽʻʾ ʩʝʨʽʾ ʫ 

ʇʽʚʜʝʥʥʦʤʫ ʢʘʨôʻʨʽ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʙʘʩʝʡʥʫ (ʜʘʣʽ, ʪʘʢʦʞ ï 
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ʂʨʠʚʙʘʩ) [1]. ɿʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʡ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʮʴʦʛʦ 

ʟʝʨʥʘ ʤʦʥʘʮʠʪʫ, ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʡ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʫʤʽʱʫʶʯʦʾ ʧʦʨʦʜʠ, ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʧʝʨʝʜʥʠʢʘʤʠ ʥʦʜʫʣʷʨʥʠʭ ʤʦʥʘʮʠʪʽʚ ʟ ʩʣʘʙʢʦ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʧʦʨʽʜ ʽʥʰʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʨʦʟʨʽʟʽʚ ʩʚʽʪʫ ʥʘʤʠ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʝʪʘʤʦʨʬʽʯʥʠʡ 

ʛʝʥʝʟʠʩ ʮʴʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʟʝʨʥʘ, ʪʦʙʪʦ ʚʧʝʨʰʝ ʚ ʽʩʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʽʟʫ 

ʢʨʠʚʦʨʽʟʴʢʦʾ ʩʝʨʽʾ ʂʨʠʚʙʘʩʫ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʥʘʷʚʥʽʩʪʴ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ 

ʤʦʥʘʮʠʪʫ ʚ ʧʦʨʦʜʘʭ ʮʽʻʾ ʩʝʨʽʾ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʟʘʜʽʷʥʥʷ ʤʝʪʦʜʽʚ 

ʨʘʜʽʦʛʝʦʭʨʦʥʦʣʦʛʽʾ ʟʘʜʣʷ ʦʮʽʥʢʠ ʚʽʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ʧʨʦʷʚʫ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ 

ʬʘʢʪʦʨʫ ʟʘʣʽʟʦ-ʢʨʝʤʥʠʩʪʦʾ ʬʦʨʤʘʮʽʾ ʂʨʠʚʙʘʩʫ ʱʦ, ʜʦ ʚʽʜʢʨʠʪʪʷ ʥʦʜʫʣʷʨʥʦʛʦ 

ʤʦʥʘʮʠʪʫ ʚ ʧʦʨʦʜʽ ʢʨʠʚʦʨʽʟʴʢʦʾ ʩʝʨʽʾ, ʙʫʣʦ ʥʝʚʠʨʽʰʝʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʘʨʽʘʮʽʾ ʦʮʽʥʦʢ ʝʚʨʦʧʽʻʚʦʾ ʘʥʦʤʘʣʽʾ ʚ ʟʝʨʥʘʭ ʤʽʥʝʨʘʣʽʚ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʫʤʦʚ ʧʨʦʷʚʫ 

ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ ʤʝʪʘʣʦʛʝʥʽʯʥʦʛʦ ʬʘʢʪʦʨʫ.  

ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʝʨʝʥ 

ʤʦʥʘʮʠʪʽʚ ʥʘʚʝʜʝʥʦ ʚ ʯʠʩʝʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ, ʟʦʢʨʝʤʘ, [2, 3, 4], ʟ ʷʢʠʭ ʚ ʨʦʙʦʪʘʭ 

[3, 4] ʚʠʩʚʽʪʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʝʨʝʥ ʥʦʜʫʣʷʨʥʠʭ 

ʤʦʥʘʮʠʪʽʚ. ɺ ʧʫʙʣʽʢʘʮʽʾ [5] ʥʘʚʝʜʝʥʦ ʩʧʘʡʜʝʨ-ʜʽʘʛʨʘʤʠ ʤʦʥʘʮʠʪʽʚ ʟ ʧʦʨʽʜ ʨʽʟʥʦʛʦ 

ʛʝʥʝʟʠʩʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʛʨʘʥʽʪʦʾʜʽʚ (ñmetamorphic granitoidsò [5]), 

ʟ ʯʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʚ ñʤʝʪʘʤʦʨʬʽʯʥʠʭ ʛʨʘʥʽʪʦʾʜʘʭò 

ʤʦʥʘʮʠʪʽʚ ʽʟ ʥʝʛʘʪʠʚʥʦʶ ʻʚʨʦʧʽʻʚʦʶ ʘʥʦʤʘʣʽʻʶ ʡ ʤʦʥʘʮʠʪʽʚ ʙʝʟ ʻʚʨʦʧʽʻʚʦʾ 

ʘʥʦʤʘʣʽʾ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʝʨʥʦ ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ ʽʟ ʟʨʘʟʢʫ  

ʬʽʣʽʪʦʧʦʜʽʙʥʦʛʦ ʩʣʘʥʮʶ ʩʢʝʣʶʚʘʪʩʴʢʦʾ ʩʚʽʪʠ ʢʨʠʚʦʨʽʟʴʢʦʾ ʩʝʨʽʾ ʟ ʇʽʚʜʝʥʥʦʛʦ 

ʢʘʨôʻʨʫ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʙʘʩʝʡʥʫ. ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʘʨʽʘʮʽʷ 

ʦʮʽʥʦʢ ʻʚʨʦʧʽʻʚʦʾ ʘʥʦʤʘʣʽʾ ʩʧʝʢʪʨʽʚ ʣʘʥʪʘʥʦʾʜʽʚ ʽʟ ʟʦʥ ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʨʘʭʫʚʘʪʠ ʦʮʽʥʢʠ ʻʚʨʦʧʽʻʚʦʾ ʘʥʦʤʘʣʽʾ ʩʧʝʢʪʨʽʚ 

ʣʘʥʪʘʥʦʾʜʽʚ ʚ ʟʦʥʘʭ ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ ʡ ʚʠʷʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʮʠʭ 

ʦʮʽʥʦʢ.  

ʄʝʪʦʜʠʢʘ ʡ ʤʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʮʽʥʢʠ ʻʚʨʦʧʽʻʚʦʾ ʘʥʦʤʘʣʽʾ (Eu/Eu*) 

ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

Eu/Eu*=EuN/(SmNĿGdN)1/2 

ʜʝ: Eu - ʚʠʤʽʨʷʥʘ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʻʚʨʦʧʽʶ ʚ ʟʨʘʟʢʫ, Eu* - ʦʮʽʥʢʘ ʟʥʘʯʝʥʥʷ 

ʪʝʦʨʝʪʠʯʥʦʾ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʝʚʨʦʧʽʶ ʚ ʟʨʘʟʢʫ, ʷʢʝ ʨʦʟʨʘʭʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʧʝʢʪʨʫ ʽʟ ʩʫʩʽʜʥʽʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽʟ ʛʨʫʧʠ ʣʘʥʪʘʥʦʾʜʽʚ; EuN, SmN, 

GdN ï ʥʦʨʤʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʷʥʠʭ ʤʘʩʦʚʠʭ ʯʘʩʪʦʢ ʮʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ 

ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʟʨʘʟʢʫ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʦʮʽʥʢʠ ʤʘʩʦʚʠʭ ʯʘʩʪʦʢ ʻʚʨʦʧʽʶ, ʩʘʤʘʨʽʶ ʡ 

ʛʘʜʦʣʽʥʽʶ ʚ ʭʦʥʜʨʠʪʽ (ʟ [6]). ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʟʘ ʘʚʪʦʨʩʴʢʠʤʠ ʜʘʥʠʤʠ 23 
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ʚʠʤʽʨʽʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʚ [1]. ʇʝʨʰʠʡ ʡ 

ʦʩʪʘʥʥʽʡ ʘʥʘʣʽʟʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʚ ʢʨʘʡʦʚʽʡ ʯʘʩʪʠʥʽ ʟʝʨʥʘ, ʪʦʤʫ ʚʦʥʠ ʚ 

ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʥʘʚʝʜʝʥʦ. ʈʦʟʨʘʭʫʥʦʢ Eu/Eu* ʚʠʢʦʥʘʥʦ ʜʣʷ ʦʢʨʝʤʦ 

ʢʦʞʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʆʮʽʥʢʠ ʩʝʨʝʜʥʽʭ ʘʨʠʬʤʝʪʠʯʥʠʭ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ ʛʨʫʧ 

ʘʥʘʣʽʟʽʚ ʽʟ ʟʦʥ ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ, ʷʢʽ ʙʫʣʦ ʚʠʦʢʨʝʤʣʝʥʦ [1].  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʧʘʡʜʝʨ-ʜʽʘʛʨʘʤʠ ʚʠʤʽʨʽʚ ʣʘʥʪʘʥʦʾʜʽʚ ʚ ʟʦʥʘʭ 

ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ. ʆʮʽʥʢʠ Eu/Eu* ʥʘʚʝʜʝʥʦ ʜʣʷ 

ʘʥʘʣʽʟʽʚ (ʧʝʨʰʝ ʮʠʬʨʦʚ ʟʥʘʯʝʥʥʷ ï ʥʦʤʝʨ ʘʥʘʣʽʟʫ ʟʘ [1], ʜʨʫʛʝ ï ʦʮʽʥʢʠ Eu/Eu*):  

ɺʢʣʶʯʝʥʥʷ ʜʝʪʨʽʪʦʚʦʛʦ ʤʦʥʘʮʠʪʫ ʚ ʷʜʝʨʥʽʡ ʟʦʥʽ ʥʦʜʫʣʷʨʥʦʛʦ 

ʤʦʥʘʮʠʪʫ: 10 ï 0,61; 11 ï 0,49; 12 ï 1,41; 13 ï 0,16; ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ï 0,67. 

ʗʜʝʨʥʘ (ʯʠʩʪʘ) ʟʦʥʘ: 7 ï 0,70; 8 ï 1,36; 9 ï 1,07; 14 ï 0,28;15 ï 1,68; ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ï 1,02. 

ʇʨʦʤʽʞʥʘ ʟʦʥʘ: 6 ï 0,08, 16 ï 0,54, 17 ï 0,04; ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ï 0,22. 

ɿʦʚʥʽʰʥʷ ʟʦʥʘ: 2 ï 0,09, 3 ï 0,10; 4 ï 0,05; 5 ï 0,06; 18 ï 0,96; 19 ï 0,16; 20 

ï0,74; 21 ï 1,24; 22 ï 0,09; ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ï 0,39. 

ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʋʩʽ ʚʠʦʢʨʝʤʣʝʥʽ ʛʨʫʧʠ 

ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʚʘʨʽʘʙʝʣʴʥʽʩʪʶ ʦʮʽʥʦʢ Eu/Eu*, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʦʥʽʚ Eu ʷʢ ʦʙôʻʤʽ ʟʝʨʥʘ ʥʦʜʫʣʷʨʥʦʛʦ 

ʤʦʥʘʮʠʪʫ, ʪʘʢ ʽ ʚ ʦʙôʻʤʽ ʢʦʞʥʦʾ ʟʦʥʠ (ʜʠʚ. [3, 4]). ʆʜʥʘʢ ʟʘ ʦʮʽʥʢʘʤʠ ʩʝʨʝʜʥʽʭ 

ʘʨʠʬʤʝʪʠʯʥʠʭ Eu/Eu* ʜ̫ʝʨʥʘ (ʯʠʩʪʘ) ʟʦʥʘ ʤʦʥʘʮʠʪʫ (1,02) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʷʢ ʚʽʜ 

ʚʽʜ ʧʨʦʤʽʞʥʦʾ (0,22) ʡ ʟʦʚʥʽʰʥʴʦʾ (0,39) ʟʦʥ ʟʝʨʥʘ, ʪʘʢ ʽ ʜʝʪʨʽʪʦʚʝ ʚʢʣʶʯʝʥʥʷ ʚ 

ʷʜʝʨʥʽʡ ʟʦʥʽ (0,67), ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʟʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ Eu ʚ ʦʙôʻʤʽ ʟʝʨʥʘ 

ʤʦʥʘʮʠʪʫ.  

ʆʩʢʽʣʴʢʠ ʥʘʤʠ ʥʝ ʚʠʷʚʣʝʥʦ ʦʟʥʘʢ ʧʥʝʚʤʘʪʦʣʽʪʦ-ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʽʣʽʪʦʧʦʜʽʙʥʦʛʦ ʩʣʘʥʮʶ, ʪʦ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦʶ ʧʨʠʯʠʥʦʶ 

ʫʪʚʦʨʝʥʥʷ ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ ʙʫʣʘ ʧʝʨʚʠʥʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ P ʫ ʬʦʨʤʽ ʛʝʣʶ ʟʘ 

ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ ʱʝ ʧʝʨʚʠʥʥʦʾ ʦʩʘʜʦʚʦʾ ʚʝʨʩʪʚʠ (ʟʘʨʘʟ ʮʝ ï ʬʽʣʽʪʦʧʦʜʽʙʥʠʡ 

ʩʣʘʥʝʮʴ) ʫ ʚʽʜʥʦʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʯʦʛʦ ʙʫʚ ʣʘʥʪʘʥʦʾʜʥʠʡ 

ʛʝʦʭʽʤʽʯʥʠʡ ʙʘʨôʻʨ ʜʣʷ ʨʫʭʦʤʠʭ ʩʧʦʣʫʢ P, ʪʘ ʥʘʩʪʫʧʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʦʥʘʮʠʪʫ 

ʟʘ ʤʝʪʘʤʦʨʬʽʟʤʫ (ʤʦʞʣʠʚʦ, ʯʝʨʝʟ ʨʘʙʜʦʬʘʥʦʚʫ ʬʘʟʫ ʟʘ ʧʨʦʮʝʩʽʚ ʜʽʘʛʝʥʝʟʫ ʡ 

ʢʘʪʘʛʝʥʝʟʫ). ʅʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ ʟʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ Eu ʚ ʟʝʨʥʽ 

ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ ʤʠ ʚʚʘʞʘʻʤʦ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʫ ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʣʘʥʪʘʥʦʾʜʽʚ 

ʚ ʧʨʦʮʝʩʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʛʝʣʶ ʟʘ ʤʝʪʘʤʦʨʬʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʝʨʚʠʥʥʦʾ ʦʩʘʜʦʚʦʾ ʧʦʨʦʜʠ (ʥʝ ʚʠʢʣʶʯʘʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʱʝ ʟʘ ʧʨʦʮʝʩʽʚ 

ʜʽʘʛʝʥʝʟʫ). 

ɺʠʩʥʦʚʢʠ: 1. ɿʦʥʠ ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʚʘʨʽʘʙʝʣʴʥʽʩʪʶ ʦʮʽʥʦʢ ʻʚʨʦʧʽʻʚʦʾ ʘʥʦʤʘʣʽʾ. 2. ɿʘ ʦʮʽʥʢʘʤʠ ʩʝʨʝʜʥʽʭ 

ʘʨʠʬʤʝʪʠʯʥʠʭ ʻʚʨʦʧʽʻʚʦʾ ʘʥʦʤʘʣʽʾ ʷʜʝʨʥʘ (ʯʠʩʪʘ) ʟʦʥʘ ʤʦʥʘʮʠʪʫ (1,02) 
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ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʦʤʽʞʥʦʾ (0,22) ʡ ʟʦʚʥʽʰʥʴʦʾ (0,39) ʟʦʥ ʟʝʨʥʘ, ʪʘʢ ʽ ʜʝʪʨʽʪʦʚʦʛʦ 

ʚʢʣʶʯʝʥʥʷ ʚ ʷʜʝʨʥʽʡ ʟʦʥʽ (0,67). 

 

 

ʘ 

 

ʙ 

 

ʚ 

 

ʛ 

ʈʠʩʫʥʦʢ. 1. ʉʧʘʡʜʝʨ-ʜʽʘʛʨʘʤʠ ʣʘʥʪʘʥʦʾʜʽʚ ʚ ʟʦʥʘʭ ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ. ʇʦ ʦʩʽ ʘʙʮʠʩ ï 

ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʛʨʫʧʠ ʣʘʥʪʘʥʦʾʜʽʚ, ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ï ʤʽʥʝʨʘʣ/ʭʦʥʜʨʠʪ. ɿʦʥʠ ʥʦʜʫʣʷʨʥʦʛʦ 

ʤʦʥʘʮʠʪʫ: ʘ ï ʜʝʪʨʽʪʦʚʝ ʚʢʣʶʯʝʥʥʷ ʚ ʷʜʝʨʥʽʡ ʟʦʥʽ; ʙ ï ʷʜʝʨʥʘ (ʯʠʩʪʘ); ʚ ï ʧʨʦʤʽʞʥʘ; ʛ ï 

ʟʦʚʥʽʰʥʷ (ʢʣʘʩʠʬʽʢʮʽʷ ʟʘ [1]). ʅʦʤʝʨʥʽ ʧʦʟʥʘʯʝʥʥʷ ʣʽʥʽʡ ʩʧʘʡʜʝʨ-ʜʽʘʛʨʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʥʦʤʝʨʘʤ ʘʥʘʣʽʟʽʚ ʪʘʙʣʠʮʽ ʟ [1] 
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3. ʅʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ ʟʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʻʚʨʦʧʽʶ ʚ ʟʝʨʥʽ 

ʥʦʜʫʣʷʨʥʦʛʦ ʤʦʥʘʮʠʪʫ ʚʚʘʞʘʻʪʴʩʷ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʘ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʣʘʥʪʘʥʦʾʜʽʚ ʚ 

ʧʨʦʮʝʩʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʛʦ ʛʝʣʶ, ʷʢʠʡ ʩʢʣʘʜʘʚʩʷ, ʛʦʣʦʚʥʦ, ʽʟ ʩʧʦʣʫʢ 

ʬʦʩʬʦʨʫ ʡ ʩʧʦʣʫʢ ʣʘʥʪʘʥʦʾʜʽʚ. 

 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

1. ʄʠʭʘʣʴʯʝʥʢʦ ɯ.ɯ., ɿʘʙʦʨʦʚʩʴʢʘ ʃ.ʇ., ʃʠʪʚʠʥʝʥʢʦ ʖ.ʆ. ʇʝʨʰʘ ʟʥʘʭʽʜʢʘ ʥʦʜʫʣʷʨʥʦʛʦ 

ʤʦʥʘʮʠʪʫ ʚ ʬʽʣʽʪʦʧʦʜʽʙʥʦʤʫ ʩʣʘʥʮʽ ʟ ʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ ʜʦʢʝʤʙʨʽʡʩʴʢʦʾ ʟʘʣʽʟʦ-ʢʨʝʤʥʽʩʪʦʾ 

ʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. ɿʙʽʨʢʘ ʪʝʟ ʢʦʥʬʝʨʝʥʮʽʾ çɺʽʜ ʄʽʥʝʨʘʣʦʛʽʾ ʽ ɻʝʦʛʥʦʟʽʾ ʜʦ 

ɻʝʦʭʽʤʽʾ, ʇʝʪʨʦʣʦʛʽʾ, ɻʝʦʣʦʛʽʾ ʪʘ ɻʝʦʬʽʟʠʢʠ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʪʨʝʥʜʠ XXI 

ʩʪʦʣʽʪʪʷè (MinGeoIntegration XXI - 2024), 25-27 ʚʝʨʝʩʥʷ 2024 ʨʦʢʫ, ʅʅɯ çɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾè 

ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʂʠʾʚ, 2024. ʉʩ. 33-36. 

2. Bea F. Residence of REE, Y, Th and U in Granites and Crustal Protoliths; Implications for the 

Chemistry of Crustal Melts. Journal of Petrology, 1996.   ̄37(3), pp. 521-552. 
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ɿʜʦʙʫʪʢʠ ʪʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʾ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʥʘʫʢʠ ʧʨʦ ʚʢʣʶʯʝʥʥʷ ʫ 

ʤʽʥʝʨʘʣʘʭ (ʟʘ ɻ. ʃʝʤʤʣʝʡʥʦʤ, ʄ. ɭʨʤʘʢʦʚʠʤ, ɺ. ʂʘʣʶʞʥʠʤ, ɽ. ʈʝʜʜʝʨʦʤ ʪʘ ʽʥ.) 
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ʜʘʣʠ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʧʦʪʫʞʥʫ ʙʘʟʫ ʟʥʘʥʴ ʧʨʦ ʛʝʦʭʽʤʽʯʥʽ ʽ ʪʝʨʤʦʙʘʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʬʣʶʾʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʤʽʥʝʨʘʣʦʨʫʜʦʥʘʬʪʠʜʦʛʝʥʝʟʫ ʫ ʣʽʪʦʩʬʝʨʽ ɿʝʤʣʽ, 

ʷʢʽ ʟʛʝʥʝʨʘʣʽʟʦʚʘʥʦ ʫ ʪʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʯʥʽʡ ʤʦʜʝʣʽ ʛʣʠʙʠʥʥʦʛʦ ʬʣʶʾʜʦʛʝʥʝʟʫ ï 

ʤʦʜʝʣʽ ʝʚʦʣʶʮʽʾ ʛʣʠʙʠʥʥʠʭ ʬʣʶʾʜʽʚ ʟʘ ʚʢʣʶʯʝʥʥʷʤʠ ʫ ʤʽʥʝʨʘʣʘʭ [4, 3]. ʅʘ 

ʟʘʩʘʜʘʭ ʧʦʣʽʛʝʥʝʟʫ ʧʨʠʨʦʜʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʣʽʪʦʩʬʝʨʽ ɿʝʤʣʽ ʟ ʧʦʟʠʮʽʡ 

ʪʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʾ ʽ ʪʝʨʤʦʜʠʥʘʤʽʢʠ [8] ʮʝ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʦʩʪʽ ʥʦʚʦʾ ʛʘʣʫʟʽ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʽʟʥʘʥʥʷ, ʟʦʢʨʝʤʘ, ʚ ʦʮʽʥʮʽ ʚʫʛʣʝʚʦʜʥʝʥʘʩʠʯʝʥʦʩʪʽ ʽ ʨʫʜʦʥʦʩʥʦʩʪʽ 

ʥʘʜʨ [4, 3, 7, 1, 8], ʦʢʨʝʩʣʝʥʽ ʚʘʞʣʠʚʦʶ, ʯʘʩʪʦ ʚʠʟʥʘʯʘʣʴʥʦʶ, ʨʦʣʣʶ 

ʪʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ [7] ʩʝʨʝʜ ʨʽʚʥʦʮʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʝʦʣʦʛʽʯʥʦʾ, 

ʛʝʦʬʽʟʠʯʥʦʾ, ʛʝʦʭʽʤʽʯʥʦʾ, ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ 

ʧʨʦʛʥʦʟʥʠʭ ʢʨʠʪʝʨʽʾʚ ʽ ʧʦʰʫʢʦʚʠʭ ʦʟʥʘʢ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ [13]. 

ʎʽ ʧʝʨʝʜʫʤʦʚʠ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʚ ʘʩʧʝʢʪʽ ʦʮʽʥʢʠ, ʷʢ ʚʫʛʣʝʚʦʜʥʝʥʘʩʠʯʝʥʦʩʪʽ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʦʥʠ ʂʨʦʩʥʦ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ, 

ʪʘʢ ʽ ʤʽʜʝʥʦʩʥʦʩʪʽ ʚʫʣʢʘʥʽʪʽʚ ʪʨʘʧʦʚʦʾ ʬʦʨʤʘʮʽʾ ɿʘʭʽʜʥʦʾ ɺʦʣʠʥʽ, ʜʣʷ ʷʢʠʭ, ʯʠ ʥʝ 

ʚʧʝʨʰʝ, ʩʪʘʣʘ ʧʽʦʥʝʨʩʴʢʦʶ ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʪʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʯʥʠʭ ʨʦʟʚʽʜʦʢ ʟ 

ʦʥʪʦʛʝʥʽʯʥʠʤʠ, ʤʽʥʝʨʘʣʦʛʽʯʥʠʤʠ, ʧʝʪʨʦʬʽʟʠʯʥʠʤʠ, ʧʝʪʨʦʛʨʘʬʽʯʥʠʤʠ, 

ʧʝʪʨʦʭʽʤʽʯʥʠʤʠ, ʦʩʦʙʣʠʚʦ, ʢʨʠʩʪʘʣʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ (ʥʘʧʨʠʢʣʘʜ [15]) ʪʘ ʽʥ. ɿ 

ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʜʫʤʦʚ ʧʨʦʛʥʦʟʫ, ʧʦʰʫʢʽʚ ʪʘ ʦʮʽʥʢʠ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʽ 

ʨʫʜʥʠʭ ʨʦʜʦʚʠʱ ʩʢʨʫʧʫʣʴʦʟʥʦ ʦʙʤʽʨʢʦʚʘʥʦ ʥʘʷʚʥʽ ʽ ʥʦʚʽ ʜʘʥʽ ʟ ʬʣʶʾʜʥʦʛʦ 

ʨʝʞʠʤʫ ʧʨʦʮʝʩʽʚ ʤʽʥʝʨʘʣʦʨʫʜʦʥʘʬʪʠʜʦʛʝʥʝʟʫ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʚʠʚʯʝʥʥʷ 

ʥʘʢʣʘʜʝʥʠʭ (ʚʪʦʨʠʥʥʠʭ) ʧʦʩʪʩʝʜʠʤʝʥʪʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ 

ʚʫʛʣʝʚʦʜʥʝʚʤʽʩʥʠʭ ʽ ʤʽʜʝʥʦʩʥʠʭ ʬʣʶʾʜʽʚ, ʛʦʣʦʚʥʦ, ʟʘ ʚʢʣʶʯʝʥʥʷʤʠ ʬʣʶʾʜʽʚ ʫ 

ʤʽʥʝʨʘʣʘʭ ʧʨʦʞʠʣʢʽʚ ʽ ʚʢʨʘʧʣʝʥʴ ʪʘ ʚʤʽʩʥʠʭ ʧʦʨʽʜ ʧʦʨʦʜʥʦ-ʨʫʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ʗʢʱʦ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʧʨʠʨʦʜʥʦʾ ʚʫʛʣʝʚʦʜʥʝʥʘʩʠʯʝʥʦʩʪʽ ʧʦʨʦʜʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʚʠʟʥʘʯʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʣʝʞʠʪʴ ʚʫʛʣʝʚʦʜʥʝʚʤʽʩʥʠʤ ʬʣʶʾʜʘʤ 

(ʚʫʛʣʝʚʦʜʥʝ-(ʤʝʪʘʥʦ-)ʚʦʜʥʘ ʛʽʣʢʘ ʛʣʠʙʠʥʥʦʾ ʜʝʛʘʟʘʮʽʾ), ʪʦ ʨʫʜʦʚʤʽʩʥʽ ʪʽʣʘ 

ʬʦʨʤʫʶʪʴʩ ̫ ʧʨʠ ʜʽʷʣʴʥʦʩʪʽ ʬʣʶʾʜʽʚ ʦʢʠʩʣʶʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʛʦʣʦʚʥʦ, 

ʚʠʩʦʢʦʪʝʨʤʦʙʘʨʥʠʭ ʧʦʪʦʢʽʚ ʉʆ2-ʬʣʶʾʜʽʚ (ʜʽʦʢʩʠʜʚʫʛʣʝʮʝʚʦ-ʚʦʜʥʘ ʛʽʣʢʘ 

ʜʝʛʘʟʘʮʽʾ), ʽ, ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʪʝʨʝʥʽʚ ʯʽʪʢʦ ʬʽʢʩʫʶʪʴʩʷ ʚ ʾʭʥʽʭ ʧʨʠʨʦʜʥʦ 

ʟʙʝʨʝʞʝʥʠʭ ʨʝʣʽʢʪʘʭ ï ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʥʷʤ ʫ ʤʽʥʝʨʘʣʘʭ. 

ʑʦʜʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʦʨʠʛʽʥʘʣʴʥʽ ʘʚʪʦʨʩʴʢʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʩʢʣʘʜʫ ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʴ ʽ ʟʘʢʨʠʪʠʭ ʧʦʨ ʧʦʨʽʜ ʂʘʨʧʘʪʩʴʢʦʾ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦ ʾ

ʧʨʦʚʽʥʮʽ,ʾ ʷʢʠʤʠ ʟʘʬʽʢʩʦʚʘʥʦ ʜʽʷʣʴʥʽʩʪʴ ʬʣʶʾʜʽʚ ʚʽʜʥʦʚʥʦʛʦ ʪʠʧʫ (ʚʫʛʣʝʚʦʜʥʝ-

(ʤʝʪʘʥʦ-)ʚʦʜʥʘ ʛʽʣʢʘ ʜʝʛʘʟʘʮʽʾ) ʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʨʦʟʨʽʟʘʭ [5], 

ʦʪʨʠʤʘʥʦ ʜʣʷ ʂʨʦʩʥʝʥʩʴʢʦʾ ʟʦʥʠ, ʟʦʢʨʝʤʘ ʜʣʷ ʾʾ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ. 

ɺʠʚʯʝʥʦ ʢʨʠʩʪʘʣʦʛʝʥʝʟʠʩ ʨʫʜʥʦʾ ʽ ʥʝʨʫʜʥʦʾ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʦʾ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʈʊ-ʧʘʨʘʤʝʪʨʽʚ, ʩʢʣʘʜʫ ʽ ʧʦʰʠʨʝʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʫ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʚʽʜʢʣʘʜʘʭ ʦʣʽʛʦʮʝʥʫ, ʧʨʠʯʦʤʫ ʧʝʨʝʚʘʛʘ ʤʝʪʘʥʫ 
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ʟ ʡʦʛʦ ʛʦʤʦʣʦʛʘʤʠ (ʝʪʘʥ, ʧʨʦʧʘʥ, ʙʫʪʘʥ) ʫ ʩʢʣʘʜʽ ʚʢʣʶʯʝʥʴ ʫ ʤʽʥʝʨʘʣʘʭ ʧʦʨʽʜ ʟ 

ʥʠʟʴʢʠʤʠ ʻʤʥʽʩʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (çʫʱʽʣʴʥʝʥʠʭ ʢʦʣʝʢʪʦʨʽʚè) 

ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʚʫʛʣʝʚʦʜʥʝʚʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʤʽʛʨʫʚʘʣʴʥʠʭ ʬʣʶʾʜʽʚ [2] ʪʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʢʨʠʪʪʷ ʪʫʪ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ, ʱʦ ʡ ʟʘʩʚʽʜʯʠʣʦ ʚʽʜʢʨʠʪʪʷ 

ɻʨʠʥʷʚʩʴʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʽ ʃʶʪʥʷʥʩʴʢʦʛʦ ʛʘʟʦʚʦʛʦ ʨʦʜʦʚʠʱ. ɿôʷʩʦʚʘʥʦ 

ʩʧʨʷʞʝʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʤʽʛʨʘʮʽʾ ʽ ʣʦʢʘʣʽʟʘʮʽʾ ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʷʢ ʦʜʥʦʛʦ ʟ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʽʚ 

ʬʣʶʾʜʦʧʝʨʝʥʦʩʫ ʨʝʯʦʚʠʥʠ ʽ ʤʝʭʘʥʽʟʤʽʚ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʤʽʛʨʘʮʽʡʥʠʭ ʪʨʽʱʠʥ [4]. 

ɺʠʷʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʦʰʠʨʝʥʥʷ ʽ ʣʦʢʘʣʽʟʘʮʽʾ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ 

ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʧʦʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʥʘʩʘʤʧʝʨʝʜ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʟʦʥʠ, ʩʧʨʠʷʣʦ ʧʽʜʛʦʪʦʚʮʽ ʧʝʨʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʩʧʦʩʦʙʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʥʘʩʠʯʝʥʦʩʪʽ ʥʘʜʨ (ʟʘ 

ʪʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ) ʚ ʘʩʧʝʢʪʽ ʨʦʟʚʠʪʢʫ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʣʦʢʘʣʴʥʦʾ ʧʣʦʱ [12] ʪʘ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʛʥʦʟʥʠʭ ʢʨʠʪʝʨʽʾʚ ʽ ʧʦʰʫʢʦʚʠʭ ʦʟʥʘʢ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʦʢʣʘʜʽʚ ʥʘ ʰʝʣʴʬʽ 

ʤʦʨʷ [13] ʪʘ ʜʦʧʦʚʥʝʥʥʶ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʰʫʢʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, 

ʦʩʥʦʚʘʥʠʭ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷʭ ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʤʽʥʝʨʘʣʘʭ [9]. 

ʋ ʢʦʥʪʝʢʩʪʽ ʨʫʜʦʥʦʩʥʦʩʪʽ ʚ ʤʝʞʘʭ ɺʦʣʠʥʩʴʢʦʾ ʤʽʜʥʦʨʫʜʥʦʾ ʧʨʦʚʽʥʮʽʾ ʟʘ 

ʜʘʥʠʤʠ ʚʠʚʯʝʥʥʷ ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʴ ʥʘ ʤʘʛʤʘʪʠʯʥʦʤʫ ʽ ʧʦʩʪʤʘʛʤʘʪʠʯʥʦʤʫ 

ʝʪʘʧʘʭ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʧʽʚ ɿʘʭʽʜʥʦʾ ɺʦʣʠʥʽ ʚʽʜʪʚʦʨʝʥʦ ʜʽʷʣʴʥʽʩʪʴ ʦʢʠʩʣʝʥʠʭ 

ʬʣʶʾʜʽʚ (ʜʽʦʢʩʠʜʚʫʛʣʝʮʝʚʦ-ʚʦʜʥʘ ʛʽʣʢʘ ʜʝʛʘʟʘʮʽʾ), ʽʥʪʝʥʩʠʬʽʢʦʚʘʥʫ ʛʣʠʙʠʥʥʠʤʠ 

ʚʠʩʦʢʦʪʝʨʤʦʙʘʨʥʠʤʠ ʬʣʶʾʜʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʡ ʜʣʷ ʽʥʰʠʭ ʨʦʜʦʚʠʱ 

[1]. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʤʽʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʫʯʘʩʪʽ ʉʆ2, ʘʟʦʪʫ, 

ʭʣʦʨʫ ʽ ʩʧʨʦʛʥʦʟʦʚʘʥʦ ʤʦʞʣʠʚʽ ʬʣʶʾʜʦʜʠʥʘʤʽʯʥʽ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʥʝʩʝʥʥʷ 

ʩʘʤʦʨʦʜʥʦʾ ʤʽʜʽ ʟ ʧʦʜʘʣʴʰʦʶ ʣʦʢʘʣʽʟʘʮʽʻʶ ʥʘ ʛʝʦʭʽʤʽʯʥʠʭ ʙʘʨᾷʻʨʘʭ ʫ ʤʝʞʘʭ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʤʽʜʝʥʦʩʥʠʭ ʚʝʨʩʪʚ [11]. ʅʘ ʦʩʥʦʚʽ ʜʦʚʝʜʝʥʦʾ ʬʣʶʾʜʥʦ-ʣʽʢʚʘʮʽʡʥʦʾ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʦʙʛʨʫʥʪʦʚʘʥʦ ʥʦʚʽ ʧʦʛʣʷʜʠ ʥʘ ʛʝʥʝʟʠʩ ʩʘʤʦʨʦʜʥʦʾ ʤʽʜʽ ʫ ʚʠʛʣʷʜʽ 

ʥʦʚʦʾ ʬʣʶʾʜʥʦ-ʣʽʢʚʘʮʽʡʥʦʾ ʛʽʧʦʪʝʟʠ ʧʦʭʦʜʞʝʥʥʷ ʩʘʤʦʨʦʜʥʦʤʽʜʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

ʫ ʚʫʣʢʘʥʽʪʘʭ ʪʨʘʧʦʚʦʾ ʬʦʨʤʘʮʽʾ ɿʘʭʽʜʥʦʾ ɺʦʣʠʥʽ [10]. ʋ ʟʚᾷʷʟʢʫ ʟ ʤʽʜʝʥʦʩʥʽʩʪʶ 

ʚʠʚʯʝʥʦ ʢʨʠʩʪʘʣʦʛʝʥʝʟ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʫ ʙʘʟʘʣʴʪʘʭ ʽ 

ʧʽʨʦʢʣʘʩʪʠʯʥʠʭ ʧʦʨʦʜʘʭ, ʟʦʢʨʝʤʘ ʢʚʘʨʮʫ. ɺʠʷʚʣʝʥʦ ʧʝʨʝʜʫʤʦʚʠ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʩʘʤʦʨʦʜʥʦ-ʤʽʜʥʦʛʦ ʟʨʫʜʝʥʽʥʥʷ ʫ ʙʘʟʘʣʴʪʘʭ ʥʘ ʧʝʚʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʣʠʚʫ ʽ ʚ ʧʽʨʦʢʣʘʩʪʠʯʥʠʭ ʫʪʚʦʨʝʥʥʷʭ [14], ʥʘʩʘʤʧʝʨʝʜ 

ʫ ʤʝʞʘʭ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʇʽʚʥʽʯʥʦʛʽʨʥʠʮʴʢʦʛʦ ʽ ʈʘʬʘʣʽʚʩʴʢʦʛʦ ʧʦʣʽʚ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʽ ʘʥʘʣʽʟ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʢʣʘʣʠ ʧʝʨʝʜʫʤʦʚʫ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʩʧʦʩʦʙʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʙʘʛʘʯʝʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʤʝʪʘʣʦʥʦʩʥʠʭ ʨʦʜʦʚʠʱ, ʥʘ ʷʢʠʡ 

ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ [6]. 



154 

ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, 26.11 ï 27.11.2024 
 

ʆʪʞʝ, ʥʘ ʧʨʠʢʣʘʜʽ ʧʝʨʩʧʝʢʪʠʚʥʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʦʥʠ ʂʨʦʩʥʦ 

ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ ʽ ʤʽʜʝʥʦʩʥʠʭ ʚʫʣʢʘʥʽʪʽʚ ʪʨʘʧʦʚʦʾ ʬʦʨʤʘʮʽʾ ɿʘʭʽʜʥʦʾ ɺʦʣʠʥʽ 

ʧʦʢʘʟʘʥʦ ʚʠʟʥʘʯʘʣʴʥʽʩʪʴ ʬʣʶʾʜʥʠʭ ʚʢʣʶʯʝʥʴ ʫ ʤʽʥʝʨʘʣʘʭ ʜʣʷ ʦʮʽʥʢʠ ʧʨʠʨʦʜʥʦʾ 

ʚʫʛʣʝʚʦʜʥʝʥʘʩʠʯʝʥʦʩʪʽ ʽ ʨʫʜʦʥʦʩʥʦʩʪʽ ʥʘʜʨ. ʇʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʦʛʝʦʣʦʛʽʯʥʽ 

ʧʦʰʫʢʦʚʽ ʢʨʠʪʝʨʽʾ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʽ ʤʽʜʽ ʜʦʧʦʚʥʝʥʦ ʪʘʢʠʤ ʜʦʜʘʪʢʦʚʠʤ 

ʧʦʰʫʢʦʚʦ-ʦʮʽʥʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʷʢ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʪʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʯʥʠʭ ʪʘ 

ʦʥʪʦʛʝʥʽʯʥʠʭ, ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ, ʧʝʪʨʦʬʽʟʠʯʥʠʭ, ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ, ʧʝʪʨʦʭʽʤʽʯʥʠʭ, 

ʽʟʦʪʦʧʥʦ-ʛʝʦʭʽʤʽʯʥʠʭ ʜʘʥʠʭ. ʆʟʥʘʯʝʥʠʡ ʥʝʦʨʜʠʥʘʨʥʠʡ ʧʽʜʭʽʜ, ʛʦʣʦʚʥʦ ʟ ʧʦʟʠʮʽʡ 

ʪʝʨʤʦʙʘʨʦʛʝʦʭʽʤʽʾ, ʩʧʨʠʷʪʠʤʝ ʧʨʦʛʥʦʟʫ ʚʫʛʣʝʚʦʜʥʝʥʘʩʠʯʝʥʦʩʪʽ ʽ ʨʫʜʦʥʦʩʥʦʩʪʽ 

ʥʘʜʨ ʪʘ ʧʦʰʫʢʘʤ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʫ ʪʘʢʠʭ ʢʦʥʢʨʝʪʥʠʭ ʨʘʡʦʥʘʭ, ʷʢ 

ʂʨʦʩʥʝʥʩʴʢʘ ʟʦʥʘ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ ʫ ʾʾ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ (ʚʫʛʣʝʚʦʜʥʽ) 

ʽ ʪʨʘʧʦʚʘ ʬʦʨʤʘʮʽʷ ɿʘʭʽʜʥʦʾ ɺʦʣʠʥʽ ʚ ʤʝʞʘʭ ʇʽʚʥʽʯʥʦʛʽʨʥʠʮʴʢʦʛʦ ʪʘ 

ʈʘʬʘʣʽʚʩʴʢʦʛʦ ʨʫʜʦʥʦʩʥʠʭ ʧʦʣʽʚ ʈʘʪʥʝʥʩʴʢʦʾ ʛʦʨʩʪ-ʘʥʪʠʢʣʽʥʘʣʽ (ʤʽʜʴ). 
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